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ABSTRACT

xviii

This study examined the trophic structure of the fishes present in lakes 

Victoria and Kyoga, and the less impacted satellite lakes in the two basins using 
a combination of stable carbon (513C) and nitrogen (b15N) isotopes, and stomach 

content analyses between 2001 and 2004.

Both stomach content and stable isotope analyses revealed that fish had a 

varied diet, which in part was influenced by their species and size, but in general 

displayed a lack of specialization. Invertebrates constituted the most important 

dietary component of most fish species (>50%) with the exception of the tilapiine 

species in the less disturbed lakes without Nile perch. Fish formed another 

important dietary item, especially for the predatory Nile perch the basis of the 

current fishery in lakes where it is found. Phytoplankton and detritus formed the 

basal carbon supporting the fish communities among the examined lakes. 

Ontogenetic dietary shift was only evident from stomach content analysis for Nile 

perch (Lates niloticus), consuming mainly invertebrates at a total length of (< 20 

cm) and fish (between 20 and < 60 cm) but neither of the size groups were purely 

invertebrate eaters or piscivores. The high b15N signatures (7.35 — 8.28 %o) and 

trophic positions (2.5 - 2.6) of the Rastrineobola argentea found in stomachs of 

Nile perch (< 20%), in comparison to those of Nile perch (5.35 - 9.30 %o and 2.1 

- 3.3 respectively) rules them out as major diets contributing to its somatic 

growth. It was apparent that the trophic structure of the examined lakes/areas 

was not structured in a simple linear fashion, but indicated omnivory, hence the 

515N did not exhibit a typical assumed shift of 3-4 %o per trophic level. Based on 

b15N signatures the longest food chain lengths were recorded in Thruston Bay 

Lake Victoria (1.7) followed by lakes Bisina, Kayugi and Napoleon Gulf in Lake 

Victoria (1.5), Nawampasa (1.4) and the shortest were recorded in lakes 

Nabugabo and Nakuwa (< 0.7). Noteworthy, lakes Nabugabo and Nakuwa, with 

the shortest food chain lengths, like the main lakes, contain the predatory Nile 
perch. The b13C of the fishes in the main lakes ranged from -21.7 to -14.8 %o and 

-25.4 to —13.8 %o in lakes Victoria and Kyoga respectively and from —28.1 to —6.7 

%o in the satellite lakes. Among the satellite lakes in the Lake Victoria basin, 
Nabugabo recorded the least range for 613C (-21.6 to -19.7 %o) and Lake 

Kachera the largest range (-20.5 to -9.4 %o). In the Kyoga lake basin, Lake Bisina
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recorded the largest range in 513C (-25.9 to 11.3 %o) and Lake Nawampasa the 

least (24.4 to 21.7 %o).

The littoral areas of Lake Victoria and the satellite lakes without Nile perch 

were characterized by substantially longer food chains than those lakes with the 

Nile perch in the same drainage systems. The broad ranges in 513C are an 

indication of a wide range of food sources in the aquatic systems including 

external inputs. This study has indicated the importance of non-commercial fish 

species and other biota in trophic interactions as well as the potential factors 

that may affect ultimate energy sources supporting commercially important 

stocks.



CHAPTER ONE

1.0 Background

1

There are about 25000 different known fish species of which 15000 are 

marine and nearly 10000 are fresh water (Nelson, 1994). Despite the abundance 

and diversity of fish, most fisheries target a few species. Fish are generally 

valued for their qualities as goods, selected by human preferences, in form of 

food protein, fishmeal, fish oil, game fish, medicine and for aquaculture 

production (Holmlund and Hammer, 2001). Further, recreational fishing in lakes 

and rivers is a major tourism activity (FAO, 1996; Postel and Carpenter, 1997). 

Fish are also integral parts of ecosystems as components of key food web 

interactions.

Natural communities are assemblages "bound together by a web of complex 

interactions” (Charles Darwin, 1859)

Fish play active roles in the maintenance of aquatic ecosystems and in the 

provision of a range of ecosystems services (Holmlund and Hammer, 2001). 

Ecosystem services have been defined as “conditions and processes through 

which natural ecosystems, and the species that make them up, sustain and fulfil 

human life” (Daily, 1997). This includes the life-support functions (Odum, 1989) of 

ecosystems and nature’s capacity to provide aesthetic and cultural quality to 

human life (Daily, 1997). Holmlund and Hammer (2001) categorized ecosystem 

services provided by fish into two: 1) Fundamental ecosystem services (e.g., 

nutrient cycling) which are essential for ecosystem function and resilience, and 

often have no market value, and 2) Demand-derived ecosystem services (e.g., 

recreational values) which serve human values and demands. Fundamental 

services are a prerequisite for human existence whether humans are aware of 

them or not. Nevertheless, all demand-derived ecosystems services depend on 

natural systems of which the fundamental ecosystem services provided by fish 

form a major component in aquatic ecosystems (Holmlund and Hammer, 2001).

Studies of ecosystems are often impeded by the unclear boundaries of 

many ecosystem types. Lakes provide useful model ecosystems because they 

are discrete, self-contained ecosystems with relatively well-defined boundaries.
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Thus studies of lakes have played an important role in the development of 

ecological theory (e.g., Forbes, 1925, Lindeman, 1942, Carpenter et al., 1985), 

although lakes are also complex ecosystems composed of distinct 

interconnected macrohabitats with diverse biological, physical and chemical 

processes (Schindler and Scheuerell, 2002; Lewin et al., 2004).

Increasing attention has been given to the impact of fishing on ecosystems 

with the main major emphasis being put on resource sustainability, biodiversity 

conservation and environmental protection (Garcia and Newton, 1997; Gislason 

et al., 2000; Pauly et al., 2002). Conventionally, fisheries management focuses 

on single species and generally assumes that the productivity of that stock is only 

a function of its inherent population characteristics. However the inter­

dependence of all ecosystem components is increasingly recognised and an 

ecosystem is considered as a new level of management to be taken into account 

according to the FAO Code of Conduct for responsible Fisheries (FAO, 1995; 

Kaufman et al., 2004). Incorporation of such whole-ecosystem considerations into 

resource decision-making is called “ecosystem-based management,” in which 

human activities are managed within the context of naturally dynamic and 

integrated ecosystems (Langton and Haedrich, 1997; NMFS 1998; Juda, 1996; 

Okey and Harrington, 1999; Kaufman et al., 2004).

Recently, there has been considerable interest in ecosystem approaches 

to fisheries management (e.g., Christensen et al., 1996; Larkin, 1996; Jennings 

and Kaiser, 1998; NRC, 1999). However, the implementation of broader 

ecological considerations has not become widespread in fisheries management 

even though it has been emphatically advocated (NMFS, 1999; NRC, 1999) and 

mandated (NOAA, 1996). Recognizing the importance of ecological processes in 

the regulation of fish populations is a key step to a broader approach of fisheries 

management. However ecosystem-based management should be an adaptive 

process and will require periodic evaluation and modification to incorporate new 

scientific information as it becomes available. This approach is needed because, 

ecosystems are not static, and human impacts also change with technology and 

continued population growth (Witherell etal., 2000).

Fish conservationists suggest that in determining what constitutes 

sustainable levels, fisheries management should put into account methods of 

exploitation, target species and changing environmental conditions. For instance,
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resource removal that may have minimal impacts on ecosystem function and 

overall biodiversity under relatively pristine conditions could potentially have 

devastating effects in ecosystems already stressed by pollution, eutrophication, 

and alterations to primary or ecologically linked habitats. For scientific, 

institutional, philosophical, or logistical reasons, ecological factors are often 

omitted in fishery management. In some cases this is justifiable, but in most 

cases omitting ecological considerations is irresponsible (Link, 2002).

Trophic interactions play a major role in aquatic ecosystems (Carpenter et al., 

1985; Vander Zanden et al., 1999). A trophic interaction or “link” occurs between 

species when a member of one species consumes a member of another or the 

same (cannibalistic) species (Martinez et al., 1999). Food web relationships 

always involve a number of species and links with top predators, intermediate, 

and basal species (Briand and Cohen, 1984). In trophic relationship studies, food 

webs are always based on either taxonomic or trophic groupings of species 

(Martinez et al., 1999). Taxonomic groups of species are organisms classified by 

taxonomists to belong to a specific group (Gaston, 1996). Trophic groups of 

species contain organisms that appear to eat and be eaten by the same species 

within a food web (Cohen and Briand, 1984). Recent research indicates that 

variation in trophic structure of ecological systems described in terms of trophic 

groups of species is generally easier to explain, than the same structure 

described in terms of taxonomic groups of species (Martinez, 1994; Martinez et 

al., 1999). The trophic habits offish have consequences for other aspects of their 

biology, e.g. accumulation of contaminants (Kidd et al., 1995, Vander Zanden 

and Rasmussen 1996; Kidd et al., 2001), life history patterns and growth (Martin, 

1966, Shuter eta!., 1998).

Fish are important consumers in aquatic food webs (Bax, 1991) and at the 

whole system scale; predation by fishes alters community structure and nutrient 

cycling. Thus both direct and indirect predation effects are expressed in 

population structure, community composition and productive processes at all 

trophic levels (Kitchell et al., 1994). Fisheries can also alter food web interactions 

because they target certain species that have important trophic effects on entire 

food webs. Thus future management of tropical fish stocks and aquatic 

ecosystems that support them will require greater knowledge of food web 

ecology. For example, commercial exploitation of marine fish stocks has changed



1.1.0 Introduction

1.1.1 The food web structure in the pre-Nile perch Lake Victoria
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Lake Victoria formerly supported important fisheries, based on herbivores 

and detritus feeders of the family Cichlidae. Fisheries based on such short food 

chains are ecologically the most efficient (Barel et al., 1985). The Victoria food 

web and fishery contained an ecologically and phylogenetically diverse group of 

fishes (Greenwood, 1981). The fish fauna was dominated by a diversified, 

presumably monophyletic species flock of haplochromine cichlids (Meyer et al., 

1990). The most recent estimates of Lake Victoria’s pre-Nile perch species flock 

comprised over 500 species that occupied spectacular variety of niches in the 

lake (Greenwood, 1974; 1981; Seehausen, 1996; Seehausen et al., 1997; Witte 

et al., 1992b; Kaufman and Ochumba, 1993).

Prior to the stockings of exotic fish species (Nile perch, Lates niloticus and 

four tilapiines Nile tilapia, Oreochromis niloticus, Oreochromis leucostictus, 

Tilapia zillii and Tilapia rendalli), the Victoria and Kyoga lake basins had 

extremely a high diversity of fish species comprising many trophic groups, with 

many endemic fish species that were found only in these lakes. Two endemic 

tilapiine species, Oreochromis esculentus and Oreochromis variabilis were 

unique to the Victoria and Kyoga basins and were the most important commercial 

species in these lakes (Graham, 1929; Worthington, 1929). Other species, such

food web structure and dominant species in many regions of the world (Parsons, 

1996). Likewise, the introduction of exotic piscivores into tropical Lake Gatun in 

Panama (Zaret and Paine, 1973) and Lake Victoria in Africa (Kaufman, 1992, 

Goldschmidt, 1996) was followed by altered food web structure, and changes in 

important features of aquatic and terrestrial ecosystems.

This thesis examines the trophic relationships among fish assemblages in 

lakes Victoria, Kyoga and their less impacted satellite lakes in their basins, with 

the specific aims of describing the trophic positions of dominant fishes and their 

food sources to provide a baseline for assessing the current disturbances 

especially food chain length in the Victoria and Kyoga main lakes and future 

disturbances in aquatic systems as a whole.
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as Protopterus aethiopicus, Bagrus docmak, Clarias gariepinus, Barbus spp, 

mormyrids, Synodontis spp, Schilbe intermedius and Rastrineobola argentea, 

were also abundant (Graham, 1929; Worthington, 1929; 1932; Kudhongania & 

Cordone, 1974). The rivers of the Victoria Lake basin also had a number of 

riverine species and the most commercially important were Labeo victorianus and 

Barbus altianalis (Graham, 1929; Lowe-McConnell, 1997).

Prior to Nile perch introduction in Lake Victoria, the top predatory fishes on 

haplochromines were: catfishes like B. docmak, several Clarias gariepinus, P. 

aethiopicus and Schilbe intermedias. The other predators were fish eating birds 

Phalacrocorax carbo, Ceryle rudis), otters 

Goudswaard and Wanink, 1993) and piscivorous 

Van Oijen, 1990). The phytoplankton was directly 

grazed by the tilapiine species (Ligtvoet and Witte, 1991).

Lake Kyoga, downstream of Lake Victoria, and Lake Nabugabo, formerly 

connected to Victoria, also had endemic haplochromine species (Worthington 

1929, Trewavas 1933, Greenwood 1965, 1966, Kendall, 1969) that occupied all 

consumer trophic levels and played an important role in the flow of energy in the 

ecosystem of these lakes. The haplochromines converted numerous food 

sources including detritus, algae, zooplankton, insect larvae and molluscs, into 

fish protein for consumption at higher trophic levels (Christian, 1995). They were 

crucial in transfer of energy in the ecosystem, as well as contributing to the high 

biodiversity associated with the lake basin. The fishes were important as human 

food and provided outstanding opportunities for studying evolutionary processes 

and community ecology (Lowe- Me Connell, 1987). Haplochromine studies have 

also played a major role in illustrating how organisms undergo adaptive radiation 

to produce new species, and how a trophically diverse fish assemblage can 

utilize a diversity of food resources in an ecosystem.

Changes in the food web of Lake Victoria (East Africa) during the last 40 

years are among the most dramatic known in ecology (Kaufman, 1992; Lowe- 

McConnell 1994). By the 1960’s, stocks of the native tilapiines and other large 

fish species of Lake Victoria had been reduced by overfishing (Jackson 1971, 

Ogutu-Ohwayo 1990a). Nile perch and four tilapiine species were introduced into 

many of the lakes in the Victoria and Kyoga basin, including the main lakes 

Victoria and Kyoga in 1950’s and early 1960’s, respectively to improve the

{Phalacrocorax africanus, 

(Goldschmidt et al., 1990; 

haplochromines (Witte and
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1.1.2 The current food web structure of Lake Victoria

6

With the establishment of the introduced species in Lake Victoria 

especially the Nile perch, the trophic ecology of the system changed, through 

both predator-prey and competitive interactions, and the removal of various 

trophic groups from the food web (Reinthal and Kling, 1994). The Nile perch 

boom also coincided with changes in the trophic composition of the 

haplochromine cichlid assemblage, with strong reduction in numbers of the then 

dominating piscivores and apparent extinction of prawn eaters, whereas, other 

groups such as algae scrapers and insectivores were less affected (Seehausen, 

1999). The Nile perch further disrupted the ecosystem by simplification of the 

food web through elimination of haplochromines from many interactions and 

shortening of food chains to the Nile perch (Campbell et al., 2003). Detritivore 

and phytoplanktivore groups, which together constituted 50% of the total 

haplochromines fish biomass in Lake Victoria between 1968 and 1971 

(Kudhongania and Cordone, 1974), declined in the early 1980’s to less than 1% 

(Witte et al., 1992 a,b). The haplochromines were the main initial prey items of 

the Nile perch in Lake Victoria until they were almost eradicated (Gee, 1969; 

Hughes, 1986; Ogari and Dadzie, 1888; ligtvoet and Mkumbo, 1990; Ogutu- 

Ohwayo, 1990c). Decimation of haplochromines caused Nile perch to switch to 

alternative prey items, such as prawn Caridina nilotica (Goldschmidt et al., 1993,

declining fisheries. As a result of overfishing and introduction of exotic fishes, 

populations of most of the native species declined and many species became 

was thea, b, Kaufman, 1992).rare (Witte et al. 1992 

disappearance of over 50% of the 600 plus species of the 

haplochromine cichlids (Kaufman, 1992; Kaufman et al., 1997). 

environmental changes and local overfishing played a role in the decline of native 

fish stocks (Jackson 1971, Ogutu - Ohwayo 1990 a; Hecky, 1993, Hecky et al., 

1994), the Nile perch predation was the most likely key factor (Ogari & Dadzie 

1988, Ligtvoet & Mkumbo 1990; Ogutu - Ohwayo, 1990 b; Witte et al. 1992 a, b). 

The introduced tilapiines impacted and displaced endemic tilapiines mainly 

through competition and possibly hybridisation as has been observed in other 

similar ecosystems (Juliano, 1998).
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Hecky 1993), native cyprinid R. argentea and cannibalism of its own young (Witte 

et al, 1992b). The native fishes had occupied virtually all trophic levels, including 

phytoplanktivores, zooplanktivores, insectivores, molluscivores, detritivores, and 

piscivores and maintained an efficient flow of organic matter in the system. This 

study supported by earlier studies indicate that, in the present food web of Lake 

Victoria, the Nile perch is the dominant top predator, marginalizing the few 

remaining piscivores and eats few R. argentea (Crul, 1998; Campbell et al., 

2003). The detritivorous /phytoplanktivorous haplochromines have been replaced 

by the prawn C. nilotica and herbivorous zooplankton, and the zooplanktivorous 

haplochromines by R. argentea. The indigenous tilapiine species have been 

marginalized by the introduced Nile tilapia. The Nile tilapia particularly the young 

ones, live in the littoral and sublittoral regions of the lake and have minimal 

overlap with Nile perch (Lowe-McConnell, 1997; Welcomme, 1988; Ogutu- 

Ohwayo, 1990a). The two species also coexist in lakes Albert and Turkana. The 

present system is also characterized by extensive cannibalism within the Nile 

perch population, which starts at very young stages (Crul, 1998). Whereas the 

haplochromines converted numerous protein sources into fish protein for 

consumption by higher trophic levels, Nile perch now eats quite a lot of its own 

juveniles in addition to invertebrates which have filled the trophic niches left 

vacant through loss of haplochromines (Christian, 1995). Several other changes 

have also been observed at the top of the food pyramid, e.g. the pied Kingfisher 

(C. rudis'), shifted from the diet of mainly haplochromines to one that consists 

exclusively of R. argentea (Wanink and Goudswaard, 1994). Similar diet shifts 

were also found for the Great cormorant P. carbo, and the long-tailed cormorant 

P. africanus (Goudswaard and Wanink, 1993). Currently, humans through fishing 

comprise another dominant component of the Lake Victoria food web, and 

fisheries have the potential to further alter community structure and dynamics 

(Kitchell eta!., 1997).

The reduction of species and trophic groups, and associated alterations in 

food webs have been accompanied by increasing algal blooms (Ochumba & 

Kibara 1989; Hecky and Bugenyi, 1992; Mugidde, 1993) and deoxygenation of 

the deeper waters of the lake. This has sometimes been associated with mass 

fish kills in Lake Victoria (Hecky et a!., 1994). Primary production doubled, and 

algal biomass increased eight to ten fold, accompanied by a shift in algal
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composition from dominance of diatoms to cyanobacteria (Hecky, 1993; 

Mugidde, 1993). The process of eutrophication preceded the introduction of Nile 

perch and its population boom in the 1980’s. Paleolimnological studies 

demonstrate that algal changes began as early as the 1930’s and deoxygenation 

was increasingly prominent by the 1950’s in parts of Lake Victoria at certain times 

of the year (Hecky, 1993, Lipiatou et al., 1996, Verschuren et al., 2002). By the 

1980’s deoxygenation was already pronounced (Verschuren et al., 2002). The 

increased turbidity and deoxygnation, caused by eutrophication, probably started 

the breakdown of the complexity of the food web through a combination of 

dermersal haplochromine displacement and increased invertebrate abundance 

(Hecky, 1993). It could have also reduced the effectiveness of cichlid visual 

signals between mates, leading to the breakdown of reproductive barriers and 

consequent loss of cichlid species in the lake (Seehausen et al., 1997a). The 

turbid environment and reduced light penetration probably favoured the predator 

Nile perch because of its ability to feed at low light intensity and the detritivourous 

invertebrates that do not require light to find food but with seroius consequences 

to many haplochromines with physiological inability to find prey in the poor light 

environment (Seehausen et al., 2003). Predation by the introduced Nile perch 

(Ogutu-Ohwayo, 1990 a,b) and the reduction of good quality food for the native 

fishes that followed the dominance of cyanobacteria in Lake Victoria, may have 

contributed to the reduction or loss of native planktivorous haplochromines and 

tilapiine cichlids (Mugidde, 2001). The declining water quality in Lake Victoria has 

been recognized as contributing directly to the loss of fish habitat, diversity and 

deterioration of other uses of the lake (Bugenyi and Balirwa, 1989). The 

accumulation of excess organic matter in the water column (Hecky, 1993), is an 

indication that much of the organic matter produced in the lake is not being 

channelled efficiently through the food web accumulates in the hypolimnion 

where it causes deoxygenation. Eutrophication and depletion in stocks of this 

trophically diverse fish community by Nile perch changed the food web of the lake 

(Hecky, 1993, Campbell et al., 2003) and reduced grazing pressure and the 

overall ecological efficiency through shortening of the food chains in the lakes.
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Ecologists and limnologists must recognize that fisheries and the cascade 

of food web effects they induce are a major cause of changes in aquatic systems 

(Goldschmidt et al., 1993). Numerous studies demonstrate that fish and fisheries 

play an important role in the structure and function of aquatic ecosystems (e.g 

Carpenter and Kitchell, 1988). This role has not been adequately investigated in 

most ecosystems. Populations of fish and other aquatic ecosystem components 

can be affected by the gear selectivity, magnitude, timing, location, and methods 

of fish removals (Witherell et al., 2000). Fisheries can also affect aquatic 

ecosystems by vessel disturbance, nutrients, introduction of exotic species, 

pollution, unobserved mortality, and habitat alteration (Orach-Meza and Saila, 

1978; Coleman and Williams, 2002; Schindler et al., 1993; Witherell et al., 2000; 

Blaber, et al., 2000). The change in the integrity of the habitat and the loss of 

disproportionately rich feeding areas (Costa and Elliot, 1991) will ultimately affect 

the nursery function of near shore areas (Blaber et al., 2000). The abundance 

and diversity of aquatic invertebrates in the interface zone are crucial limks in the 

food chains of littoral fish (Balirwa, 1995). Throughout the world, many 

invertebrate bait organisms are collected from soft substrata by digging, affecting 

the target organisms, the structure of the substratum, and its community (Olive, 

1993; Beukema, 1995; Dahl et al., 1994). It has long been recognized that 

benthic production can be a substantial contributor to whole-lake primary and 

secondary production (Forbes, 1925, Lindeman, 1942). Benthic and pelagic 

energy flows and processes can be coupled in a variety of ways including cross­

habitat foraging by fishes (Blumenshine et al., 1997; Vadeboncoeur et al., 2002; 

Schindler and Scheuerell, 2002). Furthermore, piscivores often forage broadly 

upon pelagic and benthic fishes, as well as benthic and terrestrial invertebrates, 

thereby linking pelagic and benthic food chains (Schindler et al., 1996; 1997). 

Howell (1985) showed that digging for bait worms resulted in increased 

bioavailability of heavy metals. Post harvest processes such as fish processing 

release wastewater and organic pollutants that may have significant and long-

1.2.1 The role of fish and fisheries in trophic interactions and food web 

structure
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lasting effects (Blaber et al., 2000). Many fishes exhibit flexible feeding habits and 

undergo diet shifts that deviate from their presumed food chain (Jeppesen et al., 

1997a).

Feeding in fishes can regulate trophic structure and thus influence the 

stability, resilience, and food web dynamics of aquatic ecosystems. These 

regulatory influences also change as fish pass from one life stage to another 

(Carpenter et al., 1992; Post et al., 1997). Resilience in this context means the 

ability to replace lost resource from a given aquatic ecosystem. Top predators in 

food webs can have substantial effects on species in the lower levels of a food 

web (Paine, 1980; Power, 1990; Carpenter and Kitchell, 1993; Schmitz et al., 

1997; Persson, 1999). Most trophic levels in natural systems are heterogeneous, 

in that, they consist of many species that differ in a number of ecological 

characteristics, including vulnerability to predators, use of resources and 

response to abiotic factors (Osenberg and Mittelbach, 1996; Polis and Strong, 

1996; Persson, 1999). An important feature of heterogeneous trophic levels is 

that a decrease in one species at a trophic level due to predation may to a certain 

extent be compensated by a concomitant increase in another species less 

sensitive to predation at the same trophic level (Lovgren and Persson, 2002). An 

example of such compensation was the replacement of 

detritivorous/phytoplanktivorous haplochromines by Caridina nilotica and the 

zooplanktivorous haplochromines by the R. argentea with the establishment of 

the Nile perch in Lake Victoria (Crul, 1998).

The feeding pattern of fishes can influence the temporal availability of 

nutrients and the potential for algal blooms to occur in lakes, because fish 

mineralize nitrogen and phosphorus through excretion and defecation, thereby 

making these nutrients available for primary production (Schindler, 1992; 

Schindler et al., 1993).

Aquatic systems are often connected to each other and even systems that 

seem to be closed are open and connected to other systems and can be 

influenced by processes taking place outside the system under study (Orach- 

Meza and Saila, 1978; Polis and Strong, 1996; Polis et al., 1997; Loeb et al., 

1998; Schindler and Scheuerell, 2002). Mobile consumers may also connect 

habitats by foraging in one habitat and defecating in another (Schindler et al., 

1996; Polis et al., 1997; Schindler and Scheuerell, 2002). Within lakes, animal
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movements including inshore-offshore fish and horizontal zooplankton migrations 

link the littoral and pelagic habitats both in terms of prey consumption and 

translocation of nutrients (Carpenter et al., 1992; Kitchell et al., 1994; Schindler et 

al., 1996; Vanni, 1996; Jeppesen et al., 1997a,b; Persson and Crowder, 1997). 

This coupling also involves ontogenetic habitat shifts in juvenile fish between 

pelagic and vegetated habitats (Persson and Crowder, 1997). Flow of resources 

between habitats has been idendified to be of major importance to trophic 

interactions in several systems including terrestrial islands (Polis and Hurd, 

1996), streams (Nakano et al., 1999), and lakes (Hecky and Hesslein, 1995, 

Schindler et al., 1996).

Currently, humans are a dominant component of most aquatic food webs, 

and fisheries have the potential to further alter community structure and 

dynamics. Most of the lakes in the Victoria and Kyoga basin are characterised by 

excessive overexploitation and fishing mortalities (e.g. Muhoozi, 2002). 

Overexploitation stems not only from need but also from the “tragedy of the 

global commons”, that is, the inability of governments to adequately regulate use 

of common property resources (Hardin, 1966). Commercial fishing, whether 

large-scale industrial fisheries or small-scale operations, commonly overexploits 

fish stocks, in some cases collectively causing trophic mining (Pauly et al., 1998). 

The complex nature of fishing effects on ecosystems became entrenched in the 

environmental consciousness when it became clear that fishing could cause 

imbalances in the most basic of species interactions and predator-prey 

relationships. In fresh waters, fish can be important in nutrient dynamics, and 

sometimes most of the pelagic phosphorous is stored in fish biomass (Bartell and 

Kitchell, 1978; Schindler et al., 1993). In addition to the direct removal of the 

target fish species, considerable removal of nutrients by fisheries landings has 

been reported in fresh waters (Sarvala et al., 1984) and in marine systems 

(Hjerne and Hansson, 2002).

Frequently the most abundant fish species are seriously reduced through 

overfishing (FAO, 2000; Steele and Schumacher, 2000). Fishing pressure 

usually superceedes ecological processes, and causes a notable decline in 

benthic megafauna and habitat complexity (Jennings and Polunin, 1996; Collie et 

al, 1997; Malakoff, 1997; Auster and Langton, 1999). Removal offish with key 

characteristics and functions from the ecosystem may result in loss of resilience
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and in ecosystem changing from one equilibrium state to another (Holling, 1986; 

Chapin et al., 1997, Grime, 1997; Tilman et al., 1997). Like in many aquatic 

bodies fishing down food webs occurs as the fishery concentrates on the top 

predators and subsequently more abundant prey species of these predators 

(Pauly, et aL, 1998; Steele and Schumacher, 2000). Additionally, the resurgence 

of a predator population after a release of fishing pressure may have a strong 

impact on the depressed or highly susceptible prey populations (Carpenter and 

Kitchell, 1993). Fishing pressure on upper and mid trophic level fishes can 

significantly alter energy flow and biomass at lower trophic levels in lake 

ecosystems (Link, 2002). Decline in abundance of primary consumers removes 

important forage species for organisms higher in the food web, again with 

cascading effects (Dayton et al., 1995; Jennings and Kaiser, 1998). In addition to 

acute effects on fish stocks, reductions in biogenic structures, habitat complexity, 

fauna biomass and benthic community diversity, have been documented in 

heavily fished or dredged areas (Auster et al., 1996; Collie et al., 1997). Many of 

the impacted benthic species are important prey items for the other commercially 

and ecologically valuable fish species (Garrison and Link, 2000). This decreases 

both structural and functional diversity of ecosystems, presumably also 

decreasing their resilience or ability to replenish lost resources (Coleman and 

Williams, 2002). The effects of nutrient dynamics show the importance of fish as 

ecosystem components and limnologists are already taking advantage of this in 

lake biomanipulation, (i.e. reducing the effects of eutrophication by modifying 

food web structure (Stenson et aL, 1978; Carpenter et al., 1985; Hansson et al., 

1998).

Fish consumers can be viewed as trophic levels and fishing gear (e.g., 

nets) as a size-selective predator fully as effective as those described from the 

principles of predation outlined in textbooks (Ricklefs, 1990; Diana, 1994; Stone, 

1995). Fishing is therefore one of the ecological forces and is among the most 

important regulators of trophic dynamics in the tropical Lake Victoria ecosytem 
(Kitchell eta!., 1997).
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There has been increasing recognition of the importance of food web 

structure in regulating a wide range of ecological patterns and processes 

(Hairston et al., 1960; Paine, 1966; 1980; Pimm, 1982; Carpenter et al., 1985; 

Rasmussen et al., 1990; Persson et al., 1992; Hairston and Hairston 1993; 

Persson et al., 1996; Schindler et al., 1997). Studies attempting to describe food 

web structure have generally been based on either food chains or food webs. 

Food chain studies assign species to one of several discrete trophic levels 

(Hairston et al., 1960; Oksanen et al., 1981; Persson et al., 1992; Abrams., 1993, 

Goldschdmidt., 1996, Namulemo, 1997 and Mbabazi., 1999). The concept of 

discrete trophic levels is commonly used in ecological studies and has been used 

successfully in studies predicting contaminant bioaccumulation in top predators 

(Rasmussen et al., 1990; Cabana and Rasmussen, 1994; Kidd et al., 1995; 

Swanson et al., 2003). Furthermore, trophic levels provide the framework for 

studies of cascading trophic interactions (Carpenter et al., 1985; Wootton and 

Power, 1993) and ecological energetics and efficiencies (Lindeman, 1942; Kerr 

and Martin, 1970). The trophic level concept, however, is limited by the strict use 

of discrete trophic levels and its limited ability to capture the complex interactions 

and trophic omnivory that are prevalent in many ecosystems (Paine, 1988; Polis 

and Strong, 1996; Persson, 1999; Vander Zanden and Rasmussen, 1999). In 

contrast, food web studies capture the complexity of trophic relationships in 

nature (Sprules and Bowerman, 1988). Although food web studies recognize and 

quantify important attributes such as omnivory, cannibalism and reciprocal 

predation (Sprules and Bowerman, 1988, Polis, 1991), designation of "trophic 

linkages” is a subjective process that fails to consider the energetic or functional 

importance of the represented trophic connections (Paine, 1988, Polis, 1991, 

Vander Zanden and Rasmussen, 1996). Omnivory is important in trophic 

interactions and has been found to stabilize simple food chains (McCann and 

Hastings, 1997; Sterner, et al., 1997; Holyoak and Sachdev, 1998). Cannibalism 

is a special form of omnivory, where the species feeds both on its own kind and 
other food sources (Polis et al., 1989).

Food chains and food webs represent extreme end points of models used 

to represent trophic relationships and both approaches have the potential to
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1.2.3 Use of stable Nitrogen and Carbon isotope ratios in food web 

studies.

The use of stable isotopes to study the trophic interactions of fish is 

generally increasing (Gu et al., 1996b; Jennings et al., 1997; Vander Zanden et 

al., 1997). It is becoming increasingly common to use stable isotope ratios in 

mass-balance equations in order to estimate dietary composition, carbon flows or 

dietary overlap (Havelange et al., 1997).

Traditionally trophic interactions in fresh water food webs have been 

defined using dietary analyses of fish stomachs or gut contents or from the 

presence of organisms within a system. As discussed earlier, the Lake Victoria 

food web structure has shifted based on information on the volume and 

composition of the fish catch in the lake, as well as on the stomach contents of 

fish (Balirwa, 1998; Ogutu-Ohwayo, 1995; Wanink, 1998). Studies based on 

stomach content analysis revealed a higher trophic diversity among

misrepresent the pathways of trophic transfer and energy flow through 

ecosystems (Murdoch, 1996; Kling et al., 1992; Vander Zanden and Rasmussen, 

1996). Recent critiques and studies of highly resolved food webs indicate a 

variety of problems, including poor taxonomic resolution, inconsistent sampling 

effort and general incompleteness of the food web data (Winemiller, 1990; Hall 

and Rafaelli, 1991; Martinez, 1991; Polis, 1991; Hall and Rafaelli, 1993; Polis and 

Strong, 1996; Polis and Winemiller, 1996; Goldwasser and Roughgarden, 1997).

In response to these problems, numerous authors have called for food 

web approaches that quantify energy flow and the importance of feeding 

interractions (Cohen et al., 1990; Kenny and Loehle, 1991; Martinez, 1991).

Use of quantitative gut content data and weighted average formulas to 

assign organisms, a continuous measure of trophic position which represents the 

mean path length leading to a consumer, provides energetically based 

representations of trophic relationships, thereby serving as a compromise 

between discrete food chain and food web models (Levine, 1980; Vander Zanden 

and Rasmussen, 1996; 1999; Vander Zanden et al., 1997; Vander Zanden et al., 

1999; Jepsen and Winemiller., 2002).
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haplochromines of the Kyoga satellite lakes compared with the main lakes Kyoga 

(Mbabazi, 1999; Mbabazi et al., 2004) and Victoria (Namulemo, 1997).

While dietary analysis provides valuable taxonomic information on fish 

diets, it is simply “a snap-shot" technique, that enables analysis of the dietary 

intake of an individual over the previous few hours and it is also often difficult to 

identify masticated food items accurately (Hynes, 1950). However conclusions 

can be drawn from repeated diet studies which are often rare in such studies. 
The dietary studies can be complimented by analyses of stable nitrogen (b15N) 

and carbon (b13C) isotope ratios of biota to characterise food web structure and 

trophic interactions (Peterson and Fry, 1987). Food sources often have specific 

isotopic signatures that are acquired by consumers (Fry, 1988). If two individuals 

consume two separate food sources with differing isotopic compositions, they will 

have different isotopic signatures.
Nitrogen isotopes consistently fractionate in organisms: 14N is selectively 

eliminated while 15N is selectively retained in body tissues. At every successive 

trophic transfer, b15N values in the tissue of biota increase. Many studies find the 

average b15N difference between an animal and its food source is approximately 

3 to 4 °/oo. (DeNiro and Epstein, 1981; Minagawa and Wada, 1984; Peterson 

and Fry, 1987; Vander Zanden and Rasmussen, 2001). This consistent change 

provides a powerful analytical tool to quantify relative trophic position or dietary 
changes in fish (Cabana and Rasmussen, 1994). However use of <515N signatures 

of consumers as a measure of trophic position neglects intrasystem variation in 

b15N values characterizing organisms at the base of the food web. Cabana and 

Rasmussen (1996) found that the lake-specific mean primary consumer varied 

from 1-13 °/oo. Thus, interpreting the b15N of a consumer relative to an 

appropriate baseline b15N value provides a reliable and quantitative measure of 

trophic position, defined as a noninteger value reflecting the energy-weighted 

mean number of trophic transfers between the basal resources and the consumer 

(Vander Zanden and Rasmussen, 1999). Unlike previous isotopic food web 

studies, use of this baseline standardization method allows comparative food web 

studies (Cabana and Rasmussen, 1996; Vander Zanden et al., 1997).
In contrast carbon isotopes fractionate very little in biota, with 1°/oo 

enrichment in b13C per trophic level (Peterson and Fry, 1987; Vander Zanden and 

Rasmussen, 2001). Because of these low fractionation rates, the stable carbon
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carbonate as a carbon substrate results in enriched 

Hesslein, 1995).

Much less is known about the factors influencing variation in 615 N values 

at the lower levels of the food web compared with b13C (Vander Zanden and 

Rasmussen, 1999). Cabana and Rasmussen (1996) report a wide range of 
variation in 515N values of primary consumers and showed the 68% of the 

among-variation in primary consumer b15N is explained by human population 

density in the watershed. Nitrogen transformation processes such as 

denitrification and ammonification occur in the suboxic profundal zones of 

stratified lakes. These processes are accompanied by considerable N isotope 
fractionation, resulting in a 15N-enriched pool of inorganic N available for uptake 

by primary producers (Wada and Hatori, 1978; Macko and Estep, 1985; Owens,

isotope values of organisms reflect the average b13C of their diets. 513C values 

can vary at the base of the food web due to differences in photosynthetic C- 

fixation, growth rates, CO2 concentration and pH, and these differences are 

passed on up in the food chain, indicating the origin of organic carbon in 
organisms at higher trophic levels (Hecky and Hesslein, 1995). In lakes, b13C is 

useful for differentiating between two major sources of available energy, littoral 

(near shore) production from attached algae and its detritus, and pelagic (open 

water) production from phytoplankton, because the base of the littoral food web 

tends to be enriched in 13C (less negative b13C) relative to the base of the pelagic 

food web (Hecky and Hesslein, 1995; France, 1995a; Post, 2002). Aquatic 
macrophytes such as water hyacinth and papyrus also provide distinctive 513C 

inputs because both use atmospheric CO2 but different photosynthetic pathways 

(hyacinth C-3 and papyrus C-4 photosynthesis) (Hecky and Hesslein, 1995).

The value of b13C can vary widely among primary producers within a 

system, and the factors influencing variation in b13C are fairly well understood. 

The biota inhabiting the different depths of stratified lakes has been observed to 

be 13C depleted, due to algal uptake of respired CO2, which is more abundant in 

deeper waters of stratified lakes (Rau, 1978; 1980). Benthic algae tend to be 

C relative to phytoplankton due to a CO2 boundary layer effect, 

which causes diffusion limitation to benthic algal cells in oligotrophic lakes 

(France, 1995a; b; Hecky and Hesslein, 1995). Additionally, algal use of 

b13C values (Hecky and
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1987). In contrast, Nitrogen fixation yields a 
%0

While it is relatively straight forward to use stable isotope ratios to evaluate 

food web structure and material flow within a single system (e.g., Peterson et al. 

1985; Keough et al., 1996; Hannson et al., 1997), many critical questions in 

ecology are best answered through comparisons across multiple systems (e.g. 

Kling et al., 1992; Post et al., 2000). When comparing among ecosystems, the 

515N and 513C signatures of a single organism alone provides little information 

about its source of carbon. This is because there is considerable variation among 

ecosystems in the 515N and 513C of the base of the food web from which 

organisms draw their nitrogen and carbon (615Cbase and <513Cbase ; Rounick and 

Winterbourn, 1986; Zohary et al., 1994; Cabana and Rasmussen, 1996; 

MacLeod and Barton, 1998; Kitchell et al., 1999; Vander Zanden and 

Rasmussen, 1999). With an appropriate isotopic baseline and an appreciation of 

the underlying assumptions, stable isotopes can help answer some of the difficult 

questions in food web ecology (France, 1999; Post, 2002). For example, in 

aquatic systems, most primary producers and detrital energy sources have high 

temporal variation in 515N and d13C, complicating their direct use as baseline 

indicators for secondary consumers that integrate <515N and 613C over much 

longer time periods (Cabana and Rasmussen, 1996; O’Reilly et al., 2002). 

Furthermore, 515Nbase and 513Cbase can be spatially variable both within a lake 

(France, 1995a; Vander Zanden and Rasmussen, 1999) and among lakes 

(Cabana and Rasmussen, 1996; del Giorgio and France, 1996). Cabana and 

Rasmussen (1996) suggested the use of long-lived primary consumers to 
quantify 515N and 513C in aquatic food webs because the temporal variance of 

their isotopic signature is much lower than that of primary producers (Cabana and 

Rasmussen, 1996). They should also reflect the spatial variation within and 

among lakes (Cabana and Rasmussen, 1996; Vander Zanden and Rasmussen, 

1999).

The need for ecosystem-based management is widely recognised and 

accepted, but ecosystem models have not yet proved themselves as

15N signal near atmospheric N2 i.e., 0
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a) The trophic composition of dominat fish pecies,

b) The food sources and trophic interractions among fishes in lakes with and 
without Nile

c) The trophic positions of the individual fish species

d) The food chain lengths among the fishes in the different lakes.

The Victoria and Kyoga basin lakes have values that contribute to the 

Ugandan government’s efforts of increasing food security, poverty reduction, 

economic growth and conserving the natural resource base. They are critical 

sources of freshwater for humans and domestic animals, cheap high quality 

protein, income, medicine and employment for the communities around these 

lakes.

The overall objective of this study was to examine the trophic positions and 

food webs of the dominant fish species in the Victoria and Kyoga Lake basins to 

provide insight into how changes in fish fauna can result from a reduced variety 

of carbon sources and changing food chain lengths in these lakes. This was 

specifically achieved by examining:

management tools (Mace, 2001). Moreover, there is still great uncertainty as to 

how to implement an effective ecosystem management on poorly known aquatic 

ecosystems (Beamish and Mahnken, 1999). To implement ecosystem-based 

management, a good understanding of the influences that regulate species 

naturally in the ecosystem is required (Beamish and Mahnken, 1999). It is then of 

prime necessity to improve our knowledge on these complex and poorly 

understood aquatic ecosystems. This study characterized the trophic structure 

and positions of the different fish species and/ or food chain lengths in the 

different aquatic ecosystems that are at different anthropogenic levels in the 

Victoria and Kyoga lake basins.
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a) The presence of Nile perch reduces the trophic position of the native species 

in lakes where it is found;

b) The presence of Nile perch reduces the food chain lengths in lakes where it is 

found;

c) Species richness has no effect on food chain lengths among lakes;

d) Water transparency has no effect on food chain lengths among lakes.

This chapter discusses the trophic interactions and food webs before and 

after Nile perch introduction, the utilisation of food chain and food web 

approaches in trophic relationships, use of dietary stomach content and stable 

isotopes analyses in establishing trophic positions and food webs.

The second chapter describes the study lakes, the methods used in field 

sampling, laboratory analyses of diet using both stomach contents, and nitrogen 

and carbon stable isotope methods in determining trophic positions and food 

chain lengths.

The third Chapter describes and discusses the diet and trophic 

composition of the different fishes in the study sites based on stomach content 

analysis.

The fourth chapter describes carbon sources, trophic relationships and 

trophic positions of the fish species and the fish food chain lengths in the study 

sites based on stable isotope analyisis.

The fifth chapter synthesizes out puts from the previous chapters with 

other information and suggests recommendations for steps towards developing 

an ecosystem based management approach for these aquatic ecosystems.
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The Victoria and Kyoga Lake basins had a similar native fish fauna 

(Graham, 1929; Worthington, 1929). The two lakes have had similar history'with 

Nile perch being introduced and having similar impacts in the two lakes. For 

ichthyogeograghical purposes, the two lakes can be considered to be similar 

(Kudhongania et al., 1992; Mbabazi, 1999). Lake Kyoga lies downstream of Lake 

Victoria and fish propagules could conceivably move from Lake Victoria down the 

Nile to the Lake Kyoga satellite complex, but not upstream due to water falls 

along the river (e.g. Ripon and Bujagali fall). Evolution of Lake Victoria 

haplochromines therefore proceeded downstream in Lake Kyoga, and the Lake 
Kyoga complex has been described both as refugium for Lake Victoria functional*' 

diversity (Kaufman, 1997; Kaufman et al., 1997) and as a significant fishery 

resource (Kudhongania et al., 1992; Ogutu-Ohwayo, 1995). Victoria and Kyoga 

Lake basins have many satellite lakes which are separated from the main lakes 

by swamps which are at different levels of anthropogenic impacts, encompassing 

environmental conditions extending from pristine to highly impacted and/ 

dominated by either the introduced species especially Nile perch as the top 

predators or Nile perch free with native species such as Protopterus aethiopicus 

and haplochromines (Table 2.2).

It was therefore considered that understanding of these lakes in a •> 

watershed context incorporating interconnections among lakes, as oppossed to 

lake-by-lake basis would contribute to the knowledge base required to solve 

some of the problems experienced in lakes Victoria and Kyoga, especially the 

reduction in trophic groups, which seems to have shortened the food chain 
lengths of lakes.
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The study focused on eight satellite lakes, five and three from the Victoria 

and Kyoga Lake basins respectively, which were grouped into three categories 

according to their drainage systems. Since aquatic systems are confined to the 

interconnecting swamps, streams and rivers between water bodies; lakes within a 

watershed provided a unique study system. The two drainage systems comprised 

the satellite lakes from the Lake Victoria basin i.e Koki, with lakes Kachera and 

Mburo; Nabugabo, with lakes Kayugi, Kayanja and Nabugabo main. The third 

drainage system comprised satellite lakes from the Lake Kyoga basin i.e. Kyoga; 

with Lakes Nawampasa, Nakuwa and Bisina. Some data were also collected in 

the main lakes Victoria and Kyoga. In Lake Kyoga, which is part of the Kyoga 

drainage system described above, data were collected from the North Eastern 

part (lyingo) and the Western part of the lake off Victoria Nile from Bukungu 

landing site East-wards. The North Eastern part (lyingo) is adjacent to Lake 

Nawampasa but separated by thick papyrus and the two systems are linked 

through a channel (Figure 2.1 A). The inshore areas of northern Lake Victoria 

were the fourth drainage system and data were collected from Napoleon Gulf, 

Thruston and Hannington Bays that are at different levels of human interference.
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Figure 2.1. A map showing part of the studied lakes in the Victoria and Kyoga basins, 
indicating landing sites where fish samples were obtained and sampling sites where 
experimental collection of fish and possible food sources was done. Source of digital 
Map (National Biomass, 1995)
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Figure 2.1 B. A map of Uganda showing the location of the drainage systems studied in Fig. 
2.1 A (A=Koki, B= Nabugabo, C= Kyoga and D=Northern portion of Lake Victoria) indicating 
landing sites where fish samples where obtained and sampling sites were experimental 
collection of fish and possible food sources was done. Source of Digital map for Lake Victoria 
(Silsbe, 2003)
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The Koki drainage system is located ~ 226 Km, west of Kampala city, in 
Rakai and Mbarara districts, between latitudes 00°40”S and 01°35”S; longtitudes 

30°50”E and 31°50”E, at an elevation range of 1230 m (Atlas of Uganda, 1967). 
The Koki drainage system covers a surface area of about 570 Km2. Two lakes 

Kachera and Mburo) were sampled from this drainage system.
(1) Lake Kachera is located at 00° 35'S; 31° 07' E (Fig. 2.1 A), has a total 

surface area of 36.3 km2, and a maximum depth of 4.1 m. It has a maximum 

length of 20.0 km and width of 3.5 km (Atlas of Uganda, 1967). The size and 

shape of the lake varies from time to time due to floating islands. The shoreline 

vegetation is fringed with papyrus (Cyperus papyrus), reeds (Phragmites 

mauritianus), forest, and scattered banana plantations. Lake Kachera is shared 

by the districts of Mbarara and Rakai and borders Lake Mburo national park and 

is exposed to very many anthropogenic factors. The communities around Lake 

Kachera have for long depended on fishing as a major economic activity. The 

non fishing communities around the lake are either traditional cattle keepers or 

cultivators, but most of the communities around the lake now practice mixed 

farming combining both livestock management and crop cultivation to varying 

degrees (Marquardt et al., 1994; Kamugisha et al., 1997; Namara and Infield, 

1998; Emerton, 1999).
(2) Lake Mburo is located at 00 40’S; 30° 56' E in Mbarara District (Fig. 

2.1A) ina an area owned in precolonial days by the traditional King, the Omugabe 
of Nkore (Mugisha, 2003), has a total surface area of 10.4 km2, a maximum 

length of 6.0 km and width of 3 km (Atlas of Uganda, 1967). However, the size 

and shape vary from time to time due to floating islands. The inhabitants 

(Bahima) around the lake primarily use the riparian land for pastoralism. Until the 

intervention of colonial government fishing was not an important economic 

activity in the lake (Mugisha, 2003). In 1983 Lake Mburo was gazetted as a 

national park (Burgis et al., 1987) and therefore fishing was restricted. Following 

the eviction of the last residents in 1997 there is no permanent human settlement 
in the 260 km2 Lake Mburo National Park, apart from approximately 50 Uganda 

Wildlife Authority (UWA) staff and 100 or so workers and fisherfolk who 

temporarily reside at Lubale Landing site (Emerton, 1999). The economic
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benefits accruing from fisheries activities were valued at Ush 108.1 million in 

1997, 7.6 million of which went to the national park as house maintenance fees, 

boat fees, and fuel wood fee for processors, and the rest to Department of 

Fisheries Resources (Emerton, 1997). The National park is characterised by high 

densities of animals most of which are native and the lake harbours large 

populations of hippopotamuses most of the day hours.

The Nabugabo drainage system is located -150 Km, west of Kampala 
city, in Masaka district, between latitudes 00°17”S and 00°24”S; longtitudes 

31°51”E a 031°54”E, at an elevation range of 1159 to 1162 m (Atlas of Uganda, 

1967; Ramsar Convention Bureau, 2004). The Nabugabo drainage system with a 

surface area of 220 Km2 is also one of the sites designated as wetlands of 

international importance in Uganda (Ramsar Covention Bureau, 2004). Three 

lakes (Kayugi, Kayanja and Nabugabo) with similar fish fauna except Nabugabo 

where Nile perch was introduced were sampled from this drainage system.

(1) Lake Kayugi is located at 00° 191S 31° 511E and at an elevation 1162 

m, has a surface area of about 0.2 km2 (Fig. 2.1A). Lake Kayugi is separated 

from Lake Manywa by a 0.5 Km extensive thick papyrus swamp, and is 

connected to Lake Nabugabo via River Juma. Lake Kayugi has a maximum 

depth of about 3.0 m. River Kagona feeds the swamp around lakes Kayugi and 

Manywa from the Northwest (Ogutu-Ohwayo, 1993). Lake Kayugi is mainly used 

by communities for subsistence fishing and has a maximum of four fishing rafts. 

Lake Kayugi also provides an example where cultural norms help in consevation 

of biodiversity. On Lake Kayugi women are barred from getting into contact with 

the lake, where as in Africa generally women are charged with the duty of 

collecting domestic water. Due to the cultural norms associated with Lake Kayugi, 

it is less used as a direct source of water for domestic puposes, besides there is 

a borehole adjacent to the lake.

(2) Lake Kayanja is located at 00° 171S 31° 521E, at an elevation of 1159 

m, Fig. 2.1A (Atlas of Uganda, 1967) and has a surface area of about 1.2 km2 

with a maximum depth of about 3.0 m (Ogutu-Ohwayo, 1993). Apart from the 

eastern shoreline, an extensive Loudentia phragmitoides dominated swamp



26

surrounds the lake. The swamp around this lake is fed by Rivers Nzonsemu and 

Kikoma from the North-West and drains North-Eastwards via River Kanywa and 

the adjoining swamp, into Nakiga Bay of Lake Victoria (Ogutu-Ohwayo, 1993). 

The dissolved oxygen (DO) levels in the lake are high in the open water (surface 

values of 7 mgL’1), and the lake appeared to be well mixed (Chapman and Hulen, 

2001). Lake Kayanja like Lake Kayugi is used for subsistence fishing (maximum 

of two dug out canoes), but unlike lake Kayugi, it is extensively used for watering 

domestic animals especially cattle.

(3) Lake Nabugabo the largest among the Nabugabo drianage system is 

located at 00°221S 31°541E at an elevation of 1159 m (Atlas of Uganda, 1967). 

Lake Nabugabo is shallow with a surface area of 24 km2 and mean depth of of 

4.5 m and maximum depth of 7 m. It lies within an extensive marsh that was 

formerly a bay on the western shore of Lake Victoria (Worthington 1932; 

Greenwood 1965; Ogutu-Ohwayo 1993) (Figure. 2). Lake Nabugabo was formed 

when a sand bar separated a portion of Lake Victoria during a water level 

recession about 4000 years ago (Trewavas, 1933; Beadle, 1981; Kendall, 1969; 

Ramsar Convention Bureau, 2004). The lake has no surface out flow apart from 

seepage through the sand bar into Lake Victoria (Greenwood, 1965; Ogutu- 

Ohwayo, 1993). The lake margin is primarily dominated by hippo grass Vossia 

cuspidata, papyrus and Miscanthidium violaceum (Visser, 1964). The lake also 

contains emergents such as water lilies (Nymphaea lotus and N. caerulea) and 

submerged Ultricularia spp\ but the open waters characterize the largest portion 

of the lake (Visser, 1964; Schofield and Chapman, 1999). Nile perch was 

introduced in Lake Nabugabo in 1960 and 1963 to assess the effects its 

introduction would have on fish faunas similar to that of Lake Victoria (Gee, 

1964). Four tilapiine species O. niloticus, O. leucostictus, T. zillii and T. Rendalli 

were also introduced or gained access to this lake around the same time 

(Welcome, 1964; 1967; Ogutu-Ohwayo, 1993). Unlike the smaller lakes (Kayanja 

and Kayugi), Lake Nabugabo is extensively used by local communities for 

subsitance and commercial fishing, source of water, handicraft materials (mats, 

hats, roof thatch) and fishing floats and rafts. There are also an icreasing number 

of holiday and conference centers. Boating and swimming are popular, as the 

lake has a reputation for being free of schistosomiasis (bilharzia) (Ramsar 
Convention Bureau, 2004).
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(i)
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The Kyoga drainage system is located between latitutes 001 °N and 

02°30"N; longtitudes 32°45”E a 34°25’’E, at an elevation range of 914 to 1048 m 

(Atlas of Uganda, 1967). The Kyoga drainage system lakes and the associated 

wetlands cover a surface area of 4700 Km2 (ILEC, 2001). The Kyoga drainage 

system consists of the main Lake Kyoga, Lake Kwania and a series of smaller 

lakes, which are separated from the main lake by swamps (Fig. 2.1A). Four 

lakes (Nawampasa, Nakuwa, Bisina and Kyoga main) were sampled from this 

system.

(1) Lake Nawampasa is a small lake, located 130 km north east the town 

of Jinja, in Kamuli district at 01° 161N 33° 211E and elevation 1037 m (Atlas of 

Uganda, 1967). It has a surface area of about 8 km2; with a mean depth of 2.6 m 

and maximum depth of 3.1 m (Fig. 2.1A). Lake Nawampasa is internationally 

regonized because it still contains remnants of the beautiful cichlid populations 

once found in lakes Victoria and Kyoga (Mbabazi, 1999; Mbabazi et al., 2004). 

The lake currently is dominated by open waters and has numerous floating 

vegetation islands. Lake Nawampasa formerly comprised of three ecological 

zones (Mbabazi 1999).

An open water section in the middle of the lake,

A belt of dense aquatic macrophytes that consisted of the 

submerged Ceratophyllum sp. and floating water lilies, mainly Nymphaea sp. and 

(iii) The zone between the clear open water and aquatic macrophytes 

surrounded by turbid waters.

The shoreline vegetation is mainly hippo grass (Vossia cuspidate), 

Miscanthidium sp. and C. papyrus on the end where there is a channel that 

connects the lake to the main Lake Kyoga. Some stationary mats of water 

hyacinth are already present at the various entry points into the lake.

(2) Lake Nakuwa one of the large lakes among the Kyoga drainage 

system lakes, located 132 km north east the town of Jinja, at 01° 091N 33° 211 E, 

an elevation 1037 m, surface area of 200 km2 and an average depth of 3.3 m 

(Fig. 2.1A; Atlas of Uganda, 1967). It is shared by the districts of Kamuli, Pallisa 

and Soroti. The lake is free of submerged and floating macrophytes, with lots of 

floating papyrus (sudds). Papyrus, hippo grass and reeds dominate the shoreline
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vegetation. Lake Nakuwa like the main lake Kyoga was stocked with the Nile 

perch and the tilapiine species namely O. niloticus, O. leucostictus and Tilapia 

zilli in the general stocking exercise of small lakes and dams in the early 1970’s 

(Balirwa, personal communication).

(3) Lake Bisina, is another large lake, located 272 km north east the town 
of Jinja, in the shadow of Mt. Elgon at 01° 381N 33° 581E and elevation 1048 m 

and which has tiny crater lakes high in the mountains. Lake Bisina has a surface 

area of 308 km2 (Atlas of Uganda, 1967) and a maximum depth of 3.5 m. 

Districts of Kumi (south) and Katakwi (North) border Lake Bisina. Lake Bisina like 

the main lakes Victoria and Kyoga was stocked with Nile perch and the tilapiines 

(O. niloticus, O. leucostictus and T. zilli) in the early 1970’s. Lake Bisina, like 

Lake Nawampasa, still has beautiful remnant species/groups of cichlid 

haplochromines that occurred in lakes Victoria and Kyoga. Lake Bisina is known 

by local inhabitants to have supported a Nile perch fishery however; this study did 

not record any Nile perch through out the survey. The lake is characterized by a 

variety of habitat types ranging from submerged aquatic macrophytes dominated 

by Najas horrida and Ceratophyllum spp. some floating water lilies (Nymphaea 

spp). Most of the lake’s shoreline is fringed with hippo grass (Vossia cuspidata) 

and a very small portion of cattail (Typha domingensis). The human populations 

surrounding the lake are mainly pastoralist comunities keeping cattle and goats 

but also do some crop cultivation.

(4) Lake Kyoga is the largest lake in the entire Kyoga drainage system, 
with surface area of 2047 km2, located at, 01°58”N 32°83’’E.5, and elevation of 

914m (Figure 2.1A; Uganda Atlas, 1967). It has an average depth of 4 m and a 

maximum depth of 7 m. Lake Kyoga lies in the flooded branches of the low west 

flowing Kafu river and recieves the out flow from the Victoria Nile as it turns out of 

the lake northward and then westward over the low northern end of the Rift 

escarpment via the Murchishon falls and pours into lake Albert (Atlas of Uganda, 

1967). Most of the shoreline of Lake Kyoga main is fringed with mainly papyrus 

interspaced with hippo grass, reeds, and scanty unhealthy looking Water 

hyacinth. Sampling for this study concentrated around the North Eastern part of 

the lake around lyingo landing site and the Western part beginning from Bukungu 
landing site east-wards (Fig. 2.1A).
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Lake Victoria formed its own drainage system, located between latitudes 
00° 20 "N - 03° OOS and longtituteds 31° 39E - 34° 53-E, elevation 1134 m (Hecky 

and Bugenyi, 1992; Crul, 1995; Balirwa, 1998; Muhoozi, 2002), is the largest 
tropical lake in the world with a surface area, 68,800 km2 (Boostma and Hecky, 

1993) and supports the largest freshwater fishery on the planet with annual 

catches of 300 to 500 thousand tonnes (Ogutu-Ohwayo, 1994; ILEC, 2001). 

Three countries, Tanzania (51%), Kenya (6%) and Uganda (43%) share Lake 

Victoria. The lake is roughly square in shape; its greatest length and width being 

about 400 and 320 km respectively. Much of the lake is relatively shallow with the 

deepest part (96 m) being the northeast (Johnston et al., 2000). The shallow 

depth and long retention time (residence and flushing times of 23 and 123 years 

respectively) mean that any environmental disturbances, such as contaminant 

input or phytoplankton blooms, exhibit strong impacts relatively rapidly (Bootsma 

and Hecky, 1993). The lake receives nearly 80% of its water inputs from rain 

directly to the surface; a similar amount is lost through evaporation (Bootsma and 

Hecky 1993). The lake bottom is mainly covered by a thick layer of organic mud, 

but with patches of hard substrate, sand or rock (Scholtz et al., 1990). The 

coastline is indented with many bays and gulfs which increases perimeter area 

ratio and therefore increased changes of allochthonous inputs (Gasith and 

Hasler, 1976; Schindler and Scheuerell, 2002). Three areas (Napoleon Gulf, 

Thruston and Hannington Bays) of Lake Victoria were sampled by the current 

study (Fig.2.1B).

Napoleon Gulf is located in southeastern Uganda at 00 20 N; 33° 15 E and 

leads to the source of the Nile River located near the town of Jinja (Fig. 2.1 B). 

The Gulf has a mean depth of 8.8 m and maximum depth of 14 m (Silsbe, 2004). 

Napoleon Gulf is eutrophic, with a highly convulated shoreline and numerous 

bays which provide a range of aquatic ecosystems from wetland to pelagic 

(Campbell et al., 2003) and associted biota. Samples were collected from six 

experimental sites that represented the major habitat types of the gulf based on 

shoreline charateristics such as papyrus/waterhyacinth, papyrus/water 

hyacinth/banana plantations, steep slope/rocky/forest/reeds, 

grass/ambachi/water, hippo grass.rocky and rocky habitats.
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Thruston Bay is located 37km east of Jinja town, in Mayuge district, 

northeast of Napoleon Gulf at 00° 26 N; 33° 20 E (Fig.2.1B). The Bay is 

approximately 1650 hectares and has a mean depth of 3.3 m and the maximum 

depth of 11 m (Wanda, 2003). Thruston Bay is semi urban with a hospital, 

schools and a landing site. Thruston Bay has a large wetland littoral region 

dominated by the macrophytes papyrus, reeds, cattail, hippo grass and water 

hyacinth. Three distinct shoreline types were distinguished and were sampled to 

represent the Bay; these were; a rocky reeds-hippo grass, papyrus—dominated 

sub-bay, rocky papyrus shoreline, forested shoreline and rocky - steep slope with 

scattered hippo grass shoreline.

Hannington Bay is located 79 km east of Jinja town, in Mayude district, 

south east of Thruston Bay at 00° 181N; 33° 261E (Fig. 2.1B). The Bay has a 

mean depth of 3.2 m and the maximum depth of 10 m. Hannington Bay relative to 

Napoleon Gulf and Thruston Bay, is categorised as rural. Due to logistical 

reasons only two sites were sampled and comprised two distinctive shoreline 

types; a papyrus-dominated sub-bay with small patches of hippo grass and 

papyrus dominated and hippo grass / reeds.
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The representative dominant taxa for the analysis of trophic levels and 

potential food or carbon sources were collected from two to six pre-selected sites 

at various distances from the shoreline to the open water of each of the sampled 

lakes between August 2001 and August 2003. Additional sampling was done for 

the western part of the Lake Kyoga (Bukungu) in the months of February and April 

2004 to get an idea into within lake differences. The representative taxa included 

fish, macro-invertebrates and primary producers.

Fish for stomach content and stable isotope analyses were collected every 

three months, using experimental multifilament gill nets with stretched mesh sizes 

ranging from 25.4 mm to 203.2 mm. The gill nets increased by 12.7 and 25.4 mm 

intervals from 25.4 to 139.7 mm and 152.4 to 203.2 mm respectively. The nets were 

set overnight at two to six pre-selected stations at various distances from the shore 

line (0-5m), 50 m, 200m and > 200m to the open water depending on the size of the 

lake and based on the habitat types that were available in the lake, for approximately 

12 hours. Some fish specimens were also obtained from local fishers who used a 

range of fishing gears and methods such as gill nets, beach seines, cast nets, hook 

and line, long lines and locally constructed basket traps.

Upon retrieval, fish specimens were sorted into their taxonomic groups, to 

species level whenever possible. The total length of the individual specimens was 

measured to the nearest centimetre (cm) and the number, and weights of each 

taxon were recorded.

The fishes were cut open, their stomachs dissected out and their degree of 

fullness determined (Bagenal, 1978). Stomach fullness was assessed at four levels 

by visually determining the level of stomach fullness of the abdominal cavity. A 

subjective scale of scores ranging from empty (0) to full (1) stomachs was used 

(Bagenal, 1978; Balirwa, 1998). Stomach fullness was necessary in the estimation 

of volumetric dietary contributions to fish. The stomachs of the large predatory fishes 

(e.g. Nile perch) were dissected in the field for assessment and examination of 

stomach contents while the stomachs of herbivorous fishes especially tilapiines were 

labelled and preserved for later laboratory analysis (e.g. Duque and Winemiller, 

2003). Stomach contents for the large predatory species were identified to the 

lowest possible taxonomic level, focusing particuraly on the identification offish prey
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to species or to genus and were the fish prey were overdigested, they were grouped 

as unidentified fish remains.

The Invertebrate preys were generally lumped into family or order and 

occassionally genus or species level. For the Nile perch a dominant predator 

individual fishes were divided into length categories to account for ontogenetic shifts 

in diet (Ogutu-Ohwayo, 1994). The fishes (especially haplochromines, not identified 

in the field), were preserved in 10% formaldehyde solution, labelled with habitat and 

date of capture and transported to the laboratory where further identifications and 

remaining stomach content analysis were done.

A skinless white muscle tissue was cut from the dorsal anterior part of each 

fish species or size class, placed in an aluminium dish and sun dried to constant 

weight in an experimental plexglass-drying box. Tissues were only got from the 

dorsal anterior part of the fish to avoid bias in isotope ratios that occur when using 

different tissues with variable turnover times (Tieszen et al., 1983 Fry and Parker., 

1979; Rau et al., 1983, 1992; Thomas and Cahoon., 1993; Cabana and 

Rasmussen., 1994; Jennings et al., 1997). White muscle also tends to be less 

variable in terms of 513C and <515N than other tissues (Pinnegar and Polunin., 

1999). In Additional sampling for Lake Kyoga (Bukungu) fish samples for 

suspected piscivorous predators representing the possible size classes were 

selected for stable isotope analysis and their lengths were recorded.

Aquatic macro-invertebrates were collected as potential prey from same 

sites as for fish within each lake (two sweeps per site). Macro-invertebrates were 

sampled using a pond net (mesh size 330 pm) and sorted live into different taxa. 

Samples of molluscs and other epiphytic invertebrates were hand picked. Benthic 

invertebrates in the profundal zone were sampled with a Ponar grab (Beaudoin et 

al., 2001). Invertebrates were kept alive in filtered lake water as separate 

individual taxa in containers for 6 h in order to let their guts clear (Zah et al., 2001, 

Jones and Waldron, 2003). All molluscs were removed from their shells. 

Invertebrate samples from the different sites were pooled to raise enough biomass 

for stable isotope analysis. The invertebrate samples were sun dried and treated 

as above for fish.

The leaves and stems of the dominant macrophytes were hand picked 

along the shoreline, on water and/or under the water surface depending on 

whether the plant was floating or submerged. The macrophyte samples were



2.4.0 Laboratory Procedures

2.4.1 Fish species identification

2.4.2 Diet trophic positions and food chain length

35

Fish specimens that were not identified in the field were sorted into taxonomic 

groups to genus or species level where possible. If a fish did not fit the described 

characters of a species, it was assigned a “chieronym" or a working name given in 

parenthesis. Morphological characteristics of small fishes were examined with the 

help of a binocular microscope. The species that were not identified both in the field 

and laboratory were compared with specimens of described species present in the 

FIRRI museum.

A combination of nitrogen and carbon stable isotopes (Owens, 1987, Vander 

Zanden et al., 1997) with the traditional dietary stomach content analyses (Hynes, 

1950, Balirwa, 1984, 1998; Winemiller, 1990) were used to quantify diet, trophic 

positions of the different fish species and the fish food chain length in the examined 

lakes (Vander Zanden etal., 1999; Lake etal., 2001).

thoroughly washed and sun dried as above, for fish and invertbrates (Jones and 

Waldron, 2003).

Phytoplankton samples were obtained from vertical hauls of a 10 pm mesh 

plankton net beginning from about a deoth 1.5 m to the surface in all the sampled 

lakes. Samples from different stations were pooled to ensure sufficient biomass 

for stable isotope analysis. Phytoplankton were filtered out of lake water with a 

pre-combusted GF/F (1.2 pm) filter paper and dried over silica gel overnight.

All the dried samples were kept in scintillation vials and transported for further 

analysis at the Environmental Isotope Laboratory (Department of Earth Sciences, 

University of Waterloo, Waterloo, Ontario, Canada).
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The preserved fishes (small or herbivorus) were treated as follows; the fish 

were cut open, the stomach of each fish was dissected out and its degree of fullness 

determined as above. Both the preserved stomachs and those stomachs got from 

the preserved fish were slit open and the contents emptied onto a petri dish, flooded 

with water and examined first under a binocular microscope (magnification X 50). 

The larger food items were sorted out of what appeared to be phytoplankton or 

detrital material, identified to to the highest degree of taxonomic resolution possible 

given the material’s state of digestion. Based on relative sizes of ingested items, the 

larger organisms were thouroughly mixed with water and two sub samples were 

separately examined on a slide under a compound microscope (up to magnification 

X 600) Balirwa, 1984, 1998). Only those food items located in within the stomach 

were considered ingested and quantified. For all the analysed stomachs of fish 

species or size groups, the percentage composition by bulk or volume were 

assessed by sorting out food items and estimating how much they contributed to the 

total contents (Balirwa, 1984, Winemiller, 1990). Constituents within each sample 

were quantified using a modified version of the points method (Swynnerton and 

Worthington, 1940; Hynes, 1950). The dietary component with the highest volume 

was allocated 16 points. Subsequently every other dietary component was awarded 

16, 8, 4, 1 or 0 points depending on the relative importance of the food item in the 

stomach (Hynes 1950, Genner et al., 1999). Most of the invertebrate dietary items 

were aggregated into taxonomic orders for further analysis (Duque and Winemiller, 

2003).

Sun dried skinless white dorsal anterior muscle tissues (fillet) from individual 

fishes were re-dried when necessary in an oven at 60°C and pulverized into fine 

powder to homogenize the samples by using a Resch 2000 ball mill grinder. About 1 

mg (± 0.05 mg) of powdered samples was placed into tin capsules of 5 X 3.5 mm 

that were immediately sealed. Stable nitrogen and carbon isotope analyses were 

performed on this sample. The 615N and 613C were determined using the 

Micromass VG-lsochrom Continuous Flow system Isotope Ratio Mass
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Where R = 15N/
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spectrometer (CF-IRMS). Analyses were carried out at the Environmental Isotope 

Laboratory, Department of Earth Sciences, University of Waterloo, Waterloo, 

Ontario, Canada. The ratios of the stable isotopes were expressed in delta (5) 

notation, defined as the difference, parts per thousand (%o or “per mil”) between 

the isotopic ratio of the sample and the standard, and will be calculated as:

The standard material is Pee Dee belemnite (PDB) limestone for b13C 

(Craig, 1957), and atmospheric nitrogen for 515N (Pterson and Fry, 1987; 

Ehleringer and Rundel, 1989; Gearing, 1991). The working standards used 
followed the International Atomic Energy Agency (IAEA) standards, CH6 (b13C = - 

10.4%o), N1 (<515N = 0.36%o) and N2 (b15N = 20.3%o), and the in-house standards, 

EIL-70 (powdered lipid-extracted Lake Ontario walleye; b13C = -19.34%o, 515N = 

16.45%o and EIL-72 (powdered Whatman cellulose fibre; b13C = -25.4%o).

Species richness was determined based on the number of species recorded as 

present in the lake or areas during the study period based on the experimental 

surveys and unpublished FIRRI data. The most abundant fish species or taxa by 

lake or area were estimated by determining the average fresh weight or number of 

each fish species or taxa through out the sampling period. The data was presented 

in tabular form.

Resource use by the individual fish species or size groups was expressed as 

percentage composition of prey item to the total volume of the stomach based on

R sample

R standard

14N for b15N or R = 13C/12C

5 (an dard s r\r\r\ --------------- X 1 000
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n

•Sfl — Si2 I

Bray-curtis disimilarity distance =~-------------

points of the food item and was presented in tabular form. Data were pooled for 

each species for the different stations within the lake or area for the entire sampling 

period since the aim was to determine the time-averaged trophic structure and 

energy sources of the fish communities. Of the total of 13046 specimens 

representing 125 species or size groups, only 5513 representing 76 fish species or 

size groups, had three or more stomachs with food or prey and were subjected to 

futher analyses (Chapter 3).

The unweighted arithmetic average clustering also called "UPGMA” 

(“Uweighted Pair-Group Method using Arithmetic averages") using the Bray-Curtis 

measure of community distance or dissimilarity, Equation (2) (Rohlf, 1963; Sneath 

and Sokal, 1973; Pielou, 1984; Legendre and Legendry, 1998) and Detrended 

Correspondence Analysis DCA (Hill and Gauch, 1980; Gauch, 1982) using 

DECORANA program were applied to diet data in order to classify the different 

consumers into distinct trophic groups. Common ordinations and classification 

clusters could have been helpuful in making an argument that trophic groups do or 

do not exist in the different lakes; however considering the differences in species 

assemblages a drainage system approach was adopted.

Trophic groups were established in two ways using relative abundance 

dietary data for the fishes in the different drainage systems coded from Tables 3.1 

to 3.4. Initially the UPGMA cluster analysis was used to group the fishes and DCA 

was then used to simultaneously display the factor scores of the fishes and the 

diets or food sources coded from cluster group membership in the same 

multivariate space (Luczkovich et al., 2003). In the resulting scatter plots, the 

promiximity of points or factor scores for each taxon indicated the similarity of the 

fishes with respect to other fishes and their food sources and proximity of food 

sources indicated similarity of their consumers. All multivariate analyses were 

conducted using Community analysis Package version 2.0-(CAP 2.0) (Henderson 

and Seaby, 2002).
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I

Where Sn, and si2 are the abundancies of diet item i in fish species 1 and 2 

respectively.

A continous measure of trophic position of the individual fish species was 

calculated from using the estimates of the trophic positions of prey organisms 

(Winemiller, 1990; Vander Zanden and Rasmussen 1996). Considering the 

complexity of specific trophic interactions among invertebrates, which dominated the 

diet of most fishes. Trophic positions of prey items were assigned based on dietary 

stomach analysis (Chapter 3) and 615N signatures (Chapter 4) according to a 

classification modified from Vander Zanden and Rasmussen (1996). The simplest 

possible assumptions used in estimation of trophic position of prey items used in this

Considering the large study area, large number of species and reliability of 

stable isotope technique, where available a maximum of three individuals per fish 

species or taxon were analysed, otherwise one or two specimens were also 

considered. The trophic importance of specific food items to consumers was assed 
using a dual isotope approach, taking into account of the combined 613C and 615N 

ratios of consumers and prey and the fractionation expected to occur for each 

isotope (Herwig et al., 2004). We assumed a trophic enrichment of +1%o for each 

trophic transfer for b13C (DeNiro and Epstein, 1978, Vander Zanden and 

Rasmussen, 2001) and 3.4%o for each trophic transfer for 615N (Minagawa and 

Wada, 1984; Vander Zanden and Rasmussen, 1996; 1999; 2001; Post, 2002).

The mean 515N and 513C signatures of the fish or taxa were plotted against 

one another to give an over view of the trophic structure in the sampled lakes or 

areas (Chapter 4). The heavier 15N accumulates in consumers as nitrogen moves 

up the food web, and as a result, top consumers tend to have greater <515N 

signatures than consumers near the base of the food web. From the observed high 

omnivory and b15N overlap, this study did not use 615N signatures as a direct 

measure of discrete trophic level, but calculated a realized trophic position as a 

continous variable for each fish species described in detail section 2.5.5 below.



(3)TPfiSh = Z (Vi Ti) + 1

Estimated Includes

Fish

3.5

3.0

2.5

Omnivorous 2.5

zoobenthos

3.0

2.0

2.0

1.0
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Predatory zoobenthos 

Detitivores/herbivores 
zoobenthos

study are summarized (Table 2.1). A major limitation to this method was that it 

assumes and simplifies trophic interactions of lower food webs to determine the 

trophic positions.

Trophic position of each fish species in the sampled lakes or areas was then 

calculated from dietary data and trophic position estimates for prey items (Table 2.1) 

using the formula.

Where TPfjSh = mean trophic position of the fish consumer population, Vi = 

volumetric contribution of the 7th prey item, Ti = trophic position of the /th food item 

and 1 = assumed trophic position of primary producers.

Peadophages
Crustaceans

Molluscs

Prawn

Protozoa

Primary

2.0

2.0

Tilapines 

Haplochromines, Clarias sp, Barbus 

sp, Brycinus sp, Lates sp, R. agentea, 

A. frenatus, un identified fish 

Fish eggs, fish embryos 

Zooplankton, Ostracods, crabs 

Trichoptera, Ephemeroptera, 

Hemiptera, Nematocera, Coleoptera, 

Diptera, Oligochaeta, Hirudinea, 

Odonata, Hirudinea, 

Isoptera, Millipedes,

Gastropoda

Caridina

Ciliates

Detritus, phytoplankton, higher plants,

Table 2.2 Estimated trophic position values for the prey items used to calculate 
trophic position of fishes based on diet modified from Vander Zanden and 
Rasmussen (1996).
Prey category

trophic positon

Z5 "



producers/detritus seeds, Mud, Sand grains etc.
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2.5.5 Estimation of trophic positions and Food chain length based on 615N 

signatures

The 615N signatures cannot be used directly to represent the trophic 

position, since the b15N of primary producers are highly variable among systems 

(Kling et al., 1992; Kline et al., 1993; Cabana and Rasmussen, 1996) and within 

systems (Toda and Wada, 1990; Gu et al., 1994; Cabana and Rasmussen, 1996). 

In this study the 615N signatures of primary producers varied from -9.18 to 8.4 %o, 

therefore a continuous measure of trophic position was determined using equation 

(2) (Vander Zanden and Rasmussen 1996, 1999, Jepsen and Winemiller, 2002, 

Post 2002). For 515N values to provide a measure of the trophic position of a fish 

consumer, they were interpreted relative to the lake specific 615N signature 

representing the base of the food web (hereafter referred to as the baseline b15N) 

(Cabana and Rasmussen, 1996; Vander Zanden et al., 1999, Post, 2002). The 

observed spatial variation in b15N and b13C for most primary producers 

complicates their direct use as indicators of b13Cbase and b15Nbase for secondary 

consumers that integrate b15N and b13C over a much longer time periods (Cabana 

and Rasmussen, 1996) as typical example. Based on stomach contents and 615N 

signatures, therefore, this study interpreted the b15N of all the other fishes relative 

to the baseline b15N determined from selected tilapiine species. The selected 

tilapiine species were the most appropriate because they relatively large and long- 

lived primary consumers and integrate temporal variability in primary producer 
615N compared to planktonic primary consumers. The tilapiine species were 

generally herbivores or included a larger proportion of algae in their diets (Chapter 

3); generally occupied similar and/or low food web positions based on b15N 

signatures (Chapter 4) and were common to most examined lakes or areas. The 

best options for estimating the baseline 615N would have been herbivorous snails 

because they are relatively long lived primary consumers but were not common to 
all most examined lakes or areas.

A method that uses the b15N and b13C information to correct for within and 

among variation in primary consumer developed by VanderZanden and
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Rasmussen (1999) was adopted by this study. The method estimated trophic 
position in three stages: it generated a primary consumer 615N - 613C relationship 

described by equation (4), used the 513C signature of a primary consumer 

(selected tialapiine species) to define the appropropriate baseline 615N value 

euations (4, 5 and 6) and estimated the trophic position of fish consumers using 

equation (7).

Where “resid” is the residual value rom equation (4). The mean residual value 

(Uresid) of all the tilapiine species was cacluted for each lake.

From equations (4) and (5) an appropriate baseline b15N for each of the 

individual fish species in the examined lakes were obtained by Equation (6)

6.34___________
~ 1 + exp[9.67 + (0.356 x <513 C^o„)]

6.34
l + exp^ + ^SexS13^,,)]

<5152V ) _ _____ •
fish

Where n = 78; r2 = 0.40; F= 71.73; df = 4, 74; p<0.001; exp (x) = ex; 615Npcon 

315N of the primary consumer and 613Ccon = 613C of the primary consumer.

The residual for each of the primary consumers (tilapiine species) were 

calculated from their obtained b15N and b13C values using equation (5)

+ Uresid

5'5Npcmi

resid = 8 15 N

-8XiN fish corrected

3.4

e 15 sr _______ _____ 6.34___________
comc'eJ 1 + exp[9.67 + (0.356 x 8 '3Cfisl,)]

Where, b15NCorrected is the lake specific baseline 515N signature of the individual 

fish species, and UreSjd is the lake specific deviation from the genral 615N - 613C 

relationship.

The species trophic position (TPfish) was finally determined relative to the 

baseline value from Equation (6) using the formula as:



or areas.
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A linear regression analysis (Draper and Smith, 1981) was used to 

examine the relationship between trophic positions got from dietary and stable 

isotope analysis, food chain length and lake/food web characteristics such as 

species richness and transparency.

In all the analyses lakes were grouped into those with Nile perch and those 

without.

Where, TPfiSh is the trophic position of fish, 515NfjSh is the 615N of fish, 3.4 is the 

enrichment in <515N per trophic level between fish and food source (Vander zanden 

and Rasmussem, 1996, 1999, 2001, Post 2002) and 2 is the assumed trophic 

level position of primary consumers (tilapiine species) used to estimate 615Nbaseiine 

signatures.

Food chain length for further analysis was only estimated from the trophic 

positions got from b15N signatures because examination stomach contents 

sometimes provides information on what a consumer has recently eaten but 

isotopic composition of a consumer reflects its assimilated diet over a period 

determined by the turnover rate of the tissues (Davenport and Bax, 2002). Food 

chain length was taken as the difference between the highest trophic positions of 

fish and the primary consumer (selected tilapiine species) in the examined lakes
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Trophic relationships comprise the framework upon which fish communities 

organized. Fisheries biologists have long appreciated the importance of

Trophic analysis of the fish communities in the Victoria and Kyoga 

basin lakes based on stomach contents.

are

feeding and food habits to the ecology and production dynamics of fish stocks 

(Keast, 1977; Dill, 1983; Ross, 1986; Gerking, 1994). Likewise, there is 

recognition that feeding activities of fish often have significant impacts on their 

prey (Northcote, 1988). The strong effects of introduced predatory fish have been 

shown to deplete not only their immediate supply, but also modify the aquatic food 

web (Zaret and Paine, 1973; Ogutu-Ohwayo, 1985; Witte et al., 1992a; b; 

Carpenter and Kitchell, 1993; Kaufman, 1993; Kitchell et al., 1997; Jennings and 

Kaiser, 1998; Forgaty and Murawski, 1998; Liao et al., 2002). Fishery removals of 

top predators may also have strong effects on trophic structure of a system 

because the reduction in predator abundance can have cascading impacts on the 

lower food webs (Carpenter and Kitchell, 1993, Kitchell et al., 1997; Garrison and 

Link, 2000). Competition has also been advanced as another process that can 

restructure food webs. For example, in the Lake Victoria basin there is evidence to 

suggest that the introduced Nile perch has competed with the native top predators 

such as the catfishes (Olowo and Chapman, 1999; Goudswaard and Witte, 1997), 

piscivorous haplochromine cichlids, and introduced tilapiines competing with the 

phytoplanktivores haplochromine cichlids (seehausen et al., 1997b). As a result, 

knowledge of diet composition, in terms of relative importance of different prey 

items of a fish species at a specific locality, is useful in assessing its ecological 

function and impact. It is also useful, for construction of ecological models, 

defining the nutritional requirements of potential aquaculture species, and thus 

guiding management efforts aimed at increasing fish production.

While fisheries management can regulate the removal of biomass of target 

species, internal ecosystem dynamics, such as predator prey and competitive 

interactions, ultimately determine the recovery of fish communities (Jennings and
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Kaiser, 1998). Accurate quantification offish diets and feeding patterns therefore 

provides the basis for understanding trophic interactions in aquatic food webs 

(Garvey et al., 1998; Vander Zanden et al., 2000). Diet composition can 

supplement other techniques that track feeding patterns, such as stable isotopes, 

to evaluate effects on trophic interactions of ontogeny, habitat alteration, or the 

establishment of exotic species (Chipps and Garvey in press).

Diet studies of lakes in the Victoria and Kyoga basin lakes of East Africa 

have focused primaliry on species of commercial interest, and their effects on 

inter-specific interactions in individual Victoria or Kyoga basin lakes (Balirwa, 

1984; 1998; Mwebaza-Ndawula, 1984; Ogutu-Ohwayo, 1985; 1994; Olowo and 

Chapman, 1999; Kitchell, et al., 1997; Chapman et al., 2003; Mbabazi et al., 

2004). Less commercially important species and lower trophic levels, i.e. those 

compartments that sustain the trophic webs and fisheries, have received, in 

general, little attention (Christensen, 1995; Cartes and Maynou, 2001). This study 

indicated a high percentage offish with empty stomachs from the overall drainage 

systems (Koki 76%, Nabugabo 69%, Kyoga 73%, and Victoria 77%), which may 

reflect sampling regimes and the diets of the fishes. The high percentages of 

empty stomachs also indicate one of the main short-coming in the use of stomach 

contents in diet studies.

This chapter describes food utilization in fish communities in lakes of the 

Victoria and Kyoga basin that have experienced different levels of human 

interference. It also describes food items in stomachs and identifies the trophic 

groups in the communities by determining the dietary similarity among the various 

fish species. The detailed materials and methods used in the study are fully 

described (Chapter 2).
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Haplochromis

Haplochromis

Table 3.1 List of fish species and food items included in dietary analysis from August 
2001 to May 2004, text code and former taxonomic genera. The size classes for L. 
niloticus were determined based on total length (TL) in cm according to Ogutu-Ohwayo 
(1994). Note the absence of a dot in text codes for food items.

Bagridae
Centropomidae

Family

Characidae

Species (author)
Brycinusjacksonii (Boulenger, 1912)
Brycinus sadleri (Boulenger, 1906)
Bagrus docmak (ForsskSI, 1775)
Lates niloticus (> 60 < 100 cm) (Linneas, 1758)
L. niloticus (a 20 < 60 cm)
L. niloticus (s 9.6 < 20 cm)
Oreochromis esculentus (Graham, 1928)
Oreochromis leucostictus (Trewwavas, 1933)
Oreochromis niloticus (Linneas, 1758)
Oreochromis variabilis (Boulenger, 1906) 

Tilapia zillii (Gervas, 1848)
Astatotilapia "fattooth"
Astatotilapia "kyogaastato"
Astatorechromis alluaudi (Pellegrin,
Astatotilapia aneocolor (Greenwood, 1973)
Astatotilapia latifasciata (Regan, 1829)
Astatotilapia nubila (Boulenger, 1908)
Astatotilapia velifer (Trewavas, 1933)
Astatotilapia sp.
Gaurochromis simpsoni (Greenwood, 1965)
Haplochromis lividus
Harpagochromis micheali (Trewavas, 1928)
Harpagochromis squamipinnis (Regan, 1921)
Harpagochromis squamulatus (Regan, 1922)
Harpagochromis guiarti (Pellegrin, 1913)
Lipochromis cryptodon (Greewood, 1959)
Lipochromis maxillaris (Trewavas, 1928) 
Paralabidochromis "redfin"
Paralabidochromis "blackpara"
Paralabidochromis beadlei
Paralabidochromis "big eye"
Paralabidochromis crassilabris (Boulenger, 1906)
Palarabidochromis “shelled'
Palarabidochromis rockribensis
Prognathochromis "shovelmouth"
Prognathochromis argenteus (Regan, 1922)
Prognathochromis pellegrini (Regan, 1922)
Prognathochromis stilleto
Prognathochromis Venator (Greenwood, 1965)
Psammochromis riponianus (Boulenger, 1914)
Pyxichromis orthostoma (Regan, 1922)
Ptyochromis sauvegai (Pfeffer, 1896) 
Xystichromis phytophagus (Greenwood, 1966) 
Clarias alluaudi (Boulenger, 1906)______________

Former Genera

Alestes
Alestes

Text Code

B.j
B.s
B. d
L.n-L
L.n-M
L.n-S 
O.e 
O.l 
O.n
O. c

A.t
A.k 
A.a 
Ac
A.I
A.n
A.v
A.s
G. s
H. l
H.m
H.s
H.q
H.g
L.c
L.m
P. f
P.x
P.d
P.e
P.d 
P.h

P.r

Pg 
P.t 
P.p
P.l
P.v

P.n
P.O
P.s
X.p
C. a



Former GeneraFamily

Mastacembelus

Momyridae
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Propteridae

Schilbidae

Cyprinidae
Mastacembelidae
Mochokidae

Species (author)
Clarias gariepinus (Burchell, 1822)
Clarias liocephalus (Boulenger, 1898)
Barbus altianalis (Boulenger, 1900) 
Caecomastacembetus frenatus (Gosse, 1986) 
Synodontis afrofischeri (Hilgendeorf, 1888) 
Synodontis victoriae (Boulenger, 1906) 
Gnathonemus victoriae (Ruppell, 1832) 
Mormyrus kannume (ForsskSI, 1775)
Petrocephalus catostoma (Steindacher, 1914) 
Protopterus aethiopicus (Heckel, 1851) 
Schilbe intermedius (Ruppell, 1832)

Food item______
Detritus 
Phytoplankton 
Macrophytes 
Ciliates 
Zooplankton 
Ephemeroptera 
Coleoptera 
Nematocera 
Isoptera 
Odonata 
Trichoptera 
Chironomids 
Chaoborus 
Hirudinea 
Oligochaetes 
Molluscs 
Caridina nilotica 
Fish eggs/embryo 
R. argentea 
L. niloticus 
B. sadleri 
Tilapiine 
Haplochromine

Text Code
C.g
C.l
B.a
A.f
S.a
S.v
G.v
M.k
P.c
P.a
S.i

ID CODE
Ds
Pk
Vp
Ct
Zn
Ea
Ca
Na
Is

Od
Ta
Cd
Cb
Hd
Os
Ml
Cn
Fe
Rs
Ln
Br
Tp
Hp



3.2 Diet analysis of fishes

3.2.1 Koki drainage system lakes
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The diets of the 76 fish species from 10 lakes representing four drainage systems 

in the lake Victoria and Kyoga basins showed that fishes consumed a wide variety 

of food resources, with the highest dietary richness (34 different prey resources) in 

the Kyoga drainage lakes and the least (23 different prey resources) in the Koki 

drainage lakes (Tables 3.1 - 3.5).

In the two Koki lakes that were sampled (lakes Mburo and Kachera), the 9 

fish species examined consumed a total of 23 different prey or food resources 

(Table 3.2). In both lakes studied, insects were the most important prey by volume 

(50%) for most fishes with the exception of Oreochromis esculentus and 

Oreochromis niloticus whose main primary food was algae, however these fishes 

still included at least 10% insects in their diet (Table 3.2).

Fish formed another important component of the diet for Harpagochromis 

squamipinus (>13%), Clarias gariepinus (>13%) and Protopterus aethipopicus 

(>8%). Molluscs were also important in the diet of P. aethiopicus (£10%) in both 

lakes and formed the largest component in the diet of Clarias liocephalus (>35%) 

in Lake Kachera. Molluscs did not appear to contribute to the diet of H. 

squamipinus in Lake Kachera, but contributed (>10%) to the same species in 

Lake Mburo (Table 3.2).
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3.2.2 Nabugabo drainage lakes
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In the three Nabugabo lakes (Kayugi, Kayanja and Nabugabo), examination of 

18 fish species, or size groups for Lates niloticus, gave rise to 30 different prey or 

food resources (Table 3.3). In all the lakes examined, insects formed the most 

important primary prey (50%) in most fishes with the exception of Oreochromis 

esculentus that fed mainly on algae (> 34%) and detritus (25%), however, O. 

esculentus still included at least (> 13%) insects in its diet (Table 3.3). Oreochromis 

leucostictus in Lake Nabugabo was the only fish that did not include any insects in its 

diet and mainly fed on detritus (48%), macrophytes (38%) and algae (< 15%). Fish 

was another important food item and constituted the major prey for the commercially 
important L. niloticus throughout its life history. Both size classes L. niloticus, <20 cm 

TL, 20-60 cm TL, mainly depended on fish for their dietary requirements (> 74%), 

however, still included insects in their diet. The proportion of insects was higher in the 
smaller sized L. niloticus (> 34%) compared to larger sized ones (< 5%). Cannibalism 

was also observed for both size classes of L niloticus (Table 3.3).

In Lake Mburo Ephemeroptera contributed (>10%) and (>20%) to the diets of 

Astatoreochromis alluaudli and Astatotilapia aneocolor, respectively; however 

ephemeropterans were absent from the diet of these two species in Lake Kachera. 

Fish eggs/embryos formed another important dietary component of A. aneocolor (> 

34%) in Lake Mburo but were not encountered in any of the fish examined in Lake 

Kachera. In both lakes there was generally a larger proportion of fishes with empty 

stomachs (2118) compared to those that contained food material (654), however this 

was more pronounced in Lake Kachera than in Lake Mburo (Table 3.2).
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3.2.3 Kyoga drainage system lakes
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It is also important to note that C. nilotica was not recorded as one of the 

food items for L. niloticus in Lake Nabugabo, as it is absent from this system. Fish 

were important in the diet of other fish species: Prognathochromis Venator (2 

42%), P. aethiopicus (> 33%), Astatotilapia verifer (> 32%), T. zillii (24%), C. 

gariepinus (>20%) and O. niloticus (> 10%) (Table 3.3). Oligochaetes were an 

important food item, especially for A. nubila and A. verifer (> 51%), Synodontis 

afrofischeri and Schilbe intermedius (2 20%), Petrocephalus catastoma (2 19%), 

and Gnathonemus victoriae (> 12%). Hirudinea (leeches) also formed an 

important component in the diets of Paralabidochromis beadlei (2 22%), S. 

afrofischeri, and S. intermedius (> 15%) (Table 3.2). In all the three, lakes there 

were generally a larger proportion of fishes with empty stomachs (2463) 

compared to those that contained food material (1088), however this was more 

pronounced in Lake Nabugabo compared to lakes Kayugi and Kayanja (Table 

3.3).

In the four Kyoga lakes (Nawampasa, Nakuwa, Bisina and Kyoga), 35 fish 

species examined consumed 31 different prey or food resources (Table 3.4). 

Overall, insects formed the most important primary prey (>50%) in most fishes 

with the exception of almost all the tilapiine species, which were herbivores and 

mainly fed on algae (> 22%), detritus (2 8%), and macrophytes (> 4%) in lakes 

Nawampasa and Bisina. However, O. niloticus and T.zillii in Lake Bisina tended to 

incorporate more macrophytes (62%) in their diet, which are abundant in the lake. 

Oreochromis niloticus in lakes Nakuwa and Kyoga (Bukungu and lyingo areas) 

depended mainly on an insect diet i.e. Diptera (2 44%) and Ephemeroptera (2 

46%), respectively. Oligochaetes formed another important dietary item for O. 

niloticus (40%) in the main Lake Kyoga (lyingo area) (Table 3.4). Fish formed 

another important component of diet and constituted the major prey for the 

commercially important L. niloticus through its life history based on the sampled 

size classes. The largest obtained fish size of L. niloticus (60 -100 cm TL) from 

Lake Kyoga (lyingo area) mainly depended on a fish diet (2 96%). In both lakes 

Kyoga and Nakuwa the medium-sized L. niloticus, mainly depended on fish (2 

84%), but included a relatively large proportion of insects (36%) in Lake Nakuwa.
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The medium-sized L. niloticus in Lake Nakuwa exhibited higher cannibalism 

(28%) compared to that of the main Lake Kyoga (< 15%). In Lake Nakuwa, small 

L. niloticus (< 20 cm TL) mainly fed on insects (67%) and fish (19%) but fed on 

mainly fish in the main Lake Kyoga. However, terrestrial millipedes, which were 

completely absent in the diet of other fishes, contributed 19% to their small sized 

L. niloticus (Table 3.4). It is also important to note that C. nilotica contributed > 

10% to the diet of L. niloticus and S. afrofischeri. Fish also formed an important 

dietary component to other fish species: Pyxichromis orthostoma (100%), 

Prognathochromis pellegrin (80%), Harpagochromis. micheali (63%), Astatotilapia 

latifasciata (40%), Harpagochromis squamulatus (39%), Bagrus docmac (39%), 

Prognathochromis argenteus (> 38%), P. aethiopicus (>29%), C. gariepinus 

(227%), Haplochromis lividus (25%), Xystichromis phytophagus (20%) and S. 

intermedius (> 10%) (Table 3.4). Molluscs were an important diet item for P. 

aethiopicus in all lakes (> 13%), and for S. victoriae and S. afrofischen (> 10%) 

(Table 3.4). In all lakes examined in the Kyoga drainage system, out of 5575 

fishes only 2031 contained food material (Table 3.4)
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From Napoleon Gulf, Thruston, and Hannington Bays, on the northern portion 

of Lake Victoria, 22 fish species examined consumed 29 different prey or food 

resources (Table 3.5). As in all the other lakes examined, insects formed the most 

important primary prey (>50%) in most fishes with the exception of O. leucostictus 

and Oreochromis variabilis in Napoleon Gulf, and Afromastacembelus frenatus in 

Thruston Bay. In these fishes, insects were completely absent from the diet and they 

mainly fed on detritus (> 59%), algae (> 30%) or molluscs (100%), respectively. 

Oreochromis niloticus in all the areas tended to be omnivorous, but in Napoleon Gulf 

its diet was more similar to that of O. leucosticus and O. variabilis, i.e detritus (> 

16%) with macrophytes (31%) and insects such as chironomids (23%). The diets of 

O. niloticus in Thruston and Hannington Bays were similar and included mainly 

insects, i.e. ephemerotepra and chironomids (> 33%) and algae (<17%). Fish formed 

another important component of diet and constituted the major prey for the most 
commercially important L. niloticus throughout its life history. In all the sites, L. 

niloticus 20-60 cm mainly depended on fish for their dietary requirements (>65%) but 

included a relatively large proportion of insects in their diet (>25%) in Napoleon Gulf 

and Thruston Bay compared to Hannington Bay (9%). The small-sized Nile perch, 

(<20 cm TL) depended on a fish diet (> 47%) but included large proportions of 

millipedes (25%) and Hirudinea (7%) in Hannington and Thruston Bays, 

respectively. It is also important to note that C. nilotica contributed to the diet of L. 

niloticus (5-15%), O. niloticus (33%), S. afrofischeri (13%) in Thruston Bay, and S. 
victoriae (12%) in Napoleon Gulf. Fish formed an important dietary component to 

other fish species: Astatotilapia sp. (30%), P. aethiopicus (26%), O. niloticus (15%) 

in Thruston Bay, P. riponianus (24%), H. guiarti (52%) in Napoleon Gulf and P. 

crassilabris (> 17%) in both Thruston and Hannington Bays. Molluscs were an 

important diet item for P. aethiopicus (> 30%), A. alluaudi (>20%), P. riponianus 

(>12%) and B. jacksoni (> 10%). In all areas of Lake Victoria, out of 5621 fishes only 
1679 contained food material (Table 3.4)

3.2.4 Inshore areas of the northern portion of Lake Victoria
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Trophic groups of fishes3. 3

3.3.1 Koki drainage system lakes

61

I

The UPGMA cluster analysis based on 17 prey groups or food sources in the 

overall Koki lakes, illustrated that, there were three tight clusters at distance or 

dissimilarity < 0.60 and P<0.05), with two and three from lakes Kachera and Mburo 
respectively (Fig. 3.1 A). Cluster 1 comprised O. esculentus and O. niloticus from 

both lakes; Cluster 2 A. alluaudi and O. leucostictus from Lake Mburo. Cluster 3 

comprised P. aethiopicus, H. squamipinus from both lakes and A. aneocolor from

Trophic groups in the different drainage systems were established in two 

ways using relative abundance dietary data. The UPGMA clustering technique 

(unweighed pair-group method with arithmetic averages, using the measure of 

community distance followed by Detrended Correspondence Analysis (DCA) to 

simultaneously display the factor scores of the fishes and food sources in the same 
multivariate space. In the resulting dendogram, species utilizing similar diets are 

grouped together while in the DCA scatter plots, the proximity of each taxon 

indicates the similarity of their diet. The relationship of diet items to the derived 

factors can be inferred to reflect similarity in their consumers.

Generally, the fishes that grouped together in the cluster analysis were in 

close proximity to one another in the DCA scatter plots, indicating that both methods 

gave similar results. Some fish species not identified by cluster analysis grouped 

together in the DCA scatter plots, indicating similarity in their diets. After 

examination of which food sources in the scatter plot were associated with each of 

the clusters, it was possible to label the trophic groups and include those formerly un 

classified by cluster analysis.

The simultaneous use of UPGMA cluster analysis and DCA established 

seven trophic groups from all the studied lakes all of which were present in the 

Kyoga drainage system, four in either Lake Victoria or the Nabugabo drainage 

system, and two for the Koki drainage system (Figs 3.1 to 3.2 A and B).
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Lake Kachera. The remaining fish species C. liocephalus, A. aneocolor and C. 

gariepinus remained ungrouped at a distance of < 0.60.

The scores for fish species on the first two DCA axes generated from the 

same data as used in cluster analysis explained 18.6% variation in these data. 

These scores and the factor scores of the prey groups or food sources were plotted 

(Fig. 3.1 B). The fishes with high scores on DCA 1 were carnivorous and depended 

on such benthic food sources as Hemiptera, oligochaetes, Coleoptera, 

Ephemeroptera, fish eggs, unidentified fish, and Odonata (Fig. 3.1 B and Table 3.2). 

These fishes were mainly insectivores. The low scores on DCA 1 were associated 

with herbivores, which mainly depended on herbivorous diet dominated, by 

phytoplankton, ciliates, detritus and macrophytes. Fishes with high scores on DCA 2 

tended to plot closest to prey with either hard shells or with well developed 

avoidance behaviors including benthic molluscs, crustaceans (crabs), leeches, 
oligochaetes and millipedes, and fishes. Low scores were associated with easily 

captured prey, but not including hard-shelled items.

The first obvious trophic group in the DCA scatter plot comprised the 

generalist herbivorous fishes and was associated with low and intermediate scores 

on DCA1 and DCA2 respectively, plotting close to plant food sources (Fig. 3.1 B). 

The fishes in cluster 1 with the exception of O. leucostictus from Lake Kachera, 

comprised this trophic group. These fishes fed primarily on phytoplankton, detritus 

and macrophytes, but ciliates, chaoborus and chironomid were also important in 
their diet, as indicated in the scatter plot (Fig. 3.1 B and Table 3.2). Oreochromis 

leucostictus from Lake Kachera was excluded from the group despite including high 

proportions of plant material (38%) in its diet because the proportion of insects was 

more (62%) than that of plants (Table 3.2), thus placing this species between the 
two food sources (Fig. 3.1 B).

The second trophic group was the insectivorous; clusters 2 and 3; O. 
leucostictus from Lake Kachera (cluster 1) and the remaining fish species (C. 
liocephalus from Lake Kachera, A. aneocolor and C. gariepinus from Lake Mburo) 

that were not grouped at a distance of < 0.6 in cluster analysis comprised this group. 

These fishes had DCA 1 scores associated with insect diet. The insects included
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Odonata, Isoptera, Ephemeroptera, Coleoptera, Hemiptera, chironomid, Chaoborus 

and Trichoptera.
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3.3.2 Nabugabo drainage system lakes
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L

UPGMA cluster analysis based on Bray Curtis distance of 16 prey groups or 

food sources and 19 fish species/size classes grouped the fishes into eight different 

trophic clusters at distance < 0.67 and P<0.05. Three clusters from Kayugi and six 

each for lakes Kayanja and Nabugabo (Fig. 3.2A).

Cluster 1 comprised P. aethiopicus from the three lakes; cluster 2 included O. 

esculentus from lakes Kayugi and Kayanja, T. zillii from Lake Kayugi and O. 

leucostictus from Lake Nabugabo; cluster 3 included both sizes of L. niloticus from 

Lake Nabugabo; cluster 4 included P. catastoma and C. alluaudii from lakes Kayugi 

and Kayanja, respectively; cluster 5 comprised of B. sadleri, P. beadlei from Lake 

Nabugabo, C. gariepinus from Lake Kayanja and P. Venator from Lake Kayugi; 

cluster 6 included T. zilli and O. niloticus from Lake Nabugabo; cluster 7 comprised 

of A. velifer, S. intermedius, S. afrofischeri from Lake Nabugabo, A. nubila, and G. 

victoriae from Lake Kayanja; cluster 8 comprised of G. simpsoni, T. zilli, P. Venator, 

A. nubila from Lake Kayugi and A velifer from both lakes Kayugi and Kayanja.

The scores for species on the first two DCA axes generated from the same 

data as used in cluster analysis explained 22.6% variation. These scores and the 

factor scores of the prey groups or food sources were plotted (Fig. 3.3B). The high 

scores on DCA 1 were associated with herbivores, which mainly consumed detritus 

and phytoplankton, macrophytes, and ciliates. Low scores were associated with 

carnivorous fishes that depend on such benthic food sources as oligochaetes, 

Hirudinea, Ephemeroptera, chironomids, Chaoborus and various fish species. 
Fishes with high scores on DCA 2 tended to plot closest to large prey with well- 

developed avoidance techniques such as fish and the low scores with relatively 
small prey with less mobility including chironomids and Chaoborus (Fig. 3.2B).
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3.3.3 Kyoga drainage system lakes
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UPGMA cluster analysis based on Bray Curtis distance of 26 prey groups or food 

sources and 30 fish species/size classes grouped the fishes into 16 different clusters 

at distance or dissimilarity < 0.52 and P<0.05, with seven, five, nine, eight and five

(Fig. 3.2B). Fishes in clusters 4, 5, 6, 7 and 8 comprised this group. These fishes 

had similar DCA factor scores and were associated with Odonata, Ephemeroptera, 

chironomids, Chaoborus, Coleopteran and other unidentified insects. However some 

fishes in this the group also consumed oligochaetes, Hirudinea, zooplankton and 

unidentified fish, placing them near those food sources in the plot (Fig. 3.2B).

The first obvious trophic group in the DCA scatter plot was that of omnivores and 

was associated with intermediate scores for both DCA 1 and DCA 2. Fishes in 

cluster 1 P. aethiopicus from the three lakes comprised this group. These fishes had 

DCA factor scores associated with a combination of plant and animal diet food 

sources such as molluscs, fish, coleopterans, unidentified insects, macrophytes and 

detritus placing them closer to those food sources in the plot.

The second trophic group was that of generalist herbivores and was 

associated with high and intermediate scores for DCA 1 and DCA 2 respectively. 

Fishes in cluster 2 comprised this group. The fishes in this group had DCA factor 

scores that were associated mainly with phytoplankton, macrophytes and detritus.

The third trophic group was the piscivores and was associated with low and 

high DCA scores for DCA 1 and DCA 2 respectively. Both size groups of L. niloticus 

from Lake Nabugabo comprised this group. Both sizes goups had factor scores that 

were associated mainly with the fish diet including R. argentea, B. sadleri, L. 

nitoticus, Haplochromines and Tilapia. Both sizes especially the small ones included 

insects in their diets thus plotting them closer to those food sources in the plot (Fig. 

3.2B)

The largest trophic group in the DCA scatter plot comprised the insectivores 

and was associated with both low and intermediate scores for both DCA1 and DCA2
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clusters from lakes Nawampasa, Nakuwa, Bisina, Lake Kyoga-lyingo and Kyoga- 

Bukungu respectively (Fig. 3.3A).

Cluster 1 was comprised of O. nilotictus from Lake Kyoga Bukungu area and 

S. victoriae from the same lake, lyingo area; cluster 2 included L. niloticus 20-60 cm 

from both areas of Lake Kyoga and L. niloticus <20 cm from the same lake, lyingo 

area; Cluster 3 included S. intermedius, S. victoriae from Lake Nakuwa and S. 

afrofischeri from the same lake and Lake Kyoga lyingo area; cluster 4 was 

comprised of L. niloticus <20 cm, S. victoriae and C. gariepinus from Lake Kyoga 

lyingo area and L. niloticus 20-60 cm from Lake Nakuwa; cluster 5 included B. 

sadleri from Lake Bisina and C. gariepinus from Lake Nakuwa; cluster 6 was 

comprised of L. niloticus 60-100 cm from Lake Kyoga lyingo area, P. aethiopicus 

from Lake Nawampasa and haplochromine cichlids, H. micheali, P. pellegrin from 

Lake Bisina, P. orthostoma and L. maxillaris', cluster 7 included P. aethiopicus from 

lakes Kyoga lyingo area, Nakuwa and Bisina, and A. latifasciata from Lake Bisina; 

cluster 8 was comprised of B. docmak, H. lividus from Lake Bisina, P. argenteus and 

C. gariepinus from the same lake and Lake Nawampasa; cluster 9 B. sadleri and P. 

catastoma from Lake Bisina and A. "kyogastato" from Lake Kyoga lyingo area; 
cluster 10 included S. afrofischeri, P. "blackpara” from Lake Kyoga Bukungu area 

and S. intermedius from the same lake lyingo area; cluster 11 included B. altianalis, 

from Lake Kyoga Bukungu area, A. nubila from the same lake, lyingo area, X. 

phytophagus, P. “shovelmouth" from Lake Bisina and B. sadleri from Lake 

Nawampasa; cluster 12 was comprised of L. cryptodon and A. latifasciata from Lake 

Nawampasa; cluster 13 included P. aethiopicus from Lake Kyoga, Bukungu area as 

well as T. zilli and O. niloticus from Lake Bisina; cluster 14 included O. niloticus and 

O. leucostictus from Lake Nawampasa, O. variabilis and O. esculentus from both 
lakes Nawampasa and Bisina; cluster 15 was comprised of S. afrofischeri from Lake 

Bisina and H. lividus from Lake Nawampasa; finally cluster 16 included O. niloticus 

from Lake Nakuwa and A. “fattooth’’ from Lake Nawampasa.

The scores for species on the first two axes generated from the same data as 
used in cluster analysis explained 33.7% variation in these data. These scores and 

the factor scores of the prey groups or food sources were plotted (Fig. 3.4B). The
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L

high scores on DCA 1 were associated with herbivores, which mainly consumed 

detritus, phytoplankton and macrophytes. The low scores were associated with 

carnivorous fishes that depended food sources such as various fish R. argentea, 

haplochromines, Clarias sp., L. niloticus, Tilapia, Barbus sp. and unidentified fishes. 

The fishes with low scores on DCA 2 tended to plot closest to either hard shells or 

with well developed avoidance behaviors including benthic molluscs and fish and 

high scores with easily captured prey such as the fish eggs (Fig. 3.3B).

The first obvious trophic group in the DCA scatter plot comprised the 

phytoplanktivores and was associated with high and intermediate scores for DCA 1 

and DCA 2 respectively (Fig. 3.3B). These fishes had DCA factor scores that were 

associated with phytoplankton. Some fishes in this group included detritus and 

macrophytes in their diet, placing them close to those food sources (Fig. 3.3B and 

Table 3.4). The fishes in cluster 14 comprised this group.

The next trophic group was that of the macrophyte eaters. Fishes in cluster 

13 comprised this group. These fishes had factor scores that were associated with 

the macrophytes and detritus food sources but mainly depended on macrophytes 

(Fig. 3.3B and Table 3.4).
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3.3.4 Inshore areas of northern portion of Lake Victoria
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UPGMA cluster analysis illustrated that based Bray-Curtis distance of 29 prey 

groups or food sources and 23 fish species/size classes grouped fishes into 7

The next trophic group was that of molluscivores, which had DCA scores that 

were associated with mollucs, food source. The fishes in clusters 7 and one species 

S. victoriae from Lake Bisina, not grouped at a distance < 0.52 and P<0.05 in the 

cluster analysis comprised this group. Some fishes in this group also fed on fish, 

Odonata, chironomids, Ephemroptera and macrophytes placing them close to those 

food sources in the plot.

Another visible trophic group was that of piscivores, which had DCA factor 

scores associated with the fish diet: R. argentea, haplochromines, Clarias, L. 

niloticus, Barbus sp. and other fish as food sources. The group comprised of fishes 

in clusters 2 except S. victoriae from Lake Kyoga lyingo area, B. docmak from Lake 

Bisina and C. gariepinus from Lake Nawampasa from cluster 8 as already indicated 

in insectivorous trophic group above. Some fishes in this group consumed Caridina, 

Isoptera, and Ephemeroptera, placing them close to those food sources in the 

scatter plot.

Another clear trophic group in the plot was that of the pedophage fishes, that had 

DCA scores that were associated with fish eggs/embryo food source. The fishes in 

cluster 12 comprised this group. Some of these fishes fed on unidentified insects, 

unidentified fish and molluscs placing them close to those fish sources (Table 3.3). 

This trophic group was only recorded in Lake Nawampasa, however similar species 

were encountered in Lake Bisina but had empty stomachs.

The last trophic group was the omnivores, which comprised cluster 16 and 

the remaining fishes not grouped by UPGMA cluster analysis at a distance < 0.52 

and P<0.05. These included O. niloticus from lakes Nakuwa and Kyoga lyingo area, 

and X. phytophagus from Lake Nawampasa. The fishes in this group had scores that 

were associated with a mixed diet of plants and animals. They fed on oligochaetes, 
macrophytes, molluscs, fish eggs, fish, ostracods, Diptera larvae and pupae.
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different clusters at distance < 0.60 and P<0.05, with six in both Napoleon Gulf and 

Thruston Bay; and four in Hannington Bay. Fig.3.4A).

Cluster 1 was comprised of O.variabilis, O. leucostictus and O. niloticus all 

from Napoleon Gulf; cluster 2 was comprised of A. frenatus from Thruston Bay, A. 

alluaudi from Hannington Bay and P. aethiopicus from Hannington Bay and 

Napoleon Gulf. Cluster 3 consisted of P. “redfin”, P. crassilabris, and Astatotilapia 

sp. from Thruston Bay, as well as P. riponianus and H. guiarti from Napoleon Gulf; 

cluster 4 included both sizes of L. niloticus from all sampled areas of the lake; cluster 

5 was comprised of P. riponianus, P. aethiopicus and A. alluaudi from Thruston Bay, 

and S. Victoriae and S. afrofischeri from Napoleon Gulf; cluster 6 consisted of P. 

“shelled’ from Napoleon Gulf, H. guiarti, P. “big eye”, P. rockcribensis, and S. 

afrofischeri from Thruston Bay, P. riponianus and Astatotilapia sp. from Hannington 

Bay, P. “red fin" and P. crassilabris from both Napoleon Gulf and Hannington Bay, B. 

jacksoni from Thruston and Hannington Bays, T. zillii and B. sadleri from all sampled 

areas of the lake; lastly cluster 7 included S. victoriae from Thruston, O. niloticus 

from Hannington Bay, P. sauvegi, M. kannume and Astatotilapia sp. from Napoleon 

Gulf.
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Figure 3.4 A. UPGMA cluster diagram showing the similarity in diets of 23 fish species/ size 
groups using Bray- Curtis distance measure from the northern portion of Lake Victoria. At 2 
0.60 diet similarity 7 cluster groups were possible and U indicates location of the ungrouped 
fish species (Napoleon Gulf = NP, Thruston Bay = TN, Hannington Bay = HG and other text 
codes Table 3.1)
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The scores for species on the first two DCA axes generated from the same 

data as used in cluster analysis explained 27.7% variation in these data. These 

scores and the factor scores of the prey groups or food sources were plotted (Fig. 

3.4B). The high scores on DCA 1 were associated with herbivores, which mainly 

consumed detritus, phytoplankton and macrophytes. The low scores were 

associated with carnivorous fishes that depended fish and Molluscs. The fishes with 

high scores on DCA 2 tended to plot closest to either hard shells or with well- 

developed avoidance behaviors including benthic molluscs, and fish and low scores 
with easily captured prey such as the Odonata and Ephemeroptera (Fig. 3.4B).

The first obvious fish trophic group in the scatter plot comprised the detritivores, 

which was associated with high and intermediate scores for DCA 1 and DCA 2,
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respectively (Fig. 3.4B). The fishes in cluster 1, all from Napoleon Gulf, which had 

DCA factor scores associated with detritus as food source, comprised this group. 

Some fishes in this group consumed phytoplankton, macrophytes and chironomids 

placing them close to those food sources in the plot.

Another clear trophic group in the scatter plot was the molluscivores, which were 

associated with low and intermediate scores on DCA 1 and DCA 2, respectively. The 

fishes in this group had scores that were closely associated with molluscs. However 

some fishes in this group also consumed insects and fish, thus placing them closer 

to those food sources in the plot. The fishes in cluster 2 comprised this group (Figs. 

3.4 A and B; Table 3.4).
The third visible trophic group in the plot was that of the piscivores, which 

were associated with low and high factor scores on DCA 1 and DCA 2, respectively. 

The fishes in this group had factor scores that were associated with fish food source. 

However some fishes in this group tended to include a lot of other food items such 

as mollucs, fish eggs, Caridina and insects placing them close to those food sources 

on the DCA plot. Fishes in clusters 4 and H. guiarti from cluster 3 comprised this 

group; however, H. guiarti also consumed a large proportion of insects (48%) (Figs. 

3.4A and B; Table 3.5).

Insectivorous fishes comprised the largest trophic group, which had relatively 

low and intermediate factor scores on DCA 1 and DCA 2, respectively (Fig. 3.4B). 
Fishes in clusters 4 except H. guiarti as already mentioned above in piscovres, 5, 6, 

7 and the only un grouped O. niloticus from Thruston Bay, at a distance of < 0.60 in 

cluster analysis comprised this group. Fishes in this group were associated with the 

insect food sources e.g., Odonata, Ephemeroptera, chironomids, Trichoptera, 

Coleoptera, Hemiptera, and Isoptera. However some fishes in this group tended to 
feed on oligochaetes, fish eggs, Hirudinea and Caridina, placing them closer to 
those food sources in the DCA plot.

The detritivores were only recorded in Napoleon Gulf throughout the whole 
study (Fig. 3.4A and B).
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In general fish species occupied similar trophic groups in the different lakes 

examined (Table 3.5) but were not specialized for only those trophic groups, and 

occasionally fed across other trophic levels (Tables 3.1 to 3.4). Exceptions included 

the tilapiines, A. alluaudi, P. aethiopicus and L. niloticus. Oreochromis niloticus 

exhibited the highest feeding plasticity, being a detritivore in Napoleon Gulf Lake 

Victoria, a phytoplantivore in Lake Nawampasa, a macrophyte eater in Lake Bisina, 

a generalist herbivore in lakes Kachera and Mburo; an omnivore in lakes Nakuwa 

and Kyoga, lyingo area; and an insectivore in lakes Nabugabo, Kyoga, Bukungu 

area and in both Thruston and Hannington Bays Lake Victoria. The least feeding 

plasticity was observed in O. variabilis, which was only a detritivore in Napoleon Gulf 

and phytoplanktivore in lakes Nawampasa and Bisina and this fish species tended to 

overlap strictly only between these two trophic groups (Tables 3.5 and 3.4).
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BS KG,

KG. KJ, NB, NP NSKB,

Trophic diversity also varied within and across the studied lakes (Fig. 3.5).

Insectivores, piscivores, and molluscivores were the most widely distributed trophic

Detritivores andgroups and were present in most of the lakes or areas.

peadophages were the rarest trophic groups, and were only recorded in Napoleon

Gulf Lake Victoria and Lake Nawampasa, respectively. The highest number of

trophic groups was recorded in Lake Bisina (6) and the least was in the two Koki
lakes (Kachera and Mburo) (6) (Fig. 3.5). Many factors synergistically explain the

restructuring of the Lake Victoria food web of which Nile perch is one. I compared

the current results from the studied lakes with the pre-perch boom trophic structure
of Lake Victoria based on only haplochromine cichlids get a rough picture on the

role of Nile perch in restructuring the food web (Fig. 3.5B)
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Fig. 3.5 (A) Trophic diversity of species by number from the studied lakes in the Victoria and Kyoga 
basin lakes (August 2001 to May 2004) and (B) comparison of the current data with pre-perch Lake 
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bay, HG = Hannington Bay and VR = Pre-perch Lake Victoria. Data on pre-perch boom is only on 
haplochromines 1984 and are from (Goldschmidt, 1996).
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3.6 Discussion and conclusions

3.6.1 Discussion
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Analysis of trophic relationships may show differences among lakes in trophic 

structure that have implications for the management of fisheries (Koslow, 1997). As 

with various previous diet studies in fish, there are many inherent sources of error 

that must be considered when interpreting these results. These include lack of 

sufficient diet data on prey sizes and over the range of fish body sizes especially for 

larger predators (e.g., C. gariepinus and P. aethiopicus). Much of the dietary data for 

the different species or size classes has been lumped for the different habitats and 

seasons to raise the sample size. Another source of error was the poor taxonomic 

resolution of some fish species and their potential prey species. Fish body sizes 

frequently span four orders of magnitude across life history often resulting in discrete 

ontogenetic shifts in both habitat use and diet (Werner and William, 1984; Ross, 

1986). The trophic relationships between two species may therefore change through 

ontogeny and the degree of niche overlap between the two species may also vary 

ontogenetically (Polis, 1984; Piet et al. 1999). Therefore sampled fishes may not 

represent the feeding behavior of the juvenile and immature fishes not captured by 

the used nets. These in turn will be missing in the analyses as food resources for the 

piscivorous fishes.

Even with the above limitations, this study is one of the few studies that have 

been able to elucidate the major trophic groups of various fish species across a 
range of lakes that have experiencedt different levels of human impact. Lakes 

Nawampasa, Bisina, and Victoria (Napoleon Gulf) were characterized by the highest 

number of trophic groups. High habitat diversity (macrophytes) that characterizes 

most satellite lakes and absence of Nile perch may explain the observed high trophic 

diversity in lakes Nawampasa and Bisina (Mbabazi et al., 2004). In Napoleon Gulf, 
the high habitat diversity (macrophytes, rocky crevices) and the high transparency 

(secchi depth 1.35 m Silsbe, 2004) provide best refuge for fish preyed upon by Nile 

perch in those lakes/areas (Seehausen et al., 1997; Seehausen et al., 2003). Habitat 

complexity also reduces the foraging efficiency of the piscivorous predators and thus
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minimizes the predation risk for prey fish (Werner and Hall, 1988; Persson and 

Eklov, 1995; Lewin et al., 2004). Generally fish diets relate to prey density and 

availability all of which are abundant in the near shore areas of larger and the 

generally shallow lakes, which directly applies to most of the sampled lakes. The 

Koki lakes (Kachera and Mburo) and Lake Nakuwa from the Kyoga drainage system 

exhibited the lowest number of trophic groups mainly due to the low species diversity 

associated with them. Similar observations in Lake Naivasha indicated that a 

community with very few species can not fully exploit all potential food resources 

(Moreau, 1997; Hickley et al., 2002) basing on Mavuti et al. (1996) using 

ECOPATH (Christensen and Pauly, 1992).
In general, the fish trophic groups in the lakes only reflect broad patterns in 

diet preferences. Members of these groups consume similar prey at broad 

taxonomic levels, e.g fish or insects, and within similar habit types but feed upon a 

variety specific food items on a local scale which reflects resource partitioning at a 

more detailed scale as has been shown by earlier studies (Garrison, 2000). Such 

differences may be partly related to habitat differences or geographic variations, 

such as differences in food availability at different localities (Nakamura et al., 2003). 

The relative isolation of lake ecosystems can also contribute to among-lake 

differences in the composition offish communities (Magnuson et al., 1998) resulting 

from differences among lakes in biotic conditions (prey communities, presence or 

absence of competitors or predators) that promote dietary variation among 
populations (Lacasse and Magnan, 1992). Most of the Victoria and Kyoga basin 

satellite lakes were originally part of a large swamp whose topography allowed 

isolated lakes and associated biological communities to form (Kendall, 1969). Fishes 

fed on a range of food items including detritus, algae, macrophytes, zooplankton, 
insect larvae and pupae, adult insects, Caridina sp., oligochaetes, leeches, 

millipedes, crabs and various fish such as haplochromines, Rastrineobola sp., 

Brycinus sp., Barbus sp., Clarias sp. Tilapia and Lates sp. Most of my observations 

of diets of the various fishes were in agreement with earlier diet studies on single 
species or a groups of fish species in Lakes Victoria (Corbet, 1961; Okedi, 1972, 

Greenwood, 1981; Mwebaza-Ndawula, 1984; Ogutu-Ohwayo, 1990b; Goudswaard
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and Witte, 1997; Balirwa, 1998); Nabugabo (Ogutu-Ohwayo, 1993; Olowo and 

Chapman, 1999; Schofield and Chapman, 1999; Chapman et al., 2003); Kyoga 

basin lakes (Ogutu-Ohwayo, 1994; Mbabazi et al., 2004), Naivasaha (Muchiri et al., 

1995; Hickley et al., 2002). However, there were a few notable differences in diets 

relative to earlier studies. For example, O. niloticus exhibited a high degree of 

dietary variability spanning four trophic groups across the studied lakes. Earlier 

studies on tilapiines indicated that O. niloticus had food habits similar to those of 

indigenous tilapiine species (O. esculentus and O. variabilis), which it replaced i.e 

feeding mainly on phytoplankton (Lowe-McConnel, 1958; Welcomme, 1967; Getabu, 

1994). Later studies in littoral areas of northern Lake Victoria by Balirwa (1998) 

indicated that O. niloticus had become omnivorous. Results from this study indicated 

O. niloticus to exhibit some level of omnivory in most of the sampled lakes with the 

exception of lakes Nawampasa and Bisina where it still depended on similar food 

items to the native O. esculentus and O. variabilis.

Observations from this study on O. leucostictus from lakes Nabugabo and 

Victoria (Napoleon Gulf) were supported by earlier studies in Lake Naivasha, which 

found that detritus was a major diet component but chironomid larvae and 

oligochaetes were also important (Malvestuto, 1974; Siddiqui, 1977; Muchuri et al., 

1995; Hickley et al., 2002). However, O. leucostictus was phytoplanktivorous, 

omnivorous, and insectivorous in lakes Nawampasa, Kachera and Mburo 
respectively.

The study indicated that T. zillii was a macrophyte eater in both lakes Kayugi 

and Bisina, an omnivore in Lake Kayanja, and an insectivore in Lake Nabugabo and 

all the three areas of Lake Victoria. Earlier studies on Lake Naivasha indicated that 

macrophytes constituted 67.7% of its diet (Siddiqui, 1977) and these were mainly 

dominated by Najas sp and Potamogeton sp) (Hickley et al., 2002). In other tropical 

waters, T. zilli above 8 cm total length has been observed to depend on a 
herbivorous diet readily feeding on Hydrilla sp. (Pieterse, 1981) but preferring Najas 

sp. to Lemna sp. and Potamogeton sp. (Buddington, 1979) however, recent studies 

in Lake Naivasha indicated that T. zillii vias omnivorous (Muchiri et al. 1995). Most of 
the aquatic macrophytes common in the diet of T. zillii are abundant in most Kyoga
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drainage lakes, especially Bisina, but are currently rare in the main Lake Kyoga. The 

reduction in macrophyte cover could be explained by the decreased water 

transparency as a result of increased algal biomass. In similar shallow lakes water 

transparency has been found to be the main factor controlling the biomass of 

submerged macrophytes (Sand-Jensen and Sondergaard, 1981; Ramlal eta/., 1991; 

Squires et al., 2002). Extensive use of seine nets since the Nile perch boom, could 

have contributed to the reduction in macrophyte cover. The general reduction in 

macrophyte cover has been associated with the decline in stocks of T. zilli and 

competition for nursery grounds with other tilapias (Petr, 2000). Boosting stocks of T. 

zillii in Lake Bisina could help in reducing the abundant macrophytes present in the 

lake through consumption, followed by detailed studies to assess the impact. 

However, herbivorous fish being efficient grazers and inefficient assimilators can 

play a significant role as a nutrient source or in accelerating their recirculation (Prejs, 

1984). With eutrophication and increased macrophyte consumption due to increased 

herbivores, a new part of their biomass may be finally converted into additional algal 

biomass, the main threat in lakes e.g Grass carp partially digest their food and the 

feces are a large source of nutrients that are readily utilized by phytoplankton, 
resulting in elevated algal biomass and in some cases algal blooms (Bettoli et al., 

1993; Petr, 2000).

The results also indicate that in all sizes Nile perch were the sole piscivores 

in lakes where they have been introduced except in Lake Nakuwa where the small 

sized Nile perch (< 20 cm) were insectivorous and in Napoleon Gulf of Lake Victoria 

where one haplochromine cichlid H. guiarti, was a piscivore. In the lakes Bisina and 

Nawampasa, B. docmak and P. aethiopicus were piscicvores, respectively. 

Piscivorous haplochromine cichlids were also recorded in both lakes. The 
piscivorous haplochromine cichlids included H. micheali and P. pellegrin in Lake 

Bisina and L. maxilaris, P. argenteus and P. orthostoma in Lake Nawampasa. The 

remaining lakes lacked obligate piscivores but most fish included fish in their diets. 

Nile perch (<20 cm) in Lake Nabugabo were found to be strongly piscivorous (> 66% 
fish diet) compared to earlier studies where they were piscivorous at about >. 30 cm 

(Chapman et al., 2003). Nile perch are characterized by a strong dietary flexibility as
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evidenced by dietary change over a time scale in Lake Victoria. Between 1968 and 

1977, Nile perch (20-60cm) consumed mainly haplochromines (92% frequency of 

occurrence Ogutu-Ohwayo, 1994); 1988 and 1992 haplochromines became rare 

(4%) and C. nilotica, R. argentea and juvenile L. niloticus were more frequent 

(Mkumbo and Ligtvoet, 1992; Ogutu-Ohwayo, 1994; Schofield and Chapman, 1999). 

Nile perch in Lake Nakuwa ate mainly benthic invertebrates, dominated by insects. 

This may reflect the low species richness of especially of haplochromines and other 

smaller fishes such Barbus species that are present in the main Lake Kyoga 

(Namulemo et al., 2003). Lake Nakuwa is instead dominated by S. afrofischeri 

(Chapter 2), which is difficult to capture by Nile perch, because of its defensive 

structural morphology. The observed high rates of cannibalism in the medium-sized 

Nile perch (20-60 cm) in Lake Nakuwa, 28% in contrast to 14% in the main Lake 

Kyoga, and the increased consumption of invertebrate prey 48% in contrast to 13% 

in the main Lake Kyoga support the rareness of the other preferred prey. In lakes 

Victoria and Kyoga, Nile perch began feeding on its young ones only when the 

haplchromines had been depleted (Ogutu-Ohwayo, 1993). The above observations 

in Lakes Bisina and Nawampasa are supported by earlier studies on Lake Victoria 

where B. docmac and piscivores haplochromines were the top predators before Nile 

perch boom (Corbet, 1961; Greenwood, 1981; Witte and Van Oijen, 1990) and 

recent studies on haplochromines on Kyoga basin lakes (Mbabazi et al., 2004). 

However, in this study I identified L. maxillaris as a piscivorous in Lake Bisina as 

opposed peadophages in the recent study on Kyoga basin lakes (Mbabazi et al., 

2004), but it still included large proportions offish eggs. This could have arisen from 

the small sample size analyzed (4) or the high flexibility generally observed in 

feeding behavior of most cichlid fishes (Keast, 1977; Karel, 1884; Balirwa, 1998).

A comparison of the trophic diversity in lakes with and without Nile perch 
provides insight into how predation and competition from a top predator such as Nile 

perch may structure fish communities and corresponding food web complexity as 
has been reported in earlier studies (Ogutu-Ohwayo, 1990c; Kaufman, 1992; Lowe- 

McConnell, 1994). However the food web of Nile perch lakes is further complicated 
by human exploitation of R. argentea especially in lakes Victoria and Kyoga.
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Exploitation captures juvenile Nile perch as bycatch (Muhoozi, 2002). Exploitation of 

R. argentea is likely to intensify in lakes Nakuwa and Nabugabo (Ogutu-Ohwayo, 

1998). Although R. argentea is often common in stomach contents of Nile perch, the 

high values of 515N signatures compared to those of Nile perch indicate that R. 

argentea does not contribute much to the somatic growth of the Nile perch.

This study recorded only two species that were peadophage (/_. cryptodon 

and A. latifasciata). Earlier studies agreed with observations on L. cryptodon but not 

on A. latifasciata that was generally an algal eater in Lake Nawampasa (Mbabazi et 

al., 2004. This current study classified A. latifasciata as a molluscivore in Lake Bisina 

providing evidence of dietary flexibility in this cichlid.

Detritivores were only encountered in Lakes Victoria (Napoleon Gulf) and 

Bisina, and these were O. variabilis and O. leucostictus. However, these same 

species were found to be mainly phytoplanktivorus in Lake Nawampasa supporting 

earlier studies on these tilapiines in Lake Victoria (Lowe-McConnel, 1958; 

Welcomme, 1967; Getabu, 1994).

Omnivores were common in most studied lakes but still comprised of mainly 

cichlids and P. aethiopicus.

The foraging behavior and feeding ecology of fish are generally characterized by 

adaptive flexibility and trophic adaptability (Dill, 1983; Gerking, 1994). More than for 

many other groups of animals, many fishes can feed on a variety of prey and shift 

among prey types as circumstances change (Beudoin and Tonn, 1999). The 

observed high versatility in cichlid fishes has been documented and is known to 

increase tolerance to changing environmental conditions especially help them cope 

with fluctuations in food (Keast, 1977; Karel, 1984).

The increasing abundance of omnivorous and detritivorous fishes in shallow 
lakes is commonly associated with changes related to eutrophication (Horppila and 
Kairesalo, 1990; Karjalainen et al., 1999). Specifically this study has indicated that 

most fish species exhibited some varying degrees of omnivory and detritivory which 
is indicative of varying trophic states for these lakes.

Trophic diversity and food web complexity in Lake Victoria was high relative 

to other Nile perch lakes. This may reflect the high habitat diversity in Lake Victoria
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that includes various types of wetland ecotones and rocky crevices that provide 

refuge from the predatory Nile perch (Seehausen et al., 1997; Chapman et al., 

2003). Despite the relatively high trophic diversity associated with the inshore areas 

of Lake Victoria, the other large portion of the open lake remains underutilized by the 

fishes, most likely a reflection of high predation pressure by Nile perch. Thus, the 

observed trophic diversity that currently characterizes the lake is much less than was 

observed before Nile perch boom. In addition to Nile perch predation, eutrophication 

contributed to the simplification of the Lake Victoria food web (Seehausen et al., 

1997; Verschuren et al., 2002). Generally, predatory fishes that overlap in habitat 

differ in behavior and have specialized prey species or sizes, reducing competition 

for prey. Decreased visibility reduces the encounter rates with prey, which results in 

incorporation of more prey types of low quality to the prey spectrum (Rodriguez and 

Lewis, 1997). The resulting decrease in niche segregation and increased 

competition may lead to extinction of the less efficient predators when population 

sizes are resource limited (Tokeshi, 1999). The dramatic decrease in water 

transparency in Lake Victoria over the past 20 years or more (Seehausen et al, 
1997; Witte et al., 1999) is likely to have increased competition among the piscivores 

in the lake. The increase in Nile perch, a generalized predator that can feed 

efficiently on small prey types, may have added competitive pressure on the then 

abundant piscivorous cichlids that were forced to converge with each other and Nile 

perch on a generalized prey spectrum (Seehausen et al., 2003). These findings 

were supported by this study which indicated a high dietary overlap among the few 
piscivores encountered in most sampled lakes

In lakes without Nile perch, high food web complexity was mainly due to the 

high habitat diversity comprising mainly submerged macrophytes and absence of 

Nile perch (Mbabazi et al., 2004). Fish use macrophytes for shelter and refuge, as a 

food source either directly or indirectly, in form of epiphyton (periphyton) and 
associated invertebrates, and as spawning, nesting and nursery sites (Petr, 2000). 

Several previous studies have found out that many fish species associate with either 

the water surface immediately above the plants, the periphery of the dense stands, 
“holes” formed in the plant beds, or the bottom directly below dense canopy
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formations to use both open and structurally complex areas for foraging and 

predator avoidance (Killgore et al. 1989). The current thick merged/submerged 

aquatic macrophytes in Lake Bisina could therefore explain the disappearance of the 

once established introduced Nile perch (Personal communication with elders) in the 

lake resulting from predator avoidance.
Other studies have indicated that submerged aquatic macrophytes provide 

cover for young fish, which grow better in intermediate plant densities and edge 

areas, than in areas of uninterrupted high-density plants or without plants (Morrow et 

al, 1991). Large densities of aquatic macrophytes have been found to reduce fish 

condition factor resulting in stunted fish populations (Colle and Shireman, 1980). 

Several other studies have shown that the growth rate of prey fish is retarded when 

they are confined to the vegetation due to predation risk (Mittlebach, 1988; Persson 

and Eklov, 1995). The maximum foraging rate decreases when the fish shift from 

pelagic to vegetated habitat (Person and Crowder, 1997). Slower growth results 

from an increase in competition among the prey fish in the refuge (Petr, 2000). The 

piscivorous predators can also change from an active pursuit foraging mode to an 

ambush sit and wait foraging mode with an increase in vegetation density as has 

been observed in other aquatic ecosystems (Savino and Stein, 1982; Eklov and 

Diehl, 1994). The predation risk leads to competition among prey fish in the refuge 

and may explain the smaller sizes of the tilapiine fish species that are caught in most 

of the vegetated satellite lakes around the Victoria and Kyoga Basins.

This study has identified the spatial differences in trophic structure of the fish 
communities in studied lakes that are at different levels of anthropogenic impact. 

Associated with these patterns were differences in complexity of food webs and 

strength of species interactions especially for aquatic systems located in different 

watersheds. Generally the captured fishes and or sizes consumed a wide range of 

prey taxa or food items but exhibited a high dietary overlap. This study has moved a 
long way from a single species or restricted group approach comprising one or two
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trophic levels towards ecosystem approach with numerous fish species. Future fish 

dietary studies should emphasize ecosystem analysis including human activities 

affecting water quality and especially by excessive pressure caused by introduced 

species or intensive fisheries. Further studies on patterns of food resources and 

habitat use at finer scales of taxonomic, spatial and temporal resolution should be 

done. Greater understanding of ecological attributes and relationships including diet 

and habitat requirements will be critical for the future management of the fisheries.
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Stable isotopes of carbon and nitrogen as indicators of trophic structure 
and food sources of the fish communities in the Victoria and Kyoga 
basin lakes

Animals regulate the flows of energy and nutrients in ecosystems through 

consumption, digestion, metabolism, behavior and thereby indirectly control the 

population dynamics of other organisms with which they interact (Schindler et al., 

2003). Ecosystem based fisheries management recognizes that target fish stocks 

are part of a complex food web, that non-human predators of stocks are competitors 

with fishing and that the rest of the biotic community is part of the environment in 

which the fish live and fishing occurs (Mangel, 2000).

An understanding of the factors responsible for fisheries production is of 

crucial importance for effective fishery management as its knowledge permits 

predictions of fish production. Fish can be viewed as the final step in a series of 

carbon (or energy) transformations beginning with carbon dioxide fixation by plants 

(Forsberg, et al., 1993). Fish production in natural aquatic systems originates from 

phytoplankton, benthic algae, aquatic and/or terrestrial plants, and their relative 

importance to fish is system dependent (Gu et al., 1996; Benedito-Cecilio et al., 
2000).

Trophic relationships have long been studied using stomach content analysis, 

direct observations or collection of prey remains. These techniques enable 
monitoring of short-term dietary intake. However unless samples are regularly 

collected, they are unable to indicate long-term feeding history and can be difficult to 

employ when some species eat only infrequently (Beaudoin et al., 1999), or rapidly 

digest soft-bodied prey (Hobson et al., 1994). Stomach contents are sometimes not 
identifiable and different components of the diet may not necessarily be assimilated 

or incorporated into the fish tissue (Gu et al, 1996) and therefore stomach contents 

may fail to show actual energy flows in aquatic systems (Rounick and Winterbourne,
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1986). The ability to define trophic relationships accurately is key to understanding of 

ecosystem processes (Paine, 1988) and this presents a challenge in aquatic 

systems where trophic interactions cannot be directly observed and traditional 

methods have limitations.
Stable isotope analysis offers an alternative technique in trophic relationship 

studies in that the 513C and 515N ratios of a consumer provide a time-integrated 

measure of assimilated prey, rather than a list of prey items encountered by chance 

in the diet (Michener and Schell, 1994; Gu et al., 1996; Herdwig et al., 2004). 

Accuracy in time integration of utilized prey is gained but with loss of precision as to 

the identity of individual prey items. According to isotopic composition of the 

consumers’ tissues, the relative assimilation among a range of items ingested is 

recorded (Fry and Arnold, 1982; Manetta et al., 2003).

This chapter examines feeding relationships among the consumers fish and 

their potential invertebrate or plant food sources to determine the ultimate sources 

(producers) from which fish consumers derive their energy using stable carbon and 
nitrogen isotopes as source and trophic level indicators respectively. Unlike stomach 

content analysis used in Chapter 3 that depended on direct observation of what the 

fishes had recently ingested, the isotopic composition of fish consumers reflect their 

assimilated diets over an extended period determined by the turnover rate of their 

tissues. The length of the dietary time integration in the muscle of fish is estimated to 

be one year or greater (Hesslein et al., 1991). Unidentifiable dietary items also bias 

stomach content analysis, underestimation of the importance of quickly digested 

food items like zooplankton and some polychaete species that did not appear in the 

stomach contents. It was assumed that unlike stomach content analysis (Chapter 3), 

results from stable isotope analysis in trophic interactions; would generate data that 

can be directly input into ecosystem models, which require knowledge of trophic 

pathways from primary production and interactions for predicting aquatic ecosystem 

functioning. The detailed materials and methods of stable isotope analysis used by 
this study are fully described (Chapter 2).
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Haplochromis

Bagridae
Centropomidae
Cichlidae

Table 4.1 A list offish species or their length size classes and potential food sources 
included in stable isotope analysis (August 2001 - May 2004), text code and former 
taxonomic genera. Note the absence of a dot in text codes for food items.

A.k
A.a
A.c
A.I
N.m
A.n
A.v
A.s
G. s
H. l
H.s
H.q
L.c
L.m
L.o

L-P
P.f
P.x

Pg
P.t
P.d
P.d
P.i

H.g
P.O
P.n
P.r
P.s
P.h
P.I
P.v
Py

Species (author)

Brycinus jacksonii (Boulenger, 1912)
Brycinus sadleri (Boulenger, 1906)
Bagrus docmak (ForsskSI, 1775)
Lates niloticus (Linneas, 1758)
Oreochromis esculentus (Graham, 1928)
Oreochromis leucostictus (Trewwavas, 1933)

Oreochromis niloticus (Linneas, 1758)
Oreochromis variabilis (Boulenger, 1906)

Tilapia zillii (Gervas, 1848)
Astatotilapia "kyogaastato"

Astatorechromis alluaudi (Pellegrin,
Astatotilapia aneocolor (Greenwood, 1973)
Astatotilapia latifasciata (Regan, 1829)

Astatotilapia "miniblack"
Astatotilapia nubila (Boulenger, 1908)
Astatotilapia velifer (Trewavas, 1933)
Astatotilapia sp.
Gaurochromis simpsoni (Greenwood, 1965)
Haplochromis lividus
Harpagochromis squamipinnis (Regan, 1921)
Harpagochromis squamulatus
Lipochromis cryptodon (Greewood, 1959)
Lipochromis maxillaris (Trewavas, 1928)
Lipochromis obesus (Boulenger, 1908)
Lipochromis parvidens (Boulenger, 1911)
Paralabidochromis “redfin"
Paralabidochromis "blackpara"
Prognathochromis "shovelmouth"
Prognathochromis argenteus (Regan, 1922)
Paralabidochromis beadlei
Paralabidochromis crassilabris (Boulenger, 1906)
Paralabidochromis chilotes (Boulenger, 1911)
Harpagochromis guiarti (Pellegrin, 1913)
Pyxichromis orthostoma (Regan, 1922)
Psammochromis riponianus (Boulenger, 1914)
Paralabidochromis rockribensis
Ptyochromis sauvegai (Pfeffer, 1896)
Palarabidochromis “sheller"
Prognathochromis stilleto
Prognathochromis venator (Greenwood, 1965)
Ptyochromis sp

Family

Characidae

Former Genera

Alestes
Alestes

Text Code

B.j
B.s
B.d
L.n

O.e

O.l
O.n

O.c
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Clariidae

Cyprinidae

Mastacembelus

Momyridae

Text Code
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Propteridae
Schilbeidae

Mastacembelidae
Mochokidae

Ds Pk Cp Cs Fc Md
Lt 
Na Vc 
Ty Hv 
Ec Nj Cm Ph
Cd Cb Ea Os Ml Bb Sb Hd Cn

Species (author)____________________________
Xystichromis phytophagus (Greenwood, 1966) 
Clarias gariepinus (Burchell, 1822) 
Clarias liocephalus (Boulenger, 1898) 
Barbus altianalis (Boulenger, 1900) 
Barbus kerstenii (Peters, 1868)
Barbus trispedopluera (Boulenger, 1902) 
Rastrineobola argentea (4.5 cm) (Pellegrin, 1904) 

Rastrineobola argentea (5.5 cm) 
caecomstacembelus frenatus (Gosse, 1986) 
Synodontis afrofischeri (Hilgendeorf, 1888) 
Synodontis victoriae (Boulenger, 1906) 
Gnathonemus victoriae (Ruppell, 1832) 
Mormyrus kannume (Forsskal, 1775)
Mormyrus macrocephalus (Worthington, 1929) 
Petrocephalus catostoma (Steindacher, 1914) 
Protopterus aethiopicus (Heckel, 1851) 
Schilbe intermedius (Ruppell, 1832)

Former Genera
Haplochromis

Text Code
X.p
c.g
C.l
B.a
B.k
B.t
Ra1
Ra2
A.f
S.a
S.v
G.v
M.k
M.m
P.c
P.a
S.i

_______ __________Food sources
Plants (1u producers)

Detritus
Phytoplankton
C. papyrus
Cylosorus sp
F. congensis
M. violacea
Lymnophyton sp
Nymphaea sp
V. cussipata
Typha sp
H. verlicilata
E. crassipes
N. horrida
C. submersum
Phragmites
Invertebrates (1° consumers)

Chironomids
Chaoborus
Ephemeroptera
Oligochaetes
Molluscs
Big bivalues
Small bivalues
Hirudinea (Leech)
C. nilotica
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The use of carbon stable isotopes as indicative of energy sources depends 

on the fact that consumers have an isotopic composition similar to their diets. There 

is little fractionation from prey to predator and different energy sources can have 
distinct 513C signatures (Hecky and Hesslein, 1995). Since 513C signatures are 

conserved up the food chain, but can vary at the base of the food chain, the 513C of 

aquatic consumers provide information about sources of energy to higher 

consumers (Vander Zanden and Rasmussen, 1999). The minor stepwise trophic 

enrichment of 513C signatures of 1%o per trophic transfer described fully in chapters 

1 and 2, enhanced its utility for tracking energy sources of the food webs of the 

examined lakes.

Chapter 3 indicated that invertebrates were the most important food items in 

most fish species. Fish also formed another important food source especially in the 

large predatory species and haplochromine cichlids. Among the primary producers 

phytoplankton was more common in stomach contents of most primary consumers, 

than macrophytes, despite the abundance of macrophytes in most of the examined 

lakes or areas. Macrophytes provided a direct food source to only one fish species 
(T. zillii) in Lake Bisina. Chapter 3 further indicated that fishes were generalistic 

feeders and exhibited a high level of omnivory. Results from this chapter support 
those from Chapter 3.

In both Lakes Mburo and Kachera, there was a clear separation in carbon 
isotope ratios for primary producers (Fig. 4.1). Plankton, Vossia cuspidata and 

Cyperus papyrus showed similar isotopic signatures, being 13C enriched compared 

to the other primary producers; however, plankton were more 13C depleted (>5%o) in 
Lake Kachera relative to Lake Mburo. The nitrogen isotope ratios for primary 
producers showed little separation except for the C3 tree Euclea schemperi in Lake 

Mburo and C. papyrus in both lakes that exhibited high 615N signatures. The E.
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schemperi and C. papyrus have higher 515N than that of fish and invertebrates 

respectively which rules them out as contributing significantly to upper food web 

diets.
In both lakes, Oreochromis esculentus occupied similar position in isotopic 

space suggesting a direct dependence on the aquatic macrophytes, which also did 

not differ in their isotopic signatures between the lakes. However, other fishes and 

plankton were more enriched in Lake Mburo than in Lake Kachera (~5%o). This 

suggests that most of the food web in both lakes may be tracking plankton (Fig. 4.1). 

Stable isotope analysis indicated that O. esculentus and Oreochromis niloticus did 

not depend directly on Cyperus papyrus in these lakes but could depend on it 

indirectly through detritus (Tables 3.2 and Figs 3.1 B and 4.1). Plankton and C. 

papyrus were the major sources of photosynthetic energy and contributed 

significantly to the diets of most consumers especially fish in the two lakes. The fish 

had highly variable 613C ratios (-22%o to -8%o) and (-12.2%o to —2.1%o) for lakes 

Kachera and Mburo respectively. There was variation both within and among taxa, 

suggesting that these fishes had broad diets deriving energy from a range of C4 and 

C3 plants, including phytoplankton whose b13C can vary in time if CO2 is variable and 

sometimes low causing variation in isotopic fractionation by photosynthesis (Hecky 

and Hesslein, 1995). In general, as algal biomass increases, algae will have heavier 
513C. It is unlikely that C3 plants (i.e. Aeschynomene eraphroxylon, Pistia stratiotes, 

Cyclosorus sp and E. schemperi) were significant contributors of carbon to the 

aquatic consumer food web, whose carbon was much heavier than that of these C3 
plants. The 513C of animal food web was more similar to the littoral C4 higher plants 

(V. cuspidata and C. papyrus) and the C3 phytoplankton. In Lake Mburo, 

hippopotamus probably introduce significant quantities of C4 grass remains because 
of their habit of grazing grasses on land at night and defecating undigested organic 

materials during their residence in the water during the day. The nutrient enrichment 
provided by the hippos can also cause denser phytoplankton populations resulting in 
a heavier 613C as well as directly introducing enriched 513C undigested plant debris 

directly into the lake (Table 3.2 and Fig. 3.1 B)
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As in Koki lakes stable carbon isotope ratios for primary producers showed 

clear separation in lakes Kayugi and Kayanja (Fig. 4.2). In both lakes, the C4 plant 

Miscanthus violacea was the least carbon13 depleted and showed similar isotopic 

signatures (-12.6 %o). The more depleted primary producers were the C3 plants, 

Ficus congensis (-28.5 %o) and Lymnophyton sp. (-27.5 %o) from lakes Kayugi and 

Kayanja, respectively. The stable isotope ratios for primary producers showed little 

separation with respect to <515N (Fig. 4.2).

The upper food webs in Kayugi and Nabugabo lakes were more depleted in 

b13C than the Koki lakes. However, Kayanja’s upper food web was similar to 

Kachera in carbon signatures. In both lakes, the sampled higher plant primary 

producers did not appear to contribute directly to the food webs of those lakes, but 

F. congensis and Cyclosorus sp. from Lake Kayugi could possibly contribute 

indirectly through detritus and chironomids (Fig. 4.2). However, the dominance of 

phytoplankton in stomachs of some herbivorous fish species e.g O. esculentus 

indicates that phytoplankton is the likely source of energy for the fishes in these 

lakes. Although did not sampled it, phytoplankton can have quite a variable carbon 

signature and is often found to be the dominant source of carbon to food webs even 
in shallow lakes (Hecky and Hesslein, 1995; Jones and Wadron, 2003). However, 

the fish food web of Lake Kayanja differed distinctly from those of lakes Kayugi and 
Nabugabo, probably due to a wide variation in b13C signature of the base of food 

webs as observed in Koki lakes (Fig. 4.1) supported by earlier studies (Fry and 

Sherr, 1984; Cabana and Rasmussen, 1996; Vander Zanden and Rasmussen, 
1999; France and Peters, 1997; Leggett et al., 1999).

The three invertebrates examined in both lakes, Chaoborus and chironomids 
for Lake Kachera and chironomids and Trichoptera for Lake Mburo, had 613C ratios 

that fell within the range of most fish species indicating that they were also food 

sources, as confirmed by stomach content analysis (Chapter 3 Table 3.2 and Fig. 

3.1B).
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With respect to stable carbon isotope ratios for primary producers, all the 
lakes showed clear separation (except in Lake Nawampasa where the samples for 
primary producers yielded insufficient quantities for analysis). The primary producers

The highly variable 613C ratios for fishes from all the lakes, -28.3 %o to -24.0 

%o for Kayugi, -21 %o to -14 %o for Kayanja and -22 %o to -19 %o for Nabugabo, 

indicate that the fishes were deriving energy from a range of food sources including 

phytoplankton whose 513C can vary in time as the signature for 13C-CO2 varies and 

photosynthetic demand changes isotopic fractionation by photosynthesis (Hecky and 

Hesslein, 1995; Leggett et al., 1999; Bade et al., 2004). However, the Lake 

Nabugabo fish food web appeared to have a narrower food source compared to the 
other two lakes may be due to 513C of dissolved inorganic carbon (DIG) varies less 

in this relatively larger and deeper lake. The other major factor is whether DIC is 

from atmosphere (~ -4), respired allochthonous (-28) or autochthonous (highly 

depleted) (Bade et al., 2004). In general the amount and composition of DIC vary 

between systems and are influenced by biological processes of respiration and 

photosynthesis as well as equilibrium kinetics and atmospheric gas exchange 

(Herczeg and Fairbanks, 1987;Aravena et al., 1992; Legget eta/., 1999; Bade et al., 

2004)

The four invertebrate groups (chironomids, Chaoborus, Ephemeroptera and 
oligochaetes) examined in all lakes (Fig. 4.2) had <513C ratios that fell within the 

range of that of most fish species indicating that they were food sources except 

Oligochaetes from Lake Kayanja and chironomids from Lake Nabugabo. These were 

3.3 %o and 3.5 %o respectively lighter than the rest of the upper food web. However 

the same food items (oligochaetes and chironomids) in lakes Nabugabo and Kayugi 
respectively had 613C that fell within the range for the fishes. These organisms were 

encountered in stomachs of some fishes, indicating their possible role as food 

sources for the upper food webs (Table 3.2 and Fig. 3.2B).
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varied across the lakes examined depending on the abundance (phytoplankton) and 

availability (macrophytes) (Fig. 4.3).

In all the lakes where phytoplankton and detritus were sampled, the two items 
formed the major potential carbon source due to their relatively low 615N signatures 

(0-2%o) and b13C signatures that fell within the range of those for the upper fish food 

webs (Fig. 4.3).
In Lake Bisina, Ceratophyllum submersum and detritus had C13C ratios that 

fell within the range of the main fish food web and formed another direct carbon 
source. In the same lake, the 13C enriched Hydrilla verticillata had b13C carbon ratio 

that differed by 1.0 %o from that of Tilapia zilli ruling out the possibility of direct 

contribution to its diet. Although stomach content analysis by both this study 

(Chapter 3) and earlier studies (Siddiqui, 1977; Pieterse, 1981), found this fish to 

feed mainly on macrophytes. The other primary producers (Najas sp., Typha sp., 

Nymphaea sp and V. cuspidata) could not contribute directly to the fish food web 

because of their highly negative b15N values (Fig. 4.3). However these primary 

producers may contribute to the fish food web through detritus that was found 

abundant in stomach of tilapiine species as microbes derived from them would have 
enriched 15N e.g. O. variabilis and O. leucostictus from lakes Bisina and Nawampasa 

respectively (Chapter 3).

In Lake Kyoga, it is unlikely that E. crassipes contributed to the fish food web 

due to its lighter carbon compared to the fish food web and C. papyrus could not be 
a direct food source due the highly negative b15N value (Fig. 4.3).

Based on results from the other lakes, 613C for the fishes and stomach 

content analysis (Chapter 3), the main carbon source for Lake Nawampasa fish was 

likely to be phytoplankton. However, looking at depleted carbon signatures for the 
fish, the phytoplankton in this lake would have to be more b13C depleted than the 
other three lakes.

Despite all these lakes having the same source of carbon, i.e mainly 
phytoplankton, their b13C values varied, with Lake Nawampasa having the most 

depleted carbon (-27 %o to -22 %o), followed by Nakuwa (-23 %o to -16.8 %o), and 
Kyoga-lyingo and Bisina (-25 %o to -13%o). This variation is explained by the variation
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in 613C signatures in DIC at the base of the food webs in the different lakes (Fig. 4.3) 

and as observed for Koki lakes. Similar variations in 613C carbon signatures of 

primary producers among lakes have been documented in freshwater ecosystems 

(Vander Zanden and Rasmussen, 1999; France and Peters, 1997). The five 

invertebrate groups (C. nilotica, Ephemeroptera, chironomids, Chaoborus and 
Trichoptera) examined had b13C ratios that fell within the 613C range of most fish 

species indicating that they were food sources, which was also confirmed by 

stomach content analysis (Chapter 3; Table 3.4 and Fig. 3.3B).

The 515N signatures for primary producers showed little separation with 

except for Nymphaea sp, Typha sp, V. cuspidata in Lake Bisina and C. papyrus in 

Lake Kyoga that exhibited highly negative values. This is partly due the large 

variation in 515N signatures at different soil horizons and the systematic enrichment 

of deeper-rooted plants over those with shallow roots (Virginia et al., 1989, Hecky 

and Hesslein, 1995). Similarly the dense root mats such as in papyrus often contain 

anoxic waters where denitrification can produce enriched NO3 in contrast to algae, 

which are always drawing from a well-mixed epilimnion (Hecky and Hesslein, 1995). 
The range of 615N signatures in all the phytoplankton and detritus were low (O-2%o) 

and their 513C signatures were within the range of the upper fish food web 

suggesting them as the main source of energy for the upper fish food webs in the 

lakes (Fig. 4.3).
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4.2.4 Inshore areas of northern parts of Lake Victoria
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In Lake Victoria, primary producers were only analyzed from Hannington Bay. 

Their stable carbon isotope ratios showed clear separation among the various plants 

(Fig. 4.4). In this Bay, phytoplankton and detritus formed the major potential carbon 

source for the food of the fishes. The highly enriched V. cuspidata and C. papyrus 

and the highly depleted Cylosorus sp. and Phragmites were ruled out from 
contributing directly to the fish food web due to their 613C ratios (>1 %o) from that of 

the fishes and the highly negative b15N value for C. papyrus. However V. cuspidata 

and C. papyrus, whose b13C did not vary widely from that of the fishes, could 

contribute indirectly to the fish food web through detritus as already observed in the 

other lakes examined (Fig. 4.4).
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Trophic positions, relationships and 615N signatures among fishes4.3

105

In contrast to the simple food chains and discrete trophic categories found in 
pelagic areas of most lakes, stable isotope analyses of fishes in the more complex 

littoral areas and shallow lakes examined here, indicated that assigning fishes and 

invertebrates to specific or discrete trophic levels with simple trophic relations among 
predatory fish and their prey fish based on only 515N was not possible. This is 

because the observed enrichment values for 515N were considerably lower than 

3.4%o typically assumed for a trophic transfer in stable isotope studies (DeNiro and 
Epstein, 1978; Cabana and Rasmussen, 1994). This was likely a consequence of 

dietary overlap and omnivory (feeding at more than one trophic level), but variable

Based on results on primary producers from Hannington Bay and the other 

lakes examined and the 513C ratios for the fishes and invertebrates, the main carbon 

source for the other areas of Lake Victoria (Napoleon Gulf and Thruston Bay) 

examined was extrapolated to be phytoplankton. However, looking at the depleted 

carbon signatures for the fish and invertebrates, it is clear that the phytoplankton in 
Napoleon Gulf and Thruston Bay must be more enriched in 13C than phytoplankton 

in Hannington (> 3.0 %o). The fish of Napoleon and Thruston appeared to be similar, 

but the carbon signatures of O. leucostictus in the two areas differed by 

approximately (3.6 %o) indicating differences in carbon sources within the lake (Fig. 
4.4). The five invertebrates groups (chironomids, Oligochaeta, molluscs, C. nilotica 

and Ephemeroptera) examined in all bays had 513C ratios that fell within the range of 

that of the most fish species indicating that they were possible food sources which 

was also confirmed by stomach content analysis (Table 3.4 and Fig. 3.4B).

Despite all these lakes having the same source of carbon, i.e mainly 
phytoplankton, their carbon signatures varied somewhat. The variable 613C ratios for 

fishes from the different areas of the lake indicate that the fishes were deriving 

energy from a range of food sources which may vary within the lake. This variation is 
mainly due to differences 513C signatures of DIC at the base of the food web, as 

already mentioned for different aquatic systems.
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where TPfish = fish trophic position; 515Nflsh = 615N of fish; 3.4 = one trophic level 
increment in 615N, 615Nbaseiine = 615N of tilapiine species from (615N-613C) and 2 = the 

assumed trophic level position of primary consumers (tilapiine species) used to 
estimate 615Nbaseiine signatures.

The trophic positions of the different fish species examined in the different 
examined lakes (Table 4.2)

fractionation coefficient of nitrogen in each trophic transfer may also play a 
significant role (Jones and Waldron, 2003). Nonetheless, clear separation in 613C 

and 615N of primary producers in most lakes or areas helped in the identification of 

main carbon and nitrogen source of consumers.

The 515N signatures alone could not be used to estimate the trophic position, 

because the 615N signatures of the primary producers were highly variable among 

and within systems (Fig. 4.5). This is supported by other studies (Toda and Wada, 

1990; Kling etal., 1992; Kline et al., 1993; Gu et al., 1994; Cabana and Rasmussen, 

1996) that have shown similar b15N variability. Based on the energy-weighed mean 

number of trophic transfers between the basal resources and the consumer by 
Vander Zanden and Rasmussen (1999), interpreting the 615N signature of the fish 

consumers relative to appropriate baseline b15N values among lakes or areas, 

provided a continuous measure of the fishes’ trophic positions (Table 4.2). The 
baseline 515N determined for selected tilapiine species (O. esculentus, O. variabilis, 

0.leucostictus and O. niloticus) using the 615N-613C relationship (Vander Zanden 

and Rasmussen, 1999) for each of the study lakes or areas described fully in 

Chapter 2 were used. The selected tilapiine species were the most appropriate 

because they are large and long-lived primary consumers and integrate temporal 

variability in primary producer b15N compared to planktonic primary consumers.

A continuous measure of trophic position (TP) was thereafter determined for 
each fish species using the formula.

fish "6 N baseline)/3.4) + 2
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4.3.1 Koki drainage systems lakes
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In the Koki system lakes 515N signatures and trophic positions placed fish at 

the top of the lakes’ food webs, with the haplochromine cichlid Harpagochromis 
squamipinus occupying the topmost trophic positions (2.7 and 2.9) for Kachera and 

Mburo, respectively, reflecting a stronger tendency to carnivory (Fig. 4.1). The 

stomach content analysis (Chapter 3) supported this, indicating that H. squamipinus 

mainly fed on Odonata, chironomids and fishes. Note that odonates are carnivores,
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4.3.2 Nabugabo drainage system lakes
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In these lakes trophic positions estimated from 615N signatures placed fish at 

the top of the lakes’ food webs, with the haplochromine cichlid P. Venator at 2.9, the

as are some chironomids (Brewer, 1994). O. leucostictus and O. esculentus 

exhibited the lowest trophic levels, 1.9 and 1.8 for Kachera and Mburo, among the 

fishes reflecting their tendency towards herbivorous diet. The other fishes (Table 

4.2) exhibited trophic positions that varied between the above and low trophic 

positions reflecting mixed diet.
The above observations were all confirmed from stomach content analysis 

(Chapter 3; Table 3.1). However, it was clear that none of the fish were functioning 
as obligate piscivores because there is little separation in their 615N trophic level 

signatures (Fig. 4.1 and Table 4.2). Omnivory was common among the fishes, with a 

potentially high degree of dietary overlap. Only habitat separation within the lakes 

would prevent strong trophic competition among these trophic generalists.

At the base of the food webs were V. cuspidata and plankton for lakes 
Kachera and Mburo, respectively. In both lakes invertebrates had 615N that were 

intermediate between those of the fishes and papyrus and the plankton, possibly 

indicating their dependence on the plankton and their predation by fish. However, C. 
papyrus and E. schemperi exhibited a higher 615N than all invertebrates sampled in 

both lakes and can be excluded as direct dietary inputs to those invertebrates, but a 
mixed diet of papyrus debris and plankton could account for the 615N signatures of 

all the fish (Fig. 3.1 and Table 3.1). The two Oreochromis spp. had non-overlapping 

isotopic signatures in the two lakes and were most similar to C. papyrus among the 

plants and plankton in Lake Mburo. Despite broad similarity in their diets based on 

stomach analyses, the isotopic results indicate some trophic or habitat separation 

that would reduce direct competition and could partly explain why O. niloticus has 

been able to co-exist with O. esculentus in these lakes and may not support the 

hypothesis that O. esculentus was eliminated from lakes Victoria and Kyoga mainly 
through competition with O. niloticus.
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cyprinid B. kerstenii at 3.5 and L. niloticus at 2.8 in lakes Kayugi, Kayanja and 

Nabugabo, respectively (Fig. 4.2). Stomach content analysis showed that P. Venator 

from both lakes Kayugi and Kayanja and L. niloticus from Lake Nabugabo were 

dominantly piscivorous. Stomach content analysis did not yield any support to the 

diet of B. kertenii as all the 52 fishes examined from all the three lakes had empty 

stomachs. However other studies have indicated that it feeds on large proportions of 

the easily digested zooplankton and insects (Balirwa, 1984). Zooplankton tends to 

be part of complex food webs involving microbial trophic levels (Azam et al., 1983), 

which are rarely appreciated from gut content analysis studies (Pinnegar et al., 

2002). O. esculentus (2.0), G. victoriae (1.6) and O. niloticus (2.0) in lakes Kayugi, 

Kayanja and Nabugabo, respectively, occupied the lowest trophic positions among 

the fishes reflecting a strong tendency towards a herbivorous diet. However, O. 

esculentus appeared to have the same trophic level in lakes Kayugi and Kayanja. 

Stomach content analysis supported herbivory in O. esculentus, but indicated O. 

niloticus and G. victoraie, to be omnivorous (Chapter 3; Table 3.2 and Fig. 3.2B). 

However, G. victoriae occupied a higher trophic level in Lake Kayugi than in Lake 

Kayanja (Table 4.2) possibly due to the dependence on ephemeroptera in Kayanja, 

and on chironomids in Lake Kayugi. Ephemeroptera are known to be purely 

detritivore while chironomids are omnivorous (Brewer, 1994). This was supported by 

earlier studies on Lake Victoria and on the Victoria Nile, which indicated that G. 

victoriae fed primarily on chironomids and ephemeropteran larvae (Corbet, 1961; 

Greewood, 1966; Okedi, 1972). The other fishes had intermediate b15N signature 

and trophic positions (Fig. 4.2 and Table 4.2) reflecting omnivory. The above 

observations were all confirmed from stomach content analysis (Chapter 3; Table 

3.2). Omnivory was common among the fishes with a potentially high degree of 
dietary overlap. Plankton was probably at the base of the food webs in all the lakes. 
In all lakes invertebrates had 615N signatures lower than that of the fishes indicating 

predation by fish (Fig. 4.2).
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In these lakes the 615N signatures and trophic positions placed fish at the top 

of the lakes’ food webs, with B. sadleri (3.2) in Lake Nawampasa and B. docmak 

(3.1), P. argenteus (3.1) and P. stilleto (3.1) in Lake Bisina being the topmost 

predators, reflecting a stronger tendency of carnivory. The other top predators were 

P. orthostoma (3.1), C. gariepinus (3.0) and P. argenteus (3.0) in Lake Nawampasa 

and P. “shovelmouth" (3.0) and A. latifasciata (3.0) from Lake Bisina (Fig. 4.3 and 

Table 4.2). Stomach content analysis showed that P. argenteus from both lakes, C. 

gariepinus and B. docmak from Lake Bisina were mainly piscivores but included 

insects in their diets; B. sadleri and P. "shovelmouth” were insectivorous, mainly 

depending on predatory insects like Odonata (Chapter 3). However, B. sadleri is 

more likely to include the easily digested zooplankton (therefore not observed in 

stomachs) like R. argentea . The b15N signatures (Fig. 4.3) and trophic positions of 

L. niloticus (2.5) in Lake Nakuwa and C. gariepinus (2.6), S. victoriae (2.6), S. 

intermedius (2.6) in Lake Kyoga placed them as the top most trophic positions in 

those lakes even though they were not true piscivorous predators. Stomach content 
analysis showed that L. niloticus mainly depended on fish, but included insects in 

their diet; C. gariepinus and S. intermedius mainly fed on insects but included 

relatively large proportions of fish in their diets and S. victoriae ate mainly insects 

and C. nilotica (Chapter 3).

In both lakes Nawampasa and Bisina, tilapiine species occupied the lowest 
trophic positions among the fishes reflecting a tendency towards a herbivorous diet, 

with O. variabilis (1.8) and O. leucostictus (1.8) in Lakes Nawampasa and T. zilli

(1.6) in Lake Bisina all having estimated trophic positions < 2. However O. niloticus

(1.7) and X. phytophagus (1.7) from Lake Bisina occupied even lower trophic 

positions than those of Lake Nawampasa, reflecting differences in the b15N 

signatures of the basal food webs among lakes. Stomach analyses supported these 

observations, indicating O. variabilis and O. leucostictus from both lakes to feed 
mainly on phytoplankton; T. zillii and O. niloticus fed on macrophytes. However X. 

phytophagus from Lake Bisina fed mainly on herbivorous molluscs but also



r

4.2.4 Inshore areas of northern parts of Lake Victoria
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In all areas of the lake that I sampled, 615N signatures and trophic positions 

placed fish at the top of the lakes' food webs but the highest trophic position varied 
across the areas, with B. sadleri (3.3) in Napoleon Gulf, both H. guiarti (3.3) and L. 

niloticus (3.3) in Thruston Bay and B. jacksoni (2.9) in Hannington Bay, being the 

topmost trophic position (Fig. 4.4 and Table 4.2). The trophic positions of these 

fishes suggest that most of these fishes are not prominent in the diets of other fishes 

at least for the sizes sampled. Stomach content analysis supported stable isotope 
analysis, indicating that B. sadleri, B. jacksoni and H. guiarti fed on predatory insects

consumed large proportions of higher plant material and fish (Table 3.3), indicating 

that this fish mainly fed on macrophytes but did feed on fish opportunistically. Earlier 

studies based on stomach contents on Lake Nawampasa found X. phytophagus to 

feed mainly on macrophytes (Mbabazi et al., 2004).

O. niloticus (2.0), M. macrocephalus (2.0) and P. aethiopicus (2.0) in Lake 

Nakuwa and O. leucostictus (1.8) and A frenatus (1.9) in Kyoga, formed the base of 

the fish food web. However, stomach content analysis indicated that O. niloticus was 

mainly feeding on insects when the samples were taken. P. aethiopicus was feeding 

on insects, molluscs, macrophytes and fish, while no stomach content analysis 

evidence was obtained for O. leucostictus and A. frenatus due to insufficient 

numbers (Chapter 3; Table 3.3 and Fig. 3.3B). The trophic levels of < 2 indicate the 

precission of a continuous measure of trophic position that weighs the connections 

according to their relative energetic importance (Vander Zanden and Rasmussen, 
1996) The other fishes had intermediate b15N signatures and trophic positions 

reflecting an omnivorous diet with heavy dependence on insects. The above 

observations were all confirmed from stomach content analysis (Chapter 3). 
Omnivory was common among the fishes with a potentially high degree of dietary 

overlap. The base of the food webs appeared to be mainly plankton in all the lakes. 

In most lakes, invertebrates had b15N lower than that of the fishes indicating they are 

consumed by fish.
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mainly Odonata and chironomids, but H. guiarti frequently included fish in its diet. L. 

niloticus was mainly dependent on fish but also included insects depending on size 

(Table 3.4). In all areas of the lake sampled, the above fish species generally 

occupied relatively higher trophic positions except L. niloticus (2.1) in Hannington 

Bay, which might be due to ontogenetic changes with smaller fish feeding lower in 

the food web (Ogutu-Ohwayo, 1993; 1994, Schofield and Chapman, 1999; 

Chapman et al., 2003).
In all Lake Victoria sites, the tilapiine species exhibited the lowest 515N 

enrichment and trophic positions among the fishes, reflecting a strong tendency to 

herbivorous diet (Fig. 4.4), with O. leucostictus in Napoleon Gulf (1.8) and Thruston 

Bay (1.6), and O. niloticus (2.0) in Hannington Bay, occupying the lowest trophic 

positions. Stomach content analysis on O. leuctostictus, in Napoleon Gulf , where 

the minimum sample requirement was realized, indicated that it mainly fed on 
detritus and phytoplankton. Despite O. niloticus having the least enriched 515N 

signature (~6.O%o) and trophic level in Hannington Bay, it occupied slightly higher 
trophic levels in Napoleon (2.2) and Thruston (2.4). The O. niloticus S15N signatures 

and trophic levels tended to overlap with those of other fishes in the same sampled 
area, e.g. P. aethiopicus (2.0) and A frenatus (2.0), reflecting an omnivorous and 

insectivorous diet. Stomach content analysis supported this, indicating O. niloticus to 

be mainly omnivorous in Napoleon Gulf and insectivorous in Thruston and 

Hannington Bays, and P. aethiopicus to feed mainly on molluscs but also fish and 
macrophytes. There was no stomach content data for A. frenatus in Hannington Bay 

but it also mainly fed on molluscs in Thruston Bay. Molluscs frequently (e.g Hecky 
and Hesslein, 1995) have lower 515N signatures than expected for an algal grazer 

(Fig. 4.4) which could partly explain the lower trophic position of P. aethiopicus (2.0) 
and A. frenatus (2.0). The other fishes had intermediate 515N signatures and trophic 

positions reflecting a mixed diet (Fig. 4.4 and Table 3.4). Omnivory was common 

among the fishes with potentially high degree of dietary overlap. The base of the 

food webs appeared to be mainly phytoplankton in all the areas of the lake. In all 
areas examined invertebrates had 515N lower than that of the fishes indicating 
consumption by fish (Fig. 4.4).
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4.2.5 Spatial variability in the basal 615N signatures among lakes
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The relationship between the 615N signatures of O. niloticus and phytoplankton 

accounted for 52% variance and were closely correlated (Fig. 4.5). The ranges of 
615N signatures for O. niloticus and phytoplankton in five study lakes or areas where 

both taxa were samples varied from 3.99%o to 6.70%o across lakes. However, the 

observed 515N ranges were generally lower than the assummed 3-4 %o per trophic 

level (Minagawa and Wada, 1984; Peterson and Fry, 1987; Cabana and 

Rasmussen, 1994) and this was supported by stomach content analysis where O. 

niloticus fed across different discrete trophic levels across lakes ranging from being 

purely phytoplanktivorous through omnivorous to mainly insectivorous (Chapter 3; 

Table 3.5). In aquatic systems, the 515N signatures of primary producers and 

consumers may vary spatially and temporally within and between systems (Yashioka 

et al., 1994; Gu et al., 1996). The b15N signatures of primary producers is a function 

of the signature of inorganic or organic nitrogen utilized by algae and the level of 

isotopic discrimination expressed in the process of nutrient uptake (Gaoericke et al., 

1994; Legget et al., 2000). The dissolved inorganic nitrogen varies considerably 

across systems and may also fluctuate on a seasonal basis within a system (Legget 
et al., 2000). The observed changes in the basal 515N signatures could be 

associated with the changes in the lakes especially those related to anthropogenic 

impacts as has been observed in other aquatic ecosystems (Cabana and 

Rasmussen, 1996). Variability in the b15N signatures of the forage base will have 

implications for assessment of relative trophic position of organisms higher in the 
food web.
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4.4 Food chain length
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Based on food chain length values calculated from stable isotope analysis, 

food chain lengths from primary consumers ranged from 0.5 to 1.7 across the 

thirteen study lakes or areas. This among-lake or area variation provided an 

opportunity to examine some relationships and lake or food web characteristics that 

are pertinent to hypotheses of food chain length. This study examined the 

relationships between food chain length, species richness and water transparency 
(Secchi depth).

Trophic position estimates of the fish species in the different lakes indicated a 

variation in food chain length within and across the sampled lakes and drainage
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Figure 4.5. Relationships between 615N signatures of O. niloticus and phytoplankton across the 
examined lakes in the Victoria and Kyoga basin lakes (August 2001 to September 2003). Error bar 
represent 1SD. Note the high variation in 515N signatures in phytoplankton compared to O. niloticus. 
The thick continuous line represents the 3.4%o fractionation line.

815N -Phytoplankton

8I5N (O. niloticus) = 0.498 l5N (Phytoplankton) + 5.11 
2(r = 52, p<0.001)

1 4-
-2



4.4.1 Factors affecting food chain length
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systems. However, there is a general increase in 615N with increase in trophic 

position within and across lakes (Table 4.2 and Figs 4.1 to 4.4)

The lakes without Nile perch generally exhibited longer food chain lengths at 

lower species richness compared to the lakes with Nile perch. However Thruston 

Bay of Lake Victoria recorded the longest food chain among the studied systems, 

and Lake Nakuwa from the Kyoga drainage system recorded the shortest. The other 

relatively long food chains were recorded in lakes Bisina and Nawampasa from the 

Kyoga drainage system, Kayanja and Kayugi from Nabugabo drainage system, and 

Napoleon Gulf of Lake Victoria (Fig. 4.6).

Food chain length generally increased with increasing fish species richness 

(Fig. 4.6). Species richness explained 35% and 97% of the among-lake variation in 
food chain length in lakes without Nile perch (r2 = 0.35, p<0.001) and those with Nile 

perch (r2 = 0.97, P<0.001) respectively (Figs. 4.6A and B). Generally addition of 

species in Nile perch free lakes and Nile perch lakes has a small effect and 

significantly increases food chain length respectively.

Food chain length also generally increased with increasing water 
transparency measured as secchi depth (m) (Fig. 4.7). Water transparency (secchi 

depth) explained 55% and 31% of the among-lake variation in food chain length in 
the lakes without Nile perch (r2 = 0.55, p<0.001) and in those with Nile perch (r2 = 

0.31, P<0.001) (Figs. 4.7A and B). Generally increase in water transparency in lakes 

without Nile perch increases food chain length but has a small effect on food chain 
length in lakes with Nile perch.
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Few stable isotope studies have assessed spatial variation in source 

signatures or food web structure concurrently (Gu et al., 1994; Yoshioka et al., 1994; 

Hecky and Hesslien, 1995; Herwig et al., 2004) among lakes with very similar faunal 

composition.
Shallow lakes are complex heterogeneous environments with a variety of 

sources of primary production available for exploitation (Jeppesen et al., 1998). 

Nevertheless, it was possible to separate some of the different sources of primary 

production in most of the lakes where more than one primary producer was 
examined, with separation being most pronounced in 513C. It was not possible to link 

consumers unambiguously to their putative food sources in these complex 

environments with many different primary producers, because variation in stable 

isotope ratios of primary producers is often averaged out in consumers (Kiriluk et al., 

1995). Dependence on macrophytes (except C. submersum for T. zillii in Lake 

Bisina) as a direct source was not indicated for any consumer. The low nutrient 

content, high content of indigestible organic matter and allelopathic chemicals limit 
the use of terrestrial and higher aquatic plants despite their abundance in the studied 

lakes (Hecky and Hesslein, 1995). When most of the lakes sampled were 

considered, it became clear that the upper food web of fishes demonstrated a 
dependence on mainly plankton in most lakes because their b13C and 615N values 

fell in the range of that observed for most fish consumers.

Data from this study supports other recent stable isotope studies which have 
shown that macrophytes contribute very little direct carbon to aquatic food webs 

despite their abundance (Bunn and Boon, 1993; Keough et al., 1996; Herwig et al. 
2004). Macrophytes, however, may enter the aquatic food web as detritus, 

undergoing complex chemical and isotopic fractionations as microbes assimilate 

them, which further make it difficult to detect macrophytes as indirect sources 
(Keough et al. 1996). Most primary production by macrophytes is not consumed by
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herbivores, but is rather returned to the environment as detritus to play critical roles 

in organizing and sustaining ecosystems (Wetzel, 1983; Crawley, 1997).Indirectly 

detritus has the potential to support species diversity and contributes to larger 

predator biomass (Hairston and Hairston, 1993; Moore et al., 2004).

Recent isotopic evidence in freshwater food webs, suggests that benthic 

algae and terrestrial riparian vegetation can play important roles in supporting 

invertebrate consumers and fish in lakes (Hecky and Hesslein, 1995; France, 1997) 

and our results indicate similar relationships for the studied lakes. This study found 

little evidence that fishes assimilated much zooplankton, but instead they fed 

primarily on benthic invertebrates, which consume a broad diversity of both detrital 

and autochthonous sources (Herwig et al., 2004). Low depths may limit the trophic 

role of zooplankton for larger fish in these systems; however juvenile fish that are 

more likely to depend on zooplankton were not captured by the sampling methods. 

Fish had a varied diet, which in part was influenced by their species and size, but in 

general displayed a lack of specialization. The presence of vegetation has been 

shown to influence the diet offish (Diel, 1992), inducing a shift to benthic/epiphytic 

invertebrate prey and fish at an earlier age (Svanback and Eklov, 2002). In these 
shallow lakes and bays the distinction between littoral (vegetated) and pelagic (open 

water) is less distinct than in deeper lakes and such clear segregation of habitats 
and organisms is unlikely (Jones and Waldron, 2003; Beaudoin et al., 2001). In 

almost all lakes, nearly all the fishes consumed benthic /epiphytic invertebrates 

(Tables 3.1 to 3.4; 4.1; Figures 3.1 B to 3.4B; 4.1 to 4.4).

Among the Koki lakes, it was apparent that the food web of Lake Mburo had 

fish species and plankton with more enriched carbon signatures than in Lake 

Kachera (>5%o). This is likely due to nutrients that arise directly from the dung from 
large population of hippopotamuses with no major return pathways known (Laws, 

1968; Grey and Harper, 2002). Hippopotamuses graze selectively on short grass 

species C4 plants (Lock, 1972; Grey and Harper, 2002) with a daily intake of about 

18Kg of dry matter (Laws, 1968). The ingested grasses use the C4 photosynthetic 
pathway and exhibit distinct highly 13C enriched signatures compared to aquatic 

basal resources. As the beast grazes on land and usually defecates in the water,
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there is transfer of nutrients to the lakes. Fecal return by ungulates is positively and 

linearly linked to both primary production and consumption (Douglas and 

McNaughton, 1992). Ungulates excrete >90% and 65-95% phosphorus and nitrogen 

they ingest respectively (Ruess, 1987) and these nutrients will enrich lakes because 

they are in forms readily available to plants and soil microbes (Floate, 1981). This 

nutrient enrichment will stimulate algal growth and high phytoplankton biomass.

Although this study did not examine the importance of external carbon to the 

aquatic food webs, there was an indication of this in the Nabugabo lakes, especially 
Lake Kayanja whose fish food web consisted of heavier 613C signatures compared 

to the other two lakes. This observation could be explained by characteristics of the 

lakes and their catchments described fully in Chapter 2. Many factors may be 

involved in establishing the b15N and 613C values at a given site, but studies have 

related increases in b15N to the extent of anthropogenic activity in watersheds and 

input of waste water (Cabana and Rasmussen, 1996; Lake et al., 2001) reflecting 

the nutrient enrichment associated with human activities. Lake characteristics 

(Chapter 2) could be another factor associated with nutrient inputs (Beaudoin et al., 

2001; Schindler and Scheuerell, 2002).
It was apparent that the trophic enrichments for 515N (Fig.s 4.1 to 4.4) were 

considerably lower than a typical assumed shift of (3.4%o) per trophic level predicted 

from a synthesis of previous stable isotope studies (DeNitro and Epstein, 1978; 

Post, 2002) and was likely due differences in fractionation (Adams and Sterner, 

2000; Ben-David and Schell, 2001) or a consequence of omnivory (Jepsen and 

Winemiller, 2002; Jones and Waldron, 2003), which was evident in stomach 

contents of the fishes. Feeding at two trophic levels can reduce the expected 3.4%o 
enrichment in 15N of a single trophic transfer because integration of a lighter 
resource is mixed with heavier 15N resource with the result that the differential can 

be less than expected if the consumer were only feeding on the heavier food 
resource. Results from other studies indicated that trophic enrichments for 615N can 
vary depending on the trophic level, animal diet system or ecosystem under 
consideration and lower than expected (i.e < 3.4%o) enrichments often occur
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(Pinnegar et al. 2001; Vander Zanden and Rasmussen, 2001; Zah et al., 2001; 

Herwig et al., 2004).
Among lake differences in the 615N signatures of fishes may not only be due 

to diet differences, but also to differences in the basal 515N of primary producers 

(Cabana and Rasmussen, 1996). Variation in basal signals of 615N in aquatic 

systems can vary due to differences in fractionation (Minagawa and Wada, 1984, 

Campbell et al., 2003), fertilizer (Peterson et al., 1993) or sewage (Estep and Vigg, 

1985; Cabana and Rasmussen, 1996) or differences in the isotopic composition of 

dissolved inorganic nitrogen (DIN) available to primary producers (Kline et al., 1990). 
Nutritional stress has also been associated with enriched 615N signatures e.i. 

catabolism of the body's proteins during periods of starvation may enrich 515N 

signatures (Hobson and Clark, 1992b; Ambrose, 1993). There was a high variation 

in the 615N signatures of macrophytes across the lakes ranging from V. cuspidata (- 

9.18 %o) in Lake Bisina to E. schemperi (8.4%o) in Lake Mburo (Figs 4.1 and 4.3). 

This is particularly true of terrestrial plants due to the large variation in their source of 
615N (Shearer et al., 1978; Shearer and Kohl, 1989) and the systematic enrichment 

of deep-rooted plants over those with shallow roots (Virginia et al., 1989). Among 
terrestrial macrophytes, the variation in 515N signatures could also be explained by 

the differences in whether they are nitrogen fixing and non-nitrogen fixing plants; 

usually nitrogen-fixing plants are depleted by 2%o relative to non-nitrogen fixing 

plants (Virginia et al., 1998; Lajtha and Marshall, 1994).

It is interesting to note that the Nile perch lakes had food chain lengths 

substantially shorter than Nile perch free lakes (Figs 4.1 to 4.5 and Table 4.2). 

Comparing the Nile perch lakes food chain lengths with those of the Nile perch free 
lakes show how the predatory Nile perch has shortened the food webs of the lakes 

where it is found. In part, this was through selective predation on the large obligate 

piscivorous haplochromines, whose removal and replacement by the more 
omnivorous Nile perch could have shortened the food chain length. However, 

competition of the introduced Nile perch and tilapiine species with both the native 
piscivores and phytoplanktivores haplochromines (Seehausen et al., 1997) could 

have contributed to the shortening of the food chain lengths. Earlier studies have
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indicated that the variety, size and numbers of prey changed since the predatory 

Nile perch was introduced and became established. After depletion of the highly 

diversified hapolchromines it shifted to the prawn Caridina nilotica (Roux), 

anisopteran nymphs, R. argentea, O. niloticus and its own juveniles (Hamblyn, 1966; 

Ogutu-Ohwayo, 1985, 1990b; Hughes, 1986; Ogari and Dadzie, 1988; Ligtvoet and 

Mkumbo, 1990; Ogutu-Ohwayo, 1998). Despite the presence of R. argentea in 
stomachs of Nile perch (Chapter 3), their relatively high b15N signatures and trophic 

positions in comparison to those of L. niloticus (Fig. 4.4), does not support R. 

argentea to be among the major diets contributing to somatic growth of Nile perch 

and this is supported by a recent study on Lake Victoria (Campbell et al., 2003). 

Fishing also alters the species composition within spatial assemblages and thereby 

alters interactions. The shift in species interactions associated with spatial 

distribution is a potentially indirect impact of exploitation (Garrisson and Link, 2000).

The longer food chain length observed in Napoleon Gulf and Thruston Bay 

could be explained simply by more intensive sampling in a variety of habitats in 

these areas compared to the Hannington Bay. However, the observed longer food 

chain and associated food web complexity in the littoral areas of Lake Victoria is 

likely because of the high fish species and habitat diversity and also the better 

refuge for fishes preyed upon by the Nile perch (Seehausen et al., 1997).

This study has also indicated that trophic status especially in shallow lakes 

and littoral areas of Lake Victoria, can affect food chain length, as found in earlier 
studies (Seehausen et al., 1997). Eutrophication results in increased turbidity, which 

generally affects fish interactions, including feeding and predator avoidance 
(Milinski, 1993). Predation threat is perceived to be higher in mesotrophic, clear 

water lakes (Persson et al., 1988) because clear waters are usually associated with 

piscivorous fishes, in addition to favoring hunting efficiencies of most piscivores 

including fishes and birds (Seehausen et al., 1997; Jacobsen et al., 2004). Predation 

pressure can induce changes in prey fish behavior, such as habitat shift or reduced 
activity. This study has shown that turbid waters are characterized by shorter food 
chains because they tend to exclude obligate piscivores.
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The generally high variation in 515N signatures and trophic positions of larger 

top predators (L. niloticus, C. gariepinus, P. aethiopicus, Synodontis sp., and S. 

intermedius) within and across lakes is explained by shifts in both habitat use and 

diet (Ogutu-Ohwayo, 1985; 1994; Hughes, 1986; Mwebaza-Ndawula, 1984; Witte et 

al., 1995; Olowo and Chapman, 1999; Nakamura et al., 2003). Different size classes 

within a species may therefore be considered functionally different in terms of trophic 

dynamics (Ross, 1986; Garrison and Link, 2000; Liao et al., 2002). Differences in the 

diet of various life history stages in fish may be the result of extrinsic factors such as 

temporal variations in abundance of certain prey taxa or intrinsic factors, including 

the ingestion of additional/different larger prey taxa or increases in mouth gape size 

with body size (Pusey and Bradshaw, 1996; Herne, 1998; Lukoschek and 

McCormik, 2001; Nakamura et al., 2003). Prey available for fish could be a function 

of both prey abundance and developmental constraints imposed on the fish (Gill and 

Morgan, 2003; Nakamura et al., 2003). The ontogenetic difference could also be due 

to other factors, including differences in catching ability (Juanes, 1994) and habitat 

utilization, which decreases intra-specific competition (Holbrook and Schmitt, 1992). 

Trophic relationships of the same fish species may therefore span across trophic 

levels through its life history. This study could not fully explore these possibilities as 

it focused on larger fishes and not juveniles.

For most tilapiines, their <515N signatures and trophic positions differed slightly 

with the exception of O. niloticus (Figs 4.1 to 4.5 and Table 4.2) e.g trophic position 

1.7 in Nile perch free lakes to 2.4 in Nile perch lakes. This observation was 
supported by stomach content analysis, where O. niloticus spanned across trophic 

levels Chapter 3 and earlier stomach content studies (e.g Getabu, 1994; Balirwa,

1998) . The generalist feeding behavior of O. niloticus partly explains why it has been 

successful in colonizing and stabilizing in new habitats (Balirwa, 1998).

Clearly, lakes that are similar in terms of community composition can differ in 
trophic structure when energy flow is taken into account (Vander Zanden et al.,

1999) . The fact that most populations do not conform to discrete trophic levels 
provides further direct evidence that omnivory is common in the studied systems, 

suggesting that the fishes were generalist feeders capitalizing on available
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resources. The high omnivory observed among the fishes also support the recent 

microcosm, observational and modeling studies showing that omnivory is common 

(Polis, 1991; Lawler and Morin, 1993; McCann et al., 1998). The flexibility in 

functional feeding mode observed in this study has been reported from other field 

studies (Palmer et al., 1993; Miller et al., 1998).

The longer food chain length in the Nile perch free lakes is explained by high 

species diversity and high habitat complexity associated with shallow lakes 

described in Chapter 2 and supported by earlier studies (Diehl and Kornijow, 1998; 

Jeppesen et al., 1998, Mbabazi et al., 2004).

The stable isotopes of carbon and nitrogen have been used to help elucidate 

trophic structure and energy sources among most fishes, and have indicated that the 

food web of shallow relatively pristine to eutrophic lakes and shallow littoral areas of 

a deeper lake are complex, characterized by limited food chain length, omnivory and 

generalism. The Nile perch free lakes and littoral areas of Lake Victoria exhibited 

relatively longer food chains compared to the other Nile perch lakes. Analysis of 

isotopic variability among individual taxa has also indicated the usefulness of SIA in 

evaluating changes in the feeding patterns and niche breadth of species. 

Comparison of results from the present and previous studies clearly indicate a need 

for the fine-scale analyses of stable isotopes among taxa to consider intra-specific 
size-related variation caused by ontogenetic dietary switches (Genner et al., 2003). 

Stable isotope analysis is a rapid means of determining trophic specialization or 

generalization in fish stocks and can provide information on primary energy sources. 

Survey of isotopic food web structure can provide essential information for fisheries 
management. A more detailed study to include the microbial food web of these 

aquatic systems is required to get a complete understanding of trophic interactions 

and energy flow especially the contribution of detritus as a heterogeneous resource 
and habitat for many species in the aquatic food web.
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Trophic relationships as the basis for fisheries ecosystem management 

in the Victoria and Kyoga basin lakes

Although it is widely recognized that both the commercial and non commercial 

fish species and other taxa play an important role in the transfer of energy to higher 

trophic levels in aquatic systems little attention has been paid to their overall 

environmental dependencies and interactions especially in disrupted systems. This 

inattention is a major knowledge gap as environmental stress accompanying 

wetland alteration and overexploitation of fisheries increase, particularly with the shift 

towards ecosystem-based fisheries management of inland waters (FAO, 1995; 

2003; Langton and Haedrich, 1997; NMFS 1998; Okey and Harrington, 1999).

Human impacts and natural perturbations on fish populations often take the 

form of food web alterations and can include the addition or removal of species The 

alterations impact fish populations by changing one or more parameters that govern 

their growth rate (Vitousek et al., 1997; Bodini, 2000; Sala et al., 2001). Human 

activities shift the balance among fish species through extirpation of many 

indigenous fish species and dominance of usually fewer introduced fish species, 

which can withstand exploitation and degraded habitats (Balirwa et al., 2003).
During most of the 20th century, multispecies fisheries on diverse lake 

ecosystems characterized Lakes Victoria, Kyoga, Nabugabo and other smaller 
lakes. After indigenous fishes in these lakes were initially fished down, the lakes 

became dominated by a number of introduced species such as Nile perch (Ogutu- 

Ohwayo, 1990b; Barilwa et al., 2003). The lakes ended the century with much more 

fish production based on few (three) species and dependent on the introduced 
species (Balirwa et al., 2003). The intensive exploitation of fish communities often 

leads to substantial reduction in abundance of target species and in the overall 

changes in species composition (Greenstreet and Hall, 1996; Balirwa et al., 2003),
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Earlier studies on trophic relationships on the fishes in Victoria and Kyoga 
basins were diet descriptions of single species or a taxonomic group of fishes and 

were based on lists of prey items recovered and quantified from fish stomachs. The

other impacts result into significant alterations in interactions among fish species, 

competing species or predators and prey that overlap in time and space (Garrison 

and Link, 2000) and the geographic ranges of overexploited species typically 

decline. The fisheries of Lake Victoria are characterized by intensive exploitation 

using different fishing gear types aiming at three dominant target species, but these 

fisheries are also impacted by human interferences altering habitats and fish 

assemblages (Muhoozi, 2002). All these factors lead to changes in food web 

structure and complexity (Hecky et al., 1994). The recent expansion of the Lake 

Victoria fisheries based on three species has prompted concerns about the state of 

current and future fish stocks (Ogutu-Ohwayo, 1985; 1994; Muhoozi, 2002; Balirwa 

et al., 2003) especially as exploitation has been accompanied by eutrophication 

altering critical habitats.
The ability to predict the effects of trophic relationships is crucial for the 

management and conservation of ecosystems and accurate representation and 

description are essential to a wide range of ecological studies (Paine, 1988; Vander 

Zanden et al., 1997). Despite the importance of trophic relationships, attempts to 

understand and quantify feeding relationships are often confounded by high levels of 

food web complexity and/or spatial and temporal variation at a number of scales.

In order to understand key factors that structure fish assemblages and 

associated food web complexity, this Chapter synthesizes results from previous 

chapters and earlier studies on changes on fish assemblages in the Victoria and 

Kyoga basin lakes and other freshwater ecosystems elsewhere. In general terms the 

study re-examines quantification of feeding relationships, dietary groups and/or food 

sources, dietary shifts, trophic relationships and possible factors that explain the 

observed changes in food web complexity.
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number of stomachs with a specific prey (frequency of occurrence method), the total 

number or weight or volume of a specific prey found in stomachs (e.g. Corbet, 1961; 

Okedi, 1972: Balirwa 1984; 1998; Ogutu-Ohwayo, 1985; 1993; 1994; Mwebaza- 

Ndawula, 1984; Namulemo, 1997; Olowo and Chapman, 1999; Schofield and 

Chapman, 1999; Chapman et al., 2003; Mbabazi, 1999; Mbabazi et al., 2004) were 

the main approaches used to make inferences on trophic relationships. These data 

have further been used for estimation of trophic positions of most fishes from dietary 

data (Froese and Pauly, 2000) using ECOPATH (Christensen and Pauly, 1992). 

Each of these techniques however has shortcomings for accurately expressing the 

amount of various preys that constitute the diet of a consumer (Bowen, 1996; Gu et 

al., 1996; Liao et al., 2001; Vander Zanden et al., 2001). Expression of stomach 

contents with counts may give an impression that specific prey item that occurs 

more frequently represents one of the most important prey items; but if these are 

small prey items they may comprise a small proportion of the total food consumed. 

Similarly, in the use of weight or volume, consumption of one large prey item would 

imply that this prey is a major component of the diet, when actually very few 

individuals have consumed it (Bowen, 1996). Furthermore, stomach contents tend to 

provide snapshots of diets in time and space and can suffer when some species 
only eat infrequently (Beaudoin, et al., 1999) or rapidly digest soft-bodied prey 

leaving little evidence of the importance of such prey (Hobson et al., 1994). Some 

species that feed intermittently and frequently also regurgitate food upon capture. 

Stomach content analysis also does not quantify certain dietary items that are hard 

to identify e.g macerated fish and insects that are important in diets of fish. Trophic 

relationships in fish can vary seasonally and spatially within taxonomic groups and 

thus the use of default values of trophic level one for any prey item (Fraoese and 

Pauly, 2000) using ECOPATH (Christensen and Pauly, 1992) as similar trophic 

simulations may lead to unrealistic trophic position estimates.

To overcome such limitations and considering the multivariate nature of diet 
e.g the habitat characteristics being either continuous or discrete and prey type 

being discrete, this study used non-parametric multivariate techniques (Hill and 
Gauch, 1980; Gauch, 1982; Legendre and Legendre, 1998) and a continuous
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measure of an organism’s trophic position (Winemiller, 1990; Vander Zanden and 

Rasmussen, 1996; Vander Zanden et al., 1997) to analyze stomach contents 

described in (Chapter 2).
An alternative approach is to use naturally occurring stable isotope ratios of 

tissue as dietary tracers (e.g DeNiro and Epstein, 1978; Minagawa and Wada, 1984; 

Peterson and Fry, 1987; Hecky and Hesslein, 1995; Cabana and Rasmussen, 1996; 

Gu et al., 1996; Vander Zanden and Rasmussen, 1999; Vander Zanden et al, 1999; 

Beaudoin et al., 2001; Vander Zanden and Vadeboncoeur, 2002; Jones and 

Waldron, 2003; Herwig et al., 2004). Stable isotope analysis would be of little 

importance for ecologists if it did not provide unique information. Stable isotope 

solves the difficulty of getting unbiased and complete observations through foraging 

behavior of fishes, which may prove difficult especially in aquatic ecosystems or 

under dense vegetations (Kelly, 2000). Stable isotope analysis differs from stomach 

content analysis in that they reflect materials assimilated, not merely ingested, and 

give time integrated trophic information for a year or more in fish species (Hesslein 

et al., 1993) and thus they are less subject to spatial, temporal and behavioral 

variation in trophic systems. Unlike stomach contents, stable isotope analysis does 

not provide specific information on resource utilization e.g the taxonomic 

composition of the ingested food items. Many prey items are similar in their isotopic 

composition, making it difficult to determine if a fish feeds strictly on one prey such 
as Ephemeroptera or a combination of the prey that averages to the same 515N as 

Ephemeroptera. These problems however could be overcome to some extent by 

using multiple isotopes (Hesslein et al., 1991). This limits some applications e.g. 

selection of diet items for candidate fish species for aquaculture, and it cannot 

discriminate between planktonic or profundal (deep water) zoobenthos because they 
both have 513C of settling phytoplankton (Vander Zanden and Rasmussem, 1999; 

Vander Zanden and Vadeboncoeur, 2002). However stomach content studies are 
costly and labor-intensive, and adequately characterizing diets requires examination 

of large numbers of stomachs. While stable isotopes do not provide taxonomic 

resolution of diet, relatively few specimens (generally fewer than 10 individuals of a
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species) are needed to infer trophic relationships and energy flow pathways (Vander 

Zanden and Rasmussen, 2002).
The application of stable isotopes to study trophic relationships in the wild has 

become increasingly common in recent years; however concern remains for the 

validity of a number of assumptions inherent in the technique (Gannes et al., 1997; 

Adams and Sterner, 2000). Without available data on specific enrichment factors for 

organism diet combinations in the Victoria and Kyoga basin basins, the study was 
unable to resolve the trophic position offish species based on 515N signatures as the 

only indicator and the assumed shift (3-4%o) per trophic level (DeNiro and Epstein, 
1978; Minagawa and Wada, 1984; Post, 2002). The basal 515N signatures of primary 

producers vary widely among lakes (Chapter 3) supported by earlier studies 

(Cabana and Rasmussen, 1996) and habitats within a lake (Vander Zanden and 

Rasmussen, 1999). However this study overcame this problem by measuring an 
organism’s 515N relative to the lake specific 615N and 513C of commonly occurring 

primary consumers such as tilapiine species (O. esculentus, O. variabilis, O. 
leucosticus and O. niloticus) commonly referred to as baseline 515N according to 

Vander Zanden and Rasmussen, 1999. Considering the consistent enrichment in 
515N, this value can be indicative of consumer's relative trophic level but not trophic 

position, because trophic position is a continuous (rather than discrete) variable that 

represents the potentially diverse energetic pathways that link a given consumer to 

the base of the food web (Levine, 1980; Cabana and Rasmussen, 1996; Vander 
Zanden and Rasmussen, 1999; 2002).

Despite the many advantages of stable isotope approach over stomach 

content analysis, stable isotopes do not replace stomach content information and 

there is increasing recognition that these two approaches provide complementary 

information and robust analysis. Direct analysis of diets provides immediate and 

direct evidence for specific feeding relationships and is critical for evaluating stable 
isotope model outputs. This study used the two independent methods on various fish 
species simultaneously from a diverse array of lakes that are at different levels of 
human interference to characterize their trophic relationships.
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From both stomach contents analysis (Chapter 3) and 613C isotope 

signatures (Chapter 4) invertebrates constituted an important dietary component of 

most fish species in the studied lakes or areas. As stated, the diverse invertebrate 

species have not been isotopically segregated. Limitations still remain and we 

should be cautious when making inferences on trophic positions versus levels. Both 

terrestrial and aquatic insects dominated as important invertebrate food for fish. The 

invertebrates included, C. nilotica, mollucs, oligochaetes and leeches. Invertebrates 

were particularly important because almost all the fish species including piscivorous 

and herbivorous fish included insects (dipteran larvae/pupae and Ephemeroptera) in 

their diets. Another important food item was fish, especially for the predatory Nile 

perch the basis of the current fishery in those lakes where it is found; and in a 

number of other fish species across the studied lakes (Chapter 3) which was 

supported by earlier studies identifying piscivory as common (e.g Corbet, 1961; 

Okedi, 1972; Greenwood 1981; Ogutu-Ohwayo, 1984; 1990c; 1994; Olowo and 
Chapman, 1999; Chapman, et. al., 2003). Both stomach contents and 613C signature 

indicated phytoplankton and detritus were the most important food sources at the 

bottom of the food web for all fish communities across the examined lakes or areas. 

Traditional approaches to the study of food webs however, emphasize the transfer of 
local primary productivity in the form of living plant organic matter across trophic 

levels and forget that the dead organic matter or detritus, a common feature of most 

ecosystems can play a frequently overlooked role as a dynamic heterogeneous 
resource and habitat for many species (Moore et al., 2004).

In pelagic aquatic systems, particulate and dissolved forms of detritus as well 
as phytoplankton may act as physical barriers that affect penetration of light and 

temperature within the water column. The attenuation of light by particulate or 
dissolved detritus in the water column reduces photosynthetic rates and reduces the 

feeding efficiencies of visually-oriented predators, which in turn is reflected in the fish 

species composition (Rodriguez and Lewis, 1997; Seehausen et al., 2003). The 

dissolved form of detritus (DOC) decreases photosynthetic radiation and primary
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production, selectively attenuates infrared light (the main source of heat), reduces 

ultraviolet (UV) light and in small lakes alters the depths of the thermocline, altering 

the structure and functioning of communities in aquatic ecosystems (Schindler et al., 

1996; Williamson et al., 2001). The particulate items as potential food sources 

become unavailable to the fish and most of the invertebrates encountered in fish 

stomachs also use detritus as a food source and as habitat (Brewer, 1994; Lake et 

al., 2000). This has further indicated that invertebrates are an important link in the 

transfer of energy from lower energy levels to higher trophic consumers especially 

fish and contribute both directly and indirectly to fish production.

Despite the dominance of aquatic macrophytes in most of these lakes both 

stomach contents and 513C signatures did not indicate direct contribution of 

macrophytes to the aquatic food webs in most examined lakes except in Lake Bisina 

where C. submersum appeared to contribute directly to T. zilli. T. zilli has been 

observed to feed on aquatic macrophytes in dams and Lake Albert (Greenwood, 

1966), Kyoga basin lakes (Twongo, 1988) and other aquatic ecosystems 

(Buddington, 1979; Pieterse, 1981). Macrophytes, however, also contribute to the 
detritus and provide energy to higher trophic levels (Keough et al. 1996; Herwig et 

al., 2004). b13C stable isotope studies have indicated macrophytes, especially C3 

plants or their detritus to contribute significantly to the carbon supply of the fish 

communities (Manneta et al., 2003) and as can C4 plants to a smaller extent 

(Forsberg et al., 1993; Vaz et al., 1999). Carbon fixed by emergent macrophytes and 

other terrestrial macrophytes in the riparian vegetation can be easily distinguished 

based on their photosynthetic pathways and water demand (Hecky and Hesslein, 
1995). The C3 plants such as Pistia stratiotes, Aeschynomene eraphiroxyon, 

Cyclosorus sp., Euclea schempri, Ficus congensis, and Eichhornia crassipes 
discriminate strongly against 13C isotopes by the primary CO2-fixing enzyme (RuBP), 
resulting in lighter 513C signatures (-31.2 to -27.6%o). The C4 plants such as Cyperus 

papyrus, Vossia cuspidata and Miscanthus violacea discriminate less against 13C 
isotopes, which was also, reflected in their 613C signatures (-13.7 to -12.0%o). 

Results from this study on macrophytes were in agreement with those of earlier 

studies in the Lake Victoria basin (Gichuki et al., 2001; Campbell et al., 2003) and
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Kyoga (Hecky and Hesslien, 1995). While most submerged aquatic macrophytes 

and phytoplankton use the C3 photosynthetic pathway, their carbon signatures were 

significantly heavier than that of terrestrial and emergent C3 plants. There is some 

uncertainty as to the cause of this difference but, probable explanation is the use of 

bicarbonate as a source of carbon and the slow diffusion of CO3 in water, which 

might reduce enzymatic discrimination (O,Leary, 1988; Boutton, 1991; Hecky and 
Hesslein, 1995). The observed minor step-wise enrichments in 513C signatures 

during trophic transfer (~1 %o) limits its use in assessing trophic levels, however this 
characteristic enhances the utility of carbon of 613C ratios for tracking carbon 

sources through a food chain (Peterson and Fry, 1987; Michener and Schell, 1994; 

Hecky and Hesslein, 1995) and may be used to quantify the contribution of benthic 

and pelagic to secondary consumers (Fry and Sherr, 1984; Boutton, 1991; Hobson 

et al., 1994; Hecky and Hesslein, 1995; Vander Zanden and Vadeboncoeur, 2002). 

However, distinguishing between C4 plants and plants that use a third phosynthetic 

pathway, crassulacean acid metabolism (CAM), is difficult with carbon isotopes only, 

but can be done in combination with hydrogen isotopes (Sternberg, 1989; Lajtha and 

Marshall, 1994). This is though a relatively uncommon pathway in aquatic plants.

Adequate representation of diet of many fish species is complicated by 

differences in diet that occur within species among individuals of different sizes, 

geographical locations, and during different seasons. Ontogenetic change in feeding 
habits is an almost universal phenomenon in fishes. As many large predators 

increase in size, they change habitat, movement patterns, size of jaws, teeth and 

stomach, energy requirement, experience with prey, vulnerability to predation and 

other factors that result from variable exposure to prey or improved ability of larger 
predators to capture different prey items and this is no exception for fish (Ogutu- 

Ohwayo, 1985; 1993; 1994; 1999; Chivers and smith, 1998; Juanes, 1994; Liao et 
al., 2002; Gill and Morgan, 2003; Chapman et al., 2003). Ontogenetic development 

of fish dictates the type and size of ingested prey within a time of years. Fish body

I
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sizes incross across life history, often resulting in discrete ontogenetic shifts in both 

habitat use and diet (Werner and Gilliam, 1984; Ross, 1986; France et al., 1998). 

The trophic relationship between species may therefore vary ontogenetically (Polis, 

1884; Piet et al., 1999). An explicit incorporation of these size-based differences in 

resource use is essential to evaluating the spatial and trophic structure of fish 

assemblages.

In this current study only larger specimens of the sampled fish community 

were collected because of the selectivity of fishing techniques. In general the lack of 

small juvenile fish will result in under representation of zooplankton in the trophic 

analysis and will also limit the perceived importance of juvenile fish as prey items. 

Despite the limitations, ontogenetic dietary shift was clearly shown for L. niloticus 

from stomach contents which mainly contained invertebrates at total length < 20 cm 

and dominantly fish between 20 and < 60cm, but even neither of these size groups 

were pure invertebrate eaters or piscivores. This was supported by earlier studies 

based on stomach contents (Ogutu-Ohwayo, 1985; 1994; Schofield and Chapman et 

al., 1999; Chapman et al., 2003) and recently by stable isotope isotopes in Lake 

Victoria (Campbell et al., 2003). The other predators such as B. docmak, C. 
gariepinus, S. intermedius, P. aethiopicus and the piscivorous haplchromines were 

too few or infrequent to permit ontogenetic assessment but are even more likely to 

undergo this dietary shift from their observed few stomach contents where they were 

either full of insects or fish. With reduced availability offish prey the large predators 

in these systems incorporated a broad range of prey into their diets e.g. larger Nile 

perch in lake Nakuwa included a lot of invertebrates in its diet and exhibited a lot of 
cannibalism. Nile perch in Lake Victoria is known to feed on its own young when the 

haplochromines are reduced (Ogutu-Ohwayo, 1985; 1990b; Hughes, 1986; Ogari 
and Dadzie, 1988; Ligtvoet and Mkumbo, 1990). The predatory birds still remain 

among the top predators in aquatic food webs of the studied lakes as had been 

recorded by earlier studies on lake Victoria (Wanink and Goudswaard 1994); 

however birds and humans are always thought about last in quantification of trophic 
relationship in aquatic systems.
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This study indicated that there were dietary shifts due to geographical 

differences among fish species across studied lakes based on both stomach content 

analysis (Chapter 3) and stable isotope analysis (Chapter 4). Earlier studies by 

Olowo and Chapman (1999) based on stomach content analyses also indicated that 

B. domak mainly fed on haplochromines in Lake Edward but fed on mainly 

invertebrates in Lake Victoria after the Nile perch boom. Such differences may be 

partly related to habitat differences or geographic variations, such as differences in 

food availability at different localities (Nakamura et al., 2003). The relative isolation 

of lake ecosystems can also contribute to among-lake differences in the composition 

offish communities (Magnuson et al., 1998; Olden and Jackson, 2001) resulting in 

lake to lake differences in biotic conditions (prey communities, presence or absence 

of competitors or predators) and should promote diet flexibility and variability among 

populations (Lacasse and Magnan, 1992). The high flexibility in diet and habitat 

exhibited by B. docmak could partly explain its persistence in low numbers in Lake 

Victoria (Olowo and Chapman, 1999). The high food plasticity that fishes from 

tropical regions exhibit (Lowe McConnell, 1975) explains how individuals from the 

same populations can ingest food from different sources, widely varying in isotopic 
composition (Gu et al., 1997). The power of stable isotope approach stems from the 

capacity to provide time integrated trophic information at the level of individual 

consumers. This allows examination of intra-population or individual-level diet 

specialization in ways not possible using traditional stomach content techniques.

Variation in feeding of fish species is further demonstrated by seasonal 

differences in diet that have been reported within species. For example in shallow 
habitats of northern Lake Victoria Nile tilapia exhibited a dietary shift from mollusks 

and Caridina in the short dry, cool season to more chironomids (numbers per fish) 

during the long dry season than any other time even though the biomass ingested 

may have been less than that of detrital material based on stomach content analysis 
Figure 5.1 (Balirwa, 1998).

To date, no studies have quantified the effects of seasonal changes on 
trophic relationships among fishes in the Victoria and Kyoga basin lakes based on 
stable isotope analysis. However studies done in other freshwater aquatic systems
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There have been relatively few investigations comparing diets of sympatric 

populations of fish species on a spatial scale across water bodies in the Victoria and 

Kyoga basin lakes. Several studies have looked at populations of one to three 

species on a spatial scale (Ogutu-Ohwayo, 1994; Olowo and Chapman, 1999; 

Nagayi, 1999) or one to three species on a spatial and temporal scale within the

Figure 5.1. Seasonal variation (volumetric mean % SE) in the relative importance of 
main food items in stomachs of O. niloticus (pooled across size classes) from the littoral 
zone of northern Lake Victoria between 1995 and 1996 (Balirwa, 1998).

have indicated changes in isotopic signatures with seasonal patterns especially with 

613C signatures (Toda and Wada, 1990; Gu et al., 1994; Yoshioka et al., 1994; 

Cabana and Rasmussen, 1996; Herwig et al., 2004) and 515N signatures of the 

forage base (Goericke and Fry, 1994). Seasonal variation in diets may reflect 

seasonal migratory movements among fish species and/or their prey, associated 

with changing environmental factors (Horpilla and Kairesalo, 1990; Garrison, 2000;).
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same water body (Balirwa, 1998). As was the case for b13C ratios, the utility of 615N 

ratios in animal ecology relies on their distribution in foods and how they are 
incorporated into the tissues of the consumer; however unlike b13C there is no single 

process, like photosynthesis, that creates a large isotopic fractionation of b15N in 

plants that can be traced through food webs (Kelly, 2000). Comparison of b15N 

signatures for emergent macrophytes and terrestrial plants was problematic due 

partly to the large variation in the b15N signatures of soils and the systematic 

enrichment of deep-rooted plants over those with shallow roots (Virginia et al., 1989; 

Hecky and Hesslein, 1995).
Despite the observed high variation of b15N signatures of primary producers 

among and within the examined lakes as observed in other aquatic ecosystems 

(Kling et al., 1992; Kline et al., 1993; Cabana and Rasmussen, 1996; Gut et al., 

1994; Toda and Wada, 1990) 515N signatures have been successfully used to 

identify general sources of nitrogen to food webs (Ambrose, 1993; Benedicto-Cecilio 

et al., 2000; Manetta et al., 2003). The nitrogen fixing terrestrial plant E. eschemperi 
found at the beach of Lake Mburo recorded the highest b15N (+8%o), which was 

close (+1%0) from a range (-7 to 7%o) recorded for other terrestrial nitrogen fixing 

plants. Nitrogen-fixing plants are generally depleted by 2%o on average, relative to 

non-nitrogen fixing plants (Virginia et al., 1989; Lajtha and Marshall, 1994). It is 

however, difficult to identify the relative contributions of various plant types to food 
webs based on b15N signatures alone, but their use in combination with b13C can 

often rule out the possible food sources (Chapter 4).

The use of b15N signatures for animal ecology lies in their relationship with 
trophic level. The average enrichment of 3 %o (range 3-10%o) in b15N signatures for 

whole-body samples over the diet was first experimentally documented by (DeNiro 
and Epstein, 1978). Later studies supported 3 %o enrichments of whole bodies over 

diet (e.g. Minagawa and Wada, 1984; Peterson and Fry, 1987) and thereafter 515N 

signatures have been successfully used to describe trophic relationships in a 
number of food web studies (Rau et al., 1992; Vander Zanden et al., 1997; Vander 

Zanden and Rasmuseen, 1999; 2001; 2002; Post, 2002) which were primarily simple 

pelagic food webs with high diet selection or specialization (Hecky personal
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communication). In combination, these results and those from laboratory 
experiments support the generalization that, on average, a 3-4%o enrichment in 515N 

signatures accompanies each trophic transfer (Peterson and Fry, 1987; Tieszen et 
al., 1983; Ambrose, 1993; Michener and Schell, 1994). The applicability of 615N as 

an absolute measure of trophic position or food chain length for comparative studies, 

therefore, is limited by the variability in 615N of the forage base such as 

phytoplankton and can be mistakenly interpreted as a variation in trophic structure if 

the basal signature is not sampled (Kidd et al., 1995; Vander Zanden et al., 1997; 

Legget et al., 2000).
In the current study however, from both b15N signatures and stomach 

contents it was apparent that the food webs of these lakes and lake areas were not 

structured in a simple linear fashion, but rather they indicated omnivory (feeding at 

more than one trophic level. Hence, the b15N did not exhibit a typical assumed shift 

of 3-4 %o per trophic level (DeNiro and Epstein, 1978; Minagawa and Wada, 1984; 

Post, 2002). We cannot discount possible differences in fractionation factors (Adams 

& Sterner, 2000; Ben-David and Schell, 2001). However the observed high dietary 

overlap among fish species within lakes or areas could be cited as evidence for 

potential competitive interaction between these groups as have been found in other 

aquatic systems (Fogarty and Murawski, 1998). Stable isotope can be used to 
resolve such intra and among-population feeding variations and has been used 

successfully in many freshwater ecosystems (Vander Zanden et al., 2000; Vander 
Zanden and Rasmussen, 2002). The range b15N of most fishes in the study 

lakes/areas (Chapter 4) generally agreed with their generalized feeding habits from 
stomach content analysis (Chapter 3).

Slight discrepancies between feeding habits and measured 515N were found 

in the top predators of these lakes. In particular Nile perch in almost all the lakes 
where it was found had relatively lower b15N values than expected and its signature 

was overlapping with the other fishes some of which were its expected prey, 

suggesting that those fishes are not prominent in the diet of Nile perch at least for 

the sizes sampled. The other contrary expectations were that sometimes fishes 
which were observed to feed on fish from stomach contents had lower 615N
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To date, no studies have extensively studied the trophic patterns among 
fishes in the Victoria and Kyoga basin lakes. Understanding of fish consumer’s

signatures than those that fed on invertebrates and in some cases omnivorous 

fishes having the lowest 615N signature compared to herbivores. Generally the 

observed among or within lake differences in dietary overlap (Chapter 3) and the 
b15N signatures (Chapter 4) of the fishes may be partly due to differences in diet but 

also due to differences in the basal 615N of primary producers (Cabana and 
Rasmussen, 1996). Fresh water systems can have variable basal signals of 615N 

signatures due to differences in trophic status (Minagawa and Wada, 1984), 

additions of fertilizer (Peterson et al., 1993 or sewage (Estep and Vigg, 1985; 

Cabana and Rasmussen, 1996) or due to differences in the trophic composition of 

the inorganic nitrogen or organic nitrogen utilized by primary producers (Kline et al., 
1990; Goeriche et al., 1994; Legget et al., 2000). Recent studies have found 615N 

signatures of primary producers from densely populated areas to be (8%o) greater 

than same organisms from relatively uninhabited systems and that this signal was 

reflected in the fish muscle 615N (Cabana and Rasmussen, 1996; Lake et al., 2001). 

Human and animal waste will increase the 615N of recipient waters and their 

dependent food webs. Although this study concentrated on mainly night catches and 

may have missed peak feeding periods for some species, the large number of empty 
stomachs in the fishes could also reflect nutritional stress. Nutritional stress has 

been associated with enriched <515N signatures as catabolism of the body’s proteins 
during periods of starvation may enrich b15N signatures of remaining tissues 

(Hobson and Clark, 1992; Ambrose, 1993). The fishes generally had a varied diet, 

which in part was influenced by species, sizes and geographical location, but in 

general displayed a lack of specialization. Both methods stomach content and stable 
isotope analyses indicated the tilapiine species from the relatively less disturbed Nile 

perch free lakes Nawampasa and Bisina exhibited a greater degree of dietary 
specialization.
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trophic patterns and positions requires more than knowledge of the prey items that 

make up its diet but also the dynamics of the feeding process. Understanding 

ecological interaction between consumers and prey therefore requires knowledge of 

the amount of food ingested, availability of different foods and the feeding frequency 

of the predator. Analysis of stomach contents allows inference of feeding patterns 

through reconstruction of meal sizes, ingestion times, feeding duration, and feeding 

frequency. The frequency of occurrence of empty stomachs, the number, weight, 

and stage of each food item, all give insight into the feeding patterns of a consumer.

Among these aspects, this study only recorded a high proportion of empty 

stomachs in fish diets, which is common for commercial fisheries operations 

(Wetherbee et al., 1990). The use of long lines and active methods that involve 

beating of the water may attract fishes with empty stomachs, however this is unlikely 

when using passive gear such as gill nets or active gear such as trawls. This study 

dominantly employed experimental passive gill nets but fishes from commercial 

catches operations augmented experimental samples.

The high frequency of occurrence of empty stomachs together with the 

observation of often only few food items, many of them in advanced stages of 

digestion in many predatory fishes lends support to the notion that many predatory 

fishes are intermittent rather than continuous feeders, otherwise one would expect to 

regularly find multiple food items at different stages of digestion and few empty 

stomachs as been observed in other freshwater ecosystems (Medved et al., 1985; 

Cortes and Gruber, 1990). Data on the proportion of empty stomachs in a sample 

together with total time required to complete gastric evacuation (not captured in this 
study) are important in estimating the feeding frequency of fish species (Diana, 

1979). An area that would help aquaculture i.e. knowing how much to feed and the 
frequency.

Individual-level trophic variation and diet consistency is poorly understood 
and difficult to detect source of trophic variation. Yet, the differences in foraging 

patterns of individual fishes from a population can have major ecological 
implications. For example, trophic specialization is thought to reduce intra-specific 

competition (Van Buskirk and Smith, 1989; Schindler et al., 1997) and can have
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profound consequences for overall population dynamics (Partridge and Green, 

1985;). Trophic differences among individuals in a population may be responsible for 

the within-population variation in growth and life history patterns (Vander Zanden et 

al., 2000). The complexity of food webs from shallow lakes and littoral areas and the 

lack of presence/absence data for potential prey items make it impossible to follow a 

similar approach in the exploration of these food webs. The variability in trophic 
positions among populations as shown by both the dietary data (Chapter 3) and 515N 

signatures (Chapter 4) indicate that knowledge of the trophic position of a given 

population may not be extrapolated to represent that of the other population of the 

same species in a different ecosystem. This is clearly shown by trophic position 

values from 515N signatures where species can switch their trophic position from 

lake to lake (Table 4.1). Only direct sampling of food web structure within a 

lake/wetland of interest will provide essential data on trophic relationships within the 
lake.

The observed prevalence of omnivory and the complexity of natural food 

webs in shallow lakes and littoral areas of relatively deeper lake suggest that neither 

discrete food chain nor connectance food web approaches will adequately represent 

the pathways of energy flow and mass transfer in aquatic ecosystems (Vander 

Zanden and Rasmussen, 1996). This problem was overcome by use of a 

continuous measure of trophic position of fishes based on both dietary data (Chapter 
3) and 515N signatures (Chapter 4) to strike a balance between the food web 

approaches, which fail to weigh trophic connections according to energetic 
importance and the food chain approaches that ignore omnivory and complexity that 
characterize ecosystems (Vander Zanden and Rasmussen, 1996).

During the pre-perch era, B. docmak, C. gariepinus and S. intermedius (Fryer, 
1960; Corbet, 1961; Olowo and Chapman, 1999) and post- perch L. niloticus (Gee, 

1964; 1969; Ogutu-Ohwayo, 1985; 1990a,b; Hughes, 1986; Ogari and Dadzie, 1988; 

Ligtvoet and Mkumbo, 1990) it was and is still commonly accepted these are the top
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predators in Lake Victoria and most likely in the other lakes of the Victoria and 

Kyoga basins where they were and/or are still found. However, until recently virtually 

no quantitative estimates of trophic levels existed for most fishes in the two basins. 

Froese and Pauly (2000) estimated trophic positions of most fishes from Lake 

Victoria including the pre-perch data from dietary data using ECOPATH 

(Christensen and Pauly, 1992). Campbell et al., 2003 has attempted a more 

comprehensive assessment based on stable isotope and historical dietary analyses 
and estimates the trophic levels for fishes in two bays of Lake Victoria based on 515N 

signatures.
b15N signatures evidence indicates that all fish species examined from the 

studied lakes or areas spanned one trophic level based on the assumed trophic 

transfer of 3-4%o per trophic level (DeNiro and Epstein, 1978; Minagawa and Wada, 

1984; Post, 2002). However based on continuous measure trophic positions 

calculated from both diet and 515N signatures, trophic positions varied greatly among 

populations of given species. The range in trophic position for a given species was 

about one trophic level for each of the examined fish species. Comparison of trophic 

positions calculated from dietary and 515N signatures, explained 57% variation and 

was characterized by a high degree of overlap especially among the top predators, 
however the trophic positions calculated from dietary data were generally higher 
than those from 515N signatures (Figure 5.2; r2= 0.57, p<0.001, n=15, 615N=0.45.Diet 
+ 0.97)
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Trophic position estimates based on <515N signatures for the individual fishes 

provided evidence that it is not necessarily the larger predators that occupy higher 

trophic positions in ecosystems as has always been assumed from stomach content 

analysis Chapter 3 and (Figure 5.2). From most of the studied lakes or areas both 

with and without Nile perch, small fishes were the top predators and occupied 
highest trophic positions (Chapter 4). In particular Nile perch in almost all the lakes 
occupied intermediate trophic position and its b15N values tended to even overlap 

with some of its expected fish prey if not lower, however the reason for this has 
already been explained in ontogenetic shifts above (5.1.3). However it should be 
noted that dietary increase in body size might not necessarily increase with trophic 

position (Vander Zanden et al., 2000). A predatory fish may not consume
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increasingly large prey with increasing size and larger prey may not necessarily 

have a higher trophic position. For example a Nile perch feeding on large 

herbivorous tilapiine species and a small piscivorus haplochromine species, will 

occupy a lower trohic position than the latter. Secondly most of those small sized 

fishes (e.g. R. argentea, B. sadleri, B. kerstenii and P. catastoma) are associated 

with the zooplankton or predatory invertebrates such as odonata and choaborus that 

heavily depend on zooplankton diet (Luecke and Litt, 1987). This study was unable 

to find any zooplankton in the stomach contents of these fishes, because they tend 

be easily digested (Pinnegar et al., 2002) but found predatory invertebrates such as 

odonata and chaoborus to mention a few. Zooplankton tends to be part of complex 

food webs involving many microbial trophic levels (Azam et al., 1983) and these 

subtleties are rarely appreciated from stomach content analysis (Pinnegar et al., 
2002). In any case it can be concluded that these small fishes with enriched b15N 

cannot be a high proportion of the diet of the larger piscivorous fishes.
The among lake differences in trophic positions of fishes based on both 515N 

signatures and dietary data may not only be attributed to differences in diet but also 

differences in the basal 515N of primary producers. Systems can have variable basal 
signals of 515N due to differences in trophic status (Minagawa and Wada, 1984), 

additions of fertilizer (Peterson et al., 1993), sewage (Estep and Vigg, 1985; Cabana 

and Rasmussen, 1996) or to differences in the isotopic composition of the inorganic 

nitrogen available to primary producers (Kline et al., 1990). A recent study has 

shown that the 515N signal of primary consumers from lakes with heavily populated 

watersheds was an average of 8%o greater than the same organisms from relatively 
uninhabited systems (Cabana and Rasmussen, 1996), and that the signal in these 
organisms was correlated with fish muscle 515N. So from lake to lake variance in the 
615N of the top trophic level may vary only because of different basal 615N signatures 

(Chapter 4).

The range in trophic position values is approximately one trophic level 
(~3.5%o b15N) among populations of each of the studied fish species. This within- 

species variability in trophic positions can be attributed partly to highly flexible and 

opportunistic feeding of these fish species (Dill, 1983) or variation in trophic positions
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of prey organisms. Determining the definite sources of variation from the two 

possibilities would require measurement of the trophic position of most organisms in 

the lower food web. Furthermore the estimates from this study accompanying dietary 

trophic positions values are conservative since the study is unable to account for the 

unknown variation in the trophic positions of the prey items.

Little is known about patterns and processes that structure communities in 

shallow lakes and littoral areas of deeper lakes in the Victoria and Kyoga basin lakes 

compared to the pelagic areas of lake Victoria as has been observed in other fresh 

water ecosystems (Schindler and Scheuerell, 2002; Vander Zanden and 

Vadeboncoeur, 2002).

The shallow lakes and littoral areas of deeper lakes comprise heterogeneous 

areas with a varying degree of structural complexity, thus forming a mosaic of 

different microhabitats (Chick and Mclvor, 1994). Shallow lakes and littoral habitats 

examined by this study vary substantially in water depth, temperature, bottom type, 

density of emerged or submersed macrophytes, and the presence or absence of 

other natural or artificial structures such a trees, rocks and landing sites (chapter 2). 

Therefore it is not surprising that attempts to classify and find determinants 

structuring fish communities in similar ecosystems often do not have a single unique 
solution (Pierce et al., 1994; Fischer and Ekmann, 1997). It is however known that 

like, in other types of ecosystems, fish tend to react to stresses in certain predictable 

ways irrespective of the stress applied, be it fishing, general physical degradation of 

the environment, diffuse pollution or eutrophication (Welcomme, 1999). Using out 
puts from this study and other information from elsewhere, the following factors that 
work simultaneously have been identified to explain the observed food web 
complexities in the studied lakes or areas.
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In Africa, overfishing is a recurrent problem closely associated with 

environmental conditions. Africa has suffered food crises for decades, exacerbated 

in the Sahelian areas by prolonged drought through the late 1970s and the 1980s. 

When severe drought compromises production of livestock and crops, rural 

communities turn to hunting and fishing to satisfy their protein needs (Balirwa et al., 

2003)

Fishing pressure has induced significant changes in the fish assemblages of 
the Victoria and Kyoga basin lakes over through out the 20th Century e.g. by 1960s 

there was evidence of overexploitation of most of the larger species in Lake Victoria 

(Graham, 1929; Jackson, 1971; Ogutu-Ohwayo, 1990 a,b; Balirwa eta/., 2003).

The formerly multi-species nature of these fisheries was often extremely 
complex in both fishing gears and methods, besides the socio-economics of the 

fishery (Welcomme, 1999; Muhoozi, 2002). The changes in the complexity in the 

fisheries of these lakes over time are associated with changes in trophic structure 

and food web complexities among the fish communities. The changes include direct 

removal of the target species (Pope and Macer, 1996; Garrison and Link, 2000; 
Laurans et al., 2004) and the indirect effects on unexploited species through 

alterations in trophic interactions such as predatory or competitive release. Large or 

slow-growing species with late maturity decline in abundance more rapidly than their 
smaller, faster-growing, counterparts (Jennings et al., 1999; Welcomme, 1999; 2003; 

Balirwa et al., 2003; Laurans et al., 2004) under fishing pressure. Examples of direct 

removal in Lake Victoria were the declines in large fish species such native tilapiines 
(Graham, 1929; Ogutu-Ohwayo, 1990a;b), river vulnerable, the migratory fish 

species L victorianus (Cadwalladr, 1969) and the catfishes (Goudswaard and Witte 

et al., 1997; Balirwa et al., 2003); and the indirect effects of reductions in these 
fishes could have been the predation release of haplochromines and reduced 

competitive release for piscivorous and phytoplanktivorous haplochromines which 
were not quantified. The recent over fishing of the predatory Nile perch in lakes 

Victoria and Kyoga has also coincided with partial recovery of some haplochromine
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species (Ogutu-Ohwayo; 1994; Schindler et al., 1997; Seehausen et al., 1997b; 

Witte et al., 2000). The current human high exploitation of R. argentea further 

complicates the food web and threatens the sustainability of the Nile perch fishery 

because harvesting of R. argentea is associated with large quantities of by catch 

juveniles of Nile perch and other important ecological and or commercial species 

(Muhoozi, 2002). Similar observations were reported for the demersel fish 

communities of marine ecosystems of West Africa where increased fishing pressure 

resulted in the reduction of biomass of higher trophic levels and increase in biomass 

of lower trophic levels. This was associated with a release of predation pressure in 

the demersel fish communitry (Laurans et al., 2004)

The multi-species fishery in most the studied lakes is associated with a array 

of fishing gear and methods some which have some impacts on the food web 

complexity and these include the popular beach seine, cast nets, and boat seines, 

angling which involves digging for bait under soft stratum and of recent, an inreased 

creation of microhabitats through manipulation of floating islands (sudds) by 

anchoring with heavy stones and strong ropes on Lake Kyoga. The multi fishing 

gears and methods results into habitat alteration and unobserved mortality, 
destruction of nursery functions (Blaber et al., 2000) and rich feeding areas (Costa 

and Eliot, 1991) all of which are associated with changes in associated biota and 

food web complexity.

In Lakes Victoria and Kyoga, however, intense fishing of the Nile perch in the 

1990s also coincided with selected faunal resurgence especially of haplochromines 
species (Ogutu-Ohwayo, 1994; Seehausen et al., 1997b; Witte et al., 2000). 

However fishery removals have been associated with considerable removal of 

nutrients (phosphorus and nitrogen) from fresh waters (Sarvala et al., 1984) and 

marine systems (Hjerne and Hansson, 2002). In Lake Victoria the fishery removes a 

small amount of P just equivalent to that removed by River Nile annually (Hecky 

personal communication). In The Black Sea, the fishery removes approximately 18% 

of the estimated anthropogenic loads especially phosphorus that reaches the sea, 
hence reduces society costs for nutrient reduction and regulates eutrophication to 

some level (Hjerne and Hansson, 2002). Changes followed by fish removals, are
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accompanied by changes in species composition which are associated with changes 

in the food web complexity and finally nutrient dynamics, therefore changes in food 

web complexity can provide an understanding of one of our major environmental 

problems; eutrophication common to most of our aquatic systems.

While loss of species by human exploitation from freshwater ecosystems has 

occurred (Graham, 1929; Ogutu-Ohwayo, 1990b; Welcomme, 1999; Garrison and 

Link, 2000; Pinnegar et al, 2002), it is a relatively minor threat to biodiversity and 

food web complexity in comparison with the impacts of introduced species (Zaret, 

1973; Witte at al., 1992a; b; Ogutu-Ohwayo, 1990c; Kaufman, 1992; Kaufman eta/., 

1997; Richter et al., 1997; Marchetti et al., 2004). Introduced species may deplete, if 

not eliminate, native species by predation, competition, habitat alteration and 

hybridization (Barel et al., 1985; Ogutu-Ohwayo, 1985; 1990a; b; 1994; Richter et al, 

1997; Ricciardi and Rasmussen, 1998; Seehausen et al., 1997a;b; Seehausen etal., 

2003). Addition or loss of species may also act on fish populations by changing one 

or more parameters that govern their growth rates (Bodini, 2000).

Predation of Nile perch has partly contributed to the decline of 

haplochromines in Lakes Victoria and Kyoga (Barel et al., 1985; Ogutu-Ohwayo, 

1985; 1990b; Witte et al., 1992) and in Lake Nabugabo (Ogutu-Ohwayo, 1993; 
Chapman et al., 2003). These haplochromines were ecologically so diverse that they 

utilized almost all resources available to freshwater fishes and therefore played an 

important role in transfer of energy to higher trophic levels (Fyers and Iles, 1972; 

Mbabazi et al., 2004). The reduction and disappearance of over 200 haplochromine 
species is hypothesized to have contributed to disruption of the food web complexity 

in these lakes in that their diverse trophic roles were taken over by insects which are 
believed to be less efficient at utilization of food resources and much of the organic 
matter is not channeled efficiently through the food and remains unconsumed; 

accumulation of which cause deoxygyenation (Hecky 1993) however there is no
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Although terrestrial ecosystems are vulnerable to the global nitrogen glut, 

aquatic ecosystems have probably suffered most thus far, being ultimate receptacle 

of much of the nutrient load (nitrogen and/or phosphorus) from point or non-point 

sources generated as a result of anthropogenic changes in the catchments (Lake et 

al., 2000). In Lake Victoria over the last century, excess nutrients have doubled 

primary production and increased algal biomass from 8 to 10 fold (Mugidde, 1993). 

Accompanied by a shift from a dominance of pre-eutrophication diatoms mainly 
Alucoseira sp. to the current Cyanobacteria (Hecky, 1994). When the un consumed 

or utilized algae dies and decays it robs water of its dissolved oxygen, suffocating 
aquatic organism which explains the observed fish kills (Ochumba and Kibaara, 

1989; Kaufman and Ochumba, 1993; Hecky, 1993). The increasing turbidity and 

eutrophication explains the simplification of the formerly complex balanced food web 

through a combination of dermersal haplochromine displacement and increased 

invertebrate abundances (Hecky, 1993). Increased abundances of insect larvae and 
especially the atyid shrimp C. nilotica (Witte et al., 1992a) and cyprinid R. argentea 

(Wanink et al., 2001) favored survival of the juvenile Nile perch, which fed on largely 

invertebrates (Ogutu-Ohwayo, 1990c). Increased survivorship of juvenile perch led

documented evidence to support the hypothesis and therefore remains a knowledge 

gap-
Besides predation, competition for habitat and food by the Nile perch with the 

native predators like the catfishes and haplochromines cichlids could have 

contributed to the current simplification and re-structuring in the fish assemblages 

and food web complexity (Goudswaard and Witte, 1997; Kaufman, 1992).

Apart from Nile perch, several other tilapiines were introduced into most of the 

examined lakes (Garrod, 1961, Welcomme, 1988) and particularly O. niloticus is 

likely to have competed with the native tilapiines O. esculentus and O. variabilis, and 

the phytoplanktivorous haplochromines for food recourses and habitat (Seehausen 

etal., 1997b; Balirwa, 1998).
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to explosion of the adult perch population that decimated the haplochromines 

(Hecky, 1993). Despite their ability to utilize almost all resources available in fresh 

waters (Fryer and Iles, 1872), they had a limited ability to adjust to the rapidly 

increasing food resources as a result of excess nutrients. Eutrophication only 

favored the r-selected life cycle species i.e. invertebrates and Nile perch (Hecky, 

1993) to K-selected haplochromine (Witte et al., 1992b) species because they had 

the ability to respond to rapid increase in food supply (Odum, 1985).

This study has indicated that in addition to predation by Nile perch food chain 

length generally increased with increased transparency measured as secchi depth 

(m) (Chapter 4), which was supported by earlier studies that eutrophication 

contributed to the simplification of the Lake Victoria food web (Seehausen et al., 
1997a; Verschuren et al., 2002). Generally predatory fishes differ in performance 

and have specialized prey species or sizes to minimize competition. Decreased 

visibility reduces the visual field and the encounter rates with preferred prey, which 

results in incorporation of more less preferred prey types of low quality to the prey 

spectrum and affects fish species composition with associated food web complexity 

(Rodriguez and Lewis, 1997). Reduction in transparency leads to convergence in 

prey spectra of predator species that are specialized for different types of high 

quality prey (Seehausen et al., 2003). The resulting niche desegregation and 

increased competition would lead to extinction of the less efficient predators when 
population sizes are resource limited (Tokeshi, 1999). The dramatic decrease in 

water transparency in Lake Victoria over the past 20 years or more (Seehausen et 
al, 1997; Witte et al., 1999; Seehausen et al., 2003) is likely to have increased 

competition among the visual piscivorous fishes in the lake. The increase in Nile 

perch a generalized predator that can efficiently utilize small prey types may have 

added competitive pressure on the then abundant piscivorous cichlids that were 

forced to converge with each other and Nile perch on a generalized prey spectrum 
(Seehausen et al., 2003).

Eutophication also has been found out to influence sexual selection among 

some cichlids haplochromines. Increased turbidity as a result of eutrophication 
reduces the diversity of the color signals on both sides of the spectrum which causes
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Despite the critical role of aquatic macrophytes in the ecological integrity of 

fresh water ecosystems, to date few studies comprising of single species or a group 

a taxonomic group of fishes have characterized a few ecological or behavioral 

aspects of fish and macrophyte interactions in the Victoria and Kyoga basin lakes 

(Kaufman and Ochumba, 1993; Chapman et al., 1995, Balirwa, 1998) and instead 

eradication of aquatic macrophytes remains a recommended component of fisheries 

management programmes in most inland waters (Petr, 2000).

Results from this study indicate an association of lakes with high aquatic 

macrophyte abundance with high species diversity and longer food chain lengths 
(Chapter 4), which is supported by earlier studies in other fresh water ecosystems. 

Aquatic macrophytes harbor among other organisms, a fish fauna characterized by 

small fish species or juveniles of many species that grow to large sizes as adults and 

offer them shelter and foraging places as well as providing spawning sites to most 
fish species (Glinsky, 1984; Delariva et al., 1994; Lauridsen and Buenk, 1996; Lewin 
et al., 2004). Fish communities associated with aquatic macrophytes take advantage 

of the food availability in this microhabitat (Gilinsky, 1984; Rozas and Odum, 1988), 

since macrophytes provide a substratum where algae and bacteria may develop,

relaxation of sexual selection for color and loss of male nuptial coloration leading to 

erosion of species due the breakdown of reproductive barriers (Seehausen et al., 

1997).

Generally eutrophication, results in reduction in the visual range, visual 

resolution and visual dimensionality that leads to loss of species diversity 

(Seehausen et al., 2003) and associated food web complexity. Therefore 

eutrophication and turbidity may explain the observed food web complexity among 

the examined lakes, which are at different levels of anthropogenic impacts and 

trophic states.
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and detritus may deposit, contributing to the abundance of invertebrates (Dihel and 

Kornijow, 1998). Aquatic macrophytes also provide protection from predators 

(Gilinsky, 1984; Chapman et al., 1995; Lewin et al., 2004) and are direct and indirect 

source of food for fish and aquatic birds (Petr, 2000).

However, large densities of aquatic macrophytes have been associated with a 

reduction fish condition factor resulting in stunted fish populations (Colle and 

Shireman, 1980). Several other studies have shown that the growth rate of prey fish 

is retarded when they are confined to the vegetation due to predation risk (Persson 

and Eklov, 1995) and increase in competition among the prey fish in the refuge 

(Petr, 2000). The maximum foraging rate decreases when the fish shifts from the 

pelagic to the vegetated habitat (Person and Crowder, 1997). However piscivorous 

predators have reduced foraging efficiency with an increase in vegetation density 

and thus minimize the predation risk of the prey (Savino et al., 1992; Werner and 

Hall, 1988; Eklov and Diehl, 1994; Persson and Eklov, 1995). The predation risk can 

explain the smaller sizes of the tilapiine fish species that are caught in most of the 
vegetated satellite lakes around the Victoria and Kyoga Basins and the 

disappearance of the once introduced Nile perch in Lake Bisina can be explained by 

the reduction in foraging efficiency due to increased macrophyte densities (Personal 

communication with elders).

The reason advanced for proliferation of both the floating and submerged nuisance 

aquatic macrophytes has been favorable nutrient environment and human impacts 
through eutrophication, especially in smaller shallow aquatic systems (Petr, 2000), 

which I presume is no exception to the studied lakes. However like the other biota, 

aquatic macrophytes are also threatened by increased eutrophication through 
reduction of water transparency (Ramlal et al., 1991; Squires et al., 2002). 

Illumination of the lake bed is a fundamental requirement for the development of 
littoral vegetation (Hutchinson, 1975; Squires et al. 2002).

In Lake Kyoga the invasion and spread of Water hyacinth coincided with 
resurgence of haplcohromines which would have not only provided refugia against 
predatory Nile perch (Ogutu-Ohwayo, 1994; Mbabazi 1999) but also provided 
foraging places because like any other aquatic macropytes they Water hyacinth was
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associated with a high diversity of invertebrates (Wanda et al, 2001) and could have 

provided crucial links in the littoral fish food web (Balirwa, 1995). Despite the 

intensive fishing pressure on Nile perch in lakes Victoria, Kyoga and Nabugabo 

(Ogutu-Ohwayo, 1994) which possibly contributed to the resurgence of native fishes, 

the current rareness of haplochromines in this study, along with the recent high 

reduction in water hyacinth and the almost constant fishing intensity on Nile perch 

suggests that the role Water hyacinth played as ecotonal refugium and foraging area 

is necessary for the resurgence of haplochromines.

Rocky habitats are usually associated with littoral areas, the interface of land and 

water, and support a diverse biota ranging from algae, invertebrates, juvenile fish 

and adult fish that are adapted to survive in this habitat's unique conditions (Alin et 

al., 1999; Seehausen et al., 1997b). Rocky shores not only provide refuge for fishes, 

but also food, fish nurseries and roosting and feeding grounds for birds and their 

associated food web complexity and help in stabilization of the inshore sediments 
(Alin et al., 1999). Currently the highest fish species diversity in Lake Victoria has 

been associated with rocky habitats and most of these species (mainly 

haplochromines), with the exception of some few catfishes and cyprinids 
(Greenwood, 1965; Trewavas, 1933; Witte and van Densen, 1995) had never been 

recorded in other habitats (Seehausen et al., 1997b). Certain rocky habitats however 

have lost a major part of their fauna (Seehausen et al., 1997a) due to changes in 
water transparency.

The rock-dwelling fishes especially cichlids are threatened by fishing through 
collection as baits for the Nile perch long line fishery using a line and hook (Ligtvoet 

et al., 1995). The highly complex food web associated with rock shores is further 

threatened by eutophication described in 5.2.3 and sedimentation. In coming 
sediment loads that are carried by influent water masses can alter rocky benthic 

habitats in several ways (Cohen et al., 1993). Increased turbidity may reduce light 

penetration and result in decreasing levels and maximum depths of benthic primary
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productivity in the littoral zone (Hecky and Hesslein, 1995). Secondly incoming 

sediments may also bind or release nutrients or toxins, altering energy flows through 

associated biotic communities. Cracks and crevices fill with sediments, reducing 

habitat heterogeneity, the range of potential habitats and predation refuges for many 

highly specialized fish and invertebrate species. Covered rocky substrate also 

decreases the surface area available for epilithic algal growth and invertebrate 

colonization (Alin et al., 1999).

Conversion of land to agriculture is proceeding at a considerable pace in 

many developing countries, and the United Nations Environment Programme 

(UNEP) predicts that agricultural land could nearly double in Africa by 2050 (WRI, 

1998). In Uganda, the human population growth in the watersheds is 3-4% per 

annum (Hecky and Bugenyi 1992; Hecky, 1993; Ogutu-Ohwayo et al., 1997). The 

rapid increase in the rural population around these lake catchments has increased 

demand for livestock, agriculture and fuel wood accelerating the rates of de­
vegetation and deforestation, resulting into soil erosion, sedimentation, siltation and 

nutrient loading of the lakes (Hecky, 1993; Boostma and Hecky, 1993; Ogutu- 

Ohwayo et al., 1997; Alin et al., 1999).

The large population densities of wild animals in some watersheds of lakes 

that are located in protected areas, especially the grazers such hippopotamuses 
(Laws, 1968; Lock, 1972; Grey and Harper, 2002) and ungulates (Douglas and 

Naughton, 1992), also add high nutrient loads through the dung with no major return 

pathways (Laws, 1968). Ungulates excrete >90% of the phosphorus they ingest, ~ 
99% of which is fecal, and 65-95% of their ingested nitrogen, ~ 85% of which is 

urinary (Ruess, 1987). Excretal phosphorus and nitrogen are in forms readily 

available to plants and soil microbes (Wilkinson and Lowery, 1973; Floate, 1981).

Sedimentation from catchment disturbances alters the abundance or 
composition of the above sediment biota, the soils, which leads to the deposition of 
fine particles on freshwater sediment particles, thus reducing the interstitial spaces
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APPENDICES

Appendix I Some of the Morphometric characteristics used in Identification

Shape, size, and prominent markings such as bands, spots or bars.
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Standard Length:- Distance from the rostral tip of the upper jaw to the origin of the caudal 

fin.

Caudal Peduncle Length:- Distance between the vertical line through the caudal point of 

the anal fin insertion and that through the caudal border of the hypurals. It is expressed as a 

percentage of the standard length.

Caudal Peduncle Depth:- The least vertical depth of the caudal peduncle. It is expressed 

as the ratio length/depth of the caudal peduncle and indicates the slenderness of the caudal 

peduncle.

Head Length:- The length from the rostral tip of the premaxilla to the caudal convex end of 

the gill cover. It is expressed as a percentage of the standard length.

Snout Width:- It is the greatest width of the head area rostral to the preorbital process of the 

neurocranium in dorsal aspect. It is found between a point on the left and right lachrymal 
abduction. It is expressed as the ratio length/width of the snout.

Body Depth:- The greatest vertical depth of the body, mostly found between points near the 

rostral origins of the dorsal fin and of the pelvic fin. It is expressed as a percentage of the 

standard length.

Snout Length:- The distance from the rostral tip of the premaxillae to the rostral point of the 

bony border of the orbit. It is the junction of the orbit margin of the preorbital process and 

that side of the lachrymal which borders the eye. It is expressed as a percentage of the 
head length.



194

Cheek Depth:- Distance from the ventral point of the bony margin of the orbit to the most 

ventral point along the ventral border line of the adducter muscle. It is expressed as a 

percentage of the head length.

Length of the Lower Jaw:- Distance from the rostral to the caudal tip of the lower jaw. It is 

expressed as percentage of the head length.

Preorbital Depth:- Distance from the rostral corner of the bony orbit to the rostral corner of 

the lachrymal. It is expressed as a percentage of the head length.

Eye Diameter:- Distance from the rostral point of the orbit to the ventral of the post orbital 

process. It is expressed as a percentage of the head length.

Width of the Lower Jaw:- Distance between a point on the left and on the right lower jaw 

just rostral to the rim marking its articulation with the suspensorium. It is expressed as a 

percentage of the head length.
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Appendix II. The DCA factor scores for the first two axes for 18 food sources and nine fish 
species from the Koki drainage system lakes.

Lake
Kachera
Kachera
Kachera
Kachera
Kachera
Kachera
Kachera
Kachera
Mburo
Mburo
Mburo
Mburo
Mburo
Mburo
Mburo
Mburo

Nabugabo
Nabugabo
Nabugabo
Nabugabo
Nabugabo
Nabugabo
Nabugabo
Nabugabo
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja
Kayanja

Fish species
A. aneocolor
C. gariepinus
C. liocephalus
H. squamipinus
O. esculentus
O. leucostictus
O. niloticus
P. aethiopicus
A. alluaudi
A. aneocolor
C. gariepinus
H. squamipinus
O. esculentus
O. leucostictus 
O .niloticus
P. aethiopicus

P.beadlei
P. aethiopicus
O. niloticus
O. leucostictus
L.niloticus (^9.6 < 20 cm)
L. niloticus (^20 < 60 cm)
B. sadleri
A.verifer
T.zillii
P. Venator
P.catastoma
P.aethiopicus
O. esculentus
G. victohae
G.simpsoni
C. gariepinus
C. alluaudi
A. vender
A.nubila

X1 
184 
177 
191 
255 

0 
119 
64 

212 
301 
265 
338 
253 
32 

191
20 

242

X2
25
14

244
65
95
118
100
96
50
120
107
61
83
0

84
76

94 
257 
200 
367 
19 
24 
88 
51 

222 
144
77 

298 
381

0 
176 
29 
17 

140 
47

120
202
183
182
337
373
63
82

205
177
91

206
167
114
197
14
0

155
89

Food items______
Detritus 
Phytoplankton 
Macrophytes 
Ciliate 
Insects 
Ephemeroptera 
Coleoptera 
Nematocera 
Hemiptera 
Isoptera 
Chironomids 
Chaoborus 
Odonata 
Oligochaeta 
Molluscs 
Fish eggs/embryo 
Fish remains 
Tilapia

Seeds 
Ciliate 
Zooplankton 
Insects 
Ephemeroptera 
Coleoptera 
Hemiptera 
Isoptera 
Chironomids 
Chaoborus 
Odonata 
Oligochaeta 
Hirudinea 
Molluscs
Fish eggs/embryo 
Fish remains 
R. argentea 
Haps 
Clarias

X1
22 

-59
69 

-91 
311 
335 
361 
197 
416 
225 
171 
122 
283 
390 
243 
322 
312 
170

X2 
-23 
105 
142 
125 
-48 
136 

91 
340 
153 

70 
146 
-59 
61 

153 
290 
156 
-10 

-162

106
168
165
109
63

176
52

-90
84
88

251
55
30

212
367
286
364
442

72

-77 
485 
213 
146
65 

251 
-93 
-50
55
80

131 
-26

-9 
268

24 
205 
-48 
-46
88

Lake
Nabugabo
Nabugabo
Nabugabo

Food item
Detritus 
Phytoplankton 
Macrophytes

Appendix III. The DCA factor scores for the first two axes for 25 food sources and 19 fish 
species from the Nabugabo drainage system lakes.

7x7
157

11
26

Fish species 
T.zillii 
S.itermedius 
S.afrofischreh

X1
363
456
339

X2 
211 
164 
152

X2 
177 
132 
71
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Nakuwa
Nakuwa

-21
-47
-46
-44
-89

Nakuwa
Nakuwa
Nakuwa
Bisina
Bisina
Bisina
Bisina
Bisina
Bisina
Bisina
Bisina
Bisina
Bisina

Nakuwa
Nakuwa
Nakuwa

Kayugi
Kayugi
Kayugi
Kayugi
Kayugi
Kayugi
Kayugi
Kayugi

T.zillii 
P. Venator 
P.catastoma 
P.aethiopicus 
O.esculentus 
G. victoriae 
A.verifer
A.nubila

S. afrofischeri
S .intermedius
S. victoriae
A. latifasciata
B. docmak
B. sadleri
C. gariepinus
H. lividus
H. micheali
O. esculentus
O. niloticus
O. variabilis
P. "shovelmouth"

C. gariepinus
L. niloticus (> 20 < 60 cm)

Lniloticus (2: 9.6 < 20 cm)
O. niloticus
P. aethiopicus

384
111
67 

267 
342
66 
120 
119

201
382
218
223 
193 
246 
159
69 

234 
210 
248
66 

504 
433 
480 
252

198
87

160
134
119
224
161
204

95
95

154
200
194

147
87

186
143
194
197
62

191
175
208

0
232
245
236
239

Lates sp.
Tilapia
Brycinus sp.

Hirudinea
Molluscs
Fish 

eggs/embryo
Fish remains
R. argentea

Haplochromines 
Clarias sp. 
Lates sp.
Tilapia 
Barbus sp.

32
202

52
82
28

432
415
388

115
276
419
71
58
-23
-20
2

370
9

-48
1
-7

Appendix IV. The DCA factor scores for the first two axes for 26 food sources and 30 fish 
species from the Kyoga drainage system lakes.

Lake______
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa
Nawampasa

Food items 
Detritus 
Phytoplankton 
Macrophytes 
Seeds 
Ostracods 
Caridina 
Insects 
Ephemeroptera 
Coleoptera 
Hemiptera 
Isoptera 
Trichoptera 
Chironomids 
Chaoborus 
Odonata 
Oligochaeta

X1__
353 
99 

210 
167 
272
52
74 

533 
507 
518 
506 
101 
141
86 

301 
187

X2__
229 
357 
195 
135 
222 
419 
192 
227 
231 
230 
232
95 
148
69 

238 
290

X1__
447 
557 
385 
262 
396
139 
250 
183 
233
116
170 
340 
287 
291
185 
291

X2 
241 
223 
254 
220 
164 
154 
336 
114 
158 
168
84 

209 
205 
121 
189
70

Fish species 
A. "fattooth"
A. latifasciata
B. sadleri
C. gariepinus 
H. lividus
L. cryptodon 
L. maxillaries 
O. eseculentus 
O. leucostictus 
O. niloticus
O. variabilis
P. aethiopicus 
P. argenteus 
P. orthostoma 
S. victoriae
X. phytophagus



Food items X1 X2

197

Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf 
Napoleon Gulf

Lake__________
Bisina
Bisina 
Bisina 
Bisina 
Bisina 
Bisina 
Bisina 
Bisina
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga (lyingo) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu) 
Kyoga(Bukungu)

Fish species___________
P. aethiopicus
P. argenteus
P. catastoma
P. pellegrini
S. afrofischeri
S. victoriae
T. zillii
X. phytophagus
A. "kyogaastato”
A. nubila
B. sadleri
C. gariepinus
L. niloticus (> 20 < 60 cm)
L. niloticus (2 9.6 < 20 cm)
O. niloticus
P. aethiopicus
S. afrofischeri
S. intermedius
S. victoriae
B. altianalis
B. sadleri
L. niloticus (> 20 < 60 cm)
L. niloticus (2 9.6 < 20 cm)
O. niloticus
P. "blackpara"
P. aethiopicus
S. afrofischeri
S .intermedius
S. victoriae

X1__
162 
142 
264 
119 
287 
237 
444 
276 
270 
189 
176 
147
15 

113 
264 
212 
179 
185 
187 
220 
250

0
18 

183 
194 
383 
177 
171 
199

X2__
184
139
288
122
225
247
243
251
327
289
96

147
118
100
116
197
217
189
171
269
336
38
43
114
210
256
172
140
167

X1 
184 
210 
115 
122 
225 
462 
388 
449 

0 
226 
127 
185 
171 
262

X2 
231 
60 

206 
218 
201 
190 
189 
189 
159 
74 

229 
104 
184 
147

Food items 
Detritus 
Phytoplankton 
Macrophytes 
Caridina 
Insects 
Ephemeroptera 
Coleoptera 
Hemiptera 
Isoptera 
Trichoptera 
Chironomids 
Chaoborus 
Odonata 
Oligochaeta

X1 
410 
538 
314 
204 
136 
258 
225 
116 
201 
207 
273 
197 
171 
220

X2
187
195
217
306
211
103
321
335
327
288
141
360

0
216

Appendix V. The DCA factor scores for the first two axes for 23 food sources and 23 fish 
species from the northern portion of Lake Victoria.

Area Fish species___________
Astatotilapia sp.
B. sadlen
L. niloticus (> 20 < 60 cm)
L. niloticus (> 9.6 < 20 cm)
M. kannume
O.leucostictus
O. niloticus
O. variabilis
P. aethiopicus
P. crassilabris
H. guiarti
P. "redfin"
P. n'ponianus
P. sauvegai
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198

Napoleon Gulf 
Napoleon Gulf 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Thruston Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay 
Hannington Bay

238
65 

164 
159 
186 
128 
173 
214 
220 
254 
135
79

203
68

212
179
78

142
149
98

165
79
72
100
222
215
142
192
138

0
31
80

150
99
34
47
59
45

291

202
260
235
238
229
261
342

182
226
148

0
139
158
208
130
111
236
152
191
161
205
233
227
233
181
295
216
33
157
195
232
74
95

303
61

171
171
137 
238

S. victoriae
T. zillii
A. alluaudi
C. frenatus
Astatotilapia sp.
B. jacksonii
B. sadleri
L. niloticus (2 20 < 60 cm)
L niloticus (> 9.6 < 20 cm)
O. niloticus
P. aethiopicus
P. "big eye"
P. crassilabrs
H. guiarti
P. "redfin"
P. riponianus
P. rockcribensis
S. afrofischeri
S. victoriae
T. zillii
A. alluaudi
Astatotilapia sp.
B. jacksonii
B. sadleri
L. niloticus (> 20 < 60 cm)
L. niloticus (> 9.6 < 20 cm)
O. niloticus
P. aethiopicus
P. crassilabrs
P. "redfin"
P. riponianus
T. zillii

Fish species
P. sheller"
S. afrofischeri

Area________
Napoleon Gulf
Napoleon Gulf

X1 
168 
215

X2
131
212

Food items_____
Hirudinea 
Molluscs
Fish 

eggs/embryo
Fish remains 
R. argentea 
Haplochromines 
Clarias sp. 
Lates sp.
Tilapia

X1
152

0

X2
333
159
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In most fisheries management the main global crisis has been 
overexploitation of the predator and prey stocks which has 
resulted in calls for multi-species and (or) "ecosystems based" 
assessment and management of the fish stocks and 
assemblages (Jennings and Kaiser. 1998; National Research 
Council, 1999) to avoid problems associated with fishing 
down the food web (Pauly et al., 1998).

Food webs arc macro-descriptors of community feeding 
interactions that can be used to map the flow of energy, 
materials and nutrients in ecosystems (Jepscn and 
Winemiller, 2002). In recent years several theoretical and 
empirical studies have emphasized the importance of trophic 
interactions for structuring lacustrine, mainly pelagic food 
webs and the available information from shallow lakes 
indicates that there arc far more complex food web structures 
(Diehl and KornijUw. 1998). Implementation of multi-species 
approaches will require improved understanding of the 
community ecology of fish

Trophic structure and energy flow in fish communities of two lakes of the Lake 
Victoria basin

D. Mbabazi, F.L. Orach-Meza', B. Makanga1, R.E. Hecky3, J.S. Balirwa, R. Ogutu-Ohwayo', P. Verburg', G. Namulemo, E. 
Muhunutza and J. Luyiga
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‘Lake Victoria Environmental Management Project. P.O. Box 5, Entebbe. Uganda
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’Biology Department. University of Waterloo. 200 University Avenue. Waterloo. ON. N2L-3G1; Canada
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assemblages that has rarely been explicitly incorporated into 
fisheries management practices.

Trophic structure has traditionally been characterized using 
stomach content analyses (SCA). direct observations or 
collection of prey remains (Balirwa. 1984. 1998; Beaudoin 
et al.. 1999: Mbabazi et al.. 2004).

Nowadays, the combined use of stable isotopes of carbon 
and nitrogen contributes to identifying the original organic 
nutrient sources in complex food webs (Jennings et al.. 1997: 
Magnussson et al.. 1999; Maneta et al.. 2003). assessing 
energy flow and trophic structure in aquatic systems (Kling 
et al.. 1992; Hesslein et al.. 1993; Gu et al.. 1994: Hecky 
and Hesslein. 1995: France et al.. 1996; Campbell et al.. 
2003) however, the diversity of systems to which it has been 
applied is primarily pelagic food webs. Specifically the ii'-'C 
ratio of a consumer reflects (usually within l%o) the ii'-’C 
signature of its diet (Peterson and Fry. 1987. France 1995; 
Vander Zandcn and Rasmussen. 2001) and the a”N ratio of

ISSN 1026-091
© 2004 National Agricultural Research Organisation

Successful management of target fishery species often hinges on the ability to effectively manage prey resources; and knowledge 
of trophic relationships among fishes and their prey can help guide management efforts aimed at increasing and sustaining 
fish production. This study characterized the trophic structure and energy flow in the fish communities of tw o minor lakes 
in Uganda: lakes Kachcra and Mburo. Stable isotope ratios of carbon (a'-’C) and nitrogen (a*’N) were measured in fishes and 
their potential food sources (primary producers and aquatic invertebrates). These data were augmented with results obtained 
from stomach content analysis. The study indicated values of al5N that were often considerably lower than 3.4%o per trophic 
transfer typically assumed in stable isotope studies. The low ”N trophic fractionation indicted a high degree of omnivory as 
well as dietary overlap among the examined consumers. Hierarchical agglomcrativc clustering and Detrended Correspondence 
Analysis (DC/k) indicated a degree of similarity in the diets of fish species between the two lakes, and in lakes, algae/ 
phytoplankton, benthic, and terrestrial material were important energy sources. However, organisms from Lake Kachcra 
were generally more UC depleted compared with Lake Mburo indicating the importance of algal production to the upper food 
web in Kachcra while in Mburo the auC of the dense phytoplankton is similar to terrestrial grass material that would be 
contributed by the large hippopotamus population.
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Materials and Methods

Laboratory analyses
Stomach contents were identified and the percentage volume 
of each food item in the diet was assessed by visually 
estimating how much it contributed to the total contents using 
either a binocular or compound microscope depending on 
the diet of the fish species in question (Balirwa, 1984; 
Winemiller, 1990; Nakamura et al., 2003). Subsequently every 
other dietary component was awarded 16. 8. 4. 1 or 0 points 
depending on the relative importance of the food item in the 
stomach (Hynes, 1950; Genner et al., 1999).

For fish and invertebrates about 1 mg (± 0.005 mg) and a 
slightly larger quantity for macrophytes 2 mg (± 0.005 mg) 
were packed into tin capsules of 5 X 3.5 mm and immediately 
sealed for isotopic analyses. Stable carbon and nitrogen 
isotope analyses were performed on the same sample using 
a continuous VG Micromass 903E isotope ratio mass 
Spectrometer at the Environmental Isotope Laboratory, 
University of Waterloo, Ontario, Canada. Stable isotope data 
are presented as the relative difference between ratios ol the 
sample and standard gases.

a consumer reflects its trophic position because there is an 
average enrichment of 3.4%o per trophic transfer (Cabana 
and Rasmussen. 1996; Post, 2002).

Most limnologists always consider feeding pathways 
derived from phytoplankton to be most important for 
secondary consumers and fish growth or production in lakes 
(Yoshioka et a!.. Gu et al. 1996). There has been a growing 
appreciation that benthic primary producers and 
allochthonous organic matter from riparian vegetation are 
also important food resources for invertebrate consumers and 
fish growth (Hecky and Hesslein, 1995; France, 1997; 
Vadeboncoeur et al. 2003). Macrophytes and periphytic 
algae, a conspicuous and abundant source of fixed carbon in 
wetlands and shallow lakes, can supply carbon to these food 
webs (Bunn and Boon, 1993). Several stable isotope studies 
have however indicated that macrophysics carbon 
contribution to aquatic food webs is very little even when 
macrophytes are very abundant (Bunn and Boon, 1993; 
I lecky and Hesslein, 1995; Keough et a!.. 1996). Terrestrial 
organic carbon also has the potential to contribute energy to 
aquatic food webs (Planas et al. 2000) especially in streams. 
Terrestrial plants and macrophytes can either be C. or C4 
plants and have relatively fixed isotopic signatures because 
they use atmospheric carbon with constant isotopic signature 
while, algae are C, plants and in water can have a variable 
signature as isotopic signature of CO, varies.

Further, anthropogenic disturbance in lake catchments 
can change the balance of allochthonous (external) and 
autochthonous (internal) organic carbon sources (Holopainen 
et al., 1991) as well as affecting community structure through 
habitat change.

We used stable isotope and stomach content analyses to 
examine feeding relationships among consumers at higher 
trophic levels to determine the ultimate sources (producers) 
from which fish consumers derive their energy.

Study sites
The study focused on two minor lakes in the Lake Victoria 
basin namely Mburo and Kachera (Figure 1) that are at 
different levels of anthropogenic interference. The sizes and 
shapes of these lakes vary' from time to time due to floating 
islands. The two lakes comprise of similar fish assemblages 
(Namulcmo and Mbabazi, 2004).

Lake Mburo is within a National park. It is characterized 
by controlled fishing but is intensively used for watering wild 
game and supports high populations of hippopotamuses 
during the day hours. Lake Kachera unlike Lake Mburo is 
shared by two districts of Mbarara and Rakai besides being 
not protected (i.e outside the National park). Lake Kachera 
is therefore exposed to more human interference and 
management problems than Lake Mburo. Overfishing, high 
populations of domesticated animals, and agricultural 
activities characterize Lake Kachera with most of the 
communities practicing mixed farming to varying degrees 
(Kamugisha <?/<?/. 1997; Namara and Infield, 1998; Emerton. 
1999).

different trophic levels and potential carbon sources were 
collected between August 2001 and January 2003. Sampling 
for fish was done using experimental multifilament gillnets 
with mesh sizes ranging from 25.4 mm to 203.2 mm with 
stretched mesh in 12.7 and 25.5 mm increments from 25.4 to 
139.7 mm and 152.4 mm to 203.2 mm respectively fished 
overnight for approximately 12 hours. Some fishes were also 
obtained or purchased from local fishers. Upon retrieval, fish 
were sorted into their taxonomic groups, to species level 
whenever possible. For each captured fish the total and 
standard lengths were recorded and stomach removed. The 
stomachs were preserved in 10% formaldehyde for later 
stomach content analysis. Dorsal skinless muscles were 
removed from the anterior part of each fish from a maximum 
of three individuals per species and dried and dried samples 
were kept in scintillation vials and transported to the 
Environmental Isotope Laboratory (University of Waterloo. 
Canada) for analysis.

Aquatic macro-invertebrates were collected as potential 
prey from same sites as for fish within each lake (two sweeps 
per site). Additional samples of mollusks and other epiphytic 
invertebrates were hand picked. Benthic invertebrates in the 
profunda! zone were sampled with a Ponar grab (Beaudoin 
et al.. 2001; Zah et al.. 2001; Jones and Waldron, 2003. For 
invertebrates, samples from the different sites were pooled 
to raise enough biomass for stable isotope analysis and were 
sun dried and treated as for fish.above. Dominant 
macrophytes were hand picked and thoroughly washed to 
obtain clean samples (Jones and Waldron, 2003).

Phytoplankton samples were obtained from vertical hauls 
of a 10 im mesh plankton net beginning from about 1.5 m 
below the water surface of the sampled lake. Samples from 
the different sites were pooled to ensure sufficient biomass 
for stable isotope analysis. Phytoplankton was filtered from 
lake water by use of a pre-combusted GF/F (1.2 im) filter 
paper that was immediately treated as above for invertebrates 
and fish.

Field Sampling
representative dominant taxa (fish, macro-
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Claridae

Protopteridae

Results
Data analysis
Resource use by the individual fish species was expressed as 
percentage composition by points of the food item and was 
presented in tabular form. Specimens with less than three 
stomachs with food were noted but excluded from further 
analysis. Data were pooled for each species and lake for the 
entire sampling period since the aim was to determine the time- 
averaged trophic structure and energy sources of the fish 
communities. Hierarchical agglomerative cluster analysis 
(Pielou. 1984) and Detrended Correspondence Analysis DCA

Food sources 
Detritus 
Phytoplankton (C3) 
Vascular plants 
Water fern (C3) 
Water cabbage (C3) 
Papyrus (C4)
Ambachi tree (C3) 
C3 tree
Hippo grass (C3) 
Protozoa (CiFates) 
Crustacean 
Ephemeroptera
Coloeoptera 
Nematocera 
Hemiptera 
Isoptera 
Diptera 
Chironomid 
Chaoborus 
Odonata 
Trichoptera
Oligochaeta 
Molluscs
Fish eggs (embryo) 
Fish

Cyclosorus sp
Pistia stratiotes
Cyperus papyrus
A eschynomene eraphroxyon
Euclea schentperi
Vossia cuspidata

(Hill and Gauch. 1980: Gauch. 1982) were applied to diet 
data in order to classify the different consumers into 
distinct trophic groups by using Community Analysis 
Package -CAP version 2 (Pisces Conservation Ltd. 2002).

Stomach dietary analyses
In the two Koki lakes nine fish species examined resulted 
into 23 prey or food resources (Table 2). In the both lakes 
studied insects formed the most important primary prey 
(50%) in most fishes with the exception of Oreochromis 
esculentus and Oreochromis niloticus whose main primary 
prey was algae, however these fishes still included at least 
(10%) insects in their diet (Tables 2).

Greenwood, 1973
Regan, 1922
Burchell, 1822
Boulenger, 1912 
Heckel, 1851

Dt 
Pk 
Vp 
Cs 
Pi 
Cp 
Ae 
Es 
Vc
Pz 
Cr 
Ea 
Ca 
Na 
Ha 
Is
Da 
Cd 
Cb 
Od 
Ta 
Oa 
Mi 
Fe 
Fs

Table 1 Fish species list of the fish communities of the studied lakes

Author_______
Graham, 1928
Linneus, 1758
Trewavas, 1933
Gervais, 1848

Family/group
Cichlidae

Species__________________
Oreochromis esculentus 
Oreochromis niloticus 
Oreochromis leucosticus 
Tilapia zilli 
Astatoreochromis alluaudii 
Astatotilapia aneocolor 
Harpagochromis squamipinus 
Clarias gariepinus 
Clarias liocephalus 
Protopterus aethiopicus

ID CODE
O.e
O.n
O. l
T.z
A.a
A.c
H.s
C.g
C.l
P. a

a X= (R ,/R , ,-1)X 10’
Where X is the isotope of interest (cither l5N or '-’C) and R is 
the ratio of this isotope to the most abundant isotope (IJN or 
l2C). a is the measure of heavy to light isotope in the sample.
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Lake Kachera compared to Mburo may reflect higher feeding 
intensity of fishes in lakes with little anthropogenic 
interference.

Bray-Curtis average linkage cluster analysis illustrated 
that based on 17 prey groups or food sources in the overall 
Koki lakes, the nine fish species could be grouped into two 
different trophic groups or clusters (at distance or 
dissimilarity d” 0.40 and P<0.05), with all two trophic groups 
present in both lakes (Figure 2A). Trophic clusters were 
generally similar for fish species in the two but varied 
between their taxonomic prey (Figures. 2 B)

The DCA factor scores coded from cluster analysis above 
explained 26.7% variation in these data and were plotted 
along with the factor scores of the prey groups or food sources 
(Figure 3.IB). The fishes with high scores on DCA I were 
carnivorous and depended on such benthic food sources as 
fish eggs (Fe), ephemeroptera (Ea), coleoptera (Ca), 
millipedes (Md crustaceans- crabs (Cr), odonata (Od). fish 
(Fs) and hemiptera (Ha) (Figure 2B and Table 2).

Figure. 1 A map showing the study area (lakes Mburo and Kachera) with the other associated Koki lakes, and 
their location in Uganda (National Biomass, 1995)

Fish also formed another important component of the diet 
for H. squamipinus (e”13%), C. gariepinus (e”13%) and P. 
aethipopicus (>8%). Molluscs formed an important 
component of diet in P. aethiopicus (e"10%) in both lakes 
and formed the largest component in the diet of C. liocephalus 
(e”35%) in Lake Kachera. Mollusks did not appear to 
contribute to the diet of H. squamipinus in Lake Kachera but 
contributed (e"10%) to the same fish in Lake Mburo (Table 
2). Ephemeroptera contributed (e”10%) and (e”20%) in J. 
alluaudii and A. aneocolor respectively in Lake Mburo but 
was missing in the diet of the Lake Kachera fishes. Fish eggs/ 
embryo formed another important dietary component of A. 
aneocolor (e” 34%) in lake Mburo but was not encountered 
in any of the fish diets for Lake Kachera. In both lakes there 
were generally a larger proportion of fishes with empty 
stomachs compared to those that contained food material, 
however this was morepronounced in lake Kachera than Lake 
Mburo (Table 2). The high percentage of fish with empty 
stomachs in
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Discussion

Stable isotope analyses
Carbon Sources
Stable isotope ratios for primary producers generally 
showed a clear separation in the two studied lakes (Fig. 3). 
In lakes, plankton (Pk), V. cuspidata (Vp) and C. papyrus 
(Cp) showed similar isotopic signatures; being l3C enriched 
compared to the other primary producers, however plankton 
were more l3C depleted (e”5?6o) in Lake Kachera relative to 
Lake Mburo. The stable isotope ratios for primary producers 
showed little separation with respect to a'-'N except forC3 
tree E. schemperi (Es) in Lake Mburo and C. papyrus (Cp) 
in both lakes that exhibited exceptionally high al?N 
signatures.

In both lakes O. esculentus (O.e) and O. niloticus (O.n) 
occupied similar position in isotopic space but other fishes 
and plankton were more enriched in Lake Mburo than in 
Lake Kachera. This suggests that most of the food web in 
both lakes may be tracking plankton (Fig. 3). which is 
enriched in l3C in Mburo relative to Kachera. Plankton and 
C. pypyrus (Cp) came out to be the major potential food 
source and contributed significantly to the diets of most 
consumers especially fish in the two lakes. In both lakes 
the fish had highly variable al3C ratios both within and

Analysis of trophic groups may show differences in trophic 
structure and ecosystem dynamics and therefore have 
implications for the management of fisheries (Koslow, 
1997). For the same energy input of organic matter at the 
base of the web different trophic structures will yield 
different levels of secondary production and different fish

Trophic relationships
Assigning fishes into specific obligate trophic levels basing 
on their al5N was not possible because the observed 
enrichment values for al5N were often considerably lower 
than 3.4?6o typically assumed in stable isotope studies. For 
example C. papyrus (Cp) and E. schemperi (Es) exhibited 
a higher a'5N than all invertebrates sampled in both lakes 
and can be excluded as direct dietary inputs to those 
invertebrates, but a mixed diet of papyrus debris and 
plankton could account for the a'5N signatures of all the 
fish. Omnivory seems to be the rule among the fishes with 
potentially high degree of dietary overlap among the fishes. 
Only habitat separation within the lakes would prevent 
strong trophic competition among these trophic generalists.

In both lakes a15N signatures placed fish at the top of 
the lakes’ food webs, with the haplochromine cichlid 
Harpagochromis squimipinus being the most a'5N enriched 
reflecting a stronger tendency to consume other fishes 
(Table 2). At the base of the food webs were possibly I', 
cuspidata (Vc) and more probably plankton for lakes 
Kachera and Mburo respectively as the upper food web 
appears to track the plankton as reported by Hecky and 
Hesslein (1995). In both lakes invertebrates had al5N that 
were intermediate between those of the fishes and papyrus 
and the plankton indicating their dependence on the 
plankton and their predation by fish. In both lakes the two 
Oreochromis spp. had non-overlapping isotopic signatures 
for the sampled fishes and were most similar to papyrus 
among the plants. Their isotopic signatures were the only 
ones among the fishes to be similar in both lakes further 
suggesting a dependence on papyrus detritus in both lakes.

These fishes were mainly the piscivores, The low scores 
on DCA I were associated with omnivores which mainly 
depended on planktonic diet (Pk) dominated, by 
phytoplankton, bacteria (Pz), detritus, vascular plants and 
diptera.

The first obvious trophic group in the DCA scatter plot 
comprised the omnivores and was associated with both low 
scores on both DCA1 and DCA2 plotting near plants and 
animal food sources (Figure 2B). The fishes in cluster 2 
and 3. with similar DCA scores in the scatter plot, which 
comprised all tilapiine species from both lakes and A. 
aneocolor (A.c (KR) comprised this trophic group. These 
fishes dominantly fed on phytoplankton, detritus, vascular 
plants, bacteria and dipteran larvae and pupae (Figure 2B 
and Table 2). A. aneocolor (A.c (MR) not grouped at a 
distance of d”0.4 in cluster analysis was associated with 
diet of ephemeroptera (Ea) and fish eggs (Fe) and vascular 
plants (Table 2) was conveniently included in this trophic 
group. The last trophic group was the piscivorous, cluster 
3 and the remaining fish species (/-/. squamipinnis, H.s, (KR 
and MR), A. alluaudi, A.a (MR), C. gariepinus, C.g, (KR 
and MR) and C. liocephalus, C.l, (KR)) not grouped at a 
distance of d” 0.4 in cluster analysis (Figure 2B).
These fishes had DCA 1 scores associated with the fish 
(Fs) food source. Some fishes in this group also consumed 
a wide range of food items such as odonata (Od), mollusks 
(Ml), nematocera (Na), oligochaetes (Oa), crustaceans and 
millipedes placing them near those food sources in the 
scatter plot. Finally hierarchical agglomerative cluster 
analysis and DCA finally established two trophic groups 
for the Koki lakes and were present in both sampled lakes.

among taxa, suggesting that these fishes had broad diets 
driving energy from a range of C4 and C, plants, including 
phytoplankton whose a”C can vary in time if photosynthetic 
demand for CO2 exceeds the supply of CO2 and isotopic 
fractionation by photosynthesis is reduced (Hecky and 
ftegsleiniall99S)gal biomass increases, algae will become 
enriched in l3C and have a heavier al3C. The al3C of the 
animal food web can become more similar to the C4 higher 
plants (V. cuspidata (Vc) and C. papyrus (Cp)) and the C, 
phytoplankton. In Lake Mburo the nutrient enrichment 
provided by the hippopotamuses would cause denser 
phytoplankton populations resulting in a heavier a'3C as 
well as directly introducing enriched al3C undigested C4 
grass debris from hippo defecation directly into the lake.



Energy flow in fish communities of the Lake Victoria basin
355

8
Lake Kachera

16 -

4 -

&2 -

Cd
Ae Pi

0 -

PkF
-2 -

Vc

8 -

6 -

4 -

2 -
Cs

0 -

Pk
-2 -

-30 -10 -2-28 -26 -24 -22 -20 -18 -16 -14 -12 -8 -6

z

-4
10

Lake Mburo
Es

Cd • Vc

z

£n
F

.Cp
Ta

1F
F-

-4
-32

r

r 
|P.a 

1
|-^C| ~jo.ri|

13
5 C (%.)

Figure 3. The Mean ± S.D of a15N and a,3C for nine fish species fishes and 10 potential food sources from Koki 
lakes. Note the lighter and high variation in al3C of food web structure of Lake Kachera to Lake Mburo (text codes 
Table 1).

I------ ?

F=t?^



D. Mbabazi et. al.
356

species composition that can determine the economic value 
of the fishery.

The trophic relationships between two species can also 
change through ontogeny and the degree of niche overlap 
between two species may also vary ontogenetically (Polis, 
1984; Piet et al., 1999). Therefore our fishes may not 
represent the feeding behavior of the juvenile and immature 
fishes not captured by our nets. These in turn will be missing 
in our analyses as food resources for the piscivorous fishes. 
Therefore our sampling methods can limit the 
interpretations possible, but our stomach analyses indicate 
that we have sampled most elements of the biota that occur 
in fish stomachs.

In general, fish species in the two studied lakes had 
similar diets. However, there were some few exceptions. 
For example in Lake Mburo II. squamipinus included 
mollucs and vascular plants that were not fed on at all by 
the same fish in Lake Kachera. In both lakes A. alhtaudii 
were classified as insectivorous in contrast to molluscivores 
by earlier studies on Kyoga basin lakes (Mbabazi et al., 
2004). Such differences may be partly related to habitat 
differences or geographic variations, such as differences in 
food availability at different localities (Nakamura et al., 
2003). Shallow lakes are complex heterogeneous 
environments with a variety of sources of primary 
production available for exploitation (Jeppesen eta!., 1998).

Variation in stable isotope ratios of primary' producers 
is often averaged out in consumers (Kirililk et al., 1995) 
making it difficult to determine precisely which primary 
producers were carbon sources for a particular consumer. 
In these lakes overlapping carbon signatures of plankton 
and C4 plants especially in Mburo made it impossible to 
determine quantitatively the relative importance of these 
different internal carbon sources (e.g Boudoin et al., 2001) 
although when both lakes are considered, it is clear that the 
upper food web consisting of fishes demonstrates a 
dependence on the plankton as both the web and the 
plankton have heavier isotopic signatures in Mburo.

Fish had a varied diet, which in part was influenced by 
their species and size, but in general displayed a lack of 
specialization. Omnivory is common in freshwater food 
webs especially among freshwater fish assemblages (Vadas, 
1990) and our results (Table 2) and stable isotope analysis 
(Figure 3) strongly support this observation in the two 
studied lakes. Fish al3C signatures were typically variable 
and intermediate among several different prey al3C 
signatures and had intermediate al5N values relative to 
predatory and non-predatory fish or invertebrates.

There was no clear segregation between pelagic and 
littoral habitat organisms because within in these lakes as 
has been observed in other similar small lakes (Jones and 
Waldron, 2003, Beaudoin et al., 2001). because the littoral 
and profundal zones are less distinct than it is in deeper 
lakes. However, it was apparent that the food web of Lake 
Mburo was comprised of fish and plankton with more 
enriched carbon signatures than in Lake Kachera (e"596o).

This is likely due to nutrients that arise directly from the 
dung from large population of hippopotamuses with no 
major return pathways known (Laws, 1968, Grey and 
Harper, 2002). Hippopotamuses graze selectively on short 
grass species C4 plants (Lock, 1972; Grey and Harper, 2002) 
with a daily intake of about 18Kgofdry matter (Law, 1963). 
The ingested grasses use the C4 photosynthetic pathway 
and exhibit distinct highly l3C enriched signatures compared 
to aquatic basal resources. As the beast grazes on land and 
usually defecates in the water, there is a drain of nutrients 
to the lakes. Similar studies indicated that fecal return by 
ungulates was positively and linearly linked to both 
production and consumption (Douglas and McNaughton, 
1992). Ungulates excrete >90% and 65-95% of the 
phosphorus and nitrogen they ingest respectively (Ruess, 
1987) and these nutrients are in forms readily available to 
plants and soil microbes (Floate, 1981; Douglas and 
McNaughton, 1992) and will enrich lakes. Our study 
indicates that the fish community is dependent on energy 
from phytoplankton and that enrichment of this food source 
should produce higher fish production and yields in Lake 
Mburo.

The observed trophic enrichments for al5N (Figure 3) 
were considerably lower than a typical assumed shift of 
(3.4%o) per trophic level predicted from a synthesis of 
previous stable isotope studies (DeNitro and Epstein, 1978, 
Post 2002). Results from other studies indicated that trophic 
enrichments for al5N can vary depending on the trophic 
level, animal diet system or ecosystem under consideration 
and lower than expected (i.e < 3.4%o) enrichments often 
occur (Pinnegar et al. 2001; Vander Zanden and Rasmussen, 
2001; Zah et al., 2001; Herwig et al., 2004), although we 
cannot discount differences in fractionation (Adams and 
Sterner, 2000; Ben-David and Schell, 2001).

Stable isotope analysis is an important tool that can be 
used to understand feeding ecology, food web structures 
and ecosystems level processes but the method should be 
complemented by quantitative analysis of stomach content 
analysis and controlled field experiments rather than as a 
strict substitute (Rounick and Winterboum, 1986) if detailed 
information is required for fish stock management. Despite 
these challenges, this study indicated that the food webs of 
these lakes are complex, characterized by omnivory and 
generalistn. The determination of definite food sources for 
the different fish species was not possible because of dietary 
overlap integrating primary producers signatures; however, 
we were able to identify that the carbon sources to fishes 
from the two lakes were from different origins.

Trophic structure and ecosystem management
The slight spatial differences observed in trophic structure 
of two similar lakes located in the same watershed drainage 
system may reflect differences in species membership and 
biomass dominance among the fish assemblages. Associated 
with these patterns are differences in complexity of food 
webs, the strength of species interactions and the resulting
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