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Most of the fishes living in the lagoons do 
not spend all their time in these brackishwaters. 
Sometimes, they go back to the river to spawn 
as in the case of freshwater fishes like 
Chrysichthys nigrodigitatus. Others like marine 
fishes (e.g., Ethmalosa jimbriata) feed or 
reproduce in lagoons for a time. Even true 
lagoon fishes are generally able to live in 
freshwater and/or in marine water. This is the 
case for two brackishwater tilapias, 
Sarotherodon melanotheron and Tilapia 
guineensis. Both are present in lagoons from 
Senegal to Congo (formerly Zaire). S. 
melanotheron is present in marine water near 
Dakar, Senegal, and in some freshwater lakes in 
Cote d'Ivoire. 1: guineensis is also present in 
freshwater in Cote d'Ivoire. 

(Gtinther, 1864). After analyzing many 
different populations in these species, Risch 
(1986) recognized only three valid species: C. 
filamentosus, declared as a junior synonym of 
C. auratus,. C. walkeri and C. velifer, 
recognized as one unique species called C. 
maurus (Valenciennes, 1839); and C. furcatus, 
identified as a junior synonym of C. 
nigrodigitatus. A few years later, three genetic 
studies confirmed this taxonomic revision 
(Agnese 1989, 1991; Agnese et al. 1989). 
Agnese (1991), from 13 populations of C. 
auratus and C. filamentosus, showed that these 
were not clustered according to their species 
definition but according to their geographical 
origin. Some river populations were genetically 
closer to some lagoon populations than to other 
river populations. This confirmed that C. 
auratus and C. filamentosus are one species, 
within which morphological differentiation 
between brackish and freshwater populations 
has occurred without any related genetic 
differentiation. (Fig 1.)  Similar situations were 
demonstrated for C. maurus (Agnese 1989) and 
C. nigrodigitatus (Agnese et al. 1989). 

Taxonomy 
West African lagoons support a very high 

biodiversity, the taxonomy of which is 
becoming better. known through genetic 
studies. Until Risch's (1986) work, numerous 
species of Claroteidae from the genus 
Chrysichthys were recognized in West Africa 
such as C. filamentosus (Boulenger, 1912) from 
lagoons and a closely related species, C. 
auratus (Geoffrey Saint-Hilaire, 1809), in 
rivers. A similar situation was assumed 
between C. walkeri (Gtinther, 1889) and C. 
velifer (Norman, 1923), and also between C. 
nigro- digitatus (Lacepede, 1803) and C. 
furcatus 

Population genetic structure 
Pouyaud (1994) and Adepo-Gourene et al. 

(1998) studied 29 S. melanotheron samples 
from Senegal to Congo, representing three of 
the five subspecies recognized by Trewavas 
(1983): S.m. heudelotii, which is present from 
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Fig. 1. Chrysichthys auratus (C.a.) is a widely distributed sahelian species, while C. filamentosus (C.f.) is a 
lagoon fish, present in brackish waters from Senegal to Congo. A genetic study (Agnese 1991) revealed that 
populations of both species were clustered not according to their species definition but by their geographical 
origin. Adapted from Agnese (1991). 
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samples using allozyme techniques. The 
samples cluster as three groups: the first, all 
populations from Senegal and Guinea; the 
second, all populations from Cote d'Ivoire and 
Benin; and the third, the Congo sample. It is 
obvious that samples are clustered ac- cording 
to their geographical origin and also according 
to their subspecific taxonomic rank. The first 
group represents S.m. heudelotii, the second 
S.m. melanotheron and the third S.m. 
nigripinnis. Estimations of al- lelic frequencies 
revealed clinal variations at three loci (Fig. 3): 
allele AAT-2*140, absent in Senegal, appears 
significantly in the west- ern part of Cote 
d'Ivoire, and is the unique allele in eastern 
populations. Allele GPI-2*95 has a symmetric 
distribution; it is present in Senegal and 
Guinea and absent from Cote d'Ivoire to 
Congo. Allele ACP-l *240 is present in all 
populations except in the most eastern one 
(Kouilou, Congo) and is the unique al- lele in 
Cote d'Ivoire and, from there, in all 
populations further east. 

Life histories
Survival, growth and sexual maturation in 

three morphologically and genetically dis- 
tinct populations of S, melanotheron (from 
Dakar, Senegal; Ebrie Lagoon, Cote d'Ivoire; 
and lower Kouilou, Congo) were compared by 
Gilles et al, (1998), An experiment (176 days) 
was carried out in concrete tanks (4 m3) at an 
initial density of 33 fish'm-3, Salinity ranged 
from 6 ppt at the beginning of the ex- 
periment to zero at the end, The Senegal fish 

Fig. 2. Genetic relationships among 29 S. melanotheron samples representing 
three of the rIVe subspecies: S.m. heudelotii, which is present from Senegal to 
Guinea; S.m. melanotheron, from Cote d'lvoire to Cameroon; and S.m. 
nigripinnis, from Equato- rial Guinea to Congo. Adapted from Pouyaud (1994). 

Senegal to Guinea, S.m. melanotheron from 
Cote d'lvoire to Cameroon and S.m. nigrip- 
innis from Rio Muni to Congo (formerly 
Zaire). They used allozymes (27 loci studied) 
and microsatellites (two loci). Both tech- 
niques gave congruent results. Fig. 2 shows 
the genetic relationships among all these 

Fig. 3. Clinal variation at three loci in Sarotherodon melanotheron populations. Samples are presented from west (W} (Senegal) to east (E) (Congo). Adapted from 
Pouyaud (1994). 
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" important implications for gene flow between populations. 

Biogeography
Eleven populations of C. maurus from dif- 

ferent river basins and one of c. auratus were 
studied using enzyme protein electrophore- sis 
(Agnese 1989) to estimate the genetic dif- 
ferentiation and phylogenetic relationships 
among these populations. Among the 19 loci 
studied in C. maurus, 11 were polymorphic. 
Genetic differentiation was strongly related to 
the geographical distribution of these pop- 
ulations. For example, all individuals of the 
three eastern populations are homozygous for 
the allele AAT-2*90, and this allele was never 
encountered in any other population. The 
allele IDH-2*90 is present from the popula- 
tion sampled at Loffa (Liberia) and those to 
the west, whereas the allele IDH-2*95 is pre- 
sent only in the eastern populations. Lastly, all 
individuals west of Cavally (Cote d'Ivoire) are 
homozygous for the allele LDH-2*50, whereas 
all eastern individuals are homozy- gous for 
the allele LDH-2*100. The samples cluster as 
three groups (Fig. 5): (1) samples 

Fig. 4. Growth rates of three different populations of Sarotherodon 
melanotheron from Senegal, Cote d'lvoire and Congo. Adapted from Gil/es et 
al. (1998). 

grew faster and reached sexual maturity later 
than those of the other two populations (Fig. 
4). A second experiment (168 days) was car- 
ried out on populations from Senegal and Cote 
d'Ivoire at an initial density of 31 fish.m-3 in 
cages placed in a I ha pond. Salinity ranged 
from 1.8% at the beginning of the experiment 
to 3.5% at the end. As in the first experiment, 
fish from Senegal population had higher 
growth rates than the others. S. melanotheron 
from this Senegal population may have good 
potential for brackishwater aquaculture. 

Gourene et al. (1993) studied gene flow in 
two lagoon fishes with different life histories 
traits: S. melanotheron, a mouthbrooder with 
low fecundity (5 ova.g-1, i.e., 25-30 ova.g-1. 
yr1) and marked territorial behavior, and Eth- 
malosa fimbriata, which has pelagic eggs, 
high fecundity (500 ova.g-1.year-l) and is 
migratory. The authors studied allozyme loci 
in several populations of both species: from 
Senegal to Cote d'Ivoire for S. melanotheron 
and from Senegal to Congo for E. fimbriata. 
The num- ber of migrants per generation was 
calculated according to Wright (1931), using 
the for- mula Nm = (I-Fst)/4Fst where N is the 
ef- fective size of the population and m is the 
level of migration between these populations. 
For S. melanotheron, Nm ranged between 0.23 
and 3.48, and for E. fimbriata, from 2.59 to 
83.08. These results indicate that life histo- 
ries traits, like reproductive behavior, have 

Fig. 5. The genetic differentiation of C. maurus populations is strongly related 
to their geographical distribution. The first group (.) contains samples from 
rivers and lagoons from Cote d'lvoire (Aby Lagoon, Ebrie Lagoon and 
Bandama, Sassandra and Cavally Rivers); the second ( 0) contains samples 
from East Guinea rivers (Nipoue, Loffa and Makona); and the third (A.) 
contains samples from West Guinea rivers (Mongo, Kolente and Konkoure). 
Arrows indicate colonization to the west from an eastern center of origin. 
Adapted from Agnese (1989). 

20         Biodiversity and Sustainable Use of Fish in the Coastal Zone 



  

from rivers and lagoons of Cote d'Ivoire; (2) 
samples from East Guinea rivers; and (3) 
samples from West Guinea rivers. From these 
three groups, the easternmost ones showed 
clearly the closest relationships with C. 
maurus, indicating that this group possesses 
more ancestral alleles than the others. From 
this region, individuals have been able to 
colonize rivers of east Guinea to form now 
what we call the second group. From this 
second group, individuals have been able to 
colonize rivers of west Guinea, forming the 
third group. 

Adepo-Gourene et al. (1997) made a 
similar study on II samples of C. 
nigrodigitatus and one sample of C. maurus 
using allozymes. The populations from Cote 
d'lvoire were genetically the most variable and 
had the highest number of alleles in common 
with the sample of C. maurus (ancestral 
alleles). The samples from the limits of the 
species' range 
(Dagana, Bas Kouilou) were those that had the 
lowest polymorphism (both were 
monomorphic) and the fewest alleles in 
common with C. maurus. On the basis of these 
genetic results and the morphological and 
biogeographic results, these authors suggested 
that: (I) colonization of basins by populations 
of C. nigrodigitatus started in the area 
between Cote d'lvoire and Benin; (2) from this 
region of origin, some populations colonized 
the basins to the west via the coast area up to 
Senegal; and (3) independently, other 
populations colonized basins to the east via 
the coast to the former Zaire. The colonization 
of the Niger occurred most likely through its 
lower delta. 

caught approximately 10 m from each other, 
along a linear transect, sampling 82 
individuals from eight independent shoals. 

The locus SMEL-4 with 33 alleles had a 
heterozygosity of 0.94. According to this 
value, five homozygous individuals among the 
82 were expected if random mating had 
occurred. However, these authors found 32 
homozygous individuals. Among these, eight 
individuals carried shoal-specific alleles. 
Grouping of non-inbred relatives could not by 
itself produce such a deficit of heterozygotes. 
In one shoal, a shoal-specific allele SMEL-4-
078 was found in homozygous condition in 
three of six individuals, indicating that those 
individuals were probably themselves the 
progeny of an inbred cross. Since their 
putative parents shared the same rare allele, 
there is a high probability that these parental 
individuals were kin. Kin cohesiveness 
probably originated in imprinting during the 
first stages of life. This behavior could playa 
role in speciation events, such as those 
described in the East Mrican Great Lakes. 
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Conclusion
The high biodiversity of lagoon fish in 

terms of species number, life histories and 
behavior allows for many different types of 
genetic studies. Such studies are valuable not 
only for theoretical genetics but also for 
development. Many more studies on this 
taxonomy, gene flow and trait differentiation 
of genetically controlled life histories are 
needed for the sustainable use of these lagoon 
areas. 

Kin cohesiveness 
Four microsatellite markers were used to 

study genetic variations among individuals of 
S. melanotheron (Pouyaud et al, in press). 
Eighty-two mature individuals, belonging to 
eight different shoals, were caught in the Grand 
Lahou Lagoon (Cote d'Ivoire). These shoals 
were identified visually in shallow water as 
groups of fish swimming together. All the 
individuals in a shoal were captured in a single 
netting. The different shoals were 
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Discussion
D7: Van der Bank: How did you identify an 

ancestral allele? 
Dr. Agnese: An ancestral allele is one that is 

found in other species. 

Dr: Teugels: Looking at the phylogeography of 
Chrysichthys nigrodigitatus, it confirms 
what Thomas Falk presented this morning 
based on his study of S. melanotheron. 

Dr. Agnese: Yes, he is right, and I am also 
right. The West African population, which 
is the more recent one, has the lowest 
variability level and has new alleles, which 
are new for the genus Chrysichthys. They 
are totally new and are unknown in other 
species. This is a clear indication that this 
population is new. Whenever species move 
from one place to another, their chances to 
fix new alleles are high and so are their 
chances to lose other alleles. 
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