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ABSTRACT

GROWTH POTENTIAL OF YOUNG BLACK SEA BASS 
CENTROPRI ST IS STRIATA, IN ARTIFICIAL ENVIRONMENTS

Joung Won Kim 
Old Dom in io n  U n i v e r s i t y ,  1987 

D i r e c t o r :  D r .  An th ony  J .  Provenzano

The c o m m e r c i a l l y  i m p o r t a n t  m a r i n e  f i n f i s h ,  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 ) , was e v a l u a t e d  f o r  a q u a c u l t u r e  p o t e n t i a l  by 

e x a m in in g  g r o w t h  under  c o n t r o l l e d  c o n d i t i o n s  i n  t h e  l a b o r a t o r y .  To 

i n v e s t i g a t e  t h e  e f f e c t  o f  f o od  and w e i g h t  on g r o w t h ,  j u v e n i l e s  and young 

b l a c k  sea bass  were  c u l t u r e d  in  a c l o s e d  sys tem w i t h  a n a t u r a l  d i e t  and a 

commer c ia l  d i e t  a t  v a r i o u s  f e e d i n g  l e v e l s .

Growth  was a f f e c t e d  by t y p e  o f  f o o d ,  f o o d  c o n s u m p t io n  r a t e ,  and f i s h  

body w e i g h t .  For  f i s h  h a v in g  p o s i t i v e  w e i g h t  g a i n ,  a b s o l u t e  g ro w t h  r a t e  

(gram per  day)  i n c r e a s e d  e x p o n e n t i a l l y  as f o o d  c o n s u m p t io n  r a t e  ( p e rc e n t  

o f  body w e i g h t  per  day) a n d / o r  mean body w e i g h t  i n c r e a s e d .  I n s t a n t a n e o u s  

g ro w t h  r a t e  ( p e r c e n t  o f  body w e i g h t  per  day) o f  t h e  f i s h  a l s o  i n c r e a s e d  

e x p o n e n t i a l l y  as food c o n s u m p t i o n  r a t e  ( p e r c e n t  o f  body w e i g h t  per  day) 

i n c r e a s e d  b u t  dec rea sed  as mean body w e i g h t  i n c r e a s e d .  The s t a r v e d  f i s h  

a l s o  showed t h e  same p a t t e r n  in  w e i g h t  l o s s :  a b s o l u t e  w e i g h t  l o s s  (grams

pe r  day) i n c r e a s e d  e x p o n e n t i a l l y  and i n s t a n t a n e o u s  w e i g h t  l o s s  ( p e r c e n t  o f  

body w e i g h t  p e r  day) d ec rea s ed  e x p o n e n t i a l l y  as mean body w e i g h t  o f  th e  

f i s h  i n c r e a s e d .

The n a t u r a l  d i e t ,  w h i c h  had a l ow e r  c a l o r i c  v a l u e  th an  th e  

comm erc ia l  d i e t ,  was s i g n i f i c a n t l y  i n f e r i o r  t o  t h e  commerc ia l  d i e t  in  

te rm s  o f  g r o w t h  r a t e  p ro duced  and f o o d  c o n v e r s i o n  e f f i c i e n c y .  F i s h  f ed
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t h e  n a t u r a l  d i e t  had s i g n i f i c a n t l y  h i g h e r  f o o d  c o n s u m p t i o n  r a t e s  than  

t h o s e  fed  t he  co m m erc ia l  d i e t .

For f i s h  f e d  t h e  c om m erc ia l  d i e t  two g e n e r a l i z e d  e q u a t i o n s  were 

d e v e lo p e d  t o  p r e d i c t  i n s t a n t a n e o u s  and a b s o l u t e  g r o w t h  r a t e s  in  r e l a t i o n  

t o  mean body w e i g h t  and fo od  c o n s u m p t io n  r a t e .  E s t i m a t e d  g ro w t h  r a t e s  

u s i n g  t hese  e q u a t i o n s  showed a good f i t  t o  o b s e rv e d  g r o w t h  r a t e s .

C u l t u r e d  b l a c k  sea bass we re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  the  

n a t u r a l  p o p u l a t i o n  i n  w e i g h t - 1e ng th  r a t i o  a c c o r d i n g  t o  r e l a t i v e  c o n d i t i o n  

in d e x  and a w e i g h t - 1e ng th  r e l a t i o n s h i p .

T o t a l  e n e rg y  c o n s u m p t i o n  ( ca l  p e r  day) f o r  s t a n d a r d  m e t a b o l i s m  o f  

t h e  i n d i v i d u a l  f i s h  i n c r e a s e d  e x p o n e n t i a l l y  w i t h  body w e i g h t  b u t  ene rgy  

consumed per  u n i t  body w e i g h t  d ec rea s ed  e x p o n e n t i a l l y  as body w e i g h t  

i n c r e a s e d .  Energy  c o n s u m p t i o n  f o r  m a in ten an c e  i n  r e l a t i o n  t o  body w e i g h t  

showed the  same p a t t e r n .

The e n e r g e t i c s  o f  t h e  b l a c k  sea bass r e l a t e d  t o  maximum fo od  

c o n s u m p t ion  r a t e  w e re  e s t i m a t e d  u s i n g  the  e x p e r i m e n t a l  r e s u l t s  and 

r e f e r e n c e  v a l u e s  i n  t h e  l i t e r a t u r e s .

O v e r a l l  r e s u l t s  show t h a t  c u l t u r e d  b l a c k  sea bass  can grow f o u r  to  

f i v e  t i m es  f a s t e r  t h a n  n a t u r a l  p o p u l a t i o n s  and t h a t  t h e  s p e c i e s  i s  a good 

c a n d i d a t e  f o r  a q u a c u l t u r e .
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CHAPTER I 

INTRODUCTION

A q u a c u l t u r e  i s  o f  w o r l d w i d e  i n t e r e s t  as a t o o l  f o r  p r o d u c i n g  

d e s i r a b l e  a q u a t i c  r e s o u r c e s .  Rap id  advancements  i n  t e c h n o l o g y  have 

enab led  c u l t u r e  o f  numerous a q u a t i c  o rg a n i s m s  c o m m e r c i a l l y  f o r  p u b l i c  and 

p r i v a t e  p u r p o s e s .

M a r i n e  f i n f i s h e s  a r e  t r a d i t i o n a l l y  i m p o r t a n t  f o o d  r e s o u r c e s  in  many 

c o u n t r i e s .  For  d ec a de s ,  v a r i o u s  commer c ia l  l a n d i n g s  o f  m a r i n e  f i n f i s h e s  

have i n d i c a t e d  t h e  s h o r t a g e  o f  t h es e  n a t u r a l  f o o d  r e s o u r c e s  on a g l o b a l  

s c a l e .  O v e r f i s h i n g  has been reg a rde d  as t h e  d o m in a n t  f a c t o r  r e s u l t i n g  in  

d e v a s t a t i o n  o f  many s p e c i e s  o f  m a r ine  f i n f i s h e s  (Bardach  e t  a l . ,  197 2) .  

S in c e  f i s h e r i e s  can n o t  s a t i s f y  demand, m a r i c u l t u r e  o f  m a r i n e  f i n f i s h e s  

has r e c e i v e d  g r e a t  a t t e n t i o n  w o r l d w i d e  t o  p ro du c e  t h e  c o m m e r c i a l l y  

i m p o r t a n t  f o o d  r e s o u r c e s  ( G i r i n ,  1979)*

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

u n d e r d e v e lo p e d  compared t o  t h a t  f o r  f r e s h w a t e r  c o u n t e r p a r t s  or  o t h e r  

m a r i n e  o r g a n i s m s .  S e v e r a l  f a c t o r s  c o n t r i b u t e d  t o  s l o w  deve lo pm en t  o f  t he  

t e c h n o l o g y  i n  m a r i n e  f i n f i s h  c u l t u r e :  ( 1) o v e r e s t i m a t i n g  t h e  m ag n i tu d e  o f  

n a t u r a l  s t o c k s ,  (2) l a c k  o f  e s s e n t i a l  i n f o r m a t i o n  f o r  c u l t u r e ,  (3) 

g e o g r a p h i c  l i m i t a t i o n  o f  se aw a te r  s u p p l y ,  (k) d i f f i c u l t i e s  i n  o b t a i n i n g  

seed s t o c k s  due t o  c o m p l i c a t e d  and e x p e n s i v e  n u t r i t i o n a l  r e q u i r e m e n t s  

d u r i n g  t h e  l a r v a l  d e v e lo p m e n t ,  and (5 ) t h e  r e q u i r e m e n t s  f o r  s o p h i s t i c a t e d  

and e x p e n s i v e  e q u ip m e n t ,  f a c i l i t i e s  and l a b o r  ( K o r r i n g a ,  197&; G i r i n ,

1983) •

Black sea bass,  Centropr  i s t i s  s t r  i a t a  L . ,  is  a common bottom
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d w e l l i n g  f i s h  i n  c o a s t a l  w a t e r  o f  t he  e a s t  c o a s t .  I t  has been a d e s i r a b l e  

t a r g e t  o f  c o m m e rc ia l  f i s h e r i e s  f o r  s e v e r a l  d e c a d e s .  However ,  l a n d in g s  

d ropped d r a s t i c a l l y  i n  t h e  19 6 0 1s because o f  o v e r f i s h i n g  (Musik and 

M e r c e r ,  1976; Cupka e t  a l . ,  1977; K e n d a l l ,  1 97 7 ) -  At  p r e s e n t ,  s p o r t  

f i s h i n g  c o n t r i b u t e s  t h e  main  f i s h i n g  m o r t a l i t y  o f  b l a c k  sea bass i n  t he  

m i d d l e  and s o u t h  A t l a n t i c  r e g i o n s  (M e rc e r ,  1 9 7 8 ) .  Due t o  r e s t r i c t e d  

h a b i t a t  on ha rd  b o t t o m  and red uced  p o p u l a t i o n ,  s p o r t  f i s h i n g  a lo ne  may be 

enough t o  e x c l u d e  t h e  p o p u l a t i o n  f r om  o t h e r  c o m m erc ia l  f i s h e r i e s .  No 

p a r t i c u l a r  management o r  r e s t r i c t i o n  has been e n f o r c e d  t o  p r e s e r v e  the  

p o p u l a t i o n .  L i t t l e  r e s e a r c h  has been a t t e m p t e d  t o  f i n d  t h e  p o t e n t i a l  o f  

b l a c k  sea bass  f o r  m a r i c u l t u r e  d e s p i t e  i t s  r e c o g n i z a b l e  s c a r c i t y  i n  n a t u r e  

and i n a b i l i t y  o f  com m erc ia l  f i s h i n g  t o  s a t i s f y  m a r k e t  demands.

S o u t h e rn  b l a c k  sea b a s s ,  C. m e lan a , was t e s t e d  f o r  c u l t u r a l  

p o t e n t i a l  by H o f f  (1970) > R o b e r t s  e t  a 1 . ,  (1977) * and H a r p s t e r  e t  

a 1 - * (1977 ) -  T he y  i n d i c a t e d  t h a t  C e n t ro p r  i s t  i s s p e c i e s  were  good 

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

p h y s i o l o g i c a l  c h a r a c t e r i s t i c s :  s t r o n g  t o l e r a n c e  t o  low t e m p e r a t u r e ,  pH, 

and oxygen l e v e l ,  and h i g h  n i t r o g e n  compound l e v e l s ,  l i t t l e  space and fo od  

r e q u i r e m e n t s  f o r  g r o w t h .  The g l o b a l  p o p u l a r i t y  o f  s e r r a n i d  f i s h e s  in  

a q u a c u l t u r e  as w e l l  as t h e  f e a s i b i l i t y  o f  sp aw n in g  i n d u c t i o n  o f  t h i s  

s p e c i e s  ( T u c k e r ,  1983) s u p p o r t s  t h e  idea t h a t  b l a c k  sea bass  has g r e a t  

p o t e n t i a l  f o r  m a r i c u l t u r e .

S u c c e s s f u l  c om m erc ia l  m a r i c u l t u r e  l a r g e l y  depends on deve lopm ent  o f  

i n e x p e n s i v e  f o o d s  t h a t  p ro m o te  o p t i m a l  g ro w t h  and s u r v i v a l .  Because 

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

d e v e l o p i n g  a d e q u a t e  com m erc ia l  f o od s  i s  a m a jo r  c o n c e rn  o f  f i s h  c u l t u r e .
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Growth i s  t h e  n e t  outcome o f  t o t a l  p h y s i o l o g i c a l  and b e h a v i o r a l  

p ro c e s s e s  i n f l u e n c e d  by th e  s u r r o u n d i n g  e n v i r o n m e n t a l  c o n d i t i o n s .  A t  the  

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

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

g r o w t h .  To d e f i n e  t h e  p o t e n t i a l  g ro w t h  o f  a f i s h ,  t h e s e  g r o w t h - r e l a t e d  

p h y s i o l o g i c a l  p ro c e s s e s  and t h e  n a t u r e  o f  t h e  i n t a k e  e ne rg y  so u rces  

i n f l u e n c i n g  th o s e  p ro c e s s e s  s h o u ld  be p r o p e r l y  u n d e r s t o o d .

The pur pose  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  p o t e n t i a l  o f  b l a c k  

sea bass f o r  a q u a c u l t u r e  by d e t e r m i n i n g  ( 1) g r o w t h  i n  n a t u r a l  and 

co m m erc ia l  d i e t s  under  l a b o r a t o r y  c o n d i t i o n s  and (2) t h e o r e t i c a l  g ro w th  

p o t e n t i a l  based on th e  e x p e r i m e n t a l  o u t p u t s .

S in c e  no i n f o r m a t i o n  on c u l t u r i n g  b l a c k  sea bass under  l a b o r a t o r y  

e n v i r o n m e n t s  was a v a i l a b l e ,  t h e  f o l l o w i n g  h y p o t h e s e s  were  e s t a b l i s h e d  t o  

exam ine  t h e  p o t e n t i a l  o f  t h e  b l a c k  sea bass f o r  a r t i f i c i a l  c u l t i v a t i o n :

(1) N a t u r a l  e n v i r o n m e n t  i s  s u p e r i o r  t o  an a r t i f i c i a l  e n v i r o n m e n t  

i n  g ro w t h  and c o n d i t i o n .

(2) Food co n s u m p t io n  r a t e s  ( f e e d i n g  l e v e l )  and th e  w e i g h t  o f  

t h e  f i s h  do n o t  a f f e c t  g ro w t h  r a t e s  o f  t h e  b l a c k  sea bas s .

(3) A com m erc ia l  d i e t  i s  n o t  s u p e r i o r  t o  a r e p r e s e n t a t i v e  n a t u r a l  

d i e t  o f  b l a c k  sea bass f o r  g r o w t h .

By r e l a t i n g  f o o d  c o n s u m p t i o n ,  g r o w t h ,  and m e t a b o l i c  r a t e ,  an ene rg y  

b u d g e t  can be d e t e r m i n e d ,  p r o v i d i n g  a measure o f  t h e  e f f i c i e n c y  o f  fo od  

c o n v e r s i o n  and e n e rg y  u t i l i z a t i o n .
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CHAPTER I I 

MATERIALS AND METHODS

S a m p l i n g  and C o n d i t i o n i n g  

A t o t a l  o f  L12 j u v e n i l e  and young i n d i v i d u a l s  o f  t h e  b l a c k  sea bass 

were  c o l l e c t e d  by hook and l i n e  o r  t r a p s  a t  Rudee I n l e t  and Chesapeake Bay 

B r i d g e  Tunne l  p i e r ,  V i r g i n i a  Beach,  V i r g i n i a ,  i n  A u g u s t ,  Se p tem be r ,  and 

November 1985 and May 19 8 6 . To m i n i m i z e  s a m p l i n g  i n j u r y ,  Number s i x  s h o r t  

neck hooks were  used i n  hook and l i n e  c a t c h e s  w h i l e  m o d i f i e d  rou nd  minnow 

t r a p s  were used w i t h  s q u i d  b a i t  f o r  t r a p  s a m p l i n g .  The c o l l e c t e d  f i s h  

were  then p la c e d  i n  100 l i t e r  p l a s t i c  c o o l e r s  under  low t e m p e r a t u r e  (10 -  

15° C) and s u p p le m e n t a r y  a e r a t i o n  was p r o v i d e d  w i t h  b a t t e r y  o p e r a t e d  

a e r a t o r s .  I f  t h e  f i s h  showed s w im b la d de r  i n f l a t i o n  caused by  an a b r u p t  

p r e s s u r e  change,  a i r  was t a k e n  f r o m  t h e  sw im b la dde r  w i t h  a s y r i n g e .  Upon 

a r r i v a l  a t  t h e  l a b o r a t o r y ,  t h e  f i s h  were  s to c k e d  i n  an a p p r o x i m a t e l y  2000 

l i t e r  c l os e d  sys tem c u l t u r e  f a c i l i t y  equ ipped  w i t h  a s e r i e s  o f  v a r i o u s  

f i l t r a t i o n  and s t e r i l i z a t i o n  u n i t s .

A f t e r  a two o r  t h r e e  day s t a r v a t i o n  p e r i o d  t o  e v a c u a t e  g u t s ,  t h e  

f i s h  were a n e s t h e t i z e d  w i t h  100 ppm MS-222 f o r  measurement  and t a g g i n g .

The f i s h  were  r o l l e d  on p ap e r  t o w e l s  t o  remove exc ess  w a t e r  and measured 

f o r  s t a n d a r d  l e n g t h  (SL, mm), t o t a l  l e n g t h  (TL, mm) and l i v e  w e i g h t  (o r  

w e t  w e i g h t ;  W, g) . To i d e n t i f y  t h e  f i s h ,  c u s to m iz e d  t h r e a d  t a g s  were 

i n d i v i d u a l l y  p l a c e d  i n  t i s s u e s  s u r r o u n d i n g  t h e  second d o r s a l  s p i n e  o r  th e  

t e n t h  d o r s a l  f i n  r a y .  I f  no damage o r  shock due t o  t h e  t a g g i n g  o r  

m ea su r ing  p r o c e d u r e s  was o b s e r v e d  a f t e r  a day ,  t h e  f i s h  were  p l a c e d  in  

r e a r i n g  t a n k s  f o r  a c c l i m a t i o n .
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To a v o i d  e x p e r i m e n t a l  b i a s  due t o  t h e  s o c i a l  and p h y s i o l o g i c a l  

s t r e s s e s  fo und  in  t h e  p r e l i m i n a r y  o b s e r v a t i o n s ,  t h e  f i s h  were  s o r t e d  

r o u g h l y  by s i z e  and p l a c e d  i n  s e p a r a t e  r e a r i n g  t a n k s  d u r i n g  t h e  

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

To a c c l i m a t e  t h e  f i s h  t o  l a b o r a t o r y  f e e d i n g  t h e y  were  s t a r v e d  u n t i l  

a bo u t  h a l f  o f  t h e  f i s h  i n  each ta nk  showed a c t i v e  f e e d i n g  o r  f o r a g i n g  

movements i n  r esponse  t o  s e m i n a t u r a l  d i e t s  such as chopped s q u i d ,  s h r im p  

o r  mole c r a b s .  The f e e d i n g  o f  a n a t u r a l  d i e t  a lways  p re c e d e d  commerc ia l  

d i e t  f e e d i n g  because f i s h  f a i l e d  t o  respond t o  commerc ia l  f o o d s  d u r i n g  

s h o r t  a c c l i m a t i o n  p e r i o d s .  A f t e r  t h e  f e e d i n g  response  was s t a b i l i z e d ,  th e  

f i s h  were f e d  comm erc ia l  f o o d s  o f  a b o u t  one p e r c e n t  o f  l i v e  body w e i g h t  

d a i l y .

R e a r i n g  E nv i ro nm en ts

A c l o s e d  sys tem was d e s i g n e d  and b u i l t  t o  p r o v i d e  an i n t e n s i v e  

c u l t u r e  f a c i l i t y  f o r  t h e  s t u d y .  The c u l t u r e  sys tem c o n s i s t e d  o f  t h r e e  300 

l i t e r  r e c t a n g u l a r  r e a r i n g  t a n k s ,  one 200 l i t e r  round s t a r v a t i o n  t a n k ,  one 

600 l i t e r  r e a r i n g  t a n k ,  one s e t t l i n g  chamber,  t h r e e  m e c h a n i c a l  f i l t e r s ,  

two chemica l  f i l t e r s ,  two b i o l o g i c a l  f i l t e r s ,  two foam f r a c t i o n e r s ,  and 

one u l t r a - v i o l e t  s t e r i l i z a t i o n  u n i t .  The d e t a i l s  o f  t h e  sys te m  were  

d e s c r i b e d  in  A p pend ix  A.

The sys tem was c o n d i t i o n e d  f o r  more t h an  f o u r  months  t o  e s t a b l i s h  a 

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

e f f i c i e n t l y  i n  r em ov ing  n i t r o g e n  compounds,  e s p e c i a l l y  ammonia.  The 

l o a d i n g  c a p a c i t y  o f  t h e  s ys te m  was t e s t e d  w i t h  l a r g e  b l a c k  sea bass  

between November 1984 and J u l y  1985- A p p r o x im a t e l y  30 kg o f  b l a c k  sea bass
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c o u ld  be m a i n t a i n e d  und er  s a t i a t i o n  f e e d i n g  reg im es  w i t h o u t  t h e  ammonia 

l e v e l  e x c e e d in g  0 . 0 2  ppm.

The t e m p e r a t u r e ,  s a l i n i t y ,  and p h o t o p e r i o d  were  m a i n t a i n e d  a t  21 +  2 

°C, 2 5 + 2  o / o o ,  12 hour  l i g h t  : 12 hour  d a r k  r e s p e c t i v e l y .  The 

t e m p e r a t u r e  was m o n i t o r e d  w i t h  c o n t i n u o u s  t e m p e r a t u r e  r e c o r d e r s  ( T a y l o r  

I n s t r u m e n t  Co . ,  A s h e v i l l e ,  N . C . ) .  S a l i n i t y w a s  measured d a i 1y w i t h  a 

r e f r a c t o m e t e r  (Amer ican O p t i c a l  C o . ) .  In a d d i t i o n  t o  t w e l v e  AO w a t t  

f l u o r e s c e n t  l i g h t  b u l b s  t h r e e  m e t e r s  above the  c u l t u r e  s y s te m ,  f o u r  AO 

w a t t  f u l 1- s p e c t r u m  f l u o r e s c e n t  l i g h t  b u l b s  were s e t  one m e te r  above t h e  

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

and t h e  p h o t o p e r i o d  o f  t h e  f l u o r e s c e n t  l i g h t  was c o n t r o l l e d  by an 

a u t o m a t i c  t i m e r .  N a t u r a l  l i g h t  was r e f l e c t e d  on t h e  c u l t u r e  sys tem f r om  

two A5 x 85 cm windows p r o v i d i n g  normal  p h o t o p e r i o d  d u r i n g  t h e  

e x p e r i m e n t a l  p e r i o d .

The w a t e r  q u a l i t y  o f  t h e  c u l t u r e  sys tem was m o n i t o r e d  d a i l y  by 

m ea su r ing  pH, n i t r a t e ,  n i t r i t e ,  and ammonia w i t h  a SeaTest  M u l t i - K i t  

(Aquar ium System C o . ) .  N o r m a l l y ,  t h e  n i t r a t e ,  n i t r i t e ,  and ammonia l e v e l s  

d i d  n o t  exceed AO m g /1 ,  0 .01 m g /1 ,  and 0 .0A ppm r e s p e c t i v e l y .

Seawater  p r o v i d e d  f o r  t h e  c u l t u r e  sys tem was c o l l e c t e d  near  

Chesapeake L i g h t  Tower  by  t h e  r e s e a r c h  v e s s e l ,  R/V L inwood H o l t o n .  The 

s a l i n i t y  o f  c o l l e c t e d  sea w a t e r  was a bo u t  31 0 / 0 0 . Due t o  s h o r t a g e  o f  sea 

w a t e r  s u p p l y ,  s y n t h e t i c  s a l t s  ( F o r t y  Fathoms I n c . )  we re  used t o  p r o v i d e  

a d d i t i o n a l  s a l i n e  w a t e r  f o r  t h e  c u l t u r e  sys te m.  S a l i n e  w a t e r  o f  100 0 / 0 0  

was p re p a re d  i n i t i a l l y  by m i x i n g  s y n t h e t i c  s a l t s  and t a p  w a t e r .  A f t e r  

a g i n g  one day w i t h  v i g o r o u s  a e r a t i o n ,  t h e  w a t e r  was f i l t e r e d  w i t h  128 urn 

meshed s c r e e n  t o  remove d e t r i t u s  and l a t e r  d i l u t e d  t o  25 0 / 0 0  w i t h  aged

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7

t a p  w a t e r .

The f l o w  r a t e  i n  each r e a r i n g  t a n k  was m a i n t a i n e d  i n  a ran ge  o f  3 -  

6 l i t e r s  pe r  m in u t e  depend in g  on t h e  w a t e r  q u a l i t y .  The t u r n o v e r  r a t e  was 

a b o u t  10 -  2b t i m e s  per  day .  Each day 2 -  5 % ° f  w a t e r  i n  t h e  sys tem was 

changed w h i l e  s i p h o n i n g  o u t  f e c e s  and excess f o o d s .  When t h e  ammonia 

l e v e l  o f  t h e  sy s te m  exceeded 0 . 0 6  ppm, a s u f f i c i e n t  vo lume o f  w a t e r  was 

changed t o  b r i n g  t h e  ammonia l e v e l  b e low  0 . 0 b  ppm.

Each 300 l i t e r  r e a r i n g  t a n k  was d i v i d e d  i n t o  e i g h t  comp ar tmen ts  w i t h  

p l a s t i c  egg c r a t e s  ( 1 .2  cm x 1 .2  cm l a t t i c e  s t r u c t u r e )  and 2 mm meshed 

f i l t e r  s c r e e n ,  w h i c h  d i d  n o t  a l l o w  any p a r t i c u l a t e s  b i g g e r  t h a n  2 mm in  

d i a m e t e r  t o  p a s s .  The compar tments  o f  t h e  r e a r i n g  t a n k s  were  p re p a re d  t o  

a l l o w  s e p a r a t e  f e e d i n g  f o r  each g ro up  o f  b l a c k  sea bass s o r t e d  by l e n g t h  

o r  w e i g h t  c l a s s .  A f e c e s  c o l l e c t o r  (10 cm x 10 cm x 3 cm h e i g h t )  was 

p l a c e d  on t h e  b o t t o m  o f  each c o m p a r tm en t .  S u p p le m e n ta ry  a e r a t i o n  was 

p r o v i d e d  f o r  each compar tment  t o  a c h i e v e  s a t u r a t e d  d i s s o l v e d  oxygen 

l e v e l s .  The t o t a l  w e i g h t  in  each compar tm en t  d i d  n o t  exceed 1800 g l i v e  

we i g h t .

The f i s h  i n v o l v e d  i n  s t a r v a t i o n  t e s t s  we re  i s o l a t e d  f r om  t h e  fed  

f i s h  i n  t h e  s t a r v a t i o n  t a n k  t o  p r e v e n t  e x t r a  ene rg y  l o s s  due t o  b e h a v i o r a l  

e x c i t e m e n t  evoked by f e e d i n g  b e h a v i o r  o f  t he  o t h e r  f i s h .  A number o f  

c y l i n d r i c a l  c e ra m ic  p i p e s  (12 cm d ia m e t e r  x 30 cm long)  were  i n s t a l l e d  in  

t h e  s t a r v a t i o n  t a n k  as s h e l t e r s  t o  red uce  e n e rg y  e x p e n d i t u r e  caused by 

a c t i v e  f o r a g i n g  movements and b e h a v i o r a l  s t r e s s  be tween t h e  f i s h  d u r i n g  

s t a r v a t i o n  p e r i o d s .
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Food P r e p a r a t i o n

The b l a c k  sea bass  i s  an o p p o r t u n i s t i c  c a r n i v o r o u s  f e e d e r .  The 

m a jo r  d i e t a r y  i tems  i n  n a t u r e  a r e  c r u s t a c e a n s ,  f i s h ,  and m o l l u s c s  (Chee, 

1977) -  To s e l e c t  t e s t  d i e t s  f o r  t h e  f i s h ,  t h e  f o l l o w i n g  f a c t o r s  were  

c o n s i d e r e d ;  ( 1) p r o p e r l y  b a l a n c e d  n u t r i t i o n a l  q u a l i t y  w h ic h  caused no 

a c u t e  or  c h r o n i c  n u t r i t i o n a l  d i s e a s e s ,  (2) ade qua te  f e e d i n g  response  o f  

c u l t u r e d  f i s h ,  and (3) f e a s i b i l i t y  o f  f o o d  p r o v i s i o n  and f e e d i n g  

o p e r a t i o n .

As a n a t u r a l  d i e t  t h e  m o le  c r a b ,  Emer i t a  t a 1p o ida  (Fam i1y H i pp i d a e ) , 

was s e l e c t e d  due t o  i t s  abu ndance in  t h e  f i s h  s a m p l i n g  a r e a ,  f r e q u e n t  

o c c u r r e n c e  i n  t h e  d i e t s  o f  c a p t u r e d  sa m p le s ,  and homogeneous e n e r g e t i c  

v a l u e .  A c c o r d i n g  t o  t h e  p r e l i m i n a r y  t e s t s ,  b l a c k  sea bass s t o c k e d  i n  t he  

c u l t u r e  sys tem f o r  t h r e e  t o  e i g h t  months  r e v e a l e d  normal  d e v e lo p m e n t  o f  

male  gonads and a few  f e m a le  gonads when mole  c rab s  were f e d  as a s o l e  

d i e t a r y  s o u r c e .  T h i s  i n d i c a t e d  t h a t  t h e  n u t r i t i o n a l  and e n e r g e t i c  q u a l i t y  

and q u a n t i t y  o f  mole  c r a b s  exc eeded  t h e  m in im a l  r e q u i r e m e n t s  f o r  g ro w t h  o f  

t h e  b la c k  sea b ass .

H a r p s t e r  e t  a l . (1977) n o t e d  t h a t  h i g h  p r o t e i n  d i e t s ,  e s p e c i a l l y  

t r o u t  chows, were  d e s i r a b l e  f o r  c u l t u r i n g  young s o u t h e r n  b l a c k  sea b ass ,

C. me 1 ana . However ,  c o m m erc ia l  d r y  d i e t s  f r e q u e n t l y  showed low f e e d i n g  

responses by c u l t u r e d  s a lm o n o id  f i s h e s  w h i l e  commerc ia l  wet  d i e t s  h a v in g  

h i g h  m o i s t u r e  c o n t e n t s  (60 -  70 %) showed d i f f i c u l t i e s  i n  f e e d i n g  

o p e r a t i o n  due t o  l e a c h i n g  o f  e s s e n t i a l  n u t r i e n t s  ( i . e . ,  v i a t a m i n s ,  

m i n e r a l s ,  e t c . )  i n t o  t h e  w a t e r  b e f o r e  b e i n g  consumed by c u l t u r e d  f i s h .  

T h e r e f o r e ,  R a n g e n - Z e i g 1e r  S o f t - m o i s t  d i e t  (Oregon m o i s t u r e  p e l l e t  t y p e ,  

R a n g e n - Z e i g l e r  Co. ,  G a rd n e r s ,  PA),  w h ic h  had a p p r o x i m a t e l y  15 % o f
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m o i s t u r e  c o n t e n t ,  was s e l e c t e d  as t h e  commerc ia l  d i e t  f o r  t h i s  s t u d y  among 

v a r i o u s  comm erc ia l  t r o u t  chows.

Mole c r a b s ,  E_. t a 1p o i d a , were  c o l l e c t e d  a t  Rudee I n l e t  w i t h  sc re e n  

n e t s  i n  September  ’ 985.  and A p r i l  and May 1986, and r i n s e d  w i t h  t a p  w a t e r  

a t  t h e  l a b o r a t o r y .  Egg b e a r i n g  i n d i v i d u a l s  were  d i s c a r d e d  t o  re duce  

v a r i a t i o n  in  t he  d i e t a r y  e n e rg y  o f  t h e  mole  c r a b s .  Two l a y e r s  o f  

r e c t a n g u l a r  meshed s c r e e n s  (0 .6 2  cm and 1 .25  cm r e s p e c t i v e l y )  were  used to  

s o r t  t h e  mole  c rab s  i n t o  t h r e e  s i z e  c l a s s e s .  Mole c r a b s  w h i c h  d i d  n o t  

pass t h r o u g h  1.25 cm mesh s c r e e n  were  d i s c a r d e d  w h i l e  s m a l l  mo le  c rab s  

w h ic h  passed t h ro u g h  0 . 6 2  cm mesh sc re e n  were  n o r m a l l y  p r o v i d e d  t o  g roup s  

o f  sm a l l  f i s h  l e s s  t h a n  125 mm in  s t a n d a r d  l e n g t h  o r  50 g i n  ave rag e  l i v e  

w e i g h t .  Mole c rab s  o f  i n t e r m e d i a t e  s i z e  we re  p r o v i d e d  t o  t h e  r e s t  o f  t he  

c u l t u r e d  f i s h .  S o r t e d  m o le  c r a b s  were  r o l l e d  on paper  t o w e l s  t o  remove 

excess w a t e r ,  packed i n  250 g u n i t s  and f r o z e n .

Two s i z e s  o f  p e l l e t s  o f  t h e  commer c ia l  d i e t  (0 .2 75  cm and 0 -5 5  cm in  

d i a m e t e r )  were  u t i l i z e d  i n  t h e  e x p e r i m e n t s .  As w i t h  n a t u r a l  d i e t s ,  sm a l l  

f i s h  were  f e d  t h e  s m a l l  s i z e  p e l l e t s .  Both  s i z e  p e l l e t s  we re  sc ree ne d  t o  

remove powdered p o r t i o n  (ab o u t  5 % o f  t o t a l  w e i g h t )  w h i c h  o t h e r w i s e  wou ld  

cause s e r i o u s  w a t e r  q u a l i t y  d e t e r i o r a t i o n  and o v e r e s t i m a t i o n  o f  i n t a k e  

e n e rg y  f o r  t h e  e x p e r i m e n t a l  f i s h .  To fe ed  the  j u v e n i l e s  o f  l e s s  th an  20 

g,  t h e  sm a l l  s i z e  p e l l e t s  we re  chopped and sc reened  w i t h  0 .1  cm and 0 . 2  cm 

mesh s c r e e n s .  On ly  i n t e r m e d i a t e  s i z e  p a r t i c l e s  were  p r o v i d e d  t o  t h os e  

f i s h .

Exper  i m e n t a t  i on

Growth
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A s e r i e s  o f  e x p e r i m e n t s  was u n d e r t a k e n  t o  d e t e r m i n e  w e i g h t - s p e c i f i c  

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

l a b o r a t o r y  c o n d i t i o n s .  The f e e d i n g  c o n d i t i o n s ,  f o o d  t y p e s  and g e n e r a l  

e x p e r i m e n t a l  p r o c e d u r e s  a r e  summar ized i n  T a b l e  1. A l l  w e i g h t  

measurements  o f  f i s h  and f o o d s  used d u r i n g  t h e  g ro w t h  e x p e r i m e n t s  were  

e x p re s s e d  i n  w e t  w e i g h t  ( l i v e  w e i g h t ) .

A p p l i e d  f e e d i n g  l e v e l s  c o u l d  be c a t e g o r i z e d  i n t o  t h r e e  r e g im e s :  (1)

no f e e d i n g ,  (2) reduced  f e e d i n g  l e v e l ,  and (3) s a t i a t i o n  f e e d i n g .  The 

f i s h  were  c o n s i d e r e d  s a t i a t e d  when t h e y  wou ld  no l o n g e r  a c c e p t  any f o o d ,  

i n  t h e  p re s e n c e  o f  e x c e s s ,  a f t e r  a p e r i o d  o f  a c t i v e  f e e d i n g .  A l l  excess  

fo o d s  were  removed i m m e d i a t e l y .  To e n s u re  t h e  s a t i a t e d  c o n d i t i o n  e x t r a  

f o o d s  were  p r o v i d e d  20 -  30 m in u t e s  a f t e r  i n i t i a l  f e e d i n g .  For n a t u r a l  

d i e t  f e e d i n g  a l l  e xcess  f o o d s  w e re  c o l l e c t e d  w i t h  n e t s ,  r o l l e d  on pap er  

t o w e l s ,  and th en  w e ig h e d .  Each v a l u e  o f  t h e  'consumed f o o d s '  r e p r e s e n t s  

t h e  w e t  w e i g h t  d i f f e r e n c e  between  t h e  amount o f  f o o d  p re s e n t e d  and t h e  

amount o f  c o l l e c t e d  p o s t  f e e d i n g .

When t h e  commer c ia l  d i e t  was a p p l i e d  i n  s a t i a t i o n  f e e d i n g ,  t h e  

u n e a te n  excess  fo o d s  soaked w i t h  w a t e r  changed t h e i r  w e i g h t s .  D e s p i t e  

t h a t  no p a r t i a l l y  consumed f o o d s  had been f o un d  i n  t h e  commerc ia l  d i e t  

f e e d i n g ,  t h e  p e l l e t s  were  e a s i l y  c r u s h e d  by t h e  c o l l e c t i n g  p ro c e d u r e  a t  

p o s t - f e e d i n g  pha se .  T h i s  c o u l d  r e s u l t  i n  u n d e r e s t i m a t i o n  o f  t h e  q u a n t i t y  

o f  e x c e s s .  To m i n i m i z e  t h e  e r r o r s  i n  e s t i m a t i n g  t h e  w e i g h t  o f  excess  

f o o d s ,  t h e  number o f  p e l l e t s  i n  t h e  excess  f o o d s  was c o un te d  and c o n v e r t e d  

t o  w e i g h t  by m u l t i p l y i n g  by t h e  a v e ra g e  w e i g h t  o f  a p e l l e t .  The s e l e c t e d  

p e l l e t s  sc ree ne d  d u r i n g  t h e  p r e p a r a t i o n  were  r e l a t i v e l y  homogeneous i n  

w e i g h t  ( ra ng e  o f  0 . 2 8  -  0 .3 &  g w i t h  t h e  a ve ra g e  w e i g h t  o f  0 . 3 0  g ) . The
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T a b l e  1. Summary o f  g ro w t h  e x p e r i m e n t a t i o n

e x p e r -  e x p e r i m e n t a l no .  o f no.  o f t o t a l  mean t o t a l  amount
iment  d a t e  ( p e r i o d f  i sh g ro u p  & body w e i g h t o f  f o o d  con ­
number i n days) (mor t a  1 .) r e p l i  c a . o f  f i s h  (g) sumed (g)

. S t a r v a t i o n  E x p e r im e n ts

9a 05/ 15- 0 5 / 2 8  (14) 72 (0) 1-1 ( 1) * 697 5 .8 0
10a 05/ 30- 0 6 / 0 9  ( 11) 56 (0) 1-1 ( 1) 760 7 .3 0
11 06/ 10- 0 7 / 2 2  (43) 7 ^ (0 ) 1-1 ( 1) 11708.0 0

1. N a t u r a l  D i e t  E x o e r im e n t s  ( S a t i a t e d  f e e d i n g on 1 y)

A. No s i z e - s o r t i n q  and s i n a l e d a i l y  f e e d i n q  f r e q u e n c y
1 1 0 / 0 9 - 1 2 / 0 7  (60) 79(4 ) 1-1 ( 1) 479 3-4 14600.0
2 1 2 / 0 9 - 0 1 / 1 7  (40) 74(0 ) 1-1 ( 1) 5 7 4 2 .2 965 1 .4
3 0 1 / 2 0 - 0 2 / 0 4  ( 15) 76(2) 1-1 ( 1) 631 2 .0 3 6 8 7 .O

B. S i z e - s o r t i n a  and d o u b l e  da i l y  f e e d i n q f r e q u e n c y
9b 05/ 15- 0 5 / 2 8  (14) 53 (0 ) 7-7  (1) 7135-6 251 2 .3

10b 0 5 / 3 0 - 0 6 / 0 9  (11) 5 1* (1) 7-7  (1) 7720.1 1672.1

I I I .  Commercial D i e t  Feeding Exper iments* *

A. S a t i a t e d  and s i n g l e  d a i l y  fee d in g  f requency
5
6
7
8

0 2 / 0 9 - 0 3 / 0 5
0 3 / 1 1 - 0 3 / 2 5
0 4 / 0 8 - 0 4 / 2 0
0 4 / 2 1 - 0 5 / 0 9

(25)
(15)
(13)
( 18)

1 8 0 (0) 6 -12 
1 7 7 (0) 6 -22  
1 8 7 (0) 6 -25  
189(3)  7 -24

(2) 16141.7  
(3- 4)  19345.3  
(4-5)  22484 .4  
(2-4)  24744 .0

657 2 .4  
3159 .9  
2761 .1 
409 6 .8

B. S a t i a t e d  and d o u b le d a i l y  f e e d i n q  f r e q u e n c y
9c

10c
0 5 / 1 5 - 0 5 / 2 8
0 5 / 3 0 - 0 6 / 0 9

(14)
( 11)

7 0 (2) 9 -9  
8 0 ( 1) 10-10

( 1) 808 0 .8  
(1) 786 1 .4

1407-3
793 -2

C. Reduced and s i n q l e d a i l y  fe ed  i nq f  req ue nc y
9d

lOd
0 5 / 1 5 - 0 5 / 2 8
0 5 / 3 0 - 0 6 / 0 9

(14)
( 11)

65 (0) 8 -8  
59 (0) 8 -8

(1) 765 7 .0  
(1) 728 8 .6

9 0 3 .4
4 0 2 .6

D. Reduced and h a l f  d a i l y  f e e d i n q  f r e q u e n c y
12 0 9 / 0 1 - 0 9 / 2 5 (25) 6 2 (8 )  8 -8 (1) 5 3 4 7 .0 9 7 4 .5

E. Reduced and s i n g l e da i 1y feed  i nq (no s i z e - s o r t  i nq)
4 0 1 / 2 0 - 0 2 / 0 4 (15) 1 0 3 (0) 1-1 (1) 655 2 .8 9 7 8 .0

*  Group and r e p l i c a t e :  numbers i n d i c a t e  'number  o f  s i z e  c l a s s ' -
' t o t a l  number o f  g r o u p '  ' ( num be r  o f  r e p l i c a t e  i n  each s i z e  c l a s s ) '

* *  S i z e - s o r t i n g  o f  f i s h  was a p p l i e d  i n  a l l  e x c e p t  f o r  e x p e r im e n t  4.
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a ve rage  w e i g h t  o f  t h e  s m a l l  p e l l e t s  was 0 .1 2  g ( range  o f  0 . 0 6  -  0 . 1 5  g) •

In f o u r  p r e l i m i n a r y  e x p e r i m e n t s  ~]k -  103 f i s h  w e i g h i n g  a p p r o x i m a t e l y  

10 g t o  150 g i n  i n i t i a l  body w e i g h t  were  r e a r e d  i n  one 300 l i t e r  r e a r i n g  

t a n k  t o  f i n d  t h e  o v e r a l l  f o o d  c o n v e r s i o n  e f f i c i e n c y  and g ro w t h  r a t e  under  

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

c r a b s  were f e d  once d a i l y  a t  s a t i a t i o n  l e v e l .  In t h e  second and t h i r d  

e x p e r i m e n t s  250 g o f  mole  c r a b s  ( a p p r o x i m a t e l y  5 % o f  i n i t i a l  body w e i g h t  

pe r  day) were  p r o v i d e d  d a i l y  t o  t h e  f i s h  as n a t u r a l  d i e t  s o u r c e .  To

reduce  t h e  s i z e  h i e r a r c h y  e f f e c t  in  g ro w t h  o b s e rv e d  i n  t h e  f i r s t

p r e l i m i n a r y  e x p e r i m e n t ,  a d i v i d e r  was s e t  in  t h e  m i d d l e  o f  t h e  t a nk  and 

s e v e r a l  l a r g e  f i s h  were  i s o l a t e d  f r om  t h e  r e m a i n i n g  f i s h  f o r  t h e  second 

th r o u g h  the  f o u r t h  p r e l i m i n a r y  e x p e r i m e n t .

Commercial  d i e t ,  R a n g e n - Z e i g l e r  S o f t - m o i s t  d i e t  ( h e r e a f t e r ,  Rangen-  

Z e i g l e r  S o f t - m o i s t  d i e t s  and mole  c r a b s  a r e  r e f e r r e d  t o  as t h e  commerc ia l  

d i e t  and n a t u r a l  d i e t  r e s p e c t i v e l y  f o r  t h i s  s t u d y ) ,  was f i r s t  i n t r o d u c e d  

i n  t h e  f o u r t h  p r e l i m i n a r y  e x p e r i m e n t .  Due t o  h i g h  e n e r g e t i c  v a l u e  and 

r e l a t i v e l y  low f o o d  c o n s u m p t io n  r a t e  o f  t h e  f i s h  f e d  t h e  comm erc ia l  d i e t ,  

o n l y  70 g o f  t h e  comm erc ia l  d i e t  was p r o v i d e d  t o  103 f i s h  ( a p p r o x i m a t e l y  

one p e r c e n t  o f  t h e  mean body w e i g h t  pe r  day) f o r  15 d ays .

Based on i n f o r m a t i o n  f r om  t h e  f o u r  p r e l i m i n a r y  e x p e r i m e n t s ,  a s e r i e s

o f  e x p e r im e n t s  was co n d u c te d  t o  d e t e r m i n e  t h e  g ro w t h  r a t e s  o f  f i s h  r e l a t e d  

t o  f e e d i n g  l e v e l s ,  d i e t  t y p e s ,  and s i z e  o f  t h e  f i s h .  S i z e  s o r t i n g  o f  t he  

f i s h  by l e n g t h  o r  w e i g h t  was a p p l i e d  t o  a l l  f e d  f i s h  based on p r e -  

e x p e r i m e n t a l  measu rem en ts .  The f i s h  g roup ed  i n  s i z e  c l a s s e s  w i t h  two t o  

f i v e  r e p l i c a t e s  f o r  each s i z e  c l a s s  we re  p l a c e d  i n  i n d i v i d u a l  compar tments  

o f  f o u r  r e a r i n g  t a n k s .  The commerc ia l  d i e t  was p r o v i d e d  s e p a r a t e l y  t o
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each g ro up  o f  f i s h .

S a t i a t i o n  f e e d i n g  l e v e l s  w i t h  s i n g l e  d a i l y  f e e d i n g  f r e q u e n c y  were 

a p p l i e d  i n  e x p e r i m e n t s  5> 7. and 8 u s in g  t h e  co m m erc ia l  d i e t  (see T a b le

1 and 3 ) *  In e x p e r i m e n t s  9 and 10 two t ypes  o f  d i e t s  and t h r e e  f e e d i n g  

reg imes ( 0 %, 50 %, and 100 % o f  s a t i a t e d  f e e d i n g  l e v e l s )  were  a p p l i e d  

r e s p e c t i v e l y  t o  each o f  f o u r  s i z e  r e p l i c a t e  g ro up s  o f  f i s h :  ( 1)

s t a r v a t i o n ,  (2) s a t i a t i o n  w i t h  t h e  commerc ia l  d i e t ,  (3) s a t i a t i o n  w i t h  t he  

n a t u r a l  d i e t ,  and (4) reduced  f e e d i n g  w i t h  h a l f  t h e  amount  o f  t h e  

s a t i a t i o n  f e e d i n g  o f  t h e  comm erc ia l  d i e t .  The f i s h  i n  t h e  s a t i a t e d  

f e e d i n g  e x p e r i m e n t s  we re  f e d  t w i c e  d a i l y  and t h e  g ro up s  o f  f i s h  under  

reduced f e e d i n g  l e v e l  were  f e d  once d a i l y .

In a d d i t i o n  t o  exper iments  9a and 10a, a t o t a l  o f  f i s h  were 

s ta rved  f o r  v a r i o u s  p er io ds  (11 -  43 days) in exper iment  11.  In 

exper iment  12 a t o t a l  of  62 f i s h  having been in volve d  in a s t a r v a t i o n  

exper iment  (ex per im ent  11) were sor te d  by we ig h t  and t e s t e d  f o r  25 days 

under reduced fe e d i n g  w i t h  the commercial d i e t .  The food was provided  

every o th er  day u n t i l  no a c t i v e  fee d in g  response was d e t e c t e d .  A l l  

environmental  f a c t o r s  were m a in ta in e d  constant  dur ing  the  e xp er im enta l  

per iod  as p r e v i o u s l y  d e s c r i b e d .

A t o t a l  o f  1703 o b s e r v a t i o n s  were  made i n  a l l  g r o w t h  e x p e r i m e n t s .

The number o f  f i s h  i n v o l v e d  i n  each e x p e r i m e n t  ranged f r o m  53 “  187. Most 

i n d i v i d u a l s  were  used r e p e a t e d l y  i n  s e v e r a l  e x p e r i m e n t s  when normal  g ro wth  

was o b s e r v e d .  Those i n d i v i d u a l s  were  m o s t l y  t e s t e d  u nde r  t h e  same f e e d i n g  

c o n d i t i o n  in  each e x p e r i m e n t  t o  a v o i d  b e h a v i o r a l  and p h y s i o l o g i c a l  changes 

in  fo o d  i n t a k e  p a t t e r n s ,  w h i c h  p o s s i b l y  c o u ld  r e s u l t  i n  s e q u e n t i a l  changes 

in  g r o w t h .
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Measurements  were  u n d e r t a k e n  one day p r i o r  t o  each e x p e r i m e n t  and 

a f t e r  one day o f  s t a r v a t i o n  a t  t h e  end o f  each e x p e r i m e n t .  Dead f i s h  were  

n o t  r e p la c e d  d u r i n g  t h e  e x p e r i m e n t s .  The f i s h  were  r eg ro up ed  by s i z e  

between each e x p e r i m e n t  t o  m a i n t a i n  gro up s o f  u n i f o r m  s i z e .

The i n i t i a l  p r e l i m i n a r y  e x p e r i m e n t  s t a r t e d  on O c to b e r  9 ,  1985 and 

the  l a s t  e x p e r i m e n t  ended on September  20, 19 8 6 . I n c l u d i n g  13 months  f o r  

t he  p e r i o d s  o f  c u l t u r e  s ys te m  c o n d i t i o n i n g  and t e s t i n g ,  a bou t  2k months 

were s p e n t  i n  e x p e r i m e n t a t i o n .

R e s p i r a t i o n  i n  s t a n d a r d  m e t a b o l i s m

To o b t a i n  t h e  b a s i c  e n e rg y  e x p e n d i t u r e  o f  b l a c k  sea b a s s ,  t h e  

s t a n d a r d  m e t a b o l i c  r a t e  was e s t i m a t e d  by m e a s u r i n g  r e s p i r a t i o n  r a t e s  o f  

f i s h .  A s e m i -op en  c i r c u i t  r e s p i r o m e t e r  was d e s ig n e d  t o  measure t h e  oxygen 

c o nsum p t i on  r a t e  o f  b l a c k  sea bass ( t h e  d e t a i l  o f  t h e  d e s i g n  i s  shown i n  

Append ix  B) . To r e d u c e  t h e  o v e r a l l  a c c l i m a t i o n  t i m e  o f  t e s t e d  f i s h ,  t h e  

r e s p i r o m e t e r  was d e s i g n e d  t o  t e s t  t h r e e  f i s h  s i m u l t a n e o u s l y .  The 

r e s p i r o m e t e r  c o n s i s t e d  o f  f o u r  u n i t s ;  t e m p e r a t u r e  c o n t r o l  u n i t ,  u l t r a ­

v i o l e t  s t e r i l i z e r ,  r e s e r v o i r ,  and measurement  chamber .  The measurement  

chamber c o n s i s t e d  o f  t h r e e  f u n c t i o n a l  u n i t s ;  w a t e r  l e v e l i n g  co m p a r tm en t ,  

compar tmented f i s h  cham be r ,  and oxygen m ete r  p ro be  hou s in g  e qu ip ped  w i t h  

f o u r  m u l t i - d i r e c t i o n  g a t e  v a l v e s .

Two 100 l i t e r  p o l y e t h y l e n e  c o o l e r s  we re  m o d i f i e d  f o r  t h e  r e s e r v o i r  

and t h e  measurement  ch am be r .  To m a i n t a i n  t h e  c o n s t a n t  t e m p e r a t u r e  re g im e  

(21 + 0 . 1 °  C) , a b a t c h  c i r c u l a t o r  (Model 2095 Ba th  & C i r c u l a t o r ,  Forma-  

S c i e n t i f i c )  was c o n n e c t e d  t o  t h e  r e s e r v o i r  w i t h  a c u s to m iz e d  submerged 

hea t  exchange  u n i t .  The d i s s o l v e d  oxygen o f  t h e  r e s e r v o i r  and t h e
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measurement  chamber  was f u l l y  s a t u r a t e d  w i t h  d o u b le  o u t l e t  a e r a t o r s  ( F r i t z  

Chemical  P r o d u c t s ) .  To remove p a r t i c u l a t e s  and e x c r e t a  p ro duced by t e s t  

f i s h ,  a c u s t o m i z e d  s u b m e r s i b l e  a c t i v a t e d  ca rb on  f i l t e r  was p la c e d  i n  t h e  

r e s e r v o i r .  To p r e v e n t  b a c t e r i a l  p r o l i f e r a t i o n  in  t h e  r e s p i r o m e t e r  w h ic h  

c o u l d  cause  o v e r e s t i m a t i o n  o f  consumed oxygen o f  t e s t e d  o r g a n i s m s ,  two 30 

w a t t  u l t r a - v i o l e t  l i g h t  b u lb s  w e r e  p l a c e d  on t h e  t op  o f  t h e  r e s e r v o i r  

u n i t .

A h i g h l y  s e n s i t i v e  oxygen m e t e r  (model 781,  S t r a t h k e l v i n  I n s t r u m e n t s )  

was used t o  measure  the  i n i t i a l  and f i n a l  d i s s o l v e d  oxygen l e v e l  o f  th e  

f i s h  cham be r ,  and t h e  c o n t i n u o u s  r e c o r d e r  (model B5217- 5> Houston 

I n s t r u m e n t s )  was connec ted  t o  t h e  oxygen mete r  f o r  c o n t i n u o u s l y  m o n i t o r i n g  

t h e  cham be r .  The oxygen p ro be  was s e t  i n  t h e  p robe h o l d e r  in  t h e  h ou s in g  

and f o u r  mu 11 i - d i r e c t i o n  g a t e  v a l v e s  were  i n s t a l l e d  in  t h e  p robe  h o l d e r  t o  

s e l e c t  t h e  pa th w ay  o f  t he  w a t e r  f o r  measurement .

The f i s h  chamber was d i v i d e d  i n t o  t h r e e  c o m par tm en ts .  Each e l o n g a t e  

r e c t a n g u l a r  compar tm en t  was e f f e c t i v e  in  l i m i t i n g  f i s h  movement w i t h o u t  

i n d u c i n g  s t r e s s .  When the  v o lu m e  r a t i o  between the  compar tment  and f i s h  

was l a r g e  enough t o  a l l o w  t h e  f i s h  t o  move in  t h e  compar tm en t ,  a d d i t i o n a l  

s i d e  w a l l s  w e re  i n s t a l l e d  t o  r e d u c e  t h e  space.

The measurement chamber was l o c a t e d  a t  a h i g h e r  l e v e l  t h an  t h e  

r e s e r v o i r .  Water  was c o n t i n u o u s l y  c i r c u l a t e d  between measurement  chamber 

and t h e  r e s e r v o i r  by  a submerged pump and g r a v i t y .  Water  pumped f r om  t h e  

r e s e r v o i r  f i l l e d  t h e  s u r r o u n d i n g  space o f  t h e  f i s h  chamber and th en  

e n t e r e d  i n t o  t h e  l e v e l i n g  c o m p a r tm e n t  by a i r - l i f t e d  pathway .  The w a t e r  

c o n t i n u o u s l y  f l o w e d  i n t o  t h e  t h r e e  compar tm en ts  o f  t h e  f i s h  chamber and 

one byp ass  t u b e  t h ro u g h  s e p a r a t e  p a th w a y s ,  and r e t u r n e d  t o  t he  r e s e r v o i r
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by g r a v i t y .  When t h e  r e s p i r o m e t e r  was in  o p e r a t i o n ,  t h e  w a t e r  w h i c h  

passed th r o u g h  a f i s h  chamber  o r  t h e  bypass tube was d i r e c t e d  i n t o  t h e  

p ro be  hous ing  by t h e  g a t e  v a l v e  t o  measure the  d i s s o l v e d  oxyge n  

c o n c e n t r a t i o n ,  and was c o l l e c t e d  i n  a g ra du a ted  c y l i n d e r  f o r  measurement  

o f  vo lu me .  The w a t e r  f l o w  r a t e  was g r a v i t a t i o n a l l y  c o n t r o l l e d  by 

a d j u s t i n g  t h e  d i f f e r e n c e  o f  h e i g h t  be tween the  chamber and t h e  e n d p o i n t  o f  

tu b e  d i r e c t e d  t o  t h e  g r a d u a t e d  c y l i n d e r .  In a p r e l i m i n a r y  e x p e r i m e n t  t o  

e n s u re  t he  r e l i a b i l i t y  o f  t h e  r e s p i r o m e t e r ,  p r e c i s e  d u p l i c a t e d  r e s u l t s  

we re  a c q u i r e d .  A minimum a c c l i m a t i o n  p e r i o d  o f  two hours  was r e q u i r e d  f o r  

good r e s u l t s .

In m ea s u r ing  t h e  oxyg en  c o n s u m p t i o n  r a t e s ,  t h e  f i s h  were  s t a r v e d  

r e l a t i v e l y  long  p e r i o d s  (15 “  30 days)  because f e e d i n g  was n o t  p o s s i b l e  

due t o  t h e  l i m i t e d  c u l t u r e  f a c i l i t y  d u r i n g  t he  e x p e r i m e n t a l  p e r i o d .  Three  

s t a r v e d  f i s h  were  i n d i v i d u a l l y  p l a c e d  i n  each compar tment  o f  t h e  f i s h  

chamber.  A f t e r  a l l o w i n g  2 - 1 2  h ou rs  in  t h e  da rk  f o r  a c c l i m a t i o n  w i t h  

c o n t i n u o u s  m o n i t o r i n g ,  t h e  d i s s o l v e d  oxygen c o n c e n t r a t i o n s  o f  t h e  w a t e r  

b e f o r e  and a f t e r  t h e  chamber  we re  measured in  m l / 1 .  The d i f f e r e n c e  

between the  two measurements  r e p r e s e n t e d  consumed oxygen a t  t h e  s t a n d a r d  

m e t a b o l i c  l e v e l  f o r  s t a r v e d  f i s h .  The amount o f  oxygen consumed per  

m in u t e  (m l - o x y g e n /m in )  was c a l c u l a t e d  by m u l t i p l y i n g  t h e  d i f f e r e n c e  by t he  

vo lu me  o f  w a t e r  ( l i t e r s )  p a s s i n g  t h e  chamber per  m i n u t e .  The v a l u e  was 

l a t e r  c o n v e r t e d  i n t o  c a l o r i f i c  e q u i v a l e n t  u s in g  t h e  o x y c a l o r i f i c  

e q u i v a l e n t  v a l u e  (A. 63 K c a l / l i t e r  oxygen)  suggested  by B r e t t  and Groves 

( 1979) f o r  c a r n i v o r o u s  f i s h .

Each measurement was c o n t i n u e d  f o r  10 -  15 m in u t e s  w i t h  t h r e e  

r e p l i c a t e  measurements  f o r  each f i s h .  The t e s t  f i s h  were k i l l e d  w i t h  200
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ppm MS-222, measured f o r  w e i g h t  and l e n g t h ,  and f r o z e n  f o r  f u r t h e r  

a n a l y s i s .  The w a t e r  used f o r  t h e  r e s p i r a t i o n  e x p e r i m e n t  was s y n t h e t i c  

seawater  used i n  t h e  g r o w t h  e x p e r i m e n t .  The s a l i n i t y  o f  t h e  w a t e r  was 25 

+ 1 o / o o  and 1 .0  urn g l a s s  f i b e r  f i l t e r s  were used t o  f i l t e r  t h e  w a t e r  

b e f o r e  use i n  t h e  e x p e r i m e n t .

E x c r e t  i on

S in c e  t h e  c u l t u r e  sys tem f o r  t h e  g ro wth  s t u d y  d i d  n o t  a l l o w  

measurement o f  t he  e x c r e t i o n  r a t e s ,  a s e p a r a t e  s e r i e s  o f  e x p e r i m e n t s  was 

conduc te d  i n  n o n - c i r c u 1a t e d  w a t e r  u s i n g  32 f i s h .  A 35“ ! i t e r  r e c t a n g u l a r  

g l a s s  aquar iu m  was f i l l e d  w i t h  15 l i t e r  s y n t h e t i c  se a w a t e r  d o u b l e - f i l t e r e d  

by u s i n g  1 urn g l a s s  f i b e r  f i l t e r .  F i s h  s t a r v e d  f o r  two o r  t h r e e  days 

were p la c e d  i n d i v i d u a l l y .  A f t e r  one hour  a c c l i m a t i o n ,  t h e  w a t e r  was 

sampled t o  d e t e r m i n e  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  ammonia.  Water  was 

sampled 2k hou rs  l a t e r  t o  d e t e r m i n e  t h e  d a i l y  e x c r e t i o n  r a t e  by 

d i f f e r e n c e .  T h ree  measu rements  were  done f o r  each f i s h  u s i n g  3 sub ­

samples o f  w a t e r .  The t e s t  f i s h  were  k i l l e d ,  measured,  and f r o z e n  a lo n g  

w i t h  w a t e r  samples  f o r  f u r t h e r  a n a l y s i s .

The e n v i r o n m e n t a l  c o n d i t i o n s  i n  e x c r e t i o n  e x p e r i m e n t s  w e re  s i m i l a r  t o  

t h e  c u l t u r e  c o n d i t i o n s  and a t o t a l  o f  95 measurements were  u n d e r t a k e n  f o r  

ammonia a n a l y s i s .

Feces P r o d u c t i o n

The f e c e s  c o l l e c t o r s  we re  p l a c e d  on t h e  lower  b o t t o m  o f  each 

compar tmen t  o f  t h e  r e a r i n g  t a n k s .  N o r m a l l y ,  f e c e s  were  c o l l e c t e d  t w i c e  a 

day w i t h  a low p r e s s u r e  vacuum pump (1 /6  HP, Genera l  E l e c t r i c )  b e f o r e
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f e e d i n g .  Feces w e re  s i p h o n e d  f rom  the  c o l l e c t o r s  w i t h  d e b r i s  and excess 

fo o d ,  and f i l t e r e d  t h r o u g h  d o u b le  l a y e r  f i l t e r s  w h i c h  c o n s i s t e d  o f  an 

upper  10 um meshed s c r e e n  l a y e r  and a lowe r  r e g u l a r  1 um g l a s s  f i b e r  

f i l t e r .  Most  f e c e s  were  c o l l e c t e d  on the  upper  lOum meshed s c ree n  wh ich  

a l l o w e d  easy  rem ova l  o f  t h e  f e c e s  a f t e r  d r y i n g .  The f e c e s  and o t h e r  

m a t e r i a l s  c o l l e c t e d  on t h e  c o l l e c t o r s  were  a i r - d r i e d .  Linder a m ic ro scop e  

t he  f e c e s  we re  s e p a r a t e d  by  c o l o r  d i f f e r e n c e  f r om  d e t r i t u s  and uneaten 

f o o d .  A f t e r  measurement  o f  d r y  w e i g h t  t h e y  we re  p r e s e r v e d  i n  d e s s i c a t o r s  

f o r  c a l o r i f i c  a n a l y s i s .  Feces c o l l e c t i o n s  were  done i n  e x p e r i m e n t  10 and 

a t o t a l  o f  112 sa mp le s  w e re  c o l l e c t e d  f r om  22 g ro up s  o f  f i s h ,  w h ich  were  

exposed t o  v a r i o u s  f o o d  t y p e s  and f e e d i n g  l e v e l s .  The f e c e s  p r o d u c t i o n  

r a t e  was e x p r e s s e d  as  p e r c e n t  o f  d r y  w e i g h t  o f  t h e  f o o d  consumed d a i l y  by 

a g ro up  o f  f i s h .

Ana l y s i s

Growth and C o n d i t i o n

1. Growth r a t e s

S in c e  each e x p e r i m e n t  o f  t h i s  s t u d y  was c o n d u c t e d  f o r  r e l a t i v e l y  

s h o r t  p e r i o d s  (11 -  60 d a y s ) ,  i t  was assumed t h a t  t h e  g r o w t h  r a t e  o f  t h e  

b l a c k  sea b a s s ,  l i k e  t h a t  o f  most f i s h e s ,  f o l l o w e d  a t y p i c a l  e x p o n e n t i a l  

p a t t e r n  f o r  t h e  d u r a t i o n  o f  each e x p e r i m e n t .  T h e r e f o r e ,  t h e  e q u a t i o n  o f  

g ro wth  was r e p r e s e n t e d  b y :

Wt = Wo (e ) (1)

where 'Wo' and 'W t '  a r e  t h e  l i v e  w e i g h t  a t  t h e  b e g i n n i n g  and t h e  end o f  

t h e  e x p e r i m e n t  r e s p e c t i v e l y ,  t h e  e x p o n e n t ,  1 g 1 , i s  t h e  i n s t a n t a n e o u s
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r e l a t i v e  r a t e  o f  g r o w t h ,  and ' t '  i s  e x p e r i m e n t a l  p e r i o d  in  d ays .  For t h e  

p r a c t i c a l  pu rpo se  o f  e s t i m a t i n g  g ro w t h  r a t e  by l i n e a r  r e g r e s s i o n  a n a l y s i s ,  

t h i s  e q u a t i o n  was t r a n s f o r m e d  t o :

1n Wt = 1n Wo + g t  

o r  (2)

g =  ( I n  Wt -  I n  W o )  /  t

For  t h e  c o n v e n ie n c e  o f  c a l c u l a t i o n ,  t h e  i n s t a n t a n e o u s  g ro w t h  r a t e  o f  t h e  

f i s h  was exp ressed  :

G = lOOg

o r  (3)

( I n  Wt -  I n  Wo )
G   x 100

t

where  G i s  t h e  i n s t a n t a n e o u s  g r o w t h  r a t e  e x p res s e d  as p e r c e n t  o f  t h e  

body w e i g h t  per  day ( h e r e a f t e r ,  G w i 11 be s i m p l y  d e s c r i b e d  as 

' i n s t a n t a n e o u s  g ro w t h  r a t e ' ) .

The ave rage  d a i l y  w e i g h t  g a i n  i n  gram l i v e  w e i g h t  was c a l c u l a t e d  by 

t h e  e q u a t i o n :

GW = ( Wt -  Wo ) /  t  (4)

where  'GW' i s  r e f e r r e d  as ' a b s o l u t e  g ro w t h  r a t e  ( g / d a y ) 1.

Mean body w e i g h t  (W) i n  grams i s  t h e  a r i t h m e t i c  mean o f  t h e  i n i t i a l  

and t h e  f i n a l  w e i g h t s  o f  an i n d i v i d u a l  f i s h  d u r i n g  an e x p e r i m e n t .  When 

g ro w t h  r a t e  o f  an i n d i v i d u a l  f i s h  i s  e x p r e s s e d  in  r e l a t i o n  t o  w e i g h t  o f  

t h e  f i s h ,  mean body w e i g h t  (W) r e p r e s e n t s  t h e  w e i g h t  o f  t h e  f i s h  r e s u l t i n g
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i n  t h e  w e i g h t - s p e c i f i c  i n s t a n t a n e o u s  and t h e  a b s o l u t e  g ro w th  r a t e s .  Mean 

s t a n d a r d  l e n g t h  in  mm i s  a l s o  t h e  a r i t h m e t i c  mean o f  t h e  i n i t i a l  and t h e

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

2 .  L e n g t h - w e i g h t  r e l a t i o n s h i p

The 1e n g t h - w e i g h t  r e l a t i o n s h i p  o f  t h e  c u l t u r e d  b l a c k  sea bass in  

t h i s  s t u d y  i s  e x p res s e d  by t he  e q u a t i o n :

In  W = I n  a +  b ( l n  SL) (5)

where 'VI' i s  mean body w e i g h t  i n  grams,  'S L '  i s  mean s t a n d a r d  l e n g t h  in  

mm, and ' a '  and ' b ' a r e  c o n s t a n t s .  The r e g r e s s i o n  l i n e s  we re  c a l c u l a t e d  

by t h e  methods o f  l e a s t  s q u a r e s .  To e v a l u a t e  t h e  c o n d i t i o n  o f  the  

c u l t u r e d  f i s h ,  t h e  1e n g t h - w e i g h t  r e l a t i o n s h i p s  o b t a i n e d  f r om  each 

e x p e r i m e n t  and d i f f e r e n t  f e e d i n g  c o n d i t i o n  w i t h i n  an e x p e r i m e n t  were 

compared w i t h  t h a t  o f  n a t u r a l  p o p u l a t i o n s  (Cupka e t  a l . ,  1977;  Merce r ,  

1978) by a n a l y s i s  o f  c o v a r i a n c e .  The l e n g t h  and w e i g h t  o f  b l a c k  sea bass 

d e s c r i b e d  i n  t h i s  s t u d y  r e p r e s e n t  mean body w e i g h t  (W) i n  grams and mean 

s t a n d a r d  l e n g t h  (SL) i n  mm r e s p e c t i v e l y  u n l e s s  o t h e r w i s e  n o t e d .

3 .  C o nd i t io n  ind ic es

The c o n d i t i o n  in d ex  (K) i s  a v a l u e  i n d i c a t i n g  t h e  r e l a t i v e  

' r o b u s t n e s s '  o r  ' h e a v i n e s s '  o f  a f i s h  i n  r e l a t i o n  t o  l e n g t h .  I t  i s  

commonly used t o  compare c o n d i t i o n s  o f  a f i s h  d u r i n g  a s h o r t - t e r m  p e r i o d  

w h i l e  t h e  1e n g t h - w e i g h t  r e l a t i o n s h i p  i s  n o r m a l l y  used t o  d e s c r i b e  t he  

l o n g - t e r m  i s o m e t r i c  g ro w t h  ( R i c k e r ,  197 9) -  To e v a l u a t e  g ro w t h  o f  t he  

c u l t u r e d  f i s h  i n  r e l a t i o n  t o  f e e d i n g  c o n d i t i o n s ,  t h e  c o n d i t i o n  index o f
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i n d i v i d u a l  f i s h  was c a l c u l a t e d  based on l e n g t h  and w e i g h t  measurements a t  

t h e  b e g i n n i n g  and t h e  end o f  each e x p e r i m e n t  u s i n g  t h e  e q u a t i o n  d e s c r i b e d  

by Cupka e t  a 1. (1977) f o r  t h e  s o u t h e r n  p o p u l a t i o n  o f  t h e  b l a c k  sea bass :

K = (W/SL3) 10s (6)

where  * K 1 i s  t h e  c o n d i t i o n  in d e x  exp ressed  w i t h o u t  u n i t s ,  and 'W  and

'S L '  a r e  t h e  mean body  w e i g h t  i n  grams and mean s t a n d a r d  l e n g t h  in

m i l l i m e t e r s  r e s p e c t i v e l y .

The r e l a t i v e  c o n d i t i o n  in d e x  (RK) i s  t h e  c o m p a r a t i v e  v a l u e  o f  w e ig h t  

be tween t h e  c u l t u r e d  f i s h  and t h e  n a t u r a l  p o p u l a t i o n  a t  a g i v e n  l e n g t h .  

Merce r  (1978) o b t a i n e d  t h e  f o l l o w i n g  w e i g h t - 1 e n g t h  r e l a t i o n s h i p  f o r  the  

n o r t h e r n  p o p u l a t i o n  o f  t h e  b l a c k  sea bass :

Wn = 0 .0 0001  ( S L n ) 3 . 11 ’ *

where  'Wn' i s  t h e  c a l c u l a t e d  w e i g h t  in  grams a t  s t a n d a r d  l e n g t h  'SLn '  in  

m i l l i m e t e r s  f r o m  t h e  f i s h  o f  n a t u r a l  n o r t h e r n  p o p u l a t i o n .  R e l a t i v e  

c o n d i t i o n  i n d e x  (RK) was o b t a i n e d  by compar ing  t h e  w e i g h t  o f  t h e  c u l t u r e d  

f i s h  (W, g) t o  t h e  c a l c u l a t e d  w e i g h t  o f  f i s h  in  t h e  n a t u r a l  p o p u l a t i o n  

(Wn, g) u s i n g  t h e  M e r c e r ' s  e q u a t i o n  a t  a g i v e n  s t a n d a r d  l e n g t h  (SL, mm):

RK = W / (0 .00001 (SL) 3 . 1 7 , ‘ ) (7)

Bo th  c o n d i t i o n  i n d e x  and r e l a t i v e  c o n d i t i o n  i n d e x  we re  used t o  

compare t h e  c o n d i t i o n  o f  t h e  f i s h  between g roup s exposed t o  d i f f e r e n t  

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

and S t u d e n t ' s  T - t e s t .

Food Con sumpt ion
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1) Ave rage fo o d  c o n s u m p t i o n  r a t e s  (RCm and Cm)

The r a t e  o f  f o od  i n t a k e  o f  i n d i v i d u a l  f i s h  was d e f i n e d  i n  two ways

in  t h i s  s t u d y ;  (1) amount o f  fo o d  consumed d a i l y  (C) in  grams per  d ay ,  and 

(2) fo od  c o n s u m p t i o n  r a t e  (RC) as p e r c e n t  o f  mean body w e i g h t  per  d ay .

D u r i n g  t h e  e x p e r i m e n t s  fo o d  was p r o v i d e d  t o  a g ro up  o f  f i s h  i n  each 

compar tment  o f  t h e  c u l t u r e  t a n k  r a t h e r  t h a n  t o  i n d i v i d u a l  f i s h  because 

i s o l a t e d  i n d i v i d u a l s  showed no f e e d i n g  re s p o n s e .  The a v e r a g e  mean d a i l y  

f o o d  c o n s u m p t i o n  r a t e  o f  a f i s h  i n  a g ro up  was c a l c u l a t e d  a s :

(Ct)
RCm = ------------------------ x 100 (8)

(Wm) (n) ( t )
and

Cm = C t / ( n t )  (9)

and
Fm = WGm/Cm (10)

RCm : a v e rag e  d a i l y  f o o d  c o n s u m p t i o n  r a t e  (% o f  body w e i g h t / d a y )  

o f  an i n d i v i d u a l  i n  a g ro up  

Cm : a ve ra g e  amount o f  f o o d  consumed d a i l y  (g /day)  by an i n d i v i d u a l  

i n  a g ro u p

Fm : a v e r a g e  fo od  c o n v e r s i o n  r a t e  (g ros s  g ro w th  e f f i c i e n c y )  o f  

an i n d i v i d u a l  i n  a g ro up  

Ct ; t o t a l  amount o f  f o o d  (g) g i v e n  t o  a g ro up  f o r  t  days 

Wm : a v e ra g e  mean body w e i g h t  (W) o f  i n d i v i d u a l s  in  a g ro up

WGm : a ve ra g e  a b s o l u t e  g r o w t h  r a t e  o f  i n d i v i d u a l s  in  a g ro up

n : number o f  i n d i v i d u a l s  in  a g roup

t  : e x p e r i m e n t a l  p e r i o d  i n  days

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



23

The r e l a t i o n s h i p  between fo o d  c o n s u m p t i o n  r a t e s  and g ro w t h  r a t e s  o f  

t h e  f i s h  was v e r i f i e d  by c o r r e l a t i o n  a n a l y s i s  and a n a l y s i s  o f  c o v a r i a n c e  

u s in g  t h e  a v e r a g e  fo o d  c o n s u m p t i o n  r a t e  (RCm) and th e  a v e ra g e  o f  mean body 

wei  g h t  (Wm).

2) E s t im a t e d  i n d i v i d u a l  fo od  c o n s u m p t i o n  r a t e s  (RCest and Cest )

The g ro w t h  r a t e s  o f  i n d i v i d u a l s  in  a s i z e  g ro up  f r e q u e n t l y  showed 

l a r g e  v a r i a t i o n  even i n  s a t i a t i o n  f e e d i n g .  The v a r i a t i o n  was f r e q u e n t l y  

l a r g e r  t h a n  t h a t  o f  a v e ra g e  g ro w t h  r a t e s  o f  g ro up s  (WGm) i n  d i f f e r e n t  

f e e d i n g  c o n d i t i o n s .  S i n c e  th e  number o f  g ro up  o b s e r v a t i o n s  f o r  f ood  

c o n s u m p t i o n  was n o t  l a r g e  enough f o r  m a t h e m a t i c a l  m o d e l i n g ,  e s t i m a t e d  

i n d i v i d u a l  f o o d  c o n s u m p t i o n  r a t e s  were  used t o  e s t a b l i s h  t h e  f o o d - g r o w t h  

r e l a t i o n s h i p  a t  an i n d i v i d u a l  l e v e l .  To e s t i m a t e  t h e  a c t u a l  amount  o f  

fo o d  consumed by a f i s h  i n  a g ro u p ,  an e x p e r i m e n t a l  e q u a t i o n  was d e r i v e d  

f r om  th e  f o l l o w i n g  s i m p l i f i e d  t h e o r e t i c a l  backg ro und  and a s s u m p t i o n .

Under t h e  laws o f  th e rm odynam ics  a l l  e n e rg y  i n g e s t e d  ( I )  by a f i s h  

must  t u r n  up i n  on fo rm  o r  a n o t h e r  t h r o u g h  m e t a b o l i s m  ( R ) , Growth  ( P ) , 

e x c r e t i o n  ( U ) , and f e c e s  ( F ) , where

I = F +  U +  R + P (11-1)

The a s s i m i l a t i o n  e f f i c i e n c y  can be e x p re s s e d  as

a = (1 -  F) /  I (11-2)

T o t a l  m e t a b o l i s m  (R) can be d i v i d e d  i n t o  a v a r i e t y  o f  l e v e l s ;  s t a n d a r d  

m e t a b o l i s m  (Rs) , f e e d i n g  m e t a b o l i s m  (Rf)  , and a c t i v e  m e t a b o l i s m  ( R a ) . I f  

t h e  a d d i t i o n a l  ene rg y  demand e x p l i c i t  i n  each i s  c o n s i d e r e d  t o  be a d d i t i v e
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as B r e t t  and Groves (1979) s u g g e s te d ,  t h en  t h e  t o t a l  m e t a b o l i s m  can be 

exp resse d  as

R = Rs +  b (Rr -Rs)  + c (Rf -Rs)  + d (Ra-Rs) (11—3)

where  t h e  c o n s t a n t s  (b,  c ,  and d) a p p l y  t o  e s t i m a t e s  o f  t h e  f r a c t i o n  o f

t i m e  each day t h a t  r o u t i n e ,  f e e d i n g  and a c t i v e  m e t a b o l i s m  o c c u r .  S in c e  

th e  space p r o v i d e d  f o r  f i s h  i n  t h e  l a b o r a t o r y  c u l t u r e  sys tem i s  n o r m a l l y  

l i m i t e d ,  a c t i v e  m e t a b o l i s m  (Ra) can be n e g l e c t e d .

When no e x t e r n a l  f o o d  e n e rg y  i s  s u p p l i e d  ( 1 = 0 ) ,  t h e  energy  

e x p e n d i t u r e  f o r  r o u t i n e  m e t a b o l i s m  (Rr) r e s u l t s  i n  endogenous energy  

co ns u m p t i on  w h i c h  c a uses  w e i g h t  l o s s  ( P n ) . E x c r e t o r y  e ne rg y  l o s s  (U) i s  

p r i m a r i l y  caused by  i n c o m p l e t e  c a t a b o l i c  p ro c e s s  o f  p r o t e i n  s u b s t r a t e s .  

S in c e  p r o t e i n  i s  commonly used f o r  m e t a b o l i c  e n e rg y  i n  s t a r v e d  f i s h  

( G e r k i n g ,  1955a> 1971;  E l l i o t t ,  1975c;  B r e t t  and Groves ,  1979) .  t h e  w e i g h t

l o s s  (Pn) o f  a s t a r v e d  f i s h  f o r  r o u t i n e  m e t a b o l i s m  can be exp ressed  in

terms o f  e ne rg y  as f o l l o w s :

Pn = Rs +  b (Rr -Rs)  + U (11-A)

When e x t e r n a l  e n e rg y  i n t a k e  r e s u l t s  in  p o s i t i v e  g ro w t h  (Pg) o f  a 

f i s h ,  t h e  g r o w t h  (Pg) can be e x p r e s s e d  as :

Pg = 1 -  F -  U -  R or ( n - 5 )

Pg = 1- F -  U -  (Rs +  b (Rr-Rs) + c ( R f - R s ) ) or (11-6)

Pg + Pn = 1 -  F -  c (Rf-Rs) or (11-7)

Pg + Pn = a 1 -  c (Rf-Rs) (11-8)

I f  t h e  a d d i t i o n a l  e n e r g y  r e q u i r e m e n t  f o r  f e e d i n g ,  c (Rf -Rs)  i s  l e s s  th an  7 

% o f  t o t a l  e n e rg y  i n p u t  ( I )  as B r e t t  and Groves (1979) sugges te d  f o r
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c a r n i v o r o u s  f i s h ,  a s s i m i l a t e d  i n t a k e  e n e rg y  by  a f i s h  can be a pp ro x im a te d  

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

m e t a b o l i s m .  The m e t a b o l i c  e n e rg y  e x p e n d i t u r e  i s  n o r m a l l y  rega rded  t o  be 

a f u n c t i o n  o f  w e i g h t  o f  f i s h  i n  c o n s t a n t  e n v i r o n m e n t  ( E l l i o t t ,  1975a,

1975b; B r e t t ,  1979) *  Thus,  t h e  w e i g h t  l o s s e s  by t h e  e n e rg y  e x p e n d i t u r e s  

f o r  r o u t i n e  m e t a b o l i s m  o f  s t a r v e d  f i s h  a r e  p r i m a r i l y  equa l  f o r  f i s h  h a v in g  

same w e i g h t s  a t  n o n - r e p r o d u c t i v e  l i f e  s t a g e s  and can be c a l c u l a t e d  f r om  

s t a r v a t i o n  e x p e r i m e n t s .

I f  we assume t h a t  t h e  a s s i m i l a t i o n  e f f i c i e n c i e s  (a) o f  i n d i v i d u a l s  

i n  a g ro u p  a r e  t h e  same and t h e  i n d i v i d u a l  d i f f e r e n c e s  o f  energy  

e x p e n d i t u r e  f o r  f e e d i n g ,  c (Rf -Rs)  a re  n e g l i g i b l e ,  t h e  amount o f  f o od  

a l l o c a t e d  f o r  each f i s h  (Cest )  i n  a w e i g h t  g r o u p  depends on the  r a t i o  

be tween  'Pg +  Pn1 o f  i n d i v i d u a l s  (see e q u a t i o n  1 1 - 8 ) .

S in c e  t h e  t e m p e r a t u r e  and o t h e r  e n v i r o n m e n t a l  f a c t o r s  were r eg a rde d  

t o  be c o n s t a n t  i n  t h e  e x p e r i m e n t s ,  t h e  a c t u a l  amount o f  f o o d  consumed by a 

f i s h  i n  a g ro u p  can be e s t i m a t e d  f r o m  t h e  amount  o f  f o o d  g i v e n  t o  t h e  

g r o u p ,  t h e  a b s o l u t e  g ro w t h  r a t e  o f  i n d i v i d u a l s  i n  t h e  g ro up  o f  f i s h ,  and 

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

(see e q u a t i o n  2 1 ) .  These te rm s  can be s i m p l i f i e d  by t h e  f o l l o w i n g  

e x p r e s s i  on:

WGi +  WGstv
Cest  = —M-----------------   x ( C t / t )  (12)

2  WGi +  X WGstv..i .-i

RCest = (C e s t /W i )  x 100 (13)

where

Cest  : e s t i m a t e d  amounts o f  f o o d  consumed d a i l y  by an i n d i v i d u a l

( g /d a y )  i n  a s i z e  g ro up
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RCest :  e s t i m a t e d  mean d a i l y  f o o d  c o n s u m p t i o n  r a t e  {% o f  body

w e i g h t / d a y )  o f  an i n d i v i d u a l  i n  a g roup  

Ct : t o t a l  consumed f o o d  (g) o f  a g ro up  f o r  t  days

WGi : mean d a i l y  w e i g h t  g a i n  (g /d ay)  o f  an i n d i v i d u a l  i n  t h e  g ro up

WGstv:  c a l c u l a t e d  ave rage  d a i l y  w e i g h t  l o s s  o f  a f i s h  in  grams a t  a

g i v e n  w e i g h t  d u r i n g  s t a r v a t i o n  (see eq.  21)

Wi : mean body w e i g h t  o f  an i n d i v i d u a l  i n  grams

n : number o f  f i s h  i n  t h e  g ro up

t  : e x p e r i m e n t a l  p e r i o d  i n  days

E s t i m a t e d  fo od  c o n v e r s i o n  r a t e  (or  g r o s s  g ro w t h  e f f i c i e n c y ,  Fes t )  o f  

a f i s h  i s  e x p r e s s e d  as t h e  r a t i o  be tween t h e  d a i l y  p o s i t i v e  w e i g h t  g a i n  o f  

a f i s h  (WG, g /d a y )  and t h e  e s t i m a t e d  amount f o o d  consumed d a i l y  (Cest)  by 

t h e  f i s h  : F e s t  = WG/Cest .

3) Maximum g ro w t h  r a t e  and fo o d  c o n s u m p t i o n  r a t e

Maximum g ro w t h  e x p res s e d  as a b s o l u t e  g r o w t h  r a t e  o r  i n s t a n t a n e o u s  

g r o w t h  r a t e  i s  d e f i n e d  as t h e  maximum d a i l y  g ro w t h  p o t e n t i a l  o f  f i s h  a t  a 

g i v e n  mean body w e i g h t .  The w e i g h t - s p e c i f i c  maximum g ro w t h  r a t e  o f  f i s h  

was c a l c u l a t e d  f r o m  t h e  s a t i a t i o n  f e e d i n g  e x p e r i m e n t s  (n= 1076) e x c e p t  f o r  

e x p e r i m e n t s  10b and 10c .

The d i s t r i b u t i o n  o f  w e i g h t s  o f  t h e  f i s h  o b s e rv e d  in  t h e  s a t i a t i o n  

f e e d i n g  e x p e r i m e n t s  was normal  d i s t r i b u t i o n  o v e r  t h e  r ange  ( ^ - 3  -  295 -2  

g ) . S i n c e  t h e  f r e q u e n c i e s  o f  t h e  o b s e r v a t i o n s  were  c o n c e n t r a t e d  i n  t h e  

m i d d l e  w e i g h t  r ange  i n s t e a d  o f  s p r e a d i n g  e v e n l y  o v e r  t h e  o b s e rv e d  w e i g h t  

r an ge  ( i n d e p e n d e n t  v a r i a b l e ) ,  t h e  e q u a t i o n s  d e r i v e d  by r e g r e s s i o n  a n a l y s i s  

u s i n g  t h e  d a t a  f r om  i n d i v i d u a l  f i s h  w ou ld  be b i a s e d .  To c o r r e c t  t h i s ,
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' g r o u p  a r r a n g e m e n t '  were  p e r f o r m e d  by g r o u p i n g  in d e p e n d e n t  v a r i a b l e s  by 

g i v e n  i n t e r v a l s .

The w e i g h t s  o f  f i s h  w e re  group ed  i n t o  g i v e n  w e i g h t  i n t e r v a l s .  The 

h i g h e s t  10 % o f  v a l u e s  o f  t h e  i n d i v i d u a l  g ro w t h  r a t e s  f ound  i n  each w e i g h t  

i n t e r v a l  we re  r e g a r d e d  as r e p r e s e n t i n g  maximum g ro w t h  r a t e s  f o r  t h a t  

i n t e r v a l .  The r e g r e s s i o n  a n a l y s i s  was p e r f o r m e d  u s in g  t h e  mean maximum 

g r o w t h  r a t e s  ( r e p r e s e n t a t i v e  v a l u e )  and c o r r e s p o n d i n g  mean body w e i g h t s  in  

a l l  w e i g h t  i n t e r v a l s  t o  o b t a i n  t h e  e q u a t i o n  f o r  t h e  maximum w e i g h t -  

s p e c i f i c  g r o w t h  r a t e s  a t  g i v e n  w e i g h t s .  For t h e  c o n v e n ie n c e  o f  

d e s c r i p t i o n ,  g r o u p i n g  t h e  d a t a  by a g i v e n  u n i t  o f  in d e p e n d e n t  v a r i a b l e s  i s  

n o te d  as ' g r o u p  p r e s e n t a t i o n '  o r  ' g r o u p  a r r a n g e m e n t '  h e r e a f t e r .  In t h e  

g ro up  a r r a n g e m e n t  o f  w e i g h t s ,  seven w e i g h t  i n t e r v a l s  ( 10- 3 0 , 30 -G0 , 60- 9 0 , 

90 - 120, 120- 150 , 150- 180 , 180 -300 g) were  s e t  f o r  t h e  commer c ia l  d i e t  

f e e d i n g  w h i l e  f o u r  w e i g h t  i n t e r v a l s  ( 10- 5 0 , 5 0 - 100, 100- 150, 150-300 g) 

were  used f o r  t h e  n a t u r a l  d i e t  f e e d i n g  due t o  t h e  d i f f e r e n c e  o f  t h e  number 

o f  o b s e r v a t i o n s  i n  d i f f e r e n t  d i e t  f e e d i n g  e x p e r i m e n t s  (n=800 f o r  t h e  

comm erc ia l  d i e t  and n=2' ]6 f o r  t h e  n a t u r a l  d i e t  f e e d i n g ) .

The maximum f o o d  c o n s u m p t i o n  r a t e  was c a l c u l a t e d  f r o m  t h e  e s t i m a t e d  

fo od  c o n s u m p t i o n  r a t e  o f  i n d i v i d u a l s  ( R C e s t ) , u s i n g  t h e  same method .  The 

l a r g e s t  (upper  10 %) v a l u e s  o f  e s t i m a t e d  i n d i v i d u a l  fo od  c o ns u m p t ion  r a t e s  

(RCest)  i n  each w e i g h t  i n t e r v a l  were  s e l e c t e d .  The ave rage  o f  t h e  

s e l e c t e d  f o o d  c o n s u m p t i o n  r a t e s  and t h e  ave rag e  o f  c o r r e s p o n d i n g  mean body 

w e i g h t s  o f  f i s h  i n  each w e i g h t  i n t e r v a l  were  r e g a r d e d  as r e p r e s e n t a t i v e  

v a l u e s  o f  maximum fo o d  c o n s u m p t i o n  r a t e  and mean body w e i g h t  i n  t h e  w e i g h t  

i n t e r v a l  r e s p e c t i v e l y .  R e g r e s s i o n  a n a l y s i s  was p e r f o r m e d  by l e a s t  squa re s  

method u s i n g  t h e  r e p r e s e n t a t i v e  fo o d  c o n s u m p t i o n  r a t e s  and mean body

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28

w e i g h t s  in  a l l  w e i g h t  i n t e r v a l s  (n=7 f o r  t h e  commerc ia l  d i e t  f e e d i n g  and 

n=k  f o r  t h e  n a t u r a l  d i e t  f e e d i n g ) .

b )  Maintenance food consumption r a t e

The fo o d  co ns u m p t i on  r a t e  f o r  m a in t en an c e  (RCman, % o f  body 

w e i g h t / d a y )  r e f e r s  t o  t h e  l e v e l  o f  f o od  c o nsum p t i on  r a t e  a t  w h i c h  no 

w e i g h t  change o c c u r s  f o r  a f i s h  i n  normal  f e e d i n g  and l o c o m o t i o n  

a c t i v i t i e s .  F i s h  w h ic h  r e v e a l e d  a w e i g h t  change o f  l e s s  t h a n  1 % o f  body 

w e i g h t  d u r i n g  an e x p e r i m e n t  w ere  r e g a rd e d  as h av ing  consumed th e  f o o d  a t  

m a in t en an c e  l e v e l .  A t o t a l  o f  129 f i s h  f e d  th e  commerc ia l  d i e t  showed a 

w e i g h t  change o f  l e s s  t h an  1 % i n  e x p e r i m e n t s  5 t h r o u g h  8 and 9 c .  A t o t a l  

o f  38 f i s h  f e d  t h e  n a t u r a l  d i e t  had t h e  w e i g h t  change l e s s  t h a n  1 % i n  

e x p e r i m e n t s  1, 2, 3> and 9b .  Group a r rangem en t  was p e r f o r m e d  u s i n g  t h e  

same method and th e  w e i g h t  i n t e r v a l s  d e s c r i b e d  in  t h e  p r e v i o u s  s e c t i o n .  

R e g re s s io n  a n a l y s i s  was p e r f o r m e d  u s i n g  th e  r e p r e s e n t a t i v e  v a l u e s  i n  a l l  

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

r a t e .

M u l t i v a r i a t e  analyses fo r  growth model ing

To f i n d  the growth r a t e  r e l a t e d  to  the combined e f f e c t s  of  w e ig h t  

and food consumption,  m u l t i v a r i a t e  a n a l y s i s  was performed using a s e r i e s  

of  s imple  l i n e a r  re g r e s s i o n  a n a l y s i s  and the method o f  group a rrangement .  

Food and w e ig h t  were regarded as two major independent  v a r i a b l e s  a f f e c t i n g  

growth r a t e  f o r  the f i s h .  S ince  both independent  v a r i a b l e s  were  

cont inuous v a r i a b l e s ,  group ar rangement  was performed f o r  each v a r i a b l e  by 

g iv en  i n t e r v a l s  f o r  s i m p l i f i c a t i o n .  The we ights  o f  the  f i s h  were grouped
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by g i v e n  i n t e r v a l s .  A w e i g h t  g ro u p  was th e n  d i v i d e d  i n t o  s u b - g r o u p s  by 

g i v e n  i n t e r v a l s  o f  e s t i m a t e d  f o o d  c o n s u m p t i o n  r a t e  (RCest ,  0 -3  % f o r  t he  

commerc ia l  d i e t  and 1 .0  % f o r  t h e  n a t u r a l  d i e t  a c c o r d i n g  t o  t h e  

d i f f e r e n c e s  i n  o b s e r v a t i o n  f r e q u e n c i e s  and fo o d  c o n s u m p t ion  r a t e s  between 

t h e  n a t u r a l  and t h e  c o m m erc ia l  d i e t ) .  The means o f  t he  g ro w t h  r a t e s ,  

w e i g h t s ,  and f o od  c o n s u m p t i o n  r a t e s  o f  f i s h  in  each s u b - g r o u p  (each 

component  o f  a m a t r i x  c o n s i s t e d  o f  f o o d  and w e i g h t  i n t e r v a l s )  a re  r e g a r d e d  

as the  r e p r e s e n t a t i v e  v a l u e s  o f  t h e  s u b - g r o u p .  For examp le ,  i f  t e n  f i s h  

w e i g h i n g  30 -  60 g have 0 . 3  -  0 . 6  % f o o d  c o n s u m p t io n  r a t e s ,  t h e  a r i t h m e t i c  

means o f  g ro w t h  r a t e s ,  f o o d  c o n s u m p t i o n  r a t e s ,  and w e i g h t s  o f  t h e  f i s h  

r e p r e s e n t  t h e  g ro w t h  r a t e ,  t h e  f o o d  c o n s u m p t i o n  r a t e ,  and t h e  w e i g h t  o f  a 

s u b - g r o u p  h a v i n g  t h e  r a n g e  o f  30 -  60 g w e i g h t  and 0 . 3  -  0 . 6  % fo od  

c o nsum p t i on  r a t e .  F i s h  o f  t h e  same w e i g h t  r an ge  b u t  h a v in g  d i f f e r e n t  f o o d  

consump t i on  r a t e s  t h e n  b e l o n g  t o  a n o t h e r  s u b - g r o u p  i n  t h e  w e i g h t  g r o u p .

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

v a lu e s  o f  each s u b - g r o u p .  S i n c e  s i m p l e  r e g r e s s i o n  a n a l y s i s  was used f o r  

t h i s  m u l t i v a r i a b l e  s i t u a t i o n ,  o n l y  one i n d e p e n d e n t  v a r i a b l e  was r e l a t e d  t o  

t h e  dep enden t  v a r i a b l e  and t h e  r e s t  o f  t h e  v a r i a b l e s  were f i x e d  as 

c o n s t a n t  v a l u e s .  I f  t h e  e q u a t i o n  o b t a i n e d  f r o m  each f i x e d  v a r i a b l e  showed 

a c o n s i s t e n t  r e l a t i o n s h i p ,  t h e  r e s u l t s  were  r e a n a l y z e d  t o  f i n d  common 

e q u a t i o n s  e x p re s s e d  by b o t h  v a r i a b l e s .

The m a t r i x  o f  g r o u p i n g  t o  d e r i v e  t h e  e q u a t i o n s  u s i n g  t h es e  methods 

w e re :  ( two f o o d  t y p e s ;  co m m erc ia l  and n a t u r a l  d i e t s )  x ( e i g h t  w e i g h t  

i n t e r v a l s ;  4 . 3 ~ 3 0 ,  30- 6 0 , 60- 9 0 , 9 0 - 120 , 120- 1 50 , 150- 180, 180- 2 1 0 ,

210-300 g) vs  ( e s t i m a t e d  fo o d  c o n s u m p t i o n  r a t e  as c o n t i n u o u s  i n d e p e n d e n t  

v a r i a b l e )  o r  ( two f o o d  t y p e s ;  co m m erc ia l  and n a t u r a l  d i e t s )  x (seven
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i n t e r v a l s  o f  e s t i m a t e d  f o o d  c o n s u m p t i o n  r a t e  f o r  t h e  c o m m e rc ia l  d i e t ;  

0 . 0 - 0 . 3 , 0 . 3- 0 . 6 , 0 . 6 - 0 . 9 .  0 . 9- 1 . 2 , 1 . 2- 1 . 5 , 1 . 5 - 1 . 8 , 1 . 8 - 2 .1  % o r  f i v e  

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

0 . 0 - 1 . 0 ,  1 . 0 - 2 . 0 ,  2 . O-3 .O, 3 . 0 - 4 . 0 ,  4 . 0 - 1 1 . 0  %) vs  (mean body w e i g h t  o f  

f i s h  as c o n t i n u o u s  i n d e p e n d e n t  v a r i a b l e ) .

A l l  e q u a t i o n s  d e v e lo p e d  i n  t h e  a n a ly s e s  were  p r i m a r i l y  d e r i v e d  u s i n g  

r e g r e s s i o n  a n a l y s i s  w i t h  l e a s t  s q u a re s  method and c o v a r i a n c e  a n a l y s i s  (F-  

t e s t )  was p e r fo rm ed  t o  e v a l u a t e  t h e  s i g n i f i c a n t  d i f f e r e n c e  between 

r e g r e s s i o n  l i n e s  i n  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 .  The s l o p e s  o f  

e q u a t i o n s  c a l c u l a t e d  u s i n g  r e g r e s s i o n  a n a l y s i s  were  s u b j e c t e d  t o  

s i g n i f i c a n c e  p r o b a b i l i t y  t e s t  u s i n g  s t u d e n t ' s  T - t e s t  w i t h  t h e  n u l l  

h y p o t h e s i s  t h a t  s l o p e  was z e r o  and t h e  r e s u l t  was e x p r e s s e d  as ' p (T) 1.

When e x p e r i m e n t a l  c o n d i t i o n s  we re  s i m i l a r  in  s i z e  o f  f i s h  and f e e d i n g  

c o n d i t i o n s ,  o v e r a l l  measu rements  o f  e x p e r im e n t s  were  used t o  d e v e lo p  

e q u a t i o n s  a f t e r  a n a l y s i s  o f  v a r i a n c e .

C o r r e l a t i o n  a n a l y s e s  were  p e r f o r m e d  t o  examine t h e  r e l a t i o n s h i p s  

between g ro wth  and w e i g h t  o f  f i s h  o r  between g ro w t h  and f o o d  co ns u m p t i on  

u s i n g  Pearson c o r r e l a t i o n  a n a l y s i s .  H o e f f d i n g ' s  measure  o f  dependance,

’ D1 was used t o  v e r i f y  t h e  s i g n i f i c a n c e  p r o b a b i l i t y  o f  c o r r e l a t i o n  u s i n g  

n u l l  h y p o t h e s i s  t h a t  c o r r e l a t i o n  c o e f f i c i e n t  was z e r o  and t h e  r e s u l t  was 

expr essed  as ' p (D) 1

The symbols  used f o r  t h i s  s t u d y  a r e  summar ized i n  T a b l e  2.  For t h e  

c o n v e n ien c e  o f  d e s c r i p t i o n ,  t h e  r e s u l t s  o f  s t a t i s t i c a l  a n a l y s e s  were  a l s o  

e xpr essed  by a b b r e v i a t i o n s  such as ' n ' ,  (number) ,  ‘ s e 1, ( s t a n d a r d  e r r o r ) ,  

'WG-W1, ( a b s o l u t e  g r o w t h  r a t e  v e r s u s  mean body w e i g h t ,  'G -W‘ , 

( i n s t a n t a n e o u s  g ro w t h  r a t e  v e r s u s  mean body w e i g h t ) ,  1r (WG-G) ' ,
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( c o r r e l a t i o n  c o e f f i c i e n t  i n  a b s o l u t e  g ro w th  r a t e  and mean body w e i g h t  

r e l a t i o n s h i p ' ,  ' p (F) 1 ( s i g n i f i c a n c e  p r o b a b i l i t y  i n  c o v a r i a n c e  a n a l y s i s ;  F- 

t e s t )  , 1r 2 ' ( 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  f o r  e q u a t i o n s ) ,  e t c .

A l l  c a l c u l a t i o n s  f o r  s t a t i s t i c a l  a n a l y s i s  f o r  t h e  g ro w t h  s t u d y  were  

pe r fo rm ed  on an IBM 4 3 8 1 c o m p u te r  u t i l i z i n g  SAS s o f t w a r e s  and p ro g ram s  

f r o m  th e  computer  l i b r a r y  o f  O ld Dom in ion  U n i v e r s i t y .

Waste P r o d u c t i o n

S in ce  ammonia i s  t h e  p r i n c i p a l  e x c r e t o r y  p r o d u c t  i n  mos t  f i s h e s  

( B r a f i e l d  and Solomon, 1972;  E l l i o t t  and D av is o n ,  1975) > i t  was assumed 

t h a t  b l a c k  sea bass a l s o  p r o d u c e  ammonia as i t s  m a jo r  e x c r e t o r y  p r o d u c t .  

The a n a l y t i c a l  method f o r  ammonia used f o r  th e  s t u d y  was o r i g i n a l l y  

r e p o r t e d  by S t r i c k l a n d  and Pa rson s (1972) and m o d i f i e d  by C u t t e r  (1985) - 

The measured v a l u e s  were  c o n v e r t e d  t o  ene rgy  e q u i v a l e n t  assum ing  t h a t  t h e  

n i t r o g e n o u s  s u b s t r a t e s  i n v o l v e d  i n  t h e  c a t a b o l i c  p ro c e s s e s  w e re  s t a n d a r d  

p r o t e i n  i n c l u d i n g  16 % n i t r o g e n .  Thus ,  I t . 89 K c a l / g  ammonia was used f o r  

c a l o r i f i c  e q u i v a l e n t  o f  ammonia as s u gg es te d  by E l l i o t t  and D a v i s o n

(1975) •

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

C a lo r  i f  i c ana l y s i s

To e s t a b l i s h  a g e n e r a l  e n e rg y  b ud ge t  f o r  b l a c k  sea bas s ,  th e  c a l o r i c  

v a lu e s  o f  f o o d s ,  f i s h ,  and f e c e s  were  measured u s i n g  a d i r e c t  measurement  

method. A l l  samples  p r e p a r e d  f o r  c a l o r i f i c  a n a l y s i s  were p r e v i o u s l y  d r i e d  

in  an oven a t  6 0 + 2 °  C f o r  2 -  5 days  t o  c o n s t a n t  w e i g h t .  Each sample o f  

the  commerc ia l  d i e t  f o r  t h e  a n a l y z e d  ( rang e  o f  1 .0 -  1.5 g) was p re pa re d  

by p e l l e t i z i n g  3 -  b d r i e d  com m erc ia l  d i e t  p e l l e t s  u s in g  a c u s to m iz e d  

p e l l e t i z e r .  Two t o  t e n  d r i e d  mole  c r a b s  were  g round  w i t h  a m o r t a r  f o r  

hom ogeniz ing  b e f o r e  p e l l e t i z i n g  t o  a 0 . 5  -  1 .5  9 d r y  w e i g h t  sample .  More 

than f i v e  r e p l i c a t e s  were  p re p a r e d  i n  each s i z e  o f  comm erc ia l  and n a t u r a l  

d i e t s .  The v a r i a t i o n  i n  c a l o r i c  v a l u e  due t o  season was a l s o  c o n s i d e r e d  

f o r  mole c ra b s  and t h u s  t h e  samples  were  s e p a r a t e l y  p r e p a re d  by seasona l  

c a tch  as w e l l  as s i z e .  S in c e  d a i l y  p r o d u c t i o n  o f  f e c e s  o f  each gro up  o f  

f i s h  was t o o  s m a l l  t o  q u a n t i f y ,  a l l  f e c e s  pro du ced  under  same d i e t  t y p e  

were g round  t o g e t h e r  and p e l l e t i z e d  t o  0 . 5  -  1.1 g samples  t o  o b t a i n  

average e n e r g e t i c  v a l u e .

To measure c a l o r i f i c  v a l u e  o f  f i s h ,  two p r e p a r a t i o n  methods were 

used.  In t h e  f i r s t  method each f r o z e n  f i s h  was d e s c a le d ,  min ced  in  a 

smal l  hand m in c e r  w i t h  a p e r t u r e s  o f  b mm d i a m e t e r  (model 3 0 3 / 2 ,  R i v a l  

MGF., Kansas C i t y ,  M o . ) ,  and homogenized i n  a m o r t a r .  Th re e  sub -sam p le s  

w e ig h in g  a p p r o x i m a t e l y  20 g were  t h e n  d r i e d  i n  an oven t o  c o n s t a n t  w e i g h t .  

A f t e r  t h e  d r y  w e i g h t  was measu red ,  t h r e e  r e p l i c a t e s  were  p r e p a r e d  f r om  th e  

t h r e e  subsamples  and t h e  c a l o r i c  v a l u e s  measured w i t h o u t  p e l l e t i z a t i o n .

The s c a l e s  were  s e p a r a t e l y  measured in  c a l o r i c  v a l u e  s i n c e  t h e y  c o u l d  n o t  

be homogenized w i t h  t h e  m o r t a r .  In t h e  second method,  a w ho le  f i s h  was 

d i r e c t l y  d r i e d  i n  t h e  oven  a f t e r  d i s s e c t i o n  i n t o  two p i e c e s  and l a t e r
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g ro un d  by a m o r t a r  t o  hom og en ize .

The f i r s t  method p ro duced  more homogeneous samples  b u t  caused 

u n d e r e s t i m a t i o n  o f  w a t e r  c o n t e n t  by  l o s i n g  m o i s t u r e  i n  t h e  samples  due t o  

long  p r e p a r a t i o n  t im e  f o r  h o m o g e n iz in g  and v i c e - v e r s a  in  t h e  second 

m e th od .  T h e r e f o r e ,  t he  c a l o r i c  v a l u e s  were  measured u s i n g  t h e  samples 

p r e p a r e d  by t h e  f i r s t  method (n=22) . The second method was a d d i t i o n a l l y  

used t o  c a l i b r a t e  t h e  w a t e r  c o n t e n t  measured by u s i n g  t h e  f i r s t  method 

( n = 6 ) . A t o t a l  o f  66 samples  were  p re p a re d  f r om  22 f i s h  i n  t h i s  c a l o r i c  

a n a l y s i s .  No a t t e m p t  was made t o  compare t h e  c a l o r i c  d i f f e r e n c e s  between 

t h e  f i s h  exposed t o  d i f f e r e n t  f e e d i n g  c o n d i t i o n s  and o n l y  ave rage  c a l o r i c  

v a l u e  o f  f i s h  was measured.  The c a l o r i c  v a l u e  o f  f i s h  meat was a l s o  

measured f r om  t h r e e  o t h e r  f i s h  f o r  e n e rg y  c o n t e n t  in  meat p o r t i o n  o f  t h e  

f i s h  and compared t o  t h a t  o f  t h e  w ho le  body.

The c a l o r i c  v a l u e s  o f  d i e t s  and f i s h  were  e x p r e s s e d  i n  b o th  d r y  and 

w e t  w e i g h t .  In e s t i m a t i n g  w a t e r  c o n t e n t ,  3 -0  % (n=34) was added t o  t he  

v a l u e s  o b t a i n e d  f r om  t h e  f r o z e n  mole  c r a b s  and f i s h  s i n c e  t h e  d i f f e r e n c e s  

o f  w e i g h t  b e f o r e  and a f t e r  f r e e z i n g  were  2 . 2  -  4 .1  % w i t h  t h e  mean o f  3 -0  

%. The c a l o r i c  v a lu e s  o f  l i v e  w e i g h t  o r  wet  w e i g h t  o f  t h e  f i s h  and d i e t s  

we re  e s t i m a t e d  f r om  t h e  c a l o r i c  v a l u e s  o f  d r y  w e i g h t s  and w a t e r  c o n t e n t s .

The c a l o r i c  v a l u e s  o f  a l l  samples  were  d e t e r m i n e d  w i t h  an a d i a b a t i c  

bomb c a l o r i m e t e r  ( P l a i n  bomb c a l o r i m e t e r ,  Model 1341, P a r r  I n s t r u m e n t  

C o . ) .  The method used t o  o p e r a t e  t h e  c a l o r i m e t e r  has been d e s c r i b e d  by 

t h e  A m er i can  S o c i e t y  o f  T e s t i n g  M a t e r i a  1 (19 & 6 ) . The s t a n d a r d i z a t i o n  was 

done w i t h  b e n z o i c  a c i d  and 2436 c a l / ° C  was o b t a i n e d .  T i t r a t i o n  was 

u n d e r t a k e n  w i t h  sodium c a r b o n a t e  s o l u t i o n  ( 0 .070 9  N ) . S u l f u r  c o n t e n t  o f  

samp les  was n o t  a na ly z e d  b u t  e s t i m a t e d  f r om  t h e  vo lu me  o f  sod ium c a r b o n a t e
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used i n  t i t r a t i o n  based on t h e  d a ta  d e s c r i b e d  on t h e  Am er i can  S o c i e t y  o f  

T e s t i n g  M a t e r i a l  (1966) .  Twenty  mi 11i — 1 i t e r  o f  so d ium  c a r b o n a t e  s o l u t i o n  

was c o n s i d e r e d  t o  be e q u i v a l e n t  t o  1.0 % s u l f u r  c o n t e n t s  in  t h e  sample .  

The e r r o r  f rom t h i s  e s t i m a t i o n  was assumed t o  be l e s s  t h a n  0 .01 % o f  the  

t o t a l  c a l o r i c  v a l u e .
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T a b l e  2 summary o f  s y m b o l s

symbol uni  t d e s c r  i p t  i on

. W e iah t and l e n q t h

Wo grams p r e - e x p e r i m e n t a 1 o r  i n i t i a l  body w e i g h t  o f  a f i s h

Wt grams p o s t - e x p e r i m e n t a l  o r  f i n a l  body w e i g h t  o f  a f i s h

W grams mean body w e i g h t  o f  a f i s h  ( a r i t h m e t i c  mean o f  
i n i t i a l  and f i n a l  body w e ig h t )

Wm grams ave rage  o f  mean body w e i g h t  o f  f i s h  i n  a g ro up

Wi grams mean body w e i g h t  (W) o f  a f i s h  in  a g roup

Wn grams c a l c u l a t e d  body w e i g h t  o f  a f i s h  i n  t h e  n a t u r a l  
p o p u l a t i o n  by Mercer  (1978)

SL mm mean s t a n d a r d  l e n g t h  o f  a f i s h  ( a r i t h m e t i c  mean 
o f  i n i t i a l  and f i n a l  s t a n d a r d  l e n g t h

SLn mm s t a n d a r d  l e n g t h  o f  f i s h  i n  t h e  n a t u r a l  p o p u l a t i o n  
( M e rc e r ,  1978)

2 .  Growth  r a t e s

WG g /d a y a b s o l u t e  g r o w t h  r a t e  (ave rage d a i l y  g ro w t h  r a t e )  
o f  a f i s h  d u r i n g  an e x p e r i m e n t  (see eq.  4)

WGm g /d a y ave rage  a b s o l u t e  g ro w t h  r a t e  o f  f i s h  in  a g ro up

WG i g /d a y a b s o l u t e  g r o w t h  r a t e  (WG) o f  a f i s h  i n  a g roup

WGmax g /da y c a l c u l a t e d  maximum WG a t  a g i v e n  W (see eq.  15)

WGn-max g /d a y c a l c u l a t e d  maximum WG a t  a g i v e n  W i n  t h e  n a t u r a  
d i e t  f e e d i n g  c o n d i t i o n  (see e q u a t i o n  17)

WGc-max g /d a y c a l c u l a t e d  maximum WG a t  a g i v e n  W i n  t h e  comme­
r c i a l  d i e t  f e e d i n g  c o n d i t i o n  (see eq.  19)

WGstv g /d a y c a l c u l a t e d  d a i l y  w e i g h t  l o s s  o f  a f i s h  a t  a g i v e i  
mean body  w e i g h t  d u r i n g  s t a r v a t i o n

G % b w / d * i n s t a n t a n e o u s  g r o w t h  r a t e  (see e q u a t i o n  3)

*  % bw/d  : % o f  body w e i g h t  p e r  d a y .
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T a b l e  2 C o n t i n u e d

symbol uni  t d e s c r  i p t  i on

Gm % bw/d aver ag e  i n s t a n t a n e o u s  g ro w t h  o f  f i s h  i n  a g ro up

Gmax % bw/d c a l c u l a t e d  maximum G a t  a g i v e n  W (see eq.  16)

Gn-max % bw/d c a l c u l a t e d  maximum G a t  a g i v e n  W i n  t h e  n a t u r a l  
d i e t  f e e d i n g  c o n d i t i o n  (see eq.  18)

Gc-max % bw/d c a l c u l a t e d  maximum G a t  a g i v e n  W in  th e  commer­
c i a l  d i e t  f e e d i n g  c o n d i t i o n  (see e q . 20)

Gstv % bw/d c a l c u l a t e d  i n s t a n t a n e o u s  r a t e  o f  w e i g h t  l o s s  o f  
a f i s h  a t  a g i v e n  w e i g h t  d u r i n g  s t a r v a t i o n

3.  Food and f e e d i n q r e l a t e d  f a c t o r s

RCm % bw/d ave rag e  d a i l y  f o od  c o n s u m p t i o n  r a t e  o f  a f i s h  
i n  a g ro up  d u r i n g  an e x p e r i m e n t a l  p e r i o d

RCest % bw/d e s t i m a t e d  d a i l y  f o o d  c o n s u m p t i o n  r a t e  o f  an 
i n d i v i d u a l  f i s h  (see e q u a t i o n  13)

RC % bw/d s u b s t i t u t e  o f  RCest f o r  m a t h e m a t i c a l  m o d e l i n g  o f  
g ro w t h  p o t e n t i a l

RCn-max % bw/d c a l c u l a t e d  maximum RCest a t  a g i v e n  W in  t h e  
n a t u r a l  d i e t  f e e d i n g  c o n d i t i o n  (see eq.  22)

RCc-max % bw/d c a l c u l a t e d  maximum RCest a t  a g i v e n  W in  t h e  
comm erc ia l  d i e t  f e e d i n g  (see eq.  23)

RCn-man % bw/d c a l c u l a t e d  RCest f o r  m a in t e n a n c e  a t  a g i v e n  W 
i n  t h e  n a t u r a l  d i e t  f e e d i n g  (see eq.  3^)

RCc-man % bw/d c a l c u l a t e d  RCest  f o r  m a in t e n a n c e  a t  a g i v e n  W 
i n  t h e  commer c ia l  d i e t  f e e d i n g  (see e q . 31*)

Cm g /d ay a ve rag e  amount o f  f o od  consumed d a i l y  by a f i s h  
i n  a g ro up  (see e q u a t i o n  9)

Cest g /d ay e s t i m a t e d  amount o f  fo o d  consumed d a i l y  by an 
i n d i v i d u a l  f i s h  (see e q u a t i o n  12)

C g /d ay s u b s t i t u t e  o f  Cest  i n  m a t h e m a t i c a l  m o d e l i n g  f o r  
g ro w t h  p o t e n t i a l
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T a b l e  2 C o n t i n u e d

symbol un i t d e s c r  i p t  i on

Cn-max g / d a y c a l c u l a t e d  maximum Ces t  a t  a g i v e n  W in  t he  
n a t u r a l  d i e t  f e e d i n g  c o n d i t i o n  (eq.  25)

Cc-max g / d a y c a l c u l a t e d  maximum Ces t  a t  a g i v e n  W in  the  
comm erc ia l  d i e t  f e e d i n g  c o n d i t i o n  (equ.  26)

Ct g /d a y amount  o f  f o od  g i v e n  t o  a g ro up  o f  f i s h  d u r i n g  
an e x p e r i m e n t a l  p e r i o d  i n  days

Fm none a v e r a g e  fo od  c o n v e r s i o n  r a t e  (g ross  g rowth  
e f f i c i e n c y )  o f  f i s h  i n  a g roup

F es t none e s t i m a t e d  fo od  c o n v e r s i o n  r a t e  o f  an i n d i v i d u a l

Fc none f o o d  c o n v e r s i o n  e f f i c i e n c y  e x p r e s s e d  as a r a t i o  
be tw een  t h e  amount o f  fo o d  consumed v e r s u s  
a b s o l u t e  g ro w t h  r a t e  (Fc= C : WG)

k .  Enerqy r e l a t e d  f a c t o r s

1 c a 1 o r  i es amount o f  ene rg y  i n t a k e n  by a f i s h

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

Rs c a 1 o r  i es e n e rg y  used f o r  s t a n d a r d  m e t a b o l i s m

Rsda c a l o r  i es e n e rg y  used f o r  fo o d  i n t a k e  and p ro cesses

Ra c a l o r  i e s e n e rg y  used f o r  a c t i v i t y

U c a l o r  i e s e n e r g y  l o s t  i n  e x c r e t i o n

F c a 1 o r  i es e n e rg y  l o s t  i n  d e f e c a t i o n

P c a l o r  i es e n e r g y  g a i n  o r  l o s s  i n  body t i s s u e s

OCstd m l -O x /m i  n c a l c u l a t e d  t o t a l  oxyge n  c o n s u m p t io n  o f  an i n d i ­
v i d u a l  f o r  s t a n d a r d  m e t a b o l i s m  (see eq.  37)

ORstd m l - O x / g / m * c a l c u l a t e d  oxygen c o n s u m p t i o n  r a t e  per  u n i t  
body w e i g h t  f o r  s t a n d a r d  m e t a b o l i s m

Ec (c-max) c a l o r  i es 
Ec (n-max)

e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  maximum 
amount o f  f o od  consumed (see eq.  26)

*  ml Ox /g /m  : mi 1 1 i - 1 i t e r  o f  oxygen per  body w e i g h t  per  m in u t e
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T a b l e  2 C o n t i n u e d

symbol  u n i t d es c r  i p t  ion

Erc (c -m ax )  c a l / g / d *  
Ere(n-max)

e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  
f o o d  c o n s u m p t i o n  r a t e  (see T a b l e  15)

maximum

Ec (c-man) 
Ec (n-man)

c a 1/ d a y e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  
enance fo o d  c o ns u m p t ion  (see T a b l e  15!

ma i n t -
)

Ewg (c-max 
Ewg (n-max

) c a l / d a y  
:)

e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  
a b s o l u t e  g ro w t h  r a t e  (see T a b l e  15)

maximum

Eg(c-max) 
Eg(n-max)

c a 1/ g / d e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  
i n s t a n t a n e o u s  g ro w t h  r a t e  (see T a b le

max i mum 
15)

Ewg ( s t v ) c a l / d a y e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  
l o s s  i n  a b s o l u t e  r a t e  (see T a b l e  15)

wei  g h t

Eg ( s t v ) c a 1 / g / d e n e rg y  e q u i v a l e n t  f o r  w e i g h t - s p e c i f i c  
l o s s  i n  i n s t a n t a n e o u s  r a t e  (see T a b le

we i g h t
15

5.  C o n d i t i o n  i n d i c e s

K none a b s o l u t e  w e i g h t - 1e ng th  i n d e x  o f  a f i s h (eq.  5)

RK

dK

dRK

none

none

none

r e l a t i v e  w e i g h t - l e n g t h  i n d e x  o f  a f i s h  compared 
w i t h  n a t u r a l  p o p u l a t i o n  (see eq.  7) 

ave rag e  d a i l y  change o f  c o n d i t i o n  i nd ex  o f  a 
f i s h  d u r i n g  an e x p e r i m e n t a l  p e r i o d  

ave rag e  d a i l y  change o f  r e l a t i v e  c o n d i t i o n  
in d ex  d u r i n g  an e x p e r i m e n t a l  p e r i o d

6.  O th e rs

t days e x p e r i m e n t a l  p e r i o d s

n none number o f  f i s h  and o b s e r v a t i o n s

P (T) none p r o b a b i l i t y  o f  s t u d e n t ' s  T - t e s t

p (F) none p r o b a b i l i t y  o f  c o v a r i a n c e  ( F - t e s t )

p(D) none p r o b a b i l i t y  o f  H o e f f d i n g ' s  measure  in  
c o r r e l a t i o n  a n a l y s i s  ( n u l l  h y p o t h e s i s : P=0)

r none c o r r e l a t i o n  c o e f f i c i e n t

r 2 none 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

se none s t a n d a r d  e r r o r

*  c a l / g / d :  c a l / g - b o d y  w e i g h t / d a y
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CHAPTER I I I 

REVIEW OF LITERATURE 

B i o l o g y  o f  B la c k  Sea Bass 

The b l a c k  sea b a s s ,  C e n t r o p r i s t i s  s t r i a t a  L.  ( S u b f a m i l y  S e r r a n i n a e ,  

F am i l y  S e r r a n i d a e )  i s  a common b o t t o m  d w e l l i n g  f i s h  f o u n d  a l o n g  the  

A t l a n t i c  c o a s t  o f  N o r t h  Am er i ca  f r o m  M as s a c hu s e t ts  t o  F l o r i d a .  The 

p r i m a r y  h a b i t a t s  o f  b l a c k  sea bass  i n  n a t u r e  a re  har d  b o t t o m  and wrecks  in  

c o a s t a l  w a t e r ,  where  t h e y  ran ge  i n  d e p t h s  f r om  10 t o  120 m ( K e n d a l l ,

1977)* In a p o p u l a t i o n  s t u d y  by Cupka e t  a 1 . (1977) ancl M e rce r  (1978) two 

s e p a r a t e  p o p u l a t i o n s  o f  b l a c k  sea bass  were  r e p o r t e d .  The n o r t h e r n  

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

by s e asona l  m i g r a t i o n  i n t o  deep w a t e r s  i n  c o l d  seasons w h i l e  t h e  s o u t h e r n  

p o p u l a t i o n  r emains  y e a r a r o u n d  i n  c o a s t a l  w a t e r  o f  N o r t h  C a r o l i n a  and lower  

1 a t  i t u d e s .

The b l a c k  sea bass  i s  an o p p o r t u n i s t i c ,  c a r n i v o r o u s ,  v i s u a l  f e e d e r .  

The d i e t a r y  i tems  f o u n d  i n  n a t u r e  a r e ,  i n  o r d e r  o f  i m p o r t a n c e ,  

c r u s t a c e a n s ,  f i s h ,  m o l l u s c s ,  and ech inode rms  (Cupka e t  a l . ,  1977;  Chee, 

1977; K e n d a l l ,  197 7) -  A d u l t s  p r e f e r  c rab s  and f i s h  w h i l e  young b l a c k  sea 

bass e a t  s h r i m p s ,  i s o p o d s ,  and amphipod s.  A l s o ,  t h e r e  i s  a v a r i a t i o n  in  

fo od  c o n s u m p t i o n  s e a s o n a l l y  a s s o c i a t e d  w i t h  spawning c y c l e s ,  in  w h ic h  l e s s  

f e e d i n g  o c c u r s  d u r i n g  t h e  spawning se asons .

Growth  o f  b l a c k  sea bass  i n  n a t u r e  v a r i e s  d ep en d in g  on p o p u l a t i o n ,  

sex ,  and age ( M e rc e r ,  1 9 7 8 ) .  The n o r t h e r n  p o p u l a t i o n  grows f a s t e r  than  

the  s o u t h e r n  p o p u l a t i o n  a t  a l l  ages e x c e p t  age 1. Males  a r e  u s u a l l y
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l a r g e r  th an  fe ma les  a t  a l l  ages g r e a t e r  t h an  tw o ,  and grow f a s t e r  i n  bo th  

p o p u l a t i o n s .  However , i s o m e t r i c  g ro w t h  was obs e rv e d  i n  1e n g t h - w e i g h t  

r e l a t i o n s h i p s  o f  b o th  sexes and p o p u l a t i o n s .  C a l c u l a t e d  mean annua l  

g ro w t h  r a t e s  by Mercer  (1978) f o r  b o t h  n o r t h e r n  and s o u t h e r n  p o p u l a t i o n s  

were  33 ”  78 mm and 24 -  54 mm SL r e s p e c t i v e l y  f o r  age one t o  seven  y e a r -  

o l d  f i s h  in  combined s e x e s .  The c a l c u l a t e d  s t a n d a r d  l e n g t h  o f  t h e  

n o r t h e r n  and s o u t h e r n  p o p u l a t i o n s  were  88 and 87 mm SL a t  age one and 365 

and 294 mm SL a t  age seven r e s p e c t i v e l y .  Recorded maximum l o n g e v i t y  i s  20 

y e a r s  (Lavenda,  1949) -  K e n d a l l  (1977) r e p o r t e d  w i t h o u t  d e t a i l s  t h a t  b l a c k  

sea bass  r e a r e d  i n  c a p t i v i t y  g rew f r om  a mean o f  2&5 9 and 170 mm SL t o  

880 g and 284 mm SL o v e r  n i n e  month  p e r i o d .

The b l a c k  sea bass  a r e  p r o t o g y n o u s  h e r m a p h r o d i t e s  (Lavenda,  1949;  

Cupka e t  a l . ,  1977; M e r c e r ,  1 9 7 8 ) .  Sex r e v e r s a l  o c c u r s  between b r e e d i n g  

seasons when t h e  f i s h  reach  t h e  r ange  o f  100 -  379 mm SL and 1 -  7 y e a r s  

in  a ge s .  Sexua l  m a t u r i t y  o f  f e m a le s  g e n e r a l l y  o c c u r s  a t  age 2 and a t  a 

l e n g t h  o f  a p p r o x i m a t e l y  170 mm SL w h i l e  males  m a tu re  a t  age 1 and o l d e r .  

Spawning is  c o n s i d e r e d  t o  o c c u r  c o n t i n u o u s l y  in  t h e  spawning seasons and 

t o  be t r i g g e r e d  by t e m p e r a t u r e  (Cupka e t  a l . ,  1977; K e n d a l l ,  1977;  M e r c e r ,

197 8 ) .  Females o f  1 -  5 y e a r s  o l d  p ro duce  30 ,0 00  -  122,000 s m a l 1 

p l a n k t o n i c  eggs o f f s h o r e  i n  d e p t h s  o f  18 -  45 m d u r i n g  t h e  s p r i n g  and 

summer (Musik and M e r c e r ,  1977; T u c k e r ,  1983)*  Spawning seasons s l i g h t l y  

v a r y  d ep e n d in g  on l a t i t u d e s  and f e r t i l i z a t i o n  o c c u r s  e x t e r n a l l y  ( K e n d a l l ,  

19 72 ) .

Larvae  o f  th e  n o r t h e r n  p o p u l a t i o n  o f  t h e  b l a c k  sea bass o c c u r  

i n s h o r e  and o f f s h o r e  (4 -  82 km) i n  t h e  range f r o m  New J e r s e y  t o  N o r t h  

C a r o l i n a  where  t he  range s  o f  d e p t h s ,  t e m p e r a t u r e s ,  and s a l i n i t y  a r e  15 “

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41

51 m, 14.3 -  2 8 .0  °C, and 3 0 -3  “  3 4 .6  o / o o  r e s p e c t i v e l y  ( K e n d a l l ,  1972; 

Mus ik  and M e r c e r ,  1977; B r i g g s ,  197 8 ) .  Eggs (0 .9  -  1 .0  mm i n  d i a m e t e r )  

have m o d e r a t e l y  n a r ro w  p e r i v i t e l  1 ine  space and y o l k ,  p o s s e s s in g  a s i n g l e  

s m a l l  o i l  g l o b u l e  and a p l a i n  membrane ( K e n d a l l ,  1972; T u c k e r ,  1983) .

J u v e n i l e s  o f  t h e  b l a c k  sea bass  o c c u r  in  s a l i n e  a re as  o f  e s t u a r i e s  

a lo n g  the  c o a s t  f r om  F l o r i d a  t o  M as s a c h u s e t t s  (Cupka e t  a l . ,  197 7 ) .  The 

Chesapeake Bay is  r e g a r d e d  t h e  p r i m a r y  n u r s e r y  ground f o r  t h e  n o r t h e r n  

p o p u l a t i o n .  L a r v ae  were  f o u n d  a b u n d a n t l y  i n  h ig h  s a l i n i t y  w a t e r  o f  t h e  

Bay (more th an  18 0 / 00) i n  summer and f a l l  b u t  g r a d u a l l y  move i n t o  deep 

w a t e r  as th e y  grow l a r g e r  ( K e n d a l l ,  1977; Mus ik  and M e r c e r ,  1977) -

Seve ra l  s p e c i e s  o f  C e n t r o p r  i s t  i s a re  found on t h e  A t l a n t i c  c o a s t .

C. m e lan a , t h e  s o u t h e r n  b l a c k  sea b a s s ,  has been d i s p u t e d  as a s u b s p e c ie s  

o f  C. s t r  i a t a  due t o  i t s  m o r p h o l o g i c a l  o v e r l a p p i n g  ( M i l l e r ,  1959;  B o r t o n e ,  

1977)*  However , many a u t h o r s  a t  p r e s e n t  c o n s i d e r  C. melana and C. s t r  i a t a  

a r e  se p a ra te d  t a x o n o m i c a l 1y a t  t h e  s p e c i e s  l e v e l  due t o  t h e i r  

m o r p h o l o g i c a l  and m e r i s t i c  d i f f e r e n c e s  ( B a i l e y  e t  a l . ,  1970; Cupka e t  a l . ,  

1977; Musik and M e r c e r ,  1977;  M e r c e r ,  1978) .
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P r i n c i p l e  and M e th o d o lo g y  in  B i o e n e r g e t i c  S t u d i e s  

T h e o r e t i c a l  P r i n c i p l e s  o f  M e th o d o lo g y

The laws o f  c o n s e r v a t i o n  o f  ene rg y  must  be adhered  t o  by f i s h  as 

o t h e r  l i v i n g  s y s t e m s .  M a t t e r  and ene rg y  can be c o n v e r t e d  b u t  neve r  

d e s t r o y e d .  A f i s h  g a i n s  m a t t e r  and ene rgy  i n  f o od  ( i n c l u d i n g  endogenous 

en e rg y  s o u r c e  such as y o l k ) ,  and l o s e s  the  a bs o rb ed  e n e rg y  and m a t t e r  as 

r e s u l t  o f  c a t a b o l i s m ,  w h i c h  p r o v i d e s  ene rg y  f o r  m a in t e n a n c e  and a c t i v i t y  

( I v l e v ,  1939)*  When t h e  g a i n  i s  g r e a t e r  t h an  t h e  l o s s ,  e n e r g y  is  

c o n v e r t e d  and d e p o s i t e d  t o  t h e  body t i s s u e s  m o s t l y  in  t h e  f o r m  o f  p r o t e i n ,  

r e s u l t i n g  i n  g r o w t h .  I f  exogenous so u rc es  o f  e n e rg y  ( d i e t a r y  ene rgy)  a re  

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

some o rg ans  o r  body components  may o c c u r  a t  t h e  expense o f  i n i t i a l  

(endogenous)  s o u r c e s  p r e v i o u s l y  s t o r e d  in  g ro w t h  (B rody ,  1945;  F r y .  1947, 

1964; K l e i b e r ,  1961) .  The m e t a b o l i c  and g ro w t h  a l t e r n a t i v e s  a v a i l a b l e  t o  

f i s h  a c c o r d i n g  t o  t h e  law o f  th e rm od ynamics  and c o n s e r v a t i o n  o f  m a t t e r  

were w e l l  d e m o n s t r a t e d  i n  t h e  s t u d i e s  o f  W in be rg  ( 19 61 a ) ,  T a y l o r  (1962) , 

Beamish and D i c k i e  ( 1967) ,  D av i s  ( 19 67 ) .  Warren and D av is  ( 1 9 6 7 ) .  Edwards 

e t  a l .  (1971.  197 2) ,  Solomon and B r a f i e l d  (1 9 72 ) ,  N i i m i  and Beamish 

(19 74 ) ,  K i t c h e l l  e t  a l  . ( 1 9 7 4 ) ,  E l l i o t t  (1976a,  1976b ) ,  B r e t t  ( 19 76 a) ,

B r e t t  and Groves ( 1 9 7 9 ) ,  S u l l i v a n  and Smi th  (19 8 2 ) ,  and K e r r  (1982) .

The th e rm od yna m ics  i n  e n e rg y  b a lan c e  o f  f i s h  was w e l l  e x p res s e d  by 

Krueger  e t  a 1 . ( 1 968) i n  t h e  f o l l o w i n g  e q u a t i o n ;

Et  = Eo +  Ef -  (Hs +  Hsda + Ha + Eex) (14)
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' E1 i n d i c a t e s  t h a t  a v a i l a b l e  chem ica l  e ne rg y  i s  n o t  o x i d i z e d  w h i l e  1H1 

r e p r e s e n t s  d e g r a d a t i o n  o f  t h e  chemica l  ene rg y  i n t o  h e a t .  T h i s  e x p r e s s i o n  

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

p h y s i o l o g i c a l  p r o c e s s  u n i t s .  I t  i n d i c a t e s  t h a t  any  f i s h  a t  a s p e c i f i e d  

t ime ( to )  has an e n e r g y  c o n t e n t ,  ' E o ' ,  e q u i v a l e n t  t o  i t s  h ea t  o f  

c o m b u s t i o n .  S u b s e q u e n t l y  o v e r  a p e r i o d  o f  t i m e  ' t '  t h e  e n e rg y  c o n t e n t  o f  

the  f o o d  t a k e n  i s  1E f 1 and a t  t im e  ' t '  t he  r e m a i n i n g  e n e rg y  c o n t e n t  o f  t he  

f i s h  i s  ' E t ' .  E n e rg y  l o s s e s  deve loped due t o  s t a n d a r d  m e t a b o l i s m ,  

m e t a b o l i c  r e q u i r e m e n t s  o f  e x e r c i s e ,  and f o o d - r e l a t e d  s p e c i f i c  dynamic 

a c t i o n  f o r  f e e d i n g  a r e  r e p r e s e n t e d  by ' Hs ' ,  ' H a ' ,  and 'H s d a '  r e s p e c t i v e l y  

w h i l e  e n e rg y  l o s t  by  e x c r e t i o n  and d e f e c a t i o n  were  e x p r e s s e d  as ' E e x ' .

When ' E t - E o '  i s  p o s i t i v e ,  i t  i n d i c a t e s  an i n c r e a s e  i n  p r o t e i n ,  

c a r b o h y d r a t e s ,  o r  f a t  i n  b ody .  I f  ' E t - E o '  i s  n e g a t i v e ,  f o o d  d e p r i v a t i o n s  

or  c o n d i t i o n s  o f  s t a r v a t i o n  p r e v a i l .  When r e p r o d u c t i v e  o u t p u t s  and 

s e c r e t i o n  a re  c o n s i d e r e d ,  t h e y  a re  c a t e g o r i z e d  i n  ' E t '  as a d d i t i o n a l  

ene rgy  o u t p u t  d i s p l a c e d  t o  a n o t h e r  fo rm r a t h e r  t h a n  e n e rg y  l o s t  in  the  

s y s t e m .

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

components in  f i s h  e n e r g e t i c s .  The c a t a b o l i c  m e t a b o l i s m  (or  t o t a l  

m e t a b o l i s m ) ,  i n  w h i c h  c h e m ic a l  energy  i s  c o n v e r t e d  t o  wo rk  and h ea t ,  

c o n s i s t s  o f  t h r e e  b a s i c  components ;  s t a n d a r d  m e t a b o l i s m  (basa l  m e ta bo l i sm  

o r  m in im a l  m e t a b o l i s m ) ,  s p e c i f i c  i n c rem en ts  o f  h e a t  p r o d u c t i o n  w i t h  food 

i n t a k e  (SDA) , and t h e  m e t a b o l i s m  f o r  m us c u la r  a c t i v i t y  and f o r  f e e d i n g .  

F is hes  a r e  p o i k i 1o t h e r m s  and t h e  heat  i s  a r b i t r a r i l y  p ro duced  due t o  the  

i n c o m p l e t e  t r a n s f o r m a t i o n  o f  ene rgy  f rom one phase t o  a n o t h e r .  A l l
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c a t a b o l i c  m e t a b o l i s m s  i n  ene rgy  e x p e n d i t u r e  p r o c e s s e s  a r e  d i r e c t l y  r e l a t e d  

t o  h ea t  p r o d u c t i o n  though  the  l e v e l s  o f  t h e  p r o d u c t i o n  depend on t h e  

m e t a b o l i c  s u b s t r a t e s  and e n d - p r o d u c t s .  The d i f f i c u l t i e s  in  e n e r g e t i c  

s t u d y  o f  f i s h  have a r i s e n  due t o  t h e  i n c o m p l e t e  e ne rg y  t r a n s f e r  in  

a n a b o l i c  and c a t a b o l i c  p ro cesses  by e n e rg y  l o s s  t h r o u g h  hea t  p r o d u c t i o n .  

However , most a u t h o r s  ag reed  t h a t  t h e  e q u a t i o n  14 was adequate  e x p r e s s i o n  

f o r  e n e r g e t i c  s t u d y  i n  d e f i n i n g  th e  e n e rg y  a l l o c a t i o n  i n  r e l a t i o n  t o  

p h y s i o l o g i c a l  p r o c e s s e s  though v a r i o u s  m o d i f i c a t i o n s  a re  found f r e q u e n t l y  

i n  many s t u d i e s  due t o  t h e  purposes and c i r c u m s t a n c e s  o f  e x p e r i m e n t a t i o n .

Genera l  and S p e c i f i c  Approaches i n  M e th o d o lo g y

Numerous a p p ro a c h e s  have been used t o  i n v e s t i g a t e  t h e  t o t a l  o r  

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

e n e r g e t i c s  o f  f i s h  a t  p h y s i o l o g i c a l  o r  e c o l o g i c a l  l e v e l s .  C o m p l i c a te d  

c a t a b o l i c  p r o c e s s e s  t a k e  p la c e  d u r i n g  ene rg y  e x p e n d i t u r e  and have caused 

m a jo r  d i f f i c u l t i e s  and v a r i e t i e s  i n  e n e r g e t i c  s t u d i e s .  V a r i o u s  methods 

have been d e v e lo p e d  t o  measure ene rg y  e x p e n d i t u r e  d u r i n g  th e  c a t a b o l i c  

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

t o t a l  c a t a b o l i c  m e t a b o l i s m s  a r e :  (1) t h e  q u a n t i t a t i v e  measurement o f  h e a t

produ ced  by f i s h  i n  m e t a b o l i s m ,  (2) t h e  measurement  o f  t h e  oxygen consumed 

and th e  e s t i m a t i o n  based on c a l o r i f i c  e q u i v a l e n t ,  (3) e s t i m a t i o n  f r om  t h e  

changes o f  o r g a n i c  body s u b s ta n c e s ,  and (4) e s t i m a t i o n  f r om  t h e  h ea t  o f  

c o m b u s t i o n .  The p r i n c i p l e s  o f  a l l  f o u r  methods a r e  based on t h e  

d e g r a d a t i o n  o f  c h e m ic a l  ene rg y  i n t o  h e a t  i n  c a t a b o l i c  p ro c e s s e s .

Each method has advantages  and d rawbacks  d ep end ing  on the  

e x p e r i m e n t a t i o n  and t h e  t y p e  o f  i n f o r m a t i o n  p r o v i d e d  such as t i m e
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r e q u i r e d ,  t h e  a c c u r a c y  and t h e  adequ acy o f  t h e  d a t a  f o r  s p e c i f i c  p u rpo s es ,  

and t h e  e x p e r i m e n t a l  d e s i g n s  t h a t  may be a l l o w a b l e  o r  t h a t  may have t o  be 

e x c lu d e d .  However , most  p r e v i o u s  s t u d i e s  i n d i c a t e  t h a t  no s i n g l e  method 

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

i n  each p ro cess  o f  c a t a b o l i c  m e t a b o l i s m .  V a r i a t i o n s  i n  b i o c h e m ic a l  and 

p h y s i o l o g i c a l  s t a t e s  o f  f i s h  be tw een  i n t r a -  and i n t e r - s p e c i f i c  l e v e l s  

h i n d e r  a p p l i c a t i o n  o f  t h e  i n f o r m a t i o n  o b t a i n e d  f r o m  one e x p e r i m e n t  t o  

a n o t h e r .

Among t h e  t h r e e  components  o f  c a t a b o l i c  m e ta b o l i s m  ( s t a n d a r d  

m e t a b o l i s m ,  SDA, and a c t i v i t y )  i n  e q u a t i o n  1A, t h e  basa l  r a t e  o f  hea t  

p r o d u c t i o n  ( s t a n d a r d  m e ta b o l i s m )  i s  u s u a l l y  d e s c r i b e d  as t h e  minimum 

r e c o r d a b l e  m e t a b o l i s m  c o m p a t i b l e  w i t h  normal  e x i s t e n c e  (B rod y,  19^5;  F r y ,  

19^7;  Huges, I 96A ) . I t  i s  r e p r e s e n t e d  by t h e  s t a t e  o f  m e ta b o l i s m  o f  a 

f i s h ,  in  wh ich  o n l y  basa l  p h y s i o l o g i c a l  p ro c e s s e s  f o r  l i v i n g  i s  a l l o w e d  

w i t h o u t  any e x t e r n a l  movement .  Mos t  f i s h e s  u s u a l l y  show spon taneou s 

a c t i v i t i e s  i n  any c i r c u m s t a n c e s  a nd ,  p r a c t i c a l l y ,  i t  i s  e x t r e m e l y  

d i f f i c u l t  t o  a p p r o x i m a t e  z e ro  a c t i v i t y  in  f i s h .  In s e v e r a l  s t u d i e s ,  basa l  

r a t e  o f  m e ta b o l i s m  f o r  f i s h  were  p r e d i c t e d  f r om  d a t a  o f  oxygen c o n s u m p t ion  

by e x t r a p o l a t i o n  t o  z e r o  a c t i v i t y  a l o n g  m e t a b o l i c  a c t i v i t y  c u r v e s ,  w h ich  

were  o b t a i n e d  f r om  oxygen c o n s u m p t i o n  r a t e s  a t  v a r i o u s  swimming speeds 

( F r y ,  1957; Job,  1955; B lazka  and C epe la ,  I 96O; S m i th ,  1965; Edwards,

1968, 1969, 1976b; K u t t y ,  1968a, 1968b;  E l l i o t t ,  1969, 1976b; Beamish,  

1970; Jones,  1971; B r e t t ,  1976a,  1 97 6b ) .  Drugs were  somet imes used t o  

a t t a i n  minimum a c t i v i t y ,  b u t  t h e i r  e f f e c t s  on m e ta b o l i s m  have n o t  been 

s u f f i c i e n t l y  i n v e s t i g a t e d  (K ru e g e r  e t  a l . ,  19 6 8 ; B r e t t  and Groves ,  1979)•  

Due t o  the  d i f f i c u l t i e s  o f  m e a s u r i n g  s t a n d a r d  m e ta b o l i s m  i n  f i s h  caused by
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spon ta n e ou s  movement,  compromised  v a l u e s  were  f r e q u e n t l y  d e r i v e d  by 

r e p l a c i n g  s t a n d a r d  m e t a b o l i s m  w i t h  p o s t - d i g e s t i v e  s t a r v a t i o n - m a i n t e n a n c e  

c o s t s  n e g l e c t i n g  s m a l l  components  f r om  e x e r c i s e  and e x c r e t i o n  (Saunder ,  

1953;  Beamish,  1964a, 1964b, 1964c;  Beamish and M o o k h e r j i i , 1964; S m i t h ,  

1965;  Rao, 1968; Edwards e t  a l . ,  1970; W a l l a c e ,  1973; S m i th ,  1976; K i n n e ,  

1977;  T a r r ,  1978) .  M e t a b o l i s m  o f  f i s h  in  a n a e r o b i c  c o n d i t i o n  was a l s o  

i n v e s t i g a t e d  due t h e  i m p o r t a n c e  o f  oxygen d e b t  f o r  ene rgy  c o n s u m p t ion  

e f f i c i e n c y  (B la z k a ,  1958; K u t t y ,  1969a;  We ih s ,  1974) .

S p e c i f i c  dyna mic  a c t i o n  (SDA) was c l e a r l y  d e f i n e d  by K l e i b e r  (1961) 

as ' t h e  hea t  i n c r e m e n t  d e r i v e d  f r o m  t h e  b i o c h e m i c a l  t r a n s f o r m a t i o n  o f  

i n g e s t e d  fo od s  i n t o  a m e t a b o l i z a b l e ,  e x c r e t a b l e  f o r m ' .  A m a jo r  

c o n t r i b u t i o n  o f  SDA comes f r o m  d e a m i n a t i o n  o f  p r o t e i n  b u t  o t h e r  o r g a n i c  

m a t t e r  such as l i p i d  and c a r b o h y d r a t e  m e t a b o l i s m  a re  a l s o  i n v o l v e d  i n  t h i s  

t y p e  o f  ene rgy  e x p e n d i t u r e .  For  f i s h ,  t he  f i r s t  e x p e r i m e n t a l  

d e t e r m i n a t i o n  o f  SDA was r e p o r t e d  by Warren and Dav i s  ( 1967 ) -  The 

d i f f i c u l t i e s  in  m e a s u r in g  t h e  p u r e  SDA in  f e e d i n g  m e ta b o l i s m  a re  caused by 

t h e  m e t a b o l i c  e x c i t a t i o n  accom pany ing  f e e d i n g .  To p r o p e r l y  i d e n t i f y  SDA 

segment in  the  m e t a b o l i s m  o f  a f i s h ,  i t  i s  a b s o l u t e l y  n e c e s s a r y  t o  

s e p a r a t e  t h e  ene rg y  e x p e n d i t u r e  o f  e x c i t a b i l i t y  and i n c r e a s e d  a c t i v i t y  

( o c c u r r i n g  in  c o n j u n c t i o n  w i t h  f o o d  i n t a k e )  f r om  SDA by r i g o r o u s  

e x p e r i m e n t a l  t e c h n i q u e s  as shown by  Beamish (197*0 • Due t o  th e  

d i f f i c u l t i e s ,  many i n v e s t i g a t o r s  (Pa lohe imo  and D i c k i e ,  1966a;  P i e r c e  and 

W i s s i n g ,  197**; B r e t t ,  1976b; E l l i o t t ,  19758, 1976a; T a n d le r  and Beamish,  

1979 , *980 ,  1981) measured t h e  w h o l e  ene rg y  e x p e n d i t u r e  i n  f e e d i n g  w i t h o u t  

s e p a r a t i n g  SDA component t o  exam ine  t o t a l  f e e d i n g  c o s t s  i n  t h e  e n e r g e t i c  

o f  f i s h .  T h i s  was r e p r e s e n t e d  by  a te rm  o f  ' a p p a r e n t  SDA' t o  d e s c r i b e  t h e
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t o t a l  e n e rg y  e x p e n d i t u r e  r e l a t e d  t o  meals  and f e e d i n g  (Beamish,  1974) .

F i s h  a c t i v i t i e s  a r e  more o r  l e s s  r e l a t e d  t o  f e e d i n g  and l o c o m o t i o n  

( a t t a c k i n g ,  e s c a p i n g ,  m i g r a t i n g ,  j u m p i n g ,  e t c . ) .  The scope o f  a c t i v i t y  

was i n i t i a l l y  i n t e r p r e t e d  by Fry  (1957) t o  d e s c r i b e  t h e  e ne rg y  e x p e n d i t u r e  

f o r  m a i n t e n a n c e  and t h e  maximum a c t i v i t y  i n  a e r o b i c  c o n d i t i o n s .  The 

e n e rg y  e x p e n d i t u r e  f o r  l o c o m o t i v e  a c t i v i t y  was c o n t i n u o u s l y  i n t e r e s t e d  due 

t o  i t s  h i g h  e n e r g y  c o n s u m p t i o n  r a t e  and d i r e c t  e f f e c t  on a v a i l a b l e  ene rg y  

l o s s  f o r  g r o w t h  (Basu,  1959; Saunder ,  1963; B r e t t ,  1963, 1964, 1965 » 1983; 

B r e t t  and S u t h e r l a n d ,  19 6 5 ! Rao, 1968;  K u t t y ,  1969b ;  Beamish,  1970; B r e t t  

and G l a s s ,  1973;  Ware,  1978; B r e t t  and B l a c k b u r n ,  1 978 ) .  The maximum 

a c t i v i t y  was d e f i n e d  and measured by c o n t i n u o u s  s u s t a i n e d  swimming speed 

o f  f i s h  w h i c h  r e q u i r e s  maximum oxygen c o n s u m p t i o n  ( B r e t t ,  1965, 1971) - 

B u r s t  swimming m o t i o n  o b s e rv e d  f r e q u e n t l y  i n  n o n p e l a g i c  f i s h e s  r e s u l t s  i n  

d i f f i c u l t i e s  i n  d e f i n i n g  ene rgy  e x p e n d i t u r e  f o r  maximum a c t i v i t y  due t o  

t h e  oxygen d e b t  by a n a e r o b i c  r e s p i r a t i o n  and i r r e g u l a r  p u l s e  m ot io n  o f  th e  

f i s h e s  ( K u t t y ,  1969a;  We ihs ,  1973> 1 97 4 ) .  The o r d e r  o f  m agn i tude  o f  

a c t i v e  m e t a b o l i c  r a t e  i s  10 -  20 t i m e s  m a i n t e n a n c e  l e v e l  w h i l e  maximum 

b u r s t s  can r e a c h  10 t i m e s  a c t i v e  m e t a b o l i c  r a t e  ( B r e t t ,  197 2) .

P a lo h e im o  and D i c k i e  ( 1965, 1966a,  1966b) i n i t i a l l y  r e p o r t e d  t h a t  

f e e d i n g  was a m a j o r  f a c t o r  e v o k in g  th e  an ima l  a c t i v i t i e s  and the  maximum 

m e t a b o l i c  r a t e  was accompanied by maximum fo o d  i n t a k e .  Thus,  the 

e f f i c i e n c y  d e c r e a s e s  i n  t h e  c o n v e r s i o n  o f  fo o d  t o  body e n e rg y  w i t h  

i n c r e a s e  i n  meal  s i z e  as sugg es ted  by ' K - l i n e  phe nomenon ' .  Ke r r  (1971a,  

1971b, 1971c ,  1982) r e a n a l y z e d  some p r e v i o u s  s t u d i e s  t o  c o n f i r m  t h a t  t h e  

' K - l i n e  phenomenon '  commonly o c c u r r e d  i n  f i s h .  Some a u t h o r s  a t t e m p te d  t o  

f i g u r e  t h e  a c t i v i t y - r e l a t e d  ene rgy  c o n s u m p t i o n  f r o m  n a t u r a l  p o p u l a t i o n s  by
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d e t e r m i n i n g  f e e d i n g  and g ro w t h  r a t e s  (G erk i ng ,  1962; K o h l e r ,  1964; R i c k e r ,  

1971; S m i th ,  1973; S t i l l w e l l  and K o h l e r ,  1982; S t e w a r t ,  e t  a l . ,  1983; 

Majkowsk i  and Hea rn ,  1 9 8 4 ) .  However , w i t h  few e x c e p t i o n s ,  most  work  

co nce rned w i t h  e ne rg y  e x p e n d i t u r e  p r o v id e s  u n c l e a r  r e s u l t s  i n  s e p a r a t i n g  

t r u e  l o c o m o t i o n  a c t i v i t y  f r o m  f e e d i n g  a c t i v i t y  and in  d e f i n i n g  ene rgy  

e x p e n d i t u r e  due t o  v a r i a t i o n  o f  movement and v a r i o u s  m u s c u la r  a c t i v i t i e s .

Feces i s  a m a j o r  e n e rg y  l o s s .  V a r io u s  te rm s  have been used t o  

d e s c r i b e  t he  s u b s t a n t i a l l y  abs o rb ed  p o r t i o n  o f  f o od  by f i s h  

( d i g e s t a b i 1 i t y ,  a b s o r p t i o n ,  a s s i m i l a t i o n ,  a v a i l a b i l i t y ,  e t c . ) .  Fecal  

p r o d u c t i o n  o f  f i s h  g r e a t l y  v a r i e s  depend ing on s p e c i e s ,  l i f e  s t a g e s ,  

seasons,  and q u a n t i t y  and q u a l i t y  o f  foods (Hunt ,  19°0 ;  P a n d ia n ,  1967a. 

1967b ,  1970; B r e t t  e t  a l . ,  1970b;  K e ls o ,  1972; Daan, 1973;  B ryan ,  1975; 

E l l i o t t ,  1978b; W i n d e l l  e t  a l . ,  1978a;  B u d d in g t o n ,  1979;  B r e t t  and Groves,  

1979) -  V a r i o u s  m e c h a n i c a l ,  c h e m i c a l ,  and p h y s i o l o g i c a l  t e c h n i q u e s  were 

used t o  c o l l e c t  f e c e s  i n  l a b o r a t o r y  e x p e r i m e n t s .  S i p h o n i n g  o f f  t h e  g ro ss  

p a r t i c u l a t e  m a t t e r  and s u p p le m e n t i n g  t h i s  w i t h  f i n e - p o r e  f i l t r a t i o n  a re  

common t e c h n i q u e s  f o r  c o l l e c t i n g  f e c e s  o f  f i s h  (M e nz e l , i 9 6 0 ; Pa nd ia n ,  

1967b; Beamish,  1972;  Solomon and B r a f i e l d ,  1972; E l l i o t t ,  1975b; W i n d e l l  

e t  a l . ,  1978a, 1978b: C h o u b e r t  e t  a l . ,  1981) .  The a d d i t i o n  o f  an i n e r t  

r e f e r e n c e  m a t e r i a l  t o  t h e  d i e t  ( chr om ic  o x i d e ,  r a d i o a c t i v e  i s o t o p e s ,  e t c . )  

was a l s o  used f r e q u e n t l y  t o  examine the  d i g e s t i o n  r a t e s  (Daan, 1973; Cho 

e t  a l . ,  1974; B ry a n ,  1975;  Fange and Groves,  1979;  L ie d  e t  a l . ,  198 1) .

When t h e  f e c e s  c o u l d  n o t  be s e p a r a t e d ,  the  wet  c o m b u s t i o n  method was used 

f o r  c a l o r i f i c  e v a l u a t i o n  o f  t o t a l  was te  p r o d u c t s  based on t h e  o x y c a l o r i f i c  

e q u i v a l e n t  and c h e m ic a l  c o m p o s i t i o n s  o f  was te  p r o d u c t s  ( Solomon and 

B r a f i e l d ,  1972; B r e t t ,  197 9 ) .
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In a d d i t i o n  t o  t h e  f e c e s ,  e x c r e t a  ( m e t a b o l i t e s )  a re  o t h e r  u n o x i d i z e d  

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

compounds.  The p r o d u c t i o n  o f  n i t r o g e n o u s  e x c r e t a  was f r e q u e n t l y  used t o  

i n t e r p r e t  t h e  c o n d i t i o n  o f  f i s h  e n e r g e t i c s  by r e l a t i n g  f e e d i n g  and 

c a t a b o l i c  s u b s t r a t e s  (exogenous o r  endogenous ene rg y  s o u rc es )  (G e rk ing  

1955a. 1955b,  1971; Wood, 1958;  Nose, 1967; Fromm and G i l  l e t ,  1968; 

B i r k e t t ,  1969; F o r s t e r  and G o l d s t e i n ,  19 6 9 ; Holme and D on a ld son ,  19 6 9 ; 

S a v i t z ,  1971.  1977; K u t t y ,  1972; B r e t t  and Z a l a ,  1975; Sm i th  and T h o r p e ,  

1976;  E l l i o t t ,  1976a; R y c h l y  and M a r i a n a ,  1977; P a u l s o n ,  1980;  J o b l i n g ,  

1981;  S t e f f e n s ,  19 8 1 ) .  The n i t r o g e n o u s  e x c r e t a  o r i g i n a t e s  f r o m  i n c o m p l e t e  

p r o t e i n  c a t a b o l i s m  and i n t a k e  o f  excess  o r  unb a la nced  n i t r o g e n o u s  

s u b s t a n c e s  ( B r e t t  and G rov e s ,  197 9 ) .  S in c e  u re a  and u r i c  a c i d  p r o d u c t i o n  

i s  g e n e r a l l y  n e g l i g i b l e  i n  e x c r e t o r y  p r o d u c t s  o f  f i s h  ( l e s s  th a n  10%), 

m os t  s t u d i e s  have fo c u s e d  on ammonia p r o d u c t i o n  r a t e s  i n  e n e rg y  l o s s  by 

e x c r e t i o n  ( E l l i o t t  and D a v i s o n ,  1975) -

Growth  has t h e  l o w e s t  immedia te  p r i o r i t y  i n  ene rgy  a l l o c a t i o n  o f  

i n d i v i d u a l  f i s h  b u t  i n  t h e  lo ng  run  g ro w t h  and r e p r o d u c t i o n  d i c t a t e  t he  

s p e c i e s  s u r v i v a l  ( B e r t a l a n f f y ,  1951. 1957; B r e t t ,  1970a, F r y ,  1971; K u t t y  

and Mohamed, 1975; B r e t t  and Groves,  1979; B ou lekbache ,  198 1 ) .  G e n e r a l l y ,  

g r o w t h  o f  f i s h  i s  measured by m o r p h o l o g i c a l  r e f e r e n c e s  such as l e n g t h  and 

w e i g h t  (wet w e i g h t  and d r y  w e i g h t ) .  Change o f  body c o m p o s i t i o n  r e l a t e d  t o  

f o o d  and e n e rg y  i n t a k e  was f r e q u e n t l y  used f o r  e v a l u a t i n g  g ro w t h  o f  f i s h  

( B r e t t  e t  a l . ,  1969) .  In  te rm s  o f  w e t  w e i g h t  t h e  ene rgy  g a in e d  i s  o f t e n  

o v e r e s t i m a t e d  by i n c l u s i o n  o f  w a t e r  c o n t e n t s .  L i p i d  and w a t e r  

c o n c e n t r a t i o n s  i n v e r s e l y  s u b s t i t u t e  i n  c o n s t i t u e n t s  o f  body c h e m ic a l  

c o m p o s i t i o n  depen d in g  on t h e  i n p u t  l e v e l  o f  exogenous e n e rg y  s o u r c e
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( G e r k i n g ,  1955b; S a v i t z ,  1971; Andrew and S t i c k n e y ,  1972; Duncan and 

K l e k o w s k i ,  1975;  D o w g i a l l o ,  1 97 5 ; ;  E l l i o t t ,  1976b;  Mur ray  e t  a l . ,  1977; 

M a r a i s  and K i s s i l ,  1979; R e i n i t z ,  198 3 ) -  C a l o r i c  r e t e n t i o n  measured by 

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

b i a s  due t o  change o f  o r g a n i c  components  o f  body s u b s ta n c e s  r e l a t e d  t o  

g r o w t h  (Job,  I 9 6 0 ;  K l e i b e r ,  1961) -  G e r k i n g  (1952) f i r s t  d e s c r ib e d  

n i t r o g e n  r e t e n t i o n  as a g ro w t h  in d e x  s i n c e  no c o n t i n u o u s  t i s s u e  

e l a b o r a t i o n  can proceed w i t h o u t  p r o t e i n .

I t  i s  w e l l  r e c o g n i z e d  t h a t  e n v i r o n m e n t a l  f a c t o r s  a f f e c t  t he  g rowth  

o f  f i s h  n o t  o n l y  i n  ene rgy  e x p e n d i t u r e  t h r o u g h  m e t a b o l i c  a c t i v i t i e s  b u t  

a l s o  by r e g u l a t i n g  t h e  i n d i v i d u a l  as an e c o l o g i c a l  u n i t  ( K o h le r ,  1964; 

K u t t y ,  198 1 ) .  To d e f i n e  t h e  e n v i r o n m e n t s  f o r  g ro w t h  o f  f i s h ,  most 

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

o f  m e t a b o l i s m  i n  r e l a t i o n  t o  t h e  i n f l u e n c e  o f  a b i o t i c  and b i o t i c  f a c t o r s .  

To u n d e r s t a n d  t h e  e n e r g e t i c s  o f  f i s h  i n  n a t u r e  o r  i n  r e l a t i o n  t o  

e n v i r o n m e n t s ,  m a n i p u l a t i o n  o f  v a r i o u s  e n v i r o n m e n t a l  f a c t o r s  in 

l a b o r a t o r i e s  was commonly used i n  p r e v i o u s  e n e r g e t i c  s t u d i e s  o f  f i s h .

Among v a r i o u s  e n v i r o n m e n t a l  f a c t o r s ,  s e v e r a l  f a c t o r s  a re  p r i m a r i l y  

r e f e r r e d  t o  i n  most  e n e r g e t i c  s t u d i e s  o f  f i s h  due t o  t h e i r  s t r o n g  e f f e c t s  

on g ro w t h  (Beamish e t  a l . ,  1975b; B r e t t ,  197 9) -  E l l i o t t  (1976b) and 

B r e t t  (1979) p o i n t e d  o u t  t h a t  any a t t e m p t  a t  g ro w t h  m o d e l i n g  f o r  f i s h  must  

i n c l u d e d  a t  l e a s t  t he  t h r e e  f a c t o r s :  r a t i o n ,  s i z e ,  and t e m p e r a tu r e  as t he  

most  i m p o r t a n t  i nd ep en d en t  v a r i a b l e s .  Tremendous o u t p u t s  f rom numerous 

e x p e r i m e n t s  i n  g r o w t h - r e l a t e d  e n v i r o n m e n t s  o f  f i s h  have been a c c um u la te d .  

The im p o r t a n c e  o f  t he  two m a jo r  e n v i r o n m e n t a l  f a c t o r s ,  f o od  and 

t e m p e r a t u r e  i n  g ro w t h  and e n e r g e t i c s  o f  f i s h  was w e l l  r e f l e c t e d  i n  t he
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amount  o f  l i t e r a t u r e s .  The m a j o r  c o n c e rn s  o f  f o o d  i n  e n e r g e t i c s  o f  f i s h  

were  (1) n u t r i t i o n a l  o r  e n e r g e t i c  q u a l i t i e s  o f  f o o d s  ( M e nz e l , I9 60 ;  Adron 

e t  a l . ,  1969; P h i l l i p s  and Duma, 19^9;  B r e t t ,  1970c; H a l v e r ,  19 7 1 , 1972; 

Cowey e t  a l . ,  1972; Cochran and R i c e ,  1972; Cho e t  a l . ,  197A, 1976; B r y a n ,  

1975;  S c h a l l e s  and W i s s i n g ,  1975;  S m i t h ,  1971, 1976;  S m i t h ,  e t  a l . 1978; 

B u d d in g t o n ,  1979; Cowey and S a r g e n t ,  1979; R e i n i t z  and H i t z e l ,  1979; 

K a u s h i k ,  198O; T a r r  and H i l l ,  1982) , and (2) q u a n t i t i e s  o f  fo o d s  a f f e c t i n g  

g r o w t h  (P e n te lo w ,  1939;  W in b e rg ,  1955;  H u n t ,  I 96O; G e r k i n g ,  1962; D a v i s ,  

1953,  1956; Pa lo he im o  and D i c k i e ,  1955, 1956a, 1956b;  P and ian ,  1967a, 

1957b,  1970; L e B r a s s e u r ,  1959; B r e t t ,  1970b,  1975b;  K e l s o ,  1972; Andrew 

and S t i c k n e y ,  1972;  Beamish,  1972;  Daan, 1973; W a l l a c e ,  1973; E l l i o t t ,  

1975a,  1975b, 1975c, 1979; Hu isman,  1975; Jo nes,  1978; Jones and H i p s l o p ,  

1978;  Cochran,  1979; M a r a i s  and K i s s i l ,  1979; B r u s l e ,  1981; S t i l l w e l l  and 

K o h l e r ,  1982; M a jkow sk i  and H e a rn ,  1984) .

T em pera tu re  a f f e c t s  on o v e r a l l  p a t t e r n  o f  e n e r g e t i c s  o f  f i s h  by 

r e g u l a t i n g  each p h y s i o l o g i c a l  p r o c e s s e s  t h r o u g h  enzyme a c t i v i t i e s .  Energy  

i n t a k e  i n  f o o d  c o n s u m p t i o n  and p a t t e r n  o f  ene rg y  a l l o c a t i o n  f o r  each 

p h y s i o l o g i c a l  p ro c e s s  i n  e n e r g e t i c s  o f  f i s h  a re  i n e v i t a b l y  i n f l u e n c e d  by 

t e m p e r a t u r e  ( W e l l ,  1935;  Brown, 19^5,  1951, 1957; Pry  and H a r t ,  I 9A8 ; 

Graham, 19^+9; B a l d w i n ,  1957; W i n b e r g ,  1959; Johnson and C h a r l t o n ,  I 9 60 ;  

K in n e ,  1950; S w i f t ,  1961+; M a r r ,  19 6 6 ; S a v i t z ,  19 6 9 ; B r e t t ,  1971, 1 9 7 M - 

However,  e n v i r o n m e n t a l  f a c t o r s  have been fo und  t o  f u n c t i o n  a t  s p e c i e s -  

s p e c i f i c  and i n d i v i d u a l  p h y s i o l o g i c a l  l e v e l s  r a t h e r  t h an  g e n e r a l i z e d  

p a t t e r n s .  T r a n s f e r  o f  f i s h  e n e r g e t i c  i n f o r m a t i o n  f r o m  one s p e c i e s  t o  

a n o t h e r  o r  f r o m  l a b o r a t o r i e s  t o  n a t u r e  i s  s t i l l  l i m i t e d  due t o  v a r i a t i o n  

r e s u l t i n g  f r o m  f l u c t u a t i o n  o f  e c o l o g i c a l  and p h y s i o l o g i c a l  p a r a m e t e r s .
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Approaches in Mathemat ical  Modeling

M athem at ica l  model ing is f r e q u e n t l y  u t i l i z e d  to  improve knowledge 

through s y s te m a t ic  combinat ion based on accumulated in fo rm at io n  and/or  

proper hyp othes is  t e s t i n g .

When f i s h  have not been exposed to p r a c t i c a l  c u l t u r e ,  the p o t e n t i a l s  

of the f i s h  in c u l t u r e  are  f r e q u e n t l y  e s t im a te d  from l a b o r a t o r y  

exp er im ents ,  m a in ly  concerned w i t h  the growth p o t e n t i a l s  in m odi f ied  

env ironments.  For b lack  sea bass,  which a r e  t o l e r a n t  of a wide v a r i e t y  of  

h a b i t a t  c o n d i t i o n s ,  a model o f  the processes t h a t  r e g u l a t e  e n e r g e t ic s  may 

be used as a s e n s i t i v e  tool  in i n f e r r i n g  e c o l o g i c a l  r e l a t i o n s h i p s .

In g e n e r a l ,  to s im u la te  a b i o e n e r g e t i c  model ,  a process i n t e g r a t i n g  

d i v e r s e  e x i s t i n g  knowledge in t o  a u n i f i e d  framework is necessary .  Th is  

type of  model ing has th r ee  phases.  The f i r s t  s te p  is to  m a th e m a t ic a l ly  

s t a t e  what is  known about the e n e r g e t i c  c o n t r o l l i n g  processes.  This  

r e q u i r e s  a c r i t i c a l  e v a l u a t i o n  of  the r e s u l t s  of  both la b o r a to r y  and f i e l d  

s tu d i e s .  Second, the r e l a t i o n  of  these  processes to independent  v a r i a b l e s  

must be e v a l u a t e d .  These r e l a t i o n s  comprise the model hypotheses. I f  the  

hypothesis  is r i g o r o u s ,  v a l i d i t y  o f  r e s u l t s  w i l l  depend on v a l i d i t y  o f  the  

a n a l y s i s  of  sub-p ro ce ss es .  F i n a l l y ,  the model is used as an a n a l y t i c a l  

t o o l .  A s e n s i t i v i t y  a n a l y s i s  can i n d i c a t e  which p a r t  of  the c u r r e n t  

unders tan d ing  of  e n e r g e t i c s  r e q u i r e s  f u r t h e r  e x p e r i m e n t a t i o n .  Given a 

working s i m u l a t i o n  model,  v a r io u s  e c o l o g i c a l  c o n d i t io n s  may be e va lu a ted  

w i t h  re sp e c t  to  t h e i r  i m p l i c a t i o n s  f o r  f i s h  e n e r g e t i c s .

A few types of  e n e r g e t i c  models were s im u la te d  in the previous  

e n e r g e t i c  s t u d i e s  of  f i s h  based on l a b o r a t o r y  exper iments and hypothes is .
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V a r i o u s  e q u a t i o n s  have been d e r i v e d  t o  e x p l a i n  t h e  r e l a t i o n s h i p s  between 

g r o w t h  and e n v i r o n m e n t a l  f a c t o r s  o r  g ro w t h  i t s e l f  o f  f i s h .  Most 

v a r i a t i o n s  were  f ound  i n  g ro w t h  e q u a t i o n s  ( i . e . ,  Schmalhausen c u r v e ,  Hayes 

and A rm s t r o n g  c u r v e ,  L o g i s t i c  g ro w t h  c u r v e ,  Gomper tz c u r v e ,  P u t t e r  c u r v e s ,  

Johnson c u r v e ,  and R i c h a r d  f u n c t i o n ) .  Among th o s e  c u r v e s ,  Schma1 h au s en ' s 

e x p o n e n t i a l  g row th  c u r v e  was w i d e l y  used f o r  l a b o r a t o r y  s t u d i e s  o f  f i s h  

( R i c k e r ,  197 9) .  S in c e  most  o f  t h e  l a b o r a t o r y  s t u d i e s  o f  g ro w t h  were 

c o n d u c te d  d u r i n g  a s h o r t  p e r i o d  compared t o  t h e  w h o le  l i f e  span o f  f i s h ,  

t h e  e x p o n e n t i a l  g ro w th  r a t e  i s  r e g a r d e d  t o  be a dequa te  t o  d e s c r i b e  t he  

g r o w t h  o f  young f i s h .

Among severa l  b i o e n e r g e t i c  models e s t a b l i s h e d  in p rev io u s  s tu d ies  

(Paloheimo and D i c k i e ,  1 9 6 5 .  1966a. 1 9 6 6 b ;  K e rr ,  1 9 7 1 a ,  1 9 7 1 b ,  1 9 7 1 c ,

1982;  K i t c h e l l  e t  a l . ,  1971*. 1977; E l l i o t t ,  1976b;  B r e t t  1976a,  1979; 

K i t c h e l l  and S t e w a r t ,  1977;  Ware,  1978; K i t c h e l l  and B re a k ,  1980;

K i t c h e l l ,  1983; S t e w a r t  e t  a l . ,  1983) » K i t c h e l l ' s  and E l l i o t t ' s  models 

app ea r  t o  be ade qua te  i n  t e rm s  o f  (1) f a c i l i t a t i n g  u n d e r s t a n d i n g  o f  g ro wth  

r e l a t e d  t o  m u l t i p l e  f a c t o r s ,  (2) a p p l i c a t i o n  t o  p r a c t i c a l  work  f o r  c u l t u r e  

s t u d y ,  and (3) t h e  f i t n e s s  between  e s t i m a t e d  v a l u e s  and t h e  e x p e r i m e n t a l  

o u t p u t s .  R i c k e r  (1979) and B r e t t  (1979) c r i t i c i z e d  t h e  e n e r g e t i c  models 

d e v e lo p e d  by E l l i o t t  because  o f  (1) poor  c u r v e  f i t t i n g ,  w h i c h  i s  o n l y  

a p p l i c a b l e  t o  s h o r t  l i f e  span ,  and (2) u n r e l i a b i l i t y  o f  m a t h e m a t i c a l  

m o d e l i n g  t o  p r a c t i c a l  w o rk  w he re  unknown f a c t o r s  a r e  f r e q u e n t l y  i n v o l v e d  

r e s u l t i n g  i n  i r r e g u l a r  r e l a t i o n s h i p s  between  v a r i a b l e s .  They sugges te d  

t h e  B r e t t ' s  t a b u l a r  p r e s e n t a t i o n  (1971. 1976a, 1979 ) .  o f  w h i c h  t h e  

r e l a t i o n s h i p s  o f  t h e  f a c t o r s  i n v o l v e d  in  b i o e n e r g e t i c s  o f  f i s h  were  

p r e s e n t e d  i n  g r a p h i c  m o d e l i n g s  w i t h o u t  m a t h e m a t i c a l  e x p r e s s i o n s ,  was
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adequate  to  d e s c r ib e  the r e l a t i o n  between growth and envi ronmental  

f a c t o r s .  But in p r a c t i c a l  p o i n t s ,  those t a b u l a r  p r e s e n t a t io n s  have 

s e v era l  d is ad v an tag es :  (1) l i m i t a t i o n  in e x p a n d a b i l i t y  in v a r i o u s  c u l t u r e

c o n d i t i o n s ,  (2) no a l lowa nce  f o r  d i r e c t  a p p l i c a t i o n  to  p r a c t i c a l  work 

w i t h o u t  p e r f e c t  d a ta  c o l l e c t i o n ,  (3) the requirement  o f  a g r e a t  amount of  

d ata  f o r  mo del ing ,  and (A) l i m i t a t i o n  in expressing the  v a r i a t i o n s  

produced in exp er iments  and s t a t i s t i c a l  processes.

As K i t c h e l l  (1977) p o i n t e d  o u t ,  t h e  pur pose  o f  m o d e l i n g  i s  n o t  o n l y  

f o r  t h e  e v a l u a t i o n  o f  t h e  p a s t  and p r e s e n t  s t u d i e s  b u t  a l s o  f o r  

u n d e r s t a n d i n g  w ha t  p a r t s  o f  t h e  i n f o r m a t i o n  a re  r e q u i r e d  f o r  f u t u r e  

s t u d i e s .  C o n s i d e r i n g  t h e  l a c k  o f  i n f o r m a t i o n  on th e  b l a c k  sea bass  in  

n a t u r e  and l a b o r a t o r i e s ,  i t  may n o t  be u n r e a s o n a b le  t o  s e l e c t  m a t h e m a t i c a l  

e x p r e s s i o n - t y p e  m o d e l i n g  t o  s i m p l i f y  th e  b a s i c  r e l a t i o n s h i p s  be tw een  t h e  

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

p a t t e r n  o f  t h e  e n e rg y  b ud ge t  shown by E l l i o t t  (1976b) :

I = F + U +  R +  P

and

R = Rs +  Rd + Ra

where I is the t o t a l  energy c on ten t  of  the  food consumed by the  f i s h ,  F 

is the  energy v a l u e  o f  the  f e c e s ,  U is  the energy va lu e  of  the  e x c r e t o r y  

pro d u c ts ,  P is the t o t a l  change in energy v a lu e  of  body m a t e r i a l s  (gain  or  

loss in  energy c o n t e n t ) ,  and R is  the  t o t a l  energy of metabol ism which is  

sub d iv id ed  i n t o  t h r e e  components: Rs, the energy e q u i v a l e n t  to  t h a t  

r e le a s e d  in the  course of  metabol ism in unfed and r e s t i n g  f i s h  (s tan dard  

m e ta b o l is m ) ,  Ra, the  energy r e q u i r e d  f o r  swimming and o th e r  a c t i v i t y ,  Rd,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



55

t h e  e n e rg y  r e q u i r e d  f o r  d i g e s t i o n ,  movement and d e p o s i t i o n  o f  f o od  

m a te r  i a 1s .

The e q u a t i o n  i s  accessed by  t h r e e  v a r i a b l e s  th ro ug h  the  

e x p e r i m e n t a t i o n  in  t h i s  s t u d y :  (1) w e i g h t  o f  t h e  f i s h ,  (2) c a l c u l a t e d  and 

e s t i m a t e d  fo o d  c o ns u m p t ion  r a t e  o r  q u a n t i t y  o f  f o od  consumed, and (3) f o o d  

t y p e .  Each u n i t  o f  t h e  e q u a t i o n  w i l l  be e x p re s s e d  as a f u n c t i o n  o f  t he  

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

S in c e  the  d a ta  r e l a t i n g  t o  t h e  f e c e s  and e x c r e t o r y  p r o d u c t s  were  n o t  

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

a v a i l a b l e  ene rg y  was e s t i m a t e d  f r o m  f o o d  c o n v e r s i o n  e f f i c i e n c y  and w e i g h t  

l o s s  i n  s t a r v a t i o n  t e s t s .  S t a n d a r d  m e t a b o l i s m  i s  expressed as a f u n c t i o n  

o f  w e i g h t  o f  t h e  f i s h .  Energy  consumed in  a c t i v e  m e ta bo l i s m  and s p e c i f i c  

dynamic  a c t i o n  was n o t  d i r e c t l y  measured b u t  maximum ene rgy  e x p e n d i t u r e  

r e l a t e d  t o  fo od  c o n s u m p t io n  was e s t i m a t e d  f r o m  t h e  d i f f e r e n c e  o f  e ne rg y  

e x p e n d i t u r e  and e n e rg y  i n t a k e  f r o m  g r o s s  a s s i m i l a t i o n  e f f i c i e n c y ,  and 

maximum and ma in tenance  fo od  c o n s u m p t i o n  r a t e s .
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CHAPTER IV 

RESULTS

P a t te r n s  of  Growth

A t o t a l  o f  1703 o b s e r v a t i o n s  w e re  o b t a i n e d  f r om  3^6 i n d i v i d u a l s  in  

th e  e x p e r i m e n t s  f o r  the  g ro w th  s t u d y .  D u r i n g  t h e  e x p e r im e n ts  l a r g e  

v a r i a t i o n  o f  g ro w th  r a t e s  was o b s e rv e d  n o t  o n l y  between i n d i v i d u a l s  i n  an 

e x p e r i m e n t  b u t  a l s o  between e x p e r i m e n t s .  The d i f f e r e n c e s  o f  f o od  t y p e  and 

f e e d i n g  l e v e l  as w e l l  as t h e  w e i g h t  o f  t h e  f i s h  in  each e x p e r im e n t  v a r i e d  

t h e  g r o w t h  r a t e  o f  f i s h .

The range o f  a mean body w e i g h t  o f  a l l  t e s t e d  f i s h  was f r om  A . 3 g t o  

295 .2  g w i t h  t h e  average o f  1 0 7 - 8  g (n=1703) • A p p r o x im a t e l y  95 % o f  t h e  

t o t a l  o b s e r v a t i o n s  was co nd uc te d  w i t h  f i s h  h a v i n g  mean body w e i g h t s  i n  a 

r an ge  f r o m  10 g t o  210 g.  On ly  8 l  o b s e r v a t i o n s  were  o b t a i n e d  f r om  

i n d i v i d u a l s  w e i g h i n g  more th an  21 0  g .  The w e i g h t  o f  f i s h  used i n  a l l  

e x p e r i m e n t s  combined (n=1703) showed a normal  d i s t r i b u t i o n  as w e l l  as 

t h o s e  i n  each e x p e r i m e n t .  The range  o f  w e i g h t s  o f  t h e  f i s h  i n  each 

e x p e r i m e n t  v a r i e d  as shown i n  F i g u r e  1. The a v e rages  o f  mean body w e i g h t  

o f  f i s h  i n  each e x p e r im e n t  ranged f r o m  63*6  -  15A.0 g .  Except  f o r  t h e  

f o u r  p r e l i m i n a r y  e x p e r im e n ts  ( e x p e r i m e n t  1, 2,  3» and h) and one 

s t a r v a t i o n  e x p e r i m e n t  ( e x p e r im e n t  1 1 ) ,  t h e  ave rag e  mean body w e i g h t  o f  

f i s h  i n  each e x p e r im e n t  was s i m i l a r  i n  a r ange  o f  9 9 *0  “  133*9 9* The 

a ve ra g e  w e i g h t  o f  t e s t  f i s h  in  each e x p e r i m e n t  i n c r e a s e d  s l i g h t l y  as t h e y  

were  r e p e a t e d l y  exposed i n  t he  s e r i e s  o f  t h e  e x p e r i m e n t s .

The mean body we ig h ts ,  growth r a t e s ,  and food consumption r a te s  of
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F i g u r e  1.

D i s t r i b u t i o n  o f  mean body we ights  (W, grams) o f  f i s h  in 

each exper im ent  ( h o r i z o n t a l  bar) and in a l l  exper iments  

combined ( h i s t o g r a m ) .  Numbers on h o r i z o n t a l  l i n e  i n d i c a t e  

number of  r e p l i c a t e  groups in each s i z e  c l a s s .  Th in  l i n e  

i n d i c a t e s  range o f  we ig h t  of  t e s t  f i s h .  S o l i d  bar  

i n d i c a t e s  s ta n dard  d e v i a t i o n  of we ig h t  o f  each s i z e  c l a s s .  

V e r t i c a l  l i n e  in the  midd le  of  the  s o l i d  bar  i n d i c a t e s  

average w e ig h t  of  f i s h  in each s i z e  c l a s s .
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f i s h  in each exper iment  a re  summarized in T ab le  3 and A. The averages of  

mean body w e i g h t ,  growth r a t e s ,  food consumption r a t e  of  each group in a l l  

exper iments a re  l i s t e d  in Appendix C. The weights  of  f i s h ,  growth r a t e s ,  

and food consumption r a t e s  of  groups of  f i s h  in each feed in g  c o n d i t i o n  a re  

summarized in T ab le  5-  The r e s u l t s  ob ta in ed  from a l l  i n d i v i d u a l s  in each 

f e e d in g  c o n d i t i o n  a re  summarized in T ab le  6 .  C o r r e l a t i o n  a n a l y s i s  was 

performed a t  two l e v e l s  ( i n d i v i d u a l  and group le ve ls )  in each exper im ent  

and in each f ee d in g  c o n d i t i o n  and the  r e s u l t s  are  summarized in Tab le s  7 

through 10.

In s t a t i s t i c a l  a n a l y s i s  t h e  da ta  ob ta in ed  from exper iment  10 were  

exc luded due to  exp er im e nta l  e r r o r s  caused by d e t e r i o r a t e d  wate r  q u a l i t y  

of  the  c u l t u r e  system.  However,  the  r e s u l t s  obta ined f o r  growth and food 

consumption r a t e s  of  f i s h  in exp er im e nt  10 were l i s t e d  in t a b l e s  f o r  

r e f e r e n c e .

W e i g h t - S p e c i f i c  Growth P a t t e r n

D ur in g  t h e  e x p e r i m e n t s ,  t h e  f i s h  (n=1703) were exposed t o  t h r e e  

t y p e s  o f  d i s c r e t e  f e e d i n g  c o n d i t i o n s :  (1) s t a r v e d  (n=212) , (2) n a t u r a l

d i e t  f e e d i n g  (n=330) » and (3) c o m m erc ia l  d i e t  f e e d i n g  ( n = l l 6 l ) .  The

p a t t e r n s  and t h e  m a g n i tu d e s  o f  g r o w t h  v a r i e d  depend ing on f e e d i n g  

c o n d i t i o n s  as w e l l  as w e i g h t s  o f  f i s h .  Under t he  same f e e d i n g  c o n d i t i o n ,  

t h e  g ro w t h  o f  f i s h  was p r i m a r i l y  a f f e c t e d  by t h e  w e i g h t  o f  f i s h .

1) W e i g h t - s p e c i f i c  growth in s t a r v a t i o n  exper iments

In t h r ee  s t a r v a t i o n  e xp er im ents  (Experiments 9a,  10a, and 11) the

f i s h  showed the  s i m i l a r  p a t t e r n s  in both magni tude and t re n d  o f  w e ig h t

loss in r e l a t i o n  to  body w e ig h t  o f  f i s h  (see Tab le  3 and 9 ) -  A t o t a l  212
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T a b l e  3* Summary o f  t he  a v e ra g e s  and ran ge s o f  mean body w e i g h t  
and g rowth  r a t e s  o f  f i s h  i n  each e x p e r i m e n t .

No. No. 
o f  o f  
E xp . f i s h

mean body w e i g h t  a b s o l u t e  g ro w t h  i n s t .  g rowth  r a t e  
(W, g) r a t e  (WG, g /d a y )  (G, % bd.  w t . / d a y )

a ver ag e  range a v e r a g e  ( range) ave rage  ( range)

1. S t a r v a t i o n  Exp er imen ts

9a 66 
10a 70
11 76

5*C
1 0 5 . 7 ( 7 - 1 )  12. 3/ 260.1 -  
108 . 7 (8 . 2) 11. 2/ 295 .2  -  
1 5 4 . 0 ( 6 . 3 )  4 9 . 8/ 282.1 -

0 . 4 0  ( - 1 . 00 / - 0 . 09) 
0 .4 1  ( - 1 . 1 0 / - 0 . 10) 
0 . 6 4  ( - 1 . 2 2 / - 0 . 2 0 )

- 0 . 4 4  ( - 0 . 9 0 / - 0 . 2 1 )  
- 0 . 4 6  ( - 1 . 0 0 / - 0 . 10) 
- 0 . 4 4  ( - 0 . 7 5 / - 0 . 14)

I I .  N a t u r a l  D i e t  Exp er imen ts  ( s a t i a t e d  f e e d i n q )

A. No s i z e - s o r t i n q  and s i n q l e  da i 1y f e e d  i nq
1 75
2 74 

■ 3 74

6 3 . 9 ( 3 . 6 )  18. 7 / 165.8  
77-6  (4.8)  21 . 0 / 1 8 0 . 4  
8 5 . 3 (4 . 6) 2 3 . 4 / 1 8 7 . 0

0 . 2 4  ( - 0 . 1 4 / 0 . 8 1 )  
0 . 2 9  ( - 0 . 3 2 / 0 . 9 3 )  
0 . 2 6  ( - 0 . 4 0 / 1 . 2 8 )

0 .3 2  ( - O . 57/ 1 .07) 
O.37 ( - 0 . 48/ 1 . 08) 
0 .4 5  ( - 0 . 3 8 / 1 . 9 0 ) * *

B. Si z e - s o r t i n q  and dou b le  d a i l y fe e d  i nq
9b 53 

10b 54
134.6  (7.9)  3 4 . 8 / 2 7 8 . 5  
143.0  (8 .2)  4 0 . 3 / 2 6 7 . 7

0 . 7 9  ( 0 . 0 7 / 1 . 6 3 ) *  
0 . 2 5  ( - 0 . 6 1 / 1 . 1 9 )

*  0 .60 ( 0 . 1 3 / 1  .40) 
0 . 1 6 ( - 0 . 54/ 0 . 83)

I I I .  Commercial  D i e t  Expe r imen ts  «

A. S a t i a t e d - s i n q l e  d a i l y  f e e d i n q
5 180
6 177
7 187
8 186

8 9 . 7 ( 2 . 6 )  3 4 . 8 / 1 5 9 . 9  
1 0 9 . 3 ( 2 . 9 )  4 1 . 7 / 2 3 1 . 3  
120.2  (3 .2)  4 3 . 9 / 2 5 3 . 6  
1 3 3 . 0 ( 3 . 6 )  4 4 . 0 / 2 7 1 . 6

1 .0 5  ( 0 . 1 0 / 2 . 2 1 )  
0 . 8 5  ( - 0 . 10/ 1 . 77) 
0 .8 1  ( - 0 . 58/ 2 . 22) 
0 . 7 7  ( - 0 . 2 8 / 2 . 2 3 )

1 . 2 5 ( 0 . 1 4 / 2 . 2 4 )  
0 . 8 4 ( - 0 . 0 7 / 1 . 9 0 )  
0 . 7 2 ( - 0 . 3 8 / 2 . 5 4 )  
0 . 5 8 ( - O . 57/ I .19)

B. S a t i a t e d - d o u b l e  d a i l y  f e e d i n q
9c 70 

10c 80
1 3 3 . 9 ( 3 . 5 )  1 1 . 9 / 2 9 1 . 6  
1 1 2 . 2 ( 4 . 0 )  4 . 3 / 2 5 4 . 9

1 .3 2  ( - 0 . 0 9 / 2 . 8 9 )  
0 . 1 5  ( - 0 . 5 2 / 1 . 5 0 )

1 . 1 6 ( - 0 . 11/ 3 - 39) 
0 .51 ( - 0 . 4 7 / 3 . 0 9 )

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q
9d 65 

lOd 59
1 2 4 . 0 ( 3 . 1 )  1 2 . 3 / 2 9 3 . 6  
120.5  (3-2)  1 3 - 7 / 2 4 8 . 6

0 . 8 4  ( - 0 . 2 1 / 2 . 1 4 )
0 . 0 0  ( - 1 . 10/ 1 . 38)

0 . 7 6  ( - 0 . 23/ 2 . 49) 
0 . 0 9  ( - 0 . 7 1 / 2 . 1 9 )

D. R e d u c e d - h a l f  d a i l y  f e e d i n q
12 54 9 9 - 0 ( 2 . 7 )  1 5 . 8 / 1 8 1 . 8 0 . 3 6  ( - 0 . 69/ 1 . 18) 0 .4 2  ( - 0 . 7 4 / 1 . 8 1 )

E. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  w i t h  no s i z e - s o r t i n q
4 103 6 3 .6  (2.3)  2 0 . 6/ 133.1 0 . 5 3  ( - 0 . 4 5 / 1 . 9 5 ) 0 . 8 6  ( - 0 . 6 5 / 2 . 4 5 ) *

’•Numbers i n  t h e  p a r e n t h e s i s  a r e  s t a n d a r d  e r r o r s .
* *  S t a n d a rd  e r r o r s  a re  0 . 0 6 .  O t h e r s  a r e  l e s s  t h a n  0 .0 5 *

* * *  S i z e - s o r t i n g  o f  f i s h  was a p p l i e d  t o  a l l  e x c e p t  f o r  e x p e r im e n t  4 .
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T a b le  4 .  Summary o f  t h e  a v e r a g e s  o f  g ro up  fo od  c o n s u m p t i o n  r a t e s
(RCm), amoun ts  o f  f o o d  consumed by g ro ups (Cm), e s t i m a t e d  
i n d i v i d u a l  f o o d  c o ns u m p t ion  r a t e s  (RCest) , and amounts o f  
fo od  by i n d i v i d u a l s  (Cest)  i n  each e x p e r i m e n t .

RCmexp.  no. o f
no.  f i s h  & ----------------------

(group)  avg .  ( ra ng e)

Cm RCest C es t  Fm/Fest

a v g .  ( range)  avg.  ( range)  a v g .  a v g . / a v g .

Natural  D i e t  Exper iments (s a t i a t e d  fee d inq  o n l y )

A. S ing le  d a i l y  f e e d i n q  (no s i z e - s o r t e d )
1 7 5 ( D  5-1 ( -  ) 3 - 2 ( -  ) 5 - 0 (0 . 6 - 10. 4) 3 . 2  0 . 06/ 0 .0 6
2 74 ( 1) 4 . 2  ( -  ) 3 . 3  ( -  ) 4 . 3 (0 . 0 - 8 . 3) 3 - 3  0 . 08/ 0 .0 8
3 74 ( 1) 3 -9  ( -  ) 3 - 3  ( -  ) 4 . 0  ( 0 . 5 - 1 2 . 5 )  3 - 3  O .07/ O .07

B . Double  d a i l y  f e e d i n q  ( s i z e - s o r t e d )
9b 53(7)  2 . 5 ( 1 . 5 - 3 - 1 )  3 . 6 (0 . 8- 5 . 2)

10b 54(7)  1 . 9 (0 . 9 - 2 . 8 ) 2 . 7 (0 . 8 - 4 . 4 )
2 . 5 ( 1 . 2 - 4 . 2) 3 - 4
1 . 9 (0 . 0 - 4 . 0 )  2 . 8

0 . 2 3 / 0 . 2 3
0 . 07/ 0 .0 8

Commercial  D i e t  E x p e r i m e n t s  (s i z e - s o r t i  ng) *

; 180 ( 12) 1 . 5 ( 1 . 4 - 1 . 8 ) 1 . 5 (0 . 7 - 2 . 4 ) 1 . 5 (0 . 6 - 2 .7) 1 .4 0 . 8 0 / 0 . 8 0
1 177 (22) 1 .2  ( 0 . 8 - 1  . 9 ) 1 .2  ( 0 . 8 - 2 . 0 ) 1.1 ( 0 . 3 - 2 . 4 ) 1 .2 0 . 7 2 / 0 . 7 1
' 187 (25) 0 . 9 (0 . 5 - 1 -4) 1.1 ( 0 . 4 - 1 . 7 ) 1 . 0 (0 . 0 - 2 . 3) 1 .1 0 . 7 2 / 0 . 6 9
1 186 (24) 0 . 9  ( 0 . 6 - 1 . 2) 1 .2  ( 0 . 3 - 2 . 2 ) 0 . 9  (0 . 0 - 1 . 5) 1 .2 0 . 6 0 / 0 . 5 9

S a t i a t e d - d o u b l e  d a i l y f e e d  i nq
9c 70(9)  1 - 5 ( 1 . 0 - 1 . 9 )  1 . 6 ( 0 . 3 - 2 . 6) 1 . 5 ( 0 . 0 - 3 .4) 1 . 6  O . 83/ O .80

10c 8 0 ( 10) 1 . 1 (0 . 6 - 2 . 0 ) 0 . 8 (0 . 2- 1 . 7) 1.1 (0 . 0 - 3 . 6) 0 . 8  0 . 36/ 0 . 3 9

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q
9d 6 5 (8) 0 . 8 (0 . 6 - 1 .4 )  0 . 9 (0 . 3- 1 .4) 0 . 8 ( 0 . 0 - 2 . 5) 0 . 9  0 . 92/ 0 .8 7

lOd 59(8)  0 . 6 ( 0 . 4 - 1 . 1 )  0 . 6 ( 0 . 2 - 1 . 1 )  0 . 6 ( 0 . 0 - 2 . 3) 0 . 6  0 . 1 8 / 0 . 2 2

D. R e d u c e d - h a l f  d a i l y  f e e d i n q
12 56(8)  0 . 8 ( 0 . 5 - 1  .4 )  0 . 7  ( 0 . 3 - 1 . 0 )  0 . 8 ( 0 . 0 - 2 . 0 )  0 . 7  0 . 5 2 / 0 . 4 5

E. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  (no s i z e - s o r t e d )
4 103 (1) 1 . 0 (  -  ) 0 . 6  ( -  ) 1 . 0 ( 0 . 0 - 2 . 3 )  0 . 6  0 . 8 4 / 0 . 8 4

*  S i z e - s o r t i n g  o f  f i s h  was a p p l i e d  t o  a l l  e x c e p t  f o r  e x p e r i m e n t  4.
Symbols i n d i c a t e  :

RCm (ave rage  fo od  c o n s u m p t i o n  r a t e  o f  a f i s h  i n  a g r o u p ,  % bw/d)
Cm (ave rage amount o f  f o o d  consumed d a i l y  by a f i s h  i n  a g r o u p ,  g /d )  
Fm (ave rage f o o d  c o n v e r s i o n  r a t e  o f  a f i s h  i n  a g roup )
RCest ( e s t i m a t e d  f o o d  c o n s u m p t i o n  r a t e  o f  a f i s h ,  % bw/d)
Cest  ( e s t i m a t e d  am oun t  o f  fo o d  consumed by a f i s h ,  g / d a y )
Fes t  ( e s t i m a t e d  f o o d  c o n v e r s i o n  r a t e ,  WG/Cest)
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Table  5* Summary o f  the  averages o f  group mean body we ights  (Wm) , 
group growth r a te s  (WGm and Gm) , group food consumption 
r a t e s  (RCm), and group food convers ion  r a t e s  (Fm) in each 
f e e d in g  c o n d i t i o n .

No. o f  a v g .  mean a v g .  abso l  . 
g roup s body w t .  g r o w t h  r a t e  

(Wm, g) (WGm, g /d a y )

avg .  i n s t a n t ,  
g ro w t h  r a t e  
(Gm, % b wpd) *

a v g .  f o o d  fo od  con-  
consum.  r a t e  v e r s i o n  

(RCm, % bwpd) r a t e  (Fm)

S t a r v a t i o n  E x p e r im e n t s  (exp. 9 a, 10a, and 11)

3 (212) 1 22 .8  - 0 . 4 8 - 0 . 4 5 - -

( 1 0 5 . 7 / 1 5 ^ . 1 )  ( - 0 . 6 4 / - 0 . 4 0 )  ( - 0 . 4 6 / - C .44)  * *

1. N a t u r a l  D i e t  E x p e r im e n t s  ( S a t i a t e d  f e e d i n q on 1 y)

A. No s i z e - s o r t i n q  and s i n q l e da i 1y f e ed  i nq (exp .  1, 2 , and 3)
3 (223)  7 5 -7  0 . 2 7 O.38 4 . 7 0 .0 7

( 5 3 - 9 / 8 5 . 3 )  ( 0 . 2 4 / 0 . 2 9 ) ( 0 . 3 2 / 0 . 4 5 ) ( 4 . 4 / 4 . 9 ) (0 . 06 / 0 . 08)

B. S i z e - s o r t i n q  and d o u b l e  da i l y  f e e d i n q  (exp .  9b)
7(53)  1U4.9  0 .81 O.58 2 . 5 0 .2 3

( 5 4 . 6 / 2 5 6 . 0 )  (0 . 19/ 1 . 06) ( 0 . 3 4 / 0 . 8 2 ) ( 1 . 5 / 3 . 1 ) (0 . 17/ 0 . 28)

I I I .  Commerc ia l  D i e t  E x p e r im e n ts (S i z e - s o r t  i nq* * * )

A. S a t i a t e d - s i n q 1e d a i l y  f e e d i n q  (exp.  5,  6 , 7 , and 8)
83(730 )  1 20 .0  0 . 8 4 0 .7 6 1 . 1 O.69

( 4 5 . 7 / 2 2 5 . 4 )  ( 0 . 0 / 1 . 4 4 ) (0 . 0 / 1 . 73) ( 0 . 5 / 1  -9) ( 0 . 6 9 / 1 . 2 7 )

B. S a t i a t e d - d o u b l e  d a i l y  f e e d i n q  (exp.  9c)
9 (70) 121 .0  1 .22 1.46 1 -5 O.83

( 1 8 . 1 / 2 4 2 . 8 )  (0 . 3 ^ / 1 . 7 5 ) ( 0 . 7 1 / 2 . 0 9 ) ( 1 . 0 / 1 . 9) ( 0 . 6 5 / 1 . 8 3 )

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  (exp.  9d)
8 (65) 1 24 .2  0 . 8 2 O.76 0 . 8 0 .9 0

( 1 9 . 4 / 2 3 3 . 0 )  ( 0 . 2 3 / 1 . 2 7 ) ( 0 . 4 8 / 1 . 2 2 ) (0 . 6 /1  .4) (0 . 85/ I . 06)

D. R e d u c e d - h a l f  d a i l y  f e e d i n g (exp.  12)
8 (54) 103-9  O.36 0.41 0 . 8 0 .5 0

( 2 3 . 9 / 1 7 3 . 9 )  (0 . 16/ 0 . 56) ( 0 . 1 7 / 0 . 8 7 ) ( 0 . 5 / 1 . 4 ) (O.32/ O . 72)

E. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  w i t h  no s i z e - s o r t i n q  (exp . 4)
1 (103) 6 3 - 6  0 . 5 3 0 .8 6 1 .0 0 . 8 4

*  bwpd: body w e ig h t  per day 
* *  Numbers in p a r e n t h e s i s  a re  ranges (minimum/ maximum).

* * *  S i z e - s o r t i n g  was a p p l i e d  i n  a l l  e x p e r i m e n t s  e x c e p t  exp .  4 .  
A l l  f i s h  i n  each e x p e r i m e n t  a r e  reg a rd e d  as one g ro u p  in  

e x p e r i m e n t s  1 , 2 , and 3 due t o  no s i z e - s o r t i n g .
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T a b l e  6 . Summary o f  t h e  a v e rag es  o f  mean body w e i g h t  (W) , g ro w t h  r a t e s  
(WG and G ) , e s t i m a t e d  fo o d  c o ns u m p t ion  r a t e  (RCest)  and 
e s t i m a t e d  fo o d  c o n v e r s i o n  r a t e  (Fest )  o f  i n d i v i d u a l s  i n  each 
f e e d i n g  c o n d i t i o n .

No. a v g .  mean a v g .  a b s o l . a v g .  i n s t a n t ,  a v g .  e s t .  f o o d  a v g .  e s t .
o f  body w t .  g r o w t h  r a t e  g ro w t h  r a t e  consum. r a t e  f o od  con .
f i s h  (W, g) (WG, g /d a y )  (G, % bwpd) *  (RCest ,  % bwpd) r a t e ( F e s t )

I .  S t a r v a t i o n  E x p e r i m e n t s  (Exp.  9a ,  10a, and 11)

2 1 2 ( 3 ) * *  124.0  - 0 . 4 9  - 0 . 4 5
( 11. 2/ 2 95 . 2) ( - 1 . 22/ - 0 . 09) ( - O . 98/ - O . 1 4 ) * * *

I I . N a tu ra l  D i e t  Exper iments (S a t i a t e d  feed in q  o n l y )

2 2 3 (3) 7 5 .6 0 . 2 7 O.38 4 .7 0 . 0 7
( 18. 7/ 187. 0 ) ( - 0 . 4 / 1 . 28) ( - 0 . 5 7 / 1 - 9 )  ( 0 / 1 2 . 5 ) (0 . 00/ 0 . 15)

B. Doub le  d a i 1y fe e d  i nq wi  th s i z e - s o r t i n q  (exp.  9b)
53(7)  134.6 0 . 7 9 0 . 6 0  2 .5 0 . 2 3

( 3 4 . 8 / 2 7 8 . 5 ) ( 0 . 0 7 / 1  .63) ( 0 . 1 3 / 1 . 4 0 )  ( 1 . 2 / 4 . 2 ) ( 0 . 1 0 / 0 . 3 4 )

11 . Commerc i a 1 D i e t Exper  iments (S i z e - s o r t e d * * )

A. S a t i a t e d - s i n q l e  f e e d i n q  (exp .  5 .  6,  7.  and 8)
730 (83) 113.3 O.87 0 . 8 4  1.1 0 . 7 0

( 3 4 . 8 / 2 7 1 . 6 )  ( - 0 . 5 8 / 2 . 2 3 )  ( - 0 . 5 7 / 2 . 5 4 )  ( 0 . 0 / 2 . 7 )  ( 0 . 0 0 / 1 . 3 2 )

B. S a t i a t e d - d o u b 1e d a i l y  f e e d i n q  (exp.  9c)
70(9)  115.4  1 .20  1 .28 1 .5  0 . 8 0

( 1 2 . 3 / 2 8 4 . 1 )  ( - 0 . 1 9 / 2 . 8 9 )  ( - 0 . 7 4 / 3 . 8 9 )  ( 0 . 0 / 3 . 4 )  ( 0 . 0 0 / 1 . 4 5 )

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  (exp.  9d)
6 5 (8) 117.8 0 .81  0 .7 7  0 . 8  0 . 8 7

( 14. 4/ 2 9 3 . 6) ( - 0 . 21/ 1. 77) ( - 0 . 45/ 2 . 87) (0 . 0 / 2 . 5) (0 . 00/ 1 . 35)

D. R e d u c e d - h a l f  d a i l y  f e e d i n q  (exp.  12)
54(8)  9 9 . 0  0 . 3 6  0 .4 2  0 . 8  0 . 4 5

( 1 5 . 8 / 1 8 1 . 8 )  ( - 0 . 6 9 / 1 . 1 8 )  ( - 0 . 7 4 / 1 . 8 1 )  ( 0 . 0 / 2 . 0 )  ( 0 . 0 0 / 1 . 0 8 )

E. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  w i t h  no s i z e - s o r t i n q  ( e x p .  4)
1 0 3 ( 1) 6 3 . 6  O.53 0 . 8 6  1 .0  0 . 8 4

(2 0 . 6/ 133. 1) ( - 0 . 4 5 / 1 . 9 5 )  ( - 0 . 6 5 / 2 . 4 5 )  ( 0 . 0 / 2 . 3 )  ( 0 . 0 0 / 0 . 9 4 )

*  bwpd: body w e i g h t  per  day
* *  Numbers in  p a r e n t h e s i s  a r e  t h e  number o f  g r o u p s .
* izi: Numbers i n  p a r e n t h e s i s  a r e  range s  (min imum/ max imum).
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T a b l e  7« Summary o f  c o r r e l a t i o n  a n a l y s i s  between g ro ups  o f  f i s h  i n  each 
e x p e r i m e n t  ( c o r r e l a t i o n  between g ro up  mean body w e i g h t  (Wm),
g ro up  g row th  r a t e s  (WGm and Gm), fo od  c o n s u m p t ion  r a t e  (RCm),
amount o f  f o o d  consumed (Cm), and f o o d  c o n v e r s i o n  r a t e  (Fm)) .

Exp. No. Wm v s .  Cm v s .  RCm v s .
No. of --------------------------------------------------------------- -------------------------  -------------------------

g rp .  WGm Gm Fm RCm Cm WGm Gm WGm Gm

I . Natura l  D i e t  Experiments (Sat  i a te d  feed i nq)

9b (7) 0 . 63*  - 0 . 31*  - O .76  0 . 0 4 *  0 .91 O.89 0 . 07*  O.76 0 .9 2
10b (7) 0 . 7 3 *  0 . 28*  0 . 34*  0 . 19*  0 . 8 8  O.93 0 . 65*  O .6 9 *  O.89

1 I . Commercial  D i e t  E x p e r i m e n t s

A . S a t i a t e d - s i n q l e  d a i l y  f e e d i n q
5 ( 12) 0 . 9 4  - 0 . 8 8  - 0 . 8 0  0 . 09*
6 (22) 0 .41 - 0 . 8 0  - 0 . 5 7  - 0 . 6 8
7 (25) 0 . 16*  - O .65 - 0 . 7 0  - 0 . 5 6
8 (24) 0 . 7 6  0 . 0 7 *  0 . 26*  - 0 . 11*

B. S a t i a t e d - d o u b l e  d a i l y  f e e d i n q
9c (9) 0 . 8 6  - 0 . 8 6  - 0 . 6 8  - 0 .6 7

10c (10) - 0 . 3 7 *  - 0 . 7 4  - 0 . 7 7  - 0 . 8 4

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q
9d(8)  0 .91 - 0 . 8 4  0 . 20*  - O .76

lOd (8) - 0 . 59*  - 0 . 69*  - O . 69 *  - O .85

D. R e d u c e d - h a l f  d a i l y  f e e d i n q
12 (8) 0 . 4 6 *  - O .78 - O . 5 8 *  - 0 . 8 2

0 . 9 9
0.81
0 . 7 2
0 . 8 9

0 . 9 4
0 . 7 0
0 . 7 4
0 . 9 4

- 0 .8 9
- 0 . 4 0 *  
- 0 . 0 5 *  

0 .41

0 . 10*  
0 . 0 4 *  
0 .6 3  
0 . 4 8

- 0 . 31-
O.87
0 .9 2
0 . 8 8

0.91
0 . 9 4

0 . 9 8  
- 0 . 1 6 *

- 0 . 7 5
- 0 . 7 3

- 0 . 27*
0 . 5 2 *

0 .7 4
0 .8 4

0 .9 2
0 . 9 5

0 . 9 9
- 0 . 5 9 -

- 0 . 69*  
- 0 . 68*

- O . 63*
O .6 5*

0 .9 8
0 .8 3

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

*  s t a t i s t i c a l l y  i n s i g n i f i c a n c e  : p ( 0) > 0 . 0 5
Exper imen ts  1, 2, 3.  and 4 w e r e  e x c lu d e d  because o f  no s i z e  c l a s s .
Symbols i n d i c a t e :

Wm : ave rag e  o f  mean body  w e i g h t  o f  a f i s h  i n  a g ro up  
WGm : a ve ra g e  a b s o l u t e  g r o w t h  r a t e  o f  a f i s h  i n  a g roup 
Gm : a v e rag e  i n s t a n t a n e o u s  g ro w t h  r a t e  o f  a f i s h  in  a g roup  
Cm : ave rag e  amount o f  f o o d  consumed by a f i s h  i n  a g roup 
RCm : ave rag e  fo o d  c o n s u m p t i o n  r a t e  o f  a f i s h  in  a g roup  
Fm : ave rag e  fo o d  c o n v e r s i o n  r a t e  o f  a f i s h  i n  a group
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T ab le  8 .  Summary of  c o r r e l a t i o n  a n a l y s i s  between groups of  f i s h
in each feed in g  c o n d i t i o n  ( c o r r e l a t i o n  between group mean 
body we ight  (Wm) , group growth r a t e s  (WGm and Gm) , food  
consumption r a t e  (RCm), amount o f  food consumed (Cm), and 
food convers ion  r a t e  (Fm)) .

Number Wm v s . Cm v s . RCm v s .

O T  ------------------------ “  “  -----  -  — ------- ---- “
g ro ups  WGm Gm Fm RCm Cm WGm Gm WGm Gm

N a t u r a l  D i e t  E x o e r im e n ts

A. S a t i a t e d - d o u b l e  d a i l y  f e e d i n q  (exp .  9b) 
7 0 . 6 3 *  - 0 . 3 1 *  - O .76 0 . 0 4 *  0 .91 0 . 8 9 0 . 07* 0 . 7 6 0 .9 2

1. Commercia l  D i e t  E x p e r im e n ts

A. S a t i a t e d - s i n q l e  d a i l y  f e e d i n q  (exp .  5, 
83 0 . 3 5  - 0 . 5 7  - 0 . 4 4  - 0 . 4 9  0 .6 9

6 , 7 , 
0 . 8 3

and 8) 
0 . 02* 0 . 5 0 0 .8 7

B. S a t i a t e d - d o u b l e  d a i l y  f e e d i n q  (exp .  9c)
9 0 . 8 6  - 0 . 8 6  - 0 . 6 8  - O .67 0 .91 O.98 - 0 . 7 5 - 0 . 2 7 * 0 .7 4

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  (exp 9d) 
8 0 .91 - 0 . 8 4  0 . 2 0 *  - 0 . 7 6  0 .9 2 0 . 9 9 - 0 . 69* - O . 63* 0 -9 8

D. R e d u c e d - h a l f  d a i l y  f e e d i n q  (exp .  12)
8 0 . 4 6 *  - O .78 - 0 . 58*  - 0 . 8 2  0 . 8 9 0 . 7 5 - 0 . 5 7 * - 0 . 1 1  * 0 .9 4

*  s t a t i s t i c a l l y  i n s i g n i f i c a n c e :  p ( D ) > 0 . 0 5
Symbols i n d i c a t e :

Wm : aver ag e  mean body w e i g h t  o f  a f i s h  i n  a g ro up  
WGm : ave rag e  a b s o l u t e  g ro w t h  r a t e  o f  a f i s h  i n  a g ro up  
Gm : ave rag e  i n s t a n t a n e o u s  g r o w t h  r a t e  o f  a f i s h  i n  a g r o u p  
Cm : ave rage  amount o f  f o od  consumed by a f i s h  i n  a g ro u p  
RCm : ave rag e  fo od  c o n s u m p t i o n  r a t e  o f  a f i s h  i n  a g ro u p  
Fm : ave rage  fo od  c o n v e r s i o n  r a t e  o f  a f i s h  i n  a g roup  

E x p e r im e n ts  1, 2, 3» and 4 we re  e x c lu d e d  because o f  no s i z e - s o r t i n g .
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T ab le  9-  Summary of  c o r r e l a t i o n  a n a l y s i s  between i n d i v i d u a l s  in each 
exper iment  ( c o r r e l a t i o n  between mean body w e ig h t  (W) , growth 
ra te s  (WG and G) , e s t im a te d  food consumption r a t e  (RCest ) ,  
est imated  amount o f  food consumed ( C e s t ) , and est imated  food 
food convers ion  r a t e  (Fest )  .

number W v s . RCest v s . Cest v s .

e x p .  WG G Fc RCest Cest WG G WG G

S t a r v a t i o n  E x p e r im e n ts

9a ( 6 6 ) * * - 0 .8b 
10a (70) - 0 . 8 7  
11 (76) - 0 . 5 8

0 . 7 5
0 . 6 9
O.58

- - - - -

1. N a t u r a 1 D i e t E x p e r im e n ts  ( S a t i a t e d fe e d  i nq)

A. S i n q 1e d a i l y f e e d i n q  (no s i z e - s o r t e d )
1 (75) 0 .7 8
2 (7b ) 0 .5 3
3 O b)  - 0 . 3 3

0 . 4 7  0 . 5 9  0 . 2 6  
- o . o i *  0 . 23*  - 0 . 2 9  
- 0 . 6 0  - 0 . 5 5  - 0 . 6 8

0 . 8 8
0 . 7 7
0 . 09 *

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

0 . 9 7
0 . 9 6
0 . 9 9

0 -9 5
0 -9 5
0.91

0 -7 8  
0 . 5 6  
0 . 6 4

B . Doub1e d a i 1y f e e d i n q  ( s i z e - s o r t e d )
9b (53) 0 .5 2  

10b (54) 0 .4 0
- 0 . 07*  - 0 . 4 0  0 . 15*  

0 . 10*  0 . 08*  0 . 09*
0 .81
O.69

0 . 8 8
0 . 8 6

0 . 9 5
0 . 9 2

0.91
0 .9 2

0 . 4 6  
0 . 6 7

I I .  Commercial  D i e t  E x p e r im e n t s  ( s i z e - s o r t e d * : * * )

A. S a t i a t e d - s i n q l e  d a i l y  f e e d i n q
5 (ISO) 0 .6 5
6 ( 177) O.36
7 (187) 0 . 2 5
8 ( 186) 0 .5 7

- 0 . 4 2  - 0 . 6 5  0 . 1 1 *  
- 0 . 4 5  - 0 . 3 0  - 0 . 4 0  
- 0 . 2 7  - 0 . 3 3  - 0 . 1 7  

0 . 05*  0 . 11*  - 0 . 11*

O.89
0 . 6 8
O.58
0 . 7 5

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

0 . 6 8  
0 .91 
0 . 9 6  
0 . 9 6

0 . 8 8
0 . 8 5
0.91
0 .9 5

- 0 . 0 7 *  
0 . 2 5  
0 . 5 4  
0 . 6 4

B. S a t i a t e d - d o u b l e  d a i l y  f e e d i n a
9c (70) 0 . 7 2  

10c (59) - 0 . 12*
- 0 . 5 0  - 0 . 4 3  - O .38 
- 0 . 6 5  - 0 . 7 2  - 0 . 5 1

O.83
0 . 5 2

0 . 19*  
0 . 7 5

0 .91
0 . 8 4

0 .9 7
0 . 7 4

- 0 . 2 0 *  
- 0 . 06*

C. R e d u c e d - s i n q 1e da i 1y f e ed  i nq
9d (65) 0 .6 7  

10d (59) - 0 . 2 3 *
- 0 . 2 9 *  0 . 2 3 *  - 0 . 4 3  
- 0 . 5 2  - 0 . 6 2  - 0 . 4 0

0 . 7 8
0 . 2 9

0 . 19*  
O.85

O.96
O.85

0 .9 7
0 .8 0

0 . 19*  
0 . 3 3

D. R e d u c e d - h a l f d a i 1y f e e d i  nq
12 (56) 0 . 2 4 * - 0 . 25*  - 0 . 11*  - 0 .31 0 . 5 5 0 . 6 9 O.98 0 . 9 2 0 . 4 8

E. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  (no s i z e - s o r t i n q )
4 (103) 0 . 2 5 - 0 . 1 4  0 . 0 3 *  - 0 . 2 4 0 . 4 5 0 . 7 8 0 . 9 9 0 . 9 8 0 . 7 4

*  s t a t i s t i c a l l y  i n s i g n i f i c a n c e :  p ( D ) > 0 . 0 5
* *  Numbers i n  p a r e n t h e s i s  a r e  number o f  f i s h  i n  each e x p e r i m e n t

* * *  S i z e - s o r t i n g  o f  f i s h  was a p p l i e d  t o  a l l  e x c e p t  f o r  e x p e r i m e n t  4 .
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T a b l e  10. Summary o f  c o r r e l a t i o n  a n a l y s i s  be tween  i n d i v i d u a l s  i n  each 
f e e d i n g  c o n d i t i o n  ( c o r r e l a t i o n  between mean body w e i g h t  
(W) , g ro w t h  r a t e s  (WG and G) , e s t i m a t e d  fo od  c o n s u m p t ion  
r a t e  (RCest) , e s t i m a t e d  amount o f  fo o d  consumed ( C e s t ) , 
and e s t i m a t e d  fo od  f o o d  c o n v e r s i o n  r a t e  ( F e s t ) .

number W v s . RCest v s . Cest v s .
OT -------------  —  — -  -  ”  —

f i s h  WG G Fc RCest Cest WG G WG G

S t a r v a t i o n  E x p e r im e n ts

212 - 0 . 7 9  0 . 6 4  - - - - -

1. N a t u r a l  D i e t  E x p e r im e n t s  ( S a t i a t e d  f e e d i n q )

A. S i n q l e  d a i l y  f e e d i n q  w i t h o u t  s i z e - s o r t i n q (e xp . 1, 2 , 13nd 3)
223 0 . 2 4  - 0 . 1 4  0 . 02*  - 0 . 3 5  O.56 0 .71 O.96 0 .9 3 0 .6 2

B. Dou b le  d a i l y  f e e d i n q  w i t h  s i z e - s o r t i n q  (exp .  9b) 
53 0 . 5 2  - 0 . 0 7 *  - 0 . 4 0  0 . 1 5 *  0 .81  0 . 8 8 0 .9 5 0.91 0 . 4 6

I I .  Commercia l  D i e t  E x p e r im e n t s  (s i z e - s o r . t e d * *')

A. S a t i a t e d - s i n q l e  d a i l y  f e e d i n q  (exp.  5 .  5.  
730 0 . 3 2  - 0 . 4 0  - 0 . 3 1  -0 .3 1  0 .61

7,  and 8) 
0 . 7 0  0 .91 0 . 8 9 O.34

B. S a t i a t e d - d o u b l e  d a i l y  f e e d i n q  (exp.  9c)
70 0 . 7 2  - 0 . 5 0  - 0 . 4 3  - O .38 0 . 8 3 0 . 1 9 * 0 .91 0 .9 7 - 0 . 2 0 *

C. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  (exp .  9d) 
65 0 . 6 7  - 0 . 29*  0 . 2 3 *  - 0 . 4 3  O.78 0 . 19* 0 .9 6 0 .9 7 0 . 19*

D. R e d u c e d - h a l f  d a i l y  f e e d i n q  (exp.  12)
56 0 . 2 4 *  - 0 . 2 5 *  - 0 . 11*  - 0 . 3 1  0 . 5 5 O.69 0 . 9 8 0 -9 2 0 . 4 8

E. R e d u c e d - s i n q l e  d a i l y  f e e d i n q  w i t h  no s i z e - s o r t i n q  (exp • 4)
103 0 . 2 5  - 0 . 1 4  0 . 0 3 *  - 0 . 2 4  0 . 4 5 0 . 7 8 0 .9 9 O.98 0 . 7 4

*  s t a t i s t i c a l l y  i n s i g n i f i c a n c e :  p ( D ) > 0 . 0 5  
* *  S i z e - s o r t i n g  o f  f i s h  was a p p l i e d  t o  a l l  e x c e p t  f o r  e x p e r i m e n t  4 .  

Symbols i n d i c a t e ;
W : mean body w e i g h t  o f  a f i s h  
WG : a b s o l u t e  g r o w t h  r a t e  o f  a f i s h  
G : i n s t a n t a n e o u s  g ro w t h  r a t e  o f  a f i s h
RCest : e s t i m a t e d  fo od  c o n s u m p t i o n  r a t e  o f  a f i s h  (see eq.  11) 
Cest  : e s t i m a t e d  amount o f  f o o d  consumed o f  a f i s h  (see eq.  10) 
F e s t  : e s t i m a t e d  fo o d  c o n v e r s i o n  r a t e  o f  a f i s h
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s t a r v e d  f i s h  w e i g h i n g  11 .2  -  295 .2  g t y p i c a l l y  showed n e g a t i v e  a b s o l u t e  

g ro w th  r a t e s  (WG, p o s i t i v e  w e i g h t  l o s s )  i n  a range f r om  - 1 . 2 2  t o  - 0 .1  

g / d a y .  The range o f  t h e  a v e rag e  a b s o l u t e  and i n s t a n t a n e o u s  g ro w t h  r a t e s  

(WGm and Gm) and t h e  a v e r a g e  mean body w e i g h t  o f  f i s h  o f  each e x p e r i m e n t  

were - 0 . 6 4  -  - 0 . 4 0  g / d a y ,  - 0 . 4 6  -  - 0 . 4 4  % o f  body w e i g h t / d a y .  and 105-7 “  

154.0  g r e s p e c t i v e l y .  Among v a r i o u s  f e e d i n g  c o n d i t i o n s ,  s t a r v e d  f i s h  

showed t h e  minimum v a r i a t i o n  i n  g r o w t h  r a t e s  between i n d i v i d u a l s  hav ing  

s i m i l a r  w e i g h t s  (see F i g u r e  2 ) .

The a b s o l u t e  g r o w t h  r a t e  ( g /d ay )  o f  i n d i v i d u a l s  d e c re a s e d  as the  

w e i g h t  o f  the  f i s h  i n c r e a s e d  in  each s t a r v a t i o n  e x p e r i m e n t  ( r  (WG-W)= - 0 . 8 7  

-  - O . 5 8 , p (D ) < 0 . 0 1 )  w h i l e  t h e  i n s t a n t a n e o u s  g ro w th  r a t e  (% o f  body 

w e i g h t / d a y )  i n c r e a s e d  as t h e  w e i g h t  o f  t h e  f i s h  i n c r e a s e d  ( r (G -W )= 0 .5 8  -  

0 . 7 5 ,  p (D )< 0 . 0 1 )  (see T a b l e  9 ) .  The c o r r e l a t i o n  c o e f f i c i e n t s ,  - 0 . 7 9  and 

0 .64  was r e s p e c t i v e l y  o b t a i n e d  f o r  w e i g h t - s p e c i f i c  a b s o l u t e  and 

i n s t a n t a n e o u s  g ro w t h  (WG-W and G-W) f r om  212 i n d i v i d u a l s  (see T a b l e  10 and 

F i gu re  2 ) .

2) W e i g h t - s p e c i f i c  g r o w t h  in  n a t u r a l  d i e t  e x p e r im e n t s

The f i s h  f e d  t h e  n a t u r a l  d i e t  a t  s a t i a t i o n  f e e d i n g  l e v e l  (n=330) had 

a l a r g e  v a r i a t i o n  i n  t h e  a b s o l u t e  and t h e  i n s t a n t a n e o u s  g ro w t h  r a t e s  (WG= 

- 0 . 6 l  -  I .63  g / d a y  and G= - 0 . 5 7  ~ 1 .90  % o f  body w e i g h t / d a y )  (see F i g u r e  

3 ) .  The w e i g h t  ran ge  o f  t h e  f i s h  (W=l8 .7  -  278 .5  g) was s i m i l a r  t o  t h a t  

o f  t h e  s t a r v e d  i n d i v i d u a l s  (W=11.2  -  295-2  g ) .

In t h e  t h r e e  e x p e r i m e n t s  ( e x p e r i m e n t  1, 2,  and 3) where  no s i z e -  

s o r t i n g  was p e r f o r m e d ,  p oo r  a ve ra g e  a b s o l u t e  and i n s t a n t a n e o u s  g ro wth  

r a t e s  (WGm=0.24 -  0 . 2 9  g / d a y  and Gm= 0 -3 2  -  0 . 4 5  % o f  body w e i g h t / d a y )  

were f o u n d  in  each e x p e r i m e n t  d e s p i t e  t h e  h ig h  f e e d i n g  l e v e l s  (RCm=3-9 "
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F i g u r e  2 .

Growth r a t e s  v e r s u s  mean body w e i g h t s  o f  a l l  f i s h  in  t h r e e  

s t a r v a t i o n  e x p e r i m e n t s  ( n = 2 1 2 ) : (A) a b s o l u t e  g ro w t h  r a t e

v e rs u s  mean body w e i g h t  (WG v s .  W) and (B) i n s t a n t a n e o u s  

g rowth  r a t e  v e r s u s  mean body w e i g h t  (G v s .  W) ( ' r ' =  

c o r r e l a t i o n  c o e f f i c i e n t ) .
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5.1  % o f  body  w e i g h t / d a y ) .  As shown in  T a b le  9 .  t h e  a b s o l u t e  growth  r a t e  

o f  t h e  f i s h  i n  E x p e r im e n t s  1 and 2 showed p o s i t i v e  c o r r e l a t i o n  w i t h  mean 

body w e i g h t  ( r(WG-W)= 0 . 7 8  and 0 . 5 2 ,  p ( D ) < 0 . 0 1 ) ,  w h i c h  i n d i c a t e d  t h a t  the  

w e i g h t - s p e c i f i c  a b s o l u t e  g ro w t h  p a t t e r n  was n o r m a l :  WG i n c r e a s e d  as W 

i n c r e a s e d .  However ,  poo r  and abnormal  w e i g h t - s p e c i f i c  i n s t a n t a n e o u s  

g ro w t h  p a t t e r n s  were  f o un d  i n  t h e  two e x p e r i m e n t s  ( r ( G - W ) = 0 . 4 7 ,  p (D)<0.01  

and - 0 . 0 1 ,  p ( D ) > 0 . 1 ) .  The smal l  f i s h  d i d  n o t  g row f a s t e r  th an  t h e  l a r g e  

f i s h  i n  t e rm s  o f  p e r c e n t  o f  body w e i g h t  r e s u l t i n g  i n  t h e  poor  or  

i n s i g n i f i c a n t  G-W c o r r e l a t i o n .  An abnormal  and r e v e r s e  p a t t e r n  o f  

c o r r e l a t i o n  was f o u n d  between g ro wth  and w e i g h t  o f  f i s h  i n  e x p e r im e n t  3 

(r(WG-W) = - 0 . 3 3  and r(G-W) = - 0 . 60) where  many l a r g e  f i s h  grew less  than th e  

s m a l l  f i s h  i n  t e rm s  o f  a b s o l u t e  g ro w t h  r a t e  (WG, g / d a y ) .  The c o r r e l a t i o n  

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

(n=223) we re  p o o r  b u t  s i g n i f i c a n t  f o r  WG-W r e l a t i o n  ( r = 0 . 2 4 ,  p (D )<0 .05 )  

and G-W r e l a t i o n  ( r = - 0 . l 4 ,  p (D )< 0 . 05 )  as shown i n  F i g u r e  3-

In e x p e r i m e n t  9t> where  s i z e - s o r t i n g  was p e r f o r m e d ,  t h e  average 

g ro w t h  r a t e s  o f  f i s h  (WG=0.79 g /da y  and G=0 .6 0  % o f  body w e i g h t  per  day ,  

n=53 ) were  s i g n i f i c a n t l y  h i g h e r  than  th o s e  fo un d  i n  t h e  r e s t  o f  th e  

n a t u r a l  d i e t  e x p e r i m e n t s  ( p ( T )< 0 .0 5 )  (see T a b l e  3 ) *  The p a t t e r n  o f  

w e i g h t - s p e c i f i c  a b s o l u t e  g row th  was t y p i c a l  in  e x p e r i m e n t  $b ( r= (WG- 

W)=0 .5 2 ,  p ( D ) < 0 . 0 1 )  b u t  i n s i g n i f i c a n t  r e l a t i o n  was f o u n d  i n  t h e  w e i g h t -  

s p e c i f i c  i n s t a n t a n e o u s  g ro w t h  r a t e  (r  (G-W) = - 0 . 0 7 ,  p ( D ) > 0 . 0 5 ,  n=53) •

The c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  between g r o u p  mean body 

w e i g h t s  and a v e r a g e  g ro w t h  r a t e s  o f  g ro ups were  i n s i g n i f i c a n t  (r (WGm- 

Wm)=0.63» r (Gm-Wm)= - 0 . 3 1 ,  n=7,  p ( D ) > 0 . 0 5 ) .  T h i s  was caused  by low g ro wth  

r a t e s  o f  t h e  f i s h  i n  t h e  s m a l l e s t  s i z e  c l a s s  (0 . 3^ % o f  body w e i g h t / d a y )
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Figure  3-

Growth r a t e s  v e r s u s  mean body w e i g h t s  o f  f i s h  in  

e x p e r i m e n t  1, 2,  and 3 (n=2 23 , no s i 2 e - s o r t e d  and s a t i a t e d  

n a t u r a l  d i e t  f e e d i n g ) :  (A) a b s o l u t e  g ro w t h  r a t e  v e r s u s  

mean body w e i g h t ,  and (B) i n s t a n t a n e o u s  g r o w t h  r a t e  v e rs u s  

mean body w e i g h t  ( 1r 1= c o r r e l a t i o n  c o e f f i c i e n t ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



70

2

O
0 .2 4

ft

cc

o

in 
CD 
< - 0.2

4

ft
C

CO

2S

4-  1.00

0 . 7 f t

»0

2 ft

7S

CO

00

t o 30 300 40 CO fto 7 0 CO tOO H O  130 13 0 1 4 0 1SO 1 70 t SO 1 1 0  2 0 0

MEAN BODY WEIGHT (g)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



71

(see F i g u r e  6) .  When t h i s  g r o u p  was n o t  c o un te d ,  t h e  r e s t  o f  t h e  s i z e  

g roup s o f  t h e  f i s h  showed t h e  h i g h  c o r r e l a t i o n s  i n  w e i g h t - s p e c i f i c  g rowth  

p a t t e r n  (r  (WGm-Wm) = 0 . 8 9 ,  r (Gm-Wm) =0 . 9 6 , n=6 , p (D ) < 0 . 05) .

In e x p e r i m e n t  10b o f  w h i c h  t h e  c o n d i t i o n  was s i m i l a r  t o  e x p e r im e n t  

9b ,  low a b s o l u t e  g ro w t h  r a t e s  ( a v e ra g e  0 .2 5  g /d ay )  were  r e c o r d e d  f r om  the  

most  i n d i v i d u a l s  d e s p i t e  s i z e  s o r t i n g  and t w i c e  s a t i a t e d  d a i l y  f e e d i n g .  

Poor f e e d i n g  response  was o b s e rv e d  i n  a l l  s i z e  g ro ups  r e s u l t i n g  in  t he  

l o w e s t  fo od  c o n s u m p t io n  r a t e  (RCm= 1 .9 0  % o f  body w e i g h t / d a y )  among t h e  

e x p e r im e n t s  a p p l y i n g  t h e  n a t u r a l  d i e t  (see T a b le  4) . The g ro up s  o f  t he  

f i s h  consuming l e s s  th a n  2 % o f  body w e i g h t  per  day r e v e a l e d  e x t r e m e l y  low 

i n s t a n t a n e o u s  g ro w t h  r a t e  (Gm=0.0 -  0 . 1 9  % o f  body w e i g h t / d a y )  r e g a r d l e s s  

o f  the  w e i g h t .  Poor  and i n s i g n i f i c a n t  c o r r e l a t i o n s  be tw een  g ro w t h  r a t e s  

and w e i g h t s  were  f o u n d  f o r  i n d i v i d u a l s  ( r  (WG-W) = 0 . 4 0 ,  p ( D ) < 0 . 0 5  and r ( G -  

W )=0 .1 ,  p (D ) > 0 . 0 5 )  and f o r  g ro u p s  ( r  (WGm-Wm) = 0 . 7 3 .  p ( D ) > 0 . 0 5 , r (Gm- 

Wm)=0.28,  p ( D ) > 0 . 0 5 ,  n=7) w i t h  l a r g e  v a r i a t i o n  o f  g ro w t h  r a t e s  o f  

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

3) W e i g h t - s p e c i f i c  g ro w t h  i n  t h e  comm erc ia l  d i e t  e x p e r i m e n t s

A t o t a l  o f  1161 f i s h  w e i g h i n g  4 . 3  -  293*6 g were  used i n  t h e  

commerc ia l  f e e d i n g  e x p e r i m e n t s .  They showed l a r g e r  v a r i a t i o n  i n  t h e i r  

g ro w t h  r a t e s  (WG=-0.69 -  2 .8 9  g / d a y ,  and G= - 0 . 7 4  -  3*39 % o f  body w e ig h t )  

t h an  those  fo un d  i n  n a t u r a l  d i e t  o r  s t a r v a t i o n  e x p e r i m e n t s .

Among 10 commer c ia l  d i e t  f e e d i n g  e x p e r i m e n t s ,  s a t i a t e d  f e e d i n g  was 

p e r fo r m e d  i n  s i x  e x p e r i m e n t s  ( e x p e r i m e n t s  5 , 6 , 7 , 8 , 9 c and 10c) and 

red uced  f e e d i n g  was a p p l i e d  f o r  t h e  r e s t  o f  t he  e x p e r i m e n t s  ( e x p e r im e n t s  

4 ,  12, 9d,  and l O d ) . The a v e r a g e  mean body w e i g h t  o f  f i s h  i n  each 

e x p e r i m e n t  was s i m i l a r  i n  a r a n g e  o f  9 9 * 0  " 133*0 g e x c e p t  f o r  e x p e r im e n t
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4 (ave rage  W=63-6g) where  no s i z e - s o r t i n g  was p e r f o r m e d .  The average  body 

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

range o f  IO3 . 9  -  124 .2  g e x c e p t  f o r  e x p e r i m e n t  4 (see T a b l e  5 ) .

In  t h e  f o u r  e x p e r i m e n t s  where  the  f i s h  were  f e d  a t  s a t i a t e d  l e v e l  

w i t h  s i n g l e  f e e d i n g  f r e q u e n c y  (e x p e r im e n t s  5 . 6 > ~J, and 8) ,  t h e  average 

a b s o l u t e  and i n s t a n t a n e o u s  g ro w t h  r a t e s  i n  each e x p e r i m e n t  v a r i e d  (WG=0.77 

-  1 .05 g / d a y  and G=0.58 -  1 .25 % o f  body w e i g h t / d a y )  b u t  t h e y  were  m o s t l y  

much h i g h e r  th a n  t h o s e  o b s e rv e d  i n  t h e  n a t u r a l  d i e t - s a t i a t e d  f e e d i n g  

e x p e r i m e n t s .  The h i g h e s t  ave rag e  a b s o lu t e  and i n s t a n t a n e o u s  g row th  r a t e s  

were r e c o r d e d  i n  e x p e r i m e n t  5 d e s p i t e  the  s m a l l e s t  a v e r a g e  mean body 

w e i g h t  (WG=1.05 g / d a y ,  G=1.25 % o f  body w e i g h t / d a y ,  W=89-7 g> n = l 80) among 

th e  f o u r  e x p e r i m e n t s .  The f i s h  in  e x p e r im e n t  8 w he re  a v e ra g e  food 

c o nsum p t i on  r a t e  was 0 . 9  % o f  body w e i g h t / d a y  showed t h e  l o w e s t  g rowth  

r a t e s  among t h e  f o u r  e x p e r i m e n t s  (WG=0.77 g / d a y ,  G=0 . 5 8  % o f  body 

w e i g h t / d a y )  .

The v a r i a t i o n  o f  g ro w t h  r a t e s  between i n d i v i d u a l s  h a v i n g  s i m i l a r  

w e i g h t s  was l a r g e  i n  each e x p e r i m e n t  and weakened t h e  c o r r e l a t i o n  between 

i n d i v i d u a l  g r o w t h  r a t e s  and mean body w e i g h t s  (see T a b l e  9 ) .  F i s h  hav ing 

w e i g h t  l o s s  (n=8) w e re  a l s o  f ound  in  t h r e e  o f  t h e  f o u r  e x p e r i m e n t s .  The 

h i g h e s t  c o r r e l a t i o n  i n  GW-G r e l a t i o n  ( r= 0 .6 5 )  and G-W r e l a t i o n  ( r= -0 .4 2 )  

were fo und  f r o m  180 i n d i v i d u a l s  i n  e x p e r i m e n t  5-  The o t h e r  t h r e e  

e x p e r im e n t s  showed p o o r  b u t  s i g n i f i c a n t  c o r r e l a t i o n  i n  WG-W r e l a t i o n  

( r = 0 .25 "  0 . 5 7 ,  p ( D ) < 0 . 0 5 )  and G-W r e l a t i o n  ( r = - 0 . 4 5  -  - 0 . 2 7 ,  p (D)<0.05 )  

e x c e p t  f o r  t h e  w e i g h t - s p e c i f i c  i n s t a n t a n e o u s  g ro w t h  i n  e x p e r i m e n t  8 ( r ( G — 

W)=0.05,  p (D) > 0 .0 5 )  .

The c o r r e l a t i o n s  between i n d i v i d u a l  g r o w t h  r a t e s  and mean body
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w e i g h t s  o b t a i n e d  in  t h i s  f e e d i n g  c o n d i t i o n  was weak b u t  s i g n i f i c a n t  ( r  (WG- 

W ) = 0 .3 2 ,  r (G-W) = - 0 . 4 0 ,  p (D )<0 .05»  n=730) (see F i g u r e  b and T a b le  10 ) .  The 

s l o w  and some n e g a t i v e  g ro w t h  o f  t h e  f i s h  in  s m a l l  s i z e  gro up s o f  

e x p e r i m e n t  7 and 8 r e s u l t e d  i n  weak G-W c o r r e l a t i o n  w h i l e  low g ro w th  r a t e s  

o f  l a r g e  f i s h  i n  e x p e r i m e n t  6 and 8 r e s u l t e d  i n  poor  WG-W c o r r e l a t i o n .

The v a r i a t i o n  o f  fo od  c o n s u m p t io n  r a t e s  between e x p e r i m e n t s  (ave rage 

RCm=0.5 -  1 -9  % o f  body w e i g h t / d a y ,  and a v e ra g e  Cm=l.0 -  1.5 g /d a y )  and 

be tw een  g ro up s  (RCm=0.5 -  1 .9  % o f  body w e i g h t / d a y ,  Cm=0.3 -  2 .7  g /d a y )  in  

each e x p e r i m e n t  a l s o  i n f l u e n c e d  t h e  w e i g h t - s p e c i f i c  g ro w th  p a t t e r n  in  t h i s  

f e e d i n g  c o n d i t i o n .

In each e x p e r i m e n t  w e i g h t - s p e c i f i c  g r o w t h  p a t t e r n  was more c l e a r l y  

r e f l e c t e d  i n  c o r r e l a t i o n  between  averag e  g roup  g ro w th  r a t e s  and aver ag e  

g ro u p  mean body w e i g h t s  t h a n  t h o s e  o b t a i n e d  be tween  i n d i v i d u a l  g ro w t h  

r a t e s  and mean body w e i g h t s .  H i g h l y  p o s i t i v e  and s i g n i f i c a n t  c o r r e l a t i o n s  

were  f o u n d  between t h e  ave rag e  i n s t a n t a n e o u s  g r o w t h  r a t e s  o f  g ro up s  and 

t h e  a v e r a g e  body w e i g h t s  o f  g ro up s  in  t h r e e  o f  t h e  f o u r  e x p e r i m e n t s  ( r  (Gm- 

Wm)=-0 .65  ~ - 0 . 88) .  H i g h l y  s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n s  were  

a l s o  f o u n d  between a v e r a g e  a b s o l u t e  g row th  r a t e s  (WGm) and ave rage  group 

mean body w e i g h t s  (Wm) i n  e x p e r i m e n t  5 ( r=0-9U )  and e x p e r i m e n t  8 ( r= 0.7&)  

(see T a b l e  7 ) -  For  a l l  g ro ups o f  f i s h  i n  t h e  f e e d i n g  c o n d i t i o n  (n=83) t h e  

c o r r e l a t i o n  c o e f f i c i e n t s  f o u n d  i n  WGm-Wm and Gm-Wm r e l a t i o n s  were  as low 

as 0 . 3 5  and - 0 . 5 7  r e s p e c t i v e l y  (n=83) and were  s i m i l a r  t o  t h o s e  f o un d  a t  

i n d i v i d u a l  c o m p a r i s on  ( n = 8 0 0 ) . D i f f e r e n t  fo o d  c o n s u m p t ion  r a t e s  between 

e x p e r i m e n t s  s i g n i f i c a n t l y  r e s u l t e d  in  t h e  v a r i a t i o n  o f  m ag n i tu de  o f  g ro w t h  

r a t e  i n  t h e  same f e e d i n g  c o n d i t i o n  ( p (T )< 0 .0 5>  see T a b l e  7) and a l s o  

re d u c e d  t h e  w e i g h t - s p e c i f i c  g ro w t h  c o r r e l a t i o n .
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F i g u r e  k.

Growth r a t e s  v e r s u s  mean body w e i g h t s  o f  f i s h  i n  

e x p e r i m e n t  5 « 6 , 7 . and 8 (n=730 , s i z e - s o r t e d  and 

s a t i a t e d - s i n g 1e d a i l y  commerc ia l  d i e t  f e e d i n g ) :  (A)

a b s o l u t e  g r o w t h  r a t e  v e r s u s  mean body w e i g h t ,  and (B) 

i n s t a n t a n e o u s  g ro w t h  r a t e  v e r s u s  mean body w e i g h t  ( 1r  1 = 

c o r r e l a t i o n  c o e f f i c i e n t ) .
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The f i s h  in  two e x p e r i m e n t s  ( e x p e r i m e n t  Sc and 10c) were  f e d  t w i c e  

d a i l y  a t  s a t i a t i o n  f e e d i n g  l e v e l s .  The ave rage  g ro w t h  r a t e s  in  e x p e r i m e n t  

9c (WG=1.25 g / d a y ,  G = l . l 6 % o f  body w e i g h t / d a y ,  n=70) we re  s i m i l a r  t o  

t h os e  o b t a i n e d  f r om  t h e  e x p e r i m e n t s  a p p l i e d  s a t i a t e d - s i n g 1e d a i l y  f e e d i n g  

f r e q u e n c y .  The w e i g h t - s p e c i f i c  g ro w t h  p a t t e r n  was w e l l  r e f l e c t e d  in  th e  

c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  between g ro ups  (r(WGm-Wm)= 0 . 8 6 ,  r  (Gm- 

Wm)=-0.86)  and be tween  i n d i v i d u a l s  (r  (WG-W) = o . 7 2 , .  r  (G-W)= - 0 . 5 0 ,  n=70) .

The f i s h  t e s t e d  i n  t h e  f o u r  reduced  f e e d i n g  e x p e r i m e n t s  ( e x p e r im e n t s  

4, 9d,  10d and 12) showed t h e  i r r e g u l a r  p a t t e r n s  in  m a g n i t u d e  o f  g ro w th  

and w e i g h t - s p e c i f i c  g r o w t h  r e l a t i o n .  I n d i v i d u a l  g ro w t h  r a t e s  e x t r e m e l y  

v a r i e d  in  each e x p e r i m e n t  and t h e  d i f f e r e n c e s  o f  a ve ra g e  g ro w t h  r a t e  

between e x p e r i m e n t s  w e re  a l s o  l a r g e  (ave rage  WG=0.0 -  0 . 8 4  g / d a y ,  aver ag e  

G=0.09 -  0 . 8 6  % o f  body w e i g h t / d a y ) .  In e x p e r i m e n t  9<i and 4 t h e  ave rage  

a b s o l u t e  and i n s t a n t a n e o u s  g r o w t h  r a t e s  (WG=0.84 g / d a y ,  G=0-76 % o f  body 

w e i g h t / d a y )  were  as h i g h  as t h o s e  o b s e rv e d  i n  s a t i a t i o n  f e e d i n g  

e x p e r i m e n t s  w h i l e  t h e  l o w e s t  a v e r a g e  a b s o l u t e  and i n s t a n t a n e o u s  g row th  

r a t e s  were  r e c o rd e d  i n  e x p e r i m e n t  12 (WG=0-36 g / d a y ,  G=0.42 % o f  body 

w e i g h t ,  n=54) d e s p i t e  t h e  same a v e r a g e  fo od  c o n s u m p t io n  r a t e s  o f  f i s h  i n  

th e  two e x p e r i m e n t s  (RCm=0.8 % o f  body w e i g h t / d a y ) .  In  e x p e r i m e n t  4 where  

f i s h  were  f e d  d a i l y  1 .0  % o f  body w e i g h t  w i t h o u t  s i z e - s o r t i n g ,  t h e  aver ag e  

i n s t a n t a n e o u s  g ro w t h  r a t e  (G=0.86 % o f  body w e i g h t / d a y )  was h i g h e r  th an  

some o f  t h o s e  fo und  i n  s a t i a t e d  f e e d i n g  e x p e r i m e n t s .  However ,  t h e  averag e  

mean body w e i g h t  o f  t h e  f i s h  in  t h e  e x p e r i m e n t  was much s m a l l e r  (ave rage  

W= 6 3 .6  g) t h an  th o s e  o b s e r v e d  i n  t h e  s a t i a t e d  f e e d i n g  e x p e r i m e n t s  

(ave rage  W= 8 9 .7  -  133*9 g) •

The p a t t e r n s  o f  w e i g h t - s p e c i f i c  g ro w t h  o f  f i s h  i n  t h e  reduced
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commerc ia l  d i e t  f e e d i n g  e x p e r i m e n t s  we re  d i f f e r e n t  between e x p e r i m e n t s  

b u t ,  g e n e r a l l y ,  poor  c o r r e l a t i o n s  were  fo und  i n  WG-W and G-W 

r e l a t i o n s h i p s .  In e x p e r i m e n t  9d where  reduced  s i n g l e  d a i l y  f e e d i n g  was 

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

weak b u t  s i g n i f i c a n t  ( r(WG-W)= 0 . 6 7 . p (D ) < 0 . 0 5 )  w h i l e  i n s i g n i f i c a n t  G-W 

r e l a t i o n  ( r = - 0 . 2 9 ,  p (D ) > 0 . 0 5 )  was f o u n d .  In c o n t r a s t ,  h i g h l y  s i g n i f i c a n t  

w e i g h t - s p e c i f i c  g ro w t h  p a t t e r n s  ( r  (WGm-Wm) = 0 . 9 1 ,  r (Gm-Wm) = - 0 . 8 i ) ,  n=8) 

were  found in  c o r r e l a t i o n s  be tween  g ro w t h  r a t e s  and w e i g h t  f o r  g ro up s  o f  

f i s h  i n  t he  same e x p e r i m e n t .  T h i s  i n d i c a t e d  t h a t  t he  v a r i a t i o n  o f  g ro w th  

between i n d i v i d u a l s  i n  a g r o u p  was l a r g e  and reduced th e  w e i g h t - g r o w t h  

c o r r e l a t i o n  between i n d i v i d u a l s .  No s i g n i f i c a n t  w e i g h t - g r o w t h  c o r r e l a t i o n  

was found between g ro ups  i n  e x p e r i m e n t s  lOd and 12.

F o o d - S p e c i f i c  Growth  P a t t e r n

Through f e e d i n g  e x p e r i m e n t s ,  one o f  two t y p e s  o f  d i e t s  (commerc ia l  

and n a t u r a l  d i e t s )  was used i n  each e x p e r i m e n t  and g roup  f e e d i n g  was 

a p p l i e d  t o  g ro ups  o f  f i s h  i n s t e a d  o f  i n d i v i d u a l  f e e d i n g .  In  f i v e  n a t u r a l  

d i e t  f e e d i n g  e x p e r i m e n t s  w he re  f i s h  were  f e d  a t  s a t i a t e d  l e v e l  w i t h  s i n g l e  

o r  d o u b le  d a i l y  f e e d i n g  f r e q u e n c y ,  t h e  ave rag e  fo od  c o n s u m p t i o n  r a t e  (RCm) 

ranged  f rom 1.9  t o  5-1  % o f  body w e i g h t / d a y  i n  each e x p e r i m e n t .  In 

commerc ia l  d i e t  f e e d i n g  e x p e r i m e n t s  where  s a t i a t e d  and red uce d  f e e d i n g  

l e v e l  were p e r f o r m e d ,  t h e  a v e r a g e  fo o d  c o n s u m p t io n  r a t e s  w e re  much lower  

t h a n  those r e c o r d e d  i n  t h e  n a t u r a l  d i e t  f e e d i n g  e x p e r i m e n t s  ( 0 . 6  -  1 .5  % 

o f  body w e i g h t / d a y ) .

The v a r i a t i o n  o f  a v e r a g e  f o o d  c o n s u m p t i o n  r a t e s  (Cm and RCm) between 

g ro up s  in  each e x p e r i m e n t  w he re  f i s h  we re  s o r t e d  i n t o  g ro u p s  by  s i z e
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( e x p e r i m e n t  9 b) was a l s o  l a r g e r  i n  n a t u r a l  d i e t  f e e d i n g  e x p e r i m e n t s  

(Cm=0.8 -  5 - 2  g / d a y ,  RCm=l .5  -  3 -1  % o f  body w e i g h t / d a y )  (see T a b l e  1*) •

The ave rag e  amounts o f  fo o d  consumed by g ro ups o f  f i s h  (Cm) i n  t h e  n a t u r a l  

d i e t  f e e d i n g  e x p e r im e n ts  showed t h e  same te nd en c y  as fo od  c o n s u m p t i o n  r a t e  

(RCm) in  a r ange  o f  0 .8  -  5 *2  g / d a y .

The r e s u l t s  o b t a i n e d  f r om  8 f e e d i n g  e x p e r im e n ts  where  g ro up  s o r t i n g  

was a p p l i e d  ( ex p e r im e n t s  5 . 6 . 7 , 8 , 9b .  9 c ,  Sd,  and 12) i n d i c a t e d  t h a t  

t h e  g ro w t h  o f  f i s h  was s t r o n g l y  a f f e c t e d  by fo od  consumpt ion  r e g a r d l e s s  o f  

f o o d  t y p e s  (see T ab le  7.  F i g u r e s  5 and 6 ) .  The c o r r e l a t i o n  in  Gm-Cm ( the  

ave rag e  amounts o f  food consumed by g ro up s  o f  f i s h  v s .  t h e  ave rage  

a b s o l u t e  g ro w t h  r a t e s  o f  g ro up s)  o f  each e x p e r im e n t  showed t h e  h i g h l y  

s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n  i n  a l l  e x p e r im e n ts  ( r = 0 .7 0  -  0 - 9 9 . 

p ( D ) < 0 . 0 1 ) .  Average fo od  c o n s u m p t i o n  r a t e s  o f  g roups (RCm) a l s o  showed 

t h e  h i g h l y  s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n  t o  averag e  i n s t a n t a n e o u s  

g ro w t h  r a t e s  o f  g roups (Gm) in  each  e x p e r i m e n t  ( r  (RCm-Gm) = 0 . 7 ^  -  O . 9 8 , 

p (D ) < 0 . 0 1 )  e x c e p t  f o r  e x p e r i m e n t  5*

H i g h l y  s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n s  a l s o  o c c u r r e d  between  

fo o d  c o n s u m p t i o n  r a t e  and g ro w t h  r a t e s  i n  each f e e d i n g  c o n d i t i o n  as shown 

i n  T a b l e  8 . The h i g h e s t  v a l u e s  o f  c o r r e l a t i o n s  c o e f f i c i e n t s  in  RCm-WGm 

and Cm-WGm r e l a t i o n s  were f ound  i n  e x p e r i m e n t  9d where reduced  c o m m erc ia l  

d i e t  f e e d i n g  was per fo rm ed  t o  e i g h t  g ro up s  o f  f i s h  (r (Cm-WGm)= 0 . 9 9 .  r  (RCm- 

Gm)=0.98,  p (D)<0 .01)  . The g ro up s  o f  f i s h  i n  o t h e r  f e e d i n g  c o n d i t i o n s  a l s o  

showed h i g h l y  s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n s  in  WGm-Cm ( r = 0 . 7 5  “  

O .98) and RCm-Gm r e l a t i o n s h i p s  ( r = 0 . 7 ^  -  0 . 9 ^ ) .

On t h e  o t h e r  hand, i n s i g n i f i c a n t  c o r r e l a t i o n s  were f o u n d  f r o m  Cm-Gm 

r e l a t i o n s h i p s  i n  the  seven e x p e r i m e n t s  and f r om  RCm-WGm r e l a t i o n s h i p s  in
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F i g u r e  5 -

Average g roup  g r o w t h  r a t e s  v e r s u s  f o o d  c o n s u m p t i o n  r a t e s  

o f  g ro up s  o f  f i s h  i n  e x p e r i m e n t  9b ( n = 7 ) : (A) ave rag e

g ro up  a b s o l u t e  g r o w t h  r a t e  v e r s u s  amount o f  f o o d  consumed 

by g ro up  (WGm v s .  Cm), and (B) a ve ra g e  g ro u p  i n s t a n t a n e o u s  

g ro w t h  r a t e  v e r s u s  g ro up  fo o d  c o n s u m p t ion  r a t e  (Gm v s .

RCm) ( ' r  1 = c o r r e l  a t i o n  c o e f f i c i e n t ) .
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F i g u r e  6 .

Averag e  g ro up  g ro w t h  r a t e s  v e r s u s  g r o u p  fo od  consump t ion  

r a t e s  i n  e x p e r i m e n t s  5. 6 .  7.  and 8 ( n = 8 3 ) : (A) average

g ro u p  a b s o l u t e  g ro w t h  r a t e  v e r s u s  amount  o f  f o od  consumed 

by t h e  g ro u p  (WGm v s .  Cm) , and (B) a v e r a g e  g ro up  

i n s t a n t a n e o u s  g ro w t h  r a t e  v e r s u s  g r o u p  f o o d  consumpt ion  

r a t e  (Gm v s .  RCm) ( 1r ' = c o r r e l a t i o n  c o e f f i c i e n t ) .
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t h e  e i g h t  o f  11 f e e d i n g  e x p e r i m e n t s  ( i n c l u d i n g  e x p e r im e n t s  10b,  10c, and 

lOd:  see T a b l e  7 ) -  S i g n i f i c a n t  and n e g a t i v e  c o r r e l a t i o n s  were  f ound  

between ave rage  amounts o f  f o o d  consumed (Cm) and ave rage  i n s t a n t a n e o u s  

g ro w t h  r a t e s  o f  g ro ups  (Gm) i n  t h e  t h r e e  commerc ia l  d i e t - s a t i a t e d  f e e d i n g  

e x p e r im e n t s  ( e x p e r im e n t s  5 .  9 c ,  and 1 0 c ) .  S i g n i f i c a n t  and p o s i t i v e  

c o r r e l a t i o n s  were  fo un d  between  RCm and WGm in  t h e  t h r e e  o f  11 e x p e r i m e n t s  

( e x p e r im e n t s  9b,  7.  and 8) w he re  f e e d i n g  c o n d i t i o n s  were  n o t  t h e  same.

When f o o d - s p e c i f i c  g ro w t h  p a t t e r n  was c o n s i d e r e d  f o r  a l l  g ro up s  o f  

f i s h  i n  each f e e d i n g  c o n d i t i o n ,  o n l y  one s i g n i f i c a n t  Cm-Gm c o r r e l a t i o n  was 

f o u n d  in  t h e  s a t i a t e d - d o u b l e  f r e q u e n c y  commerc ia l  d i e t  f e e d i n g  c o n d i t i o n  

( e x p e r im e n t  9c ,  r = - 0 . 7 5 »  n=9.  p ( D ) < 0 . 0 5 ) .  A p o s i t i v e  c o r r e l a t i o n  in  WGm- 

RCm was foun d  f r om  s a t i a t e d  n a t u r a l  d i e t  f e e d i n g  ( e x p e r im e n t  9b .  r = O . 7 6 , 

n=7,  p (D )< 0 . 05 )  and s a t i a t e d  com m erc ia l  d i e t - s i n g l e  f e e d i n g  e x p e r i m e n t s  

( e x p e r im e n t s  5 .  6 , 7 .  and 8 , r =  0 . 5 0 , n=83,  p ( D ) < 0 . 0 5 ) ( s e e  T a b l e  8) .

O v e r a l l  f e e d i n g  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  m a g n i t u d e  o f  g ro w t h  

was a f f e c t e d  by f o od  t y p e  and f e e d i n g  l e v e l ,  r e s u l t i n g  i n  t h e  g ro w t h  

d i f f e r e n t i a t i o n  o f  f i s h  between  f e e d i n g  c o n d i t i o n s  b u t  t h e  p a t t e r n  o f  fo od  

c o n s u m p t i o n - s p e c i f i c  g r o w t h  was s i m i l a r  between e x p e r i m e n t s  o r  between 

f e e d i n g  c o n d i t i o n s :  (1) a v e r a g e  a b s o l u t e  g row th  r a t e  o f  a g ro u p  o f  f i s h

(WGm) i n c r e a s e d  as t h e  a v e r a g e  amount o f  f o od  consumed by t h e  g r o u p  (Cm) 

i n c r e a s e d ,  (2) ave rage  g r o u p  fo o d  c o n s u m p t io n  r a t e  (RCm) p o s i t i v e l y  

a f f e c t e d  t o  ave rage  i n s t a n t a n e o u s  g ro w t h  r a t e  o f  t he  g ro up  (Gm) , and (3) 

no u n i f o r m  p a t t e r n  was f o u n d  between  e x p e r i m e n t s  o r  f e e d i n g  c o n d i t i o n s  in  

RCm-WGm and Cm-Gm r e l a t i o n s h i p s .

E f f e c t s  o f  D i e t s  on P a t t e r n  and M a g n i tu d e  o f  Growth
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1) Growth p a t t e r n  i n  r e l a t i o n  t o  d i e t  t y p e

Throug h  a l l  e x p e r i m e n t s  some t y p i c a l  p a t t e r n s  were  fo un d  in  the  

r e l a t i o n s h i p s  between t h e  g rowth  r a t e s ,  f e e d i n g  c o n d i t i o n  and w e i g h t  o f  

t h e  f i s h  r e g a r d l e s s  o f  d i e t  t y p e .  As f o o d  was p r o v i d e d  t o  f i s h ,  th e  

m ag n i tu d e  o f  g r o w t h  g e n e r a l l y  i n c r e a s e d  b u t  t h e  v a r i a t i o n  o f  g rowth  

between i n d i v i d u a l s  o r  g roups  h av ing  t h e  same w e i g h t s  a l s o  in c re a s e d  

r e s u l t i n g  i n  co mp le x  g ro w t h  p a t t e r n  a f f e c t e d  by b o t h  w e i g h t  and f o o d .

R e g a r d le s s  o f  d i e t  t y p e ,  p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t s  were 

commonly f o u n d  between  a b s o l u t e  g ro w t h  r a t e s  and w e i g h t s  (WG-W or  WGm-Wm) 

o f  t h e  f e d  f i s h  i n  mos t  e x p e r im e n ts  w h i l e  n e g a t i v e  c o r r e l a t i o n  

c o e f f i c i e n t s  were  f o u n d  in  the  c o r r e l a t i o n s  i n  t h e  s t a r v a t i o n  e x p e r i m e n t s .  

T h i s  i n d i c a t e d  t h a t  p o s i t i v e  a b s o l u t e  g ro w t h  r a t e  (g /d ay )  i n c r e a s e d  as th e  

w e i g h t  o f  f i s h  i n c r e a s e d  and the  a b s o l u t e  r a t e  o f  w e i g h t  l o s s  (g /day)  o f  

s t a r v e d  f i s h  i n c r e a s e d  as t h e  w e i g h t  o f  f i s h  i n c r e a s e d .  An i n v e r s e  

r e l a t i o n s h i p s  were  fo u n d  between i n s t a n t a n e o u s  g ro w t h  r a t e s  (% o f  body 

w e i g h t / d a y )  and mean body w e i g h t s  (G-W o r  Gm-Wm). The w e i g h t  g a in  in  

p e r c e n t  o f  body w e i g h t  per  day dec reased  as t h e  w e i g h t  o f  f i s h  i n c r e a s e d ,  

and th e  w e i g h t  l o s s  o f  f i s h  i n  p e r c e n t  o f  body w e i g h t  per  day a l s o  

dec reased  as t h e  w e i g h t  o f  f i s h  i n c r e a s e d .

Food c o n s u m p t i o n  r a t e s  (RCm) were a l s o  s i g n i f i c a n t l y  and p o s i t i v e l y  

r e l a t e d  t o  i n s t a n t a n e o u s  growth  r a t e s  (Gm) i n  b o t h  d i e t  t y p e s  i n d i c a t i n g  

t h a t  i n c r e a s e d  f o o d  c o ns u m p t ion  r a t e  r e s u l t e d  i n  t h e  i n c r e m e n t  o f  

i n s t a n t a n e o u s  g r o w t h  r a t e .  H i g h l y  s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n s  

o b t a i n e d  between  t h e  a ve rag e  amounts o f  f o o d  consumed by g ro up s  o f  f i s h  

(Cm) and t h e  a v e r a g e  a b s o l u t e  g ro w th  r a t e s  o f  t h e  g ro ups  o f  f i s h  (WGm) 

showed t h a t  a b s o l u t e  g ro w t h  r a t e  i n c r e a s e d  as t h e  amount o f  food  consumed
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by f i s h  i n c r e a s e d  (see Tab le s  7 and 8 ) .

The p a t t e r n s  o f  th e  r e l a t i o n s h i p s  be tw een  th e  g ro w t h  r a t e s ,  t h e  

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

e x p e r i m e n t s  i n d i c a t e d  t h a t  a l l  e x p e r i m e n t s  showed s i m i l a r  genera l  

t e n d e n c i e s  i n  t h e  r e l a t i o n s h i p s  between g r o w t h  and a p p l i e d  c o n d i t i o n s  

r e g a r d l e s s  o f  f o o d  t y p e  b u t  a few e x c e p t i o n s  a l s o  e x i s t e d  depend ing on 

ex pe r  i m e n t s .

2) M a g n i t u d e  o f  g ro w t h  and food  c o n s u m p t i o n  i n  r e l a t i o n  t o  d i e t  t y p e

M a g n i t u d e  o f  g ro w t h  and food  c o n s u m p t i o n  o f  f i s h  showed l a r g e  

d i f f e r e n c e  between  two d i e t  t y p e s .  The a v e r a g e s  o f  f o o d  consumpt ion  r a t e s  

(RCm) and t h e  amounts  o f  food  consumed (Cm) o f  t h e  g ro up s  o f  f i s h  i n  

s a t i a t e d  n a t u r a l  d i e t  f e e d i n g  (RCm=3-l % o f  body  w e i g h t / d a y ,  Cm=3*5 g / d a y ,  

n=10) were  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  th e  g ro u p s  o f  f i s h  fed th e  

comm erc ia l  d i e t  a t  s a t i a t e d  l e v e l  (RCm=l . l  % o f  body w e i g h t / d a y ,  Cm=1.2 

g / d a y ,  n=92)  ( p ( T ) < 0 . 0 5 ) .  Compar ing t h e  a v e r a g e  fo o d  consumpt ion  r a t e s

(RCm), t h e  g r o u p s  o f  f i s h  fed  t h e  n a t u r a l  d i e t  consumed more food  th an  

th o s e  f e d  t h e  com m erc ia l  d i e t  by a f a c t o r  o f  2 . 8  i n  s a t i a t e d  f e e d i n g .  The 

a ve rag e  amoun t  o f  f o o d  consumed by g ro u p s  (Cm) was a l s o  h i g h e r  i n  t h e  

n a t u r a l  d i e t  f e e d i n g  by a f a c t o r  o f  2 . 9  t h a n  t h o s e  i n  t h e  commerc ial  d i e t .

When t h e  g r o w t h  r a t e s  o f  i n d i v i d u a l s  f e d  a t  s a t i a t i o n  l e v e l  were 

compared i n  tw o  d i e t s ,  t h e  average i n d i v i d u a l  a b s o l u t e  and i n s t a n t a n e o u s  

g ro w t h  r a t e s  o f  f i s h  f e d  the  n a t u r a l  d i e t  (n=27&) were 0 . 3 7  g /d ay  and 0 .4 2  

% o f  body w e i g h t / d a y  r e s p e c t i v e l y  w h i l e  t h e  c o r r e s p o n d i n g  v a lu e s  f o r  th e  

co mm erc ia l  d i e t  (n=800) were 0 .9 0  g / d a y  and 0 . 8 8  % o f  body w e i g h t / d a y  (see 

F i g u r e  5 and 6 ) .  The f i s h  fed  t h e  com m erc ia l  d i e t  a t  s a t i a t e d  l e v e l  

showed s i g n i f i c a n t l y  l a r g e r  g row th  r a t e s  t h a n  t h e  f i s h  f e d  the  n a t u r a l
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d i e t  by a f a c t o r  o f  2 .1  f o r  i n s t a n t a n e o u s  g ro w t h  r a t e  and 2 . b  f o r  a b s o l u t e  

g r o w t h  r a t e  ( p ( T ) < 0 . 0 5 ) .

In e x p e r i m e n t s  9b and 9c s i m i l a r  r e a r i n g  c o n d i t i o n s  we re  a p p l i e d  in  

b o t h  e x p e r i m e n t s  e x c e p t  f o r  t h e  t y p e  o f  d i e t :  (1) t h e  s i z e  g roup s were

d u p l i c a t e d ,  (2) s a t i a t e d - d o u b 1e f e e d i n g  l e v e l s  were  a p p l i e d ,  and (3) th e  

a v e r a g e  g r o w t h  r a t e s  o f  f i s h  were  t h e  h i g h e s t  among t h e  o b s e rv e d  g ro w t h  

r a t e s  in  each d i e t  f e e d i n g  e x p e r i m e n t s .

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

l a r g e  d i f f e r e n c e  was fo un d  in  m a g n i t u d e  o f  g ro w t h  r a t e s  as w e l l  as f o od  

c o n s u m p t i o n  r a t e  between t h e  two e x p e r i m e n t s  (see A ppend ix  C, F i g u r e  7 and 

8 ) .  In t h e  commerc ia l  d i e t - s a t i a t e d  f e e d i n g  ( e x p e r i m e n t  9c) 1 .32 g / d a y  o f  

t h e  a v e ra g e  a b s o l u t e  g ro w t h  r a t e  was o b t a i n e d  f r om  70 f i s h  (RCm=1.5 % o f  

body w e i g h t / d a y )  w h i l e  t h e  ave rage  a b s o l u t e  g ro w t h  r a t e ,  0 . 7 9  g / d a y  was 

f o u n d  f r om  53 i n d i v i d u a l s  f e d  t h e  n a t u r a l  d i e t  a t  s a t i a t i o n  l e v e l  (RCm=2-5 

% o f  body w e i g h t / d a y )  (see T a b le  3 ) .  The d i f f e r e n c e  o f  t h e  ave rag e  

i n d i v i d u a l  g ro w t h  r a t e s  o f  f i s h  between two d i e t  e x p e r i m e n t s  ( e x p e r im e n t s  

9b and 9c) was s i g n i f i c a n t  ( p ( T ) < 0 . 0 1 ) .  Compar ing  t h e  r e s u l t s  o b t a i n e d  

f r o m  t h e  two e x p e r i m e n t s ,  t h e  f i s h  f e d  t h e  co mm erc ia l  d i e t  o b t a i n e d  more 

w e i g h t  g a i n s  th an  t h e  f i s h  f ed  t h e  n a t u r a l  d i e t  by a f a c t o r  o f  1 .9  f o r  t he  

i n s t a n t a n e o u s  g ro w t h  r a t e  and 1 .5  f o r  t h e  a b s o l u t e  g ro w t h  r a t e .

Food c o n s u m p t io n  o f  f i s h  a l s o  d i f f e r e d  s i g n i f i c a n t l y  between t h e  two 

e x p e r i m e n t s  where  s a t i a t e d - d o u b l e  f e e d i n g  f r e q u e n c y  was a p p l i e d  (Cm=3-6 

g / d a y ,  RCm=2.5 % o f  body w e i g h t / d a y  f o r  t h e  n a t u r a l  d i e t  and 1 .6  g / d a y ,  

RCm=l.5  % o f  body w e i g h t / d a y  f o r  t h e  c om m erc ia l  d i e t  r e s p e c t i v e l y )  

( p ( T ) < 0 . 0 1 ) .  F i s h  i n v o l v e d  i n  t h e  n a t u r a l  d i e t  f e e d i n g  consumed more fo od  

t h a n  th o s e  f e d  commerc ia l  d i e t  a t  s a t i a t i o n  f e e d i n g  by a f a c t o r  o f  1 .7  f o r
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Fi gur e  7*

Group fo o d  c o n s u m p t io n  r a t e s  v e r s u s  g ro up  mean body 

w e i g h t s  o f  g ro ups o f  f i s h  i n  e x p e r i m e n t s  9a, 9b,  9 c ,  and 

9d ( n = 2 8 ) : (A) ave rage  amount o f  fo od  consumed by g ro up

v e r s u s  g ro up  mean body w e i g h t  (Cm v s .  Wm), and (B) a v e ra g e  

g ro up  fo o d  c o n s u m p t io n  r a t e  v e r s u s  g ro up  mean body w e i g h t  

(RCm v s .  Wm). Symbols :  o (no f e e d i n g ,  e x p e r i m e n t  9 a ) ,  1

( re duced  comm erc ia l  d i e t  f e e d i n g ,  e x p e r i m e n t  9d) , 2 

( s a t i a t e d  commerc ia l  d i e t  f e e d i n g ,  e x p e r im e n t  9 c ) ,  and h 

( s a t i a t e d  n a t u r a l  d i e t  f e e d i n g ,  e x p e r i m e n t  9 b ) .
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F i g u r e  8 .

Growth r a t e s  v e r s u s  mean body w e i g h t s  o f  i n d i v i d u a l  f i s h  

i n  e x p e r i m e n t s  9a.  9b ,  9 c ,  and Sd:  (A) a b s o l u t e  g ro w t h

r a t e  v e r s u s  mean body w e i g h t  (WG v s .  W) and (B) 

i n s t a n t a n e o u s  g r o w t h  r a t e  v e r s u s  mean body w e i g h t  (G v s .  

W) . Symbo ls :  o (no f e e d i n g ,  e x p e r im e n t  9 a ) ,  1 ( redu ced

commer c ia l  d i e t  f e e d i n g ,  e x p e r i m e n t  9c0 , 2 ( s a t i a t e d  

c om m erc ia l  d i e t  f e e d i n g ,  e x p e r i m e n t  9 c ) ,  and b ( s a t i a t e d  

n a t u r a l  d i e t  f e e d i n g ,  e x p e r i m e n t  9 b ) .
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food  c o ns u m p t ion  r a t e  (RCm) and 2 . 3  f o r  t h e  amount o f  f o o d  consumed (Cm). 

The averag e  fo od  c o n v e r s i o n  r a t e  o f  t h e  f i s h  f e d  t h e  n a t u r a l  d i e t  in  

e x p e r im e n t  9b (Fm=0.23) was much low e r  th an  t h a t  o f  t h e  f i s h  f e d  t h e  

commerc ia l  d i e t  i n  e x p e r i m e n t  9c (Fm= 0 . 8 3 ) .

S in c e  the  c u l t u r e  c o n d i t i o n s  and t h e  w e i g h t s  o f  f i s h  were  s i m i l a r  

between s a t i a t e d  com m erc ia l  and n a t u r a l  d i e t  f e e d i n g  e x p e r i m e n t s  o r  

between e x p e r i m e n t s  9b and 9c .  t h e  d i f f e r e n c e s  in  f o od  c o n s u m p t i o n  r a t e s  

and g ro w th  r a t e s  o f  f i s h  between two e x p e r im e n t s  were  r e g a r d e d  as t h e  

e f f e c t s  o f  d i e t s  t h e m s e l v e s .  The r e s u l t s  o f  t h e  c o m p a r i s o n  between two 

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

s i g n i f i c a n t l y  i n f e r i o r  t o  t h e  com m erc ia l  d i e t  in  te rm s o f  amounts o f  f o o d  

r e q u i r e m e n t  f o r  t h e  r e s u l t a n t  g r o w t h :  t h e  f i s h  f e d  t h e  n a t u r a l  d i e t  

r e s u l t e d  i n  poo r  g ro w t h  r a t e  even i n  s a t i a t i o n  f e e d i n g ,  b u t  consumed more 

fo od  t h a n  t h e  f i s h  f e d  t h e  c om m erc ia l  d i e t .  When t h e  d i e t s  were  e v a l u a t e d  

a t  w e t - w e i g h t  base w i t h o u t  c o n s i d e r i n g  ene rgy  c o n t e n t s ,  t h e  n a t u r a l  d i e t  

was reg a rded  t o  be i n f e r i o r  t o  t h e  comm erc ia l  d i e t  i n  c u l t u r i n g  t h e  f i s h  

due t o  (1) low g ro w t h  r a t e ,  (2) low f o o d  c o n v e r s i o n  e f f i c i e n c y  (g ross  

growth  e f f i c i e n c y ) ,  and (3) more fo o d  r e q u i r e d  f o r  g r o w t h .  I f  two d i e t s  

a re  a p p l i e d  t o  each s i z e  r e p l i c a t e  g ro up  o f  f i s h  a t  t h e  same f e e d i n g  

l e v e l ,  t h e  commer c ia l  d i e t  w i l l  g i v e  much h i g h e r  g ro w t h  r a t e  o f  t h e  f i s h  

by a f a c t o r  o f  3 -  7 a c c o r d i n g  t o  t h e  f o od  c o n v e r s i o n  r a t e  ( 0 . 3 7 / 3 - 5  v s .  

0 . 90/ 1.2 i n  a l l  s a t i a t e d  f e e d i n g  e x p e r i m e n t s  and 0 . 7 9 / 3 - 6  v s .  1 . 32/ 1 .6  in  

e x p e r im e n t s  9b and 9 c ) .  The a v e r a g e s  o f  g row th  r a t e s  and f o o d  c o n s u m p t io n  

o f  f i s h  in  a l l  s a t i a t e d  f e e d i n g  e x p e r i m e n t s  and e x p e r i m e n t  9 a re  

summar ized i n  T a b l e  11.

The r e s u l t s  o b t a i n e d  f r o m  t h e  f o rm e r  s e c t i o n s  showed t h e
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T a b le  11. Summary o f  t h e  ave rage  g ro w th  r a t e s  and f o o d  c o ns u m p t ion  
o f  t h e  f i s h  in  a l l  s a t i a t e d  f e e d i n g  e x p e r i m e n t s  and in  
e x p e r i m e n t  9b and 9c*

spec i f  i c a t  i on n a t u r a 1 
d i  e t

commerc i a 1 
d i  e t

r a t  i 0 
(C/N)

compa-  
r  i son

p (T) 
(Ho: C=N)

A11 Sa t  i a t e d  Feed i nq E x p e r i m e n t s *

number o f  f i s h 276 800 - - -

no.  o f  g ro u p s 10 92 - - -

a v e rag e  mean 
body wei  g h t  (g)

8 8 .9 115*1 1*3 N > C >0 .0 5

a b s o l u t e  g r o w t h  
r a t e  (WG, g / d a y )

0 .3 7 0 .9 0 2 . 4 N < C <0 .05

i n s t a n t ,  g r o w t h  
r a t e  (G, % bwpd)

0 .4 2 0 .8 8 2.1 N < C <0.01

a v e rag e  f o o d  
c o n s u m p t i o n  r a t e  
(RCm, % bw/da y )

3*1 1.1 0 . 3 6 N > C <0.01

a v e rag e  amount 
f o o d  consumed 
(Cm, g /d a y )

3*5 1.2 0 . 3 8 N > C <0.01

1. E x p e r im e n t  9b and 9c

number o f  f i s h 53 70 - - -

no .  o f  g ro up s 7 8 - - -

a v e ra g e  mean 
body w e i g h t ( g )

134.6 133*9 1 .0 N = C >0 .50

a b s o l u t e  g r o w t h  
r a t e  (WG, g / d a y )

0 .7 9 1*32 1*7 N < C <0 .0 5

i n s t a n t ,  g ro w t h  
r a t e  (G, % bwpd)

0 .6 0 1.16 1*9 N < C <0.01

fo o d  comsum. r a t e  
(RCm, % bw/day)

2 .5 1*5 0 . 5 9 N > C <0.01

amount o f  f o o d  
consum. (Cm, g / d ) 3 .6 1.6 0 . 4 3 N > C <0.01

*  E x p e r im e n t  1, 2,  3 ,  5> 8,  7,  8,  9b ,  and 9 c .
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p o s s i b i l i t y  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p s  between a p p l i e d  f a c t o r s  and 

g ro w t h  o f  t h e  f i s h  t h r o u g h  m a t h e m a t i c a l  e x p r e s s i o n .  The g ro up  fo od  

consumpt ion  r a t e s  (RCm and Cm) i s  s u b s t i t u t e d  w i t h  e s t i m a t e d  i n d i v i d u a l  

f o o d  consump t i on  (RCest and Ces t )  f o r  t h e  f o l l o w i n g  s e c t i o n .  The 

e s t i m a t e d  fo od  c o n s u m p t io n  o f  i n d i v i d u a l s  (RCest and Cest )  was reg a rd e d  t o  

be c o r r e c t l y  d e r i v e d  c o n s i d e r i n g  t h e  r e s u l t s  t h a t :  (1) t h e  ave rage  

e s t i m a t e d  fo od  c o n s u m p t io n  r a t e  f o r  i n d i v i d u a l s  (RCest and Cest )  showed 

s i m i l a r  m agn i tu de  t o  a v e rag e  g r o u p  f o o d  c o n s u m p t io n  r a t e  i n  each 

e x p e r im e n t  (RCm and Cm) (see T a b l e  k ) , (2) h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n

fo und  between g row th  and f o o d  c o n s u m p t i o n  i n  g roup  compar is on  i n d i c a t e d  

t h e  g ro wth  i s  d o m i n a n t l y  and p r o p o r t i o n a l l y  i n f l u e n c e d  by f o o d  c o n s u m p t io n  

even in  d i f f e r e n t  w e i g h t  g r o u p s ,  and (3) c o r r e l a t i o n  c o e f f i c i e n t s  between 

t h e  f a c t o r s  o b t a i n e d  u s i n g  Ces t  and RCest we re  s i m i l a r  t o  t h o s e  found 

u s in g  RCm and Cm (see T a b l e  7» 8 ,  9> and 1 0 ) .

Maximum W e i g h t - S p e c i f i c  Growth

The g row th  r a t e s  o b s e rv e d  f r o m  107& i n d i v i d u a l s  i n v o l v e d  in  

s a t i a t i o n  f e e d i n g  ( e x p e r i m e n t s  1, 2,  3» 5 .  8, 7.  8,  9b> and Sc) showed 

l a r g e  v a r i a t i o n  o v e r  t h e  o b s e rv e d  w e i g h t  r a n g e .  The numbers o f  s e l e c t e d  

upper  10 % v a l u e s  in  7 w e i g h t  i n t e r v a l s  f r o m  a t o t a l  1076 o b s e r v a t i o n s  

we re  109 f o r  t h e  maximum a b s o l u t e  g ro w t h  r a t e  and 111 f o r  t h e  maximum 

i n s t a n t a n e o u s  g ro w t h  r a t e .  As shown i n  f i g u r e  S,  the  obs e rv e d  maximum 

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

o f  change g r a d u a l l y  was red uce d  t o  a s y m p t o t i c  p a t t e r n  as t h e  mean body 

w e i g h t  o f  f i s h  i n c r e a s e d .  The e q u a t i o n  d e r i v e d  f o r  the  maximum a b s o l u t e  

g ro w t h  r a t e  u s i n g  g ro up  a r r a n g e m e n t  and r e g r e s s i o n  a n a l y s i s  was:
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F i g u r e  9-

Maximum w e i g h t - s p e c i f i c  growth r a t e s  of  f i s h  fed at  

s a t i a t e d  fee d in g  l e v e l :  (A) maximum a b s o l u te  growth r a t e

versus mean body we igh t  (WGmax v s .  W) and (B) maximum 

ins tan taneous growth r a t e  versus mean body weight  (Gmax 

vs .  W) . D a ta -p o in ts  i n d i c a t e  r e p r e s e n t a t i v e  growth ra te s  

in w e ig h t  i n t e r v a l s  and the cor resp on d in g  mean body 

weights  in group arrangement .  T h i c k  and t h i n  v e r t i c a l  

bars i n d i c a t e  standard e r r o r  and range o f  s e le c te d  growth 

r a te s  in each weight  i n t e r v a l  r e s p e c t i v e l y .  Hor i zon ta l  

l i n e  i n d i c a t e s  mean v a lu e  o f  the  s e l e c t e d  growth r a te  w i th  

standard e r r o r  of  s e le c te d  mean body w e ig h ts  in each 

we ight  i n t e r v a l .  Number of  w e ig h t  groups is seven. The 

number o f  s e le c ted  o b se rva t io n s  is  111 f o r  maximum 

a bs o lu te  growth r a t e  and 109 f o r  maximum instantaneous  

growth r a t e .
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WG (max) = 0 . 13 56  W ° . 52° ( r 2= 0 . 9 8 ,  n=7 ) (15)

where WG (max) is the maximum a bso lu te  growth r a t e  in g /day and W is mean 

body we ight  in  grams. The c a l c u l a t e d  WG (max) f rom a l l  i n d i v i d u a l s  

(n=1076) under s a t i a t e d  fee d in g  le v e l s  in both commercial and na tu ra l  

d i e t s  i n d i c a t e d  the  maximum poss ib le  growth r a t e s  of  the  f i s h  increased  

e x p o n e n t i a l l y  as mean body weight  o f  f i s h  in c r e a s e d .  The equa t ion showed 

good f i t t i n g  w i t h  the observa t ions  over the w e i g h t  range o f  f i s h  in the  

exper iments  w i t h  the v a lu e s  of d e t e r m i n a t i o n  c o e f f i c i e n t ,  O . 9 8 .

The r e v e r s e  p a t t e r n  was found in the maximum w e i g h t - s p e c i f i c  

in s tantaneous  growth r a t e  as shown in F igure  9-  As the mean body we ight  

in crease d ,  the  maximum instantaneous growth r a t e s  decre ased .  The 

equ at ions d e r i v e d  using group arrangement and r e g r e s s i o n  a n a l y s i s  was:

G (max) = 14.47 W' 0 . 4’ 2 ( r 2= 0 . 9 8 ,  n=7) (16)

where G (max) is  the maximum ins tan taneous growth r a t e  in % of  mean body 

w e i g h t / d a y  and W is mean body we ig h t  of  f i s h .  The equ a t i o n  showed c lose  

f i t t i n g  to  the  o b s e r v a t io n s  wi th  the high v a l u e s  o f  ' r 2 ' , O .9 8 . The 

e qu a t i on  i n d i c a t e d  t h a t  the p o ss ib le  maximum in s ta n ta n eo u s  we igh t  gain  

expressed as pe r ce n t  of  body weight  o f  f i s h  dec reased e x p o n e n t i a l l y  as the  

f i s h  we ig h t  in c r e a s e d .  The equ at ion  showed t h a t  the maximum instantaneous  

growth r a t e  changed r a p i d l y  f o l l o w i n g  the w e i g h t  change as the weight  of  

f i s h  decreased.

When the  w e i g h t - s p e c i f i c  maximum a b s o l u t e  and in s tantaneous  growth 

r a t e s  were expressed f o r  each food typ e ,  s i g n i f i c a n t  d i f f e r e n c e  was found 

between the  growth r a t e s  of  f i s h  fed the d i f f e r e n t  d i e t s  as shown in
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F i g u r e  10 ( p ( F ) < 0 . 0 1 ) .  The e q u a t i o n s  o f  w e i g h t - s p e c i f i c  maximum a b s o l u t e  

and i n s t a n t a n e o u s  g r o w t h  r a t e s  o b t a i n e d  f r o m  f i s h  f e d  t h e  n a t u r a l  and 

com m erc ia l  d i e t s  (n=276 and 800 r e s p e c t i v e l y )  u s i n g  t h e  g ro up  ar rangem ent  

w e r e :

WG(n-max) = 0 . 0 4  W0 . 20 ( r  2= 0 ..98 , n=4) (17)

G (n-max) =‘ 3 .3 2  w- ° . 25 ( r  2= 0 .■ 97, n=4) ( 18)

WG (c-max) = 0 . 1 4 5  w° . 51 ( r  2= 0 .• 98, n=7) (19)

G (c-max)  =‘ 14 .85 W - ° ’ ( r  2= 0 ,■98 ,n=7) (20)

where  WG (n-max) and G (n-max) were t h e  c a l c u l a t e d  maximum a b s o lu t e  and 

i n s t a n t a n e o u s  g r o w t h  r a t e s  exp ressed i n  g / d a y  and % o f  body w e i g h t / d a y  

r e s p e c t i v e l y  f o r  f i s h  f e d  t h e  n a t u r a l  d i e t  a t  a g i v e n  w e i g h t  (W) in grams 

and WG (c-max) and G (c-max) were  the  c o u n t e r p a r t s  f o r  t h e  f i s h  fed  t h e  

c om m erc ia l  d i e t .  The e q u a t i o n s  i n d i c t e d  t h a t  maximum w e i g h t - s p e c i f i c  

a b s o l u t e  g r o w t h  r a t e  dec rea sed  e x p o n e n t i a l l y  as  w e i g h t  i n c r e a s e d  w h i l e  a 

r e v e r s e  p a t t e r n  was f o u n d  i n  maximum w e i g h t - s p e c i f i c  i n s t a n t a n e o u s  g ro w th  

r a t e .

Throug h  t h e  r a n g e  o f  mean body w e i g h t  o f  t h e  t e s t e d  f i s h  ( ^ .3  ”  

295 *2  g) , f i s h  f e d  t h e  commerc ia l  d i e t  r e v e a l e d  h i g h e r  v a l u e s  o f  

c a l c u l a t e d  maximum a b s o l u t e  and i n s t a n t a n e o u s  g ro w t h  r a t e s  than those  fed  

t h e  n a t u r a l  d i e t .  The c a l c u l a t e d  maximum a b s o l u t e  and i n s t a n t a n e o u s  

g r o w t h  r a t e s  o f  f i s h  o f  4 . 3  g in  mean body w e i g h t  were  0 .11  g /da y  and 2 .1 4  

% o f  body w e i g h t  / d a y  i n  n a t u r a l  d i e t  f e e d i n g ,  and 0 .31  g /d a y  and 7*27 % 

o f  body w e i g h t / d a y  i n  commerc ia l  d i e t  f e e d i n g .  The a b s o l u t e  and 

i n s t a n t a n e o u s  g r o w t h  r a t e s  o f  a f i s h  w e i g h i n g  2 95 -2  g a r e  2 .1 4  g /d ay  and 

0 . 8 0  % o f  body w e i g h t  per  day i n  n a t u r a l  d i e t  f e e d i n g  and 2 .6 4  g /d ay  and
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Figure  10.

Maximum w e i g h t - s p e c i f i c  growth r a te s  of  f i s h  f o r  two d i e t  

types:  (A) maximum a b s o lu te  growth r a t e  versus mean body

w e ig h t  (WGc-max vs.  W and WGn-max v s .  W) and (B) maximum 

ins tantaneo us  growth r a t e  versus mean body we ight  (Gc-max 

v s .  W and Gn-max vs.  W) . D a t a - p o i n t s  i n d i c a t e  

r e p r e s e n t a t i v e  growth r a te s  in w e ig h t  i n t e r v a l s  and the  

corresponding  mean body we ig h ts  in group ar rangement .

Th ick  and t h i n  v e r t i c a l  bars i n d i c a t e  standard e r r o r  and 

range o f  s e le c t e d  growth r a te s  in each we ight  i n t e r v a l  

r e s p e c t i v e l y .  H o r i z o n ta l  l i n e  i n d i c a t e s  mean v a l u e  o f  the  

s e l e c t e d  growth r a t e  w i t h  standard  e r r o r  of  s e l e c t e d  mean 

body w e ig h ts  in each we ig h t  group.  The number of  we ig h t  

groups is seven f o r  f i s h  fed commercial d i e t  and fo u r  f o r  

f i s h  fed  n a t u r a l  d i e t .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IN
ST

AN
TA

NE
OU

S 
GR

OW
TH

 
RA

TE
 

(% 
of

 
b

d
-w

t/
d

ay
) 

AB
SO

LU
TE

 
GR

OW
TH

 
RA

TE
 

(g
/d

ay
)

92

«

COMMERCIAL DIET
WG (c-max)

NATURAL DIET

WG (n-max) = 0 . 0 4  W0 . 70I

0

7

«

4

3

COMMERCIAL DIET 
G (c-max) = 14

2

NATURAL DIET 
G(n-max) = 3 -32  W ' ° .

O

3 0 030 40 90 t 2 0 IS O ^ 4 0 2 4 0O

MEAN BODY WEIGHT (g)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



93

0 .9 1  % o f  body w e i g h t  per  d ay  i n  c om m erc ia l  d i e t  f e e d i n g  r e s p e c t i v e l y .  

Throug h  the  w e i g h t  r a n g e ,  c a l c u l a t e d  maximum g ro w th  r a t e s  i n  s a t i a t e d  

f e e d i n g  i n d i c a t e d  t h a t  f i s h  f e d  t h e  commerc ia l  d i e t  g rew f a s t e r  th an  t h os e  

f e d  t h e  n a t u r a l  d i e t  by a f a c t o r  o f  1.1 -  3*7 f o r  t h e  i n s t a n t a n e o u s  g ro w th  

r a t e  and 1.3 -  2 .7  f o r  t h e  a b s o l u t e  g ro w t h  r a t e  r e s p e c t i v e l y .  The 

commerc ia l  d i e t  s i g n i f i c a n t l y  p ro du c ed  h i g h e r  g ro w th  r a t e s  t h a n  t h e  

n a t u r a l  d i e t  a t  s a t i a t e d  f e e d i n g  l e v e l  ( p ( F ) < 0 . 0 1 ) .

W e i g h t - S p e c i f i c  Weight  Loss in S t a r v a t i o n

A t o t a l  of  212 f i s h  in v o l v e d  in the  s t a r v a t i o n  exper im ents  showed 

the tendency t h a t  the w e i g h t  loss expressed in g /day increase d  as the  

w eig h t  of  f i s h  increased w h i l e  the  instantaneous r a t e  of  w e ig h t  loss  

expressed in p e rcent  o f  body w e ig h t  per  day decreased as the  w e ig h t  of  

f i s h  increased .  The e q u a t i o n s  o b ta in e d  f o r  w e i g h t - s p e c i f i c  a b s o l u te  and 

ins tan taneous we ig h t  loss us ing  group arrangement  were:

WGstv = 0 . 0 1 8 5  W0 . 675 ( r 2=o .99 ,  n=10) (21)

Gstv = 1 .965 W ' 0 . 330 ( r 3= 0 .9 9 ,  n=10) (22)

where WGstv and Gstv ard t h e  c a l c u l a t e d  abso lu te  and in s ta n ta n eo u s  r a te s  

of  we igh t  loss expressed in g /d ay  and % of  body w e ig h t / d a y  r e s p e c t i v e l y  a t  

the  corresponding mean body w e i g h t  (W) (see Figure  1 1 ) .  The equa t i ons  

in d i c a t e d  t h a t  the a b s o l u te  r a t e  of  w e ig h t  loss increased as w e ig h t  of  

f i s h  increased but  a r e v e r s e  p a t t e r n  was found in the in s ta n ta n eo u s  r a t e  

of  we igh t  lo s s .  As shown in  F ig u re  2 ,  as the a bso lu te  r a t e  o f  w e ig h t  loss  

in crease d ,  the v a r i a t i o n  o f  w e i g h t  loss between i n d i v i d u a l s  hav ing the  

same weights  a lso  in c r e a s e d .  The high va lues  of d e t e r m i n a t i o n
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F i g u r e  11 .

W e i g h t - s p e c i f i c  w e ig h t  loss of  s ta rv ed  f i s h :  (A) average  

d a i l y  w e i g h t  loss versus mean body w e ig h t  (WGstv v s .  W) 

and (B) ins ta n ta neous  r a t e  of  d a i l y  w e ig h t  loss versus  

mean body w e ig h t  (Gstv vs.  W) . D a t a - p o i n t s  i n d i c a t e  mean 

v a lu es  o f  w e ig h t  loss in weight  i n t e r v a l s  and the  

corr espond in g  mean body weights in group a rr an gem en t .  The 

number o f  w e ig h t  groups is 10.
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c o e f f i c i e n t s  o f  t h e  e q u a t i o n s  r e f l e c t e d  the  good f i t t i n g  o f  t h e  e q u a t i o n s  

t o  the  o b s e r v a t i o n s .

Maximum W e i g h t - S p e c i f i c  Food Consumption  Rate

When e s t i m a t e d  amounts  o f  fo o d  consumed by i n d i v i d u a l s  (Cest )  were 

r e l a t e d  t o  t h e  w e i g h t ,  t h e  maximum v a lu e s  o f  amounts o f  f o o d  consumed by 

i n d i v i d u a l s  (C es t ,  g / d a y )  tend ed  t o  i n c r e a s e  as body w e i g h t  o f  f i s h  

in c re a s e d  (see F i g u r e  1 2 ) .  The aver ag es  o f  t h e  s e l e c t e d  u p p e r  10 % v a l u e s  

(n=83 in  t h e  com m erc ia l  d i e t  f e e d i n g  and n=22 i n  t h e  n a t u r a l  d i e t  f e e d i n g )  

i n  each w e i g h t  i n t e r v a l  showed t h a t  t he  amount o f  f o od  consumed by 

i n d i v i d u a l s  (Cest)  i n c r e a s e d  as w e i g h t  o f  f i s h  i n c r e a s e d  i n  b o t h  d i e t  

ty p e s  b u t  were  a l s o  s i g n i f i c a n t l y  d i f f e r e n t  be tween two d i e t  t y p e s  

( p ( F ) < 0 . 0 1 ) .  The e q u a t i o n s  o f  t h e  w e i g h t - s p e c i f i c  maximum amount o f  f o od  

consumed (Ces t ,  g / d a y )  i n  each d i e t  type  were :

C (n-max) = 1 . 0 8 W 0 . 41 ( r J= 0 . 8 3 ,  n=k)  (23)

and

C (c-max) = 0 . 0 7 0  W°. 71 ( r 2= 0 . 9 8 ,  n=7) (21*)

Where C (n-max) and C(c-max)  a re  t h e  c a l c u l a t e d  maximum amount  o f  fo od

consumed d a i l y  ( g /d ay )  a t  t h e  c o r r e s p o n d i n g  mean body w e i g h t  (W) i n  t h e  

n a t u r a l  and t h e  c o m m erc ia l  d i e t  f e e d i n g  r e s p e c t i v e l y .  The e x p o n e n t ,  0 .71  

i n  C (c-max) was much l a r g e r  th an  t h a t  found in  C (n-max) . The e q u a t i o n s  

i n d i c a t e d  t h a t  t h e  maximum amounts o f  food consumed by i n d i v i d u a l s  

e x p o n e n t i a l l y  i n c r e a s e d  as t h e  f i s h  w e ig h t  i n c r e a s e d .  The d i f f e r e n c e  o f  

maximum fo o d  c o n s u m p t i o n  between two d i e t s  a t  t h e  same w e i g h t  d e c re a s e d  as 

w e i g h t  o f  f i s h  i n c r e a s e d ,  w h i c h  i n d i c a t e d  t h a t  t h e  f o o d  c o n s u m p t i o n  o f
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F i g u r e  12.

W e i g h t - s p e c i f i c  maximum food consumption f o r  two d i e t  

types:  (A) maximum amount o f  food consumed by i n d i v i d u a l

versus mean body w e ig h t  (Cn-max v s .  W and Cc-max v s .  W) 

and (B) maximum food consumption r a t e  versus mean body 

w eig h t  (RCn-max v s .  W and RCc-max v s .  W ) . D a t a - p o i n t s  

i n d i c a t e  r e p r e s e n t a t i v e  v a lu e s  o f  food consumption in 

weig h t  i n t e r v a l s  and the cor responding  mean body we ights  

in group ar rangem en t .  T h ic k  and t h i n  v e r t i c a l  bars  

i n d i c a t e  s ta ndard  e r r o r  and range o f  s e l e c t e d  growth r a te s  

in each we ig h t  i n t e r v a l  r e s p e c t i v e l y .  H o r i z o n t a l  l i n e  

i n d i c a t e s  mean v a l u e  of  s e l e c t e d  growth r a t e  w i t h  standard  

e r r o r  o f  s e l e c t e d  mean body we ig h ts  in each we ight  

i n t e r v a l .  The number o f  w e ig h t  i n t e r v a l s  is seven f o r  the  

commercial d i e t  and four  f o r  the  n a t u r a l  d i e t .
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f i s h  fe d  t h e  commer c ia l  d i e t  i n c r e a s e d  more r a p i d l y  than  t h a t  o f  f i s h  f ed  

t h e  n a t u r a l  d i e t  as w e i g h t  i n c r e a s e d .  However , d e t e r m i n a t i o n  

c o e f  f  i c i e n t  ( r 2) , O.83 i n  C (n-max) i n d i c a t e d  r e l a t i v e l y  poor  f i t t i n g  o f  t h e  

e q u a t i o n  t o  t h e  r e a l  o b s e r v a t i o n s  compared t o  t h e  h ig h  1r 21 v a l u e  in  C ( c -  

max) o f  O .9 8 . The c a l c u l a t e d  maximum amount o f  fo od  consumed by f i s h  

h a v i n g  4 . 3  g and 295 -2  g were  0 . 2 0  g / d a y  and 3 -97  g /d a y  i n  comm erc ia l  d i e t  

f e e d i n g  and I .96  g / d a y  and 11.13 g / d a y  in  n a t u r a l  d i e t  f e e d i n g .  For t he  

c a l c u l a t e d  amounts o f  fo o d  consumed by i n d i v i d u a l s  ( C e s t ) ,  f i s h  f e d  t h e  

n a t u r a l  d i e t  showed h i g h e r  v a l u e s  th an  t h os e  f e d  t h e  commerc ia l  d i e t  by a 

f a c t o r  o f  2 -5  -  7 -7  o v e r  t h e  w e i g h t  ran g e .

When i n d i v i d u a l  f o o d  c o n s u m p t io n  r a t e s  (RCest ,  % o f  body w e i g h t / d a y )  

we re  r e l a t e d  t o  w e i g h t  o f  f i s h ,  t h e  w e i g h t - s p e c i f i c  maximum fo od  

c o n s u m p t ion  p a t t e r n  was o p p o s i t e  t o  t h a t  f o un d  between w e i g h t  and t h e  

amount o f  fo od  consumed by i n d i v i d u a l s  ( C e s t ) .  The s e l e c t e d  v a l u e s  o f  

f o o d  c o n s u m p t ion  r a t e  i n  each w e i g h t  i n t e r v a l  tend ed  t o  d e c r e a s e  as w e i g h t  

o f  f i s h  i n c r e a s e d .  Though t h e  te nd en c y  was t h e  same in  two d i e t  t y p e s ,  

t h e  m agn i tu de  o f  fo od  c o n s u m p t i o n  r a t e  were  s i g n i f i c a n t l y  d i f f e r e n t  

be tween two d i e t s  o v e r  t h e  obs e rv e d  w e i g h t  range ( p ( T ) < 0 . 0 1 ) .  The 

e q u a t i o n s  f o r  t h e  w e i g h t - s p e c i f i c  maximum fo od  c o n s u m p t io n  r a t e  (RCmax) 

d e r i v e d  u s in g  g ro up  a r r a n g e m e n t  and r e g r e s s i o n  a n a l y s i s  f o r  each fo od  t y p e  

w e r e :

RC (n-max) = 75-&5 W ' 0 . 5 ’  ( r 2= 0 . 8 8 ,  n=4) (25)

and

RC (c-max) = 1 . h i  W  0 . 3 0 ( r 2= 0 . 9 4 ,  n=7) (26)

w he re  RC (n-max) and RC (c-max) a r e  t h e  w e i g h t - s p e c i f i c  maximum food
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co nsu mp t io n  r a t e  (% o f  body w e i g h t / d a y )  o f  f i s h  f e d  t h e  n a t u r a l  d i e t  and 

t h e  commerc ial  d i e t  r e s p e c t i v e l y  and W i s  mean body w e i g h t  o f  f i s h .  The 

e q u a t i o n s  i n d i c a t e d  t h a t  t h e  f o o d  c o n s u m p t ion  r a t e  (RCest) dec rea sed  

e x p o n e n t i a l l y  in  b o th  d i e t  f e e d i n g  as w e i g h t  o f  f i s h  i n c r e a s e d .

The c a l c u l a t e d  maximum fo o d  c o n s u m p t io n  r a t e  o f  f i s h  h a v i n g  4 . 3  g and 

295-2  g were 4 . 7 9  % o f  body w e i g h t / d a y  and 1-35 % o f  body w e i g h t / d a y  in  

t h e  commerc ial  d i e t  and 3 2 .0  % o f  body w e i g h t / d a y  and 2 .6 4  % o f  body 

w e i g h t / d a y  in  t h e  n a t u r a l  d i e t  r e s p e c t i v e l y .  F is h  f e d  t h e  n a t u r a l  d i e t  

showed h ig h e r  v a l u e s  t h a n  t h o s e  f e d  t h e  commerc ia l  d i e t  f o r  t h e  c a l c u l a t e d  

i n d i v i d u a l  f o od  c o n s u m p t i o n  r a t e  (RCest) by a f a c t o r  o f  2 . 9  -  5 - 6  o v e r  t h e  

w e i g h t  range.

Growth in R e l a t i o n  to  Food and Weight

D ur ing  t h e  e x p e r i m e n t s  a c o m p l i c a t e d  p a t t e r n  o f  g r o w t h  o f  f i s h  was 

f o u n d  in  r e l a t i o n  t o  f o o d  and w e i g h t .  The r e s u l t s  o f  a n a l y s i s  i n d i c a t e d  

t h a t  g rowth  o f  f i s h  was r e l a t e d  t o  f o o d  co nsump t i on  r a t e  and body w e i g h t  

r e g a r d l e s s  o f  d i e t  t y p e  b u t  t h e  m a g n i tu d e s  o f  g ro wth  r a t e  and fo od  

c o nsum p t i on  r a t e  were  s i g n i f i c a n t l y  d i f f e r e n t  between f i s h  f e d  d i f f e r e n t  

d i e t s .  To p r o p e r l y  e s t i m a t e  g ro w t h  r a t e  in  r e l a t i o n  t o  f o o d  t y p e ,  fo od  

consump t i on  r a t e ,  and body w e i g h t  t h e  f i s h ,  m u l t i v a r i a b l e  a n a l y s i s  was 

p e r fo rm e d  u s in g  s i m p l e  r e g r e s s i o n  a n a l y s e s  and g ro up  a r r a n g e m e n t .  The 

e q u a t i o n s  e s t a b l i s h e d  f o r  t h e  r e l a t i o n s h i p s  between g ro w t h  and i n f l u e n c i n g  

f a c t o r s  u s in g  s i m p l e  r e g r e s s i o n  a n a l y s i s  and g roup a r r a n g e m e n t  a re  

summar ized in  T a b l e  12

1) G row th -W e ig h t  r e l a t i o n s h i p  f o r  f i x e d  fo o d  c o n s u m p t ion  r a t e s
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Table  12. Summary of  group arrangement  and reg ress ion  a n a l y s i s  between 
growth r a te s  (WG and G) , food consumption (RCest and C e s t ) , 
and body w e i g h t  of  f i s h  (W) in the commercial d i e t  f e e d i n g .

12a. A b s o l . growth r a t e  (WG) v s .  Es t .  food consumption r a t e  (RCest)  
(subgroup : mean body w e ig h t )

i n t e -  
rva  1 
num.

we i g h t  
i n t e r v a l  
(mi n/max)

(g)

a b s . g ro w t h  r a t e (WG) vs  fooc1 consump t i o n  r a t e (RCest) *

number 
o f  sub 
g r o u p  

(RCest)

num.
o f
f  i sh

c o n s t ,  o f  
p r o p o r t -  
i o n a l i  t y  

(Al )

exp o ­
n e n t

(B l )

c o e f f . 
d e t e r m -  
i n a t  i on 

( r  2)

p (T) 
(Ho:
B 1=0)

1 4 / 3 0 6 46 0 .1 792 0-1 455 0 . 9 5 p<0 .001
2 3 0 /6 0 7 134 0 .3646 0 . 31 29 0 . 9 6 p<0 .001
3 6 0 /9 0 6 221 0 .4 5 74 0 .4867 0 . 9 9 p<0.001
4 9 0 /1 2 0 7 213 0 .5 864 0 .4 5 57 O.96 p<0.001
5 120/150 7 179 0 .6 362 0 .5 3 65 0 - 9 9 p < 0 .001
6 150/180 7 129 0 .7 2 05 0 . 65 26 0 - 9 9 p < 0 .001
7 180/210 4 61 0 .7795 0 .7 8 74 0 .9 1 p < 0 .001
8 210 /300 4 39 0 .8748 0 .9 1 89 0 . 8 5 p < 0 .01

*  E q u a t i o n :  1n (WG) = (A l ) +  (B l ) ln(RC)  -  1

12b. Ins tan taneous growth r a t e  (G) v s .  food 
(subgroup : mean body we ig h t )

consumption r a t e (RCest)

i n s t .  growth r a t e (G) vs food consumption r a t e  (R Cest ) *

i n te - we ight number num. c ons t ,  of expo­ c o e f f . p (T)
rva 1 i n te r v a l o f  sub of p r o p o r t - nent d e te rm - (Ho:
num. (mi n/max) group f  i sh i onal i ty i n a t  i on B2=0)

(g) (RCest) (A2) (B2) ( r 2)

1 4 /3 0 6 46 0 .6857 O.6766 0 .9 1 p < 0 .001
2 3 0 /6 0 7 134 0 .6095 0 .5 6 08 O.58 p < 0 .001
3 6 0 /9 0 6 221 0 .5682 0 .6 0 03 0 - 9 9 p<0.001
4 9 0 /1 20 7 213 0 .5728 0.4321 0 . 9 7 p<0.001
5 120/150 7 179 0.5227 0 .4 2 15 O.98 p<0.001
6 150/180 7 129 0 .5 1 83 0 .4 3 28 0 . 9 8 p<0.001
7 180/210 4 61 0.4818 0 .5 0 94 0 . 9 9 p< 0 .001
8 210 /300 4 39 0.4767 0 .4 1 96 0 - 9 9 p<0.001

*  Equat ion:  1 n (G) = (A2) + (B2) ln(RC) -  1
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T a b l e  12.  c o n t i n u e d

12c. A b s o l u t e  g ro w t h  r a t e  (WG) v s .  amount o f  consumed f o o d  (Cest)  
(sub grou p  : mean body w e i g h t  )

i n t e -  
r va  1 
num.

a bs .  g r o w t h  r a t e (WG) x amount: o f  consumed f o o d (Cest )  *

we i g h t  
i n t e r v a l  
(mi n/max)

(g)

number num. 
o f  sub o f  
g ro u p  f i s h  
(RCest)

c o n s t ,  o f  
p r o p o r t -  
i o n a l i  t y  

(A3)

ex po ­
n e n t

(B3)

c o e f f . 
d e t e r m -  
i n a t  i on 

( r  2)

P (T) 
(Ho: 
B3=0)

1 4 /3 0 6 46 0 .4147 0 . 14 13 0 . 9 3 p<0.001
2 3 0 /6 0 7 134 0.58 18 0 . 30 33 0 . 9 6 p<0.001
3 6 0 /9 0 6 221 0 .5 9 69 0 . 50 89 0 . 9 9 p<0.001
4 90 /1 20 7 213 0.56 55 0-4517 0 . 9 7 p<0.001
5 120/150 7 179 0 .4799 0 -5 033 0 . 9 9 p<0.001
6 150 /180 7 129 0 .3990 0 . 65 45 0 . 9 9 p<0.001
7 180/210 4 61 0.26 67 0.7771 0 . 9 9 p < 0 .001
8 210 /300 4 39 0.1171 O .896O 0 . 9 7 p < 0 .001

*  E q u a t i o n :  ln(WG) = (A3) +  (B3) 1 n (RC) -  1

12d. I n s t a n t a n e o u s  g r o w t h  r a t e  (G) v s .  amount o f  f o o d  consumed (Cest)  
( subg roup  : mean body w e i g h t )

i n s t .  g r o w t h  r a t e  (G) vs  da i l y  consumed fo o d (Cest)  *

i n t e - we i g h t number num. c o n s t ,  o f ex po ­ c o e f f  . p (T)
r v a  1 i n t e r v a l o f  sub o f p r o p o r t - n e n t d e t e r m - (Ho:
num. (mi n/max) g ro up f  i sh i o n a 1 i t y i n a t  i o n B4=0)

(g) (RCest) (A4) (B4) ( r 2)

1 4 / 3 0 6 46 1 .9096 0.7551 O.98 p<0.01
2 30/60 7 134 0 .9979 0 .5 4 27 O.98 p<0.001
3 6 0 /9 0 6 221 0 .7402 0.6271 0 . 9 9 p<0.001
4 90/120 7 213 0 .5 539 0 . 42 82 0 . 9 7 p<0.00 5
5 120/150 7 179 0.39 99 0 .4 1 84 O.98 p < 0 .001
6 150/180 7 129 0.30 52 0 .4 3 39 O.98 p<0.01
7 180 /210 4 61 0.1501 0 . 50 26 O.99 p<0 .05
8 210 /300 4 39 0.1309 0 .4 0 87 O.85 p<0 .05

*  E q u a t i o n :  ln (G)  = (A4) +  (B4) 1 n (RC) -  1
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Table  12. cont inued

12e. A b s o l u t e  g r o w t h  r a t e  (WG) v s .  mean body w e i g h t  (W) 
( subgroup  : f o od  co ns u m p t i on  r a t e  (RCest ) )

a b s .  g ro w t h  r a t e (WG) x mean body w e i g h t  (W)

i n te fo od  c o n - number num. c o n s t ,  o f e x p o ­ c o e f f . P (T)
r v a l sumpt i on o f  sub o f p r o p o r t - n e n t d e t e r m - (Ho:
num. i n t e r v a 1 g ro u p f  i sh i o n a 1 i t y i n a t  i on B5=0)

(mi n/max) (W) (A5) (B5) ( r 2)

1 0 . 0 / 0 .3 6 29 0 .7888 -0 .2 5 8 7 0 . 8 5 p<0.01
2 0 . 3/ 0 . 6 6 99 - 0 . 3 1 5 0 0 . 0 9 2 8 O .58* p>0.01
3 0 . 6/ 0 .9 8 221 - 0 . 8 5 5 0 0 . 2 8 0 6 0 .9 3 p<0.001
4 0 . 9/ 1 .2 8 269 - 0 .8 6 18 0 . 3 1 5 6 0 . 9 5 p<0.001
5 1. 2/ 1.5 8 217 - 0 .6 8 16 0 . 3 0 3 8 0 -9 9 p<0.001
6 1. 5 / 1 .8 6 119 - 0 . 6 8 9 4 0 . 3 3 0 2 0 .9 9 p<0.001
7 1. 8 / 2 . 4 6 75 - 0 . 7 5 3 9 0 . 3 6 4 6 O.98 p<0.001

5’; s t a t i s t i c a l l y  i n s i g n i f i c a n t  : p (T) > 0 . 01
E q u a t i o n :  ln(WG) = (A5) + (B5)

O13c

12f . I n s t a n t a n e o u s  g row th  r a t e  (G) v s .  mean body w e i g h t  (W) 
(subg roup  : fo od  co nsump t i on  r a t e  (RCest ) )

i n s t .  g ro w t h  r a t e  (G) vs  mean body w e i g h t  (W)*rs’c

i n t e ­ f o od  c o n - number num. c o n s t ,  o f e x p o ­ c o e f f . p (T)
rva  1 sumpt i on o f  sub o f p r o p o r t - n e n t d e t e r m - (Ho:
num. i n t e r v a l g ro u p f  i sh i o n a l i  t y i n a t i  on . B6=0)

(mi n/max) (W) (A6) (B6) ( r 2)

1 o . o / c . 3 6 29 - 2 .11 50 0 . 3 4 4 9 0 . 8 2 p<0.01
2 0 . 3/ 0 . 6 6 99 0.0461 0 . 0 1 1 6 0 . 03* p>0.01
3 0 . 6/ 0 . 9 8 221 0.3031 0 .0 171 0 . 2 5 * p>0.01
4 0 . 9/ 1 .2 8 269 O.7608 - 0 . 0 4 6 5 3 O.65 p<0.01
5 1. 2/ 1 .5 8 217 1.3054 - 0 . 1 3 3 9 0 . 9 0 p<0.001
6 1. 5 / 1 .8 6 119 1.4491 - 0 . 1 3 6 4 0 . 9 5 p<0.001
7 1 . 8 / 2 . 4 6 75 1.5869 - 0 . 1 4 6 7 O.96 p<0.001

*  s t a t i s t i c a l l y  i n s i g n i f i c a n t :  p (T )> 0 . 0 1
*  E q u a t i o n :  1 n (G) = (A6) +  (B6) 1 n (W) -  1 .0
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The g row th  r a t e s  o f  i n d i v i d u a l s  h a v i n g  t h e  same w e i g h t s  s h o u ld  d i f f e r  

i f  f i s h  were s u b j e c t e d  t o  d i f f e r e n t  f o o d  c o nsum p t i on  r a t e s  as f o un d  in  

c o r r e l a t i o n  a n a l y s i s .  When t h e  o b s e r v a t i o n s  o b t a i n e d  f r o m  t h e  com m erc ia l  

d i e t  e x p e r i m e n t s  (n=1024) were  g ro uped  by e s t i m a t e d  i n d i v i d u a l  f o od  

co ns u m p t i on  r a t e  (RCest) u s i n g  g ro u p  a r ra n g e m e n t  method,  t h e  e f f e c t s  o f  

fo od  c o n s u m p t ion  r a t e  on the  a b s o l u t e  g ro w t h  r a t e  o f  f i s h  h a v in g  t h e  same 

w e i g h t  o f  f i s h  were d i s t i n c t l y  r e v e a l e d  as shown in  F i g u r e  13. Each 

s i n g l e  l i n e  e x p res s e d  as 'RC' number i n d i c a t e d  a i n t e r v a l  o f  f o od  

co ns u m p t i on  r a t e  (a f i x e d  fo o d  c o n s u m p t i o n  r a t e )  i n  p e r c e n t  o f  body w e i g h t  

per  day .

For a f i x e d  fo o d  c o nsum p t i on  r a t e ,  a b s o l u t e  g row th  r a t e  i n c r e a s e d  as 

w e i g h t  o f  f i s h  i n c r e a s e d .  A t  t h e  same w e i g h t ,  a b s o l u t e  g ro w t h  r a t e  

in c r e a s e d  as 'RC' number i n c r e a s e d ,  w h i c h  i n d i c a t e d  t h a t  a b s o l u t e  g ro w t h  

r a t e  i n c r e a s e d  as fo od  c o nsum p t i on  r a t e  i n c r e a s e d .  S i m u l t a n e o u s l y ,  t h e  

d i s t a n c e  between two l i n e s ,  w h ic h  r e p r e s e n t e d  the  d i f f e r e n c e  o f  g ro w t h  

r a t e  between two f i x e d  fo od  c o n s u m p t i o n  r a t e s ,  dec reased  as 'RC' number 

i n c r e a s e d  a t  t h e  same w e i g h t .  The o v e r a l l  p a t t e r n  i n d i c a t e d  t h a t  g ro w t h  

r a t e  r a p i d l y  i n c r e a s e d  as fo od  c o n s u m p t i o n  r a t e  i n c r e a s e d  a t  low f o o d  

co ns u m p t i on  r a t e  b u t  t h e  i n c re m e n t  o f  a b s o l u t e  growth  r a t e  was reduced  as 

fo od  co ns u m p t i on  r a t e  approached maximum. The h ig h  v a l u e s  o f  ' r 21 i n  each 

e q u a t i o n  i n d i c a t e d  good f i t t i n g  o f  t h e  e q u a t i o n s  t o  t h e  o b s e r v a t i o n s .

In i n s t a n t a n e o u s  g ro wth  r a t e  (% o f  body w e i g h t / d a y ) ,  t h e  t e n d e n c y  

was e x a c t l y  o p p o s i t e  t o  t h a t  f o un d  i n  a b s o l u t e  growth  r a t e  (see F i g u r e  

14 ) .  The g ro w t h  d i f f e r e n t i a t i o n  a t  d i f f e r e n t  food c o n s u m p t i o n  r a t e  

exp resse d  as 'RC' number dec rea sed  as w e i g h t  o f  f i s h  i n c r e a s e d .  In s m a l l  

f i s h  t h e  d i f f e r e n c e  o f  g ro w t h  r a t e  a t  d i f f e r e n t  fo od  c o n s u m p t i o n  r a t e  was
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F i g u r e  13-

A b s o l u t e  g ro w t h  r a t e  v e r s u s  mean body w e i g h t  w i t h i n  f i x e d  

f o o d  c o n s u m p t i o n  r a t e s  (WG v s .  W /  RC) f o r  f i s h  f e d  t h e  

co m m erc ia l  d i e t .  RCnumber and t h e  number i n  p a r e n t h e s i s  

i n d i c a t e  g ro u p  number o f  f o od  c o n s u m p t i o n  r a t e  and range  

o f  f o od  c o n s u m p t i o n  r a t e  (% o f  body w e i g h t / d a y )  o f  

c o r r e s p o n d i n g  g ro u p  r e s p e c t i v e l y .  S o l i d  l i n e  i n d i c a t e s  

t h a t  v a l u e  o f  e x p o n e n t  o f  e q u a t i o n  i s  s i g n i f i c a n t l y  

d i f f e r e n t  f r o m  2e r o  ( p ( T )< 0 . 0 1 )  and d o t t e d  l i n e  i n d i c a t e s  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  (see T a b l e  12e f o r  

d e t a i 1s ) .
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o

RC 1: In  (WG) = ( 0 . 7888) + ( - 0 . 2587) 1 n (W) -
RC2: ln(WG) = ( - 0 . 3 1 5 0 ) +  (0 .092 8 )  l n ( W ) -
RC3: 1 n(WG) = ( - 0 . 8 5 5 0 ) +  (0 .2 806 )  I n  (W) -
RC4: ln(WG) = ( - 0 . 8 6 1 8 ) +  (0 .3156)  1 n (W)-
RC5: ln(WG) = ( - 0 . 6 8 1 6 ) +  (0 .3038)  1 n (W)-
RC6: 1 n (WG) = ( - 0 . 689M + (0 .330 2 )  1 n (W) -
RC7: In  (WG) = ( - 0 . 7 5 3 9 )  +  (0 .364 6 )  1 n (W) -Lf)

o

.3/0

3.5 4.0 4.5 5.0 5.53.02.5
MEAN BODY WEIGHT IN GRAMS (NATURAL LOG)
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F i g u r e  14.

I n s t a n t a n e o u s  g ro w t h  r a t e  v e r s u s  mean body w e i g h t  w i t h i n  

f i x e d  f o o d  fo o d  consu mp t i on  r a t e s  (G v s .  W /  RC) f o r  f i s h  

f e d  c o m m erc ia l  d i e t .  RCnumber and number i n  p a r e n t h e s i s  

i n d i c a t e  g ro up  number o f  f o od  c o n s u m p t io n  r a t e  and range 

o f  f o o d  c o n s u m p t i o n  r a t e  (% o f  body w e i g h t / d a y )  o f  

c o r r e s p o n d i n g  g ro up  r e s p e c t i v e l y .  S o l i d  l i n e  i n d i c a t e s  

t h a t  v a l u e  o f  e x ponen t  o f  e q u a t i o n  i s  s i g n i f i c a n t l y  

d i f f e r e n t  f r o m  z e r o  (p (T) <0 .0 1 )  and d o t t e d  l i n e  i n d i c a t e s  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  (see T a b l e  12f  f o r  

d e t a  i 1 s) .
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_RC4 (0 .9 / i  91

RC3 C0.6/0.9]

RC2 (0.3/0.6)

RC 1: ln (G)  = ( - 2 . 1 1 5 0 ) +  (0 .3449)  1 n (W) -  
RC2: 1 n(G) = ( 0 . 0 4 6 1 ) +  ( 0 . 0 1 1 6) 1 n (W) -  
RC3: ln (G)  = (O.3031) +  ( 0 .0 1 7 1 )  In  (W)-  
RC4: In  (G) = (0 . 7608) + ( - 0 . 0 4 6 5 )  1 n (W) -  
RC5: ln (G)  = ( 1 . 3 0 5 4 ) +  ( - 0 . 1339) 1 n (W) -  
RC6 : ln (G)  = ( 1 . 4 4 9 1 ) +  ( - 0 .1 3 6 4 )  1 n (W)-  
RC7: l n (G )  = (1 .5869)  + ( - 0 . l 4 & 7 )  l n ( W ) -

2.5 3.0 3.5 4.0 4.5 5.0 5.5
MEAN BODY WEIGHT IN GRAMS (NATURAL LOG)
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l a r g e  b u t  t h e  d i f f e r e n c e  d e c r e a s e d  as w e i g h t  o f  f i s h  i n c r e a s e d .  the  

e q u a t i o n s  o b t a i n e d  f r om  each f i x e d  f o o d  co ns u m p t i on  r a t e  (0 . 3  % i n t e r v a l )  

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

c o e f f i c i e n t s  ( r 2) h i g h e r  t h a n  O.85 ( m o s t l y  h i g h e r  th an  0 .9 5 )  e x c e p t  f o r  

two i n s i g n i f i c a n t  s l o p e s  o f  r e g r e s s i o n  l i n e s  f o un d  f r om  fo o d  co ns u m p t i on  

l e v e l s  o f  0 . 3  _ 0 . 6  % o f  body w e i g h t / d a y  and 0 . 6  -  0 . 9  % body w e i g h t / d a y  

(RC2, r 2= 0 . 0 3 , p (T )> 0 .01 and RC3. r 2= 0 . 2 5 ,  p (T )>0 .01)  (see T a b l e  1 2 f ) .

S i m i l a r  r e s u l t s  were  o b t a i n e d  i n  t h e  a b s o l u t e  g ro w t h  r a t e  e x c e p t  f o r  t h e

poor  f i t t i n g  a t  t h e  l ow e r  f o o d  c o n s u m p t i o n  r a t e  ( l e s s  th a n  1 .2  % o f  body

w e i g h t  per  day) (see T a b l e  12e) .

C e r t a i n  u n i f o r m  t r e n d s  w e re  f o u n d  between t h e  e x p o n e n t s  and between 

t h e  c o n s t a n t s  o f  p r o p o r t i o n a l i t y  o f  t h e  e q u a t i o n s  f o r  t h e  seven grouped 

fo od  co ns u m p t i on  r a t e s .  The c o n s t a n t s  o f  p r o p o r t i o n a l i t y  i n c r e a s e d  as t h e  

f o o d  co ns u m p t i on  r a t e s  i n c r e a s e d  w h i l e  t h e  e x po ne n ts  d e c r e a s e d  as t h e  fo o d  

co nsum p t i on  r a t e s  i n c r e a s e d .  The t e n d e n c i e s  f ound  in  b o t h  e x po ne n ts  and 

t h e  c o n s t a n t s  o f  p r o p o r t i o n a l i t y  showed r e l a t i o n s h i p s  w i t h  fo od  

co nsum p t i on  r a t e  and r e v e a l e d  good f i t t i n g  t o  a power f u n c t i o n  o f  t h e  f o o d  

c o nsum p t i on  r a t e .  Us ing  t h e s e  e q u a t i o n s  a g e n e r a l i z e d  e q u a t i o n  was 

deve lope d  t o  d e s c r i b e  t h e  i n s t a n t a n e o u s  g ro w t h  o f  t h e  f i s h  as a p r i m a r y  

f u n c t i o n  o f  t h e  w e i g h t  and t h e  s e c o n d a ry  f u n c t i o n  o f  t h e  f o o d  c o n s u m p t ion  

r a t e :

Ln G(c) =Ln ( A l ) +  (B l )  Ln (W) -  Cl (27)

Al  = 2 .2 8 0  (RC)1 . 2 4  4 6 ( r 2= 0 . 9 8 , n=7)

Bl = 0 . 9 3 ^  (RC) - ° . i ss t  _ c2 ( r 2=0 . 9 2 , n=7)

Cl = 1, and C2 = 1
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where G(c) i s  t h e  i n s t a n t a n e o u s  g ro w t h  r a t e  (% o f  body w e i g h t / d a y )  o f  a 

f i s h  w h ic h  w e ig hs  'W  i n  grams and consumes fo od  a t  'RC' l e v e l  (% o f  body 

w e i g h t / d a y ) .  The c o n s t a n t s  o f  p r o p o r t i o n a l i t y  (Al )  and t h e  e x p o n e n t s  (Bl )  

were  exp resse d  as a power  f u n c t i o n  o f  t h e  fo od  c o n s u m p t i o n  r a t e  (RC) w h i l e  

Cl and C2 were  c o r r e c t i o n  c o n s t a n t s .  The r e s u l t a n t s  o f  t h e  e q u a t i o n  were  

shown i n  F i g u r e  15- The i n s t a n t a n e o u s  g rowth  r a t e  i n t e g r a t e d  t o  z e r o  as 

t he  w e i g h t  o f  f i s h  i n c r e a s e d  w h i l e  t h e  g rowth  r a t e s  a lw a ys  i n c r e a s e d  as 

food c o ns u m p t ion  r a t e s  i n c r e a s e d .  The p a t t e r n  shown in  t h e  f i g u r e  

c o i n c i d e d  w i t h  t h e  o b s e r v a t i o n s  n o t  o n l y  in  t e n d e n c i e s  b u t  a l s o  in  

m agn i tude  o f  t h e  g ro w t h  r a t e  o f  t h e  f i s h .  However , t h e  maximum fo od  

c o nsum p t i on  r a t e  was a f u n c t i o n  o f  w e i g h t  as shown i n  e q u a t i o n  26 and t h e  

l i m i t  o f  p o t e n t i a l  g r o w t h  r a t e  o f  a f i s h  a t  a g i v e n  w e i g h t  was a l s o  

s u b j e c t e d  t o  t h e  maximum l i m i t  o f  w e i g h t - s p e c i f i c  f o o d  c o n s u m p t i o n  r a t e  o f  

t he  i n d i v i d u a l .  The e s t i m a t e d  g r o w t h  r a t e  in  t h e  maximum f o o d  c o ns u m p t ion  

r a t e  ( e q u a t i o n  27) showed good f i t t i n g  ( l e s s  t h an  10 %) t o  t h e  c a l c u l a t e d  

maximum i n s t a n t a n e o u s  g r o w t h  r a t e  (see e q u a t i o n  20) i n  t h e  w e i g h t  range 

f rom  60 g t o  240 g .  However ,  t h e  l a r g e s t  d i f f e r e n c e  (31 %) be tween  t h e  two 

v a lu e s  o c c u r r e d  a t  t h e  s m a l l e s t  s i z e  o f  t h e  t e s t  f i s h  ( 4 .3  g) .

The f i s h  f e d  t h e  n a t u r a l  d i e t  (n=27&) showed poo r  r e l a t i o n  between 

the  g ro w t h  r a t e s  and f o o d  c o n s u m p t i o n  r a t e  a t  t h e  same body w e i g h t .

Though t h e  r e l a t i o n s h i p  between  i n s t a n t a n e o u s  g ro w t h  r a t e  and mean body 

w e i g h t  c o u l d  be e x p r e s s e d  as e x p o n e n t i a l  e q u a t i o n  f o r  f i s h  consumed more 

than  6 % o f  t he  body w e i g h t / d a y  and f o r  f i s h  f e d  l e s s  t h a n  2 % o f  t h e  

body w e i g h t / d a y  , no c o n s i s t e n t  t r e n d  was found between  g r o w t h  and w e i g h t  

a t  i n t e r m e d i a t e  f e e d i n g  l e v e l s  w i t h  low v a lu e s  o f  d e t e r m i n a t i o n  

c o e f f i c i e n t s  ( r 2 < 0 . 3 & ) -
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F i g u r e  15-

O v era l l  r e l a t i o n s h i p  between instantaneous growth r a t e  (G, 

% o f  body w e i g h t / d a y ) ,  food consumption r a t e  (RCest,  % of  

body w e ig h t / da y )  and we ig h t  (W, g) of  f i s h  fed  commercial  

d i e t  in th r e e -d im e n s i o n a l  a r r a y  (see equ a t i on  27 f o r  

deta i 1s ) .
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1) Growth  r e l a t e d  t o  f o od  c o n s u m p t io n  r a t e  f o r  f i x e d  w e i g h t s

When t h e  a b s o l u t e  g ro w t h  r a t e  o f  f i s h  f e d  t h e  comm erc ia l  d i e t  was 

r e l a t e d  t o  c o n t i n u o u s  f o o d  c o n s u m p t io n  r a t e  (R C es t ) ,  a p a t t e r n  s i m i l a r  t o  

t h a t  f o u n d  i n  t h e  p r e v i o u s  s e c t i o n  was o b s e r v e d .  The v a r i a t i o n  o f  t h e  

a b s o l u t e  g ro w t h  r a t e s  between each w e i g h t  i n t e r v a l  (a f i x e d  w e i g h t  g roup)  

a t  t h e  same fo od  c o n s u m p t ion  r a t e  i n c r e a s e d  as t h e  fo o d  c o n s u m p t i o n  r a t e s  

i n c r e a s e d .  In g ro up  a r r a n g e m e n t ,  a c o n s i s t e n t  te nd en c y  was fo und  as shown 

i n  F i g u r e  16. The d i f f e r e n c e  o f  t h e  a b s o l u t e  g ro w t h  r a t e s  between w e i g h t  

g ro up s  i n c r e a s e d  as t h e  fo o d  c o n s u m p t i o n  r a t e  i n c r e a s e d .  A t  t he  same fo od  

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

w e i g h t  g ro up s  dec reased  as w e i g h t  i n c r e a s e d .  The e q u a t i o n s  d e r i v e d  f o r  

a b s o l u t e  g ro w t h  r a t e  in  r e l a t i o n  t o  f o od  c o n s u m p t io n  r a t e  f o r  t h e  s m a l l e s t  

(A- 3 0  g) and t h e  l a r g e s t  (210 -300 g) w e i g h t  g roup s  o f  f i s h  w e re :

GW ( c -A /3 0 )  = 1 .1 982 (RC) o , i * 55 _ C1 ( r  2=0.95» n=6) (28)

GW(c-210/300)  = 2 . 50 58  ( R C ) ° » -  Cl ( r 2= 0 . 9 6 ,  n=4) (29)

w he re  GW(c-A/30)  and GW (Cc-A/30 )  r e p r e s e n t  t h e  a b s o l u t e  g ro w t h  r a t e s  o f  

f i s h  w e i g h i n g  k .0 -  30 -0  g and 210 -  300 g a t  t h e  c o r r e s p o n d i n g  i n d i v i d u a l  

fo o d  c o n s u m p t i o n  r a t e  (RC, % o f  body w e i g h t / d a y )  o f  f i s h  f ed  th e  

com m erc ia l  d i e t  r e s p e c t i v e l y  and Cl i s  a c o r r e c t i o n  c o n s t a n t  (Cl = 1 ) .  

Though t h e  number o f  t h e  r e p r e s e n t a t i v e  v a l u e s  i n  each s u b - g r o u p  (a 

component  o f  m a t r i x  c o n s i s t e d  o f  g roup ed  fo o d  c o n s u m p t ion  r a t e  and w e i g h t )  

were  s m a l l  (n=A~7) , t h e  e q u a t i o n s  d e r i v e d  i n  each w e i g h t  g ro up  showed good 

f i t t i n g  t o  t h e  r e a l  o b s e r v a t i o n s  w i t h  t h e  h ig h  v a l u e s  o f  d e t e r m i n a t i o n
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F i g u r e  16.

A b s o l u t e  g r o w t h  r a t e  v e r s u s  f o o d  consump t i on  r a t e  w i t h i n  

f i x e d  w e i g h t s  (WG v s .  RC /  W) f o r  f i s h  f e d  c o m m erc ia l  d i e t  

The ' n ' n u m b e r  and number i n  p a r e n t h e s i s  i n d i c a t e  g r o u p  

number o f  w e i g h t  and ran ge  o f  w e i g h t  o f  c o r r e s p o n d i n g  

g ro u p  (grams)  (see T a b l e  12a f o r  d e t a i l s ) .
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n 1: 
n 2 : 
n3:  
n4:  
n5:  
n 6 : 
n 7 : 
n 8 :

1 n (WG) = ( 0 .1 79 2 )  +  (0. 
1 n (WG) = (0.  3646) +  (0, 
1 n (WG) = (0 .  1*57*0 +  (0, 
1 n(WG) = ( 0 . 5 8 6 4 ) +  (0. 
1 n(WG) = ( 0 .6362 )  +  (0. 
1 n(WG) = ( 0 . 7 2 0 5 ) +  (0. 
ln(WG) = ( 0 .7795 )  +  (0. 
1 n(WG) = ( 0 . 8 7 4 8 ) +  (0.
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c o e f f i c i e n t s  ( r 2= 0 .8 5  -  0 - 9 9 .  p ( T ) < 0 . 0 1 )  (see T a b l e  1 2 a ) .  S i n c e  the  

averages o f  mean body w e i g h t  and a b s o l u t e  g ro w t h  r a t e  o f  f i s h  i n  each sub ­

group were  used t o  d e r i v e  t he  e q u a t i o n  f o r  each w e i g h t  g r o u p ,  t h e  b e s t  

f i t t i n g  o f  t h e  e q u a t i o n  f o r  each w e i g h t  g roup o c c u r r e d  a t  t h e  ave rag e  o f  

mean body w e i g h t  o f  each w e i g h t  s u b - g r o u p .

When t h e  e q u a t i o n s  ( a b s o l u t e  g ro w t h  r a t e  v e r s u s  f o o d  c o n s u m p t i o n  

r a t e )  o b t a i n e d  f r o m  e i g h t  w e i g h t  g ro up s  were compared,  some t r e n d s  were  

found  between the  e x p o n e n t s  and between th e  c o n s t a n t s  o f  p r o p o r t i o n a l i t y  

o f  the  e q u a t i o n s  (see T a b l e  12a ) .  The v a lu e s  o f  e x po ne n t  and c o n s t a n t  o f  

p r o p o r t i o n a l i t y  o f  t h e  e q u a t i o n  f o r  each group i n c r e a s e d  as g ro u p  w e i g h t  

i n c r e a s e d .  A g e n e r a l i z e d  e q u a t i o n  was d e r i v e d  by e x p r e s s i n g  t h e  e x p o n e n t s  

and the  c o n s t a n t s  o f  p r o p o r t i o n a l i t y  as a l i n e a r  f u n c t i o n  and power 

f u n c t i o n  o f  t he  w e i g h t  r e s p e c t i v e l y .  The g e n e r a l i z e d  e x p r e s s i o n  was:

l n  WG (c) = 1 n (A3) +  (B3) ln(RC)  -  Cl (30)

A3 = 1 .1541 +  0 .00 5  (W) ( r 2= 0 . 9 9 ,  n=8)

B3 = 0 .0 0 9 1 6  W0 . ‘ , e « ( r 2=0 .9 7  n=8)

Cl = 1 . 0

where  WG (c) i s  t h e  a b s o l u t e  g ro w t h  r a t e  o f  t h e  f i s h  f e d  t h e  commerc ia l  

d i e t  a t  th e  c o r r e s p o n d i n g  fo od  c o n s u m p t io n  r a t e  (RC, % o f  body w e i g h t / d a y )  

and mean body w e i g h t  (W, g r a m s ) . 'A 3 '  and ' B3 ' a re  t h e  c o n s t a n t s  o f

p r o p o r t i o n a l i t y  and t h e  e x p o n e n t s ,  r e s p e c t i v e l y  and Cl i s  t h e  c o r r e c t i o n  

c o n s t a n t .  The e q u a t i o n  was e x p r e s s e d  as a p r i m a r y  power f u n c t i o n  o f  f o od  

consump t i on  r a t e  and a s e c o n d a ry  l i n e a r  and power f u n c t i o n  o f  w e i g h t  o f  

f i s h .  The c o n s t a n t s  o f  p r o p o r t i o n a l i t y  were d e s c r i b e d  as a l i n e a r  

e x p r e s s i o n  r a t h e r  th a n  a power  f u n c t i o n  o f  t he  w e i g h t  due t o  t h e  b e t t e r
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f i t t i n g  th a n  t h e  power  f u n c t i o n  ( r 2= 0 . 9 4 ) .  The o v e r a l l  r e l a t i o n s h i p  

between t h e  t h r e e  e q u a t i o n s  a re  shown i n  F i g u r e  17-

The e s t i m a t e d  a b s o l u t e  g ro w t h  r a t e  i n  r e l a t i o n  t o  f o od  and w e i g h t  

u s i n g  e q u a t i o n  30 s h o u ld  be j u s t i f i e d  by  t h e  w e i g h t - s p e c i f i c  maximum fo od  

c o n s u m p t ion  r a t e  ( e q u a t i o n  26) as w e l l  as t h e  g e n e r a l i z e d  e q u a t i o n  f o r  

i n s t a n t a n e o u s  g ro w t h  r a t e  s i n c e  no fo o d  c o n s u m p t i o n  r a t e  h i g h e r  th a n  t h e  

l i m i t  d e t e r m i n e d  by t h e  e q u a t i o n  26 was e x p e c t e d  i n  t h i s  f e e d i n g  

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

e q u a t i o n  30 was a l s o  s u b j e c t e d  w e i g h t - s p e c i f i c  maximum fo od  c o nsum p t i on  

r a t e .

The v a l u e s  e s t i m a t e d  f r om  t h e  e q u a t i o n  showed c l o s e  f i t t i n g  t o  t h e  

c a l c u l a t e d  v a l u e s  f r o m  th e  maximum g r o w t h  r a t e  o f  t h e  f i s h  ( e q u a t i o n  19) .  

The f i s h  w e i g h i n g  4 . 3  g and h a v in g  maximum f o o d  c o n s u m p t io n  r a t e ,  4 . 7 9  % 

o f  body w e i g h t  per  day  r e v e a l e d  0 . 2 3  g / d a y  f o r  t h e  e s t i m a t e d  a b s o l u t e  

g ro w th  r a t e  f r om  e q u a t i o n  30 and 0 . 3 0  g / d a y  f o r  t h e  c a l c u l a t e d  maximum 

a b s o l u t e  g ro w t h  r a t e  f r om  t h e  e q u a t i o n  19 r e s p e c t i v e l y  w h i l e  295*2 g f i s h  

had 2 .6 9  g / d a y  and 2 .6 4  g /d a y  f o r  e s t i m a t e d  g ro w t h  r a t e  a t  maximum fo od  

c o n s u m p t ion  r a t e  (R C e s t= l - 3 5  % o f  body w e i g h t / d a y )  and c a l c u l a t e d  maximum 

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

between t h e  c a l c u l a t e d  and the  e s t i m a t e d  v a l u e s  (23 %) o c c u r r e d  f o r  the  

s m a l l e s t  f i s h  ( 4 .3  g ) • The d i f f e r e n c e  was l e s s  t h a n  10 % in  t h e  w e i g h t  

range between 20 g and 210 g.

When i n s t a n t a n e o u s  g ro w th  r a t e  was e s t i m a t e d  u s i n g  the  same method,  

t h e  p a t t e r n  was s i m i l a r  t o  t h a t  f o un d  i n  a b s o l u t e  g ro w t h  r a t e  r e l a t e d  t o  

fo o d  c o n s u m p t i o n  r a t e  f o r  f i x e d  w e i g h t  g r o u p s .  The i n s t a n t a n e o u s  g ro w th  

r a t e  i n c r e a s e d  as fo o d  c o nsum p t i on  r a t e  i n c r e a s e d ,  b u t  t h e  v a r i a t i o n  o f
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F i g u r e  17 •

O v e r a l l  r e l a t i o n s h i p  between a b s o l u t e  growth r a t e  (WG, 

g / d a y ) , food consumption r a t e  (RCest ,  % of  body 

w e ig h t / d a y )  and weight  (W, g) o f  f i s h  fed  commercial d i e t  

in th r ee -d im en s io n a l  a r r a y  (see e q u a t i o n  30 f o r  d e t a i l s )  

Dotted area  in d ic a t e s  n e g a t i v e  v a l u e s  of  a b s o lu te  growth 

r a t e .
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F i g u r e  18

Instantaneous growth r a t e  versus food consumption r a t e  

w i t h i n  f i x e d  w e ig h ts  (G v s .  RC /  W) f o r  f i s h  fed  

commercial d i e t  ( n = 1 0 2 4 ) . The 'n'number and number in 

p a r e n th e s i s  i n d i c a t e  group number of we ig h t  and the  range  

of  we ig h t  of  cor responding  we igh t  groups (grams) (see 

T a b le  12b f o r  d e t a i l s ) .
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1 n (G) = ( 0 .5728 )  +  (0 
l n (G )  = (0 .5 227 )  +  (0 
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g ro w t h  r a t e  between t h e  w e i g h t  g ro u p s  a t  t he  same fo o d  consump t ion  r a t e  

was much l e s s  th a n  t h a t  f o un d  i n  t h e  a b s o l u t e  g ro w t h  r a t e  (see F i g u r e  18) . 

However,  an o p p o s i t e  t r e n d  t o  t h e  a b s o l u t e  g ro w t h  r a t e  was found i n  the  

i n s t a n t a n e o u s  g ro w t h  r a t e s ,  i n  w h i c h  t h e  upp er  v a l u e s  o f  the  g ro w t h  r a t e s  

were  m o s t l y  o b t a i n e d  f r om  t h e  g ro u p s  o f  s m a l l  f i s h  and the  lower v a l u e s  

were  m o s t l y  o b t a i n e d  f r o m  t h e  g ro up s  o f  l a r g e  f i s h .  The i n s t a n t a n e o u s  

g ro w t h  r a t e  te nded  t o  i n c r e a s e  as t h e  w e i g h t  d ec rea s ed  a t  the  h ig h  fo od

c o n s u m p t i o n  r a t e  (above 0 . 9  % o f  body w e i g h t  per  day) b u t  the  t e ndency  was

n o t  a p p a r e n t  when t h e  fo od  c o n s u m p t i o n  r a t e s  were  l ow e r  than 0 -9  % o f  t h e  

mean body w e i g h t  p e r  day .

The e q u a t i o n s  d e r i v e d  f o r  i n s t a n t a n e o u s  g ro w t h  r a t e  in  r e l a t i o n  t o  

fo o d  c o n s u m p t i o n  r a t e  (% o f  body w e i g h t  / d a y )  i n  t he  s m a l l e s t  w e i g h t  

g roup  (1+-30 g) and t h e  l a r g e s t  w e i g h t  g ro up  (210 -3 00  g) o f  f i s h  w e re :

G ( c - l + / 30) = 1-932 (RC) 0 . 6 7 « (,-2=0 . 9 1 , n=6) (31)

G ( c -2 1 0 /3 0 0 )  = 1.611 (RC) ° . 4 2 0 ( r  2= 0 . 9 9 ,  n=l») (32)

whe re  G (c - l+ /30)  and G ( c -2 1 0 / 3 0 0 )  a r e  t h e  i n s t a n t a n e o u s  growth  r a t e s  (% o f

body w e i g h t / d a y )  o f  t h e  f i s h  w e i g h i n g  4 -  30 g and 210 -  300 g

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

t h e  commer c ia l  d i e t  (see T a b l e  1 2 b ) .  The e s t i m a t e d  i n s t a n t a n e o u s  g ro w t h  

r a t e  f o r  t h e  s m a l l e s t  f i s h  ( 4 . 3  g) d e t e r m i n e d  f r o m  t h e  e q u a t i o n  was 5 -5 7  % 

o f  body w e i g h t / d a y  a t  t h e  maximum fo o d  c o n s u m p t i o n  r a t e  (4 .79 % o f  body 

w e i g h t / d a y ) .  T h i s  was 38 % l ow e r  th a n  t h e  v a l u e  fo und  in  the  maximum 

i n s t a n t a n e o u s  g r o w t h  r a t e  c a l c u l a t e d  f r om  t h e  maximum g ro wth  r a t e  

( e q u a t i o n  20,  7 -2 7  % o f  body w e i g h t / d a y ) .  The e s t i m a t e d  v a lu e s  showed 

c l o s e  f i t t i n g  t o  t h e  c a l c u l a t e d  v a l u e  f o r  l a r g e r  f i s h .  The f i s h  h a v in g
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mean body w e ig h t  o f  295«2 g showed 6 % d i f f e r e n c e  between t h e  e s t i m a t e d  

and c a l c u l a t e d  v a l u e s .  No g e n e r a l i z e d  e q u a t i o n  was a v a i l a b l e  s i n c e  no 

u n i f o r m  t r e n d s  were  f ound  be tw een  t h e  e x p o n e n t s  and between t h e  c o n s t a n t s  

o f  p r o p o r t i o n a l i t y  o f  t h e  e q u a t i o n s s  o b t a i n e d  f r om  e i g h t  w e i g h t  g ro up s  

(p (F) > 0 .2 )  .

When i n s t a n t a n e o u s  g ro w t h  r a t e  was r e l a t e d  t o  t he  amount o f  t h e  fo o d  

consumed by i n d i v i d u a l s  (C, g / d a y ) ,  t h e  d i f f e r e n c e  o f  t h e  i n s t a n t a n e o u s  

g ro w t h  r a t e  between w e i g h t  g ro u p s  o f  f i s h  i n c r e a s e d  as t h e  amount o f  f o o d  

consumed (C, g /day)  i n c r e a s e d  as shown i n  F i g u r e  19 and T a b l e  12d.

However ,  no c o n s i s t e n t  t r e n d  was fo und  between w e i g h t  g ro ups  in  t h e  

i n s t a n t a n e o u s  g ro w t h  r a t e s  r e l a t e d  t o  amount o f  fo od  consumed (see T a b l e  

12d) . The e q u a t i o n s  o b t a i n e d  f r o m  two w e i g h t  g roups (n3 and n7) showed 

h i g h e r  v a l u e s  o f  e x po ne n ts  t h a n  t h o s e  fo un d  f r o m  t h e  r e s t  o f  t h e  w e i g h t  

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

as amount o f  food consumed by f i s h  (C e s t ,  g /d a y )  i n c r e a s e d .  The e q u a t i o n  

d e r i v e d  i n  each w e i g h t  g ro up  u s i n g  g ro u p  a r ran ge m en t  showed good f i t t i n g  

t o  t h e  observed v a l u e s  w i t h  h i g h  v a l u e s  o f  d e t e r m i n a t i o n  c o e f f i c i e n t s  ( r 2> 

0 - 9 5 ) .  However, a g e n e r a l i z e d  e q u a t i o n  c o u l d  n o t  be d e r i v e d  s i n c e  no 

u n i f o r m  t r e n d s  were  f ound  be tw een  t h e  e xp o n e n t s  and between t h e  c o n s t a n t s  

o f  p r o p o r t i o n a l i t y  o f  t h e  e q u a t i o n s  o b t a i n e d  f r o m  e i g h t  w e i g h t  g ro ups 

( p ( F ) > 0 . 0 5 )  (see T a b l e  12e ) .

Food Consumption f o r  Maintenance

The l e v e l  o f  t h e  f o od  c o n s u m p t i o n  r e s u l t i n g  in  no w e i g h t  g a in  o r  l o s s  

was reg a rded  as t h e  fo o d  c o n s u m p t i o n  r a t e  (% o f  body w e i g h t / d a y )  f o r  

m a in t e n a n c e .  I t  v a r i e d  d e p e n d in g  on t h e  f o od  t y p e  and t h e  w e i g h t  o f  t h e
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F i g u r e  19-

I n s t a n t a n e o u s  g ro w t h  r a t e  v e r s u s  amount o f  fo od  consumed 

w i t h i n  f i x e d  w e i g h t s  (G v s .  C /  W) f o r  f i s h  f e d  comm erc ia l  

d i e t .  The 'n ' n u m b e r  and number i n  p a r e n t h e s i s  i n d i c a t e  

g ro up  number o f  w e i g h t  and t h e  range o f  w e i g h t  o f  

c o r r e s p o n d i n g  w e i g h t  g ro up s  (grams) (see T a b l e  12d f o r  

d e t a  i 1s ) .
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n l : 
n2 : 
n3:  
n4:  
n5 :
n6 :
r>7 ’•
n8 :

1 n (G) = (1 . 9 0 9 6 ) +  (0 
1 n(G) = (O.9979) + (0 
1 n (G) = (0 .7402)  + (0 
1 n(G) = (O.5539 ) + (0 
1 n (G) = ( 0 . 3999) + (0 
1 n(G) = ( 0 . 3 0 5 2 ) +  (0 
ln (G)  = (0 .150 1 )  + (0 
1 n (G) = (0.1 309) + (0

• 7 5 5 0  1 n (C) -  
.5^27)  1 n (C) -  
.6271)  1 n (C) -  
.4282) 1 n (C) -  
4184) I n  (C) -  
4339) 1 n (C) -  
5026)  1 n (C) -  
4087) 1 n (C) -

CM

CO
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AMOUNT OF FOOD CONSUMED IN GRAMS PER DAY (NATURAL LOG)
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f i s h .  A t o t a l  o f  117 f i s h  showed no w e i g h t  changes d u r i n g  t h e  g ro w t h  

e x p e r im e n t s  (n=1298,  a t o t a l  o f  88 f i s h  i n  t h e  co m m erc ia l  d i e t  e x p e r i m e n t s  

and 29 f i s h  in  th e  n a t u r a l  d i e t  f e e d i n g  e x p e r i m e n t s ) .  E s t im a t e d  

i n d i v i d u a l  fo o d  c o n s u m p t i o n  r a t e  (RCest ,  % o f  body w e i g h t / d a y )  o f  f i s h  

showing no w e i g h t  chan ge  tend ed  t o  d ec re a s e  as t h e  w e i g h t  o f  t h e  f i s h  

i n c r e a s e d .  The e q u a t i o n s  d e r i v e d  f r o m  t h e  o b s e r v a t i o n s  f o r  two fo o d  t y p e s  

u s in g  t h e  g ro up  a r r a n g e m e n t  and r e g r e s s i o n  a n a l y s i s  w e re :

RC(n-man) = 2 2 . 5 3  W ' 0 . * ’  ( r 2= 0 . 9 6 ,  n=7) (33)

and

RC(c-man) = 1 .4 50  W * ° . 21« ( r 2= 0 . 6 9 ,  n=7) (34)

where RC (n-man) and RC(c-man) r e p r e s e n t e d  t h e  e s t i m a t e d  i n d i v i d u a l  fo od  

co ns u m p t i on  r a t e s  (% o f  body w e i g h t / d a y )  r e s u l t i n g  in  no w e i g h t  change a t  

t h e  c o r r e s p o n d i n g  mean body w e i g h t  o f  f i s h  (W, grams)  f e d  t h e  n a t u r a l  d i e t  

and t h e  co mm erc ia l  d i e t  r e s p e c t i v e l y .  The e q u a t i o n s  i n d i c a t e d  t h a t  t h e  

ma in ten an c e  fo o d  c o n s u m p t i o n  r a t e  dec reased  f a s t e r  in  t h e  n a t u r a l  d i e t  

f e e d i n g  as t h e  w e i g h t  o f  t h e  f i s h  i n c r e a s e d .  A t  t h e  same body w e i g h t  f i s h  

f e d  t h e  n a t u r a l  d i e t  consumed more f o o d  th an  th o s e  f e d  t h e  comm erc ia l  d i e t  

by a f a c t o r  o f  3 -2  -  8 . 8  t o  m a i n t a i n  t h e i r  body w e i g h t  o v e r  t h e  obs e rv e d  

w e i g h t  ran ge  ( 4 .3  -  2 9 5 -2  g ) .

Food C o n v e r s i o n  Ra te

Food c o n v e r s i o n  r a t e  ( g ro s s  g ro w t h  e f f i c i e n c y ,  Fm) i s  a c o m p a r a t i v e  

v a l u e  be tween  a b s o l u t e  g ro w t h  r a t e  (g /day )  and t h e  amount o f  fo o d  consumed 

by a f i s h  ( g /d ay )  i n  p r o d u c i n g  t h e  a b s o l u t e  g ro w t h  r a t e .  An a l t e r n a t i v e  

common e x p r e s s i o n  f o r  f o o d  c o n v e r s i o n  e f f i c i e n c y  i n  f e e d i n g  s t u d y  o f
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a q u a c u l t u r e  i s  a wet  w e i g h t  r a t i o  be tween t h e  amount o f  fo od  consumed and 

t h e  r e s u l t e d  a b s o l u t e  g ro w t h  r a t e  o f  f i s h  (Fc = C : WG) .

Th ro ug h  t h e  g ro w t h  e x p e r i m e n t s ,  a ve ra g e  fo o d  c o n v e r s i o n  r a t e  o f  each 

e x p e r i m e n t  ranged  f r om  0 . 0 6  t o  0 . 9 2  (Fc= 1 6 .8 :1  -  1 . 1 : 1 ) .  Poor f o od  

c o n v e r s i o n  r a t e s  were  commonly o b s e rv e d  i n  t h e  n a t u r a l  d i e t  f e e d i n g  

e x p e r i m e n t s  (Fm=0.06 -  0 . 2 3  o r  F c = l 6 . 8 : 1 - 4 . 3 : 1 )  where  t he  aver ag e  fo od  

c o n s u m p t i o n  r a t e  o f  each e x p e r i m e n t  ranged 1 .9  -  5 *0  % o f  body w e i g h t / d a y .  

The h i g h e s t  ave rag e  fo o d  c o n v e r s i o n  r a t e  (Fm=0.23) was obs e rv e d  in  

e x p e r i m e n t  9b where  t h e  f o od  c o n s u m p t i o n  r a t e  (RCm) was 2 . 5  % o f  body 

w e i g h t / d a y  (see T a b l e  4 ) .

In  t h e  s a t i a t e d  commer c ia l  d i e t  f e e d i n g  e x p e r i m e n t s  ( e x p e r im e n t  5 .

6, 7 .  8 ,  and 9 c ) ,  f o od  c o n v e r s i o n  r a t e s  ranged f r o m  0 .6 0  t o  0 -9 2  ( F c = 1 . 7 : l  

-  1 . 1 : 1 )  w h i l e  t h e  a v e r a g e  fo o d  c o n s u m p t i o n  r a t e  o f  each e x p e r i m e n t  ranged 

0 . 9  -  1 .5 % o f  body w e i g h t / d a y .  G e n e r a l l y ,  much h i g h e r  f o od  c o n v e r s i o n  

r a t e s  we re  r e c o r d e d  in  t h e  com m erc ia l  d i e t  o v e r  t h e  t e s t  f e e d i n g  l e v e l  

(see A p pend ix  C ) . In  r educed  c om m erc ia l  d i e t  f e e d i n g  e x p e r im e n ts  

( e x p e r i m e n t  4,  12, and 9 b ) ,  t h e  f o o d  c o n v e r s i o n  r a t e s  o f  each e x p e r i m e n t  

ran ge d  f r om  O.52 -  0 . 9 2  ( F c = 2 . 0 : l  -  1 . 1 : 1 )  w i t h  t h e  ave rag e  t h e  fo od  

c o n s u m p t i o n  r a t e s  (RCm) r a n g i n g  0 . 8  -  1 .0  % o f  body w e i g h t / d a y .  The 

h i g h e s t  ave rage  fo o d  c o n v e r s i o n  r a t e  was found  i n  reduced comm erc ia l  d i e t  

f e e d i n g  ( e x p e r i m e n t  9b,  Fm=0.92) . The range o f  fo o d  c o n v e r s i o n  r a t e  in  

each f e e d i n g  c o n d i t i o n  showed i n  T a b l e  5»

N e g a t i v e  c o r r e l a t i o n s  were  fo und  between ave rag e  mean body w e i g h t s  

o f  g ro u p s  o f  f i s h  (Wm) and t h e  a ve ra g e  f o o d  c o n v e r s i o n  r a t e s  (Fm) i n  seven 

o f  t h e  n i n e  e x p e r i m e n t s  where  f i s h  were  g ro up ed  by s i z e  (see T a b le  7 ) •  

H i g h l y  s i g n i f i c a n t  and p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t s  were  o b t a i n e d
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between t h e  ave rag e  i n s t a n t a n e o u s  g ro w t h  r a t e  (Gm) and t h e  ave rag e  food  

c o n v e r s i o n  r a t e  (Fm) i n  a l l  e x p e r i m e n t s  ( r (Gm-Fm)= 0 . 6 8  -  0 . 9 7 ,  p (D ) < 0 . 0 1 )  

e x c e p t  f o r  e x p e r i m e n t  9b .

The r e l a t i o n s  between the  e s t i m a t e d  i n d i v i d u a l  f o o d  c o n v e r s i o n  r a t e  

and t h e  e s t i m a t e d  i n d i v i d u a l  fo o d  c o n s u m p t ion  r a t e  (RCest ,  % o f  body 

w e i g h t / d a y )  o f  f i s h  f e d  t h e  commerc ia l  d i e t  was shown i n  F i g u r e  20.  The 

f o o d  c o n v e r s i o n  r a t e ,  0 . 0  was common a t  t h e  f o od  c o n s u m p t i o n  r a t e  be low  

0 . 4  % o f  body w e i g h t / d a y .  As t h e  fo od  c o n s u m p t io n  r a t e  i n c r e a s e d ,  r a p i d  

i n c r e a s e  o f  t h e  fo o d  c o n v e r s i o n  r a t e  was f o l l o w e d  up t o  t h e  f o o d  

c o n v e r s i o n  r a t e  a p p r o x i m a t e l y  0 . 8 ,  t h en  t h e  i n c r e m e n t  was reduced  u n t i l  

t h e  maximum e s t i m a t e d  i n d i v i d u a l  f o o d  c o n v e r s i o n  r a t e  was foun d  (F e s t= 1 .3 4  

o r  F c = 0 . 7 5 : l ) -  In t h e  commer c ia l  d i e t  f e e d i n g  t h e  f o o d  c o n v e r s i o n  r a t e s  

o f  i n d i v i d u a l s  h i g h e r  t h a n  1 .2  (Fc= 0 . 8 : 1 )  were  m o s t l y  o b t a i n e d  f r o m  t h e  

f i s h  s m a l l e r  t h a n  60 g and t h e  e s t i m a t e d  fo o d  c o n s u m p t i o n  r a t e  (RCest) 

l a r g e r  th an  1 .0  % o f  body w e i g h t  per  day .

The groups  o f  f i s h  f e d  t h e  commerc ia l  d i e t s  (n=109)  showed 

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

o f  body w e i g h t / d a y )  and f o o d  c o n v e r s i o n  r a t e  ( r = 0 . 6 l ,  p ( D ) < 0 . 0 1 ) .  No 

s i g n i f i c a n t  c o r r e l a t i o n  was fo und  between f o o d  c o n s u m p t i o n  r a t e  and fo od  

c o n v e r s i o n  r a t e  i n  t h e  g ro ups  o f  f i s h  f e d  t h e  n a t u r a l  d i e t  (n=10,  r = 0 . 1 ,  

p (D) >0 .5 )  -

The food c o n v e r s i o n  r a t e  o f  f i s h  f e d  t h e  c o m m e rc ia l  d i e t  showed a 

s i g n i f i c a n t  r e l a t i o n  t o  t h e  i n s t a n t a n e o u s  g ro w t h  r a t e  (n=9 8 9 , r = 0 . 8 0 , 

p < C . 0 1 ) . The i n s t a n t a n e o u s  g ro w t h  r a t e  o f  t h e  i n d i v i d u a l s  te nded  t o  

i n c r e a s e  e x p o n e n t i a l l y  as t h e  f o o d  c o n v e r s i o n  r a t e  i n c r e a s e d .  The 

e q u a t i o n  d e r i v e d  u s i n g  r e g r e s s i o n  a n a l y s i s  was:
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F i g u r e  20

Food conversion r a t e  (Fest )  versus food consumption r a t e  

(RCest, % of  body w e i g h t / d a y )  of  f i s h  fed the commercial  

d i e t  (n= 10 22 ) .
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G = 1 .32 ( F e s t ) 1 . 57 ( r 2= 0 . 8 0 ,  n=989) (35)

where  G i s  i n s t a n t a n e o u s  g ro w t h  r a t e  in  p e r c e n t  o f  body w e i g h t  per  day 

and ' F e s t '  i s  t h e  e s t i m a t e d  f o o d  c o n v e r s i o n  r a t e  o f  i n d i v i d u a l  f i s h .  The 

e q u a t i o n  i n d i c a t e d  t h a t  i n s t a n t a n e o u s  g ro w t h  r a t e  r a p i d l y  i n c re a s e d  as 

f o od  c o n v e r s i o n  r a t e  i n c r e a s e d  over  t h e  o b s e rv e d  f o o d  c o ns u m p t ion  r a t e  (0 

-  1- 34)  .

Cond it ion  Ind ic es  and Lenqth-Weiqht R e l a t i o n s h i p

The c u l t u r e d  f i s h  showed r e l a t i v e l y  u n i f o r m  1 e n g t h - w e i g h t  

r e l a t i o n s h i p  ( F i g u r e  2 1 ) .  A t y p i c a l  e x p o n e n t i a l  e q u a t i o n  f o r  w e i g h t -  

l e n g t h  r e l a t i o n s h i p ,  w h i c h  mean body w e i g h t  was e x p r e s s e d  as a power 

f u n c t i o n  o f  mean s t a n d a r d  l e n g t h ,  showed good f i t t i n g  t o  t h e  o b s e r v a t i o n s  

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

d e t e r m i n a t i o n  c o e f f i c i e n t s  ( r 2) 0 .95  ”  0 . 9 9 -  The 1e n g t h - w e i g h t  

r e l a t i o n s h i p s  o b t a i n e d  f r om  f i s h  in  each e x p e r i m e n t  and i n  each f e e d i n g  

c o n d i t i o n  were  l i s t e d  in  T a b l e  13. The e q u a t i o n  d e r i v e d  f o r  w e i g h t - l e n g t h  

r e l a t i o n s h i p  o f  a l l  f i s h  ( n = l 703) was:

In  (W) = - 1 1 . 4 1 2 2  +  3-1 67 5  ln (SL)  ( r 2= 0 . 9 8 ,  n=1703)  (36)

where  W i s  mean body w e i g h t  i n  grams a t  t h e  c o r r e s p o n d i n g  mean s tanda rd  

l e n g t h  i n  m i l l i - m e t e r .  The e q u a t i o n  showed t h a t  t h e  w e i g h t - l e n g t h  

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

e x p e r i m e n t a l  p e r i o d  as  t h e  v a l u e s  o f  t h e  e x p o n e n t  and t h e  c o n s t a n t  o f  

p r o p o r t i o n a l i t y  o f  3-1781* and 0.000001 f o r  t h e  b e g i n n i n g  and 3-1860 and

0.000001 f o r  t h e  end o f  e x p e r im e n t s  r e s p e c t i v e l y  ( p ( F ) > 0 . 1 ) .  The v a lu e  o f
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F i g u r e  2 1 .

W e i g h t - l e n g t h  r e l a t i o n s h i p  o f  a l l  f i s h  i n  g ro w t h  

e x p e r i m e n t s  ( n= 1703) •
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T a b le  13. Summary 
i n each

o f  r e g r e s s i o n  a n a l y s i s  f o r  
e x p e r  i m e n t .

l e n g t h - w e i  g h t r e  1 a t  i onsh i f

exper  i ment 
number

number c o n s t a n t  o f  
o f  f i s h  p r o p o r t i o n .

(A7)

exponen t

(B7)

c c e f f .  o f  
d e t e r m i  n a t .  

( r>)

P (T) 
(Ho: B7=0)

1 75 0 .0 0 0 0 2 8 2.9965 O.96 p<0 .0001

2 0 .0 0 0 0 1 7 3.0892 O.98 p<0 .0001

3 74 0 . 0 0 0 0 2 6 2 .9963 O.98 p<0 .0 001

4 103 0 .0 0 0 0 1 5 3.1007 0 . 9 7 p<0 .0001

5 180 0 . 0 0 0 0 1 8 3.0667 0 . 9 7 p<0 .0001

6 177 0 .0 0 0 0 1 2 3.1532 0 . 9 7 p<0 .0001

7 187 0 .0 0 0 0 2 6 3 .008 0 . 9 5 p<0 .0001

8 186 0 . 0 0 0 0 1 9 3.0707 0 . 9 5 p<0.00 01

9 25 4 0 .0 0 0 0 0 7 3.2672 0 . 9 9 p<0.00 01

10 263 0 .0 0 0 0 0 7 3.23 98 0 -9 9 p<0 .0001

n 76 0 .0 0 0 0 0 9 3.1886 0 . 9 5 p<0 .0001

12 54 0 . 0 0 0 0 0 4 3 .3 ^3 0 O.98 p<0 .0001

T o t a l  
f  i sh

1703 0 .0 0001 3-1675 O.98 p<0 .0001

S t a r v e d  
f  i sh

212 0 .0 0001 3 .2227 O.98 p<0 .0001

Commerc i al  
d i e t  f  i sh 1161 0 .0 0001 3 .2179 O.98 p<0.00 01

N a t u r a l  
d i e t  f  i sh 330 0 .0 0 0 0 1 8 3-080 O.98 p<0.00 01

E q u a t i o n  ; log(W) = l o g ( A 7 )  +  ( B 7 ) l o g (S L )
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the  exponent of  the equ a t i on  d e r i v e d  f o r  w e i g h t - l e n g t h  r e l a t i o n s h i p  of  

f i s h  in each exper iment  v a r i e d  in a range o f  2 .9965  -  3 -3430  . According  

to  the e qu a t ion ,  no s i g n i f i c a n t  change was found in 1e n g th -w e ig h t  

r e l a t i o n s h i p  o f  f i s h  dur in g  each exp er im e nta l  p e r i o d .  A t re n d  was found 

between the exponent and the  c o n s ta n t  o f  p r o p o r t i o n a l i t y  o f  the equ at ion  

obta ined  from each exper iment  f o r  w e i g h t - l e n g t h  r e l a t i o n s h i p :  the constant  

of  p r o p o r t i o n a l i t y  always changed i n v e r s e l y  to  the  exponents in a range of  

0.00 0004  -  0 . 0 0 0 0 2 8 .  No s i g n i f i c a n t  d i f f e r e n c e  was found between the fed  

f i s h  and s ta rv ed  f i s h  acc ord in g  to  the  e q u a t ion  f o r  the  le n g th w e ig h t  

r e l a t i o n s h i p  (p (F )> 0 .5)  • Some i n d i v i d u a l s  in each exper iment  showed ra p id  

change of  the 1e ng th -w e ig h t  r e l a t i o n s h i p  du r in g  the  e xper im enta l  per iod  

re g ard le ss  of  t h e i r  growth r a t e s .  Most i n d i v i d u a l s  showing the abr up t  

change of  the w e i g h t - l e n g t h  r e l a t i o n s h i p  had the we ig h t  less than 50 g.

The values  of  the  c o n d i t i o n  index (K) o f  the  i n d i v i d u a l s  ranged from 

1 . 50  to 3 -76  through a l l  e x p e r im e n ts ,  and the mean va lues  o f  each 

exper iment  ranged from 2.21 to  2 . 8 4  w i t h  the average o f  2 . 5 8  (see Table  

1 4 ) .  Condi t ion  index d id  not  show s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  the mean 

body weight  o f  the f i s h  in a l l  o b s e r v a t i o n s  ( p ( D ) > 0 . 0 5 ) .  However,  the  

changes of  the  c o n d i t i o n  index d u r in g  each exper im enta l  p e r io d  (dK) showed 

s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  a b s o l u t e  and ins tan taneous growth r a te s  

( r  (G-dK)= 0 . 5 0 - 0 . 5 8 , r(WG-dK) = 0 - 5 2 - 0 . 6 4 ,  p ( D ) < 0 . 0 1 ) .  Th is  i n d i c a t e d  t h a t  

the growth of  f i s h  a f f e c t e d  p o s i t i v e l y  on the 1e n g th -w e ig h t  r e l a t i o n s h i p  

o f  the f i s h .

The range  o f  r e l a t i v e  c o n d i t i o n  i n d e x  (RK) was 0 . 6 5 3  "  1 .870 t h e

b e g i n n i n g  o f  each e x p e r i m e n t  and O.6 36  -  1.801 a t  t h e  end o f  t h e  

e x p e r i m e n t s .  Except  f o r  t h e  E x p e r i m e n t  12 i n  w h i c h  a l l  i n d i v i d u a l s  (n=54)
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T a b l e  14. Summary o f  c o n d i t i o n  i nd ex  and r e l a t i v e  c o n d i t i o n  index 
i n  each e x p e r im e n t  and each f e e d i n g  c o n d i t i o n .

Number
o f
e x p .

number
o f
f  i sh

a ve ra g e  
cond i t  i on 
i ndex (K)

a v g . da i 1y 
change o f  
c ond i  t i o n  
i ndex  (dK)

ave rag e  
r e l a t i v e  
c o nd i  t i o n  
i ndex (RK)

a v g . d a i l y  
change o f  
r e l . cond.  
index (dRK)

1 75 2 .7 2 - 0 . 2 5 (0 .04) 1 .14 - 0 .12 (0 . 02)

2 74 2 .5 7 - 0 .01 (0 . 02) 1 .05 - 0.01 (0 . 01)

3 74 2 .5 5 - 0 . 0 4 (0 . 02) 1 .05 - 0 .02 (0 . 02)

4 103 2 .4 5 0 . 0 5 (0 . 01) 1 .02 0 .02 (0 . 01)

5 18o 2 .5 2 0.21 (0 . 01) 1 .03 0.07 (0 . 01)

6 177 2 .6 3 0.01 (0 . 01) 1 .06 0 .0 0 (0 . 01)

7 187 2 .6 7 0 .0 2 (0 . 01) 1 .07 0 .0 0 (0 . 01)

8 186 2-71 0 .0 6 (0 . 01) 1 .08 0 .02 (0 . 01)

9 25k 2 .5 8 - 0 .01 (0 . 01) 1 .04 - 0.01 (0 . 01)

10 263 2.51 - 0 .0 8 (0 . 01) 1 .02 - 0 .03 (0 . 01)

11 76 2 .4 6 - 0 .2 6 (0 . 02) 0 .9 7 - 0.11 (0 . 02)

12 54 2 .2 4 0 .0 8 (0 .03) 0 .91 0 .02 (0.03)

t o t a  1 1703 2 .5 8 0 .0 0 (0 . 01) 1 .04 - 0.01 (0 . 01)

s t a r v e d 212 2.41 - 0 .1 8 (0 . 01) O.96 - 0 .0 8 (0 . 01)

n a t u r a l  
d i e t

330 2 .6 4 - 0 .0 8 (0 . 01) 1 .08 -0 . 0 4 (0 . 01)

commerc­
i a l  d i e t

1161 2 .5 9 0 .0 5 (0 . 01) 1 .05 0.01 (0 . 01)
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were p r e v i o u s l y  exposed to  long s t a r v a t i o n  p e r io ds  up to  89 days,  72 % of  

the t o t a l  fed f i s h  (n=1437) showed the values  o f  the  RK h ig her  than 1.00  

with the average v a lu e  of  1 .0 4 ,  which was not  s i g n i f i c a n t l y  d i f f e r e n t  from 

1.00 ( p ( T ) > 0 .1 )  .

The r e l a t i v e  c o n d i t i o n  index and 1e n g t h -w e ig h t  r e l a t i o n s h i p  of  the

c u l tu r e d  f i s h  i n d i c a t e d  t h a t  the f i s h  d id  not  d i f f e r  s i g n i f i c a n t l y  from

the those in n a t u r a l  p o p u l a t io n  (Mercer,  1978) in 1e n g t h -w e ig h t  

r e l a t i o n s h i p .  T h e r e f o r e ,  the c u l tu r e d  f i s h  were not  i n f e r i o r  to  t h a t  of  

the n a t u r a l  p o p u l a t i o n  in terms of  r e l a t i v e  h eavines s  or w e i g h t - l e n g t h  

r e l a t  i onsh i p.

P o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t s  ( r = 0 .2 2  -  0 . 6 6 )  were found between 

the change of  c o n d i t i o n  index and the a b s o lu te  growth r a t e  in a l l  

exper iments e xcep t  two exper iments (exper iment  10 and 1 2 ) .  S i g n i f i c a n t  

c o r r e l a t i o n  c o e f f i c i e n t s  were obta ined between the  change of  r e l a t i v e  

con d i t io n  index and the instantaneous growth r a t e  in each exper iment

( r= 0 .3 0  -  O . 8 5 , p ( D ) < 0 . 0 5 ) .  This  in d ic a t e d  t h a t  the  c o n d i t i o n  index and

the r e l a t i v e  c o n d i t i o n  index could be a ls o  used as i n d i c e  of  growth of  

f i s h  as w e l l  as c o n d i t i o n  i n d i c a t o r s .
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P a t t e r n s  o f  Energy  E x p e n d i t u r e

In t h e  p r e v i o u s  s e c t i o n  t h e  p o t e n t i a l  q u a n t i t a t i v e  g ro w t h  o f  f i s h  

r e l a t e d  t o  f o od  t y p e ,  fo o d  c o n s u m p t i o n  r a t e ,  and body w e i g h t  o f  f i s h  was 

c o n s i d e r e d  in  te rm s  o f  w e t  w e i g h t  o r  p e r c e n t  o f  body w e i g h t  f r o m  t h e  

a q u a c u l t u r a l  p o i n t  o f  v i e w .  S i n c e  g ro wth  o f  f i s h  p r i m a r i l y  depends on the  

p h y s i o l o g i c a l  p r o c e s s e s ,  t h e  b a s i c  p a t t e r n  o f  e n e rg y  t r a n s f e r  i n  each 

component o f  e n e r g e t i c s  o f  f i s h  s h ou ld  be u n d e r s t o o d  t o  e x t e n d  t h e  

know ledge  o f  t h e  p o t e n t i a l  g r o w t h  o f  f i s h .  To d e t e c t  t h e  e n e rg y  i n p u t  in  

fo o d  c o n s u m p t io n  and t h e  e n e rg y  a l l o c a t i o n  f o r  g r o w t h - r e l a t e d  e n e r g e t i c s  

o f  f i s h ,  t h e  b a s i c  components  o f  e n e r g e t i c s  o f  t h e  c u l t u r e d  f i s h  were  

examined as f o l l o w s :  (1) t he  e n e rg y  e x p e n d i t u r e s  f o r  m e t a b o l i s m  ( s t a n d a r d ,

r o u t i n e ,  and f e e d i n g  m e t a b o l i s m ) ,  (2) ene rg y  i n p u t  r e l a t e d  t o  fo od  

c o n s u m p t i o n  r a t e  and t y p e  o f  f o o d ,  (3) ene rg y  l o s s  i n  e x c r e t i o n  and 

d e f e c a t i o n ,  and (4) e n e rg y  d e p o s i t i o n  i n  g r o w t h .  The e n e r g e t i c  v a l u e s  o f  

f o o d ,  f i s h ,  e x c r e t a ,  and f e c e s  were  p r i m a r i l y  e x p r e s s e d  as c a l o r i e s  per  

u n i t  w e i g h t  ( d r y  w e i g h t  o r  w e t  w e i g h t )  and t h e  r e l a t i o n s h i p s  e x p res s e d  as 

m a t h e m a t i c a l  fo rm s  w e re  d e r i v e d  u s in g  r e g r e s s i o n  a n a l y s i s  and g ro up  

a r ra n g e m e n t  e x c e p t  f o r  t h e  s i m u l a t e d  fo rm s u s in g  more t h a n  one e q u a t i o n  

d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .

S t a n d a rd  M e t a b o l i s m

S t a n d a rd  m e t a b o l i s m  o f  f i s h  i s  r eg a rde d  as t h e  b asa l  e n e rg y  

e x p e n d i t u r e  o f  f i s h  f o r  normal  e x i s t e n c e  in  t h e  c o n d i t i o n  o f  no e x t e r n a l  

a c t i v i t i e s  ( f e e d i n g  and l o c o m o t i v e  a c t i v i t i e s ) .  The s t a n d a r d  m e ta b o l i s m  

o f  t h e  c u l t u r e d  f i s h  was a ssessed  by m ea su r ing  t h e  oxygen  c o n s u m p t i o n  r a t e  

i n  t h e  d e f i n e d  c o n d i t i o n  and by c o n v e r t i n g  i n t o  c a l o r i c  v a l u e  u s i n g  an
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o x y c a l o r i c  e q u i v a l e n t ,  **.63 c a 1/ m l - o x y g e n  ( B r e t t  and Groves,  1979) .

A t o t a l  105 t e s t e d  i n d i v i d u a l s  w e i g h i n g  10.5  "  27**.8 g showed a 

t y p i c a l  te n d e n c y  t h a t  t h e  t o t a l  amount o f  oxygen consumed by  a f i s h  

i n c r e a s e d  as w e i g h t  o f  f i s h  i n c r e a s e d  b u t  t h e  oxygen co ns u m p t i on  r a t e  per  

u n i t  body w e i g h t  d e c r e a s e d  as w e i g h t  o f  f i s h  i n c r e a s e d  (see F i g u r e  2 2 ) .

The e q u a t i o n s  f o r  t o t a l  oxyge n  consumed by a f i s h  i n  a u n i t  t im e  (OCstd, 

m l - o x y g e n / m i n )  and o x ygen  c o n s u m p t i o n  r a t e  per  u n i t  body w e i g h t  per  u n i t  

t im e  (ORstd,  m l - o x y g e n / g / m i n )  i n  r e l a t i o n  t o  mean body w e i g h t  o f  f i s h  

(W,grams) were  d e r i v e d  u s i n g  g ro u p  a r ran ge m en t  and r e g r e s s i o n  a n a l y s i s  as 

f o l 1ows :

OCstd = 0 .003**2  W'’ . * " 35 ( r 2= 0 . 9 9 ,  n=9) (37)

ORstd = 0 .003**2  W ° . 1S‘ 5 ( r 3= 0 . 9 2 ,  n=9) (38)

where  ‘ O C s td 1 and ‘ O R s t d ’ i n d i c a t e  t h e  t o t a l  amount o f  oxygen  consumed 

( m l - o x y g e n / m in )  and oxyge n  c o n s u m p t i o n  r a t e  per  u n i t  body w e i g h t  (m l -  

o x y g e n / g / m i n )  r e s p e c t i v e l y  a t  t h e  c o r r e s p o n d i n g  body w e i g h t  ‘ W in  grams.  

The e x po ne n t  o f  e q u a t i o n  37 (0.8**35) » i n d i c a t e d  t h a t  t h e  t o t a l  amount o f  

oxygen consumed by f i s h  i n c r e a s e d  r a p i d l y  f o l l o w i n g  w e i g h t  i n c r e a s e .  The 

i n c r e a s i n g  r a t e  o f  t h e  w e i g h t - s p e c i f i c  oxygen c o n s u m p t io n  was l a r g e r  th an  

any w e i g h t - s p e c i f i c  g r o w t h  r a t e s  f o u n d  i n  t h e  e q u a t i o n s  d e r i v e d  f o r  

w e i g h t - s p e c i f i c  g r o w t h ,  w he re  t h e  e x p o n e n t s  t y p i c a l l y  ranged  between 0 . 3  

and 0 . 7 -  Bo th  e q u a t i o n s  i n d i c a t e d  t h a t  t h e  t o t a l  amount o f  oxygen 

consumed by f i s h  i n c r e a s e d  e x p o n e n t i a l l y  w i t h  w e i g h t  b u t  t h e  oxygen 

c o ns u m p t ion  r a t e  p e r  u n i t  body w e i g h t  dec rea sed  e x p o n e n t i a l l y  as w e i g h t  o f  

f i s h  i n c r e a s e d .

Bo th  e q u a t i o n s  showed good f i t t i n g  t o  t h e  v a l u e s  o f  o b s e r v a t i o n s
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F i g u r e  22

W e i g h t - s p e c i f i c  oxygen c o n s u m p t i o n  r a t e s  o f  f i s h  in  

s t a n d a r d  m e t a b o l i s m  (n=105) : (A) oxygen c o n s u m p t i o n  r a t e

per  u n i t  body w e i g h t  v e r s u s  body w e i g h t  (ORstd v s .  W) , and 

(B) t o t a l  amount o f  oxygen consumed v e r s u s  body  w e i g h t  

(OCstd v s .  W) . D a t a - p o i n t s  i n d i c a t e  r e p r e s e n t a t i v e  v a l u e s  

o f  oxygen c o n s u m p t i o n  i n  w e i g h t  i n t e r v a l s  and 

c o r r e s p o n d i n g  mean body w e i g h t s  in  g ro up  a r r a n g e m e n t .  The 

number o f  w e i g h t  g ro up s  i s  n i n e .
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w i t h  t h e  c o e f f i c i e n t s  o f  d e t e r m i n a t i o n ,  0 . 9 9  and 0 . 9 2  r e s p e c t i v e l y .  

R e l a t i v e l y  l a r g e  v a r i a t i o n  was found  i n  t h e  oxygen c o n s u m p t i o n  r a t e  per  

body w e i g h t  in  sm a l l  f i s h  and caused t h e  lower  r 2 v a l u e  i n  t h e  e q u a t i o n  

f o r  'O R s t d '  th an  t h a t  f o r  ' O C s t d ' .  The r e s u l t s  a l s o  showed t h a t  t h e  

v a r i a t i o n  o f  w e i g h t - s p e c i f i c  oxygen c o n s u m p t i o n  ( m l - o x y g e n / g / m i n )  f o r  

s t a n d a r d  m e t a b o l i s m  a t  t h e  same body w e i g h t  was much l e s s  t h a n  t h e  

v a r i a t i o n  fo un d  in  w e i g h t - s p e c i f i c  g ro w t h  r a t e  o f  t h e  f e d  f i s h .  The 

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

w he re  i n d i v i d u a l  v a r i a t i o n  o f  w e i g h t  l o s s  o f  f i s h  a t  t h e  same w e i g h t  was 

much l e s s  th an  th o s e  fo und  i n  t h e  f e d  f i s h .

The r e s u l t s  fo und  i n  t h e  e q u a t i o n s  c o u l d  be c o n v e r t e d  i n t o  ene rg y  

u n i t  ( c a l / d a y )  u s i n g  k.(>3 c a l / m l - o x y g e n  ( B r e t t  and G roves ,  1979) and t h e  

d a i l y  e n e rg y  e x p e n d i t u r e  f o r  s t a n d a r d  m e t a b o l i s m  c o u l d  be e x p r e s s e d  as :

E ( c - s t d )  = 22 .8 0  W ° . 8435 ( 3 7 - D

E ( r - s t d )  = 2 2 .8 0  W - ° . 1545 (38 -1)

w he re  E ( c - s t d )  and E ( r - s t d )  r e p r e s e n t  t h e  ene rg y  e q u i v a l e n t  o f  t h e  amount

o f  oxygen consumed (OCstd) pe r  day ( c a l / d a y )  and t h e  oxygen c o n s u m p t i o n  

r a t e  p e r  u n i t  body w e i g h t  (ORstd) per  day ( c a l / g / d a y )  o f  f i s h  f o r  s t a n d a r d  

m e t a b o l i s m  exp resse d  as c a l o r i e s  per  day  a t  t he  c o r r e s p o n d i n g  body w e i g h t  

' W  i n  grams.

Waste P r o d u c t i o n

1) Feces P r o d u c t i o n

A t o t a l  o f  112 samples  we re  c o l l e c t e d  f r om  a l l  com par tm en ts  o f  t h e
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c u l t u r e  system in  e x p e r i m e n t  10. The r e s u l t s  o f  t h e  a n a l y s i s  r e v e a l e d  

poo r  r e l a t i o n s h i p  between t h e  w e i g h t  o r  t h e  fo od  consump t ion  r a t e  and t h e  

f e c e s  p r o d u c t i o n  r a t e s  ( r = 0 . 0 3  -  0 . 1 4 ,  p ( D ) > 0 . 1 0 ) .  The d r y  w e i g h t  o f  t h e  

f e c e s  produ ced  d u r i n g  t h e  e x p e r i m e n t  ranges  f r om  l es s  th an  0 .01 g /d a y  t o  

0 . 2 5  g / d a y  f o r  t h e  f i s h  f e d  t h e  c o m m erc ia l  d i e t  (n=86) and f r om  0 .1 3  g / d a y  

t o  2 . 9 0  g /d a y  f o r  f i s h  f e d  n a t u r a l  d i e t  (n=26) . The amount o f  f o o d  g i v e n  

t o  t h e  f i s h  ranged f r o m  1.2  g / d a y  t o  13-9 g / d a y  (n=86) w i t h  t h e  a v e ra g e  o f

6 . 7  g / d a y  in  t h e  comm erc ia l  d i e t  f e e d i n g .  The amount o f  t h e  n a t u r a l  d i e t  

g i v e n  t o  t h e  f i s h  ranged  f r o m  9 - 5  g / d a y  t o  6 9 -2  g /d a y  w i t h  t h e  a v e rag e  o f

2 1 . 6  g / d a y  (n=26) .

The feces  p r o d u c t i o n  r a t e  o f  t h e  f i s h  f e d  t h e  commerc ial  d i e t  was 

e x t r e m e l y  low a t  0 .0 1  -  5 - 6  % o f  t h e  d r y  w e i g h t  o f  t he  fo od  w i t h  t h e  

a v e r a g e  o f  2 .2  % o f  d r y  w e i g h t  o f  f o o d .  A p p r o x i m a t e l y  12 % o f  t h e  samp les  

showed t h a t  the  p r o d u c t i o n  r a t e s  w e re  be low  1 % o f  d r y  w e i g h t  o f  f o o d  i n  

t h e  commerc ia l  d i e t  f e e d i n g .  A f e w  samples  (n=7) showed t h e  l a r g e  amount 

o f  f e c e s  p r o d u c t i o n  i n  a ran ge  o f  4 . 1 -  5 - 6  % o f  d r y  w e i g h t  o f  f o o d .  The 

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

t h a t  o f  commerc ia l  d i e t  f e e d i n g  i n  t h e  range f r o m  0 . 2  % t o  14 .6  % o f  d r y

w e i g h t  o f  food  w i t h  t h e  a ve ra g e  o f  6 . 9  % (p ( T ) < 0 . 0 1 ) .

The c o l l e c t e d  f e c e s  i n  b o t h  d i e t  f e e d i n g s  i n d i c a t e d  no damage o f  

f e c e s  d u r i n g  t he  c o l l e c t i n g  p r o c e d u r e  as t h e  t y p i c a l  round p e l l e t  shapes 

were  p r e s e r v e d .  S i n c e  t h e  c u l t u r e  sy s te m  was i n  abnormal  c o n d i t i o n  due t o  

h ig h  ammonia l e v e l  (a ve ra ge  o f  0 . 0 6  ppm) d u r i n g  E xper im en t  10, fo od  

c o n s u m p t i o n  r a t e  o f  t h e  f i s h  was p o o r  in  a l l  s i z e .  The amount o f  f e c e s  

p ro d u c e d  by the  f i s h  was a l s o  r e g a r d e d  t o  be abnormal  due t o  t h e  c o n d i t i o n

o f  t h e  sys tem d u r i n g  t h e  e x p e r i m e n t .  T h e r e f o r e ,  th e  d a ta  o b t a i n e d  f r o m
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t h i s  e x p e r im e n t  were  r e g a r d e d  t o  be n o t  adequate  t o  r e p r e s e n t  t h e  normal  

f e c e s  p r o d u c t i o n  r a t e  o f  t h e  t e s t  f i s h .

2) E x c r e t o r y  P r o d u c t i o n

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

p h o t o p e r i o d  v a r i e d  g r e a t l y  i n  ammonia p r o d u c t i o n .  The l a r g e  v a r i a t i o n  

o c c u r re d  over  t h e  o bs e rv e d  w e i g h t  r an ge  (11.4  -  169.7  g w i t h  t h e  ave rag e  

o f  62 .7  g) • The amount o f  ammonia p ro duced  d a i l y  by t h e  f i s h  ranged  f r om  

0 . 0 6  mg t o  37-4  mg w i t h  t h e  a ve ra g e  o f  17-6 mg ( n=49,  S E . = 3 . 4 ) ,  w h i c h  was 

e q u i v a l e n t  t o  86.1  c a l / d a y  i n  c a l o r i c  v a l u e s .  The aver ag e  e ne rg y  

e x p e n d i t u r e  per  u n i t  body w e i g h t  was 1 .4  c a l / g - w e t  w e i g h t / d a y ,  w h i c h  was 

t o o  low compared t o  e n e rg y  e x p e n d i t u r e  f o r  s t a n d a r d  m e ta b o l i s m  : f i s h  

w e i g h i n g  4 . 3  g and 295-2  g consumed 18.1 c a l / g - w e t  w e i g h t / d a y  and 9 . 4  

c a l / g - w e t  w e i g h t / d a y  r e s p e c t i v e l y .  S i n c e  the  c o n d i t i o n  o f  e x c r e t i o n  

e x p e r im e n ts  was re g a rd e d  as r o u t i n e  m e t a b o l i c  s t a t e  ( i n c l u d i n g  s t a n d a r d  

m e t a b o l i s m ,  f e e d i n g ,  and r o u t i n e  a c t i v i t i e s ) ,  t he  v a l u e s  o b t a i n e d  i n  t h i s  

e x p e r im e n ts  were  e x c e p t i o n a l l y  lo w .

The c o r r e l a t i o n  c o e f f i c i e n t  i n  t h e  r e l a t i o n s h i p  between t h e  w e i g h t  

o f  t h e  f i s h  and t h e  ammonia p r o d u c t i o n  r a t e  is  0 .2 7  ( p ( D ) < 0 . 05) ,  w h i c h  

i n d i c a t e s  t h a t  poor  b u t  s i g n i f i c a n t  change o f  ammonia p r o d u c t i o n  o c c u r s  

w i t h  change o f  t h e  w e i g h t  o f  t h e  f i s h .  However,  no r e g r e s s i o n  l i n e  was 

c a l c u l a t e d  due t o  t h e  low r 2 v a l u e s  ( 0 . 3 7 .  p ( T ) > 0 . 0 5 ) .  Due t o  

u n a c c e p t a b l e l y  low v a l u e s  i n  e x c r e t i o n  r a t e s ,  some e x p e r i m e n t a l  e r r o r s  

were  reg arde d  t o  be i n v o l v e d .

C a l o r i c  E q u i v a l e n t s
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The c a l o r i c  v a l u e s  o f  t h e  f i s h ,  f o o d ,  and f e c e s  were  measured u s in g  

th e  d i r e c t  method.  The comm erc ia l  d i e t ,  R a n g e n - Z e i g 1e r  S o f t - m o i s t  d i e t ,  

r e v e a l e d  homogeneous and h i g h  c a l o r i c  v a l u e s .  W i t h  t h e  averag e  m o i s t u r e  

c o n t e n t  15-0 % (n=6 7 , se=0 . 01) , 33 samples o f  t h e  co mm erc ia l  d i e t  r e s u l t e d  

i n  t h e  a v e ra g e  5891 c a l / g - d r y  w e i g h t  w i t h  a range  o f  5825 "  5708 c a l / g - d r y  

w e i g h t  ( 4827 ~ 4906 c a l / g - w e t  w e i g h t  w i t h  t h e  a v e rag e  v a l u e  o f  4869 

c a l / g - w e t  w e i g h t ) .  No s i g n i f i c a n t  d i f f e r e n c e  i n  e n e rg y  v a l u e  was found  

between l a r g e  and sm a l l  p e l l e t s  ( p ( T ) > 0 . 1 ) .

The n a t u r a l  d i e t ,  mo le  c r a b s ,  i s  c h a r a c t e r i z e d  by low c a l o r i c  

c o n t e n t  w i t h  l a r g e  v a r i a t i o n  i n  c a l o r i c  v a l u e s  between sa mp le s .  A t o t a l  

o f  45 samples o f  t h e  n a t u r a l  d i e t  r e v e a l e d  s e v e r a l  d i f f e r e n t  v a l u e s  

between  s i z e  and between  t h e  season o f  s a m p l i n g .  The l o w e s t  averag e  

c a l o r i c  v a l u e ,  3392 c a l / g - d r y  w e i g h t ,  was fo u n d  i n  t h e  s m a l l  s i z e  mole 

c r a b s  c a u g h t  on Hay 1986 (n=7) • The l a r g e s t  v a l u e s ,  3802 c a l / g - d r y  

w e i g h t ,  was found  f r o m  t h e  l a r g e  s i z e  mole  c r a b s  c a u g h t  i n  th e  same day 

(n=6) . S i g n i f i c a n t  d i f f e r e n c e  i n  c a l o r i c  v a l u e s  was fo u n d  between two 

s i z e s  o f  mole  c r a b s  ( p ( T ) < 0 . 0 5 ) -  The c a l o r i c  v a l u e s  fo u n d  f rom t h e  mole  

c r a b s  c a u g h t  on November,  1985 showed r e l a t i v e l y  homogeneous v a lu e s  as 

3467 "  3716 c a l / g - d r y  w e i g h t  w i t h  t h e  mean o f  3589 c a l / g - d r y  w e i g h t  (n =11, 

s e = 1 1 . 7 ) .  H o le  c r a b s  c a u g h t  on A p r i l  1986 a l s o  showed homogeneous c a l o r i c  

v a l u e s  i n  a range o f  3578 -  3754 c a l / g - d r y  w e i g h t  w i t h  t h e  averag e  o f  3821 

c a l / g - d r y  w e i g h t  ( n = 9 ) • Though t h e  v a r i a t i o n  was s i g n i f i c a n t  i n  two s i z e s  

o f  t h e  mole  c r a b s  c a u g h t  on Hay 1986,  t h e  r e s t  o f  t h e  samples  showed no 

s i g n i f i c a n t  d i f f e r e n c e  between  s i z e s  and between s a m p l i n g  seasons .  The 

a v e ra g e  c a l o r i c  v a l u e  o f  a l l  samp les  (n=33) was 3829 c a l / g - d r y  w e i g h t  and 

th e  l a r g e s t  v a r i a t i o n  o f  t h e  c a l o r i c  v a l u e s  was a p p r o x i m a t e l y  9 % The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



134

a ve ra g e  v a l u e s .

The a v e r a g e  w a t e r  c o n t e n t  o f  t h e  mole  c r a b s  was 68.7  % (n=56, 

s e = 0 .02 )  and t h e  c o r r e c t e d  v a l u e  f o r  m o i s t u r e  l o s s  i n  f r o z e n  c o n d i t i o n  was

7 1 .7  The a ve ra g e  c a l o r i c  v a l u e  o f  t h e  mole  c r a b s  in  wet  w e i g h t  was 

1027 c a l / g - w e t  w e i g h t .

The f e c e s  p ro duced  by f i s h  f e d  t h e  co m m erc ia l  d i e t  showed t h e  

c a l o r i c  v a l u e s  i n  a r ange  o f  3631 -  3685 c a l / g - d r y  w e i g h t  w i t h  t he  a ve ra g e  

o f  3655 c a l / g - d r y  w e i g h t  (n=5) S in c e  t h e  c a l o r i c  v a l u e  o f  the  f e c e s  were  

measured f r o m  t h e  combined sample  due t o  low f e c e s  p r o d u c t i o n  r a t e  o f  t h e  

f i s h ,  t h e  d i f f e r e n c e  o f  c a l o r i c  v a l u e s  i n  each g ro u p  o f  the  f i s h  c o u l d  n o t  

be m easu red .

The f e c e s  p ro duced  by f i s h  f ed  t h e  n a t u r a l  d i e t  showed low c a l o r i c  

v a l u e  w i t h  h i g h  ash c o n t e n t .  C a l o r i f i c  v a l u e s  o f  t h e  f e c e s  v a r i e d  i n  a 

r an ge  o f  962 -  101*8 c a l / g - d r y  w e i g h t  w i t h  t h e  a v e r a g e  o f  1009 c a l / g - d r y  

w e i g h t  ( n = 1 2 ) .  The ave rag e  c o n t e n t  o f  ash was 70.1  %. The r e l a t i v e l y  

homogeneous c a l o r i c  v a l u e s  o f  t h e  f e c e s  was a l s o  caused by p r e m i x i n g  

b e f o r e  t h e  measurement  due t o  low p r o d u c t i o n  r a t e  by t h e  t e s t e d  f i s h .

A t o t a l  o f  66 samples  p re p a re d  f r o m  22 f i s h  showed a l a r g e  v a r i a t i o n  

i n  c a l o r i c  v a l u e  between samples  and even between  r e p l i c a t e s .  The range 

o f  t h e  c a l o r i c  v a l u e s  o f  th e  f i s h  was 5^31 ~ 7345 c a l / g - d r y  w e i g h t .  

A p p r o x i m a t e l y  65 % o f  t h e  samples had v a l u e s  be tw een  6400 -  6800 c a l / g - d r y  

w e i g h t .  The a v e ra g e  c a l o r i c  v a l u e  was 6537 c a l / g  d r y  w e i g h t  (n=66, 

s e = 2 9 - 7 ) • No s i g n i f i c a n t  r e l a t i o n s h i p  was f o u n d  between the  w e i g h t  and 

t h e  c a l o r i c  v a l u e s  o f  f i s h  ( r = 0 . 1 2 ,  p ( D ) > 0 . 2 ) .

The c a l o r i c  v a l u e s  o f  t i s s u e  (meat p o r t i o n )  o f  f i s h  were  lower  th a n  

t h e  samples  p r e p a r e d  f r o m  the  w h o le  b o d y .  The a v e rag e  c a l o r i c  v a l u e  f o r
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t he  meat was 6025 c a l / g - d r y  w e i g h t  (n=4, s e = 6 9 ) • Four  samples  o f  f i s h  

s c a le  showed r e l a t i v e l y  homogeneous v a l u e s  in  a range o f  2525 -  2648 

c a l / g - d r y  w e i g h t  w i t h  t h e  a v e r a g e  v a l u e  o f  2536 c a l / g - d r y  w e i g h t  (n=4) .

The ave rag e  c a l o r i c  v a l u e  o f  t h e  who le  body o f  f i s h  i n  w e t  w e i g h t  

was c a l c u l a t e d  f r o m  t h e  3 3 - 3  % c o r r e c t e d  m o i s t u r e  c o n t e n t  and t h e  ave rage  

s c a l e  w e i g h t  o f  .2  % o f  t o t a l  w e i g h t .  The e s t i m a t e d  c a l o r i c  e q u i v a l e n t  

o f  t he  f i s h  was 2203 c a l / g - w e t  w e i g h t .  The ash c o n t e n t  was n e g l i g i b l e  i n  

a l l  samples  o f  f i s h  b ody .

E n e r g e t i c s  i n  Food Con su m p t ion  and Growth

When fo od  i s  consumed by a f i s h ,  t h e  q u a n t i t y  and q u a l i t y  o f  f o od  

a re  d i r e c t l y  r e f l e c t e d  i n  t o t a l  e n e rg y  c o n t e n t s  i n  t h e  consumed f o o d  by 

t h e  f i s h  as g ro s s  ene rg y  i n p u t .  Energy  i n p u t  r e l a t e d  t o  f o o d  c o n s u m p t i o n  

as w e l l  as ene rg y  d e p o s i t  on body t i s s u e s  f o r  g ro w t h  i s  m a i n l y  r e l a t e d  t o  

th e  p h y s i o l o g i c a l  a c t i v i t i e s  o f  f i s h  when a b i o t i c  e n v i r o n m e n t a l  f a c t o r s  

a re  c o n s t a n t  and f o o d  i s  p r o v i d e d  a t  s a t i a t i o n  l e v e l .  Us ing  c a l o r i c  

e q u i v a l e n t s  o f  fo o d s  (4869 c a l / g - w e t  w e i g h t  f o r  t h e  comm erc ia l  d i e t  and 

1027 c a l / g - w e t  w e i g h t  f o r  t h e  n a t u r a l  d i e t )  and f i s h  (2203 c a l / g - w e t  

w e i g h t ) ,  t h e  e q u a t i o n s  d e r i v e d  as a f u n c t i o n  o f  w e i g h t  ( w e i g h t - s p e c i f i c  

maximum f o o d  c o n s u m p t io n  and g r o w t h ,  w e i g h t - s p e c i f i c  m a i n t e n a n c e  fo od  

c o n s u m p t i o n ,  w e i g h t - s p e c i f i c  w e i g h t  l o s s  i n  s t a r v a t i o n )  were  c o n v e r t e d  

i n t o  e n e r g e t i c  f o rm s  and summar ized i n  T a b le  15- The e n e rg y  g a i n  and t h e  

ene rgy  a l l o c a t i o n  i n  some e n e r g e t i c  components were  c a l c u l a t e d  f o r  f i s h  

w e i g h i n g  4 . 3  g and 295*2 g (minimum and maximum w e i g h t  o b s e rv e d  i n  t h i s  

s tu dy )  u s i n g  t h e  e q u a t i o n s  and summar ized in  T a b l e  16.

When ene rg y  i n p u t  r e l a t e d  t o  maximum fo od  c o n s u m p t io n  was compared 

between fo o d  t y p e s ,  4 - 3  g f i s h  f e d  t h e  commerc ia l  d i e t  consumed l e s s
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T a b le  15- Summary o f  e q u a t i o n s  f o r  e n e r g e t i c s  t r a n s f o r m e d  f r om  
t h e  w e i g h t - s p e c i f i c  f o od  c o n s u m p t i o n ,  g r o w t h ,  and 
oxygen c o n s u m p t i o n .

symbol o f d e s c r  i p t  i on e x p r e s s  i on remark
e q u a t i o n

I . Energy in  T o t a l  Growth  and Food Con sumpt ion*

A. N a t u r a l  D i e t
Ewg (n-max) maximum g ro w t h 41 W°. 7 01 ( 1 7 - D
Ec (n-max) maximum fo o d  c o n s u m p t i o n 1109 W0. 411 ■ (23-1)
Ec (c-max) m a in t e n a n c e  fo o d  c o n s u m p t io n 231 w ° . 513 ( 3 3 - D

B. Commercial  D i e t
Ewg (c-max) maximum g r o w t h 319 w ° . 512 ( 1 9 - D
Ec (c-max) maximum f o o d  c o n s u m p t i o n 340 W° . 7 0 9 (24-1)
Ec (c-man) m a in t e n a n c e  f o o d  c o n s u m p t i o n 71 W° • 7 8 6 (3**- l )

C. S t a r v e d  C o n d i t i o n
Ewg(s tv )  w e i g h t  l o s s 41 W° • 67 5 (21-1)
E ( c - s t d )  s t a n d a r d  m e t a b o l i c  r a t e 23 W°. 84 4 (38-1)

I . Energy  in  Growth  and Food Consump t ion  pe r  Body W e i g h t * *

A . N a t u r a l  D i e t
Eg(n-max) maximum g r o w t h 41 y - o  _ 3  o o (17-2)
Ere(n-max) maximum f o o d  c o n s u m p t i o n 1109 ^ - 0 ^ 5 0 9 (23-2)
Ere (n-man) m a in t e n a n c e  f o o d  c o n s u m p t i o n 231 (33-2)

B. Commercial  D i e t
Eg (c-max) maximum g ro w t h 319 ( _ « U (19-2)
Ere (c-max) maximum f o o d  c o n s u m p t i o n 340 W —0 . 1 9 1 (24-2)
Ere (c-man) m a in t e n a n c e  fo o d  c o n s u m p t i o n 71 W  0 . 2 1 4 (3^-2)

C. S t a r v e d  C o n d i t i o n
Eg (s t v ) w e i g h t  l o s s 41 W - 0 . 2 2  5 (21- 2)
E ( r - s t d ) s t a n d a r d  m e t a b o l i c  r a t e 23 W 0 . 15 ‘ (38- 2)

*  E q ua t io ns  were  d i r e c t l y  t r a n s f o r m e d  f r om  o r i g i n a l s  by a p p l y i n g  
ene rgy  e q u i v a l e n t  v a l u e s  ( u n i t :  c a l / d a y ) .

* *  E q ua t io ns  were d e r i v e d  f r o m  t h e  upper  e q u a t i o n s  d i v i d i n g  by w e i g h t :  
( u n i t :  c a l / g - w e t  w e i g h t / d a y ) .  

it-ki: E q u a t io n  number:  f i r s t  number i n d i c a t e s  t h e  number o f  o r i g i n a l  
e q u a t i  on .
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T ab le  16 C a l c u l a t e d  e n e rg y  i n t a k e ,  ene rgy  c o n s u m p t i o n ,  ene rg y  
d e p o s i t  f o r  g ro w t h  w i t h  ene rgy  a l l o c a t i o n  o v e r  t o t a l  
ene rg y  i n p u t  i n  two d i e t  types  (w e ig h ts  a r e  minimum 
and maximum w e i g h t s  o f  f i s h  o bse rv ed  i n  t h i s  s t u d y ) .

n a t u r a l  d i e t c o m m erc ia l  d i e t

symbol d e s c r i p t i o n  w e i g h t  w e i g h t
( * • 3  9) (295-2  g)

we i  g h t  
( k . 3  g)

we i gh t  
(295.2  g)

1 Enerqy 1nDut and A l l o c a t i o n  f o r Growth and M e t a b o l i s m *

Eg (max) e n e r g y  g a i n  in  
maximum g row th

26-5 7 -5 156.2 19.7

Ere (man) m a i n t e n a n c e  ene rg y  
e x p e n d i t u r e  r a t e

113-1 14.3 5 2 .2 2 0 .9

Ere (max) maximum ene rg y  
i n t a k e  r a t e

469-1 38 .7 2 22 .7 6 5 . 3

Estv e n e r g y  l o s s  
i n wei  g h t  l o s s

25-3 6.  k 2 5 .3 6 .  k

Er (s td) s t a n d a r d  
m e t a b o l i  sm

18.1 S. k 18.1 S. k

E ( a t v ) * * e n e r g y  e x p e n d i t u r e  
f o r  a c t i v i t y

94.  8 k . S 2 6 .9 14.5

E (phy) * * * phys  i o l o g  i c a l 1y 
a v a i 1a b l e  e n e rg y

139.6 2 1 .8 208.1 4 0 . 6

1 1 Enerqy A l l o c a t i o n  o v e r  T o t a l  1n p u t * * * *

Eg (m ax) /E re  (max) g r o s s  g ro w t h
e f f  i c i  ency

6 19 70 30

Ere (man) / E r e (max) m e t a b o l i c
expend i t u r e

2k 37 23 32

(Eq (max)+Erc (man)) p h y s i o l o q  i ca 1 
Ere (max) e n e rg y

30 56 93 62

*  U n i t :  c a l / g - w e t  w e i g h t / d a y  o r  c a l / g - b o d y  w e i g h t / d a y .
* *  Energy e x p e n d i t u r e  f o r  a c t i v i t i e s  ( f e e d i n g  and l o c o m o t i o n ) :  t h e

v a l u e s  were  o b t a i n e d  by t h e  e q u a t i o n :  E ( a t v )  = E r c ( m a n ) - E r  ( s td )  .
* * *  Energy  a v a i l a b l e  f o r  g ro w t h  and m e ta b o l i s m  ( p h y s i o l o g i c a l  e n e r g y ) :  

The v a l u e s  we re  o b t a i n e d  by t h e  e q u a t i o n :  E(phy)  = E r c  (man)+Eg (max) . 
U n i t :  p e r c e n t  o f  g r o s s  e n e r g y .
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ene rgy  ( c a l / g - b o d y  w e i g h t / d a y )  than t h os e  f e d  t h e  n a t u r a l  d i e t  (223 c a l / g -  

body w e i g h t / d a y  and 469 c a l / g - b o d y  w e l g h t / d a y  r e s p e c t i v e l y ) .  At  295-2  g 

body w e i g h t ,  t h e  t e n d e n c y  was o p p o s i t e  as f i s h  f e d  t h e  comm erc ia l  d i e t  

consumed more e n e r g y  t h a n  th o s e  f e d  t h e  n a t u r a l  d i e t  (6 5 -3  c a l / g - b o d y  

w e i g h t / d a y  and 3 8 - 7  c a l / g - b o d y  w e i g h t / d a y ) .  The e n e rg y  consump t i on  f o r  

m a in ten an c e  showed t h e  same p a t t e r n .

When e n e rg y  a l l o c a t i o n  i n  e n e r g e t i c  components  was c o n s i d e r e d ,  f i s h  

consumed 23 -  37 % o f  t h e  g ro s s  ene rg y  f o r  m a i n t e n a n c e ,  when no w e i g h t  

g a i n  i n  body t i s s u e s  o c c u r r e d .  Smal l  f i s h  consumed l e s s  ene rg y  ( c a l / g -  

body w e i g h t / d a y )  f o r  m a i n t a i n i n g  body w e i g h t  t h a n  l a r g e  f i s h .  When 

maximum f o o d  c o n s u m p t i o n  and maximum g ro wth  r a t e  were  combined a t  th e  same 

body w e i g h t ,  f i s h  f e d  t h e  commerc ia l  d i e t  showed more e n e rg y  d e p o s i t  i n t o  

the  body t i s s u e s  f o r  g ro w t h  (30 -  70 % o f  g ro s s  ene rg y )  th a n  those  fed  t h e  

n a t u r a l  d i e t  (6 -  19 % o f  g ro s s  e n e r g y ) .  Energy  c o n s u m p t i o n  d u r i n g  

s t a r v a t i o n ,  w h i c h  was r e p r e s e n t e d  as r o u t i n e  m e t a b o l i s m  ( s ta n d a rd  

m e t a b o l i s m  and r o u t i n e  a c t i v i t i e s  w i t h o u t  f e e d i n g )  i n d i c a t e d  t h a t  smal l  

f i s h  consumed c e r t a i n  amounts o f  ene rg y  f o r  a c t i v i t i e s  o v e r  t h e  energy 

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

l es s  e n e rg y  f o r  r o u t i n e  m e ta b o l i s m  th an  f o r  s t a n d a r d  m e t a b o l i s m .  C a l o r i c  

e s t i m a t i o n  i n  w e i g h t  l o s s  o f  s t a r v e d  f i s h  was re g a r d e d  t o  be e r r a t i c  due 

t o  body c o m p o s i t i o n  change as noted by B r e t t  and Groves (1979) -

When g r o s s  g r o w t h  e f f i c i e n c y  was compared i n  each e x p e r im e n t  and in  

each f e e d i n g  c o n d i t i o n  f r o m  an e n e r g e t i c  p o i n t  o f  v i e w ,  f i s h  f e d  t he  

n a t u r a l  d i e t  g e n e r a l l y  showed poor g ro s s  g ro w t h  e f f i c i e n c y  w i t h  a range o f  

0 .1 6  -  0 . 1 7  e x c e p t  f o r  one e x p e r i m e n t  ( e x p e r i m e n t  9 b ) .  In  e x p e r im e n t  9b ,  

where t h e  h i g h e s t  g r o w t h  r a t e  o f  f i s h  was o b s e rv e d  among t h e  n a t u r a l  d i e t
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e x p e r i m e n t ,  t h e  h i g h e s t  g r o s s  g ro w t h  e f f i c i e n c y ,  0-1*7. was o b t a i n e d  among 

a l l  e x p e r i m e n t s .  F i s h  f e d  t h e  commer c ia l  d i e t  a t  s a t i a t e d  f e e d i n g  l e v e l  

showed s i m i l a r  v a l u e s  between  e x p e r i m e n t s  i n  a r ange  o f  0 . 2 9  "  0 -37 

(ave rage  0 . 3 2 ) .  The g ro s s  g r o w t h  e f f i c i e n c y  o v e r  0 . 4  was obs e rv e d  in  two 

reduced f e e d i n g  e x p e r i m e n t s  ( e x p e r i m e n t  4 and 9d) and t h e  l o w e s t  g ro ss  

g ro wth  e f f i c i e n c y  ( 0 .2 3 )  was o b t a i n e d  f r o m  t h e  f i s h  i n  e x p e r i m e n t  12, 

where  f i s h  were  s t a r v e d  f o r  lo ng  p e r i o d s  (41 -  83 days)  b e f o r e  t h e  

e x p e r i m e n t .  No c o n s i s t e n t  t r e n d  was f o u n d  be tween  g ro s s  g ro w t h  e f f i c i e n c y  

and ene rg y  i n p u t  r e l a t e d  t o  f o o d  c o n s u m p t i o n .

When t h e  r e s u l t  o b t a i n e d  f r om  e x p e r i m e n t  9b were  compared w i t h  9d,  

the  ene rg y  g a i n s  i n  g ro w t h  o f  f i s h  f e d  t h e  n a t u r a l  d i e t  a t  s a t i a t e d  

f e e d i n g  l e v e l  (1740 c a l / d a y )  showed t h e  s i m i l a r  v a l u e  t o  t h a t  o b t a i n e d  

f r om  t h e  f i s h  f e d  t h e  comm erc ia l  d i e t  a t  red uce d  l e v e l  (1850 c a l / d a y ) .

F i s h  in  b o th  e x p e r i m e n t s  showed t h e  s i m i l a r  v a l u e s  f o r  e n e rg y  i n t a k e  (3&97 

and 4382 c a l / d a y  r e s p e c i t i v e l y ) . The r e s u l t s  i n d i c a t e d  t h a t  t h e  g ro w th  o f  

f i s h  was r a t h e r  r e l a t e d  t o  t h e  q u a n t i t y  o f  e n e rg y  in  f o o d  th an  t h e  q u a l i t y  

o f  d i e t s  used f o r  t h i s  s t u d y .  T h e r e f o r e ,  t h e  q u a l i t i e s  o f  two d i e t s  used 

f o r  t h i s  s t u d y  w e re  r e g a r d e d  t o  be s i m i l a r  i n  t e rm s  o f  g ro w t h  p r o d u c t i o n .  

However ,  t h e  v o lu m e  o f  t h e  n a t u r a l  d i e t  was much l a r g e r  t h a n  t h a t  o f  t h e  

commerc ia l  d i e t  f o r  t h e  same e n e r g e t i c  v a l u e s  and r e s u l t e d  i n  l e s s  ene rg y  

i n t a k e  o f  f i s h  f e d  t h e  n a t u r a l  d i e t  t h an  t h a t  o f  f i s h  f e d  t h e  commerc ia l  

d i e t  due t o  l i m i t e d  s tomach c a p a c i t i e s  a t  s a t i a t e d  f e e d i n g  l e v e l .  No 

s i g n i f i c a n t  t r e n d  was fo un d  between  e n e rg y  i n p u t  i n  fo o d  co ns u m p t i on  and 

g ro s s  g ro w t h  e f f i c i e n c y .

Growth P o t e n t i a l  i n  Maximum Food I n t a k e

As fo un d  i n  t h e  p r e v i o u s  s e c t i o n ,  g r o w t h ,  f o od  c o n s u m p t i o n  r a t e ,  and
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t h e  e n e rg y  c o n s u m p t i o n  can be expresse d  as a f u n c t i o n  o f  w e i g h t  (see 

e q u a t i o n  15 t h r o u g h  2b,  and T a b l e  15) .  To r o u g h l y  e s t i m a t e  t h e  p o t e n t i a l  

g ro w t h  o f  f i s h  f e d  t h e  commer c ia l  d i e t  i n  r e l a t i o n  t o  maximum food  

c o n s u m p t i o n  f o l l o w i n g  common e x p r e s s i o n  (see e q u a t i o n  H ) , t h e  e q u a t i o n s  

d e r i v e d  f o r  w e i g h t - s p e c i f i c  maximum food  c o n s u m p t io n  and m a in t e n a n c e  fo od  

co n s u m p t io n  were  t r a n s f o r m e d  i n t o  the  e q u a t i o n s  e x p r e s s e d  as ene rgy  

e q u i v a l e n t  u n i t s  as shown in  T a b l e  15. The e q u a t i o n s  a r e :

Ere (c-max) = 3^0 V 0 . 2 ’ 2 ( 2b-2)

Ere (c-man) = 71 W ' 0 . 22* (3^ -2 )

w he re  Ere (c-max)  i s  t h e  ene rg y  e q u i v a l e n t  in  c a l / g - b o d y  w e i g h t / d a y  

o b t a i n e d  a t  maximum f o o d  consump t i on  r a t e ,  Ere (c-man) i s  t h e  ene rg y  

e q u i v a l e n t  i n  c a l / g - b o d y  w e i g h t / d a y  in  m a in t e n a n c e  f e e d i n g  l e v e l  (amount 

o f  f o o d  consumed f o r  no w e i g h t  change under  normal  a c t i v i t i e s  and f e e d i n g  

c o n d i t i o n ) ,  and ' W  i s  mean body w e i g h t .  Both  e q u a t i o n s  r e p r e s e n t  t h e  

maximum g ro s s  e n e r g y  o b t a i n e d  by a f i s h  h a v in g  a w e i g h t  ' W  and ene rgy  

c o n s u m p t io n  f o r  m a i n t e n a n c e  o f  a f i s h  h a v in g  a w e i g h t  'W  r e s p e c t i v e l y .

To e s t i m a t e  t h e  p h y s i o l o g i c a l l y  a v a i l a b l e  e n e r g y  f o r  m e t a b o l i s m  and 

g r o w t h ,  w as te  e n e r g y  i n  d e f e c a t i o n ,  e x c r e t i o n ,  and a n a b o l i c  p ro c e s s e s  

s h o u ld  be d e t e r m i n e d .  S in c e  f e c e s  and e x c r e t a  p r o d u c t i o n  were  

u n a c c e p t a b l e l y  low  i n  t h e  e x p e r i m e n t s ,  t h e  ene rg y  l o s s e s  were  e s t i m a t e d  

f r o m  t h e  r e f e r e n c e  v a l u e s  ( B r e t t  and Groves,  1979) c o n s i d e r i n g  t he  r e s u l t s  

f ound  i n  g ro s s  g r o w t h  e f f i c i e n c y  o f  s a t i a t e d  c o m m erc ia l  d i e t  f e e d i n g  

e x p e r i m e n t s .  The a v e r a g e  g ro s s  growth  e f f i c i e n c y  f o u n d  i n  t h e  s a t i a t e d  

c ommer c ia l  d i e t  f e e d i n g  i n  t h i s  s tu d y  (0 .32)  was s i m i l a r  t o  t h o s e  fo un d  

f r om  o t h e r  c a r n i v o r o u s  f i s h e s  (0 . 29) and t h u s  t h e  a p p l i e d  a s s u m p t i o n  was
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t h a t  t o t a l  e n e rg y  l o s s  f o r  f e c e s ,  e x c r e t a ,  and a n a b o l i c  p ro c e s s e s  was 48 % 

o f  g ro s s  ene rg y  f o l l o w i n g  B r e t t  and Groves (1979) (20 % e ne rg y  l o s s  f o r

f e c e s ,  7 % e n e rg y  l o s s  f o r  e x c r e t a ,  14 % e n e rg y  l os s  f o r  a n a b o l i c  

p ro c e s s e s ,  and 7 % e n e rg y  l o s s  f o r  f e e d i n g  e x c i t a t i o n ) .  The r e s t  o f  t he  

g ro ss  ene rg y  (52 %) was r e g a r d e d  as p h y s i o l o g i c a l l y  a v a i l a b l e  ene rg y  f o r  

g ro w t h  and m e t a b o l i s m .  As t h e  m e t a b o l i c  e n e rg y  e x p e n d i t u r e  can be 

r e p r e s e n t e d  by e n e r g y  e x p e n d i t u r e  f o r  m a in ten an c e  ( E r e ( c - m a n ) , t h e  w e i g h t -  

s p e c i f i c  maximum g r o w t h  p o t e n t i a l  i n  an e n e r g e t i c  te rm  can be exp ressed  

a s :

P = 0 . 5 2  (340 -  71 w 0. 214) (39)

where  ' P 1 i s  maximum g ro w t h  p o t e n t i a l  ( c a l / g - b o d y  w e i g h t / d a y )  a t  t he  

c o r r e s p o n d i n g  w e i g h t  ' W .
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CHAPTER IV 

DISCUSSION

A l t h o u g h  g r o w t h  o f  f i s h  i s  r e a d i l y  obs e rv e d  and e a s i l y  measured,  i t  

i s  a r e s u l t a n t  o f  comp lex  p ro c e s s e s  o f  l i v i n g  phenomena. The 

p h y s i o l o g i c a l  and b e h a v i o r a l  a c t i v i t i e s  r e l a t e d  t o  g r o w t h  o f  a f i s h  make 

up v a r i o u s  i n t e r a c t i o n s  between a f i s h  and i t s  e n v i r o n m e n t s .  Among 

v a r i o u s  e n v i r o n m e n t a l  f a c t o r s ,  t e m p e r a t u r e  and fo od  a r e  known t o  be 

c r i t i c a l  f a c t o r s  d e t e r m i n i n g  t h e  p h y s i o l o g i c a l  p ro c e s s  i n v o l v e d  in  g ro wth  

o f  f i s h .

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

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

a d e qu a t e  a b i o t i c  o r  h y d r o l o g i c a l  c o n d i t i o n s  f o r  g row th  o f  f i s h .  The 

d i f f i c u l t i e s  o f  c u l t u r i n g  f i s h e s  a r e  t h a t ,  even though e n v i r o n m e n t s  a re  

w e l l  d e f i n e d  as a d e q u a t e  c o n d i t i o n s  f o r  f i s h  t o  grow,  i n d i v i d u a 1- s p e c i f i c  

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

e n e rg y  t r a n s f e r ,  may n o t  a l l o w  t h e  f i s h  t o  g ro w.  Between i n d i v i d u a l s  

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

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

t h e r e f o r e ,  f r e q u e n t l y  l a r g e  enough t o  h id e  t h e  g e n e r a l  p a t t e r n  o f  g ro w th  

o f  t h e  f i s h  i n  r e l a t i o n  t o  w e l l  known e n v i r o n m e n t a l  f a c t o r s .

Numerous s t u d i e s  have been c o nd uc te d  t o  i n v e s t i g a t e  t h e  g ro w t h  o f  

f i s h  i n  r e l a t i o n  t o  a b i o t i c  and b i o t i c  f a c t o r s :  m a jo r  c o n c e r n s  a r e  (1) 

q u a n t i t y  and q u a l i t y  o f  d i e t a r y  s o u r c e s ,  (2) g r o w t h - r e l a t e d  p h y s i o l o g i c a l  

and b e h a v i o r a l  a c t i v i t i e s ,  (3) e f f e c t s  and r e g u l a t i n g  mechan ism o f  

e n v i r o n m e n t a l  f a c t o r s  on g r o w t h ,  and (4) e n e rg y  t r a n s f e r  and g ro w t h  in
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n a t u r a l  p o p u l a t i o n s .

D e s p i t e  t h e  g r e a t  v o lu m e s  o f  l i t e r a t u r e s  in  t h e  s t u d i e s  o f  g r o w t h  o f  

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

enhen c in g  g r o w t h ,  i s  h a r d l y  o b t a i n a b l e  due t o  (1) l i m i t  o f  i n f o r m a t i o n  t o  

s p e c i e s - s p e c i f i c  l e v e l s ,  (2) s p e c i f i e d  app roaches r e s u l t i n g  i n  l i t t l e  

f l e x i b i l i t y  t o  a p p l y  t h e  k n ow led ge  f o r  o t h e r  purposes i n c l u d i n g  p r a c t i c a l  

f i e l d s ,  (3) few a t t e m p t s  t o  i n v e s t i g a t e  o v e r a l l  p a t t e r n  o f  g r o w t h  a t  

e n e r g e t i c  l e v e l ,  and (4) d i f f i c u l t i e s  i n  c u l t u r i n g  l i v e  f i s h  i n  l a r g e  

s c a l e  f o r  g ro w t h  s t u d y .  F e e d in g  and n u t r i t i o n a l  s t u d i e s  o f  f i s h ,  w h i c h  

a r e  t y p i c a l  app ro ach es  f o u n d  i n  a q u a c u l t u r e ,  r e s u l t  in  n o t  o n l y  p r o v i d i n g  

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

p h y s i o l o g i c a l  p ro c e s s e s  r e g u l a t i n g  g ro w t h  o f  f i s h .  F oc u s ing  g r o w t h  on 

e n z y m a t i c  a c t i v i t i e s  in  p h y s i o l o g i c a l  p ro c es s e s  does n o t  p e r m i t  

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

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

i n f o r m a t i o n  a b o u t  g e n e r a l  p a t t e r n  o f  s p e c i e s - s p e c i f i c  g ro w t h  b u t  

f r e q u e n t l y  i g n o r e s  t h e  d i f f e r e n t i a t i o n  o f  i n d i v i d u a l  g ro w t h  r e l a t e d  t o  i t s  

p h y s i o l o g i c a l  and b e h a v i o r a l  p e c u l i a r i t y  as w e l l  as s p e c i f i c  g r o w t h  

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

The i n t e r a c t i o n  be tw een  e n v i r o n m e n t a l  f a c t o r s  and g r o w t h  o f  f i s h  a t  

i n d i v i d u a l  l e v e l  o f  f i s h  has been i n v e s t i g a t e d  under  t h e  te rm  o f  

' b i o e n e r g e t i c s 1, s i n c e  I v l e v  (1939) e s t a b l i s h e d  the  g e n e r a l  p a t t e r n  o f  

e n e r g e t i c s  o f  a f i s h .  The g e n e r a l  o b j e c t i v e s  o f  b i o e n e r g e t i c  s t u d i e s  a re  

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

p h y s i o l o g i c a l  p r o c e s s e s  i n  r e l a t i o n  t o  e n v i r o n m e n t a l  f a c t o r s .  However ,  

t h e  u l t i m a t e  g o a ls  o f  t h i s  k i n d s  o f  s t u d i e s  a re  fo cused  on g r o w t h  o f  f i s h .
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To improve t h e  u n d e r s t a n d i n g  o f  g r o w t h  o f  f i s h  i t  i s  n e c e s s a r y  t o  

i n v e s t i g a t e  t he  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r s  a f f e c t i n g  g ro w th  f r o m  an 

e c o l o g i c a l  p o i n t  o f  v i e w  as w e l l  as i n t e r n a l  energy  t r a n s f e r  mechanism 

f r o m  an e n e r g e t i c  p o i n t  o f  v i e w ,  changes o f  f i s h .

C u l t u r e  o f  B lack  Sea Bass

L i t t l e  i n f o r m a t i o n  has been a c c u m u la te d  on c u l t u r e  o f  m a r i n e  f i s h e s .  

Compared t o  t h e  l a r g e  number o f  f r e s h w a t e r  s p e c ie s  i n v o l v e d  in  e x t e n s i v e  

r e s e a r c h e s  and commerc ia l  c u l t u r e s  w o r l d w i d e ,  o n l y  a few  m a r i n e  s p e c i e s  

have been s u b j e c t e d  t o  co m m erc ia l  c u l t u r e .  Due to  c o m p l i c a t e d  r e q u i r e m e n t  

and r e s t r i c t e d  c i r c u m s t a n c e s ,  c u l t u r i n g  m a r i n e  f i s h e s  was o f t e n  a v o id e d  in  

r e s e a r c h e s  e xcep t  f o r  some c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s  ( i . e . ,  sa lm on ,  

m u l l e t ,  seabream,  p l a i c e ,  m i l k f i s h ,  y e l l o w t a i l ,  e t c . ) .

When mar in e  f i s h e s  a r e  c l a s s i f i e d  by t e m p e r a t u r e  p r e f e r e n c e ,  warm 

w a t e r  s p e c i e s  dom in a te  c o l d  w a t e r  c o u n t e r p a r t s  in  number o f  s p e c i e s  and i n  

g e o g r a p h i c  d i s t r i b u t i o n  i n  n a t u r e .  N e v e r t h e l e s s ,  warm w a t e r  m a r i n e  f i s h e s  

have been a lm o s t  e x c lu d e d  f r o m  a q u a c u l t u r e  h i s t o r i c a l l y  compared t o  c o l d  

w a t e r  s p e c i e s  such as s a lm o n o id  f i s h ,  f o r  w h ic h  t remendous amounts o f  

i n f o r m a t i o n  have been a c c u m u la t e d  f o r  s e v e r a l  decades (Pa rk e r  and D a v i s ,  

1979 ) •  H os t  warm-water  s p e c i e s  have been i g n o r e d  i n  t h e i r  c u l t u r a l  

p o t e n t i a l  due t o  (1) v a r i e t y  o f  s p e c i e s  r e s u l t i n g  in  l e s s  i n f o r m a t i o n  f o r  

each s p e c i e s ,  (2) m in o r  im p o r t a n c e  in  commer c ia l  f i s h e r i e s ,  (3) 

u n d e r d e v e lo p e d  s p e c i e s - s p e c i f i c  c u l t u r e  t e c h n o l o g y ,  and (4) d i f f i c u l t i e s  

i n  l a r v a e  c u l t u r e  a s s o c i a t e d  w i t h  c o m p l i c a t e d  fo od  and h a b i t a t  

r e q u i  r e m e n t s .

The i n t e n s i v e  c u l t u r e  o f  m a r i n e  f i s h  in  c l o s e d  c u l t u r e  sys tem i s  

e x t r e m e l y  d i f f i c u l t  as S p o t t e  (1979) and B r e t t  and S u t h e r l a n d  (1970)
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p o i n t e d  o u t .  A s id e  f r o m  t h e  e s s e n t i a l  b i o l o g i c a l  and e c o l o g i c a l  

i n f o r m a t i o n  o f  c u l t u r e d  f i s h ,  s o p h i s t i c a t e d  f a c i l i t i e s  and equ ip m en t  as 

w e l l  as i n t e n s i v e ,  t i m e - c o n s u m i n g  c a r e  a r e  a lw ays  r e q u i r e d  t o  p r o v i d e  

ade qu a te  c u l t u r e  c o n d i t i o n  even i n  sm a l l  s c a l e  c u l t u r e  (Pa rk e r  and D a v i s ,  

1 9 7 9 ) .  Water  q u a l i t y  d e t e r i o r a t i o n  i s  commonly fo u n d  in  m a r i n e  c u l t u r e  

sys te ms  due t o  l a c k  o f  p r o p e r  and g e n e r a l i z e d  f e a s i b l e  t e c h n o l o g y .

Inad eq uate  o r  u n b a la n c e d  c u l t u r e  sys tems f r e q u e n t l y  r e s u l t  i n  

s e r i o u s  c u l t u r e  f a i l u r e  w i t h  poo r  g ro w t h  and mass m o r t a l i t y  as found  i n  an 

e x p e r i m e n t  o f  t h i s  s t u d y .  In e x p e r i m e n t  10 t h e  low g ro w th  r a t e s  and t h e  

low fo o d  co ns u m p t i on  r a t e s  w ere  f o und  i n  a l l  s i z e  groups o f  f i s h .  In t h e  

co mm erc ia l  d i e t  f e e d i n g  ( e x p e r i m e n t  10c and lOd) t h e  l ow e s t  g ro w t h  r a t e s  

were  found  among a l l  c o m m erc ia l  d i e t  e x p e r i m e n t s  as les s  t h an  0 . 4  g / d a y  

f o r  t h e  a ve rag e  a b s o l u t e  g r o w t h  r a t e  and 0 . 4  % o f  body w e i g h t / d a y  f o r  t h e  

a v e r a g e  i n s t a n t a n e o u s  g ro w t h  r a t e .  In e x p e r i m e n t  10c two o f  t h e  ten  

g ro u p s  even showed n e g a t i v e  a v e r a g e  g ro u p  g ro w t h  r a t e  d e s p i t e  s a t i a t e d  

f e e d i n g .  Food c o n s u m p t i o n  r a t e s  o f  f i s h  were  r e l a t i v e l y  low ( l e s s  t han  

two t h i r d  o f  o t h e r  s a t i a t e d  f e e d i n g )  i n  b o t h  n a t u r a l  and commerc ia l  d i e t  

f e e d  i n g s .

D u r i n g  t h e  e x p e r i m e n t  t h e  c u l t u r e  sys tem was i n  s e r i o u s  f a i l u r e  due 

t o  power o u t a g e .  Seve re  damages i n  t h e  b i o - f i l t e r  u n i t s  were  o bse rv e d  

w i t h  poor  w a t e r  q u a l i t y  o f  t h e  s y s te m .  Poor  g ro w t h  o f  th e  c u l t u r e d  f i s h  

i n  t h e  e x p e r i m e n t  was a t t r i b u t e d  t o  t h e  h i g h  n i t r o g e n  compound l e v e l s ,  

e s p e c i a l l y  ammonia o r i g i n a t i n g  f r o m  th e  sys tem f a i l u r e .  M o n i t o r i n g  

ammonia l e v e l  o f  t h e  sys tem f o r  24 hou rs  r e v e a l e d  t h a t  t h e  normal  ammonia 

l e v e l  (0 .06  ppm) i n c r e a s e d  t o  o v e r  0 .1  ppm t h r e e  o r  f o u r  hou rs  a f t e r  

f e e d i n g ,  remained more t h a n  8 -1 0  h o u r s ,  and th en  dec reased  t o  normal  l e v e l
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f o u r  o r  f i v e  h ou rs  b e f o r e  n e x t  f e e d i n g .  The ammonia l e v e l  in  the  

e x p e r i m e n t  was much h i g h e r  th a n  t h e  r e s t  o f  t h e  e x p e r i m e n t s  where t he  

ammonia l e v e l s  ranged  between 0 .0 1  -  0 . 0 3  ppm.

T y p i c a l  ammonia d i s e a s e  syndrome was found  i n  many c u l t u r e d  f i s h  in

t he  e x p e r i m e n t .  R edd i sh  c o l o r  s p re ad  near  t h e  base o f  a l l  d o r s a l  and

p e c t o r a l  f i n s  w i t h  changed body c o l o r  t o  p a l e  g r e e n i s h  f r om  b l a c k .

Abnormal  b e h a v i o r s  we re  a l s o  f r e q u e n t l y  obs e rv e d  by swimming near  th e  

s u r f a c e  w a t e r  i n s t e a d  o f  normal  swimming b e h a v i o r  a ro un d  near t h e  b o t t o m .

C o l t  and A r m s t ro n g  (1981) p o i n t e d  t h a t  w a t e r  q u a l i t y - a s s o c i a t e d  

ammonia syndrome o f  c u l t u r e d  m a r i n e  f i s h  was n o t  r a r e  i n  i n t e n s i v e  

c u l t u r e .  Growth  i n h i b i t i o n  o f  s a lm o n o id  f i s h  by h ig h  ammonia l e v e l  was 

r e p o r t e d  by B r e t t  and Z a l a  ( 1 9 75 ) •  The c u l t u r e d  b l a c k  sea bass a l s o  

showed t h e  t e n d e n c y  w i t h  reduced  f e e d i n g  response  a t  ammonia l e v e l  above 

0 . 0 5  ppm. However ,  t h e  low m o r t a l i t y  ( l e s s  th an  1 %) d u r i n g  the

e x p e r i m e n t  i n d i c a t e d  t h a t  t h e  ammonia l e v e l  o f  t h e  c u l t u r e  system d i d  n o t

rea ch  l e t h a l  l e v e l s .  S i n c e  t h e  t e s t  f i s h  (n=346) were  r e p e a t e d l y  i n v o l v e d  

i n  s e v e r a l  e x p e r i m e n t s ,  a p p r o x i m a t e l y  80 % o f  a l l  f i s h  had been exposed t o  

t h e  c u l t u r e  c o n d i t i o n  f o r  more t h a n  t e n  m on th s .  Though no a p p a r e n t  g ro w th  

i n h i b i t i o n  was f o un d  i n  t h e  r e s t  o f  t h e  e x p e r i m e n t s  where  th e  ammonia and 

n i t r a t e  l e v e l s  f l u c t u a t e d  i n  a r ange  o f  0 .01 -  0 .0 3  ppm and 20 -  60 mg/1 

r e s p e c t i v e l y ,  t h e  w a t e r  q u a l i t y  o f  t h e  c u l t u r e  sys tem m ig h t  have a f f e c t e d  

t h e  g r o w t h  o f  t h e  t e s t  f i s h .  C o n s i d e r i n g  t h e  c r i t i c a l  e f f e c t s  o f  w a t e r  

q u a l i t y  on g ro w t h  o f  f i s h ,  t h e  v a r i a t i o n  o f  g ro w t h  and f e e d i n g  resp on se  

betw een  i n d i v i d u a l s  and be tween  g ro u p s  may have been a f f e c t e d  a l s o  by t h e  

w a t e r  q u a l i t y  o f  t h e  c u l t u r e  s y s te m .  The w a t e r  q u a l i t y  d e t e r i o r a t e d  by 

ammonia was r e g a r d e d  as a p o s s i b l e  s o u r c e  o f  e r r o r  f o r  g ro wth  e x p e r i m e n t .
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When f i s h  a re  c u l t u r e d  i n  m o d i f i e d  e n v i r o n m e n t ,  some b e h a v i o r a l  

changes o f  f i s h  o f t e n  o c c u r  d ep e n d in g  on t h e  c u l t u r e  c o n d i t i o n s  (Brown, 

1957, P e t e r ,  1979)*  In  e x p e r i m e n t  1 th ro ug h  k where  f i s h  were  n o t  s o r t e d  

by s i z e  g ro u p ,  a b n o r m a l l y  s l o w  g ro w t h  r a t e s  were  o bse rv ed  f o r  sm a l l  f i s h  

d e s p i t e  good w a t e r  q u a l i t y  o f  t h e  sys tem.  D u r i n g  t h e  e x p e r i m e n t s  l a r g e  

f i s h  f r e q u e n t l y  showed a g g r e s s i v e  b e h a v i o r s  t o w ard  s m a l l  f i s h  i n  f e e d i n g .  

Even i n  a g ro up  o f  f i s h  h a v i n g  s i m i l a r  w e i g h t  and s i z e ,  some b e h a v i o r s  o f  

s o c i a l  h i e r a r c h y  were  o b s e r v e d ,  w h i c h  d i d  n o t  n e c e s s a r i l y  depend on s i z e  

or  w e i g h t .  When a n i c h e  was u n i n t e n t i o n a l l y  p r o v i d e d ,  ( e . g . ,  o u t l e t  p ip e  

o f  t h e  c u l t u r e  sys tem ) a s p e c i f i c  f i s h  o c c u p ie d  t h e  space and f r e q u e n t l y  

a t t a c k e d  o t h e r  f i s h .  When the  a g g r e s s i v e  f i s h  was removed,  sooner  o r  

l a t e r  a n o t h e r  f i s h  o c c u p i e d  t h e  space and showed t h e  same b e h a v i o r .

Groups o f  f i s h  w h i c h  o c c u p i e d  t h e  m id d l e  comp ar tmen ts  o f  t h e  r e a r i n g  t a n k ,  

where  no s h e l t e r - l i k e  s t r u c t u r e  e x i s t e d ,  a lways  showed t h e  b e s t  g ro wth  and 

f e e d i n g  response  w i t h o u t  s o c i a l  h i e r a r c h y  even i n  t h e  c rowded c o n d i t i o n s  

as t h e  l o a d i n g  d e n s i t y  o f  1500 -  1800 g /  30 l i t e r .  T h i s  phenomenon was 

found  i n  a l l  m i d d l e  c o m p a r tm e n ts  o f  t h r e e  r e a r i n g  t a n k s  (12 compar tments)  

r e g a r d l e s s  o f  s i z e  o f  t h e  c u l t u r e d  f i s h .

Brown (1957) f o u n d  t h e  s i z e  h i e r a r c h y  e f f e c t  i n  b rown t r o u t  f r y .

Pe te r  (1979) ar>d B r e t t  (1979) r e p o r t e d  the  g ro w t h  dom inance o f  l a r g e  s i z e  

t e l e o s t  f i s h  i n  a s o c i a l  h i e r a r c h y .  In i n t r a s p e c i f i c  c o m p e t i t i o n  o f  

t e l e o s t  f i s h  l a r g e  f i s h  d o m in a t e  s m a l l  f i s h  t o  a c e r t a i n  d e g re e  when food 

or  space i s  n o t  p r o v i d e d  e v e n l y .  The r e s u l t  was t h a t  l a r g e  f i s h  grew 

f a s t e r  and s m a l l  f i s h  g re w  s l o w l y  in  a te rm o f  i n s t a n t a n e o u s  g ro w t h  r a t e ,  

w h ich  was i n v e r s e  p a t t e r n  o f  n a t u r a l  g ro w t h .  However ,  t h e  amount  o f  

a g g r e s s i o n  and t h e  g r o w t h  by  t h e  dom in a n ts  i s  r ed uced  when t h e  d e n s i t y  o f
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f i s h  in crease s  above a c e r t a i n  l e v e l .  In n a tu re  b lack  sea bass is 

regarded to  have beh a v io r  fo r  secur in g  a f e e d i n g  t e r r i t o r y  (Kendal l ,

1977) -  The v a r i a t i o n  o f  g rowth  o f  f i s h  i n  a s i z e  g ro u p  m ig h t  have been 

caused due t o  t h i s  fo o d  and space c o m p e t i t i o n  evoked by b e h a v i o r a l  

c h a r a c t e r i s t i c s ,  e s p e c i a l l y  in  r educed  f e e d i n g  e x p e r i m e n t s ,  where fo od  was 

reg a rde d  t o  be an o b j e c t i v e  o f  s e v e r e  c o m p e t i t i o n  f o r  s u r v i v a l  and s o c i a l  

dom i n a n c e .

When s t a r v e d  f i s h  were f e d ,  a c t i v e  f e e d i n g  resp on ses  were found 

r e g a r d l e s s  o f  s i z e  m i x i n g  and a g g r e s s i v e  b e h a v i o r  o f  d o m in a n ts .  Among 

them-some i n d i v i d u a l s  r e v e a le d  e x t r e m e  d r o p  o f  c o n d i t i o n  index by f a s t  

g ro w in g  in  l e n g t h  w i t h o u t  w e i g h t  i n c r e m e n t .  T h i s  p a t t e r n  was more 

f r e q u e n t l y  f o u n d  i n  g ro ups o f  s m a l l  f i s h .  I s o m e t r i c  g row th  in  w e i g h t  and 

l e n g t h  i s  norma l  g r o w t h  p a t t e r n  f o un d  i n  n a t u r a l  p o p u l a t i o n s  o f  b l a c k  sea 

bass (M e rc e r ,  1 9 7 8 ) .  However,  unde r  s p e c i f i c  c o n d i t i o n s  such as i n t e n s i v e  

c u l t i v a t i o n  o f  f i s h ,  t h e  c o m p e t i t i o n  f o r  s u r v i v a l  may r e s u l t  in  p a t t e r n s  

d i f f e r e n t  f r o m  i s o m e t r i c  g rowth  o f  w e i g h t  and l e n g t h .  No p r e v io u s  s t u d i e s  

were f o un d  i n  t h e  s t r a t e g y  o f  g ro w t h  i n  m o r p h o l o g i c a l l y  s e l e c t i v e  

s i t u a t i o n ,  w he re  e i t h e r  l en g t h  o r  w e i g h t  i n c r e m e n t  s h o u ld  proceed t o  

a n o t h e r .

The b l a c k  sea bass  c u l t u r e d  f o r  t h i s  s t u d y  g e n e r a l l y  showed good 

g ro wth  and c o n d i t i o n  even in  t h e  sm a l l  space  and t h e  h a rdy  c u l t u r e  

c o n d i t i o n s  w i t h  an e x c e p t i o n  o f  t h e  red u c e d  g ro w t h  i n  h i g h  ammonia l e v e l s  

(over  0 . 0 5  ppm) . The a p p l i e d  c u l t u r e  c o n d i t i o n s  were  r eg a rded  t o  be 

a p p r o p r i a t e  f o r  norma l  l i v i n g  and g ro w t h  o f  b l a c k  sea b a s s .  Some l a r g e  

f i s h  f e d  t h e  c o m m e r c ia l  and t h e  n a t u r a l  d i e t s  a t  s a t i a t e d  f e e d i n g  l e v e l  

a l s o  showed good g r o w t h  o f  gonads d u r i n g  t h e  e x p e r i m e n t s  r e g a r d l e s s  o f
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n a t u r a l  spawning c y c l e .  Some males ( a p p r o x i m a t e l y  l a r g e r  t h an  250 mm) 

showed f u l l  m a t u r a t i o n  o f  t h e  gonads by p r o d u c i n g  m i l t  d u r i n g  measurement 

p r o c e d u r e s .  The g r o w t h  o f  r e p r o d u c t i v e  o rg an s  may e f f e c t  n e g a t i v e l y  on 

soma t i c  g r o w t h ,  w h i c h  may cause the  g ro w t h  v a r i a t i o n  o f  l a r g e r  f i s h  as 

observed  d u r i n g  t h e  e x p e r i m e n t s  (see F i g u r e  3 and 4 ) .

The c l o s e d  c u l t u r e  sys tem was re g a rd e d  t o  be ade qua te  i n  p r o v i d i n g  

an a r t i f i c i a l  e n v i r o n m e n t  f o r  mass c u l t u r e  o f  t h i s  s p e c i e s  though the  

s c a le  o f  c u l t u r e  was n o t  l a r g e .  Expans ion  o f  t h e  sys tem f o r  l a r g e  s c a le  

c u l t i v a t i o n  f o r  r e s e a r c h e s  o r  f o r  p r a c t i c a l  co m m erc ia l  c u l t u r e  o f  b la c k  

sea bass seems t o  be p o s s i b l e  w i t h  a l i t t l e  m o d i f i c a t i o n .  However, 

p e r i o d i c  w a t e r  change ( e v e ry  2 - 4  weaks) may be n e c e s s a r y  t o  m a i n t a i n  t h e  

sys tem i n  good c o n d i t i o n s  w i t h o u t  n i t r o g e n  compound a c c u m u l a t i o n .  Based 

on t h e  r e s u l t s  o f  g r o w t h  and f e e d i n g  re s p o n s e ,  t h e  recommanded l e v e l s  o f  

n i t r o g e n  compounds f o r  c u l t u r i n g  b l a c k  sea bass  a r e  ( 1) ammonia: l e s s  th an  

0 .02  ppm, (2) n i t r i t e :  l e s s  than  0.01 ppm, and (3) n i t r a t e :  l e s s  th an  30 

m g / 1.

Growth

Growth  o f  f i s h  i s  a m a t t e r  o f  s u r v i v a l  f o r  a p o p u l a t i o n  o r  a s p e c i e s  

as w e l l  as f o r  an i n d i v i d u a l .  Good g ro w t h  o f  f i s h  i n  n a t u r e  means success 

i n  i n t r a -  and i n t e r - s p e c i e s  c o m p e t i t i o n  and e n v i r o n m e n t a l  a d a p t a t i o n .  As 

f a r  as i n d i v i d u a l  f i s h  a re  conce rn ed ,  g ro w t h  i s  g e n e r a l l y  e v a l u a t e d  as 

s om a t i c  i n c r e m e n t  ( R i c k e r ,  1979) -  Some a u t h o r s  p r e f e r  t o  exp ress  the  

g rowth  o f  f i s h  as changes o f  body c h e m ic a l s  o r  e n e r g e t i c  v a l u e s  o f  body 

t i s s u e s  t o  f i n d  s u b s t a n t i a l  g ro wth  a s s o c i a t e d  w i t h  n u t r i t i o n a l  or  

e n e r g e t i c  i n p u t s  i n  d i e t a r y  sources  ( G e r k i n g ,  1956a,  E l l i o t t ,  1975b.

1976c; B r e t t  and G r o v e s ,  1979) -  Whether  g ro w t h  i s  exp resse d
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m o r p h o l o g i c a l l y ,  p h y s i o l o g i c a l l y ,  o r  b i o c h e m i c a l l y ,  body d i m e n s i o n a l  

changes a lm o s t  a lways accompanys g ro w t h  o f  f i s h  as a f i n a l  r e s u l t a n t .

Growth  o f  f i s h  i s  t h e  mos t  i m p o r t a n t  i s s u e  i n  a q u a c u l t u r e .  U l t i m a t e  

p u rpo s es  o f  most  a q u a c u l t u r a l  s t u d i e s  a re  r e l a t e d  t o  improve  s u r v i v a l  and 

g ro w t h  o f  c u l t u r e  a n i m a l s .  When p r o p e r  d i e t s  a r e  d e v e lo p e d  f o r  a s p e c ie s  

o r  f o r  a s p e c i f i c  l i f e  s t a g e  o f  a s p e c i e s ,  v a r i o u s  maneuvers  a r e  a p p l i e d  

t o  o b t a i n  opt imum o r  maximum g r o w t h  o f  t he  c u l t u r e  o r g a n i s m s .  S in c e  

g ro w t h  i s  t h e  r e s u l t a n t  o f  t h e  combined e f f e c t s  o f  n a t u r e  and a n i m a l s ,  the  

s t r a t e g y  t o  o p t i m i z e  g ro w t h  i n  c u l t u r e  i s  p r i m a r i l y  t o  p r o v i d e  t he  

a dequa te  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  t h e  c u l t u r e  a n i m a l s  t o  g ro w,  

e s p e c i a l l y  fo o d  and h y d r o l o g i c a l  f a c t o r s .

The p r i m a r y  p u rp o s e  o f  t h i s  s t u d y  was t o  e v a l u a t e  b l a c k  sea bass f o r  

a q u a c u l t u r a l  p o t e n t i a l ,  e s p e c i a l l y  maximum g ro w t h  p o t e n t i a l  i n  a r t i f i c i a l  

c u l t u r e  c o n d i t i o n s .  To enhance t h e  g ro wth  o f  b l a c k  sea b a s s ,  op t imum 

h y d r o l o g i c a l  c o n d i t i o n s  were  p r o v i d e d  as d e f i n e d  i n  n a t u r e  by Mus ik  and 

M erce r  ( 1977 ) -  S in c e  fo o d  i s  t h e  most  i m p o r t a n t  f a c t o r  r e l a t e d  t o  g row th  

o f  f i s h  i n  an o p t i m i z e d  h y d r o l o g i c a l  c o n d i t i o n ,  s e l e c t i n g  a d e q u a t e  q u a l i t y  

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

a s s o c i a t e d  w i t h  q u a n t i t y  o f  t h e  d i e t .

In n a t u r e  b l a c k  sea bass i s  c h a r a c t e r i z e d  as an o p p o r t u n i s t i c  

c a r n i v o r e .  Chee (1977) r e p o r t e d  t h a t  seaso na l  v a r i a t i o n  and abundance o f  

fo o d  i n  h a b i t a t s  were  d i r e c t l y  r e f l e c t e d  by t h e  d i e t s  o f  b l a c k  sea b a s s .  

Crabs and m o l l u s c s  were  r e g a r d e d  as p r im e  d i e t a r y  s o u r c e s  w h i l e  gammarids,  

c a p r e l l i d s ,  s h r i m p s ,  f i s h e s ,  and o t h e r  m i s c e l l a n e o u s  f o o d s  we re  

o c c a s i o n a l l y  fo un d  i n  t h e  s tomachs  o f  b l a c k  sea bass  f r o m  season to  

s e as o n .  The f i s h  c o l l e c t e d  i n  May 1986 a t  Chesapeake Bay B r i d g e  Tunne l
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p i e r  ( 4 .3  -  3 1 .6  g body  w e i g h t )  showed e x t e n s i v e  c o n s u m p t i o n  o f  c a p r e l l i d s  

w h i l e  v a r i o u s  c r a b s ,  m o l l u s c s ,  a n n e l i d s  and f i s h e s  w e r e  e a te n  by the f i s h  

c a u g h t  a t  Rudee I n l e t  i n  Augu st  and September 1985 ( 1 1 -3  -  8 9 .6  g body 

w e i g h t )  .

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

q u a l i t y  was c o n s i d e r e d  t o  s a t i s f y  t h e  m i n i m a l  n u t r i t i o n a l  r e q u i r e m e n t s  f o r  

t h e  b l a c k  sea  b a s s ,  as  no d i r e c t  m o r t a l i t y  o r  c h r o n i c  n u t r i t i o n a l  d i s e a s e s  

w e r e  c a u s e d  by n u t r i t i o n a l  d e f i c i e n c y  o f  d i e t s .  M o l e  c r a b s  us ed  as 

' n a t u r a l  d i e t '  f o r  t h i s  s t u d y  w e r e  f r e q u e n t l y  f o u n d  i n  t h e  d i e t  o f  

c a p t u r e d  s a m p l e s .  B l a c k  se a  b a s s  s t o c k e d  f o r  p r e l i m i n a r y  t e s t  i n  t h e  

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

o f  mo st  m a l e  g o n ad s  a n d  a f e w  f e m a l e  gonads when m o l e  c r a b s  w e r e  f e d  as a 

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

m o l e  c r a b s  i n  t h e  c a l o r i c  v a l u e s ,  mo le  c r a b s  r e s u l t e d  i n  good  g ro w t h  f o r  

t h e  c u l t u r e d  b l a c k  s e a  b a s s  i n  some s a t i a t e d  f e e d i n g  c o n d i t i o n s .  

C o n s i d e r i n g  t h e  d i e t a r y  i t e m s  and  f e e d i n g  b e h a v i o r  f o u n d  i n  n a t u r a l  

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

f o o d  i n t a k e  may be  n e c e s s a r y  f o r  l o n g - t e r m  e x p e r i m e n t .

H a r p s t e r  e t  a l  . (1977) i n v e s t i g a t e d  t h e  g r o w t h  and  f o o d  c o n v e r s i o n  

o f  j u v e n i l e  s o u t h e r n  b l a c k  sea  b a s s ,  C. m e l a n a , u s i n g  t h e  f o u r  s e l e c t e d  

c o m m e r c i a l  and  s e m i - n a t u r a l  d i e t s  in  t h e  l a b o r a t o r y .  T r o u t  chow r e s u l t e d  

in  good g r o w t h  and s u r v i v a l  r a t e  f o r  t h e  j u v e n i l e s  o f  s o u t h e r n  b l a c k  sea  

b a s s .  H i g h  p r o t e i n  d i e t s  w e r e  recommended f o r  t h e  s p e c i e s  i n  c u l t u r e .  

C o n s i d e r i n g  t h e  common u t i l i z a t i o n  o f  t h e  Or eg o n  M o i s t u r e  P e l l e t  t y p e  

d i e t s  f o r  c o m m e r c i a l  s a l m o n o i d  f i s h  c u l t u r e ,  t h e  c o m m e r c i a l  d i e t  was 

s e l e c t e d  f o r  t h i s  s t u d y  as  an r e p r e s e n t a t i v e  a r t i f i c i a l  d i e t .  The
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n u t r i t i o n a l  q u a l i t y  and h ig h  p r o t e i n  l e v e l  o f  t h i s  d i e t  were r e g a r d e d  t o  

s a t i s f y  t h e  m in ima l  n u t r i t i o n a l  r e q u i r e m e n t s  f o r  normal  g ro wth  o f  b l a c k  

sea b a s s .  The r e s u l t s  o f  t h e  s t u d y  showed t h a t  t he  commerc ia l  d i e t  

o r i g i n a l l y  deve lo ped  f o r  c o l d  w a t e r  s p e c i e s  p ro duced  good g ro w t h  o f  b l a c k  

sea bass  and c o u ld  be a s u b s t i t u t i o n a l  d i e t  f o r  o t h e r  warm w a t e r  s p e c ie s  

w h i c h  r e q u i r e  h ig h  p r o t e i n  d i e t  i n  c u l t u r e  as w e l l  as f o r  b l a c k  sea b a s s .  

H igh  f o o d  c o n v e r s i o n  e f f i c i e n c y  o v e r  0 . 8  (Fc=1 -3 *1 )  was commonly obse rved  

f r o m  t h e  t e s t  f i s h  in  good g r o w in g  c o n d i t i o n  f o r  6 - 1 1  months w i t h o u t  

r e s u l t i n g  i n  any n u t r i t i o n a l  d e f i c i e n c y  syndrom e.  The c a l o r i c  v a l u e s  o f  

t h e  comm erc ia l  d i e t  o b t a i n e d  f r om  t h e  c a l o r i c  a n a l y s i s  i n d i c a t e d  t h a t  t h e  

e n e r g e t i c  c o n t e n t  o f  t h e  d i e t  (1*869 c a l / g - w e t  w e i g h t )  was much h i g h e r  th a n  

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

2000 -  3500 c a l / g - w e t  w e i g h t )  d e s p i t e  h i g h e r  m o i s t u r e  c o n t e n t  t h a n  o t h e r  

com m erc ia l  d r y  d i e t s  as 15 % ( t y p i c a l  c o m m erc ia l  d r y  d i e t s  have 8 -  12 X 

o f  w e i g h t  i n  m o i s t u r e  c o n t e n t s )  ( B r e t t  and G roves ,  1979; Kru eg er  e t  a l . ,  

1968;  f i a r a i s  and K i s s i l ,  197 7) -

The g r o w t h  o f  t h e  c u l t u r e d  b l a c k  sea bass  i n  s a t i a t e d  f e e d i n g  

c o n d i t i o n s  f o r  t h i s  s t u d y  was much h i g h e r  t h an  th o s e  found  i n  t h e  n a t u r a l  

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

o f  b l a c k  sea bass c a l c u l a t e d  by Cupka e t  a l .  (1977) f o r  each age o f  

s o u t h e r n  n a t u r a l  p o p u l a t i o n ,  ave rag e  d a i l y  g r o w t h  r a t e  (WG) was 0 . 1 2  g / d a y  

betw een  age 0 and age 1 and i n c r e a s e d  t o  0 . 2 8  g / d a y  between age 2 and age 

3 o f  w h i c h  ave rage  body w e i g h t  re a che d  t o  233 -6  g .  The c o r r e s p o n d i n g  

i n s t a n t a n e o u s  g ro wth  r a t e s  were  1 .0 4  % o f  body w e i g h t / d a y  and 0 . 1 5  % o f  

body  w e i g h t / d a y  r e s p e c t i v e l y .  The a v e r a g e  a b s o l u t e  and i n s t a n t a n e o u s  

g ro w t h  r a t e s  between age 1 and age 3 was 0 . 2 6  g / d a y  and 0.1*9 % o f  body
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w e i g h t / d a y  r e s p e c t i v e l y  w h i l e  the  ave rage  body w e i g h t  o f  f i s h  incr ea se d  

f r o m  4 5 . 2  g a t  age 1 t o  233-6  9 a t  age 3-

The f i s h  in  t h e  n o r t h e r n  n a t u r a l  p o p u l a t i o n  showed g ro w t h  r a t e s  

s i m i l a r  t o  s o u t h e r n  p o p u l a t i o n  a c c o r d i n g  t o  M e rc e r  ( 19 78 ) :  t h e  a b s o lu t e  

and t h e  i n s t a n t a n e o u s  g ro w t h  r a t e s  were  0 . 0 4  g / d a y  and O.76 % o f  body 

w e i g h t / d a y  r e s p e c t i v e l y  between age 0 and age 1, and 0 . 3 5  g / d a y  and 0 .2 0  % 

o f  body w e i g h t / d a y  r e s p e c t i v e l y  be tween age 2 and age 3 w i t h  t he  average 

a b s o l u t e  and i n s t a n t a n e o u s  growth  r a t e s  be tw een  age 1 and age 3 as 0 .31 

g / d a y  and 0 .3 7  % o f  body w e i g h t / d a y  ( av e ra ge  body w e i g h t s  were  15-9 9 and

2 4 0 .6  g f o r  age 1 and age 3 r e s p e c t i v e l y ) . These g ro w t h  r a t e s  were much 

l ow e r  th a n  th o s e  f o un d  i n  the  c u l t u r e d  f i s h  f e d  t h e  com m erc ia l  d i e t  a t  

s a t i a t e d  f e e d i n g  l e v e l  (average a b s o l u t e  g r o w t h  r a t e ,  0 . 9 0  g / d a y ;  averag e  

i n s t a n t a n e o u s  g r o w t h  r a t e ,  0 .88  % o f  body w e i g h t / d a y ;  a v e r a g e  body 

w e i g h t , 115.1 g ;  w e i g h t  ra n g e ,  11.9  -  2 91 .6  g) (see T a b l e  3 ) •

When t h e  h i g h e s t  aver ag e  g ro w t h  r a t e s  o f  t h e  c u l t u r e d  f i s h  obse rved  

i n  e x p e r i m e n t  9c (WG=1.32 g /d a y ,  G = l . l 6  % o f  body w e i g h t / d a y ,  Wm=13-4 g, 

and r an ge  o f  body w e i g h t = 1 1 . 9  “  2 9 1 .6  g) was compared t o  t h a t  o f  the  

n o r t h e r n  n a t u r a l  p o p u l a t i o n ,  the  c u l t u r e  f i s h  grew f a s t e r  by a f a c t o r  o f  

4 . 3  f o r  a b s o l u t e  g ro w t h  r a t e ,  and 3-1 f o r  i n s t a n t a n e o u s  g ro w t h  r a t e .  The 

f i s h  f e d  t h e  mole  c r a b s  as t e s t  n a t u r a l  d i e t  i n  e x p e r i m e n t  9b a l s o  showed 

h i g h e r  ave rag e  g ro w t h  r a t e s  than t h e  n a t u r a l  p o p u l a t i o n  by a f a c t o r  o f  2 . 5  

f o r  a b s o l u t e  g ro w t h  r a t e  and 1.6 f o r  i n s t a n t a n e o u s  g ro w t h  r a t e .  However,  

t h e  l o w e s t  a v e ra g e  g ro w t h  r a t e  o bse rv ed  f r o m  t h e  c u l t u r e d  f i s h  f ed  t he  

n a t u r a l  d i e t  a t  s a t i a t e d  f e e d i n g  l e v e l  w i t h o u t  s i z e - s o r t i n g  (e x p e r im e n t  1, 

2,  3) showed t h e  s i m i l a r  g rowth  r a t e  t o  n a t u r a l  p o p u l a t i o n  (see T ab le  3) • 

The o v e r a l l  r e s u l t s  i n d i c a t e d  t h a t  t h e  c u l t u r e d  f i s h  grew much f a s t e r  in
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t h e  commer c ia l  d i e t  f e e d i n g  th a n  t h e  n a t u r a l  p o p u l a t i o n ,  and t h e  g ro w th  

r a t e s  o f  t h e  c u l t u r e d  f i s h  f e d  t h e  n a t u r a l  d i e t  were  a l s o  prompted a t  

s a t i a t e d  f e e d i n g  l e v e l .

K e n d a l l  (1977) r e p o r t e d  t h a t  b l a c k  sea bass c u l t u r e d  in  t h e  

l a b o r a t o r y  grew f r o m  265 g t o  880 g o v e r  9 m on th s .  The c a l c u l a t e d  aver ag e  

a b s o l u t e  and i n s t a n t a n e o u s  g ro w t h  r a t e s  f o r  t h e  f i s h  were  2 .24  g / d a y  and 

0 . 4 4  % o f  body w e i g h t / d a y  r e s p e c t i v e l y ,  w h i c h  were  t y p i c a l  v a l u e s  foun d  in  

many l a r g e  f i s h  i n  good g ro w in g  c o n d i t i o n  under  t h e  s a t i a t e d  commerc ia l  

d i e t  f e e d i n g  re g im e  (see T a b l e 3  and Ap pend ix  C ) . These g rowth  r a t e s  were 

a l s o  much h i g h e r  t h a n  t h a t  f o un d  i n  t h e  n a t u r a l  p o p u l a t i o n  by Mercer

(1978) by a f a c t o r  o f  4 .1  f o r  a b s o l u t e  g ro w t h  r a t e  and 4 . 9  f o r  

i n s t a n t a n e o u s  g ro w t h  r a t e  r e s p e c t i v e l y .

The r e s u l t s  o f  t h i s  s t u d y  and K e n d a l l ' s  r e p o r t  i n d i c a t e d  t h a t  3 -  5 

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

p o p u l a t i o n  was o b t a i n a b l e  in  a r t i f i c i a l  c u l t i v a t i o n .  The c a l c u l a t e d  

v a l u e s  o f  t h e  a b s o l u t e  and t h e  i n s t a n t a n e o u s  g ro w t h  r a t e s  f rom w e i g h t -  

s p e c i f i c  maximum g ro w t h  r a t e  i n  t h i s  s t u d y  (see e q u a t i o n  19 and 20) showed 

h i g h e r  v a l u e s  by a f a c t o r  o f  a p p r o x i m a t e l y  one and a h a l f  o f  K e n d a l l ' s  

r e s u l t s ,  w h i c h  i n d i c a t e d  t h a t  t h e  g ro w t h  r a t e  o f  c u l t u r e d  b l a c k  sea bass 

c o u l d  be enhanced p o t e n t i a l l y  as much as 7 “  8 t im e s  t h e  n a t u r a l  g ro wth  

r a t e .

H a r p s t e r  e t  a l  (1977) r e p o r t e d  t h e  s u r v i v a l  and g ro w t h  o f  young C. 

melana i n  s a t i a t e d  f e e d i n g  c o n d i t i o n  u s i n g  t h e  f i s h  p rodu ced  by a r t i f i c i a l  

sp aw ning  t e c h n i q u e .  I n i t i a l  body w e i g h t  o f  t h e  c u l t u r e d  f i s h ,  9 *0  g 

i n c r e a s e d  t o  a p p r o x i m a t e l y  2 5 -0  g a f t e r  69 d a y s .  The c a l c u l a t e d  d a i l y  

g ro w t h  r a t e s  f o r  t h e  f i s h  we re  0 . 2 4  g / d a y  f o r  a b s o l u t e  r a t e  (WG) and 1 .45
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% o f  body w e i g h t  f o r  i n s t a n t a n e o u s  r a t e  (G) . These a v e r a g e  g ro w th  r a t e s  

were much low e r  t h a n  t h o s e  o b s e rv e d  f r om  t h e  f i s h  i n  t h e  s m a l l e s t  s i z e  

groups  ( 4 .3  -  30 g) und er  s a t i a t e d  f e e d i n g  c o n d i t i o n  (0- 34  -  0 . 3 7  g /da y  

and 1 .99  “  2 . 0 8  % o f  body w e i g h t / d a y  (see Ap pe n d ix  C, e x p e r i m e n t  9 c ,  g roup 

8-1 and 8 - 2 ) .  Many o f  t h e  c u l t u r e d  f i s h  in  good g r o w i n g  c o n d i t i o n  showed 

much h i g h e r  g r o w t h  r a t e  i n  t h i s  s t u d y  ( t h e  a ve ra g e  o f  10 % h i g h e s t  v a l u e s  

among i n d i v i d u a l  g r o w t h  r a t e s  f o un d  f r om  t h e  f i s h  w e i g h i n g  4 . 3  -  30 g was 

0 . 4 8  -  0 . 6 6  g / d a y  f o r  a b s o l u t e  g r o w t h  r a t e  and 2 . 7 2  -  3*79 *  o f  body 

we i g h t / d a y )  .

H a r p s t e r  e t  a l  ( 1977) r e p o r t e d  in  t h e i r  s t u d y  t h a t  t h e  ammonia l e v e l  

d i d  n o t  exceed 0 .0 71  m g / 1 , w h i c h  was reg a rd e d  t o  be t h e  re g im e  where  

g ro w t h  p r o h i b i t i o n  m i g h t  o c c u r .  I f  t h e  c u l t u r e d  f i s h  by H a r p s t e r  e t  

( 1977) were  expo sed  t o  t h e  h ig h  l e v e l  o f  ammonia nea r  t h e  obs e rv e d  upper  

l e v e l ,  t h e  g ro w t h  o f  t h e  c u l t u r e d  f i s h  m i g h t  be much r e d u c e d .  The g ro w t h  

r a t e s  o f  t h e  s o u t h e r n  b l a c k  sea bass  r e c o rd e d  i n  H a r p s t e r  e t  a l ' s  s t u d y  

were  a l s o  much l ow e r  th a n  t h e  t y p i c a l  h ig h  i n s t a n t a n e o u s  g ro w t h  r a t e s  

f o un d  i n  many c u l t u r e d  young f i s h e s  a t  t h e  s i z e  (3 -  10 % o f  body 

w e i g h t / d a y )  ( B r e t t ,  1979) -

The p a t t e r n  o f  w e i g h t  and f o o d - s p e c i f i c  g ro w t h  was s i m i l a r  t o  t h e  

r e s u l t s  r e p o r t e d  i n  most  p r e v i o u s  g ro w t h  s t u d i e s  f o r  o t h e r  f i s h e s .  B r e t t

( 1979) d e s e rv e s  c r e d i t  f o r  h i s  e x t e n s i v e  r e v i e w  o f  g r o w t h  o f  f i s h  in  

r e l a t i o n  t o  e n v i r o n m e n t a l  f a c t o r s .  Though t h e  m a g n i t u d e  o f  g ro w t h  o f  f i s h  

i s  n o t  co m p a ra b le  due t o  s p e c i e s - s p e c i f i c  g ro w t h  r a t e  , t h e  g e n e r a l  

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

showed t h a t  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  were  n o t  e x c e p t i o n a l  i n  (1) 

p o s i t i v e  e x p o n e n t i a l  g ro w t h  p a t t e r n  i n  w e i g h t - s p e c i f i c  a b s o l u t e  g ro w th  and
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w e i g h t - s p e c i f i c  f o o d  c o n s u m p t i o n ,  and (2) n e g a t i v e  e x p o n e n t i a l  g ro w t h  

p a t t e r n  in  w e i g h t - s p e c i f i c  i n s t a n t a n e o u s  g ro w t h .

Through  t h i s  s t u d y ,  most  e x p e r i m e n t a l  e q u a t i o n s  showed good f i t t i n g  

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

g ro up  a r r a n g e m e n t  was p e r f o r m e d .  In g ro up  a r ra n g e m e n t  o f  t h i s  s t u d y ,  most 

f r e q u e n t  o b s e r v a t i o n s  (more t h an  99 %) were  made in  t h e  s i x  w e i g h t  

i n t e r v a l s  r a n g i n g  f r o m  10 g t o  180 g and few were  o b t a i n e d  f r o m  one w e i g h t  

g ro up  r a n g i n g  180 -  295 9-  S in c e  t h e  upper  10 % h i g h e s t  v a l u e s  o f  a l l  

o b s e r v a t i o n s  i n  each w e i g h t  g ro u p  were  s e l e c t e d  f o r  g r o u p  a r r a n g e m e n t ,  

some l ow e r  v a l u e s  may be i n c l u d e d  when few o b s e r v a t i o n s  were  f o u n d  i n  each 

w e i g h t  i n t e r v a l .  T h i s  m i g h t  r e s u l t  i n  t h e  r e p r e s e n t a t i v e  v a l u e s  i n  each 

w e i g h t  g ro up  ( a r i t h m e t i c  mean o f  s e l e c t e d  v a lu e s )  b e i n g  b i a s e d  and m ig h t  

a f f e c t  c a l c u l a t i o n  o f  t h e  v a l u e s  o f  exp o ne n ts  f o r  maximum w e i g h t - s p e c i f i c  

g ro w t h  r a t e  o r  m ax im um -w e ig h t  s p e c i f i c  f o od  c o n s u m p t i o n  i n  b o t h  d i e t s .  

However ,  even in  e q u a t i o n s  h a v in g  been b ia s e d  i n  e x p o n e n t s ,  t h e  c o n s t a n t s  

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

l e a s t  sq u a re s  m e th od ,  and r e l a t i v e l y  good f i t t i n g s  t o  o b s e r v a t i o n s  m ig h t  

be f o u n d .

The r e s u l t s  o f  t h i s  s t u d y  in  w e i g h t - s p e c i f i c  p a t t e r n s  o f  g ro w t h  f o r  

t h e  c u l t u r e d  f i s h  w e re  s i m i l a r  t o  t h e  p r e v i o u s  s t u d i e s  i n  s a lm o n o id  and 

s p a r i d  f i s h e s  ( E l l i o t t ,  1976b;  B r e t t ,  1976b; K e r r ,  1982;  K i t c h e l l  e t  a l . ,  

1983; N e i l l  and Se idman,  1983) -  The e x p o n e n t ,  - 0 . 4 9 ,  f o r  t h e  maximum 

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

s a lm o n o id  f i s h  ( B r e t t ,  197 9 ) .  o f  w h i c h  t h e  range was f r o m  - 0 . 3 3  t o  - O .69 

w i t h  common v a l u e s  be tw een  - 0 . 4  and - 0 . 5 .  The t e n d e n c y  f o u n d  i n  o t h e r  

w e i g h t - s p e c i f i c  g r o w t h  and fo o d  c o n s u m p t io n  p a t t e r n s ,  w h i c h  were  i n d i c a t e d
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by e xpo ne nts  o f  t h e  e x p o n e n t i a l  e q u a t i o n s ,  a l s o  c o i n c i d e d  w i t h  t h e  t y p i c a l  

r e s u l t s  o f  many p r e v i o u s  s t u d i e s .

In m u l t i v a r i a t e  a n a l y s i s  f o r  g ro w t h  i n  r e l a t i o n  t o  f o o d  and w e i g h t ,  

the  e f f e c t s  and t h e  r e l a t i o n s h i p s  between two i n f l u e n t i a l  f a c t o r s  and the  

r e s u l t a n t  g ro w t h  r a t e  we re  c l e a r l y  f ound  as shown in  F i g u r e  15 and 17. 

We igh t  and f o o d  c o n s u m p t i o n  were  p r i m a r i l y  s e p a r a t e d  v a r i a b l e s  b u t ,  as 

shown in e q u a t i o n  21 -  24 ,  t h e  maximum fo od  co ns u m p t i on  was depen de n t  on 

w e i g h t  o f  f i s h .  T h e r e f o r e ,  t h e  g ro w t h  r a t e  r e l a t e d  t o  maximum fo od  

consump t i on  r a t e  c o u l d  be e x p r e s s e d  o n l y  by w e i g h t  v a r i a b l e  i n  g e n e r a l i z e d  

e q u a t i o n s  by c o n v e r t i n g  t h e  fo o d  c o n s u m p t i o n  r a t e  as f u n c t i o n  o f  w e i g h t  

and w e i g h t - s p e c i f i c  g r o w t h  as f u n c t i o n  o f  w e i g h t .

When fo od  and w e i g h t  we re  s i m u l t a n e o u s l y  r e l a t e d  t o  g r o w t h ,  t he  

w e i g h t - s p e c i f i c  g ro w t h  r a t e  was f r e q u e n t l y  o b s c u re d  by t h e  i n t e r f e r e n c e  o f  

food e f f e c t  on g r o w t h .  A c c o r d i n g  t o  t h e  r e s u l t s  o f  t h i s  s t u d y ,  t h e  

i n t e r f e r e n c e  between v a r i a b l e s  was s e v e r e  when g ro w t h  ( depe nd en t  v a r i a b l e )  

was exp resse d  i n  d i f f e r e n t  u n i t s  o f  i n d e p en d en t  v a r i a b l e s .  For  example ,  

i f  dep en de nt  v a r i a b l e  was i n s t a n t a n e o u s  g ro w t h  r a t e  (G) e x p r e s s e d  as 

p e r c e n t  o f  body w e i g h t  p e r  day  i n p e n d a n t  v a r i a b l e  was b e t t e r  e x p re s s e d  by 

the  v a r i a b l e  u s i n g  t h e  same u n i t  such as f o od  co ns u m p t i on  r a t e  (RC, % o f  

body w e i g h t / d a y )  i n s t e a d  o f  amount o f  fo od  consumed by f i s h ( C ,  g / d a y ) .

When amount o f  f o od  consumed (C, g /d a y )  was r e l a t e d  t o  b o t h  i n s t a n t a n e o u s  

and a b s o l u t e  g ro w t h  r a t e ,  t h e  w e i g h t - s p e c i f i c  v a r i a t i o n  i n  g ro w t h  was more 

a p p a r e n t  i n  t h e  a b s o l u t e  g ro w t h  r a t e  (WG, g /d a y )  th an  i n  t h e  i n s t a n t a n e o u s  

g rowth  r a t e  (% o f  body w e i g h t / d a y ) .

The g e n e r a l i z e d  e q u a t i o n s  c o r r e c t e d  by t h e  c o r r e c t i o n  c u r v e s  were  

reg arde d  t o  be more u s e f u l  t o  p r e d i c t  g ro w t h  r a t e  th an  t h e  e q u a t i o n s
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o b t a i n e d  b e f o r e  c a l c u l a t i o n .  S i n c e  t h e  e q u a t i o n  d e r i v e d  f r o m  each w e i g h t  

o r  food  c o n s u m p t io n  g r o u p  m i g h t  be b ia s e d  by (1) e x p e r i m e n t a l  e r r o r s  f r om  

measurement,  (2) e r r o r s  i n  a s s u m p t i o n ,  (3) g ro up  a r r a n g e m e n t ,  and (4) 

e r r o r  i n  m a t h e m a t i c a l  e x p r e s s i o n  i t s e l f ,  an o v e r a l l  c a l i b r a t i o n  was 

n e c e s s a ry  t o  show t h e  g e n e r a l  t e n d e n c y  o f  g row th  p a t t e r n .

When th e  c a l c u l a t e d  maximum i n s t a n t a n e o u s  g ro w th  r a t e  i s  used i n  t h e  

e q u a t i o n  d ev e lo pe d  by E l l i o t t  ( 1 9 7 6 b ) ,  f i s h  w e i g h i n g  4 . 3  g w i 11 be 300 g 

a f t e r  190 days and 1000 g a f t e r  375 days  r e s p e c t i v e l y .

Through t h i s  s t u d y ,  a g e n e r a l  p a t t e r n  o f  g ro w t h  was fo un d  f o r  t h e  

c u l t u r e d  b l a c k  sea bass und er  t h e  a p p l i e d  c u l t u r e  c o n d i t i o n s .  The r e s u l t s  

o f  a l l  g ro w t h  e x p e r i m e n t s ,  and t h e  e q u a t i o n s  d e r i v e d  o r  s i m u l a t e d  f r o m  th e  

l a r g e  number o f  o b s e r v a t i o n s  (n= l49&)  showed a p p a r e n t  r e l a t i o n s h i p s  

between th e  g ro w t h  o f  c u l t u r e d  f i s h  and i n f l u e n t i a l  f a c t o r s  ( f o o d  and 

w e i g h t  o f  f i s h )  as shown i n  F i g u r e  15 and 17- However ,  t h e  r e s u l t s  o f  

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

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

c o n t r o l s  o f  e x p e r i m e n t a l  c o n d i t i o n s  S i n g l e  e x p e r im e n t s  on sm a l l  numbers o f  

f i s h  may g i v e  m i s l e a d i n g  r e s u l t s  due t o  (1) e x p e r i m e n t a l  e r r o r s  a s s o c i a t e d  

t o  c u l t u r a l  and a n a l y t i c a l  me th ods ,  and (2) b e h a v i o r a l  and p h y s i o l o g i c a l  

d i f f e r e n c e s  between i n d i v i d u a l s  o v e r  g e n e t i c  v a r i a t i o n s .  To m i n i m i z e  

e x p e r i m e n t a l  e r r o r s  f o r  g ro w t h  s t u d y ,  i t  i s  recommended t o  (1) use f i s h  

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

c h a r a c t e r i s t i c s ,  (2) d e f i n e  t h e  g r o w t h  v a r i a t i o n  o f  i n d i v i d u a l s  r e l a t e d  t o  

b e h a v i o r a l  and p h y s i o l o g i c a l  d i f f e r e n c e s ,  (3) c o n s i d e r  g e n e t i c  v a r i a t i o n  

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

s p e c i e s ,  and (4) i n c l u d e  a l l  c r i t i c a l  b i o t i c  and a b i o t i c  f a c t o r s  a f f e c t i n g
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g ro w t h  ( w e i g h t ,  f o o d ,  t e m p e r a t u r e ,  e t c . ) .

Food and E n e r g e t i c s

S t u d i e s  o f  r a t i o n  l e v e l  o r  fo o d  c o n s u m p t io n  i n  r e l a t i o n  t o  g ro w th  

and e n e r g e t i c s  f o r  m a r i n e  f i s h e s  a r e  r e l a t i v e l y  r a r e .  Among warm w a t e r  

s p e c i e s ,  some s p a r i d ,  s e r r a n i d  and p l e u r o n e c t i d  f i s h e s ,  f o r  wh i ch  

co mm erc ia l  a q u a c u l t u r e  t e c h n i q u e s  have a l r e a d y  been e s t a b l i s h e d  t o  a 

c e r t a i n  d e g re e ,  were  i n t e n s i v e l y  s t u d i e d  in  g r o w t h - r e l a t e d  food  q u a l i t y .  

E n e r g e t i c  s t u d i e s  o f  f i s h  were  r a r e l y  f o un d  i n  warm w a t e r  m a r ine  s p e c i e s .  

The s p e c i e s  p r e v i o u s l y  s t u d i e d  f o r  p a r t i a l  o r  o v e r a l l  e n e r g e t i c s  were  sea 

bream ( D a v i s ,  1953; M a r a i s  and K i s s i l ,  1979; N e i l l  and Se idman, 1983) ,  

t u r b o t  (Adron e t  a l . ,  1969) .  drum (R o b e r t s  e t  a l . ,  1977. 1978; Jones and 

S t ra w n ,  1985)» p l a i c e  (Edwards ,  1968;  Edwards e t  a l . ,  1970, 1971; J o b l i n g ,  

1981 ) ,  cod ( K o h le r ,  1964;  Edwards e t  a l . ,  1972; Jo nes ,  1978 ) ,  s p e c k le d  

t r o u t  (Graham, 19^+9; Job ,  i 960) , m u l l e t  ( K u t t y ,  1969a,  1969b;  Kuo, 1972) ,  

s a b l e f i s h  ( S u l l i v a n  and S m i t h ,  19 8 2 ) ,  t u na  (Gooding e t  a l . ,  1981) ,  and 

a t l a n t i c  menhaden ( D u r b i n  e t  a l . ,  198 ! ;  D u r b i n  and D u r b i n ,  1981) .

Food co ns u m p t i on  and b i o e n e r g e t i c s  o f  f i s h  as w e l l  as g row th  a re  

r a t h e r  s p e c i e s - s p e c i f i c .  However ,  some a u t h o r s  d e s c r i b e d  th e  g e n e r a l i z e d  

p a t t e r n s  o f  e n e r g e t i c s  o f  f i s h  d e p e n d in g  on f e e d i n g  b e h a v i o r s .  B r e t t  and 

Groves (1979) d e s c r i b e d  a g e n e r a l i z e d  model f o r  e n e rg y  a l l o c a t i o n  p a t t e r n  

f o r  c a r n i v o r o u s  f i s h .  Among t o t a l  ene rg y  i n p u t  (g ros s  e n e rg y ,  100%), 

d i g e s t i b l e  energy  i s  80 % (20 % e n e r g y  l o s s  i n  d e f e c a t i o n  and 0 . 8  

a s s i m i l a t i o n  e f f i c i e n c y ) .  M e t a b o l i z a b l e  e n e rg y  i s  73 % a f t e r  s u b t r a c t i n g  

7 % n o n - f e c a l  ene rg y  l o s s  i n  e x c r e t i o n  ( m o s t l y  amm onia) .  On ly  59 % o f  

g ro s s  e n e rg y  is  n e t  e n e rg y  a v a i l a b l e  f o r  g ro w t h  and m e t a b o l i s m  due t o  14 % 

e x t r a  e n e rg y  l oss  as h e a t  i n  a n a b o l i c  p r o c e s s e s .  M e t a b o l i c  e x p e n d i t u r e
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and g ro w t h  a r e  a l t e r n a t i v e  energy  a l l o c a t i o n  o f  n e t  e n e rg y .  N o r m a l l y ,  7 % 

o f  g r o s s  e n e rg y  i s  r e q u i r e d  f o r  s t a n d a r d  m e t a b o l i s m  (Rs) and e x t r a  7 % i s  

used f o r  f e e d i n g  a c t i v i t i e s  ( a p p a re n t  SDA) . T h e r e f o r e ,  maximum a v a i l a b l e  

e n e rg y  f o r  g ro w t h  i s  % o f  t o t a l  e n e rg y  i n p u t .  E x t r a  energy 

e x p e n d i t u r e s  f o r  o t h e r  a c t i v i t i e s  reduce  t h e  a v a i l a b l e  ene rgy  f o r  g r o w t h .  

G e n e r a l l y ,  29 % o f  t h e  t o t a l  ene rgy  i n p u t  l i n k s  t o  g ro w th  ( i n c l u d i n g  

r e p r o d u c t i v e  and s e c r e t o r y  p r o d u c t s ) .  Though t h i s  g e n e ra l  p a t t e r n  o f  

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

s p e c i e s  such as s a lm o n o id  f i s h e s ,  many warm w a t e r  m a r i n e  s p ec ies  i n v o l v e d  

i n  t h e  p r e v i o u s  e n e r g e t i c  s t u d i e s  showed t h e  s i m i l a r  p a t t e r n s  i n  ene rg y  

a l l o c a t i o n  w i t h  some v a r i a t i o n s  i n  m e t a b o l i c  e x p e n d i t u r e s  depend ing on 

f e e d i n g  and a c t i v i t i e s .

S i n c e  t h e  e n e rg y  d e p o s i t e d  i n  t i s s u e s  as e ne rg y  g a i n  i s  p a r t  o f  t h e  

p h y s i o l o g i c a l l y  a v a i l a b l e  energy ,  t h e  e n e r g e t i c  v a l u e  o f  u n i t  body w e i g h t  

i n  w e i g h t  g a i n  ( p o s i t i v e  w e i g h t  i n c r e m e n t )  i s  r e g a r d e d  t o  be equa l  t o  t h a t  

i n  w e i g h t  l o s s  f o r  r o u t i n e  m e ta b o l i s m  d u r i n g  s t a r v a t i o n  excep t  f o r  t h e  

e x t r a  e n e rg y  l o s s  f o r  f e e d i n g  a c t i v i t i e s  ( a p p a r e n t  SDA) t o  o b t a i n  p o s i t i v e  

w e i g h t  g a i n .  S in c e  e ne rg y  e x p e n d i t u r e s  f o r  f e e d i n g  a c t i v i t i e s  a re  

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

12 was r e g a r d e d  t o  be a p ro p e r  e x p r e s s i o n  t o  e s t i m a t e  t h e  i n d i v i d u a l  f o od  

c o n s u m p t i o n  r a t e  f r o m  g ro up  f e e d i n g .

In  t h i s  s t u d y  t h e  f o od  c o nsum p t i on  r a t e s  o b t a i n e d  f rom t h e  g ro ups  o f  

f i s h  f e d  t h e  co m m erc ia l  d i e t  were m o s t l y  lo w  i n  a ran ge  o f  O.k -  2 . 0  % o f  

body w e i g h t / d a y  w h i l e  much h ig h e r  v a l u e s  w e r e  c o l l e c t e d  f rom th e  f i s h  f e d  

t h e  n a t u r a l  d i e t  ( 0 -9  "  5 - f  % o f  body w e i g h t / d a y ) .  The f e e d i n g  response  

o f  t h e  f i s h  f e d  t h e  n a t u r a l  d i e t  was a lm o s t  a lw a y s  b e t t e r  than t h e  f i s h
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f e d  t he  commerc ia l  d i e t .  The d a i l y  food c o n s u m p t i o n  r a t e  o f  t h e  f i s h  fed  

t h e  n a t u r a l  d i e t  showed l e s s  f l u c t u a t i o n  th a n  t h a t  o f  t h e  f i s h  f e d  the  

commerc ia l  d i e t  i n  s a t i a t e d  f e e d i n g  re g im e s .  Fee d in g  t i m e  r e q u i r e e d  f o r  

s a t i a t i o n  was n o r m a l l y  s h o r t  as l es s  th an  10 m i n u t e s .  E x t r a  f o od s  

p r o v i d e d  20 -  30 m i n u t e s  a f t e r  i n i t i a l  f e e d i n g  t o  c o n f i r m  s a t i a t i o n  were 

r a r e l y  consumed. Though t h e  h i g h e s t  fo od  c o n s u m p t i o n  r a t e  fo und  f rom  the 

f i s h  f ed  t he  com m erc ia l  d i e t  was much lower  th a n  t h o s e  f o u n d  i n  t he  

s t u d i e s  f o r  s a lm o n o id  f i s h  (6 -  12 % o f  d r y - b o d y  w e i g h t / d a y ) ,  t h e  

e s t i m a t e d  i n d i v i d u a l  f o o d  c o nsum p t i on  r a t e  showed t h a t  some s m a l l  f i s h  

consumed a p p r o x i m a t e l y  h % o f  body w e i g h t  / day  a t  t h e  maximum fo od  

c o nsum p t i on  r a t e .  A c c o r d i n g  t o  t h e  s tu d y  by Fange and Groves (1979 ) .  1*0 

-  3*0 % o f  d r y  body w e i g h t  per  day a re  t h e  v a l u e s  o f  f o o d  c o n s u m p t io n  r a t e  

commonly f o un d  i n  s a t i a t e d  f e e d i n g  f o r  f i s h  used f o r  g a s t r i c  e v a c u a t i o n  

t e s t s .  When t h e  a v e r a g e  c a l o r i c  c o n t e n t  o f  t h e  f o o d s  was compared,  the  

commerc ia l  d i e t  (4869 c a l / g - w e t  w e ig h t )  had much h i g h e r  e n e rg y  c o n t e n t s  

th an  the  n a t u r a l  d i e t  (1027 c a l / g - w e t  w e i g h t ) .

I t  has been w e l l  known t h a t  f i s h  consuming low d i e t a r y  e n e rg y  food 

sour ces  i n c r e a s e  fo o d  c o n s u m p t i o n  u n t i l  t h e y  meet t h e  p h y s i o l o g i c a l  

minimum r e q u i r e m e n t s  ( G e r k i n g ,  1956; Pa nd ia n ,  19&7; H a l v e r ,  1970;  Cowey 

and S a r g e n t ,  1979 ) .  P e t e r  (1979) d e s c r i b e d  t h e  b e h a v i o r  o f  f e e d i n g  o f  

some t e l e o s t  f i s h ,  i n  w h i c h  f o od  i n t a k e  was d i r e c t l y  r e l a t e d  t o  g ro w th  and 

t h e  ene rgy  r e q u i r e m e n t s  f o r  g ro w t h  was t h e  f u n d a m e n t a l  p a r a m e t e r  

c o n t r o l i n g  f e e d i n g  b e h a v i o r ,  t t a r a i s  and K i s s i l  ( 1979) r e p o r t e d  i n  t h e i r  

f e e d i n g  s t u d y  u s i n g  seabream t h a t  food c o n s u m p t io n  was i n v e r s e l y  

p r o p o r t i o n a l  t o  e n e rg y  c o n t e n t .  The m ag n i tu de  o f  f o o d  c o n s u m p t i o n  r a t e s  

o f  K i s s i l 1s t e s t e d  f i s h  was s i m i l a r  t o  t h a t  o b s e rv e d  i n  t h i s  s t u d y .
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However ,  t h e y  o b t a i n e d  abnormal  r e s u l t s  in  t h a t  t h e  low ene rg y  d i e t  

r e s u l t e d  i n  b e t t e r  g ro w t h  w i t h o u t  s i g n i f i c a n t  d i f f e r e n c e  i n  food  

c o n v e r s i o n  r a t e  between t h e  d i e t s .  They used t h e  d i e t s  f o r  wh i ch  the  

e n e rg y  d i f f e r e n c e  between t h e  h i g h e s t  e n e r g y - c o n t e n t  d i e t  and the  l o w e s t  

e n e r g y - c o n t e n t  d i e t  was l e s s  t h an  10 %.

The d i f f e r e n c e s  fo und  between t h e  t e s t e d  commerc ia l  and the  n a t u r a l  

d i e t  used i n  t h i s  s t u d y  were  ash c o n t e n t s  ( 19 -4  “  25 -9  % f o r  t he  n a t u r a l  

d i e t  and l e s s  t h a n  1 .0  % f o r  t h e  comm erc ia l  d i e t )  and e n e r g e t i c  v a lu e s  

(1027 c a l / g - w e t  w e i g h t  f o r  t h e  n a t u r a l  d i e t  and 4869 c a l / g - w e t  w e i g h t  f o r  

t h e  co m m erc ia l  d i e t ) ,  w h i c h  showed t h a t  the  n a t u r a l  d i e t  was i n f e r i o r  t o  

t h e  co m m erc ia l  d i e t  i n  te rm s  o f  fo o d  c o n v e r s i o n  r a t e  and g ro w th  r a t e .  

Though t h e  e n e r g e t i c  v a l u e  i n  t r u e  p h y s i o l o g i c a l l y  a v a i l a b l e  energy  o f  

f o o d  was n o t  e s t i m a t e d  by  d i r e c t  measurement ,  t h e  i n f e r i o r i t y  o f  th e  

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

d i e t  and t h e i r  poo r  f o o d  c o n v e r s i o n  r a t e .  The maximum d a i l y  f e e d i n g  

f r e q u e n c y  was t w i c e  d u r i n g  t h e  e x p e r i m e n t s .  F i s h  f e d  t h e  n a t u r a l  d i e t  a t  

s a t i a t e d  f e e d i n g  l e v e l  showed good f e e d i n g  re s p o n s e  and a p p a r e n t  maximum 

fo o d  c o n s u m p t i o n  a t  each f e e d i n g .  However ,  i n  t h e  second d a i l y  f e e d i n g  

t h e  f i s h  f e d  t h e  n a t u r a l  d i e t  a lm o s t  a lw ays  d o m in a te d  t h e  f i s h  fed  the  

co mm erc ia l  d i e t .  The f i s h  f e d  t h e  n a t u r a l  d i e t  i n  s a t i a t e d  f e e d i n g  l e v e l  

we re  r e g a r d e d  t o  consume t h e  maximum amount o f  f o od  as t h e i r  stomach 

c a p a c i t i e s  w e re  a l l o w e d .  T h e r e f o r e ,  t h e  maximum ene rg y  i n p u t  o f  f i s h  was 

a l s o  a f f e c t e d  by t h e  s tomach c a p a c i t y  l i m i t i n g  t h e  maximum fo od  i n t a k e  as 

w e l l  as t h e  e n e r g e t i c  c o n t e n t s  o f  t h e  fo od  i t s e l f .

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

compared t o  t h e  v a l u e s  f o u n d  i n  t h e  p r e v i o u s  e n e r g e t i c  and d i g e s t i o n
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s t u d i e s  f o r  o t h e r  f i s h e s .  The v a l u e ,  2 . 2  % o f  f e c a l  p r o d u c t i o n  r a t e ,  i s  

f a r  b e lo w  t h e  v a l u e s  f r o m  sa lm on o id  f i s h e s  (B ry an ,  197^ ;  E l l i o t t ,  1976b; 

B r e t t ,  1 9 7 6 b ) ,  Megalops (Pand ian,  1967) .  g i l t h e a d  seabream ( N e i l l  and 

Se idman,  1983) .  l a rge m ou th  bass (Beamish,  1 9 7 2 ) ,  Perch (Solomon and 

B r a f i e l d ,  1 9 7 2 ) .  However , some a u t h o r s  (Edwards  e t  a l . ,  1972; W a l l a c e ,  

1973) r e p o r t e d  t h e  v a l u e s  s i m i l a r  in  m a g n i t u d e  t o  t h i s  s tu d y  ( 1 .3  -  ^ . 0  % 

o f  t o t a l  f o o d  c o n s u m p t i o n ) .  H igh  d e n s i t y  o f  t h e  f i s h  i n  smal l  space 

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

i n t o  s m a l l  p a r t i c u l a t e s  or  d i s s o l v e d  f o rm s  by t h e  a c t i v i t i e s  o f  th e  f i s h .  

The f e c e s  c o l l e c t i n g  d e v i c e s  were  a l s o  n o t  a b l e  t o  measure  t h e  d i s s o l v e d  

f e c a l  m a t e r i a l s  o r  t h e  p a r t i c u l a t e s  l e s s  t h a n  10 urn and m ig h t  cause 

u n d e r e s t i m a t i o n  o f  t h e  a c t u a l  p r o d u c t i o n  r a t e .  The p o s s i b i l i t y  was n o t  

a l s o  n e g l e c t a b l e  t h a t  th e  f e c a l  p e l l e t s  m i g h t  be reconsumed by f i s h ,  

e s p e c i a l l y  when f o o d  was not  p r o v i d e d  enough and c o m p e t i t i o n  was s e v e r e .  

The e x p e r i m e n t a l  c o n d i t i o n  o f  e x p e r i m e n t  10 was a l s o  abnormal  due t o  h ig h  

ammonia l e v e l  i n  c u l t u r e  sys tem,  t h e  f e c e s  p r o d u c t i o n  r a t e  o f  t h e  c u l t u r e d  

f i s h  was r e g a r d e d  t o  be abnormal  and e r r a t i c  r e s u l t s .

The e x c r e t i o n  r a t e ,  w h ich  was e v a l u a t e d  by ammonia p r o d u c t i o n  r a t e  

was a l s o  abnormal  d u r i n g  th e  e x p e r i m e n t s .  S i n c e  t h e  ammonia l e v e l s  i n  

c o l l e c t e d  w a t e r  samples  were much h i g h e r  t h a n  t h e  upp er  l i m i t  a l l o w e d  by 

t h e  a n a l y t i c a l  m ethod ,  t h e  samples  were  d i l u t e d  10 t i m e s .  However,  some 

samp les  showed h ig h  l e v e l s  o f  ammonia even a f t e r  d i l u t i o n  r e s u l t i n g  in  

e r r a t i c  v a l u e s  i n  e x c r e t i o n  r a t e .  The v a l u e s  o b t a i n e d  f r om  th e  

e x p e r i m e n t s  w e re  r e g a r d e d  t o  be u n a c c e p t a b l e  due t o  t h e  lower  v a lu e s  th an  

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

supposed t o  be l ow er  t h an  th e  v a l u e s  o b t a i n e d  f r o m  t h e  ammonia e x p e r i m e n t s
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r e p r e s e n t e d  as r o u t i n e  m e t a b o l i s m .

A n o the r  abnormal  phenomenon found i n  t h e  e n e r g y  e x p e n d i t u r e  in  th e  

p r e s e n t  s t u d y  was t h e  r e v e r s e d  ene rg y  e x p e n d i t u r e  r a t e  between th e  

s t a n d a r d  m e t a b o l i s m  o b t a i n e d  f r o m  r e s p i r a t i o n  e x p e r i m e n t s  and the  r o u t i n e  

m e ta b o l i s m  r e l a t e d  t o  s t a r v e d  c o n d i t i o n .  As t h e  te rm  i n d i c a t e s ,  s t a n d a r d  

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

s t a n d a r d  m e t a b o l i s m  s h o u ld  be a lw ays  less  t h a n  t h e  r o u t i n e  m e ta b o l i s m .  

S in c e  th e  v a l u e s  f o r  r o u t i n e  m e t a b o l i s m  were e s t i m a t e d  f r o m  th e  w e i g h t  

l o s s  i n  s t a r v a t i o n  and c a l o r i c  e q u i v a l e n t  f o r  f i s h ,  e i t h e r  one m ig h t  be 

m i s l e d  t o  t h e  e s t i m a t i o n .

E l l i o t t  (1975c,  1975a) r e p o r t e d  the  body c o m p o s i t i o n  change o f  brown

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

consumed a v a i l a b l e  l i p i d s  f i r s t  and th e  w a t e r  c o n t e n t  in  t h e  body t i s s u e s  

i n c r e a s e d  t o  compensate  w e i g h t  l o s s .  T h e r e f o r e ,  t h e  e n e r g e t i c  v a lu e  o f  

f i s h  body a c t u a l l y  d ec re a s e d  th a n  th e  v a l u e s  e s t i m a t e d  f r om  w e i g h t  l o s s .  

S e v e ra l  a u t h o r s  r e p o r t e d  t h e  same p a t t e r n  o f  w a t e r  l i p i d  exchange in  body 

t i s s u e s  d u r i n g  s t a r v a t i o n  f r o m  v a r i o u s  s p e c i e s .  The abnormal  low v a lu e s  

o f  ene rg y  l o s s  d u r i n g  s t a r v a t i o n  i n  t h i s  s t u d y  was a l s o  a t t r i b u t e d  t o  t h e  

w a t e r  c o n t e n t  i n c r e m e n t  i n  body t i s s u e s  though  no e n e r g e t i c  compar ison  had 

been a t t e m p t e d  between t h e  t i s s u e s  o f  s t a r v e d  f i s h  and f e d  f i s h .

The ene rg y  e x p e n d i t u r e  fo u n d  in  t h i s  s t u d y  c o i n c i d e d  w i t h  th e  v a l u e s

in  many r e f e r e n c e s  ( B r e t t  and Z a l a ,  1974; P e n t e l o w ,  1958; F r y ,  1978; N e i l l  

and Seidman, 1983; E l l i o t t ,  1 97 5 ) .  The e x p o n e n t ,  - 0 . 1 5 5 5  found  in  the  

w e i g h t  and oxygen c o n s u m p t i o n  r e l a t i o n s h i p  was l i t t l e  h i g h e r  than  the  

v a l u e s  fo u n d  i n  t h e  s e v e r a l  r e s e a r c h e s  i n  c o l d  w a t e r  s p e c i e s  ( - 0 . 1 8  -  

- 0 . 5 0 ) .  However ,  B r e t t  (1979) p o i n t e d  o u t  t h a t  t h e  s t a n d a r d  m e ta b o l i s m
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was p r i m a r i l y  s p e c i e s - s p e c i f i c  w i t h i n  a ra n g e .  The v a l u e  found  i n  t h i s  

s tudy  was reg a rde d  t o  be a c c e p t a b l e  f o r  a t y p i c a l  s l u g g i s h  m a r i n e  f i s h  in  

normal b e h a v i o r ,  i n  w h i c h  much l e s s  ene rg y  was consumed f o r  m a in ten an c e  

compared t o  c o n t i n u o u s  swimmers such as sa lmon and t u n a .

The ene rg y  g a i n  i n  g ro w t h  o f  f i s h  in  s a t i a t e d  commerc ia l  d i e t  

f e e d i n g  (0 .32)  showed t h e  s i m i l a r  v a l u e s  t o  t h o s e  fo und  in  c o l d  w a t e r  

c a r n i v o r o u s  f i s h e s  (29 % o f  t o t a l  e n e rg y  i n p u t ) .  B r e t t  and Groves (1979) 

r e p o r t e d  t h a t  t h e  v a l u e  can be i n c r e a s e d  i f  e x t r a  ene rg y  e x p e n d i t u r e  

compet ing  w i t h  g ro w t h  ( e x t r a  f e e d i n g  c o s t ,  a c t i v i t y - r e l a t e d  ene rg y  

co nsu m p t i on ,  e t c . )  can be r e d u c e d .  S in c e  most s p e c i e s  r e s u l t i n g  i n  t h e  

s i m i l a r  v a l u e s  were  more o r  l e s s  c o n t i n u o u s  swimmers,  f i s h  h a v in g  l e s s  

a c t i v e  b e h a v i o r s  such as b l a c k  sea bass  may show h i g h e r  v a l u e s  in  good 

growing  c o n d i t i o n .

The w e i g h t - s p e c i f i c  e n e rg y  i n t a k e  and e n e rg y  c o n s u m p t ion  f o r  

m ain ten an ce  showed r e l a t i v e l y  l a r g e  v a r i a t i o n  between fo od  t y p e .  The 

p a t t e r n  o f  ene rg y  t r a n s f e r  as w e l l  as m ag n i t u d e  was i r r e g u l a r  in  r e l a t i o n  

t o  w e i g h t .  S in c e  t h e  e q u a t i o n s  were  o r i g i n a l l y  d e r i v e d  f o r  c a l c u l a t i n g  

w e i g h t - r e l a t e d  fo od  c o n s u m p t i o n  p a t t e r n  based on e s t i m a t e d  fo od  

consump t i on  r a t e ,  some a s s u m p t i o n  was i n v o l v e d .  However ,  t h e  

d e t e r m i n a t i o n  c o e f f i c i e n t s  o f  t h e  e q u a t i o n s  d e r i v e d  f r o m  t h e  f i s h  f e d  t h e  

n a t u r a l  d i e t  were  r e l a t i v e l y  low w i t h  sm a l l  number o f  r e p r e s e n t a t i v e  

v a lu e s  f o r  w e i g h t  g ro u p s  ( n = 4 ) . Poor f i t t i n g  a t  sm a l l  i n d ep en d en t  v a lu e s  

may b i a s  t h e  c a l c u l a t e d  m a g n i t u d e  o r  even t h e  w e i g h t - s p e c i f i c  p a t t e r n  

between f o o d  t y p e .

The o v e r a l l  r e s u l t s  i n  e n e r g e t i c  s t u d y  i n d i c a t e d  t h a t  t h e  ene rg y  

i n p u t  i n  fo o d  and e n e r g y  c o n s u m p t i o n  f o r  m e t a b o l i s m  o f  b l a c k  sea bass  were
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g e n e r a l l y  s i m i l a r  t o  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e v i o u s  e n e r g e t i c  s t u d y  

b u t  l a r g e  v a r i a t i o n  a l s o  o c c u r r e d  i n  m a g n i t u d e  and p a t t e r n  d ep e n d in g  on 

w e i g h t ,  f i s h ,  and f o o d  t y p e .

To o b t a i n  b e t t e r  r e s u l t s ,  p r e c i s e  measurements s h o u ld  be c o n d u c te d  

i n  each e n e r g e t i c  component w i t h  few  a s s u m p t i o n .

Comparison between n a t u r a l  p o p u l a t i o n  and c u l tu r e d  f i s h

The f i s h  c u l t u r e d  f o r  g r o w t h  t e s t s  i n i t i a l l y  b e lo n g e d  t o  t h e  n a t u r a l  

p o p u l a t i o n  s i n c e  th e y  we re  c a p t u r e d  f r o m  w i l d  s t o c k s .  When f i s h  a r e  

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

poo r  g rowth  i s  o f t e n  f o u n d  i n  u n f a v o r a b l e  c u l t u r e  c o n d i t i o n s  (Cowey e t  

a l . ,  1972; B l a x t e r ,  1975 ) -  N u t r i t i o n a l  d i s e a s e  caused by p o o r l y  b a la n c e d  

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

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

a q u a c u l t u r e .  G e n e r a l l y ,  g r o w t h  o f  f i s h  i s  a c u t e l y  o r  c h r o n i c a l l y  r ed uced  

when n u t r i t i o n a l  d i s e a s e s  o r  poo r  w a t e r  q u a l i t i e s  a re  i n v o l v e d  i n  c u l t u r e  

( E l l i o t t ,  1975c;  B r e t t  and G r o v e s ,  1979; G i r i n ,  1983) -  To examine o v e r a l l  

q u a l i t y  o f  c u l t u r e  c o n d i t i o n s  a p p l i e d  f o r  t h i s  s t u d y ,  e s p e c i a l l y  f o o d  and 

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

n a t u r a l  p o p u l a t i o n  was e v a l u a t e d  i n  a te rm  o f  r e l a t i v e  h e a v in e s s  u s i n g  

c o n d i t i o n  f a c t o r s  (K and RK) and 1e n g t h - w e i g h t  r e l a t i o n s h i p  as w e l l  as 

g ro w t h  r a t e  o f  t h e  f i s h .

C o n d i t i o n  i nd ex  i s  e x p r e s s e d  as a r e l a t i v e  r e l a t i o n s h i p  between 

w e i g h t  and s t a n d a r d  l e n g t h  o f  t h e  f i s h  i n  t h i s  s t u d y .  The ave rag e  v a l u e  

2 . 5 7  o f  t h e  c o n d i t i o n  in d e x  o f  t h e  c u l t u r e d  b l a c k  sea bass was much lower  

t h a n  t h a t  o bse rv ed  f r o m  t h e  n a t u r a l  s o u t h e r n  p o p u l a t i o n  o f  b l a c k  sea bass 

by  Cupka e t  a l . ,  ( 1977 ) -  In  t h e  n a t u r a l  s o u t h e r n  p o p u l a t i o n  t h e
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c o n d i t i o n  in d ex  f l u c t u a t e d  f r o m  2 .8 5  t o  3-09 depend in g  on s e a s o n .  D u r i n g  

t h e  e x p e r im e n t s  o f  t h i s  s t u d y  l e s s  t h an  1 .0  % o f  t h e  c u l t u r e d  f i s h  showed 

t h e  v a lu e s  o f  c o n d i t i o n  i n d e x  h i g h e r  t h a n  2 .80  a f t e r  t h e  secon d  

e x p e r i m e n t .  When t h e  a v e r a g e  v a l u e  o f  t h e  c o n d i t i o n  i n d e x  o f  c u l t u r e d  

f i s h  i s  compared t o  t h e  v a l u e s  o b t a i n e d  by Cupka e t  a l . (1977) f r o m  t h e  

n a t u r a l  s o u t h e r n  p o p u l a t i o n  o f  b l a c k  sea bass ,  t h e  c u l t u r e d  f i s h  seemed t o  

be i n f e r i o r  t o  t h e  n a t u r a l  p o p u l a t i o n  i n  any c u l t u r e  c o n d i t i o n s  i n  te rms 

o f  ' r e l a t i v e  h e a v i n e s s 1.

The r e l a t i v e  c o n d i t i o n  i n d e x  i s  a i n d i c a t o r  used t o  compare t h e  

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

o f  b l a c k  sea bass d e s c r i b e d  by  M e rce r  ( 1978 ) .  As f a r  as r e l a t i v e  

c o n d i t i o n  i ndex  was c o n c e r n e d ,  a l l  f i s h  f e d  the  n a t u r a l  o r  t h e  commerc ia l  

d i e t  showed s l i g h t l y  b u t  s i g n i f i c a n t l y  h e a v ie r  w e i g h t  (k % i n  ave rage )  

t h a n  the  n a t u r a l  p o p u l a t i o n  a t  t h e  same s t a n d a r d  l e n g t h  ( p ( T ) < 0 . 0 5 ) .  The 

ave rage  v a l u e  o f  c o n d i t i o n  i n d e x  i n c r e a s e d  t o  1 .06  f o r  f e d  f i s h  (n=1391) 

i n d i c a t i n g  t h a t  t h e  f e d  f i s h  were  h e a v i e r  6 % in  r e l a t i v e  w e i g h t  th a n  the  

n a t u r a l  p o p u l a t i o n .

C o r r e l a t i o n  a n a l y s i s  be tween  t h e  c o n d i t i o n  in d ex  and t h e  r e l a t i v e  

c o n d i t i o n  i ndex  o f  a l l  f i s h  (n=1703) showed a s i g n i f i c a n t l y  h i g h  and 

p o s i t i v e  v a l u e  o f  c o r r e l a t i o n  c o e f f i c i e n t  ( r = 0 . 9 1 ,  p(D) < 0 .0 1 )  . The v a lu e  

o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  i n c r e a s e d  t o  0 .9 9  when changes o f  t h e  

c o n d i t i o n  i n d e x  (dK) were  r e l a t e d  t o  changes o f  r e l a t i v e  c o n d i t i o n  i ndex  

(dRK) o f  f i s h  d u r i n g  t h e  e x p e r i m e n t s .  The r e s u l t s  i n d i c a t e d  t h a t  b o t h  

c o n d i t i o n  in d e x  and r e l a t i v e  c o n d i t i o n  in d ex  f u n c t i o n e d  i d e n t i c a l l y  as 

i n d i c a t o r s  o f  m o r p h o l o g i c a l  i n d e x .  N e v e r t h e l e s s ,  a c o n t r o v e r s y  was found  

between two c o n d i t i o n  f a c t o r s  i n  c o m p a r ing  th e  c u l t u r e d  f i s h  t o  n a t u r a l
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p o p u l a t i o n s :  t h e  c o n d i t i o n  i n d e x  i n d i c a t e d  t h e  c u l t u r e d  f i s h  h a v i n g  l e s s  

w e i g h t s  th an  th o s e  i n  n a t u r a l  p o p u l a t i o n  a t  t he  same s t a n d a r d  l e n g t h  w h i l e  

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

w e i g h t s  th an  t h os e  i n  n a t u r a l  p o p u l a t i o n  a t  t he  same s t a n d a r d  l e n g t h .

Mercer  (1978) and Cupka e t  a l  . (1977) r e s p e c t i v e l y  examined t h e  

d i f f e r e n t  p o p u l a t i o n s  o f  t h e  b l a c k  sea bass s e p a r a t e d  by l o c a t i o n  and 

m i g r a t o r y  b e h a v i o r .  I f  t h e  c o n d i t i o n  in d e x  and t h e  r e l a t i v e  c o n d i t i o n  

i ndex  o f  t h i s  s t u d y  i d e n t i c a l l y  r e p r e s e n t  t h e  c o n d i t i o n  o f  f i s h  as shown 

in  t h e  c o r r e l a t i o n  a n a l y s i s ,  two n a t u r a l  p o p u l a t i o n  may have d i f f e r e n t  

c o n d i t i o n s  i n  a te rm  o f  r e l a t i v e  h e a v in e s s .

The e x p o n e n t i a l  e q u a t i o n s  f o r  1e n g t h - w e i g h t  r e l a t i o n s h i p  d e r i v e d  

f r om  each n a t u r a l  p o p u l a t i o n  by Cupka e t  a l . (1977) and Mercer  (1978) 

showed a d i f f e r e n c e  i n  t h e  e x p o n e n t s ,  w h i c h  3 -1 798  and 2 . 9 1 0 8 ,  we re  

o b t a i n e d  f r om  t h e  n o r t h e r n  p o p u l a t i o n  and t h e  s o u t h e r n  c o u n t e r p a r t  

r e s p e c t i v e l y .  A c c o r d i n g  t o  t h e  r e s u l t s  o f  12 e x p e r i m e n t s  o f  t h i s  s t u d y ,  a 

n e g a t i v e  c o r r e l a t i o n  c o e f f i c i e n t  v a l u e  ( r = - 0 . 7 5 )  was o b t a i n e d  between t h e  

e x po ne n t  o f  t h e  e q u a t i o n  i n  w e i g h t - 1e ng th  r e l a t i o n s h i p  and t h e  r e l a t i v e  

c o n d i t i o n  i ndex  f o r  f i s h  i n  each e x p e r i m e n t .  The exponen ts  o f  t h e  

e q u a t i o n s  tended t o  d e c r e a s e  as t h e  r e l a t i v e  c o n d i t i o n  i ndex  i n c r e a s e d .

I f  t h i s  te nd en cy  i s  a p p l i c a b l e  t o  n a t u r a l  p o p u l a t i o n ,  t he  s o u t h e r n  

p o p u l a t i o n  h a v in g  l ow e r  v a l u e  o f  e xp o n e n t  i n  l e n g t h - w e i g h t  e q u a t i o n  may be 

h e a v i e r  t h an  n o r t h e r n  p o p u l a t i o n  a t  t h e  same s t a n d a r d  l e n g t h .  However ,  no 

d i r e c t  c om par i son  between two p o p u l a t i o n  was done i n  r e l a t i v e  h e a v in e s s ,  

though  M e r c e r (1978) r e p o r t e d  t h a t  n o r t h e r n  p o p u l a t i o n  grew f a s t e r  t h an  

s o u t h e r n  p o p u l a t i o n  i n  a f a c t o r  o f  t i m e .

Through  o v e r a l l  e x p e r i m e n t s  t h e  r e l a t i o n s h i p  between g ro w t h  r a t e s
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and co n d i t io n  ind ices  v a r i e d  f rom i n d i v i d u a l  to i n d i v i d u a l .

T h e o r e t i c a l l y ,  growth s i m u l ta n e o u s ly  occurs in both le ngth  and we ig h t  in 

p o s i t i v e  we igh t  g a i n .  In i s o m e t r i c  growth both length and we igh t  in crease  

a t  the same r a t i o  and thus the c o n d i t i o n  f a c t o r s  should be cons tan t  

regard le ss  of  growth r a t e .  S inc e  the growth r a t e  and c o n d i t i o n  f a c t o r  

were expressed as we ight  change and l e n g t h - w e i g h t  r e l a t i o n s h i p  

r e s p e c t i v e l y ,  both v a r i a b l e s  were regarded to  be t o t a l l y  separated  

independent v a r i a b l e s .  However,  the c o r r e l a t i o n  c o e f f i c i e n t s  ob ta in ed  

between two types of  growth r a t e s  (WG and G) and two types of  c o n d i t i o n  

i nd ic es  (K and RK) showed s i g n i f i c a n t  r e l a t i o n s h i p s  in a range of  0 . 5 0  -

O.63  (p (D) < 0 . 0 1 ) .  Th is  i n d i c a t e d  t h a t  c o n d i t i o n  ind ic es  can be a ls o  used 

f o r  growth index in a c e r t a i n  degree as w e l l  as f o r  r e l a t i v e  heaviness of  

f i s h .

In d i f f e r e n t  fe e d in g  c o n d i t i o n s  both c o n d i t i o n  f a c t o r s  may be used 

more pro p er ly  f o r  s ta rv ed  f i s h  in  a term o f  r e l a t i v e  we ig h t  i n d i c a t o r s  

s in ce  weight loss occurs c o n t in u o u s ly  f o r  s ta rv e d  f i s h  as an expense of  

energy consumption f o r  l i v i n g  w h i l e  length is unchangeable due to  bony 

s t r u c t u r e .  T h e r e f o r e ,  the c o n d i t i o n  index may w e l l  r e f l e c t  the c o n d i t i o n  

of  sta rved f i s h  by degree of d i f f e r e n t i a t i o n  from the normal r e l a t i v e  

heaviness as shown in t h i s  study (see T a b le  H O .

During the exper iments abnorm a l ly  high and low va lu e s  of  c o n d i t i o n  

index were found from ten  f i s h .  Two f i s h  invo lved  in the fo u r  p r e l i m i n a r y  

exper iments showed no growth in length due to  tagg in g  damages but  normal 

w eig h t  increment  occurred l i k e  o th e r  f i s h  r e s u l t i n g  in maximum v a lu e  of  

c o n d i t i o n  index (4 .15)  d ur ing  t h e  exper im ents .  On the  o th e r  hand, s i x  of  

e i g h t  f i s h  d ie d  in the l a s t  two exper iments showed the  c o n d i t i o n  index as
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l ow as 1 .30  w i t h  the  ave rage  v a l u e s  o f  1.A5-  S in c e  no e x t e r n a l  and 

i n t e r n a l  damages were n o t  f o u n d ,  t h o s e  f i s h  were  rega rded  t o  have d i e d  by 

s t a r v a t i o n .  G e n e r a l l y ,  most f i s h  r e a r e d  i n  t h e  g ro wth  e x p e r i m e n t s  showed 

t h e  v a l u e s  o f  c o n d i t i o n  i nd ex  b e tw e en  2 . 2 0  -  3 - 0 0 .  Both normal  and

abnormal  v a l u e s  o f  c o n d i t i o n  i n d e x  f o u n d  i n  t h i s  s tu d y  i n d i c a t e  t h a t  

c e r t a i n  l ow e r  and h i g h e r  l i m i t s  o f  c o n d i t i o n  i ndex  m ig h t  e x i s t  f o r  b l a c k  

sea bass  i n  normal  g ro w in g  c o n d i t i o n  as R i c k e r  (1979) su gg es te d  f o r  

s a lm o n o id  f i s h .

As l on g  as g ro wth  o c c u r s ,  t h e  v a l u e  o f  c o n d i t i o n  i nd ex  i s  changed i n  

a c e r t a i n  r an ge  dep en d ing  on i n d i v i d u a l  m o r p h o l o g i c a l  g row th  p a t t e r n s  as 

o bs e rv e d  i n  t h e  e x p e r i m e n t s .  In  norma l  c i r c u m s t a n c e  i t  seems t o  be 

u n l i k e l y  ade qua te  t o  e x p re s s  t h e  o v e r a l l  c o n d i t i o n  o f  f i s h  by  u s i n g  e i t h e r  

c o n d i t i o n  f a c t o r  in  a te rm  o f  r e l a t i v e  h e a v in e s s  due t o  (1) i t s  smal l  

r an ge  o f  v a r i a t i o n  i n  r e l a t i o n  t o  l a r g e  v a r i a t i o n  o f  s o m a t i c  chan ge s ,  and 

(2) c o n t i n u o u s  and s i m u l t a n e o u s  chan ge s i n  b o t h  l e n g t h  and w e i g h t  o f  f i s h .  

To d e f i n e  t h e  p ro pe r  r e l a t i v e  h e a v i n e s s  o f  f i s h ,  i t  seems t o  be more 

d e s i r a b l e  t o  use deg ree  o f  s a t u r a t i o n ,  w h i c h  i s  a r e l a t i v e  c o m p a r i s on  

between t h e  v a l u e  o f  c u r r e n t  c o n d i t i o n  i n d e x  and maximum o b t a i n a b l e  v a l u e s  

o f  t h e  c o n d i t i o n  i ndex o f  f i s h  i n  a normal  g ro w t h  p a t t e r n .

F u t u r e  O b j e c t i v e s

Throug h  t h i s  s t u d y ,  b a s i c  p a t t e r n s  o f  t h e  g row th  and t h e  ene rg y  

a l l o c a t i o n  i n  some b i o e n e r g e t i c  components  o f  b l a c k  sea bass were  examined 

i n  r e l a t i o n  t o  a r e p r e s e n t a t i v e  c o m m e rc ia l  and n a t u r a l  d i e t ,  and w e i g h t  o f  

f i s h .  However ,  some i m p o r t a n t  f a c t o r s  conce rn ed  w i t h  g ro w t h  and 

e n e r g e t i c s ,  e s p e c i a l l y  a b i o t i c  f a c t o r s  such as t e m p e r a t u r e  we re  n o t  

i n v e s t i g a t e d  u n f o r t u n a t e l y  due t o  l i m i t e d  l a b o r a t o r y  f a c i l i t i e s  and
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l a b o r s .  To u n d e r s t a n d  o v e r a l l  p a t t e r n  o f  g ro w t h  o f  f i s h  i n  i n t e r a c t i o n  

between n a t u r e  and f i s h ,  t h e  e f f e c t s  o f  th o s e  f a c t o r s  on g ro w t h  sh o u ld  be 

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

a p p l i c a b l e  f o r  p r a c t i c a l  a q u a c u l t u r e  o r  o t h e r  e c o l o g i c a l  and p h y s i o l o g i c a l  

s t u d  i e s .

The w e i g h t  ran ge  o f  t h e  t e s t  f i s h  d u r i n g  t h i s  s t u d y  (4 .3  ~ 295-2  g) 

showed t h a t  mos t  f i s h  were  s e x u a l l y  unmatured  j u v e n i l e s  and young f i s h ,  in  

w h ic h  c o m p l i c a t e d  e n e rg y  a l l o c a t i o n  r e l a t e d  t o  r e p r o d u c t i o n  can be 

n e g l i g i b l e .  As B r e t t  (1979) i n d i c a t e d ,  w e i g h t  and l i f e  s t a g e  o f  f i s h  p l a y  

i m p o r t a n t  r o l e s  in  d e t e r m i n i n g  g rowth  and b i o e n e r g e t i c  p a t t e r n s .  Though 

o t h e r  s i z e  o f  f i s h  ( e x c e p t  f o r  4 . 3  -  295 -2  g) was n o t  examined  in  t h i s  

s t u d y ,  t h e  g r o w t h  and t h e  e n e r g e t i c  p a t t e r n s  o f  t h e  t e s t  f i s h  may be,  

t h e r e f o r e ,  d i f f e r e n t  f r o m  l a r g e  a d u l t s  o r  f r om  s m a l l  ones i n  p o s t l a r v a l  

s t a g e s .  Many g r o w t h  s t a n z a  r e s u l t i n g  i n  d i f f e r e n t  g r o w t h  p a t t e r n s  c o u l d  

be fo und  d u r i n g  t h e  l i f e  span o f  f i s h  and e s p e c i a l l y  i n  e a r l y  l i f e  s ta ge s  

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

s t u d y  t o  i n t e r p r e t  t h e  g e n e r a l  p a t t e r n  o f  g ro w t h  t h e  b l a c k  sea bass is  

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

t h e  d i f f e r e n t i a t e d  g ro w t h  p a t t e r n s  o r i g i n a t e d  f r o m  d i f f e r e n t  l i f e  s ta g e s  

o f  t h e  b l a c k  sea b a s s .  T h e r e f o r e ,  as su gg es te d  by many a u t h o r s  i n  g ro wth  

and e n e r g e t i c  s t u d i e s ,  one s h o u ld  be c a u t i o u s  a p p l y i n g  t h i s  r e s u l t  t o  

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

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

p r o v i d e  p r i m a r y  i n f o r m a t i o n  o f  g rowth  p o t e n t i a l  o f  b l a c k  sea bass f o r  

a q u a c u l t u r e .

A n o t h e r  i m p o r t a n t  i n f o r m a t i o n  o b t a i n e d  f r o m  t h i s  s t u d y  i s  t h a t  t h e
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com m erc ia l  d i e t  d e v e lo p e d  f o r  c o l d  w a t e r  s p e c i e s  can be u t i l i z e d  an 

e x c e l l e n t  s u b s t i t u t i o n a l  d i e t  f o r  mass c u l t u r e  o f  b l a c k  sea bass .  

C o n s i d e r i n g  t h a t  f e e d i n g  i s  one o f  t h e  most  i m p o r t a n t  f a c t o r  d e t e r m i n i n g  

t h e  success  o f  commerc ia l  c u l t u r e ,  a v a i l a b i l i t y  o f  r e a d y - t o - u s e  commerc ia l  

d i e t  i s  o f t e n  an i m p o r t a n t  d e t e r m i n a n t  t o  e s t a b l i s h  a mass c u l t u r e  o f  

h i s t o r i c a l l y  unknown s p e c i e s  i n  comm erc ia l  s c a l e .  The l a c k  o f  p ro pe r  d i e t  

d e v e lo p e d  f o r  warm w a t e r  m a r i n e  f i s h e s  in  c u l t u r e  may cause a major  

o b s t a c l e  f o r  e v a l u a t i n g  a s p e c i e s  in  p o t e n t i a l  c u l t u r e .  The growth  r a t e  

and f e e d i n g  r e s p o n s e  o f  b l a c k  sea bass f e d  t h e  co m m erc ia l  d i e t  showed the  

g r e a t  p o t e n t i a l  t h a t  t h e  commerc ia l  d i e t  can be d i r e c t l y  u s a b le  as a 

e f f e c t i v e  d i e t  f o r  b l a c k  sea bass w i t h o u t  m o d i f i c a t i o n .

To improve  t h e  a p p l i c a t i o n  o f  t h e  r e s u l t s  o b t a i n e d  f r om  t h i s  s t u d y  

f o r  a q u a c u l t u r e  o r  b i o e n e r g e t i c  s t u d i e s ,  t h e  g r o w t h  p a t t e r n  r e l a t e d  t o  

t e m p e r a t u r e ,  e n e rg y  e x p e n d i t u r e  r e l a t e d  t o  main  components  o f  c a t a b o l i c  

p r o c e s s e s  ( e s p e c i a l l y ,  w as te  p r o d u c t i o n  r e l a t e d  t o  t e m p e r a t u r e  and 

a c t i v i t y ) ,  and n u t r i t i o n a l  a s p e c t s  o f  t h e  f i s h  s h o u ld  be s o l v e d  i n  f u t u r e .
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SUMMARY AND CONCLUSIONS

1. B lack  sea b ass ,  C e n t r o p r  i s t  i s s t r  i a t a  was c u l t u r e d  i n  p i l o t  s c a l e  f o r  

t h e  f i r s t  t i m e  t o  f i n d  a q u a c u l t u r a l  p o t e n t i a l .

2 .  The g ro w t h  r a t e s  o f  f i s h  were  s i g n i f i c a n t l y  r e l a t e d  t o  b o t h  w e i g h t s  

and food c o n s u m p t io n  r a t e s  o f  f i s h  r e g a r d l e s s  o f  f e e d i n g  l e v e l s  o r  food 

t y p e s .

3- The maximum i n s t a n t a n e o u s  and a b s o l u t e  growth  r a t e s ,  t h e  maximum food 

consumpt ion  r a t e ,  t h e  m a in t e n a n c e  f o o d  consump t ion  r a t e ,  and t h e  w e i g h t  

l o s s  in  s t a r v a t i o n  o f  f i s h  were  e x p o n e n t i a l l y  r e l a t e d  t o  w e i g h t  o f  f i s h .

b .  The a ve ra g e  d a i l y  w e i g h t  g a i n  and fo od  co nsumpt ion  o f  f i s h  (grams per 

day) e x p o n e n t i a l l y  i n c r e a s e d  w i t h  body w e i g h t  o f  f i s h  w h i l e  t h e  averag e  

d a i l y  w e i g h t  g a in  and fo o d  c o n s u m p t i o n  per  u n i t  body w e i g h t  o f  f i s h  

( p e rc e n t  o f  body w e i g h t  per  day) e x p o n e n t i a l l y  dec rea sed  as w e i g h t  o f  f i s h  

i n c r e a s e d .

5 . The comm erc ia l  d i e t  ( m o i s t u r e  p e l l e t s ,  t r o u t  chow) h a v i n g  h ig h  c a l o r i c  

c o n t e n t s  was s i g n i f i c a n t l y  s u p e r i o r  t o  t he  n a t u r a l  d i e t  (mole  c ra b s )  in  

te rms o f  g ro w t h  p ro d u c e d  and f o o d  c o n v e r s i o n  r a t e s  ( w e t - w e i g h t  comp ar ison )  

o f  b la c k  sea b ass .

6 . The n a t u r a l  d i e t  (mole  c r a b s )  h a v i n g  low c a l o r i c  c o n t e n t s  showed low 

fo od  c o n v e r s i o n  r a t e s  ( w e t - w e i g h t  comp ar ison )  w i t h  h ig h  f o o d  fo od  

consump t io n  r a t e s  and good f e e d i n g  respon ses  o f  t h e  c u l t u r e d  f i s h .

7 .  Two g e n e r a l i z e d  e q u a t i o n s  w e re  deve lo pe d  t o  p r e d i c t  t h e  p o t e n t i a l
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gro wth  r a t e s  o f  f i s h  a t  g i v e n  body w e i g h t s  and f o o d  c o n s u m p t i o n  r a t e s .

The i n s t a n t a n e o u s  g r o w t h  r a t e s  p r e d i c t e d  by t h e  e q u a t i o n  showed c lo s e  

f i t t i n g  t o  o b s e r v a t i o n s  t h a n  t h e  p r e d i c t e d  a b s o l u t e  g ro w t h  r a t e s  over  t h e  

obse rved  w e i g h t  r a n g e .

8.  The c u l t u r e d  f i s h  were  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r om  t h e  n a t u r a l  

p o p u l a t i o n  i n  te rm s  o f  r e l a t i v e  h e a v in e s s .

9- The oxygen c o n s u m p t i o n  r a t e  f o r  s t a n d a r d  m e t a b o l i s m  was e x p o n e n t i a l l y  

r e l a t e d  t o  body w e i g h t  o f  f i s h :  a t o t a l  amount o f  o x ygen  consumed d a i l y  by 

a f i s h  i n c r e a s e d  e x p o n e n t i a l l y  w i t h  w e i g h t  o f  f i s h  and oxygen consump t ion  

r a t e  per  u n i t  body w e i g h t  dec rea sed  e x p o n e n t i a l l y  as  w e i g h t  o f  f i s h  

i n c r e a s e d .

10. B lack  sea bass has good p o t e n t i a l  f o r  a q u a c u l t u r e :

a) Growth r a t e s  o f  c u l t u r e  f i s h  we re  p ro m p te d  f o u r  t o  f i v e  

t im e s  f a s t e r  t h an  t h os e  o f  n a t u r a l  p o p u l a t i o n  u s i n g  the  

comm erc ia l  d i e t  w i t h  s a t i a t e d  f e e d i n g  r e g im e s .

b) Food c o n v e r s i o n  r a t e s  o f  t h e  c o m m erc ia l  d i e t  were  m o s t l y  

l e s s  t h a n  2 . 0  ( food  g i v e n / g r o w t h  i n  w e t  w e i g h t )  and less  

th an  1 .2  i n  good c o n d i t i o n s  f o r  f i s h  t o  g ro w.

c) C o m m e r c ia l l y  a v a i l a b l e  d i e t  f o r  c o l d  w a t e r  s p e c i e s  was 

e f f e c t i v e  f o r  b l a c k  sea bass on g r o w t h  p r o m o t i o n  in  mass 

c u l t u r e  c o n d i t i o n s .
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SCHEMATIC DRAWING OF CULTURE SYSTEM
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Layout  o f  c u l t u r e  sys tem.
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F i g u r e  A ~ 3 .

D e t a i l s  o f  each f u n c t i o n a l  u n i t  o f  c u l t u r e  sys tem:  (A) s i d e  v i e w  o f  

mechan ic a l  f i l t e r  1 and 2 ,  (B) s i d e  v i e w  o f  b i o l o g i c a l  f i l t e r s

( b i o l o g i c a l  f i l t e r  1 and 2 ) ,  (C) s i d e  v i e w  o f  r e a r i n g  t a n k ,  (D) s i d e  

v i e w  o f  m e c h a n i c a 1 f i 1 t e r  3 .  and (E) s i d e  v i e w  o f  foam f r a c t i o n e r .
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(A) SIDE VIEW OF MECHANICAL FILTER 1
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F i g u r e  B - l

Schemat ic diagram o f  r e s p i r o m e t e r .
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SCHEMATIC DIAGRAM OF RESPIROMETER
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F i g u r e  B - 2

D e t a i l s  o f  r e s p i r o m e t e r :  (A) top v ie w  of  measuring chamber, and (B) 

s id e  v ie w  of  re sp irom eter  ( i n c l u d i n g  measur ing chamber, r e s e r v o i r ,  

t h e r m o - r e g u l a t o r ,  U.V.  s t e r i l i z e r ,  oxygen meter and r e c o d e r ) .
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Tab le  C Averages o f  mean body w e ig h t ,  a bs o lu te  and in s ta n ta n eo u s  
growth r a t e s ,  food consumption r a t e ,  and food con vers io n  
r a t e  o f  each group o f  f i s h  in each e x p e r im e n t .

E x p e r im e n ts  1, 2,  3» 4 ,  and 5

Exp.
No.

average  
Group I d . *  mean 
(Fish No.)  body

we i ght  
(Wm, g)

average  
a b s o lu te  
growth  
r a t e  (WGm, 
g/day)

average  
i n s t a n t . 
growth  
r a t e  (Gm, 
% bw/day)

avera ge  
food com- 
sumpt i on 
r a t e  (RCm, 
% bw/day)

average  
food co-  
nvers i on 
r a t e  
(Fm)

1 1-1 (75) 8 3 . 9 ( 3 - 5 2 ) * * 0 . 2 4  (0 .03)  >' *  0 . 3 2  (0 .04) * *  5 . 0 8 0 .0 6

2 1-1 (74) 7 7 - 6 ( 4 . 4 8 ) 0 . 2 9  (0 .03 ) 0 .3 7  (0 .03) 4 .4 0 0 .0 8

3 1-1 (74) 8 5 -3  ( 4 .7 0 ) 0 . 2 6  (0 . 03) 0 . 4 5  (0 . 06) 4 .81 0 .07

4 l - l  (103) 6 3 .6  ( 2 .2 9 ) O.53  (0.04) 0 . 8 6  (0 .06) 1 .00 0 .8 4

5 l - l (14) 5 0 . 2  ( l  .73) 0 . 8 6  (0 . 06) 1 .73 (0 . 08) 1 .37 1 .27
5 1-2 (14) 4 5 .7  ( 2 .2 3 ) 0 .71  (0 .08) 1 . 5 3 ( 0 . 1 1 ) 1 -50 1 .03

5 2-1 (19) 6 6 . 0  ( 1 . 23) 0 . 9 6  (0 .06) 1-47 (0 .09) 1.52 O.96
5 2 -2 (19) 6 2 .4  ( 1 .4 9 ) 0 . 8 4  (0 . 06) 1-35 (0 .09) 1 .53 O.87

5 3-1 (17) 8 0 .4  ( 1 . 71) O.9 8  (0 . 09) 1 .22 (0 .11) 1 .75 0 .6 9
5 3 -2 (19) 7 9 - 5 ( 2 . 1 8 ) 0 . 8 4  (0 . 07) 1 .06 (0 . 08) 1 .56 0 . 6 8

5 4-1 (18) 100 .5  ( 2 .1 2 ) 1 .31 (0 .07) 1.31 (0 .06) 1 .59 0 .8 2
5 4 -2 (17) 9 9 -5  ( 2 .5 3 ) 1 .14  (0 .07) 1 .15 (0 . 06) 1-54 0 .7 4

5 5-1 (12) 1 2 1 . 8 ( 3 . 5 8 ) 1 . 2 2 ( 0 . 1 1 ) 1.01 (0 . 09 ) 1 .48 0 .6 8
5 5 -2 (11) 123-4 ( 3 .5 9 ) 1 -3 0 ( 0 . 1 3 ) 1 .05 (0 . 09 ) 1 .62 0 .6 5

5 6-1 (12) 156.0  ( 5 .4 5 ) 1 .42  (0.09) 0 .91  (0 .05) 1 .53 0 .5 9
5 6 -2 (8) 161.6  (5 . 26) 1 .44  (0 . 16) 0 . 8 9  ( 0 .09) 1 .48 0 .6 0

*  group id:  s i z e  c 1a s s - r e p l i c a t e  (number of  f i s h )
* *  Numbers in p a r e n t h e s i s  a re  standard  e r r o r s .
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T a b l e  C C o n t i n u e d .

E x p e r im e n t  6

Exp.
No.

Group Id .  
(F i sh No.

a v e r a g e  
. *  mean 
.) body 

we i  g h t  
(Wm, g)

ave rage  
a b s o l u t e  
g ro w th  
r a t e  (WGm, 
g /d a y )

ave rag e  a v e r a g e  
i n s t a n t .  f o o d  com- 
g ro w t h  s u m p t i o n  
r a t e  (Gm, r a t e  (RCm, 
% bw/day)  % bw/day)

average 
fo od  co-  
nve rs  i on 
r a t e  
(Fm)

6 1-1 (7)
5';*

6 6 . 9 ( 4 . 6 ) 0 .81 (0.12) 1 .18  (0 .12) 1 .53 0 .7 9
6 1-2 (6) 6 4 . 4  (3-4) 0 . 7 5  (0 . 10) 1 .17 (0 . 11) 1 .78 0 .6 6
6 1-3 (7) 5 5 - 5  (4 .6 ) 0 . 8 0  (0.13) 1 .39  (0-19) 1 .89 O.76
6 1-4 (7) 6 6 . 3  (5 .4 ) 0 .8 7  (0 .16) 1 . 2 5 (0 . 22) 1 .57 O.83

6 2-1 (10) 8 2 . 4  ( 1 . 5) 0 . 6 5  (0.04) O.79  (0 .04) 0 . 9 8 0 .80
6 2-2 (9) 8 3 . 9 ( 3 . 3 ) O.73 (0 . 06) 0 . 8 7  (0 .06) 1 .14 0 .76
6 2 -3 (9) 8 0 . 6 ( 3 . 5 ) 0 . 7 8  (0.06) O.96 (0 .06) 1 .16 O.83
6 2 -4 (10) 7 5 - 8 ( 3 . 2 ) 0 . 6 3  (0.07) 0 .81 (0 .08) 1 .13 0.74

6 3-1 (9) 9 7 - 5 ( 2 . 4 ) 0 . 8 3 ( 0 . 0 7 ) 0 . 8 4  (0 . 06) 1 .05 0.81
6 3-2 (8) 1 01 .9  (6 . 5) 1 . 0 3 ( 0 . 1 9 ) 0 . 9 6  (0 .17) 1 .13 0 .9 0
6 3-3 (10) 9 3 . 5 ( 4 . 5 ) 0 . 9 2  (0 . 08) 0 . 9 9  (0 .07) 1 .00 0 .9 9
6 3-4 (9) 1 0 1 . 5 ( 3 . 5 ) 1 .00 (0 . 07) 0 . 9 8 (0 . 05 ) 1 .02 0 .97

6 4-1 (9) 1 25 .4  (4 .1 ) 1 .09 (0 . 11) O.87 (0 . 08) 1 .23 0.71
6 4 -2 (9) 1 22 .9  (4 .6 ) 0 . 8 6  (0 .06) 0 . 6 9  (0 .04) 1 .14 0.61
6 4 -3 (8) 122.1  (4 .4 ) 1 .04 (0.13) 0 . 8 6  (0 .10) 1 .36 O.63
6 4 -4 (8) 1 23 .0  (4 .3 ) 0 . 9 2  (0 .13) 0 . 7 5 ( 0 . 1 0 ) 1 .16 0 .6 5

6 5-1 (12) 142 .2  (4 .3 ) 0 . 7 0  (0.06) 0 . 4 9  (0 . 05 ) 0 .8 7 O.56
6 5 -2 (4) 144 .7  (5-5) 0 . 5 5  (0.12) 0 . 3 8  (0 . 07) O.83 0.45
6 5 -3 (6) 146 .2  (8 . 7) 0 . 6 3  (0.20) 0 . 4 3 (0 . 13) 0 . 8 4 0.51

6 6-1 (12) 181 .0  (6 .8 ) 0 . 9 6  (0.13) 0 . 5 2 (0 . 07 ) O.85 O.63
6 6 -2 (4) 195-7  (7-4) 1 .41 (0 .13) 0 . 7 2 (0 . 05) 1 .04 0 .7 0
6 6 -3 (4) 180 .8  (12 .1 ) 0 .9 1  (0 .14) 0 . 5 0  (0 . 05) O.89 O.56

*  g ro up  i d :  s i z e  c 1a s s - r e p l i c a t e  (number o f  f i s h )  
* *  Numbers i n  p a r e n t h e s i s  a re  s t a n d a r d  e r r o r s .
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T a b l e  C C o n t i n u e d .

E x p e r im e n t  7

Exp . 
No.

ave rage  
Group I d . *  mean 
(Fish No.) body

we i ght  
(Wm, g)

average  
a b s o lu te  
growth  
r a t e  (WGm, 
g/day)

average  
i n s t a n t .  
growth  
r a t e  (Gm, 
% bw/day)

average  
food com- 
sumpt i on 
r a t e  (RCm, 
% bw/day)

average  
food co-  
nvers i on 
r a t e  
(Fm)

7 1-1 (7)
ih’c

73 -2  (5-3)
:'c

0 .61  (0 . 09) 0 . 8 2  (0 . 08 ) 0 . 9 7 0 .8 6
7 1-2 (7) 7 2 . 9 ( 2 . 9 ) 0 . 4 6  (0 .09) 0 . 6 2  (0 . 11) 0 . 9 2 0 .6 8
7 1-3 (7) 67-1  ( 5 - D 0 . 6 0  (0 . 12) 0 . 8 6  (0 . 16) 1 .14 0 .7 8
7 1-4 (7) 7 6 . 7  (7 .0 ) 1 .04 (0 . 21) 1 .32  (0 .27) 1-37 0 .9 9

7 2-1 ( 10) 9 8 . 5 ( 3 . 1 ) 1 . 2 3 ( 0 . 1 7 ) 1 .22  (0 .14) 1 . 29 O.96
7 2-2 ( 10) 9 5 - 7  ( 3 - D 1 .0 0  (0 . 17) 1 .01 (0 . 16) 1 .24 0 .8 4
7 2 -3 (10) 9 4 . 3 ( 2 . 3 ) 0 . 6 8  (0 .10) 0 . 7 0  (0 . 10) 0 . 9 8 0 .7 3
7 2 -4 (10) 9 3 . 2  (2 .1 ) 0 . 5 4  (0 .15) 0 . 5 6 ( 0 . 1 5 ) O.87 0 .6 6

7 3-1 (9) 1 1 3 . 6 ( 3 . 6 ) 0 . 6 7  (0 .14) 0 . 5 7 ( 0 . 1 1 ) 0-91 0 .6 4
7 3-2 (9) 1 2 4 . 5 ( 3 - 5 ) 1 .29 (0 . 10) 1 .05 (0 . 10) 1 .14 0.91
7 3 -3 (9) 1 1 2 . 3 ( 5 . 8 ) 0 . 9 3 ( 0 . 1 4 ) 0 .81  (0 .10) 1 .03 0.81
7 3 -4 (9) 114.1 (4 .2 ) 0 .8 1  (0 .20) 0 . 6 7 ( 0 . 1 3 ) 1 .04 0 .6 8

7 4-1 (7) 138 .2  (4 .4 ) 0 . 7 8  (0 . 12) 0 . 5 6  (0 . 08 ) O.98 0 .5 8
7 4-2 (7) 1 40 .5  (6 .2 ) 1 .22  (0 . 16) 0 . 8 5  (0 . 09 ) 1 .10 0 .7 9
7 4 -3 (8) 1 4 3 . 0 ( 5 . 1 ) 0 . 9 9  (0 .20) 0 . 6 7  (0 . 12) O.98 0.71
7 4 -4 (8) 141.1 (4 .0 ) 1 . 0 9 ( 0 . 1 5 ) 0 . 7 7  (0 . 09 ) 1 .14 0 . 6 8

7 5-1 (7) 152 .6  (6 . 5 ) 0 .41  (0 .20) 0 . 2 5 (0 . 13) 0 . 5 8 0 .4 6
7 5 -2 (7) 158 .2  (3 .0 ) 0 . 4 4  (0 .19) 0 . 2 8  (0 . 12) 0 . 5 3 0 .5 3
7 5 -3 (6) 1 6 7 . 5 ( 7 . 7 ) 0 . 8 5  (0 .18) 0 . 5 0 (0 . 10) 0 . 7 3 0 .7 0
7 5 -4 (5) 146.1 (6 . 3) 0 . 7 4 ( 0 . 1 3 ) 0 . 5 0  (0 . 08) 0 . 7 7 0 . 6 6

7 6-1 (5) 210 .1  (1 1.6) O.69  (0 .32) 0 . 3 2  (0 .14) 0 . 7 6 0 .4 3
7 6 -2 (5) 2 1 2 . 3  (8 .7 ) 0 . 9 6  (0 .23) 0 . 4 5 ( 0 . 1 1 ) 0 . 7 5 0 .6 0
7 6 -3 (4) 2 1 4 . 7  (7-5) 1 .10  (0 .12) 0 . 5 2  (0 . 06) 0 . 7 8 0 .6 6
7 6 -4 (4) 2 0 0 . 8  (8 . 5) 0 . 5 5  (0 .23) 0 . 2 7  (0 . 11) 0 . 6 0 0 .4 6

7 7-1 (10) 5 4 . 9  (2 .8 ) 0 . 4 6  (0 . 06) 0 . 8 2  (0 .10) 0 . 7 6 1.09

*  group id:  s i z e  c 1a s s - r e p l i c a t e  (number o f  f i s h )  
* *  Numbers in p a r e n t h e s i s  a re  standard e r r o r s .
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Experiment 8.

average average average average average
Exp. Group I d . * mean a b s o lu te i n s t a n t . food com- food co-
No. (F i sh No.) body growth growth sumpt i on nvers i on

wei ght r a t e  (WGm, r a t e  (Gm, r a t e  (RCm, r a t e
(Wm, g) g/day) % bw/day) % bw/day) (Fm)

8 1-1 (8) 9 1 .2 1-3) 0 .62 (0 . 09) 0 .6 8  (0 . 10) 1 .01 O.67
8 1-2 (7) 9 0 .9 1-7) 0 .57 (0 . 08) 0 .6 2  (0 . 08) 0 . 9 8 O.65
8 1-3 (6) 77 -8 1.4) 0 .39  (0 . 08) 0 .4 9  (0 . 09) 0 . 9 0 0 .5 8
8 1-i* (10) 73 -4 2 .2 ) 0 .58  (0 . 09) 0 . 7 8 ( 0 . 1 1 ) 1 .08 0 .7 3

8 2-1 (9) 106.3 2 .8 ) 0 .70  (0 . 1 1) 0 .6 5  (0 . 10) 1 .10 0 .6 0
8 2-2 (7) 108.9 3 - D 0 .78  (0 .14) 0 .7 0  (0 . 12) 1 .20 0 . 6 0
8 2-3 (9) 106.9 2.5 ) 0 .81 (0 . 10) 0 .7 5  (0.09) 0 . 9 9 0 .7 7
8 2-1* (9) 106. 1* 1.8) 0 .75  (0 . 06) 0 .7 0  (0.05) 1 .04 0 . 6 8

8 3-1 (10) 128.5 3 . 3) 0 .65  (0 . 10) 0 . 5 0  (0 .07) O.76 0 . 6 6
8 3-2 (9) 132.2 3 . 5) 1 . 10 (0 . 15) 0 .8 2  (0.1 1) 1 .17 0.71
8 3-3 (10) 130.5 2 .2 ) 0 .84  (0.  12) 0 .6 5  (0 .09) 0 . 9 0 0 .7 2
8 3-1* (10) 131 -8 3-5) 0 . 9 ^  (0 .13) 0.71 (0 . 09) 0 . 9 4 0 . 7 6

8 i+-l (7) 150.9 2 .8 ) 0 .69  (0 . 16) 0 . 4 5 (0 . 10) 0 . 8 5 0 . 5 4
8 1+-2 (7) 154.6 3 .0 ) 1 . 11 (0 . 13) 0 .72  (0 . 08) 1 .06 0 . 6 8
8 i*-3 (7) 151 -1 3-3) 0 - 7 4 ( 0 . 1 0 ) 0 .4 9  (0 . 06) 0 . 8 4 0 . 5 9
8 i*-i* (7) 150 . 1* 2 .9 ) 0 • 5 3 (0 . 18) 0 .3 4  (0 .1  1) 0 . 7 8 0 .4 6

8 5-1 (6) 173.7 3-7) 0 .89  (0 .09) 0.51 (0 . 05) 0 . 7 5 0 .6 8
8 5-2 (6) 172.1* 5 -3 ) 0 .71 (0 .22) 0 . 4 0 ( 0 . 1 2 ) 0 . 7 2 0 -5 7
8 5-3 (6) 172.2 4 .4 ) 0 .62 (0 .29) 0 . 3 4 ( 0 . 1 5 ) 0 .71 0.51
8 5-1* (6) 172.9 3-9 ) 0 .67 (0 .19) 0 . 3 9 ( 0 . 1 1 ) 0 . 7 9 0 . 4 9

8 6-1 (10) 2 24 .9 8 .8 ) 1 • 3 4 ( 0 . 1 9 ) 0 .59  (0 . 08) 0 . 9 3 0 . 6 5
8 6-2 (10) 225-4 6 .0 ) 1 - 3 8 ( 0 . 1 4 ) 0 .6 0  (0 . 05) 0 . 9 9 0.61

8 7-1 (5) 5 4 . 8 4 .1 ) 0 .17 (0 . 10) 0 . 2 8 ( 0 . 1 8 ) 0 . 8 3 0 . 3 8
8 7-2 (5) 53 -4 1 .3) 0 .00  (0 . 13) - 0 . 0 2 ( 0 . 2 4 ) 0 .5 7 0 . 0 0

*  group id:  s i z e  c 1a s s - r e p l i c a t e  (number of f i s h )
* *  Numbers in p a r e n t h e s i s  a r e  standard e r r o r s .
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E x p e r im e n t  9

Exp.
No.

average  
Group I d . *  mean 
(Fish No.) body

wei ght  
(Wm, g)

average  
a bs o lu te  
growth  
r a t e  (WGm, 
g/day)

average  
i n s t a n t . 
growth 
r a t e  (Gm, 
% bw/day)

average  
food com- 
sumpt i on 
r a t e  (RCm, 
% bw/day)

average  
food co-  
nvers i on 
r a t e  
(Fm)

9a 1- (13) 85 -5 1 . 8) - 0 . 3 9  (0 . 02) - 0 . 4 6  (0 . 02) 0 . 0 0 0 . 0 0
9a 2- (8) 1 06 . i 2 . 1) - 0 . 3 9  (0 .03) - 0 . 3 7  (0 .03) 0 . 0 0 0 . 0 0
9a 3- (10) 132 .8 2 . 5 ) - 0 . 4 6  (0 .04 ) - 0 . 3 5  (0.03) 0 . 0 0 0 . 0 0
9a 4 - (7) 148.1 2 . 8) - 0 . 4 4  (0 .04 ) - 0 . 3 0  (0 .03) 0 . 0 0 0 . 0 0
9a 5 - (6) 176.1 3 . 0 ) - 0 . 5 8  (0 .04) - 0 . 3 3  (0 .02) 0 . 0 0 0 . 0 0
9a 6 - (4 ) 231 -7 12.2) - 0 . 7 9 ( 0 . 0 9 ) - 0 . 3 4  (0 .03) 0 . 0 0 0 . 0 0
9a 7- (10) 5 2 . 8 3 -7 ) - 0 . 2 8  (0 .02 ) - 0 . 5 5  (0 .03) 0 . 0 0 0 . 0 0
9a 8 - (8) 17-5 1-3) - 0 . 1 3  (0 . 01) - 0 . 7 3  (0 .04) 0 . 0 0 0 . 0 0

9b 1- (8) 9 7 . 8 3 .0 ) 0 . 8 1 ( o . i o ) 0 .8 2  (0 .08) 3 .0 8 0 . 2 7
9b 2- (8) 115-1 2 . 5 ) 0 . 8 2  (0 .14) 0 . 7 0  ( 0 . 1 1 ) 2 .51 0 . 2 8
9b 3- (10) 138 .3 1 .8) 1 .0 0  (0 . 07) 0 .7 2  (0 .06) 2 .9 6 0 . 2 4
9b 4- (7) 164.8 2 . 3) 1 .06  (0 .09) 0 .6 4  (0 . 05) 2 .82 0 . 2 3
9b 5 - (6) 187-5 6 . 5 ) 0 . 8 9 ( 0 . 1 1 ) 0 .4 7  (0 .04) 2 .3 6 0 . 2 0
9b 6- (5) 2 56 .0 6 . 0 ) 0 . 8 9  (0 .24) 0 . 3 5 (0 . 10) 2 .0 3 0 . 1 7
9b 7- (9) 5 4 . 6 5 -0 ) 0 . 1 9  (0 . 03) 0 .3 4  (0 .04) i .50 0 . 2 3

9c 1- (8) 108.5 2 .0 ) 1 .60  (0 . 10) 1 .47 (0 .07) 1 .78 O.83
9c 2- (9) 129.8 1.4) 1 - 7 4 ( 0 . 1 9 ) 1 .3 3 (0 . 1 3 ) 1 .73 0 . 7 7
9c 3- (10) 149.6 3 -4 ) 1 . 4 7 ( 0 . 1 3 ) 0 .9 8  (0 . 08) 1 .43 0 . 6 9
9c 4 - (7) 169-5 1 . 9 ) 1 . 7 5 ( 0 . 2 4 ) 1.03 (0 .14) 1 .3 9 0 . 7 5
9c 5~ (7) 196 .3 3-2 ) 1 .46  (0 .21) 0 .7 5  (0 . 11) 0 . 9 7 0 . 7 7
9c 6- (5) 2 4 2 .8 12.0) 1.71 (0 .15) 0 .71 (0.08) 1 .08 0 . 6 5
9c 7- (9) 5 5 - 3 4 . 5 ) 0 .51  (0 .09) 1 .02 (0.22) 1 .37 0 . 6 8
9c 8- (8) I 8 . 7 1.3) 0 . 3 4  (0 . 10) 1.99 (0 .57) 1 .89 0 . 9 8
9c 8- (7) 18.1 2 .2 ) 0 . 3 7  (0 .04) 2 .08  (0 . 17) 1 .48 1 .38

9d 1- (10) 9 0 .5 2 .3 ) 0 . 7 4  (0 .14) 0 . 8 2 (0 . 15) O.89 0 .91
9d 2- (9) 116.3 2 .4 ) 0 . 9 5  (0 . 08 ) 0 .8 2  (0 . 07) 0 . 9 4 O.87
9d 3- (11) 139.2 3 -7) 1 .04 (0 .10) 0 .7 4  (0 .07) 0 .71 1 .06
9d 4 - (7) 160.1 2 .2 ) 1 . 1 2 ( 0 . 1 0 ) 0 .7 0  (0 . 06) O.74 0 . 9 4
9d 5 - ( 7) 180.3 3 -0 ) 0 . 8 6  (0 .13 ) 0 .4 8  (0 . 07) 0 . 5 5 0 . 8 7
9d 6 - (5) 2 33 .0 15-5) 1 .27  (0 .18) 0 .5 4  (0 . 06) 0 . 5 9 0 -9 3
9d 7 - (9) 5 4 . 4 4 . 3 ) 0 . 3 7 ( 0 . 1 4 ) 0 . 7 3 (0 . 31) O.69 0 . 9 6
9d 8 - (7) 19.4 2 .0 ) 0 . 2 3  (0 .09 ) 1. 2 2 (0 . 37) 1 .37 0 . 8 4

*  group id :  s i z e  c 1a s s - r e p l i c a t e  (number of  f i s h )  
* *  Numbers in p a r e n t h e s i s  a re  s tanda rd  e r r o r s .
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Exp e r im e n t  10

a v e r a g e a v e r a g e average ave rag e a ve rage
Exp. Group I d . * mean a b s o l u t e i n s t a n t . f o o d  com- fo od  c o -
No. (F i sh No.) body g r o w t h g rowth sumpt i on n v e r s  i on

we i g h t r a t e  (WGm, r a t e  (Gm, r a t e  (RCm, r a t e
(Wm, g) g / d a y ) % bw/day) % bw/day) (Fm)

10a 1-1 (8) 109.2 2 .4 ) - 0 . 4 2 0 .04 ) - O .38 0 .04 ) 0 . 0 0 0 . 0 0
10a 2-1 ( 12) 131.1 1 . 6) - 0 . 4 7 0 . 02) - O .36 0 . 02) 0 . 0 0 0 . 0 0
10a 3-1 (5) 151 -3 4 .0 ) - 0 . 4 6 0 .05 ) - 0 .3 0

OO

0 . 0 0 0 . 0 0
10a 4-1 (3) 172.8 5 -2 ) - 0 . 4 9 0 . 02) - 0 .2 8 0 . 01) 0 . 0 0 0 . 0 0
10a 5-1 (8) 2 50 .6 12.4) - 0 . 7 9 0 . 10) - 0.31 0 . 03) 0 . 0 0 0 . 0 0
10a 6-1 ( 12) 8 5 .4 2 .3 ) - 0 . 3 6 0 .03 ) - 0 . 4 2 0 .0 4 ) 0 . 0 0 0 . 0 0
10a 7-1 ( 12) 5 4 .9 4 .0 ) - 0 . 3 0 0 . 02 ) - O .56 0 .0 3 ) 0 . 0 0 0 . 0 0
10a 8-1 ( 10) 19.7 2 .5 ) - 0 . 1 5 0 . 02 ) - 0 . 7 9 0 .0 3 ) 0 . 0 0 0 . 0 0

10b 1-1 (7) 114.4 1.4) 0 .11 0 .15 ) 0 .0 9 0 .13 ) 1 .82 0 . 0 5
10b 2-1 (8) 134 .3 2 . 1) 0 . 0 0 0 . 10) 0 .0 0 0 . 01 ) 1 .5 5 0 . 0 0
10b 3-1 (9) 157.4 3 -0 ) 0 . 5 0 0 .1 0 ) 0 .32 0 .0 7 ) 2 . 7 5 0 .1 2
10b 4-1 (8) 182.9 1 .8) 0 . 4 5 0 . 06 ) 0 .2 5 0 .0 3 ) 2 . 2 8 0.11
10b 5-1 (8) 245 .2 6 .6 ) 0 . 4 5 0 .16 ) 0 .1 9 0 .0 7 ) 1 .77 0 . 1 0
10b 6-1 (7) 91 -3 3 - D 0 . 0 3 0 .14 ) 0 .0 3 0 .1 6 ) 0 . 8 8 0 . 0 3
10b 7-1 (7) 5 2 .0 3-2) 0 . 1 2 0 . 06) 0 .2 3 0 .1 1 ) 2 . 2 2 0 . 1 0

10c l - l (6) 112.9 3 -0 ) 0 . 0 4 0 .32 ) 0 .0 5 0 .31 ) 0 . 7 4 0 . 0 4
10c 2-1 (8) 134.8 1 .2) - 0 . 1 3 0 .12 ) - 0 .1 0 0 . 09) O.78 0 . 0 0
10c 3-1 (10) 154.1 3 - D 0 .11 0 .20 ) 0 .0 6 0 .13 ) 0 -7 7 0 . 0 9
10c 4-1 (8) 176.2 2 .5 ) - 0 . 1 3 0 .16 ) - 0 .0 8 0 .09 ) 0 .61 0 . 0 0
10c 5-1 (8) 2 10 .6 6 . 2 ) 0 .31 0 .20 ) 0 .1 4 0 .0 9 ) 0 . 8 2 0 . 1 8
10c 6-1 (7) 9 3 .3 3-3 ) 0 . 3 6 0 .17 ) 0 .3 9 0 .1 8 ) 0 -9 5 0.41
10c 7-1 (7) 5 3 . 8 2 .5 ) 0 . 2 4 0 .10 ) 0 .4 4 0 . 18) 1 .59 0 .2 7
10c 8-1 (7) 2 2 .0 2 .2 ) 0 . 2 2 0 .05 ) 0 .9 9 0 .20 ) 1 .17 0 .8 4
10c 8 -2 (7) 21.1 1 .0 ) 0 . 1 8 0 .1  1) O.85 0 . 52) 1 .70 0 . 5 0
10c 9-1 (12) 11 .6 0 . 9 ) 0 . 2 9 0 . 0 2 ) 2 .5 9 0 .0 8 ) 1 -95 1 .26

lOd 1-1 (6) 115.7 1.2) - 0 . 0 8 0 .21 ) 1 O O 0 .19 ) 0 . 5 3 0 . 0 0
lOd 2-1 (7) 134.5 1.4) - 0 . 0 2 0 .12 ) - 0.01 0 .0 9 ) 0 . 5 2 0 . 0 0
lOd 3-1 (9) 159-7 1.5) 0 . 1 4 0 .1 0 ) 0 .0 9 0 .07 ) 0 . 4 8 0 . 1 8
lOd 4-1 (8) 176.4 2 .6 ) 0 .01 0 .11 ) 0 .0 0 0 .0 6 ) 0 . 4 3 0.01
lOd 5-1 (8) 2 08 .0 5 -2 ) - 0 . 2 4 0 .23 ) -0 .1 1 0 .1 1 ) 0 . 5 0 0 . 0 0
lOd 6-1 (7) 9 0 .4 2 .6 ) - 0 . 1 5 0 .15 ) - 0 .1 5 0 .1 7 ) 0 . 5 0 0 . 0 0
lOd 7-1 (7) 5 2 .2 3-2 ) 0 .11 0 .14 ) 0 .2 2 0 .2 6 ) 1 .00 0 . 2 0
lOd 8-1 (7) 2 0 .5 1.5) 0 . 2 3 0 .02 ) 1.17 0 .1 2 ) 1 .10 1 .02

*  g ro up  i d :  s i z e  c 1a s s - r e p l i c a t e  (number o f  f i s h )  
* *  Numbers i n  p a r e n t h e s i s  a r e  s t a n d a r d  e r r o r s .
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Ex p e r im e n ts  11 and 12

ave rage a v e r a g e ave rag e a ve rag e a ve rage
Exp. Group Id,. *  mean a b s o l u t e i n s t a n t . fo o d  com- food c o -
No. (F ish No.) body g r o w t h g ro w t h sumpt i on n v e rs  i on

we i g h t r a t e  (WGm, r a t e  (Gm, r a t e  (RCm, r a t e
(Wm, g) g / d a y ) % bw/day) % bw/day) (Fm)

11 1-1 (76) 154.1 (6 .3) - 0 . 6 4  (0 .02)
:'c

- 0 . 4 4  (0.01) 0 . 0 0 0 .0 0
12 1-1 (7) 2 3 - 9 ( 3 . 1 ) 0 . 2 4  (0 . 09) 0 . 8 6  (0.41) 1 .38 0 -72
12 2-1 (6) 5 8 .0  (1 .6) 0 . 3 6  (0 . 11) 0 . 6 2  (0.21) O.87 0 .7 0
12 3-1 (7) 8 0 .2  (2 .5) 0 . 1 7  (0 . 08) 0 .21  (0.10) 0 . 6 4 0 -32
12 4-1 (9) 1 0 3 - 5 ( 2 . 4 ) O. 5 6  (0 .14) 0 . 5 3 ( 0 . 1 3 ) O.87 0 .6 2
12 5-1 (9) 1 16.9  (2 .4) 0 . 4 7  (0 .20) 0 . 3 8 ( 0 . 1 7 ) 0 . 8 0 0 -5 0
12 6-1 (8) 1 3 0 . 3 ( 3 * 1 ) 0 . 2 5  (0 . 18) 0 . 1 7 ( 0 . 1 3 ) 0 .61 0 .3 2
12 7-1 (5) 144.7  (0 .6) 0 . 3 7  (0 . 06) 0 . 2 6  (0.04) 0 . 5 2 0 .4 9
12 8-1 (3) 1 7 3 - 9 ( 4 . 1 ) 0 . 4 8  (0 .15) 0 . 2 7  (0 . 08) 0 . 6 0 0 .4 6

*  g ro up  i d :  s i z e  c 1a s s - r e p l i c a t e  (number o f  f i s h )  
* *  Numbers in  p a r e n t h e s i s  a r e  s t a n d a r d  e r r o r s .
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