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Table 1. Variables used in the analysis.

Abbreviation Descriptions of variables

Spruce trees * % of all standing trees
Beech trees ** % of all standing trees
Deciduous trees * % of all standing trees
Dead branches ** Volume of living trees with at least one >10 cm thick dead branch (m

3
ha

–1
; class 1a)

Dying trees Volume of dying trees (m
3

ha
–1

; class 2***)
Dead trees Volume of dead trees (m

3
ha

–1
; class 3***)

Fallen-off bark Volume of dead trees with dropping bark (m
3

ha
–1

; class 4***)
Without bark Volume of dead trees without bark (m

3
ha

–1
; class 5***)

Proportion of snags % of all standing trunks
Snags Volume of snags (m

3
ha

–1
; classes 3–5***)

Broken trees Volume of broken trees (m
3

ha
–1

; classes 6–7***)
Logs Volume of fallen logs (m

3
ha

–1
)

Dead wood volume Total dead wood volume (m
3

ha
–1

)
Recent harvesting Number of 0–2-yrs old stumps/ha
Past harvesting Number of >2 yrs old stumps/ha
Veteran trees Number of trees with diameter at breast height > 40 cm per ha
Thick snags Number of snags with diameter at breast height > 20 cm per ha
Slope Slope inclination (degrees)
Exposure Exposure of sampling plots
Shannon Diversity index of tree species
Roads Road density within 0.5 km from the center of a study plot (km km

–2
)

* Calculated for the Three-toed Woodpecker only
** Calculated for the White-backed Woodpecker only
*** According to Maser et al. (1979)
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Table 2. Proportions of the number of trees and wood volume in managed forest plots (i.e., reserve plots
excluded). Nr% = proportion of the number and Vol% = proportion of the volume of each tree species (stan-
dardized to m

3
ha

–1
); WbW = White-backed Woodpecker; TtW = Three-toed Woodpecker; “non-” indicates a

random plot with no woodpecker territory (others represent occupied plots).

Species tree Nr%/WbW Nr%/non-WbW Nr%/TtW Nr%/non-TtW Vol%/WbW Vol%/non-WbW Vol%/TtW Vol%/non-TtW

Spruce Picea abies 10.5 1.8 62.6 64.0 8.3 0.9 66.7 57.8
Fir Abies alba 11.2 16.7 23.9 25.3 8 17.8 23.9 29
Other coniferous 0.6 0.3 1.0 4.3 0.6 0.2 1.8 8.1
Beech 66.2 81.1 6.8 3.8 72.4 81.1 2.9 3.1
Fagus silvatica

Sycamore 5.4 0.0 0.2 0.3 4.6 0.0 0.1 0.1
Acer pseudoplatanus

Other deciduous 6.1 0.1 5.5 2.3 6.1 0.0 4.6 1.9

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0



������ 	���� ��� �
�	� �"' ���
&�� �' #
���	��� � 
	�� �	��' ���� ���	�
��E ����% 
��%�
 �
 	����  ���
��� �� "���	��%

��� ��
�
�	�
 
# ���� 	���� ��	!�� �����	��
�	 �����	 �����	 �"����� !�� �
������ !�	� 	��
��
�
�	�
 � 
# ���� 	���� !�	� ��� � 
# �	� #
����
� � ��� � Y* 	��	% ��� Y* 	��	 !�� �"�
 ���� 	
 �
��
���� 	�� ���	����	�
 
# 	�� ��
� 	 
# #�""� "
��
��
 � ����' �"����� ��	!�� 
������� � � � 
��
������ ��� �"
	�%

9"" ��"��"�	�
 � !��� ���#
���� ��� � ?	�	���
	��� ,%+ �
#	!���%

!� .��
�	�

!��� /������ ��		����

9 	
	�" 
# 5. ��� 	����	
���� � � 5> �	� 	����	
�
���� !��� #
� �% ?�2��� 	����	
���� !��� "
��	��
�  �	��� �����&��
 !������ �� ���� #
���	�
�
�	�� 54 ��� � � �"" �	� 	����	
����@ �
!�&��

�
�� !��� � 	�� &��� �	' 
# 	�� �����&��% 7 �� �

���� #
���	�
 	!�"&� 
# 	�� 54��� 	����	
���� � �
5* 
# 	�� 5> �	� 	����	
���� !��� ��"��	�� #
� #���
	��� � �"'��� ��� 	
 ��##���"	��� � 
�	�� � � ����
������ 	� �	 "
��"�	���!�	� �
��' �"
��� � � � � �
�"� �	�
 
# W>+L% ���  ����� 
# �	����� 	����	
�
���� !�� ��	���� �� �' 	�� ������	' 
# ������ �
����� 
# 	�� 	!
 ������� � 	�� �� ���� #
���	�
����	
�� *++.
 0�	'��� � ���	
�� *+5+�%

K����	�
 � 	����������� �
��
��	�
 
 �����

 	��  ����� � � &
"��� 
# 	����
 �� ����� 	�� � 
���"� *% F������� �	� �"
	� !��� �
�� �	�� �'
������ �>4M� � � #�� �*=M�
 !�	� 
 "' � ���"" �
��
	�
 
# ������
�� 	���� �V54M@ ��� "' ������% /'
�
 	���	
 
���������� �"
	� !��� �
�� �	�� �'
����� �>>M� � � 
	��� ������
�� 	���� �55M@
�
�	"' �'���
���
 �"	�
��� �
 �#��
�� 	���� !���
�"�
 �
��
 �*4M�%

!� � '��	�0*����� '���������

�
	�" &
"��� 
# ���� !

� !�� ��� �#��� 	"'
������ �
&�� 	���� 	����� � 
������� 	�� � � 
��
�������� �����#
���	 �"
	�% 7 ����	�
 
 	
	�" &
"�

������	 �� ���5 *�%�
� 
�%����%� ��� ����(����% ����%%���� *.

Table 3. Descriptive statistics and Mann-Whitney test results for all variables calculated for the White-backed (WbW) and
Three-toed (TtW) Woodpeckers. Reserve = protected forest reserves (only occupied WbW plots); M-Occ = occupied
managed-forest plots; M-Unocc = unoccupied managed-forest plots. Values for these columns show mean ± SD.

Variable Reserve M-Occ M-Unocc M-Occ M-Unocc B vs C A vs B D vs E

WbW (A) WbW (B) WbW (C) TtW (D) TtW (E)

U p U p U p

Beech trees 68.9±33.8 66.1±26.6 81.1±14.5 – – 46 0.133 32 0.708 – –

Spruce trees – – – 62.56±18.9 64.0±16.0 – – – – 70 0.908

Dead branches 294.5±82.8 234.7±151.2 102.1±43.1 – – 24 0.006 19 0.111 – –

Deciduous trees – – – 12.6±11.6 6.4±5.9 – – – – 54.5 0.312

Dying trees 18.0±27.5 20.9±24.2 3.9±8.8 64.7±54.9 19.00±13.34 34 0.028 31 0.640 25 0.007

Dead trees 8.7±6.7 4.5±12.5 3.9±11.7 19.5±18.4 1.5±3.0 55 0.326 14 0.039 26 0.008

Fallen-off bark 6.7±15.4 3.6±5.9 0 26.7±26.7 0.1±0.2 36 0.038 33 0.778 7.5 0.000

Without bark 0 1.0±3.5 0 1.2±2.5 0 60 0.488 30 0.574 54 0.299

Proportion of snags 5.2±5.3 4.2±5.9 0.6±1.2 13.8±10.6 2.4±2.1 41.5 0.078 28 0.453 13.5 0.001

Snags 15.4±14.6 9.0±15.7 3.9±11.7 47.3±38.8 1.6±3.0 46.5 0.141 24.5 0.281 6.00 0.000

Broken trees 6.2±7.1 5.2±8.7 3.4±11.7 8.2±7.7 0.9±1.7 25 0.007 29 0.512 18.5 0.002

Logs 34.9±33.8 19.0±27.6 2.0±3.8 13.1±11.2 2.1±2.6 31.5 0.019 25 0.303 15 0.001

Dead wood volume 56.5±45.9 33.2±43.2 9.4±23.3 68.7±42.5 4.6±3.9 32 0.021 27 0.399 2 0.000

Recent harvesting 16±39.2 12±25.2 24±24.36 10.7±23.2 40.0±43.2 50.5 0.215 29.5 0.543 26.5 0.009

Past harvesting 58.7±55.4 84.7± 190.7±117.1 74±70.3 163.3±129.7 26 0.008 30.5 0.606 46 0.133

Veteran trees 125.3±38.1 82±48.6 60.7±39.7 43.3±45.3 4.7±8.9 54.5 0.312 18.5 0.101 38.5 0.053

Thick snags 20±17.3 13.3±24.4 2±4.9 6.3±5.3 8.8±3.2 52 0.248 21.5 0.174 13.50 0.001

Slope 18.5±4.7 13.4±2.7 8.3±2.4 11.3±5.6.0 8.8±3.2 10 0.000 13.5 0.035 49 0.184

Exposure 1.3±0.7 1.3±0.5 1.1±0.5 1.3±0.8 0.9±0.6 62.5 0.583 32.5 0.743 49.5 0.194

Shannon 0.7±0.6 0.76±0.4 0.5±0.3 0.8±0.2 0.9±0.3 40 0.065 33 0.779 62.5 0.584

Roads 1.0±0.4 1.5±0.3 2.3±0.7 1.2±0.4 1.9±0.4 15.5 0.001 12 0.025 13 0.001
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Table 4. Sets of candidate models explaining the occurrence of Three-toed (TtW) and White-backed
(WbW) Woodpeckers (for variables, see Table 1). The number of variables (k), Akaike’s information crite-
rion (QAICc), difference between the given model and the most parsimonious model (�) and Akaike weight
(w) are reported for each model. Models with �QAICc �2 compared to the model with the lowest QAICc are
in bold.

Nr. Model variables k QAICc � w

TtW occurrence in managed forests (occupied vs unoccupied plots)

1 Past harvesting+Roads 2 11.642 0.000 0.229

2 Dead trees+Roads 2 12.565 0.923 0.144

3 Dying trees+Roads 2 12.852 1.210 0.125

4 Veteran trees+Roads 2 12.87 1.228 0.124

5 Dead trees+Veteran trees 2 13.924 2.282 0.073

6 Dying trees+Dead trees 2 13.970 2.328 0.071

7 Dead tree+Past harvesting+Roads 3 14.222 2.580 0.063

8 Past harvesting+Veteran trees+Roads 3 14.521 2.879 0.054

9 Dying trees+Veteran trees 2 14.932 3.290 0.044

10 Dying trees+Dead trees+Roads 3 15.47 3.828 0.034

11 Dying trees+Dead trees+Veteran trees 3 16.728 5.086 0.018

12 Dying trees+Dead trees+Past harvesting+Roads 4 17.448 5.806 0.013

13 Dying trees+Dead trees+Veteran trees+Roads 4 18.692 7.050 0.007

14 Dying trees+Dead trees+Past harvesting+Veteran trees+Roads 5 20.976 9.334 0.002

1.000

WbW occurrence in managed forests (occupied vs unoccupied plots)

1 Dying trees+Roads 2 11.178 0.000 0.203

2 Logs+Roads 2 11.511 0.333 0.172

3 Dead branches+Roads 2 11.58 0.402 0.166

4 Dead branches+Recent harvesting 2 12.097 0.919 0.128

5 Dead branches+Recent harvesting+Roads 3 12.445 1.267 0.108

6 Dead branches+Dying trees+Roads 3 13.554 2.376 0.062

7 Logs+Shannon+Roads 3 13.692 2.514 0.058

8 Dying trees+Recent harvesting+Roads 3 13.947 2.769 0.051

9 Dead branches+Logs+Recent harvesting+Roads 3 15.381 4.203 0.025

10 Dead branches+Dying trees+Recent harvesting+Roads 4 15.457 4.279 0.024

11 Dead branches+Dying trees+Logs+Shannon+Roads 5 19.873 8.695 0.003

12 Dead branches+Dying trees+Recent harvesting+Shannon+Roads 5 20.114 8.936 0.002

13 Dead branches+Logs+Dying trees+Recent harvesting+Shannon+Roads 6 23.009 11.831 0.001

1.000

Occupied WbW plots, a comparison between reserve and managed-forest plots

1 Veterans+Roads 2 10.425 0.000 0.430

2 Dead total+Roads 2 11.694 1.269 0.228

3 Dead total+Veteran trees 2 11.989 1.564 0.197

4 Dead total+Veteran trees+Roads 3 13.223 2.798 0.106

5 Dying trees+Dead total+Veteran trees+Roads 4 16.715 6.290 0.019

6 Dead total+Veteran trees+Shannon+Roads 4 16.739 6.314 0.018

7 Dying trees+Dead total+Veteran trees+Shannon+Roads 5 20.713 10.288 0.003

1.000
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Table 5. QAICc weights for each variable used in the model selection procedure (compare Table 4). Values
are probabilities for a given predictor to be in the best approximating model. TtW = Three-toed Woodpeck-
ers, WbW = White-backed Woodpeckers.

Variable Managed-forest TtW, Managed-forest WbW, Occupied WbW plots,
occupied vs unoccupied occupied vs unoccupied reserve vs managed

Roads 0.794 0.872 0.803
Dying trees 0.313 0.345 0.022
Dead trees 0.424
Past harvesting 0.361
Veteran trees 0.322 0.772
Dead branches 0.517
Logs 0.295
Recent harvesting 0.337
Shannon 0.064 0.021
Dead wood volume 0.570
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Fig. 1. Logistic regression models for the volume of dead wood (snags and broken trees for the Three-toed
Woodpecker [TtW]; snags, broken trees and logs for the White-backed Woodpecker [WbW]) and for dying
trees in managed forests.

Fig. 2. Log-volume distribution among decay
classes (Maser et al. 1979) for the White-backed
Woodpecker (black columns = reserve plots, grey
columns = managed-forest plots, white columns =
unoccupied by the species).

Fig. 3. Proportion of the total number of dead trees
(black columns; N = 1288) and dead trees used by
Three-toed Woodpeckers for foraging (white col-
umns; N = 256) arranged to different diameter at
breast height (DBH) classes.
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