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FOREWORD 

Brackishwater aquaculRtn has been u&r stress due to over dependence of single species the 

Tiger shrimp, Pemm monodon. 'lbe need of the hour is diversification with a species that would 

fetch good price in the domestic market and has potential to be exported. Asian seabass (Lures 

calcorifer) known as Bhetki in parts of India is one of the fast growing sturdy fish species, capable of 

withstanding wide fluctuations in environmental conditions and can be farmed in pond, cages and 

pens in the brackishwater, freshwater and marine ecosystems. The culture of Asian seabass is in 

vogue traditionally based on stocking wild seed in coastal ponds wherever it is available, and 

allowing them to grow along with other fishes and shell fishes already in ponds and harvesting after 

7-8 months duration. Througb the technology developed by CIBA for controlled breeding and seed 

production and culture demonstration, Farmers have shown keen interest in taking up the sea bass 

fanning. Interaction with farmers revealed more technocrats are required for propagation of seabass 

farming. CIBA ha$ carried out on farm trials on nursery rearing and grow out of scabass involving 

entrepreneurs and fanners. Monoculture demonstration with support of NFDB is underway in three 

different agroclimatic regions in India. 

In the above context, a ten days sponsored tra~ning course on Asian Scabass fish s ~ e d  

production and culture by NFDB, Hyderabad is being organized at this institute during 1-10'~ 

September 2009. This training programme is appropriate endeavour to fulfill the requirement of 

trained manpower in the above areas of fisheries in our country. 1 do believc that participants who 

have come from dtffercnt state will makc best use of this effort of CIBA and shall be able to extend 

and apply there experieaces in devel-nt of seabass farming in respective states. I express my 

compliments to my colleagues ia orpizing the training p r o g r a m  and I am sure that, thjs 

publication would be useful as study material for the participants in understanding the seed 

productiw and culture tcdm&gy. 

Cbenari 
1" Sapembcr 2009 
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PREFACE 

Brsckishwater Aquudturc is considered as one of the potential growth sectors in India 
owing to the vast resoraas. Pbenmwnal bwth  witnessed dur& 1980's and early 1990's was 
synonymised with fanning of T i  &imp, P e n a c ~ ~  monodon. The outbreak of uncontrollable viral 
disease like the WSSV ampled with other social, environmental and economical issues have forced 
thc farmers to look for m dtenrrtive group of aquatic organism for the sustainability of 
Brackishwater aquaculture. In this amtext, Asian seabass, Late calacriftr h w  as Bhetki in many 
parts of India and a highly relisbed M e  fkb  assumes greater significance. Efforts are being made to 
podarise farming of this value ddcd fish. Quality seed availability in adequate quantity is an 
important faaor in the developntnt of large scale fanning of Asian seabass. The technology for 
controlled breeding and seed produdon was achieved at Central Institute of Brackishwater 
Aquaculture (CIBA), Chennai for thc first time in India during 1997 and since then the technology 
has been refined, improved and has evolved as commercial techlogy and today year round seed 
production is possible. AnrmPI tninings are given to perspective entrepreneurs, fanners and 
technocrats in the seed productioa and culture of Asian seabass at CIBA. Considering the 
aquaculture potential of Asian subrss, farming and to mate  confidence amongst farmers, 
entrepreneurs and offiars of State Departments, this training programme is organized with the 
support of National Fisheries Development Board, Hydenbad for 10 days from 1-10Ih September 
2009. 

The special publication of this training programme is a compilatinr~ of information un the 
seed production and culture of Asian seabass and other related aspects important for the developrnen~ 
of aquaculture. I am overwhelmed by the spontaneous response reaived from various stakeholders 
for participating in the programme. The involvement of my colleagues, for contribution of articles 
in the field of specialization is greatly acknowledged. 

We are extremely thankful to Dr. P. Krishaniah, Chief Executive and officials of National 
F ie r i e s  Development Board, Hyderabad for taking interest in the training programme and 
sponsoring the same with financial mistance. 

D1.A.G. Ponniah, Diredor, CIBA, took keen inkrest, offered valuable guidance and 
tuggestions for the condud of this training programme. My colleagues, Dr.M. Kailasam and Dr. 
1.K. Sundaray Coconveners of this programme have helped immensely in organizing and conduct of 
this prqgnunme. Thc support rud assiamx from the technical officers and other staff from the Fish 
Culture Division and from Administration & Finance for the training proyamme is gratefully 
-ged. I hope this manual would serve as study material in providing valuable information 
MI -ass seed pduaion d caltme as well in all related aspects importaot for Brackishwag 
ultllrcliltwe development. 

A.RT,AraSo 
Course Convener 
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i PROTOCOLS & PROCEDURES FOR CONTROUD 
BREEDING OF ASIAN SEABASS LAm CALCARIFER 

Seabass (MI ~&uzfql spen& most of its p w i n g  phnse in confined waters in 
the coastal and inland artas and mqpta to s a  for maturation and spawning. .Sea is an 
environment with its characteristic feature of hq$ salinity <30 ppt, pressure, pH €8,  
low t c m p ~ t u l e  and low intensity of Lght. ?he cnvuonmcnt condtions p rcd ing  in 
the sea may be essend  for activnting the hormones responsible for reproduction. 
Matwed fish can be made to spawn undu captive concbtion, if thc sea-condttions can 
be simulated. But simulating such conditions in hatcheries hm lunitations and it is not 
possibk in d the places. However by adrninistaing e x m m u s  hormones responsible 
for ovulation and spawning tvlll be helpful to induce spawning. Many hormones Wte, 
HCG, m a p m  ot.ad&, carp piruirarv, salmon pituitary etc. arc used but in case of 
scabass brdmg., Ixuteinizii Hormone and Releasing Hormones analog (IBRHa) is 
found to be marc effective. 

l. Induccd Spawning 

Spawning is a "process of release of sexual gametes". Since sexes arc separate 
m the dzh, both male and female matured fishes have to be sclcctcd for spawning. 'fie 
f a t i h a o n  is external. 

' SeLetio. of spanem 

Matured icrmle tishes wiU have ova u.uh h e t e r  more than 450 p. MAS will 
ooze milt if the abdomen is gently pressed The gonadal condition is assessed by 
ovatian biopsy (Refa - Induced Mawation). Brood fishes selected for induction of 
spawning should be active, free from disease, wounds or injuries. Fandc fishes win be 
around 4 - 7 kgs and males d be 2 0  - 3.0 kgs. Since sea bass spawning is found to 
have iunv p c h r y ,  days of new moon or full moon or one or two days prior or after 
these days arc preferred for inducing the spawning. 

, I  Induced Spawning by Hormone Injection 

Sbe cammoniy used hormones in the finfish hatcheries for induced spawning 
are 

- LMtlnrpng Hormone Relwrtag Hornone Pnnbguc 
(A~rihrbk with SIGMA CHEMICALS - USA - 
ARGENT CHEMICAIS) 



HCG 
. . - H- Ckobww GoadoaPpktr. (AYlihbk in 

Ph.rmwy - mdiul rbops) 

Rut m thc case of anbass LHRH-a hormone is found to bc effective wth  
muurcd rcsult though other hormones can also be uscd singly or m combmanon. 

Aftcr sclecnng the gravid fishes the requirement of hormone to be injected is 
assessed. 

'Ihc dosage lnel has been standardized as LHRHa @ 60 - 70 %/kg body 
w q h t  for females and 30 - 35 &kg t x d y  waght for males. Thc hormone in the \-nl 
(nannds  1 mg) is &soh-ed in distilkd wata of known vohune (5 mI). Care should be 
taken that hormonc is thoroughly &soh.ed. Ihc wetght of the b d  fishes is assessed 
and the rcqwed homone is taken from the \?nls using a synngc. 

For cg: 

If the Img \ml a &auoh*ed m 5ml; Eoch ml will have hormone concenmtkm of 
2 0  pg. I f  the sclccted femalc fish werghs 6 kgs, at the dosage h e 1  of @ 70 ug/lrg 
b o d y  we&t, the hormone rcguvcmcat sill be 

&> fm the \id J- x 420 = 2 10 ml has to be drPMl for gxvmg injection 
-m 

For the nrrrka - if the wclght of male is 3 kg each the rcqukancnt at a dose mu of 35 
pg/kgbadywq&t\rinbe35~3= 105pg. 



The 6& b hdd h d y .  To miux the actirity, the snout portion is w v d  with 
a hood. Afiu nmooing one or two scak just below the dorsal fin - above the pectoral 
r- the s)riagc aeadlc h inserted into the muscuhr region and the hormone is 
rdminktcrrd h r t r r a n e  gently. 

Since the spawning normally occurs in the late evening hours. when the 
tempemrum is cool, hormone is injected norm* in the early hours of the day between 
0700 - 080 hours. 

Spawning tanks sue depends upon the size of the f%h sekctcd. Normally 10 - 
20 tonne capnay tanks with provision for water inlet, dwnagc, overflow provision and 
aeration is used 

Fannk senbass arc p a a l l y  lnrffr (more than 4 kg.) and the males are smaller 
(m the w e  of 2.0 - 3.0 kg). To ensure proper fcrtilrzanon normally two males are 
mnoduced for one f a n &  m the spaumg tank. 

f%f. spa- 

Fishes injected with IARH-r hormone response for spawning after 30 - 36 
hours of injection. Prior to spa- gradual swelhng of the abdomen will bc seen 
indiutmg the ovulation process. .Spawning normany occurs late in the evening hours 
1900 - 2000 hours. At the time of spawning the fisher will be moving very fast and in 
the water surfice a mdky white substmnce will be seen. There wiU be a fishy odour 
which cpn be felt few rnctcrs away. Prior to spawning activity the males md  the f e d c  
will be moving together cnrhbiung courtshp. 

Spawning .amiry in scabass coincides with lunar PQLOdlCiy. During full mom 
or new moon days, the activity is found to be in peak Hence. induced spawning io done 
damng new moon/fun moon or one or two days prior or after these days. S d n s r  has 
fugfi faambry. It is 8 promaad intamincnt spawner (relemng eggr batch by batch). 
In one qnaming dx 6sh may &PIC 1.0 - 3.0 d m  eggs. The process of spawning 
d f o h  during subuquat dap a h .  If the con- is good, both f d  and mole 
mpoad nrulring spontaneous n a n d  qmmmg and fertiLzPtion ia 
effsnrd 

Faa f̂imbion is  atanrL la nrtutPl spmming of Kabrscl in good maturity 
a o n r l i t i o q m d b e 7 0 - 9 0 . / a .  TherizeofthcfadfizedcggrwiIlbearound 



0.75 - 0.80 mm. ' I l c  fcnitaad cggr will be E h t q  cm tbc IlPbCC d d be 
t ruupuatt .  'Ik unfaubznf wiU be oprquc ind rbwty rat to  bottom. Dut to 
v r t c r ~ r o m c c i m c . e ~ e n ~ u n f a d l l p d e g g n , b r . b c l i t c t r c c a r i w ~ b e ~ a t h e  
sub-rurf.ce but w d  sink subqucndg. 

'Ihc f n t k c d  a n  be c o l l d  by any one of the folbvslg mctbods. 

Aftcr npawnin~ and fertha6un, the water level m the spawning tanks can be 
incrcascd mnd dtnvcd to overtlow through ovafk>w ourlrt. Thc eggs will be pushed by 
the water flow. k b w  the overhw p l y  a trougb covcrcd with bolnng cbth of mesh 
rizc 150 -" ZI I )  u 1s kept. 'Ihc water with the egg is A w e d  to pass through. The eggs 
arc cclUcctcd 111 thc ncxt br~lting c h ~ h  wanhed and transferred to the incubation turks. 

Since fcrtihcd eggs s i l l  be floating on the surface, a bolting n a  cloth of 150 - 
200 u mcsh sLe can In! used for collecting the eggs from the surface. Thc cloth is 
stretched ar net and towed dong thc water surface. Thc colkcted eggs after washing 
IVC msfcrrcd  to the incubation tanks. 

' f i e  wata in the spawning w k  is siphoned into s d  tank covering ulth 
collecdon net cloth through which thc water .atill be dowed to pass through. The eggs 
collcctcd in h e  net cloth arc transfazed pcrudx+ to mcubarion tanks. 

/ Incubatjoa and Hatching 

The ellgs c o k t e d  from dK spawning tank arc washed to rcmovc the debris 
that would hare adhued to and e r r n s f d  to the hatching unks €or incubntioa and 
hrtchmp;. 

Ihc hatching incubation anb a n  be 200 - 250 h upPchy c).findmconicpl 
tnnks. EgBa .rc kept @ 100 - ,W nos-/kc density. Continuous rantion is prnridbd 
T c m p c t . n u c o f 2 7 - ~ i r d a i n b k . T h e c g g r d W w t i n  17-18horasafacr 
fatifiat- undegoing depdopmcntd mgcs as f o h :  



Hatched krvPl size : 1.4 to 1.5 mm 

Afta  hatchmg thc hmac are m s f u r c d  to larval rearing tanks. 'Ihc 
unhntched/unfenitzed eggs (&ad egp)  in thc incubation tank can bc removed by 
srphoning. 'fie h e  arc scmpcd gently using scoop net and transfmcd into buckets 
of known volume. A f t a  taking random saanpk cawting dcparding upon the number 
requved to be kept in the rearing tanks, lan-re will be eansferrcd to rearing tanks. 



PINFISH BREEDING TECHNIQUES 

Successful aqunculwc @Iy depends on the avdmbibty of suftiacnt q d t y  

wcd ar the rcqwrcd time. AvnrlPbility of qunlny wed from natural sources is always 

erratic and undcpcndible. Moreover oollcctioa of wild seed wiIl depkte the n a t d  

hhcry. Almost dl of the cultivable bnckmhwater fmfishes do not breed in captivity 

cven though thcy attmin pnrtGl maturity. Hcncc it has become necessary to go for 

induced brecdtng d t h a  by reproductive h d  or en.ruonmcnd mnnrpulntion. 

A&lnl spawning was fmt achieved in Italy during 1930 in smpcd mullet. C'sc of 

hormones to induce fish to spun was started in B d  in 1932. Compared to the 

advanccmcnt madc in the breedmg and seed production of freshwater fishes, the 

techno& development in brabhwater hhes c q x a d y  in In& is far behmd and 

thia IS to some extent nrc duc to the non-availability of fadties for the development of 

captive brocdaock and lack of empase. 

Rrceden can be obtained dtha from d or from broodstock developed in 

crptirity. One of the problems f d  in induced breeding is that mukcions occur in the 

gonadal development unong i n W d  fish both in tbe wild and in bmodstock 

dm*ek>pcd in captivity. Successful i n d d  b r d q  depends upon the xkction of the 

tcapicnt fish at the propa stage of the gonrd dcwhpment. Normdy, the a t a d  

characters like fullnesr of belly, colour and serp of rarcllmg of gaucrl opening wdr as 

ptotnxjmg pinkish/&, genital prpilh, sofmog and rcaikna of the belly (in 

f#nrlea), Icwgbcss of p e c t d  6nS. prrrcna of hud rubcrdcs (in ta) ctc were 

c o n s i d d  tor h e  Kkctiw of bredas. Howma, many of theK panwtcn rpr: not 

Wtdy &k. For uumplq eahrgaPcnt of be$ a n  be due to of food 

in the intwhe and stoma& The maze nlhbk m e w  to the ummiq of 

f c a u k r o s a r b r m g u # d h ~ o v r r i m ~ ~ a ( ~ ~ ~ ~ ~ ~ k ~ f t h e o v r ~ a  
ath+attandtorrmrhrethmrrmdtrmiaoKopc Tbtmuwcmrdhiorrouod 
rhrpcmdaoadberipr Th-oprcfhmeatbirtobtdeaemrnedmddaisis 



used as m impomnt criariocr in the d d o a  of fkmaks for induced spawning. In the 

cuc of mllleq mlrtuncy is rsamined by applymg pressure on eitha side of the belly. 
In the asc of h h  in mature condbn, milt wiU be flowing through the genital opening 

on a p p b i o n  of gentle pressure. 

2.' 
3 Sexdeadadon 

Majority of sen bass in tbe size tangc of 1.5 to 3.0 kg ue males and as they 

attain n size of 3.5 to 4.0 kg, majority of them undergo sex change and bm,mc femlks. 

So, the size of the fish is commonly used for the identitication of the sexes. C)rhmie 

r e d  dimorphism is not w d  marked and sex can be determined nccuratcly only when 

they arc in matwe stage. In m a w  males, milt will be extnuirng on application of 

pressure on the abdomen. F d s  can be identititd from the compamtivcty big soft 

round be4 aith pinkish gaud pap& In fully mature fern&, eggs d be even visible 

when the abdomen iz pressed. There arc some other minor identification marks. fn 

males the snout iq sLghtly c m c d  while that of thc female is stmght. 'Ihc d c s  near 

the doaca of males arc t h ~ k r  than the scales in femaks during the spauning season. 

The Ix+ of m?les is compamri\.cl!~ slender compared to females. 

2 4. Methods of Bredrig 

There arc three methods by which femLzed elp~s are obtained and eeed 

producdon is done. They nrc artificial fcrtiluation by striping of mature females and 

males, mduced btccdmg by r e p r o d h e  hormone admirustration and breeding by 

ea~ironrnentll manpulption. 

In thts mahod spawnera are obtained from arJd during the natural breeding 

season In sarbou braedtng is related to hmnr cydc. Agm breeding occurs before 

mdmght during hrgh tide. Eventhough the b h  breeds both during (& new moon and 

hJ1 mom phws, qrdtny of q g s  nclcPIcd during full moon phnrre k better and the 

number of eggr rritued rbo will be more Fishu cwgPt during full mooa and new 

mom phrrra and duamg tide uc exnmiaed for matutity. Both mnler and fe& 

thrt m in oozing strgc mn be nnpad md f a t i l i d  s d a d y .  In oozing funaka the 

dhmaaofdvegg~tri lbeuaund0.7to0.8mmwitb~dgbbuk T h c e g g s d  

bc.Imanamrp.rrem. ' I b c * ~ ~ & , d b e r c o # a a g ~ w h a c a s u n r i p e e g ~ r  
* 



For curp hnndlmg the seltard f a d e s  and mmks am ~ r h e t i z c d .  Eggs and 

rmlt PIC st@ info n dry cken tray and mucd thorou&Iy with a f a r h a .  Af ta  1 - 2 

m u t e r .  fresh dtnn seawater of .nhnrty around 30 ppt m d a d  so that nil eggs are just 

kept fkjntmg; and mued wen for 2 - 3 minuten. Then the arc washed 3 to 4 tima 

r t a q  a stram to remove dl mucw and other wucr. T h d u  the fatjlizcd eggs arc 

dastmbuted to ~ncubrtLon tanks. 

4.2 Environmentid manipulation 

'IhLi technique is u s d y  fobwed in b r c d t o d r  developed in cmptkity. About 

a month pric~r to the spawning season the mature f a d e s  and males are transformed to 

spawning tanh at a &nsity of 1 kg/m' The smIinity of the broodstock tank and 

spawning tank should be same. After 2 to 3 days when the fbh got acclimatized to the 

spawning tmnk conbrions. the salinity of the water is reduced to around 24 ppt. ' n e  

fisher are mmintaincd in thia condition for about a week and then the salinity is 

pdumlly incrcmwd to 30 to 32 ppt by duly umcr exchange over a p e d  of 10 days. 

1hs incrcnsing of salwuty simulates the condition similar to that of the migration of the 

fish from k>w rulinc feeding ground in the bnckishwuer to the hlgh srrline spaa?ling 

gmund in the sea and stimulates br6admg. 

On the ensuing full moon/nea. moon &y, the mmta k l  is reduced to about 

.U) cm during noon rime and allow the water temperature to go up to above 30°C. By 

dusk frcsh sea water is added to the spawnmg mnk to sirnulate the rnutng tidt 

condrdcms and simuftnneoust)- watu tempurtrnc Pbo ddkes to around P C .  The 

6th that is in nght stage and good condrtion will spawn in the m e  q h t  or duPng the 

second tught. The fish would continue to apawn for 3- 5 days .frtr the first s p a k g  

provided the cnubonmcntil k o r s  remain con&. Scsbass being an inttrmitcent 

spawner eggs in brtchcs, the sane spiwna will continue to spawn during M 
mocw or new moon for the nut 4-5 months. The firh that h.vc not spawned a n  be 

s u b j j  to induced spawning by honnone rdmarahrcum. . .  . 



Sakss docs not spswn in tbe tanks narmrllg. Admaisttmdon of 

rqnductive b o n e s  becomet ncassuy for inducing them to spawn. H u m  

choliwic Gomdompm (HCG), Pubaogen, Prcgnyl and Luteinzing hormone - 
tckmag honmroc ahlogue (LHRH-A) arc the main rctLbk synthac hormones that 

uc used fot induced brrading. 

'Ihe fishes that have to be induced are transferred from broodstock tanks to 

prc-spnammg tank 2 months before the breeding season. These fishes arc checked at 

fortnrghtly intend$ to assess the matunty condition. I h e  maturity of females arc 

examined by t h g  out a s m p k  of the eggs using a polyethylene canuh of 1.2 mm 

dmmeter. To moid my handhng stress, the fish is anaesthetized before the c g ~ s  sample 

is taken. Chhemise the head of the fish is inscncd to a loose perforated plastic hood. 

I l e  hood udl extend upto the middle of the b d y .  I h e  fish is kept upside down 

keeping the h a d  m water and the canuh LS mserted into thc oviduct. Sincc scabass 

rrknses 3-4 batches of eggs during the spa\~rmng pnxess at defrnitr inten-als, it is dear 

that ail the eggs in the ovary a4l not be in the same stage of maturity. Sincc the eggs in 

the postaor end of the ovnry will get re1cn.d first they wLU be in a more advanced 

stagc of maturity compared to the eggs m the anterior regon. Hence it is csscntd that 

the eggs in the posterior end rue sampled w.Me examining the maturity condition by 

inserting the can& for a dutance of 3-4 cm from the dc)aca. ?he 0th- end of the 

canula is held in the mouth of the operator and the eggs are aspirated into the tube by 

the operator. When the eggs enters the cannca, the cannea is slowly withdrawn and 

empty the eggs slowly by the operator to a clear pem dssh containing clean seawater 

and the diameter of the elpgr arc measured under a microscope using an ocular 

micronma. Mature eggs get a n a d  around oncc it is aansfuted to n pem dish 

ha- wata. Fanrles that are h m q  cggrr of 0.4-0.5 mm average diameter can be 

honnme trcmtmcnt for induced breeding. hfah  with oozing milt are taken for 

braedmg. 

At C m d  Institwe of BcscJdxwatci A-e, Chennni, D S  - GLY 10 

(D-ALA 6) UJTEINIZING HORMONE RELEASING HORMONE 
ETHYLMlIDE ACETATE SALT (W.IRH-A) hormone i a  ured for the induced 
b m d m g o f s u b m .  BtacdmghMKm9ybupoaaeorrmoonorMrnmdnys.  
F d d m r k b r r c d a r . a s d e c a a d i n t h c r P t i o 1 ~ m t h s ~ t M k s a n d  



trurrlimbd to the hatchery. lhar taal lcngttr .ad waght ate raxmicd and J#, 

ucabared thet duy am m good heal& cocdraw. LHRH-a a dmahared to f a d e s  

d m J L Y @ b C ) - 7 0 u g / L g b o d y + t . n d 3 Q - 4 0 + L g b o d g a r e i g h t ~  

utd transfated to du .prwmng tmnk. W.ta d m t y  30 - 32 ppt was famd to be 

apamwn for rpntunmg. Ihe braeden should be frac from dtm&mas iiLC excess 

nome nnd hwnnn movrmena. Tbcy warn after 30 - 36 ha of hormone 

ndmwstratlrtn -Ihc spawnmg may contmuc for a week rrkrsmg 3 - 4 batches of eggs. 



Asian Seo bass (Ldrr aahq%) known as Bhetki in many pans of Indin is an 
irnportnnt food fish. Though it farms nc&pbk in perch fishery in c o m m e d  catches, 
it is lughty suitable for farming. Sen bass is an euryhalinc species capable of 
uithsmding wide dmity fluctuations. It is a utadromous fish mqpting t o w d s  sca 
for bruding. Seabass is and* distributed in the tropical Indo-pacific regon. I t  is a 
fast growing fish and suitabk for culture both in cesrmm ponds and in cage systan. 

Taxortomy 
P h + u t ~ -  
Sub-phylum 
C h s  - 

Sub-class 
Chder 
Family 
Genus 
Species 

Vernacular names 
Chordata ' I ' d  - Koduva 

Ycrtcbmta hiplngnlam - Kaalmnji 
P~sces Norimeen 

Teleoste~~ Tclup  - I'nndu kappa 
I'crc~formes hlarath~ - I~tada 
C m t r o p o h e  Ben& - Bhctki 
bff~ 
IACJ coIc~/.r @loch) 

Litc History 

Seabass though spends the growing phzsc in shallow water bodics like estuaries, 
badiwaters and freshwater. it rmgntes to sea in the reproductive phatw. ,Scabass 
spawns in the sea not far away from the shores but of about 20-30 kms. The newly 
hatched Inn-ae are dnfted mto coastal waters and men en ta  fresh water areas through 
watu currents. Post h * a e  transported passively through tidal currents and enta into 
coasd swamps and k h  water bodus. ?hey stay in this productive and safer 
environment and onnia rapd growth. Scabass spends most of its growing period undu 
t h e  con-. Adult Gsh rmgnte towards tfic mouth of the river from adjacent 
ue+r into the sea belt when dmxty is hq$ which favour sexual maturation and 

-. 



Migration Pattern of Lrta a h r i f c ~  (BLOCH) 

Food and feeding habits 

SCabasn is carnivorous in nature. HOWCVCI. jweniles arc omnivores. Scabus is 
an opportunistic predntor, whose diet changes at &fcrent ages of various size group. It 
feeds mainly on zooplankton in early stages and as they grow changes to feeding on 
young 6shcs and shnmps. They show preference for pelPgrc fish rather than benthic 
crustaceans as the prey is large. However, juvenile scabass erca consume s m a k  size 
of mabass of the same nge p u p  as h o l e  and um cause reduction in the sunn~al rate. 

BREEDING BIOLOGY 

In scabass, scxcs ue -ante. But it is d i f W t  to drstquish ertcmdly. 
However, the following Merences c o d  be made. Scabass of the same ~ g c  group, 
nuLs arc p e d y  smaller (2-3 kg) and arith more sknder and nnrrowtr body depth 
thm fermrlerp. During the spraming sclson, the milt can be o b d  i t  the gcnttal 
o p a h g  if sLgbt pressure is applied on the abdomen of the mature d. The f d  
( m w  than 3 kg) a n  be recognized fnan tbe big soft round bcPy witb the rcd-pmk 
prplllr exPudrng out at the urogaunl qcrmrc. If the fanak has a fully ripe a the 
egg will be risible ahen the ibBomtn is strongly p m m u d  by hand Mature f a d e s  
cm be examined duo* bi6y b. 



in the a d y  Me stages (2.0 - 3.5 kg bdy *t) majority of the seabass me 
& but d m  thq attain the body w d t  of 4 kg m d  above, mapnty become 
fa&. Serbrss is sexually protcwadrous hennaphrodfte h h .  Even though, many 
htamxc sates that S d n s s  mature at the age of thm, rnaturaaon of cnptive stock ass 
notifad even at the .gc of two. 

Appenrance of folbck tissues in ovary is the first stage for development of 
go& tissue in fanale. .4s, gonad develop, the gonadopore or genital opening 
become sisibk just bdow the and pore. G d  development is extremely rapid, 
ovulntion of eggs lads to belly enlargement just before spawning in femalc. 'Ihc 
gonads of s&s arc strongly dimorphic and Rize of gonad vnries on ddfemt size 
groups. Usually, the oocyta in the posterior end of the ovary are larger in size than 
ooqzes of antcrior +o indicating that the pnwss of ov~non development is a 
continuous one and spawning process is mulupk. 

Scabacs cultured in krol saline pond water and can mature after annsfcrring 
than in to seawater with 30 ppt s h t y .  S h t y  is a key factor, essenunlly required for 
matuntion. 

h i a h  attain maturity at  thc size of 25 cm totnl length. When the h h  are 3-5 
years old (56-65 crn in t o d  length) fully mature d c s  can be recognued. The tcstcs of 
mnk seabnss were first become distqpshnble macnscopudy by the appearance of 
h w s  in thcir ventral surface at which time they ate semi-transparent, ~ v n p  or breed 
k c ,  veq thm, and o f t a  bordered by fat. 

Mak pvacrpnte in spawning several times before changing into f e d e s .  Male 
cum into f d  *era& when they arc 65-85 cm in total h g t h  and about 5.0 kg 
wqght in Indm and Tb.iknd Howcver, in A d ,  the mPlc become femnlcs when 
they .a 82-100 an in length and about 7.0 kg w+t. In a fuI)y mature fern.de, the 
damevr of oocpc u d l y  nraged b 4 5 0 - 5 3 0  pm. 

?.?- 



Arrnn*cPbusarEutgrcnwmg6sh. N o r a d y m & e t i r s t p n r ~ l f x t a r o u l d  
a t m  0.8 - 1 0 kg and m tk aecond year n attams size u p  20 kg. l s g e  size d n s s  
even upto 6.0 k p  arc cayTht from the cstuancs ud m s h a e  waters by d 
fuhcnnan matnty wmg hook and h e .  The growth of s c d m s  depends upon the 
dcnnty, thc abundance of the feed m the envuomnmt etc. Howcva, under culture 
con&aon. wtdc v m m s  have b m  observed m the growth of scabass. Ehen though 
s m c  suc g~r~up wcd due to the n a d  &ffercnd growth rs m the first year n self. 
furher from 0 40 kg to 4.0 kg were h e s t  ~ndvmng potcntd of seatnss growth 

Tabk 1 : S t q m  of paadd development in Stabma Lutes cakan'fm 



4 HORMONAL CONTROL OF REPRODUCTION IN 

FISHES 
J.kSmduay, ART. h u  a d  M. RnilPnam 

Reproducaon in fish, as in o thu  varebrntcs is ngulnted by hormones from 
brain, pituitary and gonads. Hormones originating in sources o t h u  than these may help 
in some cnsor but their inflwnce is not obhgatory. In general reproduction in tish is 

ml, startmg h the reaudesccnce of gonad to tind mahuntion usually occurs in 
pnmcuh time of a y t ~ f .  E n h e  cycle therefore closely cornsponds to the seasonal 
gonadal cyck. Two environmental factors, temperature and p h o t o p e d ,  plnys a major 
mk in the r e k  and funaion of honnona. 

It is now known t h t  these environmental cues mediate their effect via release 
of GaRH (gonsdcnqhin rrkPgng hormane), which reaches the pituitary b u g h  
pord circuhtioa arben it binds goandoaph  en membrane receptor and cwre GtH 
( p d o t q b i n )  mro cimrlntion. GtH then travels through the circulation and 
rrwfvs ovrrg or & where it occupitr rpcah. recepaor in the ceSl manbmne of dreca 
d gt~~Ut)fC cdb of o v q  or lcgdrg ccll of testis rcauhq stim- of steroid 
b o m m e r ~ m r h w c o d k V ~ k i a & o f r t c s a i d h o m r o a t r f E o m g w u d ,  
~drvebpncoSgrroatbdfirrPlmatur~6onofgcnncdbmd~t~tructothe 
extaiaaquaticm#lbm&tbrpaocerrofhrtilizrtioa 



s$cmlito~pcnas, tr .n oltendad pmcus of d d f k n t n d ~ ~ ~  .136 mwumaao of 
gcnn ctlb marlung m hrpknd spanutozoa. Thc pnncipJ racdi for Percebnbc 
n p m m t ~ n *  are thcwgbt to bc pmtuaq lplapdoaoprns and admgcm. The 
mcehan~mr of actwm of t h e  hr~mruno r rMw unrlcwdvd. In dm.atcd Jqmncsc ed, 
type A and n r l y  type H .pcrrnrrtue;orurr arc: thc c n J y  cclb p-t m tbc tcst~~. 

'Ihey arc p m t w c  y ~ q m  that have not begun to prohfaatc. .atoh and L q d r g  
c e h  arc r l r v r  p w d y  dcvekpcd A & m p w m  of hrnnnn chorronw gondoaopm 
(HCC;) lnduceu drvektpment of muum rpcnn Mthrn 18 days. Chc day afta an HCC; 
mpctutn. try+ and Scnnh ceh bccomc mark.+ .cave. Three &ys a k r  treatment, 
r p e m u t r ~ n m  b c p  mtorw prc~hfnoaon and &re r ~ p c  H spamntopma appear. 
I~oIk~wng rpproxmately 10 mtotr dmaiont, 
Spcrmattqtra wrth r)nnptcmed compk.xcr h t  appear m testes 12 days after HCC; 
ur)ccar*n. Spcrmatdr and rpemutotoa arc &served whm 1 8 drys. 

(:uJturc of tesnculpr fhgmena m medm c c m w  HCG mduccd the cnme 
proccsaof- w t h  24 
dnyu (Mturn rt .I, 1991~). Thu HCC; rnduced s p c r m n t ~ c m  was a c c o r n p d  by a 

wtkcd ~tn-arum of .Senoh and i q d r g  cells ahrch occurred ptlor to the onset of 
~ p c r t n ~ t c ~ ~ n ~ ~ l  pmhfumtxm. Furthennore, ad* of HCG to culture medm 
cc~ntammg tcttwular hipnmtn rndwed a marked, rnpld mcrenst m 1 1  kctotestosterone 
(11-KI'), but not testosterone. producprm. I h c  enzymes (ll&hydroxyhe, 11& 
hydmxyarcmd dchyckopue whKh oonvm testosterone to 11-KT) rcsponslbk for 
rynthcaur of 11 -KT' hare bcar h c d  and sequenced m many tishes and the Northern 
blorung mdym rev& thrt nnthu 1 l~hydroxybuu nor 11fLHSD mRN.4 trmscnpts 
were prcscnr m tmta  before HCG ucrmKnt but both v u c  abundant m testa 1 day 
rftcr HCC; t m m m t .  It has becn d e n t  that 11-KT can mdwe d nt.ges of 
npumatoffrrcrus ta nfm wthm 21 days (hhurr, ct d. 1991b). Taken together, these 
rcaultr a w r r  hormOnri of m eel tastes & 
-of 1qdmg cclk to ptoduce 11-KT then actmaten 
.Satoh afb lndtng to &c compkaon of spennatqpesm. 

.4 bckra sluft in the staudogauc pathany from 11-ICT to 17% ZO& 
d i h y d m x ) . - 4 - p ~ a - 3 s n c  (17% W D P )  to occur in rfK testes of KIfcnl 
. p c c # i o f ~ t f i s h u o u a d I t a u ~ ~ o f r p e r m r l l t i o l r . T b e K d r \ r s ~ a t t h r t . ~  
-30&Dr p h p  a rok ia ttte pro- of t b l  asricubx or in soax 

t k t  ti&. L~singdifiircnttuticukprrpvrtioasarcrhoacdth.tchcrslcof 17-208 
DP prrwfuctioa is rpens . . 

~ W k h a r h i F h p p r o d u o b d ~ t a t i a r h t ~ o d k r r o Q  
chc inlLmrr of 



. . 
SDgrrmaon. which is a prerequisite step for successful fertilization. p c r n l l y  

occurs in tekosts immedmtcly bcforeor. single injection of 
&on gonadornopin to non-spami4ting salmon induced preaxious spermintion 1-2 
months ptior to the normal spurmntion pamd, concomitant ~ 4 t h  a marked increase in 
plasma kvcls of 17% ZWDP. Two succcssn~e injections of 17a. 20$-DPcawed 
precocious spermintion. Neither testosterone nor 11-KT was effective. 'ficsc results 
provide mxleoce to s w s t  that 1 7 q  NFDP is a tesacular atnoibrl mahator of 
gonadotropin-induced spcnniation in salmonid fishes. 

Endocrine regulation of vitebgemaia d w a  maturation 

Ooqtes of tckost Gshes. Wrc those of other n o n m a m m h  vencbrates, grow 
a+& arrested in the fast mciotic prophase. The principal event for the 
enormow growth of -, vitcllogenesis, involves the squesmtion and 
podugplg of a hcpancdy derived plasma precursor, into yolk protein. 'fie 
ptood of o q ~ e  growth is fohwed by maturation whuh occum prior to ovulation and 
is 1 prerequisite for successful ftrrilization. Oocytc matutntion its defined as the 
rrinirineion and c o m p k n  of the first meiotic division and subacqumt progression to 
metapbe 11. 

Two goruda~opk, FSH-tike GTH-I and 1.H-tike GTH-11. have been 
ch.naatted fnnn sevcml speck  of otltost 6sh by either protein puritication or 
sub& cDNA dontng. GTH-I .pperrr to be involved in the process of 
~ q i l l / ~ t ~  wherean GTH-II is mrponriblc for oocyre mmuation 
nad c R u h b o n / q x c o n .  The abdq of goadovopins to moduhte goaPdnl hrnction 
dcpaxis not only oo amthrmg krrk of ~ o a u p i r u ,  but abo on the expsion of 
thtqrpopdrurrrupe~lrm*gaud 



(N.grhotnr. .nd Abchr, 1985). P m h a m  of both d bommm fdDDIR 8 dPUSY 
~ u c r U ~ m O d d m w h v h L 1 K p m ~ 1 0 ~ n s l C K n d l p r o c t u c a d m t h t c & c d b r g a n  
c m v d  to er&l-I?fl and 174  WDP. -+, IO d~ Lya 
OC;rprvr: a d. 1982) I:srrdPI-l?p rr m u  t& hqnac synchems .ad rsaraw of 
v~clhgmm. A dnmr;tw nmch m thc rtcn3dagcnr pathway fnnn atrdd- 17s to 1 7 4  
2[@-f)P pnxiuctron c x m m  m u v w n  f o k k  cells rmmedrrteh pbor to o<rcytc 
matumtwm. l l w  m t c h .  a prerap~cc  for the p w q  cxq te  to cnta thc mmramm 
phur. reyuver a cwnpkx, mtqprted ncnvc>rk of gmc r+txn~ mvdvrng cell- 
spcafruy. hmmonnl replanon, md drvcbpmental pattmmg. To know the detail 
nctwcd of r t c n ~ d  bmynthcsa m t k  enuds stclro+nw cnqmcs have been aobrttd 
and chanctt-r~zaunn of the genes cnccximg the s t a r 3 d u f f n r c .  cnzymca lcsponslbL for 
cutrad~>l 17 0 and 17-P bunynthcnsl have bacn cmapkted m several  6n bhes 

In r ~ m h ~ w  tn~ut. mRNA h c b  of P450Ks. 3&HSD. and 1'45(k17 arc barely 
Jctcctabk m ovarun fr>ltrkr dunq thc rndwtdk prc  stage. but k o m e  abundrnt m 
prrtvrtclkwn~ and m a m r q  fc~lbclm. In cocrtrant tn w v e d  n l k r  tckoet specrs, only 
onc lB45(kr<nn annsmpt and protern have ban aohted from akprn (Chmg et d, 
197) Hoth 1'450uom mRNA and prutun k c b  arc Low m c d y  oltelbgcnr f o k l a ,  
mcrcaw m r n r d \ ~ f e k q p ~  f o n ~ k n ,  and k h n c  to non-detcctnbk kvck m 
pnnwctrlk~enr folhcks. ( : h a n ~ s  m folhculu convmaonn of exogenous tcstostaone 
to c* tnmn (I C. anmatsac m 1 t y )  curtchtc wth P45horn  mRNA and pmtcm h e l s  
mdrcanng that camdrol- 17$ rynthcau m related to P450ruom expression wthm 
fc~U~cks. =DNA c h m  cnccximg 2f$-hydrox!~tcrod dehy- (-WHSD) a vunl 
m n m c  frtr ccmversvm af  17a-hydroxyprogcsteronc to 1 7 m - P  have b a n  isolated 
fmnl many Fhhcr and its aprtlwon has been obsen-cd dunng ooc!.tt mawatMn stage. 

Recent urvcntiganona of h o r m c d  contrul of tckost gameqcncsu, have 
prrwdcd n p ~ f x a n t  u r s e t  mto the mechinrsms c o n u o h g  gnmetogmtgls ~~ 
sundtmeousi). dcntlfymg c r u d  M.S of future r d  in the area of pnadotropm 
cr>ntml of p c t ~ n s m .  

Chang ct 11.. 1997. Molccuhr ck>* of estrogen teceptor a and $ in the ovary of a 
trkont h h ,  the tilrpm (0- -). ZoologKol .Sacncc. 16: 653-658 

hppwa et d. 1982 F-jrtrdiol 178 production in urugo salmon (O@& dm&m) 
ot-anrm follidts: rok of t b d  .ad granubrc d l  Gcnd nnd Compative 
1.lndocnnok~. 47:440.448 

Mwr ct 3, 1 9 9 1 ~  Hurnm cbodmuc gonulouvpm duwr,  9 mgcr of 
spcnnamgcncsic u rirn in the mrk J.p.nae d wm). D e P c h p a d  
Blow. 1W. 256-262 

h(Nna.L.199lb. H d ~ i . ~ o f . U s a g e r o f r p e n n t a o g c P a i r m r r m k  
J.pureat ed (.--). Proc N d  A d  Shca~. USA 88: 5774-5?78 



GENETICS AND FISH STOCK IMPROVEMENT 

In plants and uimak, appiicabn of p c d c  principks such as sdcccion, 

hybndiuhn etc hrd amtributed slgnrticpntfy in incnnsing production capability, 

surmvnl rate, p w t h  and in quality mrprovemcnt of the ptoduct. But in aquatic spcdcs, 
the application of p e r k s  is in infant smge and has been restricted to areas Like ploidy 
manipulation sex manipulations etc, owing to mernl difficulties. Aquanc nnimals stil l  

offer a great potentlll for improt-anent through gcnetK  manipulation^ because of the 

qulkaes vir. external fcrtiluation b h  fecundity etc. 

For the stock improrunent programmes of fishes. there can be two 

approaches, a-hich on their own or in combmaticm , can bring about huge economic 

guns in aquaculture. One is the traditional quantitafiz-c genetic appmach and the other 

is the mokcuhr genetic approach of relatively recent otigm. 

The basic tool of the bradex in the quantitative genetic approach is the 

xkction of brood fishes b d  on the relative genetic merit The expected genetic g i n  

through sdcaion depends upon the haitnbility, additive genetic variance and intensity 

of &&on. So for the cf f~ t ive  implanentneion of any ~ k c t i o n  scheme in a breeding 

progwnme, there is a need to estimate the genetic parameten Uce haitability of the 

traits under selection and genetic conzlntions among the traits undu s e k c h .  Asian 

SCP bas, Lolr~ cak~woffers  a good scope for improvement through selection, because 

of the huge vambil~ty m growth rate within the same population. The preliminary 

studies on the p n i c  pu~nwtas showed a positive a m d  and medium to !ugh 

vuhbibq for body w@t at cmrly stages of Me. 

In any gcnaic/stock i m ~ c a x n t  progr~m it is neccsrnry to breed the 

&re speck rrafiallng under ccmtrolkd umditiow. The ntcutll~ of induced 
broadnrg of pmed tbc way for rrreorch on genetic ~ o v e m e n t  of &ha. S h p k  

i o t r r r p e a t i E r o d i n m g a K E i c ~  . .  . 
vae Qne to produce nnd d t c  the 

f i s h r d w i e f u l ~ f o r ~ H ~ L c m c o f t k m e t f i o d r u r o d f o r  
cambinhngdoiabkerioofKkctrdrpeciaaah~~daaoluaPnngnhtgfi 



kvel of lxmpddq . . anwngfirhr.Fuha~dirrinctmapbroblpcrlch.aacn#wr 
am Rlltrbk for h p b h t u n u .  Muurc mtarpccrfic d intagmak trpbridr aould be 

nuked to praduce F1 progeny or b.clcma and apk crcm hybndr. Growth exhibncd 
b y  mcnt h y b d u e  mtmn#l. tc ,~c.  bcnathm duhgmwqpnrcn tumthccrsc  

of mtnrrgrohc hybnd uo*m Hwcva. i t  u ncccanrg to prrvart d m a m m n r c  

hybdtutwm. 

(:hmmrrmme mampulat.~n an a ttwl to unprme gmeac s t a m  of fish under 

captn-e cc>nclt~tm Succcsn was achlcvcd m carps. Sunrhrly ~t a possabk to achm*e 

lrwh norocan m scm bann n a h  pc~ss~bk. The spcnnn were urulmtcd so as to destroy the 

mak gmct~c mtcnd and thr-ur sperms wcrc d t o  f&e the cggs uld lnducc the 

Jcl.ckqwncnt of thc cpg kip, temperature shack or c h d  trcatmrnt or pressure 

the dmchpmcnt of the ccU u LGll~ptcd and thus 2n number of dvonvnome IS 

rcnrorcd. Such e m  arc &,wed to &clop and produce progeny haw the gcneac 

matcml for thc fern& cmly. ,Sunhly .  androganc d can nbo be produced. H a e  

the gcncac m a t e d  of the eggn arc dcsvgcd by V. lttodrnaon or some sutulnr 

rnrthrds. I h c  trrdrntcd em am dbwcd to be f e d z e d  by mtact sperms and thus the 

gcncac m a t m l  comes h m  the mak. .4s m the g)nopcs le  , the cell wd formawn IS 

arrested bv the ph~.arcal means and thus +bid con* w restored. Tqlods u 
another cc~ndracm that can bc m d d  tn fishes. Thpm u an example of t h ~ ~  . The 

rnpknd m d d u a l s  show bcna growth m c e  they u e  sterile. This approach helps m 

unurnted r e p r o d m  m p a .  out ponds. Current research m chromosomd 

mnnlpulnaan m f h r h m  a mfnxnal. HOWCI~CT, at offcrs bma future m aquaculture. 

Idenuficntion and metic c h . ~ ~ c t a k t i o n  of anld and hatchery populnaons arc 
impomnt since broodstock with good genetic btdrgrorrnd is ncccrury for a wccclrrful 

brctdnrg pmgrun. Tbe knowidge from such inrcsligrtioas a n  be used in opamitrng 
md suswnmg ydd, stock m r r u g a ~ n t  and wmcmatbn of gcnctic dmnuty. Fnbes 

a n  be e d y  characttriad at molauht leveb ur-ing mo&m nchnrquer such w RFLP, 
RAPD. T b e ~  appmdcs mplirr spcufk r e d d m  enzymes and prhacrr Such wo&s 

ur initiated in CIBA to churctcri# la bass. 



Gene m;.ppiag is done for kuAh60n and fuactiod chuactaization of 

ecommwrlly impomnt aait g a ~ s  that d improve the beeding programme through 

mcrrlta Pustad adaxion. nK work iuvoh*a isohtion .ad drodopmcnt of tughly 
p o ~ r p h ~  type DNA markers and subsequently &~elopment of a gem& lin+ 
map for the fishes. The long term objective is to idenafy trait n . . d  p a  such ns 

dibcPse resistance and body growth. DNA 6ngcr printing can be uscd in this approach 

to &tamioe DNA prohlcs of &tad unselcctad and control srcnrks used in sclecth~e 

breeding programme. T ~ I S  tcchmqucs can be uscd as ficnetic taggmg for breeding 

P'Ognmm-. 

Tfus is one of the tahruqucs to conserve the endangered species. However it is 

used to consen-e the gt.rrnplnsm of the desired species. Consmction of hmne library is 

one of thc means to store all the genetic m a t e d  form which e n e s  of intaest can be 

isolated for future use. Sxnilarly. cDNA libraries can be also constructed to isolate the 

genes that are expressed by the animals. .\part from this the milt of the ftsh can be also 

-ed to be used later stage for brcedtng programs. High qunkty male sperms can also be 

used for cryopresavation that can be of great help in producing hq+ quality fries. 

Transgenic fish: 

Transguw h h  is defined as a ftsh where foreign genes are introduced. This 

modern tcchruquc is used in plants and lugher an~mals.  The same tcchzuque has also 

been used in fishes with success. Thou& it is a sophisticated approach it is possible to 

use this t echruq~~ in fishes. Various inbornmrics have produced transgmk hshes. itzg 
these tKhruqucs it is possible to develop fishes Mth desired economic charaacdaticr 

such as taste, feed conversion e f b c y ,  growth and disease resistance. The s u c c a ~  o f  

introducnrg the genes of mtaest into the nnrrml so that it is passed on to the offspring 

is only about 2 puctnt it is wonh the attempo owing to its economic importance. 



Sekctjcm of rmportant rt.its wcb .r cfLaK rrrirtutcc d growth fior 

ukcaul mdws. 

Appbcarxm of rnokcuh mrkcrs d gcnttic t- for b* 

Fv!P-- 

I'cnang and Julsrrmnnutm of d r>utputs to o d  users. 



CRYOPRESaRVATION OF SPERMATOZOA OF 

A S U N S ~ B A S S L t k s G Z ~ ~  

C r y o p r m t i o n  is the brancb of biology that dcrls with the preiimmtion of 

hvmg tissues / ~ t e s / a n b r y o s  in ultra cold tcmpemturc (-196 " C) .  A t  this 

trmpetnnuc, the metaboh activities of the celk are arrested but they remain viabk. 

Thert n o d  fimcdons can bc reactivated after proper thawing. 'lhe advnnty~cs and 

uses of cryopesenmion of spermatozoa in tish bmdmg nt: 

1. For the short term stoxage of d t  in hatcheries to overccrme problems 

hke asynchromtion in maturation and for thc selective we of 

spawners. 

2. Shlppmg of spermatozoa. Milt can be cryopresaved and ewrfifcrred to 

other p k e s  for propagation through nrtitiuPl methods. 

3. In genetic stu&s: 

a) To cope aith the p e t i c  problems Lke in brccdmg associated 

with s m d  populations. Cqoprauved milt collected fiom many 

d e s  in pretious generations can be used to improve the 

effective population size. The cryopreacrved milt guarantees at 

lest  50% of genetic exchange thaeby avoiding the deleterious 

effects of m braedmg. 

b) For the production of inam specific and inter specific hybrids. 

c) Makes it plribk to store milt for an indefinite pumd. 



THE PRlNC1Pl.E AND PROCESS OF CRYOPRESERVATION 

. . 
Crya prescrvstxm rr b a d  on the pnnapk of and involves thrac 

basw steps: frcnmg, st- d t h g .  D w q  aocmd ( dmt a, witbout the 

adJI~cxi of a c r y c ~ m t c c ~ ~ ~ t  ) several phpnco- chantcat chnngcr take pbce w ~ h m  the 

ccU and tta murmdmg area. ' I h e  plasm mnnbtanc drat surrounds the cell p 
nffectcd by ccdd n h d .  IInrxu rncmbrauc consists of bgd protem br layer and ccmtxok 

thc rranrrptm of manboltten and wms. l q r d  rcmams m ltqud state at n o d  

tcmpcranuc At knw t cqcmturc  Iqnd. ~ t s  frozen a h r h  affects thc pcnnwbihty and 

n t ~ u r a l  urtc7plry of  the membrane. lnraJty r e  aystnl formatm occurs m the extra 

ccllular rnecjuun d w  to frrrunp;. As n rrsult, the c x m  cellulnr m e d m  becomes 

Iivpcrtr~nrc t o  thc ccn. '1'0 mammn thc osmorrc balance. the mtraccllulu watn comes 

out kdmg 10 fcductx~n m the ten& vo~ume. I h c r  c h g c s  cause m a h a n d  

damagc to thc ccUa I t  IS noted that the rempemwe rwgr k c e n  0 to -40 " C a most 

cnrlcnl d m g  frcerlng nmcc most c>f the cryo m~~ cnlrrs phrcc m thls temperature 

rangc. 

I>unng thc prcxcss of cryloprmm.awn, under gradual dccrcaslng temperature, 

watcr frcctra out of the ~ ~ l u n o n  and fr~rrnr KC crystals und the attmmcnt of the 

r u t e c t ~  ymt. 'lhc super ccxthng w h ~ h  IS dcfined as the abhty of the hqud to cool 

wvcrd dcpccn bck~w r tn  cwn free- pomt, yet r d  remm m 4d state. T ~ I S  IS an 

unntat~k xtrtc that often r e n d 5  m spontanmus free- and f o r n o o n  of Lrge 
mctrmcnphrc structures of x e  cryst& that may then puncture drc ccll mcmbrme and 

d m t ~ ~ y  the c c b  'Ihc fluxmg acrnmcs may be connolkd to an extent durtng coohng 

prtmdurc. 'Ihc prrxers of npcmweous free- is referred to as nuckaoon. To prevent 

the f c~ rmron  of tee cqatnln. cells should be dehydmted as much as possibk; however 

dchydrrt~m p m s n  only suns foIlowmg nuclcatmn. Secdmg (mductng Ke fourmaon m 

a controlled area of the mmpk) the fmnng m h m n  when u a p t  bebw rn n o d  

f m e q  p m t  can lnducc KC fonnrrtion. 

Dehydration m y  be achieved by dccrusrng the ar& point of the cdl in 

~ d u h n  by ad* 8 CfyOpCOa#tWlt 4 t h  8 krwu e ~ t e c t k  point. R.Qd fretZk8 m y  kSd 
to thcfomuaioflofkthrlskkaynak, a r h u t . o h f m D a g ~ i n r c v a s c w a y .  
large dcgra: super coohng may be rvaidcd by .mfiarl Kadrag thc lunpk at 8 

tc lqmnrrr**~iahrc+ing*t .  



CRYOPRUI'ECTANTS AND EXTENDRRS AND THHIR ROLE IN 
CBYOPRESERVATION. 

CIyomplrgcsnbcmhwcdmpresa~ceo f~mcproaca iw~a l l edcryo  
pmxaamts d a dihxtmg sdution, unbd extaxiex which uts as dK vitrification 
w h .  Ihung frrutng, in- watu should be dowed to come ow of the cell. 
Rapid cooling fails to p r o d e  suffkitnt time for the cells to dehydrate and avoid the 

dct&nentd effects d t s d  with inmdubu ice formation. In contrast slow cooling 

results in uccrsive dehydmtion and duc t ion  of allular volume to the extent that is 

not rcvcnibk. Thawing should be done at a k t  rate that it should not  &w the ice 

crystal foxmation. when trmpefnnur is raised above - 40'c. 

For long term st-, b q d  nicrogar (-1% '0 C) the most useful medium. However 

frecnng at any temperature below -70 ' C will gcnerdy maintain the viability of the 

c e b  for a h g e r  penod. 

I h e  osmotic property of c& regulates most of the chemical events related with 

fietnng. InaaceUulPr and exm ceUulnt environments associated with urater transport 

and membrane permeabiliv form the basis bchmd qoprcscrvation of cells. Generally 

the huger ceh that are kss permeable should be frozen slowly than those that arc 

smnlkr and more permcabk shouid be frozen rapidly . The osmolality of a solution is a 

measurement of solute concenantion and is a critical factor in the freezing process. 

This measurement defines the ambient environment of the cells under pttscrvntion and 

directs water mol-emcnt across the cell munbrane. whrch ia crucial for the pmctrntion 

of uyo protectant into the cells dunng freezing procedures. C v o  protectnnts help to 

prevent or reduce the inm cellah ice crystal formation during freezing and thawing. 

A p o d  ayo  protectant should be non toxic, wata solubk and capable of 

altering the physic0 chemical property duning freezing. 

There arc rwo typca of cqo protectants, pamatmg and non permenang. 

Giycerol, Dunethyl sulforide (DMSO), tthylcne glycol, and methanol can permeate 
mto tbe cJb. The DOU pamciting cry0 protectants like polyvinyl pyronidone (PVP). 
gbosc ,  sucro~,  cgg y o 4  serum and s h e d  milk form a coating cxtcmdy u o d  
the c d  thrt pcPents ice formntiaJ in its mciaity. Tbe non permeating cryo protectant 

he+ to deprcsr tfse frrxzmg point and prevents ice crystal fonnntkm in tbc vicinity of 

the dl. 'I~Ic adpmnt like egg yolk provda PdditionJ stmagtb to m a n b e  

robilhy.Tbc choice of cryo prot~arnt rpd its -& of Dnvh impcmmce. 



Ihchcawlc~,ofrherxt+Mrt&bqmbrtiar,moditied 

frrhnn(pxculutlrmrrrucl~&d-ely.nddasuhrdmdoubkdt.tihd=~.T& 
cryo pmtccwc y ~ m i s  ( (:PA) blrt I)MSO. &d ur ohm d Ihe CPA rhould 
ntH bc dPKcfy & vah ttw: mlEr rtmpk. It a mncd h r  m the daund rnao md 

m under rcfmprsrrwr . .fhc d n n g  roluarm a dd rhc cry-t It  a vtry 

mprrnurt ct, rmnstw atAcrmal u d m s  whak mutrig the d t  a d  & b a t .  'lhc 
tame n t c m d  between mumg thc nuh 4 the dJucnr md s t m m g  h e  6- process 

rr dM c q d b n t u m  nmr.; I>unnp, cy~llhbrrorm, drc C P h s  gene* mta mto the ak 
and p7t~n.t t h a n  frcm cry0 mlun during f r m p ; .  '1%~ tme vane from sptaes to 

~prar* PC the ( l'A t o x x t h .  rmw a h  depcnib cm the equhbmtlon tnnc and 

tcmpcrarurc I t  u r ~ f t r n  cd>*rrr.d that L m p  ~ h b r a r u m  tmcs arc tom and 
hktcmw* hn rbc runwnl of fimh p c t a  

5' D Suctrrlr oirh ? ( P o  <;lyrcrcd o r  10" o 13hlSC) o r  hiod~fied Fah h g t r  

U I I ~  Z(P a &cer*~l wrrc frrwd 11, hc cffectne fcx Sa burs . 



Mittlag mJcr have to be sekatd . Milt from the live -zing mnks is collected 

with a INQpP4KttC , by pressing the abdomen. Cue should be tilten to avoid fnecrl 
contamktiw. ConKacd mih is stared in crpvhls / tubes and kept m ice. 

Adding tbc ayodilucnt : 

- f ie  milt is mixed with the cqodiluent in the ratio of 1:4 , i.e. to one part of mllt 

3 parts of the q d i h x n t  is added . A known volume of milt is 

ptpetted out into a deaa dry c t ) * ~ x i d  mnd to that the cqodiluent is added and 

mixed well. FJling of the diluted milt in q o  x i n l s  is called ampoulmp;. 

5% Sucrose with 200.; Glycerol or 100,o DM.W or M ~ ~ d  Fish Ringu with 

W,O glycerol were found to be effective for Sea bass . 

The time intend between mixing of d t  and +ping them in Isqwl nitrogen is 

cdkd equilibration time. The equhbradon time varies from ten minutes to one hour 

according to the specks and sampk . In the present pmtocol an q d b m t i o n  time of 

30 minutes am fobwed. 

A nvo stage freezing protocol was followed. 

1. Prc-dulhng The s~mpks were madly kept in ice are firrt exposed 

to b q d  nitrogen mpam at a haght of 4-8 cm from the level of ltquid 
nipogcn in a ice b o ~  The h o w  tanperawe will be about -60 to -70 
C. Prc- chiIbng is done for a peaod of 10 minuter and is done to  prevent 

cold shock to the cdb. 

2 -lag the mnpla in Lrqud nits-. After prcchilbng the aamplcs arc 

dpped mto niaogcll by piPiEWg them in bbekd &tcrs. One 

f o u n h o f c b c c r n i n a % f i r r t f i h d * ~ m a r h j c h t h e a y d L  



'lk rr).tnvaIn arc ~akcn tivl of the bqud aan- md thawed bf drppw m 

Wu: warm ~ntc t  ( 3 5  41) " (.j f o r  I few lu~-;m&. 'lhc actmatang wluaon used w sea 

watct I'rnt thaw n u ~ a b t ~  1r l u r id  1)) thc paccntap of monk. sperm to^^% vigor of 

tnc*tJtry alrd ciurat~ m of l r ~ r t  thnuf rnclulay 

(.ryc~tcrrvarrt,n ctC apcrrn tn marurc fmh .4qusculturc Research. March 2aK). 31(3) 
231 2 4 1  (u.~yiJlrw~,k) 

C:ryclprcm.arum h h n d  . !.rank .I' Sunwme . Ndgc Nunc Intcrnatnmd Corp. 1998. 

(:n.t~mwrvatrm of perch ( l ~ m h h r m  pqmrurrs) spermatozoa and fcasibikry m 

p n d u c t ~ m  -K& f n n h t ~ t ~ c m  I- . \ ( ) .  Pubkrnrm Z(WM. 



PROCUREMENT, TRANSPORTATION AND 
ACCLIMATIZATION OF FISHES FOR BROODSTOCK 

DEVEIDPMENT 

Successful seed production in the hatchay dcpcnds upon the availability of 
healthy matured 6shes. For sekctmg potcnaal breedus, viable broodstock undcr 
captive condttxms has to bc devcbpcd. Smu sumbass attnins tnatunty a h  2 ycars of 
age to develop b d s t o c k  fmm hrm grown fuh, one has to wait more than 2 yents. 
To save ame, adult fishes could be procured from the commercial catches, transponed 
carefully to the hatchery hokiing fadues and mantamed Whether hum the fntm or 
from the wdd catches, fishes have to be procured wth cnre, transported nnd follow 
some protocols for healthy broodstock development. 

Adult .%bass can bc procured from wdd catch or from the f m  harvest. 
Scabass is a\.llilnbk in the rodr). bottom areas. river mouth and backwater regions. The 
selection of a suitabk gear or method of capwe is ouy important in orda to avoid 
injury to the fish. Scabass is caught using gdl net, dtp net, seine net and hook and h e .  
Dq, net is the best gear for brood stock fiah collecaon because, dq, nets cause less 
injury to the b h .  Rut operation of dus gcru is not poss~bk in many places. 'The moat 
commonly used gcnr is the hook and h e  using live/dend shrimp or fmhw as bait t h g  
advantages of the preyng tendency of the fish. 

2.1 Criteria for rekaion o f  fisher for bmodrtock development 

1. The fish should bc chord of a r t d  injuries or internal haernorrhage. 
2 Fins should be compktc and there should not be any loss of d c s  
3. The jaw, snout, opaculnr regmn. eyes and @hi should have not damaged, 

since these parts am wlrunble to injurics dwmg capture by different gears 
and would lcld further infections after re- into the holding tanl. 

4. The 6th should bc healthy and free from any parasite infection. 

Frsbcs procured have to be cntefuny ttpnrponed If the procurement site is 
nearby, amspomrion um be d m e  man+. Fishes from distant p k e s  have to be 
truuporred using owsponimg vehicles. Transprxting vehicles with water holdmg 
fvJny m d  iah and outlet prmikn arc to be sekaed Inner hnrng with soft materiala 
k form is ptcScribk so that the fish will not get m j e d  whik moving. There should 
b e ~ f o r o r y g c o q ~ f o r p r o P d n r g o r y g e n ~ o n ~ t i o n . W h i l e  
rrmrpototioa, rncrtbctir a p t s  liLr Aqueous or (Mddine  or MS 222 or Pheaoxy 
e t h r n o l m r y b c u K d u b a c r ~  tokeep the tirhron rest. 



~ u u r ~ ~ b n m a a r b g . r r y r r r c b n c b Y ~ ~ d ' =  
t idnsrarr~lbuJjrtroruar(ebrurbrnta~wrtbpaCDnrtal ikbiotbc-of  
d f i s h c r  I f t h r t j a h n . r r ~ . ( m m r d t r n 4 . 0 ~ m f i a r ) . t b c p ~ b ~ ~  

~pcclr$ dnyCrted mrpon tub- NlbbCr * 
petfrmtwm frrr Parer -+ cm bc d. I-aha an be Jbtved mto tbe Nbe rrad 
c m  Iw m~nt.rfhr tncd jnnR the wata-hne lo revh thc hntchcty. 'Iha, ww)d avoid 
wpm trr thc fish 

After the faho an: hwaght to h . t c h q /  h o b  fpabt)., they should be 
rrlnrd tn thr acrlunstvmp: tanks wth qunlrry filtered rtnwata of thc snme spiintq. 
Irmqwraturr ctc . crf thc  trannpcmcd mcdnnn and mJd acmtmn should be wtn. Since 
the W wt~ukl Ix under strefin duc tt, transywmatum. they crur be key in tlus tanks for 1 
2 hr* u+tth f i ~ w  ttrrouRh Ahcr mrrmahntu,n. thc fish can bc treated wth ocxifhm (1 

ppin) for lo mtr t r a  nnd c~r  wth (5 ppm) KMNO, for one hr as p q h y k  
trrmtmrnt t c b  a ~ c s u i  urfcctum tm mnuw mlurm. m any. The firh can be kept unda  
hatch- ctmdltutn 8 S dayn for k thwcrvatwn and later on can bc shfttd to brood 
strn k hc~kimg fxrlrtl for further mamtcnancr. 

Fohrn cc,llrctcrf may have *om paras~tcs nr otha pnthojpic rnfcct~~ns. To 
mLkr sure the\ arr dwod of p ~ t h o j p s  fmhts hmc to bc kept unda  quarantme 
rr~n&tam m yrnrntc tanks. If m y  hrh dwrkq, symptoms of any &me, they should 
ncpr t)lp 4 for bnwdrtc~k. 

171c fishes bntuff)rr for bruodntnck dnelopmart mdd have li\~cd m cfiffcreat 
cc~n&trm+ fccdurg u ~ t h  ~ M ( H U L  typs of fed .  In the confmcd broodstuck holbng 
tnrrkr cxr c a p  rBt ponds, t h q  may not be gc~cmnp; the feed they were used to feed. So, 
rhr Cihrs hrvr to bc &~wly c t m b n e d  to f d  upon the feed omKh will bc p r d c d  
m the hrtchw ctmtlnntnn by rlcw u w n m s  u k h  may ta&e few days for nccepmg the 
nrr  f e d .  

t id th!  bnxdrtock fuhcr rfta obsenvlp, 8s prutocols can be tnnsfarad to 
bnwdrrtrk holrtmg fKlhtrs hkc RCC mnb @refexably large tanb of 50 - 100 toane 
cap--) or W n  or ponds for further muntcnmce and dodopatent proadmg 
m p u d  f 4  q d t y  ~ m t t r  md nnnaons feed for mmumaon and spawning. 



Ag\ncuhwr of tinfishes can be sus t ahbk  if the criMml in put l ik~  secd, feed 
e tc  arc rnilpbk with requucd qurLry in adequate quantity. The rnnjor probkm in the 
coastal aquaculture of finfishes is the non availability of the seed, hfany of the 
canduke speua  of finfishes bread in the sea and the larvaelfry arc driftcd to the 
backwaters, estu&s, and inland warn bodics by the tidal m t s  m d  spend thc 
growing phnst m tk confined conrhrioru. H o m e r ,  the secd axdlability in the natural 
source is htg)lly irregular, scarce and not dcpendabk. E m  if n a d  source is 
avahbk, mlkction is a probkm and the natural wurcc will lkplctc which is not 
h a b l e .  Hence for a viable farming, seed have to be produced in the hatcheries and 
supphed 'To develop a technology for brecdmg and seed.ptoduction, gravid h h c s  of 
both sexes mrc prerequisite. Locating the tidy matured fishes from the spauming 
grounds, coDtctlon and tmnsportinp; to hatcher). fbr x e d  production is laborious. ?he 
gonadal condrtions of the udd caught fishes also may be or may not be suitablc for 
i n d u c q  them ro spasm immedately. For hatchery seed production of finfish nerd, r 
hatchery operator has to develop a viable capkc  broodstock from which mnnipuhdng 
the environmental conditions or using hormones, p v i d  fishes can be obtained for 
spuming and secd production. 

Fishes of 2 - 7 kg sue in the case of scabass. are collected either lrum wdd 
catches or from thc culture system and carefdly transported, condttioned and aftcr 
prophylactic treatment, rekascd into the broodstock holdmg faciltties and maintained 

Broodstock Holding Facitities 

.Scabass attain maturity uvhen the h h e s  arc in 3 - 4 years old. Females attain 
tnanrrity when they an more than 3 kgs and males 2 - 2.5 kgs in size. Thkc size p u p  
fishes art maintained in thc broodstock h o h b g  facilities. 

Broodstock can be held in cages, in ponds or in wnsuucted wncrctc holding 
d. 

Tbe 6sh b o w  cngtr can be in the rite of 50 - 200 m2 with depth of 2 meters 
(ie. m cimmmm of 5 x 5 x 2 m or 10 x 10 x 2 m). Floating net caga arc preferred. 
C a p  ~ r c  made of polydtrykne nu wcbbmg m the mesh sac of 4 - 8 cma. Fishes are 
stocked Q4 kg/m '. Cuc should be trLtn in the maintcnmnce of chc c a p .  Cngu 
rbould be cbeckcd for & m a p  md dertoed fot propa wata inflow daily. F i s h  
nnin~mtbecngcrwithpwpafeedmgandhcalthmnnrganm~ F i s h a m b e  
ddtootha-2-3monthrpiol:mrp.ramingforiad~~tion~nd 

a n  be met up in rrftr p h  where it cannot be damaged due to 
wma and tid.l oaiwr 



B r d s t r x k  c n  ik, be m u a d  m well c a u t d  poab of 500 - 1 0  
urr rda p w q w  wtcr rnki .nd bunoff W t y .  P r d  dcprh should be 2 m and 
ahwc  P r d  water &KJJ bc cxch.ngcd pcrqxrly c~thcr -, the rnfcav~n can 
6tWSb ~d funha u q b c r ~ M l  t f i ~  the bhcr. 

I)cpcndmg uprm the prcductwln t q p .  the nwnbcr and ktzc of the fishes 
p r i q w d  tcrr tm matntuncd txrwdntrwk hokimg ranks arc u>nstnrtcd. I t  a d v ~ i b k  to 
maurtnm fohcm m larp tankn k u r c  thc fuh d l  havc more natural c c ~ ~  and 
nufircmt yracr wtll Ir thcrr ftn ru~tmrmng 

ISrtrdr~rnh tank% ran 1x So to 1IM) tcrnc net water capput).. In CIRr\ 
I~nwdnt t~ l r  tanks o f  12 x 6 x 2 m (wth ptBrs c a p o r y  of 144 tones and net water 
hoWut~ t(N) tcmnr) u c  d. Hrtnxistcd m n l  s h o d  have Pdcquntc uTatcr rnlet and 
dram* provuurrrr ?+JW thn~ufih f d t y  is desurbk nnd provmmn for Pcratmn ts 

Ihc pwrrplng cffuaq ahc~uld tx m such a manner that the brcxdstwk hoMrn~ 
tank ran tx f i d  u~thrn 1 - 2 hcrurn and the dramage should be possible with % 1 
hrrur 

Ihc cccncrctc tanks can tx ctwacd w t h  shade nets to prevent thc dvect 
run11ls)rr CXp€J*LUC to the tanks urhrh facbtatch thc dgd bkxlm. 

W a t n  Sourcc 

U atcr can bc dmun either from the tlpcn sea or frvm boreweb put up m Inter 
rrlnl area whcrc from water o f  the samc sPkfuq of Knurtcr could be dnwn. <)pen 
mcau-atcr Mnurrr IS dcruablc m c r  tt w111 bc marc natural than that of borca?ell water. 
Ilc~u-rlcr m c u t a m  mcmthr. when thc ncnrrrhorc wmtcr gets dutcd due to freshu-atcr 
drunyy. the txawcll  urtcr has M u  dmr). and durmg these months, brcwell 
u.arcr can Ire uwfui 

hmurrcr u d  csn bc pnlsdcd ccmnnur~us u a t a  supply should be 
avuhbk nccc~rcimg t c )  the Jcmmd. 
warn QwJicy M 1 ~ . ( ~ m a r t  

HrtuJrtrrk Grhcv m a m a d  m capme contfitxm should be pm~ded  amh 
cnwrpnnmcntrl +tv p m n d q  m tbc sea fur nunmaon  and spanmg. Tho+ it a 
nor paubk to prrmxk: all the cunrktmnr m thc rr, ensanment, adcast, rh: water 
yurlrj; to char of the n a 4  uaartcr &add be mrmtamcd to the rmumum extent. 



PH 7.0 to 8.2 
-oxpgen - mcnrrhrnsppm 

kasth.no.1 pprn 
Ninnc-N kss tbin 0.01 ppm 
PhoJpbr* 10 - 20 mg/l 
S u s p m d t d d  - 2-5mp;/l 

Water sbauld be cku.  Water drawn h m  sources can be f d t d  dvough 
bldogK.l6ha ar pressure sand filters for better water quilty. 

in tanks with over cover and with flow through system the algal growth in the 
broodstock t.ntz will be rninimrL H o w w a  tanks opcn to sky under h a  exposure to 
sunlight is p rme  for rlgrl growth. Thu +l bloom would d u c c  the visibility interfere 
in the feedmg and also would roduce the dissohred oxygen content m the early h o w  of 
the day. In o r d a  to get rid of these probkm ns well as to remove the unfed feed and 
the metabolites, the tanks havc to be deaned thoroughly during early morning. After 
rCdWplg the water h e 1  to the minimum level, bottom and the d e s  of the tanks arc 
cknned. Then water is refilkd. By this process 70 - W f  the water is changed duly 
in the broodstock tanks. 

Stocking density 

Fishes are maintained @kglm ' in the brcdstodr tnnk. In cages the density 
can be doubled depending upon the water quality and feed management. 

Feed Management 

hfaintaining of thc fish with quality fecd with nutritional value rquircd for 
maturation and spawning will help in annining the purpose for which thc stock is 
maintained. ,4s such. scabass is maintained feedmg with trash fishes. Scabass in a 
romclous cPrnirorous fish feeding mvnlg on ~ t a c e a n s / s m a l l  frshcs in live condition. 
But whde maintaining in captive condiuon, the fuhes have to be slowly weaned to fced 
on the d u t  that can be provx.kd. In the broodstock holdmg tanks 6shes are fed with 
trash fish @&f the body wetght m frozen form. Since the fish is adapted to fced 
on h-e fish it has to be gradually weaned to frozen fish. To start with, h e  and frozen 
trash fish arc p e n  in the rntio of 2 : 1 and slowly within a period 15 - 20 Qys, the live 
fish is replaced compktely a~uh frozen fish. Frozen fnh fcedrng is desirabk because it 
will reduce the labout of cokting live b h  d d y .  The avnilnblkty of h e  fuh d d y  is 
also not dcpcndabk and for the live b h  separate feed worcc have to be maintained. 
Moreover. the pathogens if my in the b e  fish win be transmined to the broodstock. 
Fresh ansh 6sh hkc Ttbpk (hhh m~sminri), Sardines ( S d ~ l a  q), Home 
nudcet.l (Dcap- 9) ctc. are procured, dttned and p&d in polythene bags of 2 - 4 
kgs block and stored in deep f r m g s  at - 2@C. At tbe time of feedmg, the hhea arc 
t a k ~  out thawed, Mshed md fed to  the tishat. It is imponnnt to provide aruh fishes 
with pddi60(1 of vitmrin mix @ g/kg feed Siace sqwd is having rich reaourcer of 
protds Squd can be rupplicd to Ikh once in a Esnichment of broodstock fecd 
b d p  produaxm of good cpdq eggs which rcOccts m fcrtibcion rate hatching rate 
andhrpllqusJjty. SinocsabasQaaorprcfatofbbdoothcfbbc~rettttdntthc 
b o a o m , ~ r b o u i d b e P ) r a n 6 # : ~ u c o n t h e s u b - ~ ~ a ~ 0 ~ w h i l c  
hahg ' I b c f i r h a u c ~ ~ c n i f t h e s i z c o f & t i r h n d t h o t w u l d b e  



m p t d  by rhc fish. c w h u u * .  thc tirh r made rnro placn .nd gnul- Fe- is  doDc 
r n x r  I ciry a c v m q  hrrulr. I'~clrran.c fcaLng rhauLl be prvodad s~ncc the kfi ova 
fish v c &  Jctrrruatc thc yurrltr).. If my 6sh a mfrd u ahauld be rrmovcd 
a r l m e c h e t y  

Smcr hrcxd fuh arc matntaancd m hq+ dasltio corn@ to rhcP 
clt.~tnt,t~tu~n m udd the fuh \lid c x p a v n o r  s-. M m o v a  the fish arc firqumdy 
d h t u r t x d  whdc ckanmg and c*bwr\.rtlun for j pdd  conrfitxms. Thts wili causc 
trip* h J m g  t o  I>ortcnnl, funpl and wnl mfectxm. 'IXc n a r d  pathogens, cndanx 

fish and parhc~ffnr m the water w~uW nbo probfcratc. 'Ikesc problems a n  be 
rn r r ccmc  br r+ chcctung md p r c ~  prophyLctw aeanncnt m tame. (Rda - 
hcolth t lranaemcnr for dctarlr ) I t  li, bcttn to have spare bmcxhtock tanks, ~t can be 
wed tlurrng du, u i l c c t u ~ n  o f  I ~ r c r d s t r ~ k  mkr. 'Ihc brcwdstock tanks have to 

clwmfccrtcd cmcc tn a mon th  u-~th r h k > ~ e  to a v d  cross c o n t m n t m  wth parasate 
and bacrrrtp 

H t ( w d s t c ~ k  fish msunt~lncd arc ma t l ncmd  for gonadal c o n h n  evcry 
t c ~ r t r ~ ~ g h t  htatunng fuhch arc unplanted uqth h o m n c  p c k t  for accekmnng the 
tnrturntu)n arld matured fbhc* arc w k f c d  fen mductx~n of apawmng. -4 wen 
m n t r t t m d  h r r ~ d n t c c k  ftrhfi undrr ctmm>lkd cundratm prcJ\?dmg p o d  u7ater qunltty. 
fwd and hcdrh  wdl \u the uwrce  for j p v d  6shcs m 6 - 8 months of muntcnance. 



FISH BROODSTOCK HEALTH MANAGEMENT 

SV. A h m d ,  N. Il.l.imrini T.C S.nthap a d  A.R.T. haou 

I n k  bnctish- rpnrulrurr hu ban doaninid by shmy, farming, and the 
impaus for the f b h b  fummg hm been slow. Whik the past few years hnve w i t n d  
heavy uop fahcs in shrimp hrmmg due to scxbu11 dixuK probkmq caused by viral 
cpizoodcs, the Iadhn aqmdtumts are h h n g  for dttrnntivc spcucs. Ihc scrbasa. htcs  
M a ,  was onc of the cindid.te specits of choice with its suitability for brnckishantct 
farming, and the msukcd demand. Devdopmclllt of hatchery technology for the sea baas 
seed productioll by CIBA dutmg htc ninetits has generated inrcrest for divencification of 
squocuhute with this speck. 

As in orha nntmnl rearing systems, infeaious diseases are among the greateat 
hmiting factors, which affect s a t  bass culture, and thc broostocks are no exception. 
Reports of vuious drsenxs and p a t h o p s  of sea bass have bccn documented from 
Thailand, Singapore, Chuq Malaysia, Ausmb, Phrltppines and I n k  and incidence of 
mortnLacs have also bcm reported. The causari\.c agents of the diseases nre parasites, 
bacteria, % ~~, and kss often d w u c s  caused by non-infectious agcntlr (Toble 1). 

Control and prevention of infectious disease in nquaculturc is a function of 
mvlngcmmt I n d m c e  and severity of infectious discascs are very often dependent on 
the q d t y  of aquatic en\ironmmt in QM the bbes  h e ,  quality of fwd it consumes and 
the case with which the tish ntc maintained. Health management in broodstock involves a 
hobtic approach incorporating the following components: 

healthy Gshes s h o d  be sekcted as bnds tock  for further maintenance in 
the hatchery facii~ty. Fish wnh obvious abnormalidcs such as hanonhalpc spots, wounds, 
damaged grIls, skms, h s ,  scale loss ctc should be discarded. Broodstock have to be 
screened for parasitic infestation and mral pathogens wing reliable dugnostis: tools duting 
quamatine prior to thur induction for breeding. 

It is esscnanl to elimmate possibk mapduction of a t d  pathogens as well as to 
h d  wouads and abruions caused by 6shmg and hnndhng, through quarantine. The wual 
pmocol induder r fomdin (37-40"hrmlLtlry&, HCHO) and mnlPchitc grecn (zinc 
fm o d a t e  or iniliae green) treatment and the t r t~ rmmt  my be tepefted if required after 
assessing the btrtrh status of tbc bh. Fish hroe to be held under quarantine for at least a 
coupk of v#lur A f t a  the transfa of brood 694 the qu~rmtine h d t y  should be drained 
rmd thocqgldy dirmfeaed Plich a 500-ppm hypocbate  (NnOCI) sohation. 



C k  du bha ur v a r f n m l  to bmdrtodt t n a 4  rounrv p r o p b w  
tmtmmm mry be ~pvn, to Lccp rhc uumnb h a k i y .  Ever). batch of b e  .bould 
p f d k  be sub+ tc, r +wrl bath t r r m c n t ,  crncc m facn?ght or oacc m a 
mmth ' I h c  ammmnJy p r v d  p r c l p h v k  trmrmcnt for the broodstak brchdc u u  of  
hen**liumlum c h M  (HKC). Jwhk,mvm ctc Vsbk 2). 

Rrwrmc clcrnrng of h s t r h q  a d  mamecnnncc of hygvne in the hdtk h of 
u m m t  a n p y r t ~ ~ c  m rhc fish h d t h  m ~ n a g c ~ ~ ~ t .  T.nb should be cleaned d l y  to 
prevent thc wrumulptxm of c J p n r  mated, and a h  t o  rcmovc the Irccbvmg 
ofpnrrrrrr 

<:km;ng of hmds and f~r,ru.car bcfcwe s t m g  work and, as and when 
nrccnrw (dmmfrctm~ solurum has to bc rcphccd p e m d m d y )  

'I'ank bt~ttr>rn and mncr u'PUW must be p c a d d y  c h c d .  

I.rrd mtakc o f  bcedcrs mast be monitored carefully. 

f)tsturhtng fuh must tu avodad as much as possibk 

I :nrh rank nl-t bc pnwrdcd a -~ th  wpmratc mjls m thc hatchery and tficy must 
LC &dtamfm-ted (rmw and dwnfcft tjvcmtght ~ t h  hypxhlonte ~1ut ion;rmsc 
wath frrshwatcr o r  drunfcctcd Knwatcr and dry). Makc sure that no  
Jtmmfm-tnnt t c m a m s  m thc tnnkm. hoses and srcmes after ckanmg. 

1. RcguLu monitoring of 6i.b kdtb 

Hrtrdrttsk nulntamed m thr r c p h  rturng faclhty should be rcguhrl). cxnmtncd 
for health srmtus wtlr gross c~barn.nwm and m p k  n u c r o x c ~ u :  exunnuaon of @/body 
smcm I>cmxiw rnrcn~bn~k~*cd a n e w  may be amd out tu .arrss the mruobial bad m 
thc rcanng u-arrr md mkr wta 

.Ill thc t m p a n t  MN yurlty paramerim such as ranperacute, smlmuy, pH, 
drsuoh.cd c ~ x v g r n ,  unmcwrp. naruc ctc should br m o a n 4  and r r c d c d  on a d d y  l n s m  
befawe Qrhl cxchngc. fhucdatun rqwculnur systems would be useful m mrinapoing 
opnmrl warn wry m the hatcher&. 

h t h c ~ ~ r m u ) . f a d u r c d f o r t f r c ~ 1 b r s r b & t o c t b r f r m i k 6 a ; h , ~  
ptcamions must be ulum to prevent any m-tion of QC m k  ody 



q u l . l i t y ~ ~ f r o ~ ~ ~ f i e b c s f m f n # n ~ ~ u r d o t h a p ~ r h a u k l b e u s e d m  
fad Uaaan fad should be removed rErem time to time to p m t  tbe pumhctiorr. 

Thetnpy d m o m  trt.tmmt intmdcd to restore the n o d  halth of &h that is 
infKocd or disascd. ChmrorhenIrg louki bc usal only as a hst reson in a q u ~ c h .  
OM must he very cautious whik using mdbioh. since dKsc can a w e  development of 
antibiotic &mnt miaobts in tbe aquatic envirpnmmt and create tissue midue 
problems. Antimicrobial thcr~py is diteaed towards maanent of bactcnnl, fungal and 
poro&ac infections md  wdi not be useful in dae treatment of vkil dlenaes. Hence 
dngnosis of tbe probkm pkys a pnmup. rok in dccidmg such mensum. H d t h  status of 
the fish must be nssesscd by umnining the gih, skin, f d q  pro& ctc. prior to such 
treatments. If the thanpeuant is new, a preliminary test b e b n  doing huge-sc& matmcnt 
must be ahways performed. Mode of treatment of affected animals can lx through 
fouaaplg ways. 

i Trenm~ent via wrttr: 

C;lovcs and face wven must be used by the personnel to avoid contact with akin 
and eyes whde applying the chemicals. Feedmg should be stopped befure 24 h of the 
treatment. Wt dosage of the thempeutnnt must be calculated and the fish must be h y s  
treated with reduced water h c L  Treatment should be phnncd dwhg  the less stressful 
pcnod of the day. us+ in the morning. Plnstic or ghss utensils only may be wed for 
rmxrng c h e d .  since the mttlllic containers can react with the chemicals and form toxic 
substnaca. Treated fish have to be kept under observation to assess the health status. 
In- of any emergency such as stress and abnormal behmriou~, the treatment must be 
stopped and the treated water must be flushed out. Vigorous aeration must be prmdtd  
during the treatment. Chemotherapy through water can be achmstercd in any of the 
f o h q  U5l)-s. 

L)lp treatment In thrs mode of treatment, hahu arc immersed in 
treatment madturn. often with htgher kvtl of thetnpcutantr, for a short 
duration (1 -2 min) 

Flushmg: Thrs molves addmg a specific amount of chemicab to the 
tanks and &wing it to flush through without Intermpaon of wata flow. 

Bath: Batb ~ e r r ~ a c n t  of tiah is done in conhed  and cas~ly conmntd 
vohnne of wta. The treatment exposes the fish to desired 
conccnationr of chanical for a short-term or a specified period of time 
d o u t  my fknv of wata. Once the treatment is over the treotcd water b 
h h e d  out q u d y  and replaced anth fresh water. 



'Iratnxnt w u  vua mrry IXY~ br Jvryr c f f a w ~  .g.nrt tbt 
m$aprpwtrr and b w t d  mfcctu*la In ruch ores, dvlpsaamt a n  be 
dmrnatrrcd nto the fid, rh- the fd Andbroacs md otha mtxmuobial 
pmpuuacms twr .Jrmnatcred thmuef, fced Paor to wiiclcwnr of rmti€noacs tt a 
dwryn &mbk tr, &tad the u r u b m ~ ~  m t y  panem of mt b w d  pthogcn. 
i'nqm aamumenc of thc davrsr reurtums and dcntl*g thc d t  thapvubmr and +t 
& > ~ l ( i ~ .  P( the nmc arc r c q d  to p t  rnrccsnful remits. 

'Ihm m d c  trf trcatmrnr a frurhk and use& for vduabk stock of fish such as 
brcnrdntrr k. I+mh hovc ( ( I  tx anacsthctw*.d or nalatcd pnn to tmtmcnt. 

1)uwnrrc. c l u p c ) n m  using ptrqwr dmgnos~,  muhods a one of the mportant 
cc~mpcmrntr m tltc hroith managcmmt. In mtNt crracs fish farmer may not have the lncl 
rsf cxpcntac r,r facdrry f~ ) r  pn~pcr d m c o ~  dmposm. hence ~t a h y r  idvlsrbk to take an 
cxpcn clprrlrcm from a fyrh health s p c a a b t  In thC went of h i u  OCCURCZ~CC. However, 
t>ati~: k~~owkdgc akx.~)ut S P I I Y ) ~  C O U C C ~ Y ) ~  and p m m r a o n  can be very much useful for 
rutmuttmg the sampka to ftah hcalth laborntones d duarre mnnrrgemcnt dtcswms. 

Eurh tunurr n~umclp used for dcblljed cxnrmnnm are gdk, h e r ,  heart, spkcn, 
ludrrcv md p t n ~ m t c s t d  m c t  (figure 1). Chhcr ttasues such as eye. awnn bladder and 
brmm mav mix) bc used fc~r mvesqptmn as r~qlllled .Squash p r c p ~ ~ ~ l n  usmg these 
tlsvucn mrr wful fiir k~aung m ~ t u r p h s .  m y x o s p o h s  d rnpcobacatu 

hmd fishcs can be tixixed as whok. while the m d n d d  sunpks of organs/tassue~ 
r a n  k frxcd rrthcr m ncurral buffered foamahn or Born's flud. Gencdy the ttssue to 
fixat~vc 1s 1 1 0  m vi~lume. LC.. 1 g of a ~ u c  n d  10 ml of fiwtivc for 24 - 48 hours at 
nwmi tcmpcntutr. 'ihc mnws s h o d  tben be mrnsfcrred to 700/rthyl nkohol und 
prrwrcrnmK b y  rc)unnc tuarc)parholoFpul tcchmqws. 



Fresh tissues for nucleic acid based dqposls  can be collected in 7 M 0 / a  

Blood and bdncy sampks mag be collected for isolation of b a c t d  pathogen if 

bactanl mfccdon is suspected. Blood sunpk can be drawn from caudal vein using a 

stccik n e d k  and sysinge. Kidney sample must be taken n e e p d y  after careful dussccticm. 

Samples for bactaiologv can be inoculated on suitable culture m& such an tryprose soya 

agar (l3.4) and duosulfate citrate bde salts sucrose (TCBS) agar for the recovery af 

bnc tad  pathogens. The bacteria isolated from these rampks cm be dcntified based on 

thek morpbologscPl and biochemical chnrrctcristics with the he$ of Rcrgcjfls Manual of 

Systematic Bactablog). O(ncg and Holt, 1984). 





T&k 2. T h ~ u t k  c h e d  used in h h  health manaFmcnt 
I 

B c d o n i u m  chloride (H)c;<:) Hacternl @I mlcctmn A quaternary ammonrum compound. ,4 powerful dis~nfectant with addcd b g c " t  
actlon. Imw dose bath treatment 

Iktcqxmites. and 1r)w dose, prolonged immersion 
mj-xobnctena 

Forrarrilin. rs U-Wdk/w Ektopunsitcs. Formalin solution u ~ t h  a white precipitate should not be used. Fomlbn has 
Fomu)ckhyde solution Protozoans, Flukes dcoxygenadng effect, hence u ~ e  aeration during treatment 

Didiloro~s Ectcprasnes Bath treatment 

Malach~te green @c k) Fungal infection and Bath treatment 
some Protozoa Can be used as prophylactic treatment after handlurg 

Potwirrm pampng.natc Protozoa Dip treatment as a prophylactic treatment 

Irrunisok Nematode Bath 

Mcbm&ok Tape worms Through feed 

Antibiotics R a c t d  mfecaon After tesnnp: the andbioac sensitivity, only ?s hst resort 



kc J ~ T B I ~ I ~  21%) ppm fcr 1 h Fortqgidy 

lrbr hi&h~tc p e n  0.2 ppm blr 1 h Formrgfity 

I3uhLmn.trr 1 ppm frw .MI min Monthly 

1 Ik~ndad Kran~anc~, M <;., hfc<;ladck.ny, S.I<., tiart, I., and Sutnrunghe, R.P. (&.). 
. 4 ~  l ) ~ a g n o ~ t ~  (;w& I t r  Aquatic A t ~ n a l  I h m .  F.40 I-uhencs T c c h d  
J'apcr Nc, 402, Suppkmcnc 2. H< )MI<, 1;AO. 3K)l .  240 pp. 

2 ( ) I t :  3 N t o  1 ) m p i o r t ~  Manual for lSquaac A d  DII~CPMS. lhud  ed. Offxe 
Intcrt~iltrc~~al den I:qucn)tur, I'mm, 1;rancc. 237 pp. 

3 ( c,uch. 1.2 . lC)H3 lhneuv caused by protozoa. In: A.J Pro\,cnzana, f .  (fdrtor). 
I'atlac~bw~k>fl 'Ihc Hu~k'gy of <:nutacen (,: 79.1 11. 

4 I l l q  . Jl4.. (nlknan, R.R.. (:hambut, S., Ir;nnchnrukhnn, S., hiache,  I.H., and 
I'hrllytr. hi .jl Y>U i:pzc XBOC ltkcrntn-r Syndrome (EI'S) Techn~cnl Handbook 
Ilrc :\quat~ ,4nmnl ticdth Rawarch Instltutc, Bangkdi, BHp. 

5 W'c)lf, K 10HH. t-ah rvua~ and fish dlrrascs. Cornell L'nn'crs~q Press. lthaca, 
S \' 



MOIXCULAR DIAGNOSIS OF FISH NODAVIRUS WITH 
SPECIAL REFERENCE TO PCR 

M.Poomima and T.C. bathgo 

lnuasing dis- problems the p w t h  of fish pnxiucdon both nation@ 
nod m w .  Vulaurbiiity of the lkh pmductbn system to disease is duc to the 
co-cxistence and dose interaction of host, pathogen and cnvknment. A small shift of 
aphbrium bemeen these three can trigger a dwuse outbreak l cndrn~  to mortality 
resulung m crop Mum. Disease probkms are mevitnbk, as nqunculturr: has to look 
forward to produce more a n a d  protein, more jobs and more revenues for the pcopk. 
To tackle h e  menace of dtmtx probkrns, a scicntifr health manngcment approach has 
to be &\.eloped anphuvJng the convcntiod wisdom - 'prevention is better than 

cure'. An int+ pan of such a program is tk use of diagnostic tests at the strategic 
point of production qck to chminate or contrr)i rhc duensc causing pathogens. 

The mnvcnrionnl dmgnostic methods practiced in aqunculture are mostly 
adapted from the field of h u m  health and veterinary x ienas .  Visual examination, 
micros cap!^, h t o l o g d  examination and b n c t d  exnminntion nre the moat d e l y  
used and sail form the e s s e n d  part of dwesx cfinfflorivabk 1) .Rut theae 
methods often fad to dtln-er dntn in time to support a decision making in the health 
mnnlgcment to sah-age the uap. ?%IS in mainly due to the time consurnmg and 
laborious rnehodologrcs and the inabilir). of these rests to detect sub-clirucd / latent / 
carrier state of infection. 

Tobk k Metbob avdabk for diKIue dingnoris oad pathogen detection 

Mtcbod Teraddrt.obtdotd ~~ H J U ~  of ducru st f.ciky or a(pon. f d q  &agn, rounc of wed, rypc of 
f a d  u d ,  emnmanmnl c d t i o n r  etr.Gronn. cikd ups, lcrionr vi&. 
bchtnour. .bnnanl gravth fadrag o r  food c m w r n h  e f f b m y ,  CK. 

Dpa*.mcm~qg Baa-6Jd phuc carnut, or d d  fidd &aion d s r d d  or wt.iacd 
cuw rmurr. vbdc-cmmnm. rr. of & w a d  a akrormrl  rpsierwnr 
R m a a ~ ~  hoodqpcd or hiRabaniul d y n r  of drue vaioar 
L ~ d 6 0 a o f b w c t i o m , n e g ~ s r r i n t d v i n u  



I k t l r ~ t s  m molrruhr bwbgy ensbled rrrvucbar to cdkt ~~ 
tm rhc p a w  m s t d  that acmes u LhC bkrpmt far  9 o y .  The mo+t 

rwmr drvdr~pmcnt m b p r r r t x n  hsvc uuh7rd m o w  biobgy to h w  m 
mcrarrrm <,f chsgncwt~s ttwb. t h ~  I1r~h.mtmme <:Itaim R a c t x m  (PCR;) and G m  
I'rolwrer 'Ihcr 1)N.t h a d  + c n t r  trx~lr d im mq odrcr C ~ J ~ ~ V U I ~ I O I I P ]  

JlyCnc.wn~ m a h &  r u h  rrr qxcd. -uy and umpbaty. K R  rr rrhtrvet). a sanpk 
t rchnqw by ubuh a IINh clr cl>Nh tcmpkrtc tn amphhtd m u r y  thousand or 8 m d h ~  
foU q u ~ k t y  and rcluhly m a rhtm pmd c)f 1-4 

PCR - bucd diyrwwir of ~ N S  

\ 'nd r c a c  cphakrpatlrr. and rrtrncrpathy (lVt:.R) or viral ncwous necrosis F N N )  
cnuwd bt ncrLruur lnfcltrm w recent \unl d w a x  problcm erspxdy bmclushu.atcr 

i ~ * h  fofmmg I .vrn thcnugh thc \ u s  affects 30 rllffcrmt fish rpeueii, the greatest unpact 
in rccn In ur  Imav narcs rnlcanfcr). I t  hmn been rcpncd as a scnous &asc of k a c  

und ~ t r \ c n ~ k  fish I dl dntr. nc, treatment a kncium to contrr~l the mdavuus fiencc, cub 
d l n ~ t r r u  k~lkrurd tn swtahlc managrcmcnt p n c o c a  rrr the only d t c r n a t ~ c  m mcJchp; 

tha &waw 1)ulpltralr o f  n r & \ - m  can tx done by metbuds such as hwtopathcvlogd 
ant1 i..I.lt...\ trhnqucw 'Ihcxc mcthrdr can detect the n o & w  mfccoon cmlv m the 

b r  s t re  c n f  urfcrtwrn 'lhc 1Y:R u a powerful and senstme dqnosac ttmls for 

Ldcnt~fxatnm of  ~ ~ r d  p a t h i m s  WPII at a \*en earl! stage (asyrnptomntx / c u n t r  stage) 
c a f  rnfn~tnm 

PCR Primcn bur Nodavirw 

Ihc 2 prmlcrh, a rcvcrw pnmer (5'4 ;< i.4 -<;'I C>\.\(1-.4C:C;-C;C;.l -C;-1.\-<;.\-37 
and a fc~nrard pnmcr{S' ( .< ;1  ( ;I ' ( .  .\<;~I-(:,\~I'-(;'l'C;.'I'(:<;-(TI'f'), u d  YC fm 

antplifxatn~n ot a t ug r t  ncqucncc (430 bases) o f  thcRN.42 ( N m h w ~ u " ~  rt d. 1994). 

PCR - Pmtoc-ol 

I. RNA - templaw preparation / auJtic odd erP.criao 

Pool t k  knw o r  head p.rrtsuna of rbc madnand ~~ md fix m bohm 
ethanol Totd W.4 t x t i  from olnr wnh TRlld r q p t  a ss pa the 
m u r t h u u d s  prococul, -40 be In b d ,  h- tbe tiflrua with 900 ).1 of TlUzd 
~ t . a d r n c u b a t r f b r S m a r u t e r . t n r o m t e m p e n r u r r . A d d t r s r o h r a d r r d ~  



o f ~ E a m r t o t b c s r P f r c a s i a q ~ f o r 2 t o 3 m i a ~ 1 t r o o m ~ m d  
tbcDamtnfugcu 12,OOOxgCoo15min\4ga49=.hdd500~ ofPopfop.noltothe 
RNA in the rqueora upper p k  Incubrtt dK mixture fw 10minuas at morn 
t a q ~ n h ~ t  d tbm at 12,000 x g for anotha 10 minuas at 493. Wash the 
pdkt &ed &a ccanfqaaoa 1 ml of  75Whand and caraifugc at 7 . 5 0  x g for 
5 minutes at 4%. Ax dry the RNA p d k t  and dgsoh m 50 $ of diethplpytocPrbonatc- 
arrcedtvuct. 

11. PCR prrpnt~tim mrd RT-PCR reaction 

1.  Prepare a master mix o f  the hilowing components aliquot into individual 25 pl 
PCR reaction vials To each PCR reaction mix containing dNTPs, MgC12, 
RNase inhibitor, add template RNA (5Wpl) for reverse transcription using 
murine leukemia virus(MuLV) revme transcriptase. Incubate at 4 2 ' ~  for 30 
min. Place the reaction t u k  in thermal cycler. run PCR using the forward and 
reverse primers with the tbllowing programme: 

2. Program thermal cycler as follows: 

1 Cycle of : 94 "C for 3 minutes 

35 Cydcs  of : 94 "C for 1 min 

58 "C for I minute 

72 "C for 1 minute 

1 q d c  of: 72 % 10 minutes 

The amplified product was visuahwd using 30ap;ltosc gel ekctrc~horesis. 

1. r\ssembk hvgc gel elccPghoreris box to run electrophoresis. 

2 P r c p e  a 20 O / r g n r o ~  gel as follows: wugh the n g ~ r o s c  in an 
Erhuncga fhJ- Add 1X TBE to the waghcd agarose. Boil the agar- 
to disdve. Once the ww is dir~olved, remove the flask and left at 

rocam tnapartrnc tocooL 

3. the .gtow roagioa coded to about 5(PC, add O.l@ ahidium 
bromid+mir~thcnpourdacwtutiongenttgtocovatheavin 



aarkCC of the plptf~rm d Lrcic t d k d x d  for about IS mhtcs.Once 

r b c g c l L f o r m t d , ~ e t b c c u n b  p d y .  

4. C w c r g c l M e h l X T B E ~ n d b d r r a r p h . L o a d 5 ~ 0 f ~ m u t t r i n t o  
one lnnc of the gel Run the gel at 80 poles b r  about 1 bow, ac until the 
k d q  dye lane r u n s  off the anode aide of the gel 

5. Place ~l on a UV transiUuminntor to visualize PCR product and 
photograph. 

Conclusion 

Molecular &agnostic tcrhruquc like PCR provides a fast, sensitive and specific 
tcml for k . s e  diagnosacs in quadturc. 'fie PCR has a wide and sqpiicpllt use in 
chedung the cnay of lethal pathogens like virus to the hatchery and growout system by 
hclpmg to sekct healthy broodstock and seeds. This can also be used in the 

cp~~<~aolopcPI study of the pathogen in an effort to draw disease control measures. 



BROODSTOCK NUTRITION AND FEED MANAGEMENT 

M. Nacurjan 

Nutritional status of the broodstock p d y  influences the reproductive 
performance of dl fishes. The broodstocks of Asian Sea bass, L&I r u k ~ s h o u l d  also 
be maintained in good nuait iod condition so that their brcciimg performonce such as 
g o d  growth, maturation, spawning, fecundity, hatchurg percentage and larval 
survival and growth are not compromised or decreased. Fettiliscd eggs are completely 
dependent on the yolk nutrients for larval development till they hatch and mouth-opens 
for start exogenous feeding. l'herefore all the required nutrients for hrval growth and 
metabolism should be packed into the ovulated egg. These materials are ~yntheaized 
and placed in the egg during the process of vitellogenesis, which occur prior to 
ovulation in the f a d e s .  On the other hand for production of sperms in males, the 
energy required is considerable less. Diana (1983) estimated that in pike (Box h jOYJ,  a 
freshwater carnivore), the annual reproductive effort of males aged between 1 and 3 
years was 7 to 10°hd for females, it was 14 - l6Y0 

Feeding Rate 

Research on Rambow trout have shown that ration size and feeding rate 
influence the size of eggs, number of egjp produced per female and quality of eggs 
produced Good feed should be provided d h g  the months prior to the spawning 
season for proper build-up of energy reserves for vitellogenesis in females and 
spermiation in males. In Asian Seabass which has an extended spawning period, 
feeding of spawners much be continued at least once a day during the spawning season 
also. 

Essential Dietary Nutrient for Broodstock 

The major dietary components of the broodstock diet that play important roles in 
reproductive performance of marine fishes are - 

(a) Proteins 
@) Essential fatty acids 
(c) vitamins 
(d) Carotcnoids / pigments 
(e) Phosphohpids and 
(f)  Minaals 

Gmnclnp, the opamnl dmay protein kvcl for growth is also the optimp) lcvd 
for reproduction. This has bean demonstrated in Ondvwmir m & h s  (DeSilva & 
Rdampola, 1990). Amino lcid rqukmcnts  of broodaoclr fish arc also generally 
aimilnr to timt for Optmul &tow&. In a classic study of Red sea bream, Pagru m e ,  



WIcpnrbe el af (1984) found that a dmay pipbtin kod of 4 5 * h  ophal fm (4 
number of egg produced, @) numba of vinMc tgpp .ad (c) number of lruac l m d d  
out. They nLo dcmonrantcd that replacing ahite h h  meal with & i h  merl, 
rcmatkably i n c d  egg vbbility, hatching r ~ c  and pucentngc of aotmpl bcvac (Tabk 
1). Since d m a q  protein quahty has a aignificPnt infhacnce on the s m s  of 
rcpducuon, btwJdstodr dicta should contain good qunltry ptotcin. SmJlnrty, 
Cumaranaturrlgr and Th.brcw (1989) have shown m Nik &pin that faading hshmenl 
resulted m bcttcr ovnripn growth and +r oocytcs than kgume meal. Thia b due to 
h+er kvcb of vitcbgcmc proteins and bpi& in hshmcPL 

Mnrine oil supplements arc necessary in b d s t o c k  fetdulg. Fish arc incapable 
of synthesizing h o l a c  (18:3 ob), linolcnic (18:3 03). arachidonic (2@4 &), 
ekosapcntacnoic @<PA) (20:s w3) and docosnhcxnenok (DHA) ( 2 6  03) )Ilghly 
unsaturated fatty acids and are therefore Fibsentid Fatty Acids (EFA). Moreover, unlike 
fresh watcr fishes, marine fish includmg Asian Seabass, are incapable of elongating the 
shorter chain fatty acids. Since thcse HUFA affect growth and survival of hshes, the 
quality of the eggs arc also affected if the mother fish receive EFA defrient diets. EFA 
deficient &cts fed to red sea bream e v e  very few buoyant eggs p a b k  1). Similarly, 
substitution of corn oil in place of squid h e r  oil deteriorated egg quality. In case of 
S ~ ~ s , ~ ~ t f a t ~ . r ,  fishes that received P o k k  liva oil in their diet laid eggs for more than 
fivc months but did so only for two months when fed diets without Pollack liver oiL 

Fish eggs contain n large amount of phosphohpids in their yok. It is therefore 
a&zSablc to indude a source of phospholipids such as lecithin in the diet of 
broodstd .  

Vitamin E plays an important role in reproductive physiology in f ~ h  w it does 
in birds and mammals. This, has b a n  confirmed in freshwater Ayu (P&CO~&JJXJ ahi lu) ,  
Carp ( C p i a ~ s  r e )  and rainbow trout broodst&. Dietary vitamin E m the 
broodstock diet is mobilized and transported to the oocytcs wherein it greatly helps in 
hatchmg and survival of the young. The concentration of this vitvnin is hrgh in the 
eggs and low in the tissues of the female spawner after breeding. During lvvd 
development, the level drops rap*. Hence the importance of dietary vitamin E is 
more d w i q  early maturation of the female fish and kss critical during hnd maturation 
and spawning activity. The Gonado-Somatic Index in carp fed a-tocopherol dcfirwnt 
diet was drastically reduced and the ovaries contained oocytcs without yolk granules or 
yolk-vesicles. 

Low and dehciurt kvels of tmcc danmts such as manganese, zinc and iron 
lowered the percentage of both eyed and vkbk eggs in rainbow trout Prkeuchi tt af, 
1981). Phosphorus deficiency m red sea bream broodstock resulted in increased 
deformities in h e  lPMe (Watanabe st af, 1984). 

It has been denonstrated chat if the pucnt fish ue fed &ts c o m a i h g  
pigments such as p-cuotcm, u a h x a n ~  .MbuPnthin oz arrhPPl pigment 8outccs 
such as krill oil there is good impnwement in the egg quality, patidarb if Sed just 
pdortobredng(Tabk2). T h k i a ~ . p p l i a b k f o r f i s h c s & a t ~ ~ l l t i a u c t o  
roccptfcedepenwhikbrrtding. A ~ o f t b c h r o a m n w t i d o r u l ~ o f  
tish bmodmxk is given in Table 5. 



In M.hp.4 S c a b s  (h ccah+) spawners are fed sma1 low-grade tish (not 
tnsh 6sh) at a xnte of 2 %ody weight once daily. These small fishes arc -&hout 
spines and with soft scaks. The feed fish is washed and rinsed with the head portion 
and intestine intact and fed to broodstock (Ali, H. M., 1986). Ponds stocked with 
scabass were given trash fish once a day (aftexnoon) by Kuo (1984). tiungvankij (1986) 
fed seabass brood tish with frrsh h c d  trash tish given daily at the rate of 5 Okf 
to& biomass. Manccwong (1986) mentioned that sardine or anchovy with intestine 
and head removed ate used for feeding after chopping into bite-size pieces at 1 Ohf 
body welgfit once a day in the morning. 

At Tahiti, French Polynesia, induced spawning and land rearing of U e s  
crrla@r is being done since 1988 following IFREMER technology. Here the spawners 
are fed a 'Semi-wet' food composed of fresh products of hrgh nutritional value 
supplemented with fresh tuna fish. The feed is provided three to four times pcr week 
tiU the fishes are satiated (2%+ wt.). The feed is reported to contain 42*otein, 8 
'+ids, 36°hoistwe , 9.694ninernls (Gilles IR MOUUPC et d, 2003) and the 
digestible energy content of this feed is 15 hlJ'Kg( Thouard et al., 1994). 

In the case of European Seabass, Dirrntmrcbw Ibbra~, feeding squid a few times 
each week starting two months prior to spawning help in obtaining hqh quality eggs. 
Dietary b i d s  have been found to be important because long-term deficiencies in 03 
HUFA can induce early gonadal atresia, lower fecundity and subsequent reduction in 
egg survival. Other trace nutrients such as vitamin C and E and carotenoids are also 
very importmt. The o v d  requirements for trace nutrients are satisfied by a mix of 
hjgh-quality food items such as fresh squid, cuttle fish, shrknp, krill and fish. Marine 
+id and vitamin supplements may be included. Although semi-moist and dry 
compounded diets are sometimes used as maturation diets for this species, they are 
generally accompanied by a fresh component such as squid, shrimp or fish. The 
composition of expenmental broodstock diet for seabass and grouper (Meyers, 1987) is 
grvm in Table 3 and European Scabass in Table 4.. 

At CIBA's Muttukadu Field Centre, Subass are maintained in 100 tonne RCC 
tanks and fed cld &b on frozen whole tilppia. Fee* time is usually after tank cleaning 
and water ex* (1 1.00 - 12.00 hrs). The excess food, which falls to the bottom of 
the tank, is removed 

Fresh diets offaed to b d t o d r  of fish and shrimp have many disadvantages 
but they arc indispensable at the present level of knowledge. Most of the cultivable 
aquatic species of inttrrst am cultured for d e t  exdusivcly on A c i a l  formulated 
feeds. Howevu, when they nn maintained for breeding purposes the anp- is on 
the use of natural fresh fee&. The fnstidioua nature of the species concerned and the 
many unknown n u a h t s  in natural fcsds has made their use a regulu feature in 
bmodsmck husbandry. ?Ire use of compounded dry feed can gt the most be up to 
U p ! ,  without afftctmg p a f o ~ c e .  The o v d  husbandry conditions also, such 
as, stress, wxta quahy, rearing tanpcrature, photopenod and mmapmcnt procedures 



inabdirionmthenuairioanimw,detamiaechcnwrosofrhcbioo~bbodrho,h 
of db&k scad prod&. 

Tabk 1: Effect on tbe spawning rmd egg qurlap of red sea bream P v  mgkw of 
broods& dcts of different compolrition (Watsnatu ef d, 1984). 

fish seed from total 

Tnblc 2: Effect of broodstock diets of different composition fed before breeding 
season cm the spawning and egg q d t y  of red sea bream (Wntanabe ef d ,  1984). 



Tabk 3: hgrdcnt composition of a p a h e n t d  broodstock diet for d u s  and 
groups (Sou= M q a a ,  1987). 

Table 4: Proximate composition of experimental European Sea bass broodstock diet 
(expanded 9 rnm pellet) (Bruce et af., 1999). 

1 

Ingredients 
F-h grwnd fish 
Fish mePl (ld) 
Es~rcted soyban m a l  
What pollards 
Fresh mussel meat 
Fish oil 
Soybean lecithin 
Vitamin mixture 
Senweed binda 

Composition of vitamin mix- 
Thiamine 14CI 
Riboflavin . . 
Pjndoxine HCl 
Cyanocobal amine 
Folic add 
Niacin 
Calcium pantothenate 
B i o ~  
Viaunin C (Sodium ascorbate) 
Inositol 
Cholinc chloride 
Vitamin A 
Vitamin D 
Vitamin E 
Vitamin K 

Oil component (T'una orbital oil) sprayed after the pellets are extruded. 

h e 1  of inclusion 
46 O/n 

20 Y o  

12 O/O 

4 O/O 

4 '/n 

4 O/O 

3 O/O 

2 Y o  

5 ?'n 

120 mg/kgdq&ct 
40 mg/kg dry diet 
120 %/kg dr). diet 
0.02 mg/kgdr)tdiet 
5 mg/kg dry diet 
1 50 mg/ kg dry &ct 
1 0  q / k g d r y  diet 
2 mg/kg dq diet 
lo00 mg/kgdrydict 
800 q / k g  dry diet 
1200 mg/ kg dry diet 
5000 XU 
10C)O IU 
200 mg/kgdrydiet 
40 mg/kg dry diet 

Moisnue '10 
Protein '10 
w i d  '10 
CHO 
Ash 
Fbre 

3.4 
51.4 
20.3 * 
27.8 
10.2 
1.2 



Table: 5 Slnnmnry of the known nutritionnl q u k m m t s  of 6sh broodstock. fbwcc 

-a (1988)~ 

(I“kog&sw~ ah&) btchability and bll survival. Rcqu~cment in 
broodstock is 34 rng/ltg diet Phosphorus increases 
spaartllng success. 2&5(w3) and 18:3(03) fatty acids 
are probably required. 

Carp Vitamin E increases GSI and is required for 
((;j&znwr cmpio) vitellogrsncsis and for proper maintenance bf w6 fatty 

acids in oocytes. w3 fatty acids are probably requid. 
Rambow nout Based on transfer of nutrients to eggs, reqwernents 
(Onrorfiynchws mykiss) are 10000 - 20000 IU/kg &t for vitamin A, 100 

%/kg diet for Vitamin ~ 3 t h o u g b  lower for vitamin 
D, ~ ~ - ~ i o t e i n / h ~ ~ h - e n e r ~ ~  diets are as good as 
)ugh-protein/bw-cnagy diets for broodstock 
development. Trace minerals, particularly 
manganese, arc required 2&4(w6) and 18:2(w3) fan). 
adds are EFAs for broodstock. EFAs are also 
reouired for hiPh aualitv soerm. 

Red sea brum 
( P a w  ans!mk.r) 

Vitamin E is requued and probably has the same 
effect as for ayu. w 3 fatty acids are required for 
buoyant (viable) eggs. p-Carotene and other 
carotcnoids are important for egg viability. An 
unknown component in cuttlefish meal enhances 
spawning success. 



MKaikam, ARThirma- and J.K SundPray 

The reproductive activities aue integrated with seasonal - environmental cycles 

in most of the aquatic spccics. The urvLonmentnl exogenous factors such as 

temperature, photopurod and &fail, dong with the endogenous physiological cycles 

send signals to the neuroendocrine system; which in turn regulate the pituitary - 
gonadal functions. If fishes kept under captivity in confined tanks for breeding, the 

change of environment from natural sea to a hatchery tank / pond can have a 

significant effect on hormonal regulation of gonadal function. The most common 

problem in the captive land based broodstock is the inhibition of h a l  stages of oocyte 

and sperm development though early maturation takes p k e .  The release of these 

gametes is referred to as spawning. Indnidual variation in terms of maturation among 

the brood stock fishes of seabass under capticity is observed. Some of the fishes attain 

manue gravid condrtion without any hormonal intervention and some did not. 

Seabass is a protoandtous hemnaphrockte fish. They are males during early 

stage of its life cydc and become females in later period. Reproductive system is very 

much compkated in hermaphrodte fshes since they go through different phases of 

hormone secretion which is responsible for gonadal development. 

Maturation process can be induced/ accelerated either by simulating the 

environmental conditions prevailing in sea or through the administration of the 

hormones responsible for maturation and spawning. However, simulating sea 

environment in many cases is difficult. 

Honnonal Manipulation 

The knowledge on the endocrine mechanism and the reproductive hormones is 

essential for inducing the maturation process under captivity. hhtutation requires 

stimulation by chronic and slow inacase in hormone levels. Thb sustained slow release 

hormone dclmery cia be enhanced through external sources in two ways: 



I. Hofmonc Through Peed 

Although most common and c q  metbod of dminkmtioa is through f d i t  
has certain limitations. 

a. Qn31 hormones that are not susceptible to enzymatic degradatmn in the 

d+ptive t rp~ t  can be lured 

b. 'Ihcre will be loss or hormone while &is feed is in water. 

c. No puantcc  for absorption of hormone across tfie w d  of intestine. 

d. No  control over the dosage administered as it depends upon the feeding 

rate of h e  individual fish. 

e. Due to the above mentioned bsses;excessive hormone has to be given. 

f. Fish will reven back if hormone is not supplied continuously. 

11. Hormone Through Implantation 

Search for chronic hormone dehery mechanism has produced a variety of 

pellets and capsules which help in slow tclcnse of hormones, when implanted into the 

musculature or abdominal catity. These implants would asskt in overcomrng the shon 

biorcmve like of the hormones and induce constant chation of gonadotropin seuction 

accelercrting the h a l  rnnturntion of gonads. This technique has both advantages and 

duadvantages. 

1. Hgh risk is involved for life of the 6th since implancption has to be done 

by making incision. 

2 Sustained re- of hormone makes the iish to m p n d  ccmtinw>usly. 

3. ImplPnePtion has to be reputed whene~a necessary. 

Therefore it is important to study drc rep- scrgcs of these fishes before 
appliution of hormones. 



Adopang tbe f b h w q  pl9crd\nr a n  do the induction of maturation pl.ocws 
in 

Breeders have to be stlccttd from the captive broodstock before the onset of 

the breedq season, so that they can be conditioned to the environmental and diet 

controls. Breeders selected should be active, fins and scales should be complete, free 

from diseases, parades and wounds. Males and femaks ue selected bascd on thck 

rcspccave gonadal maturntion stage. The maturity assessment of the bhcs is done by 

ovarian biopsy as given below 

1. The fishes in the broodstock tank are secured individually in small cloth 

hnpa for obsavation. In case the fishes ate agitated too much or if wild 

broodstock fishes are procured, they can be transferred to anaesthesia 

tank containing sea water with 250 ppm of anaesthetic (MS - 222 or 2- 

phenoxy ethanol). Otherwise a cloth bag or perforated plastic hood can 

be covered over the head upto the pectoral fin so that the fish would 

become docile. 

2. After tuming over the fish;abdomen is gently massaged in head to tad 

direction. If milt extrudes out of the genital pore, it is a ripe male. 

3. If milt is not there, a polyethylene can& of 1.2mm diameter is inserted 

into the genital opening of the fish upto 10 cm. The other end is 

aspirated gently by mouth while withdrawing the can& slowly. 

4. The contents axe collected in a watch glass and observed microscopically. 

Measuring the ova diameter using an ocular micrometer assesses the stage 

of maturing. 

5. Female with a4 mm average egg diameter can be chosen for pellet 

implantation and the mnks without milt are also chosen for pellet 

q h t a t i o n .  F a d e s  tutivy yolk giobule stage or a ova diameter of 

0.45 - 0.50 mm are chosen for breedmg purpose. 

Tht serurl mPtrnntion in f d  seabass can be acceltrated by implanting 
. . .  Leutmtrttng Hormaat R d e a m q  Hormone - adogw (LXRH - a) p e k t  The 

k l . n ~ m & d k o d u d o n L c I # u r  55* 



h ~ i r i n c o r p m t e d m n m P I l j l r o f c b o S e r t t r o l ~ d m d c i a m a p e 8 # o f  
required dinmeta for imphtntion. &fore the pelkt prqnntioa, h h  i w+ld  d 
the dose b dcdated .cumimBtg. Dose of LHRH-a to be imphntcd is c4icuhted @ 
0.1 m d k g  b o d y  wagbt of the fish. Suppose thee tiishcr of 445 5kg and 6kg arc to be 

implanted the combined raqu~cment @lmg/lkg body w e t  wwld be 1.5mg. 

a. Wagh the chokstcrol powder (g2g per m g  of hormone and tpkt in a 

clean, dry pandrsh. 

b. Dissoive each mhgram of the hormone in 0.2rnl of 800kthanoL Draw 

this the solution with a syringe. 

c. Mix the choksterol powder with dissolved hormone with a spatula. 

F ? d  quantity of pinch of cehbse  or gum acacia is added as a bmda. 

d. We@ the total amount of powdesed mixture containiag the hormone 

required for each b h .  

e. Compact the powdered mixture into cylindrical peIlets by using pellet 

maker of required diameter, usually 0.2-0.3mrn. 

f. Dry the pellet in hot nu over at 37°C for 2-3 h o w  or at mom 

temperature for a day and stored in capped vials. 

LHRH-a or MT (17-oc methyl testosterone) pellets cna also be prepared in the above 

mentioned rnannu and used for the induction of matuntion in &. This case is 

applicable only if adequate males arc not aVPilPbk. By treating the fanales through 

methyl testosterone it can be converted into males. 

a. The fish to be imphted is isohted md tcansfened to r anaesthesia tank, 

if rgitrted too much. 

b. TurnthefisbhtugpdllanovedaneormscPLsarithafarupsnti 
point 2-3 cm bdaw bre dad fin. 



c A sbon aacLion of rmund I an width md 1 cm depth is made by using a 

surgicd bbdc 1- is mYde papendiculPr to tbe n o d  spread of the 

mu& Qur. 

d. The pellet is inseaad into the musculature with the help of a foreeps 

thm* the incision made and twisted at 90°C angle to get itself 

anbedded in the muscuhture. 

e. After withdrawing the fomps,  the incision is senled with pure Vaseline 

and the fish is given antibiotic treatment to prevent infection. 

f. The fish is rckased in the broodstock tank after properly tagging for 
identification. 

a. Turn the fish on its back and remove few scales with a forceps nt a point 

7-8 cms ahead of the anus to expose the flesh. 

b. A short incision of around 0.5 crn width; but deep enough to puncture 

the tissue lining of the body cavity is made. Care should be taken not to 

puncture any internal organ which would be f a d  

c. Fit a metal trochar into an 8 cm long plastic dnnking straw and insert into 

the incision. 

d Withdraw the metal trochar implanter leaving about 3 cm of plastic straw 

g d e  ptovuding from the incised wound. 

e. Drop the hormone pellet into the plastic straw grude and replace the 

a& implanter to push the pellet into the body cavity of the fish. 

f. Pull out the implanta and plastic straw g d e  from the incision. 

g. Appiy antibiotic Ointment and antiseptic Vaseline aver the incision. 

h. The tish is d e a d  in the broodstock tank af ta  propedy tagging for 

idar*tion. 



Hot- pelkt h n p W  fLhr nr crnmirral fbmghdg t~ ~ X P  bnat of the 
gonnd.l dcvcbpmcnt Nonnsliy wkhh 2-3 rPeelcr &a imphntltion, mrturiag fjsbes 
attain p v i d  condition. I f  neodad;imphtntipn can be repeated farmrgtrtiy/mon&ly 
oncc until the onset of breed% sawn.  



1. Introduction 

Rearing of hatchhngs rhrovgh vatious developmental stages providing required 
mvkonmentd parameters and feed is tbe most important phase in the seed production 
technology. This is stin more significant in marine hhes  like scabass. Seabass h a 1  

phase extends upto 21 days and during this time, the feed requirement, type of feed, 

quantity etc also vary with every stage. The lPrvnc have to be provided with 
nutrition+ balanced k t .  Moreovu senbass lnrvne have the behavior of cannibalism. 

Differential growth is noticed wen from the very early stages in seabass. The larger 
ones wiIl eat the smaller ones in the rearing tanks, ultimately reducing the survival rate. 
Production of healthy fiy depends upon taking care of all these aspects in the larval 
growing protocols. 

Larval rearing can be done in indoor and outdoor tanks. Indoor tanh are 
desirable since dose monitoring of feed, water quality and health is possible. The 
influmce of extraneous factors like hght intensity, algal blooms can be avoided. 
Outdoor tanks are mainly extensive type. Though the larvae may grow large, the 
ultimmte survival will be very low. 

Rcving tanks can be circular or rectnngulnt FRP or concrete tanks with proper 
slope on the outer side for larval collection. Provision for cleat filtered sea water, 
freshwater and aeration should be made. 

Tanks in the size of 4 - 5 tonne capacity are preferable for opaational 
convenicncc h e  can be reared in the same raring tanks upto 25-30 days or it can 

be uansfened/thinned to other tanks aftex 14 days depending upon the larval density in 
the rearing tank 

Freshly hatched healthy kuvae (Hatchlings) from the incubation tanks are 
transbred carchtly to the tePring tanks. k a c  are stocked madly @O - 50 
nos/titte. DepenQng upon thc age and size, h e  laxvd density is reduced to 20 - 25 
n o s / 1 o n 1 ~ d r y d b l a d r r f t t r 1 5 d r r y s , t h t ~ k m r i a t n i a o d  amund10-15 

n-h. 



'Ihe fofbaring h e  feed are very important f a  faainyT du lnrPoc (for culnnt 
&& - Refcr - live lkcd culture). 

Whate\vcr good the culture system may be in many cascs, Roufer or Artemia 

nauplii produced in the hatchery may not be having all the nutrients required for the 
k a c ,  (npccipny the unsaturated fatty acids), the cultured R o t i f a / b m i a  arc enriched 
with nutrient rich medm and then fed to the hn-ae. 

lUke 

Rotilcr 

Ammis 

5. Water Chpnse 

C;rrcn unicdluhr algae like C b h h  sp T#mehb sp N a a n o c b ~  or 
11udpu sp arc nrcded f a  facdrng the live feed (zoophakron), 
Rnafu and f a  a d & g  to s a h s s  lams4 ratong tanks for warn quality 
maintenance. 

Roafcr (RmAnom~pSahsl) u r  B.rotundiformis is the most p r c f e d  
diet for the fish Iarvac in thcir early stages. Ihc size of the Rotifcrs 
v a ~  fium 50 - 250 p. The early sage l a m e  (upto 7 days) arc fed 
wth rrnall r u e d  mti fa  i.e. Ins than 12qm and later assorted size 
mafer can be fed 

Bnnc rhnmp, .-lrtn*io in nauph stage arc required for fctduyg the 
Iarvac fnxn P day. Anemia with its n a d  nutrient profile q u i d  
for l a n d  devdopment of fish is used in dl the hatcheries. .4rtmia 

cyst arc kept for hatchang and the freshly hatched nauplii arc given as 
feed far fuh Ian-ae upto 21 days and a f k w d s  .#I-& biomass can 

be p e n .  

Wsta q d t y  m the reuing fnnlcs is vaty Important for better s u m i w l  and 
p w t h  of the LNu. Water pmidcd to l e  brval resuing tanks should be fne from 
Bngelhtea, ciliates and other unwanted patho@c argpnisms. Water should be filtered 
through biobgid tikar. presrun sand 6ltcrs UV radiation aermrnt is also given, to 

get rid of the pstbogeruc ozgmkm. If chiorioe Paad water is dtrraa, redud chlorine 

& 0 u l d b c - ~ 4 d a a t , f e s h h r a c r r r ~ ~ t o c h l o r i n c d a n t a s b o u l d  
b c u L e d ~ ~ d c c h b r i r u t i o a .  



Tbq hwc to be r e d  cucfuUy. The debris and bottom sediment are removed by 
siphoning using sipbon arbes. The bottom debtit is slowly siphoned out .long with 

water into a trough witb 6 k  net. The mesh size of tbe filter net used will be 100 - 
*lor water change upto 9 &ys. Afterwards filter net with 200 - 4COpmah size can 

be uscd. The water win flow through the net filter and the h e  siphoned out dong 

with the sediment will be retained in the trough. After thc requited water reduction is 
done, the larvae dong with debris are carefully transferred to another small trough. 

Healthy h arc picked up and reintroduced into thc tank. Dead Luvae and debris 
are discarded. T o  maintain water quality in the larval rearing tanks, 30 - W h t c r  
change is done duly. The salinity should be maintained around 30 ppt. And the 
desinbk range of temperature is 27 - 29°C. The water level reduced (30 - w4n the 

rearing tank is le\..clled up with filtered quality seawater and gcrm water after taking cell 
count of the algae in the rearing tank. 

A@ water is added daily upto IS& day. After bottom cleaning and water reduction, 
wide water change is done, algal water is also added depending upon the conunrmtion, 
(around 20 thousand cells/ ml in the rearing tank). This a#$ water play an important 

rok is the larval reanng tank. Algal water added should not be contaminated since in 
the open culture there is chance of contamination by flngellmtes, ciliates and 6lamentous 
algae whrch will be toxic to the fish larvae. Apart from being a source of feed for the 
rotifers in the tank, the algae help in the conveaion of h m f u l  excretory products 
like ammonia and other metabolites in the rearing container into less harmful nutrients. 

4.2 Feeding 

Feeding the larvae should be done with utmost care. Under feeding will lead to 

starvation and cannibahsrn in scabass larvae. Excessive feeding that too feed Lke 

rotifers will remain in the tank and excrete toxic metabolites de t c r io ra~g  conditions in 
the tank. Feed rationing and feeding depends upon the larval density and conditions of 

the larvae. 

Rotifex (Bmcbwnwpdv&) are given as feed to the lnrvnc from 3d day. Rotifcr 
is maintained m the hrvd rcanng tanks at concentration @ nos./rnl initially. From 
4& day to  15* day the rotifet concentration is inuased  to 30 - 50 nos./ml gradually. 
And concentration is m a c a d  to 6 - 10 n w / d  from 9* to 1S6 day of renting. Every 
day afta water wchnngt, the food conccnmtion in the tank should be assessed and 
fitsh rotifas should k added to the required coacentmth. 

In the 4 strgcr (3 - 5 dnys) the hrvme mmy not be in a poshioo to ingest the 
hrge aizcd rotifas. H a ~ e  rftcr u)lhing the rotifem b m  the tanks small sized rotifa 
km thmr 100 pIlbould be k e d  u h g  suanbk mesh s k  b o h q  Joth nets. Rotifem 



coIlccted are p s c d  thrwgh boldng net of 100 miaon and thc rat i fas  passes 

through arc w k t d  mnd fed to the early h. From 6. day u r o d  size rotifa: c m  

be Ipym as fced. 

Anemia nauptir arc p e n  as feed dong with rotifem and green wata from I@ 
day. By this time thc lnivsc will bc around 4 mrn TL in size. Larvae can be feed 
cxclurivcly wah A m i a  frum l @  day to 24" day. The denary of the brine shrimp 
nauplii m the rearing medium is maintabred @I00 nos./l intttnlly and gradually 
incrwKd to ~ ~ / 1  as the fearing days progress. The cw ration of Anemia nauplii 
fardmg an adjustrd after assessing the unfed Anemia in the r e a r q  tank at the time of 

water cxchangc and thc larval density. 

4.3 Feed dcnaity/qunatity to be given to seabass 

Larvae at differtnt days of d n g  

By 21" day the larvae will be around 10 - 11 mar TL in size after compkang 
hrl devdopmmt strgea Fmen 25. day the h r c  a n  be ftd with A& sub ad& 

(biomass) dong arith cooked mmad fish/shrnnp meat. The hry can ibo he weaned 

slowly to srtitichi fed.  

Days 

-dylc 

3 - 8  

4 -15 

16 -25 

26" dny 
onwards 

Under circums~rxa, w k n  the rotif- cwld not be fed witb muiac C b &  
adequately, the n u a i h d  quaby of euch robifcrs may be poor. In such case, tbt 
r o t i f a s u n b e ~ a d w i d ¶ ~ a r r i d r m c n t m a d i P .  ~ i s d o a e b y L b c p m g  
the mcifen in anddied cnlidrmart mahm lite SELCODHA or cod-liver oil far 18 - 
24hours. B y d u s p t p c e s q t h c m i m r b w i U h p z t h c ~ n v r i h a b k h i . r i c b i n  

-t 

F e d  
C . % h l l a /  

~ e t r m c h /  

1s- 
Cone. 

T h o w d  
cetL/ml 

20 

20 

A m i a  

nurplii 
Nos/L 

2000-3000 

.)O(XM000 

Rotikr 

(Braebiollys 

p-) 
ws/ml  

20 

30-50 

Artcmia 
biomass 

Noo/l 

1000-1500 

Cooked 

minced 
f i s h / m h h ~  
meat.'* body 
wt. Per day 

30 - 40 



Poly txmtumtcd hty Acids (PUFA), tequrmEd tk h d  grow&. The rnimnls are 

.msbed ad fid to tbe hrwc In this wav Rodfas Alrcndrr ~uplii/Annatir biomass can 

also be urrichcd and fsd Moina a cladoccrrm can also be fid to tfie scabass EprpK after 

21 days. 

.Seabass while growing exhibits differential growth rate, hierarchy. resulting 

drffuent size groups in the same rearing tank. The k g c  one's dominate others 

for food and space and also prey on them. Scabass lnrPov are Wly cannibalistic and it 

is more pronounced in early stages. In thc rearing tanks, when the LPNal conccntmtion 

is more and congregation takes place for food and feeding, the larger oncs are tempted 

to feed on the smalkr ones. To avoid this problem, regular grading has to be done. 

The large sized larvae, (Shootmj'have to be removed. Uniform sized larvae should 

be kept in the revlng tanks for better sun+-al and growth. Gradmg should be done 

once in three days from 15* day or whenever different size larvae are seen in the tanka. 

Grading can be done using a series of fish graders with different pore size o f  2 mm, 4 

nun, 6 rnm, 8 mm, 10 nun. When the larvae are dowed to pass through the graders, 

different size wdl be retained accordmg to pore size of the sieves. Gradmg may cause 

injuries leading to mortlkty. Hence proper care should be taken in handling the larvae. 

Prophylactic treatment with 5 ppm Acnflarin can be given. 

By adopting these practices survival rate upto 48Oh been adueved with 

avemge sun%.d rate of around 15 % 25 days in larval rearing phase. The protocols 

mentioned are some of the gui&hes to be adopted in larval re-. Rate of water 

change, feeding etc. dcpend upon the various environmental conditions and h e  

conditions in the larval rearing tanks. After rearing the larvae in the hatchery for 25 - 
30 days the fry can be transferred to nurseries for further p w i n g .  

The ptocbdw and propod  mentioned are only gwlelines. Situation may 

arrrmnt clump in dl steps to get better survit.11 and growth. The environmental 

paxametas & water temperature, climate conditions etc should be considered in the 

protocols Mu water chmgme; fteding etc. The larvae are carnivores prefeniag feed like 
zoophnkwn in the ePdy stags, tend to continw witb th ruuac fetQng habit even in 

tfrt k c  p b  of tbt life history. H m a ,  prmdhg live fish/- jwenilcs to 

tbe Win thcnuaeryrepringagmw outpbarinporcprncticPlpmbltmson he 



mabbdi ty  of adcqustc quantity. It rr felt thc hiPw can k wamcd to fccd on 
f o n n ~ l a c n d u t @ e l l c a z e d f b a d ) i n t h c ~ s t m g c w , ~ f r P t h r r r i r i n g d b e  

caaly mmngcd. 



WMB =D CULTURE 

M . K d a s a m d A . R . ~ u  

Finfish hrper: in the early st.ges of devdopmat nrc phnktivorous feeding 
mamly on rooplankton. AQquote quantity of q d t y  live feed of required size, that can 
be injested by the h e  should be made mvailable during the lpNd rearing phase. The 
different types of phytoplankton live feed that are used as feed for rotifur in the larval 
rcaring of senbass, Late$ a o l c ~ i ,  indude gtcm algae C b h w h  sp, NunmcbEwopsis sp, 
I m e ~  and Tehudnuk sp. The culture and supply of live fccd organisms have m direct 
beaiing on the success of any larval rearing practice. 

Pure cultures of the above orgnnurms have to bc continuously mnintnined in 
conttoIkd laboratory conditions to ensure a constant source of s tnaa  culture. Live 
feed cutturc should be initiated at least two months prior to the spawning season, to 
provide a continuous supply of it for larval rearing. 

MICRO ALGAE 

Micro algae arc the plant component of plankton. Thcy are unicellulnr and 
microscopic in size. Thcy uc the primmry producers of organic matter via 
photospthesis. Since, micro-algae are the btological starting point of the energy flow 
through the most important aquatic food chain, the grazing food chmin, it is lo& that 
management of dgal production is an integral part of many hatcheries opantional. 
Micro-algae not only plmy an important part as a food source, but, together braeria, 
they also have an important role in the oxygen and carbon dioxide balance in the 
c u i w .  Recently more than 40 different species of micro-algae, isolated in different 
parts of the world, am bung used in intensive c d w e  procedures. The most frequently 
used species nre Nmn~~hlompJrj @, ChlotrUo @, IswhryL g u b u ~ ,  Isorhysir tahitr; 
Mozlochy~ &hii, Tcm~rrhai snerira, D m & h  spp and the chlomcrrkm (Chbnlh &. 

1. Size and feeding dm* 
2 Mot* and floating capacity 
3. Nutritkeorbw 
4. Tbc diptibihty and absorptive. High nutritive value with poor digestibrhtp L 

not d&abk 
5. RcplDdudbilitg - It should be possibk to produce in large quantities 
6. Cost should below. 



CHLOJWUA CULTURE 

Stock solunms of different inclripnic nutrknts. alcc ekrnents and EDTA arc 
to bc prepared by dusolvq ewh cornpod separately (Jabk 1) in 1000 ml distilled 
WPtCt. 

'I'o prcpnre one litre working solution of CbbnUo, from the stock solution of tach 
compound. 1 ml in added to 1 1 of sterile m t a .  Potassium nitrate and sodium 
dihpdrogcn phosphntt are to be added at the rate of 5 ml and 2 ml respectively. Adjust 
pH to 7.5 - 8.0. 

Chemicnls 

I'r>tluruum rutrate 

.Sodnun &hydrogen phosphate 

S<xhum monohydrogen phosphate 

C ~ l l l a u m  chlortdc 

Trace elanen ts 

Fe. ED'TA Compkx 

Dkrbolvc 61 mg boric 169 nag M.ng.norrs sutphate, 287 mg PC sulghnte, 
25 rng coppa sulphatc and 1236 mg Ammonium molybdatt in 1 0  ml of 
distilled Mta. 

Qunntity (g/I) 

202.0 

310.0 

89.0 

14.7 

e 

* 

Diasolvc 6.9 g ferrous rulphatc and 9.3 g of &odium srtt of EDTA in 800 ml 
disallcdwater. B r i a g i t t o b a i l c o o l i t . a d m J ; c u p t o l O O O m l b y ~ ~  
WU. 



of the culnnc. Hac, the ctlb ftom agar slants ut m n s f i  to liquid culture medium 
in 20 ml test t u b q  &en to 100 ml conical fhsls, 250 ml conial flasks and upto 1 1 
£lash (10-Wkf iwarhun is used m ach s a p ) .  The finsks am s h a h  at regular 
indtrvrls md &wed to grow for 7-10 d.pk 

The population of algae is charactcrixcd by a aigmoid w e  and is divided into 
for d i s ~ a  phases. 

1. The - chnractcrized by 2 h  growth. The population remains 
unchanged. The newiy added inoculum adopts to culture condition. 

. . 
2. v: The cells in this phase divlde fast in constant 

geometric progression. Cdls have active metablic rate. 

3. u: Popuhtion remains constant or steady. This may be caused 
by nutrient h t e d  medium and aging of cells. 

4. -: IIus is the phase of declining growth. Usually algal culture 
collapse and nument in the medium is already exhausted. 

P-al rquimnenfs for tbe cvlmc of algae 

The absence of sunhght in fontrolled rooms'h/c provided by cool - white 
day light fluorescent tubes. 

A a t i o n  is provided to keep the llgne in suspension, to partly supply carbon 
needed for plnnt gr& disperse &aoh?e mate& and to avoid adherence of cells to 
the walls of culture vessels. 



Muczllb 
Bin& mic-pe 
Hacmucytmncra 
Ctwcr slq, fur h cytomaa-0.- thidt 
Pnsteur pipette 
I~karive-lagob Iudnc 
-'.banal 

(hkcr a sample of the phytoplanktaa from n well mixad culture (10-20114. Fix 
with 1-2 drops of Iagolrr ~ ~ l u t l o n ,  within 15mu of coUK60n. 

Stcp 2 

Clean the surfaces of the h a a n o q t o m ~ c i  and cover shp with 30Okhmol and 
uipc dry. Pkcc cover shp on the counting M e  

Stcp 3 

Mix sample well. Draw sample into the p q ~ t e  and place the tip of the prpectc 
near the V-shaped notch of the hncmocytometcr. ARow the sample to flow smoothly 
and evenly mto the entire chamber. With n second sampk h d  the second chamber. 
Wait for l h t s  prior to counting. 

Stcp 4 (When cell dcnmity is 1-25 x 10' c d b  / ml) 

While viewmg through the microscope count the number of cells in the four 
corner qurrres of the h~anocytomucr etch of ahKb is sub-dkidd into 16 squares. 
Repeat the process on the other side of the h.anocytomcta. The result will be 8 
separate counts. U q  the foUowmg form& the nvurige number of cells p a  sqwxe 
will be obtained 

Averigc *f ctlk counted = 
T o d  Yf cells counted 

8 



View the cead  square of h.anocytometa thmugb the mkroscope. The 
cenml sqamrc is divided into 25 gnalkx square, and each of the 25 s q i ~ r c s  is fraher . . 
m b c h & d  into 16 sub-squuc~ Cwnt the number of ctlls in 5 of the 25 squares. 
Five MKh squares M counted on each side of the hnuaocytomcta, ie 10 per sunpie. 
The cell cknsity of the m p k  can be c~timatcd by che fallowing fornut. 

T o d  of cells counted 
Avange Yf cells counted =- 

10 
Fstima tad cell density = A x 25 x 10' cells/ ml 

- - -x 10 cells/ rnl 

100 

Out door mass production of NonllocblottsprIj spp consists of two stages. In the 
£kt shge, 500 1 tanks are inoculated with starter cultures and in stage two, tanks of 
greater capacity are inoculated from cultures drawn from the 500 1 tanks, aftu they 
attain harvest stage. (30 - 40 x lo6 cells/ml). 

The 500 1 tanks are cleaned well and filled with hltered sea water. The seawater 
chlorinated with 5.25°/60rnmerunl bleaching powder solution @OW ml/1000 L 
Vigorous oerption is provided for 24 houts and subsequently dechlorinated with 150 
ppm of d u m  hosulphate solution. Ensure that d chlorine is removed, then add a 
nutrient mixture of Ammonium eulphate, single Super Phosphate and Urea in the ratio 
100,:10,: 10, per tonne of sea water. Add NmocMompsir inoculum derived from the 
stock culture laboratory. The initial stocking density should be around 3 - 5 x 10" 
cells/mL Vigorous aeration and b+t sunhght ue essential for cell multiplication. 
This cultwe is in turn used to inoculate Nrm11och~su  spp in larger tanks, using 1/5 
Nonrrwb&+u app starter volume and 4/5 filtered seawater. Some nutrient mixture iR 
added in t h e  tanka nbo. Continuous aeration and sun light provides good cell density. 
When 20 - 25 x 106 c&/ml is reach4  it can be used to feed rotifera and as green 
wattr for larval rcuing ranks. 

The nlgne bang an important component as feed for both h e  zooplankton and 
iboforcolrdrtioningr+;9riagmadhtm,itlouMbermintnined~puted~yns 
possible. Any contiuuous or crashing of algae cultives will hPve c$hn effect in the 
harchay opartion of senbur. 



A d j t  the pH of NamPaakrpnr spp to 7.5-8.0 using dibute Sulphuek rid or 
Hydrochloric acid or if oaded atith Salhan hydro& sohrtion. N- spp 
may a h ,  be ccn- at SOQOppm f a  l k t s  and r#uspendcd in s a  water. Estimrtc 
the &nsity of Chbrrh spp using r hnemocytomcta. Prepare Nmrmcbhprir spp density 
to about one milIion cefb/ml, by oddrng ~pptopihtc quanaty of fdtcrcd sea wata. 

Distribute drc N m u a - ~ r i s  spp into 5-10 ml +s cavity blocks. Using a 
Pastcur p i p ,  transfcr each of the d c r  rpeats into the cavity blocks. S e w  
tmnafer the isolated indnduals through w e d  cpvity blocks to eliminate any assodate 
organisms. Cover the cavity block and place in diffuMd Wt. 

After isolation, replace with fresh Nra~orbhmpni (density 1 miltion cells per mu, 
wcry 12 hre. Transfer adult rotlfcr dong with eggs and neonates if anyt. Grad* 
incrane the volume to 25ml, in 5(hnl be4lers. Change the culture dady once. Use 50- 
HO urn mesh to separate the roafers. Proceed rill the density reaches about 50 
ind~viduab/ml and the volume up to 500ml. Inucnse N u n u ~ c h ~ n j  spp density to 3-4 
million ccb/mL 

When the dcnaity exceeds the above, remove half the quantity and makc up 
&an water. Change the culture daily with fresh Naullocbbmprrr spp at the above food 
dcnslty . 

Incubation t e m p a w e  for Plgnl cultivation o b  ranges between 18°C - 25°C. 
Thc &g up of ouwde culnm: ia usunUy done early in the moming to avoid 
temperahue shock. 

Rotifera ur microacop~ orgmisms abundnntiy found in dl the aquatic systems. 
It h i v e s  in the eunapic condition. Rocifu r d  nonnaUy after the phytophktaa 
bloom m h e d  out. It feeds on mscmscopic ~mrelhrlnr algnc like C&k, Tetmkr, 
Nrxllmcbhpu etc, Bcuuse of tbck apt size (100 -28Op) arhich may fish h can 
wt, it is culnued in hrgc s a l e  and d in all the hatch&. Rotifa is 
consdaed as an important Lipe food o c p r h a  

T h e n u c t h i t c t y p w o f m ~ a r h u r e d m t b c W t l i o m d d d c p e M t i n g  
upon the roq\lirrmrnrs. 

loo - 14opm 
141 - 2- 

- Mawe 221ps.u 



GcuaaUy the water v o w  of llgrl cutttxc is 2-5 times gEeuer t h  the volume 
of rocifct cuhun. The rcquued daily pntMetcts for rotikr culture are densities of 
N- spp > lOXlOd ccIls/ml to be provided for the rotifb, temperacute ringc 

bcrween 27-28OC Rotifer starter cultures arc drawn from stock cultures maiatnined. 
Fibaghs tanks MIlPng in capacity ftom 1-2 ton arc used for mtifcr culture. Tanks 
should be preferably b t e d  at about 3 ft above the ground for easier collection and 
harvest. 

Ptojmgatim d Maintenance of Pure Cuhure of Rotifcr 

To rake a pure culhue of rotifer, i n i d  samples must be collected hum 
stagnant water bodies, using a net of 50-Wp mesh size. About 50-60 1 of pond water 
then filtered, yields s u f h n d y  large numbus of indrviduals of Brucbton~~p6c&.r. 

Using a tine dropper, i n M d  specimens are isolated and introduced into a 
glass cavity block containing filtered, sterilized seawater. the pH of which is adjusted to 
be same as that of the fkld smnpk. 

Adjust the pH of Numotblompsis spp to 7.5 - 8.0 using diluted Sulphuric acid to 
Hydrochloric acid if needed with M u m  hydroxide solution. Nunrrochloropsis spp may 
also be centrifuged at 3000 rpm for 10 minutes and resuspended in seawater. Estimate 
the densit). of Nmnochhrop.rii spp using a haemocytometu. Prepare Nunnocbhmpir 
density to about one nibon cells/ml by adding appropriate quantity of filtered 
seawater. 

Distribute the Nmrmcbhmpsi~ spp into 5-10 ml glass cavity blocks. Using a 
pasteur p p e ,  transfer each of the rotifa species into the cavity blocks. Serially 
transfer the isolated individuals through several cavity blocks to eliminate many 
associate o r p m m .  Cover the cnity block and place in diffused hght. 

After isolation, replace with fresh Nannocbhpk (density 1 million cells per ml) 
every 12 hours. Transfer adult rotifu along with eggs and neonates if any. Gradunlly 
inae~ise the vohune to 25 rnl, in 50 ml beakas. Change the cuiturc daily once. Use 50- 
80p mesh to separate the mtifen. Proceed tin the density reaches about 50 
indmiduals/ml and the volume up to 500 mL Incrense NmnorhlorvpJir density to 3-4 
million cel/mL 

When the density exceeds the above, remove half the quantity and mmke up 
with dcvl wata. Change the culture daily with fresh hTmmochhmpn's at the above food 
density. 

Clem the mtifa culture tanks add Naemchhvpiir water at a density >20X106 
&/mlare added. IWKUlPte &etankwirh mtka to achieve an initinldensitty of 10 
brd/ml Jhha tc  &mq by tmkq 1 ml plrquot Flrrith a glass rotifa pipette and count 
the manba of rotifas in the pipette with a 10X mspnitt.r. Albw 7-8 days for rotifa 



Culture of M e r  md a+ &odd be Ic)rodukd to msurc daily barvest of 
rc~tifcr and an unintermpced prod&. Cuhurists prefer roafcrs to rrproduce 
~wxuallg, bocoure of thc shona hfe span and bata auuirive d u e  of the asexual 
forms. This k nccompbhed by NguCnting feed, water, tempcnturc, salinity and aeration 
during the c h e  process. Fcrahty is a mcodurc of the g c n d  h& of the rotifer 
culture. Under n o d  circumstances pnta than W/mf the r d c r s  should be 
carrymu c ~ g n  24 hrn aftcr inid stocking. This value will fall to 10D/Ct the timc of 
harvclrting. 

C. ARTEMIA NAUPLII AND BIOMASS 

Hrinc shnmp, Artemin is an important source of d protein for the fast 
gr(>wing larvae of scabans. Artcmh is rich in required PUFA and aminoacids needed 
for early stage of thc larvae. 

.4dmb~ culture in the hatchcry is rtnrts with cysts. Cysts are metabolicllly 
inactive encysted embryos. Dry cyst meprmres 232-240 pn in b e t a  and we@t 3.70 
lg. Ch an average 1 p cyst contains about 265,957 ball live pamcks, which after 
immersion in normal seawater hatches into ma@&. After hydration of cyst measures 
237.4 1.60 urn in diameter nnd we* 3.70 M. h7@b'i at the first stlgc is known as 
INSTARI. I t  mcramorphoses upto INSTAR ,UI when the &mia attains adult stage. 

In about 12 days. the individual attains the length of 7.5 nun. Sexunl 
dimorphism is pronounced by this timc. The mnlt antennac get transformed into 
hoadlilrc muscular graspus, whcnu  in thc postaior pnrt of the tnmk region, a paired 
copahtory orlpn can be observed. F a d e  AeAnir can cady be rccogntzed by the 
broodpouch &h is situated just behmd du 1 I* pair of thoracopds. The indmidunl 
become gravid by IS* day, u q m g  a broadsac full of eggs. The total length of Ak 
at this stage is a b u t  9-l Omm. 

Reproduction 

T w o d i f k c n t p ~ n a n s o f r e p ~ v i z , o ~ a n d ~ ~ ~ ~ h a v c  
been rrcordad in under diffrrrrrt feadrag and mvnoamtrrt.l regha 
OrgrnkDas cultured in k m  srlhritp of 3560 ppt with hq$ disrotord orygcn, 94.7- 
7 p p m ) , p H k v & 8 . 2 - 9 . 2 u e ~ f o r ~ ~  



OolpUWg'cp--rrpbmdtoocc\nm~silinitywdlowoxygea 
Itvelrr. In ovipptous mptoduam, eggs develop into the ptnh sage, become 
srnrotlMied by the thick sben and ue deposited as cysts. In hypuubnicy conditions, 
cysts M r c b s d ,  which float in the brine water. The floating cysts are evenmdly 
bbwn ashore, whcrt they nccum&tc in h g c  masses and dry. 

The production of rrPjpQ by incubation of cyst in seawata h a very simple 
procedure. However when worhng on a Iprl5c scak and with high densities of cysts, 
several parametas m@t be c r i d  in ensuring maximum hatching efficicncy. 

Optimum condition for hatching 

Temperature 25-30°C 

pH 7.5 - 8.5 
Salinity 26 PPt 

oxygen above 2 ml/L 
Iliummation above loo0 lux 
Cyst density 1 gm/litcr 

Hatching 

Best hatching efficiency with hqh densities of cysts can be achieved with 
transparent funnel shaped containers that are aerated from the bottom. 'The hatching 
containm are about 20-30 liter upaaty, cylindrcxonical I:RP tanks. The hatching 
tanks arc illuminated at a dutance of about 20 cm with 60 watt fluorescent lamp. A 
continuous aeration from the bottom of the hatching tank ensure that dl cysts are kept 
in suspension. Complete hatching takcs place within 24-36 hrs. When hatching is 
complete using hght source, the nauplii can be attracted and collected by siphoning. 

DccapsulPtiw of cyst 

The hard dark brown external layer of cyst, the chorion can be removed 
without effecting the viabhty of the embryo by short term exposure of the hydrated 
cyst to a hypochlorite solution. Decnpsulation improves the hatching cffrcicncy. 

Hydrnte cysts in seawater for atleast 1 hour. 
Preparation of decqsulation solution 

Decnpsulation solution with bleaching powda 
Ca (OCL), : 0.5g active ptoduct/g of c y s t  
NhCq : 0.78 g/g of cys t .  

Aartc this solution for 24 b. Aftez 24 hrs stop atmion mud allow to 
radhncamte Only use the uppa part of dccmpdation solution. DecqsulPtion 
rdutioa - Ca(OCL), + N+Co, + H,O 43.3 ml/g cya 



9 Drab, out the hydrated cyst ioto fiae mcrh skrre 

4 Put tbc hydrated cynt into decopsuQaw cont.lina, dd daqmhtion w h t h  
and mefate 

4 Wait till cyst becomc onngc in cobut 

4 Drmin the suspension of ckcapsllknted cyst into a tine mesh sieve and rinse 
immediatclp, until the d of hypochlorite is removed. 

4 Soak and stir in O.IN HCL solution for less than 1 minute 

4 Wash 

4 k>ak and stir in 0.1 %la ,S20, for kss than 1 minute 

4 Wash 

4 lncubatc for hatching 

Biomass Production 

.4s the scmbnss lmrvae grow, the feed rquirement and the preying tcndenc). of 
the fry incrcmses. Adult An& biomass meets this requirement of the seabass fry. 

R i o w s  production under controlled condrtlon can be carried out either in 
batch or in flow through culture systems. In both the culture systems, provision are 
nude to maximize oxygenation of the medium and to ensure f d  availability to dl the 
I.R.ac, when culturing in h e  d c n i ~ .  

Batch Culture System 

In batch culture system nauplii arc reared upto d t  sage,  without any water 
renewal in d f t  raceways. Freshly hatched nmuplii arc st& at a rate of 10,00O/liter 
and fecding is done with rice bran and wmtu trnnsporency is maintained at 15-20 cm. 
.4s .l~mip is a nonsekctive filter feeder, it can be cultured by feeding with a wide range 
of feed like Cbortawtzs, SrCcb~btuma, mntine aigac and yeast etc Adequate food must be 
a\&bk in the m d u m  at d times ms Art& is a continuous fiiter feeder. Faecal 
pellets and excrctn have to be removed tegubuly from the cultme medium from 4" day 
of culture, .s they affect wmta +ty. pH of the water should be mfmtmined above 
7.5. Hwesting is done with a acoop nu. 

Flow Thrwgh Culture *tan 

More iattnsive attcmh culture a n  be rchkvtdwitb Boar throe system in 
continuous r e n d  of cuiturc water d be mrinaiaed but in d other .specs it 

ttsembk the batch culture system. Continuous inflow of culurc madhrm amb 
food to the culture tank is mriaerined. The continuous w u a  muhs in r d  
o f d m t e r b o l i t e r m d h a ~ t M a r l a u t a a b e & o u t d i n & e i c  
z o * o o O / ~  



OXDATIVE STRESS AND ITS IMPACI'ON 
QUALnr. SEED PRODUCTION 

IMPLICATIONS OF OXIDATIVE STRESS 

Oxidative stress has bebe implied, m the cpse of disuses that include immune injury, 
drug and toxio induced reactions, hchsania and subnequent reperfusicm injury, 
nutritiorut deticimcies, radmtion injury, aging, hemolytic diseases, lung disorders* beart 
and urdiovmah sysrem, kidney and gwm intestinal disorders and diseases affecting 
the brain, nervous system, neuromustulnr disorders, cataract and retinal dunages and a 
variety of skin diseases. In most diseases e d  as well as m s e v d  conditions of toxicity, 
increased oxidant and h e  radical formation is a consequence of the disease. Many 
pathologsul conditiuns have been implicated as resulting h m  dnmngc caused by 
active oxygcn/fr# mdicnls (oxy-rad) such as superoxide, hydrogen peroxide, hydroxyl 
radical, hpid radicals and niaogcn oxide. 

FREE RADICAIS, REACTIVE OXYGEN SPECIES IN C E U  AND TISSUE 
DAMAGE 

Molecular oxygen takes up electrons during respiration in the living cells in a 
sequential and orderly manner. Intmncdiates produced during this process arc 
oxidants like supcroxide and hydroxyl radical and hydrogen peroxide. (Saugstad, 
1989). 

0, + e- - O2- (Superoxide 

H,02+ e- - OH- + OH ' (Hydroxyl 
rnAvrn 

Supamde and hydroxyi fie rPdLcnb togetha witb H,O, and singlet oxygen 
rrr cltled tbe R .  Oxygen Spas (ROS) or peroxidants, and rue endogenous in 
origin. They intanct w& cmgmoua fiec r d d  inducers and with nitric oxide (NO). 
O x y p  rndicrls f d  ( d i n  rmfn pmounts) during c e k  resphion and may 
kak out of the mitochondrh md inteara witb endopbmic rdahm, plnrmq 
m e m b n n a d o t h z r t n w c r a e r . A ~ d ~ o u t ~ t o f R O S f l t h e x ~ t h i n e o x i d o r e  
c ~ ~ p r v  which .LO attalyw &e m h k n t  oridotion of purines with coacolnitPnt 
fomutioaofnrptooPdc-&o2 andperhrpromgktorygen. 



A d a  source of ROS b the rrirnted Dcuaopbacl undaeolag 'respintory 
b u n t ' u a r c q u e l t o t h c d t t c e e j o n o f ~ ~ m t h t ~ O t h a r o u r e o o f F R  
generation arc by the .aion of c p k p b h ,  prort.$htodm synthesis and ak ium 
uvcrbd.  E~sqptws agents to produce rtiPc oxygen indude photochemkd smog and 
nnticnnccr druep. Added to this, transition meals, iron atad copper coataintd in our 
kxIy promote the gene& of the mrnt bi$dy t c r t i P e  c b s  of h e  oxygen known 
ns hydraxyl radical. With the dtscovcrg of the biobgy of NO. the mk of oxidants in 
cell dmmgc han become bct ta  understood more than ever since most ccb can produce 
not one but twtr dkah, 0,. and NO. When N O  and 0,- coexist, these cul react to 

p c  ONCX)' , a  potent oxidrmt. It haa becn rhoam &at ONOO- ntha ttrnn 0,- or 
N O  is the most likcly crnddnte for the actual cymtoxjc molccuk in reperfrrauon injury. 

Chudants PIC Ptio encountered in the biq cells brmed by the nitroso 
derivatives of p ~ ~ t c i n r  or amino compounds. Nitrates and nimtcs present in food and 
water can react to form nimso proteins in the stcmach and other parts of alimentary 
tract. 'Ihc nitroso p u p  is a free rdcd inducer. Formation of Nitrates and nitrites due 
to cnvironmentd pldlutjon by restdual feed m a y  result in the formation of niaoxl 
compounds which induce free radical formation winch affects the health of h e  vlirnaL 

?he mead chelnnng agents such ns transfcrrin, haoferrin and ccruloplasmin to 
bind harmful metal ions are also present to minimiv the detrLncnad effects of oxy-rad. 
Ccllular damage occum in the co~dkion  in which the rate of oxygen d i a l s  (oxy-rad) 
formation is increased and/or the activity of the defense system is impaired 
Oxidativcly d~mngcd cell constituents can be removed and rep& by a restoration 
system that the cells possess. ' f ie  pathways for the generation of ractivc o q g m  
spcdea m d  of thc actions of some of the enzymes involved in antioxidant defenses in 
the cell. Is depicted in Figure 1. 



Successful prrvmtian or control of some of the diseucm a d  toriciricr using 
antioxidants and frst =did sa~vengu~ has confirmed the role of hee ndcds and 
oxidants in toxicology md dkaacs. This is further continned h m  a vm;tty of reports 
in which free rPdical scnvmgers and antioxidant enzymes am abk to prevent or p.arPYt 
inhibit the patholagrnl c b q p .  Eqxrimmtal pmduction of colorectd a n c a  in mice 
was inhibited with Vitainin E (a free radical scavenger) in the dict. IhtJ was one of the 
earliest 6ndings in this dincaon. 

h4any potent dKrmcnl carcinogens arc rnetabolised into frce radicals and 
potentiated the generation of Superoxide and Hydroperoxide In studies made with 
naphthyl amines and azodyes, it has bee demonstrated that a cordation existed 
betarten carcinogen& and the formation of free radicals and H,O,. A5toxin B, is 
also found to have the toxic function by the generation of free rdcals and H,O, 
AFB, induced lnllltlp of rat hepatocytes can be countered successfully by catalasc and 
SOD (which destroy H,O, and Superoxide radicals respectively), and mannitol, 
defuoxamine and other free t a u  scavengers. Most of the known chemical 
carcinogens are capable of forming frce radicals in the host cells and also react with 
e n d o p u s  H,O, to form superoxide and or hydroxyl radicnls. 

MECHANISM OF DAMAGE TO CELLULAR ARCHITECTURE BY FREE 
R A D I W  

Reaction with lipids 

Free radicals attxk at various levels in the cellukt architecture and a few of 
t h w  arc desaibed bebw. They damage cells through hpid peroxidation (LPO) on 
membrane producing stmctutnl and functional changes in the cell mcrnbrane. 
Membranes arc dynatnic fluid structures where hpids and proteins are held together and 
the fh;lidity is closely related to the presence of polyunsaturated fatty acids (PUFA) side 
chains. Oxidative deterioration of PUFA is triggered by an abstraction of hydrogen 
either by frct ndicnls or ROS and the lqnd peroxidation is different Erom the 
cydoxygcnase action. The reaction is outlined below: 

hpid -H + R*+ RH + Lipid* (R* being the frce radical) 

Mdaculnr renrr~agmwnt on the fatty ncyl chain forms a conjugated dime which takes 
up a mokcule of oxpgcn. 

Lipid -H + R' 4 RH + bps (Hydrogen abstraction step) 



Lipid hydropcraxidc can h bc f d  by the action of sangkt oxygen on a hpid. 

1qid  hydry~mxidca arc unstabk and breakdown in biobgicPl systems &mmg 
rLe to a varicry of cmnpounda induding mdondhldchyde (MDA) and CHydroxy 
non<tnd (HNJB. Smnlkr immponnts of I,PO are 2-PIkmnhr, and proteins and 
phospholpd bound lWchydcs which may Plso be toxic. LPO products are measured by 
their rttction with thirh*hvic acid, and have been genaPIly used as an index of 
oxidnnt and free radical damage. 

Lipid pemmidatiom 

1 ~ p d  pe~,xidation, (IPO) in b i o l o ~  membranes causes alterations in fluidity, 
fall in membrane potend, increased pcmxability to H' and other ions and eventual 
rupturc leading to rclcrx of cell and orpc lk :  cmtcnts such as l y s o s o d  hydrolytic 
enzymes. Fartier it was shown &at the disrupted or dvnnged tissues undergo kprd 
pcrawdation at n faster rate t)un their hedthy counterparts. Hence the sequence of 
e7-ents may be conjured up as Disease or Toxin + 4 damage or death + increased 
I 9 C )  

which will well explain the ekvated @id peroxidation products in b a s e  and 
toxicokySy. 

Reaction with proteim 

Free rPdiCPls and oxidants react with proteins munly in two ways. By 
abstracting hydrogen fiom thiol groups, proteins are oxidts4 k!ading to disulphide 
Muges md the resultant c o n h t i o n a l  and functional changes. Such reactions occur 
in the cells duc to the &nultmcow presence of mokndPt oxygen, tarnsition m e d  ions 
of iron and copper and free tndials or free rodid inducers. These EKC named Wed 
Function Oxidation' m d  have beem renamed 'Md Catalyoed Oxidation' (Levme ct d., 
1990). 0xid.tivc st- a n  rrrult from cxogenous sources ic, red-ox active xmobiotics 
or fnx t.diul gcnurrora The possible fate of OM cdlulPr pro& cau k depicted 
.n. 

Proteins + Dcnurntd/Hydtq,bok proteins 

This ltdm to uosr-bkg and foxmation of iruohibk -tea, hpcntation 
and i n d  ~UIC- to p m d y w s .  Dauruntkw ocarrr duc bo lm!kty of 
~ c i e s ~ r s  



@) O t h e i ~ s i n d K n m k r o a ; c l d s L b e c h a i n n p a a a d i n c h d e ~ y l  
oxihim of tbt lysme rcsduc form- y &tun$ l~mhid&pdc and 

(c) hydroxylation of phenyklmme to tprwinc 

These altefptions change the primary structure of the proteins, the isodcctric 
p i n k  folding and hydrophobicity. Hydrophobic patches on proteins contribute to 
protein aggregation. 

Reaction witb DNA 

Exposure to frct d i a l s  and oxidants and increased ceflular genemtion of 
superoxide and hydroxide m d i d  and H,O1 lead to DNA strand breakage. Ihe strand 
break may occur due to activation of some specific DNA-cleaving mechanism. Both 
purine and pyrimidine bases are mcxlitied by free radicals, especially the hydroxy 
ra-s. 

Exposure of Ecoh' 4 s  to H,O, at concentrations in the range of 1-3mM is 
found to be mediated through superoxide and hydroxyl radicals, which lcads to DNA 
damage. This can be blocked by iron chehting agents which prevent the E'enton- 
reaction within the cells. I t  has becn shown that possibly some canccm may originate 
as n result of faulty repair of DNA darnage produced by frce radicals. 

CELLULAR DEFENSE BY ANTIOXIDANT ENmMES AND FREE 
RADICAL SCAVENGERS 

Avoidance of free radical fotmation 

PotentiPlly injurious effects of oxidants and frce radicals on the living organism 
are prevented by a wen-organbed defense system and they function at four lweh. The 
fitst and best effon is m. This is achieved by cytochrome oxidase and other 
metallo enzymes. They help the cdls in carrying out the teaavdent reduction of 
oxygen to water without releasing the toxic intermediates in a fm state. Further, metal 
ions, which c o d  piltticipnte in the oxidant producing reactions, are generally carried or 
sequestered by proteins like tw~efmin  and fernitin, so as to minimise the mount of 
free iron in the cells. Shnrtufy coppa is bound to ceruloplnsmin and the ionic form is 
not perally rvailabk in the frce state. Albumin binds copper Wtly and iron weakly. 
Haptogbbin/hemopelrin binds free hcrno$obin/hanc. Hemoglobin and 
methemoglobin are pow& peroxides and can accelerate ltpid peroxidation while 
haptoglobin inhibits the reaction by binding to hanoglobin. The antioxidant role of 
untt is due to its ability to tightly bind kon and copper ions. 

The second line of dtfmrc is prevention, by 
. Thc md reduced ghathiorus are interconv~le and the cell 
mahtakthebutLindac&e(roduced)fom~ ThirrePaioniscntnlysedbythe 
r~~zprc--. 



GS.% + NADPH - 2GSH + NADP 

'Jhc h e r  in the majot m i t e  of GSH synthesis m humans nad nnimda. In the 
her ,  it detoxifies endogenous metabolic peroxides through glutathione peroxidasc and 
of exogenous substances sucb as drugs and o t h a  xenobwtics thmugh glutathione-S 
transferasc. GSH synthesised in the hepatic ceb is citha t lv la locatd  to p h  or 
excreted into thc bile throlrgfi carrirr macLntcd transport. I h m g  infection and 
i n k m a t o r y  processes GSH k mobrtiacd from the her to the pathobgxd site. 
Dcuclse of hepatic thiob is due to increased e f h  of ghmthione in shock induced 
inflammatory reaction. 

Kcgulation of cellular kvels of (;SH cnn be broadly divided into four areas (1) 
tJptnire of precursor aminoPcids and intact GSH, (2) the reguhtion of the enzymes 
necessary for GSH synthesis, (3) alteration in the ctlluhr rcdox system due to 
increased hpld peroxLdPtion and cross-lmkmg of $utahone with aldehyde, (4) dvect 
ctxidatwn of glutathione by ROS. Uptake of cysteine is the mte-bt ing  stcp for <;SH 
syn thcsis. 

GSH also fcrmur conjugated products with mgcsted toxins and provide n 
detoxifjwg step. the GSH conjugates show less rodcity and arc castly exueted in the 
fnccer, and m e .  G h t a h n c - S t r a n s f e r a  (GSTs) arc inducible and have been found 
to be induced m rat In~er when A m ,  is ingested. 

Combating free radicals and their inactivation 

The third b e  of defense is warbkh is aducved by prodmg free 
nrdrPl scavengers and antioxxiant enzymes. Tbc former pnrsts the initiation and 
propagation of the fnx radical cham reactions. They react rap* with tfie k c  radicals, 
inacti\'~tc them and control the damnp. While so the scavengers thcmschcs are 
convened to radicals, which arc many times less toxic than the ongwl Eree rndrcnL 
Vitamin E ( a - tocopherol), \rhmh C (ascorbic .Qd) Vitnmin A, $ - carotene and 
reduced glutntfuonc arc free radical scavengcts and ue consi&ed as antioxidants. 
T h e  free ndial ~ ~ v c n g u s  interact u synergists md sucb interpaion takes plaa at 
diAF~(11t kc&, u d e d  bebw :- 

r Antioxidant reperation - e-g. Vitamin E is r e g e n d  by V i  C 

b Protective medunirm - eg. Vi& E pmtccts $-carotene h n  
a u ~ x i d . t i o n  

c Cornpen- medmuhm - rg. Vitunin E amelbum sdenbm 
dtfiCKDCYlitdI6V~ltl~ 



hFB,WmuqgenaisinSadm*sulbitpuarllpinhibitadbyrhefrreyp$iCpl 
aavatpfs, viamin .nrbRucq Amrbie Kid and vitamin E Viamin E wm more 
p0-t than vimrnin C in AFB, induced muagcnesis. Die* selenium 
suppWtntion was found to provide pl.lrcction ngrinst AFB, induced ncqbatic ffxi 
m xat ha. 

Antia~ridant enzymes are universally distcibuted m d the cells and combat ROS 
and destroy them to prevent their interaction with cell& compounds. Supaoxide 
dismutlse (SOD) protects cells and tissues from inflammatory damage by inactivating 
the superode free xadicaL 

SOD 
202-• - H202 

2 ~ '  
C a t k  and glutathione peroxidxu (GPJ act upon H,O, and inactivate it. Both the 
enzymes have been detected m dl human cells and organs with the highest activity in 
eqduocytes, liver and kidney. 

Catabe 
2H,02 - 2H20 + 0, 

GPx 

H202 + 2GSH Z H , O  + GSSG (Oxidised glutathione) 

GP, is a selenium containing protein and can act not only on hydrogen 
peroxide but also on b i d  hydroperoxide and arrest lipid peroxidation process. 

Repair of free radical induced damage 

The fourth and final line of defense is to which has occurred 
to the mncromobmJcs in tbe cell structure, function and viability of the cells. Repairs 
PIT done presumsbly by the accekmtcd removal of damaged molecules. For e.g. lipid 
p r o d a t i v e  product in the membrane are ranwed by the action of specific 
pbospholp.mses, followed by rephcement with new molecules. Damaged proterns are 
degraded into smalkr ftPgmcats by proteases and damaged parts of the DNA are 
dennd and new segments formed at the site by DNA polymerase-I. 

Ineftickacy at my of the four levels of defense against free radicals and 
oxidants may Lnd to s u ~ e p d b i l i r y  to tissue damage, manifesting as infections, 
infhmmatoy or degenerative -. T h e  prouas is schemaacally represented in 
-2 



The ratioxidam mzgma d as supem& dismugse (SOD), cPtrhse (CAT) 
and achuum-dcpcndmt gbtnduonc p x i d a s e  (SeCPx) and bw molccuhr waght fne 
& SCSV- ruch u reduced glumthrone (GSH) and ascorbic d (Vitnmin C) 
were cvduated during the p d  fKwn grsaulntion (GS) to 25 days post-hatch (dph) m 
the larvae of Asian Scabass, b s  ca&n+ Chdaave damage due to lqnd peroxidaaon 
(X.PC3) wm lbro u-sod, by c v h t m g  the formnaon of malondrnldchydc (MDA). 

Active Olm 
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All tbc tht# antkidant cnrgmeq SOD, CAT and G R  showxi hrgh .CtiPitjW tiuring 
g u t r u h t i o a , ~ t i n g . a i n d m e t . b o B 1 n t t ~ ~ p c d o d o f ~  



dePcbprmnt. Though the SOD octirritg appamntly Qcrcued p q p d d y  h g  3 
dph to 20 dph of land development, the difference was not sipkant. CAT ahowed 
hi& =tipity durmg grstiuktioa and remained constant up to 3 dph, suggesting an 
mcrasul need to met.bolbx hydtogen peroxide (H,OJ and orgrnic peroxides. 

In conuast seleniwn dependent ghatathione peraxidnsc (S&Px) activity 

increased progressi\.dy from 5 dph to 25 dph duttng land development mdicating an 
inuerwed need to detoufy @id peroxides. This is evident from the observation of 
i n d  hpid pemxidrtlon from 10 dph to 25 dph during b l  development. GSH 
levels were low at gnstnrlntion, indicating inurnsed metabolic rate and formation of 
b i d  radicals during this period correspondmg to the dccruse in ascorbic acid level, 
which is consumed for regeneration of GSH. The antioxidant enzyme .ScGPx and low 
molecular welght free radical scavengers C;SH and ascorbic acid and lipid peroxidation 
showed sqp6cant variation in their levels during 3 dph when the Lwac changed their 
fedmg from endogenous to exogenous mode. 

This has been proved by the fact that supplementation with natural antioxidnnts 
such as axorbk acid (VitC) has been found to enhance the surrival rates of fish larvae 
givmg an indication that antioxidants prevent the oxidative stress during developmental 
changes m various Me stages of fish larvae. Young developing feh h e  and fry nerd 
vitamin C for the normal development of their coralagenous tissues and skeleton. I t  has 
been found that pour supply of the titamin to the young fish in hatcheries provoke 
most of the known skeletal deformities. Stress related responses arc weakened and the 
fish are prone to disease. Vitamin C plays a vital r o t  m the physiological mechanisms 
of stress and immune responses of the nursery and caged on-growing fish. 
Supplementation of the fish diets with extra vit. C at intervals is recommended in order 
to strengthen their defences against secondary infections and their endurance to 
adverse weatha, handhng and transportation stress. On cage firms, vitamin C 
supplemented diets help to speed surface wound h&g in case of d c  loss 
subsequent to fish +g or vaccination. In addition, supplementary vitamin C is 
required by fish mrfftrrng bacterial, viral or parasitic infections enhancing their defence 
mcchanisms against c k s c .  Supplementary vitnmin C is nleo required by active brwd- 
stock fish in order not only to condition than, but also to increase the q d t y  of 
gametes and the hatching m e  of the femilised wa. 
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MANAGEMENT OF DIFFERENTUL GROWI'H AND 
CANNIBALISM 

In the buviculturr of prcdatory fish species, differential growth and size 
variation arc the common ptobkms affecting drrsucally on the hatchay production. 
Good aqua& practices aim at minknizing growth dispersion in order to achieve 
better growth and sunivll. Asian scabass ( U e s  &ttj  fry r e d  under controlled 
condition face competition among individuals for f e d  and space resulting in uneven 
growth causing cannibalism (Madunnon 1985). Cannibalism is both a cause and effect 
of this di f fe rend  growth. Lager cospcu6cs will f e d  on the smaller ones lending to 
sqpufiicant losses. It has been found that small size seabass fry become snesscd in 
presence of latgu cannibahsdc conspeufics resulting in reduced growth rates and 
inacased susceptibility to ducoses. Sux variations and cannibaIism nre closely linked 
and conttoRing the vnthtions in size rs one of the most effective ways to control 
cannibalism. 

Some of the major causes of size variation are h~& population densities, 
feedmg practkes and initial sue distribution which are essentially governed by genetic 
factors. The advantngcs confured by virtue of its larger sue results greater cannibalism 
by the individual. Genetic programming for larger egg size and early hatching results in 
early start of fee- resulting in a relative growth advantage. In case of European 
subass ( D i m n t d w  W) the coefhdent of variation wrt. waght was found to 
range from 10.2?@ason-Lc Ruyet et d 1993) and 15-200&stanont ct d 2000). 
Size miation is the underlying cause for stable dominance hlrarchics. These 
herarchies are rmintnined by mm-speafic ngonistic interactions by the fish. Under 
conditions of lamiculture it is important that such hkrarchhs are broken down. 

Cannibalum or intra-speak predation is a common phenomenon among 
predatory b h .  Thae  are very few species of predatory tish where instances of 
cPnnibPltsm have not been rrcordcd. Some of the species of b h  where cannibalism has 
been recoded include ClraiPr gmrrpanw, G n t n p m w  un&cim&, scabas, Onchobynchws 
my.&, Sti;bdedbn ifwm, O r r o c k  m o s i ~ ~ l ~ ,  Moon6 s d h ,  Dinntochws hbm-, 
c~K#,4 A C ~ ~ S Y I ,  S&@nin,~, GadYT mbur, A@ u ~ u , C ~ p " ~ n u ~  cmp", Ejox 
&, e h  s&&, SnioL qw'q~edma, Ci&we~ h @ m .  In nature, 
cannibalism under some ckcumstauces acts ma a population regulation mechanism (itn 

very bw or highly p r d u d v e  ~ o w r e n t s )  and can nlno act as a group sdcction 
p m .  W r n  b also beli~~ed to lead ho increased robustness and vigor for the 
W d i t  )csQ to a decrease in devek>pmtntd time, inad mmatic growth rate, 
mhnnrrA faunday and gondPl dcvebpment 'Ihesc beac6ts mybe good at the . . .  d n d d  hrel but cno bavc counter cffbar in the bag run, cspcady from the 
-t of r.4nnib4limr unda cubre  condidoas has beesl found to 
n a g e f r o m 1 5 - W ~ f u l ~ ~ n m o n g t i r h o f r i m i l l l : s i z r l e n d t o a  
drratithnaancntingnranhofthe.rt.dFathurptiagWa~miadura 



Thacuc~tppclofcnnnibrf irmtai i f i rr t f~7~O:~I)mdhcrdt irs t t l rpc  
Vypc If). 'I'ypc I cPnnibPlLm usually prtccdes type 11 cPnnibnlbm because the 1Prt.nl 
mouth s h  has to increase w as to consume the prey hcrd first. Type I cnnnibntism is 
not h u t 4  by g a p  width. Type I cPnnJ3nksm is pmaknt  whm gize hcterogcacity is 
low and the cannibals do not manrnta prey s d  en+ to be ingested whok unlike 
in the cane of type I1 cannibrliam whetc annll prey nrc waihbk and can be rngtdtcd 
whok duc to the higher size hctcqgckty. Tbe @tor can be 1.5 to 1.8 times the 
length of the prey but this varies with the spcaa. In c ~ s c  of European sea bass the 
prcdlrtsr-prey size ratio han boen trcorckd as 1.9. As a general tuk it is believed that 
when the predator s h  is o v a  W h f  "the prey sizc c a n n i m  is facilitated. The 
ovadl unpact of cannibalism on tvviculture is mainly a function of initial size 
hetaogencity and also the timing of first emergence of cannibalism and p ~ p r t i o n  of 
dcfcmncd Luvac. Study of size hctaogcnciry of the fish population to undmtnnd 
cnnnibahsm can be a littk dcccptme. For eg. high size heterogeneity among the 
individuals may be interpreted as a stage of intense cannibnhsm whereas 2ctudy it m a p  
only indicate a h e  cannibahtic potential from then onwards. Simi lu iy  low size 
heterogeneity can bc wrongly interpreted as a population with low cannibalism whereas 
in act& it may Ix: a goup  where the cannibah may have preyed majority of the smaller 
conspccifscs creating a transient low size heterogeneity situation before clmnibdsm can 
be excreted agam. However, as a thumb rule, hgh growth rates associated with h@ 
rue heterogeneity indicates intense cannibnksm whereas normal growth rates under 
conditians of lcrw size heterogeneity reflects low cnnnibPli6tic pressure. 

The chief influcnccs on cannibalism can be drurs&d as genetic, behavioral and 
environmental factors. Genetic factors are responsible for variations in growth rates 
leading to size heterogeneity, one of the key factors influencing cnnnialism. 
Bchatioral pattern is closely ns&ted with the genetic and environmental factors. 
Social dominance is an important kind of behavioral pattern h c h  leads to size 
variation, s o d  hicriuchy and aggressive responses. Some environmental factors when 
become L m i ~ g ,  affect the behavior and influence the rate of cannibalsm. These 
include aMihbility of food, avdnbrluy of alternate prey, n u a i d  composition of 
food, population density, re@, and wata duuy, h&t intamity and feedmg 
frrq-cy. 

Food av8hbiIity 

It hns bun well established dut food mdability both spa* and tempody, 
is inversely rchtcd to size hcrcrollpreitg and cmnib.tis;m. It  is inbucrtiPg to note rhrt in 
Aft icu!c .&th.tufood~dodinedterriroPir l inrthKtiacrasednndaitha 
f u r r f r a r c d u c t i o a i n f o o d a ~ ~ t h t ~ d t o r y m i b . i i . m . I n a n o t h a a u d y o a  
& e r r m e s p e c i w d ~ ~ ~ . n d i t t i m p v r s o n ~ k m f a u n d  
dutt t~~inrCMCdbhtbaemminir ir l incnr#intvnnhrlbrmbrrtar ie f i~n  
dc~~mdht l lbacnurr ibuaedroaarerbtn iage f lCeam6rh .Hoaew,~ t food  
~c8noatyh*toroQaapnibrliambut~rlbnjnrhrk 



Food distribution s w  be unitbun ttrrorrghout rhe arem of rrrrting 
~ t ; ~ ~ d i s t z i b u t i a a t o s a l c t s a a c c s s m f o o d b a ~ i r r c t m i d u r l s  
which arc intimidated by hgcr brh, thus prcvcntiag than &om fidmg, Nuuibanl 
qudity of dK fad rad nutrient dctickacits can have a s q p f k n t  c&ct on cnnnhkn. 

This becomes a major probkm in specits whe- broods hatch over a longer 
intend of time. The eubn the hatching time, hrgtra the &rl and faster the growth, 
givrng bettet competitive abilities to the young which ultimately grow bvgu and 
consume the smalkr sibknff. This phenomenon has been observed in caw of 
European senbass (Kestanont ct a! -W3). Hence, it is wise to separate early and lare 
hatchmg larvae to minamize size heterogeneity. 

During the culture period, losses are more s@cant during early h n l  and 
jut.& stages when the tish have h@a p w t h  capacity than adults. The early life 
stages consume large rations relative to the body size, are prone to dinpensatory gmwth 
which fncilitates cannibalism. 

Stocking density 

Stocking density IS seen to be positively correlated to cannibalism in many 
speacs owing to the increased probabdity of prey encounter. This has also been 
estabkshed in case of European scabass by Katavic ct a! (1989) and Hatziathanastou ct 
ul (2002). However, like the effect of food availability, initially stocking density increase 
also results in inaense in territoriPhty and ngonistic behavior. But with furtha increase 
in stoc%mg densities sociaJ dominnncc, aggressiveness and temtorinl defense seem to 
decrease lcadmg to Wer survival rate, but low p w t h  rates. At low stockmg densities 
the motivation to main& territory often overatclghs the motivation to forage 
e x p k g  the knv growth mtes. Hence, d u . g  M c u l w e ,  it is importnnt to determine 
optimum stocking densities. 

Live food vr. dry food 

Duc to hgh costs involved rearing the larvae on live food, them are efforts to 
wean the fish as early aa possible. It is found in a few shrdhs that when fed with live 
food arhirh is often dK piefared food for lPrPnc cannibalistic and tctritorinl behavior 
were supptwsed When h a e  are weaned to &&I dkts, those larvae which wepa 
ady  get a compndve growth advantnge and this may also initiate cannibalistic 
t c d a q  in raat of the hgcr h. 

I%C dsd of water ttmparrbne on c a n d d h  is poqrly documented ia 
cultute A t s .  It is bciked that the risk of cMnibnlum in- with 
t a n p c n a n r u t b a r i r a r i m ~ i a a e r u c i a f o o d r r q ~ o f t h c n D i m a t L o w  



In case of visual pmintom, thC effax of annibnlam is subdued rmda low bght 
conditlnrs. So. r&g un& low light Madhioas m y  be a way of mnnmging 
cnndmbm in visually oriented predatoy Ipeda. Post larvae of Eutopc~n scabass 
wcrc found to perform strmhr3y unda different light intanclirls but longer day kngths 
wcrc found to be mom suitibk for lnrvnl cawing (&stemom rt d 2003). 

Turbidity 

'l'urbd mnditions simulate low h%)lt conditions and avadabihty of refuges. 
'Ihenr conditions are hence believed to reduce tsrtitoriality and cnnrublhsm in the fish 
but this also lads to reduced browsmg and feedurg activity which ultimately hampm 
the growth of larvae. 

In n study on Afrrnn cat fish, refuges were shown to sigruticantly reduce 
cannibalum for both larvnc and euly jwrmlcs. The impact of refuges on cannibalism 
needs to be studtEd for orha aquaculture spocits. 

Genetic coaml 

?hue is evidence to b v e  that cnnnibPlian is gmeacally c o n t r o w  however 
the subject is dcbatabk. In dus regard thae nre two hypotheses, --born killer 
hypothesis (some mdn?duaiF, arc born ns cannibals) and lottery winnu hypothesis 
(some indivldunls get an edge after the i n i d  c o q t i o n  and turn cannibalistic). 
&nib&& strains may arise in the process of domestication because the characters 
favored dwing &tion by ~quacultuiise Plso seem to hvor annhbm cg. Fast 
growth may promote cannibalism Pin increased size heterogeneity. mnnh&tic 
tendencies may be more m one sex of a species which exhibits sexual dimorphism. 

Theoaenpkteeiiminr60tlofunniblismin.qrwulturrgpecinliylnrvkultracis 
probably hnporaibk, however adopting s o m t  of the foUowmg nxasurc~ wiU hclp 
mitigate unar'brlirm. 

OptimJ rtodting densities shouki k dcbtPnirred u w k b  e r n  
isrrchved8ndsPf]ticLntccaatnnicprodrvany 

. . 
mrintairked 



It is impmant to undaswd the oprimJ feedkrg fnqumcg for en& 
s p e c k  An undastmding of dre time of the day for optimal feed 
acceptmu will be bene6cial in doadiag these fttdmg tirrquardcs. 
F ~ f r r q u e D c y m n p b e i n u c r s r d f i o m 3 t 0 6 t i m c s a d r y t o d u c e  
c s r m i i m .  

Unifoan distribution of foad throughout the rearing surface of the 
contliaer will give equal opportunity for all individuals in the system to 
access food 

Good quality amfkkl fwd of optimum and uniform size helps to avoid 
nuaient deficiencies and avoiding cannibaham. Adequate amount of live 
food supplements may be provided as per nccd. 

Understanding the pbotic prefcrace of the specks and exploiting the 
hght regime can be useful in reducing cannibalism. 

R e g h  g m h g  of tish by size should be a regular management measure 
to remove cannibals and dominant individual. . 
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NURSERY REARING 

Sea bass (Idu Cah@]crJ can be cultured in ponds or net cngcs. Before stocking 
in growout culture system scabass larvae tenred in the hatcheries havc to be further 
reared for a p d  of 30 - 45 days all they attain a size that can withstand changes in 
the culture systans. Nursery rearing is an important phase in the culture since thk 
transitional phase can be used for acckmntisarion and weaning to art if id fecd and 

environmental conditions that wiU be available in the p w o u t  systems. In the 
nurseries, the fry can be stocked in higher densities and reared. '1% would save space 

and time in growout phase. The stocknbk size of the seed desirable is 5 - 10 gm. 

Nursery rearing of sen h s  needs special care because of the cnnnibnlistic tendency and 
the differend growth of the fish. which are serious problems. Cannabolism is more 
common when the fish are around of 1 - 2 cm length in the tirst two months. Nurscry 
rearing can be done either in the hatcheries or in the farm site. 

Scabass fry of 25 - 30 days old in the site of 1.0 - 1.5 cm can be stocked in the 
nursely tanks of 5 - 10 t o m  capacity circuLu or rectangular (RCC or FRP) tanks. 
Outdoor tanks are prefanbk. The tanks should have water inlet and outlet provision. 

Flow through provision is dcsimble. In dn biologLcll Wr outside the rearing tanks 
would help in the maintenance of water +ty. The water he1 in the rearing mks 
should be 70 - 80 crns. Good aeration facility should be provided in the nursery tanks. 

Nursery tanks ate prepared a week before stocking. After filling with water 30 - 40 cm 
and fertilized with nmmonirw sulphate, urea and superphosphate @, 5 and 5 gm (10 

: 1 : 1 mtb) per 10 tome of water respectively. The natural algal growth would appear 
within 2-4 days. In these tanks hshly  hatched r 2 r k M  navp& @MI - 1 000 I are 

stocked aha levelling the water to 70 - 80 cm. The naupiii stocked are allowed to 

grow into biomass (Refa Biomass production of An&) feeding with rice bran. 
When sufbcient Ananin biomass is s e a ,  scabass f iy  are stocked @ - 1000 
n0s/m3. The prc-aduit AH& would fonn good food for seabass fiy. The fry would 
not ruffer for want Qf bod m the a~nsitionnl nursery phase in the tnnk since the larvae 
are habituated to feed on A n d  in the land rearing phase. Along with 'Artemin 
b i o d  Pwilnbk as fecd in& the tank supplrmcntaq feed mrualy minced 

6sh/rbdmp mcrt is p a n w  &mug& a nesh n u  to makc each parrick of size of mxmd 3 
- 5 mm and dPdoosPns Iih Moifa sp can a h  be @en. The hh/shnmp meat fee* 



h a s t o b c d o n e d n i l y 3 - 4 t h ~ ~ .  Featingtnteis l ~ f r h c b o d g w a g h t k ~ t f i e t k ~ t  
week of rearing. This ir gndudly taduccd to &oOJMOJ~d ZO%uriq 2 ", 3*, 
4"' and 5"' week rerpertmdy. Rqguhr water change to sn extent of 7Ws to be c h c  

daily. I h e  left cjver feed and the mctabotittr have to be removed daily and aeration 
should he pnvdcd.  In a rearing pcnod of 4-5 tvccks in the nursap rrorhyt, the seed 

wiU tx m the size of 1.5 to 3.0 g/ 4-6 an with survival rate of 60.70!?!?0Adoptmg this 

tcchnquc at a stocking density 0[)0 nos/m ' in the hatchery, mnc.iPll rate upto 800% 
ha+ b a n  achieved. For bmm survival, reg& FfPdlPg) should be done. 
Vcnscls/trough placed with different mesh sized nets can be used for gradmg. When 
the need arc kft into the urntaincrs the seeds will be sieved in different grades 

according to thc mesh skx and eeed size. Care should be taken that the fry are not 
injured while handling. If the number is kss it could be man+ donc. 

Major problem encountered in the nurscry in the hatcheries is the pathological 
infection. Normally the infected fishes will be with iafhmmatcd opacuhr region, 
duecdy expotting the @. With a whirling movement the fishes du within few hours. 
'Ihis may bc duc to bacterial or viral diseases. Ibis problem is chronic during October 

- Norcmber months when the water tempetanue is kss than 25°C. As a precautionary 
measure, treatment uith 2 ppm furozolidon can be done. To avoid such problems, the 

hatchery rhould be hygienically maintained. Water temperature of 28 - 29°C is 

desirable. 

3. Nurrcny Rearing in Growout Site 

R m g  G-y to stockable size seed in the hatchery itself have some problems. 

AU hatcheries mnynot have such fadhies since the rcqukement of space will be 5 - 6 

times more than larval rearing space. Mnintmnnce requires additional man power, 
energy etc. Above all, transportation of sized seed to  culture site would be 
expensive. T o  word these problems nursery rwring in growout site itself can be done 

wherever possible. 

Nursuy ponds can be uaund 200-500 m2 area with provision to retnin a b t  
70 - 80 cm wnta kvd Adaptc  p r o e n  for wam inkt and water dramage s h d  
be pto~id6d- Towards dmmqc aide should be sbpe Suiabk sized (normally 1 
mm) mesh screen nets should be provided in the inkt side .nd outlet side to avoid 

entry of unwanted tishes and c s u p  of the sbocltbd firh rrapwaPcly. 



crse where cunpkte d m m q  is not p d k ,  water l e d  is reduced to the u a n t  

pdbh and treated with De& root powder @I kg/ha added or  d u a  oil cake @ 
#K)-300 Lg to c d k t e  unwanted &shes. Use of o h  inotgMic chemiub or 
pesticidts is avoided because these m a y  have residual effect. After checking the pond 
bottom qunhty wntu is tilkd If the pond bottom is acidic, neurrJizPtion is done with 
hme nppirution. 

In order to mnke the n a r d  food abundant, the pond is fertihxcd with chicken 

manure @JOO kg/ha keeping the pond wata level 40-50 cm. '13re water kvel is 
gradunOy increased. After 2-3 weeks period when the natural algal food is more, Ercshly 

hatched Arfmirr nnuplii are introduced. Normally 1 kg of cyst is used for 1 ha pond. 
These stocked nauplii grow and become biomass in the pond forming food for the 

scabass Ery. 

.Scabass fry is stocked @-30 Nos/m 2. Stocking should be done in the early 
hours of the day. Fry should be acclimatized to the pond condition. Acclimatization 
for the pond condition is done as follows: 

The 6-y in the transport container are emptied into another tank and the pond 
water is gradually added into the container. This process is continued for a day or two 
depending upon the difference in the parameters. When the water temperature and 
snlituty in the pond and mnk water reach same, fry can be released into the pond. 

Water is changed @Andy. Supplementary feeding is done with chopped, cooked 
fish/shrimp meat. The larvae can be weaned to artlficjll feed at this stage. The feeding 
rate can be w mentioned in earlier. Excessive fee+ should be avoided since excess 
f&g would deteriorate the pond condtion and also promote filnmentous nLpl 
growth. The excessive algal growth would deplete dissolved oxygen level in the early 
hours of the day leading to fish mortality. Hence, excessive llgae if any should be 

removed 

3.2 Nunury Rearing in Cqp/Hapaa 

Re?nng scabass fry in cageslhapns is commonly pracnced. This method is 

advantageous than other methods since the -merit is easia and installation of 
reacing focilty requites kss space and capital invesanent. It can be a h  extended to m y  
scale dcpendmg on the neccmty and the capabrhty of the h e r .  It GUY be mPiatPined 
in one comer of the powout pond or  near the growout cnlps itself, Smce cages or 

bps asc in ir ri& condition this will providc conducive environmental condition. The 
watu flow in the uge sitc would give the fish n n t d  concktion. The metabofites and 
the a a s s  uncntm feed wiU be washed away by the Bolv of water. 



Fbftmgnctcngclr/hppucrabcinthrizcof2~1~1 to2x2xlmdqKndiag 
qxm ncuauty. G?gr us audt witb nykm/&ahyknc webbang arirh mtrb s k  of 1 
mm. Fry can be rtocked (3QO - SOO/m '. Feedurg mtc can be as that described to 

tank nursery. * f i e  net cages have to be chcclcod d d y  for damages those may bc c a d  

by othcr aninub like crabs. Thc net c a p  will be clogged by the odhacacc of 
sunper~dcd and dctritus rnntalnb and silt.tion or duc to foukrs d t i n g  in the 

restriction of water flow. Ihts would aerte confinemart in the w s  and unhealthy 
a>ndrtitms. To avoad this, cngcs/hapas should be bed everyday. R# grndrng 
s h o d  be done to avod cannibpticlm and increme the survival rate. Even in hqher 
sttxking density @M/m f m e r  could get survival of f@% the fum site when the 
fry wcrc reared in hapas adopting the trash fish feeding and other managanat 

rtratcgws mcnti<mcd above. 

4. Conclusion 

In the nurser). rearing of scabass f ry ,  since they fish exhibits differend grouzh 

and tcndcncy of large fish fectfing on the small fry (cmnibolism) the most important 
component is & and maintcnancc of utuform sized fish. 



SEABASS HATCHERY MANAGEMENT PROTOCOL 

R SPbbonj, G. Thi.knjua, ART. h u ,  M. Kaibam md J.K Slmrlntpv 

The +ty setd p t o d h n  unda conmlkd conditions depends upon the 
manna in which the hatchery is managed. A d maintnincd and managed hatchery is 
upectbd to deliver quolay seed. Aport fxom protocoh under coattolled bfieding like 
development of viabk broodstock, maturation fpcilities, incubation facilities, lnmd 
rearing h e  feed culture and nursery rrPring facilities, the hatthvy has to be maintained 
and managed with utmost care. . Fobwing the systematic data sheet and protocol 
sheet for smooth and hustle fm: operation of each units of hatchery bc used 
effectiveIy for quality seed production. -4 model sheets for each unit of hatchery is 
briefly explained. 

Hatchery facilities shall be operated to maximize the quality seed production, 
the hygenic protocols should be strictly followed in each end every stage of seed 
production, right Emm the brooder selection, spawning, incubation, stocking, b i d  
rearing and live feed culture. The supporting system of hatchay like pumps, filters, 
aerators, air and wata net work should be monitored and maintained regularly for 
successful operation of the hatchay. 

Hatchery Management Responsibilities 

Hatchery management invoives stratcgrc planning, execution and involvement 
to achieve the targets. The hatchery management responsibility is briefly explained by 
a wheel chat developed by Li daning. The PDSA Cyclc (or the Derning cycle, 
Deming PDSA approach is that improvement in quality results from continuous, 
incremental turns of the wheel (Btophy and Coulling 1996). 



Procureb~h.om1avdabkrarm;caliLewiklwlbctioaorEumrePrad 
and do proper quarantine before stodcing ms broodstodr 

Phn breeding p m p m m c  Mhcduk a a o w  to the hatchery uprciry, broods 
avnilabrluy, no. of 4 w t e d  and brccdmg seasoas. 

6. Broodstock rearing proudura 

Crcmtc data sheet for broodstock pmcurcmart, broodstock mwlgcment such 
as water +ty, fcedmg and M t h  management 

Irnsure hcalrhy cnvutmment for broadstock rearing fabwing standard s m i q  
protcmls like water exchange, bottom ckanmg, rcrnowi.l of unfed feed and 
peritdcd monitomg of fish for parasites and pathogens. 

9 Genecic Selection of fish 

Hatcheries should hare a reliable and sufficient supply of good q d t y  fish eggs. 
Hence, hatcherus hare to establish their oun b r d s t o c k  units with different 
age ~f'aups and from dffermt sources like add,  farm reared and hatcher). 
reared are kcpt under long tcrrn stoclung conditions. 



WORKING SHEKT FOR BROODcfTOCK MANAGEMENT TANK NO: 

N a o f F i : M . l t  m W t .  Fan& noa. Wt 

Date of Ti~asdrr Age 

W = Q e  

Tcmpcmturc - 
D.O. 

pH 

Ammo& 

Water exchange 

Tank managanent 

Water exchange 

Bottom ckaning 

Feed managcment(Feed 
w e ,  qty consumed) 

Larval Re* protocob a d  Work plan rheeu 

Gate data sheets for the fonowiag larval rearing procedures 

Wealling protocols 
Nursery protocols 
Water mnnngemcnt 
MninttnnaceprOced~ 
Biofiha manngcmcnt 
B a c t e r d q u a L t y v c n t  
Fecdbnderinlquaay 
Night f* 

IARVAL REARING SECTION. DAILY WORK PLAN 



? - ~ k  mark the r e h t  ccQ when the d is armpktcd 

In Lpwd section check the fobwing Ercquently : 

Outlet screen : For clogging, mesh size, disturbtion to hwnc 

SIrimma : Air Bow *peed, colkction of dust, ckPn imam suifaoc, no dead 
&Wac logging 

Water Surfncc : Check for greasy ar rotifer kyem 

Water flOW : C h d  inla md outlet water flow 

LlVE FEED CULTURE PROCEDURES AND WORKPIAN SHEETS : 



o Sheet fix sunpk management 
o Define the snnitwy mrnrgcmcat 

Daily smdc pbrn and pacudurea for Algal section 

Production of mxmalpe for the greenwater in l a rd  rearing tanks and to 
inoculate one new mafcr tank daily. TO ensure continuclus supply of nllpe for 
continuous culture and maintenance of mtifers, it must be inrutdated daily to kccp the 
production chain: 

Daily Work Plan for Algal section 

Micro Algae culture fik 

Time 
1 

08.00 

0'9.00 
10.00 
1 1 .OO 
12.00 
14.00 
16.00 

17.00 

Tank no.-- lo --- lamdrank 
Tank no.--- to - lamal tank 

Culture mom 
controla 

Gcn. overview 
Temp. A/C 

V.V. filter 

G e n . o v e r ~ ~ c w  

Cultute 
work 

Me& 
rcquuement 

Glass vess. 

preparauon 

moculum 
Next day 
requ 

Upscaling 

Gcn.ovenicw 

Glass to bottle 

Rattle to tnnk 

Harvesting 

System 
control 

Gv. 
tank 

c u  

Filling/ mocu 
1. 

Remar 
ks 



For Enrichment of roliQm Bol. h b  hwrc : 

filter J t m  of tmk - 
Stock litrcs o f  tank - 

lnoculatiaa from tMb: 

filter Jitrca of unk _to inocuJatc tank, 
fiitcr Jitrcs o f  tank jo i n d a  tank - 

Inoculation from rtock (SS): 

filter Jtrcs o f  SS _to inoculate tank - 
fdtcr Jtrcn of SS _to incculare tank - 

add bnrs of SS _to tank- 
add &tics of SS ,to tank- 

Filling 30 ppt treated water to tanks:: 

add Jltrra of seawater to tank - 
add Jtres of tap water to tank - 
add Jitres of seawater to rank - 
add J~tres of tap watu to t v l k  - 

Settling and purge of t n b  

tank - 
tank - 

Discharge: 



ARTBMIA SECTION 

Product Iorpcdon d Testing 

Record the receipt of artemir cyst, artemir pduction and supply of nauphi to 
krpil rtnrmg Mction. 

Data shtet for hern ia  Incubation aad Hatching 



Thc inftutxucnve and nltibd fidtitits in btchay shwld be lrguhdy moaaorrd, 
daily maintenance and blbw up Lction of every stage should foIbattd for reguhr 
operation of hatchcry during prcxixzam and shut down p d s .  

'2hc following p m t a  arc to be folbwod in hatchery : 

IAttng all eqqments and places 
Calibration planner 
Cnlibrntian procedures 
Storm inspeaion schedule 
Inspection and test status of products 
Control of ncm urnforming products 
I landling, S t o w  and Ihlivery 
Control of q d r y  records 
I n t a n d  qunkty au&t rcquiremnts 
'I'raining rcquucrncnts 
Scnvice Rrquiremrnts 

Statistical tcchruques 

Maintenance of Hatchery InEmstructures Chnrt 

Technical Maintenance Plan 



3. spare P u a  M4lrrrgcmcnt 

Asanc: the spnre pans availabihy 

k b ~ r n ~ b h r n ~ ~ ~ 1 0 3 '  

agmnst relevant months 

U.V. Lampa 
suw8ta& 
F ~ h w a a r  
pip 
B.S. etct 
I n c u b a ~  
Wytop- 
=phnh- 
Lvvrrl 
Nursuy 
Pihen, and 
U.V. lomp in 
dl eections 
Close circuit 
pump in B.S, 
LPnnland 
NuRMty 
0, Network 
Air suppiy net 
work 
Electrical net 
work 
Heaters 
Coolers/ h C  
Electric 
Generatore 
N!ums 

vehidce 
Each work should 

Protocob in Hatchery Maintenance 

1. Responsibilities : Assure the tcchrucd maintrmncc of hatchery 

2. Orgdsatioo of ttChPi4 WO&S 

Q Defition of technical work for the hatchery in wnsultation with 
hatchery mannga 

6. Order the rnissmg spare parts 
dc Imagine and conceive new tcchmpes 

be marked 



Stock control cbcck for frrl, gaa and fd 
F#fficiency for tcchnu wodr orgmiznh 

4. Daily Work P d  

Andyw mght datn and cvenhrPluy 
Obrrcrvnaon of i v v n c  
Clem h e  food tnnkn 
Clean od sknnmers 
<;wc fwd u ~ o o n  as posnibk 
'rank data - Phy~lo-chemical parameters 
Stphim thc bottom 
Makc purge - bottom line c h n  
I3mc the tank protocol 
($lit). control 
Hygcnc managcmcnt - I;ollow larval hygirnr p h  
Prcparc thc data for n e t  



NUTRITION AND FEEDING OF ASIAN SEABASS IN 
HATCHERY, NURSERY AND GROW-OUT PONDS 

INTRODUCTION 

A s k  sea bass ( b e 5  cahrj23 has emerged as an important cand~datc hf ish  
species for aquaculture in the Brackishwater sector. Availability of seed and apptoprinte 
feed are two important prerequisites for the development and propagation of 

aquaculture of any fish species. After considerable efforts and extensive research the 
Centml Institute of Btackishwater Aquaculnve succeeded m developing captive brood 
stock and seed production technology for Asian senbass. Rcswch efforts on nutriaonal 
requirements and development of suitable formdated fads  have been in progress 
simultaneously at CIBA. 

NUTRITIONAL REQUIREMENTS 

Invcsagntions on Asian sen bass (Barramundii (also known as Bhetki in 
Bengal) have been mainly concentrated on energy nuaient requirement in the dm. 
Recently information on micro-nutrient needs such as vitamins has stnrted coming in. 

Protein 

Seabass being hqjhly carnivorous fish showed a dietary requirement of 45 - 
55?+rotein as determined by dtffuent workus (Cuzon and Fuchs, 1988;Tuckcr et al, 

1988;Wong and Choy 1989). Subsequently Catacutan and Colom (1995) suggested 
42.5% the diet of the fish. Experiments conducted in CIBA with different levcl 
protein feeds on the young-ones of scabass showed a ptotein requirement of 43 O ' r  

d m  fish. The protein quality in the feed influences the requirement. Most of the h f s h  
show the requirement of the same ten amino acids (arpine, histidine, isoleucine, 
Icucine, $sine, mcthicmh, phcnyldpnine, threonine tryptophan, tyrosine or valinc) as 
essential. However, dctmnination of quantitative essential amino acid requirement 
would help in assessing the protein requirement more accurately. 

The qu~atiutme lqnd c q u k n e n t  in the diet of scabass is estimated to be in the 
range of 6-1 8 O & u z o o  and Fuchs, 1988, Tucka ct 4 1988, Wong and Choy 1989). 
Gmcutan ind Cdoso (1995) suggeaed loSq,id (in cotnbiaatlon of 42.5'?@&) in 
tht dkt: fa tbe pvdks L c&w$r for good g r d  and FCR When the bid kvel was 
niaed to 15% the diec th plo'eia rpPring effect was not ob~zvcd in thia fish. The 
~lslwrtpnted~rcids(HUFA)ofa3&nrtieportednsa~ntinlfor~~bms 



(Burpnnp.nrdgrt 
. . 

# al., 1988) q g p s h g  ita maxime rpcdes chnnrcceirbirr. Tk 
r c q m c n t  for du: n-3 dray acids in the dkt is rrggcsted to be 1 . 7 P b r  this fish. 
Defuxncy of HUFA in thc diet uwed red d o u m k m  of tht 6ns in the 6sh fed such 

drrts. Phonpo hpid m diet is h d  to improve the survival of senbass h. It can be 
ussd up to 80bl the lnrvd drt 

(irbohydmte lev& of 10 -16 Okac s-td in the diet of senbus ( C u m  
and Fuchs, 1988;'I'rwkcr ct d, 1988; Wong and Chou, 1989). Subseqwntly Catscutan 
and Cmloso (1995) nuggcrted 42.59hd 100hpid with a protein - energy ratiu of 
128mg protcin/kcd as optimum for the juv& L d m j f m  for growth and good FCR 
and IJf~R. S<xpcrirnenting with cubohydrau and bpd for juveniles of Asian seabass, 
C:ntacutan and C:olorro (1997) rcportcd that best growth and I;CR were observed in fish 
fed with 200hrbohydrate (bread flour as source) and 1Z04r 1891pld (cod hver oil 
and soybean oil in I : 1 tntio). 

Summary of energy nutrient requirements for seabass : 

llaus the information on the drctary nutrition of scabass s ~ c d  aming. Viramin 
C in the &t is found to be benefbd for improving growth and FCR in Subass. About 
1.0 to 1 .S06f VnPmin C is requked in the diet of thaa 6sh. The diemry requirements of 
0th- indhidunl vitamins and m i n d  ue d not known. 

Nutncnt 
Protun 
Iipid 
Fatty suds 
(n-3 HUFA csscntml) 
Carbohydrate 
Protcin : Fa- ratio 

FEEDS AND FEEDING OF SEARASS 

Rcquircment in k t  

45 - 55% 
6 - 18Yo 

1.72% 
1 0 - 2P/o 
128- protein/kcal 

Larvae of fin6sh and shellfish arc gmCrg, fed wirh live food (Phpbo or 
&planktoas or both) in the ieirhl ph.rc;Invc+ticms rcvedcd chit dK devebprag 
kevrrc do not have tbe M oompAunmt of cbptivc syrrem dcPdoped The hrP.c of 
scabam arc no uttsption to this. Sadia caaductcd nt CIBA m the metabolic chmgcs 
.ad n\laieat tum-ova in -ping Scrbrsr hmac rcpcrbd th+t rhc p w i n g  hrPv 
recprbtcthcerrarrirlrmin~krrj,~d)PPiLK~highakvdsintkbrvddiers 



(SyunrD.ydctr1,2003). & n g ~ u q s a b r s s h t M e u e f c d a r i t h z o o p ~  
M I E h o ~ f D t t h e f i t l C t ~ P P c e b p b r e h ~ H ) . n d t h e n ~ o p u m b r i n e  
slunnp nruptii The size of the totifczs plays an impatt.nt role in aucccssful 
mating of the hrar. Supa s d  aizt rotifus arc prcfarcd for feeding s c a b  larvae. 
Since Armni. is an expensive live-food, its tcpbccment b y  p r e p 4  diets has wumed 
srgarticPace in the hat- ~ n d  nuRery of fish h e .  In this amtext 
fomuIatui miao puacuhte and microencrpsuhted diets have been successfully used 
for feedntg the growing tish larvae. 

In the case of scabass it is all the more important to wean the b a e  to 

prepared de t  so ns to continue them in grow-out system where formulated f d  has to 
be used for their culture. Senbnss is very conservntivc in its feeding habit. The h a e  of 
scabass are successfdy weaned to prepared &et in CIBA by adopting ccrfccding 
techtuque. The larvae after 18 to 19 days PH are fmt introduced to prepared diet in 
semi-moist foxn by --feeding with boiled fish meat. The fish meat is gradually 
r e e d  with prepared diet nnd m about seven days the h e  are totally on prepared 
diet ( A h d  Ali et d., ,9000). The lnrrnl weaning diet is prepared using marine fish and 
soybean meal containing 45-Whf crude protein. This diet is succasfully uacd for 
rearing the Inn-ae in hatchery and nursery. Further improvanmts have bem made in 
the larval diets by incorporating specific amino acids and phospholipids. Frequent 
feeding of b a e  in hatchery and nursery is essential for achieving good survival rates. 
The h m e ,  trained on prepnnd diet arc given to h e r s  for further p w - o u t  culture. 
Dry particulate feeds m the size range of 200 to 3 0  micron sire con*g 50-55% 
protein are being cvoh*ed at CIBA for the larvae of scabass. Such feeds are used in 
Austnkq Thnilnnd, Taiwan and other East Asian countries. 

F c d s  and feeding of eeabus in -out culture 

In some of the E25t Asian countries and also in India seabass is cultured in grow- 
out ponds usmg low value fish (trash fish) and tilapias in fresh condrtion. Since 
procurement and storage of thesc feed-fish is not only laborious but also quite 
expensive. Hence fomulated feeds arc essential for the propagation of large-scale 
farming of scabnss. 

A k  sea bass M cultured in Australia and Thailand usmg formulated feeds 
(hfnddnaon, 198P,~ooayuntpmhn, 1991). As in the cnse of other carnivorous species, 
feed formulations for seoboss utilize h e  fish resources (for mcetmg protein 
q u i t e m a t )  and 6sh oib along \pith plant protein sources. The ullm41 ingrdents ace 

kept above 60%f the formulation to get protein kvcls in the range of 45-52P/o 
Espec&cnts conductad at Mutrnkrdu fkld hboratory of CIBA had shown that fee& 
with sdmmthl Wnncal coqxmat (304Jbdy  have good acceptability for &s. 
Higher tbc proportions of firhmeal b u m  the e i l i t y .  The vrturc  and size of the 
fced e86acb rcccprPbilhy of the feed. If du: f h v m  and texture of the feed are not to 



t h e l i h n g o f t h e & h , i t + o u ~ d W e o e n n f t a ~ u i n t o i E I m a r t h .  For 
i r # p u r g ~ e r p w t c i n h r r f r i n t h e a e 4 u s e o f M p r o b t i n s o u r c a I u c h + r W  
iai-iabic. ~ ~ ~ ~ ~ ~ f , p h n t i n % r # l i e a t ~ ~ l d r ~ m a l - i o d v l ~ a w d n s i r k w s  
msy be utilizad in th feed fannulmtiona For p m d i h g  dK p o w -  h t y  acids 
(PIJFA) use of mnrinc h h  oils should be inchdad in the f e d  formdations. Studics 
conducted at ClBA on the f d  attractants f& &s rcvukd that the amino scid - 
glut am^ acid and trimethyl mine  nrc useful as feed attmctant~ for this 6sh (Syama 
Dayd et 11.. 2002). 

Scnbms feeds mr moving p+cy; hence tbe physlcll design of the f a d  plays a 
very important mk. The tish read* asccptn soft sani-moist feeds with approprince sizx 

to waUow vis-kvin the size of the fish. The lower Irp of the fish is curved slightly 
upward, which is disndvantapus for biting the feed. k t i n g  and slow sinking peIlet 
fee& arc more suited fcjr feedmg seahqs. Such feeds nre p e d y  processed in 
cxrmdern. 

Extrudes technology 

'I'he basic components in an exnuder are a b a d  fitted with a dK plate and a 

screw shaft conveyer, which is connected to a h@-speed motor. The feed mixnue is 
fed into an extruder by  proper arrangement of watcr/stcam injection facility. The 
cxtruder operates at h& pressure (14-98 kg/cm2) and s t e m  (Pressure 5 - 7 kg/cm3 
injection. Dcpendmg upon che characteristics of the feed mixture md moisture 
content, the pressure detrebps before the material passes through the die. Because of 
this the temperature r k s  and the mat& is forced through the d~ and the pressure 
auddenly drops. The tanpanture of the m a t 4  rises to 110 - 130°C for a short spell 
of time and cooks the food, Mtinizing the starch present in the feed mixture. This 
imparts good binding and water stabihfy to the resultnnt pelkts. However, the peIlets 
expand as they come out of the d~ d m  to sudden drop of pressure and air gaps 
develop inside the pentt, which makes them float or sink very slowly. This is an 
exceknt process foa prod- floarmg pellets for & b h  culture. By adjusting the 
pressurc in the beml and moisture G, the f e d ,  it is possible to prtpare srnkmg pekts 

by exauder. The near genantion cxeders are made with tw i~  sacar-boml 
Pnlngement, which arc more vvsatilt for feed manufkturc. The size of the pellet 
dinmeter turges from 0.5 mm to 8.0 mm. 

The chuactetistics of urnda pelhs ue 



4 Extmdap9ezrif lostoraink~wly.  

5. Mskmg for extruder pellets arc )Ilghcr duc to high cost of exendas 

At CIBA, formulated fiods dcvdopcd as floating md sinking pelkts wcre 
succcssw tested in &row-out ponds and p w n  the fmh to 500 g in six months. 

The tish should be fed at the mtc of lODbf their b o d y  we@t to start with. After 
four to six weeks the fieding rate m a y  be rtduced to WAS the fish p w  in size thc 
feeding rate should be gmduaYr reduced to SYdU*Lnd even Pidinally. 'lhe totnl 
biomass m the pond should be p a m h d y  estimated by a suitable means (by caste 
nettin& for adjusang the feed. The entire quantity of feed in a day should not be given 
at one h e .  It should be b d e d  and fed 3-4 tknes a day .  
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CULTURE OF ASIAN SEABASS (Lates cakmifr) 

A s k  -bass h s  &ar$w, commonly c d e d  as 'BhetW k a 1~ sized SCP 
Perch, native to the Indo-Pa& region and its range extends north as far as 'I'ai-, 
south to the eastern Australian mast, east to Papua New Guinea and as far west as the 
Pusinn Gulf (Greenwood, 1976 and Tucker el  d ,  2002). Scabass is both cawht 

cornrnerually from the brackishwater estuaries, backwaters and nwshorc warm by 

d a d  fuhennm. l h s  is an excellent brackishwater table fish, highly relished duc to 

its flesh q d t y .  The e u r y h h e  nature of this specks enables its culture in fresh, 

brackish and seawater environments. Addtion*, seabass has the uncommon ability to 
synthesize long chain omega-3 fatty acids. whose contribution to human health has 
been found to be increasingly important. Comrnercd seabass culture in both ponds 
and cages has been carriedout profitably in Southeast Asian counttics sincc the late 
1960s and in  us& since the early 1980s (Corey Peet, 2006). In India, the culture is 

mosdy dependent on natural seeds. A breakthrough in seabass breeding and seed 
production for the first time was achieved by CIBA, C h e ~ n i  during the late 9 0 s  and its 
year-round seed production technology has aheady been developed, but 
commercialization is yet to be undertaken by entrepreneurs ~ a v u k k u a s u  r l  d, 
2001). Seed production started at the Rajiv Gandh Centre for Aquaculture (RGCA) of 
MPEDA m Tamil Nadu and Pancham Aquaculture in Thane, Maharashtra following 
the CIBA technology is a promising step forward to meet the much awaited seed 

demands of b e r s  (Vartak and Belsue, 2004). In brackishwater aquaculture sector, 
with the setbacks in shrimp farming caused by the dreaded white spot syndrome viral 
(WSSV) disease in I n k  the aquafarmers are gradually turning to finfmh culture and in 

this context L calrw$ris the most preferred species of choice. Similarly, in freshwater 
sector, as the market price for IMC and other a x p s  has become almost static and thc 

mnrgin of return is reducing with the regular incrasc in production cost, the farmers 

arc indined towards culture of some h&-value, hgh-demand fish like seabass. 

2 Status of IK154(1s pcoductio~ 

W o d w k k  q u a c u b e  production of seabass began in the kte 1960s (FAO, 
2004). Bh& are cupendy fnnned in Ausalin, Southeast Asia (Malaysin, Indonesia, 
Thnihlad, Bnmd DaxussPlnm, Sin;gppore), Taiwan, Israel and mote recently in the 
United Serrtcs. In 2004, the w d  aquaculture industry produced 29,884 m& tons 

(mt) of s c a b s  product, valued at US. $7,733,000, out of whicb 3,479 mt from 



freshwater. 24,580 mt from bmckbhwatez, and 1,825 mt frorP raltantcl (FIGIS, 2006). 
' I m d  wm the largest produca (14550 mt). fdbrrrd by T h  (4,985 mt), 
lndrmcsia (4,663 mt), Molnysim (4,001 mt), A d  (1,567 mt), Sinsrpoac (77 mt), 
Hrwei Darunrrlnm (43 mt) and I d  (I5 mt) (FIGIS. 2006). Vhmm is also producing 
eelbass, however. their p d u c t i u n  is not mgktetcd in the F A 0  dntnbnsc Until 

rcccntly, China wm n producer of I d s  wh+r (peak production of 224 mt in 1993) 
but no data is avdabk for 2004 (FIGIS, 2006). The vast majority of worldwide 
production is consumed d o r n c s d y  in p r o d q  countries, with only &or 
qwntitics bcing exparted (For e.g.. in Austrdlia: 97°/domtstic consumption, 3% 
export). In the lndian context, trndrtional culture of seabass in lvge impoundments 
known as "bhrrkr"where the tidal water infhrencc is felt akmg the Hoo&ly-Matlh 
estuarine syrtcmr has k n  carried out since 1829 (Ixrvatelli, 1990) and though, this 

type of firming is prcvniling in cast and south west coast, improved cdhue has started 
in some places vcry recently and no orlpruzrtd darn arc avadabk on aquaculture 
production. 

3. Seabass culture methods 

Scabass is cultured in different ways, ri;. traditional culture practice and 
improved culture methods. Improved culture techruques include pond culture 
(polycdnut and mcacdture) ,  culture enclosure (cage farming). The improved culture 
techniques for scabass farming are of reant  origin and gaining rapid popularity among 
f m c r s .  

3.1 Traditional cukurc practice 

Bradashwater tidal wetlands, namety mudflats, swamps, mushes, paddy fields 

ctc., situated in low-iring asem arc used traditiodly for m h r i n g  fish and shrimps. 
These water areas arc fed by tidal water from nenrby creek/ cmnals/ rivers. The fish 
juveniles and shrimp xed entering through tidal water as per their sc~sonal availabiiity 
were allowed to grow in polyculturc mode without provision of any other mputs. The 
stock is left at the mercy of natural enlitonment and the prey a+k and vulnerable 
for predation by the suppkmcntary stocking of scabass and for f a d  stmlang of tilapin 
is followed. But in most cases suppkmentpry feeding is not practiced as the entire 
production system is depardmt on utilization of n n d  productivity (Alngnrsamrm, 
1995). Harvesting is done after 6-8 maaths of culture and htge sizcd d a s s  are fouad 
with kss in n u m b  cornpard to h p v c d  culture systems. In this systan production 
rPnges from 500-1000 kg/ha/peu. 



Assaedbrrgrrded.sthe~cric iEl i l input , inthe~3wbueariklsetdsut  
available, the finntrs go for improved farming systan of scabass culture. 

Popculturc is a f~rmrng practice where two or more species of fishes M: ~ p d  

together. This method is a modification and improvement over thc traditiond method. 
In the traditional method the quality and quantity of the prey (foods) 

fkhes/crustacenns entered the pond is not known and the water qu&ty is not 
monitored, whereas in this improved polyculutre method, the food required for seabass 
is produced in the pond itself and scabass seed is stocked thereafter. The pond for 

seabass polycultute is prepared 6 r s ~  following eradication of unwanted organisms and 
application of manures and fatilizus. The pond is at &st dried, ploughed and limed 

@200 kg/ha to maintain soil pH above 6.5. Then the pond is manured with raw 

cattle dung @YO ton/ ha based on the soil organic carbon content. Pond is filled to n 

depth of 60-70 c m  and fertilized with urea @-I00 and super phosphate @-lo() 
kg/ ha according to soil available nitrogen and phosphorus levels. respectively. After 3- 
4 days of f&ation, once the water colour becomes bght green, forage G..hes are 
introduced. Tilapia, Otrocbromi~ mossmnbin~ and 0. niloticns which are omnivore and 
proMc breeders arc the best suited candi&tes as forages for polyculture with Rhetki as 

the primary crop. T i p i a  fry are introduced first @,000-20,00O/ha, 1-2 months prior 
to seabass seed stocking. Tilapia is fed with cheap feed mixture consisting of rice bran 
and mustard oil cake at 1:l ratio. The tilapin grows and breeds p a d d y .  As a result, in 
the same pond adult fishes, small fry, late fry,  finp;crlings, juveniles are found and served 
as food for subass. In h pond, seabass seeds of 3-5g size are stocked @)OM)- 
lO,OOO/ha. To provlde more food, at the time of water exchange, tidal water is directly 
pumped into the pond so that many s m d  fishes and crustaceans enter the p m d  and 

m e  as food for seabass. If there is reduction in foragc fish noticed, it is supplemented 

with further maoduction. This practice is more sustainable. The culture period lasts fur 
8-12 months. In this practice production up to 3 to 4 ton/ha is achieved. 

Owing to its euyhalme nature, it is also cultured in freshwater polyculture 

with In& major cazps, medium sized carps,  barbs and tilapias. ~ v m i l c s  of 
IMC, P w r c r i u r m  and tilapin save  as desired food for seabass. After 8 1 0  month 
cuhutc n total produaion of 1.5 to 2 5  t o n / h  is obtained 



M ~ e o f L ~ ~ ~ m p a K b i r a w e R d c P ~ ~ m d u s a y m  
'I'aiwm ( b n y u a t p a h n  and W h s ,  2002). In h i m ,  it is prnctiEcd in tome pockets 
whcre cherq, trmsh fish a9 f a d  is avatlabk in plenty. S& seed of aizc 2g and above 

are stocked @,000-15,000/ ha in well-prepared culture ponds (pond prepamtion 
similar to pc~lyculture). In this system the stock is totally raised on rmppkmentaxy feed 

In d, scabass prefers h e  f d .  So the fish is weaned to accept dead trash fish. 

Stocked & h a  arc fed with minad flesh of cheaper trash fishes collected from lPndtng 
cmtres. Seabass docs not feed at pond bottom, so the chopped trash fish is 

broadcastcd slowly twice a day and the s i n k g  feed material is engulfed actively by 

rcrrtasn. Feed is provided ad k&tm at not more than 1 W h f  total biomass initially and 

then gradually decreased to l ( P k  the b t  phase of culture. In this method, a f i a  a 

culture period of 8-10 mr~nths, senbass attain average size of 800g with a sunival rate of 

about 60-7Wnd a prcductirm of 2.5 to 5 ton/ha is achieved For the trash fish 

feeding, fwd conversion ratio of 6-8 is obtained on wet w+t basis. 

3.2.3 Eaclaclwe culture (cage fprming) 

Opcn net culture of Bhetki was fust established in Southeast Asia in the 

late 1970s m d  continued to expand rapdy pndcncia,  2002 and Alongi el d, 2003). 
Cage culture technology is an eco-fxkdly culture method and can be adopted in open 

waters for which soil ch~rncteristics and basin topography do  have my significant role. 

Bheth f i r i i n p  after pubrig and acclimatization arc stocked in the grow-out c a p s .  

'There nre two types of cages, floating and stationary cages. Floating net cages are 

attached to wmdcn frames and kept afloat using plastic d r u m s  with anchors, whereas 

stationary cages nrr hxed enclosures ubch are fastened to wooden poks erected in the 

water M y  at the comers. In the cages, 10-15g fish are stocked @-SO nos./m ' 
initinlly. When the stocked hgakngs  attain of about 150-200s they ore thinned to 15- 
20 nos./m' and transfezred to ddfuent cages of rsq.rurrd mesh size. Cage culture is 
n o m d y  done in two phases- till annkung of 150-2% in 2-3 months and thereafter 

upto 600-800 g in 5 months. Feedmg in cages is done with e i tha  e x u d e d  p e k  @ 
2?hr mash fish @-5% decreasing m u  with the progress of culture period. 
Frequent size gnrding and cYlling of hrgu indiduh ut performed for obtaining lugh 
production. Here production kvd of 15-20 kg/mS can be obtained witb n d  

mnnrgemcnt protocol In i n k  agc culture of scabups has not yet gained the shape of 

c o r n m d  suk production. rite rc~0xt.s whatcvtr avriibblt ate of ~ t ~ t a l  kind. 
Recently, RGCA has demonsamtad n production of 12 ton/ha sabrss from cage 

culture systems at thek Aquadture Damamah Farm, Puduchepy (MPWA, 

2007). 



This type of scabass far- is undertaken outside the hop4 ~ r e ~ s  like 
southem Algtraha, notthenstem U. S.. the Netherlands, Ireland etc. For closed 

recnculntioa, constant filtration is rrquirrd ta remove solids and pnrticuhte m a t e d  
from the writer. 'The biological and mcchPnicnl filmdons act in concert to reduce water 
consumpaon down to 10-2O"/of sanding culture volume per day. l%e treated 
wastewater from this culture system can be beneficially reused for irrigation and 
fcdization of agricultural crops (ANON, 1999). 

4. Conclusion 

Since 1970s seabass hns been identified as a potential aquaculture spccics and 
fmnmg activities have spread over many of the South-Enst Asian countries. In India. 
aqunculturc activities arc mainly concentrated on freshwatu species namely Indian 
major carps and Chinese carps, shrimp and scampi. With the great export po ten t .  and 
domestic markets, Indin has not been able to make any significant contribution for 
seabass aquaculture. 'The farming is presently confined to a small-scale lcvel in scattered 
way with potential to use vast resources. ClBA has already developed the seed 
production and culture technologies. Hence, the freshwater and brackishwater 
resources can easily be u&ed for scabass fnrmrng by adopting these technologies. 
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FAUMNG PRACITCES OF ASIAN SEABASS LA 7ES 
CALcf lRIm 

A s k  scabass is one of the cklicious tabk fishes. Amongt the cultivable fishes 
m Indm, scabass fetches hrghu price in domestic market varying betwccn Rs.70- 170 pet 
kg dependtag upon the size, the availability and season. I t  is extensively c d d ,  in 
South Enst Asian Countries Wre T h h d ,  Mhysla, Sinpp~rc: Australia. In In&, 
culture of scabass in a limited scale is cPriiad out m the traditional farms in coastal area. 
In the aquaculture operations compared to the carp culture in to freshwater or shrimp 
culture in brackishwater ponds, seabass culture is still a small proposition. 'Ihe main 
reason for chis is that the miuket for shrimp is global while the market for seabass is 
largely regional. However seabass is the only specks, most commonly fanned amongst 
fin fishes in South h s t  Asinn countries because the sccd can be prtduced in the 
hatchery economically throughout the year at reasonable price. Culture of seabass is 
relatively easy and dependable with fewu risks. Based on case stud~es, in 'Ihailand it 
has b a n  estimated that the production of seabass culturc was 20.5kg/m1. 'Ihe price of 
seabass is USt.27 per kg. The total income from the cnge is US $46.49 per m '. 'Ihe 
rearing cost is US $24.15. The net return is US $22.34 per m '. In the culturc 
operation the fixed cost in cage culture is oniy 5.WoThe varimble costs such as feed, 
seed, labour etc cost 94.1YooI;eed alone cost 63°6110wed by seed cost. Seabass, the 
vdue added finfish can be considered as a complementary to shrimp for the 
sustainability of brackishwater aquaculture. It can also be considered as a species for 
freshwater aquaculture for enhancing the returns to the farmers since scabass fetches a 
h&er price compared to that of carps. Scabass can be cultured in salt water and 
freshwater ponds and cages. 

Traditional Culture 

Sarbass is culturtd ia the ponds trdtionally as an extensive type culturc 
throughout the areas in the Indo-pacific region where scabass is distributed. In low 
Iymg excavated ponds, whenever the seabass juvenrlcs are available in the wild seed 
collection centas (For eg. Apnl Jane in West Bengal, May-August in Andhrapradcsh, 
Sept-Nov. in Tamil Nadu), May to Jdy in Kada and jme-jJy in Maharmtm) juveniles 
of assorted size seabass are collected and introduced into the traditional ponds whlch 
will be already with some species of fish, shrimp and pmwns. Fonge fshes Wre 
TJapia will rbo be available in these type of ponds. These ponds will have the water 
source from adjoining brrrdrishwatcr or Eteshwata cmds, or from monsoon flood. 
The juvenile scabass introduced in the pond will prey upon the available fish or shrimp 
)wades as much aa availabk and grow. Since, subass by Mture is a species with 
diffumtinl growth ntr iattoduced into the pond at times of food scarce, the larger my 
resort to f e d  upon the smaUcr ones reducmg the number. 

Serrbus w aI&nwad to grow for 6-7 months of culture penod till such time 
wmtr kvel is a&k in thebe ponds. and then harvested At the rime of harvesting 
theotar i l lbe+f irhof4toSkgruwdmvayanr l lhhes .  This& acommon 
Ymaia in rr;rmy c d  area. In this manna producth upto 2 ton/hn/7-8 months 



have been obtained d e p d b g  upon the r m m k  Pad size of cbc fbher 
m t a e d / i n u o d d  into the pond and the fad &bk m the pond. 

However, chir pmaicc n bgMy rmorLgmtzal and witbout any guarmnttc on 
productxm or renun for the Aquecuhurircs. With the advances in the technology in the 
prtduetxm of meed unda c+vity assuring the ruppty of utuform slztd d for 
stcxking and quality feed for feeding, the s& &e is done in South Eut Asinn 
(:ountncs and Austdia in more ogpnwd manner. 

The major prabkm in the devek>pmcnt of scabass aquaculture in India is the 
availability of seed in adequate quantity and the time of necd and quahty feed for 
nursery tenring and growout culture. The former has been overcome and the 
technology package for the teed producrion of senbass unda controlled conditions is 
avaihblc. 'Ihc suitabk feed for the culture of MnbPlls is being developed The seed 
productitm tcchnolqy devclaped by CIBA has already been commcrcinlizcd and the 
feed technology wili bc r d y  shortly. These technological improvements in the 
scabass culture have motivated the farmers to dect &ass as a candidate spcua  for 
aqu~culturc. Farmers have been adopting unproved fmnmg practices in seabus 
culture. 

The traditional culture method is improved with stoclang of uniform sized seed 
at specific density and fed with low cost trash hshcs/formulnted feed of required 
quantity. Water qudty is maintakred with exchange peno&dy.Fishes are aIlowed to 
grow to marketable sizc, harvested and marketed for hq& unit price. Senbass culture 
can be done m more organized manner as a sd-sule / ln tge  scale qulcultute in 
brackishwater and freshwater ponds in cages. 

Pond Culavc of Seabane 

Scabass is cultured in the ponds adopting poly culture method or feeding with 
low cost fishes like Tihpialoil sardines or with extruded floating pelkts. 

Poly Culture Method 

This is m impmvcmcnt over the tradi60naI method, whim the feed, the live 
fishes, shrimps are delibetntcly allowed in to the seabass culture ponds to serve as 
hcilitating f;nd for the scabass in the pond. In the ttnditiod method them is no 
conaol over the quantity m d  qualiq of tbe faad enGring the ponds pvhidr may or may 
not be adequate. At tnnts of scarcity for fed, the scabass may resort to camdmhm 
resulting in low survival m d  produdon tho+ few hhes will be krgc size. Undcr 
potgcultutc method the feed in the foma of forage 6shes are produced in the c h  
ponbitstlfandmadervdabk t o t h e s d n s s  6th toprqupcm.smd~irrrquit ik  



to djwt tbe e d  pH to lbooe 7. F a t i h m  like Urea @kg/hr. Supa phosphtt 
69Lg/hcna.leobtdQd1to-tBewblaomintbepond. 

Waar fiom the .dpmmg ~ b C t  sourcca ~t.wat~/frcshwater lg 6lkd to a depth 
of 6 0 - 7 h  in the pond After Buftirknt bkmm (Wt peen m colour) is 
o b s r r s a d , i n t h e p o n d f o r r g e ~ e d p t c i n ~  

Forngc fishes, which can be used as natural feed, should be 

a Prolific breeding habit 
b. Should not be r predator 
c. May be a pest in the culture system 
d. Should be lower in the food chain. Preferably herbivomus/omn~vorous 
e. May not be fast growing but can adopt to h+$ stoclung density 
f. Should be palatable to the scabass 

Fishes like Srmthdom Vilapia) mossmbicw qualities for a forage b h .  

Forage fish/Feed h h  stocking 

Fishes like Tilapin can be introduced @25 thousand p a  ha. in dfferent sizcd 
rangmg from juveniles to pre adults into the pond. The average weight of the fkh 
should not be more than 30 gms so that the biomass available at the time introduction 
will be around 600 kg/ha Stocking of fomgc 6shes should be done in the seabass 
culture pond a month &cad of scabass stocking. The water level in the pond may be 
maintained around 80-90 cm. Subsistence level of feeding with cheaper ingredients like 
Rice bran and ground nut oil cake @ ? b f  the biomass can be dane. Being a prolific 
breeda in habit, the forage fish Ti+ d start breeding in the pond and at given 
point of time in the proposed seabass culture pond, there will be different size groups 
like hatchlings, fry, fmgcrlings, juveniles and adults. 

In the pond with naruxal forage feed., seabass seed of 2-3 grns can be stocked. 
Stochng danslty can be b c e n  10,000 and 20,000/ha depending upon the 
management CPP4CitJT of tk fanners like water change and fceding at later stages. 
&&ass seed should be unifoxm in size to avoid differential growth in the culture 

pond 

The water hPel in the pond may be raised to at k t  1 m depth. Water q d t y  
ahouid be mmitorad reguhrtp. About 4%- exfhYlge may be d m  once in a week 

~ ~ . ~ m F i e h ~ d ~ . r d & ~ l l @ ~  



to keep the wter qdhy.  In dre pasd, the tred €br & d bt the fisbea. 
Fm the fo- fish,  .uppkmeabtrg fosdmg m y  k canthued 

T h e ~ s t o c l d w i u f d u p a n d r c h . a h ) i n g r f r y . a d ~ o f t h e f i y  
mtttaliy and hter on the adult bhca a h .  Since, seabaas has got hrgha grwPth potential 
than the fornge fishes they 4 domhute in tbe pond. After 3- 4 months &ere will not 
be a n y  forage fish in the pond. At that stage, h h  stock of fccd fishes should be 
mtroduccd. 

Ptodunion and E C d a  of Polycuhre 

I 'd  conducted on the culture of seabass adopting polyculture method yielded 
around 4.0 tons/ha for 11 mcmths culture duration. Hatchery produced senbass fry of 
1.0 cm werc reared in hapa nursery at the culture pond stte. After one months tearing 
the fry attained av- size of l p  In n 1.0 ha area pond 8,000 seed of =bass werc 
s t t~kcd  and reared under plyculture method, along with Thpia.. At the time of 
harveatxng thc avcmgr size of the tish was 740 g, (rangmg from -300 to 1500 grns). The 
recovery rate was M!!/oThe total expmdture was Rs.62.286 and the renlizntlon was 
Rs.2.37,MH) wth a pmfn of Ra. 1.74.71 4/- m d a  the polyculture method. 

Advantage and diePdvontagc of Poiyculture mahod 

1. Polycultutt method is more n a t d  

2. Fish can tnlce fccd dcpen- upon the requirement 

Since, the Live fish only serve as f e d ,  the water +ty maintenance is easier. 
No contamination due to left over feed. 

3. Cost effecdve. 

2. The forage fishes like Tilapin itaclf ue f 6 - d  fishes in some plces. It 
supporn cost effective 6sh for poor. The w of danp & h a  as food for 
p w i n g  the A s  will deprive the availability of fish for others. Since, 
the h e  fish won't be evenly &txitmd in the pods, 

3. Scabasa hving the chance to mett more tishes will fiad mote and grow 
hrge md mnay firhes will not have acccs far  feed readring in poor 
growth. This will maease the diffkential growth ulttma+ affcamg the 
productb rrnnns. 



Scabass seed can be stocked in a prtpated pond @-20 thousand per ha. The 
d size of 20 gm and above is prefcrabk for stocking in the growout farms. Water 
depth should be maintained not kss than 1.0 M. Scabas hhes stocked can be fed with 
minced meat of tmsh fish. Cheaper fishes like Tilapin, Sznlines, home mackerels which 
may not fetch more than Rs.5/- p a  kg can be bought from the commercial f~sh landing 
centers, washed and &zed in cold stor~lps/Deep k z c t s  as required. 'lhc fish can 
be taken out an hour/prior to facdtng thawed and minced as mart using meat mincer. 
Feed can be made as dough ball like paste and placed in trays, kept hanpng in 4 o r  5 
places in the pond. Fee* rate is ad &tam in any case not more &an lWmody 
weight on wet w+t basis of the biomass initlnlty and pdually reduced to 10% last 
phase of culture perrod. Feed rations can be gven in two doses in the f20re ntmn and 
After noon. 

The feed quantity has to be adjusted according to the intake after chechg in 
feed trays. A general gwdeline on the feed radon for wet fish feedmg and 
compounded extruded floamy: pellet feedmg rate are suggested in the Table. 

Table : Schedule of Feeding 

Feeding with Formulated Feed 

Culture Days 

0-30 
31 -60 
61-90 
91-120 
121-150 
151-180 
181-210 
210-240 
241-270 
271 -300 

Scabass is cultured fecding with extruded -hating pellets in Austda.  Thailand, 
Malaysia and Singapore. Bang a carnivorous fish seabass needs h@ protein diet. 
NwrmSy, in the prepamtion of diet for seabass, the d ingredients are added more 
thnn 60% that the required protein kveb can be kept. 

Rate of Feeding (Wet 
feeding like trash fish ac.,) 

Yo 
100 
70 
50 
25 
25 
25 
20 
15 
15 
10 

Biomaas O/O & 
Compounded 

pellet feed 
20 
10 
10 
5 
5 
4 
4 
3 
3 
3 

Average size 
of the fish (in 

gms) 
3-5 
5- 10 
5-20 
40- 150 
1 50-300 
300-400 
400-700 
500-900 
600- 1 200 
700- 1 500 



l h c  Nuvitionnl IZ+kmcnt of the mre as 6dban 

Fatty Aads 2% 

Sincc, Scnbz~s is a fuh fecdmg mainly on the fishes and shnmps moving m the 
water column @elnlgc);thc pclkt should be slow sinhng and should be in the column 
for rcnsonabk time so that the fish can ingest the food bebe it reaches the bottom. 
For this extruded pekts  are preferred. The extrude pellets will have reduced loss;the 
digestibility will bc gmK1 duc tn pre cooking, the fbtd mixture can be with tugher 
moisture, the flavor of f e d  d.o can be retained with addition of excess fish oil. 

'Ihc pellet size should be &om 2.0 to 6.0 mm as per the size of the fish. 

Pelleted feed for Seabass is manufactured by XIAMEN FWL1.SO Industry Co. 
I.td.. (:ha with different sites and stages of seabass. The grow out feed has 36-38 O/O 

prot~in;5-6~&pid, 1 SOAsh, 4-SO&iber. 100hoisrutc;with feed pellet diameter 2 
to 6 mm I 

Production and Economic Viability 

Culture of scabass ffcedvlg with low cost tishes was carried out and the results 
are *en below. 

Fecd trLls conducted in the culture of Asian Subass feeding with low cost 
fishcr. From the commuunl landmgs. low cost fishes like Oil s h e ,  horse mackerel 
ctc were procured @.3-6/kg as used as feed for seabass. The pond was stocked 
6,900/ha of a\*emgc size 1.0 grn . Aftu  I1 moths culture period the fish grew to size 
of 517 grn to 1200 gms (average size of 946.5 gms). The recovery rate was 96OJoThe 
production was in the order of 4.36 tons/ha. The realization was Rs.3, 61,585/- with 
expenditure of 3.14,800/- . The profit over the opetnSond cost wns to the tune of 
&.46.785/- 

Grow out C u b  of Se.basa in Capn 

Fish culture in crges hns been identifd as m e  of the e m f r i c n d l y  at the same 
h e  mtenaivc culture practice for i n a c a s q  in 6sh productioa. Cages can be installed 
in open sea or in coastal utr. The forma is yet to be dePekrpad in many countrks 
where aerboss is cultured but coastal crge culture is m wabhhed hous&& auivity ia 
the South E.st A u b  counrrico, That ate abundant potentid as in India also for cage 
culture in the hgoons, procbcted owstal uecrs, e s t u u k  and GetLs. Sincc, crge culane 
o f d n s s h a s b ~ ~ l p r O v b d t o b e a ~  f a s i b k d  vhbkproposhbnthiscan 
b e t a k c n u p i n a ~ S C l r l C i n ~ k ~ .  



Cage culture system dowx high stocking density, usrpcs hrgfr survival ntc. It 
is natural md cao-fritndly and can be adopted to my scak. Feeding cnn be controlled 
d c r g e ~  crm be c d y  managed. Huvtsting is not expensive. Water &pth and water 
current .lone the critcrh Even in ueos, where the topography of the bottom is 
unsuitable for pond constructh, cmge c m  be installed. Diseases can be eaaily 
monitored. Fishes in the cages can be hnmested as pu the requirement of the 
consumers, which will fetch h+ unit price. Above dl, cage culture has g o t  low cnpitnl 
input m d  opanting costs arc mklllnnl C a p  can be relocated whenever necessary to 
avoid any unfavorable condition. 

Grow out cages of 20 or  50 M' are preferable for easy management and 
maintenance. Cages arc fabricated with polyethykne netting with mesh size ranging 
from 2 to 8 cm depending upon juvenile fish propose to stocked in the a s s .  'I'hcrc 
axe two types of cages 

Floating net Cages 

The net c a p  arc attached to wooden frames kept afloat using plasac drums. 
Anchors or Concrete wught blocks as anchors can be attached to the comers of the net 
a g e  at the bottom. These types of cages can be installed in areas with water depth 
more than 4 meters with feeble water current. 

Staticmacy net Cages 

These are fixed enclosures, whlch can be installed, in shallow water areas in 
Ingoons, braclashwater lakes having water depth of 2-4 meters. The cage net i~ fastcncd 
to wooden poles erected in the water system at the four comers. 

Stocking Density 

In the cages, fishes can be stocked @-30nos/m iniaally when they are in the 
size of 10-15 gm. As they grow, after 2-3 months culture, when they are around 100- 
150 gms stocktng density has to be reduced to 10-12 nos/m2 for space. Cage culture ifi 
normaliy done in two phase - till they attain 100-15Ogms size in 2-3 months and 
afterwards tin they attain 600-800 in 5 months. 

Fishes in the cage cnn be fed with either extruded pellets or with low cost fishes 
as per the availabdity and cost Floating pellets have advantages of procurement, 
storage and fccdq.  Since, a lot of low cost tishes are landed in the commercial 
h d h g s  in the coastal areas which ate fetchmg around Rs.fS/kg only used as feed for 
& arltun. Low cost fishes Wrc Tilapin available m the kcahwater and 
b r d d m a t a  a h  savc as f d  for subass in ponds and in many cage culture 

apartiollk The rate of fsedlng am be maintained around 2 0 0 h ~  and reduced 
IWkd S o !  in the case of trash h h  f&g and in the pellet faedhg, the 
feedkg rate can be around 5 ? k i d y  and grad* reduced to 23% lata stage. 



I n t h e f o e & n g o f b w ~ . t i s h P C R w a r k r o u t d 6 o r 7  (ic7kgsof 
chupcr fashes hmii to be giocn for one kg of &s). In tbc crsc pellcted f&dmg FCR 
a d.rmcd to be around 1 to 1.2 in AurtntL. H-, the am cffectivams of the 
pcllct fccdmg for Knbfss in p o w  out cukurc hns to be tested 

Slnce c a p  arc ins& the wata and exposod to water current, the debris 
matcrmlc drrftcd may adhac to the c~ger and clog the mesh resrricttng the water 
c x c h a n ~ .  'Ihc ~~NIIUI~ orlgurrsm d also attach mnd c b g  the meshes. O t h a  
like Crab may dlunnff the nets. Ihc cages should be r q d d y  checked for dogs and 
leaks. 1 ) a m ~ d  nctm shwld be rcpwed or rcplnccd. I h c  cloggmg will reduce water 
cxchangc, and kd to accurnulmtlon of wmte products depktmg the oxygen causlng 
strens to the Gshcs, affccung feedmg md growth. If the damage a not repwed 
u n m c ~ t c l y ,  thc tihhcs d c-pe from the ages.  

Production 

L7ndcr cage culture, since senbass can be intensively stocked and properly 
managed, the production will be h+. Frcqumtly &g and maintenance of uniform 
sized fishes in to the cages WIII ensure uniform growth and hqgh production. 
Production of 6-8 kg/m3 is p s d b k  in the -6, undu n o r 4  maktenancc and 
production w h& as 3 - 2 5  kg/m2 is obtained in intensive cage management in the 
culture of seabass. 

Integration of Cage Culture of Seabore with Shrimp Cuhure 

If acabwr can be weaned to feed on floating pellets, because of their addrctivc 
nature to a~lective feed, they wiu not resort to prey upon shrimp as normally 
cxpcricnced in shrimp culture ponds. If the water &p& can be maintained around 1.5- 
2.0 m, in a pond, cages can be insmlled in the shrimp culture pond itself and seabass 
xed weaned to fccd on ha t ing  pcUets can be stocked in the cages and reared In thLs 
wag, seabass culture will be a comphentary to shrimp culture. 



CONCEPT OF STRESS AND ITS MITIGATION IN 
AQUACULTURE 

Prrm Kutnat, ART. Ammu, JJLSurrdnrPy & M.#Pilooua 

Inacassng population has nancndously mveased pressure on hhencs and 

aquaculture to inucw the fah production. To  increase the production in tcns ikkn  

of aqunculture became very essmtial In intensive aquaculture practices arumah comes 

across the YPLMus types of physlul, chemical and bmlogcal stress undcr pcxlr 

mmapnent practice, which ultimate lead to failure of aquaculture. Hcnce strcss 

management is an mportant aspect in aquaculture practices. 

M e r e n t  stressots such as physical, chemical, biological and procedural exist in 

ddfcrent stages of aquaculture practices. The physio1oe;lcal responses (stress rcrponsc) 

of the animals exposed to stressor arc of three types i.c. primary response, secondary 

response and tertivy response (Wedemeya and Mc Leny, 1981). 

It is genedy accepted that the animal responds to a variety of strcssors, which 

is an adaptive mechanism and called as general adaptation syndrome (GAS) (Barton 

and Iwama, 1991). 

There are two approaches to mitigate the stress fvst one is non-chemical 

(biologd method) and the other one ~s the chemkal method. Non-chcmicd 

(biologml) method indudes the entire environment management which includes water 

qunlrty rnamgemcnt such as temperature, &solved oxygen, ammonia, nitrogen, nimte, 

salinity etc. mnd stodciag density, d o r m  size stoclung, stocking ratio in polyculture 

etc C h d  method mcludcs d v t q  supplementation of vitamin C ,  Vitlrmn E. 
tryptophan, immunostimulanw etc. 

Stress was defined by Style (1950): Stress means the sum of d the physiological 

response by which an & chr to maintain or re-establish a normal metabolism on 

the face of p h y d  or chaniurl force. 



Factor that ura~s s a s s  is ullad smmors. Reuiag of aquatic orlpnians in mra 

mndc envucmmnt has tcrulttd in " p 0 . u ~  to I nunber of strcsaoid, which may not be 

cxpcncncd to the same drg7ec in a n d  avimnmcnts. Stressom in aquaculture 

s).rtcms may be catepwxd as bdcnv: (Wcdaacya. 1999) 

Tabk I: Type of Strewon Pod its examples 

Sr. No. Type of Stress Exnmph 
1 .  Physual 'I'empcrnture, L&t, I h ~ l v e d  oxygen, .Sound 

2. Chcmid Water qual~ty, PoIIution, Diet, Metabolic urste 

3. I3it1lolpcd St t~king density, Microorpisms (pathogenic and non- 

pathogenic), Macm organisms (parasites), I ~ e r a l  swimming 

space rquircments 

4. J'rtxcdural tim&g. Hauling, Stocking. D~seasc treatment, Feeding 

methods (manual and automated) 

Stmr r q x m u s  

Fishes are cctothemjc organisms and therefore are unable to control their body 

temperature within m o w  tapcmturc limits (Hazel, 1993). As a result, their 

phycbiogy is dependent on amblnt temperature. The environmental temperature 

determines the metabolic rate, physiology and growth of fishes (Morgan ef d, 1999). 

Watcr temperawc influences O2 concenmdon, mccabohsm and grouzh of fishes 

(Lanpton ef al., 2002). 

Sucsmr is causative factor and stress is a response. The stress response of fish 

follow the p c d  vurcbrate pattern. A key ekmcnt in the stress response is a switch 

from anabotsm to cataboh. ?he quantun of response may vary with nature of 

e m s  and its duntion, and it .1SO dependents on fnctors like age, sy maturntion stage, 

specks and strain of fish. 

When fish and o tha  aquatic orpabms erpcrknce enviromncnerl dktutbanccs 

wrks of physiokypd ch*agcs occur fdkmhg stressful chaknp ,  which m adaptive 

m mturc Tbcsc phpkhgkd rerponra uc tumd x Yiartnl Ad.puion 

Sydmmc' (GAS), setpc, 1950. It is caar6st oE 



(I) An ohnr srurSirr in whkb %tress hormones" (catechohcnine md 

ccxCks-).nrrlcw& 

(3) A J I ~  of&stri~ in which rdrrptahn is lost bccnusc the stress was tw 

Jcvuc or long hang.  

Stress rcsponsc hns been dnsfitird into primary (neural and ncuro-endtxrinc 

responses), secmdary (physiobgwd consequence of such p m m q  response) nnd 

tertiary rrsponsc (changes m behaviour, growth mtc, increased susceptibility to dkms~s 

and chvrgc in population) (Wedanayer and Mc h y  (1981). Primnry stress rcsponse 

results m the activation of the neum endocrine system, which brings about changus in 

metaboliirm, osmoregulation and hatmntobgy (Barton, 2000). The primary sucss 

response is the physiologd alarm, during which there is an increase in thc levels of 

"stress hormones" ie. coiticostcroids and catecholamines. These primary responses 

result in a suite of biochemical and physiologcnl changes leading to secondary stress 

response, chnncteriscd by elevated glucose levels, haemto-imrnunologicd changes and 

change in other metabolic enzymes. Secondary stress responses are believed to bc 

adaptive mechanisms and arc particduly important for fish to recover from stress. 

However, dunng chronic conditions the fish loses its capacity to adapt. ThL; results in 

pathololpcnl changes, reduction in reproductive success, decrease in growth rate and 

dccrusad disease mistance that lads  to death of the organism thereby causing change 

in the population and biodmersity of chat specks, which is termed as tatiary stress 

w= 

1. Reknse of adrcnocoxricotropic hormones (ACTH) from the 

ndenohypoph pis. 

11. Refeose of "stress hormones" (Cat~cholanines ie. adrenalin, nor- 

adredin  and dopamine and Corticosterods especdly cortisol) from 
the head kidney. 

S m s q  perception of stress is a prerequisite for stress response in nnimnls. In 
6ah, m rckrrre ~311ditb s t b u k e s  the affacot n e d  padwPy that run in the 

rpmparbctic nap.wr system fnom tbc hVpothnlnmur to thc chwmaffm tissue of the 
htd of kidney .ad dundates tfie duomnffin tissue, which kads to the r e h  of 



catecbdunuur. Gtcch* (Mrrarlin / Epkuphrine) u rrhsad &om the 

chnxnaffin arruc in the lPed bQlcy of ddeort., mnd .bo fnan the eadmg of drrnaepc 
ncn7es. Recause utadrdunkrcr, pmknnhmtfy epinephmu in trboraan fishes ur 
ntorcd tn chnnnaffin cells, dwir rrlcw is rylid and the a r c u h q  kvtls of these 

hormtma mcrcanc unmcdrnt~ly wirh smss. The t e k  of catecholamme is cxtrrmcly 

rapd compared to the rekaac of oo&L 

Comcotropm-relc~amg hormoac (CWC) or &tor (CRF), released Crom 

hypothalamus o f  bwn, w k h  stnnuhtcr comcwopluc cells of antenor prturtnry 

(odmohyp~phgstn) to sccme adr-r hormone (ACTH), w h ~ h  

nnrnulatcn ~nterrenal ccUs (adrend cortcx homobguc) to rynthesae and rclclse 

cc~rtrostcn~dr parucuhrly cornsol wh~ch IS the p1111cpl c ~ ~ t t c o s t a o d  m tish. I%c 
rclcase o f  comrol m tclcost v dclnycd rchuvc to catccholunrnc release. Resang and 
unrtrcnncd ltvcln of cvculntlng cort~ostcrods m fish are kss than 30-40 ng / ml 
(Wcdemqer rf d., 1990). Charactcnaac corusol devaaon o f  fishes m response to acute 

ntrcssons tends to range wthm about .W to TOO ng / ml (Wcdcmcya r f d ,  1990; Barton 

and Iwnmn. lC)91). Elcvatlon s f  phsma catecholamJnes and wrusol due to p n m q  
stress lead to ~ c r ~ n d a q  stress responses. 

In fish, cortisol enters her cells where it binds to nuclcnr receptor, rcsultlng in 

nchntion of p a  that produce a series of auymcs that have a rang of metabolic 

effects. * I h u  results in n suite of bsochernid and physiological changes whach may 

indudc hyprglyccmia. hypcrlncticaemin , depletion of tissue & c o w  reserves, hpolysis 

and inhibition of protein synthesis. 0th- changes may indude the osmotic and ionic 

disturbances due to diuresis and loss of electrolyte from the blood and change in 

haematobgy (reduction of white blood cells, )eucopenr~). (Buton and Iwstma, 1991). 

Suers is an en- dcmandmg process and the animal m o b h  eaagy substrate to 

cope with stress mcnboiidy. Ihe production of gtucose under sacss Pssists animals to 

cope with the i n c d  energy demand. The svess hormones adrenaline and co&l 
have bccn sbown to increase plasma glucose production in 6sb by both 

gh~oncogcneais and glycagenolysis. 



 hoe .eooadup .atra r r s p o a ~ ~  uc believed to bc adaptive mKhraisms and 

m p u M i L r t g ~ t f a r M t ~ - f i o m s t n w b g m o h . l ~ o ~ a y > p l ~  
to & tissucq to r+n osmotic and ionic qihbcium and to meet rhe i n d  enugy 

danmds imposed by urposutc to environmental stressor. Typically these chanwu 

p e k t s  onlp for few hours or days following acute utposurc to the strewor and 

thefore do not resuk in any ddetaious effect on the animnl. 

IntrPceOMu scms rrrponsc chvacrerized by the production of a family of 

proteins known u heat shock proteins (HSP). Ehposute of cells or whole orp;nnLsm to 

heat shock results in a reversible inuusc in the synthesis of some acute phase pmtuns 

against substquurt l o c k  known as HSP (PPhnisnno et d, 2000, Mmg d d., 2003), 

whxh play an important role in homeostasis. HSPa arc a family of highly conserved 

cellular proteins that have been observed in all oqamsms (Fcder and Hofmann, 1999) 

indudvlg 6sh Qwama et d, 1998). They wuc &st discovered in the chromosomal 

puffs of drosophila d v q  glands a k a  thermal shock @tossas 1962). In the normal 

unstressed cells heat shock proteins are essential for fokiing and translocation of newly 

formed p t o t b  and renawation of denatured proteins. The expression of these 

proteins macase manifolds in the cells during stress. HSP has an ability to mediate 

&folded or denatured functiod proteins caused by various strcssors in the cell hence 

this protein is also known as mokculnr chaperone. 

Chrome exposure to strrsscm provokes ttrdnry stress responses that result in a 

number of pathologicPl c h q p  and reduction in r e p r o d d e  success, depression of 

growth mite and dccrcad dirKnse resistance. Tertinry stress response represents whole 

nnhrrnl and population Lvel changes associated with stress. 

i Whoknnimpl: 

a Impaired growth, Parr-smolt transformation (smelting), spawning 

awceas and migration behaviour and spawning. 

b.lnc-d discme incidence (infectious and noninfectious) 

Populatbn parametus: 

a. Rbduced muinsic growth rate, r e d a n e n t ,  w m w a t o r y  reserve 

andFuo&amy. 
. . 

b. Ahacd commuuiy s p e m  abundsnce and b e * .  

Thus, when ti& are exposed to cnviromna~tal strewor. a hierarchy of respomes 

ir W d if the r ~ e a  b severe or kmg hutin& successively higha kv& of 



C)ne of the most pmmbing uenr of research is the dcvelopmcnt of smtcgics to 

reduce thc stress during vmsicn~~ aquPcultua practices. ?hat arc two a p p ~ b e s  to 

rmrrppltc sncss, fmt onc ia ncm-chemical (b- method) md ocher is chemical 

mcthtd. Nan-chcaucnl (biobpd) method inch che entire cnvitocunentnl 

rnnnnp;rment. which indude wrtcr q d t y  mnnnguncnt such as: tanpentwe, dissolved 

o x y p n ,  ammclnia, nitrogen, nitrite. salinity ctc. and optimum stocking density, d o r m  

E ~ C  att~lung, stocking ratio in polyculntrr a c .  Chemical method includes cheruy 
supplctncntndon of &amin C .  Vitamin E and tryptophan and immunoatimulants c&. 

W8rrr+qirdcfnrodisthe~of~forrheIUFBiP.Idpdof 
t i ahesdacabwuaw- t isaacha iqucbobr ing theant t tqunt t tym 
dcllhrbk kvel for the growth rad nmhd of fudh. Ec&mmm~t m 



aqu-hm - - q a d q  munrgement dlsuohrr o x y p  (DO), watu 
mnpamm, dkddy, water Ph, turbdity, brrdntm, etc. 

Tabk: Showing somu of tk impoftant water quality parunems ppd && 
optim\mrrurgeCorfiuh~. 

2. Chemical methods 

I. Dietary supplementation of protein, vitamin C & vitamin E 

Oxdative stress is caused by h e  pmduction of reactive oxygen species and 
nitrogen species during stress (Gordon, 2000). Oxygen m & d s  is generated due to 
respiratory burst activity of ph~gocytes, present in cells under normal conditions but its 
production macases during pathophysiological conditions and stress. The use of 
immunoscimulants and antioxidants to ameliorate the damage to immune system by 
stress has been studvd by many workers. Fishes fed with immunostimulnnt glucan 
prior to transportation have increased specific and non specific immune response as is 
e d e n t  by W e r  number of lymphocytes and enhanced phagocytosis ( J c ~ c ~  er aL. 
1 W7). 

It is reported that supplementation of hq#~ protein and vitamin C reduced the 
bioaccumuktion and stress responses in C ~ R M  p u ~ o t u ~  (Snrma, 2004). Dietary hq$~ 
protein and vitamin C were supplemented for ameliorating stress (Manush cf d, 2005) 
m Mono* rastnagi. Vitamin C is considered to phy an important mle in animal 
health as antioxldPnts inactivate dnmngc of free radicals produced dunng normal 
ccItulv activity from various strcssors have been reported confuming protective role of 
VitPmin C. Vitamin C can interact with o tha  nntioxidnnts such as carotenoids and 
vitamin E. A hrgh concentration of vitamin C at the cell membrane regenerates the 
&ed vitamin E created during oxidation and reduction process. Vitamin (: is W l y  
intetPctiPe and may fortify antioxidant defenses and enhance immune reapon= 
iaditsedy by htliaing oprhnal Vj& E levels. Vitamin C and vitamin E acts as 
membranes pmtating agents and give stability to Lpid bkyer. 

Tryptophan is one of the +t ecrsentml amino acids, necessary for the 
dcodopmcnt of vit.min niacin / nicotinic acid md sermonin. It callnot be 
syn- in the body ind tins must be obtained 6Kw food or supplements. L 



tryptophan act aa c o d  Moclrcr hence reduces stress indurd produaioa of prkrmr 
conrsoL 

iii. Dietary supplcmcatuian a i m  

1.actofcrin fit;) is a famdy of iron bindiag glycoprotchw having moLculnt 
wrtghr of HO K I h  that miginpted from some ricaction of mammals. It is a kind of 
~rn~unoerknulnnt and bas a b t  of bdalogd f u n c t h s  e.g., Iron rbsorption and 
trnnsprmtkn, bpdniortatic effects and enhancement of mucosal immunity system in 
mammals. C h d y  admimattarion of 14F enhnaar nonspecific defense system and 
phapcytic a c t ~ x y  in rainbow trout and decrease phsmn cortisol h l  in gold hsh by 
1-1; adminkmation. Dwtnry 1.F Plso enhances t o h u  to physioiagial strcssors such 

mir e x p o d  stress in juvenile Japmesc Hounda n;lgJnst lugh stocking densuy smss 
in rainlwjw trout and cc~mrnm carp and k>w salinity stress in shrimp (Koshio ct. a!. 
2000). 

I>uring aquPculturc practices Plllmnls come across many drffercnt qpes of 
strcrrom such as physical, chemical and b iobg~a l .  'To cope up with these stressors 
phynico-b~ochcmicnl prtwar of biomokcules, cells, organelles and ocgmmms vary &om 
apccies to species. l7kposure of fishes to extreme environmental conditions &its a 
-a& of phyaiolo~pcal m d  biochemical chnngcs b c t d  as primary. secondary 
and tcrtinr). shtrrrs responses. Stress can be midgnhd by b i o l o g d  and chemical 
methods. 
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TRADITIONAL FARMING OF SEABASS IN WEST 
BENGAL 

?he traditional methods of fish/shtimp fiunung have been practised in West 
Bend  since 1 8 ~  Cmtuty. This system is known as "Bhasa Bndha Fisheries" and the 
culture i m p o u n b t s  are d e d  as Bbtriss. In this system fishes and shrimps are 
dowed to grow togetha in polyculture mode. Among the fishes frrmcd in this system, 
Asian senbass, Laks c&+ is the most priced one due to its hrgh market demand. 
Having stapk market and other bialogd chnr~cterisnol like curyhaline nature, fast 
growth rate etc., the farmers consider it as the most lucrnuve spccics for brackishwater 
aquaculture divetsitication odrer than shrimp. 

West B e n d  has three coastal districts, t i ;  North and South 24 Parganas and 
East Midnapore spreading over a short coast line of about 158 krn. ?he state has total 
cstirnated potmaal brnclashwata area of around 4.05 lakh ha (349'0 of country's 
potential), out of which 21 MI ha found suitable for coastal aquaculture. Till recent 
past total area of 50,438 ha has been brought under brackishwater farming with main 
produce as shnmp of 14,483 tonnes during 2K6-07. Brackishwatu Fish Farmer's 
Dev&pmcnt Agency (BFDA) located at each coastal district implements different 
government schemes for promotion of brackishwater aquaculture. Total 5300 ha 
brackishwater area has been brought under different BFDA schanes till 2006-07. In 
West Ben& more than W!o of the braclashwater fishery belongs to traditional type of 
fnrmmg with trap and cuinur system, locally known as bhcrics. These bkricJ are located 
mvnly in the low-Iymg areas of North and South 24 Parganas dismcts. 

3. ! b b t w s  reed availnbility and reed trade 

N a d  scabass secds become available in tidal creeks and intertidal pools 
during MPy-Octobu in the Hcqhly-Matlah estuarine system in West Ben& Intertidal 
pools aith dauK grass vegantion form the main source of collection areas. Hapa net is 
commcmiy operated in sheltered areas at the end of lugh tide, whde shooting nets are 
operated dwng high tide in the in tdda l  zones for capturing the wild seeds. 

k b m ~  seeds are c o k t e d  fram different locations of Sunderbans such as 
Kiltdanp, NnmLhnnq BaUddi, Sngnr Island etc. by fishas (seed collectors). These 
colleaed Keds arc brought to 6sh seed mnrlrets louted at Nishchintnpur, Channgui, 
Hamood Point (Lot no.8) m South 24 Puganas district. Nmhchintapur is the most 
important bmctisb.coptet tirh 4 rnmrltct in South 24 P u p a s .  There am two prime 

dqs (Hat bnr) on Sun* and Thursday in a week at Nishchintnpur. Prkc of 
uxd nnga h m  Rcl-7/- p a  piece ckpcndmg on size d i l i t y  over a pcnod of 6 
momhrstNbbdrintPpulmnrtain&efo~mnnna. 



May: Early Ery (10 mm) - Re1 
June: Fry (20 m m )  - Rs.2 
July: A h c c d  frg (4045 mm) - Ra3 
A ugurt: Fmgchg (55-60 mm) - h . 4  
September and October: AdPmcod fingtritng (90-130 mm) - Rn5-7 
Mxklkrnen are v u y  often iadved in tiu seed trades. 1 % ~  d market chains 
cxruttryg here arc: 
.W collcctnt -+ Wholcsnkr -+ Rctniler -+ F a r m a  
.w u>llcctw --, W h o k d a  -4 F M n a  
Sced collector -+ Whokdcr -+ SeeJ expona -+ Farmet 
Seed colJector 4 Fnnnet 

M m u m  quantity (80%) of tiembass seeds from thk mnrkct arc sent ta North 
24 I'atpnas duttict tn the &+ areas through middlcmcn. From thetc sotnc quantity is 
alwrj cxpncd  to Hanghdnch. An~und 10% of the total scabass heeds brought m the 
market ur purchnrcd by 1-1 farmers. And the rest l(P/o go to other states U c  <)nssa 
and some p k c s  of Andhra Pradcsh. 

4. Typn of culture 

'I'raditiond culture of fishes in blmir~ is an age old practice here. Fntlex these 
&hrdrs were ~trxkcd with the natuml seeds e n t d  through tide only and &wed to 
powo at the mctcy of nand productivity. The availability of seeds horn natural soutca 
has already become uncertain and h b g  for smed reasons. So the bbty farmers 
have modtkd thck c u l m  proaiccs accordingly by following selective stocking, 
f c r b t i o n .  feeding etc. In thrs process scabass is also stocked in b h e r  as a selected 
spccics based on a\dability of seeds. Some progressive farmers also follow improved 
culture pn~~tices like monoculture and polyculturc of seabass in their ponds when they 
get required number of stocking tnaterrals. 

4.1 Traditional cukurc of seabaas 

Brackishwater tldPl wetlands, namely mudflats, swamps, matshes, paddy fields 
ctc., lccntcd in low-lymg ueas of North and South 24 Parganas distdcts of West 
Ben& in whch fisheries arc devch,ped, are locally known as  MI. T b ~ h e s e  arc of 
irrcguLr shaped and thcir sizes ran@ from 2 to 267 ha with the average size of 15-37 ha 
sprcadmg over low, madrum and hgh rlLPlty zones. The cstuPrits of Saptamdcb, 
?hakurpn and Matlrh (undu HoogMy-Matlnh estuarine systun) and othu minor 
c s d e s  like Comba, Murigan- Haribhang., Kulti, Ichnmati, Rprmnngnl ac, witb 
thck aibutuitlr and disaibumxiat frad the b h ~  with their 6drl wa-. There arc two 
types of bbniss, sasonal and p d  In the scascmnl -3 both tiah/shnmp and 
paddy rre raised eitha tbrough  ow or romtional spmns, whereas in the 
permnrrl bhaits f kh / t hmp  ur rriscd airnost throughout the yeu. Potymhre 
s y s t a n s u e p ~ . c ~ m b ~ w i t h k r g c n l r m b u o f ~ d s ~ K t d B ~ t i n  
through thc tidal water and pPrtrrl s t o c b g .  Fish culture operrtkms smrt ftom Febwrg 
.ndaontinuttinApriLkrge&hwcrtiagmthcbkrjrrisBonebcrprrarScphmber 
u r d N o v a n b u . n K ~ 6 s h t a o o a r n r d i n t b e b b c r i e s i n c l u d c L ~ , t a r o  
+ o f m u t l e t a , ~ a d , L p r r r t , a t ~ M ~ + , ~ ~ , ~ ~  



ElnJbcn#u -, 7'- A ctc., w h k  the shrimps 
mppbd comiPt of Pcrrrrro l l l ~ d i t ,  F- *, M I I ~ + ~ ~ ~ Y I  rrofilwnrr, M. 
&W&WW& papapnq M m  M. d, Ad. &hrmlPii, Pahemon J- ec.  
d d, SrgUs rarr*l. Now-.-d.p, mpphmaiw stockiag of sekcted &h ape&=, 
~ ~ ~ ~ Q L ~ , L ~ ~ L , L P I ~ ~ ~ ~ ~ * O ~ * E ~ I * I ) S ~ ~ , O .  reibrir*Lris 
followad but in a o s t  cases the stock is kft at the mercy of nature and the prdtors .  
Supplanenmy feedmg is not gencdy practiced ur the entin production systun is 
dependant on utilization of nrrtural productivity of M s .  Howrvu, aomc use 
oil cake nod ricc bmn as s u p p ~ t a r y  fetd. 

At present with the reguhr occumncc of white spot disease in shrimp, hh? 
farmefs arc opmg some eco-friendly and srrstninabk cult& syatcms mnmly comprising 
of fintishes. For this purpose thcy have selected Bhetki as a candidate species and arc 
culnuing it in polyculturc system. They do not follow any spcufw: stocking rate due to 
uncertain availability of natural secds. Sometimes juveniles of ?ilnpia save as prey to 
seabass. Harvaang is done after 6-8 months of culture and large shed scabass are 
found with less in numbers compared to improved culture systems. In this system 
production ranges from 500-1000 kg/ha/year. 

4.2 Improved culture methodo 

Saed is a a i d  input and when it is available in s u h t  quantity farmers go 
for unproved culture practices. There are two culture systems followed, e. polycdturc 
in pre&tory prey system and monoculwe. In polycultute method, senbass is grown 
alongwith some 0th- fish species which serve as food for senbass. Hue  the prey fishes 
should be proli6c brceda to produce sufficient numbers of offsptings or their juveniles 
should be stocked at rcgulnr intet~d.  Whereas, in monoculture system the stock is 
totaliy raised on suppkmentary feed. Stocked seabass arc fed with minced Resh of 
cheaper trash fishes. 

5. Constrmints af&dng trnnrition from traditional to improved m e t h h  

There arc a numba of comtmintn affecting transition from t rdtiond to 
improved culture methods of scabass in the state, which arc to be addressed. The 
problcms can be grouped into four categories. 

fi) Seed The major problem in this sector is unavailability of quality seeds in adquate 
qunntrcy a% appropriate the. Prcsaltiy the culture developed in whatever extent in 
bbmi~ and ponds depends mtdy on natural d s .  The unpredicted availability of 
natural d with vPtktratny affects the grow-out culture. The price of the see& is 
plso bi+ Wbm ~~e k un&t&c~ with natural d, the Litmera face 
a#;1Jt(r in vetning than to dead tmrb fish or minced mcnt. There will not be this 
prdrkm .Iritb hat&ay produced seeds wbjch nrc weaned to wpphnentvg k& prior 
tortochng. 



(ii) I ; d  Anotbu imponmt cawmilt cfirret)r ifframg tbe cxptmhl of scdmm 
N h u r c m k l r o f ~ o f ~ f e a l d ~ e o r a r t r r y s u p p l y d a ; r r h  
f~h..~fssdrhauldh.Pehrgb~coa~tSrpp)gofarshfihnserroauld 
b m s u f b c w n t i n q u n n t i t p . A ~ o f r n r h t i i r h i s p o o l d b i g h p h c c & t o ~  
demand of firh d produced it. Abo trnh fi.h irsdf is 8 stapk dkt of tbc poor 
of ccznstal uar in dcvekpmg country liLc Inrth. it raqrclrcs putclusc in butlr .mount 
and storing m deep frerre2. So the an9 and MI.Lpnrl farmerr who oaa niwad 50% of 
c u l d  btackishwrter uea cm not aff'ard this. In poiycukurc, Eumas hrce pmbkms 
Ifrnlng hvr forage fmh in suffieicnt quantity. Dmdopment of suitnbk slow smkmg 
formulated fccd can only address these i.Na. 

(:IRA has .brady d c v d q d  nursery feed for seabass and cffmts am on for 
larval and grow-aut fecd dcvcbpment. Some forrrgn firms have entered &s feed 
supply system. but the econormr feasibihty of thcsc feeds IS still a mapr concan for 
dcvelopmcnt of scnbanw f m g  m India. 

fir] Svpb ei bani ~~IWI:  Basic inputs for seabass fnrminp;. re. seed, feed. h e ,  fertilizers 
ctc. are aupplicd almost in unclrgnntzed m y .  Fanners axe very often misled by the local 
agents, d&rs supplying those materials. 

5.2 TecbnicaN managerial 

As the culture of scabass is not a developed sector compared to shrimp 
farming, the farmers arc ignorant about basic biology like fee<fing habit, growth, 
s u r v i v a l  etc. Seabaas juveniks prefer moving live food, so dutiag culture with wild 
scedn, training the fish to accept trash b h  or prtiticlnl feed (w- requires some 
cxpericnccs and nk&. Prior to f&g, sometimes tishes are attracted by produang 
sound in water and then the chopped rirsh 6sh w formulated feed is broadcoated 
slowly, so that the hsh would notice the Bmktng object as a moving prey and engulf 
them. 'Ihe fish are fed at the same time everyday. Differend growth in the same age 
group is another important inherent +ty which needs management attention. The 
inhiduals having a minimum siu: difference of 33% from the rest of the stock arc 
uUed 'shooters'. These  shoo^ cpnnib.l on the mn&r ones lcadmg to poor s u . a l  
and production. 1 t is managed by segregating thcm p n a h d y  and cuLnrnng separately. 

53 Fiw& and policy 

.Scabass culture requires hqbu caw Lavestment due to costs of seeds, feeds 
em Smrll fumtrr ue mainly dependent on kKlrl money kndus who take very lugb rnte 
of interests. Far this consprint hrmar somchPes thkrlt r while prior to undatakc 
s a b w  culture. T h e  ace many schcmce for devclapmmt of ~h~ fish culture as 
w d  rn shrvnp burmag ocnturrr sponsrrcd by the State Fishaiccl Dcp.macnt, Fish 
F u n u ' r  Development Ageracy a d  BFDA, but no scbane exists on promotion of 
senbarn culture u pment As i rauk bre State Frshaies Depucmart u the main 
cxteallionfilnaJonragc*nnotprcrsidepr~pagrtid.namhinm.too.Noaa~ts 
were made to set up sab.so -by m y  private or God k m s  in tbe .t.tc ClBA 
has rirrmdy &doped the ycu  mMd eerbors d produdioa tahology. Pxhtc 
enapaneurs and Gmt. rgeawcmrdrrr thcradsqplyprpMmnrfardopiag this 
tbcbnobogg- 



@ i l d  H w  monsom rrrinfaEs mmdaus c a w  Boods resulting in the 
totallossof 6shaop Duc to thjs, fumarrrrnnetimes shcnv their reluctance to take this 
hlgh*anemculnrrr. 

rd) P* The bBrrirs which arc the impormnt resources for seabass culture, presently 
witness +tion probkm duc to s a v a g e  e b t  discharge froan Kolkatn Mehapolitan 
Cay. It Is adversely Pffccting the prod& in bbqy system. 

Scabass fnrrmng is epining populnnty among both freshwater and bmckishwater 
h a s .  In earlier days scabass catch was mrrinly from bradcbhwater estuarine and bbty 
systems and hrrmets hnd the idea that it IS a dine water fish. But with the accclcrntcd 
domestic market demand freshwater nquaculturists arc s h o w  intacsts gradually 
towards this hrnntng and becoming successful. In brackishwater, the expansion of 
scabass culture is in sbw pace due to some input related bottlenecks. 'lhough there is 
regular occurrence of white spot disease in shnmp, formers art still opting for shrunp 
culture in mdiaonal water bodies with the hope to enrn more profit within n short 
period and consequently facing huge loss. There is need to break this jinx and changc 
thek mind-set for not to u& the farm wholly for shrimp culture and to undertake 
finfish culture in some ponds for their sustenance. 

Due to problems of cnvitonmentd degradation and &ease incidence in shrimp 
fnnnmg in brackishwater systems, culture of scabass as an alternative for diversification 
has immense scope without degrndmg the environment to any sqpificant extent. 
Farmers ate slowly turning to finfish c u l ~ t e  and L ca&mifrris the most lucrative species 
of their choice. As West Be@ has a good domestic market, b 6sh does not face any 
marketing problem. The traditional bhrly farming system does not ensure any strdy 
and substantial ycld, so the h e r s  have already undertaken subass culture for their 
sustenance. The abandoned shrimp Lunw can well be ualizcd by culturing scabass 
there. In freshwater sator, the market pricc for Indian major carps and other carps has 
become almost static and the margin of return is reducing with the regular increase in 
production cost. So, culture of some hq+-price, h@-demand bh lrke scabass will 
definirdy s o h  their problems as it cm grow in freshwater also. This species has also 
pod export potend m thc foam of pioccssbd itans. Different processing phnts are 
showing tbcP interests in export-orknted scabass products development. Altho+ 
scabass culture hrs not yet developed into a commercial scale in West Ben& it is 
-=i+3 umdcrabk n t ~ 6 0 a ,  pamalady by a number of fannets, rcsearcb 
iadtutcr, piocess ingpb .  

Whb the rrrdlnbilitg of seed prodrrtion technology, the timc has come to mass 
sal: prodrroon of &k srodtrng mataids by diffacnt mtrgnmcum adopting this 
~ . A . d ~ t h e i a o s t i m p o n n n t p r i m n r y m p u t , ~ i t w i l l b e a ~ k p t  



rrqutrrdk7.Jtothtfnnnen,tt#rcbrcopeaomodifp&etadicioarlndhmptoatr 
r n t o ~ n p ~ ~ e d o a c . T o m c a u p c h c ~ d e o l . a d b f i . k , u k ~ ~ ~ t i t  
p r c m t r c a u t i a , m d c h o r r c r f r o m t a d a o c t . l ~ t o d k r r t ~ k Y ; l l r m . l  . . 
c#rmptovcdculxwc.ysrrmcInrfiirdirscaontbetochadogwdcprbpal~kfoz 
senboss brcahg and culture will be of @kmt UBC to the end uacrr. 



POND BASED NURSERY REARING OF SEABASS 

The availability of tish seed is consldard to be one of the most imponant 
k t o r s  for the success of scabass culture in my water body. Till recently for the 
practice of &s culture in India, the tish farmem have to depend on collcction of 
scabnss fry or Eingedhgs from the wild nnd then stock them in ponds or cages. The 
availability of flsh secd vvics considcrnbly from yau to year and the uncertain supply 
of this input results in limited scabass culture. With the development of tcchnoloffy 
package for adk ia l  propagation and ycru mund mass scnle production of scabass fry 
by CIRA, it is anticipated that the much awaited secd demand would be mct up by 
interested entrepreneurs after adoption of this technology. Seabass larvae @own for 25- 
30 days in hatchery arc reared funher for a period of 30-45 day nursery phase all they 
attain suitable size for stocking in grow-out culture systems. Generally, seabass nursery 
u csuried out in fertilized bnckishwater ponds and in net cagcs placed inside a pond or 
in an open coastal area. Here Merent types of pond based rcarlng systems are 
described. 

Subass fry is highly carnivorous and voracious feeder and devclopmcnt of 
shooters drastically reduces the survival percentage through cannibalism. From a 
management standpoint, priority must be given to control the cannibahtic bchaviour 
whch is one of the most important causes of m o d t y  in nursery. So during dcsqqning 
any nursery system due consideration must be given towards mnnapbihry of these 
cauqes of mortality. Two pond based nursery rearing systems are followed for seabass. 

Ponds used for nursery rearing should be not more than 200C) ma for easy 
management with most preferred size of 2.00-500 m2 holdmg at last 70-80 cm water. 
Ponds should have the provision of inlet and outlct titted with small mesh net. Ponds 
are prrpnred and f e r d i d  to eradicate predators and grow zooplankton at least two 
weeks prior to stocking. When the pond wata is with natural algae growth, freshly 
hatched Art& nauptii arc introduced. Us*, for 1 ha pond 1 kg cyst is required. 
Senbnss f iy acclimatized to pond candition is stocked @ 20-30 nos/m2. At l a s t  .W/o 

water is exchnnged d d y .  Supplementary fee* is done wth chopped, cooked 
Ch/shrimp m a t  3 times dPsfy @ 1W/e body weight in the 1" week fcdlowed by 
gnduony roduoed to 80, 60, 40 and 20% during 2". 3", 4" and sh week, respectively. 
Excess fecdmg shouki always be avoided to rmintain the optimum pond environment. 
At the end of rearing uound &W/O survival is achieved with 3-5 g body w e t .  



* s c 8 b l l m f i p . i r d i D I s a ~ o t ~ E t r a d i n p & H . p u u c *  
rcctan+ or  lquue shaped adosuns made of nylon thrcd anbbtag md ur Lpt 
mvcncd wth  top pornon open. 

Ihe pcmd whac hapas are to be tixed are prepared we0 fdbwing weed 
rrodicatnm, luning ac. lo maintoin h b k  water coadztion one week prior to start of 
rearing. M~+to net hapm made with 1 /&inch nylon webbing of size lxlx1.5 or 
lxlx2 m' arc fixcd with bnmboc~ poka in both sides of a catwalk in the pond by 
kcping 20 cm frcc board. 'lhc catwalk is aected to  fnciltatc feeding, h q a  chcdcmg, 
rpndmg and o t h n  mnnagcmcnt activities. Sr~metimcs u ~ :  of double-layerod hapas arc 
u u ~ s t c d  whcrc chnncc of brclching of hapa wall by crabs or any other animals is Imgh 
to prcvrnt cscnpe of fry u n d a  rearing. 

2.22 Stocking 

Healthy fry w th  1 to 1 .S cm w u c  arc stcxked @$2(K,-500 nos./m2 after proper 
ncchmatuanc~n d m g  cool hours of day. Sccds arc counted and dtstributcd to each 
hapa. C'n~fnrm s a c  fry arc stcxkcd. Imml biomass IS cakulnted by talung samples and n 
u reqwrcd for feed cdculnaun. 

'Ihc Er). am fed either uith slow ginkmg fonnulatcd feed or minced meat 3 times 
daily during d n y  hours. Formulnted feed is pmvded @10-59'0 body w e t  daily 
thn,up;)lout the rearing pmd, whereas for minced m a t  fuchng the rate is similar to 
that of pond rtPring system. Feed amount is adjusted weekly from samphg  data of 
p u ~ h  i n u a e n t .  

2.24 Grading of fry/ wpuation of oboottrr 

To get )Ilgfiu survival it is needed to sort and size-grade shooters regulnrly to 
lower competition far space and food, thus controlhng cannibnksm. Shooters arc the 
indnduals u-hch have a mixhum &c difference of approximately 33% Gom the rest 
of the stock and they arc removed weekly by hand prhng from each hnpn. n?cse 
shooters arc mucd ~pulrtcly. 

Net @pa) prrrrndc h o s t  d coadtcion for the growing &shes. Thcrt 
u e c h u ~ c r o f  t b e m c l l b g a d o g e # i d u t t o ~ ~ ~ o f d e b r i r w ~ r m d & \ a  
rcstri;ting uwcc mwanmt md d t i o g  in s t q p t b  of warn and ~ c ~ u h t i r m  of 
waste products and growth in tbc hapas. Hy#s arc cluned at 2-3 day intervals to 
avoid this pmbhn. At the sane time tbr  hap^ should be cbacbcd fw any damage by 
crabs. 



(;.roprth .ad s u c h d  depend on thc stocking density, feed and fecding, shooter 
xpY.tion, m If dl m u n p n c a t  .ctmitics uadanLcn properly, in 4 6  weeks, the fry 
at& S70 mm sitc with 2-3 g body w t  and auroivxl rate upto 80% is achieved. 

There a m  a number of advantages of hapa nursery rearing compared to othcr 
nursery rearing methods. These are, i )  h a p  can be easily managed and require less 
space and cnpital investment, ii) farmer can ex& it to my scale depcndmg on his 
necaany and capability, mi it can be maintained in a corner of p w - o u t  pond or near 
the p w - o u t  cages itself, ir) since cnges or hapas are in m situ condition, it prrwides 
n a d  environmental condition, 3 water flow in the cage site washeis away the 
metabolites and uneaten feed, vii growth and survival are higher in hapa rearing vii) 
rod h m ~ s t i a g  of seed is possible. 

3. Causes of mortalities iu nuDely rearing 

There nrc some reasons which are directly or indirectly invohved in mortalities during 
nursery rearing. 

3.1 Cannibalism 

.Scabass is hghiy cannibahtic especially in the early life stages. 'lhc cnnnibdstic 
behaviour of this species is defin~tely one of the major cnuscs of h h  nursery mortahty, 
it would appear to be dependent upon a number of factors. Cannibalistic rate increases 
with increasing stocking densny, water transparency and decreasing light intensity, 
number of feeding p a  day, ctc. 

Hqgh stocking density IS mother common c a w  of nursery monahty cspccally 
m the absence of stock management measures. As stoclung density incrcarcs. the 
percentage of m o d t y  accordin& increases for thc same culture period. 

Differential or uneven growth of the same stock is a common phenomenon in 
Btnbrrss throughout the hfc pcnod. It prornotes competition among the individuals for 
f e d ,  space and o t h a  essentials for survival  The reedtirig additive effects of stresses on 
the s m n l l u  and weaker fry makc them dark to black cobur, posing than much more 
meceptibk to bemg preyed a d  d k w c s .  This uneven growth m y  nbo be oltvibutcd to 
drttnrg and ewitonmartal factors. 

Dkasc inf& hnr been known to be responsible for mass morrihrLs of frg 
in UlhPr. nuxsay opaa6001. l h  cauwk ngentr for the dbasa arc pa+ 



r c f d  to viturrs, bnctnir, ti& piaowms a d  ochr lurmful prhogmr a d d m g  
hehnmths. In the ure of wrb... di#rc mfstioa the cuhrPar pay pio~er attention 
u n t J i t i r i n ~ r n c t d s a g e r v h a r d K ~ . i c m ~ l l ~ ~ ~ b U t ~ d l i t  
timc tmanent becomcr ineffeaiPc Thac w r o a ~  bratlllarts like nnmaPioa in 
f o m h  or czdrcr mtnnmxharl nrbrmncu. Ahoqgh  &ax cxtand treatments hrve 
certain positive effect an the sick fish. but fnnn pfirtiul appljfatkm point of view, t h y  
m a y  not bc swtabk for mass rale rdnnhurtrr uada cage and pond cxmdi&ms. So the 
only way t o  prevent theme is mnintarnnce of optxnum culture environmat. 

Nurscry rcrukrg of senbnss fry ar ur crnprtant phase to s t  s1otIbk gaze stadwg 
mntcnnlr for grow-out fPmung, nr stodang b w  gzc scads duectly umeasa surv~val 
and prwtua~m. I t  u, an rmportant mtcnnetlntc stage of r m g  bctwcn hatchery and 
grc>w-out phanc. Among the two ptmd b d  rcanng systems ducwscd here. rcanng m 
net cages (hap) IS more advantapus ova dvcct pcmd rrnnng m terms of 
mnnagcmcnt and output pomt of \ w a .  Farmers should take up t h  qpc of reanng 
before strxfung m Wrc ponds. 





r > r l p n i c r m n a b m i m p o m n t w J c x o f r d l f ~ . I t h e l p r m ~ o f  
seepage bu. mcraus  nnbiiity of p o d  bottom mnd supplies nutrimt* It rrduccs 
turbdty  of pond water and act as .ntioljtLats. Organic matm inhwacer miaoW 
actw~ry and productiviry of pond. Soil wtricb has organic cnboa content kss dmn 0.5 
' /b  u knv prrxtuctwe. 0.52% a m c h  pmduEnvc and > 2% h& produaivc. 
Optmum valw ia 1.52%. 

Pond mil manngcmenc 

Swccsnfd quacuhure depends on jpxl Roodm roil condinon. On the othcr 
hand, even d thc mttc IS p o d ,  problems may d crop up by the laqe quanaty of inputs 
hkc feed and fcrtiIr-mrs whrch lead to cxcesivc phytoplankton production, low DC), 
h e  anrmonm, prww tmttom mil condiaon and othcr problems. Most of these 
prt&lrmr can bc avodcd by  pnlper management pnctices such as site sckct~on, pond 
prcpuntton, hnung m o b t c  s t rwhg  etc. at three stages nz. Newly Pond 
ct>nrrructwJn, Pond prcparaaon af ta  harvest and during culture permod. 

1. Ncwty constructed p m d ~  

In newly dug out p n d s ,  understanding of the mil parametas helps to d ~ d e  
the mnnqcment atmtcps to be followed in terms of h m g ,  manutmg, fcrtilumaon, 
u7ater mamgcmcnt ctc.. 

Before inrtinting second uup. the pond h to be prepared for stocking. 
1;oUouing iuc the importance practices to be followed 

Waste accumulPted during culture must be rcrnoved by draining and drying of 
pond bottom to ensure sustained production in pond. 

Pond mud drying u d  sediment rrrrrowl: 

A h  drunrng chc water, pond bottom is sun dried for ntlc*st 7-10 days and the 
soil should crack to r depth of 25-50 mm. A f t a  dr).ing, the waste can ather be 
r u n 0 4  m u a l l y  or with mrchmcs. It makes p o d  bottom harder and it may reduce 
the &vela of some prthogcnr in the pond. It Plso enhances sastioa and cnicmbial 
dcsomposttion of organic matter. In raobic -tion, orlpnic nuntr is oxidized 
to morg.nic substances swh as COD water, ammonk, sdphatq  phosphate, err. 



A h  tht crop harvested, ~ d c a k b k  ~psdw k pests, ~ompetitors and 
predators mnakhg in the p d s  a n  be d by p h y d  (drying of ponds) and 
chcmiul mezhods (.ppliation of Mnhua oil cake & tea seed cake). 

Lmmg is most important in pond preparation to keep the pond enmnmcnt 
hygienic for sustriaabk 6sh production. It increases pH of soil. enhnnccs availability of 
nurrients, accelerntes microbial activity, maintains alkahty and in~(r,scs avrulability of 
CO, It also irnproves the h y l p a ~  of the pond bottom, pemuts n d  rcproducclon 
and growth, thereby hpmvhg s u m i d  of aquadturc species. 

3. Management of pond bottom during culture 

Runng culture, the uneaten fced by the aqurtic animals smks to pond bottom. 
The carbonaceous matter, suspended sokh, faecal matter and dead plankton also settle 
at the pond bottom. These msterinls have combined effect on the environment of pond 
bottom. To understand the condmon of pond bottom. the following parameters are t o  
be monitored rqdarly. 

pH of soil: 

This is one of the most important soil quality parameters uince it affects thc 
pond condition. Generally, soil pH ranging between 6.5 and 7.5 is the best surted where 
a tdb ih ty  of macro nutrients are auxbum. The low pH of bottom sedunent indicates 
unhygienic c o n b o n  and needs regular check up. 

In sediments, when organic mama exceeds the supply of oxygen. anaerobic 
condition develops. This reducvlg condition can be measured as the redox po tend  
and is represented as Eh. Negative redox value shows reducing condition whereas 
positive value shows aerobic condition. Under anaerobic condition of the pond 
boaom, reduced substances arch ns H,S, NH,, CH, etc. ~s fonned whch arc toxic to 
benthic orgmisms. 

Wotu citculation by water ex-, wind or nation helps to move water 
across mud surfnce and prevent the devtlopmcnt of reduced condinon. Bottarn should 
be smooth& and doped to f d t n t e  draining of organic waste and toxic subntances. 
Central dramage aMnl in the pond may also help tn the remwd of organic waste 
pedodic9y. 

Unutilizcd feed, txhMeow lnattcq &wived solid!4, fPecnl matter, dead 
phnkton uc. ocrtk at the p o d  bo&aa and resuits in the acctnnulatkm of oignnic 



M u .  I'he chmgc in the battom in tams of mcat.ring o r .  bd rbould k m x d d  
r c g d d y  fur h e  pond mrrugpnaat 

W a t c r + r g d a a i o r r t i o n u r d . t r ? d t n a d a c h n c i n p o p d b q u c r h t y . s a  
rcault of h t  accumul+ciorr. Huadrrdr of watct quobrg vainbka may f i t  
aquaculture but, fortunately, only i fkw normrlly play a ckcknve rok. 

Critical watn quality pnnmam 

Water w r y  Mliabks such as salinity and tanperamre asc important when 
aaacraing the suitability of a site for 8 +e of plrricdas spcacs. Otha ptopcmcs 
such as alkalinity, turbidity. compound. of phosphorus and nttmgcn are important 
txcaosc thcy affect plant p~ductivlty, which in turn, may infhnce aquaculture 
prtductxm. L>O. CO,. nmmonin and & factors corn to tbe phy during grow out 
period, because they arc p o t m d  stressom for the animal in culture. 

1. Water temperature 

'Ilempcmture of wmta is obviously very important. All metabolic and 
physioloZpcol acth+tics and hfe processes such as feeding, reproductian, movement and 
cfisuibudon of aquatic otgPniruns arc greatly influcnccd by water temperature. 
? ' c m p c a ~ e  ale0 affects the lrpeed of chcmicll changes in soil and water, and the 
contents of and pressure of dissolved grues. Optimum level of pond wata is 25-36'C. 

2. Salinity 

Salinity refers to the total concentration of d ions in wata (Calaurn, 
rnagnc~um, d u r n .  potassium, bicubonnte, chloride and sulphate). It determines 
osmotic rdntionshtpn and .loo a f h  the growth, reproduction and rmgr~tory 
behaviour of the fish as wcll as its g a r d  metabolism. As the dmty of water 
incrrues, thc solubility of DO darcuer rmd the toxic un-ionized ammonia decreases. 

N o d  kvd of s a h t y  is around 10-32 ppt. The stress m p n s c  associated 
with the sudden deaersr m sJnury anr mucb dd when the ukium conccnmtion 
of the b w  &ty was incrascd from 84-150 ppm. 

The mitd pH of pond watcn (before biologrrl rctmirg dds to or removes 
C02 to wster) is a f\llllCtiOll of the toad rlhlinrty of the water. pH of most pond writer 

is dctcrmhrcd by intuadons .masg dfrrohd CO, axbonk 4 bkdxmatc, 
c u b o a r c e d c u b o a r ; a c ~ ~ ~ ~ T h c p r o p o z r i o n o f b o t . l r m n r o n h e x a t i a g  
i n t b e m 1 6 c , m - i o a i z c d f o r m ( N H J - m t h e p H m w p H I n c r r w r  
. I g r l b l o o m f o r r r r t i a a . n d ~ h ~ ~ p c r 6 a n r r u K ; t o f f k h d u c t o r m m o n k  



ucmnukkm LQW p H  W nitrite tow md dre frrtion of H$ (toxic 
fmm). Chkxk and m e d  auh as arppa, d m b m ,  zinc and duminium am &tcd 

b 

TIM pH of Bra&&- is usually not a direct h a t  to the health of the 
aquatic Pnhng since it is Iven buffed  against pH changes. Calcium is a particularly 
important moduhtor of pH t o w  ~ U I K  d c h  affects the permeability and 
stmbJirV of b w  manbmncs. Opdmuxn lrvcl of pH is 7.5-8.5. 

4. Turbidity 

Turbdy & to an o p d  property of wata that causes hght to be scattered 
or absorbed rntha than trammimed througk the watu in a strught line. Turbidity 
c a d  by phnkton is desirabk whereas curbwhy resulting from swpcnckd particks of 
clay is undesirable in aquaculture ponds. It  will restrict Lght pcnttmtion, adverucly 
affecting plant growth and destroy benthic oTpmsms. In case of very high turbidity, 
fish die duc to &I dogging. Hagh vnluc of transparency (>60 an) is inka tbe  of poor 
plankton density and the water should be fcrtilizcd with nght land of fertihas. l a w  
value ( ~ 2 0 u n )  mdratcs high density of plankton and hence fertiLtarion rate and 
fmlLPency should be reduced. Optimum mge of transparency is 25-35 an. 

Alum (rUunkium sulfate) is an excellent coagulant and is used widely in watcr- 
treatment plants to clarify the uvata. Calcium sulfate, &um hydroxide calcium femc 
chloride, orgatzlc mana. certain s?nthetic pohmm and chemical fcmlizcrs are used in 
removing suspended soMs from ponds. 

5. Total solids 

Orpmc and inoqpmc, settleable, suspended VSS) and dissolved matter is 
temvd as total solids. Portion of organic and inorlpruc solid that settles in 1 hr in an 
Imhoff cone is known as settleable solids and dissolved solids are portion of organic 
and inoqpmc solids whrch is not filterable. Portion of i n o r p c  and o r ~ c  solids that 
arc not drssohcd arc supended solids. Optimum lcvcl of TSS is < 1 0 0  ppm. 

The mnrkbihty of h h c d  oxygen frequently b t s  the activities and growth 
of aqua& d. If DO conccntrPtions are consistently low, aquatic nnimpis WIN not 
eot or grow well and wdl be suuccptibh to infectious dmcasc. If concentrations £all to 
~ ~ k n V I r r r r b , t h t a l l i m & ~ d i C .  

The amcamdm of toxi substmad such as unionid NH, Hydrogen +hide 
I P d Q l C b O Q n v k h n l i r a ( ~ ) ~ a r f r e n b w D O ) c v c l a b c r . H o w c v u , i n &  
paamrcotapiaMnkdofoxggeathe~wssaaCnnrrumvatcdinmttu?iroltidized 
. D d k r r k r m h d f a m y . q w 6 m u m D O c o ~ c m ~ f o r o q u n t L ~ ~ i r r 1 1 0  
PPm 



l 1 1 1 e o f - d i n ~ o f r v r r t a . t r t r b a u d b m o m . o d b d l t d a a r u  
t x ~ ~ a t i c r c i o n t a d * a a d i m i h t r e ~ m u d f o n a t d u i a t ~ o f p o r r d a r r c r  
and bc>aom mud. Water achenge is  tbe bat .ohaion to v t  bnv DO probkm in 
the pond where .enrioa is nu Qi.ctiEed 

' I b d  .Uulinity is the uun of titnbk bases in water prcdoanhuntiy biatboDI tc  
and cartxmate. Alkrrhrury of pond wata is dctamincd by tbe quahty of the wata supply 
and nature of pand banom ads. Ahlxuty is the capacity of water to buffer ngriinst 
wdc swings in pH and enhanced natural fertihty of watcr. Pmds have a total Pllrrlwty 
of #)-150'ppm have aufficicnt supply of CO,  for phytoplankton and u mny improve 
productwity. I t  .Lo decrr~rn potend of ma;rl toxicity. Very hgh iltlJ(tlltV (200-250 
ppm) ctnrpkd with ha, hvdncss (kss tlun 20 ppm) d m  in risc in afternoon pH 
beyond I 1  and c a w  death of fish. 

I>o~bmite. ShcU lime and 7xohte tmprwc d k a h r y  and stabilizes pond watcr 
qualit).. 

Total hvdness IS the sum of the conccntmtiofis of cnlcium and magnesium in 
watcr cxprcsd as mg/1 equn~alcnt CaCO,. Nature of water supply lntgdy determines 
the herdneas of ponds. 

l'otd hardness is an indieator of the degree of &&tion of water, and as 
r o d  hardness inuews, concarantions of most other substances tend to maw. 
'I'otnl hardness strongly correlated with nlkplrait).. Low hardness watu  contains 
insuftiuent uk ium K ~ S  for protection of fish against oudny and m d  t o w .  

4. Carbon Dioxide 

Carbon drolride is a hq@y wata solubk, biobgKiYI aaive gas. It is p r o d d  in 
respintion and consumed in photosynthesis. It is rquucd for plant growth and its 
availability may lima pnmu). pducuvity of some aquatic ccosystans. In q u a a h r e  
ponds, &nsolvtd CO, can be a s a z s t ~ ~ r  of aquatic minub and it influences the pH of 
water. 

U h M  CO, cxmcmtratiolrs in qwdtwc ponds usudly range from 0 mg/L 
in h e  lftanoosl to 5-10 mg/L or more at drwn. Application of CnO and Ca(OH), con 
remove cxcczls carbon dioxick. 



sbouid mw ucad 0.02 mg/L .r 4 f a  srkaonids d 0.01 mg/L as C& far other 

.qurr6colgpnismr- 

Intense seration, Addition of 1 e l i t  of sodium drio sulfate for every MI, of 
chlorine d exposure to sunlight arc some of the man-mat prncticek 

Totd mroga~ indudes org.nn: nitrogen, ammonia, aimte and nitrate. C)rga~c 
nitrogen 15 bound nnrogar into protein, amino acid and utm, Nitrate is final product of 
nitrificPcion of ammonin and is a major phytoplankton nutrient. Total phosphonrs 
exists in otgartllc and inorganic form. Orgnruc phosphorus is bound in organic mattcr 
and inoqamc form of phosphorus exists as orthophosphate and polyphosphatc. 
Nitrogen and phosphorus dong with carbon and other trace elements serve as nutrients 
thus accelerntc thc growth of phytoplankton, h c h  is the base of the food wcb in 
culture system. 

Primary productivity is one of the moat important sources of energy input in 
aquatic ecosystem. It is drrectly related to the temperature and thc avPilnble nutrients in 
water and sod. Among the different type of nutrients, nitrogen, phosphorus and 
potassium are the essentd prerquisites for productivity of any aquatic system. 
Maximum concentration of nitrate-N recorded during monsoon, while minimum 
during pre-monsoon. Phosphorus regulates the phytoplankton production in the 
presence of nitrogen. 

Toxic metabolites in Brackishwatm aquaculture 

L Ammonia 

Ammonia is the prinapal nitrogenous waste pmduct. As ammonia in water 
inausc. ammonia exaction by aquatic organism dnniniahcs, and levds of ammonia in 
blood and o t h a  tissue i n c r e w .  Total ammonia concentrations arc p e d y  hq$cst in 
ponds 6% large amounts of feed, and at the time of reduction of ammonia 
assmulation by phytoplankton. Un-ionized ammonia is detennincd by total ammtmia 
concentration, pH, and water temperature and to a lcssu extent on salinity. It is 
considered more toxic form of ammonia due to its ability to diffuse ready across cell 
manbnne. 

Toxic effect of ammonia may be mhknized by maintaining sufficrcnt l ~ c l  of 
b l v e d  oxygen, Periodic partad removal of lllpl blooms and wata exchange 

Niaeitc h an intumrxhte pr& in the b a c t d  ni-th of ammonia and 
nihptr. Nieritc h bq#dy toxic to fish as it oxidiza~ hanoglobin to farm mcthanogbbm, 
which is krcrplbk of transport.iclg orygen. Nitrite toxicity is affected by water pH and 
the pawrsct of Chbridc d Cnlchnn ions. Toxicity increases with increasing pH and 





3. Hydrogen Sulbdc 

. . 
tjpdrq~cn SutMe h produccd in p a d  bottom soils under nrrnerPbic eondaons 

and is cxtrcmcly toxic to quotic Minub. Vnionietod H$ ccmcentration is -dcat on 
pH, tanpcroturc and Mhnvy and n mnrnly a f k t d  b y  pH. It ngui.tes the sulfur forms 
(I.i,S, kiS & s2 ). IJn-rmizcd H$ in toxic md it deacurs rapdty aith incrrraing pH. 

ti,S builds up mostly in a a h u n t  which is h@ly reduced (redox potrntial < 
1 St) mv), within a pH of 6.5 - 8.5 and low in iron. 

SulWr can be rcduccd by actmaon, watcr exchange and a t d a a o n  of water to 
rmnlmuc anrerc>br zoncs m the pond bontnn. A p p h u o n  of bmc or Potassium 
pcrmrnganatc or m n  owdc will rcducc thc hydrogen sulfde. Iron reacts with H,C and 
forms mrrolubk uon sulphdc. P d  pond d m m q  and drying of bottom muds will 
r c d t  in c>xdatlun of dfde  and cnhancc the dKompositmn of o r p c  matter. 

Safe Icrcl of H2S is < 0.003 ppm. 

To ensure rmstainable fish prod&, soil and water quality w two major 
parametas. Soil quality punmeters should be monitored and suitable rem& 
measures should be undertaken dunng crop culture and af tu  harvest. S*, critical 
water q d t y  pamameters should be maintained within optimum kvels by -ing suitable 
manapment practices throughout the culture p d .  Duly monitoring of the pond 
conditions and fish behavior along with accurate record keeping helps the farmu to 
r c c o ~  and prevent dektctious environmental conditions in the pond and thereby 
maximize the production and profit. 
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