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A b s t r a c t

T h is  a c c o u n t i s  a  b r i e f  re v ie w  of th e  in v e s t ig a t io n  c a r r i e d  ou t in  
In d ia  on the v a r io u s  a s p e c t s  of the b io lo g y  of th e  m ilk f is h .  It c o v e r s  
th e  r e c o r d s  of o b s e rv a t io n s  on the d is t r ib u t io n  of C hanos f ry  in  the  
c o a s ta l  a r e a s ,  food an d  feed in g  of the  f ish , i t s  g ro w th , m a tu r i ty ,  
fecu n d ity  and  spaw ning , and  a ls o  c e r t a in  e x p e r im e n ta l  r e s u l t s  on the 
p h y s io lo g ic a l a d a p ta tio n  of th e  f is h  to g e th e r  w ith  th e  h is to lo g ic a l  
s t r u c tu r e s  of i t s  k id n ey , p i tu i ta r y  and  th y ro id . W hile e m p h a s is in g  
th e  p a u c ity  of d a ta  on th e  a d u lt m ilk f is h  in  the w ild , the p r io r i ty  a r e a s  
w h e re  in fo rm a tio n  is  la c k in g  e s p e c ia l ly  on the spaw ning  g ro u n d , r e l ia b le  
id e n tify in g  c h a r a c te r s  of th e  egg  a s  w e ll a s  on th e  p o s s ib le  e x is te n c e  
o f d if f e re n t  r a c ia l  s to c k s  h av e  b e e n  d is c u s s e d .

In tro d u c tio n

The m ilk f is h  o c c u r s  in  the  s e a s  a ro u n d  Ind ia  an d  in  l im ite d  
n u m b e rs  th e  f is h  a r e  cau g h t n e a r  the  c o a s t  of O r is s a ,  A n d h ra  P r a d e s h  
a n d  T a m il N adu on th e  e a s t  and  K e ra la  and  K a rn a ta k a  on th e  w e s t  c o a s t .  
T he f ish  i s  a lso  b e in g  c a p tu re d  n e a r  th e  is la n d s  of the  A n d a m a n -N ic o b a r  
g ro u p  in  the  B ay of B en g a l and  a ro u n d  th e  L a c c a d iv e s  in  th e  A ra b ia n  S ea . 
T he f is h  in  a l l  c a s e s  a r e  in v a r ia b ly  o b ta in ed  in  the n e ts  o p e ra te d  by 
lo c a l  f is h e rm e n  w ith in  ab o u t 8 k m . f ro m  the c o a s t .  One fa c t  r e m a in s  
th a t in  p la c e  in  th is  c o u n try  d o e s  th e  m ilk f is h  c o n s ti tu te  a  s ig n if ic a n t 
c o m m e rc ia l  f is h e r y ;  i t s  p o s itio n  in  th i s  c o u n try 's  f ish  c a tc h  s t a t i s t i c s  
b e in g  a lm o s t  n il .  In c e r t a in  b a c k w a te r s ,  e s tu a r i e s  an d  la g o o n s  th e re  
i s  a  s e a s o n a l  f i s h e ry  of som e m a g n itu d e  and th is  is  r e s t r i c t e d  to  the  
ju v e n ile s  w hose  s iz e  r a r e ly  e x c e e d s  500 m m . T h u s, the s ta tu s  of th is  
f is h  in  th e  p r e s e n t  c o m m e r c ia l  f is h  p ro d u c tio n  of Ind ia  i s  c o m p a ra tiv e ly  
low  and  in s ig n if ic a n t.

W hile i t s  n a tu r a l  f i s h e ry  is  p o o r , it  is  n o te w o rth y  th a t th e r e  i s  a  
f a i r ly  ab u n d an t o c c u r r e n c e  o f th e  f ry  and  f in g e r l in g s  o f the f ish  in  m any  
t id a l  c r e e k s ,  e s tu a r i e s  and b a c k w a te r s  a lo n g  th e  c o a s t  of p e n in s u la r  India
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a n d  a l s o  in  t i d a l  i n l e t s  o f t h e  b a y  i s l a n d s .  A n  a s s e s s m e n t  o f  t h i s  
v a lu a b l e  r e s o u r c e  o r  i t s  p r o p e r  u t i l i z a t i o n  is  y e t  to  b e  c a r r i e d  o u t .  
T h i s  i s  l a r g e l y  b e c a u s e  s a l t  w a t e r  f i s h  f a r m i n g  in  a n  o r g a n i z e d  a n d  

s c i e n t i f i c  m a n n e r  h a s  b e e n  i n i t i a t e d  in  t h i s  c o u n t r y  o n ly  in  r e c e n t  t i m e s  

a n d  th e  e f f o r t s  in  t h i s  d i r e c t i o n  s o  f a r  h a v e  b e e n  o n ly  o n  e x p e r i m e n t a l  
b a s i s .  F o r  t h i s  r e a s o n ,  b i o l o g i c a l  s t u d i e s  o n  th e  m i l k f i s h ,  C h a n o s  
c h a n o s  a l s o  h a v e  b e e n  l i m i t e d .  T h is  p a p e r  p r e s e n t s  a  b r i e f  r e v i e w  o f 

t h e  v a r i o u s  i t e m s  o f  r e s e a r c h  c a r r i e d  o u t  o n  t h e  b io lo g y  o f  t h e  f i s h  
( c u l t u r e  e x c lu d e d ) ,  t o g e t h e r  w i th  i d e n t i f i c a t i o n  o f  t h e  m a j o r  g a p s  in  
o u r  e x i s t i n g  k n o w le d g e .

D i s t r i b u t i o n  a n d  A b u n d a n c e  o f F r y

In  v ie w  of i t s  u t i l i t y  in  b r a c k i s h w a t e r  c u l t u r e  o p e r a t i o n s ,  i n v e s t i g a ­

t i o n s  o n  th e  a v a i l a b i l i t y  a n d  a b u n d a n c e  of th e  f r y  a n d  f i n g e r l i n g s  w e r e  
i n i t i a t e d  s in c e  th e  e a r l y  t h i r t i e s  ( R a j ,  1 9 3 1 ; C h a c k o , 1 9 4 2 ; J o b  a n d  

C h a c k o , 1 9 4 7 ; G a n a p a t i  e t  a l ,  1 950 ; P a n i k k a r  e t  a l ,  1 9 5 2 ; C h a c k o  a n d  
M a h a d e v a n ,  1 9 5 6 ; R a o ,  1 9 7 2 ) . In  th e  z o n e  e x te n d in g  f r o m  O r i s s a  S ta te  
in  t h e  e a s t  to  K a r n a t a k a  in  th e  w e s t ,  t h e  S ta te  o f T a m i l  N a d u  i s  fo u n d  
t o  f u r n i s h  th e  m a x i m u m  y ie ld  o f m i l k f i s h  f r y  a n d  f i n g e r l i n g s ,  w i th  th e  
R a m a n a t h a p u r a m - T i r u n e l v e l i  d i s t r i c t s  c o n s t i t u t i n g  th e  m o s t  i m p o r t a n t  

r e g i o n .  I t  w a s  f u r t h e r  p o in te d  o u t ( T a m p i ,  1 9 73 ) t h a t  i n te n s iv e  c o l l e c t i o n  
o f  d a t a  o n  th e  o c c u r r e n c e  a n d  a b u n d a n c e  o f  C h a n o s  f r y  h a s  n o t  b e e n  m a d e  
s o  f a r .  N e i t h e r  a n y  p a r t i c u l a r  e f f o r t  h a s  b e e n  t a k e n  n o r  a n y  a d e q u a te  

s u r v e y  m e th o d s  h a v e  b e e n  f o l lo w e d  t i l l  n o w . I t  w a s  e s t i m a t e d  t h a t  w i th  
g r e a t e r  e f f o r t s  a n d  b y  e x te n d in g  th e  p e r i o d  o f  c o l l e c t i o n  t h r o u g h o u t  th e  
f r y  s e a s o n  a l l  a lo n g  th e  T a m i l  N a d u  c o a s t  a lo n e ,  a t  l e a s t  t e n  m i l l i o n  
f r y  c o u ld  b e  c o l l e c t e d  e v e r y  y e a r .  A n d , a  r o u g h  e s t i m a t e  f o r  t h e  w h o le  
o f  t h e  p e n i n s u l a r  I n d ia  w o u ld  t a k e  u s  t o  th e  o r d e r  o f  n e a r l y  tw e n ty  m i l l i o n s  

o f  f r y  a n d / o r  f i n g e r l i n g s  p e r  a n n u m .  It i s  o b v io u s  t h a t  t h e  c o l l e c t i o n  of 
d a t a  o n  th e  m i l k f i s h  f r y  r e s o u r c e s  r e m a i n s  a n  i m p o r t a n t  p i e c e  o f  w o r k  
to  b e  t a k e n  u p .

C h a n o s  f r y  o c c u r r i n g  in  t h e  s h a l lo w  l a g o o n  a d jo in in g  th e  P a l k  B a y  
w e r e  f i r s t  o b s e r v e d  in  1 9 5 2 . T h e  f r y  f in d  t h e i r  w a y  t h r o u g h  th e  t e m p o ­

r a r y  c o n n e c t io n s  t h a t  a r e  e s t a b l i s h e d  b e tw e e n  th e  s e a  a n d  t h e  l a g o o n  in  
c e r t a i n  y e a r s  a n d  c o n t in u e  to  r e m a i n  in  t h e  l a g o o n  d u r in g  th e  s e a s o n  a s  
lo n g  a s  th e  s a n d  b a r s  r e m a i n  o p e n .  In  t h e  a d j a c e n t  a r e a s  a lo n g  th e  
c o a s t  i t s e l f ,  h o w e v e r ,  i t  h a s  n o t  b e e n  p o s s i b l e  t o  l o c a t e  a n y  f r y .  S o m e  
e x p e r i m e n t s  w e r e  c o n d u c te d  t o  s e e  if  t h e  f r y  c o u ld  b e  m a d e  to  e n t e r  
o t h e r  a r e a s .  F o r  t h i s  p u r p o s e  s h a l lo w  c h a n n e l s  w e r e  e x c a v a t e d  a t  
s t r a t e g i c  p l a c e s  w h ic h  le d  t o  s m a l l  p o o l s .  T h e  e x p e r i m e n t s  w e r e  r e w a r d i n g  
in  t h a t  w e  w e r e  a b le  t o  m a k e  c o l l e c t i o n s  o f f r y  in  s u c h  a r t i f i c i a l  c h a n n e l s .  
D u r in g  th e  f r y  s e a s o n s  i n  s u b s e q u e n t  y e a r s  a l s o  s i m i l a r  e x p e r i m e n t s  w e r e  

r e p e a t e d  w i th  s u c c e s s .  I t  t h u s  a p p e a r s  p o s s i b l e  t o  m a k e  f r y  c o l l e c t i o n s
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ev en  f r o m  p la c e s  w h ich  m a y  n o t n o rm a lly  c o n s ti tu te  a  c o l le c t io n  c e n t r e ,  
p ro v id e d  s u ita b le  e n v iro n m e n ta l  co n d itio n s  a r e  c r e a te d  to  in d u ce  th e  f r y  
to  s w a rm  in  (u n p u b lish ed  o b s e rv a tio n s  of T a m p i and S .V . Jo b ) . It is  
p e rh a p s  co m m o n  know ledge th a t  sh a llo w  b a y s , lag o o n s an d  t id a l  c r e e k s  
a r e  e x c e lle n t n u r s e r y  g ro u n d s  fo r  th e  young ones of a  v a r ie ty  of f is h  
and  c r u s ta c e a n s .  M any of th e s e  in  th e  e a r ly  s ta g e s  of th e i r  life  h is to r y  
s e e k  e n try  in to  th e  c a lm  s h e l te r e d  w a te r s  of th e  c o a s t  w h e re  b en th ic  
food  o rg a n is m s  and  d e t r i tu s  a r e  ab u n d an t and w h e re  e c o lo g ic a l c o n d itio n s  
a r e  q u ite  fa v o u ra b le  fo r  th e i r  life  and g ro w th . T he f r y  of a  n u m b e r  of 
m a r in e  fo rm s  su c h  a s  th e  m u l le ts  and  s h r im p s  e x h ib it th e  s a m e  ty p e  of 
b e h a v io u r . It is  th u s  f e l t  th a t  th e  b e h a v io u ra l c h a r a c te r i s t i c s  of th e  f r y  
co u ld  fo rm  an  im p o r ta n t  a s p e c t  of s tu d y  and  th e  r e s u l t s  co u ld  open  up 
p o s s ib i l i t i e s  fo r  im p ro v in g  th e  e x is t in g  c o lle c t io n  te c h n iq u e s .

F o o d  and  F e e d in g

B r ie f  r e f e r e n c e s  to  th e  food and feed in g  of C hanos w e re  m a d e  b y  
C hacko  (1 945 , 1949) and  C hacko  and M ahadevan  (1956) th a t th e  la r v a e  
fe e d  e n t i r e ly  on p la n k to n ic  o rg a n is m s  lik e  d ia to m s  and  co p ep o d s found 
in  the s h o re  a r e a s ;  f in g e r l in g s  fe e d  on d ia to m s , co p ep o d s and to  a  g r e a t  
e x te n t on a lg a e  in  th e  s h o re  re g io n s ;  and th e  a d o le s c e n ts  a s  w e ll a s  
a d u lts  fe ed  on d ia to m s , co p ep o d s , la r v a l  b iv a lv e s , L u c if e r , M y sis , e tc .  
in d ic a tin g  in d is c r im in a te  feed in g  in  th e i r  m o v e m e n ts  b e tw ee n  n e r i t ic  
an d  o cea n ic  a r e a s .

T a m p i (1958) m a d e  a  m o r e  d e ta ile d  a n a ly s is  of th e  food and  feed in g  
of m ilk f is h  and  re v ie w e d  th e  d a ta  p u b lish e d  in  th e  l ig h t of h is  own 
o b s e rv a t io n s .  F o r  p u r p o s e s  of s tu d y , th e  g ro w th  s ta g e s  w e re  d iv id ed  
in to  th r e e  c a te g o r ie s ,  (i) f r y  and  f in g e r l in g s ,  in c lu d in g  a l l  s iz e s  f r o m  
14 m m  to  100 m m  in  to ta l  len g th ; (ii) ju v e n ile s  ra n g in g  f r o m  100 m m  
to  s e x u a l ly  im m a tu re  s p e c im e n s ; and (iii) a d u lts  w h ich  h av e  a t ta in e d  
s e x u a l  m a tu r i ty .  T h e  f r y  and f in g e r l in g s  h ad  fed  m o s tly  on d ia to m s  
s u c h  a s  C h ro o c o c c u s , P le u r o s ig m a , D ip lo n e is , e t c . ,  b lu e - g re e n  a lg a e , 
d e t r i tu s  and  o c c a s io n a lly  on n e m a to d e s  and c r u s ta c e a n  la r v a e ,  u s u a lly  
found  a t  th e  b o tto m  of th e  sh a llo w  sw a m p y  a r e a s .  Ju v e n ile s  w e re  
found  to  fe e d  m o re  on a lg a e , p a r t i c u l a r ly  b lu e - g re e n  an d  g r e e n  a lg ae  
a n d  l e s s  on d ia to m s . A  few  f is h  c o l le c te d  f r o m  th e  s e a  ra n g in g  f ro m  
250 to  300 m m  show ed  m a in ly  M ic ro c o le u s , P h o rm id iu m , L y n g b ia , e tc .  
in  th e i r  s to m a c h s .  S p e c im e n s  above 300 m m  in  le n g th  show ed  sm a ll 
q u a n t it ie s  of m u co id  s u b s ta n c e ,  w ith  th e  a l im e n ta r y  c a n a l  c o l la p s e d  and 
e m p ty  in  m a n y  c a s e s .  T he co n d itio n  of th e  a l im e n ta r y  c a n a l g av e  th e  
im p r e s s io n  th a t th e  f is h  h ad  b e e n  s ta rv in g  f o r  so m e tim e  b e fo re  th e i r  
c a p tu r e .  A few  f i s h  c o l le c te d  f ro m  c u l tu re  p o nds h ad  show n m o s tly  
m u d  and d eca y in g  o rg a n ic  m a t t e r  w ith  a  few  d ia to m s  f r o m  th e  pond b o tto m .
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T he ad u lt f is h  cau g h t f ro m  th e  s e a  r e v e a le d  th e  p r e s e n c e  of H ypnea 
an d  G r a c i l a r i a  in  la r g e  q u a n t i t ie s ,  b u t th e  m o s t  s ig n if ic a n t f e a tu r e  w as th e  
p r e s e n c e  of la m e l l ib r a n c h  s p a ts  in  th e  s to m a c h  c o n te n ts ,  s o m e t im e s  in  
g o rg in g  p r o p o r t io n s .  B ased  on the  fa c t  th a t  th e s e  s p a ts  a r e  u su a lly  
found  a t ta c h e d  to  a lg a e , T a m p i (1958) w as of th e  op in ion  th a t  th e  f is h  
had  r e s o r te d  to  b ro w s in g  am ong  th e  a lg a e  g ro w in g  n e a r  th e  b o tto m  a lo n g  
th e  c o a s ta l  re g io n s  w h ere  th e y  w e re  c a u g h t in  s h o r e - s e in e s ,  and  th a t 
th e  f is h  w as  a b le  to  c r u s h  su c h  o rg a n is m s  in  th e  h ig h ly  m u s c u la r  g iz z a r d .  
I t h a s  a ls o  b een  in f e r r e d  f ro m  th e s e  s tu d ie s  th a t  th e  a d u lt f i s h  is  no t a s  
m u c h  p re d o m in a n tly  v e g e ta r ia n  a s  had  b e e n  c o n s id e re d  e a r l i e r ,  b u t th a t 
in  th e  l a t e r  s ta g e s  of th e i r  g ro w th  th e y  a p p e a re d  to  be c a p a b le  of 
co n su m in g  an d  d ig e s tin g  a  v a r ie ty  of a n im a l m a t te r  a ls o  a long  w ith  p la n t 
m a te r i a l  f ro m  th e  s u r ro u n d in g s .  The o b s e rv a tio n s  of K ap o o r (1954) on 
th e  m o rp h o lo g y  and h is to lo g y  of th e  p h a ry n g e a l o rg a n  in  C hanos w ould  
be  of r e le v a n c e  w h ile  in te rp re t in g  th e  food and feed in g  of th e  f i s h .

G row th  and A ge

O u r know ledge on th e  g ro w th  and  ag e  of C hanos in  In d ia  is  b a s e d  
c h ie f ly  on th e  o b s e rv a tio n s  on th e  f is h  c u l tu re d  in  m a r in e ,  b r a c k is h  o r  
f r e s h w a te r  ponds and v e r y  l i t t l e  in fo rm a tio n  is  a v a ila b le  on th e  g ro w th  
and  ag e  of th e  f is h  f r o m  i ts  n a tu r a l  h a b i t a t s . C hacko  and  M ah ad ev an  
(1956), w h ile  re v ie w in g  th e  C hanos c u l tu re  e x p e r im e n ts  c a r r i e d  out a t  
K ru s a d a i  Is la n d , found th a t  th e  g ro w th  in th e  f i r s t  s ix  m o n th s  w as  m u ch  
ra p id ,  (160-170  m m ) and  c o n s id e ra b ly  s lo w e r  in  th e  su c c e e d in g  s ix  m o n th s. 
T h e  f r y  m e a s u r in g  50 m m  and  85 m m  s to c k e d  in Ju n e  had  g ro w n  to  
235 m m  and  260 m m  by  n e x t Ju n e . T h e se  a u th o rs  h ad  s ta te d  th a t  th is  
l im i t  m ig h t be c o n s id e re d  to  r e p r e s e n t  th e  n o rm a l  g ro w th  of th e  f is h  
in  th e  n e r i t ic  re g io n s  of th e  s e a  d u rin g  its  f i r s t  y e a r .  T h e se  a u th o rs  
h ad  f u r th e r  s ta te d  th a t  th e  g ro w th  of C hanos s to c k e d  in  c e r t a in  b r a c k is h -  
w a te r  ponds w as 320 m m  to  425 m m  in  th e  f i r s t  y e a r ,  500 m m  in  the 
se c o n d  y e a r  and  550 to  600 m m  in  th e  th i r d  y e a r .  T h is  is  s a id  to  be 
m u c h  f a s t e r  g ro w th  th a n  th e  c o n d itio n  o b s e rv e d  in  th e  s e a  o r  in  th e  
m a r in e  f i s h  f a r m .  T h e se  a u th o r s  had  a ls o  found th a t  th e  g ro w th  w as 
ev en  m o re  ra p id  in  f r e s h w a te r  ta n k s ,  up to  380 m m  in th e  f i r s t  s ix  
m o n th s , 600 m m  in  one y e a r  and 7 5 0 -950  m m  in  tw o y e a r s .  B a se d  
on  a  few  s p e c im e n s  c o l le c te d  f r o m  th e  s e a , T a m p i (1957) had  te n ta t iv e ly  
c o n c lu d e d  th a t  th e  ag e  of f e m a le s  a t  f i r s t  m a tu r i ty ,  m e a s u r in g  ab o u t 
1 ,1 0 0  m m  cou ld  b e  4 to  5 y e a r s .  I t w a s  a ls o  o b se rv e d  th a t  th e  fem a les  
ab o u t 600 m m  long c o u ld  be  ab o u t tw o y e a r s  o ld  an d  th o s e  of 900 m m  
a r e  ab o u t th r e e  y e a r s .  In th e  c u l tu re  e x p e r im e n t c a r r i e d  ou t a t  
M andapan , T a m p i (1960) o b s e rv e d  a  g ro w th  in c re m e n t of 220 m m  b y  the  
end  of one y e a r ,  th e  g ro w th  b e in g  m o r e  r a p id  in  th e  f i r s t  few  m o n th s  
th a n  in  su b se q u e n t p e r io d .  O b se rv a tio n s  on g ro w th  c h e c k s  on f in  s p in e s ,  
v e r t e b r a e  o r s c a le s  w e re  l e s s  h e lp fu l in  m ak in g  r e l ia b le  e s t im a te s  o f a g e .
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W h ile  th e  o p e rc u la r  b o n es  and  th e  f in  sp ines d id  show  so m e  d e f in ite  
r in g s  on th e m , th e i r  u t i l i ty  in  c o r r e la t in g  w ith  ag e  re m a in s  q u e s tio n a b le . 
T h e  s c a le s ,  on th e  o th e r  han d , w e re  found to  b e  to o  th ic k  and opaque 
a s  th e  f i s h  a d v a n c e s  in  ag e  and  c o n v e n tio n a l p r o c e s s in g s  had  n o t y ie ld e d  
a n y  s a t i s f a c to r y  r e s u l t s .

M a tu r i ty

T a m p i (1957) found th a t  C han o s be low  500 m m  in  to ta l  len g th  
g e n e r a l ly  r e m a in  in d e te r m in a te s .  D if fe re n t ia t io n  of th e  gonad  in to  t e s t i s  
o r  o v a ry  u n d e r  th e  m ic ro s c o p e  w as  p o s s ib le  on ly  in  s p e c im e n s  above th is  
le n g th . Two s ta g e s  of m a tu r i ty  in  m a le s  w e re  c o l le c te d , one in  a  v e r y  
e a r ly  s ta g e  and th e  o th e r  in  a n  ad v an c ed  c o n d itio n . T he a b s e n c e  of 
m ito t ic  f ig u re s  o r  d iv id in g  s p e rm a to g o n ia  in  m a le s  be low  830 m m  
in d ic a te d  th a t  s p e r m a to g e n e s is  to o k  p la c e  in  l a t e r  s ta g e s  o n ly . In m a tu re  
m a le s  m e a s u r in g  1 ,0 8 0  to  1 ,1 4 0  m m  to ta l  le n g th , s p e r m s  w e re  o b se rv e d  
in  s p e r m a t ic  tu b u le s .  In  th e  fe m a le  s p e c im e n s  fo u r  m a tu r i ty  s ta g e s  w e re  
r e c o g n iz a b le : (i) th e  e a r l i e s t  one in w h ich  d if f e r e n t ia t io n  as  o v a ry  w as  
p o s s ib le ;  (ii) th e  im m a tu r e  s ta g e  w ith  u n ifo rm  d ev e lo p m e n t of ova; 
(iii) th e  n e a r ly  m a tu r e  c o n d itio n  w ith  r ip e  in t r a - o v a r ia n  eggs; and  
(iv) th e  sp e n t an d  r e c o v e r in g  s ta g e s .  The r ip e  o v a r ie s  w e re  b r ig h t  
y e llo w  in  c o lo u r  ow ing to  th e  y o lk - la d e n  e g g s . T he ova w e re  a r r a n g e d  
c lo s e ly  in  th e  o v ig e ro u s  la m e l la e  in  a  t r a n s v e r s e  m a n n e r .  T h ey  w e re  
e x p o se d , fac in g  th e  c o e lo m ic  w a ll ,  show ing a  g y m n o v a r ia n  c o n d itio n . 
T he r ip e  o v a  w e r e  s p h e r ic a l  an d  t r a n s lu c e n t ,  w ith o u t an  o il g lo b u le , 
c o n ta in e d  f in e ly  d iv id ed  y o lk  and  m e a s u re d  an  a v e ra g e  d ia m e te r  of 
0 .8  m m . T he s p e n t o v a r ie s  c o n ta in e d  b o d ie s  r e s e m b l in g  s ta g e s  in  th e  
fo rm a t io n  of a  " c o rp u s  lu te u m " .

A lth o u g h  s u f f ic ie n t d a ta  an d  m a te r i a l  have  n o t b e e n  a v a ila b le  on 
th e s e  a s p e c t s ,  th e  s tu d ie s  of T a m p i (1957) have  in d ic a te d  th a t th e  o v a ry  
s t a r t s  a c tiv e  d e v e lo p m e n t w ith  th e  fo rm a tio n  of o o cy te s  w hen  th e  f ish  
is  m o re  th a n  ab o u t 500 m m  in  to ta l  le n g th , bu t in  m a le s  th e  s p e rm a to c y te s  
b e g in  to  a p p e a r  on ly  a f t e r  th e  f is h  r e a c h e s  a  s iz e  of m o re  th a n  900 m m . 
T h e  s iz e  r a n g e s  of m a le s  and  fe m a le s  of c o r re s p o n d in g  m a tu r i ty  s ta g e s  
h av e  show n th a t  th e  m a tu ra t io n  of th e  t e s t e s  proceeds f a s t e r  th a n  th e  
o v a r ie s  and  th a t  th e  m a le s  a r e  s m a l le r  th a n  th e  f e m a le s  a t  th e  s a m e  
m a tu r i ty  c o n d itio n . T he h is to lo g ic a l  s tu d ie s  of g ra v id  fe m a le s  d id  no t 
r e v e a l  th e  p o s s ib i l i ty  of th e  f is h  h av in g  sp aw n ed  e a r l i e r ;  and, b a s e d  on 
th i s  i t  w a s  a s s u m e d  th a t  th e  f i r s t  sp aw n in g  ta k e s  p la c e  w hen  th e  f is h  
is  ab o u t 1 ,1 0 0  m m  long  and  11 kg in  w e ig h t.
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F e c u n d ity  and  S paw ning

C hacko  and M ah ad ev an  (1956) gave  th e  fe c u n d ity  of C hanos a s  
1 .9  to  2 m il l io n  eg g s; b u t ,  th e  s tu d ie s  of T a m p i (1957) h av e  show n th a t 
m a tu r e  eggs in  g ra v id  fe m a le s  v a r ie d  b e tw ee n  tw o m ill io n  and fiv e  m ill io n  
in  n u m b e r .  It w as  a ls o  found th a t th e  n u m b e r  of eggs p r e s e n t  w as p r o ­
p o r t io n a l  to  th e  le n g th  of th e  f is h .

T h e  ova d ia m e te r  f r e q u e n c y  s tu d ie s  u n d e r ta k e n  by  T am p i (1957) 
on m a tu re  f is h  h av e  show n th e  a b s e n c e  of m u ltip le  m o d e l c u r v e s ,  b u t 
th e  p r e s e n c e  of on ly  tw o w id e ly  s e p a r a te d  g ro u p s  of im m a tu re  and 
m a tu r e  eg g s , in d ic a tin g  th a t  th e  f is h  h a s  on ly  one sp aw n in g  s e a s o n  in  
a  y e a r .  H o w ev er, th e  p r e s e n c e  of in d is t in c t  m in o r  m o d es  and  th e  w ide 
ra n g e  of s iz e  s e e m e d  to  in d ic a te  so m e  s o r t  of f r a c t io n a l  spaw ning  
w ith in  th e  s e a s o n .

B a se d  on th e  o b s e rv a tio n s  on th e  o c c u r r e n c e  and  a v a i la b i l i ty  of the 
f r y ,  i t  is  in f e r r e d  th a t  th e  f i s h  u s u a lly  sp aw n s d u r in g  F e b r u a r y  to  M ay 
p e r io d .  P a n ik k a r  e t a l (1952) once  r e c o rd e d  th e  f r y  d u r in g  N o v em b er 
and  D e c e m b e r  in  th e  M an d ap am  a r e a  w h en  s p e n t f e m a le s  a ls o  w e re  
c o l le c te d .  T h e re fo re ,  th e y  h ad  d ra w n  a t te n t io n  to  th e  p o s s ib i l i ty  of a 
s u b s id ia r y  spaw ning  d u r in g  O c to b e r -D e c e m b e r .  R ao  (1972), b a se d  on 
th e  co n tin u o u s  o c c u r r e n c e  of th e  f r y  f r o m  F e b r u a r y - M a r c h  to  O c to b e r , 
is  of th e  o p in ion  th a t  in d iv id u a l f is h  m a y  be spaw ning  in d e p e n d e n tly  of 
th e  o th e r s  in  th e  p o p u la t io n .

A s in  th e  c a s e  o f sp aw n in g  s e a s o n , th e  e x te n t of th e  sp aw n in g  
g ro u n d s  of Chanos in  th e  In d ian  s e a s  is  to  b e  in f e r r e d  o n ly  f r o m  th e  
o c c u r r e n c e  and  ab u n d an c e  of th e  f r y .  The G ulf of M an n ar s id e  on th e  
s o u th e a s t  c o a s t  is  u n d o u b ted ly  one of th e  a r e a s  w h ich  show  th e  m o s t 
ab u n d an t c o n c e n tra t io n  of C hanos f r y .  S im ila r ly ,  m a n y  p la c e s  a ro u n d  
P o in t C a l im e re ,  M a d ra s , M a su lip a tn a m  and C h ilk a  f a r th e r  to w a rd s  th e  
n o r th  a r e  good c o l le c t io n  c e n te r s  fo r  e a r ly  f r y .  Judg ing  b y  th e  s iz e  of 
th e s e  f r y  and th e  t im e  r e q u i r e d  f o r  th e i r  m ig ra t io n  to  th e  c o a s t ,  i t  m a y  
b e  co n ten d ed  th a t th e  sp aw n in g  g ro u n d s  a r e  n o t f a r  off f r o m  th e  c o a s t .  
B u t c o n c re te  e v id e n c e s  a r e  la c k in g .

B a se d  on th e  r e la t iv e  ab u n d an ce  of th e  f r y  d u r in g  new  m o o n  
p e r io d  th a n  d u rin g  fu ll  m o o n  p e r io d  (C hacko  and M ah ad ev an , 1956; 
R ao , 1972), i t  a p p e a r s  th a t  th e  spaw n ing  in te n s i ty  is  g r e a t e r  d u r in g  
th e  f o r m e r  p e r io d .  T h e  o b s e rv a tio n s  of M a lu p illa y  and  C hacko  (1959) 
an d  R ao  (1972) th a t th e  p e a k s  of o c c u r r e n c e  of th e  f r y  w e re  p re c e d e d  
b y  r a in fa l l ,  in d ic a te  th a t  th e  spaw n ing  p r o c e s s  ta k e s  p la c e  d u r in g  o r  
so o n  a f te r  the  r a in s .  M any  m a r in e  s p e c ie s  of f is h  a r e  know n to  b eco m e  
s e x u a l ly  a c t iv e  on th e  o n se t of th e  f i r s t  r a in s .
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Eg gs an d  L a rv a e

T he o n ly  r e p o r t  on th e  c o l le c t io n  of th e  eggs of C hanos f ro m  
In d ia n  w a te r s  is  th a t  of C hacko  (1950) f r o m  th e  G ulf of M a n n a r . T h e ir  
id e n tif ic a t io n  w as  b a s e d  on th e  d e s c r ip t io n s  g iv e n  b y  D e lsm a n  (1926, 1929) 
of C hanos eg g s c o l le c te d  f r o m  th e  Ja v e  c o a s t .  D e ta ile d  d e s c r ip t io n s  
and  f ig u re s  of th e s e  eggs and th e  la r v a e  h a tch ed  ou t of th e m  h av e  no t 
b e e n  p u b lish e d  so  f a r .  S u b se q u en tly , C hacko and M ah ad ev an  (1956) had  
c o l le c te d  f ro m  th e  N e llo re  c o a s t  eg g s  re s e m b lin g  th o se  of C h an o s , b u t 
th e s e  w e re  s a id  to  be s m a l le r  in d ia m e te r .  One of us ( P .R .S .  T .)  had  
is o la te d  la r g e  n u m b e rs  of eggs f r o m  th e  s u r f a c e  p la n k to n  c o lle c t io n s  
o f th e  G ulf of M an n ar d u r in g  J a n u a ry -M a rc h  1951, i . e .  th e  m o n th s  
im m e d ia te ly  p re c e d in g  th e  a p p e a ra n c e  of f r y  a long  th is  c o a s t  and  w h a t 
co u ld  be th e  p ro b a b le  sp aw n in g  s e a s o n .  T h e se  eg g s  c lo s e ly  a g re e d  w ith  
th e  know n d e s c r ip t io n s  of C hanos e g g s . H o w ev er, th e  la r v a e  h a tc h e d  out 
f r o m  th e m , e s p e c ia l ly  of th e  s e c o n d  and  th i r d  d a y s , fa i le d  to  show  th e  
p a t te r n  of a r r a n g e m e n t  of th e  m u s c le  f ib e r s  in th e  m y o to m e s  o r  th e  
p ig m e n ta tio n  s a id  to  be  c h a r a c t e r i s t i c  of C hanos la r v a e .  S im ila r  
c o lle c t io n s  w e r e  m a d e  in  su b se q u e n t y e a r s  a ls o  f r o m  th e s e  lo c a l i t i e s .  
D if f ic u ltie s  in  r e a r in g  th e  h a tc h in g s  beyond  th e  c r i t i c a l  p h a s e  and  to  ta k e  
th e m  to  a n  id e n tif ia b le  s ta g e  have  b e e n  th e  m ain  b o tt le n e c k  in  s e t t l in g  
th e  id e n tity  of th e  eggs and  la r v a e .

P h y s io lo g ic a l  A d a p ta tio n

S om e s tu d ie s  w e re  m a d e  of th e  ad a p tiv e  re s p o n s e s  of th e  f i s h  to  
v a r ia t io n s  in  s a l in i ty ,  te m p e r a tu r e  (P a n ik k a r ,  e t  a l ,  1953) and  d is s o lv e d  
o x y g en  co n te n ts  of w a te r  (V isw an a th an  and T a m p i, 1952). It w as  found 
th a t  th e  f in g e r l in g s  m a in ta in e d  th e i r  b lo o d  s e r u m  c h lo r id e  f a i r l y  c o n s ta n t 
in  a  w id e  ra n g e  of e x te r n a l  s a l in i ty  v a r ia t io n s .  In  e x te r n a l  s a l in i t i e s  
c o r re s p o n d in g  to  a  c h lo r id e  c o n te n t of 5 p p m  and  le s s ,  th e  s e r u m  c h lo r id e  
v a lu e s  w e re  s u g g e s tiv e  of a  b re a k d o w n  of o s m o re g u la to ry  m e c h a n is m  of 
th e  f is h .  H o w ev er, th e  p r e s e n c e  of c a lc iu m  (144 ppm ) in  th e  e x te r n a l  
m e d iu m  a id e d  th e  f is h  in  th e  r e te n t io n  of b lood  s a l t s  th u s  p o in tin g  to  th e  
s ig n if ic a n c e  of c a lc iu m  io n s  in  o s m o re g u la to ry  fu n c tio n s . The s a l in i ty  
o f th e  w a te r  d id  n o t a p p e a r  to  in flu en ce  to  an y  s ig n if ic a n t e x te n t su c h  
m e ta b o lic  c h a r a c t e r i s t i c s  of th e  f is h  a s  h e a t - d e a th  te m p e r a tu r e ,  oxygen  
co n su m p tio n , r e s i s ta n c e  to  a sp h y x ia tio n , e tc .  D isc u s s in g  th e  s ig n if ic a n c e  
of th e  d a ta , th e  a u th o rs  p o in te d  ou t th a t  an y  r a t io n a l  s y s te m  of f is h  c u l tu re  
r e q u i r e s  a s  an  e s s e n t i a l  p r e r e q u i s i t e  in fo rm a tio n  on th e  to le r a n c e  
l im i ts  of s a l in i ty  and  te m p e r a tu r e ,  th e  in f lu e n c e  of ions in  th e  w a te r  and 
of th e  s iz e  of th e  f i s h .  The re la t io n s h ip s  b e tw ee n  s iz e  and  m e ta b o lic  
a c t iv i ty  of th e  f is h  w e re  found u se fu l in  th e  c a lc u la t io n  of th e  r a t e  of 
v a r ia t io n  of th e  n u m b e r  of v ia b le  f i s h  u n d e r t r a n s p o r t  w ith  th e  s iz e  of th e  
f i s h  and  in  p ro v id in g  a  c o n v e n ie n t m e a s u r e  fo r  th e  c o m p a r is o n  of th e  
v ia b il i ty  of th e  f is h  u n d e r  d if f e r e n t  e n v iro n m e n ta l  c o n d itio n s .
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P i tu i ta ry ,  T h y ro id  and K idney

In v iew  of th e  im p o r ta n c e  of th e  e x c r e to r y  o rg a n s  and  e n d o c r in e  
s y s te m  in  th e  m a in te n a n c e  of a  s te a d y  s ta te  of in te r n a l  e n v iro n m e n t 
of th e  f is h ,  a s tu d y  of th e  k idney , p i tu i ta r y  and th y ro id  in  d if f e r e n t  
s ta g e s  of th e  f is h  w as  m a d e  b y  T a m p i (1951, 1953 and  1959). The 
k id n e y  in  th e  ad u lt f is h  h a s  th e  c o n v e n tio n a l h is to lo g ic a l s t r u c tu r e ,  
c o m p o se d  of g lo m e ru li  fo llo w ed  by  a  c i l ia te d  n e c k , a  c o m p a r a t iv e ly  
n a r ro w  p ro x im a l co n v o lu ted  s e g m e n t and  a  b r o a d e r  d is ta l  s e g m e n t.  
T he k id n ey  in  th e  l a r v a l  s ta g e s  in th e  15 m m  la r v a  (u n p u b lish e d  d a ta  
o f P . R . S . T . )  is  a  m u ch  s im p le  s t r u c tu r e  c o n s is tin g  of 15 -20  g lo m e ru li ,  
e a c h  w ith  a s h o r t ,  a p p a re n tly  u n d if fe re n tia te d  tu b u le , a l l  of w h ich  a r e  
em b ed d ed  in  a  h ig h ly  v a s c u la r  h a e m o p o ie tic  t i s s u e  s u r ro u n d in g  th e  
m a in  d o r s a l  b lood  v e s s e l .  A t th is  s ta g e  th e  u r in e  is co n d u c ted  to  th e  
o u ts id e  by m e a n s  of a  co m m o n  u r e t e r .  T he s ig n if ic a n c e  of th e  f in e r  
s t r u c tu r e  of th e  r u r a l  tu b u le s , if p r o p e r ly  u n d e rs to o d  th ro u g h  e x p e r im e n ts ,  
w ould  be of im m e n se  b e n e f it  in  u n d e rs ta n d in g  th e  o s m o re g u la to ry  p o w e rs  
of th e  f is h .  S tru c tu re  p e c u l ia r i t i e s  in the  p i tu i t a r y  of th e  e a r ly  f is h  
w e re  o b s e rv e d  a lth o u g h  th e i r  fu n c tio n a l s ig n if ic a n c e  is  n o t known. S im i­
l a r ly ,  th e r e  is  a  f a i r l y  good a c c o u n t a v a i la b le  on th e  n a tu r e  of the  
th y ro id  c e l ls  of th e  l a r v a l  f i s h  u n d e r  d if f e re n t  s a l in i t i e s ,  te m p e r a tu r e  
and  u n d e r  the  in flu en ce  of c e r t a in  th y ro id  in h ib itin g  d ru g s  (u n p u b lish ed  
d a ta  of P . R . S . T . ) .

G e n e ra l  R e m a rk s  on F u tu r e  L in e s  of In v e s tig a tio n s

T h e  p a u c ity  of d a ta  on th e  ad u lt m ilk f is h  h a s  b e e n  a  g e n e r a l  
c o n s t r a in t  and th e  n eed  to  h av e  a  b e t te r  u n d e rs ta n d in g  of th e  b io lo g y  of 
th e  f is h  h a s  b e e n  w id e ly  s t r e s s e d .  A s th e  d is t r ib u t io n  of th e  f is h  c o v e rs  
a  v e r y  la rg e  re g io n  s p re a d  o v e r  th e  In d o -P a c if ic ,  i t  is e s s e n t i a l  th a t 
th e  v a r io u s  c o u n tr ie s  c o n c e rn e d  c o l la b o ra te  and o b ta in  a s  m u ch  r e l ia b le  
in fo rm a tio n  a s  p o s s ib le  in  th is  r e s p e c t .  S e v e ra l  a g e n c ie s  in th e s e  
c o u n tr ie s  a r e  a t  p r e s e n t  a c t iv e ly  eng ag ed  in s tu d ie s  on th e  d if fe re n t  
a s p e c t s ,  m o s t  of w h ich  p e rh a p s  la y  g r e a t e r  s t r e s s  on th e  p r a c t ic a l  
p ro b le m s  r e la te d  to  i ts  c u l tu r e .  W hile a  c o o p e ra tiv e  a p p ro a c h  co u ld  
y ie ld  q u ic k  and  u se fu l r e s u l t s  in u n ra v e llin g  th e  p ro b le m s  on the life  
of su c h  a  f ish  w ith  e x te n s iv e  d is t r ib u t io n ,  i t  m a y  be p o s s ib le  to  ta c k le  
so m e  of th e  s tu d ie s  on a  r e g io n a l  o r  lo c a liz e d  b a s is  and depending on 
th e  f a c i l i t ie s  and in t e r e s t s  of the  s p e c if ic  re g io n . In th is  m a n n e r  th e  
e x is t in g  g ap s  cou ld  be  c o v e re d  so  th a t  a  c o m p le te  a cc o u n t cou ld  be 
b u il t  up if a  p la n n ed  a p p ro a c h  is ta k e n .

W hen v iew ed  in th is  b ac k g ro u n d  and p r io r i t i e s  a r e  d ra w n  up, 
s tu d ie s  on a r t i f i c i a l  in d u c e m e n t o f sp aw n in g  of th e  m ilk f is h  m a y  
p e rh a p s  g a in  th e  f i r s t  p la c e .  It is  g ra t ify in g  to  n o te  th a t c e r t a in



189

o rg a n iz a tio n s  a r e  s e iz e d  of th is  p ro b le m  and e x p e r im e n ts  a r e  u n d e rw a y  
to  m a k e  th e  f is h  b re e d  a r t i f i c i a l l y  th ro u g h  th e  te c h n iq u e  of a d m in is te r in g  
p i tu i ta r y  h o rm o n e s . T h is  te c h n iq u e , as  w e know  to d ay , is  a p p lic a b le  
o n ly  to  m a k e  s e x u a l ly  m a tu r e  f is h  r e l e a s e  th e  g o n ad a l p ro d u c ts  so  
th a t  e x te rn a l  f e r t i l i z a t io n  of eg g s  co u ld  be c a r r i e d  o u t. In th e  c a s e  
of th e  m ilk f ish , o b ta in in g  s e x u a l ly  r ip e  f is h  e i th e r  in  n a tu re  o r  in 
ponds r e m a in s  a  p ro b le m  b y  i t s e l f .  T h e re fo re ,  e f fo r ts  w ill  h a v e  to  
b e  m a d e  to  s e e  how th e  f i s h  co u ld  b e  r e a r e d  to  a  s ta g e  w h en  p i tu i ta r y  
h o rm o n e  a d m in is t r a t io n  c o u ld  be e f fe c t iv e .  In th is  co n n e c tio n  so m e  
fu n d a m e n ta l s tu d ie s  on th e  p h y s io lo g y  of th e  f ish , c o v e r in g  th e  w ho le  
g a m u t of r e p ro d u c t iv e  p h y s io lo g y  to g e th e r  w ith  e n d o c rin o lo g y  a s  w e ll 
a s  a d a p ta tio n a l p h y s io lo g y  and m e ta b o l is m , w ould  be h e lp fu l.

T h e  n ex t i te m  w h e re  a  c o o p e ra t iv e  e f fo r t  w ould  be c a l le d  fo r  is 
th e  lo c a tio n  of th e  sp aw n in g  g ro u n d s  as  w e ll  a s  id e n tif ic a t io n  of the  
eg g s and e a r ly  la r v a e  f r o m  th e  p la n k to n . It is  t im e  th a t th e  q u e s tio n  
of id e n tif ic a t io n  o f th e  eg g s is  re v ie w e d  in  g r e a t e r  d e ta i l  and th e  id e n tity  
e s ta b l is h e d  so  th a t  th e  w o r k e r s  in  th e  d if fe re n t r e g io n s  could have  a 
p o s it iv e  g u id e  in th is  r e s p e c t .  F o r  th is  p u rp o s e , h o r iz o n ta l  and  v e r t ic a l  
p la n k to n  c o l le c t io n s  d u r in g  a p p r o p r ia te  s e a s o n s  sh o u ld  be in te n s if ie d  
in  th e  d if fe re n t  re g io n s  and  e f fo r ts  sh o u ld  b e  m a d e  to  h a tc h  and  r e a r  th e  
eg g s to  an  id e n tif ia b le  s ta g e  so  th a t th e  r e l ia b le  c h a r a c te r s  cou ld  b e  
d e l in e a te d .  T h is  w ould  a ls o  h e lp  in  th e  lo c a tio n  of spaw n ing  g ro u n d s  
of th e  f is h .

A c r i t i c a l  s tu d y  of th e  sp aw n in g  s e a s o n  r e v e a ls  c e r t a in  in te r e s t in g  
f e a tu r e s .  B y and la r g e ,  th e  m a in  f r y  and f in g e r l in g  s e a s o n  in  m an y  
re g io n s  of th e  In d o -P a c if ic  c o a s t  is  d u rin g  th e  s u m m e r  m o n th s  of 
A p r i l - J u ly .  H o w ev er, in  m a n y  p la c e s  f r y  h av e  b een  re p o r te d  to  
o c c u r  in  o th e r  m o n th s ; th is  h a s  le d  us to  b e l ie v e  th a t  th e r e  is  m o r e  
th a n  one b re e d in g  s e a s o n , o r  th a t  in d iv id u a l f is h  m a y  ex h ib it v a r ia t io n s  
b e s id e s  th e  s p e c ie s  a s  a  w h o le  show ing p r o t r a c te d  spaw n ing  b e h a v io r s .  
A p a r t  f r o m  th e  p o s s ib i l i ty  of e x is te n c e  of d if f e r e n t  r a c i a l  s to c k s  w ith  
d if f e r e n t  sp aw n in g  c h a r a c t e r i s t i c s ,  one f a c to r  w h ich  a p p e a rs  to  be 
in v o lv ed  and  w h ich  d oes n o t s e e m  to  hav e  b e e n  g iv e n  due c o n s id e ra t io n  
is  th e  p a t te r n  of m ig r a to r y  b e h a v io u r  of th e  f ry  and  f in g e r l in g s .  
F o r ,  if  th e  e x a c t t im e  o f a p p e a ra n c e  of f r y  a long  an y  p a r t i c u l a r  c o a s t  
is  c a r e f u l ly  a n a ly z e d , e s p e c ia l ly  in  r e la t io n  to  th e  s iz e ,  so m e  d e fin ite  
p a t te r n  is  l ik e ly  to  e m e r g e .  A t le a s t ,  it  is  so  in  th e  c a s e  of th e  
o c c u r r e n c e  of C hanos f r y  a lo n g  th e  e a s t  c o a s t  of In d ia  w h e re  th e  f r y  a r e  
f i r s t  r e p o r te d  f r o m  th e  G ulf of M a n n a r  a r e a  and  g ra d u a l ly  a s  th e  s e a s o n  
a d v a n c e s  th e y  show  up in  th e  n o r th e rn  c e n t r e s  to w a rd s  th e  l a t e r  m o n th s . 
T h e re  is  so m e  in c r e a s e  in  th e i r  a v e ra g e  s iz e  a ls o  a s  th e y  o c c u r  in  
th e s e  n o r th e r n  c e n t r e s .  W hile th is  is  o n ly  a  g e n e r a l  o b s e rv a tio n  w h ich  
n e e d s  m o r e  c r i t i c a l  a n a ly s is  and  a  b a s is  d e te rm in e d , f r o m  o u r 
u n p u b lish e d  o b s e rv a tio n s  a long  th e  In d ian  c o a s t  th e r e  a p p e a r s  to  b e  a
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n eed  to  s tu d y  th is  a s p e c t  c a r e f u l ly .  It is  n o t c l e a r  if h y d ro g ra p h ic  
f a c to r s  have  an y  in flu en ce  on th is  ty p e  of b e h a v io u r . S ide by  s id e  
w ith  su c h  s tu d ie s , it  w ould  be a d v an tag eo u s  to  co n d u c t in v e s t ig a t io n s  
on  f a c to r s  th a t  te n d  to  a t t r a c t  th e  f r y  to  s p e c if ic  l o c a l i t i e s ,  any 
p e r io d ic i ty  o r  c y c lic  o c c u r r e n c e  and a lso  th e i r  m ig ra t io n  b a c k  to  th e  
o pen  s e a s  w hen  on ce  th e y  p a s s  th e  f in g e r l in g  s ta g e .  Som e tag g in g  
o p e ra t io n s  on f in g e r l in g s  a t  s e le c te d  c e n t r e s  would p ro v e  b e n e f ic ia l  
in  u n ra v e llin g  so m e  of th e  l e s s  know n p ro b le m s  of b e h a v io u r  of the  
f i s h  in  th is  e a r ly  p h a s e .

F o r  su ch  o f th o s e  re g io n s  w h ich  a r e  p r im a r i l y  c o n c e rn e d  w ith  
th is  f is h  a s  th e  p r in c ip a l  s p e c ie s  fo r  b ra c k is h w a te r  c u l tu re  and 
w here  p o te n tia ls  e x is t ,  i t  is  im p e ra t iv e  th a t a  p r o p e r  s u rv e y  and 
e s t im a t io n  of th e  n a tu r a l  f r y  r e s o u r c e s  a r e  c o m p le te d  w ith o u t f u r th e r  
d e la y . A t th e  s a m e  t im e ,  th o s e  re g io n s  indu lg ing  in  f r y  c o l le c t io n  a s  
a  t r a d e  w ould do w e ll  to  w a tc h  th e  tre n d  of c o lle c t io n s  f r o m  y e a r  to  
y e a r  so  th a t an y  p o s s ib le  e f fe c t  on th e  u lt im a te  s to c k  co u ld  be s tu d ie d , 
a lth o u g h  th e  re m o v a l  of a  few  m ill io n  f r y  e v e ry  y e a r  f r o m  a n y  lo c a li ty  
is  u n lik e ly  to  r e s u l t  in  an y  s e r io u s  a d v e r s e  e ffe c t in  th e  c a s e  of a 
s p e c ie s  w hose  fe c u n d ity  is  p h e n o m e n a l.
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