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Introduction

Groupers of the genus Epinephelus are major candidate 
species for commercial finfish farming. About 49 species of this 
genus have been reported from the seas around India. Most of 
them inhabit coral reefs and rocky habitats, while others prefer  
sea grass beds, muddy and sandy bottoms. Juveniles of some 
species occur in lower reaches of estuaries, occasionally 
ascending upper reaches also. Their robustness under heavy 
stocking conditions, good feed conversion rate, high adaptability 
to different culture systems, rapid growth at elevated temperatures 
and the excellent flesh quality make them potential species 
suitable for aquaculture.  Above all, its market demand is the main 
factor, which motivates the expansion of grouper aquaculture 
(Pierre et al., 2008). These fishes are much sought after by 
local and international markets, particularly in South-east Asia  
(Hong Kong and Singapore) and Japan (Kuo, 1995) where they 

usually are the most expensive in the live fish market. Groupers 
are cultured in either ponds or cages and being euryhaline in 
nature, they can thrive well in brackishwater environments. 
However, they are mostly cultured in floating net cages either 
in the open sea or near the seaward end of estuaries (Sim et al., 
2005). 

Groupers are farmed in many South-east Asian countries, 
including Indonesia, Malaysia, Philippines, Taiwan, Thailand, 
Hong Kong, South-east China and Vietnam as well as  
south-eastern USA (Tucker, 1999). More recently, other countries 
like Sri Lanka, Saudi Arabia, South Korea and Australia have 
also started grouper farming (Ottolenghi et al., 2004). At present, 
growth and development of grouper farming industry in India has 
been constrained by inadequate supply of juveniles for stocking. 
The existing supply of wild-caught juveniles cannot meet the 
demand of the expanding grouper culture industry  Groupers are 
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ABSTRACT

Aimed at domestication and broodstock development of the orange spotted grouper (Epinephelus coioides),  63 nos. of the 
species of average weight 4.06 ± 0.81 kg were collected. Out of these, 54 nos. were stocked in two 6 m dia HDPE floating 
cages installed in Bay of Bengal off Visakhapatnam coast. Nine fishes were stocked in 5 t FRP tanks @ 1 kg per ton of water.
After acclimatisation for a period of four months, 20 fishes from the cages and four fishes from the tanks were implanted 
with 17 α-methyl testosterone aimed at developing male brooders. The fishes were fed twice a day @ 5% body weight with 
Decapterus russelli, sardine and squids. Vitamin E, cod liver oil and mineral supplements were also given along with feed, 
twice a week. The survival rate was 100% and 94.11% in tanks and cages respectively. The final average weight of fishes at 
the end of the experiment was 6.99 (± 0.93) kg, registering a growth rate of 243.33 g and 206.02 g in terms of body weight 
per month in cages and tanks respectively. Female gonad development started four months after stocking in the cage. In one 
year, the mature females were cannulated and intra-ovarian egg size ranged from 400 to 600 µ. However, fishes stocked in 
FRP tanks did not show any sign of ovarian development till the end of the experiment. The cage reared hormone implanted 
fishes were oozing milt after slight pressure on abdomen whereas none of the fishes reared in tanks were found with oozing 
milt. The water quality parameters (ammonia and nitrite) in the tank water were significantly (p < 0.05) higher than water 
samples collected from the cage site. The mature females and sex reversed males from the cages were successfully induced 
to spawn. However, fertilized eggs were obtained only in the trial conducted in cage using hapa whereas only unfertilized 
eggs were obtained from the tank trial. The results of the present experiment showed that open sea floating cages are more 
ideal for domestication and broodstock development of the greasy grouper.
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Fig. 1. Broodstock cage for greasy grouper, installed in Bay of Bengal  
	 off Visakhapatnam

Ritesh Ranjan et al. 

mesh size and the inner ring was fitted with HDPE net bag of  
20 mm stretched mesh size (which was elevated up to the rim of 
the hand rail to prevent fishes jumping out from cages), with 5 
and 4 mm twine thickness respectively  (Fig. 1). The depth of the 
inner net cage was 4.5 m. A bird net was tied on the top of rim to 
avoid bird menace. A circular ballast pipe of 30 kg weight was 
fixed on the bottom rim of inner net to keep the net bag stretched 
in cylindrical shape. 

farmed in many South-east Asian countries, including Indonesia, 
Malaysia, Philippines, Taiwan, Thailand, Hong Kong, South-east 
China and Vietnam as well as south-eastern USA (Tucker, 1999). 
More recently, other countries like Sri Lanka, Saudi Arabia, 
South Korea and Australia have also started grouper farming 
(Ottolenghi et al., 2004). At present, growth and development 
of grouper farming industry in India has been constrained 
by inadequate supply of juveniles for stocking. The existing 
supply of  wild-caught juveniles cannot meet the demand of the 
expanding grouper culture industry. Therefore the development 
of this industry is reliant upon the successful hatchery production 
of grouper juveniles. For artificial propagation of this species 
in hatchery, development of mature broodstock in captivity is 
the major bottleneck which is expensive and time consuming. 
Broodstock management generally comprises collection, 
selection and domestication of brooders; control of maturation 
as well as spawning, egg collection and incubation (Liao et al., 
2001). 

In India, grouper culture practices are entirely supported by 
the supply of seeds collected from the wild (Nammalwar et al., 
1998). Even though  techniques for seed production, larval rearing 
and culture of groupers have been developed internationally 
(Pierre et al., 2008), research needs to be intensified in this 
direction in India, for developing viable technology for 
successful seed production and ensuring uninterrupted supply 
of grouper juveniles for farming. Shrimp farmers in the country 
are looking for alternate species for aquaculture, in view of 
the decrease in shrimp production mainly because of diseases 
and environmental deterioration. The orange spotted grouper 
(Epinephelus coioides) is one of the promising grouper species 
for farming in India, owing to its faster growth rate, local 
availability and market demand. Greasy groupers can reach 
1.78 kg within 11 months of culture period (Somasekharan Nair  
et al., 2005).  Keeping these facts in view, broodstock development 
programmes were initiated aimed at captive seed production of 
E. coioides, at the Visakhapatnam Regional Centre of the Central 
Marine Fisheries Research Institute.  The present paper discusses 
the successful development of captive broodstock of  E. coioides 
in open sea cage at Visakhapatnam

Materials and methods
Fabrication and installation of sea cages 

The site for installation of sea cages was selected at a 
distance of about 500 m from the shore in the Bay of Bengal off 
Visakhapatnam (between 17°42’43.62" N; 83°19’43.96" E and 
17°42’38.92" N; 83°19’37.90" E). The site was selected after 
conducting a detailed assessment of environmental parameters 
such as water current, wave pattern, water quality and physical 
profile of sea bed. A minimum of 8 m water depth during low tide 
was ensured at the site to facilitate efficient water exchange. Two 
circular HDPE cages of 6 m inner ring and 8 m outer ring dia 
was fabricated and launched for stocking adult groupers. Each 
cage was moored with 32 m length of 16 mm alloy steel chain 
attached to a 4 t capacity gabion box. The collar of the cage was 
made up of HDPE pipe of 140 mm dia. The outer and inner rings 
were interconnected with horizontal base pipes. The outer ring 
of the frame was fitted with HDPE net bag of 50 mm stretched 

Broodstock development 

Fishes (E. coioides) obtained from the commercial hook 
and line operations were transported live in 300 l tanks to the 
mariculture hatchery of the Regional Centre of Central Marine 
Fisheries Research Institute (CMFRI) at Visakhapatnam, 
Andhra Pradesh. After arrival at the hatchery, the fishes were 
recompressed by inserting a needle through their anal openings 
to relieve barotrauma stress and then treated with 200 ppm 
formalin for 30 min, followed by a freshwater dip for 5 min. 
After prophylactic treatment, fishes were stocked in FRP/cement 
tanks filled with filtered seawater. The sexes were identified by 
live ovarian biopsy using flexible catheter of 1 mm inner and 
2 mm outer diameter and found that all collected fishes were 
females. The fishes were subsequently transferred and stocked 
in sea cages installed off Visakhapatnam. A total 63 nos. of  
E. coioides  (4.06 ± 0.81kg) were collected and out of these  
54 nos. were stocked in two 6 m dia HDPE floating cages. Nine 
fishes were stocked in 5 t FRP tanks @ 1 kg per ton of water.  
Following acclimatisation for a period of four months, 20 fishes 
from the cages and 4 fishes from tanks were implanted with  
17 α-methyl testosterone aimed at developing male brooders. The 
fishes were fed twice a day @ 5% body weight with Decapterus 
russelli, sardine and squids. Vitamins, cod liver oil and mineral 
supplements were also given twice in a week along with feed, 
in order to complement any possible nutritional deficiencies 
in their diet.  All fishes were tagged  (PIT TAG FS 2001) for 
identification and to maintain the history of individual fish.

Slow sand filtered seawater was used in the brood stock 
development tanks throughout the experimental period and 
round the clock aeration was provided in all the tanks. The 
fishes were fed at 08.00 and 15.00 hrs in tanks and at 0700 and  
1600 hrs in cages.  Unconsumed feed were removed  from the 
tanks was daily, after 2 h of feeding. Manual cleaning of tanks and 
siphoning off faecal matter were done every day in the morning. 
Daily about 50% water was exchanged in the experimental 
tanks and replaced with filtered fresh seawater. This procedure 
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Fig. 2. Vitellogenic oocytes (stage 3 and 4) of varying size (100 – 300 µ)  
	 from cage stocked fish

Ova dia 
(µ)

                                        Months (post-stocking in cages)

1 2 3 4 5 6 7 8 9

0-100 HC HC HC HC 97.38±0.42 79.11±1.20 - - -

100-200 - - - - 2.63±0.42 13.49±0.82 25.6±1.95 - -

200-300 - - - - - 7.4±0.82 52.2±1.83 11.6±1.02 -

300-400 - - - - - - 22.2±1.69 51.9±3.61 13.5±1.21

400-500 - - - - - - - 36.5±3.67 71.8±1.82

500-600 - - - - - - - - 14.7±1.57

Table 1. Progression of gonadal development and percentage (mean±SD)   
	 of cannulated ova from  female greasy grouper (4.84±0.23 kg)  
	 stocked in sea cage in different months (n = 10)

HC – Honey comb stage

Fig. 3. Oocytes in the late stage 4 (400 – 600 µ) from brood fish stocked  
	 in cage, ready for hormonal induction for spawning 

Parameters Cage FRP tank

Temperature (oC) 28.42± 0.31 28.67 ± 0.72

Salinity (ppt) 32.00 ± 0.71 29.42 ± 1.40

pH 7.89± 0.04 7.86 ± 0.04

Dissolved oxygen  (mg l-1) 4.16 ± 0.08 4.56 ± 0.06

Total ammonia (mg l-1) 0.029*± 0.005 0.217 ± 0.034

Nitrite (mg l-1) 0.005*± 0.001 0.024 ± 0.004

Table 2. Physicochemical  parameters of the rearing water  
	     in cage and FRP tank during the experimental period

*Indicates significant (p<0.05) difference between treatment 
means  (independent sample t-test)

Broodstock development of Epinephelus coioides 

was followed throughout the experimental period of one year 
Water quality parameters such as salinity, temperature, dissolved 
oxygen, ammonia and nitrite in grouper rearing tanks as well as 
sea cage site were analysed weekly. The salinity and temperature 
were measured using a refractometer and thermometer 
respectively. Dissolved oxygen, ammonia and nitrite were 
estimated following the standard methods of APHA (1998).

Growth of the fishes was monitored regularly by taking 
body weight. The fishes were cannulated every month on 
new moon days for checking gonadal development. The 
fishes were anaesthetised using 200 ppm phenoxy ethanol 
before cannulation. Gonad tissue samples were preserved in 
Bouin’s fixative for further studies as per (Yamamoto, 1956).  
Ova diameter measurements were taken using ocular micrometer 
in a calibrated microscope. 

Induced spawning

For induced spawning experiment, female fish with  
intra-ovarian eggs of around  450 μ dia were selected. Trials were 
conducted using mature females and sex reversed males in the 
ratio 1:1, which were initially injected with human chorionic 
gonadotropin (HCG) at the rates of 1600 and 1200 IU per kg 
body weight (BW) respectively in four split doses at intervals of 
24 h each, followed by luteinising hormone releasing hormone 
analogue (LHRHa) @ 40 μg kg BW-1 after 24 h of the final HCG 
injection in the first two induction trials. In the subsequent trials, 
HCG alone was used to induce male as well as female. All trials 
were undertaken in FRP tanks except the last trial of induced 
spawning where the brooders were kept in the cage itself. 

Results and discussion 

The survival, growth and maturity status of fishes in the 
experimental cages and tanks were recorded for a period of one 
year. The survival rate was higher in tanks (100%) compared 
to cages (94.11%) The salinity varied from 20 - 36 ppt during 
the experimental period. At the end of the study period, the final 
body weight range of fishes were 5.6-8.9 kg with average weight 
increase at the rate of 243.33 and 206.02 g per month in cages 
and tanks respectively. Nammalwar et al., (1998) recorded fast 
growth (2-5 kg in 3 months) for E. coioides  stocked in cement 
tanks. The present study indicated that the growth of the greasy 
grouper is better in cages than in tanks. Stocking the wild 
collected fishes in sea cages would have helped to stimulate their 
natural environment leading to faster growth of fishes stocked 
in cages as compared to the fishes stocked in tanks. During the 
present study, development of female broodstock was successful 
in cages, whereas in tanks the females did not mature within 
the study period.  Gonadal development of female brood fishes 
started after 4 months of stocking in cage (Fig. 2; Table 1) and 
by 9 months mature ova of size 400-600 µ were observed during 
cannulation (Fig. 3,  Table 1). Within one year in several females, 
86% of the cannulated  ova were  above 400 µ  size and were 
found to be in ideal condition for  spawning induction. The cage 
reared and hormone (17 α-methyl testosterone) administered 
fishes became ripe males and were found oozing milt whereas 
none of the tank reared fish were found to ooze milt even after 
slight pressure was applied on abdomen. Reports are available 
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Fig. 4. Fertilized eggs collected after induced spawning
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on successful maturation of marine fin fishes such as cobia, 
grouper, pompano, red seabream, Japanese flounder and yellow 
croaker in cages. (Hong and Zhang, 2003, Gopakumar et al., 
2011). Although the water quality parameters such as salinity, 
temperature, pH, dissolved oxygen and feeding pattern in terms 
of quality and quantity of tanks were same as cage (Table 2), the 
adult fish stocked in tanks did not show much progress in gonadal 
development. Higher levels of total ammonia (p< 0.05) and nitrite 
in tank water might have added to the overall stress for the tank 
reared fishes as compared to cage reared fishes.  However , the 
total ammonia and nitrite levels in the tanks were observed to be 
with in safe limits as reported by Vatanakul et al. (2001) for the 
giant grouper, Epinephelus lanceolatus, which matured in water 
with ammonia–N and nitrite–N levels of 0 - 0.237 and 0 - 0.277 
ppm respectively.  The permissible limits of total ammonia–N 
and nitrite–N levels reported for Asian sea bass are 2.0 and  
1.0 ppm respectively (FAO, 1989). Marino et al. (2000) reported 
that majority of females of Epinephelus marginatus in captivity 
were unable to reach vitellogenesis and oocyte maturation. Many 
reports are there in several other species of fishes where females 
failed to undergo final oocyte maturation in captive conditions 
(Zohar, 1988; 1989a, b; Peter et al., 1993). The observation 
from the present study that the same group of fish when stocked 
in cages matured within one year, indicated that open sea 
floating cages are better for domestication, conditioning and 
broodstock development of greasy groupers than indoor tanks. 
The broodstock rearing in cages with adequate feeding seems to 
provide suitable conditions for maturation and a large number 
of brooders can be stocked in a limited water volume (Cacot  
et al., 2002). In addition, broodstock development in sea cage 
is advantageous as it helps to save the additional costs involved 
in maintaining broodstock in land-based tanks, primarily the 
energy costs   towards seawater supply and aeration. 

Several factors, including hormone dose, administration 
method and degree of ovarian development, have been 
reported to influence the efficacy of gonadotropic agents in 
stimulating ovulation (Mylonas and Zohar, 2001). Human 
chorionic gonadotropin (HCG) was used for induction as it is 
reported more appropriate because it acts much faster, via direct 
stimulation of the gonad, in inducing final oocyte maturation 
(FOM), spermiation and spawning (Hodson and Sullivan, 1993). 
The dosage of HCG in the breeding experiments was determined 
after conducting trials with different dosages. HCG is often 
given in a single dose, which ranges between 100 and 4000 IU 
per kg BW-1  (Zohar and Mylonas, 2001). A single and relatively 
low dose of HCG (275 IU BW-1) was found to be enough to 
induce ovulation in fish with post-vitellogenic oocytes (Caylor  
et al., 1994). In the present study, HCG and LHRHa were tried 
for spawning induction in E. coioides . In the first two trials, 
fishes were induced by four split doses of HCG and last dose with 
LHRHa. Later fishes were induced to spawn employing 2 split 
doses of HCG hormone alone. In all the induced spawning trials, 
fishes were successfully spawned but the eggs were unfertilized 
(except in the last trial). This could be due to failure of males to 
respond synchronously with the females or sex reversed males 
might not have converted completely into productive males.  In 
the last trial, fertilized eggs were obtained when a female and 
sex reversed male were hormone induced and maintained in cage 

inside a hapa (Fig. 4). These results indicate that sea cage is a 
better option for broodstock development,   induced spawning 
and domestication, of the greasy grouper. Husain et al. (1975) 
reported natural and unstimulated spawning of E. coioides  in 
tank using spawners caught from wild whereas Chen et al. (1977) 
succeeded in induced spawning of cage reared broodstock of the 
species in Singapore. 

The global aquaculture production of groupers has been 
increasing from the year 1990 onwards in which the major 
contributors were Taiwan and Thailand (Pierre et al., 2008). 
The current status of grouper culture in Asia (15000 t) clearly 
indicates that farming of this species has a bright future (Kongkeo 
and Phillips, 2002). It is well understood that only continuous 
supply of grouper seeds can lead to the development of grouper 
aquaculture in India. In this context, the present success in the 
broodstock development of the greasy grouper in sea cage is a 
major step towards development of successful seed production 
technology for groupers in captivity and grouper farming in 
India.
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