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ABSTRACT 

Channa gachua is native to the majority of streams in southeastern Iran, but reproductive parameters of the fish 

are barely known. Reproductive conditions are key parameters of fish populations and their assessment is very 

important for several reasons. To investigate reproductive biology of the native dwarf snakehead, sampling was 

done at monthly intervals throughout the year and 404 individuals were caught from Kajou River in Makran basin. 

Age, sex ratio, fecundity, oocytes diameter, gonado-somatic, modified gonado-somatic and Dobriyal indices were 

estimated. Regression analyses were used to find relations between fecundity and fish size (length and weight), 

gonad weight, and age. Sex ratio differed from unity and biased to females. The mature females and males were 

longer than 75 and 61 mm in total length (+2 and +1 in age, respectively). The average egg diameter was 0.50 

mm, maximum 0.73 mm in April. The spawning took place from beginning of April to late June. Average GSI 

value at the beginning of the reproduction period was 2.89% and ranged between 0.3% and 4.4% in ripe, mature 

females. The average of absolute and relative fecundity was calculated 3471 and 248, respectively. The absolute 

fecundity was significantly related to body length and gonad weight. Based on the pattern of gonad indices, it was 

concluded that this fish has a prolonged active reproductive period, which is a type of adaptation by short-lived 

small fishes to environmental conditions. 
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INTRODUCTION 

The freshwater ichthyofauna of Iran comprises a diverse set of families and species. These form important 

elements of the aquatic ecosystem and a number of species are of commercial or other significance (Coad 2016). 

One of the rare species in the country is Channa gachua (the family Channidae), which is related to the Orientale 

region. This species is native for Iran and reported from the Makran, Mashkid and Jazmourian basins (Jouladeh-

Roudbar 2015). The family Channidae, is known as the snakeheads or serpentheads because of the characteristic 

broad head with large scales and a large oblique mouth. They are found from Africa to eastern Siberia and 

Southeast Asia (Coad 2016). Reproduction has three key components, including sexual maturity, reproductive 

period and fecundity, which are vital demographic characteristics, essential for understanding a species’ life 

history (Cortes 2000). Gonado-somatic index has been used as an indicator of reproductive activity of fish 

(Bagenal & Braum 1978; Coates 1988), and in the absence of information on eggs and larvae, this could be used 

to give an indication of peak spawning periods. Knowledge of gonadal development and the spawning season of 

a species allow the subsequent studies on spawning frequency of its population, which is important for its 

management (Chakraborty et al. 2007; Pourshabanan et al. 2017; Hajiradkouchak et al. 2019; Jorfipour et al. 

2022; Jaafer Abdullah et al. 2022). Within a given species, fecundity may vary as a result of different adaptations 



814                                                                                                                                                                             Age, sex ratio, spawning… 

 

to environmental habitats (Witthames et al. 1995). Fecundity assessments have been useful in racial distinction, 

progeny survival studies, stock evaluation and aquaculture-based induced spawning and egg incubation (Bagenal 

& Braum 1978; Coates 1988). Sizes of eggs are also important parameters used in reproduction studies to 

characterize fish species and can also be used to predict the spawning frequency of fish (Wootton 1979). 

Ecological conditions such as the water temperature and photoperiod influence the sexual maturity of fish greatly 

(Pawson et al. 2000; Rodríguez et al. 2001). The principal aim of this paper was to provide data on the 

reproductive biology of Channa gachua for the first time from Kajou River in Iran, including sex ratio, gonad 

indices, fecundity, oocyte diameter, and spawning season time and duration which are necessary for conservation 

programs of the fish in the region. We believe that information on the reproductive biology of this interesting 

dwarf snakehead may be important in view of its potential aquarium trade. 

 

MATERIALS AND METHODS 

The study was conducted in the Kajou River (26°2593ʹ N, 60°7568ʹ E) in Makran basin, southeast of Iran. To 

avoid fishing pressure to the Channa gachua population, we used previously caught specimens by M. Amouei 

who has collected them in order to feeding biology examination during June 2013 to May 2014 by hand net. The 

fish were measured (Tl: Total length, Sl: Standard length to the nearest 1mm) and weighed (W: body weight, to 

the nearest 0.1 g). To examine the monthly changes in gonads as a mean for estimating the spawning season: 

gonadosomatic index (GSI) and Dobryal index (DI) were calculated following the formulas: GSI = (Wg × Wb–

1) ×100 (Nikolski, 1963) and DI=3√Wg) (Dobriyal et al. 1999). The absolute fecundity (Fa) was estimated in 30 

ovaries by calculating the number of oocytes (Mousavi-Sabet et al. 2011; Mousavi-Sabet 2012). To achieve 

accurate results, fishes that were caught in the beginning of April (before spawning), were used. The relative 

fecundity (Fr) was expressed by dividing the absolute fecundity (Fa) by the fish body weight. The result was the 

number of eggs per 1 g of body weight (Bagenal, 1967). To determine the oocytes diameter, the ovaries were 

preserved in 4% formalin solution. The diameters of 60 ova of each female fish were measured using a Zeiss 

stereomicroscope model SV 6 which was fitted with an ocular micrometer. The sex recognition was determined 

according to the examinations of gonad morphology after dissection. The Chi square test was used to assess sex 

ratio deviation from a 50:50 (Wootton 1998). Age determination was done by using scales taken from the left side 

of the body, between end of the pectoral fin and the beginning of the dorsal fin. In order to compare significant 

differences in the gonad indices between samples taken on different months, the analysis of variance (ANOVA I) 

was applied. The relationship between the absolute fecundity (Fa) and body length and weight, the gonad weight 

and the age of females was determined by regression analysis. The data were analyzed by the SPSS version 16.0 

software and Microsoft Excel 2019 software. 

 

RESULTS AND DISCUSSION 

During this study, 404 specimens of Channa gachua were caught ranging in total length from 32 to 147 mm, 

standard length 27 to 121 mm and total weight from 0.5 to 40 g (Table 1). The females were longer, heavier and 

achieves maturity later than males (Fig. 1), at the age of 2+, Tl more than 81 mm and body weight about 9 g. 

Results revealed that this population of the dwarf snakhead had a narrow age range of 1+ to 5+ years. Most of the 

caught fish were 3+ and 4+ years old (Table 1). The body length increased proportionally to the age. The older 

specimens were longer than those which had just reached sexual maturity. The body weight of the older fish was 

heavier than the young ones. Of the total number of 404 fish specimens caught, 174 were males and 187 were 

females (and 43 immature), giving an overall sex ratio of 1:1.07. Significant differences were observed in female 

and male gonad indices in different months (ANOVA, p < 0.05). There were no significant differences between 

GSI and DI. The female gonad indices increased during January to April, peaking at the beginning of spring and 

then decreased until July, then showed a slow increase until September and finally decreased in November (Figs. 

2-3). The oocytes diameter ranged from 0.2 to 1.0 mm with a mean of 0.50 mm (SD ± 0.16). The maximum mean 

oocyte diameter was observed in April and minimum in February (Fig. 4). The fish used to estimate fecundity 

were 2+, 3+, 4+ or 5+ years old. Individual values of the absolute fecundity varied in a wide range from 564 to 

5940 eggs with an average of 3471 (SD±1408). The relative fecundity was 50 to 688 with a mean of 248 (SD ± 

105) per gram body weight (Table 2). The absolute fecundity was significantly related to female body length and 

also gonad weight (p < 0.05; Table 3). The regression coefficient values were 7.67 and 2.77 for gonad weight and 

total body length, respectively. 
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Table 1. Total length (TL), standard length (SL), and body weight (W) (mean ± SD) in different ages of C. gachua males 

and females from the Kajou River. 

Age N TL (mm) SL (mm) W (g) 

  M F M F M F M F 

0+ 21 12 41.90 ± 10.60  40.45 ± 4.98 33.88 ± 9.13 32.86 ± 4.14 0.90 ± 0.61 0.72 ± 0.26 

1+ 19 5 61.21 ± 4.47 59.20 ± 3.27 50.21 ± 4.17 48.60 ± 3.21 2.40 ± 0.65 2.12 ± 0.50 

2+ 17 29 76.84 ± 6.30 77.14 ± 6.99 62.84 ± 5.80 63.28 ± 6.20 5.05 ± 1.56 5.24 ± 1.59 

3+ 76 77 100.72 ± 8.81 99.67 ± 4.62  84.22 ± 8.18 83.45 ± 4.18 11.84 ± 3.24 11.39 ± 2.22 

4+ 31 59 117.43 ± 3.84 114.70 ± 5.93 98.39 ± 3.29 96.18 ± 5.22 19.09 ± 2.42 18.32 ± 3.65 

5+ 10 5 131.54 ± 8.10 135.04 ± 10.17 109.42 ± 4.83 114.59 ± 8.28 26.40 ± 4.49 32.25 ± 10.00 

 

Snakehead maturity and growth patterns in various types of freshwater vary greatly, caused by multiple external 

and internal factors. External factors that affect snakehead growth patterns include habitat or environmental 

factors, food availability, seasonal differences, density, and so on. Internal factors that influence include species, 

fish development stage, sex, gonad maturity level, and other factors (Safran 1992; Mousavi-Sabet et al., 2013). 

Dwarf snakeheads are short-lived species, the C. gachua population examined in Sri Lanka has 90% of the 

individuals less than 24 months old and 99% less than 38 months, longevity is about 6 years (De Silva 1991). 

While in present study the oldest females were 5+ years old but most of them were in the fourth year of their lives.  

Some populations of C. gachua in mountain streams are mature at about 13cm while in lower areas maturity is 

reached at about 10.2cm at 20 months (Coad, 2016). In the studied population, females achieve maturity later than 

the males, at the age of 2+, when Sl is about 60 mm and body weight about 5 g.  

This is the first study concerning reproductive biology of C. gachua in Kajou River from southeast of Iran. 

However, there are some available information on some aspects of reproduction of snakehead species (members 

of the genus Channa); Spawning of C. gachua takes place over silt or gravel bottoms or in areas of cleared 

vegetation forming a "nest". Vegetation is cleared by fin movements and can be 15cm across (Ettrich & Schmidt 

1989).  

 
 

 

 
Fig. 1. From above, male and female C. gachua from the Kajou River. 
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Fig. 2. Variation of mean (± S.E) gonadosomatic index (GSI) of female (F) and male (M) for C. gachua from the Kajou 

River in different months. 

 

 
Fig. 3. Variation of mean (± SE) Dobriyal index (DI) of female (F) and male (M) for C. gachua from the Kajou River in 

different months. 

 

Some reports have the female swimming belly up and the male then fertilizes the eggs as they are released by 

swimming diagonally over the female's vent. Ettrich & Schmidt (1989) state that the male forms a loop around 

the belly region of the female, an intensive and long-lasting process. This occurs after pair-bonding lasting several 

weeks which serves to synchronize reproduction, necessary since all the eggs are released at once. The male picks 

up the eggs in his mouth and keeps them there for 4- 5 days until hatching (Ettrich 1989; Pethiyagoda 1991), as 

the eggs are oily and slowly float to the surface. The fry may also be protected in the male's mouth for up to three 

days before releasing them, but the fry are retained behind the gill cover when danger threatens or night descends 

(Ettrich & Schmidt 1989). Egg numbers vary between 20 and 200 per spawning (Lee & Ng 1994). The process 

of accumulating reserve substances in the ovaries of the females can be obtained partly by tracing the changes in 

the gonadosomatic index. In species which spawn in spring and summer such as snakehead, the index remains 

low in winter and then rises sharply just before the spawn (Wootton 1979; Marconato & Rasotto 1989; Rinchard 

& Kestemont 1996; Mansouri-Chorehi et al. 2016; Mohammadi-Darestani et al. 2016; Mousavi-Sabet et al. 2017; 

Faghani-Langroudi et al. 2018). A rapid increase in the weight of ovaries takes place when the temperature rises 
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and increasing amounts of food are consumed (Wootton 1979; Mousavi-Sabet et al. 2012a,b), the same pattern 

was observed in Channa gachua from the Makran basin in the present study. 

 

 
Fig. 4. The mean (± SE) diameter of oocytes (mm) of C. gachua from the Kajou River. 

 

Table 2. Absolute (Fa) and relative (Fr) fecundity in particular ranges of body length (SL), body weight (W) and age of 

female C. gachua from the Kajou River. 

Parameters  N Fa Fr 

   Range Mean ± SD Range Mean ± SD 

 <69 9 564 – 4513 2188 ± 1579 246 – 688 444 ± 193 

SL (mm) 69.1–80 11 1515 – 4724 2935 ± 1147 221 – 646 366 ± 174 

 80.1-92 32 773 - 5039 3050 ± 1138 89 - 383 246 ± 81 

 92.1< 31 816 – 5490 4420 ± 1013 50 – 342 220 ± 66 

 <9.6 13 564 – 4513 2065 ± 1241 93 – 688 305 ± 197 

W (g) 9.6–15.6 41 1106 – 5288 3280 ± 1071 89 – 499 260 ± 85 

 15.61-21.6 19 816 - 5490  4376 ± 1140 50 - 342 236 ± 63 

 21.61< 10 2927 – 5513 4524 ± 877 102 – 246 175 ± 46 

 2 9 564 – 4513 2086 ± 1463 117 – 688 370 ± 232 

Age 3 34 773 – 5288 3062 ± 89 93 – 499 260 ± 89 

 4 36 816 - 5490 4135 ± 1221  50 - 368 225 ± 72 

 5 4 1300 – 5112 4954 ± 223 102 – 179 141 ± 54 

 

Changes in the gonadosomatic index, calculated for the population in which females spawn in batches, must not 

be used as the only credible indicator of the number of batches laid. Similar to C. punctatus from Assam (Saikia 

et al. 2013), our obtained results showed that the gonado-somatic ratio is found to be maximum in April and 

minimum in November/December. Again, gonads have started developing during July/August to October and 

being peak during September. The spent stage was recorded from November onwards, indicating that spawning 

was over. The studied population of C. gachua contain single batch of mature ova and are heterochronal breeder 

having two peak breeding season. From the observed data it may be inferred that the fish spawn twice in a year 

with double spawning peak. In this regard, the breeding season of C. striata was determined by the monthly mean 

GSI values during April to September (Jannatul et al. 2015). The highest GSI values in mid-April to August more 

exactly mid-April to July with the peak in June suggested that the spawning period of C. striata might be extended 

from mid-April to August, more precisely mid-April to July with the peak in June at natural wetland of Sylhet, 

Bangladesh. More or less similar findings along with seasonal variation in GSI value were recorded in Channa 

punctatus (Hossain et al. 2015) and C. marulius by (Siddiquee 2015) in from natural wetland of Sylhet and in 
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captive-reared C. striata (Sultana 2009; Ghaedi et al. 2013). Ettrich & Schmidt (1989) reported that 6 days after 

being released from the mouth, the fry of C. gachua ascend to the water surface and draw air. A foam nest is 

produced under which the young fish hide. De Silva (1991) found breeding to take place throughout the year in 

Sri Lanka, with enhanced breeding in May to July and October to December. In the Karnataka State, India this 

species breeds from May to August. Individuals appear to spawn once in each rainy season in Sri Lanka. 

 

Table 3. Correlation coefficients r and regression equations for relationships between absolute fecundity (Fa) and: body 

length (TL), body weight (W), weight of ovary (Wg) and age. 

Relationship N Linear Regression   r   r2 F P 

Fa – SL 30 Y = – 2209.595X + 353.480 0.547 0.300 2.775 0.007 

Fa – W 30 Y = 554.504X + 50.996 0.547 0.299 1.966 0.056 

Fa – Wg 30 Y = 1408.53X + 290.659 0.409 0.167 7.667 0.001 

Fa – Age 30 Y = – 654.627X + 987.682 0.629 0.396 1.599 0.115 

 

In this study, the average absolute fecundity of examined females from the Kajou River was about 3561 eggs, 

ranging from 564 to 5940 eggs. Based on the available report on C. gachua from Sri Lanka, fecundity ranges from 

389 and 7194 (De Silva 1991; Courtenay & Williams 2004). Brood size (97-343 larvae) is smaller than the number 

of mature eggs reported for females according to De Silva (1991) and many eggs either fail to develop or are lost 

to predators despite parental care. The absolute fecundity of other species from the genus Channa are different 

from the studied species, e.g., Channa striata ranged from 2843 - 23230 eggs with an average of 9167 eggs 

(Djumanto et al. 2019), 1282-20035 (Puspaningdiah et al. 2014), 621-15430 (Makmur & Prasetyo 2006), 7141-

16486 (Makmur et al. 2003), and 1062-57200 eggs (Harianti 2013), in C. punctatus the absolute fecundity is 

ranged from 2423 to 6466 (Saikia et al. 2013), in C. striatus varied from 4326 to 9016 (Ali 1999), and it is 9853 

to 13624 in C. barca (Choudhury 2004). In fact, fecundity of fish is found to vary from species to species, even 

in members of the same species depending on age, length, weight and environmental conditions (Biswas et al. 

1984). Statistically significant relationships were found between the absolute fecundity and body length and gonad 

weight in C. gachua from the Kajou River. Fecundity was found to increase with increase in ovary weight in C. 

punctatus (Saikia et al. 2013). However, the fecundity per unit ovary weight gradually decreases in spite of the 

fact that weight of the ovary increased as the fishes grow in size and weight. Hence, the relation between fecundity 

and weight differs as breeding season approaches (Rath 2000). It is important to note that the relative fecundity 

generally decreases as the fish grows. This may be due to increase in egg size with the presence of large fatty 

(Singh 2011). From the regression equations (b) it would appear that the fecundity has a linear relationship with 

body length and ovary weight with highly significant correlation coefficient. It was observed that the fecundity-

body length relationship gives a better relationship as compared to fecundity-body weight and fecundity ovary 

weight relationship in Channa gachua similar to C. punctatus (Saikia et al. 2013). Similar relationships among 

body parameters and fecundity have also been reported by Joshi & Khanna (1980), Pathani (1981) and Singh 

(2011). Correlation coefficient (r) indicated a close relation between fecundity and ovary weight than body length. 

Therefore, fecundity can be better expressed by ovary weight than body length and body weight. 

 

CONCLUSION 

Based on reproductive parameters, it was concluded that this fish has a prolonged active reproductive period, 

which is a type of adaptation by short-lived small fishes to environmental conditions. 
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