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Abs t r ac t  

A s t udy  w a s  i n i t i a t e d  t o  determine t h e  d i s t r i b u t i o n  and 

popula t ion  over lap  of two mussel s p e c i e s ,  Myt i lus  

c a l i f  ornianus  Conrad and Myt i lus  e d u l i s  Linnaeus,  i n  

Clayoquot and Barkley Sounds on t h e  west  c o a s t  of Vancouver 

I s l a n d ,  B r i t i s h  Columbia and t o  i d e n t i f y  e x t e r n a l  s h e l l  

c h a r a c t e r s  t h a t  can be used t o  s e p a r a t e  Myt i lus  c a l i f o r n i a n u s  

and M-vtilus e d u l i s  i n  t hese  a r e a s .  D i s t r i b u t i o n  and over lap  

p a t t e r n s  were cha r t ed  by examining a l l  growths of mussels 

a long  a cont inuous s t r e t c h  of s h o r e l i n e  i n  t h e  s tudy  a rea .  

I n  o rder  t o  ana lyze  t h e  s h e l l  morphology, samples (n=400) 

of Myti lus  c a l i f o r n i a n u s  and h1.ytilus e d u l i s  were c o l l e c t e d  

from s i t e s  considered t y p i c a l  f o r  each s p e c i e s  w i t h i n  

Barkley Sound. A s e r i e s  of 1 3  measurements of e x t e r n a l  

s h e l l  morphology were made on each s h e l l  and t h i s  d a t a  was 

analyzed u s i n g  m u l t i v a r i a t e  a n a l y s i s  of va r i ance ,  p r i n c i p a l  

components a n a l y s i s ,  and d i s c r i m i n a n t  a n a l y s i s .  R e s u l t s  of 

t h e s e  t e s t s  were then  compared w i t h  similar t e s t s  run  on 

samples (n=25)  of Myt i lus  c a l i f o r n i a n u s  and M-vtilus e d u l i s  

from over lapping and a t y p i c a l  h a b i t a t s  t o  determine the  

degree  of v a r i a b i l i t y  i n  s h e l l  morphology and t o  i d e n t i f y  

s h e l l  c h a r a c t e r s  t h a t  proved t o  be r e l i a b l e  i n  c l a s s i f i c a t i o n .  

The r e s u l t s  can be summarized as fo l lows:  

1. Popula t ion  over lap  between Myt i lus  c a l i f o r n i a n u s  

and Myti lus  e d u l i s  i s  widespread w i t h i n  t h e  s tudy  

a r e a ,  wi th  Myt i lus  e d u l i s  occupying a wider  range 
* 
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of h a b i t a t  types  than p r e v i o u s l y  r epo r t ed .  

2. Overlapping popu la t i ons  show some s i m i l a r i t y  i n  

component s c o r e s  w i t h i n  a  sampled h a b i t a t  bu t  can 

vary  cons ide rab ly  between h a b i t a t s .  

3 .  A combination of f o u r  s h e l l  c h a r a c t e r s  a c c u r a t e l y  

d i s c r i m i n a t e s  between Myt i lus  c a l i f o r n i a n u s  and 

Myti lus  e d u l i s  i n  a l l  h a b i t a t s  encountered.  

4, Myti lus  c a l i f o r n i a n u s  and iviytilus e d u l i s  show sorrie 

degree of s h e l l  convergence i n  a r e a s  of popula t ion  

over lap .  
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I n t r o d u c t i o n  

Marine molluscs f r e q u e n t l y  d i s p l a y  s i g n i f i c a n t  i n t r a -  

s p e c i f i c  v a r i a t i o n  i n  e x t e r n a l  s h e l l  morphology. For 

i n s t a n c e ,  R u s s e l l  (1972)  r e p o r t s  t h a t  t h e  mean number of 

r i b s  on the  e x t e r i o r  of t h e  s h e l l s  of t h e  b iva lves  Cardium 

edule  Linnaeus and Cardiurn glaucum ~ r u ~ e i e / r  w i l l  v a ry  accord- 

i n g  t o  h a b i t a t .  A s i m i l a r  s i t u a t i o n  e x i s t s  i n  t h e  degree of 

s h e l l  ornamentation,  o r  s c u l p t u r i n g ,  of t he  gast ropod 

Nucel la  l a ~ i l l u s  Linnaeus where specimens c o l l e c t e d  from 

d i f f e r e n t  h a b i t a t s  i n  t h e  B r i s t o l  Channel (Cro the r s ,  1974) 

and Lough I n e  (K i t ch ing ,  e t ,  a l ,  , 1966) show p a t t e r n s  of 

s h e l l  s c u l p t u r i n g  t h a t  a r e  c o n s i s t e n t  w i t h i n  h a b i t a t s  and 

h i g h l y  v a r i a b l e  between h a b i t a t s .  Phys i ca l  f a c t o r s  of the  

environment a r e  g e n e r a l l y  regarded as the  primary cause of 

geographic morphologic v a r i a t i o n  wi th in  a molluscan s p e c i e s  

(Purchon,  1939). and i t  has  been suggested t h a t  among these  

p h y s i c a l  f a c t o r s ,  exposure t o  wave shock w i l l  have the  most 

profound e f f e c t  on molluscan e x t e r n a l  s h e l l  morphology 

( F O X  and Coe, 1943; F a i r b r i d g e ,  1953; Abbott and Jensen ,  

1967; Seed, 1968; R u s s e l l ,  1972). 

Within t h e  l a r g e  genus Myt i lus ,  Myt i lus  c a l i f  ornianus  

Conrad, t h e  s e a  mussel ,  and Myt i lus  e d u l i s  Linnaeus, t h e  

bay mussel ,  occur comnonly a long  t h e  P a c i f i c  Coast  of North 

America from Baja C a l i f o r n i a  t o  Alaska ( R i c k e t t s ,  e t .  a l ,  , 
1968) and a r e  t h e  two mussels most commonly found on the  

B r i t i s h  Columbia c o a s t l i n e  (Quay le ,  1960). Both Myt i lus  
* 
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c a l i f o r n i a n u s  and M y t i l u s  e d u l i s  a r e  known t o  have a h i g h l y  

v a r i a b l e  e x t e r n a l  s h e l l  morphology (Fox and Coe, 1943;  

Seed ,  1 ~ 6 8 )  and t h e s e  d i f f e r e n c e s  a p p e a r  t o  be e n v i r o n m e n t a l l y  

induced  ( H a r g e r ,  1970a. 1970b) .  

The h a b i t a t s  occupied  by t h e  two s p e c i e s  a r e  g e n e r a l l y  

c o n s i d e r e d  t o  be q u i t e  d i s t i n c t i  M . ~ t i l u s  c a l i f o r n i a n u s  

i s  a s ~ o c i a t e d  w i t h  open c o a s t  s i t u a t i o n s  w h i l e  h y t i l u s  e d u l i s  

t y p i c a l l y  i n h a b i t s  p r o t e c t e d .  w a t e r s  ( d u a y l e ,  1 9 6 0 ) .  k y  

i n i t i a l  o b s e r v a t i o n s  showed t h a t  on t h e  w e s t  c o a s t  of  

Vancouver I s l a n d  p o p u l a t i o n s  of bl .yti lus c a l i f  o r n i a n u s  ana 

N y t i l u s  e d u l i s  f r e q u e n t l y  o v e r l a p  i n  s e v e r a l  d i f f e r e n t  

t y p e s  of h a b i t a t s .  Vancouver I s l a n d ' s  w e s t e r n  c o a s t l i n e  i s  

remarkably  v a r i a b l e  ( F i g .  1); i t s  448 km l e n g t h  i n c l u d e s  

f i v e  ma jo r  s o m d s  and  o v e r  t w e n t y - f i v e  i n l e t s  ( ~ i c k a r d ,  1963) 

p l u s  numerous small i s l a n d s  ( ~ n o n . ,  1962) .  T h i s  c o a s t a l  

c o n f i g u r a t i o n  r e s u l t s  i n  numerous s i t u a t i o n s  where a r e a s  of 

exposed o u t e r  c o a s t  a r e  immedia te ly  a d j a c e n t  t o  p r o t e c t e d  

c o a s t  ( P i c k a r d ,  1 9 6 3 ) .  A s  a consequence ,  t h e  w e s t  c o a s t  of  

Vancouver I s l a n d  e x h i b i t s  a u n i q u e ,  e x t e n s i v e  i n t e r t i d a l  

r e g i o n  p o s s e s s i n g  a m i x t u r e  of h a b i t a t s  which a p p a r e n t l y  

a l l o w s  t h e  e x i s t e n c e  o f  bo th  s e p a r a t e  and  mixed p o p u l a t i o n s  

o f  M y t i l u s  c a l i f o r n i a n u s  and 1~1.v t i lus  e d u l i s .  

I n  t h i s  r e g a r d ,  I proposed  t o  exa:2ine t h r e e  q u e s t i o n s .  

F i r s t ,  what i s  t h e  d i s t r i b u t i o n a l  p a t t e r n  o f  M y t i l u s  

c a l i f o r n i a n u s  and  M y t i l u s  e d u l i s  a t  s e l e c t e d  s i t e s  on t h e  

w e s t  c o a s t  of Vancouver I s l a n d  and t o  what  e x t e n t  do  t h e  
4 
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p o p u l a t i o n s  o v e r l a p ?  Second, a r e  t h e r e  e x t e r n a l  s h e l l  

c h a r a c t e r s  t h a t  can  be used f o r  s p e c i e s  i d e n t i f i c a t i o n  i n  

a l l  h a b i t a t s  e n c o u n t e r e d ?  T h i r d ,  do  t h e  s h e l l  morphologies  

of Ivlytilus c a l i f o r n i a n u s  and  i i l y t i lu s  e d u l i s  show any s i g n s  

of convergence  i n  h a b i t a t s  where p o p u l a t i o n s  o v e r l a p ?  

M a t e r i a l s  and Nethods 

The r e g i o n  of C layoquo t  Sound n e a r  t h e  town of  T o f i n o  

( F i g .  1 )  and t h e  n o r t i o n  of  B a r k l e y  jound c o n t a i n i n g  Trevor  

Channel  n e a r  Bamfie ld  ( F i g .  1 )  were s e l e c t e d  t o  map t h e  

d i s t r i b u t i o n  o f  Niyt i lus  c a l i f o r n i a n u s  and  Ibiytilus e d u l i s  

because  t h e y  o f f e r  a wide r ange  of  h a b i t a t  t y p e s .  

The i n i t i a l  d i s t r i b u t i o n a l  su rvey  w z s  done i n  Clayoquo t  

Sound d u r i n g  January  t o  A p r i l ,  1976. The second d i s t r i b u -  

t i o n a l  s u r v e y  and s u b s e q u e n t  sampl ing  f o r  morpho log ica l  

v a r i a t i o n  w a s  c a r r i e d  o u t  from September t o  aecember ,  1976, 

i n  b a r k l e y  Sound, B a r k l e y  Sound w a s  chosen  f o r  t h e  bulk  

of  t h e  e x p e r i m e n t a l  work because  o v e r  a r e l a t i v e l y  small 

g e o g r a p h i c  a r e a  w i t h i n  i t ,  s e v e r a l  d i f f e r e n t  h a b i t a t s  were 

e n c o u n t e r e d  by M.yt i lus  c a l i f o r n i a n u s  and M.vtilus e d u l i s .  

I d e n t i c a l  methods were used t o  s u r v e y  t h e  d i s t r i b u t i o n  

of  ivivti lus c a l i f o r n i a n u s  and ~ h y t i l u s  e d u l i s  i n  C layoquo t  

Sound and B a r k l e y  Sound. The s h o r e l i n e  i n  each  a r e a  was 

fo l lowed  and checked f o r  a g g r e g a t i o n s  of  musse l s .  A l l  

musse l  beds  were t h o r o u g h l y  s e a r c h e d  by w a l k i n g  tn rough  t h e  

beds  and n o t i n g  which s p e c i e s  were  p r e s e n t .  The geograph ic  

l o c a t i o n *  of  musse l  beds  o f  s i n g l e  and mixed s p e c i e s  



F i g u r e  1. S t u d y  Area ,  Sample S i t e s ,  and  D i s t r i b u t i o n  
o f  M y t i l u s  c a l i f o r n i a n u s  and M y t i l u s  e d u l i s  
i n  C layoquo t  Sound and B a r k l e y  Sound 



Mytilus 

Mytilus 

Sample 

VANCOUVER ISLAND 

californianus ---- 
edulis ---- 
Sites in Barkley Sound A 

Nautical miles 
(on 1 :40,000 scale line drawings 
1 Nautical mile =5 cm.) 

8-t! -- direction 

Each line ' indicates 10 % increment in 
direction frequency 

Average wind speed: Summer 9Km/h 
Winter 14 Km/h 
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c o m p o s i t i o n  w a s  r e c o r d e d  on maps f o r  t h e  a r e a  and t h i s  

i n f o r m a t i o n  was used  t o  deve lop  a d i s t r i b u t i o n a l  map ( F i g .  1 )  

f o r  bo th  s p e c i e s  i n  t h e  s t u d y  a r e a .  

S h e l l  C h a r a c t e r s  Used f o r  I d e n t i f i c a t i o n  

S i n c e  t h e  taxonomy of  i i l y t i lu s  c a l i f o r n i a n u s  and  1~1.vt i lus  

e d u l i s  i s  a l m o s t  e n t i r e l y  based on s t ' e l l  f e a t u r e s ,  i n f o r m a t i o n  

c o n c e r n i n g  s h e l l  morpho log ica l  v a r i a t i o n  w i l l  a i d  i n  c o r r e c t  

i d e n t i f i c a t i o n .  Given o v e r l a p p i n g  p o p u l a t i o n s  o f  m u s s e l s ,  

a s e t  of  s h e l l  c h a r a c t e r s  t h a t  q r e  r e a d i l y  measurable  i n  

f i e l d  u s e  and  t h a t  do d i s c r i m i n a t e  a c c u r a t e l y  between l v ~ y t i l u s  

c a l i f o r n i a n u s  and M y t i l u s  e d u l i s  i s  d e s i r a b l e .  

A knowledge of  t h e  t y p i c a l  s h e l l  morphology f o r  B ~ y t i l u s  

c a l i f  o r n i a n u s  and  24yt i lus  e d u l i s  was needed b e f o r e  s t u d y i n g  

morpho log ica l  v a r i a t i o n .  Samples of  M-yt i lus  c a l i f o r n i a n u s  

were c o l l e c t e d  from a wave-exposed rock  s h e l f  h a b i t a t  on 

Seppings  I s l a n d  ( F i g .  1 )  and samples  of M.vtilus e d u l i s  

were  c o l l e c t e d  from t h e  smooth b o u l d e r s  i n  a p r o t e c t e d  bay i n  

Barnfield I n l e t  ( F i g .  11, b o t h  l o c a l e s  a r e  c o n s i d e r e d  t y p i c a l  

f o r  t h e  s p e c i e s  found t h e r e  ( B u a y l e ,  1 9 6 0 ) .  A t  bo th  s i t e s  

t h e  m u s s e l s  were growing as a monolayer  and b o t h  t h e  d e n s i t y  

and t h e  t i d a l  h e i g h t  of  t h e  two p o p u l a t i o n s  were rough ly  

e q u l l .  Samples were o b t a i n e d  by randomly p l a c i n g  a !m2 

q u a d r a t  i n  t h e  musse l  bed snd  removing a l l  musse l s  w i t h i n  

t h e  q u a d r a t .  Random p lacemen t  w a s  a c h i e v e d  by th rowing  t h e  

q u a d r a t  o v e r  my s h o u l d e r  i n t o  t h e  musse l  bed. A s p e c i f i c  

number o f  m u s s e l s  w a s  t h e n  s e l e c t e d  a t  random from t h i s  
* 
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l a r g e  group t o  serve  as t h e  samples f o r  s t a t i s t i c a l  a n a l y s i s  

of s h e l l  morphology. Four hundred mussels  of each s p e c i e s  

were c o l l e c t e d  and the  s h e l l  v a l v e s  s epa ra t ed  i n t o  f o u r  s i z e  

c l a s s e s  (100  mus-els p e r  s i z e  c l a s s ) :  7-16 mm, 16-25 mm, 

25-35 mm, and 35-50rnm. S h e l l  v a l v e s  were narked on t h e  

i n n e r  nacreous  l a y e r  t o  i n d i c a t e  t h e  c o l l e c t i o n  s i t e .  

To s tudy  t h e  e f f e c t s  of d i f f e r e n t  h a b i t a t  types  on s h e l l  

morphology and the  p o s s i b i l i t y  of convergence of s h e l l  form 

i n  r eg ions  of over lap ,  a d d i t i o n a l  samples of a ~ t i l u s  

c a l i f o r n i a n u s  and Myt i lus  e d u l i s  were c o l l e c t e d  from v a r i o u s  

s i t e s  w i t h i n  bark ley  Sound (F ig .  1). For i n s t a n c e ,  ssmples 

(n=25 mussels)  were t aken  i n  r e g i o n s  of s p e c i e s  over lap  and 

where t he  two s p e c i e s  were i n  p h y s i c a l  c o n t a c t  wi th  one 

another : ,  Uixon I s l a n d ,  Oiana I s l a n d ,  Fo lge r  I s l a n d ,  and t h e  

l e e  s i d e  of Seppings I s l a n d ,  These sample s i t e s  were chosen 

on t h e  b a s i s  of t h e i r  o r i e n t a t i o n  t o  wave sp l a sh .  The 

amount of exposure a t  each s i t e  w a s  determined q u a l i t a t i v e l y  

based on t h e  o r i e n t a t i o n  of t h e  s i t e  t o  t h e  open s e a  and 

d i r e c t  observa t ion  of t he  amount of wave sp l a sh  each s i t e  

r ece ived .  General  d i r e c t i o n s  of wind genera ted  wave sp l a sh  

( F i g .  1) were determined by use  of wind d i r e c t i o n a l  frequency 

d a t a  a v a i l a b l e  f o r  t h e  a r e a  (Hydro log ica l  Atlas of Canada, 

1 9 7 8 ) .  A s  a r e s u l t ,  t h e s e  a d d i t i o n a l  samples were c o l l e c t e d  

a long  a g r a d i e n t  ranging fro13 f u l l y  exposed t o  f u l l y  p ro t ec t ed .  

Th i r t een  measurements ( F i g .  2 )  were s e l e c t e d  as s u f f i -  

c i e n t  t~ desc r ibe  o v e r a l l  s h e l l  morphology (F imente l ,  1975, 
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F i g u r e  2 .  ~ ~ o r p h o l o g i c a l  measurements  t a k e n  on t h e  she  11s 
o f  l ~ ' ~ . v t i l u s  c a l i f o r n i a n u s  and I W t i l u s  e d u l i s  

A :  ML-maximum l e n g t h  ( t a k e n  from umbo t o  
p o s t e r i o r  m a r g i n ) ,  H-height  ( t a k e n  on a perpen-  
d i c u l a r  l i n e  from midpo in t  o f  s h e l l  a n g l e  t o  
v e n t r a l  marg in ) ,  SA-shel l  a n g l e  ( f rom d o r s a l  apex  
of  s h e l l  a n g l e  t o  e n d p o i n t s  of  maximum l e n g t h ) ,  
UAA-umbo t o  a n g l e  a p e x ,  AAL-angle apex  t o  
maximum l e n g t h  

B I  MW-maximum w i d t h  (measured  f o r  1 v a l v e  
only); LUW-length ( t a k e n  on a p e r p e n d i c u l a r  l i n e  
from umbo t o  t h e  l i n e  of  maximum w i d t h ) ,  
GR-growth r i n g s  ( a l l  v i s i b l e  r i n g s  c o u n t e d )  

C :  LitlS-length o f  a n t e r i o r  a d d u c t o r  muscle  - 
s c a r ,  LUS-length from umbo t o  a n t e r i o r  edge of  
a n t e r i o r  a d d u c t o r  muscle  s c a r ,  T - t h i c k n e s s  o f  s h e l l  

D:  WUE-width of uabona l  e r o s i o n ,  LUE-length 
o f  umxonal e r o s i o n  





Thorpe, 1376) .  The c h a r a c t e r i s t i c s  measured included 

c h a r a c t e r s  used i n  taxonomic keys such as the  l e n g t h  of the  

a n t e r i o r  adductor  muscle s c a r ,  the  l eng th  from t h i s  s c a r  t o  

t h e  umbo, and t h e  t h i ckness  of t h e  s h e l l  a t  t h e  p o s t e r i o r  

t i p  (Kozlof f ,  1974, L i g h t ,  e t .  a l . ,  13751, b u t  i n  a d d i t i o n ,  

c h a r a c t e r s  were measured t h a t ,  taken as a whole, "covered" 

t h e  bas i c  form o r  o u t l i n e  of t h e  mussel s h e l l .  A l l  

measurenents were made t o  t he  n e a r e s t  0 . 1  mm u s ing  Vern ie r  

c a l i p e r s .  

S t a t i s t i c a l  Analvs i s  of S h e l l  ~ O ~ D ~ O ~ O E . V  

The s t a t i s t i c a l  ana lyses  u t i l i z e d  were m u l t i v a r i a t e  

a n a l y s i s  of va r i ance ,  p r i n c i p a l  components a n a l y s i s ,  and 

d i sc r iminan t  a n a l y s i s .  Pimentel  ( 1975) desc r ibes  t h e  a p p l i -  

c a t i o n  of t hese  ana lyses  t o  problems of ~norphometrics. 

M u l t i v a r i a t e  a n a l y s i s  of va r i ance  t e s t s  f o r  s i g n i f i c a n t  

d i f f e r e n c e s  between groups,  p r i n c i p a l  components a n a l y s i s  

shows which c h a r a c t e r s  account  f o r  t he  g r e a t e s t  degree of 

v a r i a t i o n  i n  t h e  sample, and d i sc r iminan t  a n a l y s i s  was used 

t o  s e l e c t  c h a r a c t e r s  f o r  s p e c i e s  i d e n t i f i c a t i o n  and t o  a s s e s s  

convergence of s h e l l  morphologies. 

The sanp le s  of M.vtilus c a l i f o r n i a n u s  from Seppings 

I s l a n d  2nd Myt i lus  e d u l i s  from barnfield I n l e t  ( t h e  " t y p i c a l "  

h a b i t a t  s a n ~ l e s )  were compared w i t h  m u l t i v a r i a t e  a n a l y s i s  

of va r i ance ,  I t  w a s  assumed t h a t  f i n d i n g  s i g n i f i c a n t  d i f f e r -  

ences  between these  two samples was s u f f i c i e n t  t o  j u s t i f y  

u s ing  f u f t h e r  m u l t i v a r i a t e  methods on these  and t h e  o t h e r  
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groups.  

Each sample i n  t he  s tudy  was analyzed s e p a r a t e l y  w i t h  

p r i n c i p a l  components a n a l y s i s ,  Absolute v a r i a t i o n  was 

s t u d i e d  u s ing  the  var iance-covar iance ma t r ix .  The method- 

ology of the  procedure was such t h a t  t he  f i r s t  component 

genera ted  ( a  s e r i e s  of c o r r e l a t i o n  c o e f f i c i e n t s )  accounts  f o r  

t h e  l a r g e s t  p ropo r t i on  of v a r i a t i o n  i n  t he  sample and 

succeeding com~onen t s  account  f o r  p r o g r e s s i v e l y  s m a l l e r  

aaoun t s  of v a r i a t i o n .  Comparison of samples from d i f f e r e n t  

l o c a t i o n s  snows p a t t e r n s  of v a r i a t i o n  t h a t  a r e  s i m i l a r  o r  

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

The f i rs t  run of d i s c r iminan t  a n a l y s i s  was done between 

compzrable s i z e  c l a s s e s  of 1~1.vtilus c a l i f o r n i a n u s  from 

Seppings I s l a n d  and Mvti lus  e d u l i s  from barnfield I n l e t .  

D i r e c t  and s tepwise  methods were both used. Combinations of 

c h a r a c t e r s  t h a t  were the  b e s t  d i s c r i m i n a t o r s  between s p e c i e s  

were then used t o  c l a s s i f y  mussels  f r o a  l o c a l i t i e s  of s p e c i e s  

over lap .  I n  t h i s  manner i t  was p o s s i b l e  t o  deterraine i f  

c h a r a c t e r s  t h a t  a c c u r a t e l y  c l a s s i f y  s h e l l s  of Iviytilus 

c a l i f o r n i a n u s  and Myt i lus  e d u l i s  t aken  from t y p i c a l  h a b i t a t s  

r e t a i n  t h e i r  accuracy when used t o  c l a s s i f y  s h e l l  samples 

from -9ixed s p e c i e s  s i t e s .  Convergence of s h e l l  inorphologies 

was measured i n d i r e c t l y  by n o t i n g  the  r e l a t i v e  percen tage  

of mussels  m i s c l a s s i f i e d  a t  s p e c i e s  over lap  s i t e s ,  Since  t h e  

c l a s s i f i c a t i o n  technique was based on t h e  s e p a r a b i l i t y  of  t n e  

s h e l l  morphology, a high percentage of mussels  of one s p e c i e s  
* 
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b e i n g  c l a s s i f i e d  as b e l o n g i n g  t o  a g roup  o t h e r  t h a n  i t s  own 

i m p l i e d  t h a t  t h o s e  m u s s e l s  were more s imilar  t o  t h e  o t h e r  

s p e c i e s  i n  s h e l l  morphology. 

R e s u l t s  

U i s t r i b u t i o n  of  M v t i l u s  c a l i f o r n i a n u s  and I k v t i l u s  e d u l i s  

M.vtilus c a l i f o r n i a n u s  i s  d i s t r i b u t e d  on i n t e r t i d a l  rock  

from Lennard and Wickannin ish  I s l a n d s  t o  a n  a r e a  j u s t  w e s t  

of  t h e  Government wharf  i n  Tof ino  h a r b o r  ( F i g ,  11, w i t h i n  

t h e  h a r b o r  and n o r t h  i n t o  L e m ~ e n s  I n l e t  i t s  d i s t r i b u t i o n  i s  

p a t c h y .  Sone v e r y  l a r g e  ( > 50 mm l e n g t h )  Iv'lvtilus 

c a l i f o r n i a n u s  a r e  found on small b o u l d e r s  p r o j e c t i n g  o u t  

of m u d f l a t s .  Ivivtilus e d u l i s  i s  cornnon i n  a l l  p a r t s  of  

Lemmens I n l e t  and i s  e s p e c i a l l y  abundan t  on m u d f l a t s  t o  

t h e  leeward s i d e  of t h e s e  i s l a n d s .  The two s p e c i e s  o v e r l a p  

i n  s e v e r a l  l o c a t i o n s ,  as a t  Beck, S t o n e ,  and ~uorpheus  

I s l a n d s  ( F i g .  1 ) .  

I n  Bark ley  Sound t h e  s i t u a t i o n  i s  similar. i h y t i l u s  

c a l i f o r n i a n u s  p redomina tes  on t h e  o u t e r  i s l a n d s  and exposed 

a r e a s  and  M y t i l u s  e d u l i s  i s  most  abundan t  i n  p r o t e c t e d  a r e a s  

such  a s  q u i e t  i n l e t s  and l eeward  s i d e s  o f  i s l a n d s  ( F i g .  1). 

S p e c i e s  o v e r l a p  is  common i n  t h e  s t u d y  a r e a s ,  found on Dixon 

I s l a n d ,  Ross  I s l e t s ,  Diana I s l a n d ,  F o l g e r  I s l a n d ,  and t h e  

p o i n t  j u s t  below t h e  Barnfield Marine S t a t i o n .  No o v e r l a p  

was found w i t h i n  t h e  p r o t e c t e d  r e a c h e s  o f  d a m f i e l d  and 

G r a p p l e r  I n l e t s .  
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A n a l v s i s  of S h e l l  M o r ~ h o l o g y  

S i m i l a r  s i z e  c l a s s e s  o f  Niyt i lus  c a l i f o r n i a n u s  from 

Sepp ings  I s l s n d  and iti.yti l u s  e d u l i  s from bamf ie ld  l n l e t  

were compared u s i n g  m u l t i v a r i a t e  a n a l y s i s  of  v a r i a n c e  t o  

t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  measured s h e l l  

p a r a m e t e r s .  The r e s u l t s  ( T a b l e  1) show t h a t  s i g n i f i c a n t  

d i f f e r e n c e s  do e x i s t  ( .05 l e v e l )  between each  group.  

P r i n c i p a l  components a n a l y s i s  of  samples  of  m u s s e l s  

from s i n g l e  s p e c i e s  h a b i t a t s  as w e l l  as o v e r l a p  h a b i t a t s  

was c a r r i e d  o u t ,  Appendix T a b l e s  I - V I I  l i s t  t h e  f i r s t  

t h r e e  components f o r  each  group and t h e  c o r r e s p o n d i n g  

e i g e n v a l u e s .  The f i rs t  t h r e e  components a c c o u n t  f o r  a t  

l e a s t  70% of  t h e  t o t a l  v a r i a t i o n ,  w i t h  a d d i t i o n a l  components 

c o n t r i b u t i n g  r e l a t i v e l y  small amounts.  

The f i r s t  component of each  group can  be d e f i n e d  as a 

growth component ( P i m e n t e l ,  1975) based on a l l  c o e f f i c i e n t s  

c a r r y i n g  a p o s i t i v e  s i g n ,  and r e f l e c t s  t h e  form of  t h e  

musse l  due t o  a n  i n c r e a s e  i n  a l l  s h e l l  d imensions .  T u r t h e r  

i n s p e c t i o n  o f  t h e  c o e f f i c i e n t s  r e v e a l s  t h a t  t h e i r  magni tudes  

a r e  similar a t  each s h e l l  c h a r a c t e r ,  p o s s i b l y  r e f l e c t i n g  

s in~i lar  p a t t e r n s  i n  growth i n  s i z e  of  M y t i l u s  c a l i f o r n i a n u s  

and M y t i l u s  e d u l i s .  

The second and t h i r d  components o f  each  group c o n t a i n  

b o t h  p o s i t i v e  and n e g a t i v e  c o e f f i c i e n t s  w i t h  v a r y i n g  

magni tudes  a t  each  measurement and a r e  termed shape  

components ( P i m e n t e l ,  1075) .  Shape components c o n t r a s t  
+ 
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Table I. Multivariate F-table Comparing Similar Size 
Classes of M.vtilus ca l i fornianus  from Seppings 
Island and 1N.vtilus edu l i s  from damfield I n l e t  

Size Class 

7-16 mm 

16-25 mm 

25-35 

35-50 mm 

"s ignif icant  a t  t h e  .05 l eve l  

Degrees of Freedom 

13.80 

13.80 

13.80 

13.80 



p a t t e r n s  of s h e l l  v a r i a t i o n  a t  d i f f e r e n t  sample s i t e s  and 

g ive  an  i n d i c a t i m  of which c h a r a c t e r s  a r e  most v a r i a b l e  

a t  a given sample s i t e .  For exa~nple ,  by examining the  

load ings  of the  second component on c h a r a c t e r s  WUE ( w i d t h  of 

umbonal e ros ion )  and LUE ( l e n g t h  of umbonal e r o s i o n )  f o r  

Myt i lus  c a l i f o r n i a n u s  and I ~ i y t i l u s  e d u l i s  i n  a l l  s i z e  c l a s s e s  

(Appendix Tables I - I V )  i t  i s  c l e a r  t h a t  t h e  second co;nponent 

i s  a shape component r e f l e c t i n g  v a r i a t i o n  i n  the  e x t e n t  of 

s h e l l  e ros ion ,  The remaining samples of M.vtilus 

c a l i f o r n i a n u s  and itivtilus e d u l i s  ( ~ p p e n d i x  Tables V - V l I )  

do n o t  show a  c o n s i s t e n t  p a t t e r n  f o r  t he  second component. 

The load ings  on c h a r a c t e r s  WUE and ILJE ( e x t e n t  of s h e l l  

e r o s i o n )  a r e  s t i l l  prominent, bu t  i n  a d d i t i o n ,  high load ings  

a r e  found on c h a r a c t e r s  GR, LIJIS, and LUS (number of growth 

r i n g s ,  adductor  muscle s c a r  l e n g t h ,  and l eng th  from s c a r  t o  

umbo) . 
Shape components of h ' v t i l u s  c a l i f o r n i a n u s  and lhv t i lus  

e d u l i s  from over lapping h a b i t a t s  a r e  similar. Pac to r  

load ings  f o r  t h e  t h i r d  component of c h a r a c t e r  T ( s h e l l  

t h i c k n e s s )  a t  Folger  I s l a n d  i n d i c a t e s  s i a i l a r  degrees  of 

v a r i a t i o n  i n  both spec i e s .  The same i s  t r u e  f o r  t he  second 

component load ings  f o r  c h a r a c t e r s  Lh1S and LUS (measurements 

of t h e  p o s t e r i o r  adduc tor  muscle) i n  P~ .v t i lus  c a l i f  ornianus  

and M-vtilus e d u l i s  a t  Folger  I s l a n d .  

S i m i l a r  s i z e  c l a s s e s  of Mvt i lus  c a l i f o r n i a n u s  and 

Myt i lus  e d u l i s  from t h e i r  t y p i c a l  h a b i t a t s  were pa i r ed  and 
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run through discr iminant  a n a l y s i s .  A d i r e c t  procedure was 

employed and c l a s s i f i c a t i o n ,  based on a l l  13  measurements, 

averaged 97.8% accura te  (range 95-99%) .  The use of 13 

measurements t o  separa te  spec ies  i s  n o t  r e a d i l y  appl icable  

t o  f i e l d  purposes, even though they r e s u l t  i n  h i g h  accuracy. 

A smaller  s e t  of cha rac te r s  was obtained by using stepwise 

d iscr iminant  a n a l y s i s ,  en te r ing  the cha rac te r s  i n  var ious 

groupings, and observing the c l a s s i f i c a t i o n  r e s u l t s .  From a l l  

the  combinations poss ib le ,  two p a i r s  of cha rac te r s  gave the 

most c o n s i s t e n t  r e s u l t s ,  measurements UAA and AAL (umbo t o  

angle  apex and angle apex t o  maximum leng th )  and UIS and LUS 

( l eng th  of a n t e r i o r  adductor muscle s c a r  and length of 

a n t e r i o r  edge of muscle s c a r  t o  the  umbo) (Fig .  2). 

A~pendix  Tables V I I - X  show c l a s s i f i c a t i o n  r e s u l t s  of these 

cha rac te r  p a i r s  a t  seve ra l  sample s i t e s  i n  barkley Sound. 

When c l a s s i f i c a t i o n  r e s u l t s  a r e  averaged a t  a l l  sample 

s i t e s  f o r  measurements UAA-AAL and WS-LUS t he  percent  c o r r e c t  

c l a s s i f i c a t i o n  approaches 9046  able 11). I f  measurements 

UAA-AAL and UIS-LUS a r e  combined i n  d iscr iminant  a n a l y s i s ,  

the  percent  c o r r e c t  c l a s s i f i c a t i o n  is  95%, c l o s e l y  approxi- 

mating the  value obtained us ing  a l l  measurements. 

Thorpe (1976) d iscusses  some t h e o r e t i c a l  and p r a c t i c a l  

problems i n  a s sess ing  r i v a l  a f f i n i t i e s  and mul t iva r i a t e  

techniques use fu l  i n  such cases .  To i d e n t i f y  convergence 

i n  t h i s  s i t u a t i o n ,  I w i l l  use the  percent  m i s c l a s s i f i c a t i o n  

of e i t h e q  spec ies  a s  a measure of s i m i l a r i t y .  Appendix 
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T a b l e  11. Comparison of C l a s s i f i c a t i o n  R e s u l t s  a t  A l l  
S a m p l e  S i t e s  Using Various Cha rac t e r  Combinations 

Spec ies  Cha rac t e r s  Used K e s u l t s ( $ l  

lby t i lus  c a l i f o r n i a n u s  

Myti lus  e d u l i s  

UAA , A A L  
mls, LUS 

UAA , AAL , LIVE, LU S  95 
A l l  97.8 

UAA , A A L  86.7 
LMS , L U S  87 

UAA , A A L ,  U G ,  L U S  93 
A l l  98 



Tables  V I I I  and I X  show c l a s s i f i c a t i o n  r e s u l t s  f o r  two 

s i t e s  of populat ion over lap ,  Fo lger  and Uixon I s l a n d s ,  

u s ing  c h a r a c t e r s  UAA and AAL (umbo t o  angle  apex and angle  

apex t o  maximum l e n g t h )  and LlhS and LUS ( l e n g t h  of a n t e r i o r  

adduc tor  muscle s c a r  and l eng th  of a n t e r i o r  edge of muscle 

s c a r  t o  t h e  umbo). The percentage of c o r r e c t  c l a s s i f i c a t i o n  

v a r i e s  from 68% t o  92%. Appendix Table X shows c l a s s i f i c a t i o n  

r e s u l t s  f o r  samples from t y p i c a l  h a b i t a t s ,  Myt i lus  

c a l i f o r n i a n u s  f r o n  Diana I s l a n d  and M-vtilus e d u l i s  from 

Grappler  Narrows. C l a s s i f i c a t i o n  i s  100% a c c u r a t e  us ing  

c h a r a c t e r s  UAA and AAL and 865 a c c u r a t e  us ing  UdS and LUS. 

Higher c l a s s i f i c a t i o n  percen tages  a t  t y p i c a l  h a b i t a t  s i t e s  

ve r sus  lower c l a s s i f i c a t i o n  percen tages  a t  over lap  s i t e s  

i n d i c a t e s  s h e l l  form convergence a t  over lap  s i t e s  i n  t he  

c h a r a c t e r s  measured. 

Discuss ion  

Popula t ion  Overlap 

The r e s u l t s  obta ined show t h a t  over lap  occurs commonly 

between Myti lus  c a l i f o r n i a n u s  and Myt i lus  e d u l i s .  T h i s  i s  

due t o  t he  wide h a b i t a t  range a v a i l a b l e  i n  Barkley Sound 

and Clayoquot Sound. I n  h a b i t a t s  where over lap  occurs ,  

t h e r e  i s  s u f f i c i e n t  wave shock t o  keep 1h.vtilus c a l i f  ornianus  

f r e e  of d e b r i s  y e t  n o t  s t r o n g  enough t o  sweep away the  

weaker byssa l  a t tachment  of Myti lus  e d u l i s  ( ~ a r g e r ,  1971). 

The ex t ens ion  of Mvti lus  c a l i f o r n i a n u g  i n t o  q u i e t  water  a r e a s  



is dependent on t h e  presence of wave sp l a sh  o r  c u r r e n t  of 

s u f f i c i e n t  fo r ce  t o  p reven t  b u r i a l  i n  t h e  sediments  (Harger,  

1971) .  Likewise, t h e  upper l i m i t  of wave shock t h a t  can be 

endured by M.vtilus e d u l i s  i s  a f u n c t i o n  of t h e  s t r e n g t h  of 

i t s  bys sa l  f i b e r s  and t h e  f o r c e  r equ i r ed  t o  break t h e i r  

hold  on t h e  s u b s t r a t e  ( h a r g e r ,  1971).  

F4.vtilus e d u l i s  can a p p a r e n t l y  s u r v i v e  i n  a wider  range 

of p h y s i c a l  and environmental  v a r i a b l e s  than can Niytilus 

c a l i f o r n i a n u s  (Bayne, 1977) .  These v a r i a b l e s  i nc lude  

s a l i n i t y ,  exposure,  t e n p e r a t u r e ,  and b u r i a l  by sediments.  

T h i s  could  be p r e d i c t e d  when t h e  o v e r a l l  geographic  d i s t r i -  

bu t ion  of both s p e c i e s  i s  cons idered ;  Myt i lus  e d u l i s  i s  a 

cosmopoli tan s p e c i e s  whi le  Mvt i lus  c a l i f o r n i a n u ~  is  r e s t r i c t e d  

t o  t h e  P a c i f i c  c o a s t  of North America. Bayne (1977)  p a r t l y  

a t t r i b u t e s  the  wide d i s t r i b u t i o n  of Mvt i lus  e d u l i s  t o  i t s  

a d a p t a b i l i t y  t o  t h e  environment. T h i s  a d a p t a b i l i t y  of 

Myt i lus  e d u l i s  i s  probably  t h e  reason  it occurs  i n  s o  many 

d i f f e r e n t  s i t u a t i o n s  on t h e  west  c o a s t  of Vancouver I s l and .  

A common method of geographic  expansion by marine 

i n v e r t e b r a t e s  i s  t h e  d i s p e r s a l  of p e l a g i c  l a r v a l  s t a g e s  by 

wa te r  c u r r e n t s  (Thorson,  1964) .  both Mvt i lus  c a l i f  ornianus  

and N y t i l u s  e d u l i s  have p e l a g i c  l a r v a l  s t a g e s  of 

approximately  two weeks (Bayne, 1977) dur ing  which t he  

l a r v a e  a r e  a t  t h e  mercy of wa te r  c u r r e n t s  t o  c a r r y  them t o  a 

s e t t l e m e n t  s i t e .  Some of t h e  mussel l a r v a e ,  a t  



metamorphosis and s e t t l i n g ,  w i l l  most c e r t a i n l y  encounter  

h a b i t a t s  d i f f e r e n t  from t h e i r  p a r e n t s  i n  a r eg ion  a s  v a r i e d  

a s  Barkley and Clayoquot Sounds. I f  t h i s  a r e a  i s  n o t  

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

s u r v i v a l  t o  a d u l t  s i z e ,  t h e  mussels  w i l l  p e r s i s t .  

Harger  ( 1971) recognized t h e  a b i l i t y  of h v t i  l u s  e d u l i s  

t o  a d a p t  t o  exposed c o n d i t i o n s  b u t  concluded t h a t  

coex i s t ence  between N v t i l u s  c a l i f o r n i a n u s  and Mvt i lus  e d u l i s  

i s  probably  an uncommon even t ,  based on the  number of 

over lap  s i t u a t i o n s  he observed. My r e s u l t s  i n d i c a t e  t h a t  

over lap  i s  f a i r l y  common i n  t h e  s tudy  a r e a  on Vancouver 

I s l a n d .  Phys i ca l  d i f f e r e n c e s  between t h e  s i t e s  a r e  no t ab l e .  

The c o a s t l i n e  n e a r  Santa  barbara  ( ~ a r g e r ' s  s tudy  a r e a )  i s  

r e l a t i v e l y  uniform compared t o  t h e  s h o r e l i n e  of Barkley and 

Clayoquot Sounds. I n d e n t a t i o n s  of t h e  s h o r e l i n e  and o f f sho re  

i s l a n d s  i n  Barkley and Clayoquot jounds r e s u l t s  i n  sudden 

changes i n  exposure over s h o r t  d i s t a n c e s .  T h i s  i s  

e s p e c i a l l y  t r u e  i n  cons ide r ing  small i s l a n d s  a long  t h e  c o a s t  

where c o n d i t i o n s  on t h e  leeward s i d e  w i l l  be q u i t e  d i f f e r e n t  

than  on t h e  exposed s i d e .  My r e s u l t s  show t h a t  popu la t i on  

over lap  i s  e s p e c i a l l y  p r e v a l e n t  on small i s l a n d s  w i t h i n  t h e  

sounds. Mvt i lus  c a l i f o r n i a n u s  i s  g e n e r a l l y  p r e v a l e n t  on t h e  

exposed p o r t i o n s  and Mvt i lus  e d u l i ~  i s  common on the  p r o t e c t e d  

leeward s i d e s  w i t h  a r e a s  of  over lap  a t  p o i n t s  i n  between 

t h e s e  two extremes,  

Harger  ( 1971) sugges t s  t h a t  t r u e  coex i s t ence  between 
4 
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M y t i l u s  c a l i f o r n i a n u s  and M v t i l u g  s d u l i ~  w i l l  n e v e r  occur  i n  

a dynamic envi ronment  such  as t h e  i n t e r t i d a l  zone ,  l ~ i y t i l u s  

c a l i f o r n i a n u s  w i l l  e v e n t u a l l y  outcornpete M y t i l u s  e d u l i s  i n  

exposed s i t u a t i o n s .  However, i f  Myti l u s  e d u l i s  l a r v a e  

s e t t l e  i n  a n  exposed h a b i t a t ,  r e a c h  m a t u r i t y  and spawn 

b e f o r e  b e i n g  f o r c e d  o u t  by c o m p e t i t i o n  w i t h  k y t i l u s  

c a l i f  o r n i a n u s ,  young b i y t i l u s  e d u l i s  w i l l  beg in  t h e  c y c l e  

anew. H a r g e r  (1971)  h a s  shown t h a t  h . v t i l u s  e d u l i s  d o e s  

r e a c h  m a t u r i t y  a t  a s m a l l e r  s i z e  and  i n  l e s s  t ime  t h a n  d o e s  

M y t i l u s  c a l i f o r n i a n u s .  S t u d i e s  i n  c o m p e t i t i o n  between t h e  

two s p e c i e s  i n  a r e a s  o f  e x t e n s i v e  h a b i t a t  o v e r l a p  a r e  needed 

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

between M v t i l u s  c a l i f o r n i a n u s  and M v t i l u s  e d u l i s ,  F o r  

i n s t a n c e ,  a r e c e n t  s t u d y  by Fankboner ,  B lay lock  and  d e  burgh 

( 1 9 7 8 )  h a s  shown t h a t  b i v t i l u s  e d u l i s  i s  c a p a b l e  of  removing 

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

o r g a n i c  ca rbon  f r o n  s e a w a t e r  t h a n  d o e s  ivivti lus c a l i f o r n i a n u s .  

The a d v a n t a g e  i s  due i n  p a r t  t o  t h e  f a c t  t h a t  IV~~vti lus  e d u l i s  

h a s  a more e x t e n s i v e  g i l l  s u r f a c e  a r e a s  t h a n  d o e s  a s imilar  

s i z e d  M v t i l u s  c a l i f o r n i a n u g ,  t h u s  i n  f i l t e r i n g  a g i v e n  

amount of  s e a w a t e r  M y t i l u s  e d u l i s  w i l l  a ccumula te  g r e a t e r  

c o n c e n t r a t i o n s  of  d i s s o l v e d  and  p a r t i c u l a t e  c a r b o n  compounds 

i n  i t s  body t h a n  w i l l  Ni.vtilus c a l i f o r n i a n u s .  I t  i s  p r o b a b l e  

t h a t  o t h e r  means e x i s t  by which one o r  t h e  o t h e r  s p e c i e s  may 

more e f f e c t i v e l y  u t i l i z e  a g i v e n  r e s o u r c e  and t h u s  a l l o w  

p o p u l a t i o n  o v e r l a p  t o  e x i s t ,  



M o r ~ h o l o ~ i c a l  S h e l l  V a r i a t i o n  

The r e s u l t s  of p r i n c i p a l  components a n a l y s i s  have shown 

t h q t  t h e  f i r s t  component of s h e l l  v a r i a t i o n  is  a growth 

c  oanonent whi le  t h e  second and t h i r d  components r e p r e s e n t  

v a r i a t i  m i n  shape.  V a r i a t i o n  i n  t h e  second and t h i r d  

components of N v t i l u s  c a l i f o r n i a n u s  and Mvt i lus  e d u l i s  

i n d i c a t e  t h a t  environmental  f a c t o r s  a r e  i n f l u e n c i n g  s h e l l  

shape.  Shape cornponents of Mvt i lus  c a l i f o r n i a n u s  and 

k v t i  l u s  e d u l i s  t aken  from over lapp ing  h a b i t a t s  a r e  q u i t e  

similar, This could  i n d i c a t e  a similar response by each 

s p e c i e s  t o  t h e  same s t imu lus .  I n  t h e  f r e shwa te r  mussel ,  

L a n ~ s i l i s  r a d i a t z ,  Green (1972)  has  shown t h a t  environmental  

f a c t o r s  p lay  such a s i g n i f i c a n t  r o l e  i n  s h e l l  morphology 

t h a t  you can p r e d i c t  t h e  env i ronnen ta l  c h a r a c t e r i s t i c s  from 

examination of any given s h e l l  of t h e  s p e c i e s ,  S i m i l a r l y ,  

t h e  degree of wave shock encountered by M-vtilus californianys 

o r  Mvt i lus  e d u l i s  can be suggested by examining t h e  degree of 

s h e l l  e ro s ion ,  t h e  r a t i o  of  t h e  two l e n g t h s  a long  t h e  d o r s a l  

edge (measurements UAA and AAL), and s h e l l  t h i cknes s .  I n  

m ~ ~ s s e l s  l i v i n g  i n  calm w a t e r s ,  i nc rea sed  smoothness of t h e  

s h e l l ,  l ack  of umbonal e r o s i o n ,  and s h e l l  l eng then ing  a r e  

obvious. Ep i fauna l  b i v a l v e s  such as ~ V A . V ~ ~ ~ U S  spp  a r e  

normally more v a r i a b l e  i n  shape and t h u s  more r e f l e c t i v e  of 

environmental  c o n d i t i o n s  (Kauffman, 1969).  

The r e s u l t s  of my d i s c r i m i n a n t  a n a l y s i s  demonstrate t h a t  

ex t e rnaJ  s h e l l  c h a r a c t e r i s t i c s  can s e p a r a t e  morphological  
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v a r i a n t s  o f  M v t i l u s  c a l i f o r n i a n u ~  and  N v t i l u s  e d u l i s  w i t h  a 

98% s u c c e s s  r a t e .  A s t u d y  by Seed (1968)  on t h e  B r i t i s h  

C o a s t  u s i n g  on ly  l e n g t h ,  w i d t h ,  and d e p t h  measurements  of 

s h e l l s  of  M y t i l u s  s p p  showed t h a t  t h e s e  c h a r a c t e r s  a r e  n o t  

good i n d i c a t o r s  o f  s p e c i e s  i d e n t i t y ,  r e s u l t s  I a l s o  o b t a i n e d  

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

i l l u s t r a t e  t h e  power and  u s e f u l n e s s  of  a m u l t i v a r i a t e  approach  

t o  a problem of  t h i s  t ypes  enough measurements  a r e  chosen  

t o  d e s c r i b e  t h e  form of t h e  s h e l l  ( 1 3  i n  t h i s  s t u d y )  and t h e  

methodology i s  such  t h a t  a l l  measurements  a r e  i n d e p e n d e n t  of  

e s c h  o t h e r .  R e s u l t s  a r e  o b t a i n e d  by o b s e r v i n g  t h e  d i s c r i -  

m i n a t i n g  power of a n y  number of  combina t ions ,  

Conpar ing  t h e  r e l a t i o n s h i p  of  measurements  UAA and AAL 

(umbo t o  a n g l e  apex and a n g l e  apex  t o  maximum l e n g t h )  t o  

s e p a r a t e  M v t i l u s  c a l i f o r n i a n u ~  and Ivivtilus e d u l i s  i s  a 

v a l u a b l e  f i e l d  i d e n t i f i c a t i o n  t o o l .  The measurements  can  

be done e a s i l y  and q u i c k l y .  I n  M v t i l u s  c a l i f o r n i a n u %  

measurement UAA i s  u s u a l l y  g r e a t e r  t h a n  o r  e q u a l  t o  

measurement A A L .  I n  Ii ' iytilus e d u l i s  measurenent  AAL i s  

g r e a t e r  t h a n  o r  e q u a l  t o  measurement UAA.  I n  s i t u a t i o n s  

where measurements UAA and AAL a r e  r o u g h l y  e q u a l  and 

s e p a r a t i o n  i s  d i f f i c u l t ,  I would recommend u s i n g  t h e  a n t e r i o r  

a d d u c t o r  muscle  s c a r  measurements  as o u t l i n e d  by L i g h t ,  e t ,  

al, (1975) t o  f u r t h e r  i d e n t i f y  t h e  musse l .  The combina t ion  

o f  t h e s e  two c h a r a c t e r  p a i r s  r e s u l t s  i n  a h igh  p e r c e n t a g e  

o f  c o r r e c t  c l a s s i f i c a t i o n .  I p r e f e r  t h e  e x t e r n a l  
C 
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measurements f o r  q u i c k  f i e l d  usage  s imply  because  t h e y  a r e  

e a s i e r  t o  compare.  I n  q u e s t i o n a b l e  a r e a s ,  where o v e r l a p  i s  

c e r t a i n ,  I would recommend u s i n g  a l l  f o u r  c h a r a c t e r s  f o r  

b e s t  r e s u l t s .  

P h i l l i p s ,  e t .  a l .  (1973) have shown t h a t  s h e l l  form 

of  a s p e c i e s  i s  most  uniform w i t h i n  t h a t  a n i m a l ' s  t y p i c a l  

h a b i t a t .  My c l a s s i f i c a t i o n  r e s u l t s  f o r  h y t i  l u s  c a l i f o r n i a n u s  

and k v t i l u s  e d u l i s  s u p p o r t  t n i s  view. S i n c e  bo th  s p e c i e s  

show s t r o n g  r e s p o n s e s  t o  e n v i r o n m e n t a l  i n f l u e n c e s  on 

s h e l l  morphology i t  i s  n o t  s u r p r i s i n g  t h a t  t h e i r  morphologies  

converge  somewhat i n  a r e a s  of o v e r l a p  where bo th  s p e c i e s  

a r e  s u b j e c t  t o  e q u a l  p h y s i c a l  s t r e s s e s  from t h e  envi ronment .  



Appendix Table I.  Principal  Components of M v t i l u s  edul is  
f rom Barnfield I n l e t  and M-v t i l u s  
a l i fornianus from Seppings Island 

?Size = 7-16 mm) 

Mvtilus e d u l i ~  

Character 

E i  genvaluesfioadings 

C omp onen t s 

1 2 3 
ML ,8987 -. 2011 -,0141 
H ,9277 -, 1200 -. 0610 
S A 1375 - 3454 - ,4479 
UAA ,8835 -, 2045 -A574 
AAL ,9010 -. 0677 0,0329 
nw ,9284 -, 0871 - ,0781 
LUW ,8640 -, 0954 -,I547 
GR ,6651 -. 0433 -.2975 
LMS ,6282 ,0164 6307 
LUS ,7440 ,0698 ,4543 
T .I292 ,1803 ,4596 
WUE ,4170 ,8044 0,2254 
LUE ,4371 ,8098 -. 1938 

Eigenvalue 6,6537 1,5800 1,2312 

M ~ t i l u s  californianus ~ i g e n v a l u e s ~ o a d i n g s  

Character Components 

1 2 3 
ML 9715 -. 1270 0077 
H 9154 -, 0207 -. 0833 
S A ,0184 -. 5578 5526 
UAA ,9280 -, 0896 -, 0668 
AAL .92 32 0.0731 .0917 
MW 9453 - , 0541 -. 0141 
LUW , 9110 - , 0866 - 0851 
GR ,6325 -,1301 -, 1439 
LMS 8749 -,1630 0513 
LUS ,8602 - . 1588 ,0881 
T ,3415 2077 -,6327 
WUE ,4891 7106 ,3488 
LU E 5343 7041 e2667 

Eiqenvalue 7.7659 1,4653 * 9569 



Appendix Table 11, Principal  Components of Mvti lus eduli  
from Barnfield I n l e t  and M y t i l u s  
alifornianus from Seppings Island sm m) 

M v t i  lus edulig Eigenvalues~oadings  

Character Components 

1 2 3 
ML ,8987 W e  1073 -. 2542 
H ,5941 - 0  1771 -,2617 
S A 8 0027 -, 0019 - 8  5305 
UAA .8124 - *  1053 - , Z Z l O  
AAL ,8421 - .  0120 0,2313 
M W ,8312 ,0724 - 8  0730 
LUW .8066 0079 -, 0852 
G R  ,3842 - 8  3705 ,0050 
LHS 8 5647 - 8  3719 .6193 
LUS ,6535 o m  3223 ,5591 
T .1974 .4512 1834 
WUE 4319 8 7905 ,1665 
LUE ,4646 7971 1379 

Eigenvalue 5,2061 1.8715 1.3060 

Character Components 

1 2 
-, 0124 

3 
n~ .9154 ,0644 
H ,8930 -. 0341 -. 1677 
s A ,0625 ,2626 . 7420 
U AA 8 9365 -00370 -, 1204 
AAL . 7536 . 0493 ,2403. 
MW ,9156 ,0228 - , 1504 
LUW ,8411 .I227 8 0771 
G R 4853 -, 4667 .0267 
LMS .7943 - . 2677 .I861 
LUS 7499 -, 3206 ,2529 
T 3125 - 0  1115 -, 6453 
WUE 8 3524 07243 - *  1314 
LUE ,42 19 07402 -,O625 

Eigenvalue 6.4458 1.5716 1,2044 



Appendix Table 111, Principal  Components of Mvt i l ue  g d u l i s  
from Bamfield I n l e t  and M v t i l u s  
a l i  f ornianu from Seppings Is land ,hTd m) 

M v t i l u s  e d u l i s  

Character 

~igenvaluesfioadings 

Components 

1 2 3 
HL 9478 0334 - a  1524 
H 8598 - a  0933 -, 3006 
s A ,0080 ,1981 ,2409 
UAA .8471 -,0213 - 2801 
AAL 8970 0151 - 0  1343 
HW ,8713 ,1204 -, 2316 
LUW ,8844 00400 - *  1624 
G R ,4274 -, 4602 ,0646 
LMS ,6488 - , 4445 ,4280 
LUS ,6916 0, 4192 ,3877 
T ,1326 - 3154 4498 
WUE ,6524 05973 3813 
LU E 5670 . 6249 .4103 

Eigenvalue 6.5129 1,4976 1,2018 

M y t i l u s  c a l i f o r n i a n u s  ~igenvalues/Zoadings 

Character Components 

1 2 
9.0491 

3 
M L . 9389 -.I325 
H 7357 - 0  1308 - 0  3217 
s A ,4196 2653 ,3663 
UAA .8790 - O  0272 . -02042 
AAL ,8148 -00732 -00734 
HW ,8986 .0500 -, 1015 
LUW 6570 e2917 00004 
GR ,3550 - 3965 -. 4661 
LHS ,6021 - . 4845 .5364 
LUS ,6711 -,4236 5199 
T :zit; -a  0182 
WUE ,7438 029 li92 
LUE 3782 e7953 el504 

Eigenvalue 5.6179 1,9410 1,1255 



Appendix Table I V .  Principal Components of Mvti lus edulis 
from Bamfield In le t  and M ~ t i l u s  
alifornianus from Seppings Island 

mm) 

M ~ t i l u s  sdul i s  Eigenvalues/Loadings 

Character Components 

Eigenvalue 6.3247 1,8071 1,5260 

Mvtilus c a l i  fornianus EigenvaluesFoadings 

Character Components 

n L 
H 
S A 
UAA 
AAL 
n w 
LUW 
GR 
LMS 
LUS 
T 
WUE 
LUE 

Eigenvalue 

e 



Appendix Table V,  Principal  Components of Mvtiluq edul is  
from Grappler Narrows and IWtilus 
~ a l i f o r n i a n u s  from Diana Island,  

Mvtilus edul is  ~igenvalues/Loadings 

Character C om~onents 
1 2 3 

M L ,9629 .OW - , 0998 
H ,8503 ,3126 -. 3301 
s A , 4489 - 4853 ,4182 
U AA ,9244 1131 -, 1472 
AAL 9112 1113 -, 0934 
MU 9429 -, 0068 - , 1409 
LUW 9090 -, 0490 0209 
GR -, 1113 ,6050 -. 5738 
LMS ,3965 ,6631 4937 
LUS .4689 ,6226 ,5659 
T ,2018 -. 1426 ,3275 
WUE . 6 W  - .  5576 0.1159 
LUE 6679 - ,5444 ,0187 

Eigenvalue 6.5344 2,1868 1,3588 

Myti lus  c a l i f  ornianus ~ i g e n v a l u e s ~ o a d i n g s  

Character C om~onents 
1 2 3 

M L 
H 
S A 
UAA 
AAL 
HW 
LUW 
GR 
LHS 
LUS 
T 
W E  
LUE 

Eigenvalue 7,2954 1,0637 



Appendix Table VI, Principal  Components of b iv t i  lue edu l i s  
and M v t i l u s  c a l i f  ornianus from 
Folger Island 

M ~ t i l u s  edul is  

Character 

~ i~enva lues /Load ings  

Components 

ML 
H 
S A 
UAA 
AAL 
nw 
LUW 
GR 
LMS 
LUS 
T 
WUE 
LUE 

Eigenvalue 6,8161 1.7213 1,3886 

Mvtilus c a l i  fornianus ~igenvalues/Loadings 

Character Components 

1 2 3 
M L ,9591 0744 -, 0624 
H ,8736 02327 -, 0088 
S A ,4293 - ,5412 -04.178 
UAA , 8774 .2082 ,1801 
AAL ,7140 -, 0294 -, 3648 
MW 9373 0, 1085 ,0982 
LUW ,8921 -. 0256 , 1658 
c R 0043 ,6720 - , 2666 
LMS ,8282 ,4378 0378 
LU S ,8282 4378 0378 
T ,3774 - 0  3037 0 8139 
WUE ,8256 -.4380 -. 1364 
LUE 7750 - , 4274 - 1870 

Eigenvalue 7,6180 1.7109 1.1717 



Appendix Table V I I .  Pr incipal  Components of Mvtilue p s  
and M v t i l u s  californianuq from 
Dixon Island 

M ~ t i  l u s  edul is  ~igenvalues/Loadings 

Character Components 

1 2 3 
M L .82 30 ,1384 ,1447 
H .2143 9178 0115 
s A ,5866 -, 5121 ,1748 
UAA .8202 .I156 -.2045 
AAL . 4493 ,7101 -,1316 
MW .8264 ,2701 - 0  3635 
LUW a7513 ,2036 -04075 
G R  -. 1050 ,7140 -.0931 
LMS .4153 ,2110 .8199 
LUS .5684 ,2811 ,6610 
T ,4508 o m  5332 0237 
WUE -7587 -04313 -, 1242 
LU E e7676 0.5291 - , 0450 

Eigenvalue 5.0730 3.1394 1.5448 

Myt i lus  californianus ~ i g e n v a l u e s ~ o a d i n g s  

Character Components 

1 2 3 
ML . 9594 -, 0824 ,0180 
H 9094 -,2546 ,0108 
s A ,2484 ,7116 0.2695 
UAA ,9429 -,2504 0243 
AA L .9 342 - ,  0790 .0307 
MW . 9393 ,1674 0427 
LUW .8021 0 3715 - *  0107 
GR rn 3159 ,3042 0 5986 
LMS 7197 -. 5918 0573 
LU s m7442 -, 4864 
T -, 1156 ,2137 - *  ,811 0•‹42 
WUE .7482 ,4465 -, 0726 
LUE ,7086 . 5234 -, 1687 

Eigenvalue 7.3435 2.0113 1, 1309 



Appendix Table VIII. Comparison of C l a s s i f i c a t i o n  R e s u l t s  
Between JJlvtilus e d u l i s  and p l ~ t i l u s  
~ a l i f  ornianus from Folger  Island 

Character  P a i r r  UAA-AAL (umbo t o  ang le  apex and angle  apex 
t o  maximum leng th )  

P red ic ted  Membership 
Actual G r o u ~  NO. of Cases G ~ O U D  1 G r o u ~  i: 

Group 1 
Mytilus e d u l i s  25 

Group 2 
M y t i l u s  c a l i f  ornianus 

Percent  of Grouped Cases C o r r e c t l y  C l a s s i f i e d :  9@ 

Charac ter  P a i r r  LMS-LuS ( l eng th ,  a n t e r i o r  adductor  muscle 
s c a r  and l eng th ,  umbo t o  a n t e r i o r  
edge of a n t e r i o r  adductor  muscle 
s c a r )  

P red ic ted  Membership 
Actual  G r o u ~  No. of  Cases G r o u ~  1 G r o u ~  2 

Group 1 20 5 
Myti lus  e d u l i a  25 80% 20% 

Group 2 
Mytilus c a l i f o r n i a n u s  25 

Percent  of Grouped Cases C o r r e c t l y  C l a s s i f i e d t  86% 



Appendix Table IX, Comparison of C l a s s i f i c a t i o n  R e s u l t s  
Between k v t i l u s  e d u l i s  and Mvti lus  
~ a l i f  o r n i a n u ~  from Overlapping Hab i t a t s  
on Dixon I s l a n d  

Charac ter  P a i r r  UAA-AAL (umbo t o  ang le  apex and ang le  apex 
t o  maximum leng th )  

P r e d i c t e d  Membership 
Actual G ~ O U D  NO, of Cases G ~ O U D  1 G r o u ~  2 

Group 1 25 
Mvtilus e d u l i s  

Group 2 25 
M-vtilus c a l i f  ornianus 

Percent  of Grouped Cases C o r r e c t l y  C l a s s i f i e d ;  72% 

Charac ter  P a i r r  LMS-LUS ( l eng th ,  a n t e r i o r  adductor  muscle 
s c a r  and l eng th ,  umbo t o  a n t e r i o r  
edge of a n t e r i o r  adductor  muscle 
s c a r )  

P red ic ted  Membership 
Actual G r o u ~  No. of Cases C r o u ~  1 C r o u ~  2 

Group 1 25 20 5 
Mytilus e d u l i s  80% 20% 

Group 2 25 
Mvtilus c a l i f o r n i a n u s  

Percent  of Grouped Cases C o r r e c t l y  C l a s s i f i e d ;  86% 



Appendix Table X. Comparison of C l a s s i f i c a t i o n  R e s u l t s  
Between Mvti lus  e d u l i s  from Grappler  
Narrows and Mvti lus  c a l i f o r n i a n u s  
from Diana I s l a n d  

Character  P a i r :  UAA-AAL (umbo t o  a n g l e  apex, and ang le  
apex t o  maximum leng th )  

P red ic ted  Membership 
Actual  Group No. of Cases  G r o u ~  1 G r o u ~  2 

Group 1 25 
Myti lus  e d u l i s  

Group 2 
Mvti lus  c a l i f o r n i a n u g  

25 

Percen t  of Grouped Cases C o r r e c t l y  C l a s s i f i e d r  100% 

Character  P a i r s  LHS-LUS ( l eng th ,  a n t e r i o r  adductor  muscle 
s c a r  and l eng th ,  umbo t o  a n t e r i o r  
edge of a n t e r i o r  adductor  
muscle s c a r )  

P red ic ted  Membership 
Actual  Groyp yo. of Caseg G r o u ~  1 Groub 2 

Group 1 
Myti lus  e d u l i a  

Group 2 
M-vtilus c a l i f o r n i a n u s  

25 

Percen t  of Grouped Cases C o r r e c t l y  C l a s s i f i e d r  86% 



Abbott, R.T. and R ,  Jensen. 1967. Molluscan faunal  changes 
around Bermuda. Science. l3: 687-688. 

Anonymous, 1962. Information B u l l e t i n  No. 13,  Feb. ! 1962. 
Nautical  c h a r t s  e t c .  covering the  southern B r i t i s h  
Columbia Coast including Vancouver I s l and ,  Canadian 
Hydrographic Service,  Dept. of Mines and Technical 
Surveys. Ottawa. 

Bayne, B.L. 1977. Marine Mussels, t h e i r  ecology and physi- 
ology. Cambridge Universi ty  Press .  London, 506pp. 

Crothers,  J .  1974. On v a r i a t i o n  i n  Nucella l a p i l l u s  (L.  1: 
s h e l l  shape i n  populat ions from the  B r i s t o l  Channel. 
Proc. Malac. Soc. Lond. 41(2) :  157-170. 

Fairbr idge , W.S. 1953. A population study of the  Tasmanian 
"commercial" sca l lop ,  Notovala mer id ional i s  
(~amellibranchiatar~ec'tinidae~, Aust. J. Mar. Fresh, 
Res. 4: 1-41. 

Fankboner, P.V:, W . M .  laylock,  and I.E. delurgh. 1978. 
Accumulation of l&C-labelled Algal Exudate by M t i l u s  
ca l i fo rn ianus  and Mytilus e d u l i s .  Veliger.  2l(2 r 
276-282. 

$-- 

Fox, D.L., and W.R. Coe. 1943. Biology of the Ca l i fo rn ia  
sea mussel Mytilus ca l i fo rn ianus .  11. Nut r i t ion ,  
metabolism, growth and calcium deposi t ion.  J. exp, 
2001. B: 205-249. 

Green, R . H .  1972. D i s t r i b u t i o n  and Morphological Var ia t ion  
of Lampsilis r a d i a t a  (Pelecypodatunionidae) i n  some 
c e n t r a l  Canadian lakes:  a mul t iva r i a t e  s t a t i s t i c a l  
approach. J. Fish.  Res. Board Canada. ~ ( 1 1 )  r 1565- 
1570. 

Harger, J.R.E. 1970a. The e f f e c t  of wave impact on some 
a s  e c t s  of the  biology of sea  mussels. Veliger.  
1274) : 401-414. - 

Harger, J.R.E. 1970b. Comparisons among growth charac ter -  
i s t i c s  of two spec ies  of sea mussels, M t i l u s  edu i s  
and Mvtilus ca l i fo rn ianus .  Vel iger .  l J h 4 &  



Harger, J . R  .E. 1971, Competi t ive Co-Existence 1 Maintenance 
of I n t e r a c t i n g  Assoc i a t i ons  of t he  Sea Mussels 
K v t i l u s  e d u l i s  and Pivt i lus  c a l i f o r n i a n u s .  Ve l ige r .  
1 4 ( 4 )  t 387-410 - 

Hydrological  A t l a s  of Canada. 1978. Surveys and happing 
Branch, Department of Znergy, Mines, and Resources. 
0 t tawa. 7Opp. 

Kauffman, E.G. 1969, Form, f u n c t i o n ,  and evo lu t ion .  NZl9- 
N205. Moore, R . C .  ( ~ d .  ) ,  T r e a t i s e  on i n v e r t e b r a t e  
paleontology.  P a r t  N. Nollusca.  6. B iva lv i a  1. 
Univ. Kansas. Geol, Soc. America. 9 5 2 ~ ~ ~  

Kitching,  J . A . ,  L. Muntz, and F . J .  Ebl ing .  1966. The Ecology 
of Lough Ine .  XV.  The e c o l o g i c a l  s i g n i f i c a n c e  of s h e l l  
and body forms i n  Nucel la .  J. Anim. Ecol .  3: 119-126. 

Kozloff ,  E .  1974. Key t o  t he  marine i n v e r t e b r a t e s  of Puget 
Sound, t h e  San Juan Archipelago,  and a d j a c e n t  waters .  
Un ive r s i t y  of Washington P re s s .  S e a t t l e .  226pp. 

P h i l l i p s ,  B .F . ,  N , A .  Campbell, and b.3. Wilson. 1973. A 
m u l t i v a r i a t e  s tudy  of geographic v a r i a t i o n  i n  t he  
whelk Dica tha i s .  J .  Exp. Mar. Bio. Ecol .  ~ ( 1 ) :  27-69. 

P ickard ,  G.  L. 1963. Oceanographic C h a r a c t e r i s t i c s  of I n l e t s  
of Vancouver I s l a n d ,  B r i t i s h  Columbia. J. F ish .  Hes. 
Board Canada. =( 5)  : 1109-1144. 

Pimentel ,  R .A. 1975. lhorphometrics r t he  m u l t i v a r i a t e  
a n a l y s i s  of b i o l o g i c a l  d a t a ,  C a l i f o r n i a  Polytechnic  
S t a t e  Un ive r s i t y .  San Luis  Obispo. 150pp. 

Purchon, R . D ,  1939. The e f f e c t  of t he  environment upon the  
s h e l l  of ~ a k d i u m  edule .  Proc.  Nlalacog. Soc.   on don. 
at 2 5 6 - 2 6 7 .  

Quayle ,  D.B.  1960. The I n t e r t i d a l  Bivalves  of b r i t i s h  
Columbia. B r i t i s h  Columbia P r o v i n c i a l  Nluseum. 
Handbook No. 17. l04pp. 

R i c k e t t s ,  E .  F. ! J .  Calv in ,  and J . W .  Hedgpeth. 1968. Between 
P a c i f i c  Tldes .  Fourth Ed. S tanford  Un ive r s i t y  P r e s s ,  
S t an fo rd .  614pp. 

R u s s e l l ,  P.J.C. 1972. A s i g n i f i c a n ~ e  i n  the number of r i b s  
on t h e  s h e l l s  of two c l o s e l y  r e l a t e d  Cardium s p e c i e s ,  
J. Conch. London. a( 5-6)  : 401-409. 



Seed, R, 1968. F a c t o r s  In f luenc ing  S h e l l  Shape I n  The h u s s e l  
Myti lus  e d u l i s .  J .  mar. b i o l ,  Assoc. U.K. 4 8 s  561-584. 

Smith, H. I . ,  and J.T. Car l ton  ( ~ d s ,  ) .  1975. L i g h t ' s  kanualr 
I n t e r t i d a l  I n v e r t e b r a t e s  of t he  C e n t r a l  C a l i f o r n i a  
Coast .  Third E d i t i o n ,  Univ. C a l i f o r n i a  P r e s s .  Berkeley. 
7 1 6 ~ ~ .  

Thorpe, R. S .  1976. Biometric Analysis  of Geographic 
Var i a t i on  and R a c i a l  A f f i n i t i e s .  Bio l .  Kev. 2: 407- 
452. 

Thorson, G .  1964. L igh t  a s  an e c o l o g i c a l  f a c t o r  i n  t h e  
d i s p e r s a l  and s e t t l e m e n t  of l a r v a e  of marine i n v e r t e -  
b r a t e s .  Ophelia 1: 167-208. 


