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Scales of coastal heterogeneity and benthic 
intertidal species richness, diversity 

and abundance
Philippe Archambault, Edwin Bourget*

GIROQ, D épartem ent de Biologie, Université Laval, Québec, PQ, C anada G1K 7P4

ABSTRACT: Species richness, diversity, total biomass of the benthic m acrofauna and macroflora, and 
the  biom ass of the  2 dom inant taxa (Fucus spp. and M ytilus edulis) were exam ined in relation to coastal 
he te ro g en e ity  at different scales in the intertidal zone. The sampling design included random ness at all 
scales and  replication of treatm ents. A 103 km portion of the south shore of the  St. Lawrence Estuary, 
C anada , w as divided into 1 km stretches of shore (stations)—the large scale— which w ere classified 
using  a  shore  heterogeneity  index (SHI) into 3 categories (low, medium  and high). Species richness was 
qualitatively  evaluated  for each station and substratum  heterogeneity on a 100 m (medium scale) was 
m easu red  as covariate. At the smallest scale 4 types of surface (smooth, crevices of 1, 10 and 20 cm) 
w ere  quantitatively  sam pled. Species richness tended to increase with SHI category but this tendency 
w as no t statistically significant. A multiple regression analysis was carried out to find which scale of 
h e te ro g en e ity  w as the  most significant for defining species richness. Diversity in types of surface did 
not v ary  significantly am ong SHI categories. Our results show that large-scale heterogeneity  explained 
a  h ig h er p roportion of the  variance in species richness than substratum  heterogeneity  on a 100 m scale. 
No statistically  significant difference was found in total biomass, M. edulis and Fucus spp. biomass or 
p e rce n t cover am ong the  SHI categories. At the small scale (types of surface), the abundance increased 
significantly  from sm ooth surfaces to 20 cm crevices except for mussels, w here abundance was higher 
in 10 cm  crevices. T he types of surface explained 42% of the variation in total biomass and 21 % of that 
in F ucus  spp. biomass. Variation in percent cover was explained by the types of surface (40%) and to a 
lesser ex ten t by the  SHI (7%). The present study showed that the scales which influenced abundance 
w ere  sm aller than  20 cm in the intertidal zone. Thus, our results indicated that 2 distinct spatial scales 
ex p la ined  th e  variability within the same marine intertidal community, i.e. variability in species rich­
ness (scale of 1 km) and  in abundance (types of surface,- scale of <20 cm).

KEY WORDS: Shore heterogeneity  • Topographical heterogeneity ■ Small- and large-scale he tero­
g en eity  • Species richness • Diversity • Abundance ■ Benthos ■ Sampling design

INTRODUCTION

E c o lo g is ts  h a v e  r e c o g n iz e d  to p o g ra p h ic a l h e te ro ­
g e n e i ty  a s  a  m a jo r  fa c to r  r e g u la t in g  sp e c ie s  d is tr ib u ­
tio n  a n d  a b u n d a n c e  w ith in  a  c o m m u n ity  (E m son  & 
F a lle r -F r itsc h  1976 , R a ffae lli  & H u g h e s  1978, G e n in  e t  
a l- 1986, B o u rg e t  e t  a l. 1994). C o m m u n ity  c h a ra c te r is ­
tics s u c h  a s  d iv e r s ity  a n d  r ic h n e s s  a re  a lso  m o d ifie d  b y  
to p o g ra p h ic a l  h e te r o g e n e i ty  (M a cA rth u r  & M a c A rth u r
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1961, S im p so n  1964, M e n g e  e t  a l. 1983, M e n g e  e t al. 
1985). T h e  ro le  of to p o g ra p h ic a l  h e te ro g e n e i ty  m ay  
c h a n g e  w ith  sca le . It is k n o w n  to  a lte r  p re d a to r -p re y  
re la tio n sh ip s  a t  sm a ll sc a le  (G o sse lin  & B o u rg e t 1989, 
H ixon  & B eets 1993) w h ile  a t  la r g e r  sca le s , to p o g ra p h ­
ica l h e te ro g e n e ity  p ro b a b ly  d o e s  n o t m o d ify  th is  in te r ­
action . F u rth e rm o re , w h a t  m a y  b e  h o m o g e n e o u s  a t  a  
p a r tic u la r  sp a tia l  sc a le  of o b se rv a t io n  m ay  b e  c o n s id ­
e re d  h e te ro g e n e o u s  a t  a n o th e r  sp a tia l  sc a le  (K olasa  & 
Rollo 1991). O th e r  a u th o rs  h a v e  re fe r r e d  to  su c h  sc a le  
e ffec ts  a s  th e  g ra in  o r th e  e x te n t  (A llen  & H o e k s tra
1991). T h e  g ra in  of a n  o b se rv a tio n  is th e  sm a lle s t  e n tity
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( re s o lu tio n  of th e  o b se rv e r)  th a t  c a n  b e  d e te c te d  in  th e  
d a ta ,  w h ile  th e  e x te n t  is th e  la rg e s t  en tity . In  th is  study, 
th e  s c a le  is a  to p o g ra p h ic a l  o n e  w h ic h  c o rre sp o n d s  to a 
s h o re  d e v e lo p m e n t  o r  ru g o s ity  ra n g in g  fro m  g ra in  
s iz e s  of < 2 0  c m  to  a n  'e x te n t ' of 1 km . T h e re  a r e  fe w  in 
situ b e n th ic  s tu d ie s  w h ic h  h a v e  id e n tif ie d  th e  re la tiv e  
im p o r ta n c e  of d if fe re n t  sp a tia l  s c a le s  o n  co m m u n ity  
c h a ra c te r is tic s .  M o s t s tu d ie s  h a v e  e x a m in e d  o n e  s p a ­
t ia l  s c a le , a n d  its  e f fe c ts  o n  a  v a r ie ty  o f co m m u n ity  
c h a ra c te r is tic s .  R e ce n tly , B o u rg e t  e t  al. (1994) e x a m ­
in e d  th e  in f lu e n c e  o f 4 sc a le s  of h e te ro g e n e ity  (<10 cm) 
o n  th e  e s ta b l is h m e n t  of a n  e p ib e n th ic  co m m unity . Lin- 
d e r g a r th  e t  a l. (1995) in v e s tig a te d  th e  in f lu e n ce  of s p a ­
t ia l  v a r ia b il i ty  o n  a b u n d a n c e  a n d  a g e  d is tr ib u tio n  in  2 
b iv a lv e  s p e c ie s  o v e r  s e v e ra l  s c a le s  (b e tw e e n  1 m  a n d  
IO5 m ). M u lt i- s c a le  in v e s tig a tio n s  sh o u ld  b e  c a r r ie d  ou t 
in  c o m m u n ity  s tu d ie s  s in c e  d if fe re n t sca le s  m a y  in flu ­
e n c e  c o m m u n ity  c h a ra c te r is tic s  d iffe re n tly  (Levin 
1992). T h e  r e la t iv e  im p o r ta n c e  of fac to rs  in f lu e n c in g  
m a r in e  b e n th ic  c o m m u n itie s  c o u ld  th e re fo re  b e  s u b ­
s ta n tia lly  a l te r e d  w h e n  sc a le  is c o n s id e re d .

B io g e o g ra p h ic a l  in fo rm a tio n  h a s  tra d itio n a lly  b e e n  
th e  fo c u s  of p re v io u s  la rg e - s c a le  s tu d ies . T o p o g ra p h i­
c a l  h e te r o g e n e i ty  (e .g . m o u n ta in o u s  a re a s )  h a s  b e e n
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sh o w n  to  in c re a s e  s p e c ie s  r i c h n e s s  fo r mammals 
(S im p so n  1964) a n d  b ird s  (C o o k  1969). C u rrie  & Pa- 
q u in  (1987) h a v e  a lso  s h o w n  t h a t  to p o g ra p h ic a l  hetero­
g e n e ity  in f lu e n c e s  s p e c ie s  r i c h n e s s  o f t re e s . In the 
m a r in e  b e n th ic  e n v iro n m e n t ,  s tu d ie s  a t  th e  landscape 
sc a le  h a v e  fo c u s e d  o n  b i o g e o g r a p h ic a l  p a t te rn s  (Ardis- 
so n  e t  al. 1990, A rd is s o n  & B o u r g e t  1992 , T h iéb au t et 
al. 1994). T o  o u r  k n o w le d g e ,  n o  in situ s tu d ie s  have 
in v e s tig a te d  th e  in f lu e n c e  of to p o g r a p h ic a l  hetero­
g e n e ity  a t la rg e  sc a le s  (> 1 k m ) o n  c o m m u n ity  charac­
teris tics , sp e c ie s  r ic h n e s s  a n d  d iv e rs ity ,  in  m arin e  ben­
th ic  h a b ita ts .

S m a lle r  s c a le s  h a v e  r e c e iv e d  m u c h  m o re  attention 
th a n  la r g e r  sca le s . S u b s tr a tu m  h e te r o g e n e i ty  (physi­
c a l o r b io tic ) h a s  b e e n  s h o w n  to  m o d ify  com petition 
(Buss & J a c k s o n  1979, W a lte r s  & W e th e y  1986), p re­
d a tio n  (R uss 1980, K e o u g h  & D o w n e s  1982, Gilinsky 
1984, H o lt 1984, M e n g e  e t  a l. 1985 , G o s se lin  & Bour­
g e t  1989, H ix o n  & M e n g e  1991, H ix o n  & B ee ts  1993), 
la rv a l s e t t le m e n t  (E c k m a n  19 8 3 , C h a b o t  & Bourget 
1988, H a v e n h a n d  & S v a n e  1991 , M iro n  e t  al. 1996), 
a n d  c o m m u n ity  c h a ra c te r is t ic s  (d iv e rs ity , r ic h n e ss  and 
a b u n d a n c e ;  E m so n  & F a l le r -F r i ts c h  1976, R affaelli & 
H u g h e s  1978, M e n g e  e t  a l. 1983 , M e n g e  e t al. 1985, 

C h a p m a n  & U n d e r w o o d  1994). Our 
o b s e rv a t io n s  in  th e  St. Law rence 
E s tu a ry , C a n a d a ,  s u g g e s t e d  th a t  a  lin­
e a r  s h o r e l in e  w a s  le s s  co lo n ized  by 
b e n th ic  o r g a n is m s  th a n  b a y s  and 
h e a d la n d s .  In  t h e  p r e s e n t  s tu d y  we 
te s te d  th e  h y p o th e s is  th a t  in te rtida l 
b e n th ic  s e s s i le  c o m m u n ity  ch arac te r­
is tic s  ( s p e c ie s  r ic h n e s s ,  d iv e rs ity  and 
a b u n d a n c e )  w e r e  r e la te d  to  shore 
h e te r o g e n e i ty  a n d  t h a t  th e  a rra y  of 
s h o re  h e te r o g e n e i ty  s c a le s  influence 
th e s e  c h a r a c te r i s t i c s  d if fe re n tly . The 
sp e c if ic  o b je c t iv e s  w e r e  to  observe 
s p e c ie s  r ic h n e s s ,  d iv e rs ity , a n d  abun- 

<  d a n c e  in  r e la t io n  to  in c r e a s in g  shore
h e te r o g e n e i ty .
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d v  a r e a  o n  t h e  s o u th  s h o r e  o f t h e  S t. L a w re n c e  E s tu a ry , C a n a d a ,  a n d
Fig. I- S tu y  qualitative a n d  (B) quantitative sam pling proceduresschem atic  v iew  oi u ic  v

METHODS

Study area and large-scale hetero­
geneity measurement. T h e  p resen t 
s tu d y  w a s  c a r r i e d  o u t  o n  a  103 km 
p o r t io n  of th e  s o u th  s h o r e  of th e  St. 
L a w re n c e  E s tu a r y  (F ig . 1; betw een  
T ro is -P is to le s  a n d  M itis )  fro m  8 June 
to  17 A u g u s t  1992 . T h is  a r e a  w a s  cho­
s e n  fo r its  r e la t iv e ly  l in e a r  shoreline 
w h ic h  is  b r o k e n  u p  b y  b a y s  a n d  head 
la n d s . In  a d d it io n ,  th is  p a r t  of the 
e s tu a ry  is  c h a r a c t e r i z e d  b y  a  sm all
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g ra d ie n t in  p h y s ic o -c h e m ic a l  c o n d itio n s (E l-Sabh 
1979, F r a d e t te  & B o u rg e t  1980 , A rd isso n  & B ourget
1992). W ith in  th is  a r e a ,  s i te s  w i th  s ig n ifican t fre sh w a ­
ter t r ib u ta r ie s  a n d  h ig h  h u m a n  activ ity  (e.g. harbors) 
w e re  e x c lu d e d .

S h o re  h e te r o g e n e i ty  w a s  d e f in e d  as th e  coastline  
c o n to u r (se e  b e lo w ) , e s t im a te d  u s in g  to p o g rap h ic  
m ap s (sc a le  1 :20 000 ; E n e rg ie  & R esso u rces , Q uébec).
A sh o re  h e te r o g e n e i ty  in d e x  (SHI) w h ic h  c o rre s ­
p o n d e d  to  th e  r a t io  b e tw e e n  p o in ts  1 k m  a p a r t  a n d  
th e  m e a s u r e d  s h o r e l in e  d is ta n c e  b e tw e e n  th e s e  po in ts 
(m od ified  fro m  B e r g e r o n  & B o u rg e t 1986) w as ca lcu ­
la ted . S h o re  h e te r o g e n e i ty  w a s  m e a su re d  d irectly  
from  to p o g r a p h ic  m a p s  u s in g  a  c u rv im e te r  (Alvin 
m o d e l 1112). T h e  s ta r t in g  p o in t  fo r e s tim a tin g  th e  SHI 
w as d e te r m in e d  a t  r a n d o m  fro m  a m o n g  all possib le  
1 k m  s t r e tc h e s  o f s h o r e  (s ta tio n s) on  th e  m ap s. T h e  1 
km  sc a le  w a s  c o n s id e r e d  to  b e  la rg e -sc a le  a n d  
re su lte d  in  s u f f ic ie n t  1 k m  s ta tio n s  w ith  re la tiv e ly  
h ig h  h e te r o g e n e i ty  (> 3  s ta tio n s ; se e  be low ) o v e r th e  
s tu d ie d  c o a s tl in e .  T h e  SH I v a lu e s  v a r ie d  from  1.0 to 
5.2 a n d  w e r e  g r o u p e d  in to  3 a rb itra r ily  d e te rm in e d  
c a te g o r ie s  o n  th e  b a s is  of th e  f re q u e n c y  d is trib u tio n  
plot: lo w  (L = 1 .0  to  1 .79), m e d iu m  (M  = 1.8 to  3.59), 
h ig h  (H  = 3 .6  to  5 .2 ).

Qualitative sampling, species richness. W ith in  th e  
SHI c a te g o r ie s ,  4 h ig h  SH I, 5 m e d iu m  SH I a n d  5 low  
SHI 1 k m  s ta t io n s  ( s tr e tc h e s  o f sh o re ) w e re  ran d o m ly  
c h o se n  fo r  in  d e p th  s tu d y  (Fig. 1A). E ac h  of th e se  s ta ­
tions w a s  s u b d iv id e d  in to  t e n  100 m  sh o re lin e  s e g ­
m en ts . W ith in  e a c h  s ta tio n , 4 s e g m e n ts  w e re  ran d o m ly  
ch o se n  fo r  s a m p lin g .  T h e  fo llo w in g  a  p r io r i  criteria , 
d e te rm in e d  a c c e p ta n c e  of th e  se g m en ts : (1) > 6 0  /o 
ro ck y  s u b s tr a tu m ;  (2) a b s e n c e  of a  f re s h w a te r  tr ib u ­
tary ; (3) s h o r e  s lo p e  < 2 0 °; (4) w a v e  e x p o se d  areas-, a n d  
(5) in te r t id a l  z o n e  w id e r  th a n  15 m , in  o rd e r  to  sam p le  
3 sh o re  le v e ls .  W h e n e v e r  th e  ra n d o m ly  se le c te d  s e g ­
m e n t d id  n o t  m e e t  t h e s e  c r ite r ia , th e  o n e  a d ja c e n t on 
th e  le f t  w a s  i n s p e c te d  u s in g  th e  sa m e  c rite ria  u n til an

a p p ro p r ia te  s e g m e n t  w a s  fo u n d .
S u b s tr a tu m  h e te r o g e n e i ty  w ith in  e a c h  se lec te d  

100 m  s e g m e n t  o f ro c k y  sh o re l in e  w a s  m e a su re d  
d irec tly  o n  th e  s h o r e  u s in g  a  m e th o d  a n a lo g o u s  to  th a t 
u se d  to  c a lc u la te  t h e  SH I. A  g r a d u a te d  c h a in  (±5 cm  
p re c is io n ) h a p h a z a r d ly  p la c e d  o n  th e  su b s tra tu m  p a r ­
a lle l to  th e  s h o r e l in e  in  th e  m id  in te r t id a l  z o n e  w as 
u se d  to  m e a s u r e  to ta l  d is ta n c e  a n d  p ro file  a n d  a  ro p e  
s tr e tc h e d  a b o v e  th e  c h a in  w a s  u s e d  to  m e a su re  th e  n  
e a r d is ta n c e  b e tw e e n  th e  2 e n d s  of th e  ch a in . T h e  ra tio  
of th e s e  2  v a lu e s  w a s  u s e d  a s  th e  in d e x  of m ed iu m - 

sca le  h e te r o g e n e i ty  (M SH I). ,
W i t h i n  t h e  1 0 0  m  s e g m e n t s  o f  s h o r e l i n e  s e  e c  e  , 

a s  m a n y  s e s s i l e  s p e c i e s  o f  f l o r a  ( m a c r o a l g a e  

f a u n a  ( m a c r o f a u n a )  a s  p o s s i b l e  w e r e  r e c o r d e  & 

t i d e  ( l o w e r  t h a n  0 . 7 5  m ,  m a x i m a l  a m p l i t u d e  =

D e p artm en t of F ish e ries  a n d  O c e a n s  C a n a d a )  by  th e  
sam e 2 tra in e d  o b se rv e rs  o v e r  a  2 h  p e r io d  ( s ta n d a rd ­
ized  m eth o d ). S p e c ie s  o b se rv e d  w ith in  a n d  o u ts id e  
tid ep o o ls w e re  re c o rd e d  s e p a ra te ly . T h e  s a m p lin g  
sch ed u le  w as  e s ta b lish e d  to  m in im iz e  v a r ia b ili ty  
am o n g  s ta tio n s  d u e  to  sa m p lin g  p e rio d ; th a t  is, w h e n  a 
low  SH I s ta tio n  w a s  s a m p le d  first, th e  n e x t lo w  S H I s ta ­
tion  w as  sa m p le d  a t th e  e n d  of th e  s a m p lin g  se a so n  
(7 J u n e  to  17 A u g u st) a n d  so  on. F u r th e rm o re , to  c o n ­
tro l fo r b ia se s  w h ic h  m a y  h a v e  b e e n  a s so c ia te d  w ith  
th e  d u ra tio n  of th e  s a m p lin g  p e r io d , th e  f irs t s ta tio n  
e x am in ed  w as re sa m p le d  a t  th e  e n d  of th e  s e a s o n  a n d  
th e  n u m b e r  of sp e c ie s  c o m p a re d . O n ly  1 a d d itio n a l 
sp ec ie s  w a s  found .

Quantitative sampling, diversity and abundance. 
Q u a n tita tiv e  sa m p lin g  w a s  c a r r ie d  o u t  to  c o m p a re  s p e ­
cies d iv e rs ity  a n d  a b u n d a n c e  a m o n g  th e  3  S H I c a te ­
g o ries (1 k m  sca le). T w o s ta tio n s  ( s tre tc h e s  o f  sh o re ) 
w e re  sa m p le d  fo r e a c h  S H I c a te g o ry . T h e s e  6 s ta tio n s  
w e re  se le c te d  ra n d o m ly  fro m  th e  14 s ta tio n s  u s e d  in  
th e  q u a lita tiv e  sa m p lin g . T h e  s a m p lin g  p ro c e d u re  
e n su re d  th a t  s ta tio n s  c o n ta in e d  c o m p a ra b le  sm all- 
sca le  h e te ro g e n e ity  (Fig. IB). F o u r  ty p e s  o f su rfa c e  
w e re  sa m p le d  a t  sm a lle r  sca les: sm o o th  su rfa c e s  (15 x 
40 cm), a n d  c rev ice s  w ith  d e p th s  of 1, 1 0 -1 3  a n d  
2 0 -2 5  cm . T h e se  w e re  n o m in a lly  d e s ig n a te d  a s  1, 10 
a n d  20 cm  crev ices. T h e  sa m p lin g  a re a s  fo r e a c h  ty p e  
of su rface  w as 600 cm 2 fo r sm o o th  su rfa c e s  a n d  20 cm  
crev ices, 300 cm 2 for 10 cm  c rev ice s , a n d  30  cm 2 for 
1 cm  c rev ices. S a m p lin g  a re a  h a d  n o  s ig n if ic a n t in f lu ­
e n ce  o n  th e  e s tim a te d  to ta l  b io m a ss  o v e r  th e  r a n g e  of 
th e  sam p lin g  sizes  u se d  in  th is  s tu d y , a s  in d ic a te d  by  
th e  A N O V A  on  th e  b io m a ss  e s t im a te d  for th e  sa m e  38 
a re a s  from  q u a d ra ts  of 30, 300 a n d  600 c m 2 (F2 =
0.318, p  = 0.718). F o r d iv ers ity , on ly  c o m p a riso n s  
w ith in  su rface  ty p es  w e re  c a r r ie d  ou t, h e n c e  re su lts  of 
th e  a n a ly se s  a re  in d e p e n d e n t  of th e  s a m p lin g  a re a . 
O nly  c rev ice s  >15 cm  lo n g  w e re  sa m p le d . S e lec tio n  
c rite ria  for su rfa ce s  sa m p le d  w e re  d e te rm in e d  a priori, 
a n d  c o rre sp o n d  to: (1) sm o o th  su rfa c e s , 10 a n d  20 cm  
d e e p  c rev ice s  w ith  ir re g u la r i t ie s  n o t d e e p e r  th a n  1 cm;
(2) su rfa ce s  w ith  a n  h o riz o n ta l a n g le  <10° a n d  c losely  
p a ra lle l  to  th e  g e n e ra l  sh o re lin e  (a n g le  <45°); a n d
(3) c rev ice  a n g le  o p e n in g s  b e tw e e n  60° a n d  90° to  th e

h o rizo n ta l.
A ll su rfa c e s  e x a m in e d  w e re  lo c a te d  in  th e  m id  lit­

to ra l zo n e , b e tw e e n  th e  u p p e r  a n d  lo w e r lim its  of 
Fucus vesiculosus. S u rfa c e s  in s id e  tid e p o o ls  w e re  no t 
c o n s id e re d  fo r th e  q u a n ti ta t iv e  sa m p lin g . E a c h  s ta tio n  
w a s  sa m p le d  o v e r  2 t id a l p e r io d s . D u rin g  th e  firs t tid a l 
p e rio d , 2 p e rso n s  m a rk e d  a ll s u r fa c e s  f ittin g  th e  a b o v e  
c riteria . T h e  su rfa c e s  u s e d  fo r s a m p lin g  w e re  th e n  r a n ­
d o m ly  se le c te d  fro m  a m o n g  a ll su r fa c e s  m a rk e d  d u r in g  
th e  first t id a l  p e rio d . F o r  a  g iv e n  s ta tio n , th e  to ta l  n u m ­
b e r  of su rfa ce s  o f e a c h  ty p e  s a m p le d  d e p e n d e d  o n  th e



to ta l  n u m b e r  of su r fa c e s  la b e lle d . A t le a s t 1 su rfa c e  for 
e v e ry  5 m a r k e d  s u rfa c e s  w a s  sa m p le d  (e.g . if 50 
s m o o th  su r fa c e s  w e re  la b e l le d  a t  a  sta tio n , th e n  10 su r ­
fa c e s  w e r e  ra n d o m ly  c h o se n  a n d  sam p led ). W h ere  
th e r e  w e r e  le s s  th a n  20 m a rk e d  su rfa ce s , a  m in im u m  of 
4 s u r fa c e s  w a s  s e le c te d  p e r  s ta tio n . S am p les  w e re  co l­
le c te d  b y  s c ra p in g  th e  c re v ic e s  a n d  th e  sm o o th  s u r ­
fa c e s  b a re .  W et w e ig h t  ( to w e l-d ried ) a n d  % co v er of 
e a c h  s e s s ile  s p e c ie s  p r e s e n t  ( fau n a  a n d  flora) w e re  
d e te r m in e d .  W e ig h in g  w a s  c a r r ie d  o u t in  th e  la b o ra ­
to ry  u s in g  a  M e t tle r  b a la n c e  (m o d el PE, ±0 .001  g) a n d  
th e  to ta l  %  c o v e r  of e n c ru s t in g  sp e c ie s  w as  in d e p e n ­
d e n tly  e s t im a te d  v isu a lly  b y  re m o v in g  c a n o p y  a n d  
s m o th e r in g  o rg a n is m s  w h e n  n e c e ssa ry . P e rc e n t  co v er 
w a s  e s t im a te d  b y  th e  s a m e  2 o b se rv e rs .

S p e c ie s  d iv e rs ity  w a s  c a lc u la te d  u s in g  S h a n n o n 's  
In d e x  (H' = - I p , l n p „  w h e r e  p ,  is th e  p ro p o r tio n a l a b u n ­
d a n c e  of th e  i t h  tax o n ; M a g u r ra n  1988). B e ca u se  of th e  
la r g e  s iz e  d i f f e r e n c e s  o b s e rv e d  b e tw e e n  in d iv id u a ls  of 
th e  s a m e  sp e c ie s , b io m a ss  (w e t w e ig h t) 
w a s  u s e d  to  d e te r m in e  th e  p ro p o r t io n  of 
e a c h  s p e c ie s  p r e s e n t ,  r a th e r  th a n  th e  
n u m b e r  of in d iv id u a ls  (W ilhm  1968,
M a g u r r a n  1988). T o re d u c e  v a r ia b ility  
d u e  to  g ro w th , a ll q u a n ti ta t iv e  d a ta  w e re  
c o lle c te d  o v e r  a  19 d  p e r io d  fro m  15 Ju ly  
to  2 A u g u s t  1992.

Statistical treatment. Qualitative sam­
pling: T h e  r e s p o n s e  v a r ia b le s  u s e d  in  th e  
a n a ly s e s  of th e  q u a li ta t iv e  s a m p lin g  w e re  
to ta l s p e c ie s  r ic h n e s s  (to ta l n u m b e r  of 
s p e c ie s  c o u n te d  d u r in g  2 h  o b se rv a tio n  
p e r io d s )  a n d  th a t  of th e  f a u n a  a n d  
flo ra  s e p a ra te ly ,  re c o rd e d  ( s ta n d a rd iz e d  
m e th o d )  w i th in  a n d  o u ts id e  tid e p o o ls . An 
A N C O V A  w ith  M S H I a s  th e  c o v a r ia te  w as 
u s e d  to  a n a ly z e  s p e c ie s  r ic h n e s s  (total, 
f a u n a l  a n d  f lo ra l n u m b e r  of sp e c ie s )  from  
th e  s ta tio n s  to  a c c o u n t  fo r v a r ia tio n s  
a m o n g : (1) S H I c a te g o r ie s ,  (2) s ta tio n s  
w ith in  S H I c a te g o r ie s  a n d  (3) a n  e r ro r  
t e r m  (se e  T a b le  1). T h e  3 v a r ia b le s  w e re  
t e s te d  fo r  n o rm a li ty  u s in g  S h a p iro -W ilk 's  
te s t  (SA S 1982; p  > 0 .34). H o m o g e n e ity  of 
v a r ia n c e s  w a s  c o n f irm e d  b y  g ra p h ic a l  
e x a m in a t io n  (S c h e rre r  1984). T h e  
a s s u m p t io n  of in d e p e n d e n c e  a m o n g  s ta ­
t io n s  a n d  s e g m e n ts  w a s  m e t  s in c e  s ta tio n s  
a n d  s e g m e n ts  w e re  ra n d o m ly  s e le c te d  
(S o k a l & R o h lf 1981, s e e  a lso  B o u rg e t &
F o r t in  1995),

Quantitative sampling, species diver­
sity: T h e  m o d e l  u s e d  to  a n a ly z e  th e  d iv e r ­
s ity  in d e x  w a s  th e  s a m e  a s  th a t  u s e d  in  
th e  q u a l i ta t iv e  s a m p lin g  a n a ly s is  (see

T ab le  3). T h e  4 ty p e s  o f s u r f a c e  w e r e  a n a ly z e d  sepa­
ra te ly  s in c e  sp e c ie s  d iv e r s i ty  (H'j  is a f fe c te d  by  the 
sa m p lin g  a r e a  (F ro n tie r  1983 , M a g u r r a n  1988). Nor­
m ality  (all v a r ia b le s ,  p  >  0 .2 ) a n d  h o m o g e n e i ty  of vari­
a n c e  w e re  te s te d  a s  fo r  q u a l i t a t iv e  sa m p lin g .

Quantitative sampling, biomass and percent cover: 
B iom ass d a ta  w e re  s t a n d a r d i z e d  o v e r  th e  sam e unit 
a re a . A n  A N O V A  w a s  p e r f o r m e d  o n  th e  to ta l  biomass 
d a ta  (g 10 cm -2) a n d  %  c o v e r  d a t a  f ro m  th e  different 
ty p e s  of su r fa c e  to  a c c o u n t  fo r  v a r ia t io n s  am ong: (1) 
SH I c a te g o r ie s  (1 k m ), (2) s ta t io n s  w i th in  SH I cate­
go ries , (3) ty p e s  of s u r fa c e ,  (4) t y p e s  o f su r fa c e  by SHI 
c a te g o rie s , (5) ty p e s  of s u r f a c e  b y  s ta t io n s  w ith in  SHI 
c a teg o rie s , a n d  (6) a n  e r r o r  t e r m  ( s e e  T a b le  4). W hen a 
so u rc e  of v a r ia tio n  w a s  s ig n if ic a n t ,  m u lt ip le  pairw ise 
c o m p a riso n  te s ts  u s in g  l e a s t  s q u a r e  m e a n s  (Lsmeans; 
SA S 1982) w e re  c a r r ie d  o u t  to  s p e c ify  th e  d ifferences.

R e sp o n se  v a r ia b le s  u s e d  in  t h e  a n a ly s is  w e re  total 
b io m ass , to ta l  %  c o v e r  a n d  to ta l  b io m a s s  o f th e  2 dom-

Table 1. Analysis of covariance (ANCOVA) show ing  th e  effect of shore 
heterogeneity index (SHI) categories, stations w ith in  SHI categories, and the 
heterogeneity of the substratum  (MSHI) as covariate , on  th e  total, floral and 

faunal species richness (within an d  ou tside  of tidepools)

Source of variation df MS F P

Within tidepools
Total num ber of species

MSHI 1 12.1 0.001 0.981
SHI categories 2 127.6 1.3 0.311
Stations (SHI categories) 11 98 8.07 <0.0001
Error 40 12.1

Flora
MSHI 1 0.19 0.04 0.836
SHI Categories 2 52.8 1.28 0.31?
Stations (SHI Categories) 11 41.3 9.25 <0.0001
Error 40 4.5

Fauna
MSHI 1 0.01 0.01 0.964
SHI Categories 
Stations (SHI Categories)

2
11

29.8
21

1.42
3.58

0.283
0.002

Error 40 5.9
O utside oi tidepools
Total num ber of species

MSHI 1 0.55 0.06 0.814
SHI Categories 2 85.7 0.99 0.403
Stations (SHI Categories) 
Error 11 86.7 8.84 <0.0001

Flora 40 9.8

MSHI
SHI Categories 
Stations (SHI Categories) 
Error

1
2

11

1.2
74.8
29.5

0.34
2.53
5.04

0.562
0.125

<0.0001

Fauna 40 5.9

MSHI
SHI Categories 
Stations (SHI Categories) 
Error

1
2

11

0.45
8.3

26.7

0.08
0.31
4.78

0.777
0.74

<0.0001
40 5.6
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,A)50

in an t ta x a : M ytilus edulis a n d  Fucus spp . 
Only 2 ty p e s  of s u r f a c e  (10 a n d  20 cm  d e e p  
crev ices) w e r e  u s e d  in  th e  a n a ly s is  of M. 
edulis b io m a ss ,  s in c e  n o  m u sse ls  w e re  
o b se rv ed  o n  sm o o th  s u r fa c e s  a n d  on ly  1 
in d iv id u a l w a s  f o u n d  in  th e  1 c m  crev ices. 
T otal b io m a ss , b io m a s s  o f M. edulis a n d  b io ­
m ass of Fucus sp p . w e r e  lo g (x + l)  t r a n s ­
fo rm ed  a n d  to ta l  % c o v e r  d a ta  w e re  cu b e  
root t r a n s fo rm e d .  N o rm a li ty  a n d  h e t-  
e ro sc e d a s tic ity  a s s u m p t io n s  w e re  n o t m e t 
afte r t r a n s fo rm a tio n  of b io m a ss  d a ta  for 
th ese  2 d o m in a n t  ta x a .  W e  u s e d  A N O V A  on 
the  r a w  d a ta  a s  s u g g e s te d  b y  C o n o v e r 
(1980) w h e n  r e s u l ts  o f th e  A N O V A s a re  th e  
sam e fo r th e  r a w  a n d  th e  r a n k  tra n s fo rm e d  
da ta .

RESULTS 

Qualitative sampling

For a ll f o u r te e n  1 k m  s ta tio n s , th e  sp ec ie s  
r ich n e ss  w a s  h ig h e r  w i th in  tid e p o o ls  co m ­
p a re d  to  o u ts id e .  A  to ta l  of 86  sp e c ie s  (48 
sp ec ie s  o f m a c r o a lg a e  a n d  38 sp e c ie s  of 
b e n th ic  in v e r te b r a te s )  w e re  o b se rv ed .
W ith in  t id e p o o ls ,  t h e r e  w a s  a  m ax im u m  of 
56 sp e c ie s  (31 s p p .  of m a c ro a lg a e  a n d  25 
spp. of in v e r te b r a te s ) ,  a t  a  h ig h  SH I sta tion .
By c o m p a r is o n , t h e  lo w e s t  n u m b e r  of sp e ­
cies w i th in  t id e p o o ls  w a s  o b s e rv e d  a t  a  low  
SHI s ta t io n  (20 s p p . of m a c ro a lg a e  a n d  13 
spp. of in v e r te b r a te s ) .  O u ts id e  of th e  t id e ­
pools, th e  r ic h e s t  s ta t io n  (27 sp p . of m a c ro a lg a e  a n d  22 
spp. of in v e r te b r a te s )  w a s  a  h ig h  SH I sta tio n , a n d  th e  
low est n u m b e r  of s p e c ie s  (16 sp p . of m a c ro a lg a e  a n d  
10 sp p . of in v e r te b r a te s )  w a s  o b se rv e d  a t a  low  SHI 

sta tion .
N o  s ta tis t ic a l ly  s ig n if ic a n t  d if fe re n c e  in  to ta l  n u m b er 

of sp e c ie s  (T N S ), f lo ra l  a n d  fa u n a l  sp e c ie s  r ich n e ss  w as 
o b se rv e d  w i th in  a n d  o u ts id e  of t id e p o o ls  a m o n g  S 
c a teg o rie s  (T a b le  1; p  > 0.05). H o w ev e r, a lth o u g h  no  
s ta tis tica lly  s ig n if ic a n t,  T N S  a n d  flo ral sp e c ie s  rich n ess 
te n d e d  to  i n c r e a s e  w ith  sh o re  h e te ro g e n e ity  (Fig. 
T he m e a n  T N S  a n d  m e a n  n u m b e r  of m ac ro a  g a e  
in c re a s e d  f ro m  lo w  to  h ig h  S H I c a teg o rie s , b u t h e  
m ean  n u m b e r  o f f a u n a l  sp e c ie s  d e c re a s e d  m  
m ed iu m  S H I c a te g o r y  a n d  in c re a s e d  in  th e  h ig  
ca teg o ry . F o r  T N S , f lo ra l  a n d  fa u n a l  sp e c ie s  n c  ness, 
the  h ig h e s t  a v e r a g e  n u m b e r  of sp e c ie s  w as  ob  

»  th e  h ig h  S H I c a te g o r y  (Fig. 2p  flS in d e .
A. m u lt ip le  r e g r e s s io n  u s in g  M S H I a n  

P e n d e n t v a r ia b le s  a n d  sp e c ie s  r ic h n e ss  a s  the re sp

Within tidepools

hF 10

3  cn 20

cu re

Medium

B) 50
Outside tidepools

D)35

Medium

Shore heterogeneity index (SHI) categories

Fig. 2. M ean (A, B) total, (C, D) floral and |E, F) faunal spurius richness 
within and outside of tidepools for 3 shore heterogeneity  index categories 
The lines below the SHI categories indicate there  is no significant dif­

ference among the 3 categories. Error bars are SE

v a riab le  w as c a rr ied  o u t to  id en tify  w h ich  sc a le  b e tte r  
e x p la in ed  th e  v a r ia tio n s  in  sp e c ie s  r ic h n e s s  (T ab le  2). 
T he v a ria tio n  in T N S  a n d  flo ral sp e c ie s  r ic h n e ss  w ith in  
a n d  o u ts id e  of t id e p o o ls  w a s  c lo se ly  r e la te d  to  SH I. T h e  
in flu en ce  of SH I on  fa u n a l  r ic h n e s s  w a s  n o t s ig n if ic a n t 
(w ith in  a n d  o u ts id e  of tid ep o o ls) . H e te ro g e n e i ty  of 
su b s tra tu m  (M SHI) e x p la in e d  o n ly  a  sm a ll p a r t  of th e  
v a ria tio n  of T N S, a n d  flo ra l r ic h n e s s  w ith in  tid e p o o ls . 
H ow ever, th e  M S H I e x p la in e d  n o  s ig n if ic a n t v a r ia tio n  
of the fa u n a l r ic h n e ss  w ith in  tid e p o o ls . O u ts id e  t id e ­
pools, th e  M SH I e x p la in e d  m o re  v a r ia tio n  in T S N  a n d  
fa u n a l r ich n e ss  th a n  SH I. T h e  r e s u l tin g  m o d e ls  
ex p la in ed  23 a n d  3 4 %  of th e  v a r ia tio n  in T S N  w ith in  
a n d  o u ts id e  tid ep o o ls , re sp e c tiv e ly . T h e  to ta l v a r ia tio n  
in  m ac ro a lg a e  r ic h n e ss  e x p la in e d  b y  b o th  SH I a n d  
M SH I w a s  2 8 %  w ith in  tid e p o o ls  a n d  3 8 %  o u ts id e  t id e ­
pools. In co n tra st, fo r th e  fa u n a  th e  s a m e  v a r ia b le s  
ex p la in ed  e ith e r  a  sm a ll (r2 = 0 .13 , o u ts id e  tid e p o o ls )  or 
n e g lig ib le  (n o n -s ig n ifican t, in s id e  tid e p o o ls )  p ro p o r ­
tio n  of th e  v a r ia n c e  in  sp e c ie s  r ic h n e ss .
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Table 2. Partial correlation analyses betw een species richness 
and  h e te rogene ity  indices. Equations of the models are shown 
for total, floral an d  faunal species richness w ithin and outside 
of tidepools. SHI: shore heterogeneity  index: MSHI substra­

tum  h e te rogene ity  index; NS: not significant

0.8-, A)

Source of variation Partial
correlation

P

W ithin tid ep o o ls
Total n u m b er of species (TNS)

SHI 0.419 0.002
MSHI 0.281 0.04
M odel: TNS = 12.4 + 1.65SHI + 25MSHI;

r2 = 0.23, p  = 0.001
Flora

SHI 0.476 0.002
MSHI 0.284 0.038
M odel: Flora = 8.23 + 1.15 SHI + 15.96 MSHI;

r2 = 0.28, p  = 0.0002
Fauna

SHI 0.228 0.98
MSHI 0.184 0.184
M odel: p  = 0.101, NS

0.002
0.0003

O utside  of tid ep o o ls
Total n u m b er of species (TNS)

SHI 0.409
MSHI 0.475
M odel: TNS = -15 .48 + 1.47SHI + 44.03MSHI; 

r2 = 0.34, p  < 0.001 
Flora

SHI 0.525 <0.001
MSHI 0.436 0.001
M odel: Flora = -7 .65  + 1.23SHI + 24.63MSHI; 

r  = 0.38, p  < 0.001
Fauna

SHI 0.112 0.419
MSHI 0.342 0.011
M odel: F auna = -7 .83  + 0.24 SHI + 19.4 MSHI; 

r2 = 0.13, p  = 0.028

0.8-.B )

0.8-,C)
1>> 0.6 

'S

«  0-2

0.8-, D)

T able  3. A nalysis of variance show ing the  effect of shore heterogeneity  
index (SHI) categories an d  stations w ithin SMH categories on the  diversity 
(H ') of th e  4 ty p es of surface: sm ooth surfaces and  1, 10 and  20 cm crevices

Low M edium  H igh

Shore heterogeneity  in d e x  (SHI) categories

Fig. 3. M ean diversity (H 1) for (A) sm ooth su rfaces and  (B) 1 cm, 
(C) 10 cm, and  (D) 20 cm crevices for 3 sh o re  heterogeneity 
index categories. The line below  SHI categ o ries indicates that 
there  w ere no significant d ifferences am o n g  th e  3 categories. 

Error bars a re  SE

Source of variation df MS F p
Sm ooth surface
SHI categories 
Stations (SHI categories) 
Error

2
3

30

0.03
0.32
0.07

0.1
4.38

0.9
0.01

1 cm crev ices
SHI categories 2 0 04 2.11

0.36
Stations (SHI categories) 
Error

3
30

0.02
0.06

0.27
0.78

10 cm crev ices
SHI categories 
Stations (SHI categories) 
Error

2
3

30

0.13
0.15
0.07

0.89
2.22

0.5
0.12

20 cm  c rev ices
SHI categories 
S tations (SHI categories)

2
3

0.08 
0 14

0.54
2.6

0.63
Error 30 0.05 0.08

Quantitative sampling

S p e c ie s  d iv e r s i ty

D iv e rs ity  ( H 'j  o n  t h e  d i f f e r e n t  ty p e s  of 
s u r fa c e  d id  n o t  v a r y  s ig n if ic a n tly  am o n g  
S H I c a te g o r ie s  (T a b le  3). T h e r e  w a s  a  t e n ­
d e n c y , h o w e v e r ,  fo r  d iv e r s i ty  to  in c re a se  
w ith  S H I c a te g o r y  o n  s m o o th  su rfaces, 
1 c m  a n d  10 c m  c r e v ic e s  (F ig . 3A , B, C). 
A v e ra g e  d iv e r s ity  in  t h e  2 0  c m  crev ices 
w a s  h ig h  in  t h e  m e d iu m  S H I c a te g o ry  and  
s lig h tly  lo w e r  i n  th e  lo w  a n d  h ig h  S H I c a t­
e g o r ie s  (F ig . 3D ).

B io m a ss  a n d  p e r c e n t  c o v e r

N o  s ta tis t ic a l ly  s ig n i f ic a n t  d i f fe re n c e  in 
to ta l  a n d  F u c u s  sp p . b io m a s s  a n d  %  cover
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Table 4. Analysis of variance showing the effect of shore heterogeneity 
index (SHI) categories, stations within SHI categories and types of surface 
(TS) on total biomass, % cover, total biomass of M ytilus edulis and total bio­
mass of Fucus spp. Note that ANOVA performed on total biomass of M. 
edulis used only 10 and 20 cm crevices since no M. edulis was found on 

smooth surfaces and only one was found in the 1 cm crevices

Source of variation df MS F P

Total biomass
SHI categories 2 0.45 0.5 0.65
Stations (SHI categories) 3 0.89 3.57 0.06
TS 3 13.86 55.7 <0.001
TS X SHI categories 6 0.55 2.22 0.14
TS X Stations (SHI categories) 9 0.25 1.06 0.4
Error 114 0.23
Corrected total 137

% cover
0.36SHI categories 2 9.94 1.47

Stations (SHI categories) 3 6.78 4.69 0.03

TS 3 39.81 27.54 <0.001
TS X SHI categories 6 1.48 1.02 0.47
TS X Stations (SHI categories) 9 1.45 1.66 0.11

Error 114 0.87
Corrected total 137

Total biomass oí Mytilus edulis
0.54 1.52 0.35SHI categories 2

Stations (SHI categories) 3 0.35 2.27 0.26

TS
TS X SHI categories

1 0.002 0.01 0.93
2 0.11 0.69 0.57

TS X Stations (SHI categories) 3 0.15 0.45 0.72

Error 51 0.34

Corrected total 62

Total biomass of Fucus spp.
2 1.32 1.77 0.31SHI categories 

Stations (SHI categories) 3
3

0.75
9.73

2.08
26.87

0.17
<0.001

TS
TS X SHI Categories 6 0.88 2.42 0.11

0.18TS X Stations (SHI categories) 9
114

0.36
0.25

1.43

Error
Corrected total 137

was o b s e rv e d  a m o n g  th e  SH I c a teg o rie s  
(Table 4), t h o u g h  3  o f 4  v a r ia b le s  sh o w ed  
g re a te r  m e a n  v a lu e s  fo r  th e  h ig h  SH I c a t­
eg o ry  t h a n  fo r  t h e  lo w  S H I c a te g o ry , L ow ­
est b io m a ss  a n d  %  c o v e r  w e r e  in  th e  
m ed iu m  S H I c a te g o r y  (F ig. 4A , B, D). In  
con trast, m a x im u m  b io m a ss  o f m u sse ls  
w as o b s e r v e d  in  t h e  m e d iu m  S H I c a te ­
gory (Fig. 4C ).

T h e re  w a s  a  s ig n if ic a n t  e ffe c t of su rface  
types o n  to ta l  a n d  Fucus sp p . b io m a ss  a n d  
% cover. T h is  e f fe c t  w a s  s im ila r  for th e  
total a n d  Fucus s p p . b io m a ss  (see  be low ;
Fig. 4E , H ). In  t h e s e  2 c a s e s  th e  10 a n d  
20 cm  c re v ic e s  s h o w e d  n o  d iffe re n c e , b u t 
th e re  w a s  i n c r e a s e d  b io m a s s  fro m  sm o o th  
su rfa ce s  to  2 0  c m  d e e p  c re v ic e s . T h e  sa m e  
p a tte rn  w a s  o b s e r v e d  fo r  th e  % c o v e r 
(Fig. 4F) b u t  n o  d i f f e r e n c e  w a s  o b se rv e d  
b e tw e e n  a b u n d a n c e  o n  sm o o th  su rfa ce s  
an d  th e  1 c m  c re v ic e s .

T h e  A N O V A  p e r f o r m e d  o n  a b u n d a n c e  
of Mytilus edulis u s e d  o n ly  2 ty p e s  of su r ­
face (10 a n d  20  c m  c re v ic e s )  b e c a u s e  no  
m u sse ls  w e r e  fo u n d  o n  sm o o th  su rfaces  
a n d  o n ly  1 in d iv id u a l  w a s  o b se rv e d  in  
1 cm  c re v ic e s . T h u s ,  a l th o u g h  d iffe re n c e s  
could  n o t  b e  c o n f irm e d  s ta tis tic a lly  g iv en  
the  la r g e  n u m b e r  o f  z e r o  v a lu e s ,  th e re  
w e re  o b v io u s  p o s i t iv e  ty p e -o f-su rfa c e  
e ffec ts fo r  M. edulis  (F ig . 4G ).

M u ltip le  r e g r e s s io n  a n a ly s is  w a s  c a r ­
ried  o u t  o n  th e  to ta l  a n d  Fucus sp p . b io ­
m ass a n d  %  c o v e r  u s in g  S H I a n d  ty p e  of 
su rfa ce  a s  i n d e p e n d e n t  v a r ia b le s . T o ta l 
b io m ass w a s  f o u r th  ro o t  t ra n s fo rm e d  a n d  
% c o v e r  w a s  c u b e  ro o t  t ra n s fo rm e d  to  
m ee t n o rm a l i ty  a n d  h e te ro sc e d a s t ic i ty  
a ssu m p tio n s . O f t h e  3 v a r ia b le s  c o n s id e re d  th e  ty p es  of 
su rface  e x p la in e d  th e  h ig h e s t  p ro p o rtio n  of re s id u a l 
v a r ia tio n  (T a b le  5). T y p e s  of su r fa c e  e x p la in e d  41 % of 
th e  to ta l  b io m a s s  a n d  21 %  of Fucus sp p . b iom ass. O ver 
40 % of t h e  v a r ia n c e  in  %  c o v e r  w a s  e x p la in e d  b y  ty p es 
of su r fa c e  a n d  ?  %  b y  th e  SH I. T h u s , th e  sc a le  a t  w h ich  
th e  ty p e s  o f  s u r f a c e  in f lu e n c e s  th e  to ta l b iom ass, A 
cover a n d  Fucus s p p .  b io m a ss  w a s  < 2 0  cm .

d is c u s s io n

V a r i a t i o n s  i n  i n t e r t i d a l  c o m m u n i t y  c h a r a c t e  

( s p e c i e s  r i c h n e s s ,  a b u n d a n c e  a n d  d iv e r s i ty )  m  r e  a  

to  c o a s t a l  h e t e r o g e n e i t y  ( o v e r  a  s c a l e  o fM  k m  

h n e )  a n d  s u b s t r a t u m  h e t e r o g e n e i t y  (

Were e x a m in e d .  S p e c ie s  r ic h n e s s  w a s  w e a

p la in e d  b y  la rg e -s c a le  s h o re  h e te ro g e n e i ty  w h ile  
a b u n d a n c e  d iffe re n ce s  w e re  su b s ta n tia l ly  e x p la in e d  
by  sm a lle r-sca le  (<20 cm ) h e te ro g e n e ity .

Species richness

S tu d ie s  in  te r re s tr ia l  e n v iro n m e n ts  h a v e  h ig h lig h te d  
th e  im p o rta n ce  of la rg e -s c a le  to p o g ra p h ic a l  h e te r o ­
g e n e ity  fo r sp e c ie s  r ic h n e ss  (S im p so n  1964, C o o k  1969, 
C u rrie  & P a q u in  1987). O u r  re su lts  sh o w e d  th a t  
m ed iu m - (su b s tra tu m ) a n d  la rg e - s c a le  (sh o re ) to p o ­
g ra p h ic a l h e te ro g e n e ity  e x p la in e d  little  of th e  v a r ia n c e  
in  sp ec ie s  r ich n e ss  in  th e  in te r t id a l  z o n e  e x a m in e d . A t 
th e  la rg e  sc a le  (SH I c a te g o rie s )  th e r e  w a s  a  n o n -s ig n if ­
ic a n t b u t  c o n s is ten t in c re a s e  in  to ta l  n u m b e r  of sp e c ie s  
a n d  flo ral r ic h n e ss  b o th  in s id e  a n d  o u ts id e  o f t id e p o o ls
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Shore heterogeneity  index 
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pig 4 in fluence of scale of heterogeneity  on m ean (A, E) total biomass, 
(B F) % cover, (C, G) biom ass of M yths edulis and (D, H) and biomass of 
Fucus spp., am ong the shore heterogeneity  index categories (L = low, 
M  = m edium , H = high) an d  types of surface (Sm = smooth surface; and 1, 
10 and 20 cm crevices], SHI categories and  types of surfaces that w ere 

no t significantly d ifferent a re  underlined. Error bars are SE

w ith  in c r e a s in g  s h o re  h e te r o g e n e i ty  (Fig. 2). A  c o n s is ­
t e n t  p a t t e r n  w a s  a lso  o b s e rv e d  fo r th e  f a u n a  w h e re  
r ic h n e s s  d e c r e a s e d  a t  t h e  in te rm e d ia te  S H I ca teg o ry . 
T h e  in f lu e n c e  of to p o g ra p h ic a l  h e te ro g e n e i ty  a t  la rg e  
a n d  m e d iu m  s c a le s  w a s  p ro b a b ly  r e d u c e d  b y  th e  e ffec t 
o f o th e r  f a c to r s  s u c h  a s  ic e  sc o u r in g  in  th is  e n v iro n ­
m e n t  (B e rg e ro n  & B o u rg e t  1984, 1986). T h e r e  is  e v i­
d e n c e  in  t h e  l i t e r a tu r e  t h a t  w h e n  th e r e  a r e  r e c u r re n t  
d is tu r b a n c e s ,  th e  n u m b e r  o f sp e c ie s  re m a in s  lo w  (C o n ­
n e l l  1978 , S o u s a  1 9 7 9 a , b , D a v is  & W ilce  1987, K au tsk y  
& K a u ts k y  1989 , K ila r  & M c L a c h la n  1989, P e tra it is  e t  
a l. 1989).

F o r  e a c h  s p a t ia l  s c a le , a  m u c h  g r e a t e r  p e r c e n ta g e  of 
t h e  v a r ia n c e  in  s p e c ie s  r ic h n e s s  w a s  e x p la in e d  fo r th e  
a lg a e  t h a n  fo r th e  fa u n a .  A  p o s s ib le  e x p la n a tio n  fo r th is

r e s u l t  m a y  b e  t h a t  m a n y  l i t to r a l  a lg a e , when 
a f fe c te d  b y  ic e  s c o u r in g  o r  g ra z e rs ,  a re  able 
to  re c o v e r  b y  r e g e n e r a t i n g  f ro m  th e  basal 
d isc  (P rin tz  1956, A r c h a m b a u l t  & Bourget
1983), w h ile  a ll n o n - c o lo n ia l  se s s ile  in v erte ­
b ra te  sp e c ie s  a b r a d e d  b y  ic e  o r  a tta c k e d  by 
p re d a to r s  a r e  l ik e ly  to  b e  k ille d . Hence, 
a lg a l  r ic h n e s s  m a y  b e  le s s  a f fe c te d  b y  physi­
c a l a n d  b io lo g ic a l  p e r tu r b a t io n s  th a n  ani­
m a ls . T h e  fa c t  t h a t  l a r g e - s c a l e  h e te ro g e n e ity  
(SHI) e x p la in e d  s ig n if ic a n tly  m o re  variance 
in  a lg a l  r ic h n e s s  th a n  M S H I, w h i le  th e  oppo­
s ite  w a s  o b s e r v e d  fo r  t h e  f a u n a  (T able  2), 
m a y  lie  in  d i f f e r e n c e s  in  th e  d is p e rs a l,  re te n ­
t io n  o r s e t t l in g  m e c h a n is m s  of t h e s e  2 groups 
of o rg a n ism s , b u t  f u r th e r  w o r k  w o u ld  be 
r e q u ir e d  to  v a l id a te  th is  h y p o th e s is .

H ig h e r  v a lu e s  o f m e a n  to ta l  n u m b e r  of 
sp e c ie s , f lo ra l a n d  f a u n a l  s p e c ie s  richness 
w e re  o b s e r v e d  w i th in  t id e p o o ls  th a n  outside 
of t id e p o o ls  (F ig . 2). T h is  d i f f e r e n c e  b e tw een  
e m e r g e n t  s u b s t r a ta  a n d  t id e p o o ls  m a y  arise 
b e c a u s e  o f s m a lle r  p h y s ic a l  f lu c tu a tio n s  in 
t id e p o o ls  (M e ta x a s  & S c h e ib l in g  1993), and 
r e d u c e d  a n n u a l  ic e  s c o u r in g  w ith in  su b s tra ­
tu m  d e p re s s io n s  (B e rg e ro n  & B o u rg e t  1986).

Diversity

sity  (H't

D iv e rs ity  h a s  b e e n  s h o w n  to  in c r e a s e  with 
sm a ll-sc a le  (< 5 0  cm ) s u b s t r a tu m  h e te ro ­
g e n e i ty  (M e n g e  e t  a l. 19 8 3 , M e n g e  e t al. 
1985). B o u rg e t  e t  a l. (1994) fo u n d  no 
in c re a s e  in  d iv e r s ity  w i th  sm a ll - s c a le  h e te ro ­
g e n e i ty  in  th e  e a r ly  (< 4  m o ) p h a s e s  of colo­
n iza tio n . To o u r  k n o w le d g e ,  n o  o th e r  study 
h a s  b e e n  c a r r ie d  o u t  in  th e  in te r t id a l  zone 
w h ic h  h a s  e x a m in e d  th e  in f lu e n c e  of large- 
sc a le  (1 k m ) h e te r o g e n e i ty  o n  s p e c ie s  diver- 
O u r  re s u lts  h a v e  s h o w n  th a t  w h i le  d iversity  

w a s  n o t s ig n if ic a n tly  d i f f e r e n t  a m o n g  S H I c a teg o rie s  
a rg e -s c a le ;  T a b le  3), t h e r e  w a s  a  t r e n d  o f  in c re a s in g  

e rs ity  w ith  in c re a s in g  h e te r o g e n e i ty  fo r  3 ty p e s  of 

a ^ r tT n  ° Ut ° f th e  4 in v e s t i9 a t e d  ( sm o o th  su rfa ce s , 1 
cih) ° m  crev iceS ; F i9- 3)- T h is  t r e n d  s u g g e s ts  a  pos- 

e  w e a k  in f lu e n c e  of l a r g e - s c a l e  h e te r o g e n e i ty  on 

d u T ' m  W hlch  m a y  n o t  r e a c h  s ta t i s t ic a l  s ig n ifican ce  
u se d  h e r 6 ^°W n u m ':ier ° i  S H I c a te g o r ie s  a n d  rep lica tes

Abundance

Q ra n h ' reS^ ts  sh o w e d  th a t  s m a l l - s c a le  (< 2 0  cm ) topo* 
o re  h e te r o g e n e i ty  is  m o r e  im p o r ta n t  than
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Table 5. Partial co rre lation  analysis of total biomass, % cover, 
and total biom ass of Fucus spp. versus shore heterogeneity 
index (SHI) an d  type  of surface (TS). General equations of the 

m odels a re  also shown

Source of variation Partial
correlation

P

Total b iom ass (TB)
SHI 0.064 0.457
TS 0.644 <0.001
Model: Fourth  root TB = 0.83 + -0 .0 2 SH + 15.17TS;

r2 = 0.42, p  < 0.0001
% cover
SHI 0.272 0.001
TS 0.631 <0.001
Model: C ube root % cover = 0.66+  0.21 SH I+ 0.12TS;

r2 = 0.44, p  < 0.0001
Total b iom ass of F ucus  spp. (TBF)
SHI 0.485
TS <0.001
Model: TBF = 0.4 + 0.09SHI + 0.14TS;

r2 = 0.21, p  < 0.0001

la rg e -s c a le  (1 k m ) h e te r o g e n e i ty  in  d e te rm in in g  th e  
a b u n d a n c e  of o r g a n is m s  in  th e  in te r tid a l com m unity  
in th e  S t. L a w re n c e  E s tu a ry  (T ab les 4  & 5). It is 
h y p o th e s iz e d  th a t  th is  is  r e la te d  to  th e  fact th a t  sm all- 
sca le  to p o g r a p h ic  h e te r o g e n e i ty  o ffers su itab le  
re fu g e s  fo r  o r g a n is m s  a g a in s t  p re v a ilin g  physical 
stress (e .g . ic e  s c o u r in g )  in  a  su b a rc tic  en v iro n m en t. 
M an y  s tu d ie s  h a v e  s h o w n  th a t  sm a ll-sca le  h e te ro  
g e n e ity  (c re v ic e s )  p r o te c ts  o rg a n ism s  a g a in s t  d iffe ren t 
p h y s ic a l s t r e s s e s ,  s u c h  a s  d e s ic c a tio n  (G arrity  1984), 
a n d  d is tu r b a n c e s  s u c h  a s  d rif t lo g s  (D ayton  1971) an d  
ice s c o u r in g  (B e rg e ro n  & B o u rg e t 1984, 1986, B ou rg e t 
et al. 1985). T h e  a b u n d a n c e  of p re d a to rs  h a s  b e e n  
sh o w n  to  in c r e a s e  in  c re v ic e s  (U n d e rw o o d  & D enley
1984), b u t  p r e d a to r s  a r e  se ld o m  e n c o u n te re d  in  th e  
m id in te r t id a l  z o n e  of th e  St. L a w re n c e  E s tu a ry  (Bour 
ge t e t  a l. 1985). W h e n  p r e s e n t ,  th e ir  e ffic ien cy  can  e 
c o n s id e ra b ly  r e d u c e d  d u e  to  sm a ll-sc a le  h e te ro g e n e  
ity (M e n g e  e t  a l. 1985 , G o sse lin  & B o u rg e t 1 

H ixon  & M e n g e  1991). . ,
P ro te c t io n  fro m  d is tu r b a n c e  is  c o n s is ten t w it 

h ig h e r  to ta l  b io m a s s ,  %  c o v e r  a n d  Fucus spp . b iom as 
fo u n d  w ith  in c r e a s in g  c re v ic e  d e p th  o b se rv e d  ( ig- 
T he lo w e r  v a lu e s  o b s e r v e d  fo r Mytilus edulis b iom  
in 20 c m  c re v ic e s  (F ig . 4G ) m a y  b e  e x p la in e d  Y 
fact th a t  c o m m u n it ie s  in  th is  m ic ro h a b ita t, w hic 
o p e n in g  a n g le s  o f 60  to  90°, a r e  m o re  v u ln e ra b le  t 
p h y sica l fa c to rs  (e .g . ic e  s c o u rin g  a n d  w a v e  a 
th an  th o s e  in  s m a l le r  c re v ic e s . In d e ed , B e rg e r 
B o u rg e t (1986) s h o w e d  th a t  in  sm a ll c rev ices, a n i 
are a ll  d i r e c tly  a t t a c h e d  to  th e  su b s tra tu m , w  
la rg e r  c re v ic e s ,  m u s s e l  m u d  a c c u m u la te s  on

tom  of th e  c rev ice  a n d  the* m u sse l c o m m u n ity  g r a d u ­
ally b eco m es u n stab le .

O ur s tu d y  sh o w s a s tro n g  sm a ll-sc a le  (<20 cm ) h e t ­
e ro g en e ity  e ffec t on  a b u n d a n c e . T h is  re su lt c o n tra s te d  
w ith  th a t of L in d e rg a rth  e t al. (1995), w h e re  sc a le s  of 
1 km  a n d  100 m w e re  im p o rta n t in e x p la in in g  sp a tia l 
variab ility  in a b u n d a n c e  of so m e  in fau n a l b iv a lv e s . 
Both th e ir  s tu d y  a n d  o u rs  w e re  c a r r ie d  o u t in su b a rc  tic 
en v iro n m en ts ; h o w ev er, it m ay  b e  th a t  e p ib e n th ic  
in te rtid a l p o p u la tio n s  a re  m o re  s tro n g ly  a f fe c te d  by 
p h y sical facto rs th a n  th e  su b tid a l in fau n a l p o p u la tio n s . 
T he sa m p lin g  sca le  w a s  1 m  in  L in d e rg a r th  e t  a l. (1995) 
a n d  less th a n  20 cm  in  o u r s tudy , w h ic h  w o u ld  a lso  
in flu en ce  th e  re la tiv e  im p o r ta n c e  of la rg e -sc a le  a n d  
sm alle r-sca le  effects.

Spatial scale

A tre n d  th a t  e m e rg e s  fro m  th is  s tu d y  is th a t  d if fe re n t  
sp a tia l sca les  ex p la in  th e  v a r ia b ili ty  of d if fe re n t  c o m ­
m u n ity  ch ara c te ris tic s . S p e c ie s  r ic h n e s s  is  b e s t  e x ­
p la in e d  b y  th e  1 k m  sc a le , w h ile  a b u n d a n c e  is b e s t 
e x p la in ed  by  th e  < 2 0  cm  sca le . B o u rg e t e t al. (1994) 
su g g e s te d  th a t  in  th e  su b litto ra l  z o n e  th e  e ffe c t of to p o ­
g ra p h ic a l h e te ro g e n e ity  o n  d iv e rs ity  a n d  % c o v e r m ay  
o ccu r a t  a  sp a tia l sc a le  la r g e r  th a n  10 cm , a  c o n c lu s io n  
w h ich  w a s  in d ire c tly  su p p o r te d  b y  re su lts  o f L in d e r­
g a r th  e t al. (1995). In th e  p r e s e n t  s tu d y , sp e c ie s  r ic h ­
n e ss  in c re a s e d  w ith  la rg e -s c a le  h e te ro g e n e i ty  bu t 
p ro c esse s  by  w h ich  la rg e -sc a le  h e te ro g e n e i ty  cou ld  
in flu en ce  d iv ers ity  a n d  a b u n d a n c e  w e re  a p p a re n tly  
no t suffic ien tly  m a rk e d  in th e  in te r t id a l  z o n e  to  in d u c e  
sig n ifican t d iffe re n ce s  a m o n g  SH I c a te g o r ie s . An a l te r ­
n a tiv e  h y p o th es is  m ay  b e  th a t th e  a n n u a l  re g u la tio n  of 
in te r tid a l p o p u la tio n s  b y  p h y s ic a l s tre s s  in  th is  h a rsh  
in te rtid a l e n v iro n m e n t (see  B e rg e ro n  & B o u rg e t 1984, 
1986, B o u rg e t e t al. 1985) is su ffic ie n t to  lim it p o te n tia l  
la rg e -sc a le  (1 km ) e ffe c ts  on  th e  co m m u n ity . In th e  
in te r tid a l zo n e , sm a ll-sc a le  to p o g ra p h ic a l h e te r o g e n e ­
ity  c re a te s  re fu g e s  fro m  e n v iro n m e n ta l  d is tu rb a n c e s  
on  p o p u la tio n s  (M e n g e  e t  al. 1985, G o sse lin  & B o u rg e t 
1989, H ixon  & M e n g e  1991). O th e r  s tu d ie s  h a v e  sh o w n  
th a t  sm a ll-sca le  h e te ro g e n e i ty  p ro v id e d  b y  h o le s  a n d  
crev ices p o sitiv e ly  a ffe c te d  d iv e rs ity  a n d  a b u n d a n c e  
(E m son & F a lle r-F ritsch  1976, R affae lli & H u g h e s  1978, 
M e n g e  e t al. 1983). T h u s , th e  re s u l ts  re la tin g  sp a tia l 
sca les to c o m m u n ity  c h a ra c te r is tic s  s u g g e s t  th a t  sm all- 
scale  to p o g ra p h ic a l h e te ro g e n e i ty  s ig n if ic a n tly  in f lu ­
en ces  som e in te r tid a l c o m m u n ity  c h a ra c te r is tic s  (e .g . 
a b u n d a n c e ) . L a rg e  sc a le s  of h e te ro g e n e i ty  m a y  in f lu ­
en ce  in te r tid a l co m m u n ity  c h a ra c te r is tic s  su c h  a s  r ic h ­
ness, a n d  p o ss ib ly  a lso  su b litto ra l  c o m m u n ity  c h a ra c ­
teristics , a t  le a s t in  s u b a rc tic  e n v iro n m e n ts  (see  
B o u rg e t e t  a l. 1994, L in d e rg a r th  e t  a l. 1995).
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