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PREFACE 

T h i s  s p e c i e s  p r o f i l e  i s  one of a  s e r i e s  on c o a s t a l  a q u a t i c  organ isms,  
p r i n c i p a l l y  f i s h ,  of  s p o r t ,  commercial ,  o r  e c o l o g i c a l  impor tance.  The p r o f i l e s  
a r e  des igned t o  p r o v i d e  c o a s t a l  managers, eng inee rs ,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive s k e t c h  o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and env i ronmen ta l  r e q u i  r e -  
ments o f  t h e  spec ies  and t o  d e s c r i b e  hob4 p o p u l a t i o n s  o f  t h e  s p e c i e s  may be 
expected t o  r e a c t  t o  env i ronmen ta l  changes caused by  c o a s t a l  development.  Each 
p r o f i l e  has s e c t i o n s  on taxonomy, 1  i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  e n v i r o n m e n t a l  
requ i remen ts ,  and economic impor tance,  i f  a p p l i c a b l e .  A  t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as t h e y  a r e  prepared.  
T h i s  p r o j e c t  i s  j o i n t l y  p lanned and f i n a n c e d  by t h e  U.S. Army Corps o f  Eng inee rs  
and t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e .  

A  H a b i t a t  S u i t a b i l i t y  I n d e x  (HSI)  model i s  b e i n g  p r e p a r e d  b y  t h e  U.S. F i s h  
and W i l d l i f e  S e r v i c e  f o r  t h e  h a r d  c lam. HSI models a r e  des igned  t o  p r o v i d e  
a  n u m e r i c a l  i n d e x  o f  t h e  r e l a t i v e  v a l u e  o f  a  g i v e n  s i t e  as  f i s h  o r  w i l d l i f e  
h a b i t a t .  

Suggest ions o r  q u e s t i o n s  r e g a r d i n g  t h i s  r e p o r t  s h o u l d  be d i r e c t e d  t o :  

I n f o r m a t i o n  T r a n s f e r  S p e c i a l i s t  
N a t i o n a l  Coas ta l  Ecosystems Team 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
NASA-Sl i d e l  1  Computer Compl ex 
1010 Gause Boul  eva rd  
S l  i d e l  1, LA 70458 

U.S. Army Eng inee r  Waterways Exper iment  S t a t i o n  
A t t e n t i o n :  WESER 
P o s t  O f f i c e  Box 631 
V icksburg ,  MS 39180 
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F i g u r e  1. Hard clam. 

HARD CLAM 

S c i e n t i f i c  name . . . . Mercenar ia  
mercenar ia  L. Widely known as Venus 
mercenari  a  be fo re  We1 1 s  (1957 ) reas-  
s igned t h e  spec ies t o  t h e  genus L i n -  
neaus o r i g i n a l  l y  appl i ed 

P r e f e r r e d  common names . . Quahog i n  
t h e  No r t he rn  U n i t e d  S ta tes ,  ha rd  
clam i n  t h e  Southern U n i t e d  S ta tes  
(F i gu re  1 )  

Other  common names . . . . Quahaug, 
hard-she1 l e d  clam, round clam, cher -  
r y s t one  clam, l i t t l e - n e c k e d  clam 

C lass  . . . . . B i v a l v i a  (Pelecypoda) 
Order  . . . . . . . Eul amel l  i branch i  a  
Suborder . . . . . . . . . Heterodonta 
Fami l y  . . . . . . . . . . Veneri  dae 

Geographical  range: The hard  clam oc- 
cu r s  i n  i n t e r t i d a l  and s u b t i d a l  
areas t o  depths o f  15 m a long  t h e  
A t l a n t i c  and g u l f  coas ts  from t h e  

G u l f  o f  S t .  Lawrence  t o  Texas.  
The h a r d  c l a m  i s  most abundan t  
f r om  Massachusetts t o  V i r g i n i a .  
I t has been i n t r oduced  t o  Europe 
and C a l i f o r n i a .  A s i m i l a r  spe- 
c i  es, M. campechi ens i  s, occurs 
f r om  No r t h  C a r o l i n a  southward t o  
M e x i c o  and i s  a l s o  c a l l e d  t h e  
hard  clam. 

MORPHOLOGY/IDENTIFICATION AIDS 

The hard  clam has a t h i c k  s h e l l  
w i t h  a  v i o l e t  bo rder  and s h o r t  
s iphons ( V e r r i  11 1873; S tan ley  1970; 
M o r r i s  1973). The mean l e n g t h  o f  t h e  
t h i c k  s o l i d  s h e l l  i s  60 t o  70 mm, bu t  
some a re  120 t o  130 mm. The r a t i o s  o f  
l e n g t h  (L ) ,  h e i g h t  (H) and w i d t h  (W) 
are: L/H 1.25; H/W 1.52; L/W 1.90. The 
t h i c kness  Index  ( r a t i o  o f  s h e l l  volume 
t o  i n t e r n a l  volume) i s  0.60. 



The e x t e r n a l  s u r f a c e  has numerous 
c o n c e n t r i c  1  i nes, consp icuous and 
c l o s e l y  s p a c e d  n e a r  t h e  e n d s ,  more  
w i d e l y  spaced around t h e  umbo, espe- 
c i a l l y  i n  younger  s h e l l s .  The c e n t e r  
of  each v a l v e  i s  smoother t h a n  t h e  
d i s t a l  p o r t i o n .  The umbo i s  a n t e r i o r  
and p r o j e c t s  n e a r l y  t o  t h e  f r o n t  o f  
t h e  s h e l l .  The e l l i p t i c a l ,  somewhat 
p o i n t e d  s h e l l  has a  g r a y i s h - w h i t e  
e x t e r i o r  and a  w h i t e  i n t e r i o r  w i t h  a  
d a r k  v i o l e t  b o r d e r  nea r  t h e  marg ins .  
The c o l o r e d  p a r t  o f  t h e  s h e l l  was 
f a s h i o n e d  i n t o  wampum by  t h e  American 
I n d i a n s  f o r  use as money, hence t h e  
s c i e n t i f i c  name. The i n t e r i o r  ven- 
t r a l  marg ins  a r e  d e n t i c u l a t e .  

The i n t e r n a l  anatomy a l s o  has 
d i s t i n c t i v e  c h a r a c t e r i s t i c s .  S h o r t  
s iphons  a r e  u n i t e d  f r o m  t h e i r  bases t o  
n e a r  t h e  ends; t h e  i n c u r r e n t  s iphon  
has a  s h o r t  f r i n g e  o f  t e n t a c l e s .  The 
s i p h o n  t u b e s  a r e  ye1  1  owi sh- o r  b rown ish -  
orange toward  t h e  end and may be 
s t r e a k e d  w i t h  d a r k  b r o w n  o r  opaque 
w h i t e .  The f o o t  i s  l a r g e ,  muscu lar ,  
and p low  shaped. The m a n t l e  l obes  a r e  
s e p a r a t e  a1 ong t h e  f r o n t  and v e n t r a l  
e d g e s  o f  t h e  s h e l l  w i t h  t h i n  edges  
f o l d e d  i n t o  d e l i c a t e  f r i l l s ,  some o f  
wh ich  a r e  e l o n g a t e d  near  t h e  s iphons.  
Foo t  and m a n t l e  edges a r e  w h i t e .  

REASON FOR INCLUSION I N  SERIES 

H a r d  c l a m s  a r e  t h e  mos t  e x t e n -  
s i  v e l y  d i s t r i b u t e d  commerci a1 c lam i n  
t h e  U n i t e d  S t a t e s  and have t h e  g r e a t -  
e s t  t o t a l  market  v a l u e  ( R i t c h i e  1977) .  
The i  r o c c u r r e n c e  i n  c l e a n  s u b s t r a t e s  
a c c e s s i b l e  t o  t h e  p u b l i c  makes t h e  
h a r d  c l a m  a  p o p u l a r  r e c r e a t i o n a l  spe- 
c i e s .  The i  r sho re  h a b i t a t  i s  v u l n e r -  
a b l e  t o  c o a s t a l  c o n s t r u c t i o n  p r o j e c t s  
and p o l l u t i o n  f r o m  u rban  and i n d u s -  
t r i a l  d e v e l o p m e n t .  The a b s e n c e  o f  
h a r d  c lam p o p u l a t i o n s  i s  an e c o l o g i c a l  
i n d i  c a t o r  o f  d i s t u r b a n c e s .  Because 
a d u l t s  do n o t  move, r e p o p u l a t i o n  o f  
ann i  h i  1  a t e d  h a r d  c lam beds depends on 
t r a n s p o r t  o f  l a r v a e  and s e v e r a l  y e a r s  
g rowth .  Hence, a  tempora ry  d i s t u r b -  
ance causes a  l o n g - t e r m  i m p a c t .  

L IFE HISTOKY 

Spawning 

The spawning season ex tends  f r o m  
May t h r o u g h  August,  dependent on l a t i -  
t u d e  and tempera tu re .  I n  tempera te  
1  a t i t u d e s  t h e  l a r g e s t  and densest  
spawns o c c u r  d u r i n g  J u l y  ( C a r r i k e r  
1961) .  I n  t h e  York R i v e r ,  V i r g i n i a ,  
t h e  peak i s  i n  May, and i s  p r o g r e s -  
s i v e l y  l a t e r  i n  R a r i t a n  Bay, New 
Je rsey ,  and N a r r a g a n s e t t  Bay, Khode 
I s l a n d  ( J e f f r i e s  1964).  Female h a r d  
c lams r e q u i r e  2  t o  2.5 months t o  spawn 
o u t  c o m p l e t e l y ,  b u t  t h e  g r e a t e s t  r e -  
l e a s e  o f  ,eggs i s  d u r i n g  t h e  i n i t i a l  
spawning o f  t h e  season ( A n s e l l  1967a).  
Spawning i s  more i n t e n s e  d u r i n g  neap 
t i d e s  t h a n  s p r i n g  t i d e s ,  presumably 
because of  h i  gher  tempera tu res  d u r i n g  
neap t i d e s  ( C a r r i k e r  1961).  

Temperature  i s  t h e  d e c i s i v e  f a c -  
t o r  f o r  f i n a l  gamete m a t u r a t i o n .  I n  a  
2-year  s t u d y  i n  t h e  Lower L i t t l e  Egg 
Harbo r ,  New Jersey,  t h e  meai an d a i  l y  
spawning t e m p e r a t u r e  was 25.7"C w i t h  a  
range  o f  22" t o  3U°C ( C a r r i k e r  1961) .  
Seventy  - t h r e e  p e r c e n t  o f  t h e  spawni ngs 
o c c u r r e d  d u r i n g  2  t o  3  days o f  r i s i n g  
tempera tu res .  Kenni  sh  and O l  sson 
(1975)  c i t e d  21" t o  25°C as t h e  r e -  
q u i r e d  o r  p r e f e r r e d  t e m p e r a t u r e  range. 
Spawning i n  Eng land t a k e s  p l a c e s  a t  
18"  t o  2U°C ( M i t c h e l l  1974) .  When 
t h r e s h 0 1  d  tempera tu res  a r e  reached, 
males r e l e a s e  semen t h a t  c o n t a i n s  
pheromones. The pheromones a r e  c a r r i e d  
by w a t e r  c u r r e n t s  t o  t h e  females, 
wh ich  a r e  t h e n  s t i m u l a t e d  t o  r e l e a s e  
eggs (Ne lson  and Hask in  1949) .  

Sexual  m a t u r i t y  u s u a l l y  i s  
reached a t  2  y e a r s  o f  age ( 3  y e a r s  i n  
many areas i n  t h e  N o r t h  A t l a n t i c  r e -  
g i o n ) .  The s h e l l  l e n g t h  a t  t h i s  age i s  
between 32 and 38 mn. S i z e ,  n o t  age, 
de te rm ines  sexua l  m a t u r i t y ,  so t h a t  
s l o w e r  g r o w i n g  i n d i v i d u a l s  mature  l a -  
t e r  t h a n  2  y e a r s  o f  age. The peak o f  
r e p r o d u c t i  ve p o t e n t i  a1 i s  reached a t  
60 mm; l a r g e r ,  o l d e r  h a r d  clams grad- 
u a l  l y  1  ose t h e  r e p r o d u c t i v e  c a p a c i t y  
( B e l d i n g  1931) .  



F e c u n d i t y  and Eggs l a r v a e  a r e  more e v e n l y  mixed i n  t h e  
w a t e r  c o l  umn. 

The  a v e r a g e  number  o f  eggs  r e -  
l eased  by a  60-mm female i n  t h e  w i l d  
i s  about  2  m i l l i o n  ( B e l d i n g  1931).  I n  
l a b o r a t o r y  t e s t s ,  t h e  ave rage-s i zed  
fem.ale r e l e a s e d  8  m i l l i o n  eggs  p e r  
season ( D a v i s  and Chanley 1956; A n s e l l  
1967a).  The f e c u n d i t y  o f  one l a r g e  f e -  
male  was 16.8 m i l l i o n  eggs, whereas 
s m a l l  c l a m s  ( 3 3  mm) had f a r  f e w e r  
eggs ( B r i c e 1  j and M a l o u f  1980).  About 
2,000 spermatozoa a r e  shed f o r  each 
ovum. 

The  s p h e r i c a l  e g g s  a r e  7 8  um i n  
d i a m e t e r  w i t h  c l o s e l y  packed y o l k  
g r a n u l e s  ( B e l d i n g  1931).  A  l a r g e  
g e l a t i n o u s  c a p s u l e  d i s t i n g u i s h e s  t h e  
h a r d  c lam egg f rom t h e  eggs o f  o t n e r  
m o l l  usks .  Eggs a r e  r e 1  eased t h r o u g h  
t h e  e x c u r r e n t  s iphon,  and t h e  c a p s u l e  
s w e l l s  a f t e r  c o n t a c t  w i t h  w a t e r  u n t i l  
i t  i s  3.2 t i m e s  t h e  d iamete r  o f  t h e  
egg. The g e l a t i n o u s  c a p s u l e  i m p a r t s  
buoyancy, so t h a t  t h e  eggs a r e  p e l a g i c  
and c a r r i e d  by t i d a l  and c o a s t a l  c u r -  
r e n t s .  Spermatozoa swimming i n  w a t e r  
come i n t o  c o n t a c t  w i t h  and p e n e t r a t e  
t h e  capsu le ,  f e r t i l i z i n g  t h e  egg. 

A t  about  10 h r  t h e  embryo d e v e l -  
o p i n g  w i t  h i  n  t h e  c a p s u l e  becomes cov- 
e r e d  w i t h  c i l i a .  The l a s h i n g  o f  t h e  
c i l i a  t e a r s  t h e  membrane and g e l a t i -  
nous capsu le ;  t h e  c i  1  i a t e d  g a s t r u l a  
escapes i n t o  t h e  water.. The egg may 
be c a r r i e d  2  t o  25 km f r o m  t h e  spawn- 
i n g  s i t e .  

La rvae  

The l a r v a  deve lops  i n t o  a  t r o c h o -  
pho re  l a r v a  12 t o  14 h r  a f t e r  h a t c h i n g  
( B e l d i n g  1 9 3 1 ) .  The  shape ,  l i k e  a  
t o p ,  and t h e  c i l i a  on t h e  b l u n t  a n t e -  
r i o r  end r e s u l t  i n  s p i r a l  sw imming  
w i t h  r o t a t i o n  around t h e  l o n g  a x i s  i n  
e i t h e r  d i r e c t i o n .  A  f u n c t i o n a l  mouth 
deve lops  and t h e  l a r v a  commences feed- 
i ng on suspended p a r t i c u l a t e s ,  espe- 
c i a l  l y  d i n o f l a g e l  l a t e s .  The l a r v a e  
c o n c e n t r a t e  nea r  t h e  s u r f a c e  d u r i n g  
d a y l i g h t  a t  about  1 m  below t h e  s u r -  
f a c e  ( C a r r i k e r  1952).  A t  n i g h t  t h e  

A  s h e l l  g l a n d  forms o p p o s i t e  t h e  
mouth by 24 h r  a f t e r  h a t c h i n g ,  and a  
t h i n  t r a n s p a r e n t  she1 1  i s  sec re ted ;  
t h e  l a r v a  i s  now c a l l e d  a  v e l i g e r  
( B e l d i n g  1931).  The v e l i g e r  d r i f t s  i n  
ocean and e s t u a r i n e  c u r r e n t s  w i t h  
l i m i t e d  a b i l i t y  t o  swim h o r i z o n t a l l y .  
T h e  v e l i g e r  i s  a b l e  t o  move 7  t o  8 
cm/mi n  v e r t i c a l  l y  by e x t e n d i n g  t h e  
c i  1  i a t e d  velum (Mi l e i k o v s k y  1973).  
V e r t i c a l  swimming may e n a b l e  t h e  
v e l i g e r  t o  c o n t r o l  h o r i z o n t a l  d i s -  
p lacement and t h u s  t r a v e l  t o  b e t t e r  
areas (Mi l e i k o v s k y  1973) .  V e r t i c a l  
m i g r a t i o n  i s  s t i m u l a t e d  by t u r b u l e n c e ,  
wh ich  c o u l d  b r i n g  v e l  i g e r s  i n t o  w a t e r  
c u r r e n t s  f o r  t r a n s p o r t  ( C a r r i k e r  1961) .  
G r e a t e s t  numbers o f  v e l i g e r s  occu r  i n  
t h e  w a t e r  column 3  h r  a f t e r  low t i d e  
(Mou l ton  and C o f f i n  1954),  wh ich  sug- 
g e s t s  d i f f e r e n t i a l  t i d a l  t r a n s p o r t .  
By e n t e r i n g  t h e  w a t e r  column on t h e  
i ncoming  t i d e ,  t h e  v e l i g e r s  would  be 
t r a n s p o r t e d  up t h e  e s t u a r y  and t h u s  be 
r e t a i n e d  w i t h i n  t h e  e s t u a r y .  Ve l  i - 
gers ,  however, a1 so mi g r a t e  upwards 
d u r i n g  d a y l i g h t  r e g a r d l e s s  o f  t i d e  
( C a r r i  k e r  1961).  Vel i g e r s  a r e  impor -  
t a n t  zoop lank te r ;  i n  e s t u a r i e s  d u r i n g  
t h e  summer ( C a r r i k e r  1952; Mou l ton  and 
C o f f i n  1954; J e f f r i e s  1964) .  Dens i -  
t i e s  may exceed 500/1. 

The v e l i g e r  s t a g e  l a s t s  6  t o  12 
days, depending on tempera tu re .  Meta- 
morphosi  s  o f  t h e  v e l i g e r  occu rs  a t  16 
t o  30 days a t  18"C, 11 t o  22 days a t  
24"C, and 7  t o  16 days a t  30°C (Loosa- 
n o f f  e t  a1 . 1951).  

J u v e n i l e  Seed Clam 

When t h e  ve l  i g e r  becomes 2 L o  3  
mm l o n g ,  t h e  s h e l l  t h i c k e n s ,  a  f o o t  
r e p l a c e s  t h e  velum, and a  b y s s a l  g l a n d  
deve lops,  mark ing  metamorphosis t o  t h e  
seed clam. Metamorphosis i s  i n h i b i t e d  
a t  s a l i n i t i e s  below 17.5 t o  20 p a r t s  
p e r  thousand ( p p t )  (Castagna and Chan- 
l e y  1973),  perhaps e n s u r i n g  t h a t  seed 
c lams a v o i d  s e t t i n g  i n  an env i ronment  
w i t h  s a l i n i t i e s  u n s u i t a b l e  f o r  a d u l t s . ,  



Good s e t s  o c c u r  i n  y e a r s  w i t h  l ow  
f reshwate r  i n f l o w  i n t o  t h e  es tuary  
(Hi b b e r t  1976). 

The byssal  g land  sec re tes  a  tough 
th read ,  t h e  byssus, which anchors t h e  
animal t o  t h e  subs t ra te .  Seed clams 
s e t  more d e n s e l y  i n  sand t h a n  mud 
(MacKenzie 1979);  b i t s  o f  shel 1  o r  de- 
t r i t u s  may a l s o  se rve  as anchors. D i s -  
t r i b u t i o n  o f  a d u l t s  sugsests  t h a t  t h e  
average s i z e  o f  s u b s t r a t e  p a r t i c l e s  
exceeds 2  mm diameter  ( S a i l a  e t  a l .  
1967) a l though  i n  t h e  l a b o r a t o r y  s i z e  
o f  sand g r a i n s  was n o t  assoc ia ted  w i t h  
s e t t i n g  (Keck e t  a l .  1974). The seed 
clams p r e f e r  s e t t i n g  on a  f i r m  su r f ace  
w i t h  a  t h i n  l a y e r  o f  d e t r i t u s  ( C a r r i -  
k e r  1952) o r  on s h e l l s  coated w i t h  mud 
( C a r r i  k e r  1961). 

The s e t  may exceed 125 clams/m2 i n  
good h a b i t a t  ( C a r r i k e r  1961) w i t h  ex- 
t r a o r d i n a r y  se t s  o f  270,000/m2 (Dow 
and W a l l a c e  1955) ,  b u t  s e t  i s  n o t  
n e c e s s a r i l y  r e l a t e d  t o  a d u l t  concen- 
t r a t i o n s  because o f  movements and 
m o r t a l i t y .  Seed c l ams  seek a  p r e -  
f e r r e d  h a b i t a t :  a  bot tom w i t h  a  few 
smal l  r ocks  and s h e l l s .  They d i s c e r n  
between s i l t  and sand i n  t h e  labora -  
t o r y  (Keck e t  a l .  1974), e x p l a i n i n g  
t h e  s e l e c t i o n  f o r  sand i n  na tu re .  

The seed clams beg in  a  f i n a l  m i -  
g r a t i o n  t o  t h e i r  u l t i m a t e  h a b i t a t  i n  
t h e i r  second summer (Burbanck e t  a1 . 
1956).  To move, t he  c lam c a s t s  o f f  
t h e  byssus and uses t h e  f o o t  f o r  l o -  
comotion (Be ld i ng  1931). On f i n d i n g  
d e s i r a b l e  c o n d i t i o n s ,  the  young c lam 
sp i ns  a  new byssus and rea t t aches  i t -  
s e l f  t o  a  smal l  o b j e c t .  Byssal f i b e r s  
a r e  used f o r  anchorage f o r  about a  
yea r ,  u n t i l  t h e  young clam i s  10 mm 
1  ong ; t h e  j u v e n i  l e s  then  metamorphose 
and assume t h e  bur row ing  h a b i t s  o f  t h e  
a d u l t s .  A p o p u l a t i o n  i n  Ma inewas  
d i s p l a c e d  an ave rage  o f  30 m by a  
s torm (Dow and Wal lace 1955). 

The h a b i t a t  d i s t r i b u t i o n  o f  seed 
clams i s  a l t e r e d  by p reda t i on .  Clams 
t h a t  se t  among o y s t e r  shel  1s o r  s tones 
a r e  p r o t e c t e d  (Maurer and W a t l i n g  

1973); w i t h o u t  cover,  seed clams 
l a r g e l y  disappear.  Normal ly  they  do 
n o t  o c c u r  i n  a reas  exposed  t o  wave 
a c t i o n  o r  s t r ong  c u r r e n t s  (Anderson e t  
a l .  1978),  b u t  i n  ,I s a l t w a t e r  pond 
t hey  su r v i ved  b e t t e r  on an uns tab l e  
bot tom because c rab  p r e d a t i o n  was ab- 
sen t  ( C a r r i  k e r  1959). 

Adul t 

The a d u l t  ha rd  clam l i v e s  i n  t h e  
s u b s t r a t e  and burrows w i t h  a  muscular 
foot .  It remains i n  e s s e n t i a l l y  t h e  
same l o c a t i o n  f o r  t h e  remainder o f  i t s  
l i f e .  I n  38 days a d u l t s  moved l a t e r -  
a l l y  an average o f  5  cm and a  maximum 
of 15 cm f rom t h e  p l ace  where seed 
clams f i r s t  bedded (Chestnut 1951).  
Clams 20 t o  30 mm l o n g  t r a v e l e d  up t o  
30 crn i n  2  months ( K e r s w i l l  1941). 
Thus, t h e  a d u l t  h a b i t a t  i s  determined 
by  where t he  j u v e n i l e  beds. 

A d u l t s  bury deeper i n  sand (mean 
depth 2  cm) t han  i n  mud (mean depth 1 
cm), and smal l  a d u l t s  burrow deeper 
t han  l a r g e r  ones (S tan ley  1970). I f  
dug up, t h e  hard clam reburrows, and 
if covered, can escape upward (Be ld i ng  
1931). A  6.8-cm l o n g  clam moved ver- 
t i c a l l y  a t  44 cm/hr (Kranz 1974). A 
c lam can escape 10 t o  50 cm o f  over -  
burden i f  t h e  sediment dumped i s  t h e  
same as surroundings.  Fo re i  gn sed i  - 
ment reduces escapabi 1  i t y  . 

The a d u l t  i s  found i n  t h e  i n t e r -  
t i d a l  and s u b t i d a l  areas o f  bays and 
es tua r i es .  Hard clams a r e  most abun- 
dant i n  t h e  lower  es tua r y  and a re  s e l -  
dom found i n  t h e  upper es tuary  (Turner  
1953). I n  some l o c a t i o n s  they  a re  ab- 
sent  above t h e  mean t i d e  l i n e  (Hi  b b e r t  
1976). Greenwich Cove, Maine, had 
about t h r e e  t imes  more clams a t  t h e  
seaward end o f  t h e  cove than  i n  t h e  
upper cove ( T i l l e r  1950). I n  Rand's 
Harbor,  Massachusetts, about 50% of  
t h e  p o p u l a t i o n  was on t h e  g rave l  
s lope, 25% i n  t h e  muddy channel, and 
25% i n  t h e  s u b t i d a l  zone (Burbanck e t  
a l .  1 9 5 6 ) .  I n  S o u t h  C a r o l i n a ,  t h e  
hard  clam i s  u s u a l l y  absent f rom open 
e s t u a r i e s ,  b u t  i s  p r e s e n t  i n  s m a l l  



channe ls  and p r o t e c t e d  a reas  (Anderson 
e t  a1 . 1978) .  I n  Georg ia  h a r d  c lams 
a r e  l a r g e l y  i n  i n t e r t i d a l  a reas p r o -  
t e c t e d  f r o m  wave a c t i o n  (Godwin 1968).  
L o o s a n o f f  (1946)  a1 so ment ioned i n t o 1  - 
e rance  t o  rough  waves. There are ,  how- 
ever ,  ocean ic  p o p u l a t i o n s ,  e.g., i n  
t h e  s h o a l s  o f  Nan tucke t  Sound ( T u r n e r  
1953).  S e v e r a l  rev iews  ( B e l d i n g  1931; 
L o o s a n o f f  1946) s t a t e  t h a t  h a r d  c lams 
o c c u r  t o  depths  o f  15 m; Burbanck e t  
a l .  (1956)  r e p o r t e d  t h e  maximum d e p t h  
t o  be 8 m. 

COMMERCIAL/SPORT FISHERIES 

F i s h e r i e s  

T h e  h a r d  c l a m  i s  h a r v e s t e d  f o r  
commerce and r e c r e a t i o n .  It i s  more 
w i d e l y  d i s t r i b u t e d  t h a n  any o t h e r  c lam 
spec ies  i n  U.S. w a t e r s  and i s  t h e  most 
v a l u a b l e  commerci a1 spec ies  ( R i t c h i e  
1977) .  The f i s h e r y  i s  l o c a t e d  c h i e f l y  
a l o n g  t h e  m i d - A t l a n t i c  B i g h t .  N o r t h  o f  
Cape Cod ( F i g u r e  2 )  and i n  t h e  G u l f  o f  
Mex ico  i t  i s  i m p o r t a n t  o n l y  i n  i s o l a t -  
ed a reas  (McHugh 1979). I n  Maine,  f o r  
example, t h e  o n l y  h a r d  c l a m  f i s h e r y  
was i n  Casco Bay w i t h  good y e a r  c l a s s -  
es i n  1937, 1947, and 1952 (Dow 1955); 
t h e  c a t c h  i s  now i n s i g n i f i c a n t  ( T a b l e  1 ) .  

H a r d  c lams a r e  h a r v e s t e d  commer- 
c i a l l y  by b u l l  rakes,  hand tongs ,  and 
power dredges. The power dredge d i s -  
t u r b s  t h e  s u b s t r a t e  no  more t h a n  b u l l -  
r a k i n g ,  and a l l  ev idence  o f  h a r v e s t i n g  
d i s a p p e a r s  w i t h i n  500 days (Glude and 
Landers  1953) .  A  power dredge w i t h  an 
e s c a l a t o r  caused o n l y  tempora ry  d i  s-  
t u r b a n c e  of t h e  s u b s t r a t e  and i n -  
c reased  t h e  c a t c h  o f  t h e  more v a l u a b l e  
sma l l  c lams r e l a t i v e  t o  l a r g e r  c lams 
(Godchar les  1971) .  Dredg ing,  however, 
d e s t r o y s  seagrasses and b e n t h i c  a1 gae 
t h a t  r e c o l o n i z e  dredged a reas  s l o w l y ;  
t h u s  d r e d g i n g  has a  l o n g - t e r m  impact .  

The annual  l a n d i n g s  o f  h a r d  c lam 
a l o n g  t h e  A t l a n t i c  seaboard average 
abaut  14 mi 11 i o n  pounds (McHugh 1979).  
A1 1  h a r v e s t  r e p o r t e d  i s  meat wei  g h t  . 
The h a r v e s t  i n  Massachuset ts  i n  1970 

T a b l e  1. Hard c lam l a n d i n g s  i n  Maine 
and Massachuse t t s  ( C u r r e n t  F i s h e r y  
S t a t i s t i c s ,  N a t i o n a l  Oceanic and Atmo- 
s p h e r i c  Admini  s t r a t i o n ;  Hu tch inson  and 
Knutson 1978; and R. L. Uow, Maine De- 
partment o f  Marine Resources, Augus ta ) .  

Meat Weight (100 k g )  
Year Maine Massachuse t t s  

1 

1976 14  

'NA = Da ta  n o t  a v a i l a b l e .  
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Figure 2 .  Major populat ions of hard clam in the North At l an t i c  region. 



was 532,000 l b ,  w o r t h  $1,461,132 (Na- 
t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e  1979).  
I n  t h e  same y e a r ,  Maine l anded  o n l y  
605 l b .  Hard c lam h a r v e s t  peaked i n  
New England i n  1953, w i t h  7.2 m i l l i o n  
pounds (Dow 1977).  The U.S. l a n d i n g s  
d e c l i n e d  between 1965 and 1975, con- 
c o m i t a n t  w i t h  a  300% i n c r e a s e  i n  v a l u e  
( Z a k a r i a  1979).  About 40% o f  t h e  U.S. 
h a r v e s t  i s  f r o m  G r e a t  S o u t h  Bay o n  
Long I s 1  and (MacKenzie 1977) .  

The p r i c e  o f  t h e  h a r d  c l a m  v a r i e s  
w i t h  t h e i r  s i z e  and t h e  season. The 
l i t t l e n e c k s  (46 mm) command a  h i g h e r  
p r i c e  ( 8 6 0 I b u )  t h a n  c h e r r y s t o n e s  (77 
mm, $22/bu),  o r  chowder c lams (97 mm, 
$ l 3 / b u )  (R i  t c h i e  1977).  Hard c lams a r e  
a l s o  processed and marke ted  as c lam 
j u i c e .  The  m a r k e t  f o r  f r e s h  h a r d  
c l a m s  i s  made p o s s i b l e  b e c a u s e  t h e  
c lams remain  a1 i v e  f o r  1 t o  3  weeks 
o u t  o f  w a t e r  i f  k e p t  c o o l .  I n  con- 
t r a s t ,  Mercenar i  a  campech iens is  does 
n o t  remain  a1 i ve n e a r l y  as l o n q  o u t  o f  
w a t e r  even though  i t  "too has -a t h i c k  
she1 1. 

I n  h e a v i l y  f i s h e d  a reas  c lams a r e  
h a r v e s t e d  as soon as t h e y  reach a  mar- 
k e t a b l e  s i z e  ( R i t c h i e  1977) ,  i .e., a t  
2  t o  3  y e a r s  o l d .  Such h a r v e s t  i s  t h e  
b e s t  use o f  t h e  r e s o u r c e  because t h e  
s m a l l e r  c lams a r e  more v a l u a b l e ,  and 
t h e  l a r g e r  c l a m s  g row more s l o w l y .  
O l d e r  c lams a r e  found  o n l y  i n  a reas  
t h a t  a r e  n o t  a c t i v e l y  f i s h e d  (Greene 
1979);  h e r e  t h e  maximum l i f e  span o f  
20 t o  25 y e a r s  may be reached ( B e l d i n g  
1931 ) . 
Popul  a t  i on Dynamics 

L a r v a l  h a r d  c lams may be one o f  
t h e  most abundant p l a n k t e r s  i n  e s t u -  
a r i e s .  P o p u l a t i o n  d e n s i t i e s  of  2511 
( C a r r i  k e r  1952) and 57211 ( C a r r i k e r  
1961)  have been measured. On t h e  b a s i s  
o f  t h e s e  e s t i m a t e s  and t h e  b o t t o m  
a rea ,  we c a l c u l a t e d  t h a t  t h e r e  wou ld  
be 50,000 t o  1.1 m i l  1  i o n  l a rvae /m2  i n  
an e s t u a r y  2  m  deep. About 6 mi 11 i o n  
l a r v a e  a r e  produced f r o m  spawning o f  
t h e  t h r e e  p a i r s  o f  a d u l t s  f ound  on a  
t y p i c a l  1 m2 o f  bot tom.  

The number o f  seed c lams t h a t  s e t  
i n  L i t t l e  Egg Harbor ,  New Jersey was 
e s t i m a t e d  t o  be 125/m2 ( C a r r i k e r  
1961).  P o p u l a t i o n s  of seed c lams i n  
r e s t r i c t e d  1  o c a t  i ons i n  Casco Bay, 
Maine, may reach 270,000/m2 (Dow and 
Wa l l  ace 1955).  

A d u l t  p o p u l a t i o n  d e n s i t y  v a r i e s  
w i d e l y  depending on numerous e n v i  ron -  
menta l  f a c t o r s  d i scussed  below. I n  
Mai ne, popu l  a t  i o n s  i n  Boothbay Harbo r  
ranged f r o m  4/m2 t o  13/m2 ( T i l l e r  
1950) .  I n  Rhode I s l a n d ,  p o p u l a t i o n s  
i n  Greenwich Bay ranged from 2/m' t o  
12/m2 ( S t i c k n e y  and S t r i n g e r  1957).  
A l o n g  t h e  Georg ia  c o a s t  abundance 
ranged f r o m  0.1/m2 t o  21/m2 (Godwin 
1968) .  I n t r o d u c e d  p o p u l a t i o n s  i n  Grea t  
B r i t a i n  reached d e n s i t i e s  o f  6  t o  
8/rn2 ( A n s e l l  1963).  Biomass (meat 
w e i g h t )  ranged f r o m  1.6 g/m2 i n  poo r  
h a b i t a t  t o  3 6  g/m2 i n  good h a b i t a t  
( 0  'Conner 1972).  I n  Maine, p o p u l a t i o n s  
o f  2,000 bushe l  s / a c r e  (bu/A) , 1,500 
bu/A, and 1,250 bu/A were e s t i m a t e d  
i n  t h r e e  a reas  (Dow21952). D e n s i t i e s  
o f  110/m2 and 540/m were men t ioned .  

N a t u r a l  m o r t a l i t y  i s  enormous i n  
t h e  l a r v a l  and seed c lam s tages,  b u t  
n i l  once t h e  s h e l l  becomes t h i c k  
enough t o  r e s i s t  p r e d a t o r s .  Based on 
d e n s i t i e s  o f  d i f f e r e n t  1  i f e  s tages ,  
m o n t h l y  m o r t a l i t y  c o e f f i c i e n t s  (Z )  
o f  1.7 f o r  eggs and 1 .5  f o r  l a r v a e  
were c a l c u l a t e d .  The annual  m o r t a l -  
i t y  c o e f f i c i e n t  f r o m  seed c lam t o  
a d u l t  was 3.0. F i g u r e s  a r e  a v a i l -  
a b l e  f o r  c a l c u l a t i n g  m o r t a l i t y  c o e f f i -  
c i e n t s  o f  n a t u r a l  p o p u l a t i o n s .  Based 
on n i n e  e s t i m a t e s  o f  a d u l t  m o r t a l i t y  
i n  Eng land,  an average annual  m o r t a l -  
i t y  c o e f f i c i e n t  was c a l c u l a t e d  t o  be 
0.80 ( H i b b e r t  1976).  The m o r t a l i t y  
c o e f f i c i e n t  o f  a d u l t  c lams h e l d  i n  
t r a y s  and p r o t e c t e d  f r o m  p r e d a t o r s  
i n  Sou th  C a r o l i n a  was 0 .13 ( E l d r i d g e  
and E v e r s o l e  1982).  These m o r t a l  i t i e s  
r e p r e s e n t  n a t u r a l  m o r t a l  i t y  , w h i c h  
e q u a l s  t h e  i n s t a n t a n e o u s  t o t a l  m o r t a l  - 
i t y  Z  i n  t h e  absence o f  h a r v e s t .  Over-  
w i n t e r  m o r t a l i t y  o f  h a r d  c lams i n  two 
s i t e s  i n  Maine was 30% and 40% (Dow 
1965).  



Because o f  t h e  method o f  f i s h i n g  
d e s c r i b e d  above, i t was n o t  p o s s i b l e  
t o  a r r i v e  a t  a  mean ing fu l  e s t i m a t e  o f  
f i s h i n g  m o r t a l i t y  F. Hard c lams t e n d  
t o  be c o m p l e t e l y  h a r v e s t e d  i n  any p a r -  
t i c u l a r  bed, r e s u l t i n g  i n  i n s t a n t a n -  
eous m o r t a l i t y  o f  a  d i f f e r e n t  s o r t .  
M o r t a l i t y  o f  s u b l e g a l  h a r d  c lams was 
e s t i m a t e d  t o  be 30% each t i m e  a  f l a t  
was d i s t u r b e d  by d i g g i n g  (Dow 1953).  

S u r v i  v o r s h i p  f o l l o w s  an exponen- 
t i a l  decay ( F i g u r e  3 ) .  Very few o f  
t h e  l a r v a e  s u c c e s s f u l l y  s e t ,  and few 
o f  t h e  seed clams r e a c h  adu l thood .  The 
m o r t a l  i t y  r a t e  appears t o  decrease 
s l i g h t l y  i n  t h e  a d u l t s .  O b v i o u s l y  s u r -  
v i  v o r s h i p  depends on t h e  m i c r o h a b i t a t  
t h a t  i n d i v i d u a l s  happen t o  occupy. 
S u r v i v a l  o f  h a r d  c lams p l a n t e d  i n  Cas- 
co  Bay, Maine, was 91% o v e r  one summer 
(Gus ta fson  1954).  The re  i s  l i t t l e  r e -  
l a t i o n s h i p  between s t o c k  s i z e  and r e -  
c r u i t m e n t  o f  young; a  few a d u l t s  p r o -  
duce s u f f i c i e n t  o f f s p r i n g  t o  s u s t a i n  
t h e  p o p u l a t i o n s .  

GROWTH CHARACTERISTICS 

The h a r d  c l a m  grows r a p i d l y  i n  
f a v o r a b l e  env i ronments .  The v e l i  g e r  
l a r v a e  grow f r o m  10 um t o  200 vm i n  7  
days ( C a r r i k e r  1952).  A t  18°C t h e  l a r -  
vae i n c r e a s e d  f r o m  105 um t o  183 um i n  
20 days, whereas a t  30°C t h e y  grew t o  
t h i s  s i z e  i n  12 days ( L o o s a n o f f  e t  a l .  
1951) .  The d a i l y  p e r c e n t  g rowth  r a t e  
o f  v e l i g e r s  as a  f u n c t i o n  o f  tempera- 
t u r e  and s a l i n i t y  i s :  

where T  i s  t h e  t e m p e r a t u r e  i n  "C and S  
i s  t h e  s a l i n i t y  i n  p p t  (Lough 1975).  
A t  20°C and 30 p p t ,  f o r  example, t h e  
d a i l y  g rowth  would  b e  68%. 

Seed clams a t  t h e  end o f  t h e i r  
f i r s t  summer a r e  2  t o  4 mm i n  Canadian 
wa te rs ,  5  t o  7  mm i n  New York, and 16  
mm i n  F l o r i d a  ( A n s e l l  1 9 6 7 b ) .  The 
s i z e  reached depends l a r g e l y  on t h e  
l e n g t h  o f  t h e  g row ing  season. 

The dependence o f  a d u l t  g rowth  on 
t h e  l e n g t h  o f  t h e  g r o w i n g  season r e -  
s u l t s  i n  a  pronounced l a t i t u d i n a l  e f -  
f e c t  ( F i g u r e  4 ) .  The annual  i nc remen t  

L C  ddult 

Months 

F i g u r e  3. S u r v i v o r s h i p  o f  h a r d  c lams 
f r o m  eggs t o  a d u l t ,  based on a  com- 
p o s i t e  o f  t h e  data c i t e d  i n  t h e  t e x t .  

Estimated Alie 

F i g u r e  4. The i n c r e a s e  i n  s h e l l  l e n g t h  
w i t h  age o f  h a r d  c lams f r o m  F l o r i d a ,  
N o r t h  C a r o l i n a ,  New Jersey,  Maine, and 
P r i n c e  Edward I s l a n d  ( A n s e l l  1967b).  



i n  s h e l l  l e n g t h ,  e s t i m a t e d  f r o m  F i g u r e  
4  d u r i n g  t h e  2  t o  5  y e a r s  o f  l i n e a r  
i n c r e a s e ,  was 10 mn i n  Canada, 13 mm 
i n  Maine, 14 mm i n  New Je rsey ,  and 23 
mm i n  N o r t h  C a r o l i n a .  The annual  r a t e  
o f  s h e l l  f o r m a t i o n  was about  t h e  same 
between N o r t h  C a r o l  i n a  and F l o r i d a .  
I n  Casco  Bay, M a i n e ,  20 -  t o  25-mm 
clams i n c r e a s e d  by 13 t o  16 mm i n  one 
y e a r ,  whereas 46- t o  50-mm clams 
i n c r e a s e d  o n l y  5  t o  1 2  mm ( W a l l a c e  
1952) .  The d a i l y  s h e l l  i nc remen t  i s  
about t h e  same d u r i n g  peak g rowth  r e -  
g a r d l e s s  o f  l a t i t u d e  ( A n s e l l  1967b), 
a g a i n  s u g g e s t i n g  t h a t  i t  i s  t h e  l e n g t h  
of  t h e  g row ing  season t h a t  i s  d e c i s i v e  
i n  d e t e r m i n i n g  annual  growth.  

A d u l t  g r o w t h  r a t e  s l o w s  w i t h  
i n c r e a s e  i n  l e n g t h .  Clams of  35- t o  
39-mm l e n g t h  grow about  t h r e e  t i m e s  as 
f a s t  as c l a m s  t h a t  a r e  65 t o  6 9  mm 
( P r a t t  and Campbell 1956).  

Of i n t e r e s t  t o  c lam managers i s  
t h e  t i m e  r e q u i r e d  t o  reach  t h e  minimum 
l e g a l  s i z e ,  wh ich  i n  most s t a t e s  i s  
reached i n  about  3  y e a r s .  I n  Massa- 
c h u s e t t s  h a r d  c lams a r e  about  3.5 
y e a r s  o l d  by t h e  t i m e  t h e y  reach  t h e  
50-mm l e g a l  s i z e .  I n  Rhode I s l a n d  and 
C o n n e c t i c u t ,  where g rowth  i s  f a s t e r ,  
c lams r e a c h  t h e  44-mm l e g a l  s i z e  i n  
about 2.5 y e a r s .  A t  t h e  o p p o s i t e  ex- 
t reme, F l o r i d a  has a  s i z e  l i m i t  o f  56 
mm, and c lams r e a c h  t h i s  s i z e  i n  abou t  
3  y e a r s .  I n  Maine, however, t h e  51-mm 
s i z e  l i m i t  i s  n o t  a t t a i n e d  u n t i l  about  
5  y e a r s .  

ECOLOGICAL ROLE 

Feed ing  H a b i t s  

The a d u l t  h a r d  c lam f e e d s  by f i l -  
t e r i  ng  o u t  p l a n k t o n  and m ic roo rgan isms  
t h a t  a r e  c a r r i e d  a l o n g  t h e  b o t t o m  by 
c u r r e n t s  (Chestnut  1951) .  A n s e l l  
(1967a) suggested t h a t  h a r d  c lams 
depend on p l a n k t o n  abundance b e f o r e  
and d u r i n g  spawning t o  f u r n i s h  s u f f i -  
c i e n t  energy t o  r i p e n  t h e  gonads. I f  
t h e  f o o d  supp ly  i s  i nadequa te ,  spawn- 
i n g  w i l l  n o t  occu r .  Food d e n s i t i e s  o f  
3 0 0  mg/ l  o f  ca rbon  a r e  o p t i m a l  f o r  

f e e d i n g  (Tenore and Uunstan 1973).  

F o o d  and o t h e r  m a t e r i a l s  a r e  
t a k e n  i n  t h r o u g h  t h e  i n c u r r e n t  s iphon.  
T e n t a c l e s  on t h e  s iphon  d e t e c t  exces- 
s i  ve c o n c e n t r a t i o n s  o r  o v e r s i z e d  p a r -  
t i c l e s  i n  t h e  w a t e r  and cause t h e  s i -  
phon t o  c l o s e .  The man t le ,  v i s c e r a l  
mass, and g i l l s  a r e  c i l i a t e d  and sec- 
r e t e  mucus. P a r t i c l e s  b r o u g h t  i n  
t h r o u g h  t h e  i n c u r r e n t  s iphon  a t t a c h  t o  
t h e  mucus. D e p o s i t s  on t h e  g i l l s  a r e  
c o l l e c t e d  by t h e  c i l i a  and c a r r i e d  t o -  
wards t h e  mouth ( K e l l o g g  1903) .  The 
p a l p s  a t  t h e  mouth e n t r a n c e  determine,  
by volume, whether  t h e  p a r t i c l e  mass 
w i l l  b e  i n g e s t e d  o r  r e j e c t e d .  O n l y  
smal l  masses a r e  s e l e c t e d  f o r  d i g e s -  
t i o n .  Complex p a t t e r n s  o f  c i l i a  move- 
ment remove t h e  waste,  c a l l e d  pseudo- 
feces, .from p a l p s  and g i l l s .  Eventu-  
a l l y  a l  1  was te  m a t e r i a l s  a r e  c o l l e c t e d  
on t h e  m a n t l e  and c a r r i e d  t o  t h e  base 
o f  t h e  i n c u r r e n t  s iphon,  a v o i d i n g  t h e  
s t r e a m  o f  i n c o m i n g  s e a w a t e r .  When 
s u f f i c i e n t  waste  has been c o l l e c t e d ,  
t h e  a d d u c t o r  musc le  suddenly  con- 
t r a c t s ,  f o r c i b l y  e j e c t i n g  a  s t ream o f  
w a t e r  c o n t a i n i n g  t h e  was te  mass f r o m  
t h e  i n c u r r e n t  s iphon  ( K e l l o g g  1903).  

P r e d a t i o n  

P r e d a t i o n  i s  t h e  p r i m a r y  n a t u r a l  
c o n t r o l  o f  h a r d  c l a m  p o p u l a t i o n s  ( V i r -  
s t e i n  1977).  It i s  preyed on by f i s h ,  
b i r d s ,  s t a r f i s h ,  c rabs,  and o t h e r  mol-  
l u s k s .  I t s  defenses a r e  b u r r o w i n g  and 
s e t t i n g  among s h e l l s  o r  rocks .  W i t h o u t  
she1 1  o r  r o c k  c o v e r  t h e  j u v e n i l e  h a r d  
c l a m  i s  n e a r l y  e x t e r m i  n a t e d  by preda-  
t o r s .  S u r v i v a l  i n  penned s i t e s  was 94% 
compared  t o  9% i n  an u n p e n n e d  a r e a  
( K r a e u t e r  and Castagna 1980) .  

Crabs a r e  t h e  most s e r i o u s  p red -  
a t o r s  o f  h a r d  c lams.  The c r a b s  c r u s h  
s m a l l e r  c lams w i t h  t h e i r  c laws, b u t  
c h i p  t h e  edges o f  t h e  s h e l l s  o f  l a r g e r  
clams. A r o c k  c r a b  (Cancer i r r u r a t u s )  
may consume 30 s m a l l  c lams/hr ;  a  mud 

sayi), 14  c l a m s / h r  . Mud c r a b s  may be as 
One reason c r a b s  a r e  

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



2 x t r a c t  t h e  c lam f r o m  t h e  sed iment .  
The rock  c rab ,  b l u e  c r a b  ( C a l l  i n e c t e s  
sap i  dus )  , and green c r a b  ( C a r c i  n i  de? -m d i g  up t h e  clams, whereas mud 
c r a b s  b u r y  t h e m s e l v e s  t o  c r u s h  t h e  
c lam i n  p l a c e  (MacKenzie 1977) .  Hard 
c lams g r e a t e r  t h a n  7  mm l o n g  a r e  n o t  
v u l n e r a b l e  t o  mud c r a b s ,  and  c l a m s  
l o n g e r  t h a n  15 mm a r e  n o t  v u l n e r a b l e  
t o  r o c k  c rabs  (MacKenzie 1977).  

M o l l u s c a  a r e  t h e  n e x t  most impor -  
t a n t  p r e d a t o r s .  O y s t e r  d r i  11s ( U r o s a l -  
pinx c i n e r e a  and Eu l e u r a  c a u d a t a )  and 
t h e  moon s n a i l s  h c e s  d u p l i c a t a  
and L u n a t i a  h e r o s )  d r i l l  h o l e s  i n  t h e  
s h e l l  and remove t h e  c l a m ' s  body t i s -  
sues. The whe lks  (Busycon cana l  i c u l  a- 
tum and B. c a r i a )  c h i p  o f f  t h e  o u t e r  
e d g e  o f t h e e l l  t o  make a  h o l e  
t h r o u g h  w h i c h  t h e y  i n s e r t  t h e i r  p r o -  
bosc i ses  and i n g e s t  t h e  c l a m ' s  s o f t  
p a r t s  by a1 t e r n a t e l y  r a s p i n g  and swal -  
l o w i n g  ( C a r r i k e r  1951).  Hard c lams 
a r e  v u l n e r a b l e  t o  o y s t e r  d r i l l s  u n t i l  
20 mm l o n g  and t o  moon sna i  1  s  unt . i  1  50 
mm (MacKenzie 1977).  I n  a d d i t i o n ,  t h e  
a d u l t  h a r d  c lam may d e s t r o y  i t s  own 
l a r v a e  by t a k i n g  them t h r o u g h  i n  t h e  
i n c u r r e n t  s iphon .  

The sea s t a r  ( A s t e r i a s  f o r b e s i  ) 
p u l l s  t h e  v a l v e s  o f  a d u l t s  a p a r t  w i t h  
i t s  t u b e  f e e t  and i n v e r t s  i t s  stomach 
i n t o  t h e  body c a v i t y  (MacKenzie 1979; 
D o e r i n g  1982a).  I f  a  sea s t a r  i s  p r e -  
sen t ,  h a r d  c lams bu ry  deeper ( P r a t t  
and Campbell 1956; D o e r i n g  1982b). 
F i s h .  such as f l o u n d e r .  and w a t e r f o w l  
f e e d s  on l a r v a e  and young  ( B e l d i n g  
1931).  

ENVIRONMENTAL REQUIREMENTS 

Temperature  

Temperature  i s  t h e  most i m p o r t a n t  
f a c t o r  i n  g rowth  and r e p r o d u c t i o n .  The 
h a r v e s t  o f  t h e  h a r d  c lam i n  Maine was 
h i g h l y  c o r r e l a t e d  ( r  = 0.80) t o  t h e  
August  sea t e m p e r a t u r e  2  y e a r s  p re -  
v i o u s l y  ( S u t c l i f f e  e t  a l .  1977) .  Dow 
(1377)  reco rded  a  h i g h  s i g n i f i c a n t  
c o r r e l a t i o n  between mean annual  sea 

t e m p e r a t u r e  a ~ d  p o p u l a t i o n s  o f  a d u l t  
h a r d  clams. 

Spawning o c c u r r e d  o v e r  t h e  range 
22' t o  3U°C median d a i l y  t e m p e r a t u r e  
i n  L i t t l e  Egg Harbor ,  New Je rsey  (Car-  
r i k e r  1961) and 21' t o  25'C i n  Barne- 
ga t  Bay, New J e r s e y  (Kennish and 01 s-  
son 1975) .  Spawning g e n e r a l l y  oc- 
c u r r e d  d u r i n g  p e r i o d s  o f  r i s i n g  tem- 
p e r a t u r e .  

The optimum t e m p e r a t u r e  f o r  l a r -  
vae was 22.5' t o  25'C i n  b r a c k i s h  wa- 
t e r  and 17.5' t o  30°C a t  a  h i g h e r  s a l -  
i n i t y  ( D a v i s  and Ca lab rese  1964).  
C a r r i k e r  (1961)  s t a t e d  t h a t  l a r v a e  
t o l e r a t e d  13' t o  30'C. Lough (1975)  
found t h a t  eggs r e q u i r e d  tempera tu res  
above 7.Z°C, b u t  t h a t  l a r v a - !  s u r v i v a l  
was h i g h e s t  between 19' and 29.b°C. 
Maximum g rowth  o c c u r r e d  a t  22.5' t o  
36.5'C. Embryos and ve l  i g e r  l a r v a e  
deve loped abnorma l l y  and d i e d  a t  15'C 
and 33'C; h inged  1  a rvae  t o 1  e r a t e d  
t h e s e  t e m p e r a t u r e  extremes (Loosanoff  
e t  a l .  1951).  The minimum t e m p e r a t u r e  
f o r  g rowth  when clams were fed naked 
d i n o f l  age1 l a t e s  was 12.5'C, b u t  h i g h e r  
t e m p e r a t u r e s  were needed t.o d i g e s t  
a l g a e  ( D a v i s  and Ca lab rese  1964).  
Thus, t empera tu re ,  s a l i n i t y  and food  
a r e  a1 1  i n t e r r e l a t e d .  

T h e  a d u l t  h a r d  c l a m  t o l e r a t e s  
tempera tu res  f r o m  below f r e e z i n g  t o  
about 35'C. The a d u l t  can s u r v i v e  t o  
-6'C, b u t  d i e s  when 64% o f  t h e  t i s s u e  
w a t e r  has  c h a n g e d  t o  i c e  ( W i l l i a m s  
1 9 7 0 ) .  H a r d . c l a m s  l o c a t e d  i n  b a r s  
e l e v a t e d  above t h e  g r a d i e n t  o f  t h e  mud 
f l a t s  had 100% w i n t e r  m o r t a l i t y ,  p rob -  
a b l y  because o f  f r e e z i n g  (Dow and 
Wa l l  ace 1951) .  Summer tempera tu res  o f  
33" t o  34'C a r e  t o l e r a t e d  (Van Wink le  
e t  a1 . 1976; Mackenz ie  1979).  

S u b l e t h a l  e f f e c t s  o f  t e m p e r a t u r e  
i n c l u d e  1  i t t l e  growth below lU°C 
( P r a t t  and Campbell 1956) .  S h e l l  
g rowth ceases below 8°C ( B e l d i n g  
1931) .  The h a r d  c lam h i b e r n a t e s  a t  
t empera tu res  o f  5' t o  6'C (Loosano f f  
1 9 3 9 ) .  Pump ing  w a t e r  r e q u i r e d  f o r  
f e e d i n g  c e a s e s  b e l o w  6°C and above  



32°C (Hamwi 1968).  The e x t e n s i o n  o f  
t h e  s i p h o n  a l s o  i n d i c a t e s  pumping; t h e  
t e m p e r a t u r e  range f o r  s iphon  e x t e n s i o n  
was 1" t o  34°C (Van  W i n k l e  e t  a l .  
1976).  The l i m i t s  f o r  g rowth  a l s o  may 
depend on t h e  t y p e  o f  food. 

E s t i m a t e s  o f  t h e  o p t  irnum tempera- 
t u r e  f o r  h a r d  c lam g rowth  v a r y  f r o m  
about 23°C ( P r a t t  and Campbell 1956) 
t o  about  20°C ( A n s e l l  1967b).  An o p t i -  
mum mean annual  t e m p e r a t u r e  o f  10°C 
was c i t e d  by Dow (1977) .  O t h e r  b i o l o g -  
i c a l  a c t i v i t i e s  may i n d i c a t e  t h e r m a l  
opt ima.  Hamwi (1968)  found  maximum 
pumping a t  24" t o  26°C. S iphon ex ten -  
s i o n  was g r e a t e s t  i n  t h e  range o f  1 1 ° C  
t o  22°C (VanWinkle e t  a1 . 1976).  There  
were two  op t ima  f o r  s h e l l  c a l c i u m  dep- 
o s i t i o n :  13"  t o  16"C, and 24°C ( S t o r r  
e t  a l .  1982).  The optimum range f o r  
b u r r o w i n g  i s  21" t o  31°C (Savage 
1976).  

Hard c lams a r e  a d v e r s e l y  a f f e c t e d  
by r a p i d  t e m p e r a t u r e  changes. Rap id  
t e m p e r a t u r e  f l u c t u a t i o n s  o f  + 5°C i n  
t h e  d i s c h a r g e  f r o m  a  n u c l e a r  power  
p l a n t  have caused b reaks  i n  she1 1  
g rowth  (Kenni  sh 1976).  Summer g rowth  
was reduced 60% t o  90% i n  h a r d  c lams 
t r a n s p l a n t e d  t o  t h i s  d i s c h a r g e  s i t e .  

S a l i n i t y  

The h a r d  c lam o c c u r s  i n  e n v i r o n -  
ments w i t h  s a l i n i t i e s  r a n 5 i n g  f r o m  
a b o u t  1 0  p p t  t o  a b o u t  35 p p t ,  w i t h  
p o s s i b l e  geograph ic  d i f f e r e n c e .  
B e l d i n g  (1931)  c i t e d  23 t o  32 p p t  as 
t h e  genera l  range o f  t o l e r a n c e .  I n  
We1 1  f 1  e e t  Harbor ,  Massachuset ts ,  s a l -  
i n i t y  ranged f r o m  20 t o  34 p p t  ( C u r l e y  
e t  a l .  1 9 7 2 ) .  The  n o r m a l  r a n g e  o f  
s a l i n i t i e s  g i v e n  by MacKenzie (1979) 
was 15 t o  35 p p t .  I n  South  C a r o l i n a  
h a r d  c lams do n o t  u s u a l l y  o c c u r  below 
1 8  p p t  (Anderson e t  a l .  1978).  Na t -  
u r a l  beds occu r  a t  s a l i n i t i e s  o f  10  t o  
28 p p t  (Loosano f f  1946).  

S a l i n i t y  appears t o  be most 
c r i t i c a l  d u r i n g  t h e  egg and l a r v a l  
,s tages.  The embryos i n  Long I s l a n d  
.Sound deve lop o n l y  i n  t h e  range o f  20 

t o  32 p p t ;  a t  35 p p t  o n l y  10% deve lop-  
ed (Dav is  1958).  V e l i g e r  s u r v i v a l  was 
low d u r i n g  h i g h  r a i n f a l l  ( C a r r i k e r  
1961).  V e l i g e r  g rowth  was b e s t  a t  20 
t o  27 p p t .  Castagna and Chanley (1973)  
s t a t e d  t h a t  1  a rvae  r e q u i  r e d  h i g h e r  
s a l i n i t i e s  t h a n  a d u l t s  and n o t e d  t h a t  
metamorphosis t o  seed c lams d i d  n o t  
o c c u r  below 17.5 t o  20 p p t .  Embryos 
deve loped normal l y  between 20 and 35 
p p t ,  w i t h  an optimum a t  27.5 p p t .  The 
m in imum s a l i n i t y  f o r  l a r v a e  was 1 5  
p p t .  I n  Southampton Water, England, 
young  o c c u r r e d  o n l y  i n  y e a r s  o f  low 
f r e s h w a t e r  i n f l o w  f r o m  t h e  K i v e r  T e s t  
( M i t c h e l l  1974).  

J u v e n i l e s  and a d u l t s  c l o s e  t h e i r  
s h e l l s  d u r i n g  ep i sodes  o f  d i l u t e d  sea- 
w a t e r  and hence t o l e r a t e  low s a l i n i -  
t i e s .  J u v e n i l e s  r e m a i n e d  a l i v e  i n  
f r e s h w a t e r  f o r  22 days i n  t h e  l a b o r a -  
t o r y  (Chanley 1958).  A t  10  p p t  t h e y  
began d y i n g  a t  28 days; a t  1U and 1 5  
p p t  t h e r e  was l i t t l e  f e e d i n g  o r  b u r -  
row ing .  B u r r e l  l (1977) r e p o r t e d  t h a t  
a d u l t  h a r d  c lams exposed t o  s a l i n i t i e s  
as l o w  as 0.3 p p t  i n  t h e  Santee R i v e r  
system, South  C a r o l  i na, s u r v i v e d  f o r  
14 days; l e s s  t h a n  5% d i e d  because o f  
heavy f r e s h w a t e r  r u n o f f .  Pumping i n  
t h e  l a b o r a t o r y  ceased be low 15 p p t  and 
above 40 p p t ,  w i t h  maximum pumping a t  
23 t o  27 p p t  ( H a m i  1968).  The s iphons  
were r a r e l y  ex tended i n  t h e  l a b o r a t o r y  
a t  s a l i n i t i e s  below 17 p p t  and above 
38 p p t  (VanWinkle e t  a l .  1976) .  The 
optimum s a l i n i t y  range f o r  s i p h o n  ex- 
t e n s i o n  was 24 t o  32 p p t .  The s l i g h t -  
l y  d i f f e r e n t  f i n d i n g s  n o t e d  above a r e  
p r o b a b l y  a  r e s u l t  o f  t empera tu re -  
s a l i n i t y  i n t e r a c t i o n s .  D a v i s  and 
Ca lab rese  (1964)  r e p o r t e d  an optimum 
s a l i n i t y  f o r  l a r v a e  o f  27 p p t .  A t  r e -  
duced s a l i n i t i e s ,  e.g. ,  22.5 p p t ,  t h e  
t e m p e r a t u r e  t o 1  e rance  was reduced. 
Lough (1975)  a l s o  measured a  s t r o n g  
i n t e r a c t  i o n  between t e m p e r a t u r e  and 
s a l i n i t y ;  maximum s u r v i v a l  o f  eggs was 
above 28 p p t  and above 7.2"C and o f  
l a r v a e ,  between 21  and 29 p p t  a t  19" 
t o  29.5"C. The l a r v a e  grew b e s t  be- 
t w e e n  21.5 and  3 0  p p t  a t  22.5"  t o  
36.5"C. 



Di sso l  ved Oxygen 

Changes i n  d i s s o l v e d  oxygen do 
no t  a f f e c t  ha rd  clams as much as 
changes i n  temperature and s a l  i n i  t y  . 
A l l  l i f e  s tages t o l e r a t e  n e a r l y  anox ic  
c o n d i t i o n s  f o r  l o n g  per iods ,  bu t  may 
cease growi  ng. Embryos r equ i  r e  on l y  
0.5 mg/l d i s so l ved  oxygen and d i e  on l y  
a t  oxygen l e v e l s  below 0.2 mg/l (Mor- 
r i s o n  1971).  Embryos a t  0.34 mg/l f a i l  
t o  develop t o  t h e  t rochophore  stage. 
L a r v a l  growth i s  n e a r l y  ze ro  a t  such 
low oxygen l e v e l s .  Growth occurs a t  
2.4 mg/l b u t  i s  bes t  a t  4.2 mg/l . 

A d u l t s  have t o l e r a t e d  low oxygen 
i n  t h e  l a b o r a t o r y ,  b u t  metabol ism was 
depressed. The hard  c lam can t o l e r a t e  
l e s s  t han  1 mg/l f o r  3  weeks and s t i l l  
be capable o f  rebur row ing  (Savage 
1 9 7 6 ) .  Growth  i s  s u r p r e s s e d  a t  l ow 
oxygen. Below 5  mg/l , oxygen consump- 
t i on p r o g r e s s i v e l y  d e c l i n e s  and an 
oxygen debt  i s  i n c u r r e d  (Hamwi 1969). 
The oxygen debt  i s  r a p i d l y  r e p a i d  i n  a  
few hours a f t e r  r e t u r n  t o  ae rob i c  con- 
d i t i o n s .  U l t i m a t e l y ,  ha rd  clams suc- 
cumb t o  hypox i  c  environments. Hard 
c l  ams n e a r l y  d isappeared f rom a  eu t r o -  
p h i c  environment near  a  duck r e a r i n g  
area on Long I s l and ,  New York (O1Con- 
ne r  1972). 

Subs t r a t e  

Subs t r a t e  i s  obv i ous l y  impo r t an t  
t o  a  spec ies t h a t  burrows, and numer- 
ous s t ud i es  have shown t h a t  hard  clams 
a r e  a s s o c i a t e d  w i t h  a  sandy b o t t o m  
r a t h e r  t han  a  mud bot tom ( A l l e n  1954; 
Maurer and W a t l i n g  1973; M i t c h e l l  
1974). Water c i r c u l a t i o n  may be t h e  
d e c i s i v e  element i n  t h e  d i s t r i b u t i o n  
o f  hard clams (Greene e t  a l .  1978). 
Because wate r  c u r r e n t s  s o r t  bot tom 
subs t r a t es ,  t he  c o r r e l a t i o n  between 
c u r r e n t s  and bot tom t ype  i s  h igh .  
Wi thou t  a t t emp t i ng  t o  determine 
whether s u b s t r a t e  o r  c u r r e n t  i s  more 
impo r t an t ,  we w i l l  rev iew t h e  r e l a -  
t i o n s h i p s  between each and hard  clam 
d i s t r i b u t i o n .  Even i f  s u b s t r a t e  per  
se i s  n o t  c r i t i c a l ,  i t  does serve  as 
an i ndex  t o  wa te r  cu r ren t s .  

A  s e r i e s  o f  s t ud i es  i n d i c a t e  t h a t  
l a r v a e  p r e f e r  t o  se t  on sand r a t h e r  
t han  mud. Larvae se t  more densely on 
sand t han  on mud (MacKenzie 1979), and 
Keck e t  a l .  (1974) found an assoc ia-  
t i o n  between g r a i n  s i z e  and s e t t i n g ;  
781 s e t  on mud of 0.05-mm d iamete r ,  
whereas 2,083 se t  on sand o f  0.5U mn. 
There was n o t  much d i f f e r e n c e  i n  se t -  
t i n g  between sand g r a i n  s i zes  o f  0.25, 
0.50, 0.71, and 1.00 mm. Larvae d i s -  
c r i m i n a t e d  between sand (0.25 mm) and 
mud (0.05 mm). The h i ghes t  concentra-  
t i o n  o f  seed clams was on s h e l l s  coa t -  
ed w i t h  mud ( C a r r i k e r  1961). The young 
can emerge f rom a  depth o f  sediment a t  
l e a s t  f i v e  t imes  t h e i r  s h e l l  he i gh t .  

Abundance i s  r e l a t e d  t o  s u b s t r a t e  
t ype .  Twice as many hard clams were 
i n  g r a v e l y  s u b s t r a t e  as i n  mud (Bur-  
banck e t  a l .  1956). The biomass of 
clams depended on subs t r a t e :  sand, 
25.52 g/m2; sand w i t h o u t  vege ta t i on ,  324 g/m ; sand w i t h  vege ta t i on ,  11.3 g/m ; 
and sand w i t h  c l ayey  s i l t ,  1.6 g/m2 
( 0 '  Conner 1972). A1 l e e  (1923) , how- 
eve r ,  r e p o r t e d  a  r e l a t i v e  d i s t r i b u t i o n  
o f  hard clams of  14 i n  sand, 19 i n  
mud, 2  i n  g r a v e l ,  1 i n  ee l g rass ,  and 4  
i n  rockweed. Dow (1955) found hard  
clams o n l y  i n  s a n d - c l a y - s i l t ,  and 
s t a t e s  t h a t  i n  t he  No r t h  A t l a n t i c  
r e g i o n  sand s u b s t r a t e  i s  n o t  t h e  usua l  
h a b i t a t  f o r  t h e  hard clam; they  a r e  
more o f t e n  found i n  mud. 

The g r o w t h  o f  t h e  h a r d  c l a m  i s  
r e f l e c t e d  by t h e  s u b s t r a t e  t ype .  Clams 
grew 50% f a s t e r  i n  sand t han  i n  mud 
(Greene 1975). Clams p laced  i n  sand 
grew 24% f a s t e r  t han  t hose  p laced  i n  
mud ( P r a t t  1953). There was a  h i g h  
c o r r e l a t i o n  ( r  = 0.88) between s h e l l  
l e n g t h  and s u b s t r a t e  p a r t i c l e  s i z e  
(Johnson 1977). The d i s t r i b u t i o n  o f  
ha rd  clams has been r e l a t e d  t o  abun- 
dance o f  p a r t i c l e  s i z e  g r e a t e r  t han  2  
mm (Sai  1  a  e t  a1 . 1967). 

Cur ren ts  

Water movement i s  impo r t an t  t o  
a l l  l i f e  stages o f  t h e  hard  clam. Cur- 
r e n t s  t r a n s p o r t  eggs and l a r v a e  and 



b r i n g  food t o  t h e  a d u l t .  

Larvae occur  i n  c u r r e n t s  o f  12 t o  
130 cm/sec ( C a r r i  k e r  1952). C a r r i k e r  
(1961) found lower  d e n s i t i e s  near  t h e  
i n l e t  o f  an es tuary  where t i d a l  ex- 
change was g rea tes t .  The p l a n k t o n i c  
d i s t r i b u t i o n  o f  1  arvae was no t  a f f ec t -  
ed by i n d i v i d u a l  t i d a l  s t a g e s ,  b u t  
summing a1 1  observa t ions  suggested 
g rea tes t  numbers 3  h r  a f t e r  low t i d e  
(Moulton and C o f f i n  1954). 

The growth o f  a d u l t s  i s  c o r r e l a t -  
ed w i t h  t i d a l  c u r r e n t s  (Kerswi 11 1949; 
Hask in  1952; We l l s  1957). Hard clams 
grew b e t t e r  a t  a  v e l o c i t y  of  7.5 
cm/sec t h a n  i n  a  s l u g g i s h  s lough 
(Kerswi 11 1949). Very s t r o n g  cu r ren t s ,  
however, may scour t h e  bot tom and 
reduce h a b i t a t  qua1 i t y  (We1 1  s  1957). 

T u r b i d i t y  

Because hard clams f i l t e r  wa te r  
t o  o b t a i n  food t hey  a l s o  c o l l e c t  o t h e r  
suspended mate r i  a1 . Process ing  t h i s  
m a t e r i a l  r e q u i r e s  energy and c l o g s  t h e  
f i  1  t e r i  ng apparatus ( P r a t t  and Camp- 
b e l l  1956). T u r b i d i t y  can t hus  reduce 
t h e  growth o f  hard clams. The eggs 
and l a r v a e  a re  a l s o  s e n s i t i v e  t o  
t u r b i d i t y  . 

Embryos developed norma l l y  i n  t h e  
presence o f  s i l t  o r  sediment except  a t  
h i gh  concen t ra t i ons  o f  these  suspen- 
s ions  (Davis 1960). Some embryos de- 
veloped norma l l y  w i t h  4  g / l  o f  c l ay ,  
chalk,  o r  F u l l e r ' s  ear th ,  bu t  t h e  num- 
ber  deve lop ing  decreased as t h e  con- 
c e n t r a t i o n  inc reased  above 0.75 g / l  . 
S i l t  above 3  g / l  impeded development. 
Sand had 1  i t t l e  e f f e c t  on eggs except 
f o r  t h e  sma l les t  p a r t i c l e s  a t  t h e  
h i ghes t  concen t ra t i ons  (Davis  and Hidu 
1969). Development was normal a t  2  
g / l  o f  p a r t i c l e  s i zes  between 5  and 50 
um diameter.  

L a r v a e  a r e  more s e n s i t i v e  t o  

t u r b i d i t y  t han  a r e  embryos. N ine ty  
percent  o f  t h e  l a r v a e  d i ed  a t  concen- 
t r a t i o n s  o f  cha lk  above 0.25 g / l  and 
o f  F u l l e r ' s  e a r t h  above 0.5 g / l  (Dav is  
1960). The la rvae ,  however, t o l e r a t e d  
s i l t  o f  4  g / l ,  and i n  f a c t ,  grew 
f a s t e r  i n  low concen t ra t i ons  o f  s i l t  
than d i d  c o n t r o l s  i n  s i l t - f r e e  wa te r .  
Growth was depressed by  0.5-911 c l a y  
(Davis  and H idu  1969).  

L i t t l e  i s  known about t h e  e f f e c t s  
o f  t u r b i d i t y  i n  adu l t s ,  d e s p i t e  t h e  
p o s t u l a t i o n  o f  adverse e f f e c t s  on 
t h e o r e t i c a l  grounds. Menzel (1963) 
mentioned t h a t  h i g h  t u r b i d i t y  i n  
summer may have i n h i b i t e d  growth i n  
F l o r i d a .  P r a t t  and Campbell (1956) 
hypothes ized t h a t  p rocess ing  o f  pa r -  
t i c l e s  accounted f o r  t h e  reduced 
growth t hey  observed i n  muddy hab i -  
t a t s .  A d u l t s  i n  mud e x p e l l e d  pseudo- 
feces 107 t i m e s l h r ;  i n  f i n e  sand, 19 
t i m e s l h r ;  and i n  coarse sand, 7 t imes /  
h r .  Rhoads e t  a1 . (1975) , however, 
b e l i e v e d  t h a t  a  t u r b i d  l a y e r  near  t h e  
bot tom i n  Buzzards Bay, Massachusetts,  
enhanced t he  growth o f  hard clam. The 
l a y e r  p robab ly  con ta ined  d e t r i  t a l  food 
u t i l i z e d  by t h e  clams. 

H a b i t a t  A l t e r a t i o n  

Dredging may reduce popu la t i ons  
o f  ha rd  clams. Hard clams i n  t h e  pa th  
o f  a  dredged channel though a  lagoon 
on Long I s l and ,  New York were des t r oy -  
ed (Kaplan e t  a l .  1974). Hard clams 
t h a t  were n o t  d i r e c t l y  d i s t u r b e d  and 
were f u r t h e r  t han  400 m f rom t h e  
dredge s i t e  were una f fec ted .  Commer- 
c i a l  clammers i n  t h i s  area r epo r t ed  no 
n o t i c e a b l e  r e d u c t i o n  i n  harves t  t h e  
f o l l o w i n g  yea r ,  whereas s c i e n t i s t s  
found a  s i g n i f i c a n t  r e d u c t i o n  i n  
s t a n d i n g  c r o p .  I n  Boca C i e g a  Bay, 
F l o r i d a ,  t h e  hard  clam popu la t i on  
f a i l e d  t o  r e t u r n  t o  p rev i ous  pop- 
u l a t i o n  l e v e l  a f t e r  d redg ing  (Tay l o r  
and Soloman 1968). 
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and e n v i r o n m e n t a l  r e q u i r e m e n t s  o f  c o a s t a l  a q u a t i c  s p e c i e s .  They a r e  d e s i g n e d  t o  a s s i s t  i n  ' 
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s e v e r a l  days. Even t h e  l a r v a e  t o l e r a t e  0 . 5  mg/ l  o f  oxygen. 
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