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6XVDQQDK�%LMHH�3KLOLS���
0��.��1DUD\DQDQ���&�%��'HYDQDQG���
.��'��-RKQ�0DUWLQ��DQG�9��5DPQDWK�
'HSDUWPHQW�RI�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\��
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��
0DQQXWK\���������7KULVVXU��.HUDOD�5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
�7KH�LQFLGHQFH�RI�FDQFHU�LQ�FRPSDQLRQ�

DQLPDOV� LV� RQ� WKH� ULVH�� 7XPRXUV� RI� WKH� VNLQ�
DQG� VXEFXWDQHRXV� WLVVXHV� DUH� WKH� PRVW�
FRPPRQ� WXPRXUV� DIIHFWLQJ� GRJV�� DFFRXQWLQJ�
IRU� DSSUR[LPDWHO\� RQH� WKLUG� RI� DOO� WXPRXUV�
HQFRXQWHUHG� LQ� WKH� VSHFLHV� 0DPPDU\�
QHRSODVPV� LQ� GRJV� FRPH�QH[W� LQ� RUGHU� DIWHU�
VNLQ� WXPRUV��9DULRXV� SUHGLVSRVLQJ� IDFWRUV� IRU�
FDQFHU�DUH�DJH��VH[�DQG�EUHHG��,Q�WKH�SUHVHQW�
VWXG\��GXULQJ�D�SHULRG�RI�WKUHH�\HDUV�IURP������
WR� ������ WKH� LQFLGHQFH�RI� VXSHU¿FLDO� WXPRXUV�
ZHUH� REVHUYHG�PRUH� LQ� SXUH� EUHG� DQLPDV� LQ��
DJH�JURXS�UDQJLQJ�IURP�VHYHQ�WR�¿IWHHQ�\HDUV��
,W�ZDV�DOVR�IRXQG�WKDW�XQVSD\HG�GRJV�ZHUH�PRUH�
SURQH�WR�WXPRXUV�
.H\ZRUGV� 6XSHU¿FLDO�WXPRXU��GRJV��7KULVVXU�

7KH� VNLQ� LV� SURQH� WR� QHRSODVW LF�
SULORIHUDWLRQ� DV� LW� LV� FRQWLQXRXVO\� H[SRVHG� WR�
D�ZLGH�YDULHW\�RI�FKHPLFDO�DQG�SK\VLFDO� LQVXOW�
DQG�RWKHU� HQYLURQPHQWDO� IDFWRUV��7XPRXUV� RI�
WKH�VNLQ�DQG�VXEFXWDQHRXV�WLVVXHV�DUH�WKH�PRVW�
FRPPRQ� WXPRXUV� DIIHFWLQJ� GRJV�� DFFRXQWLQJ�
IRU� DSSUR[LPDWHO\� RQH� WKLUG� RI� DOO� WXPRXUV�
HQFRXQWHUHG� LQ� WKH� VSHFLHV� �%URGH\�� �������
0DPPDU\�QHRSODVPV�LQ�GRJV�DUH�WKH�VHFRQG�
PRVW� FRPPRQ� QHRSODVPV� DIWHU� VNLQ� WXPRUV��
7KHUH�DUH�YDULRXV�IDFWRUV�ZKLFK�SUHGLVSRVH�WKH�
DQLPDO�WR�FDQFHU�VXFK�DV�DJH��VH[�DQG�EUHHG��
7KH� LQFLGHQFH� RI� FDQLQH�PDPPDU\� WXPRXUV�
DQG�FXWDQHRXV�WXPRXUV�LQFUHDVHV�UDSLGO\�DW�WKH�

RQVHW�RI� ³FDQFHU�DJH´����±���\HDUV���ZKHUHDV�
WKH�RFFXUUHQFH�ZDV�UDUH� LQ�GRJV�RI� OHVV� WKDQ�
WZR�\HDUV�RI�DJH��0RXOWRQ���������,W�KDV�EHHQ�
UHSRUWHG�E\�VHYHUDO�DXWKRUV� WKDW�SXUH�EUHHGV�
KDG�D�VLJQL¿FDQWO\�LQFUHDVHG�ULVN�IRU�QHRSODVPV��
7KH� SUHVHQW� VWXG\� DLPV� LQ� GHWHUPLQLQJ� WKH�
SUHYDOHQFH�RI�WXPRXUV�LQ�DQG�DURXQG�7KULVVXU�
0DWHULDOV�DQG�0HWKRGV

7KH� VWXG\�ZDV� FDUULHG� RXW� EDVHG� RQ�
WKH�GDWD�DYDLODEOH�DW�WKH�8QLYHUVLW\�9HUWHULQDU\�
+RVSLWDOV�� 0DQQXWK\� DQG� .RNNDODL�� GXULQJ�
WKH� SHULRG� RI� WKUHH� \HDUV� EHWZHHQ������DQG�
������3DUDPHWHUV� VWXGLHG�ZHUH� LQFLGHQFH� RI�
VXSHU¿FLDO� WXPRXUV� LQ� ���� FDVHV� SUHVHQWHG�
GXULQJ�WKH�SHULRG��7KH�GHWDLOV�RI�GDWD�UHJDUGLQJ�
WKH�GLVWULEXWLRQ�SDWWHUQ�RI�VXSHU¿DO�WXPRXUV�LQ�
GRJV��RFFXUUHQFHV�RI�WXPRXUV�LQ�VH[��GLIIHUHQW�
EUHHGV�DQG�DJH�JURXSV�ZHUH�VXEMHFWHG�WR�WKH�
VWXG\��7KH�VWXG\�ZDV�FRQGXFWHG�DV�D�SDUW�RI�
WKH�UHVHDUFK�ZRUN�FRQGXFWHG�IRU�WKH�VXSHU¿FLDO�
WXPRXU�WKHUDS\�XVLQJ�LURQ�R[LGH�QDQRSDUWLFOHV�
±�GR[RUXELFLQ�FRPSOH[�LQ�GRJV��7KH�GDWD�ZHUH�
DQDO\]HG�EDVHG�RQ�DJH��EUHHG�DQG�VH[�WR�¿QG�
RXW�WKH�WUHQG�RI�SUHYDOHQFH�RI�WXPRXUV�LQ�GRJV�
LQ�DQG�DURXQG�7KULVVXU�
5HVXOWV�DQG�'LVFXVVLRQ�

$PRQJ�����FDVHV�VWXGLHG�����FDVHV����SHU�
FHQW��ZHUH�UHSRUWHG�LQ�WKH�\HDU����������FDVHV�
���SHU�FHQW��LQ������DQG����FDVHV������SHU�FHQW��
LQ�������)LJ�����2XW�RI�WKH�����FDVHV������FDVHV�

��-XQLRU�9HWHULQDULDQ��%UHHGLQJ�FHQWUH�IRU�HQGDQJHUHG�$UDELDQ�:LOGOLIH��6KDUMDK��8�$�(�
��$VVLVWDQW�3URIHVVRU
��3URIHVVRU�DQG�+HDG
��$VVRFLDWH�3URIHVVRU
��3URIHVVRU�DQG�&RQWUROOHU�RI�([DPLQDWLRQV��.9$68��3RRNRGH
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��6XVDQQDK�%LMHH�3KLOLS�HW�DO�

�����SHU�FHQW��ZHUH�VXSHU¿FLDO�WXPRXUV�LQFOXGLQJ�
PDPPDU\�WXPRXUV��7KH�LQFLGHQFH�RI�VXSHU¿FLDO�
WXPRXUV�ZDV����SHU�FHQW�LQ������������SHU�FHQW�LQ�
�����DQG������SHU�FHQW�LQ��������)LJ���

7KH�LQFLGHQFH�RI�WXPRXU�ZHUH�QRWLFHG�LQ�
WKH�DJH�JURXS�RI�VHYHQ�WR����\HDUV��7KH�VWXG\�
UHYHDOHG� WKDW� WKH� LQFLGHQFH�ZDV�PRUH�GXULQJ�
WKH�FDQFHU�DJH��6LPLODU�¿QGLQJV�ZHUH�QRWLFHG�E\�
6LPHQRY�HW�DO����������<DPDJDPL�HW�DO���������
DQG�'KDPL�HW�DO���������

,W� ZDV� REVHUYHG� WKDW� WKH� EUHHGV� LQ�
WKH� VWXG\� ZHUH� SXUH� EUHGV� ZKLFK� LQFOXGHG�
'DFKVKXQG�� 3RPHUDQLDQ�� 'REHUPDQ� DQG�
*HUPDQ�6KHSKHUG�� .XPDU�HW� DO�� ������� DQG�
%URGH\� HW� DO�� ������� DOVR� UHSRUWHG� KLJKHU�
LQFLGHQFH�RI�WXPRXU�LQ�SXUH�EUHHGV�WKDQ�LQ�FURVV�
EUHHGV��$OO�WKH�DQLPDOV�VWXGLHG�ZHUH�XQVSD\HG�
LQGLFDWLQJ��UHODWLRQVKLS�ZLWK�WKH�DJH�DQG�VH[�RI�
WKH�DQLPDOV��,W�ZDV�IRXQG�WKDW�PDPPDU\�WXPRXUV�
FRQVWLWXWHG�D�PDMRU�SHU�FHQWDJH�RI�WXPRXU�LQ�WKH�
FDVHV� VWXGLHG� DV� UHSRUWHG� E\�0RXOWRQ�HW� DO��
��������7KH\�UHSRUWHG�WKDW�PDPPDU\�WXPRXUV�
ZHUH� WKH� VHFRQG� PRVW� FRPPRQ� JURXS� RI�
QHRSODVPV�LQ�GRJV�IROORZLQJ�VNLQ�WXPRXUV�DQG�
WKDW�SDQK\VWHUFWRP\�FRXOG�UHGXFH�WKH�LQFLGHQFH�

RI�PDPPDU\�WXPRXU��%URGH\�HW�DO���������
7KH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�LQGLFDWHG�

WKDW� WKH� LQFLGHQFH� RI� FDQFHU� ZDV�PRUH� LQ�
XQVSD\HG�IHPDOHV�EHORQJLQJ�WR�SXUH�EUHHGV�DW�
DQ�DYHUDJH�RI����\HDUV��1HFHVVDU\�SUHFDXWLRQDU\�
PHDVXUHV� DUH� HVVHQWLDO� LQ� SUHYHQWLQJ� WKH�
LQFLGHQFH�RI�VXSHU¿FLDO�WXPRXUV�VR�DV�WR�SURORQJ�
WKH�OHQJWK�DQG�TXDOLW\�RI�OLIH�RI�GRJV�
$FNQRZOHGJHPHQW

$XWKRUV�DFNQRZOHGJH�WKH�'HDQ��&ROOHJH�
RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��0DQQXWK\�
IRU�WKH�IDFLOLWLHV�SURYLGHG�GXULQJ�WKH�ZRUN�
5HIHUHQFHV
%URGH\��5�6���*ROGVFKPLGW��0�+��DQG�5RV]HO��

-�5�� ������ &DQLQH�PDPPDU\� JODQG�
QHRSODVPV��-��$P��$QLP��+RVS��$VVRF�
���������

'KDPL�� 0�$�� � 7DQN�� 3�+�� � .DUOH� � $�6���
9HGSDWKDN��+�6��DQG�%KDWLD��$�6��������
(SLGHPLRORJ\� RI� FDQLQH�PDPPDU\�
JODQG� WXPRXUV� LQ�*XMDUDW��9HW�:RUOG�
����������

.XPDU��.�5�$���5DR��*�9�6��DQG�%DODFKDQGUDQ��
&�� ������ ,QFLGHQFH�� F\WRORJ\�� JURVV�
SDWKRORJ\� DQG� KLVWRSDWKRORJ\� RI�
PDPPDU\�WXPRXUV�LQ�GRJV�RI�&KHQQDL��
,QW��-��3KDUP��%LRVFL���������±����

0RXOWRQ�� -�(��� 3XOO\�� /�7�� DQG�6WDQQDUG��$�$��
������6NLQ�DQG�VRIW�WLVVXHV��,Q��0RXOWRQ��
-�(��(G����7XPRUV�LQ�'RPHVWLF�$QLPDOV��
��UG�HG����8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��
%HUNHOH\��&$��SS����±��

6LPHRQRY�� 5��� 'LQHY�� ,��� 6LPHRQRYD�� *���
*RUDQRY��1���3DVNDOHY��0���.UDVWHY��6���
7RGRURYD��,���&KDSUD]RY��7���5RLGHY��5���
%RULVVRY��,���+XEHQRY��+��DQG�'LQH\��'��
������3UHYDDHQFH�RI�FDQLQH�HSLWKHOLDO�
PHODQRF\WLF�DQG�PHVHQFK\PDO�WXPRXUV�
RI�WKH�VNLQ�DQG�VRIW�WLVVXHV��$����\HDU�
VWXG\��%XOJ��-��9HW��0HG�������������

<DPDJDPL��7���.RED\DVKL��7���7DNDKDVKL��.��DQG�
6XJL\DPD��0��������3URJQRVLV�IRU�FDQLQH�
PDOLJQDQW�PDPPDU\� WXPRUV�EDVHG�RQ�
710�DQG�KLVWRORJLF�FODVVL¿FDWLRQ��-��9HW��
0HG��6FL� ������������� �


