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Fig. 1. Vegetation (according to Aksenov et al. 2002): A – native forest, B – native bog-forest tracts,
C – logged areas, D – unforested areas) and sites of data collection in NW Russia. Bird samples were from
areas: I – the Onega’ tract (Borchtchevski 1993), II and III – the Belomor’ tract and adjoining logged areas
(for more details see Fig. 2), IV – various sites in logged forest (Borchtchevski 2011) represented by 23
points, with identifying numbers (and number of birds in parentheses) in the margins. PI – the Pechoro-Ilich
Reserve.
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Fig. 2. Vegetation (A – native tracts, B – logged
areas, C – unforested areas, for more details see
Fig. 1) and disposition of sites where skulls were
collected (from Borchtchevski & Sivkov 2010). The
white points (1–5) and white outline (6 – the Pinega
Reserve) indicate collections within native forest
tracts. The hatched areas show the two main sites
of collection on logged areas.



��
�� �;�()  �2 �&	 �� �����
 ��� �&	 �� �	((
� �	+
�
��) �	�� &
�
 ����
� �' �������	��� �
��	�� �	�+
�	&��( ������( �
(������	�E �� �����( �� �
�� ���
��	� ���
 C�(��� �	  ���
� �' �������( 	� &���+
��( ��2 &��� 	� &���	�� ������( ���� �	(�F 	� ��
	��
� ���
� ���
� ��

��� ����	������	� ��


�	�
��
�
���� %##!� �' ��
 ���
 �
��	��) C��	2

	
�� &
�
 
��(�� �� ����� �� ������� (������( ���
�
�� ��
� *2 ��� ��
 �
����� 	� ����� ����
� �' ��
��+
�	�� 
��
 ��	� ��� �	�� ��
��)

/�
 '	��(
�� �(
 
���� �L  % �	���� 	��� &��
�
�
����
� �' �
���
�� ��� �	�'+���
���	��
��
�
�	�+/���+������'  !1#�) /	 ����(� 	��
�

	
�� ��  %�	���� 	��� �	 �(
 
����
�2 ��
�� ������
&
�
 ��
���
� ��� 
:����
�)C(
&�� �
�
����
�
�

	����( �	 (
�
����' �


��
� K���������
 
���
+
���E �

�
��	� 	� ��
 %�� %������
���
� %���	�
�� ���
%�� :������
�"�2 	� ��� �����
� ��� ��� �������
�2
���'�	���( 	� ��
 ������ �
�� �
�&

� �� �	����	
��� �� ���"���	F ���� ��
 ����
 	� 
�
��� ��� ��	+


��
� 	� ��
 ������ 	� 	��
� 
	
�� ��
�
�	�+/���+
������'  !1#F �	��  !"4�F 3���<� � �M��M�
�
 !"1�) ��
� ����'��� �
����� 	�
 �	 ������(����
���
 �������
 �(
 
����
� ��	�( 
	
��E # N '	��+
(
�� 	� '	��(��
�� 	� �(
L %�	���� 	��2  N'
��+
���(� ��	�  % �	 %. �	���� 	��2 % N �&	+'
�� 	���2
. N ���

+'
�� 	��� ��� ? N ��
 	��
�� 
	
��2 �(
�
�	�� 	� �	�
 '
���)

/�
 �	�� �����
��� ������
��	� �� �
�&

� �&	+
��� ���

+'
�� 	��� ��	��  !"4��) �	�
��
�
��2 ��
��
 �� ����
���	 �(
� �� (�	&� �� ��B
 ��� 
���(
�
�	��E ��
 ��������' �����(�� 0��
���
 �
�&

� ���

����� 
�(
 ��� ��
 �� �������	 
���
� ��� ��+
��	�
�
� ��
�+����
� �' ? '
��� 	� �(
 ��	�
�+
�
�
���� %#  �) /��� 
���
��	� ��	���2 �	&
�
�2 �

��
� 	��' �� 
	�������	� &��� 	��
��)

*� ������	�2 ��
 �(
 	� .% ���
� 
�����
� �'
�
�� 	� ���
�
�����
 �
�� 	� ��
 5��
(� �
�
��


��	��� 12 ;�() %� ��  !!!$%## 2 �	� ����	+��((��(2
&�� 
������
� ��	� ��
�� �
�� �
��� ��	��  !"4�2
�����
� �	� �� ������� ����� �' �	�
��
�
����
%# #�) /��� �
��	� ������(����
� 	��' ���

 �(


����
�E ��	�
 L  % �	����2  %$%. �	����2 ���
G %. �	����) /�
�
 ���� &
�
 �	� ��
� �� 
	�+
����
���( ;�() . 	� ��
 ����'��� 	� �(
 ����
���
 ���
&
�
 ��
���
� �� ����'�
� 	� �(
+��

���
 (�	&��
���
�)

&�,� +��� 
�	������� �� 
���������	�

0�)�*� ("��
�� �
��	� ��� ���� �����
���
��

*� ������2 ����
�
�� �
��	�� 	� ������( ���
�+

�����
 
	
�� ��	&����
�
�� ����
� �� �
����	� �	 ��

�����I �(
) *� �����( �� �
��2 ����
�� ��		� �	���'
	��2 ���
����
�' ������'��( 
	
��2 ��� ��
 '	��+
(
�� �L  % �	����� ����� ��
 ���
�+�
��
�
��
� ��
�����
� �/
��	�  !?42 �
�
�	�+/���+������'
 !1#2 �����	�  !4.2 �	���	�  !4!�) �	�+
�
��
�'2 ��
 ���
 ����	�� 
:����� ���� ��
 '	��(
��
����� ��
 	�
�+�
��
�
��
� �� �����
� 
	��

�
� �'
�������( 	� &�����( ��2 &��� 	� &���	�� ��
 �
�� 	�
������( ���� �	(�2 �� '	��( ���
�
�����
 ��
 �
��

����	�� ��� ���	& � 
�	�
� ����	�
�) ��������'2

��
���( ���
�
�����
 �� ����� �� ������� (������(
���
� ���	 	�
�
������
� ��
 ��	�	���	� 	� ��

'	��(
�� ����� ��������  !142 �	���	�  !4!2
/
�
��
�  !"!�) ��
� ����
� ��
 K���
 
	�����
��
�
�	�� �
(�	��2 �������� ��� �
��	�� �/
��	�  !?42
�
�
�	�+/���+������'  !1#2 �����	�  !4.�)
�
 ��	& 	� �	 ���� ��	&��( ���� ������( �
�

��
�	� 
	
�� ��	�( 	��
� �(
 
����
� ��  % �	�����
��� �	 �	� ���
 	�� ��
 �	��������') ;	� ��
 ����'���2
&
 
	����
�
� ����
�
�� �
��	�� 	� ������(2 ����
7����
� �' ��
���	�82 �� �
�����
 �������( �
+

��������	
��
 � ����& ��	 ���"��"�	 �� $�%	���
��
	 ���	� 
� -3 !"��
�  4

Table 1. Skulls of Capercaillie cocks from NW Russia used in this study.

Habitat Area
1

Description Sample size Years of collection

Native I Onega’ tract 178 1981–1988*
II Belomor’ tract 43

2
1990–2008**

Logged III Next to Belomor’ tract (Figs 1, 2) 240 1999–2008**
IV Various sites (23 points, Fig. 1) 61 1980–2001***

Total 522 1980–2008

1) As in Fig. 1.
2) Another 32 were aged according to beak depth (see text).
From: * Borchtchevski 1993, ** Borchtchevski & Sivkov 2010, *** Borchtchevski 2011.
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Fig. 3. Age distributions of capercaillie males from NW Russia according to skull collections made during
1980–2008. Vertical axis shows age of males (years), the horizontal one and figures next to columns show
relative numbers of birds (%). Samples from: I – Onega’ tract, II – Belomor’ tract, III – areas next to
Belomor’ tract, IV – other logged areas (see Fig. 1 and Table 1). Excludes beak depth sample.
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Table 2. Age structure of capercaillie skull samples
from four areas in NW Russia: parameter estimates
for the area × age interaction from a GLMM (logit
link, binomial distribution), expressed as differ-
ences from area IV and age class 4. Bold font high-
lights the main differences between logged and na-
tive habitat after controlling for season and samp-
ling method: fewer birds of age classes 0 and 1 in
native habitat.

Habitat Area Age Esti- Standard
(Fig. 1) class mate error

Native I 0 –1.48 1.27
I 1 –2.08 1.28
I 2 –0.76 1.29
I 3 0.13 1.30
I 4 0 –
II 0 –2.57 1.40
II 1 –2.40 1.43
II 2 –0.66 1.39
II 3 –0.59 1.39
II 4 0 –

Logged III 0 0.37 1.25
III 1 0.63 1.24
III 2 0.69 1.27
III 3 –0.47 1.30
III 4 0 –
IV 0 0 –
IV 1 0 –
IV 2 0 –
IV 3 0 –
IV 4 0 –
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Table 3. Annual age-specific growth rates of Capercaillie cocks from NW Russia calculated by method 1.
Estimates and 95% confidence intervals (95% CI) are reported for native and logged habitats.

Age
1

Season Native habitat Logged habitat

Estimate 95% CI Estimate 95% CI

0 (2–11) Summer 0.15 0.05–0.41 0.22 0.11–0.44
Winter 0.26 0.08–0.81 0.68 0.32–1.46
Spring 1.09 0.55–2.17 1.94 0.99–3.86

1 (14–23) Summer 2.71
2

0.72–10.2 0.62 0.25–1.53
Winter 1.41 0.50–4.02 0.58 0.30–1.13
Spring 2.25 1.02–4.97 0.62 0.31–1.26

2 (26–35) Summer 2.08 0.72–6.00 0.53 0.15–1.85
Winter 1.33 0.51–3.43 0.61 0.25–1.45
Spring 1.89 0.88–4.04 0.58 0.26–1.27

1) As in Fig. 3 (age in months). Growth rates are prospective.
2) The estimates in bold are all > 1.00 but only one (age 1, spring) significantly so. A combined simulation test (see section 2.3.2)
for the null hypothesis H

0
= 1, however, gave ¤

2

12
= 23.4, P = 0.024.
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Table 4. Average annual age-specific growth rates of Capercaillie cocks from NW Russia calculated by me-
thod 2. Estimates and 95% confidence intervals (95% CI) are reported for native and logged habitats.

Age
1

Season Native habitat Logged habitat

Estimate
2

95% CI Estimate 95% CI

0 (2–11) Summer 0.62
3

0.49–0.74 0.28 0.20–0.37

Winter 0.77 0.61–0.87 0.60 0.45–0.74
Spring 0.87 0.79–0.92 0.80 0.70–0.88

1 (14–23) Summer 0.91 0.80–0.96 0.49 0.32–0.67

Winter 0.87 0.75–0.94 0.55 0.41–0.68

Spring 0.82 0.73–0.88 0.53 0.40–0.66

2 (26–35) Summer 0.80 0.62–0.91 0.35 0.17–0.58

Winter 0.77 0.61–0.88 0.46 0.31–0.61

Spring 0.73 0.60–0.83 0.48 0.32–0.64
3 (38 +) Summer 0.53 0.36–0.70 0.36 0.14–0.64

Winter 0.43 0.25–0.64 0.41 0.22–0.62
Spring 0.30 0.18–0.45 0.35 0.18–0.56

1) As in Fig. 3 (age in months).
2) Estimates are the average for the focal and all older age classes. Estimates on the same line are significantly dif ferent (P <
0.05) if confidence intervals do not overlap (bold type).
3) Difference Native vs Logged by simulation test (see text) P < 0.001.
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