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a b s t r a c t

The suitability of plantation monocultures for the conservation of forest animals is an issue under con-
tinous debate. The adaptability of forest dwellers and the forest management regime seem to play key
roles. In this study, I investigated the habitat selection of a generalist bird, the great spotted wood-
pecker (Dendrocopos major), within a pine (Pine spp.) monoculture, as well as the importance of the
native habitat features within the pine matrix for the species’ conservation. I compared 52 plots with
woodpecker presence against 121 plots where the species was absent, as well as 68 nest-trees against
90 random ones. Regression analyses were used to investigate the habitat attributes involved in the
habitat selection. Although the great spotted woodpecker is considered a generalist forest dweller, it
shows a marked habitat selection. Based on presence/absence records, the woodpecker prefers well-
forested patches with high levels of tree diversity and with good coverage of a secondary species such as
lantation design the strawberry tree (Arbutus unedo). To excavate their nests, woodpeckers select large trees in patches
where other trees are also larger, rejecting patches with a high number of small trees. The most striking
conclusion from this work is the preference shown for native trees, especially Portuguese oaks (Quercus
faginea), as nest-trees. This is noteworthy because native trees are smaller and they are surrounded by
smaller trees than pines. These findings support that woodpecker conservation benefits from an increase
of habitat heterogeneity, particularly by the retention of native woodland patches within the plantation

matrix.

. Introduction

Tree plantations have increased worldwide over the past few
ecades, with their primary aim being to produce large quantities
f timber and serve as socioeconomic resources for local communi-
ies (Diaz et al., 1998; Lindenmayer and Hobbs, 2004; Brockerhoff
t al., 2008). Whether these plantation forests can play a role as
urrogate habitats for biodiversity conservation is a topic under
ontinuous debate (see Lindenmayer and Hobbs, 2004; Brockerhoff
t al., 2008). On one hand, some authors suggest that afforestations

re associated with a wide variety of conservation threats, such
s biological invasions (Richardson, 1998; Vellinga et al., 2009).
tudies of several taxa suggest that animal communities can be
ltered in forest monocultures compared to native forests. How-

Abbreviations: DBH, Diameter at breast height; PCA, Principal Component Anal-
sis; PC, Principal Component; AIC, Akaike information criterion; AICc, Corrected
kaike information criterion; SNFI, Second National Forest Inventory.
∗ Current address: Departamento de Ciencias Ambientales, Facultad de Medio
mbiente, Universidad de Castilla-La Mancha, Avenida Carlos III s/n, E-45071 Toledo,
pain. Tel.: +34 91 411 13 28; fax: +34 915645078.

E-mail addresses: barrientos@mncn.csic.es, rafabarri@hotmail.com.
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ever, these changes vary depending on the taxa studied with some
species becoming less abundant or even disappearing, while with
other species becoming more abundant or newly colonising forest
plantations (Carrascal and Tellería, 1990; Lindenmayer et al., 2002;
Similä et al., 2002; Amo et al., 2007). It is worth noting that neg-
ative effects are less pronounced for generalist species (Magura et
al., 2000; Raman, 2006).

On the other hand, some studies found these habitats to hold
conservation values related to their role as pioneers in the reha-
bilitation of degraded lands (Zhou et al., 2002) or due to their role
in accelerating forest succession in previously deforested sites (see
Brockerhoff et al., 2008). Plantation forests can also be valuable
conservation tools in habitat compensation processes (Barbaro et
al., 2005; Lantschner et al., 2008; Cristinacce et al., 2009), or can
allow connectivity among more suitable habitats (Lindenmayer et
al., 1999; Wethered and Lawes, 2005). These values are generally
enhanced if these plantations are partially managed to provide such
complementary conservation benefits (Lindenmayer and Hobbs,

2004; Amo et al., 2007; Brockerhoff et al., 2008; Lantschner et al.,
2008; Luck and Korodaj, 2008).

Among the forest fauna, woodpeckers have been recognized as
indicators of forest bird conservation status (for European birds, see
Mikusinski et al., 2001). As some woodpeckers specialize in using

dx.doi.org/10.1016/j.foreco.2010.05.015
http://www.sciencedirect.com/science/journal/03781127
http://www.elsevier.com/locate/foreco
mailto:barrientos@mncn.csic.es
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Fig. 1. The 173 sampling plots (circles), 68 nests (triangles) and 90 random

orest resources that are the first to be removed from natural forests
e.g., large or deciduous trees), or that are purposely eradicated in

anaged forests (e.g., dead wood or non-commercial species), the
resence of several woodpecker species indicates forest natural-
ess (Mikusinski et al., 2001). Red-listed woodpeckers have been
hown to be very sensitive to the presence of allochthonous tree
lantations (Gjerde et al., 2005; Roberge et al., 2008). However, the
esponse of generalist woodpeckers has been rarely explored to
ate. Furthermore, the relationship between forest monocultures
nd bird conservation has mostly focused on the presence/absence
f birds, particularly, whether native birds are found within for-
st plantations (see references above). In contrast, there is less
nformation about the microhabitat selection within the mono-
ultures (Barrientos and Bolonio, 2003; Koch et al., 2009). Very
ew studies have determined, for instance, whether these birds
re actually breeding inside plantations (Lindenmayer and Hobbs,
004; but see Maícas and Fernández Haeger, 2004; Cristinacce et
l., 2009).

The aims of the present manuscript are: (i) to study the
abitat selection of a generalist forest woodpecker inside the
onoculture matrix; (ii) to assess the importance of the pres-

nce of native plant species (trees or bushes) embedded inside
he plantation; and (iii) to propose management practices to
mprove woodpecker conservation within monocultures. These
ssues are evaluated using a two-fold approach: (i) general habi-

at selection and (ii) nest-site habitat selection. Based on previous
tudies, I predict that native vegetation inside the pinewood
ill be a key resource for the study species at both scales

Lindenmayer and Hobbs, 2004; Barbaro et al., 2007; Koch et al.,
009).
s (squares) mapped in the study area. The 2 km × 2 km grid is also shown.

2. Methods

2.1. Study species

I selected the great spotted woodpecker (Dendrocopos major) as
a model species because it is the most common and widespread
woodpecker in Eurasia, distributed throughout the entire region
(Winkler and Christie, 2002). It is a resident species present in all
types of woodlands and forests, from pure broadleaved to unmixed
stands of conifers, from sea level to the timber line (Winkler and
Christie, 2002). Its densities vary from 0.2 to 13.2 individuals/10 ha,
and are highest in mature alluvial forests (Winkler and Christie,
2002).

2.2. Study area

The study area was located in Quintos the Mora, Toledo Province,
central Spain (Fig. 1). It occupies an area of 6 864 ha which com-
prises two main biotopes: the hills and the plain valley placed
between them. The climate is Mediterranean with 650 mm of year-
round rainfall and the area ranges from 800 to 1200 m a.s.l. The
vegetation in the mountains includes an overstory of holm (Quer-
cus ilex) and Portuguese (Q. faginea) oaks and Strawberry trees
(Arbutus unedo). Understory is dominated by gum cistus (Cistus
ladanifer), Rosemary (Rosmarinus officinalis) and heaths (Erica spp).

Pyrenean oak (Q. pyrenaica) patches are located at the bottom of
small, wet valleys. The main valley is dominated by dehesas, a typ-
ical savannah-like habitat widespread across southwestern Spain.
It is characterized by the presence of scattered trees (ca. 35% tree
coverage; Author, unpublished data) distributed across a pasture-
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and matrix. Originally, the main tree species of the dehesas were
he holm and Portuguese oaks. However, during the fifties, stone
Pinus pinea) and maritime (P. pinaster) pines were planted in the
tudy area, roughly covering a third of the property surface, mainly
n the lowlands. This afforestation policy was carried out over large
reas of the Iberian Peninsula (Diaz et al., 1998). Consequently, pine
lantations often contain several native trees (oaks and strawberry
rees). Due to forest management, autochthonous trees grow to
maller sizes than pines at Quintos and elsewhere (Barrientos and
olonio, 2003).

In a preliminary study, the densities of the great spotted wood-
ecker in different forest types in the study area were estimated,
ith the most suitable forest patches for the study species being

hose including Pyrenean oaks growing at the bottom of wet gul-
ies, with 2.94 woodpeckers/10 ha. Other native forests ranged from
.45 to 1.22, and pinewoods from 0.64 to 1.27 woodpeckers/10 ha.

.3. General habitat selection

During 2007, 173 bird counts were conducted using fixed
0 m radius point-counts (Ralph et al., 1993) where the pres-
nce/absence of the great spotted woodpecker was evaluated for
0 min based on visual or acoustic contacts. The plots were dis-
ributed at random across the study area (Fig. 1), covering all the
iotopes and at a minimum distance of 200 m from the nearest plot.
ithin the 50-m radius, I visually estimated the percent cover of
ain tree species – pines (either stone or maritime), holm, Por-

uguese and Pyrenean oaks and strawberry tree – as well as the
ain bush species – gum cistus, heaths and rosemary (Table 1).

imilar plot sizes have been used to evaluate forest traits at the
andscape level in other woodpecker studies (e.g. 30-m radius,
oberge et al., 2008). I also calculated the cover of different veg-
tation strata (>3 m, 1–3 m, <1 m), where all the plant species were
ncluded (Table 1).

.4. Nest-site habitat selection

Intensive searches for great spotted woodpecker nests were
onducted each season, from 2007 to 2009. Nests located less than
00 m from its closest neighbor were discarded as the mean dis-
ance between neighboring pairs of this species has been found to
e 160 m (Kosiński and Kempa, 2007). I found a total of 68 nests
Fig. 1), and the detection rates were fairly similar among different
abitats.

I used 16 variables to describe great spotted woodpecker nest-
ite habitat selection in the study area (Table 1). I used HEIGHT,
BH and TRACK to describe nest-tree traits and DBH-3 and DIST-
to describe the characteristics of the three nearest trees to the

est. The nesting microhabitat was described with %BUSH, %TREE,
BH<30 and DBH>30 using a circular plot with a radius of 20 m
round the nest-tree. Finally, landscape variables were studied in
radius of 270 m around the nest as this is the mean home-range
escribed for the great spotted woodpecker (range 7–43 ha Rolstad
t al., 1995).

Habitat selection studies require the comparison of the nest-
ites to a randomly chosen control set of unused sites that are
pparently suitable for the species (Manly et al., 1993). Thus,
0 trees with their corresponding forest patches were randomly
elected. The minimum distance between a random tree and the
earest nest-tree, which was set to 50 m, was higher compared with
ther studies (e.g., 10 m, Kosiński and Winiecki, 2004), in order to

void an overlap with the nest-tree habitat and to guarantee its
epresentativeness within the study area. I used this scale because
included in my analyses not only nest-site variables (as studied

n, for instance, Smith, 1997; Kosiński and Winiecki, 2004), but also
ome-ranges.
agement 260 (2010) 595–602 597

2.5. Data analyses

2.5.1. General habitat selection
To calculate the quantitative differences, the percentages of the

different vegetation coverage were transformed using the arcsine-
square-root transformation. The diversity of trees, bushes and
strata (Table 1) were calculated with the Shannon diversity index:

H′ = −
∑

pi × ln pi

where pi is the percent coverage from every category (species or
stratum). Quantitative differences between the characteristics of
plots with the presence and those with the absence of the study
species were evaluated using unpaired t-tests, applying the Bon-
ferroni step-down correction (Holm, 1979). Tests were calculated
using STATISTICA 6.0 (Statsoft 2003).

I used a PCA, with the varimax normalized factor rotation, to
build a correlation matrix to explore the degree of association
among the 14 variables. For the subsequent model development,
and in order to minimize multicollinearity among independent
variables, I only included the most highly (>0.7) correlated vari-
able with each of the PC factors, discarding the remaining variables
with correlations >0.6. This technique allows the direct use of origi-
nal variables rather than PCA factors, which are sometimes difficult
to interpret from an ecological point of view. In addition, variables
that are likely correlated (e.g. tree height and DBH) can initially
be included as the less influential will finally be discarded. Due
to the strong associations of the variables selected according to
PCA factor loadings, seven variables were removed before the mod-
elling process: %ILEX, %ARBUT, %ROSMA, COBER>3m, COBER 1–3m,
COBER<1m and DIV BUSH (Appendix A).

I conducted a regression analysis utilising a binomial distribu-
tion (presence vs. absence) and logit link function. I used the best
subset procedure and the AIC to identify the set of models best
explaining the occurrence of the woodpecker in the 173 plots. I
used this technique because it yields consistent results indepen-
dent of the order in which variables are included in the model and
allows models with different numbers of parameters to be directly
compared with each other (Burnham and Anderson, 2002). I used
AIC values corrected for small sample size (i.e., AICc) as the ratio
between the number of observations and estimator variables was
under 40 (Burnham and Anderson, 2002). The models with the low-
est AICc represent the best compromise between a maximal fit and
a minimal number of explanatory variables (i.e., statistical parsi-
mony). To evaluate the relative explanatory power of competing
best models, Akaike weights (ωi) were calculated. The evidence
ratio was calculated to compare the Akaike weights of the best
model and competing ones (Burnham and Anderson, 2002). In order
to estimate the relative importance of every variable included in
any of the six best models, I calculated the sum of Akaike weights
of the models where these variables were included (Burnham and
Anderson, 2002). The significance of variables included in the best
model was assessed using the log-likelihood ratio test because it is
the most suitable for small sample sizes (Moya-Laraño and Wise,
2007).

2.5.2. Nest-site habitat selection
Nest-trees were included in the dataset only once, indepen-

dently of the number of woodpecker excavations. I included the
tree species (native vs. pine) as a categorical variable, what allows

me to study the use of non-native trees as nests.

I described the nesting landscape with the coverage of land
uses in a circular plot with a radius of 270 m, and using the same
variables employed in the Second National Forest Inventory (SNFI)
from 1995, which are freely available (MARM, 1995). SNFI data was
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Table 1
Variables measured to study the general habitat selection for a 50 m radius (i.e., factors used to distinguish the plots with woodpecker presence from those in which the
species was not detected) and nest-site habitat selection for a radius of 270 m (i.e., the factors that differentiate nest-trees from random ones).

Variable Definition Data origin

General habitat selection
%PINUS Percentage (visually estimated) Pinus spp. cover Field
%ILEX Percentage (visually estimated) Q. ilex cover Field
%FAGIN Percentage (visually estimated) Q. faginea cover Field
%PYREN Percentage (visually estimated) Q. pyrenaica cover Field
%ARBUT Percentage (visually estimated) A. unedo cover Field
%CISTUS Percentage (visually estimated) C. ladanifer cover Field
%ERICA Percentage (visually estimated) Erica spp. cover Field
%ROSMA Percentage (visually estimated) R. officinales cover Field
COBER>3m Percentage (visually estimated) >3 m stratus cover Field
COBER 1-3m Percentage (visually estimated) 1–3 m stratus cover Field
COBER<1m Percentage (visually estimated) <1 m stratus cover Field
DIV TREE Diversity index based on the 5 trees species mentioned above Formula
DIV BUSH Diversity index based on the 3 bush species mentioned above Formula
DIV STRAT Diversity index based on the 3 strata mentioned above Formula

Nest-site habitat selection
TREE SPECIES Native species vs. pines (P. pinaster or P. pinea) Field
HEIGHT Tree height (cm) Field
DBH Diameter (cm) at breast height Field
TRACK Distance (m) to the nest to the nearest track GIS
DBH-3 Mean DBH (cm) of the 3 trees nearest the focal tree Field
DIST-3 Mean distance (m) of the 3 trees nearest the focal tree Field
%BUSH Percentage (visually estimated) bush cover for a 20 m radius Field
%TREE Percentage (visually estimated) tree cover for a 20 m radius Field
DBH<30 Number (counted) of stems with DBH < 30 cm for a 20 m radius Field
DBH>30 Number (counted) of stems with DBH > 30 cm for a 20 m radius Field
FOREST>20 Forest habitat (m2) where trees cover >20% for a 270 m radius GIS
FOREST 5-20 Forest habitat (m2) where trees cover 5–20% for a 270 m radius GIS
FOREST<5 Forest habitat (m2) where trees cover <5% for a 270 m radius GIS
CULTIVE Cultivated field (or pastureland) (m2) cover for a 270 m radius GIS
ECOTONE Length (m) of ecotones among the different habitat classes for a 270 m radius GIS
CLASSES Number of habitat classes (1–4) for a 270 m radius GIS

Fig. 2. (a–d) Nest tree size – expressed as HEIGHT (a) and DBH (b) – and the size of the surrounding trees – expressed as DBH-3 (c) and DBH>30 (d) – in native species
(dark-grey bars) and pines (light-grey) measured in trees at random (left) and with great spotted woodpecker nests (right). Data are expressed as mean ± SE. Results from
t-tests are shown at the bottom. Sample sizes are 32 native trees and 58 pines for random trees and 47 native trees and 21 pines for nest-trees.
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Table 2
Mean (±SD) values for the variables studied for general habitat selection, and the
results for the unpaired t-tests. The vegetation covers were transformed using the
arcsine-square-root transformation. The table shows the P-values with Bonferroni
step-down correction (Holm, 1979). See Table 1 for variable definitions.

Variable Presence (n = 52) Absence (n = 121) t-Value P-Value

%PINUS 22.6 ± 31.0 14.8 ± 25.1 1.54 0.881
%ILEX 12.2 ± 18.6 7.2 ± 14.0 1.62 0.966
%FAGIN 8.4 ± 13.6 5.7 ± 11.9 1.61 0.866
%PYREN 11.5 ± 25.5 3.0 ± 15.3 2.76 0.070
%ARBUT 8.8 ± 15.9 2.8 ± 7.0 3.12 0.025
%CISTUS 9.5 ± 20.5 15.8 ± 24.7 −1.70 0.917
%ERICA 5.9 ± 10.1 6.1 ± 15.1 0.58 1.000
%ROSMA 6.8 ± 14.7 6.9 ± 12.6 −0.22 1.000
COBER>3m 59.1 ± 25.0 31.8 ± 28.0 6.04 0.000
COBER 1-3m 23.5 ± 28.3 29.8 ± 32.4 −0.99 1.000
COBER<1m 4.6 ± 7.1 4.3 ± 9.3 1.25 1.000
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Table 4
The best model after regression analysis with best subset procedure following AICc
criterion including the variables that best separated stations with woodpecker pres-
ence from those without woodpeckers (i.e., general habitat selection).

Parameter Estimate SE Log likelihhod-�2 P

CONSTANT 3.6345 0.6205
%PINUS −0.0200 0.0070 8.24 0.004
%PYREN −0.0339 0.0095 13.11 <0.001
DIV TREE −4.8272 1.0328 28.39 <0.001

Table 5
Mean (±SD) values for the variables studied to quantify nest-site habitat selection,
and the results for the unpaired t-tests. The vegetation and land use coverages were
transformed using the arcsine-square-root transformation. The table shows the P-
values with Bonferroni step-down correction (Holm, 1979). See Table 1 for variable
definitions.

Variable Random points (n = 90) Nests (n = 68) t-Value P-Value

HEIGHT 912 ± 288 975 ± 353 −1.23 0.220
DBH 25.1 ± 10.1 35.0 ± 15.8 −4.81 <0.001
TRACK 117 ± 126 90.6 ± 82.5 1.49 0.139
DBH-3 24.6 ± 11.4 30.5 ± 12.9 −3.05 0.003
DIST-3 5.3 ± 3.2 6.2 ± 4.0 −1.44 0.152
%BUSH 21.8 ± 23.5 15.3 ± 20.4 1.78 0.078
%TREE 50.8 ± 24.0 47.3 ± 21.5 1.04 0.298
DBH<30 53.9 ± 53.9 26.1 ± 23.0 3.99 <0.001
DBH>30 7.5 ± 7.3 11.5 ± 7.9 −3.31 0.001
FOREST>20 118,647 ± 104,813 120,156 ± 104,180 −0.07 0.947
FOREST 5-20 68,447 ± 96,463 644,42 ± 91,378 0.00 0.999
FOREST<5 14,752 ± 44,272 19,783 ± 51,946 −0.58 0.560

T
T
i
e

DIV TREE 0.53 ± 0.20 0.36 ± 0.21 4.95 0.000
DIV BUSH 0.26 ± 0.21 0.28 ± 0.25 −0.57 1.000
DIV STRAT 0.52 ± 0.22 0.47 ± 0.25 1.41 0.959

ppropriate because in the study area (at least in the study plots),
orest structure remained quite stable as it was not intensively

anaged until the 2008–2009 seasons. The plots then affected
y logging were removed from this study. I discarded the use of
he category “artificial unproductive” computed in the SNFI as this
ategory was barely represented (<0.5%) in my study area. I used
IS to assess the proportion of the different land uses, the eco-

one lengths (also freely available in the SNFI, and computed as the
ength of borders between patches with different land uses) and
he number of habitat classes. I used ArcView 3.2 (ESRI 2002) to
verlay the plot of nests onto the digitized habitat map from the
NFI to calculate the land use covers and ecotone lengths. Statisti-
al analyses for nest-site habitat selection were identical to those
mployed for general habitat selection (see above). Thus, prior to
odel building, I removed DBH, %TREE, DBH<30, DBH>30, FOR-

ST>20, ECOTONE, and CLASSES due to their correlation with other
ariables (Appendix B). The difference between the availability of
ative trees in the random set and the use of native trees as nest-
rees was examined using a 2 × 2 contingency table with the Yates
orrection. The differences between native trees and pines shown
n Fig. 2 were analyzed with t-tests.

. Results

.1. General habitat selection

The covers of A. unedo and >3 m stratus and the diversity
f trees were higher in the plots in which the woodpecker
as detected (Table 2). The regression procedure with the best

ubset analysis provided a set of six models, which could be

onsidered as similarly plausible models according to their AICc
i.e., the difference between their AICc and the lowest was
ess than two, Table 3). Three variables (covers of pines and
. pyrenaica and tree diversity) were included in all six mod-
ls and, consequently, had the highest weight (

∑
ωi = 1.0000).

able 3
he set of six models that best separated stations with woodpecker presence from those
n AICc values compared to the estimated best model (lowest AICc) that allows the ranki
stimated probability that a model is the best model in the set. Evidence ratio indicates to

Model no. Variables contained in the model K

1 %PINUS + %PYREN + DIV TREE 3
2 %PINUS + %FAGIN + %PYREN + DIV TREE 4
3 %PINUS + %PYREN + %ERICA + DIV TREE 4
4 %PINUS + %PYREN + %CISTUS + DIV TREE 4
5 %PINUS + %PYREN + DIV TREE + DIV STRAT 4
6 %PINUS + %FAGIN + %PYREN + %CISTUS + DIV TREE 5
CULTIVE 26,208 ± 59,863 22,976 ± 52,306 0.25 0.800
ECOTONE 655 ± 715 663 ± 828 −0.07 0.948
CLASSES 1.5 ± 0.7 1.6 ± 0.7 −0.33 0.743

Less influential were the covers of Q. faginea (
∑

ωi = 0.2978),
C. ladanifer (

∑
ωi = 0.2426), Erica spp. (

∑
ωi = 0.1523) and the

diversity of strata (
∑

ωi = 0.1217). The log-likelihood ratio test
suggests that the most important variable associated with the
occurrence of the great spotted woodpecker was tree diversity
(Table 4).

3.2. Nest-site habitat selection

The 90 randomly selected trees included 31 stone pines, 27 mar-
itime pines, 13 holm oaks, 10 Portuguese oaks, 5 Pyrenean oaks, 3
strawberry trees and 1 cork oak (Q. suber). Of 68 nests found, 29
were excavated in Portuguese oaks, 15 in stone pines, 8 in holm
oaks, 6 in maritime pines, 6 in Pyrenean oaks, 2 in strawberry trees,
1 in a willow (Salix sp.) and 1 in an ash tree (Fraxinus angustifolia).
While 6.4% of the nests in native trees were excavated in dead parts,
this proportion reached 38.1% in pines.

Trees with woodpecker nests showed larger DBHs, the nearest
three trees also had larger DBHs, and the number of trees with

DBH>30 was higher (Table 5). On the contrary, the number of trees
with DBH<30 was lower in nest-trees (Table 5). The regression
procedure provided a set of 13 models that could be considered
as plausible models according to AICc (Table 6). My results did

without woodpeckers (i.e., general habitat selection). The �AICc is the difference
ng of models from an estimated best (top of the table) to worst. AICc weight is the
what extent one model is better than another. See Table 1 for variable definitions.

�AICc (�i) AICc weight (ωi) Evidence ratio

0.0000 0.2958 0.00
0.9118 0.1875 57.76
1.3271 0.1523 94.17
1.6081 0.1324 123.45
1.7757 0.1217 142.99
1.9733 0.1103 168.22
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Table 6
The set of 13 models that best separated trees containing nests from those without nests (i.e., nest-site habitat selection). See Table 1 for variable definitions.

Model no. Variables contained in the model K �AICc (�i) AICc weight (ωi) Evidence ratio

1 HEIGHT + DBH-3 + TREE SPECIES 3 0.0000 0.1246 0.00
2 HEIGHT + DBH-3 + FOREST 5-20 + TREE SPECIES 4 0.2631 0.1093 14.06
3 HEIGHT + DBH-3 + FOREST<5 + TREE SPECIES 4 0.2777 0.1085 14.90
4 HEIGHT + TRACK + DBH-3 + FOREST<5 + TREE SPECIES 5 0.4905 0.0975 27.79
5 HEIGHT + DBH-3 + FOREST 5-20 + FOREST<5 + TREE SPECIES 5 0.6879 0.0884 41.05
6 HEIGHT + TRACK + DBH-3 + FOREST 5-20 + FOREST<5 + TREE SPECIES 6 0.9031 0.0793 57.08
7 HEIGHT + TRACK + DBH-3 + TREE SPECIES 4 0.9676 0.0768 62.22
8 HEIGHT + TRACK + DBH-3 + FOREST 5-20 + TREE SPECIES 5 1.2462 0.0668 86.47
9 HEIGHT + TRACK + DBH-3 + %BUSH + FOREST<5 + TREE SPECIES 6 1.7639 0.0516 141.57
10 HEIGHT + DBH-3 + DIST-3 + TREE SPECIES
11 HEIGHT + DBH-3 + %BUSH + FOREST<5 + TREE SPECIES
12 HEIGHT + TRACK + DBH-3 + FOREST<5 + CULTIVE + TREE SPECIES
13 HEIGHT + DBH-3 + %BUSH + TREE SPECIES

Table 7
The best model after regression analysis with best subset procedure following AICc
criterion including the variables that best separated nest-trees from random ones
(i.e., nest-site habitat selection).

Parameter Estimate SE Log likelihhod-�2 P

CONSTANT 4.0411 0.8457
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HEIGHT −0.0021 0.0007 9.43 0.002
DBH-3 −0.0661 0.0172 17.88 <0.001
TREE SPECIES −1.2893 0.2451 37.12 <0.001

ot lend clear support to any of these models due to the small
ifferences in AICc values and the comparable values of Akaike
eights (Table 6). Importantly, however, all 13 models included

he nest-tree height, the DBH of the nearest three trees to the
est and the nest-tree species (

∑
ωi = 1.0000). Less influential were

he forest habitat where trees cover <5% (
∑

ωi = 0.5243), the dis-
ance to the nearest track (

∑
ωi = 0.4207), the forest habitat where

rees cover 5–20% (
∑

ωi = 0.3438), the bush cover for a 20 m radius∑
ωi = 0.1496), the distance from the nest to the nearest three

rees (
∑

ωi = 0.0506) and the cultivated field or pastureland cover∑
ωi = 0.0485). I selected model no. 1 (Table 7) as the best one, with

est-tree species being the most important variable associated with
he occurrence of nest-trees.

Woodpeckers prefer native tree species (Chi-Square with Yates
orrection, �2

1 = 16.14; P < 0.001, nrandom trees = 90, nnest-trees = 68)
hen excavating their nests. This result is meaningful, as native

rees chosen at random have lower height and DBH, the nearest
hree trees have lower DBHs and the number of trees with DBH>30
s lower compared to random pines (Fig. 2). Despite those dif-
erences are smaller when nest-trees are studied as opposed to
andom trees, the pattern is similar (Fig. 2).

. Discussion

Despite the fact that the great spotted woodpecker is consid-
red a generalist forest dweller (Winkler and Christie, 2002; Hebda,
009), it showed a marked habitat selection in the present study.
sing a classical presence/absence approach to study habitat selec-

ion, woodpeckers were found to prefer well-forested patches with
igh levels of tree diversity and high coverage of a secondary
pecies, the strawberry tree. To excavate their nests, woodpeckers
elect large trees located in patches in which other trees are also
arge, rejecting those patches with a high proportion of small trees.
t is worth noting the preference of great spotted woodpeckers for
ative trees, especially Portuguese oaks, as nest-trees. This is strik-
ng because the selection of native trees (smaller and surrounded by
maller trees than pines) is contrary to the pattern shown by wood-
eckers when they select a nest-tree and the tree species is not
aken into account. Thus, woodpeckers seem to be more demanding
hen nesting in planted trees, as the variables found to be impor-
4 1.8048 0.0506 146.56
5 1.8088 0.0504 147.05
6 1.8858 0.0485 156.74
4 1.9263 0.0476 161.99

tant in the statistical analysis were always smaller in native trees
(Fig. 2).

The preference for diverse forests by woodpeckers could be
mediated by the higher abundance of arthropods supported by
more diverse habitats (Kosiński and Winiecki, 2004), as great spot-
ted woodpeckers prefer vegetation types with higher numbers
of invertebrates when foraging (Rolstad et al., 1995). The pres-
ence of strawberry trees is important in promoting forest diversity
as it is the main secondary species (after oaks and pines). The
inclusion of Pyrenean oak and pine coverages as key variables in
the habitat models is likely due to their importance in increas-
ing tree coverage in a landscape where well-forested patches are
scarce.

The great spotted woodpecker was found to select large trees
surrounded by other large trees for nesting. Previous studies found
that woodpeckers selected for nesting trees larger than the mean
available (Kosiński and Winiecki, 2004; Summers, 2004), likely due
to their higher protective attributes against predators or weather
(e.g., Wiebe, 2001). On the other hand, the importance of sur-
rounding vegetation is controversial because while some studies
suggest that it may only minimally influence nest-site selection
(e.g., Kosiński and Winiecki, 2004), others highlight that woodpeck-
ers choose nest-trees surrounded by other trees suitable for nesting
(Adkins Giese and Cuthbert, 2003). The presence of large trees close
to the nest is likely more important in places where the native
vegetation is poorly developed (e.g., in the current study area), as
woodpeckers usually excavate a new hole every year in the vicinity
of the previous nest (Winkler and Christie, 2002). Alternatively, Li
and Martin (1991) suggested that woodpeckers could benefit from
nesting in places surrounded by other potential nest-trees because
the feeding efficiency of predators would be reduced if they need to
visit more sites. Finally, it is worth noting that great spotted wood-
peckers avoid patches with a high number of small trees, despite the
correlation of this variable with tree coverage (Appendix B). Tree
coverage can be important as anti-predatory protection (Stenberg,
1996). However, due to the homogeneous forest management car-
ried out in the current study area, it is difficult to find large trees in
small tree-dominated stands.

The preference of woodpeckers for certain tree species or tree
attributes when excavating their nests has been found previously
(Smith, 1997; Kosiński and Winiecki, 2004; Kosiński and Kempa,
2007; Hebda, 2009). Soft tree species or those trees that are made
softer by fungi or drying up are frequently selected as nest-trees
(Smith, 1997; Kosiński and Winiecki, 2004; Summers, 2004; Smith,
2007). Even though oaks are commonly preferred, tree selection can

vary geographically, possibly as a function of tree-species compo-
sition (Kosiński and Winiecki, 2004 and references therein).

I found that great spotted woodpeckers avoid young stands.
However, when nesting in oaks, they may use smaller trees than
they do when nesting in pines. It is worth mentioning that the
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mallest DBH for a nest-tree from the present study was only
3 cm, compared to the 18 cm from Smith (1997) or the 19 cm from
osiński and Winiecki (2004). Interestingly, 96% of the nest-trees
ith DBH < 30 cm (n = 25) were native trees (all but one were oaks).

his begs the question, why do great spotted woodpeckers tolerate
mall stems when nesting in live oaks? At least two non-mutually
xclusive explanations could account for this:

(i) The presence of native stems increases the diversity of
pinewoods and their heterogeneity. At the landscape level (i.e.,
home-range level), this higher diversity leads to higher prey
richness (e.g., Lepidoptera, Atauri and de Lucio, 2001). Wood-
peckers are known to forage close to the nest, in patches with a
higher number of invertebrates (Rolstad et al., 1995). Likewise,
in Mediterranean pinewoods, woodpeckers prefer to forage on
the scarcely available oaks (Barrientos and Bolonio, 2003). It
is worth mentioning that commercial management practices
(e.g., understory clearing/elimination, clear-cutting) result in
decreased diversity and richness of non-commercial species,
which is more pronounced for younger stands (typically, forest
plantations) (Atauri et al., 2005).

ii) The abundance of woodpecker nests in oaks may also partly
result from the widespread use of old limb holes as starting
points for excavation (see also, Kosiński and Winiecki, 2004;
Hebda, 2009). Whereas old limb holes are very common in
oaks (Carlson et al., 1998), they are scarce in pines (personal
observation).
. Conclusions

This study suggests that the extent to which a plantation
s beneficial for the great spotted woodpecker depends on the

Variable PC 1 PC 2 PC 3

%PINUS 0.005529 −0.120064 −0.9300
%ILEX 0.156440 0.782986 0.2434
%FAGIN 0.023270 0.020454 0.1299
%PYREN −0.100514 −0.090208 0.0514
%ARBUT −0.122715 0.784563 0.0120
%CISTUS 0.567227 −0.093106 0.4114
%ERICA 0.009394 0.103987 0.0021
%ROSMA 0.691924 −0.245145 −0.2282
COBER>3m −0.055145 0.486092 −0.6242
COBER 1-3m 0.710685 −0.097178 0.2479
COBER<1m 0.708257 0.176279 0.3078
DIV TREE 0.075094 0.798564 −0.1859
DIV BUSH 0.691278 −0.076026 −0.0305
DIV STRAT 0.768790 0.269840 −0.1108

Variable PC 1 PC 2

HEIGHT 0.798606 0.190480
DBH 0.650575 0.192345
TRACK −0.196972 −0.536762
DBH-3 0.541376 −0.159795
DIST-3 0.062116 −0.093176
%BUSH −0.441629 0.535626
%TREE 0.368131 −0.085045
DBH<30 −0.331669 0.059229
DBH>30 0.771834 −0.135864
FOREST>20 0.042518 0.230081
FOREST 5-20 0.018799 0.118330
FOREST<5 −0.159333 0.234540
CULTIVE 0.004979 −0.819048
ECOTONE 0.184519 −0.541464
CLASSES 0.104535 −0.412156
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presence native vegetation. The findings show that the main-
tenance of native stems retained within the plantation matrix
is highly recommended. A largely recognized generalist forest
dweller, the great spotted woodpecker, is shown to be present in
more diverse forest patches and prefers to nest in native stems,
even if these are smaller than planted pines. Thus, my findings
support the idea that this species benefits from increased habi-
tat heterogeneity, particularly by the retention of native woodland
patches inside the plantation matrix, as observed in other species
(Lindenmayer and Hobbs, 2004; Barbaro et al., 2007; Koch et al.,
2009).
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Appendix A.

The results of the principal component analysis run prior to
the development of the models of general habitat selection in
order to investigate the multicollinearity among independent vari-
ables.
Appendix B.

The results of the principal component analysis run prior to the
development of the models of nest-site habitat selection in order
to investigate the multicollinearity among independent variables.

PC 4 PC 5 PC 6

60 −0.032248 0.189082 0.112735
21 −0.198823 0.165296 −0.074630
19 0.048518 −0.925021 −0.019468
39 0.055615 −0.006246 −0.963136
51 0.291071 0.070322 0.104457
91 0.317256 0.401389 0.171559
93 0.886108 −0.084738 −0.117486
11 −0.145269 −0.188297 0.128823
06 0.035302 −0.148640 −0.503796
88 0.552136 0.160207 0.147583
37 −0.060490 0.227005 −0.048904
30 −0.018441 −0.331209 0.030800
38 0.616943 0.075221 0.080707
31 0.069886 −0.198626 −0.005259

PC 3 PC 4 PC 5

−0.116460 0.188632 0.012949
0.396171 0.250584 0.068340

−0.020263 0.111430 −0.070074
0.429915 −0.159637 0.044350
0.843815 0.073721 0.058384
0.052770 0.157836 −0.160152

−0.835150 0.030827 0.066106
−0.733129 0.290512 0.117534
−0.087824 −0.292729 −0.152370

0.035443 −0.863414 0.351043
−0.091632 0.923670 0.100628
−0.039405 0.083096 −0.812852

0.105349 −0.040624 −0.125427
0.113333 0.016549 −0.652091
0.037948 0.036991 −0.783265
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