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u;-7;uv�|o��_;m]�;|�-Ѵĺ�Ő2020ő�=ou�lou;�|;1_mb1-Ѵ�7;|-bѴvĺ

)_bѴ;�|_;�-�|ol-|;7�7;|;1|ou�-11�u-|;Ѵ��b7;m|b=b;7�|_;�Ѵo1-|bom�
o=�lov|�uoov|vķ�b|��-v�-Ѵvo�ruom;�|o�vol;�;uuouv�bm|uo7�1;7�0��momŊ�
0boѴo]b1-Ѵ� |-u];|v�ou��mhmo�m�mobv;vĺ�$o�;mv�u;�1om=b7;m1;� bm�o�u�
7;|;1|bomvķ��;�Ő+	ķ����ķ�-m7�("ő�l-m�-ѴѴ��v1u;;m;7�-ѴѴ�7;|;1|bomv�
|o�u;lo�;�=-Ѵv;�rovb|b�;vķ�bm1Ѵ�7bm]�1om|-lbm-|bom�=uol�ru;1brb|-|bom�
-m7�-mol-Ѵo�v�ruor-]-|bomķ�-m7��;��ouh;7�|o�;mv�u;�|_-|�0o�m7Ŋ
bm]� 0o�;v� -rruorub-|;Ѵ�� ;v|bl-|;7� |_;� 0o�m7-ub;v� o=� |_;� uoov|vĺ� 
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ƓՊ |ՊՊՍ DENG et al.

��ub]ouo�v�v1u;;mbm]�ruo|o1oѴ��-v�7;�;Ѵor;7�|o�;mv�u;�1omvbv|;m1��
-lom]�|_u;;�v1u;;m;uvĺ�	�ubm]�|_;�v1u;;mbm]ķ�7-�v��b|_�lou;�|_-m�
ƔƏѷ�o=�|_;�u-7-u�7ol-bm�1om|-lbm-|;7�0��ru;1brb|-|bom�ou�-mol-Ѵo�v�
ruor-]-|bom��;u;�7bv1-u7;7ĺ�	b==;u;m|� Ѵ-0;Ѵv��;u;�1u;-|;7� =ou�7;Ŋ
|;1|bomv�o=�uoov|vĹ�momŊ�uoov|vķ��;-|_;uŊ�1om|-lbm-|;7�uoov|vķ�-molŊ
-Ѵo�v�ruor-]-|bom�uoov|vķ��mhmo�mŊ�mobv;�uoov|v�Őuoov|v��b|_�v|uom]�
v1-||;u;7��m7;=bm;7�vb]m-Ѵv�bm�|_;�0-1h]uo�m7őķ�-m7�0-7�|u-1hvĺ��-7�
|u-1hv� �;u;� 7;=bm;7� -v� 7;|;1|bom� |u-1hv� |_-|� =-bѴ;7� |o� =oѴѴo�� |_;�
|�rb1-Ѵ�uoov|�;l;u];m1;�-m7�7bv-rr;-u-m1;�r-||;umķ�v|orr;7�;-uѴ�ķ�
f�lr;7�|o�|u-1h�-mo|_;u�uoov|�ou�o|_;u�o0f;1|vķ�1om|bm�;7�|u-1hbm]�
�_;m�uoov|v�-Ѵu;-7��7bv-rr;-u;7ķ�ou�1-r|�u;7�0o�m7bm]�0o�;v�|_-|�
�;u;�|oo�Ѵ-u];�ou�|oo�vl-ѴѴĺ�$_bv�;�|;mvb�;�v1u;;mbm]�;==ou|��bѴѴ�_;Ѵr�

blruo�;�|_;�uoov|�7;|;1|bom�-Ѵ]oub|_l�r;u=oul-m1;�bm�|_;�=�|�u;ķ�-v�
�;ѴѴ�-v�ruo�b7;��v��b|_�bm=oul-|bom�o=�ro|;m|b-Ѵ�mobv;v�bm|uo7�1;7�0��
|_;�;m�buoml;m|�-m7�u-7-u�v�v|;lĺ

�=|;u� |_;� v1u;;mbm]�ruo1;vvķ��;� |;v|;7� b=� |_;�m�l0;u�o=� uoov|�
7;|;1|bomv� 7b==;u;7� 0;=ou;� -m7� -=|;u� v�r;uŊ�u;voѴ�|bom� -m7� 7�-ѴŊ�
roѴ-ub�-|bom� �r]u-7;vĺ�);� 1-Ѵ1�Ѵ-|;7� |_;�l;-m�m�l0;u� o=� �mbt�;�
uoov|� |u-1hv� 7;|;1|;7� �b|_bm� ;-1_� u-7-u� v|-|bom� -1uovv� -ѴѴ� �;-uv�
0;=ou;� -m7� -=|;u� |_;� �r]u-7;vķ� |_;m��;� 1om7�1|;7� r-bu;7� v-lrѴ;�
)bѴ1o�om� |;v|v� ŐmomŊ�r-u-l;|ub1� 7�;� |o� momŊ�moul-Ѵ� 7bv|ub0�|bomvő�
bm�!ĺ�);�7b7�mo|� =bm7�vb]mb=b1-m|�7b==;u;m1;v�0;|�;;m�ru;Ŋ��r]u-7;�
-m7� rov|Ŋ��r]u-7;� uoov|� 7;|;1|bomv� =ou� v�r;uŊ�u;voѴ�|bom� -m7� 7�-ѴŊ�
roѴ-ub�-|bom��r]u-7;v�Ő
b]�u;�"Ƒőĺ


 ��&!� �ƐՊŐ-ő��o1-|bom�o=�ƐƑ�u-7-u�v|-|bomv�-1uovv�|_;��u;-|��-h;v�u;]bomĺ�$_;�vt�-u;�0�==;u�-uo�m7�;-1_�vb|;�bm7b1-|;v�-�ƒƏƏՓ×ՓƒƏƏՓhl�
7;|;1|bom�u-m];ĺ�
o�uŊ�Ѵ;||;u�u-7-u�v|-|bom�m-l;v�u;ru;v;m|�|_;�=oѴѴo�bm]�Ѵo1-|bomvĹ��	���=�	�Ѵ�|_ķ��bmm;vo|-ĸ��� $�=��-ut�;||;ķ�
�b1_b]-mĸ���!��=��u;;m��-�ķ�)bv1omvbmĸ����*�=��bѴ�-�h;;ķ�)bv1omvbmĸ����$�=��_b1-]oķ��ѴѴbmobvĸ���)*�=�
ou|�)-�m;ķ��m7b-m-ĸ�
��!!�=��u-m7�!-rb7vķ��b1_b]-mĸ����*�=��-�Ѵou7ķ��b1_b]-mĸ��	$*�=�	;|uob|ķ��b1_b]-mĸ������=��Ѵ;�;Ѵ-m7ķ��_boĸ���&
�=���==-Ѵoķ��;��
+ouhĸ��$+*�=�=ou|�7u�lķ��;��+ouhĺ��-r�Ѵbm;v�7;Ѵbm;-|;�v|�7��-u;-v�-m7�7o�mo|�m;1;vv-ubѴ��7;rb1|�-11;r|;7�m-|bom-Ѵ�0o�m7-ub;vĺ�Ő0ő�
b�;�
v�11;vvb�;�u-7-u�u;=Ѵ;1|b�b|��bl-];v�ŐѵĹƑƓՓ��ķ�ѵĹƒƏՓ��ķ�ѵĹƒƔՓ��ķ�ѵĹƒƖՓ��ķ�ѵĹƓƔՓ��ő�=uol��	$*�v|-|bom�om�|_;�loumbm]�o=���]�v|�ƐѶķ�ƑƏƏƔķ�
v_o�bm]�7;|;1|bom�0o�m7bm]�0o�;v�-uo�m7�;-1_�uoov|ĺ
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ՊՍՊ |ՊƔDENG et al.

ƑĺƒՊ |Պ !-7-u�7-|-�ruo1;vvbm]

$o�;v|bl-|;�|_;�m�l0;u�o=�v�-ѴѴo�v�-m7�l-u|bmv��b|_bm�;-1_�uoov|ķ�
�;�;�|u-1|;7�|_;�u-��u;=Ѵ;1|b�b|��=-1|ou��-Ѵ�;v�=uol��;�;Ѵ�����;-|_;u�
u-7-u� 7-|-� -m7� |u-mvѴ-|;7� b|� bm|o� |_;� m�l0;u� o=� 0bu7v� Ő�_bѴvom�
;|� -Ѵĺķ�2012ĸ�	b;_Ѵ�;|� -Ѵĺķ�2003ĸ�	oh|;u�;|� -Ѵĺķ�2011ĸ��-�|_u;-���ş�
�;Ѵv;uķ�ƐƖƖѶĸ��;0�Ѵomb�;|�-Ѵĺķ�ƑƏƏѶőĺ�"r;1b=b1-ѴѴ�ķ��;�1om�;u|;7�u-7-u�
u;=Ѵ;1|b�b|�� =-1|ou�Z� Ő7�,ő� |o� u-7-u� u;=Ѵ;1|b�b|�� !� Ő1l2ņhl3ő� bm� |_;�
Ѵbm;-u�v1-Ѵ;ķ��_b1_�bv�7bu;1|Ѵ��u;Ѵ-|;7�|o�|_;�7;mvb|��o=�0bov1-||;u;uvķ�
using

where ! = 10log10

(
103"5|

|Km
|
|
2
∕#4

)
� �b|_� ||Km

|
|
2
= 0.93� =ou� Ѵbt�b7�

�-|;uķ�!0 = 1 cm2 ∕km3 and ! = 10.71 cm�Ő|�rb1-Ѵ��-Ѵ�;�=ou�)"!Ŋ�ѶѶ	�
"Ŋ�0-m7ĸ��-�;Ѵ;m]|_�o=�|_;v;�ƐƑ�u-7-uv�u-m];v�=uol�ƐƏĺƏƑ�|o�ƐƐĺƏƖՓ1lőĺ

��urѴ;��-u|bmv�-u;�|_;� Ѵ-u];v|�vr;1b;v� bm�Hirundinidae� =-lbѴ�� bm�
�ou|_��l;ub1-ķ�vo��;��v;7�b|v�u-7-u�1uovv�v;1|bom�Ő!�"ő�|o�ruo7�1;�
1omv;u�-|b�;�;v|bl-|;v�o=�|_;�m�l0;u�o=�0bu7vĺ��vv�lbm]�-ѴѴ�0bu7v�-u;�
�mb=oulѴ��7bv|ub0�|;7��b|_bm�|_;�u-7-u�v-lrѴbm]��oѴ�l;�-m7��vbm]�-�
!�"�=ou���urѴ;��-u|bmv�o=�ƐѵĺƑՓ1l2�-11ou7bm]�|o�|_;�Ѵbm;-u�u;Ѵ-|bomŊ
v_br� 0;|�;;m� 0bu7�l-vv� -m7� u-7-u� 1uovv� v;1|bom� Ő�ou|omķ��bѴvvomķ�
;|�-Ѵĺķ�ƑƏƐƖĸ��ou|omķ�(-m�	ou;mķ�;|�-Ѵĺķ�ƑƏƐƖőĹ

-m7�l;-m�r�urѴ;�l-u|bm�l-vv�o=�ƔƐՓ]�Ő	�mmbm]ķ�ƑƏƏƕőķ��;�1-Ѵ1�Ѵ-|;7�-�
m�l0;u�7;mvb|��Dbio�-m7�m�l0;u�o=�0bu7v�r;u�uoov|�Nbio�=ou�;-1_�uoov|�
7;|;1|bom�-|�;-1_�|bѴ|��vbm]

where Vrad�bv�|_;��oѴ�l;�o=�-��o�;Ѵķ��_b1_�bv�-�v-lrѴbm]��mb|�bm�-�|_u;;Ŋ�
7bl;mvbom-Ѵ�1om;�1�|�0��|�o�r-u-ѴѴ;Ѵ�rѴ-m;v�ƑƔƏՓl�-r-u|ĺ�);�1-Ѵ1�Ѵ-|;7�
|_;��oѴ�l;�o=�;-1_��o�;Ѵ�o=�|_;�u-7-u�v-lrѴbm]��oѴ�l;�0��-vv�lbm]�-�
ƐŦ�v�ll;|ub1�1bu1�Ѵ-u�1omb1-Ѵ�0;-l��b7|_�=ou�Ѵ;]-1�Ŋ�u;voѴ�|bom�v1-mv�
Ő0;=ou;� |_;� ƑƏƏƕŋ�ƑƏƏѶ� "�r;u� !;voѴ�|bom� �r]u-7;őķ� -m7� -m� ;ѴѴbr|b1-Ѵ�
1omb1-Ѵ� v_-r;� o=� ƐŦ� �;u|b1-Ѵ� 0;-l� �b7|_� -m7� ƏĺƔŦ� _oub�om|-Ѵ� 0;-l�
�b7|_�=ou�v�r;uŊ�u;voѴ�|bom�v1-mv�Ő$ouu;vķ�ƑƏƏƕőĺ��-v|Ѵ�ķ��;�v�ll-ub�;7�
|_;�1�l�Ѵ-|b�;�m�l0;u�o=�0bu7v�0;Ѵo��|_;�_;b]_|�o=�ƔƏƏƏՓl�0��-77Ŋ
bm]��r�|_;�-�;u-];7�0bu7�1o�m|v�bm�;-1_�v|-m7-u7b�;7�;Ѵ;�-|bom�-m]Ѵ;�
0bm�ŐƐŊ�7;]u;;�bm|;u�-Ѵőĺ��ѴѴ�u-7-u�7-|-�ruo1;vvbm]��-v�7om;�bm���|_om�
Ő�;uvbom�ƒĺƖĺƓő��vbm]�PyArt and pywsrlib�r-1h-];v�-m7�!�Ő�;uvbom�ƓĺƏĺƑőĺ

ƑĺƓՊ |Պ �-m|b=�bm]�r_;moѴo]b1-Ѵ�|u;m7

);�;�rѴou;7�r_;moѴo]b1-Ѵ�|u;m7v�-|�|_u;;�vr-|b-Ѵ� Ѵ;�;ѴvĹ�r;uvbv|;m|�
Ѵo1-Ѵ� uoov|� 1Ѵ�v|;uvķ� u-7-u� v|-|bomvķ� -m7� |_;� �u;-|� �-h;v� u;]bomĺ�

!oov|�1Ѵ�v|;uv��;u;�];m;u-|;7�0��-�l;-m�v_b=|�1Ѵ�v|;ubm]�-Ѵ]oub|_l�
Ő�;7u;]ov-� ;|� -Ѵĺķ� 2011ő� �vbm]� o�u� uoov|� |u-1h� 7;|;1|bomvķ� �_b1_�
1-Ѵ1�Ѵ-|;7� 7;mvb|�Ŋ�0-v;7� 1Ѵ�v|;uv� �_bѴ;� l-bm|-bmbm]� -� lbmbl�l�
v_-r;�Ő�;Ѵo||b�;|�-Ѵĺķ�in reviewőĺ�
buv|�7;|;1|bom�robm|v�bm1Ѵ�7;7�bm�|_;�
v-l;�1Ѵ�v|;u�u;ru;v;m|�-�u;]bom�1omvbv|;m|Ѵ���v;7�0��v�-ѴѴo�v�-m7�
l-u|bmv�|o�uoov|�bm�-�Ѵo1-Ѵ�u;]bomķ�|_�v�7;=bm;7�-v�-�uoov|�1Ѵ�v|;uĺ�);�
7;=bm;7�r;uvbv|;m|�uoov|v�-v�|_ov;�|_-|�_-7�uoov|bm]�-1|b�b|��bm�ƖƏѷ�
ou�lou;�o=�-�-bѴ-0Ѵ;��;-uv�Őbĺ;ĺķ�>ƐѶՓ�;-uvőĺ�);�;�1Ѵ�7;7�v|-|bomŊ��;-uv�
ou� uoov|Ŋ��;-uv� |_-|� _-7� =;�;u� |_-m� ƐƏՓ7-�v� �b|_� uoov|� 7;|;1|bomv�
=uol� |_;�-m-Ѵ�vbvĺ�
oѴѴo�bm]� |_;�l-m�-Ѵ� v1u;;mbm]ķ��;� =bѴ|;u;7� =ou�
7;|;1|bomv� Ѵ-0;Ѵ;7�-v� swallow- roosts� -m7�;�1Ѵ�7;7�7;|;1|bomv��b|_�
-ѴѴ� o|_;u� Ѵ-0;Ѵv� Ő;ĺ]ĺķ� bad track, weather contaminationķ� ;|1ĺőĺ� $o�
1-Ѵ1�Ѵ-|;�|_;�7-bѴ��0bu7�1o�m|�=ou�;-1_�v|-|bomŊ��;-uķ��;�7;ub�;7�|_;�
l;-m�m�l0;u�o=�0bu7v�=ou�;-1_�uoov|�|u-1hķ�|_;m�v�ll;7��r�-ѴѴ�|_;�
0bu7v�=uol�-ѴѴ�uoov|v�7;|;1|;7�bm�-�7-���b|_bm�-�v|-|bomĺ�);�;�1Ѵ�7;7�
|_;� 7-�v� =uol� |_;� -m-Ѵ�vbv� b=� |_;u;� �-v� lou;� |_-m� ƔƏѷ� �;-|_;u�
1om|-lbm-|bom� bm� |_;� u-7-u� v1-mmbm]� -u;-ķ� bm|;mv;� -mol-Ѵo�v�
ruor-]-|bomķ� ou� |_;� v-lrѴbm]� r;ubo7� o=� |_;� 7-�� �-v� Ѵ;vv� |_-m�
ƐƏƏՓlbm�|;vĺ�	-�v��b|_o�|� -m�� 7;|;1|bomv� -m7� mo|� ;�1Ѵ�7;7� =uol�
|_;�-m-Ѵ�vbv��;u;�=bѴѴ;7�-v�|u�;��;uovĺ

$o� ;v|bl-|;� ro|;m|b-Ѵ� 1_-m];v� bm� 7b==;u;m|� uoov|bm]� r_;moѴo]��
v|-];v�-|�r;uvbv|;m|�uoov|�1Ѵ�v|;u�-m7�u-7-u�v|-|bom�v1-Ѵ;vķ��;�=buv|�
�v;7� -� ];m;u-Ѵb�;7� -77b|b�;�lo7;Ѵ� Ő���ő� =b|� |o� ;-1_� v|-|bomŊ��;-u�
-m7�uoov|Ŋ��;-u�|o�lo7;Ѵ�|_;�uoov|bm]�-1|b�b|��|_uo�]_o�|�-�uoov|bm]�
v;-vomķ��vbm]�!�r-1h-];�mgcv�Ő)oo7ķ�2011őĺ�);�1omv|u�1|;7����v�
�b|_�7-bѴ��0bu7�1o�m|v�-v�|_;�u;vromv;��-ub-0Ѵ;�-m7�7-��o=��;-u�Ő	�+ő�
-v� |_;� bm7;r;m7;m|��-ub-0Ѵ;��b|_� |_;� vloo|_bm]�r-u-l;|;u� Őhő� v;|�
|o�Ɣ��vbm]�-�t�-vbŊ��obvvom�1ouu;1|bom� =ou�o�;u7bvr;uvbomķ��b|_� thin 
plate regression splines (tp)�vloo|_�|;ul�-m7�REML�vloo|_bm]�r-u-lŊ
;|;u�;v|bl-|bom�l;|_o7ĺ�);��v;7�|_bv�lo7;Ѵ�1omv|u�1|bom�|o�ru;7b1|�
1o�m|v�|_uo�]_o�|�|_;�v;-vomĺ�
uol�|_;v;�ru;7b1|;7�1o�m|vķ��;�1-ѴŊ
1�Ѵ-|;7� |_;�ƐƏ|_ķ�ƑƔ|_ķ�ƔƏ|_ķ�ƕƔ|_ķ� -m7�ƖƏ|_�r;u1;m|bѴ;�7-|;v�-m7�
l;-m�7-|;v�-v�r_;moѴo]��;v|bl-|;v� vbm1;��;��-m|� |o�1-r|�u;� |_;�
r_;moѴo]b1-Ѵ� |u;m7�-|�7b==;u;m|� v|-];v�o=� uoov|bm]ĺ��-1_�r;u1;m|bѴ;�
7-|;� bv� |_;�=buv|�7-|;�0���_b1_�-�1;u|-bm�r;u1;m|�o=�|_;�1�l�Ѵ-|b�;�
0bu7�1o�m|�_-v�0;;m�u;-1_;7ĺ�);�-Ѵvo�bm1Ѵ�7;7�|_;�l;-m�7-|;�vbm1;�
;v|bl-|bm]�|u;m7��vbm]�l;-m�7-|;�bv�o=|;m�lov|�-11�u-|;ķ�-v��;ѴѴ�-v�
uo0�v|�|o��-ub-|bom�bm�v-lrѴ;�vb�;v�Ő�o�vv�v�;|�-Ѵĺķ�2010őĺ�$_;�l;-m�
7-|;� bv� 1-Ѵ1�Ѵ-|;7� -v� |_;�l;-m�r-vv-];�7-|;��;b]_|;7�0�� |_;�0bu7�
1o�m|v� -|� ;-1_�7-|;�o�;u� |_;��_oѴ;� v-lrѴbm]�r;ubo7�o=� -� �;-uĺ�$o�
;�|u-1|�;-1_�r_;moѴo]��;v|bl-|;v�-|� |_;��u;-|��-h;v� u;]bom� Ѵ;�;Ѵķ�
�;�1-Ѵ1�Ѵ-|;7��;b]_|;7�r-vv-];�7-|;v��vbm]�v|-|bom�Ѵ;�;Ѵ�r_;moѴo]��
;v|bl-|;v��;b]_|;7�0��Ѵo]Ŋ�|u-mv=oul;7�1�l�Ѵ-|b�;�r-vv-];�bm�;-1_�
�;-uĺ� $-hbm]� �;-u� -v� -m� bm7;r;m7;m|� v-lrѴbm]� �mb|ķ� �;� |;v|;7� =ou�
Ѵom]Ŋ�|;ul�|u;m7v�=ou�r_;moѴo]���vbm]�-�Ѵbm;-u�u;]u;vvbom�lo7;Ѵ�-|�-ѴѴ�
|_u;;�7b==;u;m|�v1-Ѵ;vĺ�$o�1olr-u;�|_;�Ѵom]Ŋ�|;ul�r_;moѴo]��|u;m7v�
|o�|_;�u;v�Ѵ|v�=o�m7�bm�o|_;u�Ѵb|;u-|�u;�Ő�ou|om�;|�-Ѵĺķ�2020őķ��;�1omŊ
7�1|;7�-�momŊ�r-u-l;|ub1�)bѴ1o�om�|;v|� Ővl-ѴѴ� v-lrѴ;�vb�;�-m7�mo|�
moul-ѴѴ��7bv|ub0�|;7ő�=ou�r-bu;7�v-lrѴ;v�|o�-vv;vv�b=�|_;�r_;moѴo]��
|u;m7v�-u;�vb]mb=b1-m|Ѵ��7b==;u;m|�-1uovv�|_;��u;-|��-h;v�u;]bomĺ

$_;�7bv|ub0�|bomv�o=�r;-h�uoov|bm]�-1|b�b|��7-|;v�-1uovv�v|-|bomv�
�;u;� |;v|;7� =ou� moul-Ѵb|�� �vbm]� |_;� "_-rbuoŋ�)bѴh� |;v|ĺ� "bm1;� |_;�
_�ro|_;vbv�o=�moul-Ѵb|���-v�mo|�l;|� =ou� -ѴѴ� |_;� v|-|bomvķ��;��v;7�

!
[
dB

]
= Z

[
dBZ

]
+ " ,

!
[
dB

]
= 10∗ log10

(
!
[
cm2 ∕km3

]
∕!0

)
,

log10(cross − section) = 0.670∗ log10(bodymass)

Dbio = ! ∕"

Nbio = Dbio ∗Vrad
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ѵՊ |ՊՊՍ DENG et al.

momŊ�r-u-l;|ub1�|;v|v�Ő�u�vh-Ѵŋ�)-ѴѴbv�|;v|�-m7�
Ѵb]m;uŊ��bѴѴ;;m�|;v|�o=�
_olo];m;b|��o=��-ub-m1;vő�|o�|;v|�=ou�7b==;u;m1;v�bm�l;-mv�-m7��-ubŊ
-m1;v�o=�|_;�r;-h�uoov|bm]�-1|b�b|��|blbm]�-1uovv�v|-|bomvĺ

ƑĺƔՊ |Պ�bu�|;lr;u-|�u;�-v�-m�bm7b1-|ou�o=�
phenology change

$o� ;�-lbm;� |_;� -vvo1b-|bom� 0;|�;;m� -bu� |;lr;u-|�u;� -m7� -;ub-Ѵ�
bmv;1|b�ou;�uoov|bm]�r_;moѴo]�ķ��;��v;7�-bu�|;lr;u-|�u;�ƑՓl�-0o�;�
]uo�m7�ŐŦ�ő�]ub77;7�-|�ƒƑŊ�hl�=uol�������ou|_��l;ub1-m�!;]bom-Ѵ�
!;-m-Ѵ�vbv� Ő��!!ő� 7-|-� -u1_b�;� Ő_||rvĹņņrvѴĺmo--ĺ]o�ņ7-|-ņ]ub77�
;7ņ7-|-ĺm-uuĺ_|lѴőķ��_b1_�bv�-�-bѴ-0Ѵ;�=uol�ƐƖƕƖ�|o�|_;�ru;v;m|�-m7�
l;-v�u;7�Ѷ�|bl;v�7-bѴ�ĺ�);�1-Ѵ1�Ѵ-|;7�|_;�7-bѴ��l;-m�|;lr;u-|�u;�
=ou� |_;� ;m|bu;� v|�7�� u;]bom� -m7� �b|_bm� |_;� ƐƔƏՓhl� 0�==;u� -u;-�
-uo�m7�;-1_�v|-|bom�7�ubm]�|_;�-1|b�;�uoov|bm]�lom|_v�Ő��Ѵ��Ɛv|�|o�
";r|;l0;u�ƒƏ|_őĺ�";-vom-Ѵ�l;-mv�o=�l;-m�|;lr;u-|�u;v��;u;�|_;m�
1-Ѵ1�Ѵ-|;7�=ou�;-1_��;-u�-m7�;-1_�v|-|bomĺ�$o�t�-m|b=��|_;�|u;m7�bm�
v�u=-1;�-bu�|;lr;u-|�u;ķ��;��v;7�-�Ѵbm;-u�u;]u;vvbom��b|_��;-u�-m7�
u-7-u��	�-v�=b�;7�;==;1|v�=ou�u;]bom�Ѵ;�;Ѵ�-m-Ѵ�vbvķ�-m7��;-u�-v�=b�;7�
;==;1|� =ou� v|-|bom� Ѵ;�;Ѵ� -m-Ѵ�vbvĺ� $o� |;v|� b=� v�u=-1;� -bu� |;lr;u-|�u;�
�-v�ru;7b1|b�;�o=�uoov|bm]�r_;moѴo]��bm|;u-mm�-Ѵ��-ub-|bomvķ��;�=b|�
Ѵbm;-u�u;]u;vvbomv�=ou�;-1_�v|-|bom�-m7�|_;��_oѴ;�u;]bom��vbm]�-ѴѴ�vb��
r_;moѴo]��;v|bl-|;v�|o�u;Ѵ-|;�uoov|bm]�r_;moѴo]��|o�-bu�|;lr;u-|�u;ĺ�
$o� ;�-lbm;� |_;� u;Ѵ-|bomv_br� 0;|�;;m� |u;m7v� bm� |;lr;u-|�u;� -m7�
uoov|bm]�r_;moѴo]�ķ��;�1om7�1|;7�Ѵbm;-u�u;]u;vvbom�-m-Ѵ�vbv�-|�|_;�
v|-|bom�Ѵ;�;Ѵĺ��ѴѴ�-m-Ѵ�v;v��;u;�1om7�1|;7�bm�!�Ő�;uvbom�ƓĺƏĺƑőĺ

ƒՊ |Պ !�"&�$"

ƒĺƐՊ |Պ	;v1ubr|bomv�o=�-;ub-Ѵ�bmv;1|b�ou;�uoov|bm]�
phenology

);�v-lrѴ;7�ƒƐƖƑ�loumbm]v�=ou�ƐƑ�u-7-u�v|-|bomv�-1uovv�|_;��u;-|�
�-h;v� !;]bom� =uol� ƑƏƏƏ� |o� ƑƏƑƏĺ� �m� |o|-Ѵķ� �;� ruo1;vv;7� -m7�
v1u;;m;7� ƖƓƏķѵƓƐ� u-7-u� v1-mvķ� �b|_bm� �_b1_� �;� o0|-bm;7� ѵƕķƑƕƒ�
7;|;1|bomv� o=� uoov|vķ� ]uo�r;7� bm|o� ƐѵķƑƑƑ� |u-1hv� ŐmomŊ�7�rѴb1-|;7ő�
0�� |_;�l-1_bm;� Ѵ;-umbm]� -Ѵ]oub|_lĺ� �1uovv� |_bv� r;ubo7ķ� ѶƔĺƒƑѷ� o=�
|_;�|o|-Ѵ�|u-1hv��;u;�b7;m|b=b;7�-v�v�-ѴѴo��-m7�l-u|bm�uoov|v�ŐmomŊ�
1om|-lbm-|;7� -m7��;ѴѴ� |u-1h;7őĺ� �-1_� v|-|bomŊ��;-u� _-7� -�l;-m� o=�
ѵƏĺƓ��mbt�;�uoov|�|u-1hv�7;|;1|;7�Ő"	�=�ƓƒĺƑőĺ�"ol;�l-u|bm�uoov|v�
�;u;�7bv1-u7;7�bm�|_;�-m-Ѵ�vbv�7�;�|o�-mol-Ѵo�v�ruor-]-|bom�ŐƏĺѵѷőķ�
blr;u=;1|� |u-1hbm]� ŐƒĺѶѷőķ� �mhmo�m� mobv;� Őƕĺƒѷőķ� -m7� �;-|_;u�
1om|-lbm-|bom� ŐƑĺƖѷőĺ� �=|;u� =bѴ|;ubm]� o�|� |_;� �;-uv� �b|_� uoov|�
7;|;1|bomv�om�=;�;u�|_-m�ƐƏՓ7-�vķ��;�;�1Ѵ�7;7�u-7-u�v|-|bom��� $�
ŐѴo1-|;7�-|��-ut�;||;ķ��b1_b]-mő� =uol�|_;�-m-Ѵ�vbv�vbm1;� b|�7b7�mo|�
l;;|�|_bv�1ub|;ubomĺ

"�-ѴѴo�� -m7� l-u|bm� uoov|bm]� -1|b�b|�� Ől;-m� 7-bѴ�� 0bu7� 1o�m|�
-1uovv� -ѴѴ� v|-|bomv� -m7� �;-uvő� bm1u;-v;7� =uol� ;-uѴ�� ��]�v|� ŒƐƏѷ�
r-vv-];�7-|;Ĺ�ƑƐƑՓ±ՓƕĺƕѶ�Ő±"	ő�	�+ĸ�ƑƔѷ�r-vv-];�7-|;Ĺ�ƑƑƏՓ±ՓƔĺѶƖ�
Ő±"	ő�	�+œķ�r;-h;7� bm�lb7Ŋ���]�v|� ŒƔƏѷ�r-vv-];�7-|;Ĺ�ƑƑƕՓ±ՓƔĺѵƖ�
Ő±"	ő�	�+ĸ�l;-m�7-|;Ĺ�ƑƑƕՓ±ՓƓĺѵѵ�Ő±"	ő�	�+œķ�-m7�|_;m�7;1Ѵbm;7�bm�

Ѵ-|;���]�v|�ŒƕƔѷ�r-vv-];�7-|;Ĺ�ƑƒƓՓ±ՓѵĺƑƐ�Ő±"	ő�	�+ĸ�ƖƏѷ�r-vv-];�
7-|;Ĺ�ƑƓƏՓ±ՓƕĺƑƏ�Ő±"	ő�	�+œ�bm�|_;��u;-|��-h;v�u;]bom�Ő
b]�u; 2a,bőĺ�
�;-mv� bm� r;-h� uoov|bm]� -1|b�b|�� 7-|;v� 7b7� mo|� 7b==;u� -1uovv� v|-Ŋ
|bomv�Ő
b]�u; 2cķ��u�vh-ѴŊ�)-ѴѴbv�|;v|Ĺ�1_bŊ�vt�-u;7�=�ƖĺƑƏѵƔķ�df = 10,  
pŊ��-Ѵ�;�=�ĺƔƐƑѵőķ�_o�;�;uķ��-ub-m1;v�bm�r;-h�uoov|bm]�-1|b�b|��7-|;v�
7b==;u;7�-1uovv�v|-|bomv�Ő
b]�u; 2cķ�
Ѵb]m;uŊ��bѴѴ;;m�|;v|�o=�_olo];Ŋ
m;b|��o=��-ub-m1;vĹ�1_bŊ�vt�-u;7�=�ƐƖĺѶƏƑķ�df = 10, pŊ��-Ѵ�;�=�ĺƏƒƐƐѶőĺ�
$o�;�-lbm;�|_;�r-buŊ��bv;�1ouu;Ѵ-|bomv�0;|�;;m�ƔƏ|_�r;u1;m|bѴ;�r-vŊ
v-];�7-|;�-|�;-1_�v|-|bomķ��;�1-Ѵ1�Ѵ-|;7��;-uvomŝv�1ouu;Ѵ-|bom�1o;==bŊ
1b;m|vĺ�);�=o�m7�|_-|�|_;�|blbm]�o=�;�;m|v��-v�rovb|b�;Ѵ��1ouu;Ѵ-|;7�
�b|_�;-1_�o|_;u�-|�l-foub|��o=�|_;�v|-|bomv�-m7�-ѴѴ�vb]mb=b1-m|�Őp <ՓĺƏƔő�
1ouu;Ѵ-|bomv��;u;�rovb|b�;�Ő
b]�u; 3ĸ�
b]�u;�"ƒőĺ

ƒĺƑՊ |Պ �_-m];v�bm�r_;moѴo]��-|�|_u;;�7b==;u;m|�
spatial scales

�|�|_;�u;]bom-Ѵ�v1-Ѵ;ķ��;�=o�m7�|_-|�-1uovv�ƑƐՓ�;-uvķ�v�-ѴѴo�v�-m7�
l-u|bmv� =oul;7� ru;Ŋ�lb]u-|ou�� uoov|v� bm� |_;� �u;-|� �-h;v� u;]bom�
-rruo�bl-|;Ѵ��ƑĺƑѵՓ±ՓƑĺƑƒՓ7-�v�;-uѴb;u�r;u�7;1-7;�Ő1o;==b1b;m|Փ±ՓƖƔѷ�
��ķ� p =ՓĺƏƓƕő� =ou� r;-h� uoov|bm]� -1|b�b|�� 7-|;� Ő
b]�u; 4őĺ� "blbѴ-u�
-7�-m1;v��;u;�v_o�m� bm� |_;�l;-m�7-|;�l;|ub1v� Ő1o;==b1b;m|Փ±ՓƖƔѷ�
���=�ƴƑĺƑƒՓ±ՓƑĺƏƏՓ7-�v�7;1-7;ƴƐ, p =ՓĺƏƒƏőķ�ƕƔѷ�r-vv-];�7-|;�l;|ub1v�
Ő1o;==b1b;m|Փ±ՓƖƔѷ� ��� =� ƴƒĺƐƏՓ±ՓƑĺƔƐՓ7-�v� 7;1-7;ƴƐ, p =ՓĺƏƐѶő� -m7�
ƖƏѷ�r-vv-];�7-|;�l;|ub1v�Ő1o;==b1b;m|Փ±ՓƖƔѷ����=�ƴƓĺƏƖՓ±ՓƒĺѵƕՓ7-�v�
decadeƴƐ, p =ՓĺƏƒƐőĺ� �o�;�;uķ� �;� 7b7� mo|� v;;� vb]mb=b1-m|� |u;m7v�
=ou� ƐƏѷ� -m7� ƑƔѷ� 7-|;vĺ���u� r_;moѴo]�� |u;m7v��;u;� vb]mb=b1-m|Ѵ��
7b==;u;m|� 0;|�;;m� |_bv� v|�7�� -m7� -� ru;�bo�v� v|�7�� om� mo1|�um-Ѵ�
-�b-m�lb]u-|bom�Ő�ou|om�;|�-Ѵĺķ�2020ő�-1uovv�|_;��u;-|��-h;v�u;]bom�
Ő)bѴ1o�om� |;v|� =ou� r-bu;7� v-lrѴ;vķ� pŊ��-Ѵ�;� <ĺƏƔķ� (Ŋ�v|-|bv|b1� =� Ɩķ�
n =�ƐƐőĺ��|�|_;�v|-|bom�v1-Ѵ;ķ��;�=o�m7�vb]mb=b1-m|�-7�-m1;l;m|v�bm�
r;-h� uoov|bm]� -1|b�b|�� 7-|;v� bm�ƒ�o�|� o=� ƐƐ� v|-|bomvķ��b|_� |_;� u-|;�
o=� 1_-m];� �-u�bm]� 0;|�;;m� ƴѶĺƑ� |o� ƴƓĺƔՓ7-�v� 7;1-7;� ƴƐ� Őp <ՓĺƏƔőĺ�
�|� |_;� Ѵo1-Ѵ� r;uvbv|;m|� uoov|� v1-Ѵ;ķ��;�7b7�mo|� =bm7�-m�� vb]mb=b1-m|�
r_;moѴo]b1-Ѵ�v_b=|v�=ou�r;-h�uoov|bm]�-1|b�b|��7-|;�Őn =�Ɛѵőĺ

ƒĺƒՊ |Պ�vvo1b-|bom�0;|�;;m�-bu�|;lr;u-|�u;�
changes and phenological changes

�bu�|;lr;u-|�u;�-|�Ƒ�l�-0o�;�]uo�m7�Ѵ;�;Ѵ�7�ubm]�|_;�-1|b�;�uoov|bm]�
lom|_v�Ő��Ѵ��|o�";r|;l0;uő�bm1u;-v;7�o�;u�|_;�r-v|�|�o�7;1-7;v�-|�
|_;��u;-|��-h;v�u;]bom�Ő;v|bl-|;�±ƖƔѷ����=�ƏĺƔѶՓ±ՓƏĺƐѶ�Ŧ��7;1-7;ƴƐ; 
pŊ��-Ѵ�;�<ĺƏƏƐő�-m7��-ul;7��r�vb]mb=b1-m|Ѵ��-|�ƓƐĺƕѷ�o=�|_;�v|-|bomv�
ŐƔ�o�|�o=�ƐƑ�v|-|bomvőķ��-u�bm]�0;|�;;m�Əĺѵƕ�-m7�ƏĺѶƏ�Ŧ��7;1-7;ƴƐ 
ŐpŊ��-Ѵ�;�<ĺƏƔőĺ

);�1olr-u;7�r_;moѴo]��l;|ub1v�|o�l;-m�-bu�|;lr;u-|�u;�-|�v|-Ŋ
|bom�-m7�u;]bom-Ѵ�v1-Ѵ;vķ��vbm]�|_;�ƐƏ|_ķ�ƑƔ|_ķ�ƔƏ|_ķ�ƕƔ|_ķ�-m7�ƖƏ|_�
r;u1;m|bѴ;�r-vv-];�7-|;vķ�-m7�l;-m�7-|;�|o�1-r|�u;�-ѴѴ� |_;�r_-v;v�
o=�|_;�uoov|bm]�0;_-�bouĺ��|�u;]bom�v1-Ѵ;ķ�u;]bom-Ѵ�7-bѴ��l;-m�|;lŊ
r;u-|�u;��-v�mo|�-�vb]mb=b1-m|�ru;7b1|ou�=ou�-m��o=�|_;�r_;moѴo]b1-Ѵ�
;v|bl-|ouv�ŐƐƏѷ�r-vv-];�7-|;Ĺ�vѴor;�=�ƴƏĺƏƐƏķ�p =ՓĺƖƓƓĸ�ƑƔѷ�r-vv-];�
7-|;Ĺ�vѴor;�=�ƴƏĺƐƏѶķ�p =ՓĺƕѶƖĸ�ƔƏѷ�r-vv-];�7-|;Ĺ�vѴor;�=�ƴƏĺƔƏƐķ�
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ՊՍՊ |ՊƕDENG et al.

p =ՓĺƑѶƒĸ�l;-m�7-|;Ĺ� vѴor;�=� ƴƏĺƐƕƑķ�p =ՓĺѵƖƑĸ�ƕƔѷ�r-vv-];�7-|;Ĺ�
vѴor;�=�ƴƏĺƑƐƓķ�p =Փĺƕƒƕĸ�ƖƏѷ�r-vv-];�7-|;Ĺ�vѴor;�=�ƏĺƑƔƒķ�p =ՓĺƕѵƔőĺ�
�|�v|-|bom�v1-Ѵ;ķ�v|-|bom�7-bѴ��l;-m�|;lr;u-|�u;��-v�-Ѵvo�mo|�ru;7b1Ŋ
|b�;�o=�uoov|�r_;moѴo]�ĺ�"bm1;��;�7b7�mo|�7;|;1|�-�vb]mb=b1-m|�r_;moѴŊ
o]��|u;m7�-|�|_;�r;uvbv|;m|�uoov|�v1-Ѵ;ķ��;�7b7�mo|�;�rѴou;�|_;�;==;1|�
o=�-bu�|;lr;u-|�u;�om�r_;moѴo]��-|�uoov|�v1-Ѵ;ĺ

�o�;�;uķ� �;� =o�m7� |_-|� |;lr;u-|�u;� |u;m7v� rovb|b�;Ѵ�� 1ouŊ
u;Ѵ-|;7��b|_� |_;� |u;m7v� bm� uoov|bm]� r_;moѴo]�� ƕƔѷ� r-vv-];� 7-|;v�
Ő1o;==b1b;m|Փ±ՓƖƔѷ����=�ƏĺƏƒƏՓ±ՓƏĺƏƑƓķ�pŊ��-Ѵ�;�=�ĺƏƐƖƕķ�FŒƖœ�=�ѶĺƏƐƔő�
-m7� ƖƏѷ� r-vv-];� 7-|;v� Ő1o;==b1b;m|Փ±ՓƖƔѷ� ��� =� ƏĺƏƑƑՓ±ՓƏĺƏƐѶķ� 
pŊ��-Ѵ�;�=� ĺƏƑƏѶķ� FŒƖœ�=� ƕĺѶƑѵőķ� 0�|� �;u;� mo|� 1ouu;Ѵ-|;7� �b|_� o�u�
o|_;u� r_;moѴo]b1-Ѵ� ;v|bl-|ouvķ� =ou� ;�-lrѴ;� ƔƏѷ� r-vv-];� 7-|;v� 
ŐpŊ��-Ѵ�;�=�ĺƑѵƕķ�FŒƖœ�=�ƐĺƒƖƖőĺ

ƓՊ |Պ	�"�&""���
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