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Abstract 
 
Some aspects of the biology of the garfish Belone belone, were studied based on 453 
specimens collected from the central Mediterranean (Tunisia). Total lengths ranged 
from 24.2 to 55 cm for females and from 25.8 to 52.5 cm for males, respectively. An 
overall sex ratio of 2.36 ÷ 1 shows significant dominance of females in all size classes 
and seasons. Age data from otoliths reading revealed that females belonged to age 
groups from 1 to 4 years and males from 1 to 5 years. Most of the individuals were of 
age group 2. Length weight relationships and von Bertalanffy growth functions 
parameters were: W = 0.0003 L 3.419, L∞ = 48.48 cm, k = 0.57 year -1 and to = -1 year for 
females and W = 0.0002 L 3.530, L∞ = 44.7 cm, k = 0.67 year -1 and to = -1 year for males. 
Gonadosomatic index pattern indicated that spawning occurs once a year between 
March and May and extends to June with peak activity in March for both sexes. The 
length at the first maturity was estimated at a total length of 37.26±0.10 cm for 
females and 37.17±0.40 cm for males.  

 

Introduction 
 

The garfish, Belone belone (Linnaeus, 1760) is a 
marine belonids found in the eastern Atlantic Ocean and 
the Mediterranean Sea (Collette, 2003). Three 
subspecies were recognized by Collette and Parin (1970) 
according to their geographical distribution: B. b. belone 
(Linnaeus, 1761) restricted the North East Atlantic from 
Trondheim, Norway, the White Sea to the Ivory Coast 
and the South of the Cape Verde Islands (Collette & 
Parin, 1970); B. b. gracilis Lowe, 1839 from the 
Mediterranean Sea and adjacent parts of the Atlantic 
Ocean, Madeira Sea, the Canary Islands, Azores and the 
Southern Cape Verde Islands (Collette, 2003) and B. b. 
euxini Günther, 1866 from the Black Sea and Sea of 

Azov. Belone belone was recently reported as a valid 
endemic species from the eastern Atlantic and the 
Mediterranean Sea and B. euxini from the Black Sea, Sea 
of Azov and Sea of Marmara (Fricke et al., 2007; Froese 
& Pauly, 2021).  

Belone belone lives close to the surface, caught by 
casting or pelagic trawling and by floating gill nets 
(Nédélec, 1975; Collette, 2003). It has a migratory 
pattern similar to the mackerel (Froese & Pauly, 2021). 
Garfishes are mainly found in offshore areas, but 
migrate into coastal regions during the spawning period 
where they are more susceptible to commercial 
exploitation (Jardas, 1996). In the Mediterranean areas, 
these species are considered one of the most 
commercial pelagic fish species in the Black sea artisanal 
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fishery of Turkey with an average annual catch of about 
442 tons in the decade between 2001 and 2012 (Bilgin 
et al., 2014 a) and also with a significant economic 
interest in Tunisia with a mean annual production of 
∼230 tons between 2001 and 2010 (National fishery 
statistics of Tunisia). Garfish represent 80% of the total 
catch of belonids (500 tons in 2002) (Bedoui et al., 2002).  

Studies about the biology of garfish B. belone have 
been carried out and published information still scarce 
in Central Western Mediterranean Sea. Dorman (1988, 
1989, 1991) reported information on some aspects of 
the biology, such as spawning time, age and growth, of 
B. belone from southern Ireland and Baltic Sea in the 
North East Atlantic. Samsun et al. (2006), Bilgin et al. 
(2014 a, b) and Ceyhan et al. (2019) studied the 
population structure, age, growth and reproductive 
biology of B. euxini from the Black Sea. In the 
Mediterranean Sea, Uçkun et al. (2004) reported data 
on the growth of B. belone from the Aegean Sea. Zorica 
et al. (2011) studied the spawning time and size at sexual 
maturity of B. belone from the Adriatic Sea. Data on the 
age, growth and mortality of B. belone from the Adriatic 
were given by Zorica and Čikeš Keč (2013). In Tunisian 
coasts, Bedoui et al. (2002) studied the spawning season 
and size at first maturity of B. belone. Then, the age and 
growth were established by Fehri-Bedoui and Gharbi 
(2004) analyzing the length frequency distributions. Two 
stocks of B. belone, one in the central and another in 
southern coasts off Tunisia, were discriminate using 
parasites as a tool (Châari et al., 2015). The present 

study aims to improve overall knowledge on the biology 
of B. belone from the Central Mediterranean at the 
eastern coast of Tunisia. The reproductive biology, 
sexual cycle, spawning period, the length at the first 
sexual maturity as well as age and growth have been 
analyzed and results were compared to those available 
in the literature. This study may be helpful that ensure 
the sustainability of species exploitation.  

 

Materials and Methods 
 

During the sampling period between 2004 and 
2009, a total of 453 specimens of Belone belone were 
randomly collected. Specimens were caught by local 
coastal fishermen using mainly purse seine in the center 
and beach seine in the south eastern coast of Tunisia 
(Figure 1).  

Belone belone is not available and completely 
absent from fish landings in November, December and 
January. 

Fishes were identified using Collette and Parin 
(1970). Total length (TL) was recorded to the nearest 
0.01 cm. Total body (W), eviscerated body (We), gonads 
(Wg) and livers (Wl) were weighed to an accuracy of 0.01 
g using digital balance.  

The length-weight relationship was estimated by 
sex according to the standard allometric equation: 

 
W= a × TL b 

 
Figure 1.  Sampling localities of garfish B. belone from off Tunisia (Central Mediterranean Sea) 
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Relationship coefficients a and b were calculated 
using non-linear least squares estimation. Differences 
between sexes were tested by the analysis of covariance 
(ANCOVA). Before analysis, both length and weight were 
log 10-transformed to achieve linearity. 

Sex and gonad maturity stages were assessed 
macroscopically for each specimen followed by a 
squatch for juveniles to distinguish males from females. 
Variations in the sex ratio were calculated according to 
sizes, months and seasons and results were compared 
using the χ²-test (Scherrer, 1984).  

Four maturity groups were identified using sexual 
maturity scales as defined by Sinovčvić (1978) and 
Sinovčvić et al. (2008) that recognized 8 stages then 
modified and combined by Zorica et al. (2011) for 
belonids B. belone: immature (Stage I and stage II), 
maturing (Stage III and IV), ripe and spawning (Stage V 
and Stage VI), spent (Stage VII and Stage VIII). Monthly 
variations in maturity stages were determined.  

In order to evaluate the gonadal development 
during the annual sexual cycle and to determine the 
reproductive period, the monthly gonadosomatic index 
(GSI) was calculated for males and females, as follows: 

 
GSI = (Wg / We) × 100 

 
The monthly hepatic-somatic index (HSI) and the 

condition factor (K) were also estimated for each sex 
using the following formulas:  

HSI = (Wl / We) × 100 
K = We /TL 3 × 100 

 
Length at first maturity was described by the classic 

“ogive” function:  
 

P = 1 / 1 + e –r (L – L50) 
 
Where P is the proportion of mature fish at size L, 

L50 is the length at which 50% of specimens were mature 
and r is the curvature parameter (King, 1995). Ogive 
parameters were calculated using non linear least 
squares estimation. 

Sagitta of 251 fish were collected and stored dry in 
labelled small tubes. Otoliths were read as whole under 
water by reflected light against a black background at a 
magnification of 10 ×. In case otoliths are thick and 
opaque, it was included in Implex resin and sectioned 
transversely through the ‘core’ using an Isomet low-
speed saw (McKurdy et al., 2002). Thin sections (about 
0.6 mm) were polished with aluminum oxide powder 
and observed under transmitted light at a magnification 
of 10 ×. The otoliths and the sections were analyzed by 
three readers and only the agreed readings were 
accepted. 

The individual age was estimated by counting 
growth increments, one opaque zone with one 
translucent zone was considered as annual growth 
(reflected light) (Figure 2). The first translucent ring near 

 
Figure 2.  Sagittal otolith of B. belone from off Tunisia (Central Mediterranean Sea). N: nucleus, Rt: total otolith Radius, R1: distance 
to the edge of transparent ring indicating first year, black arrow: larval ring 
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the nucleus was considered as larval and not counted for 
age estimation (Wright et al., 2002). Yearly increments 
are counted considering translucent zones. To assign a 
fish to an age group, one entire year is considered for 
the count when the border of the otolith is translucent. 
Also, Total Radius (TR), the distance between the 
nucleus and the edge of the otolith and the distance 
from the nucleus to the edge of each transparent ring 
(Ri) were measured. The relationship between TL and TR 
was determined as the classical linear regression TL= a × 
TR + b, and the result of linear regression was adopted 
for back-calculation (Francis, 1990). Differences 
between sexes were tested by the analysis of covariance 
(ANCOVA). The von Bertallanffy equation (VBGF) was 
established from the back-calculated length at age using 
parameters of the linear relationship between TL and 
TR. The growth equation used was in the form of: 

 
Lt= L∞ (1- e –K (t-t0)) 

 
Where Lt= the total length at age t (years), L∞= the 

theoretical asymptotic total length, k= constant 
expressing the rate of change in length increments with 
respect to and t, t0= the hypothetical age at length zero. 

Parameters of the von Bertalanffy growth equation 
were estimated by the non linear approach as 
implemented in Fisat II (Gayanilo et al., 2006). 

Differences in the growth parameters by sexes 
were tested by the analysis of the residual sum of 
squares (ARSS) (Chen et al., 1992), in which F-statistic 
was calculated as: 

 

 
 
Where RSSp is RSS of each VBGF fitted by pooled 

growth data; RSSs is the sum of the RSS of each VBGF 
fitted to growth data for each individual sample.  

For the sake of comparison, the index of overall 
growth performance ϕ’ proposed by Pauly and Munro 
(1984) was calculated as: 

 
ϕ’= 2 log 10 L∞+ log 10 K 

 
Statistical analyses were performed using SPSS 

(Version 20). Differences in the length frequency 
distribution between sexes were checked by non-
parametric test (Kolmogorov-Smirnov, K-S, test). The 
analysis of one-way ANOVA, followed by Tukey’s post 
hoc test (Zar, 1996), was used to confirm significant 
differences in monthly values of all indices (GSI, HSI, and 
K). The level of significance was 0.05. 

 

Results 
 

Population Structure 
 
Among the 453 examined garfish, 284 were 

females (70.3%) and 120 were males (29.7%). The 
overall sex ratio estimated as females out males of 2.36 
÷ 1 differs significantly from 1 ÷ 1 (χ² = 16.47, P<0.05) 
skewed towards females. Variations in the proportions 
of sexes related to sizes showed significant dominance 
of females compared to males in all size classes (P<0.05) 
(a small number of examined specimens of total lengths 
less than 25 cm and beyond 50 cm can be excepted) 
(Figure 3). Significant differences of sex proportions in 
favor of females were found throughout all months 
except in July (χ² = 0.73, P>0.05) (Figure 4). 

The total length of examined garfishes ranged from 
24.2 to 55 cm with an average of 40.2 ± 5.9 cm for 
females and from 25.8 to 52.5 cm with an average of 
40.0 ± 4.5 cm for males. The length frequency 
distribution showed an unimodal distribution for 
females and males. The K-S test revealed significant 
differences in size frequency distribution between sexes 

 
Figure 3.  Length frequency distribution of females and males Belone belone from off Tunisia (Central Mediterranean Sea) 
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Figure 4.  Monthly variations in females and males proportions of Belone belone from off Tunisia (Central Mediterranean Sea) 

 
 
 

 

 
Figure 5. Length-weight relationships of B. belone from off Tunisia (Central Mediterranean sea)- a. Females, b. Males 
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(P<0.05). The catch was composed mainly of specimens 
between 40 and 45 cm of the total length (Figure 3). The 
total weight ranged from 11.4 to 262.2 g with a mean of 
88.2 ± 39.1 g for females and from 14.9 to 246.2 g with 
a mean of 81.2 ± 39 g for males. Length-weight 
relationships calculated as W = 0.0003 L 3.419 (R2=0.91) 
and W = 0.0002 L 3.530 (R2= 0.90) showing positive 
allometric growth for females and males respectively 
(Figures 5a-b). Significant differences were recorded 
between sexes in the length-weight relationships using 
the covariance analysis (Table 1). 

 
Age and Growth 

 
Otoliths reading of garfish B. belone showed well-

visible altering opaque and translucent zones (Figure 2). 
Of the 251 otoliths examined, only 9% were unreadable. 
Total otolith radius and total length relationships were 
linear (Figures 6 a-b). Females aged from 1 to 4 years for 
a total length from 24.2 to 55 cm. Males were between 
1 to 5 years ranging from 25.8 to 52.5 cm total length. 
An age-length key was constructed and the age group 2 

was the dominant (56%) (Table 2). Back-calculated mean 
total length-at-ages and estimated growth parameters 
using VBGF were given in Table 3 and Figure 7. The 
Chen’s test showed no significant difference by sexes in 
growth pattern (Table 4). Moreover, no significant 
difference was found between sexes in the slopes of the 
linear relationship slopes between TL and TR using 
covariance analysis (Table 5). 

 
Spawning Period 

 
The monthly distribution of maturity stages for 

females and males showed that immature specimens 
were observed from May to October. Ripe gonads were 
found from February to June with maximum 
percentages observed during March and April for 
females (Figure 8). Monthly mean values of gonado-
somatic index (GSI) followed that of gonads maturity 
stages. The GSI increased in February and reached the 
highest levels in March and April for females. Then a 
sharp decline occurred in May and June for females. 
Curves of GSI are unimodal for both sexes indicating that 

Table 1. Belone belone ANCOVA of TL vs. TW relationships. SS: sum of squares; d.f.: degree of freedom; MS: mean squares; F: 
statistics compared with fish distribution; P: P-value 

 SS df MS F P 

Test for heterogenity of slopes      
Common Residual  2.356927 446 0.005285   
Sum Residuals 2.351204 445 0.005284   
Difference  0.005724 1 0.005724 1.083285 0.298529 
Test for differences between intercepts      
Total Residual 1565.718 447 3.502726   
Common Residual 2.356927 446 0.005285   
Difference 1563.361 1 1563.361 295834 < 0.001 

 
 
 

Table 2. Length frequency distribution and component age groups of total sampled garfish B. belone from off Tunisia (Central 
Mediterranean Sea). –: none caught 

  Age groups (years)  
Total length (cm) 0 1 2 3 4 5 Total 

20-24.9 1 2 - - - - 3 
25-29.9 - 12 9 1 - - 22 
30-34.9 - 4 17 2 - - 23 
35-39.9 - 1 42 18 4 - 65 
40-44.9 - 1 40 34 2 - 77 
45-49.9 - - 18 9 4 - 31 
50-54.9 - - 1 - 3 1 5 
55-59.6 - - 1 - - - 1 
Number of fish 1 20 128 64 13 1 227 
Frequency % 0.44 8.81 56.39 28.19 5.73 0.44  

 
 
 

Table 3. The von Bertalanffy B. belone growth parameters. L∞: asymptotic total length; K: growth curvature parameter; t0: the 
hypothetical age at length zero; ϕ’: growth performance index 

Parameters Females Males 

L∞ 48.48 44.70 
K 0.57 0.67 
to -1 -1 
ϕ’ 3.12 3.12 
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Table 4. Sex comparison of growth modeled by VBGF by means of RSS of B. belone. RSSp: RSS of each VBGF fitted by pooled growth 
data; RSSs: sum of the RSS of each VBGF fitted to growth data for each individual sample 

RSS pooled 3879.54 RSS sample 3736.09 F 2.35 
DF pooled 187 DF sample 184 P 0.07 

 
 
 

Table 5. Belone belone ANCOVA of TL vs. TR relationships. SS: sum of squares; d.f.: degree of freedom; MS: mean squares; F: 
statistics compared with fish distribution; P: P-value 

 SS df MS F P 

Test for heterogenity of slopes      
Common Residual  0.25586 154 0.001661   
Sum Residuals 0.253956 153 0.00166   
Difference  0.001904 1 0.001904 1.147078 0.285848 
Test for differences between intercepts      
Total Residual 7.438728 155 0.047992   
Common Residual 0.25586 154 0.001661   
Difference 7.182868 1 7.182868 4323.304 < 0.001 

 
 
 

 

 
 

Figure 6.  Total otolith radius (TR) vs. total body length (TL) relationships of B. belone from off Tunisia (Central Mediterranean 
Sea)- a. Females, b. Males 

 

TL = 20.425TR + 6.0132
R² = 0.584

0

10

20

30

40

50

60

0,5 1 1,5 2 2,5

T
L

 (
c
m

)

TR (mm)

a

TL = 16.603TR + 11.342
R² = 0.5931

0

10

20

30

40

50

60

0,5 1 1,5 2 2,5

T
L

 (
c
m

)

TR (mm)

b



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS21161 
 

 

 

 

  

 
Figure 7.  Back calculated length at age and von Bertallanffy growth curve (VBGF) by sex of garfish B. belone from off Tunsia 
(Central Mediterranean Sea) 

 
 
 

 

 
 

Figure 8. Monthly variations of gonad maturity stages of Belone belone from Tunisia (Central Mediterranean Sea)- a. females, b. 
Males 
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B. belone reproduced once a year (Figure 9a). The GSI 
mean values were significantly higher for females than 
for males (F = 50.94, P<0.01). 

The hepatosomatic index (HSI) showed significant 
monthly changes for both females and males (F= 2.3, 
P<0.05). Variations in the HSI follow a slightly similar 
pattern to that of GSI with higher values for females 
than for males. Maximum values were observed in 
March for both sexes (Figure 9b).  

Values of the condition factor (K) vary significantly 
according to months for females and males (F =3.88; 
P<0.01). Maximum values of the condition index were 
recorded in October which is outside the reproduction 
period for both sexes. Significant variation was also 
found between sexes (F=7.73; P<0.01) (Figure 9c).  

Length at First Maturity 
 
Length at first maturity (L 50) of females was at an 

average total length of 37.3 ± 0.10 cm (r = 0.76 ± 0.05) 
and males at total length of 37.2 ± 0.40 cm (r = 0.47 ± 
0.07) (Figure 10). Females and males B. Belone from 
Tunisian coast reached, therefore, their first maturity 
between 1 and 2 years (inverse VBGF). 

 

Discussion 
 

Earlier findings showed that the size structures of 
garfish Belone Belone from the Atlantic differs from 
those recorded in the Mediterranean Sea. While, 
relatively larger total lengths specimens were found in 

 

 

 

 
 

Figure 9. a Monthly gonado-somatic index (GSI), b. Hepato somatic index (HSI) and c. condition factor (K) for females and males 
of Belone belone from Tunisia (Central Mediterranean Sea) 
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the North East Atlantic by Dorman (1991) (55 cm - 85 
cm) and Borges et al. (2003) (25.3 - 91.6 cm), the range 
of sampled specimens of garfish (24.2 - 55 cm) is quite 
similar to those reported by Bedoui et al. (2002) (24 - 57 
cm) then by Fehri-Bedoui and Gharbi (2004) (23.7 - 52 
cm) from Tunisia. Similar size range (26 - 54.6 cm of Fork 
Length) was also reported by Uçkun (2004) in the 
Aegean Sea. On the other hand, the maximum total 
length of 93.3 cm, recorded by Acarli et al. (2018) in the 
Aegean Sea, seems to be doubtful as a possible 
confusion could occur with Tylosurus imperialis which is 
reported to be sympatric of Belone belone in this area 
(Türker Çakır & Zengin, 2013). Indeed, the fish picture 
given by Acarli et al., (2018) (Figure 2, page 386) fits 
perfectly with T. imperialis which is characterized by 
small black lateral keel garnishing the caudal peduncle 
deeply forked with a lower lobe longer than the upper 
(Collette & Parin, 1970). The largest B. belone were 
reported from the Adriatic Sea (20.8-75.4 cm) (Zorica & 

Čikeš Keč, 2011, Zorica et al. 2011, Zorica & Čikeš Keč, 
2013). In the Adriatic Sea garfishes were caught mainly 
by seine net (stretched mesh 10-30 mm) but also by 
catch species in purse seine fisheries (Zorica & Čikeš Keč, 
2013). 

The difference in the size structure of garfishes 
among localities can be related to different exploitation 
rates of fish stock and/or to variability of environmental 
factors, mainly the temperature and prey availabilities. 
Fishing has the most prominent effect on the size 
structure of the exploited stocks. It represents size-
selective removal of larger individuals that can truncate 
the size structure of a fish population (Tu et al., 2018). 
Sparre and Venema (1998) suggested that the complete 
length ranges are not always under full exploitation for 
fishing gear selectivity. It appeared that, most fishing 
gears; ie trawl gears, are selective for larger sizes while 
some gillnets are selective for a certain length range 
only, thus excluding capture of very small and large fish. 

 

 
Figure 10. Length at first maturity of B. belone from off Tunisia (Central Mediterranean Sea). a. Females, b. Males 
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In principle, a seine net should work like trawl as far as 
selection is concerned. However, it is more difficult to 
deal with the seine because this type of gear is used to 
catch schooling species. 

Similarly, differences in the sex ratio patterns of 
garfish populations among geographical areas can be 
noted. A sex ratio in favor of females seems to be 
common for B. belone as reported in the North East 
Atlantic and in the Mediterranean Sea (Dorman, 1989; 
Bedoui et al., 2002; Fehri-Bedoui & Gharbi 2004; Uçkun 
et al., 2004 and present study). However, a female 

dominance was reported in B. belone only in size classes 
(>80 cm) from Swedish waters and in length classes (>39 
cm) from the Adriatic Sea respectively (Dorman, 1991; 
Zorica et al., 2011). Variations in the sex ratio of 
garfishes may be related to sexual dimorphism in size, 
gear selectivity, sampling strategies and spawning 
migrations (Zorica et al. 2011; Bilgin et al., 2014 b). 
Belone belone seem to have migratory behavior from 
offshore towards coasts for spawning in the spring 
season. This spawning migration could be confirmed by 
the dominance of females in coastal areas and the 

Table 6. Spawning time and size at fist maturity of garfishes from different locations 

Author Locality Spawning season 
Length at maturity L50 (cm) 

Females Males 

Yüce (1970) Mediterranean (Aegean Sea) April-August - - 
Uçkun et al. (2004) Mediterranean (Aegean Sea) April-August - - 
Zorica et al. (2011) Mediterranean (Adriatic Sea) January-May 31.5 28 
Collette & parin (1986) Mediterranean (Spain) February-May - - 
Whitehead et al. (1986),  
Bauchot (1987) 

Mediterranean (Algeria) Februray-May - - 

Bedoui et al. (2002) Mediterranean (Tunisia) March-May 36.8 36.3 
Present study Mediterranean (Tunisia) February-June 37.3 37.2 
Whitehead et al. (1986) Black Sea April-September - - 
Collette & parin (1986),  
Bauchot (1987) 

Black Sea April-September - - 

Samsun et al. (2006) Black Sea May-September 38.8 - 
Bilgin et al. (2014 b) Black Sea May-September 34.4 33.3 
Rosenthal & Fonds (1973) Atlantic (Germany) May-June - - 
Whitehead et al. (1986) Atlantic (British Isles) May-June - - 
Dorman (1989) Atlantic (South Ireland) June - - 
Dorman (1991) Atlantic (Swedish waters) May-June - - 
Dorman (1991) Atlantic (Baltic Sea) August-September - - 

 
 
 

Table 7. Summary of the Length weight slope regression line (b), Von Bertalanffy growth parameters (L∞ in cm, k, t0) and growth 
performance (ϕ’) of garfishes from different geographic regions.*. Size studied measure fork length. F, female; M, males 

Author Locality Sex b L∞(cm) k t0 ϕ’ 

Samsun (1996) Black Sea F+M 3.17 56.01 0.32 -1.86 3.01 
Samsun et al. (1995)  F+M 3.22 62.8 0.19 -3.38 2.88 
Samsun et al. (2006)  F+M 3.13 74.6 0.13 -3.67 2.85 
Polat et al. (2009)*  F+M 3.24 79.1 0.19 -1.42 3.09 
Kalayci & Yeşilçiçek (2012)  F - 41.6 0.72 -0.51 3.09 
  M  37.48 0.75 -0.61 3.02 
Bilgin et al. (2014 a)  F 3.18 81.6 0.12 -2.24 2.92 
  M 3.09 71.9 0.15 -2.12 2.89 
  F+M 3.13 84.6 0.11 -2.34 2.91 
Ceyhan et al., (2019)  F+M 3.04 55.74 0.28 -1.68 2.93 
Uçkun et al. (2004)* Aegen Sea F 3.46 62.24 0.24 -1.42 2.97 
  M 3.07 54.32 0.33 -1.25 2.99 
  F+M 3.40 62.71 0.23 -1.56 2.97 
Zorica & Čikeš Keč (2013) Adriatic Sea F 3.47 89.5 0.16 -0.06 3.12 
  M 3.63 85.2 0.15 -0.32 3.06 
  F+M 3.48 90.3 0.15 -0.10 3.11 
Sinovčvić et al. (2004) Adriatic Sea F 3.16     
  M 2.71     
  F+M 3.01     
Fehri-Bedoui & Gharbi (2004) Mediterranean Sea F+M 3.48 61.4 0.10 -2.88 2.61 
  F 3.55     
  M 3.28     
Present study Mediterranean Sea F 3.41 48.48 0.57 -1 3.12 
  M 3.53 44.7 0.67 -1 3.12 
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absence of landing specimens in late autumn and early 
winter despite our sampling efforts during 6 years. 
Migration of B. belone to coastal area for spawning then 
leaving coasts and getting back to the deep open sea 
waters after spawning have been previously reported in 
the North East Atlantic. Rosenthal & Fonds (1973) 
suggested that B. belone enters the Wadden Sea, North 
Sea in April, to spawn in May and June and disappear in 
October indicating migration at winter to greater depth 
(lower light intensity) in the offshore avoiding water 
temperatures below 6 °C and rough weather conditions 
in the upper water layers. Moreover, Dorman (1989) 
mentioned that garfish migrate into the coastal waters 
of the British Isles and northern Europe every summer 
for spawning. Belone belone regularly migrates in spring 
for reproduction (Dalgaard et al., 2006), through 
Swedish coastal waters and migration continues into the 
southern coast of Bothnia then returns to the offshore 
of eastern North Atlantic Ocean in late summer to 
autumn (Dorman, 1991; Dalgaard et al., 2006). Similarly, 
B. belone from the Adriatic Sea has migratory patterns 
during the winter and spring spawning period when 
specimens move into coastal regions and become more 
exposed to fishery (Zorica et al., 2011).  

Our finding showed that garfish B. belone from 
Central Mediterranean spawn in late winter-early 
spring. Differences in the period and duration of 
spawning period of garfishes were also recorded among 
geographical areas. Spawning time showed more 
similarities in the Mediterranean compared to other 
localities (Table 6). It seems that reproduction occurs in 
spring-summer in the Atlantic, in winter-spring in the 
western Mediterranean and in the Adriatic Sea and in 
summer in the Aegean Sea and Black Sea. Changes in the 
spawning season of garfishes can be due to differences 
in environmental factors such as temperature and 
salinity (Zorica et al., 2011; Bilgin et al., 2014 b). 
Temperature is one of the most important factors 
affecting the reproductive activity and the embryonic 
and larval development and growth of fish (Pankhurst & 
Munday, 2011). Moreover, it was suggested that data 
differences in spawning season of fish species between 
geographical areas could be related to food accessibility. 

Concerning size at sexual maturity, B. belone from 
the present study showed a slightly higher total length 
at first maturity than other localities (Table 6). 
Differences in the length at sexual maturity could be 
related to the sensibility of the garfish species to 
environmental changes, reproductive parameters, 
sample size and/or fishing pressure level and 
overexploitation probably as a compensatory response 
(Morales-Nin et al. 2002; Engelhard & Heino, 2004; 
Dominguez-petit et al. 2008; Zorica et al., 2011). 

Our finding showed that B. belone is relatively slow 
growing and short living species. This growth rate is 
closest to the Adriatic Sea garfish (Zorica & Čikeš Keč, 
2013). The growth performance index (ϕ’) calculated 
from growth parameters reported by Fehri-Bedoui & 
Gharbi (2004) of Tunisia is the lowest value reported in 

garfishes (Table 7). Differences could be related to 
ageing methods used by these authors (Bhattacharya). 
Results of Fehri-Bedoui & Gharbi (2004) showed that 
professional fishing catch of B. belone from Tunisia 
mainly affects mature individuals larger than 37.5 cm of 
size and older than 5 years of age. 

In conclusion, this study provides useful 
information enhancing and updating knowledge on 
some biological aspects of the Mediterranean garfish, 
Belone belone that may be helpfull for the management 
and sustainability of marine species exploitation.   
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