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1. Introduction
  

 Groupers are highly valued mariculture fish, 
mainly when sold alive (Ismi and Budi 2020), and 
one of the leading live reef fish trades (Halim 2001). 
The grouper aquaculture industry has rocketed in 
the recent decade, and many grouper species have 
been farmed widely in China and South-East Asian 
countries (Guo et al. 2015; Pierre et al. 2008). Tiger 
grouper (Epinephelus fuscoguttatus), humpback 
grouper (Cromileptes altivelis), and leopard coral 
grouper (Plectropomus leopardus) are some of the 
grouper species that have high demand and prices 
in the market (Rimmer and Glamuzina 2019), and 
belong to the 11 most commonly traded grouper 

species (Halim 2001). The fry of the three grouper 
species has been successfully mass-produced in 
Indonesian hatcheries (Halim 2001; Pierre et al. 
2008; Rimmer and Glamuzina 2019).
 Reliable fry production is still an obstacle in 
developing the grouper farming industry (Ma et al. 
2013). Successful grouper's larviculture has been 
restricted by generally poor and irregular survival 
(Rimmer 2000). The main limitations for successful 
larviculture are the small oral opening of the larvae 
and, therefore, the need for small prey on the first 
diet, and the presence of high mortality at different 
stages during the larval rearing process (Kohno et al. 
1993, 1997; Peixoto et al. 2004; Rimmer et al. 1999; 
Seng 1998; Tamaru et al. 1995). 
 Although all three species of groupers (tiger, 
humpback, and leopard coral grouper) have been 
successfully cultivated, the constraints on larviculture 
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that have been described still arise in the hatchery. 
This study compares several hatchery parameters 
in these three grouper species representing three 
different genera (Epinephelus, Cromileptes, and 
Plectropomus).
 
2. Materials and Methods

2.1. Larval Rearing
 This study was conducted in 2019 on CV Jaya 
Utama Abadi (Kalianget Village, Banyuglugur District, 
Situbondo Regency, East Java, Indonesia) and Institute 
for Mariculture Research and Fisheries Extension 
(Gondol, Buleleng Regency, Bali, Indonesia). Tiger 
grouper eggs were obtained from the breeding 
facility of CV. Utama Jaya Abadi, humpback from 
Ambon Marine Cultivation Fishery Centre (Maluku, 
Indonesia), and leopard coral grouper from the 
Institute for Mariculture Research and Fisheries 
Extension (Gondol, Bali, Indonesia).
 The egg incubation and larval rearing were 
carried out in a concrete tank (3 x 3 x 1.2 m3) filled 
with 6-7 m3 seawater. Eggs were stocked with a 
density of 100,000 eggs/tank. The grouper larvae 
were reared until they became juvenile. The eggs 
were incubated until they were hatched in the same 
container and media as larval rearing. Larvae were 

reared until 60 dah (days after hatching), and data 
were taken from the rearing for three cycle's larval 
culture. Management of grouper larval rearing follows 
the Good Fish Hatchery Method (Cara Pembenihan 
Ikan yang Baik/CPIB) based on Indonesian National 
Standard (Standar Nasional Indonesia/SNI) (SNI 
8035:2014) (Badan Standarisasi Nasional 2014) and 
follows the existing guidelines (Sugama et al. 2012).
 After the larvae reach one dah, the water surface 
is dripped with fish oil as much as 0.1 ml/m2 in the 
morning and evening until five dah. Fish oil dripped 
on the surface of the water close to the aeration point 
will spread to cover the surface of the water so that 
the larvae do not die much trapped on the surface 
due to the entanglement of surface layer cohesion 
(Ismi et al. 2004, 2016).
 The media was green by giving Nannochloropsis 
sp. with a density of 300-500 x 103 cells/ml starting 
from two dah. Rotifers were given as feed when the 
larvae started to open their mouths at three days 
(Ismi et al. 2012). Copepod naupli were only given 
to leopard coral grouper larvae. Artemia, artificial 
feed, and small prawns were first fed to tiger grouper 
larvae, then humpback and leopard coral grouper. 
Complete feeding management during larval rearing 
is presented in Table 1.

Table 1. Feeding management for raising tiger grouper (Epinephelus fuscoguttatus), humpback grouper (Cromileptes 
altivelis), and leopard coral grouper (Plectropomus leopardus) larvae

Feeding management
2 117 303 129 354 2010 40 6050

Age of larvae (dah)

Nannochloropsis sp. 
Tiger grouper
Humpback grouper
Leopard coral grouper

Rotifer 
Tiger grouper
Humpback grouper
Leopard coral grouper

Copepod naupli
Leopard coral grouper

Artemia 
Tiger grouper
Humpback grouper
Leopard coral grouper

Artificial feed
Tiger grouper
Humpback grouper
Leopard coral grouper

Small shrimp
Tiger grouper
Humpback grouper
Leopard coral grouper
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 Management of the quality of the maintenance 
media was carried out by adding plankton and adding 
seawater slowly with a percentage adjusted for the 
age of the larvae. Tank bottom tapping was carried 
out to remove leftover feed and manure sediment 
starting at 12 dah. Water management and tank 
bottom cleaning during larval rearing are presented 
in Table 2. Measured water quality parameters during 
the study can be seen in Table 3.

2.2. Parameters Observed
 The parameters observed were egg diameter, 
hatching rate, larvae mouth opening width, survival 
activity index (SAI), development of larvae, and 
growth in total body length. A total of 20 eggs were 
observed under a light microscope connected to 
a video monitor (60×) to measure the diameters 
of the eggs one by one. The diameters of the ovoid 
shape of the egg were calculated using the formula 
√(D x d). Where D represents the larger section and 
d represents the smaller section of the egg (Budi et 

al. 2020). The hatching rate was measured after 20 
hours approximately (at an incubation temperature 
of 28-30°C) using the formula (TE/TL) x 100%, where 
TE is the total of eggs, and TL is the total of larvae. 
Measurements of larvae mouth opening width 
in one dah under a microscope (magnification 
60x, n = 20 fish) and calculating with the equation 
√(2AB), where AB represents upper jaw length 
(Tang et al. 2020). One day after hatching, 100 
larvae were transferred into 1,000 ml beaker glass, 
left undisturbed, and starved until they died to 
determine SAI. The following formula calculated SAI
  (N - hi) x i, where N is the total number of larvae,

Table 3. Water quality parameters of tiger grouper (Epinephelus fuscoguttatus), humpback grouper (Cromileptes altivelis) 
and leopard coral grouper (Plectropomus leopardus) larval rearing

Parameters Leopard coral grouperHumpback grouperTiger grouper
Temperature (°C)
Salinity (ppt)
pH
Dissolved oxygen (mg/l)

28.6-30.3
33.0-34.0 

7.8-8.1
4.4-6.2 

28.8-30.2
33.0-34.0 

7.6-8.1
4.5-6.1 

28.7-30.7
33.0-34.0 

7.9-8.2
4.3-6.5 

Table 2. Water management and tank bottom cleaning during larval of tiger grouper (Epinephelus fuscoguttatus), 
humpback grouper (Cromileptes altivelis), and leopard coral grouper (Plectropomus leopardus) rearing

Water management 6 2412 301821 40 6050
Age of larvae (dah)

Water addition 
±10% per day (plankton+seawater)
±20% per day
±50% per day
water circulation ±100% per day (flow trough)
Cleaning the tank bottom

1

2
∑i = 1

k

hi is the cumulative mortality by the ith day, and k 
is the number of days elapsed until all larvae were 
dead because of starvation (showed as survival times 
in Table 4.) (Forsatkar et al. 2017). Development of 
larvae was observed in 1, 3, 5, 10, 20, 30, 40, 50, and 
60 dah, and the growth of total body length was 
measured every five days starting from one dah.

Table 4. Egg diameter, the total length of hatched larvae, mouth opening width of larvae of tiger grouper (Epinephelus 
fuscoguttatus), humpback grouper (Cromileptes altivelis) and leopard coral grouper (Plectropomus leopardus) (n = 20)

Groupers Rearing cycle Egg diameter (µm)

0.819 
0.821 
0.817 

0.819±0.032
0.798 
0.793 
0.797 

0.796±0.039
0.721 
0.719 
0.723 

0.721±0.036

The total length of 
hatched larvae (mm)

2.491
2.489 
2.492 

2.491±0.211
2.315 
2.317 
2.298 

2.310±0.141
2.194 
2.189 
2.191 

2.191±0.173

Mouth opening 
width of larvae (µm)

0.154
0.156
0.155 

0.155±0.020
0.134 
0.137 
0.141 

0.137±0.018
0.125 
0.127 
0.126 

0.126±0.013

Parameters

1
2
3

Mean ± SD
1
2
3

Mean ± SD
1
2
3

Mean ± SD

Tiger grouper

Humpback grouper

Leopard coral 
grouper
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 At 3-15 dah, observation of rotifer intake in larvae 
was carried out every day. Every 08.00 AM, 20 larvae 
were collected from each tank, measured, dissected, 
and observed under a microscope for rotifer intake 
(modified procedure from Duray et al. 1996). Rotifers 
were given adlibitum by maintaining the amount in 
the culture medium of more than five individuals 
per ml at 3-7 dah and more than ten individuals per 
ml at 7-15 days. Every afternoon (04.00 PM), the 
rotifer density in the culture medium was counted 
following Kabir et al. (2010). Rotifer, egg, and larvae 
were collected in the tank using 1,000 ml beaker glass 
at five location points on the tank, 4 points in each 
corner and 1 point in the center of the tank.

2.3. Data Presentation and Analysis
 All observed data and parameters (egg diameter, 
hatching rate, larvae mouth opening width, 
survival activity index (SAI), development of larvae, 
and growth in total body length) were analyzed 
descriptively in tables, graphs, and pictures.

3. Results

Early life parameters of three grouper species in 
three cycle hatcheries can see in Table 4. and Table 
5. Based on the observed data, the highest egg 
diameter, the total length of hatched larvae, and 
mouth opening width of larvae were observed in 
tiger grouper (Table 4). The relationship between 
egg diameter, larval size, and larval mouth opening is 
proportional (Table 4). 

The hatching rate (HR) in three grouper species is 
almost the same value (Table 5). The highest survival 
times (ST), survival activity index (SAI), and survival 
rate (SR); were occurred in tiger groupers (Table 5).

The rotifers number in the stomach of three 
grouper species rearing for 15 dah can see in Figure 
1. The highest number of rotifers was observed in the 
larvae stomach of tiger grouper larvae. The rotifer 
density in the culture medium tends to decrease with 
the length of the rearing period. The lowest number 
of rotifers was observed in the culture medium of 
tiger grouper larvae (Figure 2).

The growth of three grouper species rearing in 
60 days can see in Figure 3. The total length of three 
grouper species increased proportionally with the 
length of the rearing period. The highest total length 
was observed in tiger grouper. A comparison of larval 
development of three grouper species can be seen in 
Figure 4.

4. Discussion

 A positive relationship between the egg size and 
the total length at hatching was observed. The larger 
diameter of the eggs will produce the more significant 
total body length and mouth opening size of larvae. 
The size of eggs varies among teleost species in wide 
ranges (Kamler 2005; Kashiwagi et al. 1987; Knutsen 
and Tilseth 1985). Egg size is directly related to yolk 
size, where the yolk is the main component of an egg 
(Kamler 2005). Egg yolk contributes to larval body size 
(Keckeis et al. 2000). Egg size and total larval length at 
hatching in various fish species are directly proportional 
(Miller et al. 1988). Logically, the larva's mouth opening 
will get bigger too.
 Meanwhile, the hatching rate (HR) observed is 
almost the same value. The previous study on Japanese 
whiting (Sillago janopica) showed some correlations 
between egg size and total hatch, but the egg diameter 
has significant correlations with the percentage of 

Table 5. Hatching rate (HR), survival times (ST), survival activity index (SAI) and survival rate (SR) of tiger grouper (Epinephelus 
fuscoguttatus), humpback grouper (Cromileptes altivelis) and leopard coral grouper (Plectropomus leopardus) larvae  

Groupers Rearing cycle HR % SR (%)SAIST (days)
81.05
85.75
81.39

82.73±2.62

16.17
21.31
14.60

17.36±3.51

2.96
3.98
3.91

3.61±0.57

5.00
6.00
6.00

5.67±0.58
80.91
84.56
86.06

83.84±2.65

9.45
12.31
12.50

11.42±1.71

2.65
3.45
3.36

3.15±0.44

4.00
5.00
5.00

4.67±0.58
80.24
81.39
86.44

82.69±3.30

6.11
5.32
6.24

5.89±0.50

1.87
1.93
2.17

1.99±0.16

4.00
4.00
4.00

4.00±0.00

Parameters

1
2
3

Mean ± SD
1
2
3

Mean ± SD
1
2
3

Mean ± SD

Tiger grouper

Humpback grouper

Leopard coral 
grouper



viable hatch (Kashiwagi et al. 1987). The same trend 
in survival times (ST), survival activity index (SAI), and 
survival rate (SR) was also obtained in Japanese whiting 
(Sillago janopica), where the larger size of eggs produced 
more viable larvae than smaller eggs (Kashiwagi et al. 
1987). SAI is defined as an index for larval fish quality 
because it is expressed as a function of larval tolerance 
to starvation and is positively connected with larval 
survival (Matsuo et al. 2006). The SAI is a widely used 
metric for assessing the vitality and quality of larvae 
in marine fish larviculture (Wang et al. 2013). The 
SAI is linked to nutrition storage (Wang et al. 2013) 

in the yolk and oil globule and egg size (Bengtson et 
al. 1987; Knutsen and Tilseth 1985). In this study, the 
tiger grouper with the largest egg size produced the 
highest ST, SAI, and SR, followed by the humpback and 
leopard coral grouper with smaller egg sizes.
 The difference in total length and mouth opening of 
hatched larvae affect feeding capability and capacity, 
expressed as the rotifer number in the larvae's stomach. 
Grouper larvae are initially fed on rotifers (Rimmer 
2000). The number of rotifers in the larval stomach 
increased with the length of the rearing period. The 
amount of feed that enters and is digested will increase 
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Figure 1. The number of rotifers in the stomach of tiger 
grouper (Epinephelus fuscoguttatus), humpback 
grouper (Cromileptes altivelis) and leopard coral 
grouper (Plectropomus leopardus) larvae rearing 
in 15 days after hatching

Figure 2. The density of rotifer in the culture medium of 
tiger grouper (Epinephelus fuscoguttatus), humpback 
grouper (Cromileptes altivelis) and leopard coral 
grouper (Plectropomus leopardus) larvae rearing 
in 15 days after hatching

766                                                                                                                                                           Ismi S and Budi DS

 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

1 5 10 15 20 25 30 35 40 45 50 55 60

To
ta

l l
en

gt
h 

(c
m

)

Days after hatching

Tiger grouper

Humpback
grouper

Leopard coral
grouper

Figure 3. The total length of tiger grouper (Epinephelus fuscoguttatus), humpback grouper (Cromileptes altivelis), and leopard 
coral grouper (Plectropomus leopardus) larvae rearing in 60 days after hatching

To
ta

l l
en

gt
h 

(c
m

)

0.0

Days after hatching

Tiger grouper

Humpback 
grouper

Leopard coral 
grouper

1 5 10 15 20 25 30 35 40 45 50 55 60

1.5

3.5

0.5

2.0

4.0

1.0

3.0

2.5

4.5



 

tiger grouper humpback grouper leopard coral grouper 

Figure 4. Tiger grouper (Epinephelus fuscoguttatus), humpback grouper (Cromileptes altivelis), and leopard coral grouper 
(Plectropomus leopardus) larvae and fry develop in 60 days after hatching. The yellow arrow indicated oil globules. 
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along with the digestive tract's development, followed 
by an increase in the production and activity of digestive 
enzymes (Khoa et al. 2021). Besides the rotifers' number 
in the stomach, feeding capacity is also indicated by the 
number of rotifers in rearing media, where the rotifers 
were given adlibitum as a feeding technique. The rotifer 
density in the culture medium tends to decrease with 
the length of the rearing period. Commonly, grouper 
farmers attempt to maintain rotifer density at about 
3–4/ml (Rimmer 2000). 
 The large size of the eggs in the grouper, followed 
by the high total length and opening mouth of the 
hatching larvae, and the high SAI and SR values were also 
followed by the significant growth value. The growth 
rate of embryos and yolk-feeding larvae, the efficiency 
with which yolk energy is transferred to body tissues, 
and the yolk energy content are the critical intrinsic 
elements contributing to the larval body size obtained 
from the yolk (Kamler 2005).
 All transparent groupers larvae hatched in D1. 
Hatched larvae still have egg yolk with oil globules in 
their peritoneal. Larvae hovered in the water column in 
the rearing tank with the head facing down ±45° from 
the tail position. In D2, the position of the larva facing 
down, ±90° from the tail position, and the larvae are 
mainly in the middle and bottom of the tank so that 
the larvae are not visible from the surface. The egg yolk 
has been absorbed and shrinks, and the oil globules. 
Before the yolk sac is fully absorbed, when the change 
from endogenous to external nutrition sources occurs, 
most marine fish larvae acquire a digestive tract, eyes, 
mouth, and pectoral fins (Yúfera and Darias 2007). In 
D3, the egg yolks of the three groupers larvae have been 
wholly absorbed while the oil grains are still slightly 
left (arrow).
 On the other hand, the abdomen has been pigmented, 
black dots (melanophores) are visible, the eyes are black, 
and the pectoral fins are growing, actively swimming 
and looking for food. Grouper larvae have a distinctive 
colouration that begins to develop early in the larval 
stage, well before the transition to the juvenile stage 
(Tucker 1999). Groupers have a distinctive "kite-shaped" 
body, with the second dorsal-fin spine and pelvic-fin 
spines dramatically elongating during the larval stage 
and disappearing immediately before the juvenile stage 
(Heemstra and Randall 1993; Tucker 1999). Between D4-
D5, the three groupers' larvae pectoral and dorsal fins 
begin to grow marked with minor bumps and continue 
to elongate. In D7, the dorsal and pectoral fins turn 
into spines; larvae begin to school in the corners and 
edges of the rearing tank.
 Furthermore, in D8, the tip of the spines began to 
appear black and increasingly elongated, the larvae 
movement was more agile in D10, and the larvae spread. 
Until D20, the larvae continue to grow, but there is 

no change or performance development. The dorsal 
and pectoral fin spines continue to elongate, and more 
active movement. From D21 until D30, the tiger's larval 
body and humpback grouper have begun to colour, 
especially the dark head, and the dorsal and pectoral 
spines begin to thicken and shorten. Fins start to grow 
from the dorsal to the top and bottom caudal. The 
larvae have resembled fish, although the dorsal and 
pectoral spines are still visible and are not fully finned. 
The colour of round black spots (polka dots) begins 
to grow from the bottom of the abdomen and then, 
with increasing age, spreads throughout the body of 
the humpback grouper larvae from D20 to D30, called 
Polkadot grouper (Ismi et al. 2004, 2016).
 Meanwhile, at D30, the red colour of leopard coral 
grouper larvae began to appear, and the tiger grouper 
began to have brownish spots spread throughout the 
body. Some tiger grouper larvae had metamorphosed 
into small fish/juvenile forms. After 35 days, the larvae 
begin to develop into juveniles which are characterized 
by the absence of spines on the dorsal and pectoral. At 
D40, the tiger grouper larvae have become complete 
juveniles.
 The larval rearing of all kinds of grouper in this 
study was done following the Good Fish Hatchery 
Method (Cara Pembenihan Ikan yang Baik/CPIB) based 
on Indonesian National Standard (Standar Nasional 
Indonesia/SNI) (SNI 8035:2014) (Badan Standarisasi 
Nasional 2014) and followed the existing guidelines 
(Sugama et al. 2012). The assessed water quality was 
consistent with the conditions of life for grouper larvae, 
allowing the larvae to grow, develop, and survive. 
 In conclusion, the several hatchery parameters 
in 3 grouper species are tiger grouper (Epinephelus 
fuscoguttatus), humpback grouper (Cromileptes altivelis), 
and leopard coral grouper (Plectropomus leopardus), 
clearly different. The tiger grouper has the best larval 
performance.

Acknowledgements 

 The authors would like to thank all colleagues and 
institutions for their support during the research. This 
study occurred without funding from any agency.
 
References

[BSN ]Badan Standarisasi Nasional, 2014. Good Fish Hatchery 
Method (SNI 8035:2014). Badan Standarisasi Nasional, 
Jakarta.

Bengtson, D.A., Barkman, R.C., Berry, W.J., 1987. Relationships 
between maternal size, egg diameter, time of spawning 
season, temperature, and length at hatch of Atlantic 
silverside, Menidia menidia. Journal of fish biology 31, 
697-704. https://doi.org/10.1111/j.1095-8649.1987.
tb05272.x

768                                                                                                                                                           Ismi S and Budi DS



Budi, D.S., Hartono, D., Maulana, F., Bodur, T., Lutfiyah, 
L., 2020. Some fecundity parameters and ovarian 
maturity criteria of ornamental red cherry shrimp 
(Neocaridina davidi). Turkish Journal of Veterinary and 
Animal Sciences, 44, 456-462. https://doi.org/10.3906/
vet-1910-13

Duray, M.N., Estudillo, C.B., Alpasan, L.G., 1996. The effect of 
background color and rotifer density on rotifer intake, 
growth and survival of the grouper (Epinephelus 
suillus) larvae. Aquaculture. 146, 217-224. https://doi.
org/10.1016/S0044-8486(96)01375-0

Forsatkar, M.N., Nematollahi, M.A., Rafiee, G., Farahmand, 
H., Martínez-Rodríguez, G., 2017. Effects of prebiotic 
mannan oligosaccharide on the growth, survival, 
and anxiety-like behaviors of zebrafish (Danio rerio). 
Journal of Applied Aquaculture, 29, 183-196. https://
doi.org/10.1080/10454438.2017.1306732

Guo, C.Y., Huang, Y.H., Wei, S.N., Ouyang, Z.L., Yan, Y., Huang, 
X.H., Qin, Q.W., 2015. Establishment of a new cell 
line from the heart of giant grouper, Epinephelus 
lanceolatus (Bloch), and its application in toxicology 
and virus susceptibility. Journal of Fish Diseases. 38, 
175-186. https://doi.org/10.1111/jfd.12221

Halim, A., 2001. Grouper culture: an option for 
grouper management in Indonesia. Coastal 
Management. 29, 319-326. https://doi.
org/10.1080/089207501750475136

Heemstra, P.C., Randall, J.E., 1993. FAO Species Catalogue. 
Vol. 16. Grouper of the World. Dans FAO Fisheries 
Synopsis. FAO, Rome.

Ismi, S., Setiawati, K.M., Tridjoko, 2004. Pengaruh frekuensi 
pemberian minyak ikan pada pemeliharaan larva 
kerapu bebek (Cromileptes altivelis). Jurnal Penelitian 
Perikanan. 10, 61-64. https://doi.org/10.15578/
jppi.10.5.2004.61-64

Ismi, S, Sutarmat, T., Giri, N. A., Rimmer, M. A., Knuckey, 
R. M. J., Berding, A. C., Sugama, K., 2012. Nursery 
Management of Grouper: a Best-practice Manual. 
Australian Centre for International Agricultural 
Research (ACIAR), Canberra.

Ismi, S., Setiadi, E., Wardoyo, Tridjoko, 2016. Pengaruh 
penggunaan skimmer terhadap abnormalitas pada 
pemeliharaan larva ikan kerapu bebek, Cromileptes 
altivelis. Jurnal Riset Akuakultur. 2, 1. https://doi.
org/10.15578/jra.2.1.2007.1-8

Ismi, S., Budi, D.S., 2020. Culture performance and economic 
profitability of cantang hybrid grouper (Epinephelus 
fuscoguttatus f x epinephelus lanceolatus m) 
fingerlings reared at different initial stocking sizes 
and nursery periods. Indonesian Aquaculture Journal. 
15, 1-7. https://doi.org/10.15578/iaj.15.1.2020.%25p

Kabir, K.A., Baby, R.L., Hasan, I., Naser, M.N., Ali, M.D.S., 2010. 
High density rotifer culture as live food for larval 
rearing in carp hatcheries. World Journal of Zoology. 
5, 110-114.

Kamler, E., 2005. Parent-egg-progeny relationships in 
teleost fishes: an energetics perspective. Reviews in 
Fish Biology and Fisheries. 15, 399-421. https://doi.
org/10.1007/s11160-006-0002-y

Kashiwagi, M., Sakaki, H., Takahashi, T., Iwai, T., 1987. A 
relationship between egg size and hatching rate 
in Japanese whiting Sillago japonica. Nippon Suisan 
Gakkaishi. 53, 2105-2110. https://doi.org/10.2331/
suisan.53.2105

Keckeis, H., Bauer-Nemeschkal, E., Menshutkin, V.V., 
Nemeschkal, H.L., Kamler, E., 2000. Effects of female 
attributes and egg properties on offspring viability in 
a rheophilic cyprinid, Chondrostoma nasus. Canadian 
Journal of Fisheries and Aquatic Sciences. 57, 789-796. 
https://doi.org/10.1139/cjfas-57-4-789

Khoa, T.N.D., Hayasaka, O., Matsui, H., Waqalevu, V., Honda, 
A., Nakajima, K., Kotani, T., 2021. Changes in early 
digestive tract morphology, enzyme expression 
and activity of Kawakawa tuna (Euthynnus affinis). 
Aquaculture. 530, 735935. https://doi.org/10.1016/j.
aquaculture.2020.735935

Knutsen, G.M., Tilseth, S., 1985. Growth, development, 
and feeding success of atlantic cod larvae gadus 
morhua related to egg size. Transactions of the 
American Fisheries Society. 114, 507-511. https://doi.
org/10.1577/1548-8659(1985)114<507:gdafso>2.0.
co;2

Kohno, H., Diani, S., Supriatna, A., 1993. Morphological 
development of larval and juvenile blacktip grouper, 
Epinephelus fasciatus. Japan Journal Ichthyology. 40, 
307-316. https://doi.org/10.1007/s12562-009-0128-7

Kohno, H., Ordonio-Aguilar, R.S., Ohno, A., Taki, Y., 1997. Why 
is grouper larval rearing difficult?: an approach from 
the development of the feeding apparatus in early 
stage larvae of the grouper, Epinephelus coioides. 
Ichthyological Research. 44, 267-274. https://doi.
org/10.1007/bf02678706

Ma, Z., Guo, H., Zhang, N., Bai, Z., 2013. State of art for larval 
rearing grouper. International Journal of Aquaculture. 
3, 63-72. https://doi.org/10.5376/ija.2013.03.0019

Matsuo, Y., Kasahara, Y., Hagiwara, A., Sakakura, Y., Arakawa, 
T., 2006. Evaluation of larval quality of viviparous 
scorpionfish Sebastiscus marmoratus. Fisheries Science. 
72, 948-954.

Miller, T.J., Crowder, L.B., Rice, J.A., Marschall, E.A., 1988. 
Larval size and recruitment mechanisms in fishes: 
toward a conceptual framework. Canadian Journal of 
Fisheries and Aquatic Sciences. 45, 1657-1670. https://
doi.org/10.1139/f88-197

Peixoto, S., Cavalli, R.O., Wasielesky, W., D’Incao, F., 
Krummenauer, D., Milach, Â.M., 2004. Effects 
of age and size on reproductive performance of 
captive Farfantepenaeus paulensis broodstock. 
Aquaculture. 238, 173-182. https://doi.org/10.1016/j.
aquaculture.2004.04.024

Pierre, S., Gaillard, S., Prévot-D’Alvise, N., Aubert, J., 
Rostaing-Capaillon, O., Leung-Tack, D., Grillasca, J. 
P., 2008. Grouper aquaculture: Asian success and 
Mediterranean trials. Aquatic Conservation: Marine 
and Freshwater Ecosystems. 18, 297-308. https://doi.
org/10.1002/aqc.840

Rimmer, M., 2000. Review of grouper hatchery technology. 
SPC Live Reef Fish information Bulletin #7. Available 
at: http://www.spc.int/DigitalLibrary/Doc/FAME/
InfoBull/LRF/7/LRF7_14_Rimmer.pdf. [Date accessed:  
6 May 2003]

Rimmer, M.A, Williams, K.C., Phillips, M.J., Kongkeo, H., 1999. 
Regional cooperation in grouper aquaculture research 
moves forward-A new research network formed. SPC 
Live Reef Fish Information Bulletin, 5, 36-38.

Rimmer, Michael, A., Glamuzina, B., 2019. A review of grouper 
(Family Serranidae: Subfamily Epinephelinae) 
aquaculture from a sustainability science perspective. 
Reviews in Aquaculture. 11, 58-87. https://doi.
org/10.1111/raq.12226

Seng, L.T., 1998. Grouper culture. Dans S.S., De Silva (Éds.). 
Tropical Mariculture. Victoria: Academic Press. pp. 
423-439.  https://doi.org/10.1016/b978-012210845-
7/50013-1

Sugama, K., Rimmer, M.A., Ismi, S., Koesharyani, I., Suwirya, 
K., Giri, N. A., Alava, V.R., 2012. Hatchery management 
of tiger grouper (Epinephelus fuscoguttatus): a best-
practice manual. Canberra: Australian Centre for 
International Agricultural Research (ACIAR).

HAYATI J Biosci                                                                                                                                                                   769
Vol. 29 No. 6, November 2022



Tamaru, C.S., Cholik, F., Ching-Ming, J., FitzGerald, W.J., 1995. 
Status of the culture of milkfish (Chanos chanos), striped 
mullet (Mugil cephalus), and grouper (Epinephelus sp.). 
Reviews in Fisheries Science. 3, 249-273. https://doi.
org/10.1080/10641269509388574

Tang, U.M., Alawi, H., Masjudi, H., Fauzi, M., 2020. Development 
of mouth opening and digestive enzyme activities in 
sheatfish (Ompok hypopthalmus) larvae. International 
Journal of Oceans and Oceanography. 14, 1-8. https://
doi.org/10.37622/ijoo/14.1.2020.1-8

Tucker, J.W.J., 1999. Species Profile. Grouper Aquaculture.  
SRAC Publication 721, Stoneville.

Wang, Y., Li, L., Cui, G., Lu, W., 2013. Ontogenesis from embryo 
to juvenile and salinity tolerance of Japanese devil 
stinger Inimicus japonicus during early life stage. 
SpringerPlus. 2, 1-13. https://doi.org/10.1186/2193-
1801-2-289

Yúfera, M., Darias, M.J., 2007. The onset of exogenous feeding 
in marine fish larvae. Aquaculture. 268, 53-63. https://
doi.org/10.1016/j.aquaculture.2007.04.050

770                                                                                                                                                           Ismi S and Budi DS


