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Abstract 
The exploitation rates of eight major component fishery species, Auchenoglanis occidentalis, Brycinus nurse, Clarias 
gariepinus, Hemichromis fasciatus, Marcusenius senegalensis, Oreochromis niloticus, Sarotherodon galilaeus and 
Tilapia zillii, of gill net fishery of Bontanga reservoir, were studied from March 2004 to March 2006 based on length-
based models.  The exploitation rates (E) of A. occidentalis and H. fasciatus were 0.7 and 0.6, which exceeded the 
optimization (Eopt) criterion of 0.5 for sustainable exploitation of fisheries, indicating that these species were over 
exploited. For B. nurse and S.  galilaeus, E ≈ 0.5, indicating that these species were at their maximum rates of 
exploitation. For C. gariepinus, M. senegalensis, O. niloticus and T. zillii, E < 0.5, indicating that these species were not 
over exploited.  Based on the selection factor of the legal minimum gill net mesh size of 5 cm of Ghana Fisheries Act 625, 
the estimated mesh size for catching the eight species ranged from 9.9–19.3 cm, calling for an upward review of the legal 
minimum mesh size of gill nets from 5 to 10 cm for sustainable exploitation of reservoir fisheries. The adoption of 
minimum mesh size of gill nets of 10 cm, restriction of further entry into the fishery, control rights and community based 
co-management system are some management options suggested to enhance sustainable exploitation and management of 
the fisheries.   
                                                                        

Introduction 
Fish from rivers, reservoirs and dugouts play a vital role in the provision of fish protein to the 
people of northern Ghana. However, for 20 years dwindling catches from these resources have 
become a common knowledge. Possible reasons for the decline in catches have been attributed to 
over-exploitation of stocks, environmental degradation and low water levels that have impacted 
negatively on fish production. (Abban et al., 2002; Amevenku & Quacoopome, 2006). Obodai & 
Waltia (2003) attributed the dwindling catches in Tono reservoir, the largest reservoir in northern 
Ghana (Irrigation Development Authority, Northern Region, Tamale, Ghana (IDA)) to poor 
management practices and over-exploitation. Albeit the decline in reservoir fisheries, Bontanga 
reservoir has high fish species richness (Kwarfo-Apegyah, 2008).   
 

 Datua (1989) undertook a 3-month survey of the fisheries of Bontanga reservoir and recorded 10 
species as being of commercial importance. Kwarfo-Apegyah (2008) identified 26 fish species 
belonging to 19 genera in 11 families from commercial gill net fishing during March 2004 to March 
2006. The high fish species richness of the reservoir is an indication for potentially high fish 
production with adoption of appropriate management measures. This is in agreement with the need 
for countries to manage their fisheries sustainably as emphasised in the ‘Code of conduct for 
responsible fisheries’ (FAO, 1997). 

 
The objective of the study is to assess the current exploitation rates of the major component 

fishery species of the reservoir and suggest management options to enhance management of the 
reservoir fisheries for sustainable exploitation.  
 

Materials and methods 
Study area 
The Bontanga reservoir (Fig. 1) was formed by construction of a dam across Bontanga river, a 
tributary of the White Volta. The constructional works of the reservoir commenced in 1981 and the 
reservoir was commissioned in 1986. The reservoir was primarily constructed to support irrigation 



agriculture, watering of livestock and to serve as domestic water source to surrounding 
communities. The expanse of water created by the reservoir has also provided fisheries resource 
that provides livelihood opportunities to fishers in the riparian communities and migrant fishers 
from southern Ghana.  

 
 

Fig. 1.The location of Bontanga reservoir and fish sampling stations 
 

The vegetation of the catchment area of the reservoir is degraded savanna woodland. The 
vegetation has been degraded through the combined effect of annual bush fires, farming, 
exploitation of wood for fuel, and grazing by livestock. The effect of the vegetation degradation is 
the exposure of the reservoir to direct sunshine and high wind speed, leading to high evapo-
transpiration rate; coupled with the use of reservoir water for irrigation, wide fluctuations in water 
level of the reservoir occur during the year.   

 
The mean statistics of rainfall of the location of the reservoir from 1995 to 2006 compiled by the 

Savanna Agricultural Research Institute (SARI), Nyankpala, in the Northern Region of Ghana, was 
906.30 mm while the mean relative humidity was 63.64%. The mean annual minimum and 
maximum air temperatures recorded during that period were 24.6 oC and 33.65 oC, respectively. 
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Data source and analysis 

Fish samples were collected from gill net catches of fishermen monthly, from March 2004 to 
February 2006. The mesh size of the gill nets ranged from 4 cm to 7 cm. The fishermen set their gill 
nets by 6 p.m. and retrieved them by 8 a.m. the following morning. All fish in a sample were 
identified using keys provided by Leveque et al. (1992). Each fish was measured for standard 
length (SL) in centimetres and weighed to 0.1 g accuracy. Monthly length frequency (SL cm) was 
compiled from the length measurements of fish samples. Data was grouped into classes with 
interval of 1.0 cm to obtain a length-frequency table, and stored in FiSAT II (Gayanilo et al.,1988) 
for subsequent analysis. 

 
Determination of growth parameters (L∞, K & to). Growth of the target fish species was assumed 

to follow von Bertalanffy growth function (VBGF), which has been shown to conform to observed 
growth of most fish species (Sparre & Venema,1992). The ELEFAN 1 module in FiSAT II was 
used to estimate the growth parameters (L∞ & K) of VBGF for standard length (L) at age (t) (Pauly, 
1984; Sparre & Venema, 1992):   
 Lt = L∞  {1 – exp [– K (t – to)]}   (Sparre & Venema, 1992),   
where L∞ is the asymptotic length of fish, K, the growth coefficient, and to, theoretical age at zero 
length. to was calculated from the empirical equation:  
 Log10 (to) = 0.392–0.275 Log10 L∞ – 1.038 Log10 K  (Pauly, (1979). 
 

Determination of total mortality (Z). The total mortality (Z) of the fish species was estimated 
using FiSAT II (Gayanilo et al.,1994) from linearized length-converted catch curve analysis of the 
length frequency data (Pauly, 1984; King, 1995). The annual total mortality coefficient (Z) of the 
fish species was determined from the slope of the descending right arm of the length – converted 
catch curves.  

 
Determination of natural mortality (M). The natural mortality (M) of the fish species was 

determined by the empirical formula of Pauly (1980) which relates M, L∞ K and the mean annual 
environmental temperature as follows: 
Log (M) = - 0.0066 – 0.279 log (L∞) + 0.6543 log (K) + 0.463 log (T oC), where M = natural 
mortality, K & L∞ are growth parameters from VBGF, and T oC is the annual mean surface water 
temperature. 
 

Determination of exploitation rate (E). The estimate of present values of the instantaneous 
fishing mortality coefficient, 
(Fpresent), was obtained by the subtraction of M from Z. The exploitation rate (E) was then computed 
from the equation: E = F/Z      (King, 1995). 
 

Determination of length at first capture (Lc). The mean length at first capture (Lc or L50%) 
defined as the mean length at which 50% of the fish entering the gill nets were caught, was 
estimated by procedures of Sparre & Venema (1992) and Pauly (1984), using fish catch data during 
the study period of two gill nets of mesh sizes 5 cm and 7 cm.  
 

Results 
.The total annual instantaneous mortality coefficient (Z) was determined for only individuals that 
were fully exploited (points on the descending arm of the catch curves Fig. 2a-h). Individuals that 
were either incompletely recruited (points on ascending arm of the curves) or in the older age 
groups whose lengths were close to L∞ (points on descending arm of the curves) were excluded 
from the regression analysis.          



 

                                      
(a)  A. occidentalis                                                          (b)  B.nurse 
M = 0.34 yr -1; F = 0.70 yr -1; E = 0.68.         M = 1.30 yr -1; F = 1.24 yr -1; E = 0.49. 
 

  
(c)  C. gariepinus                                                  (d)   H.  fasciatus 
M = 0.79 yr -1; F = 0.29 yr -1; E = 0.27.     M = 1.87 yr -1; F = 2.27 yr -1, E = 0.55.  
 
Legend 

Used for analysis  
Not used for analysis 
Points extrapolated to estimate probability of capture 

 
Fig. 2(a). FiSAT output of Length – converted catch curves for (a) A. occidentalis, (b) B. nurse, (c) C. gariepinus and (d) F. fasciatus of 

Bontanga reservoir from March 2004 to February 2006 
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(e)  M. senegalensis                                                         ( f) O. niloticus 
 
 M = 1.49 yr -1; F = 0.91 yr -1; E = 0.38.    M = 1.35 yr -1; F = 0.55 yr -1; E = 0.29. 
 

  
(g)  S.galilaeus                                                          (h)  T. zillii    
                                                       
M = 0.70 yr -1; F = 0.66 yr -1; E = 0.48.             M = 1.41 yr -1; F = 0.58 yr -1; E = 0.29. 
 
Legend 

Used for analysis  
Not used for analysis 
Points extrapolated to estimate probability of capture 

     
Fig. 2b. FiSAT output of Length – converted catch curves for (a) M. senegalensis, (b) O. niloticus, (c) S. galilaeus and (d) 

T. zillii of Bontanga reservoir from March 2004 to February 2006 
 

TABLE 1 
Summary of population parameters of the eight major fishery components of Bontanga reservoir fron March 2004 to 

March 2006 
 
Parameters Auchenoglanis Brycinus Clarias Hemichromis Marcusenius Oreochromis Sarotherodon Tilapia  
  occidentalis nurse gariepinus fasciatus senegalensis niloticus galilaeus zillii 
 
L∞ (cm) 54.08 20.48 61.95 20.48 24.68 23.63 36.75 21.53 

 
K (yr-1 ) 0.1 0.52 0.39 0.9 0.69 0.58 0.26 0.6 
 
to -0.08 -0.1 -0.07 -0.1 -0.09 -0.1 -0.8 -0.1 

 
Z (yr-1) 1.04 2.54 1.08 4.14 2.4 1.9 1.36 1.99 
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M (yr-1) 0.34 1.3 0.79 1.87 1.49 1.35 0.7 1.41 
 
E 0.68 0.49 0.27 0.55 0.38 0.29 0.48 0.29 
 
F (yr-1) 0.71 1.24 0.29 2.27 0.91 0.55 0.66 0.58 
 
L50 (cm)  

(for 5 cm mesh  
gillnet) 7.35 5.47 11.69 3.96 6.48 5.54 4.94 4.67 
 
L50 /SF 14.7 10.94 19.3 9.9 16.2 13.85 9.85 11.68 

 
 
The optimum exploitation rate (Eopt) of 0.5 suggested for fishing fish stocks was exceeded for A. 
occidentalis (0.68) and H. fasciatus (0.55), indicating over-exploitation of these species (Table 1). 

For B. nurse and S. galilaeus, E values of 0.49 and 0.48, respectively, approximate 0.5, 
suggesting that these species are at the optimum rates of exploitation (Table 1). In the case of C. 
gariepinus, M. senega-lensis, O.niloticus and T. zillii, E < 0.5, indicating that these species are not 
over-exploited. 

 
The estimated mesh size, (L50 / SF), for catching the species based on L50 and selection factor 

(SF) of 5 cm mesh gillnet, ranged from 9.9 cm for H. fasciatus to 19.3 cm for C. gariepinus (Table 
1). This was greater than the legal minimum mesh size of 5 cm stretched diagonal length for 
gillnets (Ghana Fisheries Act 625, 2002).  

 
Discussion 

Based on the Eopt. = 0.5 optimization criterion of Pauly (1984), A. occidentalis and H. fasciatus, with 
E values of 0.7 and 0.6, respectively, were over-exploited, while B. nurse and S. galilaeus (E = 0.5) 
had reached their maximum exploitation rates.  There is, therefore, the need to reduce the 
exploitation rate for sustainable exploitation and conservation. The exploitation rate could be 
reduced by observing three scenarios: First, by reducing the number of fishers on the reservoir. 
Second, by maintaining the current number of fishers and introducing withdrawal rights (Garcia, 
2006). Third, by increasing the minimum legal mesh size from 5 cm (Ghana Fisheries Act 625, 
2002) to a precautionary minimum size of 10 cm bar stretched diagonally. The first option must be 
accompanied by finding alternative employment to fishers who may be denied access to the fishery. 
Fishers may not be interested in the alternative employment and the Government may not have the 
resources to implement such a policy.  
 

In the introduction of withdrawal rights, consideration should be given to input rights by 
restricting the number of gillnet panels to one and the surface area of each panel; rather than output 
rights (right to take a certain catch, for example, specified proportion of  annual Total allowable 
catch (TAC) or Individual quota or Individual transferable quota). The problems asso-ciated with 
this option are monitoring, surveillance and control to ensure com-pliance of regulations on input 
rights. 

The estimated minimum mesh size to catch the fish species sustainably was 9.9 cm for H. 
fasciatus. Taking into conside-ration the precautionary approach to fisheries management (FAO, 
1997), the precautionary minimum size of gillnet should be 10 cm bar stretched diagonally. This 
suggests the need for a review of the Ghana Fisheries Act 625 that sets the minimum mesh size of 
gillnets at 5 cm for reservoir fisheries. Enforcing the minimum mesh size of 10 cm would enhance 
recruitment into the fishery more than the use of the current minimum legal mesh size of 5 cm of 
Ghana Fisheries Act 625, 2002. Enhanced recruit-ment would contribute to the ichthyobiomass 
through growth and reproduction.   
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It is suggested that the riparian communities be partnered in the control and management of the 
fisheries of the reservoir through the formation of community based co-management committees. 
This is because, as noted by Pinkerton (2002), “when communities or organizations of fishers are 
included as partners in the planning, design and implementation of the regulations, when they 
participate in protecting habitat, and even more, when they are part of the drafting of the very 
policies which underlie management decisions, they grant full legitimacy to the regulations, and are 
the strongest advocates, monitors, enforcers and implementers of management decisions”. 
Therefore, adopting control rights and community based co-management system will ensure the 
sustainability of the fishery as community vigilance will protect the fishery from unapproved 
fishing methods, exceedance of withdrawal rights, pollution of the reservoir environment by human 
sourced pollutants such as pesticide and faeces, and environmental degradation of the catchment 
area.  
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Abstract 
The stock parameters of three cichlids, Oreochromis niloticus, Sarotherodon galilaeus and Tilapia zillii, which dominated 
the catches of artisanal gill net fishery in Bontanga reservoir were studied. Estimates of  the growth and mortality 
parameters of the stocks enabled application of Beverton and Holt Relative yield-per-recruit (Y’/R) models to estimate the 
maximum sustainable yield-per-recruit (MSY/R), corresponding fishing effort (FMSY/R), and the exploitation rate at which 
50% of the biomass-per recruit (E0.5) were exploited. On annual basis, growth of the cichlids was described by the von 
Bertalanffy growth equation: O. niloticus: Lt = 23.63[1 – exp (0.58 (t + 0.10)]; S. galilaeus: Lt = 36.73 [1 – exp(0.26 (t + 
0.10)] and T. zillii: Lt = 21.53 [ 1 – exp (0.60 (t + 0.10) ]. The asymptotic length (L∞) range of 21.5–36.8 cm and the 
maturity-length ratio (Lm/L∞) of 0.19–0.39, which was less than 0.7, suggested that the fishes were stunted. The mean 
length at first capture for O. nlioticus was 9.1 SL cm and for S. galilaeus and T. zillii were 7 SL cm and 4.5 SL cm, 
respectively.  The Y’/R analysis indicated that the present exploitation rate (Epresent) could be increased 1.04 times for S. 
galilaeus and 1.72 times for O. niloticus and T. zillii  to attain optimum exploitation level of 0.5. As a result, the present 
fishing effort (Fpresent) < FMSY/R, indicating that Fpresent could be increased without biologically over-exploiting the species.  
However, the relative biomass- per recruit (B’/R) curve indicated that at Epresent of 0.48 > 50% of the biomass-per recruit 
for S. galilaeus was exploited, which suggested the threat of growth over-fishing. For O. niloticus, Epresent < E0.5 and T. 
zillii, Epresent = E 0.5. The low natural mortality rate range of 0.7–1.41 year -1 suggested that it is ecologically worthwhile to 
allow the fish to grow to larger size to contribute to the ichthyobiomass for biologically optimum exploitation. This could 
be facilitated by adoption of closure measures to conserve the fishery.  
           

Introduction 
Reservoirs in northern Ghana are primarily constructed to support irrigation agriculture, watering of 
livestock and serve as domestic water source to both urban and rural communities. The expanse of 
water created by the reservoirs also provides fisheries resource that ensures occupational fishing to 
both local and migrant fishermen from southern Ghana. In spite of the thriving fisheries in a total of 
about 1530 reservoirs of Ghana (National Dam Safety Unit (NDSU), 2007), very little is known 
about the state of the fish stocks of the reservoirs.  
 

Bontanga reservoir, with the surface area of 770 ha, is the largest reservoir in the Northern 
Region of Ghana (Irrigation Development Authority (IDA), Northern Region, Tamale, Ghana). In 
view of its size, the reservoir has the potential of providing the largest bulk of fresh water fish 
among the reservoirs in the Region, granting that its fisheries are managed scientifically because of 
the high fish species diversity (Kwarfo-Apegyah, 2008) of the reservoir. Kwarfo-Apegyah (2008) 
recorded 26 fish species representing 19 genera in 11 families and potential fish yield of 67.6 kg/ 
ha/year in Bontanga reservoir.  

 
The Bontanga reservoir fishery is dominated by the cichlid fishes, notably Sarotherodon 

galilaeus, Oreochromis niloticus and Tilapia zillii (Amevenku & Quarcoopome, 2006; Kwarfo-
Apegyah, 2008). Exploitation of the fisheries provides employment, income and enhances the 
nutritional status through availability of fish protein to the communities around the reservoir 
(Kwarfo-Apegyah, 2008). Although these cichlids and other fish species are exploited throughout 
the year by fishers, there is no information on the state of the fish stocks in respect of their level of 
exploitation. 

 



As observed for other fisheries resources, sustainable exploitation of the cichlids is necessary if 
the fisheries are to make any significant continuous impacts on the socio-economic life of the 
fishing communities around the reservoir. The purpose of this study was to assess the state of the 
cichlid fishes that form major component of the fishery of Bontanga reservoir in the Northern 
Region of Ghana to provide the needed baseline information for conservation and management for 
sustainable exploitation of the cichlid fisheries of the reservoir. 
 

Materials and methods 
Study area 
The Bontanga reservoir is situated in the Tolon/Kumbungu District of the Northern Region of 
Ghana, where the vegetation is degraded Guinea savanna woodland. The reservoir is located 
between latitude 9o 30’and 9o 35’ N and longitudes 1o 01’and 1o 03’ W (Fig.1). 
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Fig. 1. Location of Bontanga reservoir and fish sampling stations 

 
 

The Northern Region of Ghana experiences a single rainy season from June to October with 
annual mean of 1000 mm, solar radiation > 5.0 K Wh /m2/day and potential evapo-transpiration of 
1652 mm per annum, giving an excess evapo-transpiration over rainfall by about 87% and annual 
aridity index of 0.54 (Environmental Protection Agency (EPA), 2004). Thus, the reservoir lies in a 
desert prone area. The physical characteristics of the reservoir are summarized in Table 1.   
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TABLE 1 

Physical characteristics of Bontanga reservoir 
             
Catchment area  165 km2 

Maximum storage capacity                                           25 million m3 

Maximum depth                                                            9 m  
Mean depth                                                                    4.9 m*  
Useful storage capacity (Live storage)                          20 million m3 

Minimum storage capacity (Dead storage)                   5 million m3 

Flooded area (At full supply land)                              770 ha 
Length of reservoir                                                         8 km.(5 mls).  
 
* Kwarfo-Apegyah (2008). 
Source: Irrigation Development Authority, Northern Region,Tamale, Ghana 
 
Data  source 

Sampling and data collection were undertaken monthly from March 2004 to March 2006. The 
major cichlids landed by artisanal fishermen were sorted into species using keys provided by Paugy 
et al. (2003ab) and Dankwah et al. (1999). Each species was weighed and counted, and each fish 
was individually measured for standard length (SL), total length (TL) in centimeters and weight in 
grams. The fishermen set their gill nets by 18.00 h and retrieve the catch by 07.00 h the next 
morning. Therefore, unit effort of fishing was defined as one gill net set for about 12 h over night. 
From the measurements made the following characteristics of the three major cichlids, O. niloticus, 
S. galilaeus and T. zillii, were estimated. 

 
Length composition of the catch. Monthly length frequency (total length (TL) cm) data were 

compiled from sampled fish length measurements and the distribution determined at 1.0 cm length 
intervals. 

 
Stock assessment. The three species, S. galilaeus, O. niloticus and T. zillii, were subjected to 

single-species length based stock assessment, based on their length frequency distribution. The 
growth of each species was assumed to follow the von Bertalanffy growth function (Sparre & 
Venema, 1992), which has been shown to conform to the observed growth of most fish species, 
which is given by the equation: 
 Lt = L∞ [1- exp – K (t-to)] (Sparre & Venema, 1992), 
where Lt = length at age t, L∞ = asymptotic length, K = growth coefficient and to = theoretical age at 
zero length ( Pauly,1984; Sparre & Venema, 1992). The estimate of L∞ and K were obtained using 
ELEFAN 1 routine in the FiSAT software (Gayanilo et al., 1994), while to was computed using the 
equation: 
 Log10 (– to) = – 0.392–0.275 log10 L∞ – 1.038 log10 K (Pauly, 1979). 
 

The total instantaneous mortality coefficient (Z) was estimated using FiSAT Gayanilo et al. 
(1994) by linearized length-converted catch curve analysis (Sparre & Venema,1992; King, 1995). 
The natural instantaneous mortality coefficient (M) was computed from the empirical equation of 
Pauly (1980), which relates M, L∞ K and the mean environmental temperature (T oC): 
 Log10 M = – 0.0066 – 0.279 Log10 L∞ + 0.6543 log10 K + 0.4634 Log10 T oC   (Pauly, 1980). 
 

The fishing mortality rate, F, was estimated from the relationship, F = Z – M (Ricker, 1975), 
while the exploitation rate (E) of the stocks was also calculated from the equation: F = F/Z (Ricker, 
1975). The longevity or natural life span (tmax) of the stocks was estimated from the equation: 
tmax ≈3/K (Pauly, 1984), where K = von Bertalanffy growth coefficient. 
 



The estimated growth and mortality parameters were used for applying Beverton & Holt (1957) 
in (Sparre & Venema, 1992) relative yield-per recruit (Y’/R) analysis to estimate the maximum 
sustainable yield-per recruit (MSY/R) and relative biomass-per recruit (B’/R), (Sparre & Venema, 
1992).                 

The mean length at first capture (Lc), defined as the length at which 50% of the fish entering the 
gill nets were caught, was estimated by computing the selection factor (SF) of the species using 
catch data of two gillnets of mesh sizes 5 and 7 cm bar stretched, as described by Sparre & Venema 
(1992) and Pauly (1984).  Lc was computed from the relationship, Lc = S.F × Mesh size (Sparre & 
Venema, 1992; Pauly, 1984). The ratio Lc/SF that represents an estimate of appropriate mesh size 
for catching each species (Gulland, 1969) in Ofori-Danson (2005) was calculated. 

 
The mean length at sexual maturity (Lm), defined as the length at which 50% of all individuals 

were matured, was estimated for females only for each species, since the gonad maturation stages 
of females were more clearly discernible than males. The gonad maturity stages of females of stage 
II and above was determined following procedures of Bagenal & Braum (1968) in Ofori-Danson 
(1999). Lm was estimated from the equation: Ln (1 – P) / P = rL + rLm,   (King, 1995) where P = 
proportion of matured females, r = constant and L = class midpoint.  

 
Results 

Relative abundance of the cichlids 
The three cichlids, O. niloticus, S. galilaeus and T. zillii, constituted 53% by weight of the fish 
landed during the sampling events from March 2004 to March 2006. S. galilaeus and O. niloticus 
constituted 26% and 20% by weight of the total catch while T. zillii represented 7% (Fig. 2). The 
three species were encountered on every sampling date throughout the study period. 
 

 

O. niloticus
20%

Others
47%

T. zillii
7%

S. galilaeus
26%

Others
O. niloticus

S. galilaeus

T. zillii

 
 
Fig. 2. Relative proportions of major cichlids landed by weight in fish landed by artisanal fishermen in Bontanga reservoir 

from March 2004 to March 2006 
 
Growth and mortality parameters 

The monthly length-frequency distribu-tions fitted with growth curves by ELEFAN 1 
programme of FiSAT II (Gayanilo et al., 1994), are presented in (Fig. 3). On annual basis, the 
growth of the three species was described by the following von Bertalanffy growth equations: 
 Oreochromis niloticus:          
 Lt = 23.63 [1 – exp (-0.58 (t + 0.10)] 
 Sarotherodon galilaeus:        
 Lt = 36.73 [1 – exp (-0.26 (t + 0.08)] 
 Tilapia zillii:                         
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 Lt = 21.53 [1 – exp (-0.60(t + 0.10)] 
 

 
a)    O.niloticus L” = 23.63, K = 0.58 yr -1, to = - 0.10 yr                     

 

 
(b)   S. galilaeus: L” = 36.75, K = 0.26 yr -1, to = - 0.08 yr 

 
(c)   T. zillii: L” = 21.53 cm, K = 0.60 yr -1, to = - 0.10 yr 

Legend  
     Monthly total length histogram.           Superimposed growth curve. 
 
Fig. 3. Length frequency distribution  with superimposed growth curves for (a) O. niloticus, (b) S. galilaeus and (c) C. 

gariepinus of Bontanga reservoir from March 2004 to February 2006 
 

West African Journal of Applied Ecology, vol. 14, 2008                                                    12 
 



Relative yield-per recruit (Y’/R) and relative biomass-per recruit (B’/R)  
The relative yield-per recruit against exploitation rate (E) plots (Fig. 4a–c) indicated that the 

present exploitation rates (Epresent) < the maximum exploitation rate (Emax) that could be applied for 
sustainable exploitation of fisheries, suggesting that Epresent could be increased for all the three 
species without over-exploiting them. For O. niloticus, the relative Biomass-per recruit against 
exploitation rate plots associated with the relative yield-per recruit against exploitation rate plots 
showed that Epresent < E0.5 (the exploitation rate at which 50% of biomass of the recruit is fished) (Fig. 
4a), suggesting that the current exploitation rate did not impact adversely on the recruitment into 
the fishery as less than 50% of biomass-per recruit was exploited. However, in the case of S. 
galilaeus, Epresent > E0.5 (Fig. 4b), indicating that, at the current rate of exploitation, there was the 
threat of growth over fishing as > 50% of biomass-per recruit was fished.  For T. zillii, E present = E0.5 

(Fig. 4c), indicating that 50% of the biomass-per recruit was exploited, suggesting that further 
increase in Epresent would pose a threat of growth over fishing. 
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Figs. 4a-c. Relative yield-per recruit (Y’/R) and Biomass-per recruit (B’/R) plots for a) O. niloticus, b) S. galilaeus and c) 
T. zillii at varrying exploitation rates in Bontanga reservoir from March 2004 to February 2006 

 
 

Fig. 5a-c.  Relative yield-per recruit (Y’/R) curves  for (a) O. niloticus, (b) S. galilaeus and (c) T. zillii 
 
The exploitation rate (E) of O. niloticus and T. zillii of 0.29 (Table 2) suggested that these 

species were under exploited while the value of 0.48 (≈ 0.5) indicated that S. galilaeus had reached 
its maximum rate of exploitation according to the optimization (Eopt) criterion of E = 0.5 of Pauly 
(1984) for sustainable exploitation of fisheries.  
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TABLE 2 
Summary of biological parameters of major Cichlids of Bontanga reservoir from March 2004 to February 2006 

 
  Oreochromis Sarotherodon Tilapia 
Parameter niloticus galilaeus zillii 
 
L∞(cm) 23.63 36.75 21.53 
K (year -1) 0.58 0.26 0.6 
to (yr) -0.1 -0.08 -0.1 
tmax  (yr) 5.2 10.0 5.0 

∅ 2.55 2.55 2.44 
Lm (cm) 9.1 7 4.5  
Lm / L∞ 0.38 0.19 0.21 
L50 (cm) 5.54 4.94 4.67 
L50/ SF 13.85 9.88 11.6 
SF 0.4 0.5 0.4 
Z (year-1) 1.9 1.36 1.99 
M (year -1) 1.35 0.7 1.41 
F (year-1) 0.55 0.66 0.58 
E = F/Z 0.29 0.48 0.29 

 
 
The relative yield-per recruit against fishing effort plots (Fig. 5a–c), indicated that the present 

fishing effort (Fp r es e n t) < FMSY /R (the fishing effort required to obtain the maximum sustainable 
yield-per recruit for all the three species. This suggested that  
 Fpresent could be increased to obtain higher catches. 
 

The estimated mesh size of gill net (L50/SF) for catching the species ranged from 9.88–13.85 cm, 
bar stretched diagonally (Table 2), suggesting that the legal minimum mesh size of 5 cm, prescribed 
by the Ghana Fisheries Act 625 (2002), was too small for healthy exploitation of the species. The 
longevity (tmax) of 5 and 5.2 years (Table 2) of O. niloticus and T. zillii indicated that these species 
were relatively short lived while S. galilaeus, with tmax value of 10.0 years had relatively longer life 
span. 

 
Discussion 

O. niloticus, S. galilaeus and T. zillii were fully recruited to the fishery at sizes of 5.54 SL cm, 4.9. 
SL cm, and 4.7 SL cm, respectively. Therefore, a large proportion of the species sampled were in 
the small size category range of 2–12 cm of fresh water fishes of Africa (Pauly, 1995). The 
asymptotic lengths of 23.6 SL cm, 36.8 SL cm and 21.53 SL cm of O. niloticus, S. galilaeus and T. 
zilli, respectively, were relatively smaller than that reported in other reservoirs. For example, Ofori-
Danson (1999) reported asymptotic length of 33.5 SL cm for O. niloticus in Stratum VII of Volta 
Lake, while Paugy et al. (2003a) recorded 39.5 SL cm maximum lengths for the species in major 
rivers of West Africa. Paugy et al. (2003a) also recorded maximum length of 40 SL cm for T. zillii 
in major rivers of West Africa.  

The smaller values of the asymptotic length of the major cichlids in this study suggest possible 
stunting of the species in Bontanga reservoir. Iles (1970) reported that tilapias (Cichlidae) with 
normal growth usually attain asymptotic length of ≈ 35 cm and an average maturity – length ratio 
(Lm/L∞) of 0.70. In this study the Lm/L∞ ratio of the major cichlids ranged from 0.19–0.39, which 
fell below 0.70 for normal growing tilapias (1les, 1973), indicating further the possible stunting of 
tilapias in Bontanga reservoir. Stunting of tilapia populations have been attributed to high natural 
mortality rates resulting from intense predation by birds and reptiles in some water bodies (Iles, 
1973; Amarasinghe et al., 1989).  
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The mortality of the cichlids in Bontanga reservoir was largely attributed to fishing activities. 
The low natural mortality rates ranging from 0.7–1.4 of the major cichlids in this study was 
attributed to the absence of strict piscivorous fish species such as Lates niloticus in the reservoir; 
only facultative piscivores, Clarias anguillaris, C. gariepinus, Hemichromis fasciatus and 
Malapterurus electricus, have been identified in the reservoir (Kwarfo-Apegyah, 2008).  

 
A comparison of the growth parameters (L∞= 23.6 SL cm; K = 0.58 yr-1) of O. niloticus of 

Bontanga reservoir and that from Tapoa reservoir of Burkina Faso (L∞ = 36 SL cm; K = 0.39 yr-1) 
(Baijot et al.,1997) indicates that O. niloticus grows at a faster rate (about 1½ times) in Bontanga 
reservoir than Tapoa reservoir but obtains an asymptotic length that is about 1½ times less than that 
in Tapoa reservoir. Because the O. niloticus in Bontanga reservoir have short life span of about 5 
years, they would be expected to reach the asymptotic length at a faster rate. Iles (1973) noted that 
stunted tilapia populations display characteristically high relative growth rates and attains a smaller 
L∞ than normal populations.  

 
The growth rates of the three cichlids have implications in their suitability for culture.  Although 

S. galilaeus grows to a larger asymptotic size than O. niloticus and T. zillii, the faster growth rate of 
O. niloticus and T. zillii of 0.58 and 0.60 year-1, respectively, has earned the former the preference 
as an aquaculture candidate among the three cichlids.  The growth rates of O. niloticus (K = 0.58 yr-

1) and T. zillii (K = 0.60 yr-1) are almost similar; the former grows to a larger asymptotic length than 
the latter, giving O. niloticus the preference over T. zillii as a culturable species. Huet (1970) cited 
fast growth rate as one of the biological attributes for selecting a fish species for culture, hence the 
popularity of O. niloticus for culture world wide.  

 
 The length at first capture (L50%) values obtained, ranging from 4.9–5.5 SL cm in this study for 

the minimum legal mesh size of 5 cm bar stretched (Ghana Fisheries Act 625, 2002), were 
considered small. For the purpose of conserving the fishery, cichlids larger than the present L50% 
should be captured. This strategy could, however, lead to recruitment over fishing (Pauly et 
al.,1989; Sparre & Venema, 1992) because of decline in larger spawning species. Therefore, it may 
be reasonable to increase the L50% by increasing the minimum legal mesh size of gillnet, taking into 
consideration the danger of spawning stock depletion.  

 
The strategy could be applied by enforcing the estimated minimum precautionary mesh size of 

10 cm for catching S. galilaeus, H. faciatus and B. nurse in the reservoir (Kwarfo-Apegyah, 2008), 
based on selection factor of the legal minimum mesh size of 5 cm (Ghana Fisheries Act 625, 2002). 
This calls for an upward review of the Ghana Fisheries Act 625 (2002) of the minimum mesh size 
of gillnets for Bontanga reservoir fisheries and, by extrapolation, all reservoir fisheries in Ghana 
from 5 to 10 cm, for conservation and sustainable exploitation. 

 
 The Y’/R curve indicates that present level of exploitation (Epresent) of the species lie to the left of 

Emax, indicating that the current exploitation rates of the species appear inadequate for maximal 
utilization of the stocks. However, the B’/R curve  of S. galilaeus indicates that at Epresent, > 50% of 
biomass-per recruit were fished, a situation that could lead to growth over fishing. Therefore, by 
enforcing the precautionary minimum mesh size of 10 cm, L50% would increase and allow the 
survival to fishing of more reproductive adults to spawn to replenish the stocks. 

 
The FMSY/R was higher than Fpresent for all the species, suggesting that bigger yields could be 

expected by increasing Fpresent. However, in view of the low natural mortality rate ranging form 0.7–
1.41, it is ecologically worthwhile to allow the fish to grow to larger size to contribute to the 
biomass which means that, for biologically optimum exploitation, F should be low (Sparre & 
Venema, 1992). Therefore, it is prudent to restrict further entry into the fishery rather than to 
increase Fpresent

. Restriction of further entry into the fishery, adoption of closure measures and 
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enforcement of precautionary minimum mesh size of 10 cm of gill nets will enhance recruitment, 
and ensure conserva-tion and sustainable exploitation of fish stocks of the reservoir.    
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Fig.1 cont’d. Linkage map of Vigna unguiculata. Linkage group numbers are indicated on the top. Cumulative Kosami 
map distances are indicated at the left side of each marker. 
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Fig. 4. Nutrient levels among the three sampling sites 

 

 
Fig. 5. Percentage levels of iron (Fe) and manganese (Mn) from the three sampling sites. 
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Fig. 6. Mean concentrations of selected parameters of the three sampling sites 

 
 

TABLE 1 
Concentrations of measured parameters in water samples from the study area. All results are in mg–l except conductivity 

(μS/cm), turbidity (FTU), colour (Hz) and pH (pH units) 
 
Source Turbidity Colour pH Conductivity SS TDS Fluoride Chloride Sodium Potassium Calcium Mangnessium Alkalinit
 
Intake 
(n = 10)  
Mean 20.2 32 8.5 400 4.7 218 0.319 47.5 42.5 2.3 17.4 9.7 104 
S.D. 9.8 8 0.7 37.4 1.1 19 0.128 5.52 19.6 0.2 3.1 3.2 25.3 
Min. 7.9 25 7.7 344 3.0 189 0.034 40.7 15.0 2.1 9.6 3.9 44.0 
Max. 42.9 50 9.9 446 6.0 238 0.470 56.6 85.0 2.6 20.8 14.1 144 
Median 18.9 30 8.2 413 4.5 223 0.349 47.9 36.9 2.3 18.0 9.7 105 
 
Machigan 
(n = 10) 
Mean 17.8 29 8.0 422 4.6 229 0.285 49.0 37.9 2.3 18.8 10.7 105 
S.D. 3.3 2 0.4 68.1 1.1 37 0.161 8.45 8.64 0.1 1.4 2.9 16.8 
Min. 10.8 25 7.6 349 3.0 192 0.014 36.7 21.5 2.2 17.2 4.3 68.0 
Max. 21.5 30 9.0 591 6.0 325 0.501 60.5 52.0 2.5 21.6 13.6 134 
Median 17.9 30 7.8 410 5.0 221 0.309 51.8 38.5 2.2 18.8 11.7 105 
 
Galilea 
(n = 10) 
Mean 15.9 34 8.0 410 4.3 226 0.285 49.3 35.0 2.3 19.2 9.8 103 
S.D. 7.5 10 0.6 39.8 1.3 22 0.174 7.99 9.75 0.1 4.1 4.3 12.9 
Min. 5.6 15 7.1 357 3.0 196 0.057 38.7 18.0 2.1 15.8 2.4 70.0 
Max. 31.3 50 9.0 493 7.0 271 0.661 65.5 50.2 2.4 29.6 15.0 120 
 
WHO 
Drinking 
water 
guidelines 5 15 6.5–8.5  1000 1.5 250 200 30 200 150 
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TABLE 1 continued 
Concentrations of measured parameters in water samples from the study area. All results are in mgl except conductivity 

μS/cm, turbidity (FTU), colour (Hz) and pH (pH units) 
 

Source Ca Mg  Tot  Bicarbonate Nitrate-N Nitrite-N Ammonia-N Sulphate Phosphate DO BOD Manganese Iron 

 hardness hardness hardness     

 

Intake 

((n = 10)  

Mean 42.4 40.0 83.2 124 0.478 0.052 1.00 21.6 0.156 8.3 4.5 0.194 0.735 

S.D. 8.47 13.1 18.6 29.4 0.932 0.075 0.630 21.0 0.268 1.0 1.7 0.052 0.399 

Min. 24.0 16.0 40.0 53.7 0.061 <0.001 0.061 8.27 <0.001 7.2 3.1 0.126 0.128 

Max. 50.1 57.9 102 176 3.10 0.244 2.41 77.1 0.893 10.0 8.1 0.262 1.62 

Median 45.1 39.9 89.0 127 0.142 0.019 0.966 13.2 0.100 8.4 3.8 0.200 0.637 

 

Machigan 

(n = 10) 

Mean 47.9 43.7 89.8 129 0.268 0.062 1.11 13.2 0.100 6.6 3.5 0.155 0.587 

S.D. 3.43 12.0 9.91 20.3 0.186 0.075 0.302 5.2 0.114 0.8 1.1 0.042 0.329 

Min. 44.1 17.9 72.0 83.0 0.070 0.007 0.677 4.1 <0.001 5.5 2.3 0.122 0.102 

Max. 54.1 55.9 102 164 0.616 0.255 1.66 22.4 0.326 8.1 5.9 0.255 1.06 

Median 48.1 46.9 90.0 129 0.210 0.038 1.09 13.6 0.045 6.4 3.1 0.142 0.611 

 

Galilea 

(n = 10) 

Mean 48.1 41.0 87.9 115 0.449 0.136 1.22 14.3 0.117 6.7 4.3 0.176 0.687 

S.D. 9.8 16.7 17.2 26.8 0.379 0.129 0.449 5.4 0.095 1.8 1.3 0.061 0.365 

Min. 40.1 9.9 50.0 53.7 0.050 0.008 0.766 6.8 <0.001 3.1 2.0 0.084 0.118 

Max. 74.1 61.9 110 146 1.100 0.351 2.34 21.2 0.282 9.7 6.7 0.244 1.33 

Median 45.1 43.9 92.0 125 0.401 0.101 1.13 14.3 0.118 7.1 4.1 0.206 0.773 

 

WHO 

Drinking water 

guidelines     10  1.5 400    0.40 0.30 

 

 
 
 

TABLE 3 
Chronology of some physico-chemical studies of the Weija Reservoir. All results are in mg/l except conductivity (mS/cm), 

turbidity (NTU), colour (Hz) and pH (pH units) 
 

Parameter 2005* 1997* 1993–1997* 1978* 
 
Turbidity 5.6–42.9 (18) NA NA NA 
Colour 15–50 (31.7) NA NA NA 
pH 7.1–9.9 (8.2) 7.4–8.1 7.3–7.7 6.83–7.25 
Conductivity 344–591 (411) 224–282 NA 360–1550 
Suspended solids 3.0–7.0 (5) 91–132 NA NA 
Total dis. solids 189–325 (224) 144–201 NA NA 
Fluoride 0.014–0.661 (0.296) NA NA NA 
Chloride 36.7–65.5 (48.6) 37.4–38.4 NA 5.0–48.0 
Sodium 15–85 (38.4) 24.1–25.0 NA NA 
Potassium 2.1–2.6 (2.3) 2.07–4.46 NA NA 
Calcium 9.6–29.6 (18.4) 15.9–16.4 NA 16.3–30.3 
Magnessium 2.4–15.0 (10.1) 10.2–13.7 NA 10.6–25.8 
Alkalinity 44–144 (104) 83.6–96.9 108–131 73–153 
Ca hardness 24.0–74.1 (46.1) NA NA NA 
Mg hardness 9.9–61.9 (41.6) NA NA NA 
Total hardness 40–110 (87) 83.1–96.8 NA 59.8–136.9 
Bicarbonate 53.7–176 (123) 102–118 NA NA 
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Nitrite-nitrogen 0.05–3.1 (0.398) 0.07–0.78 0.20–2.42 0.012–0.051 
Nitrite-nitrogen 0.001–0351 (0.083) <0.01 0.004–2.00 0.005–0.076 
Ammonia-nitrogen 0.061–2.41 (1.11) NA 0.001–0.64 <0.01–1.5 
Sulphate 4.14–77.1 (16.4) 5.57–13.3 4.00–15.2 0.725–29.5 
Phosphate 0.001–0.893 (0.124) 0.47–067 NA 0.25–1.45 
DO 3.1–10.0 (7.2) 5.9–7.32 7.9–10.4 0.05–3.8 
BOD 2.0–8.1 (4.1) NA 5.48–8.16 0.05–3.8 
Manganese 0.084–0.262 (0.175) NA NA NA 
Iron 0.102–1.62 (0.669) NA NA NA 
 
NA:  No available date. Values in parentheses are mean concentrations. 
*Year 2005 (this study) = Asante et al.  
*Year 1997 study = Bosque-Hamilton et al. (2004) 
*Year 1993–1997 study = Ansa-Asare & Asante (1998) 
*Year 1978 study = Biney & Kpekata (1978) 
*Year 1997 study = Bosque-Hamilton 
 
 
 
The errors are regretted. 


