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PREFACE 

Th is  species p r o f i l e  i s  one o f  a  s e r i e s  on coas ta l  aqua t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  s p o r t ,  commercial, o r  e c o l o g i c a l  importance. The p r o f i l e s  
a r e  designed t o  p rov i de  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive ske tch  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 envi ronmenta l  
requi rements o f  t h e  species and t o  desc r i be  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  env i ronmenta l  changes caused by coas ta l  development. Each 
p r o f i l e  has sec t i ons  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 ,  env i ronmenta l  
requi rements,  and economic impor tance,  i f  appl  i c a b l e .  A t h r e e - r i n g  b i nde 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 hey  a r e  prepared. 
Th i s  p r o j e c t  i s  j o i n t l y  p lanned and f inanced by t h e  U. S. Army Corps of Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice.  

Users o f  t h i s  species p r o f i l e  should no te  t h a t  a  H a b i t a t  S u i t a b i l i t y  Index 
(HSI) model i s  a v a i l a b l e  f o r  t h e  hard  clam. HSI models a r e  designed t o  produce 
a numer ica l  index  o f  t h e  r e l a t i v e  va lue  o f  a  g i ven  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 .  Those i n t e r e s t e d  i n  o b t a i n i n g  cop ies  o f  t h e  model r e p o r t  should 
c o n t a c t  t h e  S e r v i c e ' s  Na t i ona l  Wetlands Research Center and request :  

Mul ho l  land ,  R. 1984. H a b i t a t  s u i t a b i l i t y  index  models: hard clam. U. S. F i s h  
W i  1  d l .  Serv. FWS/OBS-82.77. 2 1  pp. 

Suggest ions o r  ques t ions  rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t h e  f o l l o w i n g  addresses. 
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Na t i ona l  Coasta l  Ecosystems Team 
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S l i d e l l ,  LA 70458 

U.S. Army Engineer Waterways Experiment S t a t i o n  
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Post  O f f i c e  Box 631  
Vicksburg,  MS 39180 



C O N V E R S I O N  TABLE 

M e t r i c  t o  U. S. Customary 

m i l l i m e t e r s  (mm) 
c e n t i m e t e r s  (cm) 
meters  (m) 
meters  (m) 
k i l o m e t e r s  (km) 
k i l o m e t e r s  (km) 

square  me te rs  ( m 2 )  
square  k i l o m e t e r s  (km2) 
hec ta res  (ha )  

l i t e r s  (1 )  
c u b i c  meters  (m3) 
c u b i c  me te rs  (m3) 

m i l l i g r a m s  (mg) 
grams ( g )  
k i  lograms ( kg )  
m e t r i c  t o n s  ( t )  
m e t r i c  t o n s  ( t )  

k i l o c a l o r i e s  ( k c a l )  
C e l s i u s  degrees (OC) 

i nches  
i nches  
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  ( m i )  
n a u t i c a l  m i l e s  (nmi )  

square  f e e t  ( f t2 )  
square  m i l e s  ( m i 2 )  
ac res  

g a l l o n s  ( g a l )  
c u b i c  f e e t  ( f t 3 )  
a c r e - f e e t  

ounces ( o z )  
ounces (oz )  
pounds ( l b )  
pounds ( l b )  
s h o r t  t o n s  ( t o n )  

B r i t i s h  t he rma l  u n i t s  ( B t u )  
F a h r e n h e i t  degrees (OF) 

U.S. Customary t o  M e t r i c  

25.40 
2 .54  
0 .3048 
1 .829  
1 .609  
1.852 

To O b t a i n  

i nches 
i nches  
f e e t  
fa thoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i l e s  

square  f e e t  
square  m i l e s  
ac res  

g a l  1 ons 
c u b i c  f e e t  
a c r e - f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  t o n s  

B r i t i s h  t he rma l  u n i t s  
F a h r e n h e i t  degrees 

m i l l i m e t e r s  
c e n t i m e t e r s  
me te rs  
me te rs  
k i l o m e t e r s  
k i  1  ometers 

square  meters  
square  k i l o m e t e r s  
h e c t a r e s  

1  i t e r s  
c u b i c  me te rs  
c u b i c  me te rs  

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  t o n s  
m e t r i c  t o n s  

k i l o c a l o r i e s  
C e l s i u s  degrees 
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F igu re  1. Hard clam, Mercenaria mercenaria. 

HARD CLAM 

.......... S c i e n t i f i c  name.. .Mercenaria - 

mercenaria (Linnaeus 1758). I n i -  
t i a l l y  known under t he  European genus 
Venus, i t  was recognized t o  be suf- 
f i c i e n t l y  d i f f e r e n t  and reassigned 
t o  t h e  gener ic  name Mercenaria 
( F r i  zze l  1 1936; We1 1 s 1957a). Venus 
mercenaria was i n c o r r e c t l y  used f o r  
M. mercenaria up t o  t h e  mid-1960s. 

P re fe r red  common name.. .. .Hard clam i n  
t h e  Southern Un i t ed  S ta tes  (F igure  
1)  and quahog i n  t he  Nor thern  Un i t ed  
States.  

. Other common names.. .Hard she1 1 clam, 
hard-she1 l e d  clam, quohog, quahaug, 
cher rys tone clam, 1 i t t l e - n e c k  clam, 
chowders, round clam ......... Class.. .B iva l  v i a  (Pelecypoda) 

Order.. ............. .Eulamel 1 i b ranch ia  ................... Suborder Heterodonta 
Fami ly  ....................... Veneridae 

Geographic range: Mercenaria mercen- 
a r i a  i s  d i s t r i b u t e d  f rom t h e  G u l f  of 
St. Lawrence, Canada, t o  Texas 
(Abbot t  1974). I t  has a l s o  been 
successfu l  l y  t r ansp lan ted  t o  Cal i- 
f o r n i a  (Loosanof f  and Davis  1963; 
Crane e t  a l .  1975) and Europe 
(Mar te i  1 1956; Heppel 1 1961 ; Anse l l  
1964a). It i s  abundant f rom V i r -  
g i n i a  t o  Massachusetts and suppor ts  
i s o l a t e d  breeding communities above 
Cape Cod (Turner  1953). Hard clams 
occur  throughout  t h e  South A t l a n t i c  
r e g i o n  (F igu re  2) i n  e s t u a r i e s  f rom 
the  i n t e r t i d a l  zone t o  a depth o f  15 
m o r  more ( P o r t e r  1974; Fox and 
Ruppert 1985). M. mercenaria 
texana, t h e  o n l y  suFspecies recog- 
n i zed  by Abbot t  (1974), extends 
south from Cape Canaveral , F l o r i d a ,  
on t h e  A t l a n t i c  coast  and west f rom 
Northwest F lo r i da ,  on t he  G u l f  o f  
Mexico coas t  t o  Texas and no r the rn  



NORTH CAROLINA 

head City/Beaufort 

SOUTH CAROLINA 

Coastal distribution 

M I L E S  

KILOMETERS 

A TL A N TIC OCEAN 

Figure 2. D i s t r i b u t i o n  o f  hard clams i n  the  South A t l a n t i c ,  showing major clam 
f i s h i n g  p o r t s  i n  North Caro l ina ,  South Carol ina,  Georgia, and F l o r i d a .  



Mexico (Abbo t t  1974). The M. 
mercenaria no ta ta  "form," which 
Abbot t  ( 1 9 7 4 ) d o e s n o t  recognize as 
a subspecies, occurs sympat r i ca l  l y  
w i t h  hard clams. The more conserva- 
t i v e  c l a s s i f i c a t i o n  o f  Abbot t  (1974) 
i s  f o l l owed  here. The ve ry  s i m i l a r  
species M. campechiensis extends 
f rom cape-~ay ,  New Jersey  ( M e r r i  11 
and Ropes 1967), south t o  F l o r i d a  
and Mexico (Abbot t  1974). The d i s -  
t r i b u t i o n s  o f  M. mercenar ia  and 
M. campechiens is  over lap ;  however, - 
M. campechiensis i s  u s u a l l y  i n  - 
deeper, more s a l i n e  areas, e.g. , 
o f f s h o r e  o f  b a r r i e r  i s l a n d s .  I n t e r -  
grades o f  t he  two species occur  i n  
sha l low wate r  south o f  I n d i a n  R iver ,  
F l o r i d a .  

MORPHOLOGY AND IDENTIFICATION AIDS 

Hard clams undergo l a r v a l  deve l -  
opment and a s e r i e s  o f  morphologica l  
changes i n  t h e i r  l i f e  cyc l e .  Charac- 
t e r i s t i c s  o f  e a r l y  1 i f e  h i s t o r y  stages 
o f  hard  clams a re  presented i n  t h e  
LIFE HISTORY sec t ion .  The f o l l o w i n g  
i n f o rma t i on  on t h e  morphology o f  t h e  
a d u l t  was summarized p r i m a r i l y  f rom 
P ie r ce  (1950),  Gosner (1971),  and 
Abbot t  (1974).  

The s h e l l  o f  t h e  hard  clam i s  
composed o f  two equa l - s i ze  va lves  w i t h  
an o v a t e - t r i g o n a l  shape. Valves a r e  
j o i n e d  d o r s a l l y  by a dark  brown 
e x t e r n a l  1 igament. Swel l  i ngs  o r  umbos 
occur  on e i t h e r  s i d e  o f  t h e  l igament .  
Conspicuous c o n c e n t r i c  l i n e s  o f  growth 
extend o u t  f rom t h e  umbo on each va l ve  
(F i gu re  I ) .  Ven t ra l  and a n t e r i o r  t o  
t h e  umbo l i e s  a heart-shaped con f i gu -  
r a t i o n  c a l l e d  a lunu le .  The e x t e r i o r  
s h e l l  i s  fawn co lo red  o r  o f f - w h i t e  and 
has a ve ry  t h i n  per iost racum. S h e l l s  
o f  t h e  fo rm n o t a t a  a r e  marked w i t h  
brown, z igzag  m o t t l  ings.  Chanley 
(1959) r epo r t ed  t h e  no ta ta  markings t o  
be i n h e r i t e d  i n  a s imple Mendel ian 
manner. 

I n t e r i o r  s h e l l  c o l o r  i s  w h i t e  o r  
p a l e  y e l l o w  w i t h  n o t i c e a b l e  p u r p l e  

markings near t h e  s h e l l  margin. A 
prominent  adductor  muscle sca r  i s  near  
each end of each va lve.  The scars  a r e  
connected by t h e  d i s t i n c t  p a l l i a l  
l i n e ,  which i s  p a r a l l e l  t o  t h e  s h e l l  
margin. The p a l l i a l  l i n e  forms a 
t r i a n g u l a r  o r  p a l l i a l  s i nus  a t  one 
end o f  t h e  va lve.  Opposite t h e  p a l -  
l i a l  l i n e  and a n t e r i o r  t o  t h e  l i gament  
a r e  i n t e r n a l  c a r d i n a l  t ee th .  

The hard  clam has two s h o r t  s i -  
phons fused a t  t he  base; t h e  i n h a l e n t  
s iphon i s  v e n t r a l  t o  t h e  exha len t  s i -  
phon and f r i n g e d  w i t h  smal l  t en tac l es .  
Ends o f  b o t h  siphons a r e  pigmented, 
b u t  c o l o r  v a r i e s  f rom opaque w h i t e  o r  
cream c o l o r  t o  da rk  brown o r  b lack .  
The f o o t  i s  l a r g e  and somewhat 
hatchet-shaped. Mant le  lobes, which 
cover  t h e  s o f t  p a r t s  o f  t h e  clam, a r e  
separate a l ong  t h e  a n t e r i o r  and ven- 
t r a l  edges o f  t h e  s h e l l ,  where t h e  
l obe  borders a r e  th ickened and a t -  
tached a l ong  t h e  p a l l i a l  l i n e .  The 
lobes  o f  t h e  mant le  edge a r e  fused  a t  
two p o i n t s  t o  fo rm t h e  siphons. D i s -  
s e c t i o n  guides a r e  a v a i l a b l e  f o r  t h e  
hard clam (e.g., P i e r ce  1950; Sherman 
and Sherman 1976). Shuster  (1969) 
a1 so developed a t h r e e - p l y  represen-  
t a t i o n  of t h e  hard clam so t h a t  sec- 
t i o n s  o f  t h e  i n n e r  and o u t e r  su r faces  
o f  t h e  s h e l l ,  mant le,  and v i s c e r a l  
mass can be c u t  o u t  o f  a pamphlet and 
assembled t o  form a sequence o f  
s t r u c t u r e s  encountered when t h e  ha rd  
clam i s  d issec ted .  

REASONS FOR INCLUSION I N  SERIES 

Hard clams suppor t  an impo r tan t  
commercial f i s h e r y  a long  t h e  A t l a n t i c  
coas t  o f  t h e  Un i t ed  S ta tes .  Among t h e  
species o f  clams harvested i n  t h e  
Un i t ed  States,  hard clams y i e l d  t h e  
h i ghes t  d o l l a r  va lue,  and a r e  exceeded 
o n l y  by s u r f  clams, Sp i su la  s o l i d i s -  
sima, and ocean quahogs, A r c t i c a  is- 
l a n d i c a ,  i n  k i log rams o f  meats har -  
vesteb (Tab le  1 ) .  Less than  10% of 



Table 1. Commercial c lam land ings  i n  1984 (U.S. Department o f  Commerce 1985). 

Species Landings (meats) 
1,000 kg % 

Ex-vessel va lue  
$1,000 % 

Hard clam 6,704 11.10 49,849 42.79 

S u r f  c lam 31,929 52.85 34,334 29.47 

S o f t s h e l l  c lam 3,600 5.95 19,842 17.04 

Ocean quahog 17,642 29.20 11,829 10.15 

Other  545 0.90 637 0.55 

T o t a l  60,420 100.00 116,491 100.00 

t h e  t o t a l  U.S. commercial ha rves t  r e -  
s u l  t s  f rom aquacul ture,  though t he  po- 
t e n t i a l  f o r  aquacu l tu re  i n  t h e  Un i t ed  
S ta tes  i s  h i g h  (Manzi 1985). Recrea- 
t i o n a l  harves ts  o f  hard clams a r e  
impor tan t ;  thousands o f  persons p a r t i -  
c i p a t e  i n  t h e  South A t l a n t i c  reg ion .  
However, no s c i e n t i f i c a l l y  de r i ved  
es t imates  a r e  c u r r e n t l y  a v a i l a b l e  f o r  
r e c r e a t i o n a l  ha rves t  o f  hard  clams 
from t h i s  reg ion .  The es t imated  rec -  
r e a t i o n a l  ha rves t  i n  Great  South Bay, 
New York, was 4,796 bushels  o r  1.42% 
o f  t h e  r e p o r t e d  commercial summer har -  
v e s t  (Fox 1981). The hard clam i s  a 
d e l i c a c y  o f  cons iderab le  n u t r i t i o n a l  
value; i t  i s  low i n  c a l o r i e s  b u t  h i gh  
i n  p r o t e i n  and e s s e n t i a l  m ine ra l s  such 
as i o d i n e  and i r o n  ( M i l l e r  e t  a l .  
1975). 

Hard clams occur  e x t e n s i v e l y  i n  
e s t u a r i n e  systems throughout  t h e  
reg ion ,  and because o f  t h e i r  d i s t r i b u -  
t i o n ,  t hey  may be exposed t o  a myr iad  
o f  env i  ronmental impacts. Because 
ha rd  clams have a s e n s i t i v e  p l a n k t o n i c  
l a r v a l  s tage  ( C a r r i k e r  1961) and a r e  
l o n g - l i v e d  s e s s i l e  organisms as a d u l t s  
(Chestnut  1951; Lu tz  and Haskin 1984), 
t hey  appear t o  be p a r t i c u l a r l y  vu l ne r -  
a b l e  t o  t he  e f f e c t s  o f  p o l l u t i o n  and 
coas ta l  development. 

LIFE HISTORY 

Spawning 

Mercenar ia  mercenar ia  e x h i b i t s  
consecu t i ve  he rma~h rod i t i sm ,  qo inq  
through a j u v e n i l e  ' o r  p r e a d u l t  sexuai  
phase when i t  i s  a few months o l d  and 
6-7 mm i n  s h e l l  l e n g t h  (Loosanof f  
1936, 1937a). A1 though i t  f u n c t i o n s  
mos t l y  as a male d u r i n g  t h i s  j u v e n i l e  
sexual phase, c l o s e  examinat ion o f  t h e  
gonad r e v e a l s  bo th  male and female sex 
c e l l s .  These sex c e l l s  a re  d i f f e r e n t i -  
ated, b u t  because o f  con t inued  p r o l i f -  
e r a t i o n  of t h e  spermatogonia, t h e  
gonad acqu i res  a predominate ly  male 
cha rac te r .  Hard clams i n  t h i s  phase 
can d ischarge  sperm and f u n c t i o n  as 
males (Coe 1943a). Hard clams go 
through a sex change a f t e r  t h e  juven-  
i l e  sexual phase and can f u n c t i o n  o n l y  
as males o r  females. Loosanoff (1936, 
1937a) es tab l i shed  t h a t  sex chanqe i n  
M. mercenar ia  was protandrous,  o r m a l e  - 
t o  female. Da l ton  and Menzel (1983) 
found t h a t  M. campechiensis and i t s  M: 
mercenaria h y b r i d s  e x h i b i t e d  p ro tan-  
d r i c  sexual development s i m i l a r  t o  
t h a t  o f  M. mercenaria.  

Everso le  (1986),  us i ng  da ta  from 
va r i ous  l i t e r a t u r e  sources, c a l c u l a t e d  



an approximate s h e l l  l e n g t h  o f  33 mm 
a t  which - M. mercenar ia  reaches sexual 
m a t u r i t y .  S ize  a t  m a t u r i t y  tends t o  
be sma l l e r  i n  males than  i n  females 
(Everso le  e t  a l .  1980). Growth r a t e  
o f  young hard clams appears t o  be an 
impo r tan t  f a c t o r  i n  de te rmin ing  e a r l y  
sexual m a t u r i t y ;  f as te r -g row ing  clams 
a t t a i n  sexual m a t u r i t y  a t  an age o f  
o n l y  1 yea r  i n  some l o c a l i t i e s  (Ever-  
s o l e  e t  a l .  1980) and 2 years  i n  
o the rs  (B r i ce1  j and Malouf  1980). 
Evidence f rom s t u d i e s  on t h e  hard clam 
co r robo ra te  t h e  hypo thes is  advanced by 
Quayle and Bourne (1972) t h a t  sexual 

m a t u r i t y  i n  clam species appears t o  be 
more a f u n c t i o n  o f  s i z e  than  o f  age. 

The gametogenic and spawning 
c y c l e  o f  t h e  hard  clam i n  No r th  Amer- 
i c a  v a r i e s  w i t h  l a t i t u d e  (Tab le  2 ) .  
Popu la t ions  i n Connec t i cu t  (Loosanof f  
1937b), New York (Kassner and Malouf  
1982) and Delaware Bay (Keck e t  a l .  
1975) have an annual gametogenic 
cyc l e .  Gametogenic a c t i v i t y  and t h e  
p e r i o d  o f  r i peness  i n  popu la t ions  
occur  e a r l i e r  i n  t h e  yea r  i n  Delaware 
Bay than  i n  Connec t i cu t  and New York 
(Tab le  2), Popu la t ions  i n  more south-  

Table 2. Spawning t imes and temperatures ( a t  t h e  f i r s t  ma jo r  spawning peak) o f  
popu la t i ons  o f  Mercenaria mercenar ia  i n  Nor th  America, based on h i s t o l o g i c a l  
ev idence o f  gametogenic a c t i v i t y  and gamete re lease .  'The s o l  i d  1  i nes  show 
pe r i ods  o f  peak spawning. 

Loca t i on  
Temp. Months 
("C) J F M A M J J A S O N D  Sources 

Char les I s l a n d ,  23-25 
Conn. 

G r .  S o u t h B a y , N . ~ . ~  20 

G r .  South Bay, N.Yaa 20 

Delaware Bay, De. 25-27 

Core Sound, N.C. 27-30 

N. Santee Bay, S.C. 2  0 

C l a r k  Sound, S.C. 20-23 

Wassaw Sound, Ga. 22-26 

A1 1 i g a t o r  Harbor,  16-20 
~ 1 a . b  

Loosanof f  1937b 

Kassner and 
Ma1 o u f  1982 

Keck e t  a l .  
1975 

P o r t e r  1964 

Manzi e t  a l .  
1985 

Eversole e t  
a l .  1980 

P l  i n e  1984 

Da l t on  and 
Menzel 1983 

a 
Observat ion a t  same l o c a l i t y  i n  d i f f e r e n t  years.  

b~pawn ing  c y c l e  o f  young male clams l e s s  than  2 years  o l d .  
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e r l y  l a t i t u d e s  con t i nue  t h e  t r e n d  o f  
e a r l i e r  and extended per iods  o f  game- 
togenes is  u n t i l  a  second developmental 
and spawning p e r i o d  becomes poss ib l e .  
P o r t e r  (1964) observed two pe r i ods  o f  
gametogenic a c t i v i t y  i n  Nor th  Caro- 
l i n a :  a  major  redevelopment p e r i o d  i n  
e a r l y  s p r i n g  a f t e r  t he  f a l l  spawning 
peak and a  second minor  redevelopment 
p e r i o d  a f t e r  a  June spawning (Tab le  
2 ) .  Two separate gametogenic cyc l es  
were observed i n  hard  clam popu la t i ons  
f rom South Ca ro l i na  (Everso le  e t  a l .  
1980; Manzi e t  a l .  1985) and Georgia 
( P I  i n e  1984). Hard clams t r ansp lan ted  
f rom no r t he rn  l a t i t u d e s  t o  southern 
l a t i t u d e s  had a  gametogenic c y c l e  
s i m i l a r  t o  t h a t  observed i n  n a t i v e  
clams (Da l t on  and Menzel 1983). The 
t r e n d  o f  a l t e r i n g  gametogenic a c t i v i t y  
toward a  bimodal p a t t e r n  i n  t he  more 
s o u t h e r l y  l a t i t u d e s  appears t o  be 
l i n k e d  t o  wate r  temperature (Loosanoff 
1937b). 

The spawning c y c l e  o f  t h e  hard  
clam p a r a l l e l s  i t s  gametogenic cyc le ,  
v a r y i n g  w i t h  l a t i t u d e .  L i k e  t he  game- 
t ogen i c  cyc l e ,  t h e  t ime o f  spawning 
appears c l o s e l y  r e l a t e d  t o  water  tem- 
pe ra tu re  (Loosanof f  1937a; C a r r i k e r  
1961; Anse l l  e t  a l .  1964; Keck e t  a l .  
1975). Temperature has been cons ider -  
ed t h e  most impor tan t  f a c t o r  i n  spawn- 
i n g  because a  c e r t a i n  degree o f  gonad 
r ipeness  must be achieved be fo re  t he  
clams can respond t o  a  s p e c i f i c  spawn- 
i n g  s t i m u l i .  Hard clams can be a r t i -  
f i c i a l  l y  cond i t i oned  t o  develop r i p e  
gonads f o r  e a r l y  spawning by g r a d u a l l y  
i nc reas ing  wate r  temperature t o  about 
20 "C, and p r o v i d i n g  food (Loosanof f  
and Davis  1950). S i m i l a r l y ,  they  can 
be induced t o  spawn by r a p i d l y  
i n c r e a s i n g  wate r  temperature f rom 
20-22 "C t o  26-28 "C and then  decreas- 
i n g  i t  t o  20-22 "C, o ve r  a  30-min 
c y c l e  (Loosanof f  and Davis  1963; Cas- 
tagna and Kraeu te r  1981). Other  f a c -  
t o r s  such as t h e  presence o f  food 
(Breese and Robinson 1981), sperm i n -  
f us i ons  (Loosanof f  and Davis  1963), 
and weak i n j e c t i o n s  o f  se ro ton in  (Gi  b- 
bons and Castagna 1985) t r i g g e r  hard 
clams t o  spawn. 

P o r t e r  (1964) suggested t h a t  d i f -  
ferences i n  spawning temperatures o f  
hard  clams were express ions o f  r a c i a l  
d i f f e r e n c e s  o r  phenotyp ic  responses t o  
env i ronmenta l  f a c t o r s  (Tab le  2 ) .  Keck 
e t  a l .  (1975) observed t h a t  gonad 
developmental pa t t e rns  f o r  clams i n  
Delaware were i n t e rmed ia te  between 
those f o r  clams i n  Long I s l a n d  Sound 
and i n  No r th  Caro l ina ,  and thereby  
p rov ided  evidence t h a t  d i f f e r e n t  
p h y s i o l o g i c a l  races e x i s t  i n  these 
t h r e e  areas. 

Fecund i ty  and Eggs 

Est imates o f  f e c u n d i t y  o f  t h e  
hard clam vary. Be ld i ng  (1931) r e -  
po r t ed  t h a t  hard  clams averaging 63.5 
mn i n  s h e l l  l e n g t h  produced about 2  
m i l l i o n  eggs i n  a  spawning season. 
B r i ce1  j and Ma1 o u f  (1980) observed 
induced spawning i n  hard  clams o f  
s i m i l a r  s i z e s  t o  produce an average o f  
6.3 m i l l i o n  eggs over  a  spawning 
season. These f e c u n d i t y  es t imates  a re  
lower  than  t h e  average fecund i  t i e s  
(about  25 m i l l i o n  eggs) r epo r t ed  by 
Davis  and Chanley (1956).  Some of t h e  
d isc repanc ies  i n  these es t imates  may 
be exp la i ned  by d i f f e r e n c e s  i n  clam 
s i z e  and cond i t i on .  Anse l l  and 
Loosmore (1963) de tec ted  a  d i r e c t  r e -  
l a t i o n s h i p  between c o n d i t i o n  and 
spawning p o t e n t i a l  i n  t h e  hard clam. 
B r i c e l j  and Malouf  (1980) found a  gen- 
e r a l  t r e n d  o f  i nc reas ing  f e c u n d i t y  as 
s h e l l  s i z e  increased, some 15%-25% o f  
t he  var iance  i n  t o t a l  f e c u n d i t y  be ing  
accounted f o r  by d i f f e r e n c e s  i n  s h e l l  
l eng th .  T o t a l  f e c u n d i t y  v a r i e d  
s i g n i f i c a n t l y  among t h e  t h r e e  comner- 
c i a 1  s i zes  o f  hard clams; number of 
eggs spawned were about equal i n  clams 
36.5-41.3 and >41.3 mm s h e l l  l eng th ,  
and g r e a t e r  than  t h e  number spawned by  
clams 25.4-36.5 mm long  ( B r i c e l j  and 
Malouf  1980). Other  measures o f  r e l a -  
t i v e  f e c u n d i t y  (e.g., gonadal-somatic 
i n d i c e s )  v a r i e d  s i g n i f i c a n t l y  w i t h  
she1 1  l e n g t h  (Peterson 1983; Everso le  
e t  a l .  1984). 

Spawning clams re l ease  eggs 
through t h e  exha len t  siphon. The 



average d iameter  o f  t h e  newly d i s -  
charged eggs i s  70-73 pm (Loosanof f  
and Davis  1963). The eggs a r e  su r -  
rounded by a  g e l a t i n o u s  envelope about 
25 pm t h i c k  which swe l l s  a f t e r  con tac t  
w i t h  wate r  t o  a  t h i ckness  o f  95 pm, 
r e s u l t i n g  i n  a  t o t a l  d iameter  o f  about  
270 pm ( C a r r i k e r  1961). B r i c e l j  and 
Malouf  (1980) observed t h a t  clams i n -  
duced t o  spawn roduced a  wide range 
o f  egg s i zes  f50-97 pm), and t h a t  
smal l  eggs were most abundant l a t e  i n  
t he  spawning season. S u r v i v a l  was 
much h i g h e r  i n  l a r g e  eggs c u l t u r e d  i n  
t he  l a b o r a t o r y  than  s m a l l e r  ones 
(Kraeu te r  e t  a l .  1982). The g e l a t i n -  
ous envelope p rov ides  buoyancy and 
enables wate r  c u r r e n t s  t o  c a r r y  eggs. 
F e r t i l i z a t i o n  occurs i n  t he  water  
a f t e r  a c t i v e l y  swimming sperm come 
i n t o  con tac t  w i t h  and pene t ra te  t he  
ge la t i nous  envelope. To i n s u r e  f e r t i -  
l i z a t i o n ,  numerous sperm must be 
a v a i l a b l e .  B r i ce1  j and Ma lou f  (1980) 
c a l c u l a t e d  an optimum r a t i o  of 1,800 
sperm t o  1 egg f o r  success fu l  f e r t i l  i- 
z a t i o n  under c u l t u r e  c o n d i t i o n s  and i t  
i s  l i k e l y  t h a t  h i ghe r  gamete r a t i o s  
a re  r equ i r ed  i n  na tu re .  

F e r t i  1  i z e d  eggs develop r a p i d l y ;  
c leavage begins w i t h i n  30 min a t  27-30 
"C and a f t e r  about 10 h  a  c i l i a t e d  
g a s t r u l a  can be seen sp inn ing  w i t h i n  
t he  ge la t i nous  envelope (Be ld i ng  
1931). Continuous bea t i ng  o f  t h e  c i l i a  
t e a r s  t he  sur round ing  envelope, per-  
m i t t i n g  t h e  embryo t o  escape. The 
embryo immediate ly  changes f rom a  
sphere t o  a  pear-shaped fo rm c a l l e d  a  
trochophore, which i s  a  nonshel l e d  
p l a n k t o n i c  stage ( C a r r i  ke r  1961). 

Larvae 

The hard clam has two nonshe l led  
l a r v a l  stages, t rochophore and e a r l y  
v e l  i g e r  ( C a r r i  k e r  1961). Dur ing  these 
two l a r v a l  stages, the  s h e l l  g land  and 
mouth develop and f eed ing  begins. 
Both nonshe l led  l a r v a l  stages p rope l  
themselves w i t h  a  c i l i a t e d  velum 
(Loosanof f  and Davis  1950). A t  about  
1 day o f  age, t he  organism e n t e r s  t he  

f i r s t  s h e l l e d  l a r v a l  stage, c a l l e d  a  
s t r a i gh t -h i nged  v e l i g e r ,  o r  sometimes 
the  prodissoconch I stage; i t  has a  
smooth s h e l l  sec re ted  by  t he  s h e l l  
g land  (Eys te r  and Morse 1984). Valves 
o f  t h i s  s h e l l  range f rom 90 t o  140 pm 
i n  l e n g t h  and a re  s l i g h t l y  asymmetric 
( C a r r i k e r  1961). A f t e r  about  3  days, 
t he  second s h e l l e d  l a r v a l  s tage - t h e  
umboned v e l  i g e r  o r  prodissoconch I1 
stage - begins. M inu te  s t r i a e  appear 
on t h e  s h e l l  sur face,  and a  smooth a r c  
appears near t h e  h inge  l i n e  a t  t he  
p o i n t  where t h e  umbo forms ( C a r r i k e r  
1961). Age and s h e l l  l e n g t h  o f  um- 
boned v e l i g e r s  a r e  3-20 days and 140- 
220 pm ( C a r r i k e r  1961). The velum i s  
w e l l  developed i n  b o t h  stages, en- 
a b l i n g  t h e  v e l i g e r s  t o  swim w e l l  
enough t o  move 7-8 cm/min (M i l e i kovsky  
1973) and ma in ta i n  themselves i n  the  
water  column. V e r t i c a l  d i s t r i b u t i o n  
o f  t h e  l a r v a e  i n  t h e  wate r  column i s  
u n i f o r m  a t  n i g h t  and concent ra ted  
about  1 m below t he  sur face  d u r i n g  t h e  
day - p o s s i b l y  t o  keep l a r v a e  away 
from bottom-dwel 1  i ng preda to rs  ( C a r r i  - 
k e r  1952). Larvae may be s t imu la ted  
t o  r i s e  i n  t h e  wate r  column by t u rbu -  
lence  r e s u l t i n g  f rom water  c u r r e n t s  
and waves ( C a r r i  k e r  1961). The h o r i  - 
z o n t a l  d i s t r i b u t i o n  o f  l a r v a e  i s  
patchy and i s  i n f l u e n c e d  by wate r  
movement and t he  temporal aspec t  o f  
spawning ( C a r r i  k e r  1961). Dur ing  t h e  
spawning seasons, l a r v a l  hard  clams 
a r e  impo r tan t  members o f  t he  zooplank- 
t o n  community, reach ing  d e n s i t i e s  
t h a t  exceed -500 l a r v a e j l  ( C a r r i k e r  
1961). 

'The n e x t  stage, near t h e  end o f  
p l a n k t o n i c  l i f e ,  i s  t h e  p e d i v e l i g e r .  
A t  sometime a f t e r  they  a re  6-20 days 
o l d  and 170-220 pm long, clams develop 
a  s t r ong  c i l i a t e d  f o o t ,  b u t  m a i n t a i n  
use o f  t h e  velum ( C a r r i  k e r  1954, 
1961). The presence o f  bo th  o f  these 
locomotor organs a l l o w s  t h e  clam t o  
c raw l ,  examine t he  subs t ra te ,  and swim 
t o  ano ther  area. The p e d i v e l i g e r  
s tage te rmina tes  when t he  velum i s  
l o s t  and t h e  clam takes up a  b e n t h i c  
ex is tence ;  locomot ion i s  then  l i m i t e d  
t o  c raw l i ng .  



P l a n t i g r a d e  (Dissoconch) Stages 

I n i t i a l l y ,  t h e  ped i ve l  i g e r  meta- 
morphoses i n t o  a  byssa l  p l a n t i g r a d e  
t h a t  a t taches  t o  t h e  subs t r a t e  by 
means o f  a  byssus ( C a r r i k e r  1961). 
When l a r v a e  s e t t l e ,  t hey  a re  commonly 
c a l l e d  spa t  and t h e  s tage i s  r e f e r r e d  
t o  as t he  s e t t i n g  o r  s p a t t i n g  s tage.  
Byssal  p l a n t i g r a d e s  a r e  a c t i v e  d u r i n g  
t h i s  pe r i od ,  b reak i ng  byssa l  a t t a c h -  
ments and c r a w l i n g  on o r  v e r y  c l ose  t o  
t h e  s u b s t r a t e  su r f ace  t o  o t h e r  a t t a c h -  
ment s i t e s .  C h a r a c t e r i s t i c s  o f  t h i s  
s tage  a r e  a  we l l -deve loped  f o o t  w i t h  a  
byssus g land  (Be ld i ng  1912), t h e  
a c t i v e  development o f  s iphons and 
f u s i o n  o f  t h e  mant le ,  and t h e  deposi -  
t i o n  of conspicuous c o n c e n t r i c  shel  1  
r i d g e s  ( C a r r i  k e r  1961). The byssa l  
p l a n t i g r a d e  develops i n t o  t h e  j u v e n i l e  
p l a n t i g r a d e  s tage a t  a  s h e l l  l e n g t h  o f  
about  7-9 mm ( B e l d i n g  1912; C a r r i k e r  
1961). The f o o t  shor tens  and t h e  
byssus g l and  becomes non func t i ona l .  
J u v e n i l e  p l a n t i g r a d e s  m a i n t a i n  c o n t a c t  
w i t h  wa te r  by means o f  two comple te ly  
developed siphons, and h o l d  t h e i r  po- 
s i t i o n  i n  t h e  s u b s t r a t e  w i t h  a  s t o u t  
hatchet-shaped f o o t .  Movement de- 
creases a.s t h e  clam grows, i t s  s iphons 
e longa te ,  and i t  burrows deeper 
i n  t h e  subs t r a t e .  

The hard  clam shows g regar ious  
s e t t i n g  behav io r  (Keck e t  a l .  1972). 
Clams o f t e n  s e t  a l ong  edges o f  sand- 
bars  o r  channel s  where d i f f e r e n t i a l  s  
i n  wa te r  c u r r e n t  occur  ( C a r r i k e r  
1959). Concen t ra t ions  o f  clams i n  
these areas may be more o f  a  mechani- 
c a l  s o r t i n g  process than  t h e  s e l e c t i o n  
of a  s i t e  (Moul ton and C o f f i n  1954; 
C a r r i k e r  1959).  Keck e t  a l .  (1974) 
demonstrated i n  l a b o r a t o r y  s t u d i e s  
t h a t  clams p r e f e r r e d  sand as a  s e t t i n g  
s u b s t r a t e  r a t h e r  than  mud. They 
hypothes ized t h a t  t h e  o rgan i c  m a t t e r  
( w i t h  i t s  assoc i a t ed  b a c t e r i a )  was 
r e s p o n s i b l e  f o r  reduced s e t t i n g  i n  t h e  
mud subs t r a t e .  Sand subs t r a t es  
t r e a t e d  w i t h  clam l i q u o r  r e s u l t e d  i n  
h i g h e r  s e t s  t han  sand d i d  w i t h o u t  
l i q u o r  (Keck e t  a l .  1974). Presence 
of a  pheromone on an a p p r o p r i a t e  sub- 

s t r a t e ,  p o s s i b l y  r e l eased  by e a r l y  
s e t t i n g  la rvae ,  may p r o v i d e  t h e  neces- 
sa ry  cue f o r  m e t a k r p h o s i n g  l a r v a  t o  
s e t  nearby and l ead  t o  t h e  aggregated 
d i s t r i b u t i o n  o f  clams. 

P reda t i on  i s  an impo r t an t  f a c t o r  
i n  i n f l u e n c i n g  t h e  d e n s i t y  and d i s t r i -  
b u t i o n  o f  clams. Heavy se t s  ~f clams 
(e.g., 125/m2) a r e  o f t e n  reduced t o  
n e g l i g i b l e  q u a n t i t i e s  i n  areas w i t h o u t  
p r o t e c t i o n  f rom p reda to r s  ( C a r r i k e r  
1959, 1961).  Bottoms w i t h  shel  1  and 
s u b t i d a l  grasses appear t o  have b e t t e r  
c o n d i t i o n s  f o r  spa t  s u r v i v a l  than  un- 
s t r u c t u r e d  bottoms - p robab l y  because 
these bottoms o f f e r  some p r o t e c t i o n  
f rom p reda to r s ,  o r  because fewer  
p reda to r s  a r e  p resen t  (Kerswi  11 1941; 
We1 1  s  1957b; MacKenzie 1977; Peterson 
1982). Exper imenta l  areas w i t h  c a l  i c o  
s c a l l o p  s h e l l s  had s i g n i f i c a n t l y  
g r e a t e r  numbers o f  j u v e n i l e  ha rd  clams 
than  c o n t r o l  areas (Parker  1975).  Ex- 
pe r imen ta l  e x c l u s i o n  o f  p reda to r s  by 
caging i l l u s t r a t e d  t h a t  i n  unvegetated 
areas s u r v i v a l  was h i g h e r  i n  t h e  
absence of p r e d a t i o n  (Pe te rson  1982). 
The use o f  crushed stone, pens, and 
t r a p s  t o  p r o t e c t  clams f rom p reda to r s  
and reduce t h e i r  impact  on clam mar i -  
c u l t u r e  has been s u c c e s s f u l l y  demon- 
s t r a t e d  by Castagna and Kraeu te r  
(1977) and Kraeu te r  and Castagna 
( 1980). 

A d u l t s  

Hard clams l i v e  i n  t h e  subs t r a t e  
w i t h  t he  l o n g  s h e l l  a x i s  25-45" f rom 
v e r t i c a l  (S tan l ey  1970). Mean depths 
of clams average 2 cm i n  sand and 1 cm 
i n  mud ( P r a t t  and Campbell 1956); 
sma l l e r  clams burrow deeper than  l a r g e  
clams (S tan l ey  1970).  I have n o t i c e d  
t h a t  ve r y  l a r g e  clams l i e  on t h e i r  
s i d e  a t  t h e  su r f ace  o f  f i r m  subs t r a t es  
such as o y s t e r  bars .  H o r i z o n t a l  move- 
ment o f  a d u l t  clams i s  l i m i t e d  and t h e  
d i s t ance  t r a v e l e d  i s  genera l  l y  c o r r e -  
l a t e d  w i t h  t h e  s i z e  o f  clams, t h e  
sma l l e r  clams be ing  t h e  more a c t i v e  
(Chestnut  1952). Juven i  l e  clams seem- 
i n g l y  a r e  a b l e  t o  change t h e i r  h a b i t a t  



o r  c o r r e c t  f o r  d isp lacement  caused by 
d is tu rbances  (e.g., wave a c t i o n ) .  The 
ha rd  clam i s  a  moderate ly  r a p i d  
burrower  (S tan l ey  1970) and can gener- 
a l l y  escape f rom a  15-50 cm b u r i a l  
w i t h  n a t i v e  sediment (Kranz 1974). 
V e r t i c a l  movement o f  approx imate ly  44 
cm/h has been recorded (Kranz 1974).  
B u r i a l  i n  sediment d i f f e r e n t  f rom 
n a t i v e  sediment (e.g., spo i l age  f rom 
dredg ing)  r a d i c a l l y  d im in i shes  t h e  
c l am ' s  a b i l i t y  t o  escape. 

The s p a t i a l  d i s t r i b u t i o n  o f  ha rd  
clams i s  aggregated and exp la i ned  by a  
nega t i ve  b inomia l  d i s t r i b u t i o n  ( S a i l a  
and Gaucher 1966; Anderson e t  a l .  
1978).  Clams a l s o  occur  a t  h i g h e r  
d e n s i t i e s  i n  c e r t a i n  bo t tom types. 
D e n s i t i e s  a r e  h i g h e s t  i n  sandy bottoms 
c o n t a i n i n g  shel  1  ( P r a t t  1953; We1 1  s  
1957b; Anderson e t  a l .  1978; Walker e t  
a l .  1980; Walker and Rawson 1985). 
The clams a r e  i ! s u a l l y  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  zones o f  es tu -  
a r i e s  and p r o t e c t e d  bays a t  depths 
l e s s  than  4  m  (Godwin 1967, 1968b; 
Anderson e t  a l .  1978; Walker and 
Rawson 1985). Hard clams i n  t h e  South 
A t l a n t i c  r e g i o n  occur  i n  beds a long  
t h e  o u t e r  edges o f  h i g h l y  s a l i n e  
bodies o f  wa te r  (Godwin 1968b; Walker 
e t  a1 . 1980). Unl i ke hard  clam popu- 
l a t i o n s  i n  n o r t h e r n  l o c a t i o n s ,  clams 
a re  abundant ( d e n s i t i e s  up t o  101/m2) 
i n  sma l l  t i d a l  c reeks,  e s p e c i a l l y  
those  w i t h  a  prominent  o y s t e r  b a r  a t  
t h e  mouth (Walker  e t  a1 . 1980). 

GROWTH CHARACTERISTICS 

R e l a t i o n  o f  shel  1  h e i g h t  
( do r so - ven t r a l  a x i s ) ,  s h e l l  w i d t h  
( l a t e r a l  a x i s ) ,  and t h e  cube r o o t  o f  
c lam we igh t  t o  s h e l l  l e n g t h  
( a n t e r i o r - p o s t e r i o r  a x i s )  i s  1  inear ;  
thus,  t h e r e  a r e  no changes i n  p ropor -  
t i o n s  w i t h  growth (Hask in  1950). 
She l l  growth o f  ha rd  clams i s  g r e a t e r  
i n  t h e  f i r s t  y e a r  a f t e r  metamorphosis 
than  i n  succeeding yea rs  (Hask in  1950, 
1952; Menzel 1963).  The average 
l e n g t h  o f  ha rd  clam seed, 3  mm l o n g  

when p l a n t e d  i n  A l l i g a t o r  Harbor,  
F l o r i d a ,  was 28.1 mm a f t e r  t h e  f i r s t  
y e a r  of  growth, 49.6 mm a f t e r  t h e  
second, and 61.5 mm a f t e r  t h e  t h i r d  
(Menzel 1963). Month ly  she l  1  l e n g t h  
increments averaged 2.47, 1.42 and 
1.08 mm f o r  t h e  f i r s t ,  second, and 
t h i r d  yea rs  of growth, r e s p e c t i  y e l y  
(Menzel 1963).  I n  South Ca ro l i na ,  
i nc rementa l  growth dec l  i n e d  s i m i l a r l y  
i n  hard  clam seed p l a n t e d  a t  a  g r e a t e r  
s h e l l  l e n g t h  (13 mm) ove r  a  3-year  
exper imenta l  p e r i o d  ( E l d r i d g e  e t  a l .  
1979). Decreased inc rementa l  growth 
w i t h  inc reased  s h e l l  l e n g t h  has been 
observed i n  t h e  hard  clam th roughou t  
i t s  range (e.g., Be ld i ng  1931; 
Chestnut  1952; Gustafson 1955; P r a t t  
and Campbell 1956; Crane e t  a1 . 1975). 
Growth of ha rd  clams a l s o  appears t o  
decrease w i t h  i n c r e a s i n g  age (Everso le  
e t  a l .  1986). O lde r  and s lower  grow- 
i n g  clams t h i c k e n  a t  t h e  marg in  o f  t h e  
s h e l l  and become b l u n t  as p rog ress i ve -  
l y  more ca l c i um  i s  depos i t ed  ( B e l d i n g  
1931). L i t t l e  inc rementa l  she l  1  
growth can be de tec ted  i n  these o l d e r  
clams, which a re  r e f e r r e d  t o  as 
b l u n t s .  When two clams about  3  yea rs  
o l d  and 49 and 58 mm l ong  were marked 
w i t h  a  f i l e  between t h e  years  1947 and 
1951 and c o l l e c t e d  a l i v e  i n  1980, t hey  
were o n l y  87 and 99 mm l o n g  ( Lu t z  and 
Hask in  1984). Annual growth i n  l e n g t h  
had t hus  averaged about  17.8 mm f o r  
t h e  f i r s t  3  yea rs  o f  l i f e  and 1.3 mm 
the rea f t e r .  Es t imated  ages o f  36 and 
33 years  f o r  these two clams a r e  t h e  
o l d e s t  r e p o r t e d  f o r  t h e  ha rd  clam 
(Lu t z  and Hask in  1984). 

Hard clams l onge r  than  80 mm a r e  
common i n  u n e x p l o i t e d  popu la t i ons  such 
as t h a t  i n  Wassaw Sound, Georg ia ,  
where about 50% o f  t h e  clams were r e -  
p o r t e d  t o  be >80 mm (Walker e t  a l .  
1980). Wa l fo rd  p l o t s  f o r  ha rd  clams 
grown i n  t h e  York R i ve r ,  V i r g i n i a ,  and 
C l a r k  Sound, South Ca ro l i na ,  p r e d i c t e d  
t h a t  clams would cease growing a t  
l eng ths  o f  80 and 70 mm, r e s p e c t i v e l y  
(Loesch and Haven 1973; Ng e t  a l .  
1982). These es t imates  o f  asympto t i c  
s i z e s  a r e  n o t  v a l i d  everywhere because 






















































