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D r .O .A .R o e l s , A dv iso r

A T a h i t i a n  s t r a i n  o f  I s o c h r y s i s  sp .  was grown in  o u td o o r

co n t in u o u s  c u l t u r e  and f ed  a t  f o u r  d i f f e r e n t  c e l l  d e n s i t i e s  to

j u v e n i l e s  o f  th e  S ou the rn  hard  c lam,  M ercenar i a  c a m p e c h i e n s i s .  These
4 4 5 5

c e l l  d e n s i t i e s  were :  1X10 , 5X10 , 1X10 , and 5X10 c e l l s / m l .  C o n t r o l s

c o n s i s t e d  o f  t r a y s  w i t h o u t  an im a ls  r e c e i v i n g  an in f lo w  c e l l  d e n s i t y  
4

o f  5X10 c e l l s / m l a n d  t r a y s  w i th  a n i m a l s ,  b u t  r e c e i v i n g  on ly  f i l t e r e d  

s e a w a t e r .  Each t r e a t m e n t  went  t o  d u p l i c a t e  p o p u l a t i o n s  o f  100 

a n i m a l s ;  each  p o p u l a t i o n  had a whole wet  w e ig h t  o f  10 grams.  The t o t a l  

f low  r a t e  t o  each  p o p u l a t i o n  was 1 2 0  ml p e r  m in u te .

The incoming f i l t e r e d  s e a w a t e r ,  incoming a l g a l  c u l t u r e ,  and 

e f f l u e n t  from each  s h e l l f i s h  p o p u l a t i o n  was c o l l e c t e d  d a i l y  to  be 

a n a ly z e d  f o r  n i t r i t e ,  n i t r a t e ,  ammonia, u r e a ,  d i s s o l v e d  f r e e  amino 

a c i d s  (DFAA), s o l u b l e  p r o t e i n  (S P ) ,  t o t a l  d i s s o l v e d  n i t r o g e n  (TDN), 

and p a r t i c u l a t e  p r o t e i n  n i t r o g e n  (PPN).

A n i t r o g e n  b a l a n c e  f o r  j u v e n i l e  M ercenar i a  c am p ech ien s i s  in  a 

c o n t in u o u s  f low  system was c a l c u l a t e d ;  85 to  95 p e r c e n t  o f  a l l  t o t a l  

incoming n i t r o g e n  was accoun ted  f o r  in  t h e  d i f f e r e n t  t r e a t m e n t s .



The p a t t e r n  o f  change in  c o n c e n t r a t i o n  o f  th e  v a r i o u s  n i t r o g e n  

c o n t a i n i n g  compounds as  a r e s u l t  o f  t h e  pas sage  th rough  t h e  s h e l l f i s h  

c u l t u r e  c o n t a i n e r s  i s  d e s c r i b e d .  There was a s i g n i f i c a n t  e x c r e t i o n  

o f  ammonia on ly  by t h o s e  p o p u l a t i o n s r e c e i v i n g  an in f lo w  a l g a l  p r o t e i n  

c o n c e n t r a t i o n  (APC) o f  5 .75  j j g a t .  PPN/1. I f  t h e r e  was any e x c r e t i o n  

o f  DFAA o r  u r e a ,  t h e r e  was an equal  up take  o f  t h e s e  compounds by 

m ic roorgan ism s  p r e s e n t  in  t h e  s h e l l f i s h  c u l t u r e  c o n t a i n e r s .  There  

was a s i g n i f i c a n t  up take  o f  both  n i t r i t e  and n i t r a t e  by th e  a l g a e  

p r e s e n t  in  t h e  cop ious  b i o d e p o s i t s  o f  t h o s e  s h e l l f i s h  p o p u l a t i o n s  

r e c e i v i n g  an in f lo w  APC o f  56.01 jugat .  PPN/1. There  was a s i g n i f i c a n t  

up take  o f  s o l u b l e  p r o t e i n  by t h o s e  s h e l l f i s h  p o p u l a t i o n s  r e c e i v i n g s  

5 .75  jugat .  PPN/1.

P r o t e i n  S t r i p p i n g  E f f i c i e n c y ,  P r o t e i n  R e t e n t i o n  E f f i c i e n c y ,  Food 

Chain E f f i c i e n c y ,  E c o l o g ic a l  E f f i c i e n c y ,  P r o t e i n  C onvers ion  E f f i c i e n c y ,  

and Gross Growth E f f i c i e n c y  were a l l  maximal f o r  t h o s e  an im a ls  

r e c e i v i n g  an a v e ra g e  weekly  in f l o w  APC o f  5 .75  yugat . PPN/1,  which 

co r r e s p o n d s  to  an am bien t  APC o f  2 .93  juga t .  PPN/1.

In g e s t e d  r a t i o n  i n c r e a s e d  w i th  i n c r e a s i n g  ambien t  APC; t h i s  does 

n o t  conform t o  c u r r e n t  models  o f  food c o n c e n t r a t i o n  and i n g e s t i o n .

Weekly biomass p r o d u c t i o n ,  r e g a r d l e s s  o f  how measured ,  was maximal 

f o r  t h o s e  an im als  r e c e i v i n g  th e  i n t e r m e d i a t e  in f lo w  APC o f  5 .75  and 

11 .33  j j g a t .  PPN/1. There was no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  95 % 

c o n f id e n c e  l e v e l  in  weekly  biomass p r o d u c t i o n  between th o s e  clam 

p o p u l a t i o n s  r e c e i v i n g  th e s e  i n t e r m e d i a t e  in f l o w  APC. There was l e s s



growth e x h i b i t e d  by t h o s e  clam p o p u l a t i o n s  r e c e i v i n g  h i g h e r  o r  lower 

i n f lo w  a l g a l  p r o t e i n  c o n c e n t r a t i o n s .  These r e s u l t s  do n o t  conform to  

c u r r e n t  models o f  b i v a l v e  m o l lu sc  f e e d i n g  and growth .

An in f l o w  a l g a l  p r o t e i n  c o n c e n t a a t i o n  o f  5 .75  j i g a t .  PPN/1 

f lo w in g  a t  a r a t e  o f  1 2 0  ml /min .  t o  1 0  grams l i v e  w e ig h t  o f  

j u v e n i l e  M ercena r i a  cam p e c h ie n s i s  c o n t a i n e d  in  250 ml o f  s e a w a te r  

r e s u l t s  in  an am bien t  a l g a l  p r o t e i n  c o n c e n t r a t i o n  o f  2 . 9 3 / j g a t .  PPN/1. 

I t  i s  conc luded  t h a t  t h i s  ambien t  a l g a l  p r o t e i n  c o n c e n t r a t i o n  i s  

optimum f o r  t h e  growth  and p r o t e i n  c o n v e r s io n  e f f i c i e n c y  o f  j u v e n i l e  

M ercenar i a  c a m p e c h i e n s i s .
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1

INTRODUCTION

World o v e r p o p u l a t i o n  has p u t  a s e v e r e  s t r a i n  on t h e  a b i l i t y  o f  

a g r i c u l t u r e  t o  supp ly  t h e  w o r l d ' s  n u t r i t i o n a l  n e e d s ,  p a r t i c u l a r l y  o f  

p r o t e i n .  I t  i s  o f t e n  d i f f i c u l t  f o r  p e o p le  to  supp ly  them se lves  w i th  

t h e  r i g h t  amounts and p r o p o r t i o n s  o f  t h e  e s s e n t i a l  amino a c i d s  from 

p l a n t  p r o t e i n  s o u r c e s .  Most animal p r o t e i n s  a r e  more com ple te  in  

t h e i r  complement o f  e s s e n t i a l  amino a c i d s  and thus  a r e  a more d e s i r a b l e  

p r o t e i n  s o u r c e .

The amount o f  a r a b l e  land  n o t  p r e s e n t l y  under  c u l t i v a t i o n  i s  l i m i t e d  

and ,  a t  p r e s e n t  r a t e s  o f  p o p u l a t i o n  i n c r e a s e ,  i n s u f f i c i e n t  to  supp ly  

p r o j e c t e d  needs .

In f a c t ,  P i m e n te l ,  e t  a1_., (1975) have shown t h a t  p e t ro leu m  and 

land  r e s o u r c e  l i m i t a t i o n s  make i t  i m p o s s ib l e  t o  f eed  even th e  p r e s e n t  

wor ld  p o p u l a t i o n  a d i e t  com parab le  t o  t h a t  consumed in  t h e  U .S . ,  in 

which 60% o f  t h e  t o t a l  p r o t e i n  i n t a k e  i s  o f  animal o r i g i n .

This  problem has m o t iv a t e d  t h e  s e a r c h  f o r  a l t e r n a t i v e  methods o f  

food p r o d u c t i o n ,  p a r t i c u l a r l y  o f  animal p r o t e i n .  A q u a c u l t u r e ,  t h e  

fa rm ing  and husbandry  o f  f r e s h w a t e r  and m ar ine  o rg a n i s m s ,  i s  one 

a l t e r n a t i v e  t h a t  i s  be ing  a c t i v e l y  pursued. .  At i t s  p r e s e n t  l e v e l  o f  

development i t  c an n o t  compete w i th  n a t u r a l  f i s h e r i e s  in  s u p p ly in g  low 

c o s t  animal p r o t e i n .  However, w i th  i n c r e a s i n g  p o l l u t i o n ,  r e c l a m a t i o n  

o f  "wasted"  e s t u a r i n e  a r e a s  f o r  i n d u s t r i a l  development and o v e r f i s h i n g ,  

n a t u r a l  f i s h e r i e s '  y i e l d s  a r e  s t a b i l i z i n g  o r  d e c r e a s i n g ;  a q u a c u l t u r e  can 

supplem ent t h e s e  n a t u r a l  f i s h e r i e s .  I t  may wel l  be t h e  only  s o u r c e  o f  

some f o o d s t u f f s ,  i f  p r e s e n t  t r e n d s  c o n t i n u e .

A q u a c u l tu r e  may be t h e  b e s t  a l t e r n a t i v e  o r  supp lem ent to  a g r i c u l t u r e  

in  a r e a s  o f  t h e  world  where a g r i c u l t u r e  can n o t  s u pp ly  l o c a l  n e e d s ,  

b u t  where w a t e r  i s  a v a i l a b l e  f o r  i n t e n s i v e  a q u a c u l t u r e .  Such i n t e n s i v e  

a q u a c u l t u r e  may p roduce  a l e s s  e x p e n s iv e  p r o d u c t ,  pound f o r  pound,  than  

s t a n d a r d  a g r i c u l t u r e .  This  i s  because  most  a q u a t i c  an im a ls  a r e  o f  t h e  

same d e n s i t y  as t h e  medium and thus  do n o t  need to  expend energy  to  

s u p p o r t  the m se lves  a g a i n s t  g r a v i t y .  O ther  a q u a t i c  a n i m a l s ,  p a r t i c u l a r l y  

b i v a l v e  m o l l u s c s ,  a r e  s e d e n t a r y  and do n o t  expend energy  in  s e a r c h i n g  o u t  

t h e i r  food .



Other  a dvan tages  o f  b i v a l v e  m o l lu s c s  t h a t  would encourage  t h e i r  

i n t e n s i v e  c u l t u r e  i s  t h a t  th e y  u t i l i z e  p h y t o p l a n k t o n ,  which a r e  no t  

n o rm a l ly  no r  d i r e c t l y  u t i l i z e d  by man. A ls o ,  u t i l i z i n g  a h e r b i v o r e  

such  as b i v a l v e  m o l lu s c s  as a s o u r c e  o f  animal p r o t e i n  i s  much more 

e f f i c i e n t  t h a n ,  f o r  example,  u s in g  f i s h  meal p r o t e i n  to  grow c h ickens  

f o r  human consumpt ion .

Some s o u rc e s  o f  animal p r o t e i n  t h a t  can be produced  r e l a t i v e l y  

c h e a p l y ,  such as F ish  P r o t e i n  C o n c e n t r a t e  from t r a s h  f i s h ,  a r e  no t  

r e a d i l y  a c c e p te d  f o r  human consumpt ion .  B iv a lv e  m o l l u s c s ,  on the  

o t h e r  hand,  a r e  o f t e n  a t r a d i t i o n a l  food s o u r c e  a n d / o r  can ga in  

consumer a c c e p ta n c e  r e a d i l y .

In more deve loped  a r e a s  o f  t h e  w o r ld ,  p o l l u t i o n  and o v e r f i s h i n g  

have caused  a g r e a t  d e c r e a s e  in  t h e  annual  y i e l d  o f  s h e l l f i s h  f i s h e r i e s .

In t h e s e  a r e a s ,  b i v a l v e s  have become a lu x u ry  i t em  f e t c h i n g  a high  p r i c e  

in  t h e  marke t  p l a c e .  Th is  h igh p r i c e  has encouraged  i n v e s t i g a t i o n s  

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

Thus ,  t h e  p r o f i t  m o t ive  and t h e  s e a r c h  f o r  s u i t a b l e  ferms o f  

i n e x p e n s i v e  animal p r o t e i n  have m o t iv a t e d  i n v e s t i g a t i o n s  i n t o  th e  

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

The s u c c e s s f u l  c u l t i v a t i o n  o f  b i v a l v e s ,  as  well  as  o t h e r  o rg a n i s m s ,  

r e q u i r e s  among o t h e r  t h i n g s ,  c o n t r o l  o f  t h e  r e p r o d u c t i v e  c y c l e  o f  the  

o rgan ism ,  knowledge o f  i t s  s a l i n i t y  and t e m p e r a t u r e  r e q u i r e m e n t s ,  and 

knowledge o f  i t s  n u t r i t i o n a l  r e q u i r e m e n t s .  Th is  l a t t e r  c r i t e r i o n  

r e q u i r e s  t h e  i n v e s t i g a t i o n  i n t o  t h e  b e s t  t y p e ( s )  and amounts o f  food .  

C r i t e r i a  f o r  d e c i d in g  which i s  t h e  b e s t  t y p e  a n d / o r  amount o f  food 

i n c l u d e s ,  o b v i o u s l y ,  amount o f  g row th ,  b u t  a l s o  f e e d i n g  r a t e ,  food 

c h a in  e f f i c i e n c y ,  e c o l o g i c a l  e f f i c i e n c y ,  p r o t e i n  c o n v e r s io n  e f f i c i e n c y ,  

and c o n d i t i o n  index .

These c r i t e r i a  h e l p  in  d e c i d i n g  which i s  t h e  b e s t  f e e d i n g  reg ime f o r  

t h e  o rgan ism ,  bu t  may n o t  i n d i c a t e  which i s  t h e  b e s t  f e e d i n g  reg ime i n s o f a r  

as  t h e  t o t a l  c u l t u r e  sy s tem  i s  co n ce rn ed .  An organism can n o t  be c u l t u r e d  

w i t h o u t  r e g a r d  to  what  i t s  r o l e  in  t h e  c u l t u r e  sys tem i s .  I f  a p a r t i c u l a r  

food  ty p e  i s  d i f f i c u l t  a n d / o r  e x p e n s iv e  to  grow, i t  may no t  be t h e  b e s t  

food org an ism  t o  use i n  t h e  c u l t u r e  s y s tem ,  even though i t  may be very  

n u t r i t i o n a l  f o r  th e  b i v a l v e .  A p a r t i c u l a r  f eed  d e n s i t y  t h a t  i s  ip t im a l  f o r  

t h e  g r e a t e s t - g r o w t h  o f  t h e  b i v a l v e  may r e s u l t  in  such a g r e a t  r a t e  o f

ro
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a m m o n ia  e x c r e t i o n  t h a t  t h e  a n i m a l s  may p o i s o n  t h e m s e l v e s .

F o r  r e a s o n s  l i k e  t h e s e ,  a c o m p l e t e  s t u d y  i n t o  t h e  

n u t r i t i o n a l  r e q u i r e m e n t s  o f  a b i v a l v e  f o r  p o s s i b l e  i n t e n s i v e  

a q u a c u l t u r e  m u s t  t a k e  i n t o  a c c o u n t  t h e  b i v a l v e s  r o l e  i n  

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

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

b i v a l v e  a n d  how d o e s  t h e  b i v a l v e  a f f e c t  t h e  s y s t e m ?

An e x c e l l e n t  wa y  t o  g a u g e  t h e s e  e f f e c t s  i s  by 

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

c h a i n .  A n i t r o g e n  b a l a n c e  i s  c o n s t r u c t e d  b e c a u s e :

1 ) n i t r o g e n  i s  o f t e n  t h e  l i m i t i n g  n u t r i e n t  t o  t h e  g r o w t h  o f  

t h e  p r i m a r y  t r o p h i c  l e v e l  ( R y t h e r  a n d  D u n s t a n ,  1 9 7 1 ) ;

2 ) n i t r o g e n o u s  w a s t e  p r o d u c t s  o f  t h e  b i v a l v e  c a n  be  t o x i c

t o  t h e  b i v a l v e s  t h e m s e l v e s  o r  o t h e r  o r g a n i s m s  d o w n s t r e a m ^ 3 ) t h e s e  

n i t r o g e n o u s  w a s t e  p r o d u c t s  may be  u s e d  f o r  t h e  g r o w t h  o f  

m a c r o p h y t e s ;  a n d  4 )  b e c a u s e  a n i m a l  p r o t e i n  p r o d u c t i o n  i s  o f t e n  

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

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

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

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

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

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

b u t  i t  i s  mo r e  c o n t r o l l a b l e  a n d  s u b j e c t  t o  i n t e n s i v e  

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

d i f f e r e n t  e l e m e n t s  o f  t h e  a n i m a l ' s  b i o t i c  a n d  a b i o t i c  

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

a n i m a l s  a r e  u n f e d  f o r  24 h o u r s  p r i o r  t o  t h e  e x p e r i m e n t ,  

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

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

m e a s u r e d  i n  t h e  me d i u m may be  e v e n  mo r e  c o n t r o l l e d  a n d  

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

f o o d  c h a i n .  H o w e v e r ,  t h e y  a r e  s o  r e m o v e d  f r o m  " r e a l "  l i f e  

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

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

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

i s  b e s t  a c c o m p l  i s h e t J  i n  a c o n t i n u o u s  f l o w ,  m a n a g e d  f o o d  c h a i n .
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F i e l d  s t u d i e s  c a n  p o i n t  t o  t h e  q u e s t i o n s  t o  be  a s k e d  a n d  

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

I n  my s t u d y ,  I c o n s t r u c t e d  a n i t r o g e n  b a l a n c e  f o r  

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

f e d  I s o c h r . y s i s  s p /  a t  d i f f e r e n t  d e n s i t i e s .  J u v e n i l e s  

w e r e  u s e d  b e c a u s e  r e l a t i v e l y  l i t t l e  i s  known o f  t h e  b i o ­

e n e r g e t i c s  a n d  n i t r o g e n  c y c l i n g  o f  j u v e n i l e  s h e l l f i s h .  A l s o ,  

t h e  g r e a t e r  g r o w t h  r a t e  o f  j u v e n i l e s  r e s u l t s  i n  mo r e  

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

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

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

s u c h  a s  a mmo n i a  e x c r e t i o n ,  i n  a s h o r t e r  p e r i o d  o f  t i m e .

I u s e d  M e r c e n a r i a  c a m p e c h  i e n s  i s b e c a u s e  t h e r e  i s  v e r y  

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

p h y s i o l o g y ,  a l t h o u g h  i t  i s  a b u n d a n t  i n  g r e a t  q u a n t i t i e s  

t h r o u g h o u t  t h e  G u l f  C o a s t .  I t s  g r o w t h  i s  g e n e r a l l y  g r e a t e r  

t h a n  M e r c e n a r i a  m e r c e n a r i a  o r  t h e i r  r e c i p r o c a l  h y b r i d s  a n d  

i t  i s  much mo r e  t o l e r a n t  t o  h i g h  t e m p e r a t u r e s  t h a n  M e r c e n a r i  a 

m e r c e n a r i  a . A l t h o u g h  t h e r e  i s  no g r e a t  c o m m e r c i a l  f i s h e r y  

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

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

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

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

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

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

r e s t o c k i n g  n a t u r a l  h i b i t a t s  o r  f o r  i n t e n s i v e  a q u a c u l t u r e  o f  t h e  

o r g a n i s m  f o r  f o o d  a n d / o r  p r o f i t .  Th e  h i g h  c o s t  o f  e n e r g y  

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

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

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

s u n s h i n e  t h r o u g h o u t  t h e  y e a r  l i m i t s  t h e  a m o u n t  ( a n d  t y p e )  

o f  p h y t o p l a n k t o n  t h a t  c a n  e c o n o m i c a l l y  be  g r o w n  f o r  a n i m a l  

f o o d .  T h u s ,  a q u a c u l t u r e  i n  g e n e r a l  ( e x c e p t  f o r  s p e c i f i c  c o l d  

w a t e r  c r o p s )  w i l l  t e n d  t o  o p e r a t e  a s  c l o s e  t o  t h e  e q u a t o r  

a s  p o s s i b l e ;  l e g a l ,  p o l i t i c a l  a n d  e c o n o m i c  c o n s i d e r a t i o n s  w i l l  

d e t e r m i n e  e x a c t l y  w h e r e .
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T h u s ,  M e r c e n a r i  a c a m p e c h i  e n s  i s a p p e a r s  t o  be  a g o o d  

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

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

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

n i t r o g e n  d y n a m i c s  o f  t h e  o r g a n i s m .  T h i s  i n f o r m a t i o n  c a n  

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

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

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

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

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

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

n i t r o g e n  i s  t h e  m a j o r  l i m i t i n g  n u t r i e n t  ( R y t h e r  a n d  Duns  t a n , 1 9 7 1 )

My work has i n d i c a t e d  t h a t  t h e  p o s s i b l e  c o n v e r s i o n  o f  i n g e s t e d  
p r o t e i n  t o  s h e l l f i s h  p r o t e i n  i s  a p p r o x i m a t e l y  33%.  T h u s ,  som e 

2 / 3  o f  a l l  i n g e s t e d  p r o t e i n  i s  t r a n s f o r m e d  a n d  r e c y c l e d  

b a c k  t o  t h e  e c o s y s t e m .  The  e f f e c t  o f  t h i s  r e c y c l i n g  on t h e  

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

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

n i t r o g e n .  Th e  r e g e n e r a t e d  n i t r o g e n  may p l a y  a r o l e  i n  

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

war m w e a t h e r  whe n  t h e  t h e r m o c l i n e  p r e v e n t s  t h e  e n t r y  o f  

new n i t r o g e n  i n t o  t h e  p h o t i c  z o n e .

The  r e g e n e r a t e d  n i t r o g e n  c o m e s  f r o m  t h e  u r i n e  o f  t h e  

b i v a l v e s  a n d  f r o m  d i f f u s i o n a l  l o s s e s .  Th e  v a r i o u s  u s e s  o f  

a m i n o  a c i d s  i n  b i v a l v e s  ( p r o t e i n  a n a b o l i s m ,  c a t a b o l i s m ,  

o s m o r e g u l a t i o n ,  n u c l e i c  a c i d  s y n t h e s i s ,  e t c . )  o f t e n  r e q u i r e  

t r a n s a m i n a t i o n  a n d  d e a m i n a t i o n  r e s u l t i n g  i n  n i t r o g e n o u s  w a s t e  

p r o d u c t s  e x c r e t e d  i n  t h e  u r i n e .  O t h e r  s o u r c e s  o f  t h e s e

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

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

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

Th e  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  n a t u r e  o f  t h e  u r i n e  o f

1 a m e l 1 i b r a n c h s  i s  n o t  w e l l  known a n d  y e t  t h i s  i n f o r m a t i o n  i s  

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

p r i m a r y  p r o d u c e r s  o f  t h e  e c o s y s t e m .

I t  i s  w e l l - k n o w n  t h a t  c o a s t a l  p h y t o p l a n k t o n  c a n  u s e  a mmo n i a
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a n d  u r e a  &S a s o u r c e  o f  n i t r o g e n .

Whe e l  ei^ et_ aj_. ( 1 9 7 4 )  f o u n d  t h a t  9 o f  t h e  25 s p e c i e s  

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

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

a m i n o  a c i d s  f o r  h e t e r o t r o p h i c  g r o w t h  i n  t h e  d a r k .

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

p l a c e d  i n  s t a t i c  b o w l s  o f  s e a w a t e r  h a v e  s h o wn  t h a t  b i v a l v e s  

e x c r e t e  n i t r o g e n o u s  e n d  p r o d u c t s  o t h e r  t h a n  a m m o n i a .  F o r  

e x a m p l e ,  t h e  c o m p o s i t i o n  o f  t h e  u r i n e  o f  Mya a r e n a r i a  w a s :  

Ami no  a c i d - N  ( 1 8 % ) ,  Ammo n i a - N ( 2 1 . 5 % ) ,  P u r i n e - N  ( 5 % ) ,  U r e a - N  

( 4 . 5 % ) ,  U r i c  A c i d - N  ( t r a c e % )  a n d  U n i d e n t i f i e d - N  ( 5 1 % ) ,

(A1 b r i  t t o n ^  1 9 5 4 ) .

Lum a n d  Hammen ( 1 9 6 4 ) ,  f o u n d  t h a t  a mmo n i a  a c c o u n t s  f o r  

75% o f  t h e  e x c r e t e d  c a t a b o l i t e s  i n  M o d i o l u s  d e m i s s u s , a l t h o u g h  

t o t a l  n o n p r o t e i n  n i t r o g e n  (NPN)  wa s  n o t  m e a s u r e d .  Ami no  a c i d  

n i t r o g e n  a c c o u n t e d  f o r  t h e  o t h e r  25%.  He d i d  n o t  f i n d  

e v i d e n c e  f o r  u r e a  e x c r e t i o n  by M o d i o l u s . de mi  s s u s .

T h i s  was  n o t  t h e  c a s e  w i t h  C r a s s o s t r e a  v i  r g i  n i  c a  w h i c h  

was  f o u n d  t o  r e l e a s e  0 . 3 2 - 0 . 8 6 j u M .  u r e a / g  t i s s u e / d  a y  i n  a 

s i m i l a r  s t a t i c  bowl  e x p e r i m e n t .  T h i s  d i f f e r e n c e  may be  d u e  

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

d i g e s t i v e  g l a n d  o f  M o d i o l u s  de mi  s s u s  n o t  f o u n d  i n  C r a s s o s t r e a . 

Ammo n i a - N c o n s t i t u t e d  65% o f  t h e  t o t a l  e x c r e t e d  n i t r o g e n ,  

u r e a - N  1 3 . 2 % ,  ami  no a c i d - N  5 . 2 %,  a n d  u n i d e n t i f i e d - N  1 6 . 6 % ,  

(Hammen^ e^t a l . ^ 1 9 6 6  ) .

L i t t l e  w o r k  h a s  b e e n  d o n e  on t h e  r e l a t i o n s h i p  o f  s u c h  

v a r i a b l e s  a s  f e e d i n g  r e g i m e ,  t e m p e r a t u r e ,  s a l i n i t y ,  a n d  s i z e  

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

i n  l a m e l l i b r a n c h s .  S u c h  i n f o r m a t i  on i s  i m p o r t a n t  t o  f u l l y  

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

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

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

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

a s  w e l l  a s  l a y  t h e  g r o u n d w o r k  f o r  i t s  i n t e n s i v e  c u l t i v a t i o n .
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MATERIALS AND METHODS

Seaw ate r  F i l t r a t i o n  System

Raw s e a w a te r  from t h e  Aransas  Pass on t h e  Texas Gulf  Coas t  was

pumped th rough  two Se thco  f i l t e r  h o l d e r s .  The f i r s t  he ld  s i x  1 0 ^m

Sethco  p o ly p ro p y le n e  d i s p o s a b l e  dep th  f i l t e r s .  The e f f l u e n t  from t h e s e  

f i l t e r s  was pas sed  th ro u g h  a f i l t e r  h o l d e r  w i th  e i g h t e e n  1 ĵum p o ly p r o p y l e n e  

d i s p o s a b l e  dep th  f i l t e r s .  This  f i l t e r e d  s e a w a te r  was s t o r e d  in  a 

1900 1 covered  b la c k  c y l i n d r i c a l  p o l y e t h y l e n e  t a n k .

The w a te r  l e v e l  in  t h i s  t a n k  was c o n t r o l l e d  by a mechan ical  f l o a t  

v a l v e .  F i l t e r e d  s e a w a t e r  was pumped to  a c o n s t a n t  head d e v i c e  p r o v i d i n g  

a c o n s t a n t  head ,  g r a v i t y  f low sys tem.  F i l t e r e d  s e a w a te r  from t h i s  

sys tem was d i s t r i b u t e d  to  i n d o o r  and o u td o o r  mass a l g a l  c u l t u r e s  and 

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

s e a w a te r  sys tem  were PVC o r  p o l y e t h y l e n e .  (F ig u re  1)

The d i s p o s a b l e  f i l t e r s  were changed as n e c e s s a r y  to  m a in t a i n  an 

a d e q u a te  s u p p ly  o f  p r o p e r l y  f i l t e r e d  s e a w a te r .

The f i l t e r e d  s e a w a t e r  r e s e r v o i r  was l a r g e  enough so t h a t  minor 

f l u c t u a t i o n s  in  s a l i n i t y  and t e m p e r a t u r e s  were m o d e r a t e d ; a l s o  because  

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

Algal  C u l t u r i n g  System

Throughout t h i s  s t u d y ,  a T a h i t i a n  s t r a i n  o f  I s o c h r y s i s ,a  g o ld e n -  

brown naked f l a g e l l a t e ,  o b t a i n e d  from Dr. K.C. Haines o f  t h e  S t .  Croix  
A r t i f i c i a l  Upwell ing  P r o j e c t , R u s t - O p - T w i s t ,  USVI, was used .

I t  was m a in t a i n e d  in  t e s t  tu b e s  c o n t a i n i n g  G u i l l a r d ' s  F/2 medium.

The t e s t  tu b e s  were i l l u m i n a t e d  by Cool White f l u o r e s c e n t s .  When neededg
f o r  mass c u l t u r e ,  a t e s t  tu b e  w i th  c e l l  d e n s i t y  o f  >  1X10 c e l l s / m l  was

added t o  a 50 ml e r l e n m e y e r  f l a s k  c o n t a i n i n g  G u i H a r d ' s  F/2 medium f o r

an i n i t i a l  c e l l  d e n s i t y  o f  a p p ro x im a te ly  2X10^ c e l l s / m l .  When a c e l l

d e n s i t y  o f  2* 1X10^ c e l l s / m l  had been r e a c h e d ,  t h e  c o n t e n t s  o f  t h e  f l a s k

were p u t  i n t o  a 10 1 g l a s s  c a r b o y ,  a l s o  c o n t a i n i n g  Gui H a r d ' s  F/2 medium.

AH c u l t u r e s  were a x e n i c  as proven by r o u t i n e  s t e r i l i t y  t e s t i n g .  These

ca rboy  c u l t u r e s  were m a in t a i n e d  under  a r t i f i c i a l  i l l u m i n a t i o n  and c o n s t a n t
2

a e r a t i o n - - C o o l  White f l u o r e s c e n t s  p r o v id i n g  100 ^ i e i n s t e i n s / m  / s e c .
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F ig u re  1 Exper imenta l  Design.



F ig u re  1

I sochrys i s  sp,

T n c l o o r  A l g a l  C u l t u r e s

£ s y' l i u t r i e i

O u t d o o r  A l g a l  C u l t u r e s  

I s o c h r v s i s  s d .

l l t e r e d  S e a w a t e r

A l g a l  M i ' x i i f g  C h a m b e r

SHELLFISH
CULTURE

CONTAINERS

5xi(r4
INFLOW C o n t r o l 5 x 1 0
CELL

DENSITIES
(CELLS/ml. )

NO
ANIMALS

_D
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When t h e  c e l l  d e n s i t y  o f  t h e  10 1 g l a s s  ca rboy  r eached  >1X 10^

c e l l s / m l ,  i t s  c o n t e n t s  were i n t r o d u c e d  i n t o  one o f  t h r e e  1 0 0 0  l i t e r

f i b e r g l a s s  t a n k s  o f  1 .8  m e te r s  d i a m e t e r  by 0 . 6  m e te r s  h ig h .  I n i t i a l l y

on ly  1 cm. o f  w a te r  was p r e s e n t  in  t h e  t a n k s ,  r e p r e s e n t i n g  a volume

o f  a p p r o x im a te ly  120 1 when t h e  ca rboy  was added.  This  w a t e r  was e n r i c h e d

by t h e  a d d i t i o n  o f  a h i g h l y  c o n c e n t r a t e d  ( a t  G u i l l a r d ' s  100F l e v e l )

n u t r i e n t  s o l u t i o n  t o  t h e  f i l t e r e d  s e a w a te r  r e s u l t i n g  in  en r i c h m e n t  a t  t h e

150 / j g a t .  NO^-N/l l e v e l .  I l l u m i n a t i o n  came from cool  w h i t e  f l u o r e s c e n t s

suspended  above t h e  t a n k .  Continuous a e r a t i o n  ensu red  a s o u r c e  o f  C02

and even e xposu re  o f  t h e  a l g a e  to  t h e  l i g h t  s o u rc e  and to  t h e  added

n u t r i e n t s .  The a l g a e  were grown in  b a t c h  c u l t u r e  in  t h e s e  in d o o r  t a n k s .
£

When c e l l  d e n s i t i e s  r eached  > 1 X 1 0  c e l l s / m l ,  t h e  volume o f  th e  

ta n k  was doubled  w i th  e n r i c h e d ,  f i l t e r e d  s e a w a t e r .  This  p ro c e d u re  was 

fo l lo w ed  u n t i l  t h e  w a t e r  dep th  in  t h e  ta n k  was 40 cm. r e p r e s e n t i n g  

a volume o f  a p p r o x im a te ly  1000 1. When th e  c e l l  d e n s i t y  r eac h ed  >

1X10 c e l l s / m l ,  h a l f  t h e  c o n t e n t s  o f  t h e  ta n k  was pumped o u td o o r s  i n t o  

one o f  t h r e e  750 1 c y l i n d r i c a l  p o l y e t h y l e n e  t a n k s ;  t h e s e  had a 

h e i g h t  o f  1 .2  m. S u f f i c i e n t  e n r i c h e d  s e a w a te r  was added to  b r i n g  t h e  ta nks  

t o  f u l l  volume. Under c o n s t a n t ,  v ig o ro u s  a e r a t i o n ,  t h e  c u l t u r e  was a l lowed 

to  a c c l i m a t e  t o  growing o u td o o r s  in  b a tch  u n t i l  a c e l l  d e n s i t y  o f  >

1X10 c e l l s / m l  was a c h i e v e d .  The a l g a e  were th e n  s t a r t e d  on c o n t in u o u s  

c u l t u r e ,  u s u a l l y  a t  a t u r n o v e r  r a t e  o f  0 . 4  t i m e s / d a y .  Incoming 

f i l t e r e d  s e a w a te r  was c o n t r o l l e d  by v a ry in g  t h e  l e n g t h  and d i a m e t e r  o f  

c a p i l l a r y  t u b i n g  a t  t h e  end o f  t h e  in f lo w  p i p e .  N u t r i e n t  media 

( a t  G u i l l a r d ' s  100F l e v e l )  was p r e c i s e l y  m e te red  i n t o  t h e  t a nks  u s in g  

a p e r i s t a l t i c  Sage pump (model 375A). The r e s u l t  was t h e  c o n t in u o u s  

e n t r y  o f  f i l t e r e d  s e a w a t e r  e n r i c h e d  t o  t h e  l e v e l  o f  150 u g a t .  N0g-N/1.

All n u t r i e n t s  known t o  be n e c e s s a r y  f o r  t h e  growth o f  most  m ar ine  

p h y to p la n k to n  were p r e s e n t  in  t h i s  e n r i c h m e n t ,  e q u i v a l e n t  t o  G u i l l a r d ' s  

F/12 n u t r i e n t  l e v e l s  ( Gu i l l a r d  and R y th e r ,  1962)

The o u t f lo w  from t h e s e  c u l t u r e s  v/as pumped to  s h e l l f i s h  t a n k s  v i a  

a c o n s t a n t  head sys tem.  The co n t in u o u s  a l g a l  c u l t u r e s  were m a in ta in e d  

u n t i l  (1) t h e  c e l l  d e n s i t y  f e l l  below 5X10^ c e l l s / m l  o r (2 )becam e 

co n ta m in a te d  w i th  more than  5°l (by number) o f  o t h e r  a l g a l  s p e c i e s .

The i n o c u l a t i o n  sequence  a s s u r e d  t h a t  a t  l e a s t  one o u td o o r  co n t in u o u s  

c u l t u r e  was always on l i n e  to  f eed  th e  s h e l l f i s h .
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DISTRIBUTION SYSTEMS

F i l t e r e d  S eaw ate r

A m o d i f i e d  p l a s t i c  ca rb o y ,  w i th  a tu b e  on t h e  s i d e  s e r v i n g  as an
i

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

f i s h .  The d i a m e te r  o f  t h e  o v e r f lo w  tu b e  was s u f f i c i e n t  to  hand le  any 

in f l o w  s u rg e s  and s t i l l  m a in t a i n  a c o n s t a n t  w a te r  l e v e l .  In f low t o  t h e  

c a rboy  was always g r e a t e r  th a n  needed f o r  t h e  s h e l l f i s h  to  a s s u r e  a 

c o n s t a n t  o v e r f lo w  and th u s  a c o n s t a n t  head .  The f i l t e r e d  s e a w a te r  

t r a v e l e d  from t h i s  c o n s t a n t  head d e v i c e  by g r a v i t y  f low t o  a h o r i z o n t a l  

3 /4 "  s c h e d u l e  80 PVC p ip e  m a n i fo ld .  N ipp les  on t h e  m a n i fo ld  a t  r e g u l a r  

i n t e r v a l s  c a r r i e d  t h e  f i l t e r e d ' s e a w a t e r  t o  t h e  s h e l l f i s h  c u l t u r e  

c o n t a i n e r s .  This  sys tem m a in t a i n e d  c o n s t a n t  f low r a t e s  o f  f i l t e r e d  

s e a w a te r  t o  t h e  e x p e r im e n ta l  s h e l l f i s h .

Algal  C u l t u r e

A m o d i f i e d  p l a s t i c  c a rb o y ,  w i th  a s i d e  tu b e  s e r v i n g  as an o v e r f lo w ,  

was used  f o r  t h e  a l g a l  c u l t u r e  mixing chamber as we l l .

F i l t e r e d  s e a w a te r  and o u td o o r  a l g a l  c u l t u r e ,  both  from s e p a r a t e  c o n s t a n t  

head p a n s ,  e n t e r e d  t h e  mixing chamber s p e a r a t e l y .  Twice d a i l y ,  th e
5

r e l a t i v e  f lows  o f  each were a d j u s t e d  to  e n s u r e  t h a t  a c e l l  d e n s i t y  o f  5X10 

c e l l s / m l  was m a in t a i n e d  in  t h e  mix ing  chamber.  The r a p i d  t u r n o v e r  p r e v e n te d  

growth in  t h i s  mixing chamber and v ig o ro u s  a e r a t i o n  ensu red  good mix ing .

The o u t f l o w  o f  t h e  mixing chamber went t o  a h o r i z o n t a l  3 /4"  PVC 

m a n i fo ld  from which tu b e s  r a n  t o  t h e  s h e l l f i s h  c u l t u r e  c o n t a i n e r s .

The a l g a l  mixing chamber en su red  a c o n s t a n t  c e l l  d e n s i t y  and 

m a in t a i n e d  a c o n s t a n t  f low  r a t e  o f  a l g a l  c u l t u r e  to  t h e  s h e l l f i s h  

c u l t u r e  c o n t a i n e r s .

SHELLFISH

Exper im en ta l  Animals

A d u l t  M ercenar i a  c am p ech ien s i s  were c o l l e c t e d  in  l a t e  F eb rua ry  1978 

in  an i n t e r t i d a l  a r e a  o f  R ed f i sh  Bay, an e s t u a r i n e  a r e a  between th e  

m a in land  and t h e  b a r r i e r  i s l a n d s  o f  t h e  Texas G u lf  Coas t  n e a r  Corpus
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C h r i s t i ,  T exas ,  and a c c l i m a t i z e d  in  t h e  l a b o r a t o r y  f o r  r i p e n i n g  o f  

t h e  gonads .  They were fed  I s o c h r y s i s  s p .  f rom th e  o u td o o r  c o n t in u o u s  

c u l t u r e s  d e s c r i b e d .

Spawning was induced  by the rm al shock (b ro u g h t  t o  32°C from 22°C 

in  one h o u r ) ,  and by t h e  a d d i t i o n  o f  qonad s u s p e n s i o n  s t r i p p e d  from male 

and fem a le  M ercena r i a  c a m p e c h i e n s i s . The e x p e r i m e n t a l  an im a ls  used  in  

t h i s  s t u d y  were t h e  spawn o f  one fem a le  and two m a le s .  T h e r e f o r e ,  

t h e i r  g e n e t i c  makeup i s  presumed to  be l e s s  v a r i a b l e  th a n  i t  would 

have been in  t h e  c a s e  o f  a wi l d  s e t .

A f t e r  s p a t  s e t t l e m e n t  (some 800 ,000  a n i m a l s )  t h e r e  were no m o r t a l i t i e s .  

The l a c k  o f  m o r t a l i t y  i n d i c a t e s  t h a t  w a te r  q u a l i t y  was good and t h a t  

I s o c h r y s i s  sp .  i s  a good food f o r  j u v e n i l e  M ercenar ia  cam p ech ien s i s  

from s p a t  s e t t l e m e n t  on.

A subsample  o f  e l e v e n  hundred an im a ls  were chosen  from th e  p o p u l a t i o n  

f o r  t h i s  s tu d y  on t h e  b a s i s  o f  s i m i l a r  s h e l l  l e n g t h  7.62;+ 0 .4 0  mm.

They were d i v i d e d  i n t o  e l e v e n  (11) p o p u l a t i o n s  o f  100 an im a ls  each .

The a v e ra g e  wet  w e ig h t  o f  t h e s e  e l e v e n  p o p u l a t i o n s  was 10 .22  g + 0 . 0 1 .

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

s h e l l  l e n g t h ,  whole wet  w e i g h t ,  p r o t e i n  c o n t e n t ,  e t c .  f o r  t h e  r em a in ing  

t e n  (10) e x p e r im e n ta l  p o p u l a t i o n s .  The a v e ra g e  i n d i v i d u a l  s h e l l  l e n g t h  

o f  t h e  j u v e n i l e s  was 7 .6 2  +_ 0 .4 0  mm.

S h e l l f i s h  C u l t u r i n g  System

The s h e l l f i s h  c u l t u r e  c o n t a i n e r s  were  p l a s t i c  round bowls w i th  

t a p e r e d  s i d e s .  The d i a m e t e r  a c r o s s  t h e  top  was 14 .5  cm. and th e  

d i a m e t e r  a c r o s s  t h e  bottom was 10 cm. There  was a p l a s t i c  s t a n d p i p e  

i n  t h e  m idd le  o f  t h e  bowl t o  m a i n t a i n  a c o n s t a n t  w a te r  volume o f  

250 ml. I n p u t s  o f  a l g a l  c u l t u r e  a n d / o r  f i l t e r e d  s e a w a te r  were a r r a n g e d  

t o  c r e a t e  a v o r t e x  mot ion  in  t h e  c o n t a i n e r s  t o  e n s u r e  thorough  

m ix ing .  The clams were  e v e n ly  spaced  on t h e  bottom o f  t h e  bowl and 

o c cu p ied  a p p r o x im a te ly  56% o f  t h e  bottom a r e a .

Each s h e l l f i s h  c u l t u r e  c o n t a i n e r  had two i n f l o w s ,  one from th e  

a l g a l  mix ing  chamber and one from t h e  f i l t e r e d  s e a w a te r  c o n s t a n t  

head d e v i c e .  D i f f e r e n t  p r o p o r t i o n s  o f  t h e s e  were s e n t  t o  each c u l t u r e  

c o n t a i n e r  t o  p r o v id e  t h e  d i f f e r e n t  e x p e r im e n ta l  c e l l  d e n s i t i e s  shown in  

T ab le  I



1 3

Tab le  1 Flow Rates  and Cel l  D e n s i t i e s  o f  Exper im en ta l  T re a tm e n t s .
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T ab le  1

TREATMENT ALGAL CULTURE 
FLOW ( ml /m i n . )

FILTERED SEA WATER 
FLOW ( m l / m i n . )

CELL DENSITY 
( c e l l s / m l . )

1 120 0 5 x 10 ®

2 2 4 96 1 x 1 0 5

3 12 108 5 x 104

4 2 . 4 1 1 7 .6 1 x 104

5 0 120 0



D u p l i c a t e  p o p u l a t i o n s  were used f o r  each  t r e a t m e n t .  T rea tm e n t  V

was a c o n t r o l  o f  f i l t e r e d  s e a w a t e r  a l o n e .  Another  c o n t r o l  c o n s i s t e d
4

o f  an i d e n t i c a l  e x p e r im e n ta l  s e t u p  r e c e i v i n g  5X10 c e l l s / m l ,  b u t  

l a c k i n g  a n im a ls .

Each e x p e r im e n ta l  p o p u l a t i o n  had 100 an im a ls  w i th  i n i t i a l  mean 

s h e l l  l e n g t h  o f  7 .62  mm and a mean whole wet  w e ig h t  o f  0 .1 0  g.  Each 

e x p e r im e n ta l  p o p u l a t i o n ,  r e g a r d l e s s  o f  f e e d  d e n s i t y ,  r e c e i v e d  th e  

same t o t a l  f low r a t e ,  120 ml /min .

The e n t i r e  e x p e r im e n ta l  s e t  up was in  a t e m p e r a t u r e  c o n t r o l l e d  

room and was covered  by heavy b l a c k  p l a s t i c  t o  e x c lu d e  l i g h t  and to  

p r e v e n t  t h e  an im als  from r e a c t i n g  t o  shadows.

During t h e  e x p e r im e n ta l  p e r i o d ,  t h e  s a l i n i t i e s  r anged  from 24 

t o  29pp t .  and t h e  w a t e r  t e m p e r a t u r e s  v a r i e d  from 23°C t o  28°C.

Sampling S h e l l f i s h  E f f l u e n t s

At 10 a.m. each morn ing ,  t h e  s h e l l f i s h  c u l t u r i n g  a r e a  was q u i e t l y  

approached  so as n o t  t o  cause  t h e  clams t o  c l o s e  t h e i r  s h e l l s  and c e a s e  

normal a c t i v i t i e s .  The c u r t a i n s  c o v e r i n g  t h e  s h e l l f i s h  a r e a  d id  n o t  

have to  be opened because  t h e  e f f l u e n t  l i n e s  were e a s i l y  a c c e s s i b l e  

o u t s i d e  t h e  c u r t a i n e d  a r e a .  The l a s t  15 t o  30 cm o f  t h e  e f f l u e n t  t u b e  

was wiped w i th  a c l e a n  pape r  t o w e l .  The end o f  t h e  t u b e  was then  p u t  

i n t o  t h e  sample c o n t a i n e r  (3 .79  1 c a p a c i t y )  and t h e  c o n t a i n e r  f i l l e d .

The e f f l u e n t  from each i n d i v i d u a l  s h e l l f i s h  c u l t u r e  was c o l l e c t e d  a t  t h e  

same t im e  as were samples  o f  t h e  f i l t e r e d  s e a w a te r  and a l g a l  c u l t u r e .

Measur ing  I n f l u e n t  Flow Rates

A f t e r  t h e  s h e l l f i s h  e f f l u e n t s  had been c o l l e c t e d ,  t h e  s i d e  c u r t a i n s  

were drawn up t o  expose t h e  i n f l u e n t  l i n e s .

S t a r t i n g  w i th  t h e  t r e a t m e n t  r e c e i v i n g  on ly  a l g a l  c u l t u r e ,  t h e  f low 

r a t e  o f  t h e  a l g a l  m i x tu r e  a n d / o r  t h e  f i l t e r e d  s e a w a te r  was i n d i v i d u a l l y  

measured.  This  was done by i n s e r t i n g  t h e  end o f  each l i n e  i n t o  t h e  

g ra d u a t e d  c y l i n d e r  and t im in g  t h e  f low f o r  one m in u te .  The end o f  t h e  

tu b e  was he ld  a t  e x a c t l y  t h e  same l e v e l  as  i t  was d u r i n g  normal o p e r a t i o n s  

in  o r d e r  t o  a c c u r a t e l y  measure t h e  f low  r a t e  a c t u a l l y  be ing  p r e s e n t e d  

t o  t h e  s h e l l f i s h .  In a d d i t i o n ,  t h e  end o f  t h e  t u b e  was never  immersed 

in  t h e  l i q u i d  acc u m u la t in g  in  t h e  g r a d u a t e d  c y l i n d e r  as t h i s  too



would g iv e  a f a l s e  lower  r e a d i n g .  Each measurement was done t w i c e .

C u l l i n g

At t h e  end o f  each  week,  a f t e r  t h e  e f f l u e n t s  and o t h e r  samples 

had been t a k en  and f low r a t e s  checked ,  t h e  an im a ls  were removed from 

t h e i r  c o n t a i n e r s .  They were p a t t e d  dry  and whole p o p u l a t i o n  wet  w e ig h t  

was measured .  Each p o p u l a t i o n  was th e n  randomly c u l l e d  back t o  i n i t i a l  

whole p o p u l a t i o n  wet  w e ig h t  ( 1 0 . Og). The c u l l e d  an im als  were f r o z e n  f o r  

l a t e r  a n a l y s e s  o f  w e ig h t  and p r o t e i n  c o n t e n t .  The an im a ls  were then  

r e t u r n e d  t o  t h e  e x p e r im e n ta l  c u l t u r e  c o n t a i n e r s .

A f t e r  t h e  an im als  had been removed from t h e i r  e x p e r im e n ta l  c o n t a i n e r s ,  

t h e i r  b i o d e p o s i t s  ( t a n k  d e p o s i t s )  were removed and s t o r e d  f o r  l a t e r  

a n a l y s i s  o f  p r o t e i n  c o n t e n t .

While t h e  an im a ls  were o u t  o f  t h e  e x p e r im e n ta l  s e t  up,  t h e  sys tem 

was i n s p e c t e d ,  any minor  a d j u s t m e n t s  made and t h e  l i n e s  r i n s e d  o u t  w i th  

f r e s h  w a te r  under  h igh p r e s s u r e .  The l i n e s  were r i n s e d  w i th  f i l t e r e d  

s e a w a te r  b e f o r e  t h e  an im a ls  were p u t  back on l i n e .

ANALYTICAL METHODS

Cel l  D e n s i t i e s

Cel l  d e n s i t i e s  were  measured w i th  a S p e i r s -L e v y  E o s in o p h i l  c o u n t e r .

P a r t i c u l a t e  P r o t e i n  N i t ro g en  (PPN)

The method o f  Dorsey e t  al_ . , (1977) was m od i f ied  f o r  use o f  t h e

AAII. The Auto A na lyze r  d i s p e n s e d  t h e  IN phenol r e a g e n t  and th e  

ab s o rb a n c e  was r e a d  on t h e  AA c o l o r i m e t e r .

S o lu b le  P r o t e i n  N i t ro g e n  (SP)

Th is  method was deve loped  by t h e  a u t h o r .  The sample i s  f i l t e r e d  

th rough  a 47 mm Gelman g l a s s  f i b e r  f i l t e r ,  0 .45  j j  p o re  s i z e .  The 

p ro c e d u re  i s  run on t h i s  f i l t r a t e  and any p a r t i c u l a t e  m a t t e r  p r e s e n t  

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

The p r o t e i n  p r e s e n t  i s  p r e c i p i t a t e d  by th e  a d d i t i o n  o f  5 .0  ml 

o f  c o n c e n t r a t e d  p e r c h l o r i c  a c i d  p e r  100 ml o f  sample .  The sample i s  

c a r e f u l l y  mixed by s w i r l i n g  and coo led  in  a c i r c u l a t i n g  w a te r  ba th  f o r
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two hours  a t  5°C. The sample  i s  th e n  f i l t e r e d  th rough  doub le  25 mm 

Gelman g l a s s  f i b e r  f i l t e r s  ( 0 . 4 5 ^  pore  s i z e ) .  The sample  c o n t a i n e r ,  

f i l t e r  h o l d e r  and f i l t e r s  a r e  washed w i th  g l a s s - d i s t i l l e d  w a t e r .  The 

p r e c i p i t a t e d  p r o t e i n  rem a in ing  on t h e  f i l t e r s  i s  then  de te rm in e d  by 

t h e  p a r t i c u l a t e  p r o t e i n  n i t r o g e n  method o f  Dorsey ,  e t  a l . ^ (1 9 7 7 ) .

The lower  l i m i t  o f  s e n s i t i v i t y  o f  t h e  method i s  d e t e rm in e d  by t h e  

r e a g e n t  b la n k .  At l e a s t  O . lO ^ g a t .  p r o t e i n  N i t ro g en  must  be p r e s e n t  on 

t h e  f i l t e r s .  Thus a 100 ml sample w i th  a c o n c e n t r a t i o n  as low as 1 .0  u g a t .  

p ro t e i n - N / 1  i s  s u f f i c i e n t  f o r  an a s s a y .

The method i s  l i n e a r  o v e r  t h e  ran g e  o f  1 .0  t o  8 0 yuga t .  p r o t e i n  M/1.

S tan d a rd  m e th o d o lo g ie s  were used t o  a n a l y z e  N i t r a t e  p lu s  N i t r i t e  

(Technicon I n d u s t r i a l  Method 43-69  w) ,  Ammonia (Berg and A b d u l la h ,  1977) ,  

Urea (DeManche e t  al_, 1973) ,  D is so lved  Free  Amino Acids (Coughanower 

and C u r l ,  1975) and T o ta l  D is so lv ed  N i t rogen  ( D 'E l i a  e t  al_, 1977)

S h e l l f i s h  Wet Weigh t ,  Dry Weight and P r o t e i n  Conten t

Animals were d r i e d  by p a t t i n g  w i th  a p a p e r  towel and weighed on a 

M e t t l e r  a n a l y t i c a l  b a l a n c e  H54AR ( p r e c i s i o n :  + 0 . 0 1  mg). They were 

then  f r o z e n  f o r  l a t e r  a n a l y s i s .  This  gave t h e  whole wet  w e ig h t  v a l u e .

When needed f o r  f u r t h e r  a n a l y s e s ,  t h e  f r o z e n  an im a ls  were p la c e d  in  

p r e - t a r e d  aluminum w eigh ing  d i s h e s  and a l low ed  to  remain a t  room 

t e m p e r a t u r e  f o r  a t  l e a s t  two hours  t o  e n s u r e  t h a t  a l l  t h e  an im a ls  were 

g a p in g .  They were th e n  d r i e d  in  an oven a t  70°C f o r  24 h o u r s .  This

gave t h e  whole d ry  w e ig h t  v a l u e .

No more th a n  5 .0  g whole dry  w e ig h t  o f  clams were p u t  i n t o  100 ml 

o f  IN NaOH in  a 125 ml g l a s s  Er lenmeyer  f l a s k .  The f l a s k  was covered  

and b o i l e d  a t  100°C f o r  100 m inu tes  a long  w i th  a n o t h e r  f l a s k  c o n t a i n i n g  

a s t a n d a r d  o f  Bovine Serum Albumin and a n o t h e r  w i th  a b la nk  o f  j u s t  

IN NaOH. The f l a s k s  were  s w i r l e d  and a l low ed  to  come to  room t e m p e r a t u r e .

D u p l i c a t e  0 .5  ml a l i q u o t s  were t a k en  from each f l a s k  and p u t  i n t o  

a c i d - w a s h e d ,  g l a s s  d i s t i l l e d  w a te r  r i n s e d  t e s t  t u b e s .  P r o t e i n  was 

d e te rm in e d  on t h i s  a l k a l i n e  d i g e s t  by t h e  method o f  Dorsey ,  e t  a l . ^ 1 9 7 7 ) .

The s u p e r n a t a n t  from t h e  f l a s k s  was d e c a n te d .  The r em a in ing  

s h e l l s  were r i n s e d  r e p e a t e d l y  w i th  G lass  D i s t i l l e d  Water (GDW) t o  remove 

a l l  t r a c e s  o f  NaOH. They were then  d r i e d  to  c o n s t a n t  w e ig h t  a t  70°C
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f o r  24 hours  in  a p r e - t a r e d  aluminum w eigh ing  d i s h  t o  o b t a i n  dry  s h e l l  

w e ig h t .  Dry Meat w e ig h t  was c o n s id e r e d  t o  be t h e  d i f f e r e n c e  between 

whole d ry  w e ig h t  and d ry  s h e l l  w e ig h t .

Tank D e p o s i t s

The t a n k  d e p o s i t s  accumula ted  o ve r  one week in  each s h e l l f i s h  

c o n t a i n e r  were c o l l e c t e d  a t  t h e  end o f  t h e  week in  a 11 p o l y e t h y l e n e  

screw cap b o t t l e  and t h e  volume was b ro u g h t  up t o  11 w i th  f i l t e r e d  

s e a w a t e r .

The b o t t l e ' s  c o n t e n t s  were f i l t e r e d  on to  47 mm Gelman g l a s s  f i b e r  

f i l t e r s  ( 0 .45u  p o re  s i z e ) .  D i f f e r e n t  numbers o f  f i l t e r s  were n e c e s s a r y  

f o r  d i f f e r e n t  samples depending  on th e  amount o f  p a r t i c u l a t e s  p r e s e n t .  

The f i l t e r s  were s t o r e d  f r o z e n  f o r  l a t e r  a n a l y s i s  o f  p r o t e i n  c o n t e n t .  

When needed ,  t h e  f i l t e r s  were p u t  i n t o  a p r e - t a r e d  aluminum weigh ing  

d i s h  and d r i e d  in  an oven to  c o n s t a n t  w e ig h t  a t  70°C f o r  24 hou rs .

The f i l t e r s  were d i g e s t e d  as d e s c r i b e d  f o r  t h e  clams and p r o t e i n  

was d e t e rm in e d  u s in g  t h e  method o f  Dorsey,  e t  a 1 . , ( 1 9 7 7 ) .

S t a t i s t i c a l  T e s t s

The f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  (ANOVA) f o r  bo th  in d e p e n d e n t  

groups  and r e p e a t e d  measures  o f  Edwards,  (1972) was u sed .  The S c h e f f e 1 

t e s t  f o r  p a i r w i s e  d i f f e r e n c e s  and t h e  one sample T -T e s t  d e s c r i b e d  by 

Edwards (1972) was u sed .  The 95% c o n f id e n c e  l e v e l  was t h e  minimum 

a c c e p t a b l e  c o n f id e n c e  l e v e l .
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RESULTS

Exper im enta l  Design

Flow Rate  Contro l

The d a i l y  v a r i a t i o n  o f  f low r a t e  to  any r e p l i c a t e  s h e l l f i s h  p o p u l a t i o n  

o v e r  t h e  week neve r  v a r i e d  more th a n  5.4% from t h e  weekly  mean and was 

much l e s s  f o r  most r e p l i c a t e s .  The v a r i a t i o n  o f  t h e  a c t u a l  f low r a t e  

from t h e  i n t e n d e d  f low r a t e  f o r  any r e p l i c a t e  p o p u l a t i o n  n e v e r  exceeded 

5.4% and was f r e q u e n t l y  l e s s .

Th is  very  small  v a r i a t i o n  i n d i c a t e s  t h a t  f low  r a t e  t o  any p o p u l a t i o n  

can be c o n s i d e r e d  a c o n s t a n t  i n  t h e  ex p e r im e n t  r a t h e r  than  a v a r i a b l e .

Cons tancy  o f  Incoming Algal  P r o t e i n  C o n c e n t r a t i o n s  (APC)

The a l g a e  were grown in  mass o u td o o r  c o n t in u o u s  c u l t u r e s  w i th  no 

c o n t r o l  o v e r  env i ronm en ta l  c o n d i t i o n s .  These c u l t u r e s  had t o  be s e r i a l l y  

d i l u t e d  w i th  f i l t e r e d  s e a w a t e r  to  produce  f i v e  d i f f e r e n t ,  q u i t e  d i s t i n c t  

incoming a l g a l  p r o t e i n  c o n c e n t r a t i o n s .  The mean in f lo w  APC and s t a n d a r d  

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

i n d i c a t e s n o o v e r l a p  in  in f l o w  APC among t r e a t m e n t s  (T ab le  2 )- The 

d e n s e s t  t r e a t m e n t  had an in f l o w  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  p r o t e i n  more 

th a n  300 t im es  g r e a t e r  th a n  t h a t  o f  t h e  l e a s t  dense  t r e a t m e n t .  The 

e x p e r i m e n t a l  d e s ig n  r e q u i r e d  t h a t  t h e  p a r t i c u l a t e  p r o t e i n  was p r e s e n t e d  

t o  t h e  s h e l l f i s h  p o p u l a t i o n s  in  p r e c i s e  s t e p s  o f  c o n c e n t r a t i o n .  The 

i n f l o w  APC o f  t r e a t m e n t  1 was a l m o s t  e x a c t l y  5 t im es  t h a t  o f  t r e a t m e n t  2 ,  as 

i n t e n d e d .  The in f lo w  APC o f  t r e a t m e n t  3 was 4 . 4 8  t im es  t h a t  o f  t r e a t m e n t  

4 w h e re a s ,  a f a c t o r  o f  5 was p la n n e d .  As d e s i g n e d ,  t r e a t m e n t  2 was a lm o s t  

e x a c t l y  t w ic e  (1 .9 7  t i m e s )  t h a t  o f  t r e a t m e n t  3.

C o n t r o l s

There  were two k inds  o f  c o n t r o l s  in  t h e  e x p e r im e n t .  One was a 

c o n t r o l  s h e l l f i s h  p o p u l a t i o n  t h a t  r e c e i v e d  f i l t e r e d  s e a w a te r  o n ly .  The 

o t h e r  was an ex p e r im e n ta l  s e t u p  r e c e i v i n g  5 . 7 5 yugat .  P P N / l i t e r ,  b u t  

having  no a n i m a l s .

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

a n im a ls  r e c e i v i n g  o n ly  f i l t e r e d  s e a w a te r  was an o r d e r  o f  m agni tude
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T ab le  2 In f low  Algal P r o t e i n  C o n c e n t r a t i o n s  o f  Exper imenta l  T r e a t ­

ments ( / jga t .  N / l )



Table 2

TREATMENT I TREATMENT I I TREATMENT I I I TREATMENT IV TREATMENT V WEEK

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

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

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

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

5 6 . 0 1 1  -  

6 . 7 4

1 1 . 3 3 5  -  

1 . 3 3 8

5 . 7 5 0  -  

0 . 6 6

1 . 2 8 3  ±  

0 . 1 2 5

0 . 1 6 6  i  

0 . 0 2 8

AVERAGE -

STANDARD

DEVIATION
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l e s s  th a n  t h e  lo w es t  feed  d e n s i t y  r e c e i v i n g  I s o c h r y s i s  s p . .  There

was an i n c r e a s e  o f  o n ly  0 .03  g whole d ry  w e ig h t  f o r  t h e  e n t i r e  e x p e r im e n ta l

p e r io d  o f  28 days by t h e s e  c o n t r o l  a n im a l s .

The purpose  o f  t h e  second c o n t r o l  was t o  d e t e r m in e  i f  t h e r e  were 

any changes  in  c o n c e n t r a t i o n  o f  any n i t r o g e n - c o n t a i n i n g  compound due to  

t h e  e x p e r im en ta l  s e t - u p  a l o n e .

There  was an a v e ra g e  weekly in f lo w  o f  141.0  mg o f  a l g a l  p r o t e i n  to  

t h i s  c o n t r o l  t r e a t m e n t .  Only 2.1% o f  t h i s  s e t t l e d  o u t  t o  be r e c o v e re d  

as  t a n k  d e p o s i t  PPN. Thus ,  s e t t l i n g  o u t  o f  a l g a l  c e l l s  due t o  t h e  

ex p e r im e n ta l  s e t  up was n o t  s i g n i f i c a n t .

A T - t e s t  was used to  d e t e rm in e  i f  t h e  change in  c o n c e n t r a t i o n  

( d i f f e r e n c e  between in f lo w  and o u t f l o w  c o n c e n t r a t i o n s )  o f  a compound 

was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95% c o n f id e n c e  l e v e l .  The 

change in  c o n c e n t r a t i o n  o f  a l l  t h e  n i t r o g e n  c o n t a i n i n g  compounds were 

so small  t h a t  they  were n o t  s i g n i f i c a n t  a t  t h e  95% c o n f id e n c e  l e v e l  

due to  t h e  e x p e r im en ta l  s e t - u p .

Experimenta l  Alga

The c h o i c e  o f  t h e  T a h i t i a n  s t r a i n  o f  I s o c h r y s i s  sp .  was a good one.

I t  a l o n e  s u p p o r te d  t h e  growth o f  t h e  j u v e n i l e  clams o f  t h i s  s t u d y  from 

s p a t f a l l  on w i th  no m o r t a l i t i e s .  Feeding r a t e s  and growth were very  

good u s in g  t h i s  a l g a e  a l o n e .  This  was t o  be ex p ec ted  s i n c e  r e c e n t  

s t u d i e s  have shown I s o c h r y s i s  to  be an e x c e l l e n t  food organ ism  f o r  

b i v a l v e s  ( E p i f a n i o ,  1979a,  1979b)

N i t ro g en  Balance

O vera l l  N i t rogen  Balance

A n i t r o g e n  b a l a n c e  i s  an a c c o u n t in g  o f  a l l  t h e  n i t r o g e n  c o n t a i n i n g  

compounds e n t e r i n g  and l e a v i n g  a sys tem.  In t h e  p r e s e n t  s t u d y ,  t h e  

c o n c e n t r a t i o n  o f  a number o f  n i t r o g e n o u s  compounds f lo w in g  i n t o  and 

from t h e  exp e r im en ta l  groups  o f  s h e l l f i s h  was d e t e rm in e d .  The t o t a l  

amount o f  n i t r o g e n  go ing  t o  each group o f  s h e l l f i s h  was de te rm in e d  by 

summing t h e  in f lo w  amounts ( i n  mg n i t r o g e n )  o f  p a r t i c u l a t e  p r o t e i n ,  

n i t r i t e  i o n ,  n i t r a t e  i o n ,  ammonium ion/ammonia,  d i s s o l v e d  f r e e  amino
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a c i d s ,  u rea  and s o l u b l e  p r o t e i n .  The t o t a l  amount o f  n i t r o g e n  l e a v i n g  

each group o f  s h e l l f i s h  was d e te rm ined  in  a sirpp 1 a r  manner e x c e p t  t h a t  

t h e  p r o t e i n  o f  t h e  b i o d e p o s i t s  ( t a n k  d e p o s i t s )  and t h e  p r o t e i n  g a in  o f  

t h e  s h e l l f i s h  the m se lves  were added to  t h i s  t o t a l .

The f r a c t i o n  o f  t h e  t o t a l  in f lo w  n i t r o g e n  acc o u n ted  f o r  was d e te rm ined

by t h e  c a l c u l a t i o n :  inn  (N in  -  N o u t )  X 100
iUU" N in

A summary o f  t h e s e  c a l c u l a t i o n s  f o r  each o f  t h e  e x p e r im e n ta l  

t r e a t m e n t s  a r e  shown in  t a b l e  3 .

T o ta l  D is so lv e d  N i t ro g en  was de te rm in e d  in  a l l  i n f l u e n t s  and 

e f f l u e n t s .  This  a n a l y s i s  measures  a l l  d i s s o l v e d  n i t r o g e n  r e g a r d l e s s  o f  

i t s  form. S t rong  o x i d i z i n g  a g e n t s  and h igh  t e m p e r a t u r e s  and p r e s s u r e s  

(v i a  a u t o c l a v i n g )  o x i d i z e  a l l  N -c o n ta i n in g  compounds t o  n i t r a t e  ion  which 

i s  th e n  as s ay ed  d i r e c t l y .

Thus ,  a d i f f e r e n t  n i t r o g e n  b a l a n c e  can be c o n s t r u c t e d  u s in g  PPN and 

TDN o n l y .  The p e r c e n t  o f  in f lo w  n i t r o g e n  accoun ted  f o r  when u s in g  PPN 

and TDN o n ly  i s  ve ry  c o n s t a n t  ( s e e  t a b l e  4 ) .

T ha t  f r a c t i o n  o f  t h e  t o t a l  n i t r o g e n  accoun ted  f o r  by each i n d i v i d u a l  

c h e m is t r y  i s  in  t a b l e  5 . PPN o f  t h e  o u t f l o w  i n c l u d e s  t h e  PPN o f  t h e  

Tank D ep o s i t s  ( b i o d e p o s i t s )  and t h e  PPN o f  t h e  g a in  in  p r o t e i n  o f  th e  

s h e l l f i s h .

I n d i v i d u a l  N -C on ta in ing  Compounds

Ammonia

The g e n e ra l  p a t t e r n  o f  ammonia e x c r e t i o n  was an i n c r e a s e  in  ammonia-N 

e x c r e t i o n  w i th  i n c r e a s i n g  in f lo w  Algal  P r o t e i n  C o n c e n t r a t i o n  (APC).

Maximum e x c r e t i o n  o f  ammonia-N was no ted  f o r  th o s e  s h e l l f i s h  r e c e i v i n g  

an in f lo w  APC o f  5 .75  ju g a t .  PPN/1. F u r t h e r  i n c r e a s e s  in  in f l o w  APC 

d e c re a s e d  ammonia e x c r e t i o n  ( t a b l e ' 6 ) .

A T -T e s t  was used t o  d e t e rm in e  i f  t h e  change in  c o n c e n t r a t i o n  

( d i f f e r e n c e  between in f l o w  and o u t f lo w  c o n c e n t r a t i o n s )  o f  ammonia-N 

was s i g n i f i c a n t  a t  t h e  95% c o n f i d e n c e  l e v e l .  Only t h e  change  in  ammonia-N 

c o n c e n t r a t i o n s  o f  t r e a t m e n t  3 was s i g n i f i c a n t  a t  t h e  95% c o n f id e n c e  

l e v e l .  This  t r e a t m e n t  r e s u l t e d  in  t h e  f a s t e s t  growing a n i m a l s .

All e x p e r im e n ta l  t r e a tm e n t s . -h a d .  t h e  same s i z e ,  w e i g h t ,  and number



T ab le  3 N i t rogen  Balance  o f  J u v e n i l e  M ercenar ia  c a m p e c h i e n s i s .
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T ab le  3

Treatment £N in (mg.)/week £N out (mg.)/week
Percent 

Accounted For

1

2

3

4

5

1 7 6 1 . 4 1

4 8 5 . 3 9  

3 2 5 . 8 8  

1 9 8 . 2 8

1 6 6 . 3 9

1 5 0 2 . 3 2

4 2 5 . 0 6

2 9 8 . 1 8

1 8 0 . 6 3

1 5 9 . 5 9

8 5 . 2 9 %

8 7 . 5 7 %

9 1 . 4 9 %

9 1 . 1 0 %

9 5 . 9 1 %

v



T ab le  4 N i t ro g e n  Ba lance  Using PPN and TDN o n ly .



Tab le  4 

T rea tm e n t Average Weekly N i t ro g en  In (mg)

1 2202.002

2 755.488

3 _ 574.676

4 430 .024

5 393.864

Average Weekly N i t ro g e n  Out (mg) Accounted F c r ( t ' )

1983.078

680.079

521.757

382.847

351.261

90 .06

90 .02

90 .79

89 .25

8 9 .18

ro



T ab le  5 P e r c e n t  o f  T o ta l  N i t ro g en  Accounted For By I n d i v i d u a l  

N i t ro g en  Compounds.



Table  5

TRT PPN
In Out

no2"
In Out

no3-
Ijl Out

1 45.9 48.9 1.6 1.8 40.1 42.2

O 36.6 30.3 1.3 2.0 46.4 50.6

3 27.7 21.1 1.9 2.1 50.6 51.3

4 10.2 7.9 2.2 3.1 58.8 58.3

5 1.6 1.9 2.3 2.5 62.9 63.8

nh4++n'h3

In Gut

1 . 1  1. 1

2.4 4.3

3.3 7.6

5.1 7.4

5.9 6.5

DFAA UREA SP

In_ Out Ir. Out In Out

1.8 2.2 1.7 1.4 3.8 2.6

3.1 4 .0 5.0 5.0 4.7 3 .9

£.1 6.0 7.2 7.3 5.2 4.6

5.9 8.3 11.5 8.6 6.4 6.5

6.8 7.7 13.7 9.9 6.9 7.6

&



T ab le  6  Average Weekly In f low and E f f l u e n t  C o n c e n t r a t i o n s  ( j jga t .  N / l ) .  

(Each v a lu e  r e p r e s e n t s  t h e  mean o f  56 r e p l i c a t e  samples)



Table 5

P a r t i c u l a t e
P r o t e i n

N i t r i t e N i t r a t e DFAA SolublUrea

56.01 1.77

1.67

45 .76

41 .06

1.28

1.05

2 .05

2.06

1.88
1 .34

4 .49

2 .62

85 .31

30.73

11.33 0 .5 5

0 .53

14 .49

13.81

0.97

1.10
0 .76

1.17

1.51

1 .06

1 .54

1.36

in

3 5 . 4;

0 .39

0 .39

10 .58

9.84

0 .69

1.44

0 .84

1 .14

1 .50

1 .42Out 2 .93 0 .90

0 .27

0 .36

7 .45

6.71

0 .64

0 .85

0 .73

0 .95

1.47 

G. 930 .69 0.76

0 .24

0 .26

0 .16 0 .75  
n r e

6 .67

5.49
0 .70

0.78

1 .460 .63

0 .65
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o f  an im a ls  a t  t h e  s t a r t  o f  t h e  e x p e r im e n t .  Thus ,  any d i f f e r e n c e  in  ammonia 

e x c r e t i o n  r a t e s  d u r in g  t h e  f i r s t  week must be due p r i m a r i l y  to  d i f f e r e n c e s  

i n  f e e d i n g  reg im e.  The e x c r e t i o n  o f  ammonia-N p e r  gram o f  d ry  meat  w e igh t  

f o r  t h e  f i r s t  week i s  maximum f o r  t h o s e  s h e l l f i s h  r e c e i v i n g  an in f lo w  

APC o f  5.57 ^ g a t .  PPN/1. Those s h e l l f i s h  r e c e i v i n g  more o r  l e s s  APC 

had lower  e x c r e t i o n  r a t e s  ( f i g u r e 2 ) .

Urea

An a n a l y s i s  o f  v a r i a n c e  was done on urea-N c o n c e n t r a t i o n s  o f  t h e  

o u t f l o w s  and on changes  in  c o n c e n t r a t i o n s  ( d i f f e r e n c e  between in f lo w  

and o u t f l o w  c o n c e n t r a t i o n s ) .  There was no s i g n i f i c a n t  d i f f e r e n c e  among 

t r e a t m e n t s  f o r  e i t h e r  o u t f l o w s  o r  n e t  c o n c e n t r a t i o n s .  Average weekly in f lo w  

c o n c e n t r a t i o n s  f o r  each  t r e a t m e n t  were n e a r l y  i d e n t i c a l  ( t a b l e  6  ) .

A T - t e s t  showed t h a t  changes  in  urea-N c o n c e n t r a t i o n s  were n o t

s i g n i f i c a n t  a t  t h e  95% c o n f id e n c e  l e v e l  f o r  any t r e a t m e n t .  Thus,

u rea  was n e i t h e r  e x c r e t e d  nor  t aken  up in  any t r e a t m e n t  o r  e x c r e t i o n  was 
b a l a n c e d  by up take  by m ic ro o rg a n i s m s .

D is so lv ed  F ree  Amino Acids

There was an i n c r e a s e  in  DFAA e x c r e t i o n  w i th  i n c r e a s i n g  in f lo w  APC 

u n t i l  a maximum " e x c r e t i o n "  r a t e  was r e c o rd e d  by t h o s e  clams r e c e i v i n g  

an i n t e r m e d i a t e  in f lo w  APC o f  5 .75  j j g a t .  PPN/1. F u r t h e r  i n c r e a s e s  in 

in f lo w  APC r e s u l t e d  in  a d e c r e a s e d  e x c r e t i o n  r a t e  ( t a b l e 6 ) .

A T - t e s t  cou ld  n o t  d e t e c t  a s i g n i f i c a n t  d i f f e r e n c e  between th e  

a v e ra g e  weekly mean v a l u e  o f  DFAA-N o f  in f lo w  and e f f l u e n t  c o n c e n t r a t i o n s .

In o t h e r  w ords ,  t h e r e  was no s i g n i f i c a n t  u p ta ke  o r  e x c r e t i o n  o f  DFAA 

in  any o f  t h e  e x p e r i m e n t a l  t r e a t m e n t s  a t  t h e  95% c o n f id e n c e  l e v e l .

S o lu b le  P r o t e i n

An ANOVA showed a s i g n i f i c a n t  d i f f e r e n c e  ( a t  t h e  95% c o n f id e n c e  

l e v e l )  among t r e a t m e n t s  in  t h e  d i f f e r e n c e  between in f lo w  and e f f l u e n t  

s o l u b l e  p r o t e i n  c o n c e n t r a t i o n s .  There  i s  a n e t  u p ta k e  o f  s o l u b l e p r o t e i n  

t h a t  i s  g r e a t e s t  a t  t h e  d e n s e s t  f eed  t r e a t m e n t  and d e c r e a s e s  w i th  d e c r e a s e s  

in  i n f l o w  APC u n t i l  t h e r e  i s  a n e t  e x c r e t i o n  o f  s o l u b l e  p r o t e i n  by th o s e  

an im a ls  r e c e i v i n g  j u s t  f i l t e r e d  s e a w a t e r .  However, a T - t e s t  showed t h a t  

t h e  d i f f e r e n c e  between t h e  a v e ra g e  weekly in f lo w  and e f f l u e n t  c o n c e n t r a t i o n s
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F ig u re  2 Weight S p e c i f i c  Ammonia E x c r e t i o n  Ra tes  as a f u n c t i o n  o f  

In f low  and Outf low Algal  P r o t e i n  C o n c e n t r a t i o n .



3 4

F ig u r e  2

O INFLOW APC 
□ OUTFLOW APC
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o f  s o l u b l e  p r o t e i n  f o r  t h e  two lo w e s t  feed  d e n s i t i e s  was n o t  s i g n i f i c a n t  

a t  t h e  95% c o n f i d e n c e  l e v e l .  In o t h e r  w ords ,  t h e r e  i s  a n e t  u p ta k e  

o f  s o l u b l e  p r o t e i n  by t h o s e  s h e l l f i s h  p o p u l a t i o n s  r e c e i v i n g  an in f lo w  

APC g r e a t e r  than  o r  equa l  to  5 .75  ^ugat. PPN/1.

A m u l t i p l e  r e g r e s s i o n  o f  t h e  d i f f e r e n c e  between in f lo w  and e f f l u e n t  

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

(R^=0.87) p o s i t i v e  2 ^  o r d e r  r e l a t i o n s h i p  o f  th e  two2 t h a t  was s i g n i f i c a n t  

a t  t h e  99% c o n f id e n c e  l e v e l ;  Y =0.15 + 0.18X + 0.027X

N i t r a t e

Most o f  t h e  n i t r a t e  f low ing  to  t h e  s h e l l f i s h  came from t h e  mass 

a l g a l  c u l t u r e s  as ex ce ss  n i t r a t e  s u p p l i e d  to  th e  a l g a e .  This  i s  shown 

by t h e  d e c r e a s e  in  n i t r a t e  c o n c e n t r a t i o n  o f  t h e  in f lo w s  as t h e  a l g a l  

c u l t u r e s  were d i l u t e d  more and more w i th  f i l t e r e d  se a w a te r  to  make up 

th e  d i f f e r e n t  f e e d  d e n s i t i e s .  F i l t e r e d  s e a w a te r  had an a v e ra g e  o f  6 . 7 ^ g a t .  

N03~ - N / l .

An ANOVA i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  95% c o n f id e n c e  

l e v e l  among t r e a t m e n t s  in  t h e  d i f f e r e n c e  between n i t r a t e  c o n c e n t r a t i o n s  

o f  t h e  in f lo w  and e f f l u e n t .  However, S c h e f f e '  t e s t s  f o r  p a i r w i s e  

d i f f e r e n c e s  i n d i c a t e d  t h a t  on ly  t h e  d e n s e s t  t r e a t m e n t  showed a n e t  change 

in  c o n c e n t r a t i o n  o f  NO^- which was s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  95% 

c o n f i d e n c e  l e v e l  from t h e  o t h e r  t r e a t m e n t s .  There  was a n e t  u p ta ke  

o f  n i t r a t e  in  t h i s  t r e a t m e n t  most  l i k e l y  by l i v i n g  a l g a e  p r e s e n t  in  t h e  

cop ious  b i o d e p o s i t s  o f  t h e s e  s h e l l f i s h  p o p u l a t i o n s  ( t a b l e  6 ) .

N i t r i t e

The p a t t e r n  o f  in f lo w  n i t r i t e  c o n c e n t r a t i o n s  i n d i c a t e  t h a t  most  o f  

t h e  n i t r i t e  was coming from th e  a l g a l  c u l t u r e s .  The av e ra g e  weekly 

n i t r i t e  c o n c e n t r a t i o n  o f  t h e  f i l t e r e d  s e a w a te r  was 0 .24  / i g a t .  N / l .

An ANOVA i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  95% c o n f id e n c e  

l e v e l  among t r e a t m e n t s  in  changes  in  n i t r i t e  c o n c e n t r a t i o n  between in f lo w  

and e f f l u e n t .  However, a S c h e f f e 1 t e s t  f o r  p a i r w i s e  d i f f e r e n c e s  i n d i c a t e s  

t h a t  on ly  t h e  t r e a t m e n t  w i th  t h e  g r e a t e s t  in f lo w  APC was s i g n i f i c a n t l y  

d i f f e r e n t  ( a t  t h e  95% c o n f id e n c e  l e v e l )  from t h e  r e s t  in  changes  o f  

n i t r i t e  c o n c e n t r a t i o n  between in f lo w  and e f f l u e n t .  There  was a n e t  u p ta ke  

o f  n i t r i t e  in  t h i s  t r e a t m e n t ,  a l s o ,  most  l i k e l y  by l i v i n g  a l g a e  in  t h e  

b i o d e p o s i t s  o f  t h i s  t r e a t m e n t  ( t a b l e  6  ) .
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D iurnal  V a r i a t i o n s  in  t h e  N i t ro g en  Balance

Algal  C u l t u r e s

Algal  p r o t e i n  c o n c e n t r a t i o n s  were g e n e r a l l y  h i g h e s t  a t  t h e  6p.m. 

sampl ing  t im e  and lo w e s t  a t  2 a .m . .  C o n c e n t r a t i o n s  o f  p r o t e i n  and n i t r a t e  

were i n t e r m e d i a t e  a t  t h e  10a.m. sampl ing  t im e .  The n i t r i t e  p r e s e n t  in  

t h e  a l g a l  c u l t u r e s  may be due to  l e a k a g e  from t h e  a l g a l  c e l l s  as  a

consequence  o f  n i t r a t e  u p ta k e  when n i t r a t e  i s  n o t  l i m i t i n g  (S.M. Anderson,

p e r s o n a l  com munica t ion) .  This  i s  s u p p o r t e d  by t h e  p r e s e n c e  o f  s l i g h t l y  

h i g h e r  n i t r i t e  c o n c e n t r a t i o n s  a t  6p.m. when more n i t r a t e  i s  being p ro c e s s e d  

by t h e  a l g a l  c e l l s  To p roduce  p r o t e i n  (Table  7)

Ammonia c o n c e n t r a t i o n s  in  t h e  a l g a l  c u l t u r e s  were very  low and n o t  

very  d i f f e r e n t  from t h o s e  o f  t h e  f i l t e r e d  s e a w a te r  e n t e r i n g  th e  c u l t u r e s .

I t  would seem t h a t  ammonia i s  n o t  used to  any s i g n i f i c a n t  d e g re e  by th e

a l g a e  because  so much n i t r a t e  was p r e s e n t .

The u rea  c o n c e n t r a t i o n s  in  t h e  a l g a l  c u l t u r e s  a r e  very  low and even 

lower th a n  in  t h e  f i l t e r e d  s e a w a te r  e n t e r i n g  t h e  c u l t u r e s  which migh t  

i n d i c a t e  some up take  o f  u rea  by th e  a l g a e .

D is so lv e d  f r e e  amino a c i d  (DFAA) n i t r o g e n  c o n c e n t r a t i o n s  in  t h e  

a l g a l  c u l t u r e s  were g e n e r a l l y  h i g h e r  than  t h o s e  o f  n i t r i t e - N ,  ammonia-N 

o r  u rea-N .  The FAA c o n c e n t r a t i o n s  o f  t h e  a l g a l  c u l t u r e s  a t  d i f f e r e n t  

t im es  o f  t h e  day forms no d i s c e r n i b l e  p a t t e r n .  There  i s  a l s o  no 

d i s c e r n i b l e  p a t t e r n  o f  d i f f e r e n c e s  in  DFAA c o n c e n t r a t i o n s  o f  th e  

f i l t e r e d  s e a w a te r  and t h e  a l g a l  c u l t u r e s  a t  d i f f e r e n t  t im es  o f  t h e  

day.

C o n c e n t r a t i o n s  o f  s o l u b l e  p r o t e i n  te n d  to  be h ig h e r  in  t h e  a l g a l  

c u l t u r e s  than  in  t h e  f i l t e r e d  s e a w a t e r .  I t  would seem t h a t  t h e  s o l u b l e  

p r o t e i n  i s  produced in  t h e  a l g a l  c u l t u r e s .  Time o f  day d i f f e r e n c e s  in  

s o l u b l e  p r o t e i n  c o n c e n t r a t i o n s  in  t h e  a l g a l  c u l t u r e s  a r e  n o t  p ronounced ,  

b u t  c o n c e n t r a t i o n s  tend  t o  be h i g h e s t  a t  2a.m. T o ta l  D is so lv e d  N i t rogen  

(TDN) v a l u e s  a r e  so s t r o n g l y  i n f l u e n c e d  by n i t r a t e  c o n c e n t r a t i o n s  t h a t  

T o ta l  D is so lv ed  N i t ro g en  (TDN) c o n c e n t r a t i o n s  fo l l o w  th e  same t im e  o f  day 

p a t t e r n  as do n i t r a t e  c o n c e n t r a t i o n s .

S h e l l f i s h

There  was no s i g n i f i c a n t  d i f f e r e n c e  between in f lo w  and o u t f lo w



Table 7

DIURNAL VARIATIONS IN CONCENTRATIONS (10~3 jugat. N / l )
Time Hour

1 0 0 0

DAY TIME PPN NO ' NO ~ NH / DFAA UREA SP TDN 2 1800
OF MONTH

2 3 4 3 0200

02 1 129 210 7193 480 0 3271 1172 31102 *T1

02 2 123 200 7352 550 0 3901 1873 34658 [—
—1

02 3 548 210 7756 510 640 1382 2614 34246 m
TO

09 1 164 150 8524 360 583 896 0 19978 m
o

09 2 259 230 9111 290 1329 992 • 842 20459 U1
09 3 230 260 9157 400 1997 1289 1606 21306 m

16 1 310 171 4498 751 1870 2791 130 17738 s:
16 2 102 135 6171 720 1854 821 189 20962 —1 

m
16 3 63 204 6746 912 1854 572 501 28326 zo

23 1 274 73 5741 409 1117 739 44 14511
23 2 476 677 3199 325 2720 851 165 25990
23 3 119 621 4095 1265 1587 814 344 24117

5=
02 1 49838 1800 37287 500 4163 843 1557 73174 r~

CD
02 2 58171 1850 29450 400 3287 1694 4470 72523 3="r~
02 3 34238 1602 37509 1149 2410 1050 6530 79257 3
09 1 55669 1580 31187 380 946 834 1002 56029 r 4X
09 2 62669 1970 22675 270 1008 631 304 52598
09 3 53458 1720 34249 270 928 984 3728 62344 25

16 1 48802 1041 23271 1752 8847 316 1801 49450 0
z r

16 2 21723 1492 19970 1425 1391 790 1971 48561 3
16 3 24019 1246 39050 976 1043 765 2073 84864 CD

m

23 1 61061 1632 14971 1061 1425 697 872 43263 zo

23 2 73827 332 8316 869 626 2328 1264 22157
23 3 45552 480 1661 863 2540 923 688 29995
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PPN c o n c e n t r a t i o n s  a t  d i f f e r e n t  t im es  o f  day a t  t h e  95% c o n f i d e n c e  l e v e l .

PPN n e t  c o n c e n t r a t i o n s  a r e  an i n d i c a t o r  o f  t h e  amount o f  a l g a e  consumed.  

Thus ,  t h e  s h e l l f i s h  consumed a p p r o x im a te ly  t h e  same amount o f  a l g a e  t h r o u g h ­

o u t  t h e  day.  T h e r e f o r e ,  sampl ing  a t  10a.m. gave a b a lan ced  p i c t u r e  o f  d a i l y  

f e e d i n g .  ,

The changes  in  c o n c e n t r a t i o n s  between in f lo w  and o u t f lo w  o f  ammonia, 

u r e a ,  DFAA, s o l u b l e  p r o t e i n ,  n i t r i t e ,  and n i t r a t e  o f  any t r e a t m e n t  o ve r  

t h e  c o u r s e  o f  t h e  day were n o t  s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e  95% 

c o n f i d e n c e  l e v e l .

P r o t e i n  Dynamics

For c a s e  o f  d i s c u s s i o n ,  v a r i o u s  r a t e s  and e f f i c i e n c i e s  have been 

d i s c u s s e d  as a f u n c t i o n  o f  in f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .  However, 

in  a w e l l -m ix e d ,  homogeneous sys tem  t h e  an im a ls  e x p e r i e n c e  an a l g a l  c e l l  

d e n s i t y  t h a t  i s  t h e  same as t h e  e f f l u e n t  c e l l  d e n s i t y .  I t  i s  t h i s  am bient  

a l g a l  p r o t e i n  c o n c e n t r a t i o n  t h a t  t h e  an im a ls  r e spond  t o .  In t h i s  s t u d y ,  a l l  

t h e  e f f i c i e n c i e s  f o l l o w  t h e  same p a t t e r n  w he the r  as a f u n c t i o n  o f  in f lo w  

o r  e f f l u e n t  APC. The c o r r e s p o n d in g  v a l u e s  f o r  in f lo w  and o u t f l o w  APC

a r e  shown in  Tab le  8 f o r  r eady  com par ison .
I t  s h ou ld  be n o t e d ,  however,  t h a t  t h e s e  am bien t  APC a r e  t h e  r e s u l t  

o f  a number o f  f a c t o r s  o t h e r  than  in f l o w  APC, i n c l u d i n g  t h e  number and 

biomass o f  a n i m a l s ,  t h e  f low  r a t e  and th e  volume o f  t h e  s h e l l f i s h  c u l t u r e  

c o n t a i n e r s .  A v a r i a t i o n  in  any o f  t h e s e  migh t  wel l  r e s u l t  i n  a c o m p le te ly  

d i f f e r e n t  am bien t  APC and ,  c o n s e q u e n t l y ,  d i f f e r e n t  growth and f e e d i n g .

T h e r e f o r e ,  i t  s h ou ld  be k e p t  in  mind t h a t  a l l  t h e s e  f a c t o r s  have 

been kep t  c o n s t a n t  and o n ly  t h e  in f l o w  APC has been v a r i e d .

The f o l l o w i n g  r a t e s  and e f f i c i e n c i e s  were c a l c u l a t e d  to  be used 

as c r i t e r i a  in  d e c i d i n g  which ambientAPC was op timal f o r  maximum 

f e e d i n g  ( f e e d i n g  r a t e ) ,  maximum c o n v e r s io n  o f  a v a i l a b l e  food  i n t o  

s h e l l f i s h  biomass ( food  c h a in  e f f i c i e n c y )  and maximum c o n v e r s io n  o f  

i n g e s t e d  food i n t o  s h e l l f i s h .

Feeding Rates

The d i f f e r e n c e  between in f lo w  and o u t f l o w  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  

p r o t e i n  n i t r o g e n  i s  a measure  o f  t h e  f e e d i n g  r a t e  o f  t h e  s h e l l f i s h



T ab le  8 In f low  and Outf low Algal P r o t e i n  C o n c e n t r a t i o n s .



Table 8

T rea tm e n t  In f low  APC Cugat .  PPN/1)

1 56.01

2 11 .33

3 - 5 .75

4 1 .28

5 0 .17

Outf low APC Qtigat. PPN/1) 

45 .4 0  

7 .03  

2 .93  '

0 .6 9

0.17

• f i
o
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(T enore ,  e t  aj_ . , 1973) .  The a v e ra g e  weekly  f e e d i n g  r a t e  measured as th e  

p e r c e n t a g e  o f  in f lo w  PPN s t r i p p e d  from th e  w a t e r  by t h e  c l am s ,  w i l l  be 

c a l l e d  S t r i p p i n g  E f f i c i e n c y .  As t h e  in f lo w  c o n c e n t r a t i o n  o f  P ro te i n -N  

i n c r e a s e s  from 1 .3  juga t .  N/l t o  5 .75  ^ ig a t .  N/l t h e r e  i s  an i n c r e a s e  

in  t h e  S t r i p p i n g  E f f i c i e n c y .  The maximum a v e ra g e  weekly S t r i p p i n g  

E f f i c i e n c y  o f  48.6% i s  r e a c h e d  by th o s e  clams r e c e i v i n g  an in f lo w  

p r o t e i n  c o n c e n t r a t i o n  o f  5 . 7 5 y jg a t .  PPN/1. There  i s  then  a s h a rp  

d e c l i n e  in  S t r i p p i n g  E f f i c i e n c y  w i th  f u r t h e r  i n c r e a s e s  in  t h e  c o n c e n t r a t i o n  

o f  p r o t e i n  a v a i l a b l e  ( f i g u r e  3 ) .

The a v e ra g e  weekly  f e e d i n g  r a t e ,  measured  as t h e  p e r c e n t a g e  o f  in f lo w  

PPN removed from t h e  w a t e r  by i n g e s t i o n  a n d / o r  b i o d e p o s i t i o n  w i l l  be c a l l e d  

R e t e n t i o n  E f f i c i e n c y .  R e t e n t i o n  E f f i c i e n c y  w i l l  n e c e s s a r i l y  be lower 

th a n  S t r i p p i n g  E f f i c i e n c y  s i n c e  t h e r e  w i l l  be a g r e a t e r  d i f f e r e n c e  in 

in f lo w  and o u t f l o w  c o n c e n t r a t i o n s  when t h e  p r o t e i n  o f  t h e  ta n k  d e p o s i t s  

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

The r e l a t i o n s h i p  o f  P r o t e i n  R e t e n t i o n  E f f i c i e n c y  to  in f lo w  APC i s  

n o n - l i n e a r .  There  i s  an i n i t i a l  s l i g h t  i n c r e a s e  in  P r o t e i n  R e t e n t i o n  

E f f i c i e n c y  w i th  i n c r e a s i n g  in f lo w  APC and th e n  a p r e c i p i t o u s  d e c l i n e  

w i th  f u r t h e r  i n c r e a s e s  in  in f lo w  APC ( f i g u r e  4 ) .

I n g e s t e d  Ra t ion

The a b s o l u t e  amount o f  a l g a e  i n g e s t e d  was measured as t h e  d i f f e r e n c e  

between in f lo w  and o u t f l o w  p a r t i c u l a t e  p r o t e i n  n i t r o g e n  (PPN) c o n c e n t r a t i o n s ,  

c o r r e c t e d  f o r  t h e  PPN o f  t h e  t a n k  d e p o s i t s  ( b i o d e p o s i t s ) .

In g e s te d  r a t i o n  i s  p o s i t i v e l y  c o r r e l a t e d  w i th  bo th  in f lo w  and 

o u t f l o w  PPN c o n c e n t r a t i o n s  ( f i g u r e s  5 ,6  ) .  There i s  l i t t l e  i n d i c a t i o n  t h a t  

a p l a t e a u  w i l l  be r e a c h e d  where i n g e s t i o n  i s  c o n s t a n t  and in d e p e n d e n t  o f  

a l g a l  c e l l  c o n c e n t r a t i o n .

Food Chain E f f i c i e n c y

Food c h a in  e f f i c i e n c y  i s  a measure o f  t h e  e f f i c i e n c y  w i th  which t h e  

food s u pp ly  i s  e x p l o i t e d  and i s  t h e  r a t i o  o f  n e t  p r o d u c t i o n  (g rowth )  to  

a v a i l a b l e  fo o d ,  w h e th e r  o r  n o t  t h e  food i s  i n g e s t e d  (T enore ,  e t  a l_ . , 1973).

For t h i s  work, food c h a in  e f f i c i e n c y ,  in  te rms o f  p r o t e i n  i s :

^  Clam P ro te in /W eek____________________^ jq q0/.
In f low  P a r t i c u l a t e  P ro te in /W eek
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F ig u r e  3 P r o t e i n  S t r i p p i n g  E f f i c i e n c y  as a f u n c t i o n  o f  in f lo w  

and o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  4 P r o t e i n  R e t e n t i o n  E f f i c i e n c y  as a f u n c t i o n  o f  in f lo w  and 

o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  5 I n g e s t e d  Algal  P r o t e i n  as a F u n c t io n  o f  In f low  Algal  

P r o t e i n  C o n c e n t r a t i o n .
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F ig u r e  6  I n g e s t e d  Algal  P r o t e i n  as  a F u n c t io n  o f  Outf low Algal  

P r o t e i n  C o n c e n t r a t i o n .
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There i s  an i n c r e a s e  in  food c h a in  e f f i c i e n c y  w i th  i n c r e a s i n g  in f lo w

APC u n t i l  a maximum weekly  a v e ra g e  food c h a in  e f f i c i e n c y  o f  16.89% i s

a c h i e v e d  by th o s e  clams r e c e i v i n g  an in f lo w  APC o f  5 .75  / i g a t .  PPN/1.

T h e r e a f t e r ,  t h e r e  i s  a s h a r p  d e c l i n e  in  food c h a i n  e f f i c i e n c y  w i th

i n c r e a s i n g  APC ( f i g u r e  7 ) .

These r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  th o s e  an im a ls  r e c e i v i n g  an

in f lo w  APC o f  5 .75  ^ iga t .  PPN/1 c o n v e r t  a v a i l a b l e  p r o t e i n  most  e f f i c i e n t l y

i n t o  s h e l l f i s h  p r o t e i n .  A b e t t e r  measure  o f  t h e  amount o f  a v a i l a b l e

food may be t h e  amount o f  a l g a l  p r o t e i n  s u r r o u n d in g  t h e  animal and the

o u t f lo w  APC i s  t h e  b e s t  measure  o f  t h i s  s u r r o u n d in g  a l g a l  p r o t e i n  c o n c e n t r a t i o n .

T h e r e f o r e ,  a b e t t e r  measure  o f  food c h a i n  e f f i c i e n c y  may be c a l c u l a t e d

a s : A  Clam P ro te in /W eek
Outf low APC/Week

The p a t t e r n  o f  food c h a i n  e f f i c i e n c i e s  when c a l c u l a t e d  t h i s  way

i s  t h e  same as when c a l c u l a t e d  in  t h e  above manner,  b u t  t h e  v a lu e s  a r e

a p p r e c i a b l y  h ig h e r  ( t a b l e  9 ) w i th  t h e  maximum food c h a in  e f f i c i e n c y

be ing  33.68% o r  a bou t  tw ic e  t h e  maximum food ch a in  e f f i c i e n c y  o f  16.89%

c a l c u l a t e d  in  t h e  above manner.

Tab le  9 Food Chain E f f i c i e n c y  Based on Outflow APC

AmhipnfAPC (fugat. PPN/1) Food Chain E f f i c i e n c y  (%)
0 .69 25 .46

2 .93 33.68

14.53
7 .03

1.78
.40

E c o l o g ic a l  E f f i c i e n c y

E c o lo g ic a l  e f f i c i e n c y ,  as  d e f i n e d  by T en o re ,  et_ £[]_., ( 1 9 7 3 ) ,  i s  t h e  

r a t i o  o f  n e t  p r o d u c t i o n  (growth)  to  i n g e s t e d  food by th e  p o p u l a t i o n .

This  r a t i o  i s  e q u i v a l e n t  t o  t h e  C o e f f i c i e n t  o f  Growth E f f i c i e n c y  o f  t h e  IBP



F ig u re  7 Food Chain E f f i c i e n c y  as  a f u n c t i o n  o f  in f lo w  and o u t f l o w  

a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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(Holme and M cIn ty re ,  1971) o r ,  most  p r o p e r l y ,  p r o t e i n  c o n v e r s io n  r a t e ,

s i n c e  t h e  p r o t e i n  o f  t h e  p rey  and p r e d a t o r  a r e  used in  i t s  c a l c u l a t i o n .

In my s t u d y ,  food i n g e s t e d ,  in  te rms o f  p r o t e i n ,  i s  d e f i n e d  as t h e

d i f f e r e n c e  between in g o in g  and ou tg o in g  p r o t e i n  l e v e l s .  A g ro s s

e c o l o g i c a l  e f f i c i e n c y  i s  d e f i n e d  a s :  A v e rag eA c ia m  P r o t e i n  x , g g 0/
Average S t r i p p e d  PPN

A n e t  e c o l o g i c a l  e f f i c i e n c y  i s  d e f i n e d  a s :  «
A v e r a g e A c i a m  P r o t e i n  x , nno/ 
Average R e ta in ed  PPN

My n e t  e c o l o g i c a l  e f f i c i e n c y  c o r r e s p o n d s  most  c l o s e l y  t o  Kj,

g ro s s  growth  e f f i c i e n c y .  The same p a t t e r n  as b e f o r e  i s  a p p a r e n t  ( f i g u r e  8  ) .

With an i n c r e a s e  in  in f lo w  APC t h e r e  i s  a c o n c o m i ta n t  i n c r e a s e d  g ro s s  

e c o l o g i c a l  e f f i c i e n c y .  A maximum weekly a v e ra g e  g r o s s  e c o l o g i c a l  e f f i c i e n c y  

o f  35.10% i s  ach iev ed  by t h o s e  clams r e c e i v i n g  an in f lo w  APC o f  5 .75  ^ g a t .  PPN/1.

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

i n c r e a s i n g  in f lo w  APC.

When n e t  e c o l o g i c a l  e f f i c i e n c y  i s  p l o t t e d  v e r s u s  in f l o w  APC ( f i g u r e  9 ) ,

i t  can be seen  t h a t  t h o s e  an im als  r e c e i v i n g  an in f l o w  APC o f  5 .75  j j g a t .  PPN/1

a r e  most e f f i c i e n t  in  c o n v e r t i n g  i n g e s t e d  o r  r e t a i n e d  a l g a l  p r o t e i n  i n t o  

clam p r o t e i n .  A s i m i l a r  p a t t e r n  i s  obse rved  w i th  o u t f l o w  c o n c e n t r a t i o n s .

The d e c l i n e  in  e f f i c i e n c y  w i th  i n c r e a s i n g  in f lo w  APC i s  n o t  as  g r e a t  f o r  n e t

e c o l o g i c a l  e f f i c i e n c y .  Th is  would seem t o  be due t o  th e  g r e a t  amount o f

ta n k  d e p o s i t s  ( b i o d e p o s i t s )  a s s o c i a t e d  w i th  t h o s e  an im a ls  r e c e i v i n g  t h e  

h i g h e s t  in f lo w  l e v e l s  o f  a l g a l  p r o t e i n .  The amount o f  p r o t e i n  s t r i p p e d  

i s  very  c l o s e  to  t h e  amount o f  p r o t e i n  r e t a i n e d  f o r  a l l  b u t  t h e  d e n s e s t  

t r e a t m e n t  where t h e r e  i s  p r o p o r t i o n a l l y  l e s s  r e t a i n e d  than  s t r i p p e d  ( f i g u r e  1 0 ) .  

This  i s  due t o  g r e a t e r  b i o d e p o s i t i o n  a t  t h i s  f e e d  d e n s i t y .  Thus,  t h e  n e t  

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

as compared to  g ro s s  e c o l o g i c a l  e f f i c i e n c y .

P r o t e i n  c o n v e r s io n  r a t e  i s  e q u i v a l e n t  to  t h e  n e t  e c o l o g i c a l  e f f i c i e n c y  

( p r o t e i n )  o f  my s tu d y  and f o l l o w s  t h e  same p a t t e r n  as n e t  e c o l o g i c a l  

e f f i c i e n c y  as a f u n c t i o n  o f  in f lo w  o r  o u t f l o w  APC ( f i g u r e  11) o r  o f  i n g e s t e d  

a l g a l  p r o t e i n  ( f i g u r e  1 2 ) .

Gross growth e f f i c i e n c y  (Kj) as  a f u n c t i o n  o f  i n g e s t e d  a l g a l  p r o t e i n  

a l s o  fo l l o w s  a s i m i l a r  p a t t e r n  ( f i g u r e  13).



F ig u re  8  Gross E c o l o g ic a l  E f f i c i e n c y  as a f u n c t i o n  o f  in f lo w  

and o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  9 Net E c o lo g ic a l  E f f i c i e n c y  as a f u n c t i o n  o f  in f lo w  and 

o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  S t r i p p e d  P r o t e i n  and R e ta in e d  P r o t e i n  o f  t h e  Exper imenta l  
T rea tm en ts  f o r  Week 1
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F ig u re  11 P r o t e i n  Convers ion  E f f i c i e n c y  as  a f u n c t i o n  o f  

o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  12 P r o t e i n  Convers ion  E f f i c i e n c y  as  a f u n c t i o n  o f  i n g e s t e d  

a l g a l  p r o t e i n .
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F ig u r e  1 3  Gross Growth E f f i c i e n c y  as a f u n c t i o n  o f  i n g e s t e d  p r o t e i
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Average Weekly Biomass P ro d u c t io n

The p a t t e r n  o f  weekly biomass p r o d u c t i o n  as a f u n c t i o n  o f  t r e a t m e n t  

o r  in f l o w  APC i s  t h e  same w h e th e r  biomass i s  measured as  whole wet  w e i g h t ,  

whole d ry  w e i g h t ,  d ry  meat  w e i g h t ,  o r  p r o t e i n  ( f i g u r e s  14 t o  17 ) .  The 

p a t t e r n  o f  biomass p r o d u c t i o n  as a f u n c t i o n  o f  i n g e s t e d  r a t i o n  i s  s i m i l a r  

( f i g u r e s  18 t o  20 ) .  There i s  a ve ry  s h a rp  i n c r e a s e  in  weekly  biomass

p r o d u c t i o n  w i th  i n c r e a s i n g  in f lo w  APC u n t i l  maximum p r o d u c t i o n  i s  r eac h ed  

a t  an in f lo w  APC o f  5 .75  yugat. PPN/1. There  i s  th e n  a l e s s  s t e e p  d e c l i n e  

in  weekly biomass p r o d u c t i o n  w i th  i n c r e a s i n g  in f lo w  APC. S t a t i s t i c a l l y ,  

t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  among t r e a t m e n t s  in  weekly biomass p r o d u c t i o n  

a t  t h e  99% c o n f id e n c e  l e v e l .  However, a S c h e f f e '  t e s t  f o r  p a i r w i s e  

d i f f e r e n c e s  showed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  weekly  biomass 

p r o d u c t i o n  o f  t h o s e  clam p o p u l a t i o n s  r e c e i v i n g  an in f l o w  APC o f  5 .75  and

11.335  jugat.  PPN/1. These a l g a l  p r o t e i n  c o n c e n t r a t i o n s  c o r r e s p o n d  to
4 5a p p r o x im a te ly  5 X 10 c e l l s / m l  to  1 X 10 c e l l s / m l  and to  an am bien t  APC

o f  2 .9 3  yugat. PPN/1. and 7 .03  j j g a t .  PPN/1 in  t h e  env i ronm en t  e x p e r i e n c e d

by t h e  c lam s .  The c o r r e s p o n d in g  am bien t  a l g a l  ca rbon  v a l u e s  a r e  272 to  652y j g . C / 1 .

I n d i v i d u a l  Animal Weights

i n d i v i d u a l  animal w e ig h t  i s  c a l c u l a t e d  by d i v i d i n g  t h e  c u l l e d  biomass 

by t h e  number o f  an im a ls  c u l l e d .  The g e n e ra l  p a t t e r n  o f  biomass p e r  animal 

i s  t h a t  1 ) t h e  an im als  in  eve ry  t r e a t m e n t  a r e  g e t t i n g  l a r g e r  o v e r  t ime e x c e p t  

f o r  t h e  c o n t r o l  t r e a t m e n t  r e c e i v i n g  no a l g a e ,  and 2 ) t h e  l a r g e s t  an im a ls  f o r  

e v e ry  week a r e  always  t h o s e  r e c e i v i n g  an in f lo w  APC o f  5 .75  t o  11.33  yuqat.PPN/1 

( f i g u r e  21 ) .  This  p a t t e r n  was t r u e  w h e th e r  biomass was measured  as whole 

wet  w e i g h t ,  whole d ry  w e i g h t ,  d ry  meat  w e i g h t ,  o r  p r o t e i n .

D i f f e r e n c e s  in  i n d i v i d u a l  animal w e ig h t s  among t r e a t m e n t s  was s i g n i f i c a n t  

a t  t h e  99.9% c o n f id e n c e  l e v e l .  However, a S c h e f f e '  t e s t  f o r  p a i r w i s e  

d i f f e r e n c e s  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  in  i n d i v i d u a l  animal w e ig h t  

between t h o s e  p o p u l a t i o n s  r e c e i v i n g  5 .75  and 1 1 . 3 3 yugat .  PPN/1 o r  e x p e r i e n c i n g  

2 .93  yugat. PPN/1 and 7 .03  yugat . PPN/1 in  t h e i r  env i ronm en t .  Thus,  t h e r e  

was t h e  same biomass i n c r e a s e  by t h o s e  i n d i v i d u a l s  r e c e 1 ’ v i n 9  t h e s e  d i f f e r e n t  

in f l o w  APC.
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F ig u re  14 Weekly Whole Wet Weight  P ro d u c t io n  as a f u n c t i o n  o f  in f lo w  

and o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  15 Weekly Whole Dry Weight P r o d u c t i o n  as a f u n c t i o n  o f  in f lo w  

and o u t f lo w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  16 Weekly Dry Meat P ro d u c t io n  as a f u n c t i o n  o f  in f lo w  

and o u t f lo w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u r e  17  Weekly P r o t e i n  P r o d u c t i o n  as  a f u n c t i o n  o f  in f l o w  and 

o u t f l o w  a l g a l  p r o t e i n  c o n c e n t r a t i o n .
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F ig u re  18 Whole Wet Weight  P ro d u c t i o n  as  a f u n c t i o n  o f  i n g e s t e d  

a l g a l  p r o t e i n .
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F ig u re  19 Dry Meat P ro d u c t i o n  as  a f u n c t i o n  o f  I n g e s t e d  Algal  P r o t e i n .
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F ig u re  20 P r o t e i n  P r o d u c t i o n  a s  a f u n c t i o n  o f  i n g e s t e d  a l g a l  p r o t e i
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C o n d i t io n  Index

C o n d i t io n  Index i s  d e f i n e d  as t h e  r a t i o  o f  d ry  meat  w e ig h t  to  d ry  

s h e l l  w e ig h t  X 1000 and i s  a commonly a c c e p te d  measure o f  t h e  g e n e ra l  

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

There  were s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  a v e ra g e  weekly c o n d i t i o n  

index  among t r e a t m e n t s  a t  t h e  99.9% l e v e l .  There  i s  an i n c r e a s e  in  t h e  

c o n d i t i o n  index w i th  an i n c r e a s e  in  in f lo w  APC o r  i n g e s t e d  r a t i o n .  The 

r e l a t i o n s h i p  i s  n o n l i n e a r  ( f i g u r e  22).  There  i s  a sh a rp  i n c r e a s e  in  

c o n d i t i o n  index w i th  an i n c r e a s e  in  i n g e s t e d  r a t i o n  ( i n  te rm s  o f  p r o t e i n )  

and th e n  a l e v e l i n g  o f f  w i th  a f u r t h e r  i n c r e a s e  in  i n g e s t e d  r a t i o n .  A 

S c h e f f e 1 t e s t  f o r  p a i r w i s e  d i f f e r e n c e s  showed no s i g n i f i c a n t  d i f f e r e n c e  

in  c o n d i t i o n  index f o r  t h e  s h e l l f i s h  r e c e i v i n g  an in f lo w  APC o f  5 . 7 5 ,

11 .33  and 56.01 ^jugat. PPN/1. Only t h o s e  s h e l l f i s h  r e c e i v i n g  an in f lo w  

o f  1 .28 ^jugat. PPN/1 had a c o n d i t i o n  index  s i g n i f i c a n t l y  lower  than  t h e  

o t h e r s .  I t  would seem t h a t  once a c e r t a i n  amount o f  p r o t e i n  i s  i n g e s t e d ,  

t h e r e  i s  l i t t l e  improvement in  t h e  c o n d i t i o n  o f  t h e  animal w i th  f u r t h e r  

f e e d i n g .



F ig u re  22 C ond i t ion  Index as a f u n c t i o n  o f  i n g e s t e d  a l g a l  p r o t e i
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DISCUSSION

Biomass

W in te r  (197 ) ,  has s u g g e s t e d  t h a t  b i v a l v e s  consume p h y to p la n k to n  in  

p r o p o r t i o n  t o  t h e  a l g a l  c e l l  c o n c e n t r a t i o n  up to  a p l a t e a u  where 

consumpt ion  i s  c o n s t a n t  and in d e p e n d e n t  o f  t h e  p a r t i c l e  c o n c e n t r a t i o n .

. F i n a l l y ,  t h e r e  i s  a d e c r e a s e  in  t h e  q u a n t i t y  o f  p h y to p la n k to n  consumed 

w i th  any f u r t h e r  i n c r e a s e  in  a l g a l  c e l l  d e n s i t y .

In my work,  t h e  a b s o l u t e  amount o f  p h y to p l a n k to n  consumed (measured 

as  PPN) i n c r e a s e d  w i th  i n c r e a s i n g  a l g a l  c o n c e n t r a t i o n s .  There  was l i t t l e  

i n d i c a t i o n  o f  r e a c h i n g  a p l a t e a u  where t h e  amount o f  p h y to p la n k to n  consumed 

i s  c o n s t a n t  and in d e p e n d e n t  o f  a l g a l  c o n c e n t r a t i o n .  Langton e t  al_ . , (1977) 

found a s i m i l a r  r e l a t i o n s h i p  o f  consumpt ion  and f eed  d e n s i t y  f o r  T a p e s , 

as d id  Thompson and Bayne (1974) ,  f o r  M y t i lu s  e d u l i s .

However, in  te rm s  o f  p e r c e n t a g e  o f  in f lo w  APC t h a t  i s  i n g e s t e d ^ W i n t e r ' s  

model seems t o  ho ld  up.  This  p e r c e n t a g e ,  h e r e  c a l l e d  P r o t e i n  S t r i p p i n g  

E f f i c i e n c y ,  i n c r e a s e s  w i th  i n c r e a s i n g  in f lo w  APC, r e a c h e s  a maximum and 

then  d e c r e a s e s  w i th  f u r t h e r  i n c r e a s e s  in  in f lo w  APC.

This  r e s p o n s e  o f  M e rcen a r i a  cam p e c h ie n s i s  t o  i n c r e a s i n g  a l g a l  p r o t e i n  

c o n c e n t r a t i o n s  c l o s e l y  matches  t h e  r e s p o n s e  o f  M ercenar ia  m e rc e n a r i a  to  

i n c r e a s i n g  a l g a l  c o n c e n t r a t i o n s  (Tenore  and Dunstan ,  1973) .  Tenore  and 

Dunstan ( l o c . c i t . )  measured f e e d i n g  r a t e s  as t h e  d i f f e r e n c e  between incoming 

and o u tg o i n g  p a r t i c u l a t e  ca rbon  c o n c e n t r a t i o n s .  In my s t u d y ,  f e e d i n g  r a t e  

i s  c a l l e d  P r o t e i n  S t r i p p i n g  E f f i c i e n c y  and i s  measured as t h e  d i f f e r e n c e  

in  incoming and o u tg o in g  p a r t i c u l a t e  p r o t e i n  c o n c e n t r a t i o n s .

Tenore  and Dunstan ( l o c . c i t . ) ,  d i s c u s s  an " a b s o l u t e "  and a " r e l a t i v e "  

f e e d i n g  r a t e .  A b s o lu te  f e e d i n g  r a t e  i s  d e f i n e d  as t h e  amount o f  food removed 

whereas  r e l a t i v e  f e e d i n g  r a t e  i s  d e f i n e d  as t h e  p e r c e n t a g e  o f  food a v a i l a b l e  

t h a t  i s  removed,  a l l  on a d ry  meat  b a s i s .

T h e i r  " r e l a t i v e  f e e d i n g  r a t e "  i s  e q u i v a l e n t  to  P r o t e i n  S t r i p p i n g  

E f f i c i e n c y  in  t h i s  s t u d y  s i n c e  a t  t h e  b e g in n in g  o f  each e x p e r im en ta l  

week a l l  p o p u l a t i o n s  had t h e  same d ry  meat  w e ig h t .

The r e l a t i v e  f e e d i n g  r a t e  o f  M e rcen a r i a  m e rc e n a r i a  app e a r s  to  respond  

t o  i n c r e a s i n g  a l g a l  c o n c e n t r a t i o n s  in  t h e  same way t h a t  t h e  P r o t e i n  

S t r i p p i n g  E f f i c i e n c y  o f  M ercena r i a  c a m p ech ien s i s  r e sponds  to  i n c r e a s i n g
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a l g a l  c o n c e n t r a t i o n s .

The g r e a t e s t  f e e d i n g  r a t e  r e p o r t e d  by Tenore and Dunstan ( l o c . c i t . )

f o r  M ercena r i a  m e rc e n a r i a  was a t  650 ug C/1 o r  a c e l l  d e n s i t y  o f  a p p r o x im a te ly  
5

4 X 10 c e l l s / m l .  Mixed s p e c i e s  o f  d ia tom s  were u sed .  In t h i s  s t u d y ,  t h e  

maximum P r o t e i n  S t r i p p i n g  E f f i c i e n c y  o c c u r r e d  a t  an in f lo w  APC o f  5 . 7 5 yugat .  

p a r t i c u l a t e  p r o t e i n  N/l o r  a p p r o x im a te ly  5 X 104  c e l l s / m l  o f  I s o c h r y s i s  sp .

This  i s  e q u i v a l e n t  t o ' a p p r o x i m a t e l y  534 jug C / l - - c l o s e  to  t h e  optimum le v e l  

( 6 5 0 yjg C/1) r e p o r t e d  by Tenore  and D uns tan ,  (1973) .

D i s c r e p a n c i e s  in  r e s u l t s  can be a t t r i b u t e d  t o  d i f f e r e n c e s  in  s i z e  o f  

ex p e r im e n ta l  a n i m a l s ,  d i f f e r e n c e s  in  food o rg a n i s m s ,  and s p e c i e s  d i f f e r e n c e s .  

However, i t  i s  s t r i k i n g  t h a t  t h e  p a t t e r n  i_s s i m i l a r  f o r  t h e s e  two s p e c i e s  

o f  c l am s ,  s i n c e  t h e  mussel  and o y s t e r  (Tenore  and Duns tan ,  l o c . c i t . )  

show d i s t i n c t l y  d i f f e r e n t  p a t t e r n s .

F u r th e rm o re ,  Tenore  and Dunstan ,  ( l o c . c i t . ) found t h a t  t h e  a b s o l u t e  

f e e d i n g  r a t e  o f  t h e  clam c o n t in u e d  to  i n c r e a s e  w i th  i n c r e a s i n g  food c o n c e n t r a t i o n .  

Th is  f i n d i n g  i s  in  ag reem en t  w i th  t h e  r e s u l t s  o f  my work and o f  t h a t  o f  

Thompson and Bayne (1974) in  t h e i r  work w i th  M yt i lu s  e d u l i s .

Food c h a i n  e f f i c i e n c y  i s  a measure  o f  t h e  e f f i c i e n c y  w i th  which th e  

food s u pp ly  i s  e x p l o i t e d .  In my s tu d y  t h e  maximum food c h a in  e f f i c i e n c y  

was a c h ie v e d  by th o s e  an im a ls  r e c e i v i n g  an in f lo w  APC o f  5 . 7 5 yugat PPN/1 o r  

a c e l l  d e n s i t y  o f  a p p ro x im a te ly  5 X 104  c e l l s / m l ,  c o r r e s p o n d in g  to  a PPN 

c o n c e n t r a t i o n  in  t h e  an im a ls  env i ronm en t  o f  2 . 9 3 yugat  PPN/1. Not s u r p r i s i n g l y ,  

t h i s  was t h e  in f lo w  APC a t  which th e  g r e a t e s t  f e e d i n g  r a t e  was d e m o n s t r a t e d .

Tenore ,  e t  a_K (1 9 7 3 ) ,  c a l c u l a t e d  a g ro s s  food c h a in  e f f i c i e n c y  f o r  

t h e i r  e x p e r i m e n t a l  M ercenar i a  m e rc e n a r i a  ( a t  an optimum feed  d e n s i t y  o f  

650 jug C/1)  o f  15.12%. The maximum food ch a in  e f f i c i e n c y  d em o n s t r a te d  in  

my s tu d y  was 16.9% by t h o s e  an im als  r e c e i v i n g  an "optimum" feed  d e n s i t y  o f  

534 yjg C/1.  The r e s u l t s  a r e  very  com parab le  and may i n d i c a t e  t h a t  t h e s e  

two s p e c i e s  respond  s i m i l a r l y  to  food c o n c e n t r a t i o n  in  t h e i r  env i ronm en t .

P a r s o n s ,  et^ a l_ . , ( 1 9 6 1 ) r e p o r t e d  a p r o t e i n  t o  carbon  r a t i o  o f  0 .94

f o r  Monochrys is  l u t h e r i i  i n  e x p o n e n t i a l  g rowth ;  t h i s  a lg a  i s  c l o s e l y

r e l a t e d  t o  t h e  I s o c h r y s i s  used in  my s t u d y .  T eno re ,  e t  al_ . , (1973) 

r e p o r t e d  t h a t  t h e  carbon c o n t e n t  o f  M ercenar i a  m e rc e n a r i a  was 42 .55  

p e r c e n t  o f  t h e  dry  meat  w e ig h t .  Food c h a in  e f f i c i e n c y  may be c a l c u l a t e d

w i th  ca rbon  v a l u e s  such as t h e s e  t h a t  have been
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d e r i v e d  from t h e s e  c o n v e r s i o n  f a c t o r s .  I t  must  be emphasized t h a t  

t h e y  a r e  on ly  a p p ro x im a t io n s  t o  be used  f o r  c o m p ara t iv e  p u rp o s e s .

The maximum food c h a i n  e f f i c i e n c y  in  te rms o f  ca rbon  was a c h ie v e d  

by t h e s e  s h e l l f i s h  p o p u l a t i o n s  r e c e i v i n g  an in f lo w  a l g a l  p r o t e i n  

c o n c e n t r a t i o n  o f  5 .75  yugat .  PPN/1. Those p o p u l a t i o n s  o f  s h e l l f i s h  r e c e i v i n g  

h i g h e r  o r  lower  in f lo w  APC a c h ie v e d  lower  food c h a in  e f f i c i e n c i e s  ( t a b l e l O ) .

When a ca rbon  food c h a i n  e f f i c i e n c y  i s  c a l c u l a t e d  u s in g  t h e  o u t f l o w  

a l g a l  d e n s i t y  i n s t e a d  o f  in f lo w  a l g a l  d e n s i t y  as a measure o f  a v a i l a b l e  

fo o d ,  t h e  h i g h e s t  o f  a l l  e f f i c i e n c i e s  a r e  a c h i e v e d  ( t a b l e  1 1 ) .

Tab le  11 Carbon Food Chain E f f i c i e n c i e s  Based on Outflow APC

Tab le  10 Carbon Food Chain E f f i c i e n c i e s

In f low  APC (yugat. PPN/1) Food Chain E f f i c i e n c y  ( %)  

1 .8 2 %

10 .98 %

20.99%

16.15%

56.01

11.33

5.75

1.28

Food Chain E f f i c i e n c y  (%)

56.01

11 .33

5.75

1.28

2 .3

18.5

41.72

30.45

Thus ,  f o r  eve ry  u n i t  o f  a l g a l  ca rbon  s u r r o u n d in g  th o s e  s h e l l f i s h  

p o p u l a t i o n s  r e c e i v i n g  an in f lo w  APC o f  5 . 7 5 yugat .  PPM/1, 0 .4 2  u n i t s  o f  

s h e l l f i s h  ca rbon  a r e  p roduced  ( e x c l u s i v e  o f  t h e  s h e l l ) .
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T en o re ,  e t  a l_ . , found t h a t  g ro s s  e c o l o g i c a l  e f f i c i e n c y . ,  a measure 

o f  t h e  e f f i c i e n c y  w i th  which an animal c o n v e r t s  i n g e s t e d  food i n t o  

growth o r  biomass i n c r e a s e ,  was h i g h e s t  f o r  t h e  clam a t  23 .69  p e r c e n t  

when compared t o  t h e  mussel  o r  o y s t e r .  T h e i r  e c o l o g i c a l  e f f i c i e n c y  

was c a l c u l a t e d  on a ca rbon  b a s i s .  In o r d e r  t o  compare my r e s u l t s  

w i th  t h o s e  o f  Tenore  and co w o rk e r s ,  I have c a l c u l a t e d  my r e s u l t s  on 

a ca rbon  b a s i s  u s in g  c o n v e r s io n  f a c t o r s  o b t a i n e d  from th e  l i t e r a t u r e .

Gross e c o l o g i c a l  e f f i c i e n c i e s  th u s  c a l c u l a t e d  show t h e  same 

p a t t e r n  o f  r e s p o n s e  t o  i n c r e a s i n g  a m b ie n t a lg a l  p r o t e i n  c o n c e n t r a t i o n s  

as do t h o s e  c a l c u l a t e d  d i r e c t l y  from measured p r o t e i n  v a l u e s ,  bu t  

a r e  h i g h e r  (Tab le  10 . )

Net e c o l o g i c a l  e f f i c i e s  may a l s o  be c a l c u l a t e d  on a ca rbon  b a s i s .  

Net e c o l o g i c a l  e f f i c i e n c i e s  thus  c a l c u l a t e d  show th e  same p a t t e r n  

o f  r e s p o n s e  t o  i n c r e a s i n g  am bien t  a l g a l  p r o t e i n  c o n c e n t r a t i o n s  as 

do t h o s e  c a l c u l a t e d  d i r e c t l y  from measured p r o t e i n  v a l u e s ,  b u t  

a l s o  a r e  h i g h e r  (Tab le  13 )

Whereas t h e  h i g h e s t  g r o s s  e c o l o g i c a l  e f f i c i e c y  o f  M ercena r i a  

m e rc e n a r i a  as d e t e rm in e d  by T en o re ,  «rt a l_ . , (1973) was 23 .69  p e r c e n t  

c a l c u l a t e d  on a ca rbon  b a s i s ,  t h e  j u v e n i l e  M ercen a r i a  cam pech iens i s  

o f  my s t u d y  a c h i e v e d  a n e t  e c o l o g i c a l  e f f i c i e n c y  o f  47.71 p e r c e n t .
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TABLE 12

GROSS ECOLOGICAL EFFICIENCY BASED ON CARBON

AMBIENT APC ^lgat. PPN/1)

0.69

2.93

7.03

45.40

GROSS ECOLOGICAL EFFICIENCY (%)

36.16

43.71

32.00

2 1 . 2 2

TABLE 13
NET ECOLOGICAL EFFICIENCY BASED ON CARBON 

AMBIENT APC Qugat. PPN/1) NET ECOLOGICAL EFFICIENTY (%)

0.69 40.85

2.93 47.71

7.03 34.92

45.40 29.23



I t  i s  obv ious  from comparing food c h a in  and e c o l o g i c a l  e f f i c i e n c i e s  

t h a t  t h e  clams were n o t  f u l l y  e x p l o i t i n g  a v a i l a b l e  food .  Although t h i s  

may be due on ly  to  t h e  l a r g e  amount o f  food p r e s e n t e d  to  t h e  an im a ls  

r e l a t i v e  to  t h e i r  b io m as s ,  a more complex i n t e r a c t i o n  may be a b e t t e r  

e x p l a n a t i o n  o f  e v e n t s .  At optimum in f lo w  c o n c e n t r a t i o n s  o f  a l g a e ,  t h e r e  

may be to o  much food ( c o n s i d e r i n g  t h e  f low r a t e  and biomass o f  an im a l s )  

f o r  t h e  an im als  t o  remove more o f  i t .  At lower in f lo w  c o n c e n t r a t i o n s ,  

r e s u l t i n g  in  even lower  am b ien t  APC, f e e d i n g  r a t e s  may be s u p r e s s e d  so 

t h a t  even though l e s s  t o t a l  amounts o f  food a r e  g i v e n ,  t h e  an im a ls  can n o t  

e f f i c i e n t l y  p r o c e s s  i t .  At h i g h e r  food c o n c e n t r a t i o n s ,  f e e d i n g  r a t e s  may a l s o  

be s u p r e s s e d  and t h e r e  i s  a s i z e a b l e  amount o f  b i o d e p o s i t i o n  because  t h e r e  

was too  much food  a v a i l a b l e  so t h a t  food  i s  l e s s  e f f i c i e n t l y  p r o c e s s e d .

Gross growth e f f i c i e n c y  i s  t h e  e f f i c i e n c y  w i th  which i n g e s t e d  food 

i s  c o n v e r t e d  i n t o  body t i s s u e .  Thompson and Bayne (1 9 7 4 ) ,  have d e s c r i b e d  

t h e  g e n e ra l  r e l a t i o n s h i p  o f  g ro s s  growth e f f i c i e n c y  (Kll  and i n g e s t e d  r a t i o n  (R).  

At a v e ry  low r a t i o n  K1 i s  n e g a t i v e .  Small i n c r e a s e s  in  i n g e s t e d  r a t i o n  (R) 

r e s u l t  in  g r e a t l y  improved growth e f f i c i e n c i e s .  When K1 i s  z e r o ,  R i s  a 

measure o f  t h e  m a in ten a n ce  r a t i o n .  At h i g h e r  v a l u e s  o f  R, K1 i n c r e a s e s  

s h a r p l y  towards a maximum v a l u e ,  b e f o r e  d e c l i n i n g .

This  was t h e  p a t t e r n  d em o n s t r a te d  in  my s tu d y .  However, t h e  g ro s s  

growth e f f i c i e n c i e s  r e p o r t e d  in  t h i s  s tu d y  a r e  h i g h e r  th a n  th o s e  r e p o r t e d  

in  t h e  l i t e r a t u r e  in  g e n e r a l  and t h o s e  g iven  f o r  b i v a l v e s  by Tenore  and 

Dunstan ,  1973. This  may be due t o  s e v e r a l  f a c t o r s ;  t h e  f a c t  t h a t  j u v e n i l e  

an im a ls  were u s e d ,  t h e  c a l c u l a t i o n  o f  K1 on a p r o t e i n  b a s i s  and th e  

m a in tena nce  o f  c o n s t a n t  w e ig h t  o f  an im a ls  t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d .  

However, a K1 c a l c u l a t e d  on a ca rbon  b a s i s  r e s u l t s  in  even h i g h e r  v a l u e s  than  

when c a l c u l a t e d  on a p r o t e i n  b a s i s  in  my s t u d y .  This  may i n d i c a t e  a g e n e r a l l y  

h i g h e r  c o n v e r s io n  r a t e  o f  j u v e n i l e  M ercenar i a  cam pech iens i s  th a n  th e  

l a r g e r  M ercenar ia  m e rc e n a r i a  i n d i v i d u a l s  used in  Tenore  and D u n s t a n ' s  (1973) 

s tu d y .

The K1 in  t h i s  s t u d y  was com parab le ,  however,  to  th o s e  r e p o r t e d  by
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Langton ,  e t  aJL (1977) in  which K1 was a l s o  c a l c u l a t e d  on a p r o t e i n  b a s i s .

In f a c t ,  t h e y  r e p o r t e d  even h i g h e r  v a l u e s .

T r a d i t i o n a l  models  o f  f e e d i n g  and growth p r e d i c t  t h a t  once maximum 

growth  i s  a t t a i n e d  a t  an optimum i n g e s t e d  r a t i o n  an i n c r e a s e  i n  i n g e s t e d  

r a t i o n  w i l l  n o t  r e s u l t  i n  a d e c r e a s e  o r  i n c r e a s e  in  g row th ;  s a t u r a t i o n  

has o c c u r r e d .  Th is  was n o t  t h e  c a s e  in  my s tu d y .  I n c r e a s e d  i n g e s t e d  r a t i o n  

a f t e r  optimum r a t i o n  r e s u l t e d  in  a d e c r e a s e  in  q row th .  This  was p ro b ab ly

due to  a g r e a t l y  r educed  P r o t e i n  Convers ion  Rate a t  h i g h e s t  f eed  d e n s i t i e s .

Thus ,  even though more r a t i o n  was i n g e s t e d  a t  t h e s e  h igh  f eed  d e n s i t i e s ,  i t  

was c o n v e r t e d  l e s s  e f f i c i e n t l y  i n t o  t i s s u e  p r o d u c t i o n .

N i t ro g e n  Balance

A n i t r o g e n  b a l a n c e  was c o n s t r u c t e d  to  gauge t h e  e f f e c t s  o f  t h e  s h e l l f i s h  

p o p u l a t i o n s  on th e  f low  o f  n i t r o g e n  th ro u g h  t h e  c u l t u r e  system and th e  

e f f e c t s  o f  t h e  c u l t u r e  sys tem on t h e  s h e l l f i s h  p o p u l a t i o n s .  Tha t  i s ,  f o r  

example,  how does  ammonia e x c r e t i o n  vary  w i th  in f l o w  APC; what  a r e  t h e  o t h e r  

e x c r e t o r y  p r o d u c t s  i f  an y ,  o f  t h e  s h e l l f i s h ;  and a r e  any d i s s o l v e d  n i t r o g e n -  

c o n t a i n i n g  s u b s t a n c e s  t a k e n  up by t h e  s h e l l f i s h ?  These q u e s t i o n s  and o t h e r s  

cou ld  b e s t  be answered by t h e  c o n s t r u c t i o n  o f  a n i t r o g e n  b a l a n c e .

A n i t r o g e n  b a l a n c e  i s  an a c c o u n t in g  o f  a l l  t h e  " n i t r o g e n "  ( n i t r o g e n  

c o n t a i n i n g  compounds) e n t e r i n g  and l e a v i n g  a sys tem .  In t h i s  s t u d y ,  t h e  

in f lo w  and e f f l u e n t  c o n c e n t r a t i o n s  o f  e i g h t  d i f f e r e n t  n i t r o g e n - c o n t a i n i n g  

compounds were d e t e rm in e d .  The change in  c o n c e n t r a t i o n  o f  a p a r t i c u l a r  

compound between i n f l o w  and e f f l u e n t  i s  a measure o f  how t h e  compound was 

a f f e c t e d  by t h e  sy s tem .  I f  t h e  n e t  c o n c e n t r a t i o n  i s  p o s i t i v e ,  th e n  some 

o f  t h a t  compound was removed by t h e  sys tem .  I f  t h e  n e t  c o n c e n t r a t i o n  i s  

n e g a t i v e ,  th e n  some o f  t h a t  compound was g e n e r a t e d  by th e  sys tem .

An o v e r a l l  d e t e r m i n a t i o n  o f  t h e  f a t e  o f  incoming n i t r o g e n  was 

acc om pl i she d  by summing t h e  i n d i v i d u a l  c o n c e n t r a t i o n s  o r  amounts o f  

t h e  d i f f e r e n t  compounds. The d i f f e r e n c e  between t h e  t o t a l  n i t r o g e n  o f  

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

i s  t h e  f r a c t i o n  o f  t o t a l  n i t r o g e n  n o t  accoun ted  f o r .  In t h i s  s t u d y ,  t h e  

p e r c e n t  o f  in f l o w  n i t r o g e n  accoun ted  f o r  v a r i e d  between t r e a t m e n t s  from 

85 t o  95%.

The unaccoun ted  f o r  n i t r o g e n  may in  p a r t  be a t t r i b u t e d  to  l o s s  o f  f r e e  

ammonia to  t h e  a tm osphere  from t h e  sys tem and from t h e  sample  b o t t l e s  d u r in g  

a n a l y s e s .  A d d i t i o n a l l y ,  on ly  p a r t i c u l a t e  p r o t e i n  n i t r o g e n  (PPN) was
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a s s a y e d  f o r  in  t h e  a l g a l  c e l l s  and in  t h e  s h e l l f i s h .  N i t rogen  p r e s e n t  as 

n u c l e i c  a c i d s ,  amino s u g a r s  o r  in  o t h e r  forms were n o t  a s s a y e d  f o r  and a r e  

th u s  n o t  a c c o u n ted  f o r .  A ls o ,  some o r g a n i c  n i t r o g e n  compound ( s )  may 

have been formed as t h e  r e s u l t  o f  chem ical  t r a n s f o r m a t i o n  and n o t  d e t e c t e d  

in  t h e  e f f l u e n t s  from t h e  s h e l l f i s h  by t h e  a n a l y t i c a l  t e c h n i q u e s  used in  

t h i s  s t u d y .  F i n a l l y ,  some o f  t h e  n i t r o g e n  unaccoun ted  f o r  i s  a c t u a l l y  t h e  

a c c u m u la t io n  o f  s a m p l in g ,  measurement  and c a l c u l a t i o n  e r r o r .

Only r a r e l y  does  a s i n g l e  n i t r o g e n  c o n t a i n i n g  compound o t h e r  th a n  PPN 

o r  n i t r a t e  a c c o u n t  f o r  more th a n  1 0 % o f  t h e  t o t a l  n i t r o g e n  accoun ted  f o r .

Thus ,  q u a n t i t a t i v e l y ,  PPN and n i t r a t e  a r e  t h e  most  im p o r t a n t  components o f  the  

n i t r o g e n  b a l a n c e ,  b u t  some o f  t h e  o t h e r  n i t r o g e n  c o n t a i n i n g  compounds have 

a q u a l i t a t i v e  im p o r ta n c e  . However, in  many i n s t a n c e s ,  t h e  weekly  mean 

change in  c o n c e n t r a t i o n  between in f lo w  and e f f l u e n t  o f  a p a r t i c u l a r  compound 

( s )  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95% c o n f id e n c e  l e v e l .  For 

example a T - t e s t  cou ld  n o t  d e t e c t  any s i g n i f i c a n t  d i f f e r e n c e s  between t h e  

mean change in  c o n c e n t r a t i o n  o f  u rea  o f  any t r e a t m e n t  and ze ro  o r  no change .

Any urea  e x c r e t e d  by t h e  an im als  may have been ta k en  up by m ic ro o rg an ism s .  
Hammen (1968) cou ld  f i n d  no u rea  e x c r e t e d  by M ercenar ia  m e r c e n a r i a , a

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

No s i g n i f i c a n t  change  ( a t  t h e  95% c o n f i d e n c e  l e v e l )  in  n i t r a t e  

c o n c e n t r a t i o n  as  a r e s u l t  o f  p a s s a g e  th rough  t h e  s h e l l f i s h  c u l t u r e  c o n t a i n e r s  

was o b s e rv e d .  This  was t r u e  f o r  a l l  t r e a t m e n t s  e x c e p t  t r e a t m e n t  1,  which 

had t h e  h i g h e s t  l e v e l s  o f  in f l o w  APC. There  was a small  n e t  u p ta k e  o f  

n i t r a t e  and n i t r i t e  in  t h i s  t r e a t m e n t ,  p ro b a b ly  by l i v i n g  a l g a e  in  t h e  

co p ious  t a n k  d e p o s i t s  ( b i o d e p o s i t s )  o f  t h i s  t r e a t m e n t .

S o lu b le  p r o t e i n  i s  n u m e r i c a l l y  more im p o r t a n t  in  t h e  o v e r a l l  q u a n t i t a t i v e  

n i t r o g e n  b a l a n c e  th a n  n i t r i t e .  There  a r e  r e l a t i v e l y  h igh  l e v e l s  o f  

s o l u b l e  p r o t e i n  a s s o c i a t e d  w i th  h igh  l e v e l s  o f  p a r t i c u l a t e  p r o t e i n .  However, 

n e t  changes  in  c o n c e n t r a t i o n s  o f  s o l u b l e  p r o t e i n  a r e  more s t r o n g l y  c o r r e l a t e d  

w i th  t h e  amount o f  p r o t e i n  i n g e s t e d  than  w i th  t h e  amount o f  p r o t e i n  o f f e r e d  

t o  t h e  clams (PPN i n ) .

I t  would seem t h a t  s o l u b l e  p r o t e i n  i s  t a k en  in  a long  w i th  o r  as  a r e s u l t  

o f  t h e  i n g e s t i o n  o f  p a r t i c u l a t e  p r o t e i n .  There  i s  a d e f i n i t e ,  s i g n i f i c a n t  

( a t  t h e  95% c o n f i d e n c e  l e v e l )  change  in  c o n c e n t r a t i o n  o f  s o l u b l e  p r o t e i n  in  

p a s s a g e  th rough  t h e  s h e l l f i s h  c u l t u r e  c o n t a i n e r s .
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Although mean n e t  changes  in  DFAA c o n c e n t r a t i o n  were n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  between in f lo w  and e f f l u e n t ,  t h e  p a t t e r n  o f  c o n c e n t r a t i o n  

change i s  q u i t e  i n t e r e s t i n g .  Hammen ( l o c . c i t . ) ,  has p roposed  t h a t  t h e  

c e l l  membranes o f  b i v a l v e s  a r e  permeable  i n  bo th  d i r e c t i o n s  t o  DFAA so 

t h a t  u p t a k e  o r  l o s s  f o r  pu rposes  o f  e x c r e t i o n ,  o sm ot ic  a d j u s t m e n t  o r  

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

Thus,  i t  i s  d i f f i c u l t  t o  e x p l a i n  t h e  DFAA e x c r e t i o n  r a t e  o f  t h e  

a n im a ls  r e c e i v i n g  d i f f e r e n t  in f lo w  APC, e s p e c i a l l y  s i n c e  t h e  changes  in  

c o n c e n t r a t i o n s  in v o lv e d  a r e  so low.

One migh t  e x p l a i n  t h e  g r e a t e s t  e x c r e t i o n  o f  DFAA by th o s e  an im a ls  

growing f a s t e s t  because  th e y  cou ld  b i o e n e r g e t i c a l l y  a f f o r d  t o  l e t  e x ce ss  

DFAA l e a k  o u t ,  w h e re a s ,  t h e  an im a ls  r e c e i v i n g  l e s s  food cou ld  n o t ,  

a l t h o u g h  t h o s e  an im a ls  r e c e i v i n g  o n ly  f i l t e r e d  s e a w a te r  were under  an 

obv ious  n u t r i e n t  s t r e s s  and might  a l s o  be e x p e c te d  t o  " e x c r e t e "  l a r g e  

amounts o f  DFAA (Gabbot and Bayne,  1973) .  Lower e x c r e t i o n  r a t e s  in  an im a ls  

r e c e i v i n g  more food th a n  t h e  f a s t e s t  growing an im a ls  might  a c t u a l l y  be due 

to  t h e  c o n c u r r e n t  u p ta k e  o f  DFAA by m ic roorgan ism s  p r e s e n t  in  t h e  b i o d e p o s i t s  

o f  t h e s e  h e a v i l y - f e d  an im a ls  w h i l e  DFAA-N was be ing  " e x c r e t e d "  by th e  

a n i m a l s .

There  was an i n c r e a s e  in  t h e  ammonia e x c r e t i o n  r a t e  w i th  i n c r e a s i n g  

in f l o w  APC u n t i l  a maximum e x c r e t i o n  r a t e  was a c h i e v e d  by t h o s e  clams 

r e c e i v i n g  an i n t e r m e d i a t e  in f lo w  APC o f  5 .75  / j g a t .  PPN/1. F u r t h e r  

i n c r e a s e s  in  in f lo w  APC r e s u l t e d  in  d e c r e a s i n g  ammonia e x c r e t i o n  r a t e s .

The clams w i th  t h e  g r e a t e s t  e x c r e t i o n  r a t e  o f  ammonia were th e  

f a s t e s t  growing a n i m a l s .  Ammonia i s  an end p r o d u c t  o f  a l g a l  p r o t e i n  

c a t a b o l i s m  and s h e l l f i s h  p r o t e i n  an ab o l i sm .  Thus ,  t h o s e  an im a ls  growing 

f a s t e r  were p r o c e s s i n g  p r o t e i n  a t  a f a s t e r  r a t e  and g e n e r a t i n g  more 

ammonia p e r  u n i t  t im e .

The c o n c e n t r a t i o n s  o f  ammonia in  t h e  sys tem were low, i n  g e n e r a l ,  and 

t h e  mean n e t  changes  in  c o n c e n t r a t i o n  (a measure o f  e x c r e t i o n )  o f  ammonia 

were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95% c o n f id e n c e  l e v e l  e x c e p t  f o r  

t h e  f a s t e s t  growing c lam s .  I t  i s  o f  i n t e r e s t ,  n e v e r t h e l e s s ,  t o  compare 

t h e s e  e x c r e t i o n  r a t e s  w i th  t h o s e  in  t h e  l i t e r a t u r e  on M ercenar i a  m e r c e n a r i a , 

a c l o s e l y  r e l a t e d  s p e c i e s .  The v a lu e s  r e p o r t e d  by Hammen (1968) and 

Srna and Baggaley  (1976) have been c o n v e r t e d  i n t o  t h e  same u n i t s  used 

t h r o u g h o u t  t h i s  s tu d y .
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Hammen (1968) r e p o r t e d  t h a t  M ercen a r i a  m e rc e n a r i a  w i th  a mean wet  

w e ig h t  o f  51 .0  g e x c r e t e d  ammonia a t  a r a t e  o f  0 .463  u g a t .  (NHg + NH^+ ) N/l 

p e r  gram o f  t i s s u e  p e r  day .  Srna and Baggaley  (1976) r e p o r t e d  an e x c r e t i o n
JL

r a t e  o f  0 . 5 5 yugat .  (NH3  + NH^') N /1 /g /d a y  f o r  a h y p o t h e t i c a l  a v e ra g e  clam 

( M ercena r i a  m e r c e n a r i a ) o f  5 1 .0  g whole wet  w e ig h t .  Thus,  s i m i l a r  v a l u e s  

o f  ammonia e x c r e t i o n  a r e  r e p o r t e d  by t h e s e  i n v e s t i g a t o r s  u s in g  s i m i l a r  t e c h n i q u e s .

Srna  and Baggaley (1 9 7 6 ) ,  found ammonia e x c r e t i o n  r a t e s  t o  i n c r e a s e  

l i n e a r l y  w i th  i n c r e a s e  i n  t h e  d ry  meat  w e ig h t  o f  t h e  c lams .  Small an im a ls  

w i th  an a v e ra g e  d ry  meat  w e ig h t  o f  0 .78  g e x c r e t e d  an a v e ra g e  o f  2 0 . 6 y u g a t .

(NH3 + NH4+ ) N / l / g / d a y .

In my s t u d y ,  clams w i th  a r ange  o f  5 . 5  to  18 .2  mg dry  meat  w e ig h t  

e x c r e t e d  0 .065  t o  0 . 1 3 4 yugat  NH3  -  N /g /da y .  A ccord ing  to  t h e  r e g r e s s i o n  

e q u a t i o n  o f  Srna and Baggaley  (1 9 7 6 ) ,  M ercena r i a  m e rc e n a r i a  o f  t h e s e  

w e ig h t s  would e x c r e t e  0 .1 6  t o  0 . 4 9 yuqat .  (NH3 + NH^+ ) N / l / g / d a y ,  o r  

somewhat h i g h e r  th a n  M ercen a r i a  c a m p e c h i e n s i s .

I t  a p p e a r s  t h a t  t h e  j u v e n i l e  M ercena r i a  cam p e c h ie n s i s  o f  my s tu d y  e x c r e t e d  

ammonia a t  lower  r a t e s  th a n  M ercena r i a  m e r c e n a r i a . The e x c r e t i o n  r a t e s  o f  t h i s  

s t u d y ,  however,  were measured in  a f u n d a m e n ta l l y  d i f f e r e n t  t y p e  o f  

e x p e r i m e n t a l  sys tem th a n  t h a t  used by Hammen ( l o c .  c i t . ) o r  Srna and 

Baggaley  (1976) .  My s tu d y  employed a c o n t in u o u s  f low  sys tem  whereas 

t h e  work o f  Hammen (1968) and Srna and Bagga ley (1976) in v o lv e d  measurements 

o f  ammonia e x c r e t i o n  on n o n feed in g  an im a ls  in  a s t a t i c  sy s tem .  Although  

d i r e c t  c o m p a r i s o n s ,  t h e r e f o r e  a r e  n o t  p o s s i b l e ,  some id e a  o f  t h e  d i f f e r e n c e s  

i n  e x c r e t i o n  r a t e s  o f  M ercen a r i a  m e rc e n a r i a  and M ercena r i a  c am p ech ien s i s  

m igh t  be g o t t e n  from such  c o m p ar i s o n s .

T enore ,  e t  a j .  (1973)  measured in f l o w  and e f f l u e n t  ammonia n i t r o g e n  

c o n c e n t r a t i o n s  in  a c o n t in u o u s  f low  sys tem .  They r e p o r t e d  t h a t  M ercena r i a  

m e rc e n a r i a  ( a v e r a g e  i n d i v i d u a l  d ry  meat  w e ig h t  o f  0 .7 4  g) r e g e n e r a t e d
_3

an a v e r a g e  ammonia n i t r o g e n  o f  3 .7 2  X 10 yugat .  N/l p e r  g d ry  meat  w e ig h t

f o r  an e l e v e n  week p e r i o d  o r  3 .3 8  X 10~^yugat .  N / l / g / d r y  meat  w e ig h t /w eek .

In my s t u d y ,  t h e  a v e r a g e  weekly  d ry  meat  w e ig h t  o f  t h e  an im a ls  d i f f e r e d

s i g n i f i c a n t l y  between t r e a t m e n t s  and r an g es  from 5 .5  mg t o  18 .2  mg. The
-3  -3a v e r a g e  weekly  ammonia e x c r e t e d  ranged  from 434 X 10 t o  853 X 10 

yugat .  NH^- N/l p e r  g d ry  meat  w e ig h t .  I t  a p p e a r s  t h a t  my e x p e r im e n ta l  

an im a l s  e x c r e t e d  much more ammonia p e r  gram o f  d ry  meat  w e ig h t .
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I t  i s  g e n e r a l l y  acknowledged t h a t  t h e  w e ig h t  s p e c i f i c  ammonia 

e x c r e t i o n  o f  a b i v a l v e  i n c r e a s e s  w i th  d e c r e a s i n g  w e ig h t .  Th is  may 

e x p l a i n  t h e  g r e a t e r  e x c r e t i o n  r a t e  o f  t h e  s m a l l e r  an im a ls  in  t h i s  s t u d y .  

However, d i r e c t  compar isons  w i th  p r e v io u s  s t u d i e s  o f  Tenore e t  a l .^ (1 9 7 3 )  

a r e  d i f f i c u l t  t o  make s i n c e  t h e  e x p e r im e n ta l  s y s t e m s ,  a l t h o u g h  s i m i l a r  in  

c o n c e p t ,  were d i f f e r e n t  in  d e s i g n .  Food t y p e ,  d e n s i t y ,  and f low  r a t e  and 

animal s i z e ,  d e n s i t y  and s p e c i e s  were a l l  d i f f e r e n t  between sy s tem s .
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CONCLUSIONS

The small  changes  i n  c o n c e n t r a t i o n  o f  n i t r o g e n  c o n t a i n i n g  compounds 

between i n f l u e n t  and e f f l u e n t  no ted  i n  my s tu d y  may be t h e  r e s u l t  o f  

measur ing  c o n c e n t r a t i o n s  in  a c o n t in u o u s  f low  sys tem  in  which t h e  volume 

o f  s e a w a te r  f lo w in g  p a s t  t h e  an im a ls  i s  ve ry  g r e a t  compared t o  t h e  biomass o f  

t h e  a n im a l s .  Thus ,  v e ry  l a r g e  amounts o f  a compound have t o  be t a k e n  up o r  

g e n e r a t e d  by t h e  s h e l l f i s h  f o r  t h e r e  t o  be a s i g n i f i c a n t  change in  c o n c e n t r a t i o n  

between i n f l u e n t  and e f f l u e n t .

However, I b e l i e v e  t h a t  m easur ing  c o n c e n t r a t i o n  changes  o f  a n i t r o g e n  

c o n t a i n i n g  compound in  such  a sy s tem  g iv e s  more r e a l i s t i c  r e s u l t s  than  

o t h e r  ty p e s  o f  s t u d i e s .  A s tu d y  in  which t h e  clam i s  n o t  f ed  f o r  24 hours  

p r i o r  to  t h e  ex p e r im e n t  and th e n  p l a c e d  in  a bowl o f  s t a n d i n g  s y n t h e t i c  

s e a w a te r  f o r  24 hours  does g iv e  l a r g e r ,  more m e a su ra b le  changes in  

c o n c e n t r a t i o n  o f  a p a r t i c u l a r  compound. However, t h e  r e s u l t s  can h a r d l y  

be used  t o  d e s c r i b e  t h e  normal m e t a b o l i c  a c t i v i t y  o f  t h e  a n i m a l s .  My 

methods more c l o s e l y  ap p ro x im a te  t h e  normal m e t a b o l i c  a c t i v i t y  o f  a f e e d i n g  

a n i m a l .

An improvement o f  my method may be to  i n c r e a s e  t h e  biomass t o  volume 

r a t i o .  Th is  w i l l  r e s u l t  i n  g r e a t e r  c o n c e n t r a t i o n  changes  o f  a n i t r o g e n  

c o n t a i n i n g  compound as  i t  p a s s e s  t h ro u g h  t h e  s h e l l f i s h  c u l t u r e  c o n t a i n e r s  in  

a c o n t in u o u s  f low  sys tem .  This  may r e s u l t  i n  t h e  b e t t e r  r e s o l u t i o n  o f  

c o n c e n t r a t i o n  changes  a s s o c i a t e d  w i th  s t a t i c  methods o f  e x c r e t i o n  measurem en ts ,  

b u t  m a i n t a i n  t h e  r e a l i s m  o f  a c o n t in u o u s  f low  sys tem.

A m a r i c u l t u r e  sys tem  must  d e t e r m i n e  t h e  env i ronm en ta l  o r  am bien t  

a l g a l  d e n s i t y  t h a t  w i l l  r e s u l t  i n  t h e  maximum growth and th e n  e n s u r e  t h i s  

APC by s u i t a b l y  a d j u s t i n g  in f l o w  APC, in f lo w  r a t e s ,  clam d e n s i t y ,  and 

c o n t a i n e r  s i z e .  The maximum growth a c h i e v e d  i n  my s tu d y  was by th o s e  

s h e l l f i s h  p o p u l a t i o n s  r e c e i v i n g  an a v e ra g e  in f lo w  APC o f  5 . 7 5 ^pgat .  PPN/1, 

r e s u l t i n g  in  an a v e ra g e  o u t f l o w  APC o f  2 . 9 3 ju g a t .  PPN/1; t h i s  was t h e  

a v e ra g e  a l g a l  p r o t e i n  c o n c e n t r a t i o n  s u r r o u n d i n g  t h e  a n i m a l s .  I f  one 

en su red  t h a t  t h i s  (2 .9 3  j j g a t .  PPN/1) APC s u r rounded  p o p u l a t i o n s  o f  j u v e n i l e  

M ercenar i a  c a m p e c h i e n s i s , maximum growth  would be a t t a i n e d .  For more than  

10 g l i v e  w e ig h t  o f  c l a m s ,  an in f lo w  APC g r e a t e r  th a n  5 . 7 5 ^ i g a t .  PPN/1
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a t  120 ml/min o r  a f low  r a t e  g r e a t e r  th a n  120 ml/min a t  t h i s  APC may 

be r e q u i r e d  f o r  a g ive n  c o n t a i n e r  s i z e .  This  Optimum f e e d i n g  reg im e 

o f  5 . 7 5 / i g a t  PPN/1 a t  120 ml /min  f lo w in g  t o  10 g l i v e  w e ig h t  o f  clams 

in  250 ml o f  s e a w a te r  r e s u l t e d  in  a c c e l e r a t e d  growth as compared to  

growth in  t h e  n a t u r a l  e n v i ro n m e n t .  Menzel (1962) r e p o r t e d  an i n c r e a s e  

in  t h e  a v e ra g e  s i z e  o f  j u v e n i l e  M ercenar i a  cam p e c h ie n s i s  from 8 mm t o  11.4mm 

f o r  a one month growing p e r i o d .  In my s t u d y ,  t h e  clams grew from 7.5mm t o  13mm 

in  4 weeks — an i n c r e a s e  o f  5.5mm o r  38% b e t t e r  growth th a n  i n  t h e  

n a t u r a l  env i ronm en t .

F u r t h e r ,  t h i s  f e e d i n g  reg im e produced  an im a ls  w i th  a c o n d i t i o n  index  

t h a t  was 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  a t  t h e  95% c o n f i d e n c e  l e v e l  from 

t h e  maximum c o n d i t i o n  inde x  d e m o n s t r a te d  by t h o s e  an im a ls  r e c e i v i n g  t e n  

t im es  t h e  amount o f  p r o t e i n .

S in c e  f e e d i n g  r a t e s  and food c h a i n  e f f i c i e n c i e s  were r e l a t i v e l y  low 

w i th  t h e  ex p e r im e n ta l  f e e d i n g  r e g im e s ,  a d e c r e a s e d  f low r a t e ,  b u t  w i th  

t h e  same optimum am bien t  a l g a l  c o n c e n t r a t i o n  e n s u r e d ,  m igh t  w e l l  r e s u l t  in  

i n c r e a s e d  e f f i c i e n c i e s  f o r  a managed food c h a i n  in  te rm s  o f  i n c r e a s e d  

s h e l l f i s h  growth p e r  u n i t  o f  a v a i l a b l e  a l g a e .

However, more e x p e r i m e n t a l  d a t a  a r e  needed to  deve lop  a model 

d e s c r i b i n g  th e  i n t e r a c t i v e  e f f e c t s  o f  such v a r i a b l e s  as in f l o w  r a t e ,  

in f lo w  a l g a l  p r o t e i n  c o n c e n t r a t i o n ,  and animal b iom ass ,  e t c . ,  on 

t h e  growth and c o n v e r s io n  e f f i c i e n c y  o f  j u v e n i l e  M e rcen a r i a  c a m p e c h i e n s i s . ,
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