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ABSTRACT 

I n  the  upper i n t e r t i d a l  zones of B r i t i s h  Columbia two 

sympatric limpet species ,  Acmaea d i q i t a l i s  and Acmaea persona, 

co-exist  wi th  few apparent niche di f ferences .  The degree of 

niche separa t ion between the  two species was determined by 

observations and t r ansec t  s tud i e s  documenting t h e i r  d i s t r i bu -  

t i o n  and abundance with respec t  t o  macro- and micro-habitat 

categories.  S ign i f i can t  h a b i t a t  d i f fe rences  between t h e  two 

species  were observed, cor re la ted  with d i f f e r e n t  shore l ine  

types. Only - A. d i q i t a l i s  i s  found along shore l ine  i n  open 

coas t  environments and on t h e  seaward ends of shore l ine  con- 

vex i t i e s  (points ,  headlands) i n  more wave protected water. &. 

persona occurs alone i n  boulder f i e l d s  and t h e  inner  reaches 

of shore l ine  concavi t ies  ( i n l e t s )  both c h a r a c t e r i s t i c  of semi- 

exposed t o  protected wave en~ironments.  Regions of co-existence 

between the  two species a r e  intermediate between t h e  previous 

two categor ies ,  and occur on v e r t i c a l  rock surfaces  i n  semi- 

wave-exposed t o  protected environments. The s p a t i a l  d i s t r i bu -  

t i ons  of t he  two species r e s u l t  i n  a predominantly hor izon ta l  

separa t ion between them, r a t h e r  than the  more t y p i c a l  v e r t i c a l  

separa t ion between other  species  of Acmaea. Environmental fac- 

t o r s  causing the  observed h a b i t a t  d i f ferences  between - A. d i q i t a l i s  

iii 



and - A. persona were s t u d i e d  by l abora to ry  and f i e l d  experiments. 

Increased  s o l a r  r a d i a t i o n  ( increased  d e s i c c a t i o n  and tempera- 

t u r e )  i n  t h e  h a b i t a t s  where - A. d i q i t a l i s  occurs  a lone  appeared 

t o  be t h e  major environmental f a c t o r  r e s t r i c t i n g  t h e  d i s t r i b u -  

t i o n  of  - A. persona from t h e s e  h a b i t a t s .  A. persona i s  l e s s  - 

t o l e r a n t  t o  d e s i c c a t i o n  because of inc reased  r a t e  of water  l o s s  

caused by i t s  f l a t t e r  s h e l l  shape. Fac to r s  causing t h e  absence 

of  - A. d i q i t a l i s  from t h e  h a b i t a t s  of  A.  persona were l e s s  c l e a r ,  - 
, \p redat ion  by t h e  crab,  Hemiqrapsus nudus i n  boulder  f i e l d s  

I 
i 
appeared t o  b e  s i g n i f i c a n t ,  s i n c e  experimental ly  t h e s e  crabs  

; p r e f e r  A .  d i g i t a l i s  t o  A. persona. Fresh water  run-off may 
I - 

a l s o  decrease  t h e  s u r v i v a l  of  A.  d i g i t a l i s  i n  t h e  h a b i t a t s  - 

where - A .  persona occurs alone.  Act ive  exclus ion  of  one spec ies  

5 y  ancther d m s  n ~ t  seem t o  occur in t h e  h a b i t a t s  occupied by 

only  one o f  t h e  spec ies .  Exp lo i t ive  competit ion f o r  food be t -  

ween - A. d i g i t a l i s  and - A .  persona appeared l i k e l y  i n  a r e a s  of 

n iche  over lap ,  b u t  f i e l d  enclosure  experiments t e s t i n g  whether 

competit ion occurs were inconclusive.  The observed niche d i f -  

fe rences  between t h e  two spec ies  a r e  s u f f i c i e n t  t o  expla in  t h e i r  

co-exis tence  i n  t h e  i n t e r t i d a l .  These n iche  d i f f e r e n c e s  appear 

t o  have evolved a s  independent adap ta t ions  by each spec ies  t o  

t h e  environment, r a t h e r  than  t h e  r e s u l t  of  a  h i s t o r y  of competi- 

t i v e  i n t e r a c t i o n .  But i n t e r - s p e c i f i c  competit ion may a c t  t o  

mainta in  t h e  observed n iche  d i f f e r e n c e s  between them. 
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INTRODUCTION 

When c l o s e l y  r e l a t e d  e c o l o g i c a l l y  s i m i l a r  spec ies  a r e  

found co-exis t ing  i n  a community, four  ques t ions  can b e  asked 

w i t h  r e s p e c t  t o  t h e  p o s s i b i l i t y  of competi t ive exclus ion  

(Hutchinson, 1959; Hardin, 1964; M i l l e r ,  1967) : (1) a r e  t h e  

s p e c i e s '  n iches  p a r t i a l l y  non-overlapping i n  any way which 

al lows them t o  p a r t i t i o n  t h e  use  of necessary  environmental 

resources  ; ( 2 )  a r e  resources  l i m i t i n g  i n  a r e a  o f  n iche  over- 

l a p  such t h a t  competit ion occurs between t h e  spec ies  f o r  any 

o f  them; ( 3 )  what a r e  t h e  s h o r t  term and long term (evolut ion-  

a r y )  e f f e c t s  o f  i n t e r - s p e c i f i c  competi t ion,  i f  it occurs ,  on 

t h e  niches of  t h e s e  s p e c i e s ;  and (4)  what a r e  t h e  e f f e c t s  of  

o t h e r  environmental f a c t o r s ,  both  phys ica l  and b i o l o g i c a l ,  on 

t h e i r  niches.  A l l  of t h e s e  ques t ions  a r e  c l o s e l y  t i e d  both  

t o  t r a d i t i o n a l  problems of  evolu t ionary  ecology such a s  adap t ive  

r a d i a t i o n  i n  syrnpatric spec ies  of  a genus (Lack, 1947) and t o  

r e c e n t  t h e o r e t i c a l  problems o f  n iche  theory ,  competit ion,  and 

co-evolution of spec ies  (MacArthur and Levins,  1964; Levins,  

1968; McNaughton and Wolf, 1970; Alaya, 1971) , where t h e  common 

concern i s  t o  r e v e a l  t h e  underlying f a c t o r s  determining t h e  

spec ies  composition of  communities. 



I n  n a t u r a l  communities, most s t u d i e s  of c l o s e l y  r e l a t e d  

co-exis t ing  s p e c i e s  have concentrated mainly on at tempting t o  

q u a n t i f y  t h e  degree of  niche over lap  between species .  The 

l i t e r a t u r e  on t h i s  t o p i c  i s  extens ive ,  b u t  some examples from 

t h e  marine environment a r e  Kohn (1959),  P a i z  ( l 9 6 2 ) ,  J e f f r i e s  

(1966), Croker (1967),  and Wells (1970) f o r  b e n t h i c  i n v e r t e b r a t e s ;  

and Stephen -- e t  a 1  (1970) f o r  f i s h e s .  These s t u d i e s  provide a 

d e t a i l e d  d e s c r i p t i o n  of  important  n iche  d i f f e r e n c e s  f o r  c e r t a i n  

s p e c i e s ,  and may expla in  t h e i r  co-existance,indirectly, i n  terms 

o f  t h e  competi t ive exclus ion  p r i n c i p l e .  But t h e  ques t ion  of 

whether i n t e r s p e c i f i c  competi t ion does occur i n  a r e a s  of  n iche  

over lap ,  and whether t h e s e  niche d i f f e r e n c e s  a r e  caused by com- 

p e t i t i o n  and a r e  a necessary cond i t ion  f o r  t h e  p e r s i s t e n c e  of 

t h e  s p e c i e s ,  g e n e r a l l y  remains unanswered. Some s t u d i e s  have 

demonstrated t h e  process  of  competi t ion a s  w e l l  a s  n iche  d i f -  

fe rences  i n  t h e  marine environment. These a r e  Harger (1970) 

f o r  mussels,  C o n n e l l l s  (1961) s tudy of ba rnac les ,  and Haven1s 

(1966, 1971a) s tudy  of  l impets .  However, few s t u d i e s  have 

determined n iche  d i f f e r e n c e s  between s i m i l a r  spec ies  and com- 

pared t h e  r e s p e c t i v e  importance o f  i n t e r s p e c i f i c  competi t ion 

and o t h e r  environmental f a c t o r s ,  such a s  p reda t ion  and phys ica l  

f a c t o r s ,  i n  causing t h i s  n iche  separa t ion .  

The l impet  genus, Acmaea, lends i t s e l f  t o  a s tudy of t h e s e  



ques t ions  because it e x h i b i t s  ex tens ive  adap t ive  r a d i a t i o n  

r e s u l t i n g  i n  l a r g e  numbers of  sympatr ic  spec ies .  There a r e  

17 d i s t i n c t  s p e c i e s  of  t h i s  genus occurr ing  i n t e r t i d a l l y  along 

t h e  west  c o a s t  o f  North America; a long t h e  c o a s t  of  B r i t i s h  

Columbia, 13 s p e c i e s  l i v e  sympa t r i ca l ly  (Fritchman, 1961) . 
- 1 1  - - + h w ~ h  - - - - mns t cf these species exhibit p r c m i ~ e ~ t  ziche 

d i f f e r e n c e s ,  e i t h e r  by e x i s t i n g  on s p e c i a l i z e d  a l g a l  s u b s t r a t e s  

o r  by occupying d i f f e r e n t  i n t e r t i d a l  zones o r  micro-habi tats  

(Test ,  1945; Shotwell ,  1950; Fritchman, 1961; Haven, 1971a) ,  

two s p e c i e s ,  - A. d i q i t a l i s  Rathke and - A. persona Eschschol tz ,  

appear t o  co-exis t  i n  t h e  upper i n t e r t i d a l  zones of  B r i t i s h  

Columbia w i t h  l i t t l e  n iche  s e p a r a t i o n  (Fig. 1). Both s p e c i e s  

s h a r e  t h e  same v e r t i c a l  i n t e r t i d a l  range along i n n e r  c o a s t  

shore l ine .  The geographic range of  - A. persona (Aleut ian 

I s l a n d s ,  Alaska t o  c e n t r a l  C a l i f o r n i a )  l i e s  w i t h i n  t h a t  of 

A. - d i q i t a l i s  (Aleutian I s l a n d s ,  Alaska t o  Baja C a l i f o r n i a ,  

Mexico) (Fritchman, 1961). Both spec ies  feed i n d i s c r i m i n a n t l y  

on encrus t ing  micro-algae and diatoms of t h e  rock s u r f a c e  (Tes t ,  

1945) and reproduce by means o f  p lanktonic  larvae.  

Most s t u d i e s  o f  t h e  ecology of Acmaea spec ies  have taken 

p l a c e  i n  c e n t r a l  C a l i f o r n i a ,  t h e  southern  extreme of t h e  geo- 

g raph ic  range of A. persona. observat ions  by T e s t  (1945, 1946) 



Figure 1. Acmaea persona ( l a rge  smooth l impets)  and - A .  

d i q i t a l i s  (small, wi th  heavy ribs) co-exist ing 

on a v e r t i c a l  rock su r f ace  a t  Bamfield, Barkley 

Sound. 





and Fritchman (1961) a t  t h i s  l a t i t u d e  i n d i c a t e  major niche 

d i f fe rences  between - A. persona and A. - d i q i t a l i s .  Both descr ibe  

A. persona a s  s tenotopic ,  r e s t r i c t e d  t o  dark, moist environ- - 
merits such a s  crevices  and caves i n  t he  highest  i n t e r t i d a l  zone, 

and less abundant than - A. d i q i t a l i s .  Conversely &. d i q i t a l i s  

l i n e ,  feeding a t  high t i d e  and a c t i v e  during t h e  day. No 

mention i s  made i n  any study t h a t  t he  niche of - A. persona 

overlaps t o  any degree the  niche of &. d i g i t a l i s .  I n  con t r a s t ,  

genera l  observations i n  Oregon by Kenny (1969) and i n  Alaska 

by Haven (1971b) i nd i ca t e  t h a t  both species overlap broadly, 

and t h a t  t h e  r e l a t i v e  abundance of &. persona increases  i n  

wave protected waters.  The sympatry between these  species  and 

t h e  s i m i l a r i t y  of t h e i r  niches i n  B r i t i s h  Columbia r a i s e s  t h e  

quest ion of t h e i r  apparently s t a b l e  co-existence i n  view of 

the competitive exclusion p r inc ip l e ,  a s  wel l  a s  t he  quest ion 

of  explaining t h e  di f ferences  i n  t h e  degree of t h e i r  niche 

over lap  between B r i t i s h  Columbia and ~ a l i f o r n i a .  

Much more information has accumulated on the  na tu ra l  h i s -  

t o r y  and ecology of &. d i q i t a l i s  than &. persona. &. d i g i t a l i s  

a t t a i n s  lengths of 15-25 nun. (Frank, 1965; Giesel ,  l969) ,  and 

l i v e s  and feeds mainly on v e r t i c a l  o r  sloping rocks predominantly 



i n  wave exposed a r e a s  above zone 2 ( R i c k e t t s ,  e t  a l ,  1968). 

Behavioral ly ,  - A. d i q i t a l i s  shows seasona l  migrat ions v e r t i c a l l y ,  

by moving up h igher  i n  t h e  i n t e r t i d a l  during t h e  win te r  months 

(Frank, 1965; Haven, 1966; Breen, 1970).  Also t h i s  spec ies  

feeds  when submerged a t  high t i d e s ,  and a t  o t h e r  t imes i s  

c r e v i c e s  i n  t h e  rock s u r f a c e  (Mil lard,  1968). A d e t a i l e d  

s t u d y  of t h e  n iche  of 5. d i g i t a l i s  i n  c e n t r a l  C a l i f o r n i a  was 

done by Haven (1971a) , and a good understanding of t h e  popula- 

t i o n  dynamics of 6.  d i g i t a l i s  comes from s t u d i e s  by Frank (1965) 

and Stimson (1968). 

On t h e  o t h e r  hand, l i t t l e  i s  known about - A. persona. This  

s p e c i e s  a t t a i n s  l a r g e r  s i z e s  than  - A. d i g i t a l i s ,  reaching iengths  

up t o  40 mm, (Kenny, 1969). The only  d e s c r i p t i o n  of  t h i s  

s p e c i e s '  h a b i t a t  and behavior  a r e  found i n  t h e  previous ly  des- 

c r i b e d  observat ions  by Tes t  (1945, 1946) and Fritchman (1961) 

i n d i c a t i n g  t h e  s t e n o t o p i c  n iche  of t h i s  spec ies  i n  c e n t r a l  

C a l i f o r n i a .  No d e t a i l e d  s tudy of t h e  n iche  o f  - A. persona has  

been done i n  B r i t i s h  Colunibia, t h e  c e n t e r  o f  t h i s  s p e c i e s '  

range,  where it i s  abundant, e s s e n t i a l l y  eu ry top ic ,  and over- 

l a p s  broadly  wi th  - A. d i q i t a l i s .  

I f  competit ion does occur between - A. d i q i t a l i s  and A. 



persona some common resource must be  i n  r e l a t i v e  shore supply 

(Birch, 1957). For these  limpet species  food shortage appears 

l i ke ly .  Food shortages a t  some times appear t o  be  common fo r  

most high i n t e r t i d a l  grazing gastropods, evidenced by t h e  a l -  

most complete removal of a lgae  from t h e  rock sur face  by t h e  

q razers  (Southward. 1956, 1964: Jones, 1968; Castenholz, 1961; 

and Haven, 1966) and by d i r e c t  evidence of food l imi t a t i on  i n  

h igh i n t e r t i d a l  species of Acmaea (Haven, 1966; Sutherland, 1970). 

I n  t h i s  study, t h e  niche re la t ionsh ips  between - A. persona 

and - A. d i q i t a l i s  a r e  inves t iga ted  i n  t h r ee  ways: (1) quan t i f i -  

c a t i on  of t he  degree of niche separa t ion between the  two species  

by inves t iga t ing  t h e i r  d i s t r i b u t i o n  and abundance wi th  respec t  

t o  s e v e r a l  macro- and micro- h a b i t a t  ca tegor ies ;  ( 2 )  determin- 

a t i o n  of t h e  environmental fac tors  which proximately l i m i t  these  

d i s t r i b u t i o n s ;  and ( 3 )  determination of t h e  importance of i n t e r -  

s p e c i f i c  competition for  food between these  two species i n  a reas  

of n iche  overlap. I f e l t  t h a t  a s tudy encompassing niche d i f -  

ferences,  t h e  e f f e c t s  of environmental f ac to r s ,  and t h e  dy- 

namics of competition would be  f r u i t f u l  i n  understanding the  

mechanisms allowing these  species  t o  l i v e  sympatrical ly and 

t h e  evolut ionary processes involved i n  adaptive r ad i a t i on  i n  

t h i s  genus. 
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11. HABITAT DIFFERENCES BETWEEN A. persona and A. d i g i t a l i s  - - 

The degree of  niche separa t ion  between A,  persona and A.  - - 

d i q i t a l i s  was f i r s t  i n v e s t i g a t e d  by determining t h e  macro- 

h a b i t a t  d i f f e r e n c e s  i n  t h e i r  d i s t r i b u t i o n s .  O n  t h e  b a s i s  of  

+hnan f i p . c ~ ~ ~ 7 3 t ;  em?.  ...-we 2 - L - 2  7 - 3  -LA->: - - ----- - -.--.-- - rL tv r  u= Lar lF;U a C u u ~ c a  "1 ILCL U-li&i idi; 

d i f f e r e n c e s  between t h e  two s p e c i e s  were c a r r i e d  ou t  by examin- 

i n g  t h e  d i s t r i b u t i o n  and abundance of each s p e c i e s  wi th  r e s -  

p e c t  t o  the following micro-habi tat  dimensions: (1) wave ex- 

posure;  (2) i n s o l a t i o n  (des icca t ion ,  temperature)  ; ( 3 )  i n t e r -  

t i d a l  h e i g h t ;  (4) s u b s t r a t e ;  (5) food; ( 6 )  community a s s o c i a t e s ;  

( 7 )  f r e s h  water  in f luence .  

METHODS AND STUDY SITES 

Macro-habitat d i f f e r e n c e s  were i n v e s t i g a t e d  by observing 

populat ions of A. persona and A. d i q i t a l i s  i n  a wide v a r i e t y  - - 

of h a b i t a t s  a t  numerous s t a t i o n s  along t h e  coas t s  o f  southern  

B r i t i s h  Columbia and nor thern  Washington ( ~ i g .  2 ) .  Names of  

t h e s e  s t a t i o n s  a r e  given i n  Table 1. A t  each s t a t i o n ,  observa- 

t i o n s  were made o f  t h e  r e l a t i v e  abundance o f  each s p e c i e s ,  t h e  

g e n e r a l  c h a r a c t e r i s t i c s  of  t h e  rock s u r f a c e s  they  i n h a b i t e d ,  

and environmental f a c t o r s  a s s o c i a t e d  wi th  t h e s e  h a b i t a t s .  



Figure  2. S t a t i o n s  where macro-habitat observa t ions  were 

made. 





Micro-habitat ca tegor ies  of wave exposure, i n so l a t i on ,  

and i n t e r t i d a l  he igh t ,  were s tudied quan t i t a t i ve ly  by document- 

ing t h e  d i s t r i b u t i o n  and abundance of  t h e  two species i n  ver t -  

i c a l  t r ansec t s  a t  t h r e e  study sites. Each study s i t e  showed 

a continuous hor izon ta l  g rad ien t  of limpet d i s t r i b u t i o n s  from 

- ------- ---.--~-d - 1  tl\ r e m i  areas  where A, a iq i t aL i s  ur 5,  J + L a u r r c l  vLburA\-u ------ a- - - 

of overlap between them. Each study s i t e  was mapped and a t  

i n t e r v a l s  t r a n s e c t s  were taken throughout t he  v e r t i c a l  range 

of t h e  species  present .  Each t r ansec t  was a l igned with a 

common hor izon ta l  base l ine  set  up by t h e  use of a hand eye 

l e v e l  and surveyor ' s  pole,  I n  t h i s  way t h e  r e l a t i v e  v e r t i c a l  

height  of t he  species  a s  w e l l  a s  t h e i r  r e l a t i v e  abundance 

could be  assessed. The s i z e  of t he  quadrats i n  each t r ansec t  

and the  i n t e r v a l s  between t r ansec t s  var ied  wi th  each a r ea ,  and 

are ind ica ted  below i n  t h e  s i t e  descr ip t ions .  

For t h e  sake of cont inui ty ,  methods used t o  determine 

d i s t r i b u t i o n a l  d i f ferences  wi th  respect  t o  subs t r a t e ,  food, 

community a s soc i a t e s ,  and f r e sh  water w i l l  be  discussed i n  

t h e  appropr ia te  subsections below. 

The t h r e e  p r inc ipa l  s i t e s  used i n  t he  study of micro- 

h a b i t a t  d i f fe rences  were a s  follows: 

Vic tor ia  Breakwater. The breakwater a t  Vic tor ia ,  B. C ,  



i s  located a t  t h e  southern extreme of Vancouver I s land  and 

faces t h e  S t r a i t  of Juan de Fuca (Fig. 2 ) .  The two s ides  of 

t h e  breakwater d i f f e r  g r e a t l y  i n  exposure t o  wave ac t ion  and 

sun l igh t  (Figs. 3,9). The wave exposed s i d e  of t he  break- 

water cons i s t s  of t i e r s  of l a rge  g r a n i t e  blocks arranged i n  

s tep- l ike  sequence. Between each of these  blocks IS a l a rge  

space from 10-20 c m  wide. Both the  cen te r  and t h e  wave-pro- 

t e c t e d  s i d e  of t h e  breakwater a r e  composed of poured conrete. 

V e r t i c a l  crevices ,  approximately 6 meters a p a r t ,  a r e  present  

on t h e  protected side.  These crevices  were o f ten  broken and 

fused along p a r t  o r  a l l  of t h e i r  v e r t i c a l  extent .  I f  t h e  

c rev ice  was fused completely a rough v e r t i c a l  indenta t ion re- 

mained i n  t h e  wall .  A t  the  base of t h e  protected s i d e  a r e  

loose i r r e g u l a r l y  shaped boulders; t h e  exposed s i d e  has t he  

g r a n i t e  blocks throughout i t s  v e r t i c a  1 range. 

During summer observations i n  morning and l a t e  af ternoon,  

t h e  protected s i d e  of t h e  breakwater was shaded bu t  t he  exposed 

s i d e  w a s  not. I n  mid-afternoon, however, both s ides  received 

d i r e c t  sunl ight .  Even during periods of d i r e c t  i n so l a t i on ,  

t h e  crevices  on the  protected s i d e  remained shaded. 

Transect censuses were taken along most crevices on t h e  

protected s ide ,  and a t  60 meters i n t e r v a l s  on the  exposed 

s ide .  The t r ansec t s  were composed of quadrats 10 cm. high 



Figure 3 .  v i c t o r i a  breakwater. Above, exposed and pro- 

t ec ted  s ides ,  looking shoreward.   el ow, pro- 

t ec t ed  s i d e ,  i n  shade, looking seaward (June, 

1969). 





and 15 cm wide. The common h o r i z o n t a l  b a s e l i n e  w a s  t h e  t o p  

of  t h e  concre te  w a l l .  , 

Limpet Poin t .  Limpet Poin t  ( u n o f f i c i a l  name) i s  a n  out- 

cropping o f  s h o r e l i n e  on t h e  e a s t  shore  of  Barkley Sound 

approximately 2 miles  n o r t h e a s t  of  Cape Beale (Fig. 4 ) .  The 

a r e a  conta ins  very  exposed su r faces  as w e l l  as concav i t i e s  

p ro tec ted  from waves and sun (Fig. 10) .  The l a r g e r  concavi ty 

has  a h o r i z o n t a l  s h e l f  a t  approximately t h e  3 meter t i d e  l e v e l  

and i s  t h e r e f o r e  submerged only a t  t h e  h i g h e s t  t i d e s .  

Because of  t h e  g r e a t  i r r e g u l a r i t y  of h o r i z o n t a l  and 

v e r t i c a l  s u r f a c e s  a t  Limpet Po in t ,  t r a n s e c t s  were n o t  taken 

throughout t h e  v e r t i c a l  range of t h e  l impets ,  b u t  were con- 

fined t o  the upper 160 cm of their range. Transec ts  were 

composed of  quadra t s  10 cm high  and 20 cm wide; t h e  b a s e l i n e  

l a y  near  t h e  upper l i m i t  o f  t h e  barnacles .  

Mills Cove. The region  of s h o r e l i n e  I have c a l l e d  M i l l s  

Cove l i e s  j u s t  sou th  o f  Agui lar  P t .  , Bamfield, i n  Barkley Sound 

(Fig, 4 ) .  This  a r e a  c o n s i s t s  of  a smal l  boulder  beach 3-6  meters 

wide, bordered by two b a s a l t i c  w a l l s ,  2 1/2 -6  meters high.  

These w a l l s  a r e  o r i e n t e d  perpendicular  t o  t h e  beach (Fig. 5 ) .  

The a s p e c t  o f  both v e r t i c a l  w a l l s  was such t h a t  one w a l l  



Figure 4. Aer ia l  photograph showing the r e l a t i o n s h i p  of 

two study s i t e s ,  Limpet Point and M i l l s  Cove, 

t o  Barnfield. 





Figure  5. Mi l l s  Cove. Small boulder  beach (cen te r  of  

photograph) l i e s  between t h e  two v e r t i c a l  wa l l s .  

The seaward ends of  t h e s e  outcropping a r e  t y p i c a l  

convexi t ies  of  t h e  shore l ine .  The i n n e r  reaches 

r e p r e s e n t  smal l  s h o r e l i n e  concav i t i e s .  A. d i g i -  

t a l i s  occurs a l o n e  on t h e  t i p s  of  t h e  outcrop- 

p ings ,  whi le  A. persona occurs a l o n e  a t  t h e i r  - 

i n n e r  reaches.  (August, 1970). 





The prevailing swell was consistently para l l e l  t o  the beach 

shoreline and thus perpendicular t o  each wall. Wave action, 

therefore,appeared t o  be equal on both walls, and on each 

wall the wave exposure increased toward the seaward end. 

Transects a t  Mills Cove were composed of quadrats 10 cm 

high and 30 cm wide, and were t a k e n  a t  1 - 6  m e t e r  i n t e r ~ r a l c :  

along each ver t i ca l  wall. 



RESULTS 

Macro-Habi t a t  d i f f e r e n c e s  : 

I n  Table 1 t h e  observat ions  from most of t h e  s t a t i o n s  

v i s i t e d  a r e  summarized. A s y n t h e s i s  of t h e s e  observat ions  

y i e l d e d  t h r e e  g e n e r a l i z a t i o n s  c h a r a c t e r i z i n s  a r e a s  where - A. 

d i q i t a l i s  occurs a lone ,  where - A. persona occurs a lone ,  and 

where t h e  two spec ies  co-exis t . These g e n e r a l i z a t i o n s  d e p i c t  

t h e  h o r i z o n t a l  d i s t r i b u t i o n  p a t t e r n s  of  t h e  two s p e c i e s  along 

d i f f e r e n t  types o f  shore l ine .  

A r e a s  where only A. - d i g i t a l i s  i s  found a r e  (1) t h e  rocky 

shores  o f  wave-exposed o u t e r  coas t ,  and (2 )  convex i t i e s ,  (e.g. 

p o i n t s ,  headlandsj i n  the shoreline of semi-wave-exposed waters  

(Figs.  5 , 6 ) .  These convex i t i e s  may b e  def ined  a s  any rocky 

reg ion  of shore  i n  semi-exposed water  which j u t s  ou t  t o  sea  

when viewed a g a i n s t  t h e  p r e v a i l i n g  shore l ine .  Semi-exposed 

wave cond i t ions  a r e  those  c h a r a c t e r i s t i c  o f  l a r g e  sounds o r  

straits (egg.  Barkley Sound, S t r a i t s  of  Georgia) .  This  would 

i n c l u d e  some of  what R i c k e t t s ,  -- e t  a 1  (1968) term "bays and 

e s t u a r i e s " ,  a s  w e l l  a s  some shore  h a b i t a t s  which they l i s t  a s  

"p ro tec ted  o u t e r  c o a s t n .  The o u t e r  c o a s t  environments a r e  

g e n e r a l l y  wave swept shores  where such i n d i c a t o r s  a s  t h e  a l g a  
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Figure  6. Open c o a s t  h a b i t a t  where on ly  A. d i q i t a l i s  i s  - 

found. Folger  Is land,  Barkley Sound. ( Ju ly ,  

1971). 





P o s t e l s i a  palmaeformis and colonies  of  t h e  s t a l k e d  ba rnac le ,  

P o l l i c i p e s  polymerus, a r e  present .  

Hab i t a t s  where - A .  persona i s  found a l o n e  a r e  (1) boulder  

f i e l d s ,  which are most p reva len t  i n  semi-exposed t o  p ro tec ted  

w a t e r s ,  and ( 2 )  v e r t i c a l  su r faces  a t  t h e  i n n e r  reaches of  

sane concav i t i e s  i n  t h e  shore l ine .  Boulder f i e l d s  a r e  u s u a l l y  

found i n  small bays among i s l a n d  groups and i n  sounds and 

c o n s i s t  o f  smooth rounded o r  f l a t t e n e d  rocks which average 

from 0.3 - 0.6 meters i n  diameter ,  u s u a l l y  devoid of  dense 

ba rnac les ,  (Fig. 7 ) .  On sunny days,  i n d i v i d u a l s  of A. persona - 

a r e  found on t h e  undersides  of t h e s e  boulders .  On h e a v i l y  

overcas t  days, t h e y  a r e  found on t h e  tops  o f  t h e  boulders .  

Extreinely l a r g e  or imiob i l e  boulders  usually support a growth 

of b a r n a c l e s ,  and i n d i v i d u a l s  o f  A. d i g i t a l i s  may a l s o  b e  - 
present .  Concavi t ies  i n  t h e  s h o r e l i n e  where A. persona i s  found 

a l o n e  range from l a r g e  c rev ices  o r  cracks i n  t h e  rocks, through 

s h o r e l i n e  i n d e n t a t i o n s ,  t o  i n l e t s  (Fig. 8 ) .  Only a t  t h e  i n n e r  

reaches of  t h e s e  concav i t i e s  i s  A. persona sometimes found - 
alone.  

I n  g e n e r a l ,  t h e  shores  where A. persona occurs seem t o  - 
experience l e s s  wave a c t i o n  and l e s s  d i r e c t  i n s o l a t i o n  than  

a r e a s  where A. d i q i t a l i s  i s  found alone.  However, t h e r e  i s  



Figure 7. Boulder f i e l d  h a b i t a t s  of  - A. persona i n  Barkley 

Sound. Above, A. persona on boulders  a t  Cedar 

Cove (May, 1970) ;  below, t h e  smal l  boulder  

beach a t  M i l l s  Cove. 





Figure  8. Shore l ine  concav i t i e s  where only  A. persona 

occurs  a t  t h e  i n n e r  reaches.  Above, looking 

towards t h e  mouth of  Grappler I n l e t ,  Barkley 

Sound (Ju ly ,  1971). Both spec ies  occur on 

t h e  shores  v i s i b l e ;  A .  - persona occurs  a lone  

f a r t h e r  i n  t h e  i n l e t ,  Below, smal l  s h o r e l i n e  

i n d e n t a t i o n  near  Bamfield, "Boulder Cove", 

Barkley Sound ( Ju ly ,  1971). (A. d i q i t a l i s  

occurs  on t h e  seaward ends of  t h e s e  inden ta t ions ,  ) 





d i f f i c u l t y  i n  sepa ra t ing  t h e s e  two f a c t o r s .  Crevices  a r e  

u s u a l l y  dark,  shaded by t h e i r  s i d e s ,  and a l s o  p o t e n t i a l l y  

p ro tec ted  from wave ac t ion .  I n l e t s ,  o r  deep concav i t i e s ,  a r e  

o f t e n  shaded by overhanging rocks and t r e e s ,  and u s u a l l y  

p ro tec ted  from d i r e c t  wave swel ls .  Conversely, po in t s  o r  

headlands exposed t o  heavy s u r f  a r e  g e n e r a l l y  unshaded. Boulder 

f i e l d s  o f f e r  p r o t e c t i o n  from both  waves and i n s o l a t i o n  where 

A. - persona i s  o f t e n  found. 

Areas where A .  d i q i t a l i s  and A .  persona co-exis t  a r e  - - 
d i f f i c u l t  t o  d e f i n e  s i n c e  they  a r e  in te rmedia te  between t h e  

two previous ly  descr ibed  ca tegor ies .  These a r e a s  are mainly 

shores  i n  semi-exposed t o  semi-protected water ,  c h a r a c t e r i s t i c  

o f  l a r g e  sounds, s t r a i t s ,  and archipe lagos .  For example! 

ex tens ive  a r e a s  of  over lap  between t h e  two spec ies  were noted 

throughout Barkley Sound and on San Juan I s l a n d  (Fig. 1). both  

a r e a s  c o n s i s t i n g  of a l a b r y i n t h  of i s l a n d s .  

A t  some s t a t i o n s  v i s i t e d  on t h e  south  and e a s t  coas t  of 

Vancouver I s l a n d ,  no l impets  of  e i t h e r  spec ies  were p r e s e n t  

(Table 1). Reasons f o r  t h e i r  conspicuous absence were n o t  

c l e a r ,  s i n c e  t h e  s h o r e l i n e  supported l a r g e  ba rnac le  popula t ions  

and appeared t o  be  a s  h a b i t a b l e  a s  o the r  s t a t i o n s  which main- 

t a i n e d  dense l impet  populat ions.  



Micro-Habitat Dif ferences  

Wave a c t i o n  and i n s o l a t i o n .  The a b s o l u t e  and r e l a t i v e  

abundances of both  spec ies  i n  t h e  v e r t i c a l  t r a n s e c t s  a t  t h e  

t h r e e  s tudy  si tes a r e  shown i n  Figs ,  9,10, and 11. These d a t a  

show prominent d i f f e r e n c e s  i n  t h e  h o r i z o n t a l  d i s t r i b u t i o n s  of  

A. persona and A. d i g i t a l i s  along g r a d i e n t s  i n  wave-action and - - 

i n s o l a t i o n .  

A t  V i c t o r i a  Breakwater (Fig. 9) both  A. d i g i t a l i s  and A. - - 

persona were p r e s e n t  on t h e  wave p ro tec ted  s i d e .  I n d i v i d u a l s  

of - A .  d i g i t a l i s  were found spread  over t h e  concre te  s u r f a c e ,  

as w e l l  a s  i n  v e r t i c a l  c rev ices .  However, A. persona was - 

confined s o l e l y  t o  t h e  v e r t i c a l  c rev ices  and was only  found 

i n  those  which r e t a i n e d  a d i s t i n c t  opening, a s  opposed t o  

being fused. On t h e  wave-exposed s i d e  o f  t h e  breakwater only  

A. d i q i t a l i s  was p resen t ,  and occurred mainly i n  t h e  crevices .  - 
A t  Limpet Po in t  (Fig. 10) only  5. d i q i t a l i s  was p r e s e n t  

on wave-exposed s u r f a c e s ,  whi l e  A .  persona was confined t o  t h e  - 

two prominent concavi t ies .  The r e l a t i v e  abundance of  A. d i q i -  - 

t a l i s  decreased towards t h e  i n n e r  reaches of  concav i t i e s  where 

A. persona occurred. Only 5 .  persona was p r e s e n t  a t  t h e  inner-  - 

most p o r t i o n  of  one concavity.  

A t  M i l l s  Cove (Fig. 11) t h e  same t r end  i s  obvious. A. 



Figure 9. Relative abundance of A. persona and A. d iq i t a l i s  - - 

i n  ver t ica l  transects a t  Victoria breakwater. (The 

thickness of the breakwater i s  not drawn t o  scale .)  



ENTRANCE 



Figure  10. Limpet popula t ions  i n  r e l a t i o n  t o  s h o r e l i n e  

a t  Limpet Po in t ,  Barkley Sound. Shore l ine  

mapped i s  t h e  p r o f i l e  of v e r t i c a l  s u r f a c e s  

a t  t h e  t r a n s e c t  b a s e l i n e ,  roughly mean h igh  

water  l eve l .  A s t e r i s k  r e p r e s e n t s  t h e  s i t e  

of  t r a n s p l a n t  experiments. 
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Figure  11. Limpet populat ions i n  r e l a t i o n  t o  s h o r e l i n e  

a t  M i l l s  Cove, Barkley Sound. Shore l ine  mapped 

r e p r e s e n t s  v e r t i c a l  s u r f a c e s  a t  b a s e l i n e  l eve l .  





d i q i t a l i s  occurred a lone  a t  t h e  seaward end of each w a l l ,  and 

i t s  r e l a t i v e  abundance g radua l ly  decreased towards t h e  i n n e r ,  

o r  shoreward, end. Conversely, t h e  r e l a t i v e  abundance of A .  - 

persona  inc reased  towards t h e  i n n e r  end of  each w a l l .  

However, a t  M i l l s  Cove t h e r e  was a l a r g e  d i f f e r e n c e  b e t -  

ween t h e  d i s t r i b u t i o n  of A. Persona on t h e  south  facin~ and - 

n o r t h  fac ing  w a l l ,  i n d i c a t i n g  t h a t  i n s o l a t i o n  i s  more c l o s e l y  

c o r r e l a t e d  wi th  t h e  d i s t r i b u t i o n  of  A .  persona than wave a c t i o n .  - 

While t h e  populat ion of  A. persona extended t o  almost t h e  sea- - 

w a r d  extreme of  t h e  nor th  fac ing  w a l l ,  it d i d  n o t  extend be- 

yond a t h i r d  of t h i s  d i s t a n c e  on t h e  south  fac ing  wal l .  I n  

a d d i t i o n ,  t h e  r e l a t i v e  abundance of A. persona g r a d u a l l y  de- - 

creased toward the seaward end of t h e  nor th  fac ing  w a l l ,  b u t  

dropped o f f  suddenly on t h e  sou th  fac ing  wa l l .  This  sudden 

drop-off roughly corresponded w i t h  t h e  l i m i t  of t r e e s  above 

t h e  l impets  on t h e  nor th  fac ing  w a l l ,  t h e  absence of t h e s e  t r e e s  

i n c r e a s i n g  i n s o l a t i o n .  

Also,  a t  V i c t o r i a  breakwater,  i f  wave a c t i o n  were more 

impor tant  than  i n s o l a t i o n ,  one would expect t h e  occurrence of  

A. persona on su r faces  anywhere on t h e  wave-protected s i d e .  - 
However, - A. persona i s  confined s o l e l y  t o  c rev ices  on t h e  pro- 

t e c t e d  s i d e .  A s  mentioned e a r l i e r ,  t h e s e  c rev ices  were shaded, 



even when both  s i d e s  of t h e  breakwater were exposed t o  d i r e c t  

s u n l i g h t .  

I n t e r t i d a l  heiqht .  The r e s u l t s  of r e p r e s e n t i t i v e  v e r t i c a l  

t r a n s e c t s  on t h e  p ro tec ted  s i d e  of  V i c t o r i a  Breakwater a r e  shown 

i n  Fig.  1 2 .  Where - A.  persona and A. d i q i t a l i s  co-exis t  i n  - 

c rev ices  t h e i r  populat ions have s l i a h t l v  d i f f e r e n t  v e r t i c a l  

p o s i t i o n s .  The peak populat ion d e n s i t y  of - A. d i q i t a l i s  i s  a t  

a lower v e r t i c a l  p o s i t i o n  than A. - persona. Also,  A. persona - 

extends h igher  than - A. d i q i t a l i s ,  and A. d i q i t a l i s  extends - 

lower than  - A. persona. The g radua l  s h i f t  upwards i n  each 

s p e c i e s  towards t h e  seaward end of t h e  breakwater i s  a r e s u l t  

o f  inc reas ing  wave exposure. The v e r t i c a l  range of  A. d i q i t a l i s  - 

appars t~ be t h e  same w h t h z r  o r  not A. perscma is a l so  pre- - 

s e n t  i n  t h e  crevice .  

A t  t h e  breakwater,  t h e  upper l i m i t  o f  each s p e c i e s  was 

measured i n  every c r e v i c e  where both  spec ies  co-existed.  This  

w a s  done by tak ing  t h e  d i s t a n c e  t o  t h e  h i g h e s t  i n d i v i d u a l  o f  

each s p e c i e s  from t h e  t o p  of  t h e  concre te  wa l l .  These r e s u l t s  

w e r e  p l o t t e d  as l i n e a r  r eg ress ions  (Fig. 13) .  The s l o p e  of  

t h e s e  l i n e s  aga in  i n d i c a t e s  t h e  e f f e c t  of inc reas ing  wave ex- 

posure which d i sp laces  t h e  populat ions upward. The d i f f e r e n t  

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

upper limits of both  spec ies .  A s t u d e n t ' s  t - t e s t  was used t o  



Figure 1 2 ,  Abundance of both species i n -  e r t ica l  transects 1 
i n  crevices where both species occurred and 

crevices where only - A. d igi ta l is  occurred a t  

Victoria breakwater. Crevice numbers increase 

towards the seaward end of the breakwater. 





Figure 13. Upper l imits of both species a t  Victoria 

breakwater. "Distance from top" refers  t o  

the distance from the top of the breakwater. 



I,,, I !  



t e s t  t h e  d i f f e r e n c e  between t h e  two i n t e r c e p t s  a f t e r  t h e  method 

of  Simpson, -- e t  a l .  , (1960). The upper l i m i t  of - A. persona was 

s i g n i f i c a n t l y  h igher  than - A ,  d i q i t a l i s  (p  < .01) .  

Resul t s  from t r a n s e c t s  a t  M i l l s  Cove (Barkley Sound) a r e  

shown i n  Fig.  14. These r e s u l t s  d i d  no t  r e f l e c t  t h e  same v e r t -  

i c a l  d i s t r i b u t i o n s  found a t  V i c t o r i a  Breakwater, N o  difference 

between t h e  upper l i m i t s  of  t h e  two s p e c i e s  was apparent.  How- 

ever ,  on t h e s e  v e r t i c a l  s u r f a c e s ,  - A ,  d i q i t a l i s  u s u a l l y  extended 

lower than - A. persona. 

Upper and lower l i m i t s  of  bo th  s p e c i e s  were a l s o  de te r -  

mined a t  Cedar Cove and Helby I s l a n d  i n  Barkley Sound (Fig. 15) 

using an eye l e v e l  and s u r v e y o r ' s  pole.  Where populat ions of 

A. persona and &. d i q i t a l i s  cs-existed oil v e r t i c a l  s u r f a c e s  - 

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e i r  upper limits. I n  

t h e  a d j a c e n t  boulder  f i e l d  a t  Cedar Cove, however, t h e  upper 

l i m i t  of  - A. persona w a s  s i g n i f i c a n t l y  lower than t h e  upper 

l i m i t  of - A ,  persona on t h e  v e r t i c a l  su r faces  a t  t h e s e  same 

a reas .  Lower l i m i t s  a t  t h e s e  a r e a s  v a r i e d  a g r e a t  d e a l  and 

were d i f f i c u l t  t o  determine accura te ly .  Nevertheless ,  popula- 

t i o n s  of - A. persona a l s o  seemed t o  extend lower i n  t h e  boulder 

f i e l d s  than  on v e r t i c a l  su r faces ,  

The whole v e r t i c a l  range of - A. persona,  t h e r e f o r e ,  appears 

t o  be s h i f t e d  downward i n  t h e  boulder  f i e l d s .  A t  M i l l s  Cove 



Figure  14. V e r t i c a l  d i s t r i b u t i o n  and popula t ion  s i z e  of 

A. persona (dark) and A. d i g i t a l i s  ( l i g h t )  on - - 

t h e  nor th  fac ing  w a l l  a t  M i l l s  Cove. 





Figure  15. Upper and lower l i m i t s  o f  A .  persona  (dark)  - 

and A .  d i q i t a l i s  ( l i g h t )  i n  bou lde r s  and on - 
a d j a c e n t  fused rocks  a t  Cedar Cove and Helby 

I s l a n d ,  Barkley Sound. I n  bou lde r s  a t  Helby 

I s l a n d ,  on ly  t h e  lower l i m i t  o f  A. persona  - 

could b e  measured. 
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and Cedar Cove, t h e  incoming t i d e  would begin  covering t h e  

popula t ion  of  - A. persona i n  t h e  boulders  w e l l  b e f o r e  it reached 

t h e  populat ion o f  A. persona and - A. d i q i t a l i s  on t h e  ad jacen t  

v e r t i c a l  rocks.  I n  a d d i t i o n ,  near  t h e  lower l i m i t  of A. per- - 
sona i n  boulder  f i e l d s ,  i n d i v i d u a l s  of  A. persona were found - 

. .: LL 
.L.-LIIIU i i i t 5 i v i G u a i a  uTC g. scutum, a l impet  c h a r a c t e r i s t i c  

of  t h e  middle i n t e r t i d a l  zone (Tes t ,  1945). On v e r t i c a l  sur -  

f aces ,  only  5.  d i q i t a l i s  sometimes extended down t o  t h e  upper 

l i m i t  o f  - A, scutum. 

The d a t a  from V i c t o r i a  breakwater i n d i c a t e s  t h a t  i n  some 

a r e a s  t h e  upper l i m i t  of  A. persona may exceed t h a t  of A .  d i g i -  - 

ta l i s .  This  p a r t i c u l a r  i n s t a n c e  appeared t o  be  t h e  r e s u l t  of 

A. persona a t t a i n i n g  much l a r g e r  s i z e s  than  A. d i q i t a l i s ,  - - 

thereby i n c r e a s i n g  i t s  a b i l i t y  t o  wi ths tand t h e  d e s i c c a t i o n  

experienced a t  h igher  t i d a l  l e v e l s  (discussed below), S ince  

A. persona seems t o  grow c o n s i s t e n t l y  l a r g e r  than  A. d i q i t a l i s ,  - - 

v e r t i c a l  d i s t r i b u t i o n s  s i m i l a r  t o  those  a t  V i c t o r i a  breakwater 

may be  common elsewhere. 

To summarize, most of t h e  evidence presented  above i n d i -  

c a t e s  t h a t  where both  spec ies  co-exis t  on s o l i d  rock  s u r f a c e s ,  

t h e  v e r t i c a l  range of &. persona l i e s  w i t h i n  t h a t  of - A. d i q i t a l i s .  

Both spec ies  have t h e  same upper l i m i t ,  b u t  5.  d i q i t a l i s  extends 

lower than - A .  persona. I n  boulder  f i e l d s ,  t h e  v e r t i c a l  range 
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of A. persona i s  lower than on v e r t i c a l  rock su r faces .  - 

Subs t ra te .  The p o s s i b l e  i n f l u e n c e  o f  s u b s t r a t e  t e x t u r e  

on t h e  d i s t r i b u t i o n s  o f  A. persona and A. d i g i t a l i s  was in -  - - 

v e s t i g a t e d  a t  V i c t o r i a  breakwater. Here, two d i s t i n c t  sub- 

s t r a t e  types were evident :  t h e  smooth s u r f a c e  of  concre te ,  

and a rough s u r f a c e  l e f t  when t h e  o u t e r  l a y e r  of  concre te  

had eroded o r  broken away. When t r a n s e c t s  were taken  i n  cre- 

v i c e s  where both  s p e c i e s  occurred,  t h e  kind 'of s u r f a c e  each 

l impet  was on w a s  noted. Although A. d i q i t a l i s  was found on - 
both  kinds of su r faces  (25% on smooth), A. persona occurred - 
almost e x c l u s i v e l y  on t h e  smooth s u r f a c e  (97% on smooth). 

Except f o r  t h e  breakwater, w h e r e  c l e a r  substrate types 

could be  d i s t ingu i shed ,  t h e  e f f e c t  of  s u b s t r a t e  t e x t u r e  on 

l impet d i s t r i b u t i o n  was d i f f i c u l t  t o  a s s e s s  on n a t u r a l  rock 

su r faces .  However, i t  d i d  not  appear t o  b e  a f a c t o r  s i g n i f i -  

c a n t l y  r e l a t e d  t o  l impet d i s t r i b u t i o n s .  Most a r e a s  where only 

one s p e c i e s  occurred o f f e r e d  a s u b s t r a t e  s i m i l a r  t o  regions  

where both  spec ies  were found together .  

Another a s p e c t  of s u b s t r a t e  was t h e  d i f f e r e n c e  between 

v e r t i c a l  rock s u r f a c e s ,  where bo th  spec ies  were found, and 



boulder f i e l d s ,  where only - A. persona occurred. A s  descr ibed  

e a r l i e r ,  boulder  f i e l d s  d i f f e r e d  from v e r t i c a l  rocks i n  

o f f e r i n g  an e s s e n t i a l l y  h o r i z o n t a l  s u b s t r a t e  c o n s i s t i n g  of 

smooth rounded o r  f l a t t e n e d  rocks.  S ince  A. persona move under - 

boulders  when exposed t o  s u n l i g h t ,  I f e l t  t h a t  t h e  absence of 

A .  d i g i t a l i s  from the  hnl_?lder kakitzt ~I,-l;t 5s &it: iw ihe ab- - 

sence o f  t h i s  behavior ,  which appeared p e c u l i a r l y  adap t ive  t o  

t h i s  k ind  of s u b s t r a t e .  

To t e s t  f o r  t h i s  behavior i n  A. - d i g i t a l i s ,  15 l impets  of  

each s p e c i e s ,  c o l l e c t e d  from nearby v e r t i c a l  s u r f a c e s ,  were 

placed on t h e  t o p  s i d e  of a l a r g e  boulder  which was moved above 

t h e  t i d e  and i n t o  t h e  sun. Within f i v e  hours ,  a l l  o f  t h e  l i m -  

pets sf both  species had migrated t o  t h e  underside of  t h e  

boulder .  The a b i l i t y  t o  move underneath boulders  when exposed 

t o  t h e  sun i s  t h e r e f o r e  p resen t  i n  both  spec ies .  

Food. The p o s s i b i l i t y  t h a t  - A. persona and - A. d f q i t a l i s  

p r e f e r  d i f f e r e n t  a l g a l  foods whose d i s t r i b u t i o n  might corres-  

pond t o  t h e  d i s t r i b u t i o n s  o f  t h e  two l impets  was i n v e s t i g a t e d  

by examining t h e  a l g a l  remnants i n  t h e  feces  of  &. d i g i t a l i s  

and - A. persona c o l l e c t e d  from h a b i t a t s  where only  one spec ies  

occurred ,  and h a b i t a t s  where they  bo th  overlapped ( M i l l s  Cove, 

l a t e  August, 1970). The feces  were t eased  a p a r t  and examined 

under a  microscope. 



A comparison o f  t h e  f e c a l  m a t e r i a l  from t h e  t h r e e  d i f f e r -  

e n t  h a b i t a t s  d i d  no t  i n d i c a t e  any d i f f e r e n c e s  i n  food p re fe r -  

ences between t h e  two spec ies  o f  limpet. The major i d e n t i f i -  

a b l e  c o n s t i t u e n t s  of t h e  feces  were t h e  s i l i c i o u s  c a s t s  of 

diatoms. Although s e v e r a l  d i f f e r e n t  kinds were noted, t h e r e  

w a s  l a r g e  over l ap  between a l l  of  t h e  l impets  from each a rea .  

Community Associa tes .  The kinds of animals a s s o c i a t e d  

wi th  both  spec ies  of  l impet  were noted i n  many a r e a s  of Barkley 

Sound t o  determine i f  t h e r e  were d i f f e r e n c e s  between h a b i t a t s  

where - A. d i g i t a l i s  occurred a lone ,  a r e a s  where A. d i q i t a l i s  - 

and - A. persona overlapped, and a r e a s  where A. persona occurred - 
alone.  Only major d i f f e r e n c e s  i n  t h e  presence o r  absence of  

spec ies  were mted. 

Moving from exposed convex i t i e s ,  where only - A. d i q i t a l i s  

occurs ,  i n t o  semi-protected waters ,  where - A. persona and A. - 

d i q i t a l i s  co-exis t ,  l i t t l e  change occurs i n  t h e  community 

a s s o c i a t e s .  The ba rnac le  populat ion becomes t h i n n e r  i n  t h e  

more p ro tec ted  a reas .  I n  Barkley Sound p o t e n t i a l  b i r d  preda- 

t o r s  such a s  g u l l s ,  oys te rca tche r s ,  tu rns tones ,  and s u r f  b i r d s  

seemed t o  congregate on t h e  exposed, o r  convex, reg ions  of  

shore  a t  low t i d e  and on h o r i z o n t a l  sur faces .  

A l a r g e  d i f f e r e n c e  i n  community a s s o c i a t e s  i s  found be t -  

ween boulder  f i e l d s  where only  - A. persona occurs ,  and v e r t i c a l  



su r faces  of s o l i d  rock s h o r e l i n e ,  where t h e  two s p e c i e s  over- 

lap.  I n  boulder  f i e l d s  common animals were t h e  crab ,  Hemiqrapsus 

nudus, Idothea w. and another  u n i d e n t i f i e d  isopod,  polyclad 

flatworms , l a r g e  populat ions o f  t h e  herbivorous s n a i  1 Tegula 

f u n e b r a l i s ,  and t h e  c r a b  P e t r o l i s t h e s  9. Barnacles were 

spa r se .  o r  absen t  e n t i r e l y -  Only i n  one area T ~ g i ~ l a  fiin_ek.rslis 

co-exis ted w i t h  A. persona and A. d i q i t a l i s  on v e r t i c a l  su r faces .  - - 

Otherwise, none o f  t h e  above spec ies  were found i n  t h e  fused 

rock h a b i t a t s  where A. persona and A. d i q i t a l i s  both  occurred. - - 
These l a r g e  d i f f e r e n c e s  i n d i c a t e d  t h a t  A. persona i n  boulder  - 

f i e l d s  l i v e  i n  a k ind  of i n t e r t i d a l  community very  d i f f e r e n t  

from t h a t  on v e r t i c a l  rocks where A. persona and A. d i q i t a l i s  - - 

occurred. 

Some o f  t h e  animals i n  t h e  boulder  f i e l d s  may be important  

as l impet  predators .  A c r a b  s i m i l a r  t o  H. nudus, Pachyqrapsus - 

c r a s s i p e s  , has been observed e a t i n g  l impets  (Test ,  1945 ; Chapin, 

1968; Stimson, 1968). Flatworms have a l s o  been observed e a t i n g  

A. d i q i t a l i s  (Frank, 1965). I n  a d d i t i o n ,  mink, b e a r ,  and ra- - 

coon were o f t e n  seen i n  boulder  f i e l d s  tu rn ing  over rocks f o r  

food. However, i t  i s  no t  known i f  they e a t  l impets.  

The l a r g e  populat ions of  Tequla f u n e b r a l i s  i n d i c a t e d  a 

p o t e n t i a l  competitor wi th  l impets  f o r  food. 

t h e  l impets ,  a l s o  feeds on microscopic a l g a e  

This  s n a i l ,  l i k e  

(Best,  1964). 



I t  i s  p o s s i b l e  t h a t  t h e s e  d i f f e r e n t  animals i n  boulder  

f i e l d s  compared t o  s o l i d  v e r t i c a l  su r faces  may prevent  popula- 

t i o n s  of A. d i g i t a l i s  from e x i s t i n g  i n  t h e  boulder  h a b i t a t .  

Fresh Water. I n  a r e a s  of  high r a i n f a l l ,  c e r t a i n  regions  

of  s h o r e l i n e  w i l l  r e c e i v e  l a r g e  amounts of f r e s h  water  run-off 

and in ~ 2 ~ 7 ~ s  protCsctCsd w a t e r s  t h i  c: fresh y?f_e_r Ez:r remzjfi 2 s  1 

l a y e r  on t h e  su r face .  The e f f e c t s  of  t h i s  f r e s h  water  on t h e  

h igh  i n t e r t i d a l  marine community may determine t h e  d i s t r i b u t i o n  

of  some organisms depending on t h e i r  t o l e r a n c e  t o  low s a l i n i t y  

and t h e i r  a b i l i t y  t o  osmoregulate. 

Regions of s h o r e l i n e  where only - A. persona occurs  appear  

t o  r e c e i v e  a g r e a t e r  amount of  f r e s h  water  a s  run-off than  

s h o r e i i n e  support ing popuiat ions o f  - A. d i q i t a l i s  . For exampf e ,  

t h e  i n n e r  reaches of l a r g e  i n l e t s ,  w i th  a t r e e  l i n e d  shore  and 

ve ry  p r o t e c t e d  water ,  o f t e n  con ta in  permanent streams on t h e  

shore  (e.g. Grappler I n l e t ,  ~ u l i a  Passage, Duke P t . ) .  Also,  

t h e  i n n e r  reaches of some concav i t i e s  a r e  cha rac te r i zed  by f r e s h  

wa te r  seepage. Boulder f i e l d s  may a l s o  c o l l e c t  more f r e s h  water  

a t  low t i d e  because of t h e i r  h o r i z o n t a l  aspect .  

Observations during rainstroms i n  Barkley Sound supported 

t h i s  hypothesis .  Many A. persona were found d i r e c t l y  i n  run- 

o f f  s t reams and pools both  i n  boulder  f i e l d s  and t h e  i n n e r  

reaches  of smal l  concav i t i e s ,  where t h e r e  were no - A. d i g i t a l i s .  



I n  J u l i a  Passage,  Barkley Sound, 5. per sona  w e r e  found nea r  

a l a r g e  w a t e r f a l l  o u t l e t .  There  were no A. d i g i t a l i s  p r e s e n t  - 

(Table 1). 



111. EXPERIMENTAL STUDIES OF FACTORS CAUSING HABITAT DIFFERENCES 

BETWEEN - A. persona and - A. d i q i t a l i s  

The h a b i t a t  s t u d i e s  (above) revealed  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  h o r i z o n t a l  d i s t r i b u t i o n s  o f  A.  persona and A. d i q i -  - - 

t a l i s .  However, t h e  ques t ion  of what f a c t o r s  cause t h e  spec ies  

t o  maintain t h e s e  d i f f e r e n t  d i s t r i b u t i o n s  remains unanswered. 

S p e c i f i c a l l y ,  why i s  A, persona r e s t r i c t e d  from t h e  regions  of  

s h o r e l i n e  where only  - A ,  d i q i t a l i s  i s  found; and conversely,  why 

i s  A, - d i g i t a l i s  absen t  from t h e  h a b i t a t s  exc lus ive  t o  A. persona.  - 

One p o s s i b i l i t y  i s  t h a t  environmental f a c t o r s  a s s o c i a t e d  wi th  t h e  

d i f f e r e n t  h a b i t a t s  independently l i m i t  each spec ies .  

Micro-habitat  s t u d i e s  i n d i c a t e d  s e v e r a l  environmental fac- 

t o r s  which were c o r r e l a t e d  wi th  t h e  observed d i s t r i b u t i o n s  of 

each spec ies .  The main f a c t o r s  c o r r e l a t e d  w i t h  t h e  d i s t r i b u t i o n  

of  - A, persona were wave a c t i o n  and i n s o l a t i o n .  Where bo th  of  

t h e s e  f a c t o r s  inc reased ,  t h e  r e l a t i v e  abundance o f  A,  persona - 
decreased. Environmental f a c t o r s  c o r r e l a t e d  wi th  t h e  h o r i z o n t a l  

d i s t r i b u t i o n  of A. d i g i t a l i s  were t h e  degree of exposure t o  

f r e s h  water ,  t h e  presence of t h e  predatory  c r a b  Hemigrapsus 

nudus, and t h e  absence of  barnacles .  Where t h e  i n f l u e n c e  of 

f r e s h  water  appeared t o  i n c r e a s e  ( s h o r e l i n e  concav i t i e s  and 

boulder  f i e l d s )  t h e  r e l a t i v e  abundance of  - A, d i q i  t a  l i s  decreased 



Where ba rnac les  became s c a r c e  and t h e  predatory  crab ,  - H. -- nudus, 

w a s  abundant (boulder f i e l d s )  t h e  r e l a t i v e  

t a l i s  a l s o  decreased. 

F i e l d  and l abora to ry  experiments were 

mine which, i f  any, of t h e s e  environmental 

abundance of A. d i g i  - 

performed t o  d e t e r -  

f a c t o r s  a r e  c a s u a l l y  



1. F i e l d  experiments w e r e  performed a t  ~ i m p e t  P t . ,  Barkley 

Sound, t o  t e s t  independently f o r  t h e  e f f e c t s  of  wave-action 

and i n s o l a t i o n  ( d e s s i c a t i o n  and high temperatures)  on the 

s u r v i v a l  o f  - A .  persona. The experimental  procedure cons i s t ed  

o f  t r a n s p l a n t i n g  young - A. persona (5-7 mm) i n t o  a r e a s  where 

only  5. d i q i t a l i s  w a s  present .  The i r  s u r v i v a l  under condi t ions  

where wave a c t i o n  and i n s o l a t i o n  remained una l t e red  was then  

compared w i t h  t h e i r  s u r v i v a l  under condi t ions  where t h e  e f f e c t s  

o f  wave exposure and/or i n s o l a t i o n  were a r t i f i c i a l l y  el iminated.  

On a smal l  reg ion  o f  s h o r e l i n e ,  which was v e r t i c a l  and of  

uniform a s p e c t  (Fig. 10) , r ec tangu la r  enc losures  were cons t ruc t -  

ed w i t h i n  which t h e  young A. persona could b e  t r ansp lan ted .  

Enclosures were made of  s t r i p s  of  underwater epoxy "sea-goin 

poxy-putty"; Permal i te  P l a s t i c s ,  C a l i f o r n i a )  which were g lued  

. d i r e c t l y  t o  t h e  rock sur face .  A f t e r  t h e  epoxy s t r i p s  d r i e d ,  

they  w e r e  pa in ted  w i t h  a  t h i c k  c o a t  of  copper "ant i - foul ing"  

p a i n t .  Three l a r g e  enclosures ,  30 x  20 cm, were cons t ruc ted  

i n  t h e  upper h a l f  of t h e  v e r t i c a l  range of A. d i q i t a l i s .  I n  

a d d i t i o n ,  two smal l  square enclosures ,  10 x 10 cm, were con- 

s t r u c t e d :  one a t  t h e  l e v e l  of t h e  t h r e e  l a r g e  g r i d s ,  and one 

a t  t h e  lower l i m i t  o f  - A. d i q i t a l i s .  A l l  - A .  d i g i t a l i s  i n  each 



g r i d  were removed. 

The e f f e c t s  of  i n s o l a t i o n  on t r ansp lan ted  l impets  were 

e l iminated  i n  two ways. One was t o  p l a c e  a sea-water r e s e r -  

v o i r ,  c o n s i s t i n g  of  four  16 g a l l o n  p l a s t i c  con ta ine r s ,  above 

t h e  g r i d s .  This  sea  water  was then  dr ipped s lowly over one 

of t h e  g r i d s  t o  keep it w e t  during low t i d e  exposure (Fig. 16) .  

The r e s e r v o i r  w a s  f i l l e d  d a i l y  w i t h  f r e s h  seawater  using a 

g a s o l i n e  powered water  pump. 

The o t h e r  method w a s  t o  p lace  a plywood b a r r i e r  over an  

enclosure  t o  provide shade. A s  w e l l  as keeping t h e  a r e a  

underneath i n  cons tan t  shade, t h i s  a l s o  served  as a p r o t e c t i o n  

from wave a c t i o n  (Fig. 17) .  The plywood was 1/4 inch  t h i c k ,  

p a i n t e d  b lack  on i t s  underside,  and was app l i ed  t o  w i t h i n  2 

c m  o f  t h e  rock sur face .  I t  was a t t ached  using 3/8 inch  b o l t s  

were embedded i n  t h e  rock using masonry b o l t  anchors and epoxy 

cement. 

The e f f e c t s  of  wave a c t i o n  were separa ted  from those  of  

i n s o l a t i o n  by using both  t h e  plywood b a r r i e r  and t r a n s p a r e n t  

p l e x i g l a s s  b a r r i e r ,  1/2 i n c h  t h i c k  (Fig. 17) .  The p l e x i g l a s s  

b a r r i e r  was a t t ached  i n  t h e  same manner as t h e  board,  and b o l t s  

which supported t h e s e  b a r r i e r s  were placed on two of  t h e  t h r e e  

l a r g e  g r i d s ,  such t h a t  t h e  plywood and p l e x i g l a s s  b a r r i e r s  

could  be  interchanged between them t o  c o n t r o l  f o r  a g r i d  e f f e c t .  



Figure  16. Diagram o f  s e a  w a t e r  appa ra tus  used i n  t r a n s -  

p l a n t  experiments a t  Limpet Po in t .  
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~ i g u r e  17.  Opaque and t r a n s p a r e n t  wave barriers used 

i n  t r a n s p l a n t  exper iments  a t  Limpet P o i n t .  





2. Interspecif ic  differences i n  the a b i l i t y  t o  withstand 

desiccation were investigated i n  the laboratory by determining 

the ra tes  of water loss i n  the two species and the water re- 

taining capacity of the i r  shells.  The l a t t e r  involved a com- 

parison of (1) the re la t ive  height of each species (i .e.  a 

f l a t  re la t ive  t o  a t a l l  spire!  ; (7) t h ~ i  r she1 1  t h i  rkn-55, 

and (3 )  the i r  capacity for storing extra-visceral water (i. e. 

water stored i n  the mantle cavity and between the mantle and 

she l l ) .  

Rates of water loss were determined by simple weight- 

change experiments. Both species of limpet, c1.3 cm, were 

collected from Mil l ' s  Cove, Barkley Sound, and brought back 

t o  the iaboratory aquarium. After approximately 48 hours i n  

the aquarium limpets were placed i n  p las t i c  pe t r i  dishes and 

allowed t o  adhere. The excess sea water was then removed from 

the dish and from the limpet shel ls .  Each dish was weighed 

and placed i n  one of several large glass desiccators containing 

a s i l ica-gel  desiccant. Every dish was subsequently weighed 

a t  hourly intervals.  

After the experiment, the she l l  volume of each limpet was 

determined (see below) and the water los t  a t  each weighing 

in terval  was expressed as the percentage of the t o t a l  water 

i n  each limpet. 



To a s s e s s  t h e  water  r e t a i n i n g  capac i ty  o f  s h e l l s ,  l a r g e  

samples of  l impets  c o l l e c t e d  from Barkley Sound, inc luding  

l impets  from t h e  d e s i c c a t i o n  experiment, were measured f o r  

body weight ,  s h e l l  volume, s h e l l  weight ,  s h e l l  l eng th ,  and 

s h e l l  he igh t .  

A l l  l i n e a r  measurements were made wi th  a micrometer 

a c c u r a t e  t o  0.01 mm. S h e l l  volume was measured a f t e r  t h e  

method of  Segal  (1956) by f i l l i n g  i n v e r t e d  s h e l l s  wi th  benzene 

from a smal l  sy r inge  (accurage t o  0.01 c c )  . The d ry  weight of  

each l impet  was used a s  t h e  index o f  body s i z e ,  and t h i s  measure- 

ment, a s  w e l l  as s h e l l  weight,  w a s  made on a Met t l e r  a n a l y t i c a l  

balance.  

3 .  Surv iva l  of  - A .  d i q i t a l i s  i n  t h e  h a b i t a t s  of A. persona was - 
t e s t e d  by f i e l d  t r a n s p l a n t  experiments i n  which A. d i q i t a l i s  - 

w a s  t r ansp lan ted  i n t o  t h e  two kinds o f  h a b i t a t  where only  A. - 
persona occurs (boulder f i e l d s  and t h e  i n n e r  reaches of shore- 

l i n e  c o n c a v i t i e s ) .  Groups of  A. d i q i t a l i s  were t r ansp lan ted  - 
onto  boulders  a t  Mills Cove (Fig. 7 )  and i n t o  a l a r g e  shore- 

l i n e  concavi ty a t  Limpet Point .  

I n  boulders ,  two kinds of experiment were performed. I n  

one, t h e  s u r v i v a l  of' A. d i g i t a l i s  i n  t h e  presence of  A .  persona - 

was compared t o  i t s  s u r v i v a l  i n  t h e  absence of  A. persona. In 



t h e  o t h e r ,  t h e  s u r v i v a l  of  A. - d i g i t a l i s  t r a n s p l a n t e d  onto 

bo lde r s  w i t h  ba rnac les  was compared t o  t h e i r  s u r v i v a l  on smooth 

boulders.  A t  Limpet P o i n t ,  only one experiment w a s  performed 

comparing t h e  s u r v i v a l  of - A .  d i q i t a l i s  i n  t h e  presence and 

absence of A, - persona,  Two kinds  of  c o n t r o l s  were used i n  

each a rea .  One w a s  a n  ad jacen t  popula t ion of - A -  p~rcrnlr?_l l e f t  

undisturbed;  t h e  o t h e r ,  a group of - A ,  d i g i t a l i s  t r a n s p l a n t e d  

w i t h i n  t h e i r  own h a b i t a t .  

Enclosing populat ions of  t r a n s p l a n t e d  A. d i q i t a l i s  i n  

boulder  f i e l d s  w a s  a problem. I n i t i a l l y ,  p l a s t i c  window 

sc reen  w a s  made i n t o  bags,  which could b e  opened a t  one end, 

i n t o  which t h e  boulders  conta in ing  t h e  t r ansp lan ted  l impets  

were placed. fbrowever, the screen  proved t o o  f r a g i l e  and was 

u s u a l l y  r ipped  from t h e  rocks by wave ac t ion .  Also,  t h e  e x t r a  

handl ing r e q u i r e d  t o  remove t h e  boulder  i n  o rde r  t o  count t h e  

l impets  remaining each day causing some of t h e  l impets  t o  drop 

o f f  and crushed o the r s .  

A b e t t e r  method was t o  p l a c e  t h e  boulder  conta in ing  t h e  

t r a n s p l a n t e d  - A,  d i q i t a l i s  onto  a l a r g e  s h e e t  of p l a s t i c  sc reen  

(Fig, 18). This  appeared t o  b e  e f f e c t i v e  i n  prevent ing l impets  

from migra t ing  t o  o r  from t h e  boulder  and allowed o t h e r  animals 

i n  t h e  community access  t o  t h e  t r ansp lan ted  populat ion.  How- 

ever ,  t h e  p l a s t i c  screen  was o f t e n  r ipped by t h e  a b r a s i v e  a c t i o n  



Figure  18. Screen enclosures  used i n  t r a n s p l a n t s  a t  

Mills Cove. (Boulder a t  l e f t  c e n t e r  conta ins  

t r a n s p l a n t e d  l impets .  ) 





of the rocks and waves. I n  l a t e r  experiments,  s t a i n l e s s  s t e e l  

sc reen  was c u t  i n t o  l a r g e  squares  and s u b s t i t u t e d  f o r  t h e  p l a s t i c  

screen.  

The enclosures  f o r  l impets  t r a n s p l a n t e d  t o  Limpet P o i n t  

as w e l l  a s  c o n t r o l  enclosures  f o r  t r a n s p l a n t i n g  - A. d i g i t a l i s  

within t h ~ i  r nwn hahi tat, were cnn~t~l~ct-d nf epnx17 3116 ccnnay 
TE -- 

p a i n t  ( see  above) . 

4. To compare t h e  t o l e r a n c e  of  - A. persona and - A. d i g i t a l i s  

t o  f r e s h  water ,  l a r g e  numbers of  bo th  l impet  s p e c i e s  were col -  

l e c t e d  from M i l l s  Cove, Barnfield and submerged f o r  24 hours i n  

a bucket of  sea  water .  A l l  l impets  were between 10 and 15 cm. 

The l impets  were placed upside down i n  p repara t ion  d i shes  which 

were f i l l e d  w i t h  f r e s h l y  c o l l e c t e d  r a i n  water  (8'~). A f t e r  10 

hours  had e lapsed ,  15 l impets  o f  each s p e c i e s  were r e tu rned  

t o  sea  water  a t  hour ly  i n t e r v a l s  u n t i l  15 hours had elapsed.  

The percentage recovery i n  each o f  t h e s e  groups was then  de te r -  

mined a f t e r  12 hours i n  sea  w a t e r .  The maximum time of  15 hours 

was chosen because no l impets  survived beyond t h i s  t ime i n  a 

p i  l o t  experiment performed previously.  

S ince   amf field was experiencing a prolonged ra ins to rm 

when t h e  experiment was c a r r i e d  o u t ,  observa t ions  were a l s o  

made i n  t h e  f i e l d  of l impets  experiencing f r e s h  water  run-off 



i n  streams and pools. 

5 .  Experiments were performed t o  test  whether t h e  crab, 

H. nudus , w i l l  e a t  limpets on smooth boulders and whether they - 
show a preference between A. d i q i t a l i s  and A .  persona. Three - 
small smooth boulders were placed i n  a p l a s t i c  pan f i l l e d  

approximately one inch deep wi th  sea water. Several  small 

individuals  of - A .  persona and A .  d i q i t a l i s  (approx. 5 mm) were - 

then placed on these  boulders and allowed t o  adhere. Three 

crabs ,  measuring approximately 2 3  mrn across  t h e  carapace, were 

then placed i n  t he  t r a y  and l e f t  undisturbed for  24 hours. 

This experiment was repeated th ree  times, replacing eaten 

limpets,  bu t  using t h e  same crabs each day. 



RESULTS 

F i e l d  Experiments: E f f e c t s  of Wave-Action and I n s o l a t i o n  

on A. persona - 

E f f e c t s  of t r a n s p l a n t i n q  procedure. To determine t h e  

i n i t i a l  m o r t a l i t y  caused by t h e  t r a n s p l a n t i n g  method, t h r e e  

groups of  20 A. persona were marked wi th  p a i n t  and moved from - 

t h e i r  boulder  h a b i t a t  a t  M i l l s  Cove t o  an  a d j a c e n t  v e r t i c a l  

s u r f a c e  where o t h e r  A. persona were p resen t .  Thei r  s u r v i v a l  

was as sessed  d a i l y  f o r  a per iod  of  four  days. 

Resul t s  i n d i c a t e d  t h a t  t h e  t r a n s p l a n t i n g  procedure accounted 

f o r  up t o  30% of t h e  i n i t i a l  l o s s e s  (Fig. 19) .  These da ta  

served a s  a c o n t r o l  t o  compare w i t h  t h e  t r a n s p l a n t s  a t  Limpet 

Point .  

Surv iva l  i n  w e t  and d ry  enclosures .  I n t o  each of  t h r e e  

l a r g e  enclosures  a t  Limpet Po in t ,  20 A. persona were t r ansp lan ted .  

Enclosure 2 ( g r i d  numbers i d e n t i f i e d  i n  Fig. 16)  w a s  kept  wet 

by dr ipping  sea  water ,  whi le  enc losures  1 and 3 remained un- 

a l t e r e d .  

I t  i s  c l e a r  t h a t  l impets  survived b e t t e r  i n  t h e  wet g r i d  

than  i n  t h e  two una l t e red  enclosures  (Fig. 20A). Surv iva l  of  

l impets  i n  t h e  wet enclosure w a s  s l i g h t l y  h igher  than  t h e  



Figure  19. Surv iva l  of c o n t r o l  t r a n s p l a n t s  of A. persona - 
moved from boulders  a t  Mi l l s  Cove t o  an a d j a c e n t  

v e r t i c a l  s u r f a c e  where o t h e r  A. persona ex i s t ed .  - 

E3ch p o i n t  r e p r e s e n t s  t h e  average s u r v i v a l  f o r  

t h r e e  groups of 20  i n d i v i d u a l s ;  v e r t i c a l  b a r  

r e p r e s e n t s  range. 



1 2 3 4  

DAY 



Figure  20A Surv iva l  of  t r ansp lan ted  - A. persona i n  upper 

g r i d s  a t  Limpet Po in t  when enclosure  2 w a s  

kept  wet a t  low t i d e  d a i l y ,  and 1 and 3 were 

l e f t  unal te red .  

F igure  20B Surv iva l  o f  A. persona when t r a n s p l a n t e d  

i n t o  upper and lower enclosures  a t  Limpet 

Point .  





c o n t r o l  experiment (Fig. 1 9 ) ;  s u r v i v a l  i n  t h e  o t h e r  enc losures  

w a s  lower. 

To t e s t  whether t h e  h igh  m o r t a l i t y  i n  t h e  una l t e red  en- 

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

i n t e r t i d a l ,  two groups of l impets  were t r a n s p l a n t e d  i n t o  t h e  

upper smal l  square  enclosure and t h e  lower enclosure  r e spec t -  

i v e l y .  This  experiment was simultaneous wi th  t h e  previous one 

i n  t h e  l a r g e  enclosures ,  

Resu l t s  i n d i c a t e d  t h a t  s u r v i v a l  i n  t h e  lower enclosure  

was s i m i l a r  t o  t h e  upper enclosure  and t o  t h e  l a r g e  una l t e red  

enclosures  (Fig. 20). 

Surv iva l  i n  shaded and non-shaded enclosures.  I n  experi-  

ments sepa ra t ing  t h e  e f f e c t s  of wave a c t i o n  and i n s o l a t i o n ,  t h e  

plywood b a r r i e r  providing shade p l u s  wave p r o t e c t i o n  and t h e  

t r a n s p a r e n t  p l e x i g l a s s  b a r r i e r  providing wave p r o t e c t i o n  b u t  

no shade were a t t ached  t o  enclosures  2 and 3 r e spec t ive ly .  

Enclosure 1 remained unal te red .  Again, 20 A. persona were 

t r a n s p l a n t e d  i n t o  each g r i d .  This  experiment w a s  repeated  

four  t i m e s ,  in terchanging t h e  plywood and p l e x i g l a s s  b a r r i e r s  

a f t e r  t h e  second r e p e t i t i o n .  

The r e s u l t s  o f  t h e s e  experiments a r e  shown i n  Fig. 21  and 



Figure  21. Surv iva l  of  - A. persona under t h e  shaded board 

(a), t r a n s p a r e n t  p l e x i g l a s s  (o), and i n  t h e  

una l t e red  enclosure  (A) a t  Limpet Poin t .  

Opaque board and plexi-g lass b a r r i e r s  could 

be interchanged t o  c o n t r o l  f o r  a g r i d  e f f e c t .  



2 4 6 8 10 12 

DAY 



Figure  22.  Same as Figure 21, except  t h a t  t h e  p o s i t i o n s  

of t h e  plywood board and t h e  p l e x i g l a s s  were 

inter-changed. 





than  l impets  i n  t h e  o t h e r  enc losures ,  i n d i c a t i n g  t h a t  shade 

improved t h e  s u r v i v a l  of  - A .  persona more than  t h e  e l imina t ion  

o f  wave a c t i o n .  

The continued s u r v i v a l  of smal l  numbers of l impets  i n  t h e  

unshaded enclosures  was probably t h e  r e s u l t  o f  micro-habi tats  

w i t h i n  each enclosure ,  such a s  smal l  c rev ices  and moist  de- 

p ress ions  among ba rnac les ,  where a few l impets  maintained them- 

s e l v e s .  

Tolerance o f  Both Species  t o  Des icca t ion  

Rate  of water  l o s s .  Resu l t s  from t h e  d e s i c c a t i o n  experi-  

ments were p l o t t e d  a s  pe rcen t  water  l o s s  a g a i n s t  t ime f o r  each 

W,.,,,L liiiipet (Fig. 23). ~ A W S ~ L  fo r  the ear l ies t  and la tes t  port ions,  

t h e  curves f o r  i n d i v i d u a l  l impets  were l i n e a r ,  and t h e  s l o p e  

o f  t h e  l i n e  represented  t h e  r a t e  of  water  l o s s .  Therefore,  

t h e  s l o p e  o f  t h i s  l i n e  was c a l c u l a t e d  f o r  every l impet  and mult- 

i p l i e d  by t h e  appropr ia t e  f a c t o r  t o  g i v e  t h e  pe rcen t  water  l o s t  

p e r  hour. These d a t a  were p l o t t e d  a g a i n s t  s h e l l  volume, and 

r e g r e s s i o n  l i n e s  were f i t t e d  by t h e  l e a s t  squares  method (Fig. 

24 ) .  

The c o r r e l a t i o n  c o e f f i c i e n t s  f o r  both l i n e s  a r e  smal l  be- 

cause  o f  v a r i a b i l i t y  i n h e r e n t  i n  t h e  l impet popula t ion  (discus-  

s e d  below), and because of  l a r g e  sources of  experimental  



Figure 23. Per cent  water l o s t  a t  each weighing i n t e r v a l  

fo r  4 t y p i c a l  individuals  of - A. , persona (a) and 

A. d i g i t a l i s  (6) i n  the  des iccat ion experiments. - 
(number i n  brackets  i s  t he  s h e l l  volume of each 

ind iv idua l )  





Figure 24. Regressions of r a t e  of water loss  on s h e l l  volume 

fo r  the  two species. (A. persona, y =  1.252x+ 

15.49; - A .  d i q i t a l i s ,  y = 0 . 3 1 5 ~  t 5.68) 





v a r i a b i l i t y .  For example, some l impets  had a i r  t rapped be- 

nea th  t h e i r  s h e l l ,  thereby reducing t h e  amount o f  water  s to red .  

Despi te  t h e  g r e a t  v a r i a b i l i t y ,  t h e  r e s u l t s  i n d i c a t e d  t h a t  

s m a l l  A. persona l o s e  water  s i g n i f i c a n t l y  f a s t e r  than A. d i q i -  

t a l i s  of  comparable s i z e .  Using a s t u d e n t ' s  t - t e s t  (Simpson, 

e t  a 1  1960),  t h e  d i f f e r e n c e  between t h e  i n t e r c e p t s  of t h e  two - -, 
r eg ress ions  w a s  s i g n i f i c a n t  (p<001). 

S h e l l  Heiqht. The r e l a t i v e  h e i g h t s  of  t h e  s h e l l s  of t h e  

two s p e c i e s  were compared by p l o t t i n g  t h e  length  t o  h e i g h t  

r a t i o  of every l impet  a g a i n s t  i t s  s h e l l  volume (Fig, 25).  For 

any s h e l l  volume, t h e  h igher  t h e  r a t i o ,  t h e  f l a t t e r  t h e  l impet.  

S ince  l impets  a r e  e s s e n t i a l l y  con ica l ,  t h e  r a t i o  t h e r e f o r e  re-  

flects t h e  r e l a t i v e  s i z e  of t h e  s h e l l  per imeter ,  through which 

w a t e r  i s  l o s t  during des icca t ion ,  t o  t h e  s h e l l  volume. 

From Fig. 25 it i s  c l e a r  t h a t  f o r  a l l  s i z e s ,  5. persona 

i s  r e l a t i v e l y  f l a t t e r  than  A .  d i q i t a l i s .  But because t h e  r a t i o  - 
r a p i d l y  i n c r e a s e s  i n  s m a l l  A. persona (<0. 1 cc) t h e  d i f f e r e n c e  - 
i s  e s p e c i a l l y  g r e a t  among s m a l l  l impets.  Small A. d i q i t a l i s  - 

a r e  only  s l i g h t l y  f l a t t e r  than  l a r g e  A. d i q i t a l i s .  - 

S h e l l  th ickness .  I n t e r s p e c i f i c  d i f f e r e n c e s  i n  s h e l l  

th ickness  were determined by comparing reg ress ions  of s h e l l  

weight  on s h e l l  volume f o r  t h e  two spec ies  (Fig, 2 6 ) .  The 



Figure  25, R e l a t i v e  s h e l l  h e i g h t  of  A. persona and A. - - 

d i q i t a l i s .  Curves f i t t e d  by eye. 
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Figure  26.  Regressions of s h e l l  weight on s h e l l  volume 

(lower graphs ) i n d i c a t e  t h e  d i f f e r e n c e s  i n  

s h e l l  th i ckness  between t h e  2 spec ies .  Re- 

g ress ions  o f  d ry  weight on s h e l l  volume 

(upper graphs)  i n d i c a t e  t h e  d i f f e r e n c e s  i n  

e x t r a - v i s c e r a l  water  holding capaci ty .  

Erratum: 

Equations f o r  t h e  two bottom graphs should 

read  a s  follows: 

Bottom l e f t ,  Y = 0 . 7 8 ~  -t o.00a9 

Bottom r i g h t ,  Y = 0 . 6 0 ~  - 0.0074 



A. digitalis 

.2 .4 .6 
SHELL VOL (CC) 

A. persona 
.32 1 

.4 .8 1.2 
SHELL VOL (CC) 



s lopes  o f  t h e s e  l i n e s  were no t  s i g n i f i c a n t l y  d i f f e r e n t  (p'. 05) , 

i n d i c a t i n g  no d i f f e r e n c e  i n  s h e l l  th i ckness  between t h e  two 

species .  

Ext ra-v iscera l  water.  When t h e  i n t e r n a l  volume of t h e  

l impet  s h e l l s  w a s  p l o t t e d  a g a i n s t  t h e  d ry  weight of s o f t  p a r t s  

(body s i z e ) ,  no s i g n i f i c a n t  d i f f e r e n c e  was found between t h e  

two spec ies  (Fig. 26). Therefore,  i n d i v i d u a l s  of - A .  persona and 

A .  d i q i t a l i s  o f  t h e  same body s i z e  appear t o  have t h e  same - 
capac i ty  f o r  s t o r i n g  e x t r a - v i s c e r a l  water ,  However, from t h e  

sample of  - A .  d i g i t a l i s  measured, many were e l iminated  because 

t h e i r  gonads were w e l l  developed, which would g i v e  d ispropor t -  

i o n a t e l y  l a r g e r  va lues  f o r  body s i z e .  S ince  it i s  n o t  always 

c l e a r  when gonads a r e  developing; the results may show a greater 

s l o p e  than  r e s u l t s  from a populat ion wi th  completely regressed  

gonads. 

S u r v i v a l  o f  - A. d i q i t a l i s  i n  t h e  h a b i t a t s  of  - A. persona 

Boulder f i e l d  t r a n s p l a n t s .  I n  t h e  boulder  f i e l d s ,  mort- 

a l i t y  of  - A .  d i g i t a l i s  w a s  r a p i d  compared t o  c o n t r o l s  on both  

t h e  boulder  w i t h  - A, persona and wi thout ,  and t h e r e  was l i t t l e  

d i f f e r e n c e  between t h e  two (Fig. 27) .  Surviving - A .  d i q i t a l i s  

sought re fuge  i n  smal l  depressions and among small groups of 

ba rnac les  on each boulder.  Causes of t h e  r a p i d  m o r t a l i t y  w e r e  - 
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Figure  27. Experimental t r a n s p l a n t s  of  A. d i g i t a l i s  onto - 

smooth boulders  a t  Mills Cove. Each experiment 

terminated because t h e  sc reen  was t o r n  o f f  by 

wave a c t i o n  i n  a t  l e a s t  one of  t h e  enclosures .  

A. d i g i t a l i s  c o n t r o l s  (8), A. d i q i t a l i s  wi th  - - 

A. persona (e) , &. d i g i t a l i s  alone ( 0 ) .  (A, - 
30 i n d i v i d u a l s  t r ansp lan ted  pe r  enc losure ;  B 

& C,  15 i n d i v i d u a l s  pe r  enc losure)  





obscure, b u t  i n  s e v e r a l  experiments,  t h e  boulders  w i t h  t r a n s -  

p lan ted  l impets  were overturned by wave a c t i o n  whi le  t h e  

c o n t r o l  boulder  w i t h  - A. persona remained s t a t i o n a r y .  

S ince  t r ansp lan ted  l impets  sought r e fuge  among ba rnac le  

clumps and were found n a t u r a l l y  occurr ing  on some ba rnac le  

covered boulders ,  experiments were performed comparins t h e  

s u r v i v i a l  of  t r ansp lan ted  5. d i g i t a l i s  on boulders  wi th  barn- 

acles and boulders  without  barnacles .  These were compared 

w i t h  a  c o n t r o l  t r a n s p l a n t  nearby on a fused rock su r face .  

I n  a l l  t h r e e  experiments l impets  survived c o n s i s t e n t l y  

b e t t e r  on t h e  ba rnac le  covered boulders  than  on smooth boulders  

(Fig. 2 8 ) .  However, t h e  d i f f e r e n c e  was no t  g r e a t  between t h e  

twoc and m o r t a l i t y  was greater i n  53th popalations than t'ne 

con t ro l s .  

Limpet Po in t  t r a n s p l a n t s .  I n  a s h o r e l i n e  concavi ty a t  

Limpet Po in t ,  where only 6. persona occurs ,  5. d i g i t a l i s  

surv ived  w e l l  i n  t h e  presence and absence o f  A. persona.  A f t e r  - 

one month t h e r e  was a 30% m o r t a l i t y  of A. d i q i t a l i s  i n  t h e  en- - 
c l o s u r e  wi th  A. persona,  and 10% m o r t a l i t y  i n  t h e  enclosure  

wi thou t  - A. persona. Although m o r t a l i t y  of  &. d i g i t a l i s  was 

s l i g h t l y  h igher  i n  t h e  enclosure  w i t h  - A. persona,  t h e  presence 

o f  - A. persona d i d  not  seem t o  have an  e f f e c t  of t h e  s u r v i v a l  

o f  - A. d i q i t a l i s .  The observed m o r t a l i t y  was probably caused 



Figure 28. Experiments test ing the ef fec t  of barnacles on 

the survival of A. diq i t a l i s .  (A, Sept. 14-19; 

B, Sept. 29-Oct. 1; C ,  Oct. 1-12) 
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by des iccat ion s t r e s s ,  r e su l t i ng  from a long period of emer- 

gence and sunny weather, 

Tolerance of Both Species t o  Fresh Water 

The r e s u l t s  of t h e  f resh  water experiment were inconclu- 

the  surv iva l  of e i t h e r  species  d id  not drop below 90%. This 

g r e a t  discrepency with t h e  laboratory population i n  the  p i l o t  

experiment, where no individuals  survived f o r  15 hours,  may 

be  due t o  a lower to lerance  i n  t he  laboratory  population. This 

may have been due t o  an i n i t i a l l y  lower s a l i n i t y  of t he  body 

f l u i d ,  caused by lower s a l i n i t y  i n  t he  aquarium water. 

I n  t he  f i e l d  limpets of both species  do not move away 

from f r e sh  water,  bu t  ins tead ,  clamp down t h e i r  s h e l l s  t i g h t l y  

t o  t h e  rock sur face ,  minimizingthe penetra t ion of f r e sh  water 

i n t o  t h e i r  t i s sues .  This con t ras t s  with t h e i r  behavior on 

sunny days when limpets usual ly  maintain a space between t h e  

s h e l l  and t h e  rock t o  allow f o r  evaporative cooling (Segal and 

Dehnel, 1962). 

F i e ld  observations were cons i s ten t  wi th  the  hypothesis 

t h a t  where A, persona occurs alone the re  i s  more f r e sh  water - 
run-of f .  Many 6. persona were found d i r e c t l y  i n  run-off streams 

and pools both i n  boulder h a b i t a t s  and the  inner  reaches of 



smal l  concav i t i e s .  When l impets  were removed f r o m t h e s e  

pools and s t reams it w a s  noted t h a t  t h e i r  t i s s u e ,  a l though 

swollen compared t o l i m p e t s o u t  of  pools ,  was no t  swollen t o  

t h e  degree t h a t  t h e  experimental  animals manifested a f t e r  only  

a few hours i n  t h e  same water.  S ince  it had a l r e a d y  been r a i n -  

ing  downu behavior  i s  ve ry  e f f e c t i v e  i n  prevent ing t h e  invas ion  

of  f r e s h  water  and may enable  l impets  t o  wi ths tand very con- 

s i d e r a b l e  lengths  of  time i n  f r e s h  water  (e.g. one week's ex- 

posure t o  f r e s h  water  under n a t u r a l  condi t ions  may equal  t h e  

e f f e c t  o f  15 hours submersion on experimental  an imals) .  An- 

o t h e r  important  ques t ion ,  then ,  i s  whether t h e  h a b i t a t s  of  A. - 

persona experience prolonged enough exposure t o  f r e s h  water  t o  

have any e f f e c t  on l impet  s u r v i v a l  i n  e i t h e r  spec ies .  

C r a b  Predat ion  Experiments 

The r e s u l t s  of  t h e  t h r e e  p reda t ion  experiments a r e  shown 

i n  Table 2 ;  a c h i  square t e s t  was a p p l i e d  t o  t h e  t o t a l  numbers 

o f  each spec ies  ea ten  i n  a l l  t h r e e  experiments, wi th  t h e  n u l l  

hypothes is  t h a t  e i t h e r  spec ies  had a n  equal  p r o b a b i l i t y  of 

being eaten.  The crabs a t e  a s i g n i f i c a n t l y  g r e a t e r  number of 

A. - d i q i t a l i s  than A. persona,  consuming 72% of  t h e  A ,  d i g i t a l i s  - 



and 11% of  t h e  - A. persona. 

There a r e  s e v e r a l  reasons why t h e  crabs may p r e f e r  - A ,  

d i q i t a l i s ,  F i r s t l y ,  on smooth dark colored  boulders ,  cream- 

colored  - A. d i g i t a l i s  a r e  conspicuous compared t o  t h e  dark  

g reen  - A. persona.  On boulders  w i t h  acorn barnacles  - A. d i g i t a l i s  

i s  probably l e s s  conspicuous. Secondly, c rabs  appear  t o  g r a s p  

rough s h e l l e d ,  h igh  apexed l impets  l i k e  - A. d i q i t a l i s  more 

e a s i l y  than  t h e  smooth low s p i r e d  - A. persona (Stimpson, 1968). 

P reda t ion  by t h e s e  c rabs ,  t h e r e f o r e ,  may p a r t l y  account f o r  

t h e  absence o f  - A. d i g i t a l i s  from smooth boulders ,  



TABLE 2 

Numbers o f  A. persona  and A. d i q i t a l i s  
consumed b;~. - nudus i n  ex- 
per iments .  

Exp . # & .  aig. # & .  aig. # - A .  pers. # A. pers. 
eat en p r e s e n t  e a t e n  

I 5 9 0 6 
I1 6 10 1 11 
I11 10 10 2 10 

t o t a l  21  29 3 27 



IV .  COMPETITION FOR FOOD BETWEEN - A. persona and - A .  d i g i t a l i s  

F ie ld  experiments s imi la r  t o  those of Haven (1966) were 

performed t o  determine i f  competition .for food occurs between 

t h e  two species  i n  areas  where they co-exist .  

METHODS 

On v e r t i c a l  surfaces  where both A .  - persona and - A .  d i q i t a l i s  

co-existed and w e r e  abundant, four rec tangular  enclosures s i m i -  

l a r  t o  those described i n  sec t ion  I11 were constructed adjacent  

t o  one another. I n  one enclosure, a l l  of t he  limpets present  

w e r e  removed. This was termed t h e  grazer- f ree  enclosure. I t s  

purpose was t o  assess  t he  e f f e c t  t h a t  t he  limpets had on t h e  

a l g a l  growth. I n  another enclosure, a l l  of t h e  6. d i q i t a l i s  

present  were ind iv idua l ly  marked, and t h e i r  length was measured 

t o  t h e  neares t  millimeter using compass d ividers .  A l l  of  t he  

A. persona present  were removed. This process was repeated, - 
i n  a t h i r d  enclosure, marking the  - A. persona ins tead  and re- 

moving the  A. d i g i t a l i s .  I n  the  four th  enclosure, a l l  of t h e  

limpets of both species were ind iv idua l ly  marked and measured. 

The f i r s t  and four th  enclosures were controls .  

Every month, the  length of each marked limpet was measured 

and recorded. Also, t he  grazer-free p l o t  and t h e  other  p l o t s  



were examined f o r  a l g a l  growth and photographed. I n  t h i s  

way, t h e  growth o f  each spec ies  when t o g e t h e r  could b e  compared 

w i t h  t h e i r  growth i n  t h e  absence of t h e  o t h e r  s p e c i e s ,  and 

t h e  e f f e c t  of l impets  upon a l g a l  growth could b e  determined. 

Two experiments were s e t  up, one i n  February, 1970 a t  

rn - -7- .. 
L ~ U U  Zuve, Eamfieia ( ~ l g .  2 ) ,  t h e  second i n  June, 1970 a t  

Boulder Cove, Bamfield (Fig. 8 ) .  The dimensions of t h e  en- 

c losures  and t h e  average i n i t i a l  d e n s i t i e s  o f  l impets  a r e  g iven  

i n  Figs.  29 and 30. 

RESULTS 

Limpet growth i n  both  experiments i s  shown i n  Figs .  29 

and 30. Both experiments terminated a f t e r  only  four  months 

because of  excep t iona l ly  high m o r t a l i t y  from unknown causes 

which removed a l l  of t h e  l impets  i n  one of  t h e  four  enclosures .  

A t  Cedar Cove a l l  of  19 - A.  d i g i t a l i s  disappeared from an en- 

c l o s u r e  i n  June,  and a t  Boulder Cove a l l  of  8 - A. persona were 

gone from an enclosure  i n  October. The two experiments taken 

toge the r  i n d i c a t e  t h a t  no growth took p lace  i n  e i t h e r  spec ies  

from February t o  September. 

The g raze r - f ree  p l o t s  i n  each experiment d id  not  y i e l d  

any conclus ive  r e s u l t s .  A t  Cedar Cove, no a l g a l  upgrowth ap- 

peared i n  t h e  Spring. This  d i d  no t  appear t o  be  due t o  g r a z e r s  



Figure  29. Growth of l impets  i n  competit ion g r i d s  a t  Cedar 

Cove. S o l i d  l i n e  r ep resen t s  t h e  growth of  t h e  

s p e c i e s  when a lone ;  broken l i n e  r e p r e s e n t s  growth 

i n  t h e  presence o f  t h e  o t h e r  spec ies .  For each 

p o i n t ,  t h e  h o r i z o n t a l  bar i s  t h e  mean length  of 

a l l  l impets  of a spec ies  i n  t h e  enclosure ;  t h e  

v e r t i c a l  b a r  i s  t h e  95% confidence i n t e r v a l .  

Enclosures were 60 x 30 cm; t h e  average numbers 

of A. persona and A.  d i q i t a l i s  pe r  enc losure  - - 

a t  t h e  bes inning  of  the @xper imezt  ;;ere l9 aii3 

108 respec t ive ly .  
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Figure  30. Growth of  l impets  i n  competit ion g r i d s  a t  

Boulder Cove. See Figure 2 9  f o r  explanat ion.  

Enclosures were 60 x 30 cm; t h e  average 

i n i t i a l  numbers of A .  persona and A. d i q i t a l i s  - - 

w e r e  11 and 13 respec t ive ly .  
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e n t e r i n g  t h e  enclosure ,  s i n c e  none were ever  found i n s i d e  it 

a t  each month's census,  a l though some may have en te red  and 

l e f t  a t  high t i d e .  A t  Boulder Cove, a l s o ;  no a l g a e  appeared 

i n  t h e  g raze r - f ree  p l o t .  However, i n  t h i s  a r e a ,  t h e  enclosure  

was d e f i n i t e l y  no t  e f f e c t i v e  i n  prevent ing g r a z e r  immigration. 

Every month one t o  t h r e e  Tequla f u n e g r a l i s  were found i n  t h e  

enclosure  and removed. Only t h r e e  l impets  were found i n  t h i s  

g raze r - f ree  enclosure  throughout t h e  four  monbhs. The i n e f f e c t -  

iveness  of  t h i s  enc losure  i n  prevent ing g r a z e r  immigration, 

precluded any s ta tement  about t h e  e f f e c t s  of  t h e  l impets  on 

t h e  a v a i l a b l e  food, 

However, i n  e a r l y  October a l l  of  t h e  A. persona and A.  - - 

d i q i t a l i s  were removed from a n  enclosure  a t  M i l l s  Cove which 

was used previous ly  f o r  another  experiment. I n  one month, a  

s i g n i f i c a n t l y  g r e a t e r  growth of  a l g a e  w a s  coating t h i s  g r i d ,  

compared wi th  t h e  surrounding rocks.  Also,  i n  t h e  enclosures  

a t  Limpet Poin t  ( see  Sec t ion  111) , growths of a l g a e  i n  t h e  

absence of  l impets  were observed by October when t h e  surround- 

ing  rocks were s t i l l  bare .  



V. DISCUSSION 

Niche d i f f e r e n c e s  

The r e s u l t s  of  t h i s  s tudy i n d i c a t e  t h a t  d e s p i t e  t h e  ex- 

t e n s i v e  co-exis tence o f  A. persona and A. d i q i t a l i s  i n  t h e  - - 

high i n t e r t i d a l  community i n  B r i t i s h  ~ o l u m b i a ,  t h e r e  a r e  s i g n i -  

f i c a n t  h a b i t a t  d i f f e r e n c e s  between t h e  two species .  The most 

prominent d i f f e r e n c e s  observed were t h e  macro-habitat d i f f e r -  

ences r e l a t e d  t o  s h o r e l i n e  type, B r i e f l y  summarizing, A. - 

d i q i t a l i s  occurs a lone  on wave and sun exposed s h o r e l i n e ,  

t y p i c a l  of o u t e r  coas t  shores  and t h e  t i p s  of s h o r e l i n e  con- 

v e x i t i e s  i n  more wave-protected waters .  Extensive co-exist-  

ence between t h e  spec ies  i s  ev iden t  along s h o r e l i n e  g e n e r a l l y  

p ro tec ted  from d i r e c t  o r  prolonged wave and sun exposure. I n  

boulder  f i e l d s  and t h e  innermost reaches o f  t h e  s h o r e l i n e  con- 

c a v i t i e s  ( s h o r e l i n e  inden ta t ions  and i n l e t s ) ,  c h a r a c t e r i s t i c  

of l a r g e  sounds and s t r a i t s ,  only  A. persona occurs.  These - 

r e s u l t s  a r e  predominantly h o r i z o n t a l  d i f f e r e n c e s  between t h e  

I two s p e c i e s '  d i s t r i b u t i o n s ,  r a t h e r  than  t h e  more t y p i c a l  v e r t i c a l  

1 s e p a r a t i o n  between sympatric i n t e r t i d a l  animals,  inc luding  most 
E 
t 

spec ies  of  Acmaea (Test ,  1945) . 
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be t h e  most s i g n i f i c a n t  dimension of niche-separat ion between 

them, and along t h i s  dimension, t h e  two s p e c i e s  have p a r t i a l l y  

non-overlapping niches.  This  s p a t i a l  s e p a r a t i o n  r e s u l t s  i n  

t h e  p a r t i t i o n i n g  o f  food resources by t h e  two s p e c i e s ,  s i n c e  

por t ions  of each s p e c i e s '  populat ion w i l l  c o n s i s t e n t l y  g raze  

i n  d i f f e r e n t  a reas .  Therefore,  wi th  r e s p e c t  t o  t h e  c l a s s i c a l  

model of competi t ive exclus ion  (Hardin, 1960) ,  t h e s e  n iche  

d i f f e r e n c e s  a lone  may be  s u f f i c i e n t  t o  enable  both  s p e c i e s '  t o  

p e r s i s t  i n  what appears  t o  b e  a s t a b l y  co-exis t ing  r e l a t i o n s h i p .  

Ecological  s e p a r a t i o n  between t h e  s p e c i e s  may a l s o  occur 

along n iche  dimensions not  examined i n  t h i s  s tudy.  For example, 

behavior  p a t t e r n s  such a s  per iods  of  a c t i v i t y  may d i f f e r  f o r  

t h e  two spec ies  allowing them t o  p a r t i t i o n  t h e  use  o f  t h e i r  

food supply temporal ly ,  and s h a r e  t h i s  resource  by decreasing 

t h e  t o t a l  graz ing  p ressu re  a t  any time. Observations of  both  

spec ies  i n  ~ a l i f o r n i a  i n d i c a t e d  t h a t  A. d i g i t a l i s  feeds a t  - 
high t i d e  during t h e  day (Mil lard,  1968) ,  whi l e  A. persona i s  - 
noc tu rna l  (Test ,  1945). However, t h e s e  d i f f e r e n c e s  a r e  pro- 

bably  n o t  a s  g r e a t  i n  B r i t i s h  Columbia, where cloudy cool  

weather i s  more p reva len t .  I observed &. persona a c t i v e l y .  

feeding on overcas t  dim days. Also,  seasona l  and t i d a l  move- 

ments of  t h e  two spec ies  may d i f f e r  serv ing  t o  s e p a r a t e  them 



v e r t i c a l l y  i n  t h e  i n t e r t i d a l d u r i n g  some seasons.  Nothing i s  

known about seasona l  o r  t i d a l  movements i n  - A. persona ,  b u t  

A. d i q i t a l i s  does show prominent seasonal  migrat ions by moving - 

higher  i n t e r t i d a l l y  i n  t h e  win te r  (Frank, 1965 ; Breen, 1970; 

and Haven, 1971a).  I n  t h i s  s tudy,  l i t t l e  d i f f e r e n c e  was found 

between t h e  v e r t i c a l  ranges of t h e  two s p e c i e s ,  b u t  a l l  of t h e  

t r a n s e c t s  w e r e  done a t  low t i d e  during t h e  summer. Winter ob- 

s e r v a t i o n s  a t  Barnfield, however, d i d  i n d i c a t e  t h a t  seasonal  

changes a r e  s i g n i f i c a n t .  A t  M i l l s  Cove, t h e  v e r t i c a l  d i s t r i b -  
' i 

u t i o n s  of  both  spec ies  were no t i ceab ly  h igher  than i n  summer, ; 1 

and A. - persona appeared t o  b e  c o n s i s t e n t l y  h igher  than  A. d i g i -  - 

t a l i s .  

I n  genera l  t h e  h a b i t a t  d e s c r i p t i o n s  of  A. d i g i t a l i s  i n  - 

t h i s  s tudy  a r e  i n  c l o s e  agreement w i t h  previous s t u d i e s  of 

A. d i g i t a l i s  i n  c e n t r a l  C a l i f o r n i a  ( e s p e c i a l l y  Haven, 1970; - 

a l s o  T e s t ,  1946; and Fritchman, 1961).  That i s ,  t h e  primary 

h a b i t a t  of - A. d i g i t a l i s  ( h a b i t a t s  where i t  i s  most abundant) 

a r e  the v e r t i c a l  su r faces  of wave-exposed shore l ine .  

Hab i t a t  d e s c r i p t i o n s  of A.  persona,  however, expand upon - 

previous ly  publ ished information which was based mainly on 

I 

obse rva t iona l  evidence. T e s t  (1945) and F r i  tchman (1961) along I 
/ 

t h e  c e n t r a l  ~ a l i f o r n i a  c o a s t  descr ibed  - A. persona1 s n iche  a s  / 
I 

'I 
I 
i It 

I I 

s t eno top ic ,  confined s o l e l y  t o  dark c rev ices  prld t h e  roofs  of ,', 



caves. The information presented  i n  t h i s  s tudy ,  however, 

c l e a r l y  i n d i c a t e s  t h a t  a long some regions  of  shore ,  i n  t h e  

waters  of  southern  B. C . ,  5.  persona i s  more widely d i s t r i b u t e d  

and abundant, occurr ing  ex tens ive ly  i n  boulder  f i e l d s ,  a 

h a b i t a t  n o t  p rev ious ly  noted f o r  t h i s  s p e c i e s ,  and co-exis t ing 

with - A. d i q i t a l i s  on open rock su r faces .  Haven (1971b) a l s o  

observed t h e  widespread and g e n e r a l l y  abundant d i s t r i b u t i o n  

of  - A.  persona i n  P r ince  W i l l i a m  Sound, Alaska,. He noted t h a t  

towards wave-exposed s h o r e l i n e  6.  persona became much less 

abundant than  A .  - d i g i t a l i s ,  b u t  i n  more p r o t e c t e d  waters  A. - 
persona was t h e  dominant h igh  i n t e r t i d a l  l impet.  

S ince  c e n t r a l  C a l i f o r n i a  i s  near  t h e  southern  most l i m i t  

o f  t h e  geographic range of  A. persona (Fritchman, 1961),  t h e  

r e s t r i c t e d  h a b i t a t  descr ibed  f o r  t h e  s p e c i e s  may r e f l e c t  t h e  

e f f e c t s  of a g e n e r a l l y  l e s s  opt imal  environment. But it may 

a l s o  be an  e f f e c t  o f  broad d i f f e r e n c e s  i n  s h o r e l i n e  charac ter -  

i s t i c s  between t h e  c o a s t l i n e  south  of Juan de  Fuca s t r a i t  

(washington, Oregon, C a l i f o r n i a )  and nor th  of  i t  ( ~ r i t i s h  

Columbia, Alaska) .  South of t h e  s t r a i t ,  t h e  c o a s t l i n e  i s  

r e l a t i v e l y  unbroken, lacking t h e  f j o r d s  , i n l e t s ,  sounds, and 

archipe lagos  which c h a r a c t e r i z e  t h e  'north-west c o a s t l i n e  above 

t h e  s t r a i t .  A s  noted e a r l i e r ,  s h o r e l i n e  type  has  a s i g n i f i c a n t  



e f f e c t  on t h e  d i s t r i b u t i o n  of A. persona;  t h e  s h o r e l i n e s  of  - 

s t r a i t s ,  sounds, e t c .  , provide ample h a b i t a t s  i n  t h e  form of 

boulder  f i e l d s  and shore  concavi t ies .  S p e c i f i c a l l y ,  A. persona - 

may be  l e s s  common south of t h e  Juan de Fuca s t r a i t  because 

i t s  p r e f e r r e d  h a b i t a t  i s  l e s s  common. 

Another f a c t o r  which would l i k e l y  c0ntr ibut .e  t o  broadening 

t h e  n iche  of nor the rn  populat ions o f  A. persona i s  t h e  inc reased  - 

frequency of  cloudy and r a i n y  days along t h e  north-west c o a s t ,  

and t h e  f a c t  t h a t  towards nor thern  l a t i t u d e s  t h e  i n t e n s i t y  of 

s o l a r  r a d i a t i o n  decreases .  This  may h e l p  reduce d e s i c c a t i o n  

s t r e s s  o r  reduce t h e  tendency of A. persona t o  avoid l i g h t .  - 

From bo th  of  t h e s e  f a c t o r s ,  i t  seems reasonable  t o  conclude 

t h a t  - A. persona ,  a s  a s p e c i e s ,  i s  p r i m a r i l y  adapted t o  t h e  en- 

vironment uniquely c h a r a c t e r i s t i c  of  t h e  north-west c o a s t l i n e  

(Alaska, B. C. ) , where cloudy cool  weather and broken (wave- 

p r o t e c t e d )  s h o r e l i n e  a r e  common. I n  t h i s  environment, A. per- - 

sona i s  widespread and abundant ( e s s e n t i a l l y  e u r y t o p i c ) ,  and 

t h e r e f o r e  it  seems l i k e l y  t h a t  t h i s  r eg ion  i s  where A. persona - 

evolved, The n iche  of A. persona i n  C a l i f o r n i a  appears s teno-  - 

t o p i c  probably because t h e r e  i s  a g e n e r a l  l ack  of s u i t a b l e  

h a b i t a t ,  t h i s  being a func t ion  of t h e  i n t e r a c t i o n  o f  shore- 

l i n e  type  and weather,  r a t h e r  than  any d i f f e r e n c e  i n  t h e  s p e c i e s ,  

i t s e l f ,  i n  t h e s e  southern regions.  Fritchman (1961) r e f e r r e d  t o  



t h e  number of  niches a v a i l a b l e  t o  spec ies  of  Acmaea a s  being 

a funct ion  of t i d a l  a c t i o n  r a t h e r  than  l a t i t u d e .  The fore-  

going d i scuss ion ,  however, i n d i c a t e s  t h a t  l a t i t u d e  a s  w e l l  

can a f f e c t  t h e  number and s i z e  of a v a i l a b l e  niches.  

The primary h a b i t a t  t o  which A. - d i q i t a l i s  i s  adapted,  

v e r t i c a l  su r faces  of wave-exposed s h o r e l i n e ,  i s  abundant 

throughout t h e  geographic range of t h e  spec ies .  Thus, nor th  

of  C a l i f o r n i a ,  t h e  n iche  b read th  of t h i s  s p e c i e s  does not  

r e f l e c t  any s p e c i f i c  l a t i t u d i n a l  changes l i k e  those  mentioned 

above f o r  - A. persona. 

The ex tens ive  occurrence of - A. persona i n  boulder  f i e l d s  

has n o t  previous ly  been repor ted .  A. persona i s  t h e  only  

l impet  spec ies  occurr ing i n  t h e  middle t o  h igh  zones (Ricket t s -  

C a l v i n ' s  zone 1 and 2 )  of t h i s  h a b i t a t .  Conversely, ad jacen t  

fused rock s u r f a c e s  from mid t o  h igh  t i d a l  l e v e l s  con ta in  in -  

d i v i d u a l s  o f  - A. persona,  - A. d i q i t a l i s ,  - A. p e l t a ,  and - A. para-  

d i q i t a l i s .  The causes f o r  t h i s  d i f f e r e n c e  i n  l impet d i v e r s i t y  

between ad jacen t  h a b i t a t s  a r e  unclear .  Also,  t r a n s e c t  s t u d i e s  

i n d i c a t e d  t h a t  t h e  v e r t i c a l  d i s t r i b u t i o n  of - A.  persona i s  d i f -  

f e r e n t  f o r  boulders  than  f o r  ad jacen t  v e r t i c a l  su r faces .  

While - A.  persona does n o t  extend as h igh  on t h e  boulders  a s  

i t  does on fused rock s u r f a c e s ,  it does extend much lower i n  



boulders .  This  lower v e r t i c a l  l i m i t  i n  boulders  could p o s s i b l y  

r e s u l t  from t h e  absence of t h e  o t h e r  s p e c i e s  mentioned above 

allowing - A .  persona t o  u t i l i z e  t h i s  o therwise  "empty" niche.  

This would imply t h a t  t h e  presence of  t h e  o t h e r  s p e c i e s  on 

v e r t i c a l  s u r f a c e s  r e s t r i c t s  t h e  lower l i m i t  of  A. persona t h e r e ,  

perhaps by i n t e r f e r e n c e  competit ion f o r  space a s  demonstrated 

i n  o t h e r  l impets  (Stimson, 1968; Suther land,  1970).  This  hy- 

po thes i s  could b e  t e s t e d  by f i e  l d  experiment$. I n  g e n e r a l ,  i 
t h e  r e l a t i o n s h i p  of 5.  persona t o  t h e s e  two q u a l i t a t i v e l y  d i f -  

i f e r e n t  h a b i t a t s ,  boulder  f i e l d s  and fused rock s u r f a c e s ,  i s  I 

an  i n t e r e s t i n g  problem f o r  f u r t h e r  study. 

- 
E f f e c t s  of environment on t h e  n iches  of  both  spec ies  

When t h e  n iche  d i f f e r e n c e s  between A. persona and A. - - 
d i q i t a l i s  a r e  viewed from a community evolu t ionary  pe r spec t ive ,  

two important  ques t ions  remain t o  be  answered: (1) what s e l e c t -  

i v e  f a c t o r s  have caused and cont inue t o  cause t h e  spec ies  t o  

possess  t h e  d i s t i n c t  niches which they  have, and ( 2 )  a r e  

t h e s e  n iche  d i f f e r e n c e s  a necessary  condi t ion  f o r  t h e  continued 

presence of  both  s p e c i e s  i n  t h e  i n t e r t i d a l .  Here, competi t ion 

a s  a causa t ive  s e l e c t i v e  f a c t o r  becomes important ,  f o r  one 

b a s i c  school  of community evolu t ionary  thought s t a t e s  t h a t  



competit ion between s i m i l a r  spec ies  may p r e s e n t  s e l e c t i v e  

p ressu res  which cause t h e i r  nidhes t o  d iverge  o r  may a c t  t o  

maintain n iche  s e p a r a t i o n  between them (Mi l l e r ,  1967; Futuyma, 

1970). Therefore,  a l though t h e  n iche  d i f f e r e n c e s  between A .  - 

persona and - A .  d i q i t a l i s  a r e  c l e a r ,  t h e  important  ques t ion  of  

whether t h e i r  d i f f e r e n c e s  a r e  t h e  r e s u l t  o f  competi t ive i n t e r -  

a c t i o n  o r  t h e  r e s u l t  of o t h e r  s e l e c t i v e  f a c t o r s  remains unans- 

wered. 

This  problem can b e  approached by f i r s t  analyzing t h e  

degree t o  which t h e  observed niches of  both  spec ies  r e f l e c t  

independent e f f e c t s  of  environmental f a c t o r s ,  o t h e r  than com- 

p e t i t i o n ,  on t h e s e  spec ies  and subsequent ly analys ing  t h e  pos- 

s i b i l i t y  of competi t ive i n t e r a c t i o n  between them. 

Experimental evidence i n d i c a t e s  t h a t  t h e  observed h o r i -  

z o n t a l  d i s t r i b u t i o n  of A. - persona i s  p a r t i a l l y  accounted f o r  

by t h e  v u l n e r a b i l i t y  of  young i n d i v i d u a l s  of  t h i s  spec ies  t o  

d e s i c c a t i o n ,  and poss ib ly  temperature,  s t r e s s e s .  

The r e s u l t s  o f  f i e l d  t r a n s p l a n t  experiments a t  Limpet 

Po in t  i n d i c a t e d  t h a t  when t h e  e f f e c t s  of i n s o l a t i o n  were 

e l iminated  by a r t i f i c i a l l y  providing moisture  o r  shade, - A. 

persona could su rv ive  i n  t h e  convex, exposed a r e a s  where only  

A .  d i g i t a l i s  n a t u r a l l y  occurs.  p r o t e c t i n g  t h e  t r a n s p l a n t e d  - 



animals from wave f o r c e ,  a lone ,  d i d  n o t  improve t h e i r  s u r v i v a l .  

However, because wave a c t i o n  i s  no t i ceab ly  l e s s  severe  i n  t h e  

summer and f a l l ,  when t h e s e  experiments were performed, than  

i n  t h e  w i n t e r ,  t h e  e f f e c t s  of wave a c t i o n  could not  adequately 

b e  t e s t e d .  Conversely, t h e  e f f e c t s  of i n s o l a t i o n  a r e  much l e s s  

seve re  during t h e  win te r  when temperatures  a r e  lower and rocks 

remain w e t .  ~ o t h  o f  t h e s e  phys ica l  f a c t o r s  a r e  t h e r e f o r e  

dominant during d i f f e r e n t  seasons and may bo th  a f f e c t  t h e  

s u r v i v a l  o f  - A. persona.  

The r a p i d  m o r t a l i t y  of  - A. persona i n  unshaded enclosures  

i n d i c a t e d  t h a t  perhaps d e s i c c a t i o n  was only a n  i n d i r e c t  cause 

of l impet  deaths .  For example, t r a n s p l a n t i n g  l impets  from a 

shaded h a b i t a t  i n t o  a  sun exposed h a b i t a t  may a l t e r  t h e i r  be- 

hav io r ,  e i t h e r  causing them t o  move when they  should conserve 

water  o r  by a f f e c t i n g  t h e i r  hold  on t h e  rock. Even s t a t i o n a r y  

l impets  might l o s e  s u f f i c i e n t  water  t o  b e  removed by mild wave 

swe l l  b e f o r e  t h e  l e t h a l  l i m i t  o f  water  l o s s  i s  reached, s i n c e  

t h e  l i m p e t ' s  hold  on t h e  rock i s  weakened when t h e  animal i s  

s e v e r e l y  des icca ted .  From d a t a  on r a t e s  of water  l o s s ,  i t  

seemed p l a u s i b l e  t h a t  most of t h e  l impets  d i d  l o s e  s u f f i c i e n t  

water  e i t h e r  t o  cause dea th  o r  removal by waves w i t h i n  t h e  

f i r s t  24-48 hours. With an average exposure o f  8 hours b e t -  

ween each t i d e ,  and a  r a t e  of 8% water  l o s s  pe r  hour t h i s  



would amount t o  approximately 64% water  l o s s  a t  each emergence 

during t h e  day. Davies (1970) r e p o r t s  a l e t h a l  water  l o s s  o f  

about  50% f o r  P a t e l l a  vu lga ta ,  a h igh  i n t e r t i d a l  European 

l impet  . 
Temperature s t r e s s ,  a l s o ,  may be  a complementary e f f e c t  

of  i n s o l a t i o n  a f f e c t i n g  t h e  s u r v i v a l  o f  A. persona. Higher 

a e r i a l  temperatures and hea ted  rock s u r f a c e s  may d i r e c t l y  

a f f e c t  t h e  physiology of t h e  l impet.  O r  i n d i r e c t l y ,  t h e  l o s s  

of  water  by inc reased  d e s i c c a t i o n  s t r e s s  might decrease  t h e  

a b i l i t y  of t h e  l impet  t o  wi ths tand temperature s t r e s s ,  s i n c e  

l impet water  (both e x t r a - v i s c e r a l  and i n t e r n a l )  may a c t  a s  a 

temperature b u f f e r .  Segal  and Dehnel (1962) have shown t h a t  

t h e  e x t r a  v i s c e r a l  water  i n  Acmaea l ima tu la  funct ions  a s  a 

temperature b u f f e r .  

The g r e a t e r  r a t e  of water  l o s s  observed i n  A .  persona - 

i s  a l s o  c o n s i s t e n t  w i t h  t h e  hypothesis  t h a t  d e s i c c a t i o n  s t r e s s  

limits t h e  h o r i z o n t a l  d i s t r i b u t i o n  of A. persona,  prevent ing - 

i t s  es tabl i shment  i n  sun exposed a r e a s  where only A. d i q i t a l i s  - 
i s  found. 

Assuming t h a t  water  evaporates  equa l ly  f a s t  from t h e  

t i s s u e  of both  s p e c i e s ,  it seems probable t h a t  t h e  g r e a t e r  

r a t e  of water  l o s s  i n  smal l  A ,  persona i s  t h e  r e s u l t  of i t s  - 



low s p i r e  compared t o  A.  d i q i t a l i s  and l a r g e  A. persona,  in -  - - 
c reas ing  t h e  r e l a t i v e  s i z e  o f  t h e  s h e l l  per imeter  where water  

i s  l o s t .  The connection between s h e l l  h e i g h t  and r a t e  of 

water  l o s s  has  been observed by Davies (1970) and o t h e r s  ( see  

Segal ,  1958) f o r  t h e  European l impet ,  P a t e l l a .  However, pre- 

vious s t u d i e s  have almost  exc lus ive ly  compared t h e  a b i l i t y  t o  

wi ths tand d e s i c c a t i o n  between indiv idua  1s l i v i n g  h igh  i n  t h e  

i n t e r t i d a l  and i n d i v i d u a l s  l i v i n g  low i n  t h e  i n t e r t i d a l .  I t  

has not  previous ly  been noted t h a t  t h e  same c r i t e r i a  appear 

t o  exp la in  d i f f e r e n c e s  i n  t h e  h o r i z o n t a l  d i s t r i b u t i o n s  between 

d i f f e r e n t  l impet  spec ies .  Segal  (1956) observed t h a t  i n  A. - 

l ima tu la ,  a southern  spec ies ,  high i n t e r t i d a l  i n d i v i d u a l s  had 

a t h i c k e r  s h e l l  and a l s o  s t o r e d  more e x t r a - v i s c e r a l  water  ( i . e .  

water  i n  t h e  mantle c a v i t y )  than  low i n t e r t i d a l  i n d i v i d u a l s ,  

and Segal  and Dehnel (1962) demonstrated t h a t  t h e s e  d i f f e r e n c e s  

were probably an adap ta t ion  by t h e  h igher  form t o  d e s i c c a t i o n  

and temperature s t r e s s e s .  Although a comparison of s h e l l  

th ickness  and e x t r a - v i s c e r a l  water  holding capac i ty  between 

A. - persona and - A. d i g i t a l i s  d i d  n o t  y i e l d  s t a t i s t i c a l l y  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  s p e c i e s ,  it was pointed o u t  e a r l i e r  

t h a t  t h e s e  experiments were no t  conclus ive ,  because of l a r g e r  

gonads i n i n d i v i d u a l s  of  - A. d i g i t a l i s  (which would a f f e c t  mea- 

surement of e x t r a  v i s c e r a l  wa te r )  and because t h e r e  was a n  



observable  t r e n d  i n d i c a t i n g  t h a t  - A.  persona does have a  t h i n n e r  

s h e l l  than - A. d i q i t a l i s .  

Although da ta  on t h e  r a t e s  of  water  l o s s  were based on 

a narrow range of  l impet  s i z e s ,  sampling a wider range of 

s i z e s  would probably y i e l d  s i m i l a r  d i f f e r e n c e s  between t h e  two 

s p e c i e s ,  s i n c e  l a r g e  - A. persona a r e  a l s o  r e l a t i v e l y  f l a t t e r  than  

comparably s i z e d  5. d i g i t a l i s .  However, e s p e c i a l l y  i n  l a r g e  

s i z e d  l impets ,  t h e  a b i l i t y  t o  wi ths tand d e s i c c a t i o n  i s  n o t  s o l e l y  

dependent on t h e  r a t e  of water  l o s s .  I f  a  l impet  simply be- 

comes l a r g e  enough, i t  may be  a b l e  t o  s t o r e  more than  enough 

water  t o  c a r r y  it through long per iods  of  des icca t ion .  S ince  

A.  persona a t t a i n s  l a r g e r  s i z e s  than  A. d i q i t a l i s ,  i t s  a b i l i t y  - - 

t o  wi ths tand d e s i c c a t i o n ,  when l a r g e  enough, may be  g r e a t e r  

than  - A. d i g i t a l i s ,  d e s p i t e  i t s  h igher  r a t e  of  water  loss .  This  

poss ib ly  may exp la in  t h e  ex i s t ence  of  some A. persona p a r t i c u l a r l y  - 

l a r g e  i n d i v i d u a l s ,  h igher  i n  t h e  i n t e r t i d a l  than  A. d i q i t a l i s .  - 

Since  t h e  young i n d i v i d u a l s  o f  A. persona a r e  much more - 

vulnerable  t o  des icca t ion  than young A.  d i q i t a l i s  , t hey  r e q u i r e  i - 

a  h a b i t a t  which o f f e r s  a  d i s t i n c t  re fuge  from s o l a r  r a d i a t i o n  

(i. e. shade and/or mois ture) .  Sun-exposed s h o r e l i n e ,  t h e  t y p i c a l  

h a b i t a t  of - A. d i g i t a l i s ,  provides few refuges  f o r  young A.  per- - 

sona. Ind iv idua l s  o f  A. persona a r e  t h e r e f o r e  confined t o  



l o c a l l y  occurr ing  c rev ices  o r  caves. Conversely, boulder  

f i e l d s  and some s h o r e l i n e  concav i t i e s  c h a r a c t e r i s t i c  of l a r g e  

bodies  of  semi-exposed t o  p ro tec ted  w a t e r . p r o v i d e  abundant 

re fuges  from d i r e c t  i n s o l a t i o n  f o r  t h e  young l impets .  This  

one phys ica l  f a c t o r ,  s o l a r  r a d i a t i o n ,  t h e r e f o r e ,  appears  t o  

account s i g n i f i c a n t l y  f o r  t h e  h o r i z o n t a l  d i s t r i b u t i o n  of - A. 

persona.  

Fac tors  which determine t h e  h o r i z o n t a l  d i s t r i b u t i o n  p a t t e r n  

of  - A. d i g i t a l i s  remain obscure. Why should - A. d i q i t a l i s  b e  en- I c 

t i r e l y  absen t  from smooth boulders  and shaded, wave-protected 

concav i t i e s?  Haven (1971) i n  a  d e t a i l e d  s tudy  of - A. d i q i t a l i s  

i n  c e n t r a l  C a l i f o r n i a  concluded t h a t  d e s i c c a t i o n  o r  temperature 

s t r e s s  caused both  t h e  decrease  i n  abundance of A. - d i q i t a l i s  

i n  wave-protected h a b i t a t s  and i t s  g e n e r a l  absence from h o r i -  

z o n t a l  s u b s t r a t e s .  This  explanat ion ,  however, does n o t  apply  

t o  t h e  observed h o r i z o n t a l  d i s t r i b u t i o n s  o f  - A. d i g i t a l i s  i n  

t h i s  s tudy.  I n  C a l i f o r n i a  t h e  s i t e s  p ro tec ted  from wave act ior l  

had g r e a t e r  d e s i c c a t i o n  s t r e s s  ( i . e .  g r e a t e r  sun exposure and 

l e s s  cool ing s p r a y ) ,  whereas i n  ~ r i t i s h  Columbia they had l e s s  

d e s i c c a t i o n  s t r e s s  because of shade. 

F i e l d  experiments, a l though inconclus ive ,  seemed t o  in -  

d i c a t e  t h a t  m o r t a l i t y  of - A. d i g i t a l i s  i n  boulder  f i e l d s  was 



r a p i d ,  and t h e  presence of A. persona had no e f f e c t  on t h e  - 

s u r v i v a l  o f  A. d i q i t a l i s .  On t h e  o t h e r  hand, c r a b  predat ion  - 
experiments i n d i c a t e d  t h a t  t h e  crab,  Hemigrapsus nudus, a t e  

s i g n i f i c a n t l y  more A. d i g i t a l i s  than A. persona. Stimson (1968) - - 

a l s o  experimental ly  demonstrated t h a t  a s i m i l a r  grapsoid  crab ,  

Pachyqrapsus c r a s s i p e s ,  which occurs south  of  Juan de Fuca 

s t r a i t ,  p r e f e r s  smal l ,  rough s h e l l e d  l impets  (A. d i q i t a l i s )  

t o  smal l  smooth s h e l l e d  l impets  (A. f e n e s t r a t a ) .  The preference  - 
by crabs  f o r  rough s h e l l s  appears  t o  b e  r e l a t e d  t h e  ease  wi th  

which they  can b e  grasped by t h e  crabs  chelae  (Stimpson, op. 

c i t . ) .  The smooth s h e l l e d  s p e c i e s ,  A. f e n e s t r a t a ,  i s  a c l o s e  - 

r e l a t i v e  o f  A. persona (Test ,  1946) and occurs on smooth boulders  - 

s e t  i n  sand. The c rab ,  H. nudus i s  almost  always abundant i n  

t h e  boulder  h a b i t a t  of  A.  persona ,  b u t  i s  uncommon o r  absen t  - 

on s t e e p  fused rock su r faces .  

The b e t t e r  s u r v i v a l  o f  A,  d i q i t a l i s  on boulders  w i t h  - 

barnacles  compared wi th  s u r v i v a l  on smooth boulders ,  a s  w e l l  I 

a s  t h e  n a t u r a l  occurrance of  &. d i g i t a l i s  on ba rnac le  covered 

boulders ,  suggested t h a t  t h e  a s s o c i a t i o n  between A. d i g i t a l i s  - 

and barnacles  conveys s u r v i v a l  advantage t o  A. d i q i t a l i s .  

Haven's ( l97 la )  hypothesis  

d e s i c c a t i o n  does n o t  seem 

t h a t  barnacles  o f f e r  a r e f u s e  from 

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



t h e s e  boulder  f i e l d s  do o f f e r  an adequate r e fuge  without  

barnacles  ( see  above).  I n  the f i e l d  it was s u j e c t i v e l y  noted 
i 

t h a t  - A. d i g i t a l i s  i s  c r y p t i c  when a s s o c i a t e d  wi th  ba rnac les ,  d 

because of i t s  p a l e  c o l o r  and corregated  s h e l l ,  and i n  t h i s  ,, 

way , A. d i q i t a l i s  may escape predat ion  on boulders .  I n  con- 

t r a s t ,  dark smooth - A. persona a r e  g e n e r a l l y  inconspicuous,  even 

on smooth boulders  wi thout  barnacles .  G i e s e l  (1970) has  a l -  

ready demonstrated c r y p s i s  i n  - A ,  d i g i t a l i s  w i t h  r e s p e c t  t o  

s h e l l  c o l o r  p a t t e r n ,  ba rnac les ,  and b i r d  predat ion .  He found 

evidence t h a t  b i r d  p reda t ion  i s  a  s i g n i f i c a n t  s e l e c t i v e  f a c t o r  

r e spons ib le  f o r  two d i s t i n c t  and c r y p t i c  polymorphisms of A.  - 

d i g i t a l i s  on wave exposed coas t .  One i s  t h e  dark c o l o r  p a t t e r n  

of  l impets  on t h e  rock f a c e  s u b s t r a t e ;  t h e  o t h e r ,  l i g h t  s h e l l e d  

forms on goose-neck ba rnac le  ( P o l l i c i p e s )  s h e l l s .  He d i d  n o t  

mention, however, t h e  p o s s i b i l i t y  o f  A. d i q i  t a l i s  mimicking t h e  - 
c o l o r  and t e x t u r e  of  acorn ba rnac les  a s  w e l l ,  which they  appear 

t o  do. I n  boulders ,  o t h e r  p reda to r s  than c rabs ,  such a s  b i r d s ,  

may a l s o  be  common and more e f f i c i e n t  s i n c e  they  seem t o  p r e f e r  

h o r i z o n t a l  s u b s t r a t e s .  Although it would seem u n l i k e l y  t h a t  

p reda t ion  would be re spons ib le  f o r  t h e  almost complete absence 

' o f  - A. d i q i t a l i s  from boulders ,  Connell  (1970) and Paine (1966) 

have documented t h e  v i r t u a l l y  complete e l imina t ion  of 



some o t h e r  prey  s p e c i e s  from c e r t a i n  regions  of t h e  i n t e r t i d a l .  

Thus t h e r e  i s  some support  f o r  t h e  hypothesis  t h a t  A. d i q i t a l i s  - 

i s  absent  from boulders  because smal l  A .  d i q i t a l i s  on smooth - 

boulders  a r e  conspicuous and a r e  t h e  p r e f e r r e d  prey  f o r  t h e  

crab ,  Hemiqrapsus nudus and perhaps o t h e r  predators .  Ins tances  

of d i f f e r e n t i a l  p reda t ion  d i r e c t l y  causing n iche  d i f f e r e n c e s  

between s i m i l a r  s p e c i e s  have n o t  been repor ted .  

The i n a b i l i t y  of  - A. d i q i t a l i s  t o  e x i s t  i n  t h e  i n n e r  reaches 

of  s h o r e l i n e  concav i t i e s  a l s o  remains unexplained. Predat ion  

does not  seem l i k e l y ,  s i n c e  t h e s e  a r e  l a r g e l y  v e r t i c a l  s u r f a c e s  

and no crabs  o r  b i r d s  appear t o  feed here.  One p o s s i b i l i t y ,  

which m e &  tc! be s t u d i e d  i n  more d e t a i l ,  i s  t h e  e f f e c t  cf 

f r e s h  water  on A. d i q i t a l i s .  This  f a c t o r  appears  t o  be  s i g n i f i -  

c a n t  because,  i n  g e n e r a l ,  t h e  h a b i t a t s  where A. d i q i t a l i s  be- - 

comes l e s s  abundant o r  absent  seemed t o  c o r r e l a t e  w i t h  an i n -  

c rease  i n  f r e s h  water  run-of f over t h e  rock su r faces  o r  lower 

s a l i n i t y  s u r f a c e  water .  Also,  Frank (1965) observed t h a t  

m o r t a l i t y  was h igher  i n  a group of A.  d i g i t a l i s  which was ex- - 

posed t o  f r e s h  water  run-off,  compared t o  m o r t a l i t y  of an  ad- 

jacent  group not  d i r e c t l y  exposed t o  f r e s h  water .  My experi-  

ments t e s t i n g  t h e  to le rance  of  both  spec ies  t o  f r e s h  water  were 

inconclus ive  b u t  bo th  s p e c i e s  appeared t o  be  a b l e  t o  wi ths tand 



prolonged per iods  of  exposure t o  f r e s h  water  by clamping t h e i r  

s h e l l s  t i g h t l y  t o  t h e  rock sur face .  

Another p o s s i b l e  f a c t o r  i s  e l imina t ion  of  - A. d i q i t a l i s  

from t h e  i n n e r  reaches of some c o n c a v i t i t e s  by d i r e c t  i n t e r -  

fe rence  w i t h  - A. persona.  Th i s ,  however, does n o t  seem l i k e l y  

because i n d i v i d u a l s  of b o t h  spec ies  a r e  found a d j a c e n t  t o  one 

another  i n  t h e  regions  of co-existence,  and competi t ion f o r  

favorable  micro-habi tat  s p o t s  does n o t  appear. t o  occur. . ,  

I t  i s  no t  known how much of t h e  observed d i s t r i b u t i o n s  of  

both  spec ies  i s  t h e  r e s u l t  of  a c t i v e  h a b i t a t  s e l e c t i o n ,  such 

a s  t h e  movement of  l impets  o r  behavior  of s e t t l i n g  l a rvae ,  and 

how much i s  determined by m o r t a l i t y  of l impets  i n  unfavorable  

h a b i t a t s .  Frank (1965) and Stimson (1968) c i t e  evidence t h a t  

m o r t a l i t y  of A. d i g i t a l i s  i s  g r e a t e r  o u t s i d e  of i t s  optimum - 
v e r t i c a l  range. I t  i s  unknown whether t h i s  a l s o  a p p l i e s  t o  

i n d i v i d u a l s  i n  h a b i t a t s  o u t s i d e  o f  t h e  spec ies  ' h o r i z o n t a l  

range. It  would seem u n l i k e l y  t h a t  t h e s e  s p e c i e s  have not  

evolved some means of behavior ly  d e t e c t i n g  s u i t a b l e  h a b i t a t s ,  

s i n c e  s e l e c t i o n  would a c t  cont inously.  There i s  evidence by 

Frank (1965) and Haven (1970) t h a t  f o r  A.  d i q i t a l i s  behaviora l  - 

choice p lays  a s i g n i f i c a n t  r o l e  i n  determining where i n d i v i d u a l s  

a r e  found. This spec ies  shows pronounced seasonal  movements 



( v e r t i c a l l y )  and a l s o  a c t i v e l y  s e l e c t s  s u i t a b l e  micro-habi tats  

( v e r t i c a l l y  and l a t e r a l l y ) .  For - A. persona ,  a s  w e l l ,  behavior 

i s  probably s i g n i f i c a n t  i n  determining t h e i r  d i s t r i b u t i o n s ,  

s i n c e  my own observat ions  of movement i n  a  group of &. persona 

(not r epor ted  i n  t h i s  s tudy)  i n d i c a t e d  t h a t  t h e  spec ies  de- 

f i n i t e l y  does no t  show s p e c i f i c  homing behavior  c h a r a c t e r i s t i c  

of  some o t h e r  Acmaea s p e c i e s ,  such a s  - A. scabra (Haven, 1970). 

I n  a d d i t i o n ,  T e s t  (1946) observed t h e  s p e c i e s  a s  nega t ive ly  

photo t ropic ,  causing i t  t o  seek " t h e  most dimly l i g h t e d  loca- 

t i o n s  a v a i l a b l e " .  My own observat ions  g e n e r a l l y  confirm T e s t ' s  

conclusion. However, where - A. persona co-exis t s  wi th  - A. d i g i -  

t a l i s ,  it o f t e n  occurs on open rock s u r f a c e s ,  and on overcas t  

days i n  boulder  f i e l d s ,  i n d i v i d u a l s  of  - A. persona a r e  found 

ex tens ive ly  on t h e  tops  of boulders ,  r a t h e r  than  t h e i r  more 

shaded undersides.  Therefore,  it appears  t h a t  a t  l e a s t  i n  

B r i t i s h  Columbia, - A. persona w i l l  t o l e r a t e  a  c e r t a i n  amount 

of l i g h t  and i s  n o t  s t r i c t l y  confined t o  t h e  d a r k e s t  a v a i l a b l e  

h a b i t a t s  . 
The s i g n i f i c a n c e  of l a r v a l  s e t t l i n g  behavior  i n  determin- 

ing  l impet  d i s t r i b u t i o n s  remains a  mystery f o r  a l l  spec ies  of 

Acmaea, and rep resen t s  a  l a r g e  gap i n  t h e  knowledge of l impet  

ecology. I t  i s  c e r t a i n l y  p o s s i b l e  t h a t  l a r v a e  could be  g e n e t i -  

c a l l y  "programmed" t o  s e l e c t  c e r t a i n  environmental i n d i c a t o r s ,  



such a s  s u b s t r a t e  t e x t u r e ,  l i g h t ,  o r  rock ang le ,  which would 

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

continued s u r v i v a l .  However, Connell (1961, 1970) demonstrated 

t h a t  i n  s e v e r a l  spec ies  of ba rnac le ,  t h e  l a r v a e  c o n s i s t e n t l y  

s e t t l e  and begin  t o  grow i n  i n t e r t i d a l  reg ions  where t h e i r  

p r o b a b i l i t y  of s u r v i v a l  i s  c o n s i s t e n t l y  poor. He demonstrates 

t h a t  because t h e  young barnacles  a r e  u s u a l l y  e l iminated  by 

b i o l o g i c a l  f a c t o r s  (competit ion o r  p reda t ion)  t h e  l a r g e  spread 

of  3prvae i s  a kind of "opportunism" which al lows s u r v i v a l  o f  

ba rnac les  i n  regions where t h e  b i o l o g i c a l  f a c t o r  i s  sometimes 

absent .  This kind of  "opportunism" may a l s o  occur i n  t h e s e  

l impets ,  However it would seem u n l i k e l y  t h a t  A. persona would 

e x h i b i t  t h i s  t r a i t ,  s i n c e  t h e  d i s t r i b u t i o n  of t h i s  spec ies  

appears  t o  be  c o n t r o l l e d  by a phys ica l  f a c t o r  which would con- 

t inuous ly  s e l e c t  a g a i n s t  young l impets  i n  unfavorable h a b i t a t s ,  

i . e .  t h e  e f f e c t s  of  t h i s  f a c t o r  would r a r e l y  b e  absent .  I f  t h e  

d i s t r i b u t i o n  of - A.  d i q i t a l i s  i s  predominantly determined by 

b i o l o g i c a l  f a c t o r s ,  e. g. predat ion ,  opportunism by l a r v a l  

s e t t l e m e n t  may occur. 

Competition and n ichs  evolu t ion  

From t h e  foregoing d i scuss ion ,  t h e  observed niche d i f f e r -  



ences between - A. persona and - A. d i g i t a l i s  may. be  viewed a s  

independent adap ta t ions  by each s p e c i e s  t o  t h e  phys ica l  o r  

b i o l o g i c a l  environment exc lus ive  of t h e  o t h e r  spec ies .  Pop- 

u l a t i o n s  of A.  - persona appear t o  be  l a r g e l y  r e s t r i c t e d  t o  

shaded regions  of  shore ,  because t h e  young i n d i v i d u a l s  cannot 
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shore.  S i m i l a r l y ,  - A. d i g i t a l i s  appears  t o  be  ill adapted t o  

t h e  boulder  f i e l d s  o r  s h o r e l i n e  concav i t i e s  where - A. persona 

i s  found. The regions  of  co-existence between t h e  spec ies  may 

then r e p r e s e n t  in te rmedia te  h a b i t a t s  t o  which bo th  s p e c i e s  a r e  

adapted. I t  does n o t  seem l i k e l y  t h a t  a c t i v e  excius ion  of one 

spec ies  by another  occurs i n  t h e  h a b i t a t s  occupied by only  one 

of  t h e  s p e c i e s ,  s i n c e  i n d i v i d u a l s  of bo th  spec ies  a r e  found 

ad jacen t  t o  one another  i n  t h e  regions of  co-exis tence,  r u l i n g  

ou t  ex tens ive  " i n t e r f e r e n c e "  competi t ion,  and i n  g e n e r a l ,  favor- 

a b l e  micro-habi tats  do no t  appear t o  b e  l i m i t i n g .  

There i s  some sugges t ive  evidence t h a t  competi t ive d i s -  

placement upwards o f  - A. persona by - A. d i q i t a l i s  and o t h e r  spec ies  

may occur i n  some h a b i t a t s .  A t  v i c t o r i a  breakwater,  where - A. 

persona extended h igher  than A A. d i q i  t a l i s  , a v a i l a b l e  micro- 

h a b i t a t  space f o r  A. persona (c rev ices )  may be  more l i m i t i n g  

than  a t  M i l l s  Cove, where t h e r e  were no d i f f e r e n c e s  i n  t h e  upper 

limits of t h e  two species .  Even a t  M i l l s  Cove t h e  lower l i m i t  
I 

of A. persona became h igher  a s  t h e  r e l a t i v e  abundance o f &  , 
1 1  



d i g i t a l i s  increased.  Also,  t h e  lower v e r t i c a l  range of - A. 

persona i n  boulder  f i e l d s  (above) , where no - A. d i q i t a l i s  

occurs ,  sugges t  t h a t  i n t e r f  erence competit ion f o r  space may 

occur ,  i n  some h a b i t a t s ,  r e s u l t i n g  i n  t h e  h igher  v e r t i c a l  

range of  - A. persona i n  t h e  presence of - A. d i g i t a l i s .  I n t e r -  

c ~ ~ i 2 l - i ~ ~  ~ Z S  bi5el-i < ~ Z G G S ~ Y Z ~ ~ ~ :  il-i G k h c ~  1ii'F.p~k 

s p e c i e s  (Stimson, 1968; Sutherland,  1969). 

Aside from t h e  p o s s i b i l i t y  of " i n t e r f e r e n c e "  competit ion 

a f f e c t i n g  t h e i r  v e r t i c a l  d i s t r i b u t i o n s ,  removing one spec ies  

would no t  r e s u l t  i n  inc reas ing  t h e  n iche  of  t h e  remaining 

spec ies  i n  any s h o r t  term sense.  With r e s p e c t  t o  Hutchinson 's  

(195 7) terminology, t h e  r e a l i z e d  n iche  and t h e  fundamental 

n iche  of each s p e c i e s  wi th  r e s p e c t  t o  t h e  p o s s i b l e  i n f l u e n c e  

o f  e i t h e r  s p e c i e s ,  i s  t h e  same. However, from a community 

evolu t ionary  pe r spec t ive ,  t h e  adap t ive  d i f f e r e n c e s  between 

t h e  spec ies , r ep resen ted  mainly by t h e i r  d i f f e r e n t  h o r i z o n t a l  

d i s t r i b u t i o n s ,  may s t i l l  r e f l e c t  competi t ive i n t e r a c t i o n  be t -  

ween them. This  problem can b e  broken down i n t o  two r e l a t e d  

ques t ions :  (1) does it appear t h a t  i n t e r - s p e c i f i c  competit ion 

has played any h i s t o r i c a l  r o l e  i n  diverging t h e  niches of  t h e  

two s p e c i e s ,  and ( 2 )  i s  competit ion an  a c t i v e  process  main- 

t a i n i n g  n iche  s e p a r a t i o n  between t h e  spec ies?  Both of t h e s e  

ques t ions  a r e  r e a l l y  c o r o l l a r i e s  of  t h e  competi t ive exclus ion  



p r i n c i p l e  ( ~ a r d i n ,  1960; M i l l e r ,  1967 ; Futuyama, 1970). 

Although conclus ive  evidence on t h e  occurrence o r  absence 

of  competit ion i s  lacking ,  it can b e  argued t h a t  i n t e r - s p e c i f i c  

competit ion has played l i t t l e  h i s t o r i c a l  r o l e  i n  d i v e r s i f y i n g  

t h e  n iches  of t h e  two species .  This i s  l a r g e l y  because it seems 

l i k e l y  t h a t  during t h e  adap t ive  r a d i a t i o n  o f  t h e  genus Acmaea, 

t h e s e  two s p e c i e s  evolved v i a  two d i f f e r e n t  pathways i n t o  t h e  

h igher  i n t e r t i d a l  zones. 

The a n c e s t r a l  spec ies  o f  A. persona i s  probably - A. scutum 

(Test,  1946). This  l impet i s  c h a r a c t e r i s t i c  of middle t o  low 

i n t e r t i d a l  zones, possess ing  a l a r g e  round a p e r t u r e  and very  

f l a t  s h e l l .  Conversely, - A. d i g i t a l i s . r e p r e s e n t s  t h e  a n c e s t r a l  

form of  another  sub-genus i n  which a l l  o f  t h e  s p e c i e s  have a 

r e l a t i v e l y  h igh  apexed s h e l l  which i s  r ibbed o r  sca l loped  (Tes t ,  

1946). These d i f f e r e n c e s  a r e  s i g n i f i c a n t ,  because they  exp la in  

why t h e  young of A. persona ,  which a r e  s o  s u s e p t i b l e  t o  des ic -  7 

c a t i o n ,  develop a s  very  round and f l a t  l impets  r e l a t i v e  t o  a d u l t s ,  

Young - A. persona a r e  s u p e r f i c i a l l y  i n d i s t i n q u i s h a b l e  from - A. 

scutum. Only a f t e r  t h e  l impets  have reached lengths  of over 

one cent imeter  do they  manifest  t h e  h igher  apex h a r a c t e r i s t i c  

of  - A. persona. Therefore,  a l though t h e  evolu t ionary  s t r a t e g y  

o f  - A. persona i n  invading t h e  h igher  i n t e r t i d a l  zone was t o  



r a i s e  i t s  s h e l l  apex i n  order  t o  r e s i s t  t h e  inc reased  d e s i c c a t i o n  

s t r e s s  (Tes t ,  1946; Segal ,  1956; Davies, 1969) ,  it has always 

bee'n r e s t r i c t e d  t o  h a b i t a t s  which would provide a re fuge  fo r  

t h e  developing smal l  scutum-like l impets ,  i . e .  p r i m a r i l y  

boulder  f i e l d s  and shaded c rev ices  and concav i t i e s .  On t h e  

o t h e r  hand, - A. d i g i t a l i s  has  never r equ i red  such a refuge;  

t h e  young i n d i v i d u a l s  of t h i s  spec ies  a l r e a d y  manifest  a re-  

l a t i v e l y  h igh  apexed s h e l l  and narrow aper tu re .  These f i rmly  

based a n c e s t r a l  (gene t i c )  d i f f e r e n c e s  between t h e  spec ies  in -  

d i c a t e  t h a t  t h e  spec ies  probably evolved along q u a l i t i  t i v e l y  

d i f f e r e n t  kinds of  s h o r e l i n e ,  and t h e r e f o r e  t h e  observed n iche  

d i f f e r e n c e s  w i t h  r e s p e c t  t o  t h e i r  h o r i z o n t a l  d i s t r i b u t i o n s  do 

n o t  appear  t o  be  t h e  r e s u l t  of  a p a s t  h i s t o r y  of  i n t e r - s p e c i f i c  

competit ion.  I n  o the r  words, s p a t i a l  ove r l ap  when t h e  two 

s p e c i e s  became sympatr ic  was probably l i t t l e  d i f f e r e n t  than 

i t  i s  a t  present .  This  idea  i s  a l s o  i n d i r e c t l y  supported by 

t h e  f a c t  t h a t  only A. persona occurs  i n  t h e  boulder  h a b i t a t ,  

and it i s  only i n  t h i s  h a b i t a t  where i n d i v i d u a l s  of  - A. persona 

over l ap  s l i g h t l y  t h e  d i s t r i b u t i o n  of  - A.  scutum, i t s  c l o s e  re-  

l a t i v e  and probable ances to r  (Test  , 1946) . Thus, boulder  

f i e l d s  may be  t h e  primary h a b i t a t  t o  which - A. persona evolved, 

whi l e  wave-exposed o u t e r  c o a s t  i s  probably t h e  primary h a b i t a t  

of  A. - d i q i t a l i s  (Haven, 1971a) .  



This  provides an i n t e r e s t i n g  comparison t o  t h e  niche 

r e l a t i o n s h i p s  between A. scabra  and A. d i q i t a l i s  s t u d i e d  by - - 

Haven (1971a) i n  c e n t r a l  ~ a l i f o r n i a .  ~ o t h  of t h e s e  spec ies  

a r e  c l o s e l y  r e l a t e d ,  belonging t o  t h e  same sub-genus (Test ,  

1946) ,  and bo th  occupy s i m i l a r  h a b i t a t s  on o u t e r  coas t  shore- 

l i n e .  For example t h e r e  a r e  no macro-habitat  ca tegor ies  which 

s e r v e  t o ' s e p a r a t e  t h e s e  spec ies .  I n  t h i s  i n s t a n c e ,  competit ion 

f o r  food does occur  where t h e i r  n iches  over l ap  and appears t o  

have had a s i g n i f i c a n t  e f f e c t  on t h e  evolu t ion  of t h e i r  n iche  

d i f f e r e n c e s  (Haven, 1966). 

F i e l d  experiments i n  t h i s  s tudy  t e s t i n g  whether competit ion 

occurs between A, d i q i t a l i s  arid A,  persona were inconcius ive  - - 
Y 

and d i d  not  r u l e  o u t  t h e  p o s s i b i l i t y  of  i t s  occurrance i n  r e -  

g ions  of  over lap  between t h e  spec ies .  Food l i m i t a t i o n  f o r  t h e s e  

spec ies  d i d  appear  l i k e l y ,  because of t h e  upgrowth of a l g a e  I 

observed i n  some g raze r - f ree  p l o t s  during t h e  f a l l  i n  Barkley 

Sound, ~ l s o ,  food shor tages  a t  some times appear t o  b e  common 

f o r  most high i n t e r t i d a l  graz ing  gas t ropods ,  evidenced by t h e  

almost complete removal of a l g a e  from t h e  rock s u r f a c e  by t h e  

g r a z e r s  (Jones,  1948; Southward, 1956; Castenholz,  1961; and 

Haven, 1966) and by d i r e c t  evidence of food l i m i t a t i o n  i n  h igh  

i n t e r t i d a l  spec ies  of Acmaea (Haven, 1966; Suther land,  1970) - 

d 



I found no evidence f o r  food preferences  i n  - A. d i q i t a l i s  and 

A. - persona ,  and food preferences  i n  o t h e r  b e n t h i c  g r a z e r s  

seem t o  b e  l i m i t e d  t o  spec ies  i n  lower zones and involve  

preferences among macro-scopic a l g a e  (Dahl, 1964; Best ,  1964 ; 

Craig,  1968; Eaton, 1968). 

The l ack  of  any a l g a l  upgrowth i n  g raze r - f ree  p l o t s  during 

t h e  sp r ing  (Feb.-June) a t  Cedar Cove does no t  ag ree  w i t h  t h e  

r e s u l t s  of  Haven (1966) and Castenholz (1962) who demonstrated 

s i g n i f i c a n t  a l g a l  growth, i n  t h e  absence of g r a z e r s ,  during 

t h i s  season. Perhaps t h e  enclosures  were i n  a unique micro- 

h a b i t a t  which could not  maintain a heavy a l g a l  populat ion,  

The absence of  growth i n  l impets  during t h i s  per iod  may have 

been caused by  t h i s  l ack  of  a lgae .  Frank (1965) and Haven 

(1966) d i d  record  s i g n i f i c a n t  growth of  A. d i g i t a l i s  during 
I 

t h e  sp r ing  i n  Oregon and C a l i f o r n i a  r e s p e c t i v e l y .  Another 

p o s s i b l e  reason t h a t  no growth was recorded i n  my experiments 

i s  t h a t  i n  ~ r i t i s h  Columbia, t h e  l impets  may pu t  a l l  of  t h e i r  

energy i n t o  reproduct ion i n  sp r ing  r a t h e r  than growth. 

I f  competit ion does occur between t h e  spec ies  i n  regions  

of n iche  over lap  it may s e l e c t i v e l y  favor  niche divergence 

between them o r  may a c t  t o  maintain t h e i r  niche d i f fe rences .  

For example, i f  one s p e c i e s  were completly removed from a l l  



of i t s  h a b i t a t s ,  e l imina t ing  competi t ion,  t h e  o t h e r  spec ies  

might evolve means t o  expand i n t o  t h e  n iche  s f  t h e  removed 

species .  The ques t ion  of whether e i t h e r  s p e c i e s  could evolve 

i n  t h i s  way i s  academic, b u t  would depend on t h e  g e n e t i c  

v a r i a b i l i t y  o r  p l a s t i c i t y  i n  t h e  spec ies  and t h e  degree o f  

d i f f e r e n c e  between t h e i r  h a b i t a t s .  



SUMMARY 

1. I n  t h e  upper intertidal zones of B r i t i s h  Columbia 

two sympatr ic  l impet  spec ies ,  Acmaea d i g i t a l i s  and Acmaea 

persona ,  co-exis t  wi th  few apparent  n iche  d i f f e r e n c e s .  The 
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mined by observat ions  and t r a n s e c t  s t u d i e s  documenting t h e i r  

d i s t r i b u t i o n  and abundance wi th  r e s p e c t  t o  macro- and micro- 

h a b i t a t  ca tegor ies .  

2. Observations revealed  s i g n i f i c a n t  h a b i t a t  d i f f e r e n c e s  

between bo th  s p e c i e s ,  c o r r e l a t e d  w i t h  s h o r e l i n e  type.  Only A. - 

d i q i t a l i s  i s  found along s h o r e l i n e  i n  open c o a s t  environments 

and on t h e  seaward ends of s h o r e l i n e  convex i t i e s  ( p o i n t s ,  

headlands)  i n  more wave p ro tec ted  waters .  A. persona occurs - 

a lone  i n  boulder  f i e l d s  and t h e  i n n e r  reaches of s h o r e l i n e  

concav i t i e s  ( i n l e t s ) ,  both c h a r a c t e r i s t i c  o f  semi-exposed t o  

p ro tec ted  wave environments. Regions of  co-exis tence  between 

t h e  two spec ies  a r e  in te rmedia te  between t h e  previous two 

c a t e g o r i e s ,  and occur on v e r t i c a l  rock s u r f a c e s  i n  semi-wave- 

exposed t o  ~ r o t e c t e d  environments. 

3 .  ~ u a n t i t a t i v e  micro-habi tat  s t u d i e s  c o r r e l a t e d  t h e  



d i s t r i b u t i o n  and abundance of  each spec ies  wi th  environmental 

f a c t o r s .  Wave-action and i n s o l a t i o n  were most c l o s e l y  cor- 

r e l a t e d  w i t h  t h e  d i s t r i b u t i o n  of  A. persona.  Where both of  - 

t h e s e  f a c t o r s  inc reased ,  t h e  r e l a t i v e  abundance of - A. persona 

decreased. The degree of f r e s h  water  run-off and t h e  abundance 

o f  l impet  p reda to r s  (along w i t h  t h e  absence of  ba rnac les )  were 

c o r r e l a t e d  wi th  t h e  d i s t r i b u t i o n  of - A ,  d i q i t a l i s .  Grea te r  

f r e s h  water  run-off occurred both  i n  boulder  f i e l d s  and shore- 

l i n e  concav i t i e s  where - A. persona predominanted. Predators  

were abundant and ba rnac les  absen t  from boulder  f i e l d s  only. 

4. F i e l d  and l abora to ry  experiments t e s t e d  t h e  e f f e c t s  

of  wave a c t i o n  and i n s o l a t i o n  on t h e  s u r v i v a l  o f  A .  persona. - 

Resu l t s  from f i e l d  t r a n s p l a n t  experiments i n d i c a t e d  t h a t  i n -  

c reased  s o l a r  r a d i a t i o n  ( increased  d e s i c c a t i o n  and temperature)  

i n  t h e  h a b i t a t s  where - A. d i q i t a l i s  occurs a lone  appeared t o  

b e  t h e  major environmental f a c t o r  r e s t r i c t i n g  t h e  d i s t r i b u -  

t i o n  of - A. persona from t h e s e  h a b i t a t s .  Des icca t ion  experi-  

ments and s h e l l  measurements i n d i c a t e d  t h a t  A. persona i s  l e s s  - 

t o l e r a n t  than A. d i g i t a l i s  t o  d e s i c c a t i o n  (and temperature)  

because of inc reased  r a t e  of  water  l o s s  caused by i t s  f l a t t e r  

s h e l l  shape. 



5. Experiments t e s t e d  whether t h e  f r e s h  water  t o l e r a n c e  

of t h e  two spec ies  d i f f e r e d .  Resul t s  were inconclus ive ,  b u t  

i n d i c a t e d  t h a t  both  spec ies  could wi ths tand prolonged per iods  

of f r e s h  water  exposure. Predat ion  experiments i n d i c a t e d  

t h a t  t h e  c rab ,  Hemiqrapsus nudus, which i s  abundant i n  boulder  

f i e l d s ,  w i l l  e a t  l impets  and p r e f e r s  - A. d i q i t a l i s  t o  - A. persona 

probably because A. d i g i t a l i s  i s  more conspicuous, has  a h igher  

s h e l l  apex, and i s  rough tex tured .  Both f r e s h  water  i n f l u e n c e  

and p reda t ion  may restrict t h e  d i s t r i b u t i o n  o f  A. - d i q i t a l i s ,  

prevent ing t h i s  spec ies  from e x i s t i n g  i n  t h e  h a b i t a t s  occup- 

p ied  exc lus ive ly  by 11. persona. 

6 .  F i e l d  enclosure  experiments t e s t i n g  whether i n t e r -  

s p e c i f i c  competit ion f o r  food occurs between t h e  two spec ies  

were i nconc lus ive  because of  h igh  m o r t a l i t y  and no observed 

growth i n  t h e  l impets .  

7. The observed n iche  d i f f e r e n c e s  between t h e  two 

spec ies  appeared t o  b e  s u f f i c i e n t  t o  expla in  t h e i r  apparent  

co-exis tence i n  t h e  i n t e r t i d a l .  ~ x p e r i m e n t a l  evidence i n d i -  

c a t e s  t h a t  t h e  n iche  d i f f e r e n c e s  between t h e  s p e c i e s ,  a t  

l e a s t  wi th  r e spec t  t o  h a b i t a t ,  a r e  determined proximately 

by independent environmental e f f e c t s  on each spec ies  (phys ica l  



f a c t o r s ,  p reda t ion)  . The two spec ies  have probably evolved 

from d i f f e r e n t  a n c e s t e r s ,  i n  two q u a l i t a t i v e l y  d i f f e r e n t  

h a b i t a t s ,  v e r t i c a l  s u r f a c e s  on t h e  open c o a s t  (A. d i g i t a l i s )  

as opposed t o  boulder  f i e l d s  and i n l e t s  i n  regions  of s e m i -  

exposed t o  p r o t e c t e d  water  (A. - persona) .  Thus t h e  two 

s p e c i e s  appear t o  have evolved i n t o  t h e  h igher  i n t e r t i d a l  

zones v i a  d i f f e r e n t  eco log ica l  pathways, i n d i c a t i n g  t h a t  t h e i r  

n iche  d i f f e r e n c e s  have evolved a s  independent adap ta t ions  by 

each spec ies  t o  t h e  environment, r a t h e r  than  t h e  r e s u l t  of 

a h i s t o r y  of competi t ive i n t e r a c t i o n .  But i n t e r s p e c i f i c  

competit ion may a c t  t o  maintain t h e  observed n iche  d i f f e r e n c e s  

between them. 
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