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ABSTRACT - Recent advances in fish endocrinology have led to a better understanding of the hormones involved in control of
gamete production, mode of action and regulation of their secretion during different stages of reproductive cycle. Environmental
stimuli like photoperiod and temperature are perceived by the brain which releases gonadotropin releasing hormone (GnRH)
that binds specifically to receptors in the pituitary gonadotrops and stimulates secretion of gonadotropic hormones (GtH-1 &
II). The circulating gonadotropins stimulate gonadal (ovarian and testicular) development and final maturation. GtH-I induces
synthesis and secretion of estradiol-17p in previtellogenic phase of ovarian growth leading to vitellogenesis or yolk production
while during post-vitellogenic phase, GtH-II triggers synthesis of 17a,20p-dihydroxy-progesterone (17,20-P) which is responsible
for the final maturation leading to ovulation and spermiation. Role of nutrition in broostock management for quality seed
production in fishes has been appreciated during the recent yéars. The artificial propagation technique being employed presently
needs constant refinement for obtaining quality fish seed at the desired times of the year. Altering sexual cycles, induction of
advanced, delayed maturation and multiple breeding, ovulation, spermiation and artificial fertilization of the commercially
important species need to be refined where nutritive and reproductive physiology might help for faster progress in aquaculture.
Role of reproductive pheromones in gonadal maturation, synchronization of reproductive processes and spawning as well as
reproductive containment of invasive species may not be overlooked. In this communication, the importance of nutrition in
broodstock manaéemeht for better quality gamete output and recent advances in hormonal biotechnology in aquaculture with

particular reference to the cultured Indian major carps and catfishes have been discussed.
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INTRODUCTION

The steadily growing importance of culture fisheries
has made it imperative that the fish culturists should
improve the technique necessary for securing the basic
requirement of fish culture, namely the production of young
ones (fry and fingerlings) for stocking (Yaron, 1995; Zohar
and Mylonas, 2001; Jakobsen et al, 2009; Taranger et al,
2010; Zohar et al, 2010; Amano, 2010; Lubzens et al,
2010; Phelps, 2010; Ayyappan et al, 2011; Kim et al,
2012). The artificial propagation technique, presently used,
needs constant refinement for obtaining quality fish seed
at the desired times of the year (Lin and Peter, 1996;
Zohar and Mylonas, 2001; Taranger et al, 2010; Amano,
2010). Modem fish industry is highly specialized exploring
more and more possibilities to manipulate reproduction
(Patino, 1997; Zohar and Mylonas, 2001). Altering sexual
cycles, induction of advanced, delayed maturation and
multiple breeding, ovulation and spermiation and artificial
fertilization are to be practiced where nutritive and
reproductive physiology might help for faster progress in
aquaculture (Amano, 2010; Lubzens et a/, 2010; Phelps,

2010). In this communication, importance of nutrition in
broodstock management for better quality gamete output
and recent advances in hormonal biotechnology in
aquaculture with particular reference to the Indian major
carps and catfishes have been discussed.’

Dietary Manipulations for Advancing Gonadal
Maturation

Success of induced breeding depends on proper
gonadal maturation of the broodstocks because fishes
reared without adequate food supply do not show full
maturity (Matty, 1985; Watanabe, 1985; Luquet and
Watanabe, 1986; Bromage and Roberts, 1995; [zquierdo
et al, 2001; Watanabe and Vassallo-Agius, 2003). Also,
the breeding of females and males do not synchronize
under improper rearing conditions (Singh et al, 2000a,
2002). Though the use of fish meal as animal protein
source has been the natural choice of the feed
manufacturers but its acceptance is severely limited due
to high cost involved and dubious role in contributing to
nitrogen load in the pond ecosystem (Viola and Lahav,
1991; Chakraborty and Chakraborty, 1998; Stibranyiova
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and Paraova, 2000). This compels the feed industry to
resort to plant ingredients as a protein source (Webester
et al, 1992; Gatlin, 2003; Forster, 2003; Pandey and Singh,
2003). The importance of broodstock nutrition in
aquaculture has been realized during the recent years
(Matty, 1985; Watanabe, 1985; Cumaranatunga et al,
1991; Bromage and Roberts, 1995; Singh et al, 2000a,
2002, 2009; Nandi et al, 2001; Pandey et al, 2003; Memis
and Gun, 2004). Micronutrients such as polyunsaturated
fatty acids (PUFA), vitamins C and E, carotenoids and
various trace elements have been implicated in gonadal
maturity and egg quality of fish. Since proteins and lipids
are the major components of egg yolk, their role in
reproduction is expected (Matty, 1985; Watanabe, 1985;
Bromage and Roberts, 1995; Singh et al, 2000a, 2002,
2009; Nandi et al, 2001; Pandey et al, 2003).
Unfortunately, very few studies have been devoted to
understand the role of dietary protein on gonadal
maturationand egg quality of fish (Matty, 1985; Watanabe,
1985; Shim et al, 1989; DeSilva and Radampola, 1991;
Bromage and Roberts, 1995; Gundsekara et al, 1995;
Degani and Yehuda, 1996; Singh ez al; 2000a, 2002). The
quality of protein refers to its amino acids contents with
particular reference to essential amino acids (EAAs)
(Wilson, 1986; Ravi and Devaraj, 1990; Lall, 1990; NRC,
1993). It has been demonstrated that deficiency of any
of the ten essential amino acids result in reduced growth
rate, poor feed conversion and in some cases poor appetite
(Cowey and Sargent, 1979; Wilson and Robinson, 1982;
Ketola, 1983; Halver, 1989; Lovell, 1989; Cowey et al,
1992; Li and Robinson, 1998). Methionine deficiency has
been shown to. cause bilateral cataracts in lake- and
rainbow trouts (Poston et al, 1977), lysine deficiency
results in reduced weight gain, fin erosion and mortality.
Since oil-cakes and rice bran are poor in lysine and
methionine contents and also in certain other éssential
amino acids (Robinson et al, 1980; Fauconneau, 1988;
Lim and Dominy, 1989; Robinson, 1991; Webester et al,
1992; Bai and Gatlin, 1994), we tried to balance the diet
rich in plant ingfedients with lysine and methionine through
commercially available lysomix and methiomix. Recently,
we achieve success in advancing gonadal maturity among
the Indian major carps (Catla catla, Labeo rohita and
Cirrhinus mrigala) and the freshwater catfish,
Heteropneustes fossilis, maintained on the semi-balanced
diet supplemented with lysine and methionine under field
conditions (Pandey et al, 2003, 2004a, 20064, b, 2007a).

Dietary manipulation in Indian major carps

Broodstocks (2-+years) of the Indian major carps
(Catla catla, Labeo rohita and Cirrhinus mrigala) were
reared (from January onwards) on 5 mm pelleted semi-

balanced diet composed of fish meal, groundnut oil-cake
(GOC), soyabean oil-cake (SOC), rice bran, wheat flour,
trace mineral mix, vitamin mix (crude protein content
30.65%; crude lipid 12.7%; gross energy 3,800 kcal/kg)
in 0.04 ha ponds with stocking density @ 1,500 kg/ha
(control group) whereas the experimental group
broodstocks were maintained on the same diet lacking
fish meal (as source of animal protein) but supplemented
with lysine (0.5%) and methionine (0.5%) (Table 1).
Protein requirement of the major carps was kept at the
optimal level (Renukaradhya and Verghese, 1986; Ravi
and Devraj, 1990; Singh, 1991). Fishes from both the
groups were fed @ 2—3 % of the body weight daily. The
carps maintained on ‘the control diet matured during the
late May/early June but with the dietary supplementation
oflysine and methionine, gonadal maturity (both the sexes)
was observed during the month of April. They were bred
successfully with ovaprim @ 0.5 ml/kg body weight for
females and 0.2 ml/kg for males (single injection). Natural
spawning took place in the cemented tank after 6-8 hours
of the drug administration. About 78-90% fertilization and
74-82% hatching success were recorded in these carps
(Table 2). S

The fertilization rate of the eggs of the Indian major
carps kept on experimental diet ranged from 50-65%, 55-
70%, 78-90% during April, May and June and hatching
success was 18-32%, 30-52%, 74-82%, respectively
during the corresponding months. Interestingly, eggs of
the carps maintained on the control diet, the fertilization
rate was 10-30%, 35-50%, 50-75 during April, May, June
and hatching success was 0%, 20-31% and 35-46% during
the corresponding months, respectively.

Dietary manipulation in Heteropneustes fossilis

Heteropneustes fossilis is-a freshwater air-breathing
fish distributed throughout India, Pakistan, Sri Lanka,
Myanmar, Thailand and China (Tripathi, 1990). It is
omnivorous in habit and can withstand hardy conditions
of culture (Thakur, 1991). H. fossilis commands good
consumer preference because it contains high amount of
protein, iron and low fat and is recommended in
convalescence. The catfish possesses accessory

respiratory organs and reaches market in live condition
- fetching good price as compared to carps. The catfish

can survive even in swampy and derelict water bodies
with low oxygen content and can be cultured in high
stocking density, hence, recommended for paddy-cum-
fish as well as cage culture (Dehadrai et al, 1985; Thakur
and Das, 1988; Dehadrai and Kamal, 1993). An attempt
was made to record the dietary manipulation through
supplementation of lysine and methionine on advancement
of maturity and breeding responses of the catfish.
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Fig. 1: Broodstock of H. fossilis. Fig. 2: Broodstock of female H. fossilis. Fig. 3: Eggs released from Heteropneustes fossilis after striping.
Fig. 4: Fertilized eggs of H. fossilis. Fig. 5: Fertilized eggs of H. fossilis. Fig. 6: Juveniles of H. fossilis after 6 months of rearing under hatchery
conditions.

Two 0.02 ha ponds were selected and prepared as
described for the Indian major carps. H. fossilis (weight
range 52-55 gm) were stocked during January at the
density of 30,000/ha. Since the protein requirement of
catfishes are slightly higher than carps (Singh, 1990,
1991; Pandey and Singh, 2003), the crude protein

content of both the groups was kept at uniform level of
about 35.28%. The basic ingredients of the control and
experimental diets remained the same but feed (pelleted;
size 2 mm) of the experimental group was supplemented
with lysine and methionine @ 0.5% each (Table 3).
Feeding was done twice daily @ 4% of biomass. Water
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quality parameters ranged as temperature 25-30°C, pH
7.2-8.1, dissolved oxygen 5.5-6.0 mg/l, total ammonia 0.12-
0.60 mg/l and total alkalinity 45-70 mg/l during the
experimental period of 150 days. Sampling was carried
out at every 15 days interval and the feed was adjusted
accordingly.

Catfish maintained on the experimental diet
supplemented with lysine and methionine recorded better
growth (increase in weight and weight gain %) and feed
utilization as compared to those fed on control diet.
Advancement in the maturity was also observed in A.
fossilis (both sexes) kept on the experimental diet by end
of April whereas those kept on the control diet matured
by end of May. Breeding was carried out by intramuscular
administration of ovaprim (0.6 ml/kg body weight of
female; males 0.4 ml/kg body weight) followed by the
stripping after 10-12 hours of the drug administration (van
der Waal, 1985) (Fig. 1-6). The details of breeding
responses of the catfish maintained on both the diets have
been summarized in Table 4. The fertilization rate of the
catfish kept on experimental diet ranged from 80-85%
and 90-96% during May and June and hatching success
was 70-72% and 80-85%, respectively during the
corresponding months. Interestingly; fertilization rate of
the eggs of the catfish maintained on the control diet was
65-68, 70-75% during May, June while the hatching
success was 50-52% and 55-60% during the
corresponding months, respectively.

Dietary protein supplementation has been reported
to advance maturity and improve gametes quality in
teleosts (Watanabe, 1985; Matty, 1985; Gupta et al, 1990;
Somshekarappa et al, 1990; Bromage and Roberts, 1995;
Singh et al, 2000a, 2002). We observed advancement in
maturity (both sexes) of the Indian major carps, Catla
catla, Labeo rohita and Cirrhinus mrigala as well as
in the freshwater catfish, H. fossilis, with the dietary
supplementation of lysine and methionine (Pandey et al,
2003,2004a,2006a, b, 2007a), most probably by improving
feed utilization of the cultivable species under field
condition (Singh et a/, 2000b; Pandey et al, 2000a, 2001a,
2012; Muruganandam et al, 2001; El-Dahhar and El-
Schazly, 2008). This is the first report demonstrating the
role of two essential amino acids in advancing gonadal
maturation of fish.

Hormonal Control of Reproduction

Recent research in field of fish endocrinology have
led to a better understanding of hormonal factors involved
in the control of gamete production, mode of their action
and regulation of their secretion during different stages
of reproductive cycle (Yaron, 1995; Zohar and Mylonas,
2001; Dufour et al, 2005; Singh and Pandey, 2009;

Taranger et al,2010; Zohar et al, 2010; Kim et a/,2012).
The majority of fishes breed at a particular time of the
year and the seasonal reproductive cycle is precisely
maintained by the endocrine rhythm. Environmental stimuli
like photoperiod and temperature are perceived by the
brain which releases a decapeptide hormone,
gonadotropin-releasing hormone (GnRH) that binds
specifically to receptors in the pituitary gonadotrophs and
stimulates secretion of gonadotropic hormones (GtH-I &
1) (Amano et al, 1997; Alok et al, 2000; Okubo ef al,
2002; Yashuvi et al, 2006; Kah ef al, 2007; Crossin et al,
2010; Kim et al, 2012). The circulating GtHs (GtH-1 &
IT) enhance gonadal development and final maturation
(Yaron, 1995; Patino, 1997; Zohar and Mylonas, 2001;
Amano, 2010; Lubzens et al, 2010; Taranger e/ a/,2010;
Zohar et al, 2010). GtH-II regulates final maturation of
the gametes by producing maturation-inducing steroids,
170,,20B-dihydroxyprogesterone (17,20-P) and
170,208,211 -trihydroxy-4-pregnen-3-one (Nagahama,
1997; Delvin and Nagahama, 2002; Podhorec and Kouril,
2009). The GtH-I functions at the target site by stimulating
synthesis and secretion of estradiol-17f during
previtellogenic phase which, in turn, induces vitellogenesis
or yolk production. During post-vitellogenic phase, GtH-
I triggers the synthesis of 17a,20B-dihydroxyprogesterone
(17,20-P) which is responsible for the final maturation
leading to ovulation and spermiation (Nagahama, 1997;
Patino, 1997). The hormonal cascade of events is perfectly
coordinated with seasonal reproductive cycle of the fish

- to ensure spawning at specific time of the year (Singh

and Lal, 2009; Zohar ez al, 2010).
Brain peptides

Gonadotropin-releasing hormone (GnRH), is aprime
mediator for neural control of reproduction in fish (Zohar
et al, 2010; Crossin et al, 2010; Kim et al, 2012). The
structure and function of GnRH are more or less
conserved during the evolution (Amano etal, 1997, Kah
etal,2007). Till today, primary structures of twenty four
species of variant GnRH have been determined. The
chemical structures of the GnRH of a few chordates have
been summarized in Table §.

As in chicken, both in salmon and lamprey, two to
three forms of GnRH molecule are detected. Soon after
GnRH identified in different fishes, synthetic molecules
were prepared and tested. Some GnRH analogues were
found to be super-active in fish compared to the native
GnRH. Attempts have also been made to understand the
neuroendocrine regulation of ovarian maturation by
correlating the changes occurring in the two important
hypothalamic nuclei, nucleus preopticus (NPO) and
nucleus lateralis tuberis (NLT) with the egg maturation in
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Fig. 7 : Previtellogenic atretic follicles H. fossilis depicting vacuolated/flocculent ooplasm and hypertrophied granulosa cells (arrow).

Fig. 8 : Previtellogenic atretic follicle H. fossilis showing prominent granulosa cells and separation of ooplasm from zona pellucida (arrow).
Fig. 9: Vitellogenic follicles H. fossilis at early stage of atresia with prominent granulosa cells and vacuolization of the ooplasm at periphery.
Fig. 10 : Vitellogenic follicles H. fossilis at the early stage of atresia showing vacuolated germinal vesicle (arrow) and vacuolization of ooplasm
atperiphery.

Fig. 11 : Atretic vitellogenic follicle H. fossilis with vacuolated cytoplasm, thickened zona pellucida (arrow) and hypertrophied granulosa cells.
Fig. 12 : Vitellogenic follicle H. fossilis with advanced stage of atresia depicting disorganized ooplasm, obscured germinal vesicle and
hypertrophied phagocytic granulosa cells.



24 A. K. Pandey

the Indian fishes. Generally, the neurosecretory cells of
NLT exhibited enhanced cytological activity with the
advancing maturity while neurosecretory cells of NPO
displayed excessive vacuolization during peak spawning
period (Pandey, 1993, 1997, 2010; Pandey and Mohamed,
1993, 1997, 1999; Lal and Pandey, 1998; Pandey et al,
2000b, 2007b, 2011; Mani and Pandey, 2009).

Pituitary gonadotropin

As in other vertebrates, GtHs in fishes are the major-

hormone, secreted from the gonadotrophs located in-the
proximal pars distalis (PPD), regulating gonadal functions
(Pandey and Mani, 2006; Pandey et al, 2007b). Two types
of pituitary GtHs have been isolated and purified one is
carbohydrate-rich and other is carbohydrate-poor subunit.
Irrespective of its chemical structure, the function of
pituitary GtHs in fishes is to control oocyte growth
including vitellogensis, maturation, ovulation/spermiation
through stimulating gonadal steroidogenesis (Patino, 1997;
Delvin and Nagahama, 2002; Singh.and Lal, 2009).

AGonadal steroid hormones

~ Infishes, the GtH levels incirculation begin to rise at
the initial stages of annual reproductive cycle and GtH
surge triggers a cascade of biochemical events which
ultimately leads to final gonadal maturation. In male, the
GtH stimulates the secretion of the fish androgen (11-
ketotestostrone) from Leydig cells, which in turn, activate
Sertoli cells to stimulate pre-mitotic spermatogonia
formation. Spermatozoa, within the testicular lobules, are
immotile and lack fertilization capacity. During spermiation,
Leydig cells continue their steriodogenic activity under
gonadotropic stimulation to convert 17a-
hydroxrprogesterone to 17a,20B-dihydroxy-progestrone
(17,20-P) which ultimately raises the spermduct pH and
c-AMP level leading to sperm mortality. Mixing of saline
in homogenized testis keeps the sperm quiescent until
released into the water.

In the female, the two main steroids secreted are

17B-estradiol and 17a,20p- dihydroxyprogestrone (17,20~

P). Estradiol is directly involved in the vitellogenesis by
stimulating hepatic vitellogenin biosynthesis. While
170,,20B-P is considered as maturational-inducing hormone
(MIH) in majority of the fishes, in some teteosts,
170,20B,2 1-trihydroxy-4-pregnen-3-one function as MIS
suggesting that a variety of steroids may act as MIH in
different species (Patino, 1997; Delvin and Nagahama,
2002). The surge in synthesis and secretion of 17, 208 -
P during oocyte maturation is associated with the drop.of
estradiol-17 level.

Estradiol-17B has been shown to express the
vitgellogenic gene. When vitellogensis is completed, the

oocytes are termed as post-vitellogenic but they are still
physiologically immature as they cannot be fertilized. To
make them suitable for fertilization, oocyte should undergo
the process of final maturation consisting of germinal
vesicle breakdown (GVBD), chromosome condensation
and extrusion of the first polar body for which three
factors- GtH (particularly GtH-II), maturation inducing
hormones (MIH) and maturation - promoting factor (MIF)
have been found to be responsible (Nagahama, 1997,

. Patino, 1997; Delvin and Nagahama, 2002).

Maturation-promoting factor

Binding of the MIH to its membrane receptors is
followed by the formation of a maturation- promoting
factor (MPF) in the eoplasm which mediates its action
on the meiotic process. MPF, isolated from carp
unfertilized eggs, is a complex consisting of the cell cycle
regulator, cdc-2-kinase and cycline B. When active, MPF
contains a phosphorylated form of cdc-2-kinase. Using
monoclonal antibodies against a genetically-engineercd
specific sequence of P34 cdc2 and against cycline B, it
was possible to follow the changes in MPF components
during maturation of oocytes induced in vitro by 17a,20p-
P. Protein P34cdc2 was found in the oocyte prior to
maturation and its concentration did not changes
significantly during GVBD while cyclin B appeared only
in oocytes undergoing maturation. The addition of
recombinant cyclin B to immature cocyte extract activated
P34fcdc2 and was associated with phosphorylation in both
the components, identical to 17,20 -P induced oocyte
maturation. This suggests that 17¢,20B-P induces oocyte
to produce cyclin B, which in turn, phosphorylates and
activates pre-existing P34cdc2, called as maturation-
promoting factor and involved in meiotic as wéll as mitotic
processes-(Delvin and Nagaﬁama; 2002; Singh and Lal,
2009; Lubzens et al, 2010).

Induced Spawning

Fishes reproduce in their natural environment to
produce offspring for continuation of their progeny.
However, under controlled conditions and static pond
water, the fishes do attain maturity but may or may not
breed on their own. Thus, on the basis of breeding
responses, fishes may be categorized into (i) free
spawners-which breed freely in confined condition, and
ii) non-spawners which attain maturity in static waters
such as ponds but do not breed unless induced to spawn
by application of hormones (Chaudhuri and Singh, 1984;
Jhingran, 1991). For the first time, Houssay (1930) of
Argentina used pituitary injections for successful spawning
in fish. He showed that intra-peritoneal injections of
pituitary extracts from Prochelodus platensis induced
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egg laying in Cresterodon decemmaculatus.

Development of hypophysation technique for
induced spawning

Following the work of Houssay (1930), Brazil was
the first country ever to develop a technique of
hypophysation in 1934 by conducting experiments with
various pituitary hormone injections to fish. The Brazilians
first injected suspensions of fresh pituitary of the fish but
soon Cardoso (1934) developed a technique of preserving
the pituitary in acetone and calcium chloride (the latter
was found unnecessary in subsequent experiments) which
was then adopted by other workers. de Azeredo and de
Oliveira (1939) used the pituitary preserved in alcohol
following the example of Rugh (1937) and since then,
this became a standard practice for fish breeding in Brazil.

In India, the first success in induced breeding of fish
by fish pituitary extract was achieved by Chaudhuri (1955)
who injected intraperitoneally Catla catla pituitary gland
to induce breed Esomus danricus. Ramaswamy and
Sundararaj (1956, 1957) réported successful breeding of
catfishes, Heteropneustees fossilis and Clarias
batrachus by hormone injections. Chaudhuri and Alikunhi
(1957) successfully induce bred Labeo rohita, Cirrhinus
mrigala, C. reba, Labeo bata and Puntius sarana by
injecting carp pituitary extracts. The Chinese carps were
also successfully bred in 1962 by hypophysation
techniques (Alikunhi ef al, 1963; Chaudhuri et al, 1966).
Since then, this technique has spread widely as part of
seed production of commercially important and threatened
fishes in many parts of the country including 7or putitora
(Tripathi, 1977; Pathani and Das, 1979; Joshi, 1981, 1986;
Sehgal, 1991; Sehgal and Malik, 1991), Tor khudree
(Kulkarni and Qgale, 1986) and Tenualosa ilisha (Sen
et al, 1990).

In hypophysation technique for induced breeding of
Indian major carps, females are given 2 split doses of
pituitary extracts- (i) 1" dose 2-3 mg/kg and (ii) 2™ dose
5-10 mg/kg at 4-6 hours interval. The male brood fish is
injected single dose of 2-5 mg/kg at the time of 2™ injection
to female (Chaudhuri, 1955. 1960; Chaudhuri and Alikunhi,
1957; Alikunhi et al, 1963; Bhowmick et al, 1977,
Chaudhuri and Singh, 1984; Mahanta et al, 1998).
Catfishes, such as Clarias batrachus (magur) and
Heteropneustes fossilis (singhi) are given a higher dose
of more than 30 mg/kg of carp pituitary for successful
spawning (Khan, 1972; Khan and Mukhopadhyay, 1975;
Zonneveld et al. 1988; Rao and Janakiram, 1991). Even
marine catfish pituitary has been employed for induced
breeding of carps (Verghese and Rao, 1975; Verghese et
al, 1975).

Substitutes of pituitary extracts

The large-scale collection and preservation of pituitary
gland was realized to be cumbersome as well as expensive.
Further, pituitary should be collected from mature
specimens for greater efficiency. During late 1970’s, it
was felt that the need for pituitary gland for fish breeding
was ever-increasing on national and global becoming it
difficult to meet such high demands. Therefore,
substitutes of pituitary glands were sought for and soon a
number of hormonal/chemical preparations were tested
and used for fish breeding. Some of these are summarized
below:

(i) Human chronic gonadotropin (HCG): High
doses of HCG has been successfully used for fish breeding
on larger scale in China and limited scale in India and
other countries. Dosage of HCG for breeding different
fishes varied greatly depending on the maturity stage of
the recipients (Zarin et al, 1992; Zohar and Mylonas, 2001;
Haniffa and Sridhar (2002).

(a) In Labeo rohita, HCG @ 50 IU/kg in 4 weekly
injections advanced maturation by one month but HCG
at even 1500 IU failed to induce spawning in rohu. Low
dose of HCG administered 3 months earlier to breeding
in female Indian major carps resulted in higher rate of
fertilization and hatching (Varshney et al, 1990).

(b) HCG'in doses of 25 and 50 IU/weekly (oral/
intramuscular) for 28 days incréased gonadosomatic index
(GSI) and advanced maturation in H. fossilis by one and
half month (Kanungo et al, 1999; Singh and Pandey,
2009).

(¢) HCG in dose of 25 and 50 [U/week for 28 days
enhanced GSI and breeding success in H. fossilis (Mani
and Pandey, 2007) (Table 6). ,

(d) Chinese carps respond well to HCG for breeding
either with HCG alone or in combination with the carp
pituitary extracts (CPE).

(e) The catfish, C. batrachus, breeds with single
injection of high dose 4000 IU/kg of HCG. However,
effective minimal dose of HCG for C. macrocephalus is
2000-5000 IU/ kg. HCG in combination with carp pituitary
extracts (CPE) is more effective than HCG alone for
breeding major carps. However, if HCG is not injected in
proper dose, it affects hatching as in golden perch, M.
ambigua, a dose of 200 IU/kg caused significant reduction
of hatching rate compared to the optimal dose of 500 IU/
kg. ‘

(i) Partially-purified fish gonadotropin: Partially-
purified salmon gonadotropin or even purified gonadotropin
(salmon GtH) is available from some research laboratories
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which are effective in induced breeding in fishes. Nayak
et al. (2000a, b) observed encouraging results with low
doses of SG-G100 in combination with steroid 17¢,20p3-
dihyroxyprogesterone (17a,208-P) in induced ovulation
of H. fossilis. However, it has not found commercial use
because of cost effectiveness.

(iii) Luteinzing hormone releasing hormone
(LHRH) and analogues: LHRH is effective in inducing
gonadotropin release and ovulation in fish but its
superactive analogues (LHRH-a) are more effective in
a variety of fishes including Indian major carps. However,
LHRH-a in combination with pimozide or domperidone
(a dopamine antagonist-dopamine, one of the GnRIF-
gonadotropin release-inhibiting factor) is very effective
in induced breeding in Indian major carps, Chinese carps,
catfishes, salmon, trout etc, however, the level of
dopaminergic inhibition of GnRH release from pituitary
gonadotroph varies greatly in various groups of teleosts
(Patino, 1997; Delvin and Nagahama, 2002; Podhorec
and Kouril, 2009). Forthe Indian major carps, the effective
dose is LHRHa (10-20 pg/kg fish)+PIM (10 mg/kg). This
method is also referred to as Linpe-technique based on
name of the two scientists, H.R. Lin and R.E. Peter (Peter
et al, 1988). :

(iv) Gonadotropin-releasing hormone (GnRH):
GnRH, secreted in the hypothalamus, accelerates release
of gonadotropin (GtHs) from the pituitary gland of fishes.
GnRH and its analogue (GnRH-a) in combination with
domperidone or pimozide is effective in induced breeding
of fishes tested so far. About 10-20 pg GnRH+5 mg
domperidone/kg fish injected to mature fish elicited
successful breeding (Peter et al, 1988; Alok et al, 1993;
Tharaknan and Joy, 1996; Podhorec and Kouril, 2009).
Though three variants (forms) of GnRH have been
identified in the same species but their precise role in
reproduction has not yet been delineated (Yashuvi et al.,
2006).

A formulation of *GnRH [D-Arg®,Pro®NET] and
domperidone has been marketed as a spawning kit under

the trade name of “Ovaprim” by Syndell Laboratories -

Inc., Vancouver (Canada). Ovaprim is being widely used
in India for breeding of cultivable fishes on large scale
(Nandeesha et al, 1990, 1993; Lakra et al, 1996; Pandey
et al, 1998, 1999; Kanungo et al, 1999; Ogale, 1999;
Ponniah et al, 2000; Nayak et al, 2001; Dash et al, 2000;
Singh et al, 2000a, 2002; Rath et al, 2007; Srivastava et
al,2010; Mishra et al, 2011; Yadav et al, 2011; Chaturvedi
and Pandey, 2012; Chaturvedi et al, 2012a, b, 2013a,b).
Even threatened fishes have also been bred successfully

through ovaprim administration under captive conditions *

(Sridhar et al, 1998; Bhowmik et a/, 2000; Reddy, 2000;

Radheyshyam and Sarangi, 2005; Sarkar et al, 2005, 2006;
Hussain, 2006; Chakraborty et al, 2009; Chaturvedi et
al, 2012c). Although dose of the drug for Indian major
carps and catfishes varies among the species and between
males and females depending upon the reproductive status
ofthe individuals (Table 7), it is highly effective for mass
scale seed production and also cost is bearable by farmers
(Singh et al, 2000a, 2002; Chaturvedi et al, 2012a, b;
Taslima and Ahmed, 2012)). Recently, similar
formulations in the trade name of “Ovatide” (M/S Hemmo
Pharma, Mumbai) and “WOVA-FH” (M/S Wockhardt
Life Sciences Ltd., Mumbai) have been marketed which
are equally effective in induced breeding of carps as well
as catfishes (Mukherjee and Das, 2001; Mukherjee et al,
2002; Pandey et al,2001b, 20024, b, ¢, 2009; Pandey and
Koteeswaran, 2004; Sahoo et al, 2005; Rath et al, 2007;
Yadav et al, 2011; Mishra et al, 2011; Purkayastha et al,
2012). It is pertinent to remark that a low preparatory
dose of the drug administered 45 days prior to the
spawning gave better results in terms of fertilization and
hatching in the catfish, C. batrachus (Yadav et al, 2011).
However, it is high time that GnRH from Indian fishes
must be isolated, characterized and synthesized so that
an indigenous and low-cost product becomes available
for fish breeding in India. For breeding carps, it is better
to observe nuclear migration in eggs from brood fish. For
this, a few eggs are drawn from posterior region of the
ovary using catheter and immersed in a solution containing
70% acetic acid and 30% alcohol for about 5 minutes.
When the eggs are clear, the nucleus position is observed
under microscope. Migration of nucleus from centre to
the surface (periphery) of egg (GVM) indicates the
readiness of fish for spawning (Singh and Pandey, 2009).

Teleosts have complex reproductive physiology and
behaviour. Their reproductive responses depend on
genetic, nutritional and environmental factors (Pandey and
Mani, 2006; Babin et al, 2007; Jakobsen et al, 2009; Mani
and Pandey, 2009). Among the above, nutritional factors
can be easily controlled and manipulated (Pandey et al,
2003;2006a, b, 2007a; Amano, 2010; Lubzens et al, 2010;
Phelps, 2010). The water quality can also be managed to
provide good environment but factors such as light and
temperature are not easily manipulated in field/pond on
large scale rearing of brood fishes. However, under severe
cold conditions, progressive farmers/fish breeders can
afford to reset “polythene enclosures” over the broodfish
ponds providing the “Green House” effect that will
maintain temperature at much higher level than outside
surroundings. Photoperiod can also be easily maintained
in such enclosures providing conducive environments for
maturation. Such arrangements can be provided at an
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Table 1: Composition of feeds used for rearing of broodstock
of the Indian major carps.
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Table 3 : Proximate composition of feeds used for Heteropneustes
Sossilis rearing.

Ingredients Control feed | Experimental Ingredients (%) Control feed | Experimental
(T-1) feed (T-2) (T-1) feed (T-2)
Fish meal (%) 10 Nil Fish meal 25 15
Groundnut oil-cake (%) 35 35 Groundnut oil-cake (GOC) 30 30
Soyabean oil-cake (%) 20 30 Soyabean oil-cake (SOC) 20 30
Rice bran (%) 24.27 23.27 Rice bran 14.5 13.5
Calcium di-phosphate (%) 0.2 0.2 Wheat flour 10 10
Vitamin mix (%) 0.5 0.5 Supplivite- M 0.5 0.5
Vitamin C (%) 0.03 0.03 Lysine — 0.5
Wheat flour (%) 10 10 Methionine e 0.5
Lysomix (%) Nil 0.5 .} Crude protein 35.28 35.21
Methiomix (%) Nil 0.5 Table 4 : Breeding responses of Heterapneustes fossilis to ovaprim
Composition of feed administration.
Crude protein (%) 30.65 30.58 Sets taken |2y _June
Crude lipid (%) 12.70 12.80 1} T2 | Tl T2
Gross energy(kcal/kg) 3,800 3,820 Fertilization (%) 6 65-68 | 80-85 | 70-75] 90-96
Hatching success (%0) 50-52|70-72 | 55-60| 80-85
Table 2 : Breeding responses of the Indian major carps with ovaprim.
Species Sets taken April May June
T-1 T-2 T-1 T-2 T-1 T-2
Fertilization (%) Catla catla 3 10-15 50-60 35-40 55-65 60-75 85-90
Labeo rohita 3 10-15 55-60 35-40 60-70 60-75 85-90
Cirrhinus mrigala | 3 20-30 60-65 40-50 68-70 50-65 78-86
Hatching success (%) | Catla catla 3 Nil 18-20 22-25 30-32 35-38 78-80
Labeo rohita 3 Nil 25-30 20-22 40-50 35-45 78-82
Cirrhinus mrigala | 3 Nil 30-32 28-31 46-52 40-46 74-80

extra-cost of broodfish rearing in colder parts of India.
Since about 1 lakh eggs/spawn will be available from 1.0
kg female broodfish which on raising the spawn to fry
would fetch good money. Thus, farmers can smoothly
derive large profits from fish breeding and seed rearing.

Although the induced breeding techniques have solved
the problem of breeding in several species of fishes under
culture conditions, it must be taken at the proper time of
gonadal maturity. If the prime time is missed or breeding
is delayed for unavoidable reasons, the mature eggs will
be resorbed and induced breeding of such fishes would
not be successful. Furthermore, the rates of fertilization
and hatching would also be affected adversely (Nayak et
al, 2000a; Pandey et al, 2009).

One of the problems of induced breeding of fish is

that the maturity of males and females may not
synchronize. Although, the female fish attains good

maturity but male may not be fully mature leading to non-
fertilization of eggs. In order to overcome this situation,
the “cryopreservation” of sperms has been developed so
that the sperms are collected and preserved at very low
temperature (-196°C) under liquid nitrogen in a suitable
medium for use on demand by fish breeders. The
seasonal breeding of carps and catfishes has also been
overcome by advancing or delaying the maturity by
hormonal (LHRHa and HCG etc) implants/injections
(Kanungo et al, 1999; Nayak et al, 2000b) as well as
dietary manipulations (Gupta et al, 1990; Somshekarappa

" etal, 1990; Pandey and Singh, 2003; Pandey et al, 2003;

2006a, b, 2007). The multiple breeding of carps and
catfishes has been achieved when the first breeding of
the fish is done much in advance of the natural breeding
season (Bhowmick ef al. 1977; Mahanta et al, 1998).
All these modern developments in reproductive
physiology, breeding and larval rearing of cultivable fishes
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Table 5 : Amino acid sequences of the identiﬁed GnRHs of chordates.
Mammal P-Glu His Trp Ser Tyr Gly Leu Arg Pro Gly-NH,
Chicken [ P-Glu His Trp Ser Tyr Gly Trp Gln Pro Gly-NH,
Chicken II P-Glu - His Trp' Ser His Gly Trp Tyr Pro Gly-NH,
Frog P-Glu His Trp . Ser Tyr Gly Leu Trp Pro Gly-NH,
Seabream - P;Glu His Trp Ser Tyr Gly Leu Ser Pro Gly-NH,
Salmon P Glu His Trp Ser Tyr Gly Trp Leu Pro. Gly-NH,
Whitefish P Glu His Trp Ser Tyr Gly Met Asn Pro Gly-NH,
Medaka P Glu His Trp Ser Phe Gly Ser Asn Pro Gly-NH,
Catfish P-Glu His Trp Ser His Gly Trp Asn Pro Gly-NH,
Herring P-Glu His Trp Ser His Gly Leu Ser Pro Gly-NH,
Dogfish P-Glu His Trp Ser His Gly Trp Leu Pro Gly-NH,
Lamprey-I | P-Glu His Trp Ser His Glu Trp Leu Pro Gly-NH,
Lamprey-1I | P-Glu His Tyr Ser Leu Glu Trp Lys Pro Gly- NH,
Tunicate-1 P-Glu His Tyr Ser Asp Tyr Phe Lys Pro Gly-NH,

Primary structure of the thirteen known GnRH molecules of chordates. (after Kah et al, 2007).

Table 6 : Effects of HCG and WOVA-FH administration on gonadosomatic
index (GSI) and breeding responses of Heteropneustes fossilis.

the country owing to the availability of fish at
considerably lower prices.

Treatment | Sets taken GS1 Fertilization | Hatching success | Follicular atresia affecting fecundity
(%) (%) . - .

170006 TRE ST Follicular atresia is a highly regulated
Control 6 24£0. e . process in the vertebrate ovary which appears
HCG25IU . -6 6.88+0.48 78-85 68-73 to be essential for maintenance of ovarian
HCG 50 IU' 6 8.72+0.32 82-88 75-82 homeostasis (Wood and van der Kraak, 2001).
WOVA-FH 6 6.54+0.18 7276 65-69 The oocytes in different stages of growth are
X lost through atresia (or degeneration) affecting
(after Mani and Pandey, 2007). the fecundity/reproductive potential of the fish.’Atresia in

Table 7 : Doses of ovaprim for induced breeding of carps and
catfishes.

Species Female Male
Ovaprim Ovaprim
(mV/kg) - (ml/kg)
Labeo rohita 0.30-0.4 0.1-0.2
Catla catla 0.40-0.5 0.1-0.2
Cirrhinus mrigala 0.25-0.3 0.1-0.2
Ctenopharyngodon idella 0.40-0.8 0.1-0.2
Hypopthalamichthys molitrix 0.4-0.7 0.1-0.2
Heteropneustes fossilis 0.5-0.9 0.3-04
Clarias batrachus 0.5-0.8 0.3-04
Ompok pabda i.0-1.5 0.5-0.6

Composition of ovaprim: Each ml of ovaprim contains- (i) salmon
gonadotropin releasing hormone (sGnRH)- 20 mcg and (ii)
domperidone- 10 mg

has made it possible for the fish farmers to stock ponds
and cultivable water areas with quality fish seed even
during the off-season and grow more and more protein-
rich fish in order to alleviate malnutrition and poverty in

the fish ovary is of common occurrence during pre-
spawning, spawning and post-spawning periods (Saidapur,
1978, 1982; Guraya, 1994; Miranda et al, 1999; Mani and
Pandey, 2006). During the course of maturation process,
some of the ova that fail to attain maturity or spawn
undergo resorption and are called atretic follicles
(Saidapur, 1978, 1982; Guraya, 1994; Khanna, 2006).All
the four stages of follicular atresia, described in the teleost
ovary (Belsare, 1962, 1975; Saidapur, 1978), were
observed in the freshwater catfish. In . fossilis, remnants
of atretic follicles in the form of nodule of stroma tissue
were encountered even in the immature ovaries during
December-January. Previtellogenic atretic follicles in
ovary of the catfish depicted excessive vacuolization of
ooplasm towards periphery, flocculent appearance of
ooplasm and hypertrophied granulosa cells penetrating the
zona pellucida or oolema. Some previtellogenic atretic
follicles of H. fossilis during March-April exhibited
prominent granulosa cells, separation of ooplasm from
zona pellucida and disorganization of ooplasm (Fig.7,8).
Vitellogenic ovarian follicles of H. fossilis at the early
stage of atresia (May-June) showed prominent granulosa
cells, vacuolization of the ooplasm at periphery and
ooplasm giving flocculent appearance (Fig.9,10).
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Table 8 : Composition of feeds used for rearing of Catla catla fry.

Ingredients Control diet - Experiihental Experimental Experimental
(%) feed (T-1) (%) feed (T-2) (%) feed(T-3) (%)
Fish meal 5 5 5 5
Groundnut oil-cake 35 35 35 35
Soyabean oil cake 25 25 25 25
Rice bran 24.34 24.34 24.34 24.34
Wheat flour 10 10 10 10
Supplivite M 0.66 0.66 0.66 0.66
Thyroxine Nil 0.10 0.05 0.03
Crude protein 30.17 30.17 30.17 30.17

Table 9 : Details of the growth of Catla catla fry under hatchery
condition.

Parameters Control diet | T-1 T-2 T-3

Initial average weight (g) 0.52 049 ! 0.51 0.54

Final average weight (g) 0.77 1.00 | 1.66 1.46

Weight increment (g) 0.25 048 | 1.14 0.94

Weight gain (%) 48.07 92.301219.23 | 180.76
Table 10: Composition of feed for Catla catla and Labeo rohita
fingerlings under field conditions.

Ingredients (%) Control Experimental

feed (T-1) | feed (T-2)

Fish meal | 1 10 -1

Groundnut oil-cake (GOC) 40 40

Soyabean oil-cake (SOC) 25 35

Rice bran 14.27 12.27

Vitamin-+mineral mixture 0.5% 0.5%

Calcium-hydrogen-phosphate | 0.2 0.2

Vitamin C 0.03 0.03

Wheat flour 10 10

Lysomix — 1.0

Methiomix — 1.0

Composition

Crude protein 345 32.50

Lysine content 5.04 5.72

Methionine content 1.39 2.18

Thickened zona pellucida and hypertrophied granulosa
cells were recorded as the atresia advanced in the
vitellogenic follicle of H. fossilis (Fig.11). During the
advanced stage of atresia (September-October), the
oocytes of the catfish depicted disorganized ooplasm,
obscured germinal vesicle and hypertrophied granulosa
cells. Phagocytic invading of granulosa cells in zona
pellucida and ooplasm were also prominent (fig. 12). (Mani
and Pandey, 2006).

Table 11 : Effect of lysine and methionine supplementation on
growth and feed utilization of Catla catla and Labeo rohita
fingerlings under pond conditions.

Period 1 T2
Catla (g) | Rohu(g) | Catla (g) | Rohu (g)
Initial 8.50 1.50 8.50 1.50
30 days 25.50 6.00 36.50 9.50
60 days 52.72 35.00 81.00 4545
90 days 64.37 44.37 100.71 65.38
120 days 81.00 50.60 125.80 75.40
FCR 2.65 2.51 1.95 2.04
FCE (%) 37.73 39.84 51.28 49.02
PER 0.31 0.28 0.56 0.51
SGR (%) 0.38 0.32 0.52 0.45

Though the precise causes of follicular atresia in
teleosts have not yet been clearly defined, several
exogenous (photoperiod, temperature, rainfall, crowding,
captivity, nutrition, physico-chemical characteristics of
ambient water, pollutants/biocides etc) as well as
endogenous (insufficient gonadotrophic hormone,
imbalance of hormones and steroids) have been implicated
in the process (Sundararaj and Goswami, 1968; Saidapur,
1978, 1982; Kling, 1981; Saksena and Raizada, 1984;
Guraya, 1994; Rodriguez et al, 1995; Miranda et al, 1999;
Wood and van der Kraak, 2001; Khanna, 2006). Further
studies are required to resolve the causes and functions
of follicular atresia for management of broodstocks to
realize optimum fecundity of the fish. Mani and Pandey
(2007) found that low doses of HCG and ovaprim delayed
the onset of atresia in the captive broodstock of H.
Jossilis.

Hormonal and dietary manipulations in larval
rearing for aquaculture and conservation

Larval survival is an important component of any
aquaculture species (Phelps; 2010; Amano, 2010; Bobe
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and Labbe, 2010). Thyroxine plays important role in growth
and metamorphosis of fish larvae (Lam, 1994; Power et
al, 2001; Liu and Chan, 2002; Yamano, 2005). Even
administration of low dose of thyroxime improved the
larval growth and differentiation in coral reef fish
(Pomacentrus amboinensis) and Nile tilapia
(Oreochromis niloticus) (McCormick, 1999; Khalil et
al, 2011). Experiments conducted under hatchery
conditions have proved that low doses of dietary thyroxine
(0.05 ppm) supplementation enhanced survival and growth
of the fry and fingerlings of Catla catla, Labeo rohita
and Cirrhinus mrigala (Pandey et al, 2002d, 2004a, b,
c). Results of dietary thyroxine administration on growth
of Catla catla have been summarized in Table 8-9. Better
survival and growth were also observed in larvae of H.
fossilis given immersion treatments in individual thyroxine
(L-thyroxine 0.05 mg/1), cortisol (0.5 mg/l) and combined
thyroxine (0.5 mg/l)+cortisol (0.05 mg/l) (Nayak et al,
2004).

Protein forms the major energy source in fish feeds

and helps primarily in tissue build up and quality of protein -

in the feed is highly important for the growth and survival
of commercially important teleosts (Cowey and Sargent,
1979; Halver 1989; Lovell 1989). For recording the dietary
supplementation of lysine and methionine on growth of
Catla catla and Labeo rohita, fingerlings reared in 0.04
ha ponds under high stocking density of 30,000/ha. They
were given artificially pelleted (2 mm) diet containing
ingredients such as fish meal, groundnut oil-cake, soyabean
oil-cake, rice bran, wheat flour, vitamin mix, calcium
diphosphate and ascorbic acid (Table 10). Fingerlings of
all the groups were fed once daily @ 5% of their body
weight for 120 days, samplings were carried out at the
regular interval of 30 days and feed was adjusted
accordingly. Cow dung manuring was done in order to
ensure adequate supply of plankton. Physico-chemical
parameters of the pond water were monitored regularly
and optimum conditions were maintained. Feed conversion
ratio (FCR), feed conversion efficiency (FCE), protein
efficiency ratio percentage (PER%) and specific growth
rate percentage (SGR%) of the fingerlings of both the
groups were calculated. It was observed that the addition
of lysine and methionine @ 1% in the feed significantly
(P<0.05) enhanced the growth of catla and rohu fingerlings
as compared to those maintained on the control diet (Table
11).

Incorporation of plant ingredients in fish feed as
protein source to replace fish meal is a good ‘effort of
feed manufacturer but while using plant ingredients, the
essential amino acid content should be balanced (Rumsey
et al, 1983; Ravi and Devaraj, 1990; Ronnestad et al,

1999; Takagi et al, 2001; Yang et al, 2010). Most of the
feed stuffs of plant origin are deficient in some of the
essential amino acid (Lovell 1989; Halver 1989; Lall 1991;
Cho and Kausik 1990; NRC 1993). Viola and Lahav
(1991) obtained significantly higher rate of carp production
using feed with very low levels of fish/meat meal when
the feed were fortified with synthetic amino acids (lysine
and methionine), in the intensive fish culture operations.
Futther, they observed protein-sparing effect as well as
reduction in pollution by lysine supplementation in practical
carp feeds. The cost of feed was also reduced by 5% in
these experiments. The synthetic amino acid
supplementation has also been done in diets of rainbow
trout for significantly higher rate of production
(Fauconncau, 1988). These findings under hatchery as
well as field conditions are having wider applications in
enhancing growth and survival of fry and fingerlings of
the commercially important as well as threatened fishes
(Das and Pandey, 1999; Pandey and Das, 2002, 2004;
Babin et al, 2007; Jakobsen et al, 2009).

CONCLUSIONS

Ovulation in teleost is regulated both by endogenous
factors which initiate and mediate pre-ovulatory changes
in the oocytes'and by the exogenous factors that determine
when the endogenous factors will become functional.
Endogenous factors include GnRH, GtHs and local
ovarian mediators of GtH action (steroids and
prostaglandiris).ﬂ Elevation of blood GtH level is prerequisite
for spontaneous ovulation. Pre-ovulatory GtH surge
triggers two distinct ovarian processes i.e. final oocyte
maturation, stimulated by 17a, 20B-P and follicular rupture
(germinal vesicle breakdown, GVBD) which is evidently
mediated by prostaglandins and maturation-promoting
factor (MPF). Role of reproductive pheromones in gonadal
maturation, synchronization of reproductive processes and
spawning as well as reproductive containment of invasive
species may not be overlooked (Stacey et al., 1992;
Stacey, 2003; Pandey, 2003, 2005, 2009; 2012; Sorensen
and Stacey, 2004; Hubbard and Scott, 2007; Burnard,
2008).

With all these advancement of knowledge in the

» reproductive physiology, we are still far behind to

understand the basic mechanism(s) involved in the process
of fish propagation in nature. The knowledge of nutrition
and reproductive endocrinology periodically refines the
technology of production of quality gametes for the
aquaculture. Till date, we are only in a position to advance
or retard reproduction by a few months or weeks. The
modern aquaculture practices démand from the
endocrinologists and breeders to develop the techniques
to mature and spawn the fish at any time of the year i.e.
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crossing the seasonal reproductive cycle to produce
gametes round-the-year. The targeted task is tremendous
and needs well-coordinated, multidisciplinary approach
from the fish breeder, endocrinologists and geneticists
including nutrition and environment personnel.

ACKNOWLEDGEMENTS

Author is grateful to the Director, Central Institute
of Freshwater Aquaculture, Bhubaneswar for extending
the necessary facilities to carry out the experiments,
Financial assistance provided by the Department of
Biotechnology (Government of India), New Delhi is
acknowledged.

REFERENCES

Alikunhi K H, Sukumaran K K and Parameswaran S (1963) Induced
spawning of chinese carps Ctenopharyngodon idellus (C. & V.)
and Hypophthalichthys malitrix (C. & V.) in ponds at Cuttack,
India. Curr. Sci. 32, 103-126.

Alok D, Krishnan T, Talwar G P and Garg L. C (1993) Induced spawning
of catfish, Heteropneustes fossilis (Bloch), using D-Lys ¢ salmon
gonadotropin releasing hormone analogue Aquaculture 115, 159-
167.

Alok D, Hassin S, Kumar SR, TrantJ M, YuK L and Zohar Y (2000)
Characterization of pituitary GnRH-receptor from a perciform
fis, Morone saxatilis: functional expression in a fish cell line.
Mole. Cell. Endocrinol. 168, 65-75.

Amano M (2010) Reproductive biology of salmoniform and perciform
fishes with special reference to gonadotropin-releasing hormone
(GnRH). AquaBiosci. Monogr. 3 (2), 39-72.

Amano M, Urano A and Aida K (1997) Distribution and function of
gonadotropin-releasing hormone (GnRH) in the teleost brain.
Zool. Sci. 14, 1-11.

Ayyappan S, Moza U, Gopalakrishnan A, Meenakumari B, Jena J K
and Pandey A K (2011) Handbook of Fisheries and Aquaculture.
2™ edn. Indian Council of Agricultural Research, New Delhi.

Babin P J, Cerda J and Lubzens E (2007) The Fish Oocyte: From
Basic Studies to Biotechnological Applications. Springer,
Dordrecht, The Netherlands.

Bai S C and Gatlin D M 11 (1994) Effect of L-lysine supplementation
of diets with different protein levels and sources in channel
catfish, Ictalurus punctatus (Rafinesque). Aquacult. Fish.
Manage. 25, 465-474.

Belsare D K (1962) Seasonal changes in the ovary of Ophiocephalus
punctatus (Bloch). Indian J. Fish. 8, 140-156.

Beisare D K (1975) Component of the ovarian endocrine tissue in
teleost species. Zool. Pol. 25, 5-11.

Bhowmick R M, Kowtal G V, Jana R K and Gupta S D (1977)
Experiments on second spawning of Indian major carps in the
same season by hypophysation. Aquaculture 12, 149-55.

Bhowmik M L, Mondal S C, Chakrabarti P P, Das N K, Das K M,
Saha R N and Ayyappan S (2000) Captive breeding and rearing
of Ompok pabda (Hamilton-Buchanan) - a threatened species.
In: Fish Biodiversity of North-East India (eds: Ponniah A G and
Sarkar U K), 120-121. NATP Pub. No.2. NBFGR, Lucknow.

Bobe J and Labbe C (2010) Egg and sperm quality in fish. Gen. Comp.
Endocrinol. 165, 435-548.

Bromage N R and Roberts R J (1995) Broodstock Management and
Egg and Larval Quality. Blackwell Science Publications, Oxford
& London.

Burnard D, Gozlan R E and Griffiths S W (2008) The role of
pheromones in freshwater fishes. J. Fish Biol. 73, 1-16.

Cardoso D M (1934) Relations entre ’hypophyse et les organs
sexueles chez les poisons. C.R. Soc. Biol. 115, 1347-1349.

Chakraborty P P, Chakaraborty N M and Mondal S C (2009) Breeding
and seed production of butter catfish, Ompok pobda (Siluridae)
at Kayani Centre of CIFA, India. Aquacult. Asia Magz. 14 (1),
33-35.

Chakraborty S C and Chakraborty S (1998) Effect of dietary protein
level on excretion of ammonia in Indian major carp, Labeo rohita,
fingerlings. Aquaculit. Nutr. 4,47-51.

Chaturvedi C S and Pandey A K (2012) First successful breedmg and
hatchery development of Asian catfish, Clarias batrachus
(Linnaeus) in Andaman and Nicobar Islands. Biochem. Cell. Arch.
12, 347-351

Chaturvedi C S, Tiwari V K and Pandey AK (20 12a) Mass scale seed
production of Clarias  batrachus in controlled conditions at
Raipur (Chhattisgarh). J. Appl. Biosci. 38, 89-92.

Chaturvedi C S, Raizada S and Pandey A K (2012b) Breeding of Clarias
batrachus in low-saline water under controlled condition in
Rohtak (Haryana). J. Exp. Zool. India 15, 379-382.

Chaturvedi C S, Singh R K and Panday AK (2012c) Successful induced
breeding of endangered Ompok pabda (Hamilton-Buchanan) in
Raipur, Chhattisgarh (India). Biochem. Cell. Arch. 12,321-325,

Chaturvedi C S, Somdutt and Pandey A K (2013a) Induced breeding
and larval rearing of freshwater catfish, Heteropneustes fossilis,
in indoor hatchery of Lucknow, India. J. Exp. Zool., India, 16 (1)
in press.

Chaturvedi C S, Somdutt and Pandey A K (2013b) Successful induced
breeding of freshwater catfish, Clarias batrachus, by ovaprim
administration under agro-climatic conditions of Uttar Pradesh.
J. Exp. Zool, India, 16 (1) in press.

Chaudhuri H (1955) Successful spawning of the carp minnow, Esomus
danricus, by pituitary gland injection - study of the life-history
and bionomics. Contributions to the techniques of pond fish
culture in India. Ph.D. Thesis, University of Calcutta, Calcutta.

Chaudhuri H (1960) Experinents on induced spawning of Indian major
carps with pituitary injection. Indian J. Fish. 7, 20-49.

Chaudhuri H and Alikunhi K H (1957) Observation on the spawning
of Indian carps by hormone injection. Curr. Sci. 26, 382-383.

Chaudhuri Hand Singh S B (1984) Induced Breeding of Carps Indian
Council of Agricultural Research, New Delhi.

Chaudhuri H, Singh S B and K K Sukumaran {1966) Experiments on
large-scale production of fish seed of the Chinese grass carp,
Ctenopharyngodon idellus (C&V) and the silver carp,
Hypophthamichthys molitrix (C&V) by induced breeding in ponds
in India. Proc. Indian Acad. Sci. 63B, 80-95.

Cho C Y and Kaushik S J (1990) Nutrition energetics in fish: energy
and protein utilization in rainbow trout (Salmo gaindneri). World
Rev. Nutr. Diet. 61, 132-172.

Cowey C B and Sargent J R (1979) Nutrition. In: Fish Physiology.
Vol. VIII. Bioenergetics and Growth (eds. Hoar W S, Randall D
J and Brett J R), 1-69. Academic Press, New York.

Cowey CB, Cho CY, Sivak J K, Weerheim J A and Sturt D D (1992).



3 A. K. Pandey

Methionine intake in rainbow trout (Oncorhynchus mykiss):
relationship to cataract formation and metabolism of methionine.
J. Nutr 122, 1154-1163.

Crossin G T, Hinch S G Cooke S J, Patterson D A, Lotto A G van der
Kraak G Zohar Y, Klenke U and Farrell A P (2010) Testing the
synergistic effects of GnRH and testosterone on the reproductive
physiology of pre-adult pink salmon, Orcorhynchus gorbuscha.
J. Fish Biol. 76, 112-128.

Cumardnatunga P R T and MallikaK L G P (1991) Effects of different
levels of dietary protein and a legume Vigna catiang on gonadal
development in Oreochromis niloticus (L.). In: Fish Nutrition
Research in Asia (ed. DeSilva S S), 125-129. Asian Fisheries
Society, Manila.

Das P and Pandey A K (1999) Endangered fish species : measures for
rehabilitation and conservation. Fishing Chimes 19 (6), 31-34.

Dash K, Singh BN, Pandey A K and Ayyappan S (2000) Immunological
changes induced by ovaprim administration in the freshwater
catfish, Heteropneustes fossilis (Bloch). Indian J. Fish. 47, 123-
127.

de Azeredo P and de OliveraA C E (1939) Sobre O empregoda hypofise
conservadaem alcoholdos peiex. In: Livero de Homenagem aos
Professors Alvaro e Miquel Ozoriode Almeda. Rio de Janeiro
(Brazil), 34-42. L

Degani G and Yehuda Y (1996) Effects of diéts on reproduction of
angelfish, Pterophyllum scalare (Cichlidag). Indian J. Fish. 43,
121-126.

Dehadrai P V and Kamal M Y (1993) Role of air-breathing fish culture
in rural uplifiment. In: Souvenir: Third Indian Fisheries Forum
(October 14-16, 1993), 28-31. G.B. Pant University of
Agriculture & Technology, Pantanagar.

Dehadrai P V, Kamal M Y and Das R K (1985) Package of Practices
Jfor Increasing Production of Air-breathing Fishes in Aquaculture.
Aquaculture Extension Manual No. 3. Central Inland Fisheries
Research Institute, Barrackpore. 14 p.

Delvin R H and Nagahama Y (2002) Sex determination in fish: an
overview of genetics, physiological and environmental influences.
Aquaculture 208, 191-364. :

DeSilva S S and Radampola K (1991) Effect of dietary protein level
on the reproductive performance of Oreochromis niloticus (L.).
In: Proceedings of the Second Asian Fisheries Forum (eds. Hirano
T and Hanyu I), 559-564. Asian Fisheries Society, Manila.

Dufour S, Weltzien F A, Sebert M E, LeBelle N, Vidal B, Vernier P and
Pasqualini C (2005) Dopaminergic inhibition of reproduction in
teleost fishes: ecophysiological and evolutionary implications.
Ann. N.Y. Acad. Sci. 1040, 9-21.

El-Dahhar A A and El-Shazly K (2008) Effect of essential amino acids
(methionine and lysine) and treated oil diets on growth
performance and feed utilization of Nile tilapia, Tilapia niloticus
(L.). Aquacult. Res. 24,731-739.

Fauconneau B (1988) Partial substitution of protein by a single amino
acid or an organic acid in rainbow trout diets. Aquaculture 70,
97-106.

Forster I(2003) Use of Soybean Meal in Diets of Non-salmonid Marine

Fish. 1-13. United Soybean Board, American Soybean
Association, St. Louis, Missouri, USA.

Gatlin D M HI (2003) Use of Soybean Meal in Diets of Omnivorous
Freshwater Fish. 1-12. United Soybean Board, American
Soybean Association, St. Louis, Missouri, USA.

Gunasekara R M, Shim K F and Lam T J (1995) Effect of dietary
protein levels on puberty, oocyte growth and egg chemical
composition in the tilapia, Oreochromis niloticus (L.).
Aquaculture 134, 169-183.

Gupta S D, Reddy P V G K and Pani K C (1990) Advance maturity
and spawning in Asiatic carp through broodstock management.
In: Carp Seed Production Technology ( Keshavanath P and
Radhakrishnan K V eds.). Asian Fisheries Society: Indian Branch,
Mangalore. pp. 34-37.

Guraya S S (1994). Gonadal development and production of gametes
in fish. Proc. Indian Natl. Sci. Acad. 60B, 15-32.

Halver J E (1989). Fish Nutrition. 2nd Edn. Academic Press, New
York.

Haniffa M A and Sridhar S (2002) Induced spawning of spotted murre}
(Channa punctatus) and catfish (Heteropneustes fossilis) using
human chorionic gonadotropin and synthetic hormone
(ovaprimy)). Vet. Arch. 72, 51-56.

Houssay B (1930) Accion sexual de la hypofisis en los perces y
reptiles. Rev. Soc. Argent. Biol. 6, 686-688.

Hubbard P and Scott A P (2007) Pheromone and other chemical
communication. Gen. Comp. Endocrinol. 153, 390-391.

Hussain A (2006) Seed prbduction of Ompak pobda (Hamilton) in the
hatcheries of Chhattisgrah Co-operative Fish Federation. Fishing
Chimes, 25 (1), 136-138.

Izquierdo M S, Fernandez-Palacios H and Tacon A G J (2001) Effect
of broodstock nutrition on reproductive performance of fish.
Aquaculture 197,25-42.

Jakobsen T, Fogarty M J, Megrey B A and Moksness E (2009) Fish
Reproductive Biology: Implications for Assessment and
Management. Wiley-Blackwell, Oxford (U.K.).

Jhingran V G (1991) Fish and Fisheries of India. Hir;dustan Pub. Co.,
New Delhi.

Joshi C B (1981) Artificial breeding of golden mahseer (Tor putitora).
J. Inland Fish. Soc. India 13, 73-79

Joshi C B (1986) Induced breeding of mahseer (Tor putitora). J. Inland
Fish. Soc. India 20, 66-77.

Kah G, Lethimonier C, Somoza G Guilgur L G, Vaillant C and Lareyre
JJ(2007) GnRH and GnRH receptors in metazoan: a historical,
comparative, and evolutionary perspective. Gen. Comp.
Endocrinol. 153, 146-164.

Kanungo G Sarkar M, Singh B N, Das R C and Pandey A K (1999)
Advanced maturation of Heteropneustes fossilis by oral
administration of human chorionic gonadotropin. J. Adv. Zoo!.
20, 1-5. .

Ketola H G (1983) Requirement for dietary lysine and arginine by fry
of rainbow trout. J. Anim. Sci. 56, 101-107.

Khalil N A, Allah H M M K and Mousa M A (2011) The effect of
maternal thyroxine injection on growth, survival and development
of digestive system of Nile tilapia, Oreochromis niloticus, larvae.
Adv. Biosci. Biotech. 2,320-329.

Khan H A (1972) Induced breeding of air breathing fishes. Indian
Farming 22, 44-45,

Khan H A and Mukhopadhyay S K (1975) Production of stocking
materials of some air breathing fishes by hypophysation. J.
Inland Fish. Soc. India 7, 156-161

Khanna S S (2006) An Introduction to Fishes. 5 Edn. Silver Line
Publications, Faridabad.



Dietary and hormonal maturations for gonadal maturation 33

Kim D - K, Cho E B,Moon M J, Park S, Hwang J - I, DoRego J - L
and Vidal H (2012) Molecular coevolution of neuropeptides
gonadotropin-releasing hormone and kissprotein-coupled
receptors. Front. Neurosci. 6, 288-298.

Kling D (1981) Total atresia of the ovaries of Tilapia leucosticta
(Cichlidae) after intoxication with the insecticide, Lebaycid.
Experientia 37,73-74.

Kulkarni C V and Ogale S N (1986) Hypophysation (induced breeding)
of mahseer fish, Tor khudree (Sykes). Punjab Fish. Bull. 10, 33-
3s.

Lakra W S, Mishra A, Dayal R and Pandey A K ( 1996) Breeding of
Indian major carps with the synthetic hormone drug ovaprim in
Uttar Pradesh. J. Adv. Zool. 17, 105-109.

Lal K K and Pandey A K (1998) Hypothalamo-neurosecretory system
of the female seabass, Lates calcarifer (Bloch), with special
reference to gonadal maturation. Indian J. Fish. 45, 51-60.

Lall S P (1991) Concepts in the formulation and preparation of complete
fish diet. In: Fish Nutrition Research in Asia. Proceedings of the
Fourth Asian Fish Nutrition Workshop. (ed: DeSilva S S), 1-12.
Special Publication No..5. Asian Fisheries Society, Manila.

Lam T J (1994) Hormones and egg/ldrval quality in fish. J. World
Aquacult. Soc. 25, 2-12.

LiM H and Robinson E H (1998) Effects of supplemental lysine and
methionine in low protein diets on weight gain and body
composition of young ¢hannel catfish, Jetalurus punctatus.
Aquaculture 163,297-307.

Lim C and Dominy W (1989) Utilization of plant proteins by
warmwater fishes. In: Proceedings of the Republic of China
Aquaculture and Feed Workshop (September 17-30, 1989) (ed.
Akiyama D M), 143-161. Singapore.

Lin H R and Peter R E (1996) Hormones and spawning in fish. Asian
Fish. Sc: 9,21-33.

LiuY - W and Chan W - K (2002) Thyroid hormones are important
for embryonic to larval transitory phase of zebrafish.
Differentiation 70, 36-45.

Lovell RT (1989). Nutrition and Feeding of Fish. A.V.L, Van Hastrand,
Reinnold, New York.

LubzensE, Young G Bobe J and Cerda J (2010) Ooogene51s in teleosts:
how fish eggs are formed? Gen. Comp. Endocrinol. 165, 367-
389.

Luguet P and Watanabe I (1986) Interaction ‘nutrition-reproduction”
in fish. Fish Physiol. Biochem. 2, 121-129:

Mahanta P C, Rao K G, Pandey G C and Pandey A K (1998) Induced
double spawning of an Indian major carp, Labeo rohita, in the
same breeding season under the agroclimatic conditions of Assam.
J. Adv. Zool. 19, 99-104.

Mani C V and Pandey A K (2006) Occurrence of follicular atresia in
ovary of freshwater catfish, Heteropneustes fossilis (Bloch). J.
Agqua. 14, 63-69.

Mani C V and Pandey A K (2007) Effects of HCG and WOVA-FH

administration on ovarian maturation and spawning of
Heteropneustes fossilis (Bloch). J. Exp. Zool. India-10, 317-319.

Mani C V and Pandey A K (2009) Histo-merphological changes in the
hypothalamo-neurosecretory cells and gonadotrophs of
Heteropneustes fossilis (Bloch) in relation to ovarian maturation.
J Appl. Biosci. 35, 43-50.

Matty A J (1985) Nutrition and aquaculture. Outlook Aquacult. 14,

14-20.

McCormick M I (1999) Experimental test of the effect of maternal
‘hormones on larval quality of a coral reef fish. Ocecologia 118,
412-422,

Memis D and Gun H (2004) Effects of different diets on the growth
performance, gonad development and body composition at first
sexual maturity of rainbow trout (Oncorhynchus mykiss). Turk.
J: Anim. Sci. 28,315-322.

Miranda A C L, Bazzoli N and Sato Y (1999) Ovarian follicular atresia
in two teleost species: a histological and ultrastructural study.
Tissue & Cell 31, 480-488.

- Mishra R K, Yadav A K, Varshney P K, Pandey A K and Lakra W S

(2011) Comparative effects of different hormonal preparations
in induced spawning of the freshwater catfish, Heferopneustes
Jossilis. J. Appl. Biosci. 37,27-30.

Mukherjee M and Das S (2001) Artificial propagation of a silurid fish,
‘ Ompok pabo (Hamilton). Fishing Chimes 21 (1), 75-79.

Mukherjee M, Prahraj A ahd Das S (2002) Conservation of endangered
fish stocks through artificial propagation and larval rearing
technique in West Bengal, India. Aquacult. Asia Magz. 7 (2), 8-
11. ’

Muruganandam M, Raj A J A, Marimuthu K and Hanifa M A (2001)
Supplementary effect of methionine on the growth and survival
of Channa striatus fry. J. Exp. Zool. India 4, 71-72.

Nagahama Y (1997) 17a,20B-dihydroxy-4-pregnen-3-one, a
maturation-inducing hormone in fish oocytes: mechanism of
synthesis and action. Steroids 62, 190-196.

Nandi S, Chattopadhyay D N, Verma J P, Sarkar S K and
Muukhopadhyay P K (2001) Effect of dietary supplementation
of fatty acidsand vitamins on breeding performance of the carp,
Catla catla. Reprod. Nutr. Dev. 41, 365-375.

Nandeesha M C, Rao K G, Jayanna R; Parker N C, Verghese T J,
Keshavanath P and Shetty H P C (1990) Induced spawning of
Indian major carps through single application of ovaprim. In:
Proceedings of the Second Asian Fisheries Forum (eds. Hirano
R and Hanyu I), 581-585. Asian Fisheries Society, Manila,
Philippines.

Nandeesha M C, Bhadraswamy G, Patil T ¢ Verghese T J, Sarma K
and Keshavanath P '(1993) Preliminary results on induced
spawning of pond-raised mahseer, Tor khudree. J. Aquacult.
Trop. 8, 55- 60.

Nayak PK, Pandey AK, Singh B N, Mishra J, Das R C and Ayyappan
S (2000a) Breeding, Larval Rearing and Seed Production of the
Asian Catfish, Heteropneustes fossilis (Bloch). Central Institute
of Freshwater Aquaculture, Bhubabeswar. 68 p.

Nayak P K, Mishra J; Singh BN and Ayyappan S (2000b) Low doses
of steroid hormones and salmon gonadotropin induced cocyte
maturation in catfish Heteropneustes fossilis. Indian J. Fish. 47,
321-327.

Nayak P K, Mishra T K, Singh B N, Pandey A K and Das R C (2001)
Induced maturation and ovulation in Heteropneustes fossilis by
using LHRHa, pimozide and ovaprim for production of quality
eggs and larvae. Indian J. Fish. 48,269-275.

Nayak P K, Mishra T K, Mishra J and Pandey A K (2004) Effects of
combined thyroxine and cortisol treatments on the hatching of
eggs and post-embryonic growth and survival of Heferopneustes
Jossilis. J. Indian Fish. Assoc. 31, 125-137.

NRC (1993) Nutritional Re(jui;ements of Warmwater Fishes and



4 A.K. Pandey

Shellfishes. National Research Council, National Academy Press,
Washington.

Ogale SN (1997) Induced spawning and hatching of golden mahseer,
Tor putitora (Hamilton) at Lonavla, Pune Dist. (Maharastra) in
Western Ghats. Fishing Chimes 17 (1), 27-29.

Okubo K, Mitani H, Naruse K, Kondo M, Shima A, Tanaka M,
Asakawa S, Shimizu N, Yashiura Y and Aida K (2002) Structural
characterization of GnRH loci in the medaka gene. Gene 293,
181-189.

Pandey A C, Pandey A K and Das P (1999) Breeding of fishes with the
synthetic hormone drug ovaprim: an overview. J. Natcon. 11,
275-283.

Pandey A K (1993) Hypothalamo-neurosecretory system of the Indian
mackerel, Rastrelliger kanagurta Cuvier. Nat. Acad. Sci. Lett.
16, 265-268.

Pandey A K (1997) Studies of the hypothalamo-neurosecretory system
of Megalospis cordyla Linnaeus. J. Mar. Biol. Assoc. India 39,
132-135.

Pandey A K (2003) Current status and potential aplications of fish
pheromones in aquaculture and fishery management. In:
Aquaculture Medicine (eds: Bright Singh I S, Pai S S, Philip R
and Mohandas A), 271-292. School of Environmental Sciences,
Cochin University of Science & Technology, Cochin.

Pandey A K (2005) Recent advances in fish pheromone research with
emphasis on their potential applications in fisheries. J. Appl.
Zool. Res. 16,210-216.

Pandey A K (2009) Fish pheromones and their potential applications
in breeding, aquaculture and fishery mangement. In: Recent
Advances in Hormonal Physiology of Fish and Shellfish
Reproduction (eds: Singh BN and Pandey A K), 69-98. Narendra
Publishing House, Dethi.

Pandey A K (2010) Hypothalamo-neurosecretory system of the marine
teleost, Decapterus russelli (Ruppell 1830). J. Ecophysiol.
‘Occup. Hith. 10, 71-76.

Pandey A K (2012) Recent advances in fish pheromone research with
emphasis on their potential applications in aquaculture and
fishery management. J. Exp. Zool. India 15, 1-22.

Pandey A K and Mohamed M P (1993) Histomorphology of the
hypothalamo-neurosecretory system of the Indian scad,
Decapterus tabl (Berry 1968). In: Proceeding of the Third Indian
Fisheries Forum (M.M. Joseph and C.V. Mohan, eds.). Callege
of Fisheries, Mangalore. pp. 131-134.

Pandey A K and Mohamed M P (1997) Hypothalamo-neurosecretory

system of the marine teleost, Sphyraena obtusata Cuvier. Indian
J. Fish. 44, 191-200.

Pandey A K and Mohamad M P (1999) Hypothalamo-neurosecretory
system of the marine teleost, Ariomma indica (Day 1870). In:
Proceedings of the Fourth Indian Fisheriés Forum (eds: Joseph
M M, Menon N R and Nair N U), 27-29. College of Fisheries,
Marigalore.

Pandey AK and Das P (2002) Fish biodiversity conservation: theory
and practice. F. ishing Chimes 22 (5), 14-24.

Pandey AK and Singh, B N (2003) Recent advances in broodstock
management, induced breeding and larval rearing of the Indian
freshwater catfish, Heteropneustes fossilis (Bloch). J. Exp. Zool.
India 6, 163-168. ‘

Pandey AK and Koteeswaran R (2004) Ovatide induced breeding of
the Indian catfish, Heteropneustes fossilis (Bloch). Proc. Zool.

Soc. (Calcutta) 57, 35-38.

Pandey A K and Das P (2004) Artificial fecundation and ranching for
conservation of endangered fishes. In: Fish Diversity in Protected
Habitats (eds: Ayyappan S, Malik D S, Dhanze R and Chauhan
R 8), 151-162. Nature Conservators, Muzaffarnagar.

Pandey A K and Mani C V (2006) Changes in hypothalamo-
neurosecretory cells and gonadotrophs of Heteropneustes fossilis
(Bloch) in relation to ovarian maturation. In: Proceedings of
Recent Advances in Applied Zoology (eds: Singh H S, Chaubey A
K and Bhardwaj S K), 40-69. Ch. Charan Singh University,
Meerut.

Pandey A K, Patiyal R S, Upadhyay J C, Tyagi M and Mahanta P C
(1998) Induced spawning of endangered golden mahseer (Tor
putitora) with ovaprim at State Fish Farm near Dehradun. Indian
J. Fish. 45, 457-459.

Pandey A K, Arvidakshan P K, Sarkar M, Mahapatra C T, Kanungo
G, Singh B N and Saha C (2000a) Effects of lysine and methionine
on growth of carps fingerlings under pond conditions. In:
Symposium on Ecophysiological Consequences of Environmental
Pollution: Risk Assessment and Sustainable Aquaculture
(November 6-8, 2000), 36. Narendra Deo University of
Agriculture & Techniology, Faizabad.

Pandey A K, Lal K K and Mahanta P C (2000b) Histomorphology of
the hypothalamo- neurosecretory system of the endangered
golden mahseer, Tor putitora (Hamilton-Buchanan). Indian J.
Fish. 47, 65-69.

Pandey AK, Arvindakshan P K, Sarkar M, Mahapatra C T, Kanungo
G, Sahoo G C, Muduli H K and Singh B N (2001a) Role of
lysine and methionine in growth of silver carp
(Hypophthalmichthys molitrix) fingerlings under field conditions
In: National Seminar on Riverine and Reservoir Fisheries:
Challenges and Strategies (May 23-24, 2001), CC-8. Central
Institute of Fisheries Technology, Cochin.

Pandey A K, Mahapatra C T, Sarkar M, Kanungo G, Sahoo G C and
Singh B N (2001b) Ovatide induced spawning in Indian major
carp, Catla catla (Hamilton-Buchanan) for mass scale seed
production. J. Adv. Zool. 22, 70-73.

Pandey A K, Mahapatra C T, Sarkar M, Kanungo G and Singh BN
(2002a) Ovatide induced spawning in Indian major carp,
Cirrhinus mrigala for mass scale seed production. J. Exp. Zool.
India 5, 81-85.

Pandey A K, Mahapatra C T, Sarkar M, Kanungo G and Singh BN
(2002b) Ovatide induced spawning in Indian major carp, Labeo
rohita (Hamilton-Buchanan).,dquacuit 3, 1-5.

Pandey A K, Koteeswaran R and Singh B N (2002¢) Breeding of
fishes with synthetic hormon¢ drug ovatide for mass scale seed
production. Aquacult 3, 137-142.

Pandey A K, Mahapatra C T, Kanungo G, Sarkar M, Arvindakshan P
K and Singh B'N (2002d) Effect of dietary thyroxine
supplementation on growth of fry of Indian major carp, Catla
catla (Hamilton-Buchanan). J, 4dv.'Zool. 23, 88-91.

Pandey A K, Sarkar M, Kanungo G, Mahapatra C T, Arvindakshan P
K and Singh B N (2003) Early maturation of the broodstocks of
the Indian major carps maintained on the diets supplemented
with lysine and methionine. In: Aguaculture Medicine (eds: Bright
Singh IS, Pai S S, Philip R andMohandas A), 178-182. School
of Environmental Sciences, Cochin University of Science &
Technology, Cochin.

Pandey A K, Mahapatra C T, Sarkar M, Kanungo G, Arvindakshan P



Dietary and hormonal maturations for gonadal maturation 35

K and Singh B N (2004a) Effect of lysine and methionine on
growth and maturation of the Indian catfish, Hefteropneustes
Jossilis, under field conditions. J. Exp. Zool. India 7, 91-95.

Pandey A K, Mahapatra C T, Sarkar M, Kanungo G and Singh BN
(2004b) Effect of dietary thyroxine supplementation on growth
of fry of Indian major carp, Cirrhinus mrigala (Hamilton-
Buchanan). J. Exp. Zool. India 7, 73-77.

Pandey A K, Mahapatra C T, Kanungo G Sarkar M and Singh BN
(2004c) Effect of dietary thyroxine supplementation on growth
of fry of Indian major carp, Labeo rohita (Hamilton-Buchanan).
Aquacult 5, 105-108. .

Pandey A K, Singh B N, Sarkar M, Mahapatra C T, Kanungo G and
Arvidakshan P K (2006a) Early maturation of the Indian major
carp, Catla catla, maintained on semi-balanced feed supplemented
with lysine and methionine. J. Exp. Zool. India 9, 299-303.

Pandey A K, Singh B N, Sarkar M, Mahapatra C T, Kanungo G and
Arvindakshan P K (2006b) Advancement of maturity in
Cirrhinus mrigala maintained on semi-balanced diet
supplemented with lysine and methionine. Proc. Zool. Soc.
(Calcutta) 59, 209-213.

Pandey A K, Singh B N, Sarkar M, Mahapatra C T, Kanungo G and
Arvindakshan P K (2007a) Advanced maturation in the
broodstock of-Indian major carp, Labeo rohita (Hamilton-
Buchanan), maintained on lysine and methionine supplemented
diet. J. Appl. Biosci. 33, 150-152.

Pandey A K, Rani M, Mahapatra C T and Shrivastava P (2007b)
Hypothalamo-neurosecretory system of the freshwater catfish,
Heteropneustes fossilis (Bloch). J. Natur. Res. Develop. 2, 1-6.

Pandey A K, Arvindakshan P K and Singh B N (2007¢) Effect of
dietary thyroxine supplementation on growth of the Indian major
carps fry. In: Perspectives in Animal Ecoplogy and Reproduction.
Vol. 4 (eds: Gupta V K and Verma A K), 158-167. Daya Publishing
House, New Delhi.

Pandey A K, Mahapatra C T, Kanungo G and Singh B N (2009)
Induced breeding of the Indian major carp, Labeo rohita, with
synthetic hormone drug WOVA-FH. In: Recent Advances in
Hormonal Physiology of Fish and Shellfish Reproduction (eds:
Singh B N Pandey and A K), 257-260. Narendra Publishing
House, Delhi.

Pandey A K, Rani M, Mahapatra C T, K Aprajita and Shrivastava P
(2011) Hypothalamo-neurosecretory system of fivespot herring,
" Hilsa kelee Cuvier. J. Exp. Zool. India 14, 583-586.

Pandey AK, Sarkar M, Mahapatra C T, Kanungo G and Arvindakshan
P K (2012) Effect of dietary lysine and methionine
supplementation on growth of Catla catla and Labeo rohita
fingerlings. J. Exp. Zool. India 15, 259~262.

Pathani S S and Das S M (1979) On induced spawning of mahseer,
Tor putitora (Hamilton), by mammalian and fish pituitary
hormone injection. Sci. & Cult. 45, 209-211.

Patino R (1997) Manipulation of the reproductive system of fishes
by means of exogenous chemicals. Progr. Fish-Cult. §9, 118-
128.

Peter R E, Lin HR and van der Kraak G (1988) Induced ovulation and
spawning of cultured freshwater fish in China: Advances in
application of GnRH analogues and dopamine antagonist.
Aquaculture 74, 1-10.

Phelps R P (2010) Recent advances in fish hatchery management.
Rev. Bras. Zootec. 39, 95-101.

Podhorec P and Kouril J (2009) Induction of final oocyte maturation
in Cyprinidae fish by hypothalamic factors: a review. Vet. Med.
54,97-110.

Ponniah A G Gopalakrishnan A, Baseer V S, Munner PM A, Paul B,
Padmakumar K G and Krishnan A (2000) Captive breeding and
gene banking of endangered endemic yellow catfish, Horabragrus
brachysoma. In: National Seminar on Sustainable Fisheries and
Aquaculture for Nutritional Security (November 29-December
02, 2000), 99. National Academy of Agricultural Sciences &
Madurai Kamaraj University, Chennai.

Poston H A, Riis R C, Rumsey G L and Ketala G (1977) The effect of
supplemental dietary amino acids, minerals and vitamins on
salmonids fed cataractogenic diets. The Cornell Vet. 67, 472-
509.

Power D M, Llewellyn L, Faustino M, Nowell M A, Bjornsson B Th,
Einarsdottir I E, Canario AV M and Sweeney G E (2001) Thyroid
hormones in growth and development in fish. Comp. Biochm.
Physiol. 130C, 447-459.

Purkayastha S, Sarma S, Sarkar U K, Lakra W S, Gupta S and Biswas
S P (2012) Captive breeding of endangered Ompok pabda with
ovatide. J. Appl. Aquacuit. 24, 42-48.

Radheyshyam and Sarangi N (2005) Breeding and egg incubation of
Notopterus chitala (Hamilton) in captivity. J. Inland Fish. Soc.
India 37 (2), 8-14.

Ramaswamy L S and Sundararaj B I (1956). Induced spawning in the
Indian catfish. Science 123, 1080.

Ramaswamy L S and Sundararaj B I (1957) Induced spawning in the
catfish, Clarias. Naturwissen. 44, 384.

Rao G R M and Janakiram K (1991) An effective dose of pituitary for
breeding Clarias. J. Aquacult. Trop. 6,207-210.

Rath S C, Sarkar S K, Gupta S D and Sarangi N (2007) Comparative
account of induced breeding of Indian major carps with ovaprim,
ovatide, WOVA-FH and carp pituitary extract. Indian J. Anim.
Sci. 77, 1057-1060.

Ravi J and Devaraj K V (1990) Quantitative essential amino acid
requirements for growth of catla, Catla catla (Hamilton).
Aquaculture 96, 281-291.

Reddy P V G K (2000) Captive breeding of Osteobrama belangeri
(Val.) - a threatened food fish. In: Fish Biodiversity of Narh-
East India (eds. Ponniah A G and Sarkar UK), 122-123. NATP
Pub. No.2. NBFGR, Lucknow.

Renukaradhya K M and Verghese T J (1986) Protein requirement of
the carps, Catla catla (Hamilton) and Labeo rohita (Hamilton).
Proc. Indian Acad. Sci. 95, 103-109.

Robinson E H (1991) Improvement of cottonseed meal protein with
supplemental lysine in feed for channel catfish. J. Appl. Aquacult.
1, 1-14.

Robinson E H, Wilson R P and Poe W E (1980) Re-evaluation of the
lysine requirement and lysine utilization by fingerling channel
catfish. J. Nutr. 110, 2313-1316.

Rodriguez J N, Oteme Z J and Hem S (1995) Comparative study of
vitellogenesis of two African catfish species, Chrysichthys
nigrodigitatus (Claroteidae) and Heterobranchus longifilis
(Clariidae). Aquat. Living Resoures 8, 291-296.

Ronnestad-], Thorsen A and Finn R N (1999) Fish larval nutrition: a
review of recent advances in the roles of amino acids. Aquaculture
177,201-216.



3% - A K Pahdey

Rugh R (1937) Ovulation induced ouf of season. Science 85, 588-589.

Rumsey G L, Page J W and Scott M L (1983) Methionine and cystine
requirements of rainbow trout. Progr. Fish-Cult. 45, 139-143.

Sahoo SK, GiriS S and Sahu AK (2005) Effect of Bmding performance
and egg quality of Clarias batrachus (Linn.) at various doses of
ovatide during spawning induction. Asian Fish. Sci. 18, 77-83.

Saidapur S K (1978) Follicular atresia in ovaries of non-mammalian
vertebrates. Intern. Rev. Cytol. 54, 225-244.

Saidapur S K (1982) Structure and function of post-ovulatory follicles
(corpora lutea) in the ovaries of non-mammalian veretebrates.
Intern. Rev. Cytol. 58, 243-285.

Saksena D N and Raizada A K (1984) On the corpora atretica and
post-ovulatory follicles and spawning periodicity in some
freshwater Indian teleosts. Intl. J. Acad. Ichthyol. §, 11-22.

Sarkar U K, Deepak P K, Negi R S, Paul S K and Singh S P (2005)
Captive breeding of an endangered fish, Ompok pabda (Hamilton-
Buchanan) using different doses of ovaprim. J. Inland Fish. Soc.
India 37 (2) : 37-42.

Sarkar U K, Deepak P K, Negi R S, Singh S P and Kapoor D (2006).
Captive breeding of endangered fish, Chitala chitala (Hamilton-
Buchanan) for species’conservation and sustainable utilization.
Biodiv. Conserv. 15, 3579-3589.

Sehgal K L (1991) Artificial Propagation of the Golden Mahseer, Tor
putitora (Hamilton) in the Himalayas. Special Pub. No. 2.
National Research Centre'on Coldwater Fisheries, Haldwani. 12
p.

Sehgal K L and Malik D S (1991). Efficiency of flow-through system
for seed production of Jor putitora (Hamilton) at Bhimtal,
Kumaon Himalaya. Indian J. Fish. 38, 137-137.

Sen P R, De D K and Nath D (1990) Experiments on artificial
propagation of hilsa, Tenualosa ilisha (Hamilton). Indian J. Fish.
37, 159-162.

Shim K F, Landsman L and Lam T J (1989). Effect of dietary protein
on growth, ovarian development and fecundity in the dwarf
gourami, Colisa lalia (Hamilton). J. Aquacult. Trop. 4, 111-123.

Singh B N (1990) Protein requirement of young silver carp,
Hypophthalmichthys molitrix (Val.). J. Freshwater Biol. 2, 89-
95.

Singh B N (1991) Nutrition and feed development strategies for
aquaculture in India. J. Inland Fish. Soc. India 23, 99-112.

Singh B N and Pandey A K (2009) Recent Advances in Hormonal
Physiology of Fish and Shellfish Reproduction. Narendra
Publishing House, Delhi. 415 p.

Singh B N, Das R C, Sahu A K, Kanungo G, Sarkar M, Sahoo G C,
Nayak P K and Pandey A K (2000a) Balanced diet for
broodstocks of Catla catla and Labeo rohita and induced breeding
using ovaprim. J. Adv. Zool. 21, 92-97.

Singh B N, Arvindakshan P K, Sarkar M, Mahapatra C T, Kanungo G,
Sahoo G C, Muduli HK and Pandey A K (2000b) Role of lysine
and methionine on the growth of Labeo rohita fingerlings under
field conditions. In: International Conference on Probing in
Biological System (February 7-11, 2000), 24. Department of
Zoology, The Institute of Science, Mumbai.

Singh BN, Das R C, Sarkar M, Kanungo G Sahoo G C and Pandey A
K (2002) Balanced diet for rearing of singhi, Heferopneustes
Jossilis (Bloch), broodfish and induced breeding using ovaprim.
J. Ecophysiol. Occup. Hith. 2, 57-64.

Singh B N, Pandey A K, Kanungo G and Sarkar M (2009) Role of
hormones and semi-balanced diets for advanced and multiple
maturation, breeding and seed production of Asian catfish,
Heteropneustes fossilis (Bloch). In: Recent Advances in
Hormonal Physiology of Fish and Shellfish Reproduction (eds:
Singh B N and Pandey A K), 167-174. Narendra Publishing
House, Delhi. ' '

Singh T P and Lal B (2009) Current status of gonadotropin and growth
hormone in control of reproduction in teleosts. In: Recent
Advances in Hormonal Physiology of Fish and Shellfish
Reproduction (eds: Singh B N and Pandey AK), 1-19. Narendra
Publishing House, Delhi.

Somshekatappa B, Chandrashekaraiah H N and Nandeesha M C
(1990) Advancement of maturity in an Indian major carp, Labeo
rohita, through improved diet and human chorionic gonadotropin
administration. In: Carp Seed Production Technology (eds:
Keshavanath P and Radhakrishnan K V), 29-32. Asian Fisheries
Society: Indian Branch, Mangalore.

Sorensen P W and Stacey N E (2004) Brief review of fish pheromones
and discussion of their possible uses in the control of non-
indigenous teleost fishes. New Zealand J. Mar. Freshw. Res. 38,
399-417.

Sridhar S, Vijayakumar G and Hanifa M A (1998) Induced spawning
and establishment of a captive population of an endangered fish,
Ompok bimaculatus, in India. Curr. Sci. 75, 1066-1068.

Srivastava S M, Srivastava P P, Dayal R, Pandey A K .and Singh S P
(2010) Induced spawning of captive stock of threatened bronze
featherback, Notopterus notopterus, for stock improvement and
conservation. J. Appl. Biosci. 36, 144-147.

Stacey N E (2003) Hormones, pheromones and reproductive behaviour.
Fish Physiol. Biochem. 28, 229-235.

Stacey N E, Sorensen P W and Cardwell J R (1992) Hormonal

pheromones: recent developments and potential application in
aquaculture. In: Researches for Aquaculture: Fundamental and
Applied (eds. Lahlou B and Vitiello P), 242-268. Spriger-Verlag,
New York.

Stibranyiova I and Paraova J (2000) The effect of lysine, methionine
and threonine supplementation in practical diets with graded
protein levels on growth, body composition and nitrogen excretion
injuvenile African catfish (Clarias gariepinus). In: Proceedings
of Fish and Crustacean Nutrition Methodology and Research
Jor Semi-intensive Pond-based Farming System Workshop (April
1996). Szarvas (Hungary) 23, 122-130.

Sundararaj B I and Goswami S V (1968) Effect of short- and long-term
hypophysectomy on the ovary and interrenal of catfish,
Heteropneustes fossilis (BL.). J. Exp. Zool. 168, 83-104.

Takagi S, Shimeno S and Ukawa M (2001) Effect of lysine and
methionine supplementation to a soy protein concentrate diet
for red sea bream, Pagrus major. Fish. Sci. 67, 1088-1096.

Taranger G L, Carrillo M, Schulz R W, Fontaine P, Zanuy S, Felip A,
Welzien F - A, Dufour S, Karlsen O, Norberg B, Andersson E
and Hansen T (2010) Control of puberty in farmed fish. Gen.
Comp. Endocrinol. 165, 483-515. ’

Taslima K and Ahmed F (2012) Study on seed production technique
of indigenous magur (Clarias batrachus), shing (Heteropneustes
Jossilisy and pabda (Ompok pabda) through induced breeding.
Bull. Environ. Pharmacol. Life Sci. 1 (4), 16-23.

Thakur N K (1991) Possibilities and problems of catfish culture in
India. J. Inland Fish. Soc. India 23 (2), 80-90.



Dietary and hormonal maturations for gonadal maturation 37

Thakur N K and Das P (1988) Synopsis of biological data on magur,
Clarias batrachus (Linnaeus). CIFRI Bulletin 41, 15-16.
Tharaknan B and Joy K P (1996) Effects of mammalian gonadrotropin-

releasing hormone analogue, pimozide, and the combination on

plasma gonadotropin levels in different seasons and induction
of ovulation in female catfish. J. Fish Biol. 48, 623-632.

Tripathi S D (1990) Present status of breeding and culture.of catfish
in South Africa. Aquatic Living Resources 9, 219-228.

Tripathi Y R (1977) Artificial breeding of Tor putitora (Ham.). J.
Inland Fish. Soc. India 9, 161.

van der Waal B C W (1985) Stripping male Clarias gariepinus for
semen. Aquaculture 48, 137-142.

Varshney PK, Mitra S D, Upadhyay R K and Chaudhary D K (1990)
Fish seed production  under controlled hatchery system a
cottage industry. J. Indian Fish Assoc. 20, 11-14

Verghese T J and Rao G P S (1975) On the use of marine catfish
pituitary glands for induced spawning of silver carp and catla.
Curr. Sci. 45, 302.

Verghese T J, Rao G P S, Devaraj K V and Chandrashekar (1975)
Preliminary observations on the use of marine catfish pituitary
glands for induced spawning of Indian major carps Curr. Sci.
44, 75-78.

Viola S and Lahav E (1991) Effects of lysine supplementation in
practical carp feeds on total protein sparing and reduction of
pollution. Israeli J. Aquacult. (Bamidgeh) 43, 112-118.

Watanabe T (1985) Importance of the study of broodstock nutrition
for further development of aquaculture. In: Nutrition and Feeding
in Fish (eds: Cowey C B, Mackie A M and Bell J G), 395-414.
Academic Press, New York. .

Watanabe T and Vassallo-Agius R (2003) Broodstock nutrition research
on marine finfish in Japan Aquaculture 227, 35- 61

Webester C D, Yancey D H and Tidwell JH (1992) Effect of partially

or totally replacing fish meal with soybean meal on growth of
blue catfish (Ictalurus furcatus). Aquaculture 103, 141-152.

Wilson R P (1986) Protein and amino acid requlrements of fishes.

Annu. Rev. Nutr. 6, 225-244,

Wilson R P and Robinson K H (1982) Protein and Amino Acid Nuirition
Jor Channel Catfish. 1-18. NAFES, Mississippt State University
Information Bulletin No. 25.

Wood A W and van der Kraak G J (2001) Apoptosis and ovarian
function; novel perspectives from the teleosts. Biol. Reprod. 64,
264-271.

Yadav A K, Mishra R K, Singh S K, Varshney P K, Pandey A K and
Lakra W S (2011) Induced spawning of Asian catfish, Clarias
batrachus, with different doses of sGnRH-based drugs. J. Exp.
Zool. India 14, 199-202.

Yamano K (2005) The role of thyroid hormone in fish development
with reference to aquaculture. JARQ 39, 161-168.

YangHJ,LiuYJ, TianL X, Liang G Y and Lin H R (2010) Effects of
supplemental lysine and methionine on growth performance
and body composition for grass carp (Ctenopharyngodon idella).
Am. J. Agric. Biol. Sci. 2,222-227.

Yaron Z (1995) Endocrine control of gametogenesis and spawning
induction in carp. Aquaculture 129, 49-73.

Yashuvi Y, Klenke U, Palevitch O, Abraham E, Zohar Y and Gothilf Y
(2006) Ontogeny of gonadotropin-releasing hormone (GnRH)
neurons in hybrid striped bass, Morone spp.: whole-mount ir
situ hybridization analysis. J. Fish Biol. 69 (Suppl. A), 20-30.

Zairin M Jr, Furukawa K and Aida K (1992) Induction of ovulation
by HCG injection in the tropical walking catfish, Clarias
batrachus reared under 23-250C. Nippon Suisan Gakkaishi 59,
1681-1685.

Zohar Y and Mylonas C C (2001) Endocrine manipulations of

spawning in cultured fish: from hormones to genes. Aquacuiture
197, 99-136.

Zohar Y, Munoz-Cueto J*A, ElZur A and Kah O (2010)
Neuroendocrinology of reproduction in teleost fish. Gen. Comp.
Endocrinol. 168, 438-455.

Zonneveld N, Rustidja W-J R V and Mundane W (1988) Induced
spawning and egg incubation of Asian catfish, Clarias batrachus.
Aquaculture 74, 41-47.





