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$EVWUDFW�
:LOGILUH�VKDSHV�WKH�ERUHDO�HFRV\VWHP�LQ�ZHVWHUQ�&DQDGD�DQG�WKHUHE\�HQKDQFHV�DQG�GLPLQLVKHV�

LPSRUWDQW�EUHHGLQJ�KDELWDW�IRU�PDQ\�VRQJELUG�VSHFLHV��7ZR�DVSHFWV�RI�ZLOGILUH��EXUQ�VHYHULW\�DQG�WLPH�

VLQFH�ILUH��IXQGDPHQWDOO\�DOWHU�WKH�IRUHVW�VWUXFWXUH�WKDW�VRQJELUGV�XVH��7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�

WR�WHVW�WKH�HIIHFWV�RI�EXUQ�VHYHULW\��FRQWURO��XQEXUQHG��ORZ��PHGLXP��DQG�KLJK��RQH�DQG�WZR�\HDUV�SRVW�

ILUH�DQG�WLPH�VLQFH�ILUH����WR�!���\HDUV�SRVW�ILUH��RQ�VRQJELUGV�LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��

6SHFLILFDOO\��,�TXDQWLILHG�FKDQJHV�LQ�VSHFLHV�ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��IXQFWLRQDO�GLYHUVLW\��

DQG�VSHFLHV�VSHFLILF�UHVSRQVHV�LQ�XSODQGV�DQG�SHDWODQGV�XVLQJ�GDWD�IURP�����VDPSOLQJ�VWDWLRQV�XVLQJ�

DXWRQRPRXV�UHFRUGLQJ�XQLWV��$58V���6SHFLHV�ULFKQHVV�DQG�IXQFWLRQ�GLYHUVLW\�ZHUH�LQYHUVHO\�UHODWHG�WR�

EXUQ�VHYHULW\��&RPPXQLW\�FRPSRVLWLRQ�FRQYHUJHG�EHWZHHQ�XSODQGV�DQG�SHDWODQGV�ZKHQ�EXUQ�VHYHULW\�

ZDV�KLJK��%RWK�VSHFLHV�ULFKQHVV�DQG�IXQFWLRQDO�GLYHUVLW\�ZHUH�VLJQLILFDQWO\�ORZHU�RQH�\HDU�SRVW�ILUH�

FRPSDUHG�WR�FRQWUROV��!���\HDUV�SRVW�ILUH���6SHFLHV�ULFKQHVV�ZDV�KLJKHU�WKDQ�XQEXUQHG�FRQWUROV�

EHWZHHQ���DQG����\HDUV�SRVW�ILUH��ZKLOH�IXQFWLRQDO�GLYHUVLW\�VKRZHG�QR�RWKHU�VLJQLILFDQW�FKDQJHV�ZLWK�

WLPH�VLQFH�ILUH��7KHUH�ZDV�QR�VKLIW�LQ�FRPPXQLW\�FRPSRVLWLRQ�ZLWK�LQFUHDVLQJ�WLPH�VLQFH�ILUH��5HVXOWV�

VXJJHVW�WKDW�EXUQ�VHYHULW\��WLPH�VLQFH�ILUH��DQG�WKHLU�LQWHUDFWLRQV�ZLWK�YHJHWDWLRQ�W\SH�KDYH�D�QRWLFHDEOH��

EXW�QRW�H[WUHPH�LQIOXHQFH��RQ�WKH�VRQJELUG�FRPPXQLW\�VXJJHVWLQJ�PRGHUDWH�UHVLVWDQW�DQG�KLJK�

UHVLOLHQFH�WR�ILUH�GLVWXUEDQFHV��6XFK�LQIRUPDWLRQ�PD\�SURYH�XVHIXO�LQ�XQGHUVWDQGLQJ�UHVSRQVHV�WR�

VRQJELUGV�XQGHU�GLIIHUHQW�FOLPDWH�FKDQJH�DQG�ILUH�VFHQDULRV�DQG�WKHUHE\�LQIRUP�ORFDO�FRQVHUYDWLRQ�DQG�

PDQDJHPHQW�DFWLRQV��

� �



�

� LLL�

3UHIDFH�
7KLV�WKHVLV�LV�DQ�RULJLQDO�ZRUN�E\�0LFKHOOH�.QDJJV��6DPXHO�+DFKp�DQG�(ULQ�%D\QH�FRQFHLYHG�WKH�VWXG\�
GHVLJQ��(ULQ�%D\QH��6DPXHO�+DFKp��DQG�6FRWW�1LHOVHQ�SURYLGHG�LQSXW�DQG�IHHGEDFN�RQ�DQDO\VLV�DQG�
ZULWLQJ�� �
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$FNQRZOHGJHPHQWV�
I’d like to express my appreciation to Erin Bayne and Scott Nielsen for the opportunity to be 

LQYROYHG�ZLWK�WKLV�SURMHFW��7KDQN�\RX�(ULQ�IRU�HQWHUWDLQLQJ�P\�ZLVKHV�WR�GR�ILHOGZRUN�LQ�ERUHDO�IRUHVW�

WKDW�LV�VOLJKWO\�GLIIHUHQW�WKDQ�LQ�QRUWKHUQ�$OEHUWD��7KDQN�\RX�6DP�+DFKH�IRU�HQYLVLRQLQJ�WKH�SURMHFW��

SDUWLFLSDWLQJ�LQ�WKH�ZKROH�ILUVW�VHDVRQ�RI�ILHOGZRUN��DQG�WKH�PHQWRULQJ�WKURXJKRXW��7KDQN�\RX�WR�WKH�

VLJQLILFDQW�IXQGLQJ�SURYLGHG�E\�WKH�&DQDGLDQ�:LOGOLIH�6HUYLFH�1RUWKHUQ�5HJLRQ�ODQGELUG�SURJUDP��

7KDQN�\RX�WR�WKH�&5($7(�(,�SURJUDP�IRU�SURYLGLQJ�IXQGLQJ�DV�ZHOO�DV�SURIHVVLRQDO�GHYHORSPHQW�

RSSRUWXQLWLHV��,�ZDV�OXFN\�WR�KDYH�JUHDW�ILHOG�SDUWQHUV��5KLDQQRQ��(PLO\�DQG�(PRQ\��7KDQN�\RX�%D\QH�

DQG�1LHOVHQ�ODE�IRONV��HVSHFLDOO\�1DWDVKD�DQG�&DLWOLQ��,�DSSUHFLDWH�WKH�DGYLFH�DQG�VXSSRUW�RI�P\�IDPLO\�

DQG�QRQ�VFKRRO�UHODWHG�IULHQGV��7KDQN�\RX�WR�WKH�JX\�ZKR�KDQGV�RXW�WKH�IUHH�QHZVSDSHUV�LQ�IURQW�RI�WKH�

/57�VWDWLRQ�ZLWK�WKH�IXQQ\�FRVWXPHV�DQG�RQH�OLQHUV��0RVW�RI�DOO��WKDQN�\RX�$OH[�DQG�.LWW\FRR��
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7DEOH�RI�&RQWHQWV�
�
$EVWUDFW�������������������������������������������������������������������������������������������������������������������������������������������������������LL�
3UHIDFH��������������������������������������������������������������������������������������������������������������������������������������������������������LLL�
$FNQRZOHGJHPHQWV������������������������������������������������������������������������������������������������������������������������������������LY�
7DEOH�RI�&RQWHQWV����������������������������������������������������������������������������������������������������������������������������������������Y�
&KDSWHU�����*HQHUDO�,QWURGXFWLRQ������������������������������������������������������������������������������������������������������������������

6RQJELUGV�LQ�WKH�QRUWKZHVWHUQ�&DQDGLDQ�ERUHDO�IRUHVW�������������������������������������������������������������������������
1RUWKZHVWHUQ�ERUHDO�ZLOGILUH�UHJLPH�DQG�HFRORJ\��������������������������������������������������������������������������������
&OLPDWH�FKDQJH��������������������������������������������������������������������������������������������������������������������������������������
5HVLVWDQFH�DQG�UHVLOLHQFH����������������������������������������������������������������������������������������������������������������������
5HVHDUFK�REMHFWLYHV�������������������������������������������������������������������������������������������������������������������������������

&KDSWHU���–�5HVLVWDQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LQ�WKH�QRUWKHUQ�ERUHDO�IRUHVW�������������������������
$EVWUDFW�����������������������������������������������������������������������������������������������������������������������������������������������������
,QWURGXFWLRQ�����������������������������������������������������������������������������������������������������������������������������������������������
0HWKRGV����������������������������������������������������������������������������������������������������������������������������������������������������
6WXG\�$UHD�������������������������������������������������������������������������������������������������������������������������������������������
6DPSOLQJ�GHVLJQ�DQG�DYLDQ�VXUYH\V�����������������������������������������������������������������������������������������������������
6WDWLVWLFDO�$QDO\VLV�������������������������������������������������������������������������������������������������������������������������������

5HVXOWV������������������������������������������������������������������������������������������������������������������������������������������������������
'LVFXVVLRQ������������������������������������������������������������������������������������������������������������������������������������������������
)LJXUHV������������������������������������������������������������������������������������������������������������������������������������������������������

&KDSWHU���–�+LJK�UHVLOLHQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LQ�WKH�QRUWKHUQ�ERUHDO�IRUHVW�����������������
$EVWUDFW����������������������������������������������������������������������������������������������������������������������������������������������������
,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������������������������������
0HWKRGV����������������������������������������������������������������������������������������������������������������������������������������������������
6WXG\�$UHD�������������������������������������������������������������������������������������������������������������������������������������������
6DPSOLQJ�GHVLJQ�DQG�DYLDQ�VXUYH\V�����������������������������������������������������������������������������������������������������
)RUHVW�W\SH�DQG�ILUH�GDWD�����������������������������������������������������������������������������������������������������������������������
6WDWLVWLFDO�$QDO\VLV�������������������������������������������������������������������������������������������������������������������������������

5HVXOWV������������������������������������������������������������������������������������������������������������������������������������������������������
'LVFXVVLRQ������������������������������������������������������������������������������������������������������������������������������������������������
7DEOHV�������������������������������������������������������������������������������������������������������������������������������������������������������
)LJXUHV������������������������������������������������������������������������������������������������������������������������������������������������������

&KDSWHU����*HQHUDO�&RQFOXVLRQ��������������������������������������������������������������������������������������������������������������������
/LPLWDWLRQV�������������������������������������������������������������������������������������������������������������������������������������������
,PSOLFDWLRQV������������������������������������������������������������������������������������������������������������������������������������������

/LWHUDWXUH�&LWHG��������������������������������������������������������������������������������������������������������������������������������������������
$SSHQGLFHV���������������������������������������������������������������������������������������������������������������������������������������������������
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/LVW�RI�7DEOHV�
�
7DEOH����/LIH�KLVWRU\�WUDLWV�XVHG�LQ�WKH�IXQFWLRQDO�GLYHUVLW\�DQDO\VLV�DQG�WKH�QXPEHU�RI�VSHFLHV�LQ�HDFK�
FDWHJRU\��LQ�SDUHQWKHVHV���7UDLWV�DUH�IURP�WKH�$YLDQ�/LIH�+LVWRU\�,QIRUPDWLRQ�'DWDEDVH�
�KWWS���ZZZ�RQ�HF�JF�FD�ZLOGOLIH�ZLOGVSDFH�SURMHFW�FIP�����������������������������������������������������������������������������
�
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�
/LVW�RI�)LJXUHV�
�
)LJXUH����/RFDWLRQ�RI�WKH�VWXG\�VLWHV��EODFN�VTXDUHV��LQ�WKH�VWXG\�DUHD�EHWZHHQ�)RUW�3URYLGHQFH�DQG�
%HKFKRNǫ̀��1RUWKZHVW�7HUULWRULHV�����������������������������������������������������������������������������������������������������������������
)LJXUH����([DPSOHV�RI�ORZ��$���PRGHUDWH��%��DQG�KLJK��&��EXUQ�VHYHULW\�LQ�SHDWODQG�DQG�PLQHUDO�
ZHWODQGV�RQH�\HDU�SRVW�ILUH�LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD���������������������������������������������������������������
)LJXUH����3UHGLFWHG�PHDQV�IRU�VSHFLHV�ULFKQHVV���������FRQILGHQFH�LQWHUYDOV��SHU�IRUHVW�W\SH�DQG�EXUQ�
VHYHULW\���������������������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH����3DUWLDO�FDQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV�RUGLQDWLRQ�RI�ELUG�FRPPXQLWLHV�LQ�XSODQGV�DQG�
SHDWODQGV�RI�LQFUHDVLQJ�EXUQ�VHYHULW\��3UHVHQWHG�DUH�$��FHQWURLGV�RI�HDFK�WUHDWPHQW�W\SH��EXUQ�VHYHULW\�
DQG�IRUHVW�W\SHV��MRLQHG�E\�DUURZV�LQGLFDWLQJ�WKH�GLUHFWLRQ�RI�LQFUHDVLQJ�EXUQ�VHYHULW\�IRU�XSODQGV�
�VTXDUHV��DQG�SHDWODQGV��FLUFOHV���%������FRQILGHQFH�HOOLSVHV�DURXQG�FHQWURLGV��QRW�VKRZQ��RI�HDFK�
WUHDWPHQW�W\SH�����������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH����3UHGLFWHG�PHDQV�RI�IXQFWLRQDO�GLYHUVLW\��4��DPRQJ�VHYHULW\�DQG�IRUHVW�W\SH�WUHDWPHQWV�������������
)LJXUH����0DS�RI�WKH�VWXG\�DUHD��ILUH�KLVWRU\��DQG�ORFDWLRQ�RI�WKH����VWXG\�VLWHV��URDGVLGH�DQG�RII�URDG�
VDPSOLQJ�GHVLJQ��LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD�������������������������������������������������������������������������������
)LJXUH����0HDQ�VSHFLHV�ULFKQHVV�IRU�XSODQGV�DQG�SHDWODQGV�ZLWK�LQFUHDVLQJ�QXPEHU�RI�\HDUV�SRVW�ILUH�����
)LJXUH����3DUWLDO�FDQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV�RUGLQDWLRQ�RI�ELUG�FRPPXQLWLHV�LQ�XSODQGV�DQG�
SHDWODQGV�ZLWK�LQFUHDVLQJ�WLPH�VLQFH�ILUH��3UHVHQWHG�DUH�$��FHQWURLGV�RI�HDFK�WUHDWPHQW�W\SH��%������
FRQILGHQFH�HOOLSVHV�RI�VWDWLRQV�ZLWKLQ�HDFK�WUHDWPHQW�W\SH��������������������������������������������������������������������������
)LJXUH����)XQFWLRQDO�GLYHUVLW\�UHVSRQVH�WR�\HDUV�VLQFH�ILUH�DQG�IRUHVW�W\SH�������������������������������������������������
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�
/LVW�RI�$SSHQGLFHV�
$SSHQGL[����*HQHUDOL]HG�OLQHDU�PL[HG�PRGHO�UHVXOWV�WHVWLQJ�IRU�HIIHFW�RI�EXUQ�VHYHULW\�DQG�IRUHVW�W\SH�
on species richness with unstandardized beta coefficients (β), standard error (SE), and p values (p). 7KH�
reference state in the model was peatland control……………………………………………………...���
$SSHQGL[����*HQHUDOL]HG�OLQHDU�PL[HG�PRGHO�UHVXOWV�WHVWLQJ�IRU�HIIHFW�RI�EXUQ�VHYHULW\�î�KDELWDW�
LQWHUDFWLRQ�RQ�IXQFWLRQDO�GLYHUVLW\��7KH�UHIHUHQFH�VWDWH�IRU�WKLV�PRGHO�ZDV�XSODQG�control……………����
$SSHQGL[����1XPEHU�RI�VDPSOLQJ�VWDWLRQV�IRU�HDFK�EXUQ�VHYHULW\�DQG�KDELWDW�FDWHJRULes…………...�������
$SSHQGL[����5HVXOWV�RI�JHQHUDOL]HG�OLQHDU�PL[HG�PRGHO�WHVWLQJ�IRU�HIIHFWV�RI�WLPH�VLQFH�ILUH��KDELWDW�
W\SH��DQG�WLPH�VLQFH�ILUH�î�KDELWDW�W\SH�RQ�VSHFLHV�ULFKQHVV��5HIHUHQFH�FDWHJRULHV�DUH�XQEXUQHG��XSODQG��
DQG�XQEXUQHG�î�XSODQG�interaction……………………………………………………………………...���
$SSHQGL[����5HVXOWV�RI�OLQHDU�PL[HG�PRGHO�WHVWLQJ�IRU�HIIHFWV�RI�WLPH�VLQFH�ILUH��KDELWDW�W\SH��DQG�WLPH�
VLQFH�ILUH�î�KDELWDW�W\SH�RQ�IXQFWLRQDO�GLYHUVLW\��5HIHUHQFH�FDWHJRULHV�DUH�XQEXUQHG��XSODQG��DQG�
XQEXUQHG�× upland interaction……………………………………………………………..����������������������
$SSHQGL[����+LVWRJUDP�RI�QXPEHU�RI�VDPSOLQJ�VWDWLRQV�LQ�HDFK�FRPELQDWLRQ�RI�WLPH�VLQFH�ILUH�DQG��
+DELWDW�W\SH……………………………………………………………………………��……………�������
$SSHQGL[����6SHFLHV�GHWHFWHG�DW�OHDVW�WKUHH�WLPHV�LQ�WKH�VWXG\�DUHD��OLIH�KLVWRU\�WUDLWV��DQG�D�UDQN�EDVHG�
RQ�WKH�PRVW�FRPPRQ�ERUHDO�VSHFLHV�IURP�%ODQFKHU���������…………….………………�……….�����������
$SSHQGL[����6XPPDU\�RI�VLPLODU�1RUWK�$PHULFDQ�ERUHDO�IRUHVW�VWXGLHV………………………………����
$SSHQGL[����+HDWPDS�RI�VSHFLHV�WKDW�ZHUH�GHWHFWHG�DW�OHDVW���WLPHV�LQ�WKH�VWXG\�DUHD��(DFK�FROXPQ�
UHSUHVHQWV�D�VSHFLHV��ODEHOOHG�E\�$PHULFDQ�2UQLWKRORJLVWV
�8QLRQ��$28��FRGHV��(DFK�URZ�UHSUHVHQWV�D�
EXUQ�VHYHULW\�FDWHJRU\��&RORUV�IURP�EOXH��QHYHU�SUHVHQW��WR�UHG��PRVW�IUHTXHQWO\�SUHVHQW��UHSUHVHQW�WKH�
UHODWLYH�IUHTXHQF\�WKDW�HDFK�VSHFLHV�ZDV�GHWHFWHG�LQ�HDFK�VHYHULW\�FDWHJRU\��6SHFLHV�IUHTXHQF\�GDWD�KDV�
been standardized……………………………………………………………………………………….���
$SSHQGL[�����+HDWPDS�RI�VSHFLHV�WKDW�ZHUH�GHWHFWHG�DW�OHDVW���WLPHV�LQ�WKH�VWXG\�DUHD��(DFK�FROXPQ�
UHSUHVHQWV�D�VSHFLHV��ODEHOOHG�E\�$PHULFDQ�2UQLWKRORJLVWV
�8QLRQ��$28��FRGHV��(DFK�URZ�UHSUHVHQWV�D�
WLPH�VLQFH�ILUH�FDWHJRU\��&RORUV�IURP�EOXH��QHYHU�SUHVHQW��WR�UHG��PRVW�IUHTXHQWO\�SUHVHQW��UHSUHVHQW�WKH�
UHODWLYH�IUHTXHQF\�WKDW�HDFK�VSHFLHV�ZDV�GHWHFWHG�LQ�HDFK�VHYHULW\�FDWHJRU\��6SHFLHV�IUHTXHQF\�GDWD�KDV�
been standardized……………………………………………………………………………………….���
�
�
�
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�
&KDSWHU�����*HQHUDO�,QWURGXFWLRQ�

6RQJELUGV�LQ�WKH�QRUWKZHVWHUQ�&DQDGLDQ�ERUHDO�IRUHVW�

7KH�ERUHDO�ELRPH�LQ�1RUWK�$PHULFD�SURYLGHV�EUHHGLQJ�JURXQGV�IRU�VHYHUDO�ELOOLRQ�

PLJUDWRU\�VRQJELUGV�HDFK�\HDU��%ODQFKHU�������5RVHQEHUJ�HW�DO���������:KLOH�VRPH�JHQHUDOLVW�

ERUHDO�VSHFLHV�KDYH�UHFHQWO\�LQFUHDVHG�LQ�DEXQGDQFH��5RVHQEHUJ�HW�DO���������RWKHU�VSHFLHV�DUH�

H[SHULHQFLQJ�ORQJ�WHUP�SRSXODWLRQ�GHFOLQHV��%DOODUG�HW�DO���������2YHUDOO��VRQJELUG�DEXQGDQFH�LQ�

WKH�ZHVWHUQ�ERUHDO�IRUHVW�LV�LQ�GHFOLQH��5RVHQEHUJ�HW�DO���������7KH�7DLJD�ERUHDO�HFR]RQH�RI�WKH�

1RUWKZHVW�7HUULWRULHV����������NP��������RI�&DQDGD’s area��LV�UHODWLYHO\�XQDOWHUHG�E\�KXPDQ�

GLVWXUEDQFHV��LQFOXGLQJ�HQHUJ\�GHYHORSPHQW��IRUHVWU\��DJULFXOWXUH��DQG�XUEDQL]DWLRQ��*URQGLQ�DQG�

*DXWKLHU��������7KLV�DUHD�WKHUHIRUH�SURYLGHV�QHVWLQJ�KDELWDW�IRU�PLJUDWRU\�VSHFLHV�WKDW�IDFH�

FRQVHUYDWLRQ�WKUHDWV��VXFK�DV�KDELWDW�ORVV��LQ�WKH�PRUH�GHYHORSHG�VRXWKHUQ�ERUHDO��DW�PLJUDWRU\�

VWRS�RYHU�VLWHV��RU�RQ�ZLQWHULQJ�JURXQGV��.LUN�HW�DO���������$V�VRQJELUG�PRQLWRULQJ�RI�WKH�ERUHDO�

ODUJHO\�WDNHV�SODFH�LQ�UHDGLO\�DFFHVVLEOH�DQG�PRUH�SRSXODWHG�VRXWKHUQ�DUHDV��WKHUH�DUH�VXEVWDQWLDO�

JDSV�LQ�RXU�NQRZOHGJH�RQ�GLVWULEXWLRQ��DEXQGDQFH��DQG�KDELWDW�DVVRFLDWLRQV�IRU�ELUGV�EUHHGLQJ�LQ�

PRUH�QRUWKHUQ�UHJLRQV�RI�WKH�ERUHDO��%ODQFKHU�������(QYLURQPHQW�&DQDGD���������

1RUWKZHVWHUQ�ERUHDO�ZLOGILUH�UHJLPH�DQG�HFRORJ\��

7KH�&DQDGLDQ�ERUHDO�IRUHVW�LV�FKDUDFWHUL]HG�E\�ORZ�SURGXFWLYLW\�DQG�ORZ�WUHH�GLYHUVLW\��

EXW�VWLOO�KDV�VXEVWDQWLDO�YDULDELOLW\�LQ�IRUHVW�VWUXFWXUH�EHFDXVH�RI�UHJLRQDO�GLIIHUHQFHV�LQ�ILUH�

UHJLPHV��FOLPDWH��KXPDQ�GLVWXUEDQFH��DQG�WKH�SURSRUWLRQ�RI�ZHWODQGV��2YHUDOO��WKH�QRUWKHUQ�

ERUHDO�IRUHVW�LV�FRROHU��VORZHU�JURZLQJ��DQG�OHVV�ELRORJLFDOO\�GLYHUVH�WKDQ�VRXWKHUQ�ERUHDO�
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HFR]RQHV��5HJLRQDO�ILUH�UHJLPHV�FDQ�EH�FKDUDFWHUL]HG�E\�W\SLFDO�ILUH�LQWHQVLW\��WKH�DPRXQW�RI�

HQHUJ\�UHOHDVHG�GXULQJ�ILUH��.HHOH\��������IUHTXHQF\��WLPLQJ��VL]H��DQG�HIIHFWV�RQ�VRLOV��:HEHU�

DQG�)ODQQLJDQ��������)LUHV�DUH�RIWHQ�LJQLWHG�E\�OLJKWQLQJ�DQG�RFFXU�GXULQJ�SHULRGV�RI�GURXJKW�

ZKLFK�DUH�PRUH�W\SLFDO�LQ�WKH�&DQDGLDQ�ZHVWHUQ�ERUHDO�UHJLRQ�WKDQ�LQ�WKH�HDVW��3DULVLHQ�HW�DO��

�������,Q�WKH�7DLJD�3DLQV�HFR]RQH�ZLWKLQ�WKH�1RUWKZHVW�7HUULWRULHV��WKH�ILUH�UHJLPH�LV�

FKDUDFWHUL]HG�E\�ODUJH��IUHTXHQW��DQG�LQWHQVH�ILUHV�DQG�KDV�WKH�VHFRQG�KLJKHVW�DQQXDO�DYHUDJH�DUHD�

EXUQHG�RI�DOO�ERUHDO�HFR]RQHV�RI�&DQDGD��(675�6HFUHWDULDW��������$OWKRXJK�WKH�ZLOGILUH�VHDVRQ�

VKRUWHQV�ZLWK�LQFUHDVLQJ�ODWLWXGH��WKH�OHQJWK�RI�GD\OLJKW�LQ�VXPPHU�LQFUHDVHV��HQDEOLQJ�WKH�IDVW�

GU\LQJ�RI�IXHOV�DV�ZHOO�DV�LQFUHDVLQJ�WKH�GXUDWLRQ�RI�WKH�EXUQLQJ�SHULRG�GXULQJ�WKH�GD\��7KH�

SURSRUWLRQ�RI�GHFLGXRXV�WUHHV�GHFUHDVHV�ZLWK�LQFUHDVLQJ�ODWLWXGH��PDNLQJ�QRUWKHUQ�IRUHVWV�PRUH�

FRQLIHU�GRPLQDWHG�DQG�WKHUHIRUH�IODPPDEOH�GXULQJ�VXPPHU�PRQWKV�ZKHQ�OLJKWQLQJ�RFFXUV��+LJK�

EXUQ�LQWHQVLW\�UHVXOWV�LQ�KLJK�EXUQ�VHYHULW\��%XUQ�VHYHULW\�PHDVXUHV�WKH�HFRORJLFDO�UHVSRQVHV�WR�D�

ILUH�LQFOXGLQJ�D�UHGXFWLRQ�LQ�VWUXFWXUH�GXH�WR�ORVV�RI�FDQRS\��XQGHUVWRU\�YHJHWDWLRQ��DQG�

JURXQGFRYHU��:LOGILUH�UHGXFHV�WKH�YHJHWDWLRQ�VWUXFWXUH�WKDW�ELUGV�XVH�IRU�IRUDJLQJ��QHVWLQJ��DQG�

UHIXJH��+RZHYHU��QHZ�VWUXFWXUH�DOVR�DULVHV��LQFOXGLQJ�VWDQGLQJ�VQDJV�IRU�FDYLW\�QHVWLQJ�VSHFLHV�

DQG�SHUFKHV�IRU�ELUGV�WKDW�IRUDJH�DQG�KXQW�LQ�RSHQ�VSDFHV���

&OLPDWH�FKDQJH��

&OLPDWH�FKDQJH�LV�D�PDMRU�WKUHDW�WR�VRQJELUGV�LQ�1RUWK�$PHULFD��5RVHQEHUJ�HW�DO���������

:HDWKHU�DQG�FOLPDWH�DUH�WKH�SULPDU\�GULYHUV�RI�ZLOGILUH�LQ�WKH�ERUHDO��%UDQGW�HW�DO��������DQG�

SUHGLFWHG�FOLPDWLF�FKDQJHV�ZLOO�UHVXOW�LQ�LQFUHDVHV�LQ�ILUH�IUHTXHQF\��VHYHULW\��DQG�DUHD�EXUQHG�

�.RFKWXEDMGD�HW�DO��������*ULVVRP�HW�DO���������8QOLNH�VRXWKHUQ�ERUHDO�UHJLRQV�ZKHUH�KXPDQ�

SUHVHQFH�DQG�LQWHUYHQWLRQ�PD\�OLPLW�WKH�DPRXQW�RI�ZLOGILUH��WKH�QRUWKHUQ�DQG�PRUH�XQGHYHORSHG�
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UHJLRQV�ZLOO�EH�PRUH�OLNHO\�WR�H[SHULHQFH�LQFUHDVHV�LQ�ZLOGILUH�ZLWK�OHVV�KXPDQ�LQWHUIHUHQFH�

�&DPSRV�5XL]�HW�DO���������7KLV�VWXG\�WRRN�SODFH�LQ�D�UHJLRQ�WKDW�LV�H[SHFWHG�WR�H[SHULHQFH�PRUH�

ZLOGILUH�LQ�WKH�IXWXUH�GXH�WR�FOLPDWH�FKDQJH�EHFDXVH�RI�LQFUHDVHG�HYDSRWUDQVSLUDWLRQ��PRUH�IXHO���

PRUH�OLJKWQLQJ��LJQLWLRQ�VRXUFHV���DQG�D�ORQJHU�ILUH�VHDVRQ��3DULVLHQ�HW�DO���������7KLV�ZLOO�KDYH�

VLJQLILFDQW�HIIHFWV�WR�WKH�IRUHVW�DYDLODEOH�WR�ELUGV��2YHU�WKH�SDVW����\HDUV�WKHUH�KDV�EHHQ�DQ�

LQFUHDVH�RI�a���&�LQ�WKH�ZHVWHUQ�ERUHDO�ZLWK�JHQHUDO�FLUFXODWLRQ�PRGHOV��*&0V��SUHGLFWLQJ�

DGGLWLRQDO�ZDUPLQJ�LQWR�WKH�IXWXUH��6FKQHLGHU�������3ULFH�HW�DO���������6KLIWV�LQ�FOLPDWH�DQG�WKH�

ILUH�UHJLPH�ZLOO�DOVR�DOWHU�KRZ�IRUHVWV�UHJHQHUDWH��6FKQHLGHU��������6RPH�FKDQJHV�LQ�WKH�SDVW����

\HDUV�KDYH�DOUHDG\�EHHQ�GRFXPHQWHG��%RQDQ�HW�DO���������IRXQG�WKDW�WUHH�VSHFLHV�LQ�LQWHULRU�

$ODVND��86$�FRXOG�RQO\�JURZ�ZLWK�D�PD[LPXP�RI����&�RI�ZDUPLQJ�DQG�ZHUH�IXUWKHU�LQKLELWHG�E\�

UHGXFHG�VRLO�PRLVWXUH��ZKLOH�+RJJ�DQG�:HLQ��������IRXQG�WKDW�GHFUHDVHG�SUHFLSLWDWLRQ�SRVW�ILUH�

UHVXOWHG�LQ�VORZHG�UHJHQHUDWLRQ�RI�ZKLWH�VSUXFH�DQG�DVSHQ�LQ�WKH�<XNRQ��&DQDGD���

5HVLVWDQFH�DQG�UHVLOLHQFH�

(FRORJLFDO�VWDELOLW\�LV�WKH�DELOLW\�RI�DQ�HFRV\VWHP�RU�FRPPXQLW\�WR�ZLWKVWDQG�FKDQJH�E\�

UHVLVWDQFH��WKH�DELOLW\�WR�ZLWKVWDQG�FKDQJH���DQG�RU�UHVLOLHQFH��WKH�DELOLW\�WR�UHWXUQ�WR�UHWXUQ�WR�WKH�

SUHYLRXV�VWDWH�DIWHU�GLVWXUEDQFH��0F&DQQ��������5HVLVWDQFH�WR�ZLOGILUH�LV�JHQHUDOO\�PHDVXUHG�

VRRQ�DIWHU�ILUH�RFFXUV�DFURVV�D�JUDGLHQW�RI�EXUQ�VHYHULWLHV�ZKLOH�UHVLOLHQFH�LV�PHDVXUHG�RYHU�WLPH�

DIWHU�WKH�GLVWXUEDQFH�KDV�FHDVHG��/DNH��������%LUGV�DUH�JRRG�LQGLFDWRUV�RI�HFRV\VWHP�UHVLOLHQFH�

DQG�UHVLVWDQFH�EHFDXVH�WKH\�DUH�HDV\�WR�VXUYH\�DQG�KDYH�D�GLYHUVH�UDQJH�RI�KDELWDW�UHTXLUHPHQWV�

�&DULJQDQ�DQG�9LOODUG��������7R�P\�NQRZOHGJH�WKHUH�KDYH�EHHQ�QR�VWXGLHV�RQ�KRZ�ZLOGILUH�

DIIHFWV�VRQJELUGV�LQ�WKH�QRUWKZHVWHUQ�ERUHDO�IRUHVW�RI�&DQDGD���
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5HVHDUFK�REMHFWLYHV�

7KH�REMHFWLYHV�RI�WKLV�WKHVLV�ZHUH�WR�DVVHVV�WKH�UHVLVWDQFH�DQG�UHVLOLHQFH�RI�VRQJELUGV�WR�

ZLOGILUH�DFURVV�WZR�IRUHVW�W\SHV�LQ�DQ�XQGHUVWXGLHG�UHJLRQ�RI�WKH�QRUWKZHVWHUQ�&DQDGLDQ�ERUHDO�

IRUHVW��2Q�WKH�RQH�KDQG��WKH�VRQJELUG�FRPPXQLW\�LQ�WKH�QRUWKZHVWHUQ�ERUHDO�IRUHVW�PD\�EH�

UHVLVWDQW�DQG�UHVLOLHQW�WR�ZLOGILUH�EHFDXVH�VSHFLHV�KDYH�FR�HYROYHG�ZLWK�IUHTXHQW�ZLOGILUH�

�6FKPLHJHORZ�DQG�9LOODUG��������$OWHUQDWLYHO\��ORZ�VSHFLHV�GLYHUVLW\�PD\�UHVXOW�LQ�ORZ�

UHVLOLHQFH���7KHUHIRUH��LQ�&KDSWHU���,�WHVWHG�IRU�UHVLVWDQFH�E\�DVVHVVLQJ�FKDQJHV�LQ�VSHFLHV�

ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\�DFURVV�D�EXUQ�VHYHULW\�JUDGLHQW�LQ�

UHFHQW�ILUHV�DFURVV�WZR�PDMRU�IRUHVW�W\SHV��XSODQG�IRUHVWV�YHUVXV�SHDWODQGV���,Q�FKDSWHU����,�WHVWHG�

IRU�UHVLOLHQFH�LQ�WKH�VRQJELUG�FRPPXQLW\�E\�TXDQWLI\LQJ�GLIIHUHQFHV�LQ�WKH�VDPH�PHWULFV�RI�

VSHFLHV�ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\�E\�WLPH�VLQFH�ILUH�DQG�IRUHVW�

W\SH��7KH�LPSOLFDWLRQV�RI�WKH�UHVLVWDQFH�DQG�UHVLOLHQFH�RI�VRQJELUGV�WR�ZLOGILUH�LQ�WKH�FRQWH[W�RI�

FOLPDWH�FKDQJH�DUH�GLVFXVVHG�LQ�WKH�WKHVLV�GLVFXVVLRQ��FKDSWHU����� �
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&KDSWHU���–�5HVLVWDQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LQ�WKH�
QRUWKHUQ�ERUHDO�IRUHVW���
�

$EVWUDFW�

:LOGILUH�LV�WKH�GRPLQDQW�QDWXUDO�GLVWXUEDQFH�LQ�WKH�ERUHDO�HFRV\VWHP�RI�ZHVWHUQ�&DQDGD��

7KH�GHJUHH�WKDW�ILUH�DOWHUV�IRUHVW�VWUXFWXUH�LV�GHVFULEHG�DV�EXUQ�VHYHULW\�DQG�WKH�UHVLVWDQFH�RI�

VRQJELUG�FRPPXQLWLHV�WR�ILUH�VHYHULW\�UHPDLQV�ODUJHO\�XQNQRZQ��:H�WHVWHG�IRU�HIIHFWV�RI�EXUQ�

VHYHULW\��FRQWURO��XQEXUQHG��ORZ��PRGHUDWH��DQG�KLJK��LQ�XSODQGV�DQG�SHDWODQGV�RQ�VSHFLHV�

ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\�XVLQJ�DYLDQ�SRLQW�FRXQW�GDWD��Q� �

������IURP�WZR�ODUJH�EXUQV�LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��6SHFLHV�ULFKQHVV�GHFUHDVHG�

EHWZHHQ�FRQWURO�DQG�KLJK�EXUQ�VHYHULW\�FDWHJRULHV�LQ�ERWK�IRUHVW�W\SHV��DQG�DOWKRXJK�WKHUH�ZDV�QR�

VLJQLILFDQW�LQWHUDFWLRQ�RI�EXUQ�VHYHULW\�DQG�IRUHVW�W\SH��WKH�GHFUHDVH�LQ�SHDWODQGV�ZDV�PRUH�

SURQRXQFHG�WKDQ�LQ�XSODQGV��)XQFWLRQDO�GLYHUVLW\�ZDV�ORZHU�LQ�KLJK�VHYHULW\�EXUQV�WKDQ�LQ�

FRQWUROV�LQ�ERWK�XSODQGV��������DQG�SHDWODQGV���������/DVWO\��FRPPXQLW\�FRPSRVLWLRQ�EHFDPH�

PRUH�VLPLODU�EHWZHHQ�XSODQGV�DQG�SHDWODQGV�ZLWK�LQFUHDVLQJ�EXUQ�VHYHULW\�������YDULDWLRQ�

H[SODLQHG�E\�WKH�LQWHUDFWLRQ��P ≤ 0.001)��5HODWLYHO\�VPDOO�HIIHFW�VL]HV�RI�EXUQ�VHYHULW\�LQGLFDWHG�

PRGHUDWH�UHVLVWDQFH�RI�WKH�ELUG�FRPPXQLW\�WR�ZLOGILUH��SDUWLFXODUO\�LQ�XSODQG�IRUHVW�W\SHV��

5HVXOWV�IURP�WKLV�VWXG\�SURYLGHV�D��EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�VRQJELUGV�UHVSRQG�WR�WKLV�

LPSRUWDQW�QDWXUDO�GLVWXUEDQFH�LQ�QRUWKHUQ�ERUHDO�UHJLRQV�DQG�WKLV�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�

SUHGLFW�KRZ�WKH\�PD\�UHVSRQG�WR�DQ�H[SHFWHG�LQFUHDVH�LQ�EXUQ�VHYHULW\�GXH�WR�FOLPDWH�FKDQJH��

�
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,QWURGXFWLRQ�

(FRORJLFDO�UHVLVWDQFH�LV�WKH�DELOLW\�RI�HFRV\VWHPV�WR�ZLWKVWDQG�HQYLURQPHQWDO�FKDQJH�

�/DNH��������6SHFLHV�ULFKQHVV�DQG�GLYHUVLW\�DUH�RIWHQ�XVHG�WR�PHDVXUH�UHVLVWDQFH�RI�FRPPXQLWLHV�

WR�GLVWXUEDQFH��/HXSLQ�HW�DO��������+RRYHU�HW�DO���������EXW�LJQRUH�WKH�FRPSRVLWLRQ�RI�WKH�

FRPPXQLW\�ZKLFK�PD\�SUHYHQW�DQ�DFFXUDWH�DVVHVVPHQW�RI�LPSDFWV��)RU�H[DPSOH��VSHFLHV�ULFKQHVV�

DQG�GLYHUVLW\�KDYH�EHHQ�VKRZQ�WR�EH�VWDEOH��ZKLOH�EHWD�GLYHUVLW\�DQG�RU�IXQFWLRQDO�GLYHUVLW\�

FKDQJH�ZLWK�LQFUHDVLQJ�DPRXQWV�RI�KXPDQ�GLVWXUEDQFH��6FKPLHJHORZ�HW�DO��������,PEHDX�HW�DO��

������RU�FOLPDWH�FKDQJH��9LUNNDOD�DQG�/HKLNRLQHQ��������7KXV��PHWULFV�WKDW�LQFRUSRUDWH�VSHFLHV�

LGHQWLW\�RU�HFRORJLFDO�IXQFWLRQV�DUH�UHTXLUHG�WR�IXOO\�XQGHUVWDQG�KRZ�UHVLVWDQW�D�FRPPXQLW\�LV�WR�

FKDQJH��)XQFWLRQDO�GLYHUVLW\�PHDVXUHV�WKH�UHGXQGDQF\�RI�WUDLWV�LQ�D�FRPPXQLW\�DQG�OLQNV�VSHFLHV�

with habitats by measuring species’ traits that are associated with particular IRUHVW�W\SHV�

�6FKOHXWHU�HW�DO��������)XQFWLRQDO�GLYHUVLW\�KDV�WKHUHIRUH�EHHQ�SURSRVHG�WR�EH�D�PRUH�DSSURSULDWH�

LQGLFDWRU�RI�UHVLOLHQFH�WKDQ�VSHFLHV�ULFKQHVV�RU�DEXQGDQFH��:RRGZDUG�DQG�'LDPHQW�������*DJLF�

HW�DO���������)XQFWLRQDO�GLYHUVLW\�LV�LQFUHDVLQJO\�EHLQJ�XVHG�WR�FKDUDFWHUL]H�UHVSRQVHV�LQ�ELUG�

FRPPXQLWLHV�WR�GLVWXUEDQFH�ZLWK�GHFUHDVHV�LQ�IXQFWLRQDO�GLYHUVLW\�RIWHQ�REVHUYHG��'HYLFWRU�HW�DO��

������(GZDUGV�HW�DO��������&RVVHW�DQG�(GZDUGV�������9ROOVWlGW�HW�DO����������

7KH�ERUHDO�IRUHVW�RI�1RUWK�$PHULFD�FRQWDLQV�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�world’s 

UHPDLQLQJ�LQWDFW�IRUHVWV��3RWDSRY�HW�DO��������DQG�LQFOXGHV�WKH�EUHHGLQJ�UDQJHV�RI�KDOI�RI�DOO�ELUG�

VSHFLHV�LQ�1RUWK�$PHULFD��:HOOV�DQG�%ODQFKHU��������:LOGILUH�LV�WKH�PRVW�LPSRUWDQW�QDWXUDO�

GLVWXUEDQFH�LQ�WKLV�ELRPH��:HEHU�DQG�)ODQQLJDQ�������DQG�YDULDWLRQ�LQ�VHYHULW\��IUHTXHQF\��DQG�

DUHD�EXUQHG�FUHDWHV�VSDWLR�WHPSRUDO�KHWHURJHQHLW\�LQ�IRUHVW�VWUXFWXUH�DQG�FRPSRVLWLRQ��:HEHU�

DQG�6WRFNV�������%RXUJHDX�&KDYH]�HW�DO���������,Q�H[WUHPH�ILUH�\HDUV��ODUJH�DQG�LQWHQVH�FURZQ�
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ILUHV�UHVXOW�LQ�KLJK�VHYHULW\�EXUQV�ZKHUH�PRVW�WUHHV�DUH�NLOOHG��GH�*URRW�HW�DO���������+RZHYHU��

DSSUR[LPDWHO\�����RI�GLVWXUEHG�DUHDV�UHPDLQ�XQEXUQW�LQ�KLJK�VHYHULW\�EXUQV��(EHUKDUW�DQG�

:RRGDUG�������GXH�WR�WKH�SUHVHQFH�RI�ZDWHU��WRSRJUDSKLF�YDULDWLRQ��RU�FKDQJHV�LQ�ZHDWKHU�

FRQGLWLRQV�GXULQJ�WKH�ILUH��5RZH�DQG�6FRWWHU��������$GGLWLRQDOO\��OHVV�VHYHUHO\�EXUQHG�DUHDV�

ZKHUH�RQO\�VRPH�WUHHV��XQGHUVWRU\�YHJHWDWLRQ��DQG�JURXQGFRYHU�DUH�NLOOHG�DUH�DOVR�FRPPRQ�LQ�

SDUWV�RI�KLJK�VHYHULW\�EXUQV��0DGRXL�HW�DO����������

%LUGV�EUHHGLQJ�LQ�ERUHDO�UHJLRQV�PD\�EH�UHVLVWDQW�WR�WKH�HIIHFWV�RI�ZLOGILUH�JLYHQ�WKHLU�

DGDSWDWLRQ�WR�KLJK�IUHTXHQF\�ZLOGILUH�VLQFH�WKH�ODVW�LFH�DJH��7HOIHU��������6WXGLHV�LQ�1RUWK�

$PHULFD�KDYH�VKRZQ�WKDW�DHULDO�LQVHFWLYRUHV�DQG�FDYLW\�QHVWHUV�WHQG�WR�UHVSRQG�SRVLWLYHO\�WR�EXUQ�

VHYHULW\��DV�PRUH�IRRG�DQG�QHVWLQJ�ORFDWLRQV�EHFRPH�DYDLODEOH��+XWWR�������/DWLI�HW�DO���������

6SHFLHV�DVVRFLDWHG�ZLWK�HDUO\�VHUDO�IRUHVW��LQFOXGLQJ�VRPH�JURXQG�QHVWHUV�DOVR�UHVSRQG�SRVLWLYHO\�

WR�KLJK�VHYHULW\�ILUHV��1DSSL�HW�DO���������ZKLOH�PDWXUH�IRUHVW�VSHFLDOLVWV�JHQHUDOO\�UHVSRQG�

QHJDWLYHO\��+XWWR�DQG�3DWWHUVRQ��������+RZHYHU��WKHVH�VWXGLHV�ZHUH�GRQH�LQ�VRXWKHUQ�ERUHDO�

UHJLRQV�ZLWK�D�GLIIHUHQW�ILUH�UHJLPH��%RXODQJHU�HW�DO��������DQG�WUHH�JURZWK�UDWHV�KLJKHU�WKDQ�

WKRVH�LQ�QRUWKHUQ�UHJLRQV��+RJJ�DQG�:HLQ��������+RZ�WKH�PRVDLF�RI�SRVW�ILUH�VWDQG�FRQGLWLRQV�

DIIHFWV�VRQJELUG�FRPPXQLWLHV�DW�WKH�QRUWKHUQ�HGJH�RI�WKH�ERUHDO�IRUHVW�UHPDLQV�ODUJHO\�XQNQRZQ��

$�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�UHVLVWDQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LV�

QHHGHG�WR�LQIRUP�FRQVHUYDWLRQ�DQG�PDQDJHPHQW�VWUDWHJLHV��SDUWLFXODUO\�JLYHQ�WKH�REVHUYHG�

LQFUHDVHV�LQ�ZDUPHU�DQG�GULHU�FRQGLWLRQV�DVVRFLDWHG�ZLWK�UDSLG�FOLPDWH�FKDQJH��.RFKWXEDMGD�HW�DO�

������*ULVVRP�HW�DO��������+pRQ�HW�DO���������

,Q�WKH�QRUWKZHVW�ERUHDO�UHJLRQ�RI�&DQDGD��SHDWODQGV��GHILQHG�DV�ZHWODQGV�ZLWK�D�WKLFN��!�

���FP��OD\HU�RI�RUJDQLF�PDWWHU��1DWLRQDO�:HWODQGV�:RUNLQJ�*URXS��������PDNH�XS�DOPRVW�KDOI�
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RI�WKH�ODQGEDVH��(FRV\VWHP�&ODVVLILFDWLRQ�*URXS�������DQG�SURYLGH�LPSRUWDQW�VRQJELUG�KDELWDW�

�&DOPH�HW�DO���������3HDWODQGV�KDYH�FKDUDFWHULVWLFV�WKDW�PD\�PDNH�WKHP�UHVLVWDQW�WR�ZLOGILUH��VXFK�

DV�D�KLJK�ZDWHU�WDEOH��.HWWULGJH�HW�DO��������DQG�JURXQGZDWHU�FRQQHFWLYLW\��+RNDQVRQ�HW�DO��

�������:HWWHU�SHDWODQGV��VXFK�DV�IHQV��)ODQQLJDQ�HW�DO��������DQG�SHDWODQG�LQWHULRUV��DUH�WKRXJKW�

WR�EH�SDUWLFXODUO\�UHVLVWDQW�WR�ZLOGILUH��+RNDQVRQ�HW�DO���������+RZHYHU��SHDWODQGV�FRQWDLQ�D�ODUJH�

IXHO�VXSSO\�ZLWK�D�WKLFN�OD\HU�RI�RUJDQLF�PDWWHU�WKDW�FDQ�EH�KLJKO\�IODPPDEOH�XQGHU�H[WUHPHO\�

GU\�FRQGLWLRQV��)ODQQLJDQ�HW�DO���������7UHHG�IHQV�DQG�ERJV�DOVR�FRQWDLQ�YRODWLOH�HULFDFHRXV�

VKUXEV��5RZH�DQG�6FRWWHU�������DQG�EODFN�VSUXFH�WKDW�UHWDLQV�LWV�GHDG�EUDQFKHV��DGGLQJ�WR�WKH�

DYDLODELOLW\�RI�IXHOV�DQG�DELOLW\�RI�ILUHV�WR�VSUHDG�WR�WUHH�FURZQV��%HFDXVH�ELUG�DVVHPEODJHV�LQ�

DUHDV�ZLWK�KLJKHU�GLVWXUEDQFH�IUHTXHQF\�ZHUH�IRXQG�WR�EH�PRUH�UHVLVWDQW�WR�GLVWXUEDQFH�WKDQ�

DUHDV�ZLWK�OHVV�IUHTXHQW�GLVWXUEDQFH��/DWLI�HW�DO��������'UDSHDX�HW�DO���������WKH�VRQJELUG�

FRPPXQLW\�LQ�SHDWODQGV�PD\�EH�OHVV�UHVLVWDQW�WKDQ�LQ�XSODQGV�ZKHUH�ILUH�GLVWXUEDQFH�LV�

WUDGLWLRQDOO\�PRUH�IUHTXHQW��7R�P\�NQRZOHGJH��WKHUH�KDYH�EHHQ�QR�VLPLODU�ERUHDO�VWXGLHV�WR�WHVW�

WKH�HIIHFWV�RI�ZLOGILUH�LQ�SHDWODQGV����

7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WR�TXDQWLI\�WKH�UHVLVWDQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�

ZLOGILUH�LQ�WKH�QRUWKZHVW�ERUHDO�UHJLRQ�RI�&DQDGD�E\�WHVWLQJ�IRU�HIIHFWV�RI�EXUQ�VHYHULW\�

�XQEXUQHG��ORZ��PRGHUDWH��DQG�KLJK��LQ�XSODQGV�DQG�SHDWODQGV�RQ�GLIIHUHQW�FRPPXQLW\�PHWULFV�

�VSHFLHV�ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\���$YLDQ�SRLQW�FRXQW�GDWD�

ZHUH�FROOHFWHG�GXULQJ�WKH�ILUVW�WZR�\HDUV�IROORZLQJ�ODUJH�ZLOGILUHV�LQ�WKH�1RUWKZHVW�7HUULWRULHV��

&DQDGD��&RPSOHWH�UHVLVWDQFH�ZRXOG�EH�LQGLFDWHG�E\�QR�FKDQJHV�LQ�VSHFLHV�ULFKQHVV��IXQFWLRQDO�

GLYHUVLW\��RU�FRPPXQLW\�FRPSRVLWLRQ�ZLWK�LQFUHDVLQJ�EXUQ�VHYHULW\��%HFDXVH�RI�WKH�DGDSWDWLRQ�RI�

VRQJELUGV�WR�IUHTXHQW�ZLOGILUH��ZH�SUHGLFWHG�WKDW�WKH�VRQJELUG�FRPPXQLW\�LQ�WKLV�UHJLRQ�VKRXOG�EH�
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KLJKO\�UHVLVWDQW�WR�ZLOGILUH��%DVHG�RQ�WKLV�K\SRWKHVLV��ZH�DOVR�SUHGLFWHG�WKDW�WKH�XSODQG�VRQJELUG�

FRPPXQLW\�ZRXOG�EH�PRUH�UHVLVWDQW�WR�ZLOGILUH�WKDQ�WKH�SHDWODQG�VRQJELUG�FRPPXQLW\���

� �
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0HWKRGV�

6WXG\�$UHD�

7KH�VWXG\�WRRN�SODFH�ZLWKLQ�D�a������NP��DUHD�EHWZHHQ�)RUW�3URYLGHQFH�DQG�%HKFKRNǫ̀��

LQ�WKH�7DLJD�3ODLQV�HFR]RQH�RI�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��)LJXUH�����7KLV�DUHD�ZDV�LQ�DQG�

DURXQG�WZR�ODUJH�EXUQV����������KD�DQG���������KD��WKDW�RFFXUUHG�LQ�-XQH�DQG�-XO\������DQG�

FRPSULVHG�QHDUO\�RQH�WKLUG�RI�DOO�WKH�DUHD�EXUQHG�LQ�WKH�1RUWKZHVW�7HUULWRULHV�GXULQJ�D�UHFRUG�ILUH�

\HDU�ZKHUHE\�����������KD�EXUQHG�FRPSDUHG�ZLWK�DQ�DYHUDJH�RI���������KD�EXUQHG�DQQXDOO\�

�1RUWKZHVW�7HUULWRULHV�'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��(15���������7KH�

HFR]RQH�LV�FRPSULVHG�RI�DSSUR[LPDWHO\�����XSODQG������ZHWODQG��PDLQO\�SHDWODQG���DQG�����

RSHQ�ZDWHU��(FRV\VWHP�&ODVVLILFDWLRQ�*URXS��������7KH�FOLPDWH�ZDV�JHQHUDOO\�GU\��UHFHLYLQJ�

EHWZHHQ�����–�����PP�RI�\HDUO\�SUHFLSLWDWLRQ�DQG�WKH�GDLO\�WHPSHUDWXUHV�DYHUDJHG�\HDUO\�

WKURXJKRXW�WKH�UHJLRQ�ZHUH�EHWZHHQ�–����DQG�–����&�IURP������WR�������*RYHUQPHQW�RI�&DQDGD�

�������'HVSLWH�OLPLWHG�SUHFLSLWDWLRQ��WKHUH�DUH�H[WHQVLYH�ZHWODQGV�DV�D�UHVXOW�RI�ODUJH�DUHDV�RI�

SRRUO\�GUDLQHG�VRLOV��:LWK�WKH�H[FHSWLRQ�RI�VRPH�VKDOORZ��LQRUJDQLF�PLQHUDO�SRQGV��ZHWODQGV�DUH�

SULPDULO\�SHDWODQGV�FRQVLVWLQJ�RI�WUHHG�IHQV�DQG�ERJV�GRPLQDWHG�E\�EODFN�VSUXFH��3LFHD�PDULDQD��

(FRV\VWHP�&ODVVLILFDWLRQ�*URXS��������)RU�RXU�DQDO\VHV��DOO�ZHWODQGV�ZLOO�KHUHDIWHU�EH�UHIHUUHG�

WR�DV�SHDWODQGV��8SODQG�IRUHVWV�DUH�GRPLQDWHG�E\�MDFN�SLQH��3LQXV�EDQNVLDQD��ZLWK�VRPH�

WUHPEOLQJ�DVSHQ��3RSXOXV�WUHPEORLGHV���7KH�VWXG\�DUHD�KDV�OLPLWHG�KXPDQ�GLVWXUEDQFH�ZLWK�RQH�

KLJKZD\��D�IHZ�VHFRQGDU\�URDGV��DQG�OLPLWHG�QRQ�FRPPHUFLDO�ORJJLQJ�LQ�VRPH�XSODQG�VWDQGV���
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6DPSOLQJ�GHVLJQ�DQG�DYLDQ�VXUYH\V�

$�WRWDO�RI�������DYLDQ�SRLQW�FRXQW�VXUYH\V�ZDV�FRQGXFWHG�EHWZHHQ�0D\����–�-XO\���LQ�

�����DQG������XVLQJ�SDVVLYH�DXWRPDWHG�UHFRUGLQJ�XQLWV��$58V��:LOGOLIH�$FRXVWLF�60��PRGHO�LQ�

�����DQG�60��PRGHO�LQ��������6DPSOLQJ�VWDWLRQV��Q� ������ZHUH�JURXSHG�LQWR�VWXG\�VLWHV�RI�

HLWKHU���î����������Q� �����RU���î����������Q� �����JULGV�ZLWK�VWDWLRQV�VSDFHG�����P�DSDUW��:H�

XVHG�D�VWUDWLILHG�VDPSOLQJ�GHVLJQ��ZKHUH�VLWHV�ZHUH�UDQGRPO\�VHOHFWHG�IURP�D�VHW�RI�FDQGLGDWH�

VLWHV�EDVHG�RQ�RYHUDOO�EXUQ�VHYHULW\�VWUDWLILHG�WR���OHYHOV��ORZ��PRGHUDWH�RU�KLJK��)LJXUH����DQG�

XQEXUQHG�DUHDV��FRQWUROV���7KH�UHVXOWLQJ�VDPSOLQJ�GHVLJQ�FRQVLVWHG�RI����ORZ�VHYHULW\�����

PRGHUDWH�VHYHULW\������KLJK�VHYHULW\�EXUQV��DQG�����FRQWURO�VDPSOLQJ�VWDWLRQV��$SSHQGL[���������

RI�WKHVH�VWDWLRQV�ZHUH�VDPSOHG�LQ�ERWK�\HDUV��&RQWUROV�KDG�QRW�H[SHULHQFHG�ILUH�LQ�WKH�SDVW����

\HDUV��)RU�ORJLVWLFDO�UHDVRQV��VWDWLRQV�ZHUH�ORFDWHG�ZLWKLQ�����NP�RI�WUXFN�DFFHVVLEOH�URDGV��EXW�DW�

OHDVW�����P�IURP�WKH�KLJKZD\�WR�PLQLPL]H�LQWHUIHUHQFH�RI�YHKLFOH�QRLVH�RQ�UHFRUGLQJV�DQG�HGJH�

HIIHFWV�IURP�WKH�URDG��

%XUQ�VHYHULW\�ZDV�GHULYHG�IURP�D�FRQWLQXRXV�GLIIHUHQFHG�1RUPDOL]HG�%XUQ�5DWLR��G1%5��

OD\HU��FHOO�VL]H� ����P��:KLWPDQ��������'1%5�ZDV�FDOFXODWHG�DV�FKDQJHV�LQ�UHIOHFWLYLW\�RI�

/DQGVDW�LPDJHU\�WDNHQ�EHIRUH�DQG�DIWHU�WKH�ILUH��.H\�DQG�%HQVRQ��������*URXQG�YDOLGDWLRQ�ZDV�

FRQGXFWHG�XVLQJ�D�PRGLILHG�FRPSRVLWH�EXUQ�LQGH[��&%,��SURWRFRO�ZKLFK�XVHV�PHDVXUHPHQWV�RI�

WKH�GHJUHH�RI�EXUQHG�RUJDQLF�PDWWHU��:KLWPDQ��������)RU�HDFK�VDPSOLQJ�VWDWLRQ��VHYHULW\�ZDV�

FDWHJRUL]HG�DV�ORZ��PRGHUDWH��RU�KLJK��5RVH�HW�DO��������:LONHUVRQ�HW�DO��������XVLQJ�WKH�DYHUDJH�

G1%5�LQ�D�����P�EXIIHU��8QEXUQHG��FRQWURO��VWXG\�VLWHV�ZHUH�ORFDWHG�EHWZHHQ���DQG����NP�IURP�

EXUQ�SHULPHWHUV�WR�OLPLW�WKH�SRVVLELOLW\�RI�FRXQWLQJ�ELUGV�RXWVLGH�WKH�EXUQ�SHULPHWHU��,Q�ORZ�

VHYHULW\�EXUQV��OHVV�WKDQ�����RI�EDVDO�DUHD�RI�WUHHV�ZDV�EXUQHG��0LTXHODMDXUHJXL�HW�DO���������
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PRVW�WUHHV�DQG�VRPH�VKUXEV�VXUYLYHG��DQG�VRLO�ZDV�PRVWO\�XQEXUQHG��G1%5��������8QEXUQHG�

DUHDV�ZLWKLQ�WKH�ILUH�SHULPHWHU�ZHUH�FDWHJRUL]HG�DV�ORZ�VHYHULW\��,Q�PRGHUDWH�VHYHULW\�EXUQV��

VRPH�VKUXEV��GRZQHG�ZRRG\�PDWHULDO�DQG�VRLO�ZDV�FRQVXPHG��DV�ZHOO�DV�EHWZHHQ��������RI�WKH�

EDVDO�DUHD�RI�WUHHV��G1%5�EHWZHHQ�����DQG�������+LJK�VHYHULW\�EXUQV�UHVXOWHG�LQ�PRVW�WUHHV�

EHLQJ�NLOOHG�ZLWK�!����RI�EDVDO�DUHD�FRQVXPHG��PRVW�VKUXEV�FRQVXPHG��DQG�H[SRVXUH�RI�PLQHUDO�

VRLO��G1%5�!������7KH�1RUWKZHVW�7HUULWRULHV�)RUHVW�,QYHQWRU\�OD\HU��'HSDUWPHQW�RI�

(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��������ZDV�XVHG�WR�GHWHUPLQH�WKH�PDMRU�IRUHVW�W\SH�LQ�����P�

EXIIHUV�DURXQG�HDFK�VDPSOLQJ�VWDWLRQ��XSODQG��Q� �����DQG�SHDWODQG��Q� �����IRU�SHDWODQGV����

$58V�ZHUH�GHSOR\HG�DW�HDFK�VWXG\�VLWH�IRU�WKUHH�RU�IRXU�FRQVHFXWLYH�GD\V��7ZR���PLQXWH�

UHFRUGLQJV�DW�GDZQ�IURP�WZR�UDQGRPO\�VHOHFWHG�GD\V�DW�HDFK�VDPSOLQJ�VWDWLRQ�ZHUH�LQWHUSUHWHG�

E\�KXPDQ�REVHUYHUV�WR�GHWHUPLQH�WKH�QXPEHU�RI�LQGLYLGXDOV�SHU�VSHFLHV�XVLQJ�WKH�%LRDFRXVWLF�

8QLW�$FRXVWLF�'DWD�$QDO\VLV�3URWRFRO��/DQNDX�HW�DO���������7R�PLQLPL]H�YDULDWLRQ�LQ�

GHWHFWDELOLW\�DPRQJ�VDPSOLQJ�VWDWLRQV��UHFRUGLQJV�ZHUH�UDQGRPO\�DVVLJQHG�WR�IRXU�WUDLQHG�

REVHUYHUV�DQG�RQO\�UHFRUGLQJV�ZKHUH�ELUG�YRFDOL]DWLRQV�ZHUH�QRW�REVFXUHG�E\�ZLQG�RU�UDLQ�ZHUH�

XVHG��$�VSHFLHV�ZDV�FRQVLGHUHG�SUHVHQW�LI�D�PDOH�SULPDU\�YRFDOL]DWLRQ�ZDV�KHDUG�DW�OHDVW�RQFH�DW�

RQH�YLVLW�WR�D�VWDWLRQ��0XOWLSOH�LQGLYLGXDOV�RI�WKH�VDPH�VSHFLHV�ZHUH�LGHQWLILHG�E\�GLIIHUHQFHV�LQ�

YRFDOL]DWLRQ�UHODWHG�GLUHFWLRQDOLW\��DPSOLWXGH��DQG�VRQJ�W\SH��$OO�LGHQWLILDEOH�ELUG�YRFDOL]DWLRQV�

ZHUH�UHFRUGHG��EXW�RQO\�SDVVHULQH��JURXVH��DQG�ZRRGSHFNHU�VSHFLHV�WKDW�EUHHG�GXULQJ�WKH�VXUYH\�

SHULRG��GHIHQG�UHODWLYHO\�VPDOO�WHUULWRULHV��DQG�DUH�QRW�JUHJDULRXV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV�

�VHH�$SSHQGL[���IRU�VSHFLHV�OLVW���)RU�HDFK�VDPSOLQJ�VWDWLRQ��PD[LPXP�FRXQW�RI�LQGLYLGXDOV�SHU�

VSHFLHV�RYHU�WKH�WZR�UHFRUGLQJV�ZDV�XVHG�IRU�DQDO\VHV�DV�LW�ZDV�SUHIHUUHG�RYHU�PHDQ�DYHUDJH�

DEXQGDQFH�E\�7RPV�HW�DO����������
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6WDWLVWLFDO�$QDO\VLV�

6SHFLHV�5LFKQHVV�

6SHFLHV�ULFKQHVV�ZDV�XVHG�WR�PHDVXUH�FKDQJHV�LQ�QXPEHU�RI�VSHFLHV�SHU�VDPSOLQJ�VWDWLRQ�

DV�RSSRVHG�WR�RWKHU�GLYHUVLW\�PHWULFV�VXFK�DV�6KDQQRQ�DQG�6LPSVRQ�LQGLFHV�EHFDXVH�UHVXOWV�ZHUH�

VLPLODU��VHH�$SSHQGL[�����$�JHQHUDOL]HG�OLQHDU�PL[HG�PRGHO�ZLWK�3RLVVRQ�GLVWULEXWLRQ��*/00V��

XVLQJ�WKH�5��5�&RUH�7HDP�������package “lme4” (Bates et al. 2015) was used to test for a burn 

VHYHULW\�î�IRUHVW�W\SH�LQWHUDFWLRQ��<HDU�DQG�VWXG\�VLWH�ZHUH�FRPELQHG��Q� �����DQG�LQFOXGHG�DV�D�

UDQGRP�HIIHFW�WR�DFFRXQW�IRU�QRQ�LQGHSHQGHQFH�RI�VDPSOLQJ�XQLWV��*RRGQHVV�RI�ILW�EHWZHHQ�DQ�

DGGLWLYH�PRGHO�ZLWK�VHYHULW\�DQG�IRUHVW�W\SH�DV�IL[HG�HIIHFWV��DQG�D�PRGHO�ZLWK�D�VHYHULW\�î�IRUHVW�

W\SH�interaction as fixed effects were tested using likelihood ratio tests using “lmtest” (=HLOHLV�

DQG�+RWKRUQ���������

&RPPXQLW\�FRPSRVLWLRQ�

&KDQJHV�WR�FRPPXQLW\�FRPSRVLWLRQ�ZHUH�WHVWHG�XVLQJ�SDUWLDO�&DQRQLFDO�&RUUHVSRQGHQFH�

Analysis (pCCA; R package “vegan”, Oksanen et al. 2016). CCA determines the amount of 

YDULDWLRQ�LQ�WKH�VSHFLHV�DEXQGDQFH�GDWD�WKDW�LV�H[SODLQHG�E\�HQYLURQPHQWDO�YDULDEOHV��%RUFDUG�HW�

DO���������7KH�S&&$�GLVWULEXWHV�VDPSOLQJ�VWDWLRQV�LQ�WKH�PRVW�SDUVLPRQLRXV�PXOWLYDULDWH�VSDFH�WR�

YLVXDOO\�GHSLFW�VKLIWV�LQ�FRPPXQLW\�FRPSRVLWLRQ��$�SHUPXWDWLRQ�WHVW�ZLWK�����SHUPXWDWLRQV�ZDV�

XVHG�WR�GHWHUPLQH�WKH�VLJQLILFDQFH�RI�WKH�YDULDWLRQ�H[SODLQHG�E\�WKH�VHYHULW\�î�IRUHVW�W\SH�

LQWHUDFWLRQ�DIWHU�FRQWUROOLQJ�IRU�QXLVDQFH�FRQGLWLRQDO�YDULDEOHV��\HDU�VDPSOHG�DQG�VWXG\�VLWH���7R�

SDUWLWLRQ�WKH�DPRXQW�RI�YDULDWLRQ�WKDW�ZDV�H[SODLQHG�E\�VHYHULW\�DORQH��IRUHVW�W\SH�DORQH��DQG�WKHLU�

LQWHUDFWLRQ��ZH�EXLOW�PRGHOV�ZLWK�����VHYHULW\�DV�WKH�PDLQ�HIIHFW�DQG�IRUHVW�W\SH�DV�DQ�DGGLWLRQDO�

FRQGLWLRQDO�YDULDEOH��DQG����IRUHVW�W\SH�DV�WKH�PDLQ�HIIHFW�ZLWK�VHYHULW\�DV�DQ�DGGLWLRQDO�
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FRQGLWLRQDO�YDULDEOH��DV�SHU�%RUFDUG��������$�WHVW�IRU�KRPRJHQHLW\�RI�PXOWLYDULDWH�GLVSHUVLRQ��RU�

WKH�DPRXQW�RI�YDULDELOLW\�RI�VSHFLHV�FRPSRVLWLRQ�DPRQJ�WUHDWPHQW�W\SHV��ZDV�XVHG�WR�PHDVXUH�

beta diversity (Anderson 2006) using the R package “vegan”. Although the effects of the 

QXLVDQFH�YDULDEOHV�FRXOG�QRW�EH�SDUWLWLRQHG��GLVSHUVLRQ�SURYLGHV�LQIRUPDWLRQ�DERXW�VSHFLHV�

WXUQRYHU�WKDW�FRXOG�RWKHUZLVH�QRW�EH�FDOFXODWHG��%UD\�&XUWLV�GLVVLPLODULW\�ZDV�XVHG�IRU�DOO�

FRPPXQLW\�FRPSRVLWLRQ�DQDO\VHV�EHFDXVH�LW�LV�VXLWDEOH�IRU�DQDO\]LQJ�FRXQW�GDWD�ZLWK�D�KLJK�

QXPEHU�RI�]HURV��&ODUNH��������5HVXOWV�IURP�WKH�S&&$�ZHUH�SUHVHQWHG�DV�DQ�RUGLQDWLRQ�ZLWK�

����FRQILGHQFH�HOOLSVHV�WR�VKRZ�ZKHUH�WKH�PDMRULW\�RI�WKH�VWDWLRQV�RI�HDFK�WUHDWPHQW�W\SH�ZHUH�

ORFDWHG�LQ�WZR�GLPHQVLRQDO�VSDFH��)RU�ERWK�FRPPXQLW\�FRPSRVLWLRQ�DQG�IXQFWLRQDO�GLYHUVLW\��

VSHFLHV�GHWHFWHG�DW�IHZHU�WKDQ���VDPSOLQJ�VWDWLRQV�ZHUH�QRW�LQFOXGHG��DIWHU�.DUG\QDO�������

0XUUD\�HW�DO����������

)XQFWLRQDO�'LYHUVLW\�

7ZR�PHDVXUHV�RI�IXQFWLRQDO�GLYHUVLW\��IXQFWLRQDO�ULFKQHVV�DQG�GLYHUJHQFH��ZHUH�

quantified using Rao’s quadratic entropy (hereafter “Rao’s Q”; ClarN�HW�DO��������LQ�WKH�5�

package “FD” (/DOLEHUWp�HW�DO���������We used life history traits that describe species’ foraging 

DQG�PLJUDWLRQ�VWUDWHJLHV��DV�ZHOO�DV�VXEVWUDWHV�XVHG�IRU�IRUDJLQJ��EUHHGLQJ�DQG�QHVWLQJ�IURP�WKH�

$YLDQ�/LIH�+LVWRU\�,QIRUPDWLRQ�'DWDEDVH�

�KWWS���ZZZ�RQ�HF�JF�FD�ZLOGOLIH�ZLOGVSDFH�SURMHFW�FIP��7DEOH����$SSHQGL[�����6RPH�RI�WKHVH�

WUDLWV�FDQ�EH�GLUHFWO\�OLQNHG�WR�HFRV\VWHP�IXQFWLRQLQJ��VXFK�DV�IHHGLQJ�EHKDYLRU��DV�WKHVH�GHVFULEH�

KRZ�VSHFLHV�FRQWULEXWH�WR�LQVHFW�FRQWURO�RU�VHHG�GLVSHUVDO�DQG�KDYH�EHHQ�LGHQWLILHG�DV�IXQFWLRQDOO\�

LPSRUWDQW�E\�$]HULD�HW�DO����������0XUUD\�HW�DO����������DQG�1HZEROG�HW�DO����������$OO�WUDLWV�ZHUH�

FDWHJRULFDO�DQG�WUDQVIRUPHG�WR�FRQWLQXRXV�YDOXHV�E\�FDOFXODWLQJ�WKH�*RZHU�GLVWDQFH��6FKOHXWHU�HW�

http://www.on.ec.gc.ca/wildlife/wildspace/project.cfm
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0163957#pone-0163957-t002
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DO���������'LIIHUHQFHV�DPRQJ�EXUQ�VHYHULWLHV��IRUHVW�W\SHV��DQG�WKHLU�LQWHUDFWLRQV�IRU�IXQFWLRQDO�

GLYHUVLW\�ZHUH�GHWHUPLQHG�E\�XVLQJ�D�*/00�ZLWK�D�*DXVVLDQ�GLVWULEXWLRQ�LQ�WKH�5�SDFNDJH�

“nlme” (Pinheiro et al. 2016) and the same response variables and random effects as those 

VSHFLILHG�IRU�WKH�VSHFLHV�ULFKQHVV�DQDO\VLV���

5HVXOWV�

)RUW\�ILYH�VSHFLHV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VHV��2I�WKHVH��VL[�ZHUH�RQO\�SUHVHQW�LQ�EXUQV�

�%ODFN�EDFNHG�:RRGSHFNHU��0RXQWDLQ�%OXHELUG��6DYDQQDK�6SDUURZ��:KLWH�FURZQHG�6SDUURZ��

<HOORZ�EHOOLHG�6DSVXFNHU��DQG�<HOORZ�:DUEOHU��VHH�$SSHQGL[���IRU�VFLHQWLILF�QDPHV��DQG�WKUHH�

ZHUH�RQO\�LQ�FRQWUROV��%RUHDO�&KLFNDGHH��1RUWKHUQ�:DWHUWKUXVK��DQG�2YHQELUG���6HYHQ�VSHFLHV�

ZHUH�IRXQG�LQ�ORZ�DQG�PRGHUDWH��EXW�QRW�KLJK�VHYHULW\�EXUQV��%OXH�KHDGHG�9LUHR��&RPPRQ�

<HOORZWKURDW��5XE\�FURZQHG�.LQJOHW��5XIIHG�*URXVH��6DYDQQDK�6SDUURZ��<HOORZ�EHOOLHG�

)O\FDWFKHU��<HOORZ�:DUEOHU���1R�VSHFLHV�ZHUH�IRXQG�H[FOXVLYHO\�LQ�KLJK�VHYHULW\�EXUQV��

+LJK�VHYHULW\�EXUQV�KDG�VLJQLILFDQWO\�ORZHU�VSHFLHV�ULFKQHVV�WKDQ�FRQWUROV��β = �������6(�

 �������S� ��������$SSHQGL[�����5LFKQHVV�ZDV�DOVR�ORZHU�LQ�XSODQGV�WKDQ�SHDWODQGV��β = �������

6(� �������S���������$SSHQGL[�����7KHUH�ZDV�QR�VLJQLILFDQW�LQWHUDFWLRQ�HIIHFW�RI�EXUQ�VHYHULW\�

DQG�IRUHVW�W\SH��GI� ����F� �������S� ��������)LJXUH�����ERWK�SHDWODQGV�DQG�XSODQGV�VKRZHG�

VLPLODU�FKDQJHV�LQ�VSHFLHV�ULFKQHVV�ZLWK�LQFUHDVLQJ�VHYHULW\���

� 7KH�ILUH�VHYHULW\�î�IRUHVW�W\SH�LQWHUDFWLRQ�H[SODLQHG������RI�YDULDWLRQ�LQ�FRPPXQLW\�

composition, while the conditional variables explained an additional 6.8% (F = 5.80, P ≤ 0.001; 

)LJXUH�����)RUHVW�W\SH��ZKHQ�WKH�RQO\�FRQVWUDLQHG�YDULDEOH��H[SODLQHG������RI�YDULDWLRQ��)� �

14.12, P ≤ 0.001) and explained more of the variation than burn severity (1.5% of variation, F = 



�
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4.86, P ≤ 0.001). The pCCA ordination showed that species in upland and peatland stations 

EHFDPH�PRUH�VLPLODU�ZLWK�LQFUHDVLQJ�EXUQ�VHYHULW\��7KH�PXOWLYDULDWH�GLVSHUVLRQ�DQG�VXEVHTXHQW�

SHUPXWDWLRQ�WHVWV�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WUHDWPHQW�W\SHV��)� �������S� ���������

7KHUH�ZDV�QR�VLJQLILFDQW�IRUHVW�W\SH�RU�EXUQ�VHYHULW\�î�IRUHVW�W\SH�LQWHUDFWLRQ�HIIHFW��GI� �

���F� �������S� ���������8SODQGV�DQG�SHDWODQGV�KDG�YHU\�VLPLODU�SUHGLFWHG�IXQFWLRQDO�GLYHUVLW\�LQ�

HDFK�EXUQ�VHYHULW\�FDWHJRU\��β = ������6(� �������S� ���������)XQFWLRQDO�GLYHUVLW\�GHFUHDVHG�

ZLWK�LQFUHDVLQJ�EXUQ�VHYHULW\��)LJXUH�����/RZ�VHYHULW\��β = �������6(� �������S�����������

PRGHUDWH�VHYHULW\��β = �������6(� �������S�����������DQG�KLJK�VHYHULW\��β = �������6(� �������S�

���������DOO�KDG�ORZHU�IXQFWLRQDO�GLYHUVLW\�WKDQ�FRQWUROV��$SSHQGL[������

'LVFXVVLRQ�

:H�K\SRWKHVL]HG�WKDW�EHFDXVH�VSHFLHV�KDYH�DGDSWHG�WR�IUHTXHQW�ZLOGILUH�WKH�VRQJELUG�

FRPPXQLW\�ZRXOG�VKRZ�KLJK�UHVLVWDQFH�UHJDUGOHVV�RI�EXUQ�VHYHULW\��SDUWLFXODUO\�LQ�XSODQG�IRUHVW�

W\SH��2YHUDOO��RXU�HIIHFW�VL]HV�ZHUH�VPDOO��+RZHYHU��WKH�VRQJELUG�FRPPXQLW\�GLG�FKDQJH�LQ�

KLJKHU�VHYHULW\�EXUQV��ZKLFK�FRPSULVHG�D�VXEVWDQWLDO�SURSRUWLRQ�������RI�WKH�EXUQHG�DUHD�LQ�RXU�

VWXG\�DUHD��:KLWPDQ�HW�DO���������%XUQ�VHYHULW\�GLG�QRW�KDYH�D�VWURQJHU�HIIHFW�RQ�VRQJELUG�

FRPPXQLWLHV�LQ�SHDWODQGV�FRPSDUHG�WR�XSODQGV��VXJJHVWLQJ�WKDW�ERWK�FRPPXQLWLHV�KDYH�VLPLODU�

UHVLVWDQFH��2YHUDOO��ZH�DUJXH�WKDW�WKH�VRQJELUG�FRPPXQLW\�LQ�RXU�VWXG\�DUHD�VKRZHG�DQ�

LQWHUPHGLDWH�OHYHO�RI�UHVLVWDQFH���

2WKHU�VWXGLHV�KDYH�LQYHVWLJDWHG�KRZ�ZLOGILUH�DIIHFWV�VRQJELUG�FRPPXQLWLHV�LQ�VRXWKHUQ�

ERUHDO�IRUHVWV�LQ�$OEHUWD��6DVNDWFKHZDQ��4XHEHF��DQG�0LQQHVRWD��H�J��+REVRQ�DQG�6FKLHFN�������

,PEHDX�HW�DO��������0RULVVHWWH�������+DQH\�HW�DO��������9DQ�:LOJHQEXUJ�DQG�+REVRQ�������
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$]HULD�HW�DO��������$SSHQGL[�����%XUQ�VHYHULW\�KDV�EHHQ�IRXQG�WR�EH�LPSRUWDQW�WR�ELUG�

FRPPXQLWLHV�LQ�RWKHU�HFRORJLFDO�UHJLRQV��VWXGLHV�OLVWHG�LQ�+XWWR�DQG�3DWWHUVRQ��������VXFK�DV�WKH�

ZHVWHUQ�8QLWHG�6WDWHV�DQG�$XVWUDOLD��DQG�IRU�ZRRGSHFNHU�VSHFLHV�VSHFLILFDOO\�LQ�WKH�&DQDGLDQ�

ERUHDO�IRUHVW��.RLYXOD�DQG�6FKPLHJHORZ��������+RZHYHU��LQIHUHQFHV�DUH�OLPLWHG�WR�ORFDO�ILUH�

UHJLPHV�DQG�HFRORJLFDO�UHJLRQ��/DWLI�HW�DO��������7KLV�LV��WR�RXU�NQRZOHGJH��WKH�ILUVW�VWXG\�LQ�WKH�

QRUWKZHVWHUQ�ERUHDO�UHJLRQ�DQG�DV�D�UHVXOW�PD\�EH�SDUWLFXODUO\�LPSRUWDQW�JLYHQ�WKH�UHODWLYHO\�

ODUJH�DUHD�RI�WKH�7DLJD�3ODLQV�HFR]RQH�LQ�ZKLFK�WKH�VWXG\�WRRN�SODFH����������NP���(675�

6HFUHWDULDW��������

7KH�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�IXQFWLRQDO�GLYHUVLW\�DQG�EXUQ�VHYHULW\�LV�FRQVLVWHQW�ZLWK�

VWXGLHV�WKDW�KDYH�IRXQG�GHFUHDVHV�LQ�IXQFWLRQDO�GLYHUVLW\�LQ�DPSKLELDQ�DQG�SODQW�FRPPXQLWLHV�

ZLWK�LQFUHDVLQJ�GLVWXUEDQFH��(UQVW�HW�DO��������&ROOLQV��������,Q�RXU�VWXG\��IXQFWLRQDO�GLYHUVLW\�

GHFUHDVHG�WR�D�JUHDWHU�H[WHQW�WKDQ�VSHFLHV�ULFKQHVV�EHFDXVH�VSHFLHV�IRXQG�LQ�KLJK�VHYHULW\�EXUQV�

ZHUH�RIWHQ�FORVHO\�UHODWHG�SK\ORJHQHWLFDOO\�RU�VKDUHG�VLPLODU�OLIH�KLVWRU\�WUDLWV��7KH�ILYH�PRVW�

FRPPRQ�VSHFLHV�LQ�KLJK�VHYHULW\�EXUQV��$PHULFDQ�URELQ��&KLSSLQJ�VSDUURZ��'DUN�H\HG�MXQFR��

+HUPLW�WKUXVK��DQG�:KLWH�WKURDWHG�VSDUURZ��EHORQJ�WR�WZR�IDPLOLHV��7XUGLGDH�DQG�(PEHUL]LGDH���

DUH�VKRUW�GLVWDQFH�PLJUDQWV��IRUDJLQJ�RPQLYRUHV��ZLWK�WKH�H[FHSWLRQ�RI�+HUPLW�WKUXVK���DQG�QHVW�

SULPDULO\�RQ�WKH�JURXQG��ZLWK�WKH�H[FHSWLRQ�RI�$PHULFDQ�URELQ��ZKLFK�DOWKRXJK�QHVWV�SULPDULO\�

LQ�WUHHV��ZLOO�QHVW�RQ�WKH�JURXQG�RU�LQ�VQDJV��9DQGHUKRII�HW�DO����������$SSHQGL[�����7KHVH�IHZ�

JHQHUDOLVW�VSHFLHV�GRPLQDWHG�KLJK�VHYHULW\�EXUQV�UHJDUGOHVV�RI�IRUHVW�W\SH��SRVVLEO\�EHFDXVH�RI�

FRQVWUDLQWV�RQ�IRUDJLQJ�EHKDYLRU�DQG�QHVWLQJ�VLWHV��7KHVH�VSHFLHV�DUH�ODUJHO\�UHVSRQVLEOH�IRU�WKH�

VSHFLHV�ULFKQHVV�DW�WKH�KLJK�VHYHULW\�EXUQ�VWDWLRQV�DQG�OLNHO\�FRQWULEXWH�VXEVWDQWLDOO\�WR�WKH�

UHVLVWDQFH�REVHUYHG�LQ�WKLV�ELUG�FRPPXQLW\���
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6RPH�JHQHUDOLVW�VSHFLHV�ZLWK�GHFOLQLQJ�SRSXODWLRQ�WUHQGV�PD\�EHQHILW�IURP�LQFUHDVLQJ�

ILUH��VXFK�DV�:KLWH�WKURDWHG�VSDUURZV�DQG�:KLWH�FURZQHG�VSDUURZV�WKDW�KDG�WKHLU�KLJKHVW�

DEXQGDQFHV�LQ�KLJK�VHYHULW\�EXUQV��$SSHQGL[�����+RZHYHU��LQFUHDVLQJ�ZLOGILUH�PD\�KDYH�

QHJDWLYH�HIIHFWV�RQ�RWKHU�VSHFLHV�WKDW�DUH�XQGHUJRLQJ�ORQJ�WHUP�SRSXODWLRQ�GHFOLQHV��)RU�

H[DPSOH��WKH�&RPPRQ�\HOORZWKURDW��D�SHDWODQG�DVVRFLDWHG�VSHFLHV�WKDW�ZDV�QRW�IRXQG�LQ�KLJK�

VHYHULW\�EXUQV��KDV�VHHQ�SRSXODWLRQ�GHFOLQHV�LQ�WKH�ERUHDO�WDLJD�SODLQV�UHJLRQ�RI�WKH�ZHVWHUQ�

ERUHDO��%ODQFKHU��������6ZDLQVon’s thrush is RQH�RI�WKH�PRVW�DEXQGDQW�ERUHDO�ELUGV��EXW�LV�DOVR�

GHFOLQLQJ�LQ�&DQDGD�DQG�DOWKRXJK�FRPPRQ�LQ�RXU�VWXG\�DUHD�GHFUHDVHG�ZLWK�LQFUHDVLQJ�EXUQ�

VHYHULW\��6HYHQ�VSHFLHV��������FRQVLVWLQJ�RI�UHVLGHQW��VKRUW�GLVWDQFH��DQG�QHRWURSLFDO�PLJUDQW�

VSHFLHV�ZHUH�IRXQG�LQ�ORZ�DQG�PRGHUDWH�EXUQ�VHYHULW\�SDWFKHV�EXW�QRW�LQ�KLJK�VHYHULW\�SDWFKHV��

7KHVH�VSHFLHV�OLNHO\�SUHIHU�ORZHU�VHYHULW\�EXUQV�EHFDXVH�WKH\�FRQWDLQ�PRUH�FRPSOH[�YHJHWDWLRQ�

VWUXFWXUH�WKDQ�KLJK�VHYHULW\��DQG�EHFDXVH�XQEXUQHG�PDWXUH�IRUHVW�DQG�UHFHQW�KLJKHU�VHYHULW\�EXUQV�

DUH�RIWHQ�DYDLODEOH�IRU�QHVWLQJ�DQG�IRUDJLQJ�LQ�WKH�YLFLQLW\��6WXDUW�6PLWK�HW�DO��������$]HULD�HW�DO��

��������

:LOGILUH�LQ�WKH�ERUHDO�IRUHVW�LV�LQFUHDVLQJ�LQ�IUHTXHQF\��VHYHULW\��DQG�DUHD�GXH�WR�FOLPDWH�

FKDQJH��*ULVVRP�HW�DO��������.RFKWXEDMGD�HW�DO��������%DOVKL�HW�DO��������+pRQ�HW�DO���������

:LOGILUH�LQ�SHDWODQGV�LQ�SDUWLFXODU�LV�H[SHFWHG�WR�LQFUHDVH�DV�SUHYLRXVO\�ZHW�RUJDQLF�OD\HUV�GU\�

RXW�DQG�EHFRPH�IODPPDEOH�ZLWK�D�ZDUPHU�DQG�GULHU�FOLPDWH��7XUHWVN\�HW�DO��������)ODQQLJDQ�HW�

DO��������DQG�LQFUHDVHG�ILUH�VL]H��7XUHWVN\�HW�DO���������7KH�VRQJELUG�FRPPXQLW\�LQ�SHDWODQGV�

PD\�WKHUHIRUH�EH�PRUH�VXVFHSWLEOH�WR�IXWXUH�FOLPDWH�FKDQJH��,Q�RXU�VWXG\�DUHD��SHDWODQGV�KDG�

KLJKHU�VSHFLHV�ULFKQHVV�WKDQ�XSODQGV��EXUQ�ZLWK�OHVV�LQWHQVLW\�WKDQ�XSODQGV��:KLWPDQ�HW�DO��

�������DQG�WKHUHIRUH�SURYLGH�LPSRUWDQW�KDELWDW�ZLWKLQ�EXUQV��:H�GLG�QRW�ILQG�DQ\�GLIIHUHQFHV�



�
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between upland and peatland communities’ responseV�WR�EXUQ�VHYHULW\���+RZHYHU��RI�SDUWLFXODU�

LQWHUHVW�ZDV�WKH�IDFW�WKDW�XSODQG�DQG�SHDWODQG�ELUG�FRPPXQLWLHV�EHFDPH�YHU\�VLPLODU�LQ�KLJK�

VHYHULW\�EXUQV��VXJJHVWLQJ�D�VSHFLILF�JURXS�RI�VSHFLHV�DUH�EHVW�DGDSWHG�WR�WKHVH�FRQGLWLRQV��

8QGHUVWDQGLQJ�FKDQJHV�WR�WKH�VRQJELUG�FRPPXQLW\�LQ�SHDWODQGV�SURYLGHV�D�PRUH�FRPSUHKHQVLYH�

XQGHUVWDQGLQJ�RI�KRZ�ERUHDO�VRQJELUG�FRPPXQLWLHV�DUH�DIIHFWHG�E\�ZLOGILUH�EHFDXVH�SUHYLRXV�

VWXGLHV�IRFXVHG�RQ�KDUYHVWDEOH��XSODQG�IRUHVW�W\SHV��+REVRQ�DQG�6FKLHFN�������6FKLHFN�DQG�

+REVRQ�������0RULVVHWWH�HW�DO��������6FKLHFN�DQG�6RQJ�������9DQ�:LOJHQEXUJ�DQG�+REVRQ�

�������:H�IRXQG�WKDW�WKDW�XQEXUQHG��ORZ��DQG�PRGHUDWH�EXUQ�VHYHULW\�SDWFKHV�VXSSRUWHG�KLJKHU�

VSHFLHV�ULFKQHVV�DQG�IXQFWLRQDO�GLYHUVLW\�DQG�SURYLGHG�LPSRUWDQW�VRQJELUG�IRUHVW�W\SHV�IRU�VSHFLHV�

WKDW�DUH�QRW�IRXQG�LQ�KLJK�VHYHULW\�EXUQV��,QFUHDVLQJ�EXUQ�VHYHULW\�ZLOO�SRWHQWLDOO\�UHVXOW�LQ�

VPDOOHU�SURSRUWLRQV�RI�XQEXUQHG��ORZ��DQG�PRGHUDWH�EXUQ�VHYHULW\�SDWFKHV�ZLWKLQ�WKH�RYHUDOO�

EXUQHG�ODQGVFDSH��

0XOWLSOH�PHWULFV�ZHUH�XVHG�WR�TXDQWLI\�FKDQJHV�WR�WKH�VRQJELUG�FRPPXQLW\��0HDVXULQJ�

FKDQJHV�LQ�VSHFLHV�ULFKQHVV�DQG�FRPPXQLW\�FRPSRVLWLRQ�DUH�VLPSOH�DQG�IHDVLEOH�PHWKRGV�RI�

GHWHFWLQJ�FKDQJHV�LQ�FRPPXQLWLHV�DQG�FRPSDULQJ�UHVXOWV�DPRQJ�VWXGLHV�HYHQ�WKRXJK�EUHHGLQJ�

VXFFHVV�FDQQRW�EH�LQIHUUHG��$V�LQ�RWKHU�VWXGLHV�WKDW�IRXQG�VSHFLHV�FRPSRVLWLRQ�WR�YDU\�LQ�GLIIHUHQW�

XSODQG�IRUHVW�W\SHV��0RULVVHWWH�HW�DO���������ZH�IRXQG�GLIIHUHQFHV�LQ�FRPSRVLWLRQ�DQG�VSHFLHV�

ULFKQHVV�EHWZHHQ�XSODQG�DQG�SHDWODQG�IRUHVWV��$]HULD�HW�DO���������XVHG�IXQFWLRQDO�WUDLWV�WR�GHWHFW�

VSHFLHV�FKDQJHV�ZLWK�LQFUHDVLQJ�EXUQ�VHYHULW\��VLPLODUO\�WR�KRZ�IXQFWLRQDO�GLYHUVLW\�DQG�

FRPPXQLW\�FRPSRVLWLRQ�GHWHFWHG�FKDQJHV�LQ�WKLV�VWXG\��

,QFOXGLQJ�EXUQ�VHYHULW\�DQG�KDELWDW�specific data helps to better understand songbirds’ 

UHVSRQVHV�WR�ZLOGILUH��)RU�H[DPSOH��ZKLOH�ERWK�RXU�VWXG\�DQG�0RULVVHWWH�HW�DO���������IRXQG�
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'DUN�H\HG�MXQFR�DQG�$PHULFDQ�URELQ�LQ�KLJK�DEXQGDQFH�LQ�EXUQHG�IRUHVWV��ZH�IRXQG�'DUN�H\HG�

MXQFR�DEXQGDQFH�WR�EH�VSHFLILFDOO\�KLJKHVW�LQ�PRGHUDWHO\�EXUQHG�DUHDV��ZKLOH�$PHULFDQ�URELQ�

DEXQGDQFH�ZDV�KLJKHVW�LQ�KLJK�VHYHULW\�EXUQV��)XWXUH�VWXGLHV�FRXOG�LQFOXGH�ERWK�EXUQ�VHYHULW\�

DQG�WLPH�VLQFH�ILUH��DV�+XWWR�DQG�3DWWHUVRQ��������IRXQG�WKH�FRPELQDWLRQ�RI�ILUH�YDULDEOHV�

influenced species’ responses in Montana.�$OWKRXJK�WKH�VRQJELUG�FRPPXQLW\�LV�FXUUHQWO\�

VRPHZKDW�UHVLVWDQW�WR�ZLOGILUH�LQ�WKH�QRUWKZHVWHUQ�&DQDGLDQ�ERUHDO�IRUHVW��LQFRUSRUDWLQJ�

SURMHFWHG�FKDQJHV�WR�IRUHVWV�DQG�ZLOGILUH�GXH�WR�FOLPDWH�FKDQJH�ZLOO�EH�QHFHVVDU\�WR�XQGHUVWDQG�

KRZ�UHVLVWDQFH�PD\�FKDQJH�LQ�WKH�IXWXUH�� �



�
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)LJXUHV�

�

)LJXUH����/RFDWLRQ�RI�WKH�VWXG\�VLWHV��EODFN�VTXDUHV��LQ�WKH�VWXG\�DUHD�EHWZHHQ�)RUW�3URYLGHQFH�

DQG�%HKFKRNǫ̀��1RUWKZHVW�7HUULWRULHV��

� �



�
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�

�

)LJXUH����([DPSOHV�RI�ORZ��$���PRGHUDWH��%��DQG�KLJK��&��EXUQ�VHYHULW\�LQ�SHDWODQG�DQG�PLQHUDO�

ZHWODQGV�RQH�\HDU�SRVW�ILUH�LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��

� �
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)LJXUH����3UHGLFWHG�PHDQV�IRU�VSHFLHV�ULFKQHVV���������FRQILGHQFH�LQWHUYDOV��SHU�IRUHVW�W\SH�DQG�

EXUQ�VHYHULW\�DGMXVWHG�IRU�WKH�UDQGRP�HIIHFW��VLWH�DQG�\HDU���

� �
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)LJXUH����3DUWLDO�FDQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV�RUGLQDWLRQ�RI�ELUG�FRPPXQLWLHV�LQ�XSODQGV�DQG�

SHDWODQGV� RI� LQFUHDVLQJ� EXUQ� VHYHULW\�� 3UHVHQWHG� DUH�$�� FHQWURLGV� RI� HDFK� WUHDWPHQW� W\SH� �EXUQ�

VHYHULW\�DQG�IRUHVW�W\SHV��MRLQHG�E\�DUURZV�LQGLFDWLQJ�WKH�GLUHFWLRQ�RI�LQFUHDVLQJ�EXUQ�VHYHULW\�IRU�

XSODQGV� �VTXDUHV�� DQG� SHDWODQGV� �FLUFOHV��� %�� ���� FRQILGHQFH� HOOLSVHV� DURXQG� FHQWURLGV� �QRW�

VKRZQ��RI�HDFK�WUHDWPHQW�W\SH��

�
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)LJXUH����3UHGLFWHG�PHDQV�RI�IXQFWLRQDO�GLYHUVLW\��4��DPRQJ�VHYHULW\�DQG�IRUHVW�W\SH�WUHDWPHQWV�

DGMXVWHG�IRU�WKH�UDQGRP�HIIHFW��VLWH�DQG�\HDU���(UURU�EDUV�DUH�����FRQILGHQFH�LQWHUYDOV��

� �
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&KDSWHU���–�+LJK�UHVLOLHQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LQ�
WKH�QRUWKHUQ�ERUHDO�IRUHVW��
�

$EVWUDFW�

7KH�UHVLOLHQFH�RI�DQLPDO�FRPPXQLWLHV�DQG�HFRV\VWHPV�GHVFULEHV�WKHLU�DELOLW\�DQG�WKH�

DPRXQW�RI�WLPH�UHTXLUHG�WR�UHWXUQ�WR�D�SUH�GLVWXUEDQFH�VWDWH��6RQJELUG�FRPPXQLWLHV�LQ�VRXWKHUQ�

ERUHDO�UHJLRQV�KDYH�VKRZQ�KLJK�UHVLOLHQFH�WR�ZLOGILUH��EXW�WKHVH�HFRV\VWHPV�H[SHULHQFH�PRUH�

UDSLG�IRUHVW�UHJHQHUDWLRQ�DQG�KLJKHU�VRQJELUG�GLYHUVLW\�WKDQ�QRUWKHUQ�ERUHDO�UHJLRQV�ZKHUH�WKHLU�

UHVLOLHQFH�UHPDLQV�ODUJHO\�XQNQRZQ��:H�WHVWHG�IRU�UHVLOLHQFH�RI�VRQJELUG�FRPPXQLW\�WR�ZLOGILUH�

LQ�WKH�QRUWKHUQ�ERUHDO�IRUHVW�RI�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��6SHFLILFDOO\��ZH�HVWLPDWHG�

VRQJELUG�DEXQGDQFH�LQ�VWDQGV���������������������������DQG�!����\HDUV�SRVW�ILUH�DQG�WHVWHG�IRU�

HIIHFWV�RI�WLPH�VLQFH�ILUH�DQG�IRUHVW�W\SH��XSODQGV�YV��SHDWODQGV��RQ�VSHFLHV�ULFKQHVV��FRPPXQLW\�

FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\�WR�LQIHU�WKH�UHVLOLHQFH�RI�WKLV�FRPPXQLW\��6SHFLHV�ULFKQHVV�

ZDV�KLJKHVW�EHWZHHQ���DQG����\HDUV�SRVW�ILUH�ZLWK�D�QRQ�VLJQLILFDQW�SHDN�EHWZHHQ�������\HDUV�

�������DQG�ORZHVW�RQH�\HDU�SRVW�ILUH��������7KHUH�ZDV�KLJKHU�VSHFLHV�ULFKQHVV�LQ�SHDWODQGV�

FRPSDUHG�WR�XSODQGV��EXW�WKHUH�ZDV�QR�VLJQLILFDQW�WLPH�VLQFH�ILUH�î�IRUHVW�W\SH�LQWHUDFWLRQ��

&RPPXQLW\�FRPSRVLWLRQ�GLG�QRW�FKDQJH�ZLWK�WLPH�VLQFH�ILUH��IRUHVW��RU�WKHLU�LQWHUDFWLRQ��DQG�

IXQFWLRQDO�GLYHUVLW\�RQO\�VLJQLILFDQWO\�GHFUHDVHG�RQH�\HDU�SRVW�ILUH��%HFDXVH�RI�WKH�ODFN�RI�

FKDQJH�LQ�FRPSRVLWLRQ�DQG�EULHI�GHFUHDVH�LQ�IXQFWLRQDO�GLYHUVLW\�DV�D�IXQFWLRQ�RI�QXPEHU�RI�\HDUV�

SRVW�GLVWXUEDQFH�DQG�IRUHVW�W\SH��ZH�FRQFOXGHG�WKDW�VRQJELUG�FRPPXQLWLHV�DUH�KLJKO\�UHVLOLHQW�WR�

ILUH�LQ�QRUWKZHVW�ERUHDO�UHJLRQV��$�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UHVLOLHQFH�RI�QRUWKHUQ�EUHHGLQJ�
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VRQJELUGV�FDQ�EH�LQWHJUDWHG�LQWR�VLPXODWLRQV�WR�JHQHUDWH�SUHGLFWLRQV�DERXW�SRWHQWLDO�FKDQJHV�LQ�

DEXQGDQFH�DQG�GLVWULEXWLRQ�RI�VRQJELUGV�LQ�UHVSRQVH�WR�GLIIHUHQW�FOLPDWLF�FKDQJH�VFHQDULRV��

,QWURGXFWLRQ�

7KH�UHVLOLHQFH�RI�DQLPDO�SRSXODWLRQV��FRPPXQLWLHV��DQG�HFRV\VWHPV�GHVFULEHV�WKHLU�DELOLW\�

WR�UHWXUQ�WR�WKH�SUH�GLVWXUEDQFH�VWDWH�IROORZLQJ�GLVWXUEDQFH��+ROOLQJ�������:DONHU�DQG�6DOW�

�������7KH�UHVLOLHQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�QDWXUDO�GLVWXUEDQFH�KDV�EHHQ�LQIHUUHG�E\�WHVWLQJ�

IRU�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�ZLWK�LQFUHDVLQJ�WLPH�VLQFH�GLVWXUEDQFH��6FKPLHJHORZ�HW�DO��

������)LVFKHU�HW�DO��������-DFTXHW�DQG�3URGRQ��������7KHUH�KDV�ORQJ�EHHQ�D�QHHG�WR�XQGHUVWDQG�

UHVLOLHQFH�RI�VRQJELUGV�LQ�WKH�VRXWKHUQ�ERUHDO�IRUHVW�WR�KDUYHVWLQJ�SUDFWLFHV��6FKPLHJHORZ�DQG�

9LOODUG�������DQG�PDQ\�VWXGLHV�KDYH�DGGUHVVHG�WKH�FRQFHSW�RI�UHVLOLHQFH�E\�FRPSDULQJ�UHFRYHU\�

RYHU�WLPH�DIWHU�KDUYHVWLQJ�DQG�ZLOGILUH��DV�VXPPDUL]HG�E\�6FKLHFN�DQG�6RQJ���������)RU�ERUHDO�

UHJLRQV�WKDW�GR�QRW�H[SHULHQFH�KDUYHVWLQJ��XQGHUVWDQGLQJ�WKH�OHYHO�RI�UHVLOLHQFH�RI�VRQJELUG�

FRPPXQLWLHV�LV�QHFHVVDU\�WR�SURYLGH�HFRORJLFDO�EDVHOLQHV�WR�DQWLFLSDWH�HIIHFWV�RI�FOLPDWH�FKDQJH�

�0LOODU�HW�DO���������VXFK�DV�LQFUHDVHV�LQ�DUHD�EXUQHG�E\�ZLOGILUH�LQ�WKH�QRUWKHUQ�&DQDGLDQ�ERUHDO�

IRUHVW��.RFKWXEDMGD�HW�DO����������

:LOGILUH�LV�WKH�SULPDU\�QDWXUDO�GLVWXUEDQFH�LQ�WKH�ERUHDO�IRUHVW�RI�&DQDGD��7\PVWUD�HW�DO��

�������7KH�ODUJH�ILUHV�WKDW�VWDUW�LQ�WKH�QRUWKHUQ�ERUHDO�IRUHVW�DUH�W\SLFDOO\�LJQLWHG�E\�OLJKWQLQJ�DQG�

RFFXU�GXULQJ�SHULRGV�RI�GURXJKW��6XFK�ILUHV�DUH�PRUH�W\SLFDO�LQ�WKH�ZHVWHUQ�&DQDGLDQ�ERUHDO�

UHJLRQ�WKDQ�LQ�WKH�HDVW��3DULVLHQ�HW�DO���������7KH�ERUHDO�IRUHVW�DOVR�EHFRPHV�PRUH�SURQH�WR�ILUH�

ZLWK�LQFUHDVLQJ�ODWLWXGH�DV�D�UHVXOW�RI�ORQJHU�GD\OLJKW�KRXUV�LQ�VXPPHU�DQG�JUHDWHU�SURSRUWLRQ�RI�

FRQLIHU�WUHHV��0LTXHODMDXUHJXL�HW�DO���������7KH�QRUWKZHVWHUQ�ILUH�UHJLPH�LV�FKDUDFWHUL]HG�E\�

ODUJH��LQWHQVH��FURZQ�ILUHV��GH�*URRW�HW�DO��������ZKLFK�FUHDWHV�VSDWLR�WHPSRUDO�YDULDWLRQ�LQ�VWDQG�
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DJH�DQG�FRPSRVLWLRQ�UHVXOWLQJ�LQ�GLYHUVH�KDELWDWV�IRU�ZLOGOLIH��5RZH�HW�DO�������:HEHU�DQG�

6WRFNV��������7KH�VSUHDG�DQG�VKDSH�RI�ILUH�LV�KLJKO\�YDULDEOH�DQG�LQIOXHQFHG�E\�PDQ\�IDFWRUV�

VXFK�DV�WKH�SUHVHQFH�RI�ILUH�EUHDNV��H�J��ZDWHU�ERGLHV�RU�ODFN�RI�YHJHWDWLRQ���YDULDWLRQ�LQ�PRLVWXUH�

FRQWHQW�RI�YHJHWDWLRQ�DQG�VXUIDFH�VXEVWUDWH��FKDQJHV�LQ�ZHDWKHU��5RZH�DQG�6FRWWHU��������

YHJHWDWLRQ�W\SH��DQG�WRSRJUDSK\��:KLWPDQ�HW�DO����������

$FFRUGLQJ�WR�WKH�“GLYHUVLW\�stability” hypothesis, diversity is frequently correlated with 

VWDELOLW\�RI�DQ�HFRV\VWHP��ZKLFK�LQ�G\QDPLF�HFRV\VWHPV�LV�GHWHUPLQHG�E\�UHVLOLHQFH�DQG�RU�

UHVLVWDQFH��0F&DQQ��������7ZR�GULYHUV�RI�GLYHUVLW\�LQ�ERUHDO�IRUHVWV�DUH�IRUHVW�VXFFHVVLRQ�DQG�

ODWLWXGH��+LJKHU�VSHFLHV�GLYHUVLW\�LQ�VRXWKHUQ�ERUHDO�UHJLRQV�FRPSDUHG�WR�QRUWKHUQ�UHJLRQV�FDQ�EH�

SDUWLDOO\�DWWULEXWHG�WR�WKH�ZLGH�UDQJH�RI�KDELWDWV�FUHDWHG�E\�VXFFHVVLRQ�IROORZLQJ�GLVWXUEDQFH�

�6FKLHFN�DQG�+REVRQ�������6ZDQVRQ�HW�DO���������)ROORZLQJ�ZLOGILUH�LQ�VRXWKHUQ�ERUHDO�UHJLRQV��

PXOWLSOH�VWDJHV�RI�VXFFHVVLRQ�FUHDWH�D�YDULHW\�RI�KDELWDWV�WKDW�D�ODUJH�GLYHUVLW\�RI�VRQJELUG�VSHFLHV�

KDYH�DGDSWHG�WR��7HIOHU�������6FKLHFN�DQG�6RQJ��������,Q�QRUWKHUQ�ERUHDO�UHJLRQV��VWDQG�

VXFFHVVLRQ�LV�VLPSOLILHG�EHFDXVH�RI�ORZ�WUHH�GLYHUVLW\��+RJJ�DQG�:HLQ��������ZKHUH�GRPLQDQW�

WUHH�DQG�VKUXE�VSHFLHV�SUHVHQW�EHIRUH�ZLOGILUH�RIWHQ�UHJHQHUDWH�SRVW�ILUH�ZLWKRXW�LQWHUPHGLDWH�

VXFFHVVLRQDO�VWDJHV��,Q�SHDWODQGV��PRVW�XQGHUVWRU\�SODQWV�FDQ�UHJHQHUDWH�IURP�VXUYLYLQJ�

XQGHUJURXQG�URRWV�DQG�UKL]RPHV�HYHQ�ZKHQ�VXUIDFH�YHJHWDWLRQ�LV�FRQVXPHG��-RKQVWRQH�DQG�

.DVLVFKNH��������ZKLOH�EODFN�VSUXFH�VWDQGV�TXLFNO\�UHJURZ�IURP�DHULDO�VHHGEDQNV�WKDW�VXUYLYH�

ILUH�DQG�GRPLQDWH�ZKHUH�WKH�RUJDQLF�OD\HU�KDV�EXUQHG��3ULFH�HW�DO���������,Q�XSODQG�VWDQGV��

WUHPEOLQJ�DVSHQ��3RSXOXV�WUHPXORLGHV��FDQ�VSURXW�IURP�VXUYLYLQJ�VXFNHUV�DQG�TXLFNO\�

UHFRORQL]H��ZKLOH�MDFN�SLQH��3LQXV�EDQNVLDQD��XVHV�WKH�VDPH�UHJHQHUDWLRQ�VWUDWHJ\�DV�EODFN�

VSUXFH��3ULFH�HW�DO����������
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,Q�DGGLWLRQ�WR�VLPSOHU�IRUHVW�UHJHQHUDWLRQ�SDWWHUQV�LQ�WKLV�UHJLRQ�RI�WKH�QRUWKHUQ�ERUHDO�

IRUHVW��SURGXFWLYLW\��*DXWKLHU�HW�DO���������SHUFHQW�RI�GHFLGXRXV�WUHHV��WUHH�KHLJKW��DQG�FDQRS\�

FRYHU�GHFUHDVH�ZLWK�LQFUHDVLQJ�ODWLWXGH��5RZH�DQG�6FRWWHU��������7KH�QRUWKHUQ�ERUHDO�UHJLRQ�

H[SHULHQFHV�VKRUW�DQG�FRRO�JURZLQJ�VHDVRQV�UHVXOWLQJ�LQ�VORZ�UHJHQHUDWLRQ�UDWHV�FRPSDUHG�WR�

VRXWKHUQ�ERUHDO�UHJLRQ��+RJJ�DQG�:HLQ��������6FKLHFN�DQG�6RQJ��������IRXQG�WKDW�ERUHDO�

VRQJELUG�FRPPXQLWLHV�LQ�$OEHUWD��&DQDGD�WDNH�ORQJHU�����\HDUV��WR�UHDFK�LQWHUPHGLDWH�

VXFFHVVLRQDO�VWDJHV�WKDQ�LQ�D�PRUH�VRXWKHUQ�KHPLERUHDO�UHJLRQ�LQ�0LQQHVRWD��8�6�$����\HDUV��

6FKXOWH�DQG�1LHPL��������SRVVLEO\�GXH�WR�D�ODWLWXGLQDO�HIIHFW�RQ�UHJHQHUDWLRQ�UDWH��7KH�

FRPELQDWLRQ�RI�VORZ�DQG�VLPSOLILHG�UHJHQHUDWLRQ�PD\�OHDG�WR�ORZ�VSHFLHV�GLYHUVLW\�DQG�WKHUHIRUH�

ORZ�UHVLOLHQFH�LQ�ZLOGOLIH�FRPPXQLWLHV�IXUWKHU�QRUWK��

7KH�ERUHDO�IRUHVW�SURYLGHV�LPSRUWDQW�EUHHGLQJ�KDELWDWV�IRU�PDQ\�PLJUDWRU\�DQG�UHVLGHQW�

ODQGELUG�VSHFLHV������VSHFLHV�DQG�EHWZHHQ�RQH�DQG�WKUHH�ELOOLRQ�LQGLYLGXDOV�QHVW�KHUH�HDFK�\HDU�

�%ODQFKHU��������%LUG�FRPPXQLWLHV�LQ�UHJLRQV�ZLWK�IUHTXHQW�GLVWXUEDQFHV�KDYH�EHHQ�IRXQG�WR�EH�

OHVV�VHQVLWLYH�WR�GLVWXUEDQFH�WKDQ�WKRVH�LQ�UHJLRQV�ZLWK�OHVV�IUHTXHQW�GLVWXUEDQFH��/DWLI�HW�DO��

������'UDSHDX�HW�DO����������6SHFLHV�WKDW�XVH�WKH�ERUHDO�IRUHVW��LQFOXGLQJ�VRQJELUGV��DUH�WKRXJKW�

WR�EH�UHVLOLHQW�WR�ODUJH�VFDOH�DQG�IUHTXHQW�GLVWXUEDQFHV��KHUHDIWHU�“disturbance�UHVLOLHQFH�

hypothesis”; 6FKPLHJHORZ�HW�DO��������:HEHU�DQG�6WRFNV�������6FKPLHJHORZ�DQG�9LOODUG�������

'UDSHDX�HW�DO���������6RQJELUG�VSHFLHV�WKDW�SUHIHU�UHFHQWO\�EXUQHG�VWDQGV�LQFOXGH�FDYLW\�DQG�

VRPH�JURXQG�QHVWHUV��,PEHDX�HW�DO��������1DSSL�DQG�'UDSHDX�������DV�ZHOO�DV�VRPH�JHQHUDOLVW�

VSHFLHV��,Q�WKH�VRXWKZHVWHUQ�ERUHDO�IRUHVW�LQ�WKH�%RUHDO�3ODLQV�HFR]RQH��VSHFLHV�DVVRFLDWHG�ZLWK�

VKUXEE\�KDELWDWV�LQ�HDUO\�VHUDO�VWDJHV�EHFRPH�SUHYDOHQW�������\HDUV�SRVW�ILUH��UHYLHZ�E\�6FKLHFN�

DQG�6RQJ��������6SHFLHV�DVVRFLDWHG�ZLWK�PDWXUH�VWDQGV�RFFXUUHG�LQ�VPDOO�SDWFKHV�RI�UHVLGXDO�
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WUHHV�LQ�UHFHQW�EXUQV�EXW�ZHUH�JHQHUDOO\�PRUH�FRPPRQ�!���\HDUV�SRVW�GLVWXUEDQFH��2OGHU�EXUQV�

�!���\HDUV�SRVW�ILUH��ZHUH�VWUXFWXUDOO\�PRUH�GLYHUVH�WKDQ�\RXQJHU�EXUQV�DQG�VXSSRUWHG�WKH�

JUHDWHVW�VSHFLHV�ULFKQHVV�DQG�DEXQGDQFH��6FKLHFN�DQG�6RQJ��������,W�FRXOG�EH�H[SHFWHG�WKDW�

VRQJELUGV�ZRXOG�VKRZ�KLJK�UHVLOLHQFH�WR�ILUH�LQ�WKH�QRUWKHUQ�ERUHDO�IRUHVW�ZKHUH�ODUJH�VFDOH�

GLVWXUEDQFHV�DUH�FRPPRQ���

,Q�WKH�QRUWKZHVW�ERUHDO�UHJLRQ�RI�&DQDGD��SHDWODQGV�PDNH�XS�DOPRVW�KDOI�RI�WKH�ODQGEDVH�

DQG�DUH�W\SLFDOO\�GHILQHG�DV�ZHWODQGV�ZLWK�D�WKLFN��!����FP��OD\HU�RI�RUJDQLF�PDWWHU��1DWLRQDO�

:HWODQGV�:RUNLQJ�*URXS��������3HDWODQGV�H[SHULHQFH�UHGXFHG�EXUQ�VHYHULW\��:KLWPDQ�HW�DO��

������DQG�IUHTXHQF\�FRPSDUHG�WR�XSODQGV�GXH�WR�D�KLJKHU�ZDWHU�WDEOH��.HWWULGJH��������ZHW�

VXUIDFH�VXEVWUDWH��)ODQQLJDQ�HW�DO���������JUHDWHU�JURXQGZDWHU�FRQQHFWLYLW\��DQG�GLVWDQFH�IURP�

XSODQGV��+RNDQVRQ��������3HDWODQGV�DUH�RIWHQ�FRPSRVHG�RI�D�ODUJH�IXHO�ORDG�FRQVLVWLQJ�RI�D�WKLFN�

OD\HU�RI�RUJDQLF�PDWWHU��EODFN�VSUXFH�WKDW�UHWDLQV�GHDG�EUDQFKHV��DQG�YRODWLOH�HULFDFHRXV�VKUXEV�

WKDW�EHFRPH�KLJKO\�IODPPDEOH�ZKHQ�GU\��VXFK�DV�ZKHQ�H[SHULHQFLQJ�GURXJKW��5RZH�DQG�6FRWWHU�

������)ODQQLJDQ�HW�DO��������.DVLVFKNH�HW�DO���������3UHYLRXV�VWXGLHV�KDYH�IRFXVHG�RQ�WHVWLQJ�

HIIHFWV�RI�WLPH�VLQFH�ILUH�RQ�VRQJELUG�FRPPXQLWLHV�LQ�XSODQG�IRUHVWV��+REVRQ�DQG�6FKLHFN�������

9DQ�:LOJHQEXUJ�DQG�+REVRQ�������0RULVVHWWH�HW�DO��������DQG�6FKLHFN�DQG�+REVRQ�������DQG�

6FKLHFN�DQG�6RQJ��������EXW��WR�RXU�NQRZOHGJH��QR�VWXGLHV�KDYH�WHVWHG�IRU�HIIHFWV�RI�WLPH�VLQFH�

ILUH�LQ�SHDWODQGV��%HFDXVH�SHDWODQGV�EXUQ�OHVV�WKDQ�XSODQGV��VRQJELUG�FRPPXQLWLHV�LQ�SHDWODQGV�

PD\�EH�OHVV�UHVLOLHQW�WR�ZLOGILUH�WKDQ�FRPPXQLWLHV�LQ�XSODQG�KDELWDWV��

7KH�ILUH�UHWXUQ�LQWHUYDO�LV�EHWZHHQ����–����\HDUV�LQ�WKH�QRUWKZHVWHUQ�ERUHDO�UHJLRQ�DQG�

IUHTXHQW�HQRXJK�WKDW�IRUHVW�VWDQGV�RIWHQ�WR�QRW�UHDFK�PDWXULW\��%HUJHURQ�HW�DO���������+RZHYHU��

ZLOGILUH�IUHTXHQF\�DQG�DUHD�EXUQHG�DUH�DQWLFLSDWHG�WR�LQFUHDVH�ZLWK�FOLPDWH�FKDQJH��*ULVVRP�HW�



�

� ���

DO��������.RFKWXEDMGD�HW�DO��������+pRQ�HW�DO��������DQG�QRUWKHUQ�UHJLRQV�DUH�H[SHFWHG�WR�

H[SHULHQFH�WKH�JUHDWHVW�LQFUHDVHV��%RQDQ�HW�DO���������3HDWODQGV�DUH�SDUWLFXODUO\�YXOQHUDEOH�DV�

FKDQJHV�LQ�K\GURORJ\�GXH�WR�FOLPDWLF�YDULDWLRQV�WKDW�ZLOO�XOWLPDWHO\�LQFUHDVH�UDWHV�RI�ZLOGILUH�

�=ROWDL�HW�DO���������8QGHUVWDQGLQJ�WKH�UHVLOLHQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LQ�ERWK�

XSODQGV�DQG�SHDWODQGV�LV�QHFHVVDU\�WR�LQIRUP�FRQVHUYDWLRQ�VWUDWHJLHV��7KRPSVRQ�HW�DO����������

,Q�WKLV�VWXG\��ZH�TXDQWLILHG�WKH�UHVLOLHQFH�RI�VRQJELUGV�WR�ZLOGILUH�LQ�XSODQGV�DQG�

SHDWODQGV�LQ�WKH�QRUWKZHVWHUQ�&DQDGLDQ�ERUHDO�IRUHVW��:H�FRQGXFWHG�DYLDQ�SRLQW�FRXQW�VXUYH\V�WR�

TXDQWLI\�UHVLOLHQFH�E\�HVWLPDWLQJ�WKH�WLPH�UHTXLUHG���������������������DQG�������\HDUV��IRU�

VSHFLHV�ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\�WR�UHWXUQ�WR�SUH�ILUH�

FRQGLWLRQV��!����\HDUV���%DVHG�RQ�WKH�GLYHUVLW\�VWDELOLW\�K\SRWKHVLV��ZH�SUHGLFWHG�UHVLOLHQFH�WR�EH�

ORZHU�LQ�QRUWKHUQ�ERUHDO�UHJLRQV�WKDQ�LQ�VRXWKHUQ�UHJLRQV��$OWHUQDWLYHO\��EDVHG�RQ�WKH�

GLVWXUEDQFH�IUHTXHQF\�K\SRWKHVLV��ZH�SUHGLFWHG�WKDW�SHDWODQGV�ZLOO�VKRZ�ORZHU�UHVLOLHQFH�WKDQ�

XSODQGV�EHFDXVH�RI�OHVV�IUHTXHQW�ILUH�LQ�WKDW�KDELWDW���

0HWKRGV�

6WXG\�$UHD�

7KH�VWXG\�WRRN�SODFH�ZLWKLQ�D�a�������NP��DUHD�EHWZHHQ�)RUW�6LPSVRQ��)RUW�3URYLGHQFH��

DQG�%HKFKRNǫ̀�LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��)LJXUH�����7KH�VWXG\�DUHD�ZDV�LQ�WKH�7DLJD�

3ODLQV�+LJK�%RUHDO�DQG�0LG�%RUHDO�HFRUHJLRQV��ZKLFK�DUH�FRPSULVHG�RI�DSSUR[LPDWHO\�����

XSODQGV������SHDWODQGV��DQG�����RSHQ�ZDWHU��(FRV\VWHP�&ODVVLILFDWLRQ�*URXS��������8SODQGV�

DUH�GRPLQDWHG�E\�MDFN�SLQH�ZKLOH�SHDWODQGV�DUH�SULPDULO\�WUHHG�IHQV�DQG�ERJV�GRPLQDWHG�E\�EODFN�

VSUXFH��DV�ZHOO�DV�LQRUJDQLF�PLQHUDO�SRQGV��(FRV\VWHP�&ODVVLILFDWLRQ�*URXS��������7KH�UHJLRQ�
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UHFHLYHG�EHWZHHQ�����–�����PP�RI�\HDUO\�SUHFLSLWDWLRQ�DQG�WKH�DYHUDJH�GDLO\�WHPSHUDWXUH�ZDV�

EHWZHHQ�–����DQG�–����&�EHWZHHQ������–�������*RYHUQPHQW�RI�&DQDGD��������7KH�DYHUDJH�

WHPSHUDWXUH�KDV�LQFUHDVHG�E\���&�EHWZHHQ������DQG������LQ�WKLV�DUHD��(675�6HFUHWDULDW��������

7KHUH�DUH�OLPLWHG�URDGV�DQG�LQGXVWULDO�DFWLYLW\�LQ�WKH�DUHD�DQG�QR�FRPPHUFLDO�IRUHVWU\��0RVW�RI�

WKH�VWXG\�DUHD�KDV�H[SHULHQFHG�ZLOGILUH�DW�OHDVW�RQFH�LQ�WKH�SDVW����\HDUV��3DUWLFXODUO\�ODUJH�ILUHV�

LQ�WKH�VWXG\�DUHD�RFFXUUHG�LQ�������������DQG�������)LJ�������

6DPSOLQJ�GHVLJQ�DQG�DYLDQ�VXUYH\V�

:H�FRQGXFWHG�DYLDQ�SRLQW�FRXQWV�DW�����VDPSOLQJ�VWDWLRQV�EHWZHHQ�-XQH���DQG����������

DQG�������7LPH�VLQFH�ILUH�ZDV�FODVVLILHG�LQWR���\HDU��Q� �����VDPSOLQJ�VWDWLRQV������Q� ��������–

����Q� ��������–����Q� ��������–���\HDUV��Q� �������DQG�!���\HDUV�VLQFH�ILUH��KHUHDIWHU�

“controls”; Q� ������VHH�DOVR�6PLWK�HW�DO���������7KH�VDPSOLQJ�GHVLJQ�ZDV�FRPSULVHG�RI�QHDU�URDG�

DQG�RII�URDG�VDPSOLQJ�ORFDWLRQV��2II�URDG�VXUYH\V�ZHUH�FRQGXFWHG�RQ�DQG�DURXQG�WKH�+RUQ�

3ODWHDX�LQ�������7KHVH�VDPSOLQJ�VWDWLRQV�ZHUH�JURXSHG�LQWR�VLWHV�ZLWK�IRXU�VDPSOLQJ�VWDWLRQV�

VSDFHG�����P�DSDUW�LQ�D���î���JULG�ZLWK�WKH�ILIWK�VWDWLRQ�ORFDWHG�DW�WKH�FHQWURLG��6LWHV�ZHUH�

V\VWHPDWLFDOO\�VSDFHG����NP�DSDUW��7KLV�VDPSOLQJ�GHVLJQ�UHVXOWHG�LQ�WKH�IROORZLQJ�VDPSOH�VL]H����

\HDU��Q� �������–����Q� ��������–���\HDUV��Q� ������DQG�FRQWUROV��Q� �����WRWDO�RI�����VDPSOLQJ�

VWDWLRQV���7KH�URDGVLGH�VXUYH\V��ZKLFK�ZHUH�XVHG�LQ�FKDSWHU����FRQVLVWHG�RI�VLWHV�RI�HLWKHU����

VWDWLRQV����î���JULG�DQG�VDPSOLQJ�VWDWLRQV�VSDFHG�����P�DSDUW��������RU����VWDWLRQV����î���JULG�

DQG�VDPSOLQJ�VWDWLRQV�VSDFHG�����P�DSDUW��������XVLQJ�D�VWUDWLILHG�UDQGRP�VDPSOLQJ�GHVLJQ����

\HDU�>Q� ����@����\HDUV�>Q� ����@���–���\HDUV�>Q� ���@����–���\HDUV�>Q� ��@����–���\HDUV�>Q� �

���@��DQG�FRQWUROV�>Q� ���@��$SSHQGL[�����6RPH�VDPSOLQJ�VWDWLRQV�ZHUH�VDPSOHG�DV�ERWK�\HDU�RQH�

DQG�\HDU�WZR�RYHU�WKH�WZR�\HDUV�RI�VDPSOLQJ��
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$W�HDFK�VDPSOLQJ�VWDWLRQ��WZR���PLQXWH�SRLQW�FRXQWV��Q� ��������ZHUH�FRQGXFWHG�XVLQJ�

UHFRUGLQJV�PDGH�E\�DXWRPDWHG�UHFRUGLQJ�XQLWV��:LOGOLIH�$FRXVWLF�60��PRGHO�LQ������DQG�60��

PRGHO�LQ��������3RLQW�FRXQWV�ZHUH�FRQGXFWHG�DW�GDZQ�RQ�UDQGRPO\�VHOHFWHG�GDWHV�IURP�ZLWKLQ���

GD\V�RI�HDFK�RWKHU��URDGVLGH�VXUYH\V��DQG�IURP�ZLWKLQ�WKH�VDPSOLQJ�SHULRG��RII�URDG�VXUYH\V���

%LUG�VSHFLHV�DQG�DEXQGDQFHV�ZHUH�PDQXDOO\�LQWHUSUHWHG�XVLQJ�WKH�%LRDFRXVWLF�8QLW�$FRXVWLF�

'DWD�$QDO\VLV�3URWRFRO��/DQNDX�HW�DO���������7R�PLQLPL]H�YDULDWLRQ�LQ�GHWHFWDELOLW\�DPRQJ�

VDPSOLQJ�VWDWLRQV��UHFRUGLQJV�ZHUH�UDQGRPO\�DVVLJQHG�WR�VL[�WUDLQHG�REVHUYHUV�DQG�RQO\�

UHFRUGLQJV�ZKHUH�ELUG�YRFDOL]DWLRQV�ZHUH�QRW�REVFXUHG�E\�ZLQG�RU�UDLQ�ZHUH�LQWHUSUHWHG��$�

VSHFLHV�ZDV�FRQVLGHUHG�SUHVHQW�LI�D�PDOH�SULPDU\�YRFDOL]DWLRQ�ZDV�KHDUG�DW�OHDVW�RQFH�DW�D�

VWDWLRQ��0XOWLSOH�LQGLYLGXDOV�RI�WKH�VDPH�VSHFLHV�ZHUH�LGHQWLILHG�E\�GLIIHUHQFHV�LQ�YRFDOL]DWLRQ�

UHODWHG�GLUHFWLRQDOLW\��DPSOLWXGH��VRQJ�W\SH�DQG�RU�TXDOLW\��$OO�LGHQWLILDEOH�ELUG�YRFDOL]DWLRQV�

ZHUH�UHFRUGHG��EXW�RQO\�QRQ�JUHJDULRXV�SDVVHULQHV��JURXVH��DQG�ZRRGSHFNHUV�EUHHGLQJ�GXULQJ�WKH�

VXUYH\�SHULRG�DQG�GHIHQGLQJ�UHODWLYHO\�VPDOO�WHUULWRULHV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��VHH�

$SSHQGL[���IRU�VSHFLHV�OLVW���)RU�HDFK�VDPSOLQJ�VWDWLRQ��PD[LPXP�FRXQW�RI�LQGLYLGXDOV�SHU�

VSHFLHV�RYHU�WKH�WZR�UHFRUGLQJV�ZDV�XVHG�IRU�DQDO\VHV�IROORZLQJ�UHFRPPHQGDWLRQV�IURP�7RPV�HW�

DO����������

)RUHVW�W\SH�DQG�ILUH�GDWD� �

5HPRWH�VHQVLQJ�LQIRUPDWLRQ�RI�DUHD�EXUQHG�LQ�WKH�VWXG\�DUHD�IURP������WR������ZDV�

H[WUDFWHG�IURP�WKH�)RUHVW�0DQDJHPHQW�–�)LUH�+LVWRU\�*,6�OD\HU��*RYHUQPHQW�RI�WKH�1RUWKZHVW�

7HUULWRULHV�&HQWHU�IRU�*HRPDWLFV��������,QIRUPDWLRQ�RQ�ILUHV�EHIRUH������ZDV�QRW�DYDLODEOH��

7LPH�VLQFH�ILUH�ZDV�FDWHJRUL]HG�LQWR�DJH�FODVVHV�VLPLODU�WR�SUHYLRXV�VWXGLHV��+REVRQ�DQG�6FKLHFN�

������6FKLHFN�DQG�+REVRQ�������6FKLHFN�DQG�6RQJ�������+DQH\�HW�DO���������7KH�1RUWKZHVW�
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7HUULWRULHV�)RUHVW�,QYHQWRU\�OD\HU��'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��������

DQG�(GHK]KLH�9HJHWDWLRQ�,QYHQWRU\��(QYLURQPHQW�DQG�&OLPDWH�&KDQJH�&DQDGD�������ZHUH�XVHG�

WR�GHWHUPLQH�WKH�IRUHVW�W\SH��XSODQGV�RU�SHDWODQGV��IRU�HDFK�VDPSOLQJ�VWDWLRQ��,QIRUPDWLRQ�RQ�

GRPLQDQW�SRVW�ILUH�\HDU�FDWHJRU\�DQG�IRUHVW�W\SH�ZDV�VXPPDUL]HG�IRU�D�����P�EXIIHU�DURXQG�HDFK�

VDPSOLQJ�VWDWLRQ�WR�UHSUHVHQW�WKH�HIIHFWLYH�GHWHFWLRQ�UDGLXV�RI�PRVW�ERUHDO�VRQJELUGV��H�J��

6yO\PRV�HW�DO����������

6WDWLVWLFDO�$QDO\VLV�

6SHFLHV�5LFKQHVV�

1XPEHU�RI�VSHFLHV�SHU�VDPSOLQJ�VWDWLRQ��L�H��VSHFLHV�ULFKQHVV��ZDV�XVHG�WR�PHDVXUH�VSHFLHV�

GLYHUVLW\�EHFDXVH�UHVXOWV�ZHUH�VLPLODU�WR�WKRVH�IURP�6KDQQRQ�DQG�6LPSVRQ�LQGLFHV�DQG�ULFKQHVV�LV�

D�VLPSOHU�PHWULF��:H�FUHDWHG�JHQHUDOL]HG�OLQHDU�PL[HG�PRGHOV�XVLQJ�5��5�&RUH�7HDP�������

packages “lme4” (Bates et al. 2015) to test for aQ�HIIHFW�RI�WLPH�VLQFH�ILUH�î�IRUHVW�W\SH�

LQWHUDFWLRQ��<HDU�VDPSOHG��Q� ����DQG�VWXG\�VLWH��Q� �����ZHUH�LQFOXGHG�DV�UDQGRP�HIIHFWV�WR�

DFFRXQW�IRU�WKH�QRQ�LQGHSHQGHQFH�RI�VDPSOLQJ�XQLWV���

*RRGQHVV�RI�ILW�EHWZHHQ�DQ�DGGLWLYH�PRGHO�ZLWK�VHYHULW\�DQG�IRUHVW�W\SH�DV�IL[HG�HIIHFWV��DQG�D�

PRGHO�ZLWK�D�VHYHULW\�î�IRUHVW�W\SH�LQWHUDFWLRQ�DV�IL[HG�HIIHFWV�ZHUH�WHVWHG�XVLQJ�OLNHOLKRRG�UDWLR�

tests using “lmtest” (=HLOHLV�DQG�+RWKRUQ��������

&RPPXQLW\�FRPSRVLWLRQ�

:H�WHVWHG�IRU�FKDQJHV�LQ�FRPPXQLW\�FRPSRVLWLRQ�XVLQJ�SDUWLDO�&DQRQLFDO�

Correspondence Analysis (pCCA; R package “vegan”; Oksanen et al. 2016). CCA detHUPLQHV�

WKH�DPRXQW�RI�YDULDWLRQ�LQ�VSHFLHV�DEXQGDQFH�WKDW�LV�H[SODLQHG�E\�HQYLURQPHQWDO�YDULDEOHV�

�%RUFDUG�HW�DO���������7KH�S&&$�GLVWULEXWHV�VDPSOLQJ�VWDWLRQV�LQ�WKH�PRVW�SDUVLPRQLRXV�



�

� ���

PXOWLYDULDWH�VSDFH�WR�YLVXDOO\�GHSLFW�VKLIWV�LQ�VSHFLHV�FRPSRVLWLRQ��$�SHUPXWDWLRQ�WHVW�ZLWK�����

SHUPXWDWLRQV�ZDV�DOVR�FRQGXFWHG�XVLQJ�WKH�S&&$�UHVXOWV�WR�GHWHUPLQH�WKH�DPRXQW�RI�YDULDWLRQ�

H[SODLQHG�E\�WLPH�VLQFH�ILUH�DQG�IRUHVW�W\SH�DIWHU�FRQWUROOLQJ�IRU�QXLVDQFH�YDULDEOHV��\HDU�VDPSOHG�

DQG�VWXG\�VLWH���7R�SDUWLWLRQ�WKH�DPRXQW�RI�YDULDWLRQ�WKDW�ZDV�H[SODLQHG�E\�WLPH�VLQFH�ILUH�DORQH��

IRUHVW�W\SH�DORQH��DQG�WKHLU�LQWHUDFWLRQ��PRGHOV�ZLWK�WLPH�VLQFH�ILUH�DV�WKH�PDLQ�HIIHFW�DQG�IRUHVW�

W\SH�DV�DQ�DGGLWLRQDO�FRQGLWLRQDO�YDULDEOH��DQG�D�PRGHO�ZLWK�IRUHVW�W\SH�DV�WKH�PDLQ�HIIHFW�ZLWK�

WLPH�VLQFH�ILUH�DV�DQ�DGGLWLRQDO�FRQGLWLRQDO�YDULDEOH�ZHUH�FUHDWHG��DV�SHU�%RUFDUG��������7KH�

%UD\�&XUWLV�GLVVLPLODULW\�VWDWLVWLF�ZDV�XVHG�IRU�WKH�S&&$�DQDO\VLV�EHFDXVH�LW�LV�FRQVLGHUHG�WKH�

PRVW�VXLWDEOH�IRU�DQDO\]LQJ�FRXQW�GDWD�ZLWK�D�KLJK�QXPEHU�RI�]HURV��&ODUNH��������5HVXOWV�IURP�

WKH�S&&$�ZHUH�SUHVHQWHG�DV�DQ�RUGLQDWLRQ�ZLWK�����FRQILGHQFH�HOOLSVHV�WR�VKRZ�ZKHUH�WKH�

PDMRULW\�RI�WKH�VWDWLRQV�RI�HDFK�WUHDWPHQW�W\SH�ZHUH�ORFDWHG�LQ�WZR�GLPHQVLRQDO�RUGLQDWLRQ�VSDFH��

)XQFWLRQDO�'LYHUVLW\�

)XQFWLRQDO�GLYHUVLW\�PHDVXUHV�WKH�UHGXQGDQF\�RI�WUDLWV�LQ�D�FRPPXQLW\�DQG�KDV�EHHQ�

SURSRVHG�WR�EH�D�EHWWHU�LQGLFDWRU�RI�HFRV\VWHP�IXQFWLRQLQJ�WKDQ�RWKHU�PHWULFV�OLNH�VSHFLHV�

ULFKQHVV�RU�DEXQGDQFH��:RRGZDUG�DQG�'LDPHQW��������)XQFWLRQDO�ULFKQHVV�DQG�GLYHUJHQFH�DUH�

WZR�PHDVXUes of functional diversity that were quantified based on the abundance of species’ 

traits and using Rao’s quadratic entropy (hereafter “Rao’s Q”; Clark et al. 2012) from the R 

package “FD” (/DOLEHUWp�HW�DO���������:H�XVHG�OLIH�KLVWRU\�WUDLWV�WKDW�GHVFULEH�species’ feeding 

EHKDYLRUV��UHSURGXFWLRQ�DQG�QHVWLQJ�ORFDWLRQV��DQG�PLJUDWLRQ�EHKDYLRUV��7DEOH�����7KHVH�WUDLWV�

GHVFULEH�VRPH�HFRV\VWHP�IXQFWLRQV�VXFK�DV�LQVHFW�FRQWURO�DQG�VHHG�GLVSHUVDO�RU�DUH�FRQVLGHUHG�

HFRORJLFDOO\�LPSRUWDQW�DV�NH\�DYLDQ�DWWULEXWHV��$]HULD�HW�DO��������0XUUD\�HW�DO��������1HZEROG�

DQG�%XWFKDUW��������7KHVH�FDWHJRULFDO�WUDLWV�ZHUH�WUDQVIRUPHG�LQWR�D�FRQWLQXRXV�GLVWDQFH�PDWUL[�



�

� ���

XVLQJ�WKH�*RZHU�GLVWDQFH�IRU�DQDO\VLV��6FKOHXWHU�HW�DO���������:H�WHVWHG�IRU�HIIHFWV�RI�WLPH�VLQFH�

ILUH�DQG�IRUHVW�W\SHV�on functional diversity (Rao’s Q) using a GLMM from the R package 

“nlme” (Pinheiro et al. 2016) and the same fixed and random effects as the species richness 

DQDO\VLV��$�SRVW�KRF�SDLUZLVH�WHVW�ZLWK�D�Bonferroni correction using the R package “lsmeans” 

�/HQWK�������ZDV�XVHG�WR�LGHQWLI\�VLJQLILFDQW�SDLUZLVH�LQWHUDFWLRQV��6SHFLHV�GHWHFWHG�DW�IHZHU�

WKDQ���VDPSOLQJ�VWDWLRQV�ZHUH�QRW�LQFOXGHG�LQ�DOO�DQDO\VHV��DV�SHU�.DUG\QDO�������0XUUD\�HW�DO��

�������

5HVXOWV�

)LIW\�VSHFLHV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VHV��$SSHQGL[�����7KH�DJH�FODVVHV�EHWZHHQ���–����

\HDUV� KDG� VLJQLILFDQWO\� KLJKHU� VSHFLHV� ULFKQHVV� WKDQ� FRQWUROV� �EHWZHHQ� ���� DQG� ���� KLJKHU��

$SSHQGL[�����ZLWK�WKH�KLJKHVW�PHDQ�YDOXH�UHSRUWHG�IRU����–����\HDUV�SHULRG��)LJXUH�����7KHUH�ZDV�

QR�GLIIHUHQFH�EHWZHHQ�FRQWUROV�DQG���\HDUV�SRVW�ILUH��EXW���\HDU�SRVW�ILUH�ZDV�VLJQLILFDQWO\�ORZHU��

3HDWODQGV�KDG�KLJKHU�PHDQ�VSHFLHV�ULFKQHVV�WKDQ�XSODQGV��SHDWODQG� ������XSODQG� ������β� �������

6(�  � ������ S�  � �������� )LJXUH� ���� EXW� WKHUH� ZDV� QR� VLJQLILFDQW� WLPH� VLQFH� ILUH� î� IRUHVW� W\SH�

LQWHUDFWLRQ��GI� ����F� �������S� ����������

7KH�WLPH�VLQFH�ILUH�î�IRUHVW�W\SH�LQWHUDFWLRQ�H[SODLQHG�D�VPDOO�DPRXQW�RI�YDULDWLRQ������

S&&$��)� �������S���������LQ�VSHFLHV�FRPSRVLWLRQ��ZKLOH�VWXG\�VLWH�H[SODLQHG�FRQVLGHUDEO\�PRUH�

YDULDWLRQ��������$OWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW��WKH�&&$�VKRZHG�QR�GLVWLQFW�VKLIW�LQ�VSHFLHV�

FRPSRVLWLRQ�ZLWK�LQFUHDVLQJ�QXPEHU�RI�\HDUV�SRVW�ILUH���������)� �������S���������)LJXUH����DV�

LQGLFDWHG�E\�WKH�RYHUODS�LQ�����FRQILGHQFH�HOOLSVHV�DURXQG�WKH�FHQWURLGV�RI�HDFK�WUHDWPHQW�W\SH�

DQG�ORZ�DPRXQW�RI�YDULDQFH�H[SODLQHG��7KHUH�ZDV�DOVR�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�

VSHFLHV�FRPSRVLWLRQ�EHWZHHQ�ELUGV�EUHHGLQJ�LQ�XSODQGV�YHUVXV�SHDWODQGV��EXW�WKH�DPRXQW�RI�
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YDULDWLRQ�H[SODLQHG�ZDV�ORZ���������)� ��������S����������2YHUDOO��WKHUH�ZDV�OLWWOH�FKDQJH�LQ�WKH�

FRPPXQLW\�GXH�WR�HLWKHU�WLPH�VLQFH�ILUH�RU�IRUHVW�W\SH��

7KHUH�ZDV�QR�VLJQLILFDQW�FKDQJH�LQ�IXQFWLRQDO�GLYHUVLW\�EHWZHHQ�IRUHVW�W\SHV��)XQFWLRQDO�

GLYHUVLW\�ZDV�VLJQLILFDQWO\�ORZHU�RQH�\HDU�SRVW�ILUH�WKDQ�LQ�FRQWUROV��$SSHQGL[�����7KHUH�ZHUH�QR�

RWKHU�DJH�FODVVHV�WKDW�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FRQWUROV��DOWKRXJK�WKHUH�ZDV�D�VOLJKW��

LQVLJQLILFDQW�LQFUHDVH�LQ�IXQFWLRQDO�GLYHUVLW\�LQ�WKH���–���\HDUV�DJH�FODVV��7KH�WLPH�VLQFH�ILUH�î�

IRUHVW� W\SH� LQWHUDFWLRQ�ZDV� VLJQLILFDQW� �GI�  � ��� F� � ������� S� � �������� +RZHYHU�� WKH� SDLUZLVH�

FRPSDULVRQ�IRXQG�WKDW�WKH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�UHVSRQVH�WR�WLPH�VLQFH�ILUH�LQ�XSODQGV�DQG�

SHDWODQGV�ZDV�WKDW�IXQFWLRQDO�GLYHUVLW\�ZDV�VLJQLILFDQWO\�ORZHU�LQ�\HDU�RQH�FRPSDUHG�WR�WKH����–�

���\HDU�DJH�FODVV�LQ�SHDWODQGV��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�XSODQGV��)LJXUH������

'LVFXVVLRQ�

7KLV�VWXG\�WHVWHG�WKH�UHVLOLHQFH�RI�VRQJELUG�FRPPXQLWLHV�WR�ZLOGILUH�LQ�XSODQGV�DQG�

SHDWODQGV�RI�WKH�QRUWKZHVWHUQ�ERUHDO�IRUHVW��D�UHJLRQ�ZLWK�UHODWLYHO\�OLWWOH�DQWKURSRJHQLF�

GLVWXUEDQFH��7KLV�DQDO\VLV�ZDV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�ZLOGILUH��WKH�PDMRU�QDWXUDO�

GLVWXUEDQFH�WKDW�VKDSHV�WKH�ERUHDO�ODQGVFDSH��:HEHU�DQG�)ODQQLJDQ��������ZRXOG�KDYH�LPSRUWDQW�

HIIHFWV�RQ�VRQJELUG�FRPPXQLWLHV�LPPHGLDWHO\�SRVW�ILUH�DQG�WKH�WLPH�UHTXLUHG�IRU�FRPPXQLWLHV�WR�

UHWXUQ�SUH�ILUH�FRQGLWLRQV�FRXOG�EH�TXDQWLILHG��:H�GLG�QRW�GHWHFW�D�VLJQLILFDQW�ELRORJLFDO�FKDQJH�

LQ�FRPPXQLW\�FRPSRVLWLRQ��IXQFWLRQDO�GLYHUVLW\�RQO\�GHFUHDVHG�VLJQLILFDQWO\�LQ�WKH�ILUVW�\HDU�

SRVW�ILUH��DQG�VSHFLHV�ULFKQHVV�SHDNHG�HDUO\�LQ�UHJHQHUDWLQJ�VWDQGV����–���\HDUV���VXJJHVWLQJ�KLJK�

UHVLOLHQFH�WR�ZLOGILUH��6LPLODUO\��,PEHDX�HW�DO���������IRXQG�QR�FKDQJH�LQ�VSHFLHV�ULFKQHVV�ZLWK�

VXFFHVVLRQ�LQ�EODFN�VSUXFH�VWDQGV�LQ�ERUHDO�IRUHVW�LQ�4XHEHF��2XU�UHVXOWV�ZHUH�FRQVLVWHQW�ZLWK�WKH�

GLVWXUEDQFH�UHVLOLHQFH�K\SRWKHVLV��ZKHUH�KLJK�UHVLOLHQFH�RI�WKH�VRQJELUG�FRPPXQLW\�PD\�EH�
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H[SODLQHG�E\�WKH�KLVWRULFDO�SUHYDOHQFH�RI�ZLOGILUH�RQ�WKH�ODQGVFDSH�DQG�VXEVHTXHQW�DGDSWDWLRQ�E\�

VSHFLHV�IRXQG�WKHUH��7KH�GLYHUVLW\�VWDELOLW\�K\SRWKHVLV�ZDV�QRW�D�JRRG�H[SODQDWLRQ�RI�UHVLOLHQFH��

8QOLNH�VRXWKZHVWHUQ�ERUHDO�IRUHVWV�ZKHUH�ELUG�FRPPXQLWLHV�DUH�GLYHUVH�DQG�FKDQJH�WKURXJKRXW�

VXFFHVVLRQ��6FKLHFN�DQG�+REVRQ��������VSHFLHV�GLYHUVLW\�LQ�WKLV�VWXG\�ZDV�ORZ�����VSHFLHV�������

�������VSHFLHV�SHU�VDPSOLQJ�VWDWLRQ��DQG�GLG�QRW�VKLIW�GUDPDWLFDOO\���

7KH�SUHYDOHQFH�RI�JHQHUDOLVW�VSHFLHV�PD\�KHOS�H[SODLQ�WKH�ODFN�RI�FKDQJH�LQ�VSHFLHV�

ULFKQHVV��FRPPXQLW\�FRPSRVLWLRQ��DQG�IXQFWLRQDO�GLYHUVLW\�ZLWK�LQFUHDVLQJ�WLPH�VLQFH�ILUH��

1HDUO\�KDOI����������VSHFLHV��RI�WKH�VSHFLHV�LQFOXGHG�LQ�DQDO\VHV�DUH�FRQVLGHUHG�WR�EH�DPRQJ�WKH�

���PRVW�DEXQGDQW�VSHFLHV�LQ�WKH�&DQDGLDQ�ERUHDO�IRUHVW��%ODQFKHU��������7KHVH�FRPPRQ�ERUHDO�

VSHFLHV�XVH�D�ZLGH�YDULHW\�RI�IRUHVW�W\SHV�DQG�DW�YDU\LQJ�VWDJHV�RI�UHJHQHUDWLRQ��QR�VSHFLHV�LQ�RXU�

DQDO\VHV�ZDV�OLPLWHG�WR�MXVW�RQH�WLPH�VLQFH�ILUH�FODVV��+DQH\�HW�DO���������IRXQG�VSHFLHV�ULFKQHVV�

DQG�GLYHUVLW\�WR�EH�KLJKHVW�EHWZHHQ���–���\HDUV��2XU�ILQGLQJV�DUH�VLPLODU��ZLWK�KLJKHVW�VSHFLHV�

ULFKQHVV�DQG�IXQFWLRQDO�GLYHUVLW\�LQ�WKH���–���\HDUV�VLQFH�ILUH�FODVV������KLJKHU�WKDQ�FRQWUROV���

7KH�FRPPXQLW\�FRPSRVLWLRQ�RUGLQDWLRQ�VKRZHG�WKDW�WKH���–���\HDUV�VLQFH�ILUH�FODVV�ZDV�

EHWZHHQ�WKH�\RXQJHU�DQG�ROGHU�IRUHVW�DJH�FODVVHV��LQGLFDWLQJ�WKDW�WKLV�DJH�FODVV�LV�XVHG�E\�ERWK�

HDUO\�DQG�ODWH�VXFFHVVLRQDO�VSHFLHV�DQG�RU�JHQHUDOLVWV��$�PHWD�DQDO\VLV�RQ�WKH�HIIHFWV�RI�IRUHVWU\�

RQ�ELUGV�DW�GLIIHUHQW�ODWLWXGLQDO�JUDGLHQWV�IRXQG�WKDW�FKDQJHV�LQ�VSHFLHV�ULFKQHVV�DQG�FRPSRVLWLRQ�

LQ�UHVSRQVH�WR�ORJJLQJ�ZHUH�JUHDWHU�LQ�WURSLFDO�WKDQ�LQ�WHPSHUDWH�IRUHVWV��/D0DQQD�DQG�0DUWLQ�

�������7KH�DXWKRUV�K\SRWKHVL]HG�WKDW�WKHVH�UHVXOWV�FRXOG�EH�H[SODLQHG�E\�ODUJH�VFDOH�QDWXUDO�

GLVWXUEDQFH�EHLQJ�PRUH�FRPPRQ�LQ�WHPSHUDWH�UHJLRQV��ZKLFK�LQ�WXUQ��ZRXOG�UHVXOW�LQ�D�ODUJHU�

SURSRUWLRQ�RI�KDELWDW�JHQHUDOLVW�VSHFLHV�XVLQJ�ERWK�XQGLVWXUEHG�DQG�GLVWXUEHG�IRUHVWV��2XU�UHVXOWV�

VXSSRUW�WKLV�K\SRWKHVLV�IRU�QDWXUDO�GLVWXUEDQFHV�DV�ZHOO���
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6SHFLHV�GLYHUVLW\�PD\�EH�UHODWLYHO\�ORZ�EHFDXVH�SODQW�VSHFLHV�DQG�YHJHWDWLRQ�VWUXFWXUH�

PD\�QRW�FKDQJH�HQRXJK�WR�SURYLGH�VXIILFLHQWO\�GLIIHUHQW�KDELWDWV�IRU�QHZ�VSHFLHV��7KLV�ODFN�RI�

FKDQJH�LQ�VWUXFWXUH�LV�OLNHO\�GXH�WR�PDQ\�IDFWRUV�GULYHQ�E\�LQFUHDVLQJ�ODWLWXGH�DQG�UHODWLYHO\�SRRU�

SURGXFWLYLW\��VXFK�DV�WKH�ODFN�RI�VXFFHVVLRQDO�FKDQJHV�LQ�VWDQG�VWUXFWXUH��ORZ�WUHH�KHLJKW��DQG�ORZ�

WUHH�GLYHUVLW\��7KH�ODFN�RI�FKDQJH�LQ�IXQFWLRQDO�GLYHUVLW\�UHSRUWHG�LQ�RXU�VWXG\�IXUWKHU�VXJJHVWV�

WKDW�WKH�KDELWDW�XVHG�E\�VRQJELUGV�GLG�QRW�IXQFWLRQDOO\�FKDQJH��:H�GLG�QRW�ILQG�UHVLOLHQFH�LQ�WKLV�

VWXG\�WR�EH�ORZHU�WKDQ�PRUH�VRXWKHUQ�VWXGLHV��DQG�WKHUHIRUH�GLG�QRW�ILQG�VXSSRUW�IRU�WKH�

SUHGLFWLRQ�WKDW�UHVLOLHQFH�ZRXOG�GHFUHDVH�ZLWK�LQFUHDVLQJ�ODWLWXGH��,Q�$OEHUWD�DQG�6DVNDWFKHZDQ�

ERUHDO�VWXGLHV�VXPPDUL]HG�E\�6FKLHFN�DQG�6RQJ���������FRPPXQLW\�FKDQJHV�ZHUH�GXH�WR�WKH�

DGGLWLRQ�RI�VKUXEE\�VSHFLHV�RFFXUUHG�ZLWKLQ����\HDUV�SRVW�ILUH�DQG�VSHFLHV�WKDW�XVH�ROG�IRUHVWV�

EHFRPLQJ�DEXQGDQW�EHWZHHQ����–����\HDUV�SRVW�ILUH��,QVWHDG�RI�ORQJHU�WLPHV�WR�UHDFK�WKHVH�VWDJHV�

DV�K\SRWKHVL]HG��RXU�VWXG\�VKRZHG�WKDW�WKHVH�GLVWLQFW�VKLIWV�GLG�QRW�RFFXU��

6DOYDJH�ORJJLQJ�LQ�VRXWKHUQ�ERUHDO�PD\�LQFUHDVH�WKH�FKDQJH�LQ�FRPPXQLW\�FRPSRVLWLRQ�

DIWHU�ZLOGILUH�LQ�VRXWKHUQ�IRUHVWV��6FKLHFN�DQG�6RQJ��������IRXQG�WKDW�FRPPXQLWLHV�LQ�UHFHQW�

EXUQV�ZLWK�DQG�ZLWKRXW�VDOYDJH�ORJJLQJ�ZHUH�GLIIHUHQW�DQG�GLG�QRW�FRQYHUJH�XQWLO�WKLUW\�\HDUV�

DIWHU�ILUH��ZKHQ�GHDG�VWDQGLQJ�WUHHV�KDG�PRVWO\�IDOOHQ��)RU�H[DPSOH��FDYLW\�QHVWHUV�DQG�VSHFLHV�

WKDW�HDW�EHHWOHV�ZHUH�DEXQGDQW�LPPHGLDWHO\�SRVW�ILUH�DQG�ZKLOH�ZHUH�SUHVHQW�IRU�XS�WR����\HDUV�

SRVW�ILUH�ZKHUH�VQDJV�ZHUH�OHIW�LQWDFW��GHFOLQHG�LQ�VWDQGV�ZKHUH�VDOYDJH�ORJJLQJ�RFFXUUHG��:KLOH�

WKHUH�ZHUH�VPDOO�DPRXQWV�RI�LQFLGHQWDO�VDOYDJH�ORJJLQJ�LQ�RXU�VWXG\�DUHD��WKHUH�ZHUH�QR�ODUJH�

VFDOH�FRPPHUFLDO�RSHUDWLRQV��3UHVHQFH�RI�VQDJV�LQ�RXU�VWXG\�DUHD�OLNHO\�IXUWKHU�FRQWULEXWHG�WR�WKH�

ODFN�RI�FKDQJH�LQ�FRPPXQLW\�FRPSRVLWLRQ��
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)RUHVW�W\SH�KDG�D�JUHDWHU�HIIHFW�RQ�VSHFLHV�ULFKQHVV�DQG�FRPPXQLW\�FRPSRVLWLRQ�WKDQ�

WLPH�VLQFH�ILUH��3HDWODQGV�KDG�WKH�KLJKHVW�VSHFLHV�ULFKQHVV�EXW�WKHUH�ZDV�QR�VLJQLILFDQW�WLPH�VLQFH�

ILUH�î�IRUHVW�W\SH�LQWHUDFWLRQ��6LPLODUO\��.LUN�HW�DO���������IRXQG�WKDW�LQ�VRXWKZHVWHUQ�ERUHDO�

UHJLRQV��WKH�JUDGLHQW�IURP�GU\�WR�ZHW�IRUHVWV�ZDV�WKH�VWURQJHVW�GULYHU�RI�VSHFLHV�DVVHPEODJHV��

7KLV�UHVXOW�LV�SDUWLFXODUO\�LPSRUWDQW�JLYHQ�WKDW�SHDWODQGV�DUH�H[SHFWHG�WR�EH�GLVSURSRUWLRQDWHO\�

DIIHFWHG�E\�ZLOGILUH�LQ�WKH�IXWXUH��FOLPDWH�FKDQJH�PRGHOV�SUHGLFW�D�ZDUPHU�FOLPDWH�DQG�PRUH�

IUHTXHQW�GURXJKW��3ULFH�HW�DO��������WKDW�PD\�OHDG�WR�PRUH�GU\LQJ�RXW�RI�SHDWODQGV�DQG�

VXEVHTXHQWO\�PRUH�ILUHV��

7KH�OLPLWHG�FKDQJH�LQ�FRPPXQLW\�FRPSRVLWLRQ�FRQWUDVWV�ZLWK�RWKHU�VWXGLHV�IURP�PRUH�

VRXWKHUQ�UHJLRQV��H�J��+DQH\�HW�DO��������/RZH�HW�DO����������,Q�WKHVH�VWXGLHV��VKLIWV�LQ�FRPPXQLW\�

FRPSRVLWLRQ�PD\�KDYH�EHHQ�GXH�LQ�SDUW�WR�KLJKHU�DEXQGDQFHV�RI�ZRRGSHFNHUV�LQ�\RXQJHU�IRUHVW�

DJH�FODVVHV�DIWHU�ZLOGILUH��VXPPDUL]HG�E\�1DSSL�HW�DO��������DQG�PDWXUH�IRUHVW�VSHFLDOLVWV�WKDW�

ZHUH�RQO\�IRXQG�LQ�ROG�IRUHVWV��H�J��/RZH�HW�DO���������2QO\�IRXU�ZRRGSHFNHU�VSHFLHV�ZHUH�

GHWHFWHG�LQ�RXU�VWXG\��OLNHO\�EHFDXVH�VXUYH\V�WRRN�SODFH�DIWHU�WKH�SULPDU\�ZRRGSHFNHU�EUHHGLQJ�

VHDVRQ��/DFN�RI�ZRRGSHFNHUV�LQ�WKH�\RXQJHU�DJH�FODVVHV�PD\�KDYH�FRQWULEXWHG�WR�WKH�ODFN�RI�

FKDQJH�LQ�FRPPXQLW\�FRPSRVLWLRQ�DQG�ORZHU�VSHFLHV�ULFKQHVV�LQ�\RXQJHU�DJH�FODVVHV��RXU�UHVXOWV�

PD\�KDYH�GLIIHUHG�LI�DGGLWLRQDO�VXUYH\V�IRU�ZRRGSHFNHUV�KDG�EHHQ�FRQGXFWHG�LQ�0D\�WR�

GHWHUPLQH�GLIIHUHQW�SDWWHUQV�LQ�FRPPXQLW\�FRPSRVLWLRQ�PLJKW�HPHUJH���

7KH�WHPSRUDO�H[WHQW�RI�WKH�WLPH�VLQFH�ILUH�GDWD�ZHUH�RQO\�DYDLODEOH�IRU�WKH�SDVW����\HDUV��

)RUHVW�VWDQGV�LQ�WKH�UHJLRQ�GR�QRW�UHDFK�DQ�ROG�VHUDO�VWDJH�XQWLO�EHWZHHQ�����–�����\HDUV�ZKHUH�

WUHH�JURZWK�KDV�VORZHG��7KH�)RUHVWU\�&RUS���������+RZHYHU��ILUHV�W\SLFDOO\�UH�RFFXU�EHIRUH�

VWDQGV�UHDFK�DQ�ROG�VHUDO�VWDJH��-RKQVRQ�HW�DO���������VR�RXU�VDPSOLQJ�GHVLJQ�OLNHO\�FDSWXUHG�
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UHSUHVHQWDWLYH�IRUHVW�DJH�FODVVHV��6WXG\�VLWH��DV�D�UDQGRP�HIIHFW��H[SODLQHG�PRUH�YDULDWLRQ�WKDQ�

WLPH�VLQFH�ILUH�RU�IRUHVW�W\SH��,GHDOO\�VDPSOLQJ�LQ�GLIIHUHQW�EXUQ�DJH�FODVVHV�ZRXOG�KDYH�EHHQ�

VWUDWLILHG�RYHU�WKH�HQWLUH�VWXG\�DUHD�WR�HQVXUH�WKDW�WKHUH�ZDV�OLPLWHG�JHRJUDSKLFDO�FRUUHODWLRQ�DQG�

WR�UHGXFH�WKH�DPRXQW�RI�YDULDWLRQ�H[SODLQHG�E\�VLWH��EXW�WKH�VDPSOLQJ�GHVLJQ�ZDV�LPSOHPHQWHG�

SULRU�WR�GHYHORSLQJ�WKLV�VWXG\��

'LIIHUHQFHV�EHWZHHQ�RXU�UHVXOWV�DQG�WKRVH�IURP�PRUH�VRXWKHUQ�VWXGLHV�KLJKOLJKW�WKH�

UHJLRQDO�GLIIHUHQFHV�LQ�WKH�UHVSRQVHV�RI�VRQJELUGV�WR�QDWXUDO�GLVWXUEDQFHV��7R�RXU�NQRZOHGJH��WKLV�

LV�WKH�PRVW�QRUWKHUO\�VWXG\�RI�ILUH�LPSDFWV�RI�VRQJELUG�FRPPXQLWLHV�FRQGXFWHG�LQ�WKH�ZHVWHUQ�

ERUHDO�IRUHVW��7KLV�UHJLRQ�KDV�WKH�KLJKHVW�IUHTXHQF\��LQWHQVLW\��DQG�VL]H�RI�ZLOGILUHV�DQG�VHHPV�WR�

EH�DQ�DUHD�SDUWLFXODUO\�VXVFHSWLEOH�WR�FOLPDWH�FKDQJH��%RXODQJHU�HW�DO���������2I�SDUWLFXODU�

FRQFHUQ�DUH�SUHGLFWHG�VKRUWHU�ILUH�UHWXUQ�LQWHUYDOV��ZKLFK�KDYH�EHHQ�IRXQG�WR�SUHYHQW�

UHJHQHUDWLRQ�RI�EODFN�VSUXFH��%URZQ�DQG�-RKQVWRQH��������$�ODUJHU�SURSRUWLRQ�RI�PRUH�UHFHQW�

EXUQV�PD\�KDYH�QHJDWLYH�HIIHFWV�RQ�VRQJELUG�FRPPXQLWLHV�E\�WHPSRUDULO\�UHGXFLQJ�VSHFLHV�

ULFKQHVV�DQG�IXQFWLRQDO�GLYHUVLW\��7KLV�VWXG\�DOVR�KLJKOLJKWV�WKH�QHFHVVLW\�WR�FRQVLGHU�YDULDWLRQ�LQ�

IRUHVW�W\SH�DQG�ILUH�UHJLPH�ZKHQ�LQYHVWLJDWLQJ�WKH�HIIHFWV�RI�ZLOGILUH�RQ�VRQJELUGV�LQ�ERUHDO�

IRUHVW�HFRV\VWHPV��,Q�WKLV�VWXG\�ZH�GLIIHUHQWLDWHG�XSODQGV�IURP�SHDWODQGV��ZKLFK�LV�LPSRUWDQW�

EHFDXVH�SHDWODQGV�KDG�KLJKHU�VSHFLHV�ULFKQHVV��KDYH�QRW�EHHQ�VXUYH\HG�LQ�VLPLODU�SUHYLRXV�

VWXGLHV��DQG�DUH�H[SHFWHG�WR�SHUVLVW�RQ�WKH�ODQGVFDSH�ORQJHU�WKDQ�XSODQGV�ZLWK�FOLPDWH�FKDQJH�

�6WUDOEHUJ�HW�DO���������'DWD�IURP�WKLV�VWXG\�VKRXOG�EH�FRPELQHG�ZLWK�SUHGLFWLRQV�IURP�ILUH�

VLPXODWLRQ�WRROV�DQG�FOLPDWH�FKDQJH�PRGHOV�DV�LQ�6WUDOEHUJ�HW�DO����������ZKHUH�SUHGLFWLRQ�IURP�

VSHFLHV�GLVWULEXWLRQ�PRGHOV�EDVHG�RQ�GLIIHUHQW�FOLPDWH�VFHQDULRV�FRXOG�KHOS�ODQG�PDQDJHUV�WR�
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EHWWHU�XQGHUVWDQG�SRWHQWLDO�HIIHFWV�RI�FOLPDWH�FKDQJH�RQ�VRQJELUG�EUHHGLQJ�LQ�QRUWKHUQ�ERUHDO�

UHJLRQV��� �
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7DEOHV�

7DEOH����/LIH�KLVWRU\�WUDLWV�XVHG�LQ�WKH�IXQFWLRQDO�GLYHUVLW\�DQDO\VLV�DQG�WKH�QXPEHU�RI�VSHFLHV�LQ�

HDFK�FDWHJRU\��LQ�SDUHQWKHVHV���7UDLWV�DUH�IURP�WKH�$YLDQ�/LIH�+LVWRU\�,QIRUPDWLRQ�'DWDEDVH�

�KWWS���ZZZ�RQ�HF�JF�FD�ZLOGOLIH�ZLOGVSDFH�SURMHFW�FIP���

0LJUDWLRQ� )HHGLQJ�
&ODVV�

%UHHGLQJ�
VXEVWUDWH�

)RUDJLQJ� 1HVWLQJ�
VXEVWUDWH�

1HVWLQJ�
+DELWDW�

6KRUW�GLVWDQFH�
PLJUDQW������

,QVHFWLYRUH�
�����

*URXQG������ )RUDJHU������ *URXQG������ &RQLIHURXV�
ZRRGODQGV�
�����

1HRWURSLFDO�
PLJUDQW������

2PQLYRUH�
�����

/RZHU�
FDQRS\���
VKUXE������

*OHDQHU������ &RQLIHURXV�
WUHH������

%RJV�����

5HVLGHQW����� � 8SSHU�
FDQRS\�����

6DOOLHU����� 'HFLGXRXV�
WUHH�

0L[HG�
ZRRGODQGV�
����

1RPDGLF����� � $LU����� ([FDYDWRU����� 6KUXE����� 2SHQ�
ZRRGODQGV�
����

� � %DUN����� 6FDOHU����� 6QDJ����� 'HFLGXRXV�
ZRRGODQGV�
����

� � )UHVKZDWHU�
����

6FDYHQJHU�
����

*UDVV����� (DUO\�
VXFFHVVLRQDO�
����

� � � 2WKHU����� 2WKHU����� 2WKHU������
� �

http://www.on.ec.gc.ca/wildlife/wildspace/project.cfm
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)LJXUHV�

�

�

)LJXUH����0DS�RI�WKH�VWXG\�DUHD��ILUH�KLVWRU\��DQG�ORFDWLRQ�RI�WKH����VWXG\�VLWHV��URDGVLGH�DQG�RII�

URDG�VDPSOLQJ�GHVLJQ��LQ�WKH�1RUWKZHVW�7HUULWRULHV��&DQDGD��

�

�



�

� ���

�

)LJXUH����0HDQ�VSHFLHV�ULFKQHVV�IRU�XSODQGV�DQG�SHDWODQGV�ZLWK�LQFUHDVLQJ�QXPEHU�RI�\HDUV�SRVW�

ILUH��
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)LJXUH����3DUWLDO�FDQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV�RUGLQDWLRQ�RI�ELUG�FRPPXQLWLHV�LQ�XSODQGV�DQG�

SHDWODQGV�ZLWK�LQFUHDVLQJ�WLPH�VLQFH�ILUH��3UHVHQWHG�DUH�$��FHQWURLGV�RI�HDFK�WUHDWPHQW�W\SH��%��

����FRQILGHQFH�HOOLSVHV�RI�VWDWLRQV�ZLWKLQ�HDFK�WUHDWPHQW�W\SH��

�

�

�
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)LJXUH����)XQFWLRQDO�GLYHUVLW\�UHVSRQVH�WR�\HDUV�VLQFH�ILUH�DQG�IRUHVW�W\SH��

� �
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&KDSWHU����*HQHUDO�&RQFOXVLRQ�
7KH�KHWHURJHQHLW\�FUHDWHG�E\�ZLOGILUH�LV�SUHYDOHQW�RQ�WKH�QRUWKZHVWHUQ�ERUHDO�ODQGVFDSH��

,W�LV�WKHUHIRUH�LPSRUWDQW�WR�XQGHUVWDQG�LWV�HIIHFWV�RQ�VRQJELUGV�WR�JDLQ�XQGHUVWDQGLQJ�RI�LWV�

SRWHQWLDO�LPSDFWV�WR�QRUWKHUQ�EUHHGLQJ�JURXQGV��SDUWLFXODUO\�IRU�VSHFLHV�WKDW�KDYH�EHHQ�IRXQG�WR�

EH�GHFOLQLQJ��7KH�HIIHFWV�RI�ZLOGILUH�ZHUH�PHDVXUHG�XVLQJ�EXUQ�VHYHULW\�DQG�WLPH�VLQFH�ILUH��7KH�

GLYHUVLW\�RI�ELUG�VSHFLHV�LQ�QRUWKHUQ�IRUHVWV�LV�UHODWLYHO\�ORZ��VSHFLHV�ULFKQHVV�DW�HDFK�VDPSOLQJ�

VWDWLRQ�LQ�WKH�VWXG\�DUHD�ZDV�������������ZKLFK�ZDV�PRUH�WKDQ�LQ�EODFN�VSUXFH�GRPLQDWHG�IRUHVWV�

LQ�HDVWHUQ�4XHEHF������–���SHU�SRLQW�FRXQW�VWDWLRQ��,PEHDX�HW�DO��������EXW�OHVV�WKDQ�ULFKQHVV�LQ�

WKH�PL[HGZRRG�IRUHVWV�RI�WKH�VRXWKZHVWHUQ�ERUHDO�IRUHVW�����–�����0DFGRQDOG��������6SHFLHV’�

UHVSRQVHV�WR�EXUQ�VHYHULW\��$SSHQGL[����DQG�WLPH�VLQFH�ILUH��$SSHQGL[�����YDULHG���'HFOLQHV�RI�

FHUWDLQ�FRPPRQ�VSHFLHV�LQ�UHVSRQVH�WR�ILUH��VXFK�DV�Swainson’s thrush’s negative response to 

LQFUHDVLQJ�EXUQ�VHYHULW\��VXJJHVWV�ILUH�GRHV�LQIOXHQFH�ELUGV�LQ�QRUWKHUQ�UHJLRQV�DOWKRXJK�

FRPPXQLW\�VKLIWV�DUH�QRW�SDUWLFXODUO\�GUDPDWLF��

5HVXOWV�IURP�WKLV�VWXG\�GHPRQVWUDWH�WKH�LPSRUWDQFH�RI�XVLQJ�PXOWLSOH�PHWULFV�WR�

XQGHUVWDQG�KRZ�FRPPXQLWLHV�DUH�DIIHFWHG�E\�GLVWXUEDQFH��)RU�H[DPSOH��VSHFLHV�ULFKQHVV�LV�D�

VLPSOH�PHWULF�WR�HYDOXDWH�GLIIHUHQFHV�EHWZHHQ�WUHDWPHQW�W\SHV��EXW�DORQH�LW�IDLOHG�WR�GHWHFW�

FKDQJHV�GXH�WR�EXUQ�VHYHULW\�WKDW�ZHUH�IRXQG�ZLWK�FRPPXQLW\�FRPSRVLWLRQ�DQG�IXQFWLRQDO�

GLYHUVLW\��8VLQJ�IXQFWLRQDO�GLYHUVLW\�DQG�JXLOGV�DV�LQ�,PEHDX�HW�DO����������0RULVVHWWH�HW�DO��

��������DQG�$]HULD�HW�DO����������$SSHQGL[����LV�D�XVHIXO�ZD\�WR�FRPSDUH�UHVXOWV�DPRQJ�VWXGLHV�

WKDW�KDYH�GLIIHUHQW�VSHFLHV�DVVHPEODJHV�ZKLOH�VWLOO�GHVFULELQJ�WKH�W\SHV�RI�VSHFLHV�IRXQG��

$OWKRXJK�VSHFLHV�DVVHPEODJHV�GLIIHUHG�VRPHZKDW�DPRQJ�WKHVH�VWXG\�DUHDV��UHVXOWV�ZHUH�VLPLODU�
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IRU�JXLOGV��JURXQG�DQG�VKUXE�QHVWHUV�DQG�LQVHFWLYRUHV�ZHUH�PRVW�FRPPRQ�SRVW�ILUH�DQG�RU�LQ�KLJK�

VHYHULW\�EXUQV��ZKLFK�ZHUH�DOO�FRPPRQ�JXLOGV�LQ�WKLV�VWXG\�DUHD��7DEOH����DQG�GRPLQDQW�SRVW�

ILUH��7KH�FRPPXQLW\�FRPSRVLWLRQ�DQDO\VLV�LQ�FKDSWHU���LGHQWLILHG�DQ�LPSRUWDQW�FRQYHUJHQFH�RI�

IRUHVW�W\SHV�ZLWK�LQFUHDVLQJ�EXUQ�VHYHULW\�WKDW�WKH�RWKHU�PHWULFV�ZHUH�XQDEOH�WR�GHWHFW��

&RPPXQLW\�FRPSRVLWLRQ�KDV�DOVR�EHHQ�XVHG�LQ�VLPLODU�VWXGLHV��+REVRQ�DQG�6FKLHFN�������9DQ�

:LOJHQEXUJ�DQG�+REVRQ�������0RULVVHWWH�HW�DO��������+DQQRQ�DQG�'UDSHDX�������DQG�PDNHV�LW�

SRVVLEOH�WR�FRPSDUH�FRPSRVLWLRQDO�FKDQJHV�DPRQJ�VWXGLHV�LQ�UHJLRQV�ZLWK�GLIIHUHQW�VSHFLHV��%\�

XVLQJ�DOO�RI�WKHVH�PHWULFV��LW�LV�SRVVLEOH�WR�FRPSDUH�UHVXOWV�IURP�WKLV�VWXG\�ZLWK�DW�OHDVW�FHUWDLQ�

DQDO\VHV�LQ�PRVW�RWKHU�ERUHDO�VWXGLHV���

7KHUH�DUH�QR�VWXGLHV�WR�P\�NQRZOHGJH�ZKHUH�WKH�VRQJELUG�FRPPXQLWLHV�GLG�QRW�

GHPRQVWUDWH�DW�OHDVW�VRPH�UHVLVWDQFH�RU�UHVLOLHQFH�WR�ZLOGILUH��+RZHYHU��GUDVWLF�FKDQJHV�WR�WKH�

ODQGVFDSH�ZLWK�FOLPDWH�FKDQJH�PD\�UHVXOW�LQ�FRQGLWLRQV�ZKHUH�FRPPXQLWLHV�IXQGDPHQWDOO\�DQG�

SHUPDQHQWO\�VKLIW��DQG�D�GHILQLWLYH�WKUHVKROG�RI�UHVLVWDQFH�DQG�UHVLOLHQFH�ZLOO�EH�GHILQDEOH��,W�

ZRXOG�EH�LQIRUPDWLYH�WR�WHVW�IRU�UHVLVWDQFH�RU�UHVLOLHQFH�LQ�DUHDV�ZKHUH�WKH�ILUH�UHJLPH�KDV�EHHQ�

IXQGDPHQWDOO\�DOWHUHG�E\�KXPDQ�LQWHUYHQWLRQ�DQG�FRPSDUH�WKDW�WR�WKH�QRUWKHUQ�ERUHDO��ZKHUH�WKH�

ILUH�UHJLPH�LV�UHODWLYHO\�QDWXUDO��

/LPLWDWLRQV��

7KLV�VWXG\�ZDV�GHVLJQHG�WR�VXUYH\�VRQJELUGV�GXULQJ�WKHLU�VSULQJ�EUHHGLQJ�VHDVRQ�ZKHQ�

PRVW�VSHFLHV�YRFDOL]H�DV�D�ZD\�WR�GHIHQG�WHUULWRULHV�DQG�DWWUDFW�PDWHV��+RZHYHU��UHVLGHQW�VSHFLHV�

DQG�ZRRGSHFNHUV�WKDW�EUHHG�HDUOLHU�LQ�WKH�\HDU�ZHUH�OLNHO\�QRW�DGHTXDWHO\�VXUYH\HG��:RRGSHFNHU�

VSHFLHV�ZHUH�GHWHFWHG�LQ�WKH�VWXG\�DUHD�EXW�DW�PXFK�ORZHU�UDWHV�WKDQ�ZRXOG�EH�H[SHFWHG�LQ�UHFHQW�

EXUQV��OLNHO\�EHFDXVH�VDPSOLQJ�WRRN�SODFH�DIWHU�WKHLU�SHDN�EUHHGLQJ�VHDVRQ��$GGLWLRQDOO\��
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LUUXSWLYH�VSHFLHV�VXFK�DV�UHG�FURVVELOOV��/R[LD�FXUYLURVWUD��KDYH�SDWFK\�DEXQGDQFHV�DQG�ZHUH�

RPLWWHG�EHFDXVH�WKH\�DUH�QRW�DGHTXDWHO\�VDPSOHG�XVLQJ�SRLQW�FRXQW�VXUYH\V��,PEHDX�HW�DO���������

+RZHYHU��WKHUH�LV�WKH�SRWHQWLDO�WR�FRQGXFW�PRUH�WKRURXJK�ELUG�VXUYH\V�XVLQJ�WKH�DXGLR�UHFRUGLQJV�

FROOHFWHG��(DFK�VDPSOLQJ�VWDWLRQ�RQO\�KDG�WZR�WKUHH�PLQXWH�UHFRUGLQJV�LQWHUSUHWHG�IURP�DQ�

DYDLODEOH�����PLQXWHV�RI�GDLO\�DXGLR�UHFRUGLQJV�IRU�WKUHH�WR�IRXU�FRQVHFXWLYH�GD\V��$XWRPDWHG�

VSHFLHV�UHFRJQL]HUV�FRXOG�EH�XVHG�WR�LGHQWLI\�VSHFLHV�VXFK�DV�ZRRGSHFNHUV�RQ�WKH�IXOO�VHW�RI�DXGLR�

UHFRUGLQJV�ZLWK�WHFKQRORJ\�WKDW�FXUUHQWO\�H[LVWV��LQFUHDVLQJ�WKH�OLNHOLKRRG�RI�GHWHFWLQJ�

LQGLYLGXDOV��0DQXDO�LQWHUSUHWDWLRQ�RI�DXGLR�UHFRUGLQJV�LV�FXUUHQWO\�WKH�RQO\�IHDVLEOH�PHWKRG�IRU�

IXOO�FRPPXQLW\�LGHQWLILFDWLRQ��EXW�LQ�WKH�IXWXUH�DXWRPDWHG�UHFRJQL]HUV�ZLOO�EH�FDSDEOH�RI�

GHWHFWLQJ�DOO�VSHFLHV�RQ�ODUJH�YROXPHV�RI�DXGLR�UHFRUGLQJV�HIILFLHQWO\��6KRQILHOG�DQG�%D\QH�

�������$GGLWLRQDOO\��EHFDXVH�VSHFLHV�ULFKQHVV�LQFUHDVHV�ZLWK�VDPSOLQJ�HIIRUW��%D\QH�HW�DO��������

DQG�RQO\�WZR���PLQXWH�SRLQW�FRXQWV�ZHUH�FRQGXFWHG�DW�HDFK�VDPSOLQJ�VWDWLRQ��DFWXDO�VSHFLHV�

ULFKQHVV�ZDV�OLNHO\�XQGHUHVWLPDWHG��+RZHYHU��WZR�SRLQW�FRXQWV�DW�HDFK�VDPSOLQJ�VWDWLRQ��DV�LQ�

,PEHDX�HW�DO����������0RULVVHWWH�HW�DO����������ZHUH�WKH�PD[LPXP�WKDW�FRXOG�EH�FRPSOHWHG�GXH�WR�

WLPH�FRQVWUDLQWV�LQ�VLPLODU�VWXGLHV��$QRWKHU�OLPLWDWLRQ�RI�WKH�UHFRUGLQJ�VFKHGXOH�ZDV�WKDW�DOO�

VWDWLRQV�LQ�HDFK�VWXG\�VLWHV�ZHUH�VXUYH\HG�RQ�WKH�VDPH�GD\V��DQG�WKHUHIRUH�WKH�ODUJH�HIIHFW�RI�VLWH�

LQ�WKH�DQDO\VHV�LV�OLNHO\�GXH�WR�ERWK�VSDWLDO�DQG�WHPSRUDO�DXWRFRUUHODWLRQ���

7KH�GHWHFWLRQ�UDGLXV�RI�VXUYH\V�DW�HDFK�VDPSOLQJ�VWDWLRQ�PD\�KDYH�EHHQ�LQIOXHQFHG�E\�

GLIIHUHQFHV�LQ�YHJHWDWLRQ�VWUXFWXUH�GXH�WR�EXUQ�VHYHULW\��WLPH�VLQFH�ILUH��DQG�IRUHVW�W\SH��)RU�

H[DPSOH��LW�LV�SRVVLEOH�WKDW�ELUG�YRFDOL]DWLRQV�ZHUH�KHDUG�RYHU�D�ODUJHU�GLVWDQFH�LQ�UHFHQW��KLJK�

VHYHULW\�EXUQV�ZLWK�OLWWOH�YHJHWDWLRQ�FRPSDUHG�WR�XQEXUQHG�IRUHVWV�ZLWK�WKLFN�YHJHWDWLRQ��

$OWKRXJK�WKLV�ZDV�QRW�FRUUHFWHG�IRU��LW�LV�OLNHO\�WKDW�DQ\�VXEVHTXHQW�ELDV�LQ�WKH�GDWD�PDGH�
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FRQFOXVLRQV�PRUH�FRQVHUYDWLYH��DV�PRUH�VSHFLHV�ZRXOG�KDYH�EHHQ�GHWHFWHG�LQ�DUHDV�ZLWK�KLJKHU�

VHYHULW\�RU�LQ�PRUH�UHFHQW�EXUQV��

,PSOLFDWLRQV�

8QGHUVWDQGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�ELUGV�DQG�ZLOGILUH�DFURVV�D�YDULHW\�RI�UHJLRQV�ZLOO�

DLG�KDELWDW�FRQVHUYDWLRQ�SODQQLQJ�LQ�WKH�IRUP�RI�ILUH�PDQDJHPHQW��/DWLI�HW�DO���������)LUH�

PDQDJHPHQW�WKDW�VXSSRUWV�ELRGLYHUVLW\��VXFK�DV�WKH�IUDPHZRUN�LQ�.HOO\�HW�DO����������UHTXLUHV�DQ�

XQGHUVWDQGLQJ�RI�VSHFLHV�UHVSRQVHV�WR�FXUUHQW�ILUH�UHJLPHV��,Q�WKLV�VWXG\��,�TXDQWLILHG�WKH�HIIHFWV�

RI�ILUH�RQ�WKH�VRQJELUG�FRPPXQLW\�LQ�D�UHODWLYHO\�XQDOWHUHG�ILUH�UHJLPH�LQ�WKH�QRUWKHUQ�ERUHDO��

&RQYHUVHO\��WKURXJKRXW�WKH�PRUH�SRSXODWHG�DQG�LQWHQVLYHO\�PDQDJHG�VRXWKHUQ�ERUHDO�IRUHVW��ILUH�

VXSSUHVVLRQ�DQG�DFWLYH�PDQDJHPHQW�KDV�FKDQJHG�WKH�VWUXFWXUH�RI�IRUHVWV�DQG�KDELWDW�DYDLODEOH�IRU�

ELUGV��:KLWDNHU�HW�DO���������VXJJHVWHG�WKDW�WKHUH�LV�D�WKUHVKROG�DW�ZKLFK�ELUG�DVVHPEODJHV�ZLOO�EH�

XQDEOH�WR�EH�UHVLVWDQW�WR�GLVWXUEDQFH��7KLV�WKUHVKROG�ZRXOG�OLNHO\�EH�LQGLFDWHG�E\�D�GUDPDWLF�

GHFUHDVH�LQ�VSHFLHV�ULFKQHVV�DQG���RU�D�FRPSOHWH�WXUQRYHU�RI�VSHFLHV�ZLWK�GLVWXUEDQFH��,GHDOO\��

WKLV�WKUHVKROG�ZRXOG�EH�TXDQWLILDEOH��EXW�WKHUH�DUH��WR�P\�NQRZOHGJH��QR�VXFK�WKUHVKROGV�

GHVFULEHG�LQ�WKH�OLWHUDWXUH��,W�LV�SRVVLEOH�WKDW�LQ�UHJLRQV�ZLWK�IUHTXHQW�GLVWXUEDQFH�ZKHUH�

FRPPXQLWLHV�KDYH�DGDSWHG�WR�IUHTXHQW�FKDQJH��WKUHVKROGV�PD\�KDYH�QRW�EHHQ�FURVVHG�XQGHU�

SUHVHQW�FRQGLWLRQV��0\�UHVXOWV�VXJJHVW�WKDW�WKH�WKUHVKROG�LQ�WKH�QRUWKZHVWHUQ�ERUHDO�IRUHVW�KDV�QRW�

EHHQ�UHDFKHG�XQGHU�SUHVHQW�FRQGLWLRQV��HYHQ�LQ�DUHDV�WKDW�KDG�EXUQHG�WR�D�KLJK�VHYHULW\��

$GGLWLRQDOO\��XQGHUVWDQGLQJ�ZKLFK�WUDLWV�UHVSRQG�QHJDWLYHO\�WR�GLVWXUEDQFH�PD\�DOVR�LQIRUP�

DERXW�VSHFLHV�WKDW�VKDUH�WKRVH�WUDLWV�EXW�ZHUH�QRW�IRXQG�LQ�KLJK�HQRXJK�DEXQGDQFH�WR�VWDWLVWLFDOO\�

PRGHO�HIIHFWLYHO\��0DVRQ�HW�DO��������
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&OLPDWH�DQG�ZLOGILUH�PRGHOV�SUHGLFW�WKDW�LQFUHDVLQJ�WHPSHUDWXUH��FKDQJHV�LQ�SUHFLSLWDWLRQ�

DQG�VXEVHTXHQW�LQFUHDVHV�LQ�ZLOGILUH�ZLOO�FDXVH�VKLIWV�LQ�WUHH�VSHFLHV�RU�SUHYHQW�IRUHVW�

UHJHQHUDWLRQ�DIWHU�GLVWXUEDQFH�DOWRJHWKHU�LQ�WKH�QH[W�����\HDUV�RYHU�PXFK�RI�WKH�VRXWKZHVWHUQ�

ERUHDO�IRUHVW��6WUDOEHUJ�HW�DO���������7KH�QRUWKHUQ�ERUHDO�IRUHVW�ZLOO�DOVR�H[SHULHQFH�GUDVWLF�

FKDQJHV��ZLWK�WKH�DQQXDO�PHDQ�PLQLPXP�WHPSHUDWXUH�H[SHFWHG�WR�LQFUHDVH�XS�WR����&�LQ�ZLQWHU�

�3ULFH�HW�DO���������1RUWKHUQ�UHJLRQV�ZLWK�OLWWOH�KXPDQ�SUHVHQFH�PD\�H[SHULHQFH�PRUH�ZLOGILUH�

WKDQ�LQ�WKH�VRXWK�ZKHUH�ILUH�VXSSUHVVLRQ�DQG�FRQYHUVLRQ�RI�IRUHVWV�WR�DJULFXOWXUH��ORJJLQJ��DQG�

LQGXVWULDO�GHYHORSPHQW�PD\�VORZ�WKH�VSUHDG�DQG�VFDOH�RI�ILUHV��&OLPDWH�FKDQJH�LQ�VRXWKHUQ�ERUHDO�

PD\�FDXVH�ODUJH�VFDOH�WUDQVLWLRQV�IURP�GHFLGXRXV�DQG�PL[HG�ZRRG�IRUHVWV�WR�JUDVVODQGV�DQG�IURP�

FRQLIHURXV�GRPLQDWHG�IRUHVWV�WR�GHFLGXRXV�GRPLQDWHG�IRUHVWV�RYHU�PXFK�RI�WKH�UHJLRQ��DV�ZHOO�

FKDQJHV�WR�SHDWODQGV��6FKQHLGHU�������6WUDOEHUJ�HW�DO���������1RUWKHUQ�ERUHDO�IRUHVWV�PD\�QRW�

H[SHULHQFH�WKH�H[WHQW�RI�FRQYHUVLRQ�RI�IRUHVWV�WR�JUDVVODQGV�GXH�WR�LQFUHDVLQJ�WHPSHUDWXUHV��

+RZHYHU��FRPSOHWH�ORVV�RI�IRUHVWV�GXH�WR�UDSLG�UHSHDW�EXUQV�KDYH�EHHQ�GRFXPHQWHG�LQ�WKH�

QRUWKZHVWHUQ�ERUHDO�IRUHVW��)LUHV�WKDW�UHRFFXU�LQ�DQ�DUHD�LQ�D�VKRUW�WLPHIUDPH�PD\�GHVWUR\�WKH�

DYDLODEOH�VHHG�EDQN�DQG�PDWXUH�WUHHV�ZLWK�VHHGV��SUHYHQWLQJ�UHJHQHUDWLRQ�RI�WUHHV��%URZQ�DQG�

-RKQVWRQH���������

7KLV�VWXG\�VKRZV�WKDW�WKH�VRQJELUG�FRPPXQLW\�LQ�WKH�QRUWKZHVWHUQ�ERUHDO�IRUHVW��DOWKRXJK�

QRW�YHU\�GLYHUVH��ZDV�DEOH�WR�ZLWKVWDQG�VXEVWDQWLDO�FKDQJHV�WR�IRUHVW�VWUXFWXUH�FDXVHG�E\�ILUH��

/LNH�,PEHDX�HW�DO����������,�IRXQG�WKDW�VRQJELUG�VSHFLHV�ULFKQHVV�GLG�QRW�FKDQJH�VXEVWDQWLDOO\�DV�

IRUHVWV�UHFRYHUHG��DQG�WKLV�LV�OLNHO\�UHSUHVHQWDWLYH�RI�IRUHVWV�ZLWK�VLPSOH�IRUHVW�VWUXFWXUH�DQG�

UHJHQHUDWLRQ��+RZHYHU��WKH�IRUHVW�FRQGLWLRQV�LQ�WKLV�VWXG\�PD\�QRW�EH�DSSOLFDEOH�LQ�WKH�IXWXUH�DV�

IRUHVWV�VKLIW�LQ�WKHLU�IXQGDPHQWDO�FRPPXQLW\�FRPSRVLWLRQ�RU�IDLO�WR�UHJHQHUDWH�DOWRJHWKHU�DIWHU�
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GLVWXUEDQFH��$GGLWLRQDOO\��WKH�HIIHFWV�RI�KLJK�LQWHQVLW\�ILUHV�ZLOO�OLNHO\�EH�PRUH�ZLGHVSUHDG�WKDQ�

FXUUHQWO\��LQFUHDVLQJ�WKH�DPRXQW�RI�DUHD�EXUQHG�WR�D�KLJK�VHYHULW\�RQ�WKH�ODQGVFDSH���

'DWD�IURP�WKLV�WKHVLV�ZLOO�DOVR�KHOS�(QYLURQPHQW�and Climate Change Canada’s (ECCC) 

LQ�WKHLU�PDQGDWH�WR�‘FRQVHUYH�DQG�SURWHFW�PLJUDWRU\�ELUGV�DQG�WKHLU�KDELWDW�from major threats’ 

�(&&&�������E\�SURYLGLQJ�LQIRUPDWLRQ�DERXW�VSHFLHV�GLVWULEXWLRQV��KDELWDW�DVVRFLDWLRQV��DQG�KRZ�

WKH\�DUH�DIIHFWHG�E\�ZLOGILUH��'DWD�WKDW�ZDV�FROOHFWHG�IRU�&KDSWHU���LQ�WKH�ZHVWHUQ�SRUWLRQ�RI�WKH�

VWXG\�DUHD�LV�DOVR�EHLQJ�XVHG�DV�EDVHOLQH�GDWD�IRU�D�SURSRVHG�1DWLRQDO�:LOGOLIH�$UHD��(GpK]KtH���

$�QH[W�VWHS�LQ�WKLV�UHVHDUFK�ZLOO�EH�WR�LQFRUSRUDWH�FOLPDWH�DQG�ZLOGILUH�PRGHOV�ZLWK�LQIRUPDWLRQ�

IURP�WKLV�VWXG\�WR�SUHGLFW�KRZ�QRUWKHUQ�ERUHDO�ELUG�FRPPXQLWLHV�PD\�UHVSRQG�WR�IXWXUH�KDELWDW�

DQG�ILUH�UHJLPH�FKDQJHV��$GGLWLRQDOO\��GLIIHUHQW�W\SHV�RI�SHDWODQGV�ZLOO�OLNHO\�EH�DIIHFWHG�E\�

ZLOGILUH�EDVHG�RQ�K\GURORJ\��)RU�H[DPSOH��ZDWHU�WDEOH�IOXFWXDWLRQV�GXULQJ�GURXJKW�WHQG�WR�EH�

JUHDWHU�LQ�ERJV�WKDQ�IHQV��=ROWDL�HW�DO���������PDNLQJ�ERJV�PRUH�VXVFHSWLEOH�WR�ZLOGILUH�GXULQJ�

GURXJKW��)XWXUH�UHVHDUFK�FRXOG�GLIIHUHQWLDWH�DPRQJ�SHDWODQG�W\SHV�WR�EHWWHU�XQGHUVWDQG�SRWHQWLDO�

FKDQJHV�WR�WKH�VRQJELUG�FRPPXQLW\�LQ�UHVSRQVH�WR�ZLOGILUH��� �
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/LWHUDWXUH�&LWHG�

$QGHUVRQ�0-��������0XOWLYDULDWH�GLVSHUVLRQ�DV�D�PHDVXUH�RI�EHWD�GLYHUVLW\��(FRORJ\�/HWWHUV����
���–�����

$]HULD�(7��,EDU]DEDO�-��+pEHUW�&��%RXFKHU�-��,PEHDX�/��6DYDUG�-3��������'LIIHUHQWLDO�UHVSRQVH�
RI�ELUG�IXQFWLRQDO�WUDLWV�WR�SRVW��ILUH�VDOYDJH�ORJJLQJ�LQ�D�ERUHDO�IRUHVW�HFRV\VWHP��$FWD�
2HFRORJLFD�������–������

%DOODUG�*��*HXSHO�*5��1XU�1��*DUGDOL�7��������/RQJ�7HUP�'HFOLQHV�DQG�'HFDGDO�3DWWHUQV�LQ�
3RSXODWLRQ�7UHQGV�RI�6RQJELUGV�LQ�:HVWHUQ�1RUWK�$PHULFD������–������&RQGRU���������–
������

%DOVKL�0��0F*XLUH�$'��'XII\�3��)ODQQLJDQ�0��:DOVK�-��0HOLOOR�-��������$VVHVVLQJ�WKH�UHVSRQVH�
RI�DUHD�EXUQHG�WR�FKDQJLQJ�FOLPDWH�LQ�ZHVWHUQ�ERUHDO�1RUWK�$PHULFD�XVLQJ�D�0XOWLYDULDWH�
$GDSWLYH�5HJUHVVLRQ�6SOLQHV��0$56��DSSURDFK��*OREDO�&KDQJH�%LRORJ\���������������–
������

%DWHV�'��0DHFKOHU�0��%RONHU�%��:DONHU�6���������)LWWLQJ�/LQHDU�0L[HG�(IIHFWV�0RGHOV�8VLQJ�
OPH���-RXUQDO�RI�6WDWLVWLFDO�6RIWZDUH���������������

%D\QH�(��.QDJJV�0��6RO\PRV�3��������+RZ�WR�0RVW�(IIHFWLYHO\�8VH�$XWRQRPRXV�5HFRUGLQJ�
8QLWV�:KHQ�'DWD�DUH�3URFHVVHG�E\�+XPDQ�/LVWHQHUV��%LRDFRXVWLF�8QLW��8QLYHUVLW\�RI�
$OEHUWD�DQG�$OEHUWD�%LRGLYHUVLW\�0RQLWRULQJ�,QVWLWXWH���SS��

Bergeron Y, Leduc A, Harvey BD, Gauthier S (2002) Natural Fire Regime : A Guide for 
6XVWDLQDEOH�0DQDJHPHQW�RI�WKH�&DQDGLDQ�%RUHDO�)RUHVW��6LOYD�)HQQLFD�������–����

�
Blancher P (2003) Importance of Canada’s Boreal Forest to Landbirds. The Canadian Boreal 

,QLWLDWLYH�DQG�WKH�%RUHDO�6RQJELUG�,QLWLDWLYH�����SS��

%RQDQ�*%��6KXJDUW�++��8UEDQ�'/��������7KH�VHQVLWLYLW\�RI�VRPH�KLJK�ODWLWXGH�ERUHDO�IRUHVWV�WR�
FOLPDWLF�SDUDPHWHUV��&OLPDWH�&KDQJH�����–����GRL����������EI���������

%RUFDUG�'��/HJHQGUH�3��'UDSHDX�3��������3DUWLDOOLQJ�RXW�WKH�6SDWLDO�&RPSRQHQW�RI�(FRORJLFDO�
9DULDWLRQ��:LOH\���������–������

%RXUJHDX�&KDYH]�//��$OH[DQGHU�0(��6WRFNV�%-��.DVLVFKNH�(6��������'LVWULEXWLRQ�RI�)RUHVW�
(FRV\VWHPV�DQG�WKH�5ROH�RI�)LUH�LQ�WKH�1RUWK�$PHULFDQ�%RUHDO�5HJLRQ��In ‘Fire, Climate 
Change, and Carbon Cycling in the Boreal Forest’. (Eds Kasischke ES, Stocks BJ) 
6SULQJHU��1HZ�<RUN��1<��SS����������
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%RXODQJHU�<��*DXWKLHU�6��%XUWRQ�3-��������$�UHILQHPHQW�RI�PRGHOV�SURMHFWLQJ�IXWXUH�&DQDGLDQ�
ILUH�UHJLPHV�XVLQJ�KRPRJHQHRXV�ILUH�UHJLPH�]RQHV��&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK�����
���������GRL����������FMIU�����������

%UDQGW�-3��)ODQQLJDQ�0'��0D\QDUG�'*��7KRPSVRQ�ID (2013) An introduction to Canada’s 
ERUHDO�]RQH��HFRV\VWHP�SURFHVVHV��KHDOWK��VXVWDLQDELOLW\��DQG�HQYLURQPHQWDO�LVVXHV��
(QYLURQPHQWDO�5HYLHZV��������–�����

%URZQ�&'��-RKQVWRQH�-)��������2QFH�EXUQHG, twice shy : Repeat fires reduce seed availability 
DQG�DOWHU�VXEVWUDWH�FRQVWUDLQWV�RQ�3LFHD�PDULDQD�UHJHQHUDWLRQ��)RUHVW�(FRORJ\�DQG�
0DQDJHPHQW��������–����GRL����������M�IRUHFR�������������

&DOPH�6��'HVURFKHUV�$��6DYDUG�-3��������5HJLRQDO�VLJQLILFDQFH�RI�SHDWODQGV�IRU�DYLIDXQDO�
GLYHUVLW\�LQ�VRXWKHUQ�4XpEHF��%LRORJLFDO�&RQVHUYDWLRQ���������–�����

&DPSRV�5XL]�5��3DULVLHQ�0��)ODQQLJDQ�0'��������7HPSRUDO�3DWWHUQV�RI�:LOGILUH�$FWLYLW\�LQ�
$UHDV�RI�&RQWUDVWLQJ�+XPDQ�,QIOXHQFH�LQ�WKH�&DQDGLDQ��)RUHVWV���������
GRL���������I���������

&DULJQDQ�9��9LOODUG�0��������VHOHFWLQJ�LQGLFDWRU�VSHFLHV�WR�PRQLWRU�HFRORJLFDO�LQWHJULW\��D�
UHYLHZ��(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�������–����

&ODUNH�.5��������1RQ�SDUDPHWULF�PXOWLYDULDWH�DQDO\VHV�RI�FKDQJHV�LQ�FRPPXQLW\�VWUXFWXUH��
$XVWUDOLDQ�-RXUQDO�RI�(FRORJ\��������–�����

&ODUN�&0��)O\QQ�')%��%XWWHUILHOG�%-��5HLFK�3%��������7HVWLQJ�WKH�/LQN�EHWZHHQ�)XQFWLRQDO�
'LYHUVLW\�DQG�(FRV\VWHP�)XQFWLRQLQJ�LQ�D�0LQQHVRWD�*UDVVODQG�([SHULPHQW���

&ROOLQV�6/��������6SHFLHV�UHRUGHULQJ��QRW�FKDQJHV�LQ�ULFKQHVV��GULYHV�ORQJ�WHUP�G\QDPLFV�LQ�
JUDVVODQG�FRPPXQLWLHV��(FRORJ\�/HWWHUV��GRL����������HOH�������

&RVVHW�&��(GZDUGV�'3��������7KH�HIIHFWV�RI�UHVWRULQJ�ORJJHG�WURSLFDO�IRUHVWV�RQ�DYLDQ�
SK\ORJHQHWLF�DQG�IXQFWLRQDO�GLYHUVLW\��(FRORJLFDO�6RFLHW\�RI�$PHULFD��������–������GRL��
��������HDS������

GH�*URRW�:-��&DQWLQ�$6��)ODQQLJDQ�0'��6RMD�$-��*RZPDQ�/0��1HZEHU\�$��������$�
FRPSDULVRQ�RI�&DQDGLDQ�DQG�5XVVLDQ�ERUHDO�IRUHVW�ILUH�UHJLPHV��)RUHVW�(FRORJ\�DQG�
0DQDJHPHQW��������–�����

'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��(15���������1RUWKZHVW�7HUULWRULHV�IRUHVW�
YHJHWDWLRQ�LQYHQWRU\�VWDQGDUGV�ZLWK�VRIWFRS\�VXSSOHPHQWV��<HOORZNQLIH��1:7��SS������

'HYLFWRU�9��-XOOLDUG�5��&ODYHO�-��-LJXHW�)��/HH�$��&RXYHW�'��������)XQFWLRQDO�ELRWLF�
KRPRJHQL]DWLRQ�RI�ELUG�FRPPXQLWLHV�LQ�GLVWXUEHG�ODQGVFDSHV��*OREDO�(FRORJ\�DQG�
%LRJHRJUDSK\��������–�����GRL����������M����������������������[��



�

� ���

'UDSHDX�3��9LOODUG�0��/HGXF�$��+DQQRQ�6��������1DWXUDO�GLVWXUEDQFH�UHJLPHV�DV�WHPSODWHV�IRU�
WKH�UHVSRQVH�RI�ELUG�VSHFLHV�DVVHPEODJHV�WR�FRQWHPSRUDU\�IRUHVW�PDQDJHPHQW��'LYHUVLW\�DQG�
'LVWULEXWLRQV��������–������

(EHUKDUW�.HYLQ�(�:30��������'LVWULEXWLRQ�RI�UHVLGXDO�YHJHWDWLRQ�DVVRFLDWHG�ZLWK�ODUJH�ILUHV�LQ�
$OEHUWD��7KH�&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK����������������

(FRV\VWHP�&ODVVLILFDWLRQ�*URXS��������UHY����������(FRORJLFDO�5HJLRQV�RI�WKH�1RUWKZHVW�
7HUULWRULHV�–�7DLJD�3ODLQV��'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��*RYHUQPHQW�
RI�WKH�1RUWKZHVW�7HUULWRULHV��<HOORZNQLIH��17��&DQDGD������SS����IROGHG�LQVHUW�PDS��

(GZDUGV�)$��(GZDUGV�'3��+DPHU�.&��'DYLHV�5*��������,PSDFWV�RI�ORJJLQJ�DQG�FRQYHUVLRQ�RI�
UDLQIRUHVW�WR�RLO�SDOP�RQ�WKH�IXQFWLRQDO�GLYHUVLW\�RI�ELUGV�LQ�6XQGDODQG��7KH�,QWHUQDWLRQDO�
-RXUQDO�RI�$YLDQ�6FLHQFH���������–�����

(QYLURQPHQW�&DQDGD��������%LUG�&RQVHUYDWLRQ�6WUDWHJ\�IRU�%LUG�&RQVHUYDWLRQ�5HJLRQ����%RUHDO�
7DLJD�3ODLQV��&DQDGLDQ�:LOGOLIH�6HUYLFH��(QYLURQPHQW�&DQDGD��(GPRQWRQ��$OEHUWD������SS��

(QYLURQPHQW�DQG�&OLPDWH�&KDQJH�&DQDGD��(&&&���������9HJHWDWLRQ�DQG�ODQGVFDSH�
FODVVLILFDWLRQ�RI�(GpK]KtH�FDQGLGDWH�QDWLRQDO�ZLOGOLIH�DUHD��9HFWRU�OD\HU���<HOORZNQLIH��
1:7��

(QYLURQPHQW�DQG�&OLPDWH�&KDQJH�&DQDGD��(&&&���������$SULO����'HSDUWPHQWDO�3ODQ������WR�
�����UHSRUW��(QYLURQPHQW�DQG�&OLPDWH�&KDQJH�&DQDGD��FKDSWHU����5HWULHYHG�IURP�
KWWSV���ZZZ�FDQDGD�FD�HQ�HQYLURQPHQW�FOLPDWH�FKDQJH�FRUSRUDWH�WUDQVSDUHQF\�FRUSRUDWH�
PDQDJHPHQW�UHSRUWLQJ�GHSDUWPHQWDO�SODQV�����������SODQQHG�UHVXOWV��

(UQVW�5��/LQVHQPDLU�.(��5|GHO�02��������'LYHUVLW\�HURVLRQ�EH\RQG�WKH�VSHFLHV�OHYHO��'UDPDWLF�
ORVV�RI�IXQFWLRQDO�GLYHUVLW\�DIWHU�VHOHFWLYH�ORJJLQJ�LQ�WZR�WURSLFDO�DPSKLELDQ�FRPPXQLWLHV��
%LRORJLFDO�&RQVHUYDWLRQ���������–�����

(675�6HFUHWDULDW��������7DLJD�3ODLQV�(FR]RQH���HYLGHQFH�IRU�NH\�ILQGLQJV�VXPPDU\��&DQDGLDQ�
%LRGLYHUVLW\��(FRV\VWHP�6WDWXV�DQG�7UHQGV�������(YLGHQFH�IRU�.H\�)LQGLQJV�6XPPDU\�
5HSRUW�1R������&DQDGLDQ�&RXQFLOV�RI�5HVRXUFH�0LQLVWHUV��2WWDZD��21��YLL�������SS��

)LVFKHU�-��/LQGHQPD\HU�'%��%ORPEHUJ�63��0RQWDJXH�'UDNH�5��)HOWRQ�$��6WHLQ�-$��������
)XQFWLRQDO�5LFKQHVV�DQG�5HODWLYH�5HVLOLHQFH�RI�%LUG�&RPPXQLWLHV�LQ�5HJLRQV�ZLWK�
'LIIHUHQW�/DQG�8VH�,QWHQVLWLHV��(FRV\VWHPV��������–�����GRL����������V�����������������

)ODQQLJDQ�0��6WRFNV�%-��7XUHWVN\�0��:RWWRQ�0��������,PSDFWV�RI�FOLPDWH�FKDQJH�RQ�ILUH�
DFWLYLW\�DQG�ILUH�PDQDJHPHQW�LQ�WKH�FLUFXPERUHDO�IRUHVW��*OREDO�&KDQJH�%LRORJ\����������

*DJLF�9��%DUWRPHXV�,��-RQVVRQ�7��HW�DO���������)XQFWLRQDO�LGHQWLW\�DQG�GLYHUVLW\�RI�DQLPDOV�
SUHGLFW�HFRV\VWHP�IXQFWLRQLQJ�EHWWHU�WKDQ�VSHFLHV�EDVHG�LQGLFHV��3URFHHGLQJV�RI�WKH�5R\DO�
6RFLHW\�RI�%LRORJ\������
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*DXWKLHU�6��%HUQLHU�3��.XXOXYDLQHQ�7�6KYLGHQNR�$=��6FKHSDVFKHQNR�'*��������%RUHDO�IRUHVW�
KHDOWK�DQG�JOREDO�FKDQJH��6FLHQFH���������������–�����

*RYHUQPHQW�RI�&DQDGD��������0DUFK����6WDWLRQ�5HVXOWV�������������&OLPDWH�1RUPDOV�DQG�
$YHUDJHV��)RUW�6LPSVRQ��+D\�5LYHU��<HOORZNQLIH���
KWWS���FOLPDWH�ZHDWKHU�JF�FD�FOLPDWHBQRUPDOV��

*RYHUQPHQW�RI�WKH�1RUWKZHVW�7HUULWRULHV�&HQWHU�IRU�*HRPDWLFV��������)RUHVW�0DQDJHPHQW�)LUH�
+LVWRU\�*,6�OD\HU��YHFWRU�OD\HU���<HOORZNQLIH��1:7��

*ULVVRP�3��$OH[DQGHU�0(��&HOOD�%��&ROH�)��.XUWK�-7��0DORWWH�13��0DUWHOO�'/��0DZGVOH\�
:��5RHVVOHU�-��4XLOOLQ�5��:DUG�3&��������(IIHFWV�RI�&OLPDWH�&KDQJH�RQ�0DQDJHPHQW�
DQG�3ROLF\��0LWLJDWLRQ�2SWLRQV�LQ�WKH�1RUWK�$PHULFDQ�%RUHDO�)RUHVW��,Q�‘)LUH��&OLPDWH�
&KDQJH��DQG�&DUERQ�&\FOLQJ�LQ�WKH�%RUHDO�)RUHVW’���(GV�.DVLVFKNH�(6��6WRFNV�%-��
6SULQJHU��1HZ�<RUN��1<��SS���������

�*URQGLQ�3��*DXWKLHU�6��������$�QHZ�DSSURDFK�WR�HFRORJLFDO�ODQG�FODVVLILFDWLRQ�IRU�WKH�&DQDGLDQ�
ERUHDO�IRUHVW�WKDW�LQWHJUDWHV�GLVWXUEDQFHV��/DQGVFDSH�(FRORJ\�����–����GRL���������V������
������������

+DQH\�$��$SIHOEDXP�6��%XUULV�-0��������7KLUW\�<HDUV�RI�3RVW�ILUH�6XFFHVVLRQ�LQ�D�6RXWKHUQ�
%RUHDO�)RUHVW�%LUG�&RPPXQLW\��$PHULFDQ�0LGODQG�1DWXUDOLVW��������–�����GRL��
������������������

+pRQ�-��$UVHQHDXOW�'��3DULVLHQ�0��������5HVLVWDQFH�RI�WKH�ERUHDO�IRUHVW�WR�KLJK�EXUQ�UDWHV��
3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV������������������
�������'2,����������SQDV������������

+REVRQ�.��6FKLHFN�-��������&KDQJHV�LQ�ELUG�FRPPXQLWLHV�LQ�ERUHDO�PL[HGZRRG�IRUHVW��+DUYHVW�
DQG�ZLOGILUH�HIIHFWV�RYHU����\HDUV��(FRORJLFDO�$SSOLFDWLRQV�������–������

+RJJ�(��:HLQ�5:��������,PSDFWV�RI�GURXJKW�RQ�IRUHVW�JURZWK�DQG�UHJHQHUDWLRQ�IROORZLQJ�ILUH�LQ�
VRXWKZHVWHUQ�<XNRQ��&DQDGD��&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK���������–�������

+RNDQVRQ�.-��/XNHQEDFK�0&��'HYLWR�.-��.HWWULGJH�1��3HWURQH�50��:DGGLQJWRQ�-0�
�������*URXQGZDWHU�FRQQHFWLYLW\�FRQWUROV�SHDW�EXUQ�VHYHULW\�LQ�WKH�ERUHDO�
SODLQV��(FRK\GURORJ\�������–�����GRL����������HFR�������

+ROOLQJ�&6�5HVLOLHQFH�DQG�VWDELOLW\�RI�HFRORJLFDO�V\VWHPV��$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�
6\VWHPDWLFV����–����

+RRYHU�'/��.QDSS�$.��6PLWK�0'��������5HVLVWDQFH�DQG�UHVLOLHQFH�RI�D�JUDVVODQG�HFRV\VWHP�WR�
FOLPDWH�H[WUHPHV��(FRORJLFDO�6RFLHW\�RI�$PHULFD���������–������

https://doi.org/10.1002/eco.1657
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+XWWR�5/��������&RPSRVLWLRQ�RI�%LUG�&RPPXQLWLHV�&RPSRVLWLRQ�)ROORZLQJ�6WDQG�5HSODFHPHQW�
)LUHV�LQ�1RUWKHUQ�5RFN\�0RXQWDLQ��8�6�$��&RQLIHU�)RUHVWV��&RQVHUYDWLRQ�%LRORJ\�������–
�������

+XWWR�5/��3DWWHUVRQ�'$��������3RVLWLYH�HIIHFWV�RI�ILUH�RQ�ELUGV�PD\�DSSHDU�RQO\�XQGHU�QDUURZ�
FRPELQDWLRQV�RI�ILUH�VHYHULW\�DQG�WLPH�VLQFH�ILUH��,QWHUQDWLRQDO�-RXUQDO�RI�:LOGODQG�)LUH�����
����–������

�
,PEHDX�/��6DYDUG�-/��*DJQRQ�5��������&RPSDULQJ�ELUG�DVVHPEODJHV�LQ�VXFFHVVLRQDO�EODFN�

VSUXFH�VWDQGV�RULJLQDWLQJ�IURP�ILUH�DQG�ORJJLQJ��&DQDGLDQ�-RXUQDO�RI�=RRORJ\����������
������

-DFTXHW�.��3URGRQ�5��������0HDVXULQJ�WKH�SRVWILUH�UHVLOLHQFH�RI�D�ELUG�–�YHJHWDWLRQ�V\VWHP��D����
\HDU�VWXG\�LQ�D�0HGLWHUUDQHDQ�RDN�ZRRGODQG��2HFRORJLD���������������–�����GRL��
��������V���������������[�

-RKQVRQ�($��0L\DQLVKL�.��%ULGJH�65-��������:LOGILUH�5HJLPH�LQ�WKH�%RUHDO�)RUHVW�DQG�WKH�,GHD�
RI�6XSSUHVVLRQ�DQG�)XHO�%XLOGXS��&RQVHUY�%LRO��������–������

-RKQVWRQH�-)��.DVLVFKNH�(6��������6WDQG�OHYHO�HIIHFWV�RI�VRLO�EXUQ�VHYHULW\�RQ�SRVWILUH�
UHJHQHUDWLRQ�LQ�D�UHFHQWO\�EXUQHG�EODFN�VSUXFH��&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK�����
�����������

.DUG\QDO�.-��%DUW]HQ�%$��/DWRXU�3%��������$YLDQ�&RPPXQLWLHV�RI�WKH�1RUWKHUQ�0DFNHQ]LH�
0RXQWDLQV��1RUWKZHVW�7HUULWRULHV��&DQDGD��$UFWLF�������–�����

�
.DVLVFKNH�(6��7XUHWVN\�05��2WWPDU�5'��)UHQFK�1+)��+R\�((��.DQH�(6��������(YDOXDWLRQ�RI�

WKH�FRPSRVLWH�EXUQ�LQGH[�IRU�DVVHVVLQJ�ILUH�VHYHULW\�LQ�$ODVNDQ�EODFN�VSUXFH�IRUHVWV��
,QWHUQDWLRQDO�-RXUQDO�RI�:LOGODQG�)LUH��������������

�.HHOH\�-(��������)LUH�LQWHQVLW\��ILUH�VHYHULW\�DQG�EXUQ�VHYHULW\��D�EULHI�UHYLHZ�DQG�VXJJHVWHG�
XVDJH��,QWHUQDWLRQDO�-RXUQDO�RI�:LOGODQG�)LUH��������–�����

.HOO\�/7��%HQQHWW�$)��&ODUNH�0)��0FFDUWK\�0$��������2SWLPDO�ILUH�KLVWRULHV�IRU�ELRGLYHUVLW\�
FRQVHUYDWLRQ��&RQVHUY�%LRO��������–�����GRL����������FREL�������

.HWWULGJH�1��7XUHWVN\�05��6KHUZRRG�-+��HW�DO���������3HDWODQG�YXOQHUDELOLW\�WR�SRVW�ILUH�
UHJLPH��6FLHQWLILF�5HSRUWV�����������

�
.H\�&+��%HQVRQ�1&��������/DQGVFDSH�DVVHVVPHQW��6DPSOLQJ�DQG�DQDO\VLV�PHWKRGV��86'$�

)RUHVW�6HUYLFH�*HQHUDO�7HFKQLFDO�5HSRW��5056�*75�����&'�����SS��
�



�

� ���

.LUN�'$��'LDPRQG�7��+REVRQ�.$��6PLWK�$5��������%UHHGLQJ�ELUG�FRPPXQLWLHV�RI�WKH�ZHVWHUQ�
DQG�QRUWKHUQ�&DQDGLDQ�ERUHDO�IRUHVW��5HODWLRQVKLS�WR�IRUHVW�W\SH��&DQDGLDQ�-RXUQDO�RI�
=RRORJ\���������������GRL����������]�������

�
.RFKWXEDMGD�%��)ODQQLJDQ�0'��*\DNXP�-5��6WHZDUW�5(��/RJDQ�.$��1JX\HQ�79��������

/LJKWQLQJ�DQG�ILUHV�LQ�WKH�1RUWKZHVW�7HUULWRULHV�DQG�UHVSRQVHV�WR�IXWXUH�FOLPDWH�FKDQJH��
$UFWLF��������–������

.RLYXOD�0-��6FKPLHJHORZ�).��������%RUHDO�ZRRGSHFNHU�DVVHPEODJHV�LQ�UHFHQWO\�EXUQHG�
IRUHVWHG�ODQGVFDSHV�LQ�$OEHUWD��&DQDGD��(IIHFWV�RI�SRVW�ILUH�KDUYHVWLQJ�DQG�EXUQ�VHYHULW\��
)RUHVW�(FRORJ\�DQG�0DQDJHPHQW���������–�����GRL����������M�IRUHFR�������������

/DNH�3��������5HVLVWDQFH��5HVLOLHQFH�DQG�5HVWRUDWLRQ��(FRORJLFDO�0DQDJHPHQW�DQG�5HVWRUDWLRQ��
�����������GRL����������HPU�������

�
/DOLEHUWp�(��/HJHQGUH�3��6KLSOH\�%��������)'��PHDVXULQJ�IXQFWLRQDO�GLYHUVLW\�IURP�PXOWLSOH�

WUDLWV��DQG�RWKHU�WRROV�IRU�IXQFWLRQDO�HFRORJ\��5�SDFNDJH�YHUVLRQ���������
�
/DPDQQD�-$��0DUWLQ�7(��������/RJJLQJ�LPSDFWV�RQ�DYLDQ�VSHFLHV�ULFKQHVV�DQG�FRPSRVLWLRQ�

GLIIHU�DFURVV�ODWLWXGHV�DQG�IRUDJLQJ�DQG�EUHHGLQJ�KDELWDW�SUHIHUHQFHV��%LRORJLFDO�5HYLHZV�����
�����������GRL���������EUY�������

�
/DQNDX�+(��0DFSKDLO�$��.QDJJV�0��%D\QH�(��������$FRXVWLF�5HFRUGLQJ�$QDO\VLV�3URWRFRO��

%LRDFRXVWLF�8QLW��8QLYHUVLW\�RI�$OEHUWD�DQG�$OEHUWD�%LRGLYHUVLW\�0RQLWRULQJ�,QVWLWXWH��
(GPRQWRQ��$OEHUWD��

�
/DWLI�46��6DQGHUOLQ�-6��6DDE�9$��%ORFN�:0��'XGOH\�-*��������$YLDQ�UHODWLRQVKLSV�ZLWK�

ZLOGILUH�DW�WZR�GU\�IRUHVW�ORFDWLRQV�ZLWK�GLIIHUHQW�KLVWRULFDO�ILUH�UHJLPHV��(FRVSKHUH�������
H�������

�
/HQWK�59��������/HDVW�6TXDUHV�0HDQV��7KH�5�3DFNDJH�OVPHDQV��-RXUQDO�RI�6WDWLVWLFDO�6RIWZDUH��
��� �������������GRL����������MVV�Y����L���

/HXSLQ�((��'LFNLQVRQ�7(��0DUWLQ�.��������5HVLVWDQFH�RI�IRUHVW�VRQJELUGV�WR�KDELWDW�SHUIRUDWLRQ�
LQ�D�KLJK�HOHYDWLRQ�FRQLIHU�IRUHVW��&DQ�-RXUQDO�RI�)RUHVW�5HVWRUDWLRQ���������–������GRL��
��������;�������

/RZH�-��3RWKLHU�'��5RPSUp�*��6DYDUG�-3/��������/RQJ�WHUP�FKDQJHV�LQ�ELUG�FRPPXQLW\�LQ�WKH�
XQPDQDJHG�SRVW�ILUH�HDVWHUQ�4XHEHF�ERUHDO�IRUHVW��-RXUQDO�RI�2UQLWKRORJ\����������–������

0DFGRQDOG�6(��������(IIHFWV�RI�SDUWLDO�SRVW�ILUH�VDOYDJH�KDUYHVWLQJ�RQ�YHJHWDWLRQ�FRPPXQLWLHV�
LQ�WKH�ERUHDO�PL[HGZRRG�IRUHVW�UHJLRQ�RI�QRUWKHDVWHUQ�$OEHUWD��&DQDGD��)RUHVW�RI�(FRORJLFDO�
0DQDJHPHQW���������–����GRL����������M�IRUHFR�������������

https://doi.org/10.1111/brv.12300
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0DGRXL�$��/HGXF�$��*DXWKLHU�6��%HUJHURQ�<��������6SDWLDO�SDWWHUQ�DQDO\VHV�RI�SRVW�ILUH�UHVLGXDO�
VWDQGV�LQ�WKH�EODFN�VSUXFH�ERUHDO�IRUHVW�RI�ZHVWHUQ�4XHEHF���,QWHUQDWLRQDO�-RXUQDO�RI�
:LOGODQG�)LUH����������������

0DVRQ�1:+��0RXLOORW�'��*UDKDP�1$-��%HOOZRRG�'5��������$�IXQFWLRQDO�DSSURDFK�UHYHDOV�
FRPPXQLW\�UHVSRQVHV�WR�GLVWXUEDQFHV��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ��������–������

0F&DQQ�.6��������7KH�GLYHUVLW\–VWDELOLW\�GHEDWH��1DWXUH���������������

0LOODU�&��1/�6��6WHSKHQV�6��������&OLPDWH�FKDQJH�DQG�IRUHVWV�RI�WKH�IXWXUH��PDQDJLQJ�LQ�WKH�
IDFH�RI�XQFHUWDLQW\��(FRORJLFDO�6RFLHW\�RI�$PHULFD���������–������

0LTXHODMDXUHJXL�<��&XPPLQJ�6*��*DXWKLHU�6��������0RGHOOLQJ�9DULDEOH�)LUH�6HYHULW\�LQ�%RUHDO�
)RUHVWV��(IIHFWV�RI�)LUH�,QWHQVLW\�DQG�6WDQG�6WUXFWXUH��3/R6�2QH��������H���������
GRL���������MRXUQDO��SRQH���������

0RULVVHWWH�-/��&REE�73��%ULJKDP�50��-DPHV�3&��������7KH�UHVSRQVH�RI�ERUHDO�IRUHVW�VRQJELUG�
FRPPXQLWLHV�WR�ILUH�DQG�SRVW�ILUH�KDUYHVWLQJ��&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK�����
����–�����

0XUUD\�%��+ROODQG�-'��6XPPHUYLOOH�.��'XQQLQJ�-%��6DXQGHUV�05��-HQNLQV�0$��������
)XQFWLRQDO�GLYHUVLW\�UHVSRQVH�WR�KDUGZRRG�IRUHVW�PDQDJHPHQW�YDULHV�DFURVV�WD[D�DQG�VSDWLDO�
VFDOHV��(FRORJLFDO�$SSOLFDWLRQV��������–������GRL����������HDS������

1DSSL�$��'UDSHDX�3��6DYDUG�-3/��������6DOYDJH�ORJJLQJ�DIWHU�ZLOGILUH�LQ�WKH�ERUHDO�IRUHVW��,V�LW�
EHFRPLQJ�D�KRW�LVVXH�IRU�ZLOGOLIH"�7KH�)RUHVWU\�&KURQLFOH����������–����

1DWLRQDO�:HWODQGV�:RUNLQJ�*URXS��������7KH�&DQDGLDQ�ZHWODQG�FODVVLILFDWLRQ�V\VWHP��
:DWHUORR��2QWDULR��,6%1�����������������

1HZEROG�7��%XWFKDUW�6+0��6HNHUFLRJOX�CH, Purves DW (2012) Mapping Functional Traits : 
&RPSDULQJ�$EXQGDQFH�DQG�3UHVHQFH�$EVHQFH�(VWLPDWHV�DW�/DUJH�6SDWLDO�6FDOHV��3/R6�2QH�
���–����GRL����������MRXUQDO�SRQH���������

1RUWKZHVW�7HUULWRULHV�'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��(15��������������
1:7�)LUH�6HDVRQ��5HYLHZ�5HSRUW��*RYHUQPHQW�RI�WKH�1RUWKZHVW�7HUULWRULHV��<HOORZNQLIH��
17��&DQDGD��

�
2NVDQHQ�-��%ODQFKHW�)*��)ULHQGO\�0��.LQGW�5��/HJHQGUH�3��0F*OLQQ�'��0LQFKLQ�35��2
+DUD�

5%��6LPSVRQ�*/��6RO\PRV�3��6WHYHQV�0++��6]RHFV�(��:DJQHU�+���������9HJDQ��
&RPPXQLW\�(FRORJ\�3DFNDJH��5�SDFNDJH�YHUVLRQ��������

�
3DULVLHQ�0��3DUNV�6$��.UDZFKXN�0$��)ODQQLJDQ�0'��%RZPDQ�/0��0RULW]�0$��������6FDOH‐

GHSHQGHQW�FRQWUROV�RQ�WKH�DUHD�EXUQHG�LQ�WKH�ERUHDO�IRUHVW�RI�&DQDGD������–������(FRORJLFDO�
$SSOLFDWLRQV��������������GRL�������������������
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3LQKHLUR�-��%DWHV�'��'HE5R\�6��6DUNDU�'�DQG�5�&RUH�7HDP��������1OPH��/LQHDU�DQG�1RQOLQHDU�

0L[HG�(IIHFWV�0RGHOV��5�SDFNDJH�YHUVLRQ����������

3RWDSRY�3��<DURVKHQNR�$��7XUXEDQRYD�6��'XELQLQ�6��/DHVWDGLXV�/��7KLHV�&��$NVHQRY�'��(JRURY�
$���<HVLSRYD�<��*OXVKNRY�,��.DUSDFKHYVNL\�0��.RVWLNRYD�$��0DQLVKD�$��7V\ELNRYD�(��
Zhuravleva I (2008) Mapping the world’s intact forest landscapes by remote sensing. 
(FRORJ\�DQG�6RFLHW\������������

3ULFH�'7��$OIDUR�5,��%URZQ�.-��)ODQQLJDQ�0'��)OHPLQJ�5$��+RJJ�(+��*LUDUGLQ�03��/DNXVWD�
7��-RKQVWRQ�0��0F.HQQH\�':��3HGODU�-+��6WUDWWRQ�7��6WXUURFN�51��7KRPSVRQ�,'��
7URI\PRZ�-$��9HQLHU�/$��������$QWLFLSDWLQJ�WKH�FRQVHTXHQFHV�RI�FOLPDWH�FKDQJH�IRU�
Canada’s borHDO�IRUHVW�HFRV\VWHPV�(QYLURQPHQWDO�5HYLHZV���������������

��
5�&RUH�7HDP��������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��5�)RXQGDWLRQ�IRU�

6WDWLVWLFDO�&RPSXWLQJ��9LHQQD��$XVWULD��85/�KWWSV���ZZZ�5�SURMHFW�RUJ���
�
5RVH�(7��6LPRQV�75��.OHLQ�5��0F.HUURZ�$-��������1RUPDOL]HG�EXUQ�UDWLRV�OLQN�ILUH�VHYHULW\�

ZLWK�SDWWHUQV�RI�DYLDQ�RFFXUUHQFH��/DQGVFDSH�(FRORJ\�����������
KWWSV���GRL�RUJ���������V���������������[�

5RVHQEHUJ�.9��.HQQHG\�-$��'HWWPHUV�5��)RUG�53��5H\QROGV�'��$OH[DQGHU�-'��%HDUGPRUH�&-��
%ODQFKHU�3-��%RJDUW�5(��%XWFKHU�*6��&DPILHOG�$)��&RXWXULHU�$��'HPDUHVW�':��(DVWRQ�
:(��*LRFRPR�--��.HOOHU�5+��0LQL�$(��3DQMDEL�$2��3DVKOH\�'1��5LFK�7'��5XWK�-0��
6WDELQV�+��6WDQWRQ�-��:LOO�7��������3DUWQHUV�LQ�)OLJKW�/DQGELUG�&RQVHUYDWLRQ�3ODQ�������
5HYLVLRQ�IRU�&DQDGD�DQG�&RQWLQHQWDO�8QLWHG�6WDWHV��3DUWQHUV�LQ�)OLJKW�6FLHQFH�&RPPLWWHH��
����SS��

5RZH�-6��6FRWWHU�*:��������)LUH�LQ�WKH�%RUHDO��4XDWHUQDU\�5HVHDUFK��������������

6FKLHFN�-��+REVRQ�.��������%LUG�FRPPXQLWLHV�DVVRFLDWHG�ZLWK�OLYH�UHVLGXDO�WUHH�SDWFKHV�ZLWKLQ�
FXW�EORFNV�DQG�EXUQHG�KDELWDW�LQ�PL[HGZRRG�ERUHDO�IRUHVWV��&DQDGLDQ�-RXUQDO�RI�)RUHVW�
5HVHDUFK���������–�������

6FKLHFN�-��6RQJ�6-��������&KDQJHV�LQ�ELUG�FRPPXQLWLHV�WKURXJKRXW�VXFFHVVLRQ�IROORZLQJ�ILUH�
DQG�KDUYHVW�LQ�ERUHDO�IRUHVWV�RI�ZHVWHUQ�1RUWK�$PHULFD��OLWHUDWXUH�UHYLHZ�DQG�PHWD�DQDO\VHV��
&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������–������GRL����������[�������

Schleuter DS, Aufresne MD, Assol FM (2010) A user’s guide to functional diversity indices. 
(FRORJLFDO�PRQRJUDSKV��(FRORJLFDO�6RFLHW\�RI�$PHULFD�������������������������

6FKPLHJHORZ�).��0DFKWDQV�&6��+DQQQRQ�6-��������$UH�ERUHDO�ELUGV�UHVLOLHQW�WR�IRUHVW�
IUDJPHQWDWLRQ"�$Q�H[SHULPHQWDO�VWXG\�RI�VKRUW�WHUP�FRPPXQLW\�UHVSRQVHV��(FRORJ\�����
����–�������
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6FKPLHJHORZ�).��9LOODUG�0��������&RQVHUYDWLRQ�RI�%RUHDO�%LUGV�DQG�WKH�&DVH�IRU�5HVLOLHQFH��
'RHV�LW�3DVV�WKH�7HVW"�$YLDQ�&RQVHUYDWLRQ�DQG�(FRORJ\����������

Schneider RR (2013) Alberta’s Natural Subregions Under a Changing Climate: Past, Present and 
)XWXUH��3UHSDUHG�IRU�WKH�%LRGLYHUVLW\�0DQDJHPHQW�DQG�&OLPDWH�&KDQJH�$GDSWDWLRQ�3URMHFW��
(GPRQWRQ��$OEHUWD��

6FKXOWH�/��1LHPL�*��������%LUG�&RPPXQLWLHV�RI�(DUO\�6XFFHVVLRQDO�%XUQHG�DQG�/RJJHG�)RUHVW��
7KH�-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW��������–������

6KRQILHOG�-��%D\QH�(0��������$XWRQRPRXV�UHFRUGLQJ�XQLWV�LQ�DYLDQ�HFRORJLFDO�UHVHDUFK��FXUUHQW�
XVH�DQG�IXWXUH�DSSOLFDWLRQV��$YLDQ�&RQVHUYDWLRQ�DQG�(FRORJ\������������

6yO\PRV�3��0DWVXRND�60��%D\QH�(0��6XEKDVK�5/��)RQWDLQH�3��&XPPLQJ�6*��6WUDOEHUJ�'��
6FKPLHJHORZ�).$��6RQJ�6-��������&DOLEUDWLQJ�LQGLFHV�RI�DYLDQ�GHQVLW\�IURP�QRQ�
VWDQGDUGL]HG�VXUYH\�GDWD��PDNLQJ�WKH�PRVW�RI�D�PHVV\�VLWXDWLRQ��0HWKRGV�LQ�(FRORJ\�DQG�
(YROXWLRQ�������–������GRL������������������;�������

6WUDOEHUJ�'��:DQJ�;��3DULVLHQ�0�$��5RELQQH�)�1��6yO\PRV�3��0DKRQ�&/��1LHOVHQ�6(��%D\QH�
(0��������:LOGILUH‐PHGLDWHG�YHJHWDWLRQ�FKDQJH�LQ�ERUHDO�IRUHVWV�RI�$OEHUWD��&DQDGD��
(FRVSKHUH�������H�������

6WXDUW�6PLWK�.��$GDPV�,��/DUVHQ�.��������6RQJELUG�FRPPXQLWLHV�LQ�D�S\URJHQLF�KDELWDW�PRVDLF��
,QWHUQDWLRQDO�-RXUQDO�RI�:LOGODQG�)LUH�������–����

6ZDQVRQ�0(��)UDQNOLQ�-)��%HVFKWD�5/��&KDUOHV�0&��'HOOD6DOD�'$��+XWWR�5/��/LQGHQPD\HU�
'%��6ZDQVRQ�)-��������7KH�IRUJRWWHQ�VWDJH�RI�IRUHVW�VXFFHVVLRQ��(DUO\�VXFFHVVLRQDO�
HFRV\VWHPV�RQ�IRUHVW�VLWHV��)URQWLHUV�LQ�(FRORJ\�DQG�WKH�(QYLURQPHQW����������–������

7HIOHU��������:LOGILUH�DQG�WKH�KLVWRULFDO�KDELWDWV�RI�WKH�ERUHDO�IRUHVW�DYLIDXQD��%LUGV�LQ�WKH�ERUHDO�
IRUHVW��3URFHHGLQJV�RI�D�:RUNVKRS����–���0DU��������3ULQFH�$OEHUW��6DVN��(GLWHG�E\�'�+��
.XKQNH��1RUWKHUQ�)RUHVWU\�&HQWUH��)RUHVWU\�&DQDGD��1RUWKZHVW�5HJLRQ��(GPRQWRQ��$OWD��
�������

7KH�)RUHVWU\�&RUS��IRU�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��)RUHVW�0DQDJHPHQW�'LYLVLRQ�
�������0DFNHQ]LH�5LYHU�/RZODQG�)RUHVW�5HVRXUFH�$VVHVVPHQW��+D\�5LYHU��17��

7KRPSVRQ�,��0DFNH\�%��0F1XOW\�6��0RVVHOHU�$��������)RUHVW�5HVLOLHQFH��%LRGLYHUVLW\��DQG�
&OLPDWH�&KDQJH��$�V\QWKHVLV�RI�WKH�ELRGLYHUVLW\�UHVLOLHQFH�VWDELOLW\�UHODWLRQVKLS�LQ�IRUHVW�
HFRV\VWHPV��6HFUHWDULDW�RI�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��0RQWUHDO��7HFKQLFDO�
6HULHV�QR���������SS��

7RPV��-'��6FKPLHJHORZ�)��+DQQRQ�6-��9LOODUG�0��������$UH�3RLQW�&RXQWV�RI�%RUHDO�6RQJELUGV�
5HOLDEOH�3UR[LHV�IRU�0RUH�,QWHQVLYH�$EXQGDQFH�(VWLPDWRUV"�$XN��������–�����
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7XUHWVN\�05��$PLUR�%'��%RVFK�(��%KDWWL�-6��������+LVWRULFDO�EXUQ�DUHD�LQ�ZHVWHUQ�&DQDGLDQ�
SHDWODQGV�DQG�LWV�UHODWLRQVKLS�WR�ILUH�ZHDWKHU�LQGLFHV������–��

7\PVWUD�&��)ODQQLJDQ�0'��$UPLWDJH�2%��/RJDQ�.��������,PSDFW�RI�FOLPDWH�FKDQJH�RQ�DUHD�
burned in Alberta’s boreal forest. International Journal of Wildland Fire 16:153–�����GRL��
��������:)������

9DQGHUKRII�1��3\OH�3��3DWWHQ�0$��6DOODEDQNV�5��-DPHV�)&��������$PHULFDQ�5RELQ��7XUGXV�
PLJUDWRULXV���YHUVLRQ������,Q�WKH�%LUGV�RI�1RUWK�$PHULFD��3��*��5RGHZDOG��HGLWRU���&RUQHOO�
/DE�RI�2UQLWKRORJ\��,WKDFD��1HZ�<RUN��86$��

9DQ�:LOJHQEXUJ�6/��+REVRQ�.$��������)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�/DQGVFDSH�VFDOH�
GLVWXUEDQFH�DQG�ERUHDO�IRUHVW�ELUGV��&DQ�ODUJH�VLQJOH�SDVV�KDUYHVW�DSSUR[LPDWH�ILUHV"�)RUHVW�
(FRORJ\�DQG�0DQDJHPHQW�������–�������������GRL���������M�IRUHFR�������������

9LUNNDOD�5��/HKLNRLQHQ�$��������%LUGV�RQ�WKH�PRYH�LQ�WKH�IDFH�RI�FOLPDWH�FKDQJH : High species 
WXUQRYHU�LQ�QRUWKHUQ�(XURSH��(FRORJ\�DQG�(YROXWLRQ��������–������GRL����������HFH�������

9ROOVWlGW�0��)HUJHU�6:��$QGUHDV�+��9ROOVWlGW�0*5��������'LUHFW�DQG�LQGLUHFW�HIIHFWV�RI�
FOLPDWH��KXPDQ�GLVWXUEDQFH�DQG�SODQW�WUDLWV�RQ�DYLDQ�IXQFWLRQDO�GLYHUVLW\��*OREDO�(FRORJ\�
DQG�%LRJHRJUDSK\�������GRL����������JHE�������

:DONHU�%��6DOW�'��������5HVLOLHQFH�WKLQNLQJ��6XVWDLQLQJ�HFRV\VWHPV�DQG�SHRSOH�LQ�D�FKDQJLQJ�
ZRUOG��,VODQG�3UHVV������SS��

:HEHU�0*��)ODQQLJDQ�0'��������&DQDGLDQ�ERUHDO�IRUHVW�HFRV\VWHP�VWUXFWXUH�DQG�IXQFWLRQ�LQ�D�
FKDQJLQJ�FOLPDWH��LPSDFW�RQ�ILUH�UHJLPHV��(QYLURQPHQWDO�5HYLHZV�������–������

:HEHU�0*��6WRFNV�%-��������)RUHVW�ILUHV�DQG�VXVWDLQDELOLW\�LQ�WKH�ERUHDO�IRUHVWV�RI�&DQDGD��
$PELR��������–�����

:HOOV�-9��%ODQFKHU�3�(2011) Global Role for Sustaining Bird Populations. In ‘%RUHDO�%LUGV�RI�
1RUWK�$PHULFD��A Hemispheric View of Their Conservation Links and Significance’. (Eds 
-9�:HOOV��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��SS�������

�
:KLWDNHU�'0��7D\ORU�3'��:DUNHQWLQ�,*��������6XUYLYDO�RI�DGXOW�VRQJELUGV�LQ�ERUHDO�IRUHVW�

ODQGVFDSHV�IUDJPHQWHG�E\�FOHDUFXWV�DQG�QDWXUDO�RSHQLQJV��$YLDQ�&RQVHUYDWLRQ�DQG�(FRORJ\�
����������

�
:KLWPDQ�(��������([WHQGHG�DVVHVVPHQW�GLIIHUHQFHG�1RUPDOL]HG�%XUQ�5DWLR��G1%5��PDSV�IRU�

ODUJH������ZLOGILUHV�LQ�WKH�1RUWKZHVW�7HUULWRULHV��GHULYHG�IURP�/DQGVDW���–�2/,�DQG�/DQGVDW�
��–�70�LPDJHU\�>5DVWHU�JHRWLII@��(GPRQWRQ��$%��1DWXUDO�5HVRXUFHV�&DQDGD��&DQDGLDQ�
)RUHVW�6HUYLFH�	�8QLYHUVLW\�RI�$OEHUWD��
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:KLWPDQ�(��3DULVLHQ�0�$��7KRPSVRQ�'.��+DOO�5-��6NDNXQ�56��)ODQQLJDQ�0'��������
9DULDELOLW\�DQG�GULYHUV�RI�EXUQ�VHYHULW\�LQ�WKH�QRUWKZHVWHUQ�&DQDGLDQ�ERUHDO�IRUHVW��
(FRVSKHUH�������H�������GRL���������HFV�������

:LONHUVRQ�5/��7LQJOH\�0:��5XL]�JXWLH�9��+RZHOO�&$��6LHJHO�5%��������3\URGLYHUVLW\�
SURPRWHV�DYLDQ�GLYHUVLW\�RYHU�WKH�GHFDGH�IROORZLQJ�IRUHVW�ILUH��3URFHHGLQJV�RI�WKH�5R\DO�
6RFLHW\�RI�%LRORJ\������

:RRGZDUG�$),��'LDPHQW�$'��������)XQFWLRQDO�$SSURDFKHV�WR�3UHGLFWLQJ�WKH�(FRORJLFDO�(IIHFWV�
RI�*OREDO�&KDQJH��3XEOLVKHG�E\��%ULWLVK�(FRORJLFDO�6RFLHW\�)XQFWLRQDO�DSSURDFKHV�WR�
SUHGLFWLQJ�WKH�HFRORJLFDO�HIIHFWV�RI�JOREDO�FKDQJH�������–�����

�
=HLOHLV�$��+RWKRUQ�7���������'LDJQRVWLF�&KHFNLQJ�LQ�5HJUHVVLRQ�5HODWLRQVKLSV��5�1HZV���������
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�
=ROWDL�6&��0RUULVVH\�/$��/LYLQJVWRQ�*3��GH�*URRW�:-��������(IIHFWV�RI�ILUHV�RQ�FDUERQ�F\FOLQJ�
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$SSHQGLFHV�
$SSHQGL[����*HQHUDOL]HG�OLQHDU�PL[HG�PRGHO�UHVXOWV�WHVWLQJ�IRU�HIIHFW�RI�EXUQ�VHYHULW\�DQG�IRUHVW�

W\SH�on species richness with unstandardized beta coefficients (β), VWDQGDUG�HUURU��6(���DQG�S�

YDOXHV��S���7KH�UHIHUHQFH�VWDWH�LQ�WKH�PRGHO�ZDV�SHDWODQG�FRQWURO��

)L[HG�(IIHFW� � β� 6(� S�
,QWHUFHSW� � ����� ����� �������
8SODQG� � ������ ����� �������
/RZ�VHYHULW\� � ������ ����� ������
0RGHUDWH�VHYHULW\� � ������ ����� ������
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$SSHQGL[����*HQHUDOL]HG�OLQHDU�PL[HG�PRGHO�UHVXOWV�WHVWLQJ�IRU�HIIHFW�RI�EXUQ�VHYHULW\�DQG�IRUHVW�

W\SH�RQ�IXQFWLRQDO�GLYHUVLW\�with unstandardized beta coefficients (β), standard error (SE), and p 

YDOXHV��S���7KH�UHIHUHQFH�VWDWH�IRU�WKLV�PRGHO�ZDV�XSODQG�FRQWURO��

)L[HG�(IIHFW� β� 6�(�� S�
,QWHUFHSW� ����� ����� �������
3HDWODQG� ����� ����� ������
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$SSHQGL[����5HVXOWV�RI�JHQHUDOL]HG�OLQHDU�PL[HG�PRGHO�WHVWLQJ�IRU�HIIHFWV�RI�WLPH�VLQFH�ILUH�DQG�

IRUHVW�W\SH�RQ�VSHFLHV�ULFKQHVV��5HIHUHQFH�FDWHJRU\�LV�XSODQG�FRQWURO���
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,QGHSHQGHQW�YDULDEOHV� β� 6�(�� S�
LQWHUFHSW� ����� ���� �������
3HDWODQG� ����� ����� �������
��\HDU� ������ ����� ������
��\HDUV� ����� ����� ������
�����\HDUV� ���� ����� �����
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$SSHQGL[����5HVXOWV�RI�OLQHDU�PL[HG�PRGHO�WHVWLQJ�IRU�HIIHFWV�RI�WLPH�VLQFH�ILUH��KDELWDW�W\SH��DQG�

WLPH�VLQFH�ILUH�î�KDELWDW�W\SH�RQ�IXQFWLRQDO�GLYHUVLW\��5HIHUHQFH�FDWHJRULHV�DUH�XSODQG�FRQWURO�DQG�

XSODQG�î�FRQWURO�LQWHUDFWLRQ��

,QGHSHQGHQW�YDULDEOHV� β� 6�(�� S�
,QWHUFHSW� ����� ����� �������
3HDWODQG� ������ ����� ������
��\HDU�� ������ ����� ������
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�����\HDUV�� ������ ������ ������
������\HDUV�� ����� ����� ������
������\HDUV� ������� ����� ������
��\HDU�î�3HDWODQG� ������ ����� ������
��\HDUV�î�3HDWODQG� ����� ����� ������
�����\HDUV�î�3HDWODQG� ����� ������ ������
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$SSHQGL[����+LVWRJUDP�RI�QXPEHU�RI�VDPSOLQJ�VWDWLRQV�LQ�HDFK�FRPELQDWLRQ�RI�WLPH�VLQFH�ILUH�DQG�

KDELWDW�W\SH��
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$SSHQGL[����6SHFLHV�GHWHFWHG�DW�OHDVW�WKUHH�WLPHV�LQ�WKH�VWXG\�DUHD��OLIH�KLVWRU\�WUDLWV��IURP�WKH�$YLDQ�/LIH�+LVWRU\�,QIRUPDWLRQ�
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