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Abstract

Adjustments in fish species diversity, prey selection
of Nile perch,life history characteristics Latesand

in lakes Victoria, Kyoga and Nabugabo beforeniloticus L.
and after its establishment were examined and compared with
the situation in Lake Albert and other habitats where the
predator is native.
habitats initially decreased from a level that was similar
to that in Lake Albert to one that was significantly lower

species apparentlypersisted thatwhenand then are
resilient to Nile perch predation remained. Afterwards,
stocks of some species began to recover. The types of prey

predominance ofin fromtheeaten
haplochromines to types, sizes and numbers similar to those

habitats.native Thein and otherLake Alberteaten
initiallyNile perch whichcondition factor of the was

higher in the new habitats decreased and remained at values
which although lower than in Lake Albert, are not below the
lowest values recorded in a native habitat. Growth rates of

within reported injuvenile Nile perch thewere ranges
The size at first maturity shifted fromnative habitats.

smaller to larger sizes, which are similar to those in lake
this increases reproductive potentialAlbert; overall

because fecundity is proportional to the cube of the length.
Only the proportion of females in invaded lakes decreased to
significantly lower invalues thethan but

this is Since allfor obscure. butreason one

new habitats changed

Lake Albert
of the

Fish species diversity in the new



the situation where Nile perch has remained in balance with
its prey community for

recently invaded by Nile perchlakes
sustain production.

variables examined have converged on values indicative of

a long time, the fisheries of the
can stabilize and
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Chapter 1

perch

The major disturbances causing adjustments in fish stocks in 
lakes Victoria, Kyoga and Nabugabo and the role of the Nile



2Abstract
Lakes Victoria, Kyoga and Nabugabo had similar native fish
faunas of high species diversity. Stocks of most of these
species declined rapidly and others disappeared when an
introduced predator, Nile perch, Lates niloticus L. became

Predation by the Nile
disturbance thatmain hasisperch thought be theto

However, over-exploitation of thedepleted the fish stocks.
stocks, competition between introduced and native tilapiines

This paperand environmental degradation have contributed.
discusses how these disturbances contribute to depletion in

Predation by the Nile perchfish stocks in the three lakes.

Evidence on re-stabilization of the stocks in thecollapse.
presence of the Nile perch can be obtained from examination
of adjustments in the number and diversity of fish taxa,
prey selection and life history characteristics of the Nile
perch in the three lakes.

contributes a major part and can cause the fish stocks to

well established in these lakes.
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Introduction

Kyoga and Nabugabo had diverse fishLakes Victoria,

1933, Greenwood 1965, Worthington 1929, Cambridge expedition
Oreochromis esculentustilapiine cichlids,1962) . Two

(Graham 1929) and O. variabilis (Boulenger 1906) were native
few small neighbouring lakes.only to these

They were originally the most important commercial species

taxa such as Protopterus aethiopicus Heckel,
docmac (Forsk.) 1775, Clarias qariepinus (Burchell), Barbus

intermediusSchilbeSynodontis spp,mormyrids,species,
1904(Linn.) 1762

which were abundant in these lakes (Graham 1929, Worthington
HaplochromineKudhongania & Cordone 1974) .1932 ,1929,

cichlids were represented by more than 300 species in Lake
Victoria alone,

Oijen WitteWitte b) .alet1991, 1992a,&1974 ,
Haplochr©mines inalso abundant lakes andKyogawere
Nabugabo (Worthington 1929, Trewavas 1933, Greenwood, 1965,

of the native fish species in lakes
Victoria, Kyoga and Nabugabo have declined and others have
completely disappeared since the Nile perch, Lates niloticus
L. , an introduced predator, became well established in these

and Dadzie 1988, Ogutu-Ohwayo 1993). Predation by the Nile

1966, Beadle 1962, 1981).

There were also many other

more than 99% of them endemic (Greenwood

faunas with many species in common (Graham 1929, Trewavas

Stocks of most

lakes and a

in lakes Victoria and Kyoga.

lakes (Ogutu-Ohwayo 1990a, b, Witte et al 1992a, b, Ogari

and Rastrineobola argentea Pellegrin,

1851, Baqrus



its feared that this will make the Nile
lucrative,isfishery, which currentlyperch very

overfishingunsustainable. (Jackson 1971),However,
nativetilapiines andcompetition introducedbetween

cichlids (Ogutu-Ohwayo 1990a, b, Witte et al 1992a, b) and
environmental degradation (Hecky & Bugenyi 1992, Hecky 1993,
Mugidde 1993) have contributed to the changes and are likely
to play a big role in stability of the current fisheries.
This paper discusses the ways in which various disturbances
that have contributed to the recent depletion in fish stocks

perch has contributed to the depletion.

Over-exploitation of the fisheries
Historically,

lakes Victoria,
Kyoga and Nabugabo.
tilapiines O. esculentus and O. variabilis, which formed the
most
reduced by selective fishing and their stocks were reduced

Labeo victorianusby the 1960s (Jackson 1971, Fryer 1973).
which was the most important riverine species of the Lake
Victoria Basin was depleted through intensive gill netting

basket trapping gravid individualsand of breedingon
migrations.

lakes Victoria, Kyoga and

4
perch is thought to be the main cause of depletion of the

and emphasises the extent to which predation by the Nile

fish stocks and

important commercial fishery in Lake Victoria were

that depleted the native fish stocks of
For instance, stocks of the native

over-exploitation was the main factor

The present fisheries of



Nabugabo are subjected to very high fishing pressure.
yield in Victoria,increases in andlakestotal Kyoga

speciesintroducedestablishmentfollowing ofNabugabo
accompanied by intensifiedespecially the Nile perch, was

The number of fishing boats in the Ugandanfishing effort.
region of Lake Victoria alone increased from 3264 in 1971 to
8674 in 1990 (Weatherall 1972, Tumwebaze and Coenen 1991).
Use of destructive fishing gears such as seine and cast nets

The increase in fishing pressure hashas also increased.
not only been fuelled by the growing human population but

by an expansion of an export market for frozen Nile
Fish processing factories, which were non­perch fillets.

existent prior to establishment of Nile perch, now number
it will enhanceIf this continues unchecked,about fifty.

depletion of the stocks.

Environmental degradation

Eutrophication
The rapid increases in Nile perch stocks and depletion

of native species were concurrent with changes in physical
and chemical conditions and biological characteristics of
lakes Victoria and Kyoga Hecky &
Bugenyi 1992, Hecky 1993, Mugidde 1992, There has1993).

increase in nutrientbeen inputs into lakesthean
especially from the atmosphere and from changes in land use
in the catchment Increased

5
The

more so

area (Bootsma and Hecky 199 3) .

(Ochumba & Kibara 1989,
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input of nutrients especially phosphorus and nitrogen has

in Lake Victoria (Hecky 1993).
stimulated algal production and led to changes in the taxa

is vitalSilicon concentration, whichof dominant algae.
probablyfactor of 10for diatom growth has decreased by a
increasedandincreased inputs phosphorusofdue to

Consequently, diatom compositionsedimentation of silicon.
has changed from dominance of Melosira to Nitzischia. The

important food ofin whichMelosira, o.decrease was
esculentus (Graham 1929) may have affected this species and
contributed to its disappearance.

Algal biomass is now four to five times higher than the
values of the 1960s and phytoplankton production hasmean

(Mugidde hastransparency1993) . Waterdoubled 1992 ,

decreased to a quarter of what it was during the 1960s. The
algae are dominated by cyanobacteria which are not readily
consumed by fishes and can also produce phytotoxins which
can be dangerous to aquatic life and degrade domestic use of

Decay of the excess organic matter depletes thethe water.
This has led to development ofwater column of oxygen. an

anoxic water in deepest parts of the lake (> 40 m). Oxygen
concentration in the hypolimnion during the period of
stratification anoxiahas decreased and fornow occurs
longer periods and extends to shallower depths (Hecky 1993,

This has, and will as it expands, reduceHecky at al 1994) .
habitable space for many fish species and is thought to have
accelerated depletion of the deep water haplochromines by

nat; aicc •. ku. search ■

been recorded This has
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confining them to shallower waters where they fell easy prey
to Nile perch (Hecky 1993). The reduction of haplochromine
stocks may have reduced competition for invertebrate prey
between juvenile Nile perch and haplochromines which would
increase juvenile Nilesurvival perch andrates among
produce larger adult Nile perch populations.

inAnoxia lakes andrecordedhas not been Kyoga
in speciessimilar changesNabugabo however and yet

diversity have occurred in these The three lakeslakes.
richnessspeciesdifferent morphometries andalso have

especially in respect to haplochromine cichlids before Nile
perch introduction and none of these factors seem to have

havealtered the eventual although theyoutcomes may
This indicates thataffected the time lags in each lake.

Nile introducedespeciallyother factors perch and
tilapiines major reduction in fishof theare a cause
species diversity.

composition aquatic invertebrates inThe of Lake
Victoria and probably the other invaded habitats has also

Zooplankton composition in Lake Victoriachanged. has
changed from dominance of calanoid to cyclopoid copepods
(Mwebaza-Ndawula benthic invertebrates1993). The are
dominated by types like chironomid and chaoborids midges and
the prawn Caridina nilotica Roux. These changes in food-web
structure can favour some types of fishes over others.



8
Invasion by the water hyacinth

Lakes Victoria and Kyoga have been invaded by the water
hyacinth, Eichhornia crassipes (Martius) Solms. Lake Kyoga

This plant can be inimical to some forms of aquatic life
It thrives in shallow, sheltered bays which(Harley 1990).

species.
The zone below extensive areasfeeding by juvenile fishes.

of hyacinth mats is low in oxygen, which reduces habitable
for most fish and other aquatic organisms upon whichspace

fish may feed.

some positive effects, especially in promoting fish species
fishwhichorganisms feeddiversity ofand that upon

The hyacinth mats also provide(Willoughby et al 1993).
refuges from Nile perch predation.
water hyacinth along the shores may reduce the effectiveness
of beach seining and this could reduce a destructive fishing
practice and help preserve fish populations.

Eutrophication may also have promoted the expansion of
water hyacinth in Lake Victoria and probably Kyoga. Recent
observations hyacinththatsuggest water forms dense
populations only where nutrients are in excess to demand of

For instance on Lake Victoria, in Uganda, theother plants.
biggest hyacinth expanses are in the areas where the city of
Kampala releases sewage into the lake.

was invaded in 1988 and Lake Victoria in 1990 (Twongo 1991) .

It can,

The presence of the

However, the presence of the water hyacinth can have

are suitable breeding and nursery grounds for many fish
therefore, affect breeding success and
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Impact of the introduced tilapiines

three herbivorous tilapiineBesides the Nile perch,
zillii, were

Theseintroduced into lakes Victoria, Kyoga and Nabugabo.
species have similar ecological requirements to the native

The nativetilapiines and are likely to compete with them.
tilapiines; 0. esculentus and 0. variabilis were spatially
segregated with the smaller O. variabilis. occurring closer

leucostictus and T.inshore than 0. When 0.esculentus.
zillii became established, they occupied the same habitat as

evidence of competition between O.variabilis. SomeO.
and T. zillii was observed by Fryer (1961). 0.variabilis

niloticus possibly competed for the more open waters with 0.
niloticus became dominant,esculentus.

apparently excluding O. esculentus (Welcomme 1966). Apart
from T. zillii which feeds on macrophytes and are substrate
spawners, the other species are all mouth-brooders and feed
on suspended and planktonic matter. They may have competed

only with nativegrounds not thefor food and nursery
tilapiines but also with other cichlids. In addition, O.
niloticus grows to a larger size, has a faster growth rate,
is life widerlongerfecund, has foodmore a span, a
spectrum and is less habitat restricted than

tilapiine speciesother (Fryer Iles& 1972) . These
characteristics this invadingcould be advantageous to
species. Furthermore, esculentus and O. variabilis doO.
not naturally occur anywhere with O. niloticus. Generally,

I

cichlids 0. niloticus, 0. leucostictus and T.

any of the

In many areas, O.
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competitive advantage over theniloticus seems to haveO.

tilapiineresidentdisplacedtilapiines and hasother
introduced.it has Forbeenspecies from waters where

instance, O. spirulus disappeared from Naivasha (Kenya) and
following(Madagascar)macrochir Lake ItasyfromO.
(Siddiquiinto lakesniloticusintroduction theseof O.

Moreau et al (1988) have listed other1977, Welcomme 1984).
niloticus displacedintroduction ofwhere O.examples

resident tilapiine species.

Impact of the Nile perch
Linnaeus,niloticusNile 1758,Latesperch, was

introduced into lakes Kyoga, Nabugabo and Victoria from Lake
Eight specimensAlbert during the 1950's and early 1960's.

from Lake Turkana were also introduced into Lake Victoria at
Nile perch is a predatory fishKisumu in 1963 (Gee, 1964).

of high commercial and recreational value which can grow to
The purpose of the

introduction Nile theperch to feedfor the onwas
small-sized haplochromine cichlids which were at that time

larger fish of greater commercial and recreational value
1929; Worthington,(Graham, 1929; Anderson, There1961).

were however, fears that the Nile perch might deplete stocks
native commercial fish nativetheof and affect the

predators such as B. docmac which depended on haplochromines
introduction discountedfood.for Also, the aswas

I

a length of 2 m and a weight of 200 kg.

abundant but not much exploited and convert them into a
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higher yields might betrophically wasteful because

accomplished by direct harvest of haplochromines rather than
Nileindirect harvest through a predator (Fryer, 1960).

perch were initially introduced into Lake Kyoga in 1955 and
and into Lake Nabugabo in 1960 ostensibly to find out1956,

fish faunaswhat effect their introduction would have on
1964). In 1960,(Gee,
Nile perchtrials evaluated,these werebefore were

Additional introductions intodiscovered in Lake Victoria.
Lake Victoria were made in 1962 and 1963 (Gee, 1964).

Stocks of the Nile perch started to increase rapidly in
in Lake Kyoga, and in 1977, 1981 and 1983 respectively1965,

regions LakeTanzanian ofandin Ugandanthe Kenyan,
in fishfollowed by rapid increasesVictoria.

yield (Hughes 1983, Okaronon
Witte 1985). abundanceIncreased

inreduction totalaccompanied by and, cases,somea
disappearance, of many of the native species (Ogutu-Ohwayo
1990a, b, Ogari & Dadzie 1988, Ligtvoet & Mkumbo 1990). The
haplochromines, which were the most abundant species in Lake
Victoria and were expected to form the bulk of the food of

Nile perch speciesdepleted and other becamethe were
About 60% of haplochromine species are believed toscarce.

have become extinct (Witte et al 1992a, b). The food of the
Nile perch changed to the extent that it started feeding on
its own kind. Consequently, the condition factor and other
life history parameters of the Nile perch started to be

This was

of the Nile perch was

similar to that of Lake Victoria

et al 1985, Goudswaard and
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This has created fears that,affected (Ogutu-Ohwayo 1990b).

although the Nile perch fishery had become very lucrative,

it might not be sustainable.

Interaction between the disturbances
eitheractdiscusseddisturbances aboveThe can

independently or in combination to cause a fishery collapse.
The picture displayed above is quite similar to the history
that the North American Great Lakes went through. Intense

chemicalphysicalin andfishing changespressure,
the appearance of a foreign predator (the seaenvironment,

lamprey) and foreign competitors such as the alewife either
singly or in combination caused a collapse of some fisheries

(Smith theofin 1968) .Lakesthe Great Once one
disturbances has reduced the resilience of the population,

disturbanceslight addition anotherof can cause aa
population collapse.
stocks of certain species such as the lake herring in Lake
Erie had been reduced by human exploitation but their stocks
could not recover even after the fishing pressure had been

the changes in physical and chemical
environment, foreign predator and
foreign competitors. Similarly, the collapse of the lake
trout in Lake Michigan is thought to have been caused by a
combination of fishing and predation by the lampreysea
(Smith 1968). Smith has argued that addition of even small
mortality commercially exploited species which ison a

and the
relaxed because of

invasion by a

in the Great Lakes,For instance,
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already at its maximum sustainable yield may be enough to

As Holling (1973) has put it,
population has been forced to the boundary of the domain, it

In the three lakes invaded by the Nile perch especially
inVictoria fishing thechangesand Kyoga, pressure,

physical chemical and biological environment, predation by

introducedcompetition theNile fromthe perch and
to contribute to destabilization and

will determine sustainability of the fish stocks. All these
factors should be incorporated into any management model for
these lakes if the fisheries have to sustain production. In
this study I will confine myself to seeking evidence for

fishadjustments and attainment
stocks in presence of intense predation pressure by the Nile
perch so as to provide some data that can be input in such
a model in respect to Nile perch predation.

The question that I will attempt to answer is whether
fish in Victoria,stocks lakes and NabugaboKyoga can
stabilize and support a sustainable fishery in the presence
of the predation pressure by Nile perch and how the new

if there will be one, will relate to the priorstable state,
steady state and provide information on some factors that

in predation Nilerespect to by perch, affectmay,
stability. . possibleTwo haveroutes been suggested
concerning the future of the fish stocks in the three lakes

The first is that Nile perch will overshoot its(FAO 1985).

can crash or be displaced by even a small disturbance.

once acause a collapse.

tilapiines all seem

of stable states of the
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This will deplete and cause a collapse offood resources.

the stocks of the prey species and subsequently those of the
Nile perch itself due to inadequate food supply. The second

stabilize and sustain production but at a level which cannot
be predicted.

For this to happen, I assumedwould have to be followed.
fish taxa without Nile

likeperch predation were stable,, and that other factors
theirenvironmentalexploitation and hadchangeshuman

primary effects prior to the rapid increases in Nile perch
intense predation pressure by thestocks. Subsequently,

Nile perch caused significant declines in the number and
diversity of fish taxa. After those prey species that could

persist in Nilenot the the perchofpresence were
eliminated diversity fishthe number and of taxa re­
stabilized to a new steady state comprising those species
that were resilient and could persist in the presence of the
Nile perch. Afterwards, some species that may have survived
under refugia may develop behavioral responses to reduce
predation losses lakes and
multiply. The number and diversity of fish taxa could then
increase to a new equilibrium position. Prey selection by
the Nile perch would then stabilize on those types which can
persist under its predation biologicalThepressure.

I

predator will reach an equilibrium level where they will

that the number and diversity of

is that the numbers and types of prey and those of the

For the fishery to remain viable, the second pathway

and they may recolonize the
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characteristics of Nile perch such as growth rate, condition
factor,

maintainedstabilize bycould be thevalues thatat
available prey. The systems would therefore reach a state
when there would be no further significant changes and would

The following adjustmentsstabilize and sustain production.
in the invaded fish community and in Nile perch biology were
predicted:

The number and diversity of fish taxa would decline due1.
to predation by Nile perch and re-stabilize.
Prey selection by Nile perch would change due to the2.
decline in the number and diversity of fish taxa and
then stabilize.
Life history characteristics of the Nile perch such as3.

condition size first maturity,the factor, at sex
ratios, fecundity should adjust to levels which can be
maintained by the available food and stabilize.

size at first maturity and fecundity would also
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Chapter 2

Study areas and general methods of data analysis
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Method used to examine the adjustments

qualitative model Holling (1973) andof theThe
quantitative method suggested by Connell and Sousa (1983)

conceptual model (Fig. This2.1) .
model was used to examine adjustments that occurred in fish

life historyinspecies diversity, selection andprey
characteristics of the Nile perch due to intense predation

also used to judgepressure by the Nile perch. Its was
resilientfishery had become towhether wouldthe or
itsustain productionpredation when would beand or

by Nile perch predation and collapse.overcome
According to (Holling 1973), when a force such as that

due to predation by the Nile perch disturbs charactera

oscillate with a magnitude of varying amplitude- as depicted
oscillations time,theby AfterB. some

new steadya
state (as in box C) (May 1973, Goodman 1975). The smaller

amplitude oscillations,the of the stable themore
The changes in the character should, in a steadycharacter.

remain within certain limitsstate and should
outside its normal range of variance. The more these limits

The quantitative view of stability according to Connell
(1983) is that for system to be considereda

stable, there must exist equilibrium states
(such as boxes A and C) or limit cycles in which the system

were used to design a

tend to zero, the more stable the character.

which is in a stable state as in box A, the character will

one or more
and Sousa

within box v
stability occurs and the character attains

not move
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remains when faced with a disturbing force or to which it

returns when perturbed by the force.
it can return tosystem can have multiple stable points i. e.

equilibria (Lewontin 1969, Sutherland 1974,
stability occurs when1990).1981,

the character persists in an equilibrium state. Connell and

perturbation forcedefined(1983)Sousa oraasa
disturbance that causes significant change in a character of

interest. For instance,
be moved out of box A for it to have been perturbed. The

significant for thechange from box
This is in contrast todisturbance to be a perturbation.

Sutherland (1974, 1981, 1990) who has defined a perturbation
force potentially capable of causing a change in the

isif thisinterest notchangecharacter of even
significant.

The disturbing force P due to the perturbation and the
resisting force R due to resilience of the system to P are
illustrated in Figure 2.1. According to Connell and Sousa

significant change in the character, the force is
resisted stabilize. Thisthen and can

means that for stability to occur, there must be resistance
resilience to the perturbation, i. e. the system shouldor

capabilityhave the disturbance.to absorb the For
stability to and changes inthe the tocharacteroccur
remain steady and persistent, R should in a mechanical sense

cause a

As in Holling's case,

as a

(1983), when a force disturbs a character, the force has to

in Figure 2.1, the character must

However, a perturbed

before character

C must be

one or more

A to box



in this study,be equal and opposite to P. However,

order for the fishery to be prevented from collapsing or

becoming unviable, I assumed that R should be equal to or

greater than P, resilience should be seen to be overcoming

the perturbation.
This model was used to examine changes in the number

and diversity of fish taxa, prey selection and life history
in lakes: 1)severalNile perchcharacteristics of

where Nile perch were introduced around 1961 andVictoria,
2) Kyoga, where Nile perchwere well established by 1977,

introduced in 1955 and were well established by 1965,were
3) Nabugabo where Nile perch were introduced in 1960 and re

information that was available in the literature
for native habitats of the Nile perch
characteristics of the Nile perch in their native habitats.

Data collected during this study and historical data
collected by the Fisheries Research Institute of Uganda were

Detailed methodology of data collection are givenanalyzed.
in Chapters dealing with specific aspects. Only the study

are
given in this Chapter.

It assumed that Lake Albert represented thewas

predictable stable state of low amplitude oscillations. The
number and diversity of fish taxa and certain biological
characteristics of the Nile perch in the new habitats would

20
in

areas and an overview of the methods and data analysis

was used to assess

now well established and 4) Albert, the site from which the

Also, any
Nile perch stocks were introduced into the three lakes.
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fish community

not previously exposed to such a large predator. After a

time, the system would become resistant to predation and the
character would stabilize at either a level similar to what
is recorded in Lake Albert or one that is unique to the new

disturbing force wouldAlternatively,habitats. the so
it would continue to changesdestabilize the system that

becomes unviable.until the fishery collapses i.e.
The adjustments in the number and diversity of the fish

taxa
changes in commercial catch records and experimental catch
composition data collected from lakes Victoria, Kyoga and
Nabugabo during the period just before and after the rapid
increases in Nile perch stocks and compared to that in Lake

Similar analysis was made for the changes in preyAlbert.
selection and in life history characteristics of the Nile

The data analyzed were collected from Lake Albertperch.
Lake Victoria between 1964 and 1992,between 1989 and 1992,

Lake Nabugabo between 1991 and 1993, and Lake Kyoga between
1967 and 1993.

The data were divided into specific blocks representing
evolution Nile perchthe drivenof changes. The data

collected from Lake Albert from 1989 to 1992 was treated as
Data from Lake Victoria were classified in fourone block.

The first two represented the period before theblocks.
rapid increases, third representedthe transitionalthe
period between the pre- and post-establishment periods and

change due to predation by Nile perch on a

involved in the fishery were examined by analyzing



Nile consistedfirst block of datastocks.perch The
collected between 1964 and 1967 soon after introduction of
the Nile perch and before the predator had spread over much
of the lake and its effects on the fish community were not

These data came from commercial fish catchesyet apparent.
and did not contain

during that period. (1964, 1969)eaten GeeHowever,
itexamined Nile perch afterthe food of the soon

introduction and his observations correspond to this period.
The second block comprised data collected between 1968 and
1977 from commercial catches and experimental trawl surveys

Victoriaconducted Lake andbetween 1968 1977on
(Kudhongania & Cordone 1974). By this time the impact of
the Nile perch the fish community still not yeton was
apparent. these data separated fromHowever, thewere
previous contained information,set because they more
including types of prey ingested, missing from the 1964-67

The third block consisted of data collected from Lakeset.
Victoria in 1982 when Nile perch stocks started increasing
rapidly in the Ugandan region of the lake (Okaronon et al
1985) ; effects on the fish community were expected to become

apparent after this period. There were,more
data on the type of prey eaten at that time. The fourth
block consisted of data collected during and1988-92
represents the period Nile perchafter had become well

the fish community had been

I
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the fourth represented the period after rapid increases in

established and its effects on

however no

any information on the types of prey
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manifested.

set collected
These were treated as one block. Bybetween 1991 and 1993.

this time, Nile perch had already become well established in

the lake (Ogutu-Ohwayo 1993) and its effects
had become apparent.

The data for Lake Kyoga covered
Nile perch were well established throughout this(1967-93) .

period and its effects on the stocks had been manifested.
The first blockIt was however divided into four blocks.

By this time,consisted of data collected in 1967 and 1968.
the diet of the Nile perch had already shifted from what it

immediately after its introduction (Gee 1964,
there were no dataHamblyn 1966, Okedi 1971). After 1968,

until collectedwhen datalakefrom the 1978 morewere
No major changes in fish communityregularly up to 1993.

inapparent from to 1991However,1978 1990.were
haplochromines started to appear again, suggesting that some
changes were occurring in the fish community. The data from

separate block.
The data for 1978 to 1990 covered a period of 22 years and
consisted of two sets of data collected between 1978-80 and
1988-90; these were treated as two different blocks.

In analysis of the data, I assumed that life history
characteristics in Lake Albert represented the equilibrium

Since lakes Victoria, Kyoga and Nabugabo had similarstate.
native fish faunas (Graham 1929, Worthington 1929, Fryer &

on the fishery

a period of 26 years

were therefore treated as a1991 to 1993

had fed on

Data from Lake Nabugabo comprised one
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Beadle 1981), I assumed that the changes in preyIles 1972,

selection and life history characteristics of the Nile perch

similar pattern. Thein the three lakes would
in alongblocksdifferent arrangeddata sets anwere

ecological time scale as follows:

of Nile perchhabitatnativeoriginal andBlock 0. The
stocks which were introduced into lakes Victoria,

Current data for Lake AlbertKyoga and Nabugabo.

after introductionLake Victoria,Block 1. 1964-67; soon
of Nile perch and when haplochromines were still
abundant and formed the main prey of Nile perch
(Hamblyn 1966, Gee 1964, 1969).

before Nile perchLake VictoriaBlock 2. to 1977;1968
became well established and haplochromines were

still abundant.
Victoria Nile perchBlock 3. Lake the when1982 ; year

populations increased rapidly in the northern
region of Lake Victoria but when haplochromines
were still abundant (Okaronon et al 1985).
Lake Victoria, 1988 to 1992; after haplochrominesBlock 4.
had been depleted and were no longer important as
prey.

Block 5. Lake Nabugabo 1991 to 1993; after Nile perch were
establishedwell haplochrominesand had been

depleted (Cambridge expedition 1962, Ogutu-Ohwayo

were collected during 1989-93

follow a
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1993) .

1967 to 1968; after Nile perchLake Kyoga,Block 6. were
haplochr©minesestablished had beenandwell
longer importantdepleted and preyaswere no

(Okedi 1971).
Lake Kyoga 1978 to 1980; ten years after block 6.Block 7.
Lake Kyoga 1988 to 1990; ten years after block 7.Block 8.
Lake Kyoga 1991 to 1993; when haplochromines wereBlock 9.

becomingagainstarting andto wererecover
prominent as prey.

The above descriptions show that no major changes were
apparent between blocks 4, 5 and 6 and these could have been

single block representing the post-Nile perchtreated as a
They were treated as separate blocksestablishment period.

because the data came from different lakes. Also, although
major changes occurred in Lake Kyoga betweenno

1990, the period was considered to be too long to be treated
These data were therefore divided into

three blocks approximately 10 years apart.
Some life history characteristics vary with size of the

Nile perch. size (length),The type, and number of prey
ingested by the Nile perch in most habitats varies with its
length (Worthington 1929, OkediHamblyn 1966, 1969,Gee

Nile perch of less1971, Ogutu-Ohwayo 1985, Hopson 1972) .
than 20 cm total length feed predominantly on invertebrates,
those of 20 cm to 60 cm on invertebrates and fish, those of
60 cm to 100 cm on small fish prey such as Rastrineobola

as single block.

1967 and
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than 100 cm on large fish prey such as Oreochromis niloticus
Males mature at about 50 cm total length while femalesL.

Thesemature around 95 cm (Holden 1963, Hopson 1972, 1982).
lifeincomparisons of changesvariations could affect

history characteristics depending on the size range of the
On thisNile perch which had been examined in each block.

basis, data of each block were grouped in length classes as

follows:
mainlyfeedingimmature andClass A: on<20 cm

invertebrates.
immature females and mature>=20 cm and <60 cmClass B:

invertebratesmaturing males feeding andonor
fish.

- Mature males and maturingClass C: cm and <100>=60 cm
fishimmature females feeding smallmanyonor

tilapiines,haplochromines, smallprey, e.g.
Nile in lakesperch and arqenteaR-young

Victoria, Kyoga and Nabugabo and Alestes spp. in
Lake Albert.

Class D:

lakes Victoria, Kyoga and Nabugabo and Hydrocynus

in Lake Albert.spp.

The life history characteristics were first examined
for each length class within each block and the differences
between the classes compared. Comparison were then made for

or two large fish prey especially O. niloticus in

arqentea Pellegrin and small tilapiines and those of more

>=100 cm - All mature and feeding mainly on one
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classes between the blocks.
Connell and Sousa (1983) suggested that a time scale of

judgingis important inperturbation whether thethe
characteristic under consideration stabilized or not. In
this study, I assumed that the character was stable when it
persisted within certain limits for a recognized period of
time before moving to another equilibrium state.

About the lakes
The lakes examined in this study are shown in Figure

2.2.
Lake Albert is located within the Western Rift valley

o obetween latitude 1 20* N and longitude 300 ' 20 '
20 ' and has anE.

average depth of 40 m and a maximum of 58 It is about 35m.
km wide and 150 km long.

The Lake Albert ecosystem seems to be ecologically very
efficient. The lake is well mixed to the bottom most of the

and undergoes limited stratificationyear very or no
(Talling which facilitates1963) circulationgood of
nutrients in theand water column. Most of theoxygen
ecological niches occupied (Beadle this1981) andare
provides efficient flow of through the lake.an energy
Phytoplankton primary production seems not to have changed
since the 1960s (Talling 1963, Mugidde 1992).

Lake Albert has soudanian fish which isfaunaa

I

 2It covers an area of 5500 kmE and 31°
N and 2°

each length class or for a combination of specific length
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The map of Uganda showing the location of 
lakes Victoria, Nabugabo, Kyoga and Albert. The main 
sampling zone on each lake is indicated by a rectangle.
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different from that of lakes Victoria, Kyoga and Nabugabo in

Although it is connectedtheir native state (Beadle 1981).
to Lake Kyoga by the Victoria Nile,
lakes were prevented from mixing by the Murchison Falls.

whichNile perchofLake Albert the weresourcewas
Data onintroduced into lakes Victoria, Kyoga and Nabugabo.

from the north-eastern region
is also theThis forarea

which historical information were available.
Lake Victoria is the world's largest tropical lake and

situatedisin world. Itlake thesecond largestthe
oo E and latitude 3 0 'between longitude 31 50'40 '
2It has a total surface area of 68680 km' of30 ' N.

which 43% is in Uganda, 51% in Tanzania and 6% in Kenya. It
Theaverage depth of 40 m and

lake has many sheltered bays some of which are fringed by
macrophytes which can provide refuge from predation but with

The cover along the lake'slarge expanses of open water.

proliferation hyacinththe water (Twongo 1991). As
indicated in Chapter 1, physical, chemical and biological
conditions of Lake Victoria have changed over the last three
decades in ways likely to affect the fish stocks.

In Lake Victoria, most data
northern part of the lake near the station of the Fisheries
Research Institute at Jinja; this includes Napoleon Gulf,
Buvuma Channel, Hannington Bay and Thruston Bay. This area

E to 34°
S and 0°

has an

Lake Albert were collected

the fauna of the two

were collected from the

between Butiaba and Wanseko.

margins has since 1990 been enhanced by the invasion and

a maximum of 8 0 m.
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the available historical data were collected from the same

area.

in surface area and maximumVictoria.
Lake Nabugabo is believed to have been formeddepth is.

portion of watersand bar separatedwhen aa
(Worthington 1932, TrewavasVictoria about 4000 years ago

The lake is surrounded by a swamp1933, Beadle 1962, 1981).
which can provide refuge for fish from predation. Data were

collected from most parts of the lake.
oLake Kyoga is situated between longitude 32

2o It has an area of 2700 km ,E and latitude 1 N.
Its indented shoreline isand an average depth of 3.5 m.

Phragmites whichfringed in andplace by papyrusmany
from predation. Since theprovide refuge 1988,some

vegetation along the lake's margin has been enhanced by the
spread of the water hyacinth. On Lake Kyoga samples were
mainly collected from the area between Bukungu and Muntu,
where most historical data were collected.

Besides differences inthe thethe mophormetry of
lakes, and current limnological conditions, the native fish
fauna of lakes Victoria, Kyoga and Nabugabo were similar.

only exception was Lake VictoriaThe that had largera
species especiallynumber of haplochrominetheamong

cichlids. availableThe data indicatesalso that the
changes in fish species composition in the three lakes have

was chosen because of its accessibility and because most of

Lake Nabugabo is located off the western shores of Lake
It is about 24 km2

E and 34°
N and 2°

from Lake
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similar manner both to fishing and to fish

species introductions (Ogutu-Ohwayo 1985, 1993). Therefore,
the changes due to predation by the Nile perch were expected

timing of the changes.

responded in a

individual characteristics of the lakes would affect the
similar pattern in these lakes although theto follow a
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Chapter 3

Changes in the number and diversity of fish taxa in
lakes Victoria, Kyoga and Nabugabo in presence

of the Nile perch, Lates niloticus L.
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Abstract

The changes in the number and diversity of fish taxa
of Nilein stocksjust before and after rapid increases

perch in lakes Victoria, Kyoga and Nabugabo were examined
in tosituation Lake Albertcompared withand the see

whether fish species diversity in the habitats invaded by
Nile perch had stabilized or was decreasing further. Before
the rapid increases in Nile perch populations, fish species
diversity in Lake Victoria was not different from that of
Lake Albert and commercial landings comprised about 12 taxa.

speciesfishNileestablishment perch,theofAfter
significantly todiversity in Lake Victoria decreased a

which Lake Albert.that oflower thanlevel was even
Similar changes in fish species composition occurred in the

invaded by Nile perch. them becameAll ofthree lakes
dominated by two introduced species; Lates niloticus L. and

native species,Oreochromis niloticus andL. one
Rastrineobola following establishment of thearqentea

Fish species composition in these lakes has notpredator.
changed and diversity has not decreased further since the
three species became dominant suggesting that these three

resilient persist inand the of theare can presence
Also some species especially among haplochrominespredator.

suggestinghave fish speciesstarted to thatrecover
diversity had reached the in futurelowest level and may
increase.

L
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Introduction

There have been considerable changes in fish species
composition in lakes Victoria, Kyoga and Nabugabo since the

introduced.Nile perch was
declinednative species have

The original declinebecome extinct (Witte et al 1992a, b).
in the fish stocks was attributed to overfishing (Jackson

decline has been due to predation by the Nile perch (Ogari

Witte et al 1992a, b).b,
Young Nile perch feed on invertebrates and change to

Haplochromine cichlids, were1971, Ogutu-Ohwayo 1990a, b).

Cordone 1974) and formed the most important prey of the Nile

As population of Nile perch increased, those of1969) .
haplochromines and other native species declined rapidly due
to predation by the Nile perch (Ogutu-Ohwayo 1985, 1990a, b,

Ogari and Dadzie 1988,c,
As these were depleted, Nile perch switched to other1986).

prey types including its own young. There are fears that
the Nile perch will overshoot its food supply, resulting in

its and subsequently,a a
collapse in the fishery (FAO 1985).

Introduction of predatory fishes can be dangerous and

J

& Dadzie 1988, Ligtvoet & Mkumbo 1990, Ogutu-Ohwayo 1990a,

perch soon after its introduction (Hamblyn 1966, Gee 1964,

Ligtvoet & Mkumbo 1990, Hughes

and many

the most abundant fishes in Lake Victoria (Kudhongania &

fishes as they grow larger (Hamblyn 1966, Gee 1969, Okedi

own population,

1971, Ogutu-Ohwayo 1990a) but the recent and more drastic

species may have

reduction of

Populations of most of the



Many examples exist.resident species (Welcommme 1984).
Cichla ocerallis which wasaround the world for instance,

introduced into the Chagres River, Panama, and found its way
into Gatun lake eliminated many of the local species (Zaret

Introduction of the largemouth bass in the& Paine 1973).
speciesdepletedMexican de PatzcuaroLake, manyLago

fishes that of theandincluding important native food
rainbow trout into Lake Titicaca damaged a species flock of

The black bass,at least 19 fish species (Welcomme 1984).
intointroduced LakewhichsalmoidesMacropterus were

species lakethefromNaivasha, otherdepletedKenya,
bass which(Siddiqui 1977). large mouthTrout and was
sport fisheryintroduced a

eliminated (Jackson 1960,at
However, the introduction of the Nile perchFAO/CIFA 1985).

into lakes Victoria, Kyoga and Nabugabo provides one of the
most spectacular examples of the effects of introducting a
large predator into a lake (Barel et al 1975).

The changes in fishery yield and species diversity in
lakes Victoria, Kyoga and Nabugabo were examined to see how
the numbers and diversity of fish taxa had changed in the
presence of the Nile perch and if there
that these would stabilize and the fishery remains viable.

assumed that species diversity initially declined
rapidly due to predation Nile fishby the perch on a
community not previously exposed to such a large predator.

35 
have in many cases disastrously reduced or even eliminated

It was

was any evidence

least three native species
into Southern Africa to form
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vulnerable species were eliminated,After

declining when resilient species persist. The number and
level whichdiversity of a
This wouldwould be determined by the resilient species.

occur at a level which is either unique to the new habitats
which would have similarities to that of Lake Albert

Alternatively,and other native habitats of the Nile perch.
fish taxa would continue to

decline to a level where the fishery would become unviable.

Materials and methods
The changes in the number and diversity of fish taxa
examined by analyzing commercial records andcatchwere

experimental fishing data lakes Albert,collected from
Victoria, Nabugabo and Kyoga. Analyses were based on:

FisheriesCommercial records collected bycatch1) •
Departments of Uganda, Kenya and Tanzania just before
and after the rapid increases in Nile perch stocks.
These included: commercial catch records of Lake Kyoga

Ugandan and Tanzanianthe Kenyan,
regions of Lake Victoria and Lake Albert between 1970
and 1990. These were the only time series data that
were available for this analysis. these dataHowever,
give a fair picture of what was happening in the lakes
because fishermen on these lakes exploit virtually all
species available from the smallest species such as R.

36
it would stop

or one

arqentea to the very large Nile perch and also use a

from 1963 to 1989,

the number and diversity of

fish taxa would stabilize at



The methods of fisheries statistical datamesh sizes.
collection are also similar for the countries bordering

experimental fishing data was used to seeFurthermore,
whether what was recorded in commercial catches was a
fair representation of what

catch composition data collectedExperimental trawl2) .
from Lake Victoria between 1970 and 1992.

composition data collected fromExperimental catch3) •
lakes Victoria, Kyoga, Nabugabo and Albert between 1988
and 1993.

A fine meshTwo seines were used.seines and trawl nets.
seine of 10 mm stretched mesh and 20 m in length was used to
sample small fish like R. arqentea and juveniles of larger
species. This was the least selective gear and was capable
of catching even the smallest species such as R. arqentea.
The second seine of 100 m length with wings of 102 mm mesh
and a bag of 51 mm stretched mesh was used to catch larger
fish. done only in Lake Victoria using a

The data from trawling werecodend of 19 mm stretched mesh.
compared with earlier surveys of Kudhongania and Cordone
(1974) and Okaronon et al (1985). The gill nets used were

stretched mesh. an
effort was made to sample different habitat types in respect

37 
mixture of gears from gill nets to seines of various

was in the lakes.

Trawling was

to location (inshore or offshore), water depth, substratum

Experimental fishing was conducted using gill nets,

a system designed by FAO.

of 25.4 mm to 305 mm

Lake Victoria and follow

In each lake,



type,
other refugia.

Experimental fishing on Lake Albert was logistically
difficult.

These were considered representative becausewere sampled.
seinessize gill used bythe and theof netsranges

commercial fishermen were, with the exception of the fine 10
in

experimental fishing on lakes Victoria, Kyoga and Nabugabo.
Only the 10 mm mesh seine was operated on Lake Albert.

The total number and weight of species captured was
the whole catch from a singlerecorded. For Lake Albert,

boat was treated as one sample.
usingestimatedspecies diversityFish was

Index of diversity H' (Pielou 1969). TheShannon-Weaver
Diversity Index H' was calculated using the formula:

H’

by weight, of each taxon in the sample.

I

= V^PilOgePi

where s is the number of species and pf is the proportion,

Because of this, commercial fishermen's catches

38 
and presence or absence of aquatic macrophytes and

mm seine, similar in mesh size ranges to those used
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Results

Changes in commercial catch composition in Lake Victoria
The changes in yield of different taxa in the Kenyan,

Ugandan and Tanzanian regions of Lake Victoria between 1970
in Figures and 3.3.illustrated 3.23.1,and 1990 are

Before stocks of the Nile perch started to increase rapidly,
twelve to fourteen taxa occurred regularly among commercial

variabilis),Two tilapiines (0. esculentus and O.catches.
ClariasandForsk.catfishes, 1775docmacthe Baqrus

lungfish, Protopterusgariepinus theBurchell, 1822 ,
and haplochromine cichlids were

Less common species includedthe major commercial species.
victorianuscyprinids, Boulenger, 1901,Labeothe

Schilbe intermediusBarbus spp, the cat fish,argentea and
Synodontis mormyrids, and theRuppell, and1932 spp,

characid Brycinus spp.
In the Kenyan region (Fig. 3.1), the total quantity of

fish remainedlanded between and tonnes14,918 18,677
As the introduced species became

established, yield increased rapidlytotal from 19,332
tonnes in 1977 to 165,802 tonnes in 1990. This was due to
an increase in the yield of the two introduced species; L.
niloticus from 94 tonnes in 1976 to 71,414 tonnes in 1990
and O. niloticus from 421 tonnes in 197 6 to 3 8,3 05 tonnes in

The only native species whose yield persistently1990.

The yield ofR. argentea.

and 1976.between 1970

increased during this period was

aethiopicus Haeckel, 1851,
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declined like Brycinusandall taxaother spp,some

haplochrominesvictorianus andSynodontis I-spp,
disappeared from the catches.

introduction thetotime theoftheFrom up

establishment of the Nile perch, haplochromines had been the
Victoria (Graham 1929,infish Lakeabundantmost

TheseKudhongania and Cordone 1974, Okaronon et al 1985).
fish were severely reduced following the rapid increases in

stocks. (Fig. 3-1) ,byNile 1989perch However,
haplochromine stocks in the Kenyan region of Lake Victoria
had started to recover.

In the Ugandan region (Fig. 3.2) , total yield decreased
from 41670 tonnes in 1970 to 9999 tonnes in 1980. As the

total yieldintroduced species increased,stocks of the
increased from 17,000 tonnes in 1981 to 132,382 tonnes by

This was again due to increases in the contribution1989 .
inof the Nile perch tonnes tofrom 101,25713,980 1983

The yield of tilapiines which had decreasedtonnes in 1989.
low levels in the early increased from 382to very 1980s
in followingintonnes to tonnes1983 20,218 1989

establishment of O. niloticus. The yield of R. arqentea
increased from lessalso than tonnes before to100 1984

The landings of all the other taxa7,052 tonnes by 1989.
declined and some like Synodontis spp, L. victorianus, and
haplochromines were virtually absent from commercial catches
by 1983.

Detailed commercial for the Tanzaniancatch records
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region of 1987 .
Total fish yield increased only slightly between 1970 and

(Fig. 3.3).1982
especially the Nile perch increased from 1983 onwards, the
total quantity of fish landed increased rapidly from 72,586

This was againtonnes in 1983 to 216,403 tonnes in 1986.
due to increases in landings of Nile perch from 274 tonnes

in catchAlthoughin 1986.tonnesto 123,8791981
separated into theirstatistics

composite species, the Nile tilapia was,
increasedUgandan regions, theoftheand the source

landings of tilapiines from 6,359 tonnes in 1970 to 17,630
The only native speciestonnes in 1986 (Bwathondi 1987).

other regions, R.as
argentea which increased from 252 tonnes in 1976 to 9,825

Unlike the Kenyan and Ugandan regions, onlytonnes in 1986.
the yield of haplochromines had started to decline by 1987
with little change in the yield of other species. However,
these species later also declined in the Tanzanian region of
the lake (Witte et al 1992a, b).

Changes in trawl catch composition in Lake Victoria
The changes in composition and relative abundance of

fish species in Lake Victoria
experimental trawl composition (Fig.catch 3.4) .
Haplochromines comprised up to fish

1970

was also apparent from the

as in the Kenyan

whose yield increased was,

When the stocks of introduced species

for tilapiines were not

in the

(Kudhongania & Cordone,

Lake Victoria are available only up to

8 0% of the demersal
stocks in Lake Victoria in
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1974)
(Okaronon et alJinja up to 1982part of the

weightproportion ofbythe1985). After 1982,
haplochromines declined from 76.2% in 1983 to 6.9% in 1985.

Nilethe proportion perchofperiod,During the same
increased from 16.8% in 1983 to 90.4% in 1985 and that of

species. By 1985,being otherthemade byup

Other species namely P. aethiopicus, B. docmac, T. zilli, O.

were caught in very small quantities. R. arqentea although

retained by the mesh size of the codend used.

Catch composition of seines and gill nets in Lake Victoria
Data obtained from experimental beach seines and gill
in provideVictoria additional evidenceLake ofnets

similarities in in species compositionchanges between
commercial and experimental catches in the lake (Table 3.1) •
The catch from the 10 mm seine, which was the only fishing

dominated by R.arqentea, was
arqentea, Nile tilapia and Nile perch. Haplochromines formed
only 5.77% of the biomass of fish caught in the 10 mm seine.
Nile perch contributed 97% of the catch in gill nets and the

seinemesh tilapia.51 followed Nileby themm
Haplochromines, mormyrids, zilliileucostictusO. and T.

I.

47
and remained the most abundant taxa in the northern

leucostictus, and Synodontis afrofischeri Hilgendorf, 1888,

the Nile tilapia from 0.4 % to 23.9% in 1988 with only 2%

abundant was not recorded because

lake near

gear that could retain R.

it is too small to be

haplochromines were virtually absent from trawl catches.
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Percentage contribution by weight, of differentTable 3.1.

fish taxa caught in experimental sampling in Lake Victoria

from 1988 to 1992.

Gill 19 mmType of fishing gear: 51 mm10 mm
seineseine Trawlnets

Fish taxa:
97.17 80.01Lates niloticus 97.8918.13
1.01 14.43Oreochromis niloticus 22.76 1.93

Rastrineobola arqentea 39.10
Haplochromines 0.03 0.090.065.77
Mormyrids 1.77

0.74Baqrus docmac
Clarias qariepinus 0.05
Oreochromis leucostictus 0.000.01
Protopterus aethiopicus 0.92

0.09
0.13 0.02 0.12

Unidentified tilapiines 3.4714.25

Weight sampled (kg) 4847 1836 5580213

Synodontis afrofischeri
Tilapia zillii
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Changes in commercial catch composition of Lake Kyoga
Fish species composition of Lake Kyoga prior to the

establishment of introduced species was similar to that of
esculentus, 0.(WorthingtonVictoria 1929) . Q.Lake
qariepinus, S.aethiopicus, B.variabilis, docmac, C.P.

majormormyrids theintermedius, andBarbus werespp
Haplochromines were abundant.alsocommercial species.

These remained the dominant species up to the time of the
introduction of the Nile perch (Ogutu-Ohwayo 1985).

Nile perch and the non-native tilapiine species were
introduced earlier and spread faster in Lake Kyoga than in

inunlikeVictoria LakeLake (Gee 1964). However,
Victoria, the catch statistics of Lake Kyoga were not split

Stocks of the introducedinto their constituent species.
species in Lake Kyoga increased rapidly from 1963 onwards
(Fig. 3.5). This resulted in increases in yield from 18,261
tonnes in 1964 to a peak of 167,200 tonnes in 1978. These

due to a rise in the contribution of Nile perch fromwere
657 tonnes in 1964 to 71,000 tonnes in 1978 and that of the
introduced tilapiines especially the Nile tilapia from 589
tonnes in 1964 to 80,960 tonnes in 1985. The yield of the
native tilapiines which had dominated the fishery since its
development and that of all native speciesthe other
declined. However, total yield declined from 167,200 tonnes

were caught in very small quantities.

recorded at peak production in 1978 to 54,706 tonnes by
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the yield ofDuring this period, the Nile perch1989 .

decreased from 71,000 tonnes in 1977 to a mere 15,000 tonnes
But total yield is still higher than the earlyin 1989.

1960's.

Experimental catch composition from Lake Kyoga
in theLake Victoria, catchthe

catches were dominated by Nile perch, Nile tilapia and R.
(Table 3.2).argentea

again the dominant species in the.gill nets and the 51 mm
the proportion of Nile tilapia was higherseine. However,

than in Lake Victoria and haplochromines were more commonly
whichVictoria.in Other taxathan Lakeencountered

intermedius,leucostictus,zillii, P-S.O.
aethiopicus, C. qariepinus, Barbus spp, S. afrofischeri, L.
victorianus, mormyrids Afromastecembelus frenatusand

The
two originally most abundant tilapiines and the catfish B.
docmac were not caught at all.

From 1991, haplochromine stocks in Lake Kyoga started

Nile Fig.perch (Chapter 4.2) . these4: However,
haplochromines comprised a few species which were dominated
by Astatotilapia latifasciata (Regan), (Wandera1929 &
Namulemo personal communications). This increase may,
therefore, not represent a recovery in the haplochromines
species flock but merely an improvement in stocks of a few

Nile perch and Nile tilapia were

10 mm seine

(Boulenger, 1901), were caught in very small numbers.

As for

included; T.

to increase both in the catches (Table 3.3) and as prey of
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Percentage contribution of different fishTable 3.2.

taxa, by weight, in experimental sampling on Lake Kyoga

between 1988 and 1993.

Gillnets10 mm seineFishing gear:

1988 19911991198819911988
199319901993199019931990

Fish taxa:
79.5074.48 65.55L. niloticus 25.7561.6059.23

32.54 18.85niloticus 23.3168.2513.0334.63O.
13.17argentea 5.17R-

0.26Haplochromines 0.040.040.000.98 0.78
zillii 0.201.575.295.55T.
leucostictus 0.010.370.19 0.38O.

0.920.01 0.390.01Barbus spp 0.04
intermedius 1.31 0.020.02S.

C. qariepinus 0.410.18
Mormyrids 0.02
P. aethiopicus 0.29 0.13

afrofischeri 0.000.04S. 0.00
frenatus 0.00A. 0.02 0.06

L. victorianus 0.000.12
Other tilapiines 5.52
Weight (kg) 38.8 51.5 2737 903 1855 5027

51 mm seine 
net
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The catch rates of haplochromine cichlids perTable 3.3.

fishing night in 25.4 nun and 38.1 nun stretched mesh gillnets
The fishing fleet had one netof 90 m length in Lake Kyoga.

of each mesh.

Period: 19931988/90 1991 1992

7391 9340
21348 34830

21.272.14 13.521.58
4.19 4.970.850.83

Number of fishing nights:
Maximum number in a night:
Mean number per night:
1 SE of the mean:
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species that may have survived among some refugia and may
have some capacity to persist in the presence of the Nile

perch.

Experimental catches from Lake Nabugabo
statistics for Lakecommercial catch

When the Cambridge expedition surveyed the lakeNabugabo.
in 1962, the most important fishes among commercial catches

Victoria andand Kyogasimilar lakesthose oftowere
comprised; aethiopicus, B.P.
qariepinus, O. esculentus, O. variabilis and haplochromines.
The expedition also recorded thirteen non-cichlids and eight
haplochromine species from experimental samples (Cambridge
expedition 1962, Ogutu-Ohwayo 1993).

The relative importance of the fish taxa recorded from
Lake Nabugabo between 1991 and 1992 is shown in Table 3.4.

dominated by juveniles of Nile perch,The 10 mm seine was
Nile perch andNile tilapia, R. arqentea and T. rendalli.

Nile tilapia were again the most abundant species in the
gill nets and the 51 mm seine. intermedius wasHowever, S.

in in gill in andcaught large numbers the lakenets
contributed gill6.96% theto catches. Alsonet T.
rendalli, jacksonii zillii significantandB. madeT.
contributions gill whichto net catches. Other taxa
included, C. qariepinus, mormyrids, O. leucostictus and S.
afrofischeri were, in lakes Victoria and Kyoga, caughtas
only in very small guantities.

intermedius, C.docmac, S.

There were no
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Percentage contribution of the different fishTable 3.4.

taxa by weight, in experimental sampling in Lake Nabugabo
between 1991 and 1992.

GillType of fishing gear: 51 mm10 mm
seineseine nets

Fish taxa:
67.73Lates niloticus 86.9278.72

Oreochromis niloticus 15.178.288.92
Rastrineobola argentea 5.10
Haplochromines 1.660.590.28
Schilbe intermedius 6.960.77
Mormyrids 0.050.01
Clarias gariepinus 0.25
Oreochromis leucostictus 0.19
Synodontis afrofischeri 0.01 0.080.00
Brycinus jacksonii 0.14 2.770.07
Tilapia zillii 1.31 2.230.00
Tilapia rendalli 1.97 2.926.91
Barbus spp 0.00
Weight sampled (kg) 196 317280

. JNATIP:;Al. AGRICLI.TVR -.1. ? E-SEARCH V
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Changes in commercial catch composition of Lake Albert

original state of the fishery of Lake Albert isThe
The most important commercialgiven by Worthington (1929).

citharusCitharinusimportancein ofordertaxa, were

Nile tilapia, Baqrus spp, Alestes baremose,macrophthalmus,

Cuvierforskalii, 1819,HydrocynusBoulenger 1901,

Schneider, and MormyrusSynodontis shall, 1801,Bloch &

The contribution of different taxa to total yield in
Lake Albert for the period 1971 to 1989 is illustrated in

The fish species composition of the lake has notFig. 3.6.
changed much from what was recorded by Worthington about 60

still regularlytaxaFourteen amongoccuryears ago.
(mainly O.tilapiinescommercial Latescatches. spp,

niloticus), and two pelagic Characid taxa, Hydrocynus spp
importantstill theand Alestes mostspp were among

commercial species. The only originally important species
which was no longer abundant among commercial catches was C.
citharus.
during the first part of this century (Cadwalladr & Stoneman
1966).

(Table 3.5) showed that the commercial catch
records gave a good picture of what was present in the lake.
Lates spp, Hydrocynus spp, Alestes spp and tilapiines were

examined. Even C.

1990 to 1992
Experimental sampling carried out on Lake Albert in

the most abundant taxa in the sample

This species was depleted due to overfishing

Boulenger, 1905, Lates spp (comprising L. niloticus and L.

caschive, Linne, 1758.
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Percentage contribution of different fish taxa,Table 3.5.

by weight, to experimental samples in Lake Albert between

1989 and 1992.

Gill-51 mmType of fishing gear: 10 mm
seine netsseine

Fish taxa:
25.271.96Alestes baremose
0.65Alestes dentex
0.011.7621.03Alestes nurse

21.9622.65bates niloticus 24.66
1.038.42Lates macrophthalmus

14.95Barbus bynni 2.34
14.660.7815.08
8.630.18

Oreochromis niloticus 4.7632.54
Oreochromis leucostictus 0.030.31
Tilapia zillii 0.080.5614.90

2.051.35
0.36

1.66 0.34Mormyrus kannume
0.190.09

2.68 1.310.13
1.303.05 14.55

Bagrus docmac 0.36 0.39
0.26 0.61

0.450.75
Labeo coubie 0.200.03
Auchenoqlanis occidentalis 1.91 5.75 0.44

0.90 0.14
0.11

4.63 0.13 0.03
0.01 0.02

Neobola bredoi 0.12
Barilus niloticus 14.50

69 48 3 0

Haplochromines
Schilbe intermedius

Synodontis spp
Labeo horie

Mormyrops spp
Mormyrus niloticus

Hydrocynus spp
Distichodus niloticus

Gnathonemus spp 
Clarias gariepinus 
Bagrus bayad

Malapterurus electricus
Citharinus citharus

Weight .sampled (kg)
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citharus which had been feared to be extinct in the lake was

Unlike in lakesencountered although in very small numbers.
species havewhereNabugabo,Victoria, andKyoga many

has vanished from Lake Albert since the

first fishery survey of the lake.

Changes in fish species diversity
followingdiversityspeciesfishinThe changes

habitats wereestablishment of the Nile perch in the new
examined by comparing changes in Shannon-Weaver indices of
diversity H' in the Kenyan, Ugandan and Tanzanian regions of

and after theLake Victoria between
Nile perch and that of Lakein stocksrapid increases

Nile perch stocks started increasing rapidly inAlbert.
in theinthe Kenyan region (Hughes 1986) ,in 19821977
in theinregion (Okaronon et al 1985) andUgandan 1983

Tanzanian region of Lake Victoria (Goudswaard & Witte 1985).
It was assumed that predation by the Nile perch had reduced

itsH' the level startedfrom recorded before stocks
increasing rapidly to a significantly lower level. Before
the rapid increases in Nile perch stocks, H' was assumed to

remained in limits within whichhave it did not change
significantly. After prey species which were not resilient

eliminated by predation, H* significantlya
lower level and again remained in limits within which it did
not change significantly and at which it was maintained by

L

and could not persist in the presence of the Nile perch were

1970 and 1990 before

declined to

disappeared, none



presence of the predator.

increases in Nile perch stocks were determined using values
of H' from 1970 up to the year when Nile perch stocks in
that region of the lake started increasing rapidly. That
for the period after rapid increases in Nile perch stocks

derived from the value outside and below those of thewas
period before the rapid increases. The centre value for
each of the periods was determined by taking the average of

limitscriticaleach period. TheH' values for were
determined by calculating the average moving ranges between

usingconsecutive Control Chart Tableandvalues a
The level of confidence attached to these(Griffiths 1989).

limits is 99%.
changes in H' the rapidthe periodThe beforefor

increases in Nile perch stocks after the rapidand that
increases for the different regions Lake Victoria andof
those of Lake Albert are illustrated in Figure 3.7. In the
Kenyan and Ugandan regions, there were two distinct levels
of fish species diversity corresponding to the period before
and after the rapid increases in Nile perch stocks. After
the rapid decline in H' in these regions, H* did not decline
further and remained within the critical limits except for

value in the Kenyan region for 1989 which was above theone
critical limits. However, H' above theany
critical limits would indicate that resilience was exceeding

60 
prey species that were resilient and could persist in the

increase of

The critical limits for the period before the rapid
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perch predation andNileperturbation due tothe some

The failure of H' tostarting to recover.
decline further in the Kenyan and the Ugandan region of Lake
Victoria suggested that the fish stocks had reached a level
where they were resilient to Nile perch predation and were

There were no data of the periodstable during that period.
after the rapid increases for the Tanzanian region but as

the number of species in the fishery inmentioned earlier,

Kenyan and Ugandan regions (Witte et al 1992a, b) .
The changes in H' during the periods before and after

in the Kenyan,in Nile perch stocksthe rapid increases
Ugandan and Tanzanian regions of Lake Victoria are compared

the native habitat on Nile perchwith that of Lake Albert,
Fish species diversity in Lake Victoria wasin Figure 3.8.

period before the Nile perch stocks increased rapidly in
Lake Victoria. after the rapid increases, fishHowever,
species diversity declined to a significantly lower level (p

0.01) than that of even Lake Albert. This suggests that
fish species diversity in lakes Victoria, Kyoga and Nabugabo
might stabilize at lower value than that recorded Lakea
Albert and probably other native habitats of the predator.

Discussion
Haplochromines which fishthe most abundantwere

species in lakes Victoria, Kyoga and Nabugabo prior to the

I

the Tanzanian region also declined as was the case in the

species were

higher and comparable to that in Lake Albert during the
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The rapid depletion ofestablishment of the Nile perch.
haplochromines seems to be due their lack of resilience to
exploitation whether this is due to fishing or predation.
Stocks of haplochromines had started declining rapidly in

the
trawling which had started there before the rapid increases

Similar(Goudswaard & Witte 1985).in Nile perch stocks
declines occurred in Lake Malawi following only four years
of trawling for the haplochromines (Turner 1977a, b) . In
Lake Victoria, haplochromines consisted of over 300 species

limitedwith(van Oijen ofal 1981) eachet rangea
standingecological stocks.low Amongtolerance and

haplochromines, females produce few eggs which they carry in
protectiontheir smallmouths and thefor areyoung

With each broodingsimilarly protected (Fryer & Iles 1972) .

They cannot therefore withstand heavy cropping, whether this
is overfishing predationdue to heavyor pressure.

although itTherefore, originally thought that thewas
haplochromine stocks sustain Nile perchwould the when
introduced Victoria Worthington(Graham 1929,
1929, Anderson 1961), current knowledge suggests that they
do not have the capability to do so.

Following establishmentthe Nileof theperch,
diversity of exploited fish taxa in lakes Victoria, Kyoga
and Nabugabo declinedhas from about beforetaxa12

I

64 
establishment of Nile perch were depleted rapidly following

fish either caught or eaten, its young are also destroyed.

Tanzanian region of lake Victoria due to commercial

into Lake



Since this change, the number ofniloticus and R. arqentea.
speciesfishandfurtherdecreasedfish nothastaxa
in Lakecomposition has not changed for at least 10 years

Victoria and for probably longer periods in lakes Kyoga and
Nabugabo where Nile perch were introduced and became well

niloticus, R.This suggest that 0.established earlier.
arqentea, and apparently Nile perch itself are resilient and

niloticus alongside theof O.The parallel success
predatory Nile perch may be related to their origin. Both

Lake Turkana, the Chad basin and rivers of West Africa (Lowe
O. niloticus is likely to beMcConnell 1988, Skelton 1988).

less vulnerable to predation from the Nile perch than the
indigenous tilapiines of lakes Victoria, Kyoga and Nabugabo

O. niloticus may haveas it has evolved with the predator.
evolved behavioral responses to reduce predation losses from

Similar behaviour by the native tilapiinesthe Nile perch.

necessary.
The only native species which has persisted in the

presence of Nile perch is R. arqentea. The success of R.
arqentea to the shoaling behaviour
pelagic position it occupies in the water column. Hamblyn
(1966) in
capturing pelagic prey or those swimming near the surface.

I.

can persist in the presence on the predator.

65 
establishment of Nile perch to only three, L. niloticus, 0.

are native to Lake Albert, the Nile below Murchison Falls,

could be due and the

in lakes Victoria, Kyoga and Nabugabo would not have been

least successfulhas shown that Nile perch is
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argentea couldR.
Lakes occupied by L. niloticus or Latespelagic position.

Lake Tanganyika are dominated by pelagicspp in general eg.
species (Coulter 1965).

similarities the currentbetweenThere are some
fisheries of the lakes invaded by Nile perch and those of
Lake Albert and other native habitats of the Nile perch.
Nile perch and Nile tilapia, which are the dominant species
in the three lakes are also among the dominant species in

this study)&

At least one of the twoTurkana (Beadle 1981, Hopson 1982) .
inremaining major components catchof the

Alestes spp (the other being the piscivorous Hydrocynus spp)
is pelagic and can be regarded as ecologically analogous to

in their lowerargentea, at least respect toR.
susceptibility to predation by the Nile perch. Alestes spp

in Lake Chadabundant (Hospon 1972) . However,
invaded by Nile perch is

lower than that of Lake Albert suggesting that fish species
diversity in the new habitats might stabilize at a different
level although further improvement is possible as stocks of
some taxa in the invaded habitats eg. the haplochromines and
B. jacksoni have started increasing. B. jacksoni (formerly
Alestes jacksoni) is similar in size and toappearance

Albert (Greenwood 1966).

Kyoga and apparently

reduce predation losses by taking up a

are also

Alestes nurse which is a major prey of L. niloticus in Lake

Total yield of lakes Victoria,

species diversity of the lakes

Lake Albert (Worthington 1929

Lake Albert

and in Lake
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Nabugabo (where no commercial catch records are available)
increased following establishment of the Nile perch. It

however, that these fisheries will not sustain theappears,
Total yield from Lakepeak yields recorded in these lakes.

Kyoga where Nile perch became established earlier than Lake
this(Fig- AlthoughdeclinedVictoria 3.5) .has was

small mesh seinesattributed to intensive (Twongo
the declines were more prominentpersonal communication) ,

among Nile perch populations and could have been partly due
The large quantities ofto the reduction in food supply.

Nile perch landed in lakes Victoria and Kyoga
establishment of the predator were originally supported by
the large quantities of vulnerable haplochromines which at
that time formed the main prey of Nile perch (Hamblyn 1966,

Okedi 1971) . Since these haplochromines1969,
have been depleted its is unlikely that production can be
maintained at that level.

facilitated improvementFactors that have of
haplochromine in instocks Lake wouldKyoga be useful
enhancement of some of the fish species that were depleted
from the The
increase in haplochromine stocks in Lake Kyoga coincided
with the invasion and spread of water hyacinth Eichhornia
crassipes (Martius) Solm which invaded the lake in 1988 and
became well established between 1991 and 1992 (Twongo 1991).
Floating beds of water hyacinths provide cover and as they

survived under cover

I

soon after

use of

lakes to which Nile perch were introduced.

Gee 1964,

move disperse haplochromines which
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among macrophytes along the margins of the lakes and among

Goeltenboth and Kristyanto (1987) have noted thatmultiply.
the water hyacinth can provide a valuable habitat as long as

Areas covered by the hyacinth canit is kept under control.
support a large and diverse community of aquatic organisms

The planned control of the water(Willoughby et al, 1993).
hyacinth in lakes Victoria and Kyoga, is likely to re-expose
the haplochromines to predation and might result in their

invadedhyacinth has Lakeifdecline. theAlso, even
its distribution may not become as extensive as inVictoria,

Lake Kyoga, because Victoria is deeper and more open. The

water hyacinth thrives The
haplochromine cichlids may, therefore, never recover to the

The recovery in
by possiblehaplochromines may also have been enhanced

reduction in Nile perch stocks due to the very high fishing
pressure and the indiscriminate use of seine nets. However,

mentioned earlier, haplochromines generallynotas are
resilient to exploitation. The recovery of haplochromines
in the habitats invaded by the Nile perch only be ofcan
long term benefit fish have developed behavioral
characteristics reduce predationto losses. Structural
refugia such as that provided by the water hyacinth cannot

reliedbe sustain Nileto itperch stocks althoughon
provides temporary relief and once the cover is removed, the
haplochromines will again be depleted. The sustainability

same extent in Lake Victoria as in Kyoga.

other refugia and allows them to recolonize the lake and

if the

in shallow sheltered areas.
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of the Nile perch fishery in lakes Victoria and Kyoga cannot

isitselfif notthis thedepend recoveryrecoveryon
sustainable.

Even if haplochromines stocks in lakes Victoria, Kyoga
and Nabugabo improve, these are likely to consist of a few
species that can persist in the presence of the Nile perch.

far recovered in open waters ofOnly a few species have so
Namulemo personal communication).(WanderaLake Kyoga &

Generally the lakes in which Nile perch is native have very
four and Lakefew haplochromine species; Lake Albert has

The only exception isTurkana only three (Greenwood, 1974) .
Lake Tanganyika, which has haplochromine species-flocks, but
these occur in the presence of different species of Lates.

the Lake Tanganyika haplochrominesAlso are
is permanent refugia inrocky inshore areas

which they can take shelter from Lates
in Lake Tanganyika, it is1972) . As

haplochromines which inhave been least depleted Lake
Victoria Witte et al,(Ogutu-Ohwayo 1990c, b) but1992a,

rocky habitatssuch generally lacking in lakestheare
invaded by the Nile perch. protection ofNevertheless,
refugia such as rocky outcrops and marginal vegetation will

beneficialbe the preservationto and theofrecovery
haplochromines and other species in lakes to which the Nile
perch was introduced.

introducedApart from the species especially Nile
perch, especiallyother factors, over-exploitation and

where there
confined to

spp (Fryer & Iles,
the rock-dwelling
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environmental degradation, have affected and are likely to
continue to affect stability and viability of fisheries in

Over-exploitation andlakes Victoria, Kyoga and Nabugabo.

in tolakesthesefishdepletion stocksof
Ogutu-Ohwayoof Nile perch (Jacksonestablishment 1971,

and the prawn,1929Whereas Alestes nurse Myers,1990a).
Caridina nilotica Roux, which are major prey of Nile perch
in Lake Albert are not commercially exploited in that lake,
R. argentea is heavily exploited in lakes Victoria and Kyoga

inbeing exploited of Lakeis partsniloticaC. some
Juvenile Nile perch whichVictoria (Ogari & Asila 1992).

are also
There isheavily exploited especially by the seine fishery.

already a decline in the mean size of R. argentea cropped by
the commercial fishery in Lake Victoria due to the combined
effects of predation and human exploitation (Wandera 1992).
Control of exploitation of R. argentea, juvenile Nile perch
and C. nilotica will contribute greatly to the stability of
fish stocks in lakes Victoria, Kyoga and Nabugabo.

Conclusion
Following establishment of Nile perch, the number and

diversity of in lakes
Victoria, Kyoga and Nabugabo declined from about 12 to three
taxa; niloticus and R.L. Afterargentea.
this, there was no further decline in the number of species

I

use of destructive fishing practices contributed greatly to

are major prey of sub-adult and adult Nile perch

niloticus, O.

fish taxa in commercial landings
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and in diversity indicating that these three species are
resilient to predation and can sustain the fishery. Also
stocks some native species especially haplochromines and A.

lakes
to persist in

This should prevent the stockspresence of the predator.
from collapsing.

jacksoni have started recovering in some of these
indicating that more species may be able
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Chapter 4

in lakesby Nile perch, Lates niloticus L.
Victoria, Kyoga and Nabugabo

Changes in the types, sizes and numbers of prey eaten
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Abstract

established in lakesBefore Nile perch became well
haplochromine cichlids were

the main prey of all but the smallest sizes of the predator.
the average sizes and numbers of prey eatenAt that time,

After haplochrominesincreased linearly with predator size.
were depleted, Caridina nilotica Roux and anisopteran nymphs
became the dominant prey of juveniles with the exception of
Lake Nabugabo where C. nilotica is absent while larger Nile

juvenile Nileperch ate Rastrineobola arqentea Pellegrin,
There were no furtherperch and Oreochromis niloticus (L.) .

changes in the types of prey eaten
Kyoga where Nile perch got established earliest, suggesting

resilient. Thereafter,that these types of prey were
haplochromines again became important as prey in the lake in

Similar trends were observedaddition to the above types.
in lakes Victoria and Nabugabo. The types of prey eaten in
lakes Victoria, Kyoga and Nabugabo are now similar to those
eaten in native habitats where Nile perch has remained in
balance with long time. Therefore, the
current types of prey can persist and sustain the Nile perch
fishery in lakes Victoria, Kyoga and Nabugabo.

its prey for a

Victoria, Kyoga and Nabugabo,

for 23 years in Lake
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Introduction

In lakes Victoria, Kyoga and Nabugabo, the diversity of
fish taxa has declined and the abundance of haplochromines

initially the most important prey of the Nilewhich were
These declines wereperch, Lates niloticus L. has dropped.

attributed to predation by the Nile perch (Witte et al.
b) and have created fears that prey would fall to a1992a,

level where there would not be enough food to sustain Nile
This would make the Nile perchperch stocks (FAO 1985).

scenarioalternativefishery unviable. An
resilient prey are not be depleted and others adopt to the

The populations of the prey andpresence of the predator.
those of the predator then come into equilibrium leading to

itselection i. e.Diet

According to optimalfood, affects its fitness (Pyke 1984).
foraging theory, individuals while feeding should maximize
their net rate of energy gain and foraging behaviour should

dominated characteristicsbe by those that enhance
individual fitness. Diet selection theory predicts that: 1)
prey types are either always taken upon encounter, or never

2) prey items are added to the diettaken upon encounter,
in order of their ratio of energy per attack to handling
time per attack and 3) inclusion of a prey type in the diet
does not depend on its own encounter rate but depends only
on its profitability and the characteristics of types ofon
a higher rank (Pyke 1984). When a more profitable prey is

a sustainable fishery.
the way an organism selects

is that some
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abundant, the theory predictd that a predator should select
this prey and avoid the inferior types (Shoener 1969, 1971) .

Field observations and laboratory experiments (Hrbacek
ReifGerking 1962, Brooks &1961,

Gerking &1974 ,WernerTappa 1966,
Plantz 1980) using zooplankton prey, have shown that when a

in the case of thepredator is introduced into a habitat, as
Nile perch, it chooses the most profitable prey on the basis

In virtually all the
prey populationof thememberslargerthe arecases,

depleted or eliminated leaving smaller types to dominate the
When a predator is faced with this type ofprey population.

it switches to the smaller prey and may meet itssituation,
energy requirements by adjusting the numbers of prey eaten.

Changes in the types, sizes and numbers of prey eaten
by the Nile perch in the habitats to which it was introduced

examined and compared with in nativewere
habitats. It was predicted that Nile perch initially fed on
the most suitably sized and vulnerable types of prey. They
then switched sizes and numbers of prey eaten as those prey
types which were not resilient and could not persist in the
presence of the predator were eliminated.
predator switched to other available prey until only those
prey that were resilient remained abundant.

especially those that would have survivedof some species,

rocky outcrops then increased.e.g.

These changes would be accompanied by shifts in types, sizes

et al.

Thereafter, the

among macrophytes or

of size, abundance and catchability.

& Hall

Later, stocks

& Dobson 1965,
Lazzaro 1978,

the situation
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new steady state is approached.

This state should either be unique to the new habitats or be
similar to those in native habitats of the Nile perch. In

steady state, the types, sizes and numbers of prey eaten by
the Nile perch in the new habitats should not change outside

Materials and methods
sizes and numbers of preyThe changes in the types,

examined by comparing data from

Lake Victoria between 1968 and 1992, Lake Nabugabo from 1991
and Lake Albertand 1993Lake Kyoga between 1967

informationPrevious lakesfortobetween 1992 .1989
Victoria and Kyoga

Thatand Hamblyn (1966).(1964, 1969)
habitats of Nile perch were obtained from the reports of

andTurkanalakes Chad and1982) for(1972,Hopson
Kenchington (1939) for the Nile at Sennar.

Nile perch were obtained from commercial landings and
experimental fishing. Biometric data taken on individual
Nile perch included total length, standard length, weight,

fullness.maturity state Lengths weresex,
Sex and maturity states weremeasured to the nearest mm.

determined as outlined in Chapter 7. Stomach contents were
in formalinpreserved 5% solution inand analyzed the

Stomach contents of Nile perch which containedlaboratory.
large fish were measured in the field. In the laboratory,

a range of normal variance.

eaten by Nile perch were

and numbers of prey as a

to 1993,

and stomach

was obtained from the reports of Gee
for other native
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the stomach contents were blotted to remove surface moisture

Prey were separated inand their total weight recorded.
taxonomic groups, and the weight and number of each type and
the total length of individual specimens recorded.

Changes in the types, sizes and numbers of prey eaten
by the Nile perch over different periods in each lake were

detailed in Chapter 2.

Results

The type of prey
Nile perch stomachs contained onlyMost one

frequency of occurrence of prey inTherefore,types prey.
satisfactorythe' considered ofstomach wayas awas

presenting the importance of prey items in individual fish.
The percentage frequency of occurrence of prey items in the

of different size groups of Nile perch in lakesstomachs
differentVictoria, duringNabugabo AlbertandKyoga,

periods is illustrated in Figure 4.1.
There were no information on the types of prey ingested

by Nile perch of < 20 cm total length in the data collected
During this period, tenfrom Lake Victoria during 1968-77.

different types of prey were eaten. Haplochromine cichlids
were the dominant in most sizes of Nile perch (Fig.Prey

Other4.1) . whichtypes of occasionallyPrey were
inencountered included;the stomachs Clarias spp,

tilapiines, aethiopicusProtopterus mormyrids,Heckel,

analyzed and compared as

or two
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PellegrinRastrineobola andSynodontis arqenteaspp,
Plant materials and gravel were found in a fewmolluscs.

stomachs.
By 1988-92, Nile perch in Lake Victoria had switched to

itemsdifferentdifferent Twentyoftypes wereprey.
ingested during this period; the major ones were Caridina
nilotica (Roux), anisopteran nymphs, Nile perch juveniles

which(Fig-tilapiines Other4.1) .and wereprey
occasionally encountered included haplochromines, mormyrids,

spp, chironomids, chaoborids, ephemeropterans, Notonectids,
Cestodes were found in some Nile perchcrabs and molluscs.

parasites of R. (Wanderaarqentea
and appeared only in stomachs inpersonal communication)

present indicating that they were
ingested with their host. Among the major prey items, C.
nilotica, anisoptera nymphs, and Nile percharqenteaR-
juveniles most important in Nile perch of 60were < cm.
Nile perch of >= 60 and < 100 cm ingested mainly R. arqentea

Nile perch juvenilesand while those of ate100>= cm
tilapiines and Nile perch juveniles.

The most important items eaten by Nile perch in Lake
Nabugabo during 1991-93 were R. arqentea, ephemeropterans
(mainly Povilla adusta), anisopteran nymphs, tilapiines,

Other
prey which were occasionally encountered were mormyrids, P.
eathiopicus, Clarias spp, Synodontis spp, Brycinus jacksoni

1

stomachs but these are

which their host were

P. eathiopicus, Clarias spp, Synodontis spp, Mastacembelus

juvenile Nile perch, and haplochromines (Fig. 4.1).
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intermedius,Shilbejacksoni),Alestes(formerly

Plantchironomids,
few stomachs.materials and gravel

anisopteran nymphs andarqentea,Ephemeropterans, R.
chironomids were the main prey in Nile perch of cm.

20 cm and < 60
haplochromines andjuveniles,Niletilapiines, perch

ephemeropterans while those of
Nile perchand tilapiines. The fewarqenteaate R.

examined had ingested tilapiines,specimens of
nilotica which becamemormyrids and P. aethiopicus. C.

andvery
Kyoga after haplochromines had been depleted, and which are
important in Lake Albert and other native habitats of Nile

and their place was filled by ephemeropterans.
Most Nile perch prey

during 1967-68 were for fish of >= 20 cm and < 100 cm total
The types of prey eaten during this periodlength. are

given in Table 4.1. Eight items were eaten. The major ones
anisopteran nymphs, tilapiines,R. arqentea, C.were

nilotica, haplochromines juvenile Nileand perch. P.
aethiopicus and molluscs were found in a few stomachs.

During 1978-80, twelve different items were eaten by
Nile perch in Lake Kyoga. The major prey items were R.
arqentea, anisopteran nymphs, C. nilotica, tilapiines, Nile
perch juveniles, haplochromines and chironomids (Fig. 4.1).

>= 60 cm and < 100 cm mainly

Nile perch of >=

< 20

were also

cm mainly ate R. arqentea,

>= 100 cm

perch (Hopson 1982) were not encountered in Lake Nabugabo

important prey of Nile perch in lakes Victoria

chaoborids, notonectids and corixids.
found in a

data available for Lake Kyoga
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The frequency of occurrence of various items inTable 4.1.

Kyoga during the 1967-68 period.

>=60 <100: >=100>=20 <60:Total length (cm) <20:

613
5 22

9
47 177
2

37 186
20

1Molluscs
Number examined 98 4207

Tilapiines
L. niloticus
Haplochromines
R. arqentea
P. aethiopicus 
Anisopteran nymphs 
Caridina nilotica

stomachs of different size groups of L. niloticus in Lake
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Mormyrids, P. eathiopicus, molluscs and plant materials were

Nile perch of < 20 cm mainly atefound in a few stomachs.
anisopteran nymphs andnilotica, arqentea,R.C.

Those of >= 2 0 cm and < 60 cm mainly ingestedchironomids.

anisopteran nymphs, C. nilotica, tilapiines,arqentea,R.
juvenile Nile perch and haplochromines. Nile perch of >= 60

Nile perchmainly arqentea,ate R.and 100<cm cm
juveniles, tilapiines and haplochromines while those of >=

100 cm depended almost solely on tilapiines.
The types of prey eaten by Nile perch in Lake Kyoga

during 1988-90 were similar to those eaten during the 1978-
The major prey items were again, R.80 period (Table 4.2) .

arqentea, anisopteran nymphs, C. nilotica, tilapiines, Nile
perch juveniles, and to a lesser extent haplochromines. The

only occasionallytypes which inother found thewere
included chironomids,stomachs Mastacembelus spp,

notonectids, corixidsephemeropterans, and molluscs.
plant materials and gravelCestodes, fewwere

stomachs. The types of prey again varied with the size of
the Nile perch. There were no data for Nile perch of >= 100

shiftAfter there in1988-90, relativethewas a
importance of the various prey items in Lake Kyoga. The
major types of prey during 1991-93 were haplochromines, R.
arqentea, anisopteran nymphs, chironomids, tilapiines, Nile
perch juveniles and C. nilotica. The only other item found
in the Nile perch duringstomachs of this period were

cm for this period.

found in a
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The frequency of occurrence of various items inTable 4.2.

niloticus in Lakestomachs of different size groups of L.

Kyoga during the 1988-90 period.

>=100:>=60 <100:>=20 <60:Total length (cm) <20:
2616951
161201

Haplochromines 43710
17696arqentea 118R.

Mastacembelus spp 21
646664

59145
Chironomids 5
Ephemeroptera 132
Notonectids 127
Corixids 9
Molluscs 1102
Cestodes 8
Vegetation 166
Gravel & stones 3
Number examined 412 1621 70

Anisopteran nymphs
Caridina nilotica

Tilapiines
L. niloticus
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The type of prey again varied with the size ofmolluscs.

During this period, haplochromine cichlidsthe predator.
were

mainly ateNile perch of 100perch 100 >= cm< cm.
The haplochromines thattilapiines and juvenile Nile perch.

eaten by Nile perch in Lake Kyoga during this periodwere
dominated by one species, Astatotllapia latifasciatawere

(Regan) 1929 (Wandera and Namulemo, personal communication).
important prey eaten by Nile perch in LakeThe most

Albert during 1989-90 were Alestes spp, haplochromines, C.
juveniles,Nilenilotica, anisopteran perchnymphs,

(Fig. itemstilapiines and OtherHydrocynus 4.1) .spp
ingested included mormyrids, PolypterusBaqrus spp, spp,
Auchenoqlanis niloticaand molluscs. andC.spp
haplochromines were important 20< cm.
Nile perch of and ate Alestes20 60>= <cm cm spp,
haplochromines, anisopteran nymphs, mollusc and C. nilotica

of 60 100>= cm spp,
haplochromines, Nile perch juveniles andHydrocynus spp,
tilapiines. Nile perch of 100 cm ate a variety of fish>=

which included juvenileAlestes Nile perch,prey spp,
Polypterus spp, mormyrids and Baqrus spp.

Therefore, majorthe Nile inof perch lakesprey
Victoria, Kyoga, Nabugabo and Albert nilotica,C.were
anisopteran nymphs, R. arqentea Alestesor spp,
haplochromine species, tilapiine species Nile perchand
juveniles.

in Nile perch of

while those

the most important prey in all size groups of Nile

ate Alestescm and
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The relative importance of these prey to different size

classes of Nile perch is illustrated in Figures 4.2. C.
nilotica was the most important prey of Nile perch of < 20

Its importance decreased in Nile perch ofcm total length.
and it was not eaten by larger Nilecm and < 60 cm,

perch except in Lake Victoria during 1988-92 where they were

eaten by fishes up to 100 cm.
stomachs of Nile perch in Lake Victoria between 1968-77 and
it does not occur in Lake Nabugabo (Ogutu-Ohwayo 1993).

Anisopteran nymphs were eaten by Nile perch < 20 cm and
reached their peak importance in fishes of >= 20 cm and < 60

They were ingested by larger Nile perch in Lake Kyogacm.
than in the other lakes.

R. arqentea in lakes Victoria, Kyoga and Nabugabo, and
inin the absence ofAlestes Lake Albert, were,spp

Nilehaplochromines, the most important prey species of
R. arqentea was very important in Nile perch of >=perch.

100 cm in lakes Victoria,cm and < Kyoga and Nabugabo,20
while in Lake Albert, important in Nilewere

Among Nile perch of >= 20 cm and < 100 cmperch of > 20 cm.
decline in importance haplochrominesthe ofa was

accompanied by an increase in that of R. arqentea and vice
versa (Fig. 4.2). This indicates that Nile perch feed on R.
arqentea only when haplochromines
that R. less preferred
haplochromines.

Haplochromines were initially the most important prey

>=2 0

are scarce and suggests

Alestes spp

C. nilotica was not seen in

prey compared toarqentea was a



86

a

o*
o>

co

CD

in

E
®

o>
o

®tn
co

I
<0

in

xt
CM

oo §

o

o

(%) Aajd jo aoueyodui] SA^eiey

o o
o o

o
<n

o 

a>

CO a>

® 
k. ex

fIW

o o 
a. a 
X

xt
CM

xr
CM

CO 

b*

m 
xt

C
®
V)
® >_
Ol
®

08 
o

E 
o 
o co 
V 
o« 
o 
CM 
II 
A

E 
o 
o o 
T— 

II 
A

"5 
k_ 
® 
Q.
®

Z tn a a

u. 
® *£ 
O 
M 

‘c

o
®*

c4 a>

E 
o 
o 
o 
T“ 

V 
OS 
o 
co 
II 
A

E 
o 
o 
CM 
V

tn 
® c
a.w

(Qc

CO o

ra O) 
o 
2* 
CT) 
aS 
CO

o 
o 
m

tn 
® c
E o

cm

£

o

£

o o 
o

o o 
o

o o 
o

o o 
o 
’"5*^

■§£ 
Q tn 
■S-2

aS 
>- a>

■ coS2 °° S2 0> y—

.. COco
aS co
€M O)

*- c
® •“- tn 

® tn tn w
o

® JC •=
3 O) cn c ;r ®

®
° ®® t:
c w _ 
t ® .. 6 
2 o w - Q. --CO
F ® ™ CT) ® CT) ■

2222 od O T-
2 «
® *-

s 
O co 

§2

c 
®
® st:

«•—

f o ® o .
o. m co
_ tn « z -oo 

“ 2® o> 
o. T“ 2

Q. C _q
Q) E 
E s 
2 «
in



87
of Nile perch in lakes Victoria, Kyoga and probably Nabugabo

Between(Hamblyn 1966, Gee 1964, 1969, Ogutu-Ohwayo 1993).
the proportion of haplochromines in Nileand1963 1966,

56.4% andperch stomachs in lakes Victoria and Kyoga was
During 1968-77,1969).respectively (Gee47.1%,

the Nilehaplochromines contributed 92.2% to the diet of

< 100 cm in Lake Victoria. By 1988 —perch of >= 20 cm and
dietinhaplochromines hadtheproportion ofthe92 ,

The proportion of haplochromines indecreased drastically.

the diet of Nile perch of
Victoria during 1988-92, Lake Nabugabo during 1991-93, Lake

the7.5%. However,
proportion of haplochromines in the diet of Nile perch in

This indicated that someLake Kyoga increased to 62.1 %.
perch

introduced established earliest,and became werewere

recovering. Similar increases inlater lakes
Victoria and Nabugabo, where Nile perch were established
later.

There was no cannibalism in Lake Victoria during 1968-
the variety of77. alternative preyas

decreased, cannibalism became common in Nile perch of > 60
Cannibalism was more prominent in Lake Victoria duringcm.

1988-92 than the other lakes.
Tilapiines were ingested by Nile perch of most length

Theclasses but were most important in those of >= 60 cm.

>= 2 0 cm and

Kyoga during 1967-68, 1978-80 and 1988-90 were all between

may occur

haplochromine species in Lake Kyoga, where the Nile

In later years,

< 100 cm in Lake

2.4% and during the 1991-93 period,
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main tilapiine species found in all the lakes sampled was 0.

niloticus.

The length and numbers of prey ingested
The length and numbers of prey eaten have also changed

since the Nile perch was introduced in lakes Victoria, Kyoga
The changes in average length and numbers ofand Nabugabo.

length classes areprey eaten by Nile perch of different
The length of prey eaten by Nileillustrated in Figure 4.3.

linear over theperch in Lake Victoria during 1968-77 was
By 1988-92, the lengthentire length range of the predator.

of prey eaten in Lake Victoria increased evenly only in Nile
perch of < 100 cm after which there was a shift to feeding

A similar pattern in the sizeson relatively larger prey.
of prey eaten was recorded in Lake Kyoga during 1978-80 and

However, during 1991-93 in LakeLake Albert during 1989-92.
Kyoga, there was a shift in prey selection towards the sizes
and numbers recorded in Lake Victoria during the 1968-77
period.

the numbers of prey in theAs for the length of prey,
gut of Nile perch in Lake Victoria during 1968-77 increased
evenly over the entire size range of the predator. However,
during 1988-92, this pattern had changed. The number of
prey in the gut initially increased with predator only in
Nile perch of < 60 cm and then decreased in larger fish. A
similar pattern was observed in Lake Kyoga during the 1978-
80 and 1991-93 periods and in Lake Albert during the 1989-92
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disappearance oftheAfterperch 100of > cm.
total length tendedhaplochromines, Nile perch of > 100 cm

whenthethanlarger preyfewerfeed caseto wason
haplochromines were abundant.

numbers of prey consumed occurred in Nile perch of >= 100 cm
The changes in the average sizes and numberstotal length.

of prey eaten by Nile perch of
during 1968-77 and
1991-93 are compared with that of Lake Albert for 1989-92 in

During 1968-77, large Nile perch of >= 100 cm ateFig 4.4.
larger number of smaller prey in Lake Victoria than wasa

the case in Lake Albert.
A similarsize had shifted to feeding on fewer larger prey.

pattern was observed in Lake Kyoga during 1978-80. However,

Kyoga during 1991-93, the predator again shifted to feeding
on many smaller prey.

Discussion
Soon after the introduction of the Nile perch to lakes

in order
importance haplochromineof cichlids, mormyrids and

Although no
historical data are available,
been eaten in Lake Nabugabo since haplochromines, which were

90 
period but in these later cases the shift occurred in Nile

> 100 cm in Lake Victoria

The most prominent change in both the sizes and the

However, by 1988-92 fish of this

similar prey seem to have

as haplochromines again became important as prey in Lake

Victoria and Kyoga, its most important prey were,

tilapiine cichlids (Hamblyn 1966, Gee 1969).

1988-92, Lake Kyoga during 1978-80 and
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abundant prior to establishment of Nile perch (Cambridge

itsafterNabugabo expedition 1962) became very scarce

establishment (Ogutu-Ohwayo 1993).

types of prey eaten by the Nile perch in LakeThe
introduced and becamepredatorthewhereKyoga, was

established earlier than in Lake Victoria, initially changed
from haplochromines to C. nilotica, R. arqentea, tilapiines,
and L. niloticus in a period of about 10 years from the time

These remained the dominantof its introduction (1956-67).
types for 23 years (1967-90) during which period, theprey

This suggests thattypes of prey were not reduced further.
these types of prey were resilient to Nile perch predation.

haplochromines again started becomeDuring to1991-93,
inalongside Lakeimportant types Kyoga,above prey

resilient.becomingindicating that weremore prey
Following these changes,

similar in Lake Albert, whereto those C.Kyoga were
nilotica and anisopteran nymphs were the most important prey
during juvenile and sub-adult stages, juvenile Nile perch,
haplochromines and tilapiines becoming more important in the
sub-adult and adult stages (Worthington 1929, this study).

similar pattern.
Earlier observations in Lake Albert (Worthington 1929,

Hamblyn 1966, Gee 1969) showed that Nile perch of
nilotica anisopteranate andC. nymphs, and became

piscivorous at larger sizes. During its piscivorous phase,

The situation in lakes Victoria and Nabugabo is following a

< 60 cm

the types of prey eaten in Lake



The data collected from Lake Albert duringHydrocynus spp.

Lake Albert has not changed for about 60 years (1928-1992) .

This
types thatthe can

survive together with the predator.
The types of prey eaten by Nile perch in Lake Victoria

during 1988-92, Lake Kyoga during all the periods between
during havein 1991-93NabugaboLakeand1967-93

similarities to those eaten in native habitats. In Lake
daqetipelagic characids AlestessmallandChad, prawns

and Microalestes acutidens (Peters)Blache
beyond whichimportant prey in Nile perch up to 80 cm,

became the most important (Hopson, 1972) .Hydrocynus spp.
In Lake Turkana, a pelagic cyprinid, Enqraulicypris stellae,

important (Gee 1969, Hopson 1982).was
Similarities between new and native habitats are also

apparent in the sizes and numbers of prey eaten. Soon after
introduction Nile perch, sizesof the andthe average
numbers of prey eaten increased evenly with predator size.

haplochrominesAfter sizeshad been depleted, the and
numbers of prey eaten, especially by large Nile perch (> 100
cm) in lakes Victoria, Kyoga and Nabugabo changed to those

in lakes Albert and Chad (Hopson 1972) . Itseen can,
therefore be concluded that the types, sizes and numbers of

in theeaten habitats have stabilized andprey new are

93
the predator mainly ate pelagic characids Alestes spp and

1989-92 show that the types of prey eaten by Nile perch in

indicates that these types of prey are resilient to

were the most

predation by the Nile perch and are
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similar to what is eaten in native habitats of the Nile
perch.

Nile perch in the new habitats seem to have adjusted
ingested in order tonumbers

During the 1968-77 period, whenoptimize net energy gain.
haplochromines were abundant, Nile perch of >= 100 cm fed on

This was apparently because of the abundanceLake Albert.
of vulnerable haplochromine prey which had not previously

After haplochrominesbeen exposed to such a large predator.
profitable for large Nilehad been depleted,

perch (> 100 cm) to feed on a smaller number of larger prey.
increased, Nileof haplochromineWhen the stocks perch

larger number of smaller prey.
Therefore, Nile perch has the capability to adjust both the
numbers and sizes of prey eaten depending on the types and
sizes available. The reason for the changes in the sizes
and numbers of prey eaten especially in Nile perch of >= 100

especially for
reproduction. Female Nile perch mature at around this size
(Chapter 7)•

Currently, the three dominant fish prey types of Nile
perch, R. arqentea, Nile perch itself and Nile tilapia are

heavilyalso exploited commercially. nilotica isC.
directly exploited as a by-catch in the R. arqentea fishery

in Lake Victoria (Ogari and Asila 1992) .
Sustainability of Nile perch willstocks depend upon a

cm may be related to energy requirements,

it was more

a larger number of smaller prey than was even the case in

of prey

some parts of

both the size and

shifted and again fed a
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steady food supply which will be determined partly by the
species.exploitation Humantheoflevel of prey

exploitation and Nile perch predation have already reduced
argentea in Lake Victoria (Wanderathe overall size of R.

Heavy exploitation of juvenile perch using beach1992) .
seines is suspected to have reduced stocks of Nile perch in

personalmid (Twongoduring 1980stheLake Kyoga
important thatis thereforecommunication.). It

exploitation of Nile perch prey should be regulated and,
if the species is to sustainwhere possible, prohibited,

commercial harvest.

Conclusion
The type, sizes and numbers of prey eaten by Nile perch

in have changed in a similar fashion in several new habitats
established. Initially,the predator becameas

haplochromine cichlids constituted the main prey in most
sizes of Nile perch in lakes Victoria and Kyoga. Later, C.
nilotica, anisopteran Rastrineobolanymphs, argentea,
juvenile Nile perch and Oreochromis niloticus became the
main prey. There were no further changes in the types of

ingested for 23prey
haplochromines again became important in addition to the

Similarabove types. pattern inrecorded lakeswere
Victoria The sizesand Nabugabo. of prey

pattern similar to that in native habitats. Therefore since
ingested by Nile perch in the new habitats also followed a

and numbers

years in Lake Kyoga but thereafter
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the types, sizes and number of prey eaten by Nile perch in
the new habitats has converged on species that are resilient
and have similarities to those eaten in native habitats,
these prey types can sustain the Nile perch fishery.
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Chapter 5

Deterioration in length-weight relationships of Nile perch,
Lates niloticus L. in lakes Victoria, Kyoga and Nabugabo
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Abstract

inLength-weight relationships of Nile perch lakes
Kyoga and Nabugabo were examined to see how theyVictoria,

had changed following depletion in haplochromine prey, and
how the situation in the new habitats compared with that in
Lake Albert and other native habitats of the Nile perch.

habitatsinweight ratios thelength toThe werenew
nativein otherinitially higher than andLake Albert

After haplochromines had theyhabitats. been depleted,
declined Albert and mostLakevalues below those ofto

in nativenative.habitats to the lowest level known any
They have remained at this level for at least 15habitat.

years in Lake Kyoga, where Nile perch were introduced and
got well established earliest and can be considered to have
stabilized. is developing insimilar pattern lakesA
Victoria and Nabugabo. further stress on the preyHowever,
population could depress the weight to length ratios below
the lowest level known and this could affect the health of
Nile perch stocks and make its fishery unviable. Therefore,

over-exploitationhuman Nileof perch should beprey
avoided.
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Introduction

The types, sizes and numbers of prey taken by the Nile
Kyoga and Nabugabo have changedperch in lakes Victoria,

became established
Ogutu-OhwayoHamblyn 1966, Hughes 1986,(Gee 1964, 1969,

Ligtvoet & MkumboDadzieOgari & 1988,b,1990a,1985,
These lakes originally had diverse fish faunas with1990).

Haplochromines formed at least 80%many species in common.
by weight of the demersal ichthiomass in Lake Victoria up to

started increasingstocksthe
rapidly (Kudhongania & Cordone 1974, Okaronon et al 1985).
They were also abundant in lakes Kyoga and Nabugabo prior to

Nile perchintroduction establishment of theand
expeditionCambridge Nabugabo(Worthington 1962,1929,

Ogutu-Ohwayo 1985, 1993).
itsNileintroduction perch,of theafterSoon

condition factor (K) in lakes Victoria and Kyoga was higher
than in most natural habitats (Worthington 1929, Kenchington

This
was attributed to the high feeding intensity of the predator
in the new habitats due to the greater abundance of suitably
sized and vulnerable haplochromine prey (Gee 1969) .1964 ,

sizes of Nile perch in lakes Victoria and Kyoga (Hamblyn
1969, Okedi 1971) and apparently Nabugabo

Following rapid increases(Ogutu-Ohwayo 1993). in Nile
and those of most

of most

since the predator was introduced and

haplochromines were the main preyAt that time,

1939, Gee 1964, 1969, Hopson 1972, 1982 Okedi 1971).

1966, Gee 1964,

perch stocks, stocks of haplochromines,

time when the Nile perch
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declined andinspecies lakesnative fish these some

completely disappeared due to predation by the Nile perch

(Ogutu-Ohwayo 1985, 1990a, b, Ogari & Dadzie 1988, Ligtvoet

Nile perch thenWitte et al. b) .1992a,

Rastrineobola arqenteaanisopteran nymphs,nilotica Roux,
Pellegrin, its own juveniles and Oreochromis niloticus L.
This was accompanied by changes in sizes and numbers of prey

These changes may have resulted in a decrease in theeaten.
quantity and quality of food taken by the Nile perch, an

increase in the amount of energy expended in collecting the
food and a fall in condition factor of the predator.

fish can be assessed byThe nutritional status of a
relationshipsexamining length-weight (Le 1951,Cren

a givenHeavier fish ofWeatherly 1972, Nikolsky 1963).
length are regarded as being in better condition. Length­
weight relationship and condition were
assess the effects of the changes in types and sizes of prey

eaten by the Nile perch on its condition in the new habitats

within expected values as reported from those habitats where

Nile remained inthe perch withhas itsbalance prey
population for a long time.

The changes in length-weight relationship and K since
introduction and establishment of the Nile perch in lakes
Victoria, Kyoga and Nabugabo were examined and compared with

shifted to feed on other prey comprising prawns, Caridina

and to find out if these changes had stabilized and were

the situation in Lake Albert and elsewhere to see if the

factor K

& Mkumbo 1990,

used to
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condition of the predator in the new habitats was the same,

It was assumedhigher or lower than in native habitats.
that in order for the condition of the Nile perch in the new
habitats to be regarded as being healthy, the weight and K
for fish of specific length classes should be higher or at
least not significantly lower than those of Lake Albert and

The hypothesis examinedother native habitats.
length-weightinsignificant differencesthere were no

relationships and K of Nile perch within and between the new
this nothabitats specific periods thatand wasover

significantly different from that of Lake Albert and other
native habitats.

Materials and Methods

The information was obtained by comparing data which

different periods from Lake Victoria

between 1964 and 1992, Lake Kyoga between 1967 and 1993, and

Lake Nabugabo between 1991 and 1993 with that collected from

Comparative informationLake Albert between 1989 and 1992.
for lakes Victoria and Kyoga came from reports of Gee (1964,

habitats Worthingtonfrom (1929) for Lake Albert,
Kenchington (1939) for the Blue Nile at Sennar and Hopson
(1972, 1982) for lakes Chad and Turkana.

Nile perch specimens obtained commercialfromwere
experimental gill nets,catches, seines and trawls. The

total length and standard length of the fish were measured

was that

were collected over

1969) and Asila and Ogari (1987) and that for other native
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Results
Comparisons of length-weight relationships between the

lakes were confined to Nile perch of
because it was this size range which had sufficient samples

There were also no data for Nile perchin all the lakes.
periods whenthis before 1982for thesmaller than

haplochromines were still abundant in Lake Victoria.
The parameters of length-weight relationships of Nile

cm to
Nabugabo and Kyoga during the different periods are given in

literature 5.2.Table 5.1
Generally, the weight was proportional to the cube of the

length weightof thethe exponentslength. However,
relationship varied slightly between the habitats and within
habitats over different periods.

Length-weight relationships of Nile perch in lakes
inVictoria, illustratedKyoga,

Figures 5.1. Length-weight relationships varied between
lakes and within lakes over different periods. The length
weight relationships of Lake Victoria for the periods 1968-
77 and 1982 were higher than those of the same lake for the
1988-92 period, of lakes Albert and Nabugabo and of Lake

length weightKyoga The
relationship of Lake Kyoga for all the periods

Length-weight relationships
recorded in Lake Kyoga during the periods 1978-80 and 1991-

that of Lake Albert and those of other native habitats93 ,

>= 20 cm and < 100 cm

perch of >= 20

were lower
than those

and those quoted in

Nabugabo and Albert are

< 100 cm in lakes Albert, Victoria,

of Lake Albert.

for all the periods examined.

in Table
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The parameters of length-weight relationships ofTable 5.1.

20 and < 100 cm in lakes Victoria, Kyoga,Nile perch of >=

Nabugabo and Albert during different periods

Parameter:

Nb SEhSEaa
645. 995. 0083.10. 0087 . 0380:

2938. 008 . 9803.26. 0051 . 045

419. 014 . 9923.22. 0062 . 0392 :

. 947 658. 022. 0035 . 042 3.343 :

2876. 004 .994. 0079 . 042 3.124 :

.995 6025: . 0076 .035 3.12 . 009

2726: . 0059 . 045 3.15 . 020 . 989

7 : . 0098 . 033 3.05 . 005 . 996 1288

8: . 0115 . 032 .993 18073.01 . 006

9 : . 0104 . 039 3.03 . 966. 004 2081

Albert
1989-92

Kyoga 
1991-93

Victoria
1968-77

Victoria
1982
Victoria 
1988-92
Nabugabo 
1991-93
Kyoga 
1967-68
Kyoga 
1978-80
Kyoga 
1988-90

1: Victoria 
1964-67

(W = aLb) .

R2

Block, Lake & 
Period:
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Parameters of length-weight relationships ofTable 5.2.
Nile perch reported in some other native habitats and in the

Kenyan region of Lake Victoria.

Source of dataWater body Parameter
ba

Kenchington 19393.210.0055

Hopson 1972Lake Chad 3.000.0125
Lake Turkana Hopson 19823.130.0078

Asila & Ogari 1978Victoria (Kenya) 0.0078 3.12

Blue Nile at 
Sennar
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Figure 5.1. (a) Length-weight relationships of Nile perch of > = 20 cm and 
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The lowest length-weight5.1b).
relationship in a native habitat of Nile perch was in Lake

lower thanThe values attained in Lake Kyoga wereChad.
those of most native habitats and appeared lower than the
lowest level recorded in a native habitat.

The differences in length-weight relationships were

length-weighttheofusing exponentsthecompared

theThe higher the exponent,relationships (Fig. 5.2) .
length-weighttheoffish. exponentsheavier Thethe

within lakestherelationships varied andbetween over

The exponents for Lake Victoria for thedifferent periods.

Lake Albert for the period
other native habitats of the Nile perch. By the 1988-92
period, the length-weight ratios of the Nile perch in Lake

which notVictoria valueshad decreased to were
Thesignificantly different from

exponents for Nile perch in Lake Victoria during the 1988-92
period were also not different from those of Lake Nabugabo

period andfor thethe Lake for 1967-68Kyoga1991-93
period. The exponents for Lake Kyoga for all periods 1978-

and lower lakes80, than those of1988-90 1991-93 were
those reported at Sennar on

the Blue Nile (Kenchington 1939) and on Lake Turkana (Hopson
1982) . the values for Lake Kyoga have not fallenHowever,
below that of Lake Chad which is the lowest values reported
in a native habitat of the Nile perch and have remained at

Albert, Victoria and Nabugabo,

periods 1964-67, 1968-77 and 1982 were higher than those for

Lake Albert.

were also compared(Fig.

those of

1989-92 and those reported in
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this level for at least 15 years.

The parameters of length-weight relationships (Table
5.1 & 5.2) show that weight in Nile perch is proportional to

Condition factor could therefore bethe cube of the length.
calculated using the equation which assumes that weight is
proportional to the cube of the length.

The mean condition factor of Nile perch of different
during the differentdifferentin lakeslength classes

periods and some values reported in literature are given in
K increased with the length of the Nile perch.Table 5.3.

The changes in K in Nile perch of >= 20 cm and < 100 cm and
of the values reported in literature are compared insome

Fig. 5.3. The picture provided by K is essentially the same
as that given above (Figs. 5.1 & 5.2) by the length-weight
relationships. In Lake Victoria, K was initially higher
than in Lake Albert and the highest values reported in any
native habitat period. itto the Afterwards,1982up
decreased to values which were close to those of Lake Albert
by the 1988-92 period. The condition factor in Lake Kyoga
for the periods 1978-80,

and approximated
lowest value recorded in a native habitat.

were again
to the

1988-90 and 1991-93
lower than that of Lake Albert
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The mean condition factor of Lates niloticus inTable 5.3.

lakes Albert, Victoria, Nabugabo and Kyoga during different
Some values found in literature are also given.periods.

>=100:<20:

1.281.401.351.21Albert 1989-92 1.240 :
Victoria 1964-67 1.78 1.431.611.241.221:
Victoria 1968-77: 1.61 1.461.581.342 :
Victoria 1982: 1.5 1.431.35 1.513 :
Victoria 1988-92: 1.28 1.241.301.171.234 :

1.35 1.191.27Nabugabo 1991-93: 1.111.115:
1.061.341.00 1.12Kyoga 1967-68:6:

1.37 1.171.211.19 1.137: Kyoga 78-80:
1.22 1.201.12 1.178 : Kyoga 1988-90:

1.181.21 1.249: Kyoga 1991-93: 1.15 1.15

Some values reported in literature:

1.401.25 1.42 1.51
1.20

1.14 1.221.25 1.33
1.25
1.6

1969 1.4

Nile (Kenchington 1939)
Chad (Hopson 1972)
Turkana (Hopson 1982)
Albert (Worthington 1929)
Victoria (Gee 1964, 1969)
Kyoga (Gee 1964,

>=2 0 
& 

<60:

>=60
&

<100:

>=2 0
& 

<100

Length Class 
(Total length cm)

Block, Lake & 
Period:
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Discussion
The length-weight relationships of the Nile perch in

Kyoga and Nabugabo have changed since thelakes Victoria,
predator was introduced and became well established in these

previousVictoria andLakefromlakes. Current data
observations from both lakes Victoria and Kyoga (Gee 1969)

the weight ofindicate that

than those of its original habitat of Lake Albert and those
Gee (1964, 1969) reported values ofreported in literature.

K of 1.4 and 1.6 for lakes Kyoga and Victoria respectively.
The values of K reported for Nile perch in native habitats
range from 1.2 recorded on Lake Chad (Hopson 1972) to 1.4
recorded on the Blue Nile at Sennar (Kenchington 1939) . The
values reported on lake Victoria when haplochromines were
still abundant in the lake (Gee 1969 and this study) were
higher than those reported in native habitats. The higher
K values in the new habitats were due to excessive feeding

Nileby the timeperch due the abundance ofat that
vulnerable haplochromine prey The condition(Gee 1969).
factor of Nile perch remained above that recorded in native
habitats for at least 18 years (1964-82). This indicates
that haplochromines were able to sustain Nile perch stocks
in Lake Victoria in a condition which was higher than that
recorded in native habitats for this period.

Nile perch in Lake Victoria decreased from the high levels
After haplochromines had been depleted, the weight of

habitats initially increased to values which were higher

the newthe Nile perch in
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whichlevel nottoabout 1982torecorded wereaup
significantly different from that of Lake Albert. However,

the values recorded in Lake Kyoga indicate that K in lakes
Nile perch wasVictoria and Nabugabo may decline further.

introduced and got established earlier in Lake Kyoga than
Depletion in haplochrominelakes Victoria and Nabugabo.

stocks in Lake Victoria and probably Lake Nabugabo occurred
In each of the lakes invadedlater than that of Lake Kyoga.

by the Nile perch, the predator switched to the same types
Thesehaplochromines had been depleted.of afterprey

comprised C. nilotica, anisopteran nymphs, R. arqentea, Nile
The only exception is inperch juveniles and 0. niloticus♦

nilotica is absent (Ogutu-OhwayoNabugabo where C.Lake
it is reasonable to assume that although1993) . Therefore,

K in lakes Victoria and Nabugabo are within the values seen
the lower values recorded and sustained inin Lake Albert,

Lake for least furtherat suggest thatKyoga 15 years
decline in K in lakes Victoria and Nabugabo is possible.

since Nile perch switched to the above types of preyAlso,
in Lake Kyoga, there has been no further depletion in prey,
instead previously important like thesome prey
haplochromines have instarted to Lake Kyogarecover
(Chapter 3) and have again started to become important as

Nileof perch (Chapter 4) • Therefore, furtherprey
depression in K in Lake Kyoga is unlikely.

The differences in K between the new habitats and Lake
Albert sizesand of the

I

seem to arise out of the types
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arqentea is the main fishWhereas R.dominant fish prey.
for the size

this size of Nile perch in Lakeranges of fish compared,
argentea is muchR.

and Nile perch would have to
its foodlarger number of R.

spendwill, thereforerequirements. It energymore

collecting R. arqentea than A.
In Lake Victoria, Wanink & Goudswaard (1994)food intake.

arqentea is less valuable to Nilehave suggested that R.
perch compared to haplochromines which grew to

partly because of size differences.
based on energetic considerations, thatIt therefore seems,

K values of the Nile perch in the new habitats will remain
and probably stabilize at values which are lower than those
of Lake Albert.

Kyoga and probably
later Nabugabo is complicated further by human exploitation
of Nile perch prey. Whereas dominant prey like A. nurse and

nilotica are not commercially exploited in Lake Albert,C.
arqentea is currently heavily exploited by humans inR.

lakes Victoria and Kyoga and this is likely to spread to
Even C. nilotica is already being exploitedLake Nabugabo.

regions of Lake Victoria (Ogari & Asila 1992) .
new habitats have hit the

lowest values recorded anywhere, further stress on the food
base of the Nile perch such as that which may arise through

nurse for the same amount of

Albert mainly feed on Alestes nurse.
smaller in size than A. nurse

Since K values in some of the

size range as A. nurse

prey of the Nile perch in the new habitats

a similar

consume a

The situation in lakes Victoria,

arqentea to meet

in some
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exploitation of the depress thecouldheavy human prey
undesirablefishcondition further and havetheof may
it,Rolling put(1973) hasAs aonceconsequences.

character has been forced to the boundary of the domain, it
slight additionalbe displaced bycrash even acan or

over-exploitation of Nile perchdisturbance. Therefore,
should be avoided.prey

Conclusion
Nile perch in thecondition of thefactorThe new

habitats was initially higher than that in Lake Albert and
other native habitats due to the abundance in these lakes of

After haplochromines werevulnerable haplochromine prey.
depleted K decreased to values below those in lake Albert
and most native habitats and approached the lowest value

It has remained at this level for atrecorded anywhere.
in habitats and beleast of the15 new canyears some

However, further reduction in Nile perchconsidered stable.
prey through human exploitation can depress the condition of

fish itsthe levelsto that would health ofaffect the
isstocks. It therefore recommended that human over-

exploitation of Nile perch prey in the new habitats should
be discouraged.
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Chapter 6

in lakes Victoria, Kyoga and Nabugabo
Growth rates of juvenile Nile perch, Lates niloticus L.
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Abstract

The growth rates of Nile perch, Lates niloticus L. of
2 0 cm to 4 0 cm total length were estimated in lakes Victoria
and Kyoga in 1991 and 1992 and Nabugabo in 1992 and 1993 by

Fish grew faster in Lake Kyoga (mean growth ratetagging.
28.7 ± 1.3 cm per year, N = 49) than in Lake Victoria (18.9

N = 20) and Lake Nabugabo (19.0 ± 0.7 cm± 1.4 cm per year,
There were significant differences in

p < 0.001).= 24.037,

those of lakes Victoria and Nabugabo (p < 0.001) but those
significantlyVictoria notand Nabugaboof lakes were

different from each other (p = > 0.05). The faster growth
rates in Lake Kyoga were attributed to improvement in food
supply due to increases in stocks of haplochromine prey.
Growth rates in Lake Kyoga were significantly higher than,

ranges of those reported in several native habitats of Nile
perch.

I

growth rates between the lakes (F2109
Growth rates in Lake Kyoga were significantly higher than

but those of lakes Victoria and Nabugabo were within the

per year, N = 43).
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Introduction

environmentalfish is affected byGrowth among

food supply is the most important(Brown 1957). However,
factor affecting growth rates in the tropics where water

Fish growth islittle.high and varytemperatures are
according to foodplastic and can

CarlineKempinger & 1977,(Matuszer et alsupply 1990,
It can be affected by the quantity, qualityWootton 1989).

The higher the quality of the food theand size of prey.
faster the growth rate.

organism is invested into growth,
Among immature individuals,reproduction and maintenance.

most of the energy intake is channelled to growth and most
rapid growth in length occurs before the onset of maturity

is(Nikolsky 1963). After maturity, foodmuch of the
invested in gonadal products although most fishes continue

after maturity. attainmentto slowly ofBeforegrow
maturity, the rate of growth is closely related to food

varies accordingsupply qualityand to the type, and
quantity of (Nikolsky 1963) .the food Therefore, the
effects of changes in food supply on growth can be seen best
before the onset of maturity.

Since the rate of growth is influenced by the quality
and quantity of Larkin 1959),food (Parker &
accelerated through improvement in food supply or retarded
through its reduction. also vary withGrowth rates may

Food eaten by an

increase or decrease

it can be

conditions such as temperature, salinity, and food supply



different food types.
varies with type and abundance of prey.

will lower the growth rate and affect reproduction. Growth
Changes inpatterns can also change with the type of prey.

growth pattern following changes in prey have been observed
in Esox lucius and Perea fluviatilis (Hunt & Carbine, 1951,

Le Cren, 1958).
The type, size and numbers of prey eaten by the Nile

Victoria, andinniloticus KyogalakesL.perch Lates
Nabugabo have changed since it

b,established in these (Ogutu-Ohwayo 1985, 1990a,lakes
thisLigtvoet andOgari Dadzie Mkumbo 1990,&1988,&

These changes may have affected growth rates of thestudy).
In Lake Chad, growth pattern of the Nile perchNile perch.

changed as the predator shifted from prawns and small fish
to large fish prey (Hopson, 1972) . Changes in the abundance
of clupeid prey have also been associated with changes in
growth rate (Coulter
1965).
changes in the type, size and numbers of prey eaten may have
affected growth rate of the Nile perch in the new habitats
and how the situation in the habitats invaded by the Nile
perch compared with that in native habitats where Nile perch
has remained in balance with its prey for a long time.

There virtually historical whichdataare no upon
comparisons of changes in growth rate of Nile perch in lakes

119
In addition foraging efficiency

how the

However, fish can

was introduced and became

survive for long periods with little or no food but this

This study was partly intended to show
of Lates mariae in Lake Tanganyika
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Acere (1985) andVictoria, Kyoga and Nabugabo can be based.

Asila and Ogari (1987) estimated growth rates of Nile perch
theirVictoria suggest thatdatain andonly Lake

non-nativeprobably in otheroriginally, here andboth
habitats growth rates were higher than in native habitats

At that time, haplochromines(Jensen 1957, Hopson 1972).
the most abundant fish in Lake Victoria (Kudhonganiawere

and Cordone 1974) and formed the main prey of the Nile perch
These were rapidly depleted(Gee 1964, 1969, Hamblyn 1966).

by Nile perch predation following rapid increases in its
(Ogutu-Ohwayo 1985,stocks

Ligtvoet and Mkumbo 1990) after which the predator shifted
Haplochromineless profitableto other probably prey.

increasedpopulations have recently and become more
important as prey in Lake Kyoga (Chapter 4: Fig. 4.3) . This
change in the type of prey can be manifested in growth rate
of the predator in Lake Kyoga as compared to lakes Victoria
and Nabugabo and may give an idea of how fast the predator
grew when haplochromines still abundant and whetherwere
depletion in haplochromines may have resulted in reduction
in growth rate of Nile perch.

Unlike in temperate regions, estimation andof age
growth of fish in the tropics using growth marks on bony
structures is difficult due to lack of distinct checks and

of interpreting them where they do Becauseoccur.
of this, previous attempts to estimate growth parameters of
Nile perch in Lake Victoria have been based on modal length

a means

1990a, b, Ogari & Dadzie 1988,
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progression analysis (Acere 1985, Asila & Ogari 1987) and to
limited degree on tagging (Ligtvoet & Mkumbo 1990). Therea

of estimating growth ofandhowever problems ageare,
Nilespecies like modal lengthlong-lived fromperch

progression analysis analyseslength frequencybecause

become unreliable when the distributions merge or overlap
(Beamishin growth MacFarlanefollowing changes rate &

Length progression analyses bethought to1987) . are
unsuitable for ageing Nile perch (Hopson 1972). The data

be useful in estimation ofpresented here will, therefore,
age and growth of the Nile perch and for comparison with
previous results which were based on other methods.

Growth rates of Nile perch in lakes Victoria, Kyoga and
Nabugabo were examined and compared. The hypothesis tested

there were no significant differences in growth

growth rates in these lakes were not significantly different
from those in habitats where Nile perch occurs naturally.

Materials and methods
Growth rates were estimated by tagging Nile perch on

lakes Victoria, Kyoga and Nabugabo.
Nabugabo, fishthe in seinescaught inand Lakewere
Victoria by trawling in shallow waters. Fish trawled from
deep waters appeared fatigued and some had everted stomachs
apparently due to expansion of the gas bladder following
rapid changes in depth. Live fish were placed in tanks and

was that
that thethe fish between the threerates of lakes and

In lakes Kyoga and
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The total length oftransported to the place of release.

the number onthe fish was measured to the nearest 0.1 cm,
injected in the dorsalthe tag was recorded, the tag was

musculature using a tagging gun and the fish released. The

site of capture and that of release were also recorded.
Tagged fish on lakes Victoria and Kyoga were recovered

by commercial fishermen but

wherever possibleseinesin experimental andrecovered
Advertisements for report ofmeasured and released again.

tagged fish were made verbally at fish landings, by posters
radioin broadcasts.different places, andplaced at

Fishermen were requested to pass to the nearest fisheries
official or bring to our laboratory either the tagged fish

fish plusstick equal thelength ofor a
information A reward
which included a refund of transport costs incurred was to
be given. Initially, some fishermen who recovered immature
fish which were not permitted by law tended to bring sticks
which were longer than the fish they had recovered for fear

being Thisof prosecuted. byproblem was overcome
requesting the fishermen, bring the fishwho could not

to gut and sun dry it without removing the tag andfresh,
later bring it together with the stick to our laboratory to
facilitate comparison with the stick. It is the measurement
on the stick which were recorded, dry fish were only used to

fair
estimate of that of the fish.

on the date and place of capture.
to the total

those in Lake Nabugabo were

verify whether the length of the stick had been a
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Growth rates were estimated for fishes tagged in lakes

Victoria and Kyoga in 1991 and 1992 and in Lake Nabugabo in
In order to make the data comparable between1992 and 1993.

lakes,the
A total ofduring approximately the same time of the year.

1842 Nile perch were tagged on Lake Victoria, 1766 on Lake
Most were within the 20 toKyoga and 700 on Lake Nabugabo.

according to60

previous results of Hopson (1972), Jensen (1957) and Acere
These were mainly(1985) be in their first year of life.

The
data therefore gave an idea of how fast the Nile perch grew
before it matured and was recruited into the fishery.

Growth rates were estimated using the equation:

GR= x365

Where GR = annual growth increment in cm,
in cm at release, = total length in cm at recapture and
D = number of days between release and recapture.

Results and discussion
One hundred and ten tagged fish were recovered on Lake

VictoriaKyoga, 27 Lake and Lake Nabugabo.43on on

D

L2

just before recruitment into the harvestable stock.

these would,Most of

immature individuals but also represented the size range

fishes of the

L1 = total length

cm length class.

same length range were tagged
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Comparisons of growth rate between lakes were confined to
Nile perch of 20 to 40 cm because most of the fish recovered
on the three lakes were within this size range. This also
reduced the effect of maturity on growth rate because many
fish especially males start maturing after about this size
(Holden 1963, Hopson 1972, 1982, Ogutu-Ohwayo 1988).

inaccurateminimize toduein toAlso, order errors
measurements on the stick only measurements made on actual
fish were used in comparison of growth rates.

Mean annual growth rates of Nile perch for each of the
Nile perch grewthree lakes are illustrated in Figure 6.1.

faster in Lake Kyoga (N = 49, mean = 28.7 ± 1.3 cm per year)
in Lake Victoria (N = 20, 1.4than cm permean

year) and Lake Nabugabo (N = 43,
ANOVA showed that there were significant differencesyear).

in growth rates between lakes (F; 0.001).
A multiple comparison of means test between the lakes (see
also Fig. 6.1) showed that growth rates in Lake Kyoga were
significantly higher than Victoria andthose of lakes
Nabugabo (p < 0.05) but those of lakes Victoria and Nabugabo
were not significantly different (p > 0.05).

first maturity of Nile perchThe in lakes
Victoria, Kyoga and Nabugabo is currently similar (Chapter

Fig. 7.3) .7,
Kyoga as compared with lakes Victoria and Nabugabo can be
explained in terms of differences in the type and size of

P <

mean = 19.0 ± 0.7 cm per

prey eaten.

size at

Haplochromines were the most important and

Faster growth rate of Nile perch in Lake

2,109 = 24.037,

18.9 ±
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40

<D 30 -

Lake

I
Kyoga 1991-92

I
Nabugabo 1992-93

Figure 6.1. Growth rate of Nile perch of 20 to 40 cm in lakes 
Victoria, Nabugabo and Kyoga. Vertical bars are 2 SE of mean 
growth rate. Growth rates of Lake Kyoga were significantly 
higher than those of lakes Victoria and Nabugabo but those of 
lakes Victoria and Nabugabo were not significantly different.
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apparently Nabugabo, soon after its establishment (Hamblyn
TheOkedi 1993) .Ogutu-Ohwayo1971,1969,1966, Gee

predator only shifted to other prey after haplochromines had
At the time of thebeen depleted (Ogutu-Ohwayo 1990a, b).

tagging, stocks of haplochromines had increased and again
inNile perch Lakeimportant Kyogaofbecome preyas

This may have improved theFigs. 4.1 & 4.2).(Chapter 4;
available reduced thequality and quantity of

amount of energy expended by the Nile perch in collecting
Wanink & Goudswaard (1994) have shown that for athe food.

given length of prey, the Nile perch obtains more food (by
weight) by feeding on specific numbers of haplochromines
than by feeding on equal numbers of Rastrineobola arqentea
mainly because initialtheof After
depletion in haplochromines, R.
prey of Nile perch in the new habitats and were still the

compared in lakes Victoria and Nabugabo. The average size

Nile perch probably expend more energy collecting enough R.
arqentea as prey than when hunting haplochromines.

The current mean growth rates of Nile perch in lakes
Victoria and Nabugabo are close to the mean values reported
for several native habitats of Nile perch. niloticusL.

first year in Lake Mariout (Jensen 1957) and a mean length

main fish prey of the size range for which growth rates were

attained a length of 19.5 cm to 23.9 cm at the end of the

arqentea became the main

of haplochromines is much higher than that of R. arqentea.

preferred prey of Nile perch in lakes Victoria, Kyoga and

size differences.

food and



of 21.1 cm in Lake Chad (Hopson 1972).
currently recorded for Lake Kyoga suggest that Nile perch
has the capacity to adjust its growth rate as food supply
changes and apparently grew faster when haplochromines were
still abundant in the new habitats.

Acere (1985) estimated the growth rate of Nile perch in
Lake Victoria using data collected when haplochromines were

time, itstill its main prey that
end of theat thelength of 52mean total cm

is much higher than thefirst year lif e. This valueof
non-nativefor Lake Victoria andcurrent estimates other

habitats. (1992) has questioned theHughes
Acere1s estimates because he pooled length frequency data
collected over many years without taking into account the

whichtime fish collected,of the that theyear were
invalidates length frequency analysis.of ofMostuse
Acere' s specimens also came from gill net catches which due
to their selectivity can give biased estimates using modal
length progression analysis.

Hughes (1992) estimated growth rate of Nile perch in
the Nyanza Gulf of Lake Victoria in 1983 and recorded growth
of 23 cm total length in 287 days. This indicates that the
fish achieved length of about by the end of thea
first year of life. This value, which corresponds to the
period when haplochromines were just disappearing from the
Nyanza Gulf, is comparable to the current estimates for Lake
Kyoga.

127
The higher values

attained a
and observed

29 cm

accuracy of

at that



128
estimates Albert.LakeforgrowthThere nowere

Mariout Chadandif values for lakestheHowever, are
representative of native habitats, then the current growth
rates of immature Nile perch in lakes Victoria and Nabugabo

The predictioncomparable to those in native habitats.are
that growth rate of the Nile perch in the new habitats has
attained a level which is not different from that of native
habitats can be accepted in respect to lakes Victoria and

The currently higher values for Lake Kyoga seemNabugabo.

to be due to the recent increases in haplochromine prey.
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Chapter 7

and stability of its stocks in lakes Victoria,
Kyoga and Nabugabo

Reproductive tactics of the Nile perch, Lates niloticus L.
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Abstract
The size at first maturity, fecundity and sex ratios of L.

NabugaboVictoria, andinniloticus lakes Kyoga over

different periods were examined to see how these traits had
adjusted to changes in prey by comparing the situation in
the new habitats over different periods with that in Lake

Initially, Nile perch in the new habitats adjustedAlbert.
recorded in Lakefirst maturity from levelsits size at

(40-50 cm for males and 80 - 100 cm for females ) toAlbert
andsmaller sizes males 50 59(30 40

Afterwards the size at first maturity adjustedfemales).
upwards and remained at levels recorded in Lake Albert. The
species is very fecund with fecundity being proportional to

initially notratiosof the length.the cube Sex were
significantly different between new habitats and Lake Albert

but later became and have: 100 males)(85
remained biasedmale males).(23 65 100
Reproductive potential of the Nile perch does not seem
threatened by changes in prey as the species has very high
reproductive potential and adjust its size at firstcan
maturity under changing feeding regimes in thatmannera
promotes reproductive andtheHowever,success. reasons

implications of male biased sex ratios are obscure and need
further investigations.

cm for

females :

cm for

110 females



131
Introduction

Stearns (1976, 1980) has defined life history tactics
as a set of co-adapted traits developed by natural selection

The reproductiveto solve a particular ecological problem.
traits that have been referred to in the literature include

survival rates,fecundity,size at maturity,or
size and nature of gametes, timing and frequency of breeding

Stearns &1980,and size
less extentand toWootton 1989)Crandall 1989, sexa

Tactics are the ways these traits(Shapiro 1989).reversal
isThisadjusted to promote reproductive success.are

possible because life history characteristics are not fixed
but fall within a range which is determined by genetic and
environmental conditions (Stearn & Crandall 1989) .

eaten by NileThe types,
perch have changed since it was introduced and became well
established in lakes Victoria, Kyoga and Nabugabo (Ogutu-

this time introduction,and study). At the theof
haplochromines were abundant and formed at least 80% of the

fish biomass indemersal Victoria (KudhonganiaLake &
Cordone 1974). They were the main prey of the Nile perch

establishment in the new habitats (Hamblyn
1966, but were rapidly depleted by NileGee 1964, 1969)
perch predation as its stocks increased (Witte et al 1992a,
b) . uncertainty of the
future of the Nile perch fishery. It is feared that as prey

This reduction in prey has causes

soon after its

the age

Ohwayo 1990a, b, Ogari & Dadzie, 1988, Witte et al 1992a, b

sizes and numbers of prey

of the offspring (Stearns, 1976,



the fishery becomes unviable.
Changes in the quality and quantity of food can affect

maturity andaffecting ofonsetthereproduction by
WoottonStearns & Crandall 1989,fecundity (Stearns 1976,

Fish fed intensively mature earlier than those fed1989) .
Improvement in food supply can accelerateinsufficiently.

maturity while reduction in food supply can delay maturity
Wootton

An organism subjected to environmental changes such1973) .
the reduction in food supply discussed above may adjustas

willreproductive traits in promotethatits mannera
This is usually achieved by delaying maturity tofitness.

larger size in order to gain fecundity (Stearns 1976,a
Stearns & Crandall 1989).1980,

The changes in the type, size and abundance of prey
available to the Nile perch in lakes Victoria, Kyoga and

size firstNabugabo atare
maturity of the fish. Sex ratios may also vary when food is
limiting and different amounts required to
maintain than the other especially where there is
sexual size dimorphism (Charnov 1979, Charnov & Bull 1989,

Holtby & Healey 1990) . The possibility that
environmental conditions, especially changes in food supply,

affect reproduction in Nile iscan perch suggested by
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are depleted, stocks of the Nile perch will decline until

differences in some aspects of reproductive biology of the
species between new and native habitats (Kenchington 1939,

one sex
of energy are

Frank 1990,

in fish (Scott 1962, Nikolsky 1963, Bagenal 1969,

likely to have affected the



Holden 1963, Okedi 1971, Hopson 1972, 1982).
lakes Victoria and Kyoga initially matured at a smaller size
than in the native habitats (Okedi 1971, Hopson 1972) . Sex

also differentand fecundity of the speciesratios were
habitats (Okedi 1971, Kenchingtonbetween native and new

Examination of how reproductive traits of the Nile1939) .
perch especially the size at first maturity have adjusted to
changes in prey supply was used as one of the ways of seeing
whether the Nile perch stocks would stabilize and sustain
production.

Size at first maturity, fecundity and sex ratios of the
Victoria,Nile in and Nabugabolakesperch Kyoga over

establishmentdifferent periods before theofand after
It was predicted that these traitspredator were examined.

finallyadjust in food supply, andwould to changes
Stability was expected to occur at levels whichstabilized.

approximate nativethose and otherto of Lake Albert
habitats unique to thethator are
stable state, there would be no significant changes in these
traits.

Materials and Methods
informationThe obtained comparingby datawas

collected from Lake Victoria between Lakeand1964 1992 ,
Kyoga between 19 67 and 1993, Lake Nabugabo between 1991 and
1993 Comparative
information for other native habitats were obtained from the
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Nile perch in

new habitats.

and Lake Albert between 1989 and 1992.

In a
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for Lakereports of Worthington (1929) and Holden (1963)
Albert, Kenchington (1939) for the Blue Nile, Hopson (1972,
1982) for lakes Chad and Turkana.

from commercialobtainedperch specimens wereNile
seines. totalTheexperimental gill nets andcatches,

length, standard length and the weight of each specimen were
and the gonads assigned to the maturity stagesmeasured

recognised by Hopson (1972); Immature - I; Developing - II;
(and/or recovering for Maturefemales)Maturing III;

Ripe V; Ripe running -(and/or recovering for males) - IV;
Males were graded intoVI; Spent (for females only) VII.

six stages because their gonads contained running milt most
of the time and the spent condition was not distinct. The
females definedthrough well stage of recovery.go a
Recycling females were designated as IIIR.

Gilson’s fluidThe gonads were removed and weighed.
has often been used to separate eggs from connective tissue
during fecundity studies (Bagenal & Braum 1978) but this
method was abandoned during the present study after several
trials had resulted in dissolution of eggs and tissue. Ripe
ovaries for fecundity studies were therefore preserved in 10
percent formalin solution as used by Okedi (1971).

The preserved ova were washed in tap water, most of the
adhering moisture removed with blotting paper, and the total
weight recorded. binocularunderova a
dissecting microscope revealed inthat some cases, a
ripening ovary (particularly Stage V) had some eggs still at

Examination of



different stages of development.

inusedsizeuniformdeveloped towhich had wereova
About 0.1 gm samples were takenestimations of fecundity.

The number of ova in atfrom different parts of the ovary.
least five weighed replicate sub-samples was counted under

The mean number of ova from these
samples was used to estimate the total number of ova in each

pair of ovaries.
Because Nile perch shed all ripe ova at each spawning,

according to Nikolsky (1963) anddefinedfecundity was
the number of ripening eggs inBagenal and Braum (1978) as

the ovary prior to the next spawning season.
Sex ratios were analyzed using a binomial test (Siegel

Size at first maturity and sex ratios were compared1956).
detailed in Chapter 2.as

Results
Size at first maturity

The sizes at first maturity were only estimated for
Nile perch of more than cm total length because20 sexes
were not clearly distinguishable below this size. Gonadal
Stages I and II consisted of immature fish. Stage III was
the transitional stage between immature and mature fish. In

the fish were mature at gonadal stageboth sexes, IV i.e.
when the milt or the oocytes were discernible for the first
time. Size first maturity is defined accordingat to
Beverton and Holt (1957) as the size at which 50% of the

135
Only those ovaries with

a binocular microscope.
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fish are mature.
There were variations in size at first maturity between

The size at first maturity ofthe blocks (Figs. 7.1a & b) .
male Nile perch in Lake Victoria between 1964 and 1967 was

between 30 cm and 34 cm total length (Fig. It then7.la).
adjusted over time such that by the 1988-92 period they were

The size at firstmaturing at between 60 cm.
Lakematurity of males in Lake Kyoga between 1967 and 1993,

Nabugabo between 1991 and 1993 and Lake Albert between 1989
59

Nile perch were estimated to lie between 50
total length.

The size at first maturity of female Nile perch in Lake
Victoria during the 1964-77 period was at between 40 and 59

As in the males, size at firstcm total length (Fig. 7.1b).
maturity increased over the years and by the 1988-92 period
females were attaining maturity at between 90 cm and 99 cm.
The sizes at first maturity of female Nile perch in Lake
Kyoga during the 1967-93 period, Lake Nabugabo during the
1991-93 period and Lake Albert during 1989-93 periodthe
were between 80 cm and 99 cm total length. The size range
within which the size at first maturity of female Nile perch
might stabilize was estimated to lie between 80 cm and 99 cm
total length.

cm total length.

cm and 64

cm and 59 cm

were all between 50 cm andand 1993
Therefore, the eguilibrium size at first maturity of male
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Sex ratios

Primary sex ratios were,
only estimated for Nile perch of >= 2 0 cm total length. The

ratios of different length classes during the differentsex
periods are given in Table 7.1 and illustrated in Figure

7.2.
When all fish of more >= 20 cm in each block and those

compared (Fig. 7.2areported in literature were
therethatbinomial showedtestb) , were no7.1a, a

(at p < 0.05) in the ratio of malesignificant differences
to female L. niloticus of >= 20 cm in Lake Albert during the
period 1989-92, in Lake Victoria during the 1968-77 period

period.during the Thereand Lake 1967-68Kyoga were
in the otherfemales allthan

blocks.
literature (Table 7.1b) show that

there were no significant deviations from the 1:1 sex ratio
in the Blue Nile but there were a significant differences in

1960, Kenchington 1939).
The changes in sex ratios with size are given in Tables

Deviations in sex ratios from the 1:1 value
increased with size of the fish. Among Nile perch of >= 20

there were significantly more
males than females in all the blocks with the exception of
Lake Kyoga between 1967 and 1968. In Nile perch of 60 cm to

as for size at first maturity,

sex ratios in lakes Turkana and Chad (Hopson 1972, Hamblyn

cm and < 60 cm (Table 7.2),

100 cm (Table 7.3), there were no difference in sex ratios

7.2 to 7.4.

significantly more males

& Table

Data reported in
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A comparison of sex ratios of L. niloticusTable 7.1. (a).
in different water bodies using a binomial test.

p valuez valueLake &

0.0621.54391Albert 350>=2 00:
0.000Victoria 1964-67 5.472110>=20 24821:

Victoria 1968-77 0.1291.13255>=2 0 2312:
Victoria 1982 0.0004.25285>=20 3973 :

0.000Victoria 1988-92 47.517023040>=204 :
0.00010.65104Nabugabo 1991-93 326>=205 :
0.1840.898114>=2 0 129Kyoga 1967-686 :
0.00012.931131 593Kyoga 1978-80 >=207 :
0.00010.43818>=20 1299Kyoga 1988-908 :
0.00014.661551 8349 : Kyoga 1991-93 >=2 0

Some values reported in literature(b) .

Chad >30 2779 1694 16.21 0.000 Hopson 1972
Turkana >20 499 425 2.40 0.008

<107 59 69 0.97 0.166

Okedi 1971Kyoga 435 282 5.68 0.000
Victoria Okedi 1971935 944 0.23 0.230

Water 
body

Blue
Nile

Fish 
size

z 
value

Source of 
information

Fish 
size

No 
a P 

value

Hamblyn 
1960
Kenchington 
1939

No
9

No 
d

No
9

Block, 
Period
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Table 7.2.
20 cm & < 60 cm in lakes Albert, Victoria, Nabugabo and>=

Kyoga over different periods using a binomial test.

p valuez value

0.0032.78272210Albert 1989-920:
0.0005.672065Victoria 1964-67 24471:
0.0072.46victoria 1968-77 1821372 :
0.0009.223: Victoria 1982 29155
0.00027.86485Victoria 1988-92 18254 :
0.00011.3372288Nabugabo 1991-935 .
0.1920.877183Kyoga 1967-686 .
0.00010.20393737Kyoga 1978-807 .
0.0009.107961204Kyoga 1988-908 .
0.00011.801116 623Kyoga 1991-939 .

No 
d

No
9
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A comparison of sex ratios of L. niloticus of

Block, Lake & 
Period:
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A comparison of sex ratios of L. niloticus ofTable 7.3.

100 cm in lakes Albert, Victoria, Nabugabo60 cm and <>=

and Kyoga over different periods using a binomial test.

p valuez value

0.001Albert 1989-92 3.10132 780:
victoria 1964-67 0.5000.0034 331:
Victoria 1968-77 0.0004.3873 282 :
Victoria 1982 0.2980.54240 2513 :
victoria 1988-92 0.00029.611168 1094:
Nabugabo 1991-93 1.65 0.049244 . 38

0.22446 38 0.766 . Kyoga 1967-68
14.24 0.0007 . Kyoga 1978-80 317 45

8 . Kyoga 1988-90 95 22 6.66 0.000
9 . Kyoga 1991-93 389 136 11.00 0.000

NO
cf

No
9

Block, Lake & 
Period:
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for Lake Victoria during the 1964-67 and 1982 periods and in
Lake Kyoga during the 1967-68 period. blocksotherThe

thetocontrastagain had significantly more males. In
hadsmaller size groups, Nile perch of >= 100 cm (Table 7.4)

with thein blocksall thesignificantly femalesmore
exception of Lake Victoria during 1982.

Secondary sex ratios using only mature Nile perch were
also compared (Table 7.5 & Fig. 7.3).

females.significantly males than Amaturemorewere
comparison between the new habitats and Lake Albert (Fig.
7.3) showed that in blocks 1 and 2, the proportion of mature

in Lake Victoria was significantly higher than infemales
Lake Albert but by block 3, the proportion of mature females
had decreased to a significantly lower level than in Lake

The proportion of mature females in all the otherAlbert.
blocks of the new habitats was significantly lower than that
for Lake Albert.

Fecundity

ripe ovaries fecundityThe number availableof for
determination different habitatsfrom too small towas
permit comparisons of fecundity among Detailedblocks.
analysis of the relationship between fecundity and size of

f ishthe done using data collected from Lakewas Kyoga
during the period.1978-80 relationshipThe between
fecundity and size is in Figureshown Fecundity7.4.
increased with weightlength and fish.of the The

In all cases, there
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A comparison of sex ratios of L. niloticus ofTable 7.4.

>= 100 cm in lakes Albert, Victoria, Nabugabo and Kyoga over
different periods using a binomial test.

p valuez value

0.0004.57Albert 1989-92 8 410:
Victoria 1964-67 0.0032.77121: 1

Victoria 1968-77 0.0022.83452: 21
Victoria 1982 0.2240.763 : 2 5
Victoria 1988-92 0.0004.824: 47 108

Nabugabo 1991-93 2.47 0.0075 : 0 8
0.0371.796 : Kyoga 1967-68 0 5

5.05 0.0007: Kyoga 1978-80 77 155
8 : Kyoga 1988-90
9 : Kyoga 1991-93 46 75 2.55 0.005

No
cf

No
9

Block, Lake & 
Period:
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A comparison of sex ratios of matureTable 7.5.

L. niloticus in lakes Albert, Victoria, Nabugabo and Kyoga

Sex ratiosdifferent periods using a binomial test.over
were in all cases significantly different from the 1:1 ratio

(at 5% level of significance).

p valuez value

6.66 0.000Albert 1989-92 751830:
Victoria 1964-67 0.00013.9881214831:
Victoria 1968-77 0.00097 4.091642:
Victoria 1982 12.35 0.000324 763 :
Victoria 1988-92 0.00032.144 : 1326 108
Nabugabo 1991-93 6.57 0.0005: 78 14

3.65 0.0006 : Kyoga 1967-68 34 9
7 : Kyoga 1978-80 537 156 14.44 0.000
8 : Kyoga 1988-90 135 10.54 0.0008

Kyoga 1991-939 : 476 108 15.18 0.000

I

No
a

No
9

Block, Lake & 
Period:
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relationship between fecundity and length was of the form:

Log F = Log a + b Log L

L is the totalwhere F is the number of eggs in millions,
and b thelength of the fish in cm,

The corresponding equation was:exponent.

The relationship between fecundity and weight W in kg was
linear and was described by the equation:

= 0.62, N = 67)

Fecundity in L. niloticus is therefore proportional to the
cube of the length.

Discussion
least two aspects of reproductive biology of theAt

Nile adjusted sinceperch have the predatorbeen was
introduced and got established into lakes Victoria, Kyoga

the size at first maturity andand Nabugabo;
The sizes at first maturity for different lakes and

those recorded in this study are summarized in Table 7.6.
Female L. niloticus grow to and mature at a larger size than
males in all the localities where this has been determined

F = 24900 + 141800W (R2

F = 1.99L3 (R2

sex ratios.

a is the intercept,

= 0.75, N = 67)
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The size at first maturity, (in cm total length)Table 7.6.

of L. niloticus in different habitats and during different
periods within the same habitat.

FemalesMalesWater body

(1972)Hopson60-65Lake Chad 50
(1982)HopsonLake Turkana 9065

Holden (1963)Lake Albert 60 85
Present study80-89Lake Albert 1989-92 55-59

Blue Nile 6060

Okedi (1971)Lake Victoria & Kyoga 33-3530-33
Lake Victoria Acere (1985)54 68
Lake Victoria 1964-67 Present study30-34 40-49
Lake Victoria 1968-77 Present study40-44 50-59
Lake Victoria 1982 Present study45-49 90-99
Lake Victoria 1988-92 Present study60-64 90-99
Lake Nabugabo 1991-93 Present study50-54
Lake Kyoga 1978-80 Present study50-54 80-89
Lake Kyoga 1988-92 Present study50-54
Lake Kyoga 1991-93 Present study55-59 90-99

Kenchington 
(1939)

Source of 
information
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Okedi 1971, Hopson 1972,(Kenchington 1939, Holden 1963,

The reasons for maturation at larger1982 and this study).
otherHowever, among

organisms, sexual size dimorphism in adults is thought to be
nicheinvestmentselection, parentalsexualdue to or

Size is thought to be anseparation (Holtby & Healey 1990).
is related tofitness andimportant component of

differential investment and resource partitioning between
RoffCarothers 1984 ,(Holtby and Healey 1990,the sexes
andsupplyMaturation is foodaffected by1981).

competition for it (Randall et al 1986) .
fish will grow rapidly and mature once theyfood supply,

(Policansky 1983,do so
smaller size thanRandall 1986).

Large body size confers selective advantage onfor males.
Among Nile perch, there is rapid increase in thefemales.

size of prey ingested at about the size that females reach
their size at first maturity. Larger size enables females
to increase their energy intake by enabling them to feed on

A similar requirement may not be necessary inlarger prey.
males.

If sizethat first maturitythe atwe can assume
in Lake Albert is the equilibrium sizerecorded at first

maturity the species,for Nile inthen perch the new
habitats initially matured at smaller size than in itsa
original habitat and then increased to comparable sizes (Fig

When males mature at a

Under abundant

sizes were not been investigated.

females, the energy costs for females is higher than that

have acquired enough energy to
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These changes were concurrent with the decrease in7.1) .
of haplochromines from the new habitat andthe abundance

their importance as food of the Nile perch (see Chapter 4) .
This suggests that food supply is a

Changes in thecondition affecting maturity in Nile perch.
size at first maturity following changes in the abundance of

has been demonstrated in rainbow trout (Scott 1962 ,Prey
Bagenal 1969, Wootton 1973) .Nikolsky 1963,

Nile perch ova contain many fat globules (Kenchington
Okedi 1971) and clearly require much food for their1939 ,

is accompanied by gradualformation.
mesentericdisappearance of plumpnessand lossfatof

Since fecundity(Kenchington 1939).
sizeincreases size,' maturity wouldwith largerat a

increase fecundity as predicted by Stearns (1980), Stearns
The phenomenon thatand Crandall (1989) and Wootton (1989).

large size was important because it enables the organism to
produce a vast number of ova was also recognized by Darwin
(1874).
reduction in food supply, then size at first maturity should

with improvedbe concurrent food Currentsupply.

feeding on many small prey to feeding on a few large prey at
the sizeabout maturity.that females attain sexual

Maturity seem may be delayed to a size when the Nile perch
capabilitythehas obtainto enough food to support

reproduction.

major environmental

If the size at first maturity increased due to

observations (Chapter 4) show that Nile perch shifts from

Formation of ova

in the Nile perch
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The increases in the size at first maturity occurred

after haplochromines had been depleted from lakes Victoria
The changes can therefore be attributed to theand Kyoga.

reduction in the originally most abundant and vulnerable
Between 1964 and 1977, when haplochromines were stillprey.

abundant, males in Lake Victoria matured at a smaller size
The sizes at firstthan was the case between 1988 and 1992.

maturity of the males increased from 30-34 cm between 1968-
The values in Lake1977 to 40-45 cm between 1988 and 1992.

differentofVictoria approximate to thosefor 1988-92
periods of Lake Kyoga between 1967 and 1993 and Lake Albert

similar thosetoalsobetween to They1989 1992 . are
(Worthington 1929,recorded previously from lakes Albert

Holden 1963) and Turkana (Hopson 1982) but higher than those
Nilein BlueChad and therecorded Lake (Hopson 1972)

(Kenchington 1939). The size
perch in the new habitats has remained at this level for as
long as 15 years in some of the new habitats. It therefore
seems to have stabilized.

Nile perch produce pelagic eggs that are shed freely
(Okedi 1971). Reproductive potential will be determined by
the number of eggs that are produced, the proportion of eggs

the
offspring, environmental conditions to which the
exposed and the growth rate of the offspring. Since Nile

it has to
produce numerous eggs. Because of this, niloticus isL.

perch does not take care of its eggs or young,

eggs are

at first maturity of Nile

that are fertilized and hatch, survival rate of the



very fecund.
(which has an exponent of 3.0) is similar to that of fishes

Such fishwhich produce many eggs relative to their size.
include the mormyrids and cyprinids where the exponent is
close to three, but different from those that produce fewer
eggs and offspring which are cared for, such as the cichlids

But L. niloticus grows to1965, Welcomme 1967, Okedi 1970).

mormyrids and cyprinids.
The sex ratios were male biased especially among mature

The reasons for the males biasedNile perch (Table 7.5).
ratios are obscure but the overall pattern is such thatsex

when haplochromines were still abundant in the new habitats,
new habitats was

higher than is currently the case (Fig. 7.3). This suggests
that food have role naturalto play. Althoughmay a
selection favours organisms with
1958) , Charnov and Bull (1989) have indicated that biased

ratios do in speciesbut wheresex occur are common
individuals change during their adultsex

iswhere determined environmental conditionsbysex
experienced during pre-adult development.

One possible explanations for- biasedthe male sex
ratios in L. niloticus would, therefore be
Hermaphrodite gonads have been detected and
reported in Lates calcarifer (Bloch) an Indo-pacific species
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The relationship between fecundity and length

sex reversal.
sex reversal

a 1:1 sex ratio (Fisher

the proportion of mature females in the

a larger size and therefore produces many more eggs than

where the exponent is close to two (Lowe 1955, Cadwalladr

life or those



males biased with a secondary sex ratio of 3.8:1 in favour
Davis 1982). L.(Moore 1979,

protandrous hermaphrodite and protandrous hermaphrodites
normally have male biased sex ratios (Charnov & Bull 1989) .

in L.However,
specimens examined macroscopically during thisniloticus

study and both sexes were encountered at all sizes for which
In species which undergoratios were determined. sexsex

otherthef irst followed byreversal, appearsone sex
Nile perchMicroscopic examination of(Shapiro 1989).

gonads may, in future throw more light on this.
ratios result fromalsobiasedThe male maysex

environmental conditions experienced by the species during
Charnov & Bull (1989) , Charnov et alpre-adult development.

deviate from the 1:1 ratio if resources are limiting. Under
such circumstances, the sex which requires less resources to

produced inmaintainproduce and greaterwould be
proportions (Randall et al 1986, Ricklefs 1990, Frank 1990) .
Male Nile perch grow to a smaller size than females and need
less energy for maintenance and gonadal development. This
type of situation would favour a male biased sex ratio.

Holtby and Healey (1990) have suggested that biased sex
ratios can result from sampling techniques or the gear used.
The sex which is more active would be taken up more than the
one which is more sedentary. Although a comparison between
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of the same genera as L. niloticus where sex ratios are also

1981 and Frank (1990) have indicated that sex ratios can

of males calcarifer is a

no hermaphrodite gonads were encountered



fishing gears was not made during this study,
Hopson (1972, 1982)apparent from the range of gears used.

attributed difference in sex ratio to
rate of males than females especially among the larger fish.
Female Nile perch grow to and mature at a larger size than

Selective fishing may contribute to males biasedmales.
Fishing mortality in Nile perch seemssecondary sex ratios.

This would mean that moreto be heaviest in fish < 100 cm.
female Nile perch than males are cropped before they mature
and this would result in male biased sex ratios. However,
this does not explain the variations in sex ratio within the

istime.lakes Further research thereforesame over
required to elucidate on biased sex ratio in this species.

Conclusion
Initially, Nile perch in the new habitats adjusted its

size at first maturity from levels recorded in its original
habitat to a smaller size apparently due to excessive food
supply provided by vulnerable haplochromine prey. After

upwards and stabilized at levels recorded in its original
habitat. The species is very fecund with fecundity being
proportional to the cube of the length. Reproductive
potential of the Nile perch does threatened by
depletion of haplochromines and the species seems to have
the capability to adjust its size at first maturity under
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this was not

a higher mortality

not seem

these prey were depleted, size at first maturity adjusted
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feedingchanging regimes in that promotesmannera

whichreproductive ratiosHowever, weresuccess. sex
initially not significantly different between new habitats
and the original habitat later became and have remained male
biased. on
reproductive success of the species is uncertain and needs
further investigations.

sex ratiosThe implications of male biased
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Chapter 8

Can the fisheries of lakes Victoria, Kyoga and
Nabugabo stabilize and sustain production

in the presence of Nile perch ?
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Abstract

lakes Victoria, Kyoga and Nabugabo following establishment
in fishsought by comparing changesof
historylifeselectiondiversity, andspecies prey

itsand aftercharacteristics beforeof the predator
The diversity ofestablishment with that in Lake Albert.

exploited fish species initially decreased from a level that
in thatsimilar Albert toLaketo that wasonewas

significantly lower and then persisted.
Prey selection by Nile

predominance ofperch in fromthe
haplochromines to types, sizes and numbers similar to those

habitats.in native Theeaten Lake Albert and other
condition, initially higher in the new
habitats, decreased and remained at values which although
lower than in Lake Albert, are not below the lowest values

in native habitat. first maturitySizerecorded ata

those in Lake Albert; this increases overall reproductive

potential because fecundity is proportional to the cube of

Since these characteristics have converged andthe length.

persisted on values found in habitats where Nile perch is in
balance with its prey, the fisheries of the lakes invaded by
Nile perch can remain viable in its presence.

of some species began to recover.

Afterwards, stocks

shifted from smaller to larger sizes, which are similar to

factor which was

new habitats changed

Evidence for re-stabilization of the fish stocks in

Nile perch was
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Introduction

lakesNile perch,introduction ofPrior theto

Kyoga and Nabugabo had similar and very diverseVictoria,
fish faunas (Graham 1929, Greenwood 1965, 1966, Worthington
1929, Cambridge expedition 1962, Fryer & Iles 1972). After

established,well

stocks of most of the native species declined rapidly, and

completely disappeared (Hughes 1983, 1986, Ogutu-Ohwayosome
Ligtvoet and MkumboOgari & Dadzie 1988, 1990,b,1990a,

Although human over-exploitation ofWitte et al 1992a, b) .
competition betweenfish 1971),stocks (Jacksonthe

tilapiines 1984) , andnativeintroduced (Welcommeand
environmental degradation (Hecky & Bugenyi 1992, Hecky 1993,

Hecky et al 1994) have contributed toMugidde, 1992, 1993 ,
ispredation by the Nile perchinchanges

believed to be the main factor that has caused these rapid
declines in fish stocks (Barel et al 1975) . This has raised
fears that fish stocks will be depleted to a level where the
fisheries of these lakes will become unviable (FAO 1985) .
Also, Nile perch is the most important commercial species in
these lakes and stability of its stocks is important to the
overall viability of the fisheries.

perch predation disturbs a character (such as populations of
the prey) , that character will be forced out of its normal

Stability can occur only when the character attains1983) .

Theoretically, when a force such as that due to Nile

Nile perch were

range of variance (Holling 1973, May 1973, Connell & Sousa

introduced and became

fish stocks,
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Goodman 1975).steady persistent state (May 1973,a new

have multiple stableHowever, a
iti.e. topoints, return moreone orcan

In all cases,(Lewontin 1969, Sutherland 1974, 1981, 1990).
is toif characterresisted thebetohasthe force

Alternatively, the1983) .stabilize (Connell & Sousa
it crashes.point whereforced tobecharacter acan

for stability to occur, there must be resistanceTherefore,
i.e. the character mustresilience to the perturbation,or

Ideally forhave the capability to absorb the disturbance.
stability to occur, resilience should be equal and opposite

for the system not to crash dueto perturbation. However,
to the perturbation, resilience should be equal to or exceed

fisheriesperturbation. lakesoftheTherefore, for
Victoria, Kyoga and Nabugabo to be prevented from collapsing
due to Nile perch predation, some of the prey species should
be or become resilient to predation by the Nile perch. This
resilience should be equal to or greater than the force due
predation pressure, i.e. be
overcoming predation pressure due to Nile perch.

Evidence for re-stabilization of the infish stocks
of

the Nile perch was obtained from examination of changes that
in theoccurred number and diversity fish taxa,of prey

selection Nileby the in life historyperch and
characteristics Nileof the afterperch before and
establishment of the predator.

lakes Victoria, Kyoga and Nabugabo after establishment

perturbed character can

resilience should be seen to
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Changes in number and diversity of fish taxa
Stocks of the Nile perch started to increase rapidly

in Lake Kyoga and in 1977,in 1965
VictoriaUgandan and Tanzanian regions LakeofKenyan,
alet 1985,OkarononHughes 1983 ,(Ogutu-Ohwayo 1985,

haplochromines wereInitially,
the most abundant fishes in Lake Victoria (Kudhongania &

they formed the main food of the predatorCordone 1974);

1985, Ogutu-Ohwayo 1993).
The changes in fish species diversity just before and

illustrated by the changes in fish species diversity in the
As Nile perchKenyan region of Lake Victoria (Fig. 8.1) .

stocks increased, there was a rapid decline in fish species
diversity and in the contribution of haplochromines to the
commercial catches. The decline in haplochromines was not
due to a shift in fishing effort. Experimental trawling in
the same part of the lake confirmed that as the catch rates

Nile increased, haplochrominestheof perch those of

declined drastically (Okemwa 1984 , 1985,
Goudswaard & Ligtvoet 1987, Ogutu-Ohwayo 1990a). However,
by 1990, haplochromines started to reappear in commercial

This suggests that some haplochromines species hadcatches.

become resilient and could persist alongside the Nile perch.
few haplochromine species were

soon after its introduction into lakes Victoria, Kyoga and

Goudsward & Witte 1985).

Okaronon et al

after the rapid increases in Nile perch stocks are best

Increases in stocks of a

apparently Nabugabo (Hamblyn 1966, Gee 1969, Ogutu-Ohwayo

1982 and 1983 in the
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Figure 8.1. Changes in fish species diversity (A) and in the 
contribution of haplochromines (B) with increases in the 
contribution of the Nile perch (C) to commercial catches in 
the Kenyan region of Lake Victoria. Lines are drawn to scale 
as given in parts of the thesis where the respective graphs occur. 
The vertical dotted line divided the pre- and post-establishment 
periods.
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recorded in experimental catches in Lake Kyoga.

Before establishment of the Nile perch, about 14 native
After itstaxa occurred regularly in commercial catches.

the number decreased to only three species:establishment,
two introduced (Lates niloticus L. and Oreochromis niloticus

(Rastrineobola arqenteacyprinidnativeandL.) one
These three species have persisted together forPellegrin).

remained abundant in lakes Victoria and Nabugabo; they are

obviously resilient to predation by the Nile perch. 0.
over much of its rangeniloticus cohabits with L. niloticus

avoidbehavioral toevolvedand have responsesmay
R. arqentea is a shoaling species and this haspredation.

evadingofsuccessfulbeen shown to be meansverya
predators (Godin 1986,

The lakes to which L. niloticus, and LatesMagurran 1994).
spp in general are native are dominated by shoaling species

1981).
Kyoga and Nabugabo have some similarities to those of lakes
Albert,

Both L. niloticus and O. niloticus areHopson 1972, 1982).
among the dominant species in all these lakes: Alestes spp.
and Hydrocynus spp., the remaining major components of the
fish community in lakes Albert, Turkana and Chad and can be
regarded as ecologically analogous to R. arqentea as far as
resilience to predation is concerned. It can therefore be

Turkana and Chad (Worthington 1929,

(Hopson 1972, 1982, Worthington 1929, Coulter 1965, Beadle

Beadle 1981,

The taxa that have persisted in lakes Victoria,

in Lake Kyoga and the same species haveabout 30 years

Pitcher & Parrish 1993, Fuiman &



lakes Victoria, Kyoga and Nabugabo has converged on types
that are resilient to Nile perch predation and can persist

important question is whether thesealongside it. The

species can support both the fishery and provide food for

the Nile perch.

Changes in prey selection and life history characteristics

in life historyselection andThe changes
characteristics of the Nile perch in the new habitats during

in Nilethe period before
perch stocks and that for its native habitat of Lake Albert

consistent changes in the various characteristics during the
pre- and post-establishment periods of the predator.

The types of prey
introductionafter NileSoon of the perch,

haplochromine cichlids constituted the main of Nileprey
inperch Victoria,lakes Kyoga and probably Nabugabo

(Hamblyn 1966, Okedi Ogutu-Ohwayo 1993).1971,

Following rapidthe increases in Nile perch stocks,

haplochromine cichlids were depleted and became unimportant
Caridina nilotica Roux and anisopteran nymphs thenas prey.

became the dominant prey of juveniles while R. argentea,
juvenile Nile perch and O. niloticus became the
larger Nile perch. The only exception was the absence of C.

164
concluded that the species composition of the fish fauna in

and after the rapid increases

There were distinct and

food of

Gee 1969,

in prey

are illustrated in Figure 8.2.
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Figure 8.2. A comparison of changes in prey selection and
in life history characteristics of Nile perch in the invaded
lakes and that of Lake Albert. Blocks are for lakes: 0

1967-77,Albert 1989-92; - Victoria 1964-67,1, & 4
- Kyoga 1967-68,1982 & 1988-92; 5 - Nabugabo; 6, 7,

ofImportance1978-80, 1988-90 & 1991-93. HP

haplochromines as prey in fish of >= 2 0 cm and < 100 cm; PN

& PL = Mean number and mean length of prey eaten by fish of

CF = mean condition factor in fish of >= 20 & <
MM = Size at first maturity of males and MF = Size100 cm;

SR = Sex ratios of matureat first maturity of females.

Sex ration is given as the number of females per 100fish.

Individual lines are drawn to scale.males.
»

I

I

I

I

i

>= 100 cm;

8 & 9
2, 3,
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nilotica in Lake Nabugabo.
the type of prey eaten by Nile perch for 23 years in Lake
Kyoga and similar changes in types of prey occurred in lakes

obviouslytypesTheseVictoria and Kyoga. areprey
recently,predation.Nile Moreperchresilient to

haplochromines have again started to become important as
Therefore,addition above types.in theNile toprey

resilience of prey seems have started overcoming predation
pressure due to Nile perch.

With the exception of R. argentea which does not occur
the types of prey currently eaten by Nilein Lake Albert,

perch in the new habitats are similar to those eaten in Lake
Albert and other native habitats (Hopson 1972, 1982) . In

argentea is filled by AlestesLake Albert, the role of R.
shoaling species and be regardedboth asare canspp. ;

ecologically analogous as far as evading predation by Nile
perch is concerned. Similarly, in Lake Chad,

characids dageti Micralestessmall Alestes andBlache
acutidense in and(Peters) and Lake Turkana prawns
Engraulicypris stelae (Hopson 1982)1972, were
important prey of the Nile perch. Therefore, the types of
prey eaten in the habitats invaded by Nile perch are similar
to those eaten by the predator in its native habitats.

Similarities between new and native habitats are also
apparent in the sizes and numbers of
habitats compared with Lake Albert Soon
after introduction of the Nile perch, the average sizes and

L
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There were no further changes in

prey eaten in the new

prawns and

and elsewhere.

the most



sizes andhaplochromines had thebeen depleted,After
innumbers of prey eaten, especially by large Nile perch,

lakes Victoria, Kyoga and Nabugabo changed to those seen in
therefore beIt can,lakes Albert and Chad (Hopson 1972) .

concluded that the types, sizes and numbers of prey eaten in
the new habitats have stabilized and are similar to what is

majorTheeaten
question is whether these prey types and sizes can sustain
Nile perch stocks in the new habitats.

Length-weight relationships
The nutritional status of a fish can be assessed from

the relationships between length and weight (Le Cren 1951,
Nikolsky 1963); heavier fish of a given length are said to

Before the rapid increases in Nilebe in better condition.
perch stocks and when haplochromines were still abundant,

Hamblyn 1966, Gee 1969, Hopson 1972, 1982, and this study).
haplochrominesAfter had Nilebeen perchdepleted, K

lakeoflower
Albert but not different from those of Lake Chad. The K in
Lake Kyoga has not decreased thisfurther years;
suggests that the available types and
sustain K at this inlevel. recorded lakesK values

168 
numbers of prey eaten increased evenly with predator size.

the condition factor K of Nile perch in the new habitats

other native habitats (Worthington 1929, Kenchington 1939,

than thosedecreased to levels which were

for 26
sizes of prey can

in Lake Albert andwere significantly higher than those

in native habitats of the Nile perch.
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Victoria and Nabugabo after depletion of haplochromines are

Although K in Lakestill higher than those of Lake Kyoga.
lower than into have stabilized, values areKyoga seems

Lake Albert, and several native habitats (Kenchington 1939)
and similar only to that of Lake Chad, which has the lowest

The lower values recorded invalues for a native habitat.
Lake Kyoga suggest that Nile perch in this lake may be food
limited and similar levels can be expected in lakes Victoria

in the threeeatenand Nabugabo since the types of prey
Further stress on Nile perch prey e.g.lakes are similar.

depress K of Nilethrough human over-exploitation, could
perch.

There has as yet been no improvement in K following the
recent increases in haplochromine stocks in Lake Kyoga. The
nutritional gain that may have accrued from improved food

During thissupply appears to have been invested in growth.
period, in Lake Kyoga,
haplochromines were recovering than in lakes Victoria and
Nabugabo (Chapter 6; Fig.’ 8.1).

Reproductive fitness
Stearns (1976) and Stearns & Crandall (1989) noted that

a
reduction in food supply may adjust reproductive traits in
a manner that promotes fitness. Most commonly, maturity is
delayed to a larger size in order to gain fecundity. Nile
perch in the new habitats did adjust size at first maturity

Nile perch grew faster where the

organisms subjected to an environmental stress such as
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When haplochromines were abundant, malewhen prey changed.

smaller size (30-45 cm
After haplochrominesfor males and 40-50 cm for females).

were depleted, males and females matured at larger sizes,
The size at(50-59 cm for males and 80-100 cm for females) .

first maturity has since remained at this level, suggesting
similar tothey have stabilized. Thesethat

those for Lake Albert, where males matured at 50-59 cm total
length and females at 80 - 100 cm (Worthington 1929 and this

Adjustment of the size at first maturity upwardsstudy).
increases overall fitness because fecundity in Nile perch is
proportional to the cube of the length.

Conclusion
The diversity of exploited stocks in the lakes invaded

by the Nile perch decreased rapidly following establishment
of the predator and stopped declining when only resilient

speciesspecies remained. startedThereafter some
The types and sizes of prey eaten by the Nilerecovering.

alongside diversityin andperch changed the changes
converged on those species that were resilient. These types

similar to those in nativeeaten
habitats of the Nile perch. The K of Nile perch which was
initially higher decreased similarto values thoseto
recorded in native habitats. Nile perch adjusted its size
at first maturity with changes in the types and sizes of
prey to values found in native habitats; this would increase

and female Nile perch matured at a

and sizes of prey were

values are
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Since these factors have converged andcube of the length.
in native habitats

where Nile perch is in balance with its prey, the fisheries
of the lakes invaded by Nile perch can remain viable.

persisted on values similar to those

overall fitness because fecundity is proportional to the
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Appendices

Shannon-Weaver indices of diversity H'Appendix 3.1.

for Lake Albert and the Kenyan, Ugandan and Tanzanian
regions of Lake Victoria between 1970 and 1990.

Lake VictoriaLake AlbertYear
TanzaniaUgandaKenya
1.991.461.991970
1.651.621.901.331971
1.721.752.121.601972
1.771.792.101.431973
1.691.731.871.721974

1.42 2.031.911975 1.62
1.821.79 1.671976 1.57

1.87 1.671.51 1.791977
2.071978 1.51 1.87 1.87
2.051979 1.55 2.05 1.72

1980 1.54 1.53 2.032.00
1981 1.78 1.35 1.63 2.19
1982 1.81 1.64 1.42 2.15
1983 1.91 1.05 0.66 2.03
1984 1.94 1.17 0.96 2.03
1985 1.94 1.13 0.79 2.14
1986 1.77 1.06 0.84 1.68
1987 1.86 0.96 0.70 1.55
1988 1.80 1.09 0.50
1989 1.78 1.43 0.80
1990 1.19



Appendix 4.1.
in stomachs of different size groups of L. niloticus in Lake

Victoria during the 1968-77 period.

>=100:>=60 <100:Total length (cm) >=20 <60:<20:

517
87 42270
11

2
1
5 67

1
3
1
1

Number examined 292 95 54

Vegetation
Gravel & stones

192
The frequency of occurrence of various items

Tilapiines 
Haplochromines 
R. arqentea 
Mormyrids
P. aethiopicus 
Clarias spp 
Synodontis spp 
Molluscs



Appendix 4.2.
in stomachs of different size groups of L. niloticus in Lake
Victoria during the 1988-92 period.

>=100:>=60 <100:>=20 <60:<20:
2015782
1932860055
5281458
2166975155
3

2
119

21
11

1507 14246

30 1723 1007
Chironomids 36 287
Chaoborids 3 2

8 10
1

Molluscs 8 58 8
Crubs 63 2 2
Cestodes 3 40 7

1 1
4 5 1

Number examined 1306 3487 59603

Vegetation
Gravel & stones

Ephemeroptera
Notonectids

193
The frequency of occurrence of various items

Total length (cm) 
Tilapiines 
L. niloticus 
Haplochromines 
R. arqentea 
Mormyrids 
P. aethiopicus 
Clarias spp 
Synodontis spp 
Mastacembelus spp 
Anisopteran 
nymphs 
Caridina nilotica
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The frequency of occurrence of various itemsAppendix 4.3.

in stomachs of different size groups of L. niloticus in Lake
Kyoga during the 1978-80 period.

>=100:>=60 <100:>=20 <60:<20:
42306412

36 7628
21374
6733175

11
3111

1218055
16692

Chironomids 939
1Molluscs 14

2
4 1

Number examined 169 53290 777

Vegetation
Gravel & stones

Total length (cm) 
Tilapiines 
L. niloticus 
Haplochromines 
R. arqentea 
Mormyrids 
P. aethiopicus 
Anisopteran nymphs 
Caridina nilotica
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The frequency of occurrence of various itemsAppendix 4.4.

in stomachs of different size groups of L. niloticus in Lake

Kyoga during the 1991-93 period.

>=100:>=60 <100:>=20 <60:<20:
22 175568

1564606
286 9957250
20251130
42
221047

2459
Chironomids 38126
Molluscs 63
Number examined 398 41689 1603

Total length (cm) 
Tilapiines 
L. niloticus 
Haplochromines 
R. arqentea 
Mastacembelus spp 
Anisopteran nymphs 
Caridina nilotica



Appendix 4.5.
in stomachs of different size groups of L. niloticus in Lake

Nabugabo during the 1991-93 period.

>=100:>=60 <100:>=20 <60:<20:
2134121

43812
1358

1320771
1
11

2
11

2
1

1
161 70

434
Chaoborids 111

119 38
1 7

Corixids 5
Vegetation 1
Number examined 344 5443 34

Ephemeroptera
Notonectids
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The frequency of occurrence of various items

Total length (cm) 
Tilapiines 
L. niloticus 
Haplochromines
R. arqentea 
Mormyrids
P. aethiopicus 
Clarias spp 
Synodontis spp 
Mastacembelus spp 
B. jacksoni
S. .intermedius 
Anisopteran nymphs 
Chironomids



Appendix 4.6.
in stomachs of different size groups of L. niloticus in Lake

Albert during the 1989-92.

>=100:>=60 <100:>=20 <60:<2 0:
332

3 471
1015719

105 6189
8

2
11

1 1
4

16 13
525

Molluscs 111
Vegetation 1
Number examined 48 388 133 21

Baqrus spp 
Auchenoqlanis spp 
Polypterus spp 
Anisopteran nymphs
Caridina nilotica
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The frequency of occurrence of various items

Total length (cm) 
Tilapiines 
L. niloticus 
Haplochromines 
Alestes spp 
Hydrocynus spp 
Mormyrids



Appendix 4.7.
Victoria,perch of different size groups in Lakes Albert,

Nabugabo and Kyoga during different periods.

Length Class (Total length cm)

>=100>=20 <60<20

17.417.345.6Albert 89-92: 2.28Mean0:
0.56 5.180.160.442 SE

139531537N
Victoria 64-67:1:

Victoria 68-77: 8.466.224.882: Mean
1.260.24 0.502 SE

58 33114N
Victoria 1982:3 :
Victoria 88-92: 16.67Mean 1.46 3.72 6.824 :

2 SE 0.20 1.26 3.000.10
N 273 33217 903

Nabugabo 91-93:5: Mean 2.77 4.57 7.27 25.7
2 SE 0.340.32 0.44 17.4
N 96 183 22 2

Kyoga 67-68:6:
7: Kyoga 78-80: Mean 1.60 3.00 6.93 24.51

2 SE 0.16 0.30 1.20 0.84
N 118 248 67 22

Kyoga 88-90:8 : Mean 1.86 2.90 5.53
2 SE 0.10 0.08 1.32
N 248 1172 49

9 : Kyoga 91-93: Mean 2.21 3.41 4.66 9.18
2 SE 0.14 0.10 0.24 2.78
N 191 794 259 19

>=60
< 100

198
The average length of prey ingested by Nile

Block, Lake & 
Period
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ingested by NileThe average number of preyAppendix 4.8.

Victoria,perch of different size groups in Lakes Albert,
Nabugabo and Kyoga during different periods.

Length Class (Total length cm)Lake &

>=100<20

15.633.633.44Albert 89-92: Mean0:
2.24 7.440.321.082 SE

16332 9836N
Victoria 64-67:1:

6.76 9.82Victoria 68-77: 2.42Mean2 :
1.88 3.140.222 SE

44257 72N
Victoria 1982:3 :
Victoria 88-92: 3.5164.57 32.05Mean 14.484 :

17.6 0.978.242 SE 2.54
37967 297N 229

Nabugabo 91-93: 5.55: 6.79Mean 2.24 3.76
6.262 SE 0.70 1.961.30

N 2103 208 24
6: Kyoga 67-68:
7: Kyoga 78-80: Mean 10.24 1.3712.38 14.77

2 SE 0.153.02 3.60 5.48
N 35162 376 92

8 : Kyoga 88-90: Mean 2.47 8.52 7.17
2 SE 0.56 0.60 2.14
N 293 982 53

9: Kyoga 91-93: Mean 3.47 5.48 6.3221.72
2 SE 0.40 4.020.40 2.90
N 481 1177 38315

Block, 
Period

>=60 &
100:

>=2 0
<60
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Appendix 6.1. The growth rate of Nile perch of 20 cm to 40

inlifetotal length during the first year lakesofcm
Victoria, Nabugabo and Kyoga during different periods. Data

obtained by tagging fish.

Lake and period;Parameter

28.418.9718.94Mean
1.901.422.82 SE

8043Number 20

Victoria
1991-92

Nabugabo
1992-93

Kyoga 
1991-92
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niloticus inAppendix 7.1. The percentage of mature L.
different length classes of fish in Lake Victoria between

Males of >=20 cm and <100 cm were grouped in1964 and 1967.
All fish of5

length classes (immat. =>=100 cm
immature and mat. = mature).

FemalesMalesLength
%% No.No.class (cm) No.No.

immat. mat.immat. mat.mat. mat.
7.5324 3720

76 23.3250105 33.129 21225
532 599 53.030 34

871 583 40.1367 67.335 39 178
44 28 240 89.640

42.66 94.9 160 11945 49 111
50 54 1 13 92.7
55 59 1 14 293.3 4
60 64 7
65 69 2 9 69
70 74 2 3
75 79 2 71
80 84 5
85 89 2 3
90 94 3
95 99 1 5
100 119 1 111
120 139
140 159
>= 160

cm were grouped in 2 0
cm classes and females in 10 cm classes.



Appendix 7.2. The percentage of mature L.
different length classes of fish in Lake Victoria between

Males of >=20 cm and <100 cm were grouped in1968 and 1977.
All fish.ofclasses and females in 10 cm classes.5 cm

length classes (immat. =>=100 cm
immature and mat. = mature).

FemalesMalesLength
%% No.class (cm) No.No.No.

immat.immat. mat. mat.mat.mat.
20 24

25 425 29 3 4
30 34 32 39 18.0
35 116 5.739 28 44 36.4 7
40 ’ - 44 4 14 71.4
45 49 4 24 4 14.3
50 54 4
55 59 28 9 18 66.7
60 64 36
65 69 13 2 7
70 74 4
75 79 8 5
80 84 4
85 89 2 4
90 94 3
95 99 3 10
100 119 16 1 16
120 139 5 1 10
140 159 1 14
>= 160 2

202 
niloticus in

cm were grouped in 2 0
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niloticus inThe percentage of mature L.Appendix 7.3.
different length classes of fish in Lake Victoria in 1982.
Males of >=20 cm and <100 cm were grouped in 5 cm classes

and females in 10 cm classes.
grouped in 2 0 cm length classes (immat. = immature and mat.
= mature) .

FemalesMalesLength
%% No.No.class (cm) No. No.

immat.immat. mat. mat.mat. mat.
2420

25 29
3430

35 39
40 44 5
45 49 11 11 50 4 1
50 54 16 41 71.9
55 59 18 53 74.7 21 3 12.5
60 64 16 69 81.2
65 69 6 58 90.3 42 5 10.6
70 74 58 100
75 79 1 20 95.2 2781 25
80 84 7
85 89 4 55 26 32.1
90 94
95 99 1 5 10 66.7
100 119 1 1
120 139 2
140 159 2
>= 160 1

All fish of >=100 cm were
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niloticus inThe percentage of mature L.Appendix 7.4.

different length classes of fish in Lake Nabugabo between
Males of >=20 cm and <100 cm were grouped in1991 and 1993.

All fish of5
length classes (immat. =>=100 cm

immature and mat. = mature).

FemalesMalesLength
%No.% No.class (cm) No.No.

immat. mat.mat.immat. mat.mat.
2.6124 3720

194.345 225 29
2 4.334 4430

353 6.835 39 41
5 12.240 44 38

27.6 1645 49 21 8
55.650 54 8 10

55 59 11 14 56 2
60 64 3 5 62.5
65 69 2 10 83.3 1

7470 8
75 79 6 48

8480 2
85 89 43
90 94
95 99 2 31
100 119 5 3
120 139
140 159

L

>= 160

cm were grouped in 2 0
cm classes and females in 10 cm classes.
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niloticus inThe percentage of mature L.Appendix 7.5.
different length classes of fish in Lake Victoria between

Males of >=20 cm and <100 cm were grouped in1988 and 1992.
All fish offemales in 10classes and5 cm

>=100
immature and mat. = mature).

FemalesMalesLength
%No.% No.class (cm) No.No.

immat. mat.mat.immat. mat.mat.
20320 24

18025325 29
0.834 240 230

151 2 1.32.035 296 639
3.940 44 244 10

1.116 91 145 49 168 32
135 75 35.750 54

5955 96 65 40.4 56
60 64 58 287 83.2
65 69 16 192 94.8 546 9.8
70 74 3 182 ' 98.4
75 79 1 105 99.1 25 7 21.9
80 84 95 100
85 89 60 100 9 4 30.7
90 94 1 37 97.4
95 99 31 100 5 8 61.5
100 119 53 100 23 26 53.1
120 139 4 39.523 15
140 159 17 100
>= 160 1

cm were grouped in 20

cm classes.
cm length classes (immmat. =
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niloticus inThe percentage of mature L.Appendix 7.6.
different length classes of fish in Lake Kyoga between 1967

Males of >=20 cm and <100 cm were grouped in 5 cmand 1968.
All fish of >=100 cmclasses and females in 10 cm classes.

were grouped in 2 0 cm length classes (immat. = immature and
mat. = mature).

FemalesLength Males
%%class (cm) No. No.No. No.

immat.immat. mat. mat. mat.mat.
20 24 1 1
25 29 6 3
30 34 9
35 39 11 14
40 44 16 1
45 49 12 41
50 54 10 1
55 59 10 5 13
60 64 7 4
65 69 3 4 22 1
70 74 5 7
75 79 2 6 9 3
80 84 2 2
85 89 1 3 1 2
90 94
95 99
100 119 3 2
120 139 1 1
140 159 1

i

>= 160
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niloticus inThe percentage of matureAppendix 7.7 L.

different length classes of fish in Lake Kyoga between 1978
and 1980.

All fish of >=100 cmclasses and females in 10 cm classes.

mat. = mature).

FemalesMalesLength
%% No.No.class (cm) No.No.

immat. mat.immat. mat.mat. mat.
8720 24

0.9114 125 29 84
30 34 107 3 2.7

0.735 137 139 108 9 7.7
40 44 108 54 33.3
45 49 56 52 48.2 108 1 0.9
50 54 19 28 59.6
55 59 4 18 81.2 26 5 16.1
60 64 12 26 68.4
65 69 4 31 88.6 6 8 57.1
70 74 28 100
75 79 1 33 97.1 7 4 36.6
80 84 1 57 98.3
85 89 1 58 98.3 3 5 62.5
90 94 1 43 97.7
95 99 1 20 95.2 7 2 32.5
100 119 39 100 17 13
120 139 32 100 4 33 89.2
140 159 7 100 2 39 95.1
>= 160 1 31 96.9

were grouped in 2 0 cm length classes (immat. = immature and

Males of >=20 cm and <100 cm were grouped in 5 cm
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niloticus inAppendix 7.8. The percentage of mature L.
different length classes of fish in Lake Kyoga between 1988

Males of >=2 0 cm and <100 cm were grouped in 5 cmand 1990.
All fish of >=100 cmclasses and females in 10 cm classes.

mat. = mature).

FemalesMalesLength
%% No.No.class (cm) No.No.

immat. mat.mat.immat. mat.mat.
24 14320

219217 0.525 29 1
3.334 268 930

4260 34 11.6 39235 39
40'- 44 124 40 24.4
45 49 47 30 39.0 155 3
50 54 6 609
55 59 4 12 75 22 1
60 64 1 17 94.4
65 69 22 100 6 4
70 74 19 100
75 79 19 100 4 4
80 84 11 100
85 89 2 1 2
90 94 3
95 99 1
100 119
120 139
140 159
>= 160

I

were grouped in 2 0 cm length classes (immat. = immature and
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niloticus inAppendix 7.9. The percentage of mature L.
different length classes of fish in Lake Kyoga between 1991

Males of >=2 0 cm and <100 cm were grouped in 5 cmand 1993.
All fish of >=100 cmclasses and females in 10 cm classes.

mat. = mature).

FemalesLength Males
%%class (cm) No.No. No.No.

immat.immat. mat.mat.mat. mat.
2420 201

25 29 188 289 1 0.31 0.5
30 34 160
35 39 169 0.51 . 06 187 1
40 44 120 3 2.4
45 49 164 10 5.8 106 3 2.8
50 54 28 13 31.7
55 59 23 35 60.3 35 1 2.7
60 64 6 24 80
65 69 11 49 81.7 21
70 74 3 60 95.2
75 79 2 85 97.7 39 2 4.8
80 84 58 100
85 89 43 100 31 11 26.2
90 94 35 100
95 99 13 100 15 17 53.1
100 119 42 100 3 25 89.3
120 139 2 10 100
140 159 1 14 100

10 100

J

were grouped in 2 0 cm length classes (immat. = immature and

>= 160
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Appendix 7.10. niloticus inThe percentage of mature L.
different length classes of fish in Lake Albert between 1989

Males of >=20 cm and <100 cm were grouped in 5 cmand 1992.
All fish of >=100 cmclasses and females in 10 cm classes.

were grouped in 2 0 cm length classes (immat. = immature and
mat. = mature).

FemalesLength Males
%class (cm) % No. No.No. No.

immat.immat. mat. mat.mat. mat.
20 24 11 1 8.3
25 29 29 5 14.7 33
30 34 48 3 5.9
35 39 27 7 20.6 89
40 44 23 10 30.3
45 49 10 8 44.4 79 1 1.3
50 54 6 3 33.3
55 59 4 15 78.9 68 2 2.9
60 64 6 15 71.4
65 69 1 15 93.8 6 3 33.3
70 74 1 26 96.3
75 79 1 23 95.8 16 8 33.3
80 84 8 100
85 89 15 100 10 12 54.5
90 94 15 100
95 99 6 100 6 17 73.9
100 119 8 100 8 14 63.3
120 139 1 9 90
140 159 8 100

1>= 160
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The size ranges within which 50% of male andAppendix 7.11.

Victoria,niloticus in Albert,female L. matured Lakes
Nabugabo and Kyoga during different periods.

Size range at 50% maturity (cm)Lake & Period:Block,
FemalesMales
80 89Albert 1989 55 59920:

Victoria 1964-67 494034301:

Victoria 1968-77 50 5940 442 :

Victoria 1982 999045 493 :

victoria 1988-92 90 9960 644 :
50 545 :

6.
Kyoga 1978-80 50 54 80 897 :
Kyoga 1988-90 50 548 :
Kyoga 1991-939 : 55 59 90 99

Nabugabo 1991-93

Kyoga 1967-68
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Changes in fish species diversity (H*) and inAppendix 8.1.

Nile that ofandcontribution perch (NP)ofthe

haplochromines cichlids (HP) to commercial catches in the

Kenyan region of Lake Victoria.

H'-Victoria NPH'-Albert HPYear
2853571.991970
4647621.901.331971
3846441.60 2.121972

5569 1462.101.431973
8960131.871.721974
5146201.911975 1.62
9463681.57 1.791976

1.51 1.79 6225 2031977
1.51 1.87 6621 10661978
1.55 42861979 2.05 6599

1980 1.54 2.00 3636 4310
1.781981 1.35 916 22834
1.811982 1.64 764 37605

1983 1.91 1.05 612 52377
1.941984 1.17 41 41319

1985 1.94 1.13 6 500029
1986 1.77 1.06 3 56975
1987 1.86 0.96 183 68545
1988 1.80 1.09 1338 61210
1989 1.78 1.43 4751 56810
1990 1.19 1 71514
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Changes in prey selection and in life historyAppendix 8.2.
Victoria,the Nile perch in lakes Albert,parameters of

periods. (HPduring differentandNabugabo Kyoga

Importance of haplochrOmines

NP &>100 cm;
ingested by fish of >=100 cm; CF = mean condition factor in
fish of >=20 & <100 cm; GR = Annual growth rate for fish of

MM = Size at first maturity of males and MF =20 to 40 cm,
Size at first maturitySize at first maturity of females.

in this case was taken as the mid-value of the length class
within which the size at first maturity occurred. SR = Sex
ratios of mature fish. Sex ration is given as the number of
females per 100 males.

HP NP LP CF MM MF SR

Albert 1989-92 32.0 8.10: 17.4 1.26 57 85 41
Victoria 1964-671: 1.43 32 45 55
Victoria 92.21968-772 : 9.8 8.5 1.46 5542 59
Victoria 19823 : 1.43 47 95 23
Victoria 1988-924 : 4.2 3.5 16.7 1.24 62 95 23
Nabugabo 1991-93 7.55. 1.19 52 18

1967-686. Kyoga 3.0 1.06 26
1978-807. Kyoga 6.1 1.4 24.5 1.17 52 85 29

Kyoga 1988-908 . 2.4 1.20 52 6
Kyoga 1991-939 . 62.1 6.3 9.2 1.18 57 95 23

as prey in fish of >=20 cm and

Block, Lake & 
Period:

LP = Mean number and mean length of prey


