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6QHKD�$XJXVWLQHï�DQG�/XF\�6DEXð
'HSDUWPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��
0DQQXWK\�����������7KULVVXU��.HUDOD5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
2XW�RI�����GRJV�VFUHHQHG�IRU�EDEHVLRVLV�

E\�EORRG�VPHDU�H[DPLQDWLRQ��XVLQJ�*LHPVD¶V�
VWDLQ�RYHU�D����PRQWK�SHULRG�IURP�2FWREHU�������
WR�'HFHPEHU�� ����� LQ� 7KULVVXU�� ��� ���������
ZHUH�IRXQG�SRVLWLYH��$PRQJ�WKHVH�������������
ZHUH�IRXQG�SRVLWLYH�IRU�%DEHVLD�JLEVRQL�DQG�IRXU�
���������IRU�%��FDQLV��7KH�FDVHV�ZHUH�JURXSHG�
RQ�WKH�EDVLV�RI�WKHLU�DJH��VH[��EUHHG�DQG�VHDVRQ�
RI�RFFXUUHQFH��1R�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�
SURSRUWLRQ� RI� SRVLWLYH� FDVHV� DPRQJ� GLIIHUHQW�
EUHHGV��DJH��VH[�DQG�VHDVRQV�ZHUH�REVHUYHG��
3UHGRPLQDQW�YHFWRU�RI�WKH�GLVHDVH�ZDV�IRXQG�
WR�EH�5KLSLFHSKDOXV�VDQJXLQHXV��$OO�WLFNV�IURP�
%�JLEVRQL� SRVLWLYH� FDVHV�ZHUH� LGHQWLILHG� DV�
+DHPDSK\VDOLV�ELVSLQRVD
.H\ZRUGV��%DEHVLD�JLEVRQL��%��FDQLV��WLFNV��
HSLGHPLRORJ\�

%DEHVLD�VSHFLHV�DUH� WLFN�WUDQVPLWWHG�
DSLFRPSOH[DQ� SDUDVLWHV� LQIHFWLQJ� D� ZLGH�
UDQJH� RI� ZLOG� DQG� GRPHVWLF� DQLPDO� KRVWV��
&DQLQH� SLURSODVPV� EHORQJ� WR� WZR� GLVWLQFW�
VSHFLHV�� WKH� ODUJH� �������P��%�� FDQLV� DQG�
WKH� VPDOO� �������P��%�� JLEVRQL�� 'LIIHUHQFHV�
LQ�JHRJUDSKLFDO�GLVWULEXWLRQ� YHFWRU�VSHFL¿FLW\��
JHQHWLF�FKDUDFWHULVWLFV�DQG�FOLQLFDO�PDQLIHVWDWLRQV�
KDYH�VXEGLYLGHG�WKH�IRUPHU�VSHFLHV�LQWR�WKUHH�
VXEVSHFLHV��QDPHO\�%��FDQLV�FDQLV�WUDQVPLWWHG�
E\�'HUPDFHQWRU�UHWLFXODWHV�LQ�(XURSH��%��FDQLV�
YRJHOL�WUDQVPLWWHG�E\�5KLSLFHSKDOXV�VDQJXLQHXV
LQ�WURSLFDO�DQG�VXEWURSLFDO�UHJLRQV�DQG�%��FDQLV�
URVVL� WUDQVPLWWHG�E\�+DHPDSK\VDOLV� OHDFKL� LQ�
6RXWK�$IULFD��%DEHVLD�JLEVRQL�RFFXUV� LQ�$VLD��
1RUWK�$PHULFD��1RUWKHUQ� DQG�(DVWHUQ�$IULFD��

$XVWUDOLD� DQG� (XURSH�� 7KH� SXUSRVH� RI� WKH�
SUHVHQW� VWXG\�ZDV� WR� ¿QG�RXW� WKH�SUHYDOHQFH�
RI� FDQLQH� EDEHVLRVLV� LQ� UHODWLRQ� WR� YDULRXV�
SDUDPHWHUV�IRU�IXWXUH�SURSK\OD[LV�DQG�WR�LGHQWLI\�
UHVSRQVLEOH�YHFWRU�VSHFLHV�
0DWHULDOV�DQG�0HWKRGV

3UHYDOHQFH�RI� EDEHVLRVLV�ZDV� VWXGLHG�
DPRQJ� WKH� GRJV� SUHVHQWHG� WR� WKH� .HUDOD�
9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV� 8QLYHUVLW\�
9HWHULQDU\�+RVSLWDOV�DW�0DQQXWK\�DQG�.RNNDODL�
DQG� KRVSLWDOV� DWWDFKHG� WR� WKH�'HSDUWPHQW� RI�
$QLPDO� +XVEDQGU\� LQ� 7KULVVXU� 'LVWULFW� IURP�
2FWREHU������WR�'HFHPEHU������

%ORRG�VDPSOHV�FROOHFWHG�IURP�����GRJV�
VKRZLQJ�FOLQLFDO�VLJQV�VXJJHVWLYH�RI�EDEHVLRVLV�
VXFK�DV�S\UH[LD��KDHPRJORELQXULD��SDOH�PXFRXV�
PHPEUDQHV��JHQHUDO�ZHDNQHVV��DQRUH[LD�DQG�
WLFN�LQIHVWDWLRQ�IRUPHG�WKH�PDWHULDO�IRU�WKH�VWXG\��
$� EULHI� FOLQLFDO� KLVWRU\� RI� WKH� FDVHV�ZDV� DOVR�
UHFRUGHG��EHVLGHV�DWWHQGLQJ�WR�IDFWRUV�VXFK�DV�
DJH��VH[�DQG�EUHHG�RI�WKH�VXVSHFWHG�DQLPDOV��
6HDVRQ�ZLVH�SUHYDOHQFH�ZDV�DOVR�VWXGLHG�

7KLQ�SHULSKHUDO�VPHDUV�ZHUH�SUHSDUHG��
DLU�GULHG� DQG� ¿[HG�ZLWK�PHWKDQRO��7KH� EORRG�
VPHDUV�ZHUH� VWDLQHG� IROORZLQJ� WKH� VWDQGDUG�
*LHPVD¶V�VWDLQLQJ�PHWKRG�DQG�H[DPLQHG�XQGHU�
WKH�RLO�LPPHUVLRQ�REMHFWLYH�RI�D�OLJKW�PLFURVFRSH�
WR�GHWHFW�WKH�SUHVHQFH�RI�EDEHVLDO�SLURSODVPV��

3DUWLDOO\�HQJRUJHG�WLFNV�ZHUH�FROOHFWHG�
PDQXDOO\�IURP�WKH�ERG\�RI�GRJV�VXVSHFWHG�IRU�
EDEHVLRVLV�DW�WKH�WLPH�RI�EORRG�FROOHFWLRQ��7KH\�
ZHUH�FDUULHG�WR�WKH�ODERUDWRU\� LQ�FOHDQ�SODVWLF�
YLDOV�FRYHUHG�ZLWK�D�SLHFH�RI�PXVOLQ�FORWK�DQG�
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LGHQWLILHG� XQGHU� D� VWHUHR]RRP�PLFURVFRSH��
7LFNV�ZHUH� DOVR� FOHDUHG� E\� ERLOLQJ� LQ� ��� SHU�
FHQW� SRWDVVLXP�K\GUR[LGH� IRU� GHWDLOHG� VWXG\��
,GHQWL¿FDWLRQ�ZDV� FDUULHG� RXW� XVLQJ� VWDQGDUG�
NH\V� RI� 6HQ� DQG�)OHWFKHU� �������� �7KH� GDWD�
SHUWDLQLQJ� WR� WKH� HSLGHPLRORJLFDO� VWXG\� �DJH��
VH[��EUHHG�DQG�VHDVRQ��ZHUH�FRPSDUHG�RQ�WKH�
EDVLV�RI�FKL�VTXDUH�WHVW�
5HVXOWV�DQG�'LVFXVVLRQ
(SLGHPLRORJLFDO�VWXG\

7KH� EUHHG�ZLVH�� DJH�ZLVH�� VH[�ZLVH�
DQG�VHDVRQ�ZLVH�SUHYDOHQFH�RI�%DEHVLD� VSS��
LQIHFWLRQ� LQ� GRJV� LQ� DQG� DURXQG�7KULVVXU� DUH�
SUHVHQWHG�LQ�7DEOH�����UHVSHFWLYHO\��+RZHYHU��
VWDWLVWLFDO� DQDO\VLV� UHYHDOHG� WKDW� WKHUH�ZDV�
QR� VLJQL¿FDQW� GLIIHUHQFH� LQ� WKH� RFFXUUHQFH�RI�
%DEHVLD�VSS��LQIHFWLRQ�LQ�GRJV�EHWZHHQ�EUHHGV��
DJH�JURXSV��ERWK�VH[HV�DQG�GLIIHUHQW�VHDVRQV�

<DPDQH�HW�DO���������KDG�UHSRUWHG�WKDW�
EUHHG�ZDV� QRW� DVVRFLDWHG�ZLWK� VHURSRVLWLYH�
UHDFWLRQV� WR� FDQLQH� EDEHVLRVLV� ZKLFK� LV� LQ�
DJUHHPHQW� ZLWK� WKH� UHVXOWV� RI� WKH� SUHVHQW�
VWXG\�

$JER�HW�DO�� �������DQG�$GDV]HN�HW�DO��
�������KDG�REVHUYHG�D�KLJK�SUHYDOHQFH�RI�%��
FDQLV�DPRQJ�*HUPDQ�6KHSKHUGV��7KH�LQFUHDVHG�
SUHYDOHQFH� RI� FKURQLF� EDEHVLRVLV� LQ�*HUPDQ�
6KHSKHUGV� KDV� EHHQ� DWWULEXWHG� WR� JHQHWLF�

SUHGLVSRVLWLRQ� ZLWK� ORQJ�WHUP�PDLQWHQDQFH�
RI� WKHLU� VHURSRVLWLYLW\� �+RUQRN�HW� DO��� �������
7KH� ¿QGLQJ� RI� KLJKHU� SHUFHQWDJH�RI�%�� FDQLV
LQIHFWLRQ�LQ�*HUPDQ�6KHSKHUGV�LQ�WKH�SUHVHQW�
VWXG\� WKRXJK� QRW� VLJQL¿FDQW� VWDWLVWLFDOO\� LV� LQ�
DJUHHPHQW�ZLWK�WKH�DERYH�PHQWLRQHG�UHSRUWV�

,Q� WKH� SUHVHQW� VWXG\�� QR� VLJQLILFDQW�
GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKH�SURSRUWLRQ�
RI�%��JLEVRQL�DQG�%��FDQLV�SRVLWLYH�FDVHV�LQ�GRJV�
XS�WR�WZR�\HDUV�DQG�DERYH�WZR�\HDUV�RI�DJH��7KLV�
LV�LQ�DFFRUGDQFH�ZLWK�2¶'Z\HU�HW�DO���������ZKR�
UHSRUWHG�WKDW�WKHUH�ZDV�QR�UHODWLRQVKLS�EHWZHHQ�
DJH�DQG�JHQGHU�WR�WKH�GLVHDVH��

1R� VLJQL¿FDQW� GLIIHUHQFH� LQ� WKH�
SURSRUWLRQ�RI�%��JLEVRQL�DQG�%��FDQLV�SRVLWLYH�
FDVHV� DPRQJ� PDOH� DQG� IHPDOH� GRJV� ZDV�
REVHUYHG�LQ�WKLV�VWXG\��7KLV�LV�LQ�DJUHHPHQW�ZLWK�
WKH�¿QGLQJV�RI�0DUWLQRG�HW�DO����������<DPDQH�
HW� DO�� ������� DQG�$JER�HW� DO�� ��������2Q� WKH�
FRQWUDU\�� %DVKLU�HW� DO�� �������� &DUGRVR�HW� DO��
�������DQG�$GDV]HN�HW�DO���������KDG�REVHUYHG�
D�KLJKHU�LQFLGHQFH�RI�GLVHDVH�LQ�PDOH�GRJV��

7KHUH� ZDV� QR� VLJQL¿FDQW� VHDVRQDO�
GLIIHUHQFH� LQ� WKH� SUHVHQW� VWXG\�� WKRXJK� D�
VOLJKW� LQFUHDVH� RI�%�� JLEVRQL� SUHYDOHQFH� ZDV�
REVHUYHG�GXULQJ�SUH�PRQVRRQ��)HEUXDU\�0D\���
7KLV�FRQFXUV�ZLWK�WKH�¿QGLQJV�RI�$KPDG�HW�DO�
�������ZKR�REVHUYHG�WKDW�LQFLGHQFH�RI�FDQLQH�
EDEHVLRVLV� ZDV� KLJK� GXULQJ� VXPPHU� DQG�
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DXWXPQ�ZKHQ�FRPSDUHG�WR�RWKHU�VHDVRQV��7KH�
LQFUHDVH�LQ�WKH�LQFLGHQFH�RI�FDQLQH�EDEHVLRVLV�
GXULQJ�VXPPHU�FRXOG�EH�GXH�WR�WKH�LQFUHDVHG�
DFWLYLW\�RI�WLFNV�GXULQJ�WKDW�SHULRG�
9HFWRU�LGHQWL¿FDWLRQ�

)URP�D� WRWDO�RI���� WLFNV�FROOHFWHG� IURP�
%DEHVLD�VXVSHFWHG�GRJV�����������WLFNV�ZHUH�
LGHQWLILHG� DV�5KLSLFHSKDOXV� VDQJXLQHXV�� ���
������ DV�+DHPDSK\VDOLV ELVSLQRVD�DQG RQH�
����� DV�5�� KDHPDSK\VDORLGHV� �PDOH���7LFNV�
LGHQWL¿HG�LQ�WKH�VWXG\�FRQFXUUHG�ZLWK�WKH�¿QGLQJV�
RI�2\DPDGD�HW�DO����������$JER�HW�DO����������
%DVKLU�HW�DO���������DQG�.HOO\�HW�DO����������7KH�
KLJKHVW�SHUFHQWDJH�RI�WLFN�VSHFLHV�REVHUYHG�ZDV�
5��VDQJXLQHXV��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�.HOO\�
HW�DO���������ZKR�UHSRUWHG�WKDW�5��VDQJXLQHXV
ZDV�WKH�SULQFLSDO�VSHFLHV�WUDQVPLWWLQJ�%DEHVLD
VSS��LQIHFWLRQV�LQ�GRJV��,QWHUHVWLQJO\��DOO�WKH�WLFNV�
FROOHFWHG�IURP�%��JLEVRQL�SRVLWLYH�DQLPDOV�ZHUH�
+��ELVSLQRVD��7KLV�REVHUYDWLRQ�LV�LQ�DJUHHPHQW�
ZLWK�WKH�¿QGLQJV�RI�6RODQR�*DOOHJR�DQG�%DQHWK�
�������ZKR� VWDWHG� WKDW�+DHPDSK\VDOLV� VSS��
ZHUH�WKH�YHFWRUV�RI�%��JLEVRQL�
5HIHUHQFHV�
$GDV]HN�� /���0DUWLQH]��$�&�� DQG�:LQLDU]\N��

6�� ������ 7KH� IDFWRUV� DIIHFWLQJ� WKH�
GLVWULEXWLRQ� RI� EDEHVLRVLV� LQ� GRJV� LQ�
3RODQG��9HW��3DUDVLWRO����������������

$JER��2�(���2UWZH��$�%�� DQG�*EXVKXP��$�-��
������(SLGHPLRORJLFDO�VXUYH\�RI�FDQLQH�
EDEHVLRVLV��LQ�0DNXUGL��1LJHULD��$QLP��
5HV��,QW���������������

$KPDG�� 6�6��� .KDQ��0�6�� � DQG� .KDQ��0�$��
������ (SLGHPLRORJ\� DQG� VHDVRQDO�
DEXQGDQFH� RI� FDQLQH� EDEHVLRVLV� LQ�
/DKRUH��3DNLVWDQ��-��$QLP��3ODQW��6FL��

������������
%DVKLU�� ,�1��� &KDXGKU\�� =�,���$KPHG�� 6�� DQG�

6DHHG��0�$�� ������ (SLGHPLRORJLFDO�
DQG� YHFWRU� LGHQWLILFDWLRQ� VWXGLHV� RQ�
FDQLQH� EDEHVLRVLV��3DNLVWDQ� 9HW�� -��
����������

&DUGRVR��/���<LVDVFKDU��0HNX]DV��<���5RGULJXHV��
)�7��� &RVWD��$��� 0DFKDGR�� -��� 'L]��
/RSHV��'��DQG�%DQHWK��*��������&DQLQH�
EDEHVLRVLV� LQ� QRUWKHUQ�3RUWXJDO� DQG�
PROHFXODU� FKDUDFWHUL]DWLRQ� RI� YHFWRU��
ERUQH� FR�� LQIHFWLRQV��3DUDVLWHV� DQG�
9HFWRUV� ������

+RUQRN�� 6��� (GHOKRIHU�� 5�� DQG� )DUNDV�� 5��
������ 6HURSUHYDOHQFH� RI� FDQLQH�
EDEHVLRVLV� LQ� +XQJDU\� VXJJHVWLQJ�
EUHHG�SUHGLVSRVLWLRQ��-��3DUDVLWRO��5HV��
������������

.HOO\��3�-���;X��&���/XFDV��+���/RIWLV��$���$EHWH��
-��� =HROL�� )���6WHYHQV��$��� -DHJHUVHQ��
.�� � $FNHUVRQ�� .�� � *HVVQHU� � $���
.DOWHQERHFN��%��DQG�:DQJ��&��������
(KUOLFKLRVLV��%DEHVLRVLV��$QDSODVPRVLV�
DQG� +HSDWR]RRQRVLV� LQ� GRJV� IURP�
6W��.LWWV��:HVW� ,QGLHV��3/R6�21(�����
H�������GRL������������MRXUQDO��SRQH��
��������

0DUWLQRG��6���/DXUHQW��1��DQG�0RUHDX��<��������
5HVLVWDQFH� DQG� LPPXQLW\� RI� GRJV�
DJDLQVW�%DEHVLD�FDQLV� LQ�DQ�HQGHPLF�
DUHD��9HW��3DUDVLWRO��������������

2¶�'Z\HU�� /�+���$K�±/RSHV��9�9���5XELQL��$�6�
6DQWRV� 3DGXDQ�� .�'�� DQG�0DUWLQV�
5LEROOD�� 3�(�� ������ %DEHVLD� VSS��
LQIHFWLRQ� LQ� GRJV� IURP� UXUDO� DUHDV� RI�
6DR�3DXOR�6WDWH�� %UD]LO��5HY�� %UDV��
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3DUDVLWRO��9HW�������������
2\DPDGD��0���'DYRXVW��%���%RQL��0���'HUHXUH��-���

%XFKHWRQ��%���+DPPDGD��$���,WDPRWR��
.���2NXGD��0��DQG�,QRNXPD��+��������
'HWHFWLRQ� RI�%DEHVLD� FDQLV� URVVL��%��
FDQLV�YRJHOL�DQG�+HSDWR]RRQ�FDQLV�LQ�
GRJV�LQ�D�YLOODJH�RI�(DVWHUQ�6XGDQ�E\�
XVLQJ�D�VFUHHQLQJ�3&5�DQG�VHTXHQFLQJ�
PHWKRGRORJLHV��&OLQ�� 'LDJQ�� /DE��
,PPXQRO�����������������

6HQ��6�.��DQG�)OHWFKHU��7�%��������9HWHULQDU\�
(QWRPRORJ\� DQG� $FDURORJ\� LQ�
,QGLD�� ,QGLDQ� &RXQFLO� RI� $JULFXOWXUDO�

5HVHDUFK��1HZ�'HOKL�����S�
6RODQR�*DOOHJR�� /�� DQG� %DQHWK�� *�� ������

%DEHVLRVLV� LQ� GRJV� DQG� FDWV�
([SDQGLQJ�SDUDVLWRORJLFDO�DQG�FOLQLFDO�
VSHFWUD��-��9HW��3DUDVLWRO�������������

<DPDQH�� ,��� *DUGQHU�� ,�$��� 5\DQ�� &�3��� /HY\��
0��� 8UULFR�� -�� DQG� &RQUDG�� 3�� $��
������ 6HURVXUYH\� RI� %DEHVLD� FDQLV��
%�� JLEVRQL� DQG� (KUOLFKLD� FDQLV� LQ�
SRXQG�GRJV� LQ�&DOLIRUQLD��86$��3UHY��
9HW��0HG��������������

�


