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Abstract
The Special Wildlife Reserve of Gueumbeul (RSFG) consists of a water reservoir (the basin) frequented
by a diversity of fish and migratory birds. The most represented in terms of abundance is the species
Sarotherodon melanotheron. The objective of this study was to determine the relations weight-length and
to characterize the condition factor of S. melanotheron, in the basin of Gueumbeul. A total of 628 fish
were sampled including 364 males, 178 females and 86 immature individuals from March 2019 to
February 2020. The total length (TL) of S. melanotheron specimens sampled in the Gueumbeul reserve
ranged from 6.1 cm to 17.6 cm with an average of 11.08 ± 1.82 cm and the weight (W) from 4.8 g to 103
g with an average of 27.25 ± 12.09 g. The results of the weight-length analyses gave values of 2.69 and
2.77 for the regression coefficient (b) for males and females respectively, and 2.72 and 2.76 for the dry
and wet seasons. This reflects negative allometric growth in both sexes (male and female) and by season
(dry and wet season). No statistically significant difference was noted for dry and wet season b values for
S. melanotheron in the Gueumbeul basin, unlike condition factors between males and females and
between dry and wet season where significant differences in K values were noted.
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Saint-Louis

Corresponding Author:
Amadou Guissé
Laboratory of Biological,
Agronomic and Food Sciences
and Complex Systems Modeling
of the Gaston Berger University
of Saint-Louis, Senegal

1. Introduction
Most African aquatic ecosystems are currently affected by climate change and the
development of anthropogenic activities, the main ones being the scarcity of rainfall leading to
long droughts, industrial deforestation, construction of hydroelectric dams and irrigation of
agricultural land, overexploitation due to fishing and various forms of pollution [1]. All of these
phenomena and practices are exerting increasing pressure on exhaustible natural resources and
endangering aquatic fauna, especially fish in various hydrosystems [1]. However, the protection
of aquatic ecosystems with a view to rational management of its biodiversity is currently
becoming a major concern for all scientific communities and non-governmental organizations.
Among the aquatic organisms taken from the various African water bodies and rivers, fish
constitute the major part.
The weight-length relationship is an important tool in biology, physiology, ecology and fish
stock assessment [2-4]. Indeed, this tool is a widely used approach in fisheries management and
environmental monitoring programmes in many respects, as it provides information on the
status of fish stocks in an aquatic ecosystem [5] to allow morphological comparisons of
populations in different regions [6, 7]. This relationship also allows the study of ontogenetic
allometric changes in fish growth [8]. Furthermore, the condition factor is also a morphometric
index frequently used to assess the physiological condition of fish based on the principle that
individuals of a given length with a higher mass are in better condition [9].
Growth is a fundamental characteristic of all living organisms and the growth pattern and
growth rates are very species-specific [10] and vary from one aquatic ecosystem to another
within the same species. Growth can be isometric when the organ grows at the same rate as the
rest of the body, whereas allometric growth occurs when an organ grows at a different rate
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from the rest of the animal’s body [11, 12]. However, it is
important to assess the type of growth for each species in each
aquatic ecosystem through the weight-length relationship and
the condition factor to take necessary management measures.
Sarotherodon melanotheron (Rüppell, 1852), is a cichlid fish
widely distributed in West Africa, particularly in the Senegal
River [13]. This fish, which inhabits the reservoir of the
Gueumbeul basin in the Saint-Louis region, is highly
appreciated for its tender flesh, its availability and its
affordable price for local populations. Thus, it is heavily
fished in the basin by artisanal subsistence fishing practically
all year round and by the birdlife that frequents the
Gueumbeul basin reservoir during the migration and egglaying seasons. Given this situation, it is important to
establish conservation measures for the populations of S.
melanotheron of the Gueumbeul basin. However, these
measures can only be effective if studies of fish diversity,
biology and ecology are first undertaken [14]. To contribute to
the rational management of the S. melanotheron population in
the basin, the present study was envisaged to provide useful
information on their growth pattern.

department of Saint-Louis (Figure 1). It straddles the rural
communities of Ndiébène Gandiole and Gandon. The decree
n° 83-550 of 30 May 1983, created it on a surface area of 720
ha for a perimeter of 12 km, including the Gueumbeul basin
and the adjacent zone over a width of 500 m from the edge of
the basin. Its geographical coordinates are around 15°59
North and 16°28 West.
The climate is of the Sahelo-Sudanian type with a rainfall of
200 to 300 mm per year and mild temperatures. The latter
vary between 21 °C and 24 °C from December to May and
between 25 °C and 29 °C from April to November. The low
thermal amplitudes and mild temperatures throughout the year
are a consequence of the oceanic influence.
Four sampling sites were selected. This choice was inspired
by the fishing activities of the riparian populations and the
frequentation of fish-eating birds. The geographical
coordinates of each sampling point are shown in Table 1.
Table 1: Sampling Sites Upstream and Downstream of the
Gueumbeul Basin
Sampling Sites
Al Bar Bridge
Bountou-Batt Bridge
Ndiakhére Bridge
Medium Cell

2. Materials and Methods
2.1 Study environment and sampling site
The Special Wildlife Reserve of Gueumbeul (RSFG) is
located in the delta of the Senegal River, more precisely in the

Site Code
P_AB
P_BB
P_Nd
M_Cu

Latitude
15°54'03°N
15°54'14°N
15°55'47°N
15°55'12°N

Longitude
16°27'43°W
16°28'17°W
16°27'25°W
16°27'47°W

Fig 1: Map of the study area showing the sampling stations in the Gueumbeul basin reservoir

2.2 Fish sampling and identification
The reservoir of the Gueumbeul basin was divided into four
sampling stations to cover almost the entire body of water.
Samples of Sarotherodon melanotheron were taken monthly
from March 2019 to February 2020. The rainy season extends
from July to September and the dry season from October to
June in the study area. Sampling was carried out using cast
nets by local fishermen. The identification keys of Melanie et
al. [15]; Seret and Opic [16]; Bellemans et al. [17]; and Lévêque et
al. [18] were used to identify the fish. A few specimens of S.

melanotheron were photographed and fixed with 10%
formalin for conservation purposes.
2.3 Morphological analyses
After capture, the fish were immersed in ice and then
transported to the Laboratory of Biological, Agronomic and
Food Sciences and Complex Systems Modeling (LaBAAM)
of the Gaston Berger University of Saint-Louis for
measurements and treatment. In the laboratory, the
individuals were measured (total length, standard length) then
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weighed (total weight, eviscerated weight) respectively with
an ichthyometer calibrated to the nearest cm and an electronic
scale (Scout Pro) with an accuracy of 0.1 g.
2.4 Length-weight relationship and fish condition factor
The estimation of the weight-length relationship was done
using the equation: W = a Lb from [19] where W = weight (g),
L = total length (cm), b = growth exponent, a = constant. The
value of b gives information on the growth type of fish.
Growth is said to be isometric if b = 3 and allometric if b ≠ 3
(positive if b > 3 and negative if b < 3). The value of b is
between 2.5 and 3.5 and provides information on growth
dimensions or an interpretation of individual well-being [6]. A
logarithmic transformation was done to make the relationship
linear: log W = log a + b log L.
According to Le Cren [19], the coefficient b is logically close
to 3. If b < 3, height increases faster than mass and conversely
if b > 3, it is said that there is positive allometry. If b = 3,
there is isometry; the shape does not change. This shape index
reflects nutritional status and therefore trophic environmental
conditions and physiological status.
The correlation r, which is the degree of association between
length and weight, was calculated from linear regression
analysis: R = r²
The condition factor (K) of the fish specimens was estimated
from the relation:
K = 100 W/ Lb where K = condition factor, W = weight of
fish (g), L = length of fish (cm).
For each sex, the slopes of the weight-length regressions were
compared to 3 using Student's t-test [20] to determine whether
the species grew isometrically or not.
3. Results
3.1 Morphometric characteristics
The total length (TL) of S. melanotheron specimens sampled

in the Gueumbeul reserve ranged from 6.1 cm to 17.6 cm with
an average of 11.08 ± 1.82 cm and the weight (W) from 4.8 g
to 103 g with an average of 27.25 ± 12.09 g. Male individuals
were larger (17.6 cm LT), while females had a higher weight
(W) at 103 g compared to the largest male at 88.7 g.
However, concerning seasons (dry and wet), the largest
specimens in terms of size and weight were recorded during
the wet season.
3.2 Weight-length relationship
The weight-length relationship equations were calculated
separately for males and females (Figures 2 and 3) and for dry
and wet seasons (Figures 4 and 5). The regression coefficients
as well as the results of the weight-length analysis are
presented in Tables 2 and 3. The equations were calculated by
the method of least squares for male, female and both seasons
(dry and wet) for S. melanotheron. The parameters of the
weight-length relationships for males and females were not
significantly different (p < 0.05) with R values greater than
0.90 for both sexes. The slopes (b-values) of the weightlength relationship were 2.69 for males and 2.77 for females.
While, the values of the regression coefficient (b), by season
(dry and wet), were 2.72 and 2.76, respectively. These values
of b were not significantly different (p < 0.05). Also, the
correlation coefficient values were 0.92 for the dry season and
0.96 for the wet season. The results showed negative
allometric growth, for both sexes and during both seasons,
indicating that the species S. melanotheron, in the Gueumbeul
basin, tends to grow more in size than in weight. The
condition factors (K) obtained were 3.76 for males and 3.33
for females and 3.47 and 3.38 respectively for the dry and wet
seasons. A significant difference was noted between the K
values for males and females on the one hand and between the
two seasons (dry and wet) on the other hand.

Table 2: Equations and growth parameters of S. melanotheron by sex (male and female) in the GSFR basin. n = number of individuals, a =
intercept, b = the slope of the regression line, r² = the correlation coefficient and K = condition factor
Species
Sarotherodon
melanotheron

Gender
Male
Female

Equations
W = 0,0373 L 2,6954
W = 0,033 L 2,7665

n
364
178

a
0,037
0,033

b
2,69
2,77

r²
0,93
0,92

K
3,76
3,33

Table 3: Equations and parameters for the growth of S. melanotheron by season (dry and wet) in the RSFG basin. n = number of individuals, a =
intercept, b = the slope of the regression line, r² = the correlation coefficient and K = condition factor
Species
Sarotherodon
melanotheron

Season
Dry
Rainy

Equations
W = 0,0345 L 2,7242
W = 0,0335 L 2,7563

Fig 2: Weight-Length Relationship of Male S. melanotheron

n
306
323

a
0,034
0,033

b
2,72
2,76

r²
0,92
0,96

K
3,47
3,38

Fig 3: Relation poids-longueur de S. melanotheron femelles
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regression coefficient b (3.07) were not significantly different
from 3 and those obtained by Ndimele et al.[27] for the same
species (S. melanotheron) in Lake Ologe, Nigeria with b
values ranging from 3.09 to 3.12. The correlation coefficient
(R²) values for males, females were 0.92 and 0.93
respectively while dry season values were 0.92 and 0.96 for
the wet season. These results show that there is a strong
correlation between the length and weight of S. melanotheron
species in the Gueumbeul basin. No significant difference was
noted in the values of the correlation coefficients (R).
However, a seasonal variation in the condition factor of S.
melanotheron was recorded in the Gueumbeul reserve. It was
respectively 3.76 and 3.33 for males and females and 3.47 and
3.38 for the dry and wet season. This seasonal variation in the
K value could be because, during the rainy season, the fish
devote part of their energy to reproduction, which probably
decreases their condition. Oni et al. [28] noted that the
condition factor is not constant for a species or population
over time and may be influenced by both biotic and abiotic
factors such as diet and gonadal development status.

Fig 4: Weight-length relationship of S. melanotheron during the dry
season

5. Conclusion
The present study is the first to provide information on the
weight-length relationship and condition factor in S.
melanotheron in the Special Wildlife Reserve of Gueumbeul.
The results obtained constitute an important database for
researchers and managers of the Reserve in the elaboration of
management and conservation measures for the fish
populations of the basin.
6. Conflict of Interest
The authors announce no conflict of interest with the contents
of this article.

Fig 5: Weight-length relationship of S. melanotheron during the
rainy season

4. Discussion
Values for b may be influenced by sex, growth stage, stomach
contents, environmental conditions according to Baby et al.
[21]
and level of gonad development [22]. As shown by the
equations in Table 1, the values of b for males and females
were significantly different. However, no significant
difference was obtained in b values between dry and wet
seasons. The b values obtained were within the range
indicated by Froese [23], saying that the b parameter should
normally be between 2.5 and 3.5. In males, females and by
season, the regression coefficients (b) of S. melanotheron
were significantly different from 3, indicating a negative
allometric growth (b < 3) in the S. melanotheron population in
the Gueumbeul Reserve. This pattern of growth obtained in S.
melanotheron in this ecosystem would be linked to the
phenomenon of sexual dimorphism and variations in the
availability of food resources and biological and ecological
factors between seasons. This negative allometry is similar to
those obtained by Chikou [24] in several water reservoirs in
Benin (b ranged from 2.55 to 2.76), and those obtained by
Ecoutin and Albaret [25] in the Ebrié lagoons in Côte d’Ivoire
(b = 2.78) and Sine Saloum in Senegal (b = 2.81). These
results are different from those found by Mireku et al. [26] in
the Brimsu reservoir in Ghana with b values that ranged from
3.95 to 4.94 for males and 4.08 to 4.99 for females, by Lalèyè
[14]
in the Ouémé River in Benin where the values of the
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