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Introduction.

A reduction in native fish stocks and the need to increase

fish production for food, recreation, ornamental purposes and to

control disease vectors and weeds have often justified and led to

introduction of non-native fishes. Some of these introductions

have been followed by benefitial and others by undesirable

consequences. For instance/ introduction of the Nile perch Lates

niloticus L. and several tilapiine species into lakes Victoria

and Kyoga, and the clupeid Limnothrissa miodon into lakes Kariba

and Kivu have resulted in increases in the quantity of fish

available to the people around them. Predation by Nile perch and

competition with introduced tilapiine species in lakes victoria

and Kyoga have caused a severe decline and in some cases total

disappearance of many of the native fish species.

the concern about fish introductions arises.

Therefore,
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The African Great Lakes (Figure 1) cover an aggregate area

of about 150,000 km2. They are important to the local people as

a source of fish for food, sources of water for domestic use and

avenues of transport. Some of the African Great Lakes,

especially Malawi, Tanganyika, and Victoria also harbour the

worlds richest lacustrine fish faunas with many endemic species

of Cichlidae which have evolved in each lake and are of great

scientific interest to students of evolution (Fryer & lIes 1972,

Barel et al 1985, Balon & Bruton 1986, Ribbink 1987). There

seems to be a conflict of interests between people who would like

to harvest the fish from these lakes to feed the people and those

who would like to conserve the species flocks of these lakes for

evolutionary studies: These lakes are, however, very critical as

sources of food in Africa because alternative sources of protein

are either scarce or too expensive for most of the local people

comapared to the developed countries where there is a greater

variety of cheap protein sources.

The native fish stocks of many of the African Great lakes

have declined due to human exploitation (Jackson 1971). Because

of the high demand for fish, these declines of exploited native

species and absence of economically valuable species, in some

lakes have led to a call for introduction of alien species not

only in Africa but also other parts of the world. The extent to

which this has been done is shown by the register of

international fish transfers compiled by FAO (Welcomme 1981). At

least 160 species of fishes excluding most of those transferred

for ornamental purposes have been moved to different parts of the

"I

world (Welcomme 1981, 1984). Of these, about fifty species have
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been introduced t%r between different countries in Africa

(FAO/CIFA 1985). Although many of the introduced species have

not established themselves to create sustainable populations,

those which have done so have resulted either into beneficial or

undesirable consquences or both. This has led to mixed feeling

for against fish introductions. This paper reviews the purpose

and outcomes of fish introductions into some of the Great Lakes

of Africa, especially Victoria, Kyoga, Kivu and Kariba in

relation to the need to meet the nutritional needs of the people

in the region and to conserve the native fish fauna.

Lakes Victoria and Kyoga.

Originally, Lakes Victoria and Kyoga had a fish fauna in

vhich tvo tilapiine species (Oreochromis esculentus and

Oreochromis variabilis) were commercially the most important

(Graham 1929, Worthington 1929). There were other species such

as; Protopteru5 aethiopicus, Bagrus docmac, Clarias gariepinus,

Barbus species, Mormyrids and Schilbe mysteus which also made

significant contributions to the fishery of these lakes.

Labeo victorianus formed the most important commercial fishery on

the affluent rivers of lakes Victoria and Kyoga (Cadwalladr

1965). Haplochromine cichlids and Rastrineobola arqentea were

abundant but, because of their small size, were not exploited

extensively. stocks of the originally prefered commercial

species were reduced by overfishing in the first half of this

century (Jackson 1971). This decline led to a suggestion to

introduce other fish species into the lakes so as to improve the

fishery.
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Nile perch, Lates niloticu5 L. and four tilapiine species;

the Nile tilapia ( Oreochromis niloticus L.), Oreochromis

leucostictus (Trewavas), Tilapia zilli (Gervais), and Tilapia

melanopleura Dumeril were introduced into lakes Victoria and

Kyoga during the 1950's and early 1960's (Gee 1964, Welcomme

1964, 1966). The Nile perch were introduced to feed on the small

sized haplochromine cichlids which were at that time abundant but

not commercially exploited, so as to convert them into larger

table fish (Graham 1929, Worthington 1929, Anderson 1961).

~. zilli were introduced to feed on macrophytes which were not

being utilized by any other commercially important fish but Q.

niloticus, Q.leucostictus, and T. melanopleura, appear to have

been introduced to supplement and diversify stocks of the native

tilapiines which had declined due to overfishing.

Costs of the introduction.

The introduced species became established first in Lake

Kyoga and later in Lake Victoria resulting into increases in

commercial fish catches. As stocks of the introduced species

increased, those of the native species continued to decline and

some eventually disappeared from the fishery. Although some of

this decline was caused by other factors, especially overfishing,

predation by Nile perch and competition with the introduced'

tilapiines contributed to the changes in the fishery. The Nile

perch feeds on invertebrates during juvenile and sub-adult stages

changing to a piscivorous diet with age (Hamblyn 1966, Gee 1969,

Okedi 1971, Ogari 1985, Ogutu-Ohwayo 1985), As its populations

in lakes Victoria and Kyoga increased, those of other fish
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species declined (Figure 2). For instance, haplochromine cichlids

which were initially abundant in these lakes (Graham 1929,

Worthington 1929) and formed at least 80% by weight of the

demersal fish stocks of Lake Victoria prior to establishment of

the Nile perch (Kudhongania & Cordone 1974, Okaronon et al 1985)

declined rapidly after establishment of Nile perch (Figure 2) and

are virtually absent in Lake Kyoga and nearly so in many parts of

Lake Victoria. Most of the native fish species of these lakes

have also been identified among Nile perch stomach contents

(Hamblyn 1966, Gee 1969, Okedi 1971, Ogari 1985, Ogutu-Ohwayo

1985, Goudswaard 1988) which provides evidence that the Nile

perch contributed to their depletion. Most of the fishery on

Lake Vict0ri~ is, however, currently based in inshore areas and

the fate of the offshore haplochromine stocks is still largely

unknown.

Other predatory fishes such as Salmo trutta L.,

Onchoricus mykiss Walbann (formerly Salmo gairdneri Richardson),

and the black bass Macropterus salmoides ~acepede which have been

widely introduced to Africa and other parts of the world for

sport and recreation have had effects similar to that of the Nile

perch. For instance, ~. salmoides were introduced into Lake

Naivasha in Kenya where they got established and created

successful sport and recreatiollal fisheries (Siddiqui 1977,

Welcomme 1981). Subsequently,~. salmoides depleted Poecilia

and Gambusia and also contributed to a decline in stocks of

tilapiine species which had earlier been introduced into the lake

(Siddiqui 1977). The trout and large mouth bass which were

introduced in Southern Africa for sport and recreation similarly
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eliminated three native species (Oreodaimon gnathlambae,

Trachyostoma euratotus and Sandelia capensis) (JacKson 1960,

FAO/CIFA 1985). In Central America, the predatory peacock bass,

Cichla ocellaris (Bloch & Schneider), which were introduced into

Lake Gatun Panama extirpated six out of eight previously commomn

native fish species of that lake (Zaret & Paine 1973) while in

lake Titicaca, the rainbow trout damaged a species flock of some

19 species of Oreotius and Trichomycterus rivulatus (Welcomme

1984).

Apart from the Nile perch, the tilapiine species which were

introduced into lakes Victoria and Kyoga also affectpd the native

fish stocKs. The introduced ti1apiine species were similar to

the native tilapii~e5 in ecological requirements and some are

known to hybridize (Welcomme 1964, 1966, Fryer & lIes 1972,

Mureau et al 1988). The native tilapiines were spatially

segregated with the smaller Q.variabilis being closer inshore

than O.esculentus. When O.leucostictus and T.zi11i became- -

established, they occupied the inshore wat~rs with Q. variabilis

while Q. niloticus occupied the more offshore waters with O.

esculentus (Welcomme 1964). Subsequently, Q.. niloticus which is

now the dominant tilapiine in these lakes, extended its

distribution to the inshore waters. The other tilapiine species

seem to have lost ground to Q. ni10ticus as a consequence of'

competition and/or hybridization. The competitive pre-eminance

of Q.. niloticus among the tilapiines has been established through

its successful introduction and eventual diminance in a great

variety of lakes in east, central alld west Africa as well as

~adagascer (Mureau et a1 1988).
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Displacements of one or more species following introduction

of another has also been observed among tilapiine species in

other lakes e.g Lake Naivasha (Kenya), Lake Itasy (Madagascar)

and Lake Kinneret (Israel) (Siddiqui 1977, Gophen et al 1983,

Welcomme 1984). In'Lake Naivasha, Oreochromis spilurus Gunther

was introduced in 1925 and became abundant during 1950s and

1960s. When Q.leucostictus and ~.zilli were later introduced in

1956, Q.leucostictus hybridized with Q.spilurus. This was

followed by disappearance, first of Q.spilurus and then of the

hybrids (Siddiqui 1977). In Lake Itasy, Oreochromis macrochir

disappeared after hybridizing with the Nile tilapia (Welcomme

1984). There was also a decline in a native tilapiine,

Oreochromis galilaeus after Oreochromis aureus Steindachner was
,

introduced into Lake Kinneret (Gophen et al 1983).

Another possible cost of the introducing new fish species

into lakes Victoria and Kyoga could be a change in the lake's

environment. There have been increasing incidences of algal

blooms on Lake Victoria which have sometimes been accompanied by

mass fish kills and deoxygenation of the deeper waters. Although

increased eutrophication and incidence of deoxygenation could be

due to changing land use practices and inc~eased human

population, it could also bp a result of alterations in the food

chain arising out of changes in the fish communities at different

trophic levels (Hecky per corn). If these incidencies are

indicative of a long term trend, then part of the lake could

become anoxic and unsuitable for fish.
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Apart from ecological changes, introduction of new fish

species can also affect the economic and social life of the

people. Fishermen may have to adapt to catching fish of a

different size and the consumers have to adapt to eating fish of

probably a different taste. The Nile perch was, for instance,

not initially very popUlar among some of the rural popUlation

around Lake Victoria partly because it initially contained a lot

of fat which sometimes caused diarrhoea. But as the quantity of

food available to the predator has decreased, it has become less

fatty and more acceptable. The fishermen have also had to obtain

stronger and more expensive nets for catching the Nile perch as

it grows to a larger size than the native species of Lakes

Victoria and Kyoga.

Benefits of the introductions.

The major beneficial outcome of the introduction of Nile

perch and the Nile tilapia into lakes Victoria and Kyoga has been

the incrense in fish catches which has increased the quantity of

fish available to the people in East Africa and even provided

some fish £or export. In Lake Kyoga (Figure 3 ) the total

quantity of fish landed increased from an annual catch of about

4500 tons at the time of introduction of new fishes in 1956 to

about 160,000 tons in 1977 to which the Nile perch and the Nile

tilapia ccntributed about 80%. Similar increases occurred in

Lake Victoria. In the Kenyan part of the lake, the total

quantity of fish landed increased by about four fold from 20,000

tons before the establishment of introduced species, to 90,000

tons after their establishment (Figure 4). In the Tanzanian
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pRrt (Figure 4) the total landings increased from 64,000 tons to

99,000 tons between 1983 and 1985 due again to increase in the

contribution of the introduced species. Detailed catch

statistics for the Ugandan part of the lake are lacking, but the

trends in commercial catch have been similar to those in the

Kenyan and Tanzanian parts of the lake.

The commercial catch records also indicate that, at least

for the time being, the costs have not been traded off for

insignificant benefits to the local people; For instance, 6000

tons of haplochromines that were being landed in the Kenyan part

of Lake Victoria prior to establishment have been replaced by

about 50,000 tons of Nile perch (Figure 5). The Nile perch is,

however, not likely to sustain the high yield realised in the

early stages of colonisation of the two lakes when it had

abundant prey comprising the haplochromine cichlids but its

stoc~s may settle at a lower level where it can be sustained by

the available prey. For instance, the commercial catches of the

Nile pe~ch in Lake Kyoga where it was introduced and got

established earlie~ than Lake Victoria have declined (Figure 3)

partly due to a reduction in food supply and as a consquence of

Qverfishing of juveniles using beach seine nets (Twongo 1986).

The food of the Nile perch in Lake Kyoga has been stable since

the late 19705 with a composition similar to that in its native

habitat in which Caridina nilotica, Anisopteran nymphs are

important in the j~venilp. and sub-adult stages and a pelagic

sgecies (~. arqentea) and cannibalism becoming more important

during sub-adult and adult stages. It also has a very high

reproductive potential and may produce sur pIous offspring upon
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which adults can feed in the absence of alternative prey. It

may; if properly managed; form a sustainable fishery in lakes

Victoria and Kyoga. It may be of interest to note even as a

predator; the Nile perch has been among the most important

commercila species in its native habitats of lakes Albert and

Chad (Hopson 1963; Cadwalladr & stoneman 1966).

Lake Kivu and the Kariba Reservoir.

Lake Kivu and the Great Kariba Reservoir provide an example

within the Great Lakes region where introduced fish have not

been associated with prominent disastrous consquences. Both

lakes had simple fish faunas; Kivu because of volcanic catalysms

and Kariba because of its recent origin. Lake Kariba (5400 km2

and 29 m mean depth) is a man-made lake which was formed in 1958

after damming the Zambezi river along the Zambia - Zimbabwe

border. Lake Kariba had about forty indigenous fish species all

of which were of riverine origin and were largely restricted to

shallow waters down to 15 m depth (Marshall 1987). Lakes Kivu

and Kariba however lacked pelagic fish species which could feed

on the planktonic organisms which were abu~dant 1n them. As a

result, the Lake Tanganyika clupeids, Limnothrissa miodon

Boulenger, and stolothrissa tanqanicae wer,:: int~oduced

(Spliethoff et al 1983, Marshall 1985, 1988). Of the t,.;o

clupeids, only k. miodon was successful in establishing itself "in

both "lakes (Welcomme 1981).
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The clupeids were introduced into Lake Kivu in 1958 and

1960 (Spliethoff et al 1983). An artisana1 fishery to exploit

them started at the beginning of 1980 and was estimated to

produce a sustainable yield of 11,300 t annually. Introduction

of the clupeids into Lake Kariba took place in 1967 and 1968

(Marshall 1985, 1988). k. miodon became established and were

found throughout the lake by 1970. An artisana1 fishery of

k. miodon started around 1974 and increased to become the most

important in the lake (Figure 6) and by 1985, was producing a

total catch of about 24,000 t. k. miodon also formed the most

important prey of the native commercially and recreationally

important predator, the Tiger fish, Hydrocynus vittatus

Castelman. This increase in prey availability resulted into an

increase in the stocks of the tiger fish. h. miodon from Lake

Kariba moved down the Zambezi and got establi3hed into Cahora

Bassa reservoir in Mozambique to provide a potential annual yield

of 8,000 t (Petr & Kapetsky 1983).

Although Dumont (1986) indicates that the introduction of

clupeids into Lake Kivu may become an ecocatastrophe, no direct

disastrous consquences of clupeid int~oduction into lakes Kivu

and Kariba have as yet been reported (FAO!CIFA 1985). It 1S also

thought (3alon & Bruton 1986) that k. miodon could have

prevented Alestes lateralis which is native to River Zambezi from

colonlsing the openwaters of the lake although ~. lateral is had

for ten years (1958-1968) between the formation of Lake Kariba

and introduction of clupeids not succeeded in colonising the open

waters of the lake.
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other fishes introduced into Africa.

Apart from the fish species such as those discussed above

that have been introduced directly into the some of the Great

Lakes of Africa to improve fish production; other fishes which

have been introduced or transferred within Africa for aquaculture

and the control of disease vectors and weeds have also been

accompanied by both beneficial and undesirable consequences.

Some fish species like Tilapia rendalli and the Chinese carp,

Ctenopharyngodon idella (Valenciennes) which have been widely

used for aquaculture and weed control have established in the

wild either after escaping from ponds or through deliberate

ntroductions. Some of these species like the Chinese carp and

and T. rendali have, besides being benefitial in some areas where

they have been introduced, made the habitat less suitable for

other species by up-rooting of aquatic vegetQtion and mixing of

water bottoms (Taylor; Courtney & McCann 1984).

Two species; Gambusia affinis Baird & Girard and

Po~cilia r~ttculata Peters which were introduced some parts of

A£rica to control mosquito vectors of malaria parasites were not

effective. Instead, Q. affinis became dangerous to other fishes

by eating their eggs (Welcomme 1981) and ~. reticulata caused a

decline in native cyprinodonts. But Astatoreochromis alluaudi

Pellegrin which was introduced to Cameroon; Central African

Republic, Congo and Zaire in 19605 to control snail vectors

bilharizia are reported to have been effective in reducting snail

populations (Welcomme 1981).
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Apart from causing a reduction in the number and abundance

of resident species through predation, competition and

hybridisation, and altering the environment, fish introductions

can be accompanied by transfers of fish parasites and diseases.

At least 48 species of fish parasites have become established in

different parts of the world as a result of fish introductions

(Hoffman 1970). The Asiatic branchiura, Argu1us japonicum is

thought to have been transferred to Africa during fi3h transfers

and the branchiurans, Argulus japonicum and Arqulus

rhipidiophorus Monod were transfered to Lake Naiv2sha along with

fish (Fryer 1968). Parasites which occurred on the native fish

can also attack introduced species. In Lake Kyoga, argulid

parasites which occurred on the native fishes have infected the

introduced Nile perch (Ogutu-Ohwayo 1989a).

other causes of changes in natural fish populations.

When considering the impact of introduced f:sh species in an

ecosystem, it is important to note that some of the changes that

accompany introduction of non-native fishes may be caused by

other factors other than the introduced species. Foremost among

these other factors are fishing intensity and fishing practices.

For ins t 03. nee, i n L3. ke vic t (I ria, c h.3. r>j e 5 i n f i :3 h i n 9 p rae tic e 5

corltributed to the recent changes in the fish stocks

(Ogutu-Ohwayo 19$9b). After the reduction in the larger

originally more prefferred species, the fishing effort shifted to

the smaller originally less preffered haplochromines and ~

argentea (Pellegrin). As a result, small mesh gillnets of 38 

46 mm (1.5-18 inches) and seine nets of similar size ranges were
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introduced to harvest haplochrimines. A fine seine nets of 10 mm

were introduced to harvest R. argentea. These small mesh nets

crop juveniles and affect recruitment of the larger individuals.

In Lake Naivasha, overfishing and Salvenia infestation

contributed to a decline of fish stocks (Siddiqui 1977). A 14 em

mesh had been used on the lake in the 19505 to catch tilapine

species. But as their number declined, the mesh size was reduced

first to 13 em and later to even smaller meshes of 7.5 to 10 em

which resulted into cropping of immature individuals. In

addition, Salvenia infestation which occurred on Lake Naiv3sha in

1964 encroached on the shallow inshore sheltered spawning grounds

of the tilapiines. In Lake Kariba, exploitation of the clupeid

using fine mesh seine nets, contributed to a decline in stocks of

the Tigerfish, but this decline was, as in the case of the Lake

Victoria L. victorianus (Cadwalladr 1965), concurrent with

gillnetting of gravid individuals on breeding migrations

(Marshall 1985).

aplochromine cichlids.

The cichlids stocKs have been a major concern in discussions

of concervation of the f~sh stocks of the East African Great

La~es and have contributed much to the highly negative worldwide

feelings about Nile perch introduction into Lake Victoria. This

is because ~hese cichlids have been very useful in evolutionary

studies. The rapid depletion of the Lake Victoria haplochromine

cichlids seems to have been due to the apparent inability of

haplochromine species to withstand heavy exploitation. Although

t~~y had been regarded as one group, they consist of many
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species, estimated in the case of Lake Victoria to be more than

300 van Oijen et el 1984). Individual species have a limited

range of ecological tolerance and a low standing stock. Females

produce few eggs which they carry in their mouth for protection

and the young are similary protected. For each brooding fish

Ither caught or eaten, its young are also destroyed. They

cannot therefore recover easily from heavy exploitation whether

s is due to human exploitation or another predator.

Haplochromine stocks of Lake Victoria had actually started to

decline by the mid 19703 as a result of exploitation (Benda

1979). A trawl fishery which begun in the Tanzanian waters of

Lake Victoria during 1970s had also reduced the catch rates of

haplochromines to less than half after only six years of trawling

(Goudswaard & Witte 1985). Similar changes occurred in the Lake

Malawi cichlid stocks with 20% of the species disappearing after

only tllree years of trawling (Turner 19773, 1977b, Coulter et al

1986,) . This means that if the Lake Victoria haplochromines were

to be cor3erved, they 3hould have been exploited as little as

possible or not at all. This was unlikely in this region where

fish is a much needed commodity. Infact all the East A£rican

governments were planning to invest in a trawl fishery for

h,3plocLrumincs ()n L.:;\ke victoria before Nile [?erch became

established.

Rationale and protocol on fish introductions.

The foregoing account indicates that fish introductions

although benefitial can create unwanted and often unforeseen

con3equenC2S. The evaluation of an introduced species either as
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a success or disaster can , therefore, be subjective depending

upon the person expressing the opinion. This can be seen from

the reactions that followed the introduction of the Nile perch

and several tilapiine species into lake victoria and Kyoga (Barel

et al 1985) and that of the clupeids into lakes Kivu and Kariba

(FAO/CIFA 1985, Dumont 1986). People from industrialised

countries who have a variety of protein sources have tended

emphasise conservation of the lakes and the species in them

..... ~
L.V

apparently for scientific value. The poorer nations who depend

upon these lakes as the cheapest source of food need to exploit

them to £eed their people. This has become more critical in

Africa as human populations have increased and the native fish

stocKs of te Great lakes decreased. The target of most African

government around the Great lakes is to increase fish production

to feed the people. The increase in fish production recorded is

some lakes where new fish species have been introduced may

encourage then to press for more introductions especially Into

those lakes that have been depleted of their commercially

de5irable species.

There are alternative ways of enhancing fish production

without introducing non-native fishes, e.g. by breeding the

native f~3hes in hatcheries and restocking them in the lakes or

through aquaculture. Aquacul ture has, for example, been u5e·f'.J~

in production of fish in many underdeveloped countries,

especially in south-East Asia. Aquaculture may not also allow

for effic~~nt use of the large pelagic are33 of the Great Lakes.

The other approaches such as the breeding of fishes in hatcheries
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may require resources and technology which is not currently

available in the region.

new species.

The lOw-tech way would be to introduce

The fishes that have been introduced to some lakes do

provide a basis upon Wllich some decision on fish introductions

can be made. Introduction of large predatory fishes like the

Nile perch, the black bass and the salmon ids would lead to a

decl:ne :n resident fish stocKS and should therefore only be done

in those lakes where conservation of the resident species is not

a priority. Some species like the Nile tilapia are aggressive

competitors and have replaced the native species in many lakes

where they have been introduced, and as in the case of Lake

Kyoga, resulted into a probably a better tilapia fishery. This

species could be suitable for stocK enhancement in other lakes

from which tilapiine species have been depleted or are of

10ferior quality. Others fish species like the the clupeid, L.

miGdon in lakes Kivu and Kariba have improved fish catches

without a~y prominent damage to the environment. This suggests

that cer~ain fish species may for the purpose of producing food

be better suited to a range of lake environments than others.

HCJever, ~ec3use of the delet6rious effects that have been

associated with some fish int=oductions, and because individual

countries have the right to develop and manage water resources

located in their national bo~ndaries, and many of the lakes are

shared by more than country, there is urgent need to develop some

guidelines to help identify and avoid the bad effects of fish

!:1troductions.
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Some guidelines have already been drawn up in various parts

of the world. In the U.S.A, the Fish and Wildelife Services and

most state agencies have established regulations which prohibit

importation of undesirable species and all states have

regulations prohibiting unauthorised release of non-native fish

species in their waters (McCann 1984). The International Council

fo~ the Exploration of the Sea (ICES) and the European Inland

Fisheries Advisory Committee (EIFAC) have worked out a Code of

Practice to be followed when considering introduction or transfer

of inland aquatic organisms (FAO/CIFA 1985).

Because of the differences in the economic state, the

guideline on fish transfers in Africa may be different from those

drawn for developed countries. FAD regional fisheries bodies

such as CIFA (Committee for Inland Fisheries of Africa and its

sL~-committees) have made an initiative to formulate guideline

for consideration of any candidate species for introduction into

the ~nland waters of Africa (FAO/CIFA 1985). A number of African

aquatic scientists who should be concerned about the needs of

their people are now carrying out research on the region. Some

~ydrobiological societies like the Hydrobiological Society of

Eastern Africa (P.YSEA) have been formed in the region. The:::e

should be sufficiently supported and become vigilant to influence

and guide (:3.ecisions on f.ish introductions or trans£~r:.3 :'n the

region.

The subject of con2e~vation of f!~h species will be delt

with in H\():re det.,:til el;:'~l.vh~r,::, I ,,{ (! U ~ r.1, 1"1 I) ve "'; e r, l.i k e t ~) e ru:1 1) ~l

mentioning ~hat before a new fish species i~ introduced into a

lake efforts should be made to keep some record of the species
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This can be done by collecting and

keeping some live specimens in water impoundments ponds or

aquaria. Some permanent record of existing diversity can also be

kept by maKing comprehensive museum collections of dead preserved

specimens and by collecting biological data and keeping records

of existing species. Many African governments may however not

have funds for projects like this such that funds for such

initiatives and research may have to come from outside Africa.

conclu31ons.

The need to improve fish production to feed people around

the Great Lakes of Africa may lead to a call to introduce new

ish species into some of these lakes. Introduction of new fish

species into a lake can, besides the intended beneficial outcome

be accompanied by disastrous consquences for the native species.

Large piscivorous predators like the Nile perch deplete resident

fish species in those lakes where they are introduced and should

be a v 0 i :: e d . Some species like the Nile tilapia have displaced

one or more n~tive fish species but may result 1n a potentially

more productive fishery than the species they have di3placed and

this may justify their use in stock enhanc2ment in some lake~.

other species like L. mioOoll have not been accompanied by

prominent disastrous consquences and could be used to create

fisheries where pelagic fisheries are lacking. The decision

whether to introduce a particular species or not will depen~ upon

the n~eds of a particular country. But since many of the lakes
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~re shared between more that one country, there should be an

international code of practice to guide decision on fish

transfers especially in shared lakes.

Acknowledgements.

This paper was prepared while I was on a study leave at the

University of Manitoba and the Freshwater Institute in Canada. I

am grateful to Dr. K.W. stewart and Dr. R.E. Hecky for reading

and commenting on the manuscript and to Dr E. Fee for preparing

the figures. I am also grateful to the the International

Development Research Centre (lDRC) who are funding my study

programme at the University of Manitoba and the International

Limnological Society (SIL) for invitiny me to attend the meeting

and providing travel fund3.

E(eferences.

Anderson, A.M., 1961. Further observations concerning the

proposed introduction of the Nile perch into Lake Victoria.

E.A£r. Agrle. J. :26: 195--201.

Balon, E. K. & M. N. Bruton. :98C. Introduction of alien species

or why scientific advice is not heeded. Env. Bio. Fish. 16:

225-230.

Barel, C.D.N., R. Dorit, P.H. Greenwood, G. Fryer, N.Hughes,

P.B.N. Jackson, H. Kawanabe, R.H. Lowe-McConnell, M. Nagosh,

A.J. Robbink, E. Trewavas, F. Witte & K. Yamaoka, 1985.

Destruction of Fisheries in Af=ica's Lakes. Nature 315

(6014) 19-20.



'""l'£.1.

Benda,R.S., 1979. Analysis of catch data from 1968 to 1976 from 9

fish landings in the Kenyan waters of Lake Victoria. J.

Fish. Bio1. 15: 395-387.

Cadwa11adr, D.A., 1965. The decline in the Labeo victorianus Blgr

fishery of Lake victoria and associated deterioration in

Some indegenous fishing methods in the Nzoia river, Kenya,

E. Afr. Agric. For. J. 30: 249-256.

Cadwalladr D.A & J. stoneman and stoneman 1966. A review of the

fisheries of Uganda waters of Lake Albert East Africa.

1928_1965166. with catch data mainly from 1953.

Supplementary Publication No.3, East African Freshwater

Fisheries Research Organisation. 19pp.

Coulter, G.W., B.R. Allanson, M.N. Bruton, P.H. Greenwood, R.C.

Hart, P.B.N. Jackson & A.J. Ribbink. 1986. Unique qualities

and special problems of African Great Lakes. Env. Bio. Fish.

17: 161-184.

Courtney, W.R. Jr. & J.R. Stauffer, Jr. 1984. Distribution,

biology, and management of exotic ~i3hes. John Hopkins,

Baltimore. 430 pp.

Dumont, H. J., 1986. The Lake Tanganyika sardine in Lake Kivu:

Anoth~r ecodisaster for Africa?

143-·14,g~

Environ. Conserv. 1'3:

FAO/CIFA. 1935. introduction of species and conservation of

genetic resources. Committee for Inland Fisheries of Africa

(CIFA:. Sixth Session, Lusaka, Zambia, 7-11 October, 1985.

CIFA/35/13. FAO. Rome. lapp.



22

Fryer, G. 1968. The parasitic crustacea of African freshwater

fishes; their biology and distribution. J. Zool. Land. 156:

45-95.

Fryer, G., & T. D. lIes. 1972. The cichlid fishes of the Great

Lakes of Africa: their biology and evolution. Oliver & Boyd,

London. 641 pp.

Gee, J.M., 1964. Nile perch investigations. Ann. Rep. E. Afrie.

Freshwat. Fish. Res. Org. (1962/63): 14-24.

Gee, J.M., 1969. A comparison of certain aspects of the biology

of Lates niloticus (Linne) in some East African Lakes. Rev.

Zool. Bot. Afr. 80: 244-262.

Gophen, M., R.W.Drenner & G.L.Vinyard, 1983. Cichlid stocking and

the decline of the Galilee Saint Peterts fish (Sarotherodon

qalilaeus) in Lake Kinneret, Israel. Can. J. Fish. Aquat.

Sci. 40: 983-986.

Goudswaard, p.e., 1988. A comparison of trawl surveys in

1969/70 and 1934/85 in the Tanzania part Lake Victoria. FAO

Fish. Rep. (388) 62-67.

Goudswaarc'l, P. & F. Witte, 1985. Observations on Nile perch

L2tes niloticus (L) 1758 - in Tanzanian waters of Lake

Victoria. FAO. Fish. Rep. (335), 62-67.

Graham, M. 1929. The Victoria Nyanza and it3 Fisherie~. A report

on the fish survey of Lake Victoria 1927-1928 and

Appendices - Crown Agents for the Colonies, London 255 pp.

Hamblyn, E.L., 1966. The food and feeding habits of the Nile

perch, Lates nil()t1.cu~3 (Linne) (Pl:3CeS; cent:r)porlll,.~,:te). Rt:::v.

2001. Bot. Afr. 7~: (1-2); 1-2a.



----._._- -

23

Hoffman, G. L., 1970. Intercontinantal and transcontinental

dissemination and transformation of fish parasites with

emphasis on whirling disease (Myxosoma cerebral is). Special

publication of the American Fisheries Society. 5: 69:81.

Hopson. A.J. 1964. Federal Fisheries Service Lake Chad Research

Station. Malamfatori. Report for 1963.

JacKson, P.E.N., 1960. On the desirability or otherwise of

introducing fishes to waters that are foreign to them. Publ.

Cons. Sci. Afr. S. Sahara, 63: 157-164.

Jackson, P.B.N., 1971. The African Great Lakes fisheries, past,

present and future. Afr. J. Trap. Hydrobiol. Fish. 1:

35-49.

Kudhongania, A.W. & A.J. Cordone, 1974. Batho-spatial

distribution patterns and biomass estimate of the major

demersal f:shes in Lake Victoria. Afr. J. Trop. Hydrobiol.

Fish. }, (1):15-31.

Marshall, B.E., 1985. Changes in abundance and mortality rate of

Tigerfish in the Eastern basin of Lake Kariba. J. Lirnno.

Soc. sth ALe. 11 (2) 46-50.

Ma~shall, B.E., 1985. Growth and mortality of the introduced Lake

Tanganyika clupeid, Limnothrissa miodon in Lake Kariba. J.

Fish. BioI. 31: 603-615.

Marshall, E.B., 1988. Seasonal and annual variations in the

abundance of pelagic sardines in Lake Kariba, with special

refere~ce to the effect of drought. Arch Hydrobiol. 112(3)

399-409.



McCann, J.A. 1984.

24

Involvement of American Fisheries Society

with exotic species, 1969-1982. In: W.R. Courtney, Jr &

J.R. Stauffer, Jr. (ed.). Distribution, bIology, and

management of exotic fishes. Johns Hopkins University Press,

Balitimore.

McKaye, K.R., R.D. Makwinje, W.W. Menyani & O.K. Mhone. 1985. On

the possible introduction of non-indegenous

zooplankton-feeding fishes into Lake Malawi. Biol. Conserv.

33:239-307.

>iureau, J., J. Arrignon, & R.A. Jubb. 1988. Introduction of

foreign fishes in African Inland waters 395-426. In C.

Laveque, M.N. Bruton & G.W. Ssentongo (eds.). Biology and

ecology of African Freshwater Fishes. Orstom. Paris.

Og">.:-:-i, J., 1985. Distribution, food and feeding habits of Lates

niloticus in the Nyanza Gulf of Lake Victoria (Kenya). FAO.

F ish. Re p. ( J J 5) 68 - 8 0 .

ogutu-Ohwayo, R., 1985. The effects of predation by Nile pe~ch,

Lates niloticus (Linne). Introduced into Lake Kyoga

(Uganda) in relation to the fisheries of Lake Kyoga an6 Lake

Victor:a. FAO. Fi3I1. Rep. 335, 18-39.

Og~tu-Ohwayo, R., 1989a. The occurrence of branchiuran parasites

on the Nile perch, Lates niloticus (L.), introduced into

Lake Kyoga (Uganda). Revue de 200log1e ~.. ,a .... rlcalne, U1 pr'ess.

Ogutu-Ohwayo, R., 1989b. The declIne of the native fishes of

lakes Victoria and Kyoga (East Africa) and the impact of

introduced species, especially the Nile perch, Lates

niloticus, and the Nile tilapia, Oreochr0mis nilot~cus.

Environ. Bia. Fish. in press.



25

Oijen, M.J.P. van, F. Witte & E.L.M. Witte-Haas. 1984. An

introduction to ecological and taxonomic investigations of

the hap10chromine cichlids from Mwanza Gulf of Lake

Victoria. Neth. J. Zool. 31: 149-174.

Okaronon, J., T. Acere, & D. OcenOdongo, 1985. The current state

of the fisheries in the northern portion of Lake Victoria

(Uganda). FAO. Fish. Rep. (335),89-98.

Okedi, J., 1971. Further observations on the ecology of the Nile

perch (Lates niloticu:~ Linne) in Lakes Victoria and Kyoga.

EAFFRO Annual Report 2 1970, 42~55.

Petr, T., & J.M., Kapetsky, 1983. Pelagic fish and fisheries of

tropical and subtropical natural lakes and reservoirs.

NAGA. ICLARM Newslatter July 1983. 9-11.

Ribbink, A.J., 1987. African lakes and their fishes: conservation

scenarios and suggestions. Env. Bio. Fish. 19: 3-26.

Siddiqui, A.Q. 1977. Lake Naivasha fishery and it3 management

together with a note on the food habits of fishes. BioI.

Conserv., 12:217-227.

Spliethoff, P.C., H.H. de Iongh & V.C. Fra~k. 1983. Success of

the introduction of the freshwater c~upeid, Limnothrissa

miodon (Boulenger) in Lake KiVU, Fish. Manag. 14:17-31.

Taylor, J.N., W.R. Courtney, Jr. & J.A. McCann. 1984. K~own

impacts of exotic fishes in the continental Ullited states.

pp 322-373. In: W.R. Courtney, Jr & J.R. Stauffer, Jr.

(ed.). Distribution, biology, and management of exotic

fishes. Johns Hopkins University Press, Balitimore.



26

Turner, J.L., 1977a. Some effects of demersal trawling in Lake

Malawi (Nyasa) from 1968 to 1974. J. Fish. BioI. 10;

261-272.

Turner, J.L., 1977b. Changes in the size structure of cichlid

populations of Lake Malawi resulting from bottom trawling.

J. Fish. Res. Board. Can. 34: 232-238.

Twongo. T. 1986. Current trends in the fisheries of Lakes

Victoria and Kyoga Uganda. Presented at a seminar on:

"Current stat<= and planned management strategies of the

fisheries of Lakes Victoria and Kyoga" Jinja. Uganda. 3_4

November 1986.

Welcomme, R.L., 1964. Notes on the present distribution and

habits of the non-endemic species of Tilapia which have been

introduced into Lake Victoria. Rep. E. Afric. Freshwat.

Fish. Res. Org. 1962/63:36-39.

Welcomme, R.L., 1966. Recent changes in the stocks of Ti1ap~a

in Lake Victoria. Nature. 212(5057):52-54.

Wclcomme, R.L., 1981. Register of international transfers of

inland fish speciBs. FAO Fish. Rep. 2~3: 120 PD.

We:come, R.L., 1984. International transfers of inland fish

species. p~ 2~-40. In: W.R. Courteney & J.R. stauffer (es.)

Distribution, Biology and Management of Exotic Fishes. John

Hopk~ns Press, Baltimore.

Wo~thington, E.B., 1929. A report on the fishing survey of

Lake Albert and Kyoga. London:Crown Agents 136 pp.

Zaret, T. M. & R. T. Paine. 1973. Species introduction in a

tropical lake. Science wash. 182: 449-455.



27

~TICN~ TO THE FI~UR~S,

Figure 1. The major water courses of the Great Lakes of Africa.

Figure 2. Changes in commercial fish catches of the major fish

species from the Kenyan waters of Lake Victoria from 1968 to 1985

to illustrate changes in catch composition following

establishment of the Nile perch and the Nile tilapia.

Figure 3. Changes in total commercial landings and catch

composition from Lake Kyoga after establishment of Nile perch and

Nile tilapia.

Figure 4. Changes in commercial fish catches from the Kenyan and

Tanzanian waters of Lake Victoria from 1960 to 1985 showing the

contribution of the Nile perch to the total landings.

Fugure 5. The increases in the quantity of the Nile perch landed

and the associated decline of hap1ochromine stocks in the Kenyan

wate~s of Lake Victoria from 1968 to 1985.

Flguro 6. ch~nge3 in thm tot~l ecm~ercial catch of Limnothri~sa

miodon in Lake Kariba from 1974 to 1985 (Based on data in

Marshall 1988).
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