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' Introduction

Among all tilapia species, the Nile tilapia, Oreochromis niloticus
(Linnaeus, 1758), originating in West and East Africa (TREWAVAS,
1983), is commercially the most important. It has been introduced
into many Asian and South American countries.

The natural range of O. wmiloticus includes the Senegal, Gambia,
Niger, Volta, Benue, Chari, Nile, and Awash Rivers and many
lakes like those of the Rift Valley: Edward, George, Albert, Kivu,
Tanganyika, Baringo, Turkana. TREWAVAS (1983) described seven
subspecies, using morphometrical analysis: O. niloticus niloticus
from West Africa and the Nile, O. »n. eduardignus from Lake
George, Edward and Tanganyika, O. n. cancellatus from the
Awash River system in Ethiopia, O. n. filoa from the hot springs of
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the Awash River, O. n. vulcani from Lake Turkana, O. n.
baringoensis from Lake Baringo, and O. n. sugutae from River
Suguta in Kenya. SEYOUM and KORNFIELD (1992a) described a
new subspecies, O. n. fana from lake Tana in Ethiopia, using
genetical (mitochondrial DNA) characteristics.

Even though O. wmiloticus has a wide distribution and a real
economic importance, little is known about the genetic
characterization of natural populations. This could be of great
importance for the future development of aquacultural strains, for
the protection of small endangered populations (like those of small
lakes such as Baringo or the Suguta River), and for biogeographical
inferences. In this study, investigations have besn done using
standardised techniques on natural populations from the major
basins (the Senegal, Niger, Volta, Nile, Awash, and Suguta Rivers;
Lakes Chad, Tana, Turkana, Edward, Baringo) and representing all
the described subspecies.

I Materials and methods

Sampling and allozyme study

Specimens of O. niloticus were collected from August 1993 to
December 1994, in 17 locations : River Senegal at Dagana, River
Niger at Selingue, River Niger at Bamako, Lake Volta at
Akosumbo, Lake Chad near Karal, River Chari at N”Jamena, Lake
Manzalla at Manzalla, River Nile at Cairo, Lake Tana at Bahar
Dar, Hot springs of the Awash system at Sodore, Lake Koka at
Koka, Lake Zyway at Meki, Lake Awasa at Awasa, Lake Turkana
at Loyangalani, River Suguta at Kapedo, Lake Baringo at Kampi
ya Samaki, Lake Edward at Mweya.

They were kept at -20°¢ for a few days and then maintained at -
80°c for later analysis except for specimens from Lake Tana which
were immediately preserved in alcohol. Specimens of O. aureus
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come from a farmed strain (Lake Manzalla, Egypt). Standard
horizontal starch gel (12%) electrophoresis was carried out to
investigate the products of 25 loci. The stain recipes and buffer used
were those described in POUYAUD and AGNESE (1995) and
PASTEUR et al. (1987). The nomenclature is that proposed by
SHAKLEE et al. (1990).

Amplification of the control region
of mitochondrial DNA.

To amplify a 1 Kb fragment in the control region of mtDNA, HN20
and LN20 primers (BERNATCHEZ and DANZMANN, 1993) were
used.

Digestion of the amplified products

Five to eight pl of the PCR-amplified control region was digested
by 5 units of one of the restriction enzymes in a final volume of
20 pl containing the appropriate buffer.

Microsatellites

A total of 4 different primer sets for Sarotherodon melanotheron

described by POUYAUD et al. (submited) have been used : SMEL1 -

(Gene Bank number U69153), SMEL2 (X99799), SMEL3
((X99800), SMEL4 (X99801).

Analysis of the data

To analyze allozymic, microsatellites or RFLP data, different
programs from Phylip (Phylip software package, Felsenstein, v. 3.5)
were used: Consense, Mix, Genedist, Neighbor, Seqboot.
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I Results

Allozymes

Sixteen of the 25 loci studied were polymorphic. The rate of
observed heterozygosity (H) was between 0.000 (Lake Baringo)
and 0.045 (Volta River) and the rate of observed polymorphism
(P95%) between 0.00 (Lake Baringo) and 0.08 (all West African
and Nile populations except the Niger River at Selingue). These
values are comparable to those obtained in previous studies of
natural O. niloficus populations (SEYOUM and KORNFIELD, 1992b;
ROGNON et al., 1996) even if the loci analyzed were not the same as
in the present study.

Lake Baringo
Lake Turkana
Lake Edward

Nile (Cairo)
uguta

Nile (Manzalla)

Lake Ziway
Lake Awasa
Lake Koka
Sodore Hot springs
Niger (Bamako)

Lake Volta

Lake Chad
Chan D
Senegal ———
Niger (Selingue) 0.01
O. aureus
Figure 1

Network produced by Phylip on the 16 populations representing seven
subspecies of O. niloticus. This is a consensus tree produced using
Consense from 1000 trees produced using Seqboot and Neighbor.
The number at each junction represent the frequency of its occurrence
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To build a genetic network, a total of 1000 randomly modified
frequency matrices were obtained using the program Seqboot.
These matrices were then transformed into NEI's (1972) genetic
distance matrices using the Genedist program. The corresponding
trees were built by the programme neighbor and summarized into a
single tree using with Consense (Fig,. 1).

Populations are clustered in three major groups. One is composed of
the Nile drainage (the Nile and Lake Edward), and the Kenyan Rift
Valley populations (Lake Turkana, Lake Baringo and the Suguta
River). The second major group is composed of the Ethiopian Rift
Valley populations (Sodore and Lakes Koka, Awasa, Ziway) and
the third group of the West African populations (the Senegal, Niger,
Volta, Chari Rivers and Lake Chad).

Microsatellites

The four microsatellites loci were polymorphic with 3 to 27 alleles.
West African populations are less polymorphic than East African
population (H=0% Bamako and Selingue population and H=52%
lake Turkana).

To build a genetic network (Fig. 2), the same procedure as
previously described for allozymes was done using Mix program (a
parcimony algorithm). Populations from Ethiopia are clusetered
together, while populations from West Africa and Nile are on the
other side of the network. Populations from Kenyan and ugandan
Rift valley are clustered between these two groups.

RFLP mtDNA

Six enzymes (Asnl, Hinfl, Rsal, Avall, Mspl, Taql) gave 13
phenotypes corresponding to nine different haplotypes (Fig. 3). In
Sodore, Lake Edward and the Nile, more than one haplotype was
found (2, 2 and 4 respectively). Individuals from Suguta and
Baringo have private haplotypes. On the contrary, Lake Chad,
Volta and the Niger share the same haplotype which is also present
in the Nile population and in O. aureus. Specimens from Lakes
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Turkana, Edward and Tana also shared the same haplotype found in
the Nile. Fig. 3 shows the consensus tree calculated from the 18
most parsimonious networks obtained with the MIX program. The
mtDNA haplotypes are geographically distributed. At one side of
the network, all populations from West Africa and O. aureus are
clustered (they share the same haplotype), on the other side there
are the two Ethiopian Rift Valley populations and between these
two groups are the Kenyan and Ugandan Rift Valley populations.
Nile population shows affinities with West African populations and
with specimens from Lake Tana and Turkana.

Lake Koka Sodore
Lake Hora 1
Lake Awasa
Quaroun
Volta ™
Niger : Lake Langano
Lake Tana
Ve
Lake Edward
Lake Baringo ’

Lake Ziway

" Lake Turkana

4 characteres -

I Figure 2 .

Network produced by Phylip using microsatellites data, on the 16
populations representing seven subspecies of O. niloficus. This is a
consensus tree produced using Consense from 1000 trees produced
using Segboot and Neighbor.
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ABBAAA | Volta
Niger
Lake Chad
0. aureus

AABABB Nite
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Lake Tana
Suguta I ACABBB AAABBB Lake Turkana
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BAABBB Lake Baringo
Sodore /q BAABAA 1—_I BAABAB | Lake Ziway

1 Figure 3 '

Network produced by Phylip on the @ mtDNA haplotypes observed.
This is a consensus tree produced using Consense from the 18 most
parsimonous trees produced using Mix

I Discussion

These last results showed that West African O. niloticus mtDNA
cannot be distinguished from O. aureus mtDNA. Two hypotheses
can explain why O. aureus and O. niloticus can share the same
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mtDNA, First, this haplotype can be an ancestral one which existed
before the two species were isolated. Second, the mtDNA of one
species could have been established in the other without nuclear
contamination. This phenomenon has already been observed in
fishes (DUVERNELL and ASPINWALL, 1995). Tilapia species are well
known for their ability to hybridize in captivity (CRAPON DE
CRrRAPONA and FRITZSCH, 1984), in the case of introduced species
(DAGET and MOREAU, 1963; ELDER et al., 1971), or in natural
conditions (POUYAUD, 1994). TREWAVAS (1983) reported some
experiments of hybridization between O. aureus and O. niloticus.
The crosses O. aureus male with O. niloticus female and vice
versa, gave a high proportion of males (90 to 100%). In these
conditions, transfer of a mtDNA haplotype from one species to the
other by natural hybridization is difficult. These observations seem
to favour the ancestral DNA hypothesis.

The results obtained by SEYOUM and KORNFIELD (1992a, 1992b),
with total mtDNA digestions suggested that O. n. cancellatus and
O. n. filoa form a group independent of all other subspecies. The
population of O. n. fana also showed, in these studies, a large
divergence from other populations. Accordingly, they decided to
consider O. n. cancellatus and O. n. filoa as a new taxon with two
subspecies : O. cancellatus cancellatus and O. cancellatus filoa,
respectively. the Population from Lake Tana was then considered as
a new subspecies, O. n tama. Our results suggest that the
conclusions of SEYOUM and KORNFIELD (1992a, 1992b) have to be
considered with reserve.

There are also some differences observed between our results and
TREWAVAS' (1983) nomenclature. TREWAVAS (1983) assigned
population from Lake Tana to O. n. cancellaius, not on a firm
morphological basis but because the non-cichlid fishes of Lake
Tana were all assigned to FEthiopian species (SEYOUM and
KORNFIELD, 19924). In our study, the Lake Tana mtDNA haplotype
1s similar to one observed in the Nile population and different from
the one observed in the Ethiopian populations. Microsatellites also
revealed that population from Lake Tana is closed to O. n. niloticus
populations. These results could allow to modify the subspecific
status of this population (O. n. niloticus instead of
O. n. cancellatus). Another difference between our results and
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TREWAVAS (1983) nomenclature is the genetic differentiation
observed in O. n. niloticus. All West African populations (Senegal,
Niger, Volta, Chad basins) are closely related whereas populations
from Nile are closer to East African populations (Lake Edward,
Turkana, Baringo and River Suguta). Morphological differentiation
on which the subspecific nomenclature is based, is then different of
genetical differentiation. For the genetic point of view, natural
populations of O. niloticus are clustered in three groups: 1) the
West African populations (Senegal, Niger, Volta, Chad drainages),
2) the Ethiopian Rift Valley populations (Lake Ziway, Awasa,
Koka and Sodore hot springs in the Awash River), 3) The Nile
drainage populations (Nile, Lake Tana, Edward) and the Kenyan
Rift Valley populations (lake Turkana, Baringo and River Suguta).

These results and a better knowledge of the morphological
differentiation of O. niloticus populations will be essential to modify
the subspecific taxonomy of natural populations of this species.
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