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ABSTRACT

The breeding period of cat fishes, climbing perches and murrelsin India is variable. Environmental factors play an
important role in regulating reproduction in fishes. Choosing a successful synthetic hormone involves the selection
of effective hormone formulations, proper duration of hormonal treatment and timing of the hormone
administration. Induced breeding of cat fishes, climbing perches and murrels of India by various hormonal
analogues is reviewed based on published literature. Synthetic hormones viz., ovaprim and ovatide are successfully
being tested (in place of pituitary extract) for the induced breeding of fishes. Snce, newly formulated inducing
agents are also being tested for the induced breeding performance by various researchers in different parts of the
country, under different climatic conditions, with varying degree of success. These synthetic hormones have
following advantages over pituitary extract: ready to use in liquid form, consistent potency, stored at room
temperature, stable with long shelf life and single dose requirement. Although natural spawning is the preferred
method for breeding cultivated fresh water fishes, induced breeding is necessary to control timing and synchrony of
egg production.
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INTRODUCTION

Fish is one of the major components of the aguatasystem and fish also form food for a varietyoiimals and
human beings. The distribution of fish fauna istgjwiariable due to climatic and geological condiioBiodiversity
conservation necessitates knowledge on the diyes§iinimals and plants, their distribution statlbe Western
Ghats in India is one of the ®Sichest mega biodiversity hot spot of the worltiefe is a need for the survey of
biodiversity of fishes in different types of haltgan Karnataka and all over the country (Jayar@891 Talwar &
Jhingran,1991).

Fishes form an important element in the economyaiy nations as they have long been a stable itagheidiet of
many people. They constitute slightly more than-bal of total number of approximately 54,711 recizgd living
vertebrate species; there are descriptions of tmated 27,977 valid species of fishes (Nelson,6200
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Among the most significant advancements in thealf@fl aquaculture during recent decades is the dpuatnt of
techniques to induce reproduction in fish. Thesdhn@ues have allowed farmers to profitably bread eaise
species that do not naturally reproduce in captiéihd to manipulate the timing of reproductiorstidt production
cycles. Some species will not readily breed in ig#gtdue to environmental or culture conditiongtlare different
from those found in nature, such as water temperaitsubstrate type. These conditions may cauesssbr may
not provide the cues needed to complete the reptivdiprocess (Jeff Mittelmark and Anne Kapuscin2Kio8).

Aquaculture has assumed the status of fast expgmaitustry in India. India is basically being agaountry and
the indigenous and exotic carps account for bullprafduction. But now the culture of catfishes atsoeived
increased interest in recent years due to thein nigirket price and hardy nature. Among the catfisthe air
breathing specieSlarias batrachusis a popular culturable fish in Asian countriesh#ts many advantages over
other species. The hardy nature and toleranceversel ecological condition enable its high densitjure with a
high production per unit area (Sharma et al., 2010)

The basic requirement of the controlled fish c@turdustry is the fish seed but now spontaneousveabreeding,
short supply of quality seed and dependency on sékeds, which is unreliable, time consuming anctomnemical
are major constraints for culturing this fish. Teeoccome such problems, induced spawning is thotaghe the only
alternative method for quality seed supply and patidn (Sharma et al., 2010).

Among several inducing agents used in fish breedisgimon gonadotropin releasing hormone (sGnhRH)
or luteinising hormone releasing hormone (LHRH)lagaes in combination with dopamine antagonists fwasd

to be effective in fish breeding (Lin and Peter @99 he use of synthetic inducing agents for swsfaé®vulation
followed by stripping in catfish is a common praetiand has been studied at several occasions (Ben_et al
1985, Manickam and Joy 1989, Tan-Fermin et al 199gre are associated problems in using these drasy
such as weighing and low quantity, preparationh&fsé analogues and storage of these preparedosslu®n
account of these difficulties, breeders are rehicta use them in field conditions. However, thencoercially
available synthetic inducing hormones in readymémten containing GnRH and dopamine blocker receptor
(Ovaprim, Ovopel, Dagin and Aquaspawn) are becomviey popular and found to be efficient in succelssf
spawning of fishes (Peter et al 1988, Nandeesla 990, Brzuska and Adamek 1999 and Cheah ancd206ée;
Sharma et al., 2010).

The murrels and cat fish resources are an impodapéect of fishery potential of a water body. Ghtfis and
murrels due to their great demand and high mariketevand non-availability of stocking material kasghinder the
organized culture of these fishes in our counttye Bmall catfish species are noteworthy for thieie,staste and
market value. They are distributed in lentic anticlevater bodies and breed naturally in perenriiars during
monsoon. Though breeding and larval rearing ofatertatfishes has been done successfully for tueirmercial
production is yet to be achieved. Hence, maintemawf catfishes and murrels plays a key role inieathg

successful induced breeding.

Fish in captivity may not always reproduce at thestradvantageous time, and alteration of the spaywycle may
be desirable. This allows a farmer to:

1.0btain fish outside of the normal spawning seasiheeto lengthen time for grow-out or to produgdtids with
other species;

2.Improve efficiency by getting fish to spawn on agetermined date; and

3.Maximize survival by fertilizing and incubating eggnder hatchery conditions. Where successfulpiqales for
altering the spawning cycle of fish have becomalaable tool.

In fish, as with all higher animals, hormones pdagritical role in the reproductive process. Horemare chemical
messengers released into the blood by specificeisssuch as the pituitary gland. The hormonegltthvough the
bloodstream to other tissues, which respond inri@tyaof ways. One response is to release anotrendne, which
elicits a response in yet another tissue. The piirtissues involved in this hormonal cascade agehtypothalamus,
pituitary gland, and gonads (Fig. 1) (Jeff Mittelkand Anne Kapuscinski, 2008).
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) The Matural Hormone Cascade
Figure 1
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Fish have evolved to reproduce under environmeuatadlitions that are favorable to the survival & floung. Long
before spawning, seasonal cues begin the processitofation. In many fish, this can take up to ary&/hen the
gametes have matured, an environmental stimulussigagl the arrival of optimal conditions for the,ftriggering

ovulation and spawning. Examples of environmertiaddi are changes in photoperiod, temperatureyfadlj and

food availability. A variety of sensory receptomtekct these cues, including the eye, pineal glando¢gan in the
dorsal part of the forebrain that is sensitive ight), olfactory organs, taste buds and thermoptxe (Jeff
Mittelmark and Anne Kapuscinski, 2008).

The hypothalamus located at the base of the bmisensitive to signals from sensory receptors atehses
hormones in response to environmental cues. Pehaipong these hormones are gonadotropin releasimgones
(GnRH), which travel from the hypothalamus to tlteifary gland. The pituitary is responsible fowale variety of
functions including growth and reproduction. Certeells of the pituitary receive GnRH and releaseaglotropic
hormones into the bloodstream. The gonadotropianbaes travel to the gonads which synthesize steroid
responsible for final maturation of the gamete$f (Uiittelmark and Anne Kapuscinski, 2008).

Maturation of the egg is a long process that ine@shcomplex physiological and biochemical changese O
important step, vitellogenesis is a process in tiyialk proteins are produced in the liver, transgdito the ovary
and stored in the egg resulting in tremendous etgrgement. The yolk is important as a source tfiten for the
developing embryo.

Also critical are germinal vesicle migration andrrgaal vesicle breakdown (GVBD). Before it migratdse
germinal vesicle or nucleus is located at the cenft¢he egg in an arrested stage of developmenthid stage, the
egg is physiologically and genetically incapablebeing fertilized even though it has the outwargesggance of a
fully mature egg. When conditions are appropriaie ffnal maturation, nuclear development resumed toe
germinal vesicle migrates to one side. Finally, thalls of the germinal vesicle break down, relegsthe
chromosomes into the cell.

The maturity of eggs can be determined using bidpslniques. Eggs are removed from the ovariesedeaith a
prepared solution and viewed under a microscopmadture eggs the migration of the germinal vedizline side of
the cell will be complete.

After the egg has matured, a class of compoundsdcalostaglandins is synthesized. These stimuatgation
which is the rupture of the follicle cells that ddhe egg. The egg is then released into the badigycor ovarian
lumen, where it may subsequently be released toutgde environment. Following ovulation, the viip of the
eggs can decrease rapidly. Fish with gametes that hot yet been released by the gonads are ¢glieen.” The
term “ripe” is used to describe fish with gameteatthave been released from the ovary into theiavdumen.
Ripe fish can be stripped, green fish cannot.
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CAT FISH BREEDING TECHNIQUES

Clarias batrachus

Asian catfishClarias batrachusis considered as a potential aquaculture speciésdian subcontinent. The Asian
cat fish, locally known as Magur fish, is an im@ot air-breathing cat fish with good markets esgcin North-
Eastern parts of India where it fetches a highieghan the major carps. The scarcity of marketéibh as well as
seed from the natural ground has been felt indhtfish. The potential to obtain magur seed fronunah sources
has become low due to the increasing use of pestidn the paddy fields-which are the main breedjroynds of
this fish. The breeding performance is an imporfarameter to evaluate the breeding success iiveandition
which depends on the type of hormone used anatenpy, dose of hormone and maturity status ofireHuman
chorionic gonadotropin (HCG) at 14-23 h latencxambination with 3000-4000 IU HCG dose is one amibregn
and is reported successful in catfish during induogulation. Appropriate combinations of the progese of
inducing agent and stripping time always yield maxin egg output during induced breeding. A singjedtion of
0.6ml/kg body weight of ovaprim was the most effext The males were given a single dose of 0.1atl/Rg body
weight. Again administration of fish PG of dosageied from 12 to 30 mg/kg weight of fish given imat doses, a
provocative dose of 5-10 mg /kg and a final doseB-@0 mg/kg, 5-6 hours interval was found successfu
spawning. In hapa nursing of magur, we achievedwrage survival of 51% while feeding with rice rbrand
mustard oil cake mixture at 1:1 ratio and termiteee daily (Datta,2013).

Before the female are stripped male fish with gitaestis are to be sacrificed and testes are takeand macerated
in normal saline (0.9% NaCl). The spermatozoa brecmactive in this medium and this extract canmaéntained
for few hours in refrigerator. After 16 hours ofdacy period female fish is stripped and ova atected in to dry
enamel tray. Before fertilization milt (spermatoyeatract medium is activated by addition of fregfter. Sperms
become active and motility of sperms can be cordrm microscope. Sperm preparation thus obtamiédbe
sufficient to fertilize the ova stripped from 2 fales. Sperm extract is sprinkled over the ova gaetes are
mixed gently with bird feathers and allowed to 23teninutes for fertilization. After repeated wasiiwith fresh
water fertilized eggs are transferred to hatchiagg for incubation (Datta, 2013)

Breeding of Heteropneustesfossilis

This is a common catfish found in freshwater swarppsds and tanks throughout the country. It is alstable for
pond culture. It reportedly attains a length of 20® at the end of the first year and a maximumtleiog§ about 450
mm. This fish breeds in ponds and confined watkn®st throughout the year, peak season being manéaaring

rainy days, fishes move from wells to shallow inatedi areas of paddy fields for breeding. The egggeenish in
colour and are usually found attached to weedss Tish has been successfully induced to breed dialby

administering in one injection 75-100 IU of humdmdonic gonadotrophin. It is also possible to ioelthis fish to
breed 8 to 10 weeks ahead of peak spawning segsadnbinistering pituitary gland injections. By hygtysation
these fishes can be induced to breed several tirtbe same season. Even the spawning season lmepicblonged
by 2-3 months when the fishes are kept exposedgtd turing this period for about 12 hours every.déhe

incubation period extends from 18-20 hours andnigly hatched larvae measure about 2-7 mm in lergthhis

stage, the larvae feed voraciously on zooplanKidrerefore, it is suggested that before stockingldineae, the
nursery ponds have to be prepared to have aburdaptankton to get better survival of hatchlingsita,2013).

Breeding of Aanbastestudineus

The adults are solitary and aggressive. It can geight up to 52gm in one year. Maturity occurshat age of one
when the fishes reach a size of 10-12cm in totagtte The sexual dimorphism M testudineusis more apparent
during breeding season. The mature male acquireddish hue on the body, particularly on the pettand ventral

fins. The female shows only a faint reddish cokarther in the male a distinct diamond shaped btgek appears
in the caudal peduncle. In the female this bladt $p oblong and somewhat diffused. Moreover, ta@dle in

contrast to the male, has a prominently bulgingoatieh. The ventral distance between the bases divthpectoral

fins in the female is significantly greater thare tftmale. In the breeding season, the female exhabjisominent

bulge at the vent, resembling the genital papiidde in the male this structure is absent. Matmedes ooze out
white milt and mature females ooze out ova evea géntle pressure at the abdomen during breedempseln

nature the eggs are scattered in open water airtbet of the rains without any nest. The male witgedf in the

female body, fertilizing the eggs as they are ld&dch time 200 colorless eggs are released unbilitab000

numbers are laid. The fecundity varies from 5000€8bnos. The eggs rise to the surface and floa.€duys hatch
in 24 hrs and the fry are about 2-3mm long. Theyfewe swimming within two days of hatching.
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While in artificial breeding with pituitary or symétic hormone, a single dose of injection for bthte male and
female spawning actively and courtship behaviortstafter 6 hrs of injection. The water temperattoebe

maintained at 28° C + 1°C. Good spawning was replortith 8.0-12.0 mg/kg PG to female and 4.0 mg/fkbanly

weight to male admistration in hapa 7-8 hours aftmrond injection in the temperature of 27-30°Ctilksed eggs

float on the surface of the water. It takes 18-19fbr hatching after spawning and newly hatchedaa measure
1.9-2.0 mm in length without any movement. Yolk sampletely absorbs on third day after hatching settles at
the bottom. Egg custard, plankton and Artemia aggpbked as artificial feed for those frie up to 2B-days. The
survivability varies from 70-75% (Datta, 2013).

Breeding of Pangasius sutchi

Pangasiidae (order: Siluriformes) is a family afsin water catfish common to southern and soutleeagtsia.
Catfish of the genuBangasius have been cultured in earthen ponds and othersvatethe Indo-Chinese Peninsula
since ancient times. The most important of thes&igasius sutchi, which is commonly known as shark catfish or
Thai pangas and reaches weights of 3 kg and legths0 cm within 2 years of birth.

The fertilized eggs are adhesive and spherical wityellowish or greenish-brown egg capsule. The walc is
yellowish-brown in color and 1.20-1.80 mm in diaeretNine hours post-fertilization, the first clegeastage,
embryonic shield, head, tail region, neural grocaed somites were evident. The incubation periodea from 24-
36 h at a temperature of 20-30°C. The newly hatt¢hede are quite transparent and light yellowisledlor with a
body length of 2.98-3.10 mm. Eye pigments appedrtha heart starts to work within 12-14 h of hatchiln 1-
day-old pro-larvae, the mouth becomes well develpgmrbules are elongated, prominent and look tikg

threads. The yolk sac is fairly well absorbed dmel ppalatine teeth are fully developed during thdag pro-larval
stage. At the end of 12 days of larval developmtrg, stomach becomes functional and aerial respiratarts.
After 2 weeks, the young fry is well-developed, amadf an adult appearance, that is, measuring UB156 mm in
length( Datta,2013).

Breeding of Ompok spps

Ompok pabda & O.bimaculatus (Ham.) popularly known as 'butter cat fish' or ghalis a freshwater species native to
India especially in North East States of India. @peels/mauns connected with rivers are commortdiabPabda
has fine flesh with a soft meat texture, good tasi@ high nutritional value. Presen@®ymnpok spp has been listed as
an endangered fish species in India due to itsedserin abundance and restricted distribution. €aofthe decline
are likely to be indiscriminate fishing during theeeding season, wide use of pesticide and ingdesidrom
agricultural fields causing pollution and siltation habitat. The fish attained maturity at the eifdhe first year.
Males matured earlier than females, which becamtimmat 30 -40 g in weight. Fertilization is extarrand
spawning occurs once a year during the monsoormsddane- August) with a peak in July. Fully rigenfales and
males were segregated and used in induced brede@ngales can be distinguished by a rounder, falbelomen,
reddish vent colour and rounded genital papillaldgldave an elongated and pointed genital papltad Ovaprim
to promote induction of spawning. Ovaprim was agplat 1-1.5 ml/kg body weight for females and 0@&#i/kg
body weight for males, applied in a single injestiGemales were stripped for spawning 8-10 houes &brmone
injection and the eggs were collected in a traylt Mias obtained from males by surgically removihg testes,
which were macerated to produce a suspension toixexd with the eggs for fertilization. Eggs werdsequently
washed thoroughly with clean water and transfen@da fibreglass/cement tank for hatching, with ¢ans
aeration(Datta,2013).

Breeding of murrels

Among freshwater fish species, murrels (snakeheant)catfishes secure the top rank economicallyréfsihave
long been commercially cultured in Thailand, Taiwand Philippines. But fish farmers in India are not
much familiar with murrel culture due to want oebding, feeding and culture techniques. The comspegies are
Therefore it is imperative to make murrel cultuoplar among fish farmers and unemployed youthsrfcome
generation. Females with soft and swollen belliessaitable for breeding. However a gentle pressuaréhe belly
for oozing of eggs could check prime maturationlédare selected by external examination of gepégllla since
they do not ooze milt by pressure. The fecunditZludinna punctata ranges from 2,200 in a specimen of 12-1 cm
TL to 33,873 in a specimen of 22-3 cm TL. Murrele imduced to spawn by injecting natural (pituitary
human chorionic gonadotropin) or synthetic (ovaprowatide) hormones intramuscularly. Among the hures
tested a synthetic product of SGnRHa marketed layxdLtd. is recommended at a single dose of 0.XKgl/Each
breeding set consists of one female and two mhtewediately after injection each breeding set isomuced into a
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breeding tank (6m x 5m x1m) having sides pasteth wément and bottom filled with clay. Aquatic weddsy.
water hyacinth) are introduced into the breedimd tor hiding purposes. Spawning activities areevbsd after 6-
10 hrs of hormone injection. Courtship behavior toares till the complete release of eggs and n#kt-30
hrs). Fertilization is external and the fertilizedgs are usually floating. An egg mass of aboutt &h diameter
consists of 5000-10,000 eggs (diameter 1.2mm -1.6rhe rate of fertilization ranges between 70-90%atching
takes place 24-30 hrs after fertilization and tlagchlings (2.8mm - 3.2mm in length) are guardedhegy parents
especially by the male parent. From a single spagvAdD00-8000 hatchlings/female are obtained.

Comparative efficacy on induced breeding of calbets murrels and climbing perches by carp pituiextract
(CPE) & various synthetic hormones in India by vas researchers is depicted in Table 1.

Table 1: Comparative study on induced breeding of cat fishes, murrelsand climbing percheswith carp pituitary Extract (CPE) &
synthetic hormonesin India by various authors

Sl. No. Species Hormone Dose Fertllol/iatlon Hat;?mg References
1 Channa punctatus Ovatide 0.4 ml 90.6 91.33 Marimuthu et al., 2009
2 Clarias batrachus Ovaprim 1.0-2.0ml 70.6-72.8 60.7-55/3  Srivastae £2012
3 Clarias batrachus Ovatide 1.0ml 83 71 Sahoo et al., 2005
4 Channa striatus LHRHa+ pimozide 40-60ug+5m 75-84 complete  Hargffal., 2000
5 Channa striatus Ovaprim 0.3-0.7 ml 95.3-98 complete| Haniffa et al., 2000
6 Channa punctatus Ovaprin 0.3-0.5m 73.5-75 50-65 Haniffa & Sridhar., 200
7 H. fossilis Ovaprim 0.3-0.7ml 70-75 50-60 Haniffa & Sridhai002
8 Pangasius sutchi CPE 1.5-9.0 mg 85-98 96 Chattopadhyay et al., 2002.
9 Clarias batrachus Ovaprim 1.0-1.5ml - - Sahoo et al., 2007
10 Clarias batrachus Ovatide 1.0ml 82.33 55.35 Sharma et al 2010
11 | Clariasbatrachus fc(j;onni;?idone igigﬁg High High Sahoo et al., 2005
12 Anabas testudineus Ovaprim 1.5ml 100 % High Kuldeep kumar et al.,20100
13 Horabagrus brachysoma | Ovaprim 1.0 92.01 63.4 PadmaKumar et al.,2011
14 H.brachysoma CPE 50-60 mg/kg 78.95 26.67 PadmaKumar et al.,2011
15 Anabas testudineus Ovatide 0.3 ml 90.2 92.3 Singh et al., 2012

INDUCED BREEDING OF CAT FISHESAND MURREL S

Ompok bimaculatus is induced to spawn by a single intramuscularctige of ovaprim0.5ml/kg. Spawning is
observed 5-6 hr after the injection (Sridhar angyékumar,1997). Successful spawningCgfunctatus is observed

a 0.3and 0.5ml/kg and 30001U/kg body mass of HG&3 H=fossilis successful body spawning is observed at 0.3,0.5
and 0.7ml/kg body mass for ovaprim and1000,2000 20@0 IU/kg body mass for HCG (Haniffa,2002).The
endangered riverine catfisRangasius pangasius administration of10mg/kg body weight of pituitagland extracts
demonstrated the best result in consideration tdifation and hatching rates of eggs. Hatchindesfilized eggs
occurred between 28 and 32 hours (Khan and Mal@é4; Sudha,2012).

Haniffa et al. (2000) were injected natural hormsorfpituitary extract and human chorionic gonadatrpand
synthetic hormones (luteinizing hormone releasingrtone analogue and ovaprim) to murr€hanna striatus.
When compared to the LHRHap and ovaprim, the Iat@eciod was long in pituitary- (24 h) and HCG-ictied (26
h) fish. In the pituitary injecte@. striatus the percentage of fertilization was the lowest §8%6) but the duration of
hatching was longest (39-43 h) followed by HCG--G#h), LHRHap- (34-36 h) and ovaprim-injected (212
individuals. In terms of fertilization (95-98%) ahatching, ovaprim yielded better results. Ova nedcthe highest
diameter (1.34-1.45 mm) i@.striatus injected with ovaprim, followed by HCG (1.22-1.30mnand pituitary (1.21-
1.27 mm). The lowest ova diameter (1.07-1.09 mny olzserved €. striatus injected with LHRHap.

The effect of luteinizing hormone-releasing hormamalogue (LHRHa), pimozide (PIM) and ovaprim orcyie
maturation, ovulation and spawnif) Heteropneustes fossilis has been evaluated by Nayak et al., ( 2001). Both
LHRHa and pimozide when tested alone, failed tckevany ovulation response, although both drugdtezsin the
advancement of oocyte maturation in catfish asenddd from germinal vesicle migration. On the othand
LHRHa + PIM (0.05 ug + 5 ug/g/ body weight respeslyy) when administered in combination intraperéathy,
caused high rate of ovulation and produced an geeo& 10+2.3 g eggs with high rate of hatching §98.1.42%)
and high yield of normal larvae (87.3+3.3 %). Agendose (0.6 - 0.8 ml/kg) of ovaprim injected amuscularly
resulted in an average production of 13.75 +2.9g@sehaving 96.3+ 1.7% hatchability and yielded 22 55% of
normal larvae. The latency period (interval betwdentime of injection and spawning) ranged betw&gi8 hrs
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in LHRHa + PIM and 10-12 hrs in ovaprim treatedfi$he eggs produced after induced spawning wettdeviand
fertilized in vitro using homogenized testes and produced higher giettbrmal larvae, minimizing deformed and
crawled larvae.

Haniffa and Sridhar (2002) reported Induced spagrof the spotted murrelChanna punctatus) and catfish
(Heteropneustes fossilis) was successfully carried out using ovaprim anthdwu chorionic gonadotropin (HCG).
Breeders were administered a single intramuscujaction of the hormones at varying dosages. Fetyund C.
punctatus was 3273 + 75 for ovaprim and 1253 & fit HCG, whereas if.fossilis it was 6692 + 790 for
ovaprim and 82922 + 5432 for HCG. Successful spagvaf C.punctatus was observed at 0.3 and 0.5 ml/kg body
mass for ovaprim and at 2000 and 3000 IU/kg bodgsrfar HCG. For H. fossilis successful spawning was
observed at 0.3, 0.5 and 0.7 ml/ kg body mass ¥apom and 1000, 2000, and 3000 1U/kg body massH06.
Sahooet al. (2004) and Ratlet al. (1995) reported that induced breedingGbérias batrachus and carps during
premonsoon season might cause ovulation of immatggs and might lead to the abnormal developmetiteo
larvae. But Teji and John Thomas (2006) reportedpiercentage of malformed embryos was high duringsoon
period, especially in detritivorous, bottom livingpft-bodied catfishes. Normal ovum maturation amdlation is
controlled by episodic release of gonadotrophirse $urge of gonadotrophic hormones that followsataprim
injection might be one of the reasons for the okestdeformities in fish larvae.

Marimuthu and Haniffa (2007) elucidated the embigaand larval development of snakehe&thanna striatus
from fertilization until metamorphosis. The snakathevas successfully bred by injecting ovaprim, athsgtic
hormone (0.5 mL/kg body weight). Spawning took pl&d-26 hrs after the hormone injection. The fead eggs
were floating, non-adhesive and straw yellow inocolThe average diameter of fertilized eggs rangech 1.20-
1.40 mm. Incubation periods was about 23-24 hr tetmgperature of 29 + 1°C. The percentage of haicharied
from 80-85. The newly hatched larva was 3.4 + Or2 im length. The yolk absorption was completed initiree
days after hatching. The larvae metamorphosedurtniles within 20 days after hatching

A study was conducted by Sharma et al ( 2010) duiime 2007 to evaluate Ovatide doses (0.6, 0.8 &nchl/kg
body weight of female) on breeding performanceCtdrias batrachus in the sub tropical region of Hisar. The
breeding performance was judged on the basis oftdtad weight of stripped eggs, net fecundity, ifezdtion,
hatching and survival. To judge the egg qualitye fher cent fertilization, hatching and survival fof were
considered. The results indicated that the to&git of stripped eggs and spawning fecundity weeehighest (p <
0.05) when females were injected 1 ml of Ovatidekgebody weight (BW) compared to those injectethvather
dose levels. The lowest stripping response wasreddewith injection of 0.6 ml Ovatide per kg BW fifmale
brood fish. At the 1 ml dose, the percentages o¢dltéertilized egg and hatching were 82.33 and 5%3
respectively, which were the highest (p < 0.05) agall treatments. The net survival of fry was fduio be
98.52% at 1 ml Ovatide per kg BW. Therefore, i li@en recommended that one ml of Ovatide per kgd8wW
female brood fish was found optimum among the tlengeerimental doses for best breeding performandeeag
quality inClarias batrachus.

Marimuthu et al. (2001) were reported spawning pakntal behavior in murre@hanna punctatus and C.striatus.
Brood fishes ranging from 600 to 800g of friatus and 50 to 90g o€. punctatus were injected intramuscularly
with a single dose of pituitary extract (50 mg/kgdg weight) and HCG (2 IU/g body weight) respedive
Immediately after hormone injection, the breedimgss(one female and two males) were introduced th&o
breeding tanks. Aquatic macrophytes lidgdrilla verticillata and Eichhornia crassipes were introduced into the
breeding tanks for hiding purpose. Spawning behavigas observed at one hour interval after the boem
injection until egg laying.Spawning activities ofs€iatus andC. punctatus were first noticed after 6 and 4 h of the
hormone injection respectively. Spawning was préedeby active male movement below the female inosjpe
direction. Then the mating pair made a slow upveard downward movement of approximately 10 to 20adthin
the water column. After 12 h, the mating pair jushfieequently above the water column to a heigli3®fo 90 cm
and occasionally out of the breeding tank. In kbthspecies, the male was more actively involvetthéncourtship
and was found to hit frequently the female snout @ent, which culminated in the release of gamefesirtship
behavior continued till the complete release of ga®. (30 h foC.striatus and 28 h folC. punctatus). The unpaired
male was driven out by the active male when itudistd the mating pair. The impaired male was pasasid idles
at a corner of the breeding compartment. The ifegtll eggs are usually buoyant in nature and adheredch other
forming an egg mass of 6-14 cm diameter (contai2ifa®0-4,000 eggs). The unfertilized eggs wereaulhtesive
and were found scattered in the tank. In both pexies, the male guarded the fertilized eggs. Afadching, the
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male moved around hatchlings and ventilated theth #s pectoral fins. It was always aggressive &egt the
young ones under vigil.

No spawning behaviour or performance was obsermecbntrol group. Partial spawning was observed it
Ovatide dose of 0.2 mL - kg-1 BW, and complete spagvwas noticed in the medium Ovatide dose (0.4 kgkl
BW), and the higher dose (0.6 mL - kg-1 BW) adntérisd fish. The highest total spawning fecundRy<(0.05)
was recorded when the females were injected withnl. of Ovatide - kg-1 BW than those injected watiner
doses. The latency period and the number of spawggd were ranged from 25 to 31 h and from 10888,
respectively. The highest fertilization- (90.6%damatching (91.33%) rates were also observed at#tium dose
(P < 0.05). With regard to hatching rates, no signiftcdifference was noticed between the medium- agtdri
doses of Ovatide-treated groug$ie synthetic gonadotropin-releasing hormone wittbpamine antagonist at the
dose of 0.4mL kg-1 BW could be used as an apmtpstimulating agent for successful spawning awldiged
breeding ofC. punctatus under captive conditions ( Marimuthu et al., 2009)

Effects of low doses of salmon gonadotropin (SG@1lénd three steroids-4,203-dihydroxyprogesterone
(170,203-diOHprog), deoxycorticosterone (DOC) and progester-individually, or combinations of steroid with
SG-G100, on ovulation and hatchingGharias batrachus (L.) were investigated. None of the steroids at ainthe
three different dose levelsy@, 1-5g/g and 2g/g BW) could induce ovulation when injected alo8&-G100 at a
dose level of 1Qug/g BW was not effective but at the dose level ®lufj/g BW it could induce ovulation. All the
three steroids at their lowest dosead/y BW) when injected in combination with SG-G10a@(g/g BW) were
significantly effective in inducing ovulation. Whératching percentage was taken into account, 283-diOHprog
in combination with SG-G100 was found to be the nedf@ctive combination in comparison with othexaiments (
Haider and Rao, 1994).

Sahoo et al., (2005) conducted experiments to atalOvatide doses (0.5, 1.0, 1.5 and 2.0 ml-kg baslght of
female) on breeding performance and egg quali@lafias batrachus. The results indicated that the total weight of
stripped eggs and spawning fecundity were the Isigfee< 0.05) when females were injected 1 ml oi@le per
kg body weight (BW) compared to those injected watiner dose levels. The lowest stripping responss w
observed with injection of 0.5 ml Ovatide per kg BWere was difficulty in stripping at 0.5, 1.5 ad® ml doses,
but at 1 ml dose, it was smooth. At the 1 ml ddke,percentages of fertilization and hatching w&3eand 71 %
respectively, which were the highest (p < 0.05) agall treatments. Increasing Ovatide doses abow# l&d to
over ripening of ova, which resulted in increasedcpntage of deformed larvae. More normal larvaeyweoduced
from the females when injected with 1 ml dose. @@®f Ovatide per kg body weight was found optimfanbest
breeding performance and egg qualityirbatrachus.

Three freshwater fishes, namehgeteropneustes fossilis (stinging catfish),Anabas testudineus (climbing perch),
Mystus vitattus (striped dwarf catfish) were induced bred and molpdical studies of the larvae were carried out
by Teji and John Thomas (2006). Morphological atdvioral abnormalities were noticed among larvaelyced
through induced breeding techniques in all theglsgecies. Morphological abnormalities were sedmead, trunk
and tail region of the larvae. Under-developed hetdormed trunk, enlarged yolk sac, underdevelopadbel,
curved tail and vertebral abnormalities were obsgrvTunicate larvae (larvae with undetermined ghdwtere
common in these species. Induced spawning of batfilarias batrachus, was attempted by Yadav et al., (2011)
using different doses of ovatide and ovaprim ayivay latency period (interval between the time m&ction and
spawning). In both the sGnRH-based drugs, decredssels with increased latency period gave bettarltee of
fertilization and hatching. Preparatory dose of ppira (male 0.1 ml/kg; female 0.5 ml/kg) administére
intramuscularly 45 days prior to spawning for gadadaturity resulted in higher rate of fertilizati@and hatching
success. Optimum doses of ovaprim and ovatide ¥aned to be 0.8-1.0 and 0.6-1.0 ml/kg body weiglithw
latency period between 14-16 hr.

The catfishOmpok pabda, was successfully bred during 2008 by inducinchvaivatide at two different doses (0.4
and 0.6 ml/kg of body weight of female) in the ligene bank facility (LGBF), Guwahati, Assam. Trehfspawned
8-10 hours after single dose of injection. The spawg time, fertilization rate, hatching rate andvéeal rate were
quantified in each set of -1breeding experimene Tdiency period was 6-8 hours with 0.5 ml, whéneas 8-10
hours with the dose of 0.4 ml *gf body weight. All the female spawned successfalfyl the average rate of
fertilization (75.5 %) and hatching (60.5%) washggwith dose @ 0.6 ml Kg while lower fertilization (65.1%)
and hatching rate (45%) was observed @ 0.3 mi'&fgbody weight. The fecundity ranged from 80-13@sgm
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body weight. Eggs hatched 12-14 hours after spayvatrwater temperature of 28°82 The mean egg diameter
was 0.95 £ 0.15 mm (Purkayasta et al., 2012).

Sahoo et al. (2005) demonstrated fhabatrachus could be successfully induced to spawn with aedtipn of
SGnRHa in combination with domperidone. Administnatof 20-30ug SGnRHa kg body weight of female and
stripping at 14 and 17 hr post injection resultadthe highest rate of fertilization, hatching angkmal larval
production. This information would be of value fmwmmercial catfish hatcheries, in order to enswtection of
the maximum quantity and optimum quality of egdgguFe 2a showing injecting hormones and figure Rbtwsng
stripping of eggs in cat fishes.

Fig. 2a: Intramuscular injection given to female brood fish Clarias batrachus for induced breeding.(Source: Sharma et al., 2010). Fig.
2b: Stripping of eggsin cat fish

Ovaprim has been successfully employed for indwggEvning of fishes in a number of commercially imigot
food as well as ornamental and threatened spec@sfa et al., 1996; Pandey et a., 1998, 1999 h8riét al.,
1998; Nayak et al., 2001; Sarkar et al., 2006; Ratd., 2007; Hill et al., 2009]. The product he&en reported to be
an efficient inducing agent for oocyte maturatior @vulation inC. batrachus. The latency period of 16-18 hours
after the injection of Ovaprim (dose 1-2 ml Kg-1 bwfemale and 0.5-1.0 ml Kg-1 bw to male) to sutgd fishes
was found suitable for the ovulation of this spectimilar findings were also reported by Sahoal f2005] in the
same species while using sGnRHa in combination datiperidone (14 to 23 hours). However accordin§dboo
et al. [2005], the suitable latency period for fingturation of ova is also dose dependent whemgusGnRHa and
domperidone combinations on spawning performanndsdaduced that latency period of 14-17 hours ars af
20 pg sGnRHa along with 10 mg domperidone and 30fis§snRHa & 15 mg domperidone per kg of female was
found to be suitable for best spawning and larvatipction (Srivastava et al., 2012).

A study was conducted by Srivastava et al. (20d2)lserve the breeding and larval rearing of A<atfish,
Clarias batrachus fed with live and/or artificial feed for 21 days &n indoor hatchery. The brooders @f
batrachus (Av. wt of female 160 + 10.5 g; Av. wt of male 1206.75 g) were procured from outside ponds and
stocked in a pond near the experiment site2-mapties to spawning. The fishes were successfullyosdi bred
using ovaprim @ 1.0-2.0 ml/kg body weight (bw) ®miales and 0.5-1.0 ml/kg bw to males. Fertilization
hatching and survival percentages at spawn stage mgspectively recorded 70.6 - 72.8, 60.7 - 55@ 4.3 -
56.2. After yolk-sac absorption, fry of three ageups 7, 14 and 21 days were subjected to feddusiagArtemia
nauplii followed by laboratory made feed for 21 days.

Nayak et al. (2000) reported the plasma steroidilpsoduring oocyte maturation and LHRHa pimozideuced
ovulation in the Asian catfisl@. batrachus and opined that the levels of estradiol-1713 amices rapidly increased
reaching a peak during the vitellogenic phase,envhitlecline was observed during the spawning phase.

318
Pelagia Research Library



K. Shankar Murthy et al Adv. Appl. Sci. Res., 2013, 4(4):310-323

The results of Sharma et al.( 2010) indicated tihatotal weight of stripped eggs and spawningridiy were the
highest (p < 0.05) when femal€hatrachus were injected 1 ml of Ovatide per kg body weight\(Bcompared to
those injected with other dose levels. The lowagb@ng response was observed with injection 6f il Ovatide
per kg BW of female brood fish. At the 1 ml dod®e percentages of total fertilized egg and hatchiege 82.33
and 55.35% respectively, which were the highest (p05) among all treatments. The net survivalrgpfifas found

to be 98.52% at 1 ml Ovatide per kg BW. They recanded that one ml of Ovatide per kg BW of femaleolr
fish was found optimum among the three experimedtses for best breeding performance and egg gualit
in Clarias batrachus.

Many researchers who have worked on the breedirRpadasius sutchi . While Meenakaran (1986) has reported
successful induced breeding Bfpangasius with a mixture of carp pituitary extract and HCGypta et al. (1998)
have successfully bred the same species with fisiitgrly extract alone. Mishra et al. (2001) conedca study for
induced spawning of cat fishystus cavasius by administration of ovatide.

Breeding of channel cat fish by administration ofRHA was reported Busch and Steeby (1990). Rahwgnter,
and Halder (1993) induced spawning with carp mtyitextract and human chorionic gonadotropin atdes of 8
mg and 3.000 IU per kg body weight of female, refipely. Successful induction &f. sutchi using carp pituitary
extract was also reported by Chattopadhyay and Mdeu (2002), with a initial dose of 2—3 mg/kg badgight of
fish followed by a resolving dose of 9.0 or 10.0 kggdf body weight for females. Percentage of fiedtion was
77% and 90%, and hatching rates were 87% and 3286ectively.

Chand et al.(2011) was conducted breeding expetiomePangasius sutchi from July 2008 to September 2008 in
a hatchery in West Bengal, India, using three diffié inducing agents, each injected at two diffeclrsages: carp
pituitary extract (CPE) and two synthetic hormor@saprim and Ovatide. The fertilization rate wa$®@ 91%.
Hatching took place within 34 to 36 hours from tivae of fertilization, with a hatching rate 73% 7@%. The
response to spawning with CPE was best with Ovaditte Ovaprim in terms of percentage of fertilizatibigh
hatching rate, and ease of stripping.

Breeding of catfishHorabagrus brachysoma was successfully accomplished in captive conditigriPadmaKumar
et al. (2011) as this fish popularly known as goldatfish, is an endemic species in the Westernt @bers of

peninsular India. Induced fishes responded well spalvned naturally in 8-14 h and the fertilizedselgtched in
22-29 h. Artificial fertilization by stripping waaso successful when carried out within 1-2 h efl#iency period
after hormonal manipulation. Seed rearing was ssfoly accomplished in earthen ponds. This opeunpd
opportunities for mass production of seeds of $piscies for restoration, stocking and conservatBmmsequent to
introduction of hatchery reared seeds producedhbge techniques into natural waters, the speciesvison a
comeback trail. Induced ovulation was successf@2% of the trials using ovaprim and 79% with CHEkle 1) .

Hatching percentage was also high in ovaprim indudals as compared to CPE. However, there wasnems

variability in the latency response of females eataimilar temperature regime and was observedrtge from 8—
14.30 h with ovaprim and 8-12 h with CPE.

Sarma et al.(2012) has conducted to provide e@etailformation about the embryonic and larval depeient of
Ompok pabo during December 2007 to November, 2010. Artifidadeding ofOmpok pabo (Hamilton-Buchanan)
were carried out at Goalpara College , Assam, Indiaey examined fertilized eggs till the end ofvir
developmental period to each and every stage ofyemiz and larval development.

INDUCED BREEDING OF CLIMBING PERCH

Although Anabas testudineus are believed to be ‘difficult to breed’ in laboragaonditions, reports of success with
the induced breeding of this species are also ablail though scanty (Banerjee and Prasad, 1974hn kamd
Mukhopadhay,1975a; Banerjee and Thakur, 1981 arudgdmachabaporn, 1994).

Comparative efficacy of pituitary gland and Ovapasiinducing agent was studieclarias batrachus by Basuet
al., (2000). They opined that Ovaprim yielded betesult with higher percentage of fertilization analtching.
Induction with Ovaprim yielded 80% fertilization @&fggs and 60% of their hatching, whereas inductigth
pituitary gland extract resulted in 45% fertilizatiand 25% hatching (Bastial., 2000). However, percentage of
ferlilization achieved was 73.11% and percentafgleatching was 92.06% in breeding experiments Witkaprim

in induced breeding dAnabas.
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Induced breeding of MurreChanna striatus with various inducing agents was reported by Fiaetcal. (2000).
They reported that among the different hormones ,uyaprim showed better performance in terms ghéui
fertilization rate (93%) and lower latency perid?l (hrs.). Latency period on Ovaprim induction ie thresent
experiments was comparatively lowerAnabas (10-12 hrs). A similar spawning time (10-14 hrs)swaported by
Nandeeshat al. (1990b) wherLabeo rohitawas induced bred with Ovaprim. Among the hormorteslied by
Nandeeshat al. (1993), the highest percentage of fertilization%f3vas observed in Ovaprim induced fish. The
hormonal dose of Ovaprim recommended for carp &l to 0.4 ml kg-1(Nandeeslen al., 1993). However
for Anabas as per Bhattacharyya and Homechaudhuri (2009) ehrhigher dose of 2ml kg-1 body weight was
required. Nandeesteh al. (1990b) also reported thiadbeo rohitaresponded to higher dose of Ovaprim and
presumed that this was because dopamine activitygiser in rohu. Petet al. (1986) had reviewed dopamine
activity in fish species and indicated that it mayy considerably between species. These supparingrts may
suggest that higher dopamine activity Amiabas requires higher dose of Ovaprim. Unlike the carpuifary
stimulation, both males and femalesAoBbaswere injected with Ovaprim only once in the presexperiment.
This is supported by Nandeesiaal. (1990b) who reported positive response of bottenzend femaldabeo
rohitato a single simultaneous injection of Ovaprim. #etfsingle simultaneous injection is very signific&rom
the point of view of commercial fish seed produetias it saves a considerable amount of time aoillaexcessive
handling of brood fish. Single injection of anoth&ynthetic fish hormone, ovatide (GnRHa and a dapam
antagonist) resulted in successful induction ofwgpag inHeteropneustes fossilis (Marimuthuet al., 2000). The
applicability of Linpe method on induced breedinf\mbas has not been much exploited. Haleéerl. (1991)
elucidated the efficacy of murrel GnRH (in the ‘bl method with Ca++) in inducing the spawningAofbas
testudineus. Results indicated that use of GnRH in the Linpehmoétwith Ca++ is satisfactory for induced breeding
and final maturation ofnabas. Ghoshet al. (1999) reported successful maturation and owrdabf Anabas
testudineuswhen injected by GnRH froi@hanna punctatus. The minimal effective standard dosage of 37.5
mg 100g-1 body weight was administered to the ferfiah in two instalments. An additional dose ofr@§ 100g-
1body weight of GnRH to the female fish was reciiir complete maturation and ovulation. The mak 6n the
other hard, recieved single injection of GnRH (28§ 1®0g-1body weight) at the time of second injettio the
female. According to several authors (Nandeestah, 1993; Haniffa and Sridhar, 2002), ovaprim was tiest
potent in induced breeding of fish. However, intespdf good breeding results, the present experiahaesults
indicated mortality of brooders from stress duetreatment of ovaprim containing Domperidone whicaym
decrease haemoglobin in fish blood as in mammaljatems (Bhattacharyya and Homechaudhuri , 2009).

Induced breeding experiment on climbing pevitgbas testudineus was conducted by Sarkar et al. (2005) using
synthetic hormone Wova-FH in the intensity level(of, 0.2 and 0.3 mL k§of body weight respectively. The
brooders were injected one time and left to spawthé spawning hapa in the sex ratio between nraldemale as
2:1. It was found that at all the intensity levelrimone Wova-FH could enhance the fishes to breddianeggs
whereas no breeding was observed in control set.spawning time, quantity of the brooder spawrtjlifeation
rate, hatching rate and survival rate were quadifin each set of experiment. The egg output/femas
significantly higher in 0.3 mL in comparison with10and 0.2 mL kg of body weight. The statistical analysis
showed significantR<0.05) effect between hormone dose on fertilizat@e, egg output and hatching rate. Their
experiment suggests that Wova-FH at the dose aiQ.8g* body weight of fish is more effective which migre
considered for raising captive population ( Table 1

The dosage of other synthetic hormones like Ovapnirtropical air breathing fishes has been expemted by
several authors. The doses of Ovaprim selectethfluced spawning of murrel€ijanna spp.) ranged from 0.3 to
0.6 mL kg* body weight (Haniffa, Merlin & Shaik Mohamed 2008)ngh, Ram and Singh (2002) reported
significant increase in ovulated eggs per fisltateropneustes fossilis injected at the dose of 0.2 mLk@f body
weight after ovaprim treatment. However, no repartsavailable in standardizing the doses of Wadarmost of
the freshwater food fishes. Longer latency peiimdow dose of synthetic hormone Ovatide was regbiby
Pandey, Koteeswaran and Singh (2002). The lateecipg of Ovaprim induced air breathing fishes aghl
for Channa punctatus andH. fossilis (Haniffaet al. 2000). Pandey et al.(2002) reported varied ipgasging period
between 8 and 15 h . fossilisinjected in the doses of 0.3—-1.0 mLkgf body weight of synthetic hormone
Ovatide.

Khan and Mukhopadhyay (1972)observed fecundity irapfrom 10 002 to 36 477 in size range of 99-168.m
However, Benerjee and Prasad (1974) reported thenflity of 4588-34 993 in Bihar region in the fisle range
73-182 mm per 8.4-100.2 g. The fecundity data dsmbat the Assam centre is 3812-28 490 eggs ifisieize
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range of 74-138 mm per 7-57 g (Central Inland FKFiske Research Institute workshop Report (CIFRI
1982)). Chanchal, Pandey and Nath (1978) reporiadmam 3481 to maximum 42 564 in the fish weightiga of
9.0-53.1 g. Banerjee and Thakur (1981) reportedialy of 2000—13 000 eggs in seven sets of indbbcedA.
testudineus (24.8—-40.1 g) in glass aquaria.

Kuldeep Kumar et al. (2010) conducted induced sjragviexperiments orAnabas testudineus during pre-
monsoon and monsoon months showed that the fidd beuinduced for spawning from February througlyést.
However, in spite of higher breeding response (800%) and egg production (295.7- 374.2 g-1) reedrduring
March to June, the higher larvae production (18&283.8 g-1) could be obtained only during May tdyJ Their
study revealed that Ovaprim at the rate of 1.5 gal body weight efficiently induced Anabas femaie éarly and
extended normal spawning. The period between MadyJaity has been found most suitable for inducedvajay
and spawn production of captive reared Anabas.

Anabas testudineus was induced using 0.1, 0.2, or 0.3 ml/kg body Wweigf the synthetic hormone Ovatide and
compared with fish injected with 30 mg carp pitojtaxtract (CPE) per kg body weight or 0.5 ml sal{nontrol).
Male and female brooders were injected once witidantical dose and left to spawn in tubs at arafi2:1. No
breeding occurred in the saline-injected contrehfiThere was partial spawning in the 0.1 and OvatiGe
treatments and complete spawning in fish injectéd @.3 Ovatide. Spawning and number of eggs in ifigected
with 0.3 Ovatide did not statistically differ fronesults in fish injected with CPEXp.05). They suggested that
Ovatide at 0.3 ml/kg body weight is optimal for dga&oduction of climbing perch held in captivitydanan be
used for species restoration ( Singh et al., 2012).

Growing fish in regular laboratory condition andeasing to the nature brings less viability in matuiHence it's
recommended to improve learning capacity and isa@aiability in nature by providing structured gomment
while rearing in laboratory. Practical pre-reletrséning protocol that may be applied at the hatghevel in fishes
to enhance survival ability hatchery reared fismature. Such a kind of pre-release hatchery trgipirotocol, if
applied in the restocking attempts of threatenste (as per IUCN red data book) can augment tbeessi of
conservation programs (Sheenaja,2011).

CONCLUSION

Many species of fish will not readily reproduce andertain culture conditions. Others will but mecessarily
when the farmer desires. In these cases, induofispawning can be of great value. Two techniqguescammonly
used, sometimes in conjunction with one anothee fitst is manipulation of the culture environméatmimic
some important quality in the fish’'s natural enwiment. The second is injection of hormones to dtbeu
spawning. The hormones may be natural hormones tliken fish or other animals, genetically engineefi®m
bacteria or synthetic analogs of naturally occgrtiwrmones. Methods vary from species to speciédsimation to
situation. However, at least two generalizations loa drawn. First, brooders are very vulnerabletgh handling.
Care should always be used to avoid damaging th&sable animals. Second, a fish that does not heateire
gametes will not produce viable eggs or sperm ntteambow many times it is injected with hormonegpdress is
the result of environmental factors working overesiod of time leading to maturation of the gonadd production
of viable eggs. Many procedures have been develfpedhducing fish to undergo the last steps ofvapiag.
Farmers should thoroughly research the procedurats tave been developed for their species of tisbugh
experimentation and select those that best suititbtemstances. In addition, once the fish havevsed, there are
many techniques involved in incubating and carimgthe eggs and caring for the hatched fry. Thesenust be
thoroughly researched.
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