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r_�vboѴo]b1-Ѵ�-m7�lour_oѴo]b1-Ѵ�ruor;u|b;vĺ��ubou��ouh�-|�o�u�vb|;ķ�|_;�
&mb�;uvb|��o=��b1_b]-m��boѴo]b1-Ѵ�"|-|bom�Ő&��"őķ�=o1�v;7�v;r-u-|;Ѵ��
om��;];|-|bom�v|u�1|�u;�ou�ruo7�1|bom�1_-m];�=oѴѴo�bm]�7bv|�u0-m1;�


 ��&!� �ƐՊ��u�v|�7��v�v|;l�bv�-�mou|_;um�|;lr;u-|;�lb�;7�
_-u7�oo7�=ou;v|��_;u;�;�r;ubl;m|-Ѵ�7bv|�u0-m1;�_-v�-Ѵ|;u;7�
�;];|-|bom�v|u�1|�u;ķ�bm1Ѵ�7bm]�|_;�1u;-|bom�o=�7;;r�1-mor��]-rv



ՊՍ Պ |�ՊƒHABER Et Al.

Ő�o�]_� ;|� -Ѵĺķ� ƑƏƐƒĸ� "-]-u-� ;|� -Ѵĺķ� ƑƏƐѶőĺ� �m� |_;� ru;v;m|� v|�7�ķ��;�
-vh;7�|_;�=oѴѴo�bm]Ĺ�Ő Ɛő�ľ�o��7b7�vr;1b;v�7b�;uvb|��-m7��;];|-|bom�
v|u�1|�u;�1_-m];�-Ѵom]�-�1om|bm��l�o=�7bv|�u0-m1;�v;�;ub|�ĵĿĸ� Ő Ƒő�
ľ�;u;� 7bv|�u0-m1;Ŋ7ub�;m� 1_-m];v� bm� vr;1b;v� 7b�;uvb|�� -m7� �;];|--
|bom� v|u�1|�u;� 1ouu;Ѵ-|;7� �b|_� -�-bѴ-0bѴb|�� -m7� �-ub-0bѴb|�� o=� �m7;u-
v|ou��Ѵb]_|ķ��b|_�blrѴb1-|bomv�=ou�Ѵ;-=�r_�vboѴo]b1-Ѵ�-m7�lour_oѴo]b1-Ѵ�
|u-b|vĵĿĸ�-m7�Ő ƒő�ľ�;u;�1_-m];v�bm�vr;1b;v�7b�;uvb|��-m7��;];|-|bom�
v|u�1|�u;�u;Ѵ-|;7�|o��oo7����ķ�-m7��-v�|_bv�u;Ѵ-|bomv_br�lo7�Ѵ-|;7�
0��1om1olb|-m|�v_b=|v�bm�Ѵb]_|�;m�buoml;m|�-m7�Ѵ;-=�|u-b|vĵĿĺ�	u-�bm]�
=uol�rѴ-m|�r_�vboѴo]b1-Ѵķ�1oll�mb|�ķ�-m7�;1ov�v|;l�;1oѴo]��rubm1b-
rѴ;vķ�o�u�]o-Ѵ�bv�|o�-7�-m1;��m7;uv|-m7bm]�o=�=ou;v|�v|u�1|�u;ŋ=�m1-
|bom�u;Ѵ-|bomv_brv�-1uovv�7bv|�u0-m1;�v;�;ub|��1om|bm�-ĺ

ƑՊ |Պ��$�!���"���	���$��	"

ƑĺƐՊ|Պ"b|;�-m7�;�r;ubl;m|�7;v1ubr|bom

$_bv� v|�7�� �-v� r-u|� o=� |_;� 
ou;v|� �11;Ѵ;u-|;7� "�11;vvbom�
��r;ubl;m$� Ő
�"�$ő� -|� |_;� &mb�;uvb|�� o=� �b1_b]-m� �boѴo]b1-Ѵ�
"|-|bom� Ő&��"ő� bm� mou|_;um� �o�;u� �b1_b]-m� ŐƓƔŦƒƔĺƔன�ķ�
ѶƓŦƓƒன)őĺ�
�"�$��-v�bmb|b-|;7�bm�ƑƏƏѶ�|o�;�-lbm;�0bo];o1_;lb-
1-Ѵķ� bm1Ѵ�7bm]�1-u0om�Ő�ő�1�1Ѵbm]ķ�ruo1;vv;v�=oѴѴo�bm]�7bv|�u0-m1;�
1-�v;7�0��-];Ŋu;Ѵ-|;7�v;m;v1;m1;�o=�-vr;m�-m7�0bu1_�Ő�-�;�;|�-Ѵĺķ�
ƑƏƐƐőĺ� $_;� |u;-|l;m|� bm�oѴ�;7� v|;l� ]bu7Ѵbm]� -ѴѴ� -vr;m� ŐPopulus 
grandidentata� �b1_�.� -m7� tremuloides� �b1_�ĺ)� -m7� 0bu1_� ŐBetula 
papyrifera��-uv_-ѴѴ)� |u;;v��b|_bm� -� ƒƖŊ_;1|-u;� -u;-ķ� -11;Ѵ;u-|bm]�
|_;�|u-mvb|bom�=uol�;-uѴ��|o�lb77Ѵ;�v�11;vvbom�bm�-7�-m1;�o=�|_-|�
�_b1_� bv�o11�uubm]� u;]bomŊ�b7;� Ő)oѴ|;u�ş�)_b|;ķ�ƑƏƏƑőĺ��ubou� |o�
|_;�;�r;ubl;m|-Ѵ�7bv|�u0-m1;�bm�ƑƏƏѶķ�|_;�1-mor���-v�7olbm-|;7�
0�� ;-uѴ�� v�11;vvbom-Ѵ� -vr;m� -m7� 0bu1_ķ� �_b1_� 0uo-7Ѵ�� 1oѴomb�;7�
|_;��rr;u��u;-|��-h;v�u;]bom�=oѴѴo�bm]��b7;vru;-7�1Ѵ;-uŊ1�|�_-u-
�;v|bm]� -m7� =bu;� -|� |_;� |�um� o=� |_;� ƑƏ|_� 1;m|�u�� Ő�o�]_ķ� (o];Ѵķ�
�-uuoѴ7ķ� �;ou];ķ� ş� ��u|bvķ� ƑƏƏƕő.� "bm1;� o�u� ;�r;ubl;m|-Ѵ� v|;l�
]bu7Ѵbm]ķ�mou|_;um� u;7�o-h� ŐQuercus rubra��ĺő�-m7�u;7�l-rѴ;� ŐAcer 
rubrum��ĺő�_-�;�]-bm;7�1-mor��7olbm-m1;ķ��b|_�;-v|;um��_b|;�rbm;�
ŐPinus strobus��ĺőķ��l;ub1-m�0;;1_� ŐFagus grandifolia��_u_ĺőķ� v�]-u�
l-rѴ;� ŐAcer saccharum��-uv_-ѴѴőķ� v|ubr;7�l-rѴ;� ŐAcer pensylvani-
cum� �ĺőķ� -m7� v�01-mor�� v_u�0� vr;1b;v� bm� |_;� ];m�v�Amelanchier 

Őv;u�b1;0;uu�ő�l-hbm]��r�|_;�u;l-bm7;u�o=�-0�m7-m|��oo7��vr;-
1b;v�Ő
-_;��;|�-Ѵĺķ�ƑƏƐѵőĺ

��u�7-|-�1oѴѴ;1|bom�1;m|;u;7�om�|�b1;�v|;l�l-rr;7�ƑƏ�l�Ƶ�ƑƏ�l�
rѴo|v��b|_bm�-� 1om|b]�o�v�_;1|-u;�o=� |_;�
�"�$�l-mbr�Ѵ-|bom� |_-|�
vr-mm;7�-�7bv|�u0-m1;�v;�;ub|��]u-7b;m|ķ�;�ru;vv;7�-v�|_;�rѴo|ŊѴ;�;Ѵ�
r;u1;m|-];�o=� |u;;�0-v-Ѵ� -u;-� hbѴѴ;7�0�� ]bu7Ѵbm]ķ� =uol�ƒƕѷ� |o�Ѷѵѷ�
Ő
b]�u;�"Ɛķ�$-0Ѵ;�"Ɛőĺ�$_;�=u-1|bom�o=�0-v-Ѵ�-u;-�Ѵov|��b|_bm�-�rѴo|��-v�
b7;m|b1-Ѵ�|o�|_;�=u-1|bom�o=�0-v-Ѵ�-u;-�1olrubv;7�o=�-vr;m�-m7�0bu1_ķ�
�_b1_��-ub;7�-1uovv�rѴo|v�7�;�|o�vl-ѴѴŊv1-Ѵ;ķ�-m7�r�|-|b�;Ѵ��u-m7olķ�
�-ub-|bom� bm� |_;v;� vr;1b;vŝ� -0�m7-m1;vĺ��ubou� |o� |_;�;�r;ubl;m|� bm�
ƑƏƏƕ� -m7� |_;m� -]-bm� -=|;u�l-mbr�Ѵ-|bomŊbm7�1;7� |u;;�lou|-Ѵb|�� bm�
ƑƏƐƔ�ou�ƑƏƐѵķ�|_;�vr-|b-Ѵ�Ѵo1-|bom�o=�;-1_�|u;;�v|;l��-v�l-rr;7��b-�
Ѵ-v;u�u-m];=bm7;u�Ő$u���Ѵv;�ƒѵƏ!�Ѵ-v;u�u-m];=bm7;uķ��-v;u�$;1_moѴo]��
�m1ĺőķ�-m7�|_;�7b-l;|;u�-|�0u;-v|�_;b]_|�Ő	��ő�-m7�vr;1b;v�b7;m|b=b1--
|bom��;u;�u;1ou7;7�=ou�ƐķƔѶƖ��oo7��v|;lv��b|_�-�	���ƾ�Ɛ�1l�bm�ƐƔ�
o=�ƑƔ�rѴo|vĺ�$_;v;�rѴo|v��;u;�v;Ѵ;1|;7�0-v;7�om�|_;bu�_b]_�ru;7bv|�u-
0-m1;�-vr;m�-m7�0bu1_�-0�m7-m1;ķ�|_;u;0��;�|;m7bm]�|_;�1om|bm��l�
o=�7bv|�u0-m1;�v;�;ub|��0;�om7�ѵƏѷ�|u;;�lou|-Ѵb|�ķ�|_;�7bv|�u0-m1;�
|_u;v_oѴ7� -|� o�u� vb|;� 0;�om7� �_b1_� ruo7�1|bom� v|;;rѴ�� 7;1Ѵbm;7�
Ő"|�-u|Ŋ�-࣓m|f;mv�;|�-Ѵĺķ�ƑƏƐƔőĺ�"|;l�l-r�7-|-��;u;��v;7�|o�7;ub�;�-�
v�b|;�o=�rѴo|�|u;;�vr;1b;v�7b�;uvb|��-m7�v|u�1|�u-Ѵ�l;-v�u;v�-v��;ѴѴ�-v�
|_;�-mm�-Ѵ�1_-m];�bm�Ѵb�;��oo7�0bol-vv�Ő���ő�o�;u�|_;�bm|;u�;mbm]�
ѶŊ�ou�ƖŊ�;-u�r;ubo7ĺ��77b|bom-ѴѴ�ķ��;�r-bu;7�v|;l�l-r�7-|-��b|_�Ѵb]_|�
-m7�Ѵ;-=�|u-b|�bm=oul-|bomķ�|_;�l;|_o7v�o=��_b1_�-u;�7;|-bѴ;7�0;Ѵo�ĺ

ƑĺƑՊ|Պ"r;1b;v�7b�;uvb|��-m7��;];|-|bom�
v|u�1|�u;�bm7b1;v


uol� v|;l�l-rvķ��;� 1olr�|;7� rѴo|Ŋv1-Ѵ;� |u;;� vr;1b;v� 7b�;uvb|��
-m7��;];|-|bom�v|u�1|�u;�l;|ub1v�0;=ou;�ŐƑƏƏƕő�-m7�-=|;u�ŐƑƏƐƔ�ou�
ƑƏƐѵő�7bv|�u0-m1;�-1uovv�|_;�1om|bm��l�o=�v;�;ub|��Ő$-0Ѵ;�Ɛőĺ���u�
-m-Ѵ�vbv�bm1ourou-|;7�v;�;u-Ѵ�u;Ѵ-|;7�0�|�7bv|bm1|�vr;1b;v�7b�;uvb|��
-m7��;];|-|bom�v|u�1|�u;��-ub-0Ѵ;v��b|_�7;lomv|u-|;7�v;mvb|b�b|��
|o�7bv|�u0-m1;�-m7�blr-1|v�om�ruo7�1|b�b|��Ő�o�u7b;u�;|�-Ѵĺķ�ƑƏƐѵĸ�
	࢞m;v1�ķ� �Ѵ0u;1_|ķ� ş� �-�_�vķ� ƑƏƐѵőĺ� );� 1-|;]oub�;7� l;-v�u;v�
7;v1ub0bm]� r_�vb1-Ѵ� -||ub0�|;vŌbuu;vr;1|b�;� o=� |u;;� vr;1b;v� b7;m-
|b|�Ō-v�ľ�;];|-|bom�v|u�1|�u;ķĿ�bm�1om|u-v|�|o�|_ov;��_b1_�t�-m|b-
=b;7�vr;1b;v�7b�;uvb|��bm�;b|_;u�-�vr-|b-ѴѴ��;�rѴb1b|�ou�-]mov|b1��-�ĺ


 ��&!� �ƑՊ��ro|_;vb�;7�v;t�;m1;�o=�l;1_-mbv|b1�Ѵbmh-];v�1o�rѴbm]�7bv|�u0-m1;�v;�;ub|��-m7�m;|�rubl-u��ruo7�1|bomĺ��o�;v�bѴѴ�v|u-|;�
;1oѴo]b1-Ѵ��-ub-0Ѵ;vķ��_bѴ;�-uuo�v�u;ru;v;m|�u;Ѵ-|bomv_brv�0;|�;;m��-ub-0Ѵ;vĺ��b|-|bomv�bm7b1-|;�;�-lrѴ;�rubou�v|�7b;v��_;u;�|_;v;�0b�-ub-|;�
u;Ѵ-|bomv_brv�_-�;�0;;m�v�rrou|;7Ĺ�ŐƐő��omm;ѴѴķ�ƐƖƕѶĸ�ŐƑő�"o�v-ķ�ƐƖѶƓĸ�Őƒő�";u1��;|�-Ѵĺķ�ƑƏƐƕĸ�ŐƓő��-m_-lķ�
bm�bķ��-1-Ѵ-ķ�ş���u0-mhķ�ƐƖƖƓĸ�ŐƔő�
�v_bb�ş��v-moķ�ƑƏƐƏĸ�Őѵő��-uh;u�ş��uo�mķ�ƑƏƏƏĸ�Őƕő��ѴѴv�ou|_�ş�!;b1_ķ�ƐƖƖƒĸ�ŐѶő��bbm;l;|vķ�ƑƏƐƏĸ�ŐƖő�!o�;m7--Ѵķ���u|-7oķ�ş��oou|;uķ�ƑƏƏѵĸ�
ŐƐƏő�"-m|b-]o�ş�)ub]_|ķ�ƑƏƏƕĸ�ŐƐƐő��_-rbmķ�ƑƏƏƒĸ�-m7�ŐƐƑő��b1o|u-�;|�-Ѵĺķ�ƑƏƐƏ
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ou� �;];|-|bom� v|u�1|�u;ķ� �;� 7;ub�;7� |�o� vr-|b-Ѵ� -m7� |�o�
momvr-|b-Ѵ� l;|ub1v� Ő�oll;u;mbm]ķ� ƑƏƏƑĸ� "�l�|ķ� ƑƏƐƓĸ� $-0Ѵ;� Ɛőĺ�
�;1-�v;�vr-|b-Ѵ�-uu-m];l;m|�o=�v|;lvķ�buu;vr;1|b�;�o=�|u;;�vr;1b;vķ�
l-�� _-�;� blrѴb1-|bomv� =ou� ruo7�1|b�b|�� Ő�-1-Ѵ-� ş� 	;�|v1_l-mķ�
ƐƖƖƔĸ� )bѴѴb-lvķ� �-t�;||;ķ� �-�;m7;uŊ�-u;vķ� �;vvb;uķ� ş� !;b1_ķ�
ƑƏƐƕőķ��;�bm1Ѵ�7;7�|�o�l;|ub1v�|_-|�1om|-bm�|u;;�Ѵo1-|bom�bm=oul--
|bom�bm�-77b|bom�|o�|�o�|_-|�1-r|�u;�vb�;�7b==;u;m1;ĺ�$_;�vr-|b-ѴѴ��
-]mov|b1�l;-v�u;v��;u;�-v�=oѴѴo�vĹ�|_;�1o;==b1b;m|�o=��-ub-|bom�o=�
v|;l�7b-l;|;u�Ő�(�	��őķ�-�u;Ѵ-|b�;�l;-v�u;�o=��-ub-0bѴb|��bm�v|;l�
vb�;v��b|_bm�rѴo|vĸ� -m7� |_;��bmb� 1o;==b1b;m|�o=�	��� Ő�őķ� -�7bl;m-
vbomѴ;vv� l;-v�u;� o=� v|;l� vb�;� bm;t�-Ѵb|�ĺ� $_;� vr-|b-ѴѴ�� ;�rѴb1b|�
v|u�1|�u-Ѵ� l;|ub1v� �;u;� -v� =oѴѴo�vĹ� |_;� 7b-l;|;u� 7b==;u;m|b-|bom�
bm7;��ŐTdőķ�-�m;-u;v|�m;b]_0ou�l;|ub1�;�ru;vvbm]�|_;�-�;u-];�v|;l�
vb�;� 7b==;u;m1;� 0;|�;;m� m;b]_0oubm]� |u;;vĸ� -m7� |_;� -]]u;]-|bom�
bm7;��o=��Ѵ-uh� -m7���-mv� ŐRőķ��b|_�R� Ʒ� Ɛ� bm7b1-|bm]� -� 1olrѴ;|;Ѵ��
u-m7ol�7bv|ub0�|bom�o=�v|;lv�Ő-��obvvom�ruo1;vvőķ�R�ƻ�Ɛ�-�|;m7;m1��
|o�-u7�u;]�Ѵ-u�vr-1bm]�-lom]�v|;lvķ�-m7�R�ƺ�Ɛ�-�1Ѵ�v|;u;7�vr-|b-Ѵ�
r-||;um� bm� v|;l� Ѵo1-|bomvĺ� $o� -11o�m|� =ou� ;7];� ;==;1|v� 0;|�;;m�
-7f-1;m|� rѴo|v� |_-|�lb]_|� bm=Ѵ�;m1;� 1Ѵ�lrbm]� r-||;umv� o=� v|;lvķ�
|_;�	omm;ѴѴ��1ouu;1|bom�Ő	omm;ѴѴ�ķ�ƐƖƕѶő��-v�-rrѴb;7�|o�|_;��Ѵ-uh�
-m7���-mv�bm7;��1olr�|-|bomĺ�$�o�|u;;�vr;1b;v�7b�;uvb|��l;-v�u;v�
�;u;�7;ub�;7Ĺ�|_;�momvr-|b-Ѵ�"_-mmom�vr;1b;v�7b�;uvb|��bm7;��Ő�ő�
-m7�-�m;-u;v|�m;b]_0ou�vr-|b-Ѵ�l;|ub1ķ�|_;�vr;1b;v�lbm]Ѵbm]�bm7;��
Ő�őĺ� �mѴ�� v|;lv� |_-|� �;u;� -Ѵb�;� bm� ƑƏƏƕ� -m7ņou� -|� |_;� |bl;� o=�
u;l;-v�u;l;m|�Őbm�ƑƏƐƔ�ou�ƑƏƐѵő��;u;�bm1Ѵ�7;7�bm�|_;�7;ub�-|bom�
o=� |_;v;� bm7;�;vķ� -ѴѴ� o=��_b1_��;u;� 1olr�|;7��vbm]�!� v|-|bv|b1-Ѵ�
vo=|�-u;�Ő!��ou;�$;-lķ�ƑƏƐƕőĺ

ƑĺƒՊ|Պ�0o�;]uo�m7��oo7�m;|�rubl-u��ruo7�1|bom

);�7;ub�;7�ѶŊ�ou�ƖŊ�;-u�-0o�;]uo�m7��oo7�����-1uovv�|_;�7bv-
|�u0-m1;�v;�;ub|��]u-7b;m|� =uol�|o|-Ѵ�rѴo|� Ѵb�;��oo7�l-vv� bm1u;-
l;m|�0;|�;;m�ƑƏƏƕ� -m7�ƑƏƐƔ�ou� ƑƏƐѵĺ�);� =buv|� ;v|bl-|;7�rѴo|�
�oo7�l-vv� 0;=ou;� -m7� -=|;u� 7bv|�u0-m1;� =ou� -ѴѴ� Ѵb�;� v|;lv� �b|_�
	��� ƾ� Ɛ� 1l� �vbm]� u;]bomŊvr;1b=b1� -ѴѴol;|ub1� ;t�-|bomv� u;Ѵ-|bm]�
	���|o��oo7�l-vv� Ő�;u-Ѵ-�ş��Ѵ0-mķ�ƐƖƖƓő�-m7�|_;m�7b�b7;7�|_bv�
|o|-Ѵ� bm1u;l;m|�0�� |_;�m�l0;u�o=� bm|;u�;mbm]��;-uv� |o�o0|-bm�-m�
-mm�-Ѵ�ruo7�1|bom��-Ѵ�;ĺ�$o�1olr-u;�u;Ѵ-|b�;�u;vromv;v�|o�7bv|�u-
0-m1;�o=�rѴo|��oo7����ķ�buu;vr;1|b�;�o=�bmb|b-Ѵ�ruo7�1|bomķ��;�u;-
rou|�|_;�7b==;u;m1;�bm�bm7b�b7�-Ѵ�rѴo|��oo7�����=uol�|_;�ƐƔŊrѴo|�
l;-m��oo7����ĺ�$_bv�7b==;u;m1;� bv�;�ru;vv;7�-v�rѴo|� =u-1|bom�o=�
7;r-u|�u;�=uol�l;-m��oo7�����Ő_;u;-=|;uķ����depő�-m7��-v�1-Ѵ-
1�Ѵ-|;7�0��7b�b7bm]�|_;��oo7�����o=�;-1_�rѴo|�0��l;-m��oo7����ķ�
t�-m|b|��lbm�v�om;ĺ

ƑĺƓՊ|Պ�;-=�-u;-�bm7;�
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;-u�|_u;v_oѴ7�u;vromv;�o0v;u�;7�0��"|�-u|Ŋ�-࣓m|f;mv�;|�-Ѵĺ�ŐƑƏƐƔő�-|�
Ɠ�ou�Ɣ��;-uv�=oѴѴo�bm]�7bv|�u0-m1;ķ�-|�Ѷ�ou�Ɩ��;-uv�rov|7bv|�u0-m1;�
�;�o0v;u�;7�-�Ѵbm;-u�7;1Ѵbm;�bm�1-mor������-m7����dep�-v�0-v-Ѵ�-u;-�
Ѵovv;v�Őbĺ;ĺķ�-v�7bv|�u0-m1;�v;�;ub|�ő�bm1u;-v;7�Őp�Ʒ�ĺƏƑķ��7fĺ�r2�Ʒ�ĺƑƖķ�
���1�Ʒ�ƴƑƓĺƒĸ�p�ƺ�ĺƏƏƐķ��7fĺ�r2�Ʒ�ĺƔƕķ����1�Ʒ�ƴƒƕĺƐőĺ

ƒĺƑՊ|Պ"|�7�� ƐĹ�"r;1b;v�7b�;uvb|��-m7�
�;];|-|bom�v|u�1|�u;

);� o0v;u�;7� vb]mb=b1-m|� 0�|� �-ub-0Ѵ;� 1_-m];v� bm� lov|� �;];|-|bom�
v|u�1|�u-Ѵ�0�|�mo|�vr;1b;v�7b�;uvb|��l;-v�u;v�-1uovv�|_;�7bv|�u0-m1;�
v;�;ub|�� 1om|bm��lĺ� $_u;;� o=� =o�u� �;];|-|bom� v|u�1|�u;� l;|ub1vķ�
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b]�u;�Ɠ-ŋ7őĺ�$_;�1o;==b1b;m|�o=��-ub-|bom�
bm�	���7;1Ѵbm;7��;-hѴ��-m7�Ѵbm;-uѴ���b|_�ubvbm]�7bv|�u0-m1;�v;�;u-
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Δ��=oѴѴo�;7�-��;-hѴ���mblo7-Ѵ�|u;m7�-1uovv�|_;�7bv|�u0-m1;�v;�;u-
b|�� ]u-7b;m|ķ��b|_� Ѵo�;u�	��� bm;t�-Ѵb|b;v� Őbĺ;ĺķ� ]u;-|;u� _olo];m;-
b|�ő�o11�uubm]�-|�Ѵo��-m7�_b]_�7bv|�u0-m1;�v;�;ub|b;v�-m7�r;-h��-Ѵ�;v�
0;|�;;m�ƔƏѷ�-m7�ѵƏѷ�0-v-Ѵ�-u;-�v;m;v1;7�Őp�Ʒ� ĺƏѶķ��7fĺ�r2 = .23; 
���1� Ʒ� ƴƕƒĺƓőķ� 1ouu;vrom7bm]��b|_� |_;� 7bv|�u0-m1;� Ѵ;�;Ѵ� -|� �_b1_�
���dep�0;]-m�|o�7;1Ѵbm;ĺ�$_;�v_b=|� bm��Ѵ-uh�-m7���-mv�-]]u;]-|bom�
bm7;��ŐΔRő�7b7�mo|�;�_b0b|�-�vb]mb=b1-m|�u;Ѵ-|bomv_br��b|_�7bv|�u0-m1;�
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or��Ѵb]_|�bm|;u1;r|bom�-m7�7bv|�u0-m1;�v;�;ub|��Őp�Ʒ�ĺƏѵķ��7fĺ�r2�Ʒ�ĺƐѶķ�
���1� Ʒ� ƴƖƒĺѵĸ� 
b]�u;� Ɣőķ� lbuuoubm]� |_;� |u;m7� bm� 7;1Ѵbmbm]� ���dep 
Ő
b]�u;� ƒ0ő� �b|_� ubvbm]� 7bv|�u0-m1;ĺ� (-ub-m1;� bm� =��!� Ő;�ru;vv;7�
-v��(� =��!ő�;�_b0b|;7�mo� vb]mb=b1-m|� u;Ѵ-|bomv_br��b|_�7bv|�u0-m1;�
v;�;ub|���_;m� |;v|;7� =ou� Ѵbm;-uķ� �mblo7-Ѵķ� ou� |_u;v_oѴ7�lo7;Ѵ� =b|v�
Őp� Ʒ� ĺƐƓķ�p� Ʒ� ĺƐƒķ� -m7� p� Ʒ� ĺƒƐķ� u;vr;1|b�;Ѵ�őķ� -Ѵ|_o�]_� ;�b7;m1;� o=�
mom1omv|-m|��-ub-m1;��-v�=o�m7�bm�=��!�l;-v�u;l;m|v�-1uovv�|_;�
7bv|�u0-m1;�v;�;ub|��1om|bm��l��b-��;�;m;ŝv�|;v|�Őp�ƺ�ĺƏƏƐĸ�$-0Ѵ;�Ƒőĺ

!bvbm]�7bv|�u0-m1;�v;�;ub|��u;7�1;7�|_;�vr-|b-Ѵ��-ub-0bѴb|��o=�vol;�
r_�vboѴo]b1-Ѵ�0�|�mo|�lour_oѴo]b1-Ѵ�Ѵ;-=�|u-b|v�-m7�_-7�mo�;==;1|�om�
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b]�u;�ѵőĺ���;m�|_o�]_�ΔG�=oѴѴo�;7�-��mblo7-Ѵ�7bv|ub0�|bom�-1uovv�
|_;�7bv|�u0-m1;�1om|bm��lķ�|_bv�l;-v�u;�o=��;];|-|bom�v|u�1|�u;�
;�_b0b|;7�mo�u;Ѵ-|bomv_br��b|_�=��!ķ��(�Av-|ķ�ou��oo7����depķ�u;-
v�Ѵ|bm]� bm�-�0uoh;m�1_-bm�0;|�;;m�7bv|�u0-m1;Ŋ7ub�;m�1_-m];v� bm�
v|;l�7b-l;|;u�7bv|ub0�|bom�-m7�7o�mv|u;-l�l;1_-mbvlv�_�ro|_-
;vb�;7�|o�-==;1|����ĺ��m�1om|u-v|ķ�Δ!��-v��mu;Ѵ-|;7�|o�7bv|�u0-m1;�
v;�;ub|�ķ� 0�|� b|v� 1_-m];� o�;u� |_;� ѶŊ� |o� ƖŊ�;-u� v|�7�� r;ubo7��-v�
1ouu;Ѵ-|;7��b-�m;]-|b�;�Ѵbm;-uķ��mblo7-Ѵķ�-m7�rovb|b�;�Ѵbm;-u�lo7;Ѵv�
�b|_�-ѴѴ�=o�u�bm|;ul;7b-u���-ub-0Ѵ;v�Ől;-m�-m7��(�=��!ķ�l;-m�-m7�
�(�Av-|ő�bm�o�u�_�ro|_;|b1-Ѵ�l;1_-mbv|b1�r-|_�-��Ő
b]�u;v�Ƒ�-m7�ѵő�
-m7�7bu;1|Ѵ���b|_����dep.
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0�|�mo|�vr;1b;v�7b�;uvb|��1_-m];7�-1uovv�-�7bv|�u0-m1;�v;�;ub|��]u--
7b;m|� vr-mmbm]�ƒƕѷŋѶѵѷ�|u;;�0-v-Ѵ�-u;-� Ѵovvķ�0�|� |_-|��oo7�����
�-v�mo|�u;Ѵ-|;7�|o�=ou;v|�v|u�1|�u-Ѵ�v_b=|v�l;7b-|;7�0��7bv|�u0-m1;ĺ�
�ov|�o=�|_;��;];|-|bom�v|u�1|�u-Ѵ�bm7;�;v�|_-|��;�;�-lbm;7�7;1Ѵbm;7�
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Ő��1hѴbm]ķ� �-vv;mķ� �;ѴѴķ� ş� !-bm;�ķ� ƑƏƏƏĸ� ��7h;ķ� �-u;mho�ķ� ş� 7;�
�Ѵb�;bu-Ŋ
bѴ_oķ�ƑƏƐƏőķ�vr;1b;v�7b�;uvb|��bm7;�;v�;�_b0b|;7�mo�1_-m];�
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�;];|-|bom�v|u�1|�u;ķ�|_o�]_�ru;�-Ѵ;m|ķ��;u;�mo|�Ѵbmh;7��b|_��oo7�
���ĺ� �mv|;-7ķ��;� =o�m7�1_-m];v�o�;u� |bl;� bm� |_;��Ѵ-uh�-m7���-mv�
-]]u;]-|bom�bm7;�Ō|_;�omѴ���;];|-|bom�v|u�1|�u-Ѵ�bm7;���mu;Ѵ-|;7�|o�
7bv|�u0-m1;� v;�;ub|�Ō1ouu;Ѵ-|;7��b|_��oo7����ķ� bm7b1-|bm]� =ou;v|�
rѴo|v�|u;m7bm]�|o�-u7�v|u�1|�u-Ѵ��mb=oulb|�ķ� bm7;r;m7;m|�o=�7bv|�u-
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|�u;�l;-v�u;v��-v�lb�;7ķ��b|_��mblo7-Ѵ�ou�Ѵbm;-u�u;vromv;v�bm�|_u;;�
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|�u-Ѵ�l;-v�u;v�-|�_b]_�Ѵ;�;Ѵv�o=�7bv|�u0-m1;�v;�;ub|��robm|v�|o�-�l�Ѵ-
|b=-1;|;7�bm1u;-v;�bm��;];|-|bom�v|u�1|�u-Ѵ��mb=oulb|��-|�_b]_�Ѵ;�;Ѵv�
o=�7bv|�u0-m1;ĺ��omvbv|;m|��b|_�o�u�=bm7bm]vķ�lo7;u-|;�7bv|�u0-m1;�
v;�;ub|�� l-�� bm1u;-v;� �;];|-|bom� v|u�1|�u-Ѵ� _;|;uo];m;b|�� Ő";b7Ѵķ�
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!-ll;uķ� ş� "rb;vķ� ƑƏƐƓőķ� 0�|� v�1_� u;vromv;v� -u;� �-ub-0Ѵ;� Ő�bv�-v�
ş��-ѴѴbhķ� ƑƏƐƏő� rovvb0Ѵ�� 0;1-�v;� o=� 7b==;u;m1;v� bm� ru;7bv|�u0-m1;�
l-|;ub-Ѵ� Ѵ;]-1b;vķ� 1oll�mb|��1olrovb|bomķ� v�11;vvbom-Ѵ� v|-];ķ� -m7�
�;];|-|bom� 7bv|ub0�|bom� Ő	b;|�;� ş��-||_;vķ� ƑƏƐƓőĺ� $_o�]_��;� o0-
v;u�;7�mo�u;Ѵ-|bomv_br�0;|�;;m�vr;1b;v�7b�;uvb|��bm7;�;v�-m7�7bv|�u-
0-m1;�v;�;ub|�ķ�o�u�m�ѴѴ�=bm7bm]v�-u;�-Ѵb]m;7��b|_�u;1;m|�o0v;u�-|bomv�
Ő��]_;v�;|�-Ѵĺķ�ƑƏƏƕĸ��-1h;��ş���uub;ķ�ƑƏƏƐőĺ��1oѴo]b1-Ѵ�|_;ou�Ōbm-
1Ѵ�7bm]�|_;�bm|;ul;7b-|;�7bv|�u0-m1;�_�ro|_;vbv�Ő�	�őŌrovb|v�r;-h�
vr;1b;v� 7b�;uvb|�� bm� |_;�lo7;u-|;� ou� bm|;ul;7b-|;� u-m];�o=� 7bv|�u-
0-m1;� =u;t�;m1��-m7� bm|;mvb|�� Ő�omm;ѴѴķ�ƐƖƕѶĸ���v|omķ�ƑƏƐƓőķ�0�|ķ�
-v��b|_��;];|-|bom�v|u�1|�u;ķ�;lrbub1-Ѵ� v�rrou|� =ou�-��mb�;uv-Ѵ��m-
blo7-Ѵ�u;Ѵ-|bomv_br�bv�lb�;7�Ő�-1h;��ş���uub;ķ�ƑƏƏƐőĺ��m�o�u�=ou;v|�
;1ov�v|;lķ� �;];|-|bom� v|u�1|�u;� l-�� v_o�� ]u;-|;u� v;mvb|b�b|�� |o�
1_-m]bm]� 7bv|�u0-m1;� v;�;ub|�� 0;1-�v;� |u;;� vr;1b;v� 7b�;uvb|�� �-v�
-Ѵu;-7��Ѵo��rubou�|o�7bv|�u0-m1;�Ől;-m�|u;;�vr;1b;v�ub1_m;vv�Ʒ�ƕĺƓőĺ�
�77b|bom-ѴѴ�ķ�-|�o�u�v|�7��vb|;��b|_bm�
�"�$ķ�|_;�Ѵovv�o=�-�vbm]Ѵ;�rѴ-m|�
=�m1|bom-Ѵ�|�r;�Ő=-v|Ŋ]uo�bm]ķ�v_ou|ŊѴb�;7�;-uѴ��v�11;vvbom-Ѵ�|u;;vőŌ
vbl�Ѵ-|bm]�v�11;vvbom-Ѵ�1_-m];�u;]bomŊ�b7;Ō�-v�1omvbv|;m|�-1uovv�
|_;�;m|bu;�l-mbr�Ѵ-|bomĺ�$-h;m�|o];|_;uķ�|_;�lb�;7�vb]mb=b1-m1;�-m7�
v_-r;�o=�=ou;v|�v|u�1|�u;ŋ7bv|�u0-m1;�v;�;ub|��u;Ѵ-|bomv_brv�|_-|��;�
o0v;u�;7� u;bm=ou1;� |_;� blrou|-m1;�o=� -rrѴ�bm]� v�v|;lŊ7;r;m7;m|�
1om|;�|�|o�|_;�bm|;uru;|-|bom�o=�;1oѴo]b1-Ѵ�|_;ou��Ő��v|omķ�ƑƏƐƓőĺ

	bv|�u0-m1;�v;�;ub|��lo7b=b;7�|_;�v�01-mor��Ѵb]_|�;m�buoml;m|�
-m7�;�;u|;7�lb�;7�;==;1|v�om�Ѵ;-=�|u-b|vĺ�	;;r;u�1-mor��Ѵb]_|�r;m-
;|u-|bom�bv��b7;Ѵ��o0v;u�;7�-|�_b]_;u�7bv|�u0-m1;�v;�;ub|b;v�Ő
-�v;|�
;|�-Ѵĺķ�ƑƏƐƕĸ�$�u|om�ş�"b;];m|_-Ѵ;uķ�ƑƏƏƓő�-v�bv�bm1u;-v;7�Ѵb]_|�vr-|b-Ѵ�
_olo];m;b|�� -v� 1-morb;v� 0;1ol;�lou;� �mb=oulѴ�� or;m� Ő�_-�7om�
ş� 
;|1_;uķ� ƐƖѶƓőĺ� );� bm1ouu;1|Ѵ�� -m|b1br-|;7� |_-|� -|� _b]_� 7bv|�u-
0-m1;�v;�;ub|b;vķ�-�lou;�_olo];mo�v�-m7�;mub1_;7�v�01-mor��Ѵb]_|�
;m�buoml;m|��o�Ѵ7� 1omvbv|;m|Ѵ�� -�]l;m|� Ѵ;-=� |u-b|��mb=oulb|�� -m7�
ruolo|;� v�m� Ѵ;-=� r_�vboѴo]�� -m7�lour_oѴo]�ĺ� "b]mb=b1-m|Ѵ�� 7b==;u-
;m|��-ub-m1;v� bm�rѴo|ŊѴ;�;Ѵ�=��!�-1uovv�|_;�7bv|�u0-m1;�1om|bm��lķ�
7;vrb|;�-�1om1olb|-m|�7;1Ѵbm;�bm�=��!�-|�_b]_�7bv|�u0-m1;�v;�;ub|�ķ�
l-��;�rѴ-bm��_��Ѵ;-=�lour_oѴo]��-m7�om;�o=�|�o�Ѵ;-=�r_�vboѴo]b1-Ѵ�
r-u-l;|;uv�Őqķ�0�|�mo|�Av-|ő�u;l-bm;7�v|;-7���b|_�ubvbm]�7bv|�u0-m1;�
v;�;ub|�ĺ� &m7;uѴ�bm]� o�u� ;�r;1|-|bom� o=� 1o�-u�bm]� Ѵb]_|� ;m�buom-
l;m|�-m7�Ѵ;-=�|u-b|�ruor;u|b;v�-u;�o0v;u�-|bomv�Ѵbmhbm]�]uo�|_ŊѴbl-
b|bm]� u;vo�u1;� -�-bѴ-0bѴb|�� -m7� �-ub-0bѴb|�� -1uovv� |oro]u-r_b1ķ�
v�11;vvbom-Ѵķ� -m7� 7bv|�u0-m1;� ]u-7b;m|v��b|_� |_;�l;-mv� -m7� �-ub-
-0bѴb|��o=�rѴ-m|�|u-b|v�Ő�;u0;mķ��Ѵbl;঍o�࢙ķ�ş��_�|u৥ķ�ƑƏƐѶĸ�)bѴ=-_u|ķ�
ƑƏƐѶőĺ� �ou;o�;uķ� ;-uѴb;u� o0v;u�-|bomv� =uol� o�u� ;�r;ubl;m|-Ѵ� vb|;�
v_o�;7�vb]mb=b1-m|�1_-m];v�bm�v�01-mor��Ѵ;-=�|u-b|�ruo=bѴ;v�Ɠ��;-uv�
-=|;u�7bv|�u0-m1;�Ő"|�-u|Ŋ�-࣓m|f;mv�;|�-Ѵĺķ�ƑƏƐƔőĺ���u�u;v�Ѵ|v�bmv|;-7�
v_o�� |_-|� 1_-m];v� bm� v�01-mor�� Ѵb]_|� ;m�buoml;m|� -m7� Ѵ;-=� |u-b|v�
Ɩ� �;-uv� -=|;u�7bv|�u0-m1;��;u;�mo|�ruorou|bom-Ѵ� |o� |u;;�lou|-Ѵb|�ķ�
v�]];v|bm]�|_-|�Ѵ;-=�r_�vboѴo]b1-Ѵ�-m7�lour_oѴo]b1-Ѵ�|u-b|v�l-��_-�;�
u;|�um;7�|o�|_;bu�ru;7bv|�u0-m1;�l;-mvķ�bm7b1-|b�;�o=�=�m1|bom-Ѵ�u;-
vbѴb;m1;�Ő�bѴѴ;0u-m7�;|�-Ѵĺķ�ƑƏƐƕőĺ

	;vrb|;�v|uom]�r-buŊ�bv;�u;Ѵ-|bomv_brv�0;|�;;m�l-m���-ub-0Ѵ;vķ�
�;� 7b7� mo|� o0v;u�;� -� 1om|bm�o�v� l;1_-mbv|b1� 1-v1-7;� 1o�rѴbm]�
7bv|�u0-m1;� v;�;ub|�� �b|_� ���ĺ� $_o�]_� -m� bm|;u1omm;1|;7� 1-�v;Ŋ
-m7Ŋ;==;1|� 1_-bm� �-v� mo|� 7;|;1|;7ķ� 0b�-ub-|;� u;Ѵ-|bomv_brv� -Ѵom]�
o�u�ruorov;7�1-v1-7;�-u;�v�rrou|;7�0��rubou�o0v;u�-|bomv�Ѵbmhbm]Ĺ�
7bv|�u0-m1;�v;�;ub|��-m7�=ou;v|�v|u�1|�u;�Ő"o�v-ķ�ƐƖѶƓőĸ��;];|-|bom�
v|u�1|�u;�-m7�Ѵb]_|�;m�buoml;m|�Ő�v_bb�ş��v-moķ�ƑƏƐƏőĸ�Ѵb]_|�;m�buom-
l;m|� -m7� Ѵ;-=� r_�vboѴo]�� -m7�lour_oѴo]�� Ő�bbm;l;|vķ� ƑƏƐƏőĸ� -m7�
Ѵ;-=� r_�vboѴo]�� -m7�lour_oѴo]�� -m7� rubl-u�� ruo7�1|bom� Ő�_-rbmķ�
ƑƏƏƒőĺ�);�l-��mo|�_-�;�o0v;u�;7�-�l;1_-mbv|b1�Ѵbmh-];�fobmbm]��;]-
;|-|bom�v|u�1|�u;�-m7�ruo7�1|bom�0;1-�v;�u;Ѵ-|bomv_brv��b|_bm�;�;u��
v;]l;m|� o=� |_;� _�ro|_;vb�;7� 1-v1-7;� Ő;ĺ]ĺķ� 7bv|�u0-m1;� v;�;ub|��
�;uv�v��;];|-|bom�v|u�1|�u;ĸ�
b]�u;�Ƒő��;u;�o=|;m�mo|�vb]mb=b1-m|�ou�
omѴ���;-hѴ�� vb]mb=b1-m|� -m7ķ� -11ou7bm]Ѵ�ķ� �mѴbh;Ѵ�� |o� 1-uu�� =ou�-u7�
|o����� Ő
b]�u;�ѵőĺ��o|_�o�u� vl-ѴѴ� v-lrѴ;� vb�;�o=�ƐƔ�rѴo|v� -m7� |_;�
bm_;u;m|��-ub-0bѴb|���b|_bm�o�u�v|�7��;1ov�v|;l��b;Ѵ7;7��m1;u|-bm|��
bm�o�u�-m-Ѵ�vbvķ�-m7��;�1-�|bom�|_-|�v|uom]�;�b7;m1;�=ou�ou�-]-bmv|�


 ��&!� �ƔՊ$_;�=u-1|bom�o=�r_o|ov�m|_;|b1-ѴѴ��-1|b�;�u-7b-|bom�
Ő=��!ő�-0vou0;7�0��|_;�1-mor��bm�u;Ѵ-|bom�|o�7bv|�u0-m1;�v;�;ub|��
;�ru;vv;7�-v�|_;�=u-1|bom�0-v-Ѵ�-u;-�Ѵovvĺ��;-mv�Ƽ�Ɛ�SE

Fraction basal area loss
0.3 0.4 0.5 0.6 0.7 0.8 0.9

M
ea

n 
fP

AR
 (d

im
en

si
on

le
ss

)

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

p = .06
Adj. r2 = .18

�

�b]_| �_�vboѴo]��-m7�lour_oѴo]�

=��! ��� Av-| q

�;-m��;uv�v�7bv|�u0-m1;�
v;�;ub|�

p�Ʒ�ĺƏƓ�Ő�mblo7-Ѵő p�Ʒ�ĺѵƖ p = .29 p = .29

�;�;m;ŝv�|;v| p�ƺ�ĺƏƏƐ p�Ʒ�ĺƑѶ p�ƺ�ĺƏƏƐ p = .11

Note: "b]mb=b1-m1;��-v�7;|;ulbm;7�-|�α�Ʒ�ƏĺƐƏ�=ou�-ѴѴ�|;v|vķ�-m7�vb]mb=b1-m|�pŊ�-Ѵ�;v�-u;�v_o�m�
bm�0oѴ7ĺ�)_;u;�mo�vb]mb=b1-m|�=b|��-v�=o�m7�-lom]�1-m7b7-|;�Ѵbm;-uķ��mblo7-Ѵķ�-m7�|_u;v_oѴ7�
u;Ѵ-|bomv_brvķ�pŊ�-Ѵ�;v�=ou�Ѵbm;-u�lo7;Ѵv�-u;�u;rou|;7ĺ

$���� �ƑՊ"|-|bv|b1-Ѵ�|;v|�u;v�Ѵ|v�=ou�
l;-mv�-m7�;t�-Ѵb|��o=��-ub-m1;�Ő�;�;m;ŝv�
|;v|ő�=ou�1-mor��Ѵb]_|�bm|;u1;r|bom�
Ő=��!ő�-m7�Ѵ;-=�r_�vboѴo]b1-Ѵ�Ől-�bl�l�
u-|;�o=�Ѵb]_|Ŋv-|�u-|;7�r_o|ov�m|_;vbvķ�
Av-|ĸ�-rr-u;m|�t�-m|�l��b;Ѵ7�o=�
r_o|ov�m|_;vbvķ�qő�-m7�lour_oѴo]b1-Ѵ�
Ő���ő�r-u-l;|;uv



ՊՍ Պ |�ՊƖHABER Et Al.

u;Ѵ-|bomv_brv� -lom]� �-ub-0Ѵ;v� �-v� mo|� 1omvbv|;m|Ѵ�� 7;|;1|;7ĺ�);�
-Ѵvo�l-��mo|�_-�;�1-r|�u;7�|_;�lov|�=�m1|bom-ѴѴ��blrou|-m|�l;7b-
-|bm]�ruo1;vv;vŌbm�o�u�1-v;ķ� Ѵb]_|�;m�buoml;m|�-m7�Ѵ;-=�r_�vboѴo]-
b1-Ѵ�-m7�lour_oѴo]b1-Ѵ�|u-b|vŌ1omm;1|bm]��;];|-|bom�v|u�1|�u;�-m7�
�oo7� ���ĺ� �o�;�;uķ� rubou� �ouh� =uol� o�u� vb|;� Ő"|�-u|Ŋ�-࣓m|f;mv�
;|�-Ѵĺķ�ƑƏƐƔő�-m7�o|_;u�=ou;v|v� Ő�|hbmvķ�
-_;�ķ��-u7bl-mķ�ş��o�]_ķ�
ƑƏƐѶő�7;lomv|u-|;v�|_-|� Ѵb]_|� bv�-�]uo�|_ŊѴblb|bm]�u;vo�u1;�|b;7�|o�
vr;1b;v�7b�;uvb|��-m7��;];|-|bom�v|u�1|�u;�-m7ķ�v;r-u-|;Ѵ�ķ�|_-|�Ѵ;-=�
r_o|ov�m|_;|b1�|u-b|v�1-m�0;�ru;7b1|ouv�o=�;1ov�v|;lŊѴ;�;Ѵ�ruo7�1-
|bom� Ő)-m]� ;|� -Ѵĺķ� ƑƏƐƔőĺ� ��u� bm1om1Ѵ�vb�;� =bm7bm]v� 0oѴv|;u� u;1;m|�
rѴ;-v�=ou�l-mbr�Ѵ-|b�;�;�r;ubl;m|v�-bl;7�-|� b7;m|b=�bm]�|_;�l;1_-
-mbvlv� Ѵbmhbm]� ;1ov�v|;l� v|u�1|�u;� -m7� =�m1|bom� =oѴѴo�bm]� 7bv|�u-
0-m1;�Ő�bѴѴ;0u-m7�;|�-Ѵĺķ�ƑƏƐƕĸ��oor;u�;|�-Ѵĺķ�ƑƏƏƔőĺ

$_o�]_�7bv|�u0-m1;Ŋv_-r;7��;];|-|bom�v|u�1|�u;��-v�mo|�1o�-
rѴ;7��b|_��oo7����ķ�1_-m];v�bm�v|;l�-uu-m];l;m|�o�;u�|bl;Ōbm7;-
r;m7;m|�o=�7bv|�u0-m1;Ō_-7�;==;1|v�om�rubl-u��ruo7�1|bomĺ�)oo7�
�����-v�]u;-|;v|��_;m�|_;��Ѵ-uh�-m7���-mv�v|;l�-]]u;]-|bom�bm7;��
�-v� v|-0Ѵ;�o�;u� |bl;� ŐΔR� Ʒ�Əőķ��b|_�rѴo|v� |u;m7bm]� |o�-u7� -�lou;�
1Ѵ�lr;7� v|;l� -uu-m];l;m|� ŐΔR� ƺ� Əő� ou� -� lou;� ou7;u;7� r-||;um�
ŐΔR�ƻ�Əő�;�_b0b|bm]� |_;� Ѵo�;v|� u;Ѵ-|b�;����depĺ��� |;m7;m1��|o�-u7�
lou;� ou7;u;7� ou� �mb=oul� v|;l� -uu-m];l;m|v� 1ouu;vrom7;7� �b|_�
Ѵ;vv�1-mor��Ѵb]_|�-0vou0;7�-m7�u;7�1;7��-ub-0bѴb|��bm�Av-|ĺ�(;];|-|bom�
v|u�1|�u;ķ�;�;m��_;m�mo|�-Ѵ|;u;7�0��u;1;m|�7bv|�u0-m1;ķ�1-m�;�;u|�-�
v|uom]�bm=Ѵ�;m1;�o�;u�ruo7�1|bom�Ő�-u7bl-m�;|�-Ѵĺķ�ƑƏƐƐőĺ��o�;�;uķ�
m�l;uo�v��mu;voѴ�;7�t�;v|bomv�1;m|;u�om��m7;uv|-m7bm]��_b1_��;]-
;|-|bom�v|u�1|�u-Ѵ�=;-|�u;v�-u;�lov|�1Ѵov;Ѵ��|b;7�|o�ruo7�1|bom�-m7�
�_;|_;u�|_;��1_-m];�o�;u�|bl;�-m7�-1uovv�;1ov�v|;lvĺ�$_;�rubm1br-Ѵ�
�;];|-|bom�v|u�1|�u-Ѵ�7;|;ulbm-m|�o=�=ou;v|�ruo7�1|bom�l-��1_-m];�
-v�;1ov�v|;l�7;�;Ѵorl;m|��m=oѴ7v�o�;u�7;1-7;v�|o�1;m|�ub;v�Ő"bѴ�-�
�;7uo� ;|� -Ѵĺķ� ƑƏƐƕő� -m7� l-�� 7b==;u� -lom]� rѴ-m|� =�m1|bom-Ѵ� |�r;v�
Ő"1_;�;ul-mm�;|�-Ѵĺķ�ƑƏƐѶőĺ��77b|bom-ѴѴ�ķ�|_;�v�11;vvbom-Ѵ�1om|;�|�o=�
;1ov�v|;lvŌbm�o�u� v|�7��1-v;ķ�-� =ou;v|� bm� |u-mvb|bom� =uol�;-uѴ�� |o�
lb77Ѵ;�v|-];vŌ7b==;u;m|b-ѴѴ��bm=Ѵ�;m1;v�|_;�ruo7�1|bom�u;vromv;�|o�

7bv|�u0-m1;ĺ���u�=bm7bm]v��o�Ѵ7�Ѵbh;Ѵ��mo|�_-�;�0;;m�|_;�v-l;�bm�-�
=-v|Ŋ]uo�bm]ķ�;-uѴ��v�11;vvbom-Ѵ�=ou;v|ķ�mou�bm�-m�oѴ7Ŋ]uo�|_�=ou;v|�
�b|_�=;�;u�v�01-mor��|u;;v�robv;7�|o�0;m;=b|�=uol�7bv|�u0-m1;Ŋl;-
7b-|;7�u;Ѵ;-v;ĺ��7�-m1bm]��m7;uv|-m7bm]�o=�v|u�1|�u;ŋ=�m1|bom�u;Ѵ--
|bomv_brv��bѴѴ�u;t�bu;�m�-m1;7�1omvb7;u-|bom�o=�|_;��-���;];|-|bom�
v|u�1|�u-Ѵ�-m7�vr;1b;v�7b�;uvb|��-||ub0�|;v�-u;�v_-r;7�-m7ķ� bm� |�umķ�
v_-r;�ruo7�1|bomķ��b|_�-||;m|bom�|o�l�Ѵ|brѴ;�v1-Ѵ;v�o=�ou]-mb�-|bom�
-m7� |bl;�u;t�bu;7� |o��m7;uv|-m7� |_;�0u;-7|_�o=�r-||;umv� =o�m7� bm�
m-|�u;ĺ

ƔՊ |Պ�����&"���"

	;|;ulbmbm]�_o��-m7��_��7bv|�u0-m1;Ō�_b1_� bv� bm1u;-vbm]� bm� =u;-
t�;m1��-m7�;�|;m|�]Ѵo0-ѴѴ�Ō�bѴѴ�lo7b=��=ou;v|�;1ov�v|;l�v|u�1|�u;�
-m7�=�m1|bombm]�u;l-bmv�-�]u-m7�1_-ѴѴ;m];�0;1-�v;�o=�|_;�1olrѴ;�-
b|�ķ� �-ub-0bѴb|�ķ� -m7�7�m-lb1�m-|�u;�o=� |_;v;� 1ou;�;1ov�v|;l�ruor-
;u|b;vĺ���u�u;v�Ѵ|vķ�|_o�]_�lb�;7ķ�v�]];v|�|_-|�v;�;u-Ѵ� bm|;uu;Ѵ-|;7�
Ѵbmh-];v�;�bv|�bm�o�u�v|�7��;1ov�v|;l�0;|�;;m�7bv|�u0-m1;�v;�;ub|�ķ�
�;];|-|bom�v|u�1|�u;�Ő0�|�mo|�vr;1b;v�7b�;uvb|�őķ�v�01-mor��Ѵb]_|�;m-
�buoml;m|�-m7� Ѵ;-=� |u-b|vķ�-m7����ĺ��o�;�;uķ�o�u� =bm7bm]v�-Ѵvo�u;-
�;-Ѵ�-� Ѵ-1h�o=�1olrѴ;|;�1om|bm�b|�� Ѵbmhbm]�7bv|�u0-m1;� |o�v|u�1|�u;�
-m7� =�m1|bom-Ѵ� 1_-m];� |_uo�]_� |_;�l;7b-|bm]� ;==;1|v� o=� 1_-m]bm]�
u;vo�u1;� ;m�buoml;m|� -m7� Ѵ;-=� r_�vboѴo]�� -m7� lour_oѴo]�ĺ� );�
1om1Ѵ�7;� |_-|� -77b|bom-Ѵ� bm�;v|b]-|bom� o=� l�Ѵ|brѴ;� ;1ov�v|;lv� -|�
�-ubo�v�v|-];v�o=�7;�;Ѵorl;m|�bv�m;;7;7�|o�b7;m|b=���_b1_�v|u�1|�u-Ѵ�
1_-m];v�o�bm]�|o�7bv|�u0-m1;�-==;1|�1ou;�;1ov�v|;l�=�m1|bomv�v�1_�
-v�rubl-u��ruo7�1|bomĺ

�����)��	����$"
$_bv� v|�7�� �-v� v�rrou|;7� 0�� |_;� �-|bom-Ѵ� "1b;m1;� 
o�m7-|bom�
	b�bvbom�o=��m�buoml;m|-Ѵ��boѴo]����-u7�ƐѵƔƔƏƖƔĺ�);�-1hmo�Ѵ-
;7];�|_;�=oѴѴo�bm]��l;ub
Ѵ���vb|;v�=ou�|_;bu�7-|-�u;1ou7vĹ�&"Ŋ&���


 ��&!� �ѵՊ �ѴѴ�v|u-|bom�o=�-m�bm|;u1omm;1|;7�7bv|�u0-m1;ŋv|u�1|�u;ŋ=�m1|bom�1-v1-7;�=ou�|�o��;];|-|bom�v|u�1|�u-Ѵ�l;|ub1vĹ�|_;�
-]]u;]-|bom�bm7;��o=��Ѵ-uh�-m7���-mv�ŐΔRő�-m7�|_;��bmb�bm7;��o=�	���ŐΔGőĺ�ΔRķ�|_o�]_�mo|�1ouu;Ѵ-|;7��b|_�7bv|�u0-m1;�v;�;ub|�ķ�;�_b0b|;7�
;b|_;u��mblo7-Ѵ�ou�Ѵbm;-u�u;Ѵ-|bomv_brv��b|_�-ѴѴ�=b�;�7o�mv|u;-l��-ub-0Ѵ;v�|;v|;7ĺ��m�1om|u-v|ķ�ΔGķ�|_o�]_�u;Ѵ-|;7��mblo7-ѴѴ��|o�7bv|�u0-m1;�
v;�;ub|�ķ�7b7�mo|�u;Ѵ-|;�|o�1-mor��Ѵb]_|�1-r|�u;�Ő=��!őķ�Ѵ;-=ŊѴ;�;Ѵ�r_�vboѴo]��ŐAv-|őķ�ou�=u-1|bom�o=�7;r-u|�u;�=uol�l;-m��oo7�m;|�rubl-u��
ruo7�1|bom�Ő���őĺ�$o�;m-0Ѵ;�7bu;1|�1olr-ubvom�o=�7b==;u;m|�lo7;Ѵv�-1uovv�|_bv�ruorov;7�l;1_-mbv|b1�r-|_�-�ķ�-7f�v|;7�r2��-Ѵ�;v�-u;�
ruo�b7;7�=ou�;-1_��-ub-0Ѵ;�Ѵbmh-];ķ�-m7�lo7;Ѵv��;u;�v;Ѵ;1|;7�0-v;7�om�|_;�Ѵo�;v|��h-bh;�bm=oul-|bom�1ub|;ubom�1ouu;1|bom�=ou�vl-ѴѴ�v-lrѴ;�
vb�;�Ő���1ő�v1ou;vĺ�pŊ�-Ѵ�;v�-m7����1�v1ou;v�-u;�ruo�b7;7�bm�$-0Ѵ;�"Ƒĺ��mѴ��om;�|_u;v_oѴ7�u;Ѵ-|bomv_br��-v�u;|-bm;7�-1uovv��-ub-0Ѵ;v�|;v|;7



ƐƏՊ�|Պ ՊՍ HABER Et Al.

-m7�&"Ŋ&�7ĺ� �m� -77b|bomķ� =�m7bm]� =ou� �l;ub
Ѵ��� 7-|-� u;vo�u1;v�
�-v� ruo�b7;7� 0�� |_;� &ĺ"ĺ� 	;r-u|l;m|� o=� �m;u]�ŝv� �==b1;� o=�
"1b;m1;ĺ�);� -1hmo�Ѵ;7];� |_;� &mb�;uvb|�� o=��b1_b]-m� �boѴo]b1-Ѵ�
"|-|bom�=ou�=-1bѴb|b;v�v�rrou|ĺ�);�|_-mh��Ѵb1b-��bm7-�;uŊ$_olrvom�
=ou�1u;-|bm]�|_;�ƑƏƏƕ�v|;l�l-rv�Őbm1Ѵ�7bm]�|_-|�=;-|�u;7�bm�
b]�u;�
"Ɛőĺ

���
���$��
���$�!�"$
�om;�7;1Ѵ-u;7ĺ

�&$��!����$!��&$���"
�bv-��-0;uĹ��om1;r|�-Ѵb�-|bom�Ő;t�-Ѵőĸ�7-|-�1�u-|bom�ŐѴ;-7őĸ�=oul-Ѵ�
-m-Ѵ�vbv�ŐѴ;-7őĸ�bm�;v|b]-|bom�Ő;t�-Ѵőĸ�l;|_o7oѴo]��Ő;t�-Ѵőĸ��bv�-Ѵb-
�-|bom� ŐѴ;-7őĸ��ub|bm]�ŋ�oub]bm-Ѵ�7u-=|� ŐѴ;-7őĸ��ub|bm]�ŋ� u;�b;��-m7�
;7b|bm]�Ő;t�-Ѵőĺ�!o0;u|�$ĺ�
-_;�Ĺ��om1;r|�-Ѵb�-|bom�Ő;t�-Ѵőĸ�bm�;v-
|b]-|bom�Ő;t�-Ѵőĸ�l;|_o7oѴo]��Ő;t�-Ѵőĸ��ub|bm]�ŋ�u;�b;��-m7�;7b|bm]�
Őv�rrou|bm]őĺ� "_;-� �ĺ� )-Ѵ;vĹ� 	-|-� 1�u-|bom� Őv�rrou|bm]őĸ� bm�;v-
|b]-|bom� Őv�rrou|bm]őĸ� �ub|bm]� ŋ� u;�b;�� -m7� ;7b|bm]� Őv�rrou|bm]őĺ�
�b1oѴ-v��ouu;-��-v1�-vĹ�	-|-�1�u-|bom�Őv�rrou|bm]őĸ�bm�;v|b]-|bom�
Őv�rrou|bm]őĺ�)bѴѴѴb-l���uub;Ĺ��om1;r|�-Ѵb�-|bom�Őv�rrou|bm]őĸ�7-|-�
1�u-|bom� Ő;t�-Ѵőĸ� =�m7bm]� -1t�bvb|bom� Őv�rrou|bm]őĸ� bm�;v|b]-|bom�
Őv�rrou|bm]őĸ�l;|_o7oѴo]��Őv�rrou|bm]őĸ��ub|bm]�ŋ�u;�b;��-m7�;7-
b|bm]�Ő;t�-Ѵőĺ��u-7��"ĺ��-u7bl-mĹ�
oul-Ѵ�-m-Ѵ�vbv�Őv�rrou|bm]őĸ��-Ѵb-
7-|bom� Ő;t�-Ѵőĸ� �ub|bm]� ŋ� u;�b;�� -m7� ;7b|bm]� Ő;t�-Ѵőĺ��_ubv|or_;u�
�o�]_Ĺ� �om1;r|�-Ѵb�-|bom� ŐѴ;-7őĸ� =oul-Ѵ� -m-Ѵ�vbv� Őv�rrou|bm]őĸ�
=�m7bm]� -1t�bvb|bom� ŐѴ;-7őĸ� bm�;v|b]-|bom� Ő;t�-Ѵőĸ� l;|_o7oѴo]��
Ő;t�-Ѵőĸ�ruof;1|�-7lbmbv|u-|bom�ŐѴ;-7őĸ�u;vo�u1;v�ŐѴ;-7őĸ�v�r;u�bvbom�
ŐѴ;-7őĸ��bv�-Ѵb�-|bom�Őv�rrou|bm]őĸ��ub|bm]�ŋ�oub]bm-Ѵ�7u-=|�Őv�rrou|-
bm]őĸ��ub|bm]�ŋ�u;�b;��-m7�;7b|bm]�Ő;t�-Ѵőĺ

	�$���(��������$+�"$�$����$
!-��7-|-�=ou�-ѴѴ�-m-Ѵ�v;v�=uol�ƑƏƏƕ�-m7�ƑƏƐƔŋƑƏƐѵķ�-v��;ѴѴ�-v�1o7;�
�v;7�|o�u�m�v|u�1|�u-Ѵ�-m-Ѵ�v;vķ�-u;�-�-bѴ-0Ѵ;�|_uo�]_�|_;�
b]v_-u;�
7b]b|-Ѵ�u;rovb|ou�Ĺ�ƐƏĺѵƏѶƓņlƖĺ=b]v_-u;ĺƐƐƖƒƔƐƖƕĺ

�!��	
Lisa T. Haber  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƒŊƐƔƒƖŊƐƒѵƖ 

!�
�!����"
�Ѵuo�ķ� �ĺ� ŐƑƏƐƕőĺ� �==;1|v� o=� _-0b|-|� 7bv|�u0-m1;� om� |uorb1-Ѵ� =ou;v|� 0bo-

7b�;uvb|�ĺ� Proceedings of the National Academy of Sciencesķ�114ŐƑƒőķ�
ѵƏƔѵŋѵƏѵƐĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƕƒņrm-vĺƐѵƐƐѶ�ƔƔƐƐƓ

�lbuoķ��ĺ�	ĺķ��-uuķ��ĺ��ĺķ��-uuķ��ĺ��ĺķ��Ѵ-1hķ�$ĺ��ĺķ��u-1_oķ�!ĺķ��uo�mķ��ĺķ�
Ļ� *b-oķ� �ĺ� ŐƑƏƐƏőĺ� �1ov�v|;l� 1-u0om� 7bo�b7;� =Ѵ��;v� -=|;u� 7bv|�u-
0-m1;� bm�=ou;v|v�o=��ou|_��l;ub1-ĺ�Journal of Geophysical Research: 
Biogeosciencesķ� 115ŐƓőĺ� �ƏƏ�ƏƑĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƑƖņƑƏƐƏ��
�ƏƏƐƒƖƏ

�|hbmvķ��ĺ�)ĺķ�
-_;�ķ�!ĺ�$ĺķ��-u7bl-mķ��ĺ��ĺķ�ş��o�]_ķ��ĺ��ĺ�ŐƑƏƐѶőĺ�
ou;v|�
�-mor�� "|u�1|�u-Ѵ� �olrѴ;�b|�� -m7� �b]_|� �0vour|bom� !;Ѵ-|bomv_brv�
-|� |_;� "�01om|bm;m|-Ѵ� "1-Ѵ;ĺ� Journal of Geophysical Research: 
Biogeosciencesķ� 123ķ� ƐƒѶƕŋƐƓƏƔĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƑņƑƏƐƕ��
�ƏƏƓƑƔѵ

�;m7b�ķ� �ĺķ�)bѴ;�ķ� �ĺ� �ĺ� �uĺķ�ş��ollomvķ��ĺ��ĺ� ŐƑƏƐƕőĺ� �m|;ul;7b-|;�7bv-
|�u0-m1;�-m7�r-||;umv�o=�vr;1b;v�ub1_m;vvĺ�Physical Geographyķ�38ŐƔőķ�
ƒƖƒŋƓƏƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏѶƏņƏƑƕƑƒ�ѵƓѵĺƑƏƐƕĺƐƒƑƕƑѵƖ

�bv�-vķ�"ĺ�!ĺķ�ş��-ѴѴbhķ��ĺ�&ĺ�ŐƑƏƐƏőĺ�	bv|�u0-m1;�;==;1|v�om�vr;1b;v�7b-
�;uvb|��-m7�=�m1|bom-Ѵ�7b�;uvb|��bm�ubr-ub-m�-m7��rѴ-m7�rѴ-m|�1oll�-
mb|b;vĺ�Ecologyķ�91ŐƐőķ�ƑѶŋƒƔĺ

�o�u7b;uķ�$ĺķ��ou7ommb;uķ�$ĺķ���mv|Ѵ;uķ��ĺķ��b;7-ѴѴ�ķ��ĺķ��-]-uub]�;vķ��ĺķ�ş�
�o�u0-�7ķ��ĺ�ŐƑƏƐѵőĺ�$u;;�vb�;�bm;t�-Ѵb|��u;7�1;v�=ou;v|�ruo7�1|b�b|�Ĺ�
�m�-m-Ѵ�vbv�1ol0bmbm]�bm�;m|ou��7-|-�=ou�|;m���uor;-m�vr;1b;v�-m7�
-� Ѵb]_|� 1olr;|b|bom�lo7;Ѵĺ�PLoS ONEķ�11Őƒőķ� ;ƏƐƔƐѶƔƑĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƒƕƐņfo�um�-Ѵĺrom;ĺƏƐƔƐѶƔƑ

��1hѴbm]ķ��ĺķ��-vv;mķ�!ĺķ��;ѴѴķ��ĺķ�ş�!-bm;�ķ��ĺ��ĺ�ŐƑƏƏƏőĺ�	bv|�u0-m1;�-m7�
7b�;uvb|��bm�;�r;ubl;m|-Ѵ�lb1uo1ovlvĺ�Natureķ�408ķ�ƖѵƐĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņƒƔƏƔƏƏѶƏ

��7h;ķ��ĺ��ĺķ��-u;mho�ķ��ĺ��ĺķ�ş�7;��Ѵb�;bu-Ŋ
bѴ_oķ��ĺ�$ĺ�ŐƑƏƐƏőĺ��m|;ul;7b-u��
7bv|�u0-m1;� bm1u;-v;v� |u;;� 7b�;uvb|�� bm� ub�;ubm;� =ou;v|� o=� vo�|_;um�
�u-�bѴĺ�Biodiversity and Conservationķ� 19ŐѶőķ� ƑƒƕƐŋƑƒѶƕĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƏƕņvƐƏƔƒ�ƐŊƏƐƏŊƖѶƓƔŊѵ

�-m_-lķ��ĺ�	ĺķ�
bm�bķ��ĺ��ĺķ��-1-Ѵ-ķ�"ĺ�)ĺķ�ş���u0-mhķ�	ĺ��ĺ�ŐƐƖƖƓőĺ��-�v;v�
-m7�1omv;t�;m1;v�o=�u;vo�u1;�_;|;uo];m;b|��bm�=ou;v|vĹ�bm|;uvr;1b=b1�
�-ub-|bom� bm� Ѵb]_|� |u-mvlbvvbom�0��1-mor��|u;;vĺ�Canadian Journal of 
Forest Researchķ�24ķ�ƒƒƕŋƒƓƖĺ

�_-rbmķ� 
ĺ� "ĺ� ŐƑƏƏƒőĺ� �==;1|v�o=�rѴ-m|� |u-b|v�om�;1ov�v|;l�-m7� u;]bom-Ѵ�
ruo1;vv;vĹ���1om1;r|�-Ѵ�=u-l;�ouh�=ou�ru;7b1|bm]�|_;�1omv;t�;m1;v�
o=� ]Ѵo0-Ѵ� 1_-m];ĺ� Annals of Botanyķ� 91ŐƓőķ� ƓƔƔŋƓѵƒĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƖƒņ-o0ņl1]ƏƓƐ

�_-�7omķ�!ĺ��ĺķ�ş�
;|1_;uķ��ĺ�ŐƐƖѶƓőĺ��_o|ov�m|_;|b1�Ѵb]_|�;m�buoml;m|v�
bm�-�Ѵo�Ѵ-m7�|uorb1-Ѵ�u-bm�=ou;v|�bm��ov|-�!b1-ĺ�The Journal of Ecologyķ�
72ŐƑőķ�ƔƔƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƑƒƏƕņƑƑѵƏƏѵѵ

�Ѵ-uhķ��ĺ��ĺķ�ş���-mvķ�
ĺ��ĺ�ŐƐƖƔƓőĺ�	bv|-m1;�|o�m;-u;v|�m;b]_0ou�-v�-�l;--
v�u;�o=�vr-|b-Ѵ�u;Ѵ-|bomv_brv�bm�ror�Ѵ-|bomvĺ�Ecologyķ�35ŐƓőķ�ƓƓƔŋƓƔƒĺ�
_||rvĹņņ7obĺou]ņƐƏĺƑƒƏƕņƐƖƒƐƏƒƓ

�Ѵ;l;m|vķ� 
ĺ� �ĺ� ŐƐƖƐѵőĺ�Plant succession: An analysis of the development 
of vegetationĺ�)-v_bm]|omķ�	ĺ�Ĺ�-um;]b;��mv|b|�|bom�o=�)-v_bm]|omĺ�
!;|ub;�;7�=uol�_||rĹņņ_7Ѵĺ_-m7Ѵ;ĺm;|ņƑƏƑƕņm�rĺƒƒƓƒƒ�ƏƐƏѶƓ�ƑƓƏƒ

�o_;mķ�)ĺ� �ĺķ� +-m]ķ� ,ĺķ� "|;_l-mķ� "ĺ� (ĺķ� "1_uo;7;uķ� $ĺ� �ĺķ� �;ѴѴķ� 	ĺ� �ĺķ�
�-v;hķ��ĺ��ĺķ�Ļ��;b]vķ��ĺ�)ĺ� ŐƑƏƐѵőĺ�
ou;v|�7bv|�u0-m1;�-1uovv�|_;�
1om|;ulbmo�v�&mb|;7�"|-|;v�=uol�ƐƖѶƔŋƑƏƐƑĹ�$_;�;l;u]bm]�7olb-
m-m1;�o=�=ou;v|�7;1Ѵbm;ĺ�Forest Ecology and Managementķ�2012ķ�ƑƓƑŋ
ƑƔƑĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ=ou;1oĺƑƏƐƔĺƐƏĺƏƓƑ

�omm;ѴѴķ� �ĺ��ĺ� ŐƐƖƕѶőĺ�	b�;uvb|�� bm� |uorb1-Ѵ� u-bm� =ou;v|v� -m7� 1ou-Ѵ� u;;=vĺ�
Source: Science, New Seriesķ�199ŐƓƒƒƔőķ�ƐƒƏƑŋƐƒƐƏĺ

��u|bvķ��ĺ�"ĺķ�ş��o�]_ķ��ĺ��ĺ� ŐƑƏƐѶőĺ�
ou;v|�-]bm]ķ�7bv|�u0-m1;�-m7�|_;�
1-u0om� 1�1Ѵ;ĺ� New Phytologistķ� 219ŐƓőķ� ƐƐѶѶŋƐƐƖƒĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņmr_ĺƐƔƑƑƕ

	࢞m;v1�ķ� �ĺķ� �Ѵ0u;1_|ķ� �ĺ� $ĺķ� ş� �-�_�vķ� �ĺ� ŐƑƏƐѵőĺ� "|u�1|�u-Ѵ� 7b�;uvb|��
ruolo|;v�ruo7�1|b�b|��o=�lb�;7ķ��m;�;mŊ-];7�=ou;v|v�bm�vo�|_�;v|-
;um��;ul-m�ĺ�Oecologiaķ�182ŐƑőķ�ƒƐƖŋƒƒƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņ
vƏƏƓƓ�ƑŊƏƐѵŊƒѵƑƒŊƓ

	b;|�;ķ��ĺ��ĺķ�ş��-||_;vķ��ĺ��ĺ�ŐƑƏƐƓőĺ���];m;u-Ѵ�;1or_�vboѴo]b1-Ѵ�=u-l;-
�ouh�=ou�lo7;ѴѴbm]�|_;�blr-1|�o=�r;v|v�-m7�r-|_o];mv�om�=ou;v|�;1o-
v�v|;lvĺ�Ecology Lettersķ�17ŐƐƐőķ�ƐƓƐѶŋƐƓƑѵĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņ
;Ѵ;ĺƐƑƒƓƔ

	omm;ѴѴ�ķ��ĺ��ĺ�ŐƐƖƕѶőĺ�"bl�Ѵ-|bomv�|o�7;|;ulbm;�|_;��-ub-m1;�-m7�;7];�;=-
=;1|�o=�|o|-Ѵ�m;-u;v|�m;b]_0o�u�7bv|-m1;ĺ��m��ĺ��o77;u�Ő�7ĺőķ�Simulation 
Studies in Archaeology�Őrrĺ�ƖƐŋƖƔőĺ��-l0ub7];Ĺ��-l0ub7];�&mb�;uvb|��
�u;vvĺ

�ѴѴv�ou|_ķ�	ĺ�"ĺķ�ş�!;b1_ķ��ĺ��ĺ� ŐƐƖƖƒőĺ��-mor��v|u�1|�u;�-m7��;u|b1-Ѵ�
r-||;umv�o=�r_o|ov�m|_;vbv� -m7� u;Ѵ-|;7� Ѵ;-=� |u-b|v� bm� -�7;1b7�o�v�
=ou;v|ĺ�Oecologiaķ�96ŐƑőķ�ƐѵƖŋƐƕѶĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņ�
ƏƏƒ�
17729


-_;�ķ� !ĺ� $ĺķ� "|�-u|Ŋ�-࣓m|f;mvķ� �ĺ� �ĺķ� �o�]_ķ� �ĺ� �ĺķ� 	;� �-� �u��ķ� �ĺķ�
"|o1h|omķ� �ĺķ� (o];Ѵķ� �ĺ� "ĺķ� ş� ��u|bvķ� �ĺ� "ĺ� ŐƑƏƐѵőĺ� ��-Ѵ�-|bm]� =ou;v|�
v�01-mor�� u;vromv;� |o� lo7;u-|;� v;�;ub|�� 7bv|�u0-m1;� -m7� 1om-
|ub0�|bom� |o� ;1ov�v|;lŊѴ;�;Ѵ� ruo7�1|b�b|�� -m7� u;vbѴb;m1;ĺ� Forest 
Ecology and Managementķ� 376ķ� ƐƒƔŋƐƓƕĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ
=ou;1oĺƑƏƐѵĺƏѵĺƏƏƐ

https://orcid.org/0000-0003-1539-1369
https://orcid.org/0000-0003-1539-1369
https://doi.org/10.1073/pnas.1611855114
https://doi.org/10.1029/2010JG001390
https://doi.org/10.1029/2010JG001390
https://doi.org/10.1002/2017JG004256
https://doi.org/10.1002/2017JG004256
https://doi.org/10.1080/02723646.2017.1327269
https://doi.org/10.1371/journal.pone.0151852
https://doi.org/10.1371/journal.pone.0151852
https://doi.org/10.1038/35050080
https://doi.org/10.1038/35050080
https://doi.org/10.1007/s10531-010-9845-6
https://doi.org/10.1007/s10531-010-9845-6
https://doi.org/10.1093/aob/mcg041
https://doi.org/10.1093/aob/mcg041
https://doi.org/10.2307/2260066
https://doi.org/10.2307/1931034
http://hdl.handle.net/2027/nyp.33433010842403
https://doi.org/10.1016/j.foreco.2015.10.042
https://doi.org/10.1111/nph.15227
https://doi.org/10.1111/nph.15227
https://doi.org/10.1007/s00442-016-3623-4
https://doi.org/10.1007/s00442-016-3623-4
https://doi.org/10.1111/ele.12345
https://doi.org/10.1111/ele.12345
https://doi.org/10.1007/BF00317729
https://doi.org/10.1007/BF00317729
https://doi.org/10.1016/j.foreco.2016.06.001
https://doi.org/10.1016/j.foreco.2016.06.001


ՊՍ Պ |�ՊƐƐHABER Et Al.


-�v;|ķ� "ĺķ� �Ѵoouķ� �ĺ� &ĺķ� �b7-uķ� �ĺ� �ĺ� �ĺķ� 
u;b|-vķ� �ĺ� �ĺķ� 
�ѴѴ-vķ� �ĺ� �ĺķ�
�-u-0;vbķ��ĺ��ĺķ�Ļ��oѴ�ķ��ĺ��ĺ�ŐƑƏƐƕőĺ�$uorb1-Ѵ�=ou;v|�Ѵb]_|�u;]bl;v�bm�
-�_�l-mŊlo7b=b;7�Ѵ-m7v1-r;ĺ�Ecosphereķ�8ŐƐƐőķ�;ƏƑƏƏƑĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƏƑņ;1vƑĺƑƏƏƑ


o|bvķ� �ĺ� $ĺķ� ş���u|bvķ� �ĺ� "ĺ� ŐƑƏƐƕőĺ� �==;1|v� o=� v|u�1|�u-Ѵ� 1olrѴ;�b|�� om�
�b|_bmŊ1-mor�� Ѵb]_|� ;m�buoml;m|v� -m7� Ѵ;-=� |u-b|v� bm� -� mou|_;um�
lb�;7�7;1b7�o�v�=ou;v|ĺ�Tree Physiologyķ�37ķ�ƐƓƑѵŊƐƓƒƔĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƖƒņ|u;;r�_�vņ|r�ƐƑƓ


o�ķ� �ĺ�)ĺ� ŐƑƏƐƒőĺ� $_;� bm|;ul;7b-|;� 7bv|�u0-m1;� _�ro|_;vbv� v_o�Ѵ7� 0;�
-0-m7om;7ĺ�Trends in Ecology and Evolutionķ�28ŐƑőķ�ѶѵŋƖƑĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƐѵņfĺ|u;;ĺƑƏƐƑĺƏѶĺƏƐƓ


u-�;uķ��ĺ�)ĺķ��-m_-lķ��ĺ�	ĺķ�ş��;u|�l-mķ��ĺ��ĺ�ŐƐƖƖƖőĺ�Gap Light Analyzer 
(GLA), Version 2.0: Imaging software to extract canopy structure and gap 
light transmission indices from true-colour fisheye photographs, users 
manual and program documentationĺ�!;|ub;�;7�=uol�_||rĹņņ���ĺu;lĺ
v=�ĺ1-ņ=ou;v�|u�ņbm7;�ĺ_|l

�o�]_ķ� �ĺ� �ĺķ� �-u7bl-mķ� �ĺ� "ĺķ� �-�;ķ� �ĺ� �ĺķ� �o_u;uķ� �ĺķ� �-�u;uķ� �ĺ�
	ĺķ� (o];Ѵķ� �ĺ� "ĺķ� Ļ� ��u|bvķ� �ĺ� "ĺ� ŐƑƏƐƒőĺ� "�v|-bm;7� 1-u0om� �r|-h;�
-m7� v|ou-];� =oѴѴo�bm]� lo7;u-|;� 7bv|�u0-m1;� bm� -� �u;-|� �-h;v�
=ou;v|ĺ� Ecological Applicationsķ� 23ŐƔőķ� ƐƑƏƑŋƐƑƐƔĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐѶƖƏņƐƑŊƐƔƔƓĺƐ

�o�]_ķ� �ĺ��ĺķ� (o];Ѵķ� �ĺ� "ĺķ� �-uuoѴ7ķ� �ĺ� �ĺķ� �;ou];ķ� �ĺķ� ş� ��u|bvķ� �ĺ� "ĺ�
ŐƑƏƏƕőĺ�$_;�Ѵ;]-1��o=�_-u�;v|�-m7�=bu;�om�;1ov�v|;l�1-u0om�v|ou-];�
bm�-�mou|_�|;lr;u-|;�=ou;v|ĺ�Global Change Biologyķ�13ŐƖőķ�ƐƖƒƔŋƐƖƓƖĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņfĺƐƒѵƔŊƑƓѶѵĺƑƏƏƕĺƏƐƓƏѵĺ�

�-Ѵr;umķ��ĺ��ĺķ�ş�"rb;vķ�$ĺ��ĺ�ŐƐƖƖƔőĺ��Ѵ-m|�vr;1b;v�7b�;uvb|��bm�m-|�u-Ѵ�-m7�
l-m-];7� =ou;v|v� o=� |_;� �-1b=b1� �ou|_�;v|ĺ� Ecological Applicationsķ�
5ŐƓőķ�ƖƐƒŋƖƒƓĺ�_||rvĹņņ7obĺou]ņƐƏĺƑƒƏƕņƑƑѵƖƒƓƒĺ

�-u7bl-mķ��ĺ� "ĺķ� �o_u;uķ��ĺķ��o�]_ķ��ĺ��ĺķ�(o];Ѵķ��ĺ� "ĺķ�ş���u|bvķ� �ĺ� "ĺ�
ŐƑƏƐƐőĺ�$_;�uoѴ;�o=�1-mor��v|u�1|�u-Ѵ�1olrѴ;�b|��bm��oo7�m;|�rubl-u��
ruo7�1|bom�o=�-�l-|�ubm]�mou|_;um�7;1b7�o�v�=ou;v|ĺ�Ecologyķ�92ŐƖőķ�
ƐѶƐѶŋƐѶƑƕĺ

�-u7bl-mķ��ĺ�"ĺķ��o�]_ķ��ĺ��ĺķ��-Ѵr;ubmķ��ĺķ��o=l;bv|;uķ��ĺ��ĺķ��-�;ķ��ĺ�
�ĺķ��o_u;uķ��ĺķ�ş���u|bvķ��ĺ�"ĺ�ŐƑƏƐƒőĺ��-bm|-bmbm]�_b]_�u-|;v�o=�1-u0om�
v|ou-];�bm�oѴ7�=ou;v|vĹ���l;1_-mbvl�Ѵbmhbm]�1-mor��v|u�1|�u;�|o�=ou-
;v|�=�m1|bomĺ�Forest Ecology and Managementķ�298ķ�ƐƐƐŋƐƐƖĺ�_||rvĹņņ
7obĺou]ņƐƏĺƐƏƐѵņfĺ=ou;1oĺƑƏƐƒĺƏƑĺƏƒƐ

�;0;uѴbm]ķ��ĺ��ĺķ�ş�
ub7Ѵ;�ķ��ĺ�	ĺ� ŐƑƏƐƒőĺ�!;vo�u1;Ŋ�v;�v|u-|;]b;v�o=�m--
|b�;� -m7� bm�-vb�;� rѴ-m|v� bm� �-v|;um� �ou|_� �l;ub1-m� =ou;v|vĺ� New 
Phytologistķ�200ŐƑőķ�ƔƑƒŋƔƒƒĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņmr_ĺƐƑƒѶѶ

�;u0;mķ� $ĺķ� �Ѵbl;঍o�࢙ķ� �ĺķ� ş� �_�|u৥ķ��ĺ� ŐƑƏƐѶőĺ� �==;1|v� o=� 7bv|�u0-m1;�
=u;t�;m1�� -m7� v;�;ub|�� om� rѴ-m|� |u-b|vĹ� �m� -vv;vvl;m|� -1uovv� -�
|;lr;u-|;� =Ѵou-ĺ� Functional Ecologyķ� 32Őƒőķ� ƕƖƖŋѶƏѶĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņƐƒѵƔŊƑƓƒƔĺƐƒƏƐƐ

�b1h;ķ��ĺ��ĺķ��ѴѴ;mķ��ĺ�	ĺķ�	;v-bķ��ĺ�!ĺķ�	b;|�;ķ��ĺ��ĺķ��-ѴѴķ�!ĺ��ĺķ�$;7��o]]ķ�
�ĺ��ĺķ�Ļ�(o];Ѵl-mmķ��ĺ�ŐƑƏƐƑőĺ��==;1|v�o=�0bo|b1�7bv|�u0-m1;v�om�=ou;v|�
1-u0om�1�1Ѵbm]�bm�|_;�&mb|;7�"|-|;v�-m7��-m-7-ĺ�Global Change Biologyķ�
18ŐƐőķ�ƕŋƒƓĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņfĺƐƒѵƔŊƑƓѶѵĺƑƏƐƐĺƏƑƔƓƒĺ�

�bѴѴ;0u-m7ķ��ĺķ��-m];m_;7;uķ�"ĺķ��;0u;|ķ��ĺķ��bm7v|uक़lķ��ĺķࠑ�v|l-mķࠑ�ĺķ�ş�
"|ub;0;Ѵķ��ĺ�ŐƑƏƐƕőĺ�	;1olrovbm]�l�Ѵ|brѴ;�7bl;mvbomv�o=�v|-0bѴb|��bm�
]Ѵo0-Ѵ�1_-m];�;�r;ubl;m|vĺ�Ecology Lettersķ�21ŐƐőķ�ƑƐŋƒƏĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņ;Ѵ;ĺƐƑѶѵƕ

�oor;uķ�	ĺ�&ĺķ��_-rbmķ�
ĺ�"ĺķ���;Ѵķ��ĺ��ĺķ��;1|ouķ��ĺķ��m1_-�v|bķ��ĺķ��-�ou;Ѵķ�
"ĺķ�Ļ�)-u7Ѵ;ķ�	ĺ��ĺ�ŐƑƏƏƔőĺ��==;1|v�o=�0bo7b�;uvb|��om�;1ov�v|;l�=�m1-
|bombm]Ĺ��� 1omv;mv�v�o=� 1�uu;m|� hmo�Ѵ;7];ĺ�Ecological Monographsķ�
75ŐƐőķ�ƒŋƒƔĺ

��]_;vķ� !ĺ� �ĺķ� ��um;vķ� �ĺ� �ĺķ� �bl0uoķ�	ĺ� �ĺķ� ş� "|-1_o�b1�ķ� �ĺ� �ĺ� ŐƑƏƏƕőĺ�
!;1bruo1-Ѵ�u;Ѵ-|bomv_brv�-m7�ro|;m|b-Ѵ�=;;70-1hv�0;|�;;m�0bo7b�;u-
vb|�� -m7� 7bv|�u0-m1;ĺ� Ecology Lettersķ� 10ŐƖőķ� ѶƓƖŋѶѵƓĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņfĺƐƓѵƐŊƏƑƓѶĺƑƏƏƕĺƏƐƏƕƔĺ�

��v|omķ��ĺ��ĺ� ŐƑƏƐƓőĺ�	bv|�u0-m1;ķ�ruo7�1|b�b|�ķ�-m7�vr;1b;v�7b�;uvb|�Ĺ�
�lrbub1bvl��vĺ�Ѵo]b1�bm�;1oѴo]b1-Ѵ�|_;ou�ĺ�Ecologyķ�95ŐƖőķ�ƑƒѶƑŋƑƒƖѵĺ

�mo�;ķ��ĺķ�+-l-lo|oķ��ĺķ�ş��b�o�;ķ��ĺ�ŐƑƏƐƐőĺ��olr-ubvom�o=�-�|ol-|b1�
-m7� bm|;u-1|b�;� |_u;v_oѴ7bm]�o=�_;lbvr_;ub1-Ѵ�r_o|o]u-r_�ĺ�Journal 
of Forest Scienceķ�57ŐƑőķ�ƕѶŋѶƕĺ

�v_bbķ��ĺķ�ş��v-moķ�"ĺ�ŐƑƏƐƏőĺ�$_;�uoѴ;�o=�1uo�m�-u1_b|;1|�u;ķ�Ѵ;-=�r_;moѴo]��
-m7�r_o|ov�m|_;|b1�-1|b�b|��bm�ruolo|bm]�1olrѴ;l;m|-u���v;�o=�Ѵb]_|�
-lom]�1o;�bv|bm]�vr;1b;v� bm�|;lr;u-|;�=ou;v|vĺ�Ecological Researchķ�
25ķ�ƕƐƔŋƕƑƑĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņvƐƐƑѶ�ƓŊƏƏƖŊƏѵѵѶŊƓ

�-1h;�ķ�!ĺ��ĺķ�ş���uub;ķ�	ĺ��ĺ�ŐƑƏƏƐőĺ�$_;�7b�;uvb|�Ŋ7bv|�u0-m1;�u;Ѵ-|bom-
v_brĹ��v�b|�];m;u-ѴѴ��v|uom]�-m7�r;-h;7ĵ�Ecologyķ�82ŐƐƑőķ�ƒƓƕƖŋƒƓƖƑĺ�
_||rvĹņņ7obĺou]ņƐƏĺƑƒƏƕņƑѵѶƏƐѵѵ

�-�;ķ��ĺ��ĺķ��o�]_ķ��ĺ��ĺķ��-�u;uķ��ĺ�	ĺķ��o_u;uķ��ĺķ��-u7bl-mķ��ĺ�"ĺķ��;�
�obm;ķ��ĺķ�Ļ���u|bvķ��ĺ�"ĺ�ŐƑƏƐƐőĺ�	bv|�u0-m1;�-m7�|_;�u;vbѴb;m1;�o=�1o�-
rѴ;7�1-u0om�-m7�mb|uo];m�1�1Ѵbm]�bm�-�mou|_�|;lr;u-|;�=ou;v|ĺ�Journal 
of Geophysical Researchķ�116ķ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƑƖņƑƏƐƐ���ƏƏƐƕƔѶ

�b1o|u-ķ��ĺ��ĺķ��|hbmķ��ĺ��ĺķ��omv;uķ�"ĺ��ĺķ�	-�b7vomķ��ĺ��ĺķ�
bmm;]-mķ��ĺ��ĺķ�
�-|_;vb�vķ�&ĺķ�Ļ��-m��Ѵ;�m;mķ��ĺ�ŐƑƏƐƏőĺ��Ѵ-m|�r_;mo|�rb1�rѴ-v|b1b|��
bm� -� 1_-m]bm]� 1Ѵbl-|;ĺ� Trends in Plant Scienceķ� 15ŐƐƑőķ� ƐƒѵƏŋƐƒѶƔĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ|rѴ-m�|vĺƑƏƐƏĺƏƖĺƏƏѶ

�bbm;l;|vķ࡞�ĺ�ŐƑƏƐƏőĺ���u;�b;��o=�Ѵb]_|�bm|;u1;r|bom�bm�rѴ-m|�v|-m7v�=uol�
Ѵ;-=�|o�1-mor��bm�7b==;u;m|�rѴ-m|�=�m1|bom-Ѵ�|�r;v�-m7�bm�vr;1b;v��b|_�
�-u�bm]� v_-7;� |oѴ;u-m1;ĺ�Ecological Researchķ�25ķ� ѵƖƒŋƕƐƓĺ� _||rvĹņņ
7obĺou]ņƐƏĺƐƏƏƕņvƐƐƑѶ�ƓŊƏƐƏŊƏƕƐƑŊƓ

�7�lķ� �ĺ� �ĺ� ŐƐƖѵƖőĺ� $_;� v|u-|;]�� o=� ;1ov�v|;l� 7;�;Ѵorl;m|ĺ� Scienceķ�
164ŐƒѶƕƕőķ�ƑѵƑŋƑƕƏĺ

�-1-Ѵ-ķ�"ĺ�)ĺķ�ş�	;�|v1_l-mķ�	ĺ��ĺ�ŐƐƖƖƔőĺ�	;|-bѴv�|_-|�l-||;uĹ�$_;�vr--
|b-Ѵ�7bv|ub0�|bom�o=�bm7b�b7�-Ѵ�|u;;v�l-bm|-bmv�=ou;v|�;1ov�v|;l�=�m1-
|bomĺ�Oikosķ�74ķ�ƒƔƕŋƒѵƔĺ

�-uh;uķ��ĺ��ĺķ�ş��uo�mķ��ĺ�ŐƑƏƏƏőĺ�
ou;v|�1-mor��v|u-|b=b1-|bomĹ�bv�b|��v;-
=�Ѵĵ�The American Naturalistķ�155ŐƓőķ�ƓƕƒŋƓѶƓĺ

�;u-Ѵ-ķ� 	ĺ� �ĺķ� ş� �Ѵ0-mķ� 	ĺ� �ĺ� ŐƐƖƖƓőĺ� Allometric biomass estimators for 
aspen-dominated ecosystems in the Upper Great Lakesĺ�"|ĺ��-�Ѵķ���Ĺ�
&ĺ"ĺ� 	;r|ĺ� o=� �]ub1�Ѵ|�u;ķ� 
ou;v|� ";u�b1;ķ� �ou|_� �;m|u-Ѵ� 
ou;v|�
��r;ubl;m|� "|-|bomĺ� !;|ub;�;7� =uol� ņņ1-|-Ѵ�o]ĺ_-|_b�|u�v|ĺou]ņ!;1ou�
7ņƏƏƕƓƐ�ƕƑƐƓ

�b1h;||ķ�"ĺ�$ĺ��ĺķ�ş�)_b|;ķ��ĺ�"ĺ�ŐƐƖѶƔőĺ�The ecology of natural disturbance 
and patch dynamicsĺ��uѴ-m7oķ�
�Ĺ��1-7;lb1��u;vvĺ

�oll;u;mbm]ķ��ĺ� ŐƑƏƏƑőĺ��rruo-1_;v� |o�t�-m|b=�bm]� =ou;v|� v|u�1|�u;vĺ�
Forestryķ�75Őƒőķ�ƒƏƔŋƒƑƓĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņ=ou;v�|u�ņƕƔĺƒĺƒƏƔ

�oll;u;mbm]ķ� �ĺķ� �om2-Ѵ�;vķ� �ĺ� �ĺķ� ş� !o7uझ]�;�Ŋ"o-ѴѴ;buoķ� !ĺ� ŐƑƏƐƐőĺ�
"r;1b;v�lbm]Ѵbm]�-m7�7b-l;|;u�7b==;u;m|b-|bom�-v�v;1om7Ŋou7;u�1_-u-
-1|;ubv|b1vĺ�Allgemeine Forst- Und Jagdzeitungķ�182ķ�ƐƐƔŊƐƑƖĺ

�oou|;uķ��ĺķ��bbm;l;|vķ࡞�ĺķ��oou|;uķ� �ĺķ�)ub]_|ķ� �ĺ� �ĺķ�ş�(bѴѴ-uķ�!ĺ� ŐƑƏƏƖőĺ�
�-�v;v�-m7�1omv;t�;m1;v�o=��-ub-|bom�bm�Ѵ;-=�l-vv�r;u�-u;-�Ő���őĹ�
�� l;|-Ŋ-m-Ѵ�vbvĺ� New Phytologistķ� 182ķ� ƔѵƔŋƔѶѶĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņfĺƐƓѵƖŊѶƐƒƕĺƑƏƏƖĺƏƑѶƒƏĺ�

!� �ou;� $;-lĺ� ŐƑƏƐƕőĺ� !Ĺ� �� �-m]�-];� -m7� �m�buoml;m|� =ou� "|-|bv|b1-Ѵ�
�olr�|bm]ĺ�_||rvĹņņ���ĺ!ruof�;1|ĺou]ņ

!o�;m7--Ѵķ�	ĺ��ĺ��ĺķ���u|-7oķ�(ĺ��ĺķ�ş��oou|;uķ��ĺ�ŐƑƏƏѵőĺ��Ѵ-v|b1b|��bm�Ѵ;-=�
|u-b|v�o=�ƒѶ� |uorb1-Ѵ� |u;;� vr;1b;v� bm� u;vromv;� |o� Ѵb]_|ĸ� u;Ѵ-|bomv_brv�
�b|_�Ѵb]_|�7;l-m7�-m7�-7�Ѵ|�v|-|�u;ĺ�Functional Ecologyķ�20ķ�ƑƏƕŋƑƐѵĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņfĺƐƒѵƔŊƑƓƒƔĺƑƏƏѵĺƏƐƐƏƔĺ�

"-]-u-ķ��ĺ�$ĺķ�
-_;�ķ�!ĺ�$ĺķ�(o];Ѵķ��ĺ�"ĺķ�
o|bvķ��ĺ�$ĺķ���u|bvķ��ĺ�"ĺķ�ş��o�]_ķ�
�ĺ��ĺ�ŐƑƏƐѶőĺ��o7;u-|;�7bv|�u0-m1;�_-v�vblbѴ-u�;==;1|v�om�ruo7�1|bom�
u;]-u7Ѵ;vv�o=�vb|;�t�-Ѵb|��-m7�1olrovb|bomĺ�Forestsķ�9ŐƑőķ�ƕƏĺ�_||rvĹņņ
7obĺou]ņƐƏĺƒƒƖƏņ=ƖƏƑƏƏƕƏ

"-m|b-]oķ��ĺ�"ĺķ�ş�)ub]_|ķ�"ĺ��ĺ�ŐƑƏƏƕőĺ��;-=�=�m1|bom-Ѵ�|u-b|v�o=�|uorb1-Ѵ�=ou-
;v|�rѴ-m|v�bm�u;Ѵ-|bom�|o�]uo�|_�=oulĺ�Functional Ecologyķ�21ŐƐőķ�ƐƖŋƑƕĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņfĺƐƒѵƔŊƑƓƒƔĺƑƏƏѵĺƏƐƑƐѶĺ�

"1_;�;ul-mmķ��ĺ��ĺķ��-�;ķ��ĺ��ĺķ�
-_;�ķ�!ĺ�$ĺķ��-7;Ѵ_o==;uķ��ĺ��ĺķ�ş��o�]_ķ�
�ĺ��ĺ� ŐƑƏƐѶőĺ��==;1|v�o=� 1-mor�� v|u�1|�u;�-m7� vr;1b;v�7b�;uvb|��om�
rubl-u��ruo7�1|bom�bm��rr;u��u;-|��-h;v�=ou;v|vĺ�Oecologiaķ�188ŐƑőķ�
ƓƏƔŋƓƐƔĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņvƏƏƓƓ�ƑŊƏƐѶŊƓƑƒѵŊ�

"1_m;b7;uķ��ĺ��ĺķ�!-v0-m7ķ�)ĺ�"ĺķ�ş��Ѵb1;bubķ��ĺ�)ĺ�ŐƑƏƐƑőĺ������l-];�|o�
�l-];�Ĺ�ƑƔ��;-uv�o=� bl-];�-m-Ѵ�vbvĺ�Nature Methodsķ�9Őƕőķ�ѵƕƐŋѵƕƔĺ�
_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņml;|_ĺƑƏѶƖ

";b7Ѵķ�!ĺķ�!-ll;uķ�)ĺķ�ş�"rb;vķ�$ĺ��ĺ�ŐƑƏƐƓőĺ�	bv|�u0-m1;�Ѵ;]-1b;v�bm1u;-v;�
|_;�u;vbѴb;m1;�o=�=ou;v|�;1ov�v|;l�v|u�1|�u;ķ�1olrovb|bomķ�-m7�=�m1-
|bombm]ĺ�Ecological Applicationsķ�24ŐѶőķ�ƑƏѵƒŋƑƏƕƕĺ

https://doi.org/10.1002/ecs2.2002
https://doi.org/10.1002/ecs2.2002
https://doi.org/10.1093/treephys/tpw124
https://doi.org/10.1093/treephys/tpw124
https://doi.org/10.1016/j.tree.2012.08.014
https://doi.org/10.1016/j.tree.2012.08.014
http://www.rem.sfu.ca/forestry/index.htm
http://www.rem.sfu.ca/forestry/index.htm
https://doi.org/10.1890/12-1554.1
https://doi.org/10.1890/12-1554.1
https://doi.org/10.1111/j.1365-2486.2007.01406.x
https://doi.org/10.2307/2269343
https://doi.org/10.1016/j.foreco.2013.02.031
https://doi.org/10.1016/j.foreco.2013.02.031
https://doi.org/10.1111/nph.12388
https://doi.org/10.1111/1365-2435.13011
https://doi.org/10.1111/1365-2435.13011
https://doi.org/10.1111/j.1365-2486.2011.02543.x
https://doi.org/10.1111/ele.12867
https://doi.org/10.1111/ele.12867
https://doi.org/10.1111/j.1461-0248.2007.01075.x
https://doi.org/10.1111/j.1461-0248.2007.01075.x
https://doi.org/10.1007/s11284-009-0668-4
https://doi.org/10.2307/2680166
https://doi.org/10.1029/2011JG001758
https://doi.org/10.1016/j.tplants.2010.09.008
https://doi.org/10.1007/s11284-010-0712-4
https://doi.org/10.1007/s11284-010-0712-4
http:////catalog.hathitrust.org/Record/007417214
http:////catalog.hathitrust.org/Record/007417214
https://doi.org/10.1093/forestry/75.3.305
https://doi.org/10.1111/j.1469-8137.2009.02830.x
https://doi.org/10.1111/j.1469-8137.2009.02830.x
https://www.Rproject.org/
https://doi.org/10.1111/j.1365-2435.2006.01105.x
https://doi.org/10.3390/f9020070
https://doi.org/10.3390/f9020070
https://doi.org/10.1111/j.1365-2435.2006.01218.x
https://doi.org/10.1007/s00442-018-4236-x
https://doi.org/10.1038/nmeth.2089


ƐƑՊ�|Պ ՊՍ HABER Et Al.

";b7Ѵķ� !ĺķ� $_olķ� 	ĺķ� �-�|�ķ� �ĺķ� �-u|bmŊ�;mb|oķ� 	ĺķ� �;Ѵ|omb;lbķ� �ĺķ�
(-11_b-moķ��ĺķ�Ļ�!;�;uķ��ĺ��ĺ��ĺ� ŐƑƏƐƕőĺ� 
ou;v|�7bv|�u0-m1;v��m7;u�
1Ѵbl-|;� 1_-m];ĺ� Nature Climate Changeķ� 7ķ� ƒƖƔŋƓƏƑĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƒѶņm1Ѵbl�-|;ƒƒƏƒ

";u1�ķ��ĺ��ĺķ��-;|;mķ��ĺķ��-m��obѴѴb;ķ�
ĺķ��-u|;Ѵķ��ĺķ��;mvķ��ĺķ�(;u_;�;mķ��ĺķ�
ş��om|;ķ�	ĺ� ŐƑƏƐƕőĺ��o�� |u;;� vr;1b;v� b7;m|b|�� -m7�7b�;uvb|�� -==;1|�
Ѵb]_|� |u-mvlb||-m1;�|o�|_;��m7;uv|ou�� bm�l-|�u;�|;lr;u-|;�=ou;v|vĺ�
Ecology and Evolutionķ� 7ķ� ƐƏѶѵƐŋƐƏѶƕƏĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƑņ
;1;ƒĺƒƔƑѶ

"_-mmomķ� �ĺ� �ĺķ� ş� );-�;uķ� )ĺ� ŐƐƖƓƖőĺ� The Mathematical Theory of 
Communication� Őrrĺ� ƐŋƐƐƕőĺ� &u0-m-ķ� ��Ĺ� $_;� &mb�;uvb|�� o=� �ѴѴbmobv�
�u;vvĺ

"bѴ�-��;7uoķ��ĺķ�!-ll;uķ�)ĺķ�ş�";b7Ѵķ�!ĺ�ŐƑƏƐƕőĺ�	bv;m|-m]Ѵbm]�|_;�;==;1|v�
o=� 1olrovb|bom-Ѵ� -m7� v|u�1|�u-Ѵ� 7b�;uvb|�� om� =ou;v|� ruo7�1|b�b|�ĺ�
Journal of Vegetation Scienceķ�28ķ�ѵƓƖŋѵƔѶĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņ
f�vĺƐƑƔƏƔ

"o�v-ķ� )ĺ� �ĺ� ŐƐƖѶƓőĺ� $_;� uoѴ;� o=� 7bv|�u0-m1;� bm� m-|�u-Ѵ� 1oll�mb|b;vĺ�
Annual Review of Ecology and Systematicsķ�15ķ�ƒƔƒŋƒƖƐĺ�_||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƓѵņ-mm�u�;�ĺ;vĺƐƔĺƐƐƏƐѶƓĺƏƏƑƏƒƒ

"|�-u|Ŋ�-࣓m|f;mvķ��ĺ��ĺķ���u|bvķ��ĺ�"ĺķ�
-_;�ķ�!ĺ�$ĺķ�(o];Ѵķ��ĺ�"ĺķ�ş��o�]_ķ�
�ĺ��ĺ�ŐƑƏƐƔőĺ��;|�rubl-u��ruo7�1|bom�o=�-�|;lr;u-|;�7;1b7�o�v�=ou-
;v|�;�_b0b|v�-�|_u;v_oѴ7�u;vromv;�|o�bm1u;-vbm]�7bv|�u0-m1;�v;�;ub|�ĺ�
Ecologyķ�96ŐƖőķ�ƑƓƕѶŋƑƓѶƕĺ�_||rvĹņņ7obĺou]ņƐƏĺƐѶƖƏņƐƓŊƐѶƐƏĺƐ

"�l�|ķ� �ĺ� ŐƑƏƐƓőĺ� "r-|b-Ѵ� v|-|bv|b1v� bm� ;1oѴo]b1-Ѵ� -m-Ѵ�vbvĹ� 
uol� bm7b1;v�
|o� =�m1|bomvĺ� Silva Fennicaķ�48ŐƐőķ� ƒƐĺ� �u|b1Ѵ;� �	Ĺ� ƐƏƏѶĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƓƑƐƓ�ņv=ĺƐƏƏѶ

$bѴl-mķ� 	ĺķ� !;b1_ķ� �ĺ� �ĺķ� �morvķ� �ĺķ� );7bmķ� 	ĺķ� �b;Ѵh;ķ� $ĺķ� ş� �;_l-mķ�
�ĺ� ŐƑƏƏƐőĺ� 	b�;uvb|�� -m7� �uo7�1|b�b|�� bm� -� �om]Ŋ$;ul� �u-vvѴ-m7�
��r;ubl;m|ĺ�Scienceķ�294ŐƔƔƓƒőķ�ѶƓƒŋѶƓƔĺ

$�um;uķ��ĺ��ĺ�ŐƑƏƐƏőĺ�	bv|�u0-m1;�-m7�Ѵ-m7v1-r;�7�m-lb1v�bm�-�1_-m]bm]�
world. Ecologyķ�91ŐƐƏőķ�ƑѶƒƒŋƑѶƓƖĺ

$�u|omķ�"ĺ��ĺķ�ş�"b;];m|_-Ѵ;uķ�	ĺ�$ĺ� ŐƑƏƏƓőĺ� �ll;7b-|;� blr-1|v�o=�-�v;-
�;u;�|uorb1-Ѵ�1�1Ѵom;�om�|_;�lb1uo1Ѵbl-|;�o=�-�u-bmŊ=ou;v|�1-mor��bm�

mou|_Ŋ;-v|���v|u-Ѵb-ĺ�Journal of Tropical Ecologyķ�20ķ�ƔѶƒŋƔѶѵĺ�_||rvĹņņ
7obĺou]ņƐƏĺƐƏƐƕņ"ƏƑѵѵ�ƓѵƕƓƏ�ƓƏƏƐѵƑƑ

)-m]ķ� !ĺķ� +�ķ� �ĺķ� �;ķ� �ĺķ�)-m]ķ� ĺķ� ,_-oķ� �ĺķ� *�ķ� ,ĺķ� ş� �;ķ� �ĺ� ŐƑƏƐƔőĺ�
�-|b|�7bm-Ѵ��-ub-|bom�o=�Ѵ;-=�v|ol-|-Ѵ�|u-b|v�=uol�vr;1b;v�|o�1oll�-
mb|��Ѵ;�;Ѵ�bm�=ou;v|vĹ��bmh-];��b|_�;1ov�v|;l�ruo7�1|b�b|�ĺ�Scientific 
Reportsķ�5ķ�ƐƓƓƔƓĺ�_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņvu;rƐ�ƓƓƔƓ

)bѴ=-_u|ķ� �ĺ� �ĺ� ŐƑƏƐѶőĺ� 
�m1|bom-Ѵ� |u-b|� v_b=|v� -=|;u� 7bv|�u0-m1;� u;�;-Ѵ�
0uo-7Ŋv1-Ѵ;� �-ub-0bѴb|�� bm� |;lr;u-|;� =ou;v|� u;]bom-Ѵ� u;1u�b|l;m|�
ruo1;vv;vĺ� Journal of Vegetation Scienceķ� 29ķ� ƓƖƐŋƔƏƏĺ� _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƐƐņf�vĺƐƑѵƑѶ

)bѴѴb-lvķ��ĺ��ĺķ��-t�;||;ķ��ĺķ��-�;m7;uŊ�-u;vķ��ĺķ��;vvb;uķ��ĺķ�ş�!;b1_ķ��ĺ��ĺ�
ŐƑƏƐƕőĺ�"r-|b-Ѵ�1olrѴ;l;m|-ub|��bm�|u;;�1uo�mv�;�rѴ-bmv�o�;u�b;Ѵ7bm]�
bm� vr;1b;v�lb�|�u;vĺ�Nature Ecology and Evolutionķ�1ŐƓőķ�ƐŊƕĺ�_||rvĹņņ
7obĺou]ņƐƏĺƐƏƒѶņvƓƐƔƔ�ƖŊƏƐѵŊƏƏѵƒ

)oѴ|;uķ��ĺ�$ĺķ�ş�)_b|;ķ��ĺ��ĺ�ŐƑƏƏƑőĺ�!;1;m|�=ou;v|�1o�;u�|�r;�|u-mvb|bomv�
-m7� Ѵ-m7v1-r;� v|u�1|�u-Ѵ� 1_-m];v� bm� mou|_;-v|� �bmm;vo|-ķ� &"�ĺ�
Landscape Ecologyķ� 17ķ� ƐƒƒŋƐƔƔĺ� _||rvĹņņ7obĺou]ņƐƏĺƐƏƑƒņ�ĹƐƏƐѵƔ�
ƑƑƔƏƖѶƔƕ

"&���!$������
�!��$���
�77b|bom-Ѵ� v�rrou|bm]� bm=oul-|bom� l-�� 0;� =o�m7� omѴbm;� bm� |_;�
"�rrou|bm]��m=oul-|bom�v;1|bomĺ

�o��|o�1b|;�|_bv�-u|b1Ѵ;Ĺ��-0;u��$ķ�
-_;��!$ķ�)-Ѵ;v�"�ķ�;|�-Ѵĺ�

ou;v|�v|u�1|�u;ķ�7b�;uvb|�ķ�-m7�rubl-u��ruo7�1|bom�bm�u;Ѵ-|bom�
|o�7bv|�u0-m1;�v;�;ub|�ĺ�Ecol Evol. 2020;00:1–12. _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƏƑņ;1;ƒĺѵƑƏƖ

https://doi.org/10.1038/nclimate3303
https://doi.org/10.1038/nclimate3303
https://doi.org/10.1002/ece3.3528
https://doi.org/10.1002/ece3.3528
https://doi.org/10.1111/jvs.12505
https://doi.org/10.1111/jvs.12505
https://doi.org/10.1146/annurev.es.15.110184.002033
https://doi.org/10.1146/annurev.es.15.110184.002033
https://doi.org/10.1890/14-1810.1
https://doi.org/10.14214/sf.1008
https://doi.org/10.14214/sf.1008
https://doi.org/10.1017/S0266467404001622
https://doi.org/10.1017/S0266467404001622
https://doi.org/10.1038/srep14454
https://doi.org/10.1111/jvs.12628
https://doi.org/10.1111/jvs.12628
https://doi.org/10.1038/s41559-016-0063
https://doi.org/10.1038/s41559-016-0063
https://doi.org/10.1023/A:1016522509857
https://doi.org/10.1023/A:1016522509857
https://doi.org/10.1002/ece3.6209
https://doi.org/10.1002/ece3.6209

