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Abstract 

Temperature is one of the most important environmental factors influencing growth, survival and sex 

differentiation in fishes. In Channa striata (striped murrel), rearing temperature significantly affects 

metabolic activity, digestive enzyme secretion, endocrine regulation and gonadal differentiation during 

early developmental stages. Several studies indicate that optimal temperature improves growth 

performance and feed utilization efficiency, whereas extreme temperatures induce stress responses and 

alter physiological functions. Temperature also plays a critical role in environmental sex determination 

by regulating gene expression associated with gonadal development. Understanding the influence of 

temperature on growth and sex differentiation is essential for improving seed production and culture 

efficiency of striped murrel. This review summarizes the current knowledge on temperature-dependent 

growth performance and mechanisms of sex differentiation in Channa striata and highlights future 

research needs for sustainable aquaculture development. 

 
Keywords: Striped murrel, Temperature, Growth performance, Sex differentiation, Environmental sex 

determination 

 

Introduction 

he importance of the fisheries and aquaculture sectors in contributing to global food security 

and nutrition in the twenty-first century has been increasingly recognized (FAO, 2022) [37]. 

This sector also serves as an important source of income and livelihood to millions of people 

and fish represents a cost-effective and beneficial source of animal protein, making it a 

viable choice to alleviate hunger and address malnutrition within the nation (DoF, 2022) [9]. 

In India, the murrel landing from coastal states and union territories was 

1.55 lakh tonnes during 2020-21 (DoF, 2022) [9]. Worldwide, the production of striped 

murrel reached 92,523 tonnes, with the predominant share of 70,802 tonnes from capture 

fisheries and 21,721 tonnes from aquaculture (Rawat et al., 2021) [97]. In the past decade, air-

breathing fishes have experienced a consistent decline, primarily driven by factors such as 

over-exploitation, habitat loss, diseases, pollution, siltation, poisoning, dynamiting, and the 

introduction of alien species (Haniffa, 2000) [47].As an air-breathing fish, Channa striata has 

the ability to thrive in shallow waters, derelict and weed infested water areas (Pati et al., 

2004; Sakhare, 2015) [85, 102]. Among the murrels, striped murrel, C. striata is a preferred 

species since it grows better than C. punctatus (Senguttuvan and Sivakumar, 2010) possesses 

lesser cannibalistic habit than C. marulius (Pati et al., 2004; Sakhare, 2015). This species is 

mainly cultured in Thailand, The Philippines, Vietnam, Malaysia, Java, Taiwan, Hong Kong, 

Pakistan, India, and Bangladesh, (Courtenay et al., 2004; Dayal et al., 2013; Amin et al., 

2015; Roy et al., 2020) [8, 26, 29]. 

Striped murrel is one of the important air breathing freshwater fishes of south east Asia 

(Dayal et al., 2013; Sakhare, 2015; Djumanto et al., 2020; Rawat et al., 2020; Gustiano et al., 

2021; Kumar et al., 2021; Raizada et al., 2022) [29, 33, 45, 57, 93, 97, 102]. It is a promising species 

for aquaculture that grows quickly and can be raised at high stocking densities (Kumar et al., 

2022). This fish is one of the main food fish and highly valued for its meat quality, appealing 

flavour, lesser intramuscular spines, nutritional content, organoleptic properties, medicinal 

properties like presence of bioactive components in its flesh like albumin (Mustafa et al., 

2012) [72], amino acids (glycine, lysine, arginine) (Courtenay et al.,  
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(Courtenay et al., 2004; Zakaria et al., 2007) [126] and fatty acid 

(arachidonic acid 20:4n-6) (Courtenay et al., 2004) [26] 

involving in antinociception, gastroprotection, disease 

resistance, antioxidant and many people consume it to promote 

healing and manage pain following clinical procedures (Dayal 

et al., 2013; Sakhare, 2015; Roy et al., 2020; Ahmadi, 2021; 

Kumar et al., 2022, 2021; Raizada et al., 2022; Fatah et al., 

2023) [2, 29, 39, 57, 93, 102]. 

In natural water bodies striped murrel breeds just before or 

during the onset of the monsoon, and its spawning season 

extends until the end of monsoon (Alikunhi, 1953; Pati et al., 

2004; Dayal et al., 2013; Sakhare, 2015) [5, 29, 85, 102] and the 

spawning season varies significantly with geographical region 

and climatic condition (Raizada et al., 2022) [93]. The major 

problem in the culture of murrel is unavailability of adequate 

amount of good quality seed from the wild where there is a 

failure of monsoon and scarcity in availability of matured 

brood stock. Moreover, there is no established murrel seed 

supply centre anywhere in India. On the other hand, 

aquaculture practice of this species heavily relies on natural 

seed supply, thereby making a relatively minor contribution. 

Hence, it is very essential to introduce an induced seed 

production system as an alternative to the present unreliable 

dependency on the wild seed collection to supply fish seed to 

farmer. Parameswaran and Murugesan (1976) [82] were the first 

to attempt the captive breeding of murrel by using carp 

pituitary extract (Dayal et al., 2013; Raizada et al., 2022) [29, 

93]. This fish can be induced to spawn using different agents, 

such as PGE (pituitary gland homogenates), h CG (human 

chorionic gonadotropin), LHRH analogue and Gn RH 

analogues (Ovaprim, Ovatide, WOVAFH, Gonopro FH and 

Ovupin) along with dopamine antagonists (domperidone, 

pimozide) (Parameswaran and Murugesan, 1976; Haniffa, 

2000; Pati et al., 2004; Marimuthu et al., 2007; Roy et al., 

2016; Rawat et al., 2020; Kumar et al., 2022, 2021) [46, 47, 57, 66, 

82, 85, 97, 100]. Some of the challenges noticed in culture of striped 

murrel is the paucity of data on reproductive characteristics 

such as gonad development and sex differentiation. 

Furthermore, there are no known morphological characteristics 

that can be used to consistently distinguish between male and 

female individuals throughout the maturing phase and the sex 

ratio tends to be skewed towards females (Tresnati and 

Fachruddin, 2019) [115]. Reproduction process in fishes were 

influenced by various environmental factors especially 

temperature and photoperiod (De Vlaming, 1972) [30] and 

nutritional factors as well (Ghaedi et al., 2019) [42]. Sex 

determination in fish is a complex and flexible mechanism 

regulated by genetic, physiological, and environmental factors 

(Devlin and Nagahama, 2002; Rougeot et al., 2008) [99]. 

Gonadal differentiation in teleosts exhibits diverse patterns, 

varying from the conventional scenario where individuals 

exclusively develop and acquire either testes or ovaries during 

sexual maturation, to instances of synchronous 

hermaphroditism where both functional male and female 

gonadal tissues coexist simultaneously. Within this spectrum, 

there exists a notable variety of strategies, including sex 

reversal and sex ratio bias in populations, stemming from 

differences in the frequency or timing of testis or ovary 

development in hermaphroditic gonads (Devlin and 

Nagahama, 2002) [31]. Temperature is one of the important 

environmental factors that plays significant role in biological 

processes of fish (Islam et al., 2019) [49]. Sex determination 

and sex differentiation processes are widely investigated in 

fish (Baroiller and d’Cotta, 2001; Santi et al., 2016) [14, 105]. 

The impact of temperature on sex differentiation is expected to 

vary based on the temperature level and the genetic 

background (Tessema et al., 2006) [114]. Higher temperatures 

drive sex determination towards the male phenotype 

(Pankhurst and Munday, 2011) [81]. Many report showed the 

influence of temperature on sex differentiation and sex ratio in 

various fishes like Oreochromis mossambuicus (Wang and 

Tsai, 2000) [119], O. niloticus (Tessema et al., 2006; Bezault et 

al., 2007; Ali, 2009; Khater et al., 2017) [4, 15, 53] Oncorhynchus 

mykiss (Altunok and Peker, 2016) [6], Clarias gariepinus (Santi 

et al., 2016) [105], Paralichthys olivaceus (Wang et al., 2017) 

and Cyprinus carpio (Biswas et al., 2021) [18]. Global warming 

is a great concern of aquaculturists and fishery biologists. The 

rise in water temperature as a consequence of global warming 

is alarming for the field of aquaculture (Islam et al., 2019) [49]. 

Due to temperature fluctuation, significant variations in the 

sex ratio of striped murrel have been observed across different 

habitats (Raizada et al., 2022) [93]. Various studies consistently 

report low male-to-female sex ratios of 1:1.2, 1:1.5, 1:2, 1:2.1, 

1:3 and 1;10.5 (Irmawati et al., 2017; Arma et al., 2014; 

Raizada et al., 2022) [12, 48]. 

 

General Biology of Striped murrel 

Murrels are freshwater fishes belonging to the family 

Channidae. They are also called as Snakeheads because these 

fishes have head that very closely resembles snake (Marx, 

2009) [52]. In the gill cavity, they have an air breathing organ 

called suprabranchial organ (Rahman and Awal, 2016; Kumar 

et al., 2022) [92] which help them survive in the water with 

relatively low oxygen and they exhibit jumping behaviour 

(Marx, 2009). These fishes are hardy in nature and can tolerate 

low oxygen content in water, high CO2, high BOD and high 

ammonia content (Chakrabarty, 2006; Narejo et al., 2015; 

Rahman and Awal, 2016; Kumar et al., 2022) [73]. They also have 

aestivation behaviour (summer sleep) where it will become 

dormant inside mud during dry season (Marx, 2009; Kumar et al., 

2022) The pectoral fin of the fish is about twice as long as the 

head and have 50- 57 scales in lateral series. Body is compressed 

posteriorly but cylindrical anteriorly, head depressed. The dorsal 

fin begins behind base of pectorals and extends beyond anal. The 

colour of the fish is olive green, dark greyish to black above, dirty 

green to white below, vertical (oblique) bands of grey or black 
from sides to the abdomen, spots and bands posteriorly on the 

dorsal fin, ventral and anals greyish with whitish spots and 

lines on the latter (Marx, 2009) [52]. 

 

Food and feeding habits of striped murrel 

Fish gut content analysis is the only way to find feeding habits 

of snakehead as it is difficult to see the fishes feeding in their 

natural habitat (Amin et al., 2014) [7]. Striped murrels are 

highly carnivorous, piscivorous and cannibalistic in nature 

(Amin et al., 2015; Rahman and Awal, 2016; Ghaedi et al., 

2019) [8, 42, 92] and selectively feed on frogs, insects, snakes, 

tadpoles, earthworms, molluscs found in natural waters (Amin 

et al., 2014; Laxmappa and Babu, 2014; Amin et al., 2015; 

Narejo et al., 2015; Rahman and Awal, 2016; Kumar et al., 

2022) [60, 73]. According to Amin et al. (2014) [7], fry of these 

fishes mostly feed on copepods, followed by cladocerans, 

insects, molluscs, worms, shrimps and others but adults mainly 

prefer aquatic insects followed by shrimps, small fishes and 

others. True cannibalism is also observed in this species. 

(Chakrabarty, 2006). 

 

Distribution and habitat of striped murrel 

Striped murrel (Channa striata) is an important air-breathing 

freshwater fish. This species is also commonly called as 

striped snakehead and Chevron snakehead (Djumanto et al., 
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2020; Kumar et al., 2021c; Raizada et al., 2022) [33, 57, 93]. They 

are widely distributed in Asia and Southeast Asian region and 

in Africa (Dayal et al., 2013; Amin et al., 2015; Rahman and 

Awal, 2016; Djumanto et al., 2020; Roy et al., 2020; Gustiano 

et al., 2021; Kumar et al., 2021b, 2022; Raizada et al., 2022;) 
[8, 29, 45, 92]. Striped murrel are naturally distributed in India, 

Bangladesh, Sri Lanka, Pakistan, Burma, China, Malaysia, 

Nepal, Singapore, Thailand, Vietnam, Korea, Kampuchea, 

Indonesia and Philippines (Chakrabarty, 2006; Rahman and 

Awal, 2016; Gustiano et al., 2021; Raizada et al., 2022; Yadav 

et al., 2022; Fatah et al., 2023) [39, 123]. 

Generally, murrels occur in slow and fast flowing rivers, lakes, 

reservoirs, tanks, ponds, swamps, bheels, jheels, canal ditches, 

floodplains, muddy watersheds, brackishwaters, paddy fields, 

weed infested shallow waters and oxygen depleted polluted 

waters (Kilambi, 1986; Chakrabarty, 2006; Arma et al., 2014; 

Li et al., 2016; Roy et al., 2016; Djumanto et al., 2020; Kumar 

et al., 2022; Raizada et al., 2022; Fatah et al., 2023) [12, 33, 39, 54, 

61, 93, 100]. 

 

Reproductive biology of striped murrel 

Understanding the reproductive biology of species is essential 

for successful induced breeding (Kumar et al., 2022). Several 

researchers have described the reproductive biology of the 

striped murrel (Raizada et al., 2022) [93]. 

 

Secondary sexual characteristics 

Sexes are separate in this species and can be easily identified 

during breeding season (Chakrabarty, 2006; Kumar et al., 

2022; Raizada et al., 2022). The females have shorter anal fin 

basal length and larger eye diameter than males (Arma et al., 

2014; Kumar et al., 2022) [12]. Mature female can be identified 

by protruding abdomen. Females have an oval gonadal 

opening that is slightly fleshier, pinkish, and closer to origin of 

the anal fin when compared to males. In contrast, males have a 

slimmer body, no bulge in belly button, an extended genital 

opening devoid of flesh, and, when they become adult, a 

minute genital papilla appears. When compared to females, the 

distance between the genital orifice and the anal fin is 

noticeably larger. Males typically have darker bodies when 

they mature (Raizada et al., 2022) [93]. 

 

Gonad structure 

Striped murrels are gonochoristic in nature and male possess 

testis and female possess ovary. The testes are paired but left 

lobe is slightly larger, thin, tubular, and are white to 

pinkishwhite in colour. ovary is paired, left lobe is slightly 

larger than right and cylindrical in shape, whitish to yellowish-

orange in colour, and as the fish gets mature, the size of the 

ovary increases both in length and diameter. The testes is 

connected to coelomic cavity via mesorchium whereas ovary 

is via mesovarium (Kumar et al., 2022; Raizada et al., 2022) 
[93]. The ovotestis (intersex) type gonad also reported in these 

fishes with standard length 81-229 mm (Tresnati and 

Fachruddin, 2019; Raizada et al., 2022 ;) [115]. Developmental 

stage of gonad of striped murrel was given in Table 2.1. 

 

Sex Ratio 

The sex ratio of the species is influenced by factors such as the 

habitat, location, se7ason and life stages of the fish. etc. 

Various study reported a low male to female sex ratio of 1:1.2, 

1:1.5 (Li et al., 2016) [61], 1:2, 1:2.1, 1:3 and 1:10.5 (Raizada et 

al., 2022) [93].According to Ahmadi (2021) [2], the sex ratios of 

snakehead sampled from Danau Bangau for three months 

(July, August, September) exhibited a sex ratio of 1:1.6, 1:1.1 

and 1.2:1 (F:M) respectively and concluded that the sex ratio 

within the population was balanced since the above results are 

close to normal 1:1 ratio. 

 

Fecundity 

Murrels are batch spawner where more than one batch of 

oocytes will be present in maturing ovary (Qasim and 

Qayyum, 1962; Sakhare, 2015) [88, 102]. The fecundity of 

striped murrel varies in different regions. Alikunhi (1953) [5] 

stated that depending on the size of the fish, the number of 

eggs produced will vary which can range from a few hundred 

to thousands. The recorded relative fecundity of striped murrel 

is between 10.5-36.5 eggs/g of body weight (BW) of female 

(Ali, 1999; Kumar et al., 2022) [3]. Ali (1999) [3] stated that the 

mean absolute fecundity of striped murrel ranged from 4326-

9017 eggs/g BW. Kilambi (1986) [54] estimated the fecundity 

of this species which ranged from 1688 to 7146. Narejo et al. 

(2015) [73] claimed that the estimated fecundity of striped 

murrel was from 3000-12000 eggs in a female of 

 

33.4 to 50.8 cm length (TL). 

 

Maturation 

Alikunhi (1953) [5] reported that striped murrel will attain their 

sexual maturity at the end of the first year (Sakhare, 2015) [102] 

in natural farm conditions but at a large size of 234 mm to 317 

mm with ovaries of IV gonadal stages. Islam et al. (2013) also 

documented that this species attains its sexual maturity at the 

age of one year. According to Parameswaran (1975) this 

species matures in the first year itself at a minimum size of 

173 mm (male) and 179 mm (female). However, in some 

studies it was mentioned that striped murrel attains sexual 

maturity at the age of two years old (Raj, 1916; Bhattacharya, 

1946; Mookerjee et al., 1948; Chakrabarty, 2006) [17, 70, 94]. 

 

Natural spawning 

Intense breeding of striped murrel takes place during rainy 

months (Alikunhi, 1953; Dayal et al., 2013) [5, 29]. Striped 

murrels breed naturally during south-west monsoon (July-

August) and also in North east monsoon (October-December) 

in flooded rivers and ponds and in natural waters in India 

(Alikunhi, 1957; Haniffa et al., 2000; Chakrabarty, 2006; 

Marimuthu et al., 2007; Roy et al., 2016) [4, 47, 66, 100]. The 

spawning season varies significantly with geographical region 

and climatic condition. It breeds from May to July and 

November to January in Southern India, July to August in 

Northern India, April to June in Central Laos, April to 

November in Southern Taiwan, May to August in Bangladesh, 

April to December in Korea and May to September in Sri 

Lanka (Alikunhi, 1953; Kumar et al., 2022; Raizada et al., 

2022) [93]. 

Murrels spawn in ditches, ponds, and flooded paddy fields 

(Raizada et al., 2022) [93]. Striped murrels are monogamous 

where one male pair with one female and the breeding pair 

remain together for the whole breeding season (Haniffa et al., 

2000; Chakrabarty, 2006; Kumar et al., 2022; Raizada et al., 

2022) [47]. This species is batch spawner and reproduces twice 

to three times annually (Rawat et al., 2020). 

During spawning, the breeding nest will be built by male using 

aquatic vegetations and both parents show parental care in this 

species by actively guarding the yellow colour egg mass but 

male will involve primarily in parental care (Alikunhi, 1953; 

Amin et al., 2015; Kumar et al., 2022; Raizada et al., 2022) [5, 

93]. Parental care is observed up to the fingerlings stage (4-6 

cm length) in the earthen pond (Marimuthu et al., 2001) [65]. 

https://www.agriculturaljournals.com/
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Snakehead fry starts to swim vertically with the right eye side 

up after two days of hatching (Amin et al., 2015) [8]. 

 

Induced breeding 

Application of hormonal treatments to enhance fish maturation 

have been successfully practiced in aquaculture. Nonetheless 

its effectiveness varies based on the target species, dose, 

frequency, and implementation time (Ath-thar et al., 2021) [13]. 

Parameswaran and Murugesan (1976) [82] were the first to 

record captive spawning on striped murrels in India, using 

carp pituitary extract (CPE) (Chakrabarty, 2006; Raizada et 

al., 2022) [93]. 

Haniffa et al. (2000) [47] compared the efficacy of natural 

(Pituitary extract and HCG) and synthetic hormones 

(Luteinizing hormone releasing hormone analogue and 

ovaprim) in inducing spawning in murrel. The latency period 

was long in pituitary extract (24 h) and HCG (26 h) injected 

fish when compared to synthetic hormones. Ovaprim yielded 

better fertilisation rate (95-98%) and duration of hatching was 

21-23 h. They also observed that the ova diameter was also 

bigger (1.34- 1.45 mm) in ovaprim injected fish and concluded 

that Ovaprim could be the best hormone for the induction of 

spawning in murrel. 

Marimuthu et al. (2001) [65] administered 50 mg of pituitary 

extract per kg of BW of murrel brooders and maintained the 

sex ratio of 2:1 (M: F). They noticed spawning after 6h of 

hormonal injection. They noticed that male was more actively 

involved in courtship and also guarded the fertilized eggs. 

Marimuthu et al. (2007) [66] induced Striped murrel with 

Ovatide at 0.2 ml/kg, 0.4 ml/kg and 0.6 ml/kg BW. The male 

female ratio used was 2:1. At 0.4 ml/kg and 0.6 ml/kg of 

injection, the fishes exhibited complete spawning with the 

fertilisation and hatching rate of 98.7±0.6% and 91.6±1.5%, 

respectively. 

Francis et al. (2011) [40] reported that kisspeptin at 0.05 µg/g 

BW had a greater impact on GSI and steroid hormone levels in 

both male and female fish compared to the other concentration 

(0.01 µg/g BW) tested. 

Dayal et al. (2013) [29] reported induced breeding of striped 

murrel using Ovaprim at 0.5-0.8 ml/kg BW and 2.0-2.4 ml/kg 

BW for female and male respectively. After injection, the 

fishes have been released into four different systems such as 

FRP tank, hapa, small pond (size 9.1 9 6 9 1.3 m) and big 

earthen pond. The female to male sex ratio of 4:6 was 

followed in all the experimental systems. Among the four 

systems, fertilization and hatchability rate was 76-81% and 82-

92% respectively in small pond system and 85-91% and 88-

92% respectively in big earthen ponds. There was no great 

success in the other two systems. 

Paray et al. (2013) induced murrel to breed by administrating 

HCG at 6000 IU/Kg BW by intramuscularly at a male female 

ratio of 1:1 in fibre tank. They reported spawning after 22-30 h 

giving injection and mentioned that parental care improves 

hatching rates and protects eggs from fungal infections and 

from predation. 

Radona et al. (2020) [90] induced murrel with Pregnant mere 

serum gonadotropin (PMSG) and antidopamine (AD) 

hormones at three different doses such as 2.0 m L/kg, 2.25 m 

L/kg and 2.5 m L/kg once in every 10 days for the period of 30 

days. They have also induced ovulation during IV gonadal 

stage of maturity using LHRHa at 0.6 m L/kg, HCG at 500 IU 

+ LHRHa at 0.6 m L/kg and oxytocin 1 IU + LHRHa 0.6 m 

L/kg. They concluded that murrel brood stock induced with 

PMSG + AD (2.5 m L/kg) had the highest gonadosomatic 

index (3.21±0.26%) and fecundity (5.268±410 eggs per fish) 

at the fourth stage of gonadal maturation (IV GMS) whereas, 

the ovulation study showed that striped murrel broodstock 

induced with a combination of HCG 500 IU + LHRHa 0.6 

ml/kg had the fastest ovulation latency period (21 hours 8 

minutes) with highest ovulation rate (100%). 

Rawat et al. (2020) injected both male and female murrel (1:1 

ratio) with salmon gonadotropin releasing hormone analogue 

(sGnRHa) with dopamine antagonist at 1 ml/kg BW of fish 

and observed 30-95% fertilization rate. 

Similar to Radona et al. (2020) [90], Ath-thar et al. (2021) [13] 

also tested the efficacy of PMSG and AD hormones in 

inducing spawning in striped murrel and injected the fishes 

with 3 different doses of hormone like 1.5 ml/kg, 1.75 ml/kg 

and 2 ml/kg BW of fish. They recorded that at 2 ml/kg, egg 

diameter (1.45±0.023 mm) was the largest and has the highest 

estradiol-17β concentration (105±0.550 ng/ml). Kumar et al. 

(2021a) [57] implanted HCG hormone pellet intramuscularly 

and observed full maturity in brooders after 3 weeks of 

hormone implantation. Then they intramuscularly 

administrated female and male fishes with HCG @ 2000 

IU/kg and 1500 IU/kg BW; carp pituitary gland extract (PGE) 

@ 10–15 mg/kg BW and7.5–10 mg/kg BW; Ovatide/Ovaprim 

@ 0.6 ml/kg BW and 0.4 ml/kg BW, respectively and reported 

better success rate in carp PGE. They also observed that the 

spawning time was 16–18 h at 26–28 . ℃ 

 

Factors influencing breeding of stripped murrel 

Reproductive process of fish is known to be influenced by 

various environmental factors especially photoperiod and 

temperature (De Vlaming, 1972) [30]. Brood stock nutrition is 

also essential for gonadal development and fish reproduction. 

Improved brood stock nutrition leads to higher egg and sperm 

quality, as well as increased seed production (Ghaedi et al., 

2019) [42]. 

Damle et al. (2023) [28] has identified the effect of habitat 

manipulation on early gonad maturation of 

C. striata in captive condition by using four habitats such as 

tank with clean reservoir water without macrophytes and soil 

base, tanks provided with floating (Water hyacinth, Eichhornia 

sp) and submerged (Water thyme, Hydrilla sp) aquatic 

macrophytes without any soil base, tanks provided with only 

soil base (15-20 cm) without any macrophytes and tanks 

provided with both soil base and macrophytes. After three 

months of rearing, fish given with macrophytes and soil base 

matured early, with eggs measuring 1.29±0.21 mm and the 

majority of late granular stage oocytes and spermatozoa in the 

ovary and testes, respectively. The study found that providing 

a 15- 20 cm bottom soil base and covering 20-30% of the 

water spread area with aquatic macrophytes in the brood 

raising tank improved gonadal maturation in captive striped 

murrels during the premonsoon season. 

Mollah et al. (2009) [69] has investigated the effect of stocking 

density on the growth and breeding performance of broodfish 

and larval growth and survival of C. striata. Initially, the brood 

fish were stocked at 3 different stocking densities viz., 4 

(357.22g / m2) , 6 (541.78g / m2) and 8 (719.18g / m2) at 1:1 

male-female ratio and fed with washed and chopped poultry 

viscera twice a day and with live silver carp fry twice a week. 

The broodfish spawned naturally at chambers that stocked at a 

density of 357.22g / m2 and 541.78g / m2 and the best 

breeding performance was exhibited in fishes stocked at 

541.78 : g / m2 . Then 4-5 days old larvae were stocked in 9 

bowls of 10 l capacity at stocking density of 20, 40 and 60 

larvae each (stocking density 2,4,6/l larvae, respectively). 

They reported that larvae stocked at 2 larvae/litre had 
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significantly higher health condition (13.31±0.69 mg/mm) and 

survival rate (80.0±3.0%). 

Srivastava and Singh (1991) [111] documented the effect of 

constant photoperiod-temperature on ovarian activity in C. 

punctatus. The results showed that long photoperiod-warm 

temperature regime (LD 12 : 8-30°C) stimulates ovarian 

recrudescence and prolongs the spawning period while ovary 

development was inhibited at short photoperiod-warm 

temperature regime (LD8 : 12-30°C) . 

Yadav et al. (2022) [123] studied the GSI of male and female 

striped murrel (C. striata) in Etawah district of Uttar Pradesh 

from January to June. GSI value was minimum at pre-

spawning period (January) and reached maximum at 

maturation period (June) and the corresponding values were 

2.274±0.014 and 4.32±0.24 in female and in male it was 

0.138±0.026 and 0.23±0.018. 

Ha et al. (2021) [46] noted the impact of various salinities 0, 3 

and 6 ‰ on the reproductive physiology of C. striata. The 

results showed that highest GSI (5.8±2.62%) of female was 

found in 3 ‰ while the lowest was found in control (3.85± 

1.95%). The highest vitellogenin concentration was showed by 

6‰ treatment, whereas the absolute fecundity and the relative 

fecundity were the highest at the 3‰ treatment. 

 

Effect of temperature on fish 

Temperature is one of the important environmental factors that 

plays significant role in growth, metabolism and other 

biological processes of fish (Islam et al., 2019) [49]. Fishes 

being an ectotherm, rely greatly on temperature for growth and 

maturation (Kuparinen et al., 2011) [58]. Hence, deviation from 

its optimal range due to various reasons may have significant 

effect on the processes that depends on temperature. 

 

Effect of temperature on growth of fishes 

Temperature is recognised as one of the most important single 

abiotic parameters impacting fish growth, feed intake, and 

feed conversion (Ali, 2009) [4].Ali (2009) [4] studied the effect 

of temperature (20, 25, 30 and 35°C) on growth of Nile tilapia 

(Oreochromis niloticus) fry for 60 days and reported that the 

final mean weight was significantly higher at 25 and 30°C 

compared to 20 and 35°mathsf C . The highest body weight 

was recorded at 30°mathsf C that was 18.24 g followed by at 

25°C that was 13.16 g. Daily weight gain (DWG) and feed 

conversion ratio (FCR) were higher at 25 and 30°C . At all 

temperature, survival rates remained unaffected. And they 

concluded that growth rate was increased with increasing 

water temperature and at 30°C reached its optimum and then 

declined significantly at 35°mathsf C . 

Qin and Fast (1998) documented the effect of temperature, 

size and density on culture of striped murrel. They reared 

murrel in low and high temperature with two stocking 

densities (15 and 30 / m2) . The average high temperature was 

27.0°C : (24.6-28.8°C) and low temperature was 21.7 °C 

(20.5-23.2°C) . The results showed that fish gained more 

weight at high temperature and low stocking density. 

 

Effect of temperature on maturity and reproduction of 

fishes 

Temperature affects virtually all aspects of reproduction in 

fish including gametogenesis and gamete maturation, 

ovulation/ spermiation, spawning and subsequent early 

development (Pankhurst, 1997) [80]. 

Lahnsteiner and Leitner (2013) [59] reported the effect of 

temperature on gametogenesis and gamete quality in Brown 

Trout, Salmo trutta. According to Pankhurst et al. (1996) 

elevated holding temperature resulted deleterious effect on 

ovulation, egg production and fertility but there was no 

observed effect on endocrine parameters associated with 

vitellogenesis in the rainbow trout Oncorhynchus mykiss. 

Usman et al. (2015) [116] documented the influence of monthly 

variation in water temperature on artificial breeding of 

common carp (Cyprinus carpio L.). Glasser et al. (2004) [43] 

investigated the effect on temperature along the reproductive 

axis (brain–pituitary–gonad) of grass carp (Ctenopharyngodon 

idella) by analysing gonadotropin and maturation-inducing 

steroid (MIS) profiles during spawning induction at regulated 

temperatures of 24°C and 28°C to determine their impact on 

ovulation success. 

 

Effect of temperature on survival of fishes 

Okunsebor et al. (2015) [76] documented the effect of 

temperature (26°mathsf C , 28°mathsf C , 30°mathsf C and 32 

°C) on fertilization, hatching and survival rates of 

Heterobranchus bidorsalis (Eel-like fattyfin catfish) eggs and 

hatchlings and reported that fertilization and hatchability was 

significantly highest at 28°C and 30°C . Similarly, survival 

rate of hatchling also higher at 28°C temperature and 

concluded that 28-30°C as best temperature for higher 

fertilization and hatchability. 

 

Influence of temperature on sex differentiation and sex 

ratio in fishes 

Gonadal sex differentiation in gonochoristic fish is often labile 

and controlled by two interacting processes: genetic sex 

determination (GSD) and environmental sex determination 

(ESD) (Baroiller and d ′Co tt a , , 2001; Wang et al., 2017; 

Biswas et al., 2021) [14, 18]. During the early stages of 

development, fish sex can be changed by factors such as 

changes in water temperature and pH , as well as the presence 

of endocrine disrupting chemicals (EDCs) in the water 

(Tresnati and Fachruddin, 2019) [115]. Fish, like reptiles and 

amphibians, exhibit ESD, the main environmental factor 

influencing sex seems to be temperature (TSD - Temperature 

Sex Determination) (Baroiller and d ′Co tt a , 2001; Biswas et 

al., 2021). In the hirame Paralichthys oliaceus, high and low 

temperatures lead to monosex male populations, whereas 

intermediate temperatures result in a 1:1 sex ratio (Baroiller 

and d ′Co tt a ; , 2001). Several studies have explored 

temperature-induced sex differentiation in teleosts (Santi et al., 

2016) [105]. Santi et al. (2016) [105] reported the 

thermosensitivity of the sex differentiation process in the 

African catfish (Clarias gariepinus). During ontogenesis, fish 

were exposed to high temperatures (36°C) for three days at 

different periods. 

Altunok and Peker, (2016) [6] reported the sex ratio in response 

to high temperature during early development of rainbow trout 

(Oncorhynchus mykiss) in farmed stocks. Ali (2009) [4] 

documented the effect of temperature (22, 27, 32 and 37°C) on 

the sex ratio of O. niloticus fry held in fibreglass aquarium for 

28 days and reported significantly higher proportion of males 

(89%) in high temperature treatment (37°C) with low survival 

rate (79%). Tessema et al. (2006) [114] and Bezault et al. (2007) 
[15] also reported that high temperature has significantly 

increased the male population in Nile Tilapia. 

Wang and Tsai (2000) [119] reported the effects of temperature 

on the deformity and sex differentiation of tilapia, 

Oreochromis mossambicus. Biswas et al. (2021) [18] identified 

the critical thermosensitive period and the effect of 

temperature on sex differentiation in C. carpio. Tresnati and 

Fachruddin, (2019) [115] examined the sexual development of 
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C. striata for which they collected fishes from wild and stated 

that females were larger and more in number compared to 

males in the same population (2 female:1 male). With these 

observations, they suggested that “C. striata is at least 

potentially hermaphroditic, and its gonads can undergo a 

differentiation phase and recommended further study on the 

genetic mechanisms and/or environmental influences which 

determine gonad development and sex differentiation in C. 

striata” (Tresnati and Fachruddin, 2019) [115]. 

Irmawati et al. (2017) [48] reported a strong female bias (1:3) 

sex ratio for the C. striata population obtained from 

Bantimurung River. Similarly, Arma et al. (2014) [12] reported 

extreme female bias (1:10.5) in sex ratio of C. striata from the 

Batangase area in Maros District, also in South Sulawesi 

Province, Indonesia.Zhou et al. (2018) [129] studied the gonadal 

sex differentiation in hybrid murrel of Channa argus (♂) × 

Channa maculate (♀) and reported that ovarian formation was 

observed at 13 DPH whereas, testicular formation was 

observed at 29 DPH.However, so far there are no reports 

available on sex ratio of C. striata in Indian water and effect of 

temperature on sex ratio of C. striata worldwide. Similarly, no 

data has been reported on the onset of sex differentiation and 

thermal influence on the onset of sex differentiation in C. 

striata. 
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