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INTRODUCTION

Intertidal organisms are exposed to large fluctua-
tions in climate variables (Hawkins & Jones 1992, Raf-
faelli & Hawkins 1996). Desiccation, thermal fluctua-
tions and enhanced irradiation due to aerial exposure
are among the main drivers of spatial and temporal
changes in patterns of distribution, abundance and
diversity of assemblages (Dayton 1971, Schonbeck &
Norton 1978, Denny 1988, Davison et al. 1993, Bert-
ness & Leonard 1997, Bertness et al. 1999, Molina-
Montenegro et al. 2005). Climate events such as global

warming, storminess and precipitation can drastically
modulate the effects of these abiotic factors (Navarrete
et al. 1993, Barry et al. 1995, Sanford 1999, Hughes
2000). The influence of these factors on intertidal
assemblages is expected to increase in the near future
according to the environmental scenarios predicted by
several models of climate change. In particular, there
are indications that the frequency, intensity and vari-
ability of extreme events such as storms (Emanuel
1987, Raper 1993, Michener et al. 1997, Muller & Stone
2001), droughts and floods (Easterling et al. 2000a,b)
will increase as a consequence of climate change.
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Unlike marine basins where regular patterns of sub-
mersion and emersion are an intrinsic feature of inter-
tidal habitats due to tidal cycles (Menge & Branch
2001), in atidal systems, such as the NW Mediter-
ranean Sea (Menconi et al. 1999), the Baltic Sea (Alho-
nen 1966) and the Swedish west coast (Johannesson
1989), events of aerial exposure are more tightly
related to weather conditions, including atmospheric
pressure, wind direction and wave exposure. Sessile
organisms are exposed to air during prolonged periods
of calm sea, generally corresponding to high baromet-
ric pressure, while waves may reduce the desiccation
of substratum at relatively high levels on the shore.
Changes in intensity and temporal patterns of preva-
lent weather conditions may affect intertidal assem-
blages on rocky shores through a variety of direct and
indirect mechanisms (e.g. Bertocci et al. 2007). Diver-
sity of assemblages and percentage covers of organ-
isms, such as filamentous and coarsely branched algae,
were reduced by events of prolonged aerial exposure
regularly distributed through time, while opposite
responses were documented under greater temporal
variability of events of comparable intensity (Benedetti-
Cecchi et al. 2006). Increasing temporal variability of
prolonged aerial exposure also enhanced or dampened
temporal fluctuations in the abundance of different
organisms, depending on taxon-specific characteristics
in terms of the ability to resist to and/or to recover from
aerial exposure (Bertocci et al. 2007). To what extent
lowshore assemblages are resistant to simultaneous
changes in the intensity and temporal variability of
aerial exposure and which combinations of such fac-
tors can make these assemblages more similar to those
occurring naturally under more severe environmental
conditions still need to be addressed. Addressing such
issues is of fundamental importance to anticipate re-
sponses of intertidal assemblages to climate change.

In the present study, transplantations of assemblages
from lowshore habitats to higher heights on the shore
(midshore and highshore levels) were used to manipu-
late indirectly the intensity of aerial exposure. Assem-
blages were left in the new position for some time and
then returned to their original position. We manipu-
lated temporal variability of aerial exposure by trans-
planting organisms either at regular or at variable
intervals of time. This experimental design allowed us
to examine the separate and interactive effects due to
changes in intensity and temporal variability of aerial
exposure, as described in detail in previous papers
(Benedetti-Cecchi 2003, Benedetti-Cecchi et al. 2006,
Bertocci et al. 2007). Here, the transplanted assem-
blages were compared with natural ones in the low-
shore habitat, allowing us to examine the resistance of
organisms to different regimes of aerial exposure.
Resistance was defined here as the ability of assem-

blages to remain essentially unchanged despite the
occurrence of disturbance (see Grimm & Wissel 1997
for an exhaustive inventory and discussion of defini-
tions). Moreover, comparisons between transplanted
assemblages and those occurring naturally in mid-
shore and highshore habitats, enabled us to examine
which traits of aerial exposure, if any, contributed to
shaping assemblages moved experimentally to differ-
ent heights on the shore. The largest differences were
predicted between unmanipulated lowshore assem-
blages and assemblages transplanted to the highshore
habitat, particularly when this treatment was applied
under high temporal variability. Such a combination of
experimental factors, in fact, implied the occurrence of
more prolonged periods of aerial exposure compared
to other treatments, which should result in the most
stressing environmental conditions. At individual
taxon level, taxa that are naturally most common in the
lowshore habitat and relatively rare higher on the
shore were those expected to display greater shifts in
abundance when disturbed. We also predicted that the
same taxa could more easily converge to the abun-
dance values currently measured higher on the shore.
The study was repeated twice, using similar proce-
dures, to examine the generality of the effects in-
vestigated.

MATERIALS AND METHODS

Experimental design. Each experimental trial (here-
after indicated as Expt 1 and Expt 2, respectively) was
carried out on a stretch of coast 30 to 40 m in length
along the rocky shore of Calafuria in the NW Mediter-
ranean. Expt 1 started in July 2001, and Expt 2 in May
2002, at a site about 1000 m distant, and both lasted
2 yr. The study location, organisms, experimental pro-
cedures and treatments were the same used in our pre-
vious studies and they have been described in detail in
other papers (Benedetti-Cecchi et al. 2006, Bertocci et
al. 2007). Briefly, 8 cores (10 cm in diameter) with intact
assemblages on top, were drilled at the lowshore level
(corresponding to the Mean Low Water Level, MLWL)
in each site and assigned to each of the following treat-
ments: (1) Disturbed (D: cores drilled out and then
placed back into the same position in the lowshore
habitat, (2) Translocated (T: cores swapped horizon-
tally within the lowshore habitat), (3) Midshore (cores
transplanted from the lowshore habitat to 15–20 cm
above MLWL) and (4) Highshore (cores transplanted
from the lowshore habitat to 25–30 cm above MLWL).
Treatment D was included to control for potential arte-
facts associated with drilling, manipulating and re-
attaching cores, whilst treatment T controlled for mov-
ing cores from one place to another independently of
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changes in height (Chapman 1986). Transplantations
at increasing heights on the shore were used to manip-
ulate the intensity of aerial exposure (low, LI, for mid-
shore and high, HI, for highshore transplantations,
respectively). Within each treatment, 4 cores were
moved at near-regular intervals (low variability: LV)
over the course of the experiment, while the other 4
cores were manipulated at variable intervals of time
(high variability: HV). The total duration of perma-
nence higher on the shore was the same (9 mo) for
LV and HV treatments, so our experimental design
allowed us to tease apart the effects of the overall
intensity from those of the temporal variability of dis-
turbance (Benedetti-Cecchi 2003). A diagrammatic
representation of experimental treatments is illus-
trated in Fig. S1 (Supplement 1, available at www.int-
res.com/articles/suppl/m400p075_app.pdf).

Six (Expt 1) and 5 (Expt 2) dates of sampling were
distributed over the course of the study. At each date,
in addition to sampling assemblages on each core
(4 replicates for each combination of experimental fac-
tors) following the procedures described in previous
papers (Benedetti-Cecchi et al. 2006, Bertocci et al.
2007), we sampled visually (Dethier et al. 1993) the
unmanipulated assemblages occurring at lowshore
(40 plots), midshore (8 plots) and highshore (8 plots)
levels. Both the manipulated and unmanipulated units
were sampled with quadrats of 8 × 8 cm, which were
appropriate given the small size of the organisms
involved. The abundance of each taxon was expressed
as percentage cover (sessile organisms) or number of
individuals (mobile animals) in each quadrat. The
unmanipulated assemblages sampled in the lowshore
habitat and at each of the other heights on the shore
were used as reference to quantify the resistance and
the degree of convergence of manipulated assem-
blages towards those of the destination habitat under
the different disturbance regimes, respectively.

Two sites were established for Expt 1, but most cores
disappeared from one site due to a heavy storm early
in the experiment, so data from that site are not re-
ported. Only one site could be established for Expt 2
due to logistical constraints. Hence, any difference
in outcomes between trials cannot be unequivocally
ascribed to spatial or temporal sources of variability,
with one site per trial.

Analysis of data. Resistance of assemblages to dis-
turbance was quantified by comparing manipulated
assemblages with natural ones. For this purpose, each
core was paired with an unmanipulated plot in the
lowshore habitat before analysis. Comparisons were
based on average responses over the entire study
period. Such an approach was chosen for 2 reasons.
First, the hypotheses investigated concerned the whole
duration of the study and not the individual dates of

sampling (for which the concept of variance is mean-
ingless). Second, at any date of sampling the time
interval between that date and that of the previous
manipulation differed among variance treatments.
Thus, analyses conducted at single dates of sampling
would have confounded aerial exposure with the time
elapsed since the last manipulation (see also Benedetti-
Cecchi et al. 2006, Bertocci et al. 2007). Comparisons
were therefore based on centroids describing the aver-
age assemblage of each core or the unmanipulated
condition over the course of the study. Because the
average of raw abundance data of individual taxa is
not an appropriate measure of average assemblages
across time (Legendre & Anderson 1999, McArdle &
Anderson 2001), a principal coordinate analysis (Gower
1966) was applied to the Bray-Curtis (Bray & Curtis
1957) matrix of dissimilarities, using the programme
PCO (Anderson 2003). From this analysis we extracted
the pairwise differences between average manipu-
lated and unmanipulated assemblages, expressed as
Euclidean distances.

Euclidean distances were compared among treat-
ments with analysis of variance (ANOVA). Due to the
complexity of the design, we separated analyses aimed
at testing for artefacts (those involving treatments D
and T) from those examining the effects of intensity
and temporal variability of disturbance. Artefacts were
examined with a 1-way ANOVA with 5 levels: DLV,
DHV, TLV, THV and RL, indicating disturbed cores at
low and high variability, translocated cores at low and
high variability and reference assemblages in the
lowshore habitat, respectively. Effects of the regime of
disturbance were examined with a 2-way ANOVA
including the crossed factors Intensity (LI vs. HI) and
Variability (LV vs. HV). In the case of significant
results, showing a departure of manipulated assem-
blages from those occurring naturally in the lowshore
habitat, a 2-way ANOVA was done to compare the
effects of intensity and temporal variability of aerial
exposure on the Euclidean distances measuring the
differences between manipulated assemblages and
the assemblages occurring naturally in the destination
habitat. In this case distances were obtained by pairing
the 4 cores assigned to each combination of height
of transplantation and temporal variability with the un-
manipulated plots sampled in the midshore and high-
shore habitats.

Data on mean abundances of common taxa and total
number of taxa (a surrogate measure for species diver-
sity) across the study period were analysed with 1-way
ANOVAs to evaluate responses of different organisms
and changes in diversity induced by experimental
treatments. Various analyses were conducted to test
for the occurrence of artefacts, resistance to distur-
bance and convergence of response variables towards
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values observed in the destination habitat. The analy-
sis of artefacts compared the same experimental levels
as those included in the multivariate analysis. Treat-
ment effects on resistance to aerial exposure were
examined by contrasting 5 treatments: low intensity
treatments at low and high variability, high intensity
treatments at low and high variability and reference
plots sampled in the lowshore habitat (abbreviated as
LILV, LIHV, HILV, HIHV and RL, respectively). Effects
of treatments on shifts of response variables towards
values occurring higher on the shore were examined
by comparing separately for each habitat (1) low inten-
sity treatments at low and high variability and refer-
ence plots sampled in the midshore habitat (3 levels:
LILV, LIHV and RM, respectively) and (2) high inten-
sity treatments at low and high variability and reference
plots sampled in the highshore habitat (HILV, HIHV
and RH, respectively).

Before each analysis, the assumption of homogeneity
of variance was assessed using Cochran’s C-test and
data were ln(x+1)-transformed when necessary (Under-
wood 1997). Student-Newman-Keuls (SNK) tests were
used for a posteriori comparisons of means.

Only the most abundant and common taxa during
each experimental trial were analysed, thus only a few
taxa were included in the analyses of both Expt 1 and
Expt 2.

Before any hypothesis about the effects of intensity
and temporal variability of aerial exposure on assem-
blages could be advanced, it was necessary to ascer-
tain whether assemblages really differed among heights
on the shore. Temporally independent samples col-
lected at each height allowed us to examine the effects
of Habitat (fixed, 3 levels: lowshore, midshore and
highshore), Time (random, 6 or 5 levels correspond-

ing to the dates of sampling of Expt 1 and Expt 2,
respectively) and their interaction, with a 2-way PER-
MANOVA (Anderson 2001), based on Bray-Curtis
untransformed dissimilarities. Sample size consisted of
8 (Expt 1) or 7 (Expt 2) replicates for each combination
of factors. Student’s t-tests were used for a posteriori
comparisons in case of significant results.

RESULTS

Comparisons among reference assemblages

Differences among assemblages naturally occurring
at different heights on the shore varied between Expt 1
and Expt 2. In Expt 1, RL and RH assemblages differed
throughout the study, while RM assemblages gener-
ally resembled either RL or RH, depending on the date
of sampling (Table 1). In Expt 2, the 3 reference assem-
blages differed from each other consistently through-
out the period of study (Table 1).

Filamentous algae and encrusting corallines were
generally the most abundant taxa in the lowshore
habitat and became less abundant at increasing heights
on the shore, whereas the barnacle Chthamalus stella-
tus and the cyanobacteria of the genus Rivularia dis-
played the opposite pattern becoming dominant in
the highshore habitat. The lowshore habitat was also
characterized by undetermined coarsely branched
algae in Expt 1 and by Chondria boryana and Lauren-
cia obtusa in Expt 2, while the midshore habitat was
characterized by the encrusting brown alga Ralfsia
verrucosa in Expt 1, but with cover values always
below 10%. The described patterns are illustrated in
detail in Figs. 2 & 3.
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Table 1. PERMANOVA examining differences among reference assemblages in low- (RL), mid- (RM) and highshore (RH) habitat 
through the study period in each experiment. T1 to T6 (Expt 1) or T5 (Expt 2): sampling dates

Source df MS Pseudo-F p Denominator No. perm. units

Expt 1
Habitat (H) 2 44365.0 21.69 0.001 Residual 144
Time (T) 5 4814.5 2.35 0.001 Residual 144
H × T 10 3442.4 1.68 0.003 Residual 144
Residual 1260 2045.3

A posteriori t-tests
H × T: T1 T2 T3 T4 T5 T6

RL ≠ RM = RH RL ≠ RM = RH RL = RM ≠ RH RL ≠ RM = RH RL ≠ RM = RH RL ≠ RM ≠ RH

Expt 2
Habitat (H) 2 51876.0 30.27 0.001 Residual 105
Time (T) 4 4815.9 2.81 0.001 Residual 105
H × T 8 2692.1 1.57 0.020 Residual 105
Residual 900 1714.0

A posteriori t-tests
H × T: T1 T2 T3 T4 T5

RL ≠ RM ≠ RH RL ≠ RM ≠ RH RL ≠ RM ≠ RH RL ≠ RM ≠ RH RL ≠ RM ≠ RH
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Control for artefacts

ANOVA on Euclidean distances did not show any
significant difference among treatments DLV, DHV,
TLV, THV and RL for both Expt 1 and Expt 2, indicat-
ing the absence of procedural artefacts on the struc-
ture of assemblages. Detailed results are reported in
Figs. S2 & S3 (Supplement 2, available at www.int-
res.com/articles/suppl/m400p075_app.pdf). A general
lack of procedural artefacts was also detected at the
univariate level, with only a few exceptions. These are
illustrated in detail in Supplement 2.

Comparisons between transplanted and reference
assemblages

No combinations of treatments determined differ-
ences in Euclidean distances calculated between trans-
planted assemblages and RL assemblages in Expt 1
(Table 2, Fig. 1A). In Expt 2, assemblages undergoing
aerial exposure at regular intervals differed more from
RL ones than those undergoing more variable regimes
of aerial exposure, independently of intensity (Table 2,
Fig. 1B).

Building on the results of previous analyses, Euclid-
ean distances between transplanted assemblages and
assemblages naturally occurring in the destination
habitat were compared only for Expt 2. Although vari-
ances could not be stabilized in this case, mean Euclid-
ean distance was significantly lower for assemblages
transplanted to the midshore than for those trans-
planted to the highshore habitat, independently of
temporal variability (Table 3, Fig. 1C). However, high
variability of aerial exposure tended to make assem-
blages transplanted to the midshore habitat more
similar to reference assemblages compared to low vari-
ability, while such a pattern was reversed for assem-
blages transplanted to the highshore habitat (Fig. 1C).

The abundance of filamentous algae and Ralfsia ver-
rucosa in Expt 1 (Table 4, Fig. 2C) and of Laurencia
obtusa (Table 4, Fig. 3C) and the mean number of taxa
(Table 4, Fig. 3G) in Expt 2 equalled values measured
in the midshore habitat in treatment LILV, but not in
LIHV.

Abundances analogous to RM values occurred under
both levels of temporal variability for Rivularia spp. in
both trials (Figs. 2E & 3E), the number of taxa in Expt 1
(Fig. 2H) and filamentous algae (Fig. 3A), encrusting
coralline algae (Fig. 3B) and C. stellatus (Fig. 3F) in
Expt 2. However, the percentage cover of encrusting
corallines (Table 4, Fig. 2B), Chthalamus stellatus
(Table 4, Fig. 2F) and the limpets Patella aspera and P.
caerulea (Table 4, Fig. 2G) in Expt 1 and of Chondrya
boryana in Expt 2 (Table 4, Fig. 3D) differed from

reference in both LILV and LIHV treatments. De-
tailed ANOVAs comparing individual abundances on
transplanted cores and RM quadrats are reported in
Tables S1 to S4 (Supplement 3, available at www.int-
res.com/articles/suppl/m400p075_app.pdf).

Similarly to what was observed for the midshore
habitat, temporal variability also affected the extent to
which univariate response variables tended to con-
verge towards values observed naturally in the high-
shore habitat. Under treatment HIHV, but not HILV,
no differences resulted from such a comparison for
encrusting coralline algae in both Expt 1 and Expt 2
(Table 4, Figs. 2B & 3B, respectively), limpets in Expt 1
(Table 4, Fig. 2G) and Chthalamus stellatus in Expt 2
(Table 4, Fig. 3F); while the reverse occurred for
Laurencia obtusa and Chondrya boryana in Expt 2
(Table 4, Fig. 3C & 3D, respectively). Abundances not
significantly different from RH were measured under
both levels of temporal variability for R. verrucosa in
Expt 1 (Fig. 2C) and Rivularia spp. in both Expt 1 (Fig.
2E) and Expt 2 (Fig. 3E). In contrast, differences with
RH abundance values were maintained under both
regimes of aerial exposure by C. stellatus in Expt 1
(Table 4, Fig. 2F), filamentous algae in Expt 2 (Table 4,
Fig. 3A) and the number of taxa in both trials (Table 4,
Figs. 2H & 3G). Detailed ANOVAs comparing individ-
ual abundances on transplanted cores and RH
quadrats are reported in Supplement 3.

Comparisons between transplanted and RL assem-
blages showed significant differences for Patella aspera
and P. caerulea in Expt 1. Limpets were reduced in all
cores, independently of the treatment, compared to
their natural abundance occurring in the lowshore
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Table 2. ANOVA on Euclidean distances between trans-
planted assemblages and reference assemblages in the 

lowshore habitat

Source df MS F p Denom. for F

Expt 1
Intensity (I) 1 28.51 1.11 >0.30 Residual
Variability (V) 1 2.25 2.35 >0.70 Residual
I × V 1 3.98 1.68 >0.70 Residual
Residual 12 25.64

Cochran’s test: C = 0.543, p > 0.05
Transformation: None

Expt 2
Intensity (I) 1 0.41 0.01 >0.90 Residual
Variability (V) 1 545.980 8.92 <0.05 Residual
I × V 1 6.26 0.10 >0.70 Residual
Residual 11a 61.20

Cochran’s test: C = 0.584, p > 0.05
Transformation: None

aDegrees of freedom corrected for missing data
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habitat (Fig. 2G, SNK: RL > LIHV = HILV = HIHV =
LILV). In Expt 2, Laurencia obtusa (Fig. 3C) and Chon-
drya boryana (Fig. 3D) were drastically reduced in
abundance under HILV treatment relatively to all other
treatments, while their abundance increased markedly
under high variability of transplantation both to the
midshore and the highshore habitat (SNK: HIHV >
HILV, no significant differences detected for other treat-
ments). A similar pattern was displayed by filamentous
algae in Expt 2 (Fig. 3A, SNK: HIHV > RH = LIHV =
LILV = HILV) and, although not significant, in Expt 1
(Fig. 2A). Differences among treatments were not sig-
nificant for all other taxa and for the total number of
taxa either in Expt 1 or in Expt 2. Some trends, how-
ever, were evident from graphs. For example, encrust-
ing corallines in both trials (Figs. 2B & 3B) and Rivu-
laria spp. in Expt 2 (Fig. 3E) decreased in abundance
with increasing intensity and variability of aerial expo-
sure, while an opposite pattern was observed for
cyanobacteria in Expt 1 (Fig. 2E). The percentage
cover of Ralfsia verrucosa in Expt 1 tended to be de-
pressed in treatment LIHV compared to other condi-
tions (Fig. 2C). The abundance of Chthalamus stellatus

was similar among experimental conditions in Expt 1
(Fig. 2F), whilst in Expt 2 this species transplanted to
the midshore habitat tended to increase in abundance
compared to RL condition, particularly under high
variability (Fig. 3F). A further increase of barnacles
was evident in HILV treatment, while in HIHV they
were almost eliminated from the substratum. Detailed
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Fig. 1. Euclidean distances between (A,B) assemblages transplanted to the midshore habitat (low intensity exposure) under low
and high variability (LILV and LIHV, respectively) or to the highshore habitat (high intensity exposure) under low and high vari-
ability (HILV and HIHV, respectively) and reference assemblages sampled in the lowshore habitat (RL) in Expt 1 and Expt 2;
(C) transplanted assemblages (abbreviations as above) and reference assemblages sampled at midshore (RM) and highshore 

(RH) level in Expt 2. Values are mean + SE, n = 4

Table 3. ANOVA on Euclidean distances between trans-
planted assemblages and reference assemblages in midshore 

or highshore habitat in Expt 2

Source df MS F p Denom. for F

Intensity (I) 1 1179.650 5.26 <0.05 Residual
Variability (V) 1 139.19 0.62 >0.40 Residual
I × V 1 946.69 4.22 >0.05 Residual
Residual 11a 224.19

Cochran’s test: C = 0.754, p < 0.05
Transformation: None

aDegrees of freedom corrected for missing data

Table 4. Summary of significant SNK tests on comparisons
between the abundance of individual taxa and total number
of taxa on transplanted cores and in reference quadrats. 
Abbreviations as in Fig. 1; Patella spp.: P. aspera, + P. caerulea

Taxon Test summary

Transplanted vs. RM
Expt 1
Filamentous algae LIHV > LILV = RM
Encrusting corallines LIHV = LILV > RM
Ralfsia verrucosa RM = LILV > LIHV
Chthamalus stellatus RM > LIHV = LILV
Patella spp. RM > LIHV = LILV

Expt 2
Laurencia obtusa LIHV > RM, no alternative 

hypothesis for LILV
Chondria boryana LIHV = LILV > RM
Total no. of taxa LIHV > LILV = RM

Transplanted vs. RH
Expt 1
Encrusting corallines HILV > RH, no alternative 

hypothesis for HIHV
Chthamalus stellatus RH > HILV = HIHV
Patella spp. HILV > RH = HIHV
Total no. of taxa HILV = HIHV > RH

Expt 2
Filamentous algae HIHV > HILV > RH
Encrusting corallines HILV > HIHV = RH
Laurencia obtusa HIHV > HILV = RH
Chondria boryana HIHV > HILV = RH
Chthamalus stellatus RH = HILV > HIHV
Total no. of taxa HIHV > HILV > RH
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Abbreviations as in Fig. 1. Note that
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ANOVAs comparing individual abundances on trans-
planted cores and RL quadrats are reported in Tables
S5 & S6 (Supplement 4, available at www.int-res.com/
articles/suppl/m400p075_app.pdf).

DISCUSSION

The present study indicated variable patterns of
resistance of organisms to changes in intensity and
temporal variability of aerial exposure. In Expt 1,
manipulated and RL assemblages were similar in all
treatments. In Expt 2, in contrast to expectations, low
variability determined a larger differentiation between
manipulated and RL assemblages compared to high
variability, independently of the height of transplanta-
tion. Assemblages transplanted to the midshore habi-
tat, however, tended to become more similar to refer-
ence assemblages compared to those transplanted to
the highshore habitat.

Filamentous algae benefited from high variability,
particularly when they were transplanted to the high-
shore habitat. These circumstances enhanced natural
differences in the abundance of this taxon across
heights. The abundance of encrusting corallines
showed a gradual decline with increasing intensity
and temporal variability of aerial exposure, becoming
similar to that occurring naturally at that height of
transplantation only in treatment HIHV in Expt 2.
Increasing intensity of aerial exposure enhanced the
abundance of cyanobacteria in Expt 1, while in Expt 2
this variable increased under low intensity and de-
creased under high intensity. Expt 1, treatments did
not modify differences in the abundance of cyanobac-
teria occurring naturally at higher heights. In Expt 2,
cover values of cyanobacteria transplanted to the mid-
shore habitat were analogous to natural values at this
height on the shore, while cores transplanted to the
highshore habitat had 4 times less cyanobacteria than
the RH condition. When cores were transplanted to the
midshore habitat in Expt 2, the cover of barnacles
increased, but it was still lower than in the RM condi-
tion. The abundance of barnacles increased with in-
creasing intensity of aerial exposure, but only in treat-
ments transplanted at regular intervals, where it
matched that in the RH condition. With the exception
of limpets, all other taxa showed comparable resis-
tance to each treatment in Expt 1. In Expt 2, the abun-
dance of Laurencia obtusa and Chondrya boryana
decreased in HILV compared to other conditions, while
L. obtusa benefited from treatment LIHV.

Increased percentage cover values of filamentous
algae under the potentially most stressing experimen-
tal conditions might reflect indirect effects due to the
concomitant reduction of grazers or competitors. Evi-

dence in support of this interpretation was provided by
the low abundance of limpets that characterized all
treatments in Expt 1. Experimental removals of limpets
have repeatedly shown that these grazers prevent the
development of ephemeral algae (Underwood & Jer-
nakoff 1981, Farrell 1988, Hawkins et al. 1992, Bulleri
et al. 2000, Benedetti-Cecchi et al. 2001). Filamentous
algae may have also benefited from the slight reduc-
tion of encrusting coralline algae under increasing
intensity and temporal variability of aerial exposure,
although encrusting corallines were not indicated as
strong competitors for space (Breitburg 1984). Epithal-
lial sloughing could be responsible for negative effects
of coralline algae on epiphyte organisms (Keats et al.
1993). It is worth noting, however, that in one experi-
mental trial filamentous algae were more abundant on
THV cores than under natural conditions, suggesting
the potential occurrence of artefacts.

Although cyanobacteria appeared generally resis-
tant to experimental treatments, consistently with the
almost ubiquitous distribution of microbial biofilms in
aquatic systems (Underwood 1984, Hill & Hawkins
1991, Bustamante et al. 1995, Costerton et al. 1995),
differences in macroalgal cover and in the intensity of
grazing might have also played a role in determining
the different responses of this taxon between the 2
experimental trials (Jenkins et al. 1999, Harley & Hel-
muth 2003, Thompson et al. 2004, 2005). In particular,
the slight increase in abundance of cyanobacteria on
cores transplanted to higher heights on the shore in
Expt 1 could be ascribed to their release from grazing
by limpets, while in Expt 2, where limpets were natu-
rally less abundant, the strength of negative effects
could have been increased due to the greater abun-
dance of filamentous and turf-forming algae, such as
Laurencia obtusa and Chondrya boryana. These algae
can grow fast and recover quickly after disturbance
(Benedetti-Cecchi & Cinelli 1994, Benedetti-Cecchi
2000) and therefore they possess the appropriate life-
history traits that guarantee persistence in harsh phys-
ical conditions.

A previous investigation documented the sensitivity
of encrusting corallines to high intensity and temporal
variability of aerial exposure (Benedetti-Cecchi et al.
2006). In the present study we have shown that these
algae were buffered against changes in abundance
only under the less extreme experimental conditions.
This likely highlighted limits in the ability of these
algae to tolerate disturbances directly or indirectly
related to aerial exposure, including sediment scour
(Airoldi 2000) and overgrowth by other organisms,
such as algal turfs (Wetherbee 1979, Underwood 1980,
Steneck 1983, 1986). Although it is known that en-
crusting corallines can survive for relatively long peri-
ods under bleaching conditions due to the transloca-
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tion of nutrients and metabolites across the thallus
(Bulleri 2006), this mechanism did not prevent changes
in abundance under the most stressful experimental
conditions.

Relatively lower recruitment and greater mortality
have been indicated as causes of the scarcity of barna-
cles in the lowshore habitat (Benedetti-Cecchi et al.
1999, 2000, Benedetti-Cecchi 2000). In the present
study we have shown that when transplanted higher
on the shore, barnacle cover on experimental units
converged towards values occurring naturally in the
receiving habitat. These new results confirm the con-
trasting effect that variance of aerial exposure had
when manipulated at high intensity, particularly in
Expt 2 (Benedetti-Cecchi et al. 2006, Bertocci et al.
2007). The negative effect of high variability was likely
due to large mortality of barnacles during the pro-
longed periods of submersion associated with this
treatment. However, other factors must be invoked to
explain differences between Expt 1 and Expt 2 ob-
served in the present study. These might include, for
instance, hydrodynamic differences, as small-scale
variations in water circulation were shown to be re-
sponsible for changes in patterns of distribution of
barnacle larvae, therefore accounting for the patchy
distribution of adults on rocky shores (Gaines &
Roughgarden 1985, Roughgarden et al. 1988, Gaines &
Bertness 1992). Differences in the availability of larvae
at the beginning of each study could also have played
a role, as Expt 1 and Expt 2 started towards the end
of and at the beginning of the recruitment period of
barnacles, respectively (Benedetti-Cecchi et al. 2000).

Finally, it is worth noting that the effects of experi-
mental transplantations could be due to the influence
of the different biotic habitat to which assemblages
were exposed, compared to the lowshore origin habi-
tat, rather than to changes in physical conditions. This
was not addressed explicitly in the present study, how-
ever preliminary findings from a different manipula-
tive study involving the use of plastic roofs covering
the cores suggested that physical factors were more
important than biotic habitat in these experiments.
Such an issue has been discussed in much more detail
by Bertocci et al. (2007).

Our results indicated that assemblages were resis-
tant to changes in the intensity and temporal variabil-
ity of aerial exposure in terms of the number of taxa, a
surrogate of species diversity. An analogous finding
was reported by Kelaher et al. (2003) after reciprocal
transplantations of sessile assemblages between
different heights on the shore. This result might be
explained assuming that experimental treatments
determined the alternation of favourable and un-
favourable environmental conditions for organisms
with different life-histories, causing the mean number

of taxa over the course of the study to remain relatively
stable, contrarily to what was documented for the tem-
poral variance (Bertocci et al. 2007). At the same time,
only in a few cases did changes induced by particular
treatments enhance (i.e. barnacles in treatment HILV
in Expt 2) or decrease (i.e. encrusting corallines in
treatment HILV and filamentous algae in LILV in
Expt 1) abundances to natural values typical of higher
heights on the shore.

At least 2 non-mutually exclusive interpretations can
be suggested for the inconsistent results obtained in
the 2 trials. First, a contribution could have been pro-
vided by the different temporal sequences of events of
aerial exposure applied to generate the desired treat-
ments in Expt 1 and Expt 2 (Gonzalez & Holt 2002,
Atalah et al. 2007). This issue could be addressed
specifically by replicating random sequences of events
within each level of temporal variance, i.e. different
sequences generating the same value of variance of
the intervals of time between successive disturbances
(Vaselli et al. 2008). Second, although temporal and
spatial variability could not be separated in this study,
the documented differences were consistent with vari-
able patterns of colonisation and distribution of sessile
organisms between stretches of coast 100s to 1000 m
apart, apparently characterized by analogous abiotic
conditions, reported previously at the same location
(Benedetti-Cecchi & Cinelli 1994) and in other systems
(Foster 1990, Kennelly & Underwood 1992). This could
be due to local variations in the availability of larvae
and propagules (Caffey 1985, Connell 1985, Gaines
& Roughgarden 1985, Roughgarden et al. 1988, Rai-
mondi 1990) and in patterns of post-settlement mortal-
ity (Denley & Underwood 1979), or to the patchy occu-
pation of the substratum by adults of the same species
(Sousa 1984). All these factors could also have differed
between Expt 1 and Expt 2 as a function of their differ-
ent starting dates. To formally investigate patterns of
variability in space and time of responses of assem-
blages to aerial exposure would require the repetition
of experiments at different sites and starting dates.
Unfortunately, logistical and ethical difficulties in-
trinsic to the procedures adopted prevented us from
carrying out replications of the experiments designed
specifically to address the issues discussed above.

A main goal of this study was to improve our ability
of predicting responses of rocky shore organisms to cli-
mate change. Our results indicated that some organ-
isms can increase and others decrease in abundance
under high temporal variability of aerial exposure, but
these variations are not expected to produce changes
to the structure of whole assemblages and to species
diversity so profound as to cause them to shift towards
those occurring currently under natural conditions of
enhanced aerial exposure. Although the use in the
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future of implemented experimental designs, as dis-
cussed above, could refine our predictions, this is a
new aspect of the ecology of these assemblages con-
firming that the majority of the investigated organisms
possess the appropriate life-history traits to resist to
changes in the mean intensity and temporal variability
of disturbance (Benedetti-Cecchi et al. 2006, Bertocci
et al. 2005, 2007). Nevertheless, it is worth noting that
aerial exposure and desiccation may be important
sources of stress in other systems characterized by
species potentially more sensitive to fluctuations in
climatic variables (Fields et al. 1993, Collins 2000,
McCabe & Gotelli 2000, Allison 2004). In our study sys-
tem, however, further experimental investigations are
needed to address possible responses of organisms to
combined disturbances (Paine et al. 1998), such as
those predicted by climate models.
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