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This study explores the relative abundance of hole-nesting birds in four Mediterranean fo-
rest types, each of which has undergone different patterns of forest management. Nine
species were sampled in 24 study plots, to compare cork oak forest, turkey oak forest,
holm oak forest and pine plantation. The abundance of hole-nesters was greater in cork
oak forest and turkey oak forest. Three species were most frequently detected: Great Tit
(Parus major), Blue Tit (Cyanistes caeruleus) and Nuthatch (Sitta europaea). Bird abun-
dance was significantly lower in holm oak forest, particularly in the cases of Great Spotted
Woodpecker (Dendrocopos major), Green Woodpecker (Picus viridis), Nuthatch and
Short-toed Treecreeper (Certhia brachydactyla). The Great Spotted Woodpecker showed
a positive correlation with the abundance of three secondary cavity nesters: Nuthatch,
Short-toed Treecreeper and Starling; in contrast, Green Woodpecker showed a negative
correlation with Starling. Habitat structure varied significantly among forest types, espe-
cially the mean and maximum tree height, these being lower in holm oak forest. The Great
Spotted Woodpecker proved to be a good indicator of less disturbed woodlands. In fact,
maximum tree height turned out to be a significant and positive explanatory variable for
woodpecker abundance. We consider that intensive coppicing and timber management in
holm oak forest during the 20" century widely affected trees’ age-profile, with conse-
quences for their suitability for woodpeckers and other hole-nesting birds. To monitor the
response of hole-nesting birds to forest management in terms of abundance, we propose
the use of the great spotted woodpecker as an indicator species.
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1. Introduction

The hole-nesting birds (i.e., all those birds that nest
in tree holes) are among the most specialized bird
species of forest ecosystems (Devictor et al.
2010). Some of these species, in particular wood-
peckers, require old-growth forests with a high
structural diversity and large amounts of dead
wood (Angelstam 1990, Spies 2004). The removal
of old and dead trees is considered to be one of the
most negative activities associated with intensive
forestry management of remaining woodlands in
temperate zones, because of its harmful impact on
both vertebrates and insects (Redolfi De Zan et al.
2014).

The guild of hole-nesting birds can be divided
in two groups: primary cavity nesters (e.g., wood-
peckers, willow tit) (Mullarney et al. 1999, Hins-
ley et al. 2007), which excavate holes in trees; sec-
ondary cavity nesters (e.g., other tits, nuthatches,
treecreepers), which nest in tree holes generally
excavated by other species or in cavities generated
by natural ageing of the tree (Martin & Li 1992,
Blanc & Walters 2008).

In a tree, different ecological niches are avail-
able from bottom to the top (roots, trunks,
branches and canopy), and from the outside to the
inside (from the bark towards the centre of the
stem) (Speight 1989). Woodpeckers, with their ex-
cavation activity, create different potential niches
for other organisms, and are thus considered key-
stone species in forest ecosystems (Daily et al.
1993). Indeed, woodpeckers mainly feed on the
larvae of saproxylic insects, which develop within
dying and dead trees, typically old trees that are
more abundant in mature forest (Fayt 1999, Smith
2007).

Hole-nesting birds are highly sensitive to alter-
ations in habitat structure due to forest manage-
ment (Matthysen et al. 1995, Kosenko & Kaygo-
rodova 2001). In fact, the presence and abundance
of these species could provide important informa-
tion about the status of forests and their resources
(Drever & Martin 2010).

Most of the studies on hole-nesting birds and
their habitat relationships are mainly species-ori-
ented, particular those regarding woodpeckers
(Kosinski & Winiecki 2004, Pasinelli 2007). Few
studies focus on the relationships between habitat
and the whole hole-nesting guild, and the interspe-

cific relationships between the two groups (pri-
mary and secondary cavity nesters) (Bai &
Miihlenberg 2008). Also scarce are studies inves-
tigating hole-nesting birds and habitat relation-
ships in the Mediterranean region (Fraticelli &
Guerrieri 1988, Gil-Tena et al. 2007, Zangari et al.
2013, Redolfi De Zan et al. 2014).

In this paper, we explore how forest habitat
structure can affect the birds’ relative abundance
and, consequently, the relationships among the
species within the hole-nesting bird guild. In par-
ticular, we are interested in the following objec-
tives: (i) to investigate how the hole-nesting birds’
abundance can vary in four forest types character-
ized by different past management; ii) to assess
whether there is a significant correlation between
the relative abundance of primary and secondary
cavity nesters; (iii) to detect indicator species of
the forest types and examine relationships be-
tween species and habitat variables, in order to
suggest measures that forest managers could take
to promote conservation of hole-nesting birds.

2. Materials and methods
2.1. Study area

The study was carried out in the Circeo National
Park (CNP), a protected area of 8,500 ha, located
along the Tyrrhenian coast of Lazio region, central
Italy. The climate matches that of the meso-Medi-
terranean xeric region (Kottek et al. 2006). This
Park was appointed by UNESCO as a Biosphere
Reserve. During the 1930s and 1940s, the forests
in this area were transformed into coppiced woods
in order to produce the raw material for railway.
Timber exploitation of CNP woods continued up
to the early 1970s according to the local high forest
management plan, affecting in particular the holm
oak stands of Mount Circeo.

We investigated four forest types with different
management histories (Fig.1):

1) Cork oak forest (ca. 600 ha), dominated by
Quercus suber aged around 100-150 years,
with scattered trees of Q. frainetto and Q.
robur, and a shrub layer dominated by Erica
arborea and Ruscus aculeatus. In the CNP, this
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Fig. 1. Study area. The map shows the borders of
the Circeo National Park (CNP), Lazio region, cen-
tral ltaly, the mainland wooded surface and the
symbols indicating the centroid of the study plots.

forest type occurs only on a plain at the foot-
hills of Mount Circeo.

2) Turkey oak deciduous forest (ca. 2,800 ha),
dominated by 70-80 years old Quercus cerris
stems derived from coppicing activity, inter-
spersed with older trees of up to 100—150 years
old. The sub-canopy vegetation layers include
Ruscus aculeatus, Rubus ulmifolius, Cratae-
gus monogyna, Prunus spinosa, Cistus salvi-
folius, Cyclamen repandum, Narcissus poeti-
cus, Polypodium australe and Hedera helix. In
the CNP, this forest type occurs only in the
lowland forest, in the innermost part of the pro-
tected area.

3) Holm oak evergreen forest (ca. 700 ha) domi-
nated by 30-70 years old Quercus ilex, with
isolated trees of Q. frainetto, Q. pubescens, Q.
suber, Fraxinus ornus, Ostrya carpinifolia,
and an understorey of Arbutus unedo, Ruscus
aculeatus and Cyclamen repandum. In the
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CNP, this forest type occurs only on Mount
Circeo’s northern slope.

4) Sublittoral pine plantation (ca. 700 ha), started
around 1930-1960 (age of trees at the time of
this study ranging from 50 to 80 years old),
dominated by Pinus pinaster and P. pinea, with
a shrub layer of Phillyrea latifolia, Rhamnus
alaternus and Pistacia lentiscus. In the CNP
this artificial forest type shows a discontinuous
distribution (a block along the Tyrrhenian
shore and another in the northern part of the
lowland forest).

2.2. Bird sampling

Bird data were collected during March—July 2009
using the Standard Point Count Method (Suther-
land 2006), the most appropriate for sampling
birds in dense and homogeneous forest (Bibby et
al. 2000). This method provides data on bird abun-
dance and richness localization within a circular-
plot and allows an overall estimate of abundance
in the study area.

The total sampled area was 20 hectares, ap-
proximately 5 hectares per forest type. In particu-
lar, we surveyed 6 study plots in each forest type
(24 study plots in total).

Each plot had a radius of 50 m and was a mini-
mum distance of 350 m from the other plots (edge
to edge) to prevent pseudo-replication (Bibby et
al. 2000). We measured the radius of the study
plots with a laser rangefinder (Swarovski mod.
70002); the exact location of the study plots was
established in the field by means of a Global Posi-
tioning System (GPS) receiver (Garmin 60CSX).

The survey started one hour after sunrise and
was carried out until 11:00 a.m. Each plot was sur-
veyed for eight minutes. All birds seen or heard
within 50 m were recorded. We made replicates
every 15 days for a total of eight sessions per plot
(192 surveys). From one session to another, the or-
der of plot surveys was randomly performed in ro-
tation. For each study plot, we obtained the maxi-
mum number of individuals recorded over the
eight sessions, considered as a measure of species’
relative abundance to make intra-specific (or
whole assemblage) comparisons between differ-
ent forest types. Different species differ in their
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detectability, so there is the possibility to under
/overestimate their abundance in each plot. To
minimize this bias produced by some specific fea-
tures (e.g., small and quiet species, large foraging
territory etc.) or by the wood structure (e.g., tree
density), the same observer conducted all the sur-
veys (Sutherland, 2006). We collected data on nine
hole-nesting bird species divided in two groups,
which occur in the study area:

— Primary cavity nesters: Great Spotted Wood-
pecker (Dendrocopos major), Lesser Spotted
Woodpecker (Dendrocopos minor) and Green
Woodpecker (Picus viridis).

— Secondary cavity nesters: Great Tit (Parus ma-
jor), Blue Tit (Cyanistes caeruleus), Nuthatch
(Sitta europaea), Short-toed Treecreeper (Cer-
thia brachydactyla), Hoopoe (Upupa epops)
and Starling (Sturnus vulgaris).

2.3. Sampling of habitat variables

In order to obtain information on habitat structure
(vertical stratification and forest density), we col-
lected environmental data along a 100 m transect
in each of the 24 study plots, with each transect ori-
ented in a randomly chosen direction and centered
on the middle of the plot (James & Shugart 1970).
Along the transect we measured the following
continuous variables: a) mean tree diameter at
breast height (DBH) of the 10 largest trees; b)
mean and maximum height of the 10 largest trees;
¢) mean and maximum nearest-neighbor distance
between the 10 largest trees; d) mean percentage
vegetation cover for shrubs, canopy under 20 me-
ters and canopy over 20 meters. The latter was esti-
mated by visual assessment of the area 10 meters
either side of the transect. Distances and heights
were measured with a laser rangefinder (Swarov-
ski mod. 70002), while DBH was measured using
a tree caliper.

2.4. Data analysis
For each study plot, we reported the maximum

number (i.e. the highest number) of individuals of
each species recorded over the eight sessions.
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Next, these values per plot have been added up to
obtain the total number of individuals for each fo-
rest type. To derive information about the distribu-
tion of the species within the community, we cal-
culated intra-habitat proportional abundance
(hereafter, “frequency”, i.e., number of individu-
als found in a forest type expressed as a proportion
of total number of individuals of all species re-
corded in that forest type).

Principal Component Analysis (PCA) was
computed on the data of relative abundance to
identify differences in the distribution of the spe-
cies among the forest types. A non-parametric
Kruskal-Wallis test was performed on the abun-
dance dataset (by adding up and averaging values
of'the six study plots per forest type) to find signifi-
cant differences in species distribution among the
forest types. This analysis was computed, at first
for the hole-nesting guild, then for the two groups
(using the sum of the relative abundance for pri-
mary and secondary cavity nesters), and finally for
single species.

To assess relationships between the abundance
of primary cavity nesters and secondary cavity
nesters we used the Pearson’s product moment
correlation.

The MANOVA test was used to assess if the
habitat variables varied significantly among the
forest types; a Ward’s hierarchical clustering me-
thod was used to discriminate the study plots in re-
lation to their habitat variables. From the results of
cluster analysis, we selected the clustered study
plots (i.e., plots with similar habitat structure) to
obtain the “site groups” used in the Indicator spe-
cies analysis.

Indicator species analysis allows determina-
tion of species that can be used as indicator of a site
group (e.g. habitat types, community types, distur-
bance states), by calculating the species Indicator
Value (IndVal) (Dufréne & Legendre, 1997). The
IndVal index ranges from 0 to 1 (100%), and is de-
fined as the measure of the association between a
species and a site group. R function “multipatt”
(package “indicspecies”) was used to compute
species Indicator Value both for individual site
group and combination of site groups (De Céceres
et al. 2010). The index is the product of two com-
ponents called “A” and “B”. “A” is the exclusivity
or positive predictive value of the species as an in-
dicator of the target site group; this means that
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Table 1. Abundance of hole-nesting birds recorded in four forest types. For each species is shown: the av-
erage abundance and standard deviation for each forest type (A + SD) (i.e., average abundance of 6 study
plots and standard deviation); frequency or intra-habitat proportional abundance (f) (i.e., proportion of total
number of individuals for each species recorded in a forest type); total number of individuals recorded for
each species (X N). Each forest type was named according to the dominant tree species.

Q. suber Q. cerris P. pinea Q. ilex
Species A+ SD f A+ SD f A+ SD f A+ SD f XN
P. major 250+0.84 019 2171075 0.18 2.00+0.89 0.21 217+117 033 53
C. caeruleus 283+133 022 250+055 020 1.67+1.03 018 217+041 033 55
D. major 167+082 0.13 167+052 014 1.00+0.63 0.11 0.33+0.52 0.05 28
D. minor 0.00+0.00 0.00 0.33+0.82 0.03 0.33+0.82 0.04 0.00+0.00 0.00 4
P. viridis 0.67+0.82 0.05 1.50+0.55 0.12 1.00+0.63 0.11 0.33+0.52 0.05 21
S. europaea 267052 020 200+1.10 0.16 2.17+0.75 0.23 0.67+0.82 0.10 45
C. brachydactyla 1.33+0.52 0.10 1.83+0.75 0.15 1.00%1.10 0.11 0.83+0.75 0.13 30
U. epops 0.33+0.52 0.03 0.00+0.00 0.00 0.17+0.41 0.02 0.00+0.00 0.00 3
S. vulgaris 1.17+133 0.09 0.33+0.52 0.03 0.17+0.41 0.02 0.17£0.41 0.03 1

when A is equal to 1, the species occurs only in
those sites belonging to the target site group and
does not occur in sites belonging to other groups.
“B” is the fidelity or sensitivity of the species as an
indicator of the target site group; this means that
when B is equal to 1, the species occurs in all sites
belonging to the target site group, its therefore be-
ing a “real indicator” of that site group. The statis-
tical significance of this analysis was tested with a
permutation test (n. perm. = 999).

Finally, multiple regression analysis was per-
formed to investigate the relationship between
species and forest type, in order to find out signifi-
cant habitat explanatory variable affecting the spe-
cies abundance (response variable) in the forest
types. The Spearman’s correlation coefficient (r,)
with the Bonferroni’s correction was used to select
the habitat variables for the regression analysis.

For parametric analyses, species abundance
were log transformed and habitat variables were
normalized using “scale” R function; all the analy-
ses were performed using R 3.0.3 (R-Develop-
ment Core Team 2010) with a set (two-tailed) at
0.05.

3. Results

We sampled 250 individuals belonging to the nine
target species from the four forest types (Table 1).
Observing the species’ relative abundance corre-
lated with the first two PCA axes (explained cumu-

lative proportion of variance PCA1:PCA2 = 56%)
(Table 2 and Fig. 2), all the species, except Green
Woodpecker, showed positive correlation to axis
PC1. Great Spotted Woodpecker, Nuthatch, Short-
toed Treecreeper and Starling showed the longest
vectors contributing more to the explained varia-
tion of the abundance data. The first three species
proved to be correlated with their vectors pointing
in the same direction mostly in the case of cork oak
and turkey oak forests. The Green Woodpecker
showed the longest arrow positively correlated to
axis PC2 and its vector points in the opposite di-
rection respect to Great Tit, Starling and Hoopoe;
therefore, the latter three species tend to occur with
low frequencies in the same study plot where
Green Woodpecker is more abundant, particularly
in pine plantation plots. As shown in Fig. 2, the
holm oak forest sites resulted in low relative abun-
dance values for all the species; in particular the
guild abundance of this forest type proved to be
significantly lower when compared to both cork
oak forest (Kruskal-Wallis test: H = 7.85, p =
0.005) and turkey oak forest (Kruskal—Wallis test:
H=17.41,p=0.006). Similar results were obtained
separately for the two groups: primary cavity nest-
ers (Kruskal-Wallis test: Q. ilex vs Q. suber: H=
6.56,p=0.007; Q. ilex vs Q. cerris: H=8.31,p=
0.003) and secondary cavity nesters (Kruskal—
Wallis test: Q. ilex vs Q. suber: H=6.65,p=0.009;
Q. ilex vs Q. cerris: H=4.67, p = 0.028; Q. suber
vs P, pinea: H=4.01, p=0.043). Among the spe-
cies, only Great Spotted Woodpecker, Green
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Table 2. PCA performed on the abundance data of the species. Importance of the components shows
eigenvalues, relative proportion of variance and cumulative proportion of variance for each axis. Rotation

shows the eigenvectors of the species for each axis.

Importance PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
of components
Eigenvalues 0.081 0.053 0.025 0.023 0.020 0.016 0.011 0.007 0.004
Prop. of variance 0.338 0.221 0.106 0.095 0.085 0.066 0.044 0.028 0.017
Cum. proportion 0.338 0.559 0.665 0.759 0.844 0.910 0.955 0.983 1
Rotation PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8  PC9
P. major 0.148 -0.093 0.412 -0.076 -0.042 -0.176 0.823 -0.289 0.025
C. caeruleus 0.189 -0.063 0.044 0.023 0.872 -0.249 -0.031 0.141 0.337
D. major 0.492 0.131 0.637 0.107 -0.036 0.096 -0.223 0.372 -0.354
D. minor 0.077 0323 -0.364 0.153 -0.171 -0.541 0294 0559 —0.111
P. viridis -0.122 0.717 0.267 0.115 -0.074 -0.308 -0.238 -0.397 0.267
S. europaea 0492 0424 -0.390 0.184 0.132 0.536 0.231 -0.180 -0.009
C. brachydactyla ~ 0410  0.063 -0.112 -0.843 -0.177 -0.115 -0.126 0.008  0.212
U. epops 0111 -0.142 0.126 0.270 -0.346 0.196 0.031 0.300 0.793
S. vulgaris 0.507 -0.384 -0.193 0.358 -0.181 -0.413 -0.243 -0.406 -0.045
4 2 0 2 4

Woodpecker, Nuthatch and Short-toed Treecreep- | | , | )
er varied significantly between forest types (Table S m Y
3). N

Some significant relationships were found be- o 14 B U opope S5 | o
tween the relative abundance of primary and sec- ° " 2 P2 7
ondary cavity nesters; the Great Spotted Wood- 65 P g e
pecker proved to be positively correlated with o g P5 cs :\{////C / °
Nuthatch (coeff = 0.45, R* =021, df =22, p= & P Y e
0.03), Short-toed Treecreeper (coeff = 0.40, R* = P /" %ﬁam%g%
0.16, df = 22, p = 0.05) and Starling (coeff=0.41, S - /PN Lo
R*=0.17, df = 22, p = 0.04). Inversely, the green / l S. europaea
woodpecker showed a neégative correlation with < o e - 0"
starling (coeff = —0.45, R° = 0.20, df = 22, p = < ' P4 -y
0.03). c6

The habitat variables varied significantly T T T ) T
among the four forest types, except for the mean 04 02 00 02 04
distance and canopy cover under 20 m (Table 4). PC1

Therefore, we can assume that wood density had
little effect on the species detectability. In general,
the cluster analysis showed that the study plots
were grouped according to their own habitat struc-
ture (with few exceptions), and were therefore ho-
mogeneous for each forest type (Fig. 3). From the
cluster analysis, we selected three site groups for
indicator analysis: Group 1 (left cluster: eight
study plots, from P5 to C4), Group 2 (central clus-
ter: seven study plots, from 12 to 14) and Group 3
(right cluster: nine study plots from P3 to S5)

(Fig. 3).

Fig. 2. Ordination biplot obtained by PCA per-
formed on the species abundance data recorded
from six study plots per forest type: S = Q. suber,
C = Q. cerris, P = P. pinea and | = Q. ilex.

No indicator species resulted for single site
groups although the results indicate that one spe-
cies is the indicator for the combination G1 + G3,
which represents three forest types: cork oak fo-
rest, turkey oak forest and pine plantation. The in-
dicator species for this combined site group was
the great spotted woodpecker (IndVal=0.915, A=
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Table 3. Kruskal-Wallis test performed on the abundance data of the species recorded in six study plots of
each forest type. Of the nine hole-nesting birds sampled, we reported only the species with significant re-
sults (*). Each forest type was named according to the dominant tree species.

D. major P. viridis S. europaea C. brachydactyla
Forest types H p H p H p H p
Q. subervs Q. cerris 0.03 0.858 2.83 0.073 2.08 0.127 126 0.212
Q. subervs Q. ilex 5.76 0.010 * 0.41 0.533 7.41 0.005 * 1.26  0.206
Q. subervs P. pinea 1.64 0.149 0.64 0.382 1.26 0.212 092 0.282
Q. cerris vs Q. ilex 6.54 0.007 * 5.77 0.011* 4.01 0.037 * 339 0.051*
Q. cerris vs P. pinea 2.56 0.074 1.44 0.171 0.31 0.546 2.31 0.111
P. pinea vs Q. ilex 2.56 0.074 2.56 0.074 5.39 0.016 * 0.01 0.931

Table 4. Average values and standard deviation of habitat variables and results of MANOVA test (R* and p
value) performed among the four forest types, (DBH = tree diameter at breast high), (*) significant results.
Each forest type was named according to the dominant tree species.

Habitat variables Q. suber Q. cerris P. pinea Q. ilex R p
Mean DBH (cm) 41744 27428 39.8+85 241+3.2 0.54 0.003 *
Mean Tree Height (m) 15.1+15 19.0+0.9 16.0+2.2 11.9+0.7 0.65 0.001 *
Maximum Tree Height (m)  19.7 + 1.3 243+0.7 18.2+23 15.0+0.7 0.76 0.001 *
Mean Distance (m) 8.6+1.1 82+1.1 6.6+1.3 8314 0.22 0.14
Maximum Distance (m) 238+7.1 20.7+47 13.2+4.2 156.3+2.3 0.32 0.03 *
% Shrub 72+18 40+ 10 337 38+8 0.53 0.002 *
% Canopy under 20 m 85+5 88+3 83+4 90+ 0 0.31 0.08

% Canopy over 20 m 135 300 18+ 14 00 0.36 0.02 *

0.915, B =1.000, p = 0.001). Finally, the Spear-
man’s correlation coefficient calculated between
eight habitat variables showed significant colli-
nearity among canopy cover over 20 m, mean tree
height and maximum tree height (n. perm. = 56, p-
value Bonferroni’s corrected = 0.001). Among
these three habitat variables, we excluded for the
regression analysis the canopy over 20 m, since it
was correlated with both tree height measure-
ments. Next, between the two remaining variables,
we retained the maximum tree height, which re-
places the canopy over 20 m, while we excluded
the mean tree height represented by canopy cover
under 20 m in the data set. The results of regression
analysis highlighted a significant relationship with
six selected habitat variables only for the great
spotted woodpecker (adj. R°=0.42, F=3.83, df, =
6,df,=17,p=0.01) and the green woodpecker (al-
most significant, adj. R = 0.28, F'=2.51, df, =6,
df, =17, p = 0.06). The maximum tree height was
the explanatory variable positively correlated with
both species (Great Spotted Woodpecker: coeff =

0.14, t = 4.19, p = 0.0006; Green Woodpecker:
coeff=0.10, t=2.66, p = 0.02).

4. Discussion

The observed abundance of hole-nesting birds was
highest in cork oak forest and in turkey oak forest.
The two most frequently detected species were
Great Tit and Blue Tit, followed by Nuthatch and
Short-toed Treecreeper, as observed in other stud-
ies focused on Mediterrancan forests (e.g.,
Zangari et al. 2013, Redolfi De Zan et al. 2014).
Considering the low detectability of Short-toed
Treecreper, it is possible that its abundance values
have been underestimated compared to other spe-
cies. The highest value of guild abundance did not
vary significantly between cork oak forest and tur-
key oak forest even if these two forest types
showed different habitat structure. This result for
cork oak forest may be explained by its mature fo-
rest structure (Nikolov 2009). On the other hand,
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Cluster Dendrogram

Fig. 3. Hierarchical
clustering of 24
study plots produced
by Ward’s method
performed on the
habitat variables
data recorded in
each study plot per
forest type: S = Q.
suber, C = Q. cerris,
P =P pineaand | =
Q. ilex. The three
main clusters were
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Group 1

in turkey oak forest, which has a younger age
structure than cork oak forest (see 2.1), the high
abundance could be due to the occurrence of old
oaks, which could increase the availability of food
resources and potential nest sites in this forest type
(Keller et al. 2003).

Observing how the species are distributed
among the four forest types, it is noticeable how
the whole guild and the two groups (primary and
secondary cavity nesters) tend to be less abundant
in holm oak forest than in other forest types. This is
particularly true for the Green Woodpecker, the
Great Spotted Woodpecker, the Nuthatch and the
Short-toed Treecreeper. This may be explained by
these species having a higher degree of ecological
specialization than do tits or starling (Smith 1997,
Caprio et al. 2009). In fact, the four above men-
tioned species are more abundant in forests where
human activity (past or present) had a lower im-
pact on woodland structure and habitat quality.
Despite the Lesser Spotted Woodpecker being
highly specialized and its distribution mainly re-
lated to core woodland area (Delahaye 2010), it
showed no significant values, probably due to the
small number of records, thereby making its role
negligible in our analyses.

The positive correlation between abundance of
the Great Spotted Woodpecker and the abundance
of Nuthatch, Short-toed Treecreeper and Starling,
could be explained by the woodpecker’s strong ac-
tivity drilling different holes every year for its own

| |
Group 2 Group 3

d
hclust (*, "ward")

nest, vacating the old nests for the other species
(Aitken et al. 2002, Bai & Miihlenberg 2008).
These positive correlations concur with the previ-
ously suggested role of woodpeckers as indicator
species of bird richness (Mikusinski et al. 2001,
Drever et al. 2008). We expected a positive corre-
lation between Nuthatch and Great Spotted Wood-
pecker abundance because of the former’s habit of
using old woodpecker nests (Wesolowski &
Rowinski 2004). The abundance of Green Wood-
pecker may be negatively correlated to the abun-
dance of Starling and other secondary cavity nest-
ers (as shown in the ordination plot) since small-
sized species such as these rarely use large holes
(e.g., of green woodpecker) for nesting (Campro-
don et al. 2008). It is probable that tits and Starling
prefer smaller holes to avoid exposure to predatory
activity or to competitive eviction (Wesolowski
2002, Paclik et al. 2009).

On the other hand, the negative correlation
might be also the consequence of differences in
suitable habitats among these species. As previ-
ously mentioned, tits and starling are less specialist
than woodpeckers, Nuthatch and Short-toed Tree-
creeper (Julliard ez al. 2006), because they live not
only in woodlands but also in rural and urban
areas, such as those surrounding our study areas,
where they find good nesting opportunities
(Cowie & Hinsley 1987, Hedblom & Soderstrom
2012). Moreover, the Green Woodpecker has been
considered a coarse-grained mosaic species living
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in forest mosaics with the presence of large open
areas, while tits and Starling may be considered as
forest-edge species, living in patchy landscapes
with a fine-grained “harlequin” structure (Blondel
et al. 1992, Hinsley et al. 1995). We cannot con-
firm a similar assertion for Hoopoe and Lesser
Spotted Woodpecker due to the small sample
sizes.

Among the species, the Great Spotted Wood-
pecker can be considered a good indicator of the
combined site group of cork oak forest, turkey oak
forest and pine plantation. It occurred in all the
sampled sites of these grouped forest types and
proved to be almost exclusive. These three forest
types can be grouped in a single forest macro-type
where the past forest management trace is vanish-
ing; therefore the Great Spotted Woodpecker can
indicate a good status of these forest habitats
(Wiibbenhorts & Stidbeck 2003, Virkkala 2006).

The holm oak forest showed the lowest value
of the maximum tree height and consequently of
canopy cover over 20 meters, probably, as a result
of the past local forest management based on
coppicing. In this study, woodpeckers seemed to
prefer higher trees; this is probably not only be-
cause nesting in high positions protects their brood
from predators (Nilsson 1984, Paclik et al. 2009),
but also because high trees could provide a greater
variety of micro-habitats. Young tree structure and
low height in holm oak forest, due to historical
transformation to coppice, probably explain its
poverty in terms of trophic resources and nest
availability for woodpeckers and hole-nesting
birds (Fuller 1992, Brazaitis & Angelstam 2004,
Quine et al. 2007, Robles et al. 2011). Studies con-
ducted in other European countries have shown
that avian communities increase in abundance and
richness along a gradient of forest succession,
from younger to older stages (Kati et al. 2009,
Domokos & Cristea 2014). In our case, we sup-
pose that intensive coppicing activity and the sub-
sequent conversion of holm oak stands to high fo-
rest until 1970, has affected this forest type, induc-
ing a stress which could explain the pattern of spe-
cies abundance.

To conclude, the hole-nesting bird guild seems
to prefer mature and heterogeneous forests where
different age classes of trees are available. The
Great Spotted Woodpecker confirmed its role as
an indicator species of undisturbed forest habitats,
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characterized by high vertical structure and vege-
tation complexity. Furthermore, this species
showed a strong positive effect on the presence of
secondary cavity nesters, therefore also playing
the role of an indicator for the entire hole-nesting
bird guild.

In the Mediterranean region, due to the contin-
uous and strong anthropogenic impact on wood-
lands, a forest management strategy focused on
both conservation of hole-nesting birds and on
sustainable exploitation of wood should ensure the
occurrence of old trees scattered within the forest,
preserving the woodlands’ natural heterogeneity.
The effectiveness of these management measures
could be monitored using Great Spotted Wood-
pecker as an indicator species.
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Kolopesijoiden levinneisyys ja runsaus
Vilimeren alueen metsissi: metséinhoidon
vaikutus elinympiiriston valintaan

Tutkimuksessa selvitetdédn koloissa pesivien lintu-
jen maérid neljdssd Vilimeren alueen metsétyy-
pissd, joilla on erilainen metsédnhoidon historia.
Yhdeksén lintulajin runsauksia verrattiin korkki-
tammi-, turkintammi- ja rautatammimetsissa seki
istutetuissa méntymetsissé, yhteensd 24:11a tutki-
musalueella.

Kolopesijoitd havaittiin eniten korkkitammi-
jaturkintammimetsissd. Kolme useimmin tavattua
lajia olivat talitiainen, sinitiainen ja pahkinénakke-
li. Rautatammimetsissd havaittiin huomattavasti
viahemman lintuja, varsinkin kdpytikkaa, vihertik-
kaa, pahkindnakkelia ja eteldnpuukiipijad. Képy-
tikkojen mééré korreloi positiivisesti pahkindnak-
kanssa. Sen sijaan vihertikan ja kottaraisen maéri-
en vililld oli negatiivinen yhteys. Eri metsatyyppi-
en vililld oli huomattavia eroja pesimdympériston
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ominaisuuksissa, erityisesti puun keski- ja maksi-
mikorkeudessa: matalimmat puut 16ytyivat rauta-
tammimetsista.

Kipytikka osoittautui indikoivan luonnonti-
laista metséa ja suuri puun maksimikorkeus selitti-
kin képytikan runsaan esiintymisen. Todennékdi-
sesti 1900-luvun intensiivinen vesakointi ja puun-
tuotanto rautatammimetsissd on vaikuttanut laa-
jasti puiden ikdjakaumaan: nyt ne tarjoavat vé-
hemmaén sopivia elinympérist6jd tikoille ja muille
kolopesijodille. Endotamme kapytikkaa indikaatto-
rilajiksi, jonka avulla voidaan seurata metsdnhoi-
totoimenpiteiden vaikutusta kolopesijoiden run-
sauteen.
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