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INTRODUCTION  

 

The European hake Merluccius merluccius (Linneaus, 1758) is a demersal 

teleostean species that belongs to the order Gadidae and family Merlucidae. It has a wide 

geographical distribution in the eastern Atlantic ocean from Norway and Iceland to 

Mauritania, including the Mediterranean Sea (Froese & Pauly, 2016). M. merluccius 

occupies different habitats, extending from only a few meters along the coastline to 1000 

m depth (Cohen et al., 1990; Philips, 2012). It is a carnivorous species, feeding on fish, 

crustaceans, algae, and plant detritus (Cohen et al., 1990; Philips, 2012). 

The European hake is a species of high commercial value, highly prized by 

fishermen and fishing professionals (Aldebert & Carriès, 1989; Martin, 1991; Oliver 

& Massutí, 1995) and is intensively exploited in both the Atlantic and Mediterranean 

basins. Its global catch is estimated by 142190 tons in 2017 (FAO, 2019). The 

Mediterranean Sea produces 15% of the total European hake production (FAO, 2014). 

On the other hand, its total catch in Algeria increased from 888 tons in 2014 to 511 tons 

in 2018 (FAO, 2019). 
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The present study deals with the age composition, growth and mortality of 

the European hake Merluccius merluccius from El-Kala coastline (extreme 

North-Eastern Algeria) during the period from April to July 2020. A total of 

900 European hake (13 ≤ TL ≤ 43 cm, 15 ≤ TW ≤ 495 g) were examined, 

based on length frequency data. The FISAT II software was used for  

different analyses, in addition to Von Bertalanffy's growth parameters ( L∞ = 

44.08, k = 0.29 and to = -0.517) with a growth performance (φ') of 2.75. 

Total mortality (Z), natural mortality (M) and fishing mortality (F) of 

European hake from the El-kala coast were estimated at 1.53, 0.61 and 0.92, 

respectively. The exploitation rate (E = 0.60) indicated an over-exploitation 

of the European hake stock, which showed high fishing pressure on the hake 

population in the El-Kala coastline. This, in turn, was argumented for the 

need of strict management of the hake fishery in the study area. 
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 The age and growth of hake have been the main subject of several studies in the 

Mediterranean (Figueras, 1965; Bouhlal, 1975; Iglesias & Drey, 1981; Erzini, 1991; 

Campillo, 1992; Abella et al., 1995; Morales-Nin & Aldebert, 1997; Uçkun et al., 

2000; Piñeiro & Sainza, 2003; Akalin, 2004; De Pontual et al., 2006; Mellon-Duval et 

al., 2010; Khoufi et al., 2014; Philips, 2014;  Soykan et al., 2015; Kahraman et al., 

2017; Uzer et al., 2019; Girgin et al., 2020). Furthermore, stock distribution and 

assessment of hake were conducted on by other studies (Tsangridis et al., 1990; Belcari 

et al., 2006; Gücü & Bingel, 2011; Yalçin & Gurbet, 2016; Demirel et al., 2017). On 

the other hand, very little works have been carried out in Algeria, for instance; Bouaziz et 

al. (1998) in central coasts, Belhoucine (2012) in the western coasts and Betatache-Alik 

(2015) in the eastern coast. Nevertheless, no studies has been carried out in the extreme 

eastern coasts of Algeria (Algerian-Tunisian borders), which is part of a national park 

classified as a biosphere reserve by UNESCO in 1990. It is a clean environment far from 

any source of pollution. 

MATERIALS AND METHODS  

 

A total of 900 fish were collected from the coastline of El-Kala (marine area of the 

El-Kala National Park, extreme North-Eastern Algeria), which extends from Cap Segleb 

(at the Tunisian border) in the East to Cap Rosa in the West (8°15' E and 36° 58' N) (Fig. 

1). The coastal marine zone of El Kala in North-Eastern Algeria, classified as a Biosphere 

Reserve by UNESCO, has the particularity of combining, in a humid bioclimatic stage, 

the interface of a forest, lake and marine ecosystem.  

 

Fig. 1. Location of studied site in the South-Western Mediterranean Sea 

The sample was taken from the trawl catch at a depth of 70-90 m, during the 

period from April to July 2020. At the laboratory, total length (TL) and total body weight 

(TW) were measured to the nearest 0.1 cm and 0.1 g, respectively. Gender was not 

included in this study. 
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The length-weight relationship (TL-TW) was calculated according to Froese 

(2006) using the equation of TW = a TL
b
, where TW is the total weight (g), TL is the 

total length (cm), a (constant) and b (slope). Parameters a and b were estimated by 

regression curve analysis, based on the logarithmic transformation of the equation: Log 

TW = b × Log TL + Log a (Beverton & Holt, 1957). 

The growth parameters were calculated according to the equation of Von 

Bertallanfy (1938): Lt = L∞ × (1 - e
-k × (t - t

0
)
)  where Lt is the total length at age t, L∞  is 

the asymptotic length, K is the growth coefficient and t0 is the theoretical age at length 

zero. 

The parameters L∞ and K were estimated by the FiSAT II program, version 

1.2.2 (Gayanilo et al., 2005), while t0 was obtained from the study of Pauly (1980) with 

reference to the empirical expression, where  Log (-t0) = - 0.3922 – 0.2752 Log L∞ - 

1.038 Log K 

The growth performance index (φ') was also estimated according to Pauly and 

Munro (1984): where φ'= log K + 2 log L∞  

Total mortality (Z) was estimated from the analysis of the length-converted catch 

curve formulated by Pauly et al. (1995). Natural mortality (M) was estimated using the 

empirical equation described by Pauly (1983): log M = -0.0066 – 0.279 × (log L ∞) + 

0.6543 × (log K) + 0.4634 × (log T), where L∞ and K are growth parameters of Von 

Bertalanffy, T is the mean (winter and summer) ambient temperature of the water at the 

sampling site, considered equal to 20ºC (Grimes, 2001). 

The fishing mortality rate (F) was estimated according to Sparre and Venema 

(1992) as follows: F = Z - M. The exploitation rate (E) was calculated by Pauly (1983): 

E = F / Z. 

RESULTS  

 

A total of 900 European hake (sex combined) were collected during this study. The 

total length varied between 13 and 43 cm, whereas the total weight was between 15 and 

495 g.  

As shown in Fig.(2), the size frequency distribution revealed that size class of 18 - 

19cm individuals dominated the catches (8.77%), followed by size groups of 19 - 20cm, 

22 - 23cm, 23 - 24cm, 24 - 25cm, and 20 - 21cm corresponded to 8.22%, 7.11%, 6.55%, 

6.33% and 6.22% of the total lengths, respectively. It was noted that individuals from the 

middle class (between 15 and 30 cm) were the most fished and best represented. 
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Fig. 2. Length-frequency distribution of Merluccius merluccius from El-Kala Coastline. 

1. Length-Weight Relationship 

  The length-weight relationship was calculated as follows: TW = 0.018 TL
2.68

 (Fig. 

3). According to Student's t-test, a minor allometry of this species was observed in the 

study area. (r = 0.91 ; p ≤ 0.001). 

 

Fig. 3. Length-Weight relationship of Merluccius merluccius from El-Kala coastline. 

The method of Bhattacharya (1967) facilitated to group the sample of M. 

merluccius into 7 cohorts. The values of size by age and the number of individuals in 

each age class are presented in Table (1). 

Ages 2 and 3 were the most present in the catches with 26.18 and 31.41%, 

respectively. The minimum catch was observed in 7 years old individuals (3.33%). 
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Table 1. Length-at-age key of Merluccius merluccius obtained by Bhattacharya’s 

method.  

Species Age (Years) Mean total 

lengths (cm) 

Effective Separation 

Index N % 

 

 

M. Merluccius 

1 16.42 138 14.89 n.a. 

2 19.46 241 26.18 2.09 

3 23.56 290 31.41 2.12 

4 28.65 150 16.31 2.13 

5 32.71 31.6 3.43 2.11 

6 35.3 40.3 4.37 2.06 

7 41.75 30.8 3.33 2.20 

 

2. Growth parameters 

The estimation of the growth parameters by Von Bertalanffy's equation was: L∞ = 

44.08 cm, K = 0.29 y
-1

, t0 = -0.517, and the performance index φ' = 2.75 (Table 2). 

The parameters of Von Bertalanffy's model aided to construct the absolute linear 

growth equation as follows: Lt = 44.08  (1-e
-0.29 (t + 0.517)

).  

Von Bertalanffy's absolute linear growth curve (Fig. 4a) shows that individuals 

grew faster during the first year of life, with a gain in length equal to 15.69 cm, which 

gradually decreased to 1.67 cm during its seventh year. 

 

Table 2. The von Bertalanffy growth parameters calculated for Merluccius merluccius 

from the El-Kala coastline. 

Parameters L∞ K to φ' N Age limits (Years) 

Sex combined 44.08 0.29 -0.517 2.75 900 1-7 

 

3. Weight growth 

The weight growth equation for both sexes was: Wt = 459.03 [1-e
-0.29(t + 0.517)

]
2.68

. 

The asymptotic weight in the total population was W∞ = 459.03 g, it wass slightly lower 

than the maximum observed weight (TW = 485 g). Weight gain was maximal during the 

first year (163.36 g), then decreased to a minimum of 17.46 g at 7 years old (Fig. 4b). 
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Fig. 4. The linear and weight absolute growth curve of M. merluccius from the El-kala coastline. 

The calculation of the total mortality (Z) was estimated at 1.53 year
-1

. However, 

natural mortality (M) and fishing mortality (F) were estimated at 0.61 and 0.92, 

respectively. In addition, the exploitation rate was 0.60 which indicates an over-

exploitation of the M. merluccius species in the study area.    

DISCUSSION 

 

This studywas conducted to present the age composition, growth, mortality and 

exploitation of the M. merluccius stock of the El-Kala coastline (extreme North-Eastern 

Algeria). In this essence, length frequency data was used to analyze these parameters. 

The maximum length measured in M. merluccius from the extreme North-East of 

Algeria was 43 cm, whereas it might reach up to 110 cm in its geographic area of 

distribution (Bauchot, 1987; Djabali et al., 1993). This value is much lower than those 

reported by other authors in Algeria: 65.5 cm on the central coasts (Bouaziz et al., 1998), 57 

cm on the western coasts of Algeria (Belhoucine, 2012) and 81.6 cm on the eastern coasts 

(Betatache-Alik, 2015). On the other hand, it is superior to other works carried out in the 

Mediterranean as Morey et al. (2003), Sangun et al. (2007) and Demirel and Dalkara 

(2012) (Table 3). The differences in size could be attributed to the variations in growth 

performance from one region to another, the sampling randomness (selectivity of the 

catching gear, sample size) and also the fishing pressure on certain size classes of the 

species.  

The length-weight relationship in this study showed that M. merluccius expressed 

minor growth with a slope equal to 2.68. Bouaziz et al. (1998), found that weight grows 

at the same rate with length on the central coast of Algeria, while Belhoucine (2012) and 

Betatache-Alik (2015) noted a major growth respectively on the West and East coasts of 

Algeria (Table 3). In the Mediterranean, and more precisely, on the Turkish coast, only 

Sangun et al. ( 2007) and Demirel and Dalkara (2012) reported "b" values similar to 

those of the current study (Table 3). However, many studies have recorded positive 
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allometry in the Mediterranean (Uçkun et al., 2000; Moutopoulos & Stergiou, 2002; 

Ozaydin et al., 2007; Akalin, 2014; Khoufi et al., 2014; Soykan et al., 2015; Uzer et 

al., 2019; Adamidou et al., 2020). On the other hand, isometric growths have been 

reported in the Mediterranean in the studies of Morey et al. (2003), Kahramam et al. 

(2017) and Gül et al. (2019), and in the Atlantic in the studies of     eiro et al. (2003) 

and Costa (2013) (Table 3). This divergence of results between areas could be related to 

sample size, diets, seasons, maturity stages, or sampling methods of different studies. 

Table 3. The length-weight relationships for Merluccius merluccius from various areas. 

Study Area Authors N Total length 

(cm) 

A b 

 Algeria 

central region of the Algerian coast, 

Mediterranean  

Bouaziz et al., 1998 333 7.5 - 65.5 0.0060 3.020 

(=) 

Oran Bay, west Algerian coast, 

Mediterranean 

Belhoucine, 2012 648 13.6 - 57 0.0059 3.045 

(+) 

East coast of Algeria (Gulf of 

Béjaia, Bay of Jijel & Gulf of 

Annaba), Mediterranean 

Betatache-Alik, 2015 720 8.6 – 81.6 0.00189 3.33 (+) 

 Other regions 

Aegean Sea, central, Turkey Uçkun et al., 2000 36 13.6 – 43.5 0.005 3.194 

(+) 

Aegean Sea, Greece Moutopoulos et Stergiou, 

2002 

52 18.0 – 50.2 0.004 3.2 

(+) 

Western Mediterranean Morey et al., 2003 6 7 – 23.2 0.0048 3.055 

(=) 

Atlantic, Spain, Portugal Pin eiro et al., 2003 391 6.0 – 78.0 0.0733 2.981 

(=) 

North-East Mediterranean Coast 

(Turkey) 

Sangun et al., 2007 9 13.2 - 31 0,337 2.353 

(-) 

Aegean Sea, central, Turkey Özaydin et al., 2007 711 2.7 – 48.8 0.981 3.189 

(+) 

Marmara Sea, Turkey Demirel and Dalkara., 

2012 

15 10.6 – 24.5 0.010 2.886 

(-) 

Atlantic, Portugal Costa, 2013 935 7.0 – 93.3 0.0038 3.172 

(=) 

Tunisian coasts Khoufi et al., 2014 409 12 – 93.5 0.003 3.115 

(+) 

Edremit Bay, Turkey Akalin, 2014 375 7.6 – 46.2 0.0067 3.307 

(+) 

Aegean Sea, central, Turkey Soykan et al., 2015 108 5.2 – 45.5 0.00341 3.24 

(+) 

Marmara Sea, Turkey Kahramam et al., 2017 77 10.4 – 53.3 0.0079 2.9896 

(=) 

Aegean Sea, Turkey Uzer et al., 2019 253 5.2 – 51.2 0.0034 3.224 

(+) 

Marmara Sea, Turkey Gül et al., 2019 453 5 – 57 0.0082 2.9718 

(=) 

Northern Aegean Sea, Turkey Adamidou et al., 2020 45 21.3 – 44.8 0.0037 3.20 (+) 

Extreme North-East of Algeria Present study 900 13 – 43 0.018 2.68 (-) 

Note: (+) positive allometry; (-) negative allometry; (=) isometric growth. 
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The age classes of the M. merluccius population in the extreme North- East of 

Algeria were estimated to be 1 to 7 years old. The present results are similar to those 

reported by Betatache-Alik (2015) on the East coast of Algeria and those of Girgin et al. 

(2020) in Turkey (Northeast Mediterranean). However, Bouazziz et al. (1998) recorded, 

in the central region of the Algerian coast, 9 and 5 cohorts, respectively for females and 

males. However, Kahramen et al. (2017) and Uzer et al. (2019) recorded a maximum 

age of 6 years in Turkey, respectively in the Marmara Sea and the North Aegean Sea. In 

contrast, Belhoucine (2012) and Khoufi et al. (2014) reported a maximum age of 8 and 

12 years, respectively in the Oran Bay (West Algerian coast) and the Tunisian coast, 

while in the Northeast Atlantic the estimated age ranged from 0 to 10 years.  

 Table (4) shows the growth parameters (L∞, k, t0 and φ') of this study compared 

to results of other studies (Table 4). The asymptotic length in the present study (L∞ = 

44.08 cm) is close to that observed for Males by Bouazziz et al. (1998) on the central 

coasts of Algeria (L∞ = 48. 72 cm), though much less than those reported by Belhoucine 

(2012) in western Algeria (L∞ = 59.27 cm) and Betatache-Alik (2015) in eastern 

Algerian coast (L∞ = 99.28 cm) and Khoufi et al. (2014) on the Tunisian coast (L∞ = 110 

cm). This can be explained by the different environmental conditions, biological features, 

feeding, intra- or interspecific competition (Panfili et al., 2002), In addition it can be 

related to the age at maturity, sample size or sampling methods. 

The growth coefficient (K) recorded in the study area (K = 0.29 ans
-1

) is close to 

that recorded in the region, which varies from 0.13 to 0.321 on the Algerian coast 

(Bouazziz et al., 1998; Belhocine, 2012; Betatache-Alik, 2015) (Table 4). In the 

Mediterranean, the growth coefficient of M. merluccius oscillates between 0.087 to 0.4 

ans
-1 

(Bouhlal, 1975; Alemany & Oliver, 1995; Recasens et al., 1998; Esteban, 2002; 

Colloca et al., 2003; Khoufi et al., 2014; Garcia-Rodriguez & Akalin, 2014; Philips, 

2014; Soykan et al., 2015; Kahraman et al., 2017; Gül et al., 2019; Uzer et al., 2019; 

Girgin et al., 2020) (Table 4).  According to Murugan et al. (2014), asymptotique length 

(L∞) and growth coefficient (K) are negatively correlated. Some differences must be 

detected between growth parameters among areas because of the diversity and 

availability of dietary items, hydrographical and climatic conditions (Gulland, 1970; 

Bartulovic et al., 2004). 

Finally, the growth performance index (φ') recorded in this study was equal to 

2.75, which is close to the results of Bouaziz et al. (1998) (φ' = 2.882 and φ' = 2.956 for 

males and females respectively), Belhoucine (2012) (φ' = 2.897) on West Algerian coast 

and Philips (2014) (φ' = 2.81) in Egypt (Table 4). Betatache-Alik (2015) reported a 

slightly higher value on the East coast of Algeria (φ' = 3.12). However, higher values 

were obtained by other authors in the Mediterranean (2.81 ≤ φ' ≤ 3.47) and Atlantic (3.16 

≤ φ' ≤ 3.27) (Table 4). These slight differences between the performance index values can 

be explained by sampling data (commercial or survey campaign data), sample size, as 

well as the size of the largest individual, period of sampling (seasonal and interannual 
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variation), the prevailing hydroclimatic and environmental conditions, methodological 

approaches adopted for the calculation of growth performance index (φ') (reading 

otoliths, size frequency analysis, mark-recapture,…). 

Table 4. The Von Bertalanffy growth parameters and growth performance index values 

obtained from different areas for Merluccius merluccius. 

Study area References sexes L∞ K to φ' Method 

 Algeria 

Central region of the Algerian 

coast, Mediterranean  

Bouaziz et al., 1998 ♂ 48.72 0.321 -0 .074 2.882 FISAT 

(ELEFAN) 

♀ 80.64 0.139 -0.422 2.956 FISAT 

(ELEFAN) 

Oran Bay, West of Algeria, 

Mediterranean 

Belhoucine, 2012 ♀ + ♂ 59.27 0.22 -0.823 2.897 FISAT 

(ELEFAN) 

East Coast of Algeria (Gulf of 

Bejaia Bay, Jijel Bay & Gulf 

of Annaba, Mediterranean 

Betatache-Alik, 

2015 

♀ + ♂ 99.28 0.13 -0.31 3.12 FISAT 

(ELEFAN) 

 Other regions 

Gulf of Tunis, Tunisia Bouhlal, 1975 ♀ + ♂ 69.5 0.176 0.600 2.93 FISAT 

(ELEFAN) 

Tunisian coasts Khoufi et al., 2014 ♀ + ♂ 110 0.198 0.500 3.29 Otolith 

Gulf of Lions Recasens et al., 

1998 

♂ 72.8 0.149 -0.383 - Otolith 

 ♀ 100.7 0.124 -0.350 - 

Mediterranean, Alicante Bay, 

Spain 

Garcia-Rodriguez 

and Esteban, 2002 

♀ + ♂ 106.8 0.200 0.003 3.36 FISAT 

(ELEFAN) 

Central Mediterranean Colloca et al., 2003 ♂ 45,7 0,400 0,100 - Otolith 

♀ 93,2 0,130 -0,350 - 

Mediterranean, Egypt  Philips, 2014 ♀ + ♂ 74.193 0.119 0.281 2.817 Otolith 

Balearic sea Alemany and 

Oliver, 1995 

♂ 48,72 0,321 -0,07 2,88 Otolith 

♀ 126,9 0,184 -0,04 3,47 

North-eastern Mediterranean 

sea, Turkey 

Girgin et al., 2020 ♀ + ♂ 84.44 0.135 -0.469 2.98 Otolith 

Northern Aegean, Turkey Uzer et al,. 2019 ♀ + ♂ 102.6 0.099 -0.80 3.01 Otolith 

Aegean Sea, central, Turkey Soykan et al., 2015 ♀ + ♂ 54.53 0.315 -0.223 2.97 Otolith 

Marmara Sea, Turkey Gül et al., 2019 ♀ + ♂ 57.5 0.27 -0.57 - FISAT 

(ELEFAN) 

Marmara Sea, Turkey Kahraman et al., 

2017 

♀ + ♂ 103.97 0.087 -0.926 2.97 Otolith 

Edremit Bay, Turkey Akalin, 2014 ♀ + ♂ 53.90 0.377 -0.045 3.040 Otolith 

Strait of Gibraltar, Spain Piñeiro and Saínza, 

2003 

♀ + ♂ 80.80 0.350 -1.700 3.36 Otolith 

Atlantic, North-east Godinho et al., 

2001 

♀ + ♂ 110.6 0.089 -0.970 2.99 Otolith 

Atlantic center, Morocco El Habouz et al., 

2011 

♀ + ♂ 115.4 0.14 

 

-0.919 

 

3.27 

 

FISAT 

(ELEFAN) 

Atlantic, North, Morocco  

 

Belcaid and 

Ahmed, 2011 

♀ + ♂ 72.45 

 

0.280 

 

-0.720 

 

3.16 

 

FISAT 

(ELEFAN) 

Extreme North-East of 

Algeria 

Present study ♀ + ♂ 44.08 0.29 -0.517 2.75 FISAT 

(ELEFAN) 
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According to Ralston and Williams (1988), mortality estimates associated to 

growth parameters are important to understand population dynamics. The current results 

suggest that fishing mortality (F) and natural mortality (M) of M. merluccius in the study 

area was equal to 0.92 and 0.61 respectively, suggesting an exploitation rate greater than 

0.5 (E = 0.6) indicating an overfishing. It can be seen from Table (5), that since the work 

of Djabali et al. (1991), until that of Betatache-Alik (2015) on the Algerian coast, the 

exploitation rate of M. merlucius jumped from 0.54 to 0.89, expressing an increase in 

fishing pressure on European hake stocks in Algerian coast. It can not be indicated that 

this exploitation has decreased in this study, given that the studies carried out did not 

cover the present study area, which is located in the extreme North-East of Algeria 

(Algerian-Tunisian borders).  Moreover, other authors have reported high fishing 

pressure on the M. merluccius population in Turkish coasts (Gurbet et al., 2013; Soykan 

et al., 2015; Kahraman et al., 2017; Uzer et al., 2019). Kahraman et al. (2017) 

suggested that the Eastern Mediterranean stocks of European hake were overexploited.  

 

Table 5. Different results of total, natural and fishing mortality as well as the exploitation 

rate in different area. 

Author Area Z (y
-1

) M (y
-1

) F (y
-1

) E 

Djabali et al., 1991 Algeria 0.66 0.3 0.36 0.54* 

Bouaziz et al., 2001 Algerian center coasts 0.78 0.27 0.51 0.65* 

Belhocine, 2012 West coast of Algeria 0.86 0.23 0.63 0.73* 

Betatache-Alik, 2015 East coast of Algeria 2.28 0.24 2.04 0.89* 

Gurbet et al., 2013 Central Aegean Sea 2.24 0.58 1.66 0.74* 

Soykan et al., 2015 Central Aegean Sea 1.539 0.579 0.959 0.62* 

Kahraman et al., 2017 Marmara sea 2.01 0.19 1.81 0.9* 

Uzer et al., 2019 North Aegean Sea 2.21 0.57 1.61 0.72* 

Present study Extreme North-East of 

Algeria 

1.53 0.61 0.92 0.60 

*Calculated values from available data. 

For better management of natural stocks of M. merlucius in southern 

Mediterranean and especially on Algerian coasts, more informations are required  to 

cover dynamic parameters, which are ensured by studies of growth and exploitation of 

hake stocks. However, reducing the fishing effort in the region is recommended for a 

sustainable exploitation of this fishery resource. 
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