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Quality evaluation of brine shrim p A rtem ia  cysts produced in Asian salt ponds
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A b s tra c t

A r te m ia  cy s t s  p r o d u c e d  in  i n o c u l a t e d  sa lt  p o n d s  in t h e  P h i l i p p in e s ,  T h a i l a n d  a n d  I n d ia ,  w e r e  a n a ly z e d  in 
c o m p a r i s o n  w i th  t h e  p a r e n t a l  s t r a in s  u s e d  f o r  th e  i n o c u l a t i o n s .  C y s t  h a t c h i n g  ef f ic ienc y,  h a t c h i n g  r a t e  a n d  
c o l o r  c h a n g e d  s ig n i f ic a n t ly  a f t e r  i n o c u l a t i o n ,  w h e r e a s  t h e  cy s t ’s d i a m e te r s ,  n a u p l i u s  s u rv iv a l  a n d  n a u p l i u s  
g r o w t h  r e m a in e d  fa i r ly  c o n s t a n t .  T h e  n u t r i t i o n a l  v a lu e  o f  t h e  A r te m ia  n a u p l i i  w a s d e t e r m i n e d  in a s t a n d a r d  
c u l t u r e  t es t  w i t h  M y s id o p s is  b a h ia  j u v e n i l e s  as tes t  a n im a ls .  P r o d u c t i o n  re s u l t s  w e r e  c o m p a r e d  w i t h  th e  fa t ty  
a c id  p ro f i le s  o f  t h e  A r te m ia  n a u p lii .  L o w  levels o f  t h e  e s se n t ia l  f a t t y  ac id  20:5o>3 in o n e  o f  t h e  p r o d u c e d  cyst  
b a t c h e s  w e r e  p r o b a b l y  c a u s e d  by  i n a d e q u a t e  f o o d  c o n d i t i o n s  in th e  p o n d  a n d  r e s u l te d  in p o o r e r  g r o w t h  o f  t h e  
A/ ttr ir / ci /m sju ven i le s .  B a s e d  o n  t h e  r e s u l t s  o f  th is  s t u d y  a d i s t i n c t io n  is m a d e  b e tw e e n  e s se n t ia l  a n d  n o n - e s s e n 
tial  s t r a in  se le c t io n -c r i t e r ia  f o r  A r te m ia  i n o c u l a t i o n s  a n d  t r a n s p l a n t a t i o n s .

I n t r o d u c t io n

B r in e  s h r i m p  A r te m ia  i n o c u l a t i o n s ,  i.e. m a n -  
m a n a g e d  i n t r o d u c t i o n s  o f  A r te m ia  in  s e a s o n a l  sa lt  
p o n d s  ( P e r s o o n e &  S o r g e l o o s ,  1980) a p p e a r  t o  ha v e  
l a rg e  p o t e n t i a l  i n  t h e  t r o p i c a l  b e l t  in  v iew  o f  t h e  ever 
i n c r e a s i n g  d e m a n d s  f o r  l ive f o o d  in  loca l  a q u a c u l 
t u r e  h a t c h e r i e s  a n d  n u r s e r i e s  ( S o r g e l o o s ,  in  press) .  
S o m e  c o u n t r i e s  s u c h  as  T h a i l a n d  a re  v e ry  su c ce ss 
fu l  in  a p p l y i n g  th i s  t e c h n i q u e  a n d  p r o d u c e  A r te m ia  
c y s t s  in  a r e a s  w h ic h  p re v io u s ly  c o m p l e t e l y  d e 
p e n d e d  o n  h i g h -p r i c e d  i m p o r t s  ( T u n s u t a p a n i c h ,  
1980; S a h a v c h a s i n ,  1981).  O t h e r  c o u n t r i e s  in  S E -  
A s i a  a n d  C e n t r a l  A m e r i c a  (e.g.  V o s  &  d e  la R o s a ,  
1980; N a e g e l ,  1979; R o y a n ,  1981) a r e  sti ll  in  the  
e x p e r i m e n t a l  p h a s e ,  t r y i n g  t o  a d a p t  a v a i l a b l e  te c h 
n o l o g y  to  lo ca l  c o n d i t i o n s .

S o  f a r  m o s t  e f f o r t s  in  A r te m ia  i n o c u l a t i o n  p r o 
j e c t s  h a v e  b e e n  d i r e c te d  t o w a r d s  in c re a se d  p r o d u c 
t i o n  o u t p u t s  t h r o u g h  i m p r o v e d  p o n d  d es ig n  a n d  
m a n a g e m e n t .  A l t h o u g h  it is  well  d o c u m e n t e d  th a t  
A r te m ia  s t r a in s  b e lo n g i n g  t o  t h e  s a m e  g e n o ty p e  c a n

d i f f e r  la rg e ly  in  m a n y  c h a ra c t e r i s t i c s  (see  rev iews  by 
S o r g e l o o s ,  1980 , in  p res s )  l i t t le  o r  n o  a t t e n t i o n  h as  
b e e n  p a i d  t o  t h e  i m p a c t  o f  e n v i r o n m e n t a l  effec ts  on  
t h e  q u a l i t y  o í  A r te m ia  cys ts  p r o d u c e d  by  i n o c u l a t e d  
p o p u l a t i o n s .

I n  t h i s  s t u d y  w e  r e p o r t  a b o u t  d i f f e re n c e s  be tw e en  
i n o c u l a t e d  A r te m ia  cys ts  a n d  cys ts  h a r v e s t e d  a f t e r  a 
few  m o n t h s  p r o d u c t i o n  in th e  i n o c u l a t e d  sa lt  p o n d s  
in  th e  P h i l i p p i n e s ( a t  B a r o t a c N u e v o  in  1978 a n d  at  
J a r o  in  1981),  T h a i l a n d  ( a t  B a n g p a k o n g  in 1979) 
a n d  I n d i a  ( a t  M u n d r a  in 1979).

T h e  f o l lo w in g  c h a ra c t e r i s t i c s  w e r e  an a ly z e d :
-  h a t c h i n g  r a t e  a n d  effi ciency;
-  c o l o r  o f  t h e  cy s t ' s  she ll  w h ic h  c o r r e la t e s  w i th  

r a d i a t i o n  se n s i t iv i ty  a n d  n a u p l i u s  s u rv iv a l  ( M e a 
de,  1976);

-  cy s t  d i a m e t e r  w h ic h  is p r o p o r t i o n a l  t o  t h e  n a u 
pl iu s  l e n g t h  ( V a n h a e c k e  &  S o r g e l o o s ,  1980 a)  
a n d  h a s  i ts  i m p o r t a n c e  w i t h  r e g a r d  t o  th e  inges- 
t ib i l i ty  o f  th e  n a u p l i i  by  e a r ly  l ive s ta g e s  o f  c u l 
t u r e d  species;

-  s u r v i v a l  a n d  g r o w t h  o f  t h e  n a u p l i i  a s  i m p o r t a n t
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T a b le  I .  S u m m a ry  o f  a b io t ic  a n d  b io tic  c o n d i t io n s  in  in o c u la te d  ponds.

S ite P o n d
su rfa c e
(m O

W a te r
d e p th

(cm )

W ate r
te m p e ra tu re
(°C )

S a lin ity  
ran g e  

(%a) '

F o o d O rig in  o f  cy s ts  used 
fo r  in o c u la tio n

B a tch  id e n tif ic a tio n  
o f  cysts h a rv es ted  
f ro m  in o cu la ted  
p o n d s

B a n g p a k o n g
(T h a ila n d )

220 2 0 -3 0 2 5 .5 -3 7 .0 100 150 N a tu ra l p ro d u c tiv ity  
( r e g u la r  m an g ro v e  
w a te r  in tak e )

S a n  F ra n c isc o  B ay  B rand  
C y  b a tc h  1728 (S F B  1728)

B P  1979

B a ro ta c  N u e v o  
(P h ilip p in e s )

16 000 30 2 5 .0 -3 7 .0 8 0 -1 7 0 N a tu ra l p ro d u c tiv ity  
( r e g u la r  m an g ro v e  
w a te r  in tak e )

S a n  F ra n c isc o  B ay  B rand  
C y  b a tc h  2596  (S F B  2596)

BN 1978

J a r o
(P h ilip p in e s )

1 250 3 0 -4 5 2 5 .0 -3 7 .0 100-140 In o rg a n ic  fe rti l is a tio n  
( r e g u la r  b r in e  in tak e )

B a ro ta c  N u e v o  b a tc h  
1978 (B N  1978)

J A  1981

M u n d ra
(In d ia )

3 000 40 28.0- 35.0 100-160 N a tu ra l  p ro d u c tiv ity  
( r e g u la r  m an g ro v e  
w a te r  in ta k e )

S a n  F ra n c isc o  B ay  B rand  
C y  b a tc h  2596  (S F B  2596)

M U  1979

c r i t e r i a  in  c u l tu r in g ;
-  b i o c h e m ic a l  c o m p o s i t i o n  a n d  n u t r i t i o n a l  va lu e  

o f  f r e s h ly - h a t c h e d  n a u p l i i  f o r  c u l t u r e d  species .

M e th o d s

In o c u la t io n  a n d  c y s t p r o d u c t io n

A ll  se le c te d  p o n d s  w e r e  s i t u a t e d  in  p r iv a t e ly -  
o w n e d  s a l t f a r m s  a n d  h a d  p re v io u s ly  b e e n  u s e d  as 
e v a p o r a t i o n  p o n d s .  P r i o r  t o  i n o c u l a t i o n  w i t h  A r 
te m ia  m o s t  o f  t h e  p o n d s  h a d  to  b e  d e e p e n e d  by 
h e i g h t h e n i n g  th e  d i k e s  a s  to  a s s u r e  w a t e r  d e p t h s  o f  
3 0 - 4 0  c m  in  w h i c h  t e m p e r a t u r e s  n e v e r  ex c e e d  t h e  
l e th a l  level  o f  37 “ C.

S e a w a t e r  a n d  b r in e  w e r e  t a k e n  in e i t h e r  by  g r a v i 
ty  f l o w  o r  by  p o r t a b l e  p u m p s .  A r te m ia  p r e d a t o r s  
s u c h  a s  f i sh  a n d  c r u s t a c e a n  speci es  were  e l im in a te d  
f r o m  th e  p o n d s  by  s c r e e n in g  th e  i n t a k e  w a t e r  a n d /  
o r  b y  k e e p in g  t h e  sa l i n i t y  a t  levels h i g h e r  t h a n  o r  
c lo s e  t o  100%„ t h r o u g h o u t  t h e  p r o d u c t i o n  p e r io d .  
S u f f i c i e n t  f o o d  levels w e r e  a s s u r e d  by  e i t h e r  r e g u l a r  
i n t a k e s  o f  m a n g r o v e  w a t e r  o r  by  r e g u l a r  f e r t i l iz a 
t i o n  w i t h  i n o r g a n i c  c o m p o u n d s  ( m o n o - a m m o n i -  
u m p h o s p h a t e a n d  u r e a ,  e a c h  a t  50  K g / h a / 14 days).

A r te m ia  cy s ts  f r o m  th e  s t r a in  used  f o r  th e  i n o c u 
l a t i o n  w e r e  h a t c h e d  o u t  u n d e r  l a b o r a t o r y  c o n d i 
t i o n s  i n  n a t u r a l  s e a w a te r .  F r e s h l y - h a t c h e d  n a u p l i i  
w e r e  t r a n s f e r r e d  t o  t h e  c u l t u r e  p o n d s  a t  dens it ie s  
r a n g i n g  f r o m  10 to  4 0  n a u p l i i , / 1 p o n d  w a te r .  I n  less 
t h a n  2 w e e k s ,  t h e  i n o c u l a t e d  b r in e  s h r i m p  l a r v a e

h a d  g r o w n  t o  a d u l t  s ize  a n d  s t a r t e d  t o  p r o d u c e  cys ts 
( o v i p a r o u s  r e p r o d u c t i o n )  a n d  n a u p l i i  (o v o v iv ip a r -  
o u s  r e p r o d u c t i o n ) .

I n  a  f i r s t  p h a s e  t h e  o v o v i v ip a r o u s  r e p r o d u c t i o n  
m o d e  w a s  f a v o r e d  by m a i n t a i n i n g  t h e  sa l i n i t y  levels 
c lo s e  t o  100%0; as a  c o n s e q u e n c e ,  t h e  c o n t i n u o u s  
r e c r u i t m e n t  a s s u r e d  a  fast  in c re a se  o f  t h e  p o p u l a 
t i o n .  A f t e r  a b o u t  2 - 3  m o n t h s  t h e  sa li n it y  levels were  
a l l o w e d  t o  in c r e a se  by  e v a p o r a t i o n  a n d  t h e  ov e ra l l  
m o d e  o f  r e p r o d u c t i o n  sw i tc h e d  to  ov ip ar i ty .

F l o a t i n g  cysts  a g g r e g a t e d  in  d e n s e  p a t c h e s  in t h e  
c o r n e r s  o f  t h e  p o n d s  f r o m  w h e r e  t h e y  w e r e  r e g u l a r 
ly h a r v e s t e d  w i t h  s c o o p  ne ts .  T h e  cys ts  w e r e  th en  
p ro c e s s e d  fo l lo w in g  t h e  r e c o m m e n d a t i o n s  by  S o r 
g e lo o s  e t  al. (19 7 8 )  a n d  S o r g e l o o s  (1 9 7 8 )  t o  give a 
c l e a n  a n d  d r y  p r o d u c t  w h i c h  w a s  e v e n tu a l l y  s to r e d  
u n d e r  v a c u u m  u n t i l  f u r t h e r  a na ly s i s .  P r o d u c t i o n  
y ields ,  e x t r a p o l a t e d  f r o m  i n d iv id u a l  p o n d s ,  r a n g e d  
f r o m  10 t o  60 k g  d r y  c y s t s / h a / 5  m o n t h  pe ri od .

M o r e  de ta i l s  o n  th e  p r o d u c t i o n  c o n d i t i o n s  a t  the  
v a r i o u s  i n o c u l a t i o n  s i te s c a n  be  f o u n d  in  T a b l e  I 
a n d  in  t h e  p a p e r s  o f  D e  Ios S a n t o s  e t al. (1980) ,  
R o y a n 98 1),  T u n s u t a p a n i t  ( 1979)  a n d  V o s ( 1981 ).

C y s t  h a tc h in g  e f f ic ie n c y  a n d  h a tc h in g  ra te

T h e  h a t c h i n g  e ff ici ency  w a s  d e t e r m i n e d  a t  25 °  C,  
u n d e r  c o n t i n u o u s  i l l u m i n a t i o n  o f  1 0 0 0  lux ,  a n d  in 
3 5 % 0 se a w a t e r  a c c o r d i n g  to  S o r g e lo o s  e t a!. (1978) ,  
a n d  w a s  ex p re s s e d  as t h e  n u m b e r  o f  n a u p l i i  ha tc h e d  
a f t e r 4 8 h / g  d r y  cys ts .  T h e  h a t c h i n g  ra t e  w a s  de t e r 
m in e d  u n d e r  t h e  s a m e  c o n d i t i o n s  a c c o r d i n g  to  the
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p r o c e d u r e  m e n t i o n e d  by  V a n h a e c k e  &  S o r g e l o o s  
(19 82)  a n d  e x p re s s e d  as h o u r s  o f  i n c u b a t io n  
n e e d e d  t o  r e a c h  0 ,  50 ,  a n d  90 %  ( T 0, T 50, T 90) o f  the  
m a x i m a l  h a t c h i n g  value .

C y s t  d ia m e te r

T h e  d i a m e t e r  o f  fu lly  h y d r a t e d  cys ts  w a s  d e t e r 
m in e d  w i t h  C o u l t e r  C o u n t e r  e q u i p m e n t  a c c o r d i n g  
to  t h e  t e c h n i q u e  d e s c r i b e d  by  V a n h a e c k e  e t a i  
(1980) .

N a u p l iu s  s u r v iv a l  a n d  g r o w th

S u r v iv a l  a n d  g r o w t h  o f  t h e  n a u p l i i  h a t c h e d  f ro m  
t h e  d i f f e re n t  cys t  b a t c h e s  w e r e  d e t e r m i n e d  in the  

s t a n d a r d  c u l t u r e  test  o f  V a n h a e c k e  &  S o r g e lo o s  
(1 9 8 0 b )  u s in g  S a n  F r a n c i s c o  B a y  b a t c h  n°  288 2596 
A r te m ia  a s  r e f e ren c e  m a t e r i a l .  A f t e r  7 d a y s  c u l t u r 
ing  o n  a D u n a lie l la  d i e t ,  t h e  p e rc e n t  s u rv iv a l  a n d  
t h e  a v e r a g e  l en g th  o f  t h e  l a r v a e  w e r e  d e t e r m i n e d .
T h e  g r o w t h  o f  th e  n a u p l i i  w a s  e x p r e s s e d  a s  a  p e r 
c e n ta g e  o f  t h e  g r o w t h  r e c o r d e d  f o r  t h e  r e f e r en c e  
s tr a in .

N u tr i t io n a l  e v a lu a tio n

T h e  n u t r i t i o n a l  e v a lu a t io n  s tu d i e s  w e r e  l im it ed  to  
a  f a t t y  a c id  a n a ly s i s  o f  t h e  n a u p l i i  a n d  t o  a  c u l t u r e  
t e s t  w i t h  t h e  m a r i n e  m y s id  M y s id o p s is  b a h ia . F o r  
t h e  f a t t y  ac id  a n a ly s i s  i n s t a r  I n a u p l i i  w e r e  h o m o 
g e n iz e d  i n a  U l t r a t u r a x  h o m o g e n i z e r a n d  e x t r a c t e d

T a b le  2. C h a ra c te r is t ic s  o f  c y s ts  a n d  n a u p lii  f ro m  p a re n ta l  cy s ts  a n d  f ro m  cy s ts  h a rv e s te d  fro m  in o c u la te d  p o p u la t io n s  (leg en d  to  
a b b re v ia tio n s  in T a b le  I).

t h r e e  t im e s  w i t h  a  m e t h a n o l :  c h l o r o f o r m :  w a t e r  
(2:  1 :0 .8 )  m i x t u r e  (B l ig h  &  D y e r ,  1959).  T h e  r e 
m a i n i n g  so l i d s  w e r e  e x t r a c t e d  w i th  a c e t o n e  a c c o r d 
i ng  t o  t h e  p r o c e d u r e  o f  S c h a u e r e r  al. ( 1 980).  S a p o n 
i f i c a t i o n  a n d  m é t h y l a t i o n  w e r e  c a r r i e d  o u t  as 
d e s c r i b e d  by  S c h a u e r  &  S i m p s o n  ( 1978). T h e  s e p a 
r a t i o n  o f  t h e  f a t t y  ac id  m e th y l  e s te r s  ( F A M  E) was  
p e r f o r m e d  by  g a s  c h r o m a t o g r a p h y  ( C a r l o  E r b a  
F T V  230 0 )  o n  a  g las s  c o l u m n  ( 1 .8 m  X  2 m m  l .D . )  
p a c k e d  w i th  10% A l t e c h  C S -8  o n  c h r o m o s o r b  W -  
A W  100-120.  T h e  g a s c h r o m a t o g r a p h i c  c o n d i t i o n s  
were:  2 0 0  ° C  i s o t h e rm a l ;  c a r r i e r  g as  N 2 40  m l /  min;  
F . I . D . - d e t e c t i o n .  T h e  i d e n t i f i c a t io n  an d  q u a n t i f i c a 
t i o n  w e r e  d o n e  w i t h  a c a l i b r a t e d  m e t h o d  o n  a H e w l 
e t t  p a c k a r d  3 3 9 0  A  p l o t t e r  i n t e g r a t o r .  T h e  re su l ts  
a r e  p r e s e n t e d  as a r e a - p e r c e n t  c o m p o s i t i o n s .

T h e  s t a n d a r d  c u l t u r e  t e s t  w i th  M y s id o p s is  b a h ia  
l a r v a e  wil l  be  d e s c r i b e d  in  de ta i l  by  Lé g e r  &  S o r g e 
lo o s  ( i n  p r e p . )  N e w b o r n  m y s id  ju v e n i l e s  a r e  t r a n s 
f e r r e d  in to  1000 m l  g l a s s  b o w l s  a n d  fed  d a i ly  w i th  
f r e s h ly - h a t c h e d  n a u p l i i .  T h e  s u rv iv a l  is r eg i s te red  
d a i ly  a n d  a f t e r  12 d a y s  c u l t u r in g ,  t h e  g r o w t h  a n d  
r e p r o d u c t i v e  c h a r a c t e r i s t i c s  o f  t h e  p r e - a d u l t  m ysids  
a r e a n a l y z e d .  A l l  t h e  d a t a  w e r e  s ta t i s t i c a l l y  a n a ly z e d  
in  a  o n e  w a y  a n a ly s i s  o f  v a r i a n c e .  T h e  D u n c a n ' s  
M u l t i p l e  R a n g e  T e s t  w a s  u s e d  t o  d e t e r m i n e  sig n i f 
i c a n t  d i f f e re n c e s  a m o n g  m e a n s .  P r i o r  t o  an a ly s i s ,  
t h e  s u rv i v a l  d a t a  w e r e  n o r m a l i z e d  t h r o u g h  a n  a rc s in  
\ / %  t r a n s f o r m a t i o n  ( S n e d e c o r  & C o c h r a n ,  1967).  
I n o c u l a t i o n s  o r ig i n a t i n g  f r o m  S F B  2 596  a n d  S F B  
1728 w e r e  t r e a t e d  s e p a ra te ly .

S F B
1728

B P
1979

S F B
2596

BN
1978

J A
1981

M U
1979

H a tc h in g  effic iency  (n a u p l i i /g )  
H a tc h in g  r a te  c h a ra c te r is tic s”

100 800 304 000 267 200 214 000 3 39 200 236 800

T t> 24.5 14.5 15.0 14.7 14.4 14.6

T 50 32.8 18.8 17.6 18.8 17.6 16.3
39.2 25 .6 20.5 22 .0 22.0 18.9

C o lo r  o f  cysts p a le d a rk p a le d a rk d a rk pa le
d ia m e te r  o f  cy s ts  lo n t) 225.8 232.2 224.7 228.0 225.2 222.1
s ta n d a rd  d e v ia tio n 17.3 11.8 12.4 13.0 11.7 10.8
N a u p liu s  su rv iv a l a t  d a y  7 (% ) 94 96 94 86 .  , c 88
N a u p liu s  g ro w th  a t  d a y  7 b 100 106 100 97 .  . c 105

* V a lu e s  re fe r to  l im c - la p s e s ( in  h o u rs )  f ro m  in c u b a t io n  u n t i l  a p p e a ra n c e  o f  th e  f i r s t  n a u p lii  (T 0) o r  th e  m o m e n t by w h ich  5 0 % ( T ,0) a n d  
90Çê <Tm ) o f  th e  h a tc h in g  e ffic ien cy  h a s  b een  reach ed .
b E x p re ssed  as %  re c o rd e d  fo r  A n e m i a  re fe re n c e  s t r a in .  S a n  F ra n c is c o  B ay  B ra n d  C y  b a tc h  2 8 8 -2 5 9 6 . 
c N o  d a ta  av a ilab le .
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T a b le  X  R e su lts  o f  M y s id o p s is feed in g -te st w ith  4 n e m ia n a u p lii from d iffe re n t cyst so u rc e s  (leg en d  lo a b b re v ia tio n s in  T a b le  1).

A rte m ia  so u rcc

M ysis  re su lts S F B M U BN JA S F B BP
2596 1979 1978 1981 1728 1979

S u rv iv a l (9() 93.3* 8 6 .7 a 9 4 .0 “ 75 0 b* 81.3 90 .0
s 5.2 13.8 5.5 10.6 11.0 8.9

D ry  w e ig h t (p g ) 318 1“ 371 .9a 3 8 5 .8 a 2 6 4 .0 b** 306.6 311.9
s 44.1 47.7 48 .2 31 .8 22.4 37.7

L e n g th  (p m ) 4 4 6 7 b* 4479a 43 6 9 b* 3192e** 4748 4758

5 185 181 170 193 166 145

R e p ro d u c tiv e  d a ta  (% )

«5, <33 4.6 0 0 0 0 0

9 ; / 9 9 50.6 13.3 8.0 48.2 48.8 3 0 3

9 °  . '9 9 49 .4 73.5 76.0 51.9 51.2 51.5

9 " V 9 9 0 13.3 16.0 0 0 18.2

L e g e n d  to  s y m b o ls
”,b,c M e a n s  w ith  a  d iffe re n t su p e rs c r ip t (a .b .c )  a r e  s ig n if ic a n tly  d iffe ren t a t  th e  * a :0 .0 5  o r  * * o :0 .0 l level.

3  : im m a tu re  m a le  3 3 :  to ta l  n u m b e r  o f  m a le s  9 ° :  fem ale  w ith  eggs in  o v a ria
9 ,: im m a tu re  fem a le  9 9 :  to ta l  n u m b e r  o f  fem ales  9 m: fem a le  w ith  eggs in  m a rsu p iu m

R e s u l t s

T h e  c h a r a c t e r i s t i c s  o f  cys ts  a n d  n a u p l i i  f r o m  th e  
v a r i o u s  cy s t  p r o d u c t s  a r e  s u m m a r i z e d  in  T a b l e  2. 
A p p a r e n t l y  th e  h a t c h i n g  eff ic ienc ies ,  h a t c h i n g  ra t e s  
a n d  cy s t  c o l o r s  w e r e  a l t e r e d  a f t e r  i n o c u l a t i o n .  O n  
th e  o t h e r  h a n d  t h e  c y s t ’s d i a m e t e r ,  n a u p l i u s  s u rv i 
va l  a n d  n a u p l i u s  g r o w t h  s h o w e d  o n l y  m i n o r  c h a n g e s  
as  a re su l t  o f  t h e  n e w  e n v i r o n m e n t a l  c o n d i t i o n s .  
T h e  m o s t  p r o n o u n c e d  d i f f e ren ces  w e r e  n o t e d  f o r  
t h e  h a t c h i n g  q u a l i t y  c r i t e r i a .  T h e  re s u l t s  s h o w e d  
t h a t  u p o n  i n o c u l a t i o n  n o t  o n l y  p o o r e r ( e . g .  B a r o t a c  
N u e v o )  b u t  a l s o  b e t t e r  qu a l i t i e s  (e.g.  B a n g p a k o n g  
&  J a r o )  m a y  be  h a r v e s t e d .  T h e  c y s t ’s c o l o r  c h a n g e d  
f r o m  p a le  t o  d a r k  i n  s o m e  i n o c u l a t e d  p r o d u c t s  
( B a n g p a k o n g  &  B a r o t a c  N u e v o )  b u t  r e m a i n e d  d a r k  
in t h e  J a r o  a n d  p a l e  in t h e  M u n d r a - i n o c u l a t i o n s .

P r o d u c t i o n  p e r f o r m a n c e s  o f  t h e  m y s id  l a r v a e  fed  
w i t h  t h e  v a r i o u s  A r te m ia  p r o d u c t s  a r e  s u m m a r i z e d  
in  T a b l e  3.  H i g h  s u rv i v a l  r a t e s  w e r e  o b s e r v e d  f o r  a ll  
t h e  n a u p l i i  p r o d u c t s .  A f t e r  12 d a y s  o f  c u l t u r in g ,  al l 
m y s id s  r e a c h e d  s e x u a l  d i f f e r e n t i a t i o n .  T h e  s u rv iva l,  
g r o w t h  a n d  r e p r o d u c t i v e  c h a r a c t e r i s t i c s  o b t a i n e d  
w i t h  a  d ie t  o f  A r te m ia  f r o m  M u n d r a ,  B a r o t a c  N u 
e v o  &  B a n g p a k o n g  w e r e  a t  le a s t  a s  g o o d  as t h e  d a t a  
r e c o r d e d  f o r  m y s i d s  fed w i t h  p a r e n t a l  A r te m ia  
m a t e r i a l  ( S F B  2 5 9 6  a n d  S F B  1728 re spec ti ve ly ) .  
S i g n i f i c a n t  d i f f e r e n c e s  h o w e v e r  in  s u rv i v a l  a n d

g r o w t h  w e r e  n o t ic e d  b e tw e e n  t e s t - a n i m a l s  fed J a r o  
a n d  t h o s e  fed  t h e  p a r e n t a l  A r te m ia  f r o m  B a r o t a c  
N u e v o .

F r o m  T a b l e  4  it  is c l e a r  t h a t  th e  fa t t y  ac id  p ro fi le  
v a r i e d  c o n s i d e r a b l y  a m o n g  A r te m ia  n a u p l i i  f r o m  
t h e  d i f f e r e n t  s o u rc e s .  I n  v iew  o f  th e  i m p o r t a n c e  o f  
t h e  h ig h ly  u n s a t u r a t e d  f a t t y  a c id s  f o r  m a r i n e  a n i m 
a ls  ( S c h a u e r  e t a i ,  1980; W a t a n a b e  e t a i .  1980; 
L é g e r  e t a i ,  in p r e p . )  th e  d e f i c ie n c y  f o r  t h e  e s se n t ia l  
f a t t y  ac id  ( E . F . A . )  20 :5w3 in  A r te m ia  n a u p l i i  f ro m  
J a r o  is o b v io u s .

D is c u ss io n

I t  is  v e ry  l ike ly  t h a t  th e  v a r i a t i o n s  ob s e rv e d  in t h e  
q u a l i t y  o f  cy s t  h a t c h i n g  b e tw e e n  t h e  p a r e n t a l  cy s ts  
a n d  t h o s e  h a rv e s t e d  f r o m  t h e  i n o c u l a t e d  p o p u l a 
t i o n s  a r e  d u e  t o  d i f f e r e n c e s  in cys t  h a rv e s t in g - ,  p r o 
c e ss in g -  a n d  s t o r a g e  t ec h n iq u e s .

F r o m  t h e  s tu d i e s  o f  S o r g e l o o s  e t a i  ( 1 9 7 6 .  1978) 
a n d  V a n h a e c k e  &  S o r g e l o o s (  1 9 8 2 .1 9 8 3 )  it a p p e a r s  
i n d e e d  t h a t  e s se n t ia l  v a r i a b l e s  in  t h i s  respe c t  a r e  the  
r e g u l a r i t y  o f  h a rv e s t in g ;  t h e  p e rc e n t a g e  c o m p o s i 
t i o n  o f  t h e  p r o d u c t  in  full  cys ts ,  e m p t y  cy s t s  a n d  
d e b r i s ;  t h e  w a t e r  c o n t e n t  o f  d r y  cysts ;  t h e  m e t h o d  
u s e d  f o r  d r y i n g  a n d  s to r a g e ,  etc.  U p  to  n o w ,  no  
de c is iv e  e v id e n c e  o f  e v e n t u a l  e ff ec ts  o f  t h e  e n v i r 
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T a b le  ■/. P r iic e n tu a l c o m p o s itio n  o l  fa l iy  a c id  m e th y l e s te rs  (F .A  M  E .) o f  A r  ¡ fin ia  n a u p lii  I r o m  the  d i l le re m  cyst sou rces .

F .A .M .F . S F B
2596

M U
1979

BN
1978

J A
1981

S F B
1728

HP
1979

14 : 0 1.3 0 .9 1.7 1.4 1.8 0.7

14 1 0.9 2.4 1.4 1.5 0.9 2 .6

1 5 :0 0.3 0.9 1 4 1.5 1.3

1 5 :1 0.2 1.4 0 .7 0.8 0.7 0 .7

16 : 0 13.0 12 7 14.4 1 1.4 14 4 10.1

1 6 : lu/7 2 1 9 8.9 15.9 13.7 16.3 10.3

1 6 : 2o/7 1 7 :0 1.6 1.9 2.1 1.3

16 : .Juri 17 : led! OX 2.3 4 .0 4.7 5.3 1.3

1 8 :0 3.0 2.8 3.3 3.9 3.3 2.9

18 : lu /7  ui9 34.1 27.9 29.6 27 .0 28.0 31 .4

IX : 2luti 4.7 12.0 9.1 15.0 4.5 5.5

20 : 0  1 -1 7.8 14.6 4.2 12 9 9  2 23.3
18 : 3u/3 tub 1
18 : 4iu.3 1.9 3.0 1.2 1.1 1.1 3.2

20 . 2uiti a/9 0.2 0.3 0.3 0.5 0.4 0  3

20 : 3fc/3 luti 0.1 0.2 0.2 0.2 0  1

20 . 4«/3 it/6 1.9 1.5 2.1 1.3 2.5 1 7

22 : 1 0.3 0.8 0.3 0.1 0.2 0 .6

2 0 :  5a.3 7.9 5.3 8.6 1.9 13.8 5.3

2 2 : 2  2 1 .5 0.3

2 4 : 0 0.2

2 2 : 6 0.1 0.3

- M o re  th a n  9 9 c; 18 3 « 3 .

o n m e n t  o n  t h e  cyst  h a t c h i n g  q u a l i t y  is a v a il ab le .  
T h e  re su l ts  p r o v e ,  h o w e v e r ,  t h a t  even  a n  i n o c u l a 
t i o n  w i t h  l o w  q u a l i t y  cys ts  c a n  p r o d u c e  exc e l l en t  
cys ts .  T h e  h a t c h i n g  q u a l i t y  o f  t h e  p a re n t a l  m a t e r i a l  
s h o u l d  t h e r e f o r e  n o t  be  c o n s i d e r e d  a s  a n  i m p o r t a n t  
s t r a in  se le c t io n - c r i t e r io n  f o r  i n o cu la t i o n .

In  t h e  P h i l i p p in e  a n d  T h a i  i n o c u l a t i o n s ,  the  
h a r v e s t e d  cy s t s  a lw a y s  h a d  a d a r k  b r o w n  c o lo r  
w h ic h  in d ic a te s  a  h ig h  h e m a t i n e  c o n te n t  in the  
c y s t ' s  she ll  (G i l c h r i s t  & G r e e n ,  I 9 6 0 )  w h i c h  in  t u r n  
is p r o b a b l y  c o r r e l a t e d  w i th  a h igh h e m o g l o b i n  c o n 
c e n t r a t i o n  in t h e  m o t h e r - a n i m a l .  T h e  e n v i r o n m e n t  
p l a y s  a n  o b v i o u s  ro le  t h r o u g h  th e  F e - c o n t e n t  o f  the  
in g es t e d  fo o d  a n d  lo w  o x y g e n  c o n c e n t r a t i o n s  o f  the  
w a te r .  T h u s  t h e  m a r k e d  d i f f e re n c e  b e tw e e n  S a n  
F r a n c i s c o  B a y  p a r e n t a l  cy s t s  a n d  B a r o t a c  N u e v o  
a n d  T h a i  cy s t s  o n  o n e  h a n d ,  a n d  the  p e r s i s te n c e  o f  
t h e  d a r k  c o l o r  o f  B a r o t a c  N u e v o  cy s t s  t h r o u g h  the  
J a r o  i n o c u l a t i o n  o n  t h e  o t h e r  h a n d ,  c o u l d  be  e x 
p l a i n e d  by  th e  m u c h  h ig h e r  a v e r a g e  w a t e r  t e m p e r a 
t u r e s  a n d  co n s e q u e n t ly  lo w e r  o x y g e n  c o n c e n t r a t i o n  
in t h es e  t r o p i c a l  c o n d i t i o n s  as  c o m p a r e d  t o  th e  S a n  
F r a n c i s c o  Ba y  e n v i r o n m e n t .  T h e  effect  o f  t h e  sa lin i
t y  c o n c e n t r a t i o n s  c a n  be  n eg le c ted  in  this  c o m p a r i 
s o n  sin ce  th e  S a n  F r a n c i s c o  Bay  cys ts  a r e  p r o d u c e d

in s i m i l a r  s a l i n i t y  r a n g e s  ( C a r p e l a n .  1957; B a k e r ,  
1966; pe rs.  o b s e rv . ) .  T h e  s a m e  r e a s o n i n g  ap p l i e s  to  
t h e  d a r k  c o lo r e d  M a c a u  ( Braz il)  cy s t s  w h i c h  a r e  
p r o d u c e d  since  1978 f r o m  a n o t h e r  S a n  F r a n c i s c o  
Bay  t r a n s p l a n t a t i o n  ( S o r g e l o o s  e t  a i .  1979).  I t  is. 
h o w e v e r ,  n o t  a  g e n e ra l  ru le  t h a t  in  h o t  t ro p i c a l  
b i o t o p e s  d a r k e r  cys ts  a r e  p r o d u c e d ,  b e c a u s e  the  
M u n d r a  cys ts  w h i c h  w e r e  e x p o s e d  to  e q u a l i s  h o t  
a n d  s a l i n e  c o n d i t i o n s  as  t h e  T h a i  a n d  P h i l i p p in e  
i n o c u l a t i o n s ,  t u r n e d  o u t  to  be as  pa l e  a s  t h e i r  p a r e n 
ta l  S F B  s t r a in .  I t  is t h e r e f o r e  d i ff ic u l t  t o  p r e d i c t  th e  
c y s t ’s c o l o r  b e c a u s e  it s e e m s  t o  be  c o n t r o l l e d  b \  a 
w h o l e  se t  o f  env i r o n m e n t a l  f a c t o r s ,  b u t  it c e r t a in l y  
is n o t  a s t r a i n - d e p e n d e n t  c h a ra c te r i s t i c .

T h e  c o n s t a n c y  o f  the  cy s t ’s d i a m e t e r s  ( o v e r a l l  
r ange :  222  232 ^ m )  a n d  t h e  g r o w  th  o f  n a u p l i u s  
( 9 7 - 1 0 6 %  o f  g r o w t h  r e c o r d e d  f o r  the  re f e r en ce  
s t r a in )  c o n f i r m s  the  e a r l i e r  c o n c lu s i o n  o f  Van -  
h a e c k e &  S o r g e l o o s  (1 9 8 0 a ,  b) t h a t  t h es e  c h a r a c t e r 
ist ics a r e  s t r a in  d e p e n d e n t  a n d .  e x c e p t  f o r  sm a l l  
d i f f e re n c e s ,  a r e  u n a l t e r e d  by  a  new e n v i r o n m e n t .  
T h e s e  ch a r a c t e r i s t i c s  a r e  t h e r e f o r e  es sen t ia l  cr i t e r ia  
t o  be c o n s id e r e d  in  se le c t in g  s u i t a b l e  s t r a in s  fo r  
i n o c u l a t i o n  a n d  t r a n s p l a n t a t i o n  p u r p o se s .

T h e  p o o r e r  n u t r i t i o n a l  v a lu e  of n a u p l i i  f r o m  J a r o
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A n e m i a  cy s t s  fo r  M y s id o p s is  b a h ia  c o r r e l a t e s  with  
a l o w e r  c o n t e n t  o f  t h e  E . F .  A.  20:5tu3. T h i s  c o n f i r m s  
th e  f in d in g  o f  J o h n s  e t  al. (1981)  a n d  L é g e r  e i a i  
( in  p r e p . )  t h a t  A n e m i a  n a u p l i i  w i t h  l o w  levels o f  
20:5<u3 g ive  p o o r  p r o d u c t i o n  re su l ts  w h e n  of fe red  
as  f o o d  to  M y s id o p s is  j u v en i l e s .  T h e  lo w e r  c o n t e n t  
o f  p a r t i c u l a r  f a t t y  a c i d s  in t h e  n a u p l i i  is p r o b a b l y  
e x p l a i n e d  by  s im i l a r  p r o f i l e  d i f f e r e n c e s  o f  t h e  fo o d  
in g e s t e d  by  t h e  c y s t - p r o d u c i n g  a d u l t s  ( H in c h c l i f f e  
&  R i le y ,  1972). F o o d  m a n a g e m e n t  o f  th e  p o n d s  is 
t h e r e f o r e  o f  c ru c i a l  i m p o r t a n c e .  U p  t o  no w ,  h o w e v 
e r ,  n o  s p ec i f ic  m a n a g e m e n t  g u id e l in e s  ex is t  in  th is  
resp ec t  b e c au s e T o c a l  c o n d i t i o n s  v a r y  c o n s id e r a b ly .  
T h e  J a r o  i n o c u l a t i o n  w a s  t h e  o n l y  o n e  w h e r e  the 
fe r t i l i t y  o f  t h e  w a t e r  ( b r i n e  f r o m  t h e  a d j a c e n t  sa lt-  
f a r m )  w a s  s u p p l e m e n t e d  w i th  i n o r g a n i c  fe r t i l iz a 
t io n .  T h i s  r e s u l te d  in b l o o m s  o f  r e d d i s h -c o l o re d  
a lg a e  w h ic h  m ig h t  n o t  h a v e  been  a n  idea l f o o d  for  
A n e m i a .  I t  t h e r e fo r e  s e e m s  t h a t  t h e  sa fe s t  re su l ts  
m a y  be  o b t a i n e d  in  t h o s e  i n o c u l a t i o n s  w h e r e  the  
a v a i l a b l e  f o o d  h a s  a  g r e a t  c o m p o s i t i o n  diver s it y ,  
s u c h  as in  i n o c u l a t i o n s  u s in g  th e  n a t u r a l  fe r t i l i t y  o f  
i n t a k e  w a t e r  (e.g .  m a n g r o v e s ,  e s tu a r i a )  a n d  o r  o r 
g a n i c  f e r t i l i z e r s  a s  is p r e s e n t ly  r o u t i n e ly  d o n e  in 
T h a i l a n d  w i t h  exc e l l en t  resul ts .

In  v i e w  o f  th e  i m p o r t a n c e  o f  s u f f ic ie n t  levels o f  
20:5<u3 in A n e m i a  n a u p l i i ,  a n d  c o n s i d e r i n g  t h e  fact  
t h a t  f a t t y  a c id  p ro f i l e s  a r e  m a i n l y  d e t e r m i n e d  by the  
c o m p o s i t i o n  o f  t h e  a s s i m i l a t e d  f o o d ,  o n e  c a n n o t  
a s s u r e  t h a t  i n o c u l a t i o n  w i th  g o o d  q u a l i t y  cys ts  will  
r e su l t  in  cys ts  o f  a n  e q u a l l y  h ig h  n u t r i t i o n a l  value.
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