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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 coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spor t ,  commercial, o r  e c o l o g i c a l  importance. The p r o f i l e s  
are designed t o  p rov ide  coasta 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 sketch 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 environmental 
requirements o f  t h e  species and t o  descr ibe  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i f e  h i  s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h r e e - r i n g  b inde 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 they  are  prepared. 
Th i s  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U. S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Service. 

Suggestions o r  quest ions regard 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. 

I n fo rma t ion  T rans fe r  S p e c i a l i s t  
Nat iona l  Wet1 ands Research Center 
U. S. F i s h  and W i l d l i f e  Serv ice  
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t ten t i on :  WESER-C 
Post  O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

Metric t o  U .S. Listornary 

Mu1 t i p l y  & To Obtain 

mil 1 iineters ( m m )  
centimeters (an) 
meters (m) 
ki 1 ometers ( km)  

2 
square meters ( m  ) 10.76 
square ki 1 ometers ( k m 2 )  0.3861 
hectares  (ha )  2.471 

f i t e r s  ( 1 )  
cubic ineters ( m 3 )  
cubic ~neters  

inches 
inches 
f e e t  
mil es 

square f e e t  
square miles 
acres 

gal 1 ons 
cubic f e e t  
acre- f e e t  

mil 1 ijrams (mg) 0.00003527 ounces 
g r a m  ( g )  0.03527 ounces 
kilograms (kg)  2.205 pounds 
metric tons ( t )  2205.0 pounds 
metric tons 1. l o ?  shor t  tons 
ki 1 ocal or ies  ( kcal ) 3.965 Br i t i sh  thermal un i t s  

Celsius degrees 1.8("C) + 32 Fahrenhei t degrees 

U.S. Customary to  Metric 

inches 25.40 
inches 2.54 
f e e t  ( f  t )  0.3048 
fathoms 1.829 
miles (mi) 1.609 
nautical miles ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square miles (mi ) 

gal 1 ons ( gal ) 
cubic f e e t  ( f t 3 )  
acre-fee t  

mil 1 imeters 
centimeters 
 meters 
meters 
kilometers 
ki 1 oaeters  

square meters 
hectares 
square kilometers 

3.785 1 i t e r s  
0.02831 cubic meters 

1233.0 cubic meters 

ounces (02)  25.35 
pounds ( l b )  0.4536 
shor t  tons ( t o n )  0.9072 
Bri t i sh  thermal uni ts  ( B t u )  0.2520 

grams 
ki l  ograrns 
metric tons 
ki 1 ocal o r i e s  

Fahrenheit degrees 0.5556(OF - 32) Celsius degrees 
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6 to 12 hours 

Figure  1. L i f e  cyc le  o f  t he  s o f t s h e l l  clam ( a f t e r  Anonymous 1983). 

SOFTSHELL CLAM 

S c i e n t i f i c  name.. ..... .Mya arena r ia  L. 
. . . . .  Pre fer red  common name S o f t s h e l l  

clam (F igure  1) 
Other common names ..... Steamer (New 

England), 1  ong clam, gaper (Gosner 
1978) ; long-neck clam ( L i g h t  1967) ; 
manni nose (Chesapeake Bay 
(Pf  i tzenmeyer 1972) 

Class.. ....................... B i v a l v i a  
Order. ............... Eulamel 1  i b r a n c h i a  
Fami ly  ........................ Myacidae 

Geographic range: a1 ong t h e  A t l a n t i c  
coas t  from t h e  Subarc t ic  t o  Cape 
Hat te ras ,  l e s s  commonly t o  South 
Carol i na (F igure  2) ; in t roduced on 
t h e  west coas t  from Alaska t o  San 
Francisco (Pf  i tzenmeyer 1972; Lucy 
1976). 

The s o f t s h e l l  clam has a  t h i n ,  
gray o r  chalky-whi te,  egg-shaped s h e l l  
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Figure  2. M i d - A t l a n t i c  coast  d i s t r i b u t i o n  o f  s o f t s h e l l  clams. Th i s  species i s  
found the  e n t i r e  l eng th  o f  t he  m i d - A t l a n t i c  r e g i o n  i n  bays and sounds, t o  a  depth 
o f  about 9 m, i n  a  minimum s a l i n i t y  o f  5 p p t  (Gosner 1978). 

2 



t h a t  gapes a t  both ends (Morris 1973; 
Gosner 1978). The b r i t t l e  s h e l l  
averages 75-100 mm in  length ,  but 
sometimes reaches 150 mm. The valve 
surface  i s  roughened and covered with 
a dark brown periostracum. The hinge 
o f  t h e  l e f t  valve has an e r e c t ,  
spoon- 1 i  ke too th ,  the  chondrophore, 
which supports t h e  res i l ium;  t h e  r i g h t  
valve has a corresponding heart-shaped 
p i t  (Gosner 1978). The siphons a r e  
fused in to  a r i g i d  siphonal process 
t h a t  i s  too large  t o  be completely 
withdrawn i n t o  the  she l l  and i s  
capable of g rea t  e l  ongation (Purchon 
1977). 

REASON FOR INCLUSION IN SERIES 

The s o f t s h e l l  clam supplies the  
t h i r d  most important commercial clam 
f i shery  i n  the  United S ta tes .  Meats 
of t h i s  species  averaged 12% by 
volume, and 20% by value, of the  
commercial harvest  from 1965 t o  1975 
(Ri tchie  1976). In 1984, commercial 
landings t o t a l l e d  7.9 mil l ion l b  and 
were valued a t  $19.8 mil 1 ion. Maine 
landings were 5.2 mill ion l b ,  
Massachusetts had 1 .4  mil l ion Ib,  and 
Maryland had 931,000 l b ;  the  Maryland 
f igure  represents a decrease from 1 . 9  
mil 1 ion l b  in  1983. The 5-year 
average (1979-1983) f o r  t h e  e a s t  coast  
f i she ry  was 8 . 4  mill ion l b  (Thompson 
1985). 

Overfi shing can d r a s t i c a l  l y  
reduce the  value of clam beds (see  
a1 so "Fisher ies") .  Because of i t s  
near-shore h a b i t a t ,  t h i s  val uabl e 
resource i s  e a s i l y  endangered by 
pol 1 ution (see  a1 so "Environmental 
Requirements and To1 erances").  
Maricul t u r e  e f f o r t s  have been 
unsuccessful (Ri t c h i e  1976). 

Red t i d e s  causing PSP seldom occur 
south of Cape Cod (Hanks 1963; Ritchie 
1976). 

LIFE HISTORY 

Reproductive Physiology and Stra tegy 

Sof tshel l  clams a r e  dioecious 
and nonprotandrous (Brousseau 1978a). 
Shaw (1965) found no hermaphrodites in  
a sample of more than 800 clams; Lucy 
(1976) found 2 i n  a  sample of 2,400. 
The sex r a t i o  of clams 25-95 mm long 
was 1:l (Brousseau 1978a); Lucy (1976) 
a1 so reported a 1: 1 sex r a t i o  i n  adu l t  
clams. 

Brousseau (1978a) found t h a t  
female body s i z e  and oocyte production 
were corre la ted.  Females l e s s  than 40 
mm long were never gravid. Brousseau 
reported t h a t  a 60 mm female produced 
a mean of about 120,000 oocytes during 
a s i n g l e  breeding season (two spawning 
periods) a t  Gloucester, Massachusetts; 
t h i s  would make a l i f e t ime  production 
of about 1 .5  mi 1 1 ion oocytes. 

Reproductive processes f o r  both 
ma1 e s  and females have been described 
as  " inac t ive , "  "ac t ive , "  " r ipe , "  
" p a r t i a l  l y  spawned," and "spent" 
(Ropes and Stickney 1965; Shaw 1965). 
Brousseau (1978a) preferred t o  divide 
the  developmental sequence i n t o  
"act ive"  and " inact ive"  stages.  Her 
ac t ive  s t age  included developing (= 
ac t ive  of Ropes and Stickney),  r i p e ,  
and p a r t i a l l y  spawned phases; the  
inac t ive  s tage included spent and 
i n d i f f e r e n t  (= inac t ive  of Ropes and 
Stickney).  C r i t e r i a  f o r  determining 
each phase corresponded t o  those of 
e a r l i e r  authors. 

Spawning 
During red t i d e s  caused by 

Gonyaul ax tamarensi s  , para ly t i c  
she1 l f i s h  poisoning (PSP) may r e s u l t  
from consumption ;f s o f t s h e l i  clams. 
The organisms do not harm the  clams, 
but r e s u l t  in  temporary loss  of the  
f i shery  because they endanger humans. 

There a re  two cycles of gonadal 
development per year in both male and 
female s o f t s h e l l  clams in  Chesapeake 
Bay (Shaw 1965; Lucy 1976). These 
gonadal cycles r e s u l t  in  two spawning 
periods. These a r e  mid-March through 



May and mid-October through November 
i n  the  Chesapeake Bay i n  V i r g i n i a  
(Lucy 1976). P f  i tzenmeyer (1965) 
described two per iods  o f  spawning i n  
the  Chesapeake Bay i n  Maryland, t he  
f i r s t  i n  May-June and the  second i n  
September-October. 

Spawning depends upon water 
temperature; t he re fo re  i t s  t i m i n g  
va r ies  w i t h  l a t i t u d e .  Spr ing spawning 
i n  Chesapeake Bay occurs when the  
water temperature reaches 10 O C  and 
may cont inue a t  water temperatures up 
t o  20 OC;  autumn spawning occurs when 
water temperature has f a l l e n  from the 
summer h igh o f  25 O C  t o  20 O C  (Lucy 
1976). 

According t o  Brousseau (1978a), 
temperature i s  more impor tant  i n  
t i m i n g  gonadal development than i n  
t r i g g e r i n g  re lease o f  gametes. She 
found t h a t  a t  G l  oucester, 
Massachusetts, spawning occurred a t  a 
sur face (1 m) water temperature o f  4-6 
O C  i n  March-Apri l  , b u t  a t  15-18 O C  i n  
June-July. 

Lucy (1976) noted t h a t  r a p i d  
changes i n  water temperature i n  sp r ing  
may be det r imenta l  t o  gamete 
development. I t takes about 60 days 
f o r  the  water t o  f a l l  from the  maximum 
summer temperature t o  the  autumn 
spawning temperature; t h e  t ime from 
minimum w i n t e r  temperature t o  the  
sp r ing  spawning temperature may be as 
l i t t l e  as 40-42 days. Lucy recorded 
t h a t  18%-23% o f  s o f t s h e l l  clams 
spawned i n  the  sp r ing  when water 
temperature rose over a 62-day per iod ;  
on l y  2%-4% spawned when spawning 
temperature was achieved i n  40 days. 
Shaw (1965) a l so  repor ted a sp r ing  
spawning f a i  1 ure  i n  Chesapeake Bay, 
a1 though he was n o t  ab le  t o  determine 
the  1 i m i  t i n g  f a c t o r .  

Larvae 

The f e r t i l i z e d  egg takes about 
12 h t o  develop i n t o  the  p lank ton ic  

trochophore l a r v a  i n  c o l d  New England 
waters, and probably l e s s  i n  the  
warmer waters o f  t he  m id -A t lan t i c  
Region (Hanks 1963). Th is  top-shaped, 
c i l i a t e d  l a r v a  feeds on suspended 
p a r t i c l e s .  W i t h i n  t h e  next  24-36 h 
the  trochophore develops i n t o  the  
v e l i g e r  l a rva ,  which has two 
calcareous valves. Th is  stage remains 
suspended i n  the  water column by means 
o f  a c i l i a t e d  velum and d r i f t s  i n  
es tua r ine  and ocean cu r ren ts  feeding 
on phytoplankton. Vel i g e r s  are  
impor tant  food f o r  t he  l a rvae  o f  a 
number o f  f i s h  species. I n  samples 
c o l l e c t e d  a t  water depths o f  1-17 m 
o f f  t he  coast  o f  Maine, t he  dens i t y  o f  
v e l i g e r s  was as h i g h  as 1,000 
1 arvae/m3 (Anonymous 1983). 

The v e l i g e r  stage l a s t s  f o r  2-6 
weeks, depending on water temperature. 
The mean p e r i o d  t h a t  l a rvae  spend i n  
the  water column before  s e t t i n g  i s  
sho r te r  du r ing  the  sp r ing  spawning (4  
weeks) than du r ing  the  autumn (6 
weeks) i n  Chesapeake Bay. The r a t e  o f  
l a r v a l  development i s  f a s t e r  i n  sp r ing  
because the  water temperature i s  a t  
t he  warmer end o f  t he  spawning 
temperature range (Lucy 1976). 

Juveni 1 es 

When the  v e l i g e r  reaches a l eng th  
of about 200 pm, i t s  she1 1 th ickens,  a 
muscular f o o t  replaces the  velum, and 
a byssal g land develops (Hanks 1973; 
Perk ins 1974; Lucy 1976). Th is  l a t e  
v e l i g e r  ( the  " s e t t i n g  stage") s e t t l e s  
t o  the  subst ra te  t o  become a j u v e n i l e  
clam. A byssus ( s t i c k y  thread) i s  
secreted t o  anchor t h e  young clam t o  
t h e  subst ra te .  Th is  may be r e t a i n e d  
u n t i l  t he  clam i s  7 mm l ong  (Perk ins 
1974). Adu l t  h a b i t s  a re  s low ly  
acquired, and bysal  l y  at tached young 
tempora r i l y  r e t a i n  an a c t i v e  f o o t  f o r  
1 ocomotion (Green 1975). A1 though 
u s u a l l y  at tached t o  the  subst ra te  by 
the  byssus, t he  j u v e n i l e  clam i s  ab le  



t o  move and a t t a c h  i t s e l f  i n  a more 
favorab le  l o c a t i o n  (Hanks 1963). 

Eventua l ly  t h e  byssus i s  shed and 
the  a d u l t  l i f e s t y l e  adopted: t h e  
young clam burrows and becomes seden- 
t a r y .  The f i n a l  s e t t l i n g  l o c a t i o n  i s  
u s u a l l y  a sandy bottom w i t h  l e s s  than 
50% s i l t .  Very young s o f t s h e l l  clams 
apparent ly  cannot t o l e r a t e  h i g h l y  
s i l t e d  subst ra tes  (Pfi tzenmeyer 1972). 
It took  35 days f o r  a clam t o  grow t o  
2 mm and an a d d i t i o n a l  95 days t o  
reach 12 mm a t  Gloucester ,  
Massachusetts (Brousseau 1978a). 

Clams up t o  12 mm move about 
cons iderab ly  over t h e  subst ra te ,  and 
o n l y  burrow down 1-2 cm. Th is  exposes 
them t o  wave ac t i on ,  and they  a re  
moved shoreward and concentrated a t  
t h e  break i n  t h e  beach p r o f i l e  where 
t h e  s lope increases suddenly. The 
observed clumped d i s t r i b u t i o n  o f  
j uven i  1 e clams i s  t he re fo re ,  accord ing  
t o  Lucy (1976), p r i m a r i l y  due t o  
hydrodynamics , r a t h e r  than p reda t i on  
o r  o the r  f a c t o r s .  

Young s o f t s h e l l  clams may achieve 
a l eng th  o f  30 mm by the  f i r s t  w i n t e r  
(Perk i  ns 1974). Andrews (1970) 
repo r ted  t h a t  i t  takes 18 months from 
s e t t i n g  t o  steamer s i z e  i n  Chesapeake 
Bay; according t o  Hanks (1963), t h e  
acceptable commercial s i z e  o f  5 cm i s  
achieved i n  1.5-2 years  i n  t h e  same 
area. 

Adul ts  

M a t u r i t y  may be achieved i n  5 
years,  and clams may reach 15 cm a t  an 
age o f  8 years. The l i f e s p a n  has been 
g iven as 10-12 years  o r ,  r a r e l y ,  as 
many as 19 years (Perk ins 1974; 
Brousseau 1978a). However, i n t e r n a l  
she1 1 growth 1 i nes  i n d i c a t e  a 1 i f espan  
o f  as many as 28 years (MacDonald and 
Thomas 1980). 

Adu l t  s o f t s h e l l  clams i n h a b i t  
sandy, sand-mud, o r  sandy-clay bottoms 

o f  bays and i n l e t s .  Dens i ty  i s  
u s u a l l y  s i x  t o  e i g h t  clams pe r  square 
f o o t ;  i t  i s  h ighes t  a t  depths o f  3-4 
m, temperatures l e s s  than 28 O C  and 
s a l i n i t i e s  no t  l e s s  than 4-5 p p t  
( P f i  tzenmeyer and Drobeck 1963; Lucy 
1976). A d u l t  clams burrow as f a r  as 
30 cm i n t o  t h e  sediment, b u t  t h e  
s iphonal  process extends t o  t h e  
sediment sur face (Kennedy and Mihursky 
1971). 

COMMERCIAL AND SPORT FISHERIES 

F i s h e r i e s  

The s o f t s h e l l  clam i s  a va luab le  
commercial species (see a1 so "Reason 
f o r  I n c l u s i o n  i n  Ser ies" )  and i s  a l s o  
harvested r e c r e a t i o n a l  l y  i n  New 
England. It i s  a popu lar  de l i cacy  
when f r i e d ,  steamed i n  b ro th ,  o r  baked 
i n  f i r e  p i t s  under seaweed (Hanks 
1963; Lucy 1976). 

S o f t s h e l l  clams have been 
harvested commercial ly by hand on t h e  
t i d a l  f l a t s  o f  New England s ince t h e  
mid-1800's. The f i r s t  commercial 
f i s h e r y  began w i t h  a demand f o r  s a l t e d  
clams t o  be used as b a i t  by cod 
f ishermen on the  Grand Bank; more 
l a t e l y ,  f r esh ,  f rozen,  and canned 
clams have been an impor tan t  consumer 
i t e m  (Hanks 1963). The h y d r a u l i c  
esca la to r  dredge, which e f f i c i e n t l y  
harves ts  s u b t i d a l  clams, was i n t r o -  
duced i n  1951 ( R i t c h i e  1976). Th is  
a1 1 owed commercial ha rves t i ng  i n  t h e  
Chesapeake Bay, and the  Maryland 
f i shery began t o  devel op r a p i d l y ,  
reach ing  a peak o f  7.9 m i l l i o n  1b i n  
1969 (Lucy 1976; R i t c h i e  1976). A 
commerci a1 f i s h e r y  never developed i n  
V i r g i n i a  because t h e  b e s t  clam beds 
a re  i n  o y s t e r  areas; oystermen c l a i m  
t h a t  t h e  esca la to r  dredge s i l t s  over 
t h e  oys te rs  (Lucy 1976). 

The New England beds were 
overharvested i n  t h e  l a t e  19401s, and 
dec l i ned  from 15 m i l l i o n  1b i n  1940 t o  



2 m i l l i o n  1b i n  1958 (Lucy 1976; 
R i t c h i e  1976). The dec l i ne  i s  a l so  
p a r t l y  a t t r i b u t e d  t o  p reda t i on  by 
crabs (Hanks 1963). Between 1956 and 
1970 the  Maryland ca tch  exceeded t h a t  
of New England, b u t  i n  1970 and 1971 
the  Maryland beds a l s o  showed s igns o f  
o v e r f i s h i  ng ( R i  t c h i e  1976; Lucy 1976). 
I n  June 1972 T rop i ca l  Storm Agnes 
decimated t h e  Maryland clam beds (see 
a1 so "Temperature" and "Sal i n i  ty l l )  ; 
m o r t a l i t y  was as h igh  as 90% i n  some 
upper bay areas (Lucy 1976). A 
successful spawn i n  t h e  autumn l e d  t o  
r a p i d  recovery; however, Maryland 
c losed i t s  beds i n  1973 because o f  
h igh  l e v e l  s  o f  b a c t e r i a  (Chesapeake 
Research Consortium, Inc .  1976). I n  
1975 Maryland landed 1 m i l l i o n  l b ;  New 
England harvested 7.5 m i  11 i o n  1  b. 

I n  the  Maryland Chesapeake Bay 
acceptable commercial s i z e  f o r  
s o f t s h e l l  clams i s  5 1  mm (Hanks 1963), 
and t h e  maximum a l lowab le  ca tch  i s  40 
bu pe r  day (Andrews 1970). 

Popu la t ion  Dynamics 

Larval  s o f t s h e l l  clams are  among 
t h e  more abundant p lank te rs  i n  
es tuar ies .  I n  sedentary b i va l ves ,  
se t t lement  o f  r e c e n t l y  metamorphosed 
p lank ton i c  l a rvae  i s  t he  o n l y  s i g n i -  
f i c a n t  source o f  recru i tment .  Size- 
frequency d i s t r i b u t i o n s  show t h a t  
rec ru i tmen t  o f  young represents a  
l a r g e  p r o p o r t i o n  o f  t he  popu la t ion ,  
b u t  average s e t t l i n g  r a t e s  o f  juve- 
n i l e s  a re  low. Observed su rv i vo rsh ip  
a t  Jones R iver ,  Massachusetts, was 
l e s s  than 0.1% o f  t h e  est imated egg 
product ion  (Brousseau 1978a); s u r v i -  
vorsh ip  f o l  lows an exponent ia l  decl i ne 
(F igure  3). 

Therefore, i n  t h e  l i f e  h i s t o r y  o f  
t h i s  species, h igh  fecund i t y  i s  o f f s e t  
by h igh  m o r t a l i t y  du r i ng  pe lag i c  l i f e ,  
metamorphosis, and e a r l y  se t t lement  
(Brousseau 1978b). Because spawning 
cyc les  i n  which the  g rea tes t  number o f  
oocytes were re leased d i d  n o t  
c o r r e l a t e  w i t h  t h e  per iods  o f  h ighes t  
recru i tment ,  Brousseau considered t h a t  
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Figure  3. Su rv i vo rsh ip  curve f o r  
s o f t s h e l l  clams a t  Gloucester, 
Massachusetts. ( a f t e r  Brousseau 1978b) 

sources o f  mor ta l  i ty  (predat ion ,  
disease) and t h e  charac ter  o f  t h e  
subs t ra te  were more impor tan t  i n  
e x p l a i n i n g  f 1  u c t u a t i  ons i n r e c r u i  tment 
than was v a r i a b i  1  i ty i n  f ecund i t y .  

The numbers o f  seed clams t h a t  
s e t  a t  Gloucester  P o i n t  and Fox Po in t ,  
V i r g i n i a ,  were repo r ted  t o  be 
114-431/m2 and 133-578/m2, respec- 
t i v e l y  (Lucy 1976). A good s e t  
(3 ,000/m2) y i e l d s  s u f f i c i e n t  clam 
d e n s i t i e s  (100-200/m2) t o  be 
considered commercial l y  p roduct ive .  
Lucy has shown t h a t  p reda t i on  and 
s t ress  from thermal and osmotic 
f l u c t u a t i o n s  exac t  heavy t o l l s  on 
newly s e t  b iva lves .  I n  t he  York R iver  
i n  V i r g i n i a ,  he found 65%-100% 
reduc t i on  i n  d e n s i t y  o f  fa1  1-spawned 
j u v e n i l e s  by the  nex t  summer; t he  
lower f i g u r e  occurred on l y  once. 



Adu l t  popu la t i on  d e n s i t i e s  vary  
according t o  na tu ra l  mor ta l  i t y  and 
commercial harvest ing.  Estimates o f  
f i s h i n g  m o r t a l i t y  o f  a d u l t s  i n  
Massachusetts have been repor ted by 
Hruby (1981) t o  be 50%-60% o f  t h e  
t o t a l  popu la t ion ,  o r  3.2 m i l l i o n  
animals (2,000 bu). I n  Massachusetts, 
any clam over 5 1  mm (2 inches) may be 
harvested; t h i s  e f f e c t i v e l y  reduces 
the  1 i fespan t o  2 years and may 
endanger the  l ong  term s t a b i l i t y  o f  
the  resource (Brousseau 1978a). 
Natural  mor ta l  i t y  r a t e s  decrease w i t h  
s i z e  and age. M o r t a l i t y  i n  f a l l  and 
w i n t e r  may be considerably lower than 
i n  summer, because predators  become 
i n a c t i v e  (Brousseau 1978b). 

Factors i n f l  uenci ng growth o f  
s o f t s h e l l  clams inc lude  seasonal 
ava i  l a b i  1 i ty  o f  phytoplankton, water 
cur rents ,  clam dens i t y  , mudf 1 a t  
topography, sediment type, t i d a l  
l e v e l ,  water temperature, and spawning 
a c t i v i t y  (Anonymous 1983). Most r a p i d  
growth occurs i n  sediments which are  
e a s i l y  penet ra ted (not  coarse grave l  
o r  hard c lay) ,  when clams a re  n o t  
spawning, and when dens i t y  i s  l e s s  
than 25 clams p e r  square foo t .  Growth 
slows as clams g e t  l a rge r .  

I n  a d d i t i o n  t o  t h e  use o f  annular  
r i n g  measurements and mark-recapture 
methods f o r  determining growth ra tes ,  
Brousseau (1979) used t h e  von 
B e r t a l a n f f y  equation, which re1 ates 
age and 1 i near s ize:  

where L = l i n e a r  s ize ,  t = age i n  any 
convenient t ime u n i t ,  and a, b y  and k 
= constants. P l o t t e d  r e s u l t s  (F igure  
4) are  decaying exponent ia l  curves. 

ECOLOGICAL ROLE 

Feeding Hab i ts  

Adu l t  s o f t s h e l l  clams feed by 
f i  1 t e r i n g  microscopic p a r t i c l e s  o f  
organic m a t e r i a l ,  i n c l u d i n g  d e t r i t u s  

m 
8 I I l l I L l 1 ~  

1 3 5 7 9 
Age (days) X 10 - 

Figure  4. Von B e r t a l a n f f y  growth 
curves f o r  s o f t s h e l l  clams from the  
Bay o f  Fundy (I), Georgetown I s 1  and, 
Maine (2), Gloucester, Massachusetts 
(3), Monomoy Po in t ,  Massachusetts (4), 
San Juan I s land ,  Washington (5), and 
Roski lde F jo rd ,  Denmark (6) ( a f t e r  
Brousseau 1979). 

and plankton,  suspended i n  seawater. 
Coe and Turner (1938) suggested t h a t  
s o f t s h e l l  clams depend on abundant 
p lank ton before  and du r ing  spawning t o  
produce adequate gametes. S o f t s h e l l  
clams can a l s o  absorb and use 
d i  ssol  ved organic ma te r ia l  , a1 though 
i t s  importance has been d i f f i c u l t  t o  
es t imate  (Stewart 1978). 

Organic ma te r ia l s  a re  drawn i n  
through t h e  i n h a l e n t  siphon where 
branched c i l i a  s t r a i n  o u t  suspended 
p a r t i c l e s  as small  as 2 m i n  
diameter. Mucus, secreted by t h e  
mantle, g i l l s ,  and v i s c e r a l  mass, 
c o l l e c t s  t h e  incoming p a r t i c l e s ,  which 
are  c a r r i e d  t o  the  mouth by c i l i a .  A t  



the  mouth, the  l ab ia l  palps s o r t  and 
r e j e c t  large  p a r t i c l e s .  Digestion 
begins i n  the  stomach and continues 
in t race l  l u l a r l y  i n  the  d iges t ive  
gland. Waste mater ia ls  a r e  expel 1 ed 
through the  exhalent siphon (Anonymous 
1983). 

Predators 

Most predation on s o f t s h e l l  clams 
i s  on the  larvae and juveniles.  In 
Chesapeake Bay, the  j e l l y f i s h  
~ h r ~ s a o r a  qui nqueci r rha  and t h e -  comb 
j e l l y  Mnemiopsis le idyi  a r e  e f f i c i e n t  
f eeders  on the  planktonic larvae  of 
infaunal bivalves (Holland e t  a1 . 
1980). Accordi ng t o  Andrews (1970) 
cypri nodont f i shes  a r e  voracious 
feeders on bivalve larvae in  ponds and 
shal l  ow areas.  

Serious inver tebrate  predators on 
juveniles i n  the  lower Chesapeake Bay 
include the  oyster  d r i  11 Urosalpinx 
c inerea ,  the thick-l ipped oyster  d r i l l  
Eupleura caudata, several  kinds of 
crabs ,  and the flatworm Stylochus 
e l  1 ip t i cus .  Less important predators 
i n  the  mid-Atlantic Region include the  
s t a r f i s h  Aster ias ,  the  horseshoe crab 
Limul us polyphemus, the  channeled 
whel k Busycon canal icul  atum, and the 
lobed moon snai 1 Polynices dupl i ca tus  
(Andrews 1970; Lucy 1976; Ritchie 
1976). 

The most important inver tebrate  
predator on sof t she l l  clams north of 
Cape Cod i s  the  green crab,  Carcinus 
maenas (Hanks 1963; Ri tchie  1976; 
Anonymous 1983); t h i s  species ranges 
southward i n t o  New Jersey.  The blue 
crab,  Call i  nectes sap; dus , which 
ranges southward from Cape Cod, 
replaces the  green crab a s  a major 
predator on clams i n  Chesapeake Bay 
(Andrews 1970; Lucy 1976; Holland 
e t  a l .  1980; Blundon and Kennedy 
1982a). 

Lucy (1976) s t rongly  implicated 
blue crabs as  the  major f a c t o r  
contr ibut ing t o  mortal i  t y  of juveni 1 e 
clams. In one experiment, he took 

th ree  145-cm2 cores and found the  
density of clams 4-18 mm long t o  be 
4,360-6, 000/m2 ; 1 month 1 a t e r ,  four  
cores contained no clams, but broken 
s h e l l s  were sca t t e red  on the  sediment. 
Lucy considered the  blue crab t o  be 
the  most important predator on 
s o f t s h e l l  clams f o r  two reasons: abun- 
dance and a b i l i t y  t o  dig  down 6-12 crn 
i n t o  the  subs t ra te .  

A1 though bl ue crabs bury 
themselves i n  the  mud during the  
winter ,  which allows the  f a l l  spawn t o  
e s t a b l i s h  i n  t h e i r  absence, the  
juveniles cannot dig deeply enough t o  
avoid predation the  following spring.  
Lucy found juveniles of length 22-49 
mm i n  Ju ly  t o  be buried 6-16 crn. 

Working i n  the  Maryland Chesa- 
peake Bay, Blundon and Kennedy (1982b) 
found the  f a l l  s e t  t o  be buried below 
10 cm by the  next May, and t o  achieve 
maximum bur ia l  (25 cm) by June-July. 
They showed t h a t  clams below 10 cm 
were foraged by blue crabs l e s s  
e f f i c i e n t l y  than were those c l o s e r  t o  
the  surface.  

A1 though inver tebrate  predation 
has been c i t e d  a s  the  major f a c t o r  
determining p o s t - s e t t l  i  ng survival  of 
s o f t s h e l l  clams, predation by f i s h  
may a l s o  be important. Kelso (1979) 
showed t h a t  on i n t e r t i d a l  mudflats i n  
Essex Bay, Massachusetts, predation by 
mummichogs (Fundulus he te roc l i tus )  may 
equal o r  exceed t h a t  by inver tebra tes  
f o r  clams l e s s  than 12 mm long. 

Bottom-dwell ing f i s h  a l s o  prey on 
sof t she l l  clams. Spot (Leiostomus 
xanthurus) a r e  t h e  most abundant 
predacious f i s h  which feed on infauna 
of mesohaline regions in  the  
Chesapeake Bay (Holland e t  a l .  1980). 
As shown by stomach content ana lys i s ,  
s o f t s h e l l  clams a r e  the  preferred 
food of the  cownose ray (Rhinoptera 
bonasus ; Merri ner and Smith 1979). 
The American eel  (Anqui 11 a r o s t r a t a )  
was found t o  s u b s i s t  s u b s t a n t i a l l y  
on young s o f t s h e l l  clams (Wenner 
and Musi ck 1975) ; winter f  1 ounder 



(Pseudopleuronectes americanus) a1 so 
e a t  them (Gosner 1978). 

B i r d s  and mammals t h a t  p rey  on 
clams i n  t h e  m i d - A t l a n t i c  reg ion  
i nc l  ude h e r r i  ng g u l l  s  (Larus 
argentatus) ,  d i v i n g  ducks such as t h e  
canvasback (Aythya v a l  i s i n e r i a )  and 
t h e  oldsquaw ( C l  anqul a hyemal i s )  , 
tundra  swans (Cygnus c o l  umbianus), 
and raccoons (Procyon 1 o t o r ;  
MacGin i t ie  and MacGin i t ie  1968; Gosner 
1978; Ho l land e t  a l .  1980). 

Competi tors 

No data concerning i n t raspe -  
c i f i c  compet i t ion  among s o f t s h e l l  
clams a re  ava i l ab le .  Since a d u l t s  
are randomly d i s t r i b u t e d ,  t h e r e  seems 
t o  be no t e r r i t o r i a l i t y  (Perk ins 
1974). 

On a Maine t i d a l  f l a t ,  Gemma 
gemma has occurred w i t h  Mya f o r  more 
than 1,000 years  (Bradley and Cooke 
1959). w i s  numer i ca l l y  dominant 
i n  t h e  muddy areas, Gemma i n  t h e  
sandy areas. Bradley and Cooke found 
t h e  two species t o  be incompat ib le  
because o f  compet i t ion  f o r  food " o r  
f o r  some o the r  reason. I' Sanders 
e t  a l .  (1962) thought  t h a t  i n  
Massachusetts, 1 arge popu la t ions  
of t h i s  small  species excluded t h e  
l a r g e r  s o f t s h e l l  clams by consuming 
a1 1 a v a i l a b l e  food. Kennedy and 
Mihursky (1971) noted t h a t  t h e  g rea te r  
res i s tance  o f  Gemma t o  h igh  tempera- 
t u r e  might  a l l o w  t h i s  species t o  
occupy h a b i t a t  vacated by t h e  l ess  
to1  e r a n t  I&, thus p r e c l  ud i  ng rese t -  
t lement.  Thermal d ischarge from power 
p l a n t s  i n t o  Chesapeake Bay i n  summer 
might  t h e r e f o r e  i n f l u e n c e  Gemma-ME 
compe t i t i ve  i n t e r a c t i o n .  

Ho l land e t  a1 . (1980) suggested 
t h a t  compet i t ion  has a r e l a t i v e l y  
unimportant  r o l e  i n  de termin ing  t h e  
s t r u c t u r e  o f  Chesapeake Bay i n fauna l  
communities, because he thought  t h a t  
resources are  probab ly  r a r e l y ,  i f  
ever,  1 i m i t i n g .  

Paras i tes  

Observed inc idence o f  p a r a s i t e s  
i s  low (Hanks 1963). The pea crab, 
usual l y  considered an i n t e r n a l  
commensal, has been repo r ted  t o  be an 
endoparasi t e  o f  a d u l t  s o f t s h e l l  
clams (R icke t t s  and Ca lv in  1968). 
MacGin i t ie  and MacGin i t ie  (1968) 
repor ted  N a c o b d e l l a  grossa, a smal l ,  
wh i te  , f 1 uke- 1 i ke nemertean , i n t h e  
mantle c a v i t y .  Other p a r a s i t e s  
i nc lude  the  sporocyst  and c e r c a r i a  
stages o f  var ious  trematodes such as 
~ e r c a n a  myae, Gymnophall us, and 
Himasthla qu isse tens is  (S i  nderman 
1970), and a c i l i a t e ,  Tr ichod ina 
myicol  a (Hanks 1963). 

The inc idence o f  observed disease 
i s  low and probab ly  does n o t  a f f e c t  
clam p roduc t i on  (Hanks 1963; R i t c h i e  
1976). Several path01 og i  c a l  
cond i t i ons  have been observed: "water 
be1 ly," which causes watery, t h i n  
meats u n f i t  f o r  market and may be due 
t o  a n u t r i t i o n a l  de f i c i ency ,  p a r a s i t e ,  
o r  disease (Hanks 1963); neoplasia,  an 
uncon t ro l l ed  new growth o f  t i s s u e  
which may be benign o r  ma1 ignant ;  
haemocytic p r o l  i f e r a t i o n ,  an increase 
i n  b lood c e l l  s; hypoplasia,  d e f e c t i v e  
o r  incomplete development; hyper- 
p l a s i a ,  an increase i n  t h e  number of 
c e l l s  which ceases when t h e  s t imu lus  
i s  removed; and l i p o f u c s i n ,  f a t t y  
pigments which may be r e l a t e d  t o  
degenerat ing p a r a s i t e s  (Wal ke r  e t  a1 . 
1981). 

Recent i n v e s t i g a t o r s  have been 
i n t e r e s t e d  i n  a p o s s i b l e  c o r r e l a t i o n  
between p o l  1 u t i o n  and increased 
disease. Wal ke r  e t  a1 . (1981) com- 
pared t h e  inc idence o f  f i v e  patho- 
1 og i  c a l  cond i t i ons  (neoplasia,  
haemocytic p r o l  i f e r a t i o n ,  hypopl as ia ,  
hyperp las ia ,  1 i p o f u c s i  n) i n  s o f t s h e l l  
clams from 17 areas on the  U. S. eas t  
coast. They cou ld  n o t  i n f e r  cause and 
e f f e c t  from t h e i r  data,  which seemed 
t o  i n d i c a t e  a r e l a t i o n s h i p  between the  
p o l l u t i o n  h i s t o r i e s  o f  t h e  areas and 
t h e  inc idence o f  pa tho logy  i n  s o f t -  
she1 1 clams. A1 though neop las ia  was 



found i n  both  c lean and p o l l u t e d  
environments, occurrence o f  bo th  
neoplasia and hyperp las ia  a f f e c t i n g  
more than 10% o f  t he  clam popu la t i on  
was found more o f t e n  i n  areas impacted 
w i t h  r e f i n e d  petrochemicals. 

Brown (1978) repor ted on a survey 
o f  diseases, which he d i v i d e d  i n t o  
th ree categor ies:  d isturbances o f  
growth (neoplasia, hyperpl as ia,  
hypoplasia); r e a c t i o n  t o  i n j u r y  
(haemocytosis, inf lammation) ; and 
pa ras i tes  (bedsoni a, protozoa, 
metazoa, "accumulat ion o f  orange-brown 
bodies").  Prevalence o f  these 
cond i t ions  va r ied  between s i t e s ,  sug- 
g e s t i  ng an environmental i n f  1 uence. 

ENVIRONMENTAL REQUIREMENTS AND 
TOLERANCES 

Temperature 

The most impor tant  f a c t o r  i n  
growth and reproduct ion  o f  s o f t s h e l l  
clams i s  temperature (see a l s o  " L i f e  
Hi s tory" ) .  Stewart and Bamford (1976) 
found t h a t  uptake o f  t h e  d i sso l ved  
amino a c i d  L - h i s t i d i n e  by clams 80-100 
mm long increased w i t h  i nc reas ing  
temperature. Resp i ra tory  r a t e  a1 so 
v a r i e d  d i r e c t l y  w i t h  temperature; 
however, h igh  temperatures (30 OC) 

depressed metabol ism o f  co ld-  
acc l  imated clams (Kennedy and M i  hursky 
1972). 

I n  a p r i n c i p a l  components 
ana lys i  s , Appel doorn (1983) found 
"northness" t o  account f o r  the  most 
v a r i a t i o n  i n  clam growth among 25 
s i t e s  from Nova Sco t ia  t o  Maryland. 
He found a d i s t i n c t  l a t i t u d i n a l  t rend,  
w i t h  growth decreasing toward the  
nor th .  Temperature, t i d a l  he ight ,  
t i d a l  p o s i t i o n ,  and subst ra te  a l l  
sys temat i ca l l y  v a r i e d  w i t h  l a t i t u d e ,  
b u t  temperature was the dominant 
fac to r .  

S o f t s h e l l  clams are eurythermal 
(have a wide to le rance range f o r  
temperature; Perk i  ns 1974; Lo i  and 

Wilson 1979). Overwinter ing clams can 
su rv i ve  temperatures below f r e e z i n g  
(R icke t t s  and C a l v i n  1968). The 24-h 
LC values f o r  summer-accl imated 
cl3);ls were 32.5-34.4 OC (Kennedy and 
M i  hurs ky 1971). As temperature 
approached t h e  upper l e t h a l  l i m i t ,  a 
1 OC increase o f t e n  made the  
d i f f e r e n c e  between t o t a l  mor ta l  i t y  and 
none (Kennedy and Mihursky 1971). 

Juven i les  up t o  15 mm long have 
s i g n i f i c a n t l y  h igher  heat to le rance 
than do a d u l t  clams (Kennedy and 
M i  hursky 1971, 1972). This to1  erance 
i s  an adapta t ion  f o r  s u r v i v i n g  a t  o r  
near the  sediment surface, where 
temperatures are  h igher.  Dur ing t imes 
o f  short - term na tu ra l  heat  st ress,  
a d u l t  clams su rv i ve  by wi thdrawing the 
siphons and 1 i v i  ng anaerobical l y  i n  
the  coo le r  mud (Kennedy and Mihursky 
1971). I n  t h e  V i r g i n i a  Chesapeake Bay 
a t  Gloucester Po in t ,  t he  summer water 
temperature i s  p o t e n t i  a1 l y  l e t h a l  near 
the  low watermark (33-35 O C ) ,  b u t  the  
temperature 15 cm i n t o  the  sediment i s  
never over 30.6 O C  (Lucy 1976). It 
i s  p a r t l y  due t o  h igh  temperature 
s t ress  on the  j u v e n i l e s  t h a t  s o f t s h e l l  
clams i n  the  southern p a r t  o f  t h e i r  
range a re  n o t  i n t e r t i d a l  as i n  the  
nor thern  p a r t  (Pf  i tzenmeyer and 
Drobeck 1963). 

Anderson (1978) found t h a t  sub- 
t i d a l  clams i n  Maine, i f  accl imated t o  
warm water, were metabol i c a l  l y  tem- 
pe ra tu re  independent from 10-25 OC. 

He a l s o  found t h a t  s u b t i d a l  and h igh  
i n t e r t i d a l  clams were b e t t e r  ab le  t o  
w i ths tand h igh  (25 OC)  temperature 
than low t o  m i d - i n t e r t i d a l  clams. 
Kennedy and Mihursky (1972) a l so  found 
temperature compensation; a t  nonstress 
temperatures, o lde r  clams compensated 
as e f f e c t i v e l y  as d i d  younger. 

Sal i n i  ty  

According t o  Ho l land e t  a l .  
(1980), s a l i n i t y  i s  t he  major environ- 
mental f a c t o r  c o n t r o l  1 i ng presence o f  
Chesapeake Bay i nfaunal species. 
S o f t s h e l l  clams are w ide ly  euryhal  i n e  



(Perk ins 1974), be ing  p r i m a r i l y  
marine i n  t h e  no r the rn  p a r t  o f  t h e i r  
range and es tua r ine  i n  t he  southern 
(Pf  i tzenmeyer 1965). 

The es tua r ine  h a b i t a t  i n  which 
t h e  s o f t s h e l l  clam l i v e s  i s  cons tan t l y  
exposed t o  changes i n  s a l i n i t y  from 
about 10 t o  25 p p t ,  ma in ly  as a  r e s u l t  
o f  f reshwater  r u n o f f .  Under normal 
cond i t i ons  , s a l  i n i  t y  f 1  u c t u a t i  ons do 
n o t  have a  d e l e t e r i o u s  e f f e c t  on 
s o f t s h e l l  clams, which a re  isocon- 
formers (Stewart  and Bamford 1976). 
No s o f t s h e l l  clams d i e d  when they  were 
h e l d  a t  27 pp t ,  then cond i t i oned  t o  
12.5 p p t ,  and f i n a l l y  sub jec ted t o  a  
reduc t i on  i n  s a l i n i t y  o f  2.5 p p t  p e r  
week t o  a  f i n a l  s a l i n i t y  o f  2.5 p p t  
(Lucy 1976). However, r a t e  o f  feed ing  
decreased as s a l i n i t y  f e l l  f rom 3 1  p p t  
and ceased a t  4  p p t  (Perk ins 1974). 
Stewart  and Bamford (1976) repo r ted  a  
s i g n i f i c a n t  reduc t i on  i n  uptake o f  two 
amino ac ids  by a d u l t  clams when 
s a l i n i t y  was reduced t o  75%, 50%, 25%, 
and 10% of t he  34 p p t  i n  which they  
had been c o l l e c t e d .  

Small clams a re  l e s s  t o l e r a n t  o f  
low s a l i n i t y  than l a r g e r  ones. When 
p laced i n  f reshwater ,  clams 2-4 mm 
succumb w i t h i n  30-40 h, b u t  clams over 
20 mm su rv i ve  more than 50 h. W i t h i n  
t h e i r  t o le rance  l i m i t  o f  4  pp t ,  clams 
can su rv i ve  a  change o f  18 p p t  i n  a  
few minutes (Perk i  ns 1974). 

Low s a l i n i t y  coupled w i t h  h igh  
temperature can cause mass m o r t a l i t y  
of s o f t s h e l l  clams. Th is  was seen i n  
1972, a f t e r  T rop i ca l  Storm Agnes 
dropped l a r g e  amounts o f  r a i n  (over  12 
cm throughout  t h e  watershed; 45 cm i n  
i s o l a t e d  areas) and brought  h igh  a i r  
temperature, k i  11 i ng an es t imated 90% 
o f  t h e  clam popu la t i on  i n  some areas 
o f  t he  Chesapeake Bay (Chesapeake 
Research Consortium 1976; Merrimer and 
Smith 1979). Lucy (1976) measured 
s a l i n i t i e s  o f  2-6 p p t  f o r  1 week a t  
var ious  l o c a t i o n s  i n  t he  V i r g i n i a  
p o r t i o n  o f  t h e  bay; subsurface water  
temperatures i n  t h e  nearshore zone 
were 24-25 O C .  

Subst ra te  

W i t h i n  a  s a l i n i t y  zone, subs t ra te  
i s  a  pr imary  determinant  o f  t he  
d i s t r i b u t i o n  and abundance o f  i n fauna l  
species (Hol land e t  a l .  1980). Sof t -  
s h e l l  clams i n h a b i t  s t i f f  sands and 
muds which w i l l  n o t  co l l apse  aga ins t  
t he  shel  1  valves when they  a re  c losed 
(Perk ins 1974; Lucy 1976; Purchon 
1977). Appeldoorn (1983) found t h a t  
sediment coarser  and g r a i n i e r  than 
s i l t  o r  c l a y  was b e n e f i c i a l  t o  growth; 
i t  a1 1  owed ample water  p e r c o l a t i o n  and 
drainage and was assoc ia ted  w i t h  a  
good c u r r e n t  regime. Lo i  and Wi lson 
(1979) repo r ted  more clams on sub- 
s t r a t e  w i t h  a  h i g h  sand/clay r a t i o  and 
low organ ic  content  than on subs t ra te  
w i t h  h i g h  c l a y  and organ ic  content .  

I n  1  abora tory  f 1  ow-through exper- 
iments on mud, sand, g rave l ,  and i n  
ne ts ,  Newel1 and Hidu (1982) found 
s i g n i f i c a n t  d i f f e r e n c e s  i n  shel 1  
length ,  d ry  meat weight ,  chondrophore 
growth increment, and percent  shel 1  
weight. Growth was more r a p i d  i n  
f i n e r  sediments than i n  coarser  sedi-  
ments. o r  i n  nets;  t h i s  might  have been 
p a r t l y  due t o  food a v a i l a b i l i t y .  

Oxygen and pH 

The s o f t s h e l l  clam i s  l i t t l e  
a f f e c t e d  by oxygen f l u c t u a t i o n s .  
Juven i l e  and a d u l t  stages a re  ab le  t o  
w i ths tand  l ong  pe r iods  o f  anaero- 
b i o s i s .  A t  14  O C ,  a d u l t  clams use 
30-40 p l  o f  oxygen pe r  gram o f  body 
we ight  p e r  hour. Under experimental 
cond i t i ons  they  can l i v e  f o r  8  days i n  
a  medium l a c k i n g  f r e e  oxygen; they  
show no adverse e f f e c t s  a f t e r  be ing  
p laced  back i n t o  normal environmental 
cond i t i ons ,  except f o r  a  decrease i n  
s to red  glycogen and an increase i n  
metabol i c  r a t e  ( R i c k e t t s  and C a l v i n  
1968). 

Clams normal ly  use 3%-10% o f  
ava i  1  ab le  d i sso l ved  oxygen, b u t  a f t e r  
2 1  h  o f  anaerobiosis,  as may occur 
d u r i n g  low t i d e ,  t h e  v e n t i l a t i o n  
c u r r e n t  increases.  Normal 1  eve1 s  a re  



n o t  res to red  f o r  3-4 h; meanwhile, 
oxygen debt  causes oxygen use t o  
increase t o  25% (Van Dam 1935, c i t e d  
by Nichol  1967). 

D iges t i on  and absorp t ion  a re  n o t  
adversely a f f e c t e d  by decreasing pH 
when t h e  s h e l l  i s  c losed f o r  pe r i ods  
o f  t ime (Stewart and Bamford 1976). 
I n  1  aboratory experiments, uptake o f  
L-a lanine was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  over  a  pH range o f  6.2-8.8. 

Pol 1  u tan ts  

The shal low water  h a b i t a t  o f  t h e  
clam i s  e s p e c i a l l y  vu lnerab le  t o  
p o l l u t i o n  from urban and i n d u s t r i a l  
development. Because the  a d u l t s  a re  
sedentary, repopu la t i on  o f  destroyed 
clam beds requ i res  several  years f o r  
s u f f i c i e n t  l a r v a l  rec ru i tmen t  and 
growth. I n  southern New England, 
u rban iza t i on  and p o l l u t i o n  have 
r e s u l t e d  i n  t h e  c losu re  o f  numerous 
t i d a l  f l a t s  t o  s h e l l  f i s h i n g  (Whi t lach 
1982). For example, 30% o f  s o f t s h e l l  
c l  am beds a t  Gloucester ,  
Massachusetts, were nonharvestabl e  i n  
1980 because o f  d ischarge o f  un t rea ted 
sewage. Th is  was est imated as a  
$332,400 pe r  yea r  l oss  t o  t he  
community (Hruby 1981). Mary land's 
Chesapeake Bay beds were a l s o  c losed 
i n  1973 because o f  a  h i g h  c o l i f o r m  
count; i t  i s  n o t  known whether t h i s  
was due t o  T rop i ca l  Storm Agnes o r  
sewage p o l l u t i o n  (Chesapeake Research 
Consort i  um, Inc .  1976). 

Ch lor ine  i s  used as a  d i s -  
i n f e c t a n t  o f  sewage e f f l u e n t  and as a  
b i o c i d e  t o  combat f o u l i n g  o f  condenser 
tubes i n  steam e l e c t r i c  power p lan ts .  
Modern f a c i  1  i t i e s  a re  f r e q u e n t l y  
l oca ted  near es tua r ies  and the  ocean, 
and meroplankton such as clam l a r v a e  
may be c i r c u l a t e d  through t h e  c o o l i n g  
systems, thus  coming i n t o  con tac t  w i t h  
t h i s  chemical. Larvae near t h e  
o u t f a l l  may a l so  be exposed. 
Roosenburg e t  a l .  (1980) repo r ted  
d i r e c t  r e l a t i o n s h i p s  between mor ta l  i t y  
and bo th  i nc reas ing  concen t ra t i on  o f  
chlor ine-produced ox idants  (CPO) and 

i nc reas ing  exposure time. S e t t i n g  
(ped ive l  i g e r )  1  arvae were more 
t o l e r a n t  than were young ( s t r a i g h t -  
h inge v e l  i g e r )  larvae.  

Ba l t imore  Harbor, a  t r i b u t a r y  o f  
t h e  no r the rn  Chesapeake Bay, has 
rece i ved  and i s  r e c e i v i n g  l a r g e  
q u a n t i t i e s  o f  chemical p o l  1  u tan ts .  
Tsai e t  a l .  (1979) found lead, 
chromium, z i n c ,  copper, a rsen ic ,  
PCB's, and hexane e x t r a c t s  i n  t h e  
harbor sediments. A t  f i v e  s t a t i o n s  
t h e  sediments were t o x i c  enough t o  
produce 50% mor ta l  i t y  i n  s o f t s h e l l  
clams w i t h i n  24 h. These i n v e s t i -  
ga tors  repo r ted  t h a t  clams can con- 
t r a c t  f o r  a  f i n i t e  t ime t o  reduce t h e  
sur face area exposed t o  a  t o x i n  o r  re -  
duce t h e  r a t e  o f  pumping water  through 
t h e  g i l l s .  

Bioassays were conducted f o r  
copper, z i nc ,  n i c k e l  , manganese, and 
l ead  i n  raw seawater under ambient 
summer cond i t i ons  (30 p p t  s a l  i n i  t y ,  
22 O C ,  pH 7.95, d i sso l ved  oxygen above 
4.0 mg/l) by E i s l e r  (1977). The 168-h 

I s  (mg/l) were as fo l l ows :  
CLE!00.035; Cd, 0.150; Zn, 1.55; Pb, 
8.80; Mn, 3.00; and N i ,  50.00. 
A d d i t i o n a l  t e s t s  f o r  z i n c  and cadmium 
a t  30 p p t  a t  17.5 O C  i n  w i n t e r  showed 
t h a t  s u r v i v a l  o f  clams increased w i t h  
decreasing temperature. 

The hydrocarbons DDT, d i e l d r i n ,  
end r i  n, a-endosul f a n  and p-endosul f an  
a1 1  a f f e c t  t h e  r a t e  o f  c o n t r a c t i o n  o f  
i s o l a t e d  clam v e n t r i c l e s .  E f f e c t s  
range from reduc t i on  o f  ampl i tude t o  
complete a r r e s t ,  depending on the  
concen t ra t i on  and chemical (Roberts 
1975). 

S o f t s h e l l  clams are  more s e r i -  
ous ly  a f f e c t e d  by o i l  p o l l u t i o n  than 
o t h e r  co-occur r ing  commercial she1 l- 
f i s h .  E f f e c t s  may be o u t r i g h t  death, 
gonadal tumors, o r  s t u n t i n g  o f  growth. 
The t h r e a t  i s  most ser ious  i n  t he  
Chesapeake Bay because o f  thermal 
s t ress  a t  t h e  southern l i m i t  o f  t h e i r  
d i s t r i b u t i o n  (Rose 1974). 



Ecolog ica l ,  morphological ,  and 
behav iora l  c h a r a c t e r i s t i c s  make 
s o f t s h e l l  clams p a r t i c u l a r l y  sub jec t  
t o  t he  d e l e t e r i o u s  e f f e c t s  o f  o i l  
s p i l l s .  They tend t o  l i v e  i n  f i n e  
sediments, i n  a  low-energy environment 
where o i l  p e r s i s t s  f o r  l ong  pe r iods  
a f t e r  a  s p i l l .  An immediate 
consequence o f  s p i l l e d  o i l  i s  t he  
smothering o f  clams' burrows, which 
reduces oxygen l e v e l s  and promotes 
b a c t e r i a l  a c t i o n  (Thomas 1973). The 
siphons o f  t h e  s o f t s h e l l  clam prevent  
i t  from complete ly  c l o s i n g  i t s  she1 1  ; 
consequently t h e  mantle and g i l l s  a re  
cons tan t l y  exposed t o  sediments and 
i n t e r s t i t i a l  water. Since food i s  
obta ined - f rom t h e  boundary water ,  
which i s  i n  i n t i m a t e  con tac t  w i t h  t h e  
sediment sur face,  any o i l  leach ing  
from t h e  sediment i s  taken i n  by t h e  
clam ( G i  1  f i 1 l a n  and Vandermeul en 
1978). 

I n  1972 a t  Casco Bay, Maine, 
o i l e d  clams showed marked reduc t i on  i n  
metabolism and growth f o r  3  years  
a f t e r  a  s p i l l .  I n  Seaport, Maine, 
growth, s u r v i v a l ,  and rec ru i tmen t  were 
reduced f o r  up t o  5 years a f t e r  a  
s p i  11 ( G i  1  f i 11 an and Vandermeul en 
1978). S h o r t l y  a f t e r  a  Bunker C o i l  

s p i l l ,  MacDonald and Thomas (1980) 
compared clams i n  t h e  p o l l u t e d  area 
w i t h  those i n  an unpo l l u ted  'area. 
They repeated t h e  comparison 9  years 
l a t e r  and found growth t o  be re ta rded  
by 2-5 years i n  t h e  o i l e d  clams. 

Petroleum hydrocarbons a t  r a t e s  
up t o  200 pg/g t i s s u e  were found i n  
clams by G i  1  f i 11 an and Vandermeul en 
(1978). When compared t o  con t ro l s ,  
these clams e x h i b i t e d  decreased t i s s u e  
and s h e l l  growth and carbon f l u x .  
Crude and r e f i n e d  hydrocarbons i n  
i n c r e a s i n g l y  g rea te r  concent ra t ions  
increase mucus secre t ions  and decrease 
t a c t i  1  e  response. Increased mucus 
p roduc t i on  d r a i n s  the  energy reserves 
o f  clams, c logs  t h e  g i l l s  and mantle 
c a v i t y ,  and d i s r u p t s  t h e  normal feed- 
i ng mechani sm. Petroleum hydrocarbons 
a l s o  a f f e c t  r e s p i r a t i o n ;  very  low con- 
c e n t r a t i o n s  cause a  doub l i ng  o f  t he  
r e s p i  r a t o r y  r a t e ,  b u t  h igh  concentra- 
t i o n s  cause depression o f  t h e  ra te .  
G i l l  c i  1  i a  can remove o i l  g lobu les  o f  
1,030 pm i n  diameter from sea water ,  
and handle t h e  g lobu les  i n  t h e  same 
manner as food and d e t r i t u s  p a r t i c l e s  
(Fong 1976). An increase i n  r e s p i r a -  
t o r y  r a t e  increases f i l t r a t i o n  and 
t h e r e f o r e  mor ta l  i t y .  
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I The 24-h LC values f o r  summer-accl imated clams have been repor ted  as 32.5-34.4 OC. 
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