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Macroalgal communities in littoral rock pools of the Northwest coast of Portugal were stu-
died along 60 km of coastline. Thirty-eight pools were sampled twice between March and
August 2003. Rhodophyta were the dominant algue group, whether the pools were located
lower or upper on the shore, except in pools located between 2 and 3 meters where Rho-
dophyta share the dominance with Chlorophyta. Species richness increased from pools
located at higher levels on the beach to the ones located lower on the shore. The macroal-
gal communities’ species composition was the major source of variability between rock
pools. Each pool presented a unique combination of species, forming particular commu-
nities. A reduced number of species with high percent cover are the main factor creating
the differences between the pools. Also, clear differences could be found between the spe-
cies compositions of macroalgal communities located in the pools and in the surrounding
emergent substrata. The environmental variables considered in this study (tidal height,
maximum pool depth, maximum pool width and maximum pool length), were poorly re-
lated to the communities’ species composition. The results suggest that each pool is un-
ique regarding its macroalgal community structure and that the environmental factors
considered in this study were not of major importance in determining the variability be-
tween pools.

© 2006 Elsevier Masson SAS. All rights reserved.

1. Introduction

tidal cycle, thus, they are not subjected to cyclic periods of
emersion and desiccation. Also, the organisms living in pools
suffer greater fluctuations of the physical environment than

Rock pool systems, in spite of their ubiquity on rocky shores,
have been the subject of few studies (Underwood and Skill-
eter, 1996; Van Tamelen, 1996, Thompson et al., 2002).

In these habitats, organisms experience unique living
conditions. Rock pools remain submerged during the entire
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those found under constant submergence in the subtidal
zone (Metaxas and Scheibling, 1993). Pools may suffer large
fluctuation of pH, salinity and temperature, mainly when lo-
cated at higher levels on the shore (Metaxas and Scheibling,
1993).

Studies on distribution patterns of organisms are scarce
in rock pool systems. Several studies refer to a variation in
the dominance of macroalgal assemblages, depending on ti-
dal height (Femino and Mathieson, 1980; Wolfe and Harlin,
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1988a; Kooistra et al., 1989). Important variability was also
found by Metaxas et al.,, (1994) between macroalgal assem-
blages of pools sited at different tidal heights and within
the same height at a distance of a few meters.

Rock pools are isolated habitats with well-defined bound-
aries (Metaxas and Scheibling, 1993). In these space-limited
systems, a number of physical and biological factors interact
to determine community structure. Physical features of pools
(area and depth), tidal height and wave exposure have been
considered important factors determining macroalgal abun-
dance (Sze 1982, Wolfe and Harlin, 1988b; Metaxas et al,,
1994). However, Underwood and Skilleter (1996) found that
the diameter of the pool had no significant influence in the
structure of assemblages of rock pools, in New South Wales.
The importance of pool size is also referred by Femino and
Mathieson (1980), who found that larger pools presented
more stable physical conditions and contained a higher
number of taxa. Besides physical features of the pool, biotic
interactions can play an important role on the community
species composition. The effects of grazing and competition
have been documented in rock pools (Chapman, 1990; Bene-
detti-Cecchi and Cinelli, 1992, 1995, 1996; Van Tamelen,
1996). These biotic interactions are more pronounced in
these habitats than in surrounding emergent substrata, due
to space limitation and to more benign environmental condi-
tions, mainly when pools are located at lower levels on the
shore, allowing a wider variety of species (Femino and
Mathieson, 1980).

The large variability between rocky pool assemblages and
the complexity of the interactions between physical and bio-
logical factors, have contributed to the lack of knowledge
that exists relative to the surrounding rocky shore commu-
nities (Underwood and Skilleter, 1996; Van Tamelen, 1996).

On the Portuguese coast, macroalgal communities from
rock pools remain unstudied. In this study we characterize
the macroalgal community composition and variability on
rock pools in a total 60 km stretch of the northwest coast of
Portugal. The importance of physical features of the habitat
in determining macroalgal communities composition in
these habitats is also investigated.

2. Material and methods

2.1. Study area and sampling

Sea surface temperature on the western Portuguese coast
varies between 11 and during the year. The west coast is ex-
posed to the prevailing northwest oceanic swell which can
reach values over 5 m in winter. The tidal regime in the Por-
tuguese coast is semi-diurnal, with an extreme tidal range of
spring tides approximately of 3.5-4 m. On the northwest
coast, rocky shores are typically granite.

At each of the 11 sites studied, located from Moledo (41°
50'35"; 8°52'18") to Apulia (41°29'14"; 8°46'58") (Fig. 1), one
transect (approximately 5 m wide) was randomly placed
from the lower to the upper shore. The study sites were cho-
sen according to the presence of extensive rocky shore sys-

tems and were restricted to open bedrock. In each transect
permanent rock pools containing algal communities, located
under the transect line, were selected. In average, three pools
were sampled per transect. A total of 38 pools, distributed
along 60 km of coast were studied in the first sampling peri-
od (Spring) whilst 36 of these pools were sampled in the sec-
ond sampling period (Summer). For each pool sampled, tidal
height, maximum depth, maximum width and maximum
length of the pool were recorded. Pools ranged in tidal height
from 0.2 to 3.3 m, in depth from 0.1 to 1.3 m, in width from
0.4 to 9.6 m and in length from 1.0 to 26.1 m. According to
their tidal height, pools were placed in four groups: A:
<1m,B:1-2m, C:2-3m and D: >3 m.

Each pool was sampled twice during the study period,
once in Spring (March-May 2003) and once in Summer
(June-August 2003). The largest pools were sampled with
50 x 50 cm quadrats, while 30 x 30 cm quadrats were used to
study the smaller ones. The quadrats were divided into sub-
quadrats of 1 0 x 10 cm and placed randomly within the pool.
The percent cover was assessed using non-destructive meth-
ods by counting the number of sub-quadrats occupied by
each species (Dethier et al., 1993). Nevertheless, whenever
necessary, sampling was stratified in different layers, and
the upper visible layer of macroalgae was distinguished from
the substrate cover. Four replicates were taken in each pool
and each sampling period. Sampling was done by a single
observer.

The specimens were collected and identified in labora-
tory, except when accurate identification was possible in
the field. All the macroalgae were identified to species level,
except for the genus Ulva.

Sampling of emergent substrate was done according to
the methodology described in Araujo et al. (2005).

2.2. Data analysis

The species richness was calculated for each rock pool and at
each sampling period.

With the objective of assessing the existence of zonation
patterns of species distribution along tidal height, macroal-
gae were grouped according to their phylum and to their
morpho-functional group (Littler and Littler, 1983).

Multivariate analysis was used to estimate the spatial
variability in macroalgal assemblages of rock pools and to
search for significant factors of the variability encountered.
Data analysis was performed with non-parametric multivari-
ate techniques using the PRIMER software (Clarke and Gorley,
2001). A triangular matrix of similarity between samples was
constructed using the Bray-Curtis similarity with log(x + 1)
data transformation. Non-metric multidimensional scaling
(NMDS) was used to produce two-dimensional ordination
plots. One-way ANOSIM (Clarke and Warwick, 2001) was used
to test the null hypothesis of no significant differences be-
tween: 1) sampling periods; 2) the pools and 3) transects.
When conducting this test, the R-statistic is obtained, the va-
lue of which lies in the range (-1, 1). Values of R =1 are only
obtained when all replicates within groups are more similar
to each other than any replicates from different groups,
whereas a value of R=-1 can only be obtained when the
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Fig. 1 - Study area, showing the positioning of the transects: Moledo, Vila Praia de Ancora, Forte do Cio 1 and 2, Montedor
1 and 2, Viana do Castelo, Amorosa, S. Bartolomeu do Mar, Cepdes and Apuilia.

Bray-Curtis similarities within the replicates of the groups
are all lower than any of the similarities between replicates
from different groups. Negative values of R are uncommon
and may result from an erroneous allocation of the repli-
cates. Under the null hypothesis of no significant differences
between the groups, the R value will be close to zero. This
value becomes closer to 1 as the similarity within the repli-
cates of the groups become larger than the similarities be-
tween replicates from different groups (Clarke and Warwick,
2001).

To test the null hypothesis 1, samples were grouped into a
sampling period factor and the comparison was made be-
tween each pool within the same transect. This test also in-
cluded the comparison of the whole transect, sampled in the
two periods. In all these tests, only the global R value for
each analysis will be presented, given the very large number

of possible pairwise comparisons. To test for the null hypoth-
esis 2, a pool factor was established, with four replicates per
pool. The analysis was conducted for all the pools. This test
was conducted with the data collected on the first sampling
occasion. To test the null hypothesis 3, the test was con-
ducted over a transect factor, comparing different transects
along the study area. All sampling units taken per transect
were regarded as replicates of the same sample. This test
was conducted with the data collected on the second sam-
pling period.

To investigate the relationships between the pool commu-
nities and environmental variables the BIO-ENV and the RE-
LATE routines were used (Clarke and Gorley, 2001). Finally,
the SIMPER routine (Clarke and Gorley, 2001) was used to find
the species with higher contribution to the differences found
between each pair of pools.
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3. Results

In the 38 pools analyzed, a total of 99 taxa were identified.

The largest number of pools was found between 1 and 3
m. Pools were sparse in the highest levels (> 3 m).

The dominance of macroalgal phyla varied slightly with
tidal height. Rhodophyta was the dominant group at all le-
vels, but the absolute number of species decreased from low-
er to higher levels. The number of Chlorophyta and Hetero-
kontophyta slightly increased along the same tidal height
gradient up to 3 m (Fig. 2a). In the pools located higher on
the shore (>3 m), a decrease in the total number of species
for all the groups of algae was observed (Fig. 2a). The differ-
ences between the three groups of algae are not so pro-
nounced if their mean percent cover is considered. With the
exception of the pools located higher on the shore, mean va-
lues of cover of Rhodophyta are very close to those of other
groups (Fig. 2b). Brown algae show their highest mean per-
cent cover between 1-2 m and highest number of species be-
tween 2-3 m (Fig. 2b). In pools located above 3 m the domi-
nance of red algae is clear.

All the morpho-functional groups of macroalgae were
present at all heights on the shore (Fig. 3). Mid-zone pools
(1-3 m) showed high similarity in terms of number of species
and percent cover (Fig. 3). The most important differences
were found in lower shore and upper shore pools (<1 m and
>3 m, respectively) (Fig. 3).

In pools below 3 m, the number of species was dominated
by filamentous and coarsely-branched algae. Above 3 m, the
dominance of the pools was shared between sheets and fila-
mentous algae (Fig. 3a). The highest number of sheets, fila-
mentous, coarsely branched and thick leathery species was
found in the pools located below 1 m. When considering
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mean percent cover, the thick leathery group dominates be-
low 1 m, sheets are the dominant group between 2 and 3 m
while between 1 and 2 m, all the morpho-functional groups
have similar mean percent cover. Above 3 m, the crustose
group clearly dominates the pools due to the high abundance
of Lithophyllum incrustans (Fig. 3b).

A decrease in species richness mean values from lower to
higher tidal heights was observed (Fig. 4). The mean values of
species richness were slightly higher in spring than in sum-
mer. Monospecific pools were found between 2 and 3 m and
were exclusively composed of green algae.

Along each transect, some species were recorded both in
the rock pools and the emergent rocky shore and others were
exclusively recorded in one of these two habitats. Consider-
ing the results obtained in all the transects, which Table 1
presents, for a selected number of species, the distribution
of their relative abundance between the two habitats and
shows that some species appear in one environment but
not in the other and that the species common to both envir-
onments occur at very different abundances in the two habi-
tats. The species composition in rock pools and in low littoral
zones (<50 cm above chart datum) is in fact distinct as
shown in Fig. 5. A clear division can be established between
the assemblages of these two environments, with a minor
overlap. It could be expected that communities overlapping
would correspond to lower-shore pools, but no clear corre-
spondence with tidal height could be established (Fig. 5).

The differences among pools are the most important
source of variation in the studied area, noticed from the
highest R value obtained in the one-way ANOSIM test (Ta-
ble 2). Each pool is a particular entity and all the pools ana-
lyzed were differently from each other. Differences between
transects, in spite of significant, were less important than
the ones attributable to pool composition (Table 2). No signif-
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Fig. 2 - Total number of species of each macroalgal phylum (a) and their respective mean percent cover (+ S.E.) (b) in pools
at different heights on the shore (< 1 m; 1-2 m; 2-3 m; > 3 m), in the first sampling period. C - Chlorophyta;

H - Heterokontophyta; R — Rhodophyta.
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Fig. 3 — Total number of species of each macroalgal morpho-functional group (a) and their respective mean percent cover
(+ S.E.) (b) in pools at different tidal heights (< 1 m; 1-2 m; 2-3 m; > 3 m), in the first sampling period. SH: Sheet group; FI:
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Fig. 4 - Mean values (+ S.E.) of Species Richness for the macroalgal communities in rock pools located at the four tidal
heights studied (< 1 m; 1-2 m; 2-3 m; > 3 m), in spring (SP) and summer (SU).

icant differences were identified in composition of rock pool
assemblages between the two sampling periods (Table 2).
The most obvious difference found between the two sam-
pling periods was a shift in the dominant organisms of some
pools either due to the increase of the percent cover of
ephemerals like Ulva sp. or to changes in the abundance of
species with different development phases along the year
like Sargassum muticum or Sacchorhiza polyschides (Table 3).
The results of SIMPER analysis show that the Average Dis-
similarity between each pair of pools ranged from 25% to

100% but the majority of the values (74%) were above 80%.
Only a small percentage of the species present in the pools
was needed in order to reach 90% of the average dissimilarity
between each pair of pools. In 10 randomly chosen pairwise
comparisons between pools, a mean value of 39% of the total
number of species present in the pools was needed to reach
90% of the average dissimilarity. The reason is that in gener-
al, these species present high percent cover in a reduced
number of pools and do not occur in the others (Fig. 6 and
Table 3).
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Table 1 - Relative abundance of the species common to
intertidal pools and emergent rocky shore (contribu-

tion > 30% of the percent cover in one of the two
environments) and of the exclusive species to each
habitat (contribution > 3%)

Species Pools Emergent
rocky shore
Sargassum muticum 98.8 1.2
Ahnfeltia plicata 98.1 1.9
Monostroma obscurum 94.7 5.3
Lithophyllum incrustans 80.5 19.5
Leptosiphonia schousboei 77.4 22.6
Chaetomorpha linum 69.6 30.4
Bifurcaria bifurcata 69.1 30.9
Laminaria ochroleuca 54.7 45.3
Fucus vesiculosus 0.4 99.6
Lomentaria articulata 0.4 99.6
Pterosiphonia complanata 0.4 99.6
Fucus serratus 0.5 99.5
Ophidocladus simpliciusculus 0.8 99.2
Ascophyllum nodosum 0.9 99.1
Gigartina pistillata 0.9 99.1
Sacchorhiza polyschides 1.7 98.3
Gelidium corneum 2.0 98.0
Osmundea pinnatifida 2.4 97.6
Mastocarpus stellatus 2.5 97.5
Dictyota dichotoma 2.8 97.2
Pterocladiella capillaceae 3.6 96.4
Porphyra umbilicalis 6.0 94.0
Hildenbrandia rubra 6.5 93.5
“Petrocelis cruenta” [stage] 6.6 93.4
Chondracanthus acicularis 6.6 93.4
Cystoseira baccata 8.7 91.3
Blidingia minima 9.1 90.9
Rhodothamniella floridula 13.6 86.4
Chondrus crispus 14.2 85.8
Chondracanthus teedei 14.8 85.2
Streblocladia collabens 21.5 78.5
Ulva sp. 42.7 57.3
Corallina elongata 45.8 54.2
Corallina officinalis 100 0
Grateloupia filicina 100 0
Callithamniom granulatum 0 100
Catenella caespitosa 0 100
Cystoseira tamariscifolia 0 100
Dumontia contorta 0 100
Fucus spiralis 0 100
Haliptilon squamatum 0 100
Himanthalia elongate 0 100
Laminaria hyperborean 0 100
Pelvetia canaliculata 0 100
Porphyra dioica 0 100
Porphyra linearis 0 100

The environmental variables measured in this study were
poorly related with the biological data (Table 4). The first best
correlation in the BIOENV analysis was established with
maximum length of the pool and the second was with the
combination between length and height above chart datum,
but the values were very low (below 0.05). All the correlations
established with other environmental factors or combination
of factors were negative.

4, Discussion

The species richness in the intertidal pools within the study
area was generally in agreement with the results described
in other studies, increasing as the pool tidal height decreases

(Wolfe and Harlin, 1988b; Kooistra et al., 1989; Metaxas et al.,
1994). The harsh environmental conditions in the pools lo-
cated higher on the shore may limit the number of species
able to colonize those levels (Metaxas et al., 1994). Pools lo-
cated lower on the shore present a more stable environment
(Femino and Mathieson, 1980), allowing the occurrence of a
wider variety of organisms.

In this study the global zonation patterns of macroalgal
phyla (Rhodophyta, Chlorophyta and Heterokontophyta)
show some differences from those mentioned elsewhere.
Previous studies suggest that the pools located lower on the
shore are dominated by red and brown algae and those lo-
cated higher on the shore by monospecific communities of
green algae (Femino and Mathieson, 1980; Wolfe and Harlin,
1988a; Kooistra et al., 1989). In this study, the low shore pools
were clearly dominated by red algae, for both the mean per-
cent cover or the number of species. In spite of decreasing
abundance from the lower to the higher tidal height pools,
red algae were the dominant group at all levels studied, ex-
cept for pools located between 2-3 m, where they share the
dominance with green algae. The higher level pools (>3 m)
show the highest mean percent cover of Rhodophyta, domi-
nated by Lithophyllum incrustans. On the intertidal rocky
shore, this species is characteristic of low and mid-shore le-
vels and in higher levels appeared only in the pools, which is
in agreement with the results from Galicia (Barbara et al,,
1995). Crusts predominate in areas of high disturbance or
high stress (Dethier, 1994). Coralline crusts can survive in
pools where erect algae and encrusting colonial animals are
virtually absent (Kooistra et al., 1989). This dominance can be
achieved by greater stress tolerance or by inhibiting settle-
ment of epiphytes (Kooistra et al., 1989).

Considering the distribution of morpho-functional groups
along tidal height, some differences were found from pre-
vious works. Percent cover of latter successional forms, such
as thick leathery and crustose macroalgae, was not higher in
mid pools as was reported in the study by Metaxas et al.,
(1994). The highest percent cover of crustose forms was
found above 3 m due to the dominance of Lithophyllum incru-
stans.

Concerning the number of species, lower pools presented
the highest number of filamentous and coarsely-branched
algae. However, mid shore pools were also dominated by
these two groups of species. In higher pools, sheet and fila-
mentous group represent the highest number of species.
However, these two groups of algae are also among the four
groups with higher percent cover in low level pools. This is in
accordance with the studies of Femino and Mathieson (1980)
and Wolfe and Harlin (1988b) that found that some genera of
sheet and filamentous algae were more abundant in lower
pool and others in higher pools.

In general, the pools surveyed in this study contain speci-
fic groups of species and communities that do not occur on
the surrounding emergent substrate, which is in agreement
with Femino and Mathieson (1980). These authors distin-
guished four groups of algae based on their occurrence in
pools and in the surrounding rocky shore: sublittoral species
that, at the littoral zone, only appear in pools, sublittoral and
littoral species which appear in both environments, exclu-
sively sublittoral and littoral species and species exclusive
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Fig. 5 - Two-dimensional MDS ordination representing replicates of communities for low shore assemblages (< 50 cm above
chart datum) in emergent shore (R = black triangles) and for pools sited at different tidal heights (grey symbols).

Table 2 — One-way ANOSIM. Values of global test statistics
(R) and associated probability (p). The factors tested were
pools, transects and sampling period. Only the null

hypothesis of no differences between sampling occasions
is accepted. n.s.: non-significant

Source of variation Global R P

Pools 0.975 0.001
Transects 0.301 0.001
Sampling period 0.006 0.309 n.s.

of pools. This selection of habitat is related to the tolerance
of species to emersion/desiccation: some of these species do
not survive continuous submergence in pools and others are
not tolerant to desiccation (Femino and Mathieson, 1980).

Differences in species composition of pools’ macroalgal
assemblages were the major source of variability in the
coastal area under study. Significant differences were found
between communities among all pools. However, a small
percentage of the species were responsible for these differ-
ences. These species presented high percent cover and ap-
peared in a small number of pools. Even the pools dominated
by the same species showed significant differences among
themselves due to the fact that dominance was shared with
different macroalgae in each pool.

Few quantitatively replicated studies have been done on
the spatial variability of macroalgal communities in pools
along a large sampling area. Metaxas et al. (1994) found great
variability between macroalgal communities in pools located
at the same height on the shore, in Nova Scotia, Canada. The
authors suggested that variability in recruitment and/or dif-
ferences in physical features of the pools might be responsi-

ble for the variability in percent cover of macroalgae among
pools. Great variability between macroalgal communities in
pools was also found in the present study. However, the rela-
tionship between the environmental factors investigated in
this study and the macroalgae species composition was very
weak. The only individual factor which showed positive cor-
relation with macroalgal assemblages was the maximum
length of the pool. Studies on the influence of the size of
the pools upon macroalgal communities are scarce. In this
study, the diameter of the pools was not measured. However,
it was expected that maximum length, width and depth of
the pool showed a similar correlation with macroalgal com-
munities as would the diameter of the pool. Underwood and
Skilleter (1996), found that the diameter of the pool had no
influence on the species composition of tidepools in New
South Wales. Femino and Mathieson (1980) stated that in lar-
ger pools temperature changes were not so pronounced and
less evaporation occurred. They found the largest number of
taxa in the lower shore larger pools and suggested that the
physical configuration of the pool was an important factor.
Wolfe and Harlin (1988b), found a positive relation between
species diversity and pool height on the shore, volume and
surface area in Rhode Island. We have no consistent expla-
nation for the fact that length of the pool showed higher cor-
relation with species composition than did the width. Never-
theless, the correlation was very weak and we concluded
that in this study, the size of the pool was not important in
determining variability in the composition of the pool com-
munities.

Tidal height plays a determinant role in emergent rocky
shore assemblages. However, in rock pools this factor does
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Table 3 - Species composition and their respective cover percentage in the pools sampled in spring (a) and in summer (b).

For each sampling occasion, the table includes the subset of species which gather more than 10% of the total cover

percentage in at least one of the pools. The dominant species in each pool and for each sampling occasion is marked in
grey. The pools are numbered and arranged from 1 to 36 according to increasing tidal height

a)

3

1 12

15 16

17

18

Ahnfeltia plicata
Bifurcaria bifurcate
Blidingia minima
Ceramium botryocarpum
Ceramium secundatum
Chaetomorpha linum
Chondrus crispus
Corallina elongate
Corallina officinalis
Gelidium spinosum
Gracilaria gracilis
Grateloupia filicina
Laminaria ochroleuca
Leptosiphonia
schousboei
Lithophyllum incrustans
Mastocarpus stellatus
Rhodothamniella
floridula

Sargassum muticum
Streblocladia collabens
Ulva sp.

Monostroma obscurum

36.00

11.44
0.24

1.24
3.52
83.00

0.24
8.00 5.52

1.00

124

1.00
2.52

13.00 0.52

0.52

9.24
1.24

1.24
8.24

1.24
2.00

0.24
23.00

2.00

1.52

0.24
0.76

10.00

43.00 25.00

1.24

72.25
0.24

0.24

1.24
2.00
35.00 2.00

24.00
3.00

1.68

0.32

97.00

19.00 27.00

4.24

2.52

0.24
0.24

2.52

34.00
24.00

0.52
36.00

4.00

27.00 20.00

3.28 0.76
0.24

1.00 60.00

0.24

0.24

10.24

3.00

55.24 7.24

4.00
0.52

9.00

90.00 63.00
0.24

4.52 4.52
0.24

21.00

252 0.24
131

5.52
6.00

1.24

7.52
18.00
0.24

0.24

4.00

8.00
0.52
13.04 24.00
0.24

2.52

124

0.24

0.24

0.24

1.52

54.00 0.24

1.52

1.52
2.00
0.24

46.00
0.24
9.00

a)

Ahnfeltia plicata
Bifurcaria bifurcate
Blidingia minima
Ceramium
botryocarpum
Ceramium
secundatum
Chaetomorpha linum
Chondrus crispus
Corallina elongate
Corallina officinalis
Gelidium spinosum
Gracilaria gracilis
Grateloupia filicina
Laminaria ochroleuca
Leptosiphonia
schousboei
Lithophyllum
incrustans
Mastocarpus stellatus
Rhodothamniella
floridula

Sargassum muticum
Streblocladia collabens
Ulva sp.

Monostroma obscurum

19 20
9.00

4.52

8.24
2.00

0.24

11.00

0.52

2.00

3.24
152 3.24
11.52 1.76

21

4.24

22

21.00

1.52

0.24

11.00 17.00

3.52

6.00

1.76

0.52
0.24

1.00

0.24

10.00 16.00

23 24

54.00 12.00

152 12.24

13.52 0.76
1.24
1.24

0.52
1.52

0.52 6.76

3.76 27.00

228 17.52

25 26

3.00

9.00
3.24

3.76

0.24

50.00

2.00

0.76
69.00

0.24

27 28

19.00

0.24

7.24

3.00
18.00 5.00

3.52

2.52

0.24 2.00

0.52 14.00

11.76 8.00
0.52

29 30

7.24

0.76
7.00

0.24

11.00

0.24
28.00

58.24
5.00

31 32

0.56 0.24

17.00 0.24

224

12.52

3.24

12.00 2.24

38.00

3.52 17.00

33 34

4.24

2.76

0.24

4.52
20.00

3.58

22.24

67.00 14.24

35

2.76

0.76
1.76

1.52

36

19.00

2.00
34.00

82.00 56.00

4.00

7.00

b)

Ahnfeltia plicata
Bifurcaria bifurcata
Blidingia minima
Ceramium
botryocarpum
Chaetomorpha linum
Chondracanthus
acicularis

Chondrus crispus

29.00

1.00 1.00

10.00

0.24

3.52

1.00

4.24

20.00

1.52

0.24

21.00

31.00

9 10

7.00

7.00 0.76

2.00

1 12

46.00 6.52

2.00

13 14

24.00

15 16

14.00

2.52 12.00

17

18

0.24

(continued)



200 ACTA OECOLOGICA 30 (2006) 192-202
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not assume the same importance because organisms do not
experience the stress caused by desiccation during lower
tide. Some works mention the importance of tidal height
upon the composition of rock pool communities (Sze, 1982).
In the present study, tidal height was not an important factor
for community structure.

Metaxas et al. (1994) suggested that each pool has a un-
ique combination of physical characteristics such as interti-
dal height, topography, depth, volume and wave exposure,
which determines the different communities which develop
there. However, the physical factors were not major determi-
nants of community structure in the pools studied here.
Macroalgal communities were different even in pools located
at the same level, a few meters apart and of a similar size.
Other factors should thus be important in determining the
variability among pools. Recent works suggest that the his-
tory of colonization and season of disturbance may play a
central role in structuring assemblages on rocky shores.
Kaehler and Williams (1998) demonstrated that in emergent
rocky shores in Hong Kong, the season when substrate be-
came free for colonization was important in determining
the composition of assemblages developing there. Airoldi
(2000) found that different types of algae (crusts, turf and

erect algae) responded differently to time of disturbance
due to variations in rates and type of recruitment (vegetative
or sexual). On littoral rock pools on the west coast of Italy, it
has been demonstrated that season of disturbance (clearing)
of the substrate may alter the competitive relationships be-
tween species, depending on their time of recruitment and
settlement and abundance of herbivores (Benedetti-Cecchi
and Cinelli, 1996, Benedetti-Cecchi, 2000). Composition of
early colonizer assemblages can suffer variability along the
succession process in relation to competitive and grazing in-
teractions. Thus, patches cleared at different times may suf-
fer different sequences of colonization and support different
assemblages of macroalgae in later stages of development.
We suggest that in pools of the northwest coast of Portugal,
physical features of the pools together with biological inter-
actions may contribute to the development of particular
macroalgal communities. However, other factors such as ran-
dom factors and timing of colonization must be the most im-
portant agents in determining the composition of mature as-
semblages in rock pools when compared with physical
characteristics of the habitat. This could explain the signifi-
cant differences between pools of the same size and shape,
located close to each other on the shore.
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Fig. 6 — Two-dimensional MDS ordinations for all the pools sampled. Each plot represents the distributional pattern of a
single species. The circle area is proportional to mean percent cover of species in each pool. The species represented were
chosen using the BVSTEP procedure in PRIMER (P 2 0.975).
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Table 4 - Correlation coefficients from BIO-ENV analyses,
for comparisons between the macroalgal assemblages
and environmental variables. Environmental variables
considered for each pool were maximum length (Le),
maximum width (Wi), maximum depth (De) and height

above chart datum (He). None of the variables, single or in
combination, was statistically significant. Using the
RELATE routine, the value of P obtained was 0.228 for the
best environmental variable (Le)

Variables Correlation coefficients
Le 0.049
Le + He 0.028
Le + He + Wi -0.002
Le + Wi -0.004
He —0.005
De + Le + He -0.037
De + Le + He + Wi -0.043
De + Le + Wi —0.045
De + Le -0.055
He + Wi —0.055
De + He -0.073
Wi -0.087
De + He + Wi -0.100
De + Wi -0.110
De -0.112
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