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ABSTRACT

Hormone doses required for induced breeding and induced sex reversal of females
to males in the greasy grouper Epinephelus tauvina were standardized. Spawning
was induced by multiple injection of HCG at doses ranging from 700 and 2400
IU/kg body weight and LHRHa @ 30-40ug/kg body weight. Females with initial
mean ova diameter of 450 pm and above responded well to hormone treatment.
The ovulation time ranged from 72 to 144 hrs. The fertilization rate was about
19% and hatching rate was 5-10%. Mortality of larvae was noticed on 4th and
7th days after hatching. Females were converted to oozing males in 6 ~ 9 months
by oral administration of 17¢ methyl testosterone hormone on alternate days @

2.0 mg/kg body weight.

Introduction

Grouper is the most popular fish spe-
cies in Indo-Pacific region and cultured
extensively in earthern ponds and cages
(Taburan et al., 2001). Since, live grouper
command high price in the south east
Asian countries, there is a growing de-
mand for seed from farmers (Sugama et
al., 2002). The short and unreliable sup-
ply of seeds from wild due to over exploi-
tation of grouper has restricted the ex-
pansion of grouper farming. Hence, de-
velopment of viable grouper breeding
technology has gained lot of importance
in the recent years. Although, there are
several reports on the breeding and
larviculture of groupers, details on con-
trolled breeding and hatchery production

of grouper fingerlings for commercial
farming is rare due to several technical
constraints and poor larval survival
(Watanabe et al., 1995). Since breeding
of grouper involves various activities
such as broodstock development, induced
breeding and larval rearing, it is impor-
tant to standardize all these techniques.
Moreover, the viral disease outbreak in
shrimp farming has resulted severe set
backs in brackishwater aquaculture in-
dustry and has urged the researchers to
find out an alternate candidate species
for farming purposes.

The greasy grouper Epinephelus
tauvina is one of the most commercially
important fish species and it has high
demand in both domestic and interna-
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tional markets. E. tauvina is a
protogynous hermaphrodite fish. It first
matures as females and change sex to
male’s later (Tan et al., 1974). In the case
of protogynous hermaphrodites, induced

sex reversal is considered necessary to

ensure the availability of males during
spawning season. Converting females to
males by hormonal treatment is com-
monly practiced in grouper breeding.
Even though grouper can spawn sponta-
neously without hormonal intervention,
normally, the fish may not spawn natu-
rally due to environmental and other
stress conditions. In the absence of natu-
ral spawning, it is necessary to use the
induced spawning method followed by
artificial fertilization. The present study
was to determine the minimum effective
dose of hormones such as Human Chori-
onic Gonadotraphin (HCG) and
Leutinizing Hormone and Releasing Hor-
mone (LHRHa) required for induced
breeding’ of females and requirement of
17a Methyl Testosterone for effectively
converting the females to viable males
for breeding purpose.

Materials and methods

Standardization of hormone dose for
ovulation of females

A total of 42 fishes of E.fauvina with
the size range from 2.5 to 6.0 kg were
procured from Muttukkadu coastal wa-
ters and maintained in 100 tonne capac-
ity RCC tanks during the period between
April 1999 and March 2003. Fishes were
fed with frozen trash fish (tilapia) @ 5%
body weight daily. Broodstock fish hold-
ing tanks were cleaned and 80% water
excharige was done on alternate days.
Water quality parameters such as tem-
perature, salinity, dissolved oxygen, pH
and ammonia were recorded and found
in the range of 27.5-34°C, 23.0-34.0 ppt,
4.0-5.5 ppm, 7.75-8.10 and 0.07-0.1 ppm
respectively. Females were examined
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through ovarian biopsy for the assess-
ment of maturation from September
1999. A sterile polyethylene cannula with
the inner diameter of 0.6-1.0 mm was
inserted through the ovipore of the anaes-
thetized female and the oocytes were
taken from the anterior and middle part
of the ovary by gentle aspiration. The
oocytes were examined and measured
under calibrated microscope. Fishes that
had mean oocytes diameter of above
450um were selected for induction of
spawning. Four trials were attempted
with different doses of HCG hormone
(Table 1). These females were in the size
range from 500mm - 510mm length and
3.0 - 4.0 kg weight. They were adminis-
tered with HCG @ 700 IU - 1300 IU /kg
body weight and the fishes were observed
carefully for sign of hydration and ovu-
lation. The' ovulated females were
stripped to collect the eggs. These eggs
were washed with filtered seawater. To-
tal number of eggs collected from each
trial was estimated and recorded.

Sex reversal through hormonal
manipulation

A total of 11 fishes of E.tauvina in
the size range from 4.0 to 9.0 kg were
maintained in 100 tonne capacity RCC
tank from June 2002 to March 2003.
Hormone pellets were prepared using
174 Methyl Testosterone (MT) with cho-
lesterol as matrix and cellulose as binder
(Sherwood et al., 1988). MT pellets were
orally administered to the fishes through
feed @ 2 mg/kg body weight on every al-
ternate day from June 2002. On an av-
erage (excluding holidays) each fish re-
ceived 12 doses per month. Fishes were
examined at monthly intervals to assess
the sex reversal processes taking place
in the fish. Milting fishes were counted
and the percentage of conversion was
calculated on monthly basis. Oozing
males were classified as freely oozing and
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sparsely oozing. Fishes that had con-
verted in to males were used for obtain-

ing milt to fertilize the ovulated eggs '

during breeding experiments.
Induced breeding

Three trials were performed for in-
duced breeding of E.tauvina (Table 2).
Females in the size range of 3.3-7.0 kg
having mean oocyte diameter of 462.5-
473.5um were selected. They were ad-
ministered HCG intramuscularly at a
dose that varied between 1150 and 2400
1U/kg body weight. In two trials LHRHa
@ 30 — 40 40pg/kg body weight was also
administered after HCG dose. In all the
trials, fishes were maintained in 20 tonne
capacity RCC tanks for ovulation and
spawning. After observing the swollen
abdomen due to ovulation, the eggs were
stripped from females and the free flow-
ing eggs were collected in a sterile plas-
tic bowl. Eggs were fertilized by dry
method with the milt obtained from sex
reversed males. Males were also admin-
istered with LHRHa @ 30pg/kg body
weight, 24 hr before milt collection.
Stripped eggs were mixed with milt us-
ing clean feather and after washing, the
eggs were transferred into incubation
tank (2.0 tonne capacity FRP tank). Af-
ter 3-4 hrs of incubation the aeration was
stopped and the unfertilized eggs that
have settled at the bottom were removed.
The incubation tank was provided with
filtered seawater flow through facility
and aeration. The number of eggs
stripped, fertilization rate and hatching
rate were determined in each trial. Lar-
val rearing was conducted by providing
Brachionus plicatilis as initial feed along
with Chlorella sp. in the larval rearing
tank from 48 hrs of post hatch. Larval
measurements and survival were re-
corded.

30

Results

- Standardization of hormone dose for

ovulation of females

Four experiments were conducted in
order to standardize the hormone dose.

- Table.1 illustrates the results of experi-

ments conducted for ovulation and strip-
ping of eggs from females with different
dose of HCG. In first trial, one female fish
(510 mm/3.0 kg) was injected with 2000
IU HCG'@ 700 IU/kg BW and after 48
hrs with LHRHa (40 pg/kg BW) and the
fish achieved complete ovulation after 72
hr of first injection. A total of 4.74 lakh
eggs were obtained by stripping. The
stripped egg had mean diameter of
780pm. In the second trial, the female
fish (5600 mm/3.0 kg) received HCG
@1300 IU/kg BW (4000 IU HCG in 4
days) and LHRHa @ 40 pg/kg BW admin-
istered on the 5th day and ovulation was
observed only after 144 hrs of first injec-
tion and the stripped egg had mean di-
ameter of 783.6pum and a total of 4.12
lakh eggs were estimated. Even though,
both trials showed similarity in the size
and the number of eggs stripped, in the
trial two the fish had taken longer dura-
tion of 144 hrs for ovulation despite the
higher dose of HCG administered. In trial
three, the female fish (510 mm / 3.0 kg)
received HCG @ 750 IU/Kg BW (2000 IU
administered as single dose) and LHRHa
@ 40 ng/kg BW. This fish spawned spon-
taneously after 48 hrs of HCG injection
and 24 hrs after LHRHa administration.
A total of 7.25 lakh eggs were accounted.
In trial four, the fish received HCG @
1250 TU/Kg BW (4000 IU HCG adminis-
tered in three days period) and after 72
hrs with LHRHa @40 pg/kg BW and com-
plete ovulation was observed after 96 hrs
of first injection. A total of 2.21 lakh eggs
were accounted with mean diameter of
790.6pm.
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Sex reversal

Table 3 shows the results on sex re-
versal of females to males achieved
through oral administration of 17 4 me-
thyl testosterone treatment. Milting

fishes were observed only after six -~

months of MT treatment. It is observed
that the smaller fishes in the size range
of 3.0 to 4.0 kg were sexually converted
into oozing malés (27%) by oral treatment
of MT for six months from June 2002 to
November 2002. However, large size
fishes of 6.0 kg and above could be con-
verted to males only after nine months
(81.0%) of MT treatment (June 2002 to
February 2003). The MT dose required
for sex conversion of E.tauvina has var-
ied from 648 mg (for 3.0 kg fish in six
months period) to 1296 mg (for 6.0 kg fish
in nine months period) to convert them
to oozing males. This works out to 24-36
mg MT per kg per month. However, it is
difficult to estimate the actual dose of MT
consumed by an individual fish, since all
the fishes were maintained as single
group in the same tank.

Induced breeding

Three induced breeding experiments
were conducted and the results are pre-
sented in Table 2 and the embryonic de-
velopmental stages are presented in Fig.
A — H. In trial 1, a female weighing 7.0
kg and with mean oocyte diameter of
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473pm was administered with HCG @
1150 IU/Kg BW in four daily doses
totaling 8000 IU (on the first day 5000
IU and after 24 hr, 1000 IU each day for
three days) and maintained along with
three oozing males. After 72 hrs of first
injection the fish spawned spontaneously
releasing 1.12 lakh eggs. About 50% of
the eggs were floating. The mean diam-
eter of floating egg was 890 um with one
oil globule measuring 185pum. Cell divi-
sion was noticed up to nine hours and
there after, the eggs settled without fur-
ther development.

In trial 2, the female was injected
with HCG @ 2400/kg BW (on the first day
5000 IU and after 24 hr, 1000 IU each
day for three days) and after 96 hrs with
LHRHa (40pg/kg BW) and maintained
along with two oozing males. Male also
received LHRHa @ 40 pg/kg BW, along
with female. After 96 hrs of first injec-
tion, the fish was stripped and 20,000
eggs could be obtained. Milt obtained
from males was used to fertilize the eggs.
Fertilization rate was 19.6% with mean
egg size of 784.4um. Larvae hatched out
between 22-24 hrs with 5% hatching rate.
The newly hatched larvae had mean to-
tal length of 1.78mm. Rotifer Brachionus
plicatilis in the size range 120 — 180um
were supplied to the larvae as initial feed
in the larval rearing tank 48 hr after

TABLE 3. Experiments on sex reversal of E. tauvina through 174 methyl testosterone

Month No. of fishes Percentage of Percentage of Total
stocked Milt (only Milt (freely) percentage of

traces) oozing oozing fishes oozing fishes
fishes :

July 2002 — 11 Nil Nil Nil-

November

2002 :

December 11 9.1 18.2 27.3

January 2003 11 9.1 27.3 36.4

February 11 9.1 45.5 54.6

March 11 27.3 54.5 81.8
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hatching. However, the larvae survived
only for three days.

In trial 3, a female of 5.0 kg weight
with mean oocyte diameter of 466.4 nm
was administered with HCG @ 1600 1U/
kg BW (5000 IU on the first day followed
by 1000 IU each day for three days) with
cumulative dose of 8000 TU and after 96
hrs with LHRHa @ 40pg/kg BW. Com-
plete ovulation was noticed after 96 hrs
and the fish was subjected to dry strip-
ping. Eggs were fertilized with the milt
obtained from sex reversed males which
were also administered with LHRHa @
40 pg/kg BW, 24 hr before obtaining the
milt. Fertilized eggs measured 790 um
(mean) in diameter and a total of 4.78
lakh eggs were obtained and the fertili-
zation rate estimated was 19.8%. Larvae
hatched out between 22-23 hrs with 10%
hatching rate. The size of the newly
hatched larvae was 1.74 mm in total
length. In spite of supplying the rotifer
B.plicatilis to the larvae, larval mortal-
ity was noticed on the 7th day.

Discussion

In the present study, the mean ini-
tial oocytes diameter of grouper selected
for induced breeding varied from 452 pm
to 509 pm. Several authors have reported
n many species of grouper that the mini-
mum diameter of oocyte is essentially
required for induction of spawning
through hormonal manipulation. Kuo et
al.,(1988) have reported the oocyte diam-
eter of 500 um for E. fario, 400 ym for E.
malabaricus (Kungvankij et al., 1986)
and 482 — 561 pm for E. striatus
(Watanabe et al., 1995) for successful
induced breeding. Watanabe et al., (1995)
have reported that successful spawning
were obtained using HCG in combination
with LHRHa as priming and resolving
doses, suggesting that these hormones
can be used for induced breeding of E.

A

Fig. A. Oocytes (450-474 um) of E. tauvina

Fig. B. Fertilized egg (784 um)

Fig. C. Gastrula stage
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Fig. D. Neurula stage

Fig. E. Fully developed embryo stage

F

G iYS

Fig. F. Breaking chorionic membrane and
hatching
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Fig. G. Newly hatched larva

Fig. H. 3 day old larva

tauvina. The dose of HCG and LHRHa
hormones used in this study ranged from
700-2400 TU/Kg body weight and 30-40
ng’kg body weight respectively. The HCG
and LHRHa are practical agents for in-
ducing ovulation in many species of fresh
water and marine fish (Lam et al., 1982).
E. fario required 2 — 3 injection of HCG
@ 900 — 2000 IU/kg body weight for
achieving complete ovulation Kuo et al.,
(1988) and E. fuscoguttatus required
three injections @ 150-600 IU HCG/kg
body weight (Mayunar et al., 1989). In
the present study also E. tauvina re-
ceived maximum of 3 injections of HCG
(trail 4) for achieving complete ovulation.
Time of stripping in relation to ovulation
is critical to egg quality and fertilization
success (Shelton, 1989). In this study,
time of stripping following hormone in-
jections was estimated after observing
noticeable swelling of the abdomen, slow
swimming of spawner and occurrence-of
protrusion of the egg mass at the genital
opening.

In the present study, ovulation time
varied from 72 to 144 hrs after hormone
treatment and the egg production var-
ied from 20,000 to 7, 25,000 eggs/spawn-



Induced sex reversal and breeding of E. tauvina 35

ing/fish. Egg production also varies
greatly with the condition of the brooder
and the spawning season. Quinito ef al.,
(1996) have stated that the high varia-
tions in the quantity and quality of spawn
may be related to fluctuations in envi-
ronmental conditions and the inconsist-
ent nutritional quality of trash fish fed
to the broodstock. In this study, the fer-
tilization rate was varied between 19.6
and 19.8% and the mean egg diameter
ranged from 784-790 pm. Tucker et al.,
(1991) have pointed out that the eggs
obtained from induced ovulation some-
times are smaller than the naturally ovu-
lated eggs which may be due to female
size or age, location, and season. The
hatching rate of E. tauvina recorded in
this study varied between 5 and 10% and
larval survival noticed maximum of up
to 6 days. It is reported that mass mor-
tality of grouper larvae during early rear-
ing period may be due to many factors
such as size of the rotifer fed to the lar-
vae and its nutritional quality, rearing
water quality, tank size, light etc (Kohno
et al., 1997). More trials have to be con-
ducted in order to standardize the larval
rearing of E.tauvina by providing better
rearing conditions and providing with
suitable nutritionally enriched and apt

size rotifer fed to the larvae as initial
feed.

The present result has demonstrated
that the milting male grouper.can be ob-
tained through oral administration of MT
@ 2.0 mg/kg body weight on every alter-
nate day for 6-9 months period for the 3-
6 kg size group females. Kuo et al.,(1988)
have reported that the E. fario converted
from females to males in 5 months pe-
riod by feeding the MT @ 0.5 mg/kg body
weight on daily basis. Chao and Chow
(1990) have stated that the effect of MT
treatment can vary according to the feed-
ing response of individual fish. Varia-
tions in the percentage of sex reversal

and treatment period (6-9 months) re-
corded in this study may be due to dif-
ferences in the consumption rate of MT
by individual fish since all the fishes were
maintained in the same tank. It is evi-
dent from the present investigation that
the female grouper within the size range
from 3-6 kg can be converted in to males
through MT treatment and they can be
used for the induced breeding purposes.
However, the viability tests have to be
conducted for milt of converted males in
comparison with milt of natural males
in order to assess their suitability for fer-
tilizing the eggs. '

Ackndwledgements
Authors thank Dr. G.R.M.Rao
former Director and Dr. P.

Ravichandran, Director CIBA, Chennai
for their support and encouragement. We
acknowledge Dr. B.Shanthi, for her help
during this study.

References

Chao, T.M., and M. Chow 1990. Effect of me-
thyl testosterone on gonadal develop-
ment of Epinephelus tauvina (Forskal).
Singapore J. Pri. Ind., 18: 1 - 14.

Kohno, H., R.S Ordonio — Aguilar, A. Ohno,
and Y. Taki, 1997 Why is grouper larval
rearing difficult? An approach from the
development of the feeding apparatus in
early stage larvae of grouper
Epinephelus coioides. Ichthyologic Re-
search, 44 : 267 - 274

Kungvankij, P., L.B.Tiro, B.P.Pudadera, and
1.0 Postestas 1986. Induced spawning
and larval rearing of grouper
(Epinephelus salmoides Maxwell). In:
J.L., Maclean, L.B., Dizon and L.V.
Hosillos (Eds), The First Asian Fisheries
Forum. Asian Fisheries Society, Manila
Philippines 663 - 666

Kuo, C. M., Y.Y.Ting, and H. Yeh, 1988. In-
duced sex reversal and spawning of blue
spotted grouper Epinephelus fario,
Aquaculture, 74 : 113-126



M. Kailasam et al.

Lam, T. J., 1982. Application of endocrinology
to fish culture, Canadian Journal of
Fisheries and Aquatic Sciences, 39 :111-
137

Mayunar, P.T., T. Imanto, S. Diani, and
T.Tokokawa 1989. Spawning of grouper
Epinephelus fuscoguttatus. Bulletin of
Penelitian perikanan, Special edition
number 1: 51 - 56

Quinitio G.F., R.M Coloso, N.B.Caberoy,
J.D.Toledo, and D.M.Jr. Reyes, 1996.
Egg viability of grouper Epinephelus
coioides fed different fatty acid sources.
In. D. Mackinlay and M. Eldridge (Eds).
The fish egg : its Biclogy and Culture.
Proc. Int. Congress on the biology of
fishes. July 14-18, 1996. San Francisco
state University. Physiol. Section, A.
Fish. Soc. 1996. 191 pp.

Shelton, W.L., 1989. Management of finfish
reproduction for Aquaculture. Aquatic
Sci : 497 - 535.

Sherwood, N. M., L. W. Crim, J. Carolsfeld,
and S.M.Walters 1988. Sustained hor-
mone release I. Characteristics of In
Vitro release of gonadotropin — releas-
ing hormone Analogue (GnRH-A) from
pellets, Aquaculture, 74 : 75-86

: 21-12-05
1 18-08-06

Date of Receipt
Date of Acceptance

36

Sugama, K., T. E. Heriadi, S.Ismi, and S.
Kawahara 2002. Breeding and larval
rearing of barramundi cod (Cromileptes
altivelis) in captivity. Report on the Re-
gional workshop on sustainable sea
farming of grouper Aquaculture, Medan,
Indonesia, 17 — 20, April 2000.

Tan, S. M., and K.S.Tan 1974. Biology of tropi-
cal grouper Epinephelus tauvina
(Forskal). I. A. Preliminary study on the
hermaphroditism in E. tauvina, Singa-
pored. PriZInd., 2 : 1283-133

Tuburan, I.B., E.B. Coniza, E.M. Rodrigues
and R.F Agbayani 2001. Culture and eco-
nomics of wild grouper using three feed
types in ponds, Aquaculture, 201 : 229-
240

Tucker, JW., J.E. Jr. Parsons, G.C. Ebanks,
and P.G. Bush 1991. Induced spawning
of Nassav grouper Epinephelus striatus.
J. World Aquacult Soc., 22 : 187 - 191.

Watanabe, W. O., S. E. Ellis, E. P. Ellis, W.
D. Head, C. D. Kelley, A. Moriwake, C.
S. Lee and P. K. Biefang 1995. Progress
in controlled breeding of Nassau grouper
(Epinephelus striatus) broodstock by hor-
mone induction, Aquaculture, 138 : 205
-219 '



