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Abstract  Original Research Article 
 

Perna perna is a species of bivalve mollusk found along the Senegalese coast from the Cape Verde peninsula to the 

Saloum Islands. Due to the generation of income and jobs, this species is extremely significant to Senegal’s 

socioeconomic landscape, especially in the Dakar area. This work constitutes a first study on the population dynamics 

of Perna perna in Senegal. The specimens used for this study were caught in the Mamelles site on the Cape Verde 

Peninsula from March 2018 to February 2019. To assess population parameters, the FiSAT II software and its ELEFAN 

sub-program were used to analyze the monthly length-frequency data. The results obtained show that the asymptotic 

length (L∞), growth coefficient (K), growth performance index (Φ’) and longevity (tmax) were 13.65 cm, 1 yr-1, and 2.27; 

2.80 yr, respectively. Total mortality (Z) was esteemed to be 3.51 yr-1. Natural mortality (M) and fishing mortality (F) 

were 2 yr-1 and 1.51 yr-1, respectively. The recruitment pattern is a continuous with a major peak occurring in May-Jun. 

The current exploitation level (E) of Perna perna was 0.43 while the maximum allowable limit of exploitation (Emax) 

was 0.453; which implies that in order to prevent overexploitation, management actions will need to be taken. 
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INTRODUCTION 
Perna perna is native to the western Indian 

Ocean and to the west coast of Africa at least as far north 

as the Congo (Siddall, 1980; Rajagopal et al., 1997). In 

the Senegalese coastal regions, ranging from the Saloum 

Islands to the Cape Verde peninsula, Perna perna is 

widely distributed (Diouf et al., 2020). 

 

In Senegal, particularly in the Dakar region, this 

species plays a very important socio-economic role 

through the creation of employment and wealth. Indeed, 

its exploitation occupies a certain number of actors who 

devote to the collection and sale of this species and other 

types of molluscs. 

 

However, any research has been done on the 

population dynamics of Perna perna in Senegal, despite 

its socio-economic importance. The few studies on 

Perna perna in Senegal focus on aspects relating to 

heavy metal contamination (Sagna, 2019; Diankha et al., 

2020), size-weight relationships (Diouf et al., 2020); 

while the study of the dynamics of bivalve populations is 

of crucial scientific interest. Indeed, sufficient 

knowledge on the natural stock, population and 

exploitation level would be very essential to start to 

manage the production activity (Nurul-Amin et al., 

2005). Background knowledge on the ecology and 

growth would contribute to the success of any 

management plan for the sustainable production (Kassim 

et al., 2017). 

 

Thus, this study would be the first 

comprehensive study on growth parameters, mortality, 

recruitment patterns and virtual population analysis of 

Perna perna from Dakar coastal waters in Senegal. 

 

MATERIAL AND METHODS 
Study Area 

The Mamelles site on the Cape Verde Peninsula 

was selected for the 12-month study (from March 2018 

to February 2019) (Figure 1). This area of the ocean is 

characterized by a rocky bottom, which also serves as an 

anchorage for mussels. Every month, local fishermen 

collect about fifty mussels Perna perna (Linne, 1758) 

from the rocks by hand using diving equipment. Mussels 

were kept in seawater and transported to the laboratory 

in coolers. From these monthly collected mussels, 
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approximately 30 mussels were selected for sex 

identification and biometric measurements. 

 

 
Figure 1: Sampling area (Diouf et al., 2020) 

 

Biometric measurements  

A total of 600 mussels were gathered from 

Mamelles for this purpose; 30 mussels were used each 

month. A Vernier caliper was used to measure each 

individual’s biometric measurements, such as length 

(maximum length along the anterior-posterior axis), with 

an accuracy of 0.1 mm. Using an electronic balance, the 

total weight of each person was determined after the 

interval (or mantle) fluid was drained to the closest 0.1 

g. After the male and female were dissected, the meat 

was carefully removed, and a 0.01 mg precision 

electronic scale was used to weigh mussels. 

 

Growth Parameters 

To analyze the monthly frequency data, FAO-

ICLARM Stock Assessment Tool (FiSAT II, version 

1.2.2) the software was used (Gayanilo and Pauly, 1997). 

Using the ELEFAN-1 method, the parameters of the von 

Bertalanffy Growth function (VBGF), asymptotic length 

(L∞), and growth coefficient (K) were estimated (Pauly 

and David, 1981). 

 

The following expression, which represents 

VBGF, states that individual fish grew on average 

towards the asymptotic length at an instantaneous growth 

rate (K), with length at time (t) according to the following 

formula: Lt = L∞×[1 - e-k×(t - t
0)], where Lt is the length at 

age t, L∞ is the asymptotic length, which is the mean 

length that fish would reach if they were to grow 

indefinitely, K is the growth coefficient, and t0 is the age 

of the fish at zero length. This parameter was obtained 

using Pauly’s (1979) empirical equation for the 

theoretical age at length zero (t0): Log(-t0) = -0.392-

0.275×Log(L∞) - 1.038×Log(K). The growth 
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performance index (Φ’) was computed from the equation 

(Pauly and Munro, 1984): (Φ’) = 2 × Log(L∞) + Log(K), 

and the longevity (tmax) was estimated as (Pauly, 1983): 

tmax = 3/K + t0. 

 

Mortality Parameters  

Using the length converted catch curve method 

as used in FiSAT II, the total mortality (Z) was calculated 

(Sparre and Venema, 1992). Pauly’s (1980) empirical 

equation, Log(M) = - 0.0066 - 0.279×Log(L∞) + 

0.6543×Log(K) + 0.463×Log(T), was used to calculate 

the instantaneous natural mortality rates (M). Here, M 

stands for natural mortality, L∞ for asymptotic length, K 

for the growth curvature of VBGF, and T for mean 

surface temperature in degrees Celsius (T = 22.2 °C). 

According to Gulland (1971), the formula for calculating 

fishing mortality (F) is F=Z - M, where Z represents 

overall mortality, F represents fishing mortality, and M 

represents natural mortality. 

 

Recruitment patterns  

Backward projection on the length axis of the 

collection of accessible length-frequency data was used 

to ascertain the recruitment pattern (Nurul-Amin et al., 

2009). Gheshlaghi et al., (2012) determined that the mid-

length of the smallest length interval was the length at 

first recruitment (Lr), whereas Beverton and Holt’s 

(1957) findings on age at first recruitment were followed. 

 

Virtual Population Analysis (VPA) 

The length weight relationship’s “a” and “b” 

constants, fishing mortality (F), natural mortality (M), 

terminal fishing mortality (F), and growth parameters 

(asymptotic length (L∞) and growth rate (K) were among 

the inputs for the VPA (Amponsah et al., 2017b). It was 

estimated that the t0 value was zero. Using the formula 

W= a×Lb, where W is the body weight and Length is the 

corresponding standard length, the constants “a” and “b” 

(exponent) for the species were calculated from the 

length-weight relationship (Pauly, 1984). 

 

Relative yield per recruit (Y/R)  

As a function of exploitation, the relative yield 

per recruit (Y/R) and relative biomass per recruit (B/R) 

were computed. Additionally, the Knife-edge option was 

applied to determine the exploitation rate at the 

maximum (Emax), the exploitation rate at 0.1 of the virgin 

biomass (E0.1), and the exploitation rate at 0.5 of the 

virgin biomass (E0.5). 

 

RESULTS 
Growth parameters 

A total of 600 of Perna perna were used for this 

study. According to ELEFAN-I, the best value for the 

VGBF growth constant (K) was 1 yr-1 (Figure 2) and the 

corresponding asymptotic length (L∞) was 13.65 cm. 

 

 
Figure 2: Growth performance index of Perna perna 
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The reconstructed length frequency distribution 

diagram and growth curves provided by the ELEFAN I 

method are shown in Figure 3. The calculated values of 

growth capacity index (Φ’), theoretical age t0 and 

longevity (tmax) of Perna perna were calculated to be 

2.27; -0.197 yr and 2.80 yr, respectively. 

 

 
Figure 3: Restructured Length frequency distribution output from FiSAT II with superimposed growth curves 

(Dark bars=actual frequency bars & White bars=reconstructed bars) 

 

Mortality Parameters  

The mortality rates pertaining to Perna perna 

were illustrated in Figure 4. The total mortality rate (Z) 

was determined to be 3.51 yr-1. The natural (M) and 

fishing (F) mortality rates were approximated at 2 yr-1 

and 1.51 yr-1, respectively. The present exploitation rate 

(E) was identified as 0.43. 

 

 
Figure 4: FISAT II output of linearized length-converted catch curve for Perna perna (Yellow dots are dots used 

in calculation and White dots are dot not used in calculations) 

 

Recruitment patterns  

Based on the recruitment pattern analyses, the 

species exhibited one recruitment peak throughout the 

year. The peak was observed in May-Jun (Figure 5). The 

peak pulse produced 21.21% of the observed recruitment 

during the study period. 
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Figure 5: Recruitment pattern of Perna perna 

 

Virtual Population Analysis (VPA) 

Figure 7 displays the virtual population analysis 

of Perna perna. Natural mortality is higher in juveniles 

(L= 4 cm) than in adults (L= 11 cm). Natural mortality is 

decreasing while fishing mortality is gradually 

increasing. The more mature the individuals become, the 

more they are captured (Figure 6). 

 

 
Figure 6: Length structured virtual population analysis of Perna perna 

 

Relative yield per recruit (Y’/R)  

Fishing exploitation led to a decrease in relative 

yield per recruit (Y’/R) as shown in Figure 7. According 

to the Beverton and Holt (1957) model, the optimal 

sustainable yield (E0.5), maximum sustainable yield 

(Emax), and economic yield target (E0.1) values were 

determined to be 0.292; 0.453 and 0.363, respectively. 
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Figure 7: Beverton and Holt’s relative yield per recruit and average biomass per recruit models, showing levels of 

yield indices for Perna perna in south Coastal Senegalese waters (Red dashes=E0.1, Green dashes=E0.5 and Yellow 

dashes=Emax) 

 

DISCUSSION 
Analyzing growth and exploitation parameters 

is crucial for comprehending the ecology and life cycle 

of marine species (Zhong, 2019). Results of analysis of 

growth parameters of Perna perna is shown in Table 1. 

Perna perna could reach an asymptotic length (L∞) of 

13.65 cm, a growth rate (K) of 1 yr-1, an age t0 of 0.197 

years and growth performance index (Φ’) of 2.27. The 

growth parameters estimated for some species of the 

genus Perna from different geographical regions are 

given in Table 1. Direct comparison (L∞) and (K) does 

not make a much biological contribution since one 

species or stock has different growth rate during their life 

stages (Etim et al., 2002; Abdullah and Zain, 2019). 

Therefore, growth performance index (Φ’) is a more 

comprehensive method to be used in fishery sciences to 

compare the growth performance of a different 

population of fish species (Pauly and Munro, 1984; 

Abdullah and Zain, 2019). It was found that the growth 

performance index (Φ’) with very similar values within 

neighboring taxa was the best overall in terms of minimal 

variance (Chakroun-Marzouk and Ktari, 2003; Faye et 

al., 2023). In the present study, the estimated growth 

performance index (Φ’) of Perna perna was comparable 

with the (Φ’) values reported by Nurul-Amin et al. 

(2005) and Khan et al., (2010) for Perna viridis in 

Bangladesh. However, it is smaller than those found by 

Taib et al., (2016) in Malaysia, Hemachandra et al., 

(2017) in India, Nwe et al. (2020) in Myanmar, Khan et 

al., (2010) in Bangladesh, Nurul-Amin et al., (2005) in 

Bangladesh for Perna viridis, Krampah et al., (2019) in 

Ghana for Perna perna, Ramesha and Thippeswamy 

(2009b) in India for Perna favidens, Kuriakose (1973) in 

india for Perna indica, Malathi and Thippeswamy (2013) 

in India for Perna corrugate and bigger than that found 

by Lindsay (1998) in USA for Perna perna (Table 1). 

Growth performance of bivalves could be as a result of 

influences of environmental factors, and thus, bivalves 

found at different geographical locations may have 

different growth performance indices which could be as 

a result of the prevailing environmental conditions 

(Krampah et al., 2019; Nwe et al., 2020). The combined 

effects of several dominant environmental factors, 

including water temperature, food availability, settling 

density, currents, exposure, and pollution, could be the 

cause of these variations in growth rates (Vakily, 1989). 

The apparent complexity of the interactions between the 

various factors makes it challenging to quantify these 

relationships between growth and environmental factors 

(Wilbur and Owen, 1964; Vakily, 1992; Krampah et al., 

2019). 

 

Table 1: Growth parameters estimated for Perna genus from different regions of the world. 

Species Country L ∞ (cm) K (yr-1) -t0 (yr) (Φ’) Author 

Perna perna Senegal 13.65 1 0.197 2.27 Present study 

Perna perna USA 6.56 0.31 - 1.12 Lindsay (1998) 

Perna perna Ghana 8.01 0.49  3.49 Krampah et al., (2019) 

Perna viridis Malaysia 11.34 1.7 - 4.34 Taib et al., (2016) 

Perna viridis India 13.69 0.42 0.36 3.896 Hemachandra et al., (2017) 



 

 

Abdoulaye Diouf et al, Sch J Agric Vet Sci, Jul, 2024; 11(4): 38-46 

© 2024 Scholars Journal of Agriculture and Veterinary Sciences | Published by SAS Publishers, India                                                                                          44 
 

 

 

Species Country L ∞ (cm) K (yr-1) -t0 (yr) (Φ’) Author 

Perna viridis Myanmar 16.275 0.87  4.363 Nwe et al., (2020) 

Perna viridis Bangladesh 13.65 1.30  2.380 Khan et al., (2010) 

Perna viridis Bangladesh 19.43 0.56  2.325 Nurul-Amin et al., (2005) 

Perna favidens India 6.46 1.20 0.0073 3.699 Ramesha and Thippeswamy (2009b) 

Perna indica India 11 0.095 - 3.062 Kuriakose (1973) 

Perna corrugata India 6.076 0.470 -0.042 3.239 Malathi and Thippeswamy (2013) 

 

Mortality is an important aspect in the 

population dynamics of mussels (Fabens, 1965) and it 

could vary enormously depending on environmental 

conditions (Nwe et al., 2020). In the present study, the 

coefficients of total mortality, natural mortality and 

fishing mortality were estimated to be Z = 3.51 yr-1, M = 

2 yr-1 and F = 1.51 yr-1, respectively. Total mortality and 

natural mortality rates in this study were higher than 

those found in other geographical area for Perna gender 

(Hemachandra et al., 2017; Krampah et al., 2019; Nwe 

et al., 2020) (Table 2). The different result in mortalities 

rate is attributed to a different environment where the 

Mussels lived. Thus, it is subjected to a different level of 

predation, competition, food resource, and disease 

(Sparre and Venema 1998; Abdullah and Zain, 2019). 

For this study, it seemed that fishing mortality (F) was 

lower than natural mortality (M) suggesting that fishing 

activities did not affect Perna perna population in that 

area. 

 

Table 2: Comparison of mortality coefficients for Perna gender from different regions of the world 

Species Country Z (yr-1) M (yr-1) F (yr-1) Author 

Perna perna Senegal 3.51 2 1.51 Present study 

Perna perna Ghana 2.79 0.87 1.92 Krampah et al., (2019) 

Perna viridis India 1.18 0.42 0.76 Hemachandra et al., (2017) 

Perna viridis Myanmar 1.86 0.81 1.05 Nwe et al., (2020) 

 

The recruitment is defined as a young fish that 

has undergone complete metamorphosis, and its growth 

is sufficiently described by the VBGF. This occurs at the 

fishing grounds, with an instantaneous rate of natural 

mortality similar to that of the adults (Gayanilo et al., 

1989). The recruitment pattern suggests that annual 

recruitment consist of one seasonal peak, meaning one 

cohort is produced per year. The main spawning season 

coincide with the major recruitment peak (May-Jun) 

found in this study. Similar results were reported for 

Perna viridis from Peninsular Malaysia (Al-Barwani et 

al., 2007). However, it has been reported that the Perna 

viridis spawn mainly during September-December from 

east coast of India (Rajagopal et al., 1998b). 

 

Length structured virtual population analysis of 

Perna perna show a progressive decline in natural 

mortality. This result could be due to the fact that young 

individuals would be more vulnerable to natural 

predation. Actually, Perna perna is a prey for a number 

of species, including Octopus vulgaris (Mangold, 1983). 

There are also other predators as blue crabs which are 

important predators that affect the diversity and structure 

of benthic communities, and they can control the 

distribution and abundance of populations of benthic 

species locally (Wirnstein, 1977; Hines et al., 1990; 

Ebersole and Kennedy, 1995). Fishing mortality 

increases gradually unlike natural mortality. This means 

that the probability of capture increases with the size of 

the species. 

 

The current exploitation rate (E) for Perna 

perna is 0.43. Based on the assumption that a stock is 

optimally exploited when F=M or E=0.5 (Gulland, 

1971). The results indicate that the mussel Perna perna 

stock is not overexploited (E = 0.43 < Emax = 0.453). This 

indicates that the stocks of this species are not 

overexploited in Dakar coastal waters. However, if the 

current level of exploitation is not checked, the 

exploitation of this stock could soon approach the 

maximum sustainable yield. 

 

CONCLUSION 
This study constitutes the first study of the 

population dynamics of Perna perna in Senegal. The 

results obtained indicate that the species exhibits 

relatively rapid linear growth with natural mortality 

higher than fishing mortality. Recruitment is continuous 

throughout the year with one peak in observed in May-

Jun. This study revealed that the Perna perna species is 

not in a state of overexploitation, however the current 

exploitation rate is close to the maximum sustainable 

yield rate. Hence the need to take precautions for the 

sustainable management of this species. The present 

study provides important basic information on the 

population dynamics of the Brown Mussels in the coastal 

waters of Dakar. The results of this study could be used 

in developing a management plan for the sustainable 

exploitation of the Perna perna fishery in Senegalese 

coastal waters. 
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