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Abstract. In this paper we present the abundance, distribution, nest-site characteristics and habitat analysis of 
woodpecker species in managed forests. The studied territory is part of a Special Protection Area for bird 
species. We found breeding evidence of six of the eight sedentary woodpecker species from Romania: Grey-
headed- (Picus canus), Green- (Picus viridis), Great Spotted- (Dendrocopos major), Middle Spotted- (Dendrocopos 
medius), White-backed- (Dendrocopos leucotos) and Black Woodpecker (Dryocopus martius). The most abundant 
was the Middle Spotted Woodpecker. Middle Spotted-, Green- and Great Spotted Woodpeckers excavated 
nest-holes most commonly in oak (Quercus petraea), Black Woodpeckers in beech (Fagus sylvatica), Grey-
headed Woodpeckers in aspen (Populus tremula). White-backed Woodpeckers used only oaks as nest-trees. 
Weak excavators selected large trees, dead trees or soft woods for nesting, but most of the species used 
primarily live trees for excavation. The average diameter of nesting tree, tree height, nest height and relative 
nest height did not increase with the body size of the woodpecker species. Nearest neighbor analysis 
indicated that the local distribution of woodpecker species in most forest fragments differs from randomness. 
Great Spotted Woodpeckers and Black Woodpeckers presented uniform distributions, while Middle Spotted 
Woodpeckers aggregated distribution. Tree  diameter and diversity, relative abundance of oak and aspen but 
also altitude  affected woodpecker abundance. Black Woodpecker and Middle Spotted Woodpecker presence 
depends on large trees and diversity of trees. The results will contribute to forest restoration operations. 
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Introduction 
 
European forests have been exploited for hun-
dreds of years by humans, and this had led to a 
great decrease of forest diversity (Thirgood 1989). 
Managed forests have become poorer in mature 
and dead trees that are necessary for the mainte-
nance of large number of forest species. Studying 
woodpeckers is important for several reasons. A 
stronger affinity to forests is presented by the 
woodpecker group than by most other bird taxa 
(Winkler et al. 1995). European woodpeckers are 
dependent on trees as nesting-sites and they 
search for food in old, dying or dead trees. The 
degree of anthropogenic change in forest habitats 
seems to be reflected by their distribution (Mikus-
iński & Angelstam 1997). Woodpeckers are pro-
posed and also used as general indicators of forest 
biodiversity or as specific indicators of forest birds 
(Jansson 1998, Mikusiński & Angelstam 1998, Mi-
kusiński et al. 2001, Nilsson et al. 2001, Roberge & 
Angelstam 2006, Virkkala 2006, Drever et al. 2008). 
Therefore woodpeckers can be used in forest res-
toration operations. Cavities for secondary cavity-
nesters are also provided by woodpeckers. In 
Europe 5% of the avifauna are obligate hole-

nesters and nest-holes are used by many other 
birds without depending on them (Newton 1994, 
Lõhmus 2003). The Black- (Dryocopus martius, BW) 
and the Great Spotted Woodpecker (Dendrocopos 
major, GSW) are the most widely distributed 
woodpeckers in Europe and the majority of exca-
vated holes across Europe are provided by them 
(Wesołowski 2011). Woodpeckers also play a role 
in wood decomposition processes. Although the 
ecology of woodpeckers such as habitat use and 
foraging patterns has been studied, there is a lack 
of published data covering the abundance and 
habitat requirements of woodpeckers in European 
managed forest. 

The aims of this study were: (1) to investigate 
the abundance and distribution of sedentary 
woodpecker species in the managed forests from 
the Niraj valley, (2) to describe the nest-site char-
acteristics of the sedentary woodpeckers in forests 
managed for timber extraction (3) to study the ef-
fect of different environmental factors (altitude, 
slope, canopy cover, distance between trees, dis-
tance to forest edge, relative abundance-, domi-
nancy-abundance-, diversity-, diameter- and 
height of trees) on abundance and on choice of 
nesting-site of each woodpecker species.  
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Measuring the way that woodpecker species 
are distributed and which trees are used for nest-
ing is essential in the elaboration of a management 
plan for the protected area. The development of a 
suitable forestry operation guideline for wood-
peckers and forest biodiversity protection is also 
possible if we have knowledge about the influence 
of forest structure on these species. 

 
 

Materials and methods 
 
Study site 
The study was conducted in forested habitats from the 
Niraj valley (N46.27117, E24.45289) situated in the Tran-
sylvanian Plateau, in central Romania. The territory is 
part of the Special Protection Area Târnavelor Hills-Niraj 
Valley (ROSPA0028). The basin of the Niraj is one of the 
most densely populated areas in Transylvania (Hajdu 
2010). Deciduous forests (2638.9 ha) are stationed on the 
left side of the Niraj and belong to the Forest Departments 
from Târgu-Mureş and Ghindari. In the study area there 
are 10 forest fragments which were divided for forestry 
purposes in different sized forest sections (Fig. 1.). The 
sections were further divided into 115 forest plots be-
tween 0.1 and 37.6 ha. Altitude varies between 320 and 
580 m. The study area belongs to the temperate continen-
tal climate. The average annual temperature is 8.5°C and 
the average annual rainfall 600 mm (Ghinea 2002). The re-
stricted areas, the depths of streams and narrow valleys 
are inhabited by hornbeam-beech (Carpino-Fagetum) for-
ests (less than 5% from the woods), at the altitude of 380-
480 m. Phytocoenoses of Carpino-Quercetum petraeae are 
developed on slopes exposed mostly to the north and oc-
cupy the largest area (about 80%) of the forest habitats. 
This association evolved from oak forests as a result of 
oak deforestation and inhabits especially less or moder-
ately inclined slopes (5°-10°), at the altitude of 400-500 m. 
Genisto tinctoriae-Quercetum petraeae subass. melicetosum 
uniflorae is installed on the crest of the hills or on the up-
per part of the slopes (500-550 m). These forests represent 
about 8% of the total wood cover from the study area 
(Domokos 2012). A total of 166.2 ha (6.29%) is covered by 
conifer plantations with Norway spruce (Picea abies) or 
soft pine (Pinus strobus), pedunculate oak (Quercus robur), 
plantations of black locust (Robinia pseudoacacia) and 
mixed forest stands with Scots pine (Pinus sylvestris), 
black pine (Pinus nigra), larch (Larix decidua), walnut (Jug-
lans regia) and ash (Fraxinus excelsior). The size of planta-
tions varies between 0.1-10.6 ha.  

 
Data collection 
The number and distribution of territorial woodpeckers 
was established by the method of calls and drumming 
during the pre-breeding period (March-April 2012). To 
provoke the response of territorial birds, taped-calls and 
drumming were played every 150-200 meters in the case 
of Middle- (Dendrocopos medius, MSW), Lesser Spotted- 
(Dendrocopos minor, LSW), GSW and White-backed 
Woodpecker (Dendrocopos leucotos, WBW), 350-400 meters  

in the case of Grey-headed- (Picus canus, GHW), Green- 
(Picus viridis, GW) and BW (Kosiński et al. 2004, Kosiński 
& Kempa 2007, Ćiković et al. 2008, Kajtoch et al. 2012). Af-
ter the first bird response the taped-calls were stopped to 
determine the location of the bird. The delineated territo-
ries were checked to find occupied breeding nestholes. 
Those territories where no nests were found  were revis-
ited in May and June for the detection of nests with nes-
tlings. The migratory Wryneck (Jynx torquilla, W) and the 
Syrian Woodpecker (Dendrocopos syriacus, SW), rarely 
nesting away from parks, orchards, cemeteries and gar-
dens (Gorman 1995, Bruun et al. 1999), were excluded 
from the study. The Global Positioning System (GPS) was 
used to identify the position and distance between 
neighboring nesting trees. Parameters of nesting sites 
were recorded: tree species, diameter of tree at breast 
height (dbh), tree- and nest height, placement of the nest-
holes (main trunk vs. branch), tree viability (live vs. 
dead). To ensure that the effort was homogeneous over 
the whole study area, observations were made systemati-
cally in each of the 10 forest fragments. A total of 43 days 
were spent on fieldwork in March and April and other 2 
months (May and June).  

 
Data analysis 
The crude density of the woodpeckers was obtained by 
dividing the number of territorial birds with the total area 
of the forest plots. The Clark-Evans model of distance be-
tween nearest-neighbor was used to examine the distribu-
tion of the nesting sites, where with the ratio (R) the spa-
tial pattern of distribution was indicated: random distri-
bution if R = 1, tendency to regular distribution if R is lar-
ger than 1, tendency to aggregated distribution if R is be-
low 1. The significance of the calculated R was tested by 
the standard variants of the normal curve (Clark & Evans 
1954, Fernandez & Azkona 1996, Kosiński & Kempa 
2007). 

Since most variables had unequal variances and 
sample size Kruskal-Wallis test was used to compare nest 
tree characteristics among the woodpeckers. Variables 
with significant Kruskal-Wallis test were tested post-hoc 
with pairwise Mann-Whitney U test to identify the differ-
ence between woodpecker species. Data were Bonferroni 
corrected. 

Habitat variables were defined according to abiotic 
characteristics: altitude, slope, distance to forest edge, plot 
size. Also woodland composition and structure were in-
vestigated: canopy cover (%), abundance-dominance of 
trees / 400 m2. Using the linear transect method in forests, 
the relative abundance-  and diversity of trees (Shannon-
Weaver index), mean distance between trees, tree  height 
and dbh / 100 m was calculated (Cristea et al. 2004). 
Habitat variables were collected during the vegetation 
period in 2012 and 2011.  

Associations between woodpecker species and com-
monest tree species were examined using canonical corre-
spondence analysis (CCA), for all woodpecker species re-
corded at least five times (Laiolo 2002, Zuria & Gates 
2013). Relative abundance (pi/N, pi-number of individu-
als from the species “i”, N-total number of individuals 
from transect) of the commonest tree species were used as  
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environmental variables.  
Principle component analysis (PCA) was chosen to 

reveal patterns in structural parameters of forest. Linear 
multiple regression was applied to quantify the strength 
of the relationship between woodpeckers abundance and 
explanatory variables (abiotic, structural and composi-
tional parameters).  

Kruskal-Wallis test (Mann-Whitney pairwise post-
hoc test, Bonferroni corrected data) was performed to 
compare abiotic, structural and compositional parameters 
in unoccupied and occupied plots by the five most abun-
dant woodpecker species. For this data from 94 out of the 
115 plots was used.  

All statistics were performed with the statistical 
package XLSTAT (Addinsoft 2013) and PAST (ver. 2.17c). 
The habitat data were also confronted with the official in-
ventory documents and map (scale 1:20000) of the for-
estry authorities. 

 
 

Results 
 
Distribution and densities 
The densities and number of all woodpecker spe-
cies is shown in Table 1. The Clark-Evans analysis 
indicated for GSW and BW a uniform distribution, 
for MSW an aggregated distribution. In forest 
fragment (1) BW and in forest fragment (10) MSW 
were randomly distributed (Table 2). 
 

Table 1.  Number of territories and density  
of woodpecker species in studied forests. 

 

Density 
Species No. of 

holes 
No. of 

territories pairs 10 ha-1 

Picus viridis 5 6 0.02 
Picus canus 8 10 0.04 
Dendrocopos major 18 21 0.08 
Dendrocopos medius 76 81 0.31 
Dendrocopos leucotos 2 2 0.01 
Dryocopus martius 18 18 0.07 

Parameters of nest sites 
Oak (Quercus petraea) was the most commonly 
used tree species by MSW and GW, beech (Fagus 
sylvatica) by BW and aspen (Populus tremula) by 
GHW. Aspen and oak was equally used as nest-
ing-tree by GSW. The WBW nesting-holes were 
found in oak (Table 3).  

Nest site characteristics were compared be-
tween MSW, GSW, BW, GHW and GW. Median 
nest tree dbh differed significantly among the five 
woodpecker species (Kruskal-Wallis ANOVA, H = 
22.63, p = 0.0001). The nest-holes of BW were ex-
cavated within trees with dbh higher than those of 
GHW (Mann-Whitney U test, z = -3.34, p = 0.0008), 
GSW (z = -3.09, p = 0.0019) MSW (z = -4.01, p = 
0.0006). The nest-holes of MSW were excavated 
within trees with dbh significantly higher than 
GHW (z = -2.23, p = 0.0253).  

Median nesting tree height varied significantly 
across the five woodpecker species (Kruskal-
Wallis ANOVA, H = 34.39, p � 0.0001), being 
higher at BW compared with MSW (Mann-
Whitney U test, z = -4.02, p = 0.0005), GSW (z = -
4.22, p = 0.0002) GHW (z = -3.52, p = 0.0004) and 
GW (z = -2.15, p = 0.0426). MSW nesting tree was 
significantly higher than of GSW (z = -2.92, p = 
0.0344) and GHW (z = -3.012, p = 0.0259).  

Median nest height did not vary significantly 
between the five woodpecker species, differences 
were significant only between BW and MSW 
(Kruskal-Wallis ANOVA, H = 9.22, p = 0.0525, 
Mann-Whitney U test, z = -2.81, p = 0.0482). Also 
the relative nest height did not vary significantly 
between the five woodpecker species (Kruskal-
Wallis ANOVA, H = 6.64, p = 0.2264) (Table 4).  

Live trees were used primarily by all wood-
pecker species, excepting GHW. Nest-holes were  
 

Figure 1.  Map of the studied forest 
fragments from the Niraj valley 
(N46.27117, E24.45289). 
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Table 2.  Clark-Evans nearest-neighbor analysis of nesting tree  distribution of the most  
abundant woodpeckers from the studied forests. The significant values are given in bold type. 

 

Species D. major D. medius D. martius 
Forest  7. 9. 10. 7. 1. 9. 7. 1. 
N 10 17 7 31 20 5 9 4 
rA 0.75 0.12 0.60 0.20 0.11 0.90 0.60 0.44 
rE 0.46 1.28 0.61 0.82 1.15 0.52 0.44 0.51 
R 1.62 0.09 0.99 0.25 0.10 1.74 1.37 0.87 
σE 0.09 0.02 0.08 0.03 0.03 0.11 0.10 0.13 
c 3.24* 46.89* 0.08 21.36* 40.54* 3.37* 1.63* 0.54 
[rA-rE] 
Two-sided P value 

0.29 
0.001 

1.16 
0.001 

0.01 
0.934 

0.61 
0.001 

1.03 
0.001 

0.38 
0.001 

0.16 
0.103 

0.07 
0.596 

 

Abbreviations: N-the number of nest-trees used as center of measurements; rA-the mean of the series of distances to 
nearest neighbor; rE-the mean distance to nearest neighbor expected in an infinitely large random distribution of density 
rho; R-the measure of the degree to which the observed distribution departs from random expectation with respect to 
the distance to nearest neighbor; σE-the standard error of the mean distance to nearest neighbor in a randomly distrib-
uted population of density rho; c-the standard variant of the normal curve; p-probability of a greater difference between 
rE and rA. 

 
 

Table 3. Nest-trees used by woodpeckers in studied forests. Number of nest-holes found (N) and percentage values 
(%) in particular tree species, tree species average frequencies and relative abundance values are given. 

 

Tree species  
(average frequencies and  
relative abundances) /  
Bird species 

P. viridis P. canus D. major D. medius D. leucotos D. martius 

Total  
nest-holes 

in particular 
tree species 

C. betulus N 0 0 0 1 0 0 1 
 (100%, 0.50) % 0.00 0.00 0.00 100.00 0.00 0.00 0.79 
C. avium N 0 0 1 5 0 0 6 
 (9.57%, 0.004) % 0.00 0.00 16.67 83.33 0.00 0.00 2.36 
F. sylvatica N 0 0 0 2 0 10 12 
(34.04%, 0.07) % 0.00 0.00 0.00 16.67 0.00 83.33 9.45 
P. tremula N 1 7 8 29 0 2 47 
(21.27%, 0.03)  % 2.13 14.89 17.02 61.70 0.00 4.26 37.01 
Q. petraea N 3 1 8 37 2 3 54 
(98.93%, 0.35)  % 5.56 1.85 14.81 68.52 3.70 5.56 42.52 
Q. robur N 0 0 0 1 0 1 2 
 (10.63%, 0.005) % 0.00 0.00 0.00 50.00 0.00 50.00 2.70 
T. cordata N 1 0 1 1 0 2 5 
 (21.27%, 0.01) % 20.00 0.00 20.00 20.00 0.00 40.00 6.76 

N 5 8 18 76 2 18 127 Total nest-holes  
of particular bird species % 3.93 6.29 14.17 59.84 1.57 14.17 100.00 

 
 

Table 4. Descriptive statistics of nest-holes and nest-trees used by woodpeckers in studied forests. 
 

Tree dbh (cm) Nest height (m) Tree height (m) Nest height / tree height (m) 
Species 

mean SD mean SD mean SD mean SD 
P. viridis 49.00 11.94 8.20 3.90 23.20 3.03 0.34 0.14 
P. canus  34.56 11.89 5.75 2.66 16.38 5.63 0.38 0.15 
D. major 44.46 14.70 6.81 2.12 19.64 5.08 0.36 0.11 
D. medius  45.14 13.81 6.46 2.72 22.25 5.14 0.32 0.18 
D. leucotos  62.50 3.54 11.00 1.41 24.50 0.71 0.45 0.04 
D. martius  63.33 15.78 8.61 2.68 26.67 5.55 0.34 0.13 

 
 
excavated mainly in trunk (Table 5). 

 
Habitat analysis 
Results of CCA accounted for the first two axes  

92.14% of the variability in the data (F1: 75.92%, 
F2: 16.21%). BW was associated mostly with beech 
but lime (Tilia cordata) too, GW with oak and lime, 
MSW with oak and wild cherry (Cerasus avium).  
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Table 5.  Placement of woodpeckers nest-holes in relation to tree condition and part of tree.  
Number of nest-holes found (N) and percentage values (%) are given. 

 

 Tree condition Placement of nest-holes 
 Dead tree Live tree Trunk Branch 
Species N % N % N % N % 
P. viridis 0 0.00 5 100.00 5 100.00 0 0.00 
P. canus 5 62.50 3 37.50 7 87.50 1 12.50 
D. major 5 27.78 13 72.22 17 94.44 1 5.56 
D. medius 18 23.68 58 76.32 65 85.53 11 14.47 
D. leucotos 0 0.00 2 100.00 2 100.00 0 0.00 
D. martius 2 11.11 16 88.89 18 100.00 0 0.00 
Total 30 23.62 97 76.38 114 89.76 13 10.24 

 
 

    
 

 
 
GSW and GHW were present when relative abun-
dance of hornbeam (Carpinus betulus), pedunculate 
oak and aspen increased (Fig. 2.). 

The forest structure parameters showed sig-
nificant positive correlations: tree  diameter with 
tree  height, relative abundance of trees with 
abundance-dominance of trees. Negative correla-
tion was found between relative abundance of oak 
and hornbeam.  

PCA analysis on forest structure parameters 
accounted 86.21% of the total variances by the first 
tree principal components (Table 6). The first prin-
cipal component (PC1 = 44.60%) represented a 
gradient from the canopy height and tree  dbh 
against distance between trees. The second com-
ponent (PC2 = 26.84%) represented a gradient 
from tree diversity and canopy cover against dis-
tance between trees. Finally, Shannon-Weaver di-
versity of trees provided the major loading on the 
PC3 (14.77%). 

The Linear multiple regression analysis showed 
that tree dbh, tree species diversity, oak and aspen 
relative abundance and altitude have highly sig-
nificant effect on woodpecker abundance (Table 

7). The size of the forest plots did not influence the 
abundance of woodpeckers (simple linear regres-
sion, r2 = 0.01, n = 94, coeff. = 0.01, p = 0.26). We 
found 59 plots with the presence of territorial 
woodpeckers and 35 plots without the presence of 
territorial woodpeckers. 

Comparing abiotic, structural and compositional 
parameters in occupied vs. unoccupied plots, signifi-
cant differences were found in cases of MSW and 
BW. Mean height of beech was higher in plots oc-
cupied by BW (N = 11) vs. not occupied (N = 21) 
(Kruskal-Wallis test, H = 17.12, p = 0.0006, Mann-
Whitney U test, z = -3.60, p = 0.0018). Mean dbh of 
beech was higher in plots occupied by BW vs. un-
occupied (H = 13.62, p = 0.0033, z = -3.55, p = 
0.0022). Mean height of oak was higher in plots 
occupied by BW (N = 17) vs. not occupied (N = 75) 
(H = 193.90, p � 0.0001, z = -3.30, p = 0.0009). Mean 
dbh of oak was higher in plots occupied by MSW 
(N = 39) vs. unoccupied (N = 53) (H = 31.31, p = 
0.0002, z = -4.04, p = 0.002). Mean dbh of lime was 
higher in plots occupied by BW (N = 8) vs. unoc-
cupied (N = 12) (H = 10.62, p = 0.01346, z = -2.90, p 
= 0.0222). Mean tree height was higher in plots  

Figure 2. Relationship between wood-
pecker species and the commonest 
tree species  resulting from canonical 
correspondence analysis. 
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Table 6.  Results of principal component analysis on forest structure data in the studied plots.  
The highest loadings are given in bold type. 

 

Factor loadings Forest structural variable 
F1 F2 F3 

Trees dbh (cm) 0.88 0.21 -0.19 
Trees height (m) 0.85 0.22 -0.33 
Trees diversity (Shannon Weaver index) 0.46 0.52 0.71 
Canopy cover (%) -0.32 0.80 -0.28 
Distance between trees (m) 0.62 -0.57 0.04 
Eigenvalue 2.23 1.34 0.73 
Variability (%) 44.60 26.84 14.77 

 
 

Table 7. Results of Linear multiple regression analysis. Parameters that significantly entered in model are listed. 
 

Variables Coeff. Std.err. t p R2 F p 
Dbh (cm) 0.05 0.02 2.58 0.0115 0.13 4.50 0.0001 
Trees diversity 0.88 0.38 2.27 0.0252 0.19   
Relative abundancy of Populus tremula 6.85 2.83 2.41 0.0179 0.07   
Relative abundancy of Quecus petraea 1.68 0.81 2.05 0.0428 0.01   
Altitude (m) -0.01 0.005 -2.39 0.0189 0.01   

 
 
occupied by BW (N = 17) vs. unoccupied (N = 77) 
(H = 15.90, p = 0.0687, z = -3.37, p = 0.0338). Mean 
tree  dbh was higher in plots occupied by BW vs. 
unoccupied (H = 25.81, p = 0.0021, z = -3.75, p = 
0.0007). Mean relative abundance of lime was 
higher in plots occupied by BW vs. unoccupied (H 
= 9.16, p = 0.0363, z = -3.28, p = 0.0465). Mean tree 
diversity was higher in plots occupied by MSW 
(39) vs. unoccupied (55) (H = 31.66, p = 0.0002, z = 
-3.51, p = 0.0201) and occupied by BW (17) vs. un-
occupied (77) (z = -3.75, p = 0.0031). 

 
 

Discussion 
 
Distribution and densities 
In our study area we found breeding evidence of 
six from the eight sedentary woodpecker species 
inhabiting deciduous forests in Romania. The 
presence of W and the SW was also confirmed. 
The most specialized forest bird, the LSW, was not 
encountered in the studied forests. The study area 
contains only a few softwood trees (Table 3) and 
thus probably provides only suboptimal habitat 
conditions for lesser spotted woodpeckers 
(Miranda & Pasinelli 2001). This species prefers 
mature, open, oak-dominated woodlands (Denis 
2008, Charman et al. 2010) and has an unusually 
large home-range size (40 ha deciduous forest) 
compared to Middle- (8.8 ha), Great Spotted 
Woodpecker (6.3 ha) and birds with similar size as 
the Eurasian Nuthatch (Sitta europaea) (2 ha) (Wik-
tander et al. 2001). WBW feeds mainly on dead 

and rotting stumps and trunks. It is the most spe-
cialized species in foraging micro-habitats among 
European Picidae. The pairs found in our study 
area were present in stands with older, dead or 
decaying trees.  Living trees with dead branches 
significantly differed between occupied and unoc-
cupied forest plots by WBW, as highlighted also 
by Kajtoch et al. (2012). 

The studied forests influenced the distribution 
of woodpecker species. Nest-sites of GSW had a 
uniform distribution in the best conserved forest 
fragments (7). The sparse presence of the species 
in the study area is due to the current forestry 
practices which led to the selective harvesting of 
the Quercus genus. MSW nest-site distribution was 
aggregated and individuals were concentrated in 
areas with favorable environmental factors: suit-
able trees for excavation (aspen, large dbh oaks or 
wild cherry). In the case of BW, nest-sites were 
uniformly distributed. It seems that the scattered 
distribution of beech with lime in oak-hornbeam 
forest  stands supports the presence of this species. 
Middle Spotted- and Black Woodpecker nest-sites 
presented random distribution in two forest frag-
ments (10 and 1, respectively). Random distribu-
tion might occur in conditions of homogeneous 
environments.  

 
Nest site parameters 
Hornbeam was preferentially avoided as nesting 
trees, even if it had the highest frequency and rela-
tive abundance values among the most common 
tree species (Table 3). MSW and GW used old oaks 
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as nest sites. It is likely that larger and older trees 
are more suitable for weak excavators, because 
they have a higher susceptibility to be infected by 
tree fungus (Populer 1978, Jenni 1981). Wood 
hardness also decreases with increasing tree 
height (Schepps et al. 1999). In our study area as-
pen was frequently used by GHW, GSW and 
MSW. These species often excavated nest-holes in 
dead aspen or oak trees. BW commonly used 
beech as nesting trees. The smooth bark, nesting at 
greater height and the harder substrate of beech 
may be a form of protection from arboreal preda-
tors like the beech marten (Martes foina) and the 
less common pine marten (Martes martes) (Kosiń-
ski & Kempa 2007). These arboreal mammals can 
easily enter BW cavities with an entrance of 7 x 12 
cm (Rolstad et al. 2000, Nilsson et al. 1991, Paclík 
et al. 2009) and steal eggs and nestlings (Nilsson et 
al. 1991, Lange 1996, Rolstad 2000). Preference for 
nest-sites in live and harder substrate is also be-
cause these holes can persist over several years 
and are used successfully over a longer period 
(Wesołowski 2011). The average diameter of nest-
ing tree, tree height, nest height and relative nest 
height did not increase along with the body size of 
the woodpecker species.  

 
Habitat analysis 
Woodpecker abundance was higher in old forest 
stands (trees with large dbh) with a high tree spe-
cies diversity index. Woodpecker abundance in-
creased in plots where the oak and aspen have a 
higher relative abundance value. No significant 
differences in altitude were found between occu-
pied and unoccupied plots by woodpeckers 
(Kruskal-Wallis test, H = 1.38, p = 0.9979), but alti-
tude had a negative effect on woodpecker  abun-
dance. Occupied vs. unoccupied plots showed that 
MSW is present where oak is older than 80 years 
(dbh larger than 35 cm). Mean dbh of oak in occu-
pied plots is 45.56 cm (SD: 5.91, N = 39). BW is pre-
sent where beech is older than 90 years (dbh larger 
than 35 cm). Mean dbh of beech in occupied plots 
is 57.01 cm (SD: 15.68, N = 11). Plots occupied by 
both species had a higher tree diversity index than 
unoccupied ones.  

All these results suggest that forest manage-
ment should focus on the retention of large trees 
since the presence of woodpeckers is related to 
older tree stands. Great Spotted Woodpecker pre-
ferred as nesting trees oaks with dbh larger than 
30 cm and Middle Spotted Woodpecker with dbh 
larger than 40 cm. The maintenance of both spe-

cies requires oak-dominated forests older than 80-
120 years. In the case of Black Woodpecker thick, 
old oak-dominated forests with beech trees (nest-
ing trees with dbh larger than 60 cm) are neces-
sary. Woodpeckers, especially Grey-headed 
Woodpecker, will also benefit from maintaining of 
large aspens (dbh larger than 25 cm). Retention of 
sufficient number of large snags and large living 
aspens is also important in sustaining the Ural owl 
(Strix uralensis) population from the study area 
(Lõhmus 2003).  
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