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PREFACE 

This species profile is one of a series on coastal aquatic organisms, 
principal ly fish, of sport, commercial , or ecological importance. The profiles 
are designed to provide coastal managers, engineers, and biologists with a brief 
comprehensive sketch of the biological characteristics and environmental 
requirements of the species and to describe how populations of the species may be 
expected to react to environmental changes caused by coastal development. Each 
profile has sections on taxonomy, 1 ife history, ecological role, environmental 
requirements, and economic importance, if applicable. A three-ring binder is 
used for this series so that new profiles can be added as they are prepared. 
This project is jointly planned and financed by the U.S. Army Corps of Engineers 
and the U.S. Fish and Wildlife Service. 

Suggestions or questions regarding this report should be directed to one of 
the foll owing addresses. 

Information Transfer Specialist 
National Coastal Ecosystems Team 
U.S. Fish and Wildlife Service 
NASA-Sl idel 1 Computer Complex 
1010 Gause Boulevard 
Slidell, LA 70458 

U.S. Army Engineer Waterways Experiment Station 
Attention: WESER-C 
Post Office Box 631 
Vicksburg, MS 39180 
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Figure 1. Common l i t t l e n e c k  clam (a )  w i t h  geometric c o l o r  pat tern,  (b )  w i thou t  
geometric c o l o r  p a t t e r n  ( f rom Quay1 e  and Bourne 1972 1. 

COMMON LITTLENECK CLAM 

NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION AIDS 

S c i e n t i f i c  name ........... Protothaca 
stami nea ( Conrad 1837 

P re fe r red  common name ......... C o m n  
li t t l e n e c k  clam (F igure  1 )  

Other common names.. ........ .Native 
li t t l e n e c k  clam, rock cock1 e, bay 
cockle, hardshe l l  clam, Tomales Bay 
cockle, rock clam, r i bbed  carpet  
she1 1  , steamer clam. 

Class .................... Pelecypoda 
Order ..................... Veneroida 
Family ..................... Veneridae 

Geographic range: A1 eu t i an  Is lands,  
Alaska, south t o  Cape San Lucas, 
Baja Cal i fo rn ia ,  Mexico; commer- 
c i a l l y  abundant on ly  n o r t h  o f  
Oregon. I n  Washington, extensive 
i n t e r t i d a l  and sub t i da l  clam stocks 
are found i n  Puget Sound, Hood 
Canal, Grays Harbor, and Wi l lapa 
Bay. The species i s  r e l a t i v e l y  
scarce i n  Oregon ; T i  11 amook, 
Yaquina, and Coos Bays are the  most 
p roduct i  ve areas ( F i  gure 2  1. 

Conrad (1837) f i r s t  described the  
common 1  i t t l e n e c k  clam as fo l lows:  
She1 1  suboval o r  suborbicular ,  convex, 
w i t h  numerous crowded r a d i a t i n g  s t r i a e  
and f i n e r  concent r ic  l i n e s ,  more d i s -  
t i n c t  on the  a n t e r i o r  s ide  and 
p o s t e r i o r  ex t remi ty ;  1  igament margin 
nea r l y  para1 l e l  w i t h  the  base; c o l o r  
var iegated w i t h  y e l l o w  and brown, and 
w i t h  brown angular spots; ca rd ina l  
t e e t h  compressed; s inus o f  p a l l i a l  
impression profound; mean s i ze  (mm) : 
leng th  50, he igh t  42, diameter 30. 

The f o l l o w i n g  desc r i p t i on  was 
ex t rac ted  from F i t c h  (1953). The 
s h e l l  i s  oval and has i n f l a t e d  valves 
ornamented by we1 1- def ined, r a d i a t i n g  
r i b s  and l e s s  prominent concent r ic  
r idges.  The 1  unul e  ( a  heart-shaped 
impression a n t e r i o r  t o  t he  umbo) i s  
o f t e n  on ly  f a i n t l y  def ined. The 
ven t ra l  margin i s  s l i g h t l y  crenulated. 
The p a l l  i a l  s inus ( a  U-shaped indenta- 
t i o n )  extends s l i g h t l y  more than 
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Figure  2. D i s t r i b u t i o n  o f  the  common l i t t l e n e c k  clam along the  Pac i f i c  
.Northwest coastal  region. 



ha1 fway t o  t he  a n t e r i o r  adductor  
muscle. Co lo r  i s  h i g h l y  va r i ab le ,  
y e l l o w i s h  gray o r  gray i f  i n  sloughs 
and bays; specimens c o l l e c t e d  a long  
the open coas t  a re  o f t e n  w h i t i s h  w i t h  
geometr ic p a t t e r n s  o f  wavy brown l i n e s  
o r  b l o t ches  on s ides.  The common 
l i t t l e n e c k  c lam a t t a i n s  a maximum 
l e n g t h  o f  6.4 cm. I t  d i f f e r s  f rom 
chione clams (Chione spp. and 
Japanese 1 i ttl e n e c k c l  ams (Tapes 
j apon i ca )  i n  hav ing  a p a l l i a l  s inus  
t h a t  extends more than hal fway t o  the  
a n t e r i o r  adductor  muscle, and f rom the  
rough-si  ded c lam [ Protothaca 
l a c i n i a t a  1 and th in-she1 l e d  1 i t t l e n e c k  
c l a n  ( P .  tener r ima 1 i n  hav ing  r a d i a t -  
i n g  r i 6 s  t h a t  a re  more prominent  than 
concen t r i c  r i dges .  

The h inge 1 igament i s  ex te rna l .  
The i n t e r i o r  su r face  i s  smooth and 
wh i t e  and has a c renu la ted  i n t e r n a l  
v e n t r a l  margin (Quay le  and Bourne 
1972 1. Shape d i f f e r s  w ide l y  i n  
d i f f e r e n t  l o c a l  i t i e s :  some clams a re  
l ong  and narrow and o the rs  a re  s h o r t  
and broad; t h e  she1 1s a re  t h i n  and 
f l a t  i n  some, and t h i c k  and s t r o n g l y  
convex i n  o t h e r s  (F raser  and Snii t h  
1928 ) . The l e n g t h  and h e i g h t  
re1 a t i o n s h i p  f o r  common 1 i t t l e n e c k  
clams a t  Galena Bay, Alaska, i s  shown 
i n  F i g u r e  3. 

REASON FGR INCLUSION IN SERIES 

The common l i t t l e n e c k  clam i s  one 
o f  t he  most w ide l y  d i s t r i b u t e d  
ha rdshe l l  clams a long  t h e  e n t i r e  coas t  
of t he  Nor thwest  reg ion,  o c c u r r i n g  
espec ia l  l y  i n  we1 1 -she1 t e r e d  areas and 
e s t u a r i e s  such as Puget Sound, Grays 
Harbor, and W i  11 apa Bay. Because t he  
common l i t t l e n e c k  c lam i s  f a i r l y  
numerous and i t s  h a b i t a t  i s  e a s i l y  
access ib le ,  i t  i s  impo r tan t  as bo th  a 
commercial and a r e c r e a t i o n a l  species. 

L i k e  o the r  n a t u r a l  resources, 
common 1 i t t l e n e c k  clams are  s u b j e c t  t o  
man-made problems, such as o v e r f i s h -  
i n s ,  water  p o l l u t i o n ,  and l o s s  o f  
h a b i t a t  due t o  i n t e n s i v e  development 
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Length (rnrn) 

F i g u r e  3. Length and h e i g h t  r e l a -  
t i o n s h i p  of common l i t t l e n e c k  clams 
c o l l e c t e d  i n  Galena Bay, Alaska (Feder 
and Paul 1973).  

o f  coas ta l  areas. Some o f  these 
i n t e r f e r e n c e s  a r e  c r i t i c a l  t o  t h e  
ex i s t ence  o f  t h e  clams. S t a t i s t i c s  
a l ready  show t h a t  t he  q u a n t i t y  landed 
i n  t h e  U.S. P a c i f i c  Nor thwest  (wh ich  
does n o t  i n c l u d e  Alaska)  i s  decreasing 
each y e a r  and t h e  e f f o r t  needed t o  
ha rves t  t he  clams i s  inc reas ing .  

LIFE HISTORY 

Spawning 

Al though sexes a re  separate i n  
t h e  common 1 i t t l e n e c k  c lam (Quay le  
19431, i t  i s  n o t  uncommon t o  f i n d  
hermaphrod i t i c  i n d i v i d u a l s  (F raser  and 
Smith 19281. Time o f  spawning v a r i e s  
th roughout  i t s  range, depending 
l a r g e l y  on water  temperature. A 
shor tened spawning p e r i o d  i s  charac- 
t e r i s t i c  o f  clams a t  t h e  no r t he rn  and 
southern l i m i t s  o f  t h e i r  range, and 
appears t o  be p r i m a r i l y  a  temperature- 
r e l a t e d  phenomenon (Feder e t  a l .  
1979 I .  



E a r l y  s t u d i e s  i n  B r i t i s h  Columbia 
r e p o r t e d  t h a t  these clams are plump 
and f i r m  d u r i n g  t h e  l a t e  s p r i n g  and 
summer months, b u t  t h i n  and wate ry  
d u r i n g  t h e  e a r l y  months o f  t h e  yea r .  
Also, spawning occurs i n  February and 
March and no s i g n  o f  spawning i s  found 
d u r i n g  summer (F rase r  and Smi th  1928). 
However, l a t e r  s t u d i e s  conducted i n  
Ladysmi t h  Harbor,  B r i t i s h  Columbia, 
n o t i c e d  t h a t  t h e  t ubu les  o f  t h e  ovary 
were f i l l e d  w i t h  f o l l i c u l a r  c e l l s  i n  
December and January (Quay1 e  1943 1. 
I n  B r i t i s h  Columbia, most clams spawn 
i n  l a t e  s p r i n g  b u t  some spawn 
s p o r a d i c a l l y  th roughou t  t h e  summer 
(Quayle and Bourne 1972). 

I n  Sou thcen t ra l  A1 aska, spawning 
s t a r t s  i n  l a t e  May whgn t h e  wate r  
temperature i s  about  8  C. I n  P r i nce  
W i l l  iam Sound, A1 aska, h i s t o l o g i c a l  
examinat ion o f  females throughout  t h e  
r e p r o d u c t i v e  c y c l e  i n d i c a t e s  a  s i n g l e  
annual spawning p e r i o d  t h a t  may l a s t  
f o r  4  months. Males appear r i p e  
th roughou t  most o f  t h e  y e a r  (Feder 
e t  a1 . 1979). Spawning begins i n  l a t e  
May t o  mid-June and con t i nues  i n t o  
September (N ickerson  1977).  I n  
summer, when wate r  temperature 
f l u c t u a t i o n s  a r e  u s u a l l y  ex tens ive ,  
two pe r i ods  o f  h i g h  temperature and 
two cor respond ing  spawning peaks can 
be expected. 

Du r i ng  spawning, eggs and sperm 
are  d ischarged  th rough  t h e  i n h a l a n t  
s iphon (Quay le  and Bourne 1972) and 
niass f e r t i l i z a t i o n  takes p l ace  i n  t h e  
open water .  

Eggs and Larvae 

A f t e r  f e r t i l i z a t i o n ,  t h e  eggs 
d i v i d e  r a p i d l y  and embryos develop t o  
t rochopbore l a r v a e  ( 60  t o  80 vm) about 
12 hours l a t e r  (Quay le  and Bourne 
1972 1. The v e l  i g e r  ( s t r a i  h t - h i nge  B s tage )  develops i n  t h e  n e x t  4  hours. 
A  c i l i a t e d  velum develops t h a t  he l ps  
t h e  l a r v a  swim and m a i n t a i n  i t s e l f  i n  
t h e  upper wa te r  column. Larvae feed  
on phy top lank ton  and a r e  about  0.15 mm 

l o n g  a f t e r  1 week. The v e l  i g e r  devel -  
ops an umbo on i t s  prod issoconch 
( s h e l l )  and may reach a  l e n g t h  o f  0.26 
t o  0.28 mm i n  2  weeks (Shaw 1985). 
The umboned l a r v a e  a re  r a t h e r  e a s i l y  
i d e n t i f i e d  by t h e i r  shape and t h e  
ye1 low v e n t r a l  margin o f  t h e  s h e l l  
(Quay le  and Bourne 1972 1. 

Depending on food  supp ly  and 
temperature, t h e  p l a n k t o n i c  1  a r v a l  
s tage g e n e r a l l y  l a s t s  about  3 weeks 
(Quay le  and Bourne 1972 1. B reed ing  
success o r  f a i l u r e  i s  f r e q u e n t l y  
determined d u r i n g  t h i s  c r i t i c a l  l a r v a l  
s tage (Quay le  and Bourne 1972 1. The 
l a r v a e  a re  a t  t h e  mercy o f  c u r r e n t s  
and may be c a r r i e d  away f rom s e t t l i n g  
areas and consequent ly  d ie .  P r i o r  t o  
metamorphosis, t h e  ve l  i ger  develops a  
f o o t ,  moves t o  t h e  bottom, and 
searches f o r  a  s u i t a b l e  su r f ace  on 
which t o  s e t t l e .  Once such su r f ace  i s  
found, t h e  1  a rva  undergoes metamorpho- 
s i s  and a t t aches  i t s e l f  t o  t he  su r f ace  
by s e c r e t i n g  byssa l  threads.  

Pos t l a r vae  and Recru i tment  

When t h e  l a r v a e  s e t t l e  they a re  
c a l l e d  spat .  A t  s p a t t i n g ,  cons i de rab le  
anatomica l  changes occur,  and 1  a r v a l  
organs such as t h e  velum a re  l o s t  
(Quay le  and Bourne 1972). The 
post1 a rvae  a re  ep i f auna l  , and 
m o r t a l i t y  may be h i g h  (Paul and Feder 
1973 1.  M o r t a l i t y  i s  h i g h e s t  d u r i n g  o r  
a t  t h e  end o f  t h e  f i r s t  y e a r  a f t e r  
se t t l ement ,  e s p e c i a l l y  i n  w i n t e r  
(Schmidt  and Warme 1969).  U n l i k e  t h e  
b u t t e r  c l  am, Sax i  domus wy which remains ~ e r m a n e n t l y  a t  t e  s i t e  
o f  se t t l ement ,  ' a  young cbmmon 1  i t t l e -  
neck c lam can use i t s  f o o t  t o  c raw l  t o  
a  new l o c a t i o n  (Shaw 1985). 

The e x t e n t  o f  annual r e c r u i t m e n t  
o f  common l i t t l e n e c k  clams v a r i e s  
g r e a t l y  between areas. Peterson 

1975) r e p o r t e d  t h a t  v a r i a t i o n  i n  
r e c r u i t m e n t  was h i ghe r  f o r  common 
l i t t l e n e c k  c lam than o t h e r  c lam 
spec ies c o l l e c t e d  d u r i n g  10 sampl i n g  
pe r i ods  over  a  3-year pe r i od .  



Experimental  l y  inc reased adul t densi -  
t i e s  had no s i g n i f i c a n t  e f f e c t  on 
r e c r u i t m e n t  i n  sand, b u t  reduced 
r e c r u i t m e n t  as much as 60% i n  mud. I n  
P r i nce  W i l l i a m  Sound, Alaska, the  
c l am 's  n o r t h e r n  1  i m i  t, rec ru i tmen t  was 
e r r a t i c  and 1  i ttl e  r e c r u i t m e n t  
occur red  f rom 1967 t o  1971, probably  
because spawning o r  r ec ru i tmen t  
c o n d i t i o n s  were poor (Paul and Feder 
1973; Paul e t  a l .  1976a). 

M a t u r i t y  and L i f e  Span 

Male and female common 1  i t t l e n e c k  
clams were n e a r l y  equal i n  number and 
no app rec iab le  sex - re l a ted  d i f f e r e n c e  
was apparent  i n  t h e i r  s i z e  o r  growth 
r a t e  a t  any t ime [F rase r  and Smith 
1928). I n  Sidney, B r i t i s h  Columbia, 
the  sex o f  clams under 1-year-o ld  
cou ld  n o t  be d i s t i n g u i s h e d  by 
examinat ion o f  t h e i r  gonads. H a l f  o f  
the 2 -year -o ld  clams were s t i l l  
immature. H a l f  o f  t he  clams spawned 
f o r  t h e  f i r s t  t ime a t  t he  end o f  t he  
second y e a r  a t  a  l e n g t h  o f  about 
25 m, and most spawned a t  t h e  end o f  
t he  t h i r d  yea r  when about 35 mm long.  
S ize  seemed t o  have much t o  do w i t h  
t he  t ime  o f  m a t u r i t y .  A t  beaches 
where d e n s i t y  was h i g h  and growth was 
slow, m a t u r i t y  was o f t e n  delayed 
(Fraser  and Smith 1928). 

A t  Ladysmi t h  Harbor, B r i t i s h  
Columbia, sexual d i f f e r e n t i a t i o n  was 
apparent when clams were 15 t o  35 nnn 
long, o r  d u r i n g  t h e i r  2nd o r  3 r d  yea r  
o f  l i f e  (Quay le  1943). Mature clams 
were usual  l y  22 t o  35 nnn long.  I n  
P r i nce  W i l l i a m  Sound, Alaska, t h e  
youngest s e x u a l l y  mature clam c o l -  
l e c t e d  was 3  years  o l d  and 13 mm l o n g  
(Nickerson 1977). 

Shaw (1985) summarized t he  l i f e  
span of t h e  common l i t t l e n e c k  clam, 
which v a r i e s  a t  d i f f e r e n t  1  ocat ions.  
The maximum l i f e  span i n  years,  
lengths,  l o c a t i o n ,  and sources o f  
i n f o rma t i on  f o l l o w :  13 yea rs  (62  mm), 
Porpoise I s l and ,  Alaska (Paul e t  a l .  
1976b); 10 yea rs  (54 t o  63 mn), 

B r i t i s h  Columbia (F raser  and Smith 
1928; Quayle and Bourne 1972); 16 
yea rs  (42  t o  50 mm), 01 son Bay, P r i n c e  
W i l l i a m  Sound, Alaska (Paul e t  a l .  
1976a); 15 yea rs  (48 t o  50 mn), Galena 
Bay, P r i n c e  W i l l i a m  Sound, A laska 
(Paul and Feder 1973; Nickerson 1977); 
and 7  yea rs  (37 mn), blugu Lagoon, 
C a l i f o r n i a  (Schmidt and Warme 1969). 

GROWTH CHARACTERISTICS 

Growth o f  t he  common l i t t l e n e c k  
clam v a r i e s  throughout  i t s  range and 
may change f rom yea r  t o  yea r  (F raser  
and Smith 1928). Even w i t h i n  a  g i ven  
area, t he  growth r a t e  may d i f f e r  i n  
ad jacen t  bays. I n  general ,  beaches 
s i t u a t e d  near s t r ong  t i d a l  c u r r e n t s  
a re  those most f avo rab le  f o r  growth, 
and those a t  t he  head o f  q u i e t  bays 
a r e  t he  poo res t  (Smi th 1928 1. 

F rase r  and Smith (1928) no ted  
t h a t  t h e  r a t e  o f  growth was a f f e c t e d  
l e s s  by t h e  composi t ion o f  a  beach 
than  by i t s  p o s i t i o n  i n  r e l a t i o n  t o  
t i d a l  c u r r e n t s  and exposure t o  o r  
p r o t e c t i o n  f rom storms (which a r e  
r e l a t e d  t o  t h e  e x t e n t  and constancy o f  
t he  food  supp ly ) .  However, on some 
beaches which were more exposed t o  
storms and covered w i t h  s h e l l  o r  
gravel ,  s t r o n g  t i d a l  c u r r e n t  and waves 
moved t h e  su r f ace  subs t ra te  r epea ted l y  
and impa i red  growth. They a l s o  
n o t i c e d  t h a t  young clams on these 
exposed beaches grew much s lower  than  
t h e  l a r g e  clams. Growth was s lower  i n  
young clams because they were unable 
t o  burrow down very f a r  below t h e  
su r f ace  t o  g e t  away f rom the  
d is tu rbance  caused by t h e  s u r f .  
A1 though such exposed p laces  m igh t  be 
good i n  food  supply, i n  t h e  e a r l y  
yea rs  t h e  d is tu rbances  more than 
counterbalance t h i s  advantage. 

I n  Mugu Lagoon, C a l i f o r n i a ,  
growth r a t e  o f  common l i t t l e n e c k  clams 
was c o n s i s t e n t l y  depressed a t  e x p e r i -  
mental l y  induced h i g h  d e n s i t i e s .  
L i n e a r  growth d e c l i n e d  more i n  mud 



than i n  sand as dens i ty  o f  the  animals 
increased (Peterson 1982 1. 

I n  Alaska, clams a t  t he  h igher 
t i d a l  l e v e l s  had the  f a s t e r  growth 
ra tes  (Nickerson 1977); however, a t  
K i k e t  Is land,  Washington, growth was 
f a s t e s t  near mean lower low water and 
slower a t  t he  h igher and lower t i d a l  
leve ls .  Growth was a l so  b e t t e r  on the  
no r th  s ide  of the  i s l a n d  than on the  
south s ide  a t  the  same t i d a l  l e v e l .  
Several hydrographic features,  such as 
a h igher and more s tab le  regime o f  
temperature and s a l i n i t y  on the no r th  
side, may account f o r  t he  b e t t e r  
growth r a t e  there  (Houghton 1977). 

The growth o f  the  common 
l i t t l e n e c k  clams a t  d i f f e r e n t  
l oca t i ons  i s  shown i n  Figure 4. She l l  
lengths ,  t ime needed i n  years, loca-  
t i o n ,  and source o f  i n fo rma t ion  
fo l low:  30 mm (8  t o  10 years), Galena 
Bay, Pr ince Wi l l i am Sound, Alaska 
(Feder and Paul 1973); 30 mm (4 t o  5 
years) ,  Porpoise I s l and ,  southeast 
Alaska (Paul e t  a l .  1976b); 37 mm (3.5 
t o  4 years) and 63 mm (10 years) ,  
B r i t i s h  Col umbia (Quayle and Bourne 
1972; Glude 1978); 38 mm (4 t o  6 
years) ,  Washington; and 37 mm (3.5 
years) ,  Oregon (Lukas 1973); 38 nun (7 
years) ,  Mugu Lagoon, Cal i f o r n i a  (Frey 
1971). 

Annual shel 1 r i n g s  can be evalu- 
ated as an aging t o o l  by marking the 
s h e l l  and then recover ing  the  clams 
f o r  examination a t  a l a t e r  date (Paul 
and Feder 1973). Rings are much 
c lose r  together when growth slows i n  
w in te r  because o f  reduced food 
avai l a b i  1 i t y  and lowered metabol ism. 
However, d i  sturbance checks are o f t e n  
present  i n  clams south o f  Alaska and 
sometimes make read ing o f  annual r i n g s  
d i  f f  i cu l  t (Fraser and Smith 1928 1. 

Berta (1976) and Hughes and 
C l  ausen (1980) expressed caut ion  about 
aging common 1 i t t l eneck  clams by shel 1 

Mugu Lagoon, CA 
Porpoise Island, AK 
Galena Bay, AK 
Victoria, BC 
Strait of Georgia, BC 

Age (years) 

Figure  4. Ages and corresponding 
s h e l l  lengths (mm) o f  t he  common 
1 i t t l e n e c k  clam from Porpoise Is land,  
southeast Alaska; Galena Bay, Pr ince 
Wi l l i am Sound, Alaska; V i c t o r i a ,  
B r i t i s h  Columbia, Canada (Paul e t  a l .  
1976b) ; S t r a i t  o f  Georgia, B r i t i s h  
Columbia, Canada (Quay1 e and Bourne 
1972 1; and Mugu Lagoon, C a l i f o r n i a  
(Schmidt and Warme 1965). ( taken from 
Shaw 1985.) 

r ings .  They observed excessive va r i a -  
t i o n  i n  r i n g  pat te rns  between speci -  
mens i n  the  same popu la t ion  from 
Newport Bay, Oregon. Peterson and 
Ambrose (1983) discovered t h a t  i n  
muddy-sand hab i ta t ,  one a d d i t i o n a l  
growth l i n e  appeared dur ing  the  f i n a l  
12 months f o r  each common 1 i t t l eneck  
clam, a f i n d i n g  cons i s ten t  w i t h  the 
hypothesis t h a t  s t rong growth 1 i nes 
are annual. I n  clean-sand hab i ta t ,  
however, a1 1 common 1 i ttl eneck clams 
have more added growth l i n e s  than 
would be expected from the numbers o f  
add i t i ona l  years o f  growth. The e x t r a  
1 ines  are probably disturbance checks. 
They suggested t h a t  more sand movement 
occurs i n  c lean sand than i n  muddy- 
sand hab i ta t ,  and t h a t  t h i s  add i t i ona l  
movement 1 eads d i r e c t l y  o r  i n d i r e c t l y  
t o  depos i t ion  o f  ex t ra  d is turbance 
checks i n  the shel 1. 



COMMERCIAL AND SPORT FISHERIES 

Even though the P a c i f i c  Coast 
clam i n d u s t r y  i s  small, about 1% o f  
the t o t a l  U.S. catch, i t  i s  an 
important  p a r t  o f  the  he r i t age  o f  many 
coasta l  communities and i s  a  f a c t o r  i n  
the economies o f  some r u r a l  areas. O f  
the annual commercial catch o f  clams, 
about 95% comes from Washington and 
most o f  the  r e s t  from Alaska. 
Washington's leadersh ip  i n  the P a c i f i c  
Coast clam i n d u s t r y  may be a t t r i b u t e d  
t o  a  number o f  fac tors ,  b u t  perhaps 
most important  i s  the abundance o f  
sui  tab1 e  and unpol 1  uted clam hab i ta ts .  
Oregon and C a l i f o r n i a  l ack  l a r g e  bays, 
estuar ies,  and coasta l  clam h a b i t a t s  
necessary f o r  s i g n i f i c a n t  clam 
product ion.  Recreat ional  clam har- 
ves t i ng  accounts f o r  most clam 
product ion  i n  those States. A1 though 
clams are abundant a long the extensive 
coast1 i n e  o f  Alaska, harves t  i s  
r e s t r i c t e d  by p a r a l y t i c  she1 1  f i s h  
poisoning (po i  son from t o x i c  phyto- 
plankton, Gon aul ax spp. , accumulated -5- by f i l t e r - f e e  i n g  she l l f i shes ,  harm- 
l ess  t o  the animal b u t  f a t a l  t o  
humans 1 and c e r t a i n  socio-economic 
f a c t o r s  (Schink e t  a1 . 1983 1. 

I n  the  e a r l y  19001s, common 
1  i t t l e n e c k  and b u t t e r  clams were the  
most impor tan t  commercial species i n  
Puget Sound, Washington (K inca id  1919; 
N igh t i nga le  1927 1. Common 1  i t t l eneck  
clams are  the  smal les t  o f  the commer- 
c i a l  species, average market s i z e  
being about 51 mn ( 2  inches).  They 
are  a l s o  commercially impor tan t  i n  
B r i t i s h  Columbia (Amos 1966). The 
U.S. ca tch  a long the  west coas t  i n  
1963 was about 214,400 pounds o f  meats 
worth about $107,000. I n  B r i t i s h  
Columbia, annual commercial 1  andings 
ranged from 21,300 t o  521,900 pounds 
i n  1951-1969 (Quayle and Bourne 1972). 
Many f a c t o r s  d i r e c t l y  o r  i n d i r e c t l y  
a f f e c t  the product ion and o v e r a l l  man- 
agement o f  clam stocks along the  west 
coast: water q u a l i t y ,  c e r t i f i c a t i o n  o f  
clam beds, management o f  a v a i l a b l e  
stocks, p a r a l y t i c  s h e l l f i s h  poisoning, 
commercial versus rec rea t i ona l  har- 

vest, marketing, t r anspo r ta t i on ,  
encroachment o f  man, and o thers  
(Schink e t  a1 1983). 

Common L i t t l e n e c k  Clam F ishery  i n  
Washington 

I n  Washington, p ro tec ted es tuar -  
i e s  a long Puget Sound, Grays Harbor, 
and Wi l lapa Bay support ex tens ive  
i n t e r t i d a l  and sub t i da l  stocks o f  
common 1  i t t l eneck  clams. I n  add i t i on ,  
there  i s  a  t r a d i t i o n  o f  p r i v a t e  owner- 
sh ip  o f  i n t e r t i d a l  beaches and p r i v a t e  
l eas ing  o f  State-owned sub t i da l  1  and 
t h a t  provides a  favorab le  environment 
f o r  commercial harvest.  

The annual product ion o f  hard- 
s h e l l  clams (which i nc lude  common 
l i t t l e n e c k  clam; Manila clam. 
Venerupi s  japonica; b u t t e r  clam, 
Saxi domus gi  gan teus ; cockle, 
C l  inocardium n u t t a l  li ; and horse clam, 
Tresus n u t t a l l  i ; b u t  n o t  geoducks, 
Pano e  enerosa) f rom Washington's 
z l h b e a c h e s ,  once the  major 
source o f  the commercial supply, 
dec l ined gradua l ly  a f t e r  1940. Pub1 i c  
beaches were heav i l y  dug du r ing  the  
depression of t he  1930's, and 
subsequent l ack  o f  major s e t t i n g  
reduced the standing stock. I n  
add i t i on ,  fewer people harvested clams 
du r ing  and a f t e r  World War I 1  because 
employment oppo r tun i t i es  i n  o the r  
businesses improved. Dur ing the 
19408s, the accelerated purchase o f  
t i d e l  ands by p r i v a t e  c i t i z e n s  
e f f e c t i v e l y  e l  iminated many t i d e l  ands 
as p u b l i c  clam harves t ing  areas 
(Schink e t  a l .  1983). 

I n  general, t o t a l  p roduct ion  o f  
hard-she1 1  clams from p r i v a t e l y  and 
pub1 i c l y  owned beaches remained 
r e l a t i v e l y  s tab le  a t  1 t o  2  m i l l i o n  
pounds per year  from the beginning o f  
t h i s  century t o  1975. 'The annual 
p roduct ion  o f  common 1  i t t l eneck  clams 
dec l ined from about 1 m i l l i o n  pounds 
i n  the  l a t e  1950's t o  500,000 t o  
600,000 pounds i n  the  l a t e  1970's 
(F igure  5) .  I t s  l ead ing  p o s i t i o n  has 
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F i g u r e  5. Landings of t h e  common l i t t l e n e c k ,  Mani la ,  and b u t t e r  clams i n  
Washington S ta te ,  1955-85 (updated from Schink e t  a1 . 1983) 

been rep l aced  by t h e  i n c r e a s i n g  
p roduc t i on  o f  Mani 1  a  clams f rom 
p r i v a t e  farms, (Schink e t  a1 . 1983; 
Washington S t a t e  Department o f  
F i s h e r i e s  1984) . 

Most common 1  i t t l e n e c k  clams a r e  
s o l d  f resh ,  unshucked, t o  who lesa le  
f i s h  houses. The p r i c e  t o  t h e  
producer  f o r  h a r d s h e l l  clams (mos t l y  
common li t t l e n e c k  and Man i l a )  was 
about $1  pe r  pound i n  1980 (Schink 
e t  a1 . 1983).  Common 1  i t t l e n e c k  clams 
a re  f r e q u e n t l y  p l aced  i n  c l e a n  s a l t -  
wa te r  a f t e r  they  a r e  harvested,  so 
t h a t  sand and mud a r e  purged f rom t h e  
g i l l s  and v i s ce ra  be fo re  these clams 
a re  eaten. S p e c i a l l y  designed s i n k  
f l o a t s  a r e  used f o r  t h e  p u r g i n g  
ope ra t i on  (Schink e t  a l .  1983). 

Common l i t t l e n e c k  clams a r e  a b l e  
t o  c l o s e  t h e i r  va lves  t i g h t l y  when 
exposed t o  a i r ,  thus  p reven t i ng  l o s s  
o f  l i q u i d  over  t h e i r  s o f t  p a r t s .  I f  
k e p t  a t  l ow temperatures, they may 
s a f e l y  be k e p t  o u t  o f  wa te r  f o r  
severa l  days and be t r a n s p o r t e d  f r e s h  
over  l o n g  d i s t ances  (Quay le  and Bourne 
1972).  

The market  f o r  common 1  i t t l e n e c k  
clams i s  expected t o  remain favorab le ,  
b u t  supply  w i l l  depend on a  number o f  
f a c t o r s .  These i n c l u d e  r e p r o d u c t i v e  
success i n  c l  am-produci ng areas t h a t  
have a  h i s t o r y  o f  marked v a r i a t i o n  i n  
s e t t i n g ,  con t i nued  p reven t i on  o f  
p o l l u t i o n  i n  p r o d u c t i v e  i n t e r t i d a l  
beaches, and con t i nued  p roduc t i on  i n  
s u b t i d a l  areas. Common 1  i t t l e n e c k  and 



Mani la clams harves t ing  i s  c l o s e l y  
associated w i t h  the  oys te r  i n d u s t r y  o f  
southern Puget Sound and Hood Canal. 
I n  c e n t r a l  Puget Sound, there  i s  
i n t e r t i d a l  ha rves t i ng  o f  common 
l i t t l e n e c k ,  Manila, and b u t t e r  clams, 
as w e l l  as sub t i da l  harves t  o f  common 
li t t l eneck ,  bu t te r ,  and horse clams by 
mechanical harvesters (Schink e t  a l .  
1983 ) . 

I n t e r t i d a l  Harvest i  na 

The common l i t t l e n e c k  clam i s  one 
o f  the  most popular  species harvested 
i n t e r t i d a l  l y  f o r  rec rea t i ona l  purposes 
i n  Puget Sound and a long the  
Washington coast.  I t  i s  est imated 
t h a t  an annual average (1972 t o  1978) 
o f  2.3 m i l  1  i o n  pounds o f  clams were 
harvested from Washington's pub1 i c l y  
owned beaches du r i ng  774,000 user  
t r i p s .  Since much o f  the  i n t e r t i d a l  
area i n  Puget Sound i s  p r i v a t e l y  
owned, rec rea t i ona l  harves t  there  i s  
no t  i nc luded  (Sol omon 1983 1.  

The commercial harves t ing  o f  
i n t e r t i d a l  common 1  i t t l e n e c k  clams i s  
a l s o  a  v i t a l  component o f  Washington's 
clam f i s h e r y .  Major clam farms are  
l oca ted  i n  southern Puget Sound, 
Sequim Bay, Discovery Bay, P o r t  
Townsend, P o r t  Gamble, Hood Canal, 
W i  l l a p a  Bay, and Grays Harbor. The 
i n t e r t i d a l  lands used f o r  commercial 
p roduc t ion  are  e i t h e r  owned by the  
harves ter  o r  leased from o the r  p r i v a t e  
owners o r  the  State.  Harvesters who 
lease these lands are assessed a  
r o y a l t y  o r  "stumpage fee"  o f  $0.03 t o  
$0.25 per pound on the  clams harvested 
(Schink e t  a l .  1983). 

Most i n t e r t i d a l  common 1  i t t l e n e c k  
clams are  harvested by hand w i t h  an 
o rd ina ry  po ta to  fork ( c a l l e d  a  clam 
rake o r  hack), a  shovel, o r  a  f o u r -  
t i n e  clam hack. The bes t  method i s  t o  
d i g  i n  rows, spreading the  ground o u t  
evenly along the  rows. Hand 
ha rves t i ng  i s  i n e f f i c i e n t  compared 
w i t h  harves t ing  w i t h  mechanized 
hydraul i c  devices, b u t  i t  may enhance 

clam populat ions by t h i n n i n g  adul t 
clams w i thou t  e l i m i n a t i n g  them. 
Reduction o f  the  popu la t ion  reduces 
compet i t ion  f o r  food and space and 
increases growth r a t e  (Schink e t  a1 . 
1983 ) . 

Hydrau l i c  clam rakes are  a l s o  
used by commercial d iggers on some 
i n t e r t i d a l  beaches a long the  west 
coast. A gas01 ine-powered water  pump 
i n  a  s k i f f  suppl ies enough water pres-  
sure t o  the  rake t o  d i g  about 1 f o o t  
i n t o  the  substrate.  Clams f l o a t  t o  
the  top  o f  the  r e s u l t i n g  s l u r r y  water  
subs t ra te  and are p icked by hand from 
the  t rench c rea ted  by the  rake (Schink 
e t  a l .  1983). As many as 2,500 clams 
per hour can be c o l l e c t e d  w i t h  a  clam 
rake  i n  areas o f  h i gh  dens i t y  
(Nickerson 1977 1 .  Hydraul i c  rakes are  
n o t  on ly  f a s t e r  and more e f f i c i e n t  
than hand d igging,  b u t  reduce s h e l l  
breakage (Schink e t  a1 . 1983 1. 

Sub t i da l  Harves t ing  

I n  Washington, sub t i da l  clams are 
a1 so harvested commercial l y  w i t h  
mechanical clam harves ters  f rom 
p u b l i c l y  owned beds leased by the  
S ta te  f o r  t h i s  purpose. I n  1980, the  
Department o f  Natura l  Resources 
assessed a  minimum lease fee  o f  $5 per  
acre per  year ;  the  harves ter  a l s o  p a i d  
a  r o y a l t y  o f  $0.05 per  pound f o r  
common 1  i t t l e n e c k  clams. The p r i c e  
then p a i d  t o  harves ters  f o r  common 
1  i t t l e n e c k  clams from s u b t i d a l  t r a c t s  
was $0.50 per  pound; most were s o l d  
f r e s h  i n  markets (Schink e t  a l .  1983). 

The hyd rau l i c  dredge used i n  sub- 
t i d a l  harves t ing  i s  at tached t o  a  boat  
t h a t  pushes the  submerged p o r t i o n  o f  
t he  dredge through the  substrate.  
Powerful j e t s  o f  water loosen the  sub- 
s t r a t e  and toss  clams onto  a  chain-  
mesh conveyor be1 t, o r  esca la to r ,  
which c a r r i e s  them t o  the  sur face.  
Small clams, gravel ,  and o the r  deb r i s  
f a l l  through the  mesh and are  rede- 
p o s i t e d  on the  bottom (Schink e t  a l .  
1983). Although the re  a re  some con- 



cerns about no ise  p o l l u t i o n ,  t u r b i d -  
i t y ,  and s i l t a t i o n  associated w i t h  the  
esca la to r  harvester ,  t h i s  machine i s  
probably the  most e f f i c i e n t  method 
a v a i l a b l e  f o r  ha rves t i ng  clams i n  t he  
s u b t i  dal  area. Hydraul i c  dredges used 
i n  Puget Sound operate on l y  i n  shal low 
water and are  e f f i c i e n t  on l y  on 
r e l a t i v e l y  smooth bottom t e r r a i n .  
Many sub t i da l  and i n t e r t i d a l  clam beds 
are  too  small and too  rough f o r  
mechanical ha rves t i ng  of any k ind ,  
thus n e c e s s i t a t i n g  hand harvest .  

The "Long I s l and "  o r  h y d r a u l i c  
j e t  cage harvester ,  which can operate 
i n  deep water, has been t e s t e d  i n  
Washington, B r i t i s h  Columbia, and 
Alaska. I t  i s  towed behind a  boat, 
and clams, a f t e r  being loosened by t he  
water j e t ,  a re  c o l l e c t e d  i n  a  s t e e l -  
r i n g  bag o r  c o l l e c t i n g  device. The 
dredge i s  h o i s t e d  o u t  o f  t he  water  
p e r i o d i c a l l y  and the  ca tch  i s  emptied 
on deck (Schink e t  a l .  1983). 
Eva1 u a t i o n  by the  Washington 
Department o f  F isher ies ,  however, has 
shown the  e f f i c i e n c y  o f  t h i s  gear t o  
be poor when i t  i s  operated i n  t he  
Puget Sound area because o f  the  
presence o f  l a r g e  amounts o f  rocks, 
she1 1  s, and deb r i s  as we1 1  as complex 
water cu r ren ts  and rough bot tom 
topography (Goodwin 1973). 

I n d u s t r y  Problems and Const ra in ts  i n  c 
Domestic po l  1  u t i o n  i n  Washington 

waters has reduced the  p o t e n t i a l  areas 
f o r  ha rves t i ng  sub t i da l  hardshe l l  
clams by 25%, because clams f rom 
a f f e c t e d  areas do n o t  meet c e r t i f i c a -  
t i o n  standards o f  t he  Washington 
Department o f  Soc ia l  and Hea l th  
Serv ices (Schink e t  a l .  1983). A l -  
though s l i g h t l y  pol  l u t e d  clams can be 
cleaned by f l u s h i n g  them w i t h  p u r i f i e d  
seawater f o r  a  few days, t h i s  process 
adds t o  t he  c o s t  and has n o t  been 
accepted by the  i ndus t r y .  Subt ida l  
clam beds have a l s o  been destroyed by 
dredging and dredge ma te r i a l  d isposal  

t h a t  accompanies var ious marine 
cons t ruc t i on  a c t i v i t i e s .  

Another problem a f f e c t i n g  c lam 
beds, p a r t i c u l a r l y  i n  the  i n t e r t i d a l  
area, i s  s i l t a t i o n .  I n  a d d i t i o n  t o  
s i l t  depos i t i on  f rom na tu ra l  r u n o f f ,  
storms, and f loods, e ros ion  from 
increased up1 and development and con- 
s t r u c t i o n  o f  marinas con t r i bu tes  t o  
t he  s i l t a t i o n  o f  clam beaches. The 
l o s s  o f  p roduc t ive  i n t e r t i d a l  beaches 
may increase as the Puget Sound reg ion  
con ti nues t o  develop. 

I n  addi ti on, there  are  some con- 
cerns t h a t  mechanical harves ters  used 
on sub t i da l  and i n t e r t i d a l  clam beds 
w i l l  suspend and depos i t  f i n e  
sediments and smother clams and o the r  
benth ic  organisms (Goodwin and Shaul 
1980; Schink e t  a1 . 1983 I. However, 
an i n v e s t i g a t i o n  by the  Washington 
Department o f  F i she r i es  i n d i c a t e d  t h a t  
a  mechanical harvester  produces on l y  a  
l i t t l e  s i l t  du r i ng  opera t ion  and does 
n o t ,  a f f e c t  the  d isso lved oxygen and 
i no rgan i c  phosphate concent ra t ions  i n  
t he  water. I t  does reduce the  
abundance o f  at tached k e l p  on the  sea 
bed and moves l a r g e  amounts o f  o l d  
clam s h e l l s  and sand t o  the  subs t ra te  
surface (Ta r r  1977 I. Nevertheless, t he  
rec ru i tmen t  o f  seed clams was n o t  
a f f e c t e d  by the  dredging (Goodwin and 
Shaul 1978, 1980). Despi te these 
f ind ings,  sub t i da l  clam dredging has 
dec l i ned  i n  recent  years  and cou ld  
disappear as a  r e s u l t  o f  adverse 
pub1 i c  op in ion  and an i n c r e a s i n g l y  
complex and unpred ic tab le  r e g u l a t o r y  
environment (R i  t c h i  e  1977 I. 

Common L i t t l e n e c k  Clam F ishery  i n  
Oregon 

On1 a  few areas a long Oregon's 
300 miyes o f  c o a s t l i n e  suppor t  
popu la t ions  o f  bay clams (which 
i nc lude  cockle, b u t t e r  clam, common 
l i t t l e n e c k  clam, gaper ( ~ r e s u s  ca ax)  
and s o f t s h e l l  c lam ( w a r e n a d h .  



Al though  t he re  a re  a  number o f  
p r o t e c t e d  bays and es tua r i es ,  each i s  
r e l a t i v e l y  smal l  and o n l y  a  sma l l  
s t r e t c h  o f  no r t he rn  ocean beach has a  
p r o d u c t i v e  h a b i t a t  f o r  common 
li t t l e n e c k  clams ( R i t c h i e  1977 1. 
Approx imate ly  200,000 pounds o f  bay 
clams were harves ted  annua l l y  i n  
Oregon f o r  t h e  y e a r s  1943-49; t h e  
h i g h e s t  p roduc t i on  ( ove r  664,000 
pounds) was i n  1938. The commercial 
ha r ves t  o f  bay clams i s  composed o f  
gaper, cock le ,  and s o f t s h e l l  clams. 
The r e c r e a t i o n a l  ha r ves t  o f  bay clams 
i s  composed o f  t h e  gaper, cock le ,  
s o f t s h e l l ,  b u t t e r ,  and common 
1  i ttl eneck clams (Marr iage 1954 1. 
Common 1  i ttl eneck clam, be i ng  scarce  
i n  Oregon's e s t u a r i n e  areas, i s  n o t  
commercial l y  impor tan t .  I t  i s  taken 
o n l y  i n c i d e n t a l l y  by ha r ves te r s  whi l e  
they  r a k i n g  f o r  cock les.  Common 
l i t t l e n e c k  clams taken by s p o r t  
d i gge rs  commonly average 63 mm (2.5 
i nches )  i n  l e n g t h  (Mar r iage  1954 1. 

Coos, T i  1  lamook, and Yaquina Bays 
s u p p l i e d  60% t o  97% of Oregon's 
commercial l and ings  o f  bay clams i n  
1943-50. Umpqua, Siuslaw, Nehalem, 
Alsea, Coqu i l l e ,  and N e t a r t s  Bays 
produced t h e  r e s t  (To1 l e f s o n  1948; 
Ma r r i age  1954; Gaumer and Lukas 1975; 
Gaumer 1976 1. 

A f t e r  t h e  mid-19501s, t h e  
p r o d u c t i o n  o f  bay clams dec l  i n e d  
s t e a d i l y  and was n e g l i g i b l e  by t h e  
l a t e  1970 's  (Oregon Department o f  F i s h  
and W i  1  d l  i f e  1978-82). C leaver  
(1951 ) a t t r i b u t e d  t h e  e a r l y  d e c l i n e  t o  
reduced d i g g i n g  a c t i v i t y  b rough t  about  
by t h e  improved economy a f t e r  Wor ld  
War 11, and t o  an i nc rease  i n  o y s t e r  
f a rm ing  i n  T i  1  lamook, Yaquina, and 
Coos Bays, which caused t h e  l o s s  o f  
some t r a d i t i o n a l  c lam produc ing  areas. 
Con~mercial  c lam land ings  i n  1975 were 
l e s s  than  27,000 pounds ( R i t c h i e  
1977 1. Furthermore, t he re  appears t o  
be l i t t l e  p o t e n t i a l  f o r  i n t e r t i d a l  
p r i v a t e  c lam farming,  s i nce  l a n d  i s  i n  
s h o r t  supply  i n  Oregon's es tua r i es .  

AQUACULTURE 

The fa rming  o f  common l i t t l e n e c k  
clams i s  c l o s e l y  assoc i a t ed  w i t h  t h e  
o y s t e r  i n d u s t r y  i n  sou thern  Puget 
Sound. Conlmon 1  i t t l e n e c k  clams and 
b u t t e r  clams a r e  a1 so farmed i n  t h e  
i n t e r t i d a l  zone i n  c e n t r a l  Puget Sound 
(R i  t c h i e  1977 1. P roduc t ion  o f  c l  ams 
i n  these areas m igh t  be i nc reased  
through b e t t e r  c lam bed management and 
t h e  convers ion  o f  l ow p r o f i t  o y s t e r  
grounds i n t o  c lam grounds. Beaches 
c o u l d  be improved t o  p r o v i d e  a  more 
s u i t a b l e  h a b i t a t  f o r  clams: mussels 
c o u l d  be removed f rom c lam beds t o  
p reven t  accumulat ion o f  s i l t  on t h e  
subs t r a t e ,  o r  pea g rave l  c o u l d  be 
worked i n t o  t h e  sand o r  mud t o  p r o v i d e  
a  b e t t e r  s u b s t r a t e  f o r  a d u l t  c lams and 
added p r o t e c t i o n  f o -  t h e  j u v e n i  1  es 
(Schink e t  a l .  1983).  I n  Washington, 
more than 1,000 m i l e s  o f  p u b l i c  
shore1 i n e  a r e  p o t e n t i a l l y  usab le  f o r  
commercial i n t e r t i d a l  c lam c u l t u r e .  

To reduce t h e  problem o f  s e t t i n g  
v a r i a b i l i t y  i n  common l i t t l e n e c k  
clams, researchers  a t  t h e  School o f  
F i s h e r i e s  o f  t h e  U n i v e r s i t y  o f  
Washington eva lua ted  t h e  i d e a  o f  
p l a n t i n g  beaches w i t h  ha tchery - reared  
c l a m s e e d  ( M i l l e r e t  a l .  1978).  I n  
1978 about 139,000 ha tchery - reared  
young common l i t t l e n e c k  c lam were 
purchased and p l a n t e d  on p u b l i c l y  
owned beaches by t h e  Washington S t a t e  
Department o f  F i s h e r i e s  as p a r t  o f  t h e  
p l a n  t o  i n c rease  p r o d u c t i v i t y  o f  t h e  
pub1 i c  beaches (Goodwin 1978).  
However, t h e  e f f e c t i v e n e s s  o f  t h i s  
p r o j e c t  has n o t  y e t  become apparent .  

T h e u s e  o f  p l a s t i c  n e t t i n g  on 
i n t e r t i d a l  c lam beds t o  s t a b i l  i z e  
s u b s t r a t e  and reduce p r e d a t i o n  was 
a l s o  i n v e s t i g a t e d .  A  p i l o t  s tudy  on 
Man i l a  clams i n d i c a t e d  t h a t  t h e  
n e t t i n g  was n o t  o n l y  economical ,  b u t  
d r a m a t i c a l l y  inc reased  s u r v i v a l  o f  
b o t h  ha tchery  c lam seeds and n a t u r a l  
se ts .  The same techn ique  may a l s o  be 
b e n e f i c i a l  f o r  common li t t l e n e c k  clams 
(Anderson and Chew 1980 1. 



ECOLOGICAL ROLE 

Food and Feeding Hab i t s  

The common l i t t l e n e c k  clam i s  a  
f i l t e r  feeder,  c o l l e c t i n g  any th i ng  i n  
t he  p l ank ton  smal l  enough t o  i n g e s t  
(Schmidt and Warme 1969). The s i z e  o f  
p a r t i c l e  i nges ted  i s  c o n t r o l l e d  by t he  
s i z e  o f  t h e  mouth opening o r  t h e  1  i f e  
s tage.  P o s t l a r v a l  clams can feed  o n l y  
on p a r t i c l e s  l e s s  than 10 urn i n  
d iameter  -- p r i m a r i l y  ben th i c  diatoms 
and perhaps sediment b a c t e r i a  
(Peterson 1982 ) . 

The common li t t l e n e c k  c lam has 
f o u r  h i g h l y  spec ia l  i z e d  g i  11 s  
( c t e n i d i a ) ,  two on each s i d e  o f  the  
v i s c e r a l  mass. The g i l l s  a re  used f o r  
f i l t e r  f eed ing  as w e l l  as r e s p i r a t i o n .  
Thousands o f  h a i r l i k e  c i l i a  on the  
g i  11 su r f aces  produce wate r  c u r r e n t s  
t h a t  draw water  i n  through t he  
i n h a l a n t  s iphon and c i r c u l a t e  i t  over  
and through t h e  g i l l s ,  where the  b lood  
i s  oxygenated. Simul taneously,  food  
p a r t i c l e s ,  mos t l y  phy top lank ton  and 
d e t r i t u s ,  a r e  en tang led  i n  food 
grooves o f  t h e  g i l l s  and t r anspo r ted  
by c i l i a  t o  t h e  l a b i a l  pa lps  and 
mouth. P a r t i c l e s  o f  s u i t a b l e  s i z e  a r e  
ingested,  and t h e  r e j e c t e d  m a t e r i a l  i s  
expe l led ,  u s u a l l y  through t he  i n h a l a n t  
siphon, when p e r i o d i c  va l  ve c l o s u r e  
f o r ces  wate r  o u t  (Schink e t  a l .  1983 1. 

A f t e r  i nges t i on ,  food  en te r s  t h e  
d i g e s t i v e  system, which i s  composed o f  
a  s h o r t  esophagus, stomach, c r y s -  
t a l  1  i n e  s t y l e ,  d i g e s t i v e  d i v e r t i c u l u m  
( l i v e r ) ,  and i n t e s t i n e .  The c r ys -  
t a l l i n e  s t y l e  i s  a  t r anspa ren t  mass o f  
g e l a t i n o u s  m a t e r i a l ,  sometimes mis- 
taken f o r  a  worm, which secre tes  
d i g e s t i v e  enzymes. C i  1  i a cause t he  
c r y s t a l l i n e  s t y l e  t o  r o t a t e  i n  t h e  
stomach a g a i n s t  a  g a s t r i c  sh i e l d ,  
g r i n d i n g  food  p a r t i c l e s  and f a c i l  i t a t -  
i n g  d i ges t i on .  T h i s  r o t a r y  a c t i o n  
a l s o  p u l l s  food-laden s t rands  o f  mucus 
i n t o  t he  stomach f rom t h e  esophagus. 
I n  t he  stomach, p a r t i c l e s  a r e  f u r t h e r  
so r t ed  by c i l i a .  Some o f  t h e  l a r g e r ,  
coarse p a r t i c l e s  may go d i r e c t l y  

through t he  i n t e s t i n e  and be vo ided 
w i t h o u t  be ing  d igested,  b u t  o the r  
p a r t i c l e s  a re  processed by t he  
c r y s t a l 1  i n e  s t y l e  and passed by c i l i a  
th rough smal l  ducts  i n t o  t he  d i g e s t i v e  
d i v e r t i c u l a .  F i ne  p a r t i c l e s  a re  
d i r e c t e d  i n t o  t he  d i g e s t i v e  glands, 
where they  a r e  absorbed and d igested.  
Wastes a re  l a t e r  conducted t o  t he  
i n t e s t i n e  and e l i m i n a t e d  (Schink 
e t  a l .  1983). 

Smi th (1933) no ted  t h a t  clams 
feed  most a c t i v e l y  d u r i n g  t h e  f l o w  o f  
t h e  t i d e  and t h a t  u s u a l l y  l i t t l e  food  
i s  found i n  t h e  stomachs o f  clams 
taken  d u r i n g  l ow  t i d e .  The bu l k  o f  
t he  i n t e s t i n a l  con ten ts  c o n s i s t s  o f  
p l a n t  forms, l a r g e l y  diatoms. Animal 
m a t e r i a l  i s  l e s s  abundant and i s  
v a r i a b l e  i n  composi t ion.  Protozoa 
c o n s t i t u t e  t he  g rea te r  p o r t i o n  o f  
animal forms. As a  r u l e ,  the  
d i g e s t i v e  t r a c t s  o f  clams c o n t a i n  
cons ide rab le  d e t r i t u s  o r  dead o rgan ic  
mat te r .  I t  i s  be l i eved  t h a t  t h i s  
m a t e r i a l  p l a y s  an impo r tan t  r o l e  i n  
t h e  d i e t  o f  clams. The composi t ion o f  
t he  con ten t s  o f  t he  d i g e s t i v e  t r a c t  i s  
s i m i l a r  t o  t h a t  o f  the  p l ank ton  i n  the  
wate r  column. Clams seem t o  i n g e s t  
any th i ng  i n  t he  p lank ton  t h a t  i s  
s u f f i c i e n t l y  smal l ,  and appa ren t l y  
show l i t t l e  tendency t o  s e l e c t  food. 
Thus, the  amount o f  i nges tab le  l i v i n g  
p l ank ton  and dead o rgan i c  ma t t e r  
a v a i l a b l e  i s  an impo r tan t  f a c t o r  i n  
clam growth. 

Clams, 1  i k e  oys te rs ,  absorb 
d i  s so l  ved substances f rom the  water  
such as c a l c i u m  f o r  s h e l l  fo rmat ion  
and amino ac ids .  The c lam Sp isu la  
so l  i d i  ssima read i  l y  removes g l y c i  ne, 
g l u tam ic  ac id ,  t y ros i ne ,  methionine, 
pheny la lan ine ,  and a r g i n i n e  f rom 
seawater (Stephens and Schinske 1961 1. 
Other  c lam species p robab ly  a l s o  have 
t h i s  a b i l i t y  (Glude 1978). 

U n l i k e  t he  young o f  many species 
o f  clams, young common l i t t l e n e c k  
clams can move by u s i n g  t h e  f o o t  
(Peterson 19821, and then reburrow 
(Quay le  and Bourne 1972 1. Clams i n  



h e a v i l y  populated areas may move 
elsewhere, and clams exposed by 
dredging can reburrow a f t e r  the  
dredging ceases. Over 88% o f  t he  
clams o f  l e s s  than l e g a l  s i z e  t h a t  
were exposed by dredging reburrowed i n  
both " s o f t "  and "hard"  bottoms (Quay le  
and Bourne 1972). The a b i l i t y  o f  the  
common 1 i t t l e n e c k  clam t o  reburrow was 
demonstrated by a mark and recapture  
study conducted by Feder and Paul 
(1973). 

Paras i tes  

Ep i zo i c  growth on common l i t t l e -  
neck clams i s  r a re .  Peterson (1982 ) 
s t a ted  t h a t  f o u l  i n g  organisms a re  
e i t h e r  scraped o f f  d u r i n g  rebur rowing  
o r  a re  smothered. No epidemic disease 
has been found i n  common 1 i t t l e n e c k  
clams (Quayle and Bourne 1972). Two 
species o f  t e t r a p h y l l i d i a n  cestodes 
were found i n  common l i t t l e n e c k  clams 
i n  Humboldt Bay, C a l i f o r n i a ,  and 
common l i t t l e n e c k  clams o f t e n  con- 
t a i  ned l a r g e  numbers o f  1 a r v a l  tape- 
worms o f  t he  genus Echeneibothr ium 
(Sparks and Chew 1966; Warner and 
Katkansky 1969 1. These p a r a s i t e s  a re  
k i l l e d  by cooking and even l i v e  ones 
do n o t  i n f e c t  humans (Shaw 1985). 

Predat ion  

I n  Puget Sound and i n  B r i t i s h  
Columbia, common 1 i t t l e n e c k  clams are  
prey f o r  many predators  -- e s p e c i a l l y  
the  moon s n a i l  Pol  i n i c e s  l e w i s i  -- 
because common 1 i ttl eneck c r l  i v e  
i n  t he  t i d a l  range occupied by t h i s  
predator .  The moon s n a i l  uses i t s  
r adu la  ( a  toothed dev ice  p r o t r u d i n g  
from the  mouth) t o  d r i l l  a countersunk 
ho le  through the  valve o f  a clam t o  
reach and consume the  body. The on l y  
e f f e c t i v e  c o n t r o l  i s  t o  hand-harvest 
the  s n a i l s  (Quayle and Bourne 1972 1. 

I n  Mugu Lagoon, Cal i f o r n i a ,  
Peterson (1982 ) observed f a t a l i t i e s  
caused by t he  moon s n a i l  Pol  i n i c e s  
rec lus ianus  and t h e  c rab  Cancer 

anthon i. Common li t t l e n e c k  clams 
16% o f  t he  d i e t  o f  the  

Octo us d o f l e i n i  (Har twick 
e t  0 c t 0 p u s i 9 8 ~  a l .  Clams eaten were 15 t o  
70 nnn long, b u t  most were 40 t o  50 mn 
long. 'The i n t e n s i t y  o f  p reda t i on  was 
d i r e c t l y  r e l a t e d  t o  t h e  d is tance  
between the  den o f  the  octopus and t he  
gravel  beaches where the  clams 1 i ved .  
I n  the  same area, Peterson and Quammen 
(1982) found t h a t  t he  growth o f  common 
1 i t t l e n e c k  clams i n  sandy beds was 
re ta rded when t h e i r  s iphons were 
nipped o f f  by a t  l e a s t  t h r e e  species 
o f  ben th ic  f i shes :  t h e  P a c i f i c  
staghorn scu lp i n ,  Lep toco t t us  armatus, 
the  diamond t u r b o t ,  Hypsopsetta 
g u t t u l a t a ,  and t he  Cal i f o r n i a  ha1 i b u t ,  
Para1 i c h t h y s  c a l  i f o r n i c u s .  The amount 
o f  siphon n i p p i n g  decreased 
s i g n i f i c a n t l y  i n  muddy beds, where t he  
p redators  swi tched t o  t h e  more 
abundant deposi t - f e e d i  ng b i v a l v e  
Macoma nasuta. -- 

Pearson e t  a1 . (1981 found t h a t  
t he  Dungeness crab, Cancer magi s t e r ,  
uses i t s  antennules as d i s tance  
chemoreceptors and can d e t e c t  e x t r a c t  
o f  t he  common l i t t l e ~ z c k  clam a t  a 
concent ra t ion  o f  10- g / l  . Higher  
concent ra t ions  o f  clam e x t r a c t  
i n i t i a t e d  p rob ing  w i t h  t he  chelae and 
wa lk ing  legs,  and o t h e r  feed ing  
behaviors. Predat ion  r a t e s  were 
h igher  i n  patches where dens i t y  o f  
clams was h igh  -- probably  because the  
g rea te r  concen t ra t i on  o f  me tabo l i t es  
re leased by t he  clams a t t r a c t e d  more 
crabs t o  t h e i r  l o c a t i o n  (Bou ld ing  and 
Hay 1984). Observat ions o f  crabs 
congregat ing i n  dug-over areas o f  the  
beach suggest t h a t  they use d is tance  
chemoreception t o  f i n d  prey. I t  may 
a1 so e x p l a i n  why mar i cu l  t u r e  p r o j e c t s  
t h a t  a r t i f i c i a l l y  inc rease  the  l o c a l  
dens i t y  o f  a prey species may be 
economic f a i  1 ures because t h e  
m o r t a l i t y  caused by crabs i s  ext remely 
h igh  (Mo t te t  1980 1. P redat ion  
experiments w i t h  t he  common 1 i t t l e n e c k  
clam and t he  r e d  rock crab,  Cancer 
productus, showed t h a t  t he  crabs 
p r e f e r  t o  consume the  sma l l es t  clams 



f i r s t  when the clams are p l e n t i f u l  
(Boulding 1983, 1984 1. 

Two carnivorous gastropods, 
F o r r e r i  a be1 cher i  
f es t i vus ,  prey on 
m c h m i d t  and Warme 1969 1. and 
the sea s ta rs  Pycnopodia he1 ianthoides 
and Evaster ias t rosche l  1 i i prey 
heav i ly  on them i n  Pr ince Wi l l i am 
Sound, Alaska (Paul and Feder 1975; 
Feder 1980). The sea s t a r  P i sas te r  
b rev i s  i n i s  feeds on common 1 i t t l eneck  
-Yp_ c am I n  Puget Sound (Smith 1961; Feder 
1980). The sea o t t e r  Enh dra l u t r i s  
a lso  i s  a major predator  -5- o clams I n  
Pr ince W i  11 i am Sound, A1 aska (Feder 
and Paul , pers. comm. 1. 

I n  the S t r a i t  o f  Georgia, B r i t i s h  
Columbia, three species o f  w i n t e r i n g  
scoter  ducks feed i n  the  i n t e r t i d a l  
beach area -- whi te-wi nqed scoter  . 
Me lan i t t a  fusca; s u r f  "scoter ,  M: 
p e r s p i c i ~ l  l a ta ,  and occasional ly ,  b l a r k  
scoter, M. n i  gra. Common 
1 i t t l eneck  a a  Manila clams compose 
about two- th i rds  o f  the gut  contents 
o f  t he  white-winged and s u r f  scoters. 
Bourne (1983) est imated t h a t  a 
w i n t e r i n g  f l o c k  o f  200 scoters  i n  
southern B r i t i s h  Columbia coul d remove 
5 t o  14.5 me t r i c  tons o f  common 
li t t leneck  o r  Manila clams from on ly  
two beaches w i t h i n  6 months. 

ENVIRONMENTAL REQUIREMENTS 

Temperature and S a l i n i t y  

The common l i t t l e n e c k  clam i s  
subjected t o  temperatures o f  l ess  then 
0 OC t o  about 25 OC w i t h i n  i t s  range 
from the A leut ian  Is lands t o  lower 
C a l i f o r n i a .  The clams occur from 
about the  middle o f  the i n t e r t i d a l  
zone t o  a depth o f  12 m (40 f e e t )  i n  
the P a c i f i c  Northwest. Those i n  the 
i n t e r t i d a l  zone are exposed t o  h igh 
temperatures dur ing daytime low t i d e s  
i n  summer, and low temperatures dur ing  
n ight t ime low t i d e s  dur ing  w in te r .  
Young common 1 i t t l eneck  clams, 
1 . 5 t o 2 0 . 0  mm i n  length,  a re  

r e s t r i c t e d  t o  the  upper 2 cm o f  
sediment (Paul and Feder 1973) and are  
subject  t o  f reez ing  a t  low t i d e  i n  
midwinter (Feder e t  a1 . 1979). How- 
ever, a d u l t  clams burrow t o  a maximum 
depth o f  about 20 cm and are thereby 
protected from most temperature ex- 
tremes (Glude 1978). 

For 1 arva l  common 1 i ttl eneck 
clams near Newport, Oregon, the 
optimum water temperature and sal i n i  ty 
ranges were 10 t o  15 OC and 27 t o  32 
ppt, respec t i ve l y  (Phibbs 1971 1. The 
sal i n i  t y  to1 erance o f  adul t s  ranged 
from about 20 pp t  ( o r  l e s s )  t o  30 pp t  
i n  Pr ince Wi l l iam Sound, Alaska (Glude 
1978 1, and B r i t i s h  Columbia (Quayle 
and Bourne 1972 1. 

Substrate 

Ear l y  studies showed t h a t  conlmon 
li tt leneck clams o f t e n  1 i v e  on small 
beaches i n  pockets along rocky 
shorel ines, o r  i n  small patches on 
l a rge  beaches. The best  beaches f o r  
common 1 i tt leneck clams are those w i t h  
coarse sand o r  f i n e  gravel mixed w i t h  
mud, stones, o r  she l l s .  Common 
1 i tt leneck clams usua l l y  do poor ly  i n  
f i n e  sand (Fraser and Smith 1928). 
Adu l ts  may burrow t o  a depth o f  20 cm 
( 8  inches) bu t  are usua l l y  w i t h i n  15 
cm ( 6  inches) o f  t he  surface, and 
occasional ly  are on the  surface (Amos 
1966). 

I n  Washington, i n t e r t i d a l  common 
l i t t l e n e c k  clams concentrate i n  a 
porous mixture o f  gravel , sand, and 
mud f i r m  enough t o  r e s i s t  wave ac t i on  
(Washington State Department o f  
F isher ies  1978). I n  Puget Sound, 
standing crops o f  sub t ida l  common 
l i t t l e n e c k  clams are h ighest  i n  she l l  
substrate and lowest i n  mud and sand. 
However, average s izes  are about the 
same i n  the two substrates. It i s  
suggested t h a t  the subst ra te  a f fec ts  
standing crops by i n f l u e n c i n g  the se t  
o r  su rv i va l  o f  seed clams and thereby 
determines the  densi ty  o f  a d u l t  clams 
(Goodwin 1973). I n  C a l i f o r n i a ,  common 



l i t t l e n e c k  clams l i v e  i n  t he  sediments 
o f  coarse sand t o  mud i n  bays, 
sloughs, and e s t u a r i e s  ( F i t c h  1953).  
On t h e  open coast,  they 1  i v e  i n  n e a r l y  
any area hav ing rocky  p o i n t s  o r  r e e f s  
made up o f  smal l  cobbles over  coarse 
sand. I n  southeastern and south- 
c e n t r a l  Alaska, common 1  i t t l e n e c k  
clams a re  found on sandy and muddy 
g rave l  beaches (Paul and Feder 1973; 
Paul e t  a l .  1976a, 1976b). I n  some 
coas ta l  waters o f  C a l i f o r n i a ,  c lam 
abundance w ide l y  f l u c t u a t e s  because 
t he  ex tens i ve  s i l t a t i o n  o f  cobble 
beaches, caused by heavy r u n o f f  f rom 
creeks, des t roys  clam h a b i t a t  (F rey  
1971 1. Clam popu la t ions  smothered i n  
areas t h a t  have undergone heavy 
s i l t a t i o n  may r e q u i r e  5  y e a r s  t o  
recover  (Frey 1971 1. 

Some i n t e r t i d a l  beaches t h a t  have 
become unproduc t i ve  because o f  a  
change f rom grave l  t o  sand have been 
r e s t o r e d  t o  f u l l  p r o d u c t i v i t y  by t h e  
d e p o s i t i o n  o f  a  l a y e r  o f  g rave l  over  
t he  beach. The coarse g rave l  p rov i des  
smal l  clams w i t h  p r o t e c t i o n  a g a i n s t  
wave a c t i o n  and p reda to rs  (Glude 
1978 1. 

It i s  d i f f i c u l t  t o  separate t h e  
e f f e c t s  of subs t ra te  types  on clam 
d i s t r i b u t i o n  and abundance f rom 
e f f ec t s  o f  c u r r e n t  v e l o c i t y .  Bas ic  
m a t e r i a l s  i n  any p a r t i c u l a r  area, p l u s  
t h e  c u r r e n t  v e l o c i t y  over  t h e  area,  
a re  two impor tan t  f a c t o r s  i n  de te r -  
m in i ng  subs t ra te  type.  Normal ly  , t h e  
g r e a t e r  t h e  c u r r e n t  speed, t h e  coarser  
t h e  sur face  m a t e r i a l s  and t h e  more 
d e s i r a b l e  the  area f o r  common 
li t t l e n e c k  clams. Cur ren t  v e l o c i t y  
a f f e c t s  clam abundance by exposing 
d i f f e r e n t  numbers o f  l a r v a e  i n  any 
p a r t i c u l a r  area, thus a f f e c t i n g  t h e  
amount o f  c lam s e t t i n g .  The g r e a t e r  
t h e  cu r ren t ,  the g rea te r  t he  number o f  
l a r v a e  t h a t  come i n t o  c o n t a c t  w i t h  any 
p a r t i c u l a r  spot.  A1 so, t he  g r e a t e r  
t h e  c u r r e n t  speed, t he  g r e a t e r  t h e  
p o t e n t i a l  number o f  food organisms 
t h a t  become a v a i l a b l e  i n  t h e  a rea  
(Goodwi n  1973 ).  

Depth 

Common l i t t l e n e c k  clams a re  usu- 
a l l y  found i n  t he  i n t e r t i d a l  zone 
between -1.0 and t1 .3  m ( -3  and +4 
f e e t )  o f  t he  mean lower  low water  
datum plane. A l though they a re  found 
w i t h  b u t t e r  clams, they u s u a l l y  occur  
a t  a  s l i g h t l y  h i ghe r  t i d a l  l e v e l  
( Nickerson 1977; F i gu re  6  1. 

I n  Washington, common 1  i t t l e n e c k  
clams are  concent ra ted  i n  t he  
i n t e r t i d a l  zone between -0.9 m and 
t1 .2  m (-3 and t 4  f e e t ) ,  b u t  were seen 
i n  water  as deep as 18 m (60  f e e t ) .  
The average s i z e  and s tand ing  c rops  o f  
common 1  i ttl eneck clams decrease 
r a p i d l y  as water  depth inc reases  
(Goodwin 1973; Washington S t a t e  Dep. 
F ish .  1978). I n  B r i t i s h  Columbia, 
Quayle and Bourne (1972)  observed 
common l i t t l e n e c k  clams f rom t h e  lower  
th ree-quar te rs  o f  t he  i n t e r t i d a l  zone 
down t o  a  depth o f  13 m. They w ro te  
t h a t  clams t he re  burrow t o  a  maximum 
depth o f  16 cm. 

Smith (1933) found t h a t  young 
common 1  i t t l e n e c k  clams 2.4 t o  12.6 nnn 
l ong  were found o n l y  a t  t h e  l owes t  
l e v e l  o f  t he  t i d e ,  a l though most o f  
t h e  popu la t i on  was a t  a  h i ghe r  l e v e l .  
Simi 1  a r  observa t ions  were made i n  
P r i nce  W i l l i a m  Sound, Alaska, by Paul 
and Feder (1973).  These observa t ions  
suggested t h a t  young clams probab ly  
make t h e i r  f i r s t  a t tachment  i n  deeper 
waters, and then move up t h e  beach as 
they grow. Th i s  behav io r  may occur  
p a r t l y  because i t  i s  d i f f i c u l t  f o r  
free-swimming l a r v a e  t o  s e t t l e  on t h e  
p a r t s  o f  t he  beach t h a t  a re  f r e q u e n t l y  
exposed by t he  ebb o f  t h e  t i d e .  

The p re fe rence  o f  common l i t t l e -  
neck clams f o r  c e r t a i n  t i d a l  l e v e l s  
was w e l l  demonstrated d u r i n g  and a f t e r  
t h e  1964 Alaska earthquake, which 
sub jec ted  t he  Olsen Bay area i n  P r i nce  
W i l l i a m  Sound t o  an u p l i f t  o f  0.9 t o  
1.2 m ( P l a f k e r  1969). Maximum d e n s i t y  
o f  common l i t t l e n e c k  clams a l s o  
changed f rom t h e  normal 0-m t i d a l  
l e v e l  t o  about the  1.2-m t i d a l  l e v e l .  



Feet 5 4 3 2 1 0 11 -2 

Meters 1.52 1.22 0.91 0.61 0.30 o -0.30 -0.61 

F i g u r e  6. Frequency o f  occurrence o f  ( a )  common 1 i t t l e n e c k  clam and ( b )  b u t t e r  
c lam by t i d e  l e v e l ,  Simpson Bay, P r i n c e  W i l l i a m  Sound, Alaska (Nickerson 1977). 

Ten y e a r s  a f t e r  t h e  earthquake, t h e  
i n t e r t i d a l  d i s t r i b u t i o n  o f  common 
l i t t l e n e c k  clams a t  two o f  t h r e e  
beaches t h a t  were examined had 
r e t u r n e d  t o  normal, t h e  maximum 
d e n s i t i e s  aga in  o c c u r r i n g  near t h e  0-m 
t i d a l  l e v e l .  The t h i r d  beach had 
become t o o  muddy and was no l onge r  a 
s u i t a b l e  h a b i t a t  (Paul e t  a1 . 1976a) 

Other  Environmental  Fac to r s  

Desp i te  t h e  f a c t  t h a t  copper i s  
known t o  be an e s s e n t i a l  t r a c e  element 
f o r  b i o l o g i c a l  processes, ext remely 
low concen t ra t i ons  o f  copper have been 
shown t o  be l e t h a l  t o  severa l  marine 
species. I o n i c  copper appears t o  be 
t h e  t o x i c  form. 

Experiments conducted by Phel ps 
e t  a1 . (1983) showed t h a t  t h e  t ime  
taken f o r  50% o f  common l i t t l e n e c k  
clams t o  burrow i n t o  t h e  subs t ra te  
inc reased l o g a r i  thmica l  l y  w i t h  
i n c r e a s i n g  copper concen t ra t i on  i n  t he  

sediment. They suggested t h r e e  
reasons: ( 1  t he  t o x i c  e f f e c t  o f  
copper on clams l e d  t o  a d e b i l i t y  i n  
burrowing; ( 2  avers ive  behav io ra l  
c o n d i t i o n i n g  occur red  f rom exposure t o  
copper i n  sediment; and ( 3 )  responses 
t o  nox ious chemosensory cues i n -  
creased. 

Common 1 i ttl eneck clams a r e  
h i g h l y  s e n s i t i v e  t o  copper, which i s  
used i n  a n t i f o u l i n g  boa t  pa in t s .  The 
mor ta l  i t y  o f  clams repo r t ed  a f t e r  30 
days o f  exposure was 15% a t  copper 
concen t ra t i ons  o f  7 and 18 u g / l ,  and 
86% and 97% a t  39 and 82 ~ g / l  
r e s p e c t i v e l y  . Copper i s  concent ra ted  
i n  t h e  g i l l s  and d i s r u p t s  t h e  
r e g u l a t i o n  o f  c e l l  u l  a r  sodium and 
potassium (Roes i j ad i  1980a, 1980b). 
Heavy meta ls  have a l s o  been found t o  
be concent ra ted  i n  common 1 i ttl eneck 
clams. However, t he  q u a n t i t i e s  o f  
heavy meta ls  a re  gene ra l l y  lower  i n  
common l i t t l e n e c k  clams than i n  o t h e r  
s h e l l f i s h e s  (Shaw 1985). 



Augenfeld e t  a1 . (1980 ) noted 
t h a t  85% o f  common 1 i t t l eneck  clams i n  
the f i e l d  surv ived a 54-day exposure 
t o  sediment contaminated w i t h  Prudhoe 
Bay crude o i l  a t  a concentrat ion o f  
1,237 ppm. However, on ly  17% o f  
Macoma i nquinata su rv i  ved the  same 
dose. A1 though su rv i va l  , cond i t i on  
ind ices ,  and y l y c i n e  l e v e l  i n  the  body 
t i ssues  a l l  decrease i n  t rea ted  common 
l i t t l e n e c k  clams, the  decrease i s  no t  
as ser ious  as i n  Macoma i n  u ina ta  
The common 1 i ttl e n e d ? - d T m , ~ ~  
f i  1 t e r  feeder, i s  probably a f f e c t e d  
l ess  severely than Macoma inquinata,  a 
d e t r i t i v o r e ,  by o i l p o l l u t i o n .  

Common 1 i ttl eneck clams grow 
slower i n  o i l - t r e a t e d  than i n  c lean 
sediment. Anderson e t  a1 . (1981 ) 
inspected an o i l - t r e a t e d  clam bed f o r  
1 year.  They not iced t h a t  the  
re1 a t i  ve l y  r a p i d  l o s s  o f  petroleum 
components from the  sur face o f  
sediments g r e a t l y  reduced t i s s u e  
contaminat ion and the  adverse e f f e c t s  
on growth i n  t he  upper l aye r  ( 3  cm o r  
l ess ) ;  even though i t s  i n i t i a l  
concent ra t ion  o f  o i  1 was s i g n i f i c a n t l y  
h igher than t h a t  i n  the  deeper layer .  

Seven years  a f t e r  one o i l  sp i  11 , 
o i l e d  sediment s t i l l  s i g n i f i c a n t l y  
a f f e c t e d  predat ion  on the  common 
li t t l e n e c k  clam by the Dungeness crab, 
both i n  t he  f i e l d  and i n  laboratory.  

On one hand, o i l e d  sediment reduced 
the  chemosensory a b i l  i ty o f  t he  crab 
t o  de tec t  bu r i ed  clams; on the  o ther  
hand, the  reburrowing o f  the clam was 
shal lower and slower i n  o i l e d  
sediment. A1 though o i l e d  sediment d i d  
n o t  f o rce  the clams t o  emerge from the  
bed, they became more accessib le t o  
crabs and t h i s  greater  accessi b i l  i ty 
l e d  t o  a ne t  increase i n  p redat ion  by 
the  crabs (Pearson e t  a1 . 1981 1. 

Hartwick e t  a l .  (1982) found t h a t  
crude o i l  had r e l a t i v e l y  1 i t t l e  e f f e c t  
on adul t common 1 i t t l eneck  clams, 
whereas a d ispersant  o r  a mix ture  o f  
d ispersant  and o i l  had a s i g n i f i c a n t  
e f f e c t .  A1 so, siphon a c t i v i t i e s  were 
s i g n i f i c a n t l y  re tarded when clams were 
t r e a t e d  w i t h  1,000 ppm o i l ,  were 
f u r t h e r  re tarded when t rea ted  w i t h  100 
ppm o f  d ispersant  (Corexi t 9527 1, and 
were lowest  a f t e r  treatment w i t h  1,000 
ppm o i l  p lus  100 ppm dispersant. The 
behavior  o f  clams exposed t o  these 
chemicals changed. The f i r s t  s i gn  was 
a slow t a c t i l e  response, fo l lowed by 
an extension o f  the  siphon and a 
gaping o f  the  s h e l l  dur ing  exposure t o  
a i r .  The siphons were even tua l l y  
pinched o f f  as the  s h e l l s  closed, 
i n d i c a t i n g  a l o s s  o f  coord ina t ion  o f  
a c t i v i t y .  Sett lement o f  young common 
1 i t t l e n e c k  clams was no t  a f f ec ted  on 
the  experimental p l o t s  t rea ted  w i t h  
1,000 ppm crude o i l  . 
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l i f e  h i s t o r y ,  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  
p r e p a r e d  t o  a s s i s t  i n  e n v i r o n m e n t a l  i m p a c t  assessments.  The common l i t t l e n e c k  c lam 
( P r o t o t h a c a  s t a m i n e a )  i s  i m p o r t a n t  b o t h  i n  r e c r e a t i o n a l  and commerc ia l  f i s h e r i e s  i n  
t h e  P a c i f i c  N o r t h w e s t  r e g i o n .  T h i s  r e v i e w  d e s c r i b e s  t h e  l i f e  h i s t o r y  (spawning,  egg 
and l a r v a l  s t a g e s ,  p o s t l a r v a e  and j u v e n i l e s ,  m a t u r i t y ,  and 1 i f e  span) ,  g r o w t h  
c h a r a c t e r i s t i c s ,  commerc ia l  and s p o r t  f i s h e r i e s ,  a q u a c u l t u r e ,  e c o l o g i c a l  ro l .e ,  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  t h e  s p e c i e s .  An u p d a t e d  l i t e r a t u r e  c i t e d  s e c t i o n  i s  
a1 so i n c l u d e d .  

E s t u a r i e s  S a l i n i t y  Feed ing  h a b i t s  Aquacul  t u r e  
L i f e  c y c l e s  Tempera tu re  Con taminan ts  P r e d a t o r s  
Growth Depth  Water  p o l  l u t i o n  
F i s h e r i e s  Sediments Conpet i t i  on  

b. W W l f b n l O D m - t n d w  Torma 

L i f e  h i s t o r y  P r o t o t h a c a  s taminea  
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  r e q u i r e m e n t s  
Common l i t t l e n e c k  c lam 

U n c l a s s i f i e d  
U n l i m i t e d  d i s t r i b u t i o n  k c u r ~ l y  CIaaa -hi8 pmg.) 

U n c l a s s i f i e d  
ANSU39.18)  OCTIO~AL mw 272 celn 

tfovmorq mns-3% 
Booart- .I C o m m m o  



As the Nation's principal conservation agency, the Department of 
the Interior has responsibility for most of our nationally owned 
public lands and natural resources. This includes fostering the 
wisest use of our land and water resources, protecting our fish 
and wildlife, preserving the environmental and cultural values of our 
national parks and historical places, and providing for the enjoy- 
ment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to assure that their 
development is in the best interests of all our people. The Depart- 
ment also has a major responsibility for American Indian reservation 
communities and for people who live in island territories under U.S. 
administration. 
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