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ABSTRACT. Improvement in fish production is achieved, in part, by enhancing the zootechnical
performance. This study evaluated the growth performance of two strains (Bouaké and Brazil) of Nile tilapia
Oreochromis niloticus reared in floating cages, in Cote d’Ivoire. The Brazil strain is descended from a long
line of the Bouaké strain and are both the only strains officially approved for farming in Cote d'Ivoire.
Juvenile males with an average body weight of 60.42 and 60.50 g for the Bouaké and Brazil strains
respectively. They were reared in 6 floating cages of 50 m3 at an initial density of 90 fish m=3. After 120 days,
both strains' final body weights were 354.74 g for Bouaké and 385.76 g for Brazil. Individual daily growth
was better for the Brazil strain than for the Bouaké strain. The survival rate was 97.80% for the Brazil strain
and 95.91% for the Bouaké strain, with no significant difference. In financial terms, the Brazil strain had a
better gross profit than the Bouaké strain.
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Introduction

Since 1980, tilapia farming has experienced a continuous and high growth rate, with production estimated to
reach 4.5 million tons in 2020 (Naylor et al., 2021; Food and Agriculture Organization, 2022). Today, although
originating from Africa, these fish are mainly farmed in Asia (Prabu et al., 2019). The most widely used species in
aquaculture is Oreochromis niloticus (Linneaus, 1758), which accounts for approximately 70-80% of production (El-
Sayed & Fitzsimmons, 2023). In addition, there is a considerable diversity of strains, populations, and hybrids of
tilapia of the genus Oreochromis used in aquaculture around the world (Eknath & Hulata, 2009). However, only a
few have been rigorously characterized from a genetic and/or zootechnical point of view (Rutten et al., 2004; Conte
et al., 2017; Yanez et al., 2020). Most of them are used without precise knowledge of their origin and/or genotype
(Eknath & Hulata, 2009). Then, to make the best choice taking into account multiple parameters (zootechnical,
financial, taste, ethical, etc.) before rearing, it is often necessary to compare them (Neira et al., 2009; Putra et al.,
2013; Darko et al., 2016; Santos et al., 2019).

Cote d'Ivoire is a country with four major rivers and many lakes and lagoons. The development of the
aquaculture sector began in the 1980s with the establishment of fish farming stations (research and
production). As a result, Cote d'Ivoire is unique in sub-Saharan Africa in having a fish farming research
station in Bouaké, whose uninterrupted activities since 1958 have led to many innovations. They have
had a significant impact on the development of tilapia fish farming in Africa and the tropical world
(Lazard, 2019). However, national aquaculture production has not grown significantly (on average 5,000
tons/year since 2016, Yao et al., 2017; Food and Agriculture Organization, 2023) while the demand is
estimated at 650,000 tons/year. This low production is attributed to the high cost of fish feed, most of
which is imported, unfair competition from imported frozen farmed fish, waterways polluted by gold
mining activities, a lack of support for private companies, and most certainly poorly known fish strains
(Coulibaly et al., 2019; Sanou et al., 2021). Tilapia (O. niloticus) is one of the most widely used species in
local aquaculture and in the West African sub-region. Despite the introduction of many strains, two grey
tilapia strains are the most successful: the Bouaké strain and the Brazil strain (Akian et al., 2022; Zeabiue
et al., 2022; Tré Bi et al., 2023).
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The Bouaké strain

Although marginally present in Cote d'Ivoire in the Niger (Bagoué and Baoulé rivers) and Volta (Volta
Noire) basins, two strains of O. niloticus were introduced to the Bouaké station, one from Burkina Faso (Volta
basin) and the other from Uganda (Nile basin). Kept separately until 1971, these two strains were then mixed
and the product of their inter-fertilization constituted the ‘Bouaké strain’ which was the subject of multiple
transfers within Cote d'Ivoire, Africa and outside Africa (South-East Asia, Brazil, etc.; El-Sayed &
Fitzsimmons, 2023). To establish the genetic status of O. niloticus stocks in Cote d'Ivoire, a study of their
genetic variability was undertaken in the early 1990s (Lazard & Rognon, 1997; Rognon & Guyomard, 2003).
The study of the enzymatic polymorphism of Ivorian domestic strains compared with wild O. niloticus strains
from West and East Africa revealed a higher rate of heterozygosity in the former than in the latter (Rognon &
Guyomard, 2003). This result reflects the synthetic nature of the strain formed in Bouaké (Volta + Nile) and
the appropriate management of its genetic variability. In addition, the good zootechnical performance of this
strain confirms its interest.

The Brazil strain

Nile tilapia were introduced to Northeastern Brazil in 1971 from Bouaké, Cote d’Ivoire (Freato et al., 2012).
Nile tilapia stocks from this introduction have been distributed throughout Brazil. Since its introduction, the
Bouaké strain of Nile tilapia has been commonly referred to as ‘Brazilian’ Nile tilapia (Lovshin, 2000) and
sometimes as the Bouaké strain (Fiilber et al., 2010). In 2014, as part of an Ivorian-Brazilian cooperation
program to revive aquaculture, this strain of tilapia called ‘Brazil strain’, genetically related to the Bouaké
strain, as shown in Figure 1, was introduced in Cote d'Ivoire (Kouadio, 2019; Secrétariat Général du
Gouvernement de Cote d'Ivoire, 2015).
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Figure 1. Evolution of the Bouaké strain in Cote d’Ivoire and in Brazil.

The aim of this study is to evaluate the Bouaké strain and the Brazil strain of tilapia reared in floating cages
in terms of (i) zootechnical performance and (ii) bio-economic aspects. It will contribute to providing
benchmarking information on the status of tilapia farming in West Africa.

Material and methods

Study area

This experimental study was carried out from April to July 2016 at the Lake Taabo (a hydroelectric dam,
Cote d'Ivoire), built on the Bandama River downstream of the Kossou dam. The Taabo dam, completed in
1977, created a lake with a surface area of 69 km?, which is characterized by an average depth of 8 m, a lack
of stratification and a eutrophic lake status (Groga et al., 2012). The experiment was carried out in a private
aquaculture company (SEDP: Société d’Elevage et de Distribution de Poisson).
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Experimental design and rearing parameters

The experimental design was completely randomized with three replicates for each strain. The six floating
cages were placed side by side and within homogeneous water parameters. The usable volume was 50 m?® (5m
X 5m x 2m) per cage with nylon nets with a mesh size of 25 mm.

The rearing period was 120 days. All fishes were O. niloticus of the ‘Bouaké’ and ‘Brazil’ strains. After the
larval stage, they were treated with a masculinizing hormone (17-a-methyltestosterone) in the diet. They are
therefore true males (XY) or neo-males (XX) (Opiyo et al., 2020). The fingerlings of the ‘Bouaké’ strain come
from the 2™ generation of the stock established by the SEDP at its breeding center in 2013. Those of the
‘Brazil’ strain are from the 2" generation of the stock introduced in 2014.

The fish were stocked in the cages at a uniform density of 4,500 individuals/cage, i.e. 90 fishes m>. The
average weights of the Bouaké and the Brazil strains were 60.42 + 0.35 g and 60.50 £ 0.30 g respectively.

The fish were fed with an industrial extruded floating feed (Ranaan Fish Feed Company from Ghana)
containing 30% of crude protein, 8.0% ash, 5.0% fat, 4.0% fiber, 9.0% moisture, 1.1% phosphorus, 11500 IU
kg! vitamin A, and 150 mg kg! of vitamin C (Anani et al., 2023). The pellet size was 4.5 mm for fish between
60 and 200 g and 6.0 mm for fish over 200 g. Fish were hand-fed three times a day (9 pm, 12 am, and 3 pm).
The food ration was periodically updated based on the equation (Equation 1) given by Melard (1986) (adapted
from Glasser & Oswald, 2001).

Ripax = 0.192 x W0-685 €]

The maximum ration (Rmax) tilapia can absorb each day varies according to biomass (W). Fish growth was
assessed on average every 2 weeks by weighing the fish and observing their state of health. All observed dead
fish were systematically removed from the cages, counted, and destroyed.

Physico-chemical parameters (dissolved oxygen and temperature) were measured before sunrise (6 am)
and at sunset (6 pm). The following zootechnical parameters were calculated at the cage level: feed conversion
ratio (FCR, Equation 2), daily weight gain (DWG, Equation 3), survival rate (SR, Equation 4), and coefficient
of variation of body weight (CV, Equation 5).

FCR = Total feed distributed (kg) / Total biomass gain (kg) (2)
DWG (g/d) = (final weight gain - initial weight gain) / number of days 3)
SR (%) = (final fish number / initial fish number) x 100 “4)
CV (%) = (SD / W-bar) x 100 (5)

where SD is the standard deviation of body weight and W-bar is the mean body weight in the cage.

Economical approach

The economic approach was based on data on rearing costs recorded by the aquaculture company, including
feed, cages, small equipment, maintenance, transport of fish, ice for preservation, and juvenile costs.

In addition to the baseline economic evaluation, a simple sensitivity analysis was conducted to assess the
robustness of gross profit to variations in key economic variables. Two parameters were tested: (i) the selling
price of fish and (ii) the feed price. For each parameter, three scenarios were considered: a pessimistic scenario
(-20%), a baseline scenario (observed values recorded during the experiment), and an optimistic scenario
(+20%). All other production costs and biological performance indicators were kept constant across scenarios.
The objective of this analysis was to evaluate how fluctuations commonly observed in local market conditions
could influence the economic outcomes of both strains.

Statistical analysis

All zootechnical and economic variables were initially computed at the cage level and subsequently
averaged for each strain (n = 3 cages per strain). The normality of residuals was evaluated using the Shapiro-
Wilk test. When statistical assumptions were satisfied, differences between the two strains were analyzed
using Student’s t-test or Welch’s t-test, as appropriate. Survival rates between strains were compared using a
Chi-square test. The level of statistical significance was set at 5%. All analyses were performed using R
software (R Core Team, 2016).
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Results

Physico-chemical parameters

All dissolved oxygen values ranged from 3.57 to 11.20 mg L! and temperature values from 25.3 to 31.3°C.
The fish did not show any symptoms linked to a lack of oxygen.

Zootechnics parameters

Both strains, Bouaké and Brazil, have a similar survival rate and are not significantly different (p> 0.05,
Table 1). FCR values were better in the Brazil strain compared to the Bouaké strain. The coefficients of
variation of body weight at stocking were low and similar between the two strains, indicating an initially
homogeneous population. At harvest, the CV increased in both groups, with a slightly higher dispersion
observed in the Brazil strain. This increase in size heterogeneity at the end of the cycle is common in cage
rearing systems and did not compromise the overall growth trends observed between strains.

Table 1. Several parameters (means * standard deviation).

Brazil strain
97.80+1.05 % a

Bouaké strain
95.91£1.20 % a

Survival rate

Global Feed Conversion Ratio 1.67+0.47 a 1.35+0.52b
Coefficient of Variation (initial stocking) 0.58% 0.49%
Coefficient of Variation (final stock) 0.99% 4.18%

Values with the same index letter on the column are not significantly different (p> 0.05). Chi-square test was used for Survival Rate and Student's t-test for FCR.

Table 2. Variation of zootechnical parameters (means # standard error (SE)) for all fish (13,500 fishes/strain).

Body Weight* (g) FCR DWG (gd™)
Period/Strains Bouaké Brazil Bouaké Brazil Bouaké Brazil
Day 0 60.42+0.35 a 60.50+0.30 a - - - -
1to 14 79.73+5.27b 83.66%1.66 a 1.58+0.25 a 0.94+0.05 b 1.38+0.39 a 1.65+0.10 a
15to 28 117.96%+2.43 b 121.73+5.85 a 0.86+0.27 a 0.69+0.17 a 2.73+0.53 a 2.72+0.44 a
29 to 42 151.23#1.17b 173.63*4.21 a 1.55%0.13 a 0.92+0.18 b 2.37+0.25 b 3.70+0.48 a
4310 63 187.91£2.14 b 222.06%4.17 a 2.18+0.42 a 1.57+0.06 a 1.74%0.15b 2.30+0.20 a
64 to 77 217.89+1.96 b 258.82+3.26 a 1.61+0.03 a 1.48+0.45 a 2.14%0.22 a 2.62%0.49 a
78 to 98 279.22+6.57 b 322.77%£7.34 a 2.05+0.38 a 1.86%0.23 a 2.60%0.23 a 3.04%x0.48 a
99 to 120 334.74+3.32 b 385.76*16.13 a 1.88+0.26 a 1.98+0.35 a 2.96+0.45 a 2.99%0.67 a

*Body weight is measured on the last day of each period. Values with the same index letter on the row for both strains by each zootechnical parameter are
not significantly different (p> 0.05). Student's t-test and Welch's t-test were used.

From day 1 to day 28, the daily weight gain of both Bouaké and Brazil strains remained similar (Table 2).
Thereafter, the Brazil strain maintained a constant growth rate ahead of the Bouaké strain, which correlated
with a higher feed intake and a better feed conversion ratio. This higher growth rate accentuated the weight
differences between the two strains. There was a peak in growth rate between days 30 and 40, followed by a
slight slowdown and recovery around day 60, followed by a constant rate until the end of the trial (Figure 2).
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Figure 2. Comparative growth curves of both Brazil and Bouaké strains. Values on the graph represent the mean weight + SE.
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Economic parameters

At the time of the experiment, the unit cost of a juvenile was estimated at approximately $ 0.27, whereas
the cost of one kilogram of feed was approximately $ 0.89 kg'. The Brazil strain was sold at a higher price
than the Bouaké strain because, in this marketing system, the larger the size of the fish, the higher the price
per kg (category of "> 700 g' sold at $ 4.23 per kg, '[500; 700] g at $3.09 per kg, '[350; 500] g' at $ 2.68 per kg, '<
350 g'at $ 1.95 per kg; Table 3, Figure 3). The Brazil strain then obtained the best gross profit (Table 3).

Table 3. Operating account for the two strains Bouaké and Brazil (13,500 fishes/strain).

Items Bouaké strain Brazil strain
Total cost % of cost Total cost % of cost
Costs
Fixed costs (amortization and salaries) $482.64 4.79 $482.64 4.81
Variable costs
- Fingerlings (juvenile of 60 g) $ 3,668.13 36.42 $ 3,668.13 36.55
- Feed (size pellet: 4.5 and 6 mm) $ 5,655.53 56.16 $5,619.55 56.00
- Miscellaneous* $ 264.81 2.63 $264.81 2.64
Total costs (A) $10,071.11 100 $10,035.13 100
Products
Obtained biomass 4,466.5 kg 4,992.24 kg
Total selling price** (B) $11,188.11 $13,272.06
Mean of the selling price (B/biomass) $2.50 kg! $ 2.66 kg'!
Costs of fish produce (A/biomass) $2.25kg! $2.01 kg!
Gross profit (B - A) $1,117.00 $3,236.75
Gross profit per kg (Gross profit/biomass) $0.25 kg! $0.32 kg!
Gross profit (in % of total selling price) 10% 24%

*concern small equipment, maintenance, transport of fish and ice for preservation; **depending on the fish size from Figure 3; USD 1 = 614.62 XOF.

Variations in the selling price of fish had a strong effect on gross profit for both strains. For the Bouaké
strain, gross profit ranged from a negative value under the -20% scenario to more than $ 3,300 under the
+20% scenario. For the Brazil strain, gross profit varied from approximately $ 600 (-20% scenario) to
nearly $ 5,900 (+20% scenario). In all scenarios, the Brazil strain maintained a higher gross profit than
the Bouaké strain.

Changes in feed price also influenced profitability. For the Bouaké strain, a 20% decrease in feed price
substantially improved gross profit, whereas a 20% increase reduced it to nearly zero. For the Brazil strain, gross
profit ranged from about $ 2,100 (+20% feed price) to more than $ 4,300 (-20% feed price). As observed for the
selling price scenarios, the Brazil strain remained economically more resilient to feed price fluctuations.
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Figure 3. Weight of fish harvested by marketing category.
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Discussion

Rearing performances

Throughout the experiments, dissolved oxygen levels were all above 3 mg L! up to a depth of 2 m, which
is the optimal range for tilapia culture (Ross, 2000). Similarly, the temperature data correspond to the norms
for optimal growth of the species between 25 and 30°C (Boyd & Tucker, 1998) and maximum growth between
28 and 30°C (Santos et al., 2013).

The trials showed a significantly higher individual daily weight gain in favor of the Brazil strain compared
to the Bouaké strain (Table 2; Tré Bi et al., 2023; Zeabiue et al., 2022). These differences, although statistically
supported, should be interpreted within the context of the experimental scale and design. The evolution of
the growth parameters (DWG, FCR) in each of the two strains during rearing was similar. This probably
indicates that the diet (endogenous, exogenous) had the same effects (growth rate) in the fish of the two
strains, although the feed conversion ratios were different. However, a feed conversion ratio below 1.5
(commercial reference for 4.5-6 mm pellets) could confirm that the endogenous diet (phytoplankton and
zooplankton) had an important effect on fish growth beyond environmental conditions. Indeed according to
Groga et al. (2012), Lake Taabo is classified as a eutrophic lake, which explains that it could also contribute to
the growth of tilapia as an endogenous food source of the rearing environment. In tilapia, which are
planktivorous organisms, this significant addition can significantly influence the efficiency of exogenous food
use (Tacon & Silva, 1997; Ulloa & Verreth, 2002). The rapid increase in DWG could therefore be explained by
a double feed intake (distributed feed and endogenous feed) with a significant amount of endogenous feed,
and the decrease in DWG by the scarcity of endogenous feed. During this period of decline, the water level of
the lake increased due to the flooding of the river (Bandama) and numerous rains in the watershed resulting
in a decrease in the concentration of planktonic biomasses. However, the trials were carried out under the
same conditions, and the Brazil strain maintained a higher level of growth relative to the ration distributed.
This performance suggests that this strain digests feed more easily.

Performance of comparative strains

Several comparative evaluation tests of the O. niloticus strains from various origins present in Brazil have been
carried out with the 'Bouaké' strain (Table 4). In their study, Fiilber et al. (2010) found that the GIFT strain
performed better than the 'Chitralada’ and 'Bouaké' strains. Wagner et al. (2004) classified the following strains
according to decreasing growth performance: first-generation 'Chitralada’ (CHI1), second-generation 'Chitralada’
(CHI2), intraspecific hybrid (HIS), and 'Bouaké'. Similarly, Vieira et al. (2005) showed that the '‘Supreme’ strain was
the best, followed by the 'Chitralada Aquabel', 'Chitralada Codapar', and 'Bouaké' strains. On the other hand, Neves
et al. (2008) concluded that there was no significant difference between the 'Bouaké' and 'Chitralada’ strains.

Table 4. Some studies on growth performance with the Bouaké strain.

. Crude Initial body Final body Daily Weight Rearing period  Rearing
Strains protein weight (g) weight (g) Gain (gd ™) (days) facilities Authors
Bouaké 25% 37.39+9.88 400.68 1.781 204
Chitralada 25% 41.87+11.45 406.43 1.787 204
GIFT 25% 45.49+11.61 485.95 2.159 204 Ponds for fry Fiilber et al.
Bouaké 30% 37.39+9.88 273.62 1.158 204 (2010)
Chitralada 30% 41.87+11.45 294.83 1.240 204
GIFT 30% 45.49+11.61 320.74 1.349 204
HIS 30% 44.3 93.65 0.796 62
Bouaké 30% 31.5 71.79 0.650 62 Concrete  Wagner et
CHI1 30% 47.2 108.17 0.983 62 tanks al. (2004)
CHI2 30% 51.2 114.31 1.018 62
Chitralada - Codapar - 59.14 306.82 1.848 134
Supréme - 65.74 344.73 2.082 134 Ponds and Vieira et al.
Bouaké - 48.70 263.49 1.603 134 tanks (2005)
Chitralada - Aquabel - 58.40 340.50 2.105 134
Bouaké 45% 8.265 153.00 0.856 169 Ponds and Neves et al.
Chitralada 45% 8.660 183.35 1.034 169 tanks (2008)
Bouaké 30% 80.42%0.35 354.74%3.33 2.286 120 Floating Present
Brazil 30% 60.50+0.30 385.76%16.14 2.711 120 cages study
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Examination of the results in Table 4 shows that the '‘Bouaké' strain performed lower than the strains it
was compared to. These results contrast with those of the present study. This situation can be explained by a
genetic improvement carried out in Brazil on the 'Bouaké’ strain originally introduced in this country, which
became the 'Brazil' strain (Lovshin, 2000).

In genetic terms, this is a paradoxical situation since it concerns two populations of the same species (O.
niloticus) with the same origin and separated from each other in 1971. One (Bouaké strain) was established
and maintained in Cote d'Ivoire and the other (Brazil strain) was introduced in Brazil in 1971 and
‘reintroduced’ in Cote d'Ivoire in 2014. The history of the two strains in their respective environments is
unknown, but, likely, they did not remain isolated from other strains of the same species. For example, the
introduction of the Chitralada strain from Thailand in 1996 (Baggio et al., 2016) in Brazil and a new Volta 1957
strain (Lazard, 1990) from Burkina Faso in Cote d'Ivoire most likely resulted in cross-fertilization with the
local' strains. The results of the present experiment confirm this. In general, the impact of introducing
genetically related species, especially strains, is likely to have a significant demographic impact on the
abundance of natural populations (Chevassus-au-Louis & Lazard, 2009), especially as Nile tilapia is
considered an invasive species (Abd Hamid et al., 2023).

Economic aspects

The Bouaké strain generates a gross profit of $ 0.25 per kg, while the Brazil strain reaches $ 0.32 per kg. The
sensitivity analysis showed that a variation of #20% in the selling price of fish leads to the largest changes in gross
operating profit, which confirms that profitability is primarily driven by fluctuations in market prices. In this
context, fish farms should prioritize a proactive commercial strategy that focuses on optimizing the timing of sales,
targeting the most profitable size categories, and securing stable market outlets (Moyo & Rapatsa, 2021). At the
national level, the development of aquaculture in Cote d’Ivoire would be strengthened by public policies designed
to protect locally produced fish against low-priced imported tilapia, which often depress domestic market prices.

According to the operating accounts for both strains, feed represents more than 50% of total production costs,
making it the main component of operating expenses. Particular attention must therefore be given to feed quality,
storage conditions, rationing, and regular monitoring of fish growth, since feed composition and the frequency of
distribution directly affect growth rate and feed conversion efficiency. Because these zootechnical responses
determine overall feed consumption, the price of feed is a strategic economic variable for producers (Neira et al.,
2009). The sensitivity analysis also showed that changes in feed price can substantially modify gross profit, even if
the effect is less pronounced than variations in the selling price of fish. In this context, selecting a strain with
efficient feed utilization remains a key decision for aquaculture operators seeking to optimize the economic
performance and resilience of cage farming systems.

Conclusion

The Brazil strain showed slightly better growth and feed efficiency, resulting in higher gross profit and
greater economic stability in the sensitivity scenarios. For cage farmers in Cote d’Ivoire, these results indicate
that choosing this strain can reduce vulnerability to feed and market price fluctuations and improve overall
profitability. Both strains remain usable, but the Brazil strain offers clearer economic advantages for
producers seeking more resilient and cost-effective tilapia farming.

Data availability
Does not apply.
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