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Abstract 
This study on growth, exploitation and mortality parameters of the mangrove oyster in the Grand-Lahou 

Lagoon was conducted from February 2019 to January 2020. Thus, a monthly sampling of 60 oysters 

coupled with water temperature measurement was carried out. Parameters were determined from the 20 

mm size frequencies and integrated into the FiSAT I I software. Oysters from the Grand-Lahou lagoon 

have an asymptotic length of 142 mm, a growth coefficient (K) of 0.85 year-1, and a growth performance 

index of 2.234. Total mortality, natural mortality and fishing mortality are 2.26 year-1, 2.01 year-1and 

0.25 year-1, respectively. Survival rate is 0.104 year-1, the exploitation rate (E) 0.11 and longevity (tmax) 

recorded is 3.53 year-1. Oyster recruitment is continuous throughout the year with two peaks, the largest 

in April and the lowest in October. Results from this study could contribute to the sustainable 

exploitation of this aquatic resource. 
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1. Introduction 

Coastal and estuarine areas are major ecological and economic importance (Costanza, 1997) 
[1]. Among the species which live in these areas are oysters that are of major importance in 

terms of food (Jouzier 1998) [2], ecological (Tamburri et al., 2008) [3] and economic (Baron 

1992) [4]. The species Crassostrea gasar, also known as mangrove oysters, is present on most 

of lagoon coasts of Côte d’Ivoire and is a significant source of protein and income for Ivorian 

populations, particularly those of coastal areas (Yapi et al., 2016) [5]. Unfortunately, studies by 

these authors at the Ebrié and Aby lagoons show growth problems that are likely due not only 

to uncontrolled exploitation of the stock (Yapi et al., 2016) [5] but also to a level of water 

pollution in these lagoons (Scheren et al., 2004) [6]. In this context, it is therefore appropriate to 

find other suitable sites meeting the optimum conditions for the sustainability of this species, 

which is within reach and whose breeding would be of great benefit as regards its contribution 

to the self-sufficiency of animal proteins. The aim of this study is to study the dynamics of 

oyster populations of the Grand-Lahou lagoon.  

 

2 Materials and methods  

2.1 Study area  

The present study was carried out at the level of the lagoon coasts of Grand-Lahou, more 

precisely between the villages of Groguida and Lahou-Kpanda. Figure 1 shows the geographic 

location of the sampling area 
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Fig 1: Geographical location of the sampling area 

 

2.2 Sampling and data processing  

The study of oyster population dynamics in the Grand-Lahou 

lagoon required a monthly sampling of 60 oysters over a 12-

month period from February 2019 to January 2020. These 

samples were coupled with the measurement of water 

temperature at the sampling points. The specimens from these 

samples were then subjected to linear measurements of the 

waist using a caliper of maximum size 200 mm and 1 mm 

graduation. Thus, size classes of 20 mm were established for 

each month of sampling with these monthly size classes, size 

frequencies were established to facilitate the study of 

population structure. Thus, for the study of linear growth, the 

different size classes were subjected to the Von Bertalanffy 

equation using FiSAT II software (Gayalino et al., 1996) [7]. 

This equation is of the following form:  

𝐋𝐭 = 𝐋∞(𝟏 − 𝒆−𝑲(𝒕−𝒕𝟎)). In this equation, Lt is the length at 

time t, L∞ is the asymptotic length; K is the growth 

coefficient and t0 is the age of the oyster assumed at size t0. 

Next, the ELEFAN 1 (Electronic Size Frequency Analysis) 

routine of the FiSAT II program (FAO ICLARM Stock 

Assessment Tools) was used to estimate L∞ and K (Von 

Bertalanffy, 1938) [8].  

 

2.2.1 Growth Performance Index (Φ’)  

The growth performance index is used to assess linear growth 

(Φ’). It is determined from the Pauly and Munro (1984) [9] 

equation using the formula:  

𝚽’ = 𝐥𝐨𝐠𝟏𝟎(𝐊) + 𝟐𝐥𝐨𝐠𝟏𝟎(𝐋∞)  

Modal progression is analysed using the method of 

Bhattacharya (1967) [10]. This method is based on the fact 

that a distribution, which does not have an empty class, can be 

transformed into a negative slope straight line, by placing the 

center of abscissas classes on the ordinate. The quantity 

ΔLnN were the difference of neperian logarithms of 

consecutive frequencies in the distribution.  

The equation of Bhattacharya (1967) [10] is as follow: ΔLn N = 

Ln N (X + h) - Ln N(X). In this equation N(x+h) is the size of the 

length class (X + h); N(X) the size of the previous length and 

class center (X); h class interval and X class center.  

 

1.2.2 Longevity (tmax)  
The longevity (tmax) of oysters, at which 95% of asymptotic 

size L∞ is reached, is estimated through the Pauly equation 

(Pauly, 1980a) [11]:  

 ;  
K: growth coefficient  

 

2.2.3 Recruitment  

Recruitment is characterized by the entry of a smaller size 

group into the stock of the potentially exploitable size group. 

This size is determined from the size frequency distribution 

(Ahouansou, 2011) [12]. 

 

2.2.4 Mortality parameters and exploitation rate  

Total mortality (Z) is estimated from the capture curve. This 

curve is based on length in a sample of population that is 

assumed to be stable (size frequency data with a constant size 

class). It uses for its realization, the parameters L∞, K et T. 

Natural mortality (M) is determined by Pauly's method 

(Pauly, 1980b) [13]. The mortality from picking (F) is 

determined by the difference between Z and M. The 

Parameters required for determining Z, M and F are L∞, K 

and T (annual habitat temperature average in °C). The 

exploitation rates (E) and survival rates (S) of populations are 
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determined from the empirical formula of Pauly (1980a) [13] 

and Gayanilo et al. (1996) [14] according the following 

formula:  

𝐄 = 𝐅/𝐙 et 𝐒 = 𝐄𝐱𝐩 (−𝐙) à l’âge t0  

Age t0 is calculated from Pauly’s equation (Pauly, 1979) [15]:  

𝐋𝐨𝐠𝟏𝟎 (−𝐭𝟎) = − 𝟎, 𝟑𝟗𝟐 − 𝟎, 𝟐𝟕𝟓𝐥𝐨𝐠𝟏𝟎 (𝐋∞) − 𝟏, 𝟎𝟑𝟖 

𝐥𝐨𝐠𝟏𝟎 (𝐊)  

 t0: theoretical conventional age for which the oyster has a 

null length; L∞: asymptotic size and K: growth rate.  

 

2.2.5 Virtual Population Analysis  

Virtual Population Analysis (VPA) describes the state of 

exploitation and provides reliable assessments of stock 

management. It is used to estimate stock size and picking 

mortality. It is based on the defined size classes, Ft (0,5), M, 

L∞, K, recruitment and allometry coefficients, a and b of the 

length-weight relationship.  

 

2.2.6 Relative efficiency per recruit (Y’/R)  

The relative efficiency per recruit is expressed by the model 

of Beverton and Holt (1966) [16]. It is used to determine the 

ratio of efficiency to picking effort based from first catch 

sizes. The expression Y’/R is:  

  
Lc: first capture size L∞: asymptotic length  

The efficiency of biomass per recruit was determined by the 

following formula:  

(𝐁’/𝐑) = (𝐘’/𝐑) 𝐱 𝐅 
FiSAT II 1.1.0 allowed the application of the model of 

Beverton and Holt (1966) [16].  

 

 3 Results  

3.1 Growth curve  

The growth curve was represented from the values of the 

parameters determined through the distribution of the 

restructured lengths in figure 2. The asymptotic length (L∞) 

reachs by Grand-Lahou lagoon oysters is 14.2 cm.  

 

 
 

Fig 2: Growth curves obtained from size frequency histograms of Crassostrea gasar 

 

3.2 Growth coefficient K and Growth Performance Index 

(Φ’)  

The figure 3 presents the estimated value of the annual growth 

coefficient K and the growth performance index (Φ’) for 

oysters in the Grand-Lahou lagoon. It appears that the oysters 

in this lagoon have a growth constant K = 0,85 year-1 and a 

growth performance index Φ’ = 2,234.  

 

 
 

Fig 3: Growth coefficient and growth performance index of Grand-Lahou oyster Crassostrea gasar 
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3.3 Recruitment and longevity of Grand-Lahou lagoon 

oysters  

Two recruitment peaks were recorded in the oyster stocks 

sampled in the Grand-Lahou lagoon. The first recruitment 

runs from February to June. The recruitment percentage for 

this period is 42.46% with a maximum recruitment level of 

12.85% in April. The second, longer recruitment takes place 

from July to December with a global recruitment percentage 

of 57.55%. The recruitment peak for this period is 19.08% 

and takes place in October. The month of January does not 

record any recruitment (0%). The figure 4 shows the 

evolution of oyster recruitment in the Grand-Lahou lagoon 

during the study period. Age t0 and longevity t(max) were -0.53 

and 3.53 years respectively.  
 

 
 

Fig 4: Recruitment of oysters in the exploitable population in the locality of Grand-Lahou for the period from February 2019 to January 2020 

 

3.4 Mortality and exploitation parameters  

The figure 5 shows the capture curve for oysters from the 

Grand-Lahou lagoon at an average annual temperature of 

29°C. For this period, the total mortality (Z) determined is 

2.26 year-1, the natural mortality (M) is 2.01 year-1, and the 

fishing mortality (F) is 0.25 year-1. The exploitation (E) and 

survival (S) rates are 0.11 and 0.104 year-1, respectively.  

 

 
 

Fig 5: Catch curve based on oyster size in Grand-Lahou localities for the period February 2019 to January 2020. 

 

3.5 Virtual Population Analysis (VPA)  

3.5.1 Capture probability and first capture size  

The figure 6 shows the catch probabilities of oysters from the 

Grand-Lahou lagoon. The first LC or L50 catch size of the 

oysters of the Grand-Lahou lagoon is estimated at 59.50 mm. 

The size for which the probability of capture is 25% (L25) is 

52 mm. The size for which the probability of capture is 75% 

is 67.10 mm.  
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Fig 6: Probability of catching oysters from Grand-Lahou localities: ( ) 

 

3.5.2 Reconstructed population and stock vulnerability 

size  

 The figure 7 shows the reconstructed population based on 

size data collected depending on exploitation parameters. The 

proportion of survivors decreases inversely with increasing 

size. The same is true of natural mortality. As regards catches, 

they affect individuals of all sizes. However, the most 

captured individuals are those larger than 70 mm. Contrary to 

survivors, fishing mortality increased with size to its highest 

point (most vulnerable size) in individuals 115 mm in size. 

The size decreases progressively in individuals from more 

than 115 mm up to 120 mm. Finally, the size remains stable in 

individuals over 120 mm. 

 

 
 

Fig 7: Virtual representation of oyster biomass based on size of individuals studied 

 

3.5.3 Relative analysis Y/R and B/R by using the warhead 

of selection (Model of Beverton and Holt)  

The plots of Y’/R and B’/R as a function of E (F/Z) made it 

possible to estimate the exploitation rates Emax, E0.1 and 

E0.5. Figure 8 shows the exploitation level of oysters in the 

Grand-Lahou lagoon from February 2019 to January 2020. 

The value of the exploitation rate with maximum production 

yield (Emax) is 0,704 while the value of the exploitation rate 

(E50) for which the stock is reduced by 50% is 2.6 times less 

than that of Emax. Finally, the exploitation rate for a Y’/R 

increase of 1/10th (E10) is 0.602.  
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Fig 8: Probability of capture of Grand-Lahou oysters 

 

4. Discussion  

The growth coefficient (K) obtained in the Grand-Lahou 

oyster populations is 0.85 year-1. Similar work has been 

carried out by Yapi et al. (2017) [17] in the Ebrié and Aby 

lagoons, specifically in the towns of Assinie, Grand-Bassam 

and Azito. The growth coefficient of this study, although 

lower, is similar to that obtained at Grand-Bassam (0.88 year-

1). However, it is lower than that of Azito (1.80 year-1) and 

higher than that of Assinie (0.58 year-1). The Growth 

Performance Index Φ’ (2.234) obtained is lower than Φ’ of 

oysters from the abovementioned localities. However, Grand-

Lahou oysters recorded a greater asymptotic length than that 

obtained in the study of Yapi et al. (2017) [17] with a value of 

142 mm. Variations in the population dynamics of oysters 

from these different lagoons would be related to their 

environment, particularly physicochemical conditions. This 

affirmation was supported by Yapi et al. (2017) [17]. 

Differences in oyster performance between study sites were 

attributed to the physicochemical parameters of the water, in 

particular, to stress. The same observation was made by 

Nadira (2009) [18] during work on mussels. Several studies 

have shown that bivalve growth is influenced by the 

nutritional quality of the environment (Utting, 1986) [19] and 

environmental stresses (Yapi et al. (2017) [17]; Bayne et al., 

1999 [20]; Etchian et al., 2004 [21]). Most organism use their 

energy resources to activate their defence mechanisms during 

fluctuations of environmental factors. Yapi et al. (2017) [17] 

have shown that C. gasa oysters from Azito Ebrié lagoon 

direct most of their energy to restoring and maintaining their 

physical condition. Grand-Lahou oysters have a means 

lifespan (t0 = -0.53 year-1 et t(max): 3.53 year-1). The specimen’s 

longevity value is similar to that obtained at Grand-Bassam 

(3.47 years by Yapi et al. (2017) [17]. This result would lead to 

the conclusion that Grand-Lahou lagoon would be in 

physicochemical conditions similar to those of the Ebrié 

Lagoon, but particularly at Grand-Bassam level. Kambiré et 

al. (2014) [22] indicated that anthropogenic activities such as 

domestic waste, agricultural soil leaching and illegal gold 

panning sites upstream of the Bandama river would pose a 

risk of pollution of the Grand-Lahou lagoon with which the 

Bandama river communicates. The recruitment of young 

oysters into the exploitable stock usually takes place during 

the rainy season. During this period, the level of the lagoon 

increases considerably and is provided with nutrients. This 

observation is consistent with the recruitment of C. gasar in 

the Assinie lagoon and contradictory in the Azito and Grand 

Basam lagoons (Yapi et al., 2017) [17]. The unsynchronized 

recruitment time would be related to the difference in growth 

rate values. 

In this study, the total mortality values and the exploitation 

rate (E) are low. Oysters are under exploited in the Grand-

Lahou lagoon. The low mortality rate of oysters reflects a 

lower level of pollution in the lagoon. Oysters are used by 

local fishermen as bait rather than human consumption. Our 

results are controversial in Azito, Grand Bassam and Assinie. 

In these communities, total mortality and exploitation rates 

are very high and could be attributed to pollution and fishing 

(Yapi et al., 2017) [17].  

The estimated first capture size (LC or L50) is 57 mm and is 

less than the more vulnerable size (115 mm). This situation is 

interesting because individuals will have time to procreate 

before being captured. Reproduction will therefore favour the 

maintenance and renewal of the stock. Our results are 

contradictory to those obtained by Yapi et al. (2017) [17] in 

Azito oysters. In this locality, the LC (98.36) is substantially 

equal to the average size exploited (99 mm) and could result 

in the extinction of this fishery resource.  

 

5. Conclusion  

This study revealed that the mangrove oyster Crassostrea 

gasar is under exploitation in the Grand-Lahou lagoon with 

an exploitation rate below the threshold of 0.5. The growth 

and mortality parameters are enough good with an asymptotic 

length of 142 mm. Recruitment is continuous throughout the 
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year with two peaks in April and October. Oysters in the 

Grand-Lahou lagoon have a longevity of 3.53 years. This 

study would make it interesting to use the data obtained for 

sustainable stock management.  
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