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Abstract 

The successful breeding and nursery rearing of Cirrhinus mrigala (mrigal carp) are essential for ensuring a sustainable supply 

of quality fish seed in Nepal. However, high mortality during the hatchling stage remains a major constraint to seed production. 

This study was conducted at the Fisheries Human Resource Development and Technology Validation Centre, Dhanusha, Nepal, 

from May to June 2024 to evaluate the breeding performance, growth performance, and survival of C. mrigala under induced 

breeding conditions using WOVA-FH hormone. Twelve female and eighteen male brood fish were used for induced breeding at 

a female-to-male ratio of 1:1.5. Female and male brood fish were administered WOVA-FH at doses of 0.5 mL kg-1 and 0.25 mL 

kg-1 body weight, respectively. Breeding performance was assessed using fecundity, fertilization rate, and hatching rate, while 

growth performance, survival, and selected water quality parameters were monitored during a 15-day nursery rearing period. 

The fecundity of female brood fish ranged from 85,333 to 170,926 eggs. Fertilization and hatching rates ranged from 80.0% to 

86.53% and 77.0% to 83.0%, respectively. After 15 days of nursery rearing, hatchlings attained an average final weight of 0.41 

g, with an average weight gain of 0.407 g, an average daily weight gain of 0.027 g fish-1 day-1, and a specific growth rate of 

40.07% day-1. The average fry length was 3.1 cm, while the overall survival rate was 48.47%. Water temperature (29.1–32.2°C), 

pH (6.9–8.7), and dissolved oxygen (5.8–9.4 mg L-1) remained within suitable ranges throughout the study. The findings indicate 

that WOVA-FH is an effective inducing hormone for the artificial breeding of C. mrigala under the environmental conditions of 

Dhanusha, Nepal. Further improvements in nursery management, particularly feeding practices, dissolved oxygen management, 

and larval health management, may enhance hatchling survival and improve seed production. 
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1. Introduction 

Aquaculture has become one of the fastest-growing food 

production sectors worldwide and plays a significant role in 

ensuring food security, improving nutrition, and generating 

rural employment. In Nepal, aquaculture development began 

in the 1940s with the culture of indigenous major carps and 

expanded rapidly following the introduction of common carp 

(Cyprinus carpio) in the 1950s. Subsequently, the introduc-

tion of silver carp (Hypophthalmichthys molitrix), bighead 
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carp (Hypophthalmichthys nobilis), and grass carp (Ctenopha-

ryngodon idella) during the 1970s further accelerated aqua-

culture development in the country [2, 3]. Today, freshwater 

aquaculture is an important component of Nepal's agricultural 

economy and continues to contribute substantially to fish pro-

duction, food security, and rural livelihoods [2]. 

Mrigal (Cirrhinus mrigala) is one of the three Indian major 

carps extensively cultured throughout South Asia because of 

its rapid growth, adaptability to pond culture, and compatibil-

ity with polyculture systems. The species is native to the Indo-

Gangetic river system and is widely cultured in Nepal, Bang-

ladesh, India, Pakistan, Myanmar, Thailand, and the Lao Peo-

ple's Democratic Republic [9]. Owing to its high consumer ac-

ceptance, good market value, and efficient utilization of bot-

tom-feeding niches, mrigal contributes significantly to fresh-

water aquaculture production. 

Cirrhinus mrigala generally attains sexual maturity at ap-

proximately two years of age and naturally breeds during the 

monsoon season from May to September under riverine con-

ditions [4]. However, natural seed availability is insufficient 

to meet the increasing demand for aquaculture, making in-

duced breeding an essential technique for large-scale seed pro-

duction. Hormone-induced spawning has become a reliable 

method for ensuring timely breeding, improving fertilization 

and hatching success, and supporting continuous fry produc-

tion in hatcheries [10]. 

The success of induced breeding depends on several factors, 

including broodstock quality, appropriate hormone dosage, 

water quality, hatchery management, larval nutrition, and en-

vironmental conditions. Among these, maintaining suitable 

water quality and proper nursery management is particularly 

important for maximizing fertilization, hatching success, lar-

val growth, and fry survival. Recent studies have demon-

strated that improved broodstock management and optimized 

hatchery practices can significantly enhance reproductive per-

formance and seed quality in Indian major carps [12, 13]. 

Likewise, advances in larval rearing and nursery management 

have contributed to improved growth and survival under con-

trolled culture conditions [14]. 

Despite the expansion of hatchery technology, the produc-

tion of quality mrigal seed remains a major challenge in many 

parts of Nepal. High mortality during the hatchling and fry 

stages substantially reduces seed availability and limits fish 

production. Broodstock quality, hatchery management, water 

quality, feeding practices, and environmental conditions are 

among the major factors influencing breeding success, larval 

growth, and survival. In Dhanusha District, where fish farm-

ing is an important livelihood activity, inadequate seed pro-

duction due to poor larval survival remains a major constraint 

to aquaculture development. 

Although several studies have reported induced breeding 

performance of Indian major carps, limited information is 

available on the combined evaluation of breeding perfor-

mance, hatchling growth, survival, and water quality under the 

environmental conditions of Dhanusha, Nepal. Site-specific 

information is essential because environmental conditions and 

hatchery management practices vary among production sys-

tems and directly influence breeding efficiency and seed qual-

ity [12, 15]. Such information can assist hatchery operators, 

farmers, and fisheries extension workers in adopting improved 

breeding and nursery management practices. 

Therefore, the present study was conducted to evaluate the 

breeding performance, growth performance, and survival of 

Cirrhinus mrigala under induced breeding conditions using 

WOVA-FH hormone at the Fisheries Human Resource Devel-

opment and Technology Validation Centre, Dhanusha, Nepal. 

The findings are expected to provide baseline information for 

improving hatchery management and enhancing sustainable 

seed production of mrigal carp in Nepal. 

2. Materials and Methods 

2.1. Study Area and Experimental Period 

The study was conducted at the Fisheries Human Resource 

Development and Technology Validation Centre, Dhanusha, 

Nepal, from May to June 2024. The experiment consisted of 

two phases: (i) evaluation of breeding performance through 

induced breeding and (ii) assessment of hatchling growth per-

formance and survival under nursery pond conditions. 

2.2. Broodstock Management and Induced 

Breeding 

Twelve mature female and eighteen mature male Cirrhinus 

mrigala brood fish were selected based on their physical con-

dition and sexual maturity. The brood fish were induced to 

spawn using WOVA-FH hormone at doses of 0.5 mL kg-1 

body weight for females and 0.25 mL kg-1 body weight for 

males. Hormone was administered by intraperitoneal injection 

near the base of the pectoral fin. Following injection, brood 

fish were released into breeding tanks at a female-to-male ra-

tio of 1:1.5 and allowed to spawn under continuous water flow. 

The latency period was recorded as the time interval be-

tween hormone administration and the onset of spawning. Af-

ter spawning, fertilized eggs were transferred to incubation 

tanks with continuous water circulation until hatching. 

2.3. Assessment of Breeding Performance 

Breeding performance was evaluated by determining fecun-

dity, fertilization rate, and hatching rate. Fecundity was esti-

mated using the gravimetric method by counting the number 

of eggs in 1 g egg samples and multiplying by the total egg 

mass produced by each female. Fertilization rate was deter-

mined by examining eggs at the morula stage and calculating 

the percentage of fertilized eggs relative to the total number of 

eggs sampled. Hatching rate was estimated from three sub-
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samples of 100 fertilized eggs each and expressed as the per-

centage of eggs successfully hatched. 

2.4. Nursery Rearing of Hatchlings 

Four-day-old hatchlings were transported in oxygen-filled 

polythene bags and stocked into four nursery ponds (30 × 20 

m each) at a density of 150,000 hatchlings per pond. The 

ponds were drained, limed, and refilled before stocking to pro-

vide suitable rearing conditions. Hatchlings were reared for 15 

days and fed a mixture of soybean cake, mustard cake, wheat 

flour, and commercial pellet feed in equal proportions. Feed 

was prepared as a slurry and applied three times daily. 

2.5. Growth Performance and Survival 

Growth sampling was carried out at three-day intervals us-

ing simple random sampling. Ten hatchlings were collected 

from each pond during each sampling event, and their body 

weight was determined using an electronic balance. Final 

body length was measured on the last day of the experiment 

using a measuring scale. 

Growth performance was evaluated using the following in-

dices: 

Weight gain (g) = Final weight − Initial weight 

Daily weight gain (g fish-1 day-1) = (Final weight − Initial 

weight) / Rearing period 

Specific growth rate (SGR, % day-1) = [(ln final weight − ln 

initial weight) / Rearing period] × 100 

Survival rate (%) was calculated as: 

Survival rate = (Number of fry harvested / Number of hatch-

lings stocked) × 100 

2.6. Water Quality Monitoring 

Water temperature (°C), dissolved oxygen (mg L-1), and pH 

were monitored every two days using a thermometer, dis-

solved oxygen meter, and portable pH meter, respectively. 

Measurements were recorded twice daily (07:00 h and 15:00 

h) throughout the experimental period. 

2.7. Statistical Analysis 

Statistical analyses were performed using Microsoft Excel 

2021. One-way analysis of variance (ANOVA) was used to 

compare growth, survival, and water quality parameters 

among nursery ponds. When significant differences were de-

tected, means were separated using Tukey's honestly signifi-

cant difference (HSD) test at P < 0.05. 

3. Results 

3.1. Breeding Performance 

The breeding performance of Cirrhinus mrigala was eval-

uated based on fecundity, fertilization rate, and hatching rate 

following induced breeding with WOVA-FH hormone. The 

fecundity of female brood fish ranged from 85,333 to 170,926 

eggs (Figure 1), indicating considerable variation among indi-

vidual brood fish. 

 
Figure 1. Fecundity of Cirrhinius mrigala. 

The fertilization rate ranged from 80.0% to 86.53%, while the hatching rate ranged from 77.0% to 83.0% (Figure 2). Overall, 

satisfactory fertilization and hatching were achieved under the prevailing hatchery conditions. 
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Figure 2. Fertility rate and hatching rate of Mrigal carp. 

3.2. Growth Performance 

The growth performance of hatchlings during the 15-day 

nursery rearing period is presented in Figure 3 and Table 1. 

Hatchling weight increased steadily throughout the experi-

mental period in all four nursery ponds (Figure 3). 

 
Figure 3. Weight of hatchling in different sampling. 

The initial average weight of hatchlings was 0.001 g in all 

ponds. After 15 days of rearing, the average final weight 

reached 0.41 g, with an average weight gain of 0.41 g. The 

calculated average daily weight gain and specific growth rate 

(SGR) were 0.027 g fish-1 day-1 and 40.07% day-1, respectively 

(Table 1). 

Table 1. Initial weight, Final weight, weight gain, daily weight gain and specific growth rate of hatchling during rearing period. 

Growth parameters Pond 1 Pond 2 Pond 3 Pond 4 Average 

Initial weight (gm) 0.001 0.001 0.001 0.001 0.001 

Final weight 0.38 0.41 0.44 0.40 0.41 

Rearing period (days) 15 15 15 15  

Weight gain (gm) 0.37 0.41 0.43 0.40 0.41 

Daily weight gain (gm/fish/day) 0.025 0.027 0.029 0.026 0.027 

http://www.sciencepg.com/journal/ajoe


American Journal of Ecology https://www.sciencepg.com/journal/ajoe 

 

5 

Growth parameters Pond 1 Pond 2 Pond 3 Pond 4 Average 

Specific growth rate (%/day) 39.61 40.12 40.58 39.95 40.07 

The average final length of hatchlings after 15 days was 3.1 cm (Table 2). No significant differences were observed in final 

length among the four nursery ponds (P > 0.05). 

Table 2. Length of Mrigal carp after rearing for 15 days. 

Sample number Pond 1 (cm) Pond 2 (cm) Pond 3 (cm) Pond 4 (cm) Average length (cm) Calculated p-value 

1 3 3.1 3.1 3   

2 3 3 3 3.1   

3 3.2 3.2 3.2 3.2 3.1 0.998 

4 3.1 3.1 3.1 3.1   

5 3.2 3.2 3.1 3   

 

3.3. Survival of Hatchling 

The survival of hatchlings in the four nursery ponds is pre-

sented in Table 3. Each pond was stocked with 150,000 hatch-

lings. The number of fry harvested ranged from 70,000 to 

75,000, resulting in survival rates of 46.6% to 50.0%. The 

overall average survival rate was 48.47%. 

Table 3. Number of hatchlings stocked, number of fries harvested and survival rate (%) of mrigal carp hatchlings in different nursery ponds. 

Pond No. No. of hatchling stocked No. of fry harvested Survival rate (%) 

1 1,50,000 70,000 46.6 

2 1,50,000 72,000 48 

3 1,50,000 75,000 50 

4 1,50,000 74,000 49.3 

Average 1,50,000 73,500 48.47 

 

3.4. Water Quality 

The average values and ranges of water quality parameters 

recorded during the experimental period are presented in Ta-

ble 4. Water temperature ranged from 29.1 to 32.2°C, pH 

ranged from 6.9 to 8.7, and dissolved oxygen ranged from 5.8 

to 9.4 mg L-1. 

Table 4. Average value and range of water quality parameters during the experimental period. 

Pond No. Average temperature (°C) Range Average pH Range Average DO (mg/l) Range 

1 30.4°C 29.3-31.5 7.8 7.3-8.4 7.7 5.9-9.4 

2 30.3°C 29-31.8 8.1 7.8-8.4 7.8 5.9-9.4 
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Pond No. Average temperature (°C) Range Average pH Range Average DO (mg/l) Range 

3 30.6°C 29.1-31.6 8 6.9-8.4 8.1 6.2-9.4 

4 30.5°C 29-32.2 7.9 6.9-8.7 8.2 6.8-9.4 

 

The temporal variations in water temperature, dissolved ox-

ygen, and pH observed in the four nursery ponds are illustrated 

in Figures 4-6. No significant differences were observed 

among nursery ponds for these water quality parameters (P > 

0.05). 

 
Figure 4. Average water temperature observed in each pond during the experimental period of 15 days. 

 
Figure 5. Average DO observed in each pond during the experimental period of 15 days. 
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Figure 6. Average pH observed in each pond during the experimental period of 15 days. 

4. Discussion 

The present study demonstrated that WOVA-FH effectively 

induced spawning in Cirrhinus mrigala under the hatchery 

conditions of Dhanusha, Nepal. The observed latency period 

of approximately six hours following hormone administration 

was comparable with that reported by Rath et al. [10], who 

observed a latency period of 5–6 hours in Indian major carps 

induced with WOVA-FH and other commercial spawning 

hormones. This finding suggests that WOVA-FH is an effec-

tive inducing hormone for artificial breeding of C. mrigala un-

der subtropical environmental conditions. 

The fecundity of female brood fish ranged from 85,333 to 

170,926 eggs, indicating considerable reproductive potential 

among brood fish. Variations in fecundity are expected and 

may be attributed to differences in body weight, age, gonadal 

maturity, nutritional status, and physiological condition of the 

brood fish. Similar observations have been reported by Kaui 

and Rishi [5], who noted that fecundity generally increases 

with broodstock size and reproductive maturity. The fertiliza-

tion rate (80.0–86.53%) and hatching rate (77.0–83.0%) ob-

tained in the present study were also comparable with those 

reported by Azhar et al. [1] and Rath et al. [10], indicating that 

proper broodstock management, appropriate hormone dosage, 

and favourable hatchery conditions contributed to successful 

induced breeding. 

The hatchlings exhibited satisfactory growth during the 15-

day nursery rearing period. An average final body weight of 

0.41 g, average weight gain of 0.407 g, average daily weight 

gain of 0.027 g fish-1 day-1, and specific growth rate (SGR) of 

40.07% day-1 were recorded. The continuous increase in body 

weight throughout the rearing period indicates that the feeding 

regime and nursery management practices adequately sup-

ported larval development. Rapid growth during the early life 

stage is expected because fish larvae have high metabolic ac-

tivity and efficiently utilize available nutrients for tissue de-

velopment. Similar growth performance has been reported by 

Kumar Paul et al. [7] in C. mrigala reared under nursery con-

ditions. Recent studies have further demonstrated that appro-

priate feeding strategies, improved nursery management, and 

suitable environmental conditions enhance larval growth and 

seed quality in Indian major carps [12, 13]. 

The overall survival rate of 48.47% was moderate under the 

prevailing nursery conditions. Although this survival rate was 

lower than that reported in some intensive hatchery systems, 

it falls within the range commonly observed under practical 

nursery management conditions. Mortality during the larval 

stage is influenced by several factors, including handling 

stress, stocking density, feed availability, environmental fluc-

tuations, disease incidence, and natural mortality [12, 14]. De-

spite maintaining suitable water quality throughout the study, 

these factors may have contributed to the observed survival 

rate. Therefore, improvements in nursery management, partic-

ularly with respect to dissolved oxygen management, feeding 

practices, and larval health management, may further enhance 

hatchling survival and increase seed production. 

Water quality remained within suitable ranges throughout 

the experimental period, with water temperature ranging from 

29.1 to 32.2°C, pH from 6.9 to 8.7, and dissolved oxygen from 

5.8 to 9.4 mg L-1. No significant differences (P > 0.05) were 

observed among the nursery ponds, indicating relatively uni-

form environmental conditions during the experiment. Appro-

priate water quality, particularly temperature, is essential for 

successful spawning, embryonic development, larval growth, 

and survival. Similar findings have been reported by Khan et 
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al. [6], Mohapatra et al. [8], Verma et al. [11], and recent stud-

ies on induced breeding of Indian major carps [12], emphasiz-

ing the importance of maintaining optimum water quality 

throughout the breeding and nursery rearing periods. 

Overall, the findings of the present study indicate that in-

duced breeding of Cirrhinus mrigala using WOVA-FH can 

successfully produce quality fry under the environmental con-

ditions of Dhanusha, Nepal. Although breeding performance 

and hatchling growth were satisfactory, improving hatchling 

survival through enhanced nursery management and water 

quality management remains essential for increasing seed pro-

duction and supporting sustainable freshwater aquaculture in 

Nepal. 

5. Conclusion 

The present study demonstrated that induced breeding of 

Cirrhinus mrigala using WOVA-FH hormone was success-

fully achieved under the hatchery conditions of Dhanusha, 

Nepal. The hormone produced satisfactory breeding perfor-

mance, with fertilization rates ranging from 80.0% to 86.53% 

and hatching rates from 77.0% to 83.0%, confirming its effec-

tiveness for artificial seed production. The observed fecundity 

(85,333–170,926 eggs per female) indicated the high repro-

ductive potential of mature brood fish. During the 15-day 

nursery rearing period, hatchlings attained an average final 

weight of 0.41 g, an average weight gain of 0.407 g, an aver-

age daily weight gain of 0.027 g fish-1 day-1, and a specific 

growth rate (SGR) of 40.07% day-1. The average fry length 

reached 3.1 cm, while the overall survival rate was 48.47%. 

Although the survival rate was moderate, it reflects the chal-

lenges associated with larval rearing under practical nursery 

conditions. Water temperature, pH, and dissolved oxygen re-

mained within suitable ranges throughout the study and likely 

contributed to the satisfactory breeding performance and 

hatchling growth. Overall, the findings indicate that WOVA-

FH is an effective inducing hormone for the artificial propa-

gation of Cirrhinus mrigala under the environmental condi-

tions of Dhanusha, Nepal. Further improvements in nursery 

management, particularly in feeding practices, dissolved oxy-

gen management, and larval health management, may en-

hance hatchling survival and increase seed production. The 

findings of this study provide useful baseline information for 

hatchery operators, fish farmers, and fisheries researchers 

seeking to improve the breeding efficiency and nursery per-

formance of mrigal carp in Nepal. 
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