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Abstract 

The population structure, growth, mortality, and exploitation rate of big-eye grunt Brachydeuterus 

auratus were examined from the continental shelf of Côte d’Ivoire (West Africa) between August 

2016 and July 2018. This study provides results on fishery dynamics parameters to contribute to 

estimating the stock assessment of this fish species. Monthly length-frequency data were collected 

and analyzed using the Stock Assessment Tools-II (FISAT II) software. The total lengths ranged 

from 8.76 to 24.56 cm, the dominant length group ranged from 15 to 16 cm (16.9%). The length-

weight relationship parameters were W = 0.00872TL3.16 (r2 = 0.94). Von Bertalanffy parameters 

were estimated at asymptotic total length (L∞) = 24.68 cm, coefficient of growth rate (K) = 0.46 

year-1, growth performance index (Ø’) = 2.45, time at which length equals zero (t0) = -0.38 year. 

Mortality parameters were calculated as a total mortality rate (Z) = 1.84 year-1, the natural mortality 

rate (M) = 1.10 year-1, and fishing mortality rate (F) = 0.74 year-1. The exploitation rate (E) = 0.40 

year-1 was lower than the optimal level, indicating that the Brachydeuterus auritus fishery is not 

overexploited. 
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Introduction 

The big-eye grunt, Brachydeuterus auritus (Valenciennes, 1831) is a marine species, gregarious of 

the Haemulidae family (formerly Pomadasyidae). Demersal to semi-pelagic, it is very common on 

the Western coast of Africa from Mauritania to Angola. Occasionally, extending northwards to 

Morocco (FAO, 2020), it is a benthopelagic fish species that inhabits coastal waters. In inshore 

waters, inhabits soft, sandy, and muddy bottoms, its distribution ranges between 10 – 100 m in depth 

(Schneider, 1990) but it is most commonly found between 30 and 80 m (Adebiyi, 2013). This 

species feeds on invertebrates and small fishes (Ali et al., 2018).  

Brachydeuterus auritus is one of the abundant and wildly distributed demersal and semi-pelagic fish 

species in Côte d’Ivoire coast waters (Sylla et al., 2017), it is also economically important in both 

the coastal artisanal fisheries and industrial fisheries. 

National production practically decreased during the decade 2000 to 2010 compared to the 

decade 1990 to 2000. Indeed, this fell from 95,000 tons in 1990 to 81,000 tons in 2000 against the 

production of 49,737 tons in 2010 (DAP, 2011). Côte d’Ivoire average annual fish production was 

estimated at 60,000 tons, mainly pelagic fish, which accounted for 70% of catches (DAP, 2017). 

According to the FAO study made on the state of the world’s fisheries, the Eastern Central Atlantic 

with the Gulf of Guinea had displayed a high percentage (42%) of overexploited stocks (FAO, 

2018). Several alarm signals, drawn by different experts asserted that the fish stocks decrease 

dramatically in the last 40 years and have predicted that the decline of fish stocks will continue into 

the future. According to them, no fish stocks are expected to be underexploited within 20 years (Daniel 

Pauly & Zeller, 2017). Good management of fisheries is needed to protect marine fish resources because 

many societies are dependent on these resources. The information on the dynamic, age, growth and 

reproductive biology of these fish is of great importance for the management and sustainable 

exploitation of fish stocks. 

In many parts of West Africa and the Gulf of Guinea, several studies have already been undertaken 

on the ecology, biology, age, and growth (Abbey et al., 2017; Adebiyi, 2012a, 2012b, 2013; Ali et 

al., 2018; Amponsah et al., 2017; Asabere-Ameyaw, 2001; Samb, 2003; Sedzro & Jurado-ruzafa, 

2018) of this species. 

In Côte d’Ivoire no study on age and growth has been done since the work of (Barro, 1976) and 

there are few reports on stock assessment  (Konan et al., 2015), reproduction (Sylla et al., 2016), 

and histology (Kouassi et al., 2017). In the Ivorian waters, commercial species fisheries 

management requires updated information but due to the lack of such data on the assessment of 

fisheries, it is important to undertake a study of the population dynamic of Brachydeuterus auratus. 

The present study aims to determine the population dynamics parameters of this species. 
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Information from this study will contribute to the sustainable management of this species within 

Côte d’Ivoire’s coastal waters. 

Materials and methods 

The Ivorian oceanic zone (Fig. 1) is bordered to the north by the Gulf of Guinea Shoreline stretching 

from Cape Palmas and the Cape Three Points. The Ivorian fishing area is located between latitudes 

3°N and 5°N and longitudes 2°W and 8°W. The shoreline is 550 km long with a narrow continental 

shelf of 10,200 km² and is characterized by a series of sandy beaches forming a wide arch on to the 

Atlantic Ocean (Le Loeuff et al., 1993). According to (Colin, 1988), coastal upwelling occurs 

seasonally along the shoreline from July to October (the major event) and from January to February 

(the minor event). 

 

Figure 1. Map showing the Continental shelf of Côte d’Ivoire (Arra et al., 2020) 

Data collection  

Samples of Brachydeuterus auritus were purchased from industrial trawlers’ catches and artisanal 

gill nets along the coast of Côte d’Ivoire. The specimens were sampled monthly from August 2016 

to July 2018 at the fishing harbor of Abidjan and the artisanal fishery of Grand-Bassam. The Total 

length (TL) of the samples was recorded to the nearest 0.1 cm and the weight (W) was recorded to 

the nearest 0.1 0.01 g.  

Length frequency distribution 
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The fish were grouped into different size classes of one (1) cm interval. And then, MS Excel 2016 

was used for data treatment and to determine the length frequency. During the study, a total of 974 

fish specimens of Brachydeuterus auritus were measured for the length-frequency data.  

Estimation of the Length-Weight Relationship  

The total length and body weight of fish was used for the length-weight relationship. The length-

weight relationship was calculated using the regression equation (Froese, 2006):  

W = a *TLb 

where W = total body weight of fish (g), TL = total length of fish (cm), “a” = regression constant, 

“b” = regression coefficient; it’s also allometric growth coefficient. The value of “b” provides 

information on the fish growth type. The association degree between Length–Weight variables was 

calculated by the correlation coefficient (R2) and its statistical significance level was estimated 

(Santos et al., 2002). 

Log W = Log a + b Log TL 

If b = 3, it means that the growth is isometric and when b ≠ 3, the growth is allometric (negative 

allometric if b < 3 and positive allometric if b > 3).  

Estimation of Growth parameters 

To estimate the growth parameters (L∞, K and t0) of Brachydeuterus auritus, The von Bertalanffy 

growth function was analyzed using the ELEFAN-I routine of FISAT II (FAO-ICLARM Stock 

Assessment Tools-II). The von Bertalanffy growth function (Gayanilo et al., 2005), is expressed as:  

TLt = TL∞ (1– e– k(t-t0)) 

Where TLt is the predicted length at age t, L∞, the asymptotic length, K, the grow coefficient and 

t0, the theoretical age at length zero calculated based on Pauly (1979) as: 

Log10 (– t0) = – 0.392 – 0.275Log10 L∞ – 1.038 Log10 K.  

The growth performance index Phi (Ø’) of the population in terms of the length according to the 

method of Pauly and Munro (1984) (Munro & Pauly, 1983) was estimated as:  

∅′ = log10K + 2log10L∞.  

The longevity (tmax) of Brachydeuterus auritus was calculated from the formula: 

tmax = 3/K + t0 

Estimation of Mortality Rates 

The total instantaneous mortality (Z) was calculated using the FISAT II software by a linearized 

length converted catch curve as defined by Pauly (1984): 

Ln (Nt / Δt) = a + bt 
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where N is the number of individuals of relative age (t) and Δt is the time needed for Brachydeuterus 

auritus to grow through a length class i. The natural mortality rate (M) was computed using the 

empirical equation of Pauly (1980) at a mean surface temperature (T) of 26 °C (Konan et al. 2015): 

Log10 M = – 0.0066 – 0.279 log10 L∞ + 0.6543 Log10 K + 0.4634 Log10T  

Fishing mortality (F) was obtained by subtracting M from Z and exploitation rate (E) was estimated 

using Beverton and Holt’s equation (Guilland, 1971) as: 

E =F/Z = F/ (F + M) 

An E close to 0.5 is considered to describe an optimal level of exploitation, whereas E > 0.5 refers 

to a state of over-exploitation (Tesfaye & Wolff, 2015). The biological reference points which were 

defined as a precautionary limit reference point (Flimit) were computed as Flimit = (2/3) * M and the 

precautionary target reference point (Fopt) was calculated as Fopt = 0.5*M (Patterson, 1992). 

Recruitment Pattern 

Recruitment is obtained using restructured data from a time series of length frequency. The 

recruitment model is obtained by projecting the length-frequency data back on the time axis using 

the VBGF growth parameters L∞, K, and to (Moreau & Cuende, 1991).  

Probability of capture   

The length at first capture is obtained by plotting the cumulative probability of capture against mid-

length, and a resultant curve was obtained. The length at first capture (Lc) is defined as the mean 

total length at which 50% of the fish entering the gill nets were caught, it was taken as corresponding 

to the cumulative probability at 50%. It was estimated by the procedures of and (Sparre & Venema, 

1998), and it was determined by using the equation of Beverton and  (Beverton & Holt, 1957):  

LC = [TL – K(TL∞ – TL’)]/Z 

Where Lc is the length at first capture, TL' is the mean length of fish in the catch sample. 

Virtual Population Analysis ( VPA) 

Length-structured virtual population analysis (VPA) was also carried out from relevant information 

produced and cohort analysis (Gayanilo et al., 2005).  

Relative yield per recruit and relative biomass per recruit  

Relative yield per recruit (Y/R) and relative biomass per recruit (B/R) values as a function of E were 

calculated from the estimated growth parameters and the probability of capture by length (Pauly & 

Soriano, 1986). As a result, the maximum allowable limit of exploitation (Emax) giving maximum 

relative yield-per-recruit (MSY=Maximum Sustainable Yield), the exploitation rate at which the 

marginal increase in relative yield-per-recruit is E0.1, (10% of its virgin stock) and E0.5, the 
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exploitation rate corresponding to 50% of the unexploited relative biomass per- recruit (B/R) 

(TRP=target reference point) were computed. 

Results 

Length Composition 

The total length of Brachydeuterus auritus (N = 974) collected from August 2016 to July 2018 

ranged from 8.76 (9.20 g total weight) to 24.56 cm (204.60 g total weight). The mean total length 

was 24.14 cm ± 0.23 cm. The length-frequency distribution showed unimodal distribution. The 

modal size class was [15-16] cm with 14.58% frequency (Fig. 2). 

 

Figure 2. Length frequency distribution of Brachydeuterus auritus 

Length-weight relationship 

The graphic representation of the estimated length-weight relationship (Fig. 3) provided a good fit 

for Brachydeuterus auritus data as, W = 0.0872TL3.16, (r2 = 0.94). This study’s results showed that 

the slope of the regression equation for this species was significantly different (P < 0.05) from the 

isometric value of 3 depicting a positive allometric growth. 

MT = 0.00872TL 3.16   (r 2 =0.94 ; p<0.05)
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Figure 3. Length Weight Relationship of Brachydeuterus auritus 

Growth parameters 

Figure 4 the restructured length frequency of Brachydeuterus auritus growth curves. The asymptotic 

length (L∞), and the annual growth coefficient (K) assessed through the K-scan technique ELEFAN 

I routine, were 24.68 cm and 0.46 year-1, respectively. The growth performance index (Ø’) was 

calculated to be 2.45, the age at zero length was estimated to be - 0.38 years and the longevity (tmax) 

was 6.15 years. The Von Bertalanffy equation for growth in length of Brachydeuterus auritus 

derived from the parameters obtained in the present study is written as follows:  

TLt = 24.68* (1– e – 0.46(t-0.38)
) 

 

Figure 4. The length-frequency data and the growth curves for Brachydeuterus auritus  

Mortality rates and Exploitation ratio  

The total mortality rate (Z), natural mortality rate (M) and fishing mortality rate (F) were esteemed 

as respectively 1.84 year-1, 1.10 year-1
 and 0.74 year-1

 (Fig. 5). The exploitation rate (E) was 0.40 

which was lower than the Emax of 0.75 obtained from the selection curve, indicating under 

exploitation of the species Brachydeuterus auritus. The fishing mortality rate (F) was above the 

precautionary target reference point (Fopt = 0.55 year-1) and slightly equal to the precautionary limit 

reference point (Flimit = 0.73 year-1) 
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Figure 5. Length-converted catch curve output for Brachydeuterus auritus 

Recruitment Pattern 

The recruitment pattern showed that Brachydeuterus auritus was recruited continuously throughout 

the year in the fishery (Fig. 6). The major recruitment occurred from May to June peaking in June 

(18.24%) and the minor one was observed in August-September. The mid-length of the lower length 

class (8.5 cm) was used as a length at first recruitment (Lr) in the sampled data. 

 

Figure 6. Recruitment pattern of Brachydeuterus auritus 

 

Probability of capture 

The length at first capture (Lc), length at 50% of catch probability was estimated at 15.28 cm, which 

corresponds to an age (tc) of 1.60 years. The lengths at 25 % (Lc25), 75 % (Lc75) of catch probability 

were estimated as 14.43 cm, and 16.18 cm respectively (Fig. 7). 
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Figure 7. Probability of capture estimation of Brachydeuterus auritus 

Virtual Population Analysis 

The length-structured VPA (Fig. 8) computed by the FISAT program indicated that the main loss 

in the stock at 8 cm to 14 cm size was due to natural causes. Results revealed that the majority of 

Brachydeuterus auritus in the length group [19-21] cm was more vulnerable to the fishing gear, and 

the highest peak of fishing mortality (F = 1.07 year-1) occurred at length 19.5 cm. The terminal 

fishing mortality was (Ft = 0.74 year-1).  

 

Figure 8. Virtual Population Analysis for Brachydeuterus auritus 

Relative Yield and Relative Biomass per Recruit 

Figure 9 shows the relative Y’/R and B’/R analysis estimated using Lc50/L∞ = 0.691 and M/K = 

2.39 as input for the knife-edge selection procedure. The maximum allowable limit of exploitation 

level (Emax) that gives the maximum relative Y’/R was 0.75. The exploitation level (E0.1) at which 

the marginal increase in relative yield per recruit is 10% of its value was 0.67 whereas the 
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exploitation level (E0.5) which corresponds to 50% of the relative B’/R of an unexploited stock was 

0.40. 

 

 

Figure 9. Yield-per-recruit and biomass-per-recruit for Brachydeuterus auritus 

Discussion 

The growth coefficient b of the length-weight relationship generally lies between 2.5 and 3.5 

(Froese, 2006). Length-weight relationship in this study indicated that Brachydeuterus auritus 

showed positive allometric growth (b = 3.16).  Fiogbe et al. (2003) obtained the same growth type 

from Benin waters for Brachydeuterus auritus, contrarily, (Konan et al., 2015) obtained isometric 

growth for the species in the coastal water of Côte d’Ivoire. However, Adebiyi (2013) in Nigeria 

and Amponsah et al. (2017)  in Ghana reported negative allometric growth. This difference between 

the values of the allometric coefficient b could be explained by differences in the environmental 

factors, the physiological conditions of the fish at the time of sampling (gonad development and 

nutrient conditions), food competition in the ecosystems, and the different size ranges observed as 

underlined by Froese (2006); Kalhoro et al. (2014). 

The length at infinity obtained in this study (24.68 cm) was lower than 25.3 cm and 25.2 cm 

recorded respectively by Barro (1968), and Konan et al.((2015) respectively in Côte d’Ivoire waters 

suggesting that the stock is relatively exploited at the small size. The length at infinity obtained was 

higher than the 21.53 cm and 22.30 cm reported by Amponsah et al. (2017) and Samb, (2003) from 

Ghana and Senegal respectively, indicating possible fishing pressure in these countries.  

Further, the growth coefficient K obtained in this study (0.46 year-1) is comparable to that obtained 

by Barro (1968) and Raitt and Sagua (1972), but lower values of K ranging from 0.58 to 0.73 year-

1 were reported in different study areas by other authors such as Konan et al. (2015); Bannerman 

and Cowx (2002), Fontana and Bouchereau (1976) and Raitt and Sagua (1972). Further, the growth 
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performance index (∅′ = 2.45) recorded during the present study is close to those of Bannerman et 

Cowx (2002) in Ghana (Ф' = 2.41), Samb (2003)  in Senegal (∅′ = 2.47) and relatively lower than 

the estimate by Konan et al. (2015) and Fontana and Boucherau (1976) in Congo, possibly due to 

the difference in L∞ and K computational procedure  (Dinh et al., 2015).  Many studies have 

documented differences in growth parameters of the same species in different geographical areas, 

which might be due to the heterogeneity of habitat and diversity of genetics (Parra et al., 2009; 

Wootton, 1998). 

The total and natural mortality estimated in the present study were slightly different from those of 

Konan et al. (2015), 2.01 year-1 and 0.74 year-1 respectively, but these estimations were higher than 

those of Barro (1976) estimated as 1.56 year-1
 and 0.35 year-1 respectively. However, these estimates 

were lower than those presented by Bannerman and Cowx (2002), Z = 2.58 year-1 and M = 1.43 

year-1 using the same method. The exploitation rate (E) estimated in the present study is higher than 

the value estimated by Samb (2003) and slightly higher than the one recorded by Konan et al. (2015). 

However, it is slightly lower than the values estimated by Amponsah et al. (2016) and highly lower 

than Bannerman and Cowx, 2002.  The reason for the variation in these values in different regions 

may be due to the ecological differences, physiological conditions of fish, feeding variability, 

fishing pressure, and data resources (Biswas, 1993). 

The results obtained from the length-structured VPA analysis shows that the fishing mortality rate 

was highest for the largest length and low for small-sized fish species. The fishing mortality rates 

differed about the mean length and varied widely during the lifespan of the fish (Mirza et al., 2012).  

Conclusion 

This study provides information on the growth and exploitation parameters of Brachydeuterus 

auritus from  the coastal waters of Côte d’Ivoire. The recruitment of this species takes place 

throughout the year. Brachydeuterus auritus is a short-lived species of fish with a maximum of 6.15 

years. The exploitation rate of 0.40 indicated the stock is not overexploited. Effective measures are 

necessary to ensure sustainable management to avoid over-exploitation of the stock of this species. 
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