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ABSTRACT.EDreochromis niloticus has become rare in Lake Ayame, presumably because of the
competition with another species of tilapia, Sarotherodon melanotheron. Its breeding season, size and
age at first sexual maturity, fecundity and egg size were studied between October 1994 and October
1996. The breeding season occurred during the period from January to September, with a peak be-
tween April-May and July. The fish matured in their first year at 10 months old, at a size range between
11.6[dm and 13.5[dm SL. They produced few (416 and 343 eggs for a 10003 female in 1995 and 1996,
respectively) but large eggs (7.7-7.9hg as a mean). Life history traits of O. niloticus in Lake Ayame
are compared to those obtained for other populations in Cote d’Ivoire, and discussed in relation to the
interspecific competition with S. melanotheron.

RESUME.EADreochromis niloticus (Cichlidae) dans le lac d’Ayame, Cote d’Ivoire: caractéristiques de
reproduction d’une population fortement diminuée.

Oreochromis niloticus est devenu rare dans le lac d’Ayame, probablement en raison de la
compétition qui I’oppose a une autre espece de tilapia, Sarotherodon melanotheron. La saison de repro-
duction, la taille et I’age de premiere maturation sexuelle, la fécondité et la taille des ovocytes ont été
étudiés chez O. niloticus entre octobre 1994 et octobre 1996. La saison de reproduction avait lieu entre
janvier et septembre avec un pic d’activité entre avril-mai et juin. La maturité était atteinte dans la
premiere année a 10 mois, a une longueur standard variant entre 11,6 et 13,5[dm. Les femelles produi-
saient peu d’ovocytes (416 et 343 ovocytes pour 10003 de poids du corps, respectivement en 1995 et
1996) mais de grosse taille (7,7-7,9hg en moyenne). Ces caractéristiques de reproduction sont compa-
rées a celles d’autres populations de Cote d’Ivoire et discutées a la lumiere de la compétition inter-
spécifique avec S. melanotheron.

Keyords.ETichlidae -Ireochromis niloticus -[Tilapia -MAfrica -0Tdte d’Ivoire -MVan-made lake.

Ayame was the first hydroelectric dam built in Cote d’Ivoire. Established on the river Bia,
in the south-east of the country, the reservoir was filled in 1959. The inundated area,
covering approximately 14,000a (Lessent, 1971), was an undulating zone covered by a
dense rain forest, most of which was not removed before the reservoir’s filling. The lake
waters therefore are characterised by a typical dark colour resulting from an intense vege-
tal decomposition. In Cote d’Ivoire, the only water courses where Oreochromis niloticus
(Linnaeus, 1758) could originally be found were the tributaries of the Niger and
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Fig.O.IHydrographic map of Cote d’Ivoire (Africa), with the large hydroelectric lakes. The shaded
rectangular zone in the north side of the country corresponds to the area where the agro-pastoral
reservoirs are located.

Volta drainage in the North of the country (Daget and Iltis, 1965; Teugels and Thys van
den Audenaerde, 1992). To compensate for the lack of phytoplanctonic fish species in the
lake, O. niloticus fingerlings raised from brooders caught in the Volta river, were intro-
duced into Lake Ayame in 1962 (Lessent, 1971). A few years after its introduction, O.
niloticus represented over 50% of fish catches in the lake (Lessent, 1971), and though its
relative production decreased after 1973 due to utilisation of smallest mesh size by fish-
ermen and new gears (cast-nets and traps) providing better catches of Heterotis niloticus
and Chrysichthys walkeri (Doudet, 1979), it remained an important species in the
catches. However, the species now appears to be in strong decline, since the apparition in
1984 (Gourene et al., 1999) of another tilapia species, Sarotherodon melanotheron (Rup-
pell, 1852), originating from the Ivorian lagoon. S. melanotheron is a brackish water
species, naturally occurring in lagoons, estuaries and lower river courses from Senegal to
Congo (Trewavas, 1983; Teugels and Thys van den Audenaerde, 1992). The origin of this
latter species in Lake Ayame remains controversial and two hypothesis are opposed: S.
melanotheron would have been either introduced accidentally by aquaculture trials, or a
population of this species would have been isolated by the dam’s closure and would have
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developed progressively to become dominant since 1984 (Gourene et al., 1999). How-
ever, it seems that the hypothesis of isolation be more plausible (G. Teugels, pers. com.,
Sept. 1998). S. melanotheron, which now constitutes the major part of the catches
(Vanga et al., in press), seems to have displaced O. niloticus to the north of the lake, the
only place where its catches are still significant.

In a comparison of O. niloticus life history traits in the agro-pastoral reservoirs
of the northern Cote d’Ivoire and in the main hydro-electric reservoirs of the country
(Fig.Ol) (Duponchelle, 1997), the special case of the Lake Ayame population is particu-
larly interesting. Apart from recent man-made lakes in San Pedro region in which S.
melanotheron might have been isolated as well, Lake Ayame is the only lake in Cote
d’Ivoire where O. niloticus is not dominant and where it is in competition with S.
melanotheron (Gourene et al., 1999). Moreover, all the O. niloticus introductions in Cote
d’Ivoire, except those of Lake Ayame, were carried out using a domestic stock (Bouaké
strain) reared at the IDESSA (Institut des Savannes) Aquaculture Station in Bouaké, pro-
duced by crossing stocks from the Nile basin and the Volta basin (Rognon, 1993; Lazard
and Rognon, 1997). Therefore, all the O. niloticus introduced in Cdte d’Ivoire have a
common geographic origin, except those of Lake Ayame, which descend from fishes of
the Volta basin (Lazard, 1990). This paper focuses on the life history characteristics of O.
niloticus in the particular conditions of Lake Ayame and compare them with other Ivorian
populations.

MATERIAL AND METHODS

A total of 1345 Oreochromis niloticus females were collected between October
1994 and October 1996. During the first year, samples were collected in October, Novem-
ber, December 1994 and in June 1995. During the second year, samples were collected
monthly from December 1995 to October 1996. A minimum of 100 females was analysed
each sampling month. Nearly all the fish were obtained from the region of Yahou in the
northern part of the lake, well above Ebikro. In October 1994, owing to the quasi absence
of O. niloticus at the Ayame station close to the dam, a week was spent on the lake visit-
ing the fishermen camps to get some specimens. We were told that this species was now
very rarely found in the south of the lake and to go further north in the region of Yahou,
where we did find enough specimens for our study.

For each fish, total and standard lengths (TL and SL) were measured to the nearest
mm, and body weight to the nearest gram. Gonads were checked macroscopically for
maturity stage and then weighed to the nearest 0.103 for the gonado-somatic index (GSI)
calculation (gonad weight / total body weight x 100). Gonads in advanced vitellogenesis
were fixed in 5% formalin for subsequent estimation of fecundity and oocyte size. The
maturity scale used was that of Legendre and Ecoutin (1989). Stage 1 comprises immature
females, stage 2, females beginning maturation and stage 3, maturing females. Stage 4 is
characteristic of females which are going to reproduce, stage 5 of ripe females and stage 6
of post-spawning females.

Seasonal evolution of sexual activity was determined from the monthly propor-
tions (in %) of the different stages of sexual maturation. In order to eliminate the small
immature females which would give a biased weight to the immature stages (1 and 2) and
to define more precisely the reproductive season, only females of a size which was supe-
rior or equal to the size at first sexual maturity were taken into account for this analysis.
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Fig.O.dSeasonal evolution of sexual maturity stages (monthly cumulated percentages) of Oreochromis
niloticus females in Lake Ayame between December 1995 and October 1996.

Size at first sexual maturity was determined by fitting the fraction of mature fe-
males to a logistic function by non-linear regression according to the procedure described
in Duponchelle and Panfili (1998): the average size at first maturation (L,,) is defined as
the standard length at which 50% of the females are at an advanced stage of the first sexual
cycle during the reproductive season. In practice, this is the size at which 50% of the
females have reached stage 3 of the maturity scale. To avoid classifying resting females as
immature, samples for size and age at maturity were collected during the peak of breeding
season (June to August), when resting females are rare. Age at maturity was determined
from otolith readings according to the procedure described in Duponchelle and Panfili
(1998).

Fecundity and oocyte weight were determined as described in Duponchelle et al.
(1998). In order to compare mean oocyte weight between successive years, the measure-
ments need to be made on oocytes in a similar vitellogenic stage, then on oocytes whose
growth is completed. The GSI threshold above which the oocyte weight and diameter no
longer increase significantly for female O. niloticus, was determined. This threshold is
reached at a GSIEMA for females whose body weight is less than 15003 and at GSIEZ3
for females whose body weight is superior or equal to 1503 (Duponchelle, 1997).

For the estimations of mean oocyte weight (and diameter), only females whose
GSI satisfied the defined threshold were taken into account. This explains why the number
of females considered for this estimation is less than the one corresponding to fecundity
estimates.

Statistical analysis

Logistic models of size at maturity were compared for successive years using the
maximum likelihood method (Tomassone et al., 1993) as described in Duponchelle and
Panfili (1998). As fecundity is positively correlated to size and to body weight in tilapias
(Albaret, 1982; Legendre and Ecoutin, 1989, 1996; Duponchelle et al., 2000), estimation
of fecundity differences between the two years were made by comparing regression lines
between fecundity and female body weight. The regressions were compared by an analysis
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of covariance (Scherrer, 1984). Interannual comparisons of mean oocyte weight were
performed by t-test (Scherrer, 1984).

Environmental data

Data on temperature and rainfall were provided by the Belgo-Ivorian cooperation
program: "Evolution de la biodiversité des poissons apres la construction d’un barrage:
cas de la riviere Bia en Cote d’Ivoire" (Evolution of fish biodiversity after a dam construc-
tion: case of the Bia river in Cote d’Ivoire). Day-length monthly means were calculated
from sunset and sunrise hours obtained at the web site of the "Bureau des Longitudes"
(http://www.bdl.fr/).

RESULTS

Breeding season

Relative proportions of stages 4, 5 and 6 show that for O. niloticus, most of the
breeding activity was spread over a period from January to September, with a peak be-
tween April-May and July. This was confirmed by the high proportion of resting females
(stage 6-2) between July and December (Fig.[d). A surprisingly high proportion of imma-
ture females was found all year long even during the period of intense reproductive activ-
ity.

No particular relation was observed between the percentage of reproductively ac-
tive females (stages 4-5-6) and the water temperature (Fig.3A). However, the increased
number of active females in March corresponded with an increase in water temperature.
The relatively high percentage of active females in January is probably overestimated due
to the low number of females (25) above the size at maturity (see below) in the January
sample, and the real value is probably between the December and February values. The
seasonal progression of the percentage of females 4-5-6 appeared well related to the an-
nual rainfall cycle. The peak of sexual activity was observed during the peak of the wet
season (Fig.dB). Concurrently, a good relation was also observed with the photoperiod
cycle, estimated by the day-length. The peak of breeding activity was observed during the
summer solstice and the resting period corresponded with the winter solstice (Fig.3C).
Rainfall and day-length have parallel annual cycles as shown in figuresd3B and C.

Age and size at maturity

Size at first sexual maturity of O. niloticus females for 1995 and 1996 is presented
in tablell Size at maturity increased by almost 2[dm between the two successive years,
from 11.6 to 13.5[dm. The statistical comparison of the logistic curves (Fig.[3) revealed
that this difference was significant (Tablel). In 1996, female O. niloticus in Lake Ayame

TabledIize at first sexual maturity (Ls, * sd) of Oreochromis niloticus females in Lake Ayame in
1995 and 1996. N: total number of females used; n: number of females in the size range of 1[dm above
and 1[dm below the L;,. The L;, comparison between 1995 and 1996 is indicated by the maximum
likelihood test (SML) compared to x220.99 (dfi20, o283%). *: significant difference (pEM.05).

1995 1996

SwL 1995 vs 1996
N n Ls, (cm) N n Ls, (cm)

200 118 11.6 +0.13 306 237 13.5+0.72 -8.6
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Fig.[3.EIMonthly proportions of sexual maturity stages 4-5-6 (which characterise the spawning season)
of Oreochromis niloticus females. A: In relation to temperature (minimum, maximum and average) in
Lake Ayame. B: In relation to rainfall in Lake Ayame. C: In relation to day-length in Lake Ayame.
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Fig.[@.XRercentage of mature Oreochromis niloticus females by 10hm standard length intervals, fitted
to a logistic function in 1995 and 1996 for Lake Ayame.

matured in their first year, at 10 months, with a monthly growth rate of 1.4[dm (Ta-
bledlI).

Fecundity, oocyte size and spawn weight

Absolute fecundity of O. niloticus in Lake Ayame varied from 160 oocytes for a
female of 46.2[3 to 625 for a female of 156.5I3 in 1995, and from 178 oocytes for a fish
of 77.803 to 717 for a fish of 208.6[3 in 1996. The statistical relationships for both
years are given in tablell. The comparison of regression lines between fecundity and
body weight revealed a highly significant intercept difference between the two years

Tablel.CIAge at first sexual maturity (A5, + sd) and mean monthly growth rate (Ls/As,) of Oreo-
chromis niloticus females in Lake Ayame in 1996.

N Aj, (days) Ajsq (months) Lsy/Asy (cm/month)

14 302 £ 42 9.9 1.4

TableI.IStatistical relationships between fecundity (F) and body weight (W) of Oreochromis niloti-
cus females in 1995 and 1996 in Lake Ayame. Number of females used (N), correlation coefficient (r),
probability (p), and comparison of regression line between the two years by covariance analysis.
*: significant intercept difference (F, |,,747.07, pi20.001).

Year | N Relationships r p 1995 vs 1996

1995 | 38 | F=164.4+252W | 0.605 <0.0001

1996 | 76 | F=92.6+2.50 W 0.720 <0.0001
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Fig.[3.ERegression lines between fecundity and body weight of Oreochromis niloticus females in Lake
Ayame in 1995 and 1996.

(TablellI). The fecundity was significantly lower in 1996 than in 1995 (Fig.d). In
return, the oocyte weight was higher in 1996 than in 1995, although this difference was
not significant (TabledV).

DISCUSSION

Influence of latitude on O. niloticus breeding season appears throughout the litera-
ture (for reviews see Lowe-McConnell, 1958; Trewavas, 1983). In Israel, the northern
limit of the species, reproduction occurs in April and May. It stretches progressively from
March to September between 15°N and 10°N, and is no longer limited to a single season
below 10°N. Despite the low latitude of Lake Ayame, 5° N, the breeding season of O.
niloticus is restricted to a defined period, from January to September. The same breeding
season is observed in 1996 for this species in the agro-pastoral man-made lakes of the
northern Cote d’Ivoire situated at 10°N, while it occurs all year long in the hydroelectric
Lake Kossou in the centre of the country (Duponchelle et al., 1999). In Lake Ayame, the
peak of breeding activity (between April-May and July) is shorter than in the agro-
pastoral reservoirs (March to September) or in Lake Kossou (March to October). Whatever

TabledV.IMean (+ standard deviation) oocyte weight of Oreochromis niloticus females for 1995 and
1996 in Lake Ayame. N: number of females used, comparison between the two years. ns: non signifi-
cant difference (p3M.05).

1995 1996

1995 vs 1996
N Mean oocyte weight (mg) N Mean oocyte weight (mg)

3 7.7+0.44 24 79+0.9 ns
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the period of the year, the proportion of sexually active females was much lower in Lake
Ayame than in the agro-pastoral reservoirs or in Lake Kossou. During the peak of breed-
ing activity, only 55% of stages 4-5-6 were found in Lake Ayame, while 85% and 80%
were observed in Kossou and in agro-pastoral reservoirs, respectively.

If the beginning of the O. niloticus breeding season or the peak of sexual activity
appears to be linked to increasing temperatures for latitudes greater than 20° (El Zarka et
al., 1970; review by Trewavas, 1983), it seems correlated to the rainy season and rise in
water level in the lower latitudes (Lowe-McConnell, 1982; Trewavas, 1983; Stewart,
1988; Legendre and Jalabert, 1988; Mukankomeje, 1992). This corresponds to observa-
tions made in Lake Ayame, where a good relationship was observed between the breeding
season and the rainfall cycle. However, though the rainfall patterns in the north and the
south of the country are different, this relationship between breeding season and rainfall
cycle was not observed in Lake Kossou and in the agro-pastoral reservoirs (Duponchelle
et al., 1999). In March, the relation between the increase of temperature and the number of
active females suggested that the temperature might influence the onset of maturation. A
close correlation (r2M.763, pRM.05) was found between the breeding season and the
day-length cycle in Lake Ayame, as in all the reservoirs studied in the country. A multiple
linear regression between stages 4-5-6 and the environmental variables (day length,
temperature, rainfall) revealed that day length was the only factor contributing signifi-
cantly to the model, which explained between 66 and 85% of the variation. It was con-
cluded that the seasonality of O. niloticus breeding activity was mainly determined by the
annual cycle of photoperiod in Cote d’Ivoire (Duponchelle et al., 1999).

O. niloticus size at first sexual maturity was higher in Lake Ayame than in the
small agro-pastoral reservoirs (6 to 620 ha), but smaller than in the large Lake Kossou
(80,000Ma) (Duponchelle and Panfili, 1998). This confirms the positive correlation
between size at maturity and the size of the water body frequently observed for tilapia
species (Lowe-McConnell, 1958, 1982; De Silva, 1986; Legendre and Ecoutin, 1989,
1996; Duponchelle and Panfili, 1998). Among the eight populations studied in Cote
d’Ivoire, O. niloticus from Lake Ayame presented the oldest age at first sexual maturity
and this was mainly due to their slower growth rate (1.4Idm/month) compared to the other
populations (1.7 to 2.2[dm/month) (Duponchelle and Panfili, 1998). Size at maturity
reveals to be a very plastic trait as a difference of 2[dm was observed between the two
consecutive years. The same increase in L, was observed in almost all the other popula-
tions studied during the same period.

An inverse tendency was found for fecundity. A decrease of fecundity was observed
between the two years, together with an increased egg size. These changes also appeared
in most of the other populations (Duponchelle er al., 2000). Nevertheless, the population
of Lake Ayame was distinguished from all other populations by its significantly lower
fecundity and its larger eggs, in 1995 as well as in 1996. It is interesting to note that S.
melanotheron also presented a lower fecundity and larger oocytes in Lake Ayame (Kone
and Teugels, 1999) than in its natural environment (Legendre and Ecoutin, 1989, 1996).
Although they apparently present the same reproductive strategy in Lake Ayame, O.
niloticus population is decreasing while S. melanotheron population increases.

One might hypothesise that the decline of O. niloticus in Lake Ayame was due to
abiotic environmental constraints such as pollution or overexploitation, and that S.
melanotheron would have taken advantage of vacant niches. However, neither pollution
nor overexploitation has ever been thoroughly studied in Lake Ayame. The intensive use
of insecticides by the lakeshore plantations might constitute a real pollution. However,
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the smallest agro-pastoral reservoir (Korokara termitiere, 6 ha) studied in the north
(Duponchelle, 1997) is surrounded by intensive onion cultures directly on the reservoir’s
banks (Fromageot, 1996). The use of insecticide is so massive that it is the only agro-
pastoral reservoir studied without bilharzia (P. Cecchi, pers. com., Jan. 2000), and O.
niloticus is the dominant species. Insecticide pollution can not be responsible for O.
niloticus decrease in Lake Ayame. Despite the decreasing production of O. niloticus due
utilisation of smaller mesh size by fishermen (Doudet, 1979) and an observed decreased
mean size (Service des Eaux et Foréts, pers. com., Oct. 1994), a degree of overexploita-
tion leading to such a diminished population is particularly unlikely in Lake Ayame given
the exceptional abundance of stumps and dead trees preventing effective fishing in most
areas and the well known resilience of this species. Among all the O. niloticus popula-
tions studied in Cote d’Ivoire, the population from Lake Ayame was the most distinct
from the others, in term of its reproductive characteristics. It has a relatively shorter and
less intense breeding season compared to the other populations, a delayed maturity asso-
ciated with a low fecundity and large eggs. According to life history theory, this associa-
tion of reproductive traits is characteristic of a population living in a stable environment
(Lowe-McConnell, 1982; Noakes and Balon, 1982), with high interspecific competition
and a high juvenile mortality (Schaffer 1974a, 1974b; Michod, 1979; Law, 1979;
Reznick, 1982, 1989; Reznick and Endler, 1982; Reznick and Bryga, 1987; Reznick et
al., 1990). This might correspond quite well with the situation of O. niloticus in Lake
Ayame. While it represented a significant portion of fish catches in the whole lake since
its introduction in 1962 (Lessent, 1971), O. niloticus has now become rare and has been
displaced to the north of the lake, in the region of Yahou, by another tilapia species, S.
melanotheron. It is not known whether O. niloticus and S. melanotheron have the same
trophic and/or breeding requirements in the particular conditions of Lake Ayame. How-
ever, these two species, which usually do not share the same habitat (brackish water ver-
sus freshwater), have very similar juvenile and adult trophic habits (Trewavas, 1983 for
review). Moreover, like O. niloticus, S. melanotheron reproduces almost all year long in
Lake Ayame (Koné and Teugels, 1999) and their peaks of breeding activity largely over-
lap. Thus, a high juvenile mortality resulting from an intense competition between the
two species could have led to the decreased numbers and the observed association of re-
productive traits for O. niloticus. The different geographic origin of O. niloticus from
Lake Ayame could also partly explain why its reproductive characteristics are different
from those of the other populations studied, though it does not help explaining its spec-
tacular decline. Rearing fish from lakes Kossou and Ayame in a common environment for
several months and comparing their reproductive traits, as it was done on the fish of
Kossou and of one of the agro-pastoral reservoirs (Duponchelle et al., 1998), would help
answering this question.
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