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The present day inland fi sh fauna of Africa 
is fairly diverse. This diversity is attributed 
to factors and events including: the tropical 
ecological characteristics of regions, diversity in 
inland fi sh habitats, history of diversifi cation and 
extinctions, historical geographical and climatic 
events, and long term effects of human infl icted 
changes. The composition of African inland 
fi shes broadly consist of two major groups: the 
non-cichlid fi shes (about 3 000 species) and the 
cichlid fi shes (about 870 species which includes 
the tilapias).

West Africa, comprising of about 15 countries, 
includes both coastal and land-locked countries 
which provide diverse inland fi sh environments. 
The major water systems providing fi sh habitats 
include the Niger, Volta, Bandama, Sassandra, 
Comoe, Pra and Gambia rivers. Annual Fish  
production records of West African countries 
provided to FAO annually show that inland fi sh 
production was about 389 319.0 tonnes in 1996. 
In every country, the three to fi ve most 
commercially and thus socio-economically 
important inland fi sh taxa include tilapias. 
Estimates of tilapiine fi sh component of country 
productions can be averaged at 20%. There is also 
evidence that fi sh production records from Africa 
are under estimations (Abban 1999), which 
probably means about 20% of all attributes of 
inland fi sh in West Africa is due to tilapiine fi shes. 
Diversity of tilapias in West Africa consist of 2 
species of Oreochromis, 6 species of Sarotherodon 

and 14 species of Tilapia (Leveque, Paugy and 
Teugels 1992).

Socio-economic analysis of fi sheries emphasizes 
production and availability. This is because fi sh 
provide the most available animal protein for 
many West African communities. It is also the 
commodity around which income generating 
activities of 2-5% of West African country 
populations revolve [e.g. (a) fi shermen, fi sh 

Country
Inland Fisheries
Production
(tonnes) 1996

Tilapia Proportion
(estimated at 20% of
Inland Production)

1.    Benin 35 000.0 7 000

2.    Burkina Faso 7 500.0 1 500

3.    Cote d’Ivoire 11 650.0 2 330

4.    Gambia 2 500.0 500

5.    Ghana 73 580.0 14 716

6.    Guinea 4 000.0 800

7.    G. Bissau 250.0 50

8.    Liberia 4 000.0 800

9.    Mali 111 910.0 22 382

10.  Niger 4 135.0 827

11.  Nigeria 67 794.0 13 558

12.  Senegal 47 500.0 9 500

13.  Sierra Leone 14 500.0 2 900

14.  Togo 5 000.0 1 000

TOTAL 389 319.0 60 578

Table 1.  Estimated Tilapia Production in W. African Countries. 
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processors, fi sh transporters and traders, canoe 
builders, (b) fi sheries inputs traders, e.g. nets, salt, 
outmotor spares etc.].

“Silent” socio-sconomic issues of tilapia require 
scientifi c and socio-economic research as their 
backbone. Demand outstrips capture production, 
therefore, culture and enhancement production 
are expected to play more important roles 
everywhere and tilapias are the fi rst fi sh-culture 
candidates in West Africa.

Economic and social investments are required for 
infrastructure, capital items and human resource 
development to industrialize and increase cultured 
tilapia production which includes the development 
and establishment of hatcheries, feed plants, farms 
and the development of management systems.

Socio-economics of reducing waste from present 
and future production is also another issue. 
Storage and processing research and other 
involvements with consideration for indigenous 
technology also require research attention.

Socio-economics of expanding utilization of 
tilapia produced is another aspect where research 
can focus. Filleting of larger fi sh to allow use of 
by products in fi sh meal production involves 
reducing desire for whole fi sh on table.

An estimated US$40 million per year is spent 
on fi sheries development in the ‘region’ (West 
Africa). Capital aid expenditure exceeding 
technical assistance by 3:1 - especially for 
industrial infrastructure, stocks assessment, 
fi sheries management and artisanal fi sheries 
development and training.

The lessons learnt from the past include: over-
emphasis on government infrastructure, especially 
fi sh stations; the over-emphasis on technical 
issues to the exclusion of social and economic 
considerations; the lack of understanding of the 
fact that there is not one ideal culture system 
for all environments and procedures; the lack 
of recognition that most often poor or low yield 
was a result of poor management and the lack 

Table 2.  Direct aid to artisanal fisheries in West Africa 1977-1980 
(in Millions of US$). 

Direct aid to/at ‘77 ‘78 ‘79 ‘80

artisanal fi sheries 
(as of total)

17 16 12 11

country level 3.73 2.96 4.64 4.96

of appreciation of aquaculture as part of general 
agricultural enterprise.
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Discussion

Dr. Falk: Are there any data on individual tilapia species 
so that we can look into their socio-economic impacts in 
West Africa in more detail? 

Dr. Abban: River systems have diverse ecosystems.  For 
example, O. niloticus is important in inland water whereas 
T. guineensis is the most important species in brackish 
water/lagoon in West Africa. This was further 
corroborated by Prof. Ayinla, who said that the ecosystem 
is an important factor with regard to the economic 
prominence of each species, e.g. ecosystem restricted 
distribution of socio-economic important species.

Dr. Pullin: It would help policymakers to be able to 
estimate the production potential in West African waters.  
This was done on a broad scale by FAO using GIS (Water 
availability, climate, etc.). For agriculture potential, 
however, it would be useful to make ecological models 
of typical West African water bodies (using ECOPATH/ 
ECOSPACE/ECOSIM). These models are, however, only 
based on trophic levels and may lump together several 
species of say tilapia for example. At present these 
ecosystem models do not consider genetic variation 
among species and populations. This could be taken 
forward so as to assess better performing strains in 
aquaculture environments for example. This may be 
considered as a possible future development in 
ecological modelling, especially for aquaculture 
systems.

Dr. A. Diallo: Considering unconfirmed production 
characteristics of S. melanotheron compared to 
O. niloticus, is S. melanotheron  a good culture candidate? 
In connection with the conservation of S. melanotheron 
diversity, what happened to the Genetic Center Project?

Dr. Abban: If someone wished us to breed for salt 
tolerant O. niloticus for culture in brackish waters, I would 
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suggest investigating alternative benefits in improving 
e.g. S. melanotheron for culture in other  environments. 
This also limits the distribution and introduction of 
O. niloticus into environments where O. niloticus does not 
naturally exist. Regarding the Genetic Center Project for 
West Africa, the project currently is on hold but it can be 
revived during this workshop.

Dr. Dugan: I would like to pose a question to the 
representative of the Minister of Fisheries on the future 
demand for cultured fish in Ghana. The proximity of the 
coast of Ghana and the large supply of marine fish has 
probably been a reason why aquaculture has not been 

taken up so rapidly. What are future plans in the light of 
the changing socio- economic status for the possibility 
of utilizing these tilapias for aquaculture?

Hon. Dr. Antwi:  The continued exploitation of our 
marine resources has definitely led to the decline in 
fisheries catch.  In the past, people did not want to eat 
cultured fish, but one cannot tell the difference between 
tilapia which has been cultured from that which comes 
from freshwater lakes or lagoons. So, when the country 
picks up aquaculture properly, this will provide fish 
which we could not get from the sea or the lake and also 
relieve our sea and lake of heavy exploitation.

Genetic Tools for Assessing Fish Biodiversity and Assisting 
Culture Practices: An Overview

Jean-François Agnèse
IRD CNRS Laboratoire Génome Populations Intéractions

UMR5000, CC 63, Univ. Montpellier II
34 000 Montpellier, France

Genetic tools are being used to signifi cantly 
increase production in world aquaculture as well 
as to conserve and protect fi sh biodiversity. Today 
there is a vast range of techniques used to describe 
genetic variation. 

Since the ‘50s, karyotype studies have been used 
to characterize species by their chromosome 
set. It is important to aquaculture to know the 
ploidy levels and in some case to locate sexual 
chromosomes. Allozyme studies based on the 

biochemical properties of enzymes have been for 
long used to establish population structure based 
on allele frequencies, changes in space and time, 
inbreeding, outbreeding and dispersal, paternity 
studies, species boundaries, hybridization, 
etc. The total number of such studies has not 
decreased in recent years. This technique is 
relatively cheap and fast for analyzing single locus 
variation in natural and artifi cial populations of 
any living form. All other more recent molecular 
techniques are based on PCR (Polymerase Chain 

Table 1. Genetic approaches for assessing fish biodiversity.

Application Karyotypes* Allozymes* RFLPs RAPDs Microsatellites AFLPs Sequencing

sexual chrom. + - - - - - -

species bound. m + + + + m +

pop.subdivision - + - m + + €

heterozygosity - + + + + + €

paternity - m m m + + m

relatedness - m m m + + €

hybridization + + - + + + m

gene mapping + - - - m + -

geo. variation - + + m + m €

phylogenies - + + - - - +

• Techniques which use living specimens or fresh (frozen) tissues, all the others can use alcohol preserved material.
• + appropriate technique, - inappropriate technique, m moderately appropriate technique, € expensive technique.
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Reaction). PCR is used to specifi cally amplify a 
part of the DNA, generally one gene or a part of 
it, in order to enable its analysis. 

The RFLP (Restriction Fragment Length 
Polymorphisms), for example, is applying 
restriction enzymes (enzymes that cut DNA 
when they recognize specifi c short sequences) on 
PCR amplifi ed fragments. Any mutation at the 
restriction sites would not allow the enzyme to 
cut the DNA or would create new  restriction  sites.    
RFLP  is  mainly used  on mitochondrial DNA 
to characterize populations or to differentiate 
among species. 

RAPD (Randomly Amplifi ed Polymorphic DNA) 
consists of amplifying unknown DNA strands from 
crude DNA samples using short primer sequences 
that randomly adhere to different regions of the 
DNA. RAPD is used to characterize the level of 
genetic diversity or to recognize populations 
or species and does not need any previous 
knowledge concerning the species genome. This 
technique can thus easily be used on new species 
or populations. Nevertheless, this technique is 
sensitive with regard to the quality of DNA and 
results are not always easily reproducible. 

A related method is AFLP (Amplifi ed Fragment 
Length Polymorphism), where different strands 
of a DNA sample are cut with restriction 
enzymes before amplifi cation. Applying this 
technique, the information is also provided in 
terms of banding patterns. This technique is very 
useful in gene mapping as well as population 
characterization. 

Also used in gene mapping and population 
characterization is the study of microsatellites 
that are repeated short sequences with a very high 
mutational rate. Microsatellites are found in every 
part of the genome. They are also largely used  for 
paternity analyses.

Sequencing is the ultimate technique and its 
technology has developed rapidly over the past 
two decades. The power of the technique has 
ensured that DNA sequencing is one of the 

most utilized molecular approaches for inferring 
phylogenies. Nonetheless, sequencing is labour 
intensive per individual and per locus examined, 
and other approaches are often more appropriate 
when many loci or individuals are required.

All these techniques are not equivalent and 
their application depends on the questions to 
be answered. One or more techniques are often 
suitable. Table 1 summarizes the value of the 
different techniques for different questions 
and problems to be addressed. All approaches 
provide interesting and important insights 
into biodiversity, conservation biology and 
aquaculture. It makes little sense to think of one 
technique as being inherently superior to another. 
Rather than promoting the latest technique as 
a panacea, it is worthwhile to consider which 
techniques are best suited for particular questions 
and problems.

Discussion

Mr. Kwarfo-Apegyah: You hinted that it seems to be 
difficult to apply the genetic tools to tropical fish species, 
could you explain why?

Dr. Agnese: All genetic tools can be successfully applied 
to tropical fish except perhaps cell culture for the 
establishment of karyotypes. The reason is not well known 
but it probably has something to do with the fact that less 
research has been done on tropical fish species than cold 
water fishes. 

Prof. Ayinla: The presentation on the tools were quite 
clear and well presented.  The application of these tools 
to the West African fish species is important for a better 
understanding of fish genetic resources with particular 
reference to tilapias.  Human resource development for a 
better understanding and application of these tools are 
thus very important and urgent.

Dr. Pullin: FAO is currently building fish genetics 
component for its Fisheries Information Systems.  The 
Standard Genetics terminology and query structures will 
have to be available in French as well as English and other 
major UN languages.
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Dr. Abban’s paper talked about the diversity of 
river systems and the importance of tilapia in 
the presence of this diversity. He stressed that 
O. niloticus is the most important species in the 
region. The overview of the importance of tilapias 
in West Africa shows the need for more detailed 
analysis on various issues/questions such as: 

• To what extent is the picture of socio-
economic importance that is presented true of 
all countries or systems in West Africa?

• What is the extent of variation in socio-
economic importance among/within species 
in West Africa?

• What is the impact on species of changing 
environmental factors; are we able to think 
forward, say 5 – 10 years from now, to see 
the demand, threats etc. to fi sh biodiversity, 
especially tilapias, and then do research based 

Session I: Summary and Conclusions

on these in order to give better information to 
enhance sustainable management, utilization 
and conservation of tilapias (fi sh biodiversity)?

Dr. Agnese’s paper elucidated various genetic tools 
for assessing fi sh biodiversity and assisting culture 
practices. The tools include those applicable to 
living specimens (karyotypes and allozymes) as 
well as  those  which  can  be  applied  to preserved 
specimens (RFLP, RAPD, AFLP, microsatellites). 
Both advantages and disadvantages of the 
different tools were discussed. It is, however, clear 
that not much work has been done on tropical 
fi sh species. This, therefore, calls for collaboration 
and meaningful partnerships between countries 
in the region on one hand and advanced research 
institutes in Europe and elsewhere on the other. 
The emphasis of partnerships and collaboration 
should emphasize human resource capacity 
building and strengthening of established 
laboratories in the region.
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