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Abstract
The aim of this study is to compare the recovery dynamics in three shrub communities subjected to
experimental burning and cutting, and situated on an altitudinal gradient. Climatic features are diﬀerent in
each area, but all had the common characteristic of very homogeneous vegetation cover before the disturbances, with only one shrub species clearly dominant, a diﬀerent taxon in each area, and with diﬀerent
regeneration strategies. The ﬁrst area was a heathland dominated by Calluna vulgaris, situated at an altitude
of 1600 m, with a continental climate (mean annual precipitation 1320 mm). The second area was a
heathland dominated by Erica australis, located at an altitude of 1000 m (mean annual precipitation
840 mm). The third area was a Cistus ladanifer shrubland, located at 900 m altitude, with a Mediterranean
climate similar to that of the previous area, but with lower mean annual precipitation (470 mm). Erica
australis recovers by vegetative resprouting, but Cistus ladanifer is an obligate seeder, as is Calluna vulgaris
in these areas. Each experimental disturbance was carried out over 100 m2 in each area. Post-ﬁre recovery is
faster in Cistus ladanifer: 2 years after burning there was 40% cover vs. less than 20% in the other two
species. However, recovery after cutting was similar for Cistus ladanifer and Erica australis. Calluna vulgaris
recovers very slowly, with cover values below 20% even 10 years after both disturbances. Cover of dominant shrub species is negatively correlated with cover of herbaceous species. So diﬀerent recovery of
dominant species lead a diﬀerent community dynamic in each area.

Introduction
Communities in the Mediterranean Basin, as they
exist at present, are a result of human activity to a
great extent (Naveh and Lieberman 1990; Pausas
1999; Luis-Calabuig et al. 2000; Trabaud 2000).
This has resulted in a gradual replacement of the
original forest by shrub communities. In addition,
these communities have spread more and more in
the last few decades as a result of pasture and
cultivation set-aside, with the consequent onset of

secondary succession processes. Most of these
ecosystems show great resilience to disturbance
and usually recover by an autosuccession process
(Hanes 1971; Naveh 1975, 1999; Dell et al. 1986;
Trabaud 1987; Casal et al. 1990; Mazzoleni and
Esposito 1993; Luis-Calabuig et al. 2000). In the
province of León, as in most of Spain, shrublands
are very abundant, covering 33% of the surface
area (Ministerio de Agricultura 1984). Fire is one
of the common management methods used by
shepherds to reduce the proliferation of woody
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species and maintain pastures, both in the mountains (higher than 1500 m above sea level) and on
the plains (800–1000 m). The second most common type of disturbance is cutting in order to
obtain domestic fuel and fertilizers, for example
(Casal 1985; Calvo et al. 2002a). Most of the shrub
species in these communities recover by vegetative
resprout, but others, like Cistus species, are considered obligate seeders, with seeds whose germination is stimulated by heat (Valbuena et al. 1992;
Trabaud 2000).
The response of the communities to disturbance
partly depends on the type of disturbance and the
adaptive traits of the species present. Climatic
conditions also have a huge inﬂuence on the speed
of recovery. The aim of this study is to compare
the recovery dynamics in three shrub communities
submitted to two experimental disturbances
(burning and cutting) and situated on an altitudinal gradient (900–1600 m). Climatic features are
diﬀerent in each area, but all of them had the
common characteristic of being very homogeneous before disturbance, with only one shrub
species clearly dominant, although a diﬀerent one
in each area (Calluna vulgaris, Erica australis and
Cistus ladanifer). These communities have composed by three diﬀerent shrub species with different recovery response: Erica australis is a
facultative resprouter and recovers mainly by
vegetative resprouting (Calvo et al. 1998, 2002a);
while, Cistus ladanifer is an obligate seeder (LuisCalabuig et al. 2000; Tárrega et al. 2001) as is
Calluna vulgaris in these areas (Calvo et al.
2002b). Knowledge of the recovery dynamics of
each community in relation to the type of disturbance is essential for suitable landscape management.

Materials and methods
Three shrub areas situated in the province of León
(NW Spain) were chosen for the study. All had a
very homogeneous structure, the dominant shrub
plants being more than 20 years old. They were
secondary stages of succession, which started as a
consequence of the abandonment of old ﬁelds or
pastures. The dominant species was diﬀerent in
each area, as were the soils (Mapa de Suelos de
Castilla y León 1988) and climatic features (Ministerio de Agricultura 1980).

The ﬁrst zone is a Calluna vulgaris heathland
situated in the San Isidro mountain pass, at an
altitude of 1600 m, with no slope. Its MTU coordinates of 30TUN072695. The soils are Leptosols
and the climate is continental (mean annual precipitation is 1320 mm, without a dry period, mean
annual temperature is 5.5 °C, mean minimum in
the coldest month is 3.5 °C and mean maximum
in the warmest month is 18.5 °C). The dominant
species, Calluna vulgaris, had a mean cover greater
than 80%; other woody species present were Erica
tetralix, Erica australis and Vaccinium myrtillus
(mean cover less than 5%). Herbaceous species
were not abundant (total cover less than 5%).
The second zone, is an Erica australis heathland
situated at an altitude of about 1000 m, with no
slope. Its MTU coordinates 30TUN248336. The
soils are Humic Cambisols and the climate is cool
temperate Mediterranean (mean annual precipitation is 840 mm, with a dry period in July and
August, mean annual temperature is 10.9 °C,
mean minimum in the coldest month is 1.1 °C
and mean maximum in the warmest month is
26.9 °C). Erica australis had a mean cover higher
than 75%, other woody species (Calluna vulgaris,
Halimium alyssoides, Halimium umbellatum and
Thymus zygis) had less than 1% cover. Herbaceous
species were also less than 1%.
The third zone, is a Cistus ladanifer shrubland
situated at an altitude of about 900 m, with no
slope. Its MTU coordinates 29TQG3929. The soils
are Regosols and the climate is cool temperate
Mediterranean (mean annual precipitation is
470 mm, with a dry period in July and August,
mean annual temperature is 10.5 °C, mean minimum in the coldest month is 1.0 °C and mean
maximum in the warmest month is 26.5 °C). The
dominant species was Cistus ladanifer with mean
cover greater than 70%. The other woody species
present, Lavandula stoechas and Halimium
umbellatum, were less abundant (less than 5%).
Herbaceous species were scarce with mean cover
below 4%.
The experimental disturbances were carried out
in two 100 m2 plots in each area. One of the plots
was burned in summer simulating a wildﬁre, in the
other all the woody aboveground biomass was cut
to ground level (July 1985 for cutting and July
1986 for burning in the Calluna community, July
1985 for both disturbances in the Erica community, and July 1989 for both disturbances in the
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Cistus community). To record changes in the plant
communities, 5 quadrats (1 m2 each) were randomly chosen during the ﬁrst sampling and these
were sampled annually in June for 10 years (data
from the ﬁrst year after disturbances were not
available for the Erica community nor for the ﬁrst
year after cutting in the Calluna community). The
cover in vertical projection of each species was
visually estimated.
A three factor ANOVA (zone, disturbance and
time, repeated measure) were carried out in order
to compare total cover, dominant species cover
and richness/m2 values, distinguishing woody
species, perennial and annual herbaceous species.
Previously the sampling normality was checked by
the David test (David et al. 1954) and the homogeneity of the variances by the Cochran test
(Cochran 1941).
Temporal trends in woody, annual and perennial herbaceous species cover were analysed by
testing the curve ﬁtting to the more usual growth
curves. The mean cover values of the species in the
5 quadrats in each plot and sampling period, were
used in these analysis.
In order to establish if there were general trends
in the post-disturbance recovery in the three
shrublands, a principal components analysis was
carried out considering 7 variables: woody, annual
and perennial herbaceous species richness (species
number), and woody, annual and perennial herbaceous species cover, as well as cover of the
dominant species in the pre-disturbance situation.

Results
Total cover tends to increase over time, although
with oscillations (Figure 1). The lowest values are
observed in the ﬁrst 2 years, except in the cut
Cistus plot, with cover of over 70% in the ﬁrst
year. The highest cover values usually appear in
the Calluna community from the third year, particularly in the cut plot, with values of over 100%
due to strata superposition. Signiﬁcant diﬀerences
in total cover (F = 13.95; p<0.05) between burnt
and cut plot were only found in the Calluna
community. The contribution of the dominant
species before the disturbances to the post-disturbance total cover value is much lower in the
Calluna community than in the other two communities and it is signiﬁcant lower (F = 13;

p<0.05) in the cut plot than in the burned plot. In
contrast, the contribution of the Erica species,
with intermediate recovery characteristics, to total
cover in this community is usually greater in the
cut plot than in the burned one, especially in the
ﬁrst few years, but these diﬀerences are not signiﬁcant (F = 0.17; p>0.05). On the other hand,
Cistus represents almost 50% of total cover 1 year
after burning and more than 70% from the second
year; the proportion in the cut plot is somewhat
lower in the ﬁrst few years, but is more than 80%
of the total in both plots from the sixth year. So,
there are a diﬀerent recovery dynamic among the
three communities with signiﬁcant diﬀerences in
total cover between zones (F = 4.48; p<0.05) and
with signiﬁcant interaction between the factor
zone and the factor time (F = 2.09; p<0.05) in
the tree way ANOVA.
The cover of woody species tends to increase in
the three burned plots, with a signiﬁcant ﬁtting
(p>0.99) from a logarithmic curve (Figure 2a).
However, recovery is more rapid in the plot
dominated by Cistus, with values close to 30%
one-year post-ﬁre and above 40% from the second
year. In contrast, in the Calluna plot woody cover
is below 1% one-year post-ﬁre and shows the
greatest annual oscillations. The Erica plot has
intermediate characteristics, with 20% cover in the
second year and values of approximately 40%
from the fourth year. Perennial herbs show no
clear temporal tendency in the two plots with a
Mediterranean climate, although their cover is
lower in the Cistus plot. The perennial herbs in the
Calluna plot are also abundant and tend to increase in cover over time, with a signiﬁcant ﬁtting
(p>0.95) to a logarithmic type curve. In addition,
interannual variation is observed which, in some
years, is opposite to that of the woody species. In
this plot the annual species show no temporal
trend, with cover below 1% in the ﬁrst 2 years and
close to 40% in the third. However, their cover is
always below 20% in the other two plots and,
moreover, tends to diminish with a signiﬁcant
logarithmic ﬁtting (p>0.99) in the Cistus plot,
while there is a linear ﬁtting in the Erica plot
(p>0.95).
Woody species show a similar tendency in the
cut plots to that observed in the burned plots
(Figure 2b). Only in the Calluna community cut
plot there is a signiﬁcant ﬁtting (p>0.99) towards
a linear regression pattern, indicating that cover
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Figure 1. Changes in total plant cover and cover of the dominant species (mean values and standard error) in each community during
the study period.

continues to increase and that there is still no
detectable tendency towards stabilization after
10 years. In the last years the highest woody
cover is recorded in the cut Cistus community, as
in the burned plots. There are more interannual
variations in the cut plots of Calluna and Erica
than with Cistus. Perennial herbs are more
abundant in the Calluna community (between 30
and 65% cover) and do not show any temporal
tendency. They do not reach 30% in the other
two communities, although they come close to
this value in the Erica community in some years.
Their cover in the Cistus community does not
reach 20% in the ﬁrst year and tends to decrease
in the following years, with a signiﬁcant ﬁtting to
a logarithmic curve with a negative slope
(p>0.99). Annual cover is usually below 5% in
the Calluna and Erica plots but very abundant in
the Cistus plot in the ﬁrst 2 years with a marked
decrease afterwards.
Mean species richness by square metres does not
present any great variations in the Calluna community, with the lowest value 1 year after burning
(<5 species) and the highest in the tenth year
(>12 species); variation in the cut plot is even

lower than 9 species throught study period
(Figure 3). This community has the signiﬁcant
lowest number of annual herbs (F = 10.41;
p<0.05) and in the ﬁrst years the lowest species
richness of the three communities. In each year, the
highest numbers of species were perennial herbs.
Mean species richness in the Erica community is
greater than in Calluna community, reaching its
maximum value in the ﬁfth year in the burned plot
(17 species) and its minimum in the tenth year (8
species); richness in the cut plot oscillates between
10 and 14 species except in the seventh year, when
only 7 were recorded. This community has the
signiﬁcant highest number of perennial herbs
(F = 47.39; p<0.05) but, in addition, has a greater
diversity of annual species in comparison with the
Calluna community. A temporal tendency in species richness is only observed in the Cistus community, with higher values in the ﬁrst 2 years after
the disturbances, whilst there are interannual
variations without any clear tendency in later years.
Woody species (F = 20.74; p<0.05), perennial
herbs (F = 7.74; p<0.05) and annual species
richness (F = 31.59; p<0.05) are signiﬁcant
greater in the cut plot than in the burned one in

179

Figure 2. (a) Cover values for woody, perennial herbaceous and annual species in the burned plots during the study period. Curve
ﬁtting is only included when the ﬁt is signiﬁcant (>95%). (b) Cover values for woody, perennial herbaceous and annual species in the
cut plots during the study period. Curve ﬁtting is only included when the ﬁt is signiﬁcant (>95%).
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Figure 3. Changes in mean species richness/m2 and standard error (total, woody, perennial herbaceous and annual species) in each
community during the study period.

Cistus community. Annual species usually exceed
the number of perennial herbs in this community.
Two principal component analyses (PCA) were
carried out for the global comparison of results,
one using data from the burned plots of each
community and the other using the data from the
cut plots. In the PCA data from the burned plots,
the ﬁrst axis (explained variance = 46%) separates the cover of herbaceous species, with positive
values, from the cover of woody species and the
pre-disturbance dominant species, both with negative values (Figure 4a). Pearson’ correlation index is negatively signiﬁcant (Table 1) between
dominant species cover and perennial and annual
herbaceous cover. The second axis (explained
variance = 22%) separates richness of woody
species with positive values, and richness of
annuals with negative values. As regards the
samples, the three community types are separated,
with the Calluna plot situated in the ﬁrst quadrant
because of its greater richness in woody species
and cover of annual species, lower cover of woody
species and especially lower cover of the pre-ﬁre
dominant species. The records from the Erica plot
and the ﬁrst two from the Cistus plot are associated with greater richness in both annual and

perennial herbaceous species. The rest of the
records from the Cistus plot are towards the negative part of the ﬁrst axis because of their greater
cover of woody species and, speciﬁcally, of Cistus
ladanifer. Except in the Cistus plot, where the ﬁrst
two samplings are widely separated from the rest
and more similar to those of the Erica plot, no
temporal tendency is shown.
In the PCA corresponding to the samples from
the cut plots, the ﬁrst axis (explained variance = 38%) separates cover of the dominant
species in the initial situation and cover and
number of woody species in the positive axis
from cover and number of perennial herbs with
negative values. The second axis (explained variance = 34%) separates the cover and number of
annual species, situated on the positive axis, from
woody and perennial herb cover on the negative
side. A signiﬁcant negative correlation (Table 2) is
observed between dominant species cover and
herbaceous species cover. The woody species
number is signiﬁcant negatively correlated with the
perennials herbaceous cover and number. The
location of the samples in the plane deﬁned by
these two axes separates the communities, with
Erica in an intermediate position between the
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Figure 4. (a) Location of variables and samples in the plane deﬁned by the two ﬁrst axes of the principal components analysis carried
out with data from the burned plots. (b) Location of variables and samples in the plane deﬁned by the two ﬁrst axes of the principal
components analysis carried out with data from the cut plots. (Numbers after the letters representing each community indicate years
after experimental disturbances.)

Table 1. Correlation matrix between the variables used in the PCA analysis of the burned plots.
No. W spp.
No. Woody spp.
No. Perennial herb spp.
No. Annual spp.
Woody spp. cover
Perennial herb spp. cover
Annual spp. cover
Pre-ﬁre dominant sp. cover

0.02
0.28
0.10
0.34
0.30
0.40*

No. P spp.

0.44*
0.45*
0.71*
0.28
0.35

No. A spp.

W cover

P cover

A cover

0.51*
0.32
0.89*

0.51*
0.63*

0.51*

W cover

P cover

A cover

0.30
0.36
0.61*

0.24
0.76*

0.12

0.10
0.02
0.06
0.11

*Marked correlations are signiﬁcant at p<0.05.

Table 2. Correlation matrix between the variables used in the PCA analysis of the cut plots.
No. W spp.
No. Woody spp.
No. Perennial herb spp.
No. Annual spp.
Woody spp. cover
Perennial herb spp. cover
Annual spp. cover
Pre-ﬁre dominant sp. cover

0.55*
0.25
0.26
0.44*
0.40*
0.22

*Marked correlations are signiﬁcant at p<0.05.

No. P spp.

0.41*
0.56*
0.16
0.19
0.23

No. A spp.

0.27
0.51*
0.77*
0.22
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other two. The samples from the Calluna plot are
associated with greater perennial herb cover, and
low cover and number of annual species, as well as
low recovery rates for Calluna vulgaris. In the
Cistus plot a temporal tendency can still be
observed, with the samples from the ﬁrst 2 years
after cutting associated with high values for annual
species richness and cover, while those from the
last years show greater richness and cover of
woody species, in particular Cistus ladanifer.

Discussion
The recovery response of each of the three dominant woody species in the three communities
studied is diﬀerent, depending on their adaptive
traits. Many authors have indicated the advantages of vegetative resprouting in comparison with
germination for post-ﬁre recovery (Keeley 1986;
Trabaud 1987; Terradas 1996; Naveh 1999). Resprouting can occur immediately after a ﬁre, taking
advantage of the nutrients and water accumulated
in the roots, that implies a substantial pre-ﬁre
allocation of the resources acquired by the plant to
stored reserves (Bond and van Wilgen 1996;
Hodgkinson 1998). However, in the study zones,
recovery is faster in Cistus ladanifer, an obligate
seeder, than in Erica australis, a facultative resprouter, especially in the burned plots. Heat stimulates the germination of Cistus ladanifer seeds
(Valbuena et al. 1992; Trabaud 2000), which
explains its rapid post-ﬁre recovery. However,
Cistus ladanifer cover is also greater than, or at
least similar to, that of Erica australis in the cut
plots after the ﬁrst years. Erica australis is characterized by rapid resprouting after disturbances
and it only has to recover its aboveground biomass, since it starts from an intact root system, this
gives it an advantage over seeder species. However, seeders can spread and colonize new microsites, whereas resprouters are restricted to the
micro-sites previously occupied. On the other
hand, Calluna vulgaris, which is an obligate seeder
in these areas (Vera and Obeso 1995; Calvo et al.
2002b), is the slowest to recover. A good initial
response was observed in this species after the ﬁre,
because heat stimulates its germination (GonzalezRabanal and Casal 1995; Webb 1998; Valbuena et
al. 2000). However, there was seedling mortality in
the fourth year, probably due to the long period

during which this species was under snow (Calvo
et al. 2002b). Vegetation dynamics in heathlands
seem to depend on the interaction between species
attributes and the climatic conditions in the area
(Clement and Touﬀet 1981). Germination is not
stimulated by cutting and Calluna vulgaris cover is
lower in this plot.
A comparison of the responses of the dominant
woody species did not indicate diﬀerences between
the burned and cut plots, except in the ﬁrst years.
A great ability to resprout after ﬁre is a recognized
characteristic of many Mediterranean species
(Canadell and Zedler 1995; Bond and van Wilgen
1996). However, there is less data about this response after cutting or after clearing (Lloret and
Vilà 1997). Erica australis has a lignotuber, which
allows it to resprout actively, but this resprouting
capacity is similar after both burning and cutting.
A similar observation was made by Cruz and
Moreno (2001), who consider that the lignotuber
of this species is not a speciﬁc adaptation to ﬁre,
but rather to summer drought and low temperatures in winter. Similarly, Cistus ladanifer do not
behave like a ﬁre-dependent species; rapid recovery after both cutting and burning was also observed by Trabaud (1995), who considers the
survival method of Cistus spp. as an adaptation to
unpredictable disturbances and environmental
constraints rather than an adaptation to repeated
burning.
Many authors have observed an increase in the
richness and abundance of herbs in the ﬁrst years
after disturbances (Trabaud and Lepart 1980;
Mallik and Gimingham 1983; Casal et al. 1990;
Clement and Touﬀet 1990; Bond and van Wilgen
1996; Cowling et al. 1996; Naveh 1999; Ne’eman
and Goubitz 2000; Degn 2001), but it is usually
restricted to the ﬁrst 5 years. The speed of the
dominant species recover, in the studied plots,
conditions the dynamics of the plant community
to a great extent. The slower recovery of Calluna
vulgaris allows other woody species, like Vaccinium myrtillus and Erica tetralix, dominant
throughout the study period in the burned and cut
plots, respectively, to spread (Calvo et al. 2002b).
It also allows greater perennial herb cover. Annual
species cover is low, except in the burned plot in
some years, and in these cases is due to a single
species: Aira caryophyllea (Calvo et al. 2002b). In
contrast, the rapid recovery of Cistus ladanifer,
especially after burning, restricts the proliferation
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of other species, so herbs have low abundance. A
comparison of cutting and burning indicates that
patterns of proliferation in herbs are not similar in
the three communities studied, but are inversely
correlated to the recovery of the dominant species
after each type of disturbance. There is a greater
abundance of herbs (in terms of number of species
as well as cover) in the cut plot than in the burned
plot in the Cistus community. The opposite occurs
in the Erica community with a higher number of
herbaceous species in the burned plot. In the
Calluna community herbs are abundant during the
10 years of study period in both plots. These results do not completely agree with observations by
other authors, who record greater herb diversity
after burning (Casal et al. 1984; Naveh 1990).
It has been suggested that the increase of herbs
can inhibit the recovery of the dominant woody
species when this occurs by germination. Some
authors consider that burning is more appropriate
for regenerating Calluna heathlands because sodcutting may lead to an unfavourable ratio between
Calluna and grass seedlings at the start of secondary succession (Aerts 1993; Bruggink 1993). In
the study area, herbs are also abundant after
burning and may be partly responsible for the
slower recovery of Calluna vulgaris. However, the
high herb cover value in the cut plot of the Cistus
community in the ﬁrst 2 years does not seem to
have a negative eﬀect on the recovery of the
dominant woody species. This contrasts with
observations by Legrand (1993), who found that
competition with the herbaceous layer had a negative eﬀect on the recovery of other Cistus species.
With reference to diﬀerent life forms, annual
species have been associated with warmer conditions and a more arid summer (Archibold 1995).
This seems to agree with what was observed in the
study areas, above all in terms of species richness,
with the greatest annual richness in the Cistus
community with a Mediterranean climate, and the
lowest in the Calluna community, with a continental climate. In terms of cover, the relationship
with climatic conditions is only observed in the cut
plots, with greater cover in the Cistus community
and practically none in the other two. In the
burned plots the patterns are not so clear. These
patterns are conﬁrmed in the PCA, where the results from the ﬁrst 2 years after cutting and
burning in the Cistus community are associated
with a greater number of annuals, and also higher

cover of Cistus in the cut plots. Therefore, in
addition to adaptive traits, climatic conditions are
important to recovery of the dominant species and
the interaction of both aspects determines the
dynamics of these communities. The recovery of
Calluna vulgaris is slowed by low temperatures,
with perennial herbs dominating, whilst interannual variations probably result in the ﬂuctuations
in the cover of Aira caryophyllea, the only annual
herb abundant in the area (Calvo et al. 2002b).
The harshest summer drought in the Cistus community could favour annuals in the ﬁrst 2 years
and drastically limit the proliferation of herbs in
this community when they have to compete with
the dominant woody species. The Erica community presents an intermediate situation.
Recovery occurs by autosuccession in the Cistus
and Erica communities (Tárrega et al. 2001; Calvo
et al. 2002a). However, after 10 years the Calluna
community has not attained a situation similar to
that existing before the disturbances (Calvo et al.
2002b). Similar results were found by Bond and
van Wilgen (1996), who indicate that autosuccession is common in most Mediterranean shrubs,
whilst post-ﬁre succession in Calluna heathlands is
complicated by several factors, such as the composition of pre-ﬁre community and weather patterns in the post-ﬁre period. These factors can
produce multiple pathways of succession and very
diﬀerent post-burn communities.
This paper shows the importance of the adaptive
mechanisms of the dominant species in post-disturbance plant dynamics. In the three geographically close communities studied (no more than
100 km apart in a straight line), diﬀerent patterns
are observed between the Atlantic shrubland and
the drier Mediterranean habitat (Cistus community), with the Erica community presenting intermediate behaviour. Knowledge about the
individual response of each type of community to
each disturbance is a basic ﬁrst step towards correct landscape management in these areas,
depending on the aims (eliminating or maintaining
woody species, favouring herb biodiversity, etc.).
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