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INTRODUCTION

The key role of disturbance as a driver of commu-
nity structure has been the focus of much ecological
research since Dayton’s seminal paper was published
more than 4 decades ago (Dayton 1971). However,
understanding the mechanisms that influence the re-
covery of populations and communities from distur-
bances has received renewed interest, given the un-
precedented rates of human-driven disturbance to

natural ecosystems. A vast number of studies have
un covered the influence of multiple factors on rates of
community recovery. For instance, Petraitis & Latham
(1999) and Dudgeon & Petraitis (2001) ob served 2
structurally and functionally distinct community types
following simulation of different scales of disturbance
from ice scour, one dominated by the canopy-forming
alga Ascophyllum nodosum and the other by filter
feeders such as mussels and barnacles. Different
community types can also have different recovery
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rates. For example, while patches of A. no do sum had
not yet fully recovered 11 yr after disturbance (Jen -
kins et al. 2004), impressive rates of recovery for turf-
forming algae (<1 yr) have been observed (Airoldi
1998). These differences likely reflect species-specific
life-history traits (e.g. vegetative re growth vs. coloni-
sation from waterborne pro pagules).

Species richness can also influence community re -
covery. For example, Tilman & Downing (1994) found
that richer assemblages of plants had a greater resist-
ance and resilience to a severe drought (distur-
bance), while Aquilino & Stachowicz (2012) found
that the presence of herbivores and the diversity of
the surrounding assemblage also had positive influ-
ences on the rates of assemblage recovery of dis-
turbed plots. In addition, Wilson & Tilman (2002)
found that species richness was influenced by loca-
tion within a fertility-disturbance matrix. Specifically,
they found a hump-shaped relationship between
richness and disturbance at low levels of productiv-
ity, but no relationship was apparent at high levels of
productivity. These results suggest that disturbance
and productivity can have interactive effects on com-
munity structure via changes in species richness that
could, in turn, influence community recovery.

Despite general acknowledgment of the impor-
tance of scale in ecological studies, the majority of
work is still dominated by small-scale experiments
carried out in a few locations, despite calls for the
need to scale up from local to biogeographical scales
(Hewitt et al. 2007). This is important because re-
gional-scale variation in environmental factors can
modify the effects of local-scale processes (Navarrete
et al. 2005) and also because species with wide geo-
graphical distributions can show significant differ-
ences in recovery rates among geographically differ-
ent populations (Sisodia & Singh 2010, Crowe et al.
2013). One way to scale up is to replicate ex peri -
ments across large spatial scales, the so-called ‘com-
parative-experimental approach’ (Menge et al. 2002).
The benefit of such an approach is that large-scale
variability in environmental conditions (e.g. variation
in productivity) and ecological processes operating at
small scales (e.g. competition), which result in a
range of effects on patterns of community structure
and dynamics, can be accounted for (Hewitt et al.
2007) and thus provide a more holistic understanding
of ecological ecosystems. A few studies illustrate this
point. For instance, in a mani pulative study re -
plicated at 5 locations spanning 17° of latitude, Cole-
man et al. (2006) found that grazing by limpets is a
key process in rocky shore ecosystems over much of
continental Europe by controlling the abundance of

algae at mid-shore levels. Yet, grazing by limpets
had contrasting effects on assemblage variability
over the latitudinal gradient, increasing to wards the
northern locations. Another study found that both as-
semblage stability and compensatory dy namics as a
response to the loss of canopy-forming algae varied
regionally, being generally weaker towards higher
latitudes (Bulleri et al. 2012). The benefits of broad-
scale replication of small-scale studies have now
been made clear, and output from such work is en-
hancing the predictive capacity of current ecological
models (Navarrete et al. 2005).

We applied the comparative-experimental ap proach
by examining early patterns of community re covery
following disturbance of low shore intertidal assem-
blages in 3 regions within the marine province of
Lusitania: the northern coast of Portugal and the
Azores and Canary archipelagos (Fig. 1). Northern
Portugal is a transition zone between the Atlantic and
Mediterranean biogeographical regions (Lima et al.
2007, Tuya et al. 2012) and supports a highly diverse
biota where many macroalgal species have their lati-
tudinal limits of distribution (Araújo et al. 2009a and
references therein). Moreover, the At lan tic coast of
Portugal is within the northern zone of the Canary
Upwelling System, 1 of the 4 major upwelling regions
in the world (see Santos et al. 2011 and references
therein). The Canary Islands and the Azores are oce -
anic archipelagos belonging to the Maca ronesia re-
gion. The 2 archipelagos differ in that the Canary Is-
lands are considered a hotspot for biodiversity,
whereas the Azores support a comparatively less di-
verse biota due to the high degree of isolation
(>1000 km from the mainland) and recent geological
age (<8 M yr; Hawkins et al. 2000, Tuya & Haroun
2009). Unlike the adjacent continental mass, the
Cana ry Islands and the Azores are generally sur-
rounded by oligotrophic oceanic waters (Martins et al.
2007), although productivity can be occasionally high
due to island effects (see Hernández-Léon 1988).

Through experimental simulation of disturbance,
followed by observations over 12 mo, we tested the
hypothesis that disturbance would lead to different
regional-scale patterns of recovery and hence differ-
ences among regions in the magnitude or extent to
which disturbed communities differ from undis-
turbed ones in terms of species composition, richness
and relative abundance of key taxa. We tested the
influence of regional richness, productivity and sea-
water temperature on a general metric of assemblage
recovery (dissimilarity in assemblage structure be -
tween disturbed and undisturbed areas). We further
explored the data to examine what components of
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diversity (e.g. composition) may explain differences
in regional patterns of assemblage recovery. This
strategy allowed us to integrate natural history and
environmental heterogeneity in our understanding of
patterns of assemblage recovery and thus assess the
generality in recovery over a regional scale.

MATERIALS AND METHODS

Study sites

The study was undertaken on lower-shore algal-
dominated (approximately at the mean low water
height of each region) sites of the rocky intertidal at
3 locations (ranging from 6 to 70 km apart) in each
of 3 regions: northern Portugal, the Azores and the
Canary Islands (Fig. 1). All locations were selected
to be as similar in habitat as possible and hence all
locations were directly open to the sea and exposed
to wave action. All experimental plots were estab-
lished on gently sloping bedrock. The 3 regions
studied vary in environmental conditions and in the
diversity of the biota (Table 1). In northern Portugal,
the lower shore is a patchy mosaic of algae domi-
nated by coarsely-branched algae (e.g. Osmundea
spp., Dictyota spp.) or the leathery brown alga
Bifurcaria bifurcata. The Azores and the Canaries

are typically dominated by articulated corallines
(e.g. Corallina elon gata, Jania rubens) and algal
turfs consisting of coarsely branched and filamen-
tous algae (e.g. Pali sa da perforata, Chaetomorpha
spp., Osmundea spp.). At this shore level, animals
include Mytilus sp. and Sabellaria alveolata (present
only in northern Por tugal), chthamalid barnacles,
gastropod molluscs (patel lid limpets, trochid snails
and muricid whelks) and sea urchins (Paracentrotus
lividus). These animals were generally rare in our
study locations at the chosen shore level.
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Fig. 1. Sampled locations in (1) northern Portugal, (2) Azores and (3) the Canary Islands

Region                                   SST            Chl a         No. of 

                                              (°C)         (mg m−3)     species 

Northern Portugal             11−20a     0.50−18.50a       58

Azores (São Miguel)          14−23b      0.10−0.27c        48

Canaries (Gran Canaria)   18−23d     0.13−0.35e        52

aTuya et al. (2012), bInstituto Hidrográfico (2000),
cAmorim (2008), dNavarro et al. (2012), eTuya et al. (2006)

Table 1. Differences in environmental conditions among re-
gions. Data are typical daily minimum and maximum values
through an entire annual cycle. The total number of species
for each region (as found in this study) is also included. SST: 

sea surface temperature
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Sampling design

At each location, a stretch of coast roughly 50 m
wide was chosen, and a total of 30 plots (15 × 15 cm)
were haphazardly established, a minimum of 1 m
apart, on the lower algal-dominated shore in areas of
gently sloping and well-drained bedrock. Plots were
marked with stainless steel screws driven into the
substrate and a plastic tag and then randomly as -
signed into 1 of 2 treatments: disturbed (15 replicate
plots) and control (15 replicate plots). Disturbed plots
were cleared of biota by chiseling and scrubbing off
all visible biota and blow-torching afterwards. Con-
trol plots were left unmanipulated. The chosen size of
the disturbances is within the size of gaps easily
recognised in the field that are probably the result of
a number of processes such as the physical abrasion
caused by the movement of nearby boulders, the loss
of bedrock as a consequence of high wave action or
even the consequence of grazers (e.g. sea urchins).
To discern potential differences resulting from timing
of disturbance (i.e. season), disturbances were ap -
plied at 3 times (April, July and October of 2011).
Five replicate plots (of the 15 assigned to the distur-
bance treatment) were randomly assigned to each
time. Preliminary data analyses showed that assem-
blages developing after disturbances made at differ-
ent times of the year converged rapidly after a few
months of succession in all regions and there was no
difference in the structure of 12 mo old disturbed
assemblages as well as that of controls related to the
timing of disturbance (see Table S1 in the Supple-
ment at www. int-res. com/  articles/ suppl/ m517p131  _
supp.   pdf). Therefore, for the purpose of this study,
data from the 3 starting dates were pooled.

Plots were visually inspected 1, 3, 6, 9 and 12 mo
after the disturbance. Algae were quantified by as -
signing a score of 0 to 4 (0 being absent, 4 being full
cover) to each taxon within each of the 25 subdivi-
sions of the sampling quadrat (15 × 15 cm). The sub-
division scores were summed to produce an estimate
of percentage cover for each taxon (Dethier et al.
1993). Sampling in northern Portugal, where canopy
species were present, was done in 2 layers: canopy
and understory algal turf.

Species that were present inside quadrats but
whose abundance was less than ¼ of a subdivision
were recorded as present and later assigned an arbi-
trary cover of 1%. All species were identified in situ
to the lowest taxonomic resolution possible. Where in
doubt, sample specimens were collected nearby and
brought to the laboratory for later identification. Five
independent control plots were assigned randomly

as controls for each of the seasonal disturbance
events and were only sampled at the end of each of
the seasonal experiments (corresponding to the
12 mo old disturbed plots).

Data analysis

Early patterns of assemblage recovery

In order to test whether disturbed assemblages had
fully recovered by the end of the study period, we
used a 3-way permutational multivariate ANOVA
(PERMANOVA) with the factors: Treatment (2 levels:
12 mo old disturbed vs. control; fixed), Region (3 lev-
els, fixed and orthogonal to Treatment) and Location
(3 levels, random and nested within Region). The
analysis was based on Bray-Curtis similarity matrices
calculated from fourth root-transformed data (Quinn
& Keough 2002). Data were graphically represented
using non-metric multidimensional scaling.

The extent to which disturbed assemblages recov-
ered was also estimated by calculating the dissimi -
larity from each disturbed plot at the end of 12 mo
to the centroid of the unmanipulated controls also
based on Bray-Curtis similarity matrices calculated
from fourth root-transformed data (Quinn & Keough
2002) in a way similar to that described by Donohue
et al. (2013) to measure community resistance. To test
the hypothesis that the extent of early patterns of
assemblage recovery differs among regions, the esti-
mates of Bray-Curtis similarity were analysed using
ANOVA as in Donohue et al. (2013). In this case, we
used a 2-way ANOVA with the factor Region (3 lev-
els; fixed) and Location (3 levels; random and nested
within region). As mentioned above, plots from the 3
timings were pooled, so that a total of 15 replicates
(5 replicates × 3 disturbance timings), all 12 mo old,
were available for the analyses. Prior to analysis,
 heterogeneity of variances was tested using Coch -
ran’s test and transformations were applied if nec -
essary (Underwood 1997). Student-Newman-Keuls
(SNK) tests were used to resolve significant differ-
ences within regions.

Regional-scale predictors of early patterns of
 assemblage recovery

We used multiple linear regression to examine
whether the extent of assemblage recovery (as deter-
mined above) varied with regional species richness
and sea surface temperature (SST; see Table 1 for
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source data). Productivity level (chlorophyll a, chl a)
was removed from the predictor variables due to
strong collinearity with both regional species rich-
ness and SST (r > |0.91|). Regional species richness
used in the analysis was calculated from our dataset
by counting the total number of species within each
region. This approach was taken to ensure compara-
bility among regions, as regional species richness
calculated from published species lists are influenced
by variable sampling effort and expertise among
regions (Tuya & Haroun 2009). SST and chl a concen-
tration were not available as raw data (e.g. mean
daily SST) for all regions. For some regions, the only
information we were able to access was the annual
range of values. As a result, we used the median
value as the fully trimmed mid-range for each region
in the analyses.

Early patterns of recovery and regional-scale
differences in diversity

Species richness, number of rare species and the
abundance of macroalgal morpho-functional groups
were contrasted between the 12 mo disturbed and
control plots using a 3-way mixed model ANOVA
with the factors Treatment (2 levels, fixed), Region (3
levels, fixed and orthogonal to Treatment), and Loca-
tion (3 levels, random and nested within Region). The
number of rare species was estimated independently
for each region and was defined as the number of
species that were present in less than 5% of all the
samples in that region. We found that species fre-
quency (incidence) and abundance were highly cor-
related (r = 0.83), and our definition of rare species
included species that had on average an abundance
<6%, which is often regarded as the limit between
rare and occasional categories of abundance scales
(e.g. ACFOR scale; Crisp & Southward 1958). The re -
lative proportions of rare species were calculated for
each plot. Variation in macroalgal abundance was
investigated separately for 6 different morpho-func-
tional groups according to Steneck & Dethier (1994)
and Tuya & Haroun (2006): sheet-like algae, filamen-
tous algae, coarsely-branched algae, leathery algae,
articulated coralline algae and crustose algae.

We also analysed 2 different components of assem-
blages to test (1) how much of the recovery was due
to the presence of species in disturbed plots also
found in controls, and (2) how much of the recovery
was due to the recuperation of total algal cover in
comparison to the control plots. The former was cal-
culated for each disturbed plot as the percentage of

species established in the disturbed plot that were
also present in control plots (pooled together for the
corresponding location within each region). The lat-
ter was calculated for each disturbed plot as the per-
centage of algal cover in disturbed plots relative to
the average of controls (for the corresponding loca-
tion within each region). These data were analysed
using 2-way ANOVA as described above.

Although we sampled disturbed plots through time,
we restricted our comparisons and analyses between
disturbed and control plots to the last sampling time
(12 mo after the initial disturbance) because control
plots were sampled only at 12 mo. Data from other
sampling times were used to describe successional
patterns.

RESULTS

Early patterns of assemblage recovery:
 relationship with ‘environmental’ data

In total, we recorded 95 species of algae in our
study plots (see Table S2 in the Supplement). North-
ern Portugal had the overall greatest richness (58
species), followed by the Canary Islands (52 species)
and the Azores (48 species; Table 1, Table S2).
Colonisation of disturbed plots was rapid and succes-
sion occurred quickly (see Fig. S1 in the Supplement).

By the end of the study period (12 mo), disturbed
assemblages had not fully recovered in any of the 3
regions (Fig. 2, PERMANOVA: significant Treatment
× Region interaction, p < 0.01; pairwise comparisons

Stress: 0.06

Fig. 2. Non-metric multidimensional scaling comparing the
assemblage structure in 12 mo old disturbed plots (black
symbols) and unmanipulated controls (open symbols) in each
of the 3 regions: northern Portugal (circles), Azores (squares),
Canary Islands (triangles). Points within each region repre-
sent the centroid for each of the 3 locations, respectively
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showed that assemblage structure of disturbed and
control plots differed with p < 0.05 in all regions).

Similarity between 12 mo old disturbed and control
plots (recovery) varied significantly among regions
(Fig. 3, Table 2). The Canary Islands showed the
greatest similarity; disturbed assemblages had a
mean (± SE) percentage similarity of 61.4 ± 1.5% rel-
ative to controls (Fig. 3). Early patterns of assemblage
recovery in northern Portugal were significantly
slower, with a mean percentage similarity of 36.0 ±
2.1% between disturbed and control plots (Fig. 3).
Early patterns of recovery in the Azores were
halfway between those found in the Canary Islands
and in northern Portugal and not significantly differ-
ent from either, with a mean percentage similarity of
48.2 ± 2.4% between disturbed and control plots
(Fig. 3).

Multiple regression analysis showed that the over-
all model significantly deviated from random and
that temperature, but not richness, explained a sig-
nificant proportion of the variation (Table 3).

Early patterns of assemblage recovery and
regional-scale variation in diversity

Twelve months post disturbance, there were
regional-scale differences in the richness between
disturbed and control plots (Fig. 4, Table 4). SNK
analysis revealed that mean plot richness in dis-
turbed and control plots was similar in both the
Azores and the Canary Islands, whereas in north-
ern Portugal, disturbed plots supported a signifi-
cantly lower richness compared to undisturbed
control plots. There was also regional variation in
the percentage of those species found in controls
that were also present in disturbed plots (Table 5).
In the Azores and Canary Islands, 31% and 36%,
respectively, of the species present in control plots
were also present in disturbed plots 12 mo post
disturbance, but in northern Portugal this figure
was  significantly lower at only 19% (Fig. 5, Table
5). Regional-scale differences were also observed
in total cover of algae in disturbed plots in relation
to controls (Table 5). Again, total algal cover in
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Source                     Estimate       SE             t                p

Intercept                   −80.46      70.71      −1.138      0.2986
Regional richness     0.49      0.86      0.573       0.5877
SST                            5.67      1.73      3.285       0.0167

Model: F = 8.035, df = 6, p = 0.020, r2 = 0.73

Table 3. Multiple regression comparing the effects regional-
scale richness and sea surface temperature (SST, °C) on the
mean similarity between 12 mo old disturbed and control
plots. The concentration of chlorophyll a was excluded due 

to high collinearity

Source                            df           MS            F              p

Region                            2        7253.48      8.00        <0.05
Location (Region)           6        906.71      5.92      <0.001
Residual                        126      153.22                          
Cochran’s                        C = 0.21                 
Transformation                  None                    
SNK for Region               AZ = CI, AZ = NP, CI > NP
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Fig. 3. Mean (+SE) Bray-Curtis similarity in assemblage
structure between the 12 mo old disturbed plots and the 

centroid of the corresponding unmanipulated controls
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Fig. 4. Mean (+SE) algal richness in 12 mo old disturbed 
plots (grey bars) and unmanipulated controls (black bars)

Table 2. Two-way ANOVA comparing the similarity between
12 mo old disturbed plots and controls among regions and lo-
cations within regions (NP: northern Portugal; AZ: Azores; 

CI: Canary Islands). SNK: Student-Newman-Keuls test
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disturbed plots in the Canary Islands was more
similar to controls compared to the situation in
northern Portugal (Fig. 5). Unlike the case found
for the number of species, however, total algal
cover in disturbed plots in the Azores was still rel-
atively low and more similar to that found in
northern Portugal (Fig. 5, Table 5). In other words,
disturbed plots in the Canary Islands were very
similar to control plots both in terms of species
composition and total algal abundance cover. In
contrast, disturbed plots in northern Portugal ex -
hibited a much more dissimilar structure in terms
of species composition and total algal cover. In the
Azores, disturbed plots were similar to controls in
terms of species composition, but not in terms of
the total algal abundance.

Adding to the above, the proportion of rare species
was similar in 12 mo old disturbed and control plots,

and this result was consistent among regions (see
Table 4), suggesting that rare species were not re -
sponsible for the lower similarity found be tween dis-
turbed and control plots in northern Portugal, and to
a smaller extent, in the Azores.

Early patterns of assemblage recovery and
regional-scale  variation in macroalgal

 morpho-functional groups

Twelve months after simulated disturbance, dif-
ferences in the abundance of algae between dis-
turbed and control plots varied among regions
only for filamentous algae (significant ‘12 vs. C ×
Region’ inter action, Fig. 6, Table 6). SNK analyses
showed that filamentous algae were significantly
more abundant in disturbed plots in the Azores,
less abundant in disturbed plots in northern Portu-
gal and similarly abundant in disturbed and
control plots in the Canary  Islands. Encrusting

Source                      df Richness % of rare species
                                               MS          F             MS        F

12 vs. C                     1         0.13    0.02        0.01    0.53
Re                              2         145.67    2.96        <0.01    0.08
Lo(Re)                       6         49.13 11.29***   0.04 3.14**
12 vs. C × Re             2         41.54   6.44*       <0.01    1.16
12 vs. C × Lo(Re)      6         6.35     1.48         0.01    0.83
Residual                 252       4.35     0.01                         
Cochran’s                   C = 0.12   C = 0.13
Transformation             None       None
SNK tests                   12 vs. C×Re interaction
                                                      NP: 12 < C
                                                      AZ: 12 = C
                                                       CI: 12 = C

Table 4. Three-way ANOVA comparing the richness and the re -
lative number (%) of rare species between 12 mo old disturbed
plots (12) and controls (C) across regions (Re) and locations
within regions (Lo(Re)). Region codes as in Table 2. *p < 0.05,
**p < 0.01, ***p < 0.001. SNK: Student-Newman-Keuls test

Source                  df  Relative numbers Relative 
                              of species      algal cover
                                          MS          F                  MS        F

Re                         2      3427.31    12.25**        6772.53    9.05*
Lo (Re)                 6        279.87      3.66**          748.74    1.05
Residual             126        76.47                          711.20
Cochran’s              C = 0.19    C = 0.20
Transformation        None        None
SNK for Regions  AZ = CI > NP AZ = Np < CI

Table 5. Two-way ANOVA comparing the relative number of
species present in disturbed plots and total algal cover in relation
to undisturbed control plots. Region codes as in Table 2. *p <
0.05, **p < 0.01, ***p < 0.001. SNK: Student-Newman-Keuls test
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in disturbed plots as a function of controls. For further details, 

see ‘Results’
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algae were significantly more abundant in the 12
mo old disturbed plots, and this was consistent
across regions (Fig. 6, Table 6). For the re maining
macroalgal groups (articulated coral line, coarsely
branched, leathery algae and sheet-like algae),
differences in the abundance between disturbed
and control plots varied among locations, but not
among regions (Fig. 6, Table 6).

DISCUSSION

Early patterns of assemblage recovery differed
among regions. Similarity between disturbed (12 mo
old) and control plots was greatest in the southern-
most region (Canary Islands) and lowest in the north-
ernmost region (northern Portugal), with the Azores
showing an intermediate scenario. Similarity be -
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tween disturbed and control plots was positively
influenced by SST, but not by regional species pool.
Although our observational approach cannot be used
to infer causality, our results do not support the gen-
eral idea that recovery should be greater (or faster) in
richer communities (Tilman & Downing 1994, Aqui -
lino & Stachowicz 2012). This is potentially a conse-
quence of the limited variation in regional species
richness (10 species difference between the richest
and poorest region). It should also be noted that our
study only concerns early patterns of community as -
sembly and that the influence of regional species
richness might become more important during later
stages of the community assembly process. Another
possibility is that regional-scale variation in species
identities (or even the frequency of species occur-
rence) is substantially more important in determining
community recovery than regional richness per se.
Evidence supporting this argument is discussed in
more detail below. However, our results clearly indi-
cate that over the regional scale of our study, temper-
ature has a great influence on the early development
of disturbed communities, and may override the ef -
fects of other environmental and biotic factors. That
recovery was greatest with increasing temperature is
biologically intuitive and supported by extensive evi-
dence indicating that temperature generally has
a profound influence on species’ metabolic rates
 (Gil looly et al. 2001), including algal growth rates
(Lobban & Harrison 1997).

Estimates of assemblage recovery extent, as deter-
mined in this study (via the Bray-Curtis index) can be
influenced by 2 components of the assemblage struc-
ture: one relating to the composition of the species
(presence or absence of species) and the other re -
lated to the relative abundance of species. We found
that this distinction was important and helped our
understanding of the recovery process in our study
system, for instance by explaining the intermediate
levels of similarity between disturbed and control
plots found in the Azores.

Natural communities are generally dominated by a
few common species and many relatively rare spe-
cies (Gaston 1994, Kunin & Gaston 1997). Given the
importance of species identity to estimates of assem-
blage recovery extent, as used here, patterns of dis-
tribution of rare species were expected to explain
potential differences in assemblage recovery. Yet,
patterns of distribution of rare species were similar
not only among regions, but also between disturbed
and control plots, suggesting that regional-scale vari-
ation in the recovery of disturbed plots was associ-
ated with the common species.S
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Over the past 4 decades there has been increasing
recognition of the importance of species identity,
rather than purely species numbers, in determining
ecosystem processes (e.g. Harvey et al. 2013), includ-
ing studies on macroalgae (Bruno et al. 2005, 2006).
While the 3 regions are part of the Lusitania pro -
vince, there are marked differences in species com-
position among them, especially between northern
Portugal and the insular regions. For instance, north-
ern Portugal is the southern limit of many cold-
 temperate, large, canopy-forming brown algae (e.g.
Asco phyllum nodosum, Araújo et al. 2009b).

Canopy-forming algae are considered key habitat
formers (ecosystem engineers, sensu Jones et al.
1994) that influence community structure via modifi-
cations of spatial complexity and the physical envi-
ronment (e.g. temperature, shading; Reed & Foster
1984, Duggins et al. 1990), and can influence assem-
blages both positively (e.g. ameliorating stress condi-
tions) and negatively (space monopolization; Bert-
ness et al. 1999, Jenkins et al. 1999, Bulleri et al.
2002). However, large canopy-forming algae gener-
ally have slow growth rates, taking a long time to
fully recover biomass to pre-disturbed levels (e.g.
Jenkins et al. 2004). Moreover, canopy-forming algae
generally have short and well-defined periods of
recruitment (Mathieson 1976, Hawkins 1981), which
may influence the outcome of competitive interac-
tions (e.g. Benedetti-Cecchi 2000). Two locations out
of the 3 examined in northern Portugal were, indeed,
dominated by leathery algae, in this case Bifurcaria
bifurcata (see Fig. 6). Thus, it is not surprising that
12 mo after disturbance, the cover of B. bifurcata, a
slow-growing alga, had not fully recovered. Even
though the cover of B. bifurcata varied among loca-
tions in northern Portugal, its presence in the north
appears to be the main reason accounting for the dif-
ferences among regions in early patterns of recovery
from disturbance; more specifically, the ‘slower’ re -
covery in northern Portugal compared to the Canary
Islands.

Unlike northern Portugal, articulated corallines
and a complex matrix of turf-forming algae dominate
the lower shore in the Azores and Canary Islands.
These turfs are generally composed of a myriad of
small filamentous species, and composition varies
considerably over small and large spatial scales
(Airoldi 2001), reflecting variable patterns of recruit-
ment through time (Coleman 2003). In contrast to
leathery algae, turfs have the ability to quickly re -
cover from disturbances and secure vacant space via
rapid lateral vegetative growth (Airoldi 1998, Mar-
tins et al. 2010); this helps to explain the greater sim-

ilarity between disturbed and control plots (and
hence recovery) found in the Azores and Canary
Islands.

In addition to the above, Viejo et al. (2008) showed
that the experimental removal of ephemeral algae,
mostly comprised of Ulva spp., positively affected the
establishment of Fucus spp. and that this effect was
more pronounced lower on the shore. That is, ephe -
meral algae can also have a negative effect on rate of
assemblage recovery via inhibitory effects on the es-
tablishment of later-successional species (Jenkins &
Martins 2010). In our study, the abundance of sheet-
like algae, mostly Ulva spp., was indeed significantly
greater in northern Portugal compared to the other re-
gions, especially in disturbed plots. This adds weight
to the idea that regional-scale differences in commu-
nity recovery extent can be affected by regional-scale
differences in the abundance of key species. In fact,
although eliminated from the model (due to strong
collinearity with the other predictor variables), there
was a significant and negative correlation between
early patterns of assemblage recovery and productiv-
ity (chl a). This suggests that, at least during the early
stages of community assembly, productivity may ad-
versely influence the recovery process. A possible ex-
planation is that high productivity promoted the pro-
liferation of early successional ephemeral species
such as Ulva spp. (as observed in northern Portugal),
with inhibitory effects on the establishment of late-
successional perennial species (Viejo et al. 2008).

A closer inspection of plots in northern Portugal
supports the above arguments. At Aguda, where
canopy species were naturally absent and the abun-
dance of sheet-like algae was lower (see Fig. 6), sim-
ilarity between disturbed and control plots was much
higher than in the 2 other locations (see Fig. 3), and
was more similar to some found in the Azores. These
results reinforce the potential community-level influ-
ence of canopy species (Jenkins et al. 2008) and
sheet-like algae (Viejo et al. 2008), suggesting that
regional-scale differences in the spatial distribution
of algal canopies and in the local abundance of
ephemerals may actually be the key factors control-
ling the processes of community recovery from dis-
turbances. The idea that a small number species can
have a disproportionate community-level effect is
deeply rooted in marine ecology (Paine 1969) and is
often shown to be of greater importance than rich-
ness per se (e.g. O’Connor & Crowe 2005).

It is interesting to note, however, that while the
presence of canopy algae seems to play a key role in
‘delaying’ the recovery of disturbed communities,
they can concomitantly have a positive effect on as -

Mar Ecol Prog Ser 517: 131–142, 2014
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semblage resistance to disturbances (Bertocci et al.
2010). This duality of relationships (negative and
positive) between the various components that make
up ecological stability (e.g. resistance, recovery, com-
positional turnover) has been noted by Donohue et
al. (2013). From a conservation point of view, our re -
sults suggest that recovery rates of low-shore algal-
dominated communities in the environments studied
depend primarily on the presence of canopy-forming
algae (and the abundance of ephemerals). Shores
dominated by canopy-forming algae, al though resist-
ant to some types of disturbances (Ber tocci et al.
2010), have a much lower recovery rate (resilience).
Canopy-forming algae are an important component
of coastal ecosystems sustaining many ecological
functions and services (e.g. wave dissipation, shad-
ing), but are increasingly being replaced by algal
turfs along urbanised coasts (e.g. Benedetti-Cecchi et
al. 2001, Gorman et al. 2009). These results should be
taken in consideration when planning the restoration
of disturbed habitats.

From a restoration point of view, further studies
should thus focus on identifying the context-depen-
dencies of the influence of disturbance scale and its
interactive effects with regional-scale differences in
environmental conditions (e.g. temperature) on the
recovery of disturbed communities.
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