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Preface 

The International Center for LIving Aquatic Resources Management (ICLARM) 
ManIla PhilIppines the Institute of Aquatic Biology (lAB) Accra Ghana and the 
Zoologlsches lnstltut und Zoologlsches Museum UnIversltat Hamburg (Z1M) Hamburg 
Federal RepublIC of Germany have been Since 1991 partners In a project supported 
by the BundesmInlsterIum fur Wlrtschafthche Zusammenarbelt und EntwICklung (BMl)/ 
Deutsche Gesellschaft fur TechnIsche Zusammenarbelt (GTZ) to develop technIques 
for charactenzIng tIlapla genetic resources 

This workshop was convened at the conclusion of the project In June 1996 Its 
purpose was to give the project team invited experts and participants from Ghana 
and other sub-Saharan Afnca countnes an opportunIty to evaluate the project s 
major outputs to discuss common Interests In tllapla biodiversity and genetic resources 
conservation and sustaInabJe use and to consider further research and training needs 

At the workshop methods were presented for the characterizatIOn of tiiapia genetIC 
resources With emphaSIS on biochemical and Immunological techniques TechnIques 
appropnate for laboratory and field use In tropical developing countrIes were discussed 
and inVited experts shared their experiences A draft manual on these technIques 
was presented for suggestions and modifications The utilIzatIOn of genetic data by 
pol!cymakers SCientists and extension organIzations was also discussed These summary 
proceedings compnse extended abstracts of presentations transcnpts of diSCUSSions 
and supplementary materIals 

We hope the meeting and this publication help In boosting institutional partnerships 
In fish genetIC resources research faCIlItating training and Inforrration activities 
and developing proposals for funding these to strengthen national programs 

We thank lAB Acting Director Dr Charles A BIney and the lAB staft for their hard 
work and support prIor to and during the workshop 

The E.dItors 
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Opening Addresses 

DR CHARLES A BINEY 
Actmg DIrector 

InstItute of AquatIc BIology 
PO Box 38 Achlmota Accra 

Ghana 

Mr Chairman distinguished guests colleague sCientists ladles and gentlemen I 
deem It a great honor to welcome you all to the opening ceremony of the Workshop 
of the Characterization of Ghanaian Tiiapia GenetIC Resources for Use In Fisheries 
and Aquaculture This workshop IS convened by the International Center for LIving 
Aquatic Resources Management (ICLARM) the University of Hamburg In Germany 
and the Institute of Aquatic Biology (lAB) supported by GTZ 

lAB IS one of the 18 institutes of the CouncIl for SCientific and Industrial Research 
(CSIR) of Ghana From the institute s humble beginnings In 1965 when most of the 
activities were confined to the Volta Lake the Institute now has the mandate to 
conduct research Into the resources of Inland estuarine and coastal waters of Ghana 
towards their sustainable utilIzation In addition to ItS headquarters In Accra lAB 
has a field station In northern Ghana In Tamale and an Aquaculture Research and 
Development Center In Akosombo Current research thrusts of the institute Include 
hmnochemlstry and pollution mOnitoring of indicators of global warming and mOnItonng 
of productiVity of major rivers In Ghana hydrobotany and river basin management 
production and fIeJd applICation trials of biologICal agents for the control of vectors 
of water associated diseases and ecological studies on the vectors Finally lAB IS 
greatly Involved In fishery and aquaculture-centered research actiVities aimed at 
enhanCing local fIsh production with conservation sustaInable use and develop­
ment of aquatic resources including fish as a constant objective 

lAB collaborates with national and international institutIOns In ItS research actiVities 
Currently International institutions In collaboration with lAB Include the World Health 
Organization (WHO) the Food and Agriculture Organization (FAO) the International 
Development and Research Agency (IORC) and the German Technical Cooperatlon/ 
Deutsche Gesellschaft fur TechnIsche Zusammenarbelt (GTZ) the University of Bergen 
In Norway the University of Hamburg In Germany and the International Center for 
LIVIng Aquatic Resources Management (ICLARM) In the PhIlippines 

Through collaboration with the University of Hamburg thiS project was initiated 
In 1991 In conjunction with ICLARM and supported by GTZ I need not elaborate 
SInce details Will be presented to you dUring thiS openIng ceremony The results and 
achievements of thiS collaboration for the last SIX years Will be presented and discussed 
dUrIng the next three days It IS with great pleasure that I welcome you distingUished 
SCientists to Ghana and particularly to the lAB of the CSIR to partiCipate In thiS 
worl{shop 

As Ghanaians we prIde ourselves on our hospitality I therefore hope that you Will 
not only confine yourselves to the workshop but also find time to VISit other places 
of Interest while enJoYIng our presently cool weather Welcome and thank you 
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DR ROGER S V PULLIN 
PrinCIpal SCIentIst and Program Leader 

BIOdIVerSIty and GenetIc Resources Program 
InternatIOnal Center for LIVIng AquatIc 

Resources Management 
MCPO Box 2631 0718 Makatl CIty 

PhIlIppInes 

Mr Chairman distingUIshed representatives from participating national regional 
and international agencies and institutions colleagues and friends on behalf of ICLARM 
and Its Director General Dr Meryl J Williams It IS my great pleasure to welcome 
you all to thiS workshop The ICLARM party IS also most fortunate to Include among 
ItS members one of ICLARM s Board of Trustees and the current Chairperson of ItS 
Program Committee Dr Benedict Satla 

ICLARM IS a small strategic research center It works almost exclUSively through 
partnerships With institutions In developing and developed countnes These partnerships 
are we feel a cost-effective and mutually benefiCial means to undertake research 
training and information activities for aquaculture and fisheries development As Dr 
Martin Odel has mentioned the IAB-Z1M-ICLARM partnership has been one of the 
most endUring and productive examples In common With over 90% of ICLARM s 
collaborative work In sub-Saharan Africa all projects undertaken so far through thiS 
partnership have been funded by the Deutsche Gesellschaft fur Techmsche Zusammenarbelt 
(GTZ) Germany ThiS support IS gratefully acknowledged 

The world Itself IS very small conSidering ItS growing population s demands on 
natural resources LIving aquatic resources are Widely abused rather than assessed 
and used sustalnably for the benefit of the present and future generations Freshwater 
fishes are the most threatened of all Widely explOIted vertebrates 

ICLARM and ItS partners hope to contnbute to the future conservation and sustainable 
use of fish genetic resources through projects like the one through which thiS workshop 
I~ bemg held We hope that the research results and methods to be discussed here 
will help those who seek to characterize and evaluate tllapla genetic resources We 
hope these will mdlcate Similar approaches that could be taken for other fishes 
Thank you all for commg to partIcIpate m thIS task 
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DR CHRISTINA AMOAKO-NUAMA 
Minister for EnVironment SCIence and Technology 

Chana 

Mr Chairman honorable representatives of international and local research and 
development agencies distingUished sCientists ladles and gentlemen It IS my 
pleasure today as always to be among people like you I am pleased especially 
because your activities In additIOn to advancing knowledge on our resources and 
capaCities aim to reduce food insecurity In developing countries 

It IS well known that a basIc and common problem of developmg-country governments 
especially In Africa IS how to attain food security This even though the world 
around us contains tremendous wealth of plant and animal resources which have 
continued to provide materials for food agriculture (including fish culture) forestry 
and fisheries In addition groups of these organisms constitute untapped resources 
for humans to develop and use In various ways 

In almost all cases the search for causes of msufflclent or reduced food production 
In developing countries has Identified as a factor the lack of critical/scientific 
knowledge on available resources to serve as a baSIS for their management development 
and sustainable explOItatIOn 

Among food resources fish mainly from capture fisheries are an Important and 
cosmopolitan source of animal protein In the diets of humans fAO estimates indicate 
that In 1990 world fish production from capture fisheries (marine bracklsh- and 
freshwater) was approximately 85 million metric tons whIle production from culture 
was almost 12 million ThiS was not suffiCient for the world to talk of global food 
security With reference to fish 

Since 1990 however various estimates show that over 60% of the world s capture 
fisheries resources are overexploited At the same time there IS a growing demand 
from an ever-expanding human populatIOn for Increased fish production 

The need to Increase fish production IS even more crucial In the developing 
world where over 40 countries including Ghana depend on fish for over 50% of 
animal proteins In diets Coupled With thiS our high rates of population growth 
make It obligatory on us to Identify fishes With high production potential 

Mr Chairman ladles and gentlemen among fishes that have prOVided food and 
a baSIS for economic engagements of several families and communities In tropical 
Africa the fresh- and bracklshwater group of fishes commonly called tllaplas IS 
well recognized The socioeconomic Significance of tllaplas In Africa where they 
are Widely distributed IS stili largely based on their capture fisheries Although the 
culture potential of tllaplas has been envisaged since the 1960s eVidence of thiS 
IS being demonstrated more In countries outSide the range of tllaplas' natural 
distribution such as ASia (e g China the Philippines and Thailand) 

Many reasons may be given for our apparent lack of tllapla culture development 
to industrial status as demonstrated In ASia Of all pOSSible reasons a principal 
one IS that Africa has not taken advantage of or recognized the potential genetic 
resources In tllaplas To Improve thiS situation requires long-term research 
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In the 1980s UNESCO estImated that about 88% of the world s sCIentIsts were 
concentrated In technologICally developed countrIes It IS therefore not SUrpriSIng 
that 90% of developmental research products have orIgInated from the advanced 
countrIes and theIr research assocIates 

WIth respect to tllaplas thIs IS now very eVIdent In ASIa whICh has Invested In 
long-term research partnershIps WIth advanced country InstItutIons and nongovernmental 
InternatIonal InstItutIons such as the UnIversIty of Wales Swansea and StIrlIng 
UnIversIty In Scotland and ICLARM respectIvely A product of such assocIatIons IS 
the super tiiapla presented to the world In 1993 by ICLARM and ItS research 
partners 

Mr ChaIrman ladles and gentlemen as I have saId AfrIcan developIng countrIes 
have greater urgency to Increase local fIsh productIon WIth capture fIsherIes resources 
declInIng optIons for the reqUIred Increase can only be expected through stock 
enhancement and culture programs From the experIences of advanced countrIes 
that have already taken the optIons It has become IncreasIngly clear that for maxImum 
and long-term benefIts genetIc knowledge of fIshes to be Involved In eIther program 
IS a baSIC reqUIsIte ThIS IS also In lIne WIth varIOUS recent InternatIonal conventIons 
and actIon plans espeCIally the ConventIon on BIologIcal DIverSIty and Agenda 21 
from the UNCED 

The term bIologIcal dIverSIty has come to encompass organIc varIabIlIty at all 
levels of organIzatIon at the base of whIch IS genetIc dIverSIty Thus to ensure 
approprIate conservatIon strategIes and sustaInable utIlIzatIon of our fIsh genetIc 
resources knowledge of genetIc characterIstIcs IncludIng labelIng and documentatIon 
are Important requIsItes DelIberatIons durIng the next three days WIll center on 
approaches for dOIng thIS for tllaplas In partIcular and for fIshes In general WIth 
speCIal reference to low-technology laboratOrIes as found In most developIng countrIes 

Mr ChaIrman InVIted guests sCIentIsts ladles and gentlemen my MInIstry whIch 
among other thIngs manages bIodIverSIty Issues In thIS country WIll look forward to 
the outcome of your delIberatIons and assIst wherever pOSSIble My copy of the 
program IndIcates there IS a lot to be accomplIshed In these few days Therefore I 
deem It fIt to end now and declare the workshop open 
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Abstract 

The ICLARM project Research on TJlapla GenetIc Resources of Ghana for TheIr 
Future ConservatIon and Management In FIsheries and Aquaculture was Implemented 
from January 1991 to June 1996 In partnershIp wIth the InstItute of AquatIC BIOlogy 
(lAB) Accra and the Zoologlsches lnstltut und Zoologlsches Museum (ZIM) Unlversltat 
Hamburg funded by BMZ/GTZ Its maIn output was the BIochemIcal Laboratory 
Manual for SpeCIes CharactenzatIOn of Some TIlapllne Fishes copubllshed In 1996 
by ICLARM and GTZ ThIS manual was presented In draft form for critical revIew 
and Improvement at the four-day InternatIonal workshop on the CharacterizatIon 
of GhanaIan Tilapla GenetIc Resources for Use In FIsheries and Aquaculture held 4-
7 June 1996 at lAB Accra under the auspIces of the project The workshop was 
attended by 51 partIcIpants from 17 countnes BelgIum Benin Cote d Ivolre Egypt 
Ghana France Germany RepublIc of GUlnee Kenya MalaWI MalI the PhIlippines 
Senegal South Africa Uganda the United Krngdom and the USA In addItIon to 
evaluatrng the ICLARM-GTZ manual the workshop prOVIded the project team inVIted 
experts and partICIpants an opportunity to dISCUSS common Interests In tllapla bIodIverSIty 
and genetIc resources conservatIon and sustarnable use and to conSIder further 
research and traInrng needs The partIcIpants presented papers on rnternatlonal 
concerns WIth respect to fIsh bIodIverSIty and genetIC resources management techniques 
to dlscnmInate tllapllne specIes and populations and the results of the ICLARM­
IAB-Z1M and other projects Three workrng groups gave recommendatIons for the 
conservatIon of aquatIc genetIc resources for Improvement of the ICLARM-GTZ 
manual and for aquaculture and bIodIverSIty conservatIon The workshop proceedrngs 
are copublIshed by ICLARM and GTZ 
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SESSION 1 - INTRODUCTORY PAPERS 
Chairman Prof J C Norman 

International Concerns on fish Biodiversity 
and Genetic Resources Managementa 

R S V PULLIN 
InternatlOnal Center for LIVIng AquatIc Resources Management 

MCPO Box 2631 0718 Makatl CIty 
PhIlIppInes 

PULLIN R 5 V 1997 International concerns on fish biodiversity and genetic resources management 
p 1 2 In R 5 V Pullin C M V Casal E K Abban and T M Falk (eds ) Characterization of Ghanaian 
tllapla genetic resources for use In flshenes and aquaculture ICLARM Conf Proc 52 58 P 

Aquatic bIodIversIty at the gene speCIes 
and ecosystem levels provides the genetIc 
resources that are the basIs of aquaculture 
and fIsheries The dIversIty of exploIted 
aquatIc organIsms IS very hIgh over 
5 000 of the known 24 600 specIes of 
finfIsh are used by humans However 
thIs dIversIty IS poorly documented 
especIally below the species level 
CharacterizatIon evaluation and use of 
aquatIc genetIc resources In breeding 
programs have not progressed very far 
for most farmed aquatIc orgamsms 
Moreover the genetIc Impacts of most 
capture fisheries have scarcely been 
studied at all It IS however becoming 
more widely recognized that the 
conservatIon and sustainable use of 
aquatic genetic resources are 
Interdependent and that aquatic genetic 
resources are being lost through human 
interventIons For example freshwater 
fishes are the most threatened of all 
vertebrate groups exploited by humans 
About 160 species are endangered and 
about one species per year becomes 
extinct The threats Include water 

ICLARM Contnb No 1273 

abstractIOn pollutIon overflshIng and 
the Impacts of exotIc specIes Such threats 
to the conservation and sustainable use 
of aquatIc organisms reqUire analysIs 
not Just at the species level but also at 
the intraspecific and local populatIon 
levels DIfferent populatIOns may be 
recognized as evolutlOnanly SignifIcant 
Units and as management Units 

The most Important and essential 
resource for effective conservation and 
sustainable use of aquatic genetic 
resources IS accurate up-to-date and 
readIly accessible informatIOn ThIs IS 
often lacking because It IS unstructured 
scattered and held In a multIplIcIty of 
formats Modern information technology 
(e g relational databases CD-ROMs 
and the Internet) can help to remedy 
thIs for sCientists and pollcymakers 
General mformatlon must also be 
accessIble to the public not Just to 
SCientists and those In authonty because 
public awareness support and 
particIpatIOn are VItal for the effectIve 
conservatIOn and sustamable use of 
natural resources 



ConservatIOn of aquatic genetic 
resources will be largely In SItu In open 

waters though ex sItu collections of 
brood stocks are possible for some species 
and collections of cryopreserved 
spermatozoa are expected to be used 
for some conservation and breeding 
programs of fmflsh species In all of these 
areas there IS a need to develop accurate 

2 

and cost-effective field and laboratory 
methods for the genetic characterization 
of aquatic organisms The traditIOnal 
taxonomic methods are not adequate 
to Identify aquatic genetic resources 
especially below the species level 
Biochemical methods are emerging to 
fill this need 



RevIew of Tec.hniques Applied to the Charac.terization 
of Ttlapllne Species and PopulatIons 

K-A NAISH AND D 0 F SKIBINSKI 
School of BIOlogIcal SCIences 
UniversIty of Wales Swansea 

Singleton Park Swansea SA2 8PP 
United Kingdom 

NAISH K A and D 0 F SKIBINSKI 1997 Review of techmques applied to the characterization of tllapllne 
species and population p 3 5 In R S V Pullin eM V Casal E K Abban and T M Falk (eds ) Characterization 
of Ghanaian tllapla genetic resources for use In fisheries and aquaculture ICLARM Conf Proc 52 

58 P 

Research Into the genetIc variatIon of 
tIlapllne specIes and populatIons has 
tended to follow trends m the development 
of molecular methods PrIor to t 980 most 
work Involved the study of varIatIon In 
protems mamly allozyme electrophoresIs 
The methods employed were sImple and 
were used to characterIze specIes but 
also proved useful In certain populatIon 
studIes 

In the early t 980s many populatIon 
genetIcIsts exammed variatIon m the DNA 
Itself uSing methods such as sequencmg 
hybridIzatIon and the study of restrIC­
tIon fragment length polymorphlsms usmg 
restrIctIon enzymes Two classes of DNA 
have been used for studYing tJlapllne 
specIes and populatIons mItochondrIal 
DNA and repeat regIons MItochondrial 
DNA IS inherited maternally The higher 
mutation rate and absence of any 
recombination allows the study of recent 
evolutionary events VarIation m the 
mitochondrIal genome of tIlapnne species 
has been used to support classification 
of Oreochromls subspecies and to Identify 
the origins of cultured strains Repeat 
regIons are found throughout the nuclear 
genome These are hIghly variable and 
of partIcular Interest to those Interested 
In recently dIverged populations or m 
kinshIp studIes Repeat regions comprise 

3 

a core sequence whIch may be sImple 
In ItS structure (mlcrosateilltes) or more 
complex (mlnlsateilltes) The regions 
are hIghly susceptIble to length 
mutatIons whIch result In a number of 
length alleles at a Single locus InItial 
attempts to characterize repeat variation 
mvolved hybridIzatIon and resulted m 
a complex multlband pattern known 
as a multllocus DNA fmgerprInt DNA 
fmgerprlnt studIes In tIlapla have been 
concerned primarIly WIth kinshIp studies 
but have also been used to characterIze 
stram varIatIon However these fIngerprInts 
have been superseded by further mno­
vatlons In molecular methods 

In the mld- t 980s a technIque used 
to amplIfy regIons of the genome the 
polymerase cham reactIOn (PCR) 
enhanced genetIc studies conSiderably 
The abilIty to target any region of the 
genome allowed the use of simple 
methods to characterize genetic varIation 
PCR studIes m tiiapla have to date 
mvolved two such techmques the random 
amplIfIcation of polymorphic DNA (RAP D) 
and mlcrosatelhtes RAPD Involves 
amplifIcatIon of anonymous regIons of 
the genome usmg short prImers 
Polymorph Isms In the patterns produced 
are dependent on the prImers binding 
to a gIven site RAPDs have been used 



to study genetic vanatlon within farmed 
strains of tllapla but are limited In that 
the markers are dominant and 

heterozygotes cannot be dlscrrmlnated 
from homozygotes Microsateilltes are 
repeat regions single locI are simple to 
charactenze and are amplified In a PCR 
reaction Their highly vanable nature 
makes them Ideal for population and 
kinship studies Over 150 tllapla 
mlcrosatelhtes have been Isolated to date 
and have been used to study populations 
varratlon within strains and for genome 
mapping A certain class of mlcrosatelhte 
tetranucleotldes IS of partICular Interest 

to laboratones seeking a Simple means 
to study genetic varratlon Several 
tetranucleotldes have been Isolated In 

trlaplas 
Allozyme electrophoresIs remains the 

method of choice In characterrzIng tllapla 
species the method IS informative and 
technically Simple However the use of 
PCR allows regions of mltochondrral DNA 
to be amplified and the method may 
prove more sensitive Genetic varratlon 
within populations IS probably best 
characterrzed uSing microsatellites 
Slmphfled DNA methods may prove useful 
In many laboratOries In the future 

Methods for characterizing variation In tllaplIne species and populations this table summarizes findings 
from methods used In the tllaplas and may not be applicable to other species 

--~- - -~ ~ ~-

Type of study Allozyme Mitochondrial Multllocus RAPD Microsateliites 
electrophoresIs DNA repeats 

------
Phylogenetlcs Good Good' Not SUitable Not SUitable Not SUitable 

HybridizatIOn Good Good' Not SUitable Good F11r4 
between species 

Population Good Good FairS FairS Excellent 
genetics 

Pedigree Not SUitable Not SUitable Excellent Not SUitable Excellent 
1nalyses 

--- - -----
Notes 

, Some caution should be exerCised mitochondrial phylogenetic relationships between ~ome species 
of Oreochromls differ from allozyme phylogenies This phenomenon may be due to the persistence of an 
ancient shared genotype (J F Agnese pers comm) 

Z Useful for obtaining species speCifiC markers 
, Useful when combined With information from nuclear DNA 
4 Inform,tlon from mlcrosatelhtes IS very useful prOVided that the locus speCifiC primers 1mpllfy microsateliite 

lOCI across species 
5 Heterozygotes cannot be diSCriminated from homozygotes the markers are do min ,nt 
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DIscussIon 

Dr Ode I Have you applIed your 
techniques for field use anywhere 
yet-for example In your work In the 
Philippines-and found them 
successfuP 

Dr Naish Yes We are Interested In 

methods for use In less developed 
nations The methods have worked 
In the Philippines and India 

Mr Padl Have you produced any 
transgenic tllapla and have you 
evaluated them? 
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Dr Naish Yes We have their F 1 and F2 
generations and we are now checkmg 
their growth rates 

Dr Saba Of the three techmques DNA 
methodology seems to have Wide 
application and would be the best 
to promote 

Dr Naish Yes It s better not to use 
complicated techmques A lot of the 
techniques are Simple and can be 
used In developed countnes peR 
may be used However you need 
to choose a technique appropnate 
to what you are looking for 
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RENWRANTZ L T M FAU( 0 HALLAS and W VILLWOCK 1997 On the specIes specIfIc composItIon 
of molecules from muscle and blood of specImens of the tIlapla group p 6 I I In R S V PullIn 
C M V Casal E K Abban and T M Falk (eds ) CharacterIzatIon of GhanaIan tIlapla genetIc resources 
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In addition to classical morphometric 
and meristic investigatIOns enzyme 
analyses are used to differentiate between 
specIes of the Tllapla group (Abban '988 
Teugels and Thys van den Audenaerde 
f 992 Pouyaud and Agnese f 995) 
EVidence IS presented that genetic 
vanatlons between species are also 
expressed In the composition of blood 
and muscle proteins 

Erythrocyte Membrane 
Molecules 

Comparable to the human blood 
grouping technique erythrocytes from 
different species were probed with lectlns 
(carbohydrate binding molecules that 
cause agglutinatIOn reactions when 
speCific sugars occur on the cells surface) 
Out of seven TJlapla species only 
Sarotherodon melanotheron erythrocytes 
were clumped by both Llmulus and RICinUS 
f 20 lectin In addition a positive reaction 
of serum bOVine albumin to erythrocytes 
of Til apIa zlJJlIls speCifIC to thiS species 
among the tJlaplas investigated After 
neuraminidase treatment of erythrocytes 
two additIOnal lectlns Identified 
Oreochromls aureus 0 m/otlcus and 5 
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ga!JJaeus (Oberst et al '988 Oberst et 
al 1996) 

These indications of species speCIfic 
variations In erythrocyte antigens were 
supported by cross-ImmunizatIOn 
experiments 5 galIlaeus-speclflc 
antibodies (lgM-c1ass) were obtained by 
injecting erythrocytes of thiS species Into 
o m/otlcus (Oberst et al f 989) However 
It was found that repeated freeZing of 
the tetramenc IgM caused denaturation 
of the macromolecules For thiS reason 
a Simple procedure for IgM Isolation was 
developed to split the tetramers Into more 
stable monomers Their apparent 
molecular weight was determined to be 
216 kDa their H chain of 80 kDa and 
their L chain of 26 kDa 

In addition monoclonal antibodies were 
raised against erythrocyte antigens for 
testing against speCifiC erythrocyte 
membrane proteins Membrane Isolation 
and electrophoretlcal analyses have been 
accomplished 

Hemoglobms 

Vertebrate hemoglobins are usually 
tetramerlc molecules the monomers each 



composed of a heme group and a globm 
cham These polypeptIdes may vary m 
theIr molecular weIght and/or ammo aCId 
composItIon Thus hemolysates of eleven 
tllapla specIes were electrophoretlcally 
tested and up to SIX dIfferent malor globm 
chams were IdentifIed often varymg 
between specIes Dlffermg combmatlons 
of these globm chams m the composItIOn 
of tetramers would result m a relatively 
high number of hemoglobin types occurnng 
m one species ThIS hypothesIs was 
supported by Isoelectnc focusmg of the 
hemoglobm from different species Up 
to 20 major hemoglobin bands were 
obtained per speCIes and species-specifIC 
band patte I ns were shown to occur When 
singular tetramenc hemoglobms from 5 
melanotheron were Isolated for 
investigatIOn by dIsc electrophoresIs 
variations were detected m theIr globin 
chain composItIon reveahng for example 
1 at 1 az 1 b

l 
and 1 bz cham or 2a

l 
and 2b t 

chainS or 2a
l 

1 b
l 
and 1 bz cham (Falk 1994) 

Parvalbumms 

ACIdIc molecules from muscle extracts 
possessmg relatively low molecular weight 
and heat stabIlIty comprIse the group 
of parvalbumms (Lehky et al 1974 and 
Blum et al 1977) When muscle extracts 
obtained from mdlvlduals of dIfferent 
species were heated (70°C) and analyzed 
by disc electrophoresIs and IsoelectrIc 
focusing speCIes speCIfIC dIfferences were 
obtained 
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DIscussion 

Dr Eighobashy How can we detect the 
pUrtty of the fish specIes from 
agglutination methods USing lectms) 
Can you test for all specIes or lust 
the ones you are Interested m) 

Prof Renwrantz Yes you can use lectms 
There are SIX lecttns WIth whIch you 
can IdentIfy all the specIes conSIdered 
In thIS investigatIon 

Dr Pulhn Most of the techniques for 
deSCribing differences between species 
and populations use neutral markers 
and tell us nothing about their 
phYSIOlogIcal functions or their 
Importance fo" aquaculture 
performance Perhaps the multIple 



hemoglobms offer the best chance 
of fmdmlS markers that actually relate 

to performance 

Prof Norman The National AgrIculture 
Research Prolect of Ghana IS 
supporting research on freshwater 
fishes mcludmg tIlapla Three hundred 
thousand US dollars has been voted 
for this research 

Prof Alhassan I wonder why the project 
concentrates on Ghanaian t1lapla 
genetic resources Are the resources 
m neighbOrIng countries lIke Cote 
d IVOlre completely different from 
those of Ghana) Shouldn t we 
encourage regional cooperation m 
<;uch characterIzation studies) 

Dr Abban The word Ghanaian m the 
prolect title IS not exclusive We used 
Ghanaian tIlaplas to do the work but 
we have been collaboratmg with Cote 
d IVOIre For all the tIlapla species 
we have worked on we have samples 
also from Cote d IVOIre The 
collaboration has been on the personal 
level with Dr Agnese What IS needed 
IS more collaboration on the national 
level 

Dr Pullin Every country has ItS own 
activities and plans But countrIes and 
groups also come together and do 
thmgs An example IS the SpeCies 2000 
ProJect which IS a global project The 
obJective IS to set up a checklIst of 
all IIvmg things on thiS planet coverIng 
about 1 75 millIon species ThiS IS 
the first step towards a global 
Inventory Through modern information 
technology thiS IS very likely to be 
pOSSible m the next generation We 
are also proposmg a regional study 
on 5 melanotheron In ItS natural 
habitats as a case study In 

conservation and use of tIlapla 
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Mr Bmey The project IS commg to an 
end soon What effect has It had on 

tJlapla productIon) What information 

dId you pass on to the farmer and 
has thiS mformatlon helped In t1lapla 
production) What fora did you use 
to dlssemmate mformatlon) 

Dr Abban In the process of domg thiS 
work With reference to the farmer 
at least we know where what species 
or stram IS Most farmers have come 
to know that the NIle tIlapla IS the 
best species to cultivate But among 
ItS populations In Ghana there IS a 
population around Kp'l.ndu whose 
growth rate IS higher than the others 
so we adVise that farmers take their 
brood stock from there Even though 
the obJective of thiS project does not 
Immediately deal With the farmf'r such 
as crop research which develops seed 
[like maize] for farmers we wIll 
ultimately from thiS research develop 
fish seed for the farmers We are now 
supplYing some tIl apia seed to farmers 
But the farmers and the public wIll 
have to walt for some time for us to 
develop better seed 

Dr Pullm ThiS present project has been 
aimed at methods to characterIze 
better the fish resources m Ghana 
for use now and the future Unless 
there are good methods the polICies 
for mcreasIng fish production cannot 
be well framed 

Dr Abban We have organized semmars 
for fish farmers who normally collect 
fish from anywhere to stock their 
ponds We have also sensitized people 
on germplasm movement We know 
what germplasm there IS and how It 
IS movmg The Institute of AquatiC 
Biology (lAB) has also been lookmg 
Into conservation so that development 



plans do not Interfere with valuable 
germ plasm which could be lost In the 
process lAB IS dOing this with the 
Departmt nt of Game and Wildlife 
In Ghana fish have never been 
considered as wildlife But through 
seminars we have told people that 
because fish live In the natural 
environment they are wildlife We are 
also educating people that as we move 
towards a policy on conservation we 
should not move species Into river 
basins where they were originally not 
there For Instance we have tllapla 
now In the Densu where It was not 
originally found The effects of thiS 
we do not know With respect to 
management and conservation we 
are proViding the information on what 
to conserve 

Mr Bmey The Institute of Aquatic Biology 
cooperates with the Depaltment of 
Game and Wildlife towards the 
conservation of the manatee We have 
researched and found out that the 
manatee which was thought to have 
been extinct lives In certain parts 
of Ghana In thiS same vein we hope 
future cooperatIOn work will be 
towards conservation of fish 

Dr Brummett If practical applicatIOns 
for genetic characterization depend 
on National Action Plans what 
concrete steps might a country take 
to move from the mformatlon we now 
have to the formulation of Action 
Plans? 

Dr PullIn Wherever fish are bred breeders 
need good sCientifiC information As 
far as thiS relates to farmers the latter 
are not Interested In Latin names 
The kind of results that are gOing to 
Impact on farmers are different from 
those needed by future breeders For 
Instance In the Philippines better 
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fish have been bred from a research 
project The Government wants to 
take thiS further With fish farmers 

Mr de Graft-Johnson What IS the project 
dOing In the area of international 
collaboratIOn to ensure that the 
genetic pUrity of our species IS not 
contaminated by tllaplas from our 
[upstream] boundanes-e g from 
Burkina Faso Togo and Benin) 

Dr Abban The present project does not 
Include managing resources 
upstream We are however aware 
that countries upstream are also 
Interested In conserving the pUrity 
of their stocks 

Dr Pullin A major reason why freshwater 
species are threatened IS that the 
water they live In IS used for other 
things Forty percent (40%) of the 
world s population IS faced With water 
shortage and money voted for water 
supply Improvement does not really 
Include proVIsions for the hVlng things 
In the water From thiS project the 
various countnes that share water 
With Ghana could also take methods 
for the documentation of their tllapla 
genetic resources that IS why we 
have produced a manual 

Dr Ode. With respect to Action Plans 
I take the stance that the Convention 
on Biological DiverSity opens the 
doors for biologists to be Involved 
In matters related to bIOdiverSity 
conservation and management They 
must therefore be Involved With the 
policy aspects of biodiverSity Issues 
It IS not enough for them to throw 
their hands up In despair They must 
be Involved If they have plans for 
conservation of fish they must put 
them forward to Government They 
should submit Action Plan proposals 



What about ex Situ conservation of 
threatened fishes' If It IS difficult to 
do In Situ conservation we should 
work out proposals for ex Situ 
conservation of tllaplas under threat 
of extinctIOn 

Mr Bmey Dr Pullin indICated that the 
difference between aquatic bIO­
diverSity and genetic resources IS that 
the latter must have a use But IS 
not being part of bIOdiversity 
processes alone not usefuP 

Dr Pulhn For something to be described 
as a resource It should have use 
The problem with the huge array of 
diverSity In aquatic systems IS that 
only a small proportion has been 
investigated so there IS a huge 
information gap The diViding line 
between what IS aquatic biodiversity 
and what are aquatic genetic resources 
IS not clear 

Dr falk There IS one promising aspect 
that I would like to add for diSCUSSion 
the functional properties of tllapla 
hemoglobins and their value for 
aquaculture It seems likely that the 
heterogeneity of tllapla hemoglobins 
as demonstrated by Prof Renwrantz 
may be directly linked with a functional 
heterogeneity The most aCidic and 
most alkaline hemoglobin components 
should display such functIOnal 
differences For example It IS well 
demonstrated that salmonld 
hemoglobins are functionally distinct 
In character Hemoglobin components 
with aCidic pi s exhibit strong Bohr­
and Root-effects and are sensitive 
to temperature and pH That means 
increasing temperatures and 
decreaSing pH values reduce their 
0z-afflnlty In contrast alkaline 
hemoglobin components of the same 
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species are insensitive to temperature 
and pH changes Their 0z-afflnlty IS 
also higher Moreover they are not 
modulated by organophosphates like 
ATr and UTr That means they could 
serve as an emergency system under 
hYPOXIC and hypocapmc conditIOn 
a Critical situation that often occurs 
In pond culture For aquacultunsts 
It could be interesting to select species 
that display a high number of these 
so-called high 0z-afflnlty temperature 
insensitive hemoglobinS 

Prof Renwrantz Immune system studies 
with antibodies will also lead us to 
tllaplas that are more sensitive or less 
sensitive to disease 

Dr Agnese With regard to methods the 
Important thmg IS to choose methods 
depending on what you need to know 
Dr Naish said If you want to know 
about the phylogeny then you choose 
electrophoreSIS to recognize species 
Immunological techniques for 
populations microsatellites for 
indiViduals flngerprmtlng 

Prof Renwrantz Morphometnc methods 
will be the most Important for people 
to use In the field Biochemical 
investigatIOns benefit from the 
collection of as many data as pOSSible 
to confirm the conclUSions To be able 
to use biochemical methods In the 
field the methods will have to be 
as Simple and as fast as pOSSible for 
mstance not requiring centnfugatlon 
etc Just adding two drops of lectin 
to blood IS an example 

Dr Pulhn Very often those who receive 
fish from others do not check their 
IdentifICation They assume that what 
the supplier says about the fish IS 



right This IS not always so With the 
advent of the Convention on 
BIOlogical Diversity there IS a need 
for the capabJllty to check the 
Identification This need not Involve 
very elaborate equipment and 
techniques 

Dr Odel We hope the fish SCIentists 
are not gOing to look Into the nitty 
gritty of the fish so much that we 
will have to walt for so long without 
havmg fish on the ta.ble to eat Dunng 
this workshop we have been shown 
some of the systems In China and 
Ghana In Ghana with our little feed 
resources how does the farmer 
Identify the best fish to grow from 
the methods elaborated? 
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Ms Duthie Perhaps m our CIrcumstances 
and environment after the initial 
testing of strains of 0 mlotlcus and 
evaluation and choosing the best 
strains we can use a qUIck lectm 
test and then adVise the farmers that 
such a test Identifies the best strain 
to use? 

Prof Norman In agriculture there are 
very qUIck tests for say soil quality 
We believe very qUIck testing tools 
should also be developed for fish 
IdentificatIOn Perhaps the big-time 
commerCIal fish growers can use these 
tools but we are not there yet 
Perhaps some of these techniques 
may be used by fish hatchery 
operators 
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Oreochromls mlotlcus IS the most 
Important species used In fish culture 
In Africa particularly m Cote d IVOlre 
It IS highly esteemed for ItS breedmg 
potentials (ease of propagation rapid 
growth etc) and ItS organoleptic quahtles 
This study IS part of a Genetics Research 
Program under Dr J -F Agnese conducted 
at the IDESSA fish station m Bouake 

Four different strams of 0 mlotIcus 
were assessed the Bouake (BKE) stram 
whICh was obtained from the IDESSA fish 
station the Niger (NIG) strain from the 
Niger river the Senegal (SEN) stram from 
the Senegal nver and the Ghana (GHA) 
stram from Lake Volta Eleven 50 m 2 

ponds were used with three replicates 
per stram except for the Ghana stram 
which had only two The ponds were 
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stocked with 110 fish each (Z Z fish mZ) 
Fish were fed with a granulated feed 
(TZGE) whICh contained 30% protein 
mcludlng 10% from animal sources Three 
parameters were examined for three 
months the average body weight the 
dally growth rate and the indices of 
consumption The average body weights 
of the four strains were mvestlgated and 
results showed that the Senegal and 
Bouake strains were SignifICantly heaVier 
than the Ghana and the Niger strams after 
three months The dally growth rates were 
also evaluated A positive mcrease m the 
dally growth rate was observed for all 
strains from the start of the experiment 
up to 58 days after which the dally growth 
rate started decreaSing At 88 days the 
dally growth rates of the four strains 



showed the Senegal strain to have the 
best rate followed by the Bouake strain 
the NIger strain and the Ghana strain 
The IndIces of consumptIOn were 
compared to assess the strain that 
consumes the least food to produce a 
kilo of fIsh The Ghana strain had the 
hIghest rate of consumptIon ImmedIately 
followed by the NIger stram the Bouake 
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stram and the Senegal stram Takmg the 
observatIons from the three parameters 
studIed It would seem that the Senegal 
stram IS the best fish for culture followed 
by the Bouake stram the NIger stram 
and the Ghana stram The results are 
however not yet conclUSIve and the study 
IS continuing 
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Egypt has great potentIal for freshwater 
and bracklshwater aquaculture 
Hlstoncally fIsh productIon In Egypt has 
been derived from natural marine and 
freshwater systems Aquaculture 
productIon provIdes about 15% of the total 
fIsh productIon In Egypt and fIsh farmmg 
may provIde 10% of the needed ammal 
protem The polyculture system IS the most 
practical aquaculture system m Egypt It 
Includes dIfferent specIes such as tJlaplas 
mullet common carp ChInese carps and 
catfish The most Important of these are 
tllaplas and mullet However the numbers 
of mullet WIld fry have decreased because 
of IncreasIng water pollution TJlaplas are 
the preferred freshwater specIes nowadays 
In the aquaculture system due to theIr 
excellent growth rate dIsease resIstance 
envIronmental adaptabIlity and hIgh market 
acceptabIlity They now represent the most 
demanded freshwater fish In the EgyptIan 
marl<ets 

Fish related research has always been 
orIented towards increasIng fIsh 
productIon reductIon of productIon cost 
and other problems In the aquaculture 
Industry FIsh genetICs research In Egypt 
has a relatIvely short hIstory dUrIng whIch 
efforts have concentrated on the followmg 
firstly electrophoretIc studIes of tllapla 
aimed at IdentIfying biochemical markers 
for the dlscnmInatlon specIes to support 
morphologICal IdentifIcatIon and secondly 
attempts to study the effect of salInIty 
on gene expressIOn m tJlapla specIes 
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In both studIes SDC-polyacrylamlde gel 
electrophoreSIS and different Isozyme 
systems (eg PeroxIdase and LDH) proved 
to be useful m dISCrImInatIng specIes and 
confirmed effect of salinity on gene 
expressIon 

Currently fIsh genetic research In Egypt 
Includes growth evaluation of natIve stocks 
and straInS of Oreochromls mlotlcus Four 
major straInS of 0 mlotlcus Involved In 
the studIes are the Aswan strain from 
Kafr fIsh hatchery In southern Egypt EI 
Zawya straIn from the Kafr EI SheIkh In 
the north of the Delta Manut straIn from 
AlexandrIa In north Egypt and the Abbassa 
straIn from Sharkla mid-Delta area 

As part of evaluatIon efforts are made 
to trace the history of populations where 
study materials were obtained Strain 
samples have been held and spawned 
separately Known hybrids were also 
produced ElectrophoresIs and DNA 
fIngerprInting studies on the straInS and 
theIr hybnds are In progress PrelimInary 
results Indicate conSiderable genetIc and 
performance dIfference among straInS 
of the specIes 

Current research Interest also IS focused 
on transgenic 0 mlotlcus USIng 
electroporatlon The rate of DNA 
IntegratIon of the raInbow trout growth­
hormone gene (rtGH 1 cDNA) In survIvIng 
electroporated embryos was about 20% 
or hIgher The mean weight of transgenic 
fish was three to seven times higher than 
nontransgemc fIsh 
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Senegal like many west African 
countries has SIX native TIlapla species 
Oreochromls aureus 0 mlotlcus T!iapla 
gumeensls T ZIIIIJ Sarotherodon galiiaeus 
and S melanotheron heudelotll These 
are naturally distrIbuted In the Senegal 
rIver and the GUIers lake In the north 
the Saloum estuary In the middle and 
the Casamance estuary In the south Three 
have been used for fish culture and 
production 0 mlotlcus used by projects 
In the north (Senegal nver) Since 1979 
and T gumeensls and S melanotheron 
In the south (Casamance estuary) Since 
1988 where they have been trapped 
In ponds for several months before 
harvest 0 mlotlcuSIS naturally present 
In the Senegal rIver and the GUiers lake 
T gumeensls and S melanotheron are 
euryhalIne these are present In the 
Senegal rIver Saloum and Casamance 
estuarIes and GUiers lake 5 melanotheron 
IS also found In waterbodles (Nlayes) 
around Dakar city 

Fish culture expenence In Senegal began 
with projects around the Senegal rIver 
supported by the CatholIc RelIef Service 
and USAID In 1979 During thiS penod 
o mlotlcus from Cote d Ivolre was 
Introduced Fish were raised In ponds 
and cages but aquaculture failed because 
of technical environmental and 
SOCioeconomiC constraints Since t 994 
organized fishermen In cooperation With 
government (faux et Fon~ts) and research 
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adVisers establIshed further fIsh culture 
projects In ponds and cages Initial results 
gave a mean production of 166 kg 400 
m Z pond year and 45 000 fingerlIngs year 
In the Casamance research on fish culture 
was started In 1988 by the Centre de 
Recherche Oceanographlque de Dakar 
- Thlaroye (CRODT) supported by the 
International Development Research 
Centre (IORC) of Canada Constraints 
potentials and socioeconomic aspects 
were IdentifIed Two local species T 
gumeensls and S melanotheron were 
used for trials and production and Yields 
Increased from 569 to 1960 kg ha 1 year I 

Integrated fish farming was developed 
It Increased family Incomes up to 400% 
Recent tnals on fish pen culture WIth 
wIld T gumeensls and 5 melanotheron 
gave a mean Yield of 1400 kg ha I year I 

Aquaculture In Senegal IS expanding 
USIng 0 mlotlcus In the north where there 
IS enough freshwater from the rIver (a 
dam was buIlt to Increase water avaIlabilIty 
for agriculture IrrIgation systems) and 
the GUiers lake The development of 
agnculture Will provide agrIcultural by­
products that can be used for fish feeds 
at low costs In the mid-Casamance dams 
were bUilt In valleys (to Increase rIce 
production by up to 50% was the main 
goal) and fresh- and bracklshwater Will 
be now avaIlable for eight to nIne months 
per year 0 mlotlCus (Introduced) T 
gumeenSIS and S melanotheron WIll be 



used In a well-Integrated farmIng system 
According to available agncultural by­

products In each zone research on feeds 
and growth performance IS In progress 
at fish culture stations 

Many tllaplas are common to different 
African countnes with varymg 
environments To Improve basIc 
knowledge on their genetics and diversity 
regIOnal research programs must be 
developed Comparative performance 
tnals on the growth and production of 
three strams of 5 melanotheron 
populations from Senegal Cote d IVOlre 
and Congo are an example G G Teugels 
and J-F Agnese have suggested that 5 
melanotheron paludmosus IS probably 
5 melanotheron heudelotll The genetic 
distance among 5 melanotheron 
populations from several places In Senegal 
and among 0 mlotlcus populations from 
Senegal and Bouake IS not great 

International collaborative research 
must be Improved because tllaplas are 
now Widely dlstnbuted m the world and 
are the most Widely cultured fish A 
program like the GIFT project (ICLARM 
and collaborators) must be developed for 
Afncan SCientists working on tJlapla culture 

By malntammg the level of landmgs 
(flshenes) i'l.nd With the population Increase 
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of 4% Y 1 fish cuJture uSing 0 mlotlCus 
5 melanotheron and T gumeensis In well 

managed mtegrated farming systems IS 
the best way to cover the gap of protem 
demand and to Increase Income and 
welfare for smallholders mainly In the 
countryside 

DISCUSSion 

Dr Teugels I did not synonymize 5 
melanotheron paludmosuswlth 5 m 
heudelotll On the baSIS of the sample 
that was at my disposal I was not 
able to recognize It Perhaps It was 
Just not present In the sample or 
perhaps It has disappeared smce It 
was deSCribed More reseclrch IS 
necessary 

Dr Abban You indicated aquaculture 
was In vanous parts of Senegal Was 
It aCCIdental that different speCies 
of tllapla are cultured In different areas 
of Sene gaP 

Dr Dlallo It was planned some are 
more appropriate In the south where 
the salinity IS high In the estuary There 
IS freshwater near Dakar 
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There has been a groWing need (In 
East Afncan countnes) for action In the 
key areas of land degradation water 
supply environmental pollution marIne 
and freshwater resource management 
habitat conservation and biodiverSity and 
deforestation - a whole ecosystem 
(including land atmosphere and water) 
that calls for management Kenya Uganda 
and Tanzania are among the poorest 
countrIes In the world They experIence 
shortages of nutrItiOUS foods for ordmary 
people These people are able to survive 
only through smail-scale/subsistence 
agrIculture that IS naturally destructive 
of the land With the consequent 
detenoratlon of the aquatic environments 
Their economies are heavily dependent 
on agriculture With a number of cash 
crops (including exports of fish) and a 
high level of subSistence fishing and 
agrIculture Their populations are rapidly 
mcreasIng while the resources to support 
them are declining Lake Victoria the 
lake basm common to the three countnes 
IS used as a source of food energy and 
drinking and IrrigatIOn water and as 
shelter transport and repoSitory for 
human agrIcultural and mdustrlal waste 
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Although there are many features of Lake 
VictorIa that are of Intense Interest to 
international and local sCientists It IS 
fish that receive the most attention for 
their nutntlous food value (particularly 
to the locals) and because of their changmg 
ecology (to the sCientists) Most of the 
fish speCies now In the lake also ongmally 
lIved In the adjacent west-flOWing rIvers 
but clChlIds m partICular had a remarkable 
burst of speCiation In response to the 
change from rIver to lake conditions They 
are capable of more rapid genetIC change 
and speciation than other groups of AfrIcan 
fish 

One of the main events of Importance 
to the lake system In the past thirty years 
was the mtroductlon of new species Into 
the lake ThiS changed the species 
compOSition of the lake s aquatic system 
which together With other factors 
(environmental degradation overflshIng 
and use of destructive fishing gears) led 
to the declme of fish biodiverSity SCientists 
from East Africa and from the mternatlonal 
community at varIOUS institutions In and 
outSide the region are engaged In re­
search aimed at the sustainable utiliza­
tion of the lake baSin s natural resources 



DIscussion 

Dr OWIDO How are you gOing to ensure 

the conservatIon of catchment areas 
especIally on the Kenyan SIde gIven 
the high populatIon Increase In the 
area? How and why was NIle perch 
Introduced? Was there pnor sound 
sCientific research undertaken? 

Dr BugenYI The Nile perch which IS a 
good table fish was Introduced to 
replace the haplochromme species 
which were abundant In the lake but 
not valued as table fish The Nile perch 
was mtroduced aCCidentally by a 
Bntlsh national who saw ItS value 
over the haplochromme species No 
research was undertaken before the 
mtroductlon Kenya has one of the 
largest catchments and a number 
of nvers from there bring pollutIon 
from CIties and farms Into the lake 
All the East Afncan countnes are In 
good collaboration They are also 
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collaboratmg With Agncultural and 
ExtenSion officers who educate 

farmers to reduce the Impact of silt 

and other waste Into the rIvers and 
lakes 

Dr Pulhn Is your Institute dOIng or 
planning to do research on the genetIC 
Impacts of overfIshIng In Lake VictorIa? 

Dr BugenYI The government IS more 
Interested In projects that address 
the Immediate problems of fishermen 
IncludIng fish production 

Dr Pulhn If someone made a proposal 
on a collaboration on genetIC Impacts 
of Lake Vlctona flshenes would It 
be supported? 

Dr BugenYI Every project has to address 
the national needs of Increased fish 
production But we SCIentists can WrIte 
the proposal In such a way that It 
can Include genetic studies 
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Cichiids of southern Afnca compnse 
eight genera and 41 species (Skelton 
1993) Adult tiiaplas range from 10 to 
45 cm standard length and the largest 
tllapla caught was 6 123 kg Rod and lme 
subsistence fishermen each crop 1-2 kg 
of fish per day and about 300 tons of 
tilapla are produced per year from Lake 
Mcllwalne (Zimbabwe) alone Up to 
t 6 000 tons of tllapla are caught annu­
ally In Lake Kanba and 1 t 7 000 anglIng 
licenses were Issued In 1977- t 978 In South 
AfTica Because tllaplas are very popular 
as table fish tllapla demand currently 
exceeds supply In southern AfTica 
Furthermore due to the pressure on manne 
fish resources It IS expected that the 
demand for freshwater fish Will Increase 
Despite these facts very few productive 
fish farms have so far been developed 

In South AfTica tllapla productIOn in­
creased from lito 40 metTlc tons from 
1988 to 1991 (Hecht and BTltz 1993) 
The reasons for the low productIOn 
statistiCS Include management short­
comings as well as the severe drought 
that prevailed over the last 10 years The 
lack of control over breeding and stocking 
of tiiaplas has resulted In overpopulation 
hybrIdization and stunting of stock (Skelton 
1993) Nevertheless the potential of 
indigenous tllaplas for aquaculture remainS 
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high Although significant advances have 
been made dUrIng the last few years 
there IS an urgent need to mcrease protem 
production because of the fast mcrease 
In human population ThiS would be 
pOSSible With the optimal use of water 
resources and an approprIate Aquaculture 
Development Plan Such plans have had 
a maJor Impact on progress of fish farmmg 
In other countnes - e g Egypt Israel 
and NigerIa Pohcymakers legislators and 
conservation officers should get Involved 
In developing management plans and 
strategies to ensure the protection and 
sustamable use of natural tiiapia 
populations which are bemg overexplOIted 
m neighboring countrIes For example In 
Namibia there IS uncontrolled access to 
gllinets WIth no preSCrIbed mesh sIze limits 

Not only do we need to protect 
biodiverSity but the quahty of our genetIC 
resources should also be conserved The 
genetic IntegTlty of WIld tllapla species 
IS threatened by hybndlzatlon With 
translocated made lakes unintentional 
translocatlons via mtercatchment 
connections and the introduction for 
biological control of nUIsance plants and 
animals (De Moor and Bruton 1988) 
The erosIOn of genepools (through 
hybrIdization) should be avoided 



Isozyme studies have been 
predominantly used to assess the genetic 
vanatlon and dIfferentIatIon of tIlapla 
specIes In southern AfTIca - e g Van 
der Bank and Ferreira (1987a 1987b) 
Llzemore et al (1989) Van der Bank 
et al (1989) OosthUizen et al (1993 
In press) and Van der Bank (1994) 
Allozyme data can be used to Identify 
hybnds and provide an Important species 
Identification tool because It IS extremely 
difficult to Identify young tllaplas whIch 
do not show typIcal secondary sexual 
charactenstlcs by uSing only morpho­
logICal charactenstlcs Biochemical keys 
can be constructed uSing fixed allele 
mobilIty differences between species 
to Identify SIX of southern African tllapla 
species (Van der Bank et al 1989 
OosthUizen et al 1993) 

Although allozyme data are stili being 
employed advanced methods such as 
mlcrosatelhte and randomly amphfled 
polymorphic DNA (RAPD) markers should 
also be used to assess genetIc vanatlon 
for utilizatIOn In selectIOn programs 
Unpublished results from an RAPD study 
by Clifford Nxomam (Ph D student 
Rhodes Umverslty South Afnca) revealed 
no slgmflcant dIfferentiatIon among SIX 
populations of Ti/ap/a sparrman// and 
among five different color morphs of T 
gumasana The latter result was attnbuted 
to Incomplete assortatlve matIng (C 
Nxomam pers comm) 

Strong Institutional collaboration In 

research training informatIon dlstnbutlon 
and fundIng IS needed to strengthen 
natIOnal fish genetic resource 
ma-nagement and to develop programs 
for the sustainable use of freshwater fish 
resources In the whole southern Afn­
can regIon It would also be valuable to 
estabhsh an Afncan tllapla resource center 
where information and research matenals 
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could be obtained Researchers are wel­
come to contact the author If they Wish 
to obtain endemiC til apIa species from 
South Afnca and Mr ClInton Hay (fax 09264 
661-361) for freshwater fish specIes from 
Namibia 
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Preliminary studies were earned out 
on fish stocking In temporary ponds called 
bancotleres the results of diggings for 

construction purposes These ponds are 
generally made on claYish sOIl These 
studies were done to address the need 
for an mcreased protem source for the 
villages on the banks of the Niger River 
after a decline In aquatic production 
followmg a period of drought In 1993-
1994 the bancotleres of one village were 
stocked with Clanas angUIllans given 
dally thereafter a ration with an 11 33% 
protem feed Fish stocked m another 
village were not given any supplementary 
feed Ducks inhabited the banc6tleres 
m both villages The fish that were fed 
grew by an average of 0 41 g day The 
weight of fish declined In bancotleres 
without supplementary feed The results 
suggested that for effective culture of 
C angw//arJs In these bancotleres at least 
SIX months growout penod (ImplYing early 
stocking of fingerlings) an appropnate 
breeding cycle In captiVity and assurance 
of regular feeding are needed 

ThiS study led to another In 1994-1995 
usmg the same ponds and stocking at 
2 and 3 fish m l with two treatments (With 
compost and compost + bran as feed) 
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Tllapla breeders were Introduced to these 
ponds such that the hatched IUVenIles 
became a natural source of supplementary 
protem for C angUI//ans Cattle manure 
was added at 5 kg week and a movable 
compost system was adopted as fertilizer 
source compost was put In baskets made 
by the farmers to float on the bancotleres 
The dally growth rates for C angUI//ans 
range from 0 18 to 0 70 g day The results 
suggested that a denSity of 2 fish m l was 
more effICient However several problems 
were encountered the availability of bran 
which IS essentially used for domestlC 
animals the dlfflCulty m mamtammg the 
compost systems on the water surfaces 
and Irregulanty of compost renewal 

In the pursUit of developmg a Viable 
aquaculture system In thiS rural settmg 
expenments were continued In 1995-96 
thiS time uSing a better system of 
fertilization and excluding bran However 
the study was terminated due to severe 
drought A follow up of the study Will 
be performed for the 1996 farming season 
We conclude that the culture of fish m 
bancotleres IS pOSSible These ponds are 
of potential Importance m the Central 
Delta of the Niger River 
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Four tllapla specIes recorded from the 
upper NIger have potentIal for 
aquaculture Oreochromls m/otlcus 
m/otlcus (Llnnaeus 1758) Sarotherodon 
gab/aeus gab/aeus (Llnnaeus 1 758) T!/apla 
dagetl (Thys van den Audenaerde 1971) 
and T zl/fll (GervaIs 1848) 0 m/otlcus 
m/otlcus are frequently found at Nlandan 
and at Milo 5 gab/aeus gab/aeus IS more 
abundant at the statIons of Sankaram 
Dlon and Milo than at Nlandan T dagetl 
IS abundant In the statIons of Sankaram 
In Mandlana where the largest and heaviest 
fIsh (1 34-250 mm 243-785 g) have been 
found T ZII!JI IS relatively abundant at the 
Dlon station at Baramana and less common 
at the stations at Nlandan and Milo The 
speCies diversity of tllaplas IS Important 
and In the Inshore basin the species most 
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frequently found are 5 caudomargmatus 
5 me/anotheron me/anotheron T 
breVlmanus T gumeensls and T /ouka 
Those that are less abundant are 5 ga/I1aeus 
gab/aeus T dagetl and T ZI/fll 

The pOSSibilItIes for aquaculture vary 
accordmg to the ecological sites of the 
four natural regions of the country the 
upper middle and lower reaches of the 
GUinea rIver and the forest region In 
order to promote aquaculture there are 
needs to make the public aware of ItS 
benefits to encourage fish farmers by 
provldmg them a lot of support to 
encourage research on genetIC resources 
of fish used In aquaculture (e g catfIsh 
tJlaplas) and to have a ratIOnal 
management of agrIcultural byproducts 
that could be utilIzed In aquaculture 
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Smce 1993 studIes have been 
undertaken on the morphometric 
characterizatIon of populatIons and straInS 
of fIsh specIes used In aquaculture In 
Africa as part of two ongomg 
multIdIscIplinary research projects financed 
by the European Union (Project Genetlcs­
STD3) and the BelgIan NatIOnal Fund for 
SCIentIfIC Research (Project CatfIsh) 

Tllapla and catfIsh specImens from 
various localitIes In Burkina Faso Chad 
Congo Cote d IVOlre Gambia GUinea 
Kenya Mall Senegal and Swaziland were 
examIned Each speCimen was individually 
labeled The same materials were 
Independently studIed by other teams 
usmg genetIc and paraSitologIC 
approaches For morphometnc analYSIS 
several measurements and meristIc counts 
were taken from each specImen The 
selection of these variables was based 
on theIr dIagnostIc value If the taxonomy 
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of the group was well known If not more 
characters were studIed Data were 
subjected to univariate and multIvariate 
analYSIS 

Results obtained so far make the 
researchers doubt the validIty of the 
subspeclflc dIVISIon of the NIle tllapla 
Oreochromls mlotlcus as Introduced by 
Trewavas (1983) and Seyoum and 
I<ornfleld (1992) partIcularly for some 
East African subspeCIes For the same 
species the supposed natural geographic 
Origin of the aquaculture strams exammed 
could also be challenged Populations 
of 0 m/otlcu5 m/otlcu5 from Egypt showed 
closer affinity With other East African 
subspeCies than WIth populatIons of the 
same subspeCies originating from West 
Afnca For Sarotherodon melanotheron 
a bracklshwater tllapla present from 
Senegal to Congo one of the fIve 
subspeCIes recognized by Trewavas (1983) 



could not be dIstmgUlshed and Its va­
lIdIty IS also challenged A range exten 

slon was found for another subspecIes 
Comparison between populatIons of 

the catfIsh specIes Oanas angUJ//ans and 
C ganepmus led to the recognItIon of 
a hybrId specImen In the populatIon from 
an artIfICIal canal m Senegal Important 
affinItIes were also demonstrated between 
C angUJl/anspopulatIons from West AfrIca 
and C ganepmus populatIons from Lake 
VIctOrIa (Teugels 1982 1986 RIsch 1992 
Agnese et al m press) Chrys/chthys 
mgrod/gJtatus populatIons from the 
extremes of the dIstrIbutIon range could 
easIly be dIstmguIshed populatIon" m 
between and m partICular those flom 
lagoons showed an Important 
polymorphIsm and were greatly 
overlapping (Adepo-Gourene et al m 
press) 

In conclusIon morphometrIc 
characterIZatIon although sometImes 
conSIdered claSSIcal and therefore not 
a very relevant technIque IS stIll a powerful 
method to characterIze populatIons and 
strams All the results mentIoned above 
have been confIrmed by more recent 
genetIC approaches 
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DISCUSSIon 

Dr Pullin The results that you have 
deSCrIbed for the Bouake stram of 
o m/otlcus cast doubt on the 
dISCUSSIons about the orIgms and 
attrIbutes of thIS stram publIshed m 
ICLARM Conference Proceedings Vol 
16 (PullIn 1988) ThIs strain has been 
wIdely dIstrIbuted Would a museum 
lIke yours be Interested m extendmg 
further your studIes on the populatIons 
under domestIcatIon rather than lust 
on wIld populatIons) 

Dr Teugels Yes of course If the resources 
are avaIlable 

Mr Pad. Have you seen any wIld red 
tIlapIa m Uganda I am askmg thIS 
because somebody mentIoned the 
presence of wIld red tllapla In Uganda 
at a conference m the USA 

Dr Teugels I dId not find any red tIlapla 
m Uganda 
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The IndIan major carp (Catla cat/a) has 
been farmed In the southern IndIan state 
of Karnataka for over forty years SInce 
Its IntroductIOn for aquaculture from 
source populatIons In north Indian rIvers 
there have been few If any re 
IntroductIons SpawnIng of the species 
IS Induced and prolonged TYPIcally early 
maturIng brood stock are used to produce 
fIngerlIngs for food production while later 
maturIng fish have been used to produce 
broodstock for future generations As a 
result It IS pOSSIble that slow growIng 
late-maturIng fish have been madvertently 
selected as broodstock for several hatchery 
straIns of C catla (Eknath and Doyle 1990) 

One of the first steps In Improvmg the 
genetic management of exploIted stocks 
IS to estImate the level of varIatIon In 
domesticated and wild stocks Such a 
test would prOVide Information on the 
changes In genetic characterIstics due 
to broodstock management practices 
and as a result selective breedIng 
techniques may then be developed 
Mlcrosatellite repeats are highly 
polymorphiC and offer a means of 
dlscnmmat1ng both IndiVIduals and closely 
related populations (0 Reilly and WrIght 
1995) Although dInucleotide repeats are 
more frequently used In population 
studies the polymerase chaIn reaction 
amplifIcation of tetranucleotlde lOCI IS 
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less likely to produce SpUrIOUS products 
and these lOCI are more readily scored 
USIng Simple electrophoreSIS methods 
Several such tetranucleotldes have been 
Isolated In C catla DNA These lOCI have 
been used to estimate genetic varIability 
m fmgerlmgs from four hatchery 
populations In Karnataka 

Results so far suggest that the biggest 
hatchery believed to have the largest 
effectIve population size of matmg 
IndiViduals produces fIngerlIngs which 
are the least varIable of the strams 
exammed Such a result may reflect 
broodstock management practices the 
use of a small founder population when 
the hatchery was first established or the 
samplIng of a small number of familIes 
dUrIng the present study Further fmdmgs 
indicate that certaIn strainS are more 
varIable than the putative source 
population and these straInS contain alleles 
not recorded In the Wild population Either 
remtroductlons occurred from other 
sources or rare alleles became domInant 
In the straInS folloWIng domestication 

The technique has prOVided useful 
Information which will allow hatchery 
managers to produce a breedmg program 
for genetIC Improvement Tetranucleotlde 
lOCI In thiS specIes may be used In future 
studies involving selective breeding 
microsatellites are useful In establIshing 



kInshIp In a program whIch selects 
IndIvIduals for desIrable characterIstics, 

It IS possible to cross related individuals 
and recuce genetIc varIation In the 
resultant offspring USing mlcrosatelhtes 
to IdentIfy potentIal unrelated broodstock 
WIll prevent such an outcome ThIs 
practIce known as walkback selectIon 
(Doyle and HerbInger 1995) IS expected 
to play an Important role In future selectIve 
breedmg programs 
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DISCUSSion 

Mr Padl What matIng system IS used 
In the IndIan hatchenes) Is It random 
assortatlve or pedIgreed) I ask 
because the system wIll affect how 
the effectIve population sIze (N

e
) IS 

estImated and consequently in­

breeding 

Dr Naish FIsh are mated as they mature 
but thIS IS not random 

Dr Ambah Ne estimation USIng models 
of mIgratIon IS Inappropriate In 
domesticated populatIons because 
the exchange of genetic matenal does 
not follow the assumptions In the 
models of mIgratIon Exchange of 
materIal depends on the SOCIO­
economIc relatIonships among the 
farmers 
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We summarize here the results of four 
studIes at the GenetIcs Laboratory of the 
Centre de Recherches Oceanologlques 
(CRO) Cote d IVOlre uSing allozymes 
to study tllapla populatIons The first study 
showed that the genus TI/apla (sensu 
strIcto) has the largest number of an­
cestral characters and confIrmed the 
hypothesIs that the mouthbrooders 
(Sarotherodon and Oreochromls) arose 
from the substrate spawners (TI/apla) 
In addItIon the results confIrmed the 
hypothesIs that all mouthbrooders arose 
from a smgle specIatIon event and that 
specIes of the genus Sarotherodon ap­
pear to have been the fIrst to split from 
the substrate spawner group because 
In the resulting phylogenetIc tree they 
are sItuated between the specIes of the 
genera Tilapla and Oreochromls 

The second study dealt WIth the ge­
netIc characteTlzatlon of 0 mlotlcus 
populatIons These were clustered Into 
three major groups first composed of 
the NIle drainage (the NIle and Lake 
Edward) and the Kenyan RIft Valley 
populatIons (the Su~uta river and Lakes 
Barmgo and Turkana) second the 
EthIopIan RIft Valley populatIOns (the 
Sodore hot springs and Lakes Awasa Koka 
and Zlway) and third West Afncan 
populatIons Lake Chad and the Chari 
NIger Volta and Senegal fivers We suggest 
that 0 mlotlcus orlgmated from the NIle 
from where mdlvlduals have been able 
to colOnIze mdependently East and West 
AfTlca 

The thIrd study revealed that the non­
natIve Lake VlCtona populatIon of 0 
mlotlcus possess alleles common to both 

Because of the relevance and Importance of thIS workshop contnbutlon addItIonal text and Illustra 
tlons are presented as AppendIX 2 (pp 46-56) 
bAnother address CNRS UPR 9060 Umverslte Montpelher II F34095 Montpelher CEDEX 5 France 
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Nile and Kenyan populatIOns and prob­
ably resulted from a mlxmg of these two 

From this study It seems highly Improbable 
that there has been hybndlzatlon between 
o mlotlcus and 0 esculentus 

The fourth study revealed the presence 
of natural hybnds of T gUlneensls and 
T zJl11I In Lake Ayame Cote d IVOlre 
probably caused by their confmement 
and close association m this artifICial lake 

DISCUSSion 

Dr Brummett Are there paleontological 
explanations for how Nile populations 
might have crossed the desert to reach 
West Africa? 

Dr Agnese I am not the best person 
to answer thiS But we know there 
had been a lot of commUnication 
between Chad and the Nile There 
are a lot of species common to Chad 
and the Nile Some time ago there 
was no desert between Chad and 
the Nile TJlapla zJl11I 15 common to 
both 

Dr Teugels You have given one 
hypothesIs There IS another 
hypothesIs that of Paleochad In West 
Africa tllapla speciatIOn IS very 
hypothetical 

Dr Pullin Your example of hybridization 
between TJ/apla gumeensls and T zlllfl 
m Lake Ayame could be Important 
because such hybndlzatlon between 
sympatrlc species as a result of 
human interventIOn (e g making a 
dam) IS not usually considered as a 
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potential environmental Impact 
Perhaps we sl-jould look at the re­

cent reviews on mtrogresslve 
hybridizations In open water 
populations and see whether any of 
these also correlate With human 10-

terventlons We could then enter thiS 
mformatlOn m Flshbase 

Dr Agnese Yes 10 thiS case (unlike all 
others cited we know of With respect 
to hybndlzatlon) there was no transfer 
of the species only the makmg of 
the dam Sarotherodon melanotheron 
was mtroduced but thiS could not 
have caused the hybridization because 
we found hybnds 10 other artificial 
lakes where S melanotheron had not 
been mtroduced 

Dr Teugels In Lake Ayame the hybnds 
have become the most Important 
commercially fished population 

Dr Abban Smce there IS an mtroduced 
species of tllapla In Lake Ayame IS 
It pOSSible that hybridization of the 
mtroduced species (S melanotheron) 
With any of the two (T zlllll and T 
gumeensls) could have caused the 
occurrence of hybnds of T zlllll and 
T gumeensls) 

Dr Agnese We did not find S 
melanotheron genes m these studies 
of tllapla hybrids 

Dr PullIn ThiS shows that when people 
bUild dams that could brmg a change 
of species 

Dr Agnese Definitely 
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In MalawI the genus TIlapla IS repre­
sented by T rendalll (Boulenger) while 
the genus Oreochromls IS diVided mto 
two subgenera 0 (Oreochromls) and 
o (Nyasalapla) The 0 (Oreochromls) 
flock comprIses 0 shlranus (subdiVided 
mto 0 sh shlranus [Boulenger] and 0 
sh chilwae [Trewavas]) 0 mossamblcus 
(Peters) and 0 plaCldus (Trewavas) The 
o (Nyasalapla) species flock IS composed 
of 0 karongae (Trewavas) 0 IIdole 
(Trewavas) 0 saka (Trewavas) and 0 
squamlpmms (Gunther) 0 shlranus sp 
an indigenous mouth brooding tllapla IS 
the most widely cultured species m the 
country It has been widely distrIbuted 
m fish farms and reservOIrs However 
the subspecies of 0 ShlrilnUS have been 
difficult to distinguish morphologIcally 

Mlcrosatelhte DNA analysIs was carned 
out to provIde data for postulating the 
genetIc relatIonships of 0 shlranus sp 
populations found In the natural 
waterbodles In the country and to 
determine genetic dIstances between 0 
shlranus sp and other tIlapla species 
o mossamblcus 0 Ny karongae and 
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o mlotlcus 0 mlotlcus IS not found 
In MalawI Five sets of prImers were tested 
on other species of tIlapla of the genera 
Oreochromls Sarotherodon and T!Japla 
With a few exceptions the lOCI analyzed 
were polymorphIC In most of the species 
The total number of alleles vaned among 
lOCI rangmg from 18 to 30 alleles per 
locus In five species and was higher than 
reported In studies on allozymes In the 
same species (Ambah 1996) 

Calculation of Cavalli-Sforza and 
Edwards (1967) chord distance showed 
that Lake Chluta population was closer 
to the Lake Chilwa populatIon (D = 0 034) 
than to Lake Malombe populatIon (D 
= 0 07) A dendrogram constructed USing 
the UPGMA method produced two major 
groups the mossamblcus group of tllaplas 
(0 shlranus sp and 0 mossamblcus) 
clustered together the second cluster 
was that of non- mossamblcus tllaplas 
Lake Chilwa and ChlUta populations 
clustered together as 0 sh chllwae the 
Lake Malombe popUlation formed a 
second cluster as 0 sh shlranus The 
results of clusterIng analYSIS were Similar 



to species and subspecies groupmgs done 
by prIncipal components analysIs and 
multidimensIOnal scaling Ordination 
analysIs especially prInCIpal component 
analYSIS suggested that although 0 
karongae and 0 mlotlcus formed a clade 
In the UPGMA dendrogram the two 
species were genetically very different 

The classification of populations Into 
o sh chIlwae and 0 sh shlranus IS 
supported by the known history of 
geologICal events aSSOCiated With the lakes 
Lakes Chilwa and Chi uta constituted a 
smgle open lake whICh became partitioned 
by a sand bar dUring the early Holocene 
humid phase There was no connection 
between the two lakes and Lakes Malawl­
Malombe dramage system where 0 sh 
shtranus was found The waterfalls on 
the Shire river form a natural barfler 
preventmg mterspeclfic hybridization 
between 0 mossambtcus and 0 sh 
shtranus The former species occurs In 
the lower course of the river the latter 
IS distributed m the upper course 
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DIscussIOn 

Mr Pad. Have you observed any hybrids 
between 0 shlranus shlranus and 
o shlranus chIlwae? 

Dr Ambah No such hybrids have been 
observed What we had at the mam 
research station was 0 sh shtranus 
Now that 0 sh chIlwae has been 
brought from the lake the two have 
come together and may hybridize 
Before they were never together 

Dr Teugels What IS the period of orlgm 
of Lake MalaWI? 

Dr Ambah I have no Idea about ItS age 
There was some Idea before that Lake 
MalaWI was fed mto the Lake Chilwa 
This has been disproved there was 
never a connectIOn between Lake 
MalaWI and Lakes Chilwa and Chluta 
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Pollcymakers need options which al­
low them to make economic decIsions 
about conservation and use of biodiversity 
Utilizing indigenous germ plasm for food 
production IS a simple way out of the 
dilemma between economic growth and 
conservatIon In other words If a resource 
IS demonstrably valuable there will be 
good economic reasons to manage It 
sustain ably A first step In increasing the 
value of aquatIC biodiversity IS an as­
sessment of the usefulness of indigenous 
fish species In aquaculture and water 
resources management ICLARM IS de­
veloping an approach to selecting 
aquaculture candidates matching the 
culture Unit s characteristICs with those 
of indigenous fish species 

Charactenzmg the Pond 

Rather than uSing the classICal approach 
of labelmg food Items according to their 
taxonomy or ecological niche pond food 
resources are broadly categonzed based 
loosely on the properties of the food whIch 
affect their selectIvIty by consumers 
For the farmed fish specIes and pond 
systems In MalawI food resources are 
categorized as eIther plankton (phyto­
and zoo-) macrophytes (including 
filamentous algae) or benthIc Invertebrates 
(lncludmg detritus) The logIC of uSing 

ICLARM ContnbutlOn No t 36 t 
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such categories IS twofold (1) these 
grouped components of the food web 
are faIrly easy to quantify so data can 
be collected from a large number and 
wide variety of ponds and (2) fish may 
not actually be choosing indiVidual foods 
as much as they choose a feeding habit 
or lifestyle which then predetermmes 
which sorts of food Items they will gather 

Charactenzmg the Fish 

Initial screening IS done through 
literature review of species and 
examination of speCimens captured from 
the wild Capture data external features 
(e g dentitIOn body size and form gill 
raker structure) are quahtatively evaluated 
to Identify speCies which might survive 
grow and reproduce m small ponds 
Stomach contents are quantified to 
determine what the fish eats In ItS natural 
envIronment ThIS process has so far 
IdentIfied about 30 specIes which seem 
to have culture potentIal 

Matchmg the Fish 
With the Culture EnVironment 

To give an mdlcatlon of how well a 
particular fish species might fit mto the 
pond environment the frequencies of 
materials from the food groups deSCribed 



above In the stomach and/or gut and In 

the pond system to which they would 
be stocked are compared Pond food 
Items are converted mto dry matter per 
square meter RelatIve frequency of dry 
matter IS then calculated to show where 
food resources are concentrated FIsh 
stomach contents are tabulated accordIng 
to the relative frequency of the food 
groups Comparing Barbus pa/udmosus 
Lethnnops furClfer OreochromlS shlranus 
and Ti/apla renda/II stomach contents to 
conditIOns In small ponds fed with 
chopped grass 

-----

Grass fed pond 

B pa/udmosus stomach 
L furCifer stomach 
o shlranus stomach 
T rendalll stomach 

Plankton Macro Benthos/ 
phytes detntus 

002 056 042 

093 007 000 
002 006 092 
067 028 005 
001 088 011 

Taking the average of the absolute value 
of the difference between food available 
and food eaten for each food group gives 
a general indICatIOn of the fishes food 
fit (F

f
) with the proposed culture 

environment A perfect fit uSing this 
method would be represented by an 
average Fr of 00 A perfect mismatch 
would give an F

t 
of 0 66 In this case T 

renda/II (F
t 

= 0 21) would be the best 
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grass-fed pond culture candidate of the 
three followed by L furClfer (F

f 
= 0 33) 

o shlranus (Fr = 0 43) and B pa/udmosus 
(F f = 0 6 t) The method IS tentatIve and 
needs much refinement hopefully without 
makmg It too complicated 

DISCUSSion 

Ms Entsua-Mensah You showed us a 
number of slides of Malawian fishes 
whICh you said could not be Identified 
Does It mean they did not have local 
names tOO! 

Dr Brummett I showed the slides to 
some fishermen but they did not seem 
to know the names In terms of 
choosing indigenous species for 
aquaculture all the fishes for 
aquaculture In MalawI are indigenous 
but the problem IS Improvmg on the 
stocks 

Dr Teugels How do you Integrate Into 
your theory the consideratIOn that 
fish change diets from young to adult 
fish! 

Dr Brummett One of the things we do 
IS to characterize the materials In fish 
stomachs with age 
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GenetIC vanabillties within and among 
a\lopatnc populations of three species of 
the genus Oreochromls [0 esculentus 
(endemic to Lakes Victona and I\)-'oga) and 
o leucostIctus and 0 mlotlcuS (two exotic 
species Introduced to Lake Victoria In the 
late 1950s to supplement the failing 
flshenes)] were examined to compare their 
population structure assess the magnitude 
of interspecific hybndlzatlon and provide 
data for a conservation and aquaculture 
development strategy for 0 esculentus 
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Samples (> 10 Indlvlduals/speCies/locahty) 
were taken from Lake Vlctona and eight 
satellIte lakes In the Vlctona basin Lakes 
KayanJa Kayugl Manywa and Nabugabo 
In the Nabugabo system Lake Kanyaboll 
In the Yala-Nzola Systems and Lakes Kachlra 
Klyanebalola and Mburo In the Kokl-Lakes 
system Among the species examined 0 
mlotlcuS (0 818) had the highest population 
gene diversity followed by 0 leucostlctus 
(0786) with 0 esculentus (0765) havmg 
the lowest 0 esculentus (0 801) exhibited 



the highest degree of population subdivI­
sion followed by 0 mlotlcus (0 740) then 
o leUcostlctUs (0 686) All SIX of the a 
esculentus populatIons exammed exhibIted 
eVidence of 0 mlotlcus alleles The most 
highly mtrogressed population was that 
of Lake Mburo (35 27) the least Lake 
Kanyaboll (6 72) The three Nabugabo 
satellite lakes [Lakes KayanJa (12 94) Kayugl 
(14 39) and Manywa (13 73)] and Lake 
Kachlra (14 11) showed similar levels of 
mtrogresslon from 0 mlotlcus mto 0 
esculentus Gene mtrogresslon from 0 
esculentus mto 0 mlotlcuswas generally 
lower than m the other direction Lake 
Victoria 0 mlotlcus (0 91) showed little 
eVidence of 0 esculentus all~les though 
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some Introgresslon was apparent In the 
remamlng three populations [Lake Kachlra 
(8 20) Lake Mburo (6 67) and Lake 
Nabugabo (21 10)J 0 ntlotlcus m Lake 
Nabugabo where 0 esculentus has been 
extirpated displayed surpnslngly high levels 
of Introgresslon and retention of 0 
esculentus alleles 

The mtroduced 0 mlotlcus had high 
genetic diverSity as compared with ItS 
congeners (0 esculentus and 0 
leucostlctus) There was eVidence of 
IntrogresslOn of 0 nIlottcus Into 0 
esculentus As a result of hybndlzatlon since 
the introduction of 0 mlotlcusto the Lake 
Victoria region It IS possible that no pure 
stocks of 0 esculentus eXist today 



SESSION 4 - DISCUSSION OF THE ICLARM-IAB-ZIM PROJECT 
RESULTS AND RECOMMENDATIONS 

ChaIrman Dr R S V Pulhn 

Dr Brummett How do you use the 
manual to Interpret data when you 
get mixed results such as pure strams 
and hybnds? 

Dr Abban What we are indicating In 
the manual IS that If you follow such 
and such procedures this IS the type 
of results you get and this IS how to 
Interpret them 

Prof Renwrantz The type of results you 
get with hybnds has not been 
descnbed In the manual because It 
can be very complicated The manual 
says these are the results you get 
with pure strains so that when you 
are confronted with hybrids you can 
Infer this from the results for pure 
strains But we could mdlcate m the 
manual a list of pubiJshed papers one 
could refer to 

Dr Pulhn We can add a paragraph to 
that effect 

Dr Falk We are focusing on species -
charactenzatlOn but for example 
hemoglobm and globm cham analysIs 
provide mformatlon about 
hybrIdizatIon These results and fIgures 
are Included In the manual 

Prof Renwrantz To IdentIfy hybnds you 
have to do a comparatIve study It 
IS dIffIcult to IdentIfy one individual 
as a hybnd But comparIson can 
IdentIfy and differentiate individuals 
of pure strains from hybnds Taking 
this manual as a cookbook then there 
should be a little more informatIOn 
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on steps to use for such IdentifICa­
tIOn 

Dr Falk The markers are speCIes-spe­
Cific You can Improve the resolution 
power of each technique to get the 
subspecies We did It with East Afncan 
Oreochrom/s n sugutaelO n 
eduard/anus and 0 n mloticuS by 
the use of hemoglobm and globm cham 
analysIs We were qUite successful 

Dr Abban We had the problem of 
distinguishing species before the 
problem of subspecies It was not 
our mtentlon to go Into subspecies 
In the manual 

Prof Renwrantz We cannot give you a 
clear answer on which of the 
procedures to use to test subspecies 
But you can use Isoelectnc focusing 
at pH 3- 10 ana also antibodies for 
agglutination But so far we do not 
know which of these techniques are 
most sensitive for subspecIes 

Dr Agnese Include references of all people 
who have done work similar to those 
m the manual-e g E Trewavas for 
morphometrIes It Will also be good 
to mdICate references of simIlar work 
done m AfrIca To whom IS the manual 
addressed? People who do not know 
anythmg about the subject of the 
manual and need to be Informed? 

Dr Pulhn There IS a section In the Draft 
Manual which IS mlssmg It Includes 
key words references and overviews 



of expert work Some of the present 
suggestions will be Included With 
respect to end-users we are trymg 
to teach bIOchemical methods to 
people who want to use them but are 
apprehensive 

Dr Abban For West Africa for Instance I 
do not know many laboratories that 
have tools and equipment to do 
electrophoresIs This manual shows that 
the techmque 15 not magic and that 
millions of dollars are not needed to 
do It That IS why we have not provided 
Infrastructure but only shown how 
people can Improvise to use the 
techniques Umverslty students who 
may have read about a technique but 
are scared to do It can benefit from 
the manual 

Prof Renwrantz Even with people who 
have biochemICal knowledge you have 
to decide where to start from You can 
get indications about which of the 
procedures In the manual will be 
promising depending on what you are 
looking for 

Dr Brummett It IS worth pOinting out 
that the manual IS not a key It 15 a 
component of a key You have to select 
the technique based on what you want 
to achieve 

Dr Ambah So add data analysIs and also 
have a phylogenetIC tree Included 

Dr Abban ThiS IS not a key It IS a manual 
For example It IS the basIs to 
discriminate between two species 
When one IS faced with discrIminating 
among many species then It IS a key 
The manual 15 nowhere near building 

phylogenetIC relationships We never 
deCided to bUild a key or phylogenetIC 
trees ThiS IS a manual you can use to 
Identify or differentiate between thiS 
and that With agglutination you can 
Identify between species without 
reference But for other methods you 
need references 

Dr Renwrantz My suggestion IS that you 
consider the different approaches In 
the manual and then relate It to the 
condition of your laboratory If the 
manual IS not appropriate let us I<now 
so we can Improve It 

Dr Pulhn I hope some of the methods 
In the manual will be tried by groups 
In thiS region We have not had time 
and money to put It Into test and tralnmg 
exercises - thiS IS a gap to be filled 
My Impression IS that when people 
get tllapla from somewhere they do 
not bother to check IdentificatIOn 
whether through looking at taxonomic 
monographs or morphometrIcs We do 
not have any Idea of how widely the 
eXisting tllapla differentiation tools are 
being used Has anyone used the key 
that Dr Rosemary Lowe-McConnell put 
together after the Bangkok Tllapla 
Conference '7 Maybe we need to do 
some research on how the manuals 
are being used7 

Dr Van der Bank We need to know the 
resources of fish material and where 
these can be eaSily obtained 

Dr Abban It will be good to have a source 
say a laboratory where everybody can 
go and collect some fish sample We 
could do thiS If for Instance we ask 
anybody coming from an indigenous 

Pullin R S V Editor 1988 Tllapla genetic resources for aquaculture ICLARM Conf Proc 16 108 P 
(French edition available from 1989 ) 
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tllapla area to brIng 10 samples of a 
species 

Dr Pulhn How would Dr Van der Bank 
propose the establishment of the tissue 
bank) 

Dr Van der Bank A decentralized network 
of people 

Dr Ambah In MalawI keeping samples 
In alcohol will not be difficult But 
keeping them In a refrIgerator Will 
be difficult 

Dr Agnese It IS better to have 
collaboration because besides the 
nonavailabillty of money to fund a 
centralIzed system most sCIentIsts 
WIll prefer theIr specImens to be close 
to them In their laboratOries 

Dr Brummett Research statIons should 
make sure that the lines they maintain 
are pure lines 

Ms Duthie CompIlation of an Inventory 
of who has what material WIll also 
be useful 

Dr Pulhn It can be diffIcult to transfer 
lIve fIsh But perhaps transferrIng Just 
a piece of muscle WIll not be dIffIcult 
WIth the former one WIll have to take 
note of the sovereign TIghts of natIons 
and all the legal reqUirements of 
shipping biological matenal 

Dr Abban I see It as a Simple problem 
If for Instance Dr Ambah has a muscle 
sample of 0 shlranus chllwae In 
alcohol and I contact him In a letter 
he can eaSily send It to me But 
transfernng lIve fish IS difficult 

Dr Pulhn We Will have to explore to 
what extent thiS (biochemical mateTlal) 
can be left out of legal control 
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Dr Brummett In addition to maintaining 
biochemical specimens let us 
maintain the living organisms as well 

Dr Satla As sCientists we should be 
careful to take note of legal aspects 
of mateTlal transfers and the 
reqUirements of the Convention on 
BiologIcal DIversity The people who 
own the matenal have rights We 
should rather concentrate on transfer 
of knowledge and that IS how thiS 
manual comes about 

Dr Pulhn Because the exchange of 
sample containing DNA IS becommg 
increasingly complicated we should 
bUild on exchanging results Ideas 
standard pictures of gels etc 

Prof Renwrantz Colleagues working 
on the same molecules say LDH 
can compare results from dIfferent 
regions and different laboratOries 
If the sample IS analyzed With respect 
to molecular weights and not With 
respect to how far dyes travel The 
latter IS Influenced by laboratory 
condItIOns 

Dr Pulhn With respect to our obJective 
to develop a field kIt we would lIke 
to have your opinions on whether 
or not we should keep It as a future 
obJective) 

Dr Satla Our diSCUSSion has given us 
some leads on Simple techniques 
to Include such as techniques from 
Dr Naish and Prof Renwrantz We 
should however mclude those from 
other SCIentists not present at thiS 
forum 

Prof Renwrantz We should not expect 
too much from the Simple methods 
developed so far because the 
methods cannot IdentIfy hybrids 



Besides most museums etc pre­
fer conservative methods It IS only 
recently that they have mcluded bio­
chemical approaches 

Dr Pullm Does anybody know of any 
field kit that could be used at col­
lection sites) 

Dr Brummett Most people go to thE' 
field and they do not know the type 
of fish they see and have to carry It 
to the laboratory 

Dr Ambah A field kit IS Important Most 
Afncan countnes do not know the 
fish they are dealing with But It IS 
Important to keep the 1<lt very sim­
ple A bit of morphological informa­
tion should be Included with the biO­
chemical methods 

Dr Teugels A morphological approach 
IS good but has ilmltatlons other­
wise there would be no need for any 
other We have eqUipment and tools 
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for electrophoresIs and chromosome 
studies In our laboratory But bIO­
chemical techniques alone cannot 
give all the answers Morphology and 
morphometncs still have a future for 
descnblng new taxa etc 

Dr Renwrantz Do you Dr Teugels 
subscribe to a field kiP 

Dr Teugels The Idea of a field lot IS 
good 

Dr Brummett It seems to me biochemical 
techniques override morphometncs 
because the former can be useful m 
the analYSIS [separation] of hybnds and 
pure strams 

Dr Pulhn Smce tJlapla will be moving 
around With the pOSSibilities of for­
mation of more and more hybrids 
we have to promote more Identifi­
cation of tJlapla than has been done 
It IS to such efforts that thiS project 
has tried to contnbute 



SESSION 5 - REPORTS Of WORKING GROUPS 

Conservation of Aquatic Genetic Resources 

ChaIrman Dr B Satla 
Members F H van der Bank G Gourene 

OWlnO K Camara and A A Asso 

Freshwater fIshes are the most 
threatened of wIdely exploIted vertebrates 
Most If not all aquatIC genetIC resources 
In the regIon resemble the wIld types 
Approaches to the conservatIon of these 
resources should be based on these 
premises 

• 

• 

RecommendatIOns 

Enhance pubhc awareness and seek 
or secure the support of the dIfferent 
stakeholders 

Develop and use easy cost-effective 
and rehable morphologIcal and 
bIochemIcal keys since knowledge 
of what IS to be conserved IS 
ImperatIve 
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• 

• 

• 

• 

• 

Encourage countrIes to Implement 
approprIate gUIdelInes for blosafety 
and proper use of genetIc resources 

Encourage countrIes to respect 
eXIsting Codes of PractIce on the 
IntroductIon and transfers of aquatIC 
specIes Where such introductIons 
and/or transfers are necessary they 
should be based on expltClt 
protocols 

ASSIst countrIes In ensurIng the 
proper utlhzatlon and development 
of local aquatIc genetIc resources 

Encourage governments to create 
sanctuanes reserves and restricted 
areas for conservIng local genetic 
resources 

Adopt a multldlsclphnary and hohstlc 
approach InvolvIng all stakeholders 
In conservIng aquatlC genetic 
resources 



The Manual Prepared from the ICLARM-IAB-ZIM ProJect: 
Methodologies 

Chairman Dr J -F Agnese 
Members A Ambah A Abban K-A Naish 
L Renwrantz T Falk C M V Casal and 
A Asamoah 

Recommendations 

• Include In the introductIOn (1 ) 
target audience (2) a statement 
that the manual evaluates cur-
rent biochemical methods and 
(3) the Importance of bIochemIcal 
techniques to be used together 
with morphometrIC methods In 

the IdentificatIon of species 

• Add a chapter on the evaluation 
of the techmques as well as a 
matnx of specIes and techniques 
so that compansons can be eaSily 
made Add page numbers for easy 
reference 

• Incorporate flow dIagrams at the 
begInnmg of each chapter to allow 
qUick reference At the bottom 

• 

• 

• 

• 

• 
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of the page mentIon basIc 
reqUirements In conduct of 
methodology (e g freezing of 
samples) 

Include a diSCUSSIon chapter to 
expound on the use of hetero­
zygosity to evaluate populatIon 
status 

Include future directions of mor­
phologIcal and biochemical tech­
nIques 

ProVIde approximate costs for 
performing biochemical analyses 
and a lIst of laboratorIes capa­
ble of carrying out these tests 

EmphaSIze the presence of SImilar 
studies which used other meth­
ods and pOint out that the work 
has to be continued 

CIte all Important lIterature Eng­
lish and French to Include 
morphometrIC references and 
other bIochemICal methods and 
analYSIS particularly those car­
rIed out In West AfrIca 



Aquaculture and BIodiversity ConservatIon 

Chairman Dr R 5 V Pullin 
Rapporteur Dr R Brummett 
Members A Olallo 0 Assemlen 
A Lovell F Attlpoe F Couhbaly-Sylla 
F Amevenku B A Gourene H Elghobashy 
G Teugels and F BugenYI 

This group discussed three general 
topICS concernmg the relationship be­
tween aquaculture development and the 

conservation and wise use of aquatic 
biodiverSity 

1 Introduction of Exotic SpeCies and 
Development of Indigenous SpeCies 
There can be seriOUS negative 
consequences for local biodiverSity 
when exotic species Imported mto a 
country or region for purposes of 
aquaculture escape mto natural 
waterbodles In addition many 
mtroductlons fall to achieve sustained 

Increases m aquaculture production 
When introductions do succeed how­
ever there can be substantial POSI­

tive benefits In terms of mcome gen­
eration and food production Mak­
Ing mformed decIsions about the rela­
tive costs and benefits of Importmg 
exotic species will require careful 
consideration of the role which exotICs 
might play In both local economies 
and ecosystems 
Aquaculture polIcy planners and en­
trepreneurs have often viewed exotic 
species as magic bullets which Will 
overcome other often more Imme­
diate constraints and engender rapid 
aquaculture development ThiS has 
been done Without regard for the 
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often large available number of po­
tentially valuable aquaculture spe­
cies mdlgenous to an area Conse­
quently few of these species have 
been adequately studied either m 
the Wild or under culture conditions 
The use of indigenous species offers 

real potential to Improve local 
aquaculture output Without the risks 
associated With Importation of 
exotics 

Recommendation 

In future rather than introdUCing alIen 
species for aquacultural purposes 
a maXimal use should be made of 

indigenous species In order to 
conserve local genetic resources and 
biodiverSity The selection of possible 

aquaculture candidates should be 
based on thorough studies of their 
general biology In the Wild and In 

captivity 

Z The Place of Aquaculture In the 
EnVironment 
Aquaculture both affects and IS af­
fected by the external aquatic envI­
ronment With which It mterfaces While 
clean water IS essential the wastes 
from aquaculture faCIlIties often de­
grade the bodies of water Into which 
they fall ThiS may have seriOUS 
consequences to biodiverSity which 
depends on those waterbodles for 
survival Thus the very biodiverSity 
on whICh aquaculture depends for the 



provIsion of new genetic material may 
be negatively affected by the very 

presence of the aquaculture Itself 

There may thus be clear Justification 

for not locating aquaculture facIlIties 

In pnstIne areas or sites designated 
as bIOlogical reserves 

Recommendation 

The siting of aquaculture operations 
should be planned with thorough 
consideration of their probably Im­
pacts on biodiversity and the envI­
ronment This may preclude 
aquaculture development In some 
areas of high conservation Importance 
Conversely aquaculture should be 
protected against pollution and other 
negative Impacts 

3 The Role and Danger of GenetIcally 
ModIfIed OrganIsms 
Genetically modified organisms In par­
tICular transgenIcs are unknown quan­
tities both In their potential to Im­
prove aquaculture output and theIr 
Impact on local biodiverSity At present 

the more conservative methods for 
modifYing the genotypes of aquaculture 
species (e g selective breeding) still 
offer substantial room for Improving 
productiVity The organisms modified 
by these methods arguably pose fewer 
environmental risks than do those whIch 
are the result of gene transfer or other 
more radical methods 
It IS at present Virtually Impossible 
to determine the envIronmental Im­
pacts of the release of genetIcally modi­
fied organIsms Into the environment 
Substantial research Into thiS ques­
tIOn IS needed before Informed deCI­
sions can be made 

Recommendation 

As domestication of aquatic spe­
cies and theIr genetic Improvement 
for aquaculture performance 
proceed It IS Important that their 
products whether produced by 
selection or genetIC manipulations 
do not have adverse Impacts on 
biodiverSity and the natural 
environment 

The following were Inadvertently omitted In AppendiX 1- PrinCipal partiCipants from collaborative 
mstltutlOns and from other countrIes 

Mme 0 Assemlen 
Instltut Des Savannes 
BP 633 
Bouake 01 
Cote d IVOlre 
Tel (225) 63 31 39 
Fax (225) 63 2045 

Dr C A Bmey 
Actmg Director 
Institute of AquatiC Biology 
PO Box 38 Achlmota 
Accra Ghana 
Tel (233-21) 775135 
Fax (233-21) 777170 
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Dr A J Ambah 
Biology Department 
Chancellor College 
Umverslty of MalaWI 
PO Box 280 
Zomba MalaWI 
Tel (265) 522046 523 056 
Fax (265) 522046 
E-mail 
aambah@umma wn apc org 

Our apologies 

The EdItors 
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Abstract 

We summarize here the results of four studies at the Genetics Laboratory of the Centre de Recherches 
Oceanologlques (CRO) Cote d Ivolfe uSing allozymes to study til apia populations The first study 
showed that the genus Ttlapla (sensu stricto) has the largest number of ancestral characters and con 
firmed the hypothesIs that the mouthbrooders (Sarotherodon and Oreochromls) arose from the substrate 
spawners (Ttiapla) In addition the results confirmed the hypothesIs that all mouth brooders arose 
From a Single speciation event and that species of the genus Sarotherodon appear to have been the 
First to split from the substrate spawner group because In the resulting phylogenetic tree they are 
situated between the species of the genera Ttiapla and Oreochromls 

The second study dealt With the genetic characterization of a miotlcus populations These were 
clustered Into three malor groups first composed of the Nile drainage (the Nile and Lake Edward) and 
the Kenyan Rift Valley populations (the Suguta river and Lakes Barlngo and Turkana) second the Ethlo 
plan Rift Valley populations (the Sod ore hot springs and Lakes Awasa Koka and Zlway) and third West 
African populations Lake Chad and the Chari Niger Volta and Senegal rivers We suggest that a 
miotlcus originated from the Nile from where individuals have been able to colonize Independently 
East and West Africa 

The third study revealed that the non native Lake Victoria population of a miotlcus possess alleles 
common to both Nile and Kenyan populations and probably resulted from a mixing of these two From 
this study It seems highly Improbable that there has been hybridization between a miotlcus and a 
escuientus 

The fourth study revealed the presence of natural hybrids of T gumeensis and T z/IIJ/ In Lake Ayame 
Cote d IVOIre probably caused by their confinement and close assoCiation In this artiFIcial lake 

46 



Studies 

PhylogenetIc relationshIps among 
three tJlapnne generaa 

The classificatIOn of Tllaplas IS con­
troversial Thys van den Audenaerde 
(t 970 197 t t 978 t 980) grouped all 
Tllaplas under the genus TIlapla wlthm 
which he created a number of subgenera 
Trewavas (t 966 t 973 t 980 t 98 t 
1 982a b) divided the genus TJ/apla (sensu 
lato) Into three genera TIIapla 
Sarotherodon and Oreochromls based 
on their meristic morphometnc and 
ethologICal characterIstics and espeCIally 
on their reproductive behaVior genus liJapla 
are substrate spawners genus Sarotherodon 
paternal or biparental mouthbrooders and 
genus Oreochromls maternal mouth-brood­
ers Trewavas (t 983) produced a detailed 
monograph on the mouthbroodmg gen­
era 

The evolutIOn of the reproductive 
behaVior of tllaplas IS also open to debate 
Trewavas (1982a) suggested that a 
mouthbroodmg ancestor diverged from the 
ancestral group of substrate spawners to 
give rise to the biparental mouthbrooders 
(Sarotherodon) and then the maternal 
mouthbrooders (Oreochromls) (Fig t) An 
alternative hypothesIs proposed by Peters 
and Berns (1978 1982) IS that the present 
mouthbrooders have different ancestors 
and were the result of multiple evolutionary 
events from substrate spawners 
According to theIr hypothesIs maternal 
mouthbrooders were the fIrst to split from 
the substrate spawners 

To investIgate specIation In Tllapla 
(sensu lato) 24 enzyme loCI were studied 
In five specIes of the genus Oreochromls 
four speCIes of the genus Sarotherodon 

t t species of the genus TIlapla (sensu 
strIcto) and four other African clchlJd 
species genera Results showed a close 
correspondence between the clustering 
of species and the genus to which they 
belong Species of the genus 7iIapla (sensu 
strIcto) are found at one end of the tree 
Three Sarotherodon species are found 
at the mIddle along wIth a clustenng of 
species of the genus Oreochromls 5 
melanotheron IS found at the other end 
of the tree (Fig 2a) The addItion of other 
Clchlid specIes (Chromldotiiaplagunthen 
Chylochromls dupontl Hemlchromls 
fasClatus Pelmatochromls buettJkoferI 
and 7j/lochromls ;entml(J) dId not change 
the prevIous phylogenetIc structure (FIg 
2b) 

ThIs phylogenetIc tree shows that the 
specIes of the genus TJ/apla (sensu strIcto) 
could be consIdered to have the largest 
number of ancestral characters of all the 
species of TJ/apla (sensu lato) proposed 
by Thys van den Audenaerde Indeed 
the fIve specIes added to the tree are 
all grouped wIthin TIlapla (sensu strIcto) 
The fact that T!/apla (sensu strIcto) can 
be considered to have the largest number 
of ancestral characters confIrms the 
hypothesIs that mouth brooders 
(Sarotherodon and Oreochromls) arose 
from substrate spawners In addition 
these results confirm the hypothesIs that 
mouthbrooders have a common ancestor 
The phylogenetic trees obtained clearly 
showed the clustering of specIes by genus 
If multIple evolutIonary events had gIven 
rise to the mouth brooders thIs clustering 
of specIes by genus would not be 
observed The observatIon IS consIstent 
wIth the hypotheSIS that a single specIatIon 
event gave rise to all mouth brooders 
Moreover as suggested by Trewavas 

Phylogenetic: relatIonshIp among 21 specIes of three ttlapllne genera lilap/a Sarotherodon and OreochromlS 
uSing allozyme data L Pouyaud and J F Agnese 1995 J FIsh BIoi 47 26 38 
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First hypothesIs (Trewavas) 

Biparental mouthbrooders 

Maternal mouthbrooders 

Second hyphothesls (Peter and Berns) 

Maternal mouthbrooders I 

FIg I AlternatIve hypotheses for the reproductIve behaVIor of tllaplas Arrows 
IndIcate the OrIgIn of groups 

(1980) specIes of the genus Sarotherodon 
appear to have been the fIrst to split 
from the substrate spawners group since 
they are sItuated In between the spe­
cIes of the genus TJIapla and Oreochromls 
of the phylogenetIC tree 

Although these results clanfy the 
phylogenetIc relatIonshIps among these 
specIes of thE" three genera Tilapla (sensu 
stricto) Sarotherodon and Oreochromls 
questions remain concerning the 
relatIonshIps between 5 melanotheron 
and all other specIes ThIS specIes IS 
genetically closer to species of the genus 
Oreochromls than those of the genus 
Sarotherodon Further studIes on a larger 

number of specIes In Tt!apla (sensu lato) 
wIll be needed to elucidate the evolu­
tionary event(s) that gave nse to thiS 
species 

Z GenetIc dIfferentIatIon among natural 
populatIons of Oreochromls 
nllotlcus" 

Among all tIlapla speCIes the Nile tllapla 
(Oreochromls nJ!OtICUS) IS the most 
commercIally Important specIes The 
natural range of 0 nJlOtlCUS Includes the 
Awash Benue Chan GambIa Niger NIle 
Senegal and Volta rivers and many lakes 
like those of the RIft Valley Albert Barmgo 

bJ F Agnese B Adepo Gourene E K Abban and Y Fermon HeredIty genetIc dIfferentIatIon among 
natural populatIons of the NIle tliapla Oreochromls ntlotlcus (Teleostel Clchhdae) (In press) 
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Edward George KIvu TanganYika and 
Turkana Trewavas (1983) uSing 
morphometrlcal analysIs described seven 
subspecies 0 nilotlcus mlotlcuS from 
West Africa and Nile 0 n banngoensls 
from Lake Barlngo 0 n cancellatus from 
the Awash river system In Ethiopia 0 
n eduardlanus from Lakes George Edward 
anrl TanganYika 0 n Moa from the hot 
springs of the Awash river 0 n sugutae 
from Suguta river 111 Kenya and 0 n vulcam 
from Lake Turkana Seyoum and Kornfleld 
(1992a) described a new subspecies 0 
n tana from Lake Tana In Ethiopia based 
upon ItS genetICal characteristics 

In Afnca 0 mlotlcus populations from 
several sources have been Introduced 
Into nvers e g In Cote d IVOIre where 
a farmed strain (resulting from the 
interbreeding of individuals from the Nile 
and Volta baSins) IS now present In all 
malor nvers Cameroon GUll1ea and Benin 
also have some Introduced populations 
which as In Cote d Ivolre resulted from 
the escape of captive broodstock In many 
of these situations It seems that this 
species did not cause the disappearance 
of any other species particularly any 
related tllapla species However this was 
not the case In Lake VictOria where 
Oreochromls mlotlcus was Introduced 
In the late 1950s (Kaufman 1992) This 
species and Introduced Nile perch (Lates 
mlotlcuS) have been Implicated In the 
disappearance of a closely related speCies 
o esculentus which onglnally supported 
the lake s most Important fishery (Ogutu­
Ohwayo 1990) 

Although 0 mlotlcus has a wide 
dlstnbutlOn and IS of great economic 
Importance the genetic charactenzatlon 
of natural populations has not been 
thoroughly accomplished This could be 
of great Importance for research on strains 
for aquaculture for the protection of 
endangered populations (for example 
those In Lake Banngo or rivers like the 
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Suguta river) and for making biogeo 
graphical Inferences There has been some 
genetic charactenzatlon of strains used 
111 aquaculture (McAndrew and Malumdar 
1983 Ba'ilao and Tanlgudll 1983 
Maracanas et al 1995) Recently some 
studies have been made on natural 
populations Seyoum and Kornfleld 
(1992a 1992b) made a study on East 
African populations and Rognon (1993) 
and Rognon et al (In press) studied West 
African popUlations 

Our study was the first In whICh the 
natural populations of 0 mlotlcuS 
representing all the subspeclf's described 
In the maJor baSinS (the Awash Niger 
Nile Senegal Suguta and Volta rivers 
and Lakes Barlngo Chad Edward Tana 
and Turkana) were investigated ThiS was 
to facilitate subspecies or populatIOn 
charactenzatlOn and biogeographic 
Inferences We analyzed the genetic 
differentiation among seventeen natural 
populations uSing allozymes Sixteen of 
the 25 lOCI studied were polymorphic 
Dendrograms showed that the populations 
are clustered Into three maJor groups 
the first composed of the Nile drainage 
(the Nile and Lake Edward) and the Kenyan 
Rift Valley populatlo'1s (the Suguta river 
and Lakes Banngo and Turkana) the 
second composed of the Ethiopian Rift 
Valley populations (the Sodore hot springs 
and Lakes Awasa Koka and Zlway) and 
the third West African populations (Lake 
Chad and the Chan Niger Senegal and 
Volta fivers) (Fig 3) 

The main difference between our re­
sults and Trewavas s ( 1 983) nomencla 
ture IS the genetIC differentiation observed 
In 0 n mlotlcus All the West Afncan 
populations (Chad Niger Senegal and 
Volta baSinS) appear closely related 
whereas populations from the NJle are 
closely related to the East African 
populations (the Suguta river and Lakes 
Barlngo Edward and Turkana) Her 
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subspeclflc nomenclature based on 
morphological differences IS not con­
sistent with the data from our genetic 

analyses 
The distributIOn of tiiapia species 

and populatIOns In Africa depends 
upon historIcal events (clImatic 
change geological change such as 
volcanic events etc) With our results 
It became possible to reconstruct 
some of the past events that led to 
the current distributIOn of 0 m/otlcus 
populations Colonization IS often 
accompanied by bottleneck effects 
due to the generally small Size of 
populations that gain access to one 
baSin from another These bottlenecks 
intensify genetic drift and lead to the 
loss of genetic diverSity In these 
conditIOns populations located at 
or close to the origin of the species 
are those which have undergone the 
fewest bottlenecks If we consider 
polymorphism (P) the populations 
that we studied can be diVided In two 
groups the Ntle and West AfrIcan 
populations (subspecies 0 n 
m/otlcus) with P values never less than 
o 04 and the East AfrIcan populations 
(all other subspecies) with P values 
never greater than 0 04 (Fig 4) Further 
results from a mitochondrial DNA study 
showed that the Nile population can 
be considered as the more polymorphic 
one compared to the West AfrIcan 
populations These observations led us 
to hypothesize that the area of OrIgin 
of 0 m/otlcus could be the NIle From 
thiS area individuals have been able 
to colonize Independently East and 
West Africa (Fig 5) To elaborate further 
on thiS colonIzation model more data 
on the genetic differentiation of 
populations are needed 

3 Genetic characterizatIOn and 
possible orlgm of the Oreochroml5 
m/otlcu5 populatIOn of Lake 
Vlctona' 

Oreochromls m/otlcuswas Introduced 
Into Lake Vlctona dunng the late 1950s 
(Kaufman 1992) ThiS species and 
Introduced Nile perch Lates m/otlcus 
are ImplIcated In the disappearance of 
o escu/entus which Originally supported 
the lake s most Important tllapla fishery 
(Ogutu-Ohwayo 1990) 

Genetic characterization of 0 m/otlcus 
from Lake Victoria was performed to look 
for eVidence of ItS hybridization With 0 
escu/entus and to explore the origins 
of the Lake Vlctona 0 m/otlcus 0 
m/otlcus specimens were collected from 
Usenge and Kusa In the Kenyan part of 
Lake Victoria from Lake Banngo and 
from the Nile at Manzalla 0 escu/entus 
specimens were collected from Lake 
Kanyaboh a small lake very near Lake 
VictOria Nineteen lOCI were analyzed and 
a phylogenetic tree was produced 

The two populations of Lake Victoria 
appeared phylogenetlcally close to the 
Nile population (Lake Manzalla) (Fig 6) 
Only two polymorphic loCi were observed 
from the Lake Victoria populations The 
second allele of Aat 3 was present In 
the Nile population but absent In the 
Kenyan (Lake Barlngo) population The 
second allele of Pgl 1 was absent In the 
Nile population but present In the Kenyan 
(Lake Banngo) population The Lake 
Victoria population possess alleles 
common to both Nile and Lake Banngo 
populations and probably results from 
a mixing of these two populations No 
speCific allele of 0 escu/entuswas found 
In 0 m/ofIcus from Lake VictorIa Hence 

C Paper In preparation by J F Agnese B Adepo Gourene J OWInO and RAman 
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there has probably been no hybrIdIza­
tIOn between these two species 

4 Interspecific hybridIZation 
of autochthonous tilapia 
In Cote d IvoIred 

Recently there was a case of 
hybrIdization between sympatnc 
autochthonous species of TI/apla T 
gumeensls and T zllllJ In an artificial lake 
Lake Ayame In Cote d Ivolre (Pouyaud 
1994) It IS easy to distinguish these 
species on their pharyngeal teeth (Teugels 
and Thys van den Audenaerde 1992) or 
on the coloration of the caudal fm 
(Pouyaud 1994) Specimens collected 
In Lake Ayame displayed tYPICal specles­
specific and intermediate color patterns 

Twenty-five loCi were analyzed In more 
than 100 specimens from the lake Seven 
were polymorphic and two were 
diSCriminating between these two species 
See Fig 7 for results of a factorial analYSIS 
of the different genotypes observed In 

Lake Ayame G stands for specimens of 
T gwneensls Z for T zJ!ln and H for 
undetermined indiViduals The results 
show that the H mdlVlduals were genotypIc 
intermediates of T gumeensls and T zll/n 
species Most of them were heterozygotes 
at the dlscnmInatIng loCi This hybndlzatlon 
was probably a result of their confinement 
and close aSSOCiation In the artifICial lake 
Of five artifiCial lakes In Cote d IVOIre 
where both species are present we found 
such In four 
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Fig 6 Dendrogram (Nel 1972) genetic distances and UPGMA showing genetic relatIOnships among 
Lake Vlctona Kenyan and Nile populations of Oreochromls mlotlcuS and between this group of populations 
and 0 esculentus from Lake Kanyaboll 
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