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ABSTRACT

The o b j e c t i v e  of  t h i s  s tudy  was a comparison  o f  developmental  
changes  and ene rgy  u t i l i z a t i o n  in  e g g s ,  unfed l a r v a e ,  and fed  l a r v a e  
o f  two marine f i s h  s p e c i e s  t h a t  both have p e l a g i c  e a r l y  s t a g e s ,  but  
d i f f e r  in  phylogeny and e a r l y  l i f e  eco logy .  The bay anchovy (Anchoa 
m i t c h i l l i ) , a c l u p e i f o r m ,  spawns in e s t u a r i e s  and sha l low  c o a s t a l  
w a t e r s .  The b l a c k  sea bass  (C e n t r o p r i s t i s  s t r i a t a  s t r i a t a ) ,  a 
p e r c i f o r m ,  spawns o f f s h o r e  a t  15-50 m d e p t h s .  D e n s i t i e s  o f  zooplankton 
e a t e n  by f i r s t - f e e d i n g  f i s h  l a rv a e  a r e  normal ly  h i g h e r  in  c o a s t a l  
w a te r s  than  o f f s h o r e .  An im por tan t  d e t e r m in a n t  o f  s u r v iv a l  o f  l a rv a l  
f i s h e s  i s  t h e i r  a b i l i t y  t o  f u l f i l l  n u t r i t i o n a l  r eq u i re m en ts  a f t e r  yolk  
energy  i s  e x h a u s te d .  F as te r -g ro w in g  l a r v a e  a r e  l e s s  l i k e l y  t o  be 
preyed upon. The manner i n  which e n e rg y  i s  p a r t i t i o n e d  may i n d i c a t e  
r e l a t i v e  p l a s t i c i t y  with  r e s p e c t  to  d e p a r t u r e s  from optimal food 
com posi t ion  o r  abundance.  D i f f e r e n c e s  among s p e c i e s  might  r e s u l t  from 
d i f f e r e n t  f e e d i n g  s t r a t e g i e s  o r  from a d a p t a t i o n  t o  d i f f e r e n t  feed ing  
c o n d i t i o n s .

Energy u t i l i z a t i o n  was a s s e s s e d  by c o n s t r u c t i n g  energy budgets  
(I  = G + M + F&U): in g e s t e d  c a l o r i e s ,  I ,  from f e e d i n g  r a t e s ;  growth 
c a l o r i e s ,  G, from composi t ion  and w e ig h t ;  m e ta b o l i c  c a l o r i e s ,  M, from 
oxygen u p ta k e ;  eges ted  and e x c re te d  c a l o r i e s ,  F&U, by d i f f e r e n c e .

Three  l i n e s  o f  ev idence  were found t h a t  s u g g e s t  b lack  sea  bass 
a r e  a b l e  to  r e s i s t  f l u c t u a t i o n s  in  food a v a i l a b i l i t y  b e t t e r  ( s u r v iv e  
and grow a t  low er  d e n s i t i e s ) :  (1) Sea bass  have more t ime to  f i n d  food 
and deve lop  f e e d i n g  s k i l l s — 50 hours between f i r s t  f e e d in g  and yo lk  
e x h a u s t io n  vs 10 hours f o r  anchov ie s .  (2)  Sea bass  feed  more 
e f f i c i e n t l y  and probab ly  pay a lower m e ta b o l i c  p r i c e  f o r  t h e i r  food.  
Over t h e  f i r s t  f i v e  days o f  f e e d i n g ,  c a p t u r e  s u c c e s s  averaged  85% 
f o r  sea  bass and 60% f o r  an ch o v ie s ,  (3 )  During t h e  f i r s t  f i v e  days ,  
sea bass  g ro ss  growth e f f i c i e n c y  (12%) was tw ic e  t h a t  o f  anchovies  
( 6 %).

Sea bass may a l s o  be more r e s i s t a n t  to  s t a r v a t i o n  from complete 
food d e p r i v a t i o n .  The i r  y o l k  l a s t s  l o n g e r .  During s t a r v a t i o n ,  t h e i r  
w e i g h t - s p e c i f i c  metaboli sm i s  lower and th e y  l o s e  body c a l o r i e s  a t  a 
lower r a t e .

The bay anchovy seems t o  be ad ap ted  to  t h e  h igh  food d e n s i t i e s ,  
and t h e  b lack  sea  bass t o  t h e  low food d e n s i t i e s ,  t h a t  c h a r a c t e r i z e  
t h e i r  r e s p e c t i v e  h a b i t a t s .  For sea b a s s  the  food supp ly  i s  more 
d i f f i c u l t  t o  e x p l o i t ,  and t h i s  r e q u i r e s  g r e a t e r  e f f i c i e n c y .



ENERGY UTILIZATION IN BAY ANCHOVY AND BLACK SEA BASS EGGS AND LARVAE

CONTRASTING ECOLOGICAL ROLES



I n t r o d u c t i o n

An im p o r t a n t  d e t e r m i n a n t  o f  s u r v iv a l  o f  l a r v a l  f i s h e s  i s  t h e i r  a b i l i t y  

t o  f u l f i l l  n u t r i t i o n a l  r e q u i r e m e n t s  a f t e r  y o l k  e n e r g y  i s  e x h a u s t e d .  

I f  a s u f f i c i e n t  q u a n t i t y  o f  a p p r o p r i a t e  f o o d  i s  n o t  a v a i l a b l e ,  

m o r t a l i t y  may be s o  high t h a t  i t  a f f e c t s  r e c r u i t m e n t  t o  a d u l t  s t o c k s  

( t h e  c r i t i c a l  p e r i o d  c o n c e p t  of  H j o r t  1914,  1926).  Larvae su rv iv ing  

a t  l e s s  than op t im al  food d e n s i t i e s  grow more s lowly  and a r e  p r o b a b l y  

more  s u s c e p t i b l e  t o  p r e d a t i o n  and a d v e r s e  env i ronm en ta l  p e r tu rb a t io n s  

( e . g . ,  p o l l u t i o n ) .  The m anner  in  which ene rgy  i s  p a r t i t i o n e d  in  f i s h  

e g g s  a n d  l a r v a e  may i n d i c a t e  the r e l a t i v e  p l a s t i c i t y  o f  ea rly s t a g e s  

w i t h  r e s p e c t  to  d e p a r t u r e s  f rom optimal food com pos i t ion  or  abundance.  

D i f f e r e n c e s  a m o n g  s p e c i e s  m i g h t  r e s u l t  f rom d i f f e r e n t  f e e d i n g  

s t r a t e g i e s  o r  from a d a p t a t i o n  to  d i f f e r e n t  f eed in g  co n d i t io n s .

The  o b j e c t i v e  o f  t h i s  s t u d y  was a c o m p a r i s o n  o f  developmental 

c hange s  and ene rgy  u t i l i z a t i o n  in  eg g s ,  unfed  l a r v a e ,  and fed l a r v a e  

o f  two m a r ine  f i s h  s p e c i e s  t h a t  d i f f e r  i n  phylogeny and in ea r ly  l i f e  

e c o l o g y .  The s p e c i e s  were bay  anchovy ( Anchoa mi t c h i  H i ) and b l a c k  

s e a  b a s s  (C e n t r o p r i s t i s  s t r i a t a  s t r i a t a ) .

The bay anchovy ,  a c o a s t a l  c l u p e i f o r m ,  i s  a m a j o r  food i t em  f o r  

o t h e r  s p e c i e s  o f  commercial  and s p o r t  im p o r tan ce  a lo n g  the U. S. Gulf  

and A t l a n t i c  c o a s t s  (Carr  a n d  Adams 1973; Manooch 1 9 7 3 ;  C h r i s tm a s  e t  

a l .  1 9 7 4 ) .  A d u l t s  a r e  p e l a g i c  and l i v e  i n  e s t u a r i e s ,  b ay s ,  and 

s h a l l o w  c o a s t a l  w a t e r s  f r o m  th e  G u l f  o f  Maine t o  Yuca tan ,  Mexico



( H i l d e b r a n d  1 9 6 3 ) .  In N o r t h  C a r o l i n a ,  s p a w n i n g  t a k e s  p la c e  i n  

e s t u a r i e s  and a l o n g  the c o a s t  from l a t e  Apri l  t o  e a r l y  September, w i t h  

peak spaw n ing  f ro m  l a t e  J u n e  t o  e a r l y  August  (Kuntz 1914;  Hildebrand 

and Cable 1930; p e r s .  o b s . ) .  They ap p a re n t ly  spawn i n  l a r g e  s c h o o l s  

j u s t  a f t e r  s u n s e t  in e s t u a r i n e  a r e a s  such a s  t h e  l o w e r  Newport R iv e r ,  

North C a ro l in a  ( H i l d e b r a n d  a n d  Cable  1 9 3 0 ) .  The p e l a g i c  eggs a r e  

swept  s e a w a r d  w i t h  the  e b b  t i d e  and then d i s p e r s e d .  The egg has no 

o i l  g lobule .  H a tch ing  o ccu r s  i n  e s t u a r i e s  and bays  a n d  j u s t  o f f s h o r e .  

Although spaw n ing  occurs a t  9 -31°C (Dovel 1971) ,  l a r v a l  growth i s  b e s t  

i n  the upper p a r t  of  t h a t  r a n g e  (Houde 1 9 7 4 ) .  E a r l y  j u v e n i l e s  a r e  

abundant in  b r a c k i s h  wate r .

The b lack  s e a  bass,  a p e r c i f o r m  g e n e r a l l y  found o f f s h o r e ,  suppor t s  

i m p o r t a n t  c o m m e r c i a l  and s p o r t  f i s h e r i e s  a l o n g  t h e  U. S. A t l a n t i c  

coas t .  I t  i s  d i s t r i b u t e d  o v e r  t h e  c o n t in e n ta l  s h e l f  a n d  in bays f ro m  

Cape Cod, M a s s a c h u s e t t s ,  t o  Cape  Canaveral ,  F l o r i d a ,  a n d  o c c a s io n a l ly  

t o  the Gulf  o f  Maine or  F l o r i d a  Keys ( M i l l e r  1959 ;  Mu s i c k  and M e r c e r  

1 977 ) ,  A d u l t s  a r e  d e m e r s a l ,  and s o u t h  o f  Cape  H a t t e r a s  they a r e  

usua l ly  found on  rough bottom o v e r  the  i n n e r  s h e l f .  Spawning t a k e s  

p l a c e  o v e r  t h e  in n e r  s h e l f ,  m o s t l y  in the s p r i n g  o r  summer, depending 

on l a t i t u d e  ( M u s i c k  and, M e r c e r  1 9 7 7 ) .  O f f  N o r t h  C a r o l i n a ,  p e a k  

spawning i s  f r o m  March to  e a r l y  June.  Eggs and l a r v a e  are  pe lagic and 

occur in s h e l f  w a t e r s  o f  1 5 - 5 1  m d e p t h  ( K e n d a l l  1 9 7 2 ) .  J u v e n i l e s  

o f t e n  a r e  a b u n d a n t  in  h igh s a l i n i t y  e s t u a r i e s  and b a y s  but  g r a d u a l ly  

move in to  d e e p e r  water as t h e y  grow l a r g e r .

S e v e r a l  a s p e c t s  of  t h e  f e e d i n g  ecology o f  bay a n c h o v y  larvae have 

been i n v e s t i g a t e d ,  but  l i t t l e  i s  known a b o u t  b l a c k  s e a  bass  l a r v a e .  

Houde and S c h e k t e r  (1981) compared  growth a t  d i f f e r e n t  prey leve l s  f o r



bay anchovy,  l i n e d  s o le  (A c h i r u s  l i n e a t u s ) ,  and sea  bream (Archosargus  

r h o m b o i d a l i s ) l a r v a e .  They r e p o r t e d  t h a t  anchovy l a r v a e  were capab le  

o f  r e l a t i v e l y  high  feed ing  r a t e s  a f t e r  f e e d i n g  had b e e n  e s t a b l i s h e d ,  

b u t  d u r i n g  t h e  i n i t i a l  t h r e e  d a y s  r e q u i r e d  to deve lop  p r o f i c i e n c y ,  

a n c h o v i e s  had  d i f f i c u l t y  f e e d i n g  a t  lo w  p r e y  c o n c e n t r a t i o n s .  

Throughout the  l a r v a l  s t a g e ,  anchovy growth e f f i c i e n c y  was the lo w es t .  

A p o s s i b l e  r e a s o n  i s  t h a t ,  a t  h igh  f e e d in g  r a t e s ,  much food  may p a s s  

t h r o u g h  t h e  g u t  so qu ick ly  t h a t  i t  i s  n o t  com ple te ly  d ig e s t e d  ( C h i t t y  

1 9 8 1 ) .  No s t u d i e s  o f  b l a c k  s e a  b a s s  l a r v a l  e c o l o g y  h a v e  b e e n  

p u b l i s h e d ,  b u t  t h e  s o u t h e r n  s e a  b a s s  ( £ .  s t r i a t a  me lana) has been 

r e a r e d  under e x p e r i m e n t a l  m a r i c u l t u r e  c o n d i t i o n s  i n  F l o r i d a  (H o f f  

1970; Rober ts  e t  a l .  1977).

T h i s  p a p e r  p r e s e n t s  i n f o r m a t i o n  on s i g n i f i c a n t  d e v e l o p m e n t a l  

e ven t s  and energy  u t i l i z a t i o n  f o r  bay anchovy and b l a c k  sea b a s s ,  from 

j u s t  a f t e r  f e r t i l i z a t i o n  t h r o u g h  t h e  e i g h t h  d a y  o f  f e e d i n g .  

E x p e r i m e n t a l  r e s u l t s  a r e  u s e d  to  i n f e r  d i f f e r e n c e s  in  e a r l y  s u r v i v a l  

and  g row th  c a p a b i l i t i e s  i n  t h e  s e a .  P a r t i c u l a r l y  i m p o r t a n t  a r e  

d i f f e r e n c e s  d u r i n g  t h e  f i r s t  f i v e  d a y s  o f  f e e d i n g ,  which p robab ly  

r e s u l t  from a d a p t a t i o n s  n e c e s s a r y  f o r  e x p l o i t i n g  d i f f e r e n t  f o o d  

s u p p l i e s .  D e n s i t i e s  of  zoo p lan k to n  e a t e n  by f i r s t - f e e d i n g  f i s h  l a r v a e  

a r e  normally h ig h e r  in  c o a s t a l  than  in  o f f s h o r e  w a t e r s  ( T h e i l a c k e r  and 

Dorsey 1980).
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M a t e r i a l s  and Methods

D e v e lo p m e n t  and  e x a m i n a t i o n  o f  energy  budgets  a l lowed comparison of  

s u r v i v a l  and  g ro w th  c a p a b i l i t i e s  f rom an e n e r g e t i c s  v i e w p o i n t .  

E x p e r i m e n t s  w ere  c o n d u c t e d  w i t h  e g g s ,  unfed l a r v a e ,  and fed  l a r v a e ,  

from j u s t  a f t e r  f e r t i l i z a t i o n  u n t i l  u n f e d  l a r v a e  d i e d  and u n t i l  f e d  

l a r v a e  had been feed ing  f o r  8 d.  C u l t u r e  c o n d i t i o n s  s im u la te d  n a t u r a l  

c o n d i t i o n s  a s  much as  p o s s i b l e ,  e x c e p t  f o r  (1 )  h i g h e r  t h a n  n a t u r a l  

l a r v a l  and  prey  d e n s i t i e s ,  and (2)  use  o f  r o t i f e r s  n o t  encoun te red  in  

t h e  n a t u r a l  h a b i t a t s  a s  f o o d .  A l t h o u g h  t h e  e n v i r o n m e n t  was  n o t  

d u p l i c a t e d  in  th e  l a b ,  comparison between the  two s p e c i e s  i s  v a l i d .

Comparat ive a s se s sm en ts  were made o f  the  fo l l o w i n g :  d e v e l o p m e n t a l  

e v e n t s ,  s i z e  a n d  s h a p e  c h a n g e s ,  c o m p o s i t i o n  c h a n g e s ,  oxygen 

consumption ,  and ( in  f ed  l a rv a e )  f e e d i n g  e f f i c i e n c y  and r a t e s .  The 

t i m i n g  o f  d e v e l o p m e n t a l  e v e n t s — h a t c h i n g  ( H ) ,  c o m p l e t i o n  o f  eye  

p ig m en ta t io n  (EP) ,  f i r s t  f e e d i n g ,  y o lk  ex h au s t io n  (EYS), and  d e a t h  o f  

u n f e d  l a r v a e  ( S ) - - w a s .  n o t e d .  M e a s u re s  o f  s i z e  and s h a p e  were  

n o t o c h o r d  l e n g t h  (ML) a n d  d ry  w e i g h t .  M e a s u r e s  o f  c o m p o s i t i o n  

i n c l u d e d  % a s h ,  % t o t a l  carbon,  % t o t a l  n i t r o g e n ,  and % t o t a l  l i p i d .

Energy u t i l i z a t i o n  was a s s e s s e d  s e p a r a t e l y  f o r  endogenous and 

e x o g e n o u s  n u t r i t i o n — i . e . , (1)  eg g s ,  p r e f e e d i n g ,  and s t a r v i n g  l a r v a e ;  

(2)  f e e d in g  l a r v a e .  Energy b u d g e t s  w e re  c o n s t r u c t e d ,  b a s e d  on t h e  

e q u a t io n :

I = G + M + F&U



in  w h ic h  I i s  i n g e s t e d  c a l o r i e s ,  G i s  growth c a l o r i e s ,  M i s  m e ta b o l i c  

c a l o r i e s ,  F i s  e g e s t e d  c a l o r i e s ,  and U i s  excre ted  c a l o r i e s .  For e g g s  

and unfed  la rv a e ,  b o t h  I and F a re  z e r o  and the e q u a t i o n  becomes:

0 = G + M + U

T h i s  e q u a t i o n  a p p l i e s  t o  e n d o g en o u s  n u t r i t i o n .  Because energy i s  

needed f o r  embryonic growth and m e ta b o l i s m  and some i s  e x c r e t e d ,  t h e  

growth term w il l  be n e g a t i v e .  The fo rm :

G = I -  M -  F&U

may be  more a p p r o p r i a t e  to c o n s i d e r  i n  the  c o n t e x t  of  g row th  and  

s u r v i v a l .  Growth i s  necessa ry  fo r  s u r v i v a l .  Growth c a l o r i e s  (G) w ere  

e s t i m a t e d  from d r y  w e i g h t  and p r o x i m a t e  a n a l y s i s  d a t a .  I n g e s t e d  

c a l o r i e s  ( I )  w ere  e s t i m a t e d  from f e e d i n g  r a t e  d a t a .  M e t a b o l i c  

c a l o r i e s  (M) w ere  e s t i m a t e d  from o x y g e n  u p t a k e  d a t a .  Eges ted and  

e x c r e t e d  c a l o r i e s  (F&U) were e s t i m a t e d  by d i f f e r e n c e .

Egg Sources

Both n a t u r a l l y  and a r t i f i c i a l l y  spawned eggs were u s e d .  Anchovy e g g s  

u s u a l l y  (40 c o l l e c t i o n s )  were o b t a i n e d  3-5 h a f t e r  spawning ( b e f o r e  

morula s tage )  by s t a t i o n a r y  tows o f  a  one-mete r ,  505 ym mesh p l a n k t o n  

n e t  i n  P i v e r s  I s l a n d  Channe l ,  n e a r  B e a u f o r t ,  N o r t h  Caro l ina .  Tows 

were made d u r in g  t h e  f i r s t  h a l f  o f  n i g h t s  i n  w h i c h  h igh t i d e  h a d  

o c c u r r e d  a t  a b o u t  2 0 0 0  EST ( a p p r o x i m a t e  t ime o f  peak s p a w n i n g ) .  

Developmental s t a g e  v e r s u s  time was u n i f o r m ,  a p p a r e n t l y  because n e a r l y  

a l l  s p a w n i n g  o c c u r r e d  w i t h i n  a b o u t  one h o u r ,  and th e  t i m e  o f  

f e r t i l i z a t i o n  was e s t i m a t e d  as 2000 EST f o r  a l l  c o l l e c t i o n s .  F o r  o n e  

o x y g e n  c o n s u m p t i o n  e x p e r i m e n t ,  e g g s  and m i l t  w e r e  o b t a i n e d  by 

s t r i p p i n g  r ipe  a d u l t  anchovies  c a u g h t  n e a r  P i v e r s  I s l a n d .  Sea  b a s s



e g g s  w e r e  s t r i p p e d  from s i x  f e m a le s  t h a t  weighed 313-672 g,  in  which 

o v u l a t i o n  h a d  b e e n  i n d u c e d  by  i n j e c t i o n  o f  human c h o r i o n i c  

g o n a d o t r o p i n  ( s e e  A p p e n d ix  I I  f o r  d e t a i l s ) ,  thus the e x a c t  time of 

f e r t i l i z a t i o n  was known.

Culture Condi t ions

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

e n c o u n t e r e d  by l a r v a e  i n  t h e i r  n a t u r a l  h a b i t a t s  during peak spawning. 

A n c h o v i e s  w e r e  m a i n t a i n e d  a t  24°C a n d  32 o /o o  w i t h  a 14 h 

p h o t o p e r i o d .  Sea b a s s  were m a i n t a i n e d  a t  20°C and 34 o/oo w i th  a 12 h 

p h o t o p e r i o d .  F l u o r e s c e n t  l i g h t i n g  p r o v i d e d  a b o u t  1400 l u x  a t  the 

w a t e r  s u r f a c e .  I n c u b a t i o n  and r e a r i n g  took place  in t e n - l i t e r  black 

c y l i n d r i c a l  t a nks  o f  f i l t e r e d  s e a  w a te r ,  e x c e p t  fo r  anchovy s t a r v a t i o n  

m o r t a l i t y  ex p e r im e n t s ,  which were  done in  t w o - l i t e r  g la ss  d i s h e s  with 

b l a c k e n e d  s i d e s .

B e c a u s e  o f  s a m p l i n g  c o n s t r a i n t s ,  b i o l o g i c a l  condi t ions  were le ss  

n a t u r a l ,  bu t  n o t  l i k e l y  t o  cause  e x c e s s iv e  s t r e s s .  I n i t i a l  s t o c k i n g  

d e n s i t y  was r e l a t i v e l y  h igh ,  30 o r  fewer eggs  per l i t e r .  By th e  time 

0 f  f i r s t  f e e d in g ,  l a r v a l  d e n s i t y  had  been reduced  by sampling t o  fewer 

t h a n  15 p e r  l i t e r .  T a n k s  d e s i g n a t e d  f o r  feed ing were s to ck ed  with 

r o t i ^ r s  a t  t h e  t i m e  l a r v a l  e y e  p i g m e n t a t i o n  was c o m p le te .  Algae 

( C h l ° r e l l a  s p .  o r  N a n n o c h l o r i s  s p . )  were a l s o  added, as  food f o r  the 

r o t i f e r s  to  m a in ta in  t h e i r  n u t r i t i o n a l  q u a l i t y .  A minimum r o t i f e r  

c o n c e n t r a t i o n  o f  2 0 , 0 0 0  p e r  l i t e r  was m a i n t a i n e d ,  b a s e d  on the 

a s s u m p t io n  t h a t  a t  t h i s  l e v e l ,  p r e y  d e n s i t y  would  n o t  be a l i m i t i n g  

f a c t o r .  R o t i f e r s  w e r e  c h o s e n  f o r  food because  a steady l a b o ra to r y -  

c u l t u r e d  supply was a v a i l a b l e  and  because t h e i r  n u t r i t i o n a l  v a l u e  i s



r e l a t i v e l y  c o n s t a n t  ( 0 .0 0 0 7 8 7  c a l / r o t i f e r ,  T h e i l a c k e r  and McMaster 

1971).  Wild plankton was r e j e c t e d  as  a food source b e c a u se  the supp ly  

and q u a l i t y  a r e  so v a r i a b l e  t h a t  t h e i r  use would h a v e  i n t r o d u c e d  

u n a c c e p ta b l e  e r ro r s  in  c a l c u l a t i o n  o f  i n g e s t e d  c a l o r i e s .  R o t i f e r s  

d i f f e r  f rom  na tura l  p re y  i n  c e r t a in  ways. They may be e a s i e r  to c a t c h  

than copepods  because th e y  swim more smoothly and do n o t  seem to  h a v e  

as w e l l - d e v e l o p e d  an e s c a p e  r e s p o n s e .  There  i s  no e v id e n c e  t h a t  

a n c h o v i e s  o r  sea b a s s  i n  n a t u r e  e a t  v e r y  many r o t i f e r s ,  o r  t h a t  

r o t i f e r s  a r e  more s u i t a b l e  fo r  e i t h e r .

Measurements and C a l c u l a t i o n s

Timing  o f  d e v e l o p m e n t a l  e v e n t s  was de termined  b e c a u s e  they mark t h e  

b o u n d a r i e s  o f  growth p h a s e s  among which e n e r g y  u t i l i z a t i o n  p a t t e r n s  

may d i f f e r .  At h a t c h i n g ,  the  c h o r io n ,  which c o n ta in s  some energy,  i s  

d i s c a r d e d  and la rvae a r e  a b l e  to  swim w eak ly .  When e y e  p i g m e n t a t i o n  

i s  c o m p l e t e d ,  l a r v a e  become more a c t i v e  and soon b e g i n  to  search f o r  

food. Time of  yolk e x h a u s t i o n  marks t h e  approximate end  of  the e g g ' s  

e n e r g y  s u p p l y ;  a f t e r  t h i s ,  e x o g e n o u s  s o u r c e s  o f  n o u r i s h m e n t  a r e  

r e q u i r e d  t o  avoid r e s o r p t i o n  of body t i s s u e  and u l t i m a t e  s t a r v a t i o n  

m o r t a l i t y .  F i r s t  f e e d i n g  o c c u r s  a f t e r  v i s io n  and d i g e s t i v e  system 

f u n c t i o n s  a r e  e s t a b l i s h e d ;  t h i s  marks  t h e  a t t a i n m e n t  o f  a b i l i t y  t o  

u t i l i z e  exogenous s o u r c e s .  Death o f  un fed  la rvae  i s  t h e  endpoint  f o r  

those l a r v a e  deprived o f  food or those  u n a b le  to f i n d  o r  i n g e s t  f o o d .  

The a p p r o x i m a t e  time o f  y o lk  e xhaus t ion  was de te rmined  by microscop ic  

e x a m in a t io n  of  l a rv a l  y o l k s a c s .  An a b u n d a n t  s u p p ly  o f  anchovy e g g s  

a l l o w e d  a  s e r i e s  o f  t h r e e  s t a r v a t i o n  m o r t a l i t y  e x p e r i m e n t s ,  b u t  s e a  

bass e g g s  were not  a v a i l a b l e  fo r  s t a r v a t i o n  exper iments  s e p a r a t e  f r o m



r e a r i n g  exper im en t s .  Anchovy s t a r v a t i o n  m o r t a l i t y  was determined with 

l a r v a e  h a t c h e d  from t h r e e  b a t c h e s  o f  e g g s  c o l l e c t e d  on d i f f e r e n t  

n i g h t s .  In e a c h  e x p e r im e n t ,  25 no rm al ly -deve lop ing  eggs were placed 

in  each of  e i g h t  t w o - l i t e r ,  b lackened ,  g l a s s  d i s h e s .  Dead eggs  and 

l a rv a e  were counted  and removed p e r i o d i c a l l y .  Time to  t o t a l  m o r t a l i t y  

f o r  unfed sea b a s s  was no ted  during r e a r i n g  e x p e r i m e n t s  i n  t h e  t e n -  

l i t e r  t a nks .

Changes in  s i z e  and s h a p e  o f  l a r v a e  a r e  r e l a t e d  b o t h  t o  g rowth  

r a t e s ,  which  v a r y  among d e v e l o p m e n t a l  s t a g e s ,  and t o  n u t r i t i o n a l  

s t a t u s .  Samples were taken  th roughou t  development  fo r  measurement  o f  

l e n g th  and w e ig h t .  Live notochord  l e n g t h s  o f  a n e s th e t i z e d  l a rv a e  held 

i n  a d i s h  o f  w a t e r  were  m e a su re d  w i t h  an  o c u l a r  m i c r o m e t e r  i n  a 

d i s s e c t i n g  microscope to  t h e  n e a r e s t  0 .01  mm ( these  were n o t  r e tu rn e d  

to  the t a n k s ) .  Twelve anchovy le ng th  samples  and 17 s e a  b a s s  l e n g t h  

s am p les  were  t a k e n  (1 0 -5 2  i n d i v i d u a l s  p e r  sample) .  Weight samples 

were immediately r in s e d  w i th  d i s t i l l e d  w a t e r  and f r e e z e - d r i e d .  They 

were  s t o r e d  w i t h  d e s s i c a n t  under  p a r t i a l  vacuum a t  -10°C p r i o r  to  

w eigh ing  and w ere  a g a i n  v a c u u m - d r i e d  j u s t  b e f o r e  w e i g h i n g .  Mean 

w e i g h t s  were  c a l c u l a t e d  t o  t h e  n e a r e s t  0 . 1  jig. N ea r ly  a l l  weight  

samples c o n ta in e d  30 i n d i v i d u a l s .  Out o f  51 anchovy w e i g h t  s a m p l e s ,  

o n l y  s i x  c o n t a i n e d  f e w e r  t h a n  30 i n d i v i d u a l s  and t h e  s m a l l e s t  

con ta ined  22.  Out of  52 sea  bass w e ig h t  sam ples ,  only e i g h t  p o s t  EYS 

samples c o n ta in e d  fewer than  30 i n d i v i d u a l s  and the  s m a l l e s t  con ta ined  

two.

R e g r e s s i o n  e q u a t i o n s  w ere  used to  p r e d i c t  dry w e igh t  a t  va r ious  

ages dur ing  development and to  p rov ide  c u r v e s  f o r  i l l u s t r a t i n g  t r e n d s  

i n  the f i g u r e s .  Eleven models were t e s t e d  f o r  f i t .  C r i t e r i a  used fo r
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b e s t  f i t  w e re  maximum c o e f f i c i e n t  o f  d e t e r m i n a t i o n  a n d  v i s u a l  

a g r e e m e n t  o f  t h e  c u rv e  w i th  d a t a  p o i n t s .  The models  chosen were n o t  

i n  a l l  c a s e s  t h o s e  t r a d i t i o n a l l y  u s e d  t o  d e s c r i b e  g ro w th  ( e . g . ,  

e x p o n e n t i a l ) .  Some t r a d i t i o n a l  models  were i n a p p r o p r i a t e  because o f  

the  r e l a t i v e l y  s h o r t  deve lopmenta l  i n t e r v a l s  c o n s id e r e d  in  t h i s  s t u d y  

and t h e  m a jo r  developmental  s h i f t s  t h a t  occur d u r in g  those  f i r s t  days 

o f  l i f e .

S p e c i f i c  growth r a t e ,  g ,  was c a l c u l a t e d  from p r e d i c t e d  weights  f o r  

each day a f t e r  EYS. S p e c i f i c  growth r a t e  (Winberg 1956):

g = ( In  Wn -  In  WQ) /  T 

comes from th e  f i r s t  o rd e r  growth e q u a t io n :

Wn = W e gT n o

in  which Wn i s  the  f i n a l  w e ig h t  on day n,  WQ i s  th e  i n i t i a l  w e i g h t  on 

day 0 ,  and T i s  the  i n t e r v a l  in  days  (here  T = 1 ) .

C ond i t ion  f a c t o r  was c a l c u l a t e d  a s  mean d ry  w e i g h t  d i v i d e d  by 

mean n o t o c h o r d  l e n g t h .  R a p id  c h a n g e s  i n  l a r v a l  g ro w th  r a t e s  ( a s  

w e igh t  and l e n g t h )  cause f l u c t u a t i o n s  in  w e i g h t / l e n g t h  , t h e  f o r m u l a  

u s e d  f o r  l a r g e r  f i s h ,  t h a t  may l e s s e n  i t s  u t i l i t y  f o r  some s p e c i e s  

( e . g . ,  n o r t h e r n  a n c h o v y ,  E n g r a u l i s  m o rd a x , Z w e i f e l  ms, c i t e d  by 

T h e i l a c k e r  1978) .

Measurement o f  c h a n g e s  i n  w e i g h t  and c o m p o s i t i o n  p e r m i t t e d  an 

a s s e s s m e n t  o f  e n e r g y  d e p l e t i o n  o r  s to r a g e  d u r ing  development .  Eggs 

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

t o t a l  l i p i d  a s s a y s ,  and bomb c a l o r i m e t r y .  The samples were handled a s  

p r e v io u s l y  d e s c r i b e d  f o r  w e i g h t  s a m p l e s .  B e c a u s e  o f  sm a l l  sam ple  

volume and  r i s k  o f  c o n t a m in a t io n ,  most  samples were ashed in  a i r  In a 

P e rk in -E lm er  model 240B e l e m e n ta l  a n a l y z e r  a t  720°C f o r  10 m in .  Some
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s a m p l e s  w e re  l a r g e  enough  t o  p r o v i d e  s u b s a m p l e s  t o  be a s h e d  in  a 

m uf f l e  f u rn a c e  a t  500°C f o r  12 h. C o r r e c t i o n  f a c t o r s  were c a l c u l a t e d  

from t h e  samples combusted a t  both t e m p e r a t u r e s ,  and a l l  720°C v a lu es  

were c o r r e c t e d  to  500°C l e v e l s .  T o ta l  c a r b o n  and n i t r o g e n  c o n t e n t s  

w ere  d e t e r m i n e d  w i t h  a C a r l o - E r b a  model 1106 e lem en ta l  a n a l y z e r  and 

some samples were a l s o  a n a ly zed  with  the  P e rk in -E lm er  i n s t r u m e n t ,  f o r  

c o n f i r m a t i o n .  T o t a l  l i p i d  c o n t e n t  o f  f i v e  s e a  b a s s  s a m p l e s  

was e s t i m a t e d  by t h e  s u l p h o p h o s p h o v a n i l l i n  t e c h n i q u e  ( B a rn e s  and 

B lacks tock  1973) us ing  a c h o l e s t e r o l  s t a n d a r d .  C a l o r i c  va lues  o f  7-10 

h o ld  anchovy e g g s  and  1 - 4  h o ld  sea  b a s s  e g g s  w e re  d e t e r m i n e d  by 

c o m b u s t i o n  in  an oxygen microbomb c a l o r i m e t e r  c a l i b r a t e d  with  benzo ic  

a c i d  (6318 c a l / g ) .

E s t i m a t e s  o f  e n e r g y  c o n t e n t  a t  p a r t i c u l a r  ages  were c a l c u l a t e d  

from p r o t e i n ,  l i p i d ,  and  c a r b o h y d r a t e  c o n t e n t s  and  p r e d i c t e d  d r y  

w e i g h t s .  The a v e r a g e  energy  e q u i v a l e n t s  f o r  h e a t  o f  combustion were 

used f o r  convers ion  o f  w e i g h t  t o  e n e r g y :  5 . 6 5  k c a l / g  p r o t e i n ,  8 . 6 6  

k c a l / g  l i p i d ,  and 4 . 1 0  k c a l / g  ca rb o h y d ra t e  ( B r e t t  and Groves 1979) .  

The g ro w th  e n e r g y  b u d g e t  t e r m  G i s  t h e  d i f f e r e n c e  b e t w e e n  b o d y  

c a l o r i c  c o n t e n t s  a t  s u c c e s s i v e  ages .  P e r c e n t  p r o t e i n  was e s t i m a t e d  as  

th e  p ro d u c t  o f  p e r c e n t  n i t r o g e n  and 6 . 0 2 5  ( B r e t t  a n d  Groves  1 9 7 9 ) .  

B e c a u s e  o f  s am p le  s h o r t a g e s  the  fo l l o w in g  assumptions  were made: (1) 

Sea bass  ca rb o h y d ra te  c o n t e n t  was e s t i m a t e d  by s u b t r a c t i n g  % p r o t e i n ,  

% t o t a l  l i p i d ,  and % ash  from 100X. (2) Anchovy c a rb o h y d ra te  c o n t e n t

was assumed to  be the  same a s  t h a t  e s t i m a t e d  f o r  sea bass  7 h eg g s ,  28 

h e g g s ,  150 h unfed l a r v a e ,  and 249 h f e d  l a r v a e .  (3)  Unfed anchovy % 

ash was assumed to  be the  same a s  f o r  f e d  l a r v a e .  ( 4 )  T o t a l  l i p i d  

c o n t e n t  f o r  a n c h o v i e s  a t  f o u r  s t a g e s  was e s t i m a t e d  by s u b t r a c t i n g  %
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p r o t e i n ,  % c a r b o h y d r a t e ,  and % a s h  f rom 100%. The e f f e c t  o f  t h e s e  

a s s u m p t i o n s  on e s t i m a t e d  c a l o r i c  v a l u e s  i s  minimal,  because of  the  

small p e r c e n ta g e s  invo lved ;  p r o t e i n  i s  the  predominant  c o n s t i t u e n t .

Oxygen up take  f o r  a l l  s t a g e s  was measured w i th  a l l - g l a s s  c a p i l l a r y  

d i f f e r e n t i a l  m i c r o r e s p i r o m e te r s  (Microchemical  S p e c i a l t i e s  Company).  

R e s p i r o m e t e r s  were c a l i b r a t e d  by the  po ta ss ium  f e r r i c y a n i d e - h y d r a z i n e  

s u l f a t e  method d e s c r ib e d  by Umbreit  e t  a l .  (1 9 7 2 ) .  The e x p e r i m e n t a l  

t e c h n i q u e  was s i m i l a r  t o  t h a t  d e s c r i b e d  by Grunbaum e t  a l .  (1955) .  

The exper imenta l  f l a s k  and r e f e r e n c e  f l a s k  e a c h  h e l d  0 . 6 5  ml o f  a i r  

w i th  a suspended ,  po tass ium hydroxide s a t u r a t e d ,  s t r i p  o f  f i l t e r  paper  

f o r  a b s o r p t i o n  o f  c a r b o n  d i o x i d e ,  and  0 . 3 5  ml o f  0 . 2  m membrane 

f i l t e r e d  s e a  w a t e r  ( m o s t  b a c t e r i a  w e re  p r o b a b l y  removed by t h e  

f i l t r a t i o n ) .  S a l i n i t y  and t e m p e r a t u r e  w e re  t h e  same a s  i n  r e a r i n g  

t a n k s ,  b u t  more  c l o s e l y  c o n t r o l l e d .  S a l i n i t y  was 3 2 . 0  o / o o  f o r  

anchovies  and 34 .3  o /oo f o r  sea  b a s s .  Tem pera tu re  was m a i n t a i n e d  a t  

24 .0  -  0.05°C f o r  anchovies  and 20.0 -  0.05°C f o r  sea bass  in  a Gilson 

r e s p i r o m e te r  w a te r  b a th .  F l u o r e s c e n t  l i g h t i n g  p r o v i d e d  a low l i g h t  

l e v e l  of  a b o u t  300 l u x .  C o n s tan t ,  s l i g h t  a g i t a t i o n  ( t o  promote a i r -  

w a te r  gas exchange)  was p r o v i d e d  by t h e  f l o w  o f  w a t e r  i n  t h e  b a t h .  

One t o  s i x  e g g s  o r  l a r v a e  (number  d e c r e a s i n g  w i t h  a g e  t o  a v o i d  

crowding) were p la ced  in  each expe r im en ta l  f l a s k .  The r e s p i r o m e t e r s  

w e re  a l l o w e d  t o  e q u i l i b r a t e  and t h e  a n i m a l s  to  a c c l i m a t e  f o r  10-60 

min,  depending on age .  The index  d r o p l e t  was s t a b l e  a f t e r  10 min,  b u t  

t i m e  was i n c r e a s e d  t o  a l l o w  f o r  i n i t i a l l y  g r e a t e r  a c t i v i t y  o f  o ld e r  

l a r v a e  to  s u b s i d e  a f t e r  conf inement .  Fed l a r v a e  had been removed from 

r e a r i n g  t a n k s  no l e s s  t h a n  1 h a f t e r  th e  p h o to p e r io d  ended ,  so t h a t  

measurements d i d  n o t  begin u n t i l  more than  2 h a f t e r  f e e d i n g .  Oxygen
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c o n s u m p t i o n  was r e c o r d e d  h o u r l y  f o r  p e r io d s  of  3-9  h (usua l ly  6 h) .  

B eca u se  t h e s e  m e a s u r e m e n t s  w e r e  m a d e  a t  a low l i g h t  l e v e l  on 

e s s e n t i a l l y  p o s t a b s o r p t i v e  f i s h  whose movement was r e s t r i c t e d ,  they 

a r e  c o n s id e re d  to  r e p r e s e n t  r o u t i n e  metaboli sm.  R eg res s ion  e q u a t i o n s  

r e l a t i n g  oxygen u p t a k e  t o  age w ere  f i t t e d  as  d e s c r i b e d  for  weight  

d a t a .

W e i g h t - s p e c i f i c  oxygen uptake (Qn , pi oxygen consumed/yg/h) was
U2

computed  t o  a l l o w  c o m p a r i s o n  i n d e p e n d e n t  o f  s i z e  d i f f e r e n c e s .  

Regress ion  e q u a t io n s  o f  t h e  form R = aWb were f i t t e d  t o  da ta  fo r  unfed 

and fed  l a r v a e  a f t e r  EYS. Data u s e d  w ere  i n d i v i d u a l  e x p e r i m e n t a l  

oxygen u p t a k e  d a t a  (R) and  dry  w e i g h t s  p r e d i c t e d  f o r  l a rv a e  in  the  

exper im en ts  (W).

M e t a b o l i c  e n e r g y  r e p r e s e n t e d  by oxygen uptake was es t imated  with  

the  o x y c a l o r i f i c  e q u i v a l e n t  0.00463 c a l / y l  oxygen ( B r e t t  and Groves  

1 9 7 9 ) .  T o t a l  m e t a b o l i c  energy f o r  eac h  i n t e r v a l  (ene rgy  budget  term 

M) was e s t i m a t e d  as :  ( r e g r e s s i o n  p r e d i c t e d  h o u r ly  ox y g en  u p ta k e  f o r  

t h e  i n t e r v a l )  x (number  o f  hours  in  t h e  i n t e r v a l )  x (0.00463 c a l / y l  

o x y g e n ) .  Because  f e e d i n g  l a r v a e  w e r e  much more a c t i v e  than  non­

f e e d i n g  l a r v a e ,  the r e s u l t i n g  t o t a l  metabolism v a l u e s  were m u l t i p l i e d  

by t h e  f a c t o r  two f o r  l i g h t e d  p e r i o d s  f o r  f ed  l a r v a e  (14 h /d  f o r  

a n c h o v i e s  and 12 h /d  f o r  s ea  b a s s ) .  T h i s  r a t i o n a l e  corresponds  to  

t h a t  o f  Houde and S c h e k te r  (1983).

O b s e r v a t i o n s  o f  f e e d i n g  b e h a v i o r  were  made t o  e s t i m a t e  feed ing  

e f f i c i e n c y ,  i n c i d e n c e ,  and  r a t e .  O b s e r v a t i o n s  w e r e  made w i t h o u t  

r e m o v in g  l a r v a e  from th e  r e a r i n g  t a n k s  o r  o the rw ise  d i s t u r b i n g  them. 

Numbers o f  l a rv a e  observed  were :  160 a n c h o v i e s ,  20 f o r  eac h  day o f  

f e e d i n g ;  128 s e a  b a s s ,  5 the  day b e f o r e  f i r s t  f e e d i n g ,  and 10-20 f o r



each day o f  feed in g .  I n d iv idua l  l a r v a e  were observed f o r  10 min.  The 

number o f  f l e x e s  p r e p a r a t o r y  to  s t r i k i n g ,  the number of  s t r i k e s  a t  a 

r o t i f e r ,  and the number o f  success fu l  s t r i k e s  were r eco rded .

R a t i o s  o f  f e e d i n g  b e h a v i o r  c o u n t s  were  c a l c u l a t e d  t o  p rov ide  

i n d i c e s  o f  feed ing  a b i l i t y  and l e a r n i n g .  They were: (1) p e rce n tag e  of  

s u c c e s s f u l  s t r i k e s  o u t  o f  a l l  p r e p a r a t o r y  f l e x e s  ( s u c c e s s f u l  

s t r i k e s / f l e x e s ) ,  (2 )  p e r c e n t a g e  o f  s u c c e s s f u l  s t r i k e s  o u t  of  a l l  

s t r i k e s  ( s u c c e s s f u l  s t r i k e s / t o t a l  s t r i k e s ) ,  and (3 )  p e r ce n tag e  o f  

s t r i k e s  o u t  of  a l l  f l e x e s  ( s t r i k e s / f l e x e s ) .  Success fu l  s t r i k e s / t o t a l  

s t r i k e s  i s  commonly r e f e r r e d  to  as  c a p t u r e  s u cces s .

Number o f  r o t i f e r s  ea t e n  per  day (14 h of  feed ing  by anchov ies  and

12 h by s e a  b a s s )  was c a l c u l a t e d  from observed 10 min f e e d in g  r a t e s .  

R o t i f e r s  were  o f  t h e  same s t r a i n  i n v e s t i g a t e d  by T h e i l a c k e r  and 

M cM aste r  ( 1 9 7 1 ) .  D a i l y  i n g e s t io n  v a l u e s  (energy budget  te rm I)  were 

c a l c u l a t e d  with  t h e i r  f a c t o r  0.000787 c a l / r o t i f e r .

D a i l y  r a t i o n s  were  c a l c u l a t e d  a s  p e r c e n t  body w e igh t  p e r  day and

as  p e r c e n t  body c a l o r i e s  per  day. W e i g h t - s p e c i f i c  d a i l y  r a t i o n  was

c a l c u l a t e d  u s i n g  0 . 1 6  y g / r o t i f e r  (T h e i l a c k e r  and McMaster 1971) and 

p r e d i c t e d  l a r v a l  w e ig h t s .  C a lo r ic  d a i l y  r a t i o n  was c a l c u l a t e d  from 

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

c a l / i n d i v i d u a l .

The  e n e r g y  b u d g e t  t e rm  F&U was e s t im a te d  by d i f f e r e n c e .  During 

endogenous n u t r i t i o n ,  I and F a re  z e ro  and -G = U + M o r  I) = -  G -  M. 

During exogenous n u t r i t i o n ,  F&U = I -  G -  M.



15

R e s u l t s

Developmental Events

Developmental phases  were longer  f o r  sea bass th a n  for  a n c h o v i e s .  In 

b o t h  s p e c i e s ,  h a t c h i n g  o c c u r r e d  o v e r  a range  of  severa l  hou r s .  At 

24°C, most anchovy eggs hatched (H) a t  abou t  28 h a f t e r  f e r t i l i z a t i o n .  

A t  20°C, most  sea bas s  eggs ha tched  a t  about  48 h a f t e r  f e r t i l i z a t i o n .  

Anchovy eye p i g m e n t a t i o n  was c o m p l e t e  (EP) a t  a b o u t  60 h;  f e e d i n g  

b e h a v i o r  began  w i t h i n  a few h o u r s ,  and s u c c e s s f u l  feeding was f i r s t  

observed  a t  72 h. Sea bass eye p igm enta t ion  was complete a t  a b o u t  110 

h;  f e e d i n g  b e h a v i o r  began w i t h i n  a day,  and success fu l  f e e d in g  was 

f i r s t  o b s e r v e d  a t  133 h.  Y o l k  a b s o r p t i o n  r a t e  v a r i e d  among 

i n d i v i d u a l s .  Yolk was n o t  v i s i b l e  under  t h e  m ic ro s c o p e  (EYS) in 

anchov ies  o ld e r  than  80 h a f t e r  f e r t i l i z a t i o n .  Sea  b a s s  r e a c h e d  th e  

same s t a g e  a t  180 h. This  does n o t  prec lude th e  p o s s i b i l i t y  o f  o th e r ,  

l o n g e r  l a s t i n g ,  y o l k  or  o i l  s t o r a g e  d e p o t s  ( e . g . ,  i n  o r  a r o u n d  

d i g e s t i v e  o r g a n s )  i n  p o s t  y o l k s a c  la rv a e .  Unfed anchovy l a r v a e  did 

n o t  l i v e  beyond 150 h. All unfed sea  bass l a r v a e  t h a t  remained in  the 

r e a r i n g  ta nks  d ie d  by about  245 h.

S i z e  and Shape

T h r o u g h o u t  d e v e l o p m e n t  sea  b a s s  were  more r o b u s t  and h e a v i e r  than 

a n c h o v ie s ,  b u t  a c t u a l  l e n g th s ,  and t r e n d s  in l e n g t h  and w e i g h t ,  were  

s i m i l a r .  A t  h a t c h i n g ,  l a r v a e  were  2 .0 -2 .1  mm NL (Figures  1 and 2 ) .



F ig u re  1.  Live notochord l e n g t h  o f  unfed and fed  bay anchovy l a rv a e :  

mean p lu s  and minus one  s tan d a rd  e r r o r .  For number of  

o b s e r v a t i o n s ,  see  Measurements and C a l c u l a t i o n s  s e c t i o n .
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F i g u r e  2 Live notochord  l e n g t h  o f  unfed and fed  b lack  sea bass l a r v a e  

mean plus and minus one s t a n d a rd  e r r o r .  For number o f  

o b s e r v a t i o n s ,  see  Measurements and C a l c u l a t i o n s  s e c t i o n .
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Figure 3.  Dry weight o f  bay  anchovy e g g s ,  unfed l a r v a e ,  and fed l a r v a e .
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F igure  4.  Dry w e igh t  o f  b lack  sea bass  e g g s ,  unfed l a r v a e ,  and f ed  l a r v a e .
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Length of  unfed l a r v a e  r e a c h e d  a maximum between EP and  EYS and a 

minimum be tw een  EYS and S. Six days a f t e r  EYS, fed  l a r v a e  were 4 . 1 -  

4 .2  mm NL. Sea b a s s  egg w e i g h t  was a b o u t  doub le  t h a t  o f  a n c h o v i e s  

{ F i g u r e s  3 and 4 ) .  From ha tch ing  to  t o t a l  m o r t a l i t y ,  unfed la rvae  o f  

b o t h  s p e c i e s  l o s t  58% o f  t h e i r  w e i g h t .  Seven  d a y s  a f t e r  f i r s t  

f e e d i n g ,  a n c h o v i e s  w e re  162% o f  t h e i r  h a tch in g  w e i g h t  and sea bass 

219%. Average s p e c i f i c  growth r a t e  {g ) f o r  5 d a f t e r  EYS was 11.4% 

p e r  day  f o r  a n c h o v i e s  and 17.4% f o r  s ea  bass .  On t h e  e ig h th  day o f  

f e e d i n g ,  g was 20 .0% f o r  a n c h o v i e s  a n d  17.4% f o r  s e a  b a s s .  The 

g r e a t e r  r o b u s tn e s s  o f  sea bass  l a r v a e  i s  r e f l e c t e d  i n  h ig h e r  cond i t ion  

f a c t o r s  (F ig u re s  5A and  6A).  C o n d i t i o n  o f  un fed  l a r v a e  d e c r e a s e d  

u n t i l  d e a t h .  Anchovy c o n d i t io n  f a c t o r  was low d u r in g  th e  f i r s t  days 

o f  f e e d in g  and i n c r e a s e d  more slowly th a n  f o r  sea b a s s .

Composit ion

Sea b a s s  eggs and l a r v a e  con ta ined  a b o u t  50% more a s h  t h a n  a n c h o v i e s  

{F igu res  5B and 6B).

S i m i l a r  t r e n d s  i n  t o t a l  carbon and t o t a l  n i t ro g en  c o n t e n t  occurred  

f o r  u n f e d  and f e d  l a r v a e  o f  both  s p e c i e s  {Tables 1 and  2 ,  F igures  5C 

and 6 C ) .  P e r c e n t  c a r b o n  d e c r e a s e d  s l i g h t l y  a t  h a t c h i n g ,  d ro p p ed  

f u r t h e r  u n t i l  EYS, and  then  l e v e led  o f f .  Pe rcen t  n i t r o g e n  decreased  

a t  h a t c h in g ,  t h e n  r o s e  u n t i l  EYS t o  c o n s t a n t  l e v e l s .  C/N r o s e  a t  

h a t c h in g  and then dropped c o n t in u o u s ly  u n t i l  death  o f  un fed  la rv a e  and 

u n t i l  2 d l a t e r  i n  f e d  l a r v a e .  Sea b a s s  C/N con t inued  t o  d rop  on t h e  

e i g h t h  feed ing  day b u t  anchovy C/N r o s e  s l i g h t l y .

Although d a t a  a r e  l i m i t e d ,  t h e r e  was an  appa re n t  d e c r e a s e  in  t o t a l  

l i p i d  c o n t e n t  o f  s e a  b a s s  t h r o u g h o u t  d e v e l o p m e n t .  Values f o r  th e



F ig u re  5.  Changes in c o n d i t i o n  f a c t o r  and body com posi t ion  during 

growth and s t a r v a t i o n  of  bay a n c h o v ie s :  mean p lu s  and 

minus one s t a n d a r d  e r r o r ,  A. C ondi t ion  f a c t o r ,  mean dry  

w e ig h t  div ided  by mean no tochord  le n g th .  B. P e rcen t  a sh .  

C. C a rb o n / n i t r o g e n  r a t i o .  For number of  o b s e r v a t i o n s ,  

s e e  Tab le  1 and Appendix Table 1 .
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Figure  6. Changes in c o n d i t i o n  f a c t o r  and body composi t ion  d u r in g  

growth  and s t a r v a t i o n  o f  b lack  sea  b a s s :  mean p lu s  and 

minus one s t a n d a r d  e r r o r .  A. C o n d i t io n  f a c t o r ,  mean dry 

w e ig h t  d iv ided  by mean notochord  l e n g t h .  B. P e r c e n t  ash.  

C. C a rb o n /n i t r o g e n  r a t i o . , .  For number o f  o b s e r v a t i o n s ,  

s e e  Table 2 and Appendix Table 1.
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T a b l e  1 .  Carbon  and  n i t r o g e n  c o n t e n t  o f  b a y  a n c h o v y  e gg s

and  l a r v a e  d u r i n g  g r o w t h  and  s t a r v a t i o n .

Age
(h)

Carbon
( % )

Nitrogen
(%)

C/N

Eggs

7 48.7 11.8 4.12

7 4 9 .0 11.8 4.16

7 48 .9 11.6 4.21

9 48 .8 11.6 4.21

9 49.1 11.7 4.20

23 49 .6 11.9 4.17

24 49 .5 12.2 4.06

Unfed Larvae

31 48 .9 11.2 4.38

36 49.3 11.2 4.40

83a 44 .0 12.0 3.66

113 42 .8 11.8 3.63

144 43.1 12.0 3.60

145 43 .5 12.2 3.55

147 42.7 11.8 3.61

Fed Larvae

85 43 .5 11.7 3.71

100 4 3 .4 11.6 3.74

146 44.5 12.2 3.63

202 42 .4 11.9 3.56

245 43 .3 12.1 3.58

247 44 .4 12.2 3.65

252 43 .6 11.7 3.71

a Capable o f  f e e d in g



T a b l e  2 .  C arbon  a n d  n i t r o g e n  c o n t e n t  o f  b l a c k  s e a  b a s s

e g g s  and  l a r v a e  d u r i n g  g ro w th  and  s t a r v a t i o n .

Age
(h)

Carbon
(*>

N itrogen
{ % )

C/N

Eggs

l 44 .6 10.5 4.24

l 47 .6 11.0 4.34

3 46 .8 10.7 4.36

3 45 .8 10.6 4.33

4 46.3 10.7 4.31

43 47 .4 11.4 4.15

44 48 .5 11.9 4.07

47 47 .2 11.7 4.04

Unfed Larvae

101 45 .7 11.0 4.14

172a 4 3 .9 11.8 3.73

182 45 .8 12.2 3.75

217 43 .9 11.7 3.75

Fed Larvae

180 44.2 11.7 3.79

186 4 4 .9 11.7 3.84

226 41 .8 11.1 3.78

242 44 .0 11.6 3.79

298 4 3 .0 11.7 3.68

a Capable o f  f e e d in g



Table 3,  C a lo r i c  c o n te n t  o f  bay anchovy and b lack  sea bass eggs .

Ash pe rce n tages  used were 6.1% f o r  anchovy and 9.0% f o r  

sea b a s s .

Bay Anchovy________________________  Black Sea Bass_________

Age Calorieis  Age C a lo r i e s
(h) per  gram (h) per  gram

7 5560

8 5372

10 5366

10 5582

10 5506

Mean ±  s t a n d a rd  d e v i a t i o n

9 5477-103 

Mean ( a s h - f r e e )

9 5833

1 5621

1 5258

3 5088

3 5456

4 5154

2 5315-220

2 5841
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f iv e  d e t e r m i n a t i o n s  w e r e :  1 h e g g s ,  14.5%; 4 h e g g s ,  15.6%; 217 h 

unfed l a r v a e ,  12.9%; 186 h fed  l a r v a e ,  12.1%; 298 h fed l a r v a e ,  10.4%.

Bomb c a l o r i m e t r y  energy  v a lu e s  o f  an ch o v y  e g g s  were  h i g h e r  t h a n  

f o r  s e a  b a s s ,  b u t  on an a s h - f r e e  b a s i s ,  energy  c o n t e n t  was s i m i l a r  

(Table 3 ) .

Oxygen Consumption

The r e l a t i o n s h i p  b e t w e e n  ag e  and  oxygen c o n s u m p t io n  was c o m p lex ,  

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

(F ig u re s  7 and 8 ) .  In a n c h o v i e s ,  up take  r o s e  u n t i l  EYS, and con t inued  

t o  r i s e  i n  f e d  l a r v a e ,  b u t  d e c r e a s e d  a f t e r  EYS in  unfed  l a r v a e .  In  

sea b a s s ,  up take  r o s e  u n t i l  h a t c h i n g ,  s t a y e d  a b o u t  t h e  same u n t i l  

f i r s t  f e e d i n g  c a p a b i l i t y ,  t h e n  r o s e  i n  f e d  l a r v a e  and d ec reased  i n  

unfed l a r v a e .  Weight  exponents  (b)  of  sea b as s  were more t h a n  d o u b l e  

t h o s e  o f  a n c h o v i e s ,  and w i th i n  each  s p e c i e s ,  b o f  s t a r v i n g  l a r v a e  was 

more th a n  double t h a t  o f  fed  l a r v a e  (Table 4 ) .

Feeding Behavior

Sea  b a s s  c a p t u r e  s u c c e s s  was c o n s i s t e n t l y  h i g h e r  t h a n  t h a t  o f  

a n c h o v i e s  (F igure  9A). Anchovy c a p t u r e  s u c c e s s  i n c r e a s e d  from 54% on 

day 1 t o  77% on day 8 .  Sea bass  c a p t u r e  s u ccess  was 70% on day 1,  and 

during days  2 -8 ,  remained  r e l a t i v e l y  c o n s t a n t  a t  86-94%.

Sea b a s s  f e e d i n g  i n c i d e n c e  was h i g h e r  t h a n  t h a t  o f  a n c h o v i e s  

d u r i n g  t h e  f i r s t  f o u r  d a y s  o f  f e e d in g  (F igu re  9B).  Anchovy f e e d i n g  

in c id e n c e  i n c r e a s e d  f rom  40% on day 1 t o  100% on day 8 .  Sea b a s s  

feed ing  in c id e n c e  v a r i e d  a t  85-97% d u r ing  th e  f i r s t  f i v e  days and then  

remained a t  100% f o r  days  6 -8 .



Figure  7.  Hourly oxygen consumption by bay anchovy eggs ,  unfed l a r v a e ,

and fed  l a r v a e .
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Figure 8. Hourly  oxygen consumption by b lack  sea  bass e g g s ,  unfed

l a r v a e ,  and fed l a r v a e .
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Figure 9. Feeding behav ior  o f  black sea  bass and bay anchovy l a r v a e :  

mean p lus  and minus one s t a n d a r d  e r r o r .  Capture success  i s  

the p ro p o r t i o n  o f  s t r i k e s  a t  r o t i f e r s  t h a t  were s u c c e s s f u l .  

Feeding in c id e n c e  i s  the  pe rce n tag e  o f  l a r v a e  t h a t  inge s ted  

a t  l e a s t  one r o t i f e r  dur ing  t e n  minute o b s e rv a t i o n  i n t e r v a l s .  

For number o f  o b s e r v a t i o n s ,  see  Appendix Tables  2 and 3.
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F igure  10.  Feeding r a t e s  o f  b lack  sea bass  and bay anchovy l a r v a e :  

mean plus  and minus one s t a n d a r d  e r r o r .  For number o f  

o b s e r v a t i o n s ,  see  Appendix Tab les  2 and 3.
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Table 5. Daily  r a t i o n s  o f  bay anchovy and black sea

bass  feed ing  on Brachionus p l i c a t i l i s . Values 

a r e  r a t i o s  o f  i n g e s t e d  weight /body weight  and 

in g e s t e d  c a l o r i e s / b o d y  c a l o r i e s ,  expressed  as 

p e r c e n t ,  f o r  each f u l l  day o f  feed ing ( 2 - 8 ) .

Day o f  
f eed ing

Bay Anchovy Black Sea Bass

Weight C a lo r ie s Weight C a l o r i e s

2 120 111 156 146

3 153 140 167 157

4 150 138 119 112

5 172 157 88 85

6 143 129 97 94

7 145 130 111 109

8 134 119 131 130

Mean 145 132 124 119



Sea  b a s s  l a r v a e  had a h i g h e r  f l e x i n g  r a t e  b u t  lower s t r i k e  per  

f l e x  r a t e  than  a n c h o v ie s .  In a n c h o v i e s ,  mean number o f  f l e x e s  p e r  

h o u r  was 9 a t  f i r s t  f e e d i n g ,  29 on day 2 ,  and 44 on day 8 (day 2-8 

mean -  3 2 ) .  In sea  b a s s ,  mean number o f  f l e x e s  p e r  ho u r  was 48 a t  

f i r s t  f e e d i n g ,  74 on day  2 ,  and 59 on day  8 (day  2 - 8  mean = 63) .  

Anchovy s t r i k e s / f l e x e s  was 79% a t  f i r s t  f e e d i n g ,  40% on day 2 ,  and 62% 

on day 8 (d a y  2 - 8  mean = 52%).  Sea b a s s  s t r i k e s / f l e x e s  was 38% a t  

f i r s t  f e e d i n g ,  26% on day 2,  and 67% on day  8 (day  2 - 8  mean = 39%).  

During th e  f i r s t  week o f  f e e d in g ,  sea bass  i n s p e c t e d  more r o t i f e r s  per  

u n i t  t ime than  a n c h o v i e s  d i d ,  b u t  s t r u c k  a t  a l o w e r  p r o p o r t i o n  o f  

th e m .  By t h e  end  o f  t h e  week ,  t h e s e  d i f f e r e n c e s  had d i m i n i s h e d .  

Although o b s e r v a t i o n s  w ere  made a t  a l l  t i m e s  o f  t h e  d a y ,  no t r e n d  

w i th  t ime o f  day was d e t e c t e d .

Feeding Rate and D a i ly  Ra t ion

Anchovy f e e d i n g  r a t e s  were c o n s id e ra b ly  lower than  those  o f  sea  bass  

( F i g u r e  1 0 ) .  C o n s u m p t io n  o f  r o t i f e r s  by a n c h o v i e s  r o s e  f rom 4 / h  

d u r i n g  t h e  f i r s t  o b s e rv e d  hour,  to  17/h  on day 2 ,  dropped t o  12/h  on 

day 4 ,  and then  ro s e  t o  35 /h  on day 8.

D a i ly  r a t i o n s  (% body . b a s i s )  c a l c u l a t e d  by w e ig h t  or  c a l o r i e s  show 

d i f f e r e n t  t r e n d s  i n  the  two s p ec ie s  (Table 5 ) .  Anchovy d a i l y  r a t i o n  

p e a k e d  on t h e  f i f t h  day and th e n  d e c r e a s e d .  Sea bass  d a i l y  r a t i o n  

r eached  a low p o i n t  on th e  f i f t h  day and then i n c r e a s e d .

Energy Budgets

Sea b a s s  l o s t  w e i g h t  and c a l o r i e s  more s l o w l y  t h a n  a n c h o v i e s  d u r i n g  

s t a r v a t i o n  b u t  g a i n e d  w e i g h t  and c a l o r i e s  f a s t e r  when fed  (T ab le s  6



Table 6. Energy budget fo r  bay anchovy eggs and la rv a e . See te x t  fo r  methods.

Age
( h )

W e ig h t
( u g )

W e ig h t
Change

( u g )
P r o t e i n

<*)
L i p i d

( * )
C a rb o .

( * )
Ash
<*)

Body
C a l o r i e s

G

Growth
C a l o r i e s

I

Food
C a l o r i e s

M

M e t a b o l i c
C a l o r i e s

FAU 
E g e s t e d  A 
E x c r e t e d  
C a l o r i e s

1 1 5 .4

- 0 . 3

7 0 . 5 1 2 .5 1 0 .9 6 .1 0 . 0 8 5

- 0 . 0 0 2 0 0 .0 01 0 .001

14 15.1

- 0 . 8

7 2 . 0 1 1 .9 1 0 . 0 6 .1 0 . 0 8 3

- 0 . 0 0 4 0 0 .0 0 2 0 .0 0 2

28 1 4 . 3 7 3 . 5 1 2 . 3 8 . 1 6 . 1 0 . 0 7 9

h a t c h i n g - 0 . 0 0 5 0 0 .0 0 2

33 1 3 . 6

- 1 . 6

6 7 . 5 1 2 . 3 1 3 .3 6 . 9 0 . 0 7 4

- 0 . 0 1 0 0 0 .0 1 0 0 . 0 0 0

S7 1 2 . 0 6 9 . 8 11 .1 1 1 .4 7 . 7 0 . 0 6 4
e y e  p i g m e n t  
e n d  y o l k  s a c - 1 . 5 - 0 . 0 0 8 0 0 .011 - 0 . 0 0 3

81 1 0 . 5

- 1 . 6

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

- 0 . 0 0 8 0 0 . 0 0 9 - 0 . 0 0 1

105 8 . 9

- 1 . 6

7 2 . 0 1 1 .6 7 . 6 8 . 8 0 . 0 4 8

- 0 . 0 0 8 0 0 .0 0 7 0 .0 0 1

129 7 . 3

- 1 . 4

7 2 . 0 1 3 . 4 5 . 7 8 . 9 0 . 0 4 0

- 0 . 0 0 7 0 0 .0 0 4 0 . 0 0 3

150 5 . 9 7 2 . 0 1 5 .2 3 . 8 9 . 0 0 . 0 3 3

s t a r v a t i o n

57 1 2 . 0 6 9 . 8 11 .1 1 1 .4 7 , 7 0 . 0 6 4
e y e  p i g m e n t  
end  y o l k  s a c - 2 . 7 - 0 . 0 1 5 0 . 0 0 3 0 .0 1 7 0 .0 01

81 9 . 3

+ 0 .9

7 1 . 8 9 .1 1 0 . 5 8 . 6 0 . 0 4 9

+ 0 .0 0 5 0 . 0 5 7 0 . 0 2 0 0 . 0 3 2

105 1 0 . 2

+ 1.1

7 1 . 8 9 . 9 9 . 5 8 . 8 0 . 0 5 4

+ 0 .0 0 6 0 . 0 8 0 0 .0 2 2 0 . 0 5 2

129 1 1 . 3

+ 1 .3

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

+ 0 . 0 0 8 0 . 0 8 8 0 .0 2 4 0 . 0 5 6

153 1 2 . 6

+ 1 .7

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

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

177 1 4 . 3

+ 2 .2

7 1 . 8 1 2 .5 6 . 5 9 . 2 0 . 0 7 7

+ 0 . 0 1 3 0 . 1 0 8 0 . 0 2 8 0 . 0 6 7

201 1 6 .5

+ 3 .0

7 1 . 8 1 3 .2 5 . 5 9 . 5 0 . 0 9 0

+ 0 .0 1 6 0 . 1 2 7 0 . 0 3 0 0.0B1

225 1 9 . 5

+ 4 . 3

7 1 . 8 1 3 . 9 4 . 5 9 . 8 0 . 1 0 6

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

249 2 3 . 8 7 1 . 8 1 4 . 6 3 . 5 10 .1 0 . 1 3 0



f a b l e 7 .  E n e rg y  b u d g e t  f o r  b l a c k s e a  b a s s e g g s  a n d l a r v a e .  See t e x t  f o r  m e th o d s .

Age
( h )

H e i g h t
( u g )

H e i g h t
C hange

( u g l
P r o t e i n

(X)
L i p i d

(X)
C a r b o .

(X)
Ash
(X)

Body
C a l o r i e s

G

Growth
C a l o r i e s

I

Pood
C a l o r i e s

H

M e t a b o l i c
C a l o r i e s

FAU 
E g e s t e d  A 
E x c r e t e d  
C a t o r i e s

2 3 2 .5

- 2 . 1

6 4 . 5 1 5 .0 1 1 .5 9 . 0 0 . 1 7 6

- 0 . 0 1 0 0 0 .0 0 4 0 . 0 0 6

74 3 0 .4

- 2 . 4

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

- 0 . 0 1 2 0 0 . 0 1 0 0 . 0 0 2

48 2 8 . 0 7 0 . 5 1 5 . 0 5 . 5 9 . 0 0 .1 5 4

h i t c h i n g - 0 . 0 4 2 0 0 . 0 0 9

67 2 0 . 8

- 2 . 2

6 6 . 3 1 5 .0 8 . 4 1 0 .3 0 . 1 1 2

- 0 . 0 1 3 0 0 .0 1 1 0 . 0 0 2

86 1 8 . 6 6 6 . 3 1 4 .6 8 . 0 11 .1 0 . 0 9 9

eye  p i g m e n t - 2 . 0 - 0 . 0 1 1 0 0 .0 1 1 0 . 0 0 0

110 1 6 . 6

- 1 . 8

6 6 . 3 1 4 .3 7 . 5 1 1 .9 0 . 0 8 8

- 0 . 0 1 0 0 0 . 0 1 3 - 0 . 0 0 3

134 1 4 . 8

- 1 . 6

6 8 .1 1 3 .9 5 . 3 1 2 .7 0 . 0 7 8

- 0 . 0 0 9 0 0 . 0 1 2 - 0 . 0 0 3

153 1 3 .2 6 9 . 9 1 3 .6 3 .1 1 3 .4 0 . 0 6 9

end y o l k  s a c - 1 . 4 - 0 . 0 0 7 0 0 . 0 1 0 - 0 . 0 0 3

182 1 1 . 8

- 1 . 3

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

- 0 . 0 0 7 0 0 . 0 0 8 - 0 .0 0 1

206 1 0 . 5

- 1 . 1

7 1 .7 1 2 .9 1 . 0 1 4 .4 0 . 0 5 5

- 0 . 0 0 6 0 0 . 0 0 6 0 . 0 0 0

230 9 . 4

- 0 . 7

7 1 .7 1 2 .9 0 . 6 1 4 . 8 0 . 0 4 9

- 0 . 0 0 4 0 0 . 0 0 3 0 .0 0 1

245 8 . 7 7 1 .7 1 2 .9 0 . 4 1 5 .0 0 . 0 4 5

s t a r v a t i o n

110 1 6 .6

- 2 . 0

6 6 . 3 1 3 .9 8 . 0 1 1 . 8 0 . 0 8 8

- 0 . 0 1 1 0 . 0 2 0 0 . 0 1 7 0 .0 1 4

134 1 4 .6

+ 2 . 8

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

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

158 1 7 .4 6 8 . 5 1 2 .7 6 .1 1 2 .7 0 .091

end  y o l  k s a c + 3 .4 + 0 .0 1 7 0 . 1 5 6 0 . 0 2 8 0 .1 1 1

182 2 0 . 8

+ 3 . 9

6 9 . 6 12 .1 5 . 2 13.1 0 . 1 0 8

+ 0 .0 1 9 0 . 1 3 2 0 . 0 3 5 0 . 0 7 8

206 2 4 . 7

+ 4 .7

6 9 . 6 1 1 . 8 4 . 6 1 4 .0 0 . 1 2 7

+ 0 .0 2 2 0 . 1 1 7 0 . 0 4 4 0 . 0 5 1

230 2 9 . 4

+ 5 . 6

6 9 . 6 1 1 .4 4 . 0 1 5 . 0 0 . 1 4 9

+ 0 . 0 2 7 0 . 1 5 3 0 . 0 5 6 0 . 0 7 0

254 3 5 . 0

+ 6 . 7

6 9 . 6 11.1 3 .4 1 5 .9 0 .1 7 6

+ 0 .031 0 . 2 0 9 0 . 0 7 0 0 . 1 0 8

278 4 1 . 7

+ 7 . 9

6 9 . 6 1 0 .7 2 . 8 1 6 . 9 0 . 2 0 7

+ 0 . 0 3 7 0 . 2 9 3 0 . 0 8 7 0 . 1 6 9

302 4 9 . 6 6 9 . 6 1 0 .4 2 .1 1 7 . 9 0 . 2 4 4



Figure  11. Energy p a r t i t i o n i n g  in  fed  bay anchovy and b lack  sea  bass 

l a r v a e .  I = i n g e s t e d  c a l o r i e s ;  G + M = sum o f  growth and 

m e ta b o l i c  c a l o r i e s ;  G = c a l o r i e s  added to  o r  l o s t  from body.
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and 7 ,  F igure  11) .  Unfed anchovies  d i e d  5 d a f t e r  h a t c h i n g  and sea  

b a s s  i n  8 d .  From h a t c h i n g  to  d e a t h ,  u n fe d  a n c h o v i e s  l o s t  55? of  

t h e i r  c a l o r i e s ;  sea bass  l o s t  60? o f  t h e i r s .  Dur ing  t h e  f i r s t  seven  

f u l l  d ays  o f  f e e d i n g ,  a n c h o v i e s  i n c r e a s e d  in w eigh t  by 156? and in 

c a l o r i e s  by 165?; sea bass i n c re a s e d  in  w e ig h t  by 240? and in  c a l o r i e s  

by 217?.  Total  c a l o r i e s  in g e s t e d  were 0.718 by anchovies  and 1.203 by 

sea bas s .

Food Conversion E f f i c i e n c y  and M etabo l ic  Component 

Food convers ion  e f f i c i e n c y  ( K^, g r o s s  g ro w th  e f f i c i e n c y ,  G / I )  and 

m e t a b o l i c  com ponent  (M/I )  c hange d  w i t h  a g e ,  and  t r e n d s  d i f f e r e d  

between s p ec ie s  (Table 8 ) .  In  anchovies  ro se ;  in  sea b a s s  r o s e  

and th e n  d e c r e a s e d .  In  a n c h o v i e s  M/I d e c r e a s e d ;  in  s ea  b a s s  M/I 

i n c re a s e d  and then  d e c r e a s e d .  O v e r a l l  c o e f f i c i e n t  o f  u t i l i z a t i o n ,  

(G+M)/I, was 36? f o r  anchovies  and 42? f o r  sea bas s .

F ive  Day Energy Budget

A s t r i k i n g  d i f f e r e n c e  i n  e a r l y  g row th  c a p a b i l i t y  i s  r e v e a l e d  by 

r e s t r i c t i n g  t h e  e n e r g y  b u d g e t  t o  t h e  f i r s t  f i v e  days  o f  f e e d i n g  

( F i g u r e  1 2 ) .  S e a  b a s s  i n g e s t e d  a b o u t  60?  more c a l o r i e s  t h a n  

a n c h o v i e s .  The m e t a b o l i c  c o m p o n e n t s  a n d  e g e s t e d  a n d  e x c r e t e d  

com ponen ts  w ere  s i m i l a r  i n  b o th  s p e c i e s .  However,  sea bass g ross  

growth e f f i c i e n c y  was tw ice  t h a t  o f  a n c h o v ie s .



Figure  12. Energy budgets  f o r  bay anchovy and b lack  sea  bass l a r v a e

f o r  th e  f i r s t  f i v e  days o f  feed in g .  I = in g e s t e d  c a l o r i e s ;  

G = pe rc e n t  o f  i n g e s t e d  energy  used f o r  growth;  M = pe rc e n t  

used f o r  metaboli sm; F&U = pe rc e n t  e g e s te d  and e x c r e t e d .
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D iscuss ion

Length o f  the  i n t e r v a l  between f i r s t  f e e d in g  and yolk  e x h a u s t i o n  i s  a 

s i g n i f i c a n t  f a c t o r  i n  s u r v i v a l  a b i l i t y  o f  f i s h  l a r v a e ,  because i t  i s  

th e  p e r io d  o f  t r a n s i t i o n  form endogenous to  exogenous f e e d i n g .  Larvae 

w i t h  s h o r t e r  p e r io d s  have l e s s  time to  improve feed ing  a b i l i t y  to  the  

p o i n t  t h a t  t h e y  can  grow w e l l  w i t h  o n l y  e x t e r n a l  f o o d  s o u r c e s .  

Anchovies f i r s t  feed  only  8 h b e fo re  t h e i r  yo lk  i s  exhaus te d ,  and they 

do n o t  have p o s i t i v e  growth u n t i l  a f t e r  EYS. L ik e  P a c i f i c  s a r d i n e s  

( L a s k e r  1 9 6 2 ) ,  bay a n c h o v i e s  may be p a r t i c u l a r l y  v u ln e ra b le  to  food 

s h o r t a g e s  a t  f i r s t  f e e d i n g .  Houde (1974) concluded t h a t  a t  24°C ,  bay 

an ch o v y  l a r v a e  m u s t  be f e d  w i t h i n  3 2 . 5  h a f t e r  EYS t o  a v o i d  high 

m o r t a l i t y ,  and w i th i n  40 .5  h to  avo id  complete  m o r t a l i t y .  In c o n t r a s t  

( t h e  p r e s e n t  s tudy  shows t h a t )  sea  bas s  have two f u l l  days of  feed in g  

and p o s i t i v e  growth b e f o r e  t h e i r  yo lk  i s  e x h a u s t e d .  N e i t h e r  s p e c i e s  

had an advan tage  in  s u r v iv a l  t ime a f t e r  yo lk  e x h a u s t i o n .  Unfed l a r v a e  

o f  both  s p e c i e s  d ie d  w i th i n  t h r e e  days a f t e r  EYS.

A l t h o u g h  g ro w th  in  l e n g th  was s i m i l a r ,  sea bass  grew f a s t e r  than 

anchov ies  i n  w e igh t  and c a l o r i e s .  Sea bas s  s p e c i f i c  g r o w th  r a t e  was 

c o n s t a n t ,  b u t  an c h o v y  s p e c i f i c  g r o w th  r a t e  s t a r t e d  lower than  sea 

b a s s ' s  and ro s e  h ig h e r .  Th is  i s  an i n d i c a t i o n  t h a t  anchov ies  may have 

a p r o b l e m  w i t h  e a r l y  g r o w t h .  Anchovy and s e a  b a s s  g ro w th  r a t e s  

r a n g e d  f rom 11% t o  20% p e r  d a y .  T h e s e  a r e  r e a s o n a b l e  f o r  e a r l y  

l a r v a e ,  b u t  p r o b a b l y  wou ld  h ave  d e c r e a s e d  w i t h  age  o r  d e c r e a s i n g



t e m p e r a t u r e  and  i n c r e a s e d  w i t h  b e t t e r  f o o d .  M o k s n e s s  ( 1 9 8 2 )  

c a l c u l a t e d  a g o f  4 . 1 ?  f o r  c a p e l i n  (M a i lo tu s  v i l l o s u s ) r e a r e d  a t  6-20° 

C i n  an o u t d o o r  b a s i n  f o r  3 -1 2 7  d a f t e r  h a t c h i n g  ( a g e  e f f e c t ) .  

L a u r e n c e  (1975)  c a l c u l a t e d  s p e c i f i c  growth r a t e s  f o r  w in t e r  f lo u n d e r  

( P s eu d o p leu ro n ec te s  am e r ic a n u s ) from yo lk  ex h au s t io n  t o  m e ta m o rp h o s i s  

( 7 - 1 1  wk) o f  5 . 8 ?  a t  5°C and 1 0 . 1 ?  a t  8°C ( a g e  and  t e m p e r a t u r e  

e f f e c t s ) .  Houde and S c h e k t e r  (1981)  c a l c u l a t e d  a g o f  34? f o r  bay 

a n c h o v i e s  r e a r e d  a t  26°C w i t h  1000 w i l d  zooplank ton prey  per  l i t e r  

(food e f f e c t ) .  T h e i r  l a r v a e  were 2 d o l d e r  than mine b u t  had a more 

v a r i e d  and p robab ly  more n u t r i t i o u s  d i e t  c o n s i s t i n g  mos t ly  of  copepod 

n a u p l i i .  However, t h e i r  food d e n s i t y  was much h ighe r  than  n a t u r a l .

P h y s i o l o g y  may be a f f e c t e d  by body s i z e .  Sea b a s s  eggs weighed 

tw ice  a s  much as  anchovy e g g s .  S t a r v i n g  sea  b a s s  w e ig h e d  50? more 

than  s t a r v i n g  a n c h o v i e s .  A f t e r  8 d o f  f e e d i n g ,  sea  bass  weighed th r e e  

t im es  as  much a s  a n c h o v ie s .

The g r e a t e r  a s h  c o n t e n t  of  sea bass  i s  p robab ly  r e l a t e d  t o  t h e i r  

g r e a t e r  s i z e  and consequen t  need f o r  more s t r u c t u r a l  m a t e r i a l  (F ig u re s  

5B and 6B).

The C/N r a t i o  p a t t e r n s  a r e  s i m i l a r — a r i s e  a t  h a t c h i n g  r e s u l t i n g  

f rom  l o s s  o f  t h e  c h o r i o n ,  w h ich  has a low C/N r a t i o ;  d e c r e a s e  a f t e r  

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

p r o t e i n ;  C/N s low  t o  r i s e  i n  f e d  l a r v a e  p robab ly  because  p r o t e i n  i s  

accumula ted  f a s t e r  t h a n  l i p i d .  T h e s e  t r e n d s  a r e  s i m i l a r  i n  o t h e r  

s p e c i e s  (May 1971 ;  E h r l i c h  1974a,  1974b) .  As E h r l i c h  (1974a,  1974b) 

s u g g e s t e d ,  f a s t  growth ( i . e . ,  p r o t e i n  d e p o s i t i o n )  i s  p r o b a b l y  more 

i m p o r t a n t  t o  e a r l y  l a r v a e  t h a n  e n e r g y  s t o r a g e  ( i . e . ,  l i p i d
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d e p o s i t i o n ) .  Only l a t e r  in  development can the f i s h  a f f o r d  the  luxury 

of  s t o r i n g  l i p i d s  a t  the  expense  of  reduc ing  growth.

Egg and l a r v a l  c a l o r i c  v a l u e s  d e r i v e d  from p r o x i m a t e  a n a l y s e s  

com pare  w e l l  w i t h  t h o s e  f rom bomb c a l o r i m e t r y  and w i t h  p u b l i s h e d  

v a lues  f o r  o t h e r  s p e c i e s .  Der ived v a lu e s  f o r  eggs were 5512 c a l / g  fo r  

a n c h o v i e s  and 5415 c a l / g  f o r  sea bass  ( l e s s  than  a 235 d i f f e r e n c e  from 

microbomb v a l u e s ,  Tab le  3 ) .  Energy c o n t e n t  o f  n o r t h e r n  anchovy  e ggs  

i s  5450 c a l / g  (Hunter  and Leong 1981) .  Derived  v a lues  f o r  fed  l a r v a e  

9 d a f t e r  h a tc h in g  were:  an ch o v ie s ,  5465 c a l / g ,  6079 c a l / g  a s h - f r e e ;  

s e a  b a s s ,  5003 c a l / g ,  5984 c a l / g  a s h - f r e e .  These va lues  a r e  w i th i n  

t h e  r a n g e s  f o r  p o s t l a r v a e  o f  f o u r  m a r i n e  f i s h  s p e c i e s :  4904-6001  

c a l / g ,  5 6 9 4 -6 4 1 8  c a l / g  a s h - f r e e  (Thayer e t  a l .  1973).  Extreme a s h -  

f r e e  v a lu e s  were 5771-6088 c a l / g  f o r  anchov ie s  and 5950-6099 c a l / g  f o r  

sea b a s s .

P a t t e r n s  o f  oxygen consumption were g e n e r a l l y  s i m i l a r  i n  t h e  two 

s p e c i e s  ( F i g u r e s  7 and 8 ) .  One d i f f e r e n c e  was a d e c re ase  in  sea bass 

oxygen up ta ke  d u r i n g  t h e  two d ays  a f t e r  h a t c h i n g ,  w i t h  no s i m i l a r  

d e c r e a s e  f o r  a n c h o v i e s .  The d e c re a s e  f o r  sea bas s  p robably  r e s u l t e d  

from lo w e r e d  a c t i v i t y  p r i o r  t o  t h e  d e v e l o p m e n t  o f  v i s i o n .  The  

i n t e r v a l  b e tw e e n  h a t c h i n g  and  EP was much s h o r t e r  f o r  anchov ies  (a 

l i t t l e  over  1 d vs 2 .5  d ) ,  p robably  to o  s h o r t  a t i m e  f o r  a c t i v i t y  to  

d e c r e a s e  much o r  t o o  s h o r t  t o  d e t e c t  a d e c r e a s e  b e fo re  l a r v a e  could 

see  and became more a c t i v e .  A p o s th a t c h in g  peak in  oxygen u p t a k e  was 

n o t e d  i n  A t l a n t i c  h e r r i n g  by H o l l i d a y  e t  a l .  ( 1 9 6 4 ) .  L a s k e r  and 

T h e i l a c k e r  (1962) found t h a t  u p t a k e  i n  P a c i f i c  s a r d i n e s  ( S a r d i n o p s  

c a e r u l e a ) i n c r e a s e d  j u s t  a f t e r  h a t c h in g ,  b u t  was v a r i a b l e ,  depending 

on a c t i v i t y .  On th e  e i g h t h  day of  f e e d in g  ( o l d e s t  f i s h  i n  F i g u r e s  7
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and  8 ) ,  s e a  bass  consume oxygen a t  t h r e e  t imes the r a t e  o f  anchov ie s .  

Th i s  r e s u l t s  p a r t l y  because ,  a t  t h a t  s t a g e ,  s ea  b a s s  have two and a 

h a l f  t i m e s  a s  much r e s p i r i n g  t i s s u e ,  and p a r t l y  because sea bass  a r e

more  a c t i v e  (Qn o f  s e a  b a s s  i s  0 . 0 1 2  y l 02 /  g / h  v s  0 . 0 0 9  f o r
2

a n c h o v ie s ) .

The l a r g e  d i f f e r e n c e s  in w e ig h t  exponents  (b) between s p e c i e s  and 

b e tw een  u n fe d  and f e d  l a r v a e  may be a t t r i b u t a b l e  t o  i n t e r a c t i o n s  

b e tw ee n  a c t i v i t y  l e v e l  and w e i g h t  ( T a b l e  4 ) .  The f e d  s e a  b a s s  

e x p o n e n t  was h ig h e r  than  t h a t  o f  a n c h o v ie s ,  p robab ly  because  sea bass  

a c t i v i t y  a c c e l e r a t e d  f a s t e r  w i th  age (from feed ing  o b s e r v a t i o n s ) .  For 

e a c h  s p e c i e s ,  t h e  u n fe d  e x p o n e n t  was h i g h e r  than  the  fed  exponent ,  

p robab ly  because  du r ing  s t a r v a t i o n ,  a c t i v i t y  d e c r e a s e d  r a p i d l y  b u t  

r a t e  o f  w e i g h t  l o s s  d e c e l e r a t e d .  D epa r tu re  from the  t h e o r e t i c a l  b = 

0 .86  ( B r e t t  and Groves 1979) i s  n o t  p a r t i c u l a r l y  s u r p r i s i n g .  Hoss and 

P e t e r s  (1976)  e m p h a s i z e d  t h a t  f i s h  s i z e  and developmenta l  s t a g e  may 

have l a rg e  e f f e c t s  on th e  va lue  o f  th e  w e igh t  exponent ,  and t h a t  th e s e  

e f f e c t s  a r e  n o t  o f t e n  co n s id e re d  o r  r ec o g n iz e d .

Anchovy oxygen  u p t a k e  was s i m i l a r  t o  t h a t  f o u n d  by Houde and 

S c h e k t e r  ( 1 9 8 3 ) ,  who m e asu re d  u p t a k e  by eggs and l a rv a e  a t  26°C by 

a n o t h e r  method,  w i th  an oxygen e l e c t r o d e .  They r e p o r t e d  mean u p t a k e  

by eggs and y o lk s a c  l a r v a e  o f  0.030 y l / h  and 0.066 y l / h ,  and p r e d i c t e d  

a r a t e  o f  0 .168 y l / h  f o r  20.9 yg dry  w e i g h t  f e e d i n g  l a r v a e  (co m p a re  

w i th  0.180 y l / h  in  the  p r e s e n t  s t u d y ) .

Sea bass  a r e  more a c t i v e  and e f f i c i e n t  f e e d e r s  and spend more t ime 

f e e d i n g .  Judg ing from c a p t u r e  s u c c e s s  (F ig u re  9A), sea bas s  were more 

c a p a b le  than  anchovies  from f i r s t  f e e d i n g  th rough  t h e  e i g h t h  f e e d i n g  

d a y .  A t  f i r s t  f e e d i n g ,  a n c h o v i e s  w e ig h e d  a b o u t  10 yg and sea  b as s



a b o u t  15 yg; s ea  b a s s  w e re  2 . 5  d o l d e r  and  a p p a r e n t l y  were  b e t t e r  

d e v e l o p e d  than  anchov ie s .  Anchovies i n  t h i s  s tudy  had a bou t  the  same 

f i r s t - f e e d i n g  c a p tu r e  s u c c e s s  (54%) a s  Houde and  S c h e k t e r ' s  (1980 )  

a n c h o v i e s  (49%) and  s e a  bream (5 3 % ) .  C a p t u r e  s u c c e s s  o f  20 yg 

anchov ies  in  th e  p r e s e n t  s tudy  (70%) was  i n t e r m e d i a t e  be tw ee n  Houde 

and S c h e k t e r ' s  a n c h o v i e s  (60%) and  s e a  bream (61%) and t h e i r  l i n e d  

s o l e  (81%). Sea bass f i r s t  f eed ing  c a p t u r e  s u c c e s s  (70%) was a b o u t  

t h e  same a s  t h a t  o f  l i n e d  s o l e ,  and  a t  50 yg body w e ig h t ,  c a p t u r e  

success  was 90% f o r  both  s p e c i e s  ( h i g h e r  than  an c h o v ie s ,  72%, and s e a  

b r e a m ,  6 8 % ) .  N o r t h e r n  an ch o v y  l a r v a e  f e e d i n g  on 1 0 , 0 0 0 - 6 0 , 0 0 0  

Brachionus  per  l i t e r  a t  17 -18°C  ( H u n t e r  1972)  were  l e s s  s u c c e s s f u l  

t h a n  bay a n c h o v i e s  i n  t h e  p r e s e n t  s t u d y ,  b u t  s t i l l  consumed more 

r o t i f e r s  per  hour .  Nor thern  anchovy c a p t u r e  s u c c e s s  r a n g e d  f rom 11% 

a t  f i r s t  f e e d in g  to  60% on day 8 .  Bay anchovy l a r v a e ,  which feed  l e s s  

e f f i c i e n t l y  and a r e  c l o s e r  t o  s t a r v a t i o n  than b l a c k  s e a  b a s s  l a r v a e ,  

p r o b a b l y  r e q u i r e  a compensa tory mechanism f o r  good s u r v i v a l — perhaps  

env i ronmenta l  ( i . e . ,  b e t t e r  food s u p p l y ) .

Bay anchovy feed ing  r a t e s  were low er  than  th o se  o f  b lack  sea bass  

and  n o r t h e r n  a n c h o v i e s .  On t h e  e i g h t h  d a y ,  r a t e  o f  r o t i f e r  

c o n s u m p t i o n  was 1 3 / h f o r  bay  a n c h o v i e s  and 3 5 /h  f o r  b la ck  sea b a s s .  

For n o r th e r n  a n c h o v ie s ,  a s t r i k i n g  r a t e  o f  a b o u t  5 0 / h  ( H u n t e r  1974)  

m u l t i p l i e d  by 60% c a p t u r e  succes s  (H unte r  1972) g iv e s  a f e e d in g  r a t e  

o f  30 r o t i f e r s / h  on day 8 .  Nor thern  anchov ies  w e re  a b l e  t o  e a t  more 

r o t i f e r s  than bay anchov ies  because t h e y  s t r u c k  more o f t e n .

The low p o i n t  f o r  sea  ba s s  d a i l y  r a t i o n  on day 5 ,  j u s t  b e f o r e  t h e  

a g e  o f  d e a t h  f o r  u n fed  l a r v a e ,  may have r e s u l t e d  from a m e ta b o l i c  or  

d i g e s t i v e  s h i f t  c o n c u r r e n t  w i t h  EYS, f r o m  t h e  p r e s e n c e  o f
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i n e f f i c i e n t l y  f e e d i n g  l a r v a e  t h a t  were c l o s e  to  s t a r v a t i o n ,  o r  from 

d im in is h in g  a c c e p t a b i l i t y  o f  r o t i f e r s .

A l t h o u g h ,  b e c a u s e  o f  d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s ,  d i r e c t  

comparisons can n o t  be made, d a i l y  r a t i o n s  f o r  bay an ch o v ie s  and b l a c k  

s e a  b a s s  w ere  i n t e r m e d i a t e  among p u b l i s h e d  e s t i m a t e s  from r e a r i n g  

exper im en ts  u s in g  h i g h  l a r v a l  and f o o d  d e n s i t i e s .  T h e i l a c k e r  and 

D o rse y  ( 1 9 8 0 ) ,  in  a r e v i e w  a r t i c l e ,  r e p o r t e d  w e i g h t - s p e c i f i c  d a i l y  

r a t i o n s  o f  70-300% f o r  l a r v a e  fed  1000 or  more prey per  l i t e r .  Houde 

and S c h e k t e r  (1983) r e p o r t e d  very h igh c a l o r i e - s p e c i f i c  d a i l y  r a t i o n s  

o f  202-379% f o r  10-100 pg bay anchov ies  fed 1000 copepod  n a u p l i i  p e r  

l i t e r  a t  26°C .  T h e i r  l a r v a e  a l s o  had u n u s u a l l y  high growth r a t e s .  

Lined s o l e  d a i l y  r a t i o n s  a l s o  were r a t h e r  h i g h ,  165-297% ( w i t h  1000 

n a u p l i i  p e r  l i t e r ) .  Sea bream d a i l y  r a t i o n s  were a b o u t  a v e ra g e ,  121- 

234% (w i th  500 n a u p l i i  pe r  l i t e r ) .  A n o t h e r  s p e c i e s  t h a t  has  a h ig h  

d a i l y  r a t i o n  i s  w i n t e r  f l o u n d e r ;  L a u r e n c e  (1977) e s t i m a t e d  w e igh t -  

s p e c i f i c  r a t i o n s  as h igh  as  300% a day .  Barahona-Fernandes  and Conan 

( 1 9 8 1 )  r e p o r t e d  f e e d i n g  r a t e s  f o r  10 -75  d o l d  E u r o p e a n  s e a b a s s  

(D ic e n t r a r c h u s  l a b r a x )  fed  Artemia  n a u p l i i  a t  19°C; r e c a l c u l a t i o n  o f  

t h e i r  d a t a  y i e l d s  w e i g h t - s p e c i f i c  d a i l y  r a t i o n s  o f  3 0 - 8 0 % .  

A pparen t ly ,  d a i l y  r a t i o n s  f o r  l a rv a e  o f  many s p e c i e s  a r e  h i g h e r  t h a n  

t h o s e  o f  t h e  t h e  a d u l t s  b e c a u s e  o f  th e  n e c e s s i t y  f o r  f a s t  e a r l y  

growth.

S e a  b a s s  c o n s e r v e d  w e i g h t  and c a l o r i e s  b e t t e r  t h a n  a n c h o v i e s  

du r ing  s t a r v a t i o n ,  a n d  a l s o  grew b e t t e r  when f e d  ( T a b l e s  6 and  7 ,  

F i g u r e  1 1 ) .  C o n s e r v a t i o n  p r o b a b l y  r e s u l t e d  p a r t l y  from a r e a r i n g  

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

d i f f e r e n c e s .  B e t t e r  g r o w t h  p ro b a b ly  r e s u l t e d  from a com bina t ion  of



more e f f i c i e n t  f e e d i n g ,  h ighe r  i n g e s t i o n  r a t e ,  lower t e m p e r a t u r e ,  and 

d i f f e r e n t  ph y s io lo g y .  During th e  f i r s t  day o f  f e e d i n g ,  f ed  anchov ies  

l o s t  more w e ig h t  and c a l o r i e s  than  unfed an ch o v ie s .  During t h e  f i r s t  

day o f  f e e d i n g ,  f e d  sea  bass  l o s t  a b o u t  th e  same w e ig h t  and c a l o r i e s  

a s  unfed sea b a s s .  Th is  i m p l i e s  t h a t  a n c h o v i e s  a t  f i r s t  l o s t  more 

e n e r g y  t o  feed ing  a c t i v i t y  than  they ga ined  from t h e i r  food w hi le  sea 

bass  broke even .

In s t a r v i n g  l a r v a e  o f  b o t h  s p e c i e s ,  m e ta b o l i c  c a l o r i e s  exceeded 

th o s e  s u p p l i e d  f rom t h e  body and  y o l k  d u r i n g  and j u s t  a f t e r  y o l k  

d e p l e t i o n  ( n e g a t i v e  v a lu e s  in  column FSU, T a b le s  6 and 7 ) .  T h i s  could 

be a r e s u l t  o f  m e a s u r e m e n t  e r r o r ,  b u t  a n o t h e r  p o s s i b i l i t y  i s  t h a t  

l a r v a e  o b t a i n e d  e x t r a  e n e r g y  by i n g e s t i n g  m i c ro o rg a n i s m s  o r  o t h e r  

small o rg a n ic  p a r t i c l e s ,  o r  by a b s o r b i n g  n u t r i e n t s  ( D a v e n p o r t  and  

Lonning 1980, S i e b e r s  and Rosen tha l  1977) .

Gross growth e f f i c i e n c i e s  o f  10* f o r  a n c h o v i e s  and  13* f o r  s e a  

b a s s  ( T a b l e  8)  w e re  a t  t h e  l o w e r  end  o f  t h e  known range  f o r  e a r l y  

l a r v a e .  P u b l i s h e d  Kj v a l u e s  f o r  l a r v a e  f e d  1000 o r  more p r e y  p e r  

l i t e r  a r e  1 1 -4 1 *  (Houde and S c h e k t e r  1 9 8 3 ,  T h e i l a c k e r  and  Dorsey 

1980) .  Houde and S c h e k t e r  ( 1 9 8 3 )  r e p o r t e d  t h a t  i n  bay a n c h o v i e s  

r e a r e d  a t  26°C w i t h  1000 n a u p l i i  p e r  l i t e r  a s  f o o d ,  g r o s s  growth 

e f f i c i e n c y  d e c re a se d  from 21* a t  10 yg ,  to  12* a t  20 yg and 11* a t  50 

y g .  In  t h e  p r e s e n t  s tu d y ,  anchovy in c r e a s e d  between 10 and 20 yg.  

The d e c re a s e  i n  sea bass  g ro s s  growth e f f i c i e n c y  a f t e r  day 5 may be 

r e l a t e d  t o  d e c r e a s i n g  s u i t a b i l i t y  o f  r o t i f e r s  as  food f o r  s ea  bass  

( see  Appendix I I ) .  A f t e r  the  f i r s t  few days o f  f e e d i n g ,  l a r v a l  growth 

o f  b o t h  s p e c i e s  p r o b a b l y  would have been enhanced by the  a d d i t i o n  of  

l a r g e r ,  more n u t r i t i o u s  prey  (Hunte r  1980) .  The e f f e c t  on g r o w th  may
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have been  g r e a t e r  f o r  s ea  b a s s ,  which have l a r g e r  mouths and probably  

can handle  l a r g e r  p re y .  As a l a r v a  grows l a r g e r ,  t h e  b e n e f i t : c o s t  

r a t i o  f o r  feed ing  on c o n s t a n t  energy  food p a r t i c l e s  tends  to  dec re a se  

(T h e i l a c k e r  and Dorsey 1980) .  Th is  p r i n c i p l e  appea rs  to  a p p l y  t o  s e a  

b a s s ,  a s  s u g g e s t e d  by r e d u c e d  f e e d i n g  a f t e r  t h e  f i r s t  two d a y s ,  

d e c r e a s i n g  g ro w th  e f f i c i e n c y  a f t e r  t h e  f i f t h  d a y ,  a n d  c o n s t a n t  

s p e c i f i c  growth r a t e  (anchovy growth r a t e  i n c r e a s e d ) .  I f  b e n e f i t : c o s t  

( food e n e r g y i e n e r g y  ex p en d e d  i n  f e e d i n g )  d r o p s  c l o s e  t o  one ,  t h e  

p r i n c i p l e  o f  f a s t  e a r l y  growth i s  v i o l a t e d  and th e  l a rv a  becomes easy 

p rey .

The o v e r a l l  M/I  v a lu e s  o f  26% f o r  anchov ies  and 29% f o r  sea bass  

a r e  a l i t t l e  lower than  B r e t t  and G ro v e s '  (1979)  a v e r a g e  o f  44% f o r  

t y p i c a l ,  young,  w e l l - f e d ,  f a s t -g ro w in g  c a r n i v o r o u s  f i s h ;  however, M/I 

i s  t y p i c a l l y  low f o r  l a r v a e .  Houde and S ch ek te r  (1983) e s t i m a t e d  M/I 

f o r  b a y  a n c h o v i e s  a s  13% a t  10 yg and 8% a t  20 yg .  M/I f o r  t h e  

p e r c i f o r m  s e a  b ream  was 31% a t  10 yg and  16% a t  20 y g ;  f o r  t h e  

p l e u r o n e c t i f o r m  l i n e d  s o l e ,  19% a t  10 yg and 14% a t  20 y g .  One 

e x p l a n a t i o n  fo r  Houde and S c h e k t e r ' s  lower M/I f o r  a n c h o v i e s  i s  t h a t  

t h e i r  l a r v a l  i n g e s t i o n  r a t e s  w e re  a b o u t  tw ice  those  in  the  p r e s e n t  

s tu d y .  Hunter  and Kimbrell  (1980) e s t i m a t e d  t h a t  3 -5  d o l d  P a c i f i c  

m a c k e r e l  ( Scomber j a p o n i c u s ) use  abou t  18% o f  i n g e s t e d  c a l o r i e s  f o r  

metabo lism a t  19°C. I f  t h i s  va lue  i s  a d j u s t e d  f o r  a c t i v i t y ,  a s  done  

f o r  a l l  o f  the  above s p e c i e s ,  by a f a c t o r  o f  1.5 (12 h l i g h t  per  d a y ) ,  

i t  becomes 27%, which i s  c l o s e  to  my e s t i m a t e s  f o r  a n c h o v i e s  and s e a  

b a s s .

The c o e f f i c i e n t  o f  u t i l i z a t i o n ,  w h ic h  i s  m e t a b o l i z a b l e  e n e r g y  

e x p r e s s e d  a s  a f r a c t i o n  o f  i n g e s t e d  en e rg y ,  (G + M ) / I ,  was s l i g h t l y
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h ighe r  in  sea  bass  (42%) than in  anchovies  (36%). Houde and S c h e k t e r  

(1983)  e s t i m a t e d  (G + M)/I f o r  bay anchov ies  as  34% a t  10 yg and 20% 

a t  20 yg .  (G + M) / I  f o r  sea bream was 68% a t  10 yg and 37% a t  20 yg;  

f o r  l i n e d  s o l e ,  37% a t  10 yg and 27% a t  20 yg.  The o v e r a l l  va lue  f o r  

bay anchovies  i n  t h e  p r e s e n t  s t u d y ,  36%, was somewhat  h i g h e r  th a n  

t h e i r s .  However ,  i n  t h i s  s tu d y ,  G/(G + M) was 31% and M/(G + M) was 

69%, as  compared t o  a v e r a g e s  o f  62% and 38% f o r  1 0 -2 0  yg l a r v a e  i n  

Houde and S c h e k t e r ' s  s t u d y .  A p p a r e n t l y ,  u n d e r  v e r y  good f e e d i n g  

c o n d i t i o n s ,  bay a n c h o v y  l a r v a e  a r e  c a p a b l e  o f  e x c e p t i o n a l  g ro w th  

r a t e s .  Sea  b a s s  i n  t h e  p r e s e n t  s tudy  had o v e r a l l  (G + M)/I  o f  42%, 

s i m i l a r  to  t h a t  o f  sea  bream. Sea bass  G/(G + M) was 33% a n d  M/(G + 

M) was 67%. Sea  b ream ( 1 0 - 5 0  yg) a v e r a g e s  were 59% and 41%; l i n e d  

s o l e  (10-50 yg) a v e ra g es  were 49% and 51% (Houde and  S c h e k t e r  1 9 8 3 ) .  

Except  f o r  Houde and S c h e k t e r ' s  anchovies  and sea bream, the e s t i m a t e s  

g i v e n  above  a r e  s i m i l a r  t o  t h o s e  o f  B r e t t  and G roves  ( 1 9 7 9 )  f o r  

t y p i c a l ,  young,  f a s t - g r o w i n g ,  w e l l - f e d ,  c a rn iv o ro u s  f i s h ;  G/(G + M) = 

40%, M/{G + M) = 60%. The two perc i fo rm s  u t i l i z e d  more o f  t h e i r  food  

t h a n  t h e  c l u p e i f o r m  o r  p l e u ro n e c t i f o rm  l a r v a e .  Houde and S c h e k t e r ' s  

l a r v a e  ( fed  c o p e p o d s )  u s e d  more o f  t h e i r  m e t a b o l i z a b l e  e n e r g y  f o r  

growth than  d id  sea  bass  or  anchov ies  fed  r o t i f e r s .

The c o e f f i c i e n t  o f  u t i l i z a t i o n  f o r  young f i s h  has  b een  e s t i m a t e d  

a t  65-75% by Ware ( 1 9 7 5 ) .  The lower e s t i m a t e s  o f  36% and 42% in  the  

p r e s e n t  work emphasize th e  p o s s i b l e  v a r i a t i o n  t o  be found w i th  l a rv a e ,  

which may be more s e n s i t i v e  to  the  wide range  of  f e e d in g  c o n d i t i o n s  t o  

w h ic h  t h e y  a r e  e x p o s e d  i n  t h e  l a b o r a t o r y  and  i n  n a t u r e .  T h e s e  

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

j u v e n i l e s ,  w h i c h  p a s s  t h r o u g h  r a p i d  a n d  s o m e t i m e s  e x t r e m e



developmental  changes .

In g e s te d  energy  unaccounted f o r  by growth and m etabo li sm,  64% f o r  

a n c h o v i e s  and  58% f o r  s e a  b a s s ,  was assumed t o  have been e g e s te d  or  

e x c r e t e d ,  F + U / I .  T h e s e  v a l u e s  a r e  h i g h e r  t h a n  B r e t t  and G r o v e s '

(1979) mean o f  27% f o r  o l d e r  f i s h ,  b u t  s i m i l a r  t o  va lues  f o r  l a r v a e  o f  

t h e  th r e e  s p e c i e s  s t u d i e d  by Houde and  S c h e k t e r  ( 1 9 8 3 ) .  However,  

Houde and S c h e k t e r ' s  mean F&U/I f o r  10-20 ug anchovies  was somewhat 

h i g h e r ,  a b o u t  76%, p o s s i b l y  b e c a u s e  o f  o v e r e a t i n g  and r e s u l t a n t  

p a r t i a l  d i g e s t i o n .

A g ro s s  growth e f f i c i e n c y  tw ice  t h a t  o f  anchov ies  would e n ab le  sea 

b a s s  t o  grow j u s t  a s  f a s t  w i th  l e s s  food (F ig u re  12) .  The d i f f e r e n c e  

i n  e f f i c i e n c y  i s  p robab ly  r e l a t e d  t o  t h e  f a c t  t h a t  f ood  i s  h a r d e r  t o  

f i n d  f o r  a s e a  b a s s  l a r v a  o v e r  t h e  c o n t i n e n t a l  s h e l f  t h a n  f o r  an 

anchovy l a r v a  in  an e s t u a r y .  Although r o t i f e r s  a r e  no t  normally e a t e n  

i n  l a rg e  q u a n t i t i e s  by anchov ies  o r  s ea  bass  in  n a t u r e ,  th e  r e s u l t s  of  

t h i s  s tudy a r e  p robab ly  i n d i c a t i v e  o f  normal l a r v a l  f eed ing  ecology of  

t h e s e  s p e c i e s ,  e s p e c i a l l y  when they  should  e n co u n te r  pa tches  o f  food 

o rg an ism s  o f  s i m i l a r  n u t r i t i o n a l  d e n s i t y .  F o r  good s u r v i v a l  and 

g r o w t h ,  bay  anchovy l a r v a e  may need t o  feed  in  d e n s e r  prey  p a tch es  t o  

compensate f o r  t h e i r  low f e e d in g  and g ro w th  e f f i c i e n c i e s .  Sea  b a s s  

and o the r  more e f f i c i e n t  s p e c i e s  would r e q u i r e  lower  prey  d e n s i t i e s .
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Conclus ions

Three  l i n e s  o f  ev idence  s u g g e s t  t h a t  b lack  sea bass a r e  ab l e  to  r e s i s t  

f l u c t u a t i o n s  in food a v a i l a b i l i t y  b e t t e r  ( s u r v i v e  and grow a t  l o w e r  

p r e y  d e n s i t i e s )  t h a n  bay  a n c h o v i e s :  (1)  Sea bass  have more time to  

f i n d  food  and d e v e l o p  f e e d i n g  s k i l l s .  ( 2 )  S e a  b a s s  f e e d  m o re  

e f f i c i e n t l y  and p r o b a b ly  pay a lower m e ta b o l i c  p r i c e  fo r  t h e i r  food .  

(3)  D u r in g  t h e  f i r s t  f i v e  d a y s  o f  f e e d i n g ,  s ea  b a s s  g r o s s  g row th  

e f f i c i e n c y  i s  tw ice  t h a t  o f  anchov ie s .

Sea bass  may a l s o  be more r e s i s t a n t  to  s t a r v a t i o n  from c o m p l e t e  

f o o d  d e p r i v a t i o n .  T h e i r  yo lk  l a s t s  l o n g e r .  During s t a r v a t i o n ,  t h e i r  

w e i g h t - s p e c i f i c  metaboli sm i s  lower and they l o s e  body c a l o r i e s  a t  a 

lower r a t e .

Bay anchovy and  b l a c k  s e a  b a s s  l a r v a e  a r e  s i m i l a r  t o  t h o s e  o f  

c l o s e l y  r e l a t e d  s p e c i e s .  In an e x t e n s i v e  r e v i e w  a r t i c l e ,  H un te r

(1980) d e s c r ib e d  c o n t r a s t i n g  e c o l o g i c a l  r o l e s  f o r  two types  o f  m a r i n e  

f i s h  l a r v a e .  The " e n g ra u l i fo rm "  type  of  l a rv a  has a small mouth and 

e a t s  l a r g e  numbers o f  small  food organ ism s.  I t  f e e d s  from a s i n u o u s  

p o s t u r e ,  i s  n o t  p e r s i s t e n t  in  a t t a c k i n g ,  and has low f e e d in g  c a p a c i t y  

and m a n e u v e r a b i l i t y .  I t  has lower  g ro w th  and m e t a b o l i c  r a t e s .  The 

l a r v a l  bay an c h o v y  f i t s  i n t o  t h i s  c a t e g o r y .  H u n t e r ' s  "scombriform" 

type  o f  l a r v a  has a l a r g e  mouth and e a t s  small numbers  o f  l a r g e  f o o d  

o r g a n i s m s .  I t  f e e d s  f rom a more r i g i d  p o s t u r e ,  i s  p e r s i s t e n t  in  

a t t a c k i n g ,  and has h ig h e r  f e e d in g  c a p a c i t y  and m a n e u v e r a b i l i t y .  I t
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has h igher  growth and m etabo l ic  r a t e s .  The l a r v a l  black sea bass  f i t s  

f a i r l y  well i n t o  t h i s  ca teg o ry .  G e n e r a l i z a t i o n s  on f e e d i n g  a b i l i t y  

a l o n g  p h y l o g e n e t i c  l i n e s  based  on th e  p r e s e n t  s tudy a re  unwarranted,  

because the h a b i t a t s  d i f f e r  a s  well a s  r e l a t i o n s h i p s .  However,  t h e  

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

e n v i r o n m e n t a l  c o n d i t i o n s  f o r  l a r v a e  o f  t h e  two s p e c i e s - - t h e  b a y  

anchovy a p p a re n t ly  needing a dense r  food supply than  b lack  sea bass .

Two o p p o s in g  e x t r i n s i c  d e t e r m i n a n t s  o f  l a r v a l  s u r v i v a l ,  food 

a v a i l a b i l i t y  and p r e d a t i o n  p r e s s u r e ,  have been much d i s c u s s e d .  The 

consensus i s  t h a t  most  l a r v a e  i n  t h e  s e a  a r e  p r o b a b l y  e a t e n  b e f o r e  

t h e y  can grow up .  Growth r a t e  and s u s c e p t i b l e  s i z e  range determine 

t h e  l e n g t h  o f  t im e  t h a t  l a r v a e  a r e  v u l n e r a b l e  t o  e a c h  g r o u p  o f  

p r e d a t o r s .  I f ,  dur ing  a p a r t i c u l a r  growth phase ( s i z e  r a n g e ) ,  l a rv a e  

a r e  confron ted  w i t h  h ig h  p r e d a t i o n  p r e s s u r e ,  t h o s e  m os t  l i k e l y  t o  

s u r v i v e  a r e  the  ones t h a t  can evade p r e d a t o r s  the  b e s t ,  b u t  a l s o ,  and 

p e r h a p s  e q u a l l y  i m p o r t a n t ,  grow o u t  o f  t h e  v u l n e r a b l e  p h a s e  t h e  

f a s t e s t .  The bay anchovy l a r v a  has  low growth e f f i c i e n c y ,  b u t  i t s  

food ( in  e s t u a r i e s  and c o a s ta l  w a t e r s )  i s  r e l a t i v e l y  a b u n d a n t .  The 

b l a c k  s e a  b a s s  l a r v a  grows more e f f i c i e n t l y .  I t  has t o ,  because i t s  

food (o f f s h o re )  i s  n o t  very abundant .  Anchovy l a r v a e  may a l s o  f a c e  

g r e a t e r  p r e d a t i o n  p r e s s u r e  ( e . g . ,  e s t u a r i n e  p lank ton  samples taken 

dur ing  the  summer i n  North C a r o l i n a  o f t e n  c o n t a i n  l a r g e  numbers  o f  

anchovy  eggs and l a r v a e  and l a r g e  numbers o f  c h a e to g n a th s ,  which prey 

on anchov ies ,  p e r s .  o b s . ) .  The bay anchovy l a r v a  seems to  be a d a p t e d  

t o  t h e  h ig h  fo o d  c o n d i t i o n s ,  and th e  b lack  sea bass  l a rv a  to  the  low 

food c o n d i t i o n s ,  t h a t  c h a r a c t e r i z e  t h e i r  r e s p e c t i v e  h a b i t a t s .
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T h e  e n e r g e t i c s  a p p r o a c h  p e r m i t s  c o m p a r i s o n  o f  s p e c i e s '  

a d a p t a t i o n s  to  t h e i r  f e e d in g  env i ronm ents .  Black sea bass  a r e  capab le  

o f  good s u r v i v a l  and growth a t  low prey d e n s i t i e s .  High prey  d e n s i t y  

may improve growth ,  b u t  i s  n o t  e s s e n t i a l  and m i g h t  be s u p e r f l u o u s .  

F l u c t u a t i o n s  i n  food supply  may be l e s s  im p o r ta n t  to  l a r v a l  sea  bas s .  

F a c t o r s  such a s  r e d u c t i o n  o f  the  spawning p o p u l a t i o n  by o v e r f i s h i n g  

may be more i m p o r t a n t  than  l a r v a l  m o r t a l i t y  i n  r e g u l a t i n g  po p u la t io n  

s i z e .  To s u r v iv e  and grow w e l l ,  bay anchovies  a r e  o b l i g a t e d  t o  f e e d  

in  h i g h  d e n s i t i e s  o f  p r e y .  They would n o t  do well  in  the  sea b a s s ' s  

h a b i t a t .  F l u c t u a t i o n s  i n  d e n s i t y  o f  z o o p l a n k t o n  p r e y  in  e s t u a r i e s  

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

p o p u l a t i o n s .  Because many of  man's  e n v i ro n m e n t - d e g ra d i n g  a c t i v i t i e s  

a r e  c o n c e n t r a t e d  i n  e s t u a r i e s ,  t h e  bay anchovy i s  in  a p a r t i c u l a r l y  

v u ln e ra b le  p o s i t i o n .  A l th o u g h  n o t  c o m m e r c i a l l y  i m p o r t a n t ,  t h e  bay 

a n c h o v y ,  because  o f  i t s  abundance and impor tance  a s  a fo rage  f i s h ,  i s  

v e ry  i m p o r t a n t  e c o l o g i c a l l y .  I t  i s  p o s s i b l e  t h a t  e n v i r o n m e n t a l  

d e g r a d a t i o n  c o u l d  r e d u c e  p o p u l a t i o n  s i z e s  i n  some a r e a s ,  p e rh a p s  

a f f e c t i n g  o t h e r  s p e c i e s  h ighe r  in  th e  food web.
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Hormone-induced o v u l a t i o n  o f  b lack  sea bass  and r e a r i n g  o f  l a r v a e
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Black sea bass  (C e n t r o p r i s t i s  s t r i a t a  s t r i a t a ) s u p p o r t  i m p o r t a n t  

commercial and s p o r t  f i s h e r i e s  along th e  U. S.  A t l a n t i c  c o a s t .  Adults  

a r e  d i s t r i b u t e d  over  the  c o n t in e n ta l  s h e l f  and in  bays from Cape Cod, 

M a s s a c h u s e t t s ,  t o  Cape C a n a v e r a l ,  F l o r i d a ,  and o c c a s i o n a l l y  to  the 

F l o r i d a  Keys (M i l l e r  1959; Musick and M erce r  1 9 7 7 ) .  Spawning t a k e s  

p l a c e  o v e r  the  in n e r  s h e l f ,  mostly in  the  s p r in g  or  summer, depending 

on l a t i t u d e .  J u v e n i l e s  o f t e n  o c c u r  i n  h igh  s a l i n i t y  e s t u a r i e s  and 

move i n t o  d e e p e r  w a t e r  a s  t h e y  grow l a r g e r .  B lack  sea  b a s s  and 

sou the rn  sea bass  (£ .  s t r i a t a  me!ana) may have m a r i c u l t u r e  p o t e n t i a l .  

S o u t h e r n  s e a  b a s s  have  been  r e a r e d  i n  F l o r i d a  u n d e r  e x p e r i m e n t a l  

m a r i c u l t u r e  c o n d i t i o n s  by Hoff  (1970) f o r  7 d a f t e r  f e r t i l i z a t i o n  and 

by Rober ts  e t  a l .  (1977) f o r  26 d.

P ub l ished  r e p o r t s  o f  a r t i f i c i a l  spawning  o f  b l a c k  s e a  b a s s  d a t e  

back to  E a r l l  (1884) who r e p o r t e d  f e r t i l i z a t i o n  of  eggs from r i p e  f i s h  

f r e s h l y  caught  o f f  South C a ro l in a .  Wilson (1889) o b t a i n e d  eggs  from 

r i p e  f i s h  caught  o f f  M assachuse t t s  and d e s c r ib e d  in  d e t a i l  development 

of  embryos and some a s p e c t s  o f  e a r l y  y o l k s a c  l a r v a e .  H e t t l e r  and 

C le m en ts  (1978)  i n d u c e d  o v u la t i o n  o f  b lack  sea bass  by in t r a m u s c u la r  

i n j e c t i o n  o f  0 .75 10 human c h o r io n i c  gonadot rop in  (HCG) p e r  gram body 

w e i g h t ,  b u t  d id  n o t  e l a b o r a t e  on the  t e c h n iq u e .  They used the  eggs 

f o r  thermal shock e x p e r i m e n t s .  H e t t l e r  and Powel l  (1981)  r e p o r t e d  

t h a t  t h e y  had I n d u c e d  o v u l a t i o n  o f  b l a c k  s e a  b a s s  and  d e s c r i b e d  

g e n e r a l  methods  t h a t  c o u l d  be u sed  f o r  l a r v a l  c u l t u r e  o f  s e v e r a l  

s p e c i e s .  There a r e  no known pub l i she d  r e c o rd s  o f  b lack  sea  bass  being 

r e a r e d  p a s t  the  y o lk s a c  s t a g e .  This  no te  d e s c r i b e s  a t e c h n i q u e  t h a t  

m e t  w i t h  c o n s i s t e n t  su cces s  f o r  induc ing  o v u la t i o n  in  b lack  sea bass  

f em a les ,  and p r e s e n t s  r e s u l t s  from l a r v a l  r e a r i n g  exper iments  o f  12-56
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d d u r a t i o n .  T h e s e  r e s u l t s  were o b ta in e d  in  co n ju n c t io n  w i th  a s tudy 

o f  energy u t i l i z a t i o n  in  eggs and l a r v a e .

A d u l t  m a le  and f e m a l e  b l a c k  s e a  b a s s  were cap tu red  in March o r  

A p r i l  by hook and l i n e  o r  t r a p  f i s h i n g  i n  O n s l o w  Bay o f f  N o r t h  

C a r o l i n a ,  a t  2 0 -3 6  m d e p t h s ,  and were taken  to  the  l a b o r a t o r y .  They 

were m a in ta ined  in  1,000  or  2,000  L ta nks  a t  1 8 . 0 - 1 9 . 5 ° C  w i t h  a 12 h 

pho to p e r io d  (300-500 lux  a t  t h e  w a te r  s u r f a c e ) .  They were fed  chopped 

s q u i d ,  c l a m s ,  and f i s h .  M ost  m a le s  w ere  r i p e  when c a p t u r e d  a n d  

r e m a in e d  so  i n  c a p t i v i t y  w i t h o u t  hormonal  t r e a tm e n t .  Ripe females  

o c c a s i o n a l l y  were  o b t a i n e d  d u r i n g  p r e l i m i n a r y  t r i a l s ,  a n d  o n e  

s p o n t a n e o u s l y  shed  e g g s  i n t o  a h o l d i n g  t a n k .  A b o u t  650 eggs were 

re c o v e re d ;  5%  had been f e r t i l i z e d  and developed to  h a t c h in g .  Attempts  

w e re  made t o  i n d u c e  r i p e n i n g  o f  s e v e r a l  females  w i th  HCG i n j e c t i o n s ,  

w i t h o u t  f i r s t  checking oocy te  d i a m e t e r s .  Only one such  a t t e m p t  was 

s u c c e s s f u l  (641 g fem a le ,  Appendix T ab le  I I - l ) .

C o n s i s t e n t  s u c c e s s  was a t t a i n e d  o n l y  when a minimum o o c y t e  

d i a m e t e r  o f  0 . 4  mm was u s e d  a s  t h e  c r i t e r i o n  f o r  c h o o s i n g  female  

s p a w n e r s .  The f o l l o w i n g  t e c h n i q u e  was e m p l o y e d .  F e m a l e s  w e r e  

a n e s t h e s i z e d  w i t h  t r i c a i n e  m e t h a n e s u l f o n a t e  ( a n e s t h e s i a  was n o t  

ne c e ss a ry  f o r  i n j e c t i o n s  and was n o t  u s e d  d u r i n g  s t r i p p i n g  t o  a v o i d  

p o s s i b l e  e f f e c t s  on t h e  g a m e t e s ) .  Ovar ian  b i o p s i e s  were then  taken  

w i th  f i r e - p o l i s h e d  g l a s s  c a p i l l a r y  t u b e s  ( i n s i d e  d i a m e t e r  1 mm) u s e d  

a s  c a t h e t e r s .  F em a le s  w i th  0 . 4  mm o r  l a r g e r  oocy tes  were chosen f o r  

spawning (Appendix Tab le  I I - l ) .  T y p i c a l l y ,  i n j e c t i o n s  o f  HCG w ere  

g ive n  on two c o n s e c u t iv e  days .  The f i r s t  dose was 0 . 7 - 1 . 7  IU p e r  gram 

body w e igh t  and th e  second d o s e ,  0 . 6 - 0 . 8  IU. Two o f  t h e  s i x  f e m a l e s  

r e q u i r e d  a t h i r d  i n j e c t i o n .  The HCG was i n j e c t e d  i n t r a m u s c u l a r l y
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between the  d o r s a l  and p e c t o r a l  f i n  w i th  an I n s u l i n  s y r i n g e .  Two days 

a f t e r  t h e  f i r s t  i n j e c t i o n ,  t h e  f i s h  w ere  a n e s t h e s i z e d  and b i o p s i e s  

were a g a in  taken  to  check oocy te  development.  Mature eggs ( a b o u t  0 . 9  

mm d i a m e t e r )  w e re  s t r i p p e d  from the  females  47-199 h a f t e r  the  f i r s t  

i n j e c t i o n .  Some o f  th e  eggs o b t a in e d  a t  94 and 199 h were o v e r m a t u r e  

and a number were a t r e t i c ;  however, u s e a b le  q u a n t i t i e s  o f  v i a b l e  eggs 

were o b t a i n e d .  A p p a r e n t l y ,  two o r  t h r e e  d a y s  i s  enough  t im e  f o r  

o v u l a t i o n  t o  o c c u r .  L a r g e r  f e m a l e s  t e n d e d  t o  p ro d u ce  l a r g e r  eggs 

(Appendix Tab le  I I - l ) .

A w e t  f e r t i l i z a t i o n  method was used .  M i l t  was c o l l e c t e d  w i th  an 

i n s u l i n  s y r in g e  ( w i th o u t  n e e d le )  from r i p e  ma les .  Eggs were s t r i p p e d  

i n t o  100 ml o f  f i l t e r e d  s e aw a te r  a t  20°C and 34 o /oo  s a l i n i t y .  M i l t  

was added to  t h e  e g g s  and s w i r l e d  f o r  10 m in .  Then t h e  e g g s  were  

washed  w i t h  s e v e r a l  h u n d r e d  ml o f  s e a w a t e r .  N o rm a l ly -d e v e lo p in g ,  

f l o a t i n g ,  f e r t i l i z e d  eggs were immediately  removed w i th  a p i p e t t e  and 

p l a c e d  i n  r e a r i n g  t a n k s .  Some eggs from each of  th e  s i x  spawns were 

i n c u b a t e d  i n  a s t a t i c  s y s t e m  o f  10 L b l a c k  c y l i n d r i c a l  t a n k s  

c o n t a i n i n g  f i l t e r e d  s e a w a t e r  a t  20°C and 34 o / o o .  The w a t e r  was 

t r e a t e d  o n c e ,  b e f o r e  i n t r o d u c t i o n  o f  t h e  e g g s ,  w i t h  a com m erc ia l  

p r e p a r a t i o n  o f  n i t r o f u r a z o n e  and f u r a z o l i d o n e .  Larvae were r e a r e d  in  

the  same tanks  f o r  12-20 d w i th  no a p p r e c i a b l e  m o r t a l i t y .  F l u o r e s c e n t  

l i g h t i n g  p r o v i d e d  1 4 0 0  l u x  a t  t h e  w a t e r  s u r f a c e  f o r  12 h / d a y .  

R o t i f e r s  (Brachionus  p l i c a t i l i s ) were s tocked  5 d a f t e r  f e r t i l i z a t i o n  

and m a i n t a i n e d  a t  a d e n s i t y  o f  2 0 , 0 0 0 / L .  A b o u t  200 ml o f  a dense 

c u l t u r e  o f  a l g a e  (C h l o r e l l a  s p .  o r  N annoch lo r i s  s p . )  w ere  ad d ed  w i t h  

t h e  r o t i f e r s  and  r e p l e n i s h e d  e v e r y  3 - 4  d .  Under th e s e  c o n d i t i o n s ,  

h a t c h i n g  o c c u r r e d  2 d a f t e r  f e r t i l i z a t i o n ,  e y e  p i g m e n t a t i o n  was
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c o m p l e t e  on t h e  f i f t h  d a y ,  and y o l k  e x h a u s t i o n  o c c u r r r e d  a t  7-8 d. 

(A dd i t iona l  l a r v a e ,  k e p t  under s i m i l a r  c o n d i t i o n s  b u t  w i t h o u t  f o o d ,  

d i e d  w i t h i n  10 d a f t e r  f e r t i l i z a t i o n . )  F e r t i l i z e d  egg d ia m e te rs  were 

0 . 8 4 -0 .9 8  mm. H a tc h l in g  no tochord  l e n g th  was 2 . 0  mm ( F i g .  1 ) .  Mean 

d r y  w e i g h t  d e c r e a s e d  from 21 pg a t  h a tc h in g  to  a minimum o f  12 pg on 

day 5 ,  and then  i n c r e a s e d  t o  45 pg on day 12 ( a f t e r  seven f u l l  days of  

f e e d i n g ) .

Two a d d i t i o n a l  exper im en ts  were c o n d u c t e d  in  s t a t i c  100 L b l a c k

c y l i n d r i c a l  t a n k s  c o n t a i n i n g  f i l t e r e d  seaw a te r  a t  19-20°C and 30-35
*

o /o o .  F l u o r e s c e n t  l i g h t i n g  p rov ided  800 lux  a t  the  w a te r  s u r f a c e  f o r  

12 h / d a y .  R o t i f e r s  and  a l g a e  w ere  s t o c k e d  a s  i n  t h e  10 L t a n k s .  

Beginning on day 10 ,  Artemi a s a l  i n a  n a u p l i i  were  a l s o  s t o c k e d .  In 

t h e s e  e x p e r i m e n t s ,  o n l y  l e n g t h  d a t a  were c o l l e c t e d .  One tank (Exp. 

IB,  F ig .  1) was s tocked  w i t h  2000 e g g s  f rom t h e  same b a t c h  o f  eggs  

u s e d  i n  t h e  10 L t a n k s  ( E x p .  1 A ) .  D u r i n g  t h e  f i r s t  12 d ,  65 

i n d i v i d u a l s  were removed and p r e s e r v e d ;  on day  1 9 ,  100 l a r v a e  were  

p r e s e r v e d ;  between 24 and 56 d ,  22 were p r e s e r v e d  ( t o t a l  r ecove ry  9 % ) ,  

The second tank  (Exp .  2)  was s t o c k e d  w i t h  1 , 0 0 0  e g g s  from a n o t h e r  

b a t c h .  D u r i n g  t h e  f i r s t  10 d ,  86 i n d i v i d u a l s  w e re  removed and 

p r e s e rv e d ;  between 14 and 26 d ,  37 more were p r e s e r v e d  ( t o t a l  recovery  

12%).

Growth r a t e s  were good u n t i l  t h e  t h i r d  week ( F i g .  1 ) .  A f t e r  day 

1 5 ,  m o re  t h a n  h a l f  t h e  l a r v a e  w ere  n o t i c e a b l y  e m a c i a t e d ,  w h ich  

p r o b a b l y  i n d i c a t e s  a d i e t a r y  d e f i c i e n c y .  H o w e v e r ,  two r o b u s t  

j u v e n i l e s  in  Exp. 18 s u rv iv e d  t o  day 56 ( s t a n d a r d  l e n g t h s :  1 0 . 6 ,  12.2 

mm).



Appendix F igure  1.  Growth o f  b lack  sea  bass l a r v a e  and j u v e n i l e s  in

t h r e e  19-20°C e x p e r i m e n t s .  Hatch ing  i s  i n d i c a t e d  

by H and yo lk  e x h a u s t i o n  by E. Notochord le n g th s  

were measured b e f o r e ,  and s t a n d a r d  l e n g t h s  a f t e r  

f l e x i o n .  V e r t i c a l  bars  a r e  l e n g t h  r an g es .  

H or izon ta l  ba rs  a r e  t h r e e  s t a n d a r d  e r r o r s  above 

and below mean l e n g t h .  R o t i f e r s  were fed  to  

l a r v a e  in  10 L t a n k s .  R o t i f e r s  and Artemia were 

fed to  f i s h  in  100 L t a n k s .
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T h i s  s t u d y  has  shown t h a t  o v u l a t i o n  o f  b l a c k  s e a  b a s s  can  be 

i n d u c e d  r o u t i n e l y ,  a n d  t h a t  l a r v a e  c a n  b e  r e a r e d  t h r o u g h  

t r a n s f o r m a t io n  in  the  l a b o r a t o r y .  During the  spawning season ,  females  

t h a t  have i n i t i a l  oocyte  d ia m e te r s  g r e a t e r  than  0 . 4  mm, t h a t  a r e  k e p t  

a t  18°C  a n d  a r e  g i v e n  i n j e c t i o n s  o f  HCG ( 1 . 0  and 0 . 7  I U / g ) on 

co n s e c u t iv e  days ,  should o v u la t e  ab o u t  2 d a f t e r  th e  f i r s t  i n j e c t i o n .  

L a r v a e  f e d  o n l y  B r a c h i o n u s  w i l l  grow well  u n t i l  a bou t  day 12.  Poor 

g ro w th  o f  o l d e r  l a r v a e  f e d  o n l y  B r a c h i  onus  and  A r temi  a p r o b a b l y  

i n d i c a t e s  a r eq u i r e m e n t  f o r  t r a n s i t i o n a l  or  supplementa l  food such as 

copepod n a u p l i i .  P o s s i b l e  improvements in c lu d e  e x t e n s i o n  o f  spaw n ing  

t i m e  i n  t h e  l a b o r a t o r y  ( e . g . ,  by t e m p e r a t u r e  and p h o t o p e r i o d  

m a n ip u la t io n )  and development o f  a l a r v a l  f e e d i n g  r e g im e n  t h a t  would  

maximize p ro d u c t io n  o f  j u v e n i l e s  in  a m a r i c u l t u r e  s e t t i n g .
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