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Abstract

Recovery after experimental burning and cutting in a shrubland of Cistus laurifolius in NW Spain has been
studied. The community was homogeneous prior to the disturbances, and tended to recover through a process of
autosuccession. It was tested whether in a small space (two 100 m? plots) there was a greater similarity among
individual subplots (1 m?) in five consecutive years, or among the five subplots considered in each plot in the
same year. By comparing space and time beta diversity using analysis of variance, no significant differences were
observed, which indicates that temporal changes are not of a greater magnitude than space heterogeneity, even on
such a small scale. Changes in time are characterized by an increase in cover by woody species, mainly Cistus
laurifolius, or adecreasein the diversity and richness of species. Space heterogeneity (differencesbetween subpl ots)
does not seem to be determined by environmental gradients, since the sampling surface is very small, and may be
due to the effect of some annual or perennial species, which are not dominant and only appear in some subplots,

probably due to random dispersal.

Introduction

Mediterranean ecosystems are characterized by great
resilience to disturbances, both natural and caused by
man (Dell et a. 1986). They often recover through
an autosuccession process (Hanes 1971), in which
the species appearing immediately after the regressive
impact are the same which existed previously (Biswell
1974; Calvo et a. 1992; Casal et a. 1990; Fox &
Fox 1986; Gill 1981; Mazzoleni & Esposito 1993;
Naveh 1975; Tarrega et a. 1995; Trabaud 1987a).
They regenerate from underground organswhich man-
aged to survive, or from seed banks in the soil.

Cistus communities are one of the most charac-
teristic ecosystems of the Mediterranean area which
spread and maintain themselvesdueto fire. Cistus spe-
cies were defined by Kuhnholtz-Lordat (1938) as the
typical exampleof socia pyrophyte, i.e. pioneer plants
spreading by seed and forming dense stands after fire.
Nowadaysit isthought that they are not only associated
to fire, but are heliophytic pioneer species, colonising
disturbed aress, free of aggressive competitors (Tra-

baud 1987b, 1995), eventhoughtherisein temperature
during firesfavours germination of their seeds (Alonso
et al. 1992; Corral et al. 1990; Santiesteban et a. 1993;
Thanos & Georghiou 1988; Trabaud & Oustric 1989;
Valbuenaet al. 1992).

The Mediterranean landscapeis a so characterized
by itsdiversity and heterogeneity (Trabaud et al. 1993),
mainly due to the superposition of impacts which are
almost always caused by man. This man- maintained
equilibrium has shaped the Mediterranean plant com-
munities into a mosaic of innumerable variants of dif-
ferent degradation and regeneration stages (Naveh &
Lieberman 1990). However, observationsof the spatial
structure may be strongly scale-dependent (Lavorel et
al. 1991). Sometimes, there is a microheterogeneity
in the vegetation that could be related to the disper-
sion traits of plants, which condition a great variabil-
ity on a small-scale on soil seed bank. On the other
hand, several authors pointed out that fire acts as an
additional source of heterogeneity, e.g. when burning
with different intensities occurs or when there is an
uneven dispersion of ash which conditions differences
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in the availability of nutrients (Anderson 1982; Kutiel
& Shaviv 1990; Tarrega & Luis 1987). The problem
of scale, both of space and time, in diversity patterns
islargely discussed by Rosenzweig (1995).

In this study we try to analyze the extent of spa-
tial heterogeneity by comparing spatial with temporal
changesin aprocess of secondary succession after dis-
turbances. A community dominated by Cistus lauri-
folius which was very homogeneous, although small
in extension, was chosen. The aim was to determ-
ine whether the spatial heterogeneity in an initially
uniform community and in a reduced space (100 m?)
surpassed or not the temporal heterogeneity, i.e. the
changes after disturbances, taking into account the
tendency to recover through autosuccession in these
communities. Themain structural and floristic changes
inthe courseof timewereanayzed andthevariabilities
in time and space were compared using beta diversity
(heterogeneity). We also tried to establish whether the
tendencies are similar after two types of disturbances,
both normal in this type of ecosystem, burning and
cutting of the woody species. This knowledge might
be important for the maintenance of biodiversity in
Mediterranean ecosystems.

Material and methods
Description of the plots and sampling method

Thestudy was carried out in ashrubland situated in the
southwest of the province of Ledn (NW Spain) (M.T.U.
29TQG3929). The altitude was about 900 m. A uni-
form shrubland was chosen, in which Cistus laurifoli-
us was clearly dominant, with an average cover high-
er than 75%. Other shrub species, although in lower
abundance, were: Chamaespartiumtridentatum (aver-
age cover less than 8%), Adenocarpus complicatus
(lessthan 4%), Halimium umbellatum (2%) and Cistus
ladanifer (1%). Herbaceous species were scarce, and
their average cover waslessthan 1%. The climax com-
munity in this area is a Quercus pyrenaica — Quercus
ilex forest.

Two plots of 100 m? each, with a 2 m wide cor-
ridor in-between were established. In each plot the
following treatments were applied: cutting the woody
species using a mechanical cutter and pruning scis-
sors, and burning the aerial biomass by simulating a
wildland fire. Vegetation was surveyed before the start
of the treatmentsto know the original conditions. The
experimental treatments took placein July 1989.

Thechangesin the vegetation community were sur-
veyed annualy, from 1990 to 1994. The samplings
were carried out in June. At every sampling period,
5 subplots of 1 m? per plot (called A, B, C, D, and
E), randomly selected and marked the first year, were
analysed, recording all species present, the cover in
vertical projection of each species, and the percentage
of bare soil.

Data analysis

A regression analysis was carried out in order to show
the influence of the dominant woody species (Cistus
laurifolius) on the cover of herbaceous species.

Thediversity (H’), using the Shannon index (Shan-
non & Weaver 1949), and itstwo components, richness
(S= species number) and evenness (J' = H'/ H'max)
(Pielou 1966), were calculated. The diversity, richness
and evenness of each subplot in each sampling period
were calculated using these indices (H.,, S,, y J.),
using the average values of the five subplots.

Apart from thediversity of each subplot (H/,), con-
sidered in this case as a microcosmic diversity (Whit-
taker 1972; Blondel 1979), the diversity of each plot
in each sampling year was calculated (H?,, or macro-
cosmic diversity), from the joint consideration of the
samples carried out in the five subplots. By using the
comparison of both types of diversity, beta diversity
(H},, spatial heterogeneity) was calculated for each
sampling year in each plot, using the formula:

H!,
Hé — H:, _ 25 al’
where Hj; = spatial heterogeneity, H. = diversity of
the five subplots in each plot (A, B, C, D, and E) in
each sampling year, considered asawhole, and H,; =
diversity of each one of the subplots.

This same formula was applied to the calculation
of the beta diversity in time, which measures annual
changes (time heterogeneity). In this case H ;3 =time
heterogeneity, H’ = diversity of the five samplings
(from the first to the fifth year after the disturbances)
of each subplot, considered as a whole, and H),; =
Diversity of each one of the subplots.

In the first case spatia heterogeneity values were
obtained (with regard to the five subplots) in each
sampling year (1990-1994), in the second case the
temporal variability of each subplot (A, B, C, D, and
E) in afive years period.

In order to determine whether the similarity anong
subplots in the same year differs from that among
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Table 1. Alfa diversity (values in the inventories carried out in each subplot throughout
the study period) and gamma and beta diversity (heterogeneity) in time and space

Years after treatment HLY in Hé in
1 2 3 4 5 time time
CUT PLOT:
Subplot A 236 289 265 177 149 2.71 0.48
B 227 352 245 169 166 2.65 0.33
Cc 317 218 198 175 184 2.32 0.14
D 218 300 214 152 127 2.55 0.53
E 180 225 135 112 0.73 1.95 0.50
H’7 in space 271 313 241 193 174
HIB in space 035 036 030 036 034
BURNT PLOT:
Subplot A 244 156 152 136 120 1.74 0.12
B 227 136 083 143 168 1.67 0.16
C 259 159 145 181 175 2.05 0.21
D 18 181 140 066 122 1.80 0.41
E 208 202 187 171 180 2.31 0.41
H,’Y in space 280 18 159 166 173
H b in space 055 018 018 027 0.20

samples of the same subplot in consecutive years, a
variance analysiswas applied, to compare average val-
ues of spatial and temporal heterogeneity.

A qualitative TWINSPAN (two-way indicator spe-
ciesanalysis) was also carried out on each plot, taking
into account only the presence of species, independ-
ently of their cover, in order to compare the samples
carried out in each subplot in the five years of recov-
ery. In these analyses, species which only appeared in
one sample (only in one year and only in one subplot)
were not taken into account. TWINSPAN is a method
of hierarchical classification which carries out a sim-
ultaneous classification of samples and species (Hill
1979).

Results

Theanalysisof temporal changesinthe cover of woody
species, perennia and annual herbs reveals that most
obviouschange consistsin the cover increase of woody
species (Figure 1). This cover, mainly due to Cistus
laurifolius, is greater in the burnt plot than in the cut
one up to the fourth year, becoming equal afterwards.
On the other hand, herbaceous cover, both of annuals

and perennials, isgreater in thefirst year in the cut plot
than in the burnt one; after the second year, however,
there does not seem to be any difference.

The increase in Cistus laurifolius cover conditions
the decrease in herbaceous species cover, as shown
in the regression analysis (Figure 2), which is highly
significant (99%).

The temporal changesin the average values of H,
show atrend of decreasing diversity, with the highest
valueinthefirst year in the burnt plot and in the second
year in the cut plot (Figure 3). Evenness drops very
much in the second year in the burnt plot and in the
third year in the cut plot, coinciding with the greatest
increase in Cistus laurifolius cover in each plot; after-
wards there are fewer changes. Thereis alarger num-
ber of species in the cut plot than in the burnt one
in al sampling years. In both plots, species richness
progressively dropsfrom the second year after disturb-
ances.

On analyzing the temporal trends of spatial hetero-
geneity (Hj), practically no changes appear in the cut
plot (Tablel, Figure4). However, spatial heterogeneity
is higher in the burnt plot in the first year, decreasing
in the second year and maintaining itself without any
great changesin thefollowing years, with lower values
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Table 2. Two ways andysis of variance for space heterogeneity (beta diversity
values in space throughout the five years of sampling) vs. time heterogeneity
(betadiversity values in timein the five subplots) in the cut and burnt plots

Two factor andysis of variance

Source: df Meansquare F-test Pvaue
Space-time (A) 1 0002 0112 0741
Treatment (B) 1 0.050 2811 0.113
AB 1 0.006 0.325 0.577
Error 16 0.018
Mean values
Treatment Cut Burnt Totals
Space-time
Year (space) 0342 0.276 0.309
Subplot (time) 0.39%6 0.262 0.329
Totals 0.369 0.269 0.319
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Figure 1. Mean values and standard error of cover of woody species,
perennial herbaceous species and annua species in the experimental
plots throughout the study period.

than thosein the cut plot. The greatest valuein thefirst
year after burning confirms the effect of fire as a gen-
erator of heterogeneity on a small scale. On the other
hand, taking into account the changes in time (H 3 in

laurifolius (cover %)

Cistus

Figure 2. Simple regression analysis between Cistus laurifolius
cover and cover by herbaceous species in the inventories carried out
in the subplots throughout the study period (p < 0.001).

the time) which each subplot undergoes, no tenden-
cies appear except that, in general, temporal changes
are fewer in the burnt plot than in the cut plot. Some
subplots, such as A, B and C of the burnt plot and C
of the cut plot, show few changesin the five sampling
years, while these are somewhat higher in theremainig
subplots.

When the changes in heterogeneity in space and
time are compared in each plot using analysis of vari-
ance (Table 2), no significant differences are detected,
with the average value of H/; being even lower intime
than in space in the burnt plot. Comparing the effects
of cutting and burning it is not possible to detect signi-
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Figure 3. Variation in afa diversity, species richness and evenness
in the experimental plots throughout the study period (Mean values
and standard error of theinventories in thefive subplotsin each plot).

ficant differences between both plots, even though the
average heterogeneity, both in space and time, islower
in the burnt plot.

In the TWINSPAN corresponding to the cut plot,
25 samples (5 subplots sampled 5 years) and 28 spe-
cies were considered after disregarding the nine spe-
cieswhich only appeared in one sample (five of which
appeared in the first two years and another two in
the third year). The two main groups formed in the
first division do not establish a division with regard
to recovery time from the cutting (Figure 5), which
indicates that the sequential floristic relay described
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Figure 4. Variation of beta diversity (heterogeneity), in space
throughout the study period and in time throughout the subplots,
in the experimentla plots.

by the classical theory of succession, is not produced.
Thereis one group of species (from Hypochoerisrad-
icata to Rubus ulmifolius), which only appears in the
samples of thefirst group, while Chamaespartiumtri-
dentatum and Arenaria montana only appear in the
second group. A tendency towards association can be
observed, athough with exceptions, in the samplings
of subplots A, B and C, on one hand, and D and E, on
the other. Muscari comosum, indicator species of the
group made up of B1, C2, C1, ... A1, A2, only appears
insubplots A, B and C but never in D or E. On the oth-
er hand, there are several species which only appear
in certain subplots, such as Cerastium glomeratum (in
subplot A, from the first to the fourth year after cut-
ting), Rubus ulmifolius (only in C, from thefirst to the
fourth year), Cistus ladanifer (in C, from the second
to thefifth year), Sanguisorba minor (in all samples of
subplot D), etc.

Inthe TWINSPAN corresponding to the burnt plot,
25 samples and 22 species are considered (after dis-
regarding eight specieswhich only appear once; seven
of them occur sporadically in the first three years after
burning). Asin the cut plot, the groups do not separ-
ate the samples with regard to time from disturbance,
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Figure 5. TWINSPAN dendrograms of samples and species for the cut plot. Species presence in each sample is indicated by a point. (The
letters A, B, C, D and E indicate the subplots. The numbers after the letters indicate years after cutting.)

with the tendency, athough with exceptions, to the
association of samples of the same subplot being more
clear (Figure 6). The first group, which includes all
the samples of subplot E as well as three of subplot
D and C2, is associated to species such as Andryala
integrifolia, Veronica verna, Sanguisorba minor and
Ornithopus compressus, which appear almost exclus-
ively in subplot E, or Galium aparine, which appear
in D and E. Other species, such as Lavandula stoechas
and Chamaespartium tridentatum, mainly appear in
subplot C, while Rubus ulmifolius appearsin A and B,
conditioning the formation of the last subgroup of the
dendrogram of samples.

The most frequent species in both plots are Cistus
laurifolius, which appears in all samples, Halimium
umbellatum and Lotus corniculatus.

Discussion and conclusions
The temporal changes after burning and cutting con-

firm the tendency to autosuccession. Species native to
the community appear from the first year after the dis-

turbances, and the last years are better characterized
by the disappearance of invading species than by the
installation of new ones. These observations coincide
with the results obtained by many authors in Medi-
terranean ecosystems (Calvo et al. 1992; Casal et al.
1990; Mazzoleni & Esposito 1993; Tarregaet al. 1995;
Trabaud 1987a, Trabaud et a. 1993). The dominant
woody species in the initia situation, Cistus laurifo-
lius, tends to recover quickly, determining a decrease
in herbaceous species as Cistus cover increases. The
diversity decreasesin the course of time, partly dueto
the effect of Cistus dominance (lower evenness), but
mainly due to the decrease in species richness.
Comparing therecovery after both burning and cut-
ting, Casal et a. (1984, 1991) found that fire induces
floristic changes, with atemporal peak of diversity, but
this does not happen after cutting because no pioneer
species appears. This differs from the results found in
this study, in which a greater abundance of herbaceous
species is observed, at least in the first year, in the
cut plot than in the burnt one. Furthermore, a greater
diversity and richness of species are observed in the
cut plot, although differences tend to diminish in the
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Figure 6. TWINSPAN dendrograms of samples and species for the burnt plot. Species presence in each sample is indicated by a point. (The
letters A, B, C, D and E indicate the subplots. The numbers after the letters indicate years after burning.)

course of time. Thiscould be dueto the faster recovery
of Cistus laurifolius in the burnt plot, which inhibits
theproliferation of herbaceousspecies. For thisreason,
the changesin time are fewer after burning than after
cutting, and also spatial heterogeneity, except for the
first year after the fire. However, the general tendency
to recover issimilar in both plots.

Thefloristic changesare of little magnitude bothin
time and in space, since a homogeneous community
was considered, which recovers by autosuccession.
However, given the proximity of subplots, it would
be expected that changes in the 5 years of recovery
surpass spatia heterogeneity, but this does not happen.
In contrast to the temporal changes, those in space do
not show clear trends since, in such a small space,
the conditions are uniform without noticeable environ-
mental gradients. Spatial heterogeneity isprobably due
to the random effect and to the capacity of dispersion
by the species.

The species which appear in acertain subplot only,
could comeeither fromindividual swhich werealready
present in the subplot before the disturbances, and
which are capable of vegetative resprouting, from the
seed bank in the soil, or from seeds which arrive from
nearby areas. Thisthird possibility is perhapsthe least
probable, as it implies that these species have a medi-
um or high dispersion capacity, and hence it would be

logical that later on they would spread to other sub-
plots. Although some of the specieslocalized in one or
afew subplots, such as Chamaespartium tridentatum,
can resprout vegetatively, the individuals found came
from seedlings. Thus, it is most probable that in most
cases they come from the soil seed bank, whichisusu-
ally characterized by its great variability on a small
scale (Bigwood & Inouye 1988; Lavorel et a. 1991),
in part as a result of the dispersion traits which tend
to concentrate the seeds to a short distance around the
mother plant.

Among the very localized species, there are some
woody species, such as Rubus ulmifolius, Chamaes-
partium tridentatum and Cistus ladanifer, the last one
being frequent in the burnt plot but only appearing in
one subplot of the cut plot. There are also perenni-
al herbaceous species, such as Sanguisorba minor, and
annual species, such as Cerastiumglomeratum, Andry-
alaintegrifolia, Ornithopus compressus, etc. The dis-
persion traits in most of these species are barochory
or autochory, which limit their projection to short dis-
tances, asis the case of Cistus species (Trabaud 1995;
Troumbis & Trabaud 1986). However, other species,
such as Andryala integrifolia, also show dispersion by
anemochory.

Ontheother hand, Lavorel et al. (1991), comparing
threeabandonedfieldswhich differingintimesincethe
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last ploughing, considered as stages in a succession-
al sere, found that the within-field heterogeneity was
smaller than the between-field heterogeneity. The dis-
crepancy with the results obtained in this study can
partly be explained because these authorsdid not carry
out aconsecutivesamplingin thesamefield, and partly
because ploughing constitutes a more drastic type of
disturbance than cutting or burning.

The results confirm the spatial heterogeneity asso-
ciated with most Mediterranean ecosystems (Naveh &
Lieberman 1990) and reveal themon avery small scale.
This microheterogeneity hasimportant implicationsin
planning sampling designs for ecologica studies, an
aspect also pointed out by Lavorel et al. (1991). Inthe
case of studies on secondary succession after disturb-
ances, the diachronic method (sampling in consecutive
dates to follow the changes in a same area, using per-
manent plots) is more appropriate than the synchronic
one (comparing the areas which have undergone the
same disturbance at different times), since using the
latter the successional changes could be masked by
spatia variability.
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