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Synopsis

The African Great Lakes are considered to be dynamically fragile ecosystems that are relatively resistant to
minor changes with which they have co-evolved but vulnerable to major perturbations such as overfishing,
the introduction of alien species and pollution. These lakes are inhabited by large species flocks of cichlid
fishes which are characterised by a complex structure of interaction both between and within species, as is
typical of mature ecosystems. Major perturbations, such as the disruption of trophic interactions through the
introduction of alien fishes, may reverse the domination of relatively precocial, specialised forms and result
in the creation of conditions that are conducive to the survival of more altricial, generalised forms with strong
colonising abilities. The introduction of Nile perch and Nile tilapia, as well as other alien fishes, into Lake
Victoria, combined with overfishing for the indigenous cichlid species, has resulted in marked changes to the
fish communities and the fisheries that depend on them. The most important impacts of the Nile perch appear
to be predation and aggressive effects whereas those of the tilapias include hybridization, overcrowding,
competition for food and possibly the introduction of parasites and diseases. While the three proposed
methods of conserving the indigenous flocks of cichlid fishes (captive propagation, reducing Nile perch
stocks and closure of the haplochromine trawl fishery) all have merit, the changes that are occurring in Lake
Victoria are basically irreversible. The highest priority should be to assist the governments of the riparian
countries (Tanzania, Uganda and Kenya) with monitoring and research programmes and to support their
policies of non-introduction of further alien fishes into any of the African Great Lakes so as prevent the same
cycle of events from occurring, for example, in Lakes Tanganyika and Malawi. The diverse animal and plant
communities of the African Great Lakes are a heritage of all mankind and it is the duty of every country to
play a role in their conservation. It is therefore proposed that an internationally funded research programme
should be mounted on the African Great Lakes on the scale of the tropical forest biome project of the IUCN.

Introduction employment for many people in lakeside commu-
nities. Furthermore, they have furnished scientists
The African Great Lakes, with their great variety with unequalled opportunities to study the patterns
of natural resources, provide food, income and and processes of evolution. In the past four dec-
ades, advances in technology and increased human
* Editorial population pressures have threatened the survival
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of some animal communities in these lakes, espe-
cially the species flocks of cichlid fishes (Fig. 1).
Specific threats are posed by overfishing, habitat
alterations, the introduction of alien fish predators
and the possibility of oil pollution from commercial
drilling operations (Fryer 1960, 1972, 1973, 1984,
Ogutu-Ohwayo 1984, 1985, 1988, 1990, Okaronon
et al. 1984, Barel et al. 1985, Balon & Bruton 1986,
Barel & Witte 1986, Coulter et al. 1986, Ribbink
1987). Reductions in the abundance of indigenous
cichlid species as a result of overfishing, predation
by introduced Nile perch, Lates niloticus, and com-
petition with the introduced Nile tilapia, Oreochro-
mis niloticus, appear to be particularly severe in
Lake Victoria (e.g. CIFA 1985a, Okemwa 1984,
Goudswaard & Witte 1985, Ogari 1985, Ogutu-
Ohwayo 1984, 1985, 1988, 1990, Barel et al. 1985,
Barel & Witte 1986, HEST 1986a, b, Hughes 1986,
Goudswaard & Ligtvoet 1987, Acere 1988).

The Nile perch is alien to Lake Victoria and the
cichlid fishes there have not co-evolved with it,
which may explain their vulnerability to L. nilot-
icus predation. This is not to say that cichlid fishes
cannot co-evolve and co-exist with large centropo-
mid predators — Lates mariae, L. microlepis, L.
angustifrons and L. stappersii are all endemic to
Lake Tanganyika and co-exist with a cichlid species
flock there which numbers over 300 species (Coul-
ter 1970, 1976, 1981, Coulter & Jackson 1981, Coul-
ter et al. 1986). The Nile perch L. niloticus itself is
indigenous to Africa and is widespread in many
major river systems including the Niger, Nile and
Chad basins (Hopson 1972, Skelton 1988), where it
co-exists with cichlids.

Lake Victoria is the largest freshwater body in
the tropics with a surface area of 68680 km?, a mean
depth of 40 m and a maximum depth of 80 m. The
lake straddles the equator and lies mainly in Tan-
zania (51%) and Uganda (43%) but also borders
Kenya (6%) (Acere 1988). The stocks of Nile perch
in Lake Victoria (and Lake Kyoga) were intro-
duced from lakes Turkana and Albert (Arunga
1981) in the 1950s and early 1960s (see Acere 1985,
1988, Barel et al. 1985, Ogutu-Ohwayo 1985, 1989)
despite repeated objections from scientists (e.g.
Fryer 1960, Jackson 1960, Anderson 1961). As
pointed out by Ribbink (1987), African Great Lake

cichlids are particularly vulnerable to predation
due to the insular nature of their habitats as well as
their narrow stenotopy and philopatry. The Afri-
can Great Lakes can as a whole be regarded as
inverted islands and their faunas may therefore
have the same vulnerability to extinction as normal
island faunas (Norton 1986).

The Nile perch is an opportunistic predator
(Ogari 1985, Ogutu-Ohwayo 1985, Ssentongo &
Welcomme 1985, Ogari & Dadzie 1988) and has
now become well established in Lake Victoria
where it preys heavily on haplochromine cichlids
(Gee 1969, Okedi 1971, Oguto-Ohwayo 1985,
1990, HEST & TAFIRI 1987) and supports a major
fishery (Goudswaard & Ligtvoet 1987, Ligtvoet et
al. 1987, Acere 1988, Ligtvoet 1989, Ogutu-Oh-
wayo 1990). The Nile perch presently constitutes
over 90% by weight of the trawl catch in the Tan-
zanian waters of Lake Victoria and standing stock
estimates of up to 90 kg ha™! have been given (Wa-
nink et al. 1988). The success of the Nile perch
fishery has stimulated the development of subsidi-
ary filleting, canning and marketing industries in
the three riparian countries but a further problem
has now emerged — the local processing techniques
(frying and smoking) consume a large amount of
wood, an essential but increasingly scarce source of
energy in the riparian countries (Ligtvoet 1989).
The increased catches of Nile perch have, however,
provided a readily available source of protein at a
time of critical food shortages in parts of East Afri-
ca (see, for example, Stoneman & Rogers 1970,
Acere 1988). Thus, although the introduction of
Nile perch and Nile tilapia into Lake Victoria is
considered by some to be an ecological and conser-
vational disaster (see Balon & Bruton 1986, Coul-
ter et al. 1986, Ribbink 1987, Ligtvoet 1989, Ogutu-
Ohwayo 1990), it is regarded as a partial economic
success in the riparian countries (HEST 1986a,
Ligtvoet et al. 1987, Acere 1988, Ligtvoet 1989)
due to the increased catches of the introduced spe-
cies (Ogutu-Ohwayo 1990). Whether or not the
increased catches will be sustained is unknown, but
what is clear is that the introductions are irrevers-
ible and the management of the lake will in future
have to take the populations of Nile perch and Nile
tilapia into account.
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Harpagochromis spekii

Prognathochromis dentex

Prognathochromis longirostris

Prognathochromis macrognathus

Fig. 1. Outline drawings (not to scale) of various Lake Victoria haplochromine species to show the range of body form in this species
flock [After P.H. Greenwood. 1974. Cichlid fishes of Lake Victoria, East Africa: the biology and evolution of a species flock. British

Museumn (Natural History), London. 134 pp.]

Recent expeditions from the National Museums
of Kenya and the British Museum (Natural Histo-
ry) to the Kenyan shores of the lake have found
that the arcas of Lake Victoria where haplochro-
mines are scarce are those in which there is an
intense fishing effort (Anon. 1988, 1989). In other
areas where fishing is not allowed (as in parts of the
Winam Gulf, previously the Kavirondo Gulf, Ke-
nya) or where there is little fishing effort, as in
certain remote regions of the southern Tanzanian
shoreline, large numbers of haplochromines are
caught (P.H. Greenwood personal communica-
tion). From these collections, and particularly
those made in Winam Gulf, it would seem that

overfishing, as well as the increased predation pres-
sure exerted by the Nile perch, are affecting the
haplochromine populations (Ogari & Dadzie 1988,
Ogutu-Ohwayo 1988, 1990, Anon. 1989). A paral-
lel situation is known from the Laurentian Great
Lakes in North America where overfishing fol-
lowed by sea lamprey predation caused a major
decline in the native fish communities (e.g. Smith
1968, Christie 1974). There is a strong likelihood
that some cichlid species will be lost from Lake
Victoria although perhaps not as many as suggest-
ed by HEST (19864, b, see Greenwood 1987). The
more critical scenario is that the structure and func-
tion of the fish communities, and in particular the
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cichlid fish communities, will be irreversibly al-
tered, as discussed below.

Alien organisms rarely affect indigenous species
in isolation but are usually part of an overall envi-
ronmental change that causes stress to local animal
communities. In addition to trophic alterations
(predation and competition for food), alien fishes
are known to have several other harmful effects,
including habitat alterations, introduction of para-
sites and diseases, hybridization with endemic spe-
cies and spatial alterations (aggressive effects and
overcrowding) (Taylor et al. 1984, Bruton & Mer-
ron 1985, Bruton & van As 1986). Of these, preda-
tion and aggressive effects are likely to be the most
important impacts of the Nile perch, whereas hy-
bridization, overcrowding, competition for food
and possibly the introduction of parasites and dis-
eases are those of the Nile tilapia and other in-
troduced cichlids. The introduction of alien fishes
into Lake Victoria is therefore likely to have had an
impact on three critical aspects of the lake ecosys-
tem: the maintenance of essential ecological pro-
cesses and life-support systems, the preservation of
genetic diversity and the sustainable utilisation of
species and ecosystems (cf. [IUCN 1979).

Various suggestions have been made as to how to
conserve the cichlid species flocks of Lake Victo-
ria, including closure of the haplochromine trawl
fishery (Witte & Goudswaard 1985, Ribbink 1987),
increased fishing pressure on the Nile perch
(Bwathondi 1985, CIFA 1985b, Mainga 1985, Ogu-
tu-Ohwayo 1985, 1990, HEST 1986b, Ribbink
1987) and the captive propagation of cichlid fishes
(see the Resolution of the Cichlid Workshop at the
Fifth Congress of European Ichthyologists held in
Stockholm in August 1985, this journal 16: 225
226, Barel 1986, Ribbink 1986, 1987, Ribbink &
Twentyman-Jones 1989, IARCEC, this journal 22:
313). The latter scheme proposes that fishes threat-
ened with extinction in Lake Victoria should be
kept and bred in aquaria in Africa or Europe and
then restocked into the lake if conditions there
have ‘improved’. These proposals are assessed
here in the light of some ecological insights, and
especially from the point of view that Lake Victoria
and the other African Great Lakes are more than a
collection of species: they are highly evolved eco-

systems with arich diversity of interspecific interac-
tions and energy pathways which, once altered, can
never be re-created by man. Researchers should
rather use the opportunity provided by Lake Victo-
ria to study in detail the processes of ecological and
taxa evolution which will follow the major pertur-
bations in this biological system, and attempt to
derive some understanding of the processes that
will facilitate more effective management of this
and other lakes in future.

In order to assess the magnitude and nature of
the impact of introduced fish species on the fish
communities of Lake Victoria and the other Afri-
can Great Lakes, it is necessary to review first the
characteristics of these ichthyofaunae and then of
the ecosystems in which they live.

Characteristics of the cichlid fishes of the African
Great Lakes — an ecological perspective

The fish communities of the African Great Lakes
are dominated by representatives of the family Ci-
chlidae, a group of labroid fishes with a wide range
of trophic specializations but a narrow range of
reproductive guilds (sensu Balon 1975, 1981). Most
African Great Lakes cichlids are mouthbrooders
(Fryer & Iles 1972, Ribbink et al. 1983). These
fishes have a life style characterised by a high pa-
rental investment in relatively few young and along
period of intensive brood care.

African cichlids have repeatedly been shown to
be phenotypically plastic (Meyer 1987) and recent
epigenetic and ecological research (Balon 1985,
1989, Bruton 1986) has indicated that they are able
to alter the duration and timing of ontogenetic
events so as to shift from an altricial to a precocial
alternative homeorhetic state (Fig. 2). The altricial
state is characterised by the production of a rela-
tively large number of small eggs, a smaller size and
less developed state at first exogenous feeding, and
a shorter life span (Balon 1975, 1981, 1983, 1985,
1989, Noakes & Balon 1982, Bruton 1989, Flegler-
Balon 1989). The precocial state is characterised by
the production of relatively few large eggs with a
large amount of yolk, the reduction or elimination
of the larval period in the life cycle, alarger size and



more advanced state of development at first exog-
enous feeding and a longer life span. Altricial fishes
are best able to survive in relatively unstable, capri-
cious environments (such as floodplain rivers) and
precocial fishes in relatively stable, predictable en-
vironments (such as the African Great Lakes, Bru-
ton 1989). In an abiotically harsh but biotically
unsaturated environment, the best reproductive
style would be to direct maximal amounts of energy
and matter into reproduction and to produce many
progeny as soon as possible. In contrast, in a sat-
urated environment, where density effects are pro-
nounced and competition is keen, the best repro-
ductive response may be to put more energy into
developing the competitive abilities of the young,
and to produce larger but fewer, more expensive
progeny (Balon 1985, 1989).

The evolutionary success of cichlid fishes has
been attributed to a number of key features pos-
sessed by them, e.g. advanced parental care (Dob-
zhansky 1951), assortative mating and sexual selec-
tion (Kosswig 1947, Mayr 1982, Dominey 1984)
and their flexible morphology (Liem 1973, 1978,
Liem & Osse 1975, Meyer 1987, Stiassny & Jensen
1987). Liem (1973) suggested that the possession of
a well-developed pharyngeal jaw apparatus in ci-
chlid fishes represents a new innovation which
frees the oral apparatus and thus allows it to be-
come specialised for particular feeding tasks. Such
a key innovation would be of utmost importance
for ecological specialisation and niche diversifica-
tion. There is some evidence that the trophic spe-
cialisations of Ethiopian and Neotropical cichlid
fishes may be ecophenotypically modified by the
nature of the environment or the availability of
particular foods (Greenwood 1965, Sage & Selan-
der 1975, Kornfield et al. 1982, Witte 1984, Meyer
1987, Hoogerhoud 1986). Cichlid fishes may there-
fore show considerable flexibility both with respect
to their epigenetic development as well as their
feeding modes. Although the reproductive guild of
a particular species is genotypically fixed (at least
within the time frame that we are discussing here),
the homeocrhetic state adopted within that guild
may differ in response to the biotic and abiotic
environment in accordance with the altricial/preco-
cial dichotomy.
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One of the remarkable features of cichlid fishes
is therefore their flexibility. Their behaviour, and
to some extent their form, is determined by the
biotic and abiotic pressures exerted on them at a
given time. We can therefore expect that, if the
selection pressures are changed, the fishes will also
change. A ‘species’ of cichlid, as an ecological unit,
therefore only exists in its entirety in the context of
the environment with which it has co-evolved.

Characteristics of the African Great Lakes
environment

The African Great Lakes can be considered to be
relatively stable relative to an African river, flood-
plain or shallow lake. The concept of environmen-
tal stability refers to the tendency for a natural
system to remain near an equilibrium point or re-
turn to it after a disturbance (Orians 1975). The
dual aspects of resistance and resilience describe
most forms of environmental stability (see reviews
in van Dobben & Lowe-McConnell 1975). Resist-
ance, or constancy, is characterised by a narrow
amplitude of change in a system whereas resilience
refers to the ability of a system to recoil to more or
less the same state after perturbation. Resistance
leads to a static persistence in a system whereas
resilience leads to a dynamic persistence. Natural
systems that have a high resilience sometimes also
have a wide amplitude of natural fluctuations. Preco-
cial species would be expected to thrive in an envi-
ronment that is relatively resistant to change whereas
a more resilient environment would favour altricial
species (Bruton 1989). In general, species which co-
evolved with a resistant environment can be expected
to perceive as major those changes that are perceived
as relatively minor by species which co-evolved with
more resilient environments.

In terms of the theories of ‘non-equilibrium ecol-
ogy’ developed by Holling (1976) and others, an
ecosystem such as a riverine floodplain may be
regarded as a ‘healthy’ and resilient system al-
though it is far from a static equilibrium state.
Jantsch (1985) has argued that it is precisely the
local instability of an ecosystem that furthers its
global stability. The closer a system approximates
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Altricial

Fig. 2. Diagrammatic representation of altricial and precocial alternative homeorhetic states.

to equilibrium, as is the trend for increasingly ma-
ture ecosystems, the less resilient it becomes. The
higher the resistance to major changes, the more
devastating the effects of the changes that do break
through are likely to be (Jantsch 1985). A system
near equilibrium would thus be vulnerable to a
marked change in physico-chemical conditions
(e.g. as a result of pollution), to major changes in
species interactions (e.g. due to the introduction of
alien species, Bruton 1986), or to changes in com-
munity composition {as could be caused by inten-
sive fishing, Coulter et al. 1986).

Complex ecosystems, with their many species
and rich interaction structure, are now considered
to be, in general, dynamically fragile (May 1975).
Although the communities in these ecosystems are
able to thrive in the predictable (= resistant) envi-
ronments, they are likely to be more vulnerable to
perturbations imposed by man than are communi-
ties in relatively simple but more robust systems. It
is therefore parsimonious to predict that the fish
(and possibly other animal communities) of the
Great Lakes of Africa have a relatively good capac-

ity to resist low amplitude natural changes (i.e.
they have a relatively high inertia) because of their
high species richness and the multiplicity of energy
pathways which have been established in them.
Furthermore, it is possible that they may have a low
elasticity (ability to recoil to the original state) and
low amplitude (the area over which they are poten-
tially stable) compared, for instance, with African
floodplain rivers, because of the low dispersal rates
of their fauna, as well as niche and habitat special-
izations, and other factors, in the African Great
Lakes. These are important ecological consider-
ations which need to be investigated further in the
African Great Lakes.

During the evolution of a species or a community
in a relatively resistant system, there would be a
higher probability of passing from an altricial to a
precocial state than the reverse (Bruton 1989). In
this ecological succession, a stabilising factor for
the ecosystem will be the increasing importance of
species that establish interspecific connections that
are increasingly extended over time and space e.g.
feeding relationships, commensalism, symbiosis,



cooperative broodcare, etc. (common among ci-
chlids in the African Great Lakes, cf. Fryer & Iles
1972, Ribbink et al. 1983, Ribbink & Eccles 1988).
This trend results in precocial species becoming
increasingly dominant in the system and develop-
ing an increasingly complex structure of interaction
between and within species. This tendency to de-
velop relationships that are more complex and pre-
dictable is typical of a maturing ecosystem (Jantsch
1985). Margalef (1968) has described this evolution
of an ecosystem as a process of information accu-
mulation. He points out that the information
gained is applied to the acquisition of increasing
autonomy, and fluctuations arriving from outside
become more and more dampened. Thus, in place
of a rhythm dictated by reactions to external envi-
ronmental events, the endogenous rhythm of the
system unfolds to a greater extent, with biotic inter-
actions taking on more and more importance.

It seems reasonable to assume that the complex
and sensitive relationships of a mature ecosystem,
once dislocated by disturbance, will be reconstitut-
ed less easily than the simpler relationships of less
stable communities. Man’s constant intervention in
the environment will usually break down more
complex, stable situations into simpler, less stable
ones, thus causing specialised species which are
more closely in tune with their environment to
become rare or extinct. Put in another way, man
affects ecosystems by ‘resetting the clock of succes-
sion’, usually to an earlier, less mature state, thus
selecting for more altricial species and creating
conditions that are less suitable for precocial spe-
cies. Therefore the form of stability possessed by
diversified ecosystems is one based on their
uniquely co-evolved interactions, but it will be sta-
ble only in relation to the amplitude of disturbances
encountered during its evolution. This is an obvi-
ous point, but one that has often been ignored.

This discussion further strengthens the predic-
tion that the cichlid species flocks of the African
Great Lakes are particularly susceptible to the ef-
fects of major perturbations caused by man, such as
overfishing and the introduction of alien fish preda-
tors (see also Coulter et al. 1986). This vulnerabil-
ity extends not only to the possibility of species
becoming rare or absent, but also to the probability

167

of interference with and eventual loss of the rich
pattern of interaction between species, which itself
is a major contributing factor to the biotic diversity
of these lakes. I further predict that the introduc-
tion of an alien fish predator would have even more
devastating impacts on the cichlid communities of
lakes Malawi and Tanganyika than has been the
case in Lake Victoria. The former lakes have more
diverse species flocks than Lake Victoria and have
shown a more marked trend towards specialization
in their cichlid fishes (Fryer & Iles 1972).

I would also predict that relatively altricial, gen-
eralised species with strong colonising abilities
would thrive in African Great Lakes which have
been disturbed, either through the introduction of
alien species or through other interferences with
biotic interrelationships, or through pollution. It is
interesting, therefore, that the one endemic fish
species in Lake Victoria which seems to have bene-
fitted from the changed conditions is the relatively
altricial, non-guarding, open-substrate spawning
cyprinid Rastrineobola argentea, locally known as
‘dagaa’. According to Wanink et al. (1988) and
Ogutu-Ohwayo (1990), R. argentea now features
prominently in commercial catches in Lake Victo-
ria and is the only fish other than the Nile perch
which is abundant in Lake Kyoga. Furthermore,
the mean length of R. argentea has decreased by
17.5% (Wanink et al. 1988), a response that is also
predictable under conditions of disturbance (Bru-
ton 1989). It is also perspicacious to follow the
series of events that occurred in another African
Rift Valley lake, Lake Kivu, that was subject to the
introduction of alien fish species. Lake Kivu has a
rich planktonic fauna but lacks a pelagic fish that
can consume it. Between early 1958 and late 1960
several large but unquantified shipments of ‘sar-
dines’ from Lake Tanganyika were released into
Lake Kivu (Dumont 1986). The objective of the
introduction was to introduce a planktivore which
would channel zooplankton protein through fish to
humans. The original idea was to introduce Sto-
lothrissa tanganicae but the more euryphagic clu-
peid Limnothrissa miodon was successful instead.
L. miodon have now depleted the zooplankton of
Lake Kivu and are also feeding on their own young
and possibly also those of endemic cichlids.



168

Thus in both lakes Victoria and Kivu a relatively
altricial species has become abundant and is likely
to start exerting its own biotic pressures on the
ecosystem (in addition to those exerted by the Nile
perch, itself an altricial species relative to the ha-
plochromines, in Lake Victoria). It is already a
well-established trend in both terrestrial and aquat-
ic ecosystems that the loss or reduction of species
from highly interrelated ecosystems is likely to
have cascading effects, one of which is the in-
creased importance of altricial pestiferous species
(Norton 1986, Vermeij 1986, Bruton 1989). Fur-
thermore, the precocial species which are threat-
ened with extinction by altricial species are often
those which are most useful to man. When the
biotically competent species is extirpated from an
ecosystem, its niche is not usually filled by another
specialist species (Hsu 1982) as their respective
specialisations are too great to allow interchange-
ability. Instead, the specialised species are re-
placed by generalised, weedy species which are
successful colonisers and thrive under disturbed
conditions (Bruton 1986). There is therefore a dan-
ger of system simplification and reversal to a dom-
inance by altricial species.

Comments on the proposed conservation measures

Against the background of the above ecological
perspectives, we can now comment on the three
conservation measures proposed — the captive
propagation of endangered cichlid species, the re-
duction of Nile perch densities and the closure of
the trawl fishery for haplochromine species.

Captive propagation

The establishment of self-sustaining captive pop-
ulations of rare and endangered animals, or ani-
mals from highly disturbed habitats, is a widely
supported conservation measure (Martin 1975,
Myers 1979, Frankel & Soule 1981) that has been
endorsed by the International Union for the Con-
servation of Nature and Natural Resources (IUCN
1987). These programmes are most effective when

they are conducted in parallel with field studies and
conservation efforts aimed at the species in its nat-
ural environment (IUCN 1987). Captive propaga-
tion has proved to be successful in the case of
several bird and mammal species. For example, ex
situ stocks of American bison, Bison bison, have
provided critical support for wild populations of
this species, and the Arabian oryx, Oryx leucoryx,
was saved from extinction by the re-introduction of
captive stocks into the wild (IUCN 1987). Captive
propagation techniques have also been used for
fishes, most often for stocking angling or aquacul-
ture species, but also more recently for conserva-
tion purposes (e.g. Ribbink & Twentyman-Jones
1989). Cichlid fishes are probably the most suitable
candidates for captive propagation because they
readily breed in aquaria (Ribbink 1986).

The re-introduction of species into their natural
environment as an ameliorative measure is not al-
ways a simple or even a desirable measure. With
respect to species which have become extinct in the
wild, the TUCN (1987) recommendation is that
re-introductions should take place only into local-
ities in which the original causes of extinction have
been removed and where the habitat requirements
of the species are satisfied. There should be no
re-introduction if a species became locally extinct
because of a habitat change that is unremedied, or
where significant habitat deterioration has oc-
curred since the extinction (IUCN 1987). The
TUCN further recommends that sufficient funds
should be made available before beginning a re-
introduction project to ensure that the project can
be completed. Ribbink & Twentyman-Jones
(1989) have pointed out that the advantage of cap-
tive propagation is that it maintains the option of
re-introducing rescued taxa ‘should the seemingly
impossible occur, and the degraded environment
revert to a habitable state for the species’.

The likely scenario in Lake Victoria is that ci-
chlid fishes would be restocked into areas where
some members of the species are still surviving. In
these circumstances the TUCN (1987) recommends
that restocking should only occur when the causes
of reduction have been largely removed and nat-
ural increases of the threatened population can be
excluded. Before deciding whether restocking is



necessary, the carrying capacity of the area pro-
posed to be restocked should be investigated to
determine whether the desired population level is
sustainable. If it is, then further investigations
should be undertaken to discover the reasons for
the low population levels. Action should then be
taken to help the resident population expand to the
desired level. Only if this fails should restocking be
done, as it is likely to be an expensive, high-risk
exercise that will require skilled manpower. Re-in-
troduction or restocking should therefore be a last
resort, if it is carried out at all, and not the primary
initiative for resurrecting a threatened species.

Furthermore, the subtle dangers of artificial se-
lection and ‘relaxed selection’ (Frankenham et al.
1986) in captivity should not be overlooked. They
could lead to the production of stocks which might
be genetically unsuited to respond to conditions
obtained in the lake at the time of their re-in-
troduction. The problems of hybridization (partic-
ularly in cichlids, Crapon de Caprona & Fritzsch
1984), loss of vigour and of genetic diversity, genet-
ic drift and genetic ‘bottlenecks’ would also have to
be overcome, as discussed by Foose et al. (1986),
Ribbink (1986, 1987) and Ribbink & Twentyman-
Jones (1989). Genetically impoverished stocks
should not be used to re-stock threatened species as
their ability to survive may be inhibited by their
genetic homogeneity. The possibility also needs to
be considered that species bred and raised in the
relatively homogeneous environment of an aquar-
ium may reduce the fitness of hardy and resistant
individuals in the natural lake with which they may
interbreed after introduction.

While the protocols of captive propagation are
well established for birds and mammals (Martin
1975, Soule & Wilcox 1980, Schonewald-Cox 1983,
Foose et al. 1986), they are less well-established for
fish (Meffe 1987). As the success of a captive breed-
ing programme is dependent on the rapid growth of
numbers from a founder stock in such a way that
genetic variability is enhanced (Ribbink 1987, Rib-
bink & Twentyman-Jones 1989), the prevention of
hybridisation and the reduction of genetic and phe-
notypic changes would be of overriding importance.
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Reducing Nile perch stocks

It has been proposed that the Nile perch should be
fished intensively in an attempt to restore the lake
to near its original condition. Even if it were pos-
sible to exert an adequate fishing effort in this
massive lake, the fact that L. niloticus has now
colonised the feeder rivers of Lake Victoria (Cra-
pon de Caprona & Fritzsch 1989) makes this eradi-
cation exercise even less practical. It would surely
be impossible, through intensive fishing for Nile
perch, to so reduce this species that the rich interac-
tions between species which were previously an
integral part of the Lake Victoria ecosystem are
re-established. All that can be done is to allow the
system to settle into a new steady state based on the
species which remain and on the interactions which
they presently have and will develop in the future.
Reductions in the abundance of Nile perch through
targetted fishing may help to reset the balance
more quickly, but even this is questionable. The
non-guarding, open substrate spawning habits of
Lates niloticus, which involve the production of
large numbers of small eggs and young (Ogutu-
Ohwayo 1988), are likely to produce a population
whose numbers fluctuate widely in accordance
with the availability of food and other resources.
The Nile perch may therefore itself create con-
stantly changing biotic conditions in the lake. The
point is that we do not as yet know what effect it
will have and the ongoing studies by Kenyan, Tan-
zanian and Ugandan as well as foreign scientists
will provide vital information in this regard.

Closure of the trawl fishery

Information from HEST research (1986a, b), sup-
ported by recent collections made for the British
Museum (Natural History) in Kenyan waters (P.H.
Greenwood personal communication), strongly
suggests that overfishing — not only by trawling —
has played an important role in the decline and
even the eradication of haplochromine cichlids in
various parts of Lake Victoria. The effect of traw-
ling on Nile perch numbers and biology is currently
being studied (see HEST & TAFIRI 1987, Ogutu-



170

Ohwayo 1988, 1990) but is largely unknown. It is
possible that a drastic reduction in trawling activity
could have beneficial results for the haplochromine
species occupying the habitats that have regularly
been trawled. Any decision to halt trawling would,
however, have to take into account a variety of
socio-economic factors. Nevertheless, on the in-
formation available at present, the decision is one
that should be considered seriously.

An additional conservation measure that should
be considered is the establishment of nature re-
serves along some of the more remote or lightly
fished shores of Lake Victoria. Although these
reserves would not exclude Nile perch or Nile tila-
pia, they would act as refugia from fishing mortality
as well as inocula for adjacent depleted areas.
However, because of the philopatry and stenotopy
of many (but not all) cichlids in the lake, these
reserves will only conserve local components of the
ichthyofauna. Reserves established by the Kenyan
government in Winam Gulf have apparently been a
success (Anon. 1988, 1989) and could play an im-
portant role in the conservation of endangered ci-
chlid species.

Discussion

There is already a considerable body of evidence
(e.g. Ogutu-Ohwayo 1985, 1990, Coulter et al.
1986, HEST 1986a, b, HEST & TAFIRI 1987, Rib-
bink 1987, Acere 1988, Wanink et al. 1988, Anon.
1988, 1989) that biotic interactions in Lake Victoria
have been severely disrupted not only by the in-
troduced fish species but also by overfishing. The
disruption of the ecosystem has largely taken the
form of a simplification of the food web through the
virtual eradication of haplochromines from many
interactions and the development of short food
chains to the Nile perch (Wesseling 1986, Wanink
et al. 1988, Ligtvoet 1989). Whereas the haplochro-
mines converted numerous protein sources (algae,
zooplankton, insect larvae, shrimps, molluscs, dia-
toms, bacteria, etc.) into fish protein for consump-
tion by higher trophic levels (including man), the
Nile perch eats mainly juvenile Nile perch and
shrimps and the juveniles feed mainly on zooplank-

ton (Hughes 1986, Barel & Witte 1986, Wesseling
1986, Ligtvoet 1989). This tragic simplification of
the fish (and presumably other) communities of
Africa’s largest lake has not only involved a reduc-
tion in the population sizes and diversity of unique
endemic assemblages but also in the concomitant
reduction of the diversity of life cycles and biotic
interactions. The result is a much depauperated
lake with an unpredictable ability to support artisa-
nal and commercial fisheries on which many people
are dependent. Thus the conservational and ec-
ological consequences of the man-made changes to
the fish communities of Lake Victoria must be
regarded as negative and the economic conse-
quences to be, at best, positive in the short term but
of unknown value in future. The most regrettable
outcome of all is that the options for the manage-
ment of the Lake Victoria fishery have now been
sharply reduced and policies in future will have to
ensure that a worst case scenario, e.g. gradual eu-
trophication, deoxygenation and palustrinisation
(Crapon de Caprona & Fritzsch 1989), does not
occur.

In conclusion, therefore, the fourth recommen-
dation made by the Fifth Congress of European
Ichthyologists (increased research effort) should
be strongly supported. However, only a small body
of resource managers and scientists in Africa and
elsewhere has the necessary expertise to assist the
governments concerned with effective research on
and management of the African Great Lakes. It is
important therefore that all present and future re-
sources of time and money should be spent in the
most effective way. In place of a rescue-return
operation involving captive propagation, an inter-
nationally funded research programme (on the
scale of the tropical forest biome project of the
Worldwide Fund for Nature) should be initiated to
intensify field and laboratory research on the indig-
enous and alien fishes of Lake Victoria and other
threatened African Great Lakes.

Concurrently with that research, scientists also
have an opportunity to study natural processes in
action on a scale and at a rate never before avail-
able to students of evolution. In the past, most
evolutionary and ecological studies on the fishes of
Lake Victoria, and on other animals elsewhere,



have been concerned with reconstructing patterns
and processes on the basis of past and present-day
evidence. Now we have a chance to study both as
they actually occur and develop. Lake Victoria also
offers opportunities on a unique scale for the study
of ecological events associated with the resetting of
the ecological succession and its progression to-
wards a new equilibrium. The way in which the
fishes create alternative life-history styles and phe-
notypic traits in response to the new range of condi-
tions should be particularly enlightening, and of
great value to the understanding of an important
biological phenomenon.

Although it may seem a rather pessimistic view, I
feel that nothing can be done to stave off the irre-
versible changes in Lake Victoria. We should rath-
er use the limited time, funds and manpower avail-
able to study the processes of change that are oc-
curring in this lake so that we can obtain a better
understanding of the sometimes devastating effects
of man’s intervention in Nature. At the same time
we should retain an accurate record of the diversity
of species remaining in Lake Victoria through the
deposition of properly documented specimens in
recognized museums (the fifth recommendation of
the Fifth Congress of European Ichthyologists), as
is currently being done by the Kenyan National
Museums, British Museum (Natural History) and
Leiden University (HEST 1986b). Stock assess-
ments of the commonly caught haplochromines,
tilapiines and centropomids should also be contin-
ued in order to provide a baseline for future com-
parisons.

A limited captive propagation programme of
certain Lake Victoria cichlids, which is already un-
derway at the Horniman Museum (London) and
the New England Aquarium (Boston), could in-
crease our understanding of the behaviour, breed-
ing and feeding biology, and genetics of these spe-
cies, which is an essential requirement for their
management. These studies should be made in par-
allel with field studies based on experimental and
commercial ca