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INTRODUCTION  

 

       Global production of aquatic animals was slightly decreased from 179 million tonnes 

in 2018 to 178 million tonnes in 2020 (FAO, 2021). Over 157 million tons were used for 

human consumption, and it is predicted to increase from 50 to 89% by 2030 (FAO, 

2022). Inland waters contribute to 66 million tonnes of this global production, and 

according to Tesfaye et al. (2021), the majority of Africa’s fishery production is provided 

by inland waters. Thus, inland waters such as reservoirs, lakes, and rivers are extremely 

important for food security and survival. To achieve the targets of the 2030 UN 

Sustainable Development Goals 2 and 14, "Zero Hunger" and "Life Below Water," 

respectively, ensuring the sustainability of fisheries is essential. 
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This study examined the growth, mortality, and exploitation rate of the 

Sarotherodon galilaeus population in Samendéni Reservoir, located in the 

West Sudanian savannah in the Region of Hauts-Bassins, Burkina Faso. 

Fish samples were monthly collected from October 2021 to September 

2022, and specimens measured from 9 to 32cm in total length with a mode 

in the interval [17;19[cm length class. Analysis of the length-frequency data 

of 1714 specimens using the ELEFAN method incorporated in FISAT 

software, indicated a growth constant (K) of 0.37 year
-1

, and asymptotic 

length (L∞) of 33.6cm total length for the population. The growth 

performance index, longevity, and theoretical age at birth (t0) were 

estimated to be 2.621, 8.10 and -0.6952 years, respectively. The length at 

first capture (Lc=16.21cm) was lower than that at first maturity (Lm50 

=18.717cm for males and 18.103cm for females), indicating that most of the 

harvested stocks were juveniles. The total mortality (Z), natural mortality 

(M), and fishing mortality (F) coefficients recorded 1.59, 0.93, and 0.66 

year
-1

, respectively, indicating natural mortality as a major contributor to 

total mortality. The recruitment pattern was a continuous model with a 

single peak and revealed a recruitment period in May. The exploitation rate 

(E= 0.25) of the population suggests underexploitation of the stock; 

however, increasing fishing gear mesh size and regulating fishing efforts are 

needed to protect the S. galilaeus stock. 
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  For effective management of fishery resources, understanding the fish population 

dynamics and conducting stock assessments is crucial. According to Sparre and 

Venema (1992), stock assessments offer guidance on the optimal exploitation of aquatic 

living resources. However, due to data limitations, some inland fisheries have not yet 

been assessed.  

       Many African countries are facing challenges with their inland water resources due 

to pollution, overfishing, climate change, and eutrophication, mainly caused by human 

activities (Tesfaye, 2016). Moreover, there is a lack of stock assessment in several 

freshwater fisheries, even when data collection and analysis capabilities exist (Lorenzen 

et al., 2016; Tesfaye et al., 2021). Thus, credible scientific evidence is necessary for 

effective assessment and management of fishery resources to ensure their sustainability.  

       In Burkina Faso, approximately 41,366 human individuals are working in fishing 

activities, and the domestic demand for fish has been rising in response to human 

population growth, rising incomes, and urbanization (DGRH, 2021). Local production in 

2020 was predicted to be 29752 tonnes (Compaoré et al., 2023), with an estimation of 

130,000 tonnes per year as a national demand for fish. Furthermore, the majority of 

reservoirs are facing some problems, such as the non-respect of the ban on fishing during 

the fish spawning period and the use of prohibited fishing gear by some fishermen, which 

could negatively impact the dynamic of different species fish populations. In addition, 

few studies were focused on fish stock assessment in Burkina Faso. However, Da et al. 

(2023) examined the growth and stock assessment of the African catfish, Clarias 

anguillaris (Linnaeus, 1758) in the Samendéni Reservoir. This reservoir has been opened 

for exploitation since 2018. Before, its opening to exploitation, Minoungou et al. (2020) 

reported 40 fish species and some Cichlidae species, such as Sarotherodon galilaeus, 

Coptodon zillii, and Oreochromis niloticus, being among the most abundant. 

Demographic parameters of Sarotherodon galilaeus in the Samandeni Reservoir was 

studied by Minoungou et al (2021) before its opening to exploitation; however, this 

study did not take into account the impact of using prohibited fishing gear, the non-

respect of the ban of fishing period, and ecological changes of the reservoir due to human 

activities. 

       A high contribution of S. galilaeus to the total species catch has been reported in the 

Samendeni Reservoir by Minoungou et al. (2020).  However, since the Samendeni 

Reservoir was opened for exploitation by 2018, no information on Sarotherodon 

galilaeus population parameters and its stock status have been reported. Due to the non-

respect of the ban fishing period June and July every year in this reservoir and the use of 

prohibited mesh size by some fishermen, this species is regularly exploited and could be 

overexploited. Thus, this situation could negatively impact their stock leading to poor 

fishery conditions. Therefore, assessing the population dynamics of Sarotherodon 

galilaeus is imperative to ensure fishery management in this reservoir. Thus, the main 
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objective of this study was to estimate the population parameters of Sarotherodon 

galilaeus, including growth rate, mortality, size at first maturity, recruitment pattern, 

length at first capture, and stock status, using length frequency distribution data from 

Samendéni Reservoir. 

 

MATERIALS AND METHODS  

 

Study area 

       Samendéni Reservoir is located in the West Sudanian savannah in the region of 

Hauts- Bassins, Burkina Faso, and it is built on the Mouhoun River (Fig. 1). The location 

is between latitudes 11˚23' and 11˚19' North and longitudes 4˚34' and 4˚46' West.  It 

ranks as the third largest reservoir in the country. This reservoir also includes catchment 

area and an irrigated perimeter of 21,000 hectares with a total capacity of 1.05 billion m
3
. 

The Samendéni Reservoir area is approximatively 68,202 hectares and has a tropical 

savanna climate with air temperature ranging from 23.50 to 31.30℃ (Kabré et al., 2023). 

Meanwhile, the mean annual rainfall was 1075.86mm from 2010 to 2020 (Kabré et al., 

2023). The Samendeni Reservoir area is characterized by two seasons: a rainy season 

from June to September and a dry season from October to May.  The vegetation is a mix 

of wooded savannah, forest, and a dense semi-deciduous gallery forest. Since October 

2020, the Samendéni Reservoir has been labeled as Ramsar site (number 2439) in 

Burkina Faso.  

 

 
Fig. 1. Map of Samendéni Reservoir displaying the sampling areas 
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Data collection 

       Fish were randomly collected during October 2021 to September 2022 from 

fishermen at three sampling sites: Dioufoulma, Badoville, and Sadina in the Samendéni 

Reservoir.  A total of 1714 specimens were sampled and sexed, and their species were 

identified using the relevant taxonomic keys by Paugy et al. (2003). After sampling, all 

specimens were conserved in ice and transferred to the fish laboratory at Nazi Boni 

University for further analysis. In the laboratory, the total length (TL) of each specimen 

was measured from the tip of the mouth to the extended tip of the caudal fin using a fish-

measuring board. A digital balance was used to measure the weight (W) of each fish to 

the nearest 0.1g.  

 

Length frequency distribution and sex ratio 

       A histogram was used to examine the distribution of S. galilaeus individuals based 

on their total length (TL), with the length data frequency pooled at 2cm intervals. The sex 

ratio was computed using the following formula: sex ratio = total number of males/total 

number of females (Sossoukpe et al., 2013). The chi-square test was used to check if 

there were statistically significant deviations from the expected 1:1 sex ratio or not 

(Sokal, 1987). 

 

Length-weight relationship 

       The relationship between length and weight was described by the equation W = aTL
b
 

(Ricker, 1975). Here, W represents the total weight (g); TL is the total length (cm), and 

"a" and "b" are respectively the intercept and slope of the regression line of length and 

weight for the fish. The slope “b” was compared to 3 using student t-test to test whether 

Sarotherodon galilaeus individuals have an isometric growth in the Samendéni 

Reservoir. Thus, “t” value was calculated as follows: t = /Sb, where Sb is the 

standard error of the slope b. The t-value was compared to the t-table value for (n-2) the 

degree of freedom at 5% significant level (Awasthi et al., 2015). In fact, if b=3, b<3 and 

b>3, it corresponds respectively to an isometric growth, negative allometric growth and 

positive allometric growth (Ricker, 1975).  

 

Estimation of growth parameters 

        Monthly collected data from October 2021 to September 2022 were analyzed using 

the ELEFAN I routine incorporated in FISAT software (Gayanilo & Pauly, 1997). Thus, 

the growth of S. galilaeus in Samendéni Reservoir was estimated following the von 

Bertalanffy function (VBGF): Lt = L∞ (1− e
-K(t-t0)) (Pauly, 1979), with Lt,: the fish size at 

a specific time t, L∞: asymptotic length of the fish, K growth coefficient represents the 

rate at which a fish attains its maximum size, t: the age of the fish, t0: the age at which the 

fish length is null.  
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       To determine t0, the theorical age at length zero, the Pauly’s empirical equation 

(Pauly, 1979) was used: Log10(-t0) = -0.392 - 0.275 Log10L∞ - 1.038Log10 K                                      

The life-span of fish (tmax) was also estimated as: tmax = (3/K) (Taylor, 1958).                                                   

The growth of S. galilaeus from Samendéni Reservoir was compared to those from 

previous studies by calculating the growth performance (Ø’). Thus, the growth 

performance Ø’ was computed using asymptotic length L∞ and growth coefficient (K) 

(Munro and Pauly, 1983): Ø’ = Log10 K + 2Log10L∞. 

 

Length at first sexual maturity (Lm50)  

       The size at first sexual maturity (Lm50) is considered to be the size at which 50% of 

S. galilaeus individuals were mature. This size was determined during the spawning 

season. Gonad and oocyte maturation stages were identified following the method 

described by Brown-Peterson et al. (2011). Thus, individuals at stage 1 were immature 

and individuals from stage 2 to 5 were mature. The data were divided into several size 

groups, and the percentage of mature individuals in each category was computed using 

logistic regression: P = 1/ (1 + exp[-(a+bLt)] with P: percentage of mature individuals, Lt: 

total length, a and b are the parameters of the logistic equation. The formula was 

transformed as follows: ln[P/(1-P)] = a+bLt. Thus, by the substitution of P = 50% in the 

equation, Lm50 = -a/b.  

       Age at first sexual maturity was determined using the von Bertalanffy equation after 

obtaining the size at first maturity (Lm50).  

 

Estimation of mortality rate, exploitation rate, and length at first capture (Lc50) 

       A linearized length-converted curve approach was used to calculate the total 

mortality rate (Pauly, 1984; Gayanilo et al., 2005). Moreover, the empirical equation 

was used to calculate the instantaneous natural mortality rate (M) (Pauly, 1980), as 

follows: 

 Log10 M = -0.0066 - 0.279*log10L∞ + 0.6543 log10K + 0.463 log10T, where T = mean 

surface temperature (29.7℃ in this study).   

       The instantaneous fishing mortality rate (F) was estimated as: F = Z - M (Beverton 

& Holt, 1957), with Z: total mortality, and M: natural mortality, moreover the 

exploitation ratio (E) (Gulland, 1971) was estimated as E = F/Z. The probability of 

capture was calculated by extrapolating the descending limb of the length-converted 

curve, and a selectivity curve was designed by applying linear regression to the ascending 

data points derived from a plot illustrating the relationship between the probability of 

capture and length. These values were then used to determine the lengths at which 

capture probabilities of 50, 75, and 95% occurred (Pauly, 1987).  
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Virtual population analysis (VPA) 

       The method of Jones and Zalinge (1981) using a length convers curve procedure 

was used to carry out the virtual population analysis.  The two constants “a” and “b” from 

the length weight relationship of S. galilaeus and the K, L∞, M and F values of this 

species were used as inputs for virtual population analysis. Biomass (tons), yield (tons), 

total and fishing mortality, and exploitation ratio were considered as the results of this 

VPA analysis. 

 

 Recruitment pattern, relative yield per recruit (Y/R) and biomass per recruit (B/R) 

       The relative yield per recruit (Y’/R) of S. galilaeus was assessed using the model of 

Beverton and Holt (1966), as follows: Y’/R = EU
M/K 

[  +                              

Where, E = F/Z exploitation rate, U = 1- (Lc /L∞) with Lc: length at first capture, and m = 

(1- E)/(M/K) = (K/Z). 

       Using the relationship B’/R = (Y’/R)/F, biomass per recruit (B’/R) was calculated. 

Emax, E10, and E50 were estimated using the first derivation of this function. Emax is the 

exploitation level, which maximizes Y/R or Y’/R; E10 corresponds to the exploitation 

level at 10% of the virgin biomass, and E50 is the exploitation level at 50% of the virgin 

biomass. The recruitment patterns were computed following the method described in the 

FISAT routine (Pauly et al., 1996).  

 

 

RESULTS  

 

Length frequency distribution and sex ratio 

       A total of 1714 individuals of S. galilaeus were collected: 1340 males and 374 

females (Table 1). The S. galilaeus population size distribution was unimodal (Fig. 2), 

with a modal class at [17;19[cm. There were significantly more male specimens than 

female specimens. 

 

Table 1. Mean total length (TL), mean total weight (W), number of individuals (N) and 

sex ratio (S-R) of S. galilaeus 

 

Sex N (S-R) Mean TL (cm) (range) Mean W (g) (range) 

Males 1340 19.6271 ± 0.10282 

(9.5 - 31) 

161.5832 ± 2.7008 

(14 - 595) 

Females 374 19.834 ± 0.2214 

(9 - 32) 

173.7299 ± 5.5398 

(12 - 571) 

Males + Females 1714 (3.582:1) 

 

19.6721 ± 0.09377 

(9 - 32) 

164.2321 ± 2.4352 

(12 - 595) 
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       No significant difference was observed between the mean total lengths of males and 

females (t-test, d.f = 544.217, t = -0.846, P>0.05).  However, comparatively to males, the 

mean body weight of females was significantly higher (t-test, d.f = 562.542, t = -1.971, 

P<0.05).  

       The sex ratio was represented by 3.582:1 (male: female). The chi square test analysis 

for all specimens revealed that there is a significant difference between the two sexes (ᵡ
2
 

= 294.47, d.f = 1, P<0.05). 

 

 
Fig. 2. Population structure of S. galilaeus 

 

Length-weight relationship 

       The results of the length-weight relationship of S. galilaeus males, females, and 

combined sexes are displayed in Table (2) and Figs. (3, 4, 5).  

  

Table 2. Length-weight relationship parameters of S. galilaeus 

Sex Effective Total length 

TL (cm) 

Total 

weight 

(g) 

Equation r
2 

Males 1340 9.5 - 31 14 - 595 W = 0.0325TL
2.825 

0.9513 

Females 374 9 - 32 12 - 571 W = 0.028TL
2.88

 0.962 

Males +Females 1714 9 - 32 12 - 595 W= 0.0311TL
2.8414

 0.9483 

 

       In this relationship, a significant difference was observed between males and females 

(t-test, d.f = 1710, t = 3.559, P<0.05). The total length and total body weight were 

positively correlated since the value of the pearson correlation coefficient was close to 1. 

The slope b was compared to 3 for males (t-test, d. f. = 1338, t = 0.245, P>0.05), females 

(t-test, d. f. = 372, t = 0.092, P>0.05), and pooled samples (t-test, d. f. = 1712, t = 0.253, 

P>0.05) indicated that b was not significantly different from 3 (P>0.05). Therefore, S. 
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galilaeus showed an isometric growth for both males, females, and combined sexes 

(Table 2). 

 

 
Fig. 3. Length-weight relationship of males of S. galilaeus 

 

 
Fig. 4. Length-weight relationship of females of S. galilaeus 
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Fig. 5. Length-weight relationship of S. galilaeus 

 

Growth parameters 

       The current results revealed an asymptotic length, growth rate and life-span of 

33.6cm, 0.37 year
-1

, and 8.10 years, respectively (Figs. 6, 7). Thus, the von Bertalanffy 

equation of S. galilaeus obtained from these parameters is written as follows:  

Lt = 33.6[1 – e
-0.37(t+0.6952)

].  
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Fig. 6. ELEFAN I K-scan routine FiSAT II output for S. galilaeus from Samendéni 

Reservoir 

 

 
Fig. 7. Length frequency distribution output from FiSAT II with growth curve for S. 

galilaeus from Samendéni Reservoir 

 

Furthermore, the growth performance index, the age at length zero, and the age at first 

sexual maturity were 2.621, -0.6952 year, and 1.4550 year, respectively (Table 3). 
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Table 3. Growth parameters (L∞ and K), mortality (Z, M, F) and fishery parameters (E, 

Lc) of S. galilaeus in the Samandeni Reservoir 

Description of parameters Value 

Growth and reproduction 

Asymptotic length (L∞) 33.6 cm 

Growth rate (K) 0.37 year
-1

 

Life-span (tmax) 8.10 years 

Growth performance index (Ø’) 2.621 

Age at length zero (t0) -0.6952 year 

Mortality parameters 

Total mortality (Z) 1.59 year
-1

 

Natural mortality (M) 0.93 year
-1

 

Fishing mortality (F) 0.66 year
-1

 

Fishery parameters 

Exploitation ratio (E) 0.25 

Emax 0.649 

E0.1 0.515 

E0.5 0.328 

Total length at first capture Lc 16.21 cm TL 

 

The length at first capture (Lc or L50%) was estimated at 16.21cm, which corresponds to 

an age of 1.275 year (Fig. 8).  

 

 
Fig. 8. Probability of capture of S. galilaeus 
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Size at first maturity  

       The S. galilaeus males and females are sexually mature at 18.717 and 18.103cm, 

respectively (Fig. 9). At maturity, there was no significant difference in size between 

males and females (t-test, d.f = 56, t = 0.054, P>0.05). Furthermore, the age at first 

maturity (tm50) was 1.346 and 1.397 year for males and females, respectively.  

 

 
Fig. 9. Estimated size at first maturity for females (a) and males (b) of Sarotherodon 

galilaeus from Samendeni Reservoir 

 

Recruitment pattern  

       Only one normal recruitment was observed per year in the Samendeni Reservoir for 

S. galilaeus. Furthermore, the main peak was observed from May to June (Fig. 10). The 

peak pulse produced 33.22% of the observed recruitment during the study period.  
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Fig. 10. Recruitment pattern output from FiSAT II for S. galilaeus from Samendéni 

Reservoir 

 

From the length-converted catch curve, the total mortality (Z) was reported as 1.24 year
-1

 

(Fig. 11). Furthermore, the values obtained for fishing mortality (F) and natural mortality 

(M) were 0.31 and 0.93 year
-1

, respectively. 

 

 
Fig. 11. Length-converted catch curve of S. galilaeus in the Samandéni Reservoir, 

Burkina Faso 
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       The exploitation ratio (E) of 0.25 was lower than the maximum exploitation ratio 

(Emax) of 0.649 showing that the species S. galilaeus was not overexploited (Fig. 12). 

 

 

 

Fig. 12. Relative yield per recruit and biomass per recruit analyses for S. galilaeus from 

Samendéni Reservoir: MSY = Maximum sustainable yield 

 

Virtual population analysis (VPA), yield-per-recruit and biomass-per-recruit 

       Natural causes were considered as the main reason for the mortality of S. galilaeus 

within the length range of 9- 15cm (Fig. 13 & Table 4). However, from 16cm, the fish 

were vulnerable to fishing gear. 
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Fig. 13. Length-structured virtual population analysis of S. galilaeus from Samendeni 

Reservoir 

 

From the length range of 16 to 20cm, fishing mortality was recorded the highest; 

therefore, this length group was considered the most vulnerable to fishing gear. At fish 

size of 9cm, there were more survivors (16391.62), whereas at size 32cm, the number of 

survivors was the lowest (4). The highest level of fishing mortality (F = 0.3205) was 

recorded at a fish size of 17cm. A variation of the steady-state biomass was observed, 

increasing from 17 to 20cm which corresponds to 0.09 ton, then subsequently declining 

to 0.00 ton at a size of 32cm (Table 4). The estimated values of E0.1, E0.5 and Emax were 

0.515, 0.328 and 0.649, respectively (Fig. 12). Moreover, the maximum sustainable yield 

Emax was higher than the exploitation rate.   

 

Table 4. FiSAT II output of virtual population analysis of S. galilaeus in Samandeni 

Reservoir 

Mid-length 

(Cm) 

Catch (In 

numbers) 

Population (N) Fishing 

mortality (F) 

Steady-state 

biomass (tons) 

9 3 16391.62 0.0018 0.03 

10 5 14796.46 0.0031 0.03 

11 13 13296.64 0.0086 0.04 

12 27 11884.58 0.0193 0.05 

13 16 10553.37 0.0123 0.06 

14 18 9325.89 0.0149 0.07 

15 83 8186.34 0.0750 0.08 

16 218 7073.83 0.2189 0.08 



1524                                                                                Ouédraogo et al., 2024 

 

17 280 5929.46 0.3205 0.09 

18 200 4836.91 0.2641 0.09 

19 188 3932.69 0.2884 0.09 

20 159 3138.35 0.2869 0.09 

21 93 2463.93 0.1980 0.08 

22 70 1934.15 0.1761 0.08 

23 72 1495.5 0.2178 0.08 

24 69 1115.07 0.2584 0.07 

25 57 797.74 0.2728 0.06 

26 52 546.41 0.3317 0.05 

27 43 348.63 0.3893 0.04 

28 37 202.9 0.5249 0.03 

29 25 100.35 0.6492 0.02 

30 30 11 0.6262 0.01 

31 1 12.20 0.1292 0.00 

32 1 4 0.31 0.00 

 

 

DISCUSSION 

 

Length frequency distribution and sex ratio 

       The length-frequency distribution of S. galilaeus in Samendéni Reservoir was 

unimodal, indicating that there was probably only one cohort in the population. Before 

the opening of the Samendéni Reservoir for exploitation, Minoungou et al. (2020) 

recorded a mean size of 17.71cm for this species, which was smaller comparatively to 

what recorded in this study for both males (19.6271cm) and females (19.834cm). 

However, the mean size and length range of this study was similar, respectively, to the 

mean of 19.8cm and size range of 13.6 to 33.2cm in Gougan Reservoir, Benin, as 

mentioned by Ahouansou et al. (2016). The size range of S. galilaeus from Samendéni 

Reservoir measured 9 to 32cm. Da et al. (2018) recorded a range size of 9.4 to 38.1cm 

and 7.1 to 13.6cm, respectively, at Kompienga Reservoir and Bam Lake in Burkina Faso. 

In the Tropical coastal estuary in Nigeria, a range size of 11 to 41cm for S. galilaeus was 

reported by Abdul et al. (2019). Another range size of 7 to 33.3cm for the same species 

was also observed in Weija Reservoir in Ghana (Ebenezer, 2010). Abdul et al. (2010), 

upon investigating the effect of Iken brushpark on the S. galilaeus in the Ogun estuary, 

Nigeria have also reported a size range of 22 to 34cm. The size variation of S. galilaeus 

could be due to the mesh sizes of the gears used by fishermen (Abdul et al., 2019). 

       The sex ratio of S. galilaeus was different from the expected 1:1 ratio, and there were 

more male individuals comparatively to females during the study period. This result is in 

accordance with what was reported for the same species in Lake Rudolf in northern 

Kenyan (Fryer, 1972), and Nguru-Gashua wetlands, Northeast, Nigeria (Ashley-Dejo et 
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al., 2023). However, a preponderance of female to male was observed at Lita Lake in 

Nigeria (Fagade et al. 1984), equally predominance of S. galilaeus was reported at Opa 

Reservoir, Nigeria (Fawole et al., 2000), and at Oyan dam in Nigeria (Olopade et al., 

2014). According to Vicentini and Araujo (2003), information on sex ratio is necessary 

to better understand the interaction between individuals, environment, and state of the 

population. Many factors such as reproductive behavior, food availability, environmental 

conditions, adaptation of population may influence the variation of sex ratio (Brykov et 

al., 2008; Vandeputte et al., 2012). For example, the accessibility of female to resources 

and the environmental conditions has an impact on the reproductive success of female. 

However, contrary to female, the access of male to female influences the reproductive 

success of male, which lead to a change in the proportion of individuals of each sex in the 

population (Oliveira et al., 2012; Qiao et al., 2023).  

 

Length-weight relationship 

       Male, female, and pooled samples exhibited an isometric growth pattern, indicating 

that the weight and length increased at the same rate (Tesfaye et al., 2021). Generally, 

“b” values may range from 2.5 to 3.5, respectively, suggesting the validation of the result 

of this present study (Pauly & Gayanilo, 1997). This result agrees with those of other 

studies on S. galilaeus by Abdul et al (2019) in Tropical coastal estuary of Nigeria (b= 

2.846 for male and 2.826 for female), and Makkey (2021) at Lake Manzala in Egypt (b= 

3.1025). However, it disagrees with the study of Abdul et al. (2010) at Freshwater 

ecotype of Ogun estuary in Nigeria (b= 2.755), Mahmoud et al. (2013) at Nozha 

Hydrodrome in Egypt (b= 2.8951), Adedeji et al. (2016) at Lake Geriyo in Nigeria 

(b=3.5 for male and b=3.2 for female), Lederoun et al. (2016), respectively, at Lake 

Doukon (b= 2.955) and Lake Togbadji in Benin (b=3.0545), Da et al. (2018), 

respectively, at Lake Bam (b= 2.41) and Kompienga Reservoir (b=3.08) in Burkina Faso, 

and Minoungou et al. (2020) at Samendéni Reservoir in Burkina Faso (b= 3.15). The 

isometric growth pattern exhibited by S. galilaeus males and females in the Samendéni 

Reservoir may be attributed to the abundant food sources and favorable habitats (Abdul 

et al., 2019).    

 

Growth parameters  

       The asymptotic length obtained in this study is greater than the results from some 

authors such as Moreau et al. (1986), respectively, at Lake Chad (TL∞= 29.9cm), at Lake 

Chari Lagone in Tchad (TL∞= 27.2cm), at Noussa Hydrodrome (TL∞= 24.2cm), and at 

lake Manzala (TL∞=20.1cm), Yamaguchi et al. (1990) at the High Dam Lake in Egypt 

(TL∞=28.8cm), Moreau et al. (1995) at Senegal River (TL∞= 30.1cm), Baijot et al. 

(1997) at Lake Ramitinga in Burkina Faso (TL∞= 19.3cm), at Tapoa Reservoir (TL∞= 

24cm) and Loumbila Reservoir (TL∞= 14.7cm), Lederoun et al. (2016), respectively, at 

Lake Doukon (TL∞= 26.2cm) and Lake Togbadji (TL∞= 23.6cm), Abobi et al. (2019), 
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respectively, at Bontanga Reservoir (TL∞= 17.8cm), Tono Reservoir (TL∞= 17.8cm) and 

Golinga Reservoir (TL∞=17.8 cm), and Makkey (2021) at Lake Manzala (TL∞= 

28.06cm). However, it was lower than those reported by Moreau et al. (1986) at Lake 

Kainji in Nigeria (TL∞= 48.4cm), and Lake Nasser in Egypt (TL∞=41 cm), Baijot et al. 

(1997) at Sourou Reservoir in Burkina Faso (TL∞= 35.5), El-Gammal and Mehanna 

(2003) at Wadi El-Raiyan Lake (TL∞= 46.64), Du Feu (2003) at Lake Kainji in Nigeria 

(TL∞ = 45.7cm), Ofori-Danson et al. (2008) at Bontanga Reservoir (TL∞= 36.76cm), 

Mahmoud et al. (2013) at Nozha Hydrodrome in Egypt (TL = 37.39cm). The lower and 

higher values of asymptotic length could be ascribed to some factors, such as the 

selectivity of the gears, the sampling methods and geographical locations, the stress of 

water pollution and the climatic variations (Mansour, 2004; Wehye et al., 2017; 

Amponsah et al., 2020). According to Edmond et al (2017), fish grow throughout all 

life, and the growth of fish can be traced back to the interaction among some factors such 

as endogen and exogenous factors consisting of temperature, dissolved oxygen, food 

availability, inter or intraspecific competition.  

       The growth rate (K= 0.37 year
-1

) obtained from this present study is higher than the 

growth constant recorded in some previous studies on S. galilaeus by Moreau et al. 

(1986) with K= 0.34, 0.29 year
-1

, respectively, at lake Tchad and Lake Nasser, Baijot 

and Moreau (1997) at Sourou Reservoir in Burkina Faso (K= 0.17 year
-1

), El-Gammal 

and Mehanna (2003) at Wadi El-Raiyan Lake (K= 0.29 year
-1

), Offori-Danson et al. 

(2008) at Bontanga Reservoir in Ghana (K= 0.26 year
-1

), and Mahmoud et al. (2013) at 

Nozha Hydrodrome in Egypt (K= 0.207 year
-1

). However, the growth coefficient value 

was inferior to the K value reported by Moreau et al. (1986) at Chari Lagone in Chad 

(K= 0.66 year
-1

), at Noussa Hydrodrome (K= 0.98 year
-1

) and Lake Manzala in Egypt 

(K= 0.53 year
-1

), respectively, Yamaguchi et al. (1990) at the High Dam Lake in Egypt 

(K= 0.53 year
-1

), Moreau et al. (1995) at the Senegal River in Senegal (K= 0.51 year
-1

), 

Baijot and Moreau (1997) at Loumbila Reservoir (K= 1.11 year
-1

), Tapoa Reservoir (K= 

0.47 year
-1

), and Lake Ramitinga in Burkina Faso (K= 0.64 year
-1

), respectively, Du Feu 

(2003) at Lake Kainji in Nigeria (K= 0.47 year
-1

), Lederoun et al. (2016) at Lake 

Doukon (K= 0.73 year
-1

) and Lake Togbadji in Benin (K= 0.87 year
-1

), respectively, 

Abobi et al. (2019) at Bontanga Reservoir (K= 0.79 year
-1

), at Tono Reservoir (K= 0.79 

year
-1

) and Golinga Reservoir in Ghana (K= 0.79 year
-1

), respectively, and Makkey 

(2021) at Lake Manzala in Egypt (K= 0.45 year
-1

). This difference in growth rate might 

be caused by the variations in geographical regions, data-processing approaches, and size 

classes (Amponsah et al., 2016). According to Wehye et al. (2017) and Amponsah et al. 

(2020), the growth rate K= 0.37 year
-1

 ranged between 0.34 and 0.67 year
-1

, which 

suggests that S. galilaeus could be considered as an intermediate growing fish species, 

supported by its lifespan of 8.10 years.  
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       Baijot et al. (1997) recorded a growth performance of 2.34 at Sourou Reservoir, 2.43 

at Tapoa Reservoir, 2.46 at Petit Bale, 2.38 at Loumbila Reservoir, and 2.13 at Ramitenga 

lake in Burkina Faso, respectively. Growth performance index value of 2.70 was 

observed at Lake Doukon and 2.68 at Lake Togbadji in Benin by Lederoun et al (2016), 

2.4 at Golinga, Tono and Bontanga Reservoirs in Ghana by Abobi et al. (2019), and 

2.462 at Noza Hydrodrome in Egypt by Mahmoud et al. (2013). In others water bodies 

in Africa, a growth performance index Ø’ between 2.33 to 3.04 was also reported by 

Baijot et al. (1997) for S. galilaeus, indicating a low growth performance (Amponsah et 

al., 2020). The growth performance index Ø’ value of 2.621 in this present study seems 

to be close to what was reported in the study of Baijot et al. (1997). Thus, S. galilaeus 

could be considered as showing a low growth performance. The low growth performance 

seems to be induced by some ecological factors, such as low oxygen contents, extreme 

pH values, high turbidity, food unavailability, fluctuation in water level & reproductive 

activity (Baijot et al., 1997; Jimenez-Badillo, 2006; Amponsah et al. 2020).   

Mortality rates (Z, M, F), exploitation rate, and length at first capture 

       The assessment of the mortality rate provides valuable information regarding the 

abundance of a fish stock, which aids in establishing catch limits that maximize benefits 

for all parties involved with the resource (Sabbir et al., 2021). The total mortality in this 

current study (Z= 1.24 year
-1

) is higher than that reported by El-Gammal and Mehanna 

(2003) at Wadi El-Raiyan Lake (Z= 0.8 year
- 1

), and Mahmoud et al. (2013) at Nozha 

Hydrodrome, Egypt (Z= 0.825 year
- 1

). However, this value is somewhat lower than that 

estimated for the same species by Ofori-Danson et al. (2008) at Bontanga Reservoir, 

Ghana (Z= 1.36 year
-1

), Lederoun et al. (2016) at Lake Doukon, Benin (Z= 1.76 year
-1

) 

and Lake Togbadji, Benin (Z =2.21 year
-1

), Abobi et al. (2019) at Bontanga Reservoir, 

Ghana (Z= 2.66 year
-1

) and Golinga Reservoir, Ghana (Z= 2.05 year
-1

), and Makkey 

(2021) at the Manzala Lake, Egypt (Z= 3.28 year
-1

). The variation of total mortality could 

be due to the methods used to estimate the mortality parameters, environmental 

conditions or the pressure of fishing activities (Joksimovic et al., 2009; Amponsah et 

al., 2016).  

       The natural mortality rate of S. galilaeus (M= 0.93 year
-1

) is higher compared to the 

values reported for the same species by El-Gammal and Mehanna (2003) at Wadi El-

Raiyan Lake (M= 0.13 year
- 1

), El - Bokhty (2006) at Lake Manzalah, Egypt (M= 

0.71year
-1

),  Kwarfo-Apegyah et al. (2009) at Bontanga Reservoir, Ghana (M= 0.7 year
- 

1
), Mahmoud et al. (2013) at Nozha Hydrodrome, Egypt (M= 0.519 year

- 1
), and 

Makkey (2021) at the Manzala Lake, Egypt (M= 0.56 year
-1

). Moreover, it is lower than 

the estimates reported for the same species by Lederoun et al. (2019) at Lake Doukon, 

Benin (M= 1.51 year
- 1

) and Lake Togbadji, Benin (M= 1.74year
- 1

), as well as Abobi et 

al. (2019) at Bontanga Reservoir, Ghana (M= 1.32 year 
-1

), Golinga Reservoir, Ghana 

(M= 1.32 year 
-1

) and Tono Reservoir, Ghana (M=1.32 year
-1

).  
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       If Z/ K ratio< 1, this indicates the predominance of growth over mortality in the 

population. However, if Z/ K>1, the growth is predominated by the mortality, and if Z/ K 

=1, an equilibrium exists between mortality and growth (Barry, 1989). In this current 

study, Z/ K ratio was 3.35, therefore, a predomination of mortality over growth for S. 

galilaeus exists in this reservoir.  According to Pauly and Munro (1984), if the Lc/ L∞ 

ratio is lower than 0.5, a high percentage of juveniles should be observed in the 

catchment composition. In our study, Lc/ L∞ ratio recorded was 0.381. Thus, the majority 

of individuals in the catchment were characterized by a small size. According to Etim 

and Brey (1994), if there are no recruits from upstream, and the age at first maturity 

(tm50) is more than one year, the stock might decline in the near future. In this study, the 

age at first maturity (tm50) for both males and females was 1.397 and 1.346 years, 

respectively, which is slightly over a year, indicating the necessity to implement an 

appropriate management strategy to avoid a fish stock collapse. Comparatively to the 

fishing mortality rate (F= 0.31 year
-1

), the natural mortality rate (M= 0.93 year
-1

) of S. 

galilaeus was higher in Samendéni Reservoir.  This suggests that natural mortality is the 

primary cause of S. galilaeus loss in Samendéni Reservoir, rather than fishing-induced 

mortality. These results also suggested an under-exploitation of S. galilaeus. This natural 

mortality could be attributed to the large proportion of juvenile individuals in this 

population. Small-sized individuals are more vulnerable to natural mortality caused by 

factors, such as high temperatures, predators, and climatic variations (Amponsah et al., 

2020). 

       The exploitation rate of 0.25 in this study is lower than the optimal exploitation rate 

of 0.5 (Pauly & Munro, 1984), suggesting that the stock of S. galilaeus in Samendéni 

Reservoir is currently underexploited. 

 

Size at maturity  

       No significant difference was observed between the size at first sexual maturity 

(Lm50) of S. galilaeus males (18.103cm) and females (18.717cm). Ahouansou et al. 

(2016) reported almost a same maturity size of 19cm for the same species at Gougan 

Reservoir of Kogbetohoue in Benin. However, Lederoun et al. (2016) reported in lakes 

Togbadji and Doukon that the sizes of males and females were 12.8 and 13.2cm, and 12.4 

cm and 11.5cm, respectively. Additionally, no significant differences in sexual maturity 

were observed in both lakes and genders (Lederoun et al., 2016). Lm50 is essential for 

fishery management since it provides the means to avoid exploitation of young specimens 

and preserves the spawning stock (Penha & Mateus, 2007). Thus, a mesh size which let 

the capture of fish with a minimum total length of 19cm may be necessary in Samendéni 

Reservoir. This precautionary measure will let the fish to spawn at least once before 

being captured by a gear.  

 

 



1529               Exploitation Status of Sarotherodon galilaeus in Samendéni Reservoir, Burkina Faso 

 

 

Recruitment pattern 

       The period from May to June is a peak recruitment time for S. galilaeus in the 

Samendéni Reservoir and also occurs during the major spawning season for this species 

in the reservoir. In Burkina Faso, the period from May to August experiences higher 

rainfall during the rainy season, which corresponds to the main flooding period in the 

country. This period is characterized by more nutritional resources, which favor the 

recruitment of juveniles into the population. Our result is different from that of Lederoun 

et al. (2016) who reported a couple recruitment for S. galilaeus, respectively, in Lake 

Doukon and Lake Togbadji in Benin. According to Pauly (1980), in tropical areas, fish 

species generally exhibit a couple recruitment pulses, which is contrary to our finding. 

This difference may be due to the fact that, there is only one rainy season in Burkina Faso 

contrary to some west African countries.  

 

Virtual population analysis (VPA) 

       The main loss in the stock of S. galilaeus due to fishing was observed between fish 

size of 16 to 20cm corresponding to the size at which S. galilaeus is more vulnerable to 

fishing gear (Lc= 16.21cm). Additionally, at a size of 17cm, fishing mortality was the 

highest (F= 0.3205) and the length at sexual maturity for both males (18.717cm) and 

females (18.103cm) was greater than the current length at first capture (16.21cm) in the 

reservoir. This suggests that overfishing is occurring in the fishery, potentially due to the 

absence of a sufficient time period for young fish to mature and join the stock before 

being caught by current fishing gear (Amponsah et al., 2016). As a result, increasing the 

mesh size of fishing gear is necessary to capture only adult individuals for management 

purposes, and according to Udoh and Ukpatu (2017), this will allow females to 

participate actively in mating activities and ensure resource availability and sustainability. 

 

CONCLUSION 

 

       This study examines the growth parameters, mortality, recruitment, exploitation rate 

of Sarotherodon galilaeus from Samendéni Reservoir, Burkina Faso. The population of 

this species is not overexploited. However, without strong action, the fish stock could 

collapse if the ban of illegal gear is not reinforced and the mesh size is increased to limit 

the catch of immature individuals. This action would be a great chance for S. galilaeus 

individuals for spawning at least once as the Lc and Lm50 are different. Otherwise, a 

breakdown might occur due to the lack of spawners, 
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