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Abstract 

In Côte d’Ivoire, data on shark exploitation are limited to landing records. The high demand for fins in Asian markets 
has led to an increase in shark catches. Yet many species are threatened with extinction, despite their crucial role in 
maintaining the balance of marine ecosystems. This study aims to determine the growth parameters of Sphyrna lewini 
and to assess the level of stock exploitation off the Ivorian coast, in order to improve resource management. Between 
January 2019 and December 2020, the total length of 774 specimens between 90 and 235 cm was measured. From the 
length frequency data, growth and exploitation parameters were evaluated using FiSAT II software. The estimate 
reveals growth rate (K) at 0.17 year⁻¹, asymptotic length (L∞) at 266.75 cm, and growth performance index (Ø’) at 
4.083. The species undergoes total mortality (Z) of 0.92 year⁻¹, natural mortality (M) of 0.29 year⁻¹, and fishing 
mortality (F) of 0.63 year⁻¹, resulting in an exploitation rate (E) of 0.68. The specimens caught are mostly small in size, 
with a higher catch abundance during the major cold season.  The species is slow-growing. Sphyrna lewini’s stock in a 
state of overexploitation.  Maintaining the current fishing pressure could lead to stock collapse. Further study on 
reproduction and ecology of Sphyrna lewini in Côte d’Ivoire is necessary to identify the periods and areas of 
reproduction, with a view to creating marine protected area.  
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1. Introduction

Tropical oceans harbor rich biodiversity, including numerous shark species. Most of these sharks are apex predators 
that exert a significant impact on prey population sizes, as well as on the structure and composition of marine 
ecosystems [1]. Moreover, sharks are among the most threatened groups of marine fishes globally, mainly due to 
overfishing and habitat degradation [2; 3].  Furthermore, out of 134 species of sharks and rays associated with coral 
reefs, approximately two-thirds (59%) are threatened with extinction [4]. One of the greatest threats to the 
sustainability of shark populations is overexploitation, due to high global market demand for fins, meat, skin, and 
cartilage [5; 6]. This excessive pressure not only threatens the survival of shark populations but also disrupts the trophic 
levels of marine ecosystems [7]. Yet, sharks belonging to the subclass Elasmobranchii are considered the most 
vulnerable group of marine vertebrates [8; 9; 10]. Indeed, their life-history traits such as slow growth rates, late sexual 
maturity, and generally low reproductive potential make them particularly susceptible to overexploitation by both 
targeted and non-targeted fisheries [11; 12]. Hammerhead sharks are the second most abundant group in the 
international fin trade [13]. Among them, Sphyrna lewini stands out due to the high value of its fins, which contain a 
large number of ceratotrichia (fin rays), making it one of the most frequently traded species on the Hong Kong market 
[13 ;14].  Sphyrna lewini is a coastal and oceanic shark with a circum global distribution in tropical and temperate waters 
[15]. Following drastic population declines observed in several regions of the world, Sphyrna lewini has been classified 
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as 'Critically Endangered' on the IUCN Red List of Threatened Species [16]. In Côte d’Ivoire, sharks are caught as bycatch 
in artisanal fisheries, whose catches mainly consist of tunas [17]. The increasing exploitation of sharks in Côte d’Ivoire 
raises serious concerns about stock sustainability and the conservation of these vulnerable species. Sphyrna lewini is 
among the most commonly landed shark species by artisanal marine fishers in Abidjan [1].  However, in Côte d’Ivoire, 
information on the biological parameters, population structure, and exploitation levels of Sphyrna lewini remains very 
limited. Therefore, a study of growth parameters (size at maturity, growth rate, longevity) and exploitation rates is 
essential to fill these gaps. This study will help assess the status of Sphyrna lewini stocks in order to formulate regulatory 
management measures for the sustainable exploitation.  

2. Material and methods  

The study area corresponds to the Ivorian artisanal fishing zone, which extends from Cape des Palmes (8°W) to Cape 
Three Points (2°30’W). It is located 5 to 10 nautical miles offshore, beyond the continental shelf. The Ivorian artisanal 
fishing zone extends from Cape of Palms (8°W) to Cape of the Three Points (2°30’W), located 5 to 10 nautical miles 
offshore, beyond the continental shelf. Data were collected at the port of Abidjan and the Abobodoumé landing site, two 
key locations for fish landings. 

2.1. Material 

The biological material consists of Sphyrna lewini, commonly called the scalloped hammerhead shark. These sharks 
were obtained from artisanal fishery landings in Abidjan. The artisanal fishermen use motorized canoes and drift 
gillnets for fishing. Taxonomic keys were used to identify the different specimens [15; 18]. A measuring tape was used 
to measure the total length of each shark. The FiSAT II software was used to analyze the different size-frequency 
distributions recorded. 

2.2. Methods 

To assess the growth and exploitation parameters of Sphyrna lewini caught in Ivorian waters, the adopted methodology 
was based on the collection of size-frequency data and the analysis of fishing pressure. Data were collected monthly 
between January 2019 and December 2020 during artisanal fishery landings in Abidjan. A total of 774 specimens were 
sampled from catches made by fishermen using motorized canoes and drifting gillnets. These specimens were identified 
using taxonomic keys [15; 18]. Each shark was measured for total length to the nearest centimeter. Length frequencies 
were grouped into 5 cm size classes by month. The FiSAT II software was used to estimate the growth and exploitation 
parameters of Sphyrna lewini [19]. The seasonal abundance of the catches was also analyzed. 

The growth parameters were calculated using the mathematical model implemented in the FiSAT II software [19]. The 
asymptotic length (L∞) and the growth coefficient (K) were estimated using the ELEFAN I module of FiSAT II, version 
1.2.2 [20]. Individual growth was modeled using Von Bertalanffy equation, which expresses fish length as a function of 
age. The equation is as follows:       

 Lt = L∞ [1 – e -K (t - to)], Where:  
 Lt = total length of the fish at age t (in cm);  
 L∞ = asymptotic length (in cm),  
 the length the species would reach if it continued to grow indefinitely;  
 K = growth coefficient (year⁻¹), representing the rate at which the species approaches L∞;  
 t₀ = theoretical age at which the fish would have zero length (in years);  
 t = age of the fish at time t (in years). 

Based on the obtained values of K and L∞, the growth performance index (Ø’) was calculated using the equation of Pauly 
and Munro (1984):  Ø’ = log k + 2 log L ∞          

The theoretical age at zero length (t₀) was calculated using the empirical Equation [21]: log10(-to) = -0,3922 - 
0,2752log10 L∞ -1,038 log10K  

Longevity (tₘₐₓ), indicating the age at which 95% of the asymptotic length (L∞) is reached, was estimated using the 
next equation [22]: tₘₐₓ = 5(ln 2) / K. 

The age at first maturity (tₘ) was calculated using the next formula [23]:  
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 Log(tₘₐₓ) = 0.5496 + 0.957 log(tₘ). 

Regarding mortality parameters and the exploitation rate, these were estimated from the length-converted catch curve 
using the ELEFAN I module of the FiSAT II software. Total mortality (Z) was calculated using the following equation 
[20]: 

 

Were 

 N = number of fully recruited fish in length class i; 
 ∆ti = time required for the fish to grow through length class i; 
 t = average age of the fish in the length class with abundance N; 
 b = slope representing total mortality, with a change in sign. 

Natural mortality (M) was calculated using the following empirical equation [24]: 

Log(M)= -0,0066) - 0,279Log(L∞) + 0,6543Log(K)+ 0,4634Log(T) 

 M: natural mortality rate 
 F: fishing mortality rate 
 Z: total mortality rate; With an average annual water temperature of T = 26°C. 
 Based on the values of M and Z, the fishing mortality rate (F) was estimated using the next relationship [25]: Z 

= M + F.  

The fishing mortality was calculated using the formula:  F = Z - M. 

The exploitation rate was calculated using Gulland’s formula: E = F / Z. 

The exploitation rate (E) is used to assess the status of a stock based on its different values [26]. When the exploitation 
rate (E) equals 0,5, it indicates a stock in equilibrium, with maximum sustainable yield. If E < 0.5, the stock is 
underexploited, and if E > 0.5, it is overexploited. 

The ELEFAN I module, integrated into the FiSAT II software, was used to determine the recruitment pattern of Sphyrna 
lewini based on the collected length-frequency data [27]. The relative yield per recruit (Y’/R) and relative biomass per 
recruit (B’/R), at different levels of fishing mortality, were estimated using yield-per-recruit analysis [28].  

3. Results  

3.1. Size frequency distribution 

The histogram (Figure 1) shows the size-frequency distribution of Sphyrna lewini caught off the Ivorian coast between 
2019 and 2020. The size-frequencies of the captured individuals range from 90 cm to 235 cm, with an average size of 
160 cm. The overall frequency distribution shows a concentration of catches around the size classes between 150 cm 
and 170 cm, with a total of 373 individuals, representing 48.19% of the landed sharks. The modal class is [150–155 cm 
[ with a maximum of 109 individuals, followed by the [155–160 cm [ class with 94 individuals, the [160–165 cm[ class 
with 89 individuals, and the [165–170 cm[ class with 81 individuals. In contrast, the numbers are very low at the 
extremes of the distribution, particularly for small individuals (less than 120 cm) as well as for those measuring 200 cm 
or more. The largest observed size of Sphyrna lewini was 235 cm, while the smallest was 90 cm. 
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Figure 1 Histogram of size-frequencies of Sphyrna lewini caught off the Ivorian coast between 2019 and 2020 

3.1.1. Seasonal variation of catches 

The histogram (Figure 2) shows the number of Sphyrna lewini caught off the Ivorian coast according to the marine 
seasons. The highest numbers were recorded during the major cold season (MCS), from July to October, in 2019 and 
2020, with respective counts of 205 and 198 specimens. The warm seasons were the least productive. The lowest 
abundances were observed during the PSC (November and December), with 31 individuals in 2019 and 21 in 2020. 

 

Figure 2 Histogram of Sphyrna lewini numbers caught off the Ivorian coast according to marine seasons 

The parameters were calculated from size-frequency data of 774 Sphyrna lewini specimens. The main estimated growth 
parameters (L∞, K, t₀, tₘₐₓ, tₘ, and Ø’) are presented in Table 1. The asymptotic length (L∞) is 266.75 cm. The growth 
coefficient (K) is 0.17 year⁻¹, with a model fit score (Rn) of 0.354 (Figure 3). The theoretical age at birth (t₀) is estimated 
at -0.549 years. These obtained parameters allow the following Von Bertalanffy equation to be derived:  

Lt = 266,75 [1 – e -0,17 (t +0 ;549)]. 
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Figure 3 Growth curves of Sphyrna lewini caught between January 2019 and December 2020 off the Ivorian coast, 
based on the Von Bertalanffy growth model estimated using the ELEFAN I method in the FiSAT II software. L∞ = 

266.75 cm, K = 0.17 year⁻¹, Rn = 0.345 

The theoretical initial age (t₀) of Sphyrna lewini is estimated at -0.549 years. The species has a growth performance 
index (Ø’) of 4.083 and reaches sexual maturity at approximately 6.22 years of age. Its theoretical longevity is estimated 
at 20.39 years. 

Table 1 Growth parameters of Sphyrna lewini caught between January 2019 and December 2020 off the Ivorian coast 

Parameters Values 

L∞ (Cm) 266.75 

K (year-1) 0.17 

Ø’ 4.083 

Rn 0.345 

t0(year-1) -0.549 

Tmax (years) 

Tm (years) 

20.39 

6.22 

3.2. Exploitation parameters and mortality coefficients 

The mortality parameters and the exploitation rate determined in this study are presented in Table 2. The total mortality 
(Z) is estimated at 0.92 year⁻¹, while fishing caused a mortality (F) of 0.63 year⁻¹, and natural mortality (M) is estimated 
at 0.29 year⁻¹. These mortality rates yielded an exploitation rate of E = 0.68, which is higher than E₅₀ (0.385) as well as 
the reference threshold of 0.5 proposed by Gulland (Figure 4). The assessment of exploitation parameters of Sphyrna 
lewini in Ivorian waters reveals a high fishing pressure on the population. 
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Table 2 Mortality and exploitation parameters of Sphyrna lewini specimens sampled between January 2019 and 
December 2020 off the Ivorian coast 

Parameters Values 

Natural mortality (M) per year 0.29 

Fishing mortality (F) per year 0.63 

Total mortality (Z) per year 0.92 

Exploitation rate (E) 0.68 

 

 

Figure 4 Catch curve of Sphyrna lewini caught off the Ivorian coast based on length 

The selectivity curve of Sphyrna lewini reveals a size at first capture (Lc or L50) estimated at 151.07 cm (Figure 5). The 
size L25, at which 25% of individuals are caught, is estimated at 139.26 cm, while the size L75, corresponding to 75% of 
captures, is 162.89 cm. 

 

Figure 5 Capture probability (L25 = 139.26 cm; L50 = 151.07 cm; L75 = 162.89 cm) of Sphyrna lewini off the Ivorian 
coast 
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3.2.1. Recruitment 

Two recruitment periods occur during the year (Figure 6). The first recruitment peaks at 12.96% of individuals being 
replaced by new recruits in April.  The second, larger recruitment takes place in June, with a maximum of 15.85% of 
individuals replaced by new recruits. 

 

Figure 6 Estimation of the recruitment rates of Sphyrna lewini of the coast of Côte d’Ivoire. 

3.3. Stock assessment 

The analysis of the relative yield-per-recruit (Y’/R) curve for Sphyrna lewini reveals that the maximum Y’/R ratio is 
obtained at an Emax of 0.859(Figure 7). The marginal exploitation rate E₁₀ is 0.655. The exploitation rate (E₅₀) at which 
the relative biomass per recruit (B’/R) is reduced to 50% of the virgin stock is estimated at 0.385. The current 
exploitation rate remains slightly below the estimated maximum rate (Emax = 0.859). 

 

Figure 7 Catch curve according to the lengths of Sphyrna lewini of the coast of Côte d’Ivoire. 

4. Discussion 

The sizes of Sphyrna lewini specimens landed ranged from 90 to 235 cm, with a modal size class between 150 and 155 
cm. These results are consistent with observations of sizes ranging from 100 to 225 cm for Sphyrna lewini specimens 
caught between 2008 and 2011 in Ivorian waters [1]. The findings reveal that 48.19% of the landed Sphyrna lewini 
specimens measured between 150 and 170 cm. These individuals are generally smaller than those observed in the 
Northwest Pacific Ocean, where sizes ranged from 130 to 250 cm for females and from 140 to 200 cm for males [29]. 
This result indicates strong fishing pressure mainly on medium-sized individuals, accompanied by a scarcity of large 
specimens in the catches. The presence of individuals of subadult to adult size is frequent in artisanal or semi-industrial 



World Journal of Advanced Research and Reviews, 2025, 28(01), 1913-1923 

1920 

fisheries targeting or accidentally capturing coastal and pelagic sharks [1; 13].  Peak catches of Sphyrna lewini occur 
during the major cold season (MCS). This abundance results from favorable environmental conditions associated with 
coastal upwelling, which enhances marine primary productivity and increases prey availability [30; 31]. In fact, this 
period corresponds to the species’ seasonal migrations toward coastal areas, driven by feeding or reproductive needs 
[32; 33. In contrast, the decline in catches during warmer seasons could be explained by the migration of individuals to 
deeper waters, making them less accessible to fishing gear. The asymptotic length (L∞) of Sphyrna lewini observed in 
Ivorian waters exceeds that of specimens from tropical regions, estimated at 211.9 cm [34]. However, the asymptotic 
length (L∞) is lower than that of individuals from temperate zones, reaching up to 319.9 cm, as well as that of specimens 
from the east coast of Australia [34]. The scarcity of large specimens in the landings could explain this lower asymptotic 
length. Indeed, Ivorian artisanal fishers operate only along the coast. However, large individuals, particularly females, 
are likely to be found in deeper and/or offshore waters [35]. Estimation of the growth coefficient of Sphyrna lewini living 
in Ivorian waters reveals that this species grows slowly. Low growth rates have also been observed in Sphyrna lewini 
[36; 37]. In contrast to individuals from tropical areas (0.163 year⁻¹), specimens from temperate regions displayed a 
substantially lower growth rate of 0.093 year⁻¹ [35]. The growth performance index (Ø' = 4.083) indicates that Sphyrna 
lewini exhibits slow growth, typical of large coastal sharks. This value is consistent with those reported for specimens 
in Indonesia [38]. The present study estimates the natural mortality of Sphyrna lewini at 0.29 yr⁻¹, compared to a fishing 
mortality of 0.63 yr⁻¹. This high fishing pressure more than twice the natural mortality indicates potential 
overexploitation of the species. Increased vigilance is therefore necessary to prevent the extinction of this species. The 
size at first capture (L50 = 132.45 cm) is lower than the various sizes at sexual maturity of Sphyrna lewini reported in 
several studies. Males reach sexual maturity at 198 cm total length (TL) and females at 210 cm TL [39]. Furthermore, 
the size at maturity has also been estimated at 181 cm TL for males and 199 cm TL for females [40].  These findings 
indicate that the specimens captured in Ivorian waters are mostly immature individuals. Such exploitation is likely to 
reduce the species’ reproductive potential and compromise stock replenishment. This raises concerns regarding the 
sustainability of the population, as Sphyrna lewini is listed as "Endangered" by the IUCN due to its late maturity and low 
resilience [40]. The two main recruitment peaks, recorded in April (12.96%) and especially in June (15.85%), could 
indicate a seasonal reproductive strategy. However, in Kaneohe Bay, Hawaii, births occur throughout the year, although 
an increased intensity is also observed between April and October [41]. Moreover, a higher presence of juveniles was 
observed in coastal areas between May and July [42]. These recruitment peaks should be considered critical periods for 
the survival of juvenile cohorts and for the development of appropriate management strategies. Given the exploitation 
rate (E = 0.68), which exceeds the optimal exploitation threshold (E=0.5) defined [26]. This study highlights a situation 
of overexploitation that may compromise the natural replenishment of the Sphyrna lewini population.  

5. Conclusion 

Catches of Sphyrna lewini in Ivorian waters consist of medium-sized individuals, reflecting targeted fishing pressure 
likely to cause a demographic imbalance. These catches show seasonality, with peak abundances during the major cold 
season (July to October), and significantly lower numbers during the warm season, particularly in November and 
December. The species is characterized by slow growth and displays two annual recruitment periods, with a first peak 
in April, followed by a second, more pronounced one in June. Furthermore, the species experiences fishing mortality 
that is twice as high as natural mortality, indicating intense exploitation pressure. The Sphyrna lewini population is in a 
state of overexploitation, with an exploitation rate exceeding the estimated maximum sustainable rate off the Ivorian 
maritime coast.  
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