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Table 3

Estimated asymptote values (y-diversity) by fittings of species randomised curves to the Clench function, for each sampled year and forest site (separating shrub-cleared and control treatments)

Open woodland

‘Woodland

Forest

Year

Control

Shrub-cleared

Control

Shrub-cleared

Control

Shrub-cleared

Asymptote

Explained Final

Asymptote

Explained Final

Asymptote

Explained Final

Asymptote

Explained Final

Asymptote

Explained Final

Asymptote

Explained Final

(y-diversity)

(y-diversity) variance residuals  (y-diversity) variance residuals  (y-diversity) variance residuals  (y-diversity) variance residuals  (y-diversity) variance residuals
(%) (%) (%) (%) (%)

residuals

variance

(%)
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95
92
74
70
61

21.3

99.4

21.1 108

99.5

38
38
33
31

12.8

98.4

43

18.3

97.7

39
32
36
31

13.3

98.5

33
30
27

14.8

2000 97.6
2001

21.0

99.4

119

28.3

99.3

7.6

9.1

99.5

99.0 14.8 52
44
40
39

8.2
8.8

5.1

99.2

4.9

99.6

99.4 16.2

80
67

98.3 16.3 99.1 99.2 19.5

99.1

35

2002 99.8

252

98.5

12.5

99.6

6.4

99.4

12.6

98.9

99.5

30
27

8.5

2003  99.0

15.0

99.3

13.9 73

99.6

27

6.9

99.2

99.3 6.1 26 99.3 9.0

7.8

2004 989

with a maximum value of 52 species/20 m* and a minimum
value of 27 species/20 m? (Table 3).

Local species richness was affected by the shrub clearing
treatment, but changes through time were site-specific (Fig. 2,
second row). The largest differences appeared in Woodland
and Open Woodland sites; however, in the latter site, the effect
was only significant in the second monitored year. In general,
silvicultural practices increased the number of herbaceous
species (a-diversity) in the understorey; although in the closed
Forest site these effects were not significant. During the first
year of monitoring (just a few months after shrub clearing)
there was almost no effect, while effect was more marked in
the second year after treatment application. At the Open
woodland site, these differences narrowed after 2002 until
similar species richness values were reached on both
treatments. In contrast, at the Woodland site, species richness
gain kept nearly constant until the fifth year (Fig. 2b). On the
three forest sites, local species richness decreased along the
time, though the trend was lightly different in both treatments,
as “Time-Treatment” interactions were statistically signifi-
cant (Table 2).

In some cases, the increase in local species richness
associated with shrub clearing occurred mainly due to the
expansion of grassland species (e.g., pioneers with a good
colonizing ability) that could take advantage of open conditions
newly encountered in managed microhabitats. At the Open
Woodland site, shrub clearing increased species richness in the
second year after treatment (2001), particularly ruderal species,
while the number of herbaceous species typical of forest
habitats was relatively similar across treatments (Fig. 2, third
and bottom rows). Even at the Forest site, with only small
differences between treatments in the total o-diversity, the
number of grassland species was significantly higher in the
treated stand, for the third-year census.
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Fig. 3. Turnover of herbaceous species per quadrat (1 m?) between the first
(2000) and second (2001) census after shrub clearing; mean and S.E. (error
bars) values are indicated. Positive values indicate local colonization (new
species in the quadrat) while negative values indicate local extinction (existing
species not present in the next year). For each forest site, the treated (black bar)
and unmanaged (white bar) quadrats are compared, and the significance level is
expressed as follows: ns, not significant; * p < 0.05; ** p <0.01; ***
p < 0.001.
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Differences in species turnover (from year 2000 to 2001)
associated with shrub clearing were highest in the Open
woodland, while they were not significant in the closed Forest
site (Fig. 3). The local colonization rate increased (F = 17.15;
p < 0.001) in the shrub-cleared treatment of Open woodland,
while the local extinction rate decreased (F = 8.24; p = 0.007).
At the Woodland site, there was also an increase in the local
colonization rate (F =17.05; p < 0.001), but no significant

0.60

0.55

0.50

0.45

0.40
ns

0.35

0.05
Forest

0.00

2000 2001 2002 2003 2004

0.60

0.55

0.50

0.45

0.40

0.35

Mean Similarity(Sgrensen index)

0.05
Woodland

0.00

2000 2001 2002 2003 2004

0.60

0.55 *ekok

0.50

0.45

0.40

0.35
0.05

Open Woodland

0.00

2000 2001 2002 2003 2004

Time (years)

Fig. 4. Similarity between shrub-cleared (white dots and dashed lines) and
control (black dots and solid lines) treatments, separating the three forest sites.
Mean and S. E. bars (n = 190 combinations of pairs of quadrats) of Sgrensen
values have been indicated. Higher similarity values mean higher homogeniza-
tion and lower B-diversity. The significance level is expressed as follows: ns, not
significant; * p < 0.05; ** p < 0.01; *** p < 0.001.

difference in the extinction rate. In contrast, both colonization
and extinction rates were not significantly affected by shrub
clearing in the closed Forest site.

3.2. Similarity (B-diversity)

In general, there was a higher among-quadrats similarity for
herbaceous species composition in shrub-cleared compared to
control treatments, which reflects a reduction in B-diversity
(Fig. 4). Changes were site-specific: at the Woodland and Open
woodland sites, the highest increase in similarity (lower 3-
diversity) was found during the third and fourth years after
shrub clearing, but converged with control values for the fifth
year. In contrast, at the closed Forest site, there was no
significant change between both treatments in the similarity of
understorey herbaceous composition.

Similarity among quadrats decreased with increasing
distance between them. Thus, maximum values of Sgrensen
index were found at patch scale (less than 20 m), followed by
site (about 100 m) and regional (20—40 km) scales (Fig. 5).
Differences across treatments were statistically significant only
at the two higher spatial scales, varying also through time. At
site scale, differences between treatments initiated in 2001
reached the maximum in 2003 and then decreased in 2004. At
the regional scale, there were differences in 2002 and 2003.

3.3. Understorey herbaceous composition

The ordination analysis detected marked differences in
community herbaceous composition among the three forest
sites. Within each forest, control quadrats were only clearly
segregated from those in the shrub-cleared zone at the Open
Woodland site and during the second-year census (Fig. 6).

The three forest sites differed substantially in the most-
common herbaceous species. At the closed Forest site, the most
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Fig. 5. Changes with time in mean similarity values (expressed as Sgrensen
index) in shrub-cleared (symbol in white and dashed line) and control (symbol
in black and solid line) treatments, at three spatial scales: patch (20 m, circles),
plot (100 m, triangles), and region (40 km, diamonds). Verticals bars denote
standard error values. The effect of shrub clearing practices has been evaluated
for each sampled year and spatial scale, and significance level is expressed as
follows: ns, not significant; * p < 0.05; ** p < 0.01; *** p < 0.001.
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abundant species were Arisarum proboscideum, Rubia pere-
grina, Tamus communis and Ruscus hypophyllum, being the last
three ones typical of shaded forest sites. At the Woodland stand,
the understorey of the two treatments was dominated by Galium
aparine, Holcus grandiflorus, and the Liliaceae Scilla mono-
phyllos and Simethis planifolia. In the case of the Open Woodland
site, the most common species in the two treatments were Allium
triquetrum, Bellis sylvestris, Carex sp., Ranunculus paludosus,
Rubia peregrina and Vinca difformis (Supplementary data).

At the three forest sites, there was a certain difference in
relative abundance of herbaceous species between shrub-
cleared and control treatments, that was more marked in the
Open Woodland site. In this plot, the species with the greatest
relative abundance in shrub-cleared stands were those typical of
open grasslands, such as Brachypodium distachyon, Euphorbia
pterococca, Scorpiurus muricatus and Torilis nodosa. In
contrast, the species more abundant in control stands were
those typical of shaded forests, such as Conopodium
capilifolium, Avenula sulcata subsp. albinervis or B. gaditanum
(Supplementary data).

4. Discussion
4.1. Diversity components and turnover rates

The different diversity components were modified by the
effect of shrub clearing practices, probably as a consequence of
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the new abiotic conditions resulting from structural changes in
the shrub layer. In a parallel study (Quilchano et al., 2008), we
demonstrated that shrub clearing reduced effective cover (LAI)
of cork oak forests and, consequently, resulted in a higher light
availability at ground level. In addition, the elimination of
shrubs, which are piled and burned during these silvicultural
practices, also decreased the amount of litterfall in shrub-
cleared treatments (Quilchano et al., 2008). On one hand, the
higher radiation at the soil surface could favour the colonization
of new herbaceous species (mainly ruderal), either through seed
dispersal from nearby grassland patches or by stimulating
germination of persistent soil seed banks (Diaz-Villa et al.,
2003). This trend of higher species richness with increasing
light availability at the forest floor has been documented in
other studies (e.g., Suding, 2001; Kraft et al., 2004). On the
other hand, the thicker litter layer found in unmanaged stands
might reduce colonization rates of herbaceous plants, likely
through inhibition of seedling establishment by shading and
physical obstruction (e.g., Clark and Clark, 1989; Maraiién and
Bartolome, 1993). Moreover, the reduced litter accumulation
also could affect soil nutrient availability and interactions with
soil micro-organisms (mycorrhizae, pathogens, etc.), thus
influencing the floristic composition of the forest understorey
(e.g., Maltez-Mouro et al., 2005). In the studied forest sites,
shrub-clearing practices increased local colonization rates of
new herbaceous species, and reduced local extinction rates (in
the most open woodland site). Since species richness is the
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result of the balance between local extinction and colonization
(Mac Arthur and Wilson, 1967), these results translated into a
higher number of herbaceous species (local and total diversity)
in those stands subjected to shrub clearing.

In contrast, shrub clearing decreased the spatial hetero-
geneity in understorey herbaceous composition and, thereby,
the P-diversity of the studied cork oak forests. This
homogenizing process (reflected in a higher among-quadrats
similarity) was likely associated with the colonization and
expansion of common herbaceous species, usually typical of
disturbed and open sites (see below), which thrived in the new
understorey conditions. However, this effect of homogenization
in herbaceous composition was only statistically significant at
higher spatial scales (both site and regional level), but not at
patch scale, probably because of the high internal variability at
this scale. Changing the spatial scale, similarity values
decreased as the quadrats were more separated in distance,
probably due to the lower homogeneity among them in
environmental conditions and the existence of short-range
dispersal (Janzen, 1970; Hubbell, 1980).

It is important to remark that the impact of shrub clearing on
diversity components (a-, B- and - diversity) was site-specific
and depended on the forest structure. At the Open woodland
site, understorey changes associated with shrub clearing — a
higher species richness and a lower 3-diversity — were highly
significant compared to control stands. However, at the closed
Forest site, the effects of shrub clearing on understorey diversity
components were negligible. The pool of herbaceous species in
each site is determined by the set of available species in the
surrounding landscape and the environmental sieve filtering
species by abiotic factors (e.g., light and soil chemistry) and
biotic interactions (e.g., competition and herbivory) (Zobel,
1997, Diaz-Villa et al., 2003). At the Forest site, due to the more
shaded conditions generated by the dense tree canopy, the shrub
layer was less abundant and shrub clearing caused only a small
change in light availability at ground level. In this closed forest
site, the mean GSF of the shrub-cleared treatment was 36%
higher than control, while in the Woodland stand the increment
reached 131% (Quilchano et al., 2008). Thus, even after shrub
clearing, light availability (reduced by the tree layer) was still
relatively low (with GSF mean values below 20%) at the Forest
site, which probably precluded the massive colonization of
light-demanding species. Moreover, the soil seed bank of
herbaceous species in these shaded conditions was relatively
low (unpublished data) and their propagules probably scarce in
the surroundings.

4.2. Understorey herbaceous composition

The three studied oak forest sites showed substantial
differences in understorey herbaceous composition, probably as
a consequence of differences in habitat affinity — with
underlying gradients in light levels, soil physical properties,
fertility or management history (Reich et al., 2001). Differences
associated with shrub clearing practices in herbaceous
community composition were most evident at the Open
Woodland site (especially on the second year after treatment),

mainly by expansion of grassland species. Thus, those
herbaceous species mostly ruderal and typical of open sites
had higher relative abundance in the disturbed, shrub-cleared
stands than in unmanaged control ones; similar patterns have
been documented in other studies (Roberts and Gilliam, 1995;
Fredericksen et al., 1999; Nagaike et al., 1999; Battles et al.,
2001).

Disturbances may increase species richness by lowering the
dominance of a few species, freeing resources for early
successional plants and providing opportunities for aggressive
ruderal species to spread rapidly (Beese and Bryant, 1999;
Decocq et al., 2004). Although in this study the richness of
“typical of forests” species was similar in both types of stands
(treated and non-treated), the relative abundance of some forest
species, such as Conopodium capilifolium, Avenula sulcata
subsp. albinervis or Brachypodium gaditanum, decreased in
shrub-cleared stands. Similarly, Decocq et al. (2004) found a
negative impact of silvicultural practices on true forest species
in a temperate deciduous woodland. Therefore, simple
increases in species richness may not always be indicative of
success in reaching conservation goals.

4.3. Resilience after shrub clearing

This study shows that the herbaceous community of cork oak
forests may be highly resilient to shrub clearing, with
“resilience” defined as the ability of an ecosystem or
community to return to pre-disturbance conditions (e.g.,
Lavorel, 1999). We found that, within a five-year period,
shrub-cleared stands reached very similar diversity values to the
unmanaged treatments (assumed to be similar to initial pre-
treatment stage). At the Open woodland site, maximum
between-treatments differences in a-diversity were found the
year after shrub clearing and then differences decreased to
reach similar values by the fifth year. Differences in among-
quadrats similarity for community composition also had also a
short-term increase and then diminished over time to be non-
significant by the last year. At the Woodland site, species
richness gain kept nearly constantly during the sampled years,
but similarity values (B-diversity) also converged five years
after shrub clearing. Remarkably, this high resilience implies a
return to a lower herbaceous species richness, mainly by
decreasing the number of grassland species (which can be
considered less important from a conservation point of view).
Our results are in accordance with previous studies focusing on
diversity dynamics through silvicultural cycles, where species
richness peaks shortly after disturbances and then declines to
pre-managed levels (Metzger and Schultz, 1984; Peet and
Christensen, 1988; Decocq et al., 2004).

The high resilience exhibited by the understorey herbaceous
community in shrub-cleared oak forests may be the result of a
combination of processes. At first, there is a rapid colonization
process by herbaceous (mostly annuals) plants from the soil
persistent seed bank (Diaz-Villa et al., 2003) and by dispersal
(mainly by wind) from nearby unmanaged patches. On the
other hand, cleared shrubs have a high resprouting ability,
typical of Mediterranean woody plants in response to fire and
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other disturbances (Pate et al., 1990; Canadell and Lopez-Soria,
1998); they grow rapidly, restoring shrub-layer cover. Shady
conditions probably limit the colonization of light-demanding
species, while alleviating the competition pressure on shade-
tolerant forest herbs, thus restoring initial values of species
richness and 3-diversity for the whole community.

The recovery rate was probably accelerated owing to the
favourable conditions of excluding large herbivores (deer and
cattle) in the experimental plots. In fact, species richness and
similarity not only decreased through time in the shrub-cleared
stands, but also in unmanaged treatments. Browsing affects the
composition and structure of forests through the direct effects
of physical damage to plants as well as by the indirect effects
related to changing environmental conditions and competitive
interactions among surviving plants (e.g., Augustine and
Frelich, 1998; Horsley et al., 2003; Kraft et al., 2004).
Therefore, it would also be interesting to evaluate the impact of
shrub clearing on understorey diversity dynamics but without
excluding large herbivores.

4.4. Management applications

In the Mediterranean region, biodiversity conservation is a
key component of sustainable regional development (Blondel
and Aronson, 1999). A promising example is found in the
Management Plan of “Los Alcornocales” Natural Park that
proposes: “‘forestry practices will be conditioned to the
improvement and conservation of the forest, and the main-
tenance of the ecosystem diversity and stability’’ (CMA, 2005).
On the basis of our study, we propose some realistic and low-
costs strategies to be incorporated in forest management plans
to reconcile cork oak extraction with that maintenance of
biodiversity. These proposals are more adequate for oak
woodlands with low or intermediate tree density, where the
impact of shrub clearing is more marked.

(1) Given the negative effects of shrub clearing on some
diversity components, we propose to reduce the intensity and
extension of those perturbations; for example, concentrating
operations around cork oak trees, as was done traditionally, and
leaving some undisturbed patches within each forest stand. (2)
To maintain the current nine-year frequency between
successive shrub clearings and even increasing them to 10-
year cycles, whenever possible, as recommended in protected
cork oak forests. Although the traditional recurrence of shrub
clearings seems to be enough to allow for the recovery of
herbaceous communities, a longer buffer period would
compensate the possible reverse trends during dry years
(expected to become more frequent under the current climate
change scenario) and the interference of large herbivores,
which are known to slow down the regeneration of plant
biodiversity after perturbation (and were excluded in this
experiment). (3) To avoid indiscriminate cutting of under-
storey plants during shrub clearing operations, with special
attention to minimise disturbance of shade-tolerant and true
forest herbs. (4) To increase the area devoted to unmanaged
forest, embedded into the current array of rotation stands,
favouring a mosaic of micro-reserves that will preserve the

typical species composition in the understorey of old-growth
forests.
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