
Froa+ispiece, P o l i n i c e s  Iewisii (Goul d )  , 
*he moon snail. 
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ABSTRACT 

Studies were c a r r i e d  o u t  on a n a t u r a l  p o p u l a + i o n  o f  t h e  

l i t + l e n e c k  c l a m ,  P r o t o t h a c a  srgg&mugg ( C o n r a d ) ,  a t  Ladysmi+h  

h a r b o n r ,  B r i t i s h  Columbia .  D e n s i t y ,  s i z e  d i s t r i b u t i o n  a n d  age 

charac ter i s t ics  were e s t i m a t e d  fo r  b o t h  t h e  clam p o p u l a t i o n  an3 

+he p o p u l a t i o n  o f  t h e  p r e d a t o r ,  P o l i n i c e s  igwis&i (Gould )  , 

I n f o r m a t i o n  on  p r e d a t i o n  was o b + a i n e d  by e x a m i n a t i o n  o f  shells 

o f  l i t t l e n e c k s  d y i n g  i n  t h e  n a t u r a l  e n v i r o n m e n +  and b y  c a s e  

e x p e r i m e n t s  i n v o l v i n g  d i f f e r e n t  n u m b e r s  a n d  s i z e s  of bo?h 

p r e d a t o r  and p r e y .  C o n t i n u a t i o n  o f  t h e  s t u d y  t h r o u g h o u +  +he  y9ar 

p r o v i d e d  i n f o r m a  t i o n  on s e a s o n a l  v a r i a t i o n  i n  f e e d i n g  rates. 

E x a m i n a t i o n  of d r i l l e d  s h e l l s  i n d i c a t e d  t h a t  moon snails 

were f e e d i n g  on clams smaller t h a n  t h e  a v e r a g e  s i z e  a v a i l a b l e  i n  

t h e  h a b i t a t ,  In t h e  e n c l o s u r e  e x p e r i a e n t s  v e r y  few c l a m s  of + h e  

smallest s i z e  class were d r i l l e d  b y  P o l i ~ i > e s ;  + h e  h e a v i e s t  

p r e d a t i o n  o c c u r r e d  o n  clams i n  t h e  s i z e  range 35 t o  50wm. 

F e e d i n g  r a t e s  of P o l i n i c e s  were n o t  a f f e c t e d  b y  clam d e n s i t y ,  a t  

l e a s t  o v e r  t h e  r a n g e  of d e n s i t i e s  p r o v i d e d  ir!  + h e  f i e l d  

e x p e r i m e n t s ,  n o r  were t h e y  i n f l u e n c e d  by t h e  close p r o x i m i + y  of  

o t b e r  moon s n a i l s .  F e e d i n g  rates were r e l a t i v e l y  low, w i t h  

e v i d e n c e  of r e d u c e d  c o n s u m p t i o n  d u r i n g  t h e  w i n + e r  months .  

F i n d i n g s  i n d i c a t e  t h a +  p r e d a t i o n  by P o l i n i p g  was o n l y  a  minor  

s o u r c e  of m o r t a l i t y  i n  P r o t o t h a c a  a+ L a d y s m i t h  h a r b o u r ,  
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I, GEUERRL IRTRODUCTIOB 

Numerous s t u d i e s  h a v e  shown that p r e d a t o r s  c a n  h a v e  a  l a r q e  

i m p a c t  on t h e  s t r u c t n r e  a n d  o r g a n i z a t i o n  of m a r i n e  c o m m u n i + i e s  

( C o n n e l l  1 9 6 1 a ,  b ;  P a i n e  1969,  1974 ;  nay+on 1971). It h a s  been 

d e m o n s t r a t e d  t h a t  p r e d a t i o n  may i n f l u e n c e  + h e  d i s t r i b u t i o n  an3 

a b u n d a n c e  o f  s p e c i e s  f D a y t o n  1971,  V i r n s t e i n  1977) a n d  n a y  

affect t h e  s ize  or a g e  c h a r a c t e r i s t i c s  of p r e y  p o p u l a t i o n s  

( q c h m i d t  a n d  Warme 1970 ,  F r a n z  1 9 7 7 ) .  

Host of t h e  s t u d i e s  to d a t e  h a v e  b e e n  c a r r i e d  ou+ i n  r o c k y  

i n t e r t i d a l  h a b i t a t s .  It is c o m a o n l p  assumed  t h a t  p r e d a t o r s  a r e  

r e s p o n s i b l e  for a l a r g e  p e r c e n t a g e  of t h e  m o r t a l i t y  i n  benthi- 

i n v e r + e b r a t e s  i n  sof t - s e d i r a e n t  c o m r a u r i + i e s  ( R e r n a r d  1967 ,  Munc: 

79731, but r e l a t i v e l y  l i t t l e  is known a b o u t  the effects or 

e x t e n t  of p r e d a t i o n  o n  i n f a u n a l  p r e y  species. 

On * h e  coast of B r i t i s h  Columbia, p r e d a t o r s  f e e d i n o  OR 

i n t e r t i 3 a l  b i v a l v e s  i n c l u d e  birds, s t a r f i s h ,  o c t o p u s e s  and I R O ~ R  

s n a i l s  ( Q u a y l e  1941 ;  Q u a y l e  and B o u r n e  1972 ;  E. Har+wick, pers,  

coam,) a n d  it h a s  been s u g g e s t e d  t h a t  t h e  Boon snail, g o l i n i c g ~  

lewisii ( ~ o u l d )  is a maajor p r e d a t o r  of s e v e r a l  s p e c i e s  of ------- 
c o l s m e r c i a l l y  v a l u a b l e  clams, i n c l u d i n g  * h e  n a t i v e  l i ? t l l e n e c k  

c l a n  g r o + o t h a c a  s&m&nep (Conrad)  ( B e r n a r d  1967) , 

noon s n a i l s  a r e  m a r i n e  q a s t r o p o d s  of +he f a m i l y  N a t i c i d a e  
* 



w h i c h  b o r e  a h o l e  + h r o u g h  t h e  c a l c a r e o u s  s h e l l  o f  t h e i r  p r e y  a n d  

t h e n  c o n s u m e  t h e  soft p a r t s  w i t h i n .  N a t i c i d s  h a v e  a t t r a c t e d  

a t t e n t i a n  b e c a u s e  they are  s e r i o u s  p r e d a t o r s  of commercial1 y 

i m ~ o r t a n t  m o l l n s c s ,  p a r t i c u l a r l y  o n  t h e  e a s t e r n  coast of ?Torth 

America ( K i n n e  1 9 7 8 ) .  T h e  f e e d i n g  habits of t h e  n a t i c i d  s p e c i z s  

f o n n d  i n  N e w  E n g l a n d  h a v e  b e e n  w e l l - d o c u m e n t e d  ( E d w a r d s  an3 

A n e b n e r  1977, Wiltse 1980) a n d  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  i n  

eas te rs  C a n a d a  t o  d e t e r m i n e  t h e  effects o f  moop s n a i l  predati.3" 

on clam b e d s  ( R e d c o f  a n d  T h n r b e r  1 9 5 8 ) .  On t h e  Vest Coast, 

h ~ w e v e r ,  l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  on e i t h e r  moon s q a i l  

f e e d i n q  e c o l o g y  or extent of p r e d a + i o n  o n  b i v a l v e  p o p u l a t i o n s ,  

P o l i n i c e s  &ewisii r a n g e s  from Rasset, Q u e e n  C h a r l o t t e  --------- 
I s l a n d s  t o  lower C a l i f o r n i a  a n d  is t h e  o n l y  n a t i c i d  d r i l l  f o u n l  

on i n t e r t i d a l  clam beds i n  B r i t i s h  C o l u m b i a .  O u a y l e  a ~ d  Bourse 

( 1  972)  r e p o r t  that the butter clam, S a x i d g m ~  q r g a n t e n s ,  ahd +he  

l i t t l e n e c k  clam, E=?psgca pzqaiggq, are e a t e n  most f r e q u e n t l y  

by P o I i g 1 ~ ; e g  a n d  damage  t o  beds of  t h e s e  t w o  species Rap h e  

s i g n i f i c a n t .  Bn e x p e r i m e n t  o n  m o r t a l i t y  iP s, qAqant&nus i n  

Ladysmith h a r b o u r  ( 1 0 ,  B o u r n e ,  p e r s .  corrm.) i n d i c a t e d  that ,  a t  

low s h o r e  levels, moon s n a i l  p r e d a t i o n  was i n t e n s e  s i n c e  t h e  

i n a j ~ r i t y  of t h e  e m p t y  b u t t e r  clam s h e l l s  r e c o v e r e d  c o n t a i n e d  t h e  

c h a r a c t e r i s t i c  d r i l l h o l e  of gg&&qices. 

T h e  o n l y  s t u d y  a v a i l a b l e  i n  + h e  l i t e r a t u r e  o n  the biology 

a n d  e c o l o g y  of E, lewisii o n  t h e  N o r t h e a s t  P a c i f i c  coast is t h a t  

by B e r n a r d , ( l 9 6 7 ) ,  who s t u d i e d  a s n a i l  p o p u l a t i o n  n e a r  Nanaimo 



and r a n  f e e d i n g  e x p e r i m e n t s  i n  t h e  l a b o r a t o r y  to d e t e r m i n e  r a C e s  

of p r e d a t i o n  and  p r e y  s p e c i e s  p r e f e r e n c e s ,  Ais f i n d i n g s  s h o w e l  

that 2, q i q a n t e g s  and g.  stg~ipnp t o g e t h e r  a c c o u n t e d  for 94% of 

t h e  t o t a l  c l a m s  d r i l l e d ,  

T h e  d e a r t h  of i n f o r m a t i o n  on  p r e d a t i o ~  by  &&d.gices l e w i ~ i &  

on  intertidal clams i n d i c a t e d  t h a t  i t  would  b e  w o r t h w h i l e  *o 

e x a m i n e  the f e e d i n g  of moon snails i n  t h e  f i e l d  and to  at'emp? 

+o d e t e r m i n e  t h e  effects of p r e d a t i o n  on  a p o p u l a t i o n  of 

P r o t o t h a c a  staminea - - - - - -  - - - - - *  



IT. STUDY SITE DESCRIPTION A M 0  CHARACTERISTICS 

The  s t u d y  s i te  was s i t u a t e d  a t  L a d y s m i t h ,  V a n c o u v e r  Island 

(48O57' 8 ,  12305OtU).  The  l o c a t i o n  of I , adysmi+h  i s  shown ir! 

F i g u r e  1. The f o l l o w i n g  d e s c r i p t i o n  of t h e  L a d y s m i t h  h a r b o u r  

a r e a  i s  a d a p t e d  from a B r i t i s h  Columbia  D e p a r t m e n t  o f  +he 

E n v i r o n m e n t  r e p o r t  (1976) , J,P. S e c t e r ,  P r o j e c t  C o o r d i n a t o r .  

L a d y s m i t h  h a r b o u r  h a s  a n o r t h w e s t  t o  s o u t h e a s t  a l i g n m e n +  

and i s  12,000m l o n g  a n d  a p p r o x i m a t e l y  750111 wide ,  The b a s i n  i s  

s h a l l o w ,  w i t h  the maximum d e p t h  i n  t h e  i n n e r  p a r t  of ? h e  h a r b ~ u r  

b e i n g  4m. I n  the o u t e r  h a r b o u r  d e p t h s  r e a c h  27m; the mean 

o v e r a l l  d e p t h  is 9a. The  b o t t o m  of t h e  i n l e t  i s  c o v e r e d  bv  

e x t e n s i v e  silt d e p o s i t s  a n d  i s  u n i f o r m  i n  t o p o g r a p h y .  

The i n t e r t i d a l  a reas  are, i n  g e n e r a l ,  g e n t l y  s l o p i n g  a n 3  

a r e  e x t e r s i v e  a t  t h e  h e a d  of t h e  h a r b o u r  bu* become n a r r o w e r  3 s  

t h e  b a s i n  d e e p e n s .  S u b s t r a t e  type v a r i e s  with l o c a % o n ,  r a n q i r q  

f rom f i n e  silt a t  t h e  n o r t h w e s t  e n d  t o  sand and g r a v e l  beaches 

a t  t h e  h a r b o u r  mouth,  On t h e  west s h o r e  t h e  i n t e r t i d a l  r e q i o ~  i s  

composed of s a n d  and c o b b l e  while the e a s t e r n  s h o r e  b e a c h e s  a r e  

p r e d o m i n a n + _ l y  shingle and  b o u l d e r ,  I n  the b a y s  t h e  s u b s t r a t e  is  

s a n d  a n d  gravel. 



P i q ,  1 l a p  shoving the location of l a d ~ s m i t h ,  

V a n c o u v e r  Island. 



STRAIT OF GEORGI 

VANCOUVER ISLAND 

STRAIT OF JUAN DE FUCA 



F i g .  2. Hap s h o w i n g  the location of t h e  s t u d y  

area w i t h i n  Ladysmith harbour. 



LADYSMITH HARBOUR 



T h e  L a d y s m i t h  r e g i o n  is i n  t h e  r a i n s h a d o w  of t h e  i n s u l a r  

m o u n + a i n s  of V a n c o u v e r  I s l a n d  a n d ,  t h u s ,  i s  c h a r a c 9 e r i z e d  hg 

m i l d  t e m p e r a t u r e s ,  h i g h  p r e c i p i + a t i o n  d u r i n g  the w i n t e r  an3 

r e l a t i v e l y  l i t t l e  r a i n f a l l  i n  summer ,  T h e  h a r b o u r  is p r o t e c t e q  

from s t r o n q  w i n d s ,  w i t h  the e x c e p t i o n  o f  s o u t h e a s t e r l i e s  wh ich  

a f f e c t ,  i n  p a r t i c u l a r ,  t h e  w e s t e r n  s h o r e .  

The r a i n s h a d o w  effect of t h e  m o u n t a i n s  i m m e d i a t e l y  a d j a c e n t  

t o  L a d y s m i t h  h a r h o u r  i n f l u e n c e s  the p a t + e r n  of f r e s h w a t e r  r u n ~ f f  

i n t o  t h e  i n l e t .  H igh  p r e c i p i t a t i o n  d u r i n g  +he f a l l  a n d  t h e  

s p r i n g  f r e s h e t  c a u s e  g r e a + l y  i n c r e a s e d  f l o w  ra+es, w h i l e  w i n + e r  

f r e e z i n q  of t h e  c r e e k s  a n d  summer d r o u g h t  mag s e r i o u s l y  c u t t a i l  

r u n o f f ,  T h e  six major c r e e k s ,  w h i c h  flow f r o m  n e a r b y  Vount  Hayes 

a n d  + h e  Ranairno l o w l a n d s ,  a l l  eaptp i n t o  t h e  west side of +he 

i n l e t ;  n o  c r e e k s  e n t e r  t h e  h a r b o u r  from t h e  e a s t  s i d e ,  The 

F r a s e r  R i v e r  f r e s h e t  c a n  a l so  a f fec t  water c o n d i t i o n s  i n  t h e  

h a r b o u r ,  b u t  o ~ l p  t o  a m i n o r  e x t e n t ,  

w i t h  r e g a r d  t o  o c e a n o g r a p h y ,  t h e  tides i n  t h i s  r e q i o n  a r e  

m i x e d  s e i n i d i u r n a l ,  w i t h  two u n e q u a l  h i g h  t i d e s  a n d  two u n e q u a l  

low t i d e s  p e r  day .  A t  Z a d y s m i t h  t h e  mean t i d a l  h e i q h t  i s  2.6m 

snd t h e  t i d e  d i f f e r e n t i a l  i s  a b o u t  4m. T i d a l  ac*ior is t h e  ma ic  

a g e n t  of  f l u s h i n g  i n  t h e  h a r b o u r ,  P l n s h i n u  ra te  i s  affecte3  by  3 

n a r r o w i n g  of t h e  i n l e t  a t  its midway p o i n t  w h i c h  r e s u l ? s  i n  a 

much slower f l u s h i n g  of t h e  i n n e r  h a r b o u r  + h a n  the o u t e r ,  T h e  

t u r n o v e r  t im  of waters i n  t h e  o u t e r  h a r b o u r  i s  a b o u t  +wo g a y s .  

Water flow ,is t w o - l a y e r e d ,  w i t h  o u t  flow o c c u r r i n q  i n  t h e  u p p e r  



b l a y e r  and i n f l o w  i n  t h e  lower. L a t e r a l  c i r c u l a t i o n  a l s o  o c c u r s ,  

w i t h  t h e  w a t e r s  movinq i n  a n  a n t i - c l o c k w i s e  d i r e c t i o n ,  

S u r f a c e  s a l i n i t i e s  i n  ? h e  h a r b o u r  r a n q e  f rom 13  + o  2 g 0 / 0 3 ,  

whereas  i n  d e e p e r  w a i e r s  t h e  v a l u e  may b e  a s  h i g h  a s  30•‹/oa,  T h e  

l o w e s t  s a l i n i t i e s  c o i n c i d e  w i t h  t h e  time o f  o c c u r r e n c e  o f  t h e  

f r e s h e t s .  Tn t h e  i n n e r  h a r b o u r  the s u r f a c e  w a t e r  temperature 

r a n g e  is 4•‹C-220C whereas  i n  t h e  o u t e r  par t  t e m p e r a t u r e s  a r e  

less e x t r e m e .  

Ladysmi th  h a r b o u r  i s  u s e d  f o r  a  v a r i e t y  of pu rposes .  

S e v e r a l  l o s g i n g  compan ie s  n t i l i z e  p a r t s  of t h e  i n l e t  f o r  10s 

dumping, booming, and  s t o r a g e  and  f o u r  sawmilLs  a r e  locate3 Dn 

t h e  s h o r e s ,  R e c r e a t i o n a l  u s e ,  p a r t i c u l a r l y  b o a c - r e l a t e d  

a c t i v i t i e s ,  is heavy.  A s h e l l f i s h  i n d u s t r y ,  i n v o l v i n q  o y s t e r  

culture a n d ,  Fo a much lesser e x t e n t ,  clam h a r v e s t i n q ,  is  

e s t a b l i s h e d  i n  c e r t a i n  a r e a s  o f  t h e  i n l e t ,  

T h e  s p e c i f i c  l o c a t i o n  of my s t u d y  s i t e  was a beach  i n  

S i b e l l  Bay on  t h e  e a s t e r n  s i d e  o f  t h e  o u t e r  h a r b o u r  f Q i q ,  2 ) .  

T h e  i n t e r t i d a l  zone was g e n t l y  s l o p i n g ,  e x c e p t  f o r  a  small area  

i n  t h e  lower s h o r e  a t  t h e  wes t e rnmos t  end o f  t h e  beach ,  The 

s u b s t r a t e  v a r i e d  from f i n e  s a n d  and  s h e l l  f ound  i n  the s m a l l  

s t e e p e r  a r e a  t o  a ~ i x t n r e  of sand a n d  g r a v e l  which was 

c h a r a c + e r i s t i c  o f  most o f  the beach. T h e  u p p e r  shore s e d i m e n t s  

were p r e d o m i n a n t l y  c l a y  and  c o a r s e  g r a v e l  a n a  b o u l d e r s  occurre3 

a+ t h e  h i g h e s t  t i d e  l e v e l s .  



shown t o  a f f e c t  t h e  f e e d i n g  o f  n a t i c i d s  (Hanks 1952,  c i C e d  b y  

R i n n e  1978) a n d  s u b s t r a t e  + y p e  is t h o u g h t  t o  a f f e c t  moon s . t a i 1  

f o r a q i n q  (R. B o u r n e ,  p e r s .  coam) s o  i t  was d e e ~ e d  i m p o r t a n t  i-n 

o b t a i n  i n f o r m a t i o n  o n  t h e s e  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s ,  Sin:? 

i t  is  known t h a t  P o l i n i c e s  feeds on b i v a l v e  species o t h e r  t h a n  

r ? ro to+haca  a n d  t h a t  s e v e r a l  p r e d a t o r y  s p e c i e s  Feed  o n  --------- 
l i t t l e n e c k s  (Quay le  a n d  B o u r n e  1972)  i t  was a l s o  deem& i m p o r t s n t  

t o  o b t a i n  i n f o r ~ a t i o n  o n  t h e  b i o t i c  e n v i r o n m e n s  a t  S i b e l l  3ay,  

1, T e m p e r a t u r e  a n d  s a l i n i t y  

Water t e B p e t a t u r e  was m e a s u r e d  u s i n g  a t h e r m o m e t e r  h e 1  d 

Scm below the s u r f a c e .  S e d i m e n t  t e ~ p e r a t u r e  was n e a s n r e d  by 

p l a c i n g  t h e  the rmoaae te r  i n t o  t h e  s u b s t r a t e  t o  a d e p t h  of 

5cm. A ref ractometer ( I lmer ican O p t i c a l )  was u s e d  t o  measure  

t h e  r e f r a c t i v e  i n d e x .  A l l  m e a s u r e a t e n t s  were t a k e n  a t  t h e  

same l o c a t i o n  d u r i n g  d a y t i m e  h i g h  t i d e ,  

2. S e d i m e n t  a n a l y s i s  

S e d i m e n t  s a m p l e s  were t a k e n  from +wo areas ( r e f e r r e d  ' 9  

a s  S t r a t u m  I a a d  IT) a t  s i m i l a r  t i d e  l e v e l s  i n  t h e  low 

i n t e r t i d a l  r e g i o n .  Stratified random s a m p l i n q  was u s e d ,  wi'h 

3 s a m p l e s  b e i n g  t a k e n  from S t r a t u m  I s n d  6 from S t r a t u m  IT 

P l e x i g l , a s s  corers ( d i a a e t e r  4,8ca, l e n g t h  20cal) were p u s h e 3  



l O c m  i n t o  t h e  s u b s t r a t e  t o  o b t a i r  the s a m p l e s  which were 

t h e n  b r o u g h t  b a c k  t o  t h e  l a b o r a t o r y  where t h e y  were 

o v e n - 3 r i e d  a t  1 O O O C  f o r  24h,  P a r t i c l e  size analysis was 

c a r r i e d  o u t  u s i n g  a  m e c h a n i c a l  s h a k e r  +o d i s b u r s e  + h e  

sediment t h r o u g h  a series of sieves (2,0, 1.0, 0.5 ,  0.21, 

0.1, 0.067mmf. The amount  of m a t e r i a l  r e t a i n e d  on  each s i z v e  

was t h e n  we ighed .  To d e t e r m i n e  w h e t h e r  s e d i m e n t s  were 

d i c f e r e n t  i n  t h e  two s t r a t a ,  p r o p o r t i o n s  were * r a n s f o m e 3  + D  

a r c s i n  v a l u e s  a n d  a n  a n a l y s i s  of v a r i a n c e  p e r f o r a e d ,  

C u m u l a t i v e  f r e q u e n c y  c u r v e s  of t h e  s e d i m e n t s  were p l o t b e ?  

f o r  e a c h  s t r a t a . .  

3 ,  The  b i o t i c  e n v i r o n m e n t  

'%e clam s p e c i e s  o c c n r r i n q  i n  + h e  two strata were 

s a m p l e d  i n  Ray 1978.  P a n d o r  s a m p l e s  of 0 . 2 5 ~ 2  were taken ' o  

a d e p + h  of 15cm f6 samples from S t r a t u m  I a n d  12 from 

S t r a t u m  11) and a l l  l i v e  clams i d e n t i f i e d  a n d  c o u n t e d .  Tr 

a d d i t i o n ,  p o t e s t i a l  p r e d a t o r s  o f  these b i v a l v e s  were ~ o t e 3  

t h r o u q h o u t  t h e  y e a r  of s t u d y  by s a m p l i n q  a n 4  by d i r e c t  

o b s e r v a t i o n .  

1, T e m p e r a t u r e  a n d  s a l i n i t y  

S u r f a c e  water t e m p e r a t u r e ,  s e d i m e n t  t e m p e r a t u r e ,  a n d  

s a l i n i + a  a r e  shown in F i g u r e  3 .  S u r f a c e  s a l i n i t y  v a r i e d  from 



pig .  3. Surface water temperature, s e d i m e n t  

temperature, and s a l i n i t y  a t  S i b e l l  Bay 

? u r i c g  1978-79. 

) S a l i n i t y  

fo) Surface water Cemperatnre 

A Sediment temperature 
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Fig. 4. Cumulative curves of +he sediments 

ir Stratum I and TI, 

Dashed line. Stratum I 

Y o l i d  line. Stratum IT 



PHI UNITS 



F i g .  5 .  R e l a t i v e  abnndances  of the clam 

species found i n  S tratum I and IT. 

Fop.  S tratum I 

Bo++om, Stratum T I  





22.2 t o  28.86O/oo o v e r  t h e  y e a r  of s t u q p .  T h e  s u r f a c e  waCer 

t e m p e r a t u r e  r a n g e  was 6OC t o  190C d u r i n g  t he  p e r i o d  of 

s t u d y .  S u b s t r a t e  f e m p e r a t u r e s  r a n g e d  from Q•‹C * o  IROC acd 

were a l w a y s  s l i g h t l y  l o w e r  than +he water L e m p e r a t u r e s  t a k e n  

a t  + h e  same time, 

2 ,  S e d i m e n t  a n a l y s i s  

C u m u l a t i v e  f r e q u e n c y  c u r v e s  of t h e  s e d i m e n +  d a t a  a r e  

shown i n  F i g u r e  tl. Differences i ~ ,  s e d i m e n t  t y p e  betweer,  * h e  

two s t r a t a  were n o t  s i g n i f i c a n t  (P= 0 - 8 ,  d f =  1,42,  p > ,  0 5 )  , 

3. The  b i o t i c  e n v i r o n a e n t  

S i x  s p e c i e s  of c l a a s  were f o u n d  i n  t h e  t w o  strata: 

Sqxidomup gigaatens, E a o t h a ~ q  sggm?q, C l i n o c a r d i u m  n u ? a l & ~ ,  

T r e s o s  GpEpm, Bpwng nagsta, a n d  V e n e r u ~ i s  ja~cgmz. T h e  ------ 
r e l a t i v e  a b u n d a n c e ~  of t h e s e  s p e c i e s  are shown i n  F i g u r e  5. T h e  

n a t i v e  l i t t l e n e c k  c l a m ,  Eg&qt&p= s t a n i n e q ,  p r e d o m i n a t e d  i n  

b o t h  s t r a t a ;  i n  S t r a t u m  I Erofptvisq c o m p r i s e d  71 .3% of t h e  

t o t a l  nuarber of l i v e  clams c o l l e c t e d  (A= 95 ) .  w h i l e  i n  Stratum 

I1 t h e y  a c c o u n t e d  for  96.6% (!?= 117). 

P o t e n t i a l  p r e d a t o r s  of P r o t o $ h a c a  o b s e r v e d  a t  the s t u 3 y  

s i t e  i n c l u d e d  moon s n a i l s  (Polinices &wish&) , s t a r f i s h  

(J?pgkpom&p h e l i a n t h o i d e s ,  Eastegii &9gch&&l.& a n d  g & ~ g g ~  

b r e v i s ~ i n n s f  , c r a b s  ICgncer  g~ocf~ a n d  H e ~ i g r a p s u s  n u d u s )  , ---- ---- 
c r o w s  (c_orvos  g i u r i n n s )  , a n d  g u l l s  (Larug s p p )  . 



r n t r o d u c t  ion 

Bany c a r n i v o r o u s  m a r i n e  i n v e r t e b r a t e s  are s e 1 e c " i v e  

p r e d a + o r s ;  that is, t h e y  t a k e  some f o o d  items i n  qreater 

p r o p o r t i o n  t o  t h e i r  a b u n i l a n c e  t h a n  o t h e r  food items ( K i n n e  

1 9 7 8 ) .  A number of factors affect  s e l e c t i o n  p a t t e r r s ,  i n c l u d i n g  s 

s i z e  of the p r e y  r e l a t i v e  t o  that of t h e  p r e d a + o r  ( P a i n e  13761 

and p r e y  c 2 e n s i t y  (Ivlev 1961,  Werner  a n d  Ha l l  1974)  . Select i v i + y  

f o r  size of p r e p  h a s  been d o c u m e n t e d  for  intertidal c r a b s  (Walce 

and Dean 1 9 7 2 ) ,  s t a r f i s h  f P a i n e  1969 ,  Renge 1972) a n d  snails 

( C o n a e l l  1961a,  1970; Rdwards  a n d  Auebner  1977) . S + u d i e s  also 

h a v e  shown tha+ t h e  size of p r e p  e a t e n  i n c r e a s e s  a s  p r e d a + o r  

size i n c r e a s e s  ( L a n d e n b u r g e r  1968, E l n e r  a n d  Hughes 1978) . 
D e n s i t y  of p r e y  i n f l u e n c e s  f e e d i n g  r a t e s  of p r e d a F o r s ,  a s  

well a s  s e l e c t i o n  p a t t e r n s  ( I v l e v  1961).  S t u d i e s  have shown t h 3 f  

a s  p r e y  d e n s i t y  i n c r e a s e s ,  the number  e a t e n  b y  a p r e d a t o r  

i n c r e a s e s  t o  some v a l u e  which  r e p r e s e n t s  maximum p r e y  

consuinpt  i o n  i n  a g i v e n  u n i t  of time f H o l l i n g  1965) . Beyond + h 3  

maximum v a l n e ,  f u r t h e r  i n c r e a s e s  i n  p r e y  d e n s i + y  h a v e  l i t t l e  D r  



T h e  r a t e  a t  which  p r e d a t o r s  e x p l o i t  p r e y  is i n f l u e n c e d  a l s o  

by p r e y  s i z e  a n d  p r e d a t o r  s i z e .  Mukai (1973)  c o m p a r e d  f e e d i n g  

r a t e s  f o r  d i f f e r e n t  sizes of t h e  n a + i c i . d ,  Heper&tp rg&g&pag, 

e a t i n g  v a r i o u s  s i z e s  of the b i v a l v e ,  Wggmomgq miczq, a n d  f o a n l  

t h a b  feeding rates increased a s  + h e  s i z e  of t h e  c l a m  increased, 

Wi14se ( 1  980)  d e m o n s t r a t e d  + h a t  small  polip&gge ql~$,icatus 

e x h i b i t e d  the h i g h e s t  f e e d i n g  rates  a n d  t h e  r a c e  d e c r e a s e d  as 

p r e d a t o r  s i z e  i n c r e a s e d ,  

AnoC h e r  factor  which  map i n f l n e n c e  i n t e n s i t y  of feeding is 

b e h a v i o u r a l  i n t e r a c t i o n s  among i n d i v i d u a l s  of a  p r e d a t o r ?  

s p e c i e s ,  soc ia l  f a c i l i t a t i o n  of f e e d i n g  h a s  b e e n  d e m o n s t r a t e 3  

for some s p e c i e s  (Brawn 1969, O l l a  a n d  Samet  1 9 7 Q ) ,  w h e r e a s  f o r  

o t h e r  s p e c i e s ,  c o m p e + i t i v e  f n t e r a c + i o n s  h a v e  been fauna t o  

r e d u c e  f e e d i n g  rates ( G o s s - C u s t a r d  1977) . 
E n v i r o n m e n t a l  fac tors  s u c h  a s  t e m p e r a t u r e  and s a l i n i c y  !nay 

a l s o  a f fec t  feeding. Sawyer(1r)FjO) ( c i t e d  i n  R i n n e  7 3 7 8 )  showe3 

t h a t  +he f e e d i n g  sa te  of P o l i n i g a z p  d u p l i c g g g ~  R e c l i n e d  w i t h  

d e c r e a s i n g  t e s p e r a t u r e .  Hanks f 1952)  f o u n d  t h a t  P, heros d i 4  n ~ "  

f e e d  a t  s a l i n i t i e s  less t h a n  12•‹/00, E d w a r d s  and f l u e b n e r f 1 9 7 7 1  

f o u n d  t h a t  5 0 C  was the lowest t e a p e r a t a r e  a t  w h i c h  E, fth~plicqzug 

would  f e e d  a n d  t h a t  t h e  c o n s u m p t i o n  r a t e  v a r i e a  s e a s o n a l l y ,  with 

t h e  lowest rates o c c u r r i n g  d u r i n a  w i n t e r ,  Other maripe 

i n v e r 9 e b r a t e s  such a s  Eq@= &gra&g t P a i n e  1965)  a n 3  

b ~ t a s ? e r i a s  -------- ----- h e x a c t  is fffepge 1 9 7 2 )  a l s o  h a v e  r e d u c e d  feeairrg 

r a t e s  n u r i n g  t h e  w i n t e r  months.  
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It h a s  b e e n  show?? t h a t  f e e d i n g  by some p r e d a t o r s  of 

b i v a l v e s  a n d  u n i v a l v e s  is i n f l u e x e d  b y  t h e  t h i c k n e s s  of + h e  

p r e y  s h e l l .  C a r r i k e r ( 1 9 5 1 )  f o u n d  t h a +  Pgd&gi,cgs ill~l&cgz_ns 

s e l e c t e d  t h i n - s h e l l e d  b i v a l v e  p r e y  a n d  h e  s u g s e s t e d  t h a t  t h i c k  

s h e l l s  p r o v i d e d  some p r o t e c t i o n  from p r e d a t i o n  by  d r i l l i n g  

q a s t r o p o d s .  V e r m e i j ( 1 9 7 8 )  s t a t e d  t h a t  a v e r y  t h i c k  v a l v e  is t h  

o n l y  m o r p h o l o g i c a l  f e a t u r e  of b i v a l v e s  w h i c h  i.:  know^ to d e t e r  

d r i l l i n g  g a s t r o p o d s ,  

"he p u r p o s e  of t h i s  s t u d y  was t o  e x a m i n e  + h e  e f f e c t s  of 11 

s i z e ,  2) p r e y  d e n s i t y ,  3) p r e d a t o r  i ~ t e r a c t i o n s ,  a r d  4 )  season 

on t h e  f e e d i n g  of t h e  moon s n a i l ,  _Pqlinice__s Iewisii  (Gould)  , T h e  

n a t i v e  l i t t l e n e c k  clam, l??_ot_os_hqcg s t a m i n e g  {Conrad)  was usea as  

p r e y .  

H a t e r i a l s  a n d  H e t h o d s  --------- -- ----- 

F i e l d  ex p e r  i m e n t s  

F o u r  f i e l d  e x p e r i m e n t s  were c a r r i e d  o u t  a t  L a d y s ~ i ' h  

h a r b o u r ,  B r i t i s h  Colurabia ,  using c a g e s .  T h e s e  c a g e s  were 

cons?rruc+ed b y  b o l t i n q  t o g e t h e r  50ca l o n g  s e c t i o n s  of Dexion  s o  

t h a t  e a c h  e n c l o s u r e  m e a s u r e d  50xSOx30cm ( i .  e. 'he a r e a  e n c l o s e 3  

was 0.251~2) ( F i g .  6). The  a d d i t i o n a l  20cm of f r a m e  e x t e n d e ?  a s  

legs i n t o  t h e  s e d i m e n t  s e r v i n g  t o  s e c u r e  t h e  c a g e s  a g a i n s t  

s h i f t i n q  i n  s t o r m y  weather, The t o p ,  s i d e s ,  a n d  bof tom o f  e a c h  
* 



F i g ,  6 .  

Top. The l o c a t i o n  of the cages i n  the s t u d y  area ,  

~o+%ooa. A field cage. 





1 which was  p a i n t e d  w i t h  n o n - t o x i c  f i s h - h o l d  e n a m e l  ( I n t e r n a t i o n 3 1  

p a i n t s ,  Ont remont ,  Q u e b e c ) .  T h e s e  cases s e r v e d  a s  a b a r r i e r  f~ 

p r e d a t o r s ;  p o l i n i c e s  were p r e v e ~ t e d  from l e a v i n g  t h e  e n c l o s n r e s  

a n d  o t h e r  p r e d a t o r s  of P r o t o t h g ~ g  were e f f e c t i v e l y  p r e v e n t e d  

from e n t e r i n g  them. 

T h e  l o c a t  i o n  of t h e  e x p e r f  mental a r e a  was a p p r o x i m a t e l y  

0 . 4 5 ~  a b o v e  c h a r t  d a t u m ,  which i s  w i + h i n  t h e  o b s e r v e d  C i d a l  

r a n g e  o f  P o l i n i c e s .  The c a g e s  were p l a c e d  i n t o  t h e  s u b s t r a e e  '3 

a d e p t h  o f  ZOcm,  w i t h  l O c m  s h o w i n g  a b o v e  t h e  s e d i m e n t  s u r f a c e  

( F i g .  5 ) .  C a g e s  were s p a c e d  a b o u t  28 a p a r t  a n d  f i l l e t 3  w i t h  

s e d i m e n t  from which  a l l  l i v e  clams and e m p t y  clam s h e l l s  had 

been r e n o v e d .  

The f i r s t  e r p e r i m e n t ,  o f  e i g h t  weeks  d n r a * i o n  (21 J u n e  + o  

19 Rugnst ,  l 9 7 8 ) ,  was d e s i g n e d  t o  d e t e r m i n e  t h e  effect o f  s i ze  on 

f e e d i n g  a n d  t o  d e t e r m i n e  w h e t h e r  noon s n a i l s  a re  s i z e - s e l e c t i v e  

p r e d a t o r s ,  T h r e e  s i z e  c l a s s e s  of s n a i l s  (72.4-88. Y w m ,  

89,3-95. O m m ,  95.0-1 12.7mmin l e n g t h )  were u s e d ,  w i t h  f o u r  s n a i l s  

o f  s imi lar  s i z e  ( i .e .  e i t h e r  small, medium or l a r g e )  b e i n g  

p l a c e d  i n t o  e a c h  of f i v e  cages. F o u r  s n a i l s  were u s e d  p e r  c a g e ,  

p r i m a r i l y  for s t a t i s t i c a l  p u r p o s e s .  T h i s  d e n s i t y  was the waxinurn 

d e n s i t y  o f  moon s n a i l s  f o u n d  i n  t h e  n a t u r a l  e n v i r o n m e n t  d u r i n g  

t h e  s t u d y .  T h r e e  s i z e  classes of Pg@o+_hg~q f 10-35au1, 35-50nm, 

50-65mm i n  l e n g t h )  were used :  1 2  i n d i v i d u a l s  of e a c h  s i z e  s l a s s  

were a d d e d  $0 e a c h  of t h e  15 c a g e s ,  T h e  e n c l o s u r e s  were c h e c k e d  



1 

r e p l a c e d  by l i v e  i n d i v i d u a l s  o f  t h e  same s i z e  c l a s s .  An a n a l y s i s  

of v a r i a n c e  was p e r f o r m e d  t o  d e t e r m i n e  w h e t h e r  d i f f e r e c c e s  i n  

t h e  s i z a  of c l a m s  s e l e c t e d  were s i g n i f i c a n * .  The empty c l a n  

s h e l l s  r e c o v e r e d  from t h e  cages were r e c o r d e d  a s  c o m p l e t e l y  

d r i l l e d ,  p a r t i a l l y  d r i l l e d  or not d r i l l e d .  O ~ l y  t h e  d a t a  on 

c o m p l e t e l y  d r i l l e d  s h e l l s  were u s e d  i n  the a n a l y s e s  of t h e  fie14 

e x p e r i m e n t s .  E l e c t i v i t  y c o e f f i c i e n t s  were c a l c n l a  t e d  ( f o r  a l l  

s i z e s  of s n a i l s  u s e d )  u s i n g  t h e  i n d e x  E= r - p / r  + p  ( T v l e v  

l 9 6 l ) ,  w h e r e  r is  t h e  p r o p o r t i o n  of a f o o a  item i n  t h e  d f e t  a33 

p  is t h e  p r o p o r t i o n  of a f o o d  item i n  t h e  e n v i r o n m e n t .  

E l e c t i v i t p  v a l u e s  r a n g e  from -1 t o  + I ,  When R =  0 t h e  p r e y  i+em 

i s  e a t e n  i n  t h e  same p r o p o r t i o n  a s  i t  o c c u r s  i n  the e n v i r o n m e n f .  

P o s i t i v e  v a l u e s  indicate o v e r r e p r e s e n t a t i o n  o f  a  p r e p  item i n  

t h e  d i e t  a n d  n e g a t i v e  v a l u e s  i n d i c a t e  u n d e r r e p r e s e n t a t i o n  o f  3 

p r e p  item i n  the diet, compared  w i t h  i ts a b u n d a n c e  i n  t h e  

e n v i r o n m e n t .  

R e g r e s s i o n  a n a l y s i s ,  u s i n g  d a t a  o n  l e n g t h s  a n d  f e e d i n g  

r a t e s  of  p o f ~ i ~ ~ g ~  i c  +he s i z e - s e l e c t i o n  e x p e r i m e n t ,  was c a r r i e l  

o u t  t o  3 e t e r n i n e  w h e t h e r  a r e l a t i o n s h i p  e x i s t e d  beCween moon 

s n a i l  s i z e  a n d  f e e d i n g  rate. 

T h e  s e c o n d  f i e l d  e x p e r i m e n t  t e s t e d  t h e  effect of p r e p  

density o n  moon s n a i l  f e e d i n g  rates a n d  was c a r r i e d  ant from 2 1  

J u n e  t o  19 Augus t ,  1978. F i f t e e n  c a g e s  were Used,  w i t h  four 

s n a i l s  o f  mpdium s ize  b e i n g  p l a c e d  w i t h i n  e a c h  e n c l o s u r e ,  C l a m  



R e n s i t i e s  were 12, 36 a n d  72 E ~ o r p t h a c a  p e r  c a g e ;  e a c h  d e n s i t y  

was r e p l i c a t e d  f i v e  'imes, T h e s e  d e n s i t i e s  were c h o s e n  f o r  t h e  

f o l l o w i n g  r e a s o n s :  1. t h e  Bean d e n s i t y  o f  ggozqohaca ( b a s e d  0 7  

t h e  nay  1978 s a m p l i n g )  was a p p r o x i m a t e l y  1 2  c lams/0 ,25m2,  2. t h e  

maximum d e n s i t y  o f  l i t t l e n e c k s  f o u n d  d u r i n g  p r e l i m i n a r y  s a m p l i n q  

was 33/0,25m+, 3. i t  was  d e s i r a b l e  t o  d e t e r m i n e  f e e d i n q  r a t e s  a t  

a p r e y  d e n s i t y  g r e a t e r  t h a n  t h e  maximum estimate a t  t h e  s t u d y  

s i te .  C a g e s  were c h e c k e d  and r e s t o c k e d  o n  J u l y  18,  except f o r  

t h o s e  c o n t a i n i n g  12 clams which were r e s t o c k e d  e v e r y  two weeks. 

T h e  r e s u l t s  were a n a l y z e d  n s i n g  a oneway a n a l y s i s  o f  v a r i a n c e ,  

The t h i r d  e x p e r i m e n t ,  t e r m e d  t h e  s n a i l  i n + e r a c t i o n s  

e x p e r i m e n t ,  was c o n d u c t e d  (21 J u n e  t o  19 A u g u s t ,  1 9 7 8 )  t o  

a s c e r t a i n  w h e t h e r  f e e d i n g  ra tes  of Win&cgg are a f f e c t e d  by + h e  

p r e s e n c e  o f  o t h e r  noon s n a i l s .  One medium-sized s n a i l  a n d  36 

P r o t o t h a c g  were p l a c e d  i n t o  e a c h  o f  t h r e e  c a u e s .  C a g e s  were - 
r e s t o c k e d  o n  J u l y  18. R e s u l t s  were compared wi+h the p r e d a t i o ~  

r a t e s  f o r  medium-sized s n a i l s  f o u n d  i n  + h e  s i z e - s e l e c t i o n  

e x p e r i m e n t  (i. e. 4 s n a i l s l c a q e  t r e a t m e n t )  u s i n g  a onewa y 

a n a l y s i s  of v a r i a n c e ,  

One c a g e ,  c o n t a i n i n g  36 clams and n o  moon s n a i l s ,  was u s e d  

as  a  c o n t r o l  t o  o b t a i n  an estimate of n o n - p r e d a t o r y  m o r t a l i t y  i r !  

P r o t o t h a c a .  ---------- 
To d e t e r m i n e  w h e t h e r  f e e d i n g  rates v a r i e d  s e a s o n a l l y ,  a: 

e x p e r i m e n t  was c o n d u c t e d  d u r i n g  w i n t e r  (30 November, 1378  + o  2 4  

F e b r u a r y ,  1 9 7 9 ) .  S i x  c a g e s  were s t o c k e d  w i + h  f o u r  medium-size1 



a t  which time empty  l i t t l e n e c k  s h e l l s  were r e p l a c e d  w i t h  l i v e  

c l a m s .  C o m p a r i s o n  o f  the w i n t e r  f e e n i n g  r a t e s  w i t h  rates of 

medium-s ized  l??ptothqcq i n  t h e  s i z e - s e l e c t i o n  e x p e r i m e n t  was 

made by a  oneway a n a l y s i s  of v a r i a n c e .  Rf+er c o m p l e t i o n  of t h e  

w i n t e r  e x p e r i m e n t ,  the s i x  c a g e s  were r e s t o c k e d  and  l e f t  

u n c h e c k e d  f o r  two m o n t h s  (29  F e b r u a r y  t o  1 4  Hay, 1979) i n  o r d e r  

t o  o b t a i n  a n  e s t i m a t e  of spring p r e d a t i o n  rates, 

L a b o r a t o r y  S t u d i e s  

R o r e h o l e  d i a m e t e r s  of empty d r i l l e d  Pgetgzhpcg s h e l l s  

c o l l e c t e d  from the e n c l o s u r e  e x p e r i m e n t s  were measured t o  

d e t e r m i n e  w h e t h e r  s n a i l  l e n g t h  was c o r r e l a t e d  w i t h  b o r e h o l e  

s i z e .  S i n c e  t h e  d r i l l h o l e s  a p p e a r e d  t o  b e  somewhat  v a r i a b l e  i n  

s h a p e ,  t h r e e  random m e a s n r e a e n t s  o f  the d i a m e L e r  of e a c h  h o l e  

were made using a d i s s e c t i n g  m i c r o s c o p e  (Wild) f i t + e d  w i t h  an 

o c u l a r  micrometer. Thickness of t h e  P r o t o t h a c p  s h e l l  a t  t h e  

o u c e r  e d g e  of t h e  b o r e h o l e s  was m e a s u r e d  w i t h  v e r n i e r  c a l i p e r s  

t o  e x a m i n e  w h e t h e r  s h e l l  t h i c k n e s s  i n f  l n e n c e d  s e l e c t i o n  of clans 

by P o l i n i ~ g ~ .  P r o t o t h a c g  s h e l l s  were a l s o  c l a s s i f i e d  as  t o  v a l v e  

d r i l l e d  t o  d e t e r m i n e  w h e t h e r  or n o t  moon s n a i l s  select for a  

p a r t i c u l a r  v a l v e  when f e e d i n g ,  

Dry w e i g h t s  of Pro to f ig -  were m e a s u r e d  a? a b o u t  f o u r  month 

i n t e r v a l s  o v e r  o n e  y e a r  t o  d e t e r m i n e  w h e t h e r  b i o m a s s  f a a d  
* 



p o s s i b l y  t h e  n u t r i + i v e  v a l u e )  o f  l i t t l e n e c k s  v a r i e d  s e a s o n a l l y .  

A t  e a c h  s a m p l i n g  time 30  clams were b r o u g h t  f r o m  t h e  s t u d y  sit? 

a n d  m a i n t a i n e d  i n  a  s e a w a t e r  a q u a r i u m  f o r  + h r e e  d a y s  t o  a l l o w  

f o r  c o m p l e t e  e m p t y i n g  o f  t h e i r  d i q e s t i v e  s y s t e ~ s  (Edwards  a n d  

Huebner  1977) ,  C l a m  l e n g t h s  were m e a s u r e d  w i t h  v e r n i e r  c a l i p e r s  

a n d  t h e  t i s s u e  removed from t h e  s h e l l s  a n d  o v e n - d r i e d  f o r  72h 

(or t o  c o n s t a n +  w e i g h t )  a t  6 5 0 C .  g r o t o t h a c _ a  d r y  w e i q h t  was 

r e g r e s s e d  o n  Eprgg&_a_cg l e n g t h  f o r  e a c h  s a a p l e  a n d  t h e  

r e g r e s s i o n  l i n e s  were compared  by a n a l y s i s  o f  c o v a r i a n c e .  D-y 

w e i q h t s  o f  11 P o U n i c e s  were e s t i m a t e d  u s i n g  + h e  same  method a s  

f o r  t h e  clams s o  t h a t  feeding rate ,  a s  a p e r c e n t a g e  of s n a i l  

body w e i g h t  per  day, c o u l d  be e s t i m a t e d ,  

R e s u l t s  ---- 

S i z e - s e l e c t i o n  e x p e r i a e n t  

Pew l i t t l e n e c k s  i n  t h e  slaallest s i ze  c l a s ~  (10-35ntm) were 

d r i l l e d  by the moan s n a i l s ,  S n a i l s  of the smal les t  s i z e - q r o u p  

s e l e c t e d  f o r  medium-s ize8  clams w h i l e  ittedium a n d  large Polip&rig~ 

t o o k  l i t t l e n e c k s  i n  t h e  medium a n d  large-size classes i n  

a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n s  ( T a b l e  1) . The a n a l y s i s  o f  

v a r i a n c e  showed t h a t  t h e  interaction b e t w e e n  s n a i l  s i z e  and slls 

s i z e  was s i g n i f i c a n t  (F= 4,4 ,  d f = Q , 3 6 ,  p<.05)  , i n d i c a t i n q  +ha t_ ,  
* 



on t h e  a v e r a g e ,  s m a l l e r  s n a i l s  s e l e c t e d  s m a l l e r  c l a m s  t h a n  

L a r g e r  s n a i l s .  The e l e c t i v i t y  v a l u e s  were -0 .74  f o r  s m a l l  c l a a s ,  

4 0 . 3 3  f o r  medium c l a m s  a n d  -0.06 f o r  l a r g e  c l a w s ,  

P r e p  d e n s i t y  e x p e r i m e n t  

The mean number of clams d r i l l e d / 4  m a i l s  i n  59 days was 

7.4 pro- thaca  i n  the 1 2  c l a m s / c a g e  t r e a t a e n ? ,  12,4  for +he  36 

c l a m s / c a q e  a ~ d  11.6 fo r  the 72 c l a m s / c a g e  ( F i g  7) - D i f f e r e n c ? s  

i n  t h e  n u m b e r s  of c l a a s  e a t e n  a t  +he 3 d e r s i t i e s  were no+ 

s i g n i f i c a n t  (P= 2.6, d f = 2 , 1 2 ,  p > . 0 5 ) .  

S o c i a l  i n t e r a c t i o n s  e x p e r i m e n t  

D i f f e r e n c e s  i n  feeding r a t e s  b e t w e e n  s n a i l s  i n  t h e  4 

s n a i l s l c a q e  t r e a t m e n t  a n d  t h e  one s n a i l l c a g e  t r e a  tmen+- were f ~t 

s i a n i f i c a n t  (P= 3.65, d f = 1 , 6 ,  p> .05) .  

F e e d i n g  r a t e s  

Sumaer  f e e d i n g  rates of Po_li&&_cg ( e x p r e s s e d  a s  number of 

clams d r i l l e d / 4  s n a i l s l d a y )  ia t h e  the size-selec t i o n  expes im3n  t 

were h i g h l y  c o r r e l a t e d  ( r =  -0.83) w i t h  s n a i l ,  s i z e ,  T h e  h i g h e s t  

rates were e x h i b i t e d  by t h e  s m a l l e s t  s n a i l s  a n d  rates d e c r e a s e d  

wi+h  i n c r e a s i n q  p r e d a t o r  size (Piq. 8 ) .  Colaparisoa of the ra+e-s 

i n  t h e  s i z e - s e l e c t i o n  e x p e r i m e n t  o b t a i n e d  i n  July w i t h  those 
e 



Table 1. F e e d i n g  of P o 1 i n i . c ~  l e w i ~ L i  i n  *_he 

size-selection experiment.  Wnmbers i n d i c a t e  

the mean number of Protothpca stamiggp 

i l r i l l e d / 4  s n a i l s  i n  59  days & t S. R, 



Mean number of clams eaten/4 snails of size 

Clam length (mm) Small Medium Large 



Pig, 7 .  Rean number of Egqtothaca staeingq 

eaten per 4 moon snails in the prep density 

exper imen+.  (95% confidence limits are 

included) . 





F i g ,  8 ,  T h e  r e l a t i o n s h i p  between f e e 3 i n g  ra te  

a n d  mean moon s n a i l  l e n g t h .  F e e d i n g  rate  i s  

measured  a s  number of Protothaca &amiegg 

drilled per 4 moon snails p e r  d a y ,  

Y =  1.P35 - 0.092X r= - 0.83 





o b b a i n e d  i n  A u g u s t  s h o w e d  t h a t  t h e  d i f f e r e n c e s  were n o t  

s i g n i f i c a n t  (t= -0.73, d f =  IQ, p>.05). 

Summer p r e d a t i o n  rates c a l c u l a t e d  f o r  m e d i u m - s i z e d  s n a i l s  

i n  + h e  s ize-select  i o n  e x p e r i m e n t  were c o m p a r e d  w i t h  ra+es 

o b + a i n e d  i n  t h e  w i n t e r ,  D i f f e r e n c e s  i n  Che  t a t e s  f o r  t h e  two 

s e a s o n s  were s i g n i f i c a n t  (F= 51, 3f=1,9, p<.OOl)  . T h e  est imat2  

of s p r i n q  f e e d i n g  rates  i n d i c a ' e d  t h a t  a t r e c d  e x i s t e d  i n  +he 

r a + e s  of p r e d a t i o n  over t h e  y e a r  of s t u d y  s i ~ c e  t h e  s p r i n g  v a l a e  

was similar t o  those f o u n d  d u r i n g  +he p r e v i o u s  summer (Piq. 9 ) .  

T h i s  seasopal  t r e n d  may b e  somewhat  t e r a p e r a F u r e  related (Tab12 

2) s i ~ c e  t h e  h i g h e s t  f e e d i n g  rates f O , O 6  c l a m s , / s n a i l / d a p )  

o c c u r r e d  when t h e  s u r f a c e  water t e m p e r a t u r e s  were h i g h e s t  ( 1 8 @ Z I  

a n d  the lowest (0,O 14 c l a ~ s / s n a i l / d a y )  when t h e  t e m p e r a t u r e  w35 

o n l y  hOr, 

L a b o r a t o r y  s t u d i e s  

D i a m e t e r s  o f  b o r e h o l e s  i n  c l a m  shells r e c o v e r e d  f r o m  'he 

c a g e  e x p e r i m e o + s  were p o s i t i v e l y  c o r r e l a t e d  w i C h  moon snail 

1enqt.h (r= !3,76). T h e  r e l a + i o n s h i p  was l i n e a r  (Pig, 1 0 ) .  S+elL 

? + i c k n e s s  a t  t h e  o u t e r  e d g e  of  t h e  b o r e h o l e s  was poorly 

c o r r e l a + e ?  w i t h  b o r e h o l e  d i a l n e t e r  (r= 0.37). Determir,ation of 

+ h e  s i t e  of d r i l l i n q  showed  t h a t  97% of the h o l e s  were locn+el 

on + h e  umbo. m o s t  of the d r i l l h o l e s  l o c a t e d  away from t h e  umh3 

were i~ + h e  mid -cen ' r a l  p a r t  of t h e  s h e l l ,  
.c 



P i g ,  9, F e e d i n g  rates for medium-sized 

moon s n a i l s ,  in mean n u ~ b e r  (f 1 S ,  E.) 

of g_s_otpthgs _sf p~&gg/rtloon snai l . /da  y. 



NUMBER OF CLAMS EATEN/ SNAIL/MY 



Table 2 .  Relationship between feeding r a t e s  

~f Ql&g&ces lewisii and s u r f a c e  water 

tempera+ nr e.  



July 

1978 Aug. 

Dec . 
Jan. 

1979 Feb. 

May 

Number of clams eaten/snail Surface water temperature 
(+ 1 S. E.) (OC 



Pig, 10. The relationship between mean 

borehole diameter in littleneck clams and 

mean moon s n a i l  l e n q + h .  

71= 0.43Y - 0.386 r= 0.76 





b 

e x p e r i m e n t s  showed  t h a t  t h e  l a r q e s t  clam o f f e r e d  (65mm) was 

d r i l l e d  b y  a smal l  s n a i l  w h i l e  the smallest  l i t t l e n e c k  t a k e n  

(25.3mm) was d r i l l e d  by  a l a r g e  snail, 

O f  286  d r i l l e d  s h e l l s  r e c o v e r e d  from t h e  c a g e s ,  59% had 

b e e n  bored o n  t h e  r i g h t  v a l v e  a n d  41% on t h e  l e f +  one. T h e s e  

v a l u e s  were c o w p a r e d  v i t h  those o b t a i n e d  f r o m  e m p t y  d r i l l e d  

P r o t o t h a c a  s h e l l s  c o l l e c t e d  d u r i n g  s a m p l i o q  of t h e  natural z l 3 n  ------- 
p o p u l a t i o n  (!I= 4 3 5 ) .  Holes on l e f t  v a l v e s  c o m p r i s e d  56% o f  t h z  

s a m p l e ,  w h e r e a s  44% of t h e  r i g h t  v a l v e s  v e r e  d r i l l e d ,  

Analysis of t h e  r e g r e s s i o n  l i n e s  of protothaca d r y  w e i g h L  

a n d  P=gzqz&gcp l e n g t h  r e v e a l e d  t h a t  n e i t h e r  the s l o p e s  of t h e  

lines (F= 1, d f = 2 , 8 4 ,  p>.OS) n o r  t h e i r  i n t e r c e p t s  (P= 14.3,  

d f = 2 , 8 6 ,  p>,O5) were s i g n i f i c a n t l y  d i f f e r e n t .  

An estimate of f e e d i n g  r a t e  was c a l c u l a t e d  from t h e  d r y  

weight d a t a  for E%%in&&es a n d  Qgzpththgp. I n  + h e  s i z e - s e l e c + i o c  

e x p e r i n e n t  100 s n a i l s  (U189g t o t a l  s h e l l - f r e e  d r y  weight) a t e  

190 clams (258.4q  to*al s h e l l - f r e e  d r y  w e i g h t )  i n  59  d a y s .  

T h e r e f o r e ,  t h e  a o o n  s n a i l s  a t e  0,1X of t h e i r  own d r y  weighc per 

day. 



D i s c n s s i o n  ------- 

P o l i n i c e s  lewisii feeds by c o n t a c t i n g  a clam with t h e  --------- -- 
propodium,  t h e n  b u r r o w i n g  down p a r a l l e l  t o  t h e  c l a m  and 

c a p t n r i n q  i t  w i t h  t h e  p r o p o d i u e  a n d  mesopodium i n  such a  way 

t h a t  the p r e y  is  c o m p l e t e l y  e n v e l o p e d  i n  + h e  f o o t .  

E l e c t i v i t y  v a l u e s  i n d i c a t e d  t h a t  m a l l  ( 1  0-35mm) pqggthacg 

were a v o i d e d  by  P o l i n i c e s  a n d  medium-size3 (35-51)mm) clams were 

s e l e c t e d .  L a r g e  (50-65mm) l i t t l e n e c k s  were t a k e n  i n  a b o n +  +he 

same p r o p o r t i o n  a s  t h e y  o c c u r r e d  i n  the e n v i r o n m e n + ,  Comuar ison 

of the s i z e  d i s t r i b u t i o n s  of d r i l l e d  empty l i t + l e n e c k s  collected 

f rom S t r a t u m  I T  a n d  l i v e  i n d i v i d u a l s  o c c u r r i n q  i n  +he same are3 

showed t h a t  q o l i n i c e s  p r e d a t i o n  was h e a v i e s t  o r  Erzoo&cp i n  

+he s i z e  r a n g e  3 0 - 5 0 s ~ .  The  mean s i ze  o f  + h e  d r i l l e d  s h e l l s  was 

s m a l l e r  t h a n  t h e  a v e r a g e  size a v a i l a b l e  i n  t h e  h a b i t a t ,  Edwards 

and Bnebner  (1977) f o u n d  that B,o&ia&ees & ~ & & ~ ~ t g s  s e l e c t e d  

m e d i a s - s i z e d  clams a n d  F r a n z  (1977) r e p o r t e d  * h a t  p r e d a + i o >  by 

~ g g q s q  h g ~ q q  seemed to be most intense on gpisula g g l i d i s s & $  

b e t w e e n  35 and 80.1~ i n  l e n g t h .  F r a n z  m e n t i o n e d ,  t h o u q h ,  ?haC 

l a r q e r  Sgii.g&g were n o t  c o m p l e t e l y  safe from a t t a c k  s i n c e  

d r i l l e d  v a l v e s  of u p  t o  160.m i n  l e n g t h  were fonad, 

Larger p r e y  items p r o v i d e  more c a l o r i e s  per unit time t h s n  

3 0  s i m i l a r  s m a l l e r  3. terns ( E a l e n  1973),  but i? h a s  b e e n  r e p o r t e d  

+ h a t  f o r  wany i n t e r t i d a l  i n v e r t e b r a t e s  t h e r e  e x i s t s  an upper  

l i m i t  t o  +be s i z e  of prey t h e y  c a n  c a p t u r e  or h a n d l e  (Day?oon 



1971,  Yenge 1972, P a i n e  1976,  Edwards  a n d  H u e b n e r  1 9 7 7 ) .  

~ n d i v i d u a l s  of a p r e p  s p e c i e s  which a re  l a r g e r  t ha r  t h e  c r i + i c l l  

size, f o r  a  g i v e n  s p e c i e s  of p r e d a t o r ,  a r e  r e l a t i v e l y  i n m n n e  '3 

p r e d a t i o n .  Edwards  a ~ d  Huebner  (1977)  f o u n d  that when zyp 

a r e n a r i a  a t t a i n  a l e n q t h  of 65mm t h e y  are  a b l e  t o  e s c a p e  ----- 
P o l i n i c e s  d u p l i c a t u s  p r e d a t i o n  by d e e p  b u r i a l .  A n s e l l  ( 1960) ------ 
p o s t u l a t e d  t h a t  there is a l i m i t a t i o n  i n  the s i z e  o f  Venuq 

s t r i a t u l a  a t t a c k e d  by aat ica gldlgi b e c a u s e  t h e  s n a i l s  a r e  ------- - 
u n a b l e  t o  m a n i p u l a t e  l a r g e  clams, 

T h e  r e s u l t s  from t h e  summer f i e l d  e x p e r i m e n t s  i n3 ica te3  

+ h a t ,  o v e r  t h e  s ize  r a n g e  of claws u s e d ,  E~qspt$qsq d i d  n o t  h a v e  

a  r e f u g e  i n  l a r g e  size, F i n d i n g s  showed t h a t  & ? o l i n i c e s  c a p t u r e d  

a n d  s u c c e s s f u l l y  d r i l l e d  the l a r g e s t  clams o f f e r e d ,  which  were 

a b o u t  the maximum s i z e  e n c o u n t e r e d  i n  t h e  n a t u r a l  e n v i r o n m e n t  a t  

t h e  s t u d y  site. However, e x a m i n a t i o n  of d r i l l e d  e a p + y  shells 

c o l l e c t e d  fros t h e  low i n t e r t i d a l  zone showed t h a t  r e l a t i v e l y  

f ew l a r s e  v a l v e s  c o n t a i n e d  b o r e h o l e s .  T h e  d i f f e r e n c e s  i n  t b e  

f i n d i n g s  map b e  e x p l a i n e d  by t h e  l o c o m o t o r y  a c + i v i t i e s  of 

P o l i n i c e s  w i t h i n  t h e  cages. &&&&g,s are a c t i v e  b u r r o w e r s  --------- 
( l ? u s s e l 1  H u n t e r  a n a  G r a n t  1966) and t h e i r  movements  map have 

s h i f t e d  p r e y  i n d i v i d u a l s  a b o u t ,  p e r h a p s  b r i n g i n g  l a r q e r  clams up 

t o w a r d  t h e  surface a n d  thereby  making  them more a c c e s s i b l e ,  

T h i c k n e s s  of t h e  b i v a l v e  s h e l l  h a s  b e e n  f o u n d  t o  i n f l u e n c e  

s e l e c t i o n  of p r e y  by drilling g a s t r o p o d s  ( C a r r i k e r  1951) a n d  

V e r a e i j ( l 9 7 9 )  s t a t e s  t h a t  a g r e a t l y  t h i c k e n e d  s h e l l  is the o c l y  



P 
4 i n h i b i t  b o r i n g .  C a r r i k e r 8  s (1951) feeding e x p e r i m e n t s  or, 

~ o l i n i c e s  d u ~ l i c a t n s  showed t h a t  this species p r e f e r r e d  ---- 
t h i n - s h e l l e d  p r e y ,  Rut a s t u d y  by W i l + s e ( 1 9 8 0 )  c o n c r a d i c + e d  

C a r r i k e r  's findings; she found little e f  fee? o f  s h e l l  thickness 

on b o r e h o l e  d i a m e t e r ,  w h i c h  was p o s i t i v e l y  c o r r e l a t e 3  w i t h  s n s i l  

s ize .  The t h i c k n e s s  of t h e  l i t t l e n e c k  s h e l l s  d i d  n o t  a p p e a r  +3 

d e t e r  t h e  moon s n a i l s  i n  my e x p e r i m e n t s ;  b o r e h o l e  3iame?eer a n 3  

s h e l l  t h i c k n e s s  were poorly c o r r e l a t e d  ( r -  0 . 32 ) .  

D r i l l i n g  times of c a r n i v o r o u s  g a s t r o p o d s  d o  v a r y  for prey 

s h e l l s  o f  d i f f e r e n t  t h i c k n e s s e s  (Carefoot 1977) . T h i s  is 

i m p o r t a n t  i n  r e l a t i o n  t o  t h e  time a v a i l a b l e  for f e e d i n g  s ince  

t h e  t i d a l  c y c l e  places c o n s t r a i n t s  o n  t h e  f e e d i n q  a c t i v i t i e s  ~f 

many i n t e r t i d a l  s p e c i e s  (Renge 1972, Henge 1974) .  A c a n t h i 3 a  

p~jglqhg, a f t e r  i n g e s t i n g  a p r e p ,  waiten u n t i l  the b e g i n 5 i ~ g  

of the n e x t  low t i d e  b e f o r e  s e a r c h i n g  for  a n o t h e r  p r e y  (Benge 

1974) .  Y a t i c i d s  may n o t  b e  a f f e c t e d  by t i d a l  c y c l e s  t o  a s  gre3 t  

an e x t e n t  a s  n o n - b u r r o w i n g  i n t e r t i d a l  organisas s i n c e  naticids 

c a n  c o n t i n u e  t o  s e a r c h  for  f o o d  d u r i n g  low t i d e  b y  wovinq 

t h r o n g h  +he s u b s t r a t e .  But B e r n a r d  ( 1967 )  found  t h a t ,  a l k h o u g h  

P o l i n i c e s  lewisii d i d  actively h u n t  for clams dur ieg  low ti3e, ------- ---- 
i* d i d  n o t  b e g i n  t o  f e e d  u n t i l  c o v e r e d  by  + h e  f l o o d i n g  t i d e ,  

T h i s  s u g g e s t s  t h a t  aoon s n a i l s  are, t o  some e x + e n t ,  

t i m e - l i m i t e d .  



P o l i n i c e s  a l m o s t  a l w a y s  d r i l l e d  l i + t l e n e c k  s h e l l s  on & h e  --------- 
umbo, t h e  t h i c k e s t  pa r t  o f  t h e  s h e l l  ( Bourne ,  p e r s .  comm.). 

B e r n a r d ( l 9 6 7 )  r e p o r t e d  that 92% of the c l a m s  e a t e n  i n  h i s  

e x p e r i m e n t  had b e e r  d r i l l e d  i n  the r e g i o n  o f  the umbu, P i n 3 i n q s  

from t h e  p r e s e n t  study are c o n s i s t e n t  w i t h  t h o s e  of Bernard, 

N a t i c a  cateqg d r i l l e d  i n  the umbonal  r e g i o n  o f  t h e  v a l v e s  o f  ----- ---- 
Donax v i t t a t u s ,  a l t h o u g h  small s n a i l s  of + h a t  s p e c i e s  d i d  --- -------- 
o c c a s s i o n a l l y  d r i l l  a t  other sites (Regus  1975) . A n s e l l  (I 960)  

f o u n d  t h a t  t h e  m a j o r i t y  of h o l e s  bored  i n  vgqms g t r i a t u l a  by  

Natica were l o c a t e d  o n  t h e  s h e l l  m a r g i n ,  which  i s  the + h i m e s t  -----.. 
part of the c l a m  s h e l l .  E x a m i n a t i o n  o f  f o s s i l  s h e l l s  ( S o h l  1 9 6 3 ,  

Rerg a n d  Nishenko 1975)  h a s  shown t h e  same s t e r e o t y p e d  p o s i t i o ~  

of b o r i n g  si tes as is  f o u n d  i n  r e c e n t  s h e l l  a s s e m b l a g e s ,  

B e r q  (1 976) d e m o n s t r a t e d  t h a t  s t e r e o t y p e d  d r i l l i n g  b e h a v i o r  of 

n a + i c i d s  i s  a l r e a d y  p r e s e n t  when t h e  s n a i l s  me+amorphose  from 

k h e  v e l i g e r  st age. 

Two e x p l a n a + i o n s  h a v e  been p r o p o s e d  f o r  t h i s  s t e r e o t v p y :  1 .  

V e r l a i n e  (1936) (cited by A n s e l l  1960) s u g q e s t e d  t h a t  b o r e h o l e  

p o s i t i o n  is r e l a t e d  t o  the u n d e r l y i n g  v i s c e r a ,  2, A n s e l l ( 1 9 6 0 )  

a n d  Wegus (1975) p o s t u l a t e d  t h a t  n a t i c i d  a a n i p u l a t i o n  o f  p r e y ,  5 3  

a s  t o  a c h i e v e  t h e  b e s t  possible g r i p  on t h e  b i v a l v e  s h e l l ,  i s  

t h e  p r i m a r y  factor d e t e r m i n i n g  d r i l l h o l e  s i te .  T h e  la++er seems 

t o  b e  the more p l a u s i b l e  e x p l a n a t i o n  f o r  ,P,o&L&,es Lfrt?&. ~ l l .  

3r a l m o s t  a l l  of the l i t t l e n e c k  meat is consumed by &l&ii.e~ 

( B e r n a r d  1957) which  indicates t h a t  i t  would n o t  make too much 



d i f f e r e n c e  where  + h e  b o r e h o l e  was l o c a t e d .  F n r t h e r m o r e ,  

c a r n i v o r o u s  gastropods possess a l o n g  p r o b o s c i s  (Hylaar? l 9 6 7 ) ,  

which  suggests that c a r e f u l  p o s i t i o n i n s  o f  t h e  3 r i l l h o l e  is n3+ 

1 e c e s s a r  y .  

The f e e d i n g  r a t e s  o f  I?~?Gnig -is&. f o u n d  i n  my 

e x p e r i a e n * ~  are  v e r y  low r e l a t i v e  t o  t h o s e  o b t a i n e d  by 

~ e r n a r d ( 1 9 6 7 )  f o r  the same s n a i l  s p e c i e s  a n d  b y  o t h e r  w o r k e r s  

f o r  d i f f e r e n t  n a t i c i d  s p e c i e s .  B e r n a r d  e s t i m a t e d  that each 

P o l i n i c e s  consumed 0.25 clams p e r  d a y ,  but h i s  r a t e  was 
---_U--- 

d e t e r m i n e d  f rom a l a b o r a t o r y  e x p e r i n e n t  i n  w h i c h  3 s p e c i e s  of 

b i v a l v e s  were o f f e r e d  t o  t h e  s n a i l s  a n d  t h e  p r e y  were 

d i s t r i b u t e d  w i + h i n  o n l y  3caa of s e d i ~ e n t .  T h o r s o n  (1958) stabed 

t h a t  p r e d a + o r y  g a s t r o p o d s ,  i n c l u d i n g  n a t i c i d s  consnlne f rom 15 I._o 

25% of t h e i r  body w e i g h t  p e r  day.  Edwards  a n d  R u e b n e r ( l 9 7 7 )  

d e m o n s c r a t e d  that e o l i n i c e s  $uEl&cgtg~ a t e  a p p r o x i m a t e l y  1% of 

+ h e i r  own body w e i q h i  p e r  say for  0 .27  gpg p y g g p r i q / s n a i l / d a y )  

a n 3  E d w a r d s ( l 9 6 9 a )  f o u n d  a ra te  of 6% per d a y  f o r  ~qL,?;n&~e 

r e c l u z i a n u s .  R e s u l t s  of t h e  present s t u d y  showed t h a t  g o l i n j _ c m s  
---_I--- 

lewisii ate o n l y  0,1% of t h e i r  own body w e i g h t  p e r  d a y ,  ----- 
F e e d i n g  o f  Po?ojnJ~s~ d u r i n g  the suaeet e x p e r i m e n t s  may h s v e  

been inf l o e n c e d  by reproduction. Berna rd  ( 1  967) s t a t e d  t h a t  

b r e e R i n q  i n  mlinices begins when i n d i v i a n a l s  a t t a i n  a l e n g t h  o f  

approximately S5ma. It is p o s s i b l e  t h a t  a l l  the s n a i l s  use?  i~ 

t h e  cage e x p e r i m e n t s  were of r e p r o d u c t i v e  size s i n c e  t h e  s i z e  

r a n g e  was 72, Qmm-112.71~~. B e r n a r d ( 1 9 6 7 )  s t a t e d  a l so  t h a t  eqg  



c o l l a r s  p r o d u c e d  b y  P q L i n i c e s  r e a c h  aaximnm n n n b e r s  i n  summer: 

o b s e r v a t i o n s  of co l l a r  a b u n d a n c e  a t  S i b e l l  Bay c o n f i r m e d  

B e r n a r d ' s  f i n d i n g s .  Uo i n f o r m a t i o n  i s  a v a i l a b l e  i n  +he 

l i t e r a t a r e  on t h e  e f f e c t s  of r e p r o d u c + i o n  i n  g o l i n i c ~ s  on  

f e e d i n g  but other r a r i n e  i n v e r t e b r a t e s  are  known t o  alter t h e i r  

f e e d i n g  h a b i t s  d u r i n q  b r e e d i n g  s e a s o n .  H e n g e ( 1 9 7 4 )  f o u ~ d  + h a A  

t h e  s tar  fish, &wtaszerias &sxat.s r e p s o n u c e d  a n r i n g  w i n t e f  a n d  

e s r l g  s p r i n g .  a n d  d u r i n g  t h i s  p e r i o d  d i d  no4  f e e d  at all. 

P a i n e ( 1 9 6 5 )  s h o w e d  t h a t  f e e d i n q  by N a v a n a ~  AgeriiS was g r e a + l p  

r e d u c e 3  d u r i n g  i ts b r e e d i n g  s e a s o n .  

T h e  close p r o x i m i t y  of n e i g h b o n r i n q  moon s n a i l s  R i d  r lot  

s i g n i f i c a n t l y  i n f l u e n c e  p r e d a t i o n  r a t e s  i n  my e x p e r i m e n t s ,  nor 

d i d  d e n s i t y  of p r e y ,  but r a t e s  d i d  v a r y  w i + h  p r e d a + o r  s i z e  an3 

w i t h  s e a s o n .  I n  t h e  summer s i z e - s e l e c t i o n  e x p e r i m e n t  small 

s n a i l s  h a d  the h i g h e s t  f e e d i n g  rates. Animal size i n f l u e r l c e s  t h e  

rate  of m e + a b o l i s t n ,  o r  r e s p i r a t i o n  (Emlen 1 973) . T h e  d i f  f e r e n z a s  

i n  t h e  f e e d i n g  rates of Polig&es may be e x p l a i n e d  i n  +eras o f  

d i f f e r e n t  a e t a b o l i c  require~enis f o r  s n a i l s  of  d i f f e r e c ?  sizes, 

R i c k l e f s  (I 9 7 3 )  stated t h a t  m a i n t e n a n c e  n r e + a b o l i s a  q e n e r a l l y  

d e c r e a s e s  as  body  size i n c r e a s e s ,  so small orqa n i s m s  corn peasate  

f o r  + h e i r  sore r a p i d  metabolic r a t e  b y  f o r a g i n q  a t  a  q r e a t e r  

r a t e  t h a n  larqer o r g a n i s s s .  T e m p e r a t u r e  a l s o  affec5s r e s p i r n t i s n  

(Rickle fs  t  973 )  ; metabolic ra te  i n c r e a s e s  with i n c r e a s i n g  

t e ~ p e r a t n r e .  In t h e  p r e s e n t  s t u d y  t h e  lowest f e e d i z g  rates 

o c c u r r e d  duering w i n t e r  when s u r f a c e  wafer ' e m p r a t u r e s  were 



lowest, 

I n  i n t e r p r e t i n q  the r e s u l t s  of  the f ie13 e x p e r i m e n t s ,  

s e v e r a l  f a c to r s  nust be t a k e n  i n t o  c o n s i d e r a t i o n .  F e e d i n g  

a c t i v i t i e s  of P o l i n i c e s  c o u l d  h a v e  b e e n  a f f e c + e d  by + h e  c a g e s  

E n c l o s u r e s  i n  %he m a r i n e  b e n t h o s  h a v e  been f o u n d  t o  a f f e c t  

s e a i a e n t  s t a b i l i t y  a n d  r a y  a l t e r  c u r r e n t s  ( V i r n s t e i n  1 9 7 7 ) .  

D a r i n g  t h e  summer tes ts  moon s n a i l  feeding s a y  h a v e  been 

i n f l u e n c e d  by t h e  presence of 2- sp, w h i c h  was f o u n d  c o a c i n g  

some of + h e  c a g e s  for a p e r i o d  of a few w e e k s ,  However ,  ULva was 

s c r a p e d  o f f  t h e  cages r e g u l a r l y  d u r i n g  t h e  time i t  was prese?? 

Dn t h e  s t u d y  site.  C o n f i n i n g  t h e  s n a i l s  i n  small e ~ c l o s u r e s  may 

have  i n c r e a s e d  stress l e v e l s .  n o o n  s n a i l s  a r e  r e l a t i v e l y  mobile, 

moving  a t s t a n c e s  of up t o  22 feet a f t e r  f e e d i n g  fRernard 1 9 6 7 ) .  

T h u s ,  i+ is p o s s i b l e  t h a t  r e s t r i c t i o n  o f  movement affected +he i r  

f e e a i n g  h a b i t s .  

P o l i n i c e s  a v o i d e d  small  Eg,at_&&ca and s e l e c t e d  n e d i u m - s i z e 3  1 * --------- 
clams. Large c l a ~ s  were d r i l l e d  i n  a b o u t  the same p r o p o r t i o n  

as they o c c u r r e d  i n  t h e  low i n t e r t i d a l  z o n e  a t  t h e  sku3y 

si+e, 

2, f n  t h e  summer e x p e r i m e n t  small  P o T i n i c e g  h a d  the  hiqhe5t 

f e e d i n g  rates.  Rates  d e c l i n e d  w i + h  i n c r e a s i n q  s i ze  of 

P o l i n & q g .  ----- 



Prey 3 e n s i t y  d i d  n o t  inf luecce  t h e  f e e d i f i g  r a + e s  

i n f l u e n c e  

PoClg jc-. 
T n t e r a c t i o n s  among moon snails d i d  n o t  

f e e d i n g  r a t e s .  

F e e d i n g  rates v a r i e d  s e a s o n a l l y ,  w i t h  

o c c u r r i n g  i n  the summer months and t h e  

the ir  

+ h e  h i g h e s t  r a t e s  

lowest  d u r i n q  win'er.  

97% o f  t h e  b o r e h o l e s  i n  l i t t l e n e c k  s h e l l s  were i n  t h e  r e g i ~ s  

of t h e  .umbo. 

T h i c k n e s s  of t h e  l i t t l e n e c k  shell d i d  not  appear to  inhibiC 

d r i l l i n g  by P o l j ~ 4 s p q .  



TV. POPULATIOA STUDIES 

T h e  l i t t l e n e c k  clam, l?~pz?$hacq s t a m i ~ g p  ( C o n r a d )  o c c u r s  

f r o m  s o u t h e r n  r a l i f o r n i a  .to t h e  A l e u t i a n  I s l a n d s  ( O u a y l e  a n d  

B o u r n e  1 9 7 2 )  . Tn B r i i i s h  C o l u m b i a  E r o t o t h q c p  i s  a common 

i n t e r t i d a l  b i v a l v e  ( O n a y l e  a n d  B o u r n e  1972)  anil i s  o f  c o n m e r c i 3 1  

a n d  recreational v a l u e ,  h u t  f e w  s t u d i e s  h a v e  been c a r r i e d  o u t o n  

the p o p u l a t i o n  e c o l o q y  o f  this s p e c i e s .  

Fraser a n d  Smithf  1 9 2 8 )  s t u d i e d  the e c o l o q y  o f  g?oto+haca a t  

33 sites i n  G e o r g i a  S t r a i t ,  c o n c e n t r a t i n g  o n  b e a c h e s  i n  ?he 

v i c i n i t y  o f  S i d n e y ,  V a n c o u v e r  I s l a n d .  S i z e  a n d  a g e  

c h a r a c t e r i s t i c s  a n d  g r o w t h  ra tes  of t h e  p o p u l a + i o n s  were f o u n l  

?:, be h i g h l y  v a r i a b l e  from l o c a t i o n  +o l o c a t i o n ,  They a l s o  

c o l l e c t e d  data o n  sex r a t i o s ,  a g e  o f  firs+ r e p r o d u c t i o n  a n 4  + i m ?  

o f  s p a w n i n q .  S m i t h  ( 1 9 2 8 )  r e l a t e d  g r o w t h  r a t e s  of l i tt lenecks c~ 

l o c a t i o n  and  F r a s e r ( l 9 3 0 )  i n v e s t i g a t e d  g r o w t h  a n d  f o o d  s n p n l y ,  

a s  well a s  d i s t r i b u t i o n  a n d  r e p r o d u c t i o n  of  P~&gtha_ca i n  t h e  

s o u t h e r n  p a r t  of G e o r g i a  S t r a i t  . S c h m i d t  a n d  F a r m e ( 1 9 7 0 )  

s t u d i e d  s P r o t o t h a c a  p o p u l a t i o n  i n  C a l i f o r n i a ,  c o ~ p a r i ~ q  s i z e  

a 3 d  age c h a r a c + e r i s t i c s  o f  a l i v e  p o p u l a t i o n  w i t h  + h o s e  of 

a c c u m u l a t i n g  empty s h e l l s .  Q u a y l e  a n d  E o u r n e ( 1 9 7 2 )  g a v e  a brisf 



d e s c r i p t i o n  o f  l t t l e n e c k  habits+, r e p r o d u c t i o n  a n d  g r o w t h  i n  

R r  i t i s h  Columbia .  T h e  most d e t a i l e d  i n v e s ' i q a t i o n  on  a q e ,  qrowth 

a n d  d i s r i b u t i o n  of P ~ o + o t h a c a  stam&pgp was %ha+ o f  P a u l  and 

F e d e r ( 1 9 7 3 )  i n  Galena Rap, A l a s k a ,  T h e y  o b s e r v e d  t h a t  +he 

i n t e r t i d a l  d i s t r i b u t i o n  of l i t t l e n e c k s  was a f f e c t e d  by t i d a l  

h e i q h t  a n d  d i f f e r e n c e s  were n o t e d  b e t w e e n  t h e  d i s t r i b u t i o n s  of 

small a n d  l a r g e  c l a a s ,  

Little i n f o r m a t i o n  i s  a v a i l a b l e  on  +he e f f e c t s  o f  na 'ura l  

s o u r c e s  o f  m o r t a l i t y  on  Protothgiikg p o p u l a t i o n s ,  O u a y l e  ( 1  941 ) 

n o t e d  t h a t  moon s n a i l s ,  s t a r f i s h  a n d  b i r d s ,  p r i m a r i l y  d i v i n g  

d u c k s ,  g u l l s  a n d  c r o w s ,  a l l  f e e d  on clams s i t u a t e d  i n  +he 

i n + e r t i d a l  zone a n d  O n a p l e  a n d  B o n r n e ( 1 9 7 2 )  m e n t i o n e d  t h a t  crabs  

a n d  fish p r e y  on b i v a l v e s  o n  t h e  coast of P r i t i s h  C o l u m b i a -  

P o t h e r i n g h a m  (1974) a n d  B. H a r t w i c k  ( p e r s ,  somn,)  s t a t e d  +_haL 

o c t o p u s e s  a l s o  f e e d  on P r o t o t h a c q ,  

O f  t h e s e  clam p r e d a t o r s ,  t h e  moon s n a i l ,  T%&igxes b ~ j s i i  

h a s  been +bought t o  be of major i m p o r t a n c e ,  p a r t i c u l a r l y  i n  t h e  

l o w e r  i n t e r t i d a l  z o n e  fa. Bourne ,  p e r s ,  comm, ) B e r n a r d  ( 1  367) 

d e t e r m i n e d  s n a i l  d e n s i t i e s ,  sex r a t i o s  a n d  t h e  s i z e  s * r u c t u r e s  

of 3 E o l i n i c e s  p o p u l a t i o n s  n e a r  Ranairno, B r i t i s h  Columbia  a n d  

a l s o  e s t i m a t e d  g r o w t h  rates by  t a g g i n q  and m a r k - r e c a p t u r e  

+ e c h n i q n e s  (P. B e r n a r d ,  p e r s ,  cotnm.). However, n o  da+a were 



q a t h e r e 3  on t h e  c h a r a c + e r i s t i c s  o f  +,he c l a m  p o p u l a t i o n s  i n  +he 

areas  u n d e r  s t u d y  so the extent of p r e d a t i o n  b y  P o l i n i c e g  coul l  

n o t  be a s s e s s e d ,  

Tn some b i v a l v e  s p e c i e s ,  c a u s e s  a n d  e x t e n t  of m o r t a l i t y  may 

b e  a s c e r t a i n e d  by  e x a m i n a t i o n  of empty shells s i n c e  cettai? 

s p e c i e s  of p r e d a t o r s  l e a v e  c h a r a c t e r i s e i c  m a r k s  o n  the s h e l l s  of 

+ h e i r  p r e y  ( F o t h e r i n g h a m  1 9 7 4 ,  n a c k e n z i e  1 9 7 7 ) .  D r i l l h o l e s  o f  

Q c t o p ~ . h a v e  a small  a p e r t u r e  a n d  a r e  c o n i c a l  i n  s h a p e  -- 
( F o t h e r i n g h a m  1974)  a n d  crabs l e a v e  f r a g m e n t e d  c l a ~  s h e l l s  

( U a c k e n z i e  1 9 7 7 ) .  N a t i c i d  g a s t r o p o a s  d r i l l  a c o u n + _ e r s u n k  h3 le  

t h r o u g h  t h e  clam v a l v e  { C a r r i k e r  1951, Q u a y l e  a n d  9 o u r n e  1972) 

a n d  this c h a r a c t e r i s t i c  h a s  b e e n  u s e d  by s e v e r a l  w o r k e r s  ( R n s e l l  

1960, G r e e n  1 9 6 8 ,  Franz 1977, P i l t s e  1980) t o  d e t e r m i n e  t h e  

e x t e n t  of p r e d a t i o n  by  n a t i c i d s  o n  v a r i o u s  clam s p e c i e s ,  

-he aims of t h i s  s t u d y  were ?o e x a m i n e  t h e  d e n s i t y ,  s i z e  

s t r u c t u r e  and aqe c o m p o s i t i o n  i n  a n  i ~ t e r t i d a l  p o p u l a t i o n  o f  

P r o t o t h a c a  stamJ.. and t o  d e t e r m i n e  + h e  effec+s of p reda ' i on  by ------ --- 
P o l i n i c e s  levis&&. o n  t h e  d i s t r i b u t i o n  a n d  a b u n d a n c e  of ----- 
P r o t o t h a c a  . T h e  s t u d y  was c a r r i e d  o n +  a t  L a d y s m i t b  h a r b o u r ,  ------ 
R r i t i s h  C o l u m b i a ,  



F i g .  11. 

Top. Photograph showing Stratum I. 

B3ttom, Photograph showing Stratum I T .  





P o p u l a t i o n s  of & & i n i c e s  lgzigi& a~ d 

were s t u d i e d  on  a b e a c h  i n  S i b e l l  Bay on t h e  e a s t e r n  s i d e  of  

L a d y s m i t h  h a r b o u r .  The s t u d y  s i t e  was par t  of  a n  o y s t e r  l e a s e  

and  was s e l e c t e d  b e c a u s e  t h e  area was pro+ected f rom clan 

h a r v e s t i n q .  I n  a d d i t i o n ,  i t  was p o s s i b l e  to c a r r y  out 

e x p e r i m e n t s  i n  t h e  f i e l d  w i t h o u t  d a n g e r  o f  v a n d a l i s m  s i n c e  'hs 

b e a c h  was c l o s e d  t o  t h e  p u b l i c ,  

A f i e l d  s a m p l i n g  p r o g r a a  was c o n d u c t e d  from A p r i l ,  1978 & o  

J u l y ,  1979. 4 s t r a t i f i e d  random d e s i g n  was u s e d  t o  s a m p l e  + h e  

l i t t l e n e c k  p o p u l a t i o n ,  w i t h  t h e  lower i n t e r t i d a l  b e i n q  d i v i d e 3  

i n t o  two s u b a r e a s  ( r e f e r r e d  t o  a s  S t r a t u m  I a n d  11) of u n e q u a l  

size. S t r a t u m  I was  an area which fueasa red  35x1 by 15a (F iq .  1 1 ) .  

T h i s  s t r a t u m  e x t e n d e d  p a r a l l e l  t o  t h e  water from t h e  w e s t e r n m o s t  

e n d  of the b e a c h  to a point w h e r e  the s e d i m e n t  c h a n q e d  t o  zoarse 

g r a v e l  a n 3  s a n d  (pers, obs . )  . T h e  area was bounded  o n  the 

n o r t h w e s t  (i ,e.  a t  the w a t e r l i n e )  by a b e d  of _ZosC_e~g marina a?d 

S a g a s s u a  mnticum a n a  on t h e  s o n t h e a s t  by  a  r i d q e  beyond  w h i c h  -- ---- ------ 
t h e  s e d i m e n t  c h a n g e d  t o  g r a v e l  a n d  s a n d  ( p e r ~ ,  o b s . ) ,  Stratum I1 

e n c o m p a s s e d  a p p r o x i m a t e l y  twice t h e  area of S tra+um T, measurir g 

5018 by 20m (Fiq, 11) . This area v a s  bounded o n  the nor thwest  b y  

a  bed o f  Sqygaasg gaticug a n d  on  t h e  s o u t h e a s t  by t h e  oyster 



bed.  

A p r e l i m i n a r y  s a m p l i n g  p rogram was  c a r r i e d  OU+ i n  A p r i l  

7978 a t  t h e  s t u d y  site. S a m p l e s  of 0 . 2 5 ~ 2  were %aken  t o  a d e p t h  

o f  15cm w i t h  s h o v e l  a n d  r a k e  a n d  t h e  P r o t p t b p c q  c o u n t e d  and  

measured .  S e d i m e n t s  from f o u r  of t h e s e  s a m p l e s  were t h e n  washe3 

t h r o u g h  a  s i e v e  ( a p e r t u r e =  2ma) + o  d e t e r m i n e  w h e t h e r  a n y  c l a m s  

h a d  been  m i s s e d  i n  t h e  i n i t i a l  r a k i n g .  O n l y  a few small 

P r o t o t h a c a  ( 2 - 6 m ~  i n  l e n g t h )  were misses. B e c a u s e  +ime ------ 
c o n s t r a i n t s  were i m p o s e d  by t h e  t i d a l  c y c l e  a n d  the number of  

s a m p l e s  w h i c h  had t o  be t a k e n ,  a n d  b e c a u s e  the l o s s e s  o f  clams 

u s i n g  r a k i n g  o n l y  were n o t  g r e a t ,  s i e v i n g  was  n o t  used i n  the 

s a m p l i n g  program.  

A 0,2512 q u a d r a t  was u s e d  f o r  s a m p l i n g  the P r o _ t o t h a c p  i r  

t h e  t w o  s t r a t a  a n d  a l l o c a t i o n  was p r o p o r t i o n a l ,  with s i x  s a m p l e s  

b e i n g  t a k e n  f rom S t r a t u m  1 and  t w e l v e  from S+.ratura II, A g r i d  

s y s t e m  was u s e d  t o  d i v i d e  up e a c h  of *he  two areas i n t o  u n i t s  of 

O,25mz a n d  c o o r d i n a t e s  were s e l e c t e d  from a  random number t a b l e .  

The s e d i m e n t  w i t h i n  each q u a d r a t  was  s a m p l e d  w i t h  rake a n 3  

s h o v e l  t o  a d e p t h  of 15cn  a n d  a l l  l i v e  ggq&gthpcg were c o u n t e l  

a n d  their l e n g t h s  m e a s u r e d  with v e r n i e r  c a l i p e r s ,  D e n s i t i e s  of 

g y o t o t h a c q  were c a l c u l a t e d  and  t h e  Bean density i n  e a c h  stratus 

was m u l t i p l i e d  by t h e  area e n c o m p a s s e d  b y  t h a t  s t r a t u m  to o b t 3 i c  

a n  estimate of t h e  o v e r a l l  a b u n d a n c e .  

During s a m p l i n g  i n  Hay 1978,  all l i v e  i n d i v i d n a l s  of +-he 

clam species f o u n d  i n  the s t r a t a  were c o u n t e d  t o  o b t a i n  a n  



t l i t t l e n e c k s  a n d  o f  o + h e r  clam s p e c i e s  were c o l l e c t e d  from + h e  

s t r a t a  i n  nay,  J u n e ,  a n d  J u l y  1978 t o  o b t a i n  i n f o r m a t i o n  on s lam 

m o r t a l i t y .  The e m p t y  s h e l l s  were c o u n t e d ,  t h e i r  l e n g t h s  m e a s u r e 3  

w i t h  v e r n i e r  c a l i p e r s ,  a n d  e a c h  v a l v e  was r e c o r d e d  a s  b e i n q  

n r i l l e d  o r  n n d r i l l e d .  P o s i t i o n  of t h e  hole i n  + h e  b o r e d  s h e l l  

was a l so  r e c o r d e d .  P r o t o t h a c z  s h e l l s  c o n F a i n i n s  moon s n a i l  

3 r i l l h o l e s  were c l a s s i f i e d  i n t o  c a t e g o r i e s  o f  1, + h o s e  which h a d  

been e m p t y  for  a l o n g  p e r i o d  of time, a n d  2. t h o s e  of clams 

which had d i e d  Bore r e c e n t l y ,  t o  d e t e r m i n e  t h e  e x t e n t  o f  

p r e d a t i o n  by E o l i n i c e s  on ggotothacp. A p a r t i a l  l i f e  table, 

b a s e d  o n  t h e  e a p t p  l i t t l e n e c k  s h e l l s  c o l l e c + e d  from S t r a t n a  T I ,  

was c a l c u l a t e d  and  a s u r v i v o r s h i p  c u r v e  d rawn b a s e d  on t h e  

e s ? i a a t e a  a q e s  of the s h e l l s .  T h e  l i f e  t a b l e  a n d  t h e  

s u r v i v o r s h i p  c n r r e  h a v e  n o t  b e e n  i n c l u d e d  s i n c e  t h e i r  v a l i d i b y  

would b e  i n  q u e s t i o n  b e c a u s e  2 of t h e  a s s u m p t i o n s  of t h e  m e t h ~ 3  

(1 ,  it c o u l d  not be assumed  t h a t  the age d i s * r i b u t i o n  was stable 

f C a u q h l e p  1978) 2 ,  t h e  s a a p l e  was b i a s e d  i n  t h a t  a b o u t  80% o f  

t h e  s h e l l s  had  been d r i l l e d  b y  E&&&&~s) were n o +  s a t i s f i e d ,  

L i t t l e n e c k  clam d e n s i t i e s  from h i g h  t o  low s h o r e  were 

d e t e r r n i n e n  u s i n g  t r a n s e c t s .  I n  Hap a n d  Auqns t  1978 a n d  F e b r u a r y  

1979 t h r e e  p a r a l l e l  + r a n s e c t s  were c h o s e n  a t  random ( i , e ,  a 

t.ot,al o f  n i n e  t r a n s e c t s )  a n d  s e v e n  s t a t i o n s  were e s t a b l i s h e d  

a l o n g  e a c h  t r a n s e c t  a t  i n t e r v a l s  of 10m. The f i rs t  s t a t i o l  was 

p l a c e d  a t  t h e  l o c a t i o n  where  the first n a t i v e  l i t t l e n e c k  was 



e n c o u n t e r e d  d u r i n q  a p r e l i m i n a r y  s u r v e y .  Q u a d r a t s  of 1/16m2 w?rz 

d u g  t o  a  d e p t h  of 15cm a n d  a l l  l i v e  ggqtpthgsa f o n n d  were 

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

Vertical d i s t r i b u t i o n  w i t h i n  t h e  s e d i a e n t  of EggtoBpcq was 

d e t e r m i n e d  by d i g g i n g  7 r a n d o m l y  s e l e c t e d  0 . 2 5 ~ 2  q u a d r a t s  t o  3 

d e p t h  o f  15cm. S e d i m e n t  was r e m o v e d  i n  5cm l a y e r s  and a l l  

l i t t l e n e c k s  c o l l e c t e d  were c o u n t e d  a n d  t h e i r  l e n g t h s  m e a s l ~ r e d ,  

T h e  g r o w t h  rate of P r o t o t h g s q  was d e t e r m i n e 4  b y  c o u n t i n o  

g r o w t h  r i n q s  ( c o u n t s  of t h e  r i n g s  of 62 l i t t l e n e c k  s h e l l s  

c o l l e c t e d  from S i b e l l  Bay ware p r o v i d e d  by W. B o u r n e  of t h e  

P a c i f i c  B i o l o g i c a l  S t a t i o n ) .  A g r o w t h  c u r v e ,  b a s e d  o n  the q r o v e h  

r i n g  d a t a ,  was p l o t t e d ;  t h e  curve was f i t t e d  b y  e y e ,  

An est imate of l i t t l e n e c k  m o r t a l i t y  d u e  +o PoAgh~gp 

p r e 3 a t i o n  was o b t a i n e d ,  u s i n g  t h e  me thod  of G r e e n ( 1 9 6 8 ) :  (Hearl 

a n n u a l  f e e d i n g  r a t e  per  s n a i l )  (Hean $glfq&_c_e_s d e n s i t y ) / M e a n ,  

P r o t o t h a c a  density, w h e r e  mean a n n u a l  f e e d i n g  r a t e  was 14 .6  -------- 
g~o+,@hgc_a_/snail, mean &&U.gjc_e_s d e n s i t y  was .033/mz, a n d  eea? 

P r o t o t h a c a  d e n s i t y  uas 41/m*. --------- 
I n f o r m a t i o n  o n  t h e  moon snail p o p u l a t i o n  was obtained f r ~ m  

3 subareas of t h e  b e a c h ,  S t r a t u m  A was e s s e n t i a l l y  t h e  same 

s a e d - s h e l l  area from w h i c h  clam data was c o l l e c t e d ,  e x c e p +  ths5 

i t  was s l i g h t l y  smaller, u t e a s n r i n g  3% by 101~. S t r a t n a  5 was an 

area of 70a by 1Om l o c a t e d  a b o u t  7m east  o f  S t r a t u m  A an4 

b o u n d e d  o n  the n o r t h e a s t  by a b e d  of S~gpssgw muticuz ,  T h e  

t h i r d  a r e a , w e a s u r e d  70 by 10a a n d  e x t e n d e d  from t h e  s o u t h e a s t  



pr t i d a l  h e i q h t ) . T h i s  area was r e f e r r e d  t o  a s  S t r a t u m  X, S a m p l i n ~  

, was c a r r i e d  o u t  f r o m  Way 1978 t o  J u n e  1979 u s i n g  s t r i p  
- 

t r a n s e s t s ,  w i t h  t w o  t r a n s e c t s  ( e a c h  2m i n  w i d t h )  b e i n g  r a n d o m l y  

c h o s e n  i n  e a c h  area a t  e a c h  s a m p l i n g  time. A l l  P o l i n i c e s  

o b s e r v e d  a l o n g  e a c h  transect were c o u n t e d  a n d  t h e i r  l e n g t h s ,  

d i a m e t e r s  a n d  h e i g h t s  m e a s u r e d  w i t h  v e r n i e r  calipers, 

I n f o r m a t i o n  o n  the size of g ~ l i n i g s s  was o b t a i n e d  by  

m e a s a r i n q ,  w i t h  v e r n i e r  c a l i p e r s ,  the h e i g h t s ,  d i a m e t e r s ,  a n d  

l e n g t h s  o f  98  moon snails c o l l e c + e d  from L a d y s m i t h  h a r b o u r .  F 

g r o w t h  c u r v e  f o r  P o l i n i c e s ,  p r o v i d e d  by F. B e r n a r d  of +he 

P a c i f i c  B i o l o g i c a l  S t a t i o n ,  was u s e d  +o  es t imate  the ages of +he 

98 s n a i l s ,  

P l a r k - r e c a p t u r e  was c a r r i e d  o u t  i n  May 1978. E leven moor 

s n a i l s  ( a l l  t h e  s n a i l s  s i g h t e d  i n  S t r a t u m  A a t  low t i d e  o n  ome 

d a y )  were c o l l e c t e d  a n d  the b o t t o m s  of t h e i r  s + e l l s  

s l i g h t l y s c r a p e d  w i t h  a f i le .  A l l  were g i v e n  a mark u s i a q  

non- 'oxic  p a i n t  a n d  t h e n  r e l e a s e d ,  D u r i n g  low + i d e  the followin7 

d a y  a l l  go l ie ices  s i q h t e d  were a g a i n  c o l l e c t e d  and t h e  number  3f 

m a r k e d  s n a i l s  u a s  r e c o r d e d ,  S n a i l s  f o u n d  w h i c h  d i d  n o t  h a v e  

m a r k s  were p a i n t e d  w i t h  a number c o r r e s p o ~ d i n g  t o  *hat d a y  and 

then a l l  s n a i l s  were r e l e a s e d .  T h i s  p r o c e d u r e  was c o n + i n u e 3  f ~ r  

f o u r  s u c c e s s i v e  d a y s .  T h e  d a t a  were a n a l y z e d  n s i n c f  + h e  

J o l l y - S e b e r  me thod  ( ~ o n t h ~ o o d  1 9 6 6 )  Two o f  the u n d e r l y i n g  

s s s n n a p t . i o ~ ~ ;  of t h e  me thod  (1. marked snails c o n r p l e + e l v  mix i n  



ir, f l u e n c e d  by b e i n g  p r e v i o u s l y  c a p t u r e d )  were n o t  satisfied . 
T h u s ,  the e s t i m a + e  of +he size o f  + h e  !?q&&~&iqg p o p u l a t f o ~ ,  

ba sed  o n  the a a r k - r e c a p t u r e  study, has n o t  been i n c l u d e d .  

F o u r  SCUBA dives were made t o  o b s e r v e  t h e  moon s n a i l s  

s u b t i d a l l y .  Transcsc t s  ( e a c h  a p p r o x i m a t e l y  1 O O m  i n  length) wer? 

swum and  4he number o f  P o l i n i c e s  f o u e d  on each  d i v e  was 

r e c o r d e d .  On o n e  of t h e  d i v e s  s e d i m e n t s  were dug  up a t  s e v e r a l  

p o i n t s  s l o n q  t h e  t r a n s e c t s  t o  d e t e r m i n e  w h e t h e r  t h e  dfstribn+ion 

o f  grozotbpcq e x t e n d e d  i n t o  the s u b t i d a l  r e g i o n .  

R e s u l t s  ------ 

P r o t o t h a c a  p o p u l a t i o n  characteristics -------- 

nean densities of P r o t - q e  i n  the two strata a r e  shown i n  

F i g u r e  12. Zn S t r a t u a  f the a v e r a g e  d e n s i + y  was 7.2 l i t+ lenesks  

per 9 . 2 5 ~ 2  , while i n  S t r a t u m  I T  i t  was 1 1 * 9  c l a m s  p e r  0 ,25a* ,  

D i f f e r e n c e s  i~ d e n s i t i e s  between the two l o c a t i o n s  were 

s i q n i f i c a n t  (F- 18, d f = l , 9 6 ,  p<,OO?), Hean c lam d e n s i t y ,  i~ b ~ t h  

s t r a t a ,  a p p e a r e d  t o  decrease over the y e a r  of s t n a y .  E s t i a a t e s  

of t h e  o v e r a l l  abundance  of ggq&&haca i n  t h e  s t r a t a  were 15F00 

i n d i v i d u a l s  i n  Stratum I ( t o t a l  area- 5 2 5 ~ 2 )  and  48000 i n  

Stratum TI (total a r e a =  1000m2). 
* 



~ l g .  12. Bean d e n s i t i e s  (nunber per D . 2 5 1 ~ 2 )  

2 1 S. E. of Protothaca stamineg shown by 

month and stratum, 

( 0 )  Stratum I 

, S+ratum IT: 





F i g .  13. Bean d e n s i t i e s  (number per 1/16m*) 

k 1 S. E. of Eggmbgg s tamipq  and 

mean d e n s i t i e s  (cumber per m*) & I S. E. 

of P01ini~gz &!As&& a t  d i f f e r e n t  tidal h e i g 6 , ~ .  

(. ) _P~otp$k_a_c_a d e n s i t y  

f o) Eo&&gisgs d e n s i t y  



SNAIL DENSITY 



Fig. 14. Size-frequency d i s t r i b u t i o n s  of 

l i v e  Erotothaca s t p ~ i n e g  in Stratum T and 11. 

Top. S'ratum I. 

Rottow, Stratum TI. 
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Pig. 15, Age-frequency d i s t r i b u t i o n s  of 

l i v e  Pggtothacg starnines in S*ratnfn I and TI. 

Top, Stratum IT, 

SoC+om, S*ratnm I. 
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P i g .  16, Size-frequency d i s + r i b u + i o n s  o f  

l i v e  Proto+- staninea a t  +hree tide l e v e l s .  

Top. High s h o r e .  

N i d d l e ,  R i d d l e  shore, 

Rottom. L o w  shore. 
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Rean d e n s i t i e g  f o r  Pragkhpcq a t  v a r i o u s  t i d e  l e v e l s  a r e  

shown i n  F i g u r e  13. D i f f e r e n c e s  in d e n s i t y  b e t w e e n  tide levels 

were s i g n i f i c a n t  iF= 3.3, d f = 6 , 4 2 ,  p<.  05). E p t o + h a c _ a  was most 

a b u n d a n t  i n  t h e  m i d - i n t e r + i d a l ,  b e t w e e n  0.82 a n d  1,43m f i 4 a l  

h e i g h t .  

The  s i z e - f r e q u e n c y  d i s t r i b u + i o n s  of littlenecks i n  Stratus 

I a n d  TI are i l l u s t r a t e d  i n  F i g u r e  14. I n  b o t h  areas t h e  

d i s t r i b o ? i o n  was skewed t o  the l e f t ;  + h a t  is, larger  i n d i v i d u a l s  

a c c o u n t e d  for the q r e a t e s t  p r o p o r t i o n  of the P g o t o t h a c a  i n  boeh 

s t r a t a .  The mean sizes were 37.9mm and 44,5mm i n  l e n q t h  for 

S t r a t u m  I a n d  11, r e s p e c t i v e l p .  Pew l i t t l e n e c k s  larger t h a p  6 O m m  

were found; t h e  l a r g e s t  i n a i v i d u a l  e n c o u n t e r e d  m e a s u r e d  6 6 . 7 ~ 1 3 ,  

The number  of small c l a m s  ( < l O m r n )  f o u n d  was l o w  a l s o ,  

P r o + o t h a c a  age d i s t r i b u t i o n s  f o r  t h e  s t r a + a  are  shown i n  
--------a 

P i q n r e  15. In S t r a + u a  T t h e  mean aqe was 4 . 7 8  years  a n d  i n  

S t r a t u m  I T  i t  was 6.12 y e a r s ,  Few of  *he fz~t++baaa found i n  

L a d y s m i t h  h a r b o u r  were more t h a n  8 p e a r s  o f  a g e ;  t h e  oldest 

c l a m ,  f o r  whicb  g r o w t h  r i n g s  were c o u n + e d ,  was 11 y e a r s  o l d  a ? $  

m e a s u r e d  58aa i n  l e n g t h .  T h e  l a r g e s t  l i t t l e n e c k  f o u n d  during 

s a m p l i n q  (66.7mm) was c a l c u l a t e d  to be 16 years o l d ,  a s  

d e t e r m i n e 3  by extrapolation from t h e  growCh c u r v e .  

The  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  a t  + h r e e  t i d e  levels (Piq. 

1 6 )  show t h a t  a l l  t h r e e  d i s t r i b u t i o n s  were skewed t o  the l e f t ,  

The mean l e n g t h  i n  both t h e  low and m i d - s h o r e  a r e a s  was 41.5mw 

a n d  i n  t h e  h i q h  s h o r e  47. lam. 



P r o + o t h a c a  a t  +he s t u d y  s i + e  showed  r a p i d  g r o w t h  i n  + h e  ---------- 
e a r l y  y e a r s  a n d  a d e c l i n i n q  r a t e  w i t h  i n c r e a s i n g  a g e  ( F i g ,  171 , 

E x a m i n a t i o n  of  c h a n g e s  i n  mean clam s i z e  a t  e a c h  s a m p l i - 7  

p e r i o d  ( F i g .  18) showeil t h a t  t h e  mean size of P r o t o + h a c g  

i n c r e a s e d  from Ray 1978 40 J a n u a r y  1979. B e t w e e n  J a n u a r y  a n d  

J u n e  1979 a d e c l i n e  i n  t h e  mean s i z e  o c c u r r e d .  

T h e  v a l u e  o b t a i c e d  for t h e  p e r c e n + a g e  l o s ~  of P r o i o t h q c g  

d u e  t o  p r e d a t i o n  by  P o l i n i c e s  was 1.2%. The c a l c u l a t i o n s  were: 

( l Y . 6 )  1 ,033)  /41= 1 .2  

a x a m i n a t i o n  of e m p t y  P r o t p t & q s q  s h e l l s  

T h e  s i z e f r e q u e n c y  d i s t r i b u t i o n  of a l l  +be drilled 

P r o t o t h a c a  shells s h o w s  t h a t  t h e  m a j o r i t y  were between 30 3 n d  --------- 
50am i n  length, w i t h  t h e  mean size b e i n g  39.9mm ( P i s ,  1 9 ) .  A 

t o t a l  of  644  empty littleneck s h e l l s  were c o l l e c t e d  i n  S + r a t u a  

IT a n d  o f  t h e s e ,  4 3 5  168%) h a d  b e e n  d r i l l e d  b y  P o l i n i c e s ,  T h e  

u m b ~ n a l  r e g i o n  c o n t a i n e d  96% of + h e  h o l e s  b o r e d  b y  t h e  snails 

T h e  a v e r a q e  length of the n n d r i l l e d  e m p t y  shells was 52.6mm. T h e  

s i z e  d i s t r i b u t i o n s  o f  t h e  more r e c e n t l y  d e a d  d r i l l e d  a c d  

n n d r i l l e d  s h e l l s  are shown  i n  Figure 20.  Of t h e  2 6 6  s h e l l s ,  216 

(8 2%) c o n t a i n e d  moon snail d r i l l h o l e s .  T h e  a r i l l e d ,  r e c e n t :  y 

d e a d  s h e l l s  h a d  a mean l e n g t h  of 37.9mm a n d  +he u q d r i l l e d  o n e s  

a v e r a g e d  43.2mm. 1% is p r o b a b l e  t h a t  most of the s h e l l s  i n  

c a  t e q o r p  t (i, e. more r e c e n t l y  d e a d  P r o ? o t h g c p )  were 
6 



Fig, 17. Growth c u r v e  for PypLothacp 

staninea from S i b e l l  Bay. ----- 





Fig. 18. Hean l e n g t h  and 9 5 %  coafidence limits 

of g ~ o ~ o ~ h ~ c p  ptaainep i n  Stratum fI shown by month ,  





F i g ,  19 .  Size-frequency d i s t r i b u t i o n  of all 

e ~ p ' p  Pgotothaca stautinea shells collected 

from Stratum If, 

?op. U n d r i l l e d  s h e l l s .  

Sottom, D r i l l e d  shells. 
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Pig, 20, Size - f requency  d i s t r i b n + i o n s  of 

empty shells ( c o l l e c t e d  from S t r a t u m  I T )  of 

E ~ m h q c q  gtpainea which had 4 i e d  more 

r e c e n t l y ,  

Top. T J n d r i l l e d  shells. 

Rottom, D r i l l e d  shells, 
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P i g .  2 1, Age-frequency d i s t r i b u t i o n  of 

empt-y shells (collected from Stratum TI) o f  

g y g & g ~ h p ~ p  @qejngq which  had  died titore 

r e c e n t l y .  





+ h o s e  o f  clams w h i c h  h a d  d i e d  w i t h i n  t h e  s e v e n  y e a r s  p r i o r  + o  

t h i s  s t u d y .  D u r i n q  1971 t h e  pgzof,hgca p o p u l a t i o n  a t  t h e  study 

site was h a r v e s t e d ,  bu+ n o  h a r v e s t i n q  h a d  b e e n  c a r r i e d  o u t  

he+ween 1971  a n d  1 9 7 8  f W ,  U i c h i e ,  p e r s ,  comm,) . 
T h e  a q e - f r e q u e n c y  d i s t r i b u t i o n  of c a t e g o r y  1 c l a a s h e l l s  

( F i g .  21)  s h o w s  t h a t  most of t h e  d r i l l e d  l i t t l e n e c k s  were 

b e t w e e n  t h r e e  a n d  f i v e  p e a r s  o f  a g e .  

P o l i n i c e s  p o p u l a t i o n  c h a r a c t e r i s t i c s  --------- 

P o l i n i c e s  was most a b u n d a n t  i n  + h e  low i n t e r t i d a l  Rearest ------ 
t h e  s h o r e l i n e ;  o n l y  t h r e e  s n a i l s  were f o u n d  i n  s t r a t u m  X and 

n o n e  were o b s e r v e d  i n  t h e  u p p e r  i n t e r t i d a l  a r e a  d u r i n q  + h e  

p e r i o d  of study. T h e  n u m b e r s  o f  moon s n a i l s  i n  S t ra tum A a ~ d  S 

a r e  p r e s e n t e d  i n  F i g u r e  22. F i q u r e  23 s h o w s  the mean d e n s i t i e s  

i n  +hese s t r a t a .  D i f f e r e n c e s  i n  d e r s i t i e s  of Eq&&qices i n  

S t r a t u m  A and  B were s i g n i f i c a n *  fF= 22.87,  d f =  1,18, p<.001)  

a n d  d e n s i t y  was a lso f o u n d  t o  d i f f e r  s i g n i f i c a n t l y  w i t h  respect 

t o  aonth of s a m p l i n g  (F= 3.5, d f = 8 , 1 8 ,  p<.OSf .  I n  S t r a t u m  A t h e  

mean o v e r a l l  density v a s  0 . 0 5 / a 2  a n d  i n  S t r a t u m  B i+ was 

0 , 0 0 1 5 / ~ 2 .  T h e  d e n s i t i e s  of g m t o t h a c a ,  i a  r e l a t i o n  t o  ------- P o l i n i z e s  

d e n s i t i e s ,  a t  v a r i o u s  t i d a l  h e i g h t s  are shown  i n  F i g u r e  1 3 .  

T h e  s i z e  r a n g e  of P&&&sg f o u n d  d n r i a q  s a m p l i n q  was 6 0 . 2  

+ O  120.6mm i n  l e s g t h ,  



P i g .  22 .  Total numbers of &A.i.p?g &gwmts&& 

in Stratum A and B. 

Solid b a r s ,  S+ratnm A 

Hatched bars ,  S t r a t n a  B 





Fig. 2 3 ,  Bean d e n s i t i e s  (number per m2) 

% 1 S .  E, of E o l i n i ~ s  le!.ei&i shown by month 





F i g ,  2 4 .  S i z e - f r e q u e n c y  d i s t r i b u t i o n  o f  

PoZjnices lewisu at  Ladysmith harbour .  





Fig. 2 5 .  Age- frequency d i s t r i b u t i o n  of 

Polinices lewisii a t  L a d y s s i t h  harbonr, -------- ------ 





The s i z e - f r e q u e ~ c y  d i s t r i b u t i o n ,  b a s e d  o a  m e a s u r e m e n t s  of 

9 8  s n a i l s  c o l l e c t e d  from L a d y s m i t h  h a r b o u r ,  was n n i m o d a l  (Piq. 

2 5 ) .  T h e  a v e r a g e  d i a m e + e r  of t h e s e  s n a i l s  was 6 8 .  5 m m  a n d  the 

mean a g e  was e s t i m a t e d  t o  b e  4.54 y e a r s ,  Figure 2 5  shows  +he 

e s t i m a t e d  a g e  d i s t r i b u t i o n  of t h e  98 s n a i l s .  

D i s c u s s i o n  ---------- 

S e v e r a l  w o r k e r s  h a v e  u s e d  c o l l e c t i o n s  o f  emp+y s h e l l  t o  

es+imate t h e  e x t e n t  of m o r t a l i t y  i n  b i v a l v e s  d u e  t o  p r e d a t i o q  h y  

n a c i c i n s ,  l l n s e l l ( 1 9 6 0 )  f o u n d  t h a t  p r e d a t i o n  by  !?a+icg gl,dlAg& w3s 

h e a v i e s t  on young Venus  striat_qlg. About 15% of the empty  

d r i l l e 3  s \e l l s  c o l l e c t e d  uere t h o s e  of f i r s t - y e a r  i n d i v i d u a l s .  

T h e  2 - y e a r  o l d  g r o n p  was less affected b y  gg$&cq t h a n  t h e  

y o u n g e s +  a g e  g r o n p ,  with o n l y  5 %  of t h e  e m p t y  shells c o n t a i n i n ?  

d t i l l h o l e s .  D u r i n g  t h e  t h i r d  y e a r  of b i v a l v e  l i fe ,  i n t e n s i ' y  ~f 

d r i l l i ? g  by t h e  s n a i l s  was 1-2%. I n  A u s t r a l i a ,  Greenf1968) 

d e t e r m i n e d  t h a t  n a t i c i d  p r e d a t i o n  was a m i n o r  s o u r c e  of 

m o r t a 1 i t . y  i n  ff_otosgi.gs&l. g ~ = y ~ ,  a c e o u n t i n q  f o r  only 4% of * h e  

e s t i m a % e d  t o t a l  a n n u a l  m o r t a l i t y .  Reyment (1 967 )  c o m p a r e d  t h e  

p r o p o r t i o n s  of d r i l l e d  t o  u n d r i l l e d  v a l v e s  of s e v e r a l  b i v a l v e  

s p e c i e s  + o  estimate t h e  e x t e n t  of n a t i c i d  p r e d a t i o r  i n  +he N i g ~ r  

d e l t a ,  Re f o u n d  t h a t  58% of t h e  s h e l l s  of Qg&ygg S e n t j n q  h a d  

b e e n  d r i l l e d ,  w h i l e  36% of Card&gq ~ & & ~ ~ g g g  ana 25% o f  !!!%!4h 

Q ~ U  q h e l l s  c o n t a i n e d  b o r e b o l e s .  For  1 2  o t h e r  c l a n  s p e c i e s .  

68 



d r i l l e d  s h e l l s  made u p  less t h a n  1 0 %  of t h e  t o t a l  number 

c o l l e c t e d ,  i n d i c a t i n g  t h a t  n a t i c i d s  were n o t  important pre?a+~rs 

of these b i v a l v e s  (Reymen t  1967). Rirkett ( 1  9 5 9 )  e x a m i n e d  shells 

o f  galtyg sauzprua c o l l e c t e d  d u r i n g  5 s a m p l i n q  periods and 

f o u n d  t h a t  from 24 ?o 39% o f  t h e  v a l v e s  h a d  b e e n  d r i l l e d  by 

N a e i c a .  Wiltse f 1980) e s t i m a t e d  t h a t  p r e d a t i o n  by juvenile ----- 
P o l i n i c e s  dgplicatsg i n  B a r n s t a b l e  R a r b o r  accounted for 15C of -------- 
t h e  a n n u a l  m o r t a l i t y  i n  Eemaa qg~gp. 

T h e  h i g h  p r o p o r t i o n  of d r i l l e d  t o  u n d r i l l e d  Prqtothqca 

shells i n  +he present study (82%) s e e l a e d  +o  i n r 3 i c a C e  t h a t  

p o l i n i c e p  was a major predator of P r o t o t h g c g  an4 was responsible 

f ~ r  a l a r g e  p e r c e n t a g e  of t h e  m o r t a l i t y  i n  l i t t l e n e c k s  a t  S i b s 1 1  

Bay. However ,  t h e  f i n d i n g s  f r o m  t h e  e x a m i n a t i o n  of t h e  e ~ p " p  

s h e l l s  say be m i s l e a d i n g ,  O f  the known p r e d a t o r s  of P r o t o t h a s s  

i n  L a d p s m i + h  h a r b o u r ,  o n l y  moon s n a i l s  h a v e  a habi?  of f e e d i n q  

below t h e  s e d i m e n t  s u r f a c e  and t h e n  l e a v i n q  +he e m p t y  b i v a l v e  

s h e l l  w i t h i n  the s u b s t r a t e .  R e d c o f  a n d  Thutber  (1  958) o b s e r v e d  

t h a t ,  i n  the field, &ggat&g &ypg a n d  &u~qz&p 2riseriqzg 

b u r r o w e d  i n t o  t h e  substrate before commenc ing  d r i l l i n g  and  

f e e d i n q ,  a n d  E d w a r d s  and Ruebner 11977) m e n + i o n e d  t h a t  _I_--- Pol  i n  i c e s  

ilgezjc_a_tgs b e h a v e s  i n  a similar mariner, B e r n a r d  ( 7  967) found that 

P, lewisii f e d  below the s u r f a c e  on ?&p prggpg&g, - ------- 
Other p r e d a t o r s  of l i C t l e n e c k s  exhibit f o r a g i a g  a n d  

h a n d l i r l q  b e h a v i o r s  v e r y  df  f ferent from t h o s e  of Boon s n a i l s *  

Crows  a n d  g u l l s  a t  the study site c a p t u r e d  clams i n  v a r i o u s  



p a r t s  o f  t h e  b e a c h ,  c a r r i e d  them t o  the u p p e r  s h o r e ,  a n a  d r o p p e l  

+hem o n t o  t h e  l a r g e  b o u l d e r s  f o u n d  i n  t h a t  area ( p e r s .  o b s . ) ,  

S t a r f i s h  are known t o  r e m o v e  b i v a l v e s  by d i g g i n g  d e p r e s s i o q s  1 7  

t h e  s e d i m e n t  a n d  b r i n g i n g  t h e  clams t o  t h e  s u r f a c e  wi+h t h e i r  

a r m s  (Hauzey  e t  a1  1 9 6 8 ) .  O c t o p u s e s ,  c r a b s  a n d  f i s h  are a l s o  

p r e d a t o r s  w h i c h  o f + e n  remove  t h e i r  b i v a l v e  p r e y  front the s i t e  3t 

which t h e y  are c a p t u r e d  ( P o t h e r i n g h a a  1974,  E d w a r d s  a n d  Iiuebnar 

1977, Yap 1977) .  If p r e d a t o r s  d i d  r emove  E g p z p z h q c a  f rom 'he 

s t u d y  a r e a  or  l e f t  empty s h e l l s  a t  t h e  sed imen '  s u r f a c e  e x p o s e d  

t o  wave action t h i s  p r o b a b l y  would  l e a d  t o  an n n d e r e s t i l a a L e  of  

m o r t a l i t y  c a u s e d  b y  p r e d a t o r s  o t h e r  t h a n  p&&q.~s~. 

Compar i son  of the size d i s t r i b u t i o n s  of d r i l l e d  e m p t y  

P r o t o t h a c a  c o l l e c t e d  from t h e  low shore area a n d  l i v e  ---------- 
i n d i v i d u a l s  o c c u r r i n g  i n  t h e  same l o c a t i o n  showed %at  moon 

s n a i l  p r e d a t i o n  was g r e a t e s t  on medinat -s ized  clams (30-50mm) 

T h e  r e s u l t s  of t h e  summer f e e d i n g  e x p e r i m e n t s  dernorstrated *h3"  

medium-s ized  (35-50 um) li t t l e n e c k s  were eaCen  i n  qreater numbers  

t h a n  small  (10-35mm) or l a r g e  (50-6Smm) c l a r a s .  Examir ' a? ion  3f 

d r f l l e d  s h e l l s  i n  other studies a lso  h a s  shown +ha. t  naeici.3 

p r e d a t i o n  was most i n t e n s e  o n  medium-s ized  b i v a l v e s  (Edwards  arid 

fiuebner 1977,  F r a n z  1977) .  

In the present s t u d y ,  p r e d a t i o n  on l a r g e  f i ' % l e n e c k s  3 i 3  

?r,ot a p p e a r  t o  b e  heavy.  The s i z e - f r e q u e n c y  d i s t r i b u t i o n  of t h e  

l i v e  clams i n  t h e  s a m p l i n g  area was skewed t o w a r d  larqe s i zes ,  

b u t  r e l a t j v e l y  few l a r g e  v a l v e s  c o n t a i n i n g  d r i l l h o l e s  were f o u n 3  



d u r i n g  s a m p l i n g .  I t  i s  p o s s i b l e  t h a t  l a r g e  E r o t o t h a c a  have a  

s i z e - r e f u g e ;  they may b e  a b l e  t o  e s c a p e  moon s n a i l  p r e d a t i o n  by 

d e e p  b u r i a l  o r  b e c a u s e  &&&ee c a n n o t  map i p u l a + e  them 

s u c c e s s f n l l y  ( A n s e l l  1960, Edwards  a n d  Huebner  1977) . 
nany  i n t e r t i d a l  i n v e r t e b r a t e s  are s e g r e q a t e d  by  s i z e  s lonq 

a  g r a d i e n *  from h i g h  t o  low s h o r e  (Edwards  1969b)  a n d  it h a s  

been  s u g g e s t e d  (Vermeij 1972)  t h a t  p r e d a t i o n  i s  + h e  most  

importan? factor  r e s p o n s i b l e  for  some of the o b s e r v e d  g r a f i i e c t s ,  

A t  S i b e l l  Bay the minimum and m a x i a n a  sizes of l i t a l e n e c k s  fon-3 

were similar  i n  t h e  low, m i d d l e  and  hiqh s h o r e  areas b u t  the 

s i ze - f  requency d i s t r i b u t i o n s  showed a n  increase i n  +he abundnF ZP 

o f  large clams from low t o  h i g h  t i d a l  l e v e l s ,  The mean size of 

P r o t o t h a c a  i n  the low shore was smaller t h a c  i n  t h e  u p p e r  shore  
uU__---- 

i n d i c a t i n g  t h a t  a v e r t i c a l  s i z e  g r a d i e n t  e x i s t e d ,  It is  p o s s i b l e  

t h a t  s i z e - s e l e c t i v e  p r e d a t i o n  i n  t h e  low i n t e r t i d a l  area by 

P o l i n i c e s  c o n t r i b u t e d  t o  t h i s  s i z e  g r a d i e n t .  ------- 
The d i s t r i b n t i o n  of Protot&_a_cg i n  S i b e l l  Bay was s i a i l a r  t3 

t h a t  o b s e r v e d  b y  P a u l  a n d  P e d e r ( 1 9 7 3 )  i n  Alaska; t h e  densi 'y  of 

l a r q e  i n d i v i d u a l s  i n  Galena Bay was g r e a t e s t  a t  h i q h  t i d e  l e v a l s  

w h i l e  ?ha+_ of small o n e s  was maximal  i n  t h e  lower s h o r e .  o the r  

s o f t - s e d i m e n t  s p e c i e s  s u c h  as 42&q9&& &p$&gtp ( p d w a r d s  

1969a)  , g_egqg ggang_a (Green a n d  Robson 1970) and godg&La 

o r b i c n l a r i s  ( J a c k s o n  1972) a l s o  exhibit t h i s  pattern, a s  do  msPy ---------- 
r o c k y  s h o r e  s p e c i e s  i n c l u d i n g  &qgCg q&qiz&g ( P r a n k  7965,  

B r e e n  1972)  a n d  Ecraae!g s c a b r a  ( S u t h e r l a ~ d  1970) 



The d i s t r i b u t i o n  of o r g a n i s m s  i n  t h e  i n t e r t i d a l  zone i s  

i n f l u e n c e d  by many f a c t o r s ,  b u t  e v i d e n c e  s u q q e s t s  t h a t  t h e  u p p e r  

limit of a s p e c i e s t  v e r t i c a l  r a n g e  is d e t e r m i n e d  by physical 

c o n d i *  i o n s ,  w h i l e  b i o t i c  f a c t o r s  s u c h  as p r e d a t i o n  g r e a t l y  

i n f l u e n c e ,  and map e v e n  d e t e r m i n e ,  t h e  lower limits o f  t h e  

d i s t r i b u t i o n  ( C o n n e l l  1961a ,b ;  P a i n e  1969) , C o n n e l l  f 1% l a )  f o u ? 3  

+ h a 4  b a r n a c l e  m o r t a l i t y  was much h i g h e r  and a l s o  much more 

v a r i a b l e  a t  low s h o r e  l e v e l s  t h a n  i n  + h e  m i d - s k o r e  and  

h y p o t h e s i z e d  t h a t  t h i s  was a r e s u l t  of f l n c t u a L i o n s  i n  the 

a b u n d a n c e  of 'P&& zwil lpg.  T h a i s  f e d  s e l e c t i v e l y  o n  barnacles 

( C o n n e l l  1961b) a n d  was present i n  large n u m b e r s  d u r i n g  the 

summer months ,  A t  Hnkkar  Bay, p r e d a t i o n  by t h e  s t a r f i s h ,  

P i s a s t e r  o c h r a e e n s  d e t e r m i n e d  t h e  lower l i ~ i t  fo r  m u s s e l s  (Paine -------- --------- 
1 9 6 9 ) .  gigaszsg f e d  s e l e c t i v e l y  a n d  i n t e n s e l y  on &:A@p , 
thereby r e d u c i n g  t h e  p r o b a b i l i t y  of s u r v i v a l  o f  a n s s e l s  

o c c u p y i n g  t h e  zone w h e r e  p r e d a t o r  a n d  p r e y  o v e r l a p p e d ,  

Tn t h e  p r e s e n t  s t u d y ,  c o m p a r i s o n  of t h e  d e n s i t i e s  o f  

P o l i n i c e s  a n d  P r o t o t h a s g  a t  d i f f e r e n t  tide l e v e l s  showed t h a f  ------- 
s n a i l  density was g r e a t e s t  i n  t h e  l o w  s h o r e  area a c d  declined 

toward t h e  a i d - s h o r e ,  whereas l i t t l e n e c k  d e n s i t y  was g r e a t e s t  i n  

t h e  a i d - s h o r e  and d e c r e a s e d  t o w a r d  lower shore levels, T t  i s  

p o s s i b l e  t h a t  p r e d a t i o n  by P o l i g & e ~  i n f l u e n c e d  t h e  l o w e r  limit 

o f  the d i s t r i b u t i o n  of P r o t o t b s g .  

S e v e r a l  f a c t o r s  wtist b e  c o n s i d e r e d  when i n t e r p r e t i n g  t h e  

r e s u l t s  ag t h i s  s t u d y ,  It is p o s s i h l e  t h a t  d i f f e r e n c e s  in w a i l  



d e n s i t i e s  were d u e  t o  s a m p l i n g  b i a s  s i n c e  o n l y  t h o s e  s n a i l s  

s i t u a t  ed n e a r  t h e  s e d i m e n t  s u r f a c e  were e n c o u n + e r e d ,  noon s n a i l s  

a t e  c a p a b l e  o f  d e e p  b u r i a l  and l o n g  p e r i o d s  o f  i n a c t i v i t y  

( B e r n a r d  1967)  s o  i t  is p o s s i b l e  t h a t ,  d u r i n g  s a m p l i n g ,  some 

s n a i l s  were m i s s e d ,  However, a c c o r d i n g  t o  W .  Bourne  ( p e r s .  

somm.), P o l i n i c e s  lewisii  is f o u n d  most oft_@* j u s t  be low + h e  

s e d i m e n +  s u r f a c e ,  F u r t h e r m o r e ,  when moon s n a i l s  b u r r o w  t h e y  m3ke 

t r a i l s  o?! t h e  s e d i m e n t  s u r f a c e .  T h e s e  t r a i l s  are r i s i b l e  and mix 

b e  u s e d  t o  l o c a t e  s n a i l s  ( C a r r i k e r  1951) .  

T h e  e s t i m a t e  of p o p u l a t i o n  s i z e ,  a s  d e t e r m i n e d  b y  

m a r k - r e c a p + u r e ,  a l so  c o u l d  h a v e  been  a f f e c t e d  hp s a m p l i n g  b i a s  

i n  t h a t  some s n a i l s  may h a v e  b e e n  m i s s e d  b e c a u s e  t h e y  were 

d e e p l y  b u r i e d .  N a r k - r e c a p t u r e  p r o v e d  t o  b e  an u n s a t i s f a c t o r y  

method b e c a u s e  2 of t h e  u n d e r l y i n g  a s s u m p t i o n s  were not 

s a + i s f i e d ,  A m a j o r  p r o b l e m  e n c o u n t e r e d  was the e f f e c t s  o n  + h e  

s n a i l s  of r e a o v i n g  them from t h e  s u b s t r a t e  a n d  s u b j e c t i n g  +hem 

t o  %he heat on t h e  s u r f a c e ,  A l t h o u g h  m e a s u r i n q  and  m a r k i n g  t o ~ k  

o n l y  a short p e r i o d  o f  time, t h e  s n a i l s ,  upon release, e x h i h i L e d  

stress symptoms- t h e y  l a y  o n  t h e i r  s h e l l s  w i t h  the foo+ ex+rudei?  

which is a  s i g n  of d i s t r e s s  ( B e r n a r d  7 9 6 3 ) .  T h e  s h o c k  d u e  t o  t h e  

hea t  and h a n d l i n g  p o s s i b l y  a f f e c t e d  n o r m a l  d i s p e r s a l ;  s e v e r a l  

marked s n a i l s  were r e c a p t u r e d  t h e  f o l l o w i n g  d a y  i n  a b o u +  the 

same l o c a t i o n  where  t h e y  had  b e e n  r e l e a s e d ,  i n d i c a + i n q  t h a t  

m ~ v e m e n t  a n r i n g  t h e  p r e c e d i n g  24h p r o b a b l y  h a d  been  m i n i m a l ,  

T h e s e  o b s e ~ v a t i o n s  suggest t h a t  t h e  f o l l o w i n q  a s s u m p t i o n s  were  



v i o l a t e d :  1. marked s n a i l s  c o m p l e t e l y  mix i n  + b e  unmarked 

p o p u l a ? i o n  2. a s n a i l ' s  c h a n c e s  of c a p t u r e  a r e  n o +  i ~ f l u e n c e d  by  

b e i n q  c a p t u r e d  p r e v i o u s l y  (sout hwood 1 9 6 6 )  . 

1. T h e  a v e r a g e  size of t h e  d r i l l e d  P~ptpthqcp shells was 

smal le r  t h a n  t h e  a v e r a g e  s i z e  of  P r o t ~ t h a c g  a v a i l a b l e  i r  " h e  

habitat. 

2. The m a j o r i t y  of the l i t t l e n e c k  shells containing h o l e s  bore?  

by Zgc+&&ps were b e t w e e n  30 a n d  50am i n  fenq+h i n d i c a c i n 7  

? h a +  E ~ ~ q j g ~ s  s e l e c t e d  medium-sized grg$qtbpsq, 

3. The estimate of t h e  p e r c e n t  L o s s  o f  E ~ g ~ o ~ ~ ~ c g  d u e  +o  

p r e d a t i o n  by p o l i n i c e s  was 1.2% s n g q e s t i c q  t h a +  p r e d a + i o n  b y  

P o l i n i c e s  was only a m i n o r  s o u r c e  of ~ o r t a l i t p  i n  Pro+o+hlcg  ---- 
a t  S i b e l l  Bay. 

4. T h e  a v e r a g e  size of Ea~&&gcg was s m a l l e r  i n  t h e  low shore 

t h a n  i n  t h e  u p p e r  shore i n d i c a + i n g  t h a t  a v e r + i c a l  s i z e  

q r a d i e n t  e x i e e d .  I t  is p o s s i b l e  t h a +  s i z e - s e l e c t i v e  

p r e 3 a t i o n  i n  t h e  low i n t e r t i d a l  zone by E g d i n i c e s  

c o n t r i b u t e d  t o  t h e  size g r a d i e n t .  

5 .  T h e  density of Egu&s,s d e c r e a s e d  a n d  t b e  ? e - n s i + p  of 

P r o 9 o t h a c a  increased froa low t o  h i q h  shore, T+ is p o s s i b l e  ------ 
%bat p r e d a t i o n  i n  the low i n t e r t i d a l  area by p o l i n i c e s  I_---- 

i n f l u e n c e d  the lower limit of t h e  d i s t r i b u t i o n  of Protot&gG! 
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at S i b e l l  Bay. 
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