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Abstract
The black-chinned tilapia, Sarotherodon melanotheron (Pisces: Cichlidae), which dominated the Fosu 
Lagoon fishery, was exposed to pollution, siltation, fishing pressure, destructive fishing methods, and 
climate change. Samples of black-chinned tilapia were obtained with cast net, drag net and gill net, 
out of which 441 gravid specimen were randomly selected and dissected to remove eggs which were 
then counted. The absolute fecundity varied from 20 eggs to 370 eggs with mean of 78 ± 33 eggs. 
Fish that had fecundity below and above the reported minimum of 200 eggs constituted 98.86 per 
cent and 1.14 per cent of total sample, respectively, indicating that fecundity is below the minimum 
number of eggs the species is reportedly capable of producing. Positive, linear, weak and significant 
relationships were found between absolute fecundity and body parameters indicating that absolute 
fecundity is independent of body parameters, and could be influenced by biological, environmental, 
or anthropogenic factors. Condition factor ranged between 2.26 SL and 10.63 SL. Length at first 
maturity was 4.8 cm SL and 6.4 cm TL, respectively, confirming the precocious reproductive habit of 
the species. The size structure of the S. melanotheron population is dominated by small-sized fish of 
SL 7.0 – 7.9 cm (44.90 %) and 6.0 – 6.9 cm SL (32.65 %) ranges, which together accounted for 77.55 
per cent of the total sample. It is recommended that the fecundity and other reproductive parameters 
of the species be investigated during the dry and wet seasons in order to determine the reproductive 
potential and strategies for survival of the species.

Introduction
The black-chinned tilapia, Sarotherodon 
melanotheron occurs naturally and abun-
dantly in the coastal waters of western Af-
rica from Senegal to DR Congo (Trewa-
vas, 1983; Trewavas & Teugels, 1991). In 
Ghana, S. melanotheron is one of the socio-
economically important and most abundant 
indigenous cichlid fish species found mostly 
in brackish water ecosystems which com-
prise over 90 lagoons and estuaries along the 
550 km coastline (Falk, Abban & Villwock, 
1999; Abban et al., 2000). The dominance 
of S. melanotheron in coastal waters where 
it forms between 65 per cent and over 90 per 
cent of commercial catches, and has culture 

potential (Pauly, 1976; Mensah, 1979; Blay 
& Asabere-Ameyaw, 1993; Falk, Abban & 
Villwock, 1999; Abban et al., 2000) is at-
tributed to its resilience and prolific repro-
ductive habits typically reported for cichlids 
(Fryer & Iles, 1972). S. melanotheron is, 
however, threatened by pollution, siltation, 
overfishing, destructive fishing methods as 
well as habitat degradation and destruction 
in many lagoons (Abban et al., 2000), in-
cluding Fosu lagoon.

Fecundity is one of the most important 
parameters for estimating reproductive po-
tential which has direct bearing on fish pro-
duction, exploitation and management. King 
(1978) indicates that fecundity is important 
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in determining the reproductive life history 
of fish and understanding various aspects 
of fish biology. Fecundity, however, is not 
a constant feature but fluctuates with varia-
tions in environmental factors such as food 
abundance, availability and consumption, 
water temperature, fish density, biomass 
index (Trippel, 1998; Lambert et al., 2003; 
Kamler, 2005) and biological factors such as 
female fish size, trade-off between egg size 
and egg number, reproductive strategy and 
spawning pattern of the species (Lambert, 
2008). 

This study was undertaken against the 
backdrop of paucity of information on the 
fecundity of S. melanotheron, and its stra-
tegic adaptation and survival in Ghana-
ian brackish water environments. This is 
coupled with the observed high number of 
gravid fish harvested during the Fosu La-
goon Renaturation and Restoration Project 
as well as the exposure of the species to pol-
lution, fishing pressure and climate change. 
The objective of the study, therefore, was to 
provide information on aspects of the fecun-
dity of S. melanotheron to enhance the de-
termination of its production potential, and 
understanding of its reproductive survival 
strategies for effective and sustainable man-
agement of fish in the Fosu lagoon for sus-
tainable development.

Experimental
Study area
Fosu Lagoon is located in Cape Coast, in the 
Central Region of Ghana, and lies between 
latitude 5° 06’ N – 5° 07’ N and longitude 
1° 15’ W – 1° 16’ W (Fig. 1). It is a ‘closed’ 
coastal lagoon separated from the sea (Gulf 
of Guinea) by a sand bar, and occasionally 

breached during heavy rainfall or manu-
ally by sand winning activities or as part 
of rituals during the Fetu festival in the re-
gion. Fosu lagoon is a shallow lagoon with 
a surface area of 0.61 km2 (61 ha) and mean 
depth of 1.5 m (CSIR-WRI, 2013). The la-
goon is surrounded by many sites that act as 
point sources for discharge of contaminants. 
These include households, transport garag-
es, mechanical workshops, educational in-
stitutions, a hospital, refuse dumps and sew-
ages. Human activities in the study area are 
immense resulting in massive sedimentation 
and consequent invasion of aquatic mac-
rophytes, especially in the more populated 
northern section (CSIR-WRI, 2013).

The study area is located within the lit-
toral anomalous zone of Ghana which ex-
periences less rainfall than the interior part 
of Ghana. Generally, the region is humid, 
experiencing high temperatures and two 
wet seasons in a year. The Antem stream 
and wetlands nearby contribute flow into 
the Fosu lagoon. Due to developments such 
as schools, hospitals etc. at the periphery of 
Fosu lagoon, ephemeral streams that used 
to drain into marshes and wetlands near the 
lagoon have been destroyed (CSIR-WRI, 
2013).

Data collection 
Fish samples from the Fosu lagoon were 

obtained from hired fishermen using cast 
nets, gill nets and two-man drag nets during 
the Fosu Lagoon Renaturation and Restora-
tion Project in 2013. For each fishing gear, 
the fishermen sampled for specific periods 
in all different sections of the lagoon. The 
standard size of gill net was 91.4 m whilst 
5.5 m (100 yds × 6 yds), whilst that of the 
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Fig. 1 Map of Ghana showing Fosu lagoon

cast net was 34 m long and 6.6 m base di-
ameter with mesh size (stretched) of both 
nets being 12.7 mm (½ inch). The two-man 
drag net measured 15. 8 m × 12.3 m with a 
mesh size of 5.0 mm. The specimens were 
randomly selected and preserved in formalin 
in the field, and washed under running tap 
water in the laboratory to get rid of the pre-
servative before measurements were taken. 
The standard length (SL) and total length 
(TL) of each specimen were measured to 
the nearest 1.0 mm and 0.1 cm, respectively, 
on a fish measuring board, whilst the body 
weight (W) was measured to the nearest 0.1 
g using a beam balance (KERN, EMB 500, 
Kern & Sohn, GmbH, Germany). 

Each fish was dissected and gonads in-
spected visually to determine the maturity 
stage (Bagenal & Braum, 1968). A total of 

441 specimens at stag-
es three and four were 
selected randomly for 
fecundity analysis, by 
taking out the ovaries 
with the help of for-
ceps and weighing 
with a beam balance 
(KERN, EMB 500, 
Kern & Sohn, GmbH, 
Germany). Females at 
maturity stage three 
had orange-reddish 
ovaries with eggs 
clearly discernible 
and ovaries occupy-
ing about two-thirds 
of the ventral cavity. 
For females at maturi-
ty stage four, the ova-
ries filled the ventral 
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cavity, whilst eggs were completely round 
and fell from ovaries with little pressure. 
Eggs were then separated from the ovarian 
tissues by placing them in modified Gilson 
fluid to harden the eggs, and help in break-
ing the ovarian tissue and liberating the indi-
vidual eggs for counting. 

Data analyses
Absolute fecundity (F) is the total number 

of eggs in the ovaries of a fish prior to spawn-
ing (Bagenal, 1978). Relative fecundity was 
determined with respect to various body pa-
rameters as follows: Body Weight: RF = AF/
BW; Standard Length: RF = AF/SL; Total 
Length: RF = AF/TL (Biswas, 1993) where 
RF is the relative fecundity, AF is absolute 
fecundity, BW is body weight, SL is stand-
ard length and TL is total length. 

To establish the relationship between ab-
solute fecundity and body parameters, scat-
ter diagrams of absolute fecundity against 
standard, total length, body weight and 
gonad weight separately as well as gonad 
weight against body weight were drawn, and 
a linear regression line fitted on each scatter 
diagram which was of the equation Y = a + 
bx where Y = fecundity, X = body param-
eters namely standard length (SL) and Total 
length (TL) in cm, body weight (BW) and 
gonad weight (GW) in g, constant a = inter-
cept and constant b = slope. 

Condition factor was computed using the 
formula CF = 100 × W/L3 (Ricker, 1975) 
where W was weight in g and L was total 
length in cm. The Mean condition factor for 
the population of gravid fish was calculated.

Length-weight relationship was estab-
lished using the equation W = a Lb where W 
was the weight (g) of fish and L was total 

length (cm) a and b were constants namely 
intercept and slope of graph, respectively. 
Data analyses were performed with Mi-
crosoft Excel version 2010 which was also 
used to generate relevant graphs. Analysis 
of Variance (ANOVA) was performed to de-
termine whether there were any significant 
differences between the absolute fecundity 
and body parameters. 

Results and discussion
Length frequency
Total length for gravid S. melanotheron 
from Fosu lagoon ranged from 4.0 to 14.0 
cm. Length frequency group 7.0 – 7.9 cm 
accounted for 44.90 per cent of the total 
sample followed by the 6.0 – 6.9 cm length 
group, which made up 32.65 per cent with 
the 8.0 – 8.9 cm length group accounting for 
12.93 % (Fig. 2). The difference in maxi-
mum length (14.0 cm TL) recorded in the 
study and that of 15.9 cm reported by Blay 
& Asabere-Ameyaw (1993) for the same la-
goon, could be attributed to differences in 
sampling duration, environmental param-
eters such as pollution, and anthropogenic 
factors such as overfishing.

Length-weight relationship
The length-weight relationship of gravid 

S. melanotheron from the Fosu lagoon is 
represented by the equation W = 0.026 TL2.81 
(r2 = 0.931) (Fig. 3) which is similar to W = 
0.025 TL2.78 (r2 = 0.928) reported by CSIR-
WRI (2013). The exponent 2.81 indicates 
that the growth pattern of gravid S. melan-
otheron is negatively allometric, meaning 
that increases in length and weight of the 
fish is not equal during growth resulting in 
fish becoming slender as they grow.  
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Condition factor
The condition factor of a fish is a measure 

of the physiological ‘well-being’ or ‘fatness’ 
of the fish species, and gives an indication 
of the suitability of the aquatic environment 
for the growth of the species. The condition 
factor of gravid S. melanotheron population 
based on standard length varied from 2.26 
to 10.63. This means that fish, which had 
condition factor of 2.26, was poorer in con-
dition, whilst fish in better condition had a 
condition factor of 10.63. The mean condi-
tion factor of 3.75 for the population is typi-
cal of cichlids and indicates that the aquatic 

environment of the Fosu lagoon 
is favourable for the growth of 
S. melanotheron. The mean 
condition factor was slightly 
lower than 3.9 reported by 
CSIR-WRI (2013) for all sex-
es combined, suggesting that 
some energy is being diverted 
into reproductive activities by 
the gravid individuals. About 
43 per cent of the sampled fish 
had a condition factor greater 
than the mean population val-
ue indicating that almost half 
of the gravid S. melanotheron 
population in the Fosu lagoon 
is in good condition. 

Length at first maturity
The size at first maturity for 

gravid S. melanotheron from 
Fosu lagoon was 4.8 cm and 
6.4 cm for standard length and 
total length, respectively (Fig. 
8), indicating precocious repro-

Fig. 2. Length frequency distribution of gravid S. melanotheron from 
Fosu lagoon

Fig. 3. Length-weight relationship of gravid S. melanotheron from Fosu 
lagoon

ductive habit. Among the reasons account-
ing for the precocious reproductive habit in 
the study, is the intense fishing pressure and 
the high numbers of gravid fish caught by 
fishermen. Intense fishing pressure is a se-
lective pressure for fish to become reproduc-
tively mature at smaller sizes such as was 
reported from the Keta and Songor lagoons 
in Ghana (Dankwa et al., 2004). The size at 
first maturity obtained in the study is lower 
than the value of 6.0 cm for male and female 
separately reported for the same lagoon by 
CSIR-WRI (2013) and Blay & Asabre-Am-
eyaw (1993) but higher than 4.0 cm SL for 
mature females (Eyeson, 1983). Length at 
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first maturity of 6.4 cm TL was higher than 
6.0 cm TL reported by CSIR-WRI (2013) 
and lower than 6.9 cm SL for brooding fe-
male reported by Trewavas (1983). These 
results were, however, far below that of Leg-
endre (1983) who reported female S. melan-

measured were below the minimum of 200 
eggs reported by Trewavas (1983), leaving 
only five individuals representing 1.14 per 
cent having fecundity above the reported 
minimum. This indicates that the fecundity 
of S. melanotheron from Fosu lagoon is be-

Fig. 4. Length at first maturity for gravid female S. melanotheron from Fosu lagoon
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otheron size at first maturity of 13.4 cm 
from the Niger Delta in Nigeria. The find-
ings indicate progressively decreasing size 
at which female S. melanotheron become 
mature in the Fosu lagoon.

Absolute fecundity
The absolute fecundity of S. melanotheron 

from the Fosu lagoon varied from 20 eggs 
for a fish measuring 4.7 cm SL, 5.8 cm TL 
and weighing 3.9 g to 370 eggs for a fish of 
length 9.3 cm SL, 12.0 cm TL and weighing 
29.3 g. The egg of the biggest fish did not 
give the highest weight neither did the egg 
of the smallest fish give the least weight, in-
dicating that fish of the same size or weight 
had variable fecundities. The mean absolute 
fecundity for 441 fish samples was 78 ± 33 
eggs, whilst the most frequently observed 
absolute fecundity was 65 (Table 1). The 
results showed that 436 fish specimens rep-
resenting 98.86 per cent of all gravid fish 

low the minimum range of eggs the species 
is capable of producing.

The fecundity of 107 to 580 eggs reported 
for T. melanotheron in the Lagos lagoon in 
Nigeria by Fagade (1979) is slightly better 
than that reported in the study, possibly due 
to the effect of environmental factors such as 
pollution, fishing pressure and siltation oc-
curring in the Fosu lagoon. The differences 
observed in the study compared with what 
was reported is in agreement with Withames 
et al. (1995) who stated that within a given 
species, fecundity may vary as a result of 
different adaptations to environmental habi-
tat. Horwood, Bannister & Howlett (1986), 
Rijnsdorp (1991) and Kjesbu et al. (1998) 
indicated that even within a stock, fecundity 
is known to vary annually and undergo long 
term changes. Fagade et al. (1984) suggest-
ed that, variation in fecundity may be due 
to differential abundance of food, whilst Fa-
wole & Arawomo (2000) indicated that wide 
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fluctuations in fecundity could be attrib-
uted to differential feeding success as ob-
served in S. galileus from Opa reservoir 
in Nigeria. 

Bala & Abdullahi (2011) reported on 
the mean fecundity and egg range, re-
spectively, of related species namely O. 
niloticus (1465; 222 – 9642) and S. gali-
leus (1110; 197 – 4414) from the Sabke 
reservoir in Nigeria.

Relative fecundity
Fecundity relative to standard length, 

total length and body weight are shown 
in Table 1.

Relationships between absolute fecundity 
and body parameters

Relationships between absolute fecun-
dity and various body parameters of S. 
melanotheron from the Fosu lagoon are 
presented in Figs 5 – 9. The equations for 
the body parameters studied were signifi-
cant (P < 0.05), indicating that the differ-
ences are not due to chance but could be 
influenced by some environmental, bio-

Table 1 

Descriptive statistics of fecundity parameters of gravid S. melanotheron from Fosu lagoon

Parameter  Min  Max  Mean  Std dev Mode 

Standard length 4.0 10.5 58.03  8.26 55.0
Total length 5.0 13.7 73.54 10.26 72.0
Weight 2.3 44.5 7.69 4.0 6.0
Gonad weight 0.1 2.9 0.62 0.36 0.7 
Abs. fecundity 20 370 78.0 32.75 65.0 
Rel. fecundity (SL) 0.38 4.17 1.32 0.41 1.09 
Rel. fecundity (TL) 0.32 3.26 1.04 0.32 1.0 
Rel. fecundity (Wt) 2.70 28.73 10.71 2.95 10.0
Condition factor (SL) 2.26 10.63 3.75 0.55 3.67
Condition factor (TL) 1.08 3.02 1.84 0.19 1.72

Fig. 5 Relationship between Absolute fecundity and Standard 
length for gravid S. melanotheron from Fosu lagoon

Fig. 6 Relationship between Absolute fecundity and Total length for 
gravid S. melanotheron from Fosu lagoon
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eters for gravid S. melanotheron in the 
Fosu lagoon.

According to Gueye et al. (2012), 
S. melanotheron exhibited different 
reproductive strategies in different 
ecosystems. One of the reproductive 
strategies for the survival of gravid S. 
melanotheron in Fosu lagoon in the 
face of pollution, fishing pressure and 
climate change was impaired growth 
or stunting manifested by reduced 
sizes. Early sexual maturity or preco-
cious reproductive habit evidenced by 
reduced sizes at first maturity could 
be a reproductive strategy for the 
gravid fish as corroborated by CSIR-
WRI (2013) for combined sexes. The 
survival of S. melanotheron is being 
undermined by the observation that, 
fishing with drag nets removed more 
smaller-sized fish (below 6.0 cm) as 
well as more gravid fish than the other 
fishing gears.

Conclusion and recommendations
The absolute fecundity of gravid S. 
melanotheron population from the 
Fosu lagoon varied from 20 to 370 
eggs with a mean of 78 ± 33 eggs. 
The fecundity is below the minimum 
number of eggs the species is reported 
to be capable of producing, with 98.86 
per cent of the fish having fecundity 
below the reported minimum of 200 

Fig. 9. Relationship between gonad weight and Body weight 
for gravid S. melanotheron from Fosu lagoon

Fig. 7. Relationship between Absolute fecundity and Body 
weight for gravid S. melanotheron from Fosu lagoon

Fig. 8. Relationship between Absolute fecundity and Gonad 
weight for gravid S. melanotheron from Fosu lagoon
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logical or anthropogenic factors, but would 
need further research. The r2 values ranged 
between 0.386 and 0.425 indicating weak 
correlation between absolute fecundity and 
body parameters. This means that absolute 
fecundity is independent of the body param-

eggs, whilst 1.14 per cent of them had fe-
cundity above the minimum. Positive, lin-
ear, weak and significant relationships were 
found between absolute fecundity and body 
parameters namely body weight, standard 
length, total length and gonad weight. 
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It is recommended that the fecundity and 
other reproductive parameters of the species 
be investigated in one annual cycle during 
both the dry and wet seasons, to unravel 
the reproductive potential and reproductive 
strategies for survival of the species for prop-
er management to ensure the sustainability 
of S. melanotheron in the Fosu Lagoon. Fur-
ther research areas for investigation include 
the effect of anthropogenic, environmental 
and climatic factors on the fecundity of S. 
melanotheron as well as the effect of fishing 
gears on the survival of the species.
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