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Abstract 
 

This study evaluated variations in gonadosomatic index (GSI), gonadal development stages, 
and hormonal spawning induction of Scatophagus argus in captivity. Male and female fish 
were cultured separately in net cages in Tam Giang lagoon, Central Vietnam, from January to 
December 2020. Five fish of each sex were randomly sampled monthly. Gonads were 
collected, GSI determined, and subsequently prepared for histology. Gamete quality was 
assessed with a light microscope. Spawning was hormonally induced with different doses of 
human chorionic gonadotropin (hCG) and luteinizing hormone-release hormone (LHRH-A2). 
Gonadal development started to increase in March, peaking in July. The peak spawning period 
of the fish was from June to August, displaying the highest GSI value, sperm motility, and 
oocyte diameter. Only female GSI fluctuated significantly month-by-month (P<0.05). 
Histological examination indicated that S. argus is a multiple-spawner. Application of LHRH-
A2 (70 µg/kg) stimulated spawning and resulted in better latency periods, fertilization, and 
hatching rates. 
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Introduction 
 

 Aquaculture is the fastest-growing food-producing sector and an important contributor to 
poverty reduction and increased food security in Vietnam (FAO, 2016c). The Tam Giang-Cau 
Hai Lagoon is the largest brackish lagoon in Southeast Asia and has a surface area of nearly 
22,000 hectares. It supports a high diversity of aquatic species, especially many highly 
valuable fish. The spotted scat (S. argus) is considered a typical species of this ecosystem and 
is one of the most economically important brackish water fish species in Southeast Asia; for 
human consumption and as an ornamental fish (Mandal et al., 2020). In the Tam Giang-Cau 
Hai Lagoon, spotted scat is considered the main target species for aquaculture because of its 
high adaptive capacity to environmental stress (Su et al., 2016) and its suitability to mono- 
and polyculture systems. However, the development of this species for aquaculture is limited 
by the availability of fingerlings because seed supply is currently highly dependent on natural 
collection. Several researchers have reported the artificial reproduction of this fish species in 
other countries around the world (Cai et al., 2010).  
 Nonetheless, the number of fingerlings produced has remained limited. Indeed, very few 
reports regarding the seed production of S. argus have been published (Barry & Fast, 1992; 
Cai et al., 2010). Factors that may have influenced the limitations in artificial seed production 
include a lack of scientific standards in broodstock management, the maturation of females in 
captivity, and insufficient quality and quantity of males and females for artificial production on 
a commercial scale. 
 The gonadal development of vertebrates is controlled by two gonadotropins from the 
pituitary gland (Yaron et. al., 2009; Mylonas et al., 2010). Correspondingly, in teleosts, the 
gonadotropin hormones, follicle-stimulating hormone (FSH), and luteinizing hormone (LH) are 
considered key hormones in controlling steroid secretion through activation of specific 
receptors: follicle-stimulating hormone receptor (FSHr) and luteinizing hormone receptor 
(LHr) (Chauvigné et al., 2012). FSH is involved in vitellogenesis and oocyte development, 
while LH plays a role in final oocyte maturation and ovulation (Nagahama & Yamashita, 2008; 
Yaron et. al., 2009). The roles of FSH and LH in gonadal maturation in male fish remain 
unclear. A recent study by Xie et al. (2017) showed that a single signal (either FSH or LH) 
might be sufficient to stimulate spawning in male fish. Some fish caught from the wild and 
subsequently used for breeding in captivity exhibit reproductive dysfunction (Zohar & Mylonas, 
2001; Mylonas et. al., 2004; Kokokiris et. al., 2005; Yaron et. al., 2009). This may be due to 
being in captivity and the resulting lack of a spawning environment or the absence of the 
maturation-inducing hormone after the accumulation of yolk proteins during oogenesis (Zohar 
& Mylonas, 2001; Mylonas et. al., 2004; Kokokiris et. al., 2005; Yaron et. al., 2009). Failures 
in the naturally spawning wild fish have also been observed in captive conditions due to 
reproductive dysfunctions (Zohar & Mylonas, 2001; Mylonas et. al., 2004; Kokokiris et. al., 
2005; Yaron et. al., 2009). We also collected mature fish from the wild and induced breeding 
during the natural spawning season. This can be achieved by using artificial hormones to 
stimulate ovulation in fish (Zohar & Mylonas, 2001; Mylonas et. al., 2004; Kokokiris et. al., 
2005; Yaron et. al., 2009). Unfortunately, larval survival in captured adults is very low when 
using this method. This is because it depends on the timing of intervention in the natural 
spawning season and on the hormone-inducing method used (Bourque & Phelps, 2007). 
Therefore, the broodstock needs to be well controlled, and the gonadal maturation process 
needs to be well examined before reproduction. Besides, monthly GSI values are also an 
important indicator for the maturation of fish and the spawning season of S. argus (Gandhi et 
al., 2014). 

The hormones of human chorionic gonadotropin (hCG) and luteinizing hormone-releasing 
hormone analog (LHRH-A) are commonly used in fish artificial reproduction in fish farms; they 
have distinct differences in terms of bioactivity and physiological function. While LHRH-A 
stimulates gonadotropin secretion in teleosts as a result of ovulation and spawning, hCG 
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stimulates oocyte maturation. The hormonal administration of a low dose may result in failure 
to induce fish spawning. On the contrary, too high doses of hormonal induction may cause 
oocyte over-ripening or poor egg quality (Roy, 2016). 
 The present research aims to determine the gonadal developmental stages of fish in 
captive conditions, gonadosomatic index (GSI), and the effects of different doses of two 
hormones, (hCG) and (LHRH-A2, to induce spawning. These parameters were evaluated by 
studying oocyte diameters, latency periods, fertilization rates, and hatching rates of S. argus. 
    

Materials and Methods 
 

Broodstock management and sampling 
 A total of 300 healthy adult fish (>1+ year) were selected from the earthen pond and 
identified as male or female based on body size (Su et al., 2019) and head profile (Barry & 
Fast, 1992). Male (n=150) and female (n=150) fish were cultured separately in net cages of 
4m × 5m × 1,5m (5 fish/m3) in Tam Giang-Cau Hai Lagoon Central Vietnam (16°33'58.7’‘ N 
107°38'01.9‘’ E) from January to December 2020. The water temperature and light intensity 
were recorded using automatic light/temperature data loggers (UA-002-08). The average 
temperature ranged from 23.7 ± 2 oC (in winter) to 29.8 ± 3 oC (in summer), and the average 
light intensity ranged from 500 lx (in winter) to 5,100 lx (in summer). The broodstock was fed 
with floating pellet feed (crude protein 55%, crude fat 8%) at a rate of 3% of body weight per 
day.  
 Five males (n=5) and five females were randomly sampled monthly. Fish were 
anesthetized with AquiS ® solution (20 ppm, Bayer Company, Vietnam). Subsequently, their 
total length and weight were measured and recorded before the gonads were removed by 
dissection. The individual gonads of each fish were weighed using an electronic balance with 
an accuracy of ±0.1 g to determine the gonadosomatic index (GSI) as 100 × gonads 
weight/total body weight (g). A small portion from three parts of the ovary (anterior, middle, 
and posterior) was fixed in a 10% buffered formaldehyde solution for histological examination. 
The central portions of the fixed gonads were extracted, dehydrated, and embedded in 
paraffin. The samples were then sectioned at 6 µm thickness using a semi-automatic Leica 
(RM2245) microtome and stained with hematoxylin and eosin for microscopic analysis 
(Alonso-Fernández et al., 2011). The development of ovaries was divided into five stages: 
immature (Stage 1), vitellogenesis (Stage 2), maturation (Stage 3), mature (Stage 4), and 
atresia (Stage 5) based on the oocyte frequency percentage, as described in (Mandal et al., 
2020). Egg samples from each remaining ovary were kept in Ringer’s solution for egg diameter 
measurement with a filar micrometer.  
 
Broodstock selection for hormone induction 
 In addition to assessing the sperm through histological examination, sperm from 
individual males were carefully collected by gently massaging the abdomen. Since sperm 
motility is associated with higher fertilization capacity, sperm motility was evaluated under a 
light microscope after adding clean seawater to the specimen (Rurangwa et al., 2004). Male 
fish with highly motile sperm (Figure 2) were selected for the fertilization test (Figure 2A). 
A biopsy was performed using a polyethylene catheter to determine egg diameter and quality 
(Bardon-Albaret & Saillant, 2017). The eggs were preserved in Ringer solution for subsequent 
measurement. Egg quality was evaluated under a light microscope, as described by Mandal et 
al. (2020). Oocytes were scattered in a petri dish (Figure 1) in Serra's solution (ethanol-
formalin-acetic acid, 6:3:1 by volume) to clear the cytoplasm and determine the oocyte 
maturation stage. Females with fully mature oocytes and diameters greater than 400 µm were 
selected for the hormone induction experiment (Figure 2B), as recommended by Barry and 
Fast (1988). In contrast, males with dead spermatozoids (Figure 2C) and females with spent 
oocytes in the ovary were not selected for the experiment (Figure 2D). 
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Administration of hormones 
 To determine the types and doses of hormones needed to stimulate spawning in spotted 
scat, two different doses of hCG and five different doses of LHRH-A2 were administered in two 
injection sessions at 24 h intervals (Table 1). Five females (n=5) were randomly selected 
using the biopsy method (Figures 1 and 2).  
 

 
 

Figure 1 Egg collection from female S. argus with a catheter through a syringe. 
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Figure 2 Observation of sperm and egg quality of S. argus under a light microscope: 
(A): Maturing spermatozoa distributed uniformly and with high motility, collected in the early week of 
June: sperm motility (sm) 
(B): Maturing oocytes filled with yolk granules and globules, oocyte diameter >400 µm, collected in the 
last week of June.  
(C): Degenerated spermatozoa characterized by dead spermatozoids (d), collected in mid-August 
(D): Degenerated oocytes characterized by the hydration (h) of the follicle wall and an oil drop 
concentrated in one at the central oocytes, sampled in mid-August. 
 
 
 
 
 
 
 
 



6 Nguyen et al., 2022   

The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1814648 

Table 1 Hormone doses administered to randomly selected female S. argus in order to evaluate the effects of 
different levels of human chorionic gonadotropin (hCG) and luteinizing hormone-releasing hormone analog 
(LHRH-A2) on spawning 
Treatments (control) 

0,9%NaCl 
hCG  

(IU/kg) 
hCG 

(IU/kg) 
LHRH-A2 
(µg/kg) 

LHRH-A2 
(µg/kg) 

LHRH-A2 
(µg/kg) 

LHRH-A2 
(µg/kg) 

Fish weight 
(g) 415.3±2.9a 420.7±5.2c 408.3±2.3b 412±4.2c 416.4±5.0c 429.7±2.9c 420.7±4.7ab 

First 
injection 

- 500  500  10 10 10 10 

Second 
injection - 

1,000  2,000  20 40 60 80 

Total - 1,500 2,500 30 50 70 90 

 
After being anesthetized with AquiS ® solution (5 ppm), fish were injected at the dorsal fin 
with either hCG or LHRH-A2 at various doses. The control group was injected with saline 
water (0.9 % NaCl). The male brooders (see section broodstock selection) were injected 
once with 200 IU·kg-1 at the same time as that of the last injected female fish. At 24 h post-
injection, females were biopsied to measure oocyte diameter. In addition, the females were 
evaluated every hour for signs of ovulation, such as courtship behavior and changing 
abdomen size. Both males and females were washed with clean seawater and immediately 
anesthetized with 20 ppm AquiS ® solution. The eggs and sperm were manually stripped 
into a graduated bowl containing 500 mL clean seawater (28 – 30‰), mixed well using a 
chicken feather, and then allowed to stand for 5 min.  
 Subsequently, the eggs were poured into a glass graduated cylinder to determine the total 
volume, floating fractions, and sinking fractions. Triplicate samples of sinking or floating eggs 
were randomly collected from the container and preserved in 10% formalin in a 2 mL 
Eppendorf. Sinking and floating eggs were counted in a Petri dish under a light microscope by 
multiplying the average eggs per milliliter of the total sample volume. The total number of 
eggs was the sum of the number of sinking and floating eggs. Sinking fractions of eggs from 
each female were discarded before incubation in a 500-liter tank with a recirculating system. 
Approximately 100 fertilized eggs from each female (floating eggs) were randomly collected 
and incubated in a plastic Petri dish containing 20 mL of clean seawater (28 ± 1‰) at 28 ± 
1 °C. The mean fertilized and hatching rates were estimated for five replicates.  
 
Statical analysis 
 The statistical analysis of GSI, egg diameters, latency periods, fertilization rates, and 
hatching rates was performed by analysis of variance (one way-ANOVA test) (multi-
comparisons Tukey-Kramer HSD posthoc test) at a significance level of P<0.05, using SPSS 
software version 20.0. Data are expressed as mean ± standard deviation (SD). 
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Results 
 

Monthly changes in GSI 
 Monthly changes in the GSI were observed for both sexes (Figure 3). The highest GSI 
was observed in July for males (1.89%) and females (9.09%). In addition, female GSI showed 
a significant difference among the delineated stages (P < 0.05). No significant differences 
were found in different stages of male GSI (P > 0.05). The annual change in male GSI was 
negligible, ranging from 1.02% in January to 1.89% in July. Meanwhile, the GSI of females 
increased gradually from January (0.98%) to March (2.04%) and then sharply increased from 
April (2.86%) to June (8.17%), reaching a peak in July (9.09%) before declining to the lowest 
value in December (0.88%). The increase in the GSI of female fish was related to ovarian 
stage development (Figure 4). The highest GSI value corresponded to Stage IV (June-
August), and the lower values of GSI were in the pre-vitellogenesis (December-February) and 
atresia period of gonadal maturation (September-November) (Figures 4 and 5). 
 

 
Figure 3 Monthly change in Gonado-Somatic Index of spotted scat S. argus denoted as: 

Male GSI (GSI-M); Female GSI (GSI-F). Different letters a, b, c, d, e, and f show significant differences 
among monthly samples of female GSI at p < 0.05; the Group with the similar letter A in a bar is not 
significantly different among monthly samples of male GSI at P < 0.05. 
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Figure 4 Histological observation of different stages of female S. argus ovaries: 

(A); Immature ovaries with mostly primary oocytes at S1 (Stage I) together with S2 (Stage II) with a 
large proportion of nucleus (nu) during November - February; (B) Maturing with dominant S3 (Stage 
III) together with S2 during March-May; (C) Mature – full growth oocytes with increasing in accumulation 
of yolk granules (yg) and oil droplets (od) during June - August; (D) Atresia during September – 
November is characterized by presenting post-ovulation follicles (pof). 
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Figure 5 Histological observation of different stages of male S. argus testes: 

(A) Immature primary spermatogonia (Sn1) were present in testis which are not visible; (B) Developing 
spermatogonia (Sn2) in spermatocytes (Sc), especially the appearance of many spermatids (T); (C) 
Mature with spermatozoa (Z); (D) Regression with remaining spermatozoa and mostly empty space after 
spent (As). 
 
Stages of ovarian development 
 The development of different stages of ovarian and testicular was described in Table 2 
and Figures 4 and 5. 
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Table 2 The ovarian and testicular development stages of S. argus  

Stages Ovaries Testis 

Immature  Stage I (40–90 µm): The gonads are very 

small and transparent; they contain oocytes 

in the first growth phase. Cannot distinguish 

sex. Visible from December–January.  

Stage I: The gonads are small, and 

transparent. Sex is indistinguishable. 

Only primary spermatogonia cells are 

present.  

Vitellogenesis Stage II (90–200 µm): Developing immature 

ovaries start to increase in size. While still 

translucent, sex can be distinguished. This 

ovarian stage shows oocytes with the 

appearance of cortical alveoli (Figure 4A). 

Visible from January–March. 

Stage II: The testes are still slightly 

round in appearance. However, they 

begin to develop a pair of lobes. 

Secondary spermatogonia and 

spermatocytes are clearly detectable. 

Maturing  Stage III (200 – 420 µm): In the ovaries, 

oocytes have irregular shapes in vitellogenic 

with clear appearance of yolk granules and oil 

droplets. The nucleus is in a central position. 

Visible in April and May. 

Stage III: The testes are pinkish white 

in color and present in various ratios of 

testicular cysts including 

spermatogonia, spermatocytes, 

spermatids, and spermatozoa (Figure 

5B). 

Mature 

 

Stage IV (420 – 570 µm): Ovaries with 

mature oocytes are characterized by the 

migration of the germinal vesicle from the 

central position to the periphery. Oocytes with 

a round shape and at maximum size with yolk 

granules and oil droplets are present. 

Stage IV: The testis tissues presented 

spermatozoids. Milt and their quality 

are present (Figure 5C) 

Atresia  Stage V The hydration of the follicle wall, 

irregular shape of oocytes and translucent 

appearance marked post-ovulation (Figure 

4D). In this stage mostly atretic oocytes are 

present. Some mature oocytes are present as 

well as pre-vitellogenic and early vitellogenic 

oocytes, which are growing for the next 

breeding cycle.  

Stage V: The testes are in degenerative 

process. They are irregular in shape 

with remaining spermatozoa which can 

be seen. 

 
Effects of types and doses of the hormone on the spawning of S. argus  
 The effects of hCG and LHRH-A2 in stimulating S. argus were observed. Eggs exhibited a 
markedly larger size when fish had been injected with hCG or LHRH-A2, especially at higher 
concentrations (Table 3). This contrasts with the control treatment, which showed a negligible 
increase in oocyte diameter (from 437.3 ± 22.5 to 446.2 ± 21.2 µm). Fish injected with hCG 
did not ovulate or showed overripe eggs because they could not be obtained by applying gentle 
pressure on the abdomen and hydration of the follicle wall. In contrast, fish injected with 
LHRH-A2 (at all concentrations) showed more successful results. Different doses of LHRH-A2 
resulted in different latency periods, fertilized rates, and hatching rates (P < 0.05). Induction 
with LHRH-A2 at a dose of 70 µg·kg-1 showed the best results among treatments in this study 
(P < 0.05). This result corresponded with changes in the oocyte diameter, which increased 
after LHRH-A2 administration.  
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Discussion 
 

The present study investigated variation in GSI, ovarian and testicular development 
stages of S. argus spawning under captive conditions and the effects of different doses of two 
hormones, human chorionic gonadotropin (hCG) and luteinizing hormone-releasing hormone 
analog (LHRH-A2) on the spawning of spotted scat. Female GSI values corresponded to 
ovarian development stages and increased GSI values corresponded with increasing oocyte 
diameter. Therefore, female GSI and egg diameter values are good indicators for determining 
the spawning season of S. argus. In contrast, male GSI did not show significant differences in 
the monthly samples. Semen analysis showed that it could produce gametes from April. This 
is a much earlier maturation than observed in females. Nevertheless, histological observation 
of the testes showed a similar trend in development as observed in the ovaries.  

Histological observation of ovaries and the morphology of biopsied oocytes showed that 
previtellogenic and early vitellogenic oocytes were dominant during December-February. The 
oocyte diameter in this stage ranged from 40 to 90 µm. The oocytes started to develop and 
increase quickly from March to May and reached a mature size at the end of June and early 
July (420 – 570 µm). Vitellogenin increases the size of immature oocytes in the cytoplasm 
(Mandal et al., 2020).   

GSI values declined from August with oocytes in atretic resorption until December, with 
oocytes developing for the next cycles (Stage 2); these observations suggest that the 
spawning season of spotted scat in captivity ranges from June to August. This observation 
agreed well with those of previous reports on this species. Barry and Fast (1992) reported 
that the spawning season of S. argus in the wild in the Philippines is from April to October, 
with a peak in August as the monsoons begin. Similarly, Gandhi et al. (2014) observed that 
the GSI of spotted scats from Mandapam coastal India peaked during the monsoon. Two peaks 
of GSI have also been reported in previous studies (Gandhi et al., 2014; Nguyen et al., 2004). 
However, a peak spawning season from May to July from the coast of South China has been 
reported for S. argus in cultured conditions, and spawning was not influenced by tidal cycles 
(Cai et al., 2010). The data obtained on the reproductive cycle of spotted scat in the present 
study may provide useful information for seed production in hatchery farming. 

The application of hormones in spawning induction has been reported in wild and captive 
S. argus (Barry & Fast, 1988; Cai et al., 2010; Su et al., 2019). The present study indicated 
that LHRH-A2 at doses of 70 µg·kg-1 showed better results than other treatments, which was 
consistent with the suggestion by Barry and Fast (1988), who reported that the least effective 
dose of LHRH-A2 to stimulate the spawning of female spotted scat ranged from 40 to 70 µg·kg-
1. These doses were much higher than those reported by Su et al. (2019). This was attributed 
to the different ages/sizes of broodfish or latitudinal factors of the duration of the spawning 
season (Hoque et al., 1998). Spotted scat did not respond to hCG treatments in the present 
study resulting in an absence of ovulation and overripe eggs. This could either be due to 
inadequate doses of hCG for stimulation (Lim, 2016) or to hCG being a large peptide hormone 
that may create antibodies that can react against itself (Zohar & Mylonas, 2001). It is possible 
that the combination of hCG with other hormones or the hormonal implant method might work 
to induce the spawning of S. argus. The present study indicates that S. argus was better 
adapted to LHRH-A2 than to hCG. The latency time (the time interval between the second 
injection and ovulation) varied from 24.7 ± 2.53 h to 36.6 ± 2.33 h. This period was much 
longer than the period reported by Su et al. (2019). It could be related to water temperature, 
or to shorter latency periods in higher temperature conditions (Rahdari et al., 2014), or to the 
oocyte diameter of the females (Barry & Fast, 1988). The present study showed that the 
fertilization and hatching rates were significantly different among different doses of injection 
of LHRH-A2 (P < 0.05). Fish injected at doses of 50 or 70 µg·kg-1 exhibited higher fertilization 
rate than those injected at doses of 30 or 90 µg·kg-1 (P < 0.05). The hatching rate was 
significantly higher in the treatment of 70 µg·kg-1 than in other treatments (P < 0.05). The 
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application of LHRH-A to induce fish spawning and achieve higher fertilization and hatching 
rates is commonly applied at doses of 20 – 70 µg/kg in India (Roy, 2016). Doses of LHRH-A 
significantly affecting fertilization and hatching rates of S. argus have been reported by Su et 
al. (2019). The present study suggests that administration of a too-low or too-high dose of 
LHRH-A resulted in poor reproductive performance and poor egg viability (e.g., fertilization 
and hatching rates in spotted scat.      

In conclusion, under captive conditions, both males and females of S. argus started to 
develop gametocytes in March, reaching a peak in July. Fish spawned from June to August, 
when GSI values, sperm mobility, and oocyte diameter were highest. Hormonal tests indicated 
that applying LHRH-A2 at doses of 70 µg·kg-1 was optimal to stimulate S. argus spawning and 
obtain good results in latency periods, fertilization, and hatching rates. 
 

Acknowledgments 
 

This study was supported by the Department of Scientific and Technologies of Thua Thien Hue 
Province, Vietnam, under grant number TTH.2018-KC.02. 
 

References 
 

Alonso-Fernández, A., Alós, J., Grau, A., Domínguez-Petit, R., & Saborido-Rey, F. (2011). The Use of 
Histological Techniques to Study the Reproductive Biology of the Hermaphroditic Mediterranean 
Fishes Coris julis, Serranus scriba, and Diplodus annularis. Marine and Coastal Fisheries, 3(1), 145-
159. https://doi.org/10.1080/19425120.2011.556927  

Bardon-Albaret, A., & Saillant, E. (2017). Egg quality traits and predictors of embryo and fry viability in 
red snapper Lutjanus campechanus. Aquaculture Reports, 7, 48-56. 
https://doi.org/https://doi.org/10.1016/j.aqrep.2017.05.004  

Barry, T. P., & Fast, A. W. (1988). Spawning induction and pond culture of the spotted scat (Scatophagus 
argus Linnaeus, 1766) in the Philippines. Technical Report no. 39. H. I. o. M. B. Manoa: Mariculture 
Research and Training Centre, University of Hawaii.  

Barry, T. P., & Fast, A. W. (1992). Biology of spotted scat (Scatophagus argus) in the Philippines. Asian 
fishseries science, 5, 163-179.  

Bourque, B., & Phelps, R. (2007). Induced Spawning and Egg Quality Evaluation of Red Snapper, 
Lutjanus campechanus. Journal of the World Aquaculture Society, 38(2), 208-217. 
https://doi.org/10.1111/j.1749-7345.2007.00090.x  

Cai, Z., Y. Wang, J. Hu, J. Zhang, & Lin, Y. (2010). Reproductive biology of Scatophagus argus and 
artificial induction of spawning (in Chinese with English abstract). Journal of Tropical Oceanography, 
29(5), 180–185.  

Chauvigné, F., Verdura, S., Mazón, M. J., Duncan, N., Zanuy, S., Gómez, A., & Cerdà, J. (2012). Follicle-
Stimulating Hormone and Luteinizing Hormone Mediate the Androgenic Pathway in Leydig Cells of 
an Evolutionary Advanced Teleost 1. Biology of Reproduction, 87((2):35), 1-11. 
https://doi.org/10.1095/biolreprod.112.100784 FAO. (2016c). The State of World Fisheries and 
Aquaculture, Rome.  

Gandhi, V., Venkatesan, V., & Ramamoorthy, N. (2014). Reproductive biology of the spotted scat 
Scatophagus argus (Linnaeus, 1766) from Mandapam waters, south-east coast of India. Indian 
Journal of Fisheries, 61(4), 55-59.  

Hoque, M., Takemura, A., & Takano, K. (1998). Annual Changes in Oocyte Development and Serum 
Vitellogenin Level in the Rabbitfish Siganus canaliculatus (Park) in Okinawa, Southern Japan. 
Fisheries Science, 64, 44-51. https://doi.org/https://doi.org/10.2331/fishsci.64.44  

Kokokiris, L., Canario, A., Mylonas, C., Pavlidis, M., Kentouri, M., & Divanach, P. (2005). Induction of 
ovulation and spawning in the Mediterranean red porgy, by controlled delivery and acute injection 
of GnRHa. Israeli Journal of Aquaculture-Bamidgeh, 57. https://doi.org/10.46989/001c.20421 

Lim, H. K. (2016). Effect of exogenous hormones on ovulation and gonadal steroid plasma levels in 
starry flounder, Platichthys stellatus. Aquaculture International, 24(4), 1061-1071. 
https://doi.org/10.1007/s10499-016-9971-6  

Mandal, B., Kailasam, M., Bera, A., Sukumaran, K., Hussain, T., Marappan, M., . . . Kk, V. (2020). 
Gonadal recrudescence and annual reproductive hormone pattern of captive female Spotted Scats 



14 Nguyen et al., 2022   

The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1814648 

(Scatophagus argus). Animal Reproduction Science, 213, 106273. 
https://doi.org/10.1016/j.anireprosci.2020.106273  

Mylonas, C. C., Kyriakou, Y., Sigelaki, I., Georgiou, G., Stephanou, D., & Divanach, P. (2004). 
“Reproductive Biology of The Shi Drum (Umbrina Cirrosa) In captivity and Induction of spawning 
using GNRHa. Israeli Journal of Aquaculture - Bamidgeh 56. https://doi.org/10.46989/001c.20370.  

Mylonas, C. C., Fostier, A., & Zanuy, S. (2010). Broodstock management and hormonal manipulations 
of fish reproduction. General and Comparative Endocrinology, 165(3), 516-534. 
https://doi.org/https://doi.org/10.1016/j.ygcen.2009.03.007  

Nagahama, Y., & Yamashita, M. (2008). Regulation of oocyte maturation in fish. Development, growth 
& differentiation, 50 195-219. https://doi.org/10.1111/j.1440-169X.2008.01019.x  

Nguyen, T. P., Vo, T. T., Tran, T. T. H., Pham, T. N. T., & Ly, V. K. (2004). Study on feeding and 
reproductive biology of spotted cat (Scatophagua argus). Can Tho University Journal of Science (in 
Vietnamese with English abstract) (2), 51 - 59.  

Rahdari, A., Gharaei, A., & Ghaffari, M. (2014). Spawning latency period in hormonal induced 
reproduction of snow trout (Schizothorax Zarudnyi (Nikolskii, 1897). Iranian Journal of 
Biotechnology, 12(1), e10268. https://doi.org/10.5812/ijb.10268  

Roy, K. (2016). Rapid review on the use of new age induced breeding agent 'LHRHa' in Indian finfish 
seed production sector. Journal of Fisheries, 4, 401-407. 
https://doi.org/10.17017/jfish.v4i2.2016.145  

Rurangwa, E., Kime, D. E., Ollevier, F., & Nash, J. P. (2004). The measurement of sperm motility and 
factors affecting sperm quality in cultured fish. Aquaculture, 234(1), 1-28. 
https://doi.org/https://doi.org/10.1016/j.aquaculture.2003.12.006  

Su, M., Duan, Z., Shi, H., & Zhang, J. (2019). The effects of salinity on reproductive development and 
egg and larvae survival in the spotted scat Scatophagus argus under controlled conditions. 
Aquaculture Research, 50, 1-13. https://doi.org/10.1111/are.14056  

Su, M., Mu, X., Gui, L., Zhang, P., Zhou, J., Ma, J., & Zhang, J. (2016). Dopamine regulates renal 
osmoregulation during hyposaline stress via DRD1 in the spotted scat (Scatophagus argus). 
Scientific Reports, 6, 37535. https://doi.org/10.1038/srep37535  

Xie, Y., Chu, L., Liu, Y., Sham, K., Li, J., & Cheng, C. (2017). The highly overlapping actions of Lh 
signaling and Fsh signaling on zebrafish spermatogenesis. Journal of Endocrinology, 234(3), 233-
246. https://doi.org/10.1530/JOE-17-0079  

Yaron, Z., Bogomoinaya, A., Drori, S., Biton, I., Aizen, J., Kulikovsky, Z., & Levavi-Sivan, B. (2009). 
Spawning induction in the carp: past experience and future prospects-a review. Israeli Journal of 
Aquaculture - Bamidgeh 61. https://doi.org/10.46989/001c.20537. 

Zohar, Y., & Mylonas, C. C. (2001). Endocrine manipulations of spawning in cultured fish: from hormones 
to genes. Aquaculture, 197(1), 99-136. https://doi.org/10.1016/S0044-8486(01)00584-1 

  

 
 


