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The black-chinned tilapia Sarotherodon melanotheron 
melanotheron, an endemic fish in brackish waters of West 
Africa, constitutes 60–98% of the fish biomass in these 
waters (Welcomme 1972; Pauly 1976; Blay and Asabere-
Ameyaw 1993). The importance of the species for brackish 
water and freshwater fisheries and aquaculture development 
in the region has been highlighted by some authors 
(Ouattara 2005). Estimates of growth and mortality rates 
of this species in natural habitats have been the subject 
of earlier studies, including that of Fagade (1973) on the 
age and growth of the fish in Lagos Lagoon (Nigeria), and 
Niyonkuru et al. (2007) and Lederoun et al. (2015) on the 
growth and mortality of the species in Lake Nokoué and 
Lake Toho in Republic of Benin, respectively. In Ghana, 
growth and mortality parameters of the species have been 
investigated in a number of brackish water systems in the 
Central Region (Blay and Asabere-Ameyaw 1993; Blay 
1998; Koranteng et al. 1997; Koranteng et al. 2000), and 
the Western Region (Arizi et al. 2015). Many of these earlier 
studies were on populations inhabiting waterbodies larger 
than 0.4 km2 (e.g. Lagos Lagoon: 966 km2 (FAO 1969); 
Sakumo Lagoon: 1.0 km2 (Pauly 1976); Densu Delta: 3.5 km2 
(Ntiamoa-Baidu 1991); Fosu Lagoon: 0.6 km2 (Blay and 
Asabere-Ameyaw 1993) and Lake Togo: 64 km2 (Laë 1997)). 
In the current study, we focussed on the black-chinned 
tilapia in a smaller waterbody, Etsir Lagoon, in Ghana, 
with a surface area of only 0.027 km2 and maximum depth 

of about 1.3 m. The only known studies in this lagoon are 
those of Yankson and Obodai (1999), who categorised it as 
a 'classical' closed lagoon, and Essumang et al. (2009) who 
reported pesticide concentrations in the lagoon and tilapia 
specimens below maximum residue levels.

Although the tilapia and other fish in the lagoon are 
exploited by the local inhabitants, there is no information 
on the biology and magnitude of exploitation of the stock. 
Our study was therefore undertaken to investigate aspects 
of the population dynamics of S. m. melanotheron, the 
dominant fish in the lagoon using length-based methods 
to obtain baseline information for management of its 
fishery, information that may have relevance to other 
S. m. melanotheron fisheries in small waterbodies

Materials and methods 

Study Area
Etsir Lagoon is a closed brackish waterbody in the 
Central Region of Ghana, located at 5°11′ N, 1° 5′ W 
(Figure 1). It is fed by runoff from the surrounding areas, 
inflows from a seasonal stream, and occasional spills 
of seawater over the sand bar. The lagoon occasionally 
opens up and connects to the sea when the sand bar is 
breached by rising water levels at the peak of the major 
rainy season in May–June. The following physico-
chemical conditions were recorded in the lagoon using 

Growth and mortality parameters of the black-chinned tilapia 
Sarotherodon melanotheron melanotheron (Pisces: Cichlidae) in a small 
lagoon in the Central Region of Ghana

GA Tibu1, DW Aheto1,2* and J Blay1,2

1 Department of Fisheries and Aquatic Sciences, University of Cape Coast, Cape Coast, Ghana
2 Centre for Coastal Management, University of Cape Coast, Cape Coast, Ghana 
*Corresponding author, email: daheto@ucc.edu.gh 

This study quantified growth, mortality, and exploitation rate of the black-chinned tilapia 
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a multiparameter water quality checker (Oakton PCD 
650): salinity 1.8‰ to 20.1‰; conductivity 11.1 µS cm−1 
to 38.4 µS cm−1; water temperature 25.8 °C to 32.4 °C; 
dissolved oxygen 3.2 mg l−1 to 6.8 mg l−1, and pH 6.5 to 
8.5 (Tibu, 2017). Pesticide concentrations of 1.3626 mg l−1 
in the water and 0.0088 mg kg−1 in muscle tissues of the 
black-chinned tilapia have been reported by Essumang 
et al. (2009), values below maximum residue limits. The 
lagoon is fringed by the red mangrove (Rhizophora sp.), 
white mangrove (Avicennia sp.), and black mangrove 
(Laguncularia sp.), all of which are exploited as wood 
for fuel by the local inhabitants, and patches of the 
creeping herbaceous plant Sesuvium sp. on the sand 
bar. Fifteen finfish species from nine families, and 
three shellfish species from two families occur in the 
lagoon, the dominant fish being the black-chinned tilapia 
(Sarotherodon melanotheron melanotheron) with a 
numerical composition of 74% (Tibu 2017). This species is 
exploited for both commercial and subsistence purposes. 

Fish sampling and data collection
Black-chinned tilapia samples were taken monthly from the 
catch of fishers who used cast nets of stretched mesh size 
2.5 cm and 3.0 cm, from April 2014 to March 2015. The 
standard length (SL) of fish was measured to the nearest 
0.1 cm using a fish measuring board, and body mass (BW) 
determined to the nearest 0.01 g with an electronic balance. 

The length-weight relationship and the length-frequency 
distribution of the sample and the length-frequency 
distribution of the fish sampled was determined.

Using the ELEFAN II program in the FiSAT software 
(Gayanilo and Pauly 1997), the asymptotic length (L∞’ cm) 
and growth constant (K; yr−1) were determined. The fish age 
at length zero (t0) was computed using the equation from 
Pauly (1983a): 

log10 (−t0) = −0.3922 − 0.2752log10L∞ − 1.038log10K 

The growth parameters (L∞, K and t0) were used to fit the 
von Bertalanffy growth function (VBGF) for the population. 
The total mortality coefficient (Z) was determined from the 
length-converted catch curve (Pauly 1983b) and natural 
mortality coefficient (M) from Pauly’s (1980) equation: 

log10 M = −0.0066 − 0.279log10 L∞ + 0.6543log10 K + 
0.4634log10T

where T is the average temperature (°C) of the aquatic 
environment. The fishing mortality coefficient (F) and 
exploitation rate (E) of the stock were computed from the 
equations of Ricker (1975) as Z = F + M and the E = F/Z, 
respectively. 

The longevity or lifespan (tmax) of the fish was estimated 
from the equation tmax = 3/K (Pauly, 1984), and the growth 
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performance index (φ′) computed from the equation (Munro 
and Pauly 1983; Moreau et al. 1986): φ′ = log10K + 2log10L∞ 

Results

Fish size distribution 
A total of 861 black-chinned tilapia specimens was sampled 
from the catch of fishers during the study period. The 
standard length (SL) of the fish ranged from 3.9 cm to 
13.8 cm, and body mass ranged from 2.41 g to 91.74 g. The 
overall length-frequency distribution of the population shown 
in Figure 2 indicates a mode in the 7.0–7.9 cm SL class. 

Length-weight relationship 
Figure 3 shows the relationship between the logarithmic 
transformed length and weight data for Sarotherodon 
melanotheron melanotheron in the lagoon, which is 
described by the following linear equation:

logBW = 2.87 × log10SL – 1.34

where BW is body weight (g), and SL is standard length 
(cm). Fish weight was then related to length using the 
following power function:

BW = 0.046SL2.87 g 

The exponent (b = 2.87) was not significantly different 
from 3.0 (t = 4.5; p > 0.05), which suggests isometric growth 
of this tilapia population.

Growth and mortality parameters
Analysis of the length-frequency data from the 861 specimens 
using the ELEFAN I program provided estimates of the 
asymptotic length (L∞) as 14.3 cm SL, and growth constant 
(K) as 0.93 yr−1. Substitution of the L∞ and K values into 
Pauly’s (1983a) equation gave t0 as −0.21 yr. On an annual 
basis, the growth of the tilapia population in Etsir Lagoon was 
described by the von Bertalanffy growth equation:

Lt = 14.3 [1 – exp(−0.93(t + 0.21)] cm SL 

where Lt is length of the fish at age t. The monthly length 
frequency distribution of the population with the superimposed 
growth curve is illustrated in Figure 4, which shows irregular 
shifts in modal length of the fish during the year.

The VBGF of the Etsir lagoon tilapia (Figure 5) shows that 
growth of the fish was rapid during the first year, but slowed 
down thereafter up to the fourth year. The growth performance 
index of the population was computed as 2.28, and longevity 
(tmax) of the species as 3.2 years. The latter result indicates a 
relatively short lifespan of the tilapia in the lagoon.

Figure 6 illustrates the length-converted catch curve for 
the lagoon tilapia population. The slope of the regression 
equation derived from the data on the descending part of 
the curve (Pauly 1983b) gave a total mortality coefficient (Z) 
of 5.09 yr−1 for the population.

Substituting the annual mean temperature of the 
lagoon (29.4°C) and estimated growth parameters of 
the fish in the empirical equation of Pauly (1980) gave 
a natural mortality coefficient (M) of 2.15 yr−1 for the 

species, hence the fishing mortality coefficient (F) of the 
population was derived as 2.94 yr−1, and the exploitation 
rate (E) as 0.58.

Recruitment pattern 
The recruitment pattern of the population indicates all-year-
round recruitment of individuals into the population with a 
major peak in April and a minor peak in September (Figure 7).

Discussion 

Results obtained from the current study indicate a fast growth 
rate (K = 0.93 yr−1) and a small maximum theoretical length 
(L∞ = 14.3 cm SL) for the black-chinned tilapia (Sarotherodon 
melanotheron melanotheron) in Etsir Lagoon. Estimates of 
these parameters are within the ranges (K = 0.61 to 1.25 yr−1, 
and L∞ = 10 to 16.4 cm SL) reported for some brackish water 
populations in the Central Region of Ghana (e.g. Blay and 
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Figure 2: Length-frequency distribution of Sarotherodon 
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Asabere-Ameyaw 1993; Koranteng et al. 1997; Blay 1998; 
Entsua-Mensah 1998; Koranteng et al. 2000). However, 
the growth characteristics of the black-chinned tilapia in 
Ghana clearly differ from the species in larger brackish water 
systems, such as Lagos Lagoon (Nigeria), where K was 
determined as 0.16 yr−1 and L∞ as 33 cm (Pauly et al. 1988), 
and the Togo Lagoon where K was 0.44 yr−1 and L∞ as 
32.6 cm (Laë 1997).

The fast growth rate, small asymptotic length and 
short lifespan of the Etsir Lagoon tilapia are indications 
of accelerated growth and life cycle of the fish, which 
corresponds with an 'altricial' mode of life shown by 
populations inhabiting stressful environments (Gunderson 
1980; Noakes and Balon 1982). Species with such 
characteristics tend to mature early and complete their 
life cycle over a short period of time before they die from 

prevailing unfavourable conditions. Other factors, such as 
high population density and intraspecific competition, may 
also contribute to this condition; however, the high exploitation 
rate (E = 0.58) of the fish in the lagoon may be a key factor. 
Because of its small surface area 0.027 km2 and shallowness 
(1.3 m maximum depth), Etsir Lagoon may be subject to rapid 
fluctuations in environmental conditions that could exert stress 
on fish. Furthermore, the fish population may be exposed to 
high predation pressure by birds and reptiles and high fishing 
pressure, as a result of the fish aggregating in the much 
smaller environment. In Etsir Lagoon, the current maximum 
fishing effort of 10 fishers per day is equivalent to a fishing 
intensity of approximately 4 fishers ha−1. This seems very 
high compared with the average effort of 39 fishers and 
fishing intensity of 0.6 fishers ha−1 determined for Fosu 
Lagoon (Blay and Asabere-Ameyaw 1993).

14

12

10

8

6

4

2 18 27 41 17 108 72 101 30 45 104 156 142

ST
A

N
D

A
R

D
 L

EN
G

TH
 (c

m
)

Jan Feb MarApr May Jun Jul Aug Sep Oct Nov Dec
2014 2015

Figure 4: Monthly length-frequency distribution of Sarotherodon melanotheron melanotheron population in Etsir Lagoon with a superimposed 
growth curve. The growth curve lines constitute segments of a single growth curve. Numbers indicate monthly sample sizes

  

LE
N

G
TH

 A
T 

AG
E 

(L
t)

AGE (years)

Lt = 14.25[1−exp (−0.93(t + 2.23)] cm SL

2

4

6

8

10

12

14

0 1 2 3 4 5

Figure 5: Derived growth curve of Sarotherodon melanotheorn 
melanotheron in Etsir Lagoon

2

5

8

11

RELATIVE AGE (years−t0)
1 2 3

Ln
 (N

/d
t)

Points used
Points not used
Points projected backwards

Z = 5.09

Figure 6: Length-converted catch curve of Sarotherodon 
melanotheron melanotheron from Etsir Lagoon



African Journal of Aquatic Science 2019, 44(2): 171–176 175

The estimated growth performance index (φ′) of 2.28 for 
the population in Etsir Lagoon is not appreciably different 
from 2.14 and 2.05 determined for the Benya Lagoon and 
Kakum River estuary populations, respectively (Blay 1998). 
However, a higher growth performance (2.6) was estimated 
for the fish in the Dominli Lagoon (Arizi et al. 2015) and 
this might explain the greater modal length (10 cm SL) and 
maximum theoretical length (20.5 cm SL) of this population, 
compared with other lagoon populations in Ghana. 

Estimates of the fishing and natural mortality coefficients 
of S. m. melanotheron in Etsir Lagoon indicated that the 
former contributed about 60% of the total mortality of the fish. 
Although the current exploitation rate (E) of 0.58 of the stock 
in Etsir Lagoon suggests that it is overexploited, this rate does 
not differ significantly from the optimum fishery exploitation 
level (E = 0.5) (Gulland 1971), and might be suggestive of 
active utilisation of the stock. Similar exploitation rates were 
reported in the cast net fishery of other lagoons in Ghana, 
such as the Fosu Lagoon (E = 0.62; Blay and Asabere-
Ameyaw 1993), Sakumo Lagoon (E = 0.61; Koranteng et al. 
1997), and Abrubi Lagoon (E = 0.64; Entsua-Mensah 1998). 

The all-year-round recruitment in the population for 
the black-chinned tilapia in Etsir Lagoon suggests that 
the species breeds throughout the year, consistent 
with observations on populations in other West African 
lagoons (Legendre and Ecoutin 1989; Blay and Asabere-
Ameyaw 1993; Blay 1998; Koné and Teugels, 2003; Arizi 
et al. 2015). This habit probably sustains recruitment of the 
population, despite the relatively high fishing mortality. In 
this regard, it would be prudent to maintain the number of 
fishers operating in the lagoon at the current maximum of 
10 per day to keep the exploitation level near the optimum 
(E = 0.5), and therefore avert possible collapse of the stock.

Conclusions

The results of the current study revealed that the 
black-chinned tilapia S. m. melanotheron in Etsir Lagoon is 
stunted. The population is characterised by a fast growth 
rate (K = 0.93 yr−1), short maximum theoretical length 
(L∞ = 14.3 cm SL), and short lifespan (tmax = 3.2 years). 
Fishing pressure is the main source of mortality in the 
population. The current exploitation level though slightly above 
the optimum level may not adversely impact productivity of 

the stock, because of the continuous recruitment activity. It 
is therefore recommended that the current maximum fishing 
effort of 10 fishers per day be maintained, or the effort be 
reduced to allow the fish to grow to a larger size. Although 
some parameters determined in this study support occurrence 
of stunting in the population, the reproductive biology of the 
fish requires detailed investigations to determine its size 
at maturity and maturity-length ratio, important indices for 
confirmation of stunted growth in the fish.
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