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INFRAST3UCTURE FACILITIES NEEDED FOR THE BACKYARD 

HATCHZRY PND THZ BACKYARD HATCHEFJ TECHNOLOGY 

a) I n f r a s t r u c t u r e  f a c i l i t i e s :  

F3r the success fu l  sper~tion of t h e  backyar2 hatchery ,  

the f2l lowing f a c i l i t i e s  are needed:- 

5 H.? Pumpset f ~ r  pumping s e l w a t e r  

1 H.P Pum2set for wate r  exchange 

Overhead t ank  f o r  water  s t ~ r a g e  

2 H - P  A i r  B l o w e r  (three phase) 

1 H.P A i r  Blower (single phase) 

7.5 H.P Genera tor  
i- 

%&,FRP t a n k s  f ~ r  l a r v a l  r e a r i n g  

1 SR? t a n k  for t h e  c u l t u r e  of phytoplankton 
h 

200 l i t r e  t m k s  for spawning 

C h e m i ~ ~ 4 . l ~  f 3r phyt9plankton c u l t u r e  

S q u i l l a  p w d e r  f o r  feed ing  t h c  ~ o s t l s r v a e  

Domestic mixie 

S t m d a r d  sieves (100, 200, 503 and 1000 r n i c r ~ n s )  

Aerat ion grid and a e r s t i ~ n  system 

Nyi3S'oi-l: s i l k  ~ 1 2 t h  far f il te.r-ing seaws te r  (50 micr:'n:: 

G1 sss mres 

P1,sticwares 

Closed meshed v e l m  n e t t i n g  

Seed t r a n s p o r t ? t i 2 n  bags ( 8  l i t r e  c a p a c i t y )  
2 Oxygen cylinder (75 kg/cm ) 

pH meter  

R e f  rac t3meter  

Freshwater  s u p ~ l y  system 



The Backyard Hatchery Tec'nnology : - 

The backyars hatchery system f g r  t h e  prgducti.?n ,2£ 

Penaeus indici ls  seed involves  minimum exchange of s e a ~ r a t a r .  
rp---.- 

This  system w i l l  be s p e c i a l l y  use fu l  i n  s l s c e s  where t h e  

a v a i l a b i l i t y  of  seewater  i s  a  >mblcm, The fe&s use3 here  

a r e  mixed c u l t u r e  of phyt ,2plsnktr~n and m%ntis shrimp p~wder .  

The n a u p l i i  a r e  stockai! i n  2 t ~ n n e  tank a s t ack ing  

dens i ty  c~f 100 n a u p l i i / l i t r e  i n  306 l i t r e s  3f f i l t e r e d  s ?:d?ter 

of s a l i n i t y  32fl - ppt. When t h e  lsrvae reach t h e  prot,>z,3ea I 

s t a g e  a b u t  19.3 l i t r es  of seawater  m-3 s , spa ra te ly  cu l tu red  

mixed c u l t u r e  ~f 2 h y t ~ p l s n k t ~ n  d ~ m i n a t ~ d  by C h a e t o c e r x  sp, i s  

zdded t? the  l a r v a l  r e a r i n g  tank. Everyday, till t h e  l a r v a e  

transf2rm t o  t h e  p o s t l a v a 1  s t a t e ,  sezwater and mixed c u l t u r e  

of  phytaplanktm i s  added t 3  t h e  l s r v a l  t anks  depen2ing on t h e  

c ~ ) n c e n t r a t i  2n cf phyt9pl ankton a s  ind ica ted  by t h e  i n t e n a i t y  - 

of c ~ l ~ u r .  

Pram p x . t l a r v a l  s t a g e  I mwards, s q u i l l a  ps2wder i s  given 

a s  feed  i n  t h r s e  d iv ided d3sea, Fr2m PL3 t s  PL5, 1/3 r ~ f  t he  

wa,er i n  the  t s n k  i s  cha~gc2 '9n  a l t e r n a t e  Zays, Fr3m PL3 snx-:r73 

t he  s a l i n i t y  of t h e  medium i s  g radua l ly  b r ~ u g h t  d3bm. Frgm 2 L 7  

3nwares 53% of t h e  water  i n  t h e  l a r v a l  tank i s  chsgged -2 

a l t e r n a t e  Zays, us ing  brsckishwater ,  By t h e  t i m e ,  t h e  l e r v s u  

a t t a i n  t h e  PL20 s t age  t h e  s a l i n i t y  2f t h e  tank w i l l  b s  15 t3 

16 pgt, This seed (2L20) can be stock9d d i r e c t l y  i n  t h e  

g row-~u t  ponzs w i t h j u t  acc l imat ion ,  

The p a r t i c l e  s i z e  of t h e  s q u i l l a  pow?er suppl ied  t9 t h e  

p ~ s t l a m a e  i s  a s  £ 3 1 1 3 ~ ~ : -  

- 230 micron 

- 503 " 
- 1 0 0 0 '  " 

Thrmghout t h e  r e a r i n g  periad,  2erati .m i s  provided t o  

t h e  r e a r i n g  tank f r ~ m  a 2 H.P a i r  blower, 



The ~nczh?!? describnc! ab,2ve .gives only  g u i 2 e l i n e  

procedilres, 91,- pilying careful a t t e n t i ~ n  'ts ~ z + e r .  ~ i : ~ l . i t y  a!!:' 

c s n d i t i m  cf the l ~ r v ~ a e ,  t h e  volume 92 wzter exchanged an6  'i~ ,.> 

am2unt 35 fr.26 ~ i v ~ n  s h ~ u l e  5e j u d i c i  i u s l y  .?;:rid ts meet thr.. 

exi9znc;es of t h e  s i tu? t i ,>n . ,  

Thc wersge ~ u r v i v a l  r a t e  fr3m r.;lu?lius 1 t,:) EL23 will 3~ 

35% i n  t h e  z a s a  of  Penazus indiiz'ils. 

T h i s  s y s t m  2f h a t c h s r y  p r ~ d u c t i x  <;f shrimp seed can b~ 

us<-,(J 1-1 as:z.blis'n a chain of backyerc! hatcheries i n  the 

country. 

t... " 



A t  t h e  o u t s e t ,  s m e  a s 2 e c t s  of genaeid reproducti.cn 

re levan t  t o  broo2stock development znd arnanagement s r e  

sunroarised below:- 

I a) - Reproeuctive aiology 

I n  nature ,  penaei? shrimps breed only i n  t h e  sea.  Thk:y 

a r e  sexu?"lly dim~)rphic,  . the male beizg  generz l ly  smz'ller tk~;:n 

t h e  females. The males mature even I c  the b r ~ c k i s h w a t e r  por:'s 

but  t h e  females n 3 n a l i y  do n > t  a t t a i n  f u l l  o v a r i m  developrn~r t  

i n  such ponds. The males p r ~ 2 u c s  non-m3tLle sperms which ? r e  

pzcked i n s i d e  spermatophorcs. A t  t h e  time of mating t h e  malc 

t r a n s f e r s  t h e  spsrmstophores wi th  the  he lp  3f i t s  petesma t c  

rhe thelycum of fenalc .  I n  penaeids wi th  a class?. thelycum 

(e .  g. Penaeus indicus ,  P. mongd~n etc. ) .msting t a k e s  p lace  
6 .%' *rre I r s * A  D Z ~ "  

between a, f r e s h l y  moultet? " s o f t "  female with immeture isvsrics 
"I 

and t h e  spermzto2h3res a r e  tucked s a f e l y  i n s i d e  t h c  seminal 

r b c e ~ t u c l e s  c l o s e  t o  t h e  thelycum where t h s y  a r e  retai,?e?: 

u n t i l  t h e  shrim.p m ~ u l t s  again: t h e r e  i s  s t i m e  l a g  betwesn 

mating ?JIG? spawning. I n  penaeids wi th  onen thelycum 

(e,g,  s t y l i f e r u g ,  P. vannaAei, 2. s t y l i r o s t r i s  etc.) mating 

t akes  p l s c c  between 2 *Hsrdl' i n t e r m x l t  female wi th  r i p e  

o v a r i e s  an8 a hard mature male i n  t h e  in term3ul t  phase; the 

s p ~ m a t o p h o r e s  a r e  attacha?. s u p e r f i c i a l l y  on t h e  su r face  of 

t h e  thelycum an6 can s a s i l y  be 3,islodged; s p a k i n g  t a k s s  

p lace  soon a f t e r  mating. I n  both  ty:>es of penaei?s, a t  thc 

time of spawning t h e  male i s  n9 t  pr2sent ;  t h e  female simulta-  

nequsly r e l e a s e s  t h e  eggs frgm t h e  l.>viduct znc? t h e  sperms fs?ci 

t h e  s p e m a t o  :hores an2 f e r t i l i z a t i o n  t a k e s  p l a c e  i n  seawater. 

Egg p r ~ d u c t i g n  i n  penaaic? shrimps, a s  i n  ~ t h e r  c r u s t a c e ~ n s ,  

i s  a c y c l i c  process under t h e  hsrmonal c a n t r ~ l  of t h e  neur3- 

secrekory centres .  Among these  c e n t r e s ,  t h e  X-organ s i n u s  

gland complex i n  t h e  eyestalk prcxl~ces the g m a d  i n h i b i t i n g  



Fig. 1. Pcnaeus irrdic~rs : Male (right) and female (Ieft). a. thtlycun, 
b. walking legs, c. sw~rnming legs, and d. petasma. 

(Silas et sl,, 1985) 



hormone (GIH) which i n h i b i t s  v i t e l logenes i s ,  while t h e  cen t res  

i n  t h e  b ra in  and t h ~ r a c i c  gangl ia  p r ~ d u c e  t h e  g2nad s t imula t ing 

harmones (GSH) which promote v i t e l l o g e n e s i s ,  During the 

quiescent  phse of t h e  ovary, t h e  X ~ r g a n  seems t o  pr2duce a 
high t i t re  of G I H  which r e s t r a i n  v i t e l l o g e n e s i s  e i t h e r  ?irectl;r 

o r  through i t s  a c t i m  on t h e  neur:>secret ,xy c e n t r e s  which 

produce the  GSH. I n  nature,  when the  ghysiologic2i  and 

envir3rimfntal coni?itiCXls a r e  c3nC!llcive t 2  r e p r o d u c t i f ~ n ,  the titr,? 

of the  G I H  secre tad  by t h e  X-organ cQrn2lex i s  probably reducz!?, 

thereby allowing v i t e l l o g e n s s i s  to 2rocesd un.2er the  inf luence  

of GSH. On the  b a s i s  of t h i s  hypothesis ,  t h e  technique gf 
u n i l a t e r a l  eyes ta lk  a b l c l t i ~ n  has Seen ev,3lved! f o r  inc!ucing t h e  . 

penzeid shrimps t o  mature i n  c a p t i v i t y .  B y  rern~val  :I£ one 

eyas ta lk ,  the  t i t r e  9f 3 I H  i s  a r b i t r a r i l y  reduced an? t h i s  

1s ads t 3  avarian deval,>-,ment. 

Broods t~ck  management and s p ~ t m i n q :  

The u n i l a t e r a l  e y e s t d k  a b l s t i 3 n  technique i s  emnlay.??, 

f3r inducing the  shrim3s t o  mature i n  c a p t i v i t y .  

1. Size  of ?raTns: -  The s i z e  2 f  t h e  shrimps u s e l  i s  c r i t i c e l .  

I n  the  c ~ s e  of g. ina icus  t h 6  females sh2uld he l a r g e r  than 

145 mm i n  t ~ t a l  length  ( 2 0  g) and the   male^ l a r g e r  than 140 rnrr 

t o t a l  length  ( 1 7  g )  - The shrimps may be c 2 l l e c t e 6  e i t h e r  fr?m 

t h e  ska o r  f r ~ m  t h e  c d l t u r e  p2nd.s. The femalss of t h i s  size 

c ~ l l e c t e d  fr2m sea ?r pmds a re  usua l ly  im~regna ted ,  b u t  hsve 

immature  varies and the  males arc  f u l l y  rneture with t h e  w h i t e  

spa~matophores v i s i b l e  a t  t h e  base 3f t h e  5 t h  walking legs. 

Eyestalk a b l a t i  )n i s  d ~ n e  Jn fernzles an$ n ~ t  n2rmslly sn males. 

2. Lyestalk ablat i3n:-  A small pa r t3b le  e lec t rocau te ry  apper?tus 

i s , u s e d  f o r  eyes ta lk  a b l a t i s n ,  One 3f the  :?es i s  c u t  by pass ing 

t h e  red h ~ t  loop of the  cautery t h r ~ u g h  t h e  rni?c!le of t h e  

eyes ta lk ,  The ~ g t i c  gangl ia  and t h e  r e l a t e d  n e u r o s e c r e t x y  

cen t res  which produce an >vary i n h i b i t i n g  h~rmone a r e  rcm?vzd 

by t h i s  process. ~ a u t k r i s a t i > n  sec?l.s t h e  c u t  en6 and prevents 

bleeding. M3r ta l i ty  due t o  c a u t e r i s a t i > n  i s  n i l ,  Other f3rms 

=if a b l ~ t i o n  involves  c u t t i n g  ~f t h e  ye-stalk wi th  a p a i r  of 



f~cseases  abclve 34 2p t  due t 3  e v a p o r a t i m  it may be b r ~ u g h t  

d ~ w n  by adding f reshwater  t~ maintain t h e  s a l i n i t y  between 

29 and 34 ppt. 

I n  a c~mrnercial hatchery, a1 t h ' x g h  everyday m?nit*>ring 3f 

m o n i s  and n i t r i t e  l e v e l s  is n J t  required, base-line 

i n f o r m a t i ~ n  a s  well a s  occasignal  checks on these  ;:arameters 

a r e  e s s e n t i a l .  I n  case  ~f acute  watsr  q u a l i t y  management 

problems, exger t  3dvics m?y be nee2ed. 

I f  shrirn1-!s su i t .=b le  f s r  a b l a t i o n  are  r e ~ 3 i l y  a v a i l s b l e  i t  

i s  advisable t~ disca rd  t h e  s?mt females 2nd use 3 f r e s h b a t c h  

3f ab la te2  females f o r  every hatchery  run. The ssawatcr  

i n  t h e  maturat isn tank i s  s l s ~  t o t a l l y  r e ~ l s c e d  before  

in t roducizg a f r e s h  batch 2f ab la te6  females i n t ?  t h e  tank. 

I f  it i s  d i f f i c u l t  t 3  g e t  l a r g e  s i z e ?  shrimps f s r  eye a b l a t i ~ n ,  

the q e n t  femalos can be reintr3duceC. i n t 2  t h e  tank f 3 r  

rematura t i  2n. 

4. Spzwninq:- The females with f u l l y  mature w a r y  a r e  r e m > v i c ?  

with a Z i p e t  from t h e  m a t u r z t i , ~ n  tank an? t r e n s f  e r rzd  i n  t h e  

evening t-, tha  s3zwning tanks  e3ch c3q ta in ing  203 litrss JF ::-I,: 

wzter  f i l t e r e d  through a 5i) m i c r m  mesh b ~ l t i n g  ~ 1 3 t h .  Only 

spawner i s  ke2t  i n  each tank. Thz temperature ~ 2 f  water  i s  

27'G29'C, s a l i n i t y  30-34 p ~ t  and t h e  p H  8.0-8.2. Mild ser?.ti..n 

i s  given. Disoeium s a l t  2f EqTA (ghe la t ing  a j e n t )  i s  sdded t~ 

, the water  73 3.1 gn! p a r  100 litrss l ~ f  water. The tank i s  
cclverec? with a b lack l i e  t 3  gr '2 tec t  t h e  female f r m  s t r s n g  l i g h t .  

and t9 prevent it from jumi?ing ( ~ u t  of t h e  tank. The l i g h t s  zrc 

switched o f f  dur ing night .  Spawning usua l ly  t a k e s  place 

between 8 2.m and 2 a.m. The females i s  removed only i n  t h ~  

morning and re turned t o  t h e  maturati.Cn tank, i f  i t  i s  i n  g m d  

c ~ n d i t i o n  for rems tura t i  3n. 

5. Counting of eqqs and naup1ii:- F3r es t ima t ing  t h e  number -f 

eggs produced, t h e  eggs are dispereed i n  t h e  water  by t h o r ~ u g h  

mixing and then 100 ml samples are taken wi th  a beaker. The 

number of eggs i n  each sarn2le are  counted and t h e  averago aumbcr 

i n  100 r n l  calcul&ed. The t ~ t a l  number sf eggs i s  est imate? thus .  



I,:.-.naq~.ient ::f n73tu~c3ti  3n t a n k s :  .- - 
The ablntec? females a r e  i n t r x ? u c e ?  i n t , 2  t h e  n s . t u r a t . i ~ n  

t e n k  s l m q  w i t h  a f e w  males .  The m a l e  t C s  f z m a l e  r a t i g  ncasi 

n g t  exceed I:&. 

If tl-3 f ,- i , , ;?le~ are a l l  ir?-,r:~not~r3, t h e r e  i,.c: r;-1 nae$ 

rnzl. es. U,,wevez, t3 im;3r?c;n~t? femcz?--: s t h a t  ~ z y  m8ju l t :  :-- 1.;:- 
maturatL:ri tsr?ii. i t  I.s ;5visabl ,2  t ,r ,  k ~ z p  3 fa:.: c.ales ::r: tt;-: 

mati~i-?t'l.?n tli?~.. Ir a 10,C)30 l i t r z  -cnr,',-, irr:?cr- t"c:: tgi :E-: 

f i l t c r  i s  f ~ ~ c i : L s n i . n g  wall, 5C 2- i n d i c u s  ($3 fon~lales  .1.26 

1 3  n;,?esj c: n e-? .s i ly  t x  msi2tiiinec7,, 

Daramcters_ - 
5 a l i a i t y  
IT' i8m>r r a t u r e  

8.0-8.2 

4.0-5,5 ml/ l i t re  

0.02-0.137 ppm 

SXitritc 0.003-9.32 ppm 

LicJ-,t ! .nkansi ty  d u r i n g  dzy 60-103 l u x  

t i m e  i n  t h e  shcc? 

Undar t h c s e  c . 2 n d i t i 3 n s  a b d u t  70% 3f t h e  a b l a t e 6  female: 

rneture and s;7a~r11 w i t h i n  -1-5 days  z f t c r  e y e s t a l k  3blc7ti~:i. 

T h s  gH :2f tha s e a w a t e r  i n  t h e  p > ; l  is  m s i n t a i n e d  b e t w ~ ~ i i  
.5 

8.0 anel 8 . 2  by a , ? d i t i ~ n  3 f  s%?ium c 2 r b o n a t a  !appr7x 25 g/m f 

~ a t ~ r  I-very day) o r  s l a k r i  lime (?.p;)rox 2 5  / o f  w z t e r  

ewely  ~ l t c m a t e  d?y) . The s h r i n p s  a r e  fec? w i t h  c lzm gr mussc l  

mest @J 12,5-15% 9f shrim? bi3mass  per d 2 y  i n  t h o  e v e n i n g .  Thc 

unused fa8>d 2nd f a e c a l  p e l l e t s  are s i p h m e d '  o u t  i n  t h e  morn? :2-, 

The tcmy~e.:rclture, ?H and! d i s s o l v e d  3xygen c d n t e n t  o f  t h e  

sezwa$.er ' a r e  mezsured i n  t h e  m ~ r n i n g ;  (and ev2n ihg. The s a l i n i t y  

of the w a t e r  may Se checked once  i n  tw3 days .  I f  t h e  s s l i n i t y  



Av. No ~f eggs i n  s m p l e  x valurne 2f watt2r i n  tank ( l i t r . )  
9.1 

The f e r t i l i z s t i 3 n  r s t e  i s  ?ls*;\ calcu?nt&! by t7.king.a 

sample 3f eggs ( f e r t i l i s e d  and u n f e r t i l i s e d )  snd  c m n t s  iakcn 

under t h e  microsc3pe. 

One of t he  probism faced i n  the  ha tchery  i s  t h e  r e l e a s 2  

c~f nm-v i sb le  eggs due t o  t h e  ?.bs&ncz 3f sz~erms i n  t h e  thelycur) ,  

I t  i s  d i f f i c u l t  t 2  g e t  t h e  m c e  sgavm=d fema1.e~ t o  achieve 

impregn?.tion i n  t h e  maturs t ian  f a c i l i t i z s .  Such females very  

12ften s2awn u n f e r t i l i z e d  eggs when t h e i r  thelycurn i s  devoid ( ~ f  

s p e m a t o ? h ~ r e s  an2 t h e  eggs thus  snawned are  non-vi;?ble. T? 

s;iive t h ~  problem of lack  of mating i n  b r o g d s t , x k  shrimps two 

techniques may be used n m e l y  a r t i f i c i a l  insemination o r  

a r t i f i c i a l  spe rmato~hore  t r a n s f e r  and i n  v i t r ~  f e r t i l i z a t i , ? n .  

Tho s;?errnat~:;h~res fr3m thc f u l l y  mature males (133-.Id? r.:? 

i n  l sng th j  were rsrnl?vcd by g i v i ~ g  a m i l ?  e l e c t r i c  sh ?ck ':6 v - l t s )  
n t3 t h e  base of t h e  f i f t h  p ~ i r  of wzlking legs .  i h i s  ;jrTc;ss i s  

k n x m  a s  E lec t roa  j ?cui  e t i ? n  c ~ f  sp~rmzts ;hores .  Thesc 

spe.mat2phores a ra  implanted i n t o  t h e  thelycum of t h e  f!resl,'y 

m~~ultec! ( " s  3 f t " j  cye oble te2  females. F3r insemins t i  ;n, t tLz  

m~ult.?.cl ferr:?le i s  caught from the  tank with  2 s , ~ f t :  h3nd n e t  :;;i 

hel?. wi th  ' t h e  1 fz f t  h m d ,  v e n t r a l  s i d e  up and t h e  p a i r  sf 

spermatophJ>res qu i sk iy  i ~ s e r t e d  i n t o  t h z  thelycum -7f t h e  fer.!?i.e, 

The female ' i s  allowed t g  rsc-?vcr in  t h e  trough :;f seawater  ~ s h i c h  

is ?.:ntinu3usly aera ted .  L a t e r  2n, t h e  femalg is  intrc~?uce? 

i n t o  a 250 l i t r e  t s n k  f i l l e d  wi th  seawater  ( s a l i n i t y  32-33 p ~ t ) .  

The implanted female f ed  wi th  clam meat a? l ibi tum. 

The water  i n  t h e  t ank  i s  changed d a i l y ,  The eye abla ted  f e n ? l  

mature 4 t o  7 days a f t e r  i m p l a n t a t i ~ n .  When the  f u l l y  mat,.lr:, 

the  female i s  k93t f o r  spawning, The spawning t a k e s  p lace  ,-t 



The f u l l y  mzturz fem3l.e i s  kc~7t  f> r  s ~ a w n i n j  i n  3 

t ransgaren t perSp2x tank. Mzzn kihile, t h e  s ~ c r m a t ~ p h , ? r & s  f -:) 7 ,  

matu re  ZIlles ZrE! r ~ ? ~ 3 ~ e d .  by ? l e c t r ? e j ' ~ c u l z t i . s n  an?. FF~ spr;m 

sus2ensi2n was made by rnascerstin9 thz s?ematoph>res  i n  

filt.,.r?i! s , ? z w ~ t e r  ( s d i n i t y  33 :;>t ,333 pi 8.2). T:?S s p ~ r m .  

suspensian was tskcn i n  a 51) m l  bealcar. 

The faaale s t a r t s  spehr?:~ing &t n i ~ h t .  A t  t h e  t i m e  2f 

spc>vn ,-ng, the female W ~ S  caught an? the s>awning was s t ~ p p e d  

'511 1 - i f t l n g  tha-: shrimp out of water. 'The sv,qry was c u t  w i t h  

sciss2rs anp  t h 2  eggs 2r2 mixe?. wi th  t h e  sperm susgension 

taken i n  t h e  50 m l  beaker. Lzfer ,  the egg s?em suspecsion 

i s  t r a n s f e r r e d  t2 a  253 ml czmical f l s s k  c a n t a i n i n g  103 31 

of fil te-92 sezwzter .  The f l a s k  i s  rn~ved ra2i: j ly t> g e t  a 

rrrhirlp2ol aovem~nt f ? r  n e a r l y  5 minutes. F e r t i l i z e t i x i  1:; 

observed 19 minut.c.s ~ E t e r  mixing tha sr,erns wi th  eggs. Tile 

f e r t i l i z k ~ 5  and u n f e r t i l i z e d  e q l s  8 r e  t r a n s f e r r e d  int .7 FRP . i - ~ . l l :  

c ~ n t ? i n i n g  50 1 " i t r e s  ~f f i l t e r e d  seawzter. Larvae s t a r t  

ha tch ing  wi th in  12-14 ficJurs a f  t ~ r  f e r t i l i z % t i o n r  

Thc techniques  9f a r t i f i c i s l  Fnssminat im and i n  v i t ro  

f e r t i l  iz3tic;n e r e  u s s f c l  i n  sglvinr;  t h o  ?r,3?.lern ~f n.n-matin.:; 

in i 3 r ' > ~ : ~ 2 s t o c k  shrimps, These techniques a r c  ~1.s.s useful i n  

s e l e c t i v e  Srcc?.ing 2nd h y b r i d i z a t i o n  2f p e n w i d  shrim:?.s. 



b) Nauplius: 

The body of t h e  naupl ius  i s  pear  shaped wi th  3 p a i r s  of 
appendages, t h e  un i rmous  c ntennules and t h e  biramous antennae 

and mandibles. The mandibles a r e  used a s  swimming organ,) and 

they a r e  devoid of spines  o r  processes used f o r  feeding. Since 

t h e  n a u p l i i  s u b s i s t  on the  yolk p resen t  f o r  development and 

s ince  they do n o t  feed, t h e  mouth and al imentary canal  a r e  no t  

developed a t  t h i s  s tage .  

Usually 6 naup l ia r  sub-stages a r e  i d e n t i f i e d  by t h e  

increase  i n  number of s e t a e  on caudal  lobes  and t h e  antenna1 

exopods. The dura t ion  of each sub-stage l a s t s  f o r  4-6 hours, 

except t h e  6 t h  sub-stage which i s  completed i n  1 2  hours. The 

dura t ion of naupl ius  phase i s  36-48 hours, 

c)  ProtOzOea: 

The naupl ius  metamorphose i n t o  protozoea. The protozoea i s  

charac te r i sed  by t h e  presence of a l a r g e  carapace t h a t  does no t  

cover t h e  thorax completely, a s l ender  thorax and ablomen, 

uniramous antennules and biramous antennae wi th  f u l l y  segmanted 

exopods, abdomen b i fu rca ted  p o s t e r i o r l y  with a t  l e a s t  7 s e t a c  

on each furca,  wel l  developed b i r -nous  1st and 2nd maxi l l ipads  

and t h e  3rd maxi l l iped i s  rudimentary o r  absent.  The al imentary 

canal  i s  func t iona l  and t h e  feeding appendages l i k e  mandibles, 

maxi l lu les  and maxil lae.  

The protozoea feed voraciously on phytoplankton. A t  a 

temperature range of 27-2g°C and good feed ing  cond i t ions  t h i s  

s t age  l a s t s  3-4 days. The a v a i l a b i l i t y  of adequate q u a n t i t y  of 

feed determines t h e  d u r a t i o n ' g f  t h i s  s tage.  I f  feed i s  no t  

providzd proper ly  t h e  prs tozoeal  s t a g e  i s  delayed and t h e  l a r v a e  

become w e 3 k  and die.  

There a r e  3 c l e a r  sub-stages i n  protozoea phase a s  

d e t a i l e d  below: 

A t  protozoea I, t h e  eyes a r e  s e s s i l e ,  r o s t r u m  ur oupra- 

o r b i t a l  sp ine  absent, pereopods absent  and abdomen 

unsegmented. 



7 ; 
MORPHSLOGY AND BL3AVIOUR OP PE!<AEID PE.IQN LARVAE, 

T%EIR REARILJG AX3 TRALU'SPOR?>:TION 

S.M. PILLAI 

The penaeid prawn larvae vary i n  shape and s i z e  and 

exh ib i t  c h a r a c t e r i s t i c  behaviour spec i f i c  t o  t he  species  

c~ncerned*  Although naupliar, p -0tozoez1, nys i s  and post -  

larva: stages are  common t o  a l l  \.he penaeid prawns, the re  are 

c l ea r  va r i a t i ons  i n  each l a rva l  stage among tke  d i f f e r e n t  

species of prab.ns. Various types of l a rva l  rea r ing  ted:niql-t s 

are pract ised i n  hatcher ies  i n  d i f f e r en t  reqio-s of the  world, 

Production of qua l i t y  see? i s  the  ult imate aim of the  hatz5sty 

which ir.vol.ires ha%her-1 mc3 nursery rearing.  The end prod~li- - 

of seed p rodcc~ ion  of prawns i s  post l icvae (?L 2G) which a re  

t o  be supplied t o  t h e  farmers f o r  stocking i n  grow-out ponds. 

The d e t a i l s  of pos t la rva l  production frcm eggs t o  PL 20 and 

the?ir transpo-tat ion are  described belvg, 

1.. T"rphrr?-.and "...,. beha%ur qf  prawn l e m x  

a) Eggs: 

The diameter of penaeid prawn eggs vary from 0.25 t o  0.41 s? 

with a p e r i v i t e l l i n e  space which determines t he  buoyancy df  th3  

eggs, The eggs of Penaeus group have narrow p e r i v i t e l l i r e  SF?.CS 

(15 microns) and thus they are  l e s s  buoyant ccimpard t o  the  zgg? 

of -. Mekapenaeus dobsoni and Parapenaeopsis s t y l i f e r a  which 3avc 

85 micron and 60 micron p e r i v i t e l l i n e  space, respec t ive ly  snd 

thereby they a re  more buoyc.ntc The embryonic l i f e  i s  shor t  dua 

t o  the small s i z e  of the  eggs and the  l imi ted yolk s tored Ir. 

the  eggs. The eggs hatch out 9-17 hours a f t e r  spawning. Tile 

r a t e  of develupment of t he  eggs i s  r e l a t ed  t o  temperature, 

higher the temperature shor te r  t he  duration of embryonic stag?. 

I n  add i t i on ' t o  the  p e r i v i t e l l i n e  o r  egg membrane, t he  

developing nauplius i s  covered by a  th inner  v i t e l l i n e  membrane. 

Thiz naupl i i  hatch out  by rupturing these  two membranes. 



Fig.1-Larval development of Penaeus i n d i c u s  H.M. Edw. 
(After~uthu et al., 1978) 

a,b,  c-eggs at different stages of development: 
d and e-developing n a u p l i u s  inside the egg: 
f-Naupl ius- 1 : 
g-dorsal view of nauplius-VI: 
h-dorsal view of pratozoea-1: 
i-abd%nen of protozea-1 in advanced stage; 
j-dorsal view of protozoea-11; 
k-mandibles of prtozoea-11; 
1-dorsal view of protozoea-TII; 
m-Uropod and te l  son of protozoea-I11 



Tn protozrsa  I T 1  the? eyzs are s te lke4 ,  rostrum and 

sup-a-f3rbital s;l3ine epTzsr, f i r s t  5 abciomi~al segments 

demarcated, t e l son  not  s -. , c ra ted  from t h e  l a s t  abdominal 

segment and urepnds absent.  

Protozeea 111 i s  charac te r i sed  by t h e  presence of uri-pcqs, 

t e l  son separated from t h s  l a s t  abdominzl seqnent 2nd t h e  

2rssence of dorsa l  sp ines  on t h e  f i r s t  5 abdominal segnsn+s. 

The 9zotozo.:el phase i s  followed by t h e  mysis phase. J,.-c 

n y ~ i a  s t w e  t h e  csrapace covers t h e  thorax,  t h e  3rd n a x i l l i ~ , ~ ~ l a  

and t h e  5 p e r e o ~ o d s  a r e  f u n c t i n a l  wi th  well Cie~eloped exopods,, 
- 8 t h e  rlrs'c 3 p r e o p o d s  have rudimentzry chelae ,  pleopods, i f  

present ,  a rc  rudimentary without s8stae, nntennpl exopod i s  

unseqnented and sca le - l ike  snd t h e  t e l  son i s  narrow and n o t c h ' ~ 3  

xedimiy.  

As i3 p r o t ~ z o e a l  phase, th re?  d i s t i n c t ,  sub-stages s r e  

recognised i n  mysis s tege  a l so ,  These s u b s t ~ g ? s  a r e  

d i s t ingu i shed  by t h e  l i t t l e  inc rease  i n  the  s i z e  of t h e  larvae ,  

the  length  of t h e  pleopocis, t h e  nurnbcr of s e t a e  on t he  anier?:r'~.l 

sca le ,  maxil.lary exopod and theuropod rarnf. A s  t h e  mysis st: 2 

is approached t h e  antennule l o s s s  i t s  mobi l i ty  when these  ~ L I : - -  

segments fusc  i n t o  a s i n g l e  h z s d  se.gmznt i n  protozoez IT:. I n  

t h e  mysis s t age  t h e  antennule a l t o g e t h e r  l o s e s i b  n a t s t o r y  

f t inct icn and becomes cs sensory organ. Likewise, t h e  nata tory  

antennze of t h e  protozoea h2s a f u l l y  segmented exopod f o r  

g r e a t e r  f l ex ib i ' l i ty :  i n  mysis s t a g e  th-5 exopod l o s z s  i t s  

seg1;::2nt?tion and i s  t r a n s 5  o,?ned i n t o  a s c a l e  which p r h a p s  

se rves  a s  a s t z b i l i z i n g  organ. The s e t o s e  exopozs of t h e  

t h o r a c i c  appendages zre main swinrning organs dur ing mysis s tsg '2-  

The endopods of t h e  pereopods wi th  t h e i r  long terminal  s e t a e  are 

a l s o  n ,%ta t? ry  i n  funct ion.  Thc f u l l y  developed uropods along 

with the  t e l s o n  form t h e  t a i l  fan which when f l i c k e d  by the  

f l exure  of abdomen suddenly j e r k s  t h e  l a r v a e  backwards and 

enables  it t o  escape from preda to r s .  The mysis s t a g e  l a s t s  

3-4 d ~ y s .  



Fig. 2 Larval development of Penaeus ind icus  H.M.Edw. ( a f t e r  Muthu e t  aL, 1978 -- 
a-Lateral view of mysis-i 
b-Fifth pereopod of mysis-i 
c-Uropod and te l son  of mysis-1 
d-Lateral view of mysis- i i  
e-Uropod and t e l son  of a y s i s - i i  
£- lateral  view of mys is - i i i  
g-Telson of mys is - i i i  
h-Pleopod bud of mys is - i i i  
i e ~ a t e r a l  view of pos t l ama- i  
j-Uropod and t e l s ~ n  of post larva-1 



Aithough 3 sub-stages w c r z  d i s t inguishec?  in mysis @~.auz 

f o r  Per;ssus group, t h e  -. I / ' , e t ~ ~ e n n ~ ~  e x h i b i t  4 t o  6 silb-stages. 

How ?vnr, i n  E?.ra$e~aeo;3cj:i 5 ;  -yonla and Pare?en?..eus t h e  

r e s p e c t i v e  sub-stages rzcognieed wore 7, 4 2nd 14,  

The -1ysis sub-stage I11 t r a n s f 2 m s  i n t o  t h e  p o s t l a r v a e  

c h a r a c t e r i s e d  by development of swimming s c t w  on t h a  pleopods, 

l o s s  of exopods on t h e  ?ereo?l;cis and t h e  2nd an4 3rd naxi1l i r ;c~ds 

and assumption of t h e  ~ r z m - l i i c c  body shape. The p o s t l a r v a e  Ios,? 

t h e  f i l t e r  f e e d i n s  h a b i t  3126 becsme capable  o f  hand l ing  ; m ? ? l l  

p r ey  animals . 

Ths p e n ~ c i d  ~ a u p l i i  a r e  a t t r a c t z d  towards a weak sosrt+.- 

o f  l i g h t  b u t  Sri,:jht sunli-ght i s  h?rmfal tc them. Thz ?rot(:zo:c 

s t ~ g a s  a r e  a l s o  p o s i t i v e l y  ?lr:otot2ctic t o  weak i i g l i t .  

At t rzc t ior !  t o  1% l i g h t  i n t e n s i t i e s  bccornes l e s s  pronounccr2 k!? 

t h  mysis s tage :  t h e  t h i r d  mysis 2nd postla~-v?.c. a re  n o t  

a t t r z c t e d  by low l i g h t  i n t e n s i t i e s .  The n s r l p l i i  a t  r e s t  r;~~i;:ir' 

suspended wi th  the  v e n t r a l  s i d e  up i n  t h e  water.  They s w i m  i n  

s h o r t  s p u r t s .  The pro-:ozloes a r e  v e r y  a c t i v e  snd s w i m  s w i f t l y  
m i n  e hor:zon?7-1 p o s i t i o n  .siitil t h a  dorssf.  sid.3 u;?.  he r a t e  sf 

movement doubles  v i t h  each moult. The pro tozoea  s w i m  

c e a s e l e s s l y  snd can be seen t r a i l i n g  a long " t a i l ' '  of f a s c ~ ~ l  

m a t t e r  i f  t hey  ;ire wel l  fcd m d  h e a l t h y ,  When t h e  a e r ~ i t i c n  Ls 

stopped, t h e  h e a l t h y  n a u p l i i  and pro tozoea  form s w i r l  in(] sw?r?-s 

a t  t h e  s u r f s c a  l i k c  a swarm of bees. There seems t o  be sor? .~  

2kt t rsct ion amcng t h e  rnembsrs of  a swsrm,  

The a c t i v e  pro tozosa  t ransforms i z t o  a r e l a t i v ? l y  

s l u g g i s h  animal fo l lowing  moult i n t o  mysis s t a g e  and they  h w g  

with  t h e  a n t e r i o r  end p o i n t i n g  b l i q u c l y  Zownwards. It h9v':ss 

zround l i k c  a helicoptzer znd jumps bzck suddenly by f l e x i n g  

t he  abdomen. 



With t h e  appearence of plumose s e t a e  on t h e  pleopods t h e  

p o s t l a r v s e  become h o r i z o n t a l l y  o r i en ted  while swinming. The 

e a r l y  ~ o s t l s r v a l  s t a g e s  of Penaeus a r e  p e l a g i c  f o r  4-5 days: 

t h e  p o s t l a r v a e  of P. Sndicus a r e  t h e  most a c t i v e  compare6 t n  

o t h e r  spsc ies .  T i l l  mysis s t a g e  t h e  l a m a e  move bsckwerds ei?,? 

at p o s t l z r v s e  they e x h i b i t  forward movements. 

3. Larval  r e a r l n q  techniques 

Af te r  spawing ,  the  eggs are c o u n t ~ d  t o  e s t i m a t e  t h e  

spawning r a t e .  The eggs sre examined un6er t h e  microscope t o  

a s c e r t a i n  t h e  f e r t i l i z a t i o n  r a t e  by t ak ing  adequate sfimples 

and examining a t  l e a s t  50 eggs. The f e r t i l i z e ?  eggs are  

t r c n s p a r e n t  wlth d i s t i n c t  per?: v i t e l l i n e  space. The u n f e r t i l i z , - 3  

eggs a r c  o2aque. The hatched-out n a u ~ j l i i  s r c  counts6 t o  

e s t ima te  the hatching r a t e  again by t a k i n g  2-3 a l i q u o t  s,mples. 

The - u p l i i  are then t r a n s f e r r e d  i n t o  r e a r i n g  u n i t s  by 

s i p h o ~ i n g  w i t h  g r e a t  c?re t o  evoid handl ing  s t r e s s .  Taking 

advzntage of  t h e i r  p h o t o t a c t i c  beheviour, t h e  n a u p l i i  

concent ra ted  i n  one corner of  the  tank i s  siphoned out.  Tanks 

of  2-10 tonne ca??ci ty  e re  used t o  r e a r  la rva? .  The s t o c k i ~ g  

d e n s i t y  of n s u p l i i  i s  done B 1.00,000 naup\i i / tonne o r  100 

naupSii / l .  One 2 tonne tank can hold,  2,00,000 n a u p l i i  which 

w i l l  be th-. i d e a l  t m k  s i z e  t o  manage t h e  r e a r i n g  i n  backyard 

set-up. Sea wa te r  f i l t e r e d  through a 50 micron mesh b o l t i n g  

c l o t h  bag i s  used i n  t h e  l a r v a l  tanks. Fabr ic  f i l t e r s  of 

10 s i c r o n  2nd 5 micron a r e  ve ry  e f f e c t i v e  i n  removing a l l  

p a r t i c u l a t e  con ten t s  upto t h a t  . ,+~e.  The t anks  a r e  aera ted  

cont inuously  wi th  a i r  d i f f u s e r  s tones.  

M~iaqement of l a r v a l  tanks  ---- - 
The larval. r e a r i n g  tanks a r e  cleaned and d i s i n f e c t e d  be fo re  

t h e  s t a r t  of t h e  nex t  l a r v a l  run. To clean,  t h e  inner s i d e  of 

the  tanks  a r e  smeared wi th  b leaching nowder and l e f t  f o r  10-12 

hours be fo re  scrubbing and cleaning.  Cleaning i s  repeated:y 

done wi th  water  till t h e  s n e l l  of c h l o r i n e  vanishes .  Then t h e  

t anks  a r e  kept d r y  f o r  24  hours be fo re  use. 



The managemant of t h e  l a r v a l  t s n k s  i s  Zone as p r  t h e  

S e t  a i l s  given below: - 
.............................................................. 
Day Stage Seawater Algal P a r t i c u l a t e  Seawater T o t a l  voL 

removed c u l t u r e  f eed  a2ded of  water  
( L i t )  added (9) (lit) made u2to  

(lit) ( l i t )  

However i n  backyard ha t che r i e s ,  t h e  wa te r  volume i n  1anw. l  

tanks  i s  y radua l ly  increased  by aZding z l g a l  w2ter  uyto PL1 s t ag2  

From PL1 t o  PL5 stage d ( ? i l y  1/3 q u a n t i t y  o f  wa te r  i s  exchange? 

znd t h i s  i s  inc reased  t o  50% dur ing  PL5 t o  PL20 s t a g e s  on 

sl t e r n a t e  days. 

The wa te r  q u a l i t y  and o t h e r  c o n d i t i o n s  conducive t o  l a r v a l  

r z a r i n g  ?.re a s  follows:- 

Parclmeters Pe rmis s ib l e  ranqe 

S a l i n i t y  27-34 p p t  

Temperature 26.0-32.5OC 

PH 8.0-8.5 
Dissolved oxygen 3.0-8,0 m l / l  

L igh t  i n t e n s i t y  dur ing  dey 20,000-1,25,000 l u x  
t ime i n  t anks  k e ~ t  i n  t h e  open 

T o t a l  ammonia 
N i t r i t e  



Thc f i r s t  f o u r  pzrzmsters  s h ~ l d  be monitor& ? ( ? i l 1 7 .  

Am7ionia w,d n i t r i t ,  l e v e l s  insy be m o n i t o r ~ d  2-3 t irnes a  w.?el:. 

From t h e  i a r i a l  rear in:g t z n k s  w s t e r  i s  rmovcd  by k e q i ? ~  ?. 

siphon i n s i d e  sn 3yen f  ilt ?r box t g  ;)revent t h e  l o s s  3f lrlr7; C .  

50 micr3n nesh i s  ussd till ;xotoz-sea 3, 100  micr:>n rn2s;i uj:>k> 

mysi s 3 and 250 n i c r o n  mash frgm p o s t l a r v s e  1 onwards, The 

c?ietom c u l t u r e  i s  a l l ~ w e d  t e  flo1~7 fr2m t h e  c u l t u r e  t(-.nk d i r e c t l , ?  

i n t 2  t.he I.a.rvsl r e a r i n g  C,ani:s ' i h r ~ u ~ h  f l e x i b l e  PLiC h;se f o r  

f ezd ing  che l a rvae .  The c o n c s n t r s t i ~ n  ~f  3 l g a l  c e l l s  i n  t h e  

l e r v s l  tanks ?'.s u s u a l l y  30,000..-40,000 ce?ls/mi. DFatcm c e l l  

d e n s i t y  i s  es t in- : ted us ing  a  Haernocyt~sneter. By ex?er ience  it 

r.ri,'.l 3s p - 3 s i b I s  t3 a s c e r t a i n  the ar:sm:]urite q ~ z n t i t y  of d i s t o n s  

in  t h e  t a n k s  by o b s e r v i ~ g  t h e  f e e d i n g  cond i t i on  of  t h e  l a rvae .  

The l a r v a e  should be exzmined once i n  two h w r s  t o  maks s u r s  ti:? 

f u l l n e s s  o f  t h e  g u t  ~3f t h e  l a r v s ~  and a l s o  t g  k n ~ w  t h e i r  

cpne ra l  con2 i t i on .  

N ~ ~ r m ~ l l y  tha s3diments a r e  n o t  rernova2, H,3wever, L f  

t u r b i d i t y  i s  t o o  h igh  t h e  sediments  have t o  be si?:l.?n&d c - ~ t  

a f t e r  suspen5ing a e r a t i s n  f 6 r  t e n  minutes .  BY e f f i c i e n t  

aera t i r :n  water q u e l i t y  of  t h e  t a n k s  c m  bz m;lir?tairLe?. Since 

tDe l a r v a l  t z n k s  con ta in  a l g e l  c e l l s  i t  s t i m u l n t e s  t h e  n;.t~.:-1 

growth of  coy;cpods an6 n t i f e r s  which a l s o  fz-m t h e  food 

cxr!?onc:nt CJ£ t h e  j . - ! ? ~ t l a r v ~ i e ~  

La rva l  coun t s  and ha rves t ing :  

La rva l  coun t s  -were made when t h a  developing  l a r v a e  r eech  

PZI,  MI, Y2, 1'13, P L l  and! PL5 s t e g c s i  Four  s a r p l a s  were taken 

after vigoro ' ls  a e r a t i g n  and g e n t l e  mixing, f r v l m  f o u r  places i n  

t h e  tank. The l s r v a e  a r e  t hen  i n d i v i d u a l l y  counted.  The 

average number o f  Larvae p e r  l i t r e  of sam2le i s  r a i s e d  t o  the  

t o t a l  vglume o f  w a t e r  i n  t h e  t a n k  t~ g e t  r?n a s t i m a t e  c~f ?hL 

tat21 number sf l.arvae, The p o s t l a r v ~ c  a r e  h a r v e s t e d  a t  PLS* 

A f t e r  reducing  t h e  wa te r  levit1 by sigh~ning, t h e  b a l l  vaiyr :  i s  

opened! and t h e  ? o s t l a r v a e  a r e  co l l ec t ec !  i n  buckets .  SC:T:I?~C 

a u n t s  a r e  m?6c t o  g e t  sri e s t i m c t e  s ~ f  :13;,5 b e f ~ r e  they are 

stocked i.n t 'rle rlursery. 



4. Y ~ ~ r s e r y ,  r ~ a r i n g  technique: 

The nurscry  a c t s  a s  2 l i n k  between t h e  h a t c h e r -  ani 

grow-cut. Sinca t h e  k ~ a t c h e ~ y  . reared  PL5 a r e  smal le r  i n  siz..: 

and uneble  t o  wi ths tand f l u c t u a t i ~ n s  i n  e n v i r ~ ~ n m c n t e l  fac'ic;-:: 

and can n.;t fxlly stz._nd ?n t h e  inrers ;3eci f ic  compet i t i3n  for, 

food and S ~ R C C ,  khcy a r e  t 3  .be ~ U L - s c d  i n  s 2 e c i a l  arc67 c=!  : -L-' 

n u r s e r i e s  -, Cienznt c i s t e r n s ,  p l a s t i c  p o ~ l s ,  raceways, cac.?c, 

s e n s ,  PRP ki;sn?.;s anFi p??-s t ic  l i n c d  r=arthc-n pn6s 3f ~ ? i ? f e r ? r t :  

dimensir~ns a r e  usac' 2s  nurszry  system. T h e  s l z e  at.,5 number 

r e s r i ~ g  uni-:s can be ch3s;n a s  T e r  t h e  t e rg~ t . 22 .  p ~ z d u c t i o n .  

NsrmaLly the  s i z e  of the  nursery  tank should be a t  lelst 2-3 

tirnt?s rnon i3hc7~ the r n s r i n g  tank.  

  he nurse ry  tanks  are d i s i n f s c t e d ,  cleaned and dried 

bef src f i l 1 i r . g  wi th  f i l t e r e d  ;seawater. The s<zl i n i t y  i s  

m?intainci? t o  t h a t  level  a t  which PL5 are.produced.  S . t~ck i r , g  

,?f 1 L 5  i s  i'l9ne 63 6;000 t o  ' F r  000!rn/" c i t h z r  dur ing  e 2 r l y  morni23 

3 r  l a t e  evening h ~ u r s .  The t enks  a r e  t o  be a e r a t e d  wi tn  23-1 

s tones  @ gne  stone/mL. T h e  fallow in^ f e e d i n g  regime a r e  

suggested:- 

PL5 t~ PLlO = 500 ~ i c r o n s  feed p s r t i e l e s  

f e d  6 '1  g/dsy/1000 l a r v a e  

PLIO t o  PL.29 - l O O C  rnicrsns f e e d  p a r t i c l e s  

Fed @ 5 g/day/i0@0 l a r v a &  

Above Pi20 - Crumbles 

The f eed  r z t i ~ n  f o r  t h e  day i s  provide2 i n  4-6 e q u ~ l  

ins ta imen t s .  Regulsr  n g n i t 3 r i n g  of  temperature,  s a l i n i t v ,  

pH 2nd 330 ere t 3 - b e  dane t o  avoid probkens and ta t a k e  

c p r r e c t i v b  measures. 
. '  

~o$c$e r  in $ a c ~ L a r d  h a t c h e r i e s  u r t ~  M 3  t h e  l a r v a e  ere f€ 
. r ' .I 

. .  1 

w i ~ h ,  diatoms;;l?ne. , , 
s 

,$ , r ? b  .* . , PL,l . .  t o  PL5 t h e  1arvi.e a r e  £&.wi th  
, * 

204 i~qie~?p. ;,sc@.;$la, powdGr,,(: k k i l e  PL5 t o  PL15 s t a g e s  a r e  r ea l  
:, ,,. . : ' , ,, 8 ,  . -.,., ., " . ' ,  . , , ". 

w & t h ~ 5 ~ 0 ~ , i d i ~ ~  ,: - a ,. . .a,%7 , . ., _.<$u$l"J - a~$aw&rt,x ,the partici& *. s i z e  . , . :  . 'is . ,  

iicr+&4d . - . ~ iq".ioQb' , . , . ! I .  mib<$, ' ,kiDDm , . & ,  @TS ,t; pi20 stages.  



When t h e  2 o s t l a r v a e  reach  PL?5 s t a g e  t h ~  s a l i n i t y  i s  

g r a d u a l l y  S r ~ u g h t  d3wn t o  13-20. opt by t h s  a ? d i t i s n  ~f  require,: 

q u s n t i e i e s  of brackish/freshwater .  I n  backyare h a t c h e r i e s  

r e 6 u c t i . m  ~f s a l i n i t y  i s  d ~ n e  from PL3 s t a g e  snd s lowly  b r ~ u g h t  

d:,wn t o  20 ppt a t  PL29 s tage .  

The t r a n s p a r t  of nur se ry  r e a r e d  prawn seed f r j m  t h e  ha':,:..kicrL- 

t ?  the f a r m  i s  t h e  l a s t  s t e p  i n  ha t che ry  p r ~ d u c t i o n  of se,.d 

Prawris. P ~ < ? ' E - M  s ~ s d  can be tr;.insp3rted e i t h e r  i n  7r;sn o r  .:1 jr;$-.3 

c m t a i n s r s .  C!?en c o n t a i q e r s  can be use6 t t r a n s : m r t  see? c v ~ r  

s h 7 r t  d i s tc?nczs  l2v;lving m:~xirr.um ~f 2 h  I ~ I S .  Fi3r l r ~ n g  d i ~ k r  :->cc: 

t r a n s p 3 r t  closed c m t a i n e r s  l i k e  pe~ly thene  bs7s are t h e  i u e - l  

packing i l - l i . ~ ~  which can be encl9seC i n  s a g e r  c a r t ~ n s ~  

The p ~ l - y t h e n e  bzg i s  f i r s t  f i l l e d  w i t h  6 l i t r e s  w ? t z r  sn:.: 

t h e  remzining p a r t  i s  f i l l e d  wi th  ,3xygcn and s e a l e d  t i g h t l y .  

Seed of g. inclicus can be t rans?~r t : .d  O 50 t o  503 n a s / l i t r e  by 

2 i f f e r e n t  m&e ~f t r a n s p o r t a t i m  and d i f f e r e n t  d u r a t i ~ n s .  

Sh.:,rtcr t l  z du r a t i ~ n  of  t r z n s ~ a r t  m2re t h e  numbers ?f l a r v a e  

t r snspor t ed .  Packing ~f t h c  sece shquld be  dons d u r i n g  morning 

?r cvening h ~ r s  end n i g h t  w i l l  be i d e ? l  peri.;d f3r t r a n s p g r t  

s i n c e  t h e  m ~ t e b o l i c  z c t i v i t y  3f t h e  p ~ s t l s r v a e  w i l l  be l m e r  ?t 

lgwer tempera tures  sf n igh t .  T3 minimise t h e  me tabo l i c  a c t i ' r i t ;  

3f t h e  l a r v s s  t h e  temperature nf t h e  w s t e r  can ba l o ~ e r c . ~  b;? 

p l a c i n g  ice  b locks  packed i n  .>balythene s a c h e t s  i n  t h e  b a ~  ..L- s3w 

d u s t  i n  t h e  c a r t x s  and them.a l  f l u c t u a t i ? n s  can be check& by 

p lac ing  tharemoc2le shee t s .  

During 13ng d iscance  t r e n s p g r t ,  Artemia n a u p l i i  a r e  

introc!uccc! i n  t h e  ps ly thene  hags  t t 2  a n i d  canniba l i sm mong 

t h e  prkr*ns, 



Aval l sb i l  i t y  (25 suff  i c i c n t  qua2tiky ~f facr3s s7sc iF ic  t*; 

t l ? ~  var i2us  I r,rval s t zqcs  25 pen;..cL? :src?iir!s i s  m e  3:: tha  prz- 

rar-yuisits f 3 r  suacessr 'ul hctchery pr.zduqti2n f3.E Fir?-wn seed, 

In i:ature, t h e  ?.1;.,zwn l a r v a ?  f e c d  I;n a v a r l z t y  .c~f £336 s~cjanisrns. 

B u t  i n  hatchery,  ,ess!' l e r - ~ s l  s t age  sh3ulfL be fed with  spccL=ic 

ty?? 9f fezc3. T ~ Z  fec?ing h . sb i t s  of sach 1z rva l  s t , ?gs  F.: 

d i f f e r e n t .  'VhiLe tno n ~ i l 3 l i . i  ('3 nr3t feed 2t a:1, bill: s g k 3 7  st 

3n thu y31!:, tlie 2 r c t ~ z 3 i . s  f e sds  r,~n ;?hyt2pl;..nl.ct~n~ A t  rr,-7sis 

s t age  they  f-.-ed sn m a l l  animal f 5 3 2  3rg;,nLsris i n  a r ? Z i t i ~ r  );;, 

.=,hyt3?1ankt3-1., v a r i e t y  sf anil-nel s ~ 6  p l a n t  rnet tsr  f.>rm .t:.s 

f ? ' ~ c ?  spectrum ,3f , :?,3stlars~el s tgges  sf ~ r 3 ~ i n s ,  

2 p e s  3.f l i v 2  f,:'"? "raanisrns f;.r 3r,37,jn l i~ rv :e  ---- 
I n  h a t c h r y  e l th jagh  attem?'is a r e  >a t 2  r e a r  l:crvas wi th  

a r t i f i c i a l  d i e t s ,  s t i l l  phytoplanktgn £>LTTS t h e  c s s e n t i z l  f >?d 
C cxnponent 25 t h e  e a r l y  l a r v a l  stages.  he c.;?!rnm sp3c ies  sf 

4 phytrjplc?nktf2i1 ( F S ; ~ ,  1) usec! a s  i a r v a i  cii.ets ? re  3s f 3 l l s w s x  - 
a)  Diat3rns b) FLzgel la tes  c) Green a lga?  

I) C h a e t x r r o s  sp. 1) Tetraselrnis  sp. Chl;;relL -, s?. 

2)  =etmsnema sp. 2) I s ~ c h r y s i s  sp. 

3) Th- l . s s i3s i r a  sp. 3 )  ??on3chrysis s?. 
5 

4) Nitz+c&,c% s,rr, 

5)  ~ ~ c l - 3 t e l ~  s2. 

prawn l a rvae  e"LJarakks1 Research Cgsntre 3f C e n t r ~ ~ l  Insti.cl.lt? 

of Brackishwater Aquaculture aad t h e i r  s i z e s  2r2 a s  £?:113~v's:- 

Chzet3cer;s sp, 12 - 15 rnicr3n 

Skeletmema sp. 12  - 15 " 

Thalassios* sn, 15 - 18 " 

9 Nitz,chis s?. 30 I t  

C h i 3 r e l l a  s ~ ) ,  3 I I 

Tetrase lmis  sp. 8 2 I 

Cul tu re  of phytoplankton 

Cul tu re  3f phyt2plankt;n i s  23ne i n  t w 3  set-ups; t h e  

ind3or  c u l t u r z  3r mait l~nanee c u l t u r e  znc? t h e  oud?,~or  mass 
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c u l t u r e .  Outdocx mass c u l t u r e  i s  t zken  u:~ a f t e r  i n d 2 3 r  c u l t u r  

which i n v o l v e s  a s e r i e s  ~f ste;s ~s f3l l sws: -  

1. S s l o c t i ~ n  of s u i t a b l e  c x t a i n e r s  

2, P r e p a r a t i x  3f c u l t u r e  media 

3. S t e r i l - i s z t i 2 n  ~f g l s s s  c m t a i n e r s  

4. I s > l z t i 2 n  3f t h e  2 z s i r e 3  s y c c i c s  

5, Menagenent 2f t h e  c u l t u r e  under c m t r 3 l l e 2  

l i g h t ,  t emserz tu re  and a e m t i ~ n .  

6 ,  Harves t ing  sn?' >rescrv?. t i3n 

1. C u l t u r e  c x t . ? . i n e r s  

F3r i ndogr  phy top lank t 'm  c u  1 t u r e  t c s t  t u b e s ,  Erlenmeyer 

f l a s k s ,  Haffkine  51 asks ,  p,3lythene Sags, g l e s s  carbuoys  2nd 

perspex t a n k s  c-tri be used. F 9 r  outdoor  c u l t u r e  lsrse g l a s s  

aquar ia ,  I'RP t a n k s  3r csment t znks  3f 2 i f f z r e n t  s i z e s  can be 

ussd. 

2. C u l t u r e  media 

F a r  p r s p e r  gra2wth and repro2uc t i .m 13f t h ~  plr,ytms;>1:.?kt -r: 

tine n u t r i e n t s ,  n i t r a t e s ,  s i l i c a t e s  3-nd ph3s?lia%es s h ~ i u l ?  1. 

a v e i l a b l e .  The cu? t u r e  media sh7uld als.3 c x t a i n  n u t r t e n t r  

l i k e  t r a c e  me ta l s ,  v i t a m i n s  ?.nd amino acir2s. The ?bsence 32 

any me of t h e s e  grqwth p r ~ r n 2 t i n g  subst:?ncss w i l l  s f f e c t  t h e  

gr2wth , ~ f  t h s  p h y t o ? l a n k t ~ n ,  

The f3117wing a r e  smc rnL?di? us?d f,?r c u l t c r c  .I£ a l y a e  sr 

£ , l a g e l l s t e s :  

( i) g c h r c i b e r  medium 

Sgdium n i t r a t e  0.1 g 

Sadium a c i d  ph:3sghate 0.02 g 

Soil e x t r a c t  50 cc 

F i l t e r e d  w ~ t e r  1 l i t r e  

( i i )  Miquel '  s s > l u t i , > n  

A - E 

3 ~ t z s s i u m  n i t r a t e  - 20.2 g  Sodium .L2hos2hate - 4 g  

i n  100 nl 3 . $ s t i l l e d  w a t e r  Calcium chl3ric2e -". 4 g 



F e r r i c  c h l 2 r i d e  - 2 g 

Cs3nc, Hf31 - 2 n l  

Disss lved in 10C, m l  

d i s t i l l e d  water, 

Add 0.55 r n l  of A and 0.5 m l  of B t.3 e rch  litrs r?f 

f i l t e r e d  sea  water,  

( iii) Fi3lne ' s medium 

Na NO 3 
Discc? ium s z l t  3f EDTA 

H2 E2 3 
Na H2 P04.2 H20 

Fe el3, 2,:~ 13 
2 

V i t  amin s 

BI 
B12 

Trace meta ls  

Zn C 1 2  

CQ C12.6H20 

(NH~) Mo7 024. 4H20 

Cu S04,5 H20 

seawater 

(ivg - TMRL medium 

Potassium n i t r a t e  

Sodium 2h3s>h?te 

F e r r i c  chlarir3e 

S~dim s i l i c z t e  - 0.2 g 

Prepare each chemical i n  100 r n l  $ i s t i l l e d  w a t c r  in 

s e ~ e r a t e  b o t t l e s .  A2C 1 r n l  each to . 1 l i t z e  f i i t ;7 r ; -  

seawater. 

(v) E'3r mixad c u l t u r e  ~f ~hytop lmk-  

Potassium n i t x a t e  - 1 . 2  g 

Scx3iurn/Potessium phQsphzte - 3.3 g 

S j d i ~ m  s i l i c s t e  - 0.6 g 

EDTA - 396 g 



The ab~ve n u t r i r - n t s  are d i s s ~ l v e c ?  i n  100 l i t r e s  of see 

wate r  f i l t e r e d  through 53 m i c r x  mesh n y l o b s l t  ~ 1 3 t h .  

3. S t e r i l i s a t i s n  3f q l s s s  c m t a i n e r s  

A l l  t h e  c m t a i n e r s  usad f:3r c u l t u r e  .zf phytrj:3lar,kton .'-;: 

t o  be c lzan~s?  an.' S r i z d  before s t a r t  2f t h e  c u l t u r , ~ .  The 
. a c . sn ta ine r s  sh ,~u lc !  b e  s t s r i l i s s c !  i n  an s u t r ~ c l z v e .  S t e r '  l ;n-cl'-x 

i s  ve ry  img3rtant  s i n c e  even a  s l i g h t  c :n tmin? t ipn  w i l l  l=:a: 

t o  t h e  l :~ss 3f t h e  e n t i r e  st,3ck c u l t u r e s .  

The seaweter  i s  f i r s t  s i eve5  t h r ~ u g h  a ~ l a n k t c ~ i  n33t 

( 5 0  rnicr3n mesh s i z e ) ,  The sam:2le i s  then examined uneer 

microscope f ~ r  t h e  presence  .sf d c s i r ~ ? ; l e  s p c i e s  of c?lg?e 

af t e r  seCimzLlting o r  centr ifugii2g.  Tht~r;  the s;>ccies i s  

i s o l a t e d  ,jtsirlg any , m e  of tht? f2 l lowing  meth3ds 

i) P i p e t t e  rneth26: 

Using F, m i c r a ~ i p e t t e  l a r g e  2rganisms csn be 

pi:>etted 3 u . t  t 2 c u l t u r e  tubes ,  

ii) Csn t r i fuge  3r washing ne-khxl: 

Ey r zpea ted  c e n t r i f u g i n g  a t  505-1300 r g m  ,,i 

the sample znd i n z c u l n t i n g  t h e  l e p ~ s i 2 .  

iii) By cxplf>?:.tlng t h ~  ~ 5 ~ o t o t s c t i c  rn,>vsrne~:ts: 

By t h i s  net:l:,c: m:st >f t h e  ~ h y t a f  l a g e l l a t e z  

czn he i s .2 la tcd .  

iv)  Agsr p l a t i n g  rneth3d: 

The requ i red  s p e c i a s  i s  picl<ecr! up hy a 

plat inum needle  o r  l 9 s p  and strec?ked In sGaz p l a t e s .  

5. Management of t h e  c u l t u r e  

Stcck c u l t u r e s  ,>f micr2-algae a r e  t o  be mainta ined ir: ~y 

s p e c i a l  r ~ o m  unf?er u n i f 3 n  temperature  and l i q h t .  Sinze 1 i r ; l n t  

i s  e s s e n t i a l  f o r  p h ~ t o s y n t h e s i s  of a lgee ,  l i ~ h t  i n t e n s i t y  of 

a l g e l  c u l t u r e  k ~ i m  i s  maintained between 1000 t o  3330 l a x  wi th  

f l o u r e s c e n t  lamps. T e m p r a t u r e  3f t h e  s tock  c u l t u r e  r < ? m  
shou1.d be maintained Setween 23-25OC dur inq  day and 20-. ' C  



e u r i n g  n i g h t .  A s r a t i m  h a s  t 7  bz rjivsn c,>ntinu;ilsly t o  t h e  
c u l t u r e  c o n t z ~ i n e r s  s i n c e  besizes l:rovi:r':ing (Txyyen i t  h c l 2 s  t 

kzap t h e  ce l i s  i n  s u s ? - ~ n o i 7 n ,  d i s t r i S u t e s  n u t r i e n t s  u n i f ~ r m l  

i n  t h e  medium and p r 3 v i S e s  carb2n-c?i-,>xic?ee f r p h > t o ~ y ; i t f i e s i  

t h e  f 01 lowing f d i s g r ~ m :  - 

---. t 
- - .---'.-.- , 

PAWATER-' j ISOLATION j ' P A R  - % I  i , A I , - , - , -  ! J . L ~ +  TubE i 

FILTERED "3 1 ~. SPECIES --? pLATI::G 1 C G ' J R 3  1 
THROUGH 5 3  / i I -  A. 1.J 1 1 1 1 

i f OUTDOOR I c , cliRauoYs / c j FLASKS I +  / BLIISICS i 

Gmwth phases  ,>f the algae 

The m u l t i p l i c a t i o n  2f s l g a l  ce l ls  i n  c u l t u r e  fol?-gws 

c h a r a c t e r i s t i c  p a t t e r n  w i t h  f 3 u r  d i s t i n c t  :2hzses .>f grabrth- 

The a 1  gee e x h i b i t "  S i p 2 i d "  .grcmth curve F s s h  ,wn i n  F i g ,  '', 

a) L a g  .jr i n d u c t i o n  phase: 
. - 

When a new 2 1 , 2 ~ 1  c u l t u r e  f l z s k  i s  i n ~ c u l ~ t 2 ~ -  :. L L ~ I  

C I J ~ ~ ~ X ~ . :  t h e r e  w i 1 . l  nae>.t be zny ~($11 cli-vi'.cjc?n r 

t ima t .3 a c c l i m a t i s e  t o  the  new mcc',ium, T h i s  12 r5.3cf i s  

csllcd lag o r  i n z u c t i o n  phzse ,  

b) Exponenti.21. ,a: g r o w i ~ g  2hzse:  

Dur ing t h i s  ?base, t h e  c u l l s  d i v i f ' c  s t ~ r : r l i l y  ?t ? 

c o n s t s n t  r a t e  ancr? i t  c o n t i n u e s  t i l l .  t h e  c u l t u r e  n t t a i n s  

maximum c o n c e n t r a t i o n .  

c) S t a t i o n e r y  2hase: 

Once t h e  ce l l s  r e a c h  maximum concen t ra t l . sn ,  

growth i s  a r r e s t e d  and the c u l t u r e  becijines s t e t i o n e r y .  

The ce l l  d e n s i t y  remains  n? rc  o r  less c o n s t a n t ,  



I STATIONARY PHASE 



3) Death o r  dec l in i?g  phase: 

A f t e r  a long s t s t i o n e r y  phase, t h e  c e l l  m?y 

loose  i t s  v i t a l i t y  end s t a r t  t o  die, r e s u l t i n g  i n  a 
d e c l i n e  of  t h e  p o p u l a t i ~ n .  

D e t e r m i n a t i ~ n  of c e l l  d s n s i t i e s  

M a j ~ r i t y  of t h e  culture?. micro-algae a r e  l e s s  than 13 &J 

i n  s ize .  They can be cmntec' with s Haemocytornetzr. 

The Haern~cyt3mcter has  9 chambsrs, 4 si$.:zs having 16 

d i v i s i o n s  and 5 chambers wi th  25  c?ivisiQns i n  t h e  c e n t r a l  

b l ~ c k ,  Counting of  the  c e l l s  shw.16 - t  l e a s t  be ma& from 

3 chambers. The c e l l  d e n s i t y  c?n be calculate? us ing t h e  

formula s. 

4 C e l l  d e n s i t y  (cei ls /ml)  = kverage cgunts  p e r  chamberxl0 . 
Harvest and y rese rvz t ion  

Harvest ing of z l g s l  c u l t u r e  i s  a simple process  wherein 

k n w n  z l ~ ? n t i t y  of a l g a l  c e l l s  a r e  p ~ r e d  i n t ?  t h e  l z r v a l  r..;zriri~: 

un i t s .  Harvest sh3uld be d m e  a t  t h e  l a t e  ~ h a s e  9f l g g s r i t h n i c  

growth when t h e  d a n s i t y  of c e l l s  w i l l  be h igh ?ad u t i l l s  2 t h e  

c u l t u r e  e a r l y  i n  t h @  s t a t i x e r y  ;?hasc. 

During advcrse weather conc?itions it w i l l  be d i f f i c u l t  ' t .2 

maintain t h e  c u l t u r e  and thereby t2 ensure  c a n s t ~ n t  supply ts 

t he  hatchery,  

Preservat ion  and c ~ n c e n t r a t i o n  of a lgae  can be  accomplishc!C 

by freeze drying o r  sun drying. Freeaing csn be esne by 

f l ~ c c u l a t i m  af t h e  algae by adding alum o r  l ime o r  af i just ing 

the  2I-I using sodium hydroxide. 9y t h i s  rneth913 kn3wn 

quan t i ty  of a lgae  could be preserved s o  t h a t  it can be used 

dur ing 2dverse weather c ~ n d i t i g n s  when t h e  c u l t u r e  f a i l s  9r 

t akes  longer  time t o  a t t a i n  t h e  r equ i red  c e l l  dens i ty .  

During f l o c c u l a t i o n  t h e  pH of t h e  a l g a l  c u l t u r e - i s  

increas2d t o  9.4 by a 3 i n g  ss2dium hydrgxide under vigorous 

s t i r r i n g .  The c u l t u r e  is then l e f t  undistur:?.-d f o r  one hour. 

The a l g a l  mass g e t s  deposi ted 3n t h e  bottom ~f t h e  c o n t a i r e r ,  



T ~ Z  c l e a r  wat;zr i s  d s z a n t ~ d  and ssc!inznt c o l l e c t a d .  Ths pH 

is  then broxght 2o:<.r. t o  t h e  o r i ~ i n - r l  veliia of 8.2 2sy ad:. ..ilng 

Cilut~ H J i .  The a l ~ a e  i s  now mazy f o r  f r z e z i c g  cr 2 r y i ~ j ;  

Drying i s  done ~ n d ~ r  s u n l i g k t  by pourin2 t h s  a lga2 i n t c  

enam.-?;. t r a ' ( ~ .  priec! 3:.g3e can b;-: scrap?,sc: srorcr3 i r  ; -- 
xight  g l s s s  be t t l + ? s ,  

Eef9re fr;,c:zi.lg t h e  a igse  ilz:r&? to bc trea"c,?. .ijith fe: 

cro:-,c: of c ryopro tcc tan t  l i k e  2:;irnethyl sul2hoxide o r  g I y c ~ ~ 1 ~ ~ 1 . .  

The fxezen sl,;.;._> czn bri s t o r 2 3  f 3 r  3 m'3ntlI:,su 

Mass c d l t ~ r e  of  to^? ?rl]<t,;n .- 2LL-.k"s=-- 

Mixe?. z u l t u r e  of ghytoplankt:;r,, 3sminztc.i by 

Ci-.;ie;9~?rOs a f f i n t s  i s  r a i s - 2  f o r  feeding przv:n l a ~ ~ a e  a t  t h e  __--.-- 
Nnraksi Rez:aarch Centre of t h e  Z c n t r a l  I n s t i t u t e  of 

~ r a c k i s h w a t e r  Aguacultilre, 

Mixad culture of p h y t o p l a n k t ~ n  i s  dons i n  1OOO litr.3 

capac i ty  white FRP tanks ,  The t m k s  are  7 l z c e 3  un6er t h e  9 l ; s s  

roof23 hatchery  shsd. Fr:sh scawatsr  (30-34 p p t )  f i l t e r e d  

through 50 micron mesh b 2 l t i n g  c l o t h  is taken i n t o  t h e  tank :n*'f 

is f e r t i l i ~ . : ~ ~ ?  wi th  t h e  fo l lowing n u t r i e n t s .  

Sadiurn n i t r a t e  - 12 ppm 

P3tassium 3rthoph3sphate - 3 2x11 

Sodium s i l i c s t e  - 6 pyrn 

EDTA - 6 ppT17 

The tank i s  ae ra ted  wi th  t w 3  ~ i r  s tones ,  The l i g h t  

i n t e n s i t y  i n  t h e  g l a s s  shed v a r i e s  from 20,030 t c ~  1,20,000 

lux curing day and t h e  temperature 28-35OC. The diatoms 

mul t ip ly  r a p i ? l y  and t h e  c h ? r a c t e r i s t i c  goldsn bro-m b l o m  i s  

,c:>leved wLthin 24-48 h rs -  This  c u l t u r e  i s  daminated upto 

75-3096 by Chaetoceros. The o t h e r  forrns l i k e  T h a l a s s i o s i r a ,  

Ske ie t~nema and N i t  chia c a n s t i k u t e  10-25%. The c e l l  d e n s i t y  -& 
wili be  3-4 lakh cel ls /ml.  This  c u l t u r e  is  used f o r  feeding 

prawn l a r v a e  s.ne a l s o  as inoculum f o r  f r e s h  b2tc.h c ~ ~ l t u r e s ,  

Generally t h e  a l g a l  c u l t u r e  w i l l  be ready f r 2 r  usc 16-20 h r s  

a f t e r  inoculum, 



Feedina Schedules : 

The Larval s t ages  of prawns s h ~ u l d  be fed @ 30,000 to 

40,003 c e l l s  of diztom/ml ~f water. Fesding hzs  t 3  be d ~ n e  

4 t o  5 t imes i n  a day so t h a t  a t  any given time, t h e  a l g z l  

count i n  t h e  l a r v a l  r ea r ing  t m k s  sh~cllf:  n o t  be less than 

30,000 cells/ml. I n  t h e  Japznesz systzm .3f see2 proCucti3n 

the  l a r v a l  and diatom c u l t u r e s  are done t o g e t h s r  i n  the same 

container s9 t h a t  t h s  l a r v e e  feed c ~ m t i n a u s l y .  The fee4 ing  

a c t i v i t y  of t h e  prawn l a rvee  c ~ u l d  be assesszd by the green 

colour of the  tubular al imentsry t r a c t  c h a r a c t e r i s t i c  t h e  

i n t ense  inges t ion  of a l g d  c e l l s  and t h e  presence of long an3 

c ~ n t i n u o u s  s t r ands  ,2f f a e c a l  ma t t e r  s p e a r i n g  a s  "tail" of 

the larvae.  



Like any ?t%s limn].c;, ?r?::,:T,q y;:~:. -b- .h , -<L~ s;-:,< : r;~., 
n u t r i t i m s l  rs . ;uir~mGnts . ,  ~ ~ 2 r  :?.-alt;?:: frs.tC2r T7.r-wk;7.  t!?<., 

- .  -?rwm (. LZ;; sh - )u i ?  k - ~ , 7 ~  ? a ~ ~ ~ ~ . ~ t e  1 . 2 ~ 2 ~ 5  65 -+n,-:crr-r 7 .1 -,-, . . .,z!T; ..; 

,?:.l?. rr!i.ner?.ls, T.1.2 ~ ~ j - 5  S . ) I J ~ C . , ~ ~  3f j-p trl, , 5 i c t  

p r ??e in ,  f a t  ,?n!?. e ,= r? )~ izyr ' r~ t~ . , .  F.)r  pr4,>,>r!n9 a nkjz r j . t i>qa l l>7  

521 ancl.:~: fee;" tl'itz ',?-;u' r~v,,~Tl;r >E. +;7 ; Si3 ~ - - . ~ + - ~ : i  5 y 1 7 : ~  FT;.; 

c3atanined f 2r c a n r ? i r 3 ~ t ;  s ->~:c~cs, ~ c : t ~ 3 .  i n f  )rrn~?ti'.:~r? -n  ! -  

r.3 .juirernr3nts ,3ii 2 a T y  2t? i:: :ir?wfi s ~~#ili.c'-.l !i;. s s-c,  Ljp,;i~ 1 -" - 3 t F , e  

l i t e r e t x r e  i s  .2rj.c"1.y . i i ; t .~ussp< b+.i ?w, 

Panr:?j 3 -:T,?::~.?s ref.jul-t> -7h 7ut ,?.5Tr, t? ;:j,-~ ;,;,rj . ~ f  

. , -  <? iges . t i b l e  tarergy ,-zr ;.i.., -x;r-?rn i.n t?n.e 1r c ' i -  t, 9~2~: g.r:rn 7 ~ '  

pr-tcfn >r@vi<?>s  5 - 6 Kc,-,]. .Jf cq,-r:? ,T b-l-L.:-.7 .?=>-- - .. -.. .a -, G,C??F. -15 !2L..;~.-. 

i s  eqcral. t o  3,45 Kc?]. ?f 2 r ; l s r z j ,  T h e  dca rqy  c,~ui-i;iv:.r-,is p ~ i :  

c 3 r b ~ h y d r a t e  i s  a, 1 X 2 -  ,-,';, 

P r ~ t a i n  ! s t:.r.-: m?s-!: S m:?s.rt:ent ar.r? z>r=,cnP j..ir.-? c,nrnps?,-r?t : % i 

prawn 3iet .  ;.?i:,6~oj.d 7l:awns re,:juiri:? 35 to 43% ,.-if big:? c~u3l j - t : .  

prsteir, Fn t h ~ i r  ? l e t -  21:-:eir,s, r ich i n  e s s e n t i a l  amino zc; .? . 
such ns n r g i n i n c ,  his t icqi inc,  i s o l c u c i n z ,  leuc.5na, lysin.,c, 

meth iogina ,  phenyla1r:r-.ine, t h r c ~ n i n e ;  t ~ ~ 1 2 t 3 p h s n  znr: v,-1 "-1:': 

shoulc?; be proviJcr2 i n  t,hc d i e t ,  h n i n s l  + )~ . - i t - i i~~s  ? . > i ^ i ~ i ~ c :  f !  :I 

mar ine 3 r i g i n  a r e  rich i.n these ~rn tno  r i c i  .Ts, LY1! >r: 1. !: r~.!:->~ ,- 

matz r i r ? l s  c m  bs u s e ?  t.9 b;..lnnco the d;7ficiznC ~ ~ 5 . c . )  ac.~-c:s, 

Lipid re ? u i r e m ~ n t ~  : 

The l i g i e  rccjclirernent i n  the Ci 2 ' g" :?'.'h.i i ~s 's.3 Lwaa..r, 

8 and 12%. Buk the l l o i c !  su;3;7lie3 i n  the i - l < . ~ ~  s i ? c 5 ~ i ?  5e 

r i  ch in n o ? v u n s w . t : u r a t ~ 8  f3ttv ?cic?s {?U&'A) such  c s  I I n ~ l e l c  

a c i d  (18: 2w6) , linolenic a c i d  (18: 3w3) , ec3sapzn$aenoic m i d  



*,.naral re ;uirenl:nt s m 

I n s s g a ~ i c  cizm.:nts l i k e  calci;lin, ~ P , ~ S P E I ~ T  l ; ' ~  S ,  sC':. i.' I , 
- -  . 

potassium, mapcsiun, ir?n, mc?ngenr~s::~ C2';!:>ll'LF Cl;i ::I1 . , -  

i od ine ,  c ~ b e : l t ~  z i p , ~ ,  ~tc. ~ r . 3  gcner;-:. ly Ic~-i~;i.:-: 9:' 17 L: . : . ! 

zl,emeits, Thes@.are r e q u i r e ?  in s m e l l  ,qc,?.l*~.t?:!~:::::: it? ' :  4- 

-, . 
thersfore,.are ,cstsgorisisc? 2s m i n z r  n';ir-: - - Y * : ~ , ~  .,. ,> .a * y :  8 1, : ' 

wtrientsJare i m p ~ * a t  :!sssntial in t i t . :  ,I'i.:.;;. cf ;li ' t i  

Their.def iciencry i n  t b ~  rJli3.t 2ften caiiscr:  Z ~ T L A S ~ ! ~  



M ~ s t  :f t hc  s tu , -? ics  c2n?uct-2 !2n t h e  c~1cic .m r ~ - y i r e m c n t s  

for ,r;snF 3 i c '  ? r a m s  rccsmmzn:~e~.: c7 c?.lciun ra7uirsg::nt .af iij i n  

thc r l i s t ,  evsr,th?ugh t h e r z  2 r ~  e-gi<cnc:s t h c t  ;rr-l.lj,lns 7:re capaSLc 

2f a b s ~ r b i n g  calcium fmm v e t c r .  Ths req:liremsnt 3f ;?hosph?rm.s 

i n  t h e  d i ~ t  3f 7ra~rn i s  s h ~ w n  t o  be b ~ t w - e n  1 t 3  2%- The r a t i q  

of  calcium an.2 3h3s?h.>rfxs sz:.ms t o  133 sig::ificr;..nt i n  t h e  6 i e t  

of ;>rs'hins snc7 i t  s h ~ u l 3  b(2 a t  l c a s t  1:1, Thz r zqu i r znen t  ;f 

~ t h z r  minor-lls may bc 2s f >llms. i"lgncsilm 9-35, ; x ) t a s s .  ~t.3 

3.9Sgr ca>p?r 0.06 t 3  3.6% 2nd zir:c: 3.97;5. I n  a ? f i t i 2 n  t.2 t hcsa ,  

e o b a l t ,  i o 8 3 n a ,  i r ? n ,  anc3 mnr;sn,;?ncsz nay be rzquFr\:? i i n  trz- - 2  

q u ~ n t i t i s s  which a r e  n > t  y ~ t  t33finsl.  

Vitamins src  e s s e n t + a l  i n  th: li..:t 95 >r,a:"Jn and t h e i r  

absence i n  di : t  le?cls t ' 2  r7zfici~:ncy disoas.-.s, Prawms r s q u i r e  

most of t h s  v i tamins  3f 5-group, v i t s m i n s  C 2nd E. T h s  

q u a n t i t a t i v e  re . ruir?ncnt  r ~ f  thi:.mine i s  6-12 ng  and t h <  t ~f 

pyric7sxine i s  1 2  rng :?,er 13'3 g 35  , ? i e t ,  Thz ?Fat  of prmn;  

rezjuires 63 mg 7 f  ch,3lino, rn? 2!7'>-4,23 m g  ~f i n o s i t 3 1 .  

Vitamin C ( a s c g r b i c  m i d )  i s  r e ~ u i r s d  i n  h i g h e r  c n x n t s  ~,&:hich 

i s  obyut 3.5 t12 1.3%. Its d e f i c i z n c y  i l l  th,z i s  i ~ ~ s ! ~ ,  'c: 

cause a c'.isc.ii_sc s y n c ? r m ~  callccl ' b l ? c k  c"lc!?th3 wi th  c h a r i i ~ - -  z i s t i c  

b l sckening  3- cso:?hagus t ~ z l l . ,  c u t i c l s ,  g ~ s t r i c  wsll, hind ;ut s z s  

g i l l s  i n  ~senaei:' pra-ms 1 ike  I en  ?.3u.s c a l  iZor122:~~sis 2nd 

2. stylir3sLrY.s. B-c-?rotssn.? s h ~ u l d  5-2 s i ~ - ? ~ L i : : ~ ~  i n  t h -  *'ic:.:-. ,?n? - 
the  7rshxls arz cq7abli3 >f c m v c r t i n g  it i n t ~  v i t - m i n  A, The 

re~yuirement  2f v i t amins  B and K f ~ r  g r a m s  i s  11 ~t establishct: .  

A f t e r  understan8.ing t h e  n u t r i t i ~ n z l  r e q u i r ~ ~ m e n t s  of  

canc?ic!ata s p t c i c s  of prawns, compoi~nC?~d feacis ere formulateZ by 

ba lanc ing  t h c  requirements with practical f e d  m a t a r i a l s  

availabie i n  the  regim, Tha i n g r e d i e n t  corny~ositi,_sn of  a feed 



i s  mede throuzh S;.lancir,.lr tha  majsr n t i t r i e ~ t s  ?r3t:in, l ip i .3  

and carSohyGrete. Thz f ezc? f 3m.ul. i s  cornplctcd by inc3rpora t i n ;  
.$equate lt.-vals of ninarcll sn? vi ta l i in  mix tu r , ?~ .  For 

formulat ing gmc? q u a l i t y  f ? ~ . J s ,  tha  raw mz t z r i z l s  ava i l a%le  i n  

t he  region s h ~ u l d !  be ir jentifior? anci select ,?d anG testcc: f o r  

t h e i r  n n t r i t i m a l  qua l i t y .  

Select ion of raw matar ia l s :  

The fee2 mete r i a l s  r.?quir:? f o r  f o m u l ? t i n g  ?rewn feces  

a r e  p ro t e in  s2ilrc~ss (animal and ? l a n t  o r i 3 i n ) ,  l i * ~ i d  s2urces 

and car lxhydrete  sourcss.  The c r i t c r i a  f o r  s e l z c t i o n  of 2 

raw mater-ic?l i s  t h a t  the  selectzc" ma tc r i a l  shoul:': hava g ~ , > 3  

q u a l i t y  an2 sh3uld ;X 2vai laSla  i n  l a r g e  : p a n t i t i e s  :uhenevsr 

they a re  razui rad  e t  a r z a s m a h l s  p r i ce .  

Protein s3urccs: 

The tyg ica l  animsl p ro t e in  sources are f i s h  meal, sqnir3 

meal, prawn h s ~ 5  me21 , s q u i l l a  meal, c u t t l e f i s h  mcal, c l an  m c s ~ 1  

an2 c'r-zb ma?l. In  ac?c!itim t o  these ,  n s t e r i z l s  like meet meal, 

Slcad meal an? f e a t h e r  meal mzy a l s 3  bs us22 wharcver ava i l ab l e ,  

after t e s t i n g  t h e i r  s u i t a b i l i t y  f o r  ?rsems. 

Th2 im;?ort?nt p l a n t  p ro t e in  sources a r e  soybean me81, 

o~-aui~d nut  czke, g inge l ly  czke, rnustancl c~k-2 ,  coconut cake and 

any ? t h s r  r e s iduss  of oil seeds a f t e r  e x t r a c t i s n  of ~ i l .  Cr.re 

s h ~ u l d  bz t aksn  i n  using the plant pr3 tc in  s ~ u r c e s  s inc* some 

of them contain tox ins  o r  growth i n h i L i t i n g  f a c t o r s .  For 
exampla soybzzn cake conta ins  a t r y p s i n  i n h i b i t i n g  f?.ctor snd 

mustarc! cake c o ~ t a i n s  t h i o c y a n a t ~ s  which ? re  t o x i c  t o  sn i~na l s ,  

Sui tab le  inetbz:?s shoul? Sa employel.: e i t h e r  t o  r 'astroy then sr 

remove b ~ f o r e  they  a r e  usa3 i n  fe 2 3  pre7s r s t i sn .  

There a r e  a l s 3  some s i n g l e  c e l l  ? ro t e in  sources such a s  

Syi ru l ina  an6 yeas t  which can be use? i n  the ?per"  f ~ - l ? l  = c  - 
Lipid sources: 

Same of the  importznt l i p i d  s;urcss which can be used 

i n  2,r-awn feeds a r e  cod l i v e r  z i r ,  shark l i v e r  o i l ,  sar>Fine o i l ,  

soyieail o i l  an? sobyam l e c i t h i n .  M ~ s t  s f  t he se  Zipic?s a r e  



: , 2 : .  : ,  . j - A  a ~"t: fir'' . & A , ;  ., , A  - L  ' T ,  Z: ,. 

f l o u r ,  n?.ize flour, jw?r an5 tenioca ;>o~:f!~?r, Ail thzs~ 

?- . tcr ials  c . rC  390.3 s;urcas of stfzrc!. i r ,  th. f e ~ i  ' . '  C F . ~  S ~ S - I  'L. 

,qs 3 i n d c r s  if -s~->~>>ri~pt~s m,.:th2? >f ;>::;r.i:3a,r-~ti;n is z'',;;- k;:?, 

Fee? fgrnula: .- 

A f t e r  salection sf the rs7): rlztcri.cl=,, -, :t?,. f-,ri.lule c;-..., 

be zv31~rec: by Ss.13lcing the nu t r i r3n t s  ir: t k 2  fa:? '.;>t-, r9quir: 

1:;vels. Cna 5f tk,? sin?le~t nt3::hr~;l~ ii.~)y t i i i :L~1? s FI::>r' f - 
be ~volved is r h e  '6<g3rt: ' meth>,<, 12 khLs y,i';!?2:. c ; i tq~r  ti,;. 

pr;tein or t h e  ecergy 3f the f e k  c;.n b2 ';nisnc~i3, Ti.2 m e t k , . ~ , :  

is iil:lstrat,? ' by thri f::llrjwing sx~tm;;le, 

'?9'~3re_n?re a fee,? with 35% pr3 t e in  using f x r  ingrec?iLnts  

' f i sh  meal ( p r ~ 3 t c i n '  C ~ X )  , pri>;Gjn 'nsr~c?? me51 (2r9 ?,?in 15%) , sqyl? 5;:~~ 

cn3e ( ? r o t e i n  48%) and t a ? i x a  (rr~tzin 2 ,6 ) ,  I n  ~ h ~ . s  cai'i: '-1-!t: 

i n g r e 6 i z n . t ~  e r e  q r ~ u ; ~ z d  into prrj tein sun;?lcnents ( n s v i n ~  V. : I . .~  

than 20%,;_7rotein) an? $;.sal feeds (hzv ing  le+;n tl,.?n 29% - r ,  :,,.:i.r- 

" 3  p r o t a i n  c o n t e n t  i ~ .  each  group is ao?rac,.;? a s  -F>'L? 4v:.:.,. 

2r2tein . . su;>ploments - Fish meal  = E, i?-  3 

Prawn head rn.3~1 = 35,, 3 

S q b e a n  ceke  , := 
%.---.* ----- 

Average 143 
3 

Basal Feeds : Tapioca = 2.0'% 



N9w 3 square i s  c c j n s t r u c t c d  and t h e  na.nes of t h e  faed 

mate r i , ? . l s  a r e  w r i t t e n  Jn t h e  t w s  l e f t  c3me~-s a l s n q  w i t h  t h e  

p r - , ~ t e i n  c ~ n t c n t .  The re  yzir.=l.' I;r=te3ir. lave1 i s  w r i t t m  i n  

m i , - - r ' l e  of  t h e  squa re ,  iu'ext, ti;: ; ) r s t a i n  l e v 2 1  ,df tj-,? f e e d  i s  

s u b t r e c t z l  fr9m th-dt :f t h e  i n g r e e i e ~ t s  and the; answzr  i s  ~ ' . e c c > c '  

i n  tha c- . rne r  o p 3 3 s i t e  t n  kh+ c c o r r s p J n f i i n g  f n r l  s t u f f  j - ~ i 0 f i : 7 q  

t h e  p o s i t i v a  .ar nx ' s - l t ive  s i g n  ;,s 7ivi;n S a l . ~ r ~ : -  

Basal  Feeds  

Ad? t h e  f i g u r c s  (Jn th,.? r i g h t  hand sil .e ~f t h e  sTaare 

33.0-kl2.6 = 45.6. NQW t 9  ~~,:lce t h e  fsed w i t h  35% r s t e i n  w e  

m u s t  mix 

r r o t c i n  su?plernents 33.ax = 72.37 
45.6 

B a s a l  FseCis 

The ? r o t e i n  s u ~ c ~ l e m e n t s  L + s r e  72.3774 in t h e  f ~ X d  an(?L t h r  

b a s a l  f e & .  is 27.63%- 

T3e feed forniulc. using tiles.? m e t e r i - 1 s  c:>n be w r i t t e n  c.2 

F i s h  m e a l  

Prawn head  m e 2 1  

Soybean c a k e  

T a p i o c a  2owder = 27.6% ------ 
T o t a l  100. C 

F o r  acding v i t a m i n  anc! m i n e r a l  m i x t u r e i  a p p r o p r i a t e  

amount 3f t a p i o c a  may be r e p l a c c d .  T h e  f e e d  f o m u l a t o d  eb2ve 

i,.mt3i:>s 35% of c rude  p r o t e i n .  



?ratm feeds, whan ?ut  in :.rhk&r ~i1:al2 n:!t z i s r . ~ l v z  an? 

2 i s i n t q r a t e .  The f ~ n : ?  s5x?c7  52 s t s b l e  i n  w.+ter f 2 r  a t  l a ~ . s t  

thr;: t 9  f 3 u r  h - u r s .  F 3 r  m2kinj t h e  fss? w a t e r s t s b l e ,  s u i t z b l e  

b inding m a t e r i a l  sh2ul2 332 usd:i, which kze?s t h e  feed 

i n g r e d i e n t s  tag:3th~r. Msny ch,-.rnical substpr>nc@s csn bs use< ?S 

5in?,ers. S ~ n z  exsmples gf b i d i n g  m a t e r i a l s  ?re agar sgs r ,  

carboxy net'nyl cellu?::: (CMC), g e l s t i n ,  gimni, polyvinyl  alc3hol 
(PVA), sodium z l g i n a t s  sn,:? st?rch. Any n z t u r a l  sQurcc of 

st~rch can be us@S 2s binder.  I n  s u c h  . case t h e  fez6 sfisul:? LC 

co~kcd a t  130°C f 3 r  5-13 minutes i n  ~ r ? e r  t9 g z l a t i a i z e  the 

s t s r c h .  I n  p r a c t i c a l  f c d s  starch i s  z g m d  and ec~n.3micel  

binder. 

The ~ o m : ~ o s i t i 3 n  of  the  EzcZ use? f:)r feer7ing t h e  

p o s t l a r v s e  of Penaeus i n z i c u s  in CIBP. Hatchery at N a r a k ~ l  is 

given below:- 

C2m?os i t ix  - 
F i s h  mzal 

Prawn heed mzal 

G ?3t?nd n u t  cc7:k" 

Tapisca 

Lec i th in  (sgybean) 

Vitamin mix1 

Miners1 mix2 

1. V i t m i n  mix: Thc vitilmin mixture  c ' i n s i s t s  af , 7 ~ ~ ~ r b i ~  ?ci!l 

3.5 g, cho l ine  c h l o r i ? ~  0.7 g, n i a c i n  0.35 g, 2 a n t ~ t h e n i c  will 

0,32 g, 2yr idoxine  3.1 g and t h i m i n e  9.01 g. 

2 .  Mineral mix: The mineral  mixture  c m s i s t s  of calcium - 
;arSanate 1.0 g, potassium l ihydrzgen ~ r t h + a p h g s p h a t e  4.0 S, 

co2per su lpha te  0,06 g an? zinc s u l 2 h e t e  9.07 g. 



m ~ h s  pr-7xinatc c3;r,;>siti3n of t h e  fozd is  a s  follf>w.c:- 

Moisture 5.2% 

Cru<?e p r 3 t s i n  38.5% 

Lipid  8,nX 

C a r b ~ h y d r a t e  27.3% 

Cruc?e fibre 6.?% 

Ash 14.3% 

A l l  t h e  i n g r e d i z n t s  s k u 1 5  5s ob ta ins2  i n  "ry f3rn .  F i s h  

meal, grounc'nut cake and t ap ioca  p~wAi3r a v a i l a b l e  s s  l : :y  

mater ia l s .  P r a m  hcsZ wasts  mcy be c g l l s c t s C  i n  f r e s h  c3n' : i t ion 

an3 d r ied  in an e l e c t r i c s l  v e n  a t  7D°C. The c ' r j  i n g r a d i e n t s  

a r e  pwc%rcc! i n 5 i v i d u e l l y  i n  an e l z c t r i c a l  grinm7.2r an:! shoulc' 

pass  thmugh  0.5 m s ievs .  

rn T h e  i n g r e d i e n t s  a r e  nix& scc;srs2ing t o  t h e  f ~ m u l ; ? .  &ha 

fez.? sh  ~ u l d  '=.c t h . ; r ~ u g h l y  hom.~zjenistc7 wi th  603 m l  of water p;?r 

kg of ?ry frcc-:a The f . 3 u ~ h  ST abt2inz2 i s  st:.;.,med i n  s c m k e r  

( w i t h x t  weight) f o r  19 minutes. The feeC is p e l l e t i z e d  us ing 

a 3 mm 2 i m e t e r  8ie and d r i e d  i n  an e l e c t r i c s l  sven a t  73'C f 2 r  

24 b u r s .  The 6ry feac! sh'3uld be st.2red i n  polythene begs k;.:-jt 

i n  glno? c~,nte iners .  This  is  t h e  s t ~ k  f(:ed. 

F.9r p regar ing  micro-per t icul  a - t e  f eec?, t h 2  ;3ellsts f r ~ n  

t h e  s tock fee? a r e  taken snc! powc3ered i n  an : e l ec t . r i ca l  g r i n d ~ r  

wi th  c.2ntrol lc2 sp.m?.. Ths p2wdered mash i s  s ieved  through 

193 and 209 micr,2n s ieves .  The p e r t i c l e s  passe?- , throuqh 291 

micron s i e v e  bu t  r e ta in?? ,  by 139 m i o r m  s ieve  are taken as 

2130 micrgn-par t ic lcs .  S imi la r ly  t h e  y e r t i c l c s  2f 503 and 1339 

microns are preparad by pass ing  through t h e s e  two r c s p c t i v e  

sieves . 
The mic ro-2ar t i cu la te  feed i s  in t roduced t o  mysis I11 sr 

, . 

pos t l a rvae  I i n  t h e  ha tchery  and cont ipue6 u?to PL2,O. and bey3n.d 

i n  t h e  nursery. The d e t a i l s  o f  32rticle s i z e ,  feeding rate and 



frequency ,3f fee? ing of  t h e  l s r v ? ~  i n  ha tche ry  an? n u r s ~ r y  ?re 

sumar iszc?  below. 

.............................................................. 
Stag? of P a r t i c l e  s i z e  Q u a n t i t y  r ~ f  £ ~ L C  Sche2ule an? t ime 
1 arvae of  f e e C  g a r  day p e r  130Q ->f fesrJing 

(microns) 1 arvae  

Mysis I11 200 233 rng Divi3e t h e  feed i n  
upto thrke q u a 1  p a r t s  
p g s t l a r v a a  and broaclcast i n  t h e  
PL5 1 a r v a l  t ank  i n  t h e  

morning, a£ tern,-,'?n 
an? evening 

PL25 and 3 mm 131% of 
abgve p e l l e t s  b2Py weight 

Rearing of l a r v a e  us inq  rnicr3-zart icul  a t e  fe>c?: 

The e a r l y  l a r v a e  ( f r m  ;prot3z3ez I onwcrds) can a l s o  :c/e . - . .  .. . .". . . 

r ea re?  us ing t h e  same m i c r s - p a r t i c u l a t e  fee-? wsth a p a r t i c l e  

s i z e  -2f 50 micr,ans,. i n  92cn c u l t u r e  systems, I n  t h i s  metho? 

. the rear ing-  t anks  ?.re exyosed -t-3 ,sun 1iq'rt.t wider a g l a s s  h ~ u s z .  

The l a r v a e  feod Jn a mixture 3f fee? p a r t i c l s s  anc? 2 l g z l  ce1l.s 

t h a t  gr.3w i n  t h e  c u l t u r e  tanks.  This  mixed f i e t  system &s 

c,5-n2ucive f s r  h e a l t h y  g r ~ w t h  of ;>rtTwn lz rvae .  The -dvantase ~f 

t h i s  rnethoc? i s  t h a t  s e 2 a r a t e  c u l t u r e  *c~f a lgae  i s  n 2 t  nec:.ss;?ri. 
and t h e  sax? p a r t i c u l a t e  fee66 cm b e  u s e "  ' u n t i l  the p ~ s t l r v ? . ?  

; a t t a i n  s tbckab le  s i z e ,  This  s i m p l t f i e s  t h e  l ~ r v a l -  r e a r i n g  

technique cons'idierably. Using t h i s  h e t h x ?  a s u r v i v a l ,  r a t c  a s  

.high a s '  8 0 % a t J  2L5 s t age ,  could be P e a l i s e d  i n  2 ,  i nd icus ,  

T h e ' r a t e  if feei7ing d f  50 m i c r ~ h ' * p a r t ' i c l c  f eed  i s  5 grams per  

*d2y' i n  "khrSe' c"iivi?3e'd h s e S  i n  on3 t-,5nne cir-aci ty t ank  when , 

1,0?;:000 .,nsu2&isi ,a re  . stocke.d., .. .* .. ., ,. . . 

Feec'inQ, prawn 1 arvse in '  Berkyara natcne,ry: 

1n t h e  '6ackySrtl ' h ~ t c ~ k ~ " t e ~ h n i ~ . ~ u e ,  t h e  prawn l a r v a e  3 ;a 

' seared  f r ~ m  p r o t 3 d ~ e a  I s i a g e  up*& p o s t l a r v a e  1kexdius i i$ ly  

'Gith mixed: phytoplahkton. ' Thc ~ o s t l k r v k e  are  fed w i t h  ' ~ c j u i l ~ s  



powfer. r" ;r t!?is ;?IlT?3S-;' f resh  squj.11 ;i i s  ,nb tz i re?  sundriec'. 

~t i s  p.3wr7ere? i n  5 c;r inf">r  an.5 ;?m?c?ri;--,? i i n t ' i  2 a r t i c l e . s  -,..C 23:, 

533 and 1?2i] r . i c r7ns  by s ic - r ing  thr-ogh tE13 rtzc.':!ectivz s i c +  

s i eves .  The ;t:!stlnrva,- T erlli fe? ;:-ith 2 3 2  m i c r ~ r .  p a r t i c l e s  u n t i l  

thay rsfich PL5, The s ~ s t l  =;rVse 2L6 ??re fcc' with 510 micrzns  ??l? 

ps";'~wr.~-ae PL15 zri! fe-3 w i t h  1037 m i c r m  part ic lb2s.  Th? s a t e  #>f 

;-i"ing L t, i s  9 g c,er Czy i n  t h r o 2  c?ivi.r!c$ Pc1s~2s a t  PL1 s t e g e  i n  

2 t anne  tank  having 2 l a k h  n a w l i i  stgcka,<., A t  2513 s"c.g.; 

- e z e  of f e a e i n g  i s  1 2  an? et TL23 i t  i s  15 g z i n  t l l ;??  

? ivi : jsd ??3ses .  

Mic r .~ -enc~?su la t e i ?  fe j?ds  s m  ~r.:?3r~-by cncaysd ' -~ .~ i r l !  ;. 

feed materizil  w i t h  a s u i t ~ b l r  c9;-t ing wal l .  The sf9.2 3f 

capsill tr?~ renge f a n  10 micr3ns t o  530 rn ic rms.  ~ t i c : p ~ - e ? i c a i ~ ~ ~ ~ ~  -c:. 

fa&s  arc  p r i m a r i l y  mz3nt fsr f c s 2 i n g  rr-.- ,,,:.m l s r v - e . ,  Th,? z e n t r - 1  

fa,Ll mix ture  i s  c a l l a ?  t h e  c J r c  an? ~ - 7 n s u l a  ting r ca t e r : .~ l  i s  

c a l l a :  the ,3u te r  wzl. L. M i c r . ; - e n ~ a . ~ ~ s u l a t i x  i s  sckiuve? '.:"I 

? i f f a r e n t  m~.-th::?s. Thesa a r e  ny l~n - - ;> ro t c in  cnc,:..psu!ati-11, 

g z l a t  in-qtim, s33ium algin?.te-csl  cium c h l s r i $ z ,  z e i n  an? 

car ragzansn  encapsulc2ti ,3n technic~ues .  Both liryui.? snrq soli .7 

c a t z - i a l s  can be enczpsu1st:-2. Tha g r e a t , r s t  edvsntarje ?f m i c r  ;)- 

en:a?sulati>n is t h a t  l a a c h i n g  .2f t h e  n u t r i e n t s  frxn t h z  ? l e t  

i n t o  t h e  wa te r  i s  ;,revc..ntad. ?~P-.zr, t h e s e  c n > s u k e s  8 r z  ii ig~. - ,  - 

bv thz larvLT-2, t h e  ca2su l e  wa l l  i s  ru>tur-?:l bv thz  ? i : ~ ? s t i v ,  

jl.?ices an,? thi. c2re rn? t c r i e l  is r e l e c ? s e <  . into tk.e . ; t ; i11,3~?.  

, . t y 7 i c a l  e x ~ m ~ l c  .cff mi~ro-~~ncapsul . ; t i : )n  17f a ?i,>t i Q I~~:SCP.I 

below. The pr inci '3 lz  involvcd  i n  t h i s  meth;c i s  t:i-.t ,s ch -:- 7 

S i r n i n e  r a a c t s  wi th  a a ~ t h e r  chemical s e b 3 ~ 3 y 1  c k l  - , ~ i A 3  in 

s0;vent medium an? forms nyl ,>n-?r3tcin w s l l  t o  ~ ~ ? c ~ , c i ~ ~  >x2 ~ 

fret mixturz.  The m a t e r i a l s  requi.rec2 a r e :  - 
1. Any ? i e t  m ix tu re  [ l i q u i l s  a r e  ? :~ref?raSl ; ) .  

2 .  Diarnino hexane s o l u t i ~ n :  S r q a r e  by d i s s s l v i n g  

C,.92 g of 1, 6-(3iaminohexane + 20 n 1  c ~ f  3,.85 ?I 

sndium b i c ~ r b m a t c - s o d i u m  c a r b ~ n a t e  b u f f e r  (?ji 9.3) . 
3. Mixi?r! s o l v e n t  : Mix chloroform an3 cycl>hcx;me i n  

1:4 r a t i o .  



v 

4 .  SsS?c>yl c h l  ::rift. 9 

5. Sucr;s 2 m3nn -1surs te .  

6. S?2n 85 ( a  < s t z r 3 e n t ) ,  

Pr3cei3ure: 

Take 25 m l  of mix24 s 9 l v z n t  and 0.5 n 1  2f s>?n 85, T7 

t h i s  ad? 0.5 m l  3f clizminc s 3 l u t i o n  a n '  t h 2  r ' ie t  rnixtur?, 

h.?in~genis? f f  r 3 r n i n u t ~ s .  Tgke ??^ither I:! m l  =f mixe!? s21v! ... 5 

an2 3.2 m l  a f  s e b a c ~ y l  chl3r iC2.  Mix 5 3 t h  t h e  rn ix tu r . .~ ,  : ' r  
w e l l  and a.3d s n 3 t h a r  30 m l  of nixei! s3 lven t .  'Tb? micrn- 

encapsul3t;d ? i ? t  i s  ? r 3 c i ? i t s t c < .  The g a r t i c ? <  s i z  2 :!f 
.. . c a p s u l e s  c'c;?znr's up3n c~ f  sl;eer' ,2f s t i r r i n g ,  ; Y C ~ S ~ I  t h -  C?,~>S : + ( :  

s o  ob t e inzd  w i t h  103  m l  3f mixad s31v;_3qt 2 31. 3 ~ F D C S .  T3 t t .  

c a p s u l e s  adA. 7 m l  t;;lf suc r3sc  m m ~ l a u r c - t e  an?' s t i r  f ~ r  1 7  

minutes .  F i l t e r  snc?. teke t h e  cc7pstlles an? kcs- t h m  i n  2 1: kr;s 
- * of d i s t i l l &  wa te r  f o r  2 4  h ~ u r s ,  :'!?sh t h e  CZ.~>SU~::S w i t h  w'?t txr  

twice. The micm-capsulzs  s? -ab ts ined  shm:?bbz s t o r e ?  i n  

1 rnglar soclium c h i  jrirls solutil3n. 

Micr83-zncapsulatec! Gists c m  a l s ~  Ss pre??re? by sy.ray 

d ry ing  t e c h n i y c ,  

Checking t h e  q u a l i t y  I D ~  t h s  r s w  m e t e r i a l s  ?n? t h e  f i n $ l  

p r g j u c t  i s  v e r y  e s s e n t i e l .  The raw m a t e r i a l s  an6 ~ F ~ S + S  z l? . -?~l+  

c , ~ n f 3 r m  t o  t h e  n u t r i t i , s n e l  c , > m p o s i t i ~ n  r e q u i r e d .  Ans lys i  :f 

p o x i r n a t e  c2mpos i t i fn  9f f e & s  and fecd ~ ~ ~ . t z r i ? l s  r e v e a l s  
ili 

t h e i r  q u z l i t y .  Ihs  gr3ximate  c?rnn,~siti,;.n c x s i s t s  of 

e s t i m a t i n g  mo i s tu rz ,  cruc'a p r s t e i n ,  lipic'i,  c s r b ~ h y C r e t e ,  c:ude 

f i b r e  and ash. Thesz cnn be c'etermined by s t m d a r d  AOAC 

m a t h d s .  

. Proye r  s t a r a g e  3f f c e p s  and f eed  m a t e r i a l s  i s  vsry 

impgr ten t .  Impmper  s t ,2 r?ge  of feeFs l e a ? s  t c ,  d ~ t e r i r i r z t i o n  

~f q u a l i t y  a s  a r t s u l t  of which P s s i r c d  r e s u l t s  cannot  be 

achieved. It may 3 f t en  l e a ?  t o  l a r g e  s c a l e  r n o r t a l i t i c s  of 

c u l t u r e d  animals .  During s t o r ~ g a  f e e d s  are s u b j e c t s c  t o  a t t a c k  
b 

n by i n s e c t s ,  rnzmlds and ro?cnts .  ihe i n s e c t  and r 3 d c n t  a t t a c k s  



M3Lstura cJ.?ter?t i r ,  fe??s >l?js  ?n ir;:. si - -  r - *  - .  

- L:%,z mois ture  i n  facc!s should n o t  he mr:re t3nn 5 t.> O;,. -: 
mzis tu re  c q n t a n t  i s  m2re th-n 19% m,ul? g r ~ i ~ t h  :~ : . , i  L-.', .;L-. . C ' - 
csn 1<2ac? ts the pr2duct i2n  2.f ; i f l a t , r~x in  i r ?  52.24s ;-n,' f ~: -d  

m a t a r i ? l s ,  wh~sh i s  vary t ~ x i c  t a  -:rzT8.m 12_r~/-ae ?r. ' juvzr i i les ,  

Oil calcas such as g r ~ u n c n u t  cekc-, c3csnut  C C ; C ~ ,  S J Y : ~ ; ; " . ~  cdke 

etc. a re  m.2rc3 pronms t2 a f l a t  2xin c o n t a m i n a t i ~ n .  1 4 , ~ ~ : ;  cTrTl.?-k 

csn be ~ r e v e n t e , ?  by c g n t r ~ l l i n g  t h e  m ~ i s t u r c  i? t h e  f . 3 ~ 6  3nc2 -1 

by c s i n g  p res r rv? . t ives  such a s  sD2iurn benz\?atz >r s3lts 

rF p r o p i : ~ n i c  zciZ a t  c.b3ut 103 p;m. 

Sincz p r a m  feeds c m t s i n  l i p i T s  w i t h  p l y u n s a t u r a t z d  
s L a c t y  >. a c i z s ,  thes '?  e r e  z a s i l y  ~ x i f i s e c '  whcn sx?~ss? t o  

e t rmspher ic  air. This  r e 4 u c c s  t h z  n u t r i t i m a l  qu2lFty  35 -.?L 

fezC. It can bs c > n t r ? l l e d  by s t D r i n g  t h e  Feef!s i? air t l_>t 

c s 2 z s i n s r s  an? u s i n g  s >me a n t i - 3 x i c s n t s  such ?s bu,;yl. ~tsc 

hy.<r,2xy a n i s 3 l e  ( 3 H f , ) ,  S u t y l + t i ~ r '  hy$r>xy t~!!.::~ria ( 3 : i ~ j  and 

S u q a ~ s t ~ ~ ' c ? ~  Furthc,r, R c a d i n q  

j l l ikunhi ,  K.H., S. Ravinclran Na i r ,  7 .K. Sulcum?r?n anc? 

M,K. P a v i t h r m  1982. Rep3rt  :n mass r s a r i n ~  of shrimrj 

1 a rvae  a t  t h e  Zegi>nal  S h r i i n ~  Hatch?ry, kzhiko:?e, Fa r ing  

1951. 3 u l l .  De:~t ,  F i sh -  Kerel?, 3 ( 1 )  

I(an~zawa, A. 1984. N u t r i t i 3 n  3f pens3ir7 nrawns an,- shrirn!?~, 

P r ~ c .  Figst I n t ~ m a t i s n 2 1  C,3~_fersnce  sn t h e  c u l  t ~ r e  3f 

2 e n ~ s i d  ~rawns/shrirnr,s.  SZAFDZS, Aquaculture 

De?artne'nt, I l o i l , 3  c i t y ,  P h i l i p 2 i n e s :  123-130. 

Nerc, M.5. 1976. A review f Pie t a ry  s t u s i e s  w i t h  shrimy, 3195 

prawn. Aquaculture, 9: 101-144. 

Ch.3, C.Y., C.B. C ~ w e y  an? T. Na tmabe  1985. F i n f i s h  n u t r ~ i i o ~  

i n  A s i f ? :  Me thod . , l~g ice l  &gpr?achzs t~ Rcsea.rch a_ric'i 

Devzlopment. Ottawe, Ont. IDRC, 1985: 154 2p 

Fish Faad Tachnology, 1978. Aquaculture Devc l~ ;~mant  mi: 
CoorSin n t i . ~ n  Program,e  ~CP/REP/80/11. : 



O e t s  

Rice (wh2lc) 

Rice (bmken)  

Rice bran 

Rye 

S~rghum ( ~ i l d )  

Wheat g r a i n  

Wh~at flwr 

11. 2 r o t ~ i n s u ~ p l ~ r n a n t s :  

(a) > l e n t  rn-ctcri?-ls: 

Ere;erl s g r a i n s  2 6 , 3  6.0 

C~conut c a k e  25.96 11.2 

C j t t . ~ n s e z d  c a k e  

I?istil lerr s grains 

Gingslly cake 34.33 13.8 

G l u t e n  (wheat) 25.3 2.0 

~ r ~ ~ u n d n u  t cake 49.42 7.56 

~ i n s e c d  35.3 2.3 

Ma1 t sprouts 26.0 1.0 

Rapeseed c a k e  46.3 1.3 

Pt:aflowcr cake 47.9 3.3 



F i s h  mzsl (Ernwrifish m ~ a l  52-74 1.0-13-3 - - 14.3-31. 
b 2 w  p r o t s i n :  
w h i t e f i s h  mzal 
h i g h  ? r o t e i n )  

Xan t i s  shrimp (~yuilla) 44-36 7.55 3 - 2 7  - 23.63 
Meat meal 53.3 19.0 - - 12.33 

Mysid meal 76.35 2.72 5.57 - 15.66 

Prawn waste meal 35.23 6.63 3.97 - 23.95 

(I) whole 55.91- 2"-5- 5.58 - 2.98 
57.5 29.7 

(2) d e f a t t c d  75.36 1.75 E. 43 - 5.59 

Squid meal 

Houss f l y  larvae 45.3 15.3 - - 8.3 

Poul t ry  f s a t h c r  meal 80-85 2.5 - 1.5 3.3 
(hydr '3lysed) 

S inglz  c e l l  p r 9 t e i n  

(i) Krill 55.3 10-15 - - 15.2 

( i i )  Marine y e a s t  25-63 2.69 63.513 4.27 3.91 

( i i i )  Pstr3leum y32s t  61.22 2 . 1 3  26.24 3.9 6.54 

(iv) Sludgc 43.3 3.43 15.3 28.0 3.3 

(v) S p i r u l  i n a  63.89 9.3 5.63 - 13.3 

_----------------------------"------------------------------------ 



Managsment 2f wstnr -11~zlity i n  t:?c lap.rzl  ri?sri:l~ <:ary-,s 

i q  thi .  h s t c h z r y  zn.3 , l l s ~  i n  t h s  br?-:2st>ck t2r.k:: i s  v a r y  

esssnti:=.l ,  I'iazkr qc+i'l.ity nan?r;:m -;nt inclu-'i :.cj ;;;r;:izn.",f~n ,TE ; 

c ,"kr-) i  3f s i ~ d ? ! S i ~  s ~ - l : r & z - i ~ ? ~ ? :  ;rg;lnisms 2nr7 th::? c g n t r - j l  T F  
- - chemical  c 3 a s t i t ~ ~ n t S  i n  t h ,  rdater .  ;.:hill: +h i  m ~ ~ ~ s : . ~ m ~ n t  flf 

6iseas2s i s  Q.-;llt ~ ~ y s r ? t c l y  - 2 l ~ 3 ~ h ~ ~ ~ ,  t h e  msnag~zr,?zfit ~f 

chc?mical q u a l i t y  2f t h e  wa te r  i s  c>r:scnted h s r e .  

Thz  im>3rtr?nt chernic,:.l an? physiccyl  ? a r . m e t z r s  t h a t  

, ; h ~ ~ : l  J be m,>n'ltorzZ r:.gularly a r c  s51 lnity :.3f t h e  water ,  

tdrny;aratura, :3H, ~ ~ S S O L V E C ?  3xyg2n, t ~ t a l  ammonia, n i t r a t d ,  

g i z r i t z  an3 l i g h t  i n t e n s i t y  d u r i n g  F!ay t ime.  The ~ jer rn iss ib le  

renge 3f t h o s e  pa rame te r s  i n  h a t c h r , ~ ~  S r : > ~ % ? s t  ~ ' c k  t a n k s  a r s  

as foll '2ws:- 

Sill i n i t y  

Ter,y)er?t:Ire 

-72 L- - 
Dissolveb'i  .sxyqsn 

T s t a i  m . n ~ n i a  

LTitr i ta  

L igh t  i n t e n s i t y  
Curing day t i n e  

i n  Hatcyi~_ry 
t a n k s  --.. 
29-31; ~ > t  

26-32.5OC 

0, l ,upn 

2-35 p?rn 

23,973- 
1,2E, 373 lux*  

*Di r e c t  i n c i p e n t  s u n l i g h t  on 1 ~ ; r v z l  t a n k s  i s  n(3t 
dc- s i r z 5 l e .  

5,7;:,tcr sml7 l ing  f o r  a n a l y s i s :  - 
Taking a r a 2 r e s c n t a t i v e  ssmple of w a t e r  £,>r m a l y s i s  i s  

e s sen t i c .1  t .3 e n s u r s  t h a t  t h e  r z s u l t s  t r u l y  r e ; ? r n s ~ n t  the ,?nt!re 

l o t .  T h i s  i s  e?sy  i f  t h s  q u m t i t y  of the? w a t e r  t . 3  be te,cca8? 

i s  small .  It can  be p r o p r l y  mixce. mi '  t h e  sample taken .  B u t  

i f  t h e  w a t e r  mass i s  huge i3ronsr srm:?ling r n e t h ~ ?  s h ~ u l  l be 

sdo~ted. Water samy)ling b o t t l e s  are a v a i l z b l e  f 3 r  t h i s  p u n a s s  

which can be purchased and use?. 



~h~ t2 ,~ ; , . .Pa+l? - .  .-&~. i-ii -2 >A th,. Wstcz  can  be ~,2 i i~ ; l r ; ? , ' i  u s i n ?  3 

thzrmr;m-,tcr g r ? - ' ~ t : t ~  2 i l l  ;?;j.123.5 ~ , 3 n t i q r z ? ~ ,  

:~;i 3 f  a mdiium i s  t h e  mc3surz. 2f  12- Y'-' -r33tli ir;n c 9 n c c n t r c ? t i ~ n  

i n  it. I f  t t a  pH j f  \;a*c is 7.. it i s  n k u t r a l  zn? if below 7, it 

i s  s c i - d i c  sn~? aL3va 7 ,  i t  i s  a1k; l l ine  ( b a s i c )  , Afiy >H m e t a r  e,% 

:nu usz2 i ~r r c 2 r d i n g  t h e  -13 3f t h ~  n-r-+ium, 3ef3re i l s ing  tl-:;: .'I3 

mztzr ,  i t s  e 1 s c t r Y z  sh:~ult! SZ i n  2 r ? - r  w i t ?  Liroaer f i l l i n g  2f 

s z t u r z t ~ ~  s o l u t i ~ n  3f pDtrlssiurn c h l ~ r l r " ~  (KL71). Most 3f thi: 23 

metsrs neec? c a l i b r a t i o n  befr ; rs  usa.  T h i s  c3n bz 2 x 2  ;hy r!i;s--,iny 

t h e  c lect r i . r r le  i n  a b u f f e r  s ~ l u t i 8 ; n  ~f k n ~ ~ w n  ;.H an: 2':justl.:q ; h ~  

p H  t r ,  t h a t  ve lu? .  Dlcff-r t z 5 l e t s  ,2f :?H r5ngir.g 4 t c ,  9 srz 

s v a i i a b l e  which can be us25 f o r  t h i s  2urp3se .  

L i q h t  i n  t e n s i t z :  

SALINITY: 

1, S i l v c r  N i t r a t e  ( 2C .5  c p / i i t r e )  

2. 2otass iurn  C h r ~ m a t e  (I?;<) 19 gms i n  103 m l .  sf wat-_r. 

3. S t s n d a r d  Seawate r  

P i p e t t e  10 m l  of st;ndzr:?. s z a w s t e r  i n t ?  a 250 n l  c o n i c 3 1  

f l z s k .  Add 4 ?ro?s  o f  po tass ium c h r ~ m 2 t e  s ~ l - u t i 2 n  an? t i  L r z t e  

a q s i n s t  s i l v e r  n i t r z t e  s 2 l u t i o n  t ill  t h c  c3 l ; aur  cha2ges  t o  r-,-', 

P i p t t s  o u t  13 ml sf t h e  s e a w z t e r  s m p l e  i n t o  t h e  c ~ n i c ~ ~ l .  fLs-,sk 

anL 2r3ceeC ss above.  

C a l c u l a t i o n :  

Get volume of S i l v 9 r  n i t r z t e  f o r  10 ml 2f 

s tan2ard  seawater = V1 m l  

Volume of s i l v e r  n i t r a t e  f o r  10 ml gf sample = V2 ml 



S a l i n i t y  r c f r z c t  :ii?;tcrs : :va i l sb le  i n  the; nnsrk-.t ccn giv;: 

s a l i n i t y  r.:eding ins t sn tane>:us ly  u ~ t o  :?n -?ccuracy 3f -f- 1 y~; ' t ,  

I t  i s  nccessnry t3 sra  t h t  th,s i n s t r u n -  n t  sh  : c~s  0 valug~ w'r, in 

?!is-cillz!?. w , ? t t . r  i s  USCC~..  If t h ~  i : r ? l ~ ~  i s  n3 t  zar2,  it c?? lic! 

a < ' . j u s t ~ ?  t: zer.3 %y a"us t i n 2  s. small scrcw, 

Sc~r ' i~ln  tlksul:>hsts: s z l u t i s r .  (1.25. jgis i - n  1 l i t r z )  

3 t s r c? l  s3lilti .z - 1 ~p s t a r c h  m2--.:. i n t 2  ? ? s ~ c  TJ-Z:: 

c?.i~ti l i , -~< water en? ,?j.l~:t~r' t 2  19'2 ml, ' ;~il znd c-;1. 

ilinkla:: s s i i l t i ~ n  :, (2Q 29s 3f Plengan~sa ch l3 r iFe  
in I,?:-, . , .  ml >f 1,;ater) 

Wiilkler s r ~ l u t i m  E (31 gn ,2f s>c!iun hy,':r.~xic!z + 25  7 

3f p t z s s i u r n  i3?iCli? i n  It!? m l  ,y;li?t,2r) 

C~ncen t r a t ec !  Hy?.r2chl r i c  Aci!?. 

StanOsrc! ? ~ t z s s i u m  is:??ta ( ~ c e u r a t a l y  w ~ i g h  l u t  n.1784 2 

3f 'p3tessium is2a'ce i n t  a 1 l i t r e  v3lune t r i c  fl~?s;c, ?.n:- 

5 i s s3 lve  ar,? m3Ka u;~ t 3  t h e  vzlume : This  i s  3,C?5X 

s3 lu t ic jn) .  

Potassium i ~ f i i d e  (s,3lic4) . 

C a l l e c t  t h e  water  ssm:>lc i n  a 125 m l  g l a s s  stc;?er,?d 

b 3 t t l e  wi thsu t  m t a n g l i n g  any 3ir bubbles. Taka ~ ~ u t  the st3;; -r 

and a f f  1 m l  ?zch of winkler  A an? winkler  B st31uti3n, C1:jsc: t l ? ~  

b 3 t t l e e  S h a h  t h e  b o t t l e  gantlly till thz ::-,rc?cigitat& f~me,?  

i s  evanly ~ j . i s t r i bu t s?~ .  A l l 3 t r  t o  s 3 t t l k .  Thcn eCc? 2 m l  q3nc. 

Hydrochl3ric ac i? ;  c l g s e  t h e  b o t t l e  zn? gen t ly  shakt? till t h e  

p r e c i p i t a t e  i s  complstely d isso lva? .  

l i p e t t ~  13 m l  ~f potassium i o ? a t e  s ~ l u t i m  i 2 t o  5 c3n ica l  

f l a s k .  A6d 1 grn 3f s=tassiurn is.?i.de a?d 2 m l  3f C x c .  

Hydrochloric acid. D i l u t e  t s  131 r n l  an!. t i t r a t e  a g a i n s t  soc'ium 



?i;?ettz 3 u t  13,3 ml >z' t : ~  - r r ; . s e r v ~ ?  s;rnpl'=, an? t i t r e t e  

a g e i n s t  s ~ d i u m  t h i o s d l ~ h a c c  zs absve. 

Cslculnte the nsr:nel i ty  of , ~ o t ~ s s i u m  io2.st 3s a s  - - Wziqht i n  l i t r e  = N1 
.?5,57 

( w l ~ e - , ~  1 , 4 2 9  bcir,g >;eight sf 1 ml 3f ox:-gen i n  nilligr,?m:;, 

R i s  s h ~ w n  s s  t h e  c 3 r r c t i . x  fzct.3r .?n:; ~,d?ich is r 'sughly 

3 lual t? 1,31  in ~ne j  2 ~ i t y  2f t h e  ci?scs) . 

!aTetcr s?rn?lzs m y  ?le cgl lac tec?  in p,>l;rthsnl b 2 t t l e s  :f 

l-,,u7hly 153 nl cc::_;acity a n 3  an t l lys i s  sho:llri Ss czrritz? o u t  ,,it &'.n - .  

rn h ' x r  0 2  c c l l a c t i m .  I f  t h e  s n s l y s i s  i s  t 3  Se  lay:"., C;.12 

ssrnples ~ u s t  be s to rzd  i n  r e f r i g e r a t o r .  

fmrc sun1 ightc, 

2 .  Su lphuGc  acLG s 3 l c t i ? n  

Ad5 140 ~nl of k . 2 .  q u a l i e y  s u l p h u r i c  a c i d  t 3  933 m l  

c? i s t i l l ec!  wa te r  pnd m i x  wc3L1. 



:n!?.~:i a r  ' c h ~ r  7Jr t i .m ;f t?c ss..n>la t o  Ish.;r?itory 

te-nperatur; i n  a thernjst?t.3S w>tzr bath m.5 rwssurc tl-z vvs.1;;: 

ta obtain a t u r b i 2 i t y  corr-2cti.2n. C , ~ r r e c t  the  mcasur:~? valiiG :tf 

4:11~: san:--,lc by s u b t r z c t i c g  both the t u r 5 i s i t y  3.nP rdagcnt  51 TI., 

C s l c ~ l i i t c  t h s  ?h3sj:1?ate c)ncantrilti^ir? i n  mlcrr)grsm atoms .- 

pht:s;hste ,:,:".sab?rus p ? r  l i t r e  a s  q u a 1  t3 C Z T ~ C C ~  eSs3rb.~r~c,  ." .:,, 

I n  t h e  ,>r>sznt c s s z  F 5s e s a ~ :  t 2  5 (ch,a,ngzs T b \ j i $ ' * -  

in~t-~unent! . 

Diss3Lve 3ccurat--ly 3.186 gn 9£ mhydr3ils ;,otassium 

2ihyer2gsn ph,ls?hate ir. 1333 r n l  .sf d i s t i l l e ?  watar. S ~ , > r z  iz 

s Gark bottle with 1 21 of ch l2rof~rm.  1 m l  3f t he  s1:!ltiti9n 

i s  ma?e u:.;to 103 ml. F r m  t n i s ,  5 m l  i s  taken ari? ,?ilntecl t;l 

113 31. 10? r n l  sample i s  t a k s n  i n  a c ~ n i c a l  f l a sk ,  and 131-9 

r ~ f  mf.xee reagcnt is a ? ? d  to t he  stan6srd acd sempl?. After 



The s t r m g t h  2f thts c2l ; .ur  22vcl,2pz=?. beini; :~r?p?rti -.l 

t? m x n t  of :bh~>sphrstz, cg?icul=lte thc ?h?s?hpta c m c m t r z t i ~ n  ir 

st33p22 using the  s t r m g t h  82f t h s  stan?arP. ? ~ ~ t ~ . s s i u m  

22hgs,$?.t2 s ~ l u t i m .  

h7 I.TRA-iT3 - -- 
R.22qents 

1. Ihenol  s~3lut l ,zn  .-,--- ------ 
I)iss,2lvc 46 gm sf clry i , .R ,  q u z l i t y  h G n 2 1  i n  ??':I) nl -.f 

3.isti1'.?c" watzr ,  S t ,>rc  i n  a g l 3 . s ~  S o t t l c  t i g h t l y  sty>;,erec7, 

Buffer Rsaqent 3. - 
2ipetts 2ut 25  m l  ot ;heaJL sg lu t i ,>n  i n t 9  a 3 r y  be7Kar 

.?;-.r:: a$? : 5 m l  ?f s~3c ium hyc'r3xiJie s : : l u t i , ~ n ~  The s o l u t i o n  i s  

s t a b l e  ff3r 3ns hz~ur, 

4. Co>\;>er s u l 2 h a t ~  s , ? l u t a  

Dissa3lvc '3.1 g .3f ?-.3, Co-\acr sul;?hata i n  13?0 mL 3" 

d i s t i l l e d  water, 

5 .  aI;sl?rgzinz sul;?hstc s , 3 l u t i  ~n 

Dissolve  1 4 - 5  gm ,3f A.R. q u a l i t y  Hy5yazine sul;7hat.z i n  

2300 rnl a£ ? i s t i l l a < ?  w,?ter. S t ~ r e  i n  a d n r k  j l a s s  b 2 t t l e .  Th'c 

s 2 l u t i o n  i s  s t z b l e  f?ir 3r,r3 m,jnth. 

6 .  ?- 

Mix 2 5  r n l  af csp?er s u l g h s t e  so lu t i=in  and 25 ml sf 

Hydrazinc s u l p h a t e  s ~ l u t i . j n  i n  50 m l  mezsuring c y l i n 6 e r .  Ths 

s o l u t i o n  i s  s t a b l e  f o r  one h3w.  



Jjiss-.'_-je 5 ,f sul?h~:nil;i.;;ir'c i n  r n i x t u r ~  of 5 , 

c;nc., ;lljr 'r>c:?l~ric zc i~?  ,r~:j = b ~ g t  3 3 7  n l  -,f ~=ist i l? . , : f  wzt-;i 

" l L ~ t a : q  k ,  - 5 7  j .3l r.rith 1>:at-;re I t  is s t s l ; ? ~  f .;r nany a?nt.:-s, 

~is,->j.~.,? 1 53 gm ?f . ~ n l l v t i c . . l  gr,:'e ~ ~ ~ - ; e s s i u m  n i t r s t c  i n  
. - ,.\, . ., m l ;  , ml -3f t h i s  s ~ l u t i 2 n  .- 15.jn/' ug >f  nltr ,-)gan. Di lu t?  5 :, 

7'5 ti-,is s2?ut i - ,n  t 2  252 m l  sri th wc?ter. S t ; re  i n  Ta rk  b n t t l a .  .) 

- ,  
scquire r33n t~?iy?trc7turc). ;x?.il 2 ml af b u f f s r  r e ~ q ~ f i t  P,L:<, 

, . Aftdr  t'1,> Suffer has b c ~ n  sr? t s  a l l  the s~m,;ll;!s, 32' :'.-'-,I r;., i.:' 

s u ~ l i g h t  Lri a d:rk :~!.Acz f o r  2:33~t 27 minctcs. A?? 2 in? 3f 

~.:-;>n:, ?rJ,l a i ; t c r  3 m i n u t . s s  ;.->f 1 31 sf su l~ ;hani lmic?s  .;?ll.i-:i . '  

A f t a r  2 m in~ te s . ,  3u-t n;t l a t e r  thaa S rninutcs, ?:-!? 1,3 ml 2f 

11s ing the  f xmul a 

: l i t r a t e  J 1  53 ml = ->?-.- sbs3r'7 ncc of sclmplz x arnsunt of n i t r ~ t . . :  
~f ;eaw?ter z b s ~ r b m c e  s t s r d a r d  i n  s tan?ar2 

I Sul;h7hzr.il,?rniC?r? s3 lu t ion  ( a s  Fr! Nitr-te r n ~ t h ; . ~ )  = - - -...,-""-*" ...---.---- 



C i s s 2 l v e  2 , 3 , f 5  g.n ,;f ;.Z. q ~ z l i t , y  s~li .clm :::trite 12 13'23 r.1 

~f d i s t i l l e C  i.;,?$cr, St:]r.z in a d,-r:.: b s t t l e  wi th  1 n l  2 5  c-a; - " '--, . ,  * 

1 m l  95 t h i s  s3iut im~n = 5 ug 3f n i t r i t e  n i t r o q ~ n .  D l l u z  I -3  .,-- . 

t& s>l~tlop t~_? I,jCI? _~nl kyith ( J i s t i l j e f  wat2r ,2-iri use f : : ~  ;::-, ;rsi:,, 

wster sample 

1, 2henol-s lcshol  s n l u t i o n .  D i s s o l v e  13 g of reagent gr:i" 

>hers1  i n  130 m l  of 95% (v/v) e t h y l  a l c o h o l ,  

2.  Sa?,Lurn ni  t r o p r u s s i d e  (3,5%) - C i s s c l v e  1 g of s ~ t i i c n  

n i t r ~ p r ~ ~ e s i l ?  i n  2;j3 m i  35 water .  

A l k a l i n e  s 3 l u t i o n :  Disso?vz 100 g of t r i s o $ i u m  c i t r a t e  ; - 

5 Q sobium :".l)draxicl? I-n 5'21; ~1 gf wat2r. 

4. So8Fum h y p c h l s r i t a  s213:ti?r,: Use s s 3 l i l t i m  9-f c o m , ~ r c i a l  

'nypochl.3ri tc which s h ~ l c ?  be a t  l e a s t  1,5 N. 

5. O x i d i s i n g  s o l u t i c n :  Mlx 190 3.1 o f  sgdium c i t r a t z  s o l u t i o n  

ard 25 m l  of  " iypgchl3r i te  s s l u t i m  zrd  use  t h e  ssme 2zy. 

F;-eparis this s o l u t i f m  fresl?ly f 3 r  every d-,? use. 

6. Etanear2 a m 3 n i a  s , z lu t ion :  Acclurately weigh 9-1 g of 

amrnoniun s u l p h s t e  (~nelr? , , r  gr?8.e) i n  1 l i t r e  f d i s t i i l e c ? .  

water. 1 m l  of t h i s  s o l a t i a n  i s  c q u a l  t o  1.5 m i c r o ~ ? r b i s  

of zmm~nir? n i t m g e n  (1 ; ) .  



? r = ~ s < a ~ s ;  --.--- 

Pre;2c?rs,tion 3f stan,c'r:r? gry! -- 
Tske t i v e  53 m l  vo1:metric fissks an< 2 i p e t t c  1 ml, 2 >I, 

3 ~ n l ,  4 r n l  and 6 ml ?f ~ t a n d e r ~ 3  xr?.;ni;: s ; l u t F x .  T-J eqch f! r:s:;. 

,cZ? 2 ml .=f ?hen21 s 2 l u t i s n ,  2 ml of s;l3fum n i t r 3 ; ; r ~ s s i c ' e  

r, )ld'sL2n 1773 6 r n l  ,of >xii:!ising r:$- -.:en", Nix well ail 2w it 

t; s t and  f o r  i h w r .  Mzke u ~ j t c ~  t h e  o s r k  w i t h  3 i s t i l l s d  wz te r  

and measure t h e  aSc;>rb?r?ce i n  CO l . ;~ r imete~ '  ;r s?ec  t r q h - r t a ~ m e t r r  

a t  645,n;rnn. Draw a  qr?:,k! Setween arnrr:.;r.ia c ~ r : c e n t r e t i * ~ r ,  znd 

a b ~ > ~ b a n c e ,  

n :a?r;e t h e  wster t-i be t e s t e d  i n  50 m l  vcl lur :~ctr ic  flss!: 

~1; : t~  hzl 5-level. Ar'd 2 ml of >?el-lo1 s 3 l u t i - ) n ,  2 m l  s,);it3rn 

n i t r s n r u s s i d 2  s o l u t i m  ?nZ 6 rnml -)f s>xic!ising z z e n t .  ;;-..ke c :  

t-, tile ;;.,?.~k ;: ,.:h :::> ,y::;i, W P I ? ~  q~m>].,: t 3  3e test.?;. 1 -,:-: i k 

t..; sttlp.5. frr 2. h.. .zr .I!-!? me,?.sure abs~ybzncc  2s i n  th,? r C , - s k  

.-)L siz,?nc.'..srd, C?..~cul::te aro>?lnJr, ?f anrnmia nitr,>gez ;>reszni 1.:': 

t h e  wa te r  s?rr,?le fron tha s t a n d ? r ?  ;ra?h., Thi s  v?.l~,2 w i l l  

gir.7e t h c  mrnoni<? :.ni.t-.3c~sn ';;.resent i n  r-O mil c;? w ' i t e r  s;irn?le, 

If t h e  elue i s  multiplie? by 2 5  gP?es t h e  arnrn7nia hT p r e s ~ n t  

i n  I ,  l i t r e ,  



Surces s fu l  r e a r i n g  3f penas id  l a r v d e  c sn  a t  t imes  be 

threaten.?? by c7av:?stating t"fact c ~ f  C i sezsc  > r g s f l l ~ m ~ ~  

e s p e c i a l l y  when thcy  a r e  rnarae. a t  h i g h  \ k n s i t i e s ,  i t  sh,>u;r? 

bs remembers? t h a t  ~ r c v c n t i x  i s  b a t t e r  than c u r e  b e c l u s e  i n  

i n t e n s i v ~ ?  c:jntinu3us c u l t u r e  systems, p o t e n t i a l  path.>gens ape 

elwzys rea2y t 3 p m l i f e r a t e .  Th5 r 3u t ine  t c c h c i , ~ ~ e s  of pena;:L,.? 

l ~ r v - l l  rear in ' ;  i n c l u d e  t h e  us? 2f c h l ~ r i n a t i  ;n ~f t h e  r e a r i ~ ~ g  

sy stmis an,-: p r s v e n t i v c  a n t i b i ~ ~ t i c  an$ a n t i f  ungzi  t r ee tmen t s ,  

Ths psnaeid l a r v a l  6 j . s sases  can be  c l a s s i f i e d  under  

(1) l s r v a l  d i s e a s e s  ( 2 )  B a c t e r i a l  d i s e a s e s  ( 3 )  Fungal d i s e a s e s  

( 4 )  Lsryral f ~ u l i n r j  by c i l i a t e s ,  ;2ro-tQgens and -.>ther 

e p i b i 3 n t e s  an5 (5) i 4 u t r i t i . m a l  Ciseases .  

1. V i r a l  d i scasn :  

V i r a l  i n f e c t i 2 n s  appezr  mainly d u r i n g  p 3 s t l s r v e ? l  and 

j u v e n i l e  s t ages .  Two graups  7 f  v i r u s e s  have been i m ~ l i c a t e c ~  

3;..cul:1vl'.rus group ~f v i r u s e s  (e.t .  MBV) or P a w v i r u s  o r  2 

P i co rnav i rus  group fe.g. IHHNV).  The b a c u l o v i r u s  group a f f .  c t s  

t h e  midgut 2nd h e p a t ~ p a n c r s a s  c s u s i n g  remarkable  c y t o p a t h 3 l o g i c . l  

c h a g e s  t h a t  i n c l u d e s  t h e  Trescnce o f  po lyhed ra l  i n c l u s i o n  F,:"ic.s 

(PIS 'S)  i n  nuc leus ,  n u c l e a r  h y p c r t r ~ p h y ,  c h r m a t i c  ? i m i n u t i ~ ~ n  s r , C  

n u c l e o l a r  degznera t ion  i n  t h e  e 2 L t h e l i a l  cells  ~f t h e  he pat,:^- 

pancreas.  E p i z o t ~ t i c s  may occu r  i n  prot ;2zoeal  and mysis 1 arv~l 
i- s tacps .  -he i n f e c t t o m  hypodermsl and hernatrpoet ic  n e c r o s i s  

Vi rus  (HKvV) d3  n,-it normally a f f e c t  the midgut a d  hepatc;.- 

pancreas .  I t ' s  t a r g e t  3 rgsns  i n c l u d e  ec tode rma l ly  de r ived  ( l i k e  

c u t i c u l a r  hyp3dermis o r  epiddrnis ,  c u t i c u l a r  e p i t h e l i u m  and the 

nerve  cgrds)  an? mesodermally cierived t i s s u e s  ( s t r i a t e d  rnu:ic?,z, 

c2nnzc t ive  t i s s u e s ,  hemocytes and hematopoct ic  t i s s u e s ,  

manfiibulsr organ, h e a r t  an?. t h e  gonads) . C e r t a i n  p a t t e r n s  of 

necrl2sis and c e l l u l a r  i n f l m m a t ~ r y  response  a r e  s u g g e s t i v e  r;.f 

IHHN i n f e c t i m .  



Frcventive measures: -- 

Eradira t i , sn  ,sf kn?m IMXV/EV c 3 n t m i n a t s d  s t3cks  i s  

r ?ctm.rnen4ed ?.s t he  p e r f e r r e ?  rneiins ,f c mtr .31 f  2r t h i s  2:s. -- 5.:. 

A l l  t!;e 33ri..e:'ers :oust be c h ~ ~ c k e 2  ",ef?rc tsic.ing t : ; s m  t o  t'qe 

n;_itur=iti?:, f z c i l i t y .  S t r z s s e s  $tie t 2  l-,an,<l ing s s : ~ n  t3 2 . 1 ~  . G r . > : j ' ~  

t h s  este:sl ishxent  -;f -7iral Cisssse .  Therr;f.;rr;, t h e  water ,J ., - .:' 

i n  t i .2  'r-,;?tchr-,~y sl-r>>~ld ?.IZ f r a e  2f t :~xicsnts  -?qiJ. p>?lut . i .n ts ,  

T h i s  x c c r s  i n  l e r v a l  a d   stlarv larval s t s g e s  2f a l l  ;sen?;:i';: 

Un,?er t h c  microsczqe, the f i r s t  t r t x ~ h l e  can be seen i n  gr2t  .:: - 
t"-I'-: f t - r s t s r t s  wi th  a l iquafac t i ,yn  brj t h e  gu t  c i n t e n t s .  

$"Lgee are i n c 3 r n p l ~ t e l y  digeste?. and 3 grcen l iquic!  f i l l s  th..  .:at; 

i n s t e s 2  'of shaped f a e c e s  a s  in h e a l t h y  larvae .  M s c r ~ ~ s i s  ~ f t . . n  

s t a r t s  on zn antennae , s r  il nawly f 3rrnz6 a?nend$ge l i k e  t h e  

urs2ods i n  p m t o z s e a  I11 ?r t h e  p l e o p ~ d s  i n  mysis. Necrzsis 

s t a r t s  a t  t h e  t i p  '25 t h e  z ~ : ~ e n d z g e s  and p rogresses  t,3h7.?rd,c. t 5 . z  

base and the n e c r ~ s k d  area g e t s  rnelanized. Weskened lamz.  

have bmken s e t z s ,  opaquc an? rn,3re 13r less crodee z;ypenFac;. s. 

Dying l a r v a e  a r e  sften reac?y t.2 m x l t  .>r f a i l &  tc: rnoul?, t:-..:. 

c a r a p a c ~  being hsl? back by the necr?sed appendages. Th,- 

a t t a c k  i s  m3rc s e r i , > u s  if i t  s t c r t s  e a r l y  i n  l - l rval  

?evelopnext. F2s t l a rvae  are rclther r e s i s t a n t  t.3 d isease .  

(b)  I n t e r n a l  nec ros i s :  

Narmally t h i s  fgl lows e x t e r n a l  n e c r o s i s  an2 i s  

c h a r s c t e r i s e d  hy the  n e c r o s i s  a t  t h e  r e g i ~ n  of the mgults 
consequent t9 which the larvae cease t~ e a t r  Hepatopancreris -1716 

stomach bec~nme greyish .  Th i s  d i s e a s e  i s  t h e r f 2 r e  k n ~ w n  as  

:grey st;>mach d i s e a s e ' .  P ra toz5ea l  s t a g e  i s  the most .?rsne t: 

t h i s  d i s e a s e  ant! i s  .ntatedl u s u a l l y  s f t e r  a long 2 e r i 3 6  of 

hatchery ' ~ ? e i a t i , ~ n ,  



,'r-v2nti3n and therzpy: 
CC_ 

Dis in fec t ix~n  ~f t3nks 2nZ c h 1 , ~ r i n s t i ~ n  and E i l t r c t i m  

of t h ~  seawater  s u p ~ l y  i s  h e l g f u l  2s e 2reventiv.2 measure. Tha 

u s s  cf t rc l tec?  w t e r  ensures  l a r v s l  r e a r i n g  t3  bcgin i n  o p t i n ? l  

conei t ion ,  b u t  bi3ctar ial  x r ~ l i f z r r i t i ~ n  i n  en i n t e n s i v e  larvc71 

systcm cannot be avoi .2~2.  Evzn t ; i th  a t ~ t a l  d a i l y  water  

exshanTe l a r v s c  k z c ~  t h c  bac ter i s .  i n s i : ' ~  t h s  ,gut .2r ~ ~ X E C ?  3n t,'r.e 

s h e l l :  t h i s  f l 3 r c  can b6 ha rn fu l  on ly  i f  i t s  l e v e l  i s  t ~ 3  hi;;h, 

The a a t i ~ n  of t h e  ? rzv@nt ive  m u t i - a  a n t i b i o t i c  treatment ~3~111' 
A  hen l ezd  t 3  a p a r t i a l  ? z s t r u c t i m  of t h i s  f l 2 r a ,  

Prevent ive  a n t i b i o t i c s  i n c l u f e  stra2tomycin-bip:;nicillfn 

(2pprn) , erythromycin phs3sphata (1 3pn: AP) , T e t r a c y ~ l i n  

eh lorohydra te  (2 micro litrebml), sulphamcthazin ( 3  pgm A P ) ,  

f u r a c i n  (0,l ppm) , c h l ~ r m . ~ h e n i c o l  ?n? furazol idone .  I n  s9ms 

of t h e  ha t che r i z s ,  t h e  r o u t i n e  t r ea tmeq t  f o r  t h e  l a r v a l  r e a r i n g  

use chlormp?ler?icol  an6 f u r a z 2 l i d i n e .  The ~ r c v s n t i v e  2ose i s  

?.dministerud r o u t i n e l y  evcry a l t e r n a t e  day till t h e  p o s t l s r v a l  

(PL5 s t age ) .  Cura t ive  23se i s  q ? l i s d  i n  case  of a::perance ,:f 

~ . ~ c m s i s .  

3. Funqal d i sease :  

The mycotic egcnts  a s s o c i a t e ?  wi th  fungal  a t t a c k s  a r e  

L a ~ a i ? . i u m  sp. Sirki"urn sp and H ; . l i p h t b 3 ~ ,  s?. The s ign  7 f  
"-.- 

c o ~ t ? m i n a t i s n  i s  t h e  i n f e s t a t i g n  o f  dea3 l a rvae ,  Highly b r h n c i - ?  

fungzl  mycolium czn be ssen throughout t h e  b3", whzn observe? 

under t h e  m i c r o s c o ~ e .  E c o l u t i * ~ n  of  t h e  $:'iscase is  f a s t  

(24-48 h r s )  c s ~ e c ~ s l l y  i n  , ? s r ly  l a r v ~ l  s t a g e s  ah6 t h e  t h a l l i  

so3n rep lace  a l l  t h e  t i s s l l e s  3f t h e  l a r v a e  which fgnn spore  

r e s e r v o i r s .  I n  Lagenidium s?, t h e  r ep ro?uc t ive  form is  an cx 

external tube sihl.ch g ives  b i r t h  t o  a spornngium b u t  i n  

S i r . ~ l g i d i u m  s;). spo res  a r e  formed i n  t h e  mycelium i n s i d e  the 
7- 

l a rvse , \  I n f e c t e d  i n d i v i e u s l s  become immobile and s e t t l e  t o  

t h e  bottom. 



Prevzn t ivz  ms2sur:s i n c l u - ? ~  c!;l 3 r ine? t i3n  zn? f il ;r~ ci - ,? 

2f t h e  s caws te r  su72ly. f . lal; ._chits green (0.1399 mg/l) s:ici:C t.i 

t h e  s.$awning t r n k s  c 3 n t ~ i n i n g  t h ?  qravic' f@m?.le i s  3 f f e c i . v ~  i; 

i n h i b i t i n g  i n f e c t i m .  A s  the sprircs r s t t l s  y r i ; - f z r . ?n t i z l l y  or. 

Sea? ag,;s ?r c!>::2 ' ox i i ss ,  it i s  n:2cass?ry t2 remove such 

;-"eczying m - t t e r  from t h e  reer in ,?  tpnks .  Trl>f l =n-R (0-1 rng/:: 

is e f f e c t i v e  i n  c ' ~ s t r ~ y i z g  t h c  z~r3p.3rcs. T r i f l u r a l i n  i s  tfit 

a c z i ~ . e  hi. : c ~ f  i 7nt *sf thz c9rmn~rc ia l  hzr.>icicle TKEFL?C,:-R, 
, .~. 

TG£ 1x1 C38r;s: 

?Jau?l ius  10 C C / ~  
3 

Protozaea  20 cc/m 3 

A 1 1  t h ?  s t ;>gas  ,?f t h e  l s r v n e  cnn bc a f f e c t e z .  The;. :r> 

o f t e n  founc! swimming a r x n ?  t h e  l a r v e e ,  u p n  t h e  g i l l s ,  St.-;..i::.:n 

small  s e t22  o r  f ixed  on t h e  s h e l l ,  C i l i a t e  i n f c c t i x !  i s  
chzracter isec ' ;  by a  m a t l i k e  ap,?erancz 2n the g i l l s  an? q--pen?~.;;.- 

du,?. t~ t h e  s t t a c k m n t  9E s t a l k e d  co lon ie s .  Thzse f o u l i n g  

orgsnisrns are p r e s e n t  most o f  t h s  t ime i n  t h e  r ea r in r ;  msc?ium ena: 

ara not. 3 i r c c t l y  ::-lth2geniz. But t h e i r  ?ccurriati3n 3n t h s  ?>r:i?,.. 

es:?cziall:r on th2 g i l l s  i n t e r f e r c  w i t h  92s  exchengk. Hzavy 
i n f e s t a t i o n  csn  a l s o  a£ f e c t  f e e s i n g ,  

P reven t ive  measures: A 1  wsys ma in t a in  h y g i z n i c  c ,3ndi t i ,3ns ?nf! 

f i l t s r  t h z  incoming s e a w ~ t c r  p r q e r l y .  I;ccurnulztion of o r ~ ~ n l c  
m a t t e r  should n o t  be allowed. 

The b l ack  s t  irn?ch d i s e a s e  i s  n u t r i t i , m e l  i n  3 r iQ in  cn:l 

i s  a s s o c i a t e ?  w i t h  t h e  use  of Chzetoccrps,  The c o n 8 i t i o n  

c h a r a c t e r i s e d  by t h e  presence  ~f  b l a c k  p lug  i n  the stornpch 

o b s t r u c t i n g  t h e  d i g e s t i v e  t r z c t .  T h i s  i s  caus-2. d u e  t o  

iric~xnplate d i g e s t i o n  of a l g a e  an.:' normal ly  s 3 p e a r s  whsn o l e  

Ch.r.,et~c:_s_ c u l t u r e  i s  usad t.3 £see  t h e  l a r v a s .  



2ene3isl ne?.sures: ' 3 . 2  rcxedizi  r.c Tsurns  i n c l u c k  m3nitoring thz  

?.1~z1 , qua l i ty  and ev; lu t i -n  25 th? s l5z l  blx~rn i n  the  l a rva l  

rear ing t a n k s .  Change watar sq? a+? fresh clgaz. 



F r a c t i c a l s  unc'er Br2o?st,?ck 3e -~s lo~rnz ,n t  and -- -- 
snswning e ~ f  penacid shrim2s -L- 

Scsual  2 im.xphi  s m  

Female --- Male - 
R e l s t i v t l y  l e r q e r  than  rnaics 2) i i e l a t i v s l y  sn;il.lc:. >-,n 

Thc s t e - m i t e s  of th'c l a s t  t h r e c  females  

th,j-?sic s>ni:es arr; m~r'ific(!. b) Tj72 .3f t ' ~ : ~  .Fi;-',: 

a s  ' t l : ~  Lycun? ' , ;33ir 2f :>::1~~;73:Js ~r . 
Tho o>rt;-mtil  g m i  531 a l x r t i l r c  TQC? i f  i e <  i n k s  a cop.. l 7 : t  

i s  s i t u a t e d  i n  t h e  przximal orgsn know. a s  ' ?etas).-i,y ' ,, 
~,?~.73rnar? -:f t h e  t h i r ?  l a g  c) The i n t a r n a l  g e n i t z l  

z p e r t u r e  i s  s i t u a t e $  I:? 

2r2ximc.l ,732 mere 2f t'- - 
f i f t h  l e g  

Matu r i ty  s t a g e s  a) s t a q c  1: T a s t e s  l obes  n:jt 

d ~ v e l 2 a c d .  S7ern~ to7 :J> Immature s t zqe :  The o v a r i c s  
n 3 t  f~'3rmcd. t h i n ,  t r n s l u s c e n t ,  un7ign.znted 

b) Staqe 2: T e s t a s  Iz)t-:s and c m f i n e d  t~ t h e  abdonen. 
f a i r l y  devclopec?, E a r l 2  n,?.turlng s t aqe :  The -- - a m -  

c) Staqe 3: Tes t?s  1: :? well w a r y  i n c r e ~ s i n q  i n  s i z e  ~ n d  - 
davel  ope6 t h e  a n t e r i o r  and midcle  l s b e s  

2) S t q e  4: Testes ~ G ~ E S  ~ 3 1 1  develo?ing. The d , x s z L  surfsce 
develo;>ed~ Sgarmat 77,.~.:: l i g h t  y e l l ' m  t83 y e l l ~ w i s h  green 
p r e s e n t  i n  t h e  t e rmina l  La te  rnatu-inq s taqe :  Phe w z r y  - 
arnpoulc. T h i s  i s  t h ~  i s  l i g h t  green  an2 i s  v i s i b l e  

t h r ~ u g h  e x o s k c l e t m .  The f u l l y  mature s tage .  

e) Staqe 5: T e s t a s  1 ,~bes  a n t e r i o r  ane mi+cllz l g b e s  
c ~ n t a i n  ~ n l y  spe,-r;tatszscz f u l l y  developed. 
bu t  n 3 t  7 t h e r  s t a g e s  .)f 

M a t u ~ e  st%: The , w a r y  ?.ark 
s ~ e r m a t o g e n e s i s .  green and c l s a r l y  v i s i b l e  

through e x o s k e l e t ~ n ,  



Spent r. .~m-iari%: D i s t i n 3 ~ i s h a S l e  

f r ~ m  irn;r!aturs v i r g i n  femel3s >niy 

f r o n  the s i z e  ,>f shrirn?. 

Ex:?rnin-: thi? eqnzs c-j;lectz;? fr,3m 

the , w a r y  uni-?cr rnicr~sc?pc.  

E e s t a l k  a b l ~ t i s n :  , ,L - 

2. Carry 3 u t  u n i l s t a r a l  i>ycs t s lk  2 b l a ~ i . m  ~f th?  f e m a l : ~  

by niissing t h e  recl h,-)t 1m:2 0f t h s  Elec*,r,2cailtery ti~r-~i,:l? 
,- , 12 m-i:121e ~f  ti^^ <:yestalk. 

Z l e c t r o  e i ;lculati:m - ,2f saarnc. to.:h2res ,3.n2 2 r s p a r a t i m  >£ 

s;?erm suspens&~ 

Give a mil? e l e c t r i c  shxk ( 6  vr ; l t s )  using electro-zaul:.?r; 

apparatus t o  thz  base .3f t h e  5 t h  p e i r  .sf walking l e g s  ,.'?..n 

t h e  s ~ s s r r i t o ; h , ~ r e s  are i.rnrncdiately ejncul  iltscl. 

Tske out  t k . ~  sparmat~:>hores with the hzlr, ,:)f rl farc1e,~s 7 : - i a '  

i n t r ~ r l u c e  th? s7em;.Ltopizorcs i n t ~  czn zmbryo cup c a n t a i r  &.1:: 

sez~;aater  ( s a l i n i t y  33 ppt, ?ii 8.2) . 
Thn s ~ z r n , a t ~ ~ ' h ~ ~ e s  a r e  nzscer?t&f! t-J r e l e a s a  t h 5  sp%rn., 

This sprm ~ u s p e n s i m  i s  l s t e r  t r z n s f e r r e ?  i n t a  s 53 ml 

bsaker containing sezwater* 

Sclect f enaleswi th  f u l l y  mature ( d i a m x d  sha7ed) ovary. 

F i l l  the  s p w n i n g  tanks  wi th  seawster ,  f i l t e m d  through ? 

53 micron mzsh b o l t i n g  ~ 1 ~ 3 t h .  ACd disoc'ium s a l t o f  EDTA t y  

t h e  spawning media @ 3.1 g per  103 l i t r e s  3f seawster.  

Pmvide  aera t ion.  

3 .  Kee2 the .  sperms i n  t h e  s2awninq tank. Onl-y one spaw-e: i n  

esrrh tsnk.  

4. Cover spmning  tank wi.th a l i d .  



LO. 

Switch ~ f f  l i g h t s  ? u r i n g  n igh t .  

SpswnFng tr?k$?s pi-ce h ~ ~ t w z a n  8.Q1 ,am snr' 2 am.  

Rem3ve s ~ e n t  female in t h e  rn2rnirrg; Return t h e  sams t3  

m a t u r a t i ~ n  tank, Record i t s  length  me-.surerncnts, 

Find out  th.3 f e r t i l i z 2 t i m  r a t ?  unclsr m i c r o s c ~ p z .  

Na of f e r t i l i z s Z  eqqs x 133 = % ------- 
T2tal  ND gf eqgs 

Egg s t a r t  hatcking wi th in  1 2  t3 17 h-jurs c'epznPing upsn 

t h e  m b i e n t  tempersture. 

Count number gf n a u p l i i  by sampling. The l a r v a c  a ra  

c?ispersec? i n  t ~ a t a r  by t h o r x g h  mixing clnc': t h r e e  103 ml 

samples a r c  taken with  t h e  be?ker. The number 3f eggs i n  

ezch sanple  i s  c , ~ ~ n t c d  and the average number i n  133 m l  

ca lcu ls tcd .  

count number 3f unhatched eggs by sam2ling 

C ~ l c u l r ~ t e -  L ~ G  hetching r a t e  a s  f ~ l l 9 w s : -  

~ a t c h i n g  ra te  = N 3  ~f n a u u l i i  hatche? x 130 = % 
No ,>f eggs sy~s-r-med , 

A r t i f i c i e l  insemination: 

Ablate femsiss  

Kzep ab la t e2  females in?ivir?uel ly  i n  2 3 3  1 t?rLks f i l l r d  

with seawater 2nd provided with  a e r s t i m .  

Fezd t h e  zb l s t ed  females with  c l m  mc3t. 

Change e n t i r e  watar c1sil.y i r l  tha t snks  z f t c r  rern3virg 

uneaten f32c3 zn? f c a c a l  g e l l e t s  e t c .  

Pew unablated msture mslzs z l s o  kept  s epz ra t e ly  i n  2C? 1 

:.ank zn2 fed with  clam meat. Change water i a i l y .  

Observe t h e  rnzmlt ing da i ly ,  

A f t e r  nou l -k i~g  c s t c h  s 3 F t  fenal2s wi th  a h a n h e t  an? h s l 2  

wLth l e f t  hand, v e n t r z l  si2.e u?. 



S, A l l 3 w  t h e  fen312 t , 2  r s c s v e r  i n  th; t rough ~f s c a w ? t - r  

vnich i s  , - ~ l : t i n u ~ ~ u s l y  , lerate?,  

10. Release t h e  im;nlsnta'! fernale i n t z  a 250 l i t r e  tenk  fil?aC 

w i t h  se?l~:ztsr, 

!I. Fe.22 t h e  in? lan tcd  fem,:lz c7aii.y :rith cl,:m m a t .  

13. GSserve t h e  f u l l  C?,c;v?lri?rndnt af >TJ2ry wi th in  4 t 2  7 c ' q 5  

a f t e r  i inplantat i?n* 

!4. 9Jhcn f u l l y  rnatur.2, kc-?? t h o  fomcle fqr s~?.~.ni!?g inCivic71. - .! 
i~ s:??vrr,in t anks .  

.5. S?aming t z k s s  p l s c c  a t  n ight .  

-6. R:rn3:re t h e  s2ent  farnzLe t'he n s x t  ~ : s y  sn?  r e t u r n  t r - ,  th2 ST,?: 

t,:nk f r m  where it wis  t?ken, 

7, C ~ u n t  t h e  number 3f n z u p l i i  2nd unhatche? eggs t h ~  nzxt  r'-: ,  

8, C';..lcul ,?te ;:-:: ha tch ing  r a t e .  

VII In  v i t r q  Z e r t i l i z a t i ~ n :  

1. Female shr imps  rnessuring 149 mm 3nZ ~ b o v e  z r e  ke2t 

i n d i v i d u a l l y  for m ~ u l t i n g  i n  339 l i t r e  tanks c,=lnt?ini:iy 

seawster.  

2. Fzw meture n a i e s  a r e  a l s ~  kep t  i n  an2ther  tznk,  

3, Tha shrimps a r e  f e d  l i b i t u m  on clan meat. 

4. Water i n  t h e s e  tenks  was c h ~ n g e e  ez i ly .  

5. N 3 t 3  i f  thers i s  m y  m3ult ing i2  t h e  t anks ,  

6. Tw3 ?ays a f t e r  msui t ing,  u n i i z t e r a l  e y e s t e l k  a b l a t i t > ~ i  of " L z  

m m l t e d  femalzs wzs c a r r i z d  ~ u t .  

7. The f ema lcsma tu re  3 t o  5 Aays a f t e r  z b l a t i ~ n .  

8. The f u l l y  mature fernalss kept for spawning. 



4,  At t h e  t i m e  af spawning, femzles  were caught  an< spawning 

was sto2ned by L i f t i n g  the shrimp o u t  ~f water.  

10, The ov?ry i s  c u t  ?ad t h e  eggs are mixed with t h e  sperm 

s u s p e n s i ~ n  taken in a  53 m l  be3ker. 

11, The egg-sperm susaension is  t r a n s f e r r & .  t o  250 m l  beaker 

c ~ n t a i n i n g  103 m l  of f i l t e r e e  seawater. 

6 2 ,  Thz flask i s  moved rzpicly t o  g e t  wh i r lp so l  mxement  f3r 

n e e r l y  5 minutes. 

13, F e r t i l i z a t i o n  observed 10 minutes a f t e r  mixing eggs  w i t h  

spcrms. 

14 .  Thz f e r t i l i z e ?  ? i d  u n f e r t i l i z e d  eggs  a r e  t r a n s f e r r e d  i n t o  

FRi? t a n k  con ta in ing  50 l i t r e s  9f sezwater.  

15. La rvs s  s t a r t  ha t ch ing  w i t h i n  12-17 h%rs a f t e r  f e r t i l i z a t i j n i  



FA? t::nks of 2 t 5 n n u  7.-1::;~city. 

D i s i n f e c t  wi th  h lezch  i n 7  > x s ~ ? v : r  3 r  cr lcium h-p.,c'r,lori?. 

i7iea:-1 al,? drb  t h e  i-zn';;~, 

F i l t e r  sewzter w i r h  50 rn icrm n y l ? b : l t ,  

F l11  t z n k s  w i t h  f i i t ~ r s s  se?watcr. 

- ~ e r a t i c ? n  - w i t h  ? i f fus iz r  sir st!3nes. 

- Hatching rste 

Est i rns ts  h z t c h  Lnq r a t e  Sy t 3 k i n g  3 r e p r z s e n t a t i v e  
. . 

~L i .<~Ks t  sarn?les ( l Q 0  rn3.) , 

Ex?mine tile gcnerz l  h l a i t h  2f tha l~rvzs. 

'T'ransfzr nau:?lii  i n t o  rsa;i-7 t a n k s  by slp'r:?ni?g 

a f t s r  c .3ncent ra t ing  them by focus ing  i i g h t .  St~ck 

@ 100 n a u 2 ? i i / l i t r e  of w a t e r .  

- :dzter  q u a l i t y  

Mair t a i n  the w a t e r  qua1 i t y  a s  f sl lows:  - 
S a l i n i t y  - 2 7  t o  3 4  ;??t, Ternyerature 26 t o  3 2 . 5 ' C ,  

p H  8 to 8.5, DO 3-8 rnl/l, T s t a l  znnxtia 0 .1  ?pmr 

N i t r i t e  0.05 ??m. 

- Larv?.l s t a g e s  

Naupl ius  - 6 sub s t a g e s  ( ~ 1  t h rough  ~ 6 )  

Staga: N1 N2 N3 N 4  hi5 N6 

Furcal 
s e t a e  l-t.1 1+1 3+3 4+4 6+6 ?<-7 

Size (mrn)0 .28-  0.29- 0.29- 0.34- 3.35- 0.43- 
0.31 C- 32 0.32 3.38 0.41 0-54  



- - r r ; t e z j c  A - 3 s ~ j s t a g ; . , j  c.1- 5: , - ,z l I  Z u 2  .?PC A- .- j O  --- .- 
>" 1: S - l . s s i h  ~ y e s ,  y;st;as ~ p , ?  " j e r , ~ . ~ ; ~ . \ - ~ c  A, i-?3scr?t 

* 

an6 s:3rc'~iran unsqrrtertcr?,  3url"lio 2:: tc r'i3 h~ci. 

S i z e  9.88.-9,31 TIT; 

PZ2 : Cvas s t a l k e d ,  r2s t rum spy?,: :r, f i r s t  5 ~b:?lmin~2l  

scgments  dernarc2tzd, ur3; x: a b s r n t .  D u r z t i n n  

48 t a  7 2  h x r s .  Sizc, 1.43-1.55 mm. 

223 : L J ~ G F ~ ~ !  p r s s c n t ,  t e l s 3 ~  s ~ ; , % r , q t z j  f r 2 m  12st 

e b - f m i n a l  s c q w n t ,  ,"I,3rsal- s p i n e s  ~ r ~ s c n t  or! th': 

f i r s t  5 abcizminal s e j ~ s n t s .  P u r a t i  :.a 2 4  t:, 36 

h2urs ,  S i y e  2 .41-2-73  mm. 

;"sin - 3 s u b s t a g e s .  They a r a  K 1 ,  F12 2nd IJ..?,.. 

I.':? : ia rv ,?e  assurw s ? ? r i m y ;  like s h i i ~ ) ~ ,  r 3 s t r u n  1 ;:ig 15 , - 

c~:r~?s?ci~ minut?  s~c? ;mi r~a l  S ~ l d s  r,n ths f:.rs 5 . - i v ~  

~ S d , x n i n a l  segnsr?ts ,  3 u r a t i ~ n  48 t~ 72 h;u:s. 

S i z e  3.07-3.55 rrm, 

X2 : :-.p~,?armce 5 f  un:i,;i-ccnt~r? plcopoc? buci.s, Dursti.1,: 

2 4  t o  48 h ~ u r s .  S i ze  3.39-3.58 mm. 

M 3  : Devcloprnznt t ~ f  2 s e k y c n t a d  pleo-;:x? h u c ? ~ .  D u r ~ t l  :r1 

2 4  t: 48 h3urs .  Size 3.43--4.17 mm. 

Po: c l a r y a  - R~ostrum w i t h  1 or 2 d:>rsc?l s p i n e s ,  

p l e o 2 o e s  wc?11 devaloped axd s e t ~ e .  D u r z t i o n  

24 t 9  39 hours .  S ize :  4.55-5.25 mn. 
- F2eding 

A t  N6 s tage  a l g c l  wzter i s  i n t r ~ d u c e d  i n t g  t ' . ~  t a n k *  

F (3sd~ng  s t a r t s  a t  prot2zoea 1 s t e g e .  

2zi i:j N 3  s t e g e  - mixed Giatqrns Q 30,330 to 4O,C>;i L 'i'ls.'--l., 

F c e d  4-5 t imes .  

t o  PL5 - 200 rrticrm s q u i l l s  polzrr:er 

PLS t, PL15 - 503 " 
I t  II 

2L3 5 t o  PL20 - 1390 I '  
t l  I t  

Fec:?i2g (-:me 3 ttm,.?s ?$?r r4ay. 

- Viater mansgeacnt 

Start w i t h  103) m d  grac?ui..lly i n c r e a s e  w a t e r  level, 

U p t o  p o s t l a r v s  1 t h e r e  is  n2 water exchznge, e x c e p t  

a i ' C i t i 9 n  of algzl wate r .  



F r m  PL1 to I L 5  da i l y  1/3 q u a n t i t y  gf water  i s  exchanged. 

Fr3m ?L5 t o  PL20, Jn a l t e r n a t e  days 5% water  i s  exchmge(:. 

Use 253 micron mesh f i l t e r  ~ 1 9 t h .  

- ~ a r v 2 1  counts  

Est imate su rv iva l  3f t he  l a r v a e  st I Z l ,  MI, M 2 ,  M 3 ,  P k l  

t o  PL20 by counting 3 a l i q u ~ t  samples. 

Observe l a r v a s  f s r  t i l c i r  3 e n s r l l  b e h c i r i ~ r ,  f s ec ing  

a c t i v i t y ,  h z a l t h  zn? * i sease  inciqsncz,  i f  any, Maintain 

hygienic  cmcli ti ~s i n  tha  hatchery'. Ensure p r . ~ - > e r  

ae ra t ion ,  

Maintain water  qua l i t y .  Bring ~3.3~13 t h e  s a l i n i t y  

gradual ly  from PL3 ts 15-16 p p t  a t  2L26 ,  

- Harvest 

Harvest  by reduct i sn  of water  an;? sc37ging l a r v a e  with 

s tandard measure s t r a i n e r .  Samnls minimum f  ;ur measurss 

t a  e s t ima te  IL20 ;~rgduct i3n.  

- Packing and t r a n s p o r t  

Psck i n  polythcne bags. Psur  6 1 i t . r ~  water  and f i l l  it 

with 02. Stock PL23 O 3,030 n ~ s / l i t r e .  Durinq long 

d i s t ance  t r a n s p r t  in t roduce  a r t emia  n z u p l i i  i n t o  the 

bag t o  prevent  cannibalism. Kec?uce water  bem3erat;zre 

Sy p lac ing  b l x k s  of i c e  i n  s achz t s  i n t g  t h e  bag. 



F3r  feec7ing prawn ln rve ; ,  l a rg , ?  s c a l e  c u l t u r e s  sf 

l ?hy t .3~ lank t sn  i s  Zane i n  t3s h s t c h z r y .  The vari,;us steps 

Fnv~lvec? a r s :  - 
- C n t z i ? e r s  

One tonne  c a p s c i t y  wh i t e  FX; t anks .  

3 i s i n f e c t ,  c l ean  an' ;Jry t h z  c ~ n t a i n e r s .  

- Water f i l t r 8 t i m  
7.' 1 L - -..c:& S ~ C ? W F J C ~ I  , , > , i ~ ' r ~  5,) iniyr4.)l: . 
Z i l l  t h e  t s ~ k  with f i l t e r c d  w ; ? t z r .  

- C u l t u r e  ne?.iun ( f 3 r  one t anne  w 8 t c r )  

ScCiurn n i t r a t e  - i 2  3pm 

2otassiurn 2rth,2phos;?il~te - 3 --- L- i m  

Scx?iurn s i l i c 2 t c  - 6 ppm 

EDTA - 6 3‘7m 

A?d the c u t r i e n t s  i n t s  t h e  FXP t s n k s ,  

- Aera t i3n  

Two a i r  s t g n e s  i n  ons t w k  

- Mainta in  s l l i n i t y  30-34 p t  an,J: t e m 7 e r a t u r ~  2 t  

ambient c ~ n d i t i 3 n .  L i g h t  i n t e n s i t y  a t  

23,009 - 1,20,000 l u x  d u r i n g  day t i m e  i n  

open shed. 

- C e l l  count  

By Haemocyt3neter. T l s c s  1 ml a l g a l  w a t e r  

an:' c3unt  t h e  ce l l s  i n  3 chambers, C e l l  

d e n s i t y  ( ce l l s /ml )  = Rvzrnge c m n t  pe r  
4 chamber x 19 . 

- C e l l  c!ensity of 3-4 lakhs/ml i n  24-48 hours .  

$ i ~ ~ ; ~ e a r s n c e  of golzen br2wn c o l ~ u r  i n d i c a t e s  

maximum ce l l  2 e n s i t y .  



dissolve 103 3 Ua OX in 103 ml distilled watzr. 

t : ~  alg,?l w 3 t e r  an? increzse  the >H t 2  9,4. 

Re~:?vz the se t t l e3  a l g a l  rilass. 3 r i ~ g  ( q ~ v m  - k ~  

of cryo?rstcct?r-.ts lfkz g l y c c r ~ l  or Simethyl 
s u i p n o x i l z  Sef3re freezc d r y i n g  t h e  ~ l g a e .  

F s ~ z e n  a l g ~ ? ~  csn bi; star,;' f.3r 3 m r ~ n t h s ,  



Pre2ara t ion of Micr9-psrt i c u l  a t e  £ 3e?- fr3r prawn 1 arlT 4 

A. Equipments : 1, GrinCer ( ~ u l v e r i z e r ) .  

2. Pressurz do2ker 

3. F 'e l le t izsr .  

4. Dryer ( H J ~  A i r  Oven) 

5. Sieves (133, 200, 539 ane 1930 microns) 

6 .  P l a s t i c  b s s i n s  ( 5 3  1 c h ? ~ c i t y )  

7. Containers f,>r s toraga  

8. Aluminium t r z y  f 2 r  drying the  faa3 

( s i ze  ~f t r s y s  s u i t . . b l e  t*:, tha  c?ryer) 

9. Balance t f 2  weigh 13 kg 

10, Sieve shaker 

Grind the  ingred ien t s  9rswn wzste, g r ~ u n d n u t  cskz, f i s h  

meal, t s . p i ~ c a  i n  t h e  pu lver ize r  pass ing through 3.5 nn s i  J":. 
Weigh the -pwdere? ingredients  arid mix them acc3r+ing t o  :hk 

f ~ r m u l a  for a 5atch  of 5 kg, zn?. thsr>ugl?.ly hgrn,~genis-. i~ .(I 

p l a s t i c  bas in .  AC2 wster  (699 ml p r  kg oE c?ry feed) .:i: qlm.::k\.: 

it i n t o  a c?2ugh. Take th2  ciough i n t o  cooker c3nta i r . s rs  23 ' 

steam i t  f13r 13 minutes w i t h ~ u t  wei , jht  on t h e  cmkar .  Pe l l - t i - z :  

t h e  feed using a 2 mrr, o r  3 rrn c?imet?r  (;Fe 2nd c ? i l e c t  the  

p l l e t s  i n  t r ays .  3 r y  t h e  peller-s  i n  the  2 q a r  a t  7 g ° C  f9 r  

2 4  hours, S tore  t h e  ? r y  p e l l e t s  i n  g,23(?, conta iners .  This  is 

s tock feed. 

Teke a1.i-pots of the st;ck fead 2 ~ c 3 r b i r . ~  t o  t h e  quan t i ty  

requir2d and g r in?  i t  in  thz  p u l v e r i z e r  with2ut  s iev?.  This Can 

a l s o  bz d3ne i n  a mixie. Sieve t h e  mash SQ oSt?in$C through 

these  s i eves  i n  t h e  s i eve  shaker an2 c f ~ l l e c t  t h e  r s r t i c l z s  

pass ing through each s ieve  s e ~ s r 3 t e l y .  Store  t h e  f eei:s i~: 9perly 

i n  polythene bags ke2t  i n  a i r  t i g h t  c ~ n z a i r ~ e r s .  



2 -> D. %An q ;;ram 1 ~ r t ~ a e ~ ~ ~ ~ ~ ~ ~ , m ~ ~ r ~ ~ ~ ~ _ r _ t i c u ~ -  2 ttt3 f -223 : 

Tha l r ? I : , m  l s r v ~ c  zre fa? in the h?,tci-ier7 a?:,: nursery -.:j.th 

---------------------------------------------------".----------- 

s t ; : . ~ ~  l f  i'articl* s i z ~  i u ~ ~ n t i t y  qf Scn??ulc ;ncl t i : , ~ ~  
i i ! r V 2 i  3.c 4z-.,>,; -.- L~..Lt (in fcee, 133 3f fet .3ing 

microns) fed f t 2 r  13875 
1 arvse/c? ay 

233 m g  DiviZ? the  feed i n  
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