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PREFACE

In India , p r a w n  an d  p ra w n  products  a c c o u n t  for  a b o u t  83% of  the 

foreign e x c h a n g e  e a rn in g s  f rom s e a  food expor t ,  t h e  p r e s e n t  d e m a n d  being on 

sm al l  s ized  sh r im ps  (Anonymous,  1989). However , t h e  in c o n s i s ta n t  t r e n d s  in 

c a p t u r e  f i she r ie s  has  n e c e s s i t a t e d  t h e  iden t i f ica t ion  a nd  adop t ion  o f  a l t e r n a t e  

m ethods  for e n h a n c in g  p raw n  product ion .  So s c i e n t i f i c  f a rm ing  a p p e a r s  to  be 

t h e  bes t  a l t e r n a t i v e  in the  p re se n t  c o n te x t .

T he  inc reas ing  pa c e  o f  penae id  prawn c u l t u r e  a c t i v i t i e s  h a v e  re su l te d  

in the  d iscovery  o f  s e v e ra l  t ec h n iq u e s  like induced  m a t u r a t i o n  t h ro u g h  e y e  s ta lk  

ab la t ion ,  spawning  in c o n f in e m e n t ,  m ass  rea r in g ,  an d  f o rm u la t io n  o f  highly 

e f f i c i e n t  feeds . In th is  c o n te x t ,  ba s ic  in fo rm a t ion  on t h e  b io c h e m ic a l  changes  

m a n i f e s t e d  in t h e  o v a r ie s  dur ing  m a tu r a t i o n  is ve ry  e s se n t ia l .  T h e  complex  

p rocess  o f  a c c u m u la t io n ,  r e l e a s e  and  t r a n sp o r t  o f  n u t r i e n t  r e s e r v e s  f rom  the  

s to r a g e  o rgan  to  t h e  gonads , m e ta b o l i c  c a p a c i t i e s  o f  o rgans  p a r t i c i p a t i n g  in the  

r ep ro d u c t iv e  c y c le ,  r e g u la t io n  a nd  coord ina t ion  involved  in a c h ie v ing  spawning 

and  a l l i ed  b io ch e m ic a l  a s p e c t s  a r e  y e t  to  b e  exp la ined ,  in o r d e r  t o  r e a l i s e  the  

full p o t e n t i a l  o f  p r a w n  cu l tu re .

A m o n g  74 sp e c ie s  o f  pe n a e id  p raw ns  r e p o r t e d  to  e x i s t  a long the  

Indian C o a s t  (^'^ohammed, 1973a), t h e  Indian Brown Shr im p  M e ta p e n a e u s  dobsoni 

(Miers) is a c o m m e r c i a l l y  im p o r ta n t  species .  It c o n t r ib u te s  to  a  m a jo r  por tion 

o f  the  m ar ine  and  e s t u a r i n e  p raw n  landings a long the  so u th -w e s t  c o a s t  o f  India. 

Besides, t h e re  a r e  r e p o r t s  on t h e  possibili ty  o f  i ts  c u l tu r e  in t h e  coas ta l  

brackjsh, w a t e r  a re a s ,  in v iew  o f  i t s  y e a r  round s e e d  ava i lab i l i ty  {Mohammed,



1973b). R e c e n t  su c c e s s  in i ts  in d u c e d  m a t u r a t i o n ,  b r ee d in g  and  spaw ning  under  

c a p t iv i t y  in h igh  sa l ine  b ra c k i s h  w a t e r  a r e a s  (Rao  and  K a th i r v e l ,  1973) has 

s t r e n g th e n e d  i t s  i m p o r ta n c e  as  a  p o t e n t i a l  c a n d id a t e  sp e c ie s  for  c u l t u r e .  Thus 

for  p ro d u c t io n  o f  qua l i ty  s eeds ,  a  th o ro u g h  u n d e r s t a n d in g  o f  i t s  r ep ro d u c t iv e  

physio logy  is n e c es sa ry .

One  o f  the  m os t  e f f e c t i v e  m e th o d s  o f  s tu d y in g  the  r e p r o d u c t i v e  s t a t e  

in penae id  s h r im ps  is to  d e t e r m i n e  t h e  d e g re e  o f  g ona da l  m a t u r a t i o n  and  its 

su b seq u e n t  d e v e lo p m e n t .  Gonadal  d e v e lo p m e n t  in f e m a le s  c a n  b e  e v a l u a t e d  on 

t h e  basis  o f  t h e  o v a ry  s ize , co lo u r ,  h i s to log ic a l  c h a n g e s  and  t h e  c h a n g e s  in the  

r a t i o  b e tw e e n  o v a ry  s ize  and  body  w e i g h t  (G o n a d o s o m a t ic  index). M a t u r a t i o n  can  

a lso  b e  s tu d i e d  in r e l a t io n  t o  t h e  b io c h e m ic a l  c h a n g e s  during o v a r i a n  d e ve lop ­

m en t .

C a r o te n o id s  a re  one  o f  t h e  m os t  i m p o r t a n t  b io c h e m ic a l  c o n s t i tu e n t s  

an d  s tu d ie s  on th e  v a r i a t io n s  o f  t h e s e  p ig m e n t s  in r e l a t i o n  to o v a r i a n  m a t u r a t i o n  

in c r u s t a c e a n s  in g e n e ra l  a r e  l im i t e d  an d  in p e n a e id s  in p a r t i c u l a r  a r e  lacking. 

S tu d ie s  o f  th is  ty p e  a r e  i m p o r t a n t  b o t h  for  b a s ic  u n d e rs t a n d in g  an d  p ra c t ic a l  

a p p l ic a t io n .  B as ica l ly  such s tu d i e s  e n a b le  a  m o re  p r e c i s e  and  d e t a i l e d  knowledge  

on t h e  u t i l i z a t i o n  an d  t r a n s lo c a t io n  o f  t h e s e  p ig m e n t s  dur ing  g r o w t h  and 

d e v e lo p m e n t  o f  t h e  o v a r ie s  in r e l a t i o n  to  o t h e r  o r g a n s  and  t issues ,  th u s  r ev e a l in g  

t h e  p o t e n t i a l  'S to re  h o u s e '  o f  th is  b io c h e m ic a l  c o n s t i t u e n t  and e n a b le s  in t ra c in g  

th e  p a th w a y  th ro u g h  which th e y  a r e  m obi l ised  for  t h e  fu tu r e  b io log ica l  needs  o f  

t h e  an im a l  c o n c e rn e d .  On t h e  a p p l i e d  a s p e c t ,  sh r im p  w a s t e ,  in v iew  o f  i ts  high 

c a r o t e n o id  c o n t e n t ,  c a n  be  i n c o r p o r a t e d  in to  d i e t s  to  e n h a n c e  p i g m e n t a t i o n  and 

c o lo u r  o f  t h e  shel l  and  f lesh  o f  t h e  spec ie s  c u l t u r e d .  Jud ic ious  a d d i t io n  o f



t h e s e  p igm en ts  in to  d i e t s  c a n  m od ify  t h e  colour  t o  su i t  the  a e s t h e t i c  t a s t e  of 

the  consum er  m a r k e t  which m ig h t  f e t c h  a  h igher  p r ic e  for the  p raw ns ,  thus 

increasing th e  p r o f i t  m arg in .

The o b j e c t iv e s  o f  t h e  p r e s e n t  s tudy  w ere :

1) To  s tu d y  th e  v a r i a t io n  in t o ta l  c a r o t e n o id  c o n c e n t r a t i o n  o f  t issues  

like h e p a to p a n c re a s ,  ha em oiym ph ,  e x o s k e l e to n  an d  o v a r i e s  aJong with 

whole a n im a ls  dur ing d i f f e r e n t  s t a g e s  o f  o v a r i a n  m a t u r a t i o n  in 

M e ta p e n a e u s  dobsoni ,  c o l l e c t e d  from th e  wild.

2) To e s ta b l i s h  a r e l a t io n sh ip  b e tw e e n  t o t a l  c a r o t e n o id  c o n t e n t  o f  the  

ova ry  w i th  t h e  g o n a d o s o m a t ic  index.

3) T o  c o m p a r e  t h e  d i f f e r e n c e s  in t o t a l  c a r o t e n o id  c o n c e n t r a t i o n  o f  

t i s sues  and  w hole  a n im a ls  b e tw e e n  p raw ns  o f  d i f f e r e n t  m a t u r i t y  s tages  

o b t a in e d  th ro u g h  e y e s t a lk  a b la t ion  and  u n a b la t e d  wild prawns.

Thus t h e  p r e s e n t  s tu d y  on M. dobsoni ,  a  s p e c ie s  o f  h igh  p o te n t i a l ,  for 

m a r i c u l t u r e  was t a k e n  up for c o n t r ib u t in g  s o m e  know ledge  on t h e  m obi l isa t ion  

o f  t o ta l  c a r o t e n o id s  dur ing  i ts  o v a r i a n  m a tu ra t io n .

! wish  t o  e x p re s s  m y  g r a t i t u d e  to  Dr. P .S .B .R . J a m e s ,  D i r e c t o r  o f  

C e n t r a l  M arine  F i s h e r i e s  R e s e a r c h  In s t i tu te ,  unde r  w hose  scho la r ly  gu id an c e  the  

p r e s e n t  work has b e e n  c o m p le te d .  J am  g r a t e f u l  to  Dr .  A.D. D iw an ,  S c ien t i s t  

S-3, for hie va luab le  a d v ic e  an d  he lp  th roughou t  t h e  pe r iod  o f  th is  s tudy .  1 wish 

t o  thank Shri. M. S r in a th  for his he!p in s t a t i s t i c a l  ana lys is  o f  t h e  d a ta ,  

th a n k s  a re  also due  to  Mr. N a n d a k u m a r  for supplying a ll  the  n e c e s s a r y  m a t e r i a l s



for my work ,  '̂1r. A. G opa lak r ishnan  and  ^^r. K.A. Navas, Sen io r  R ese a rc h  

Fel lows for t h e i r  he lp  and  sugges t ions  during the  c o u r s e  o f  th is  w ork  a nd  to  all 

my c la s s  m a t e s  an d  o t h e r  Senior  r e s e a rc h  fe l lows for th e i r  a s s i s ta n c e  and 

e n c o u ra g e m e n t .  T h e  fel lowship  a w a r d e d  by t h e  IC A R  during t h e  t e n u r e  o f  this 

c o u rse  is g r a t e fu l ly  acknowledged .



INTRODUCTION

The  s t r ik in g ,  ye l low, red ,  o r a n g e  and  purp le  co lou rs  found in a q u a t ic  

a n im a ls  a r e  o f t e n  a t t r i b u t e d  t o  a  group o f  lipid so lub le  p igm en ts  c a l l e d  the  

C a ro te n o id s .  T h e  v is ib le  a p p e a r a n c e  o f  an  an im al  depends  on t h e  o v e ra l l  c o n ­

c e n t r a t i o n  o f  t h e s e  p ig m e n t s  in t h e  body. T he  a b i l i ty  t o  syn the s ize  ca ro te n o id s  

s e e m s  to  b e  r e s t r i c t e d  to  the  p lan t s  an d  m ic robes ,  so t h e  an im a ls  de r ive  them  

so le ly  from t h e  food v/eb flviiki §!•, 1982}. T h e  c e n t r a l  dogma o f  c a ro te n o id  

b io ch e m is t ry  is t h a t  a n im a ls  c a n n o t  sy n th e s iz e  th e s e  p ig m e n ts  n o v o " b u t  can 

a l t e r  them  t o  o t h e r  endogenous  forms.  T h e r e  is an  im m e n se  a r r a y  o f  c a r o ­

ten o id s  in t h e  a n im a l  kingdom an d  t h e y  c a n  b e  m ain ly  g rouped  in to :  C a r o te n e s  

(Hydrocarbon  c a ro te n o id s )  and  X an thophyl ls  (O x ygena ted  ca ro teno id s ) .  In animals , 

t h e s e  a r e  p r e s e n t  in t h e  fo rm  o f  f r e e  p ig m e n ts  o r  bound to  p ro te in  ca l led  

c a r o t e n o p ro t e in s .

T he  p r e s e n c e  o f  " l ipochrom es"  was f i r s t  o b s e rv e d  in h u m a n  blood and 

milk  by T hud ichum  (1869). However^ i t  w as  only in t h e  t w e n t i e th  c e n tu r y ,  tha t  

an  e x t e n s iv e  s t u d y  was in i t i a t e d  by  P a l m e r  a nd  EckJes  (1922). In c ru s t a c e a n s ,  

th e  p io n e e r  r e p o r t s  on th e  o c c u r r e n c e  o f  c a r o t e n o id s  w e re  those  o f  P ouche t  

(1872) c o n c e rn in g  s o m e  c hanges  in t h e  co lour  o f  lobs te rs .  Since then ,  a  num ber  

of  inves t iga t ions  h a v e  b e e n  c a r r i e d  o u t  by F i s h e r  ^  §L (1952), Goodwin (I960), 

C a m pbe l l  (1969) a n d  H e r r in g  (1972), r e l a t i n g  to  t h e  c a ro te n o id  p i g m e n t  c o m p o ­

s i t ion  and d i s t r ib u t io n  in D e c a p o d  c ru s ta c e a n s .

C r u s t a c e a n s ,  e s p ec ia l ly  shr im ps a r e  c o n s id e red  t o  be t h e  most 

im p o r ta n t  c a n d i d a t e  sp e c ie s  for c u l tu re .  Q u a n t i t a t i v e  a nd  q u a l i t a t iv e  s tud ie s  of



caro teno id s  in t h e s e  an im a ls  have  led  t o  the  open ing  up o f  m any  p o ten t ia l  

avenues  in a q u a c u l t u r e  Industry.  In v iew  of  th e i r  high c a ro te n o id  c o n te n t ,  

c r u s t a c e a n  w a s t e s  (Wilkie, 1972) a r e  co n s id e red  a good source  o f  c a ro teno id s .  

C a ro te n o id  e x t r a c t i o n  has  been  i n i t i a t e d  on a c o m m e rc i a l  basis  in v iew  of  its 

n u t r i t i v e  va lue ,  in t h e  U.S.A. a nd  Europe  f rom A la s k a  Pink S h r im p  P e n a e u s  

du o ra rum  (Kelley and  Harnon,  1972} and  the  Sand Shr imp CranRon vulgar is  

( S n a u w a e r t e ^  1973). Sai to  and  R e g ie r  (1971) c o m p a r e d  the  q u a l i ty  o f  shrimp 

w a s te  fed fish Sa lvel inus  font ina l is  w i th  t h a t  o f  c r a b  w a s t e  fed ones  in o rd e r  to 

em pha s i se  t h a t  t h e  high c a ro te n o id  c o n t e n t  o f  sh r im p w a s t e  improved  t h e  qual i ty  

and  coJour o f  th e  c u l t u r e d  species .  The im p o r ta n c e  o f  c a ro t e n o id s  in sh r im p  and 

fish d ie ts  to  e n h a n c e  p ig m e n ta t io n  w as  d e m o n s t r a t e d  by Spinelii  ^ a | . ( 1 9 7 4 )  J o ­

seph and  Wil l iam (I975),Sandi ,fer and  Joseph(1976) a nd  Spinelii  and  Mahnken(1978).

As fa r  as  the  biological  func t ions  o f  c a ro te n o id s  a re  c o n c e rn e d  many  

i m p o r t a n t  ro le  h a v e  been  ass igned  to  them .  In f tn f ishes  and  she l l f i sh ,  

c a ro t e n o id s  p e r f o r m  as  p recusors  for  V i tam in  A. in addit ion ,  in fishes , they  

in f luence  o t h e r  physio logica l  func t ions  such as  he lp ing  in vision (Appleby and 

M untz ,  1979), p ro m o t in g  growth ,  e n h a n c in g  t o l e r a n c e  levels  to  s t r i n g e n t  e n v i ro n ­

m e n ta l  c o n d i t io n  su c h  as  low d isso lved  oxygen,  e l e v a t e d  t e m p e r a t u r e  and 

am m on ia  leve ls  (Tacon,  I98 t) .  A c c o rd in g  t o  C r a ik  (1985), c a ro t e n o id s  a l s o  he lp  

in m ain ta in ing  egg  qua l i ty  and eg g  v iab i l i ty .  In C r u s ta c e a n s ,  C h e e s m a n  e ^  aL

(1967) r e p o r t e d  t h a t  th ey  give p r o t e c t i o n  aga ins t  h igher  i l lumina t ion  and  solar 

r ad ia t ion ,  p r o t e c t s  t h e  gut  f rom  e n z y m e s  and  a ids  in s tab i l i sa t ion  o f  pro te ins ,  

while  Gilchr is t  a nd  L ee  (1972) s p e c u l a t e d  t h a t  th ey  mask  lum inescense  o f  prey 

in t h e  s to m a c h ,  g ives  p r o te c t io n  a g a in s t  e l e v a t e d  t e m p e r a t u r e s  an d  Jielps in



increase  t o l e r a n c e  t o  e n v i ro n m e n ta l  pol lu t ion in sea  molluscs .

R e p ro d u c t io n  in one  o f  the  m os t  i m p o r t a n t  physio logica l  process  

a t t r i b u t e d  to  an im a ls .  Inv es t ig a t io n s  have  s ugges ted  t h a t  c a ro t e n o id s  do take  

p a r t  in r ep ro d u c t io n .  In f in f lshes  s tud ies  c o r r e l a t i n g  c a r o t e n o id s  and  the  

r e p r o d u c t iv e  c y c le  have  c o n t r ib u te d  in e s tab l ish ing  a  c l e a r  c u t  p a t t e r n  o f  

c a ro te n o id  m ob i l isa t ion  as  r e v e a l e d  by tfte works  o f  S t e v e n  (1949) M'ho s tudied  

t h e  c a ro te n o id s  in t h e  r ep ro d u c t iv e  c y c le  o f  Brov/n t r o u t ,  Sa lmo t r u t t a ,  C ro z ie r  

(1970) and  Donaldson  and  F a g e r la n d  (1970) who w o rk e d  on S oc ke ye  salmon 

Oncorhyncus  n e r k a . Besides t h e s e  w orkers ,  S h n a rev ic h  and  Sakhnenko  (1971) 

s tu d ie d  the  dy n a m ic s  o f  c a ro t e n o id s  in fish t is sues  and  o rgans  in r e l a t i o n  to  the i r  

sexual  c yc le .  T h e  c a ro t e n o id  com pos i t ion  o f  A laska  p o l lack  T h e ra ^ ra  

c h a l c o g r a m m a  r o e  a t  d i f f e r e n t  s t a g e s  o f  m a t u r i t y  w a s  d e te r m i n e d  by Konosu 

(1983). T he  behav iou r  o f  c a ro t e n o id s  during t h e  c o u r s e  o f  m a t u r a t i o n  in Chum 

s a lm on  (K i ta h a ra ,  1983) and in Masu sa lm on  (K i ta h a ra ,  1985) has  b e e n  worked 

ou t .  C h o u b e r t  (1986) t r i e d  to  d e t e r m i n e  the  r o le  o f  c a ro t e n o id s  in f ishes  during 

th e i r  r e p r o d u c t i v e  cyc le .  In c ru s t a c e a n s ,  t h e r e  is m uch  in d i r e c t  e v id e n c e  th a t  

c a ro t e n o id s  p lay  a  s ign i f ican t  r o le  in r ep roduc t ion .  T he  p ionee r  work  in this 

f ie ld  w as  done  by S m ith  (1911). S ince  then ,  a n u m b e r  o f  c o n t r ib u t io n s  h a v e  been 

m ade .  Abeloos  an d  F i s c h e r  (1926) c o n d u c te d  s o m e  inves t iga t ions  on C arc inus  sp, 

whi le  Es tab l ie r  (1966) w orked  on th e  sh r im p P ie s iope na eus  edw ards ianus .  Green 

(1966) r e p o r t e d  f indings o f  t h e  c a r o t e n o id  c o n te n t  in t h e  c l a d o c e ra n  Simocephalus  

vetu lus .  M obil isa t ion  o f  c a ro t e n o id s  in Daphnia  m a g n a  was s tu d ie d  by Merring

(1968). G i lch r i s t  an d  Lee  (1972) d iscussed the  ro le  o f  c a ro te n o id s  in the  r ep ro ­

duc t ion  o f  Sand C r a b  E m e r i t a  ana loga .  The t o t a l  c a ro t e n o id s  and  as taxanchin  

o f  O rc o n e c tu s  l im osus  during i ts  annua l  cyc le  w as  s tu d ie d  by C z e c z u g a  (1976).



While H a i rs ton (!979)  d iscussed  t h e  re la t ionsh ip  b e tw e e n  p ig m e n ta t io n  and  r e p r o ­

duction in c o p e p o d  D ia p to m u s  sp. C z e c z u g a  (1980) s tu d ie d  the  c h a n g e s  in the  

c a ro teno id  c o n t e n t  o f  G a m m a ru s  l ac u s t r i s  during i ts  r ep ro d u c t iv e  cyc le .

Induced m a t u r a t i o n ,  th rough  e yes ta lk  a b la t io n  is now being widely 

r e s o r t e d  to,  in o r d e r  to  b r e e d  c r u s t a c e a n s  in c a p t iv i ty .  Inves t iga t ions  on the  

c hanges  in t h e  c a r o t e n o id  c o n te n t  during induced m a t u r a t i o n  e f f e c t e d  by e yes ta lk  

ab la t ion  w ere  c o n d u c te d  by Lenel  and  Veillet  {1951} on C a rc in u s  m a e n a s  and 

Bomlriski and  K lek  (1974) on the  c ra b ,  R h i th ropanopeus  hai risii. Maugle  

(1980) d e m o n s t r a t e d  t h e  in f luence  o f  e y e s ta lk  a b a la t io n  on th e  c a ro te n o id  

composi t ion  o f  juven i le  M a cro b rac h iu m  rosenbergii .

As m a t u r a t i o n  p rog resses ,  the  c a ro te n o id  c o n t e n t  o f  d i f f e r e n t  organs  

and  t issues  f l u c t u a t e  acco rd ing  to  spec ies  (Cast i l lo  ^  a]. ,  1982). Lene l  ^  

(1978) s tu d ie d  t h e  m o d e  of t r a n s f e r  o f  c a ro te n o id s  f rom  the  s t o r a g e  organ  to 

o t h e r  tissues.  In v es t ig a t io n s  on th e  c a ro te n o id  c o n t e n t  in t h e  h e p a to p a n c re a s ,  

have  been done  in C. m ae n a s  (G ilchr is t  and  Lee ,  1967), P e n a e u s  japonicus 

( K a ta y a m a  ^  1972a ,C ecca id i  ^  a l . ,  1978), P a g u ru s  pr ideauxi  (C a s t i l lo  e t  al., 

1980) and  P o t a m o n  de h a an i  (Matsuno ^  1982). T he  q u a n t i t a t i v e  and  qua l i ­

t a t i v e  d e t e r m i n a t i o n  in t h e  c a ro t e n o id s  o f  t h e  haemo5ym ph in r e l a t i o n  to  the  

rep roduc t ive  c y c l e  has  been done by C ecca id i  (1967, 1968), E i c k s t a e d t  (1969) 

and  Gilchr is t  and  L e e  (1972). T he  c a ro t e n o id s  in the  e x o sk e le to n  h a v e  b e e n  well 

c h a r a c t e r i s e d  in P a g u r u s  po l l icar i s  (M cN anam ara ,  e t  al. .  1982) Panda lus  boreal is  

(Tsukuda, 1963) P. japon icus  ( K a ta y a m a  ^  aU, 1972b) M e ta p e n a e u s  aff inis  

(N i r s u b a i  and  N^ohanrao, 1973) P o r tu n u s  t r i t u b e r c u l a t u s  {K atayam a e ^  1973a), 

Panu l i rus  japonicus  ( K a ta y a m a  ^  aL,  !973b), P r o c a m b a r u s c la rk i i  (Nakagawa 

^  1974), G. l a c u s t r i s  (C zeczuga  an d  K rywuta ,  1981) and  in Euphaus ia sup- ba



(Maoka ^  1985). T he  c r u s t a c e a n  o v a r i e s  depos i t  a l a rge  a m o u n t  o f

c a ro te n o id s  o f  va r io u s  co lours ,  du r ing  v i te l io g e n e s is  a nd  th e s e  c o lou red  com plexes  

w ere  s tu d ie d  in H o m m a ru s  g a m m a r u s  (Kuhn and  S o rensen ,  1938), C a n c e r  pagurus  

(Zagalsky ^  1967) and E. a n a lo g a ,  (G i lchr is t  a n d  L ee ,  1972). Miki ^  aL 

(1982) m ade  a c o m p a r a t i v e  s tu d y  o f  th e  c a ro t e n o id s  in finfish and  shellf ish  

ovar ies .

G ene ra l ly ,  th e  c a r o t e n o id  c o n c e n t r a t i o n  in whole a n im a ls  also 

f lu c tu a te s  dur ing  th e i r  b reed ing  c y c le .  C a r o te n o id s  o f  whole s p e c im e n s  have 

been d e te r m in e d  in C ra n g o n  a l lm a n i  (F isher  ^  1954)  in C. c ra n g o n  (C zerpak  

and  C z e c z u g a ,  1969) and in s e v e r a l  c a r id e a n  an d  p e n a e id  sp e c ie s  o f  sh rim ps 

(Herr ing ,  1973).

Thus i t  is ev id e n t  f rom  th e  ab o v e  re v ie w  t h a t  s tu d ie s  on the  

c a r o t e n o id  m o b i l i s a t io n  during o v a r i a n  m a tu r a t i o n  a r e  very  l im i te d  an d  such 

s tu d ie s  on th e  c o m m e rc ia l ly  im p o r t a n t  Indian p e n a e id  p raw ns  a r e  jacking. 

U n d e rs tand ing  th e  m e ta b o l i c  c h a n g es  in c a r o t e n o id s  prov ides  a d d i t io n a l  in fo r ­

m a t io n  on th e  b io ch e m ic a l  c h a n g e s  o c c u r r in g  du r ing  r e p ro d u c t io n .  Bes ides  as 

c a ro te n o id s  a r e  know n to  e n h a n c e  th e  m a t u r a t i o n  p r o c e s s  (L a x m in a ra y a n a ,  1987) 

i t  c a n  be used in fo rm u la t in g  highly  e f f i c i e n t  b ro o d  s to c k  d ie t s ,  a f t e r  d e t e r ­

mining th e  e x a c t  q u a n t i t y  r e q u i r e d  for the  a n im a l  during e a c h  s t a g e  o f  

m a tu ra t io n .  This  i n fo r m a t io n  c a n  b r ing  a bou t  t h e  p ro d u c t io n  o f  high quali ty  

seeds  requ i red  for in i t i a t in g  c u l t u r e .  T he  p r e s e n t  l a b o r a to r y  s tu d y  has  been 

c a r r i e d  out  in t h e  b a c k  g round  o f  th is  u n d e rs t a n d in g  and  t h e  r e s u l t s  a re  

p re s e n te d  in th e  fo llowing pages.



MATERIALS AND METHODS

Live f e m a le s  o f  M e ta p e n a e u s  dobsoni ,  r e q u i r e d  for t h e  p r e s e n t  s tudy 

w e re  c o l l e c t e d  f rom  the  in shore  w a t e r s  o f  Cochin ,  during t h e  p e r io d  Ju n e  to  

S e p t e m b e r  1989. T he  s p e c im en s  c o l l e c t e d  w e r e  in d i f f e r e n t  s t a g e s  o f  ovar ian  

m a t u r a t i o n  an d  th e i r  t o t a l  l eng th  ra n g e d  b e tw e e n  68 to 115 m m .  T hey  w ere  

b rough t  to  t h e  lab o ra to ry  in b a t c h e s  o f  tw e n ty  e a c h  in oxygen p a c k e d  p o ly thene  

seed  t r a n s p o r t a t i o n  bags and m a in ta in e d  in 40 l i t r e  c a p a c i ty  f ib re  g lass  tanks  

with  c o n t inuous  a e r a t i o n  and fed  ad  l ib itum w i th  f resh  c lam  m e a t .

Based  on visual o b s e rv a t io n s  o f  o v a r i a n  d e v e lo p m e n t ,  t h e  spec im ens  

w e re  s e p a r a t e d  i n to  five groups  and  p re l im in a ry  e x a m in a t io n  o f  t h e  s t a g e s  o f  

m a tu r a t i o n  w a s  m a d e  on th e  bas is  o f  s iz e  o f  t h e  ovary  an d  i t s  co lour  as 

d e sc r ib ed  in t h e  m ethodology  o f  Brown and P a t l a n  (1974). C la s s i f ic a t io n  o f  

m a t u r i t y  s t a g e s  and  ova  d i a m e t e r  m e a s u r e m e n t s  w e r e  a c co rd in g  t o  t h e  m ethod  

d e sc r ib ed  by R a o  (1968). H is to log ica l  s tudy  o f  t h e  ovary  dur ing  d i f fe re n t  

m a t u r i t y  s t a g e s  w as  done  a c co rd ing  to  s t a n d a r d  m ethods .

M ethods  for a s s e s s m e n t  o f  o v a r i a n  m a t u r a t i o n

1. G o n a d o - s o m a t ic  index (GSI)

GSI w'as d e te r m i n e d  for e a c h  m a t u r i t y  s t a g e  in v a r ious  individuals 

w i th  a v iew to  a s c e r t a in  the  cond i t ion  o f  the  ovary .  It w'as d e te rm in e d  

acco rd ing  to  t h e  m e th o d  o f  F a r m a n f a r m a i a n  e ^  (1958) using th e  formula,

Ggl = t o t a l  w e t  w t . o f  gonad  ^  jqq 

t o t a l  w e t  w t .  o f  an imal



2. H e p a t o - s o m a t i c  index (HSl)

HSl w a s  d e te r m i n e d  to  c o r r e l a t e  any  c h a n g e s  occu rr ing  in the  h e p a to -  

p a n c re a s  dur ing  d i f f e r e n t  s t a g e s  o f  m a t u r i t y  a c co rd ing  to  the  m e th o d  o f  Giese 

(1959) using t h e  fo rm ula ,

L4 CI _ Wet w t .  o f  h e p a to p a n c r e a s  ^
Wet w t .  o f  an imal

3. Morphologica l  and m ic ro sc o p ic  e x a m in a t io n  o f  ova

This  w as  done to  e v a lu a t e  the  d e g re e  o f  m a tu r a t i o n  on t h e  basis  o f  

morphologica l  c h a n g e s  in the  ova ,  e x t e n t  o f  yo lk  deposit ion  and  ova  d i a m e te r  

m e a s u r e m e n ts .  Around  100 ova  w e r e  m e a s u r e d  f rom 3 sam p les  o f  o v a r ie s  a t  

e a c h  s t a g e  o f  m a t u r i t y ,  using an  o c u la r  m i c r o m e t e r .  T he  o v a r i e s  w e r e  ha rdened  

with  5% f o rm a ld e h y d e  for 2 days. D ia m e te r s  w e r e  tak e n  p a ra l l e l  to  the  ocu la r  

m ic r o m e t e r  in o r d e r  to  avoid e r r o r s  due to  s e le c t i o n  and d i s to r t io n  in p r e s e r ­

va t ion .  S a m p le s  w e r e  tak e n  only from the  m idd le  lobe o f  the  ovar ies .

4. H is to log ica l  s tudy  o f  O var ian  t i s s u e  dur ing d i f f e r e n t  s t a g e s  o f

m a t u r i t y :

T he  o v a r i e s  o f  p r a w n s  in d i f f e r e n t  s t a g e s  o f  m a t u r a t i o n  w e re  

c o l l e c te d  and  f ixed  in Bouin 's  fluid, and subsequen t ly  washed  and  dehyd ra ted .  

They w ere  t h e n  e m b e d d e d  in m o l t e n  p a ra f f in  wax  (56-58’C M.P)  and  blocks o f  

t h e  ovar ies  w e r e  m ade .  T he  b locks  w e re  s e c t io n e d  a t  6-8 u th ickness  using 

a m anual  r o t a r y  m ic r o to m e  (Weswox Optik MT 1096 A). T he  s e r ia l  sec t ions  

w e r e  s ta ined  w i th  h aem a toxy l in  and  aqueous  eos ine .  The s l ides  w e r e  sub ­

sequen t ly  d e h y d ra t e d  and c l e a r e d  in Xylene and  final ly m o u n te d  in DPX 

m o u n ta n t .  P h o to m ic ro g ra p h s  o f  the  h is to logica l  s e c t i o n s  w e r e  t a k e n  w herever



necessa ry .  T he  c l a s s i f i c a t io n  o f  tlie m a tu r i ty  s t a g e s  based  on the  histological 

c h a r a c t e r i s t i c s  w as  done  a c co rd in g  to the  m ethod  o f  King (1948).

H aem olym ph  e x t r a c t i o n  for c a r o t e n o id  d e te rm in a t io n

P r io r  t o  t h e  e x t r a c t i o n  o f  haem o lym ph  from live an im als ,  the 

c a r a p a c e  and a d j a c e n t  a r e a s  o f  t h e  prawns w e re  c l e a n e d  and d r ied  w i th  tissue 

pape r  to  rem ove  e x c e s s  m o is tu re .  T he  haem olym ph w as  then  c o l l e c t e d  through 

the  pe r ica rd ia l  c a v i t y  using a one  ml tubercul in  g las s  syringe , p rev ious ly  washed 

with an  a n t i c o a g u la n t  (10% tr isodium  c i t r a te ) .  T he  haem olym ph  sam ples ,  thus 

c o l l e c te d  w ere  p r e s e r v e d  in c le a n  glass  vials  lined w i th  a lum inium  foil and kept 

f rozen  until  analysis .

Tissue co l lec t ion ,  p r e p a r a t i o n  a nd  s to ra g e  for c a r o t e n o id  d e te rm in a t io n

For  e s t i m a t io n  o f  t o ta l  ca ro teno ids ,  p raw n s  o f  d i f f e r e n t  m a tu r i ty  

s ta g e s  w e r e  d i s s e c te d  a f r e s h  and  t issues  like h e p a to p a n c re a s ,  e x o sk e le to n  and 

ova r ie s  w ere  r e m o v e d .  T issues  w e r e  c le a n e d  t o  e n s u re  t h a t  no debris  o r  any 

o th e r  undes irab le  m a t e r i a l  was a d h e re n t ,  weighed t o  t h e  n e a r e s t  mg and  s tored  

in c l e a n  s c re w - c a p p e d  glass  v ials ,  l ined with a luminium foil a t  a t e m p e r a t u r e  

o f  -10 C until  ana lys is .

E s t im a t io n  o f  t o t a l  C a ro te n o id s

The t o t a l  c a ro t e n o id s  from various  t is sues  and the  whole animals  

were e s t i m a t e d  using O lson 's  m e th o d  (1979) w here  ch lo ro fo rm  s tab l ised  with

0.75% absolu te  e th a n o l  w as  used  to e x t r a c t  the  c a ro te n o id s .  One  gm o f  the 

t issue weighed to  t h e  n e a r e s t  mg was placed in a 10 ml screw '-capped  glass

vial l ined with  a lum inium  foil and  to th is  was added  2.50gm o f  anhydrous  sodium 

su lpha te .  The t i s sue  sam ples  w e r e  mixed weli w i th  sodium su lp h a te  to remove



all m o is tu re  f rom  th e  t issue. T h e n 5  nil o f  c h lo ro fo rm  was. added  and th e  vial 

was s e a le d  and p la c e d  for 24 hrs  a t  -  10 C. F o r  es t im a t ion  o f  caro teno ids  

from t h e  h a e m o lym ph ,  one mi o f  s a m p le  was t a k e n  and  ch loroform was d irec t ly  

added  and  k ep t  a t  -  10 C. Dur ing  th is  period,  the  ch lo roform  will  have  formed 

a c l e a r  layer  o f  1.2 cm above t h e  res idue .  An a l iquo t  o f  0 .3  mi, ch loroform 

was t a k e n  from th is  layer  and  m a d e  up to  3 ml, w i th  absolu te  e th a n o l .  The 

o p t ica l  dens i ty  w a s  r e a d  a t  480 nm. A blank p r e p a r e d  in t h e  s a m e  m anner  

w'as used.

Whole animals :  S am ples  o f  whole  p raw n s  a t  d i f f e r e n t  s ta g e s  o f  m a t u r a t i o n  w ere  

c u t  in to  smal l  p ie c e s  and s o a k ed  in co ld  c h lo ro fo rm .  The sam p les  were 

thoroughly  ground in a glass  m o r t a r  wi th  pe s t le ,  un t i l  a thick p a s te  w-as formed. 

It  w as  aga in  g round w i th  anhydrous  sodium s u lpha te .  One  gm o f  th is  p a s te  was 

used  for  t h e  e s t i m a t i o n  o f  t o t a l  c a ro te n o id s .

T he  t o t a l  c a ro te n o id  c o n c e n t r a t i o n  was e xp res sed  as -ug c a ro te n o id /g  

t is sue  as  g iven below:

^   ̂ .  - j  .  .  O p t i c a l  d e n s i ty  o f  s am ple  dilution f a c t o r  
T o ta l  c a ro te n o id  c o n t e n t  = ^ ^ —  x ------------------------

e x t i n c t i o n  c o e f f i c i e n t  Sample w t ,  (gm)

In th is  m e th o d ,  d i lu t ion  f ac to r  is = 50, e x t in c t io n  c o e f f i c i e n t  is = 0.25.

Induced m a tu r a t i o n  by e yes ta lk  a b la t io n  and e s t im a t io n  o f  ca ro teno id  c o n te n t

The t o t a l  c a ro te n o id  c o n t e n t  o f  the  p raw ns ,  wherein m a tu r a t i o n  was 

a r t i f i c a l ly  induced w as  also s tud ied .  The a pp roa c h  was to e v a lu a t e  w he ther  

t h e r e  was any s ign i f ican t  d i f f e r e n c e  in the  t o ta l  c a ro te n o id  c o n c e n t r a t i o n  o f  

e y e - s t a lk  a b la te d  p raw ns  during d i f f e r e n t  s ta g e s  o f  m a tu r i ty  w i th  chat o f  

u n a b la te d  wild prawns.



A dui t  f e m a le s  66 mm (TL) c o l l e c te d  from the  b r a c k i s h w a te r  ponds 

at  P a n a n g a d  w e r e  used  for th is  e x p e r im e n t .  A bou t  tw e n ty  a n im a ls  w e r e  r e a re d  

in a 100 l i t r e  f ib re  glass tank  and a c c l im a t i s e d  for 5 days  in s e a  w a t e r  o f  

31 + 1 pp t  s a l in i ty  and pH 8.0. During a c c l im a t io n  . th e  w a t e r  t e m p e r a t u r e  

w as  m a i n t a i n e d  a t  27-29* C,  f re sh  c lam  m e a t  w as  g iven as feed ,  and  a e ra t io n  

was m a in t a in e d  con tinuously .  C a r e  was tak e n  to  r em o v e  f a e c a l  m a t t e r  and 

un e a te n  food by siphoning the  tanks  daily. The w a t e r  qua l i ty  was m on i te red  

regularly .

A f t e r  t h e  period o f  acc l im a t ion ,  t h e  an im a ls  w e r e  i so la ted  into 

five groups (each  group con ta in ing  4 an im als)  and  m a in t a in e d  in five 

30 l i t re  c a p a c i t y  f ib re  glass t an k s  w i th  a d e p th  o f  50 cm. T he  sa l in i ty ,  pH and 

t e m p e r a t u r e  o f  t h e  s e a  w a t e r  u sed  for th is  e x p e r i m e n t  was a lso  m a in ta in e d  at  

i .  1 ppt> 8.0 an d  27-29* C respe c t ive ly .  P r o p e r  a e ra t io n  w a s  m a in ta in e d  in 

these  tanks .  U n i l a t e ra l  e y e - s t a lk  ab la t ion  w as  done for a l l  an im als .  The 

an im als  w ere  fed  w i th  f resh c lam  m e a t  and w a t e r  qual i ty  w as  m o n i t e r e d  tw ice  

a day. The t an k s  w e r e  k ep t  c o v e re d  with  da rk  c lo th ,  to  r e d u c e  s t r e s s  caused  

by light.

Sam pl ing  o f  the  a b la te d  prawns w as  done  from Tank 1 on the  second 

day a f t e r  a b la t io n  w hen  th e  ovary  had  s t i l l  n o t  begun  to  deve lop .  Sampling 

from Tank 2 w as  done  on 8 th  day a f t e r  ab la t ion ,  from Tank 3 on the  11th day, 

from Tank 4 on t h e  14th day when the  ova ry  was in p rog ress ive  s ta g e s  o f  

m a tu ra t io n ,  and  f rom Tank 5 on the  20th  day,  a f t e r  the  prawns had  spawned.

A f t e r  e v e r y  sampling the  haem olym ph w as  c o l l e c te d  and  the  prawns 

w e re  d i s s e c te d  and  the  t issues  r em o v e d  for e s t i m a t io n  o f  t o t a l  ca ro teno ids .



No control w as  m a in ta in e d  as  the  com par ison  w as  done b e tw e en  the  wild and 

the a b l a t e d  prawns.

S ta t i s t i c a l  Analysis

D a t a  o b ta ined  dur ing th e  course  o f  t h e  e x p e r im e n t s  w e re  sub jec ted  

to Analysis  o f  Variance  (ANOVA). F  t e s t  was p re fo rm e d  to  d e te rm in e  

d i f f e re n c e s  b e tw e e n  t r e a t m e n t  m ea n s  ( s tages  o f  m a tu r i ty )  and the  d i f f e re n t  

t issues.  If t h e  F  value was found to  be s ta t i s t i c a l ly  s ign i f ican t ,  then the  d a ta  

were a na ly sed  by Least  S ignif icant  D i f fe r e n c e  T e s t  (LSD). If  the  abso lu te  value 

of d i f f e r e n c e  was g r e a t e r  th an  LSD, it  was found to  be s ign i f ican t  a t  P ^ O . 0 5  

(signif icance  a t  5% level) o r  P/jI O . 01 (s ignif icance  a t  1% level). In o rd e r  to 

e s tab l ish  r e la t ionsh ip  b e tw e e n  GSI an d  ova r ian  t o ta l  ca ro teno ids ,  a polynomial  

reg re ss ion  line w a s  d raw n and  an e qua t ion  was ob ta ined .  A one way  ANOVA 

was done t o  d e te rm in e  w h e th e r  t h e r e  was any s ignif icant  d i f f e re n c e  in to ta l  

ca ro te n o id s  o f  d i f fe ren t  t issues  and  whole  an im a ls  o f  a b la te d  and wild prawns. 

D a ta  was a n a ly s e d  on a c o m p u te r  (WIPRO. P.C).



RESULTS

F o u r  s t a g e s  o f  m a t u r a t i o n  have  b e e n  recogn ised  for the  c o m p le te  

o v a r i a n  d e v e lo p m e n t  M. dobsoni .  T h e  f i f th  s ta g e  has  been c o n s id e re d  as 

spaw ned  or s p e n t  r e c o v e r y  s ta g e  (P la te  1, Fig. 1). Based  on the  v isua l  ob se r ­

v a t io n  o f  the  ovary ,  the  m a tu r a t i o n  s t a g e s  have  been  dist inguished as  follows:-

S ta g e  1. I m m a tu r e  s ta g e  : The o v a r i e s  a re  thin,  t r a n s lu c e n t ,  u np igm en ted  and 

c o n f in e d  to  t h e  abdomen. It is invisible th rough  the  exoske le ton .

S ta g e  II. Ear ly  m a tu r in g  s ta g e  : T h e  ovary  inc reases  in s ize  and t h e  a n te r io r  

an d  m idd le  lobes  a re  on th e  p ro ce s s  o f  de v e lo p m e n t .  T h e  dorsa l  

s u r f a c e  o f  the  ova ry  a p p e a r s  yellowish.

S ta g e  lli. L a t e  m a tu r in g  s ta g e  : T h e  ova ry  a p p e a r s  l ight  g ree n  an d  is visible 

th rough  the  e xoske le ton .  T he  a n t e r i o r  and  middle  lobes  a r e  fully- 

deve loped .

S t a g e  IV. M a tu r e  s tage : T he  o v a ry  b e c o m e s  dark  g reen ,  and  is c l e a r ly  visible 

th ro u g h  the  e xoske le ton .  A n te r io r  lobe is d iam ond-shaped .  This 

s t a g e  is c o n s id e re d  to  b e  the  las t  s ta g e  o f  m a tu r i t y  b e f o r e  the  

a c t u a l  spawning  t a k e s  p lace .

S ta g e  V. Spen t  r e c o v e r in g  s t a g e  : T he  ova ry  r e v e r t s  back  to t h e  im m a tu re  

c ond i t ion ,  b u t  a p p e a r s  ye l lowish  and  f lacc id  and  is a lso  invisible 

th ro u g h  the  exoske le ton .

I. G o n a d o -s o m a t ic  index (GSI)

T he  va r ia t ion  |n  GSI o f  M. dobsoni  during ovarian  m a t u r a t i o n  is 

shown in T a b le  1. The GSI was found to inc rease  (Fig. I) gradual ly  from the
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immature s tage  (0.24 + 0.24) to the m a tu re  s tage (6.61 + 0.65). A f te r  spawning 

it declined (4.31 ± 0.63).

2. H epato-som atic  index (HSl)

The var ia tion  in HSI in M. dobsoni during ovarian maturation 

(Table 2) showed th a t  from an initial high in the im m ature s tage  (1.88 + 0.28) 

it decreased in the  early  m aturing s tage  (0.51 + 0.27). It then  gradually 

increased in the ia te  m aturing s tage  (1.08 + 0.60) and reached the  peak in the 

m ature  s tage  (2.11 + 0.56) and finaliy declined in the spent s tage  to 

1.72 ± 0.29 (Fig. 2).

Analysis o f  variance to te s t  significance o f  variation in HSI (ANOVA 

Table I), showed it  was highly significant {P^  0.01). However mean values 

between im m atu re  and m ature ,  im m atu re  and spent and m a tu re  and spent did 

not d iffer  significantly.

3. Morphological and microscopic exam ination o f  the ova

Based on the  morphological changes, e x te n t  o f  yolk fo rm ation  and ova 

d iam eter  m easu rem en ts  (Table 3), the  following observations w ere  made on the 

ova o f  M. dobsoni during its ovarian  m aturation.

Stage I. The sm alles t  oocytes  w ere  encoun te red  in this stage. They were all 

less than 80 /um. 50% o f  oocytes  w ere  in the  mean size o f  25 /im. 

The o ocy tes  w ere  small, spherical with c lear  cytoplasm and 

conspicuous nuclei. Yolk granule formation had not s ta r ted .

S tage II. The o ocy tes  under development w ere  la rger in this s tage  and ranged 

be tw een  80-190 /um with more than  50% in the m ean  size of 

134 yum. Opaque yolk granules had s ta r t e d  developing in the 

cytoplasm o f  the oocytes and the ir  nuclei had reduced in size.



Stage  III. T h e  m a t u r i n g  ova ha d  increased  in s ize  and  r anged  from 140-250

w i t h  t h e  50% o f  t h e  ova  being in t h e  m e a n  s ize  o f  183 /dm. The 

o v a  h a d  b e c o m e  opa q u e  due t o  t h e  a c c u m u la t io n  o f  yolk and the 

n u c l e i  ha d  f u r th e r  r e d u c d  in size.

S t a g e  IV. T h e  l a r g e s t  ova  w e r e  e n c o u n te re d  in th is  s t a g e  (320 ; jm) and 50%

o f  t h e  o v a  w e r e  in t h e  m ean  s ize  o f  236 >um. The yolk formation

ha d  r e a c h e d  its m a x im u m  e x t e n t  and  th e  nucle i  w e r e  seen  to have  

c o m p l e t e J y  d e g e n e r a te d .

Stage  V. T h e  o o c y t e s  had r e d u c e d  in s ize ,  an d  all  o f  them  w ere  sm al le r  

t h a n  96 Aim. 50% t h e  ova  w e r e  in t h e  m ean  s iz e  o f  72 / im .  

E x c e p t  fo r  the  i n c r e a s e  in s ize ,  t h e y  rese m b le d  th e  o o cy te s  o f  the  

i m m a t u r e  s t a g e  w i t h  c l e a r  c y to p la s m  an d  conspicuous nucle i .

4. Histo iog ica l  s t u d i e s  o f  the  o v a r y  dur ing  d i f f e r e n t  s tage  o f  m a t u r i t y

B a s e d  on  t h e  h i s to lo g ic a l  c h a r a c t e r i s t i c s  o f  the  o v a ry  during i ts

d i f fe ren t  s t a g e s  o f  m a t u r a t i o n ,  t h e  following o b s e rv a t io n s  w e r e  m a d e  and the

stages  c o n f i r m e d ,  t h e r e o f .

Stage I. T h e  o v a r i a n  t i s sue  s h o w e d  a g r a n u l a t e d  a p p e a r a n c e  w i th  conspicuous  

n u c l e i  w h ic h  had  t a k e n  on a b lue  s ta in .  The c y to p la s m  of  the  

o o c y t e s  w a s  not  d is t ingu ishab le  (P la te  II, Fig. 5). T h e  p resence  o f  

o o c y t e s  c a n  be d is t ingu ished  only by th e i r  nucle i  (P la te  II, Fig. 2).

S tage  II. T h e  f ine ly  g r a n u la r  a p p e a r a n c e  o f  the  t i s sue  was lost an d  the  oocytes  

h a d  s t a r t e d  deve lop ing  (P la te  III, Fig. 1). The c y to p la s m  was now 

d i s t i n g u i s h a b le  and  s t a i n e d  pink w i th  t h e  nucle i  t ak ing  on the  blue 

s t a j n .  T he  n u c le a r  ring was c le a r ,  p r e s e n c e  o f  foll ic le  cells



(PUite 111, Fig. 2). T he  p r im ary  ougonia  which had o r ig in a te d  from 

t h e  g e rm in a l  zone  w e r e  visible. The ge rm ina l  e p i th e l iu m  gives  rise 

to  oogonia  w hich  a r e  not  d is t r ibu ted  uniformly, bu t  conf ined  to 

d e f i n i t e  a r e a  c a l l e d  "Zone o f  p ro l i fe ra t ion" .

S tage  HI. This  s t a g e  showed  t h e  a p p e a ra n c e  o f  secondary  oogonia  a long with 

t h e  p r im a r y  oogonia  {Plate  IV, Fig. 1). These  seconda ry  oogonia  had 

a l s o  s t a r t e d  deve lop ing  in to  oocy tes .  The fo ll ic les  w e r e  numerous  

in n um ber .  The "Zone o f  p ro l i fe ra t io n "  was c le a r ly  v isible  showing 

t h a t  t h e  d e v e lo p m e n t  o f  oogonia  and  o o c y te s  is a c o n t inuous  process  

(p la te  IV, Fig. 2). T h e  cy top la sm  o f  t h e  ova  s ta in e d  pink due to 

a c c u m u la t io n  o f  yo lk  g ra n u le s  and t h e  nucle i  had  s t a r t e d  ob l i t e ra t ing  

(P la te  V, Fig. 1 an d  2).

S tage  IV. T he  ova  had ful ly  d e v e lo p e d  and  i t s  cy top lasm  took  eos ine  to the  

m axim um  e x t e n t  i n d ic a t in g  very  h igh  am oun t  o f  yolk accum ula t ion .  

The foll icles  w e r e  n o t  v e ry  d is t inc t  be c ause  ova  w e r e  ful ly  packed  

inside and in b e t w e e n  t h e  ova s o m e  foll ic le  ce l l s  c ou ld  be seen 

(P la te  VI, Fig.  1). T h e  zone o f  p ro l i f e r a t io n  was sti l l  ev iden t .  In 

the  m a t u r e  ov a  o f  M. dobsoni ,  no ro d - l ik e  pe r iphera l  bodies  rad ia t ing  

f rom  th e  c e n t r a l  p r o t io n  w e r e  obse rved .  However , a d i s t in c t  nuclear  

r ing  c ou ld  be  o b s e rv e d  (P la te  VI, Fig. 2).

Stage V. In th is  s ta g e ,  alt  t h e  o o c y te s  had  b e e n  r e p la c e d  by a dense  mass 

o f  fo l l ic le  ce l l s  (P la te  VII, Fig. 1). The sec t ions  a lso  show the  

p r e s e n c e  o f  " re so rp t ive  ova"  which c le a r ly  d is t inguished  th is  s tage  

( P l a t e  Vn, Fig. 2). This  s tage  su g g e s t s  t h a t  a n o th e r  b a t c h  o f  eggs 

a r e  p roduced  a f t e r  spawning.



5. Es t im a t ion  o f  t o t a l  carotenoicis

5.1. 1-iepatopancreay

T he  v a r i a t i o n  in t o t a l  c a ro te n o id  c o n c e n t r a t i o n  ( ug /g  w e t  wt.)  in 

the  h e p a to p a n c re a s  o f  M. dobsoni  {Table 4) during ovarian  m a t u r a t i o n  showed 

t h a t  t h e re  w as  a d e c re a s e  (Fig. 3) from the  i m m a tu r e  s tage  (75.27 + 7.15) to 

the  m a tu re  s ta g e  (20.38 + 2.90) w i th  a r ecove ry  in t h e  spent  s ta g e  (58.29+8.52).

Analysis  o f  va r iance  to t e s t  s ign i f icance  o f  va r ia t ion  in a to ta l  

ca ro te n o id  c o n te n t  in the  h e p a to p a n c r e a s  during ovar ian  m a tu r a t i o n  (ANOVA 

tab le  2) w as  highly s ignif icant  { P ^  0.01). H ow ever ,  var ia t ion  in the  to ta l  

c a ro te n o id  va lues  b e tw e e n  ear ly  m a tu r in g  and la t e  m a tu r in g ,  as wel l  as  m a tu r ing  

and  m a t u r e  s ta g e ,  w a s  not  s ign i f ican t .

5.2. Haem olym ph

The v a r i a t i o n  in t o t a l  c a ro te n o id  c o n c e n t r a t i o n  ( Aig/g w e t  wt-) in 

haem olym ph  (Table 5) o f  M. dobsoni showed an inc rease  from t h e  i m m a tu r e  

s t a g e  (5.43 + 0.84) to  the  m a t u r e  s t a g e  (11.58 + 1.46), as m a t u r i t y  advanced .  

A f t e r  spawning it fe l l  to  6.78 + 1.58 (Fig. 4).

S t a t i s t i c a l  analysis  (ANOVA Table  3) showed  th a t  the  v a r i a t i o n  in the 

to ta l  c a ro te n o id  c o n c e n t r a t i o n  in t h e  haem olym ph as  m a tu ra t io n  p ro g re s s e d  was 

highly s ignif icant  ( P ^  0.01). H o w e v e r ,  t o ta l  c a r o t e n o id  c o n c e n t r a t i o n  b e tw e en  

la t e  m atu r ing  and s p e n t  s tage  did  no t  d i f fe r  s ign i f ican t ly .

5.3 Exoskeleton

The v a r i a t i o n  in the  t o t a l  c a ro teno id  c o n t e n t  ( / Jg /g  w e t  wt.) in the  

exoske ie ion  o f  M. dobsoni (Table 6) showed t h a t  f rom an intia l  o f  22.57 + 3.28 

in the  im m a tu re  s t a g e  it r e a c h e d  a peak (70.58 j t  7.19) in t h e  m a t u r e  s tage ,



but  la te r  dec l ined  {39 + 3.99) in the  spent  s tage  (Fig. 5).

Analysis  o f  va r ia nc e  to  t e s t  the  s ign i f icance  o f  v a r i a t i o n  in to ta l  

ca ro te n o id s  in the  exoske le ton  (ANOVA Table  4) during ovar ian  m a t u r a t i o n  was 

highly s ign i f ican t  (P z O .O ! ) .  H ow ever ,  m ea n  va lues  o f  t o ta l  c a ro t e n o id s  did not 

d i f f e r  s ign if icant ly  b e tw e en  e a r ly  m a tu r in g  and spent  s tage .

5.4. Ovary

The va r ia t ion  in t o ta l  c a ro te n o id  c o n c e n t r a t i o n  in the  o v a ry  o f  M. 

dobsoni during ova r ian  m a tu ra t io n  (Table  7) showed an increase  (Fig. 6) from a 

minimum (23 83 ± 4.31) in the  i m m a tu r e  s ta g e  to  a m ax im um  (100.73 + 13.47) 

in the  m a t u r e  s ta g e ,  wi th  a fall  in the  spen t  s ta g e  (56.50 + 16.0!).

Varia t ion o f  t o ta l  c a ro t e n o id s  (ANOVA Tab le  5) in t h e  o v a ry  during 

ovar ian  m a tu r a t i o n  w a s  highly s ign i f ican t  ( P ^  0.01). Mean v a lu e s  o f  to ta l  

ca ro teno id s  b e tw e en  e a r l y  m a tu r in g  and  spen t  s t a g e s  did no t  d i f f e r  s ign if icant ly .

The r e c ip ro c a l  r e l a t io n sh ip  in the  v a r i a t io n  in t o ta l  c a r o t e n o id s  in the 

he p a to p a n c re a s  and  t h e  ovary  dur ing  ova r ian  m a tu r a t i o n  is shown in Fig. 7.

5.5. GSl and To ta l  c a ro te n o id  c o n c e n t r a t i o n

The v a r i a t io n  in GSI and  t o t a l  c a ro te n o id  c o n c e n t r a t i o n  dur ing ovarian  

m a tu ra t io n  show'ed a l inear  r e la t ionsh ip  (Table 8). The m in imum  GSI value 

(0.189) r eco rded  a t o t a l  c a ro te n o id  c o n c e n t r a t i o n  ( /ug/g w e t  w t)  o f  28.4, while 

the  maximum va lue  (7.26) r ec o rd e d  a c o n c e n t r a t i o n  o f  101.5. The r e s u l t s  o f  the 

polynomial r egress ion  showed t h a t  t h e r e  w'as a pos i t ive  c o r r e la t io n  b e tw e e n  GSI 

and  to ta l  c a ro te n o id  c o n c e n t r a t i o n  (Fig. 8). T he  polynomial  r eg re s s io n  line 

o b ta ined  for the  r e l a t i o n  be tw een  GSI (X) and to t a l  c a ro t e n o id s  o f  the  ovary  (Y) 

was d e te rm in e d  as Y = 35.9367 + 1 1.0133 X (r^ = 0.7688 and S.R. = 2.0131).



5,6. Whole' an in ia ls

The to t a l  c a ro tc n o id  c o n cen t ra t ion  ( /Ug/g wet \vt») from whole 

animals  o f  M. dobsoni (Table 9) from d i f fe ren t  s t a g e s  o f  m a tu r i t y  showed that  

there  was a g e n e ra l  increase  f rom the im m a tu r e  s t a g e  (349.4 + 4.88) to the 

m a tu re  s t a g e  (223.4 + 27.51), whereas  in the  spent  s tage  i t  r e d u c e d  to 

210.8 + 9.01 (Fig. 9).

V ar ia t ion  in to ta l  oarocenoids  (ANOVA Tab le  6) in whole  animals  was 

significant (P^O .O l) .

6. C om pa r i son b e tw een  p ra w ns__m a tu red  th rough  eyes ta lk  a b l a t i on and  wild

p r a wns

T h e  com par ison  in t o ta l  c a ro teno id  c o n c en t r a t io n  b e tw e e n  e yes ta lk  

a b la te d  an d  w'ild M. dobsoni in d i f fe re n t  t issues  a t  d i f f e re n t  s t a g e s  o f  m a tu r i ty  

(Table 10) showed  a genera l  d e c re a s e  in all  t i s sues  as  well as  in whole animals  

o f  the  a b l a t e d  p raw n  when c o m p a r e d  to  the  wild ones. However, the  s a m e  t rend  

o f  i n c rease  a nd  d e c re a s e  in c a ro t e n o id  levels  w as  m a in ta ined  in bo th  cases ,  in 

all the  t is sues ,  as  well  as in w ho le  animals .

6. ]. H e p a to p a n c r e a s

In th is  t issue, a d ec reas ing  t r e n d  in t o t a l  c a ro te n o id  c o n c en t ra t io n

was observed  in the  a b la te d  p raw n s  as in the  c a s e  o f  the  v.iid prawns. The

values d e c re a s e d  (Fig. 3) from the  im m a tu re  s t a g e  (55.3) to t h e  m a tu r e  s tage  

(18.42) wi th  a r e c o v e r y  in the  spent  s tage  (47.6).

\ ' ' a r ia t ion  in to ta l  c a ro teno id  c o n c e n t r a t i o n  in t h e  h e p a to p a n c re a s  

(AN0\ 'A  Tab le  7) b e tw e en  a b la te d  and wild p raw n s  was s ign i f ican t  ( P z 0 .0 5 ) .



6.2. Haemolymph

There was an increase  (Fig. 4) in the t o ta l  caro tenoid  concen t ra t ion  

( /Ug/g wet wt.) in the  ab la ted  prawns from the im m atu re  (4.0) to the  mature  

s tage  (9.4) with decline in the spent  s tage  (6.2).

Variation in to ta l  ca ro teno id  concen t ra t ion  (ANOVA Table  8) in the 

haemolymph between ablated and wild M. dobsoni during ovarian m atu ra t ion  was 

not significant (P-i.0.05).

6.3. Exoskeleton

In the exoskele ton,  the re  was an increasing t rend  (Fig. 5) in the  level 

o f  to ta i  ca ro teno id  concen t ra t ion  in the ab la ted  prawn from the  im m a tu re  (19.3) 

s tage  to the m a tu re  s tage  (62.2) and a fall in the  spent  recovery s tage  to 37.7.

S ta t i s t ica l  analysis (ANOVA Table 9) to t e s t  the signif icance of 

varia tion in the  to ta l  carotenoid  con ten t  o f  the  exoskele ton be tw een  ablated 

and wild animals  was not  significant (P.^0.05).

6.4. Ovary

The level o f  to ta l  ca ro teno id  was found to  increase  in the  ablated 

prawns with a minimum (18.9) in the  immature  s tage  to a maximum (91.1) in 

the mature  s tage,  wi th  a decline (53.6) in the spent  s tage  (Fig. 6).

However^ variation In to ta l  carotenoids  be tw een  (ANOVA Table 10) 

ab la ted  and wild prawns was not significant [Pa  0.05).

6.5. Whole Animals

The to ta l  carotenoid concen t ra t ion  in whole animals  o f  ablated 

prawns was found to increase (Fig. 9) from the  im m a tu re  (120.3) and reached



a peak in ihc.- m a l u r o  (190.6) and subsequent ly  d e c re a s e d  in the  spent  s iyge  (173.)

S t a t i s t i c a l  analysis  (ANOVA Table 11} fo f e s t  the s ig n i f ic a n c e  o f  

var ia t ion  in t o t a l  c a ro t e n o id  c o n te n t  in whole a n im a ls  b e tw e e n  a b la t e d  and  wild 

M. dobsoni was not  s ign i f ican t  (P ^ O .0 5 ) .



F lg . l .  Ovary o f  M. dobsonl a t  d ifferen t s ta g e s  o f  maturation. 
(A -  Immature, : B -  Early maturing : C -  Late maturing 
D  -  M ature : E -  Spent-R ecovery)

T otal carotenolds ex tra c ted  from the ovary  o f  M»dobsoni 
N o te  th e  ranging Intensities  o f  colour during d ifferent  
s ta g es  o f  ovarian m aturation. (A -  Blank, B ~ Immature, 
C -  Early Maturing, D  -  Late maturing, E -  Mature, 
F -  Spent-R ecover ing)



Fig. 1. C ro s s  s e c t i o n  o f  i m m a t u r e  ovary .

H  &  E  X  1 0

Fig. 2. H ig h e r  m a g n i f i c a t i o n  o f  Fig. I. T h e  d e e p ly  sj ;a ined n u c l e i  (n) s h o w  

t h e  p r e s e n c e  o f  o o c y te s .

H & E X 40
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H & E X 10

Fig. 2. M a gn if ie d  v iew  o f  e a r l y  m a t u r in g  o o c y te s .  N o te  t h e  d i s t i n c t  n u c l e a r  

r ing  (nr).



PLATE 111



H & E X 10

Fig. 2. M agnified  v iew  o f  F ig . 1. show ing th e  zone o f  p ro lifera tion  (zp) o f

t h e  p r im a r y  oogon ia  ( p o )  in to  t h e  lu m e n  (1) o f  the  ov a ry .



PLATE IV

Fig. 1



Fig. J. M a gn if ie d  v iew  o f  deve lop ing  o o c y te s ,  showing th e  c h a n g e s  in the  

nuc le i  dur ing p ro g re s s iv e  d e v e lo p m e n t .  N o t e  t h e  d e e p ly  s t a i n e d  

c e n t r a l  reg ion  w hich  in d ic a te s  t h e  n u c le u s  (n), whi le  in t h e  n e x t  

o o c y t e  t h e  nuc leus  has  s t a r t e d  d e g e n e r a t in g  showing  a n u c l e a r  r ing 

(nr).

H & E X 4.0

Fig.  2. M a gn if ie d  n e w  o f  l a t e  m a tu r in g  o o c y te s .  N o te  t h e  yolk  depos i t ion  

(yg) in t h e  c y to p la s m  o f  t h e  o o c y te s .
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H & E X 10

Fig. 2. M a g n i f ie d  v iew  o f  a m a t u r e  ova .  N o t e  t h e  a b s e n c e  o f  ro d - l ik e  

p e r i p h e r a l  bodies  w h ic h  r a d i a t e  f rom  t h e  c e n t r a l  p o r t i o n  o f  t h e  ova ,  

an d  t h e  d i s t inc t  n u c l e a r  r ing  (nr).



PLATE VI

Fig. 1



H & E X 10

Fig. 2. M a g n i f ie d  v i e w  o f  Fig.  1, N o t e  t h e  p r e s e n c e  o f  r e s o r p t i v e  ova  

(ro) a s  d e e p ly  s t a i n e d  s t r u c t u r e s .

H & F  X 100



PLATE VII

;■ '-••r

Fig. 1



TABLE 1: V a r ia t io n  in G o n a d o s o m a t i c  index o f  M. dobsoni dur ing ovarian  

m a t u r a t i o n .

M a tu r i t y  S ta g es

Im m a t u r e E a r ly
m a tu r in g

L a t e
m a t u r in g

M a tu re S p e n t - 
R e c ove r ing

0.21 1.15 3.52 5.64 3.75

0.27 1.11 4.89 6.46 3.61

0.23 2.85 5.03 7.17 4.35

0.25 2.43 4.61 6.53 4.98

0.26 1.71 3.S9 7,26 4.90

*0 .24+0.24 1.85+0.78 4.38+0.65 6.61±0.65 4.31+0.63

*  m e a n  (X.t + S t a n d a r d  D e v ia t io n  (S.D).



TARLE 2: Vi.iri!Jtion in 

m a tu r a t i o n .

IHepatosomat ic index of  M. dobsoni during ovarian

M aiu r i ty  S tages

I m m a t u r e Early  
m a tu r in g

La te
m atur ing

M atu re Spent  - 
Recovering

1.77 0.52 0.63 2.63 1.40

2.02 0.38 0.94 2.05 2.02

1.86 0.38 9.51 2.57 1.86

1.92 9.31 3.6) 1.88 J.72

2.16 9.49 1.94 2.40 1.98

1.52 1.04 1.74 1.13 1.32

* ! . 8 8 i 0 .2 8 0.51+0.27 1.08+0.50 2..11±0.56 1.72±0.29



lA B L E  3: T a b le  showing m e a n  r ange  o f  ova  d ia m e te r  in M. dobsoni a t

d i f f e r e n t  s t a g e s  o f  m a tu r i t y .

S t a g e s  o f  
M a tu r i t y

R a n g e  (in ^  ml M ean+Standard  Deviation

S t a g e  1 ^  80 25.1 + 10.26

S t a g e  II 80 - 190 134.8 + 26.71

S t a g e  [II 140 -  250 183.0 ± 42.27

S t a g e  IV 140 -  320 236.0  i  47.74

Spen t  r e c o v e r in g ^  96 72.83 + 7.80



I A B L E  4: Variation in total carotenoid concentration ( /ug/g wet wt.) in

the liepatopancreas o f  M. dobsoni during ovarian maturation.

M a tu r i t y  Stag-es

Im n n n u r e Ear  '5 L a t e M a tu re Spen t-
M a tu r in g M atu r ing R e c ove r ing

84.0 36.0 26 .0 22 .0 57.2

78.0 43.1 24.0 18.0 53.3

72.0 31.0 30 .0 15.6 66.6

80.0 30.0 20.6 24.0 59.9

64.0 24.6 23.2 20.4 69.2

73.6 27.0 24 22 .3 43.5

*75.27+7.15 31 .85+6 .69 24.63+2.89 20 .38+2.90 58.29+8.52

* D e n o t e s  the m e a n  (X) + S ta n d a r d  Devia t ion (S.D)



V aria t ion  in t o t a l  c a r o t e n o id  c o n c e n t r a t i o n  ( / Jg /g  w e t  wt.) in 

the  h a e m o ly m p h  o f  M. dobsoni  during ovarian  m atura t ion .

M a tu r i t y  S ta g es

Iin m a t u r e Early
M atu r ing

L a te
M atu r ing

M atu re S p e n t - 
Recovering

-4.1 6.8 11 12.3 6.3

6.2 7.3 10.3 12.0 5.6

5.8 8.3 10.1 11.5 9.1

6.3 8.9 10.8 10.3 8.4

5.0 8.0 9.1 12.1 5.3

5.2 7.3 9.5 11.3 6.0

*5 .43±0.84 7.73+0.79 10.13+0.79 1 1.58+1.46 6.78+1.58



TABLE 6: V ar ia t ion in t o ta l  c a r o t e n o id c o n c e n t r a t io n ( yUg/g wet  wt.} in

the  cxoske lecon  o f  M. dobsoni during ovarian m atura t ion .

M a tu r i t y  S tages

I m m a tu r e Early L a t e Natu re S p e n t -
M atu r ing M atu r ing Recover ing

18.4 37.1 56.2 68.0 41.3

20.8 31.8 45.2 64.0 39.4

20.0 33.9 48.0 84.0 31.6

24.4 42.4 46.5 75.3 38.4

26.6 32.8 51.0 54.2 43.2

25.2 37.1 55.3 68.0 40.1

*22.57+3 .28 35.85+3.86 50.37+5.54 70.58+7.19 39.00+3.99

*  D e n o te s  t h e m e a n  (X) + S ta n d a rd  D e v ia t ion (S.D)



TA BLE 7: V ar ia t ion  in t o t a l  c a ro te n o id  c o n c e n t r a t io n  ( / Jg /g  wet  wt.)  in

th e  ova ry  o f  M. dobsoni during ovar ian  m atu ra t ion .

M a tu r i t y  S tages

I m m a t u r e Early
M a tu r in g

L a te
M atu r ing

M a tu re S p e n t - 
R ecover ing

24.0 42.8 74.6 92.6 86.4

39.2 65.9 90.0 ]03.3 60.0

19.2 63.6 71.2 101.9 42.0

28.8 64.6 94.0 96.0 55.2

23.0 51.0 86.4 126.0 45.6

28.8 42.0 79.8 87.3 49.8

*23.83+4.31  59.99+10.86 82.67+8.96 100.73+13.47 56.50+16.01

d e n o te s t h e  m e a n  (X) + S t a n d a r d  D ev ia t ion (S.D)



G o n a d o s o m a t ic  index (GSI) of M. dobsoni and the  to ta l  

c a ro t e n o id s  o f th e  ovary  (/Ug/g w e t  wt.).

S a m p le  No. B ody w t ig ) O v a r y  wt.  (g) CSl Tota l  ca ro te n o id s

1 3.97 0.0075 0.189 28.4

2 2.82 0.006 0.21 24.0

3 5.43 0.48 0.88 42.5

4 5.60 0.062 1 .10 65.97

5 7.520 0.0213 2.83 74.6

6 8 .897 0.348 3 .9 i 90.0

7 7.884 0.310 3.93 92.88

8 8.164 0.590 7.26 101.5

9 11.419 0.529 3.76 86.4

10 10.532 0.354 3.36 55.2

P oivnom ia l  ReRression

C o e f f i c i e n t of B 11.0133

C o e f f i c i e n t o f A 35.3967

S t a n d a r d  e r r o r = 2.0J31

r 2 = 0 .7688

M ean  X (GSI) s: 2 .7429

M ean  Y (TC) = 66.14501

Y = 35.9367 11.0133 X



TABLE 9: T o ta l  c a ro t e n o id  c o n c e n t r a t i o n ( / jg /g  wet wt.) e s t i m a t e d  from

whole  an im a ls  o f  M. dobsoni a t ind ica ted  s tages o f  m atu r i ty .

M a tu r i t y  S ta g es

Im m a t u r e Early
M atu r ing

L a te
M atu r ing

Mature Spent  - 
Recover ing

150 180 210 254 212

1S5 169 192 200 220

148 172 183 190 206

152 163 176 230 218

142 158 185 243 198

* 1 4 9 .4 i4 .8 8 168 .4 i8 .44 189.2+12.95 223.4±27.51 210.8+9.01



♦ M e a n  va lues  o f  to ta l  c a ro t e n o id s  ( / Jg /g  wet  wt.) in 

M. dobsoni m a t u r e d  through e y e s t a lk  ablat ion in the  d i f fe ren t  

t i s sue  at in d ic a te d  s t a g e s  o f  m a t u r i t y .

M a tu r i t y  S tages

Tissue Im m a tu re Ear ly
Matur ing

L a te
M atur ing

Mature Spent - 
Recover ing

1 l e p a t o p a n c r e a s 55.3 28.3 24.4 18.42 47.6
(75.27) (31.85) (24.63) (20.38) (58.29)

H a e m o ly m p h 4.0 5.76 7.94 9.4 6.2
( 5.43) ( 7.73) (10.13) (11.58) ( 6.78)

E x o sk e ie to n 19.3 29.2 42.8 62.2 37.7
(22.57) (35.85) (50.37) (70.58) (39)

O varv 18.9 46.7 71.56 91.1 53.6
(23.83) (59.99) (82.67) (100.73) (56.50)

Whole  a n im a ls 120.3 140.8 168.4 190.6 173.0

(149.4) (168.4) (189.2) (223.4) (210.8)

* V a lues  g iven  in b r a c k e t s  i n d i c a t e  the  co r re spond ing  m ean  va lues  o f  to ta l  

c a r o t e n o i d s  o b s e r v e d  in u n a b la t e d  wild prawns.



index in M. dobsoni during ovar ian  m a tu ra t io n .

Source d .o . f . S.S. M.S. F . r a t io R em arks

T R E A T 4 10.301 2.575 16.5! S ign if ican t  (P^O .O l)

E R R O R 25 3.900 0. ]56

TR EA T MEAN

T 1 1.88

T 2 0.51

T 3 1.08

T 4 2.11

T 5 1.72

MEAN C O M PAR ISO NS REMARKS

T1
T4

I m m a tu r e
M a tu r e

T 1 -  T 2 S ignif icant

T 2 -  T 3 Sign i f ican t

T 1 -  T 4 N on-S ign i f ican t

T 1 -  T 5 N on-S ign i f ican t

T 2 - T 3 S ign if ican t

T 2 - T 4 S ign if ican t

T 2 - T 5 S ign if ican t

T 3 - T 4 Signif icant

T 3 - T 5 Signif icant

T 4 - T 5 Non-S ign if ican t

T2 = Ear ly M atu r ing T3 = L a te  M atur ing

T5 = Spen t R e c o v e r in g



c o n c e n t r a t i o n  in th e  h e p a t o p a n c r e a s  o f  M. dobsoni  dur ing  

o v a r i a n  m a t u r a t i o n .

S o u r c e  d .o .  f. S.S. M.S. F. r a t i o  Remarl<s

T R E A T  4 134 5 0 .5 5 0  3 3 6 2 .6 3 7 83 .73  S ig n i f i c a n t  (P -^O.Ol)

E R R O R  25 1004 .047  40 .162

T R E A T MEAN

T  1 75.27

T  2 31.95

T  3 24.63

T  4 20.38

T  5 58 .29

M E A N  C O M P A R I S O N S R E M A R K S

T 1 - T  2 S ig n i f ic a n t

T 1 -  T  3 S ig n i f i c a n t

T i -  T  4 S ig n i f ic a n t

T 1 -  T  5 S ig n i f ic a n t

T 2 - T  3 N o n - S ig n i f i c a n t

T 2 - T  4 S ig n i f i c a n t

T 2 - T  5 S ig n i f ic a n t

r 3 - T  4 N o n -S ig n i f i c a n t

*rj 3 -  T 5 S ig n i f ic a n t

T 4 - T  5 S ig n i f ic a n t

T 1 = I m m a t u r e  
T  4 = M a t u r e

T 2 = E ar ly  M a t u r i n g  
T 5 = S p e n t  R e c o v e r i n g

T 3 = L a t e  M atu r ing



c o n c e n t r a t i o n  in t h e  h a e m o i y m p h  o f  M. dobson i  during o v a r ia n  

m a t u r a t i o n .

S o u r c e d .o . f . S. S. M.S.S. E - r a t i o  R e m a r k s

T R E A T 4 149.850 37.462 3 8 .2 0  S ig n i f i c a n t  {P ^O .O l)

F ,RRO R 25 24 .516 0.981

T R E A T M E A N

T  1 5.43

T  2 7 .73

T  3 10.13

T  4 11.58

T 5 6 .78

M E A N C O M P A R I S O N S R E M A R K S

T 1 -  T 2 S ig n i f i c a n t

T 1 -  T  3 S ig n i f i c a n t

T I -  T 4 S ig n i f i c a n t

T I -  T 5 S ig n i f i c a n t

T 2 - T 3 S ig n i f i c a n t

T 2 -  T 4 S ig n i f i c a n t

T 3 -  T 5 N o n - S i g n i f i c a n t

T 3 -  T 4 S ig n i f i c a n t

T 3 -  T  5 S ig n i f i c a n t

T 4 -  T  5 S ig n i f i c a n t

T ! = I m m a t u r e  
T 4 = M a t u r e

T 2 = E a r l y  M a t u r i n g  T  3 = L a t e  M a tu r in g  
T 5 = S p e n t  R e c o v e r i n g



A N O V A  T A B L E  4: A N O V A  t o  t e s t  t h e  s i g n i f i c a n c e  o f  v a r i a t i o n  in t o t a l  c a r o t e n o i d

c o n c e n t r a t i o n  in th e  exosl<e le ton  o f  M. dobson i  dur ing  o v a r i a n  

m a t u r a t i o n .

S o u r c e  d .o . f . S.S. M.S.S. F. r a t i o R e m a r k s

T R E A T  4 7 7 8 4 .9 1 0  1946.228 79.21 S i g n i f i c a n t  ( P ^ O . O l )

E R R O R  25 6 1 4 .2 8 5  24.571

T R E A T M EAN

T  I 22 .57

T  2 36 .85

T  3 50 .37

T  4 70.58

T  5 39

M E A N C O M P A R I S O N S R E M A R K S

T  I -  T  2 S ig n i f i c a n t

T  1 -  T  3 S ig n i f i c a n t

T  1 -  T  4 S ig n i f i c a n t

T  I -  T  5 S ig n i f i c a n t

T  2 - T  3 S ig n i f i c a n t

T  2 -  T  4 N o n - S i g n i f i c a n t

T  2 - T  5 S ig n i f i c a n t

T  3 -  T  4 S ig n i f i c a n t

T  3 - T  5 S ig n i f i c a n t

T  4 -  T  5 S ig n i f i c a n t

T  1 = I m m a t u r e  
T  4 = M a t u r e

T  2 = E a r l y  M a t u r i n g  
T  5 = S p e n t  R e c o v e r i n g

T  3 = L a t e  M a tu r in g



ANOVA T A B L E  5: A N O V A  to  t e s t  i h e  s i g n i f i c a n c e  o f  v a r i a t i o n  in 

c o n c e n t r a t i o n  in t h e  o v a r y  o f  M. dobsoni  

m a t u r a t i o n .

t o t a l  c a r o t e n o i d  

dur ing  o v a r i a n

S o u r c e d.o .  f. S. S. M.S. S. F .  r a t i o R e m a r k s

T R E A T 4 2 0 4 7 7 .3 1 0 5119 .326 39 .56  S ig n i f i c a n t  ( P ^  0.01)

E R R O R 25 3235 .188 129.408

T R E A T MEAN

T  1 23 .83

T  2 59.99

T  3 82.67

T  4 101.18

T 5 56.50

M E A N C O M P A R I S O N S R E M A R K S

T 1 -  T 2 S ig n i f i c a n t

T 1 -  T 3 S ig n i f i c a n t

T ! -  T 4 S ig n i f i c a n t

T 1 - T 5 S ig n i f i c a n t

T 1 - T 3 S ig n i f i c a n t

T 2 - T 4 S ig n i f i c a n t

T 2 - T 5 N o n - S i g n i f i c a n t

T 3 -  T 4 S ig n i f i c a n t

T 3 -  T 5 S ig n i f i c a n t

T 4 - T 5 S ig n i f i c a n t

T 1 = I m m a t u r e  T  2 = E a r l y  M a t u r i n g  
T 4 = M a t u r e  T  5 = S p e n t  R e c o v e r i n g

T  3 = L a t e  M a tu r in g



AN'OVA T A B L E  6: A N O V A  t o  t e s t  s i g n i f i c a n c e  o f  v a r i a t i o n  in t o t a l  c a r o t e n o i d

c o n c e n t r a t i o n  in w h o le  a n i m a l s  o f  M. dobsoni  during o v a r i a n  

m a t u r a t i o n .

S o u rc e d .o .  f. S.S. M.S. S. F .  r a t i o R e m a r k s

TREAT 4 18247 .36 4 561 .84 2 0 .7 4 8 8 S ig n i f i c a n t  ( P ^  0.01)

E R R O R 20 43 9 7 .2 219 .86



A N O V A  TABLE 7: A N O V A  t o  t e s t  t h e  s ig n i f i c a n c e  o f  v a r i a t i o n  is t o t a l  c a r o t e n o i d

c o n c e n t r a t i o n  in t h e  h e p a t o p a n c r e a s  b e t w e e n  a b l a t e d  and  wild 

M. dobson i  i t s  o v a r i a n  m a t u r a t i o n .

S o u r c e d .o . f . S.S. M.S.S. F .  r a t i o R e m a r k s

T R E A T 1 132.481 132.481 13.802 S ig n i f i c a n t  (P.^ 0.05)

E R R O R 8 146 2 8 .8 6 9 1828 .6086

C .D .  v a l u e  fo r  t r e a t  : m e a n  c o m p a r i s o n  -  22.72

T r e a t  : m e a n  = T  1 = 4 2 .0 8  

T  2 = 3 4 .8 0



A N O V A  T A B L E  8; A N O V A  t o  t e s t  t h e  s ig n i f i c a n c e  o f  v a r i a t i o n  in t o t a l

c a r o t e n o i d  c o n c e n t r a t i o n  in t h e  h a e m o ly m p h ,  b e t w e e n  a b l a t e d  

a n d  w i ld  M. dobson i  during, o v a r i a n  m a tu ra lL o n .

S o u r c e d . o . f . S.S. M.S.S. F .  r a t i o  R e m a r k s

T R E A T j 7 .03 7 .03 1 .35296 N o n - S ig n i f i c a n t ( R i0 .0 5 )

FP<ROR 8 4 1 .5 7 5 .196



A N O \ 'A  T A B L E  9; A N O V A  t o  t e s t  t h e  s i g n i f i c a n c e  o f  v a r i a t i o n  in t o t a l

c a r o t e n o i d  c o n c e n t r a t i o n  in t h e  e x o s k e le to n ,  b e t w e e n  a b l a t e d  

a n d  w i ld  M. d o b so n i  d u r in g  o v a r i a n  m a t u r a t i o n .

S o u r c e d .o . f . S.S. M.S. S. F .  r a t i o R e m a r k s

T R E A T 1 7 1 .1 2 8 71 .128 4 .06672 N o n -S ig n i f i c a n t (P . i0 .0 5 )

E R R O R 8 2 3 1 4 .0 6 2 2 8 9 .2 5 7



A N O V A  T A B L E  10: A N O V A  t o  t e s t  t h e  s i g n i f i c a n c e  o f  v a r i a t i o n  in t o t a i

c a r o t e n o i d  c o n c e n t r a t i o n  in t h e  o v a ry ,  b e t w e e n  a b l a t e d  a n d  

w ild  M. d o b so n i  du r in g  o v a r i a n  m a t u r a t i o n .

S o u r c e d .o . f . S.S. M.S.S. F .  r a t i o R e m a r k s

I R t A T 1 175.224 175.224 4 .5 1 0 5 9 N o n -S ig n i f ic a n t (R i .0 .0 5 )

i ;r r o r 8 6 3 2 2 .9 2 3 7 9 0 .3 6 5 3 7



A N O V A  T A B L E  11: A N O V A  t o  t e s t  t h e  s i g n i f i c a n c e  o f  v a r i a t i o n  in t o t a l

c a r o t e n o i d  c o n c e n t r a t i o n  in t h e  w h o le  a n i m a l  o f  M. dobsoni  

b e t w e e n  a b l a t e d  a n d  w i ld  p r a w n s  d u r in g  o v a r i a n  n aa tu ra t io n .

S o u r c e d .o . f . S.S. M.S.S. F .  r a t i o R e m a r k s

T R E A T 4 6 6 7 9 .8 2 1669.96 3 .6 7 3 6 N o n - S i g n i f i c a n t  (RiO. 05)

E R R O R 5 2 2 7 2 .8 6 4 5 4 .5 7 2



Fig .  I. V a r i a t i o n  in g o n a d o - s o m a t i c  i n d e x  o f  M. d o b s o n l  d u r i n g  o v a r i a n  

m a t u r a t i o n .  V a lu e s  p l o t t e d  i n d i c a t e  m e a n  + s t a n d a r d  d e v i a t i o n .
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Fig.  2. V a r i a t i o n  in h e p a t o s o m a t i c  i n d e x  o f  M .  d o b s o n i  d u r i n g  o v a r i a n  

m a t u r a t i o n .  V a l u e s  p l o t t e d  i n d i c a t e  m e a n  + s t a n d a r d  d e v i a t i o n .
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Fig .  3. V a r i a t i o n  in  t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  ( ^ g / g  w e t  w t )  in  t h e  

h e p a t o p a n c r e a s  o f  M.  d o b s o n i  d u r in g  o v a r i a n  m a t u r a t i o n .  V a lu e s  

p l o t t e d  i n d i c a t e  m e a n  + s t a n d a r d  d e v i a t i o n .
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Fig .  4. V a r i a t i o n  in t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  ( A ig /g  w e t  w t )  in  t h e  

h a e m o l y m p h  o f  M. d o b s o n i  d u r i n g  o v a r i a n  m a t u r a t i o n .  V a l u e s  p l o t t e d  

i n d i c a t e  m e a n  + s t a n d a r d  d e v i a t i o n .
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Fig- 5. V a r i a t i o n  in  t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  ( y u g / g  w e t  w t )  in the 

e x o s k e l e t o n  o f  M.  d o b s o n i  d u r i n g  o v a r i a n  m a t u r a t i o n .  V a lu e s  p lo t te d  

i n d i c a t e  m e a n  + s t a n d a r d  d e v i a t i o n .
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Fig .  6. V a r i a t i o n  in t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  ( A ig /g  w e t  w t )  in t h e  

o v a r y  o f  M. d o b s o n i  d u r i n g  o v a r i a n  m a t u r a t i o n .  V a lu e s  p l o t t e d  

i n d i c a t e  m e a n  + s t a n d a r d  d e v i a t i o n .
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F ig .  7. P o l y n o m i a l  R e g r e s s i o n  l i n e  s h o w i n g  r e l a t i o n  b e t w e e n  G SI(X ) a n d  T o t a l  

c a r o t e n o i d s  o f  o v a r y  (Y) fo r  M. d o b s o n i  d u r i n g  o v a r i a n  m a t u r a t i o n .





Fig .  8. G r a p h  s h o w i n g  r e c i p r o c a l  r e l a t i o n s h i p  o f  v a r i a t i o n s  in  t o t a l  

c a r o t e n o i d s  in h e p a t c p a n c r e a s  a n d  o v a r y  o f  M.  d o b s o n i  d u r i n g  o v a r i a n  

m a t u r a t i o n .
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Fig.  9. V a r i a t i o n  in t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  in w h o l e  M.  d o b s o n i  d u r i n g  

o v a r i a n  m a t u r a t i o n .
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DISCUSSION

O v a r i a n  m a t u r a t i o n  r e f e r s  t o  a  c y c l i c  m o r p h o l o g i c a l  c h a n g e  during 

w h ich  a f e m a l e  u n d e r g o e s  ful l  s e x u a l  m a t u r i t y .  T h i s  a t t a i n m e n t  a l w a y s  m a r k s  

a c h a n g e  in t h e  g r o w t h  p a t t e r n  r e s u l t i n g  f r o m  a  " r e p r o d u c t i v e  d r a i n ' '  due  to  

d iv e rs io n  o f  b i o c h e m i c a l  r e s e r v e s  m e a n t  f o r  s o m a t i c  g r o w t h  t o  t h e  o v a r ie s .  

A c c o r d i n g  t o  G i e s e  a n d  P e a r s e  (1974) ,  d u r in g  g o n a d a l  d e v e l o p m e n t ,  a  r e m a r k a b l e  

s y n th e s i s  o f  o r g a n i c  m a t e r i a l  t a k e s  p l a c e  t h e  g o n a d  b e in g  t h e  lo c u s  o f  i n t e n s e  

b io c . i e m ic a l  a c t i v i t y  d u r in g  g a m e t e  f o r m a t io n .  G e o r g e  a n d  P a t e l  (1956) h ad  

d e m o n s t r a t e d  in c r u s t a c e a n s  t h a t  o r g a n i c  r e s e r v e s  a r e  s t o r e d  p r i o r  t o  g o n a d a l  

d e v e l o p m e n t  a n d  t h e i r  t r a n s f e r  t o  t h e  o v a r i e s  t a k e  p l a c e  g r a d u a l l y  a s  m a t u r a t i o n  

a d v a n c e s .  T h e  c a r o t e n o i d s  b e i n g  o n e  o f  t h e  o r g a n i c  r e s e r v e s ,  d i s s o lv e d  in t h e  

l ip ids a r e  a l s o  s t o r e d  a n d  s u b s e q u e n t l y  m o b i l i s e d  t o  t h e  o v a r i e s  d u r in g  o v a r ia n  

d e v e l o p m e n t .

T h e  e x t e n t  o f  o v a r i a n  m a t u r a t i o n  c a n  t h e  s t u d i e d  o n  t h e  b a s i s  o f  th e  

g o n a d o - s o m a t i c  i n d e x .  G i e s e  (1959) r e p o r t e d  t h a t  t h e  g o n a d s  o f  m a r i n e  i n v e r t e ­

b r a t e s  i n c r e a s e  in w e i g h t  b y  a c c u m u l a t i o n  o f  v a r i o u s  b i o c h e m i c a l  r e s e r v e s  as 

th e y  a p p r o a c h  m a t u r i t y .  T h e  p r e s e n t  s t u d y  w a s  a l s o  in  a g r e e m e n t  w i th  th i s  

o b s e r v a t i o n .  A s  t h e  g o n a d o s o m a t i c  in d e x  i n c r e a s e d ,  t h e r e  w a s  a  c o r r e s p o n d i n g  

in c r e a s e  in t h e  t o t a l  c a r o t e n o i d  l e v e l s ,  s h o w in g  t h a t  c a r o t e n o i d s  a r e  a l s o  o n e  

am o n g  t h e  b i o c h e m i c a l  r e s e r v e s  t h a t  a c c u m u l a t e  d u r in g  t h e  c o u r s e  o f  o v a r i a n  

m a t u r a t i o n .

T h e  h e p a t o s o m a t i c  i n d e x  is an  i m p o r t a n t  i n d i c a t o r  o f  t h e  c o n d i t io n  

o f  t h e  h e p a t o p a n c r e a s  d u r in g  o v a r i a n  m a t u r a t i o n .  In f in f i s h e s  K r iv o b o k  (1964) 

had  r e p o r t e d  t h a t  l i v e r  w e i g h t  i n c r e a s e s  in t h e  f e m a l e s  u n t i l  g o n a d a l  m a t u r a t i o n  

has  d e f i n i t e l y  s t a r t e d  a n d  t h e n  d e c l i n e s  w i th  p r o g r e s s i v e  m a t u r a t i o n  r e a c h i n g  a



5f.

minimum when th e  ova a r e  ripe. Sas t ry  {1966) had  d em o n s t ra ted  the reciprocal 

re la t ionship b e t w e e n  the gonadosom at ic  index and h ep a to so m a t ic  index in the 

sca llop Ac q u ip e c ten  i r rad ians. But  th e  present  s tudy,  did not show a  reciprocal  

re la t ionship  b e t w e e n  GSl and HSI. In fac t ,  the HSI w as  maximum in t h e  m ature  

s t ag e  which m igh t  be  due to  the  non-u t i l i sa t ion  o f  organic  re se rves  to  the full 

e x t e n t  during th e  g ro w th  and deve lopment  o f  t h e  ovar ies. These  organic 

re se rv es  might  hav e  co n t r ib u te d  to  the  increase in the  overal l  weight  o f  the 

hepa topancreas ,  an d  hence  in its index, as m a tu ra t io n  advanced.  This  finding 

can  be s u b s t a n t i a t e d  by t h a t  o f  Mikhai l ^  a.i.. (1982) and Muthukaruppan (19871. 

According to  th e m ,  this  unusual  inc rease  in the HSI during m a tu ra t io n  m ay  be 

due to  the p r e s e n c e  o f  o th e r  o rgan ic  reserves  like prote ins  and  carbohydra tes  

which a re  no t  m obi l i sed  to  the  full ex ten t  from the hepa topanc reas  when 

co m p ared  to t h e  lipids. T hey  w e re  o f  the opinion th a t  prote ins  and  ca rbohy­

d r a te  a r e  more  e f f e c t i v e  in inf luencing the  overal l w e igh t  o f  the  hepa topancreas  

(liver),  than th e  lipids. In this  s tudy,  carotenoids  being dissolved in lipids, their 

mobi l isa t ion  c a n  b e  cons idered  to  be  along with th e  lipids. This might  have 

c a u sed  the  d e c r e a s e  in th e  t o t a l  ca ro ten o id  c o n c en t ra t io n  in the  hepa topancreas  

as m a tu ra t io n  p ro g r e s s ed  as d iscussed subsequently.

C a ro te n o id s  a r e  n o t  ' just a  playful divers ion" o f  n a tu re  as it is often  

assumed,  but fu lfi l  an im p o r ta n t  function in reproduct ion  (Deufel,  1975i, 

Accordingly, he  r e p o r t e d  t h a t ,  c a ro teno ids  apa r t  f rom jus t providing the  colour 

in th e  animal, a lso  help in re p roduc t ion .  Donaldson and Fager land  (1970) found 

th a t  in g c n a d e c to m is e d  sockeye  salmon,  there  was a  s toppage  in loss o f  muscle 

ca ro tenoids ,  em phas is ing  the u t i l isa t ion  o f  c a ro teno ids  during development  of 

gonads. The absense  o f  gonads s topped  the red u c t io n  o f  muscle carotenoids  

suggest ing  the  re la t ionsh ip  the  ca ro teno ids  have w ith  the  gonads. Shnarevich 

and Sakhnenko (1971) observed  the accumulat ion  o f  ca ro teno ids  in the  gonads



o f  f i s h e s  d u r i n g  t h e i r  m a t u r a t i o n .  S im i l a r  o b s e r v a t i o n  o f  i n c r e a s e  in c a r o t e n o id  

c o n c e n t r a t i o n  w i t h  m a t u r a t i o n  w as  o b s e r v e d  in ch u m  s a lm o n  ( K i t a h a r a  1983) and 

in m a s u  s a l m o n  ( K i t a h a r a ,  1985).

In c r u s t a c e a n s ,  t h e  ro le  o f  c a r o t e n o i d s  in  r e p r o d u c t i o n  is s t i l l  un d e r  

s p e c u l a t i o n .  T h e  p i o n e e r  w o rk  o f  S m i t h  (1911) r e v e a l e d  t h a t  f e m a l e  d e c a p o d  

c r u s t a c e a n s  d o  m o b i l i s e  " l i p o c h r o m e s "  f r o m  t h e  h e p a t o p a n c r e a s  (w here  t h e y  a r e  

s t o r e d )  t o  t h e  r i p e n i n g  o v a r i e s  v ia  t h e  b lood .  A b e lo o s  an d  F i s c h e r  (1926) m a d e  

s i m i l a r  o b s e r v a t i o n s  w h e n  t h e y  w o r k e d  on  C a r c i n u s  sp. G r e e n  (1966) r e p o r t e d  

t h a t  in  S i m o c e p h a l u s  v e t u l u s  c a r o t e n o i d s  a r e  m o b i l i s e d  f ro m  t h e  adu l t  f e m a l e  

t o  t h e  e g g s  d u r i n g  m a t u r a t i o n ,  w h i le  H e r r i n g  (1968) r e p o r t e d  t h a t  a b o u t  50% of  

t h e  t o t a l  b o d y  c a r o t e n o i d s  a r e  t r a n s f e r r e d  f ro m  t h e  m o t h e r  t o  t h e  eg g  s a c  in 

D a p h n i a  m a g n a .  S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  in  t h e  p r e s e n t  s tu d y ,  w h e re in  

t h e  p r a w n ,  M .  d o b so n i  w a s  a l s o  found  t o  m o b i l i s e  c a r o t e n o i d s  f rom  t h e  h e p a t o ­

p a n c r e a s  t o  t h e  o v a r y ,  d u r in g  i t s  o v a r i a n  m a t u r a t i o n  as  t h e  t o t a l  c a r o t e n o i d s  o f  

t h e  h e p a t o p a n c r e a s  w a s  found  to  h a v e  r e d u c e d  f rom  t h e  i m m a t u r e  s t a g e ,  

w h e r e a s  t h a t  in  t h e  o v a r i e s  i n c r e a s e d  in t h e  i m m a t u r e  s t a g e  a n d  r e a  h ed  a  peak  

in  t h e  m a t u r e  s t a g e ,  s u g g e s t i n g  a  u t i l i s a t i o n  o f  t h e  p i g m e n t  du r in g  th e  co u r s e  

o f  o v a r i a n  m a t u r a t i o n .  O n  t h e  co n t r a ry - ,  G i l c h r i s t  a n d  L e e  (1972) r e p o r t e d  t h a t  

fo r  a  v a r i e t y  o f  i n v e r t e b r a t e s  c a r o t e n o i d s  a r e  n o t  u sed  u p  in d e v e lo p m e n t ,  

i m p ly in g  t h a t  t h e  p i g m e n t  s e r v e s  no  f u n c t i o n  in d e v e l o p m e n t .  H o w ev er ,  

H a i r s t o n  (1 9 7 9 )  w a s  o f  t h e  o p in ion  t h a t  c a r o t e n o i d s  n e e d  n o t  b e  u sed  up  to  h av e  

a f u n c t i o n  a n d  t h a t  t o  b e  a c t i v e  in p h o t o - p r o t e c t i o n ,  t h e y  m u s t  be  p r e s e n t  

c o n t i n o u s l y .  D u r i n g  h i s  s t u d y  on t h e  f e m a l e  c o p e p o d s  D i a p t o m u s ,  h e  found t h a t  

t h e s e  a n i m a l s  a r e  m o r e  p i g m e n t e d  in w i n t e r  a n d  e a r l y  sp r in g  b e c a u s e  th e y  a r e  

a c c u m u l a t i n g  p i g m e n t  t o  p u t  i t  i n to  t h e  e g g s .  T h u s  t h e  a c c u m u l a t i o n  o f  

c a r o t e n o i d s  in  t h e  o v a r i e s  o f  M. dobson i  in t h e  p r e s e n t  s t u d y  c l e a r ly  i n d i c a t e s  

i t s  p o s s i b l e  r o l e  in r e p r o d u c t i o n .



C r u s t a c e a n s  r e p r e s e n t  o n e  c la ss  o f  a n i m a l s  in which c a r o t e n o i d s  a re  

p a r t i c u l a r l y  a b u n d a n t  H e r r in g  (1973) r e p o r t e d  t h a t  c r u s t a c e a n s  c a n  e l a b o r a t e  

t h e i r  ow n c a r o t e n o i d s  f rom  i n g e s t e d  p re c u s o r s ,  u n l i k e  o t h e r  a n im a l s  w ho obta in  

all  t h e i r  c a r o t e n o i d s  d i r e c t l y  f r o m  t h e i r  d ie t  w i t h o u t  an y  fu r th e r  t r a n s f o r m a t i o n .  

C o n s e q u e n t l y  t w o  ty p e s  o f  c a r o t e n o i d s  m ay  o c c u r  in c r u s t a c e a .  T h o s e  o b ta in ed  

d i r e c t l y  f r o m  fo o d  an d  t h o s e  r e s u l t i n g  f r o m  t r a n s f o r m a t i o n  o f  exogenous  

p i g m e n t s .  T h e s e  tw o  ty p e s  m a y  o c c u r  a l t e r n a t i v e l y  a c c o r d in g  t o  c e r t a in  

c o n d i t i o n s ,  fo o d  in p a r t i c u l a r  a n d  t o  th e  p h y s io lo g ic a l  s t a t e  o f  t h e  animal 

a c c o r d i n g  t o  F i s h e r  (1954). T h e  r e l a t i v e  p r o p o r t i o n s  o f  c a r o t e n o i d s  occu rr in g  

in d i f f e r e n t  o r g a n s  an d  t i s s u e s  f l u c t u a t e  a c c o r d i n g  t o  t h e  sp e c ie s ,  a n d  m o r e o v e r  

t h e  v a r i a t i o n s  in t h e  c o n t e n t  o f  t h e  p i g m e n t  a r e  d e p e n d a n t  o n  num erous  

p h y s io lo g ic a l  a n d  e c o l o g ic a l  p a r a m e t e r s  ( C a s t i l l o  e ^  1982). Basica l ly

c a r o t e n o i d  l e v e l s  r e f l e c t  t h e  a v a i l a b i l i t y  o f  t h e s e  p i g m e n t s  in th e  fo o d  an d  the  

a p p e t i t e  o f  t h e  a n i m a l  fo r  i t  (G oodw in ,  1984). T h e  m a jo r  f l u c t u a t i o n s  in the 

c a r o t e n o i d  l e v e l s  a r e  found  d u r in g  v i t e l l o g e n e s i s  in  th e  t i s su e s  l ik e  h e p a t o -  

p a n c r e a s ,  h a e m o l y m p h ,  e x o s k e l e t o n  an d  o v a r i e s ,  a n d  the  l o c a l ' i a t i o n  and 

m o v e m e n t s  o f  t h e  t o t a l  c a r o t e n o i d s  in t h e s e  t i s s u e s  h a v e  b e e n  d iscu sse d  as 

f o l i o w s : -

G e n e r a l l y  t h e  h e p a t o p a n c r e a s  in c r u s t a c e a n s  p la y s  a  m a j o r  ro l e  in the  

a b s o r p t i o n  o f  c a r o t e n o i d  f r o m  food.  K a t a y a m a  ^  (1972a) whi le  s tu d y in g  the  

c a r o t e n o i d s  o f  P .  j a p o n ic u s  w a s  o f  th e  o p in io n  t h a t  th e  h e p a t o p a n c r e a s  

c o n t a i n e d  a l l  t h e  c a r o t e n o i d s  o f  t h e  a n i m a l .  B a t  C a s t i l l o  ^  ^  (1980) 

d e t e r m i n e d  t h a t  t h e  h e p a t o p a n c r e a s  o f  P. p r i d e a u x i  a p p e a r e d  in v a r i a b ly  poor  in 

c a r o t e n o i d s .  T h i s  sh o w ed  t h a t  t h e  ab i l i ty  t o  a c c u m u l a t e  c a r o t e n o i d s  in the  

h e p a t o p a n c r e a s  d i f f e r e d  f rom  s p e c i e s  t o  sp e c ie s .  T h e  c a r o t e n o i d  c o n t e n t  o f  th e  

h e p a t o p a n c r e a s  f l u c t u a t e s  d u r in g  v i t e l J o g e n e s i s  ( C a s t i l l o  et_ aj_.j 1982). A ccord ing  

t o  L e n e l  e t  (1978), t h e  c a r o t e n o i d  c o n t e n t  o f  t h e  h e p a t o p a n c r e a s  d e c r e a s e d  

d u r in g  o v a r i a n  a c t i v i t y .  H e  e l a b o r a t e d  t h a t  t h e  m a in  f l u c t u a t i o n s  in the



ca ro teno id  c o n te n t  o f  the  hepa topancreas  occu rred  during vi tel logenesis  and 

as the  ovar ian  ac t iv i ty  inc reased  during vi tei iogensis ,  the re  s e e m e d  to  be a 

corresponding d e c re a s e  in the  ca ro teno ids  o f  hepa topancreas .  The presetxt study 

was in a g r e e m e n t  with this observa t ion  where in  the  to ta l  ca ro ten o id  co n ten t  

o f  t h e  h ep a to p a n c rea s  was found to dec rea se  as m a tu r i ty  advanced and 

even tua l ly  only a  very  low level  o f  th e  p igm ent  rem ained  as m a tu ra t io n  peak 

was reached .  Hsu e t  a!. (19 70) h ad  repor ted that mobilisa tion o f  ca ro ten o id  in i t ia ted  

from the  h ep a to p an c rea s  w h e re  i t  is s to red -  This m ay  be a t t r i b u t e d  for the 

in i tia l  high ca ro ten o id  c o n te n t  in the  im m a tu re  s t ag e  which d ec reased  gradually 

during p rogress ive  m a tu ra t io n  in the  p resen t  s tudy. Thus, i t  m ay  be s t a t e d  

th a t ,  mobi l isa t ion  o f  c a ro teno ids  s t a r t  from the  hepa topancreas ,  which ac t s  as 

a s to rag e  organ,  and they  finally accu m u la te  in the  ovary from w here  they a re  

u t i l ized  for fu r th e r  egg development .

In c ru s ta cea n s ,  the  haem olym ph ac t s  as a t ranspor ta t ion  medium for 

the  ca ro te n o id s  b e tw e en  th e  hepa topanc reas  exoske le ton  and ovary (Lenel, 1961, 

1967). During v i te l logenesis  th e  main f luc tua t ions  a r e  observed  in the 

ca ro te n o id  levels  o f  th e  haem olym ph,  owing to  the  t ran s fe r  o f  the  p igment to 

t h e  o v a r ie s  (Lenel ,  1978). C ecc a ld i  (1968) sugges ted  t h a t  blood a c t s  as a 

t r a n s p o r t  sys tem  and  a  t e m p o ra ry  s to re  for ca ro teno ids ,  from which the  animal 

ca n  d ra w  upon during i t s  b reed ing  season In E m e r i t a  anologa, E ick s taed t  (1969) 

had found t h a t  t h e  blood becom es  bright  o ra nge  in spring with the  onset  o f  

breeding season  and  also in the  au tum n when breeding ac t iv i ty  declines. 

Gilchris t  and  L ee  (1972) observed  th a t  th e re  was an overal l inc rease  in the 

ca ro ten o id s  o f  th e  blood as  th e  peak  in the  rep roduc t ive  a c t iv i ty  was passed. 

But tb e  p r e s e n t  s tudy  showed t h a t  t h e  to ta l  ca ro ten o id  levels  in th e  haemolymph 

increased  as m a tu ra t io n  p rogressed  and d ec rea sed  a f t e r  spawning. This obser-



v a t io n  m a y  be  a t t r i b u t e d  t o  t h e  f a c t  t h a t  h a e m o ly m p h  m a i n t a i n s  a  c o n s t a n t  

r e s e r v e  o f  c a r o t e n o i d s  d u r in g  t h e  b r e e d i n g  s e a s o n ,  so  t h a t  t h e  o v a r y  c a n  u t i h z e  

i t  d u r in g  m a t u r a t i o n .  B u t  d u r in g  sp aw n in g  t h e  h a e m o ly m p h  c a r o t e n o i d s  a r e  

t r a n s f e r r e d  t o  t h e  m a t u r e  e g g s  f o r  t h e i r  c o n s e q u e n t  d e v e l o p m e n t  t h e r e b y  caus ing 

a d e c r e a s e  in i t s  leve l .

T h e  e x o s k e l e t o n  in c r u s t a c e a n s ,  d i s p la y s  a  wide v a r i e t y  o f  c o lo u r s  and 

t h i s  a c c o r d i n g  t o  N a k a g a w a  e ^  (1974) is d u e  t o  th e  p r e s e n c e  o f  c a r o t e n o  

p r o t e i n  c o m p l e x e s .  W ald  e ^  (1948) r e p o r t e d  t h a t  on b o i l ing ,  t h e  c r u s t a c e a n  

c a r a p a c e s  u n d e r g o  c o lo u r  c h a n g e s  a n d  th i s  is a t t r i b u t e d  t o  t h e  d e n a t u r a t i o n  o f  

c a r o t e n o  p r o t e i n  c o m p l e x e s .  G i l c h r i s t  an d  L e e  (1972) w h i le  s t u d y i n g  th e  ro le  

o f  c a r o t e n o i d s  in  r e p r o d u c t i o n  o f  E. a n a l o s a  f o u n d  t h a t  t h e  e x o s k e l e t o n  also 

g e t s  a  f a i r  a m o u n t  o f  c a r o t e n o i d s  du r in g  i t s  r e p r o d u c t i v e  c y c l e .  T h i s  w a s  also 

o b s e r v e d  in M. dobson i  d u r in g  t h e  p r e s e n t  s tu d y .  T h is  i n c r e a s e d  l e v e l  in c a r o t e -  

n o id s  o f  e x o s k e l e t o n  o b s e r v e d  w i t h  a d v a n c e m e n t  o f  m a t u r a t i o n  m a y  b e  r e l a t e d  

in s o m e  w a y  t o  t e m p e r a t u r e  a n d  l igh t .  Besides^  a s  th is  p r a w n  a s  a t t a i n s  peak  

m a t u r i t y  d u r in g  t h e  i n t e n s e  s u m m e r  m o n th s ,  t h e  ex c e s s  c a r o t e n c  ids  in the  

e x o s k e l e t o n  m a y  p ro v id e  s o m e  p r o t e c t i o n  a g a i n s t  i n c r e a s e  in t e m p e r a t u r e  and 

l ig h t .

C r u s t a c e a n  o v a r i e s  in g e n e r a l ,  show  a  m a x im u m  a c c u m u l a t i o n  o f  

c a r o t e n o i d s  d u r i n g  t h e i r  e g g  p r o d u c t i o n .  Th is  l e a d s  t o  t h e  f o r m a t i o n  o f  var ious  

c o l o u r s  o b s e r v e d  d u r in g  m a t u r a t i o n .  T h e  c h a n g e s  in th e  c o l o u r s  o f  c r u s t a c e a n s  

o v a r i e s  a r e  a t t r i b u t e d  t o  t h e  d e p o s i t i o n  o f  c a r o t e n o i d s  in v a r y in g  in te n s i t i e s  

( C a s t i l l o  e t  a|_., 1982).  T h e  v a r i o u s  c o l o u r a t i o n s  g i v e n  by  t h e s e  c a r o t e n o i d s  re su l t  

f r o m  t h e i r  d i f f e r e n t  p a r t i c u l a r  c o m p o s i t i o n ,  d e p e n d in g  on  t h e  s p e c i e s  and 

p r o b a b ly  a l s o  o n  t h e  s t a g e s  o f  d e v e l o p m e n t  o f  t h e  eg g s  (Z ag a isk y  a l ,  1967). 

In t h e  p r e s e n t  s t u d y ,  the  c h a n g e s  in t h e  c o lo u r  o f  t h e  o v a r y  in M. d o b s o ni was



so d i s t i n c t ,  t h a t  by  o b s e r v in g  t h e  co lo u r ,  t h e  p a r t i c u l a r  s t a g e  o f  m a t u r a t i o n  

c o u ld  b e  i d e n t i f i e d .  T h e  s t u d i e s  on  q u a n t i t a t i v e ,  c h a n g e s  o f  c a r o t e n o i d s  in the  

o v a r i e s  o f  P l e s i o p e n a e u s  e d w a r d s i n a u s  (E s ta b l i e r ,  1966) s h o w e d  t h a t  th e  

c a r o t e n o i d  l e v e l s  r o s e  f rom  2 0 - 4 0  u g / g  in a p e r io d  o f  s e x u a l  r e p o s e  to  

4 3 0 -5 1  u g / g  in m a t u r e  o v a r i e s .  G r e e n  (1966) i n v e s t i g a t e d  a c y c l e  o f  p i g m e n ­

t a t i o n  fo r  t h e  c l a d o c e r a n  S. v e t u l u s  a n d  t i e d  i t  t o  sea so n a l  c h a n g e s  in egg  

p r o d u c t i o n .  H e  w a s  o f  t h e  o p in io n  t h a t  m a n y  c r u s t a c e a n s  d e p o s i t  c a r o t e n o i d s  

in t h e i r  e g g s .  In S. v e tu lu s ,  t h e  p i g m e n t  w a s  a c c u m u l a t e d  by t h e  f e m a l e  jus t  

b e f o r e  m o u l t i n g .  H e  found  t h a t  m u c h  o f  t h e  c a r o t e n o i d s  in t h e  a d u l t s  w e r e  

t r a n s f e r r e d  t o  t h e  d e v e lo p in g  e m b r y o .  G i l c h r i s t  a n d  L e e  (1972) a l s o  o b s e r v e d  

a  bu i ld  u p  o f  c a r o t e n o i d s  in t h e  o v a r i e s  o f  E .  a n a lo g a  during i t s  b r e e d i n g  c y c l e  

w h i le  Sh in a  e ^  aK (1978)  r e p o r t e d  a n  i n c r e a s e d  s t o r a g e  o f  c a r o t e n o i d s  in t h e  

o v a r i e s  o f  t h e  e c h i n o d e r m  T r i p n e u t i s  g r a t i l a ,  du r in g  i t s  m a t u r a t i o n .  T h e  p r e s e n t  

s t u d y  a l s o  a g r e e d  w i t h  t h e s e  r e p o r t s  a n d  o b s e r v a t i o n s  as , M. dobson i  w a s  a lso  

f o u n d  t o  a c c u m u l a t e  c a r o t e n o i d s  in  i t s  o v a r i e s .  Miki  ^  ^  (1982) w'hile m ak in g  

a  c o m p a r a t i v e  s t u d y  o n  t h e  c a r o t e n o i d s  in t h e  o v a r i e s  o f  f in f ish  a n d  s h e l l f i s h ,  

s u g g e s t e d  t h a t  t h e s e  a n i m a l s  f u r n i s h  s p e c i f i c  c a r o t e n o i d s  t o  t h e i r  o v a r i e s  by  

r e j e c t i n g  s o m e  a n d  a s s i m i l a t i n g  a n d  m o d i fy in g  o t h e r s  am o n g  t h o s e  p r e s e n t  in 

t h e  d i e t a r y  p i g m e n t ,  th u s  e m p h a s i s i n g  t h e  f a c t  t h a t  c a r o t e n o i d s  a r e  v e r y  

e s s e n t i a l  f o r  t h e  d e v e l o p m e n t  o f  t h e  o v a r i e s .

T h u s  i t  c a n  b e  s a id  t h a t  e a c h  a n i m a l  h a s  i t s  own c a r o t e n o i d  r e q u i r e ­

m e n t s  an d  e a c h  t i s s u e  a p p e a r s  to  h a v e  a  s p e c i f i c i t y  in t h e  a s s im i la t io n  o f  

c a r o t e n o i d s .  T h e  c a r o t e n o i d  l e v e l s  in t h e  w h o le  an im a l  a lso  f l u c t u a t e  du r in g  

i t s  b r e e d i n g  s e a s o n  a n d  in E.  a n a l o g a , G i l c h r i s t  an d  L ee  (1972)  r e p o r t e d  an  

o v e r a l l  i n c r e a s e  o f  c a r o t e n o i d  w i t h  a p e a k  in t h e  m a t u r e  s t a g e .  T h e  p r e s e n t  

s t u d y  a l s o  d e m o n s t r a t e d  a  s i m i l a r  t r e n d .



A c c o r d i n g  t o  C a s t i l l o  ^  ^  (1982) v i t e l l o g e n e s i s  m a y  be  c o n s id e r e d  

as  a  p r o c e s s  o f  p e r i o d i c  r e j e c t i o n  o f  c a r o t e n o l d s  by th e  a n im a l .  G i l c h r i s t  an d  

L e e  (1972)  s u g g e s t e d  t h a t  as  t h e  c a r o t e n o i d s  le v e ls  r e m a i n e d  a l m o s t  c o n s t a n t  

d u r in g  t h e  p e r i o d  o f  l a r v a l  d e v e l o p m e n t ,  t h e y  m i g h t  n o t  b e  u t i l i z e d  fo r  t h e  

l a r v a e  a t  a l l .  T h e s e  a u t h o r s  c o n s i d e r e d  e g g  l ay in g  t o  be  a  p r o c e s s  by  w h ich  

s u r p l u s  c a r o t e n o i d s  a r e  c l e a r e d  o f f  f rom  t h e  a n im a l s .

It  h a s  b e e n  e s t a b l i s h e d  in r e c e n t  y e a r s  t h a t  e y e s t a l k  a b l a t io n  in 

f e m a l e  d e c a p o d  c r u s t a c e a n s  l e a d s  t o  a c c e l a r a t e d  v l t e l l o g e n i c  p r o c e s s  fAdiyodi and  

A d iy o d i ,  1970). B o m ir s k i  a n d  K le k  (1974) w h i l e  s tu d y in g  t h e  o v a r i a n  d e v e l o p ­

m e n t  a f t e r  e y e s t a l k  a b l a t i o n  in ,  R i t h r o p a n o p e u s  h a r r i s i i ,  o b s e r v e d  t h a t  th e  

o v a r i e s  d a r k e n e d  in c o l o u r ,  s h o w in g  a n  i n c r e a s e  in t h e  c a r o t e n o i d  c o n c e n t r a t i o n  

a s  m a t u r a t i o n  a d v a n c e d .  A  s i m i l a r  o b s e r v a t i o n  w a s  a lso  m a d e  in t h e  o v a r ie s  

o f  M. dobsoni ,  a f t e r  e y e s t a l k  a b l a t i o n ,  in t h e  p r e s e n t  s tu d y .  B u t  t h e  c o m p a r i s o n  

in t h e  t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  in d i f f e r e n t  m a t u r i t y  s t a g e s  b e t w e e n  w ild  

p r a w n s  a n d  t h o s e  o b t a i n e d  t h r o u g h  e y e s t a l k  a b l a t i o n  s h o w e d  t h a t  t h e r e  w a s  a 

g e n e r a l  d e c r e a s e  in a l l  t i s s u e s ,  in t h e  l a t t e r .  T h is  o b s e r v a t i o n  c a n  be  s u b s t a n ­

t i a t e d  by t h e  f in d in g s  o f  M a u g ie  ^  (1980) w h o  r e p o r t e d  t h a t  in 

M a c r o b r a c h i u m  r o s e n b e r g i i  a f t e r  e y e s t a l k  a b l a t i o n ,  t h e  t o t a l  c a r o t e n o i d  lev e ls  

s h o w e d  a n  i n c r e a s e ,  i f  t h e  p r a w n s  w e r e  f e d  o n  a  d i e t  c o n t a i n i n g  c a r o t e n o i d s .  

B u t  o n  t h e  o t h e r  h a n d ,  i f  t h e  d i e t  w a s  c a r o t e n o i d  f r e e ,  a  d e c r e a s e  o c c u r r e d ,  

a s c e r t a i n i n g  t h a t  e y e s t a l k  a b l a t i o n  d o e s  n o t  a l lo w  th e  m a i n t e n a n c e  o f  t h e  

p i g m e n t  i f  i t  l a c k s  in t h e  d i e t .  Th is  s u g g e s t s  a  d i r e c t  a c t i o n  o f  th e  e n d o c r in e  

s y s t e m  o n  t h e  m e t a b o l i s m  o f  c a r o t e n o i d s .  T h u s  in t h e  p r e s e n t  s t u d y ,  a  d e c r e a s e  

in t h e  t o t a l  c a r o t e n o i d  c o n t e n t  in a l l  t i s s u e s  o f  t h e  a b l a t e d  p r a w n s  m a y  b e  due 

t o  t h e  l a c k  o f  p i g m e n t  in t h e  d i e t .  T h e  w i ld  p r a w n s  in c o m p a r i s o n  m ig h t  h a v e  

a c q u i r e d  t h e  c a r o t e n o i d s  f r o m  t h e  w id e  v a r i e t y  o f  fo o d  th e y  f e e d  on in n a t u r e .



T h u s  in g e n e r a l ,  t h e  p a t t e r n  o f  m o b i l i s a t i o n  o f  o rg a n ic  res?:rves 

e sp e c ia ! l>  c a r o t e n o i d s  f r o m  th e  d i g e s t i v e  g l a n d  m a y  r e f l e c t  t h e  n u t r i t io n a l  

h a b i t a t  o r  t h e  r e p r o d u c t i v e  b iology o f  t h e  a n i m a l  c o n c e r n e d .  If a  s p e c ie s  has  

t h e  a b i l i t y  t o  s t o r e  n u t r i e n t s ,  o n e  a m o n g  t h e m  be in g  t h e  c a r o t e n o i d s  an d  then  

m o b i l i s e  t h e m  f o r  r e p r o d u c t i o n ,  t h e n  r e p r o d u c t i o n  c a n  b e  t i m e d  to  ta k e  

a d v a n t a g e  o f  s e a s o n a l  f a c t o r s  s u c h  as  fo o d  a v a i l a b i l i t y ,  w a t e r  t e m p e r a t u r e  o r  

o p t i m a l  c o n d i t i o n s  f o r  l a rv a l  su rv iv a l .  A c c o r d i n g  to  C a s t i l l e  an d  L a w re n c e  

(1989), m o b i l i s a t i o n  o f  s t o r e d  o r g a n i c  r e s e r v e s  is u s u a l ly  found in s p e c ie s  t h a t  

r e p r o d u c e  s e a s o n a l l y  a n d  t h e  i n f l u e n c e  o f  s e a s o n a l  f a c t o r s  on r e p r o d u c t io n  is 

u sua l l \ -  m o r e  p r o n o u n c e d  in s p e c i e s  t h a t  r e p r o d u c e  in sh a l lo w  r a t h e r  t h a n  those  

in d e e p  w a t e r s .  In s h o r t ,  b o t h  s e a s o n a l  r e p r o d u c t i o n  a n d  m o b i l i s a t io n  o f  s to r e d  

n u t r i e n t s  a r e  f r e q u e n t l y  found  in s p e c i e s  t h a t  r e p r o d u c e  ac s h a l lo w  dep th s .  

H o w e v e r  in t h e  p r e s e n t  s tu d y ,  e v e n t h o u g h  M. dobson i  show s  a  p r o t r a c t e d  

b r e e d i n g  s e a s o n  e x t e n d i n g  t h r o u g h o u t  t h e  y e a r  a n d  b r e e d s  in r e l a t i v e l y  d e e p e r  

w a t e r s  o f  t h e  i n s h o r e  g ro u n d s  (R a o  1968),  iV c o u l d  m o b i l i s e  s t o r e d  c a r o t e n o i d s  

d i s s o l v e d  in l ip ids  f ro m  t h e  h e p a t o p a n c r e a s  t o  t h e  o v a r ie s .

In c o n c l u s i o n ,  t h e  m o b i l i s a t i o n  o f  s t o r e d  n u t r i e n t s  l ike  t h e  t o t a l  

c a r o t e n o i d s  m a y  b e  c o n t r o l l e d  by c e r t a i n  p r o x i m a t e  f a c t o r s ,  w h ich  d e t e r m i n e  

t h e  t i m e  t h e  g a m e t e s  a r e  p r o d u c e d  w i th in  a n  in d iv id u a l  b o th  in r e l a t i o n  to  i t s  

o w n  l i f e  h i s t o r y  a n d  w i t h  r e s p e c t  t o  t h e  e n v i r o n m e n t .  Thus ,  th e  a b i l i ty  o f  an 

o r g a n i s m ,  i n h a b i t i n g  a  g i v e n  e n v i r o n m e n t ,  t o  d i v e r t  n u t r i e n t s  fo r  g a m e t e  

p r o d u c t i o n  is n o t  o n ly  i m p o r t a n t  fo r  t h e  r e p r o d u c t i v e  s u c c e s s  o f  t h e  ind iv iduals ,  

b u t  a l s o  h a s  i m p l i c a t i o n s  fo r  t h e  d i s t r i b u t i o n a l  p a t t e r n s  o f  t h e  s p e c ie s  c o n c e r n e d  

( S a s t r y ,  1983).

In t h e  p r e s e n t  s tu d y ,  an  a t t e m p t  h a d  been  m a d e  to  s t u d y  the  

m o b i l i s a t i o n  o f  o n ly  t o t a l  c a r o t e n o i d s  in r e l a t i o n  t o  o v a r i a n  m a t u r a t i o n .



F u r t h e r  w o r k  o n  t h e  in d iv id u a l  c a r o t e n o i d s  a n d  t h e i r  l o c a l i z a t i o n  a n d  m o v e m e n t s  

in v a r io u s  t i s s u e s ,  i n c o r p o r a t i n g  s o p h i s t i c a t e d  t e c h n i q u e s  l ike  l a b e l l in g  t h e  a n im a l  

w i th  r a d i o a c t i v e  i s o t o p e s  in o r d e r  t o  t r a c e  t h e  m o b i l i s a t i o n  p a t h w a y ,  c o u ld  t h r o w  

m o r e  l i g h t  o n  t h e  p i g m e n t a r y  p h y s io lo g y ,  t h u s  e l u c i d a t i n g  s o m e  o f  t h e  q u e s t io n s  

i n h e r e n t  in t h e  p r e s e n c e  o f  c a r o t e n o i d s  in c r u s r a c e a .



SUMMARY

T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  w i th  t h e  o b j e c t i v e  o f  s tud y in g  t h e  

v a r i a t i o n  in t h e  c o n c e n t r a t i o n  o f  t o t a l  c a r o t e n o i d s  in r e l a t i o n  t o  th e  o v a r ia n  

m a t u r a t i o n  o f  t h e  p r a w n ,  M e t a p e n a e u s d o bsoni ,  t h e  m o s t  a b u n d a n t  a n d  o n e  o f  

t h e  c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s  o f  p e n a e id  p r a w n s  a lo n g  t h e  s o u th - w e s t  

c o a s t  o f  Ind ia .

T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  f rom  J u n e  t o  S e p t e m b e r  1989 

dur ing  w h i c h  s p e c i m e n s  w e r e  c o l l e c t e d  f rom  th e  i n s h o r e  w a t e r s  o f  Coch in .  T he  

a n i m a l s  w e r e  c l a s s i f i e d  i n t o  f i v e  m a t u r i t y  s t a g e s ,  e v a l u a t e d  o n  t h e  bas is  o f  th e  

o v a r y  c o l o u r  an d  s i z e ,  m o r p h o l o g i c a l  an d  m i c r o s c o p ic  e x a m i n a t i o n  o f  th e  o v a  an d  

h i s t o lo g i c a l  s t u d y  o f  t h e  o v a r y  du r in g  t h e  d i f f e r e n t  s t a g e s  o f  m a t u r i t y .  T h e  

g o n a d o - s o m a t i c  i n d e x  a n d  h e p a t o - s o m a t i c  in d ex  w e r e  a lso  t a k e n  in to  c o n s i d e ­

r a t i o n  w h i l e  a s s e s s in g  t h e  o v a r i a n  m a t u r a t i o n .  T h e  t o t a l  c a r o t e n o i d  c o n c e n ­

t r a t i o n  o f  t i s s u e s  v iz .  h e p a t o p a n c r e a s ,  h a e m o l y m p h  e x o s k e l e t o n  and  o v a r y  in 

e a c h  m a t u r i t y  s t a g e  w a s  d e t e r m i n e d ,  a lo n g  w i t h  t h a t  o f  t h e  w h o le  a n im a l .  

E y e s t a l k  a b l a t i o n  in  o r d e r  t o  i n d u c e  m a t u r a t i o n  w a s  a p p l i e d  an d  th e  t o t a l  

c a r o t e n o i d  c o n c e n t r a t i o n  in t h e s e  p ra w n s  o f  d i f f e r e n t  m a t u r i t y  s t a g e s  w e r e  

c o m p a r e d  w i t h  t h o s e  o f  t h e  w i ld  p raw ns .

T h e  o b s e r v a t i o n s  m a d e  du r in g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t  a r e  

s u m m a r i s e d  b e low :

j .  T h e  t o t a l  c a r o t e n o i d  c o n c e n t r a t i o n  in t h e  h e p a t o p a n c r e a s  d e c r e a s e d

a s  m a t u r a t i o n  a d v a n c e d  w i th  a  r e c o v e r y  in t h e  s p e n t  s t a g e .

2 . In th e  h a e m o l y m p h ,  t h e  t o t a l  c a r o t e n o i d  le v e l  i n c r e a s e d  as  n : a t u r a t i o n

a d v a n c e d  a n d  t h e n  d e c r e a s e d  in t h e  s p e n t  s t a g e .



3- T h e  t o t a l  c a r o t e n o i d s  s h o w e d  an i n c r e a s e  a s  m a t u r a t i o n  a d v a n c e d  in 

t h e  e x o s k e J e t o n  a n d  t h e n  d e c l in e d  in t h e  s p e n t  s t a g e .

4- In t h e  o v a r y ,  a n  i n c r e a s i n g  t r e n d  in t h e  t o t a l  c a r o t e n o i d s  was 

o b s e r v e d  d u r in g  m a t u r a t i o n  r e a c h i n g  a  p e a k  in t h e  m a t u r e  s t a g e  wi th  

a  d e c l i n e  in t h e  s p e n t  s t a g e .  A p o s i t i v e  r e l a t i o n  w a s  e s t a b l i s h e d  

b e t w e e n  GSI a n d  t o t a l  c a r o t e n o i d s  o f  t h e  o v a ry .

5- In t h e  w h o le  a n i m a l ,  t h e r e  w a s  an  i n c r e a s e  in t h e  t o t a l  c a r o t e n o i d  

l e v e l s  a s  m a t u r a t i o n  p r o g r e s s e d ,  b u t  i t  d e c r e a s e d  in th e  s p e n t  s t a g e .

6- T h e r e  w a s  a  g e n e r a !  d e c r e a s e  in t o t a l  c a r o t e n o i d s  in ail  t i s s u e s  is the  

a b l a t e d  p r a w n s  in c o m p a r i s o n  w i th  t h o s e  o f  t h e  w i l d  p r a w n s .  H o w e x e r  

t h e  t r e n d  o f  i n c r e a s e  a n d  d e c r e a s e  o f  t o t a l  c a r o t e n o i d s  in  a l l  t h e  

t i s s u e s  r e m a i n e d  t h e  s a m e .

7. T h e  r e c i p r o c a l  r e l a t i o n s h i p  o f  d e c r e a s e  in t o t a l  c a r o t e n o i d s  in the  

h e p a t o p a n c r e a s  a n d  t h e  i n c r e a s e  in t o t a l  c a r o t e n o i d s  in t h e  o va ry  

d u r i n g  m a t u r a t i o n  s u g g e s t e d  t h e  m o b i l i s a t i o n  o f  c a r o t e n o i d s  f r o m  the  

h e p a t o p a n c r e a s  t o  t h e  o v a r y  as  m a t u r a t i o n  a d v a n c e d  fo r  t h e  f u r th e r  

d e v e l o p m e n t  o f  t h e  e g g s .

8. T h e  p o s i t i v e  r e l a t i o n s h i p  e s t a b l i s h e d  b e t w e e n  GSI a n d  t o t a l  c a r o t e ­

n o id s  o f  t h e  o v a r y  i n d i c a t e d  t h a t  a s  t h e  o v a r y  i n c r e a s e d  in w e ig h t  

a lo n g  w i t h  m a t u r a t i o n  t h e r e  w a s  a  s i m u l t a n e o u s  b u i ld  up o f  c a r o t e ­

n o id s ,  s u g g e s t in g  the  p o s s i b l e  ro l e  o f  c a r o t e n o i d s  in r e p r o d u c t i o n .
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