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ABSTRACT: T h e effect of substratum heterogeneity on the distribution and abundance of sessile
epibenthos was studied between May 1980 and September 1981, in a mid-intertidal shore subject to
severe annual ice scouring during winter In summer, low abundances of organisms were associated
with smooth regular surfaces whereas high abundances were associated with higher heterogeneity in
the form of cracks and crevices in the substratum. T h e barnacle Semibalanus balanoides, the seaweed
Fucus vesiculosus and the mussel Mytilus edulis CO-occuredin crevice microhabitats. Effect of physical
factors (crevice shape and size, exposure to ice erosion) on space partitioning within crevices was
examined. The above species occured in distinct zones along the vertical gradient of crevice walls. M.
edulis occupied the bottom of the crevices, while S. balanoides and F. vesiculosus colonized the
intermediate zone immediately above mussels. The upper limit of all species varied with crevice width
(angle formed by the sides) and depth. Upper limit of barnacles is determined by differential juvenile
mortality during winter while their lower limit is determined by preemptive and probably interference
competition for space with mussels. The near absence of barnacles outside crevices is d u e to lack of
settlement there. The only true refuge for S. balanoidesis in a narrow zone along the crevice walls. The
importance of spatial and temporal variations in settlement as well a s varying susceptibilities of
different species to disturbances are discussed in relation to space partitioning. The relative importance of spatial heterogeneity on community structure in subarctic, temperate and tropical intertidal
environments is compared.

INTRODUCTION
In Arctic, subarctic, and boreal regions where formation of shore ice occurs, there is a probability that
attached intertidal organisms will be dislodged by ice
scouring. Such events can occur annually or only occasionally depending on the rigor of the climate and/or
conditions during ice-breakup. In these northern regions, the damaging effects of ice abrasion on shore
populations are often overwhelming and therefore it is
not surprising that ice has been de facto recognized as
a predominant factor responsible for the relative barrenness of the shore. As a consequence the body of
literature dealing with the qualitative effects of ice is
much more important than that evaluating the quantitative effects (Bergeron & Bourget 1984).
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Most quantitative studies in the intertidal zone deal
with the frequency of scouring on species diversity and
successional changes. Where the frequency of scouring
is annual or near-annual, species diversity is low
(Hooper 1981, O'Clair 1981, South 1983) and this repeated disturbance appears to arrest succession at an
early stage (Hooper 1981, O'Clair 1981, Archambault &
Bourget 1983, Bolton 1983, Bourget et al. 1985). When
the frequency of scouring is lower, severe mortality can
nevertheless occur and therefore modify community
structure (Wethey 1979, Mathieson et al. 1982).
On the rocky platforms of the gulf of St. Lawrence,
where ice perturbations occur annually, preliminary
observations showed that dominant perennial species
were found almost exclusively in cracks, crevices and
at the base of boulders. Similar observations have been
reported for various ice-abraded shores (see Bergeron
& Bourget 1984) suggesting that the degree of substratum heterogeneity, the variation in surface contour,
is a major factor determining the abundance of interti-
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dal species. O n shores abraded annually by ice, cracks
and crevices represent the only possible refuge against
perturbations. Thus it is probable that variations in the
shape of these microhabitats will influence population
dynamics and species interactions.
This study analyses how abiotic perturbations and
habitat heterogeneity influence biological patterns
a n d species persistence in a northern mid-intertidal
zone strongly affected by winter conditions, particularly ice abrasion. We examine (1) the distribution and
abundance of 3 dominant species, the barnacle Semibalanus balanoides, the mussel Mytilus edulis and the
seaweed Fucus vesiculosus, (2) the importance of protected microhabitats to the survival of the main intertidal species and (3) the variation in species interactions
in crevices of different shapes.

STUDY AREA

The study was carried out during 1980 and 1981 at
Capucins on the south shore of the Northwestern Gulf
of St. Lawrence (49" 03' N, 66" 51' W; Fig. 1). In this
region, the coastline is regular a n d exposed to wave
action a n d severe ice abrasion. This site was selected
for study because the shore is gently-sloping and it
offers 2 very contrasting habitats, namely smooth horizontal surfaces a n d a variety of crevices of different
sizes and shapes (Fig. 2).
In the study area, the intertidal zone is usually
covered by shore ice (an upper a n d lower strand
icefoot) from late November to April (El-Sabh 1979).

However, periods of ice formation and breakup vary
from year to year. Considerable ice scouring occurs
along the south shore of the Estuary because of the
prevailing winds from the north-east. A detailed
description of winter conditions and their effects on
intertidal organisms are given for the study area by
Bergeron & Bourget (1984) and Bourget et al. (1985).
The intertidal community is described by Archambault
& Bourget (1983).
The tides in the study area are semi-diurnal with a
mean amplitude of 2.5 m and the mean water level is
1.61 m above lowest water of spring tides (LWST;
Canadian Hydrographic Service 1984).

MATERIALS AND METHODS

Substratum topography. Substratum topography was
studied by a series of 7 transects each separated by a
distance of 10 m. Each transect was perpendicular to
the shore and extended from low tide level to 2.1 m
above LWST. The position of the first transect was
randomly chosen from a 100 m wide region of shore.
Surface topography was measured in 0.25 m2 quadrats
placed at 2 m intervals on the same side of the transect
line, except for sites where tide pools were covering
more than 25 % of the quadrat surface, in which case
they were placed on the other side. Boulders or pebble
zones were not sampled since they were unstable substrata. The height of each quadrat from a permanent
reference point (bench-mark) was measured using a
stadia rod and surveyor's transit.

Fig. 1 Location of the study site at
t h e estuary/Gulf of St. Lawrence
boundary. Sampling area at
Capucins IS indicated by the dotted rectangle (inset)

Bergeron & Bourget: Sessile epibenthos In an ice-disturbed environment

131

Fig. 2. A portion of the sampling area at Capucins. Note clear demarcation between smooth regular surfaces devoid of organisms
(only screws fastened to the rock are seen), and crevices where sessile species are located

The physical parameters determined on the substratum were the linear distance along the surface (L,),
the vertical height of each crevice and number of
crevices (frequency). The measurements were determined along straight lines at 10 cm intervals across the
quadrat frame. A total of 12 lines, 6 perpendicular and
6 parallel to the shoreline were studied so as to include
crevices in either direction. For each line, the surface
distance (L,) was measured by fitting a flexible
measuring tape along the undulations of the substratum. This distance divided by the straight linear
distance (L = 50 cm) was used as an index of surface
irregularity (S1 = L,/L) as formely used by Dahl(1973).
Its value is 1.0 when the surface is flat and increases
with surface irregularity or relief. Analogous methods
have been used in studies on coral reef heterogeneity
(Wellington 1982, Rogers et al. 1983).
The length of primary space occupied by each
species along each of these lines was used to measure
their relative abundances. Finally, the height of the
crevice was measured from a line joining the upper
limits of the crevice walls.
Crevice shape. The shape of each crevice was
described by making 3 measurements of the following
parameters: (1) crevice width measured as the distance

between 2 opposing walls, (2) the angle of inclination
(Angle b) of the crevice with respect to an horizontal
plane and (3) the angle formed by the intersection of
sidewalls (Angle a).
Microhabitat sampling.The distribution and abundance of sessile epibenthos were studied in the midintertidal zone (1.1 to 2.1 m above chart datum). Crevices were selected within a region of 400 m of
shoreline and classified according to size and shape.
Only crevices which had (1) a visual regularity and
linearity of each sidewall, (2) absence of water, sediments and pebbles on the bottom and, (3) which were
accessible for sampling were selected. For each crevice, geometric parameters were obtained at 2 or 3
points by carefully molding a fine metal wire along the
sides and bottom of the crevice. A trace of each contour
was drawn for later analysis.
In each crevice, height, cover and density of macroalgae a n d macroinvertebrates were obtained using a
non-destructive technique: w e placed a plastic sheet
flat on each crevice wall and then traced, with permanent marking pens, the contour of barnacles and fucoid
holdfasts, the general region of fucoid blade cover and
the position occupied by mussels. Colours and symbols
were used to distinguish between species and
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categories (juveniles, adults). Careful observations
were made when drawing fucoid holdfasts and mussels to distinguish whether they were attached to the
rock surface or to the parietal plates or operculi of
barnacles. Photographs were taken seasonally to
further document species distributions. From summer
1980 to autumn 1981, recruitment, growth and mortality were recorded seasonally on additional sheets overlaid on the initial drawings. The exact relocation of the
plastic sheets was made possible by using screws fastened into 'rawl-plugs' in the rock.
Sampling was also carried out to monitor abundance
and mortality on exposed substratum outside the crevices examined. The surface area examined was similar to that of the crevices. In April 1981, 6 additional
crevices were selected to investigate barnacle settlement. The position of cyprids and early metamorphosed individuals were recorded on the plastic
sheets. Recruitment and further survival, both inside
and outside crevices, were examined at 2 to 3 d intervals (May 27 to June 10) and on 3 additional occasions
until mid-August after which there was no further
settlement.
Spatial pattern. The location and cover of each
species, as mapped on the plastic sheets, were
recorded using a GRAF/PEN sonic digitizer (SAC GP630). A 3 to 10 cm portion at the horizontal extremity of
each crevice was eliminated to avoid edge effects.
Maximum error for both X and y axes was 0.6 mm. Data
coding and sorting was done with a DMC-126 microcomputer (Cetec Corporation), while Fortran programs
were used to calculate the cover area and vertical
height of each species in the crevices. Abundance was
calculated for juvenile and adult barnacles, fucoid
holdfasts and thalli, mussels and bare rock firstly over
the entire mapped surface, and secondly, at regular 1
inch (2.54 cm) intervals along randomly placed vertical
transects. The number of replicate transects was varied
in proportion to the crevice length ( N = 5 to 11).

RESULTS

Substratum heterogeneity
Values of the surface index (SI) were calculated in 63
quadrats (0.25 m2) located in the mid-intertidal zone.
Individual values ranged from 1.0 on smooth surfaces
to 1.72 on irregular ones (Fig. 3). More than 70 % of the
samples had relatively regular surfaces with S1 values
of 1.0 to 1.09. The most irregular transect had a S1 of
1.72. Thus, at the spatial scale studied (0.5 m), the
shore was characterized by regular smooth surfaces
punctuated by occasional depressions (Fig. 2).

PARALLEL
PERPENDICULAR

SURFACE

INDEX

Fig. 3. Frequency of different surface indices (S1 = L,/L,
unitless) based on 6 parallel and 6 perpendicular rneasurements from 62 quadrats. Each increase of 0.1 unit of the index
corresponds to a 5 cm increase in the actual surface length
(L,) recorded. 'Parallel' and 'perpendicular' refer to orientation in relation to the shoreline

In order to examine the effect of substratum topography on species relative abundance, the surface index
and frequency of crevices were used. Since the index is
an estimate of the increase in the space available
relative to a plane, linear measurements made for each
species were weighted by dividing by the corresponding S1 values. Thus, the relations obtained are functions of variations in the surface relief instead of
merely being a reflection of the increase in space area.
At low surface indices (S1 = 1.0 to 1.09, crevice frequency = 0; Fig. 4 ) , Mytilus edulis, Semibalanus
balanoides and Fucus vesiculosus were least abundant
(C 1 cm). Mussels showed a strong increase in abundance at intermediate surface indices (S1 = 1.2 to 1.29),
but a decrease at high surface indices (S1 > 1.3). In
contrast, barnacle cover was low at surface indices of
1.0 to 1.3 and high at indices of 1.4 or more. Fucoid
holdfasts were distributed more uniformly than mussels and barnacles and no clear trend was detected.
A low abundance of Semibalanus balanoides was
observed when the abundance of Mytilus edulis was
high. This was particularly evident when there was
only 1 crevice per transect, in which case the increase
in S1 corresponds to an increase in crevice depth.
Therefore, when there was only 1 crevice, its depth
strongly affected the abundance of M. edulis and
S, balanoides. While these data do not allow evaluation of species interactions, they clearly show the barrenness of smooth surfaces and the occurrence of the
3 species in crevices. Furthermore, this pattern of distribution appears to have been maintained all year
long except in April when there was colonization of
smooth surfaces by ephemeral algae (Ulothrix sp.,
Urospora sp.). There remained, however, marked
variations in mussel and barnacle abundances due to
patchiness in species distribution and to reduced
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Fig. 4 . Sernibalanus balanoides, Mytilus
edulis, and Fucus vesiculosus. Mean relative abundance (linear distance in cm
transect-l) a s a function of surface index
(SI) and frequency of crevices (mean
number transect-l) along perpendicular
(open bars) and parallel (hatched bars)
profiles. Species abundances were
welghted for the increase in transect
length. Measurements for F. vesiculosus
refer to length of holdfasts on the substratum. Sample sizes given below each
bar; black rectangles indicate absence in
sample. Vertical lines represent standard
errors of the mean
1.0-1.09

1.1-1.19

1.2-1.29

1.3-1.39

a1.4

SURFACE INDEX

number of samples for intermediate and high surface
indices.

Spatial pattern within crevices
To test the hypothesis that the degree of openness
(width) of a crevice influences the distribution of sessile species, we made an analysis of the vertical distribution of species on crevice walls using all horizontal crevices where the angle of inclination (Angle b)
was S 10". In addition, regularity of each crevice was
evaluated using a complete linkage clustering technique based on the Gower coefficient calculated with

Angle a and the width. Crevices with profiles not
grouped together at a given similarity level (S = 0.70)
were excluded. Thus only crevices of comparable
geometry were used for the analysis.
Following this selection, 22 crevices were retained
and for 5 of these, 1 portion (profile) of the crevice was
eliminated. The crevices were then divided into 3
groups: narrow (angles = 40 to 60°),intermediate
(angles = 60 to 90") and wide (angles = 90 to 120").
The number of crevices in each group, their tidal
height, and crevice length were similar, however the
orientation of crevices in the second group differed
from the other groups (Table 1). Each crevice sidewall
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Table 1 Tidal level, orientation and geometric parameters calculated for 3 groups of crevices selected along 400 m of shoreline at
Baie des Capucins. Means and ranges
Length (L)
(cm)

Width (W)
(cm)

Angle
(degree)

5 E-W
2 N-S

45.9
(33.5-58.3)

13.4
(9.3-18.0)

51.4
(40-60)

1.61
(1.4-1.8)

2 E-W
6 N-S

43.0
(33.0-55.6)

22.7
(14.9-29.0)

74.3
(64-90)

1.73
(1.5-1.9)

5 E-W
2 N-S

40.4
(32.0-50.3)

30.7
(24.0-41.8)

102.1
(92-1 16)

Crevice
angle

Level
(m above chart
datum)

Narrow
N = 7

1.69
(1.4-2.0)

Intermediate
N = 8
Wide
N = 7

Orientation

was treated as a separate sample so that the numbers of
surfaces in each angle category were respectively 14,
16 and 14.
Species zonation
Using the data for summer 1980, upper and lower
limits of each species were determined for each randomly located vertical transect. Sernibalanus
balanoides, Mytilus edulis and Fucus vesiculosus
formed distinct bands along the sidewalls (Fig. 5A) and
this zonation pattern was similar for the 3 groups of
crevices. Mussels covered the bottom of crevices, adult
barnacles and fucoid holdfasts occupied an intermedi-

ate level on the sidewalls while the upper zone was
devoid of macroscopic organisms. The algal canopy
(not shown on Fig. 5A) slightly covered S. balanoides.
Furthermore, barnacles and mussels overlapped over a
small distance on the crevice wall and fucoid holdfasts
were mostly confined to the upper half of the barnacle
zone. Overlap of vertical range did not, however,
always indicate physical overlap since the species
could be separated horizontalIy. The proportions of
F. vesiculosus holdfasts located on barnacle shells and
on bare rock were respectively 67.8 and 32.2 % (n =
171) in narrow crevices (40 to 60") and 40.3 and 59.7 %
(n = 21 1) in 60 to 90" crevices. The position of holdfasts
in the wide angle category was not examined because

Fig. 5. S p e c ~ e sdistribution and abundance In
crevices of different shapes, July 1980. (A) Distribution in relation to relative height and absolute sidewall height (cm). Right ordinate refers
to shaded bars only. Species zonation is presented as mean (solid line) 2 S E and maximum
(broken line) upper and lower limits. N: total
number of crevice walls in each group. (B)
Species abundance calculated as species surface area relative to total sidewall area (%
cover). Abundances presented as means ( + 1
SE) of N surfaces in each group. In (A) and (B),
Fucus vesiculosus measurements refer to holdfasts
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of the low number of plants. Mussels were most often
seen packed between patches of barnacles and physical contact between species was thus minimal. With
increasing cover of fucoids, barnacles were surrounded
by mussels up to their operculi in the lower portion of
the barnacle zone. Although in this case, direct interference with cirral beating was unlikely, further
recruitment and growth of mussels might eventually
have led to smothering of the barnacles. Finally, the
least frequently observed situation was complete overgrowth of barnacles by mussels with attachment of
their byssal threads to the operculi. In this case, the
mussels probably interfered with the feeding of barnacles and this could result in barnacle mortality. In this
situation, when mussels were removed, barnacle
plates and empty barnacle shells were always found.
We further examined the sharpness of the upper and
lower boundaries of Semibalanus balanoides and
Fucus vesiculosus in crevices. For all 3 groups of crevices, the difference between mean and extreme upper
limit was always smaller than between mean and
extreme lower limit (Fig. 5). These differences were
significant for barnacles in the 60 to 90" crevices and
for F. vesiculosus in crevices >6O0 (Wilcoxon's
matched-pairs signed-ranks test, P < 0.05). The smallest differences were found for 90 to 120" crevices and
the largest differences for 60 to 90" crevices.

Effect of crevice shape
The effect of crevice angle on the relative upper limit
of species was tested with a multivariate analysis of
variance (MANOVA, Nie et al. 1975). Treating the 3
angle categories as major groups and the different
crevices within each group as nested random subgroups, Wilk's lambda coefficients were calculated for
each source of variation. Relative height (ratio of
species height to sidewall height) was normalized
using the arcsin transformation. The homogeneity of
equal variance-covariance matrices was tested using
the Box's M statistic (M = 176.0; F [96, 27873 = 1.24, P
> 0.05) approximately distributed as an F variate when
n, is small (< 20; Morrisson 1976). Relative upper limits
of species were significantly different both between
the 3 groups (A = 0.24, F = 11.67, P < 0.01) and
between the crevice walls within each group (A = 0.10,
F = 3.9, P < 0.01).
A discriminant analysis was carried out to determine
the relative contribution of the different species to the
variation. Mussels accounted for most of the variability
observed between groups, while both barnacles and
mussels were responsible for changes in relative upper
limits observed between crevice walls of each group
(Table 2). Subsequent comparisons of means revealed
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Table 2.Results of the discriminant analysis on the relative
height of the 3 species for each significant effect in the nested
MANOVA design. Standardized discriminant function coefficients and percent of separation are given

Effect

Crevice
category

Species

Discriminant
functions
I
I1
111

Semibalanus balanoldes -0.22
1.31
Fucus veslculosus
-0.43 -0.61
Mytilus edulis
-0.67 0 . 5 9
% of separation
90.3
9.7

Crevices Semibalanus balanoides
(nested) Fucus ves~culosus
Mytilus edulis
% of separation

-

0.66 -0.49
0.73
0.30 -0.13 -1.05
0.53
0.85
0.01

52.9

32.3

14.8

significant differences between the 3 types of crevices
only for the upper limits of mussels (P < 0.05, Scheffe's
test; Sokal & Rohlf 1981). The upper limits of both
barnacles and Fucus vesiculosus in the wide angled
crevices were significantly different from those in the 2
other groups (P < 0.05, Scheffe's test).
The relative size of each species' vertical range was
examined using the ratio of its mean band width to
maximum range over which there were organisms. For
narrow and wide crevices, Sernibalanus balanoides
covered the greatest proportion of sidewalls (48.7 % for
narrow crevices and 46.3 % for wide crevices), Mytilus
edulis was second (40.9 and 37.3 % respectively) and
Fucus vesiculosus holdfasts third, covering only 10.4
and 16.4 % respectively. In 60 to 90" crevices, mussels
occupied the greatest vertical range (51.0 %) and barnacles were second (37.3 %). Thus, the vertical range
of the different species was not affected by different
crevice angles except in 60 to 90" crevices where the
vertical range of mussels was extended. Here also,
there was the greatest overlap in the vertical range of
M. edulls and S. balanoides (Fig. 5A).

Effect of sidewall height
For the different groups of crevices, the height of the
sidewall varied from 11.0 to 32.0 cm. For a given crevice angle, w e examined if sidewall height affected
the limits of the species present and if this relation was
constant for the 3 groups of crevices. Model I1 regressions (Ricker 1973) were calculated using sidewall
height as the independent variable and mean upper
limits as dependent variables (Fig. 6). While for > 90"
crevices there was no significant (P > 0.05) relation, for
40 to 60" and 60 to 90" crevices, associations between
variables were significant (P < 0.05) indicating that
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Fig. 6. Relation between species
mean upper limit (cm) and
sidewall -height (cm) in narrow,
medium, and wide crevices. Regression equations were obtained
using Model 11 type (Geometric
mea". This method is appropriate
when both X and Y variables are
subject to natural variability or
measurement error (Ricker 1973).
N: number of surfaces analysed;
v: slope; r: correlation coefficient.
Subscripts of r: s = Semibalanus
balanoides; m = Mytilus edulis; f
= Fucus vesiculosus. Significance
of association between variables
is tested using correlation coefflcient (Ricker 1973; p. 413)

30

SURFACE HEIGHT (cm)
species height increased with sidewall height. In these
last 2 groups, the upper limits of barnacles and of
fucoid holdfasts showed a similar sharp rate of increase
with sidewall height. The rate of increase for mussels
was less and they extended higher on less steep walls
(60 to 90" crevices).
Thus, species were spatially segregated along the
crevice walls and there was little overlap between
Sernibalanus balanoides and Mytilus edulis. Upper
limits were strongly influenced by crevice shape, M.
edulis being the most affected by changes in the angle
between crevice walls. In contrast, the relative vertical
ranges of the different species were similar for narrow
and wide crevices. In the wide crevices, organisms
were restricted to the bottom of crevices. Finally,
species extended proportionately higher on the walls
as absolute wall height increased for < 90" crevices.
This was more pronounced for barnacles and seaweed
than for mussels.

Species abundance within crevices
Prior to examining species abundance in crevices,
variations in the surface area of the sidewalls were
compared for the 3 groups of crevices. No significant
differences were detected (F = 0.82, P > 0.05,

ANOVA; Nie et al. 1975). Species cover in cm2 calculated on all surfaces of each group (see 'Materials and
Methods') were expressed as a proportion of total area
sampled (sidewall area; Fig. 5B). The proportion of
bare space was 72.7 % for 40 to 60" crevices, 65.4 % for
60 to 90" crevices and 91.3 % for 90 to 120" crevices.
There was significant effect of crevice shape on the
proportion of space occupied by each species as indicated by a MANOVA (Wilk's A = 0.26, F (6, 741 =
11.67, P < 0.01) on transformed data (arcsin transformation, Sokal & Rohlf 1981; Box's M = 11.56, F [12,
64361 = 0.85, P > 0.05). Again, discriminant function
coefficients attributed much of this variability to
Mytilus edulis.
The proportions of space occupied by Sernibalanus
balanoides and Mytilus edulis were similar in narrow
crevices only. Mussels were almost twice as abundant
as barnacles in the 60 to 90' crevices while the inverse
was true for wider crevices (Fig 5B). This corroborates
well the vertical ranges reported above for these
species (see Fig. 5A). As a result, the proportion of
primary space where these 2 species overlapped was
0.6)
highest in the 60 to 90" group (2 SE = 2.8 %
and lower in narrower (0.9 % -t 0.2) and wider (0.1 %
2 0.1) crevices. Thus, competitive interactions are
most likely to occur in 60 to 90" crevices and would
here be limited to a small region at the mussel-bar-

+

+
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nacle boundary. In wide crevices, species cover was
low, their vertical range more compressed and overlap
between S. balanoides and M. edulis low.
The space occupied by mussels was also examined.
In crevices where mussels were abundant and
extended up to the barnacle zone, they formed a continuous cover on the bottom. Live individuals formed a
mat 3 to 5 cm thick over a mixture of sediments, faeces
and dead shells lying on the bottom of crevices. A large
proportion were attached to one another without
adhering to the rocky substratum. Mussels located
nearest to the sidewall were more firmly attached to
the rock surface or to barnacle shells. Individuals lying
on the sediments were occasionally seen, in late
autumn, forming hummocks.

Seasonal variations in species abundance
Temporal changes in total percentage cover of all
major space-occupying species were examined in relation to crevice shape (Fig. 7). Almost no change in
adult abundance occured during summer and autumn
in all crevice groups, but there was a distinct reduction
60-
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Fig. 7 Seasonal changes in total cover (% of total area) in 3
groups of crevices. Cover values along the ordinate axis are
presented on a log-scale. Broken lines are used to indicate
lack of samples d u e to ice cover on the shore

in abundance during the winter period (barnacle
recruits were not included in calculations of cover
area). Thus, the small increase in occupied space
observed from July to November 1980 represented
growth of adult barnacles and fucoid holdfasts (regeneration), as well as the extension of mussels up the
sides of the crevices.
A 2-factor analysis of variance of these data showed
the temporal changes to be highly significant (P <
0.01, Table 3), but there were no such effects (P > 0.05)
for either the angle category or the interaction term.
Thus, temporal changes in the 3 types of crevices were
analogous during the whole study period. The results
were further analyzed to determine when the changes

137

Table 3. Analysis of variance for the effect of seasons and
crevice category on the proportion of total cover (Sernibalanus
balanoides + Fucus vesiculosus holdfast
Mytilus edulis
cover: cm2) using a repeated measures design. Data were
arcsin transformed. Assumption of additivity of treatment
effect in cases of unreplicated data is verified with Tukey's
test (F = 2.1, P >0.05; Underwood 1981). Variation due to
within error term is homogeneous (Fmax test, P > 0.05; Winer
1971 p. 521). W indicates a nested factor

+

Source of variation

DF

MS

F

Season
Crevice category
Season X category
Sample W category
Season X sample W
category
(error within)

4
2
8
33
132

0.142
0.211
0.048
0.157
0.025

5.68
1.34 ns
1.92 ns

"

"

-

P < 0.01; ns not significant

in abundance occured. Multiple comparisons (StudentNewman-Keuls procedure; Sokal & Rohlf 1981) of
mean cover showed no significant seasonal changes in
abundance (P > 0.05) in narrow and wide crevices
whereas, for 60 to 90° crevices, the mean percent cover
in 1981 seasons was significantly lower (P < 0.05) than
in the corresponding 1980 periods. Only 1 significant
difference between seasonal mean cover was obtained
because Student-Newman-Keuls tests are more conservative (or less powerful) than the F-ratio (Underwood 1981, p . 530). Thus, significant changes in percent cover within crevices were limited to the winter.
Furthermore, crevice populations showing significant
changes were those having the greatest initial cover of
organisms (60 to 90" crevices, see Fig. 5B & 7).
Within each crevice category, the effect of winter
disturbances varied for the different species. In all
types of crevices, the reduction of occupied primary
space was mostly due to mussel dislodgment (Table 4,
line 1).Between 62 and 78 % of the initial mussel cover
was removed (Table 4 , line 2). The remaining mussels
were firmly secured to barnacle shells or to fucoid
holdfasts and were usually located at the lower edge of
the barnacle zone. Remnants of byssal threads were
seen along crevice walls and never extended more
than a few centimeters below the barnacles. This was
because soft substrata previously occupied the bottom
of crevices. The bottom of crevices was often bare (the
community of only 3 out of 21 crevices remained
intact), making the lower limit of the barnacle zone
clearly visible, and defoliation of the algal canopy was
apparent on the sidewalls (see Table 4 ) . Barnacles
were often pulled off the substratum when we experimentally removed the algal canopy and it is conceivable that removal of Fucus vesiculosus by physical
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Table 4. Changes in cover from Nov 1980 to Apr 1981, expressed as a proportion (%) of (1)the total area sampled a n d (2) of
species initial cover in Nov 1980. Data are means f (1 SE) for each category of crevices. Juvenile barnacles are not included in
calculations
Species
Category

Sernibalanus balanoides

Mytilus edulis

factors would also remove barnacles, a phenomenon
previously recorded by Hardwick-Witman (1985) in an
ice-affected salt marsh where F. spiralis grew on the
mussel Geukensia demissa. The disappearance of barnacles accounted for only 1.5 to 3.9 % of the space
freed during the winter and mortality was 23 to 28 %
(Table 4, line 2). By contrast, the mortality of seaweed
and mussels was much higher. Thus, Semibalanus
balanoides (adults) was the least disturbed species
even though it occurred highest on crevice walls.
The rate of barnacle and mussel mortalities at different height on crevice walls was also examined (Fig. 8).
The reduction in cover was calculated at each 2.54 cm
interval (= 1 inch stratum) along replicate vertical
transects (see 'Material and Methods'). For each category of crevice, sidewalls with equal number of strata
(equal height) were pooled into 4 groups ( 6 , 8 ,9 and 12
strata). Mortality values (reduction in % cover)
between strata were compared using the Kruskal-Wal-

0

2

4

COVER (cm')

6

Fucus vesiculosus
(Holdfast)
(Frond)

lis test (a non-parametric analogue to l-way ANOVA;
Sokal & Rohlf 1981). Only 1 out of 12 tests (4 heights
X 3 crevice categories) gave a significant difference in
mortality at different heights (H = 18.8, n = 112; P <
0.01). Thus mortalities were similar whatever positions
barnacles occupied - either alone on the upper third of
the sidewall or on the lower part together with mussels. Thus, in 1981, differential adult mortality was
apparently not the mechanism responsible for setting
upper and lower limits of barnacles.

Settlement and recruitment patterns of Sernibalanus
balanoides
In 1980, settlement of Semibalanus balanoidesin the
mid-intertidal zone began on June 2. Most individuals
settled during June and none were observed settling
after July 25. In 1981, larvae and spat (total 502 indi-

Fig. 8. Changes i n mussel (hatched areas) and
barnacle cover (open areas, cm2) as a function of
sidewall h e ~ g h tbetween Nov 1980 and Apr
1981. Data for only 2 heights of sidewall (6 and 9
strata, each stratum being 2.54 cm in height).
Juvenile barnacles recruited during summer
1980 not included in Nov values. Abundance
presented as mean ( + 1 SE) surface area (cm2)
per 6.45 cm2 quadrat (2.54 X 2.54 cm). N:
number of sidewalls. (100 % cover equals
6.45 cm2)
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plates represented only 1.69 % (N = 474; 1981). Positions of newly metamorphosed cyprids on all crevice
walls (42 surfaces within the 3 categories) were also
analysed to determine the influence of adult distribution. In 1980, the maximum heights where spat and
adults occured were not significantly different for all 3
crevice groups (Table 5). In addition, the mean proportion of juveniles located above the upper limit of adult
barnacle was only 8.2 f 1.9 % (X k 1 SE; n = 1074
individuals, all 42 sidewalls pooled). In 40 to 60" and
60 to 90" crevices, mussels were present in the lower
part just below the barnacle zone and newly-settled
barnacle were significantly (P < 0.05 and P < 0.001)
higher than conspecific adults by a mean height of 1.7
to 2.3 cm. However, in wide crevices, mussels usually
did not form a continuous cover on the bottom of
crevices and settlement occured closer to the lower
limit of adults.
In contrast to spring 1980, in spring 1981 space was
available for settlement below the lower limit of adult
barnacles because of the absence of mussels. The
mean proportion of spat observed below the adult zone
was 19.8 3.8 % (X f 1 SE; N = 610, 3 categories of
crevices pooled). By contrast, barnacles located above
the maximum upper limit of adults represented on
average only 5.7 k 1.8 % even though the amount of
unoccupied space at that level was significantly higher
than surfaces freed by mussels (X = 425.1 cm2 and
143.5 cm2, Wilcoxon's signed-ranks test, P < 0.001).
Thus, the majority of the remaining spat were within
the vertical range occupied by adults.
The density of recruits was evaluated at the end of
each settlement season (August 1980, 1981) in all crevices (i.e. 42 surfaces = a total sampling area of
3.74 m*). Since a negligible proportion of spat was
found on adult barnacle shells and none occurred on
seaweed holdfasts and mussels, the total free area at
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Fig. 9. Semibalanus balanoides. Settlement in 6 mid-intertidal crevices from 27 May to 15 Aug 1981. Crevices with angle
60 to 90"

viduals) in 6 crevices were counted at different dates
from the onset of settlement (May 25) until mid-August
(Fig. 9). More than 50 % of recruitment occurred during the first 6 d of settlement. By early July, this proportion had reached 85 to 100 % . Between 28 May and
10 June, at the time of peak barnacle settlement, only
47.1 f 1.9 % (X
SE; N = 136) of cyprids had
metamorphosed. After metamorphosis, spat survival
was much higher as more than 96.8 k 1.2 % were still
present on August 15, 1981.
In addition to survival data, the spatial positions of
cyprid larvae and spat were recorded. The mean proportion of individuals settling inside crevices was 97.0
k 0.1 % (N = 474; 1981).On crevice sidewalls, cyprids
were more numerous immediately around patches of
barnacles but were rarely found touching the edge of
adult shells. Those that settled directly on adult shell

+

+

Table 5. Wilcoxon's matched-pairs signed-ranks test (Sokal & Rohlf 1981) on maximum and minimum heights occupied by adult
barnacles and spat in the 3 angle categories. Values are mean (cm) 1 SE of all surfaces within each, group. Wilcoxon's T and the
probability level (2-tailed) obtained are given. Data refer to the spring 1980 settlement

+

Crevice
category

Maximum height
Adults

40-60"

M l n ~ m u mheight
Spat

11.61 f 1.28

11.49

14.94 f 1.23

90-120"

6.23

+ 1.01

15.47

P < 0.05;

' P

1.68

+ 0.42

* 1.20

P

+ 0 72

5.06

+ 0.65

T = 6.0
P = 0.0004

9.02

< 0.01; NS not significant

3.4
14.0
= 0.013'
=

2.73 k 0.52

T = 57.0
P = 0.597 NS
T = 23.0
P = 0.233 NS

'

1.12

Spat

T

T = 50.0
P = 0.900 NS
60-90"

+_

Adults

+. 1.60

0.70 ? 0.48

1.13 f 0.37
T = 16.0
P = 0.496 NS
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time of settlement was taken as potential area for
settlement. Overall mean recruitment (spat) densities
were 0.05 ind
f 0.01 SE (1980) and 0.02 ind
0.005 SE (1981). The maximum value recorded in a
crevice was 0.35 ind cm-?. As mentioned earlier, there
was high spat survival during summer (1980 and 1981),
so these densities were considered representative of
the initial spat number. Considering the low densities
obtained, early mortality (after 5 to 6 mo) due to intraspecific crowding was unlikely.

+

Mortality of juveniles and maintenance of barnacle
population
In 7 selected areas on horizontal surfaces (total
sampling area ca 20 m2),63 individuals were counted
in November 1980. Only 8.5 % of the individuals were
present the following spring. Since newly metamorphosed individuals survived well during summer, w e also
examined winter survival (November 1980 to April
1981) of juveniles along crevice sidewalls (Fig. 10).
Juvenile survival in crevices was examined a s for adult
barnacles and was markedly higher than outside crevices. However, it also appeared to vary at different
heights on crevice walls. Juvenile mortality was significantly higher in the uppermost portion of the crevice in 3 out of 10 tests (Table 6). The strata in 2 groups
could not b e compared due to low sample size. In 5
other cases, in the 2 uppermost strata barnacle mortality was higher but not significantly so (P > 0.05). When
there was no significant height effect on juvenile mortality, the mortalities - though variable at the same
stratum - were generally similar to those calculated for
adults located at a same height.

0

1

0

2

1

2

0

1

2

COVER ( c m f )
Fig. 10. Sernibalanus balanoides. Changes in cover (cm2) of
juvenile barnacles as a function of height (number of strata)
o n sidewall between Nov 1980 and Apr 1981. Data for each
category of crevice and 2 heights of sidewall (6 and 9 strata; 1
stratum = 2.54 cm). Height, cover values and number of
crevices a r e as in Fig. 8. (100 % cover equals 6.45 cm2)

One would expect mortality to increase with an
increase in the angle between crevice walls. For most
wide crevices, comparisons could not be made for
higher positions on the walls due to lack of recruitment. However, for those that were colonized at upper
levels (Table 6, column 3), significantly higher mortality occurred in the upper portion of crevices. Surprisingly, for 40 to 60" crevices there was 70 to 100 %
mortality in the uppermost stratum while, for 60 to 90"
crevices, there was only 30.9 to 45.5 % mortality at

Table 6. Kruskal-Wallis test comparing winter mortalities of juvenile barnacles between strata within crevices of similar height
(6, 8, 9 and 12 strata). Included in the analyses are only those strata (in parentheses) where juveniles were present in fall 1980.
Positions of strata compared (stratum 1 = bottom, stratum 12 = highest position), total number of quadrats (N) and the statistic H
are given. Sets of strata that were significantly different ( P < 0.05) following multiple comparisons (Conover 1980 p. 232) are
indicated
Number of vertical strata
8
9

Crevice category
6

12

40-60"

(1 to 4)
N = 71
H = 14.8""

(1 to 5)
N = 24
H = 6.2 NS

(2 to 6)
N = 45
H = 97"'

(4 to 8)
N = 4
-

60-90"

(1 to 4)
N = 37
H = 6.1 NS

(1 to 6)
N = 70
H = 5 . 6 NS

(2 to 6)
N = 43
H = 5.2 NS

(3 to 8)
N = 29
H = 7.1 NS

90-120"

(1 and 2)
N = l0
H = 1.7 NS

(2 to 5 )
N = 39
H = 13.0"C

(1 and 2)
N =4

( 1 to 3)
N = 30
H = 0.71 NS

a1,2,3<4;

b2,3,4,5<6;

C 2 , 3 , 4 < 5 ; 'p<0.05;

"p<0.01;

-

NSnotsignificant
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Table 7. Proportion (mean % ? 1 SE) of total barnacle cover on sidewalls accounted for by juveniles (JUV) after 1 (Nov 1980) a n d
2 (Sep 1981) growth seasons a n d by adults (1980 cohort; A) in each category of crevices. The last column refers to proportion of
adult cover lost during winter (from Table 4). N: number of sidewalls
Crevice
category

1980
JUV

40-60"

19.4 (15.0)
N = 14

7.,5 (10.4)
N = 14

21.5 (16.3)
N = 14

29.0 (22.3)
N = 14

23.7 (5.4)
N = 14

60-90"

20.1 (16.5)
N = 16

12.7 (10.0)
N = 16

20.6 (14.4)
N
16

-

33.3 (18.6)
N = 16

28.4 (4 2)
N = 16

90-120"

28.9 (16.4)
N = 12

7.7 (6.2)
N = l0

30.1 (17.4)
N = 12

37.5 (22.0)
N = l0

25.9 (4.5)
N = 12

1981
JUV

upper levels. Differences in the orientation of crevices
(Table 1) or spatial variations in ice distribution and
movement might account for this difference.
Thus, reduced settlement above the adult zone
(Table 5 , Fig. 10) or higher mortality during winter for
juveniles settled above barnacles (Table 6, Fig. 10)
might explain the upper limit of barnacles.
Overall juvenile mortalities were 12.3 % (SE ?
5.0 %) in narrow crevice, 20.5 % (SE ? 6.2 %) in intermediate crevices and 15.5 % (SE
8.7 % ) in wide
crevices. These mortality distributions were not significantly different from the corresponding adult mortalities calculated in Table 4 for the same crevice
categories (Mann-Whitney U-test, P > 0.05). To determine the relative importance of juvenile barnacle mortalities to the space occupied by barnacles, we evaluated in September 1981 the proportion of total barnacle
cover represented by juveniles (< 1 yr old) and adults
(1980 cohort, l + yr old; Table 7). The proportion of
barnacle cover represented by juveniles at the end of
the first growing season (1980) was also calculated.
Since sampling was carried out earlier in 1981,
juveniles recruited during 1981 may have contributed
less to cover than those recruited in 1980. In 1980,
juveniles reached 20 to 30 % of total barnacle cover
and maintained this level the following year, thus
approximately replacing winter adult mortality. Thus,
the space occupied by barnacles is stable and gains
due to recruitment and growth are compensated by
losses due to adult mortality.

+

DISCUSSION
Our objectives were to examine the distribution
patterns of the 3 dominant species Semibalanus
balanoides, Mytilus edulis and Fucus vesiculosus in a
location exposed to harsh winter conditions and
annual ice abrasion and further to elucidate the factors
responsible for the patterns observed. Two major
points were considered, the overall distribution in relation to substratum irregularities, and space partition-

JUV

A

+A

% Adult lost

ing between these dominants within crevices in the
mid-intertidal zone.
Substratum relief (at the 0.5 m scale) strongly influences species abundances. All 3 dominant species are
virtually limited to cracks and crevices and nearly
absent on smooth horizontal surfaces. The increase of
abundance with increasing heterogeneity is not linear
but rather each species attains a maximum at a given
heterogeneity level. This could be due either to species
interactions or to differential success of the species
related to the shape of depressions and crevices.
A number of hypotheses may explain why the intertidal dominants are limited to crevices and why they
were zoned along crevice walls: (1) differential settlement of larvae; (2) differential mortality of larvae or
adults; (3) a combination of these factors. Our analysis
of species distribution and seasonal variations in
abundance within and outside crevices permits us to
test the validity of these hypotheses.

Differential settlement of barnacles
Cyprid larvae settled in far greater proportion inside
crevices (97.0 % ) than on adjacent exposed surfaces
and they survived well during the summer. Within
crevices, larvae do not colonize all available space but
mainly a zone near the adults. In both years, a small
proportion (< 8.2 %) of larvae settled above the adult
zone. When mussels are present on the bottom of
crevices there is no barnacle settlement there. However, when mussels are dislodged, there is settlement
on the bottom. In fact the settlement is greater than
above the adult barnacle zone (19.8 vs 5.7 %) even
though the space availability is less. The absence of
barnacle settlement when mussels are present indicates that mussels somehow prevent barnacle settlement. Therefore, barnacle larvae did not only avoid
exposed outside surfaces but they also showed reduced
settlement above the adult zone on sidewalls. Thus
barnacles selectively settle in crevices.
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We did not test whether selective settlement in crevices is related to active discrimination by larvae or to
hydrodynamical factors (e.g. water flow in crevices vs
exposed surfaces). However, it has been demonstrated
that barnacle larvae select sites near adults (gregarism; see Crisp 1974). This suggests that the observed
settlement in crevices could merely be due to the
presence of adults there.
Factors affecting limits of distribution in crevices
Upper limit of barnacles
The virtual failure of barnacle larvae to settle on
exposed surfaces is primarily responsible for their absence there. Outside crevices, the few barnacles that
settled during summer almost entirely disappeared
during wintertime (91.5 %, N = 63), most probably
killed by ice scouring. Within crevices, the low settlement of larvae above the adult zone and increased
juvenile mortality due to ice (mechanical effect) in this
zone set the upper limit of barnacle distribution. These
conclusions are comparable to those of Denley &
Underwood (1979) who showed that lack of settlement
was responsible for setting the upper limit of Tesseropora rosea and Tetraclitella purpurascens on the shores
of New South Wales. Further, uniform mortality of
adults along the sidewalls and low summer mortality
of spat suggest that the upper limit of S. balanoides in
crevices is not associated with desiccation conditions
such as those described by Connell (1961), Luckens
(1970), Foster (1971) and Wethey (1983) in the upper
intertidal zone.
Ice kills a high proportion of barnacle individuals
outside crevices and above the upper limit of adults in
crevices. Since only a small proportion of individuals
settled there, overall annual mortality of barnacle due
to ice scouring remains much lower than anticipated.
This situation contrasts sharply with that observed on
the New England coast where ice-related mortality is
high at similar shore levels when ice covers the shore
(Wethey 1979)
Lower limit of barnacles and upper limit of mussels
The abundance of Mytilus edulis and Sernibalanus
balanoides in relation to the heterogeneity index indicates the 2 species may interfere in their utilization of
primary space. Further evidence of an interaction is
present in crevices where M. edulis occupied the
greatest vertical range of sidewall (angles = 60 to 90")
since in those crevices the width of the barnacle band
is reduced and there is the greatest overlap between
both species.

Our data show that when mussels completely cover
the bottom of crevices, barnacle settlement is prevented. In contrast, when mussels suffer heavy mortality and no longer cover the bottom of crevices, barnacle
larvae and spat colonize this unoccupied space. Thus,
the lower limit of barnacles is set, in part, by preemptive competition with mussels. This situation is analogous to that observed in the intertidal zone where the
lower limit of barnacles is determined by lack of settlement due to space monopolization by a lower shore
species (Denley & Undemood 1979, Peterson 1979).
The most common interaction between barnacles
and mussels described in the literature is interference
competition (see Lewis 1976, Menge & Sutherland
1976, Peterson 1979, Paine 1984). Within crevices,
there were living and dead barnacles attached to the
walls under the mussel mat, indicating smothering. To
understand the relative importance of preemptive and
interference competition, mussel dislodgment and
recolonization in crevices should be examined.
At the beginning of this study, mussels were already
established in crevices and slightly overlapped the
barnacle zone. However, as sediments and faeces
accumulated on the crevice bottom below mussels,
those individuals overlying the soft substrata became
unstable due to hummocking and decreased attachment. In autumn 1980, the mussels already appeared to
be weakly attached and mussel cover had been considerably reduced by April 1981. Hummocking of Mytilus
edulis on soft sediments outside of crevices has been
abundantly documented elsewhere (Seed 1976, Grant
1977, Lubchenco & Menge 1978, Wethey 1979). On
relatively uniform surfaces replacement of holes in
mussel beds can occur by an inward movement of
perimeter mussels (Paines & Levin 1981). However,
this is not possible in crevices surrounded by bare
surfaces. In crevices, colonization and build-up of a
mussel mat is highly dependent on variations in larval
recruitment and chance events associated with the
entrapment of dislodged adults, presumably from the
lower intertidal zone. The replacement of a mussel
cover on the bottom of crevices takes at least 4 to 5
years (pers, obs.), depending on initial patch size. As a
result, crevlces in which mussels are removed simultaneously do not have synchronous recovery. Thus, in a
location, one always find crevices in a variety of stages
of recovery. This was not the case for crevices analysed
in this study since only those with a well-developed
mussel cover were initially selected. As a result of the
advanced stage of these crevice communities, most (18
out of 21) lost their mussel cover during the first winter
of observation.
The removal of mussels results in colonization by
barnacles and their recruitment continues until invasion by mussels reduces space availability. Only bar-
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nacles that previously settled below the adult barnacle
zone are smothered by mussels, some 2 to 5 yr after the
disturbance process is initiated. Therefore, interference competition between mussels and barnacles in a
given crevice is probably periodic varying with the
rate of mussel recovery, barnacle settlement density
and spatial position of settling larvae. Thus, the distribution of barnacle populations on crevice sidewalls
results from both physical and competitive forces and a
true spatial refuge is only achieved on a vertical range
of about 5 to 20 cm above the crevice bottom.
Wave exposure is known to influence considerably
the relation between Semibalanus balanoides and
Mytilus edulis either by changing the relative abundance of the 2 species (Menge 1976, Grant 1977) or by
influencing the activity of predators (Menge 1976,
Lubchenco & Menge 1978, Peterson 1979).When considering exposure, one usually refers to spatial scales
of the order of at least the width of the intertidal zone.
In this study we show that very small variations of
30°),which presumably induce variacrevice angle
tions in exposure, influence considerably the abundance and distribution of species as well as their
interactions. Since in our study area S. balanoides
occupies only a narrow vertical range both on the shore
and within crevices, such fine variations of substratum
hereogeneity are of prime importance in controlling
community structure.
(2

Limits of seaweed
In crevices Fucus vesiculosus holdfasts were limited
to the barnacle zone. This distribution can best be
explained by the following: (1) increased sporeling
settlement and/or survival due to increased surface
roughness and/or greater surface area provided here
by barnacle shells (Burrows & Lodge 1950, Lewis &
Bowman 1975, Choat 1977, Harling & Lindberg 1977,
Hawkins 1981, Lubchenco 1983), (2) seaweed settlement may be inhibited in the mussel zone (Hawkins &
Hartnoll 1983) or dislodged by mussels due to chafing
of their stipe (Paine 1969, Grant 1977) or by smothering
(Menge 1976). The latter processes were observed to
occur in the crevices.

sistence of most species seems to be entirely dependent upon the availability of 3-dimensional spatial
refuges (Menge & Lubchenco 1981).In temperate communities, however, there are relatively fewer types of
consumers. Predation and herbivore pressure appear to
show strong seasonal variations and thus there are
additional escapes (time, size) against predators
(Menge & Luchenco 1981). As a result, these authors
concluded that substratum heterogeneity plays a less
important role in temperate than in tropical communities. In contrast, our study of an intertidal community exposed to harsh winter conditions where consumers are absent and sessile species are few showed
that the availability and type of spatial refuges provided by substratum irregularities are important factors determining species distribution, abundance, and
persistence.
The effect of ice disturbance on subarctic sessile
epifauna seems analogous to the effect of consumers
on tropical sessile invertebrates. Moreover, the zonation of species we observed in crevices is similar to that
observed in artificial holes placed in rocky zones of
tropical intertidal areas (Menge et al. 1983).However,
both the spatial scale studied and number of species
differ. The artificial holes investigated by Menge et al.
(1983) were cryptic habitats colonized by colonial animals and encrusting algae whereas our microhabitats
were large depressions in the rock surface where,
except for Littorina spp., only sessile solitary organisms are found. In the tropics, the species in experimental holes are determined by grazing pressure and
their zonation is largely the result of a combination of
their differing abilities to overgrow one another, physical stress and resistance to grazing. In subarctic crevices, biological interactions (preemption of space and
presumably interference) operate but their intensity
varies in space (due to crevice shape) and time (due to
recovery rate of mussels and to barnacle settlement
density).
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The importance of spatial heterogeneity

The relative importance of spatial heterogeneity varies for various communities. In t r o ~ i c a l intertidal
habitats, several studies have shown that substratum
complexity can reduce the level of predation or mortality from physical stress (see Leviten & Kohn 1980,
Menge & Lubchenco 1981, Garrity 1984) and the per-
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