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1 . 1  Project Justification 

The or i g in a l  p roj e ct was  e nt it l e d  ' I nt rod uct ion a n d  d e v e l o pm e nt of overse a s  t e c h n o l o gy 
for  product ion -s c a l e  maturat i on  of  p e n a e i d  prawns'. T h e  p roj e ct a rose out of  r e q u e sts 
by  the ind ustry to  so lve  the p rob l e m  of  the u n p re d i cta b l e  su pp ly  a nd f re q u e nt poor  
q u a l ity of Penaeus monodon broodstock c a ptured in  Austr a l i a n waters . 

To a c h i e v e  th i s  e n d ,  and  to e x p l o r e  the  pote nti a l  o f  oth e r  spec ies  fo r  a qua c u ltu re  in  
Austra l i a ,  the  f o l l o w i n g  obj e ct i v e s  w e r e  set : 

(i) to i nt rod u c e  a nd a d a pt overseas  m e t h o d s  fo r  m a t u r i n g  P. monodon a n d  
P. japonicus i n  ca pt iv ity; a nd 

(ii) to  d e v e l o p  m aturat i o n  t e c h n iques fo r  P. esculentus. 

Soon a f te r  the c o m m e n c e m e nt of the proje ct, a d v an c e s  m a d e  ind e p e nd ent ly by  CSIRO 
i n  the  m atu ra t i on  o f  P. esculentus sat i s f i ed  th i s  s e c o n d  o bj e ct ive . As  r e g a rd s  t h e  
m atu rat ion  of  P. monodon t w o  p r o b l e m s  i m m e d i a t e l y  b e c a m e  a p pa r e n t .  The  f i rst , 

f o l l o w i n g  e n q u i r i e s  overse a s ,  w a s  t h a t  there  w a s  n o  ' of f  t h e  s h e l f '  t e c h n o l o g y  
a v a i l a b l e  f o r  t r a n s f e r  to  r e s o l v e  p ro b l e m s  r e l a t ing to  P. monodon b r o o d st o c k i n  
Austr a l i a. S e c o n d l y ,  t h e  h u g e  v a ria b i l ity i n  spaw n e r  p e r f o r m ance  i n  Austra l i a  m a d e  it 
a p p a rent t h a t  i d e nt i f i c a t i on  of  c a u s a t i v e  f a cto rs  w o u l d  r e q u i r e  rese a r c h  on a l a r g e  

, s c a l e . I n  p rov id i n g  su f f i c i ent r e p l i c at i on  to  ens u r e  s i g n i f i c a nt t reatm e nt e f f e cts c o u ld 
be  id e nt if i e d ,  t h is p roj ect w a s  to  b e c o m e  one  of t h e  l a r g e st eve r  c a rr i ed  o ut i n  th i s  f i e l d  

o f  r esea rc h .  

The w o r k  d e s c r i b e d  i n  t h i s  re po rt f a lls i nto  t h e  cate g ory  o f  both ' ba s i c '  a n d  ' a p p l ied ' 
r e s e a rc h .  It b e c a m e  obvio us  v e r y  ear ly  i n  t h e  p r oject  tha t  i m p r o v e ments in P. 

monodon m at u rat i on  were  not  t o  b e  f o u n d  th ro u g h  t r i a l  a nd e r ro r  m od i f i c at i o n s  of  
e x ist i n g  t e c h n i q u e s ,  but  ra the r  i n  a g re ater  u n dersta nd i n g  of the  m e c h a n i c s  of t h e  

m aturat ion  p rocess . By u n d e rsta n d i ng  c h a n ges that  t a k e  p l a c e  in  a p ra w n  u n d e rgo i ng  
ova ry  matu rat i o n ,  i t  was  h o p e d  t h at t h e  p rocesses  i nv o lved c o u l d  b e  m a n i p u l ated  
eit h e r  t h r oug h d i e ta ry i nput or  the  a d m i n istra t i on  o f  h o r m ones . I t  i s  t h i s  l eve l o f  
c o nt ro l  t h a t  i s  r equ i red to not o n ly s e e  improv e m e nts  i n  t h e  re prod uct i ve  p e r f orm a n c e  

of  w i ld c aught  P. monodon but a l s o  t o  m a ke t h e  u s e  of  pond  r e a r e d  b roodsto c k  a 
c o m m e r c i a l  r e a l ity. Us i ng  pond  g r o w n  a n i m a l s  to  s e e d  t h e  next g e n e r a t i o n ,  o r  'c l o s i n g  

the  l i f e  c y c l e' ,  i s  a n e c e ssa ry  ste p  i n  t h e  t rue  d o m e st i c at i o n  of  p ena e id p r a wns . 

The  b roodstoc k  matu rat i o n  a nd hatc h e ry p h a s e s  i n v o lved i n  t h e  c u lt u r i n g  of  
P. monodon are r e c o g n i sed  as  b e i n g  d i f f i c u lt .  I t  w a s  hoped that know l e d g e  of 
broodst o c k  st ress  red u ct i o n ,  d ieta r y  r e q u i r e m e nts a nd the ho rmona l p rocesses  i nvo lved  

i n  ova ry  d e v e l o p m ent ,  w o u ld both  direct ly  a n d  i n d i r e ct ly b e n e f it those  i n  t he  
a q u a c u ltu re  i n d ustry i nvo lved not  o n l y  i n  the  c u lt u r e  o f  P. monodon a n d  P. japonicus 

but  of oth e r  p e n a e i d  s p e c i e s  as w e l l .  
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2. Project Summary 

The  stu d y  tou r  c o nf i r m ed  that  rese a r c h  e m phas i s  on  p e n a e id broodstoc k has  s h i f ted  
f rom m a n i pu l a t i n g  e nv i r o n m e nt a l  p a r a m eters t o  pro m ote ovary  m atu rat i o n . Resea r c h  
e f f orts n o w  t e n d  t o  b e  c o n c e ntrat e d  o n  t h e  d ietary r equ i re m e nts  of  broodstoc k a nd 
ho rm o n a l  c o nt ro l  o f  t h e  m a turat ion p rocess . Desp it e  wor ld-w i d e  a tt e nt i on progress i n  

b o t h  a r e a s  h a s  b e e n  r e l at i ve ly  s low. 

M u c h  of  t h e  w o r k  t o  i d e nt i fy  the  s p e c i f i c  d i eta ry  r e q u ire m e nts  fo r  b roodst o c k  pra wns  
h a s ,  unt i l  r ecent l y ,  i nvo lved  a process  of t r i a l  and  error . Und erst a n d i n g  the  n ut r it i o n a l  
r e q u i re m e nts of  b roodst o c k  is  c o m p l ic a t e d  by t h e  f a c t  that ,  i n  a d d it i on  to  the  n e e d s  
of  t h e  ova ry  d u r i n g  m aturat ion ,  g rowth a nd t i ssue  ma int e n a nce  n e e d s  m ust a l s o  b e  
m e t .  S i m i l a r l y ,  t h e  w ork  on  horm o n es i s  a n  area o f  great  c omp l e x it y .  I t  i s  o n l y  w i th  
a d v a n c e s  i n  t ec h n iq u e s  such  as  i m m u n o a ss a ys and pept i d e  e xt ract i on  that  t he  d e g r e e  
of  inte r p l a y  between h o r m o nes i n v o l v e d  i n  t h e  cont ro l  of  p r a w n  reprod uct i on  h a s  

b e c o m e  e v id e nt .  

The  stu d i e s  o n  t he h o r m o n a l  cont ro l  o f  o v a r i a n  d ev e l o p m e nt i n  p e n a eid praw ns ,  c a r r i ed  

o ut a s  p a rt o f  th i s  p roject , h a ve p rov i ded i n f o r m a t i o n  cons idered essent ia l  p r i o r  to  
e m ba r k i n g  o n  f u l l  sca l e  resea rch  i n  th is  a rea . As a res u lt o f  t h is p roject the  ro les 
p l ayed by the t w o  m ajor  ho r m o ne g r o u ps ( s t im u l atory a n d  i n h i b i tory ) a nd their m odes 

, of a ct i o n  h a v e  bee n  better def i ned  g i v i n g  d i rect ion  to f utu re  r e s e a r c h .  

I n  a d d it i o n  t o  t he st u d i es  assess ing  t h e  e f f e ct o f  va r i ous  h o r m o n e  extracts ,  a n u m b e r  
o f  s tud ies i n  t his p r oject exa m i ned t h e  e f f e ct o f  u n i l a te ra l eyest a l k  a b l a t ion  o n  
re prod u ct ive per f o r m a n ce a nd brood sto c k  t i ssue  c o m pos it i o n . T h e  p ra ct i ce of  ey esta l k  
a b l a t i o n  to  i n d u ce o v a ry development  i n  p r a w n s  represents a c r u de f o r m  o f  horm o n a l  
m a n i p u l a tio n .  A b l a t i o n  w orks b y  red u c i n g  t h e  level o f  v ite l l o g e nes i s  inhibiting  ho rm o ne 

(VIH ) . R e s u lts  i n d i c at e  that  V I H  e it her d i r ect ly  or i n d i r ec t l y  h a s  a n  eff ect  o n  
p rev it e l l o g e n i c  o v a r i e s . T h i s  is  cont ra ry  t o  p u b l ished  m o d e l s  w h i c h  propose t h a t  a d r o p  
i n  VIH is  o n ly ef fective  o n c e  ovar ies h a ve u n derg o ne ea r l y  ( p r i mary vitel logenes i s )  
sta ges o f  devel o p m e n t .  

Res e a r c h  o n  t he d ieta r y  requ irem e nts  o f  Austra l i a n  P. mono don f o c ussed o n  the 

b i oc h e m ic a l  c o m p o s it i o n  o f  both pot e nt i a l  f o odstuffs  a nd broodstoc k t i ssues d i r e ct ly 
i nv o l v e d  w ith  re p rod u ct i o n . V is i ts t o  overs eas  l a borator i es  h i g h l i ghted t he pro b l e m s  
assoc i a ted  w it h  s tud ies i nvo l v i ng  b i o c h e m i c a l  a n a lys is . Prel i m i na r y  w o r k  fo r  th i s  
p roject  s h owed that  P. monodon t i ssues  were  h i g h l y  va r i ab l e  i n  t he i r  bioc h e m i c a l  
c o m pos it i o n ,  a nd t h a t  t o  be  a b le to  assess  s i g n i f i c a nt t reat m e nt e f f e cts a l a r g e  n u m ber 
o f  r e p l i ca tes  w e re requ i re d . E f fort w a s  t here fore put i nto s e l e c t i n g  and ref i n i n g  
tec h n i q ues to  e n s u r e  a h i g h  degree  o f  a c c u r a c y  and  cor re ct  inte rp retat i on  o f  resu l ts. 
Te c h n i q ues w e r e  a l s o  m od i f i ed  to  e n a b l e  e f f i c i e nt h a n d l i n g  of t he l a r g e  n u m be r  o f  
s m a l l  s a m p les w i t h hig h water c o n t e nt . 

To d et e r m i n e  the i r  p ot e nt i a l  as  i n gre d i e nts  i n  b roodsto c k  d iets ,  n ut r it i ona l c o m pos it i o n  
w a s  a s s e s s e d  f o r  a r a n g e  of  natura l m a r i n e  f oods t h a t  a r e  a v a i l a b l e  i n  Austra l i a . M ost 
f oodstuf fs  w e r e  f o u n d  t o  have  s i m i l a r  e ss e nt i a l  a m ino  a c id prof i l e s  a nd the refore w e re 

l i k e l y  t o  b e  equ a l l y  a s  good  as  p rote i n  s o u rces . Fatty a cid c o n c e ntration  va r ied 
s i g n i f icant l y  a nd h e n c e  l i p i d  qua l ity  d i f f e red  a m o ngst the  f o odst u f f s. On the  bas i s  of 
q u a l ity a n d  co n c e nt ra t i on  of  prote i n  a n d  l i p id , s q u id and  g ree n l i p  m u sse l were s e l e cted 
as b a s i c  i ng re d i e nts f o r  a f resh/froz e n  b roodstock d i et .  
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Mu c h  of  t h e  subse q u e nt work  o n  d i etary r e q u i r e m e nts focusse d o n  f atty a c id s .  I t  w a s  
d ete r m i n e d  t h a t  t h e  rat ios of  m a n y  fatty a c i d s  i n  t h e  ovary t iss u e  r e f l e cted  m ate r n a l  
d ie ta ry  i n ta ke. Compos it i o n a l  c h a nges  occur r i ng  i n  t h e  ovary, e g g s  a n d  non - f e e d i n g  
l a rva e ( that  i s  u p  to the  f i rst zoe a l  sta g e ,  Z1 ) w e r e  measured  t o  e x a m i n e  t h e  patte rn  
of f a tt y  a c id usage .  The pote nt ia l  contr ibut ion  of the  ovary  to the  e n e r g y  n e e d s  of t h e  
p r a w n  p r i o r  to  t h e  onset of  ova ry d evelo p m e nt was cons id e r e d  i m port a nt .  Through 
s ta rvat i on  tr i a l s  it was s h o w n  that  the  ovary d oes  p l ay  a m i nor  ro l e  a s  a stora g e  t i ssue. 
T h e  ova ry's c o ntr ibut ion  of  fatty a c ids was  found  to be s e l e ct ive a nd t o  r e f l e ct t h e  
r o l e s  t h a t  the  var ious  fatty a c i d s  p l a y  w ith i n  the  ovary t iss u e. 

T h e  f atty a c i d s  of greatest i n te rest were  a rach i don i c  ac id  ( 2 0 :4n- 6 ) , e ic osa p e nt a n o i c  
a c id ( 2 0 : 5 n- 3 )  a nd docos a h e x a n o ic ac id  ( 2 2 : 6 n-3 ) .  W h i l e  a l l  t h r e e  a r e  a p pa rent l y  u s e d  
i n  m e m br a n e  structure a n d  a s  stora ge prod ucts i n  the  ovary, 2 2 : 6 n- 3  m a ke s  t h e  
g r e atest c o nt r ibut ion  to  t h e  e ne rgy  requ i re m e nts o f  the  prawn a nd of  the  d e v e l o p i n g  
l a r va e .  Fatty a c i d  2 0 : 4n -6  s e e m s  more i m p orta nt as  a m e m br a n e  c o m pone nt t h a n  a s  

a n  e n e r g y  source ,  w h i l e  2 0 : 5 n- 3  i s  im porta nt  fo r  both . 

T o  h e l p  a cc o u nt fo r  t h e  h i g h  l eve l s  of  v a r i a b i l ity i n  b roodstock  s urv iva l a nd 
re prod u ct i ve  p e rfor m a n c e ,  c onside ra t i on  w a s  a lso g iven  to the  e f f e ct of stress d u r i n g  
c a pt u r e  a nd h a n d l i n g. I o n i c  c h a nges  w e r e  s h o w n  t o  be a g o o d  i n d i c ator  o f  stress i n  
p e nae id  b roodstoc k .  Res u lts  conf i rm that  l e n gt h  o f  t ra w l  t i m e  a n d  m o u lt sta g e  a f f ect 

, i n i t i a l  st ress l e v e ls of broodstock prawns . Stress d u e  to tra w l ing r e m a i n e d  h i g h  d ur i n g  
t h e  h o l d i n g  pe r iod on board the  boat ,  b u t  i t  w as f o u n d  that  cu r re nt  m ethods  of  p a c k i n g  
a nd tra n sport a re  not a m ajo r  ca use o f  stress i n  broodstoc k .  W h i l e  stress  l e v e l s  show 
pos i t i ve  c orre l a t ion  w ith  broodstock  d e ath  soon  after  a r r i va l  a t  ha tche r i e s ,  the  
r e l a t i o ns h i p  betw e e n  stress l e v e ls a nd the  re prod uct ive  pe r fo r m a n c e  of f e m a l e  p r a w n s  
i s  yet  to  be  d et e r m i n e d . To m i n imise the  str ess that p r a w ns a r e  s u bje cted to t h e  
o pt i m u m  t ra w l i n g  t i m e  a nd h o l d i n g  p e r i o d  p r i o r  to p a c k a g i n g  a r e  c u r r e n t l y  b e i n g  

i nvest iga ted . 

W h i l e  t h e  major ity of  t h i s  work  was ca r r i ed  out  on  Penaeus monodon, a second  
s p e c i e s ,  P. japonicus, i s  a l s o  c u ltu red  i n  A ustra l i a . I t  i s  o n l y  r e c e nt l y  ( 199 1) w ith  
i m prove m e nts i n  packag ing  l i ve  P. japonicus fo r  exp ort to  J a p a n ,  t h a t  c u lt u r i n g  t h i s  
s p e c ies has  become pop u l a r . I t  was pre d i cted  that  w ith  i n c r e a s e d  ha tche ry  d e m a nd 

f o r  b roodstock ,  and  on ly  o n e  s m a l l  popu l a t i on  of w ild P. japonicus a v a ila b l e ,  a r e l i a n c e  

o n  p o n d  r e a r e d  broodst o c k  would soon d e v e l o p .  With th is i n  m i n d ,  a st u d y  w a s  
c a r r i ed  o ut to  assess the  re p rod uct ive  c a p a city of p o n d  r e a r e d  p ra w n s .  R esu l ts h a v e  
show n that w h i l e  m a t i n g  m a y  be a p rob l e m  i n  t anks, t h is c a n  b e  i m proved  by  

s u p p l y i n g  a s a n d  su bstrate ,  or  can  be avo ided  by us ing  m ated f e m a l e s  f rom t h e  pond  
(where  m at i n g  success  is  h i g h ) . The  use of pond rea red  brood sto c k  a pp e a rs to  b e  a 
c o m m e r c i a lly vi a b l e  p ropos i t ion  fo r  P. japonicus hatcher i es .  

T h u s ,  t h e  proj e ct has  m a d e  s i g n i f i cant cont r i b ut ions to the  body  of  i n f o r m at i o n  e x ist i ng  
o n  p e n a e id broodstock m atu rat ion . Wh i l e  f urth e r  rese arch  i s  n e e d e d ,  a c o n s id e r a b l e  
a m o u nt of  the  i nfo rmat ion  c o m p i l e d  h e r e  h a s  d i rect  a p p l i cat ions . I nf o r m a t i o n  o n  the  
d i et a r y  r e q u i r em ents is  n ow b e i n g  used to  m od i fy  the  soft p e l l e t  m atu ra t i on  d i et  
c u rr e nt ly  b e i n g  tr i a l e d  a t  BIARC . The resu lts f rom ho rmona l  s tu d i e s  have d i r e cted  
o n g o i n g  resea rch ,  wh i l e  t h e  i nfo rmat ion  o n  st ress  reduct ion  i n  b roodstoc k a nd o n  the  

m aturat ion  cond ition s  fo r  pond  r ea red P. japonicus have  been  made  a v a i l a b l e ,  t h rough  

n e w s le tt e rs a nd p u b l ica t i o n s ,  d i rect ly  to t h e  i n d ustry . 
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3. Overseas study tour o f  prawn m aturat ion res earch fa ci l ities 

3. 1 Aims 

The a im of v is it ing a num ber of overseas  resea rch  inst i tutes w a s  to d eterm i n e  the  
c urrent d i rections of research  i nto p rawn re prod uct ion  a nd to deta i l  t he  m ethods  
e m ployed by  these  i nstitutes. The  est a bl ish m e nt of  colla borat ive  l i n ks w a s  also 
cons idered to be v it a l  to the successf u l  d evelopment of the BIARC praw n m aturat ion  
project. Research o n  the contro l  of  re product ion was  obvi o u s l y  m o v i ng i nto t h e  r e alm 
of h igh te chno logy a nd the pro m pt n ot i f i cat ion  of  any s i g n i f i c a nt a d v a nces  would s a v e  
b o t h  t ime  and m o n e y  by prevent in g  the  d u pl icat ion  of resea r c h  a n d  ensu r i ng  t h e  use  

of the  latest tec h n i q u e s .  

3 . 2  Outcome 

Knowled ge  g a i n e d  f rom the  stu d y  tour  con f i rmed  t h at r ese a r c h  i nto  t h e  c ontrol of  
rep roduct ion  i n  p e n a e i d  pra w n s  was concentrating on two m ajo r  a reas : 

(i) broodsto c k  n ut rition  

, (ii) horm o n a l  m a n i p ulat ion  

It was  la rge ly  cons ide red that  opt i m u m  e nv i ron m e ntal  p a ra m eters  fo r  t h e  c ultu r e  of 
tra d it i ona l  a q u a c ulture  spec ies ,  i nclud i n g  P. monodon, h a d  b e e n  est a bl i shed  a nd that  
w h ile these pa ra m eters  could b e  r e f i ned , t h e  m ost prof o u n d  i m prove m e nts to  
b roodstock m atu ra t i on  wou ld  b e  g a i ned t h r o u g h  n ut r i ti o n a l  i m p rov e m e nts  a nd 

ho rmonal m a n i p ulat i o n . 

3 . 2.1 Broodstoc k n utrition 

F ol l ow ing  the  stu d y  tou r  it  was  c o n c l u ded tha t  t he d i eta ry  req u i rements for  p e n ae id  
broodstock were yet  to  be  deter m i n e d . V is its  to Ka g o s h i m a  U n i v e rs i ty, J a pa n  ( Dr 
Tes h i m a  and Dr  Ka n az a w a )  and Texas A & M Un ivers i ty Expe r i m e ntal  Stat i on , USA ( Dr 

Lawrence )  ver i f i ed  t h at art i f i c i al m atu ra t i on  d i ets g a v e  i n f e r io r  r e s ults to the  c o m m only 

used but relat ively i nconven ient f r e s h  f e e d s .  I t  was esta b l i shed  tha t  the m ost c o m m o n  
a pproa ch  t o  d e v e lop ing  a su ita ble a rt i f i c i al d i et w a s  t o  exa m i n e  the  c o m p os it i on  o f  
praw n  t issues  ( i n  part icular  t h e  o v a r y )  a n d  r e p l i cate  t h is i n  t h e  m atu ra t i on  d i e t .  
A l te rnat ively,  a n d  e q u a lly popu l a r ,  w a s  t h e  t e c h n i q u e  of  a n a l ys i n g  t h e  natu ral f o odstuf f  
of  the  broodstock  and us i ng  th is t o  fo rm the  bas is  of  an  art if i c i al d i et .  These  two 
m ethods had m et w ith  some success  a n d  resulted i n  the  d evelopme nt of a rt i f i c i al d iets 
that could replac e  a pe rcenta g e  of  the f resh  d i e ta ry  c o m pone nts . 

To better und ersta nd the d ietary r e q u i r e m e nts of pe n a e id b roodstock, a nd to e v a l u ate 

w hat role they m a y  pla y  i n  reprod u ct i o n ,  Tesh i m a  a nd Lawrence  w e r e  both s u perv is ing  
m ore fundamenta l  researc h .  The i r  work  involves the  m a n i p ulat ion of prote i n ,  l i p id  and  

spec i f i c  fatty a c id levels i n  d i ets  t o  assess the i r  e f f ect o n  reprod u ct ive  perf o r m a n c e . 

Optimum prote in  l e v els were est i m ated  t o  be  betw e e n  5 5  % a nd 6 0 % and  l i p id  lev els 
between 1 0 % a n d  1 2 % on  an  org a n ic d ry m atte r  bas i s . The f atty a c i ds  f o u nd to  be 
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essent i a l  for  praw n g rowth were a lso cons ide red to be  of great  im port a n c e  i n  the  
broodst o c k  d i e t .  

As a res u lt o f  the  study tour i t  was  dec ided  that  to benef it the  i nd ustry i n  the  s hort 
term it was necessary to f i rst esta b l ish  the best f resh d i et ava i l ab l e  to  hatchery 
operators in  Austra l i a . At the same t ime it was considered i m portant to c a rry o ut m ore  
fund a m e nta l  rese arch  to i dent i fy p rawn d i eta ry  requ i re m e nts and appropr iate l e v e ls of  
inc lus ion  for  the f uture formu lat ion of an  a rt if i c i a l  d iet .  I t  was  h oped that  th is  d u a l  
approac h  would s e e  a n  i n it ia l  im provem e nt in  reprod uct ive p e rfo rmance  thro u g h  t h e  
use o f  a better  comb inat ion o f  fresh feeds  t h a n  w a s  current ly used b y  t h e  ind ustry ,  
fo l lowed by a grad u a l  rep lacement of  the  f resh feeds w ith a h igh  q u a l ity a rt i f i c i a l  d i e t .  
The  knowledge  ga ined  through the  more fundamenta l  rese a rch  o n  the  t ransport and  
stora g e  of nutr ie nts i n  broodstock prawns was a lso cons id e r e d  i m p orta nt to  the  
und erst a n d i n g  of t h e  ro l es  that  horm ones p l ay  in  contr o l l i n g  ova ry  d e v e l o p m e nt .  

3.2.2 Hormonal manipulation 

It was f o u nd that  rese a r c h  on the hormon a l  c ontrol of r e prod u ct ion w a s  d iv i d e d . Work  
be ing  c a rr i ed  out  a t  The  Nat iona l  Univers i ty of S inga pore (Dr  K h oo)  a nd at  t h e  Nat iona l 
Rese a r c h  I nst i tute of Aqua c u lture  in  M i e ,  J a p a n  ( Dr Yano ) , w a s  f o c used  o n  t h e  use  of 

, st imu latory hormones to induce maturat io n .  I n  contrast,  l a borator ies vis ited at the  
Un ivers ity o f  Ca l iforn ia  (Dr  Chang ) ,  and the  University C o l l e g e  of  North Wa l e s ,  U K  ( Dr 
We bster) , were  invest igat ing the  ro le  p l ayed  by  i nh ib itory ho r m o nes  wh ich  prevent the  
onset or comp let i on  of ovary maturat i o n .  From the  study  tour  there  was  strong  
ev id e n c e  to  s u g gest that  both stim u latory and  i n h i b itory ho rmones  w e r e  i nvo lved  i n  

prawn re prod uct ion . 

I n  l i ght of  these f i nd ings it was d e c i d e d  that  the  proj e c t  s h o u l d  i n c l u d e  h or m one  
research  as pa rt of the  work  a imed at  i m p rov ing the  cont ro l  of  p rawn re prod uction . 
I n it i a l  work  wou ld  ta ke a more app l i ed  a p proach and b e g i n  b y  ve r i fy i ng  Yano 's  recent 
f i nd i ng  that  the  i m p l a ntation of thora c i c  g a n g l ion and bra i n  extra cts of l obst e rs into 
penae id  broodstock st i m u lated gonad g rowth. I f  th is  g o nad st i m u l a t i ng  h o r m o n e  
( G S H )  c o u ld be  shown to  b e  effect ive i n  c ontro l l i ng  maturat ion  i n  P. monodon i t  wa s 

then  p l a n ned to i so la te  and pur i fy the com pound i n  p repa rat ion for i m p lantat ion  a nd 
dosa g e d eterm i n at io n .  It was the op in ion of  Khoo,  Ya n o  a n d  C h a n g  that  i n  p ract ic a l  
terms,  the  u s e  o f  a stim ulatory horm o n e  i m p l a nt t h a t  re l e ased a c o m p o u n d  wh ich  
acted d i rect ly  on  the  ovary wou ld  b e  p re fe rent i a l  t o  w orki n g  w it h  a n  i n h ib itory 
horm o n e .  

T h e  tr i p  also reve a l ed  that a large body o f  resea rch was b e i n g  ca r r i ed  o ut o n  t h e  broad 
f ie ld  of  c rustacean  neuropeptide hormones .  The 'Euro p e a n  Netw ork of La borator ies ' ,  
which or i g i na l ly ga ined research fund ing b e c a use o f  the  p roposed use o f  ho rmones  a s  
insectic ides, sees itse l f  a s  having made s ign i f i cant advances  i n  t h is f i e ld . A s  a resu lt, 
hormones involved in the inh ib it ion of reprod uct ion a nd m ou lt ing in crustac e a ns have  
rece ived a great dea l  of attention. The  top  pr ior it ies of th is  research  are to und erstand 
the r e l at ionsh ip  between the mo lec u l a r  structure  of neur o p e pt i des  and the i r  
phys io l og i ca l  s i g nif i cance and then t o  d et e r m ine how thes e  p e pt i d e s  c ontro l  
phys io log ica l  processes with in  the a n im a l .  
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Thus t h e  work  on inh i b itory h o r m ones is h i g h l y  theoret ical , a s  ta rget  t issu e s  and 
hor m o n e  inte ra ct ions  have  y e t  to be c l e a r ly est a b l ish e d . The r es e a r c h  i n v o l v e s  p e pt ide  
e xtr a ct i on  a nd s e que nc ing  c o m b ined  w i th  b i o assays  and ELISA i m m un o a ssay  
t e c hn i q u e s .  Desp ite  the  inh e r e nt d if f i c u lt i es  of  r esea rch  at th is  l eve l ,  t h e  c ontro l  o f  
r e prod u ct ion  i n  prawns through the  m a n i pu lat ion of  inh i b itory h or m on e s  such  as the 
Gona d  Inh i b it ing Hormones (GIH), re m a ins a v i a b l e  opt ion. Accord ing to  Dr Webster, 
'one poss ib le  app l i cat ion of the work ( a lt h ough a d i stant a im) , would  be t o  use so l i d  
phase  ant ibody imp l ants in  cultured prawns. These  w o u ld b ind c i r cu l at ing GI H and thus 
red u c e  circu lat ing t itres' .  Dr Chang adds that 'd e s p ite  the compl e x ity of the  e nd ocrine  
syste m ,  it is  c e rta i n ly  poss i b l e  t h at a s i ng l e  e n d oc r in e  factor ( h o r m on e )  may regulate 

y o l k  product ion '. 

It w a s  t here fo re  d e c i ded  tha t ,  i n  conjunct i on  w it h  e xa m in i n g t h e  r o l e  of  st im u l atory 
h o r m ones , the  proj e ct w ould b e ne f it f rom rese a r c h  into the  i n h i b i to ry  n eur o p e pt ides  

invo lved  i n  p raw n  re prod uct io n .  Rathe r  than  e m b a r k i n g  on res e a r c h  o f  t h i s  sca l e  a l one  
it was  c ons idered  that deve lop ing  strong c o l l a b orat ive  l i n ks with Dr  We bste r  and  h is 
te a m  w ould b e  a d v a nta g e o us .  With the  a v a i l a b l e  expe rt ise ,  B IA R C  w ould  in it i a l l y  

c on c entrate  o n  im prov ing  b i o a s s a y  techn iques suc h  as  in vitro t i s s u e  culture w h i lst  

a l s o  d e v e l opi n g  s o m e  e x p e rt ise in  the s e q u e n c i n g  o f  pe pt id e s a nd be c o m i n g  fam i l i a r  
w it h  t e c h n i q u e s  u s e d  at  the  U n ive rs ity  C o l l e g e  o f  North Wa l e s . H a v i n g  r e f i n e d  the  
b ioassay  methodo logy ,  B IARC w o u ld t h e n  b e  i n  a p osit i on  to  assess t h e  s p e c i f i c ity  of  

, e xt ra cted c o m pounds  and he lp  estab l ish the i r  m o d e  of a ct i o n .  

T h e s e  b road  a r e a s  o f  rese a r c h ,  the supp l y  a n d  m o b i l isat i on  of d i e t a r y  n ut r i ents a n d  the  
d ev e l o p m e nt of  t e c h n iques  for  ho rmona l  cont ro l  o f  m aturat ion ,  d i ctated  t h e  d i rect ion 

of  t h e  p rawn m aturat ion  pro g r a m  at B IARC . 
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4. Hormo n a l  contro l  of ovarian d e velopme n t  in  p e n aeid p rawn s 

4. 1 Introduction 

Dur ing the overseas stud y  tour it became c l ea r  that there  were two m a i n  a reas  in 
prawn m aturat ion research that had the pote nti a l  to e n h a n c e  ovar i an  d e v e l o p m e nt (see 
sect ion 3). The f i rst was broodstock n utr it i on  and  t h e  second w a s  hormone 
m a n i pu l at ion . As a resu lt of the study tour ,  i t  was  d e c i d e d  to i n it i a l l y  f o c us the 
hormone  research on the f a ctor conta ined  i n  neu ra l  t issue which st i m u lated ovar ia n 
deve lopment i n  prawns . I f  th is  st i m u l atory e f fect cou ld  b e  d e m o nstrated the  next 
log ica l  ste p  wou ld  be to f ract ionate  the neu ra l  t issu e  us i n g  h igh  pressure  l i qu id 
chrom atogra phy ( H PLC)  a nd us ing  a b ioassay ,  d eterm i n e  w h i c h  f ract i on  c o nta i n ed the  
ovary  st i m u lat ing  pept id e s .  

4.2 Stimulatory neural  pe ptide s  

4.2.1 Background 

, Otsu a nd Hanoaka ( 1 9 5 1 )  f irst postu l ated that a f a ctor prod uced by  t h e  c e ntra l 
nervous system of d eca pod crusta ceans prom otes ovar i an  g rowth . They  o bserved 
that ova r i an  we ight i n  i m m ature fem a les of the crab Po tamon dehaani d id n ot increase  
after  eyesta l k  remova l  a nd conc luded that a st i m u l at i ng  f a ctor was  n e cessary for 
ovar i a n  d eve lopment .  S i nc e  then  seve ra l  i nvest i g ators have  re ported that  a d d it ion  of 
thorac ic  g a n g l ion stimu l a ted  precocious vitellogensis in vitro (Otsu,  1963; Gomez, 
1 9 6 5 ; O ya m a ,  1 9 6 8 ; H i nsch  and  B e n n et ,  1 9 7 9 ) . Ya n o  et  al. , ( 1 9 8 8 )  showed  that  the  
v ite l l ogenes is  stim u l at i ng  hormone (VS H )  r e l e a s e d  f rom Homarus americanus neu ra l  
t issue i s  not spec i es  spec if i c .  Thora c i c  g a n g l i a  f rom lobsters w ith v ite l l o g e n i c  ovar ies  
st i m u lated v ite l l ogenes is when  i m p l a nted i nto i m m ature  prawns Penaeus vannamei. 

Cyto log i c a l  stud i es  on t h e  n e urose cretory cells of the  tho rac i c  g a n gl i on  h a v e  shown 
a corre lat ion  betw e e n  secretary act iv ity a n d  s e as o n a l  deve l opme nt of  the  ovary  

( M atsu m oto,  1 9 62; Babu e t  al., 1 9 80 ) . 

Har ( 1 9 9 1 )  found that c rude  thorac ic  g a n g l i o n  extra cts f rom spent s p a w ners w e re 

i nef fect ive  i n  st i m u lat ing  v itel l ogenes is  i n  i m m ature  eyesta l k  - a b lated o r  n o n  a b lated 
Penaeus monodon. However ,  M o h a m ed and Diw a n  ( 1 9 9 1 )  found that the  m ajority of  
neu rosecretory c e l ls i n  the  thora c ic  gang l i a  of s p e nt Penaeus indicus were sti l l  i n  the  
se cretory phase and  pre s u m a b ly  shou ld  sti l l  be  r e l e as i ng  VS H . In vitro stud i es  have 
i nd i cated that  VS H r e l e ased  from neura l  t issue a f fects the  ovary d irect ly  (Ta kayanag i  
et al. , 1 9 8 6 ) ,  b ut i t  is not  know n whether  the  hormone  a cts d i rect ly  o n  oocytes o r  
ca uses f o l l i c l e  c e l ls to s e crete a sec ond m aturat ion  f a ctor .  Ku lka rn i  e t  al. , ( 1 9 9 1 )  
found that the add it ion of  bra in ,  suboesophagea l  gang l i on  or thorac i c  g a n g l i on  t issue 
to the  in vitro c u lture of Procambarus clarkii ovary resu lted in  a s i gn if i c a nt increase in 
prote in  synthesis i n  the organ. The rate of prote i n  synthesis was h igher  in ovary  t issue 
i ncubated w ith bra i n  t iss u e  than in  ovary t iss u e  i ncu bated with other  n e u r a l  t issue . 
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4.2.2 Methods and d iscussion 

To m e a sure the ef fect of neu ra l  t issue on ovary  deve lopm e nt in vitro a b ioassay 
system had to be deve loped . I t  was dec ided that the  best non isotop ic  m ethod wou ld  
be based around the i n crease i n  s ize  of  oocytes in vitro . Mud c rab  o ocytes (Scylla 

serrata) were used i n it i a l ly as each  fema le  prod uces  large num bers of oocytes wh ich  
are eas i l y  separated and  hence  c a n  be  accurate ly  measured und e r  a m icroscope  to 
d eterm i n e  if growth has  occurred .  Because oocytes had to b e  c u ltured  f or 72 h ours 
to obta in  adequate growth a med ium capab le  o f  s usta in ing  the oocytes d ur i ng  th is 
per iod  h a d  to be  deve lope d .  After tr i a l i ng  fou r  d i f fe rent types o f  m ed ia a m od if i ed  
Reddy-Wyatt insect t issue culture med ium (Ta b le  4 . 1 )  was found to  be  super io r  a nd 
was used for  further  work .  Unfortunate ly ,  it w a s  f ound that d ur i n g  the  72 hour  
i n c ubat ion a n u m ber  of  oocytes d i ed ,  but u nd e r  the  m icros c o pe these w ere 
ind ist i ngu isha b le  f rom l ive oocytes . Because th is  i ntrod uced a b ias in  estimat i n g  
growth i t  beca m e  necessary to deve lop  a m ethod wh ich  d iffe rent iated l ive a n d  d e a d  
oocytes . After  research ing  severa l  a lternat ive m ethods a s i m p l e  sta i n i n g  protoc o l  t o  
dete rm ine  t h e  state of the  oocytes w a s  d e v e l o p e d  (Tab le  4 . 2 ) . Those  oocytes a l ive 
at the  e nd of the  72 hour  c u lture per iod were  sta ined  and  m e a s ured . Afte r  a 
satisf acto ry b i oassay h a d  b e e n  d e v elo pe d , bra i ns  (ce r e b ral g a n glia) f r o m  v i te llo g e n ic 
crabs were  added  to c u ltures of  oocytes to d ete rm ine  if , as the  l ite rature  s u g g ests,  
oocyte  g rowth would occur . I t  was subs e q u e nt l y  found that the  a d d it ion  of  bra i n  

, t issue to cultures of oocytes resu lted i n  no  s i g n if i c a nt increase i n  o o c yte  d i a m eter 
( P >  0 . 05 ) .  To fu rther  test th is  f ind ing bra ins  f rom v ite l l og en i c  mud cra bs were 
i m p l a nted i nto P. monodon f ema les  w ith sta g e  0 ovar ies and  e a c h  d a y  the  prawns 
were  c h e cked fo r  s i gns  of ova ry deve lop m e n t .  N o  deve lop m e nt w a s  observe d ,  
however  prev ious workers h a v e  f o u nd t h a t  the  f a ctor  i n  n e u r a l  t i ss u e  w a s  n ot spec ies 
s p e c if i c  s o  som e ovary d eve lopm e nt had b e e n  expected . 

Thus th is  pre l i m ina ry w ork saw the  successf u l  ref i n e m e nt of ex ist i n g  in vitro b ioassay 
t e c h n iques  su itab l e  fo r  hormona l  research i n  p e n a e id prawns .  I t  a ls o  d e m o nstrated 
that the resu lts a c h ieved with i m p l a nt ing  n e u ra l  t iss u e  from a f e m a l e  of o n e  f a m i ly  
u n d ergo ing  ovary deve lopm e nt i nto a fema le  of a n other  f a m i ly cou ld  n ot be  r epeated . 
The  reasons for  th is  a re  not c l ea r  but i nc l ude  the  poss i b i l ity that t h e  f a m i l i es  a r e  too 
f a r  re m oved and the  hormone i s  m ore  specif ic than f i rst thought . Anot h e r  poss i b i l ity 
is that  the hormone is  on ly  act ive for a very sh ort p er iod of the d e v e l o pme nta l cyc le  
a nd i f  n ot extracted from the d onor and a d m i n istered to the re c i p i e nt at  a ppropr iate 
t i m e s  ovary deve lopm e nt wou ld not proce ed . Deta i l s  of  th is nature  are n ot known a nd 
the  work c a rr ied  o ut overseas m a y  have i nadverte nt ly 't imed it r i ght ' . The overseas 
w ork  was a lso  ca rr i ed  out with very low rep l icat ion  i ntrod uc ing  the poss ib i l ity  that 
ovary deve lopm e nt was not due to the t reat m e nt hormone . 

4 . 3  Juveni le  hormones  

4.3. 1 Background 

R e c e nt research by workers in  the US had determ i ned  that juven i l e  ho rmones  a nd the i r  
p recursors wh ich  c o ntro l  re prod uct ion i n  inse cts a re  a lso present i n  c rustac e a n s .  This 
fi nd i ng  l ed  to f u rther  work showing that methy l  f a r nesoate (MF) a p rec ursor  to  juven i l e  
hormone  I l l  had  a ro l e  i n  the i nit iation of v ite l l o g enes is  i n  the s p i d e r  c ra b Libinia 

emarginata (Laufer  et al. , 1 9 8 7 ) . This compound  was then d iscove red  i n  a r a n g e  of 
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d if fe rent crust a c eans ,  but the  m ost i nterest ing resu lt was  by Tsu k i m u r a  a n d  
Ka m e m oto (19 9 1 )  w h o  found t h a t  MF i nc reased  t h e  d i a m et e r  o f  P. vannamei o o cytes 
in vitro . Th is  pos it ive f ind ing w ith  a c o m pound  which is  r e l at i ve l y  easy t o  p r o c u re 
m a d e  th is  a rea  of research attra ctiv e .  I f  MF d id i n  f a ct st i m u l ate ovar ia n d e v e l o p m e nt 
it cou ld  be used by ind ustry immed iate l y .  Therefore ,  the  hormone  resea r c h  at  BIARC 
m oved towards juven i l e  hormones a n d  exper iments to  examine the  ef fect  o f  these 
c o m pounds  o n  prawn ovar ies in vivo and in vitro were d ev e l oped . 

Table 4.1 Com p osit ion of the m od if i ed  Yi x Redd y-Wyatt m e d i u m  used  f o r  t h e  in vitro 

c u lture of Scylla serrata oocytes ( pe r  100 mls )  

* 

45 m ls 
28 . 1  m ls 
15 m ls 
5 m ls 
2 . 9 m ls 
1 ml 
1 m l  
1 ml 
0.9 g 
0.5 ml 
0 .5 m l  

2 x Crusta c e a n  S a l i n e  
D isti l l e d  water  
Feta l Ca lf Serum ( C SL 0970 1 90 1 l 
50 x essent i a l  a m i n o  a c ids (F low 16-011 -49) 
N a HC03 ( 7 . 5 %  w/v)  
1 00 x Ea gle s MEM Vitamins (CSL 986.19) 
Glutamine (CSL 09871901) 

Pheno l  Red ( 1 % solution) 

G l ucose 
HEPES (1M CSL 073 9 1 901) 
100 x Non ess e nt i a l amino acids ( C SL 0975130 1 )  

2 x Crusta c e a n  S a l i n e  (g /1) 

NaCl 
KCI 
CaCl2 2H20 
MgS04 7H20 
MgCl2 6H20 

54.7 
2 .62 
1 0 . 96 
4 .44 

3.26 

Osmolar ity of the medium was approximately 1000 mOsm and pH was adjusted to 7 .4 to 7 .5 with 
ster i le 1 M NaOH 

Table 4.2 Sta i n i ng procedure to d ete rm ine  the v i a b i l ity  of Scylla serrata oocytes 
c u ltured in vitro for  7 2 hou rs .  

•36 m g  N e utra l Red d isso lved  i n  s ix  d rops eth a n o l  
•60 m ls f i lte red  seawater  or  C r u st a c e a n  sali n e  ( 1  OOOmOs m )  a d d e d  
•2 m ls of sta in  so l ut ion a d d ed to  e a c h  10 m l  c u ltu re  
•sta in i ng  proceeds fo r  one hou r  
•those oocytes sta ined red w e r e  c ons idered to  be  a l ive a nd w e r e  c o u nted  
and  m ea s ured 
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4.3.2 Methods and discussion 

Two hormones had been  s h o w n  to have a st i m u l atory effect on  P. vannamei oocytes ,  
M F  a nd J H l l l ,  therefore these  ho rmones  a n d  m ethoprene  (a  synthet i c  juven i l e  ho rmone  
used  to contro l  mosqu itos)  were  tested . D u e  t o  a s hort a g e  of  P. monodon f e m a les  at  
that t ime ,  P. japonicus were used  for  exper im e ntat ion . A posit ive resu lt w ith P. 

japonicus would then  have  l ead  to f urthe r  w o r k  w ith  P. monodon . For  the in vivo t r ia ls  
f e m a le P. japonicus w ith sta g e  I ovar ies  w ere obta ined  from a c o m merc ia l  fa rm and 
ma inta ined under  the usua l  m aturat ion cond i t ions  (see S e ct i o n  6) . Two days after 
mou l t i ng ,  praw ns rece ived a n  i nj ect ion  of e i the r  p e a n ut o i l  ( contro l ) , J H l l l ,  m ethopre n e  

or  Altosid (water s o l u b l e  m ic rocapsu les  o f  m ethoprene ) . J H l l l  and  m ethoprene were  
d isso lved i n  peanut o i l  and  A l tos id  was  d isso lved  i n  ste r i l e  s e awater ,  doses  w e re 
c a l c u lated to g ive 1 00 nM concentrat ion  of  h o r m o n e  i n  h a e m o l y m p h .  Hormones  were  

i nj ected  every  four  d ays unt i l  t h e  pra wn  m o u lted  and  the  sta g e of  ovary d e v e l o p m e nt 
was c h e c ked every d a y .  F ive  p rawns  w e r e  u n i l ate ra l l y  eyest a l k  a b l ated to d ete rm i n e  

whether  they h a d  t h e  pote nt i a l  to  mature  a n d  s p a w n .  

U nfortunate ly ,  morta l ity  w a s  very  h i g h  d u r i n g  t h e  e x p e r i m e nt (Ta b l e  4 .3) a nd a ppeared  
to be  due  to the  pea n ut o i l  c a r r i e r .  A ltos id  h a d  n o  e f fect  o n  ovary  d e v e l o p m e nt 
whereas  the  a b l ated g r o u p  h a d  a s i g n i f i c a nt l y  h i g h e r  l eve l  o f  ovary  d e ve l o p m e nt ( P  
< 0 . 0 5 ) .  Beca use o f  t h e  c o m p l i cat i ng  e f f e ct of  t h e  p e a n ut o i l  ca r r i e r  i t  i s  d if f i c u lt t o  

, determ ine  w hether  t h e  hormones  m i g ht h a v e  i n c reased  ovary d ev e l o p m e nt ,  b u t  Altos id  
w h i c h  c onta ins methopre n e  d id n ot ,  s u g ge st i n g  that  th is a n a lo g u e  i s  i neffect ive . The 
pos it ive response of the  ovary  to  eyesta l k  a b l at i on  i nd icated  that  the  a n i m a ls w e r e  

re prod uct ive ly  com pete nt . 

Table 4.3 

Time to m o rt 

(days )  

Roe stage  

( I  - IV )  

S u rv iva l  ( % )  

S urv iva l and  roe  stage  of P. japonicus i nj ect e d  w it h  j uven i l e  ho rmones  o r  

s u bj e cted to  u n i l a t e r a l  e y e sta l k  a b l a t i o n .  

CONTROL J H l l l  

9 . 4  ± 3 . 4  1 1 . 0 ± 2 . 4  

START 1 . 2 ± 0 . 8  1 . 1  ± 0 . 7  

F I N I S H  1 . 1 ± 0 . 7  0 . 9  ± 0 . 3  

0 0 

MF 
1 0 . 3  ± 2 . 5  

1 . 2 ± 0 . 7  

1 . 1  ± 0 . 3  

0 

A LT O S I D  

9 . 0  ± 5 . 1  

1 . 3 ± 0 . 6  

1 . 2 ± 0 . 6  

7 0  

A B LATED 

1 . 0 ± 0 . 7  

3 . 0  ± 0 . 7  

8 0  

T h e  hormones M F, J H l l l  a n d  methopre n e  w ere  a l s o  tested to  dete r m i ne w h e t h e r  t h e y  
w o u l d  i ncrease the  p rote i n  synthes is  o f  P. japonicus ovary in vitro . The h o r m o n e s  w e r e  
tested a t  concentrat ions between  1 00 n M  a n d  1 00 µM on sta g e  I a nd stag e  I l l  ovary 
t issue c u ltured i n  a m od i f ied eag les  m i n i m u m  essent ia l  m ed i u m  (Tab le  4 .4) . 
M ethoprene was a lso com b ined  with 2 0- 0 H  e c d ysone (th is  m ou lt ing  hormone is  
requ ired i n  insect org a n  c u lture for  m e t h o prene  to be  effect ive )  i n  equ imo la r  
c o n c e ntrat ions . None  o f  the  t reatme nts w a s  e f fe ct ive i n  s i gn if i c a nt ly i nc reas ing  the  
prote in  synthes is  i n  P. japonicus ovary  in vitro (P> 0 . 0 5 ) . Th is  conf l icts w ith  the  
f ind ing  of Tsuk imura  and  Kam e m oto ( 1 9 9 1 )  b u t  the  isotop ic  method  used here  shou ld  
b e  regarded as  a m ore a c curate techn i q u e  than the  m e a s urement of  oocyte d iameter  
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w h i c h  is open to other i n f l uences ,  e g .  osmot ic  pressure  of  t h e  c u lt u r e  m e d i u m .  
Ts uk im ura and  Ka m e m oto  ( 19 91) cou l d  not d e m onstrate a d os e - r e s p o n s e  ef fect  of 
ho rmone  in a concentrat ion ra n g e  of 100 p M  t o  100 nM, f ur the r  w e a k e n i n g  t h e ir 
c o n c l us ions . 

Table 4.4 

46 m ls 
40 . 5  m l s  
1 0  m ls 
1 m l  
1 m l  
0 . 5 m l  
0 . 5 m l  

Com pos it ion o f  the  m o d if i ed  Ea g l e s  m in i m u m  e ss e nt i a l  m ed i a  used to 

m easure the  in vitro prote in  synthes is  of Penaeus japonicus ovary ( p e r  
1 00 m ls ) . 

2 x Crusta c e a n  s a l i n e  
H PLC g r a d e  d is t i l l ed  w ate r  
Ea g l e s  M EM d e f i c i e nt ( G i b c o  04 1 -0 1 8 9 )  
Non-essent i a l  a m i n o  ac ids  ( 1 OOX)  ( G i b c o  043 -01140) 
G l uta m i n e  (1 OOX) (G i bco  043 -05630) 
H EPES b u f f e r  1 M ( G i b c o  043-05 6 30) 
G e nta m i c i n  ( G i b c o  043-05 7 1 0) 

Dur i ng  the  va l id at i on  of the  b ioassay i n  t h e  j uve n i l e  ho rmone  p r oj e ct it w a s  found that  
a d d i n g  s i nus g l a nd extract ( 2 . 0  e yesta l k  e q u iva l e nt (ES  E ) / c u lt u r e )  t o  u n d e v e l o p e d  ovary  

t i ssue  in  c u lture  r esu lted  in  a s i gn i f i c ant red uct ion  i n  prot e i n  s y nt h e s i s  (P  < 0.05). In  
ovar i es  undergo i n g  d ev e l o p m e nt (sta g e  I l l )  t h e  s a m e  d os e  of s i n u s  g l a nd e xtract  d id 
n ot e f fect prot e i n  synth es is  ( H e w itt ,  u n p u b l i s h e d  d a ta ) . T h e  r e d u ct i o n  i n  ov a r i a n  
prote in  synthes is r esu l t i ng  f r o m  t h e  a d d it i o n  o f  s i n u s  g l a nd e xt ract  h a s  b e e n  noted  
be fo re  i n  the  l i t e rature a nd is t h o u g ht t o  be  due  t o  a v ite l l og e n es i s  i n h i b it i n g  horm o n e  
( V I H )  stored i n  t h e  s inus  g l a nd . B e c a use t h e  V I H h a d  a n  e ff e ct o n  p r e v ite l l o g e n i c  
ovar i es  a nd not on  the  sta g e  I l l  ovar ies  w h i c h  were  u n d e r g o i n g  second a ry  
v it e l l o g e nes is ,  these  resu lts a re  c ons iste nt with  t h e  hy pothes is  that  t h e  VIH r e l eased  
f r o m  the  s i nus  g l a nd p reve nts t h e  i n it i a t i on  of  ovary  d ev e l o p m e n t .  O nc e  v it e l l o g e n e s i s  

h a s  c o m m e n c e d , t h e  a b i l ity  of  VI H t o  r e press ova r i an  d e v e l o p m e nt is  g r e a t l y  
d i m i n ished  as t h e  o v a r y  comes  u n d e r  t h e  i nf l u e n c e  of  st i m u l a to ry  h o r m o n e s .  

I f  t h e  s i n us g l a n d  p e pt i des  a re  f r ac t i ona ted  o n  H PLC it  s h o u l d  b e  p oss i b l e  t o  d ete rm i n e  
i n  w h i c h  f ract i on  t h e  V I H  act iv ity  r es i des  by m e a s u r i n g  t h e  d e p ress i on  o f  ova r i a n  
p rot e i n  synthes is  ca used by e a c h  f ract i on . I d e nt i fy i n g  the  f ra ct i o n  m a y  e n a b l e  a n  
a nt i body  to VI H to  b e  created or  fo r  t h e  c o m p o u n d  to  b e  id e nt i f i e d  fo r  a lte rnat ive  
interv e nt ion st rat e g i e s .  Th is is the  a im of  cu r r ent p rawn horm o n e  r e s e a r c h  at BIARC . 
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5 .  Capture a n d  transport stress i n  b r o o d s to c k  Penaeus monodon 

5 .1 I ntroduction 

The c a pture  and spawn ing  of w i l d  P. monodon broodstoc k is p resent ly  t h e  on ly  
m ethod used  i n  Austra l i a  for  the  prod uct ion of f ry  for  stoc k ing  p r a w n  fa rm pond s .  
Broodstoc k  prawns a r e  c a ptured i n  restr icted a reas  o n  the  north e a st coast o f  A ustra l i a  
by m eans of an  otter traw l .  C a ptured p rawns a re  h e ld o n  board the  tra w l e r  f o r  u p  to  
24 hours before  tra nsport . Prawns  a re  then  p a c ked  i n  styrofoa m boxes u s i n g  sta ndard 
m ethods fo r  t ransport of l ive  f i sh ,  a nd sh ipped  to hatcher ies  t h r o u g h o ut Austr a l ia . The 
who le  process of capture and  tra nsport can b e  q u ite  stressfu l  to the a n i m a ls and 
someti m e s  prawns d ie  with in  a f ew d a ys of re a c h i n g  the  hatche ry . A lt h o u g h  the 
number  of  prawns dy ing  as  a resu lt of these  stresses  is l ow,  ge ne ra l l y  i n  the  ord e r  of  
2 to 5 percent ,  it can  be h igher  fo r  some s h i p m e nts . It  a p pe a rs t h at t h ere  m a y  be  a 
seasona l  i n f l uence  on the  suscept ib i l ity  of p rawns t o  these  stresses . There  is  a lso the  

poss i b i l ity  that  the  stress assoc i ated with  c ur rent c a pture  a n d  tra nsport p roced ures 
resu lts i n  a d e crease i n  prod uct iv ity of the s p a w ners ,  c a u s i n g  fu r the r  losses to  

hatcher ies . 

The  a i m  of  th i s  study w a s  to  i n v e st i g ate  t h e  str e s s e s  a s s o c i a t e d  w it h  t h e  c a pt u r e  a nd 
t ransport proc edure  of broodstock  P. monodon , w ith  a v i ew to  d eter m i n i n g  the  
cond it ions wh ich  create stress and  to red u c e  t h e i r  o c c urre nc e .  

5 .2 Mate rials and Methods 

The f i rst obj e ct ive of th is  stud y w as to  find a suita b le i n d e x  of  st res s for  P. monodon . 
This  i ndex  wou ld  have to  be  i nd i c at ive of the  ove ra l l  stress l eve l  a s  b roodst o c k  p raw ns 
are subje cted to  a var iety of stressors i n c l u d i n g  h y p o x i a ,  p h ys i c a l  e x h a ust i o n ,  c r u s h i n g  
in  the  tra w l  n e t ,  exposure to a i r  a n d  sud d e n  t e m p e r ature  f l uctuat i ons . M orta l ity  tests 
are usua l l y  i n d icat ive of the g e n e r a l  we l l - be i n g  of  a n  a n i m a l ,  but t h e  h i g h  c ost a n d  low 
num bers of  these  an ima ls  proh ib ited such  a n  a pproa c h .  Therefore  the  stud y f o c used 
on c h a n g es i n  phys ico-c h e m i c a l  p a r a m et e rs i n  the  h a e m o ly m p h  of t h e  a n i m a l  in  
response to stress . A bre a kd o w n  of nor m a l  os m or e g u latory f u nct ion  has been  
observed in  other  crustac e a n s  u n d e r  stress . Othe r  p ote nt i a l  s t ress  i nd ices  s u c h  as  
g l ucose  l eve ls ,  haemo lymph  pH  and  h a e m o l y m p h  o s m o l a l ity  were  a lso  i nv est igate d .  

O n c e  a s u ita b l e  index o f  stress w a s  esta b l i s h e d ,  i t  w a s  poss i b l e  to  d et e r m i n e  the  
a m o u nt of  stress to wh ich  the  p rawns were  s u bj e ct at each ste p  of  t h e  c a ptu re  a nd 

t ransport procedure . The th ree  m a i n a r e a s  of  i n te rest were : 

( i ) The trawl ing  of the prawns ,  with a n  e m p h as i s  o n  the  ef fect  of  v a r y i n g  the  t rawl  

t ime a nd the effect  of t h e  m o u lt sta g e  of  the  p ra w n . 

( i i )  The ho ld i ng  of the p rawns on  boa rd t h e  t raw le r ,  focus ing  on the l e n gth  of the 
ho ld i n g  per iod , the a m o u nt of crow d i n g  in t h e  t u bs a nd the i m p o rt a n c e  of the 
m o u lt sta g e .  

( i i i )  The transport of the p rawns ,  em phas is i n g  t h e  e f fect of t h e  d eter io rat ion  of the  
water  q u a l ity du r i ng  t ra n s p ort . 
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The stress index cou ld  then be used  to  determ ine  if there  was a seasona l  e f fect  o n  the  
susc e pt i b i l ity  of  the  p rawns to  str ess ,  a nd to  d eterm i n e  if  there  w a s  a ny corre lat ion  
betw e e n  how stressed the prawn was upon ar r iva l at  the  hatc he ry  and i ts  l ater  
reprod u ct ive success .  Th is  d ata is st i l l  be ing  co l l ected by m e asur ing  the  stress leve ls  
of prawns at regu la r  i nterva ls th roughout the year  a nd com par ing  t h e i r reprod u ct ive 
performance  w ith prawns he ld  i n  contro l l ed  cond it ions . 

5 . 3  Results and Discussion 

5 . 3 . 1  Determination of a stress index 

A m ethod ology was f i rst d eve loped for  obta in ing  and hand l i ng p ra w n  h a e m olym p h  
s u itab le  for  ana lysis . The best m ethod tr ied was  to  extract  h a e m o lym ph  f r o m  t h e  
per i c a rd i a !  cav ity w ith a syr inge  a nd centr i fuge the  sa m p le  i m m e d iate l y .  The 
supernata nt serum was then co l l ected a nd cou ld  be  used in  the  assays w ithout 
c lott i ng . 

A c ons istent pattern  of ion ic  c h a n g e  was  o bta i ned  i n  p rawns s u bj e cted to  a v a r iety of  
stressors . The observed change was  a n  i nc rease  i n  h a e m o lym ph  m a g n e s i u m  t it re  a n d ,  
to  a lesser  extent ,  a n  i nc rease  i n  s o d i u m  a n d  c h lo r i d e t itres i n  p rawns u n d e r  stre s s .  
These  c h a nges c a m e  a bout when  t h e  p r a w n s  were  s u bj e cted to  exposu re  to  a i r ( F i g u r e  

, 5 . 1  ) , s i m u lated tra ns port (F igure 5 . 2 )  or to a nox ia  ( F i g ure  5 . 3 ) .  

Figure 5 . 1  
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Figure 5 .2 Changes  i n  the  h a e m olymph  t itre of P. monodon spawners f o r  7 stress 
i nd i cators d ur ing  s i m u l ated  t ransport at 3 d if f e rent d e ns it ie s .  
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Prawns ar r iv ing  at  B IARC a lso had  e l e vated l eve l s  of t h e s e  i ons  c o m pa red  w ith  rested 
prawns (F igure  5 .4) , a nd these ions on ly reached  nor m a l  rest i ng  leve ls after  p rawns 
recovered  i n  f i breg lass tanks fo r  one  w e e k  (F i g ure 5 .  5) . 

Prawns that  were  assayed  and s u bse q u e nt ly  d i ed a ls o  h a d  very h i g h  l e v e l s  o f  these  
ions  i n  the  h a e m o ly m p h .  M agnes ium p roved  to be the  m ost re l i a b l e  i ndex  of  stress i n  
P. monodon a s  i t  is t i ght ly  regu lated  at  rest (a round 5 t o  7 m M )  and  increases  sha rp ly 
d ur i ng  stress to  va l u e s  over  20 m M .  M orta l ity of p r awns  was g enera l l y  obse rved 

when h a e m o l y m p h  m a g nes ium va lues reach 1 6  m M .  

5 . 3 . 2  Stresses associated with capture and transpo rt 

Trawling 

There w as  a s ign i f i cant corre lat ion  between  the l ength  of  the tra w l  and the a m ou nt of 
haemo lymph  m a gnes iu m  a nd sod i u m  in ca ptured p rawns ,  i nd i c at ing  that  traw l  t ime  
has a strong  i n f l uence  o n  the  stress l eve l  of prawns . C o ntro l l ed  t raw l i ng  e x p e r i m e nts 
a re  n e e d e d  to f urther  conf i rm and q u a nt i fy th is resu lt .  N o n - i nterm o u lt praw ns ( o uts ide 
m o u lt stages  C-D 1 ) a lso  a ppeared m ore  susc e pt ib l e  t o  t raw l i ng stress ,  b ut a g a i n  m ore 
d ata  is needed  to  conf i rm th is f i nd i ng . 
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Figure 5 .3 
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Figure 5 .4 C h a n g es i n  the haemo ly m p h  t itre of P. monodon spaw ners for  7 stress 
i nd i cators d ur ing  s i m u l a t e d  t ra nsport c o m pared  to b a s a l  l eve l s  of contro l  
pra w n s .  
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Holding 

The i on i c  c hanges  i n it i ated by the str ess  of tra w l i n g  c o nt i nue  fo r  s o m e  t i m e  d ur ing  the  
h o l d i n g  pe r iod o n  b o a rd the tra w l e r ,  r esu l t i ng  i n  sha rp  i n c r e a s e s  i n  s od i u m  a nd 
c h l or id e ,  a nd a d e crease  i n  the h a e m o l y m p h  pota ss i u m  a n d  c a l c i u m . The  a mount of 
t i m e  r e q u i red for t h e  prawns to sta rt r e c ove r i ng  f rom those  i o n i c  c h a nges  wh i l st st i l l  

o n  the  t rawler  r e m a ins  to b e  dete rm i n e d . Non - i nte rm o u lt praw ns a ls o  show greater  
i o n i c  c h a n ges i n  t h e  h a e m o lymph d u r i n g  the  ho ld i n g  per iod . 

Transport 

The tra nsport proced ure  in itse lf  is not  very stressf u l  to the  p rawns  under  norm a l  
c i r c um sta nces .  I t  w o u ld s e e m ,  the re fo re ,  t h at stress  to  t h e  pra w ns o c c urs m a in ly  a s  
a resu l t  of  traw l i n g . I t  takes a prawn s evera l d ays to  recover  fro m b e i n g  c a ptured a nd 
t h e  h i gh  stress l eve ls  of prawns w h e n  they  r e a c h  the  hatc hery is  p r ima r i ly  d u e  to  the  
stress of tra w l i n g . It a lso  seems that  the  p rawns  that  d o  d i e  a f te r  a rr iva l at the  
hatchery are much  m ore stressed t h a n  the  other  prawns . An a pparent ' runaway 
ef fect '  is observed i n  t ransported praw ns ;  th is  m e a ns that prawns  which are  a lready 
h igh ly  stressed after  c a pture becom e even  m ore so  d ur ing  tra nsport .  H owever prawns 
w ith  re lat ive ly  low stress l eve ls seem t o  recover  s l i g ht ly  i n  the t i m e  between  pack ing  
a n d  reach ing the  hatchery .  I n  s u m m ary ,  t h e  h igh  l eve l  of  stres s  i n  prawns that  
subse q u e nt ly d ie  after  reach ing  the h a t c hery m a y  resu lt e ithe r  f rom an  insuff i c i ent 
h o l d i n g  t ime  on boa rd the  trawler o r  a pro l o n g e d  l e ngth of  traw l ,  o r  b oth . 
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Figure 5 . 5  Haemo ly m p h  t itres o f  6 stress i n d i c ators  i n  P. monodon broodst o c k  over t ime  a . C h lo r i de  b . Potass i u m  c . C a l c i u m  
d .S od i u m  e . M a g ne s i u m  f . G l u c os e  



S easonal effects and spawning stressed P. monodon 

Work is st i l l  cont inu ing  on the  l ast two a i ms of th i s  study .  Pra w ns a r e  b e i n g  assayed  
for  h a e mo lymph l eve ls  of  stress ind icators, pa rt i c u la r ly  m a g nes i u m ,  th rou g h o ut the  
yea r .  However ,  it is too soon to  report a ny tre nds  i n  th is d ata . S i m i l a r l y  records  a re  
cont inu i ng  to  be  co l l ected on the  stress l eve l  o f  prawns a r r i v i ng  a t  B IARC,  a nd the  
corre lat ion between stress l eve l  and  reprod uct ive success . A l re a d y  it i s  a pp a r e nt that  
very  h igh  l eve ls  of  stress ( > 1 6  m M  m ag nes i um ) g e nera l ly  resu lt i n  t h e  d eath of  t h e  
pra w n .  However the  re lat ionsh ip  between s l i ght ly  e levated m a g nes i um l e v e l s  a n d  
s u bsequent reprod uctive performance  i s  not y e t  k n o w n .  
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6 .  Matu ratio n a n d  s p a w n in g  o f  Penaeus japonicus 

6 .1 I ntroductio n  

A n u m ber  o f  Austra l i a n  p rawn f a r m ers a re  n o w  b e g i n n i n g  t o  c u lt u r e  the  J a p a n e s e  k i ng  
p rawn ,  P. japonicus, due  to t h e  h i g h  p r i c e t h i s  s p e c i e s  attra cts  o n  the  J ap a n e s e  l i ve  
seafood m arket . P. japonicus i s  n ot f o u nd in  l a rge  n u m bers i n  A ustra l i a n  w ate rs ,  so  
i t  is  l i ke ly  that  a re l i ab l e  s u p p ly of  b roodstoc k  w i l l  d e pe nd o n t h e  use  of  pond  re ared 

prawns . 

The f i rst p ra w n  fa rm to stock  P. japonicus i n  th is  c o u ntry w a s  M oreton B a y  Pra w n  
F a r m  { C l e ve l a n d ,  O l d )  w h i c h  stoc k e d  w it h  l a rv a e  s p a w n e d  f r o m  w i l d  c a u g ht a n i m a ls 
i n  l a te  1 9 8 9 .  At that t i m e  a good  q u a l ity  h i g h  p rot e i n  P. japonicus d i e t  w a s  n ot 
ava i l a b l e  i n  Austra l i a . Conse q u e nt l y  g rowth  rates  were  poo r  a nd p r a w n s  d id n ot r e a c h  
ha rvesta b l e  s i ze  u nt i l  70 w e e ks post  sto c k i n g .  A t  t h a t  t i m e  f a r m  w orkers  r e p o rted  t o  
B I A R C  t h a t  a n u m ber  of f e m a l e s  h a d  m atu re  ova r i e s . 

Pra w n s  w ere  i n it i a l l y  s a m p l e d  a nd c o l l e cted  f o r  s p a w n i n g  o v e r  t h r e e  se p a r a t e  n i g hts 
in M a r c h /Ap r i l  1 9 9 1 . A l m ost 1 OOO p r a w n s  w e r e  w e i g h e d  a n d  f e m a l es  e x a m i n e d  f or 
sta g e  o f  ova r i a n  d e v e l o p m e nt a nd ev i d e n c e  o f  m at i n g .  I n  e x c e ss o f  9 9 %  o f  f e m a l es 

, w e r e  m a t e d ,  but  t h e  pe rcent a g e  o f  m at u r e  f e m a les  v a r i e d  o v e r  t h e  t i m e  p e r i o d  st u d i ed  
{F i gu re  6 . 1 ) . T h e  p o p u l a t ion  s e x  rat io  w a s  c l ose to  1 :  1 ( m a l e : f e m a l e )  b ut f e m a les  
w e re s i g n i f i c a nt l y  ( 3 0 % )  l a rge r  than  m a l e s  ( F i g ure 6 . 2 ) . 

Fig ure 6 . 1 Per c e ntage  o f  f e m  a l e  P. japonicus at  v a r i o u s  sta g e s  o f  o v a r i a n 
d e v e l o p m e nt ove r  3 s u c cess i ve  e xa m i n at i o n  t i m e s  
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A tot a l  o f  2 8  m ature  (stage IV )  f ema l es  were returned to B IARC b ut on ly  f o u r  
s p a w n e d . T h i s  r e presented t h e  f i rst t i m e  t h a t  pond-re a red P. japonic us w e r e  
s u ccessf u l ly spawned  in  Austr a l i a . Hatch  rates a n d  l a rva l s urv iva l rates  w e re h i g h 
( > 8 0 %  a nd > 9 0 %  respect ive ly ) , b ut the  l ow success i n  spawning appa rent ly  m atu re  
a n i m a ls suggested that un i l atera l  eyesta lk  a b lat ion m a y  be  n e cessary to  prod u c e  
re l i ab l e  supp l i es o f  eggs and l a rv a e .  This was s im i l a r  t o  the resu lts o f  overseas  stud i es  
of  P. japonicus ( Lum are ,  1 9 8 1 ; C a ubere  et al. , 1 9 7 9 ) . 

P. japonicus is g e nera l ly  act ive at  n ight and w i l l  burrow i nto a soft s ubstrate , i f  
ava i l ab l e ,  d ur i ng  the  day .  It  is norma l  pract ice to supp ly th is s p e c ies w ith  a s a n d  
s ubstrate in  m aturat ion tanks so  that i t  c a n  burrow ( Pr imavera ,  1 9 8 5 ) . I t  i s  d i f f i c u lt 
fo r  hatcher ies  to  esta b l ish and m a i nta in  sand bottom m aturat ion  tanks a nd it is n ot 
easy to  d etect the  maturat ion sta g e  of a prawn that is  bu r i ed . For  th is  r eason  a n  
exper im e nt w a s  d es igned to m e asure  t h e  e f fect o f  sand  versus n o  sand  i n  m atu rat i on  
tanks on  the spawn ing  success of P. japonicus . 

F igure 6 .2 Pop u lat ion d istr i but ion  of P. japonicus f rom a south -east Q u e e n s l a n d  
pra w n  farm 
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6.2 Materials and methods 

Two five tonne m aturat ion tanks were  esta b l i shed w ith  water  f l ow thro u g h ,  h e ated  to 
2 8°C and c o ntro l l e d  low leve l  l i g ht .  Ta nks were i d e nt i ca l  exc e pt that  o n e  h a d  a n  
unde rgrave l  f i lte r  ( n ecessary  i n  a t a n k  w ith su bstrate )  a nd sand s u bstrate to  a d e pth 
of  5 c m .  The t a n ks were stock e d  w ith  1 0  a b l ated f e m a les ,  1 0  non-ab lated  f e m a les  
a nd 1 0  m a les  and  then  m a inta i ned  for  20 d a ys .  Prawns  w ere f e d  a m e asu red  d iet  of  
squ id  m a nt l e ,  g re e n  l i p  m usse l  a nd p i p i .  Mature prawns were spawned i n  s e p a r ate 
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d r u m s  a n d  la rvae grown to  the  f i rst zoea l  stage  (Z 1 ) .  After the  2 0  d ays praw ns were  
r e m oved , the und ergra v e l  f i lter  and sand  moved to the  oppos ite  ta n k  a nd both  ta n ks 
restocked  w ith n e w  a n i m a l s .  

6 . 3  Results and d iscussion 

None  of  the non-a b lated praw ns spawned on e ither  substrate . A total of  99 spawns 
were  recorded f rom a b l ated prawns, 34 f rom the  sand tanks a n d  65  f rom the  ha rd  
bott o m  tanks;  57  of  these  spawns were assayed . F rom the assayed spawns the  ha rd  
b ott o m  tank  prod uced  6 . 2 6  m i l l ion eggs a nd 2 . 5 6  m i l l i on  Z , ; the s a n d  t a n k  prod uced  
1 .  72  m i l l i on  eggs  and  1 . 2 3  m i l l i on z , . There was no s i gn i f i cant d i f fe rence  i n  
f e c u n d ity ,  hatch rate or  l a rva l  surv iva l  on  the  t w o  su bstrates (Ta b l e  6 . 1 ) .  

The  h i g her  rate of p ra w n  m aturat ion on the hard bottom ref lected the  h i g he r  rate of  
food consumpt ion ,  w h i c h  was a lso ev id e nt in  the we ight g a i n  of non -ab l ated praw ns 
(Ta b le  6 . 2 ) .  Prawns  he ld  on  sand bur ied  a nd d id not eat d ur i ng  t h e  day,  wh i le  those 
o n  a ha rd  su bstrate r e m a ined  a ctive and ate  both n ig ht a nd d a y .  M at ing s u c c ess in  
b ot h  ta n ks was low,  w ith  less than 30% of f e m a l e  m o u lts  r e s u lt i n g  i n  m a t i n g . 

Table  6 . 1  M e a n  f e c u n d ity,  hatch rate a nd l a rva l  surv iva l  f rom assayed spawns  of 
P. japonicus he ld on sand and  hard su bstrates . 

Substrate M ean number of M e an HR ( % )  M ean s u r v i v al t o  z ,  
eggsA ( % )  

T i m e ,  Sand 1 9 8 600 8 1 . 2 7 7 . 9  
( 1 5 3  700 - 2 5 5  400)  

H a rd 1 40 600 8 4 . 9  7 3 . 2  
( 7 9  1 00 - 2 3 3  5 0 0 )  

T i m e 2  Sand 1 5 3 300 7 6 . 5  5 2 . 2  
( 7 2  5 00 - 2 7 0  9 0 0 )  

H a rd 1 60 300 7 0 . 9  7 1 . 4 
( 6 2  OOO - 2 9 3  000)  

A r a n g e  in  p a r e nthes is  

Tab l e  6 . 2  Rat io  o f  food  consumption,  spawn ing success a n d  w e ig ht g a i n  o f  P. 

japonicus h e l d  on sand and hard su bstrates . 

Ratio 
(san d : hard)  

Daily food 
consumption 

1 : 1 . 9 

No .  of spawns 

1 : 1 . 8 

A e stimate d ,  i n c l u d i n g  n on-assayed spawns 

8 does not i n c l u d e  eye-sta l k  ab lated fem ales 
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Total eggs 
spawned A 

1 : 2 . 1 5  

Weight ga in8 

1 : 2 . 1 



• '  

I t  i s  cons i de red  that  t h e  m ost e f f i c i ent m aturat ion  system f or hatc h e r i e s  n ot a b l e  to 
r e l y  o n  c o n s istent  s u p p l i e s  of  w i ld  c a u g ht P. japonicus s p a w n e rs w o u l d  b e  the  
c o m b i n e d  use  of a l a rge  tank  o r  s m a l l  pond  h o l d i n g  f a c i l ity wi th  a s a nd b otto m  fo r  
m at i ng  a nd a h a rd bottom m aturat ion  ta n k .  S u ccessf u l l y  i m pregnated  f e m a l e  p rawns 
cou l d  b e  r e m oved in  ea r l y  post-m o u lt (sta g e  C ) .  a b la ted  a n d  tra nsfe red  to the  
m aturat ion  t a n k .  Such  a n i m a ls cou ld  then  be  expected to  spawn an  a vera g e  two or  
th ree  t i m es before  they next m o u l ted . The resu lts of th i s  study  i n d i cate  tha t  a lt hough  
f e c u n d ity w o u ld d ecrease  s i gn i f i cant ly ove r  success ive f er t i l i s ed  s p a w n i n gs l a rva l  
q u a l ity w o u l d  not dec rease  s i gn i f i c ant l y .  Us ing  such  a syste m i t  w o u ld b e  poss ib l e  to  
max im ise  e g g  a nd l a rva l  prod uct ion per  pra w n ,  l i m it i ng  spawner  w aste and  thus  
keep ing  hatchery  costs d o w n .  

Thus w h i l e  success ive g e n erat ions  o f  th is  spec ies  have b e e n  c u lt u red  s u c c e s sf u l ly i n  
a n u m b e r  o f  oth e r  countr ies  ( C a u bere  e t  al. , 1 9 7 9 ;  L u m a r e ,  1 9 8 1 ; N a ka m ur a ,  1 9 8 8 )  
i t  i s  r eassu r i ng  that  P. japonicus f rom Austr a l i a n  wate rs c a n  p rod u c e  h i g h  q u a l i ty  l a rva e 
i n  t h e  n e xt g e nerat ion ( that  i s ,  f rom pond rea red  s p a w ners ) . F e rt i l i s a t i on  a n d /o r  m at i ng  
i s  m ore  of a p rob l em fo r  t h i s  spec i es  t h a n  fo r  P. monodon. However  i f  t h e  protoco l  
s u g g est e d  a bove  i s  ad opted then the  use  of pond grown P. japonicus s p a w ne rs  i s  a 
v i a b l e  opt ion  fo r  com m e r c i a l  ha tche r i es i n  Austra l i a . 
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7 .  D evelo p m e n t  o f  te chniques fo r b i o ch e mical  a n a lyse s 

The m ajor ity of the ana lytica l  support for  th is project was provid ed  by  the  ODPI  
N utr it io n  La boratory located at the Anima l  Research  I nstitute , Yeero n g p i l l y .  M uc h  of 
this w ork  invo lved the pre paration  of l i p id  extracts from prawn t issues  and oth e r  
m a r i n e  a n i m a ls and the  ana lysis o f  those extracts for  tota l l i p i d , n e utra l a n d  po l a r  fatty 
ac id  prof i l es a nd cho lestero l  leve l s .  S a m ples were  a lso ana lysed for dry m atte r ,  c rude  
prot e i n ,  c rude  fat and  am ino  ac id  prof i l e .  

A r a n g e  o f  techn iques  a nd proced ures app l i cab l e  on ly t o  t h e  a n a lys is  of m a r i n e  
s a m p les  h a d  to  be d eve loped . The la rge  num ber  o f  s m a l l  samp les  and  the  h i g h  l i p i d  
l eve ls  o f  these s a m ples necessitated the  adaptat ion of ex ist i ng  e q u i p m e nt and  c urrent 
a n a lyt i c a l  method s .  The syste m atic a pproach now e m p loyed at ARI was spec i f i c a l l y  
d e s i g n e d  for  the a n a lys is of l i p id and prote in  i n  m ar i ne  t iss ues  and  prov id es  a l eve l  o f  
a c c u r a c y  comparab l e  to overseas compa n ies  spec i a l i s i ng  i n  th i s  a rea . C ross  check i ng  
the  e f f i cacy  of these  techn iq ues by  a n a lys ing  a n u m b e r  of subs a m p les  h a s  esta b l i shed  
t h at i nter  rep l i cate va r i ab i l ity is very l ow . 

7 . 1  Marine S am ple s 

Very s m a l l  sam p les  w ith h igh  water content posed spec ia l  c h a l l enges  a nd r e q u i red  the  
d e v e l o p m e nt of spec i f i c  h a nd l i ng tec h n i q u e s .  S p e c i a l  h o m o g e n i se rs  were  pu rchased  
to  e nsure  the homogene ity of samp les  w h i l e  proced ures were  d eve l oped  to  e nsure  that  
s a m p l e s  stayed  f roz e n  to  m i n i m ise  t iss u e  bre a kd o w n .  As t h e r e  w a s  oft e n  v e r y  l i tt l e  
s a m p l e  a v a i l a b l e ,  a syste m w a s  deve l oped  to a l l ow the  s a m e  e xtr a ct to  b e  subsam p l e d  

f o r  a n u m ber  o f  d i f fe rent a na lyses .  T h e  one  s u bsa m p l e  w a s  s o m et i m es used  
se q u e nt i a l ly for  more  than  one a n a lys is . Fo r  e x a m p le  the  s a m e  m a t e r i a l  u s e d  fo r  d ry  
m atte r  a n a lysis was a lso  used  for  prote in  a n a lys is ,  a nd that  used  f o r  tota l l i p id  
d ete rm i nat ion was  a l so  used for phospho l ip id  a n a lys is . 

Long  te rm sto rage  of m ar ine  tissu e  at  ve ry l ow tempe ratu res ,  s u c h  a s  - 8 0°C ( a nd 
o c c a s i o n a l ly - 1 7 0°C )  c o u p led  w ith  i nert gas  f l u s h i n g ,  w a s  u s e d  t o  p r e v e nt t h e  
enzym at ic  d egrad at ion o f  t issue sa m p les that  w a s  noted w h e n  t iss u e s  w e r e  h e l d  fo r  
even  s h ort per iods  at room temperature . 

7 . 2  Advances in Te chniques 

As there  have been m a ny m od i f icat ions to the l i p id  extract ion  pro c e d ures  of  Fo lch et 

al. ( 1 9 5 7 )  and B l i gh  and Dyer ( 1 9 5 9 ) ,  procedures  s u ita b l e  for our s a m p l e s  had to  be 
s e l e ct e d  a nd a d a pted . Techn iques  to  sepa rate  l i p i d s  i nto th e i r  n e ut ra l a nd p o l a r  
f ract ions were  deve loped us ing pre-packed s i l i c a  c o l u m ns to avoid t h e  ted i o us and  t i m e  
consu m in g  th in  l a y e r  chromatography proced ures or ig i na l l y  used . R e f e r e nces were  
later  f o u nd i n  the l i terature wh ich  supported ou r  f ind ings .  Use  of  the  co l umns 
s i gn i f i cant ly a c c e l erated the  preparat ion  process . However  it was f o u n d  t h a t  care  had  
to  b e  taken i n  the  se l ect ion  of  so lvents because  d i f f e rent b rands  gave  d if fe rent 
ch romatogra phy resu lts . C h loroform from d if fe rent m a n ufactu re rs a p p e a red to be 
p a rt ic u l a r ly  var ia b l e . 
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A m et h o d  f or the  a n a l ys i s  of  c h o l estero l  by gas  chrom atogra phy w a s  s u c c essf u l l y  
a d a pted  f rom a n u m ber  o f  o l d e r  m ethods  and  i n corporated i nto t h e  s u ite  o f  a n a lyses  
u s e d . I nstr u m e ntat i o n ,  p a rt i c u l a r l y  gas  c hrom atogra phs ,  w ere im proved  d ur i ng  the  
p roj e ct f r o m  very  o l d  m a c h i n e s  r equ i r i ng  h a nd i nject ion ,  to modern  i nstr u m e nts us i n g 
au to-sa m p le rs  w h i c h  l e ft staf f  f ree  for  other  tasks . These instrume nts were  a lso  b etter  
su i ted  t o  s p l it i nject ion  a n d  to  the  fused  s i l i ca  cap i l l a ry co l u m ns used . Steady  

i m p rove m e nts i n  am ino  a c id a n a lys i s  h a s  prov ided , fo r  exa m p l e ,  a pract i c a l  a l k a l i n e  
h y d r o l y s i s  m ethod  fo r  t ryptop h a n  a n a lys is  us i ng  reverse phase HPLC . 

7 . 3  Data H a n d l i ng 

Te c h n i q u e s  for d at a  h a n d l i n g  a nd t h e  p resentat ion  of  resu l ts  have  b e e n  im proved  ove r  
t h e  l i f e  o f  t h e  p roj e c t .  Fat ty  ac i d  a n a l yses  g e n erate a l a rge  a m o u nt of  d ata  w h i c h  was  

i n i t i a l l y  c a l c u l ated by  h a n d  a n d  took  a b o ut a d a y  a nd a ha l f  per  r u n  to com p l ete . After  
s o m e  e x p e r i m e nt i n g  w i t h  a n u m ber  of  s m a l l  s preadsh eets a nd o ld  c o m p uters  a h i g h  
p e r f o r m a n c e  8 04 8 6  PC a n d  a m od er n  sp readsheet ,  QUATTRO P R O  4 . 0 w e r e  a c q u i red . 
T h i s  d ra st i c a l l y  r ed u c i n g  c a l c u l at i on  t i m e  to two hours per run  a n d  p resented  r e s u lts 
a l r e a d y  in a f o r m  s u it a b l e  for stat ist i c a l  a n a lys i s . Gra ph i c a l  p re s e nt a t i o n  of  resu l ts  is  
now u s e d  w he re  a p p l i c a b l e . 

7 . 4 A n a lyti ca l  proced u re s 

7 . 4 . 1 P r o x i mate Ana lyses 

The m o i s t u r e  c o nte nt  of  e a c h  s a m p l e  w a s  d ete rm ined  by oven d r y i n g  to  c o nsta nt 
w e i g h t  a t  1 0 5°C . U s i n g  f r eeze -d r i ed  m ate r i a l ,  c rude  prot e i n  ( N  x 6 . 2 5 )  w a s  d e r i v e d  
f rom Kj e l d a h l  n it ro g e n  a n a lys i s  u s i n g  c o p p e r  a nd s e l e n i u m  as cata lysts (AOAC , 1 9 9 0 ,  
m et h o d  9 8 8 . 0 5 ) . A s h  w a s  d et e r m i n e d  a s  t h e  res idue  after m uf f l e  f u r n a c e  i g n i t i on  at 
6 0 0° C  f o r  2 h o u rs (AOAC , 1 9 9 0 ,  m e t h od 9 4 2 . 0 5 )  and ethe r  extra ct by S ox h let  
e xt r a c t i o n  w it h  pet ro l e u m  ethe r  (bp  40- 6 0°C )  for 6 hours (AOA C ,  1 9 9 0 ,  m et h od 
9 6 0 . 3 9 ) . Et h e r  e xt r a c t  w a s  used  as  a m e a s u r e  of tota l  l i p id content . 

7 .4 . 2  Fatty a c id a n a lysis 

F o r  fa t ty  a c i d  a n a l y s i s ,  t h e  l i p i d s  w e r e  f i rst ext ra cted f r o m p o o l e d  s a m p l e s  of  e a c h  
t i s s u e  b y  t h e  m ethod  o f  Fo l ch  e t  a l . ,  ( 1 9 5 7 )  us ing  the suggested m o d i f i c at i ons  of 

C h r ist i e  ( 1 9 8 2 ) . An a l i q u ot of t h e  l i p i d  e xt ract  so obta ined  was  s e p a rated i nto p o l a r 
a n d  n o n p o l a r  f r ac t i ons  u s i n g  S e p- Pa k  s i l i c a  c a rt r idges (Waters Assoc i a tes ,  M A ,  U SA) . 
Th e n o n p o l a r  f ract ion  w a s  e l uted  w ith  1 5 m l s  c h l oroform and  the  po l a r  f ract ion  w ith 
2 0 m ls of m et h a n o l  ( C hr i st i e ,  1 9 8 2 ) . The so lvent was rem oved f rom e a c h  f ra ct ion by 
rot a r y  f i l m  e v a p orat i on  a nd the l i p i ds  este r i f i e d  to  f atty a c id m et h y l  esters ( FA M E )  by 
t h e  m e t h o d  of Va n Wij n g a a rd e n  ( 1 9 6 7 ) .  FAM E were separated by c a p i l l a ry gas  
c h r o m a t o g r a p h y  u s i n g  s p l it i nj ect ion  o n  a 3 0 m  x 0 . 25 m m  i . d .  f used  s i l i c a  co l u m n  
c o ated  w it h  0 . 2 5 u m  o f  D u ra bond-23 (J  a nd W S c ie nt i f ic ,  Fo lso m ,  C a l i fo rn ia ) .  C o l u m n  
t e m pera tu re  w a s  h e l d  at  1 6 0°C for  1 0  m inutes a n d  then e levated at 3°C / m i n ute  t o  

2 1 0 ° C  w h e r e  i t  w a s  h e l d  un t i l  a l l  FAM E o f  i nte rest had  bee n e l uted . FAM E  were  
q u a nt i f i e d  by  c o m par is o n  w ith  the  response  of  a n  interna l  sta nd ard ( h e n e i c o s a n o i c  a c i d  
m e t h y l  este r ) . FAM E w e r e  i d e nt i f i ed  b y  c o m p a r i n g  the i r  retent ion  t imes  w i th  t h o s e  o f  

a uth e nt i c  sta n d a r d s  ( S i g m a  C h e m i c a l  C o m p a n y ,  St . Lou i s ,  M issour i ) . 
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7 .4.3 Amino a c i d  analysis 

Pr ior  to  a m i n o  a c id a n a lys i s ,  2 0 0 m g  of f i n e l y  g round  f r e e z e  d r i e d  s a m p l e  w a s  
hydro lysed w it h  2 0 m l  6 N  H C I  at  1 1 0°C  u n d e r  a n itrogen  atmosphere  fo r  1 8  h ours 
(F in layso n , 1 9 64 ) . M eth io n i n e  w as converted to  m eth ion i ne  s u l phone  by p e rfo rm i c  
a c i d  oxid at ion  p r i o r  to  a c i d  hydro lys is  (M oore ,  1 9 6 3 ) .  A m i n o  ac i d  com pos it i o n  was  
d ete rm ined  by  h igh  perfor m a n c e  l i qu id chromatogra p h y  (Waters 840 L iqu id  
Chromatography  S ystem ,  M i l l i pore  Austra l i a ,  Sydney ) . S e p arat io n  was ach i eved  i n  a 
prote i n  hyd r o lysate cat ion i o n  exchange  c o l u m n  us ing  sod i u m  c itrate b uf fers 
(Speckm a n  et al. , 1 9 5 8 ) . Detect ion  fo l lowed post c o l u m n  d er ivat izat ion w ith n i nhydr in  
reagent a nd m easure m e nt of t h e  resu ltant co loured c o m p l exes at 546 nm . 
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8 .  N u tritiona l  co m p o sit io n o f  s o m e  s p e ci e s  o f  mar ine a n i m a l s  a n d  th e i r  pote n ti a l  
a s  foo d  fo r Penaeus monodon b ro o d sto c k  

8 .  1 I ntroduction 

In ge nera l  prawn hatcher i es  re ly  la rge ly on l i ve  or fresh-froze n  natura l  foods ( M uthu  
and Laxminaraya n a ,  1 9 8 2 ;  Harr ison ,  1 9 90) . The  cho ice  of d iet usua l l y  d e pends  on  
loca l  ava i l ab i l ity and  subj e ct ive  assess m e nts of  re prod u ct ive perform a nce . I n  Austra l i a  
there  t e n d s  to  be a re l i a n c e  o n  f resh-f roz e n  s o u rces o f  s q u i d ,  b iva lv es a n d  po lycha ete  

worms . 

The n utr it iona l  c o m pos it i o n  of  a r a n g e  of  n a t u r a l  m a r i n e  foods  a v a i l a b l e  i n  Queens l and  
was assessed . S even  s p e c ies  of mar i ne  a n i m a l  (Ta b l e  8 . 1 )  w e r e  s a m p l e d  a nd 
su bj e cted to  prox i m a t e ,  a m i n o  a c id (AA)  a n d  f atty a c id ( FA )  a n a lyses . These  
n utr it iona l  prof i l es  were  then  c o m p a red  to  that  of P. monodon ova r ies fo r  both  
pub l i shed  resu lts ( Oy-Pe n a f lo r id a a nd M i l l a m e n a ,  1 9 9 0 )  and  l oc a l  pra w n s .  C o m p a r i son  

of n utr it i ona l  v a l u e  c o n c e ntrated on  t h e  e s s e nt i a l  a m in o  a c ids  ( EAAs) a nd t h e  l o n g  
c h a i n  po lyu nsaturated f atty a c id s  ( P U FAs ) . T h e  a n a l yt i c a l  t e c h n iq ues  u s e d  w e r e  a s  
desc r i bed  i n  sect ion  7 .  

8 . 2  Results and discuss ion 

Prox i m ate  a n a l ys is  resu lts are  presented i n  Ta b le  8 .  1 ,  AA l e v e ls and EAA indexes  
( EAAl s )  i n  Ta b l e  8 . 2  a nd FA c o nt e nt ( f o r  1 4  to  2 2  ca rbon  FAs ) i n  Ta b l e  8 . 3 .  EAAls  a re  
used for  e v a l ua t i ng  the  n ut r i t i o n a l  va l ue  of t h e  p rot e i n  of a food  s o u r c e  on  t h e  bas i s  
of i t s  AA com pos it ion  i n  c o m par i son  to  t h e  a n i m a l  t i ssue  of  i nterest ,  i n  t h i s  c a s e  p r a w n  

ovary . The  EAAI is the  nth root of  t h e  p rod u ct of  t he  rat ios  ( f ood : ov a ry )  of  e a c h  EAA .  

Tabl e  8 . 1 M oistu re ,  a s h ,  c r u d e  p rot e i n  a nd l i p i d  l e v e ls fo r  s o m e  natura l m a r i n e  

f eed s .  

Species % % Dry m a tter bas is 
M oisture 

Ash Crude protein Lipid 

1 .  Lo/igo chinensis 8 1 . 8 ± 0 . 5  6 . 6  ± 1 . 9 8 4 . 9  ± 1 . 8  6 . 0  ± 1 . 2 4  
(Squid)  

2.  Perna canaliculus 7 8 . 3 ± 2 . 6  1 0 . 2  ± 1 . 4 57 . 5  ± 1 . 8 1 0 . 4 ± 1 . 00 
(G reen musse l )  

3 .  Maryph ysa sanguinea 8 1 . 5 ± 3 . 7  1 8 . 4  ± 3 . 3  6 9 . 2  ± 3 . 6 4 . 3  ± 0 . 4 1  
( Mud w o rm) 

4. Donax de/toides 8 0 . 9  ± 3 . 1  1 9 . 9  ± 3 . 1  6 2 . 5  ± 5 . 6  3 . 9 ± 0 . 9 0 
(Pipi)  

5 .  Chiro nomid l a rva 9 2 . 2  ± 2 . 3  1 6 . 9  ± 1 . 0 6 3 . 0  ± 0 .0 7  5 . 5  ± 0 . 5 6  
( Blood w o rm )  

6 .  Amusium b al/o ti 8 2 . 0 ± 1 . 8 1 4 . 4  ± 1 .9 8 3 . 5 ± 1 . 2  1 . 9 ± 0 . 3 0  
(Sca l lop)  

7 .  Onuphidae sp 8 1 . 3  ± 4 . 3  1 4 .0 ± 0 . 8 0  7 5 . 4  ± 2 . 1  3 . 3  ± 1 .08 
(Beach w o rm) 

M e a ns ( n  = 4) .±. standard d evi ati o n  
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Table 8 .2 Ess e nt i a l  a m ino  a c id c o nte nt ( %  d ry  org a n i c  m atter )  for  s p e c ie s  a n a lysed  M e a ns ( n  = 4) i n  c o l u m ns w ith  s a m e  s u persc r i pt 
a re  not s i g n i f i ca nt ly  d if fe re nt ( P >  0 . 0 5 ) . 

Species Arginine H istid ine lsoleucine Leu cine Lysine Methionine Phe nyla lanine Threonine Valine EAAI 
Squid 7 . 4 1  1 . 5 4cde 3 . 7 7 °  6 . 9 5  6 . 7 7 2 . 1 0b 3 . 1 8b 3 . 6 9  3 .57° 0 . 9 4  

G re e n  Mussel  4 . 8 5 'b 1 . 9 5b 2 . 40" 3 .8 3  3 . 8 7 "bc 1 . 1 9 " 2 . 3 6" 2 . 5 1 2 . 4 8b 0 . 9 9  

M u d  w o rm 5 . 8 9 '  1 . 5 9 °  2 . 8 6" 5 . 3 4"0 4 . 8 2' 1 . 2 2" 2 . 6 1 "  3 .0 1 '  2 . 9 6" 0 . 9 5  

(.J Pi p i  5 . 9 0 '  1 . 1 9 "b 2 . 7 3 '  5 .07"  4 . 2 4"bc 1 . 3 3 "  2 . 3 3 '  3 .00" 2 . 8 4"b 0 . 9 4  
I\) 

Chi ronomid l a rva 4 . 7 5b 1 . 6 9 °  3 . 6 2bc 6 . 1 2b 4 . 2 6 "  1 . 3 3 "  3 .49 b 3 . 1 0" 3 . 50° 0 . 97 

Scal lop 8 . 6 5  1 . 3 1 "d 3 . 1 9"b 5 . 9 6bc 5 . 8 1 1 . 8 1  b 2 . 7 2" 3 .00" 3 .0 1 "  0 . 9 1 

Beach worm 5 . 9 5' 1 . 1 8"'  2 . 7 7  5 . 2 1 "d 4 . 3 4"bc 1 . 3 7 "  2 . 40' 3 .0 6' 2 . 90" 0 . 9 4  

S . E .  ± 0 . 3 7 4  ± 0 .0 8 5  ± 0 . 1 6 9 ± 0 . 2 1 7 ± 0 . 3 1 6  ± 0 . 1 2 8 ± 0 . 1 53 ± 0 . 1 1 6  ± 0 . , , 0 

*P. monodon 6 . 3 4  2 . 3 1 4 . 6 0  7 . 7 6  6 . 5 4 2 . 8 0  5 . 7 5  4 . 7 9  5 . 6 9  

' (Dy-Penaflorida a nd Mi l lamena ,  1 9 9 0  ( %  D r y  Matter ] )  



Table 8 . 3 

S p e cies 

S q u i d  

G re e n  Musse l  

M u d  w o rm 

Pi p i  

w C h i r o nomid l a rva 
w 

S c a l l o p  

B e a c h  w o r m  

A v e r a g e  S . E .  

P. monodon 

S . E .  

Fatty a c id c o nt e nt ( %  d ry o rg a n i c m atte r )  f o r  s p e c i e s  a n a l y s e d  M e a ns ( n  = 4 )  i n  co l u m ns w it h  t h e  s a m e  s u perscr i pt l e tte r  
a re  not  s i g n i f i c a nt l y  d i f f e r e nt (P  > 0 . 0 5 ) . 

1 4  

0 . 1 1 cd 

0 . 3 5  

o .0 3•bd 

0 . 7 0" 

0 . 1 9 '  

O .O l b 

0 .0 3 'b 

± 0 .0 1 1 

0 . 2 5  

± 0 . 0 3  

1 6  

0 . 9 2'"' 

1 . 2 5  

0 . 3 3 " " 

0 . 40" 

0 . 8 1 b 

0 . 1 7 ' 

0 . 1 7' 

± 0 . 0 5 6 

2 . 3 0 

± 0 . 2 2 4  

1 6 : 1  1 8  

0 . 0 2b 0 . 2 1 " 

0 . 5 1 "  0 . 3 1 

0 . 0 5b 0 . 1 6" 

0 . 49 " 0 . 2 1 '  

0 . 40' 0 . 4 3 
b 0 . 0 9 b 

0 . 0 3 b 0 . 1 0b 

± 0 . 0 9 1 ± 0 . 0 20 

1 . 1 5 0 . 8 7 

± 0 . 1 1 4  ± 0 .0 5 4  

1 8 : 1  1 8 : 2  

0 . 1 4bc . 

0 . 2 9  0 . 1 4  

0 . 20 ' 0 . 0 6b 

0 . 1 2"' o . 0 2·b 

0 . 7 4  1 .  1 6  

0 .0 5 "  . 

o .o s •b 0 . 0 2 'b 

± 0 .0 3 0 ± 0 . 0 1 9 

2 . 2 5  0 .  1 3 

± 0 . 1 48 ± 0 . 0 2 1  

1 8 : 3  2 0  20 : 1  20:4 20:5 22:6 n - 3 : n -6 

Rat ios 

o .os c 0 . 1 4b 0 . 4 1  c 1 . 3 5c 1 2 . 6 

0 . 1 3 b . 0 . 1 7  0 . 1 0· 1 .0 5  1 . 2 9c 1 0 . 3 
0 .0 3 ' . 0 .0 4cb 0 . 1  S b 0 . 2 8bc 0 .0 3b 1 . 4 

0 . 0 3 "  o .0 2·b 0 .0 7 ' 0 . 1 7 "b 0 . 4 3 "  7 . 0 

0 . 1 6" 0 . 0 6  . 0 . 1 0· 0 . 1 0· 0 . 0 2b 0 . 2  

' . 0 .0 6 '  0 .09"  0 . 3 5" 7 . 3 
. ' 0 . 0 6' 0 .08' o . 1 5'b 0 . 2 3 . 5  

± 0 . 0 1 7 ± 0 . 0 0 2  ± 0 . 0 0 7  ± 0 .0 1 4 ± 0 . 0 5 5  ± 0 .0 40 

0 . 0 0 . 0  0 . 1  0 . 7 8  1 . 2 5  1 . 4 5  3 . 0 

± 0 . 0 ± 0 . 0  ± 0 .0 3 5  ± 0 .0 4 1  ± 0 .0 7 4  ± 0 .09 



The percentage l i p i d ,  i n  compar ison to prote i n  l eve ls ,  was  low fo r  a l l  s p e c ies . Green 
l i p  m usse l  h a d  the  h ighest l i p id  l eve l  a n d  s c a l l o p  the  l ow est ,  w h i l e  p r ot e i n  l eve ls  var i ed  
from 8 4 . 9 %  ( squ id  m a nt l e )  to 57  .5  % ( g reen  l i p  m usse l ) . D e s p ite stat ist i ca l l y  
s ign i f i cant  d ifferences betw e e n  spec ies  for  s ing le  EAA's  the prof i l e s  of  a l l  the  spec ies  
show a s im i l a r  pattern .  A l l  seven  spec ies  h a d  a h igh  EAAI ( > 0 . 9 0 )  and  are  therefore 
cons idered as good prote in  s o u rces (M ura i  et  al. , 1 9 84) . S q u i d  m a nt l e ,  however ,  was 
the m ost concentrated source of  EAAs a n d ,  of  a l l  spec i es  a n a lyse d ,  it  m a y  best meet 
the prote in  requ i rements of  P. monodon broodst o c k .  

F A  prof i l e s  w e r e  marked ly  d if ferent  betw e e n  s p e c i es ,  pa rt i c u l a r l y  t h e  l e v e ls of  PUFAs . 
P. monodon ovar ies are h igh  i n  20 :4n- 6 ,  2 0 : 5 n- 3  a n d  2 2 : 6 n-3 FAs . S q u i d  m a nt le  a n d  
gree n  l i p  m usse l  FA prof i les  m ost c lose ly  rese m b l e  t h a t  of  P. monodon ovar ies  a s  both 
are re lat ive ly  h i gh  i n  these three PU FAs (Ta b le  8 . 3 ) .  

I n  c o n c lus ion ,  o n  the basis o f  t h e i r EAA and  FA prof i l es ,  a c o m b i n a t i o n  o f  s q u id m a nt le  
and g reen  l i p  m usse l  appe a rs to  prov ide  a good  f o undat ion  f o r  t h e  f resh  c o m p o n e nt 
of a P. monodon m aturat ion d i e t .  Both of these  f o od s o u r c e s  a re r e a d i l y  a v a i l a b l e  i n  
Austra l i a  i n  bu l k  packs of f resh-froz e n  prod uct  a nd are  used a s  a base  d i et fo r  t h e  
maturat i o n  stud i es cond u cted at B I A RC .  
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9 .  Th e e ffe ct o f  starv a ti o n  a n d  a b la ti o n  o n  th e c o m p o s i ti o n  o f  o v a r y  a n d  
h e p a to p a n c r e a s  t iss u e s  i n  Penaeus monodon b r o o d sto c k  

9 . 1 I ntroduction 

A n u m b e r  of stu d i e s  h a v e  e x a m i n e d  the q u a l it a t ive  a nd qua nt itat i v e  c h a nges  in body 
c o m pos it i o n  occu r r i ng  i n  c rust a c e a ns as  a r esu lt of  sta rvat i o n . ( C uzon  et al. , 1 9 80; 
R e g n a u l t ,  1 9 8 1 ) .  M ost s p e c i e s  d e p lete reserves of prote i n ,  l i p i d  a nd ca rbohydra te ,  
however ,  t h e  r e l a t i ve  im porta n c e  of  each  a pp e a rs to d e pe n d  o n  t h e  d urat i on  o f  
sta rvat i o n  (Cuzon  et  al, 19 80) a nd to  be  spec i es  d e p e nd a n t .  T h e  extent  to  w h i ch  
va r i ous  t iss ues  c o nt r i b ute  r e s e r v e s  h a s  a lso been  a s u bj e ct of res e a rc h  ( B a r c l a y  et  al. , 

1 9 8 3 ; S c h i r f , et  al. , 1 9 8 7 ) . C o m p a r i sons  of t h e  c o m pos i t ion of t i ssues  i n c l u d i n g  t h e  
ova ry  h a v e  b e e n  d o n e  fo r  p e n a e i d  b roodst o c k  ( M i l l a m e n a  a nd Pa s c u a l ,  1 9 90; D y 
Pe n a f l o r i d a  a nd M i l l a m e n a ,  1 9 90) ,  h o w e v e r ,  d ata  o n  ova ry  t i s s u e  compos it i ona l 

c h a n g e s  w ith  sta rvat i on  is l i m it e d . 

A b l a t i o n  s i g n i f i c a nt l y  i n c r e a s e s  t h e  g rowth rate  of P. monodon ( N a n  et al. , 1 9 93) . I t  
a ls o  p r o m otes  o v a r y  d e v e l op m e nt ( Pr i m a v e r a ,  1 9 8 4) ,  d e c r e a s e s  b l ood g l ucose  l e v e l  
( K e l l e r  e t  al. , 1 9 8 5 )  a nd i nc r e a s e s  r e s p i ratory  rates  ( R osas  e t  al. , 1 9 9 1  ) .  

T h e  o v a r y  b e h a v e s  as  a s i n k  fo r  n ut r i e nts u n d e r  n o r m a l  c i rc u m sta n c e s ,  a s i tuat ion  that 
i s  e x a c e r b ated  b y  a b lat i o n .  H ow e v e r ,  d u r i n g  sta rvat i on  t h e  ova ry  m i ght  conc e i v a b l y  
a ct a s  a s o u r c e  of  n ut r i e nts f o r  t h e  p raw n .  I m pos i ng  both a b l a t i o n  a nd sta rvat ion  
s i m u lt a n e o us l y  m a y  s h e d  l i g ht o n  the  m e c h a n ics  u n d e r l y i ng  a b lat i o n . I t  wou ld  be  o f  
i n te rest  t o  know w h e t h e r  a b l a t i o n  can  i n f l u e n c e  the  com pos it i on  o f  t h e  ea r l y  st a g e  
o v a r y  w h i l e  t h e r e  i s  a ne t  l oss  o f  n ut r i e nts f r o m  both  t h e  o v a r y  a n d  h e patop a n c r e a s  
d u e  t o  sta rvat i on . A l s o ,  i d e nt i f y i n g  t h ose  c o m p o n e nts s u c h  as  fatty  a c ids  w h i c h  a re  

r e a d i l y  lost  f rom the  ovary  d u r i n g  sta rvat i on  m a y  ass ist i n  the  i n te rp retat i o n  o f  
s p a w n i n g  r e s u lts f rom p rawns  fed  m atu ra t i on  d iets t h a t  a r e  poor  i n  t h ose  c o m p o n e nts . 

T h i s  st u d y  e x a m i n e d  t h e  e f f e ct o f  s h ort t e r m  ( 10 d a y )  starvat i o n  o n  t h e  c o m p os i t i on  
of  ova ry  a nd h e pa to p a n c r e a s  t i s sues  of  a b l a t e d  a n d  non - a b l a t e d  P. monodon 
b r o o d stoc k .  

9 . 2  Materia l s  a n d  m e t hod s 

P. monodon brood stoc k betw e e n  90 a n d  1 00 gra m s  i n  s i ze  were  c a pt u r e d  f rom waters  
o f f  C a i r ns  i n  no rt h e r n  Q u e e ns l a n d . Pra w ns w h i c h  e x h i b i ted  no  v is u a l  s igns  of ovary  
d e v e l o p m e nt were  a i r  f r e i g ht e d  t o  the  Br ib i e  I s l a n d  Aq u a c u ltu re  R e s e a r c h  C e ntre  and  
u pon  a rr iv a l  were  w e ig h e d  a nd m o u lt sta g e d . Tw e nty prawns i n  the  post m o u lt and  

e a r l y  i n t e r m o l t  (8 -C )  sta g e  were  s e l e ct e d  fo r  t h e  e x p e r i m e nt ,  f ou r  o f  t h ese  w e r e  k i l l e d  
i m m e d i a t e l y  t o  a ct as  c o nt ro l s  a nd t h e i r ovary  a n d  h e p atopancreas  t issu e  rem oved for  
b i oc h e m ic a l  a n a lys i s . The  re m a i n i n g  p rawns  were  i n d iv id u a l l y h o used  in  b l a c k  
po lyethy l e n e  t a n ks (0 . 9  I x 0.5 d x 0.6 w )  w it h  s e a w ater  o f  36 p pt a nd 2 8°C 
c o nt i n u ou s l y  e x c h a n g e d  at  a rate  of  1 00% per  d a y .  E a c h  pra w n  was t h e n  r a n d o m l y  
a l l oca ted  t o  o n e  of  f o u r  t re a t m e n t  g r o u p s :  f e d , f e d  a n d  a b lated , sta rve d ,  sta rved  a nd 
a b l a ted . T h e r e  w e re e i g ht p r awns  p e r  t reatm e n t .  T h e  f e d  prawns r e c e ived  p i p i  (Donax 
deltoides) m a nt l e  to ad lib . a n d  f o o d  i n take  w a s  m o n ito red  to con f i rm  t h a t  f e e d i n g  was  
o c c u rr i n g .  O n  d a y  1 0  t r e a t m e nt pra w n s  w e re k i l l ed a nd t h e i r  ova ry a nd 
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Table 9 . 1  

Treatment 

Cont ro l 

F 

FA 

s 

S A  

M e a n  leve l  (mgs pe r  1 00 g pra w n )  of  prote i n ,  l i p id a nd c h o l este ro l  i n  the prote in  a nd ovary t issues  a nd GSI  and  HSI  
va l ues  for  e a c h  t reatm e nt g roup ;  F = f e d ;  FA = fed and  a b l ated ; S = sta rved ; SA = sta rved a nd a b lated . S uperscr ipt 
d e note tre a tments that  a re  not s i g n i f i c a nt ly  d i f f e re nt .  

Ova ry Hepatopan creas 

GSI HSI 
D ry matter Prote in Lipid Cholesterol Dry matter Prote in Lipid Cholesterol 

( % 1 ( m g )  ( m g )  ( m g )  ( % )  ( % )  ( m g )  ( m g )  ( m g )  ( % ) 

2 7 . 8 "  6 3 2 200 8 . 2  7 . 7'  3 1 . 5 1 9 8 '  1 7 3 '  1 . 8 ' 4 . 8 '  3 . 7  ± 0 .5  2 . 4'b ± 0 . 1  

2 4 . 1 c 3 4 6' 7 4bc 4 . 0'  7 . 9 '  3 7  . 8 '  3 5 3b 3 4 5b 5 . 0b 6 . 1 '  2 . 2' ± 0 . 3  2 . 6• ± 0 . 2 

2 6 . 6c' 400' 9 9 c 4 . 8 ' 8 . 9 '  3 7 . 5' 3 20'b 3 00"° 3 . 2' 4 . 4' 2 . 4' ± 0 . 5 2 . 3 '  ± 0 . 1  

1 9 . 2b 1 3 4• 1 5' 1 . 5 7 . 5' 20b 1 8 9 '  3 0' 2 . 5" 9 . 4b 1 . 2 ± 0 . 1  1 . 6 ± 0 . 1  

20 . 3b 2 8 3b• 3 8"b 3 . 2' 7 . 5' 2 1 . 6b 2 9 7 'b 43'  4 .0'b 9 . 3 b 2 .0' ± 0 . 3  2 . 1 '  ± 0 . 3  



t issues were re m oved for  b iochem ica l  a n a lys is . The ovary a nd h e patopancreas  of  e a c h  
pra wn w a s  we ighed  s o  that somat ic  i n d i c e s  c o u l d  be  c a l c u late d . T h e  G o n a d  S o m at ic  
I ndex  (GS I )  and  the  H e patopancreas  S o m at ic  I nd e x  (HS I )  w e re c a l c u l ated as  the  w et 
we ight of the respect ive orga ns ,  expressed as a percentag e  of t h e  w et w e i g ht o f  t h e  
prawn .  Mou lt sta ge  was d eterm ined  by a mod i f i ed  sch e m e  of  Dra c h  a nd 
Tchern igovtzef f  ( 1 9 6 7 ) . B iochem ica l  a n a lys is  of t iss u e  s a m p l e s  w a s  car r i ed  o ut 
accord ing  to the  m ethods prev ious ly out l i ned  i n  S e ct ion 7 .  Stat ist i c a l  a n a lys is  i nvo lved  
a n a lys is of  va r i ance  (ANOVA) to assess treatm ent effe cts . 

9 .3 Results 

Ta b le  9 . 1 shows the m e a n  leve ls  (mg  per 1 OOg prawn a n d  p e r c e ntage  in dry t issu e )  
o f  prote i n ,  l i p i d  and  cho l este ro l  i n  t h e  ovary  a nd he pato p a n c r e a s  of  prawns i n  e a c h  
t reat m e nt gro u p .  T h e  m e a n  G S I  a n d  H S I a re  a l s o  presented i n  t h is t ab l e . 

F igure  9 . 1 shows gra ph i ca l l y  the pe rcentage  of prote in  a n d  l i p id i n  th e  ovary a n d  t h e  
he patopancreas  fo r  each  t reatment g rou p . A b l a t i o n  had the  eff e ct o f  m a inta i n i n g  t i ssue  
s i ze  i n  both  the  ovary  (GS I )  a nd h e patopanc reas  (HS I )  of sta rved  p r a w ns (Ta b l e  9 .  1 ) . 
Wh i l e  the  correspond ing  average l i p i d  a nd prote in  l eve ls  were  a ls o  h i g h e r  these  w ere  
n ot s i gn i f i c ant ( P >  0.05) . Ab lat i on  h a d  no  s i g n i f i c a nt e f fect  o n  he pato p a n c r e a s  

, reserves of the  f e d  prawns,  however i n  the  ovary o f  fed  praw n s  a b lat ion  c a used  a 

s i gn if i c a nt i nc rease  i n  the percenta ge  of l i p i ds . 

Ta b les  9 . 2  a n d  9 . 3  show the  mean  l eve ls  of fatty a c ids  i n  t h e  n e utra l a n d  po l a r  l i p id 
t ract ions of t h e  ovary a n d  h e p atopa nc reas  t i ss u es respe ct iv e l y ,  i n  e a c h  trea tm e nt 
g ro u p .  Abso lute  l eve l s  ( ex pressed as  m g  pe r  1 OOg pra w n ) , s h o w  that  a l l  fatty a c id s  
i n  both t i ssues  w ere d e p l eted d ur i n g  sta rvat i o n .  H o w e v e r ,  s o m e  fatty ac i ds  w e r e  
d e p leted m ore t h a n  others  a nd t h e  p e r c e ntage  com pos i t i ons  r e f l e ct these  r e l at ive  
changes .  The f atty ac ids  whose rat io  i nc reased fo l l ow ing  starvat i o n  represent  those  
that were preferent i a l ly reta ined  or were  i n  l ess  d e m and as  a n  e n e rgy  source  b y  t h e  
praw n .  

F igure  9 . 2  shows t h e  percentage com pos it i o n  o f  2 0 : 4 n- 6 ,  2 0 : 5 n- 3  a nd 2 2 : 6 n- 3  i n  t h e  
po la r  a nd n e ut ra l  l i p i d  f ract ions o f  t h e  ovary  and  he patopan c r e a s  t issues i n  e a c h  
treatm e nt gro u p .  These three  fatty a c ids a r e  o f  pa rt i cu la r  i n t e rest because  they  
showed  the  m ost d if fe rences between  t reatm ents and  a re  cons i d e red  to  be  essent i a l  
i n  the  d iets of p e n a e i d  prawns ( Ka n azaw a ,  1 9 8 1  ) .  

9 .4 Discussion 

Both the ovary and he patopancre a s  t i ss u e s  l ost prote i n  and l i p id as  a resu lt of  
starvat ion .  In  c o m par ison to the hepatopa ncreas ,  the  ovary l ost  more prote i n  t h a n  
l i p id . O n  averag e  the  ovary contr ibuted 2 1 2 m g  of prote in  a nd 6 9 m g  of l i p i d  ( p e r  1 OOg 
prawn) du r i ng  the ten  days starvat ion . The he patopancreas cont r i buted on ly 94 m g  
o f  prote in  b ut 3 1 5 m g  of l i p id . The ovary  and  he patopancr e a s  contr i buted e q u a l  
q u a nt it ies o f  c h o lestero l  d ur i ng  starvat i o n .  

Thus,  w h i l e  reserves o f  l i p id  i n  the ovary were  dep l eted a t  a p roport ionate ly  g r e ater  
rate than  prote i n ,  they made  a re lat ive ly  sma l l  contr ibut ion i n  a bs o l ute  term s .  The 
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-able 9 . 2 .  

Lipids 

N eutra l  

( mg )  

P o l a r  

(mg) 

Neutra l  

% FA 

Pol a r  

% F A  

M e a n  f atty a c id l e v e l s  ( %  o f  tota l f atty a c id s )  a nd tota l l e v e l s  ( m g  per 1 00 g a n i m a l )  p o l a r  a n d  n e ut ra l f r ac t i on  of ova ry t iss u e  f rom 
t re a tm e nt g r o u ps ( 0  = < 0 . 5 % ) .  M e a n s  w it h  s a m e  s u pe r s c r i pts a r e  n o t  s i g n i f i c a nt l y  d i f f e r e nt .  

Treatment 1 4  1 6  1 6 : 1  1 8  1 8 : 1 n · 7  1 8 : 1 n -9  1 8 : 2  1 8 : 3  20 : 1 n - 7  20 : 1 n-9 2 0 : 1 n- 1 1 20:4n-6 20 :5n-3  22:6n-3 

c 1 . 3 5' 1 1 . 3 9 '  7 . 5 1  ' c 2 . 6 9 '  2 . 2 1 '  7 . 3 7 '  0 . 47 ' 0 . 1 0' 0 . 3 5 0 . 2 5' 0 . 43 2 . 7 2  4 . 7 9  6 .05'  

F 0 . 4 5cb 4 . 8 4'b 2 . 3 4b 1 . 0 2bc 0 . 8 4b 3 . 3 2bc 0 . 1 7 '  0 .0 7 b' 0 . 1 3 ' 0 . 1 0'b 0 . 1 7'  0 . 8 4' 1 . 45'  2 . 7 7 bc 

FA o . 1 oc• 7 . 6 4b' 3 . 1 3 cob 1 . 9 2c' 1 . 0 6'b 4 . 9 3 b' o . 2 2•b o .o sb· 0 . 1 2' 0 . 1 7 '  0 . 1 9 ' 1 . 1 6' 1 . 7 3 '  5 , 3 7 co 

s 0 . 0 2b 0 . 2 4 0 . 0 7 b 0 . 0 9 b o .o 3 c 0 . 1 5 0 . 0 1 b o . ob o . o· O . Ob 0 . 0' 0 .07'  0 . 0 8 b 0 . 0 9b 

S A  0 . 1 3 b 1 . 7 9 b 0 . 6 5b 0 . 4 1 " 0 . 3 4c 1 . 3 0c 0 . 0 6b 0 .0" 0 . 0 4' 0 . 0 3 b 0 .0 6 '  0 . 5 1 '  0 . 6 6b' 0 . 5 9b 

c 0 . 48 7 . 4 7 3 . 7 2  4 . 5 3  2 . 3 1 7 . 3 4 0 . 4 9  0 .0 3 '  0 . 1 4' 0 . 2 7 ' 0 . 4 6  4 . 6 3  6 . 1 1  5 . 29'  

F . 1 4' 3 . 1 9 ' 1 . 2 5 '  1 . 80'  0 . 7 3 ' 2 . 9 2' 0 . 1 6' 0 .0 3 ' 0 . 0 6•0 0 .  1 1 • 0 . 1 1 '  2 . 1 9' 2 . 6 1 '  2 . 6 3 b 

FA 0 . 1 7 ' 3 . 5 5' 1 . 3 6 ' 2 . 1 6" 0 . 7 3 '  3 . 2 9 '  0 . 1 6' 0 . 0 3 '  0 . 0 5• 
o . 1 5•b 0 . 1 3' 1 . 9 4' 2 .49'  3 . 30b' 

s 0 .0 2' 0 . 7 2b 0 . 1 4' 0 . 40 0 . 1 1 • 0 . 5 5  0 . 04' 0 .0 o . o• 
o . oc 0 . 0  0 . 7 2b 0 . 6 6b 0 . 3 5c 

S A  0 .0 6' 1 . 9 5b• 0 . 5 5 ' 1 . 1 7 ' 0 . 5 0b' 1 . 6 4' 0 . 0 8 '  0 .0 O . Ob 0 . 04' 0 .0 6' 1 . 5 2bo 1 . 47b' 0 . 8 8 c  

c 1 . 9 '  1 9 . 9 ' 1 0 . 2' 4 . 9 '  4 . 5 ' 1 3 . 9 ' 1 .0'  0 . 2' 0 . 8  0 . 5' 1 . 0' 5 . 5' 9 . 3 '  1 0 .7b' 

F 1 . 8 '  2 4 . 6c 8 . 3 ' 6 . 6'b 4 . o '  1 5 . 9" 0 . 5b 0 . 1 ""  0 . 5' 0 . 3 bo 0 . 7b• 5 . 4' 6 . 2cb 1 2 . 2' 

F A  1 . 8 '  2 2 . 6co 8 . 9 co 5 . 8'  3 . 4b' 1 4 . 8 b' o . 6b' 0 . 2' 0 . 3 'b 0 . 5' 0 . 5b 3 . 8 '  5 . 4b 1 6 .0 

s 1 . 9 '  2 6 . 3 b 4 . 9 b 1 1 .0 2 . 5b 1 5 . 4b 0 . 1  o .o• 0 .0 o . oc 0 . 1  1 0 . 6b 8 . 9 ' 7 . 7b 

S A  1 . 7 '  2 3  . 6 '"' 6 . 4ch 8 .o• 3 . 3 '" 1 5 . 4b 0 . 5" 0 .0" 0 . 3" o . 2ch 0 . 4b 8 . 5b 8 . 2c• 8 . 2b 

c 0 . 9 b 1 4 . 5° 7 . 1  8 . 2'  4 . 5' 1 3 , 9 co 0 . 9 '  0 . 1 '  0 . 4  0 . 5' 0 . 9  9 . 1 '  1 1 . 7 '  9 . 9  

F 0 . 6co 1 5 . 1  cb 4 . 9 b' 8 . 3 '  3 . 4b 1 2 . 4" o . 8 b' 0 . 1 '  0 . 1 '  0 . 5' 0 . 4' 1 1 . 2 1 2 . 3 b' 1 1 . 5 

F A  0 . 7bc 1 5 . 3 b 5 . 3 '  8 . 5' 3 . 1 b 1 3 . 4cbo 0 . 7b 0 . 1 ' 0 . 1 ' 0 . 6' 0 . 4' 9 . 6' 1 1 . 7 ' 1 3 . 2  

s 0 . 5' 1 6 . 5'b 3 . 2c 9 . 1 '  3 . 8 c 1 2 . 4b 0 . 9'  O . Ob 0 . 0' 0 . 1 b 0 1 6 . 5 1 4 . 6 7 . 8'  

SA 0 . 5 ' 1 7 . 1 '  4 . 1 eh 9 . 3 '  4 . 2c• 1 3 . 3 ''" o . 8 b' O .Ob 0 . 0' 0 . 2b 0 . 3 ' 1 4 . 3  1 3 . 2b 8 . 1 '  



he patopancreas was m or e  i m p orta nt t h a n  t h e  ovary as a s ource  of l i p i d ,  wh i l e  the  
ovary  made  a s i gn i f i ca nt l y  h i g h e r  contr i b ut i on  to  the  prot e i n  r equ i r e m e nts . I n  te rms  
of e nergy,  us ing  a n  avera g e  e n ergy d e n s ity f o r  l i p i ds  of 9 . 5  kca l  pe r  gra m and  4 .5  kca l  
pe r  g ram for  prote in  (Gordon et  al. , 1 9 7 7 ) ,  t h e  ovary  contr i b uted a tota l of  1 609 kca l  
and the  hepatopa ncreas 3 4 2 5  kca l  to  t h e  p rawns tota l  e nergy  requ irem e nts d ur ing  
starvat ion . Thus ,  in  P. monodon broodstock ,  both  t i ssues  prov ide  energy  s u bstrates 
d ur ing  short per iods of d i etary d e pr ivat i o n .  

Ab lat ion ma inta ined t h e  s ize  of  t h e  ovar i es  c ou nter ing the  t e nd e ncy of t h e  G S I  to  f a l l  
d ur ing  starvat ion . This suggests that Vite l l oge nes is  I nh i b it i ng  Hormone  (VI H ) ,  t h e  l eve l  
of wh ich  is red uced by ab l at ion ,  is i nvo lved  at the  v ery e a r ly  sta ges  of ovary 
deve lopment a nd poss ib ly  may i n it iate  it . Th is  is c ontrary to  the  theory that  the 
reduct ion in  VIH ca used by a b lat ion  was on ly e f fect ive at  the  second a ry sta ges  of 
v ite l l oge nes is  and that a st i m u lat i n g  ho rmone  was r e q u i red  as  an i n it i a l  c u e  
( S a nt iago ,  1 9 7 7 ) . T h e  study on c o m p os it i o n a l  c h a nges  occ ur r ing  d ur i ng  ovary 
d eve lopm e nt a lso exa m i n e d  the  eff ect of a b l at ion  a nd showed that  a b lat ion  may  have 
acce lerated the  onset of second a ry v it e l l o g e n es is  ( S ect ion 1 1  ) .  It  wou ld  therefore  
a ppea r  that l eve ls of V IH have  an effect  o n  u n d eve loped  ovar i e s  a nd may be invo lved , 
w ith  or w ithout a st i m u l atory  hor m o n e ,  i n  i n it i a t i n g  ovary d e ve l o p m e nt .  

At a m ore d eta i l ed  leve l ,  starvat ion resu l ted  i n  s i g n i f i c a nt c h a n ges  i n  t h e  rat ios o f  some 
, f atty ac ids  in both the  ovary  a n d  h e p atopa n creas  t issu e s .  I nterest i n g  tre nds were  

a p parent for  20 :4n-6  ( a rac h idon ic  a c id ) ,  2 0 : 5 n-3 ( e i cosa pentano ic  ac id )  and  2 2 : 6 n-3 
(docosa hexano ic  ac id ) . The  20 : 4n-6  and 2 0 : 5 n-3  f atty ac ids  tend to have  the  s a m e  
response as  e a c h  other  to  t h e  var ious t reatm e nts . When  the  pra w n  was  starved , t h e  
ovary a ppeared to reta i n  both p o l a r  a nd n e utra l c l asses  of  these  fatty a c i d s  in  
p re fe rence  to 2 2 : 6 n-3 . T h e  h e patopa n c r e a s  a lso  reta ined n e utra l a nd po la r  2 0 : 5 n-3 
a nd n e utra l  20 : 4n-6  fatty a c ids  d ur i ng  sta rvat ion  though  po l a r  2 0 : 4 n- 6  is d e p leted in 
t h is t issue . I n  contrast ,  the 2 2 : 6 n-3 f atty a c i d  was s e l e ct ive ly  d e p l eted  f rom polar  a nd 
n e utra l l i p i ds  i n  the ovary a n d  he patopa n c r e a s .  

T h e  se l ect ive retent ion  of 20 :4n-6  a n d  2 0 : 5 n-3  f atty a c ids  b y  the  t iss ues  d ur ing  
sta rvat ion can  be i nterpreted in  two w a y s .  F i rst ly ,  these  fatty a c id s  may  be a ct i n g  i n  
a str uctu ra l  capac ity a nd a re  not  read i l y  m o b i l is e d  or  second ly ,  the re  is  l itt l e  d e m a nd 
for  these part icu la r  fatty a c ids  by the p r a w n  d ur ing  starvat ion . The preferent ia l use 
of 2 2 : 6n-3  may ref lect i ts s u itab i l ity a s  an e n ergy source , i ts  l a c k  o f  a structura l  ro le  

i n  the t issues or i ts  g reater  a bundance  r e l at ive  to other  f atty ac i ds .  

The  q u a nt it ies of e a c h  of these  f atty a c i d s  s u pp l i ed  by t h e  t issues  a lso  ind icated a 
prefere nt i a l  use of 2 2 : 6 n- 3  fo l lowed by 2 0 : 5 n- 3  t h e n  2 0 : 4n-6 f atty ac ids .  Wh i l e  the 
he patopancreas prov ides  f ive  t imes as  m uc h  from the  n e utra l l ip id  f ract ion  as  f rom the 
po lar ,  the  ovary provid ed  s l i g ht ly  m ore 2 0 : 4n - 6  a nd 2 0 : 5 n-3  fatty a c ids f rom the po lar  
f ract ion  a nd rough ly  e q u a l  a m o u nts of 2 2 : 6 n- 3  f rom the  po lar  a nd n e ut ra l  f r act ions . 

The l a rge  supp ly  of fatty a c ids  f rom t h e  n e ut ra l  l i p i d  f ract ion of  the  h epatopancreas 
is in kee p ing  w ith i ts  ro le  as a major  l i p id  sto rage  t iss u e  i n  praw ns ( G i bson  a nd Barker ,  
1 9 7 9 ) . N e utra l  l i p ids ,  pa rt i cu lar ly  the tr i a c y l g lycer ides  ( S e ct ion 1 0) are  a concentrated 
source  of stored e n ergy  (Ta con ,  1 9 9 0 ) . T h e  s i gn i f i cant contr i but ion from the po la r  
l i p ids i n  the  ovary  may re late to  the  w e i g ht of  prote in  that was  d e p l eted . The 
d e p let ion of both i nd i c ates  t h at, rather  t h a n  j u st the use of  stora g e  prod u cts to  s upply 
e nergy ,  t issues are a lso b e i n g  broke n d o w n  to meet e nergy re q u i re m e nts . 
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Figure 9 .1 The effect of  sta rvat ion and  a b l at i on  on  the  proport i on  of  l i p id  a nd 
prote in  in P. monodon a . Ovary t iss u e  b . H e patopa ncreas  t issue 
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Ablat ion  had  n o  s ign i f i ca nt e f fect on  the percenta ges  o f  these three  fatty a c id s  i n  t h e  
h e p ato p a n cr e as o f  f e d  or sta rved p rawns . How e v e r ,  i n  t h e  o v a r y  t iss u e  o f  t h e  f e d  
pra w ns ,  a b lat ion  s i gn i f i c ant ly  ( P <  0 . 0 5 )  i nc re ased the  p e r c e nt a g e  of t h e  2 2 : 6 n-3  fatty 
a c i d  in both the n e utra l and po l a r  l i p id f ra ct ions . A lso ,  w h e n  prawns w e r e  sta rved , 
a b la t ion  resu lted i n  s m a l l  but s ign i f i cant ( P < 0 . 0 5 )  d e p let ion  o f  2 0 : 4 n - 6  a nd 2 0 : 5 n-3  
f atty a c id s  f rom the  po la r  l i p ids  i n  the ovary,  w ith  n o  c hange i n  the  p e r c e ntage  of  
2 2 : 6 n- 3 . Th is  w o u ld i n d icate that  fo l l ow ing  horm ona l  c ues  to c o m m e n c e  d e ve l o p m e nt 
the  o v a ry reta ins  o r  a c c u m u lates the  2 2 : 6n-3 fatty a c id prefe r e nt ia l l y .  

W h i l e  there  w e r e  d i f fe rences  betw e e n  t h e  contro l  g r o u p  a nd t h e  f e d  g ro u p  i n  t iss u e  
s i z e  a nd l i p id to prot e i n  rat ios of  both t h e  ovary and  h e patopa ncreas ,  o n l y  a f e w  fatty 
a c ids  s h owed s i gn i f i c a nt d i f fe rences i n  pe rcenta ge  c o m p osit i o n .  Th is  w a s  s u rp r i s ing  
g i ven  that  d i et has  been  shown to a f f ect fatty a c id ra t ios i n  t i ssues  ( M i l l a m e n a ,  1 9 8 9 )  
a nd t h at t h e  d i e t  o f  t h e  contro l  g roup  prawns w a s  l i k e l y  t o  b e  d i f f e r e nt to  t h e  p i p i  d i et 
of t h e  f e d  g roup  ( S e e  S e ct ion  8 for  c o m pos i t ion ) . 

Fatty a c ids  2 0 : 4 n - 6  a nd 2 2 : 6 n-3  were  l ower  i n  t h e  p o l a r  l i p i ds  i n  t h e  o v a r i e s  of the  
c o nt ro l  g roup  t h a n  they  were  i n  the  ova r i es  o f  fed p ra w n s .  The  ova r i e s  o f  the  c o ntro l  
g roup p r a w ns c o nta i n e d  h i g h e r  l eve ls  of  t he  20 : 5 n- 3  i n  the  n e ut ra l l i p i d s  t h a n  the  
ovar ies  of fed  p rawns . The he p atopanc reas '  of c o nt ro l  g roup p ra w ns c o nt a i n e d  l ess  
2 2 : 6 n- 3  fatty ac id  i n  both n e utra l and  po l a r  f r act i ons  t h a n  pra w n s  f e d  the  e x p e r i m e nt a l  

, d iet . W h i l e  the  p ra w ns i n  t h e  contro l  g r o u p  w e r e  a t  a m ore  a d v a n c e d  sta g e  of  ova ry  
d e v e l o p m e nt,  these  obse rved  d i f fe rences  i n  fatty a c id l e v e ls in  the  h e patopa n cr e a s  a n d  
o v a r y  a r e  more  l i k e l y  to  be  a r esu lt of d i et t han  d e v e l o p m enta l sta g e  as  it h a s  b e e n  
s h o w n  t h a t  f a tty a c id rat ios c h a n g e  l i tt l e  w ith  o v a r y  d e v e l o p m e nt (Tes h i m a  e t  al. , 
1 9 8 9 ) . Oth e r  p r a w n s  c a ptu red  a t  t h e  c o m m e n c e m e nt o f  t h is e x p e r i m e nt p roved  t o  
be  g o o d  broodstoc k  i n  t e rms  o f  e g g  qua l i t y  ( B IA R C ,  u n p u b l i s h e d  d a ta ) ,  t h us t h e s e  
resu lts m a y  i nd i c a te  that t h e  h i g h e r  pe rcenta g e  of 20 : 5 n-3  i n  t h e  o v a ry is  of 
i m p o rta n c e  to the d e v e l o p m ent of  good  qua l i t y  e g gs . 

9 .  5 Co nclus ions 

The o v a ry is used a s  a sto rage  t iss u e  by P. monodon , howeve r  d u r i n g  s h o rt p e r iods  
of sta rvat ion  i t  cont r i butes  on ly  ha l f  th e e n ergy c o ntr i b uted by the  h e p a t o p a n c re a s .  
Eve n  w h e n  t h e  ovary  i s  a ct i ng  o n l y  as  a stora g e  t i ss u e ,  that  i s ,  p r i o r  to  ovary  
d e v e l o p m e nt ,  i t  h a s  a patte rn  of n ut r i ent a c c u m u lat ion  that  is d i ff e r e nt to  ot h e r  stora g e  
t i ss u e . T h e  patte rn  o f  f atty  a c id  a c c u m u l a t i on  i n  u n d e v e loped  ova r i es  i s  i n f l u e nc e d  b y  
d iet  b ut t h e  rat io  o f  l i p i d  t o  prot e i n  i n  t h e  t issue a p p e a rs t o  be m or e  c o ns e rvat iv e .  
U n l i ke t h e  he pato p a ncreas ,  t h e  ovary  stores e q u a l  po rt ions of l i p ids  i n  t h e  p o l a r  a nd 
n e utra l c l a sses ,  b e c a use of its pr i m a ry ro l e  as a r ep rod u ct ive t issue . M aj o r  stor a g e  
t iss ues ,  s u c h  as  t h e  h e patopanc reas ,  r e s p o n d  to a d i eta ry  su rp l us  by i n c r e a s i n g  the  
a m o u nt of  stored n e utr a l  l i p ids r a the r  than  po l a r  l i p i ds .  

Du r i ng  a te n d a y  sta rvat ion pe r iod the  l e v e ls of  a l l  fatty a c id s  i n  both  the  
hepato p a n c r e a s  a nd ova ry t i ssue  d e c reased , but the  m a g nitu d e  of t h e  c h a ng e  w a s  
g r e a t e r  f o r  p a rt i c u l a r  f atty a c i d s .  D u r i n g  sta rvat i o n  t h e  g r eater  r e d u c t i o n  i n  t h e  l e v e l  
o f  2 2 : 6n -3  r e l at i ve  to  2 0 : 4 n - 6  and  20 : 5 n-3  f atty ac ids i n  t h e  o v a ry a n d  
he patopa nc reas  c o u l d  be  i nte rpreted as ,  ( i )  sto red  fatty ac id 2 2 : 6 n - 3  b e i n g  used 
pre fe re nt i a l l y  by the  prawn to  sat isfy m etabo l i c  r e q u i r e m e nts w h e n  d i eta ry  s u p p ly is 
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Fig u r e  9 . 2  The  pe rcenta g e  co mpos it io n o f  f a tty ac i ds  2 0 : 4 n - 6 ,  2 0 : 5 n- 3  a nd 2 2 : 6 n-
3 in P. monodon t issues a .  O v a ry neut ra l  f r a ct i o n  b .  O v a ry po l a r  
f r a ct i o n  c .  H e p ato p a n c r e a s  n e u t r a l  f r a c t i o n  d .  H e p a to p a n c r e a s  po l a r  
f r acti on  
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l ack ing ,  o r  ( i i )  the  retent ion of  2 0 : 4n-6  and  20 : 5 n-3  m a y  ind icate  the i r  i m p o rta n c e  to 
the inte g r ity of  the t iss ue  and h e n c e  t h e i r  p re fe rent i a l  c o n s e rvat ion ,  or  ( i i i )  t h e  d i eta ry 
supp ly  of 2 2 : 6 n-3  fatty ac id to  c a pt ive  p rawns  w a s  h i g h e r  t h a n  that  of 2 0 : 5 n-3  a nd 

2 0 : 4n-6 f atty a c ids  so the su rp l us  stored i n  the  ovary was  re a d i l y  m o b i l ised  f rom the 
t issue  a nd used to satisfy ene rgy  n e e d s .  

T h u s ,  the  ovary does provide a s o u r c e  o f  n utr ie nts for  prawns ,  h o w e v e r  a b lat ion 
reduces th is ro le  t r igger ing a retent ion  and/or accumu lat ion of nutr ie nts in undeve loped 
ovar ies,  pres u m a bly  as a f irst ste p i n  the process of vite l l ogenes is . 

Wh i l e  a b l at ion  reduces the l eve l  of  v ite l l ogenes is i n h ib i t ing  hor m o n e  (V IH )  t h e  m od e  
o f  act ion a n d  target t issues of  t h e  hormone  have n ot b e e n  c l e a r l y  i d e nt i f i e d . The 
resu lts f rom th is  study (as  w e l l  as  stud ies  presented i n  S e ct i o n  4 a nd 1 1 ) s u g g est VI H 
is operat ive at  the  very ear ly  sta ges  of v ite l l ogenes is  a n d  its r e d uct ion  m a y  i n it i ate 
ovary deve lopm e nt .  Further  work  is needed  to c la r i fy  the r o l e  of V I H ,  b ut these  r esu lts 
are contrary to  the m od e l  propos i ng  that a sti m u latory ho rmone , a ct ing  d ir ect ly  on  the 
ovary t issue ,  i s  respons i b le  fo r  i n it i a t ing  ovary d eve l opm e nt (Khoo ,  1 9 8 8 ) . I f  a 
sti m u latory ho rmone  is invo lved it i s  act ive  e ither  i n  c o nj u n ct i on  w ith  V I H at the  ea r l y  
stages  or  i s  on ly  operat ive a t  l ater  sta ges of ova ry  d e v e l o p m e nt,  s u c h  a s  d ur i ng  
s e c ondary  v ite l l ogenes is . 

As a resu lt of th is  work a c l ea re r  p icture  has been  d e v e loped  of how broodstock  d iet 
e f fects ovary t issue and ,  in part ic u l a r ,  how the ovary responds to  a d i etary d ef i c i e ncy 
in  f atty ac ids . Through a bette r  u n d e rsta nd ing  of t h e  ro le  of  p a rt i c u l a r  f atty a c ids ,  
ste ps can  be taken  tow ards f urth e r  re f i n ing  broodstock  d i et fo rm u l at i ons . The 
response of t h e  ovary t issue to  a b l at i on  has l e nt s u p port to  ou r  d e v e l o p i n g  m o d e l  of  
the  horm ona l  contro l  of vite l l og e n es is  a n d  wi l l  add  f o c us to ou r  f uture  rese a r c h  i n  th is  
a rea . 
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·abl e 9 . 3  M e a n  f atty a c i d  l ev e l s  ( m g  p e r  1 00 g p r a w n  + % o f  f a tty a c i d s )  i n  t h e  p o l a r  a nd n e u t r a l  f r a c t i o n  o f  h e p a to p a n c r e a s  t issu e f r o m  t reatment 
g ro u p s .  For  e a c h  co l u m n  va l u e s  w i t h  a c o m m o n  s u p e rsc r i p t  l e tte r  a r e  not  s i g n i f i c a nt l y  d i f f e r e nt ( P > 0 . 0 5 ) . 
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1 0 . The fatty acid co mposit ion o f  the e g g s  a n d  la rva e o f  Penaeus monodon a n d  
Penaeus esculentus 

1 0 . 1  Introduction 

Larva l  qua l ity,  and hence later prawn growth and surv iva l ,  i s  not on ly  af t  e cted  by 
d ietary inta ke b ut a lso the ava i l a b i l ity of stored e nergy reserve s .  Newly  hatched prawn 
la rvae re ly com plete ly  on yo lk  r eserves accumu lated d ur i ng  egg deve l opm ent .  These 
reserves, wh ich  or ig inate f rom the spawner ,  a re  system at ica l l y  used d ur i ng  the  
hatc h ing  process and the  ear ly  l a rva l  sta ges ,  u nt i l  f i rst f eed i ng  occu rs .  Th is  pattern 
of usage wi l l  r e f l ect the ear ly  requ i re m e nts of  the l a rva e .  

Because of the  h i g h  energy d e ns ity of l i p ids  and  t h e i r r ecog n ised  i m porta n c e  i n  p rawn 
maturat ion ,  the  re lat ionsh ip  betw een  m atern a l  d ieta r y  l i p ids  and  egg  a n d  l a rva l  q u a l ity 
was exa m i ned  i n  P. monodon a n d  P. esculentus. La rv a l  q u a l ity w a s  m e a s u r e d  in te rms  
o f  the  perce ntag e  of eggs that  hatched and the  rate  of  l a rva l d e ve l o p m e nt .  The  m ore 
robust la rvae s p e nt s horter per iods i n  each  of the  la rva l  sta g e s .  In  a d d it i on  the  ovary 
t issue ,  eggs ,  naup l i i  a nd zoea were com pared f o r  c a pt ive  and w i ld P. monodon to  
assess the  changes i n  the pe rcentage com posit i o n  of  s e l e cted fatty a c id s .  

1 0 . 2  Materials and methods 

Two sources of f e m a l e  broodstock were use d ,  ( i )  g rav id  f e m a les  c a u g ht f r o m  the w i l d , 
and ( i i )  f e m a les  ( ab l ated a nd non -a b late d )  matu red  i n  c a pt iv ity o n  a d i et of  k n o w n  l i p id 
a nd fatty a c id c o ntent .  

Prawns were  h e ld in  maturat i on tanks pr ior  to s p a w n i n g  ( a b l ated  and n o n- a b l ated 
treatm e nts) and  fed  a m ixture  of p ip i  m usc le  (Donax deltoides)  a nd s q u id m a nt le  
(loligo sp. )  offered to s l i ght excess . 

After  spaw n ing  a samp le  of eggs  was  taken  for  b i oc h e m ic a l  a na l ys i s  a nd t h e  r e m a i n d e r  
reared through  to  the  f i rst zoea  stage  (Z 1 ) .  Eggs  f rom t h r e e  P. monodon s p a w n i ngs 
were a lso  samp led  at the t ime of spawn ing  a nd at three hour ly i nterv a ls u nt i l  h atch i ng  
a nd ana lysed fo r  f atty ac i d  ( FA) content . La rvae  w e r e  c o u nted to  assess hatch  rate 
and surv iva l  at 20, 42 and 60 h ours post-spa w n i n g .  For v i g orous l a rvae  these  t imes  
equate to f irst n a u p l ius  ( N 1 ) ,  f ourth naup l i us (N4) a nd f i rst zoea  (Z 1 ) (Tree c e  a n d  Yates,  
1 9 8 8 ) . Upon reach ing z, {stage  of f i rst feed i ng ) a s a m p l e  of  the Z ,  were taken f o r  FA 
a na lysis . 

Chemica l  a n a lys is f o l lowed the  same procedure  o ut l i n e d  i n  S e ct ion 7 e x c e pt that  l i p ids 
were  a lso  separated i nto t r ia c y l g lycer id e {TG)  a nd p h o s p h o l i p id  ( PL) c l a ss e s .  Stat ist i c a l  
ana lysis invo lved ana lysis o f  va r i ance  (ANOVA) and  T u keys test to  assess s p e c i e s  a nd 
treatment effects . Resu lts w e re regarded as s i g n i f i c a nt at the 5 % l eve l .  

1 0 . 3  Results and discussion 

Changes that occurred i n  P. monodon eggs from the t i m e  of s p a w n i n g  to  hatch ing  
re lated ma in ly  to  e g g  s ize and  mo isture  c o ntent ,  n o  s i g n if i c a nt d e p let ion  of  reserves 
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was ev ident .  FA prof i les  rema ined  constant in  both the  PL and  TG l i p id c l asses  (data  
n ot shown ) . 

Egg  h atch rates were s ign if i cant ly h igher  for  wi ld  prawns ( m e a n  = 40 % ) t h a n  f o r  
c a pt ive p rawns ( m e a n  = 2 8 % )  fo r  both spec ies . Larva l d eve l o p m e nt r a t e s  were  
c a l c u lated a s  the  percentage o f  l a rvae  to r each  each  l a rv a l  sta ge  w it h i n  t h e  4 2  a nd 6 0  
h o u r  t i m e  l im i t .  T h e  larvae o f  w i ld caught f ema les  o f  both spec ies  h a d  s i g n i f i c a nt ly  
h i ghe r  d e v e l o p m e nt rates than eggs  a nd l a rvae  of tank  he ld  a n i m a ls ( F i gu re  1 0 . 1  ) .  

Fig ure 1 0 . 1  Deve lopment rate of la rvae f rom c a pt ive a nd w i l d  p rawns 
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T h e  l eve l  of tota l l i p id  i n  the eggs a nd zoea  of the f ive  pra w n  grou p s  a r e  shown in  
F i g u re 1 0 . 2 ,  wh i le  the i r  FA prof i l e s  a re  s h own i n  F i g u re  1 0 . 3 .  As e g gs d e v e l o ped 
th ro u g h  to zoea ,  tot a l  l i p id l eve l  was ha lved due m a i n ly to  the d e p l et i on of  the  
tr i acy l g lycer ide  f ract ion . For th is  reason on ly  the FA prof i l e for  the  p h ospho l i p id  
f ract ion i s  shown fo r  the  zoea  (F igure  1 0 . 3 b ) .  

Eg g s  f rom the  a blated prawns were s ign i f i cant ly lower  in  1 8 : 0 ,  1 8 : 1 n- 9 ,  2 0 : 5n-3 and 
2 0 : 4n-6  in  both the Pls and TGs, than  eggs from wi ld  c a ught pra w n s  a nd a lso 
prod uced the poorest qua l ity larvae (data not shown) . Fatty a c id 20 : 5 n-3 i s  regarded 
as  an essent ia l  fatty ac id  for P. monodon ( Kanazawa et al. , 1 9 79 )  and  in  add it ion to  
2 0 : 4 n - 6  is cons id ered  important for  the prod uct ion  of prosta g l a n d i n s  w h ich are  
p rec ursors of reprod u ct ive hormones ( M idd led itch et al. , 1 9 80 ) . It  i s  genera l l y  
r e g a rd e d  that h i g h e r  l e v e l s  o f  fatty ac ids from t h e  n - 3  f am i l y ,  r e l at ive to  t h e  n - 6  f am i l y ,  
a re  i m portant to pra w n  re prod uct ive perform ance ( M i l l a m e n a  et al. , 1 9 84 ) . I t  w a s  
surp r i s i ng  t h e n  t h a t  the  prawns with Pls hav ing  a re lat ive l y  h i gh  c o n c e ntrat ion of 
20 :4n -6  and 20 : 5 n-3 fatty acids and TGs with a low concentrat ion of  the 2 2 : 6 n-3  
fatty ac id  prod uced  the  m ost robust la rva e .  

Desp ite the  apparent c onservat ion of Pls re lat ive to TGs, a pprox imate ly  6 0 %  (per u n it 
d ry  m atter )  of the  tota l  phospho l ip id  FA' s  were dep l eted (data  not s h ow n ) . As the  
d e g r e e  o f  d e p let io n  was  not e q u a l  for  a l l  FA's ,  prof i l es  o f  the p ho s p h o l i p i ds  changed  
s i gn i f i cant ly w ith d ev e l o pment f rom egg  to zoea (F igu re  1 0 . 3 b ) .  T h e  s pec ies a n d  
a b lat ion  treatment had  no  s ign i f icant effect on  t h e  fatty ac id prof i l e  o f  t h e  p h ospho l ip id  
f ract ion .  In  a l l  t reat m e nt groups the percentage of po lyunsaturated  Pls ( a nd to  a l esser 
e xt e nt  the long-c h a i n  saturated Pls)  tended to increase  w ith  l a rv a l  deve l o p m e nt ( F i gu re  
1 0 . 2 ) .  Th is proba b ly  ref l ects the preferent ia l  use  o f  monoe nes both fo r  e n e rgy  and/or  
the i r  d esaturat i on  a nd c h a i n  e l ongat ion  to  form po lyunsatu rat e d  FAs ( PU FAs)  i n  t h e  

zoe a .  

F igu re  1 0 .4  shows the  percentage composit ion o f  se lected HU FAs i n  t h e  n e utra l  a nd 
po la r  l i p i ds  i n  the ovary ,  eggs and zoea of ab lated P. monodon f ed a d i et of  squ id  and  
m usse l .  There  w a s  a s i g n i f i cant ly  h i ghe r  percenta ge  o f  neutr a l  a nd p o l a r  2 0 : 5 n-3 a n d  
2 2 : 6 n- 3  fatty ac i ds  i n  the  egg  than  i n  the  ova ry .  Th is i m p l i es  t h at 20 : 5 n- 3  a nd 2 2 : 6 n-
3 fa tty  a c ids  were , r e l at ive  to other f atty ac ids ,  m ore i m po rta nt i n  t h e  o o cytes t h a n  
as  structura l  com p o n e nts or transport l i p ids i n  the  surround ing  ova ry t iss u e .  

T h e  s u bsequent d e crease  i n  the leve l  o f  t h e  2 2 : 6 n-3 fatty ac id i n  t h e  p o l a r  l i p ids  a s  t h e  
e g g  hatches a nd d ev e l o ps i nto a f i rst stag e  zoea , i nd icates t h e  preferent ia l  use o f  th is  
FA as  an energy  sourc e ,  and /or i ts i nc l us ion  in  the hatch ing  enve lope . The hatch i n g  
enve lope  i s  d iscard e d  d ur ing  t h e  hatch ing  process (C la rke ,  1 9 8 2) . T h e  l e v e l  o f  po l a r  
f atty a c id 20 : 5 n-3 a l so  shows a s ign i f i cant drop f rom egg to zoea ,  however ,  its 
red uct ion is not as g reat as  that observed for  the 22 : 6 n-3 fatty ac id  a n d  s u ggests that  
t h e  2 0 : 5 n-3  fatty ac id  is a more im porta nt c onst it u e nt of m e m br a n es  a n d /o r  more  
a ct ive  as  a tra nsport l i p id  than 2 2 : 6 n-3 . The percentage of t he po lar  2 0 : 4n-6 fatty 
ac id  r e m a ins  constant i nd icat ing that it 's leve l  d e c l ines at a rate s i m i l a r  to  that of the 
tot a l  fatty ac ids .  In  a m a nner s imi la r  to the  20 : 5 n-3 fatty a c id ,  t h o u g h  q u a ntitat ive l y  
at a lower  l eve l ,  t h e  po la r  20 :4n -6  fatty ac id  m a y  be  m e m bra n e  bound  a nd on ly  used 
i f  the c e l l s  and  orga ne l l es  are broken down for  energ y .  
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Fig ure 1 0 . 2  C o m pa ra t i v e l i p i d  c o m pos 1 t 1 on  i n  t h e  eggs  a nd zoea  of  P. monodon a nd P. esculentus a . Tota l  l i p i d  b . M o noeno ic  

phospho l i p i d  FA' s  c . S at u rated  p h o s p h o l i p i d  FA ' s  d .Po l y - u nsaturated p h o s p h o l i p i d  FA' s  
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Figu re 1 0 .3 Leve ls  of a.  Triacy lg lycer ides i n  eggs a nd b.  Ph osp h o l i p i d s  i n  eggs a nd 
zoea  of  P. monodon ( m e a n s  + sta n d a r d  e rror )  
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Figure 1 0 .4 Leve ls of a n u m ber  of f atty ac ids  i n  the a .  Neutra l  a n d  b .  Po l a r  l i p i d  
f ra ct ion of P. monodon ova ry ,  eggs  a nd zoea . 
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1 0.4 Conclusio n s  

T h e  d i et ( a n d /o r  e n v i r o n m e nta l c o n d i t i ons )  a v a i l a b l e  to s p a w ners  m atu r i ng  i n  t h e  w i l d ,  
r e s u lted  i n  t h e  prod uct ion  o f  l a r v a e  o f  h i g h e r  qua l i ty t h a n  t h ose  prod u c e d  f rom 
s p a w ne rs m at u r e d  i n  c a pt i v ity . R e s u lts i nd i cate that  a m at e r n a l  d i et l ower  i n  the  
2 2 : 6 n- 3  f atty a c id a nd h i g he r  i n  2 0 : 4 n- 6  a nd 20 : 5 n- 3  f atty ac ids  than  that  p rov i d e d  
by  a d i et  of  p i p i  a nd s q u id w o u l d  r e s u lt i n  h i g her  l a rv a l  d e ve l o p m e nt rates . T h i s  i s  
c o ntrary to  f i n d i n g s  for  P. chinensis ( X u ,  1 9 9 3 )  w h i c h  showed a pos it ive  cor re l a t i on  
betw e e n  t h e  l e v e l  of  t h e  2 2 : 6 n- 3  f a tty a c id i n  the  e g g  a n d  t h e  ha tc h i n g  r a te  of t h o s e  

e g g s .  

T h e  patt e rns  o f  FA d e p l et i on  w it h  l a rv a l  d e v e l opment a p p e a r  to  b e  c o m m o n  to  t h e  t w o  
s p e c i es  stud i e d , a n d  n o t  to  b e  a f fected  b y  hormona l  c h a n g e s  b rought a bo ut by  
a b l at i o n . M o st o f  t h e  e n ergy r e q u i r e d  d u r i n g  the  ea r ly  l a rv a l  sta g e s  i s  prov i d e d  by  T G s ,  
h o w e v e r  t h e  P l s  d o  m a ke a s i g n i f i c a nt c o ntr i b ut i on . T h i s  d i s p a r ity i n  t h e  patte rns  o f  
FA u s e  m a y  r e f l e ct the  d if f e r e nt f u n ct i o n a l  r o l e s  of t h e s e  two l i p i d  c l a ss e s . 
Tr i a c y l g l y c e r i d e s  a re used  pr i m a r i l y  fo r  e nergy  m eta b o l is m ,  w h i l e  p h os p h o l i p i d s  a r e  
c o n s e r v e d  w it h i n  t h e  l a r v a l  bod y fo r  the  m a inte n a n c e  o f  c e l l u l a r  a nd st r u ct u r a l 

i n t e g r i ty . 

T h e  c o n t r i b u t i o n  o f  Pls to t h e  e n e r g y  r e q u i re m e nts of t h e  l a r v a e  i s  m a d e  l a rg e l y  f r o m  
t h e  m o noe n e  c l a ss a nd t h e  po ly u nsaturated 2 0 : 5 n-3  a nd 2 2 : 6 n- 3  f a tty a c i d s .  The  
2 0 : 4 n - 6  f atty a c i d  i s  c o n served w h i c h  i nd i cates  tha t  it re m a i ns  i n  a structu ra l c a p a c ity 
r a t h e r  t h a n  b e i n g  used a s  a sou rc e of  e n e rgy  to f u e l  l a r v a l  d e v e l o p m e nt .  

T h u s ,  w h i l e  f u rt h e r  w o r k  n e e d s  to  be  c a r r i ed  out t o  v a l i d ate  t h e s e  res u lts ,  f r o m  t h i s  
stu d y  i t  w o u l d  a p p e a r  t h a t  t he  2 2 : 6 n- 3  f a tty a c id is  u s e d  pre f e r e nt i a l l y  fo r  e n e rgy  a nd 
a d i et c o m p r i s i n g  of p i p i  a nd s q u i d  s u p p l i es  th i s  f atty a c id i n  e x cess . The  2 0 : 5 n-3  
f atty a c id m a k es  a s i g n i f i c a nt c o nt r i bu t i on  to e ne rgy  prod uct i o n b ut a l o n g  w it h  
2 0 : 4 n - 6  i t  a l s o  p l a y s  a ro l e  i n  m e m b r a n e  structure a nd/or  l i p id t ra n s p ort . B o t h  2 0 : 4n -6  
a nd 2 0 : 5 n- 3  f atty ac i ds  m a y  need  to  b e  prov ided  at a h i g her  l e v e l  t han  tha t  a v a i l a b l e  

f r o m  t h i s  e x p e r i m e n t a l  d i et . 
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1 1 . Ovary develo p me n t  a n d  associate d chan ges in the b ioch e mi c a l  co m p o sition  
o f  ovary a n d  h e p ato p a n creas tiss u e s  in  Penaeus monodon 

1 1  . 1 I ntroduction 

S pa w n i n g  in penae id  prawns is ge nera l l y  pred icted by an externa l v isua l  e x a m inat ion  
of  t h e  s i ze  and  shape  of the  ovary . Th is  techn ique  is e m p loyed i n  the  study of w i l d  
popu lat ions a nd i n  t h e  m a nage ment o f  aquacu lture  broodstock.  M or e  d eta i l ed  stud ies  
us ing  t iss u e  b ioch e m i c a l  composit ion ( M i l l a m e n a  a nd Pasc u a l ,  1 9 90 ;  S paa rga ren  and  
Pa u l ,  1 9 94)  a nd h isto logy  (Ta n-Fermin and Pud adera ,  1 9 8 9 )  h a v e  been  m a d e  w ith  the  
overa l l  a i m  of understa nd i ng  the  processes i nvolved in  ovar i an  m aturat ion  a n d  oocyte 
d ev e l o p m e nt .  I d e nt i f i cat ion  of these proc esses and the  factors t h at c o ntro l  t h e m  m a y  
u lt imate ly  e n a b l e  a q u a c u ltur ists t o  increase prod uct ion o f  h i g h  q u a l i ty e g gs a nd l a rva e . 
Adva nces  i n  th is  f i e l d  a re  important because t h e  prod uct ion o f  h i g h  q u a l ity l a rvae  to  
stock  growout ponds  r e m a i ns one of the  m ajor  imped im ents t o  the  g rowth of the  
pra w n  a q u a c u lture  i n d ustry wor ld wide (Csavas ,  1 9 9 3 ) . 

The  m a i n  a i m  of the  present work was to i nvest igate a nd qua nt i f y the  c o m pos i t io n a l  
c h a n ges  occurr ing  w ith  ovary deve lopm e nt i n  Penaeus monodon . Few stud i es  h a v e  
assessed t h e  m a g n itude  o f  these changes  i n  terms o f  t h e  a m o u nt of a pa rt i c u l a r  
n utr ie nt a c c u m u lated  (Tesh ima e t  al. , 1 9 8 9 ;  Ra nk in  et al. ,  1 9 8 9 ) . T h i s  i n format ion  
wou ld  be  usefu l  for  d ete rm in ing  n utr ient pa rt it ion ing  in  broodstoc k a n d  i n  q u a nt i fy i n g  
the  d i etary r equ ire m e nts o f  prawns undergo ing  ovar i an  m aturat io n .  

A fu rthe r  a i m  o f  th i s work  was t o  invest i gate the  su ita b i l ity o f  d i f f e r e nt m ethods  of 
ovary c lass i f icat ion . In  th is  st udy a b lated p rawns were used to i l l u strate the l i m itat i ons  
of c l ass ify i ng  ovary  d e v e lopment on the  bas i s  of G S I . C o m p a rat ive  stud i es  o f  
com posit io n a l  changes  are  best understood i n  l i ght of a c c o m p a n y i n g  stru ctura l 
c h a n g e s .  H istoc h e m i c a l  observations w h i c h  d escr ibe  ce l l  a nd t iss ue  structure a nd the  
d istr i but ion  of m ater i a l s  w ith in ,  a re  rare ly accompan ied  by  data  o n  com pos it i o n a l  

c h a n g e s .  

1 1 . 2 Methods 

M ature  f e m a l e  P. monodon ( 90 to 1 3 0 g w e i g ht) were co l l ect e d b y  b e a m  tra w l  i n  
Cook B a y ,  n orthern  Que ens land and a ir f re i g hted t o  B IARC i n  s o ut h e r n  Q u e e n s l a nd . 
Upon  arr iva l  prawns  were  a l l ocated to o n e  of two groups ; capt ive  ( a b l ated )  o r  w i l d  
( n on-a b lated ) .  

1 1 . 2 . 1 Ablate d Tre atme nt 

After  ar r iv a l  at the  C e ntre 8 5  prawns were  tagged a nd ra ndom l y  a l l ocated to  o n e  of 
f o u r  g roups  wh ich  w ou ld  be  sacr i f iced at a d if fe rent sta ge  of dev e l o pm e nt .  These fou r  
g roups represented t h e  four  sta ges o f  d e v e lopment ( I  to  IV )  based  o n  e xte rna l  
a pp e a r a n c e  a s  per  Pr i m avera  ( 1 9 8 2 ) . 

Praw n s  w e r e  he ld  i n  4 m d i a meter tanks at  a d e ns ity of less tha n 2 p e r  m 2 w ith  water 
exchan g e s  at a rate of 200 % per day . S e a w ater (33 ppt s a l i n ity )  was f i ltered to  
20 µm and tem p e rature  m a i nta i ned at 2 8°C . A d iet of fresh- f roz e n  squ id  m a nt le  
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(Loligo sp . )  a nd m usse l  (Perna canaliculatus) was fed ad libital. After  a two day  
a c c l i m at i o n pe r i od  ( du r i ng  w h i c h  t ime  p r a w n s  w ith  ova r ies show i n g  s i gns  of 
d e v e l o p m e nt resorbed the i r  ovar ies ) , prawns were subjecte d to  u n i l ate ra l  eyesta lk  
a b lat i o n .  

D a i l y  e x a minat ion o f  ovary d e v e l o p m e nt w a s  carr ied out us ing a s u b m erged f l ash  l i ght 
to  v i ew t h e  shad ow of the  ovary through the d orsa l  s ide  of the  p rawn bod y .  Upon 
reach ing  the ovary sta g e  d e noted by the i r  group num ber ,  the praw ns were  d issected ,  
m o u lt staged as  per  S m ith and Da l l  ( 1 9 8 5 )  to e nsure  they  were intermo lt ,  a nd the  
h epatop ancreas and  ovary t iss u e  removed , we ighed  and stored at -7CYC pend ing  
b ioc h e m ic a l  ana lys is . 

Fo l l ow ing  d issect io n ,  a Gonad  S o m at ic I ndex  ( G S I )  was ca l cu l ated for  each  i nd iv id ua l  
to  prov id e an  o bject ive  system of ovary  c l ass i f icat ion . The  G S I  was c a l c u lated as t h e  

wet  w e i g ht of the  gonad  expressed as a percenta ge  o f  t h e  pra w n  w et w e i g ht .  

1 1 .2.2 Non-ablated Tre atme nt 

As sponta neous ovary d eve lop m e nt i n  non- a b lated P. monodon is ra re  i n  c a pt iv ity,  the  
6 3  i nte rmo lt prawns i n  the  non- a b l ated  treat m e nt g roup  were  d issected i m m ed ia te l y  
u p o n  a r r iva l  at B IARC ( 1 0  to 2 0  h o urs post c a pture ) . Num bers  i n  e a c h  GS I  g roup  

, d e pended  on ava i l ab i l ity . Ovary a n d  he patopa ncreas t issues were  r e m oved and  stored 
at - 7 0°C pr ior  to  b i ochem ica l  a n a lys is . 

1 1 . 2 . 3 Histology 

To d ete rm ine  w hethe r  m aturat io n  of oocytes was pro c e e d i n g  i n  t h e  sa m e  m a n n e r  as  
d escr ibed  prev ious ly  by  Ta n-Fe r m i n  ( 1 9 9 2 )  i n  wi ld  P. monodon,  o v a r i e s  f rom prawns  
i n  t h e  a b l ated treatm e nt were  exa m i ned h isto log ica l l y .  Each  ova ry  was  we ighed  a nd 
a p ort ion  was removed from the  a nter ior  a bd om i n a l  reg ion  and f ixed  in 1 0 % form a l i n  

a nd seawate r .  S a m ples  w e r e  cross sect ioned  ( 6  µm ) and sta ined  w ith  haematoxy l i n  
f us c i n  ( H a mason ,  1 9 7 2 ) . Ovary sect ions were  exa m i n ed m icroscop i ca l l y  and  c lass i f ied 
i nto  the  three  ovar i a n  d eve lo p m e nt g roups as  per  Ta n-fe rm in  and Pud ad era  ( 1 9 8 9 ) . 

1 1 .2.4 Biochemica l  Analysis 

The  m o isture cont e nt of e a c h  t issue samp le  was d etermined by  o v e n  dry ing  a sub
s a m p l e  to  consta nt w e i g ht at 1 05°C . Us ing  freeze dr ied  mater i a l ,  c r u d e  prote in  (N  x 
6 . 2 5 )  was d er ived f rom Kje l d a h l  n itrogen ana lys is ,  with copper  a n d  se len ium as 
c ata lysts (AOAC 1 9 9 0 ,  m ethod 9 8 8 . 0 5 ) . Ethe r  extract,  used he re  as a m easure of 
t ot a l  l i p id c onte nt ,  w a s  d eterm ined  by Soxh let extract ion  w ith petro l e u m  ether  (bp 40 
to 6 0°C )  for six hours (AOAC 1 9 9 0 ,  m ethod 9 6 0 . 3 9 ) . These tec h n iq u es are d escr ibed 
i n  s o m e  d eta i l  i n  S e ct i o n  7 .  

1 1 .2. 5 Statist ica l  Analysis 

The  ef fect of ovary d eve lopm e nt ( G S I )  on t issue  l eve l s  of l i p i d  a n d  prot e i n  w as 
exam ined us ing  a n a l ys is  of var i ance  le ast squares  m ethod f o r  u n e q u a l  s u b c lass 

n um be rs .  
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1 1  . 3  Results 

1 1 . 3 . 1  Biochemical  ana lysis 

Ta b l e  1 1  . 1 s h ows the c o ntr i b ut i on  of  prote in  and l ip id to  the percenta ge  c o m pos it ion  
of ovary  and  h epatopancreas  i n  each  G S I  c lass  of  a b lated and non-a b l ated P. 

monodon . The num ber  of  pra w ns i n  e a c h  GS I  c l ass were  unequa l  as the  G S I  va l ue  
c o u ld n ot be  esta b l i shed p r i o r  to  d issect ion .  

The  d ry m atte r  of the  ovary t iss ue  cons isted mostly o f  p rote in  and l i p id wh ich  together  
c o m pr ised  between  8 7  . 9 %  and 9 0 . 3  % i n  ab lated praw ns a nd between  8 2 . 6 %  a nd 
8 8 . 0 %  perc e nt i n  n o n-a b l ated a n i m a ls (Ta b le  1 1 . 1 ) .  As l i p id and prote in  w ere  the  
m ajor  c o m ponents of t h e  ovary  t issue  there  was  a h i g h  neg at ive corre lat ion betw een  
l eve l s  o f  these  the  two i n  both a b l ated ( r2 = 0 . 9 5 )  a nd non  a b lated ( r2 = 0 . 6 2 )  
pra w n s .  

T h e  p e r c e ntage  d ry m atte r  a nd l i p id l eve ls i n  ovary t issue o n l y  showed s ign if icant  
( P <  . 0 5 )  i nc reases w ith ovary  d e v e l o p m e nt for a b lated pra wns (Tab l e  1 1 . 1 ) .  The 
perc e nt a g e  of  prote i n  i n  the ova ry  showed n o  s i g n i f i ca nt change  with ovary 
d e ve l o p m e nt for  e it he r  a b l ated o r  non -ab lated praw ns (Ta b l e  1 1 . 1 ) . 

, F igures  1 1  . 1  and  1 1  . 2  show t h e  a m ou nts of l ip id  and  prote i n  in  the  t issues  at each  
G S I  va lue  in  a b lated and  non-ab lated prawns as m i l l ig ra m s  of  d ry matter per  1 00 g ram 
w et w e i g ht praw n .  Expressed i n  th is  way changes  can  be quant i f i ed  for  a 
sta nd a rd ised praw n .  

Abs o l ut e  a m o u nts o f  ova ry  prote i n  a nd l i p i d  i nc reased  s i g n if i c a nt ly  ( P <  . 0 5 )  w ith  ovary 
d e v e l o p m e nt (F ig ure  1 1 . 1 )  in  both a b l ated  a nd non- a b l ated pra w ns .  The ovar ies of 
both g r o u ps a c c u m u l ated a ppro x i m at e l y  1 g ram of prot e i n  a nd 3 8 0 mgs of  l i p id up  to 
G S I  sta g e  6 of  ovary d e v e l o p m e n t .  The d ry m atte r  of the  he patopa ncreas a lso 
c ons isted m a i n ly of prot e i n  and l i p i d  w h i c h  togeth e r  tota l l ed  between  8 3 . 8 %  a nd 
8 5 . 6 %  i n  a b l ated  prawns a n d  betw e e n  8 2 . 8 %  and  9 1 . 0 %  i n  non-ab lated prawns . 

The p e r c e nt a g e  of l i p i d  and  p rot e i n  i n  the  he pato pancreas  of both ab lated or  non
a b lated prawns showed n o  s i gn i f i cant change  with G S I  but a non s ign if i cant (P> 0 . 0 5 )  

d e crease  o c c u rred i n  h e patopa ncreas  prote i n  leve ls  a t  G S I  3 i n  t h e  ab lated gro u p .  The 
only s i g n i f i c a nt c h a n g e  in a bso lute  q u a nt i t ies of l i p i d  and prote i n  was a d e crease in 
l i p ids a t  G S I  2 i n  a b lated prawns of  a pprox imate ly  4 6 5  mgs .  

To c l a r i fy  w hat is h a p p e n i n g ,  F i g ure  1 1 . 3 shows the  q u a ntity of l i p id  and prote in  that  
a cc u m u lated i n  ovary t iss u e  betw e e n  successive GSI  sta ges ( up  to GS I  6 )  fo r  ab l ated 
a nd n o n- a b lated  prawns e xpressed as mgs of dry m atter  per  u n it GS I .  Th is  is  a novel 
w a y  of  p l ott i n g  the d ata a nd w h e n  stu d y i n g  th is  f i gu re  it is we l l  to re m e m ber  that GS I  
is not  a r e a l  t ime  ax i s ,  s o  t h e  ' r a te '  of cha nge  show n he re  i s  on ly  re lat ive t o  the  GS I  

catego r i es . 

F i g ure  1 1 . 3 a  s h ows that  i n  a b l ated  prawns the per iod  of maximum accum ulat ion of 
l i p id s  in t h e  o vary t iss u e  occ urs betw e e n  G S I  sta ges  2 a nd 3. By GSI 4 the rate of 
accu m u lat ion  h a s  ha lved . In non -ab l ated praw ns the  per iod of h i g hest l ip id 
a c c um u lat ion  d oe s  not occur  unt i l  betw e e n  GS I  sta ges  3 a nd 4 after wh ich  it rema ins 
re lat ive l y  c on stant . 
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Table 1 1 . 1 M e a n  va l ues  of d ry  m atte r ,  l i p i d  a nd prote i n  i n  the  ovary a nd he patopa nc reas  t issues in  a b lated a nd non- a b lated 
P. monodon at d if f e r e nt sta g e s  of ovary deve lopm e nt ( G S I ) . 

Component Treatment Tissue GSI  

1 2 3 4 5 6 7 9 

S a m p l e  s i ze  Non-ab lated n = 8 n = 1 2  n = 1 1  n = 1 8  n = 1 0  n = 8 n = 0 n = 0 

A b lated n = 1 5 n = 4 n = 1 3  n = 1 5  n = 1 6  n = 1 4  n = 8 n = 0 

Dry matter Non-a b l ated H 3 5 . 7  2 6 . 8  3 2 . 2  3 3 . 6  3 7 . 3 3 1 . 6 3 7 . 0 

( % of wet  

w e i g ht t i ssue )  0 2 9 . 3  2 5 . 6 1 2 6 . 1 2 9 . 4  3 2 . 6  3 1 . 1 2 9 . 3  

A b l ated H 3 9 . 6  3 0 . 9  3 7 . 2  4 0 . 9  4 2 . 4  3 9 . 9  4 0 . 4  

0 2 1 . 6 2 2 . 7  2 7 . 4  2 9 . 3  2 9 . 3  3 0 . 7  3 0 . 4  

Li p i d  Non-a b l ated H 3 8 . 5  2 2 . 8  3 0 . 3  3 3 . 2  4 7 . 3  3 1 . 0 2 8 . 8  

( %  d ry m atter)  
0 1 4 . 1  1 6 . 0  1 7  . 2  2 0 . 9  2 1 . 9 2 1 . 8 1 8 .0 

Abl ated H 5 0 . 0  3 5 . 2  4 6 . 5  4 6 . 9  4 9 . 2  4 4 . 0  4 3 . 9  

0 9 . 6 1 0 . 9  1 7  . 5  2 0 . 6  2 0 . 2  2 0 . 2  20 . 0 
Prote i n  Non-a b l a ted H 4 6 . 4 6 0 . 0  5 8 . 4  5 0 . 6  4 3 . 7  5 1 . 9 5 2 . 6  
( %  dry matter )  

0 7 0 . 7  6 9 . 2  6 5 . 4  6 7 . 0  6 4 . 4  6 6 . 2  6 8 . 3  

Ablated H 3 5 . 0  4 8 . 6  3 8 . 5  3 8 . 1 3 6 . 4  4 0 . 0  4 1 . 7  

0 7 8 . 3 7 8 . 0 7 0 . 5  6 9 . 1 7 0 . 1 6 7 . 7  6 7 . 9  



F igure  1 1  . 3 b  s h o ws that the rate of  prote in accumu lat ion i n  the ovar ies  of a b l ated 
p r a w ns is at its h i g hest dur ing  the  ea r l y  G S I sta ges of d e v e l o p m e nt .  It t h e n  d rops  
s l i g ht ly  betw e e n  stages  3 a nd 4 and  r ema ins constant u p  to  G S I  6 .  I n  c o ntrast n o n
a b l ated p rawns s h owed a n  i n it i a l  s l ow accum u lat ion of prote i n  w ith  a n  i nc re a s e  
betw e e n  G S I  3 a nd 4 onwards a nd a m ax imum rate between  G S I  sta ges  5 a nd 6 .  

1 1 . 3 . 2  R e g ression Analysis 

A d e crease in h e p atopancreas l ip id  c onte nt was not iced for a b l ated a nd non-ab l ated 
praw ns at G S I  2 w h ich  was not s ign i f i cant at 5 %  (F igure 1 1 . 1  ) .  Beca use GSI  c l asses  
poo l  p rawns together  ove r  a re lat ive l y  w ide  r ange  o f  ovary s ize ( e g . G S I  2 i nc l udes  
v a l ues  f rom 1 . 5 to  2 . 4) , th i s  may  i nvo lve  poo l i ng  he patopancreas  d ata  f rom prawns 
at d if fe rent sta g e s  of v ite l l oge nes is . A cha nge in l i p id content c o u ld be  h idden  beh i nd  
the  var iat ion c a used  by the  l ack  of  s e ns it iv ity o f  the  G S I  method . I n  a n  atte m pt to  
c i r cumvent th i s ,  a re gress ion ana lys is  was  conducted on  the  r aw d ata us i ng  G S l s  of  
i nd iv id u a l  pra w ns  a c c urate to one  d ec i m a l  p l ace . 

Thus ,  to  more  c l ose l y  examine  t h e  r e l at ionsh ip  between th is  d r o p  i n  h e patopa nc reas  
a nd i n creases  i n  ova ry  l i p i d  reserves ,  G S I  va l ues with i n  e a c h  G S I  ca tego ry  were  
e x pressed to  o n e  dec ima l  p l ace . A reg ress ion ana lys is was  then  c a rr i ed  out  fo r  e a c h  
G S I ,  of  t h e  ovary  a nd hepatopancreas  l i p i d  content o f  t h e  i nd iv id u a l  pr a w n s .  F o r  m g s  

, of  l i p id a pos it i ve  re lat ionsh ip  w a s  f o u nd a t  G S I  1 ( r2 = 0 . 6 2 ,  n = 2 0 )  and  a negat ive  
r e l at ionsh i p  at  G S I  2 ( r2 = 0 . 6 1 , n = 1 7 ) .  

1 1 . 3 . 3 Histology 

Ta b l e  1 1  . 2  s h o w s  the  m e a n  GSI v a l u e  fo r  non- a b l ated and ab l a ted  P. monodon f o r  
e a c h  of  the  f i rst f o u r  deve lopmenta l sta ges  recogn ised h isto log i c a l l y  by Ta n-Ferm i n  
( 1 9 8 9 ) . Sta g e  I V  w h i c h  represe nts t h e  ' s p e nt '  ova r i es ,  w a s  not exa m i n e d  i n  t h i s  stu d y . 
The d ata  for  t h e  n o n- a b l ated prawns was  obta ined from Ta n-Ferm i n  ( 1 9 8 9 ) . M e a n  G S I  
v a l ues  o f  a b l a ted  prawns were s im i l a r  t o  those non-ab l ated i n  the p rev ite l l o g e n i c  sta g e  
but  were  s l i g ht l y  l ower  i n  the vite l l o g e n i c  a nd cort i ca l  rod stages . 

Ta ble  1 1 .2 M e a n  ( ± S E) G S I  va l ues  fo r  prev ite l l ogen ic ,  v ite l l ogen ic  a n d  c ort i c a l  rod 
sta g e  ovar ies i n  ab lated a nd non-ab lated P. monodon ovar ie s .  

D e v e lo p m e nta l  GSI  

stag e  
• 

Ablated (n  = 1 5 ) Non-ablat e d · ( n  = 5 )  

Pre v ite l l ogen i c  1 . 4 ± 0 . 5  1 . 4 ± 0 . 1 

Vite l l ogen i c  4 . 4  ± 1 . 0 5 . 1  ± 0 . 3  

Cort i ca l  rod 5 . 9  ± 1 . 0 8 . 5  ± 1 . 2 

• Tan-Fermin a nd Pudadera 1 9 8 9  
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Figure 1 1 . 1 Lip id  a n d  prote in  l eve ls  i n  t h e  ovary of P. monodon for  a .  Non- a b lated 
a nd b.  Ablated spawn e rs a t  s u ccessive G S I  v a l ue s .  Va lues  l abe l l ed  with 
a c o m m o n  l ette r  a re  n ot s i g n i f i c a nt ly  d i f fe re nt . 
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1 1  .4 Discussion 

The b i oc h e m ic a l  com pos it i o n  of  ovary t iss u e  a n d  eggs has b e e n  d etermined  for a 
n u m ber  of  spec ies  of p e n a e id p rawns i n c l u d i n g  Parapenaeopsis hardwickii (Ku lka rn i  
a nd Nagabhusua n a m ,  1 9 7 9 ) ,  P.  japonicus (Te s h i m a  and Kanaza w a ,  1 9 8 3 ) ,  P. aztecus 

a nd P. setiferus (Cast i l e  a n d  Lawre n c e ,  1 9 8 9 ) ,  P. vannamei ( R a n kin  et  al. , 1 9 8 9 ) , 
P. stylirostris ( Lawrence  e t  al. , 1 9 7 9 )  a n d  P. monodon ( M i l l a m e n a ,  1 9 8 9 ) . I n  e a c h  
case  the  percentage o f  l i p i d  i n c r e a s e d  a s  t h e  ovary deve loped . 

I n  th is study  the  percenta g e  of  l i p i d  i n  t h e  ovar ies  on ly showed s ign i f i cant increases 
for  a b l ated prawns (Ta b l e  1 1 . 1 ) . Leve l s  w e r e  s imi la r  to those  found for  a b lated 
P. monodon by M i l l a m e n a  ( pers  c o rn .  c i ted  i n  Pr i m avera , 1 9 8 5 )  e x c e pt for  immature  
ovar ies  w here  ou r  resu lts were  s l i ght ly  h i g h e r  ( 9 . 6  vs 7 . 5 % ) . The  non-ab lated group 
showed h igher  ovar i an  l i p id  l e v e ls than those r eported by  M i l l a m ena  a nd Pas c u a l  
( 1 9 90)  for  non-ab l ated pra w n s . T h i s  w a s  p a rt i cu l a r ly  ev id e nt i n  i m m ature ovar ies 
w here  l ip ids were on ly  5 . 8 %  of  the  dry m atte r  as  opposed t o  1 4 . 1  % as  found i n  th is  
stud y .  

T h e  pe rc e ntage  prote in  i n  t h e  ovary  t is s u e  o f  w i l d  non-a b lated P. monodon w a s  s im i l a r  
to  l eve l s  found  by Dy- Pena f lo r id a a nd M i l l a m e na ( 1 9 9 0) . Th is  l eve l  w a s  near ly  tw ice  
that  found for  P. setiferus, P. vannamei a n d  P. stylirostris which  h a d  ave rage  prote i n  

, contents of  a round  40 % (Lawrence  e t  al. , 1 9 7 9 ) .  Dy-Pe na f l o r i da  a nd M i l l amena  
( 1 9 90)  found  l eve ls  to  be  s i gn i f i c a nt ly  l ower  i n  i m m ature P. monodon ovar ies than i n  
d eve lop ing  ovar ies . However ,  o u r  res u lts s h o w e d  no  s ign i f i ca nt c h a n g e  ( P < . 0 5 )  i n  t h e  
prote i n  c o n c e ntrat i on  of  ovar i es  at a n y  G S I  sta g e .  

These  resu lts i n d i c ate poss i b l e  d i f fe re n c e s  i n  d i et o r  m o u lt stag e  betw e e n  the  g roups  

of p rawns in  each  stu d y .  A lte rnat ive l y ,  a s  M i l l a m e n a ' s  p rawns  were  co l l ected i n  
Ph i l i pp i ne  w aters a nd the  pra w ns used  i n  t h i s  study w ere f r o m  Austra l i an  waters ,  
popu lat ion d if fe rences  may have d ev e l o p e d . Some d if ferences  w o u ld be expected 
betw e e n  the  two groups as  d ist i nct p o p u l at i ons  of P. monodon h a v e  been  shown to 
ex ist i n  Austra l i a n  w aters by The Austr a l i a n  I nstitute of M a r i n e  S c iences ( B e nz i e ,  
Persona l  c o m m u n icat ion ) . Anot h e r  poss i b l e  e x p l a nat ion for  t h e s e  d i f fe rences  is  t h e  
potent ia l  var ia b i l ity i n  a n a lyt i c a l  tec h n i q u e s  b etw e e n  t h e  d i f f e r e nt l a borator i es  

cond uct ing the  stud i es . 

Where  the  n utr ie nts that  a c c u m u l ate  i n  t h e  ovary or ig i nate is  t h e  s u bject  of m u c h  
stud y  a nd s o m e  d e bate . Th is  is  p a rt ic u l a r l y  i m p orta nt to investigat i ons  invo lv ing prawn 
m aturat ion .  Whi le  c h a n ges  i n  t iss u e  s i z e  a re  occurr i ng ,  v a l u es expressed as 
pe rc e ntages of t issue c o m pos it i on  f a i l  to  i nd i cate the  rea l  rate  of  accum u lat ion or  
d e p let ion  of  n ut r i ents . To d ete r m i n e  t h e  c o ntr ibut ions f rom d i f fe rent sources the  
resu lts presented  here  have  been express e d  a s  b oth a bso lute qua nt it i es  a nd percenta g e  

c o m pos it io n .  

W h i l e  t h e  perc e nta ge  o f  prot e i n  i n  t h e  o v a r y  d id not change ,  s i g n i f i c a nt quantit i es  of 
prote in  w ere a c c u m u lated as the ovary d ev e l o ped  (F ig ure 1 1 . 1 ) . R a n kin  et al. ( 1 9 8 9 )  
f o u n d  t h a t  the  a m o u nt of  prote i n  i n  P. vannamei i ncreased by a pprox imate ly  400 m g  
d ur ing  ovary d ev e l o p m e nt .  Non- a b l ated  P. monodon i n  th is  stud y ,  w h ich  were twice  
t h e  body w e i g ht of P. vannamei, g a ined  over  1 7 00 m g  betwee n  GSI  1 and GS I  9 .  The 
t ot a l  a m o u nt of p rote in  that  a c c u m u lates i n  the  ovary is proba b l y  spec ies d e pend e nt ,  
w ith  prawn s ize  a m ajor  d eter m i n a nt of t h e  leve l  of nutr ients a c c u m ulated . From 
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Figure 1 1 .2 Lip id a nd prote in  l eve ls  i n  the  he patopancreas  of P. monodon for a .  Non
ab lated a n d  b .  Ab lated s p a w n e rs at success ive  G S I  v a l u e s  
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th is  stu d y  P. monodon a c c u m u late more prote in  per  un it we i ght of the  f e m a l e ,  t han  
d o e s  P. vannamei. I t  s e e m s  tha t  P. monodon broodstoc k may  h a v e  a h i ghe r  
requ i re m e nt fo r  prote in  ( pe r  u n it we ight of f e m a l e )  than  P. vannamei d ur i ng  pe r i od s  of  
ovary d ev e l o p m e nt .  

L ip id  l e v e ls i n  the  he pato p a n creas o f  prawns vary w ith d iet (Cast i l l e  and  Lawre nce ,  
1 9 8 9 )  a nd stage  of t h e  m o u lt cyc l e  (Read  a nd C a u lton ,  1 9 80) . O vary d ev e l o p m e nt 
has a l s o  b e e n  shown to  a f fect he patopa ncreas  l i p id  l eve ls (Tesh i m a  et al. , 1 9 8 9 ;  
Cast i l e  a nd Lawre n c e ,  1 9 8 9 ) . The extent t o  wh ich  t h e  hepatopancreas  l i p id d e creases 
a p p e a rs to  be  spec ies d e pe n d e nt (C la rke ,  1 9 8 2 ) . S pec ies that have l itt l e  or  no 
f l uctu a t i o n  in  f ood a v a i l ab i l ity  may not requ i re  the t ra nsfer of stored n utr ie nts to the 
ovary as n utr it io n a l  r equ i re m e nts can be  m et by immed iate d ieta ry  intake (C l a rke ,  
1 9 8 2 ) . M i l l a m e n a  a n d  Pasc u a l  ( 1 9 90) found a d rop  in  the  pe rce nta g e  of l i p id  i n  the  
he pato p a nc reas  of l ate  matur ing  w i l d  P. monodon , imp ly i ng  a l oss  of l i p i d  f rom t h e  
hepat o p a n creas  to the  ovary . T h e  prese nt study showed a d ecrease  in  the  a bso lut e  
l e v e l s  a nd percenta g e  o f  l i p i d  i n  the  hepatopancreas  in  t h e  ea r l y  sta ges  o f  ovary 
matura t io n .  

I n  a b l a ted  prawns the  d e crease  i n  he patopa ncreas l i p i d  l eve ls  a t  G S I  2 w a s  assoc iated 
w ith  a c or respond i n g  i nc rease  i n  ovary l ip id  reserves .  In  n o n-a b l ated  pra w ns the 
incre a s e  was s l i g ht ly  d e layed  and  d id n ot occur  unt i l  betw e e n  GS I  3 a n d  4 .  A 

, sync hron ised  d ecrease in  h e p atopa ncreas a nd incre ase in  ovary l i p id  l eve l s  w a s  a lso  
found  for  a b l ated P. japonicus by Tesh ima  et al. , ( 1 9 8 9 )  w h o  p roposed that  rap id  
ovary  d ev e l o p m e nt ,  ind u c ed by a b lat ion ,  made  the  tra nsfer o f  he pato pancreas  reserves 
necess a ry . However  Ku lka rn i  a nd N a g a b h ushanam ( 1 9 7 9 )  f o u nd concom it a nt 
i nc re a s e s  i n  ovary  l i p id  l e v e l s  of Parapenaeopsis hardwickii that  w e r e  non -a b late d . 

I n  a b l a ted  P. monodon broodstock,  the  q u a ntit ies of l i p id t ransfered  f rom the  
he pato p a n creas  betw e e n  G S I  sta ges  1 a nd 2 ( 4 2 9 m g ) was s u f f i c i e nt to  a c c o u n t  f o r  
a l l  the  l i p i d  a c c u m u lated by the  ovary  d ur ing  i ts  deve lopment (380 m g ) . Cast i l l e  and  
Lawre n c e  ( 1 9 8 9 )  f o u n d  the  max imum pote nt i a l  contr i bu t i on  of mob i l ised 
h e pato p a n creas  l ip ids to  ovary  stores to be on ly  5 7 % in  P. setiferus. Furt h e r  stud i es  
a re  n e e d e d  t o  d eterm i n e  how much  of  the  mob i l ised hepato pa nc reas  l i p i ds  are  
a c cu m u lated  i n  the  ovary  t i ssue . However ,  there  is enough ev id e n c e  to r e c o m m e nd 
that  w h i l e  try i ng  to  d eterm i n e  the q u a nt it ies of  a nd f requency at wh ich  d ietary l i p i ds  
need t o  b e  fed  to broodstock ,  the  stora g e  capa city o f  the  hepatopancreas  m ust be 
taken  i nt o  a c c o u nt .  

The h e patopa ncreas  h a s  a l so  been  imp l i cated i n  the  supp ly of prote i ns  to  t h e  ovary . 
How e v e r ,  in  t h is study h e patop a n creas prot e i n  l eve l s  showed no s i g n if i c a nt changes  
w ith o v a ry deve l o p m e nt ,  w h i c h  conf i rms the  f i nd ings  o f  Dy- Penaf lo r ida  a nd M i l l amena  
( 1 990 )  f o r  P. monodon . Th is  ind icates that  prote in  i s  not tra nsfered f rom the  
hepat o p a n creas  t o  the  ova ry  of  matu r i ng  P. monodon as has  been  s u g g ested for  other  
spec ies  ( K u l ka rn i  and  N a g a b h usha n a m ,  1 9 7 9 ;  Cast i l l e  and Lawrence ,  1 9 8 9 ) . The 
pra w n  h e patopancreas  has a h i g h  rate of prote i n  turnover (up to  6 0 %  per d a y  in 
j uven i l e  P. esculen tus ( H e w itt ,  1 9 9 2) ) ,  wh ich  m e a ns that prote i n  m a y  be transfered 
to  the o v a ry w ith  no a pp a r e nt d ecrease i n  the  hepatopancreas prote i n  l ev e l .  The 
i m m u n o l og i c a l  ev id e n c e  t h at the  hepatopa ncreas p l ays a ro le  i n  the prod uct ion of 
prote i n  s u bun its that  e n d  u p  in the  yo lk  vite l l i n  (Quackenbush ,  1 9 8 9 ;  Quint io a nd 
M i l la m e n a ,  1 99 2 )  s u g gests that prote in  tra nsfe r  occurs at some  sta g e  of ovary 
deve l o p m e nt .  However  prob lems associated with l abe l l ing the  prote in  subun its 
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Figure 1 1 .3 C h a nges betw e e n  G S I  stages  i n  the  l eve l  of a .  L ip id  a nd b .  Prote in  in  
a b lated and non- a b l ated  P. monodon 
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have m a d e  it d if f i cu lt to show c o n c l u s ive ly  that the  h e pato pa ncreas  is a n  i m p orta nt 
s ite  for  the  prod uct ion of ova r i a n  p rot e i n  ( R a nk in  et al. , 1 9 8 9 ) . 

The or ig in  of nutr ie nts accum u la t i ng  i n  t h e  d eve lop ing  ova ry i s  of p a rt i c u l a r  i m portance  
to the study of v ite l l ogenes is  i n  p r a w n s .  The  process of v ite l l oge n es is  is the  
prod u ct ion  a n d  a c c u m u lat ion of l i p ov ite l l i n  ( LV) , t h e  m ajor h igh  d e nsity e g g  yo lk  
l i poprote in  (Harr ison ,  1 9 90) . I n  p rawns  t h is process h a s  b e e n d iv ided  i n to  t w o  p h ases 
(Charn ia ux-Cotton ,  1 9 8 5 ;  Vogt et  al. , 1 9 8 9 ) . The s i tes  f or the  prod uct ion  of the  
com posite  un its a re  st i l l  d e bated (Ya n o ,  1 9 8 7 ;  Ch i nz i e ,  1 9 8 7 ;  Quacke n b u s h ,  1 9 8 9 ;  
Vogt e t  al. , 1 9 8 9 ;  L u i  e t  al. , 1 974 )  h o w ever  i t  i s  cons id ered that  d ur ing  t h e  p r imary 
phase the  un its a re  prod uced e n d o g e n o us ly  (Lu i  et  al. , 1 9 74 )  wh i l e  d ur i ng  the 
secondary phase exogenous sources s u c h  as  the hepato p a n creas  (Vogt  et  al. , 1 9 8 5 )  
a n d  t h e  sub-e p iderm a l  a d i pose t iss u e  (Tom et al. , 1 9 8 7 )  prod u c e  u n its that  a re  
s u bsequent ly  tra nsported to  the  ovar i es  v i a  the  h a e m o l y m p h .  

The d ata prese nted here  s u pports t h e  h y p othes is  that  t h e  p rocess o f  v ite l l o g e n es is  i n  
praw ns c a n  be  d iv ided  i nto two phases . I n  non- a b l ated p r a w n s ,  pr i m a ry v ite l l o g e nes is ,  
cou ld  be  seen to occur  betw ee n G S I  s tages  3 a nd 4 w ith  a two fo ld  i nc rease  i n  the  
prev ite l l ogen ic  rate  of prote in  and  l i p id  a c c u m u l at i on  ( F i g ure  1 1 . 3 ) . A second  increase  
is ev id e nt betw e e n  GS I  v a l ues 5 a n d  6 ( w h e n  c ort ic a l  r od  fo rmat ion  beg ins )  a nd cou ld  
b e  i n te rp reted as  second a ry v ite l l o g e n e s is . 

Pr i m ary v ite l l ogenes is  is consid e red  to  b e  a s low a nd oft e n  l e ngthy process re ly ing  on  
the  loc a l  synthes is  of nut r i ents ( Ha rr i s o n ,  1 9 90) . The  g rad u a l  n ature  of t h e  second 
i nc rease  in  q u a nt it i es  of both prote i n  a nd l i p i d  r e c o rded  he re  (F igu re  1 1  . 3 ) ,  is 
u n c h a r a cter ist ic of  s e c o n d a ry v it e l l o g e n e s is w h i c h  is n o r m a l l y  m a rked by a sudden  
i nc rease  i n  n utr i ent a c c u m u la t i o n .  H o w eve r ,  i t  m ust b e  r e c o g n ised that t h e  ' rate '  
referred to  in th is  study  is not a 't i m e  rate ' . It is  d if f i c u lt to  att a c h  a t ime  sca le  to  ovary 
deve lopment as the ovar ies  of ind iv id u a l  p rawns  m a t u r e  over  t i m e  per iods  of  d i f ferent  
l e ngth . I f  GS I  stages  5 a nd 6 were br ief  r e l at ive to the othe r  GSI  sta g e s ,  then the  
second phase i n  n utr i ent a c c u m u lat ion  cou ld  be cons id ered  as  a 'sudden inc rease ' .  

The  rate  of nut r i ent a c c u m u la t i on  i n  a b l ated  p rawns s h o w s  a d i f f e rent patte rn  to  non
a b l a t e d  a n i m a l s .  O n ly one p e a k  o c c u r r e d  b e tw e e n  GSI  2 and 3 f o l l ow e d  by  a sha rp  
d ec l i ne  i n  l i p i d  l eve l s  (F i gure  1 1 . 3 a )  a n d  a s l ow d e c l i n e  i n  prot e i n  a c c u m u lat ion  ( F igure  

1 1  . 3 b ) . 

This a bsence of a second peak  i n  n utr i e nt a cc u m u l at i o n  cou ld  be  exp la i n e d  by non
un ifo rm ovary d eve lopment .  Ab l a ted  P. monodon h a v e  a tendency to  spawn 
pre m ature ly ,  that  is  when  the oocytes  f rom the a nte r io r  l obes  are  m ature  but the  
re m a in ing  t issu e  is  und erd eve loped ( Pr i m avera ,  1 9 8 5 ) . Th is  i ncom p lete  d eve lopment 
may  be  attr i b uted to  cha nges i n  ho rm o n a l  b a l a nc e  res u lt i ng  f rom a b lat ion  ( L u m are ,  
1 9 7 9 ;  Pr imave ra , 1 9 8 5 )  a nd /or  t o  st ress  fa ctors a ss o c i at e d  w ith  c a pt ive e n v i ro n m e nt 
( Browdy,  1 9 9 2 ;  Tree c e  a nd Fox,  1 9 9 3 ) .  With i n c o m p lete ovary d eve lopment,  
v ite l logenesis i n  a b lated prawns is  l i k e l y  t o  occur  at l o w e r  m e a n  G S I  v a l u e s .  A greater 
var iat ion around the e a rly m ean G S I  v a l ues  cou ld a lso  be e x pe cted i n  a b lated  prawns,  
as  the  extent of i ncom p lete deve l op m e nt var i es  betw e e n  i nd iv id u a ls .  Th is  exp l a n at ion 
is f u rther  supported by the  f i nd ing  that  i n  a b l ated p ra w ns  v i te l l ogen ic  a nd c orti c a l  rod 
stages of deve lopment have  lower  m e a n  GSI  va lues t h a n  f or wi ld  P. monodon (Tan
Ferm in  and  Pud ade ra ,  1 9 8 9 ) . A lso,  i n  th is  study ,  the r a n g e  of  GSI  va l ues  for  a b lated 
prawns w ith v ite l l ogen ic  oocytes was l a rg e  compared  t o  the range  for  previt e l l ogen ic  
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oocytes . This la rge range  i nd icates that  t h e  v ite l l ogen ic  oocytes  were  occurr ing  i n  
prawns that had  d i f fe rent s i z e d  ovar i e s .  Thus  the  n utr ie nt a c c u m u lat io n  d ata s h o u l d  
be  treated c a ut ious l y .  Tre nds  t h a t  a re  a p p a r e nt when  exa m i n i n g  the  m e a n  l e ve ls  o f  
n utr ients i n  the  ovary t issue  at a g iven G S I ,  m a y  be m a s k i n g  the  pres e n c e  of  the  t w o  
step  nutr ient accumu lat ion shown b y  non -ab lated prawns . 

Alternat ive ly ,  the d i f ferences i n  accum u lat ion  patterns in  the ovar i es  of a b l ated a n d  
non-ab lated prawns m a y  be due  t o  factors assoc iated w ith  a b la t ion  a nd/or c a pt iv ity . 
These unknown factors may  s ign i f i cant ly a lter  the pattern  o f  n utr ient a c c u m ulat ion 
such  that  pr i m a ry vite l l ogenes is is shorte ned  or bypassed . Th is  c h a n g e  cou ld i n  pa rt 
account for  the  reported d e crease  i n  q u a l ity of success ive s p a w ns i n  a b lated prawns 
( Beard a nd Wick ins ,  1 9 8 0) . Endogenous  a nd exoge n o us c o m po n e nts of yo lk  
appa rent ly  p l ay  spec i f i c  ro l es  i n  egg d e v e l o p m e nt .  Goud e a u  a nd Lac h a is e  ( 1 9 80 )  
d e monstrated that  e ndogenous  yo lk  was  a component of c ort i c a l  g ranu l es  wh i l e  
exogenous com ponents contr ibuted to the  'yo lk '  proper .  Cort i c a l  g ra n u l es ,  w h i c h  a re  
m e m brane bound structures i n  the cortex  of oocytes ,  conta i n  m ate r i a l  that  is  d est ined 
to become the  surface  coat or hatch ing  e nve lope  of the  egg ( C la rke  et al. ,  1 9 80 ;  
Sect ion 1 0) .  Th is  su r face  coat  appears to  p rov ide  a s u ita b l e  m icroe nv i ronm e nt fo r  
deve lop ing  e m bryos (Gu raya ,  1 9 8 2 )  a n d  may p lay  a ro le  i n  fe r t i l i sat ion  ( R a n ki n  and  
Dav is ,  1 9 90) . 

, The d iet of c a pt ive and  w i ld caught p rawns m a y  a lso  c o nt r i bute  to  d i f fe rences  i n  
reproduct ive perform a nce  (S ect ions 1 0  & 1 2 ) .  G ut ana lys is of  P. monodon broodstoc k  
ind icate a d iverse d iet ( M arte ,  1 9 80;  M o h a uty ,  1 9 7 5 )  w h i l e  c a pt ive prawns genera l l y  
have a m ore l i m ited se lect io n  ( Pr imavera ,  1 9 8 5 ) . D ietary l i p i d  l e v e ls have  b e e n  shown 
to  affect re prod u ct ive perform a nce i n  P. stylirostris (B ray a n d  Law r e n c e ,  1 9 9 0 ) . D i rect  
d i etary i nput to  oocyte l ip id  accum u lat ion  has b e e n  d e m o nstrated  i n  P. indicus, a nd 
was shown to  i n f l uence  the  fatty a c id c o m p os i t ion  of e g g  l i p i d s  i n  that spec i es  ( G a lo is ,  
1 9 84) . 

Thus the a c c u m u lat ion pattern d isp layed  by ovar i es  of c a pt ive  a b lated  P. monodon 

may ind icate def ic i enc ies  d u e  to a n  i nadeq uate  d i et or a red u c e d  a b i l ity  by the  prawns 
to d i gest, ass i m i late or synthes ise r equ i r ed  n utr i e nts after  a b l a t io n .  Conse q u e nt ly ,  
eggs from a b l ated prawns cou ld  be d e f i c i ent i n  stora g e ,  str uctura l o r  energy 
com ponents . Also  the reduced t ime interv a l  betw e e n  success ive spawn ings  i n  a b l ated 
prawns (Vogt et al. , 1 9 8 9 )  may l i m it the a b i l ity of the  he patopancreas  to  store 
nutr ie nts that  would norm a l ly be tra ns fe red  to  the ovary d ur i n g  per iods  of  p e a k  
d e m a nd .  

1 1  . 5 Con clusions 

This study i l l ustrates that the c l ass i f i cat ion  of ovary t iss u e s  a c c ord i n g  to a s i ze  i n d e x  
may not g ive a true ind icat ion of c h a nges  occurr ing w it h i n  the  t issue .  Such  
c lass if icat ion may  n ot be a n  a p propr iate bas i s  o n  wh ich  to  c o m pare  com posit iona l 
cha nges i n  t issues of d if ferent ind iv id u a l s  or  spec ies . It i s  a lso  w orth not i ng  t h at ,  i n  
a t issue that is expand ing  i n  s ize ,  com pos it i ona l  c h a n g es r e q u i re  e x a m i nat ion  i n  te rms 
of  a bsolute va lues  as  we l l  as  on  a pe rcenta g e  bas is . 

Desp ite the  l i m itat ions im posed by d i f f i c u lt i es  i n  c lass i fy i n g  ova r y  deve lopment some 
i nterest ing conclus ions c a n  be drawn f rom th is  study .  Wh i l e  prot e i n  a nd l ip ids  a re  the  
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m aj o r  c o m p o n e nts of  p rawn ovary a n d  he patopancreas t iss u e s ,  the i r  percentage  
c o m p os it ion  var i es  w it h  s p e c i es . I n  t h is stu d y  it was shown that  P. monodon 

a cc u m u lates a pprox i m ate ly  th ree  t imes  as  m u c h  ovary prote in  as  l i p id  d ur i ng  ovary 
m at u ration . Also the re is  strong ev id e n c e  t o  s u g gest that P. monodon i s  a spec ies that 
uses  l i p ids  stored in the h e patop a n creas  to  part ly  satisfy o v a ry requ irem e nts . 
I nformat ion  ga i ned  f rom th is  stu d y  o n  the  n utr i e nt accumu lation  patterns of ovar ies i n  
w i l d , non- a b l ated  a n d  c a pt ive , a b l ated  P. monodon h e l p  exp la in  d i f fe rences  noted i n  
t h e  r e prod uct ive per for m a nc e  of  the  two g roups .  I f ,  as appea rs to  be the case , 
a b l a t ion  is  m o d i fy ing  t h e  n utr it io n a l  status of  oocytes resu l t ing  i n  poor  qua l ity eggs ,  
then  an  a lternat ive to  t h is severe  m ethod of  hormona l  m a n ipu lat io n  needs  to  be found . 
I n  te rms of unde rsta n d i n g  the  m o d e  of  a ct ion  of the  Vite l l oge nes is  I n h i b it i ng  Horm o n e  
(V I H ) , resu lts f rom t h is study s u p p ort ev id e n c e  that i t  i s  i nvo lved  at t h e  very e a r ly  
sta g e s  of  ova r i a n  d e ve l o p m e nt ( S e ct i on  4 ) . 
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1 2. Repro d u ction of eyesta l k  a b lated Penaeus monodon fed fo ur  d iffe r e n t  d i e ts 

1 2 . 1  I ntroduction 

From the study  of natura l  foodstuf fs  d escr ibed i n  S e ct i on  8 a b a s a l  d i e t  of  s q u id a n d  
m usse l  was recommended to  supp ly  prote i n ,  l i p i d  a nd f atty a c id r e q u i re m e nts o f  
prawns undergo ing  ovary deve l o p m e nt .  S u bsequent stud ies  s h e d  s o m e l i g ht o n  t h e  
r o l e  of var ious fatty a c i d s  i n  the  ovary a nd e g g s  o f  p e n a e i d  p ra w ns ( S e ct ions  9 & 1 0) 
and ind icated that the mod i f icat ion  of some fatty ac ids  l e v e ls i n  broodst o c k  d i ets m a y  
im prove spawn ing  perform a nc e .  

Two d iet tr ia ls  were carr ied o ut t o  assess t h e  ef fect o f  s p e c i f i c  d i ets o n  t h e  s p a w n i n g  
perform ance  of P. monodon a nd to re l ate per for m a n c e  cr i ter ia  t o  ovary  a nd 
he patopa ncreas  t issue  com pos i t ion .  S p a w n i n g  per form a n c e  w a s  m e a sured  i n  te rms of 
broodstock surv iva l ,  maturat i o n  a nd spawn ing  rat e ,  as  w e l l  as  f e c u n d ity , e g g  hatch  
rate  a nd l a rva l  su rv iva l .  

1 2 . 2  Mate ria ls a n d  methods 

The study was cond ucted i n  two pa rts ;  one  exper i m e nt to  d ete rm i n e  t h e  c h a nges  i n  
t issue  com pos i t ion  resu lt i ng  f rom t h e  b roodstock  d i et ( C o m pos it i o n a l  a n a l y s i s  tr i a l ) , 

, the  other to  assess the spaw n i n g  perform a nc e  of the  pra w n s  o n  those  d iets ( S p a w n i n g  
performance  tr ia l ) . One  d i et w a s  d i f f e r ent for  the  two expe r i m e nts as  i s  e x p l a i ned  i n  
sect ion 1 2 . 2 . 1 b e l ow . 

1 2 . 2 . 1 Composit iona l  ana lys is  

Four  d iets were se l ected on  the bas is  of  e a r l i e r  work .  D iet  A c o n s isted  o f  f r e s h  f rozen  
w ho l e  p i  p i  (Donax deltoides) ;  Diet  B of f r esh  f roz e n  s q u i d  m a nt l e  (Loligo sp. ) ,  a nd 
fresh frozen  who le  m usse l  (Perna cannaliculatus) offered  o n  a lte rnat ing  d a ys .  D i et C 
cons isted of squ id mant l e ,  w h o l e  m usse l  a n d  a d ry c o m m erc i a l  p e l l eted  feed  
(P. japonicus f in i sher  d iet)  o f fe red  at  a lternat ing  f e e d s .  D i et D 1 cons isted on ly  of the  
d ry commerc i a l  p e l let feed . A l l  d i ets prov ided  s i m i l a r  l e v e ls of  p rote i n  a nd d i f fered 
m a in ly  i n  the i r  l i p i d  component .  The  s q u id a nd m us s e l  c o m b i n at i o n  ( D i et 8)  was 
c hose n  as  it prov ided a concentrated source  of prot e i n  a nd l i p id f rom the s q u id a nd 
m usse l  respect ive l y .  Also the  fatty ac id  prof i l e  of t h e  m usse l  m atc h e d  t h a t  of the  
m ature ovary t i ssue  of w i ld c a u g ht spawners ( S e ct 8 ) . T h e  a d d it i o n  of the 
commerc i a l  p e l l et to the squ id /musse l  c o m b inat ion  ( D i et C l  was to  p rov id e an extra 
source of  n-6 fatty ac id s .  Pip i  ( D iet  Al was lower  in 2 2 : 6 n-3  a nd h i g h e r  i n  2 0 : 5 n-3  
a nd 20 :4n-6  than  D iet A .  As both  20 : 5 n-3  a n d  2 0 : 4 n - 6  appear  to  be  l a c k i n g  i n  the 
eggs of c a pt ive  prawns and 2 2 : 6 n- 3  appears t o  be  i n  exc ess,  p ip i  w a s  pote nt ia l l y  a 
better d i et than  D iet B .  D iet D 1  w a s  chosen  for  its h i g h  p rote i n  c o ntent a n d  b e c a use 
it had been  recommended  as a m aturat ion  d i et f o r  P. monodon ( pe rso n a l  
commun icat io n  from t h e  ma nufacturer ) . Food w a s  o f fe red  i n  m e a s ured  a m ou nts twice  
d a i l y  at 0900 a nd 1 7 00 and the  a m ount of  food eaten  e a c h  day record e d . 

Prawns  w ere so urced from Cook  B a y  a n d ,  after a o n e  w e e k  a c c l i m at ion  pe r i od , were  
u n i latera l l y  eyesta l k  ab l ated . Th i rty f e m a les  ( n o  m a l e s  w e re req u i red  as  s p a w n i n g  was  
n ot to  occ ur )  were stocked i n  f i b reg lass m aturat ion ta n ks (4 . 0  m i n  d i a m eter  a nd 
0 . 8  m water  d e pth ) . S eawater  ( 3 3  ppt sa l i n ity)  supp l i ed  to  the  t a n ks w a s  f i ltered to 
20 µm , heated to  2 8°C and excha nged at a rate of  200 % per d a y .  C ontro l l e d  l i ght 
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was provided by suspended f luorescent f itt ings wra pped  i n  g re e n  7 0 %  ' s h a d e  c l oth '  
( D ind as Lew C a t  N o  5 C 7 0 3 6  BL)  to  r educe  l i g ht i nte n s ity  to 5 l u x  a s  m e a s u r e d  a t  t h e  
water  s urfac e  u s i n g  a Licor l i ght m eter (mode l  L 1 - 1 8 5 8) f itte d  w ith  a p h ot o m etr ic  
s e nsor ( Licor  m o d e l  PH443 2) . Day l ength was 1 4L :  1 OD,  w ith  a r a m p  per iod o f  20 
m i n utes . 

Ovar ian  deve lop m e nt was mon itored d a i ly  us ing  a s u b m erged  l i g ht to  r evea l  the  
shadow of the  ovary  on the  d orsa l  exoske leton . Pra w ns w ere r e m oved when the i r  
ovar ies reached m aturity and the ovary  and  he patopancreas were  d issected o ut .  B oth 
t issues were  subj e cted to b iochem ica l  ana lys is  as d escr ibed in  sect ion  7 .  

1 2 . 2 . 2  S pawning performance 

Diets A,  B a nd C w ere the same as those d escr ibed i n  sect ion  1 2 . 2 . 1 . D i et D 1  w a s  n ot 
used because of the  low rate of maturat ion ach ieved i n  the  c o m pos it i o n a l  a n a lys is  t r i a l .  
I t  a ppeared h i g h ly u n l ike ly that broodstock wou ld  s p a w n  o n  a d i et c o m posed  e nt i re ly  
of d ry  pe l l ets . I nstead a soft mo ist pe l let  manufactured at B IARC,  d iet D2 ,  ( see  Ta b l e  
1 2 . 1  for  form u lat ion )  was  t r ia led . 

Table 1 2 . 1  C o m pos it ion of the exper imenta l  m o ist p e l l et d i et . 

Ing red ient 

S q u id (loligo sp . )  m e a l  
M inced m usse l  (P. canalicula tus) 

Fish roe (Hop/oste thus atlanticus) 

Cod l iver  o i l  
B inder  m ix 
M i l l ed  m o l l usc s h e l l  (0. deltoides) 

Lec ith i n  
Vita m i n  m i x  1 
M i nera l  m i x2 

Cho lestero l3 

Astaxanth in  
P-carotene 

Weight ( g/ 1 00 g d ry d iet)  

4 1 . 0  
2 3 . 0  
1 2 . 0  

2 . 4  
1 0 . 0  

2 . 0  
3 . 0  
5 . 0  
3 . 0 
1 . 1 

40 . 0p p m  
40 . 0p p m 

Vita m i n  c o m posit ion (mg/ 1 00 g d iet) p-a m i no benzoic ac id ,  1 5 . 8 ;  b iot in ,  0 . 6 3 ; inos i to l ,  6 3 2 . 0 ;  
nicot in ic  a c i d ,  6 3 . 2 ;  Ca-pa ntothenate,  9 4 . 8 ;  pyridox ine  H C I ,  1 9 . 0 ;  r i bof l av i n ,  1 2 . 6 ,  th i a m i n e  H C I ,  

6 . 3 2 ;  fo l ic  ac id ,  1 . 2 6 ;  cyanocoba lamin ,  0 . 1 3 ; chol ine H C I ,  9 4 8 . 0 ;  mena d i o n e ,  6 . 3 4 ;  N a  ascorbate,  

3 1 6 0 . 0 ;  c a l ci fero l ,  1 . 9 ;  a tocophero l ,  5 0 . 0 .  

M ineral c o m posit ion (g/ 1 00 g d iet )  K2H2P04, 0 .  7 0 ;  Ca3 (P04) 2,  0 . 9 5 ;  M g S 0 4 •  7 H20,  1 . 1 ;  
NaH2P04 . 2 H 20 ,  0 . 2 8 .  
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Broodstock praw ns for  spawn ing  t r ia ls  were  c o l l e cted f rom Cook  Bay  i n  S e ptember  
a nd a g a i n  i n  Nove m be r .  Each  d i et tre atm e nt c o ns isted  of  o n e  m atu rat ion  ta n k  i n  the  
f i rst t r i a l  a nd two tanks i n  the  second t r i a l ,  e x c e pt d iet B wh ich  c ons isted of th ree  
tanks i n  S e pte m ber  a nd one  i n  Nove m be r .  Twe lve  f e m a l e s  and  s ix  m a les  were  
randomly  stocked i n  e a ch tank  and  a l l  f e m a les  were  a b l ated  a f te r  a o n e  w e e k  
acc l imat ion  per iod . Tr i a l s  w e r e  carr ied o ut ove r  4 2  d ays u n d e r  the  s a m e  e nv i ro n m e nta l  
cond it ions as d escr ibed ea r l i e r  { Sect i on  1 2 . 2 . 1 ) .  

Mature fema les  were  re m oved and  s p a w n e d  i n  0 . 1 5  m3 recta n g u l a r  d rums i n  1 3 0 I 
seawater  at 2 8°C . Wate r  was  f i ltered to  0 . 5  µm a nd exchanged  i n  spawn ing  d rums  
at  a rate of 1 000 % per  day .  Egg a nd l a rva e n u m bers were  e st im ated by v i gorous ly  
st irr i ng  the  spawn ing  drums a nd count ing  four  1 00 m l  subsa m p l e s .  La rvae were  l e ft 
to  deve lop  i n  the  spawn i n g  d rum and  c o u nt e d  at t h e  f i rst n a u p l i u s  { N 2 )  a nd f irst z o e a l  

{Z 1 ) sta g e .  

The surv iva l  rate o f  f e m a le prawns w a s  e x pressed i n  te rms  o f  t h e  m e a n  percenta g e  
o f  t h e  tota l poss ib l e  n u m ber  o f  prawn d a y s  ( 4 2 )  s urv ived b y  e a c h  f e m a le  i n  e a c h  t a n k .  
M aturat ion rate w a s  expressed as t h e  m e a n  n u m ber of s p a w n s  p e r  3 0  prawn-d ays p e r  
t a n k .  F e m a l e  s urv iva l rate , m aturat ion r a t e  a nd f e c u n d ity a s  w e l l  as  egg  hatch i n g  rate 
and  larva l  surv iva l  rate w ere compared  b y  a n a lys is  of var i a n c e  to  iso late t i m e  a nd 
treat m e nt ef fects . 

1 2 .3  Results and discussion 

On a wet w e i g ht bas is p ra w n s  fed  D i et A c o ns u m ed an a v erage  of  1 1  . 4 %  of  the i r  
bod y w e i g ht { BW) per  day .  Pra wns fed  D iet  B h a d  a n  avera g e  i n take  of  8 . 4 %  BW of  
squ id  and  6 . 1 % BW of m usse l  per  day  w h i l e  p rawns  f e d  D i e t  C consum e d ,  o n  
avera g e ,  5 . 5 %  BW o f  s q u i d ,  4 . 9 %  B W  of m usse l  a nd 0 . 5 %  B W  dry  pe l l e t .  Prawns  
fed  d i et D 1  in  the  com posit i ona l  ana lys is  tr i a l  ate  neg l i g i b l e  a m o u nts of d ry pe l l et and  
i n  the  spawn ing  tr i a l  p rawns  consumed a n  a v e r a g e  8 . 3  % BW of  B IARC p e l let  ( D 2 )  pe r  
d a y . M o isture content was not s i g n i f i c a nt ly  d if fe rent fo r  D i ets A ,  B and  C 
{ m e a n = 8 0 % )  therefore  d ry w e i g ht c o ns u m ed was h i g hest  f o r  p r awns  fed  D iet  B 
fo l l owed by those D iet  A a nd C .  Desp ite  t h e  l ower  w et w e ight c o n s u m pt ion  of D i et 
D2 ,  o n  a dry w e i g ht bas is  consumpt ion  w a s  e q u a l  to that  of D i ets B a n d  C as  the  
m oisture  conte nt of d i et D 2  was l ower  { m e a n = 7 5  % ) .  T h is f i nd i n g  s u g gests that  the  
a m o u nt of food consumed  is d r iven  by  t h e  a n i m a ls n utr i e nt o r  e n ergy requ i re m e nt 
rather  t h a n  by g ut d iste ns ion  wh i ch  w ou l d  r e s u lt i n  a h i g her  i n take  of food w ith  a 
lower w ater  content .  However ,  food i n take  is  a lso  re lated to  d i et pa lata b i l ity a n d  th is  
may be lower  for  the  d i ets wh ich d o  not c o n s ist of f resh m ate r i a l .  

1 2 .3 . 1  Composition a l  ana lysis 

Resu lts from the prox imate a n a lysis of t h e  e x p e r im e nt a l  d i ets are s u m m ar ised in Tab le  
1 2 . 2  The tab l e  a lso  shows the  rat io  of n e utra l to  po l a r  l i p i ds  and the  n-3 : n- 6  rat ios of  
fatty ac ids  i n  t h e  n e ut ra l  a n d  po lar  l i p i d  f r act i o ns fo r  each  d iet . 

The d if fe rence i n  the  tota l l ip id  leve ls  a nd t h e  l eve l  o f  l i p id c a lculated o n  the bas is  of 
the  fatty ac ids e xtracted  {Ta ble  1 2 . 2 ) i l l u strates  the need t o  d e f i n e  the term ' l i p ids ' . 
The d iscrepancy betw e e n  the  percenta g e  of  ' tota l  l i p i d '  a nd the  ' l i p i ds  w ith fatty ac ids '  
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i n  t h e  pe l let ( D iet  D 1 )  a n d  the  B IARC d ie t  ( D iet  D 2 ) , i nd icates that  t h e  d i ets have other  
c o m p o n e nts wh ich  a re extracted by the  process used (See S ect ion  7 ) .  These i n c l u d e  
c h o lestero l  a nd i n  the  case  o f  a pe l l eted d iet  m a y  inc lude  b ind i n g  i ngre d i e nts . 

Resu lts f rom the  com posit iona l  ana lys is of the  d i ets showed no  s i g n if i c a nt ( P <  0 . 0 5 )  
d if ference i n  percentage prote in  except f o r  D iet D2 which h a d  l e s s  prote i n  t h a n  t h e  
oth e r  d i ets (Tab le  1 2 . 2 ) .  This lower d ietary prote in  leve l  w a s  re f l ected i n  t h e  lower  
l eve l  o f  prote i n  i n  the  hepatopancreas of prawns fed  D iet D2,  however  the  prote in  l eve l  
i n  the  ovary  t i ssue  was not s ign i f i cant ly  d i f ferent  to that  i n  ovar ies  of prawns fed the  
other  d i ets (Tab le  1 2 . 3 ) .  Diet A had a s i gn i f i cant ly  (P< 0 .05 )  l ower  l i p id leve l  than  the  
oth e r  d i ets, however ,  there  was  no  d i f fe rence  (P> 0 . 05 )  i n  the  l i p i d  l eve l  of  t issu e s  
f rom the  prawns f e d  t h i s  d iet com pared to those fed  t h e  othe r  d iets . 

Thus ,  the  compos it ion  of m ature ovary t issue was  not affected  by a d i etary prote i n  
c o nte nt rang ing  f r o m  5 2  to 6 2 % .  T h e  a m i n o  ac id prof i l e  o f  pra w n  t issue  prot e i n  i s  
c o nservat ive a nd d oes not c h a n g e  with d i et (Tacon ,  1 9 90) , therefore  i t  i s  the  q u ant ity 
rathe r  than the q u a l ity of prote in  i n  the praw n  t issues that is affected by d ietary 
intake . I f  prote i n  q u a l ity is poor i n  term s  of  a m i n o  ac id rat ios t h e n  a h i ghe r  prote i n  
i nta ke w i l l  b e  n e cessary to sat isfy a m i n o  ac id  r equ irem ents . I n  t e rms  of  a m i n o  ac id  
prof i l es  t h e  prot e i n  i n  each  of the  treat m e nt d i ets was cons id e red  t o  be  of h i g h  q u a l ity 
( S e ct i on  8 ) . The  resu lts therefore sugg est t h at d i etary prote i n  l e v e ls as  low as  52 % 
are  a d e quate to  support the  ovar i an  deve l o p m e nt of P. monodon broodstock ,  however ,  
f u rther  work is  r equ ired to ver i fy  th is f i nd i n g .  

Tab le  1 2 . 2 M e a n  l eve ls ( % )  of prote i n  and  tota l  l i p i d  a nd l i p i d  c l a ss c o m posit i o n  of  
the  e x per i m e nta l  d iets . 

Diet Crude protein Total l ip ids Lipids with fatty N : P  n-3 :n-6 

(%OM)  (%OM)  acids (%OM)  
N eutral Polar 

A 6 2 . 5. 3 . 9  4 . 0  0 . 7  6 . 4  5 . 8  

B 6 2 . 7' 9 . o· 6 . 1 ·  0 . 3 "  1 5 . 9  2 6 . 6  

c 6 0 . 0· 9 . 8• 1 . 2 · 0 . 4· 9 . 4 1 8 . 2  

0 1  5 9 . 6• 1 1 . 2 1 . 0• 4 . 6  2 . 3  3 . 0  

0 2  5 2 . 2  1 5 . 0  7 . 5 •  2 . 5  4 . 5  3 . 0  

Values i n  each co lumn with a common s u pe rsc r i pt l etter  a re not s ig n i f icant ly  ( P  < 0 . 0 5 )  d ifferent.  

T h e  rat io  of n e utra l to  po la r  l i p ids var ied  betw e e n  d i ets (Ta b l e  1 2 . 1 )  however  d iet d id 
n ot a ppear  to effe ct the  rat io in  the  ovary or  he patopancreas t i s sues  (Tab le  1 2 . 2 ) .  
Ovary t issue  was c o m p osed of equa l  q u a nt it ies of neutra l  a nd p o l a r  l i p ids  wh i l e  the  
h e patopancreas h a d  on  average tw ice  t h e  l eve l  of n e utra l as pol a r  l i p i ds . Each  t issue  
s howed s i m i l a r  f atty ac id  prof i l es  i n  its n e utra l l i p i d  f ract ion  a s  i t  d i d  i n  the i r  po l a r  

( F i g ures  1 2 . 1  a n d  1 2 . 2 ,  Ta b le  1 2 . 5 ) . 
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Table 1 2 .3  Mean leve ls  of  prote i n ,  l i p i d  and  c h o lestero l  i n  P. monodon ovary a nd 
hepatopancreas t iss u e  components fo r  D iet A = p i p i ;  D i et 8 = s q u id 
m a nt le  a n d  muss e l ;  D iet C = squ id , m usse l  and  a c o m m er c i a l  p e l l et ;  D i et 
D 1  = c o m m erc i a l  pe l l et ;  D iet D2  = BIARC p e l l et .  

Diet % D ry matter m g fg 

Protein Lipid Cholesterol 

Ovary Hepatop ancreas Ovary Hep atop ancreas Ovary Hepatopancreas 

A 6 9 .0 40 . 1 " 1 9 . 9  43 .0 7 . 4  3 .9"bc 

B 6 9 . 5  3 8 . 2  20.0 47.0  7 . 2  5 .o· 

c 6 8 . 9  3 6 . 5  1 9 . 9  4 8 . 0  6 . 8  4 . 3  

D l  6 9 . 5  4 1 .4" 1 8 . 9  4 6 . 1  6 . 9  4 .8" 

D 2  69 .7  3 2 .4"" 1 9 . 9  47 . 2  7 . 2  4 . 9c 

Values i n  each co lumn with a common superscr ipt  l ette r  a re not s i g n if icant ly  (P < 0 . 0 5 )  d ifferent .  

Table 1 2 .4 M e a n  l eve l s  ( m g  per 1 00 g pra w n )  of  n e utra l a nd p o l a r  l i p i d  f r a ct i ons a n d  
phospho l i p ids  i n  the  p o l a r  f ract ion o f  ovary a n d  h e p a t o p a n c r e a s  t issues . 

N e utral  l ip ids  Po lar  l ip ids  
D iet  

Ovary Hep atop a n creas Ovary Hepatopancreas 

A 7 6 .7" 2 6 7 . 5' 8 0 . 4' 1 3 4 . 4. 

B 8 6 .4" 2 9 4 .0' 8 6 . 5' 1 38 . 2" 

c 8 6 . 2" 3 2 1 . 9 "  8 5 . 7 '  1 28 . 5' 

D l  6 7 . 9  3 1 7  .o· 7 2 . 5 1 7 3 . 8  

D 2  8 0 . 6bco 2 9 9 .0 8 2 . 7  5 6 . 6  

Values i n  each co lumn w i t h  a common s u p e rscr ipt  l etter a r e  n o t  s ig ni f i cant ly  ( P < 0 . 0 5 )  d i fferent . 

The q u a l ity of  a l i p id is d eterm ined  m ost ly by the  rat ios of its c o m pos it e  fatty a c id s . 
Prof i l es  of some of the major f atty a c ids wh ich  showed d if ferences betw e e n  treatme nt 
d iets , a re  shown i n  F ig ure 1 2 .3 . A com par ison  of th i s  d ata w it h  tha t  p resented  i n  
F igure  1 2 . 1  and  1 2 . 2  shows that prof i l es  of the  n e ut ra l  a n d  po la r  l i p i d  f r a ct ions  i n  e a c h  
d iet c l ose ly  m atch  those o f  t h e  ovary and he patopancreas  o f  prawns  f e d  t h e  respect ive 
d i ets . The H U FA ( ;;::: 20 carbon)  concentrat ions i n  the  t issues a pp e a r  t o  v a ry far  less 
w ith  d i et t h a n  the  sh orter cha i n  fatty a c i d s .  This w o u l d  i nd icate that t i ssues  are to 
som e extent conservat ive w ith  regards  to H U FA c o n c e ntrat ions . 
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Table 1 2 . 5  

Fatty 
acids 

1 4 

1 6  

1 6 : 1  n-7 

1 8  

1 8 : 1 n- 9  

1 8 : 1  n-7 

1 8 : 2 n- 6  

1 8 : 3 n- 3  

1 8 :4n-3 

20 : 1  n-9 

20 : 1 n-7 

20 : 2 n-6 

20 : 4n- 6 

20 : 5 n- 3  

2 2 : 1  n - 6  

2 2 : 5 n-3 

2 2 : 6 n-3 

n-3 : n- 6  

M e a n  leve ls  ( m g  per 1 00 g pra w n )  of n e utra l  a nd p o l a r  f a tty a c id s  in ovary  a n d  he patopa ncreas  t issues . D iets w ith  s a m e  superscr ipt a re  s i gn i f i cant ly  d i f fe re nt ( P < 0 . 0 5 ) . 

N e utral L ip ids 
Polar Lipids 

Hepatopancreas Ovary Hepatopancreas Ovary 
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Figure 1 2 . 1  

a .  

Leve ls of som e fatty  a c ids  i n  the  a .  N e utra l  a nd b .  Pol a r  l i p id f ra ct ion 
of the ovary of P. monodon { m e a ns + sta n d a r d  e r ro r )  
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Figure 1 2 .2 Leve ls  of certa i n  f atty a c i d s  in  the a . N e utra l  and b .  Pola r  l i p i d  f ract ion  
of  the  hepatopanc reas  of  P. monodon ( m e a n s  + sta ndard e r ro r )  
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The leve l  of d ietary fatty ac ids  was ,  i n  g e n e r a l ,  re f l ected i n  t h e  l e v e l  of f atty a c id s  i n  
the  t iss u e s .  O n e  exce pt ion to th is tre nd  w a s  the  n e utra l f a tty a c id 20 : 5 n-3  w h i c h ,  
despite b e i n g  present at  a h i ghe r  l eve l  i n  t h e  p ip i  d i et ( D i e t  A)  tha n i n  the  othe r  d i ets ,  
was  present at a lower leve l  i n  the  hepatopancreas  a nd ovary of  prawns fed th is  d iet 
than  in the t issues  of prawns fed the oth e r  d iets . This d rop  m a y  be  exp la ined by t h e  
preferent ia l  i ncorporat ion  o f  20 : 5 n-3  i nto p h ospho l ip ids  (Ka n a z a w a  1 9 8 1 )  wh ich  a r e  
t h e  m ajor  po lar  l i p i d  c l ass in  prawns . A s  D i e t  A was re lat ive ly l ow in  p o l a r  2 0 : 5 n-3 ,  
the fatty ac id  i n  the neutra l  l i p id f ract ion m a y  have been  tra nsfered t o  the  po la r  to 
m a ke up  for  the shortf a l l . This tra nsfer  m a y  a ls o ,  in pa rt ,  exp la in the leve ls  of 1 8 : 1 n- 9 
a nd 20 : 5 n-3 i n  the  hepatopancreas of p rawns fed  the B IARC d iet  (02 )  re l at ive to the i r  
l eve ls  i n  t issues of prawns  fed  the other  d i ets . The ovary  of p rawns  fed  the  B IARC 
d i et show a n  unexpected ly h igh  l eve l  of  2 0 : 5 n-3  re lat ive t o  that  i n  prawns f e d  the  
other  d i ets wh ich  is d i f f i cu lt to exp l a i n .  

L ip id  accumu lat ion  b y  pra w n  t iss ues  i s  n ot conservat ive i n  te rms  o f  l i p i d  q u a l ity . 
Pra wn t issues re f lect the  qua ntity and  q u a l ity of d i etary l i p i d s , p a rt i cu l a r l y  i n  re l at ion  
to the fatty ac id  content .  Rather  than  t i ssues a cc u m u la t i ng  a predete rm ined 
concentrat ion of i nd iv id u a l  fatty ac ids ,  as  they d o  w ith  a m i n o  a c id s ,  the  t issu e s  t e nd 
to accum u late f atty ac ids  as  they beco m e  ava i l ab l e  thro u g h  the  d iet .  The low leve l of 
l i p ids  (with fatty a c ids )  i n  D iet A had no e f fect on  ovary l i p id  l e v e ls s u g g est i ng  that  
l eve ls  as  low as  4 %  of dry m atter  s u p p l y  su f f i c i ent q u a nt it i es  o f  l i p id  d ur i ng  ovary 

, deve lopment .  However ,  the  qua l ity of  the  ovary t issue a nd h e n c e  the  d eve lop ing  
oocytes ,  w i l l  st i l l  be  ef fected by the  f atty a c id content of t h e  d ietary l i p ids . 

Thus,  wh i l e  i nc reas ing  the  qua ntity of poor  q u a l ity prote i n  i n  a d iet  m a y  be  a m e a ns 
of sat isfy ing prote in  r equ ire m e nts, th is  p r i n c i p a l  d oes  n ot a pp l y  to  l i p id s .  Poor q u a l ity 
d ietary l i p ids  w i l l  d i rect ly ef fect the  q u a l ity  of  the l i p id c o m p o n e nt of the ovary t iss ue  
a nd hence ,  egg  a nd larva l qua l ity . 

1 2 . 3 . 2  S pawning performance  

Tab le  1 2 . 6  shows the  mean  va lues  for  spawn ing  perform a nc e  of  p rawns  fed  each  o f  
the four  d iets . Resu lts w ere a lso  poo l ed  to  e n a b le  a c o m p ar ison of  spaw n i ng 
perform ance  i n  e a c h  of the  two t ime pe r i ods  a n d  a re  prese nted i n  Ta b le  1 2 . 7 A tota l 
of  1 8 5 spawns w ere  assayed . There w a s  n o  s i g n if i c a nt d if fe rence between  a n y  of the  
para m eters measured for  the  two exper ime nts,  exc e pt for  l a rva l  s urv iva l  wh ich  was  
s i gn if i cant ly h i ghe r  f or the  November  g ro u p .  The  ca use of th is  d if ference is  unknown 
but the potent ia l  s i gn i f i cance  to the  Austra l i a n  praw n ind ustry i n d icates that  fu rther  

invest igat ion is  warra nted . 

Based on  the  b i ochem ica l  composit ion  of the  feeds  offered ( S e ct ion  8 )  and  t h e  rat ios 
of components consumed est imated from d a i l y  i ntake over  the  4 2  d ay per iod , the  f atty 
ac id  prof i l es  w e r e  est im ated for each  of the  fou r  d iets ( F i g ure 1 2 . 3 ) . As the  d ietary 
components (squ i d ,  m usse l  a nd pe l l et)  in D i ets B & C were consumed in s i m i l a r  rat ios 
i n  a l l  tr ia ls the  r e s u lts prese nted i n  F igu re  1 2 . 3  are  represe ntat ive  of bot h .  
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Figure 1 2 .3 Leve ls  of some  fatty ac ids  in the a. N e utra l and b .  Po l a r  l i p id fract ion  
of the  exper im e nta l  d i ets ( m e a n s  + sta n d a rd e rror )  
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Betwe e n  d i ets there were  s i g n if i c a nt d if fere nces  i n  f ecund ity ,  e g g  hatch rat e ,  la rva l  
s u rv iv a l  a nd f e m a l e  m a t u r a t i o n  rate  (Ta b l e  1 2 . 6) .  A n u m b e r  of  these d if f e r e n c e s  c a n  
be r e l ated  t o  t h e  d i ets e a t e n  by  the  pra w n s .  

Table 1 2 . 6  S um mary of rates of m aturat io n ,  f ema le  surv iva l ,  f ecund ity,  e g g  hatch rate 
a nd larval  surv iva l  of  Penaeus monodon fed four d i f ferent d iets . 

Diet' Total Assayed 
s p awns sp awns 

A 5 6  4 5  
( 8 0 % 1  

B 1 0 2 69 
( 68 %) 

c 7 1  49 
( 6 9 % )  

0 2  2 9  1 8  
( 6 2 %) 

Female survival 
(% p . d l 2.3  

7 5 . 5A 
( n = 24) 

8 5 . 2A 
( n = 48 )  

8 6 . 6A 
( n = 24)  

8 4 . 5A 
( n = 24)  

M aturation 
rate4 

2 . 1 1 AB 
( n = 2 4) 

1 . 8 1  AB 
( n = 48 )  

2 . 206 
( n = 2 3 )  

1 . 2 2A 
( n = 2 4 )  

Fecundity 
(e g gs /sp awn)  

353 440A 
( n = 44) 

3 0 9  7 606 
( n = 6 9 ) 

3 8 0  2 50A 
( n = 49 )  

2 5 9  2 1 06 
( n = 1 8 ) 

Diet A: Pipi (D. deltoides) .  Diet 8: Squid (Loli(JO sp. )  mantle. and whole mussel (P. cannalicu/atus) ;  Diet C :  
pellet (P. japonicus finisher ) ;  Diet D :  experimental moist pe l let .  

Prawn-day 

(total p-d /total possible p-d) x 1 00 
Number of spawns per female per 3 0  p-d . 

Within c o l u m ns v a l ues  w ith a c o m m o n  superscr ipt  letter are  not s i g n i f i cant ly  d i fferent 

Hatching rate Larval survival 
( % )  ( % )  

3 7  . 1 A  4 6 . 6 A 

( n = 4 2 )  ( n = 30 )  

2 1 . 1  B 2 4 . 26 
( n = 6 5 )  ( n = 3 9 )  

1 9 . 7 6  3 1 .  l AB 
( n = 48 )  ( n  = 3 2 )  

4 1 . 2 A  2 6 . 2 AB 

( n  = 1 7 ) ( n = 1 2 ) 

Squid mantle. whole mussel and dry 

Table 1 2 . 7  S u m m ary of  rates of  m aturati o n ,  f e m a l e  surv iva l ,  f e c u nd ity ,  e g g  hatch rate 
and l a rva l  s u rviv a l  of P. monodon i n  tw o exper imenta l per iod s .  

M onth Total Ass ayed Fe male survival M aturation Fecundity H atching rate Larval surv iva l  
spawns spawns ( %  p . d )  rate (eggs/spawn) ( % )  ( % )  

S eptembe r  1 4 2 9 3  7 9 . 8A 1 . 8 3 A  309 7 60A 2 7 . 3A 2 1 . 4A 
( 6 5 % )  ( n = 7 2 )  ( n  = 7 1 ) ( n = 9 2 ) ( n = 8 7 )  ( n = 48 )  

N ovember 1 1 6  8 8  8 6 .7A 1 . 8 2• 3 3 8 560A 3 2 . 2A 4 2 . 6 6  
(7 6 % )  ( n = 48 ) ( n = 48 )  (n = 8 7 )  ( n = 8 4) (n = 6 4 )  

Withi n co lumns va lues  w ith a c o m m o n  s u p e rscr ipt  letter  are  not s i g n i f icant ly  d i fferent .  

The l eve l  of  n e utra l  2 0 : 5 n- 3  f atty a c id was h i ghest in D iet A, d e c l i ned  th rou g h  D iets 
B a nd C a nd was  pres e nt at the  lowest l eve l  in d iet D 2 .  The s a m e  r a n king  was 
a pparent in  the  m aturat io n  rate a nd fecund ity cr i ter ia  o f  spawn ing  perfor m a n c e  (Tab le  
1 2 . 6 ) .  Th is  p os it ive re l a t ionsh ip  was  not however  ev id e nt betw e e n  f e c u nd ity , 
m aturat i on  and the  leve l  o f  20 : 5 n- 3  in  the  ovary  t iss u e .  It is poss ib l e  that  the  posit ive 
ef fect o f  2 0 : 5 n- 3  was n ot from its structura l  o r  stora ge  ro les in the ovary t issue but 
rather its ro le i n  the tra nsportat ion of  l ip ids a nd i n  the a ct ivati on  of  ce rt a i n  e nzymes 
( K a nazawa ,  1 9 8 1 ) .  
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This  re lat i onsh ip  between d i eta ry leve ls  of the  2 0 : 5 n-3 fatty ac id  and  f e c u n d ity was  
a lso  d e m o nstrated by Xu ( 1 9 9 3 )  for  P. chinensis. H ow ever ,  Xu  ( 1 9 9 3 )  a ls o  found  a 
posit ive c orre lat ion between  d i etary l eve ls of the  2 2 : 6n -3  f a tty a c id  a n d  hatch  rate . 
I n  th is  study  the  reverse was found . Hatch rates were h ig hest for  eggs f rom prawns 
fed  Diets A & D2 wh ich  had  the  lowest leve ls of the  2 2 : 6 n-3 f atty a c i d . As 
d ifferences  i n  d i etary l eve ls  of th is  fatty ac id  were  a lso  ref lected i n  the  po la r  a n d  
n e utra l  l i p id s  o f  t h e  ovary t iss u e ,  i t  w o u l d  s e e m  that t h e  2 2 : 6 n- 3  fatty a c i d  has  a 
s ign i f ic a nt ro le  i n  the membranes  a nd/or energy prod uct ion w ith in  the deve lop ing  e g g .  
Xu's  ( 1 9 9 3 )  resu lts m a y  s im p ly  i nd icate a d if ference i n  2 2 : 6 n- 3  f atty a c i d  r equ i r e m e nt 
betw e e n  a t e m perate spec ies (P. chinensis) and  a trop ica l  pra w n  spec ies (P. monodon) . 

Larva l  s u rv iva l showed no re lat ionsh ip  to the l eve l  of any  d ietar y  c o m p o n e nt ,  however ,  
a n egat ive re lat ionsh ip  ex isted between  l a rva l  surv iva l  a n d  the  l eve l  of  c h o l este ro l  i n  
the  h e p atopa n creas . D iet A c o nta i n ed s i gn i f i cant ly ( P < . 0 5 )  l ower  l eve l s  of c h o l estero l  
than  D iet B a n d  the l a rvae  of p rawns fed D iet A had a s ig n if i ca nt ly h i ghe r  surv iva l  rate  
than  la rv a e  f rom prawns fed D iet B .  One  exp la nat ion for  th is  n e g at ive re lat io n s h i p  is  
that the c h o lestero l  i n  the hepatopa ncreas is used i n  the prod uct ion  of prosta g l a n d ins  
(Kanazawa 1 9 8 1 ) a nd stero id hormones thought to be  i nv o lved  i n  the  c o ntro l  o f  
ovar i a n  d e v e lo p m e nt ( S ect ion  4) . 

Whe n i nterpret ing  these res u lts  it m ust be recogn ised that  n ot us i ng  pu r i f i ed  d i ets 
, m e a ns that other ,  u n known var i ab l es  may be i n f l uenc i ng  the r esu lts . Vita m i n ,  m ine ra l  

a nd p ig m e nt c o m posit ion a re  th ree  other  fa ctors w h i c h  are  l i ke l y  to have  b e e n  d i f f e rent 
for  the d i ets exam ined . Desp ite  th is ,  these resu lts ,  if used i n  c o nj unct ion with  othe r  
outcomes  out l i ned  i n  th i s  report , he l p  to de f i ne  the ro le  of spec if i c  f atty ac i ds  i n  pra w n  
maturat io n .  
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