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Introduction
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.C1=<�<=7.134=70�/D.77�:3/16<@.9B=/�;<�?.4=�C;B6/=:�;9
:=.:�H;;:�:=B;DA;/313;9�39�B7;/=:�C;<=/1/�'�<.9>39.
.9:��.<D;9����"%��.<D;9�=1�.7$�+,,,%��?;<;?;4.�.9:
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Materials and methods

�������	
��

�31=/� H=<=� /=7=B1=:� 39� 1?=� �6:6� �;<=/1� �3/1<3B1
(59º11' N 26º52' E) and in Halliku Forest District (58º43'
N 26º55' E(�'�./1=<9��/1;93.(�39�?=D3@;<=.7�4=8=1.13;9
J;9=� '�?13� =1� .7$� ��&)(%� H?3B?� =EA=<3=9B=:� /=4=<=
H39:1?<;H�;9��&� 670�+,,��.9:�"� 670�+,,+%�<=/A=B�
134=70$��?=�.4=<.8=�1=DA=<.16<=�39�1?=�.<=.�.77�;4=<�1?=
0=.<�3/�Y"$+º�$��?=�B;7:=/1�D;91?�3/��=@<6.<0%�.1�#"$*ºC
.9:�1?=�H.<D=/1�3/� 670�.1�Y�&$�º�$��?=�.4=<.8=�A<=�
B3A31.13;9�3/�"",#&",�DD$��;<H.0�/A<6B=�'	�(�#�#;���
'�$(��.</1$(�3/�1?=�:;D39.91�/A=B3=/�.1�@;1?�/31=/%�H31?
7=//=<� .D;691/� ;C��6<;A=.9� ./A=9� '	�7�%��� �!�1�%#
�$(%�@7.B>�.7:=<�'�%����&%������#�'�$(� $�
.=<19$(%��37�
4=<� @3<B?� '����%#� 7��$�%#� �;1?$(� .9:� :;H90� @3<B?
'����%#�7�;��(�����?<?$(� '�.@7=��($��?=� /16:0�.<=./
39B76:=�/1.9:/�;9��61<3B�
7=0/;7/�.9:��.7B.<3B��.D�
@3/;7/�'���%�	���%�	��	�����)%��=391.D�=1�.7$�+,,�(%
��%�7��$�%#�.9:�<"!��%%�� � C;<=/1� /31=� 10A=/� '�I?D6/
��)�(�@=398�D;/1�B;DD;970�<=A<=/=91=:�'	73//;9�=1�.7$
+,,"($��?=�:=1.37=:�:=/B<3A13;9�;C�?;H�1?=�/.DA7=�A7;1/
H=<=� =/1.@73/?=:� .9:� ?;H� 1?=� ���� 4;76D=� .C1=<
H39:1?<;H�H./�D=./6<=:%�?./�@==9�A6@73/?=:�39�	73/�
/;9�=1�.7$�'+,,"($

�;�/.74.8=�7;88398�;BB6<<=:�@=1H==9�H39:C.77�.9:
D=./6<=D=91/$��3=7:H;<>�;BB6<<=:�39�1?=�=.<70�/6D�
D=</�;C�+,,�%�+,,��.9:�+,,"�'D=./6<=D=91/�/1.<1=:�.9:
A7;1� /0/1=D�D.<>=:� .C1=<� :3/16<@.9B=($��;<D=<70� 1?=

C;<=/1/� H=<=� 69:=<� A<;1=B13;9� '7.9:/B.A=� A<;1=B13;9
.<=.(�H?=<=�1?=<=�?./�@==9�9;�D.9.8=D=91�391=<4=9�
13;9�39�:=B.:=/$��?=�/1.9:�.8=/�39�1?=�/16:0�.<=.�H=<=
39�<.98=�C<;D���,�1;��&,�0=.</�'�.@7=��($�	9�/16:0�.<=.
	73//;9�=1�.7$�'+,,"(�C;69:�1?.1��6<;A=.9�./A=9�'	�70
�%��� �!�1�%#� �$(� H./� 1?=� /A=B3=/� D;/1� A<;9=� 1;� 6A�
<;;1398%�H?37=�@7.B>�.7:=<�'�%����&%������#�'�$(� $�
.=<�
19(�H./�D;/1� 73>=70� 1;�?.4=�/1=D�@<=.>.8=$��?=�A<;�
A;<13;9�;C�6A<;;1398�.9:�/1=D�@<=.>.8=�H./�<=7.134=�
70�/3D37.<�.D;98�1?=��;<H.0�/A<6B=�.9:�@3<B?$

�.9:;D70�/=7=B1=:�/.DA7=�1<==/�;<3839.1=:�C<;D
1?<==�4.<3.91/�;C�:.D.8=�/=4=<310��'3(�1;1.770�:.D.8=:
.<=./� '��(� H31?� 1;1.7� B.9;A0� :=/1<6B13;9� '.77� 1<==/
:.D.8=:�@0�/1;<D(%�'33(�A.<170�:.D.8=:�.<=./�'��(�H31?
A.<13.7�B.9;A0�:=/1<6B13;9�'.AA<;E3D.1=70�?.7C�;C�1?=
1<==/�:.D.8=:�.9:�:3/1<3@61=:�693C;<D70(%�'333(�B;91<;7
.<=./�'��(�H31?�9;�:.D.8=�'734398�1<==/(%�1.>=9�./�B7;/=
./�A;//3@7=�1;����.9:����.<=./$�	9�1;1.7�H=�.9.70/=:
����/.DA7=� 7;8/�.9:�/9.8/�'�"�� 7;8/L/9.8/�C<;D���
.<=.%��&,�7;8/L/9.8/�C<;D����.<=.�.9:�+��734398�1<==/
C<;D����.<=.($��?=�/.DA7=�/9.8/�'/1.9:398�:=.:(�;<
7;8/�':=.:�:;H9=:�;<�7=.9398(�H=<=�<.9:;D70�/=7=B1�
=:�C<;D�/A<6B=�'	�(�#�#;����'�$(��.</1(�.9:�@3<B?�'���0
�%#� /AA$($
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�.DA7=:�734398�1<==/�.9:�����39�1?=�C;<D�;C�7;8/
.9:�/9.8/�'W�,�BD�39�:3.D=1=<�.9:�W�$��D�39�7=981?L
?=38?1(�H=<=�B.1=8;<3J=:�391;�C34=�:=B.0�B7.//=/�@./=:
;9� 43/6.7� B?.<.B1=<3/13B/� 739>=:� 1;� 1?=� :=8<==� ;C� :=�

Location Damage 
type 

Site type Composition (percentage 
from stem numbers) 

Year of 
Orgin 

Volume 
(m3/ha) 

Tudu Totally  Myrtillus 45Sp 43As 12Bi  1865 616 
Tudu Control Myrtillus 73Sp 11As 7Al 5As 5Bi  1875 376 

Tudu Control Myrtillus 44Sp 28Bi 15As 12Al 1875 367 
Tudu Totally  Filipendula 76Sp 12Bi 6Al 5As 1865 397 

Tudu Harvested Myrtillus 46Bi 27Sp 19As 7Ac –  

Tudu Partly  Myrtillus 57Sp 27As 13Bi 3Al 1845 238/271 
Tudu Control Myrtillus 47Sp 29Bi 18As 7Al 1875 342 

Tudu Totally  Myrtillus 72As 26Sp 2Bi +Al 1845 651 
Tudu Harvested Filipendula 62Bi 38Sp –  

Halliku Harvested Myrtillus 44As 37Bi 11Al 5As 3Sp –  
Halliku Harvested Myrtillus 40Bi 30Sp 29As 1Ma –  

Halliku Partly  Filipendula 53Sp 30Al 13Bi 2Ac 2As 1873 138/217 
Halliku Control Filipendula 57Al 28As 9Ac 3Bi 3Sp 1Ma 1958 292 

Halliku Partly  Myrtillus 76Sp 16As 6Bi 1As 1Ac 1893 225/105 

Halliku Partly  Filipendula 82Al 11Sp 6As 1898 277/264 
Halliku Totally  Myrtillus 82Sp 17Bi 1As 1893 231 
 

��1��� 3���=/B<3A13;9� ;C� 1?=� /16:0� A7;1/� .C1=<�H39:/1;<D� 39
�6:6� .9:��.773>6� /16:0� .<=.�� F�;76D=G� :=/B<3@=/� 1?=� 4;7�
6D=� ;C� :;H9=:�H;;:� C;<� B;DA7=1=70� :=/1<;0=:� A7;1/%� 4;7�
6D=�;C�/1.9:398�1<==/�C;<�B;91<;7�A7;1/�.9:�4;76D=�;C�:;H9=:
H;;:L�4;76D=�;C�/1.9:398�1<==/�C;<�A.<13.770�:.D.8=:�.<=.$
�A�#��;<H.0�/A<6B=�'	�(�#�#;����'�$(��.</1$(%��/�#��6<;A=�
.9� ./A=9� '	�7�%��� �!�1�%#��$(%��3� #� @3<B?� '����%#� 7��$�%#
�;1?$(%��7�#�@7.B>�.7:=<�'�%����&%������#�'�$(� $�
.=<19(%��B
#�B;DD;9�.7:=<�'�796/�39B.9.�'�$(��;=9B?(Z��?�#�./?�'�!#:0
������:(�%���!��$(� '.:.A1=:� C<;D�	73//;9�=1�.7$�+,,"(
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B;DA;/313;9�.9:�1?=�>93C=�@./=:�/0/1=D�:=/B<3@=:�39
�=94.77�'���"(�.9:��6>3.�=1�.7$�'+,,�($��;8�7=981?%�@./=
.9:�1;A�:3.D=1=</�.9:�:3.D=1=<�.1�@<=./1�?=38?1�H=<=
D=./6<=:$��.DA7=�:3/>/�'+#"�BD�1?3B>(�H=<=�1.>=9�C<;D
1?<==� B<;//� /=B13;9/%� 7;B.1=:� .7;98� 1?=� ?=38?1L7=981?
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No Factor Factor (type) Nested/ 
G

DF ANOVA Major 
f

P-value 
1 0 Tree (R) 1 – �2

�=0.013 – < 0.0001 
2 1 Species (F) – 1/188 I, III – < 0.0001 
3 2 Region (F) – 1/188 I, III 1 n.s. 

4 3 Damage (F) – 2/188 I, III 1, 2 <0.0001 
5 4 Snag/Log position (F) – 2/188 I 1 <0.0001 

6 4 Snag/Log position (F) – 2/188 III – n.s. 
7 5 Core position on disk 

(F)  
1, 4 14/188 I, III 1, 2, 4 n.s. 

8 6 Core position: birch 
(R)  

0, 1 – AR(1) – n.s. 

9 6 Core position: spruce 
(R)  

0, 1 – AR(1), 
� 
�

– 0.0044 
10 7 Time (F) 1, 4 6/188 I, III 1, 2, 4 n.s. 
11 7 Time (F) 1, 4 6/188 I 1 <0.0001 

12 8 Disk position (R) 0 – – – 0.0104 
13 9 Disk diameter (F) – 1/188 I, III 1–4, 6, 7 0.0312  
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Halliku  Tudu 

Area Species Snag 
position 

n Average density 
g cm–3 (SE) 

  Area Species Snag 
position 

n Average density 
g cm–3 (SE) 

TD Spruce Downed 16 0.493 (0.013)   TD Spruce Downed 16 0.483  (0.014) 
   Leaning 14 0.528 (0.023)      Leaning 16 0.527  (0.008) 
   Standing 10 0.532 (0.017)      Standing 8 0.567  (0.040) 

PD Spruce Downed 16 0.495 (0.016)   PD Spruce Downed 16 0.537  (0.022) 
   Leaning 16 0.520 (0.014)      Leaning 16 0.547  (0.014) 
   Standing 10 0.550 (0.019)      Standing 8 0.559  (0.021) 

ND Spruce Control 12 0.571 (0.026)   ND Spruce Control 12 0.571  (0.025) 
                    

TD Birch Downed 12 0.581 (0.024)   TD Birch Downed 16 0.626  (0.014) 

   Leaning 15 0.641 (0.020)      Leaning 8 0.632  (0.014) 
   Standing 10 0.661 (0.030)      Standing 12 0.634  (0.027) 

PD Birch Downed 8 0.669 (0.032)   TD Birch Downed 14 0.659  (0.033) 

   Leaning 16 0.645 (0.016)      Leaning 16 0.673  (0.018) 
   Standing 12 0.693 (0.022)      Standing 12 0.739  (0.031) 

ND Birch Control 9 0.778 (0.029)   ND Birch Control 9 0.778  (0.029) 
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398� /A<6B=� .9:� @3<B?� 7;8/L/9.8/� ;9� 1;1.770� .9:� A.<170� :.D�
.8=:� .<=./� B;DA.<=:� H31?� 734398� 1<==� :=9/310$��?=<=� ��
D=.9/�1;1.770�:.D.8=:�.<=.%����D=.9/�A.<170�:.D.8=:�.<=.
.9:����D=.9/�B;91<;7�.<=.�H31?�9;�:.D.8=$��<<;<�@.</�/?;H
/1.9:.<:

�=4=<.7�<;H/�'�;H/�*%�)%��(�39��.@7=���A<=/=91�1?=
=CC=B1/�;C�/6@/.DA7=�A;/313;9�;9�1?=�:3/>�1.>=9�C<;D
1<==�1<69>$��H;�<.9:;D�C.B1;</�:=/B<3@=�1?3/�A;/313;9Z
1?=/=�.<=�1?=�/.DA7=�:3/>�A;/313;9�;9�1?=�7;8�.9:�1?=
/6@/.DA7=� A;/313;9� ;9� 1?=� /.DA7=� :3/>$� �?=� /.DA7=
:3/>�A;/313;9�C.B1;<�?.:�;970�D.<839.7�B;9C3:=9B=�'�.�

Species Damage 
severity  

Snag/Log 
position 

n X0 k (year) R2 

Spruce Totally damaged Lying 43 0.5597 -0.0557 0.2365 
    Leaning 41 0.5602 -0.0249 0.053 
    Standing 29 0.5598 -0.0109 0.0084 
  Partly damaged Lying 43 0.55 -0.0255 0.0407 
    Leaning 41 0.5561 -0.0233 0.0233 
    Standing 29 0.5631 -0.0078 0.0064 
Birch Totally damaged Lying 36 0.739 -0.0742 0.2835 
    Leaning 29 0.7604 -0.0722 0.3384 
    Standing 30 0.7687 -0.0708 0.3161 
  Partly damaged Lying 30 0.7687 -0.0641 0.1854 
    Leaning 40 0.7494 -0.0496 0.2144 
    Standing 32 0.57 -0.0219 0.0453 
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