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 The study of the reproduction of Mugil cephalus was defined on the basis of 14 months 
of sampling. The fish were caught with gill nets in the Gulf of Annaba. The size at first 
sexual maturity has a variation for both sexes. It is lower in males than in females (300 
mm against 340mm). Data on the evolution of sexual maturity and gonadossomatic 
index cycle reveal a distinct seasonal breeding. Spawning takes place exclusively at sea, 
its migration takes place between June and August where the maximum activity of 
reproduction occurs from August to October, corresponding to the peak of sex drive. 
Away from the breeding season, sexual rest occurs during the remaining months of the 
year with a tendency of fattening which is very significant from November to May. The 
monotoring of mature gonad histology showed a lot of fish in the dominance of M. 
cephalus in spermatocyte stage all along the study period unlike oocytes in females of 
the same species. 
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INTRODUCTION 

 
The reproductive strategy of a species of fish in a given environment consists of a set of biological 

indicators such as age at first reproduction, the relationship between the size (or age) and fertility, parental 
behavior, season reproduction, gamete size, etc (Paugy and Lévêque, 1999). 

Mugil cephalus (M.cephalus) is known to have a life cycle involving juvenile and immature stages 
occurring in a coastal brackish (lagoons, estuaries), followed by a migration that takes place where only the 
juveniles reach brackish water (Brusle and Cambrony, 1992). Known as the local vernacular, “Bouri caplate” M. 
cephalus dominates the other species when it is captured at the river in the Gulf of Annaba. It is fished all year 
round and catches mark the highest peaks in summer. 

This has fomented interest in this species, in addition, has a wide geographical distribution and is found 
between latitude 42 ° North and South, grouping both tropical, subtropical and temperate regions. Several 
studies have been devoted throughout several regions (Ezzat, 1964 ; Brusle  and Brusle, 1977; Albaret  and 
Legendre, 1985; Villani, 1988; Brusle, Cambrony, 1992; Ibañez, 1994, Bartulović et al., 2011). Thus, 
knowledge of the life cycle, growth and population dynamics is essential for rational management of stock. The 
study of the reproduction is essential to understanding the future of fish populations specific for the balance of 
aquatic environments, and this in a context of global climate change will have the effect of changing the area 
distributions of fish species and their reproductive strategies to support the survival of the offspring. 

This work presents the preliminary results obtained from the study of the reproduction of M. cephalus and 
histology course of its life cycle in the gulf of Annaba (Eastern Algeria). 

 
MATERIALS AND METHODS 

 
Presentation of the study area: 

The Gulf of Annaba is located in eastern Algeria; it is divided between two provinces "Annaba and El Tarf 
(Figure 1) (Frehi et al., 2003) Cape de Garde in the West (7 ° 16 ꞌ ꞌ E) and the East Cape Rosa (8 ° 15 ꞌ ꞌ), it is 
spread over 40 km with a maximum depth of 65m. 
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Fig. 1: Map of study areas in the gulf of Annaba, Algeria (Frehi et al, 2003).  
 
Period and sampling method: 

The study of the reproduction of Mugil cephalus is based on monthly sampling campaigns in the Gulf of 
Annaba between February 2009 and March 2010, a total of 412 samples collected (Table 1), in 50 selected 
samples were used for the collection of gonadal tissues (staging of sexual maturity) and the measure of fertility 
is operated from caught fish by local fishermen using different fishing techniques: trammel and seine. Each fish 
was identified using identification keys according to (Maigret et al., 1986; Diouf, 1996).the Salinity during our 
work was measured by a multi-parameter pocket wtw340i 
 
Table 1: Criteria for oocyte development stage identificaion,  sexual differentiation has Occurred  Modified from Wenner et al. 1986, 

Stenger. 1959, Kuo et al.1974 and McDonough et al.2003). 
stage Female 
1. Immature Inactive ovary with previtellogenic oocytes and no evidence of atresia. Oocytes are <80 µm, lamellae 

lack 
muscle, and connective tissue bundles are not as elongate as those in mature ovaries, ovary wall is 
very thin. 

2. Developing Developing ovary have enlarged oocytes generally greater than 120 µm in size. Cortical alveoli 
become present and actual vitellogenesis occurs after oocytes reach 180 µm in size and continue to 
increase in size. Abundant yolk globules with oocytes reach a size range of >600 µm, 

3. Running, ripe Completion of yolk coalescence and hydration in most oocytes. 
4. Atretic or spent More than 30% of developed oocytes undergoing the atretic process. See Table 2 for detailed 

description of 
the atretic process. 
 

5. Inactive or resting Previtellogenic oocytes with only traces of atresia. In comparison to those of immature females, most 
oocytes are >80 µm, lamellae have some muscle and connective tissue bundles; lamellae are larger 
and more elongated than those of immature females and the ovarian wall is thicker. 

 
Measurment and morphometric method: 

The gonadossomatic index (GSI) is the ratio of fish gonad weight to body weight. The GSI is particularly 
helpful in identifying days and seasons of spawning, as the ovaries of gravid females swiftly increase in size just 
prior to spawning Seasons are determined by plotting monthly mean GSI values along the X (Month)-Y (GSI 
value) axis. Spawning times are shown when GSI values increase and peak. 
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A gonadossomatic index (GSI) was calculated for specimens according to the method of Render et al., 
(1995) where GSI was expressed as a percentage of gonad weight (GW) divided by body weight (BW) minus 
gonad weight, such that  

 
GSI = [GW/ (BW-GW)] x 100 

 
On the other hand, the male gonads and female gonads are distinguished only from a certain size and the 

dissection of the abdominal region is necessary. The size at first maturity was determined from specimens 
whose gonads had reached a stage greater than or equal to 3. 
 
Gonad maturation assessment by oocyte, spermatogenesis development stage,  and histology: 

The state of maturation of the gonads was determined by simple macroscopic observation. Among several 
scales maturation established in mullets (El Housni, 1988; Albaret, Legendre, 1985; Brusle, 1981), we used the 
modified by (Stenger, 1959; Kuo CM et al., 1974; McDonough et al., 2003). 
 
Method for the preparation of histological slides: 

The sampled ovaries and testes were analysed histologically in the laboratory. A section in 
the middle part of one gonad lobe was selected and embedded in paraffin, sectioned at 5μm and stained 

using Hematoxyline &Eosin following (McDonough et al., 2005).  
Gonads (n = 25 females, n = 25 males) that were previously fixed in Bouin's solution, are included in 

paraffin blocks. The cross sections of a thickness of 05 microns are formed using a microtome (Figure 5). 
Nucleocytoplasmic blades staining is performed Hematoxylin Eosin-Y following (McDonough et al., 2005). 
 
Observation and definition of gonadal maturity profiles: 

The microscopic criteria applied in the classification of ovarian development are based on oocyte 
characteristics such as the formation of cortical alveoli, degree of yolk accumulation and nuclear migration. For 
males, criteria such as the presence/absence and relative proportion of spermatogonia, spermatocytes and 
spermatozoa were applied. 

- For females, histological slides were observed GX4 for the calculation of areas occupied by different cell 
stages. However, for the determination of certain cell stages, objectives GX10 GX100 are used to, 04 stages of 
maturity are used (Table 1). 

- For males, three fields of observation, with an area of 18,500 μm2 spread of the tunic of the testicle to the 
efferent channel are examined (G 100). The distribution of areas occupied by each cell type, the nuclear 
diameter of germ cells and their staff within a cyst are determined. 

Distribution of surfaces in each field helps to evaluate testicular development characterizing three stages of 
maturity (1-3) (Table 2) according to the frequency of presence of five cell types: spermatogonia (accompanied 
primordial germ cells and Sertoli cells), spermatocytes I and II, spermatids and finally spermatozoa. 
 
Table 2: Criteria for male germ cell development stage identificaion sexual differentiation has Occurred  Modified from Wenner et al. 1986, 

Stenger. 1959, Kuo et al.1974 and McDonough et al.2003). 
stage Male 
1. Immature Inactive testes; small transverse sections compared to those of resting male; spermatagonia and little 

or no spermatocytic development. 
 

2. Developing Development of cysts containing primary and secondary spermatocytes all the way through 
accumulation of spermatozoa in lobular lumina and ducts. 
 

3. Running, ripe Predominance of spermatozoa in lobules and ducts and little occurrence of spermatogenesis. 
 

4. Atretic or spent No spermatogenesis occurring but some residual spermatozoa in shrunken lobules and ducts. 
 

5. Inactive or resting Larger transverse sections compared to those of immature males; little or no spermatocytic 
development; 
empty lobules with well-developed secondary ductwork and some residual spermatagonia. 

 
Results: 
Results of morphometric method: 

The 412 grey Mullet collected in Gulf of Annaba during the period from February 2009 to March 2010, 
were composed of 119 females (29%), and 293 males (71%) (Table 3). The average length frequency 
distribution indicated that most of the fish (68 %) were in the size range of 420-530 mm FL.  
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Table 3: Fork length, body weight and gonadossomatic (RGS) of M.cephalus collected in the Gulf of Annaba from February 2009 to 
March2010. 

Area  Date  Sample 
size 

Fork length (FL)(mm) Body weight(BW)(g) Male (M) Female (F) 

M F M F M F GW GSI GW GSI 
Gulf of 
Annab
a 

February  2009 
March 2009 
April 2009 
May 2009 
June 2009 
July 2009 
August 2009 
September 2009 
October 2009 
November 2009 
December 2009 
January 2010  
February2010 
March 2010  

10 
17 
09 
05 
11 
14 
22 
15 
23 
14 
06 
17 
31 
19 

4 
7 
11 
08 
21 
11 
36 
11 
08 
14 
24 
10 
13 
21 

420.2 ± 11.2 
336.3 ± 17.2 
480.2 ± 26.1 
454.6 ± 10.6 
417.3 ± 20.1 
520.3 ± 44.2 
610.2 ± 25.8 
645.5 ± 26.3 
602.5 ± 21.8 
422.3 ± 34.1 
530.2 ± 14.9 
510.5 ± 13.2 
466.2 ± 16.5 
480.2 ± 25.3 

422.3 ± 21.9 
301.4 ± 36.1 
480.0 ± 17.3 
510.2 ± 12.4 
460.3 ± 17.6 
550.4 ± 26.3 
660.2 ± 40.2 
661.5 ± 23.7 
610.1 ± 26.8 
401.2 ± 33.2 
510.3 ± 32.1 
495.8 ± 34.6 
460.5 ± 32.1 
470.9 ± 22.1 

991.3 ± 
12.2 
682.4± 
11.4 
1212.6 
±28.7 
1010.5± 
12.2 
875.5±47.
6 
1671.4±23
.5 
3412.4±44
.7 
3814.5±22
.4 
3550.2±25
.1 
961.5±22.
9 
1512.3±66
.2 
1252.5±12
.2 
1002.2±24
.1 
1301.2±14
.3 

990.4± 
14.2 
741.2± 
21.5 
1291.1± 
33.4 
1121.2±45
.2 
965.5± 
22.1 
1821.7±23
.6 
4105.4±44
.5 
4212.8±23
.8 
3641.2±12
.3 
991.5±33.
2 
1124.7±22
.1 
1052.7±24
.8 
896.5±14.
5 
1310.4±13
.2 

7 
5.8 
20 
18.
5 
8.6 
33 
180 
200 
210 
10.
4 
26.
5 
16.
3 
12.
7 
30.
7 

0.71 
0.85 
1.67 
1.86 
0.99 
2.01 
5.56 
2.53 
6.28 
1.09 
1.78 
1.31 
1.28 
2.41 

9 
15 
31 
34 
20 
52 
220 
220 
220 
22 
42 
29 
22 
40 

0.91 
2.06 
2.46 
3.12 
2.11 
2.93 
5.66 
5.50 
6.43 
2.26 
3.87 
2.83 
2.51 
3.14 

GSI : Gonadossomatic index, GW :Gonad weight.    
 
Results of gonad maturation assessment by oocyte, spermatogenesis development stage,  and histology: 
Reproduction period: 

An examination of the monthly evolution of RGS (Figure 2) shows that females, increases from June to 
October, reaching its maximum, it goes from 6.43 2.11a then drops to low values from month of November 
(2.26). Female gonad maturation takes place from September to October so, spawning occurs mainly from 
October to November. 

In males, the evolution of the RGS (Figure 2) shows that gonadal maturation begins from the month of July 
(2.01) and peaked in November (6.28). Emissions occur between November and December. 

 

 
 
Fig. 2: Monthly change in gonadossomatic index in females and males of Mugil cephalus from the Gulf of 

Annaba. GSIF: Gonadossomatic index femele, GSIM: Gonadossomatic index male. 
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Gonad maturation and size at first sexual maturity: 
During the juvenile stages, the males of Mugil cephalus first show testicles very thin and transparent. From 

a Lfc equal to 21.3 cm male gonads become whitish while the female gonads become pinkish yellow and 
orange. Gonad size increases until it occupies a large part of the visceral cavity. During spawning, the ovaries 
become very soft and empty. 

The size at first sexual maturity is by convention the size for which 50% of individuals are mature during 
the period of sexual maturity. We used this analysis to individuals captured between June and September. Figure 
3 shows that the size at first sexual maturity in females of Mugil cephalus from the Gulf of Annaba is a Lfc 34 
cm while the smallest mature female observed was a Lfc 30 cm 

 

 
 
Fig. 3: Change in percentage of mature individuals depending on body size in Mugil cephalus from the Gulf of 

Annaba by applying the logistic model to data. 
 
The low number of mature males observed cannot estimate the size at first sexual maturity in this group, 

however, the smallest mature male observed was a Lfc equal to 30 cm. Table 4 shows that the size at first sexual 
maturity is different depending on the region, but its value remains fairly homogeneous within each 
geographical unit.  

Thus, in the Marmara Sea, maturation is delayed while it is very early in the Atlantic States. 
Mediterranean and North Atlantic West Africa, maturation occurs at intermediate sizes. In the western 

Mediterranean, this size is smaller than in the Atlantic Senegal-Mauritania. For M. cephalus from the Gulf of 
Annaba, size at first sexual maturity is greater than that of individuals sampled (Farrugio, 1975) and lower 
individuals examined by (Brusle and Brusle, 1977) for coasts of Tunisia. 
 
 Table 4: Size at first sexual maturity in different populations of  Mugil cephalus. 

Areas Size at first sexual maturity (cm) Authors 
U.S. Atlantic coast, (Florida) ♂   23.0 - 23.9 - ♀   24 - 31 Broadhead (1953) 
U.S. Atlantic coast, (Florida) 23 ♂ – 27 ♀ Greely et al. (1987) 
African atlantic coast, (Mauritania) ♂   SL = 28 - ♀   SL = 27 Brulhet (1975) 
Mediterranean Sea,(Tunisia)  ♂   SL = 28 - ♀   SL = 27 Farrugio (1975) 
Mediterranean Sea, (Tunisia) SL = ♂ 38 – 40 ♀ J. Brusle & S. Brusle (1977) 
Mediterranean - Sea of Marmara (Turkey) TL =47 for both sex Deniczi (1958) 
Mediterranean - Sea of Marmara (Turkey) ♂   FL = 40 - ♀   FL = 41 Erman (1959) 
Atlantic coast (Morocco) ♀   Fl = 37,1 Btissam AMEUR, (2003) 
Algeria (this study) ♂   FL = 30 - ♀    FL = 34 This study 2009-2010 
♀ : Female , ♂   : Male, FL : fork lenght, TL :total lenght, SL : standard length 

 
Variations in salinity result, according to their nature, duration and magnitude of various effects on the 

biological characteristics of the species (growth, reproduction). 
The main organs concerned in osmoregulation processes are integuments (permeability), gills, gut and 

kidney (excretion and absorption). The latter being under the control of the pituitary hormone (secretion of 
hormones such as prolactin, growth hormone, sex hormones ... etc). 

Salinity appears to play an important role in the induction of gonadal maturation in M. cephalus. Indeed, the 
salinity starts to increase in the Gulf of Annaba from the month of May (Figure 5), which coincides with the 
gonad maturation phase 
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Fig. 4: Variation of  salinity in the Gulf of Annaba during the study period. 

 
Reproduction period: 

The comparative analysis of the breeding populations of several fish shows that it differs from one 
population to another (Table 5). At the Atlantic, the species M. cephalus, reproduction takes place from October 
to January (Landret, 1974; Greely et al., 1987; Ibañez, 1994). In the Mediterranean, the Caspian Sea and the Sea 
of Marmara, the different populations breed between June and October (Faouzi, 1938; Erman, 1959; Morovic, 
1963; Farrugio, 1975; Brusle and Brusle, 1977; Brusle, 1981) while for the Gulf of Annaba breeding season is 
from August to November. 

according Silva and  Silva, salinity rises with the capture of gray mullet, while the first maturity in females 
is recorded 31.5 cm and 34 cm in males in contrast to our study where the first sexual maturity at corespand 
sizes 30cm in males against 34cm in females 
 
Reproductive Cycle: 

Relying  on the histological observations of gonad development and monthly fluctuation in GSI, the grey 
mullet ovaries go through five successive stages. The frequency distribution of ovary developmental stage is 
shown in Fig. 5. 

 
1) Early Growing Stage: 

species in the early growing stage were first observed in April. The number of oocytes in the peri-nucleolus 
stage vary between 100 µm in diameter in the ovaries increased gradually, and oocytes in the oil droplet stage 
ranging from 100 to 150 µm in diameter show in the ovarian lamellae (Fig. 5A). 

 
2) Growing Stage: 

the ovary accumulated oocytes in the yolk globule phase with a granular yolk globule ranging from 150 to 
300 µm in diameter happen druing the beginning of september, including those in the oil-droplet stage (Fig.5B). 

 
3) Mature Stage: 

The GSI reached the top in October and December. Individuals had mature oocytes stages ranging from 300 
to 480 µm in diameter with a big oil-droplet (Fig.5C). 
 
4) Spawning Stage: 

There was individual variation during  migration time, and fish migrate offshore between November and 
January to spawn, so no colonies were found during the spawning stage. 
 
5) Resting and Recovery Stage: 

There was a rapid decrease in GS in November. The ovaries contained primarily immature oocytes and a 
few ovulatory follicles. Individuals in this stage showed up from November to March (Fig. 5D). 
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Fig. 5: Maturation stage of the ovaries of grey mullet, Mugil cephalus collected from gulf of Annaba.  

(a) Premature in the pre- vitellogenic yolk stage, (b,c )mature in the late vitellogenic yolk stage, (d) after 
spawning CO : Cavité ovarienne OV:  Ovocyes  vitellogénétiques OG: Ovogonie   (G x 100), Lo : Lumière 
ovarienne OP : Ovocytes prévitellogénétiques (G x 10), Ov : Ovocyes vitellogénétiques  (G x 40), Ov : 
Ovocyes vitellogénétiques (G x 60), N : nucleus ZR : Zona Radiata  NU : nucleolus. 

 

 
 
Fig. 6: Maturation of testes of Mullet fish(Mugil cephalus) from gulf of Annaba. SCY : spermatocyte, STI : 

spermatid, Ser : Sertoli celles, SZ : spermatozoa.  
 
Concerning the evolution of sexual maturity male gonad, there is a growing trend with peaks during the 

months of maturities from August to October which coincides with the spawning period of the same Fig. 6 
clearly shows the dominance of the spermatid stage. 
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Discussion:  
Water temperature and photoperiod exert the strongest effects on the reproductive rhythm of fish (Btissam 

et al., 2003). The grey mullet gonads began to develop in September, when the water temperature began to 
decrease, and the GSI increased rapidly to 1.70±1.01, and was maximal at 6.97±1.14 in December when the 
daylength was shortest at 9.62D.  

GSI is variable depending on the species of the same family of fish (Bartulović et al., 2011).According to 
Hs, Han,  et al., (2007) The gonadosomatic index of mullet in the northeast (NE) waters significantly increased 
from <0.5 at the beginning of the spawning season to greater than 21.0 for females and 19.0 for males at the 
peak of the spawning season. 

The grey mullet is a group-synchronous spawner, and two groups of oocytes are seen in the ovary near the 
spawning period. It is thought to spawn once a year; the developmental stage of the mature oocytes is not 
separated during the short time after activities begin within the ovary, but oocytes pass through each stage 
consecutively. The fecundity of fish generally increases with total length and weight, as was observed in the 
grey mullet. Both coastal and oceanic fishes perform spawning migration, usually migrating from offshore to 
onshore, since the coast has more food for juvenile and fry, making it more suitable for their development and 
growth.  

Fish that migrate onshore include the seabass, L. japonicus (Kang et al., 2001)  and tiger puffer, Takifugu 
rubripes (Tokai et al., 1993). By contrast, the grey mullet migrates offshore to spawn (Brusle, 1981 ; Btissam et 
al., 2003), like the North Sea plaice, Pleuronectes platessa (Bromley, 2000), southern flounder, Paralichthys 
lethostigma (Moustkes et al., 2004) and Atlantic menhaden, Brevoortia tyrannus (Stegmann  and Yoder , 1996).  

Low water temperature cause immature grey mullet to migrate offshore to pass the winter, while salinity 
causes mature fish to migrate offshore in the spawning season (Tamaru  et al., 1994 ;Cardona, 2000).  

In this study, mature individuals were collected in October and December, but because the fish migrate 
offshore to spawn, it was difficult to collect mature fish on the coast in November and January, during the 
presumed spawning period. This study investigated the oogenesis, reproductive cycle, and fecundity of grey 
mullet inhabiting the coast of Jeju Island.  This work will serve as the base for a comparative study of oogenesis 
in grey mullet fish inhabiting the coastal waters and brackish industrial regions along the coast of Jeju Island 
and the Korean peninsula. 

According to McDonough  et al., (2003) ; Fecundity in striped mullet (Mugil cephalus) from South 
Carolina correlated highly with length and weight, but not with age.  

fecundity is used in conjunction with histological examination, and gonadosomatic index to determine that 
striped mullet into South Carolina estuaries spawn from October through April. 

In the province of Annaba, the breeding of Mugil cephalus is fairly short. Gonad maturation in females 
occurs from September to October. At the end of this period spawning occurs and ends in November. 
Maturation of male gonads begins one month ahead of females. The same phenomenon was observed in another 
species of Mugilidae (Chelon labrosus) maintained in captivity (Besbes  et al., 2002) and in (Liza aurata) coasts 
of Eastern and Southern Tunisia (Rafika et al., 2002) .  

According to different authors, the breeding of mullet in different regions of the Mediterranean and the 
Black Sea is overlapping with that of our study (Table 5). However, this period is early and very long in Caspian 
Sea and in the Mediterranean (Egypt); it starts in June and August, but stretches well into the fall. First maturity 
is happens when the size of mullet fish reaches 32 cm for all individuals regardless of gender, which 
corresponds to an average age of 4 years and over (Landret, 1974). The same age at first sexual maturity was 
also estimated by (Brusle and Brusle , 1977), for mullet in Tunisian coasts. 

 
Table 5: Reproduction period in different populations of  Mugil cephalus in the world. 

Areas  Reproduction Period (month) Authors 
Jn Jul Au Sep Oct Nov Dec Ju Fe M Ap M 

Mediterranean - Sea of 
Marmara (Turkey) 

            Erman (1959) 

   
Caspien sea             Avanesov (1972) 

    
Atlantic coast (Morocco)             B.AMEUR (2003) 

    
Mediterranean (Egypt)             Faouzi (1938) 

    
Adriatique sea             Morovic (1963) 

    
Mediterranean sea 
(Tunisia) 

            J. Brusle & S. 
Brusle (1977) 

   
Mediterranean sea             J. Brusle (1981) 
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(Tunisia)  
Mediterranean sea 
(Tunisia) 

            Farrugio (1975) 

  
Gulf of Mexique             Ibañez (1994) 

  
U.S. Atlantic coast             Greely et al. (1987) 

  
Northwest of the gulf of 
Mexico 

            Ibañez, A.L et 
al.(2004)  

Coastal lagoon Sri lanka             Silva.E.I.L et al. 
(1981) 

Algeria (this study)             This study 2009-
2010 

 
In the Mediterranean Sea, reproduction moves towards winter, where the climate is temperate, the longest 

period of laying occurs during summer. It is therefore very likely that the breeding of different populations is 
influenced by water temperature or photoperiod. These two factors are not directly involved in the onset of the 
laying period but would be factors "permissive". The results suggest an effect of temperature (Ameur, 1994), 
leading to an increase in the metabolic activity required for the maturation of gonadal products and 
physiological changes that accompany this event. 

In conclusion, this study identified the reproductive cycle of Mugil cephalus in the Gulf of Annaba in 
comparison with the other populations of the same species located in different geographic regions. This paper 
discusses how the sexual maturity is monitored and the role of salinity in triggering the maturation of gonads. 

The results suggest that further works is needed to study the stock of grey mullet in the gulf of Annaba 
spawning grounds including population identification by genetic methods. 
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