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from the Ivory Coast for lagoon aquaculture. 
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Abstract In intensive culture, the two species of brackish water tilapia, T. guineensis and S. melanotheron, 
have proved disappointing. Even under most favourable conditions, i .  e. the monosex male culture of 
S. melanotheron, a poor growth rate (about O. 5g. d-') and a mediocre feed conversion do not presage 
a profitable aquaculture exploitation. On the other hand, extensive culture trials using the original 
"acadja-enclosure" technique have given very encouraging resu1ts.A nnual fish yields of more than 
8 t/ha, including 70 to Sol;/, of S .  rnelanotheron of marketable size, are possible without any artificial 
feeding. 

Keywords : Tilapia guineensis, Sarotkerodon melanotheron, growth, aquaculture, brackish water, Ivory 
Coast. 

Potentiel aqiiacole des tilapias lagunaires de Côte-d'Ivoire. II-Croissance et niéthodes d'élevage. 

Résumé En élevage intensif, les deux espèces de tilapias lagunaires, T. gzrirzeerzsis et S. melanotlzeron, se sont 
avérées décevantes. En effet, même dans la situation la plus favorable, l'élevage monosexe mâle de S .  
melanotheron, une vitesse de croissance médiocre (de l'ordre de 0,5 g. j -  ') et une mauvaise transforma- 
tion des aliments artificiels ne permettent pas dans l'état actuel d'envisager une exploitation rentable. 
Les essais d'élevage extensif utilisant la technique originale des (( acadja-enclos )) ont par contre donné 
des résultats très encourageants.Des rendements annuels en poissons de plus de 8 t/ha, dont 70 à SO% 
de S. melanotheron de taille marchande, sont possibles sans aucun apport en aliment artificiel. 

Mots-clés : Tilapia guineensis, Sarotherodon melanotheron, croissance, aquaculture, eau saumâtre, CÔte- 
d'Ivoire. 

INTRODUCTION for fish farming, mostly catfishes (Chrysichthys nigro- 
digitatus and Heterohranchus longifilis), tilapias and 
a pompano (Trachinotus teraia). Concerning tilapias, 
the first rearing trials in lagoons were performed 
during the past few years with a foreign species, 
Oreochromis niloticus. These trials, carried out by 
different research or extension projects, have con- 
firmed the rapid growth of this species but high mor- 
tality rates have been regularly experienced, the origin 

For a decade, the Ivory Coast has been involved in 
developing brackish water aquaculture in order to 
utilize more efficiently its wide Surface area Of Coastal 
lagoons. For this purpose, research has been initiated 
with several species considered as potential candidates 
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of which has not been clearly identified (Magnet and 
Kouassi, 1978 and 1979; Magnet. 1980; Coche, 1982). 
This may indicate that the species is not suited for 
intensive aquaculture in Ivory Coast brackish waters 
and, as a matter of fact, O. niloticus culture is pre- 
sently restricted to the totally desalinated lagoon area 
(Doudet, 1988). Consequently, it seemed essential to 
estimate the rearing potential of two indigenous spe- 
cies. Tilapia guineensis and Sarotherodon mela- 
norheron, which are typical estuarine fishes, and are 
therefore naturally suited to the lagoon environment 
(Daget and Iltis, 1965; Payne, 1983; Albaret, 1987). 
Moreover, these species are highly esteemed and 
widely consumed locally. 

Although the aquaculture potential of T. guineensis 
and S .  melanorheron have been refered to previously 
(Pillay. 1965; Sivalingam, 1976; Pauly, 1976), espe- 
rimental reports on their performances in culture are 
very limited (Magnet and Kouassi, 1979; Philippart 
et al., 1979) and some could not be found (McLaren, 
1949; Smith, in Pillay, 1965). More recently, work has 
been initiated at the A bidjan Oceanographic Research 
Centre in order to determine their respective poten- 
tials for brackish water aquaculture. Investigations 
ware carried out into two different rearing options. 
intensive and extensive. 

The first comparative study on the growth of T. 
guineensis and S .  tiielmotheron in intensive culture 
was realized for the entire cycle, the grow-out stage 
being performed in lagoon enclosure (Legendre, 
1983). Based on this preliminary investigation. fur- 
ther experiments were focused mainly on the influence 
of stocking density, monosex rearing and feeding on 
growth performance. Because the use of enclosure 
poses various practical problems related to some 
aspects of the behaviour of these species, and particu- 
larly of T. guineensis (nest building, fry proliferation, 
difficulty of catching), experiments were subsequently 
carried out either in tanks (Cisse, 1986) or in “cage- 
enclosure” (Legendre, 1986). Like the enclosure 
(Hem, 1982), the cage-enclosure is adapted to shallow 
sites ( 1  to 1 . 5 m  deep), frequent in the lagoon 
environment. This very simple structure is made up 
of a mesh pocket hung on bamboo poles, the bottom 
being pinned to the sediment by means of metal 
rods. The impact of these structures on sedimentary 
ecosystems and their general conditions of utilization 
have been discussed by Guiral (1986). 

The extensive method of rearing is derived from 
the “acadja” fishing technique traditionally practiced 
in coastal lagoons of Benin. The principle of this 
fishery is to set up dense masses of branches artifi- 
cially planted in the muddy bottom of shallow waters, 
where fish from the wild concentrate and develop. 
This attractive effect is thought to be related to the 
significant increase of surfaces on which natural fish 
food such as micro-fauna and periphyton develop. 
But it is difficult to dissociate this effect from the fact 
that fish may also be attracted by acadjas because 

they provide a shelter. The explanation of the pheno- 
menon is not so clear and depends probably on the 
biology of the colonizing species. However, the figures 
giyen by Welcomme (1972) indicate that the yearly 
yield of acadja is of about S to 20 tons of fish per 
hectare. which shows a significant increase compared 
to the lagoon yield. This led to the idea of surrounding 
acadjas with an enclosure net for extensive aquacul- 
ture fish production. The aim of the so-called ‘‘acadja- 
enclos” is to enhance the development of natural food 
within the rearing environment, thus reducing the 
need to provide artificial feed which considerably 
reduces the fish production cost (Hem, 1985). 

This paper presents a synthesis of the main results 
obtained concerning growth rates of T. guineensis 
and of S .  inelunotheron in intensive culture, and S .  
nielmotlieron annual production in “acadja-enclos”. 
The prospects offered by these brackish water tilapias 
for aquaculture are discussed considering both rearing 
methods. 

RiIATERIAL AND METHODS 

The esperiments were carried out at the Layo aqua- 
culture research station, located 40 km west of Abid- 
jan in an oligo- to mesohaline area of Ebrié lagoon. 

Nursery stage 

For growth comparison, f ry  at the end of yolk sac 
resorption were collected from mouth-brooding males 
for S .  melariorlieron or from nests established in the 
enclosures for T. guineensis. They were placed into 
separate O.  5 m3 circular tanks at a stocking density 
of 1600 fry per m3, and fed twice a day to satiation 
with a paste feed composed of powdered milk, egg 
yolk and vitamin premis (Hem, unpubl.). Every week, 
samples of 50 fish were removed, anesthetized 
(MS 222, Sandoz laboratory). placed on paper towels 
to absorb most of the adhering water, and indivi- 
dually weighed to the nearest 1 mg. 

Fingerling stage 

The growth during the fingerling stage (from 0 .5  
up to 40g) was studied in 16m2 earthen ponds in 
which fry of the same species were placed at a stock- 
ing density of 6 fish per m2. The fish were fed with a 
31% crude protein powdered feed distributed twice 
daily and six days a week, with a daily rate fixed at 
5% of the total fish biomass. Periodically, samples 
of about 30 fish were captured with a seine net, 
anesthetized, and individually weighed to the nearest 
o. 1 g. 
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Grow-out stage 

Intensive rearing 
Three experiments were carried out to study the 

effects of stocking density, monosex culture and feed- 
ing frequency on growth rates. The fish were obtained 
from aquaculture stations of the “Projet de Dévelop- 
pement de l’Aquaculture lagunaire”: from Jacqueville 
station for S .  melanotheron and from Mopoyem sta- 
tion for T. guineensis. Fish originating from the Layo 
station were used only for two experimental groups 
of S .  melanotheron in the stocking density trials. 

The influence of four stocking rates, 20, 50, 100 and 
150 fish per m3, was tested in 4m3 cage-enclosures on 
growth and mortality rates of T. guineensis and S .  
melanotheron. Each treatment was duplicated and a 
population with an equilibrated sex-ratio was always 
used. 

The respective growth of males and females was 
followed for both species between 10 and 150g ave- 
rage weight. The fish were placed in duplicate 4m3 
cage-enclosures, either in mixed (sex-ratio close to 
1 : 1) or monosex rearing types, at a constant stocking 
density of 20 fish per m3. For monosex rearing, fin- 
gerlings were sorted as soon as the sexual dimorphism 
of the genital papilla became visible. One month later, 
they were sorted again in order to rectify possible 
errors of sexing. For S .  melanotheron, distinction 
between sexes was facilited by a difference in opercu- 
lar colouration, pinkish in females and bright yellow 
in males (Shaw and Aronson, 1954). This allowed a 
more precocious sexing for S .  mefanotheron (from 15- 
20g) than for T. guineensis (from 25-3Og). 

In order to improve feeding conditions, the influ- 
ence of the feeding frequency was tested in male 
monosex culture of S. melanotheron. The fish, of 
approximately 75 g initial mean body weight, were 
reared in 25 m3 cage-enclosures, at an initial stocking 
density of 15 fish per m3. Five feeding frequencies 
were compared 1, 2, 4 and 8 meals distributed during 
the day between 8 .30  AM and 7.00 PM, and 8 meals 
distributed during the night between 8.30PM and 
7.00AM. 

In the first and second experiments, the fish were 
fed with a 31% crude protein pelleted feed, distributed 
twice daily and six days a week, at a daily rate of 
4.5% of total fish biomass. The composition of the 
feed was as follows: fish meal (20%), groundnut cake 
(2033 soybean cake (15%), wheat bran (25%), corn 
meal ( 2 0 3 ,  with an additional 2% of vitamin premix. 

In the third experiment, a pelleted feed containing 
30% crude protein and with 270kcal per lOOg of feed 
was used (Cisse, 1989). The daily rate initially fixed 
at 5% of total fish biomass, was progressively reduced 
to 2% until the end of the experiment. 

In all cases, monthly samples of 50 to 100 fish were 
removed from the cages, anesthetized, and indivi- 
dually sexed and weighed to the nearest 1g. Every 
month, daily feeding rates were readjusted, based on 
the weight of the sampled fish. The efficiency of 
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artificial feeding was estimated on the basis of the 
feed conversion ratio, calculated for the entire expe- 
rimentation period by the following relation: total 
weight of distributed feed/total gain in fish biomass. 

Extensive rearing 

Two successive experiments on “acadja-enclos” 
were carried out between 1984 and 1986. 

The aim of the first investigation was to quantify 
the increase in fish production related to different 
kinds of acadja. For this purpose, three 625 m2 lagoon 
enclosures were used. 

- The first one, empty of any kind of substrate, 
served as a control. 

- In the second one, a 100m2 area of floating 
plants (Scleria sp.) was set up in the centre and fixed 
in place with bamboo poles. 
- In the third one, 100 bundles of branches were 

placed over a loom2 central area limited by bamboo 
poles. 

None of these enclosures were stocked with finger- 
lings. The fish entered from the wild through the net 
(mesh of 14mm), and were retained in the system 
after growth. 

The aim of the second experiment was to evaluate 
the productivity of the “acadja-enclos” as an exten- 
sive culture system. Two acadjas of 200m2 and one 
of 400m2, constituted of bundles of branches, were 
implanted in the central area of three 625m2 lagoon 
enclosures. Each of them was stocked with reared S .  
melanotheron fingerlings of 40 g initial body weight, 
at a stocking density of 5 fish per m2 of acadja. 

In all cases, the structures were left for 12 months 
without fishing and without any input of artificial 
feed. At harvest time, the different kinds of acadja 
were removed and the entire fish population was 
captured with a seine net. The different species present 
were identified and all fish counted and weighed. 

RESULTS 

Nursery stage 

The growth of S .  melanotheron and T. guineensis 
were followed from the end of yolk sac resorption. 
At this stage, T. guineensis fry are very small and 
weigh about 2mg, whereas S .  melanotheron fry hatch- 
ed from bigger eggs (Legendre and Ecoutin, 1989) 
already weigh about 20mg. 
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Figure 1. - Growth of S. melunotherott (A1 and T. gitirtwtsis (BI  
fr j  in circular tanks. 

Regarding this initial difference but also because 
of a better growth rate ( f ig .  1) .  S. meluizotherorr reach 
O .  5g  about one month before T. guineensis. For S .  
melanotheron, mortality rates in circular tanks are low 
and do not exceed 5"" of the initial fry number. A 
peak of mortality has been observed for T. guineensis 
at the onset of first feeding, after which the mortality 
rate stabilized at a similar level to that of S .  meluno- 
theroti. 

fingerling stage 

The growth curves obtained in fingerling ponds 
( f ig .  2) show that up to about log  the average growth 
rate is still lower for T. guineensis than for S .  melano- 
[heron. However, this difference tends to decrease 
progressively and between 10 and 40 g, the two species 
display a similar growth pattern. 

Grow-out stage 

Intensive rearing 
In the range tested, between 20 and 150 fish per 

m3, no influence of density on the growth of S .  
melanotheron was observed (table 1). On the other 
hand, a significant difference (p c O. 03) in growth 
rates was noted between the two populations of S .  
melanotheron used during the course of these tests 
(growth rates of O .  35 to 0 .38g.d- '  for fish originat- 
ing from Jacqueville and 0.22 to 0.28g.d- '  for 
those originating from Layo), showing the importance 
of the history of fish on their growth performances. 
For T. guineensis, growth rates did not differ signifi- 
cantly at the different densities tested (table 2).  In 
both species mortality rates varied little. Situated 
around 150,;; for the three lowest densities, they were 

I 
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A 

i 
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Figure 2. - Growth of S. t n c h o f h c r o n  ( A )  and T. gttinecnsis (B)  
fingerlings in earthen ponds. 

Tuble 1. - hlenn growth rate, mortality rate and feed conversion 
ratio (FCR) for S .  mrlonothcron as a function of stocking density 
in mixed rearing. Means of duplicates for 20 and 50 fish per m3; 
single experiments for higher densities. Origin of fish: ("): Jacque- 
\ilk, 19: L a p .  

Initial stocking 
density 
("I-') 

'O'"' 
50'"' 

100'"' 

150'"' 
I 

Mean daily 
growth 
( g . d - ' )  

O. 35 
O .  36 
O. 36 
O. 22 
0 . 3 8  
o. 2s 

Mortality 
rate FCR 
("J 

15.3 6 . 6  
15.2 6 . 4  
27.6 7 .  O 
15.5 9 .  I 
23 .3  6 . 7  
33. I 8 . 7  

Table 2. - Mean growth rate. mortality rate and feed conversion 
ratio (FCR) for T. guinrrrisis as a function of stocking density in 
mixed rearing. Means of duplicates. 

~ 

Initial stocking Mean daily Mortality 
density growth rate FCR 
(Njm') (g .d - ' )  (3 

20 O. 30 13.7 6 . 3  
50 O. 34 13 .4  6 . 1  

100 0 . 3 0  13.5 6 . 1  
I50 O.  29 24.7 I. 5 

however significantly higher (greater than 20%) in 
cultures at the highest densities (tables 1 and 2).  
Therefore, stocking densities higher than 100 fish per 
m3 are not recommended for rearing. 

A sex-linked difference in growth rates was observ- 
ed in both lagoon tilapia species. For T. guineensis 
( f ig .  3, cable 3) ,  the growth of males is always superior 
to that of females (0.41g.d- '  against 0.27 to 
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Figure 3. - Growth of male and female T. grrineerisis in mixed (A) and monosex (B) rearing in cage-enclosure. Fine dashed lines refer to 
fish growth before sexing. Vertical bars indicate differences between replicates. 

O .  30g. d-'), regardless of the culture system (mixed 
or monosex). Conversely, for S .  melanotheron, ($g. 4, 
table 3), a significant increase in the growth of males 
is observed when one goes from mixed (O. 32 g. d-') 
to monosex culture (0.49 g. d-'), whereas the growth 
of females remains steady (O. 42 g. d-'). 

A remarkable acceleration in growth rates was seen 
in both species during February-March ( f ig .  3 and 
4), and was also observed simultaneously in all the 
fish groups belonging to the stocking density trials 
(Legendre, 1986). This acceleration, independent of 
stocking rates, was more pronounced in S .  melano- 
theron (growth rates comprise between 0.48 and 
1.20g. d-' depending upon the experimental group, 
against 0.42 to 0.86g.d-' only for T. guineensis). 
This phenomenon is related to the occurrence of an 
algal bloom (green water) which itself corresponds to 
the higher turbidities observed during the experiment. 
At this time, chlorophyll concentrations (75 mg per 
m3) were more than double those observed in April 
when water transparency increases again. This 
strongly suggests that despite the intensive character 
of the culture, lagoon tilapia growth rates are in 
fact dependent on natural food availability in their 
environment. 

Feed conversion ratios (FCR) obtained during 
these experiments show a poor utilization of artificial 
feed regardless of the species, density or type of cul- 
ture used (tables l to 3) .  In the best cases, FCR were 
Vol. 2, no 2 - 1989 

higher than 5, whereas classic FCR of 1 .5  to 3 are 
obtained in intensive tilapia culture (Coche, 1982). 

In order to optimize growth rates and FCR, the 
influence of feeding frequency was tested in male 
monosex culture of S .  melanotheron. The results show 
that a feeding frequency of four meals per day gives 
the best growth performance ( f ig .  5). Night feeding 
or the increase in the feed distribution frequency up 
to eight intakes per day does not lead to any further 
improvements. Under the best situation, the fish have 
been brought from 75 to 2358 in about 8 months. 
However rapid growth rates were observed only dur- 
ing the first 2 months of the trial and overall the 
FCR (4.67) remains too high to allow an economic 
return. 

Extensive rearing 

In the first experiment the results of the harvest 
after 12 months without artificial feeding show that 
acadja made of bundles of branches lead to a produc- 
tion (80.5 kg) eight times greater than in the control 
enclosure without any substrates ( 1  1.7 kg) (table 4). 
Conversely, the implantation of floating plants in the 
enclosures shows no clear improvement of the results 
as compared to the control (18.2 against 1 1 . 7  kg of 
total fish production). Among the 80.5 kg of, fish 
harvested (an equivalent mean of 8 metric tons per 
ha per year) in the brush park ("acadja-enclos"), 79% 
of the biomass was represented by marketable S .  
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Figure 4. - Growth of male and female S .  melanotheron in mixed (A) and monosex (B) rearing in cage-enclosure. Fine dashed lines refer 
to fish growth before sexing. Vertical bars indicate differences between replicates. 

Table 3. - Growth rates of males and females, and feed conversion 
ratio (FCR) for S. mefanotheron and T. guineensis in mixed and 
monosex rearing. Means of duplicates; initial stocking density 
20 fish Der m3. 

Species Mean daily 
growth 

Rearing type (g.d-’) FCR 

Males Females 

S. melanotheron Mixed 0.32  0.43 6 . 6  
Monosex female / 0.42 5 . 8  
Monosex male 0.49  / 5 . 9  

T. guineensis Mixed 0.41 0.30 6 . 4  
Monosex female / 0.27 7.5 
Monosex male 0.41 / 6.5  

melanotheron of 200 g average body weight. Accord- 
ing to this preliminary result, the “acadja-enclos” may 
be considered as a promising system for extensive 
culture of this species. 

In the second experiment, where “acadja-enclos” 
exclusively made of bundles of branches were stocked 

with reared S .  melanotheron fingerlings, some variabi- 
lity in the fish production (from 33 to 98kg per 
100 m2) was observed among the different replicates 
(table4).  The reason for this variability is not clear, 
but the lower biomass harvested in treatments D and 
F (table4) could be related to some extent to preda- 
tion by Heterobranchus longifilis (4 to 7 kg individual 
weight) which accidentally penetrated the structures. 
In spite of this, the mean production obtained from 
the four “acadja-enclos” trials was very satisfactory 
( 6 6 . 4 k g  per loomZ of acadja), considering that the 
fish never received any artificial feed. 

DISCUSSION 

Growth comparison between sexes 

In S. melanotheron, the fact that the ratio between 
the male and female growth rates reverse when one 
goes from mixed to monosex culture, shows clearly 
that the lower growth of males under mixed culture 
is a consequence of mouth-brooding. It is indeed 
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Figure 5. - Growth of male S. melanotheron in monosex rearing 
as a function of feeding frequency. A 1 meal per day; B 2 meals 
per day; C: 4 meals per day; D 8 meals per day; E 8 meals per 
night. 

to eggs, and in monosex culture (O. 49 g. d-') where 
there is no incubation. 

As for T. guineensis the sex-linked difference in 
growth rates is always in favour of males, irrespective 
of the rearing type. Finally, in both species the poten- 
tial growth of males is higher than that of females, 
which seems to be the general case in tilapias. 

Growth comparison between species 

Although in mixed rearing the average growth for 
the best performing sexes of both species (the male 
for T. guineensis and the female for S .  melanotheron) 
has always been very similar at the conclusion of the 
different trials (Cisse, 1986; Legendre, 1983 and 1986), 
the best growth performances have in fact been 
obtained with S .  melanotheron males when reared in 
a monosex culture. Moreover, the growth rate of S .  
melanotheron is much higher than T. guineensis during 
the nursery and fingerling stages which contributes to 
reduce the total duration of the rearing cycle. S .  
melanotheron is therefore particularly recommended 
for lagoon aquaculture, since this species also has a 
higher market value than T. guineensis in Ivory Coast 

Table 4. - Total biomass (kg) and relative proportion of the main species harvested after 12 months in acadja-experiments. For comparison 
with experiment N" 1 and mean calculation, biomass data in exp. No 2 refer to production per loom2 of acadja. 

Experiment No 1 Experiment No 2 Mean for trials 

Species A B C D E 

Sarotherodonmelanotheron 1.5 12.8 10.4 57.1 63.6 79.0 27 50.0 79 80.6 21 63.6 47.7 71.8 
Tilapia guineensis 0.3 2.6 3 16.5 0.3 0.4 8 14.8 7 7.1 4 12.1 4.8 7.3 
Heterobranchus longqlis 7.160.7 2.1 11.5 8.310.3 9 16.7 2 2.1 3 9.1 5.6 8.4 
Others 2.8 23.9 2.7 14.9 8.3 10.3 10 18.5 10 10.2 5 15.2 8.3 12.5 

Total harvested biomass 11.7 - 18.2 - 80.5 - 54 - 98 - 33 - 66.4 - 
Exp. No 1: without stocking fingerlings. A: control, without any substrate; B with 100mZ of floating plants; C: with loom2 of bundles of 
branches. 
Exp. W 2 with stocked fingerlings (5/mz of acadja). D, E with 2 W m 2  of bundles of branches; F with 400m2 of bundles of branches. 

known that under mixed culture S .  melanotheron 
reproduces actively, and that the males do not feed 
during brooding (Legendre and Ecoutin, 1989). 
Therefore, for the same level of sexual activity, one 
can state that the difference in growth rates between 
males and females of S .  melanotheron is a function 
of the fish's possibility to take eggs into the mouth 
for incubation. In mixed cage-enclosure culture, the 
presence of the net placed between the fish and the 
bottom sediment disturbs the uptaking of eggs 
without completely eliminating it. In this situation, 
male growth rates (O. 32g. d- l )  are intermediate 
between those observed in enclosures (O. 18 g. d-l ;  
Legendre, 1983) and in concrete tanks (0.21 to 
0.30g.d-'; Cisse, 1986) where there is direct access 
Vol. 2, ri' 2 - 1989 

(Weigel, 1983). Consequently, research directed 
towards the latter species has been abandoned. 

However, because of a better growth rate, T. 
guineensis was preferred to S .  melanotheron for pond 
culture in Nigeria (P. Vincke, pers. comm., 1988). 
This could reflect a better adaptation of T. guineensis 
to the fish pond environment, but could also be 
related to differences between various West African 
populations of these fishes. In this context, it is inte- 
resting to observe that in Nigerian brackish waters, 
the maximal size of T. guineensis (named T. melano- 
pleura by the author) is reported to be much greater 
than that of S .  melanotheron (Sivalingam, 1976), while 
an inverse situation is observed in Ebrié lagoon (Alba- 
ret et Ecoutin, unpubl. data). 
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Aquaculture potential 

From our results it appears that a high density (100 
fish per m3) male monosex culture of S. melanotheron 
in cage-enclosures should give the best production 
results. However, the economic profitability of such 
a rearing is compromised by poor artificial feeding 
efficiency. This is characterised by high feed conver- 
sion ratios (from 4 to 6) on one hand. and by an 
apparent dependence on natural food availability on 
the other. 

The poor success of artificial feed observed for 
brackish water tilapias can be due to different factors: 
inadequate composition of the feed, poor quality of 
raw materials, inappropriate presentation and distri- 
bution. But during an experiment which has been 
siriiuliafieûilslji carried üüi u it11 O. niioriczis under 
strictly similar culture and nutrition conditions, a feed 
conversion ratio of 1.26 has been obtained over a 4 
month period (between 17 and 1SSg average weight) 
( Legendre, unpubl.). The feeding conditions bvhich 
are apparently inaproppriate for brackish water tila- 
pias seem to be entirely satisfactory in this case; this 
suggests the existence of a feeding behaviour which 
is more efficient under culture conditions for O. nilo- 
ticris or that there are different nutritional requirc- 
ments between these species. This question should be 
studied more thoroughly, and especially by means of 
a comparative study of the digestibility coefficients of 
local raw materials used for feed preparation. 

Since an improvement in growth has been observed 
during the algae bloom period, it is clear that even 
within the scope of intensive cage culture. natural 
food can improve production results significantly. 
Although various authors have stressed the impor- 
tance and role of natural food (see Coche, 1982, for 
review), it seems to be neglected too often in intensive 
fish farming carried out in open environments. It is 
therefore recommended to follow up more systemati- 
cally the abundance of plankton in the environment 
(especially by chlorophyll measurements) in tandem 
with fish surveys. In various cases, the variations in 
the abundance of natural food could account for the 
periodical fluctuations which are sometimes observed 
in fish growth; these variations could also account 
for the production discrepancies which have been 
obtained with the same species in different rearing 
sites. This seems particularly to be the case for float- 
ing cage rearing of O. niloticus on the two opposite 
sides of the desalinated Aghien lagoon (Coquelet, 
pers. comm., 1987). 

Presently, the global evaluation of the intensive 
culture of tilapias in the lagoons of the Ivory Coast 
remains quite negative since, on one hand some spe- 
cies are naturally adapted to the environment but 
have poor performances, and on the other hand an 
introduced species (O. nilotictts) presents a rapid 
growth but does not adapt well to the brackish water 
environments of Ivory Coast, even in the oligohaline 
zones. The real cause of mass mortalities observed 
for O. niloticus in cage cultures carried out in Ebrié 

lagoon remains to be clarified. However. encouraging 
results have recentl, been obtained with O. uureus, 
the growth and survival of u hich seem to be satisfac- 
tory in brackish water up to 1Sg. 1 - ‘  salinity (Dou- 
det. 19SS). This new species could perhaps solve the 
problem of the intensive culture of tilapias in the 
lagoons of Ivory Coast. 

Extensive culture in “acadja-enclos” allow a yearly 
mean fish production of 66 kg per loom’ of acadja, 
without providing any artificial feed. This production, 
including a significant majority of marketable tilapias, 
is comparable to that of traditional acadjas. It is 
known that in the latter. S .  melanotheron represents 
the main species listed in the catches (Welcomme, 
1972). Although S. rnelurzotheron is essentially a depo- 
sit-feeder in certain environment {Fagade, !97!; 
Pauly, 1976), in the lagoons of Sierra Leone its natu- 
ral diet is thought to be almost exclusively composed 
of algae which develop on mangrove roots, on rocks 
or on other hard surfaces (Payne, 1983). This biologi- 
cal feature is obviously one of the main factors which 
explain the predominance of S .  nielanotheron in 
“open” acadjas as well as the success of its production 
in “acadja-enclos” where the observation of branches 
shows an intense superficial browsing. 

The branches progressively decompose and must 
be changed every year; in the short term this could 
be a limiting factor. The replacement of traditional 
bundles of branches by bamboo sticks which are 
planted vertically into the sediment should thus repre- 
sent an attractive alternativc; bamboos are easy to 
find and last longer. The advantages of such acadja 
structures are presently being studied. 

CONCLUSION 

From an aquacultural point of view, both brackish 
water tilapia species have been desappointing in inten- 
sive culture. Even in the most favourable situation, 
i.e. the monosex male culture of S .  melanotheron, 
growth rates and feed conversion ratios which have 
been obtained do not presently allow a sufficient 
profit margin at the end of the cycle to ensure the 
economic profitability of a fish farm; this has been 
confirmed by large scale trials carried out within the 
scope of the “Projet de Développement de 1’Aquacul- 
ture Lagunaire” (Doudet and Legendre, 1986; Dou- 
det, 1988). So far it has not been possible to maintain 
acceptable growth rates (superior to 1 g. d-’) over 1 
to 2 months; these periods correspond generally to 
a greater richness as regards natural food in the 
environment. On the average, growth rates which 
have been obtained (around O. 5 g. d - ’) thus remain 
quite poor, especially when compared with those 
observed for other tilapia species already used in 
aquaculture. 

Aquat. Living Resour. 
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In this context, the extensive culture of S .  melnno- 
theron in “acadja-enclos” appears to be a more pro- 
mising option. On the basis of the first results obtai- 
ned, provisional evaluations suggest the possibility 
for waterside villagers to have profitable fish farms 
without the need for any artificial feed supply. This 
solution is presently being investigated on a larger 
scale and in various situations. These studies are par- 
ticularly directed towards a better understanding the 
functioning of this particular artificial ecosystem in 
order to optimize aquaculture exploitation methods 
(nature of the substrates, stocking rate, harvesting 
frequency). 
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