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ABSTRACT 

The Asian clam has recently invaded 
the Cho an River a opulation densities 
(208.m-') in the northern part of the river and major 
tributaries. Because the river experiences periodic summer 
blue-green algal blooms, we c assimilation 
efficiencies green algae 
!- and imilated with 
the highest efficiency (82 la with the 
lowest (33 $1, although GhJaxelU was filtered faster by 
the clams. Excretion rates of NH4 and PO4 were determined 
from clams freshly collected from the river seasonally in 
1982,and were highestin s timates of NH andPQ4 
excretion, based-qyd:?f0 biomass in t e river 
(32j'-8643 y molesem 

R 
for NH4 and 161-3924 p moles* 

m #dam for PO4), indicate that the clams can make 
a significant contribution to nutrient cycling in the 
river, at a time when allochthsnous loading is at a 
minimum. 
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CONCLUSIONS AND RECOMMENDATIONS 

1) The As ian  c lam flum- a p p e a r s  t o  have  

r e a c h e d  s t a b l e  d e n s i t i e s  i n  t h e  Chowan R i v e r ,  h a v i n g  

invaded  t h e  upper r i v e r  and t r i b u t a r i e s  be tween 1974-1978. 

2 )  F e e d i n g  e x p e r i m e n t s  u s i n g  r a d i o l a b e l e d  a l g a e  

i n d i c a t e  t h a t  t h e  c lam may n o t  s u f f e r  any n e g a t i v e  e f f e c t s  

of  b l u e - g r e e n  b l o o m s  i n  t h e  r i v e r ,  a l t h o u g h  l o n g - t e r m  

f e e d i n g  and s u r v i v a l  s t u d i e s  a r e  needed. 

3 )  ~ . z . b i c u l n  i s  a b l e  t o  r a p i d l y  r e c y c l e  n u t r i e n t s  

i m p o r t a n t  f o r  p h y t o p l a n k t o n  g r o w t h  ( N H 4  a n d  PO4), a n d  i n  

p a r t s  of  t h e  r i v e r  w h e r e  i t  i s  a b u n d a n t ,  e x c r e t i o n  r a t e s  

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

same n u t r i e n t s .  

4 )  Any a t t e m p t s  t o  model n u t r i e n t  c y c l i n g  i n  t h e  

r i v e r  m u s t  t a k e  QLLLsYU a b u n d a n c e  i n t o  c o n s i d e r a t i o n .  

E f f o r t s  a r e  c u r r e n t l y  underway t o  more a c c u r a t e l y  q u a n t i f y  

t h e  r e l a t i o n s h i p s  b e t w e e n  Qxh&ula e x c r e t i o n  n a t e s  a n d  

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

food  c o n c e n t r a t i o n s .  

xiii 

a n d  p a r t i c u l a t e  





INTRODUCTION 

Recent  n u i s a n c e  b lue-green a l g a l  blooms i n  t h e  Chowan 

R i v e r ,  i n  n o r t h e a s t e r n  N o r t h  C a r o l i n a ,  h a v e  g e n e r a t e d  

c o n c e r n  among s t a t e  a g e n c i e s  a n d  h a v e  p r o m p t e d  r e s e a r c h  

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

r i v e r .  T h i s  h a s  i n c l u d e d  e s t i m a t e s  of w a t e r s h e d  and p o i n t -  

s o u r c e  i n p u t s  of  n u t r i e n t s  i n t o  t h e  r i v e r  a s  w e l l  a s  

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

w i t h i n  t h e  s y s t e m  ( N C D E M  1 9 8 2 ) .  E l s e w h e r e ,  b e n t h i c  

i n v e r t e b r a t e s  h a v e  b e e n  shown t o  b e  i m p o r t a n t  f a c t o r s  i n  

n u t r i e n t  c y c l i n g ,  b o t h  i n d i r e c t l y , t h r o u g h  b u r r o w i n g  a n d  

s e d i m e n t  r ework ing  ( G a l l e p  197 9; A l l e r  l 9 7 8 ) ,  and d i r e c t l y ,  

th rough  e x c r e t i o n  (Kuenzler  196%; J o r d a n  and V a l i e l a  1982) .  

A 1 9 8 0  b e n t h i c  s u r v e y  o f  t h e  Chowan  a n d  t r i b u t a r i e s  

r e v e a l e d  t h a t  t h e  f r e s h w a t e r  Asian  c lam f;lslminea 

h a d  r e c e n t l y  i n v a d e d  t h e  w a t e r s h e d .  B e c a u s e  o f  t h e  

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

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

among t h e  f i l t e r - f e e d i n g  b e n t h i c  i n v e r t e b r a t e s  i n  t h e  

r i v e r .  E x c r e t i o n  s t u d i e s  w i t h  s a l t w a t e r  m u s s e l s  i n d i c a t e  

t h a t  t h e y  can  be a  s i g n i f i c a n t  s o u r c e  of r e c y c l e d  n u t r i e n t s  

(e.g., J o r d a n  a n d  V a l i e P a  1 9 8 2 ) ;  o u r  s t u d y  i s  t h e  f i r s t  t o  

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

o t h e r  n u t r i e n t  s o u r c e s  such  a s  sed iment -wa te r  f l u x e s .  



L i t t l e  i s  known o f  t h e  f o o d  h  a b i  ts  a&is.uh; a  

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

wide r a n g e  of p a r t i c l e  s i z e s  (Wal lace  e t  a l .  1977) .  Blue- 

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

summer m o n t h s ,  s o  i t  w a s  i m p o r t a n t  t o  f i r s t  d e t e r m i n e  

whe the r  t h e  c lam was a b l e  t o  u t i l i z e  b l u e - g r e e n s  a s  a  f o o d  

s o u r c e .  Many o t h e r  a q u a t i c  o r g a n i s m s  s u c h  a s  f i l t e r -  

f e e d i n g  z o o p l a n k t o n  do n o t  a s s i m i l a t e  b lue -g reens  a s  w e l l  

a s  t h e y  d o  o t h e r  k i n d s  o f  a l g a e  ( S c h i n d l e r  1 9 6 8 ;  A r n o l d  

1971)  . 
T h i s  p r o j e c t ,  t h e n ,  i s  composed  of  t w o  p a r t s :  t h e  

f i r s t  i n v o l v e d  a  d e t e r m i n a t i o n  o f  t h e  a s s i m i l a t i o n  

e f f i c i e n c y  o f  b l u e - g r e e n  a n d  g r e e n  a l g a l  s p e c i e s  b y  

Coxbicul,a. T h i s  h a s  been done by l a b e l i n g  m o n o c u l t u r e s  of 

d i f f e r e n t  a l g a l  s p e c i e s  w i t h  14c, f e e d i n g  c o n s t a n t  amounts  

of t h e  a l g a e  t o  and d e t e r m i n i n g  t h e  a s s i m i l a t i o n  

e f f i c i e n c y  f r o m  t h e  a m o u n t  of  l a b e l  t a k e n  up  i n t o  t i s s u e s  

a s  well a s  t h e  amount r e s p i r e d  a s  I4co2. The second  p a r t  

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

o r t h o p h o s p h a t e  e x c r e t i o n  by C ~ x h h ~ b  f r e s h l y  c o l l e c t e d  

f r o m  t h e  Chowan d u r i n g  d i f f e r e n t  s e a s o n s  i n  1982 .  By 

u t i l i z i n g  d a t a  on c lam d i s t r i b u t i o n s  and b iomass  o b t a i n e d  

f r o m  a  1 9 8 0  b e n t h i c  s u r v e y ,  i t  h a s  b e e n  p o s s i b l e  t o  

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

e x c r e t e d  by Wh-a i n  summer m o n t h s  o v e r  m o s t  of  t h e  

r i v e r  and major  t r i b u t a r i e s .  

2 
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LITERATURE REVIEW 

The Chowan R i v e r  i s  f o r m e d  by t h e  c o n f l u e n c e  of t h e  

B l a c k w a t e r  a n d  N o t t o w a y  r i v e r s  n e a r  t h e  V i r g i n i a - N o r t h  

C a r o l i n a  b o r d e r .  A s  i t  f l o w s  s o u t h w a r d  i t  w i d e n s  

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

E d e n t o n ,  NC ( F i g ,  I ) ,  A m a j o r i t y  of  t h e  c a t c h m e n t  l i e s  i n  

V i r g i n i a  a n d  d r a i n s  m o s t l y  a g r i c u l t u r a l  a n d  w e t l a n d s .  

P o i n t  s o u r c e s  of  n u t r i e n t  i n p u t  i n c l u d e  a number of s m a l l  

m u n i c i p a l  w a s t e  t r e a t m e n t  f a c i l i t i e s  a s  w e l l  a s  s e v e r a l  

l a r g e  i n d u s t r i a l  sources .  

Although l u n a r  t i d e s  seldom exceed 1 5  c m  ( S t a n l e y  and 

Hobbie  l 9 7 7 ) ,  w i n d  t i d e s  a r e  s i g n i f i c a n t  a n d  may a c t u a l l y  

r e v e r s e  t h e  f l o w  o f  t h e  l o w e r  r i v e r  ( D a n i e l  1 9 7 7 ) .  

A v e r a g e d f l u s h i n g t i m e s  f o r t h e  l o w e r  Chowan a r e  < 1 0  d a i n  

w i n t e r  t o  > 50 d a  i n  summer ,  a n d  s a l t w a t e r  s o m e t i m e s  

i n t r u d e s  i n t o  t h e  lower  r i v e r  when f l o w s  a r e  v e r y  low. The 

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

s t r a t i f i c a t i o n  is  somet imes  obse rved  i n  summer i n  t h e  l o w e r  

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

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

a l g a l  b i o m a s s  ( P a e r l  1 9 8 2 ) .  B l u e - g r e e n  a l g a l  b l o o m s ,  

c o n s i s t i n g  p r i m a r i l y  o f  Bnahasnn a n d  r j i ~ x g ~ ~ ~ . k i ~  

(Witherspoon e t  a l .  1979) have  p lagued  t h e  r i v e r  i n  r e c e n t  
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Figure 1. Chowan River and major tributaries, showing 
strata and transects for 1980 benthic sampling. 
Corbicula for 1982 excretion studies were 
collected from stratum 11. 



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

problems (NCDEM 1982). E f f o r t s  a r e  now underway t o  c o n t r o l  

n o n p o i n t  a s  w e l l  a s  p o i n t  s o u r c e s  of n u t r i e n t s  i n t o  t h e  

r i v e r ,  c o o r d i n a t i n g  management e f f o r t s  i n  North Caro l ina  

w i t h  t h e  a p p r o p r i a t e  agenc ie s  i n  V i rg in i a .  

The f r e s h w a t e r  As i an  c l a m  G g ~ & k u . U  fl~~lajl was 

in t roduced  i n t o  t h e  West Coast of t h e  United S t a t e s  i n  t h e  

l a t e  1930 ' s .  S p r e a d i n g  r a p i d l y  t h r o u g h o u t  t h e  r e g i o n ,  i t  

2  s o o n  became v e r y  a b u n d a n t  ( > l a 4  c l a m s  ' m  ) i n  man-made 

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

C a l i f  o r  n i a  (En4 197  9) .  y l a  h a s  s p r e a d  a c r o s s  t h e  

c o n t i n e n t  s i n c e  i t s  i n t r o d u c t i o n ,  and was f i r s t  r e p o r t e d  

f rom t h e  A t l a n t i c  d r a i n a g e  b a s i n  i n  t h e  Al tamaha  R i v e r ,  

G e o r g i a ,  i n  1970  ( S i n c l a i r  1 9 7 1 ) .  The c l a m  h a s  r e a c h e d  

p e s t  p r o p o r t i o n s  i n  some a r e a s  b e c a u s e  of i t s  a b i l i t y  t o  

reproduce r a p i d l y  and d i s p e r s e  qu ick ly .  Unlike t h e  l a r g e r  

f r e s h w a t e r  mussels ,  which a r e  dependent upon f i s h  h o s t s  to 

d i s p e r s e  t h e i r  g l o c h i d i a l  l a r v a e ,  Spal&uJ.a p r o d u c e s  

v e l i g e r  l a r v a e  which become p l a n k t o n i c  and a r e  t r a n s p o r t e d  

w i t h  wate r  c u r r e n t s .  I n  sou the rn  North America 

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

t empera tu re  condi t ions .  Young clams a r e  a b l e  t o  a t t a c h  t o  

s o l i d  s u b s t r a t e s  w i t h  a  b y s s u s  t h r e a d  and  have  c r e a t e d  

f o u l i n g  problems i n  coo l ing  wate r  i n t a k e s  and wate r  supply  

5 



s y s t e m s  ( S i n c l a i r  1964; McMahon 1977) .  

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

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

t h e y  pump th rough  t h e i r  g i l l s .  U n s u i t a b l e  f o o d  m a t e r i a l  

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

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

p r o d u c t s  s u c h  a s  ammonium. I n  t h e  o n l y  r e p o r t e d  s t u d y  o f  

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

n a t u r a l  f r e s h w a t e r  s y s t e m ,  S t a n c z y k o w s k a  e t  a l .  ( 1 9 7 6 )  

e s t i m a t e d  t h a t  t h e  musse l  - sew _ e o l v m w  f i l t e r e d  o u t  

8 % o f  t h e  p r i m a r y  p r o d u c t i o n  i n  a s m a l l  e u t r o p h i c  l a k e  

d u r i n g  a  s i n g l e  g r o w i n g  s e a s o n .  The p r o d u c t i o n  o f  f e c a l  

p e l l e t s  c o n s t i t u t e d  a b o u t  1 3  % of  y e a r l y  s e d i m e n t a t i o n  i n  

t h e  p e l a g i c  z o n e  of  t h e  l a k e .  S i g n i f i c a n t  f l u c t u a t i o n s  

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

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

t o  conc lude  t h a t  v a r i a t i o n s  were  dependant  upon changes  i n  

w a t e r  t e m p e r a t u r e  and s e s t o n  c o n c e n t r a t i o n s  (Stanczykowska 

e t  a l .  1976).  Other  r e s e a r c h e r s  have  c a l c u l a t e d  t h e  i m p a c t  

of Cor- f e e d i n g  by f o l l o w i n g  changes  i n  c o n c e n t r a t i o n s  

of n u t r i e n t s  a s  t h e y  a r e  t a k e n  up by phy top lank ton  and  t h e n  

removed a s  t h e  c l a m s  f i l t e r  t h e  suspended p l a n k t o n  (Habel  

1 9 7 0 ;  G r e e r  a n d  Z i e b e l l  1 9 7 2 ) .  A J a p a n e s e  s p e c i e s  o f  

GixLkah (L - 0 o n i c g )  was  a b l e  t o  r e m o v e  a n  e s t i m a t e d  

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



suspension in a poikilohaline lagoon in which it was 

abundant (Fuji 1979). 

Excretion by aquatic invertebrates has only been 

studied in a few, mostly marine, invertebrates. Because 

they live in an aqueous environment, animals do not need to 

process or concentrate nitrogenous excretory products to 

reduce water loss, and excrete primarily ammonium (NH*). 

Excretion studies with marine bivalves show that a 

significant amount of nitrogen (primarily ammonium) may be 

released (e.g., Bayne and Scullard 1977). Jordan and 

Valiela (1982) concluded that populations of a saltwater 

mussel released more ammonium into the water of a New 

England marsh than any other plant or animal population in 

the marsh. 



MATERIALS AND METHODS 

E x c r e t i o n  S t u d i e q  

C o l l e c t i o n s  of C o r b i c u l a  and r i v e r  w a t e r  were made i n  

May, S e p t e m b e r  a n d  December  1 9 8 2  n e a r  W i n t o n ,  N o r t h  

C a r o l i n a  (Fig. l ) ,  t h e n  i m m e d i a t e l y  t r a n s p o r t e d  t o  t h e  UNC 

I n s t i t u t e  of Marine S c i e n c e s  l a b s  i n  Morehead Ci ty .  Clams 

were  sc rubbed  and s o r t e d  i n t o  s i z e  c l a s s e s ,  w i t h  t h e  r a n g e  

o f  s i z e s  ( s h e l l  l e n g t h )  a n d  d r y  f l e s h  w e i g h t s  o f  c l a m s  

b e i n g  u s e d  i n  e v e r y  e x p e r i m e n t  i n d i c a t e d  i n  A p p e n d i x  1. 

P h y s i c a l  a n d  c h e m i c a l  d a t a  c o l l e c t e d  a t  W i n t o n  by N.C. 

Department  of Environmenta l  Management f o r  t h e s e  s a m p l i n g  

p e r i o d s  i s  g i v e n  i n  Append ix  2. F i v e  c l a m s  of t h e  s a m e  

s h e l l  l e n g t h  w e r e  p l a c e d  i n t o  1-1 b e a k e r s  w i t h  7 5 0  m l  o f  

f i l t e r e d  (Whatman GF/C) r i v e r  w a t e r  a n d  s e a l e d  w i t h  

aluminum f o i l  t o  p r e v e n t  c o n t a m i n a t i o n  from t h e  a i r .  Two 

b e a k e r s  c o n t a i n i n g  o n l y  f i l t e r e d  r i v e r  w a t e r  were  used  a s  

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

e a c h  t r e a t m e n t  was d e t e r m i n e d  a s  t h e  d i f f e r e n c e  i n  n u t r i e n t  

c o n c e n t r a t i o n  over  time between b e a k e r s  w i t h  c l a m s  and  t h e  

c o n t r o l s  w i t h o u t  clams. The May and September e x p e r i m e n t s  

were conducted  a t  room t e m p e r a t u r e  ( abou t  2 0  O C)  w h i l e  t h e  

December e x p e r i m e n t  w a s  r u n  a t  6 O C. F i f t y  m l  s a m p l e s  

w e r e  t a k e n  f r o m  e a c h  b e a k e r  a f t e r  5 ,  1 4 ,  a n d  2 1  h r  a n d  

w e r e  p l a c e d  i n  a c i d - w a s h e d  p o l y  b o t t l e s .  T h e s e  s a m p l e s  

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



w i t h i n  24 hr  sf c o l l e c t i o n .  A t  t h e  end of t h e  exper iments  

t h e  w a t e r  i n  e a c h  b e a k e r  was f i l t e r e d  t h r o u g h  a  4.25 

Whatman GF/C g l a s s  f i b e r  f i l t e r .  These f i l t e r s  were t hen  

f rozen  f o r  l a t e r  a n a l y s i s  of t o t a l  K je ldah l  n i t rogen.  

Ammonium c o n c e n t r a t i o n s  were determined by t h e  phenol- 

h y p o c h l o r i t e  method of Solorzano ( l 9 6 9 ) ,  modif ied f o r  use  

w i t h  10 m l  s a m p l e s .  S a m p l e s  w e r e  r e a d  on a Bausch and  Lomb 

S p e c t r o n i c  710  s p e c t r o p h o t o m e t e r ,  a n d  a  c a l i b r a t i o n  

s o l u t i o n  of N H 4 C 1  was used a s  a  s tandard .  

The molybdate b lue  method (Murphy and R i l ey  1962) was 

u s e d  f o r  o r t h o p h o s p h a t e  ( s o l u b l e  r e a c t i v e  phosphorus )  

a n a l y s i s .  These  s a m p l e s  w e r e  a l s o  r e a d  on a  B and  L 

S p e c t r o n i c  710,  s u b t r a c t i n g  t u r b i d i t y  and  w a t e r  c o l o r  

b lanks  from absorbance v a l u e s  f o r  samples  and s tandards .  A 

c a l i b r a t i o n  s o l u t i o n  of KH2PQ4 was used a s  a  s tandard .  

Clams removed from t h e  beakers  were f r o z e n  and l a t e r  

d r i e d  i n  a n  oven a t  60-78' C f o r  5-7 days .  S h e l l  l e n g t h  

( l o n g e s t  dimension) and dry f l e s h  we igh t  were determined 

f o r  each i n d i v i d u a l  clam. 

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

m a i n t a i n e d  i n  c o n t i n u o u s  c u l t u r e  a t  20 O C, w i t h  c o n s t a n t  

l i g h t  provided by cool  wh i t e  f l u o r e s c e n t  lamps. C u l t u r e s  

w e r e  g e n t l y  a g i t a t e d  w i t h  a  s t i r r i n g  b a r  and  p l a t e  and  

were  b u b b l e d  w i t h  a i r  t o  m a i n t a i n  a c o n s t a n t  pH. A l g a l  
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growth media and g l a s sware  were au toc laved  be fo re  u s e ,  and 

e f f o r t s  w e r e  made t o  k e e p  b a c t e r i a l  c o n t a m i n a t i o n  a t  a  

minimum. The g r e e n  a l g a e  ~ n d s m u s  . ~ i u k A x u d a  a n d  

S U u J J a  ~ u l g a r u  were  grown w i t h  a  m o d i f i e d  ASM med ia  

( P a e r l  1983 ;  Appendix 3 ) ,  w h i l e  t h e  n i t r o g e n - f i x i n g  b l u e -  

green - f l o e - a a u  was grown w i t h  a  m o d i f i c a t i o n  of 

Chu-10 media (Chu 1942) con ta in ing  no n i t rogen .  

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

2.5 v C i  of 14c  sodium b i c a r b o n a t e  (New England  N u c l e a r ,  

Bos ton ,  Mass.) 6-18 h r  b e f o r e  f e e d i n g  e x p e r i m e n t s  and  

p laced  i n  coo l  w h i t e  l i g h t .  Af t e r  l i g h t  i ncuba t ion ,  g reen  

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

resuspended i n  f i l t e r e d  l a k e  water .  Because t h e  blue-green 

f i l a m e n t s  c lumped up  w i t h  c e n t r i f u g a t i o n ,  1 4 ~ - i n o c u l a t e d  

B13-a c u l t u r e s  w e r e  a l l o w e d  t o  s e t t l e  s o  t h a t  g r o w t h  

media  c o u l d  be s i p h o n e d  o f f .  C e l l  volume and  d e n s i t y  of 

resuspended c u l t u r e s  w e r e  determined w i t h  a  Coul te r  Counter 

Model T A I I f  and a  hemocy tome te r  was  used  t o  c o u n t  t h e  

number of a l g a l  c e l l s m m l - I  v i s u a l l y .  

C o l l e c t i o n s  of l i v e  I2P-U were  made i n  Lake 

Waccamaw (Columbus Co., N.C.) and  t h e  Chowan R i v e r  n e a r  

Winton, N.C. The c lams were main ta ined  i n  a e r a t e d  a q u a r i a  

a t  20' C f o r  a t  l e a s t  a  week p r i o r  t o  f eed ing  e x p e r i m e n t s ,  

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



Dosing Chamber Feeding Chamber 

Figure  2 .  Schematic of  continuous-flow system f o r  f eed ing  
exper iments .  Algae a r e  added t o  dos ing  chamber, 
then  c i r c u l a t e  t o  t h e  f eed ing  chamber, where t h e  
clam f i l t e r s  o u t  t h e  a l g a e .  
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Twenty-four hours  be fo re  t h e  s t a r t  of f eed ing  exper iments  

clams of s i m i l a r  s i z e s  were i s o l a t e d  i n  beakers  of f i l t e r e d  

l a k e  wate r  t o  empty t h e i r  guts.  

I n d i v i d u a l  clams were placed i n  f eed ing  chambers w i t h  

1.5 1 of c i r c u l a t i n g ,  f i l t e r e d  l a k e  wate r  one hour be fo re  

d o s i n g  w i t h  l a b e l e d  a l g a e  t o  a l l o w  them t o  a c c l i m a t e .  A 

s c h e m a t i c  of a  f e e d i n g  chamber i s  i l l u s t r a t e d  i n  F ig .  2; 

they  were a  mod i f i ca t ion  of a  des ign  by Pe i r son  ( i n  p r e s s )  

and  R i i s g a r d  and Mohlenberg (1979) .  S p e c i f i c  v o l u m e s  

( u s u a l l y  2  m m 3 )  of l a b e l e d  a l g a e  were  added  t o  t h e  d o s i n g  

r e s e r v o i r s  of t h e  chamber s , and  t h e  c l a m s  w e r e  a l l o w e d  t o  

f e e d  f o r  4 h r .  A t  t h e  e n d  o f  t h e  e x p e r i m e n t s  a n y  

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

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

f i l t e r e d  t h r o u g h  4 .25  W h a t m a n  G F / C  f i l t e r s  a n d  

radioassayed.  

Clams removed from t h e  f eed ing  chambers were p laced  i n  

a e r a t e d  1-1 f i l t e r  f l a s k s  w i t h  500 m l  of f i l t e r e d  l a k e  

w a t e r .  F l a s k  s i d e a r m s  were  c o n n e c t e d  t o  i m p i n g e r  t r a p s  

c o n t a i n i n g  25 m l  of a  2 : l  m i x t u r e  of e t h y l e n e  g l y c o l  

monomethyl e t h e r  and e thanolamine t o  t r a p  14c02 (Pe i r son  i n  

p r e s s ) .  F e c e s  were  c o l l e c t e d  d a i l y  o n t o  Whatman G F / C  

f i l t e r s  and rad ioassayed  s e p a r a t e l y .  Af t e r  t h r e e  days, t h e  

c lams were removed from t h e  f l a s k s  and f rozen.  The wate r  

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



c o n c e n t r a t e d  H C l ,  t h e n  a e r a t e d  f o r  30 min w i t h  t h e  impinger  

1 4  t r a p s  s t i l l  a t t a c h e d  t o  d r i v e  o f f  a n y  r e m a i n i n g  C 0 2 .  

A l i q u o t s  of t h e  f l a s k  w a t e r  were  a s s a y e d  t o  d e t e r m i n e  t h e  

a m o u n t  of 14c  i n  s o l u b l e  f o r m .  One m l  o f  m e t h a n o l  w a s  

a d d e d  t o  a l i q u o t s  of t h e  m i x t u r e  i n  t h e  C 0 2  t r a p s  b e f o r e  

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

s c i n t i l l a t i o n  c o c k t a i l .  

Clam t i s s u e  was removed f rom t h e  s h e l l s  and p l a c e d  i n  

s c i n t i l l a t i o n  v i a l s ,  t o  w h i c h  a  m i x t u r e  o f  3 m l  o f  

S c i n t i g e s t  a n d  1 m l  w a t e r  w e r e  added.  T i s s u e s  w e r e  t h e n  

d i g e s t e d  12-24 h r  i n  a  50' C w a t e r  b a t h .  One-ha l f  m l  o f  

S c i n t i g e s t  t i s s u e  s o l u b i l i z e r  w a s  a d d e d  t o  f e c a l  s a m p l e s  

b e f o r e  a d d i t i o n  of s c i n t i l l a t i o n  c o c k t a i l .  

Ten m l  of S c i n t i v e r s e  s c i n t i l l a t i o n  c o c k t a i l  was added 

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

on a  Beckman LS-208B l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  A 

t o l u e n e  1 4 C  s t a n d a r d  ( N e w  E n g l a n d  N u c l e a r )  w a s  u s e d  t o  

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

counted .  

I n  r a d i o t r a c e r  e x p e r i m e n t s ,  a s s i m i l a t i o n  i s  d e t e r m i n e d  

by a d d i n g  t h e  r a d i o a c t i v i t y  r e t a i n e d  i n  t h e  a n i m a l  ( w i t h o u t  

g u t  c o n t e n t s )  t o  t h e  c o m p l e t e  m e t a b o l i c  l o s s e s  

( r e s p i r a t i o n )  of t r a c e r  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .  

A n i m a l s  w e r e  h e l d  i n  r e s p i r a t i o n  c h a m b e r s  f o r  a  3-day 

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



m a t e r i a l  would be vo ided  w h i l e  a t  t h e  same t i m e  measur ing  

14c02 evolved.  Because t h e  c l a m s  d i d  n o t  f i l t e r  o u t  a l l  of 

t h e  l a b e l e d  a l g a l  c e l l s  e v e n  a f t e r  4 h o u r s  i n  t h e  f e e d i n g  

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

of t r a c e r  i n g e s t e d .  

J i l t r a t i o n  R a t e  C a l c u l a t i o n s  

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

f i l t r a t i o n  r a t e  f o r  i n d i v i d u a l  c l a m s  (Coughlan 1969)  : 

f i l t r a t i o n  r a t e  = v o l u ~  lmll i n i t a  . . .  _cone 
time ( h r )  f i n a l  conc  

The c o n c e n t r a t i o n  r a t i o  was d e t e r m i n e d  a s  t h e  t o t a l  amount 

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

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

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

chambers  was c o n t i n u o u s l y  c i r c u l a t i n g ,  a l g a l  s e t t l i n g  was 

assumed t o  be n e g l i g i b l e .  

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

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

e x p e r i m e n t s  were  r u n  add ing  c u l t u r e d  a o r e J &  t o  r e a c h  

f i n a l  d e n s i t i e s  o f  1 . 3 3 ,  2 .67 ,  a n d  4 m m 3 * 1 - l .  S i n c e  

f i l t r a t i o n  r a t e s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  ( K r u s k a l -  

W a l l i s  t e s t ,  p  < .05; F i g .  3 ) ,  t h e  l o w e s t  d e n s i t y  (1.33 

m m 3 * m 1 - I )  was used  i n  subsequen t  f e e d i n g  e x p e r i m e n t s  w i t h  

BlzajaB9saa a n d  S~sa8gssmus t o  d e t e r m i n e  a s s i m i l a t i o n  

e f f i c i e n c i e s .  

1 4  





S u r v e y s  u n d e r t a k e n  i n  M a r c h - A p r i l  a n d  i n  J u l y  1 9 8 0  

p r o v i d e d  d a t a  on d e n s i t y ,  a g e  d i s t r i b u t i o n s  and b iomass  of 

ggrbiruln i n  t h e  Chowan R i v e r .  A s t r a t i f i e d  r a n d o m  

s a m p l i n g  d e s i g n  w a s  d e v i s e d  t o  c o m p a r e  w i t h  N.C.Div. of 

E n v i r o n m e n t a l  Management  s t a t i o n s  a n d  p r o v i d e  u n b i a s e d  

p o p u l a t i o n  e s t i m a t e s  ( F i g .  1; T a b l e  1). The s e v e n t e e n  

s t r a t a  s a m p l e d  i n c l u d e d  t h e  e n t i r e  Chowan R i v e r  a n d  t h e  

l o w e r  e n d s  o f  i t s  t h r e e  m a j o r  t r i b u t a r i e s :  t h e  M e h e r r i n  

( 1 2 ) .  t h e  N o t t o w a y  ( l 7 ) ,  a n d  t h e  B l a c k w a t e r  ( 1 5 - 1 6 ) .  Each 

s t r a t u m  was composed of two t r a n s e c t s ,  each  w i t h  6 s a m p l e  

s i t e s .  T r a n s e c t  p o s i t i o n s  w e r e  c h o s e n  a t  random w i t h i n  

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

random w i t h i n  t h e  f i r s t  1 / 6  r i v e r  w i d t h  on e a c h  t r a n s e c t .  

The f i v e  r e m a i n i n g  s i t e s  on each  t r a n s e c t  were  t h e n  s p a c e d  

1/6 r i v e r  w i d t h  a p a r t .  S i t e s  were  p l o t t e d  i n  advance on a  

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

u s i n g  n a v i g a t i o n a l  m a r k e r s  a n d  l a n d m a r k s .  T i m e  a n d  

wea the r  c o n s t r a i n t s  l i m i t e d  w i n t e r  (March-Apr il) s a m p l i n g  

t o  s t r a t a  1,2,5-7,9,10,15-17. 

B e n t h i c  s a m p l e s  were t a k e n  w i t h  a  P o n a r  g r a b  (487 

cm2), w a s h e d  t h r o u g h  a  s i e v e  w i t h  4 m m  mesh w i d t h s ,  a n d  

t h e n  p r e s e r v e d  i n  1 0  3 b u f f e r e d  f o r m a l i n .  S h e l l  s i z e  ( t h e  

l o n g e s t  d imens ion)  of each  clam c o l l e c t e d  was measured w i t h  

v e r n i e r  c a l i p e r s .  S h e l l  l eng th -d ry  f l e s h  w e i g h t  ( log- log)  



Table 1. Comparison of 1980 Benthos Survey strata with N. C. 
Division of Environmental Management monitoring stations. 

Benthos N.C.D.E.M. Approx. River Mile 

none 

C2D (Meherrin) 40M 

(Blackwater) 50.5B 
II 51B 

(Nottoway) 51N 



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

c o l l e c t e d  from both t h e  w in t e r  and summer surveys  (Fig. 4 ) .  

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

Corbiculi l  d ry  f l e s h  weight  (biomass) on a m2 b a s i s  i n  each 

s t r a t u m  of t h e  r i v e r .  



OD 
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RESULTS 

.Feedina-- 
The r a t e s  a t  w h i c h  CsrhisuU f i l t e r e d  ~~~n a n d  

S ~ e n e & s m u s  w e r e  v a r i a b l e ,  r a n g i n g  f r o m  278-607 m l e h r - I  

( F i g .  5 ) ,  a n d  a s  a  r e s u l t  c o m p a r i s o n s  o f  r a t e s  b e t w e e n  t h e  

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

( K r u s k a l - W a l l i s  t e s t ,  p  > 1 )  T h e r e  was  n o  o b v i o u s  

c o r r e l a t i o n  b e t w e e n  f l e s h  wet w e i g h t  o f  C-kuAa a n d  

f i l t r a t i o n  r a t e  w i t h i n  t h e  s i z e  r ange  of c l a m s  t e s t e d  (1.7- 

2.3 c m  s h e l l  l e n g t h ) .  was t h e  o n l y  a l g a  t h a t  was 

obse rved  t o  induce  p s e u d o f e c a l  p r o d u c t i o n  by t h e  c l a m s  a s  

t h e y  were  f e e d i n g  ( s t r a n d s  formed n e a r  t h e  e x h a l a n t  s i p h o n s  

a n d  c o u l d  be  c o l l e c t e d  w i t h  a  p i p e t t e ) ,  w h i c h  i n d i c a t e d  

t h a t  some o f  t h e  m a t e r i a l  w a s  r e j e c t e d  a s  t h e y  w e r e  

f e e d i n g .  

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

s p e c i e s  by C o r b i c u l a  were  s i g n i f i c a n t l y  d i f f e r e n t  (Kruskal -  

W a l l i s  t e s t ,  p  < 0.001). The b lue -g reen  a l g a  was 

a s s i m i l a t e d  w i t h  t h e  g r e a t e s t  e f f i c i e n c y  (mean = 82.5 % )  

a n d  CkLLP.ulJa w i t h  t h e  l e a s t  (mean = 3 3  %; F i g .  6 ) .  T a b l e  

2  s h o w s  t h a t  t h e  h i g h  e f f i c i e n c y  w i t h  a s  a  f o o d  

s o u r c e  is a  r e s u l t  n o t  o n l y  of h i g h e r  up take  of l a b e l  i n t o  

clam t i s s u e s ,  b u t  r e l a t i v e l y  h i g h  r e s p i r a t i o n  (of 14c02) a s  

w e l l .  However, s i n c e  no e f f o r t s  were  made t o  d i s t i n g u i s h  





Figure 6. Corbicula mean assimilation efficiencies 
( %  f 1 S.E.) for three algal taxa (n = 6, 



Table 2 .  Percentage of i n g e s t e d  r a d i o a c t i v i t y  recovered i n  
each type  of sample. R e s p i r a t i o n  was determined from CO 
impinger t r a p s ;  d i s s o l v e d  was tes  were determined from 2 

f i l t e r e d  wate r  samples of r e s p i r a t i o n  chambers. Feces 
were c o l l e c t e d  d a i l y  f o r  t h r e e  days;  t i s s u e s  were d e t e r -  - 
mined from t h e  e n t i r e  f l e s h  of each clam. 

% OF INGESTED RADIOACTIVITY 

ALGAL 
SPECIES 

C h l o r e l l a  

Scenedesrnus 

Anabaena 

Dissolved Feces 
:esp i red  Wastes Day 1 Day 2 Day 3 Tis sues  



microbial respiration from clam respiration, these values 

must be considered as maximum rates. In contrast, although 

the clams were filtering at a faster rate, 

almost half of the radioactivity they ingested was released 

within the first day after feeding. Although feces and 

pseudofeces could be distinguished visually, they could not 

be separated for radioassay because the feces could not be 

collected with a pipette. The pseudofeces do not pass 

through the gut to be digested, so that the material looked 

amorphous and very green, while the feces were brown 

strands of processed wastes. 

ut1ou 

Mean density for strata 7-17 was 205@n1-~ and for 

strata in the Chowan proper ( 7 - 1 3 - 4  200*m-2e Strata 

1-6 had densities less than 10*m-2 while stratum 14 gave 

the highest mean density, about 4 ~ 0 * m - ~  in July (Fig. 7). 

Mean biomass was 12.2 for strata in the Chowan 

proper. Mean length calculated from mean individual dry 

flesh weight and the length-weight relationship, ranged 

from 14.1 mm in stratum 13 to 20.7 mm in stratum 10. Since 

clams smaller than 4 mm were not quantitatively collected, 

estimates do not include these size classes. Highest 

densities were found in the uppermost transect of the 

Chowan and the lowest transect of the Blackwater River 

(Strata 14 and 15), and decreased sharply below Stratum 9. 



Figure 7. Schematic of Chowan River and sributaries, - 
showing mean densities (no. *m f 1 S.E. ) of 
Corbicula by strata in (a) July (summer) and 
(b) March-April ("winter") , 1980. Stratum 12, 
Meherrin River; stratum 17, Nottoway River; 
strata 15-16, Blackwater River. * = no sample 
taken. 



The lower Meherrin also had relatively low densities. 

Within strata, densities were extremely patchy but 

generally higher at depths over 2 m (Fig. 8). Stratum mean 

biomass ranged from 3.8 to 22.2 g*m-2 dry flesh weight, 

following the same pattern as densities (Fig. 9a). Mean 

densities were similar in the March-April survey (Fig. 7). 

To show the correspondence between densities of 

C o r b i U  and the hydrological environment, the annual mean 

discharge at each stratum (U.S.G.S. data) was divided by 

the cross-sectional area of the channel at the upper 

transect (mean depth x width) to estimate relative flow 

speeds (Fig. 10). C e r b U n  densities declined sharply 

below a hypothetical mean flow speed of 5 cm'sec-l. 

In July, size distributions of the populations tended 

to fall into 3 modal groups, one each near 8-191 mm, one 

near 15-20 mm, and one 21-24 mm (Fig. lla and b). The 

March-April survey did not show the lowest population mode. 

Smaller clams were more numerous in the upriver strata than 

in the middle reaches of the river (compare strata 9 and 

15). Pooled data for strata 15-17 show modes at 8, 15, and 

22 mm in July (Fig. 12). The shift in modal locations from 

spring to summer indicates a growth rate of approximately 

3-5 mm in length during this period (more in smaller size 

classes). Appearance of the 8 mm size class in July is 

presumed to represent growth of individuals which were 



Figure 8. -2 Geometric mean density (no. f 1 S.E.) 
Corbicula versus depth for all samples in 
Chowan and tributaries in July (bars) and 
April (dots), 1980. 

of 
the 
March- 













smaller than 4 mm in March-April, The largest in 

survey samples were 32 mm long, but other collections 

produced specimens as long as 35 mm, 

c r e w  

Excretion rates of ammonium (NH4) and orthophosphate 

(PO4) averaged over 14 hr were expressed as power functions 

of dry flesh weight according to the following equation: 

V = awb , where V is in vmoles*l-l*hr-l, W is in g of clam 
dry flesh weight, and a and b are regression constants. An 

orthogonal contrast (ANOVA) of May and September NH4 

excretion rates was not significant (F = 3.8, p > .05) so 
data from these two experiments were pooled and a single 

regression line was fitted to these data (Table 3; Fig. 

13). However, contrasts of the pooled summer and winter 

regressions showed a highly significant difference, even 

between means adjusted by analysis of covariance, with dry 

flesh weight as the covariate (F = 145.2, p < .@Ell). The 

slopes of the winter and pooled summer regression lines 

were not significantly different (F = 2.01, p > .15) 

indicating the relationship between excretion rate and dry 

flesh weight was the same (Fig. 13) but the rates were 

significantly lower. 

Orthophosphate excretion rates between May and 

September were also not significantly different (F = 8.46, 

p > .58) so the data were pooled to give a summer 



Table 3. Relationspip of ammonia and orthophosphate excretion by Corbicula 
(V, in pmol.hr- ) to dry flesh weight (W, in g). n = number of animals 
tested; T = water temperature in OC during tests; r = correlation 
coefficient. 

Date 

13-V-82 
and 

2-IX-82 

T Regression Equations and Coefficients - - 





regression (Table 3). Summer and winter rates were 

significantly different (F = 170.3, p < 0.001), due to the 

difference in slope (F = 17.4, p < .001) as well as the 

generally lower rates (Fig. 14). In addition to rates 

being generally lower in winter, the size-rate relationship 

did not hold so that there was little difference between 

excretion rates of large and small clams. 

Summer ammonium fluxes (hourly) due to UulxbaU were 

calculated for the upper river and tributaries (Strata 7- 

17) using the pooled summer excretion rates and biomass 

estimates from the July 1980 survey (Fig. 9b). Fluxes 

followed the same patterns in the river as clam biomass, 

with the highest rates at strata 9, 11, and 14 in the 

Chowan, and stratum 15 in the Blackwater River. Calculated 

on a 24 hr basis, rates ranged from 357-8642 ilmoles*m-2 

(Table 4 ) .  Summer fluxes of orthophosphate also showed the 

same pattern, with rates ranging from 160.8-3923.76 

mole~'m-~ (Table 4). 



h? 2 
b-4 z a I 

l-4 G 
LW 0 .d 
0 [I) 



-2  
Table 4. Corbicula  mean biomass ( g  dry  f l e s h  ~ t . ~ x n ~  g 

J u l y  1 9 8 0 )  and summer e x c r e t i o n  r a t e s  (Ilrnol*rn =hrml)  
of ammonia and or thophosphate  i n  t h e  upper Chowan Rive 
Biomass i s  es t ima ted  from l e n g t h  frequency d i s t r i b u t i o  
and e x c r e t i o n  r a t e s  a r e  c a l c u l a t e d  from biomass and 
we igh t - spec i f i c  summer e x c r e t i o n  r a t e s  (Table 3 ) .  
Standard e r r o r s  a r e  based on 1 2  sampling s i t e s  w i t h i n  
each s t ra tum.  

Stratum Biomass % Po4 
7 0.8 + 0 .4  1 5  + 7  7 + 3  

8  3.0 + 0 .9  6 4  + 1 8  2 9  + 8  

9  20.4 + 8 .2  294  + 111 1 3 4  + 5 1  

1 0  1 4 . 1  + 4 . 1  2 0 1  + 6 1  9 2  +, 2 8  

11 22.2 +- 4.5 360  fi 7 1  1 6 3  + 32  

1 2  6 . 1  fi 1 . 7  1 1 9  + 28 5 4  fi 1 3  

1 3  7.6 f 1 .4  1 7 8  + 33  7 9  + 1 5  

1 4  17.9  +- 4 .6  3 5 7  +- 9 5  1 6 1  + 4 3  

1 5  19.3  +- 5 .3  3 4 6  + 9 5  1 5 6  +- 4 3  

1 6  1 3 . 1  + 4.2 2 1 3  + 7 1  97  t 32 

1 7  1 0 . 1  f 2.7 1 8 5  + 4 2  84  + 1 9  



DISCUSSION 

Most feeding studies of bivalve molluscs have been 

done under laboratory conditions. The advantages of this 

are obvious, allowing control and manipulation of specific 

variables such as temperature, food quantity and quality. 

There are, however, certain disadvantages which must be 

taken into consideration when interpreting their results 

and applying them to natural systems. For example, 

bivalves can be very sensitive to disturbances and test 

conditions, resulting in significant deviations in 

important physiological functions. This is evidenced by 

the wide fluctuations in filtration rates reported for 

bivalves. The freshwater mussel Dreissena polv-, an 

introduced species in Europe.has relatively low filtration 

rate estimates of < 100 ml'hr-I (Stanczykowska et al. 1976; 

Walz 1978) compared with rates of the saltwater mussel 

B~&ilua mdvlia of 1400 mlOhr-l (Foster-Smith 1975). 

Previous estimates of filtration rates of G.cu.bicU show a 

wide range of variability (20-150 h r  Prokopovich 

1969; a mean of 11 ml*hr-l, Habel 1970; a mean of 816 

h r  Auerbach et al. 1977; 500-600 h r  Mattice 

1979). These fluctuations are probably an artifact of test 

conditions, since results of our study indicate that even 



the type of food used can have an influence on filtration 

rate. The relationship between filtration rate and food 

(or seston) concentration that we observed has also been 

documented in salt water mussels (e.g., Winter 1973; Walz 

1978)r and gives another possible explanation for the 

variability in previous filtration rate estimates. Rates 

of filtration have also been correlated with body size in 

saltwater mussels (Winter 1978), but we observed no pattern 

within the relatively small size range of G Q L U U U  tested. 

Inducement of pseudof eces production by Anabaena 

may have been a response to the filamentous nature of the 

algae. Its presence in the water column in the Chowan may 

serve to render a large proportion of the material that is 

filtered by the clams as "unobtainable" since it may cloy 

the gills and be rejected. Work with the saltwater mussel 

L eUL.b indicates that pseudofeces are produced after the 

gut and/or digestive gland of the animal fills with 

filtered material (Foster-Smith 1975). Theref ore the 

amount of utilizable food ingested by a non-selective 

filter-feeder in a natural situation is determined by the 

total particulate concentration and the proportion of non- 

utilizable organic and inorganic material present in the 

seston. Inorganic material such as silt would dilute the 

amount of food ingested, so that food availability would 

likely be inversely proportional to particle concentration 

(Widdows et al. 1979). 

4 0 



Although clams for which filtration rates were 

determined were slightly larger than the mean size of the 

population in the Chowan (17.4 mm), filtration rate was 

relatively insensitive to size, and a conservative estimate 

(250 ml0hr-laindividual; Fig. 3) was adopted for filtration 

rate. Using the mean density of 2 @ ~ * m - ~ ,  we estimate that 

corbicUJd in the middle reach of the Chowan from Virginia 

to Holiday Island could filter 50 liters of water per 

2 m *hr. The mean depth of our sampling sites in this reach 

8 3 is 4.7 m, and the volume is about 2 x 10 Om . Multiple- 

year mean discharge is 132 m3*sec-' (NCDEM 1982), so 

hydraulic renewal time is about 16 days. An average number 

of Cnrhirula in one m2 then, could filter a volume 

au&ak~L +p the volume of the overlying water column (4.7 

3 m ) every four days, removing particulate material and 

depositing mucus-bound feces and pseudofeces. Prokopovich 

(1969) reports massive quantities of apparently 

biodeposited sediments in a California canal with a large 

on materials transport an biogeochemf cal cycles in the 

middle river. Suspended particles adsorb most of the 

inorganic phosphorus, pestici es and trace metals are 

transported from the catchment, so flushing of pollutants 



and nutrients out of the river may be delayed or prevented 

by this deposition. But until in sifv experiments are 

done, interpretations of clam filtering impact in the river 

must be made with caution. 

u I 0 i . h -  E f f l c l ~ ~  
, . 

Assimilation efficiency allows a comparison of food 

quality of the material ingested, although it is not a 

direct measure of the nutritional value of the food source. 

Walz (1978) determined that the freshwater mussel flreissena 

assimilated the diatom with an efficiency of 41 

%, while in a Polish lake Stanczykowska et al. (1975) found 

nearly the same Qreissena mean assimilation efficiency in 

sif;u (40.5 % ) .  

Zooplankton assimilation efficiencies for different 

algal species has received more study by freshwater 

biologists. Arnold (1971) determined ingestion, 

assimilation, and survivorship of the cladoceran u d a  

Dulex fed a variety of blue-green and green algal species. 

He found that the filtration rate of Anahma fBas5iQw 

by Pgghnja was relatively low, but assimilation of the 

algae ingested was essentially 100 %. vul- 

was filtered at a higher rate and was also assimilated at 

nearly 100 %, but the green alga that was filtered the 

fastest, A,nk&&radlesmaas f a lmU,  was assimilated at a 

lower rate, probably because the food was passing through 



the gut at a rapid rate. This may have happened in our 

feeding experiments, where was filtered rapidly 

but assimilation was low, and much viable material was 

passed through the clams. In longer-term assessments of 

reproduction and survival of B, gybx however, the blue- 

greens proved to be less suitable, and these results were 

even more pronounced at higher food levels (Arnold 1971). 

This suggests that there was some inhibition of feeding by 

the blue-greens rather than poor nutritional value of the 

algae; similar conclusions have been reached in other 

studies with Qaghnh (Lampert 1977; Porter and Orcutt 

1980). In the upper Chowan River where &xk&ah is most 

abundant, blue-green algae may dominate in the plankton 

during summer months, but do not reach high population 

densities or form surface scums as in the lower river. The 

presence of blue-greens in clam diets in the upper river 

may do no harm other than clog their gills and cause a 

certain amount of food to be rejected, but growth and 

reproduction studies similar to those that have been done 

with zooplankton are needed on to determine long- 

term effects of blue-greens in their diets. 

The strongest pattern in density was the virtual 

disappearance of Corbicula from samples near and downstream 

of Holiday Island (Stratum 6). The few individuals 



collected in the lower section were in sandy sediments near 

shore, where wave action keeps the water moving near the 

bottom. Lacking detailed information on near-bottom 

currents, we approximated flow by dividing the annual mean 

discharge by cross-sectional area of the channel and the 

number of seconds per year (Fig. 10), Within transects of 

the upper reaches, fine sediments are most heavily 

deposited near the banks while mid-channel bottoms are 

usually sand or gravel (Kuenzler et al. 1982), 

was least dense near the banks upstream, again suggesting a 

minimum flow threshold for SUUzula persistence near that 

at which silts and clays are deposited. In its native Asia 

most C ~ a i ~ ; u . l a  species are considered to be rheophilic-- 

usually occurring only where there is a certain minimum 

water movement (Britton and Morton 1979). Flow rate has 

been shown to affect filtration rate and,therefore,feeding 

activities in several species of saltwater mussels (Walne 

Within the upper section, highest mean densities were 

observed immediately downstream of the Union Camp pulp and 

paper mill discharge into the Blackwater River and below 

the confluence of the Meherrin River near Winton (Fig. 7). 

These strata had higher mean flow velocities than most 

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

stimulatory effect by increasing the concentrat ion of 



suspended organic particles during winter discharge 

periods. 

-la densities are usually patchy, and none of 

the available data from the Atlantic coastal rivers are 

based on sampling as intense as our survey. Diaz (1974) 

reports densities up to 1452*mm2 at an organically enriched 

site of the James River, but mean densities from the 

regions where was found was 371°mm2. Dresler and 

Cory (1980) record a density of 6650m-~ in the Potomac near 

Washington, D.C., but a second estimate only months later 

was just 53*mW2, probably due to small sample size and 

patchy distribution of the clams. Sickel (1973) notes a 

mean of about 2 0 ~ * m - ~  after an initial large set in excess 

of 1 0 0 ~ 0 * r n - ~  had died back in the Altamaha River in 

Georgia. It appears that stable populations in the 

Atlantic drainage rarely exceed 4 ~ 0 * r n - ~  in the absence of 

heavy organic loading. 

Density controls other than food availability have not 

been detected in most studies. Predation by waterfowl, 

raccoons and flatworms is known or suspected (Diaz 1974; 

Perry and Uhler 1981). Many bottom feeding fish such as 

hogchokers and catfish take younger clams (Hinshaw pers. 

comm.), but their effect on clam populations has not been 

assessed. 



Size frequency distributions of GQJ~XLGLIU in the 

Chowan are similar to those in the Altamaha River (Sickel 

1972) and can be similarly interpreted to represent two 

main reproductive periods each year in spring and fall. 

Small clams present but not well sampled in March-April 

seemed to grow to about 8 mm in length by July (Fig. 12). 

If the next larger cohort, which grew from about 11 mm to 

16 mm over the same time period, resulted from reproduction 

in spring 1979, then the annual growth of GPrlkr isuh would 

be about 14-15 mm the first year, 10 mm (to 25 mm length) 

the second, and for the few individuals living for a third 

year, another 5 mm (to 30 mm length). Mortality estimates 

from comparing the two larger modal classes for the 

uppermost strata between spring and summer (cf. Fig. 12) 

were about 22 % for one-year-old and 43 % for 1 1/2 years 

and older over the 3 1/2 month period. Since few predators 

can handle older, larger W&Ua, much of the higher 

mortality must be from disease or senescence. 

Despite higher mortality of older clams, the largest 

modal class was still the most abundant. This suggests 

that the older class was the first to become well- 

established in the Chowan probably in 1978. Sickel (1972) 

describes the clam's invasion of the Altamaha with a 

similar pattern. According to McMahon (1982) most Atlantic 

coast rivers were invaded by 1972, but verbal reports from 



N.C. DNRCD b i o l o g i s t s  who sampled b e n t h o s  i n  t h e  Chowan i n  

1974 i n d i c a t e  t h a t  t h e  c lam was n o t  y e t  p r e s e n t .  

I n  t h e  s a l t w a t e r  musse l  N v t U  d & U & a m m o n i u m  f o r m s  

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

c a t a b o l i s m  (Bayne  e t  a l e  19769 ,  s o  t h a t  t h e  r a t e  o f  N H 4  

e x c r e t i o n  may b e  r e g a r d e d  a s  r e f l e c t i n g  t h e  r a t e  of p r o t e i n  

c a t a b o l i s m .  R a t e s  of e x c r e t i o n  i n c r e a s e  when t h e  a n i m a l s  

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

i n d i v i d u a l s  (Bayne a n d  S c u l l a r d  1 9 7 7 ) .  D u r i n g  t h e  p e r i o d  

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

ammonium e x c r e t i o n  i s  a t  a  minimum, i n c r e a s i n g  i n  s p r i n g  

and summer when t h e  a n i m a l  m a i n t a i n s  m a t u r e  gametes  i n  t h e  

mant le .  T h i s  most  l i k e l y  r e f l e c t s  a  marked s e a s o n a l  s h i f t  

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

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

s p r i n g  ( G a b b o t t  a n d  Bayne 1 9 7 3 ) .  A t  h i g h e r  t e m p e r a t u r e s  

(25 '  C )  n e a r  t h e  u p p e r  l i m i t  o f  e n v i r o n m e n t a l  a n d  

p h y s i o l o g i c a l  t e m p e r a t u r e  r a n g e  f o r  L ~dyLis, t h e r e  i s  a  

marked  i n c r e a s e  i n  t h e  r a t e s  o f  m e t a b o l i s m  a n d  ammonium 

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

c a t a b o l i s m  i n  o r d e r  t o  meet  t h e  i n c r e a s e d  m e t a b o l i c  ene rgy  

demand (Widdows 1978) .  

T h e  v a r i a b i l i t y  t h a t  we f o u n d  i n  C~rhirula N H 4  

e x c r e t i o n  r a t e s  b e t w e e n  summer a n d  w i n t e r  was  p r o b a b l y  a  



function both of the seasonal gametogenic cycle and of the 

metabolic effects of seasonal changes in ration and 

temperature. Particulate nitrogen levels in the river 

remain relatively high in winter, although most is detrital 

(Stanley and Hobbie 1981), so food levels probably do not 

decrease enough to induce winter starvation, There is also 

evidence from lentic environments that particulate humic 

materials, which complex with protein and act as a food 

buffer system, decreasing the utilization of food when its 

production is high but conserving it for future use when 

food supply might otherwise be inadequate (Blazka 1971). 

Since particulate humic materials are abundant in the 

Chowan in winter, the potential for complexation may affect 

i c u  food availibility as well. 

The highest excretion rates occur from late spring to 

early fall, when allochthonous loading of NB4 to the river 

is at a minimum, and phytoplankton uptake rates are 

highest. Uptake rates were determined by Kuenzler in 1980, 

which was a bloom year in the river, and in 1981. Summer 

(May-September) mean gross NH4 uptake rates near Winton 

were 1095 ilmolesmm-2ehr-1 in 1980 and 779 Umoles *m-2*hr-1 

in 1981 (Kuenzler et al. 1982). Carhi~uLa mean NH4 

excretion rates estimated near Winton (360 U m~les*m-~hr-'; 

Table 4) could have supplied 33 % of 1980 and 46 % of 1981 



summer phytoplan ton uptake rates in that part of the 

river. 

Little is known of phosphate excretion in aquatic 

invertebrates althou h recent s ies indicate that 

zooplankton may excrete enough PO (and NH*) to support 

observed levels of primary productivity in nutrient-poor 

waters (Jawed 1973). The most thorough investigation of 

phosphorus flow t rough a saltwater mussel population 

) was undertaken by Kuenzler (1961). He found 

that 87 % of the particulate I? removed (filtered) by the 

mussels was deposited as pseudofeces, and that 2 

~ ~ ~ * m - ~ * d a - ~  was excreted by the population. 

We were interested more simply in determining the 

relative magnitude of PO excretion in the Chowan. As with 

NH4, rates were lower in winter, with reductions in rates 

probably due to chan es in food available and temperature. 

It is unclear why the fun amental relationship between 

rates and flesh dry weight (slo e of the regression) 

changed in winter. uenaler and coworkers (1982) found 

little seasonal variability in gross phosphate uptake rates 

near Winton, with rates averaging about 508 p m~les'rn-~~hr-l 

mean excretion rates estimated near Winton (163 

1981 summer hytoplankton uptake of phosphate in that part 



o f  t h e  r i v e r .  We were u n a b l e  t o  a n a l y z e  f e c a l  a n d  

p s e u d o f e c a l  s a m p l e s  f o r  N a n d  P, b u t  i t  i s  q u i t e  l i k e l y  

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

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

t h e  r i v e r  and is  t h e n  a v a i l a b l e  f o r  m i c r o b i a l  d e c o m p o s i t i o n  

and e v e n t u a l  r e - r e l e a s e  i n t o  t h e  w a t e r  column a s  w e l l .  

LX@QLUUS af Gub&ala Errc re t ipn  in &.he Ghauia 

A l t h o u g h  a s s e s s m e n t s  h a v e  n o t  y e t  b e e n  made o f  t h e  

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

t h e  Chowan, G u & . h a U  e x c r e t i o n  a l m o s t  c e r t a i n l y  i s  t h e  

s i n g l e  l a r g e s t  i n v e r t e b r a t e  s o u r c e  of NH4 a n d  PO4. The 

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

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

minimum and p h y t o p l a n k t o n  n u t r i e n t  u p t a k e  r a t e s  a r e  h i g h e s t  

( S t a n l e y  a n d  H o b b i e  1 9 8 1 ) .  A l b e r t  ( 1 9 8 0 )  d e t e r m i n e d  

&&l~ n u t r i e n t  f l u x e s  i n  Chowan s e d i m e n t s  i n  J u n e  1 9 8 0 ,  and  

w e  have  used h i s  d a t a  from s t a t i o n s  n o r t h  of Hol iday  I s l a n d  

( w h i c h  c o m p a r e  w i t h  o u r  S t r a t a  8-9)  t o  c o m p a r e  w i t h  

m&yh e x c r e t i o n  r a t e s .  S e d i m e n t s  i n  t h i s  p a r t  o f  t h e  

r i v e r  a r e  p r i m a r i l y  s a n d  ( 6 0  % )  a n d  c l a y  ( 2 2  % ) ,  w i t h  

h i g h e r  p e r c e n t a g e s  o f  C (7 .77) ,  N (0.42) a n d  P (0.11)  t h a n  

i n  t h e  l o w e r  r i v e r .  Mean ammonia  f l u x  f r o m  s e d i m e n t s  t o  

t h e  o v e r l y i n g  w a t e r  was 1220 u m ~ l e s * r n - ~ d a - l  (S.E. = 201.6), 

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

(mean = 95 umoles*m-2*da-1 ,  S.E. = 17 .6 ) .  S e v e r a l  o f  t h e  
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Appendix 1. Mean s h e l l  l e n g t h  ( i n  cm) and t o t a l  d ry  f l e s h  
weight  (n=5 clams) used i n  e x c r e t i o n  exper iments .  
Corb icu la  were f r e s h l y  c o l l e c t e d  from t h e  Chowan River  
i n  May, Sep t . ,  and Dec. 1982. 

Dry 
F l e s h  W t .  ( m g )  

Sep t .  

Dec. 





Appendix 3.  ASM-J Medium Preparation (from Paerl 1983) a 
modification and combination of ASM-1 (Gorham -- et al. 1964) and 
Jansen ( 3 )  (Corbett and Parker 1976) . 

Stock solutions for solution A 

Compound 

NaN03 

Na2HP04 (7H20) 

K2HP02 

Na2Si03 (9H20) 

Stock solutions for solution B 

Compound 

MgS04 (7H20) 

~ g C 1 ~  (6H20) 

caC12 (6H20) 

N ~ ~ E D T A  ( 2 ~ ~ 0 )  /FeC13 (6H20) 

G9 trace element solution (modified) 

Solution A: To a final volume of 5 0 0  mls, add 25 mg of Tricene 
buffer an3 one ml of each of the stock solutions. Adjust the pH 
of the solution to 8 . 2 .  

Solution B: To a final volume of 5 0 0  mls, add one ml of each of 
the stock-solutions and one ml of the G9 trace element solution. 


