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INTRODUCTION

Marine systems are globally exposed to consider-
able and increasing anthropogenic and natural per-
turbations operating over a range of scales (Sala et al.
2000, Halpern et al. 2008). Coastal areas, besides
being exposed to anthropogenic activities that in -
crease inputs of contaminants and nutrients (Vitou -
sek et al. 1997), extract natural habitats (Gray 1997,
Airoldi & Beck 2007) and promote biological inva-
sions (e.g. Williams & Smith 2007), have been used

throughout human history as sources of food (Sieg -
fried et al. 1994, Griffiths & Branch 1997, Castilla
1999). Populations of different groups of animals are
intensely collected all over the world for human con-
sumption, animal feeding or baiting (Keough et al.
1993, Underwood 1993, Addessi 1994, Crowe et al.
2000). These activities, which normally exert their
direct effects on a local scale, occur simultaneously
and potentially interact with events occurring on
larger scales, such as those related to climate change.
In fact, empirical observations and models have
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shown and predicted drastic alterations of the regime
of meteorological variables (including intensity, tim-
ing, frequency and variance) for the near future
(Easterling et al. 2000, Muller & Stone 2001, Meehl et
al. 2007, Wong et al. 2014).

Both natural and anthropogenic disturbances, in
general, are key forces structuring natural assem-
blages, as they can modify patterns of species distri-
bution, abundance and diversity through complex
interactions with life traits of organisms (Sousa 1984,
Connell et al. 1997). On rocky shores, in particular,
disturbances represent important mechanisms for
releasing resources (i.e. freeing space first, but also
light and nutrients) and maintaining heterogeneous
assemblages by eliminating the most sensitive and
competitively dominant species (Dayton 1971, Con-
nell 1978, Lubchenco & Menge 1978, Paine & Levin
1981, Sousa 1984). Separate and interactive effects of
the intensity and timing of disturbance and of the life
traits of organisms can drastically affect not just the
structure of intertidal assemblages (Keough 1984,
Breitburg 1985, Reed 1990, Airoldi 2000, Benedetti-
Cecchi 2000, Bertocci et al. 2005), but also their func-
tional characteristics, including their ability to re -
cover once the disturbance is over (Underwood et al.
1983, Blanchette 1996, Bevilacqua et al. 2006,
Oliveira et al. 2011). This last property is strictly
related, although not necessarily scaled linearly (e.g.
Cervin et al. 2005), with the intensity and timing of
disturbance (Speidel et al. 2001, Carr et al. 2003) and
interacts with other abiotic and biological processes
that are variable in space and time. For instance, the
availability of propagules (e.g. Hoffmann & Ugarte
1985) and the presence of physical stress (e.g. Bell
1993) can drastically affect the way different species
use resources made available by disturbance (Con-
nell & Keough 1985, Watling & Norse 1998) and,
therefore, how they replace each other during the
subsequent recovery (O’Connor & Anderson 2010,
Maggi et al. 2011). Most previous studies have exam-
ined the effects of changes in multiple attributes of
single disturbances, such as scouring (e.g. van Tame-
len 1996, Vaselli et al. 2008), temperature extremes
(e.g. Menge & Sutherland 1987) and storms (e.g.
Alvarado et al. 2001), on patterns of convergence of
disturbed assemblages towards those from reference
areas (Underwood 1989). There is a general lack of
empirical studies specifically designed to examine
the effects of attributes of compounded perturbations
(e.g. Paine et al. 1998) on the recovery process (but
see Tamburello et al. 2014), particularly in terms of
temporal trajectories (the shapes of the curves
describing fluctuations in the abundance of individ-

ual taxa or in the structure of whole assemblages
over the examined period (e.g. Bevilacqua et al.
2006) of recovery. Such manipulative experiments
are needed since the wide range of multiple distur-
bances natural assemblages are currently exposed
to, and their often unpredictable nature, make it
almost impossible to extrapolate general patterns
of recovery of populations and assemblages. Realistic
manipulations of multiple anthropogenic stressors
are essential in understanding and, possibly predict-
ing, the causes of temporal variations in assembla -
ges, which can affect ecologically relevant properties
such as productivity (Johnson et al. 1996, Grime et al.
2000), stability and extinction risk (Micheli et al.
1999, Lundberg et al. 2000, Inchausti & Halley 2003).

A previous manipulative experiment performed at
multiple rocky shores in north Portugal was aimed at
examining the effects of local harvesting of the ha -
bitat-forming mussel Mytilus galloprovincialis La -
marck, and of storm-related mechanical disturbance
varying in temporal variance, on benthic assem-
blages associated with mussel beds (Oliveira et al.
2014). That experiment involved crossed manipula-
tions of 4 levels of mussel harvesting with 2 levels of
temporal patterning (evenly vs. irregularly distrib-
uted events, once the total intensity of disturbance
was maintained over the period of the experiment) of
storm-like mechanical disturbance. These crossed
manipulations aimed to assess how an intact or in -
creasingly damaged mussel bed could protect associ-
ated organisms from the impact of extreme storms,
whose temporal patterns of occurrence would vary
due to climate change. In the present study, the same
experimental sites and units of the previous manipu-
lative experiment were tracked over 15 mo after the
end of all manipulations, in order to follow patterns of
recovery (i.e. the degree of convergence towards the
unmanipulated control) of assemblages and individ-
ual taxa, and to assess how these patterns were
affected by the different combinations of past distur-
bances. Specifically, the main finding from previous
manipulations was that mussels could effectively
buffer the effects of mechanical disturbance, particu-
larly when the mussel bed was left intact and distur-
bance was relatively less stressful (e.g. under the
regular treatment, compared to that involving multi-
ple events aggregated over short periods). From this
finding, it could be hypothesized that assemblages
from patches that were previously allocated to the
experimental combination of an intact mussel bed
and regularly distributed events of mechanical dis-
turbance, would be characterized by the greatest
similarity and fastest convergence towards unmanip-
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ulated assemblages. At the other extreme, manipu-
lated patches, where mussels were completely re -
moved in combination with irregular disturbance
events, would host the most different assemblages
compared to the unmanipulated patches and would
take the longest time to convergence to the unmanip-
ulated patches. Intermediate outcomes would be
expected for the other combinations of past experi-
mental disturbances. Such hypo theses were tested in
the present study; response variables included both
average responses measured at the beginning (3 mo
of recovery), in the middle (9 mo) and at the end (15
mo) of the examined period, and temporal trajecto-
ries (quantified as variances calculated over 5 sam-
pling periods) of the structure of whole assemblages,
the total richness of taxa and the abundance of indi-
vidual taxa.

MATERIALS AND METHODS

Collection of data

Data were collected between October 2012 and
October 2013 at the same study sites (Aguda and
Marreco: 41° 2.71’ N, 8° 39.20’ W and 41° 14.12’ N,
8° 43.45’ W, respectively) and on the same units of a
previous manipulative experiment which ended in
July 2012. The study system and past experimental
procedures are illustrated in detail in Oliveira et al.
(2014). In summary, the intensity of mussel harvest-
ing and the temporal variance of storm-related
mechanical disturbances were manipulated accord-
ing to a partially asymmetrical design. This design
crossed 4 levels of harvesting (‘0’, ‘30’, ‘60’ and ‘100’,
corresponding to no harvest, mussels reduced to

70% cover, mussels reduced to 40% cover, and mus-
sels completely removed, respectively) with 1 regular
and 2 irregular temporal patterns of mechanical dis-
turbance produced with a hand rake. The regular
treatment involved a total of 6 events evenly distrib-
uted over a period of 18 mo, while the irregular pat-
terns involved the same 6 events clustered in shorter
periods, separated by prolonged periods without dis-
turbance. Two different sequences of events were
replicated in the irregular treatment, but not in the
regular one (Fig. 1). Three independent plots (35 × 35
cm) were allocated to each combination of these fac-
tors and 3 additional plots were left unmanipulated
as control.

In the present study, the same 39 plots at each site
were sampled during 5 periods (October 2012, Janu-
ary, April, June and October 2013) corresponding to
3, 6, 9, 12 and 15 mo after the end of experimental
manipulations. At each sampling period, the percent-
age cover of sessile taxa and the number of individu-
als of mobile animals were visually estimated using a
30 × 30 cm frame placed in the centre of each plot fol-
lowing the same procedures described in Oliveira et
al. (2014).

Data analyses

A total of 27 taxa (including 15 macroalgae and 12
animals) were identified throughout the study. Multi-
variate and univariate statistical techniques were
used to compare patterns of recovery of the structure
of whole assemblages, the richness of taxa and the
abundance of the most common individual taxa be -
tween plots allocated to different combinations of
past disturbances. Response variables were exam-

109

Fig. 1. Design of the temporal arrangements of events (X) of mechanical disturbance (crossed with 4 levels of intensity of mus-
sel harvesting in the full experiment, as described in detail in Oliveira et al. 2014) of the previous manipulative experiment and
sampling design of the present recovery study. The recovery study included 5 sampling times, out of which 3 (T1, T2 and T3) 

were statistically analysed
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ined both in terms of average responses at the begin-
ning (October 2012), in the middle (April 2013) and at
the end (October 2013) of the examined period, and
of temporal variances calculated over the 5 sampling
periods (see Fig. 2). All analyses were based on the
same model that included a first partitioning of the
total variability into the Control vs. Treatments con-
trast and the Among treatments variation. The sec-
ond term was then partitioned into the main effects of
harvesting intensity (I), mechanical disturbance vari-
ability (V), and their interaction, with each term in -
volving temporal variability further partitioned into a
Regular vs. Irregular contrast and Between sequen -
ces (S) variation (see Oliveira et al. 2014 for details
and Table 1 for an illustration of all tested sources of
variability).

Permutational multivariate analysis of variance
(PERMANOVA, Anderson 2001) based on Bray-
 Curtis untransformed dissimilarities was used to
examine differences in the structure of whole assem-
blages at each of the 3 recovery periods reported
above. When the low number of permutations pre-
vented enough powerful tests, a p-value was cal -
culated using 999 Monte Carlo draws from the
appropriate asymptotic permutation distribution
(Anderson & Robinson 2003). When relevant, Stu-
dent’s t tests were used for post-hoc comparisons.

Differences in temporal trajectories of whole
assemblages were tested by calculating measures of
multivariate variance over the 5 sampling periods fol-
lowing an approach for partitioning variation among
factors that was successfully extended from uni -
variate to multivariate data (Terlizzi et al. 2007).
 Estimates of temporal variance of the structure of
assemblages were obtained by performing a 1-way
PERMANOVA separately for each plot, with time as
a factor. Multivariate pseudo-variance components
were then calculated analogously to univariate
ANOVA estimators, i.e. by equating observed mean
squares and mean squares expected from the linear
model of the analysis (Searle et al. 1992, Underwood,
1997, Terlizzi et al. 2007). Negative estimates of
pseudo-variance were set to zero, being interpreted
as sample underestimates of very small or null vari-
ances (Searle et al. 1992, Underwood 1996). This pro-
cedure generated 3 replicate measures (one for each
plot) of pseudo-variance components for each combi-
nation of past experimental treatments, including the
unmanipulated control, that were finally analyzed
with ANOVA according to the model illustrated in
Table 1.

Analogous procedures based on ANOVA were used
to test for differences in mean values and temporal

variances of the richness of taxa and of the abundance
of individual taxa. Before each ANOVA, the assump-
tion of homogeneity of variances was checked with
Cochran’s C test and data were log(x + 1) transformed
when necessary. When the transformation could not
make variances homogeneous, un transformed data
were analyzed and results considered robust if not
significant (at p > 0.05) or, considered significant at
p < 0.01 to compensate for the increased probability of
Type I error (Un derwood 1997). When relevant, Stu-
dent-Newman-Keuls (SNK) tests were used for post-
hoc comparisons of means.

Differences in the structure of whole assemblages
were visualized by calculating centroids of assem-
blages according to results of the analyses for Octo-
ber 2012, April 2013 and October 2013 and those for
multivariate temporal variance. For this goal, princi-
pal coordinates were calculated from the Bray-Curtis
dissimilarity matrix of original data. Centroids were
obtained by averaging principal coordinates accord-
ing to each relevant experimental condition and sam-
pling period (McArdle & Anderson 2001). Finally,
non-metric multidimensional scaling (nMDS) ordina-
tion plots based on Euclidean distances were dis-
played.

Multivariate analyses were carried out using the
PRIMER 6.0 and PERMANOVA package (Anderson
et al. 2008). Univariate analyses were carried out
using GMAV-5 for Windows (Underwood et al. 2002).

RESULTS

Whole assemblage

Three months after the end of the disturbance
experiment, assemblages differed between the un -
manipulated plots and, on average, those allocated to
manipulations in both Aguda (Table 1A, Fig. 2) and
Marreco (Table 1B, Fig. 2). In addition, the significant
I × S interaction observed only in Aguda indicated an
existing effect of the intensity of harvesting that was
not consistent between the 2 sequences of irregular
disturbance (Table 1A, Fig. 2). Assemblages from un -
manipulated plots, in particular, differed from those
in plots subjected to the lowest level of mussel
removal (treatment ‘30’) combined with sequence 1
(Student’s t = 2.241, p < 0.05) of irregular disturbance
events, and those in plots completely deprived of
mussels (treatment ‘100’) combined with sequence 2
(Student’s t = 3.590, p < 0.01) (Fig. 2). Nine months
after the end of the experiment, control and manipu-
lated plots still differed only in Marreco, while the
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temporal variability of past disturbance was associ-
ated with different assemblages at both study sites,
independent of harvesting intensity (Table 1). A
main effect of harvesting intensity was instead de -
tected in Aguda; this was driven by the difference
between unmanipulated assemblages and those
from plots where the mussel bed had been fully re -
moved (Table 1A, Fig. 2; Student’s t = 2.948, p < 0.05).
No main or interactive effects of past experimental
disturbances were detected at 15 mo of recovery time
at both sites (Table 1, Fig. 2).

In both Aguda and Marreco, no significant effects
of past disturbances were documented on the multi-
variate temporal variance of the structure of assem-
blages over the course of the recovery study; how-
ever, the relatively high F-value obtained for the
contrast Regular vs. Irregular could suggest a rele-
vant effect of the temporal patterning of past distur-
bance, which was probably not detected as signifi-
cant due to the low power of the test that involved
only one degree of freedom at both the numerator

and the denominator (Table 2). Nevertheless, MDS
plots showed a large degree of overlap between the
temporal trajectories of assemblages that were previ-
ously subjected to regular and irregular events of dis-
turbance; these temporal trajectories generally ten -
ded to also run parallel to that of control assemblages
(Fig. 3).

Individual response variables

Three months after the end of the manipulative
experiment, the total number of taxa in Aguda dif-
fered between plots previously subjected to regular
events of disturbance and those where disturbance
was applied irregularly over time (Table 3A). The
irregular treatment, in particular, was associated
with a higher richness of taxa compared to the regu-
lar treatment. However, the absolute difference
(although proportionally important) was just by a sin-
gle taxon (i.e. on average, ~5 taxa in the Regular and
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Source of variation df 3 mo (Oct 2012) 9 mo (Apr 2013) 15 mo (Oct 2013) Permutable units
MS pseudo-F p MS pseudo-F p MS pseudo-F p and denominator

(A) Aguda
Among experimental levels 12 0.12 2.24 0.007 0.09 1.75 0.068 0.05 0.75 0.810 39 replicate plots
Control vs. treatments 1 0.14 2.67 0.048 0.12 2.34 0.091 0.05 0.70 0.526 39 replicate plots
Among treatments 11 0.12 2.20 0.007 0.09 1.69 0.082 0.05 0.75 0.794 39 replicate plots

Temporal variability = V 2 0.12 2.27 0.047 0.11 2.17 0.087 0.01 0.16 0.981 39 replicate plots
Regular vs. Irregular 1 0.19 4.35 0.128 MC 0.21 13.02 0.044 MC 0.01 1.46 0.423 MC 3 among seq. cellsa

Between sequences = S 1 0.04 0.85 0.464 0.02 0.31 0.751 0.01 0.02 0.975 39 replicate plots
Harvesting intensity = I 4 0.12 2.35 0.043 0.13 2.49 0.048 0.09 1.31 0.222 39 replicate plots
I × V 6 0.11 2.09 0.028 0.06 1.13 0.355 0.05 0.67 0.802 39 replicate plots

I × Regular vs. Irregular 3 0.08 0.60 0.750 MC 0.06 0.98 0.398 MC 0.05 0.94 0.507 MC 9 I × S cellsb

I × S 3 0.14 2.62 0.021 0.06 1.14 0.379 0.05 0.69 0.722 39 replicate plots
Residual 26 0.05 0.05 0.07

(B) Marreco
Among experimental levels 12 0.13 1.51 0.033 0.12 1.18 0.216 0.10 1.27 0.291 39 replicate plots
Control vs. treatments 1 0.47 5.27 0.002 0.50 4.71 0.002 0.07 0.91 0.349 39 replicate plots
Among treatments 11 0.10 1.17 0.231 0.09 0.86 0.712 0.10 1.31 0.276 39 replicate plots

Temporal variability = V 2 0.07 0.80 0.629 0.04 0.39 0.955 0.11 1.50 0.154 39 replicate plots
Regular vs. Irregular 1 0.10 2.42 0.183 MC 0.08 14.76 0.011 MC 0.10 0.79 0.609 MC 3 among seq. cellsa

Between sequences = S 1 0.04 0.47 0.816 0.01 0.05 0.992 0.13 1.68 0.162 39 replicate plots
Harvesting intensity = I 4 0.15 1.70 0.061 0.13 1.19 0.270 0.11 1.52 0.114 39 replicate plots
I × V 6 0.09 1.03 0.431 0.09 0.85 0.661 0.09 1.14 0.370 39 replicate plots

I × Regular vs. Irregular 3 0.07 0.67 0.762 MC 0.09 0.98 0.503 MC 0.04 0.29 0.778 MC 9 I × S cellsb

I × S 3 0.11 1.23 0.245 0.09 0.86 0.608 0.13 1.77 0.052 39 replicate plots
Residual 26 0.09 0.11 0.08

aOne regular and 2 irregular sequences were used as permutable units, but only irregular sequences were used for calculating
denominator MS

bOne regular and 8 intensity × sequence cells were used as permutable units, but only intensity × sequence cells were used for
calculating denominator MS

MCp-values calculated using the Monte Carlo method

Table 1. PERMANOVA on the structure of assemblages sampled at 3, 9 and 15 mo after the end of the disturbance experiment in 
(A) Aguda and (B) Marreco. Significant effects in bold
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6 taxa in the Irregular treatment; Fig. 4A). At the
same site, effects of the intensity of mussel harvest-
ing were found in April 2013 (9 mo of recovery),
although effects were variable depending on the
irregular sequence of mechanical disturbance. The
‘30’ level of mussel removal combined with sequence
1 resulted in a higher number of taxa than any other

intensity, while no significant differ-
ences were caused by the intensity of
harvesting when combined with se -
quence 2 of events of disturbance (Table
3A, Fig. 4A; SNK test). Differences in
the average total number of taxa were
not yet evident in Aguda in October
2013 (Table 3A, Fig. 4A), and were
never detected in Marreco (Table 3B,
Fig. 5A). However, variations in the total
number of taxa over the whole exam-
ined period of recovery drove significant
differences in the temporal variance of
this variable, with patterns being incon-
sistent be tween sites. In Aguda, tempo-
ral fluctuations in the richness of taxa
were larger in unmanipulated than in
treated plots on average (Table 4,
Fig. 4A). In Marreco, regularly distrib-
uted past events of disturbance were
associated with a larger temporal vari-
ance of the total number of taxa of re -
covering assemblages compa red to
irregular events (Table 4, Fig. 5A).

Significant differences in the mean
abundance of the target species (Mytilus
galloprovincialis) of the past experimen-
tal harvesting were detected at each of
the 3 analyzed sampling periods. In Oc-
tober 2012, the cover of mussels was
higher in control than in treated plots
and was affected by the intensity of
 harvesting in both Aguda (Table 3A) and
Marreco (Table 3B). In Aguda, mussels
were more abundant in plots that were
initially subjected to the lower level of
harvesting (‘30’ treatment) than in plots
allocated to the complete re moval, with
the unmanipulated control and the ‘60’
treatment being inconsistently ranked
between the ‘30’ and ‘100’ levels (Fig. 4B;
SNK test). In Marreco, the cover of mus-
sels in control plots was almost double
that in plots assigned to both intermedi-
ate levels of harvesting, and was further
reduced to approx. one-fourth in com-

plete removal plots (Fig. 5B; SNK test). In April 2013,
the cover of M. galloprovincialis was affected by the
intensity of harvesting, with patterns being similar in
both Aguda and Marreco; values progressively de-
creased from unmanipulated plots to those allocated
to both intermediate harvesting levels to those where
mussels had been completely removed (Table 3,
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Figs. 4B & 5B; SNK test). Together with a higher cover
of mussels under the irregular treatment applied ac-
cording to se quence 1 compared to sequence 2, ex-
actly the same pattern as in April 2013 was still
present in October 2013 in Marreco only (Table 3B,
Fig. 5B; SNK test), while a difference between control
and treated plots was again evident in Agu da, in the
same direction as that displayed 1 yr earlier (Table 3A,
Fig. 4B). Overall, temporal fluctuations in the abun -
dance of the recovering mussels were larger in control
than in treated plots at both study sites (Table 4,
Figs. 4B & 5B).

Articulated coralline algae of the ge nus Corallina
responded to past treatments in a very similar way as
the total number of taxa. In Aguda, this taxon was
present in October 2012 in plots allocated to regu-

larly distributed events of disturbance and absent in
those allocated to the irregular pattern of disturbance
(Table 3A, Fig. 4C). The Harvesting intensity × Se -
quence interaction was significant in April 2013, with
Corallina spp. being present only in ‘30’ treatment
plots subjected to sequence 1, and with the same
abundance in control and ‘60’ treatment plots sub-
jected to sequence 2 of disturbance events (Table 3A,
Fig. 4C). No significant differences were docu men -
ted for the mean abundance of this algal group in
Aguda at 15 mo and in Marreco at 3, 9 and 15 mo
after the end of the manipulative experiment
(Table 3, Figs. 4C & 5C). Analogously, no effects of
any past manipulations were shown in terms of tem-
poral variance of the abundance of Corallina spp.
(Table 4, Figs. 4C & 5C).

Although absolute values were very low, the cover
of encrusting coralline algae in Aguda was, on aver-
age, 15× higher in unmanipulated than in treated
plots sampled 3 mo after the end of experimental dis-
turbances, but this difference disappeared 6 and
12 mo later (Table 3A, Fig. 4D). In Marreco, this
taxon contrastingly did not show significant res pon -
ses to any past disturbance in October 2012, while
inter active effects of the intensity of harvesting and
the temporal variability of disturbance became evi-
dent later during the recovery period (Table 3B). In
April 2012, encrusting corallines were absent in plots
where the mussel bed had been left intact or slightly
reduced (control and ‘30’ treatment, res pectively) if
regularly distributed events of disturbance had been
applied, while they increased in abundance (with
mean cover values ~50% higher in the ‘30’ treatment
compared to the control) where disturbance had
been irregularly applied. The opposite pattern was
displayed in plots  subjected to higher intensities of
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Source of variation df Aguda Marreco Denominator for F
MS F p MS F p

Among experimental levels 12 0.075 0.98 >0.4 0.255 1.38 >0.2 Residual
Control vs. treatments 1 0.009 0.12 >0.7 0.002 0.01 >0.9 Residual
Among treatments 11 0.080 1.06 >0.4 0.278 1.51 >0.2 Residual
Temporal variability = V 2 0.040 0.53 >0.5 0.186 1.01 >0.3 Residual

Regular vs. Irregular 1 0.078 41.21 >0.05 0.352 16.83 >0.1 Among sequences
Between sequences = S 1 0.002 0.03 >0.8 0.021 0.11 >0.7 Residual

Harvesting intensity = I 4 0.065 0.86 >0.4 0.220 1.19 >0.3 Residual
I × V 6 0.101 1.34 >0.2 0.338 1.83 >0.1 Residual

I × Regular vs. Irregular 3 0.081 0.67 >0.6 0.599 3.25 >0.1 I × S
I × S 3 0.121 1.60 >0.2 0.077 0.42 >0.7 Residual

Residual 26 0.076 0.184
Cochran’s test C = 0.251, p > 0.05 C = 0.313, p > 0.05
Transformation ln(x+1) ln(x+1)

Table 2. ANOVA on multivariate temporal variance of the structure of assemblages over the recovery period at each study site 
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harvesting, with encrusting corallines being virtually
absent where irregular events of disturbance had
been performed, and present (with mean percentage
covers reduced to approx. one-third in the ‘100’ com-
pared to the ‘60’ treatment) where past disturbance
had been established through regular events
(Table 3B, Fig. 5C; SNK test). In October 2013,
encrusting coralline algae were only present (with
relatively doubled mean cover) in plots allocated to
the complete removal of mussels and in those where

the mussel bed had been left intact
when combined with sequence 1 of
irregular disturbance, with compa-
rable values in the ‘60’ and ‘100’
treatments when combined with
regular disturbance (Table 3B,
Fig. 5C; SNK test). However, these
patterns were not ac companied by
significant differen ces in the tempo-
ral variance of the abundance of
these algae at both sites (Table 4).

The mean abundance of the other
abundant algal group analyzed (the
green foliose Ulva spp.) did not show
any effect of past disturbances in
both Aguda (Table 3A, Fig. 4E) and
Marreco (Table 3B, Fig. 5E). Never-
theless, sequence 1 of past events of
disturbance was associated with lar -
ger temporal fluctuations in the
abundance of Ulva in Marreco over
the recovery period compared to se-
quence 2 (Table 4, Fig. 5E).

The mean abundances of barna-
cles, Chthamalus spp., were higher
in treated than in control plots sam-
pled in Aguda at 3 and 9 mo, but not
at 15 mo after the end of the previ-
ous experiment (Table 3A, Fig. 4F).
Moreover, in October 2012, Aguda
showed a higher cover of barnacles
in plots that were previously dis-
turbed using sequence 2 of past dis-
turbance events compared to se -
quence 1, and in plots where the
mussel bed had been completely
removed than in plots that were sub-
jected to any other level of experi -
mental harvesting, including the
control (Table 3A, Fig. 4F). A similar
main effect of harvesting intensity
was also evident in April 2013, with
barnacles being more abundant in

both treatments where mussels had been more
intensely removed (‘60’ and ‘100’ treatments) than in
the ‘30’ level of harvesting and the control (Table 3A,
Fig. 4F; SNK test). In Marreco, the only significant
difference in the mean cover of Chthamalus spp. was
observed in October 2013, when disturbance se -
quence 1 was associated with higher values than
sequence 2 (Table 3B, Fig. 5F). Significant effects of
past disturbances on the temporal variance of barna-
cles were detected only in Aguda (Table 4). Specifi-
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Variable Time Source of variation MS F Transf.

(A) Aguda
Total number T1 Regular vs. Irregular 0.06 555.0* None

of taxa T2 I × S 3.82 3.0* None
Mytilus gallo- T1 Control vs. treatments 1720.43 6.1* None

provincialis Harvesting intensity 792.31 2.8*
T2 Harvesting intensity 0.77 3.5* ln(x+1)
T3 Control vs. treatments 205.34 4.5* None

Encrusting T1 Control vs. treatments 4.77 13.8** Nonea

corallines
Corallina spp. T1 Regular vs. Irregular 4.53 56.3* Nonea

T2 I × S 2.57 3.3* None
Chthamalus T1 Control vs. treatments 3573.21 16.8*** None

spp. Between sequences 2295.97 10.8**
Harvesting intensity 2360.69 11.1***

T2 Control vs. treatments 3250.76 9.1** None
Harvesting intensity 2654.17 7.4***

Patella spp. T1 Control vs. treatments 716.33 6.7* None
I × Regular vs. Irregular 302.24 17.4*

T2 Control vs. treatments 302.09 6.1* Nonea

Bare rock T1 Between sequences 622.53 6.1* None
Harvesting intensity 510.77 5.0**

T2 Between sequences 350.17 5.1* None
Harvesting intensity 222.59 3.2*

(B) Marreco
Mytilus gallo- T1 Control vs. treatments 1624.24 8. 9** None

provincialis Harvesting intensity 1514.07 8.3**
T2 Control vs. treatments 1348.81 6.1* None

Harvesting intensity 762.87 3.4* None
T3 Between sequences 165.38 5.5* None

Harvesting intensity 107.56 3.6*
Encrusting T2 I × Regular vs. Irregular 10.11 8.6* None

corallines T3 I × V 0.16 2.7* ln(x+1)
Chthamalus T3 Between sequences 181.50 7.4* None

spp.
Gibbula spp. T1 I × Regular vs. Irregular 1.44 15.9* ln(x+1)
Patella spp. T2 Regular vs. Irregular 0.27 180.3* ln(x+1)

T3 I × V 156.31 4.1** None
Bare rock T2 I × Regular vs. Irregular 596.80 12.0* None

aVariances were heterogeneous (after Cochran’s C test) and could not be
stabilized by transformations

Table 3. Summary of significant results from the ANOVA on the total number
of taxa and the abundance of individual taxa in (A) Aguda and (B) Marreco.
T1 = 3 mo (October 2012), T2 = 9 mo (April 2013), T3 = 15 mo (October 2013). 

*p < 0.05, **p < 0.01, ***p < 0.001. Abbreviations as in Table 1



Oliveira et al.: Patterns of recovery after disturbances 115

E. Ulva spp.

Oct
 2

01
2

Ja
n 

20
13

Apr 2
01

3

Ju
n 

20
13

Oct
 2

01
3

Oct
 2

01
2

Ja
n 

20
13

Apr 2
01

3

Ju
n 

20
13

Oct
 2

01
3

Oct
 2

01
2

Ja
n 

20
13

Apr 2
01

3

Ju
n 

20
13

Oct
 2

01
3

%
 c

ov
er

0

2

4

6

8

10

Control
Reg - '0'
Reg - '30'
Reg - '60'
Reg - '100'
Irreg S1 - '0'
Irreg S1 - '30'

Irreg S1 - '60'
Irreg S1 - '100'
Irreg S2 - '0'
Irreg S2 - '30'
Irreg S2 - '60'
Irreg S2 - '100'

A. Total number of taxa

N
um

b
er

 o
f t

ax
a

3

4

5

6

7

8 B. Mytilus galloprovincialis

%
 c

ov
er

0

10

20

30

40

50

60

70

80 C. Corallina spp.

%
 c

ov
er

0.0

0.5

1.0

1.5

2.0

2.5

3.0

D. Encrusting corallines

%
 c

ov
er

0.0

0.5

1.0

1.5

2.0 F. Chthamalus spp.

%
 c

ov
er

20

40

60

80

100

G. Sabellaria alveolata

%
 c

ov
er

0.0

0.5

1.0

1.5

2.0

2.5 I. Patella spp.
N

um
b

er
 o

f i
nd

iv
id

ua
ls

0

10

20

30

40

50

60H. Gibbula spp.

N
um

b
er

 o
f i

nd
iv

id
ua

ls

0

10

20

30

40

50

J. Bare rock

%
 c

ov
er

1

2

3

4

5

Fig. 4. (A) Mean total number of taxa and (B–J) mean abundance of individual taxa at each sampling period in Aguda. Data
averaged over 3 replicate plots assigned to the unmanipulated control and to each combination of past experimental treat-
ments (regular disturbance or irregular disturbance sequence [S] 1 or 2, with ‘0’, ‘30’, ‘60’ or ‘100’ % mussels removed; see 

Fig. 1). Standard error bars removed for clarity



Mar Ecol Prog Ser 524: 107–123, 2015116

A. Total number of taxa

N
um

b
er

 o
f t

ax
a

1.2

1.4

1.6

1.8

2.0

2.2

2.4

E. Ulva spp. 

%
 c

ov
er

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

B. Mytilus galloprovincialis 

%
 c

ov
er

0

10

20

30

40

50

60 C. Corallina spp. 

%
 c

ov
er

0.0

0.5

1.0

1.5

2.0

2.5

3.0

D. Encrusting corallines

%
 c

ov
er

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6 F. Chthamalus spp.

%
 c

ov
er

1.0

1.5

2.0

2.5

3.0

3.5

G. Sabellaria alveolata 

%
 c

ov
er

0.0

0.5

1.0

1.5

2.0

2.5
I. Patella spp.

N
um

b
er

 o
f i

nd
iv

id
ua

ls

0

5

10

15

20

25

30
H. Gibbula spp. 

N
um

b
er

 o
f i

nd
iv

id
ua

ls

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

J. Bare rock

%
 c

ov
er

0

10

20

30

40

50

60

70

80

Oct
 2

01
2

Ja
n 

20
13

Apr 2
01

3

Ju
n 

20
13

Oct
 2

01
3

Oct
 2

01
2

Ja
n 

20
13

Apr 2
01

3

Ju
n 

20
13

Oct
 2

01
3

Oct
 2

01
2

Ja
n 

20
13

Apr 2
01

3

Ju
n 

20
13

Oct
 2

01
3

Control
Reg - '0'
Reg - '30'
Reg - '60'
Reg - '100'
Irreg S1 - '0'
Irreg S1 - '30'

Irreg S1 - '60'
Irreg S1 - '100'
Irreg S2 - '0'
Irreg S2 - '30'
Irreg S2 - '60'
Irreg S2 - '100'

Fig. 5. (A) Mean total number of taxa and (B–J) mean abundance of
individual taxa at each sampling period in Marreco. Details as in Fig. 4



Oliveira et al.: Patterns of recovery after disturbances

cally, fluctuations were lar ger in treated than in con-
trol plots, in plots subjected to sequence 2 than in
those subjected to sequence 1 of disturbance, and in
completely harvested compared to the less intensely
harvested (‘60’ treatment), further less harvested
(‘30’ treatment) or mussel-intact plots (Fig. 4F; SNK
test).

The mean cover of Sabellaria alveolata did not
show any significant differences in both Aguda and
Marreco at each of the 3 analyzed periods of recov-
ery (Table 3, Figs. 4G & 5G). Nevertheless, the tem-
poral variance in the abundance of this species was
affected by the temporal variability of past distur-
bance in Aguda, with larger fluctuations being ob -
served in previously irregularly than in regularly dis-
turbed plots (Table 4, Fig. 4G), and by the inter active
effect of the temporal variability and the harvesting
intensity in Marreco (Table 4). The pattern of recov-
ery of S. alveolata in Marreco was more variable over
time in plots that had been subjected to regular
events of mechanical disturbance when disturbance
had been combined with the total removal of mussels
than when mussels had been left un touched, or
slightly (‘30’ treatment) harvested, or when they had
been more intensely (‘60’ treatment) harvested. In
contrast, in plots subjected to irregular disturbance,
the largest fluctuations in S. alveolata abundance
were observed in combination with the ‘60’ treat-
ment, with progressively lower variance values in
combination with the unmanipulated, the ‘30’ and
the ‘100’ treatments (Fig. 5G; SNK test).

Patterns of recovery of gastropods of the genus
Gibbula in Aguda did not show significant effects of
past disturbances both in terms of mean abundances
(in October 2012, April 2013 and October 2013) and

of temporal variance (Tables 3A & 4, Fig. 4H). In con-
trast, a significant Intensity × Regular vs. Irregular
interaction was detected in Marreco in October 2012
(Table 3B), with the mean abundance of Gibbula spp.
decreasing progressively from control plots to treat-
ments ‘30’, ‘100’ and ‘60’ when combined with regu-
lar events of disturbance, and from treatment ‘60’ to
the control to treatments ‘30’ and ‘100’ when com-
bined with irregular events of disturbance (Fig. 5H;
SNK test). Such differences disappeared in April
2013. Temporal variations in abundance over the
recovery period were affected by combinations of
harvesting intensity and the temporal variability of
disturbance (Table 4). In plots that had been regu-
larly disturbed, temporal fluctuations in Gibbula spp.
abundance progressively decreased from treatment
‘100’, to the control, to treatments ‘30’ and ‘60’, while
they progressively decreased from treatment ‘60’, to
the control, to treatments ‘30’ and ‘100’ in plots that
had been irregularly disturbed (Fig. 5H; SNK test).

The mean abundance of limpets (Patella spp.) in
Aguda was higher in treated than in control plots in
October 2013 and April 2013 (Table 3A, Fig. 4I).
Moreover, this variable also varied during the first
sampling period in plots allocated to combinations of
experimental levels of harvesting and temporal
 patterns of disturbance (Table 3A). Specifically,
where the pattern of disturbance was regular, the
most intensely harvested treatments (‘100’ and ‘60’)
had more limpets than the unmanipulated control, or
the ‘30’ treatment. Conversely, where events of dis-
turbance were irregularly distributed, limpets were
less abundant in the ‘30’ treatment than in any other
level of harvesting, including the unmanipulated
control (Fig. 4I; SNK test). In Marreco, no significant

117

Variable                                        Site                Source of variation                                 MS                          F                Transf.

Total number of taxa                     A                 Control vs. treatments 3.80 6.3**           Nonea

                                                        M                 Regular vs. Irregular 0.37 120.2*            ln(x+1)
Ulva spp.                                        M                 Between sequences 1.37 4.4*            ln(x+1)
Mytilus galloprovincialis               A                 Control vs. treatments 133245.53 6.6*             None
                                                        M                 Control vs. treatments 79288.83 7.3*             None
Chthamalus spp.                            A                 Control vs. treatments 120966.50 4.5*             None
                                                                            Between sequences 150552.86 5.5*                  
                                                                            Harvesting intensity (I) 294040.71 10.8***               
Sabellaria alveolata                       A                 Regular vs. Irregular 3.23 38.8*            ln(x+1)
                                                        M                 I × Regular vs. Irregular 5.72 63.1**          ln(x+1)
Gibbula spp.                                  M                 I × Regular vs. Irregular 6.92 17.3*            ln(x+1)
Patella spp.                                     A                 Regular vs. Irregular 12500.97 1479.6*             None

aVariances were heterogeneous (after Cochran’s C test) and could not be stabilized by transformations

Table 4. Summary of significant results from the ANOVA on the temporal variance of the total number of taxa and the 
abundance of individual taxa in Aguda (A) and Marreco (M). *p < 0.05, **p < 0.01, ***p < 0.001
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differences were observed in the abundance of
limpets in October 2012, while effects of past treat-
ments were detected later (Table 3B). In April 2013,
independent of the intensity of harvesting, plots sub-
jected to the irregular level of disturbance hosted
more limpets than those subjected to the regular
level (Fig. 5I). In October 2013, the patterns of mean
abundance of Patella spp. were very variable de -
pending on the combi nation of harvesting intensity
and temporal pattern of disturbance. Regularly dis-
tributed disturbance events were associated with a
relatively higher abundance of limpets in both the
unmanipulated plots and in those where mussels had
been completely re moved than in plots allocated to
the ‘60’ treatment, with a further reduction in ‘30’
plots. When irregularly distributed events of distur-
bance had been applied, their sequence was also
important 15 mo after the end of the disturbance
experiment, as se quence 1 was associated with a
higher number of limpet individuals in the control
and in the ‘30’ and ‘100’ treatments compared to the
‘60’ treatment, while sequence 2 was associated with
a higher abundance in treatments ‘30’ and ‘60’ com-
pared to the other 2 levels (Fig. 5I; SNK test). In terms
of temporal variance, patterns of limpet abundance
in Aguda were characterized by larger fluctuations in
plots that were previously regularly disturbed than in
those subjected to irregular disturbance (Table 4,
Fig. 4I).

Finally, past disturbance affected the availability of
bare rock during the recovery process (Table 3). In
Aguda, similar results were obtained in October 2012
and April 2013, with more bare rock becoming avail-
able in plots that were previously irregularly dis-
turbed using sequence 1 than in those disturbed
using sequence 2, and independently of the temporal
variability of disturbance in the control or the rela-
tively less harvested (‘30’) plots than in intensely har-
vested (‘60’ and ‘100’) plots (Table 3A, Fig. 4J; SNK
test). No significant effects were evident in October
2013. In Marreco, past combinations of harvesting
intensities and temporal variability of disturbance
were associated with significant differences in the
amount of free substratum only in April 2013
(Table 3B). In regularly disturbed plots, the availabil-
ity of bare rock was highest under the ‘60’ treatment,
decreased in both the ‘30’ treatment and the control,
and was further reduced where mussels had been
completely re moved. In contrast, in irregularly dis-
turbed plots, the greatest amount of bare rock was
observed under the complete harvesting treatment,
with the amount of bare rock decreasing in both
intermediate levels of harvesting and further dimin-

ishing where the mussel bed had been left un -
touched (Fig. 5J; SNK test). However, no significant
differences in the temporal variance of the availa -
bility of bare rock were found in both study sites
(Table 4, Figs. 4J & 5J).

DISCUSSION

This study followed a previous experiment that
demonstrated the buffering ability of an intact mus-
sel bed against the effects of physical disturbance
(see Oliveira et al. 2014). The present work was
aimed at evaluating the influence of each combina-
tion of past disturbances on the recovery process of
assemblages, under the main hypotheses that assem-
blages associated with an intact mussel bed sub-
jected to regularly distributed events of mechanical
disturbance would be more similar and would take
less time to converge towards unmanipulated assem-
blages than those associated with a partly damaged
or completely removed mussel bed subjected to
irregular disturbance.

The present findings suggest relatively short-term
‘legacy’ effects of experienced disturbances, al -
though we were unable to fully exclude further sub-
tle consequences of past experimental treatments
which might become visible over temporal scales
larger than that examined here. In fact, 15 mo after
the end of all manipulations, no differences due to
any combination of treatments were yet found for
multivariate and most univariate response variables,
suggesting a strong overall ability of the examined
organisms to converge towards the unmanipulated
control over such temporal scale. Effects of both the
intensity of mussel harvesting and the variability of
mechanical disturbance were evident at the earlier
sampling dates, although patterns were not consis-
tent between the 2 study sites. While whole assem-
blages differed between control and, on average,
treated plots at both sites 3 mo after the end of the
manipulative experiment, the interaction of harvest-
ing intensity and sequence of irregularly distributed
events of mechanical disturbance was significant
only in Aguda, particularly when a small removal of
the mussel bed was combined with sequence 1 of dis-
turbance and when full removal was combined with
sequence 2. Six months later, simultaneous, but sep-
arate, effects of harvesting intensity and temporal
variability of disturbance on the structure of assem-
blages were still evident in Aguda, while assem-
blages in Marreco were affected only by a main
effect of the temporal variability of disturbance. The
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present findings do not clearly support the proposed
hypothesis, although a more intense removal of mus-
sels and a larger temporal variability of disturbance
seemed to be independently important in preventing
a quick recovery in Aguda and Marreco, respec-
tively.

It could be hypothesized that multivariate patterns
might be driven by the responses of manipulated
habitat-forming mussels, but effects on recovering
Mytilus galloprovincialis only partly matched those
on whole assemblages. In general, the abundance of
mussels in Aguda was inversely related to the inten-
sity of past harvesting, with more prolonged signifi-
cant effects due to more intense past removal. This is
consistent with the documented ability of mussels
to occupy space on rocky shores and to relatively
quickly re-colonize disturbed patches, particularly in
the absence of effective consumers (e.g. Bertness et
al. 2004). The drastic reduction in the cover of mus-
sels observed in control plots in October 2013, how-
ever, was responsible for a clear reduction in differ-
ences in the cover of mussels relative to all treated
plots at both study sites. More complicated to inter-
pret is the significant effect of the sequence of
mechanical disturbance events documented in Mar-
reco in October 2013. This effect is likely due to the
different timing of events of disturbance established
according to each sequence and differences in inter-
acting with some relevant life cycle stages of M. gal-
loprovincialis. The recruitment and settlement of this
species at Portuguese locations are known to occur
throughout the year, but with peaks from May to
September (Fragoso & Icely 2009). Over the duration
of the manipulative experiment, just 2 events (one in
July 2011 and another in May 2012) of disturbance
were established according to sequence 1, while 2
sets of consecutive events (3 between July and Sep-
tember 2011, and 2 between May and June 2012)
were established according to sequence 2. Such dif-
ference might have differentially affected phases of
the life cycle of mussels that could be relevant to their
ability to recover after disturbance. For instance, it
has been shown that ex tremely stressful conditions
occurring at the time of recruitment of several sessile
species, including M. gallo provincialis, can drasti-
cally affect their patterns of distribution and abun-
dance (Wethey et al. 2011). Analogously, clustered
events of disturbance associated with sequence 2
might have hampered the attachment of mussel lar-
vae to rocks, resulting in lower abundances of mus-
sels (compared to se quence 1) recorded much later.
Of course, the establishment of exactly the same
treatments at both sites should have implied analo-

gous findings also in Aguda, but this was not the
case. This could be explained by differences be -
tween the 2 study sites in other physical and biologi-
cal processes that were impossible to control despite
the 2 sites being comparable in a number of identi-
fied factors. For example, complex and almost unpre-
dictable variations in the availability of larvae of ses-
sile organisms can be responsible for the variability
in their patterns of colonization over a spatial scale
comparable to that between Aguda and Marreco
(e.g. Raimondi 1990).

Site-specific processes might have also been res -
ponsible for the inconsistent responses documented
for the total number of taxa (a proxy for species rich-
ness). When the temporal variability of mechanical
disturbance was the key factor, such as in Aguda
3 mo after the end of the disturbance experiment, the
richness of taxa was higher in previously irregularly
disturbed plots compared to regularly disturbed
plots. This would be consistent with the supposed
relatively greater ability of past irregular disturbance
events to generate a mosaic of resources usable by a
larger set of taxa (Dayton 1971, Connell 1978, Lub -
chenco & Menge 1978, Paine & Levin 1981, Sousa
1984). Absolute differences in the number of taxa,
however, were always very small, suggesting that
caution should be exercised in attributing crucial
ecological importance to this mechanism. Moreover,
site-specific inconsistencies suggest that any possible
relationship between past disturbances and subse-
quent patterns of richness of recovering assemblages
might not be as relevant as the effects of other pro-
cesses. For example, in Aguda, the articulated coral -
line algae of the genus Corallina showed initial pat-
terns of recovery that were affected by the temporal
variability of past disturbance, this taxon being pres-
ent only in regularly disturbed and absent in irregu-
larly disturbed plots. In principle, it could be expec -
ted that events of disturbance clustered over reduced
periods of time could be particularly stressful for
most organisms whose abundance might be reduced
to lower values than by regular disturbance, these
organisms eventually needing more time to recover
(Benedetti-Cecchi 2003, Bertocci et al. 2005). How-
ever, previous findings suggested that Corallina spp.
may benefit from relatively stressful conditions due
to its mechanical resistance and its concomitant
release from competition with more sensitive species
(Bulleri & Airoldi 2005, Oliveira et al. 2014). The
present findings clearly disagree with these previous
findings, which might suggest that the direct effect of
disturbance would not be as relevant for their pat-
terns of recovery as the indirect influence of other
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processes. These other processes might also include
competitive and/or grazing relationships with other
sessile organisms that are also affected by dis -
turbance in a contrasting way. Intense grazing by
limpets, in particular, can almost completely elimi-
nate erect seaweeds, including articulated corallines,
from patches of rocky substratum (e.g. Benedetti-
Cecchi et al. 1996). In October 2012, limpets of the
genus Patella were relatively more abundant (in con-
trast to Corallina spp.) in Aguda in plots where mus-
sels had been intensely removed, and where regu-
larly distributed events of mechanical disturbance
had been applied, suggesting a possible grazing
effect on these algae.

The interaction with different types of disturbance
and the ability to occupy space in competition with
co- occurring organisms was likely responsible for the
patterns of recovery of encrusting coralline algae,
although patterns were again inconsistent between
sites. While control plots in Aguda were character-
ized by higher cover values of this taxon compared to
treated plots only 3 mo after the end of the expe -
riment and differences were no longer evident at the
next analyzed periods of recovery, later differences
were detected in Marreco depending on the interac-
tion between the intensity of mussel harvesting and
the variability of storm-like disturbances. Specifi-
cally, an intact mussel bed could buffer the effects of
physical disturbances occurring through single
events that are regularly distributed in time, while
more aggregated events could create free patches
suitable for the colonization and increase in abun-
dance of encrusting corallines (see also Oliveira et al.
2014). This is consistent with the known resistance of
these algae to mechanical disturbance and with their
subsequent colonization of disturbed patches (e.g.
Bulleri 2006). When mussels were intensely re -
moved, however, the combination with clustered
 disturbance events (in principle the condition po -
tentially able to create larger free patches) was sur-
prisingly associated with the virtual absence of en -
crusting corallines, which, instead, increased in
abundance in plots that were previously disturbed
according to the regular pattern. These results are
unlikely due to a negative effect of the most stressful
combination of past experimental manipulations that
ex ceeded the resistance ability of this algal group
(see also Oliveira et al. 2014); however, possible
explanations for the present outcome should be
found in indirect effects of past treatments. Such
mechanisms could be speculated based on the pre-
sent results, but are beyond the goals of this
 discussion.

It is interesting to notice, however, that another
taxon that is dependent on the availability of free
space, i.e. the barnacle Chthamalus spp. (e.g. Bert-
ness et al. 2004), was generally positively affected by
the intensity of mussel harvesting. Especially in
Aguda, both the mean abundance and the temporal
variance of barnacle abundance tended to be higher
in intensely harvested (‘60’ and ‘100’ treatments)
plots. Nevertheless, the patterns of availability of
bare rock during the examined recovery period of
assemblages could not support a simple interpreta-
tion of the present results, as a larger amount of free
space tended to be available in plots that had been
subjected to the lower levels of harvesting. This can
be explained by the ability of other taxa to colonize
large patches left by removed mussels and to exclude
barnacles from them. In contrast, smaller patches
could have represented a refuge for recovering bar-
nacles, once their larvae were present at the suitable
time (Keough 1984). In fact, the sequence of distur-
bance was also relevant for Chthamalus spp. Popu -
lations of C. stellatus from nearby locations were
shown to have their peaks of recruitment during
summer months (i.e. from June to late August;
 O’Riordan et al. 2004), when different numbers of
experimental events of disturbance had been per-
formed for each sequence (a single event in 2011 for
sequence 1, but 2 consecutive events in both 2011
and 2012 for sequence 2). This might have affected
the subsequent patterns of recovery of barnacles in
disturbed plots.

A potential competitor of barnacles for substratum
could be represented by the honeycomb worm Sa -
bellaria alveolata which, particularly in Marreco,
appeared to benefit from the protection provided by
an intact mussel bed (and from its ability to live
within and below mussel individuals) when events of
disturbance had been clustered; when disturbance
events had been regularly established, the worm
increased in abundance after the full removal of mus-
sels. In the absence of major disturbances, this reef-
building polychaete is described as a dominant habi-
tat-former (e.g. Wethey et al. 2011).

As could be expected, the top shells Gibbula spp.
showed little effects of past disturbances, likely due
to their mobility allowing them to quickly re-invade
disturbed patches. In the first stages of recovery in
Marreco, however, the integrity of the mussel bed
was an important factor for these gastropods as their
abundance still appeared to decrease with increase
in harvesting intensity, reaching the lowest values in
the most extremely disturbed plots (i.e. those where
mussels had been completely reduced and those
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where irregular storm-like disturbance events had
been performed). This was also the combination of
past treatments that was associated with the rela-
tively lowest value of the temporal variance of the
abundance of Gibbula spp. over the examined pe -
riod, in agreement with predictions from the scaling
relationship between the mean and the variance, by
which large fluctuations around consistently low val-
ues would not be intrinsically possible (Taylor 1961).
For these animals, it is logical to hypothesize that an
intact mussel bed could provide protection from
physical disturbance and/or predators, while increas-
ing mussel removal would expose them to increasing
stress, leading to a decrease in abundances (e.g.
Underwood 1998).

Independent of the specific mechanisms underlying
the present outcomes, this study demonstrated that
assemblages that mostly include organisms known to
withstand ‘extreme’ combinations of types, mean in-
tensity and temporal variability of disturbance can
quickly converge toward un manipulated ones. Al-
though high resilience is a key property of intertidal
organisms (Steneck 1986, Benedetti-Cecchi 2000,
Bertocci et al. 2005), the present findings raise some
warning considerations.

First, within the same level of temporal variance,
the sequence of disturbances was shown to be res -
ponsible for modifications both in the mean abun-
dance and the temporal variance of recovering
organisms, likely due to its interference with biologi-
cal traits such as reproduction, recruitment and
growth seasons. This suggests the need to design
manipulative experiments that take this point into
account when examining hypotheses in ecological
contexts similar to those of the present study (Vaselli
et al. 2008, Oliveira et al. 2014, Tamburello et al.
2014). This also raises several questions regarding
the timing of the implementation of planned distur-
bances in coastal areas, such as beach nourishment
interventions (e.g. Schlacher & Thompson 2012) and
other construction works (e.g. Airoldi & Beck 2007).
Wherever possible, these operations should be done
with reference to the timing of life cycles of the main
exposed organisms in order to guarantee their better
and faster recovery.

Second, ecological theories consider disturbance,
with the consequent elimination of dominant organ-
isms, as an opportunity for other, less competitive,
species to colonize and grow in otherwise unsuitable
conditions, which could eventually lead to an in -
crease in the diversity (particularly species richness)
of the system (Connell 1978, Huston 1994, Connell et
al. 1997). In this study, the set and total number of

taxa found in experimental plots before and during
manipulations (Oliveira et al. 2014) and during the
recovery period remained almost unaltered. This
suggests that the main effects of disturbance can be
in terms of changes in the relative abundance of the
same taxa, rather than in changes in the identity or
the overall richness of taxa (O’Connor & Crowe 2005,
Cardinale et al. 2006, Stachowicz et al. 2007, Maggi
et al. 2009, Bertocci et al. 2010).

In conclusion, this study contributes answers to
questions about the growing influence of compoun -
ded anthropogenic perturbations on coastal areas,
particularly on how different life traits can allow
exposed organisms to cope with multiple disturban -
ces through modifications of their patterns of recov-
ery over a definite time frame.
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