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Abstract: Bony fish includes the largest groups of fishes that have high economic value. Among 
these fish the Pleuronectiformes order have about 678 extant species that are recognized in 
approximately 134 genera and 14 families. Among the tonguefishes (Cynoglossidae) family, the 
species of Cynoglossus arel has remarkable distribution in Persian Gulf region. The purpose of this 
study was to determine the timing and duration of the spawning season from the monthly data on the 
incidence of changes in the gonadosomatic index (GSI), hepatosomatic index (HSI) and condition 
factor (K). In this study a total of 905 C. arel specimens were collected from the coastal waters of 
Bandar Abbas, south coast of Iran (27˚17’N, 56˚26’E) from October 2009 to September 2010. Then, 
in laboratory total length, body weight and sex were recorded, also gonads and liver were removed 
and weighted. The average of total length and total weight in males were 210.6 ± 1.91 mm       and 
43.0 ± 1.19 g, also the average of total length and total weight in females were 226.1 ± 1.81 mm and       
54.2 ± 1.41 g. The Gonadosomatic index (GSI) values in females were higher between January and 
April 2010, with the highest mean in February 2010 (6.01 ± 0.52) and declined between May and July 
2010. There seems to be a resting period from July to September 2010; after this period the gonad 
increased in weight continuously in relation to body weight, with some acceleration around February 
2010. The GSI in males were higher between January and June 2010 with the highest mean in May 
2010 (0.10 ± 0.007) and decreased between October and December 2009 and between July and 
September 2010. The mean hepatosomatic index (HSI) in females increased progressively from 
September 2010 (0.48 ± 0.01) to March 2010 (0.83 ± 0.02). Thereafter, mean HIS decreased slightly 
in April to initial low levels in September and also the mean HSI in males were higher in August 
2010 (0.58 ± 0.02) with the low levels in April (0.37 ± 0.01).  The condition factor (K) in females 
were low from March to September 2010, increasing progressively from October 2009 to February 
2010 and reaching higher values in February (0.49 ± 0.01) also this values in males were low from 
March to September 2010 and increasing to reach higher values in December 2009 (0.47 ± 0.01).   
 
Key words: Gonadosomatic index, Hepatosomatic index, Condition factor, Cynoglossus arel, 

Spawning. 
 

INTRODUCTION 
 

The Pleuronectiformes order have About 678 extant species that are recognized in approximately 134 
genera and 14 families. About 10 species are thought to occur only in freshwater (six achirids, one soleid, and 
three cynoglossids); another few that are primarily freshwater enter estuaries or marine water, and another 20 
species that are normally marine occasionally enter freshwater. Flatfishes are benthic and carnivorous. Sexual 
maturity is attained from 1 to 15 years of age. Maximum length almost 3 m in the halibuts; much smaller in 
most groups. (Nelson, 2006). Flatfishes are found on a variety of substrata including silt, mud, sand and sand–
shell mixtures, with some species also occurring on rocky or pebbly bottoms. Although flatfishes are common 
elements of tropical marine fish assemblages found on soft-bottom habitats, most are only about 40 cm TL. 
Some tropical regions, e.g. the Persian Gulf where only 23 species have been documented. Families belonging 
to this order can be pointed tonguefishes (Cynoglossidae) which have Three genera and 145+ species that they 
are found circumglobally primarily in shallow, warm temperate, subtropical and tropical marine and estuarine 
waters (Gibson, 2005). Among them, species of Cynoglossus arel has remarkable distribution in Persian Gulf 
region. Distinctive Characters of this species include the Body flat and elongate, with dorsal and anal fins joined 
to caudal fin. Eyes on left side of body, with a small scaly space between them, Two lateral lines on eyed side 
but none on blind side. Scales ctenoid (rough to touch) on eyed side but cycloid (smooth) on blind side, 7 to 9 
scale rows between lateral lines on eyed side (Fischer & Bianchi, 1084).  
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The spawning season is commonly described in terms of the month at which spawning starts and ends     
(Russell, 1976., Whitehead, et al., 1986., Minami & Tanaka, 1992). Therefore, to effectively manage stock 
sizes, biological information such as annual reproductive cycle and age at first maturity is indispensable 
(Narimatsu et al, 2007) 

This study has been performed to find out the timing of the spawning season from the monthly data on the 
incidence of changes in the gonadosomatic index (GSI), hepatosomatic index (HSI) and condition factor (K) for 
the first time in Persian Gulf region. 

In another research conducted by Rajaguru (1992) Biology of two co-occurring tonguefishes, Cynoglossus 
arel and C. lida (Pleuronectiformes: Cynoglossidae), from Porto Nova, southeast coast of India, was studied 
also  

Afonso-Dias et al., (2005) investigated Reproductive aspects of Microchirus azevia  (Pisces: Soleidae) 
from the south coast of  Portugal, besides Kume et al., (2005) showed Seasonal distribution, age, growth and 
reproductive biology of marbled sole pleuronectes yokohamae in Tokyo Bay, Japan. 

 
MATERIALS AND METHODS 

 
Sampling Procedure: 

Persian Gulf is a semi close sea in the Middle East. Bandar Abbas port is in the north of Hormuz Strait. In 
this study a total of 905 specimens of C. arel (493 females, 412 males) were collected using trawling nets 
monthly base from the coastal waters of Bandar Abbas, south coast of Iran (27˚17’N, 56˚26’E) (Fig. 1) from 
October 2009 to September 2010. The total length was measured to the nearest mm, total weight was weighted 
to the nearest 0.1 g and gonad weight and hepatic (Liver) weight were recorded to the nearest 0.01 g. 
Tongufishes have no secondary sexual characters to distinguish the sexes. In females with gonads in advanced 
stages of maturity, ovaries can be seen easily through the body wall when the fish is held against light. Since 
there is no external difference between sexes in C. arel, sexes are distinguishable only after dissection, 
Extension of gonads into body cavity, and their color, shape and size were noted after dissection (Rajaguru, 
1992). A five stage maturity scale, based on the external appearance, was used to classify the ovaries (Afonso-
Dias et al, 2005). It was not possible to establish the stage of the male gonads with the naked eye.  
 
Data Analysis: 

The timing and duration of the spawning season were deduced from the monthly data on the incidence in 
the gonadosomatic index (GSI). The GSI was estimated as the quotient between the gonad weight and total 
weight (Afonso-Dias et al, 2005):  

 

   100 

 
Where Gw and Bw are gonad weight and total weight in both sexes, respectively. Hepatosomatic index 

(HSI) were calculated to examine monthly variations in feeding intensity and to correlate these variation with 
breeding cycles, using following formulae (Rajaguru, 1992): 

 

   100 

 
Where Lw and Bw are liver weight and total weight in both sexes, respectively. Monthly mean values of 

condition factor (K) were also calculated to confirmed the spawning season (Rajaguru, 1992). The basic 
assumption underlying the use of condition factors is that fish in better “condition” (nutritional and health 
status) are more full-bodied and therefore heavier at a given length. Fish condition has therefore been 
traditionally estimated by the following equation (Richter, 2000): 

 

  100 

 
Where M and L are body weight and total length in both sexes, respectively. 
Data are presented as mean ± standard error of mean (S.E.M.) and analyzed by statistical software Spss 

16.0, also the graphs were drawn by Microsoft Office Excel 2007. 
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Fig. 1: Location of sampling in coastal waters of Bandar Abbas, Persian Gulf. 
 

Results: 
Length-weight Relationships: 

The parabolic relationships of length and weight for males and females are shown in Figs. 2-3, correlation 
coefficient values (r2) were calculated in both sexes (p < 0.001). Those values were highly significant in both 
sexes but this value was a bit lower in females in comparison with males (Figs. 2-3). The parabolic equations are 
showed as follows: 

Female    W = 7.5 × 10-7   TL 3.31 ,  r2 = 0.96   
Male       W = 9.8 × 10-7   TL 3.26 ,  r2 = 0.97      
 

Morphology and Development of the Gonads: 
The gonads of C. arel are quite distinct between sexes and easy to identify. They show a well-marked size 

asymmetry between the eyed and blind side. Male gonads are bean shaped and extremely small, occupying less 
than 1% of the abdominal cavity. The ovaries exhibit a flattened tubular structure much wider in the anterior 
region that runs along the ventral part of the animal’s body. Color, shape, and extension of the ovary into the 
body cavity, as well as color and shape of ova, were considered to define stage of maturity in females. Therefore 
according to the study of Afonso-Dias et al (2005), ovaries divided into five stages (Tab. 1). 

 
Fig. 2: Relationship between total length (TL) and total weight (TW) in female of C. arel. 
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Fig. 3: Relationship between total length (TL) and total weight (TW) in male of C. arel. 

 
Annual Changes in HSI, and K: 

The GSI of female C. arel, gradually increased from October to January, ranging from 0.8 ± 0.13 to 3.53 ± 
0.26 (mean ± standard error, SE, Fig. 4). The highest value (6.01 ± 0.52) was found in February, followed by 
steep decrease until June (0.7 ± 0.07). Between June and September, the GSI was relatively low from 0.7 ± 0.07 
to 0.63 ± 0.02, that there seems to be a resting period. The HIS of females were low from June to November and 
relatively high with fluctuation in the other months which are the spawning period (Fig. 4). In female, the 
highest K peak was observed in February (0.49 ± 0.01), and the lowest value was in May (0.36 ± 0.007), 
therefore female did a rise in K value correspond with a rise in gonadal activity, indicating the spawning period 
(in February) (Fig. 5).  

In male C. arel, the GSI were higher between January and June with the highest mean in May 
(0.10±0.007) and decreased between October and December 2009 and between July and September 2010, 
therefore this pattern of GSI in males was consistent with the pattern seen in females. The HSI of males were 
low from January to May and relatively high with fluctuation in the other months (Fig. 6). In male C. arel, the 
highest K value peak was observed in December (0.47 ± 0.01), and the lowest value was in June (0.38 ± 0.006) 
(Fig. 7).  

 
Table 1: Macroscopic maturity scale for C. arel ovaries. 

I- Immature or Resting 
Very thin ovaries not extending more than 4 cm down the side of the body. Pinkish ovaries with very 

thin walls and easily broken. No visible oocytes.  
  

II- Developing 
The ovaries increase in length and in width; they become thicker and opaque. Small opaque specks 

are visible.  
 
III- Maturing 
The ovaries increase considerably in volume and usually distend the body. Many opaque and a few   

hydrated oocytes are visible.   
IV- Ripe 
Full ovary with hydrated oocytes visible. In the running stage the oocytes are extruded copiously 

under light pressure of the ovary.  

V- Spent and recovering 
Ovaries are empty or partially empty, flaccid, with mainly opaque oocytes in a state of reabsorption 

with a lot of slime. Gonads are highly vascularized with some ruptured capillaries, bloodshot in 
appearance.  
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Fig. 4: Monthly changes in GSI and HSI (mean± S.E.) of female C. arel                      

 
Fig. 5: Monthly changes in K (mean± S.E.) of female C. arel. 

 
Spawning Season: 

Ripe females (stage IV) were high in February with 67% and 33% in stage III. Maturing females were 
found mainly in January (50%), March (58%) and April (77%). Spent females were observed more frequently 
from May to September and were absent from January to April. The number of immature fish were found only 
from October to November (2009) and May to September (2010) (Fig. 8). GSI was used to indicate spawning 
periods. Therefore the GSI values in females were higher between January and April, with the highest mean in 
February (6.01±0.52) and declined between May and July. There seems to be a resting period from July to 
October; after this period the gonad increased in weight continuously in relation to body weight, with some 
acceleration around February. 

 

 
Fig. 6: Monthly changes  in GSI and HSI (mean± S.E.) of male C. arel. 
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Fig. 7: Monthly changes  in K (mean± S.E.) of male C. arel. 

 
Discussion: 

In the Persian Gulf, Tonguefishes (largescale tonguesole, Cynoglossus arel; fourlined tonguesole, C. 
bilineatus; hooked tonguesole, C. carpenteri; shortheaded tonguesole, C. kopsii; and speckled tonguesole, C. 
puncticeps) are marketed fresh and frozen, or are dried and salted (Gibson, 2005). Studies on this fishes in Iran, 
only restricted to the identification and comprehensive study on the reproduction of this species in the Persian 
Gulf region is done for the first time. 

 

 
Fig. 8: Monthly percentage of ovarian maturity stages of C. arel. 
 
Length-weight Relationships: 

The correlation coefficient values (r2) in both sexes were highly significant (Fig. 2-3). Cynoglossus arel 
showed significant regression coefficient (b-value), which differed significantly from the hypothetical B value 
(=3). Rajaguru (1992) made similar observation for C. arel and C. lida in Indian waters, also Wigley and 
Burnett (2003) with investigation on length-weight modeling of Witch Flounder (Glyptocephalus cynoglossus) 
in three region along the northeast coast of the United states, found that the correlation coefficient values (r2) 
were more significant than this study. Kume et al. (2006) showed that the r2 values of relationship between 
standard length and body weight in male and female of Marbled sole Pleuronectes yokohamae in Japan, were 
0.98 and 0.99, respectively. In 2008 Herrera et al. studied length-weight relationship of Wedge sole in captivity 
and their study expressed that correlation coefficient (r2) was 0.99. Although our results reveal significant 
length-weight relationships in both sexes, researches above showed more a bit significant that our study, 
therefore this result Could be due to Environmental conditions such as a high salinity in Persian Gulf. 

 
 Annual Changes in HSI, and K: 

The HIS and K values in female were relatively low from June to November and from March to October, 
respectively. HIS and K in male were relatively low from January to May and March to October, respectively. 
Rajaguru (1992) reported that in female C. arel the lowest values of gastro and hepatosomatic indices were 
recorded only during the peak spawning period in January. Also, in male C. arel a peak of empty stomachs 
occurred in January which was the spawning period and lowest gastro and hepatosomatic indices were in 
January (Rajaguru, 1992). Since most individuals began to spawn in either February or March, feeding activity 
and HIS may decrease 1-3 months before spawning. From June to October, most ovaries were in the recovery 
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phase. Taking into account the result of present and previous studies, the nutrient condition of the fish was also 
believed to be in recovery phase at this time.     
 
Spawning Season: 

The spawning season was estimated from February to June 2010, with a peak in March. The occurrence 
frequency of spawning individuals changed greatly over the months; only a small percent of fish continue to 
spawn during and after June. In our study the GSI in male were high between January and June 2010, with a 
peak in May and decreased between October and December 2009 and between July and September 2010. In the 
same study from southeast coast of India in1992, the spawning periods of C. arel and C. lida were prolonged, 
lasting for 10 months and spawning peak for C. arel and C. lida were in January and September, respectively. 
Afonso-Dias et al. (2005) investigated Reproductive aspects of Microchirus azevia from the south coast of 
Portugal and showed that GSI value were higher between January and May and decreased between June and 
August, therefore this pattern was similar that our study. In this study, in female, a rise of K value correspond 
with a rise in gonadal activity, although did not correspond with this activity in male. According to our results 
the percentage of ovaries maturity also showed seasonal trends, which the females were high in February with 
67% in stage IV and 33% in stage III and reached to the 7% in stage IV.  

Further research, i.e. the reproductive biology of other flatfishes, population dynamics and stock 
assessment, is needed in order to obtain an adequate and comprehensive understanding of biology and ecology 
in this important order in future. 
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