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Aquatic biodiversity provides the genetic resources 
that are the basis for fi sheries and aquaculture. 
However, despite some exceptions this diversity 
is still poorly documented, in particular at the 
intraspecifi c level and with regard to molecular 
genetic approaches. It is, however, becoming 
more widely accepted that such data sets may 
have essential impacts on the development of 
management and conservation strategies and 
the utilization of aquatic genetic resources. We 
summarize here our results from a variety of 
genetic studies on the major important lagoon 
tilapias in West Africa.

Since 1997, genetic characterizations of populations 
and strains of Sarotherodon melanotheron, S.nigripinnis 
and Tilapia guineensis have been undertaken in 
West Africa as part of two collaborative research 
programs fi nanced by the German Agency for 
Technical Cooperation (BMZ/GTZ). Populations 
from various localities in Senegal, Sierra Leone, 
Liberia, Ivory Coast, Ghana, Togo, Benin, Gabon 
and Congo-Brazzaville were examined. Depending 
on the level of genetic differentiation, the 

availability of sample material and the questions to 
be addressed, different genetic markers were used 
[allozymes, globin chain variations, substitutional 
variations in aligned cytochrome b sequences (307 
bp), variations in mtDNA control region sequences 
(403-405 bp), RAPDs (randomly amplifi ed 
polymorphic DNA)]. The majority of markers were 
comparatively studied. The same materials were 
also analyzed morphologically.  

We shall fi rst focus on the most fundamental 
impact of our studies with regard to the 
management and conservation of aquatic 
biodiversity, namely the taxonomy and systematics 
of target species. Secondly, we shall demonstrate 
the importance of detailed information on the 
biogeography and recent history of these species 
and fi nally, we shall focus on the genetic diversity 
of populations. 

Systematics

Several morphological and genetic studies 
focusing on allozyme variations have been 
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conducted with respect to the systematics of the 
black-chinned tilapia complex (Trewavas 1983; 
Teugels and Hanssens 1995; Pouyaud and Agnèse 
1995; Adépo-Gourène et al. 1998; Falk et al. 
1999, 2000). Originally, only a single species, 
S. melanotheron (Rüppell, 1852) covering fi ve 
subspecies was recognized by Trewavas (1983). 
However, subsequent morphometric and genetic 
analyses (Teugels and Hanssens 1995; Pouyaud 
and Agnèse 1995; Adépo-Gourène et al. 1998; 
Falk et al. 1999) seriously questioned the validity 
of some of these taxa. 

As part of this project, new material from 34 
populations (635 specimens) from all over the 
distribution range of the black-chinned tilapia 
complex has recently been examined. As a major 
important result of these studies two polymorphic 
and geographically distinct species are recognised 
(Fig. 1a). (1) S. melanotheron (Rüppell, 1852) 
found along the coast from Senegal to Cameroon, 
and (2) S. nigripinnis (Guichenot in Dumeril, 
1859) present from Gabon to the mouth of 
the Congo River. Both species are reciprocally 
monophyletic (phylogenetic reconstructions) and 
are characterized by private alleles (allozymes; 
globin chains) and a variety of synapomorphic 
substitutional characters (cytochrome b and 
control region sequences). They diverged about 
1.3 to 1.8 million years ago (cytochrome b and 
control region data). 

Intraspecifi cally, the subspecifi c classifi cation 
of both taxa has also been revised. Accordingly, 
S. melanotheron includes three subspecies: 
S. m. heudelotii (Dumeril, 1859) known from 
Senegal to Guinea, S. m. leonensis (Thys van den 
Audenaerde, 1971) known from Sierra Leone to 
western Liberia and S. m. melanotheron (Rüppell, 
1852) found from Ivory Coast to Cameroon. 
S. m. paludinosus (Trewavas 1983) described near 
Dakar (Senegal) has been synonymized with 
S. m. heudelotii. Its sister species, S. nigripinnis 
originally described as T. nigripinnis and 
subsequently considered as S. melanotheron 
nigripinnis (see Trewavas 1983), is composed 
of the nominate subspecies, S. n. nigripinnis 
(Guichenot in Duméril, 1859) known from 
Gabon and a newly introduced subspecies, 
S. n. dolloi, originally described as T. dolloi 
(Boulenger, 1899) and previously synonymised 
with S. m. nigripinnis (see Trewavas 1983). It is 
presently known from the mouth of the Congo 
to the Lower Kouilou. The validity of all of these 
taxa is confi rmed by molecular data sets. Detailed 
informations on this most recent revision of the 
black-chinned tilapia complex are available in 
Falk et al. (2000; in press).

T. guineensis (Bleeker, 1862) represents the third 
most important lagoon tilapia in West African 
coastal areas. It occurs sympatrically with 
S. melanotheron and S. nigripinnis and is also found 
in Angola. However, at present no subspecifi c 

Figure 1. Phylogenetic relationships between mtDNA haplotypes of populations of S. melanotheron, S. nigripinnis and T. guineensis based on 
partial control region sequences (403-405 bp). Rooted neighbor joining trees. Numbers at the branches indicate percentage recovery of the 
particular node in 1000 NJ- (Fig. 1a,b) and 1000 MP-bootstrap replicates (Fig. 1a only, below branches). Equivalent topologies were found by 
maximum-likelihood analyses. 
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classifi cation has been proposed for this species 
across its entire range. Results obtained so far 
make us doubt the validity of its presently 
known systematic status (Fig. 1b). Molecular 
analyses (cytochrome b, control region) clearly 
indicated substantial genetic divergences among 
geographically distinct populations. Four mtDNA 
lineages could be distinguished: (1) a Senegalese 
lineage, (2) a lineage covering the population of 
Liberia and Ivory Coast, (3) a Ghanaian lineage, 
and (4) a lineage from Gabon. Mean genetic 
distances between different lineages reached 
up to twice as much as those estimated for 
S. melanotheron and S. nigripinnis. Thus, comparable 
but also quite distinct phylogeographic patterns 
are present within these three lagoon tilapias. 
Further revisionary studies on T. guineensis 
are focusing on morphological variations and 
nuclear markers.

Biogeography and Microphylogeny

Biogeographic and microphylo-genetic studies 
on single taxa may reveal perspectives concerning 
the history and diversity of organisms within a 
complete geographic area. Such perspectives may 
also be of importance for the management and 
conservation of aquatic biodiversity. Here, we 
summarize our results on such studies for the 
three lagoon tilapias of West Africa.  

Comparative microphylogenetic analyses (Fig. 
1a) coincidentally indicate a basal position of 
S. nigripinnis within the black-chinned tilapia 
complex (allozymes, cyt-b, mtDNA control 
region). The Congo-Brazzaville and Gabon 
populations share some important potentially 
ancestral character states. It, therefore, appears 
reasonable to propose a center of origin for 
S. melanotheron/S. nigripinnis within the area of 
Gabon and Congo-Brazzaville. From this region 
the western range of  West Africa (Senegal to 
Cameroon) may have been colonized in a single 
wave of invasion, followed by long-term isolation 
and allopatric diversifi cation of both sisterspecies. 
Within a second migration period S. melanotheron 
populations may have subsequently colonized 
the areas from Senegal to Cameroon, most 
probably from areas close to Ivory Coast. From 
this region the western areas up to the mouth of 
the Senegal River were reached, whereas other 
populations independently colonized the eastern 
areas up to Cameroon (Fig. 2). This second and 
more recent center of origin for the populations 
of S. melanotheron is supported by the timing of 
diversifi cation and also by signifi cant nucleotide 

diversity differences among the populations 
examined. 

Similar phylogeographic patterns are found in     
T. guineensis. Outgroup comparisons indicate a 
basal position of the mtDNA lineage from Gabon, 
a phylogenetically intermediate position of the 
Ghanaian lineage, and more derived positions for 
the lineages from Ivory Coast/Liberia and also for 
the Senegalese lineage (Fig. 1b). 

Climatological events (extension and recession 
of water bodies) during the late Quaternary may 
largely explain differences and similarities in 
the faunal composition of West African areas, 
including the genetic similarities and divergences 
described here. We suggest that West African 
Pleistocene forest refuge zones (Maley 1991) may 
have strongly infl uenced the degree and level of 
genetic differentiation and thus the observed 
phylogeographic patterns within these lagoon 
tilapias (Fig. 2). During the late Quaternary 
tropical rain forest was confi ned to specifi c core 
areas during arid Pleistocene periods. These 
areas most probably also maintained aquatic 
habitats and thus may be considered to represent 
refuge zones for both African forest and aquatic 
organisms. Major important refuge zones 
and core areas (Maley 1991; Hamilton 1982) 
comprise eastern Congo, Angola, Cameroon/
Gabon, eastern Ivory Coast/western Ghana and 
Sierra Leone/Liberia. The spatial distribution of 
more ancient mtDNA lineages and the centers 
of intrapopulational genetic diversity clearly 
correspond to proposed lowland refuge zones and 
core areas of Central Africa. For S. melanotheron 
in particular refuge zones in Ivory Coast and 
Sierra Leone may have played an important 
role, whereas both subspecies of S. nigripinnis 
most probably evolved within refuge zones of 
Gabon and Angola. The Senegalese lineage of 
S. melanotheron (S. m. heudelotii) is considered a 
direct descendant of the Sierra Leone lineage.

A similar evolutionary scenario may be proposed 
for T. guineensis. However, Ivorian populations 
of this species most probably evolved within the 
Sierra Leone/Liberia core area and subsequently 
colonized the areas of Ivory Coast, as indicated 
by their close affi nities to Liberian populations. 
Ghanaian populations, however, most probably 
evolved in the Ivorian/Ghanaian refuge zone, 
as indicated by their genetic distinctness. Up 
to which degree all of these areas have been 
infl uenced by the large Pleistocene East Congo 
core area presently remains unknown. For 
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West African fi shes in Pleistocene refuge zones 
thus may have been of substantial importance 
at both micro- as well as macro-evolutionary 
scales. For the development of management 
and conservation strategies the identifi cation of 
such core areas and the characterization of their 
genetic diversity appears to be of special interest. 
Consequently, such studies may contribute 
to the development of more regional focused 
conservation plans and the identifi cation of “high 
priority conservation areas”.

Centers of Genetic Diversity

For the management of aquatic genetic resources, 
including restocking and selective breeding 
programs it may be of substantial importance 
to have an idea on the genetic diversity of 
populations in terms of a more geographical 
view. For example, in S. melanotheron highest 
nucleotide diversity estimates based on mtDNA 
control region data are found in populations 
from Ivory Coast (2.2%) and Sierra Leone/Liberia 
(1.6%). For populations from the mouth of the 
Senegal River these estimates drop to a π-value of 
0.6%. Similar low π-values are found eastwards 
from Ivory Coast, in populations from Ghana, 
Togo and Benin (0.7%). These lower nucleotide 
diversities in populations near the limits of the 
distribution range of S. melanotheron suggest 
that they represent relatively recently derived 
populations. Allozyme data reveal comparable 

results. Higher mean and absolute heterozygosity 
and polymorphism rates are observed in areas 
close to Ivory Coast. 

Preliminary results on T. guineensis indicate the 
presence of a major center of genetic diversity in 
Liberia (nucleotide diversity estimates based on 
mtDNA control region data). Moderate genetic 
diversity values are found in populations from 
Senegal, Ivory Coast and Ghana. Low genetic 
diversity values are characteristic of populations 
from Gabon. A high percentage of  genetic  
diversity  of these lagoon tilapias may thus be 
conserved by developing management and 
conservation strategies for such centers of genetic 
diversity only. In fact, centers of genetic diversity 
should at least be considered as “high priority 
areas” within management and conservation 
strategies. From this point of view, molecular 
biogeographical analyses are essential tools 
within conservation studies. 

Conclusions

All three lagoon tilapias studied here represent 
important genetic resources in terms of genetic 
diversity. Their genetic architecture and the extent of 
genetic diversity of populations differ considerably 
and can largely be explained by climatic events 
during the late Quaternary. A continuation and 
extension of such studies and a better general 
knowledge of the biodiversity of West African 

Figure 2. Pleistocene biogeographic scenario proposed for S. melanotheron/S. nigripinnis. Colonization events/expansions from the center of 
origin (Congo-Brazzaville/Gabon) are indicated by arrows. The distribution of core areas/refuge zones in equatorial Africa correspond to those 
proposed by Hamilton (1982) and Maley (1991), respectively. For T. guineensis a similar scenario is suggested (see text). The most recent 
systematic revision of S. melanotheron and S. nigripinnis is also indicated.
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fi shes are fundamental for developing successful 
management and conservation strategies and to 
identify species and populations with potential for 
aquacultural purposes.
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Discussion

Mr. Changadeya: You mentioned that the populations 
from Senegal and Sierra Leone are close.  Did you consider 
migration routes and gene flow between such populations?  
Do you suggest that the closeness of populations is due to 
common ancestry?

Dr. Falk: In fact, the populations from Senegal are 
considered direct descendants of the Sierra Leone 
lineage. We think it’s the most recent split within the 
biogeographical senario suggested here. Migration 
routes and population expansions/recessions are 
following the refuge zone model. For what concerns 
gene flow, it could easily be estimated by the data 
according to Wright, but we did not focus on that 
particular equitation.

Mr. Changadeya: May I ask the speaker to give specific 
management and conservation approaches recommended 
by his study?

Dr. Falk: There are two main approaches for the 
management and conservation of S. melanotheron, 
S. nigripinnis and T. guineensis:  a regional one and an 
approach focusing on specific unique populations (an 
organismic approach). We identified centers of genetic 
diversity across the entire range of all three lagoon tilapias 
and we would recommend considering these areas as 
“high priority areas” for what concerns the development 
of management and conservation strategies. In this 
sense, these areas are of real importance. The regional 
approach is thus more appropriate in my opinion. 
However, focusing on unique alleles other strategies 
may be considered.

Mr. Olaleye: Populations from the Nigerian and Cameroon 
coastline were not considered in the study.  Are you sure 
the populations will not be different from those from Togo/
Benin or the Gabon/Congo populations?

Dr. Falk: We expect that they represent S. melanotheron 
like those from Togo/Benin. Efforts to get samples from this 
region were, however, unsuccessful. There are indications 
that the species may be rare along the Nigerian and in 
particular the Cameroon coastline. At present, there are no 
data for this particular region.
 
Mr. Amakye: Are there any populations of interest (i.e. 
unique, threatened etc.) that must be conserved? 

Dr. Falk: Yes, of course. There are populations that are 
completely unique and distinct from others. There are 
populations characterized by high genetic diversities 
and others with very low genetic diversities. There are 
also populations with very rare alleles. A high percentage 
of this diversity could be conserved focusing on the 
conservation of centers of genetic diversity only (Sierra 
Leone/Liberia and Ivory Coast). However, populations 
with unique alleles, for example, could also be of 
importance.

Dr. Abban: The idea of biodiversity is not to look for 
what is to be kept, but rather to know the range available 
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for the species and how to keep them because the 
existence of one contributes to the existence of the 
other. Conserving one and leaving out others puts the 
whole biodiversity range at risk. What should be done 
to conserve biodiversity? The basic thing is to establish 
systems or programs to improve the knowledge of the 
biodiversity range of specific species, e.g.  S. melanotheron 
from all areas where it is present. 

Dr. Pullin:  It might not be enough to concentrate efforts 
on the conservation of species in the areas of “high 

priority”.  This is because there may be rare alleles at the 
extremes of the species range. This simply means that 
you should have your conservation and use projects 
proceeding together and not isolated from each other.

Dr. Falk: Of course, the statements of Dr. Abban and Dr. 
Pullin are very correct. However, as it is not realistic to 
conserve everything in vivo, one has to choose what 
to conserve. In this sense, the identification of centers 
of diversity appears to be of special importance to me, 
perhaps also to you.

Maintenance and Utilization of Tilapia Genetic Resource 
in Egypt

 

M. Rezk
WorldFish Regional Center for Africa and West Asia,

PO Box 2416, Cairo, Egypt

The Nairobi declaration, February 2002, has 
been an important step toward setting the 
ground rules for responsible aquaculture/
fi sheries production and, at the same time, 
realizing the rights of future generations 
to healthy and usable genetic resources. In 
the past, different countries have observed 
these recommendations up to one degree or 
another. In Egypt, several laws have dealt with 
issues related to aquatic genetic resources and 
biodiversity either directly or indirectly. These 
include the law of protected natural areas, 
the law of fi shing and related trades and the 
law of environmental protection. In practice, 
there is a set of regulations and directives 
that govern introduction and exportation of 
live plants and animals in addition to related 
issues such as quarantine, registration of 
seed and commercialization of new varieties, 
testing and commercialization of genetically 
modifi ed organisms (GMO’s), and declaration 
of protected areas.

Alterations to aquatic genetic resources may 
have occurred in the past few decades. One of 
the major contributors to this may have been 
the construction of the High Dam at Aswan as 
a part of the countries freshwater conservation 
policy. With irrigation, water became available 
year-round and a different ecosystem has 
evolved in Lake Manzala and Lake Burullus, 
where freshwater species, including tilapia, 

dominated the lakes. Salinity gradients may 
allow the development of new patterns of 
environmental  adaptations   in   the   species 
living on both sides of the gradient. In Lake 
Qaroon, salinization is taking place because 
of the limited supply of drainage water and the 
concentration of salts due to evaporation. With 
an average salinity of 39 ppt, most freshwater 
species have disappeared from the lake except, 
maybe, at the agriculture drainage mouths.

Aquaculture activity is currently concentrated 
in the north of the country. The construction 
of the High Dam as well as other water 
conservation projects may have maintained 
so far a unidirectional fl ow of genes from 
south to north. This may have protected the 
southern gene pools from the possible impacts 
of escapees from aquaculture facilities in the 
north. Such impacts may, however, be possible 
when cage culture is allowed in the Nile or 
when fi sh farming intensifi es and moves further 
south.

Utilization of tilapia genetic resources was 
initiated through comparative studies for 
important aquaculture traits which led to 
the identifi cation of the best performing 
populations. A number of breeding studies have 
now been initiated to develop high performing 
lines under different aquaculture situations.
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genetic confi rmation by allozyme electrophoresis 
is recommended since the hybrids are fertile and 
cross breeding with either parent species will 
make identifi cation even more diffi cult. 

Catfi sh (Clarias gariepinus) farming is also 
becoming more attractive, e.g. one catfi sh farmer 
needs to produce 40-60 million fi ngerlings 
annually. The export of fresh and smoked fi llets 
can earn 6.00 and 8.50 US dollars respectively 
(Le Roux, pers. comm. 2002). A 50 million-
rand fi sh production plant was also set up 
in SA, where fi ngerlings are imported from 
Europe, grown to marketable size in SA and then 
exported.  Polyculture of catfi sh and tilapia (e.g. 
O. mossambicus and Tilapia rendalli) is a main 
focus.

Acknowledgements – I thank the NRF and RAU 
for funding to attend the workshop.
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Discussion

Prof. Obiekezie: What I do not understand is why you have 
to import 50-60 million catfish fingerlings when South 
Africa had a well developed catfish aquaculture industry 
including hatchery production before?

Discussion

Dr. Laleye:  What is the socio-economic importance of 
tilapias in fisheries in Egypt?

Dr. Rezk: Tilapia is the most important species in many 
lakes in Egypt (in the Nile as well as in freshwater lakes).

Dr. Laleye:  What are the problems of tilapia conservation 
in Egypt?

Dr. Rezk: The concern about tilapia conservation is about 
escapees from culture systems which is a potential 
problem.

Aquaculture of tilapia and other species in South 
Africa (SA) recently received a boost: 1) due to the 
favourable exchange rate for export, 2) because 
mad-cow disease caused a worldwide consumer 
resistance against red meat, and 3) because 
people are becoming more aware of the health 
benefi ts of fi sh in their diets.

Mass selection of rainbow trout and population 
genetic studies are done by post-graduate 
students at the University of Stellenbosch on 
abalone (Haliotis midae) in hatcheries, spiny 
rock lobster (Jasus lalandii), 12 Oreochromis 
mossambicus populations throughout southern 
Africa, O. niloticus and their hybrids. The results 
for the tilapia species showed altered allele 
frequencies for two groups of O. mossambicus 
sampled in 1999 and 2000, no signifi cant 
correlation between average heterozygosity with 
average weight or length gain, and overlapping 
of allele sizes at individual levels between the 
two pure Oreochromis species (with those of 
the hybrids being intermediate) (Brink, pers. 
comm. 2002). The unlawful introduction of 
O. niloticus, Nile tilapia, in the Limpopo River 
system (Van der Waal and Bills 2000) remains a 
major concern in SA. It was also introduced in 
cage-culture in Namibia by nature conservation 
authorities. These fi shes are bred at Hardap 
Dam and distributed throughout Namibia. If it 
escapes, then cross breeding with the endemic   
O. andersonii and  O. macrochir  would  be  
possible. Nile tilapia have already hybridized 
with the endemic O. mossambicus (Moralee et al. 
2000) in SA. It is still possible to identify some 
hybrids from morphological characteristics, but 

Tilapia Genetic Resources: Their Conservation and 
Utilization in South Africa

Herman van der Bank
Department of Zoology, Rand Afrikaans University,

PO Box 524, Auckland Park, 2006, South Africa
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Dr. van der Bank: People lost interest in culture.  There are 
plans to produce cichlids and catfishes for distribution in 
the country.

Dr. Pullin: What do you have to say about issues of alien 
species crossing shared borders of countries which have 
different interests, desires and needs with respect to 
fishes?

Dr. van der Bank: There is a political aspect to this issue.  For 
instance, guppies were proposed to eradicate mosquito 

larvae but  were not introduced into the Limpopo river.  
Namibia introduced O. niloticus which is alien to their 
country and it is causing the disappearance of their native 
species.

Dr. Pullin: Neighboring countries sharing water systems 
should have similar interest.  It is also important that 
awareness should be increased at all levels (from political 
leaders to the individuals) in different nations on the 
obligations accepted when such nations are signatories to 
the Convention on biodiversity. 

The Nile tilapia Oreochromis niloticus (L. 1758) is 
endemic to Africa but has been introduced into 
many different areas of the world for aquacultural 
purposes. Today, it is one of the most cultured 
freshwater species worldwide, in particular the 
subspecies O. niloticus niloticus (Garibaldi 1996). 

In Ghana, the Volta system, including the Volta 
river, the Volta lake, and their tributaries, like 
rivers Oti, Pru, White Volta, Black Volta and 
Asukawkaw, drains more than two thirds of 
the country (Dankwa et al. 1999). Here, the 
Nile tilapia and the Mango tilapia, Sarotherodon 
galilaeus (L. 1758), constitute an important part 
of commercial fi sh stocks (Ofori-Danson 2000) 
and commercial culture activities focusing on 
the Nile tilapia have recently been started at lake 
sites. However, comparative molecular genetic 
studies on the population of the Nile tilapia from 
the Volta system including the lake are virtually 
missing.

In this contribution, we present a fi rst attempt 
to study the genetic diversity of the Nile tilapia 
population from the Volta lake and tributaries 
of the Volta system. Materials from three lake 
sites (Kpandu, Kope and Yeji) and four riverine 
sites (Nawuni, Botanga, Pru and Mepe) were 
examined. We analyzed the most variable 

Genetic Diversity of the Nile Tilapia Oreochromis niloticus 
(Teleostei, Cichlidae) from the Volta System in Ghana

 

Thomas M. Falk
Zoologisches Institut und Zoologisches Museum der Universität Hamburg, Martin Luther King Pl. 3, 20146 Hamburg, Germany

Eddie K. Abban
Water Research Institute, P.O. Box 38, Accra, Ghana

element of the mitochondrial genome, the fi rst 
hypervariable region of the control region (405 
bp), and comparatively studied nuclear variations 
(RAPDs: randomly amplifi ed polymorphic DNA). 
Overall, 127 specimens were examined.

Results so far clearly indicate an essential genetic 
structure within this population. As indicated in 
Fig. 1, two major mtDNA lineages are present, 
covering a total of 12 different mtDNA haplotypes. 
The most common haplotypes (H1-4) of both 
major mtDNA lineages are found across all 
sampling sites. However, all other haplotypes 
(H5-12) show a spatially distinct distribution 
(Fig. 1). For example, haplotypes 5,6,7 and 8 
are only found in Kope and/or Kpandu, whereas 
haplotypes 11 and 12 are only found in the Pru. 
The majority of private (area specifi c) haplotypes 
are thus found at Kpandu/Kope and within the 
Yeji and Pru areas. Within the northern sampling 
localities, Nawuni/Botanga, and below the 
Akosombo dam at Mepe, only the most common 
haplotypes (H1-4) are present. 

Genetic diversity comparisons among different 
localities reveal similar results. Highest nucleotide 
diversity values based on control region data 
are found within the more central areas of the 
system: Kpandu/Kope and Yeji/Pru. Together 
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these four areas contribute more than 70% of the 
genetic diversity of the material examined. In the 
northern area (Botanga/Nawuni) and below the 
Akosombo dam (Mepe) quite low diversity values 
are found.

Preliminary results based on RAPD analyses 
coincidentally confi rmed a genetic diversity 
cline from southern (Kope/Kpandu) to northern 
(Nawuni/Botanga) areas of the system. Highest 
nucleotide diversities estimated by RAPD analyses 
were again found at Kpandu/Kope followed by 
Yeji/Pru. Overall, nine different RAPD primers 
were used.

In addition, we also studied an introduced Nile 
tilapia population from the Densu reservoir 
and a farmed stock obtained from the Water 
Research Institute in Accra.  Both samples  were  
characterized by quite low genetic diversities 
(control region data; RAPDs). 

In conclusion, the Nile tilapia of the Volta system 
represents an important genetic resource in terms 
of genetic diversity. So far, molecular diversity 
peaks are found within the southern areas of the 

Figure 1.  Spatial distribution and genetic relationships of mtDNA control region haplotypes  (H1-12) of the Nile tilapia from the Volta system. 
H1-4: most common haplotypes present in all sampling sites. H5-12: haplotypes confined to specific areas.   

system (Kpandu/Kope and Yeji/Pru). A better 
knowledge of this diversity and comparative 
studies, for example, on the Mango tilapia may 
greatly improve management and conservation 
strategies applicable to this important fi shing area. 
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Discussion

Mr. Amakye: What could be responsible for the 
apparent separate populations on the Pru/Yeji area and 
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the southern parts of Lake Volta? There is no barrier 
between these two areas; how do you explain the distinct 
populations?

Dr. Falk: There is a small missunderstanding. These 
populations are not completely distinct. What we found is 
a genetic structuration within the Nile tilapia population. 
The areas you mentioned differ in the extent of genetic 
diversity and the distribution of different haplotypes. 
Lowest genetic diversities are found in the northern 

areas of the system. At present, this genetic diversity cline 
may probably be best explained by quite low numbers 
of migrants among different localities, in the sense 
of restricted gene flow. However, both major mtDNA 
lineages found here most probably evolved before Lake 
Volta was created and entered the Lake from, for example, 
the White and the Black Volta, as indicated by the timing 
of diversification of both lineages. Again, we found a 
genetic structure within the Nile tilapia population, but 
we did not find genetically completely isolated units.

Evaluation of Early Life Culture Performance of Ghanian 
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(Teleostei, Cichlidae)  
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The Black-chinned Tilapia, Sarotherodon 
melanotheron occurs naturally and abundantly in 
the coastal waters of West Africa (Trewavas 1983; 
Trewavas and Teugels 1991).  In Ghana, it is the most 
abundant fi sh (65-98%) in all of the 60 lagoons 
and estuaries along the 550 km coastline (Falk et 
al. 1999; Abban et al. 2000). S. melanotheron which 
may be the only remaining fi sh in some relatively 
smaller lagoons along Ghana’s coast is threatened 
by pollution, siltation of lagoons, over-fi shing, 
destructive fi shing methods, habitat degradation 
and destruction (Abban et al. 2000). It is, however, 
identifi ed as the most promising species for 
increasing fi sheries production of lagoons in West  
Africa and Ghana in particular.

Since 2000, populations of S. melanotheron in 
Ghana have been evaluated for their reproductive 
and growth performance to identify better brood 
fi sh sources to increase production of fi sh in their 
natural and cultured environments.

This report emphasizes the relative early life 
culture performance of four populations of 
S. melanotheron from Aminsa estuary, Densu 
estuary/reservoir, Sakumo lagoon and Volta 
reservoir at Akosombo. The evaluation focused 

on spawning frequency, spawn size, survival, and 
growth (Daily Growth Rate / Specifi c Growth 
Rate) in three nursery facilities.

There were no signifi cant differences in the 
spawning interval (or frequency) among the 
populations studied. However, continuous 
spawning was observed, indicative of tilapias in 
captivity (Lazard and Legendre 1996) and in stress 
(e.g. excessive fi shing pressure and pollution).

The populations from Densu and Volta 
(Akosombo) seem to have similar capacities for 
fry production per individual spawn, compared 
to the populations from Aminsa and Sakumo. 
Incidentally, both Densu and Volta (Akosombo) 
are less saline compared to Aminsa and Sakumo. 
Salinity may have an infl uence on S. melanotheron‘s 
reproductive capacity.

Ponds seem to have provided conducive 
environments (e.g. availability of natural fi sh food 
organisms), which supported life of population 
fry, compared to environment of the concrete 
tank. There was evidence of different growth rates 
of populations in different environments (hapa, 
tank and pond). However, within each culture 
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environment growth rates were not statistically 
different among populations (P = 0.05).
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Discussion

Dr. Pullin: Could you comment on how the data were 
treated statistically?

Mr. Agyakwa: ANOVA was the treatment used; however, 
the work did not have enough replicates.

Mr. Amakye: Level of salinity seems to have had an impact 
on growth in your study.  What levels of salinity affect 
growth of S. melanotheron?

Mr. Agyakwa: We learned from literature that salinity 
probably affects performance. Observations made 
from the study indicated that salinity probably affects 
performance; however, we have not pursued this.

Mr. Kwarfo-Apegyah: With respect to food supply in the 
three systems, was there any supplementary feeding?

Mr. Agyakwa: The same food source was used for the three 
systems. With respect to hapas, space limitation affected 
food quantity and thus growth. 

Mr. Kwarfo-Apegyah: Growth rates of fish larvae cultured 
in pond were higher compared to that in tanks and hapas.  
Why was this so, since hapas were erected in the same 
ponds?

Mr. Agyakwa: Both tanks and hapas had limited space for 
free mobility.  Moreover, fry feed introduced into hapas 
easily escaped through pores of the net hence limiting 
feed availability. Compared to tanks, ponds additionally 
had the capacity for biogenesis of fish food organisms 
thus increasing food availability to fry, hence we see higher 
growth rate in ponds.

Dr. Pullin: It may be important to generate growth curves 
for this study which could be compared with growth 
curves from other studies in literature.

The objective of this study was to compare the 
relative growth performance of three ecotype 
collections of Nile tilapia, (Oreochromis niloticus) 
[Guinea Savanna ecotype – NA, Transitional 
ecotype – YE, and  Semi-deciduous forest ecotype 
– KP] from the Volta system in Ghana. Early 
growth of  O. niloticus  fry of the three ecotypes 
were evaluated in two experiments using: 

Evaluation of Culture Performance of Ecotype Collections of 
Nile Tilapia (Oreochromis niloticus) from the Volta System as 
the Basis for Fish Breeding and Selection Program in Ghana  

Felix K. Attipoe and Eddie K. Abban
CSIR - Water Research Institute, P.O. Box 38, Accra, Ghana

(I) separate rearing 200 m2 earthen ponds at a 
stocking density of 30 000 fry ha–1, and (II) using 
a communal concept while keeping the ecotypes 
separate in 1 m2 hapas at a stocking density of 
67 m-2. All hapas were installed in a 0.2 ha earthen 
pond. Experiments (I) and (II) lasted 55 and 42 
days, respectively. A third experiment evaluated 
the performance in 50 m2 earthen ponds at 2 
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fi sh/m-2 using three diets F1, F2, F3, and F0 (no 
feeding). Crude protein levels of the diets were 
15%, 9% and 15%, respectively. Experiment 
(III) lasted 150 days. The average fecundity 
(AF) which was calculated as the number of 
seed produced divided by the number of female 
spawners in a breeding cycle was determined for 
the three-ecotypes in a six-month breeding cycle. 

Relative AF were 253, 176, and 145 for YE, KP, 
and NA ecotypes, respectively. The overall growth 
results were: (a) NA grew fastest and recorded 
the highest mean body weight gain across all 
treatments for both males and females. However, 
differences between NA and KP and YE were not 
signifi cant; (b) There was a differential growth 
performance of males and females of all ecotypes. 
Females weighed between 72%-83% the weight 
of males across all treatments; (c) Least square 
means computed for fi nal body weight within 
feed treatments indicated a signifi cant difference 
(P < 0.05) between the growth performance of 
the three ecotypes at fi ngerlings to adult stage. KP 
and NA showed insignifi cant differences among 
replicates while YE was signifi cantly lower for fi nal 
body weight; (d) Relative overall ranking in terms 
of mean gain in body weight was NA > KP > YE. 

Based on growth performance of the three 
O. niloticus ecotypes, NA and KP could be 
recommended as the most promising ecotypes 
to use as base population for a breeding and 

selection program in Ghana; however, in order 
to increase the variability among the genes 
and improve other traits such as survival and 
fecundity, it would be necessary to conduct a 
diallel cross experiment which would include 
all three ecotypes. Results from the diallel cross 
experiment could increase the additive and 
non–additive genetic variance for selection using 
a synthetic base population formed from the best 
performing cross combinations.

Discussion

Mr. Boa-Amponsem: You have shown that one line (Yeji/
YE) has the best fecundity but lower growth performance 
compared with the other (Nawuni/NA).  I am not sure 
whether in fish there is a negative genetic correlation 
between growth and fecundity.  Another strategy other 
than the synthetic line formation would be to establish 
the two lines of (NA) as separate male and female lines for 
growth and other for fecundity.  The final (terminal) cross 
would then possess both traits, namely high growth rate 
and high fecundity. I am an animal geneticist and this is 
what we do.  I want to put it across to see if it is applicable 
in fishes.

Dr. Rezk: In one of our experiments, we noticed that there 
were differences in weights between the sexes.  Have you 
observed a similar trend in your study?

Mr. Attipoe: Yes.

First Results on the Aquaculture Potential of a Landlocked 
Population of the Black-chinned Tilapia, Sarotherodon 

melanotheron, in a Man-made Lake, Ayame (Côte d’ Ivoire)  
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In West African coastal waters, over 40 fi sh 
families have been reported by Lévêque et al. 
(1992). One of the major fi sh found in this 

zone is the Black-chinned Tilapia Sarotherodon 
melanotheron (Teugels and Falk 2000). This species 
is considered a brackish water tilapia, generally 
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found in estuaries and lagoons and occasionally 
in the mouth and lower course of coastal basins 
from Senegal to Congo (Trewavas and Teugels 
1991). S. melanotheron is an important fi sh in the 
commercial and subsistence fi sheries of many 
West African lagoons (Ekau and Blay 2000).

Lake Ayame (Côte d’Ivoire) is a man-made lake in 
which a population of S. melanotheron has been 
landlocked following the construction of the dam 
in 1959. Fishery statistics show that this species 
alone represents 51% of commercial fi sheries, 
which, in 1996, exceeded 1000 t (Gourène et al. 
1999).

The aquaculture potential of this species has 
already been studied in the Ebrie Lagoon (Côte 
d’Ivoire) by Legendre (1986), Legendre et al. 
(1989) and Gilles et al. (1998) and in ponds in 
Nigeria by Eyeson (1983). Growth rates obtained 
are not impressive (between 0.32 and 0.50 g.d-1) 
and do not favour commercial culture.

In view of the success of S. melanotheron in Lake 
Ayame, a four-year project between the University 
of Cocody (Côte d’Ivoire) and the Musée Royal 
de  l’Afrique  Centrale  (Belgium)  was  started 
in 1999 to test the zootechnical performances of  
the  landlocked population of this species in Lake 
Ayame. In this paper, we summarize main results 
recorded so far during this study.

• Growth comparison between the landlocked and a 
natural population of S. melanotheron

 In this trial, fi shes were reared from 9 to 
39 g (fi rst experiment) in 140 days at the 
stocking density of 100 fi sh/m3 and from 39 
to 147g (second experiment) in 350 days at 
50 fi sh/m3. Survival rate (89.33% for the fi rst 
experiment and 97.33% for the second), mean 
daily weight gain (0.22 g.d-1 fi rst experiment 
and 0.26 g.d-1 second experiment) and food 
conversion ratio (7.49 fi rst experiment and 
11.41 second experiment) were better for the 
landlocked population compared to those of 
the natural population (85.00 and 92.00%, 
0.18 and 0.22 g.d-1 and 9.54 and 12.81, 
respectively) reared in freshwater conditions 
in Lake Ayame. Condition factors recorded 
during these experiments for landlocked and 
natural populations were 3.5816 and 3.5879, 
respectively.

• Comparative study of the effect of stocking 
density on growth performance of the landlocked 
population

 The infl uence of four stocking densities (20, 
50, 100 and 150 fi sh/m3) was tested for 336 
days. The results showed that survival rate, 
mean daily weight gain and food conversion 
ratio were good at 20 fi sh/m3 (100%, 0.32 g.d-1 
and 11.24, respectively). Except for the survival 
rate (which was 83.00% at 100 fi sh/m3), the 
others parameters were poor for 150 fi sh/m3 
(0.27 g.d-1 and 12.29, respectively). Results 
of this study correspond with observations 
reported in several other studies (Dambo and 
Rana 1992; Liu and Chang 1992; Suresh and 
Lin 1992) but are opposite to records obtained 
by Legendre et al. (1989).

• Determination of the feeding rate of the landlocked 
population

 For this trial, 8 fi sh groups (weight between 12 
and 131 g) were reared for 90 days in fl oating 
cages. Fishes were fed ad libitum using demand 
feeders (capacity 2 kg). Food consumption 
was noted every day. Results showed that the 
daily food intake of each fi sh group increased 
with fi sh weight. Relation between these 
parameters (food consumption and body 
weight) can be represented by the equation: 
F.C. = 0.7166.W0.4408; r = 0.7852; n = 24 with 
F.C.: food consumption (g) and W: weight (g). 
Survival rate, mean daily weight gain and food 
conversion ratio recorded in this trial were 
relatively high at 128.77 g (100%), 44.33 g 
(0.72 g.d-1) and 12.65 g (12.77) and low at 
12.65 g (76.67%), 12.65 g (0.50 g.d-1) and 
91.15 g (6.03). Mean values observed for all 
the groups were 95.75% (survival rate), 0.63 
g.d-1 (mean daily weight gain) and 8.94 (food 
conversion ratio). These parameters are better 
than those noted in the fi rst trial of this study 
and in studies undertaken by Legendre (1986) 
and Legendre et al. (1989).

•  Effect of demand feeder on growth performances 
of the landlocked population

 For this trial, all male populations (weight 
between 18 and 72 g) were reared for 90 
days in fl oating cages. One fi sh group was fed 
using the demand feeder while the second 
was fed by hand. The results recorded in this 
study showed that survival rate was the same 
(98%) for the two groups. Mean daily weight 
gain and food conversion ratio were 0.59 g.d-1 
and 7.06 for the fi rst group and 0.57 g.d-1 and 
6.99 for the second. Contrary to what could 
be expected according to the food intake 
habit of Sarotherodon melanotheron (see Pauly 
1976) and observations made by Balarin and 
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Haller (1982) with demand feeders, these 
results showed that growth perfomances of 
S. melanotheron fed with demand feeder or by 
hand are not signifi cantly different.

• Comparison of the growth of the landlocked 
population in raceways, ponds and cages

 This test was conducted during 90 days with all 
male populations sorted out at 11 g and grown 
to 54 g. Fish were fed ad libitum using demand 
feeders. Growth parameters recorded in each 
environment showed that survival rate was high 
(92.50%) in cages and low (72.79%) in ponds. 
The best mean daily weight gain and food 
conversion ratio were observed for fi shes reared 
in ponds (0.47 g.d-1 and 6.13, respectively) and 
low values were noted in raceways (0.19 g.d-1 
and 17.64, respectively). Observations made 
in this study showed best growth performances 
for fi shes reared in ponds. These results are 
similar to records made by Melard (1986) with 
Oreochromis niloticus.
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Abstract
Phylogenetic hypotheses concerning generic interrelationships of tilapiine fi shes are mainly 
based on morphological and ethological characteristics and biogeographical patterns. The 
present study examines the utility of complete cytochrome b (cyt-b) sequences to resolve 
basal relationships among the three main genera of African tilapiines and to address 
basic systematic issues.  Phylogenetic analyses provide support for the monophyly of the 
mouth-brooding lineage including the genera Sarotherodon and Oreochromis, and also 
indicate a single origin of mouth-brooding taxa from substrate spawning species of the 
genus Tilapia sensu stricto.  Both lineages, e.g. Tilapia s.s. and Sarotherodon/Oreochromis, 
diverged about 8 to 12 million years ago. However, no support was found for the validity 
of the mouth-brooding genera, e.g. Oreochromis and Sarotherodon. Moreover, cyt-b 
sequences were found to be systematically highly informative.  

Introduction

The systematics and phylogeny of tilapiine 
fi shes (Regan 1920; 1922) has attracted interest 
over the years. Thys van den Audenaerde (1970, 
1971,1978, 1980) created a single genus, Tilapia 
sensu lato, covering a number of subgenera. 
Trewavas, however, divided the genus Tilapia sensu 
lato into three major genera: (I) the genus Tilapia 
sensu stricto, including substrate-spawning species; 
(II) the genus Sarotherodon, including biparental 
or paternal mouth-brooding species; and (III) the 
genus Oreochromis, including maternal mouth-
brooders only (Trewavas 1966, 1973, 1980, 1981, 
1982a,b, 1983). The separation of the mouth-
brooding taxa into two genera was explained 
as follows (Trewavas 1983): “This expresses the 
view that, although Sarotherodon and Oreochromis 
probably arose from substrate-brooding Tilapia, they 
may have come from different species. It follows the 
lead given by the studies of reproductive behavior 
and development by H. M. Peters and his pupils in 
Tübingen (Peters and Berns 1978a, 1982), and is 

supported by geographical and anatomical features, 
which, though supplying few trenchant differences, 
have cumulative value“.

Ten additional genera were included in the 
tilapiines by Trewavas (1983): Danakilia, Iranocichla, 
Konia, Myaka, Tristramella, Pelmatochromis, Pungu, 
Stomatepia, Steatocranus and Pterochromis. However, 
according to Stiassny’s (1991) defi nition of 
tilapiines the genera Pelmatochromis, Steatocranus 
and Pterochromis are excluded. Moreover, Stiassny 
(1991) also seriously questioned the tilapiine-
haplochromine dichotomy of African cichlids 
(see also Trewavas 1983; Greenwood 1978, 1986, 
1987; Kullander 1998).
 
In order to analyze basic phylogenetic 
relationships among tilapiines and to test 
alternative phylogenetic hypotheses concerning 
a multiple or single origin of mouth-brooders 
from substrate-spawning tilapiines, several 
genetic studies focusing on allozyme variations 
have been conducted (Kornfi eld et al. 1979; 
McAndrew and Majumdar 1984; Abban 1988; 
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Seyoum  1989;  Sodsuk  and  McAndrew  1991; 
Pouyaud 1994; van der Bank 1994; Pouyaud and 
Agnèse 1995; Sodsuk 1993; Sodsuk et al. 1995; 
B-Rao and Majumdar  1998; Feresu-Shonhiwa 
and Howard 1998). Coincidentally, these studies 
often support  the  existence  of  the  three 
main genera proposed by Trewavas (1983) and, 
moreover,  also  indicated a single origin of 
mouth-brooding species from the genus Tilapia 
s.s. (Pouyaud and Agnèse 1995).
 
Molecular studies on phylogenetic relationships 
among the three major genera of tilapiine fi shes 
as defi ned by Trewavas (1983) are rare (Sodsuk 
1993; Franck et al. 1994; Schliewen et al. 1994; 
Nagl et al. 2001; Klett and Meyer 2002). Franck 
et al. (1994) demonstrated the use of SATA 
satellite DNA sequences. Cladistic and phenetic 
analyses of derived consensus sequences revealed 
two distinct clades: (I) Tilapia s.s. and, (II) 
Sarotherodon and Oreochromis. Moreover, based on 
partial phylogenies of tilapiines (Sodsuk 1993; 
Schliewen et al. 1994) results of Goodwin et al. 
(1998) suggested that mouthbrooding evolved 
only once in tilapiines, supporting Trewavas 
(1980) primary hypothesis. 

Nagl et al. (2001) analyzed the most variable 
element of the mitochondrial genome of 42 
tilapiine taxa, e.g. the fi rst hypervariable region 
of the control region, and failed to resolve any 
phylogenetic relationships between putative 
monophyletic groupings. However, most recent 
studies on mitochondrial ND2 gene sequences of 
39 tilapiine taxa (Klett and Meyer 2002) questioned 
the monophyly of the tilapiine assemblage and 
also indicated several independent origins of 
mouthbrooding behaviors in cichlids.

In this paper, we present a fi rst  attempt  to  study  
the  utility of complete cytochrome b sequences 
for inferring phylogenetic relationships among 
the three major genera of tilapiine fi shes as 
defi ned by Trewavas (1983) and to analyze cor-
respondence with morphological characteristics 
and published genetic data sets.

Materials and Methods

Samples from Senegal, Liberia, Ivory Coast, 
Ghana, Gabon, Congo-Brazzaville, Egypt, Kenia 
and Mozambique were collected from January 
1996 to March 2002. The geographic origin of the 
species and the number of specimens examined 
for each of them are listed in Table 1. Cytochrome 
b sequences of Tylochromis polylepis were obtained 
from GenBank.

Substitutional variations in sequences of the 
cytochrome b gene (cyt-b) were analyzed by PCR 
and direct automated sequencing of the amplifi ed 
products. Total genomic DNA was isolated from 
frozen or ethanol preserved muscle tissue (100 
mg) by phenol/chloroform extraction (Hillis et al. 
1990). Complete cyt-b genes were amplifi ed using 
primers L14724 and H15915 as listed by Irwin et 
al. (1991). PCR reactions were performed in 50µl 
reaction mixtures containing 1x reaction buffer 
(ProofSprinter kit, Hybaid), 3.5 mM MgCl2, 1.2 
µM of each primer, about 40-90 ng total DNA, 0.4 
mM of each dNTP (dNTP-Mix, Hybaid) and 1.5 
units Tag/Pwo polymerase mixture (ProofSprinter, 
Hybaid). The thermal profi le was: 1. 94°C/2 min 
(1 cycle); 2. 94°C/20 sec; 56°C/90 sec; 72°C/
120 sec (35 cycles); 3. 72°C/15 min (1 cycle). 
Amplifi ed PCR products   were   purifi ed   by  
electrophoresis  on  1.5% QualexGold agarose 
gels (Hybaid) and recovered using GFX PCR gel 
extraction kits (Amersham Pharmacia Biotech 
Inc). The purifi ed double-stranded mtDNA 
products were used directly in dideoxy-termination 
sequencing reactions using the BigDye Terminator 
Cycle Sequencing Mix (Applied Biosystems). The 
light strands were sequenced in two steps using 
primers L14724 and a newly developed one L556-
575 (5-CCCTTCATCATTGCAGCTGC-3), specifi c 

Species Country (origin) N

1.     O. niloticus, Onil Ghana, Gh 4

2.     O. niloticus, Onil Kenya, Ke 3

3.     O. niloticus, Onil Egypt, Eg 3

4.     O. aureus, Oaur Egypt, Eg 3

5.     O. andersonii, Oand Nn 3

6.     O. mossambicus, Omos Mozambique, Mo 3

7.     O. mossambicus, Omos Nn 1

8.      S. galilaeus, Sgal Egypt, Eg 4

9.      S. galilaeus, Sgal Ghana, Gh 4

10.   S. melanotheron, Smel Senegal, Se 3

11.   S. nigripinnis, Snig Congo, Co 4

12.   T. sparmanii, Tspa Southern Africa, Sa 4

13.   T. cabrae, Tcab Gabon, Ga 2

14.   T. zillii, Tzil Ivory Coast, Iv 4

15.   T. rendalli, Tren Nn 3

16.   T. guineensis, Tgui Ivory Coast, Iv 4

17.   T. guineensis, Tgui Liberia, Li 4

18.   T. busumana, Tbus Ghana, Gh 4

19.   T. discolor, Tdis Ghana, Gh 4

Table 1. Geographic origin and abbreviations of the species 
examined and the number of specimens studied for each taxon. 
(Nn: unknown origin; N: number of specimen)
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for nucleotide positions 556-575 of the cyt-b gene 
of tilapias.
 
Cycle sequencing reactions were performed in 20 
µl reaction volumes containing 3 µl BigDye, 5µl 
2.5x sequencing buffer (Applied Biosystems), 10 
µl of the amplifi ed products (200-350 ng) and 2 
µl primer (1 µM). The thermal profi le was: 96°C/
30 sec; 55°C/15 sec; 60°C/4 min (30 cycles). 
After removal of unincorporated dye terminators 
(DyeEx, Qiagen) sequencing reactions were 
denatured and the samples were run on an 
ABI Prism 377 automated sequencer (Applied 
Biosystems). Complete cyt-b sequences (N=26) 
were subsequently deposited in GenBank.

Sequences were further processed and aligned 
(ClustalW) using BioEdit version 5.0.9  (Hall 
1999). Alignments were subsequently optimized 
by eye. Nucleotide compositions and genetic 
distance values were determined with MEGA2 
version 2.1 (Kumar et al. 2001) and PAUP 4.0b.8a 
(Swofford 2000). Substitutional saturation 
analyses were carried out using DAMBE version 
4.0.75 (Xia and Xie 2001). Unique mtDNA 
haplotypes were analyzed by MEGA2 version 2.1 
(Kumar et al. 2001) and PAUP 4.0b.8a (Swofford 
2000). Phylogenetic analyses of sequence 
data were performed using Kimura’s genetic 
distance estimates (Kimura 1980), corrected 
distances according to Tamura and Nei (1993), 
or uncorrected p-distances and the minimum-
evolution (ME) algorithm. Bootstrapping 
always comprised 1 000 replicates. Maximum-
parsimony (MP) trees were generated by heuristic 
search using PAUP 4.0b.8a (Swofford 2000). 
Character state-optimization was carried out by 
accelerated transformation and gaps were treated 
as transversions or completely deleted. Tree 
topologies were tested by bootstrapping (1     000 
replicated). Maximum-likelihood (ML) analyses 
PAUP 4.0b.8a (Swofford 2000) were conducted 
choosing the HKY85 model with gamma 
distribution rates. Optimal transition/transversion 
rate ratios, base frequencies and among site 
heterogeneities were estimated. These model 
parameters were used for ML analyses (heuristic 
search). Bootstrapping comprised 500 replicates. 

Results and Discussion 

Variations in cytochrome b (cyt-b) sequences were 
studied from a total of 64 specimens covering 
samples from 19 different tilapiine populations. 
Comparative analyses with published cyt-b 
sequences of Oreochromis mossambicus (Cantatore 

et al. 1994) were conducted in order to check the 
identity of the obtained sequences and to derive 
codon positions.

The sequenced mtDNA region contained 1140 
nucleotides that code for 380 amino acids of the 
complete cyt-b gene. An overall average of 7 amino 
acid differences was found among all specimens 
examined (min.: 0; max.: 19). The majority of 
variations occurred at the third codon positions, 
including moderate transition/transversion ratios 
in pair-wise sequence comparisons. Despite 
sequence variability among different haplotypes 
no signifi cant differences were noted in base 
compositions across sequences or taxa (chi-
square tests of homogeneity of base frequencies). 
Substitutions were identifi ed at 369 of the 1 140 
sites (32%), of which 343 (93%) were silent 
mutations.

Overall, 26 different mtDNA haplotypes were 
detected among the 64 individual samples 
sequenced. Corrected Kimura’s genetic distances 
(Kimura 1980) between different haplotypes 
ranged between 0.003 and 0.190. Scatter plots of 
pair-wise genetic distances versus the number of 
transitions and transversions for all haplotypes 
suggested that substitutions accumulate linearly 
with an increase of genetic distances (Fig. 1). 
However, a signifi cant decrease in transitions was 
noted above a genetic distance of about 0.145. 
The 336 of the 369 polymorphic sites appeared 
to be parsimony-informative. 

The fi rst step of the phylogenetic analyses only 
considered transversional substitutions. Cyt-b 
sequences of Tylochromis polylepis were used for 
outgroup comparisons. As indicated in Figure 2, 

Figure 1. Plot of the number of transitions (s) and transversions (v) 
in pair-wise sequence comparison against genetic distance values 
for 26 cytochrome b haplotypes of different tilapia species.
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the fi rst and second positioned transversions 
separate most of the species of the genus Tilapia 
s.s. from all mouth-brooding taxa (Oreochromis 
spp., Sarotherodon spp.). However, this does not 
concern cyt-b haplotypes of T. sparrmanii and 
T. cabrae; these substrate-spawning taxa are 
clustered with mouth-brooding species. Moreover, 
all the species of the genus Tilapia sensu lato are 
clearly separated from Tylochromis polylepis. 
Bootstrap values reached 85%.

In a second step, the fi rst, second and third 
positioned transversions were analysed. Figure 
3 presents such a rooted minimum-evolution 
phylogeny. The consensus tree  displays  a  
topology  with  some similarities to that obtained 
previously. The species examined are clustered 
into three major clades highly supported by 
bootstrapping: (1) T. discolor; (2) T. guineenis, 
T. busumana, T. zillii, T. rendalli; (3) T. cabrae, 
T. sparrmanii; O. niloticus, S. galilaeus, O. aureus; 
S. melanotheron, S. nigripinnis, O. andersonii 
and O. mosambicus. Moreover, Oreochromis and 
Sarotherodon species are also clearly separated 
from T. cabrae and T. sparrmanii (bootstrap value: 
91%). Without any exception all taxa of the genus 

Tilapia s.s. are found in basal positions of the 
rooted mitochondrial phylogeny. T. cabrae and 
T. sparrmanii are found in close sistergroup 
positions of the Oreochromis and Sarotherodon 
species examined. Further supported clades within 
the mouth-brooding taxa and the genus Tilapia s.s. 
are indicated in Figure 3. Similar phylogenies 
were also found by maximum-parsimony and 
maximum-likelihood analyses. 

Phylogenetic reconstructions based on the fi rst, 
second and third positioned tranversions and 
transitions revealed similar topologies (Fig. 
4). However, the positions of T. cabrae and the 
species of group 2 (T. guineenis, T. busumana, 
T. zillii, T. rendalli) could not be determined with 
confi dence; most probably a result of transitional 
sequence saturation effects.

As indicated above, the third positioned 
transversions seem to carry most of the 
phylogenetic signals required to resolve basal 
nodes and also to support terminal nodes within 
the genus Tilapia s.s.. However, basal and terminal 
nodes within the mouth-brooding clade are 
additionally highly supported by transitional 
substitutions (compare Figures 3 and 4). 

Figure 2. Rooted minimum-evolution phylogeny of the 26 different 
cyt-b haplotypes. Divergences were estimated based on the two 
parameter models of Kimura (1980) considering 1st and 2nd 
positioned transversions only. Bootstrapping comprised 1000 
replicates. For abbreviations compare Table 1.

Figure 3. Rooted minimum-evolution phylogeny of the 26 different 
cyt-b haplotypes. Divergences were estimated based on the two 
parameter models of Kimura (1980) considering 1st 2nd and 3rd 
positioned transversions only. Bootstrapping comprised 1000 
replicates. Abbreviations: Table 1.
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It should also be noted that the validity of nearly 
all taxa appears highly supported based on cyt-
b analyses (see bootstrap support of terminal 
nodes). Only West African O. niloticus and 
Egyptian O. aureus specimens were found to share 
a common cyt-b haplotype (Fig. 4). Two reasons 
may be given for this fi nding. MtDNA haplotypes 
of common ancestors of these taxa may have 
been substantially polymorphic and both species 
retained a similar haplotype during evolutionary 
time scales. Secondly, introgressive hybridization 
events followed by horizontal mtDNA transfer 
may have occurred. Rognon and Guyomard (2003) 
demonstrated such mitochondrial DNA transfer 
from O. aureus to O. niloticus in West Africa.

Finally, mtDNA sequence divergences between 
tilapiines may potentially be used to estimate 
divergence time. Substitution rates determined 
for vertebrates range from 8% to 20% per 
million years (Vigilant et al. 1989; Quinn 
1992; Slade et al. 1994). However, evolutionary 
substitution rates of mtDNA in fi shes and other 
poikilothermic vertebrates are known to be 
substantially slower (Kocher et al. 1989; Canatore 
et al. 1994; Caccone et al. 1997). Considering 

molecular clock calibrations established for the 
cytochrome b gene of marine fi shes (1-1.2% 
per million years; Bermingham et al. 1997), 
mouth-brooding tilapiine taxa diverged from 
substrate spawners about 8 to 12 million years 
ago. Accordingly, major diversifi cation processes 
within the mouth-brooding lineage could be 
dated back to about 4 to 6 million years. 

In conclusion, results so far clearly indicate a 
potential utility of cyt-b analyses to study the 
phylogeny of African tilapiines. Rooted phylogenies 
suggest a basal position for species of the genus 
Tilapia s.s. and further support a monophyletic 
origin of the species of the genera Oreochromis and 
Sarotherodon. However, no support was found for 
the validity of both mouth-brooding genera, e.g. 
Sarotherodon and Oreochromis. 

Cyt-b sequence studies may thus reveal interesting      
perspectives concerning the phylogeny of African 
tilapiines and moreover, the systematic status of a 
variety of tilapiine taxa.
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The fi rst paper focused on the genetic architecture 
and the new taxonomic arrangements within the 
black-chinned tilapia complex and its implications 
for the management and conservation of 
aquatic genetic resources. It clearly outlined 
the importance of the identifi cation of priority 
conservation areas (centers of highest genetic 
diversities within S. melanotheron, S. nigripinnis 
and T. guineensis), a model study for biodiversity 
management. At a different evolutionary level, 
similar studies were presented for the Nile tilapia 
of the Volta system.
 
The third paper show-cased the important laws, 
institutional mechanisms and environmental 
changes and their impacts in Egypt as well as 
needs of tilapia aquaculture. 

The paper on South Africa reported on the 
impacts of O. niloticus as well as on the resurgence 
of interest in highly profi table catfi sh culture and 
the lack of effective controls of alien species. 

The paper presented by Mr. Adyakwa compared 
the early life history performance of Ghanaian 

Session II: Summary, General Discussion and Conclusions

S. melanotheron populations. Insignifi cant 
differences were reported but indications of 
different performance in different systems were 
reported. 

The paper presented by Mr. Attipoe compared 
growth performance of different O. niloticus 
populations from Lake Volta. 

The last paper presented in the session reported 
on the performance of S. melanotheron in cage 
culture in Lake Ayeme. Mr. Ouattara observed 
good growth rates for this species in this 
freshwater environment.

Dr. Pullin: Can anybody enlighten us on what exactly 
happened with S. melanotheron culture in Côte de Ivoire 
because that was an indication of the real potential of the 
species in a system where there was extensive feeding 
and where there was also access to lagoon bodies in the 
pens. I understand that this is no longer operational now 
and the fish used are now unavailable.

Dr. Abban: This operation has stopped after Dr. Agnese 
left.
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Prof. Blay: Actually we had some cage culture trials for 
S. melanotheron and got encouraging results; fish attained 
good sizes within 4 months and grew much faster than 
those in the lagoons. However, the trials failed to get the 
final data as it was not only the researchers who were 
monitoring the growth of the fishes. By harvesting time, 
there were no tilapia left in the ponds.

Prof. Obiekezie: There is a need to have studies (and 
information) on the pathology and prevention of 
diseases in the species. Diseases in aquaculture species in 
ponds can wipe out the whole population.

Prof. Ayinla: We should try to have concerted efforts on 
the production of good quality S. melanotheron fish seed, 
and have research efforts on the preparation of feeds for 
the species.

Dr. Pullin: There is a need to know what fishes are good 
for aquaculture in this region, is it fish that grow very 
big or fish that grow fast? More market studies may be 
needed.

Dr. Abban: Maybe fishes which grow fast in order to 
harvest in shorter time is what is needed. The socio-
economic status of the people of the area is one of the  
main determinant of the sizes of fish they can afford. 

Dr. A. Diallo: In Senegal, for example, people in the south 
prefer small fish, while those in the north prefer big fish.

Dr. Pullin: We need to synthesize the various results of 
studies on S. melanotheron in the region and maybe 
check to what extent organizations in the region are 
prioritizing research on S. melanotheron.

Dr. A. Diallo: We should join efforts to develop and 
promote semi-intensive and intensive aquaculture of S. 
melanotheron in brackish and marine waters.

Prof. Ayinla: Efforts should be intensified in genetic 
selection for development of good quality seed. It is 
also important to develop cost-effective feed.  There 
should be a concerted research effort for the culture of 
S. melanotheron in brackish water systems.  And since S. 
melanotheron is suitable for brackish water, no research 
effort should be made in attempting to acclimate it to 
freshwater culture.

Dr. A. Diallo: One way of promoting fish conservation is 
to enact a good fisheries code such as the FAO code.  The 
other way is to promote the sustainable development of 
aquaculture of new species and/or over-exploited species.

Dr. Dugan: It is important to see this workshop as a   
potential platform  for continuing a range of work on 

this issue in the region in the future. However, funding 
for this may come from agencies that are concerned 
about either conservation or use of biodiversity for 
meeting economic needs. It is important that research be 
carried out to contribute to very clear proposals on how 
best to conserve biodiversity and how best to use that 
biodiversity to meet socio-economic needs.

Recommendations and future 
requirements to conserve African 
fish biodiversity and maximize 
potential for future use

• Expand biodiversity and genetic 
characterization studies in West African areas 
on species with potential for fi sheries and 
aquaculture;

  
• Use management approaches based on the 

information of such biodiversity studies; 

• Focus on effi cient in vivo conservation efforts: 
identifi cation of priority conservation areas;

• Culture species in environments that are close 
to their natural environments; and

• Promote sustainable aquaculture.

Problems and opportunities for 
aquaculture of S. melanotheron/
S. nigripinnis

• There are indications of good performance 
in freshwater of S. melanotheron. It is highly 
recommended that aquaculture trials in this 
environment be pursued.

• The high performance Ivoirian strain 
(origin Senegal) is kept at the University of 
Montpellier (France) following closure of the 
Ivoirian farm. This may be used as a source for 
future strain development.

• There is a need to research markets for small 
fi sh and larger fi sh so as to design culture 
systems to supply both types of demand.

• There is also a need to share results of S. 
melanotheron culture trials regionwide.

• There is a need to develop better S. melanotheron 
strains for brackish and freshwater culture, 
subject to ensuring biosafety. 




