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PREFACE 

This species p r o f i l e  i s  one o f  a ser ies  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  eco log ica l  importance. The p r o f i l e s  
are designed t o  prov 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 he  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 ions  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 sect ions on taxonomy, 1 i f e  h i s t o r y ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  app l icab le .  A t h ree - r i ng  b inder  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they are  prepared. 
Th is  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 the  U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  questions regarding t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
the  f o l l  owing addresses. 

I n fo rma t ion  Trans fer  Special i s t  
Nat ional  Wetlands Research Center 
U.S. F i sh  and W i l d l i f e  Service 
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 T A B L E  

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

Mu1 t i p l y  

m i l l i m e t e r s  (mm) 
cen t ime te rs  (cm) 
meters (m)  
meters ( m )  
k i  1  ometers (km) 
k i  1  ometers (km) 

square meters ( m 2 )  
square k i l o m e t e r s  (km2) 
hectares (ha) 

l i t e r s  (1 )  
cub ic  meters (m3)  
cub ic  meters (m3)  

m i l l i g r a m s  (mg) 
grams (g )  
k i  1  ograms (kg)  
m e t r i c  tons (t) 
m e t r i c  tons (t) 

k i l o c a l o r i e s  ( k c a l  ) 
Ce ls ius  degrees ( O C )  

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

square f e e t  ( f t 2 )  
square m i l e s  ( m i 2 )  
acres 

g a l l o n s  ( g a l )  
cub ic  f e e t  ( f t3 )  
a c r e - f e e t  

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

B r i t i s h  thermal u n i t s  (B tu )  
Fahrenhe i t  degrees (OF) 

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

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

To Obta in  

inches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i l e s  

square f e e t  
square m i l e s  
acres 

g a l  1  ons 
cub ic  f e e t  
acre-  f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

B r i t i s h  thermal u n i t s  
Fahrenhe i t  degrees 

m i l l i m e t e r s  
cen t ime te rs  
meters 
meters 
k i  1  ometers 
k i  1  ometers 

square meters 
square k i  1  ometers 
hectares 

1 i t e r s  
cub ic  meters 
cub ic  meters 

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

k i l o c a l o r i e s  
Cel s i  us degrees 
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Figure  1. P a c i f i c  r a z o r  clam ( f r om F i t c h  1953). 

PACIFIC RAZOR CLAM 

S c i e n t i f i c  name ...... ..Si l  iqua p a t u l a  
(D ixon)  

Common name ........ P a c i f i c  r a z o r  clam 
( F i g u r e  1 )  

Other names ........ Northern r a z o r  clam 
C l  ass ...................... Pel ecypoda 
Order ....................... Veneroida 
Family ..................... .Sol enidae 

Geographic range: Razor clams a re  
found on open sandy beaches from 
Pismo Beach i n  southern Cal i f o r n i a  
t o  the  A leu t i an  I s l ands  i n  Alaska. 
The d i s t r i b u t i o n  i n  t h e  P a c i f i c  
Northwest Region i s  s h w n  i n  F i g u r e  
9 

MORPHOLOGY /IDENTI FICATION A1 DS 

F i t c h  (1953) descr ibed  t h e  r a z o r  
clam as f o l l o w s :  "Elongate s h e l l s ,  
t h i n ,  f l a t  and smooxh; covered w i t h  a  

heavy, glossy, ye1 1  owish p e r i  ostracum, 
a  prominent r i b  ex tend ing  f rom t h e  
umbo t o  t h e  margin on t h e  i n s i d e  of 
t h e  va lve.  Foot l a r g e  and power fu l ,  
never p i  gmented. Siphons r a t  her  sho r t  
and u n i t e d  except  a t  t i p s .  Umbos 
nearer  a n t e r i o r  t han  p o s t e r i o r  end. 
A t t a i n s  a  l e n g t h  o f  seven inches. 
D i f f e r s  f rom t h e  rosy  (Solen rosaceus) 
and s i c k l e  (2. s i c a r i  u s ) a z o r  clams 
and t h e  j a c k - k n i f e  (Tagel us 
c a l i f o r n i  anus) clam by hav ing  a  heavy, 
r a i s e d  r i b  ex tend ing  f rom t h e  umbo t o  
t h e  margin o f  t h e  s h e l l  on t h e  
ins ide."  

Weymout h  and McMi 11 i n  (1  931 ) 
f u r t h e r  d i s t i n g u i s h e d  t h e  r e l a t i v e l y  
nonpigmented S. a t u l a  f rom a  s i m i l a r  
r azo r  clam, 5; a h y  t h e  presence 
o f  "chocol ate-brown" co l  o r a t i o n  on t h e  
f o o t ,  mantle,  and s iphon o f  S. a l t a .  - -  
Di f f e rences  i n  umbo p o s i t i o n ,  growth 
pa t t e rn ,  v a r i  ab i  1  i t y ,  and r i b  d i  rec -  
t i o n  were a l s o  d e t a i l e d .  These same 
c h a r a c t e r i s t i c s  a re  a l s o  used t o  d i s -  
t i n g u i s h  S. p a t u l a  f rom S. s l o a t i  - - - 
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F i g u r e  2. D i s t r i b u t i o n  o f  t h e  P a c i f i c  r a z o r  c lam i n  t h e  P a c i f i c  N o r t h w e s t  
Region. Long Beach, Twin Harbors ,  C o p a l i s  Beach, and Fbcrocks Beach i n  
Washington and C l a t s o p  Beach i n  Oregon a r e  t h e  p r i m a r y  r a z o r  c lam beaches. A l l  
o t h e r s  a r e  o n l y  i n t e r m i t t e n t l y  p o p u l a t e d  t o  much e x t e n t .  



which i s  found i n  s u b t i d a l  areas o n l y  
( H e r t l e i n  1961 ). Quayle (1 962) des- 
c r i b e d  r azo r  c lam s h e l l s  as t h i n  and 
b r i t t l e ;  o l i v e  green i n  youth,  chang- 
i n g  t o  brown w i t h  age. Weymouth e t  
a l .  (1925) noted t h a t  r azo r  clams t h a t  
had never spawned had a " t r a n s l u c e n t  
appearance." Once spawning had 
occurred,  t h e  she1 1 s became ve r y  dark  
and d i d  no t  r ega i  n t r a n s  1 ucence. 

REASON FOR INCLUSION I N  SERIES 

The razo r  clam i s  o f t e n  r e f e r r e d  
t o  as t h e  f i n e s t  food clam a v a i l a b l e  
on P a c i f i c  beaches. It i s  " t he  bas is  
o f  economical l y  impor tan t  comnerc ia l  
and r e c r e a t i o n a l  f i s h e r i e s  th roughou t  
much o f  i t s  range" (Breese and 
Robi nson 1981 ) . Comrnerci a1 f i s h i n g  
f o r  r azo r  clams has e x i s t e d  s i n c e  
b e f o r e  t h e  t u r n  o f  t h e  c e n t u r y  bu t  i s  
now be ing  l a r g e l y  rep laced  by 
r e c r e a t i o n a l  d igg ing .  M i  11 i o n s  o f  
clams a re  taken  annua l l y  f rom 
Washington and Oregon beaches. Th is  
i n c r e a s i n g  p o p u l a r i t y  l e d  Browning 
( 1  980) t o  w r i t e  t h a t  "many Washi ng ton  
r es i den t s ,  as w e l l  as a g rea t  number 
o f  Oregoni ans , cons ide r  r a z o r  c lam 
d i g g i n g  Number One among outdoor  
a c t i v i t i e s . "  

LIFE HISTORY 

S ~ a w n i n a  and Larvae 

I n  t h e  P a c i f i c  Northwest,  r azo r  
clams g e n e r a l l y  spawn i n  l a t e  s p r i n g  
o r  e a r l y  summer. Spawning seasons a re  
p r o g r e s s i v e l y  l a t e r  a t  more n o r t h e r n  
l o c a t i o n s .  On t h e  Alaskan Peninsula,  
f o r  example, spawning may peak as l a t e  
as August (Weymouth e t  a1 . 1925). 
Peak spawning t i m e  f o r  r azo r  clams on 
Washington beaches v a r i e s  f rom mid-May 
th rough  Ju ly .  Whi le t h e  spawning 
season i s  usual  l y  more p r o t r a c t e d ,  
M c M i l l i n  (1924) es t imated  t h a t  98% o f  
t h e  razor-c lam spawn a t  Copa l i s  Beach, 
Washington i n  1923 occur red  over  o n l y  
a 2- t o  4-day p e r i o d  i n  l a t e  May. He 
f u r t h e r  suggested t h a t  t h e  degree o f  

s i  mu1 t a n e i  t y  may be densi ty-dependent . 
V a r i a t i o n s  i n  l o c a l  spawning t imes may 
a l s o  depend on food a v a i l a b i l i t y  
(Breese and Robinson 1981 ) o r  o t he r  
env i ronmenta l  c o n d i t i o n s  (see s e c t i o n  
on Temperature). I n  some popu la t i ons ,  
a second, much sma l l e r  spawning peak 
may occur  i n  l a t e  sumner o r  e a r l y  fa1  1 
(McMi 11 i n  1924). Some spawni ng may 
t a k e  p l a c e  th roughou t  t h e  year .  

Weymout h and McMi 11 i n (1 931 ) 
suggested t h a t  " n e i t h e r  a r t i  f i c i  a1 
p ropaga t ion  nor  c u l t u r e  a re  f eas i b l e . "  
However, t h e  S t a t e  o f  Washi ng ton  has 
been o p e r a t i n g  a r azo r  c lam ha t che ry  
s i nce  1980. Breese and Robinson 
( 1  981 ) s u c c e s s f u l l y  induced spawning 
o f  S. p a t u l a  i n  t h e  l a b o r a t o r y  by 
r a i s i n g  t h e  c o n c e n t r a t i o n  o f  t h e i  r 
food source. t h e  d i n o f l a a e l  l a t e  

d~~~ 

~ s e u d o i  sochry& s aradoxa, t o  2-2.5 
m i l l i o n  c e l l s  p e r m i  5 T - T  i i t e r .  There 
i s  i n t e r e s t  i n  a r t i f i c i a l  propagat ion,  
p a r t i  c u l  a r l y  i n  Was h i  ngton,  because o f  
recen t  losses  o f  n a t u r a l  popu la t i ons  
t o  disease. 

I n d i v i d u a l  r azo r  clams a r e  e i t h e r  
male o r  female r a t h e r  t han  hermaphro- 
d i t i c  w i t h  t h e  sex r a t i o  o f  t h e  a d u l t  
clams be ing  1 t o  1 (N ickerson  1975). 
Eggs and sperm are  broadcast  i n t o  t h e  
water  column where f e r t i  1 i z a t i  on 
occurs. Ovary and t e s t e s  a re  no rma l l y  
r a t h e r  hard f o r  t h e  casual  observer  t o  
d i f f e r e n t i  a te .  However, i n  advanced 
stages o f  development j u s t  p r i o r  , t o  
spawning, eggs a re  g r a n u l a r  and sperm 
a re  ve r y  m i  1 ky  (Weymouth e t  a1 . 1925). 
McMi 11 i n  (1  924) pub1 i s  hed i 11 u s t  r a -  
t i o n s  and photographs o f  severa l  
devel opmental stages. He descr ibed  
f r e e - f l o a t i  ng eggs as "pear shaped, 
w i t h  a wh i t e  spot  i n  t h e  center."  I n  
h i s  observa t ions  of eggs and l a r vae ,  
he noted t h a t  c leavage was complete 
and unequal and t h a t  zygotes soon 
became rounded r a t h e r  t han  pear-  
shaped. Vel i g e r s  were formed w i t h i n  
10 days a t  11-15 "C; by  3 weeks, t hey  
had taken on a "common clam shape" 
i . . ,  round i n  va l ve  view, h e a r t -  
shaped i n  c ross  sec t i on ) .  At 5 weeks, 
a d i s t i n c t  f o o t  had formed b u t  t h e  



e n t i r e  animal was s t i l l  t r a n s p a r e n t .  
A t  8  weeks, t h e  velum was gorle, t h e  
she1 1  had become opaque, arid t h e  c lams 
had begun t o  e longa te .  S e t t i n g  
o c c u r r e d  a t  abou t  10  weeks. Breese 
and Robinson (1981) n o t e d  i n  l a b o r a -  
t o r y  s t u d i e s  ( a t  16.5 OC) t h a t  egg 
d i a m e t e r  averaged s l i g h t l y  o v e r  90 mm. 
W i t h i n  48 h ,  l a r v a e  were s t r a i g h t -  
h i n g e d  and had reached  110mm. 
Metamorphos is ,  a p p a r e n t l y  comparable 
t o  M c M i l l i n 8 s  "common c l a m  shape" 
s t a g e ,  o c c u r r e d  20 t o  25 days a f t e r  
f e r t i l i z a t i o n .  

Weymouth e t  a1 . (1925)  r e p o r t e d  
t h a t  "eggs s i n k  q u i t e  r a p i d l y  and a r e  
n o t  e a s i l y  r a i s e d  by  s u r f  ac t i on . "  
However, McMi 11 i n  (1924) suggested 
t h a t  l a r v a e  were e a s i l y  moved and 
s u b j e c t  t o  r e d i s t r i b u t i o n  o f  " a t  l e a s t  
s e v e r a l  m i l e s  ." Both  McMi 11 an (1  924) 
and Weymouth e t  a1 . (1  925) suggested 
t h a t  l a r v a l  d i s p e r s a l  was l i m i t e d  
because o f  t h e  b r e v i t y  o f  t h e  swimming 
l a r v a l  s t a g e  and t h e  tendency o f  
l a r v a e  t o  remain  i n  t h e  sand. 

Juven i  1  es and A d u l t s  

A f t e r  a  5- t o  16-week l a r v a l  
1  i f e  span, j u v e n i l e  c lams b e g i n  t o  s e t  
( = s e t t l e  o u t )  and d i g  i n t o  t h e  sand. 
Weymouth e t  a1 . (1925)  r e p o r t e d  t h a t  
t h e  d e n s i t y  o f  r a z o r  c lams 1 t o  3  
months a f t e r  s e t t i n g  " i s  sometimes 
enormous on t h e  Washington c o a s t "  w i t h  
d e n s i t i e s  app roach ing  1 5 0 0 / f t  
( 1  6,15O/m ) . Tegel  b e r g  and Magoon 
( 1  969) r e p o r t e d  average s e t t i n g  den- 
s i t i e s  o f  1 , 3 8 5 / f t 2  (14,900/m2) on 
C o p a l i  s  Beach and 3 , 685 / f t 2  
(39,665/m2) on Mocrocks Beach, b o t h  i n  
Washington,  d u r i n g  t h e  summer o f  1966. 
Windrows o f  young clams cove red  t h e  
beaches i n  pa tches  " s e v e r a l  i n c h e s  
deep and s e v e r a l  ac res  i n  e x t e n t  ." 
D e n s i t i e s  f r o m  ze ro  t o  1 0 0 / f t 2  
( 1  ,076/m2) a r e  more common. Bourne 
and Quay le  ( 1  970) reco rded  h i g h e s t  
s e t t i n g  d e n s i t i e s  i n  t h e  l o w e r  one- 
t h i r d  o f  t h e  i n t e r t i d a l  zone i n  f i n e ,  
f i r m ,  damp sand. I n  t h i s  same s tudy ,  
Bourne and Q u a y l e  observed t h a t  young 

clams moved l a t e r a l l y  a l o n g  t h e  s u r -  
f a c e  o f  t h e  sand as f a r  as 30 cm. 
Thus, t h e r e  may be a  1  i m i t e d  amount o f  
d i  r e c t e d  r e d i  s t  r i  b u t i  on o f  j u v e n i  1  es 
a f t e r  s e t t i n g .  R i c k a r d  e t  a l .  (1986) 
h y p o t h e s i z e d  a  complex mechanism 
i nvo l  v i  ng g rowth  and t h e  movement o f  
s u b t i d a l  s e t  c lams o n t o  i n t e r t i d a l  
beaches. Once e s t a b l  i shed ,  j u v e n i l e s  
o v e r  1  i n c h  u s u a l l y  remain  i n  p l a c e  
i n  t h e  upper  few i n c h e s  o f  sand. 

A d u l t  r a z o r  c l  ams a r e  u s u a l l y  
about  1 f o o t  beneath  t h e  s u r f a c e  o f  
t h e  sand ( M c M i l l  i n  1924) and show 
v i r t u a l l y  no 1  a t e r a l  movement (Bourne 
1969).  A1 though 1  a t e r a l  movement i s  
1  i m i t e d ,  r a p i d  v e r t i c a l  m o b i l i t y  i s  
c h a r a c t e r i s t i c  o f  t h e  r a z o r  c lam -- 
as any f i r s t - t i m e  c lam d i g g e r  w i l l  
agree.  V e r t i c a l  movement r a t e s  o f  9  
i nches  t o  1 f o o t  p e r  m i n u t e  have been 
measured (McMi 11 i n  1924; Sch i  nk e t  a1 . 
1983),  b u t  many c lam d i g g e r s  would 
swear t h a t  i t  was more. M c M i l l  i n  
(1  924) r e p o r t e d  one o b s e r v a t i o n  o f  a  
r a z o r  c lam d i g g i n g  t o  a  d e p t h  o f  4  f t ,  
9  i nches .  T h i s  unusual  a b i l i t y  t o  
move so r a p i d l y  t h r o u g h  t h e  sand may 
be a  consequence b o t h  o f  t h e  l i q u i d i t y  
o f  s u b s u r f a c e  sand (see  s e c t i o n  on 
S u b s t r a t e )  and t h e  d i g g i n g  mechanism 
o f  t h e  r a z o r  clam. U n l i k e  t h e  more 
common f l a t t e n e d  f o o t  o f  many c lams, 
t h e  b u r r o w i n g  f o o t  of  t h e  r a z o r  c lam 
b u r r o w i n g  f o o t  i s  " e l  onga te  and n e a r l y  
c y l  i n d r i c a l  " (Weymouth e t  a1 . 1925). 
The f o o t  i s  ex tended down i n t o  t h e  
sand, h y d r a u l  i c a l  l y  expanded t o  s e r v e  
as an anchor,  and t h e  muscles t h e n  
c o n t r a c t e d  t o  p u l l  t h e  c lam downward 
(Weymouth e t  a1 . 1925).  M c M i l l  i n  
( 1  924) a s s o c i a t e d  t h e  e v o l u t i o n  o f  
such m o b i l i t y  w i t h  t h e  i n s t a b i l i t y  and 
t r a n s p o r t  o f  beach sand. 

La rge  r a z o r  c lams a r e  denses t  i n  
t h e  1  ower i n t e r t i  d a l  zone (McMi 11 i n  
1  924; Bourne 1969; Ni cke rson  1975),  
t hough  s u b t i d a l  popu l  a t i o n s  may a1 so 
be s u b s t a n t i  a1 . For  example, t h o u -  
sands o f  pounds o f  r a z o r  c lams have 
been h a r v e s t e d  a t  20-40 f t  i n  A laskan 
waters .  The s t a t u s  o f  s u b t i d a l  
p o p u l a t i o n s  i n  t h e  P a c i f i c  Nor thwest  



i s  l e s s  w e l l  known. P r e l i m i n a r y  work 
by t h e  Washington Department o f  
F i s h e r i e s  (WDF) i n  1983-85 i n d i c a t e d  
t h e  presence of ve ry  few s u b t i d a l  
a d u l t s  . However, B a r r e l  1  Demory 
(Oregon Department o f  F i s h  and 
Wild1 i f e ,  Newport, pers .  comm.) 
r epo r t ed  d i v e r  observa t ions  a long  t h e  
Oregon coas t  of a  band o f  a d u l t  r azo r  
clams t o  8  ft, a  few on t h e  s teeper  
drop-of f  t o  deeper water ,  and t hen  
common bu t  l e s s  densely  packed clams 
t o  depths of a t  l e a s t  20 ft. Schink 
e t  a l .  (1983) even suggested t h a t  
" o f f s h o r e  c lam popu la t i ons  a r e  con- 
s i  dered broodstock f o r  i n t e r t i d a l  
popu la t ions . "  

The presence of s u b s t a n t i a l  
numbers of s u b t i d a l  j u v e n i l e s  i s  more 
f i r m l y  es tab l i shed .  McMi l l a n  (1  924) 
r e p o r t e d  hav ing  c o l  l e c t e d  many smal l  
clams ou t  t o  550 ya rds  o f f sho re  a t  
depths of about 11 ft (3.3 m). More 
r e c e n t l y ,  R i cka rd  e t  a l .  (1986) 
es t ima ted  s u b t i  da l  d e n s i t i e s  o f  38,000 
clams/m2 f o r  j u v e n i l e s  f rom 1 t o  15 mm 
i n  l eng th .  

M a t u r a t i o n  i n  r a z o r  clams i s  
appa ren t l y  more c l o s e l y  l i n k e d  w i t h  
s i z e  ( l e n g t h )  t han  w i t h  age. Whi le  
m a t u r i t y  i s  commonly reached a t  a  s i z e  
o f  about 10 cm (Weymouth e t  a1 . 1925), 
t h e  age a t  m a t u r i t y  v a r i e s  w i t h  
geographic l o c a t i o n .  S ince growth i s  
more r a p i d  on sou thern  beaches i n  t h e  
range of t h e  r a z o r  c lam (see s e c t i o n  
on Growth), m a t u r i t y  i s  reached a t  a  
lower  age. Age a t  m a t u r i t y  i s  
g e n e r a l l y  2  yea rs  i n  t h e  P a c i f i c  
Northwest and 3-4 yea rs  i n  A laska 
(Weymout h  1925). Maximum age 
inc reases  s h a r p l y  from 5  yea rs  i n  
Pismo Beach, Cal i f o r n i a  (Weymouth e t  
a l .  1931) t o  9-11 yea rs  i n  t h e  P a c i f i c  
Northwest (McMi 11 i n  1924; Weymouth e t  
a1 . 1931 ) and 18-1 9  yea rs  i n  A laska 
(Weymouth e t  a1 . 1931 ; Nickerson 1975). 
More r e c e n t l y ,  e x t e n s i v e  ha r ves t  and 
h i ghe r  n a t u r a l  m o r t a l i t y  have 1  i m i t e d  
1  ongevi t y  i n  t h e  P a c i f i c  Northwest t o  
about 7  years.  A  l e s s  pronounced 
t r e n d  i n  maximum s i z e  f rom 12 cm i n  
Pismo Beach t o  16 cm i n  A laska was 

suggested by t h e  e a r l y  work o f  
(Weymouth e t  a1 . 1931 ). 

The seasonal ma tu ra t i on  o f  r azo r  
c l  ams has a1 so been s tud ied .  Gonadal 
devel  opment i s  s lowest  d u r i  ng wi n t e r  , 
inc reases  as water  temperature r i s e s  
i n  sp r i ng ,  and peaks j u s t  be fo re  t h e  
spawning season i n  l a t e  s p r i n g  o r  
e a r l y  summer (Weymouth e t  a l .  1925; 
Bourne and Quayle 1970). Some gonadal 
r egene ra t i on  may occur  th rough  t h e  
f a l l  ( M c M i l l i n  1924; Bourne and Quayle 
1970). Bourne and Quay le  a l s o  
r epo r t ed  t h a t  females matured e a r l i e r  
i n  t h e  season t han  males. A t  t h e i r  
peak, gonads may c o n s t i t u t e  30% o f  t h e  
wei ght  o f  t h e  animal , exc l  u s i v e  o f  
she1 1  (McMi 11 i n  1924; Weymouth e t  a1 . 
1925). Est imates o f  f e c u n d i t y  f o r  
r azo r  clams f rom t h e  P a c i f i c  Northwest 
beaches seem g e n e r a l l y  t o  r e f e r  back 
t o  M c M i l l i n ' s  (1924) es t ima te  o f  6-10 
m i l l i o n  eggs. Ni ckerson ( 1  975), 
however, es t ima ted  t h a t  f e c u n d i t y  i n  
r a z o r  clams f rom Alaskan beaches 
ranged f rom 300,000 f o r  a  40 mm clam 
t o  more than  118 m i l l i o n  f o r  a  female 
o f  180 mm i n  l eng th .  

AGE AND GROWTH 

A c o m p i l a t i o n  of t h e  r e s u l t s  o f  a  
number o f  growth s t ud i es  across t h e  
geographic  range o f  t h e  r azo r  c lam i s  
shown i n  Table 1. Since no c o n s i s t e n t  
d i f f e r e n c e  has been no ted  between ma1 e  
and female growth r a t es ,  da ta  f o r  b o t h  
sexes a re  combined. I n  genera l ,  
growth r a t e s  a re  h i  gher (espec i  a1 l y  
i n  e a r l y  yea rs ) ,  and maximum l e n g t h  
and l i f e s p a n  a re  s h o r t e r ,  i n  southern 
t han  i n  n o r t h e r n  popu la t ions .  These 
c h a r a c t e r i s t i c s  o f  growth and t h e  more 
re1  i a b l y  h i  gh s e t t i  ng d e n s i t i e s  l e d  
Weymouth and McMi 11 i n  (1  931 ) and 
Tegelberg (1964) t o  suggest t h a t  
Washington popu la t i ons  o f  r a z o r  c l  ams 
a r e  p a r t i c u l a r l y  w e l l  s u i t e d  t o  w i t h -  
s tand  heavy e x p l o i t a t i o n .  Cont inued 
heavy e x p l o i t a t i o n  and recen t  heavy 
1  osses t o  d isease,  however, have 1 ed 
WDF t o  reduce l i m i t s  and seasons. 
Some beaches o f  major  impor tance now 



Tab1 e  1. Mean l e n g t h  (cm) o f  t h e  P a c i f i c  r a z o r  clams o f  d i f f e r e n t  ages i n  d i f -  
f e r e n t  l o c a l i t i e s .  

Plsmo, Crescent Clatsop, Long Copalis, Masset, Cordova, Swikshak, Hallo Bay 
Agea cAb City, cAb OR' Beach, wAd WA~.~. '  B C ~  A K ~ S ~  A K ~ V ~  A K ~  

14.0~ 
6 13.03 14.02 13.40~ 12.58 11.40' 12.74: 12.37 

1 3.58b 11.13' 12.91 
7 13.32 13.84; 13.27 12.03; 13.70~ 13.17 

14.03 12.51 13.90' 
8 13.84 14.19~ 13.58 12.57' 14.19~ 13.65 

13.50' 14.67' 
9 13.51 14.50~ 13.69 13.08' 14.63~ 14.06 

14.09' 15.15' 
10 14.61 13.60' 14.94~ 14.44 

14.48~ 
14.15' 15.25~ 14.75 
1 4.85' 

12 14.90; 15.61a 15.08 
13 15.01 16.12~ 15.38 
14 15.96~ 15.50 
15 16.72~ 15.80 
16 15.61 
17 15.74 
18 16.31 
19 16.74 
aListed ages represent the number of annuli present on shells. Actual agesvary from 4 to 8 months less than listed ages 
depending on the time of spawning and the time of annulus formation. 
Sources: '=weymouth, McMillin, and Rich (1931); = Hirschhorn (1962), Table 3 totals column; = Tegelberg (1 964), 
estimated from Figure 8; = McMillin (1924); ' = Weymouth, McMillin, and Holmes (1925); = Nickerson (1 975), Tables 
17 (Cordova) and 19 (Swikshak). 

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

C r i t i c a l  t o  t h e  i n t e r p r e t a t i o n  o f  
growth s t u d i e s  i s  t h e  p r e c i s i o n  o f  t h e  
ag ing  technique.  I n  most o f  t h e  
s t ud i es  r epo r t ed  i n  Table 1, ages were 
determined by coun t i ng  t h e  number of 
growth r i n g s  on t h e  s h e l l  o f  t h e  clam. 
M c M i l l i n  (1924) descr ibed  a  t u c k  t h a t  

i s  formed between success ive l a y e r s  o f  
s h e l l  t h a t  leaves "a d e f i n i t e  mark." 
He concluded t h a t  these  marks were 
annual r i n g s  ( a n n u l i  ). Weymouth and 
McMi 11 i n  (1  931 ) and Hi rschhorn  (1 962) 
a l s o  concluded t h a t  such r i n g s  were 
v a l i d  i n d i c a t i o n s  o f  an annual p a t t e r n  
i n  she1 1  growth. Each o f  these  
au thors  noted t h e  presence of o t h e r  
checks o r  fa1 se a n n u l i  formed d u r i n g  



spawning, s t o r m   disturbance.^, o r  o t h e r  
e v e n t s  t h a t  cause a  r e d u c t i o n  i n  
normal g rowth  r a t e .  Each o f  t h e s e  
a u t h o r s ,  however, a1 so f e l t  t h a t  t h e s e  
checks were d i s t i n g u i s h a b l e  f rom 
a n n u l i  and t h a t  t h e  b a s i c  a g i n g  
t e c h n i q u e  was v a l i d .  Weymouth and 
McMi 11 i n  ( 1  931 ) , i n  f a c t ,  genera l  i zed 
i t s  v a l i d i t y  t o  i n c l u d e  a l l  l a m e l l i -  
b ranchs.  However, Tegel b e r g  ( 1  964),  
who, l i k e  M c M i l l a n  (1924)  worked a t  
Copal i s Beach, suggested t h a t  
" d i s t i n c t  a n n u l i  appear t o  depend upon 
a  pronounced w i n t e r  g rowth  slowdown, 
and t h i s  f r e q u e n t l y  i s  l a c k i n g . "  A t  
l e a s t  f o r  t h e  p o p u l a t i o n  he was 
s t u d y i n g  , Tegel b e r g  c o n c l  uded t h a t  
" a g i n g  by  t h e  r i n g  method i s  of  ques- 
t i o n a b l e  v a l i d i t y . "  He p r e f e r r e d  t h e  
use  o f  l e n g t h - f  requency t e c h n i q u e s  . 

As Weymouth e t  a1 . (1 925)  p o i n t e d  
o u t ,  t h e  g r o w i n g  season i n  A laska  " i s  
r o u g h l y  one - h a l f  as l o n g  as i n  
Washi n g t o n  ." Due t o  t h e s e  s h o r t e r ,  
more d e f i n e d  seasons, a n n u l i  a r e  more 
pronounced, more numerous, and more 
c l o s e l y  p l a c e d  i n  A laskan  t h a n  i n  
Washington p o p u l a t i o n s  o f  t h e  r a z o r  
c l a m  ( M c M i l l i n  1924; Weymouth e t  a l .  
1925).  Regard1 ess o f  geograph ic  
l o c a t i o n ,  g rowth  r a t e  i s  u s u a l l y  
s l o w e s t  d u r i n g  l a t e  f a l l  and w i n t e r  
(Weymouth e t  a l .  1925; H i r s c h h o r n  
1962; Tegel  b e r g  1964).  Growth r a t e  
t h e n  a c c e l e r a t e s  as t h e  w a t e r  warms i n  
s p r i n g .  Ano the r  f a c t o r  t h a t  c o n s i s -  
e n t l y  a f f e c t s  g rowth  r a t e  i s  l o c a t i o n  
w i t h i n  t h e  i n t e r t i d a l  zone. Tegel b e r g  
(1964) ,  Bourne and Quay le  (1970) ,  and 
Q u a y l e  and Bourne (1972)  a l l  no ted  
h i g h e r  g rowth  r a t e s  nea r  t h e  l o w - t i d e  
l i n e  t h a n  i n  a reas  h i g h e r  i n  t h e  
i n t e r t i d a l  zone. Bourne (1  969) ,  
commenting on t h i s  same p a t t e r n ,  
suggested t h a t  t h e  d i f f e r e n c e  was due 
t o  t h e  l o n g e r  t i m e  spent  under  wa te r ,  
and t h e r e f o r e  i n c r e a s e d  f e e d i n g  t i  me 
and g r o w t h  by  t h e  c lams l o w e r  i n  t h e  
i n t e r t i d a l  zone. We have seen no d a t a  
on t h e  g r o w t h  r a t e s  o f  s u b t i d a l  r a z o r  
clams. A  v e r y  dense s e t  may s t u n t  t h e  
g r o w t h  o f  some y e a r - c l  asses (Weymouth 
e t  a1. 1925; H i r s c h h o r n  1962; 
Tegel b e r g  and Magoon 1969) .  

THE FISHERY 

H i s t o r y  and R e g u l a t i o n s  

Razor c l  ams have a p p a r e n t l y  been 
used f o r  pe rsona l  consumpt ion f o r  a  
v e r y  l o n g  t i m e ,  as t h e y  a r e  known f r o m  
I n d i a n  middens ( r e f  use heaps) a l o n g  
t h e  P a c i f i c  c o a s t  (McConnel 1  1972). 
The r a z o r  c lam i n d u s t r y  a l o n g  t h e  
P a c i f i c  Coast  "was p i o n e e r e d  by  P.F. 
H a l f a r t y  a t  Sk ipanon,  Oregon, i n  1894" 
( N i c k e r s o n  1975).  'The marke t  f o r  
f r e s h  c lams was l i m i t e d  a t  t h a t  t i m e ,  
b u t  c a n n i n g  o p e r a t i o n s  soon sp read  
c o a s t w i d e ,  f r o m  Oregon t o  t h e  
She1 i k o f f  S t r a i t s  i n  A l a s k a  (Weymouth 
e t  a l .  1925).  By 1915, 8  m i l  1  i o n  
pounds o f  r a z o r  c lams (3.2 mi 11 i o n  l b  
canned) were h a r v e s t e d  and p rocessed  
annual  l y  i n  Washington a l o n e  ( S c h i n k  
e t  a l .  1983). A l t h o u g h  some m a j o r  
c lamming grounds (e. g. , W i l  l a p a  Bay 
and Grays Harbo r )  were s t i  11 " t o t a l  l y  
unused" (McMi 11 i n  1924) ,  r e g u l a t o r y  
changes were a l r e a d y  a f o o t .  Due t o  
d e c l i n i n g  numbers o f  o l d e r  c lams,  
s t a t e s  began t o  impose r e s t r i c t i o n s  
on commercial  h a r v e s t  (Weymouth and 
M c M i l l i n  1931; S c h i n k  e t  a l .  1983) .  
I n i t i a l  r e s t r i c t i o n s  t o o k  t h e  f o r m  o f  
c l o s u r e s  d u r i n g  t h e  spawning season 
and s i z e  l i m i t a t i o n s .  

A  d e v e l o p i n g  r e c r e a t i o n a l  use o f  
r a z o r  c l  ams remai ned l a r g e l y  u n r e -  
s t r i c t e d  u n t i  1  t h e  l a t e  19201s ,  when 
bag and s i z e  l i m i t s  began t o  b e  
imposed . It was e v e n t u a l  1  y r e c o g n i  zed 
t h a t  minimum s i  ze r e q u i  rements were o f  
l i t t l e  use s i n c e  i m p r o p e r l y  r e p l a n t e d  
r a z o r  c lams were n o t  l i k e l y  t o  s u r v i v e  
(D. Demory, p e r s  . comn. ) . Consequent - 
ly ,  bag l i m i t s  now a r e  accompanied by 
t h e  s t i p u l a t i o n  t h a t  a l l  r a z o r  c lams, 
rega rd1  ess o f  s i z e  o r  c o n d i t i o n ,  must 
be kep t  and coun ted  toward  t h e  d a i l y  
bag. It i s  hoped t h a t  t h i s  s t i p u l a -  
t i o n  w i l l  go a  l o n g  way toward  
e l i m i n a t i n g  t h e  waste  t h a t  has p lagued  
t h e  f i s h e r y  t h r o u g h o u t  i t s  e x i s t e n c e .  
McMi 11 i n  (1924)  e s t i m a t e d  t h a t  t h e  
amount o f  r a z o r  c lams wasted (dug and 
d i s c a r d e d  due t o  s i z e  o r  i n j u r y )  was 
n e a r l y  equa l  t o  t h e  amount used. 
Wastage i n  1949 was e s t i m a t e d  a t  



15%-28% (Tegel be rg  e t  a l .  1971). T h i s  As l a t e  as 1940, t h e  commercial 
percentage has d e c l i n e d  over  t h e  past  ca t ch  i n  Oregon s t i l l  composed 80% o f  
10 years  (Table 2 ) ,  b u t  wastage i s  t h e  r azo r  clams taken  (L i nk  1980). 
s t i l l  a  s i g n i f i c a n t  source o f  A f t e r  World War 11, however, t h e  
mo r t a l  i t y  r e s u l t i n g  i n  numerous numbers o f  t o u r i s t s  and r e s i d e n t  
emergency c l osu res  i n  Washington. r e c r e a t i o n a l  d i  ggers of r azo r  c l  ams 

Table 2. Numbers, pounds, and va lue  t o  f ishermen ( a l l  i n  thousands) o f  r a z o r  
clams harves ted  by r e c r e a t i o n a l  ( i n c l  udes wastage) and commercial d i gge rs  f rom 
1977-1 986. A1 1  weights  a re  who1 e  (unshucked) weights .  

- -  - 

washingtona Oregonb 
Recreational ~ o m r n e r c l a l ~  Recreational Cornrnerclal 

Catch Wasde Landings Value Catch Waste Landinas Value 
Year (No.) (%) (Pounds) ($) (No.) (%) (NO.) (Pounds) ($) 

Average 6,428 6.2 82 77 683 11.6 142 26.0 35.3 

al 977-1 984 recreational catch numbers from Washington State Sport Catch Report series; commercial catch data from 
Washington Fisheries Statistical Report series; 1985 and 1986 data provided by Doug Simons. 

b~ecreational take numbers from Link (1 986); 1977-1 985 commercial catch data from Oregon Department of Fish and 
Wildlife's "Pounds and Values" series; 1986 commercial data from Jerry Lukas (ODFW, pers. mmm.). 

'Number of commercially taken clams not reported for Washington. Numbers per pound may vary from 4 to 9 and are 
therefore not easily convertible. 

d~ercent  wastage for Washington computed as weighted mean of wastage values reported for Long Beach, Twin Har- 
bor, Copalis, and Mocrocks in WDF Sport Catch Report. 

eCommercial razor clam fishery data limited to Willapa spits after 1978; i.e., does not include fishery on Quinault Indian 
Reservation. 

'EI Nino year. 

gTotal closures in 1984 and 1985 due to parasitic infection of clams. 

h~hortened season. 



i nc reased  sharp ly .  Compet i t ion f rom 
At1 a n t i c  Coast canning companies 
f u r t h e r  l e d  t o  t h e  demise o f  many West 
Coast clam f i s h e r i e s  (Nickerson 1975). 
'The l a s t  major p u b l i c  beach i n  Wash- 
i n g t o n  was c losed  t o  commercial 
harves t  i n  1968. Only t h e  W i l  l apa  Bay 
s p i t s  and t h e  Q u i n a u l t  I nd i an  Reserva- 
t i on now mai n t a i n  commerci a1 f i s h e r i e s .  
Recrea t iona l  t ake  now f a r  exceeds com- 
merc i a l  t ake  (Table 2). The Q u i n a u l t  
T r i b a l  Counci l  c losed  i t s  beaches t o  
non- Ind ian f ishermen i n  1969. Schink 
e t  a1 . (1983) p rov i ded  a  conc ise  
rev iew o f  t h e  P a c i f i c  r azo r  clam 
f i s h e r y ,  i t s  r e g u l a t i o n ,  and j u r i  s d i  c -  
ti onal  conf  1  i c t s  . 
Products and Clamning S i t e s  

The p r imary  t o o l  o f  both commer- 
c i a l  and r e c r e a t i o n a l  d iggers  i s  a  
narrow-bl aded shovel c a l l  ed a  c l  am gun. 
Tubular  s u c t i o n  dev ices s i m i l a r  t o  
those  used f o r  ghost shr imp a re  a l s o  
used. Clams are  dug i n d i v i d u a l l y .  
The app rop r i a te  p l ace  t o  d i g  i s  marked 
by a  sha l low depress ion ("show") l e f t  
i n  t h e  sand when t h e  clam r e t r a c t s  i t s  
siphon. Since concent r a t i  ons o f  1  arge 
clams a re  densest i n  t h e  lower  i n t e r -  
t i d a l  , minus t i d e s  a re  p a r t i c u l a r l y  
good t imes f o r  d igg ing .  

Commerci a1 c l  amni ng seasons 
c o i n c i d e  w i t h  t h e  p e r i o d  o f  peak 
p roduc t  qua1 i t y  and y i e l d  (Ni ckerson 
1975) immedi a t e l y  be fo re  t h e  spawni ng 
season. Canned, minced clams were 
f o rmer l y  t h e  major product .  Most 
commerci a1 l y  harvested razo r  clams now 
go t o  t h e  f r e s h  clam market o r  a re  
used as c rab  b a i t .  

The d i g g i n g  and p rocess ing  o f  
r azo r  clams i s  1  abor - i  n t e n s i  ve, and 
demand f o r  these clams c o n s i s t e n t l y  
exceeds supply. These condi t i  ons 
c rea te  r e l a t i v e l y  h i g h  and s t a b l e  
p r i ces .  Schink e t  a1 . (1 983) r epo r t ed  
t h a t  r azo r  clams so ld  f o r  up t o  95 f / l b  

unshucked, $2.20 shucked, and r e t a i  1  ed 
f o r  as much as $6.50/1b a t  t h e  p r imary  
markets i n  Po r t l and  and Sea t t l e .  As 
much as $2.20/1b f o r  unshucked clams 
was pa id  t o  comnercial  d iggers  i n  
Oregon i n  1987. Though a  s t a b l e  h i g h  
p r i c e  and excess market demand l end  
themsel ves t o  "aquacul t u r a l  considera-  
t i o n s "  (Schink e t  a1 . 1983), no 
p r i  va te  aquacu l tu re  opera t ions  y e t  
produce razo r  clams. Since 1980, t h e  
S ta te  o f  Washington has produced 
m i  11 i ons  o f  hatchery-reared razo r  
clams f o r  use i n  i t s  exper imenta l  
seeding program. Another enhancement 
p r o j e c t  i n v o l  ved t h e  t r a n s p l a n t a t i o n  
of over 90 m i l l i o n  smal l  (1-15 mm) 
razo r  clams f rom s u b t i d a l  areas t o  t h e  
i n t e r t i d a l  zone (Ri  ckard and IVewman 
1986). 

Razor c l  ams a re  dug r e c r e a t i o n a l  - 
l y  throughout  t h e  P a c i f i c  Northwest. 
However, t h e i  r avai  1  ab i  1  i t y  i s  much 
lower  i n  C a l i f o r n i a  and t h e  southern 
and c e n t r a l  coast  o f  Oregon than t o  
t h e  nor th .  Over 90% o f  Oregon's r azo r  
clams are  dug a long  t h e  18-mi s t r e t c h  
o f  Clatsop Beach on t h e  no r t he rn  
Oregon coas t  ( L i n k  1980). The p r ima ry  
r a z o r  clam beaches o f  Washington a re  
Long Beach, Twin Harbors, Copa l i s ,  and 
Mocrocks; Ka la l och  Beach i s  used t o  
l e s s e r  e x t e n t  (Schink e t  a l .  1983). 
A l though t h e  S ta te  o f  Washington 
r e q u i r e s  a  l i c e n s e  f o r  b o t h  commercial 
and r e c r e a t i o n a l  ha rves t  o f  r a z o r  
clams, Oregon does n o t  c u r r e n t l y  
r e q u i r e  r e c r e a t i o n a l  d i gge rs  t o  be 
l i censed .  However, t h e  i n f l u x  o f  non- 
r es i den t s  t o  Oregon beaches d u r i n g  
1984 and 1985, when d isease problems 
(d iscussed l a t e r )  f o r ced  t h e  c l o s u r e  
o f  Washington beaches t o  r a z o r  clam 
d igg ing ,  c rea ted  pressure f o r  t h e  
assessment o f  1  i cense fees. 

Popu la t ion  Dynamics 

Breese and Robinson (1981 ) 
observed t h a t ,  under l a b o r a t o r y  con- 
d i  t i ons , most l a r v a l  deaths occurred 
a t  t h e  t ime  o f  metamorphosis. We have 



seen no comparable s tudy  under n a t u r a l  
cond i t i ons .  The determinants o f  t h e  
wide v a r i  ab i  1  i t y  i n  r azo r  clam r e c r u i t -  
ment, there fo re ,  remain uncer ta in .  It 
i s  noteworthy, however, t h a t  heavy 
se t s  may no t  be e n t i  r e l y  b e n e f i c i a l  t o  
t h e  species. Tegelberg and Magoon 
(1969) noted t h a t  h i g h  oceanic su r -  
v i v a l  and massive s e t t i n g  may l ead  t o  
reduced growth and increased mor ta l  i t y  
i n  t h e  cu r ren t - yea r  c l a s s  and t o  
reduced growth r a t e  i n  a l ready-  
es tab l i shed  a d u l t s .  Du r i ng  one such 
massive se t ,  t h e  Washington Department 
o f  F i s h e r i e s  t r ansp lan ted  over  300 
m i l l i o n  r a z o r  clams t o  l e s s  success- 
f u l l y  r e c r u i t e d  beaches. Though 
s u r v i v a l  was n o t  h igh ,  i t  was con- 
c luded  t h a t  t h e  t r a n s f e r  o f  s e t  clams 
made a  wor thwh i le  a d d i t i o n  t o  areas 
w i t h  a  poor  n a t u r a l  s e t  (Tegelberg and 
Maqoon 1969). 

McMi l l  i n  (1924) es t imated  a  99% 
m o r t a l i t y  r a t e  f o r  r azo r  clams over 
t h e  f i r s t  8  months o f  l i f e .  Others 
have es t imated  pos t  - s e t t i  ng s u r v i v a l  
r a tes ,  bu t  a re  i n c o n s i s t e n t  as t o  t h e  
p a t t e r n  o f  s u r v i v a l  a t  p rogress i  ve l  y  
g rea te r  ages. Nickerson (1 975) 
es t imated  annual s u r v i v a l s  of 9% f rom 
1 t o  2  years,  30% f rom 2  t o  3  years,  
and 40% t h e r e a f t e r .  The p a t t e r n  o f  
s u r v i v a l  i n  a  s tudy  by L i nk  .(1980) was 
i n v e r t e d ;  s u r v i v a l  was h ighes t  (1 5.5%) 
a t  age 0  and lowest  (0.1%) f o r  those  
over  3  years o f  age. L i nk  suggested, 
however, t h a t  h i s  r e s u l t s  may have 
been b iased by d i s p r o p o r t i o n a t e l y  1  ow 
r e t u r n  o f  t ags  f rom l a r g e  clams. 
Hi rschhorn (1962) and L i nk  (1 980) 
a r r i v e d  a t  s i m i l a r  es t imates  o f  t o t a l  
instantaneous m o r t a l i t y  r a t e  (Z )  o f  
2.52 and 2.34, r e s p e c t i v e l y ,  which 
correspond t o  annual m o r t a l i t i e s  (A)  
o f  92% and 90%. Hi rschhorn (1962) 
f u r t h e r  separated Z  i n t o  i t s  f i s h i n g  
(F = 1.78) and n a t u r a l  (M = 0.74) 
mor ta l  i t y  components. Thi s  breakdown 
i s  s i m i l a r  t o  t h a t  o f  Nickerson (1975) 
who a t t r i b u t e d  one- th i  r d  t o  one-ha1 f 
o f  t h e  annual m o r t a l i t y  r a t e  t o  
n a t u r a l  causes. Hi rschhorn I s  
es t imate  o f  n a t u r a l  mor ta l  i t y  i n c l  uded 
wastage. 

ECOLOGICAL ROLE 

Food 

Typ ica l  o f  b i v a l v e  mo l l  uscs, t h e  
razo r  clam f i l t e r s  i t s  food from t h e  
sur round ing  water. Tegel berg  and 
Magoon (1 969) i d e n t i  f i  ed Chaetoceros 
armatum as " t he  pr inc ' ipa l  - food 
organism a v a i l a b l e  t o  t h e  razo r  clam 
d u r i n g  t h e  p e r i o d  October t o  A p r i l "  
(1  966-67) a1 ong t h e  Washington coast.  
Lewin e t  a l .  (1979a) est imated t h a t  
C. armatum composed 80%-100% o f  t h e  - 
d i e t  o f  t h e  razo r  clam. Unfo r tuna te ly ,  
no mention was made o f  t h e  s p e c i f i c s  
of t h e i  r e s t i  mat ion procedures, i .e., 
sampl ing t imes  and frequency, sample 
s i ze ,  and techn ique  f o r  gut con ten t  
ana l ys i s  . Several o the r  diatoms, par -  
t i c u l a r l y  As te r i one l  l a  s o c i a l  i s ,  a re  
a l s o  abundant i n  t h e  s u r f  zone a long 
t h e  Oregon and Washington coasts  
( J i  j i n a  and Lewin 1983) b u t  a re  of 
l e s s e r  impor tance as a  food source f o r  
r azo r  clams. Lewin e t  a1 . (1 979a) 
a l s o  c i t e d  t h e  co inc idence  o f  h i g h  
s u r f  d ia tom s tand ing  crops w i t h  
p roduc t i  ve r azo r  c l  am beaches. Breese 
and Robinson (1981) f e d  t h e  d ino-  
f 1  age1 1  a t e  ~ s e u d o i  sochrys i  s  paradoxa 
t o  r a z o r  clams i n  l a b o r a t o r y  aquar ia .  

Lewi n  e t  a1 . (1 979b) concl  uded 
t h a t  amnoni urn e x c r e t i o n  by dense popu- 
l a t i o n s  o f  razor  clams cou ld  p l a y  a  
s i  gn i  f i  cant  r o l  e  i n  o v e r a l l  n i t r o g e n  
cyc l es  o f  t h e  s u r f  environment. I n  
p a r t i c u l a r ,  ammonium may serve as a  
n i t r o g e n  source f o r  t h e  mai ntenance o f  
a1 ga l  popu la t ions .  

Sources o f  Mor ta l  i t y  

The t ime  d u r i n g  and immediate ly  
a f t e r  s e t t i n g  i s  a  p a r t i c u l a r l y  sus- 
c e p t i b l e  stage. Dense se t s  o f  r a z o r  
clams may a t t r a c t  l a r g e  numbers o f  
av ian  predators.  M c M i l l i n  (1924) 
est imated t h a t  more than  20,000 
seagu l l  s  were p rey i ng  on newly 
r e c r u i t e d  razo r  c l  ams a1 ong Copal i s  
Beach, Washington. He commented t h a t  



t h e  g u l l s  p i c k  up "every clam t h a t  
shows on t h e  su r f ace  o f  t h e  sand and 
i n  t h e  edge o f  t h e  breakers." 
I n t e r e s t i n g l y ,  t h e  g u l l s  had a l s o  
" learned  t o  push t h e i r  f e e t  i n t o  t h e  
sand... shake t h e  sand... caus ing  t h e  
young clams t o  r i s e  t o  t h e  surface." 
This  same observa t ion  has been made by 
one o f  t h e  authors (DS) o f  t h e  Nor th-  
western crow, Corvus cau r i  nus. They 
a r e  a l s o  c a p a b w d i g g i n g  up smal l  
clams by s c r a t c h i n g  the sand's su r -  
face. Other p reda to rs  mentioned by 
McMi 11 i n  were ducks and sur fperches . 

Si m i  1 a r l  y , Tegel berg and Magoon 
( 1  969) observed t h a t  " throughout  t h e  
p e r i o d  o f  dense se ts ,  shoreb i rds  o f  
t h e  sandpi pe r  group (Scol opaci dae) 
were observed i n  g rea t  numbers f eed ing  
on r a z o r  clams." There was a l s o  p re -  
d a t i o n  on t h e  clams by l a r g e  numbers 
o f  glaucous-winged g u l l  s (Larus 

laucescens) and sea ducks, p r i m a r i l y  
j u r f  s co te r s  ( M e l a n i t t a  e r s  i c i l -  m), and white-winged sc*. 
f usca) . Small Dungeness crabs 
(Cancer mag is te r )  were a l s o  "unusua l l y  
abundant i n s h a l l  ow i nsho re  1 agoons 
where t hey  f e d  on s e t  clams." Per- 
sonal observa t ions  o f  stomach con ten t s  
o f  green and w h i t e  s turgeon by one of 
t h e  au thors  (DS) showed t h a t  hundreds 
o f  1-10 mm r a z o r  clams had been 
ingested.  Hogue and Carey (1982) 
r epo r t ed  t h a t  "young-of- the-year" 
r a z o r  clams were among t h e  b i v a l v e s  
eaten bv newlv r e c r u i t e d  Enal i sh so le  
(Paro h i  s ve tu l us ) .  We ha te  seen no 
r& p m o n  by any animal on 
l a r v a l  o r  a d u l t  r a z o r  clams. 

A major  source o f  m o r t a l i t y ,  
e s p e c i a l l y  f o r  young razo r  clams, i s  
t h e  scour ing  e f f e c t  o f  w i n t e r  storms 
(McMi 11 i n 1924; Tegel berg and Magoon 
1969; Bourne and Quayle 1970). Bourne 
and Quayle suggested, i n  f a c t ,  t h a t  
p r o t e c t i o n  f rom w i n t e r  storms was 
l a r g e l y  responsi  b l  e f o r  re1 a t i  v e l y  
h i g h  popu la t i on  numbers a t  Masset 
Beach, B r i t i s h  Columbia. Another 
source o f  m o r t a l i t y  i n  t h e  pas t  was 
automobi le  t r a f f i c  ( M c M i l l i n  1924). 
Auto races he ld  on t h e  hard-packed 
beaches were e v e n t u a l l y  suspended 

d u r i  ng August t o  avoid crus h i  ng 
newly se t  r azo r  clams. Other known 
sources o f  mor ta l  i t y  a re  discussed 
1 a te r .  

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Sayce and T u f t s  (1  971 ) determined 
f rom l a b o r a t o r y  experiments t h a t  t h e  
temperatures a t  which razo r  clam mor- 
t a l  i t i e s  occurred v a r i e d  w i t h  bo th  
abso lu te  temperature and p e r i o d  of 
exposure. Mor ta l  i t i e s  began a f t e r  4 
hours a t  21 " C ,  a f t e r  3 hours a t  
27 " C ,  a f t e r  2 hours a t  28 " C ,  and 
a f t e r  1 hour a t  29 "C. They concluded 
t h a t  t h e  " L D s ~  appears t o  range f rom 
about 22.5 "C f o r  r azo r  clams exposed 
4 hours t o  about 27.5 " C  f o r  r azo r  
clams exposed 1 hour t o  warmed sea- 
water." Bourne and Quayle (1970) 
a t t r i  buted decreased d e n s i t y  o f  r azo r  
clams f rom J u l y  t o  September p a r t l y  t o  
l e t h a l  temperatures on t h e  B r i t i s h  
Col umbi a beaches t h a t  t hey  i n v e s t i  - 
gated. A i r  temperatures near t h e i  r 
s tudy  s i t e s  reached 23-29 " C d u r i  ng 
low t i d e s .  

Temperature and t h e  p a t t e r n  o f  
temperature change have been used t o  
e x p l a i n  spawn t im ing .  A1 1 i n v e s t i  - 
ga to r s  who repo r t ed  on t h e  r e l a t i o n  o f  
temperature t o  spawning behavior  
agreed t h a t  an abrupt  r i s e  i n  ambient 
temperature was t h e  t r i g g e r  t o  t h e  
i n i t i a t i o n  o f  spawning. Only t h e  
ac tua l  temperature and requ i  rements 
f o r  prespawni ng temperature h i  s t o r y  
v a r i e d  among repo r t s .  Weymouth e t  
a1 . (1925) noted t h a t  spawning by 
razo r  clams on Washington beaches took  
p l ace  on a sharp r i s e  i n  water  tempera- 
t u r e  a t  t h e  " c r i t i c a l  temperature"  o f  
13 " C .  They suggested t h a t  t h i s  
temperature was a1 so cons i s t en t  w i t h  
temperatures i n  Alaskan waters a t  t h e  
t i m e  o f  spawning. However, Bourne and 
Quayle (1  970) and Nickerson (1  975) 
have suggested t h a t  a 1 ower t r i g g e r i n g  
temperature may be more r e a l i s t i c  f o r  
l o c a t i o n s  n o r t h  o f  Washington. 



Bourne and Quay le  (1970)  no ted  
t h a t  1 3  O C  was n o t  o f t e n  reached i n  
wa te rs  a l o n g  B r i t i s h  Columbia beaches 
and suggested t h a t  spawning m i g h t  be 
1  i n k e d  t o  some f a c t o r  ( s )  a s s o c i a t e d  
w i t h  u p w e l l i n g ,  t i d a l  c y c l e ,  and food  
ava i  1  a b i  1  i ty.  The exper imen ts  o f  
Breese and Robinson (1981 ) l e n d  
credence t o  food  a v a i l a b i l i t y  as a  
c o n t r i b u t i n g  f a c t o r .  N i cke rson  ( 1  975) 
suggested a  more complex s e t  o f  con- 
d i t i o n s  as t h e  cue t o  r a z o r  c lam 
spawning. He be1 i e v e d  t h a t  some t y p e  
o f  c u m u l a t i v e  t e m p e r a t u r e  f a c t o r  
(degree-days)  was a  necessa ry  p r e c u r -  
s o r  t o  t h e  a c t u a l  t r i g g e r i n g  e f f e c t  o f  
a  t e m p e r a t u r e  r i s e .  He r e p o r t e d  t h a t  
spawning began i n  A laska  a f t e r  an 
a b r u p t  r i s e  f rom a mean t e m p e r a t u r e  o f  
45 OF (7.2 OC) t o  47 OF (8.3 OC). 

Sal i n i  t y  

We found no d a t a ,  e x p e r i m e n t a l  o r  
f i e l d - g a t h e r e d ,  on t h e  e f f e c t s  o f  
s a l i n i t y  on r a z o r  c lams. M c M i l l i n  
( 1  924) ,  however, suggested t h a t  c l  ams 
t h a t  l i v e d  r e l a t i v e l y  h i g h  on t h e  
beach may be k i l l e d  by  heavy r a i n s  
t h a t  reduce s a l  i n i  ty.  Tegel b e r g  
( 1  964) suggested t h a t  t h e  i n f l u e n c e  o f  
t h e  Columbia R i v e r  i n  l o w e r i n g  
s a l  i n i  t i  es a t  Long Beach, Washington , 
m i g h t  account  f o r  t h e  s l o w e r  g rowth  
r a t e  t h e r e  t h a n  i n  t h e  more n o r t h e r n ,  
h i  ghe r -sa l  i n i  t y  areas nea r  Copal i s  
Beach, Washington.  

Oxygen 

No d a t a  on t h e  oxygen r e q u i r e -  
ments o f  r a z o r  c lams were found. 
McMil  l i n  (1924) men t ioned  oxygen as a  
f a c t o r  i n  r a z o r  c lam b i o l o g y .  He 
sugges ted  " t h e  one f a c t o r  t h a t  wou ld  
appear  t o  have t h e  g r e a t e s t  e f f e c t  on 
t h e  v e r t i c a l  d i s t r i b u t i o n  o f  r a z o r  
c lams i s  t h e  oxygen c o n t e n t  o f  t h e  
w a t e r . "  No e s t i m a t e  o f  a c t u a l  
r e q u i r e m e n t s  was made, b u t  he w r o t e  
t h a t  r a z o r  c lams w i l l  n o t  l i v e  where 
a e r a t i o n  o f  t h e  w a t e r  i s  l i m i t e d .  

Subst r a t e  

D e s c r i p t i o n s  o f  r a z o r  c lam 
h a b i t a t  c o n s i s t e n t l y  i n c l  ude such 
d e s c r i p t o r s  f o r  beaches as s tab1  e, 
open ocean, f u l l y  exposed, s u r f  
pounded, broad,  f l a t ,  u n i  form, hard ,  
and sandy ( M c M i l l  i n  1924; F i t c h  1953; 
Quay le  1962; Browning 1980).  Seve ra l  
o f  t h e s e  te rms  have been d i s c u s s e d  i n  
d e t a i  1  by  v a r i o u s  au tho rs .  McMi 11 i n 
( 1  924) suggested t h a t  t h e  f i  n e - g r a i  n  
sand and g e n t l e  s l o p e s  o f  r a z o r  c lam 
beaches a i d e d  i n  h o l d i n g  w a t e r  i n  t h e  
sand between t i d e s .  These t r a i t s ,  he 
conc luded,  gave t h e  beach i t s  
t y p i  c a l  l y  h a r d  s u r f a c e  and "qu i cksand"  
subsu r face  t e x t u r e .  McMi 11 i n  a1 so 
n o t e d  t h a t  t h e s e  beaches c o n t a i n e d  
l i t t l e  o r g a n i c  m a t t e r .  

Browning (1980)  w r o t e  t h a t  t h e  
pound ing  s u r f  was i m p o r t a n t  t o  t h e  
mai n tenance o f  beaches "where c u r r e n t s  
i n d u c e  q u i c k  and c o n t i n u a l  change o f  
w a t e r  o v e r  t h e  beds." T h i s  i s  c o n s i s -  
t e n t  w i t h  t h e  e a r l i e r  m e n t i o n  by  
McMi 11 i n  o f  t h e  p r o b a b l e  h i g h  oxygen 
demands o f  r a z o r  clams. The l a c k  o f  a  
renewal o f  oxygen o r  p o s s i b l y  s i l t a -  
t i o n  prob lems may a1 so he1 p  e x p l a i n  
t h e  c o n c l u s i o n  o f  M c M i l l i n  (1924)  t h a t  
r a z o r  c lams " w i l l  n o t  grow i n  
s h e l t e r e d  bays." 

Hi r s c h h o r n  ( 1  962) d e s c r i b e d  
C l  a t s o p  Beach, Oregon, more spec i  f i - 
c a l l y  as h a v i n g  a  " f l a t  beach- face 
s l o p e  (1  :70)  and smal l  sand (0.2 mm) ." 
He n o t e d  t h a t  o t h e r  p r o d u c t i v e  beaches 
had even l o w e r  s lopes  and f i n e r  sand. 
N i c k e r s o n  (1975) ,  i n  a  s u r v e y  o f  
A1 askan r a z o r  c lam beaches, observed 
t h a t  g r a i n  s i  ze on p r o d u c t i  ve beaches 
was v e r y  u n i f o r m  and averaged 0.16 t o  
0.19 mm i n  d iamete r .  However, he 
b e l i e v e d  t h a t  a  more c r i t i c a l  cha rac -  
t e r i s t i c  o f  p r o d u c t i v e  beaches was a  
l o w  c l a y  f r a c t i o n .  D e n s i t i e s  o f  r a z o r  
c lams were h i g h e s t  on beaches w i t h  t h e  
l o w e s t  pe rcen tages  (0.0005% t o  0.85%) 
o f  p a r t i c l e s  l e s s  t h a n  0.005 mm i n  
d i  ameter. Ni cke rson  a1 so f e l  t t h a t  
s i  1  t -1 aden sed iments  "may cause 
s u f f o c a t i o n  i n  e a r l y  l i f e  s tages  o f  



r a z o r  clams." He e s t i m a t e d  t h a t  
t h e  " c r i t i c a l  r e g i o n  f o r  l e t h a l  l e v e l s  
o f  f i n e  s u b s t r a t e  p a r t i c l e s  l e s s  t h a n  
0.005 mm i n  d i a m e t e r  may be a p p r o x i -  
m a t e l y  2.2% o f  t h e  t o t a l  s u b s t r a t e  
compos i t i on . "  

N i c k e r s o n  (1  975) a1 so e s t i m a t e d  
upper  h a b i t a b l e  t i d e  l e v e l  ( f e e t  above 
mean l o w e r  l o w  w a t e r ) .  Fo r  beaches 
w i t h i n  t h e  P a c i f i c  Nor thwest  r e g i o n ,  
h i s  e s t i m a t e s  were as f o l l o w s :  P o i n t  
C h e h a l i s  and Long Beach, WA, 3.4 and 
3.1; Warrenton and P o r t  O r f o r d ,  OR, 
3.1 and 2.7; and Crescen t  C i t y ,  CA, 
2.6. 

DISEASE AND PARASITES 

The o c c u r r e n c e  o f  a p r e v i o u s l y  
unknown d i s e a s e  caused t h e  c o m p l e t e  
c l o s u r e  o f  t h e  r a z o r  c lam f i s h e r y  i n  
t h e  S t a t e  o f  Washington i n  1984 and 
1985. The cause o f  t h e  d i s e a s e  was 
i d e n t i f i e d  as " n u c l e a r  i n c l u s i o n  X "  
( N I X ) ,  a p r o k a r y o t i c  pathogen, wh ich  
causes an " i n f l a m m a t o r y  o v e r g r o w t h  o f  
e p i t h e l  i a l  c e l  I s ,  c o n g e s t i o n  o f  
r e s p i r a t o r y  spaces i n  t h e  g i l l  s, 
r u p t u r e  o f  g i l l  e p i t h e l i a l  c e l  I s ,  
o b s t r u c t i o n  o f  g i l l  e p i  t h e l i  a1 c e l l  s, 
and t h e  i n i t i a t i o n  o f  secondary 
i n f e c t i o n s "  ( E l s t o n  e t  a l .  1986) .  
P l o r t a l i t y  appears  t o  depend on p r e -  
v a l e n c e  and i n t e n s i t y  o f  i n f e c t i o n .  
NIX was " v i r t u a l l y  100%" p r e s e n t  i n  
t h e  v i c i n i t y  o f  C o p a l i s  and bbc rocks  
beaches f rom June 1983 t o  June 1985 
( E l s t o n  e t  a l .  1986) .  Between June 
1983 and January  1984, t h e  pathogen 
" p r e s u n p t i v e l y  caused a 95% l o s s "  o f  
r a z o r  clams f rom beaches a l o n g  t h e  
c e n t r a l  c o a s t  o f  Washington ( E l s t o n  e t  
a1 . 1986) .  P r e v a l e n c e  and i n t e n s i t y  
decreased b o t h  n o r t h  and s o u t h  o f  t h e  
c e n t r a l  Washington beaches. The pa th -  
ogen was n e i t h e r  f ound  a t ,  n o r  n o r t h  
o f ,  t h e  Queen C h a r l o t t e  I s l a n d s  i n  
B r i t i s h  Co lunb ia .  I n  Oregon, t h e  
p r e v a l e n c e  was high--92% a t  Agate  
Beach and 100% a t  C l a t s o p  Beach ( L i n k  
1 9 8 6 ) - - b u t  i n t e n s i t i e s  were low enough 
t h a t  m o r t a l i t i e s  were n o t  a s i g n i  - 
f i c a n t  problem. 

The nemertean worm Ma1 a c o b d e l l  a 
g r o s s a  l i v e s  commensal ly 'in t h e  
r a z o r  c l a m  (Oregon F i s h  Corrmission 
1963) .  These 1- t o  2 - i n c h  worms 
a t t a c h  on t h e  i n s i d e  o f  t h e  s i p h o n  b u t  
a r e  o f  no harm t o  t h e  c l a m  o r  t o  t h e  
human consumer. A commensal pea c rab ,  
P i n n i x a  sp., i s  a l s o  r o u t i n e l y  found  
i n a m  samples i n  Washington. 

P a r a l y t i c  s h e l l f i s h  p o i s o n i n g  i s  
o f  w idesp read  c o n c e r n  t o  consumers o f  
b i v a l v e s .  Browning (1980) r e p o r t e d  
t h a t  t h e r e  had been no v a l i d a t e d  
r e c o r d  o f  t h i s  p r o b l e m  i n  t h e  h i s t o r y  
o f  r a z o r  c l a m  f i s h e r i e s .  However, 
t e s t i n g  by  t h e  Washington S t a t e  
Depar tment  o f  S o c i a l  and H e a l t h  
S e r v i c e s  i n  1984 r e v e a l e d  h i g h  l e v e l s  
o f  p a r a l y t i c  s h e l l f i s h  p o i s o n  i n  r a z o r  
clams. I f  t h e  c lam season had been 
open, Washington would  have had t o  
impose an emergency c l o s u r e  (F rank  
Cox, Washi n g t o n  Department o f  Soc i  a1 
and H e a l t h  S e r v i c e s ,  Olympia;  pe rs .  
comm.). S i m i l a r  f i n d i n g s  have been 
made f r o m  s e v e r a l  A laskan  r a z o r  c lam 
p o p u l a t i o n s  between 1985 and 1987 
( R i c h a r d  B a r r e t t ,  A laska  Department o f  
Env i ronmen ta l  Conserva t i on ,  D i v i s i o n  
o f  Env i ronmen ta l  Heal t h ,  Juneau ; pers .  
comm. ). 

CONCERNS, GAPS, AND SPECULATIONS 

P r i m a r y  among o u r  concerns i s  
t h e  e f f e c t  o f  s i l t a t i o n ,  w h i c h  o c c u r s  
d u r i n g  s i l t - g e n e r a t i n g  a c t i v i t i e s  
(e .g . ,  d r e d g i n g ) ,  i n  t h e  v i c i n i t y  o f  
s i g n i f i c a n t  r a z o r  c l a m  beaches. A 
d i s c u s s i o n  o f  t h e  s e r i o u s  impac ts  o f  
s i  1 t a t i o n ,  e s p e c i a l l y  d u r i n g  and 
a f t e r  t h e  t i m e  o f  s e t t i n g ,  was g i v e n  
by  N i c k e r s o n  (1975).  

The e f f e c t s  o f  l o w  sub -su r face  
oxygen i s  a n o t h e r  concern.  M c M i l l a n  
(1924) f e l t  t h a t  r a z o r  c lams r e q u i r e  
r e l a t i v e l y  h i g h  l e v e l s  o f  d i s s o l v e d  



oxygen, a l t hough  da ta  on t h e  s u b j e c t  
a r e  l a c k i n g .  I n  an e r a  o f  i n c r e a s i n g  
nearshore o i l  e x p l o r a t i o n ,  i n  t h e  
even t  o f  an o i l  s p i l l ,  sub-sur face 
oxygen may be a f f e c t e d .  We a r e  n o t  
p repared  t o  say how t h a t  would impact  
r a z o r  clams. 

Another gap i n  our  unders tand ing  
o f  r a z o r  c lam b i o l o g y  i s  t h e  r e a l  
e x t e n t  and impor tance o f  s u b t i d a l  
popu la t i ons .  Understandably,  rough 
s u r f  has prevented such da ta  f rom 
be i  ng r o u t i n e l y  gathered. At a  
minimum, however, i t  seems t h a t  t h e  
concept o f  these  s u b t i d a l  popu la t i ons  
a c t i n g  as brood s tock  f o r  i n t e r t i d a l  

popu la t i ons  should be v e r i f i e d .  E a r l y  
and recen t  au thors  seem t o  d i f f e r  on 
t h e  t o p i c  o f  l a r v a l  d r i f t .  I s  t h e r e  a  
l a r g e  pool o f  f a r - r ang ing  l a r v a e  i n  
o f f shore  waters,  o r  i s  l a r v a l  d r i f t  
l i m i t e d  and must l o c a l  s tocks  produce 
r e c r u i t s  f o r  t h e i  r own rep1 acement? 

F i n a l l y ,  a  specu la t i on :  re1 a t i  ve- 
l y  f a s t  growth; t h e  recen t  successes 
of enhancement e f f o r t s  i n  spawning, 
r e a r i  ng , and t r a n s p l a n t i n g  r azo r  c l  ams ; 
and a  h igh,  s t a b l e  market p r i c e  sug- 
ges t  t o  us (as i t  d i d  t o  Schi nk e t  a1 . 
1983) t h a t  r a z o r  c lam aquacul t u r a l  
ope ra t i ons  remai n  a  d i s t i n c t  f u t u r e  
poss i  b i  1  i t y .  
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