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Quercus pyrenaica dehesas have been traditionally used as communal extensive grazing systems in the
León province (NW Spain). In this region, recent abandonment of rural areas and the subsequent gradual
decrease in livestock load have led to the invasion of shrubs in the understory, increasing the risk of ﬁres.
Indeed, even if there is no need of creating new pasturelands for livestock breeding, the remaining
landowners keep on burning to clear these montane patches. Alternatively, the regional administration
encourages shrub cutting as a better way of managing these areas and preserving the pasturelands. Our
aim was to determine the effects of the dehesa abandonment and shrub cutting on plant species richness
(annual herbs, perennial herbs and woody plants) and species composition, as well as on topsoil
properties. For that, we compared three types of dehesas with different management regimes: (1) grazed
dehesas (used at the present), (2) abandoned dehesas (more than 20 years without grazing) and (3)
dehesas where shrub cutting was applied after abandonment (i.e. cleared dehesas). We selected three
replicates or stands per dehesa type. The highest organic matter content (O.M.), total nitrogen (N) and
available phosphorus (P) were found in cleared dehesas, while the lowest values corresponded to the
grazed ones. Abandoned dehesas were characterized by the highest values for available calcium (Ca2+).
No signiﬁcant differences were detected regarding the vegetation richness values (S alpha, gamma or
beta), although higher mean values of S alpha and gamma were found in grazed dehesas, and lower
values in the cleared ones. Concerning the vegetation life forms, grazed dehesas held signiﬁcantly greater
species richness and cover of annual herbs, while abandoned dehesas had signiﬁcantly higher woody
species cover. Both grazed and abandoned dehesas harboured plant species (38 and 13 species,
respectively), which were exclusively found in one dehesa type. Contrary to that, cleared dehesas scarcely
had ‘‘exclusive’’ species. To conclude, our results indicated that shrub cutting alone (not followed by
livestock grazing) may cause loss of plant species richness, suggesting that it is not the most appropriate
management method to restore vegetation, except for reducing the risk of ﬁre.
ß 2008 Elsevier B.V. All rights reserved.
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1. Introduction
Dehesas are the most extended agroforestry systems in Europe
(Eichhorn et al., 2006) and have been considered as an example of
sustainable management (Gómez-Gutiérrez and Pérez-Fernández,
1996), although this has been discussed by other authors that
indicate failures in oak regeneration (Plieninger, 2007). The dehesa
systems are the result of a traditional form of management of the
Mediterranean forests, in which native trees (Quercus ilex, Q. suber,
Q. pyrenaica, Juniperus spp., etc.) are spaced out or inserted in a
continuum of grasslands (Gómez-Limón and de Lucio Fernández,
1999). The maintenance of isolated trees has important effects on
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soil fertility and grass production in areas with oligotrophic soils
and summer dry period (González Bernáldez et al., 1969; Escudero,
1985; Joffre and Rambal, 1993; Joffre et al., 1999; Gallardo, 2003;
Moreno et al., 2007). Indeed, the Mediterranean dehesas can
simultaneously support livestock, forestry and agricultural production without irreversible endangering the ecosystem functioning (Linares, 2007). Moreover, they show an interesting balance
between resource exploitation and the conservation of biodiversity
(González Bernáldez, 1981; Dı́az et al., 1997; Montero et al., 2000;
Plieninger and Willbrand, 2001).
The areas where extensive livestock grazing has been developed for thousands of years, as in the Mediterranean Basin, usually
harbour great plant species richness (Naveh and Whittaker, 1979;
Puerto et al., 1990; González Bernáldez, 1991; De Miguel and
Gómez Sal, 2002). Modifying the type of use and management of
these pasturelands can lead to important changes in the vegetation
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diversity and species composition (Pineda et al., 1981; Dı́ez et al.,
1991; Montalvo et al., 1993; Gómez-Limón and de Lucio
Fernández, 1999; Poschlod et al., 2005). In Spain, as well as in
most of Europe, the economic development and policies of the last
decades have determined the progressive underutilization or
abandonment of vast rural areas. Consequently, in these areas
there has been a considerable increase in the woody biomass load
and, thus, in the risk of ﬁres, also potentially resulting in changes in
plant species composition and soil conditions (Gómez-Limón and
de Lucio Fernández, 1999; Luis-Calabuig et al., 2000; Peco et al.,
2005, 2006).
In the study region (NE of the León province, NW Spain), the
dehesa systems are located in naturally developing Q. pyrenaica
(deciduous oak) forested areas. Although these dehesa ecosystems
have several characteristics in common with the typical dehesa
systems of SW Spain (mainly dominated by Q. ilex, evergreen oak),
such as the coexistence of the traditional exploitation of resources
and the conservation of biodiversity (see Taboada et al., 2006),
there are also other features that differentiate them. Firstly,
although both types of dehesas belong to the Mediterranean
climate, the summer dry period is less marked in the dehesa
systems of León province. Secondly, the northern dehesas are used
as communal pasturelands, in contrast to the typical privately
owned dehesas of W and SW (Rodrı́guez, 2001). It is very difﬁcult
to establish the livestock load of the dehesas in our region, which is
moreover usually highly variable. Nowadays, some of these dehesa
ecosystems are still being used, but others have been abandoned
since the 70s and 80s and are thus characterized by a strongly
developed shrubby understory. Recently in the study area, the
regional administration (Junta de Castilla y León) has initiated
management practices in the abandoned dehesas, speciﬁcally
shrub cutting, in order to reduce the risk of ﬁres and to preserve the
pasturelands. This type of management of abandoned grasslands
was previously applied as the usual method for restoring
vegetation in other European countries (Poschlod et al., 2005).
However, not just the abandonment, but also the subsequent
management activities developed in the abandoned areas would
strongly affect plant community diversity and composition
(Bakker, 1989; Bakker and Berendse, 1999; Poschlod et al.,
2005; Öckinger et al., 2006).
In this study, we intended to determine the effects of the
abandonment and the subsequent management practices developed in Q. pyrenaica dehesa ecosystems, on the understory
plant species diversity and composition, as well as on the topsoil
properties. For that, we compared three types of dehesa systems
with different management regimes (Fig. 1): (1) grazed dehesas,
where the extensive traditional grazing system is maintained, (2)
abandoned dehesas and (3) dehesas where shrub cutting
was applied after abandonment in order to reduce the understory
biomass load (cleared dehesas). We considered plant species
richness at both small (sampling unit of 1 m2) and stand
scales, also analysing the spatial heterogeneity based on their
comparison.
2. Materials and methods
We studied three types of oak (Q. pyrenaica) dehesa systems
with different management regimes (Fig. 1): (1) grazed dehesas at
the present (‘‘G’’), (2) abandoned dehesas (‘‘A’’) (more than 20
years without grazing) and (3) cleared dehesas (‘‘C’’) (where shrub
cutting was applied only once, 1–2 years before the study was
done, part of the slash being apparent on the ground by the time of
sampling, see Fig. 1); and three replicates, stands or sites of each
type (nine independent dehesas in total, the three sites of each
management type were not clustered together). These dehesa

Fig. 1. The three types of dehesa ecosystems studied, deﬁned by the different
management practices applied. G = grazed dehesas; A = abandoned dehesas;
C = cleared dehesas.

ecosystems were the result of a traditional livestock (generally,
sheep and goats, but sometimes cows too) management method in
which the forest has been cleared, leaving a low density of trees
that have been pruned to favour crown development at the
expense of height growth. In the study stands, tree density is
approximately 100 trees/ha, tree height is around 10–12 m and
trunk perimeter (1 m above ground level) about 1–1.5 m. To
minimise variability, geographically close dehesas were selected
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Table 1
Mean and standard error (S.E.) (three replicates in all cases) values of the analysed soil variables. Results from ANOVA are included (F-test and p-value). Different letters
within a row indicate signiﬁcant differences (p < 0.05 or p < 0.1 by the Scheffe test, bold face) between the three dehesa types.
Cleared

pH
O.M. (%)
N (%)
C/N
Ca2+ (cmol kg1)
Mg2+ (cmol kg1)
K+ (cmol kg1)
Na+ (cmol kg1)
P (mg kg1)

Abandoned

Grazed

ANOVA results

Mean

S.E.

Mean

S.E.

Mean

S.E.

F-test

p value

5.17a
8.35a
0.26a
18.53a
2.20ab
0.70a
0.29a
0.03a
4.16a

0.08
0.86
0.02
1.08
0.18
0.05
0.03
0.01
0.39

5.46a
7.05ab
0.21ab
19.36a
2.62a
0.60a
0.36a
0.03a
1.90b

0.31
0.66
0.02
0.53
0.31
0.13
0.10
0.01
0.64

5.00a
4.91b
0.17b
16.67a
1.69b
0.44a
0.38a
0.02a
<1b

0.10
0.91
0.02
1.66
0.06
0.09
0.02
0.01

1.45
4.49
7.95
1.35
5.16
1.85
0.63
0.70
9.00

0.305
0.064
0.021
0.328
0.043
0.237
0.566
0.533
0.039

(León province, NW Spain, 428370 –428460 N, 48560 –58050 W) at 975–
1130 m of altitude and ﬂat or less than 10% slope. Climate was subhumid Mediterranean type (mean annual temperature 10.9 8C,
mean annual precipitation 927 mm, dry period in July and August,
according to Ministerio de Agricultura, 1980) and the type of soil
was humic cambisol (Forteza et al., 1987).
Since the objective was not to characterize the dehesa
ecosystems exhaustively but to compare them, a similar surface
was studied, located in the centre of each stand, using a systematic
sampling method. Two perpendicular transects of about 40 m were
established in each stand and a quadrat of 1 m2 was used as
sampling unit. Fifteen quadrats were studied in each stand (seven
in each transect and one in the centre), the ﬁrst one randomly
placed. All the species present in each quadrat were recorded,
quantifying their abundance as a cover percentage (visually
estimated always by the same researchers, so that the bias, if it
exists, is similar in all the stands). Cover values higher than 100%
were due to species superposition.
Topsoil sampling was carried out in the same transects. Five
sub-samples, approximately 8 m apart, were taken from the ﬁrst
5 cm of soil in each stand, and were homogenised to obtain a
uniform sample of the characteristics of the stand as a whole. Soil
samples were air-dried and passed through a 2-mm mesh sieve for
later analysis. Soil pH, organic matter (O.M.) content, total nitrogen
(N), C/N ratio and available phosphorous (P), calcium (Ca2+),
potassium (K+), magnesium (Mg2+) and sodium (Na+) were
determined in each sample, following the ofﬁcial methods of soil
analysis (M.A.P.A., 1994).
Plant species richness (S, number of species) was measured
both at a small scale (per quadrat or m2), alpha diversity or
microcosmic diversity (Whittaker, 1972; Magurran, 1989, 2004),
and at the stand scale, gamma diversity or macrocosmic diversity.
S alpha was calculated as the mean number of species found per
quadrat in each stand; S gamma as the total species number found
in each stand (from the joint consideration of the samples carried
out in the 15 quadrats). By using the comparison of both types of
diversity, beta diversity or spatial heterogeneity was calculated by
the Whittaker formula (in Magurran, 1989): S beta = (S gamma/S
alpha)  1.
One-way analysis of variance (ANOVA) was used to determine
whether there were signiﬁcant differences between dehesa types
in terms of soil variables, cover values of annual, perennial
herbaceous and woody species, and species richness (S alpha, S
gamma and S beta). In all cases three replicates were considered.
The Scheffe test was applied for post hoc comparisons when the
ANOVA was signiﬁcant (p  0.05). Sample normality was checked
beforehand using the Kolmogorov–Smirnov test and homogeneity
of variances with the Cochran test.
For the joint comparison of the topsoil variables, a principal
components analysis (PCA) was carried out, using the Statistica 6.0

program. Understory plant species composition was compared by
a detrended correspondence analysis (DCA) with the software
Community Analysis Package III (CAP3). Species appearing in only
one stand were not considered in this analysis, so only 79 species
were included.
3. Results
We found no statistically signiﬁcant differences in topsoil pH
(mean values of 5–5.5) between the three types of dehesa
ecosystems (Table 1). Neither have we observed signiﬁcant
differences regarding the values of available Mg2+, K+ and Na+,
and the C/N ratio. However, organic matter content and total N
were signiﬁcantly higher in cleared than in grazed dehesas, with
intermediate values corresponding to the abandoned ones. Also
the available P was signiﬁcantly higher in managed dehesas
compared to the other two dehesa types. On the contrary, the
greatest level of available Ca2+ was found in the abandoned
dehesas and the lowest in the grazed ones. The joint comparison of
all soil variables by a PCA (70% of variance explained by the ﬁrst
two axes) showed the clustering of grazed dehesas, with negative
values for both axes. They were characterized by higher K+ values
and lower values of the other nutrients, organic matter and total N
(Table 2, and Fig. 2). The three replicates of the cleared dehesas
were also quite similar to each other, associated to higher values of
available P, organic matter and total N; while the abandoned
dehesa stands were more different to one another and did not
clustered together.
Concerning the understory vegetation, at the sampling unit
scale the highest mean alpha diversity (S alpha) was found in
grazed dehesas (16.4 species/m2) and the lowest in cleared
dehesas (8.5), with an intermediate value in case of the abandoned
ones (12.4), although these differences were not statistically
signiﬁcant (Fig. 3). At the stand scale, the results for gamma
diversity (S gamma) showed a similar trend, with no signiﬁcant
differences either. Nevertheless, an opposite trend was observed
for the spatial heterogeneity or pattern diversity (estimated by S
Table 2
Factor loadings of the soil variables for the ﬁrst two axes of the principal
components analysis.

pH
O.M.
N
Ca
Mg
K
Na
P

Axis I

Axis II

0.32
0.93
0.90
0.18
0.20
0.56
0.66
0.64

0.86
0.19
0.21
0.83
0.87
0.02
0.21
0.53
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Fig. 2. Location of the dehesa stands in the plane deﬁned by the ﬁrst two axes of the
principal components analysis (explained variance: axis 1 = 38%, axis II = 32%).

beta), with the highest signiﬁcant value in cleared dehesas and the
lowest in the grazed ones. On the other hand, the global species
richness in the study area (i.e. the total number of species recorded
in the nine dehesa stands) was 116 species. Comparing the total
number of species recorded in the three stands of each dehesa type,
the grazed dehesas sampled the highest number of species (86), of
which 38 were ‘‘exclusive’’ (i.e. species either characteristic or not
of this dehesa community, but that did not occur in the other two
types of dehesa ecosystems in this study). The abandoned dehesas
had 71 species and 13 ‘‘exclusive’’ ones. And the lowest number of
species was recorded in the cleared dehesas (57 species), with only
2 ‘‘exclusive’’ ones. Besides, we found that only 30% of the species
were shared by the three types of dehesa ecosystems. The

Fig. 3. Mean and standard error diversity values, measured as S alpha (species
number/m2), S gamma (species number/stand) and S beta. Results of ANOVA are
also included (when p < 0.05, different letters indicate signiﬁcant differences by the
Scheffe test). G = grazed dehesas; A = abandoned dehesas; C = cleared dehesas.

Fig. 4. Mean and standard error number of species and cover values of annual,
perennial herbs and woody species in the studied dehesas. Results of ANOVA are
also included (when p < 0.05, different letters indicate signiﬁcant differences by the
Scheffe test). G = grazed dehesas; A = abandoned dehesas; C = cleared dehesas.

abandoned and cleared dehesas were the most similar to each
other, with 77% of the species in common, while the grazed
dehesas shared 56% of the species with either the abandoned or
cleared ones.
The greatest differences regarding the species richness of the
different life forms were observed for the number of annual
herbaceous species, which was signiﬁcantly higher in grazed
dehesas and lower in the abandoned ones (Fig. 4). Opposite results
were found for woody species richness, although differences were
not statistically signiﬁcant. The number of perennial herbaceous
species was not signiﬁcantly different in the three types of dehesa
ecosystems studied. Differences between dehesa types were
accentuated from a quantitative point of view, when analysing
the percentage cover values of the different vegetation life forms.
The mean percentage cover of annual herbs was higher than 90% in
the grazed dehesas and lower than 10% in the other two dehesa
types (Fig. 4), statistically signiﬁcantly so. Perennial herb cover was
signiﬁcantly higher in grazed dehesas than in cleared ones, with
intermediate values in the abandoned dehesas. The mean cover of
woody species was higher than 100% in the abandoned dehesas,
with signiﬁcant differences in relation to the cleared (mean cover
of 20%) and grazed ones (less than 10%). The total plant species
cover was signiﬁcantly lower (F = 17.1, p = 0.003) in the cleared
dehesas (mean cover of 50%, although highly variable among the
three replicates, see Table 3) than in the abandoned (165%) and
grazed ones (higher than 200%).
Regarding plant species composition (Table 3), only two species
occurred in the nine dehesa stands: the graminoid Agrostis
capillaris and resprouts of Q. pyrenaica (less than 1 m height).
Other frequent species recorded from most of the stands, although
with different cover values, were Aira caryophyllea, Teesdalia
nudicaulis, Arenaria montana, Avenula marginata subsp. sulcata,
Festuca gr. rubra, Hieracium gr. pilosella, Lotus corniculatus, Luzula
forsteri and Calluna vulgaris. The results of the DCA (87% of variance
explained by the two ﬁrst axes) showed that the three abandoned
dehesa stands were the more similar to one another, related to high
values of woody species cover, such as C. vulgaris, Erica arborea, E.
autralis and E. cinerea, and to the presence of scarce ‘‘exclusive’’
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Table 3
The most frequent, abundant or representative annual, perennial herbs and woody species in the studied stands. Total understory cover (sum of all the species cover) is also
included (values higher than 100% are due to species superposition). (C = cleared dehesas, A = abandoned dehesas, G = grazed dehesas). Species name abbreviations are also
indicated for their inclusion in the DCA.
C1

C2

C3

A1

A2

A3

G1

G2

G3

Annual herbaceous species
Aira caryophyllea
Aira praecox
Cerastium glomeratum
Cynosurus echinatus
Filago lutescens
Jasione montana
Ornithopus compressus
Petrorhagia prolifera
Teesdalia nudicaulis
Trifolium campestre
Tuberaria guttata
Vulpia bromoides

AICA
AIPR
CEGL
CYEC
FILU
JAMO
ORCO
PEPR
TENU
TRCA
TUGU
VUBR

4.6
0.3
0.7
0.0
0.0
1.8
1.5
0.0
0.3
0.1
0.3
0.0

0.0
0.0
0.0
0.0
0.0
0.1
0.8
0.0
0.1
0.0
0.0
0.0

0.9
0.0
0.0
0.0
0.0
0.5
1.0
0.0
2.6
0.0
0.1
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.0
0.0
0.0

4.3
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.1
0.0

1.3
0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0

15.0
0.0
8.9
6.3
1.2
1.0
0.0
1.7
1.1
10.0
19.0
23.5

8.0
0.0
0.0
0.0
0.1
0.0
0.0
0.4
0.0
10.1
1.0
3.2

27.5
0.0
5.0
11.0
1.0
5.7
0.0
5.1
3.0
3.3
30.5
22.5

Perennial herbaceous species
Agrostis capillaris
Arenaria montana
Avenula marginata subsp. sulcata
Bellis perennis
Carex gr. muricata
Festuca gr. rubra
Hieracium castellana
Hieracium gr. pilosella
Hippocrepis comosa
Lolium perenne
Lotus corniculatus
Luzula forsteri
Plantago lanceolata
Polygala microphylla
Prunella grandiﬂora
Rumex gr. acetosella
Trifolium pratense

AGCA
ARMO
AVMA
BEPE
CAMU
FERU
HICA
HIPI
HICO
LOPE
LOCO
LUFO
PLLA
POMI
PRGR
RUAC
TRPR

1.4
3.1
4.4
0.0
0.5
4.2
3.5
1.1
0.0
1.9
0.5
0.9
0.0
0.0
0.0
0.9
0.0

1.2
2.2
0.3
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.0
1.2
0.0
0.0
0.0
0.0
0.0

4.1
4.5
0.7
0.0
3.3
2.7
0.0
0.6
0.0
0.0
0.7
0.3
0.2
0.0
0.0
2.2
0.0

1.2
6.5
1.8
0.0
1.3
0.5
0.1
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0

5.0
2.3
8.7
0.0
5.3
2.9
1.5
10.5
0.0
0.3
6.6
1.9
0.5
0.5
1.4
0.0
0.0

6.5
0.7
15.2
0.0
1.6
12.9
0.5
2.6
0.0
0.0
3.9
3.3
1.1
1.1
2.5
0.1
0.0

24.7
0.7
0.0
14.1
3.3
2.7
15.3
12.7
3.9
1.2
3.4
0.0
7.0
0.0
0.0
7.9
3.3

24.9
2.7
7.5
0.0
18.5
15.0
0.0
11.3
0.2
0.0
2.5
1.4
2.7
0.0
0.0
0.5
2.3

31.0
0.0
0.0
1.3
0.0
3.0
4.2
6.5
0.2
0.0
3.1
0.0
2.9
0.0
0.0
7.0
2.0

Woody species
Calluna vulgaris
Erica arborea
Erica australis
Erica cinerea
Genista scorpius
Halimium alyssoides
Halimium umbellatum
Quercus pyrenaica

CAVU
ERAR
ERAU
ERCI
GESC
HAAL
HAUM
QUPY

4.6
1.9
9.1
0.0
0.0
0.0
0.3
0.9

1.9
0.0
3.9
0.0
0.3
10.1
0.0
1.5

3.7
0.9
6.2
0.2
0.0
8.9
0.0
1.9

40.0
15.0
30.0
0.0
0.0
0.0
0.0
3.2

36.7
13.0
13.0
27.7
0.4
0.0
0.0
8.7

43.3
9.7
44.7
1.3
0.0
3.3
7.0
1.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.1

6.7
0.0
0.0
0.0
0.0
0.0
1.0
3.2

0.0
0.0
0.0
0.0
0.0
0.0
0.1
6.2

Total cover

72

26

species, such as Prunella grandiﬂora and Polygala microphylla (Fig. 5,
and Table 3). Grazed dehesas were mainly characterized by the
presence of annual herbaceous species, such as Petrorhagia
prolifera, Cynosurus echinatus, Tuberaria guttata and Vulpia bromoides, but also perennial graminoids and other perennial herbs
were present, such as Bellis perennis, Hippocrepis comosa, Trifolium
pratense. Cleared dehesas were located in an intermediate position
in the DCA diagram, due to the absence of ‘‘exclusive’’ species,
except Ornithopus compressus.
4. Discussion
The results obtained for the comparison of topsoil features in
the three types of dehesa ecosystems revealed that, to a certain
degree, both abandonment and management by shrub cutting
have inﬂuenced these properties. According to Moreno and
Obrador (2007), the dehesa abandonment and the subsequent
invasion by shrubs can improve soil fertility in the long term, due
to an increase in organic N and exchangeable base cations. In our
study, we observed a slight increase in all the variables that
determine soil fertility in the abandoned dehesas compared to the
grazed ones, although differences were not statistically signiﬁcant.

56

109

205

181

231

186

218

Indeed, the dehesa abandonment and the following invasion by
shrubs lead to a progressive accumulation of organic matter in the
soil, which would emphasize the differences between these two
types of management (Moreno and Obrador, 2007). Furthermore,
as the amount of N in the dehesa soil depends mostly on organic
matter quality and quantity (Gallardo et al., 2000; Gallardo, 2003),
shrub colonization also implies an increase in the total N content of
the soil. Besides, we detected a signiﬁcant increase in available
Ca2+ in the abandoned dehesas that could be favoured by the
presence of shrub species (Turrión et al., 2007) due to nutrient
recycling via leaf litter and root turnover (Gallardo, 2003; Moreno
et al., 2007). All these differences in topsoil properties were
accentuated in case of the cleared dehesas, due to a signiﬁcant
increase in organic matter content, total N and available P. In fact,
in the studied cleared dehesas, the residues originated by the shrub
cutting were partly left on the ground and, in general, these
remains contain tissues relatively rich in nutrients, causing a
nutrient ﬂush that starts 1 or 2 years after the cutting. The ﬂush
continues until the readily decomposed organic matter has been
processed into more stable microbial biomass, or mineralized, or
converted into relatively stable humus (Kimmims, 1987). Depending on the climatic conditions, soil properties and the quality of the
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Fig. 5. Location of the dehesa stands and plant species in the plane deﬁned by the ﬁrst two axes of the detrended correspondence analysis (see Table 3 for species name
abbreviations) (explained variance: axis 1 = 67%, axis II = 20%).

plant remains, the addition of these residues to the soil can have
either positive or negative effects (Serrada, 1990). These effects
have been extensively investigated from a forestry point of view in
pine woodlands (Montero et al., 1999; Blanco et al., 2003), Q.
pyrenaica oak forests (Cañellas et al., 1996) and chestnut (Castanea
sativa) woodlands (Tokár, 1998). However, there is a lack of
knowledge on the effects of shrub cutting on the soil characteristics. Consequently, according to our results, we can only conclude
that shrub cutting appeared to favour soil fertility in the short
term, provided that part of the plant residues were left on the
ground. This effect was accentuated in the cleared dehesas because
nutrient sequestration was minimum due to their scarce plant
biomass compared to the other dehesa types.
Regarding plant species richness, the values observed in
deciduous Q. pyrenaica dehesa seem to be lower than those found
in evergreen typically Mediterranean dehesa (i.e. see Peco et al.,
2006), but the sampling size is different in the different studies and
species richness is very much dependent of sampling area
(Magurran, 1989, 2004). Comparing the three types considered
in this study, we found the highest richness value in grazed
dehesas and the lowest in the cleared ones, either at small (per
quadrat or m2) or stand scales, although differences were not
statistically signiﬁcant. Many authors have found that the plant–
herbivore interaction maintains or increases vegetation species
diversity (Naveh and Whittaker, 1979; Puerto et al., 1990;
Montalvo et al., 1993; Bakker and Berendse, 1999; Shackleton,
2000; Poschlod et al., 2005; Acosta et al., 2006; Guretzky et al.,
2007), and that, on the contrary, grazing abandonment leads to a
decrease in plant species richness. However, other authors have
not detected differences in plant species richness between grazed
and abandoned areas (Peco et al., 2005, 2006; Öckinger et al.,
2006). These contradictory results can be related with the

hypotehsis of Milchunas et al. (1998), who have suggested that
feedback mechanisms between plants and herbivorous are more
developed in subhumid grasslands than in semiarid ones. The
lower spatial heterogeneity (estimated by S beta) that characterized the grazed dehesas has also been found in other studies, which
attributed their homogeneous ﬂoristic composition to the role of
livestock, acting as a seed disperser (Peco et al., 2006). Although we
expected to ﬁnd the greatest spatial heterogeneity in the
abandoned dehesas, where the irregular distribution of shrub
species probably determines differences in microclimate conditions, relevant to other plant species, the highest value corresponded to the cleared ones. Similarly, in experimentally cleared
shrublands near the studied dehesas, the greatest spatial heterogeneity was observed in the ﬁrst 2 years after prescribed cutting or
burning, related to different mechanisms of plant species recovery
(Calvo et al., 2002a).
In terms of the vegetation life forms, the greatest values for
species richness and cover corresponded to annual herbs in the
grazed dehesas, in accordance with other studies (McIntyre et al.,
1995; Diaz et al., 2007; Guretzky et al., 2007; Tárrega et al., 2007).
However, Peco et al. (2005) found similar values of relative cover of
annuals vs. perennials in grazed and ungrazed zones. In our study,
no signiﬁcant differences were detected in the perennial species
richness (either perennial herbs or woody species) in the three
types of dehesa communities. In addition to the annual species
richness, the main difference between the dehesa types corresponded to woody species cover, which was signiﬁcantly higher in
the abandoned dehesas, due to the expected consequences of
secondary succession (Bakker and Berendse, 1999; Gómez-Limón
and de Lucio Fernández, 1999; Peco et al., 2005; Poschlod et al.,
2005; Öckinger et al., 2006; Maccherini et al., 2007). Besides, it is
worth pointing out that woody species cover was higher (although
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not signiﬁcantly so) in cleared dehesas than in the grazed ones
even very soon (less than 2 years) after the shrub cutting treatment
was applied. This difference in woody species cover was also
observed by other authors (Maccherini et al., 2007), who attributed
this result to the active vegetative resprouting of the dominant
shrub species, also found in shrublands of the same study area
(Calvo et al., 2002b). On the other hand, perennial herb cover was
lower in the cleared dehesas, with regards to either the grazed or
the abandoned ones.
Differences in the ﬂoristic composition of grazed and ungrazed
areas have been found in previous studies, even when no
differences in plant species richness after abandonment were
detected (Peco et al., 2005, 2006; Öckinger et al., 2006). Several
researchers have suggested that differences in species composition seemed to be more sensitive than diversity measures to
detect the inﬂuence of management on the vegetation (Brosofske
et al., 2001; Nagaike et al., 2003; Onaindı́a et al., 2004; Tárrega
et al., 2006, 2007). In our study area, the complementarity of the
ﬂoristic compositions of grazed and abandoned dehesas (i.e. the
occurrence of different species in each dehesa type) determined
greater plant diversity at the landscape scale. Waldhardt and Otte
(2003) pointed out the importance of maintaining a mosaic of
extensively used grassland stands of different ages to retain plant
species and community diversity at the landscape level. This
agrees with the general theory that stresses that the greatest
diversity value is only achieved through the maintainance of
different ecosystem successional stages, related to various types
and intensities of use and management (Farina, 2000; Magurran,
2004). However, management by shrub cutting hardly increased
the number of plant species, given that they only had two
‘‘exclusive’’ ones and shared 77% of the species with the
abandoned dehesas. This may be partly because most of the
shrub species in this area are capable of vegetative resprouting
after cutting (Calvo et al., 2002b). Furthermore, we could expect
higher similarity in species composition between cleared and
grazed dehesas (i. e. due to a more similar light conditions in the
ground layer) than between abandoned and grazed ones, but it
was equivalent (56% of common species in both cases). This was
probably due to the paucity of the soil seed bank of the cleared
dehesas; most of seeds of typical species of grazed dehesas have
dead and they cannot recolonize. In fact, more than 20 years have
passed since the abandonment of the cleared dehesas, previously
to the application of the shrub cutting treatment. Similar results
have even been found in grassland areas considerable different
from our dehesa systems. For instance, Maccherini et al. (2007)
found that shrub cutting did not sufﬁce to restore the community
composition of semi-natural calcareous grasslands, because the
restored grasslands did not reach a species composition similar to
the reference grasslands. Öckinger et al. (2006) pointed out that
for grassland management to be efﬁcient, restoration actions
should be carried out in sites at an early stage of the postabandonment succession, where most management-dependent
species are likely to be still present. Bakker and Berendse (1999)
had already indicated that restoration of habitats after abandonment is difﬁcult and often does not produce the species richness
and composition associated with the original communities. This
can be due to difﬁculties in species re-colonization as many plant
species are not present in the soil seed bank and their dispersal is
limited by landscape fragmentation. Thus, a suitable way of
favouring the restoration of the cleared dehesas could possibly be
the reintroduction of grazing activities, since livestock could act as
disperser of seeds coming from another grazed dehesas (Malo and
Suárez, 1995). In this way, Pykäla (2005) found that restarting
grazing in abandoned pastures changed species assemblages
towards that of the grazed pastures.
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5. Final remarks
Therefore, from the results obtained in this study, we can
conclude that, in the considered dehesa ecosystems, shrub cutting
did not result in an effective management practice to recover a
vegetation composition similar to that of the grazed dehesas, and
even could cause the loss of plant species richness in the short term
compared to the abandoned ones. Nevertheless, shrub cutting
represents a suitable management method to reduce the risk of
ﬁre, through a decrease in the biomass load. The maintenance of
this management practice would probably be favoured by
incorporating an adequate livestock load, which could disperse
plant seeds from another grazed dehesas. Indeed, the lower
competition between herbs and woody species that characterizes
the cleared dehesas, together with higher soil fertility (due to the
permanence of shrub cutting remains on the ground and increased
by livestock faeces) would probably favour the development of
herbaceous species.
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