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INTRODUCTION

In marine habitats, the abundance and distribution of
consumers, either predators or herbivores, is often re-

lated to the availability of refuges (Menge 1978, Lively
1986, Andrew 1993, Benedetti-Cecchi & Cinelli 1995,
Williams et al. 2000). The reliance on shelters, exhibited
by certain species, can be an adaptive response to pre-
dation or a strategy to avoid harsh physical conditions
(Branch 1975, Nelson & Vance 1979, Fletcher 1987,
Chapman & Underwood 1992). When consumers ag-
gregate in refuges and forage in nearby areas, they can
nearly eliminate their prey, creating bare haloes within
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ABSTRACT: In proximity of shelters, grazing by sea urchins plays a fundamental role in establishing and
maintaining areas dominated by encrusting corallines. Much attention has been given to the effects of
urchins on algal assemblages in shallow subtidal reefs, but few studies attempted to clarify the role played
by encrusting coralline algae in this system. It has been shown that encrusting corallines are able to reduce
settlement of potential competitors, suggesting that they do not rely on grazing by herbivores to prevent
swamping by erect algal species. In shallow subtidal reefs of the Mediterranean Sea, the sea urchins Para-
centrotus lividus and Arbacia lixula are the main herbivores, whose grazing commonly leads to a mosaic
of areas dominated alternatively by encrusting corallines and turf-forming algae. This study aims to
separate the effects of urchins and encrusting corallines on the re-colonisation of encrusting coralline-
dominated patches (barren habitat) by surrounding erect algal species (turf-forming algae). Different hy-
potheses were tested by means of multivariate and univariate analyses. The multivariate hypothesis was
that the algal assemblage developing when encrusting corallines and urchins are simultaneously removed
would be more similar to that establishing in stands of turf-forming algae, than that developing when none
or only 1 of the 2 factors is manipulated. The univariate hypotheses tested were: (1) that there is a nega-
tive effect of sea urchins and encrusting corallines on the re-colonisation of barren areas by surrounding
turf-forming algal species and (2) that the effects of encrusting corallines are weaker than those of urchins,
but that they operate in the same direction. These hypotheses were tested by means of an orthogonal ma-
nipulation of urchins and encrusting corallines. At each of 3 study sites, 2 replicate barren patches
were assigned to each of these treatments: (1) +corallines+urchins; (2) +corallines–urchins;
(3) –corallines+urchins; (4) –corallines–urchins. The results suggest that the occurrence of areas domi-
nated by encrusting corallines on shallow subtidal reefs in the northwest Mediterranean is not simply the
result of grazing by sea urchins on turf-forming species. The removal of encrusting corallines also affected
the abundance of dominant algal species and determined the development of an algal assemblage
resembling those occurring within stands of algal turfs. The effects of the removal of urchins on turf-
forming species were generally positive, while those of encrusting corallines varied from negative (Padina
pavonica) to positive (Acetabularia acetabulum and filamentous algae). Therefore, the role played by
encrusting corallines in maintaining alternative habitats on shallow subtidal reefs should be taken into
account, thus avoiding the overestimation of the effects of grazing by sea urchins.
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major stands of the prey (Odgen et al. 1973, Benedetti-
Cecchi & Cinelli 1995, Underwood 1999, Williams et al.
2000), leading to the establishment of a patchy mosaic
of species (Levings & Garrity 1983).

In subtidal habitats, the effects of some species of sea
urchins on macro-algae are constrained by the pres-
ence of crevices and/or boulders (Andrew 1993,
Benedetti-Cecchi & Cinelli 1995, Bulleri et al. 1999). In
such cases, the large pressure of grazing in proximity
to the refuges can result in the elimination of erect
macro-algae, enabling encrusting algae, mainly
corallines, to monopolise the space. The presence of
refuges, by enhancing the persistence of sea urchins,
would maintain patchiness, characterised by the dom-
inance of space by encrusting corallines (barren habi-
tat) or, alternatively, by stands of erect algal species
(turf-forming algae).

The processes involved in producing and maintaining
barren areas by sea urchins have received considerable
attention (Lawrence 1975, Sousa et al. 1981, Hawkins
& Hartnoll 1983, Himmelmann et al. 1983, Scheibling
1986, Witman 1987, Johnson & Mann 1988, Valentine
& Heck 1991, Andrew & Underwood 1993, Benedetti-
Cecchi & Cinelli 1995, Leinaas & Christie 1996, Bene-
detti-Cecchi et al. 1998, Bulleri et al. 1999). However,
few studies (Breitburg 1984, Johnson & Mann 1986,
Camus 1994) have investigated the role played by en-
crusting corallines in the shifts between the assemblages
dominated by erect algae and coralline barrens.

Some authors have reported that encrusting algae rely
on the presence of herbivores to prevent overgrowth by
erect forms (Kitting 1980, Paine 1980, Steneck 1982,
1986). Others (Bertness et al. 1983, Sebens 1983, Masaki
et al. 1984, Johnson & Mann 1986, Dethier 1994 and
references therein) have shown that crusts were able to
reduce settlement of potential competitors, suggesting
that their persistence does not strictly depend on the
control of erect species by grazers.

In barren areas, the intensity of grazing by sea urchins
can be variable not just in space, but also through time.
For instance, sea urchins can switch from an active for-
aging behaviour to passive feeding on drift algae (Vance
& Schmitt 1979, Cowen et al. 1982, Carpenter 1984,
Johnson & Mann 1988, Scheibling & Hamm 1991, Sala &
Zabala 1996). Furthermore, the density of sea urchins
can be reduced by commercial harvesting (Kempf 1962,
Boudoresque 1987) or by the outbreak of parasite in-
fections (Hagen 1995), providing the opportunity for
surrounding erect algal forms to re-colonise space. As
argued by Breitburg (1984), the return to an assemblage
like the pre-grazed state is related to the ability of re-
colonising species to recruit onto, or to overgrow, en-
crusting corallines when grazing is reduced. Therefore,
it is necessary for studies aiming to evaluate the effects of
sea urchins in determining the structure and dynamics of

shallow subtidal reefs to take into account the role
played by encrusting corallines. The orthogonal manip-
ulation of encrusting corallines and sea urchins is the
only way to evaluate fully their relative effects. Johnson
& Mann (1986) and Camus (1994) provided some evi-
dence for the negative effects of encrusting corallines
on the recruitment of erect macro-algae. Because their
studies were done in the absence (Johnson & Mann
1986) and in the presence (Camus 1994) of grazers, the
effects of the 2 factors were not separated and there has
been no evaluation of their interaction. In fact, there ap-
pear to have been no experimental studies specifically
designed to separate the effects of encrusting
corallines from those of grazing by urchins.

The urchins Paracentrotus lividus and Arbacia lixula
are the most important herbivores on shallow subtidal
rocky reefs in the Mediterranean Sea. It has been
shown that, at high densities, they can eliminate erect
macro-algae, creating haloes dominated by encrusting
corallines within surrounding stands of turf-forming
algae (Regis 1978, Verlaque & Nedelec 1983, Verlaque
1984, Fanelli et al. 1994, Benedetti-Cecchi et al. 1998,
Bulleri et al. 1999).

The goal of this study was to evaluate the effects of
sea urchins and encrusting corallines on the re-coloni-
sation of barren patches by surrounding turf-forming
algae. Different hypotheses were tested by multivari-
ate and univariate analyses. The multivariate hypothe-
sis was that the algal assemblage developing when
encrusting corallines and urchins are simultaneously
removed would be more similar to that occurring in
stands of turf-forming algae, than that developing
when none or only one of the 2 factors is manipulated.
Univariate hypotheses tested were: (1) that there is a
negative effect of sea urchins and encrusting corallines
on the re-colonisation of barren areas by surrounding
turf-forming algal species and (2) that the effects of
encrusting corallines are weaker than those of urchins,
but that they operate in the same direction (i.e. the
effects of encrusting corallines are likely to be masked
when sea urchins are present).

These hypotheses were tested by an experimental
removal of urchins and encrusting corallines.

MATERIALS AND METHODS

Study site. This study was done at Calafuria, an
exposed rocky shore on the northwest coast of Italy
(43° 28’ N, 10° 20’ E), between October 1999 and June
2000. Shallow subtidal reefs were characterised by
extensive stands of turf-forming algae, alternating
with areas dominated by encrusting corallines, gener-
ally of a few square metres in extent. The cover of
encrusting corallines was nearly complete in areas
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lacking turfs, but large storms had occasionally led to
the exposure of primary substratum (bare rock), pos-
sibly through heavy scouring by boulders.

The most common turf-forming algae were several fil-
amentous forms (e.g. Ceramium sp., Polysiphonia spp.,
Sphacelaria spp.), the articulated coralline Corallina
elongata Ellis and Solander, the foliose Padina pavonica
L. Lamoroux, Acetabularia acetabulum (Linnaeus) P. C.
Silva, Dyctiota dicothoma (Hudson) Lamoroux and
Taonia atomaria (Woodw.) J. Agarth, and the coarsely
branched Laurencia obtusa (Hudson) Lamoroux and
Chondria sp. Algae were grouped in morphological
groups (Littler & Littler 1980). The sea urchins Paracen-
trotus lividus Lam. and Arbacia lixula L., and the limpet
Patella caerulea L. were commonly found in barren
patches, while they were absent within stands of turf-
forming algae. Sessile invertebrates were represented
only by the barnacle Balanus perforatus Bruguiére and
the sessile tubicolous gastropod Vermetus sp.

Experimental design. Three sites, of about 400 m2

and no less than 50 m apart, were randomly identified
along the coast, at a depth of 2–3 m. The spatial array of
sites was dictated by previous investigations,
which showed that the effects of urchins varied at the
scale of tens of metres (Benedetti-Cecchi et al.
1998, Bulleri et al. 1999). At each site, 8 barren patches,
of about 3 m2, were chosen on gently sloping rocky
platforms and were randomly assigned to each of the
following treatment, 2 replicates for each: (1) +coral-
lines+urchins (+C+U); (2) +corallines–urchins (+C–U);
(3) –corallines+urchins (–C+U); (4) –corallines–urchins
(–C–U). Furthermore, at each site, 2 patches of similar
extent were marked within the stands of turf-forming
algae, as required for the multivariate hypotheses. In
order to compare assemblages developing following
the manipulation of encrusting corallines and sea
urchins with assemblages of turfing algae of the same
age, 4 quadrats were scraped to bare rock in each of
these patches.

Urchins were removed by hand and experimental
conditions were maintained by means of fortnightly
visits. Adults (test diameter >2.5 cm) were counted in
December 1999 and in February and June 2000, in
three 50 × 50 cm2 randomly allocated quadrats, in each
patch. The abundance of urchins was not assessed in
stands of turfing algae, since they were never seen in
this type of habitat.

Four replicate 13 × 13 cm2 quadrats were randomly
located in each patch, avoiding a 30 cm wide margin to
prevent the occurrence of edge effects. To find them in
subsequent visits, the quadrats were marked at their
corners by means of Epoxy putty (Veneziani S Sub-
coat). Encrusting corallines and turf-forming algae
were eliminated, where necessary, using a hammer
and chisel, paying attention not to alter the topography

of the substratum through the production of cracks.
Only bare rock was left where encrusting corallines
were removed.

The quadrats were sampled after 8 mo, using a 10 ×
10 cm2 plastic frame, subdivided into 25 sub-quadrats.
A score from 0 to 4% was given for each taxon in each
sub-quadrat (Dethier et al. 1993, Benedetti-Cecchi et
al. 1998). In order to avoid edge effects, due to the
re-colonisation of cleared quadrats by encrusting
corallines through vegetative growth, we sampled the
inner 10 × 10 cm2 of each replicate quadrat.

Statistical analyses. To test our predictions at the
level of the whole assemblage, we used a 2-factor non-
parametric MANOVA model (Anderson 2001), with
the random factor Patch nested within the fixed factor
Treatment. The treatment had 5 levels: +C+U, +C–U,
–C+U, –C–U and Turf. This test allows partitioning of
variation directly among individual terms in a multi-
factorial ANOVA model, allowing tests for the effects
of treatment and to evaluate the variability at the scale
of the patch (Anderson 2001). Separate analyses were
run for each of the 3 sites. A matrix of similarity was
calculated using the Bray-Curtis similarity index (Bray
& Curtis 1957) on untransformed data, and non-metric
multidimensional scaling (nMDS) was used to produce
2-dimensional representations of similarities among
samples in the different treatments, separately for each
site.

The response of algae and invertebrates to the
manipulation of sea urchins and encrusting corallines
was assessed using mixed model ANOVAs, including
the following factors: Corallines (+/–; fixed), Urchins
(+/–; fixed and orthogonal), Site (random and orthogo-
nal) and Patch (random and nested within the triple
interaction of the other factors).

The effectiveness of the manipulation of sea urchins,
was evaluated using a 4-factor ANOVA, including:
Time (random), Site (random and orthogonal), Treat-
ment (fixed and orthogonal, with 4 levels, correspond-
ing to the combinations of the factors Corallines and
Urchins) and Patch (random and nested within the
interaction Site × Treatment).

Homogeneity of variances was checked using
Cochran’s C-test and data were transformed to ln
(x+1), when necessary. SNK tests were used for a pos-
teriori comparisons of the means, when appropriate
(Underwood 1997).

RESULTS

Maintenance of experimental conditions

The abundance of urchins differed among treat-
ments (Fig. 1), although there were some inconsisten-
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cies through time (analysis on untransformed data,
C = 0.111, p > 0.05; Time × Treatment: F6,12 = 7.40**,
MSTime × Treatment = 4.333). Nevertheless, there were
more urchins in patches where they were left
untouched than in patches where they had been
removed, at every time of sampling (SNK tests). There
were substantially more urchins in –C+U than in +C+U
patches in June 2000, while there were no differences
in December 1999 and February 2000 (SNK tests). The
abundance of herbivores varied from patch to patch
(F12, 24 = 5.18***, MSPatch (Site × Treatment) = 7.54).

Multivariate analyses

At Site 1, assemblages which developed when en-
crusting corallines were left in place, either in the pres-
ence or absence of sea urchins, grouped together and
separated from those within turf-forming algae (Fig. 2,
Table 1). Pair-wise comparisons in the non-parametric
MANOVA indicated that turf-forming assemblages
were significantly different from assemblages in ex-
perimental patches only when sea urchins and en-
crusting corallines were left untouched (Table 1).
Assemblages where encrusting corallines had been
removed were very variable within and between
patches, irrespective of the manipulation of the herbi-
vores (Fig. 2).

At Sites 2 and 3, a similar pattern emerged, but at
both these sites, assemblages where encrusting coral-
lines were present were significantly different from
those in stands of turf-forming algae, irrespective
of the presence or absence of sea urchins (Fig. 2,
Table 1). Again, there was large variability within and

between patches for –C+U and –C–U treatments, each
being indistinguishable from the other treatments.

Finally, there was great variability between patches
at Sites 1 and 3, but not at Site 2 (Fig. 2, Table 1).

Univariate analyses

The most abundant algal taxa were filamentous
algae, Acetabularia acetabulum and Padina pavonica.
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Fig. 1. Diagram of Time × Treatment interaction from the
ANOVA of the abundance of sea urchins. The standard error
for the comparison of the means is showed in brackets. Black
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The other categories of algae included in multivariate
analyses such as articulated corallines, and coarsely
branched and laminar thallus forms were poorly repre-
sented. Covers were too small for analysis (largest
values never exceeding 5%).

Filamentous algae were scarce in control patches,
but their percentage cover increased following the
removal of sea urchins and, to a lesser extent, after the
removal of encrusting corallines (Fig. 3A). The effects
of the removal of urchins on the abundance of fila-
mentous algae were consistent across sites (Table 2).
Conversely, there was no significant effect of the
manipulation of encrusting corallines, although this
enabled filamentous algae to colonise patches despite
the presence of urchins. The abundance of filamentous
algae was consistent across sites, but variable among
patches (Fig. 3A, Table 2).

Acetabularia acetabulum was very scarce in control
patches at the study sites. The removal of either urchins
or encrusting corallines positively affected the percent-
age cover of this alga, consistently across sites (Fig. 3B,
Table 2). Encrusting corallines appeared to be very
effective in controlling the abundance of A. acetabu-
lum, the cover of which remained small whenever en-
crusting corallines were left untouched. Although the
analysis did not show a significant interaction, the re-
moval of urchins led to an increase in the abundance of
this alga only in the absence of encrusting corallines.
Finally, the abundance of this alga varied from patch to
patch (Table 2).

Padina pavonica was affected by the manipulation of
sea urchins as well as by the manipulation of encrust-
ing corallines, although their effects were in opposite
directions (Fig. 3C, Table 2). The removal of encrusting

corallines had negative effects on P. pavonica and its
cover was very small when they were removed; the
positive effects of the removal of sea urchins were
more evident when the crusts were not manipulated.
As reported for A. acetabulum, the effects of urchins
and corallines were not interactive (Table 2). The
abundance of P. pavonica was consistent among sites,
but varied between patches.

Vermetus spp. was the only sessile invertebrate
colonising experimental plots. Manipulative conditions
did not affect its abundance, which was generally very
small and varied between patches (analysis of ln(x+1)
transformed data, C = 0.174, p > 0.05, Patch (S × C × U):
F12, 72 = 1.96*, MS = 0.364).

DISCUSSION

The results suggest that the occurrence of areas
dominated by encrusting corallines on shallow subti-
dal reefs in the northwest Mediterranean is not simply
the result of grazing by sea urchins on turf-forming
species. The removal of encrusting corallines also
affected the abundance of dominant algal species and
determined the development of an algal assemblage
resembling those occurring within stands of algal turfs.

The effects of the manipulation were generally con-
sistent among sites (tens of metres apart), but they
were variable among patches and among replicates.
This variability was particularly evident in the –C+U
and –C–U treatments.

At the same location, Benedetti-Cecchi et al. (1998)
and Bulleri et al. (1999) reported that the effects of
grazing by Paracentrotus lividus and Arbacia lixula on
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Source of variation df Site 1 Site 2 Site 3
MS F MS F MS F

Treatment = Tr 4 11032.126 2.90*** 9691.591 4.13*** 11454.582 2.08*
Patch (Tr) 5 3799.062 1.93** 2348.779 1.49 5494.928 3.17***
Residual 30 1975.662 1572.374 1730.523

Comparison Site 1 Site 2 Site 3

Turf versus –C+U 1.32 2.37 1.22
Turf versus –C–U 1.61 1.79 1.64
Turf versus +C+U *3.12* **3.11** **2.61**
Turf versus +C–U 2.33 *3.12* *2.40*
–C+U versus –C–U 0.55 0.82 0.67
–C+U versus +C+U 1.43 1.92 0.72
–C+U versus +C–U 1.16 1.53 0.81
–C–U versus +C+U 2.23 2.85 2.28
–C–U versus +C–U 1.32 1.76 2.13
+C+U versus +C–U 1.74 1.73 1.29

The Bonferroni correction for 10 comparisons α = 0.05/10 is α’ = 0.005. *p < 0.005; **p < 0.001; ***p < 0.0001

Table 1. Non-parametric MANOVA on Bray–Curtis similarities for assemblages in patches of different treatments
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the algal assemblages were variable at the scales
of metres and tens of centimetres. Furthermore,
Benedetti-Cecchi & Cinelli (1995) showed that the
effects of grazing by P. lividus on algal assemblage
were limited to the space (a few centimetres) in front
of crevices. On the other hand, the variability within
and between patches was larger where encrusting
corallines were removed relative to where they were

left untouched, irrespective of the presence or absence
of sea urchins. This suggests that the presence of
encrusting corallines, rather than grazing by herbi-
vores, may be the main source of this variability. The
extent to which encrusting corallines re-colonised
space, likely through encroachment from the margins
of the quadrats, which strongly varied (from 0 to 96%
at the end of the experiment), may have affected the
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Fig. 3. Effects of the removal of sea urchins and encrusting corallines on (A) filamentous algae, (B) Acetabularia acetabulum and
(C) Padina pavonica, separately for each site. Data are percentage cover values averaged across 4 replicate quadrats in each 

patch. Black bars = +C+U; dark grey bars = +C–U; light grey bars = –C+U; hollow bars = –C–U

Source of variation df Filamentous algae A. acetabulum P. pavonica
MS F MS F MS F

Site = S 2 8.189 2.53 ns 3.916 1.54 ns 0.906 1.17 ns
+\–Corallines = C 1 8.139 4.69 ns 64.858 308.34*** 11.229 125.78**
+\–Urchins = U 1 28.975a 9.33* 13.929 946.74*** 4.306 67.02*
S × C 2 1.734 0.54 ns 0.050 0.02 ns 0.089 0.12 ns
S × U 2 2.985 0.92 ns 0.005 0.00 ns 0.064 0.08 ns
C × U 1 5.323 6.81 ns 0.019 0.01 ns 1.338 7.16 ns
S × C × U 2 0.781 0.24 ns 2.504 0.99 ns 0.187 0.24 ns
Patch (S × C × U) 12 3.234 2.68** 2.535 1.99* 0.775 3.07** 
Residual 72 1.208 1.273 0.252

Cochran’s test C = 0.174, p > 0.05 C = 0.144, p > 0.05 C = 0.144, p > 0.05
Transformation ln(x+1) ln(x+1) ln(x+1)

aTested on Patch (S × C × U). *p < 0.05; **p < 0.01; ***p < 0.001; ns = not significant

Table 2. Analysis of the effects of site, corallines, urchins and patch on the mean percentage cover of filamentous algae, 
Acetabularia acetabulum and Padina pavonica
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rates of colonisation by turfing algae, producing such
high variability. This explanation would stress the
importance of the active role played by encrusting
corallines in maintaining space free of erect algal
species. Alternatively, this variability may reflect the
variability in the recruitment of turfing algae at small
spatial scale.

An approach to the interpretation of the a posteriori
comparisons, based on the concept of a gradient of dif-
ferences among treatments (step-wise model), would
indicate that assemblages which developed within
turf-forming algal stands were different from those
occurring where encrusting corallines were left un-
touched, but not from those where the latter were
removed, irrespective of the manipulation of sea
urchins. This would be in partial contrast to our pre-
dictions, given that the removal of only encrusting
corallines should have been sufficient for the develop-
ment of an assemblage similar to that occurring within
surrounding stands of turfing algae.The effects of the
removal of sea urchins on the most abundant erect
algal species were generally positive, while those of
the removal of encrusting corallines were positive on
some algal species and negative on others.

As previously documented at the study site (Bene-
detti-Cecchi et al. 1998, Bulleri et al. 1999), filamentous
algae positively responded to the removal of sea urchins.
Following the removal of encrusting corallines, their
percentage cover underwent a considerable increase,
even when sea urchins were present, suggesting that
the crusts also influence the re-colonisation of turf-
forming species. It is likely that the low power of the
test and the large variability between patches pre-
vented the analysis from detecting significant effects of
the manipulation of encrusting corallines on filamen-
tous algae.

The percentage cover of Acetabularia acetabulum
drastically increased when encrusting corallines and
sea urchins were removed. The presence of encrusting
corallines was effective in deterring the colonisation of
A. acetabulum, overwhelming the positive effects of
removing sea urchins and suggesting the occurrence
of interactive effects, which, however, were not
revealed by the analysis. Conversely, the abundance
of Padina pavonica was greater where encrusting
corallines were left untouched and sea urchins were
removed. Encrusting corallines could have positively
affected the colonisation of P. pavonica, or, alterna-
tively, their removal may have enabled A. acetabulum
to out-compete this alga. Positive effects of encrusting
corallines on the recruitment and survival of inverte-
brates have been reported (Steneck 1982, Morse &
Morse 1984, Sheperd & Turner 1985, Day & Branch
2000), but there is no evidence for such positive effects
on algal species. This would support the proposition

that patterns of abundance of P. pavonica could be the
outcome of interspecific competition, suggesting that
the indirect negative effects of the removal of encrust-
ing corallines were stronger than direct positive ones.

Surprisingly, the colonisation of other locally com-
mon erect algal species, such as articulated corallines,
foliose and coarsely branched algae, was always very
sparse, never reaching values worth analysing. We
speculate that making space available for colonisers at
the time of recruitment of Acetabularia acetabulum
could have led to the unpredicted poor development of
these erect algal species. On the other hand, some of
these algae have been reported to be reproductive all
year round and, particularly for A. acetabulum and
Padina pavonica, from late-summer to early-autumn
(Airoldi 2000), likely minimising any potential bias of
the time of start of the experiment.

It has generally been concluded that grazing by sea
urchins is the main factor generating encrusting
coralline-dominated areas and that their effects can be
variable in space and through time, according to a
wide set of physical and biotic factors (Elner & Vadas
1990, Andrew 1993, Hagen 1995, Benedetti-Cecchi et
al. 1998, Bulleri et al. 1999). As a consequence, it has
been proposed that, during periods of limited foraging
activity by sea urchins, the ability of encrusting coral-
lines to prevent the re-colonisation of erect algae could
play a primary role in determining the dynamics of
contrasting algal assemblages (Breitburg 1984). As
reported by some authors (Masaki et al. 1981, 1984,
Breitburg 1984, Littler & Littler 1984, Johnson & Mann
1986), sloughing and shedding of epithallial cells from
the surface of encrusting corallines can be an effective
mechanism for reducing the establishment of fouling
organisms.

Indeed, this study showed that the importance of the
effects of encrusting corallines in preventing the re-
covery of turf-forming algal species was not limited to
areas deprived of grazers. In general, the effects of en-
crusting corallines and sea urchins on the re-colonisa-
tion of turf-forming assemblages operated in the same
directions, but, in contrast to our prediction, the former
were not weaker than the latter. The effects of encrust-
ing corallines were not hidden by the presence of
herbivores, but rather their removal was necessary to
trigger the transition from the barren state towards the
turfing state. In light of the active role played by
encrusting corallines in maintaining space, evaluation
of the effects of physical disturbance is critical in de-
termining the spatial and temporal dynamics of the 2
alternative algal assemblages. The intervention of
severe events of disturbance, like storms, removing
discrete patches of encrusting corallines and providing
bare substratum to be colonised (Bulleri pers. obs.),
could trigger, or speed up, the process of recovery by
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turfing assemblages. Several studies have shown that
the removal of grazers caused the change from a bar-
ren state to a more productive state dominated by algal
canopies within 1–2 yr (Chapman 1981, Andrew &
Choat 1982, Dayton 1985, Johnson & Mann 1988).
Conversely, Benedetti-Cecchi et al. (1998), in a study
on the northwest coast of Italy, reported that the partial
and total removal of sea urchins from barren patches
did not result in any significant change in their extent
after 18 mo, suggesting that the persistence of this
kind of algal assemblage could not be explained only
in terms of grazing. As argued by the same authors
(Benedetti-Cecchi et al. 1998), different life-history
traits between kelps and the turf-forming species
occurring in the Mediterranean Sea could account for
the difference, increasing the difficulty of assessing the
generality of the experimental results. This study, how-
ever, suggests the need for taking into account the role
played by encrusting corallines in maintaining alterna-
tive habitats on shallow subtidal reefs, thus avoiding
the overestimation of the effects of grazing by sea
urchins.
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