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&DFWDFHDH� LV� WKH� IDPLO\� FRQVLGHUHG� WR� KDYH� WKH� ODUJHVW
QXPEHU� RI� JHQHUD� ZLWKLQ� WKH� RUGHU� &DU\RSK\OODOHV
�+HUQiQGH]�/HGHVPD�HW�DO�� ������DQG� LWV� VSHFLHV�RFFXS\�D
ZLGH� UDQJH� RI� KDELWDWV� WKURXJK� WKH� $PHULFDQ� FRQWLQHQW
�$QGHUVRQ�������*RHWWVFK�HW� DO�� �������)RU� FHQWXULHV� FDFWL
KDYH�IDVFLQDWHG�KXPDQV�EHFDXVH�RI�WKH�EHDXW\�DQG�WKH�UDULW\
RI�WKH�PDMRULW\�RI�WKHLU�VSHFLHV��%UDYR�+ROOLV�������*ULIILWK
������� $OWKRXJK� WKH� PRVW� ZLGHVSUHDG� XVH� LV� RUQDPHQWDO
�*RHWWVFK� HW� DO�� ������� LQ� VHYHUDO� FRXQWULHV� WKH� IUXLWV�
IORZHUV� DQG� VWHPV� RI� ���� VSHFLHV� DUH� ZLGHO\� FRQVXPHG
�$QGHUVRQ� ������ *RHWWVFK� HW� DO�� ������� 3ODQWV� RI� WKH
&DFWDFHDH� DUH� FXUUHQWO\� DPRQJ� WKH� PRVW� YXOQHUDEOH� WR
KXPDQ�GLVWXUEDQFH�EHFDXVH�RI�WKHLU�VORZ�JURZWK��*RGtQH]�
ÈOYDUH]� HW� DO�� ������ DQG� FRQVWLWXWH� WKH� ILIWK� WD[RQRPLF
JURXS� ZLWK� WKH� KLJKHVW� SURSRUWLRQ� RI� VSHFLHV� WKUHDWHQHG
ZRUOGZLGH��*RHWWVFK�HW�DO��������
2QH�ZD\� WR� KHOS� SUHVHUYH� WKHVH� VSHFLHV� DQG�RWKHUV�ZLWK

VSHFLDO� FRQVHUYDWLRQ� YDOXH� LV� WR� XQGHUVWDQG� WKH� SURFHVVHV
WKDW�SURPRWH�VHHG�JHUPLQDWLRQ��5RMDV�$UpFKLJD�	�9i]TXH]�
<DQHV� ������ $QGHUVRQ� ������ )ORUHV� HW� DO�� ������� 7ZR
UHPDUNDEOH�ZRUNV�DERXW�FDFWXV�VHHGV�KDYH�EHHQ�SXEOLVKHG�
5RMDV�$UpFKLJD� 	� 9i]TXH]�<DQHV� ������� SXEOLVKHG� DQ
H[KDXVWLYH� UHYLHZ�RQ�FDFWXV� VHHG�JHUPLQDWLRQ��%DUWKORWW�	
+XQW� ������� SXEOLVKHG� D� ERRN� RQ� FDFWXV� VHHG
PLFURPRUSKRORJ\�� LQFOXGLQJ� ���� VSHFLHV� DQG
���� PLFURSKRWRJUDSKV� IURP� PRUH� WKDQ� ���� WD[D�� ,Q
DGGLWLRQ�� LW� FRQWDLQV� WKH� FRPSLODWLRQ� RI� VWXGLHV� ZLWK
PLFURSKRWRJUDSKV� RI� FDFWXV� VHHGV� IURP� ������ VSHFLHV� RI
����JHQHUD��5RMDV�$UpFKLJD��������%DUWKORWW�	�+XQW�������
VWXG\� GHVFULEHV� ��� XVHIXO� VHHG� WUDLWV� DQG� DWWHPSWV� WR
KRPRJHQL]H� (QJOLVK� WHUPLQRORJ\�� %RWK� 5RMDV�$UpFKLJD� 	
9i]TXH]�<DQHV��������DQG�%DUWKORWW�	�+XQW��������VWXGLHV
KDYH� EHHQ� UHIHUHQFHG� IRU� DOO� UHVHDUFK� LQ� FDFWXV� VHHG
JHUPLQDWLRQ� DQG� VHHG� GHVFULSWLRQ� GXULQJ� WKH� ODVW� WZR
GHFDGHV�
6LQFH� WKH� ����V�� WKH� SDSHUV� RQ� FDFWXV� VHHG� JHUPLQDWLRQ

DOPRVW� WULSOHG� WKH� DYDLODEOH� LQIRUPDWLRQ�� 7KLV� UHYLHZ� DLPV
WR� SHUIRUP� DQ� DQDO\VLV� RI� WKH� FDFWXV� VHHG� OLWHUDWXUH� LQ� WKH
ODVW����\HDUV��7KH�WUHQGV�IRXQG�DQG�JDSV�LQ�WKH�LQIRUPDWLRQ
DUH� GLVFXVVHG�� 6SHFLILFDOO\�� ZH� DQDO\]HG� WKH� UHODWLRQVKLS
EHWZHHQ�FDFWXV�VHHG�JHUPLQDWLRQ�DQG�VHHG�WUDLWV��DV�ZHOO�DV
EHWZHHQ� FDFWXV� VHHG� JHUPLQDWLRQ� DQG� SK\ORJHQ\��:H� DOVR
GRFXPHQWHG� WKH� JHUPLQDWLRQ� W\SHV� LQ� FDFWL�� DQG� KRZ
FRPPRQ�LV�VHHG�GRUPDQF\�DQG�KRZ�FRPPRQ�DUH�VHHG�EDQNV
LQ� WKH� FDFWXV� IDPLO\�� :H� DOVR� GLVFXVV� WKH� HIIHFW� RI
WHPSHUDWXUHV�� OLJKW�� ZDWHU�� VDOW� DQG� K\GUDWLRQ�GHK\GUDWLRQ
F\FOHV�RQ�FDFWXV�VHHG�JHUPLQDWLRQ�

0DWHULDOV�DQG�PHWKRGV

$� VHDUFK� RI� VFLHQWLILF� DUWLFOHV� ZDV� SHUIRUPHG� ZLWK� WKH
ZRUGV� &DFWDFHDH�� FDFWL� RU� FDFWXV� LQ� FRPELQDWLRQ� ZLWK�
JHUPLQDWLRQ�� SKRWREODVWLFLVP�� VHHG� EDQN�� YLYLSDU\�

GRUPDQF\�� K\GUDWLRQ�GHK\GUDWLRQ� F\FOH�� VHURWLQ\� DQG� LQ
YLWUR�JHUPLQDWLRQ�WKURXJK�WKH�VHDUFK�HQJLQH�*RRJOH�6FKRODU
�KWWSV���VFKRODU�JRRJOH�FRP��� LQ� (QJOLVK�� 6SDQLVK�� DQG
3RUWXJXHVH�� WKH�PDLQ�ODQJXDJHV�LQ� WKH�$PHULFDQ�FRQWLQHQW�
$FFRUGLQJ� WR�+DGGDZD\�HW� DO�� �������*RRJOH�6FKRODU� LV� D
SRZHUIXO�WRRO�IRU�ILQGLQJ�VSHFLILF�OLWHUDWXUH�DQG�LV�DGHTXDWH
IRU� LGHQWLI\LQJ� WKH� PDMRULW\� RI� HYLGHQFH� LQ� D� V\VWHPDWLF
UHYLHZ�� WKH� UHIHUHQFHV� IURP� HDFK� VWXG\� IRXQG� ZHUH� DOVR
DQDO\]HG��,Q�WRWDO�����VWXGLHV�UHODWHG�WR�FDFWXV�JHUPLQDWLRQ
IURP������WR�-DQXDU\�������)LJXUH����7DEOHV���DQG����ZHUH
JDWKHUHG�� ZLWK� LQIRUPDWLRQ� RQ� ���� WD[D�� &DFWXV� VHHG
JHUPLQDWLRQ� KDV� EHHQ� HYDOXDWHG� LQ� OHVV� WKDQ� ��� �� RI� WKH
JHQHUD��7KH�FROOHFWHG�LQIRUPDWLRQ�ZDV�JURXSHG�E\�VXEMHFWV
DQG�WKHQ�GLVFXVVHG�
�

)LJXUH� ��� 1XPEHU� RI� VWXGLHV� RI� FDFWXV� VHHG� JHUPLQDWLRQ� XQWLO
-DQXDU\�������
�
$OO� WKH� LQIRUPDWLRQ� REWDLQHG� ZDV� GLYLGHG� LQWR� WHQ

VXEMHFWV� DFFRUGLQJ� WRSLFV� FRYHUHG� LQ� %DVNLQ� 	� %DVNLQ
�������DQG� WKDW� WKHUH�ZHUH�DOVR�VHYHUDO�VWXGLHV�RQ�FDFWL�� ,Q
WKH�VHFWLRQ�RQ�&DFWXV�VHHG�WUDLWV��VKDSH��FRORU��VL]H��PDVV��DV
ZHOO� DV� DSSHQGLFHV� DQG� QXPEHU� RI� VHHGV� SHU� IUXLW� ZHUH
FRQVLGHUHG�� 7KH� LQWHQWLRQ� RI� WKLV� WRSLF� ZDV� WR� LQWURGXFH
UHDGHUV� WR� WKH� JHQHUDOLWLHV� RI� FDFWXV� VHHGV� DV� D� QHFHVVDU\
SURFHVV� WR� GLVFXVV� WKH� GLIIHUHQW� LVVXHV� UHODWHG� WR
JHUPLQDWLRQ�� $OVR� WKH� VHFWLRQ� RQ�*HUPLQDWLRQ� W\SHV�� WKDW
UHODWHV� WKH� VKDSH� RI� WKH� VHHG� WR� WKH�PRGH� RI� JHUPLQDWLRQ�
ZDV� PDLQO\� FRQVLGHUHG� DV� LQWURGXFWRU\�� 7KH� LQIRUPDWLRQ
GLVFXVVHG� LQ� WKHVH� WZR� VXEMHFWV�ZDV� REWDLQHG�PDLQO\� IURP
FODVVLFDO� RU� FRPSLODWLRQ� VWXGLHV� �H�J��� )ORUHV� 	� (QJOHPDQ
������ %UHJPDQ�	�%RXPDQ� ������ %DUWKORWW� 	�+XQW� �����
5RMDV�$UpFKLJD�	�9i]TXH]�<DQHV�������6HDO�HW�DO��������
7KH� QXPEHU� RI� WD[D� VWXGLHG� E\� JHQHUD�� VXEIDPLOLHV� DQG

FRXQWU\� RU� UHJLRQ� RI� RULJLQ� RI� WKH� WD[RQ�ZDV� FRPSLOHG� IRU
WKH�UHVW�RI�WKH�VXEMHFWV��6HHG�GRUPDQF\��ZDV�QRW�LQFOXGHG�LQ
WKH� VXPPDU\� WDEOH� EHFDXVH�ZH� XVHG� WKH� QXPEHU� RI� FDFWXV
VSHFLHV�KDYLQJ�VHHG�GRUPDQF\�IURP�:LOOLV�HW�DO����������7KH
VSHFLHV� ZKHUH� YLYLSDULW\� KDV� EHHQ� VWXGLHG� ZHUH� DOVR
LQFOXGHG�LQ�WKH�VXPPDU\�WDEOH�

6HHG�WUDLWV�DQG�JHUPLQDWLRQ�LQ�WKH�&DFWDFHDH

���
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,Q� WKH� VXEMHFW� 7HPSHUDWXUH� DQG� VHHG� JHUPLQDWLRQ�� WKH
PHDQ� DQG� WKH� FRQILGHQFH� LQWHUYDOV� RI� WKH� JHUPLQDWLRQ
SHUFHQWDJH� DW� ��� �&� ZHUH� SORWWHG� EHWZHHQ� FDFWL� IURP
WHPSHUDWH� DQG� ZDUP� FOLPDWHV�� 7KH� W\SH� RI� ZHDWKHU� ZDV
REWDLQHG�IURP�WKH�LQIRUPDWLRQ�RI�HDFK�DUWLFOH�UHYLHZHG��WKH
FRPSDULVRQ� ZDV� EDVHG� RQ� ��� GDWD� IURP� WHPSHUDWH� DQG
��� IURP�ZDUP�FOLPDWH��6LPLODUO\�� LQ� WKH�VXEMHFW�:DWHU�DQG
VDOLQH� VWUHVV� DQG� JHUPLQDWLRQ�� WKH� PHDQ� DQG� VWDQGDUG
GHYLDWLRQ�RI�WKH�JHUPLQDWLRQ�UHVSRQVH�RI�FDFWXV�VHHGV�ZHUH
SORWWHG� DJDLQVW� GLIIHUHQW� ZDWHU� SRWHQWLDOV� LQGXFHG� ZLWK
SRO\HWK\OHQH�JO\FRO��3(*��
2Q� WKH�VXEMHFW�/LJKW�DQG�VHHG�JHUPLQDWLRQ��ZH�FRQVLGHU

WKH� SKRWREODVWLF� UHVSRQVH� RI� WKH� VHHGV� DFFRUGLQJ� WR� WKH
5HODWLYH� /LJKW� *HUPLQDWLRQ� LQGH[� �5/*�� �0LOEHUJ� HW� DO�
������DQG�WKH�SURSRUWLRQV�SURSRVHG�E\�)XQHV�HW�DO���������

9DOXHV� ZLWK� 5/*� !� ����� ZHUH� FRQVLGHUHG� SRVLWLYH
SKRWREODVWLF�� �� ����� QHJDWLYH� SKRWREODVWLF�� VSHFLHV� ZLWK
5/*� YDOXHV� EHWZHHQ� ����� DQG� ����� ZHUH� FRQVLGHUHG
LQGLIIHUHQW� SKRWREODVWLF� �)XQHV� HW� DO�� ������� :H� FDOFXODWH
WKH�5/*��WR�GHILQH�WKH�SKRWREODVWLF�UHVSRQVH�RI�WKH�VHHGV�LQ
WKH�VWXGLHV�ZKHUH�WKH\�KDG�QRW�FDOFXODWHG�LW�

5HVXOWV�DQG�'LVFXVVLRQ

&DFWXV� VHHG� WUDLWV�� %RWK� WKH�ZRUNV� RI� )ORUHV�	�(QJOHPDQ
������� DQG� %UHJPDQ� 	� %RXPDQ� �������� DV� ZHOO� DV� RI
%DUWKORWW�	�+XQW� �������� SUHVHQW� WKH� VWUXFWXUH� DQG�JHQHUDO
DQDWRP\�RI�FDFWL�VHHGV��,Q�VXFK�VWXGLHV��LW�ZDV�VKRZQ�WKDW�LQ
FDFWL� WKH� HPEU\R� LV� FRYHUHG� E\� WZR� OD\HUV� RI� WLVVXH�� WKH
H[WHUQDO� �NQRZQ� DV� WKH� WHVWD�� LV� JHQHUDOO\� WKLFN�� ZKLOH� WKH

7DEOH����$EVWUDFW�RI�WKH�FDFWXV�VWXGLHV�RQ�GLIIHUHQW�UHVHDUFK�OLQHV�UHODWHG�ZLWK�VHHG�JHUPLQDWLRQ�LQ����\HDUV�DQG�����SDSHUV�ZLWK�LQIRUPDWLRQ
RQ����� WD[D��7D[D��1XPEHU�RI� WD[D�VWXGLHG��&DFW��&DFWRLGHDH��2SW��2SXQWLRLGHDH��3HU��3HUHVNLRLGHDH��0DK��0DLKXHQLRLGHDH��&RXQWULHV�RU
UHJLRQV��0;��0H[LFR��%5��%UD]LO��$5��$UJHQWLQD��&+��&KLOH��3(��3HUX��%2��%ROLYLD��3$��3DUDJXD\��&2��&RORPELD��86$��8QLWHV�6WDWHV�RI
$PHULFD��&$��&DULEEHDQ�UHJLRQ��628��6RXWK�$PHULFD��0;�8��0H[LFR���86$��&8��&XED��,W�LV�SRVVLEOH�WR�ILQG�D�KLJKHU�QXPEHU�RI�VSHFLHV�SHU
FRXQWU\�ZKHQ� LQ� D� VDPH� WD[RQ� VHYHUDO� VWXGLHV� LQ� QDWXUDO� SRSXODWLRQV� IURP�GLIIHUHQW� FRXQWULHV�ZHUH� GRQH�� ,Q� SDUHQWKHVLV� WKH� SHUFHQWDJH� RI
JHQHUD�ZLWK�DW�OHDVW�RQH�VSHFLHV�VWXGLHG�

0DWWHU *HQXV 7D[D 6XEIDPLOLHV &RXQWULHV�RU�UHJLRQV

&DFW 2SW 3HU 0DK 0; %5 $5 &+ 3( %2 3$ &2 86$ &$ 628
 0;�8
 &8


3KRWREODVWLFLVP ��������� ��� ��� �� � � ��� �� �� �� � � � � � � � � ��

7HPSHUDWXUHV ��������� ��� ��� �� � � �� �� �� �� �� � � � �� �� �� � ��

/RQJHYLW\�� ��������� ��� ��� �� � � �� �� �� �� � � � � �� � � � �

'HVHFDWLRQ�WROHUDQFH ��������� �� �� � � � �� � � �� � � � � � � �� � �

9LYLSDU\ ��������� �� �� � � � �� � �� � � � � � � � � � ��

3K\WRKRUPRQHV��$*�� ��������� �� �� � � � �� � � � � � � � � � � � ��

0HFKDQLFDO�RU�FKHPLFDO
VFDULILFDWLRQ��

��������� �� �� �� � � �� � � � � � � � � � � � ��

,Q�YLWUR�JHUPLQDWLRQ ��������� �� �� � � � �� �� � � � � � � � � � � �

:DWHU�VWUHVV ��������� �� �� � � � �� �� � � � � � � � � � � �

6HURWLQ\ ������� �� �� � � � �� � � � � � � � � � � � �

+\GUDWLRQ�GHK\GUDWLRQ�F\FOHV �������� �� �� � � � �� � � � � � � � � � � � �

6WRUDJH�LQ�FROG�� ������� �� �� � � � � �� � � � � � � � � � � �

6RLO�VHHG�EDQN �������� �� �� � � � � � � � � � � � � � � � �

+LJK�WHPSHUDWXUH�WROHUDQFH ������� �� �� � � � �� � � � � � � � � � � � �

6DOLQH�VWUHVV ������� �� �� � � � � � � � � � � � � � � � �
��,W�LQFOXGHV�VWXGLHV�ZKHUH�WKH�YLDELOLW\�RI�VHHGV�RI�DW�OHDVW�WKUHH�PRQWKV�VWRUHG�DW�URRP�WHPSHUDWXUH�ZDV�WHVWHG�
��,W�LQFOXGHV�VWXGLHV�ZKHUH�WKH�JHUPLQDWLRQ�UHVSRQVH�ZDV�WHVWHG�DIWHU�VXEMHFWLQJ�WKH�VHHGV�WR�YDULRXV�VFDULILFDWLRQ�PHWKRGV�WKDW�LQFOXGH�VDQG�
VDQGSDSHU��FXWV��PHFKDQLFDO�VFDULILFDWLRQ��RU�ZLWK�+�62���+&O��1D&O2�DQG�+�2���FKHPLFDO�VFDULILFDWLRQ��
��2QO\�VWXGLHV�ZKHUH�WKH�VHHGV�ZHUH�NHSW�DW�WHPSHUDWXUHV�HTXDO�WR�RU�EHORZ����&�ZHUH�LQFOXGHG�

�7KH�VSHFLHV�UHIHUUHG�IRU�628'�DQG�0;�8�FRPSULVH�VSHFLHV�ZKHUH�WKH�VHHG�FROOHFWLRQ�VLWH�ZDV�QRW�GHFODUHG�DQG�WKH�GLVWULEXWLRQ�FRYHUV�WZR
RU�PRUH�FRXQWULHV��7KH�UHIHUHQFHV�IRU�&XED�ZHUH�QRW�DGGHG�WR�WKH�WRWDO�VSHFLHV��EHFDXVH�WKH\�LQFOXGH�VWXGLHV�WKDW�KDYH�QRW�\HW�EHHQ�SXEOLVKHG�
WKH�JHUPLQDWLRQ�VWXGLHV�RI�&XEDQ�FDFWL�WKDW�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�ZHUH�LQFOXGHG�LQ�WKH�&DULEEHDQ�OLVW�
�

�
%DUULRV�HW�DO����%RWDQLFDO�6FLHQFHV���������������������
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LQWHUQDO�RQH�RQO\�IRUPV�D�ILQH�PHPEUDQH�DURXQG�WKH�HPEU\R
�%UHJPDQ� 	� %RXPDQ� ������ WKDW� FRPSOHWHO\� FROODSVHV
GXULQJ� VHHG�PDWXUDWLRQ� LQ�PRVW� VSHFLHV� �%DUWKORWW�	�+XQW
�������)LJXUH�����$�GLVWLQFWLYH�WUDLW�LQ�&DFWDFHDH�VHHGV��EXW
QRW�H[FOXVLYH�RI�WKH�IDPLO\��LV�D�VPDOO�DUHD�FDOOHG�WKH�KLOXP�
PLFURS\ODU� UHJLRQ�� ZKLFK� LV� FDXVHG� E\� WKH� SUHVHQFH� RI
FDPS\ORWURSRXV� RYXOHV� �%UHJPDQ� 	� %RXPDQ� �����
%DUWKORWW� 	� +XQW� ������� DOWKRXJK� )ORUHV� 	� (QJOHPDQ
�������FRQVLGHUHG� WKH�DPSKLWURSRXV�RYXOHV�GRPLQDQW��7KLV
FKDUDFWHULVWLF� LV� FRQVLGHUHG� D� YDULDQW� RI� FDPS\ORWURSRXV
RYXOHV� DFFRUGLQJ� WR� )RQW� 4XHU� �������� )RU� GHVFULSWLYH
SXUSRVHV� %DUWKORWW�	�+XQW� ������� GLYLGHG� FDFWXV� VHHGV� LQ
IRXU� UHJLRQV�� YHQWUDO�� GRUVDO�� DSLFDO� DQG� WKH� HGJH� RI� WKH
KLOXP�PLFURS\ODU�UHJLRQ�
&DFWDFHDH� VHHGV� YDU\� LQ� VKDSH�� %UHJPDQ� 	� %RXPDQ

������� LQ� WKHLU� UHYLHZ� SUHVHQWHG� ��� VHHG� YDULDQWV�� ZKLOH
%DUWKORWW�	�+XQW��������LQ�DFFRUGDQFH�ZLWK�WKH�WUHDWPHQW�RI
9RLW� ������� FRQVLGHUHG� HLJKW� W\SHV� RI� VHHGV�� ZKLFK� WKH\

WKHPVHOYHV� UHGXFHG� WR� IRXU�� DFFRUGLQJ� WR� WKH� OHQJWK�ZLGWK
UHODWLRQVKLS��,Q�JHQHUDO��FDFWXV�VHHGV�KDYH�EHHQ�GHVFULEHG�DV
UHQLIRUP��S\ULIRUP��JOREXODU��RYDO��KDW�VKDSHG��OHQWLFXODU�RU
PXVVHO�VKDSHG� �5RMDV�$UpFKLJD� 	� 9i]TXH]�<DQHV� �����
%DUWKORWW� 	� +XQW� ������ �)LJXUH� ���� ,Q� VSLWH� RI� WKH� JUHDW
YDULDELOLW\� RI� WHUPLQRORJLHV�� WKH� PDMRULW\� RI� WKH� SUHYLRXV
VWXGLHV�KDYH� IROORZHG�%DUWKORWW�	�+XQW� ������� �VHH��$ULDV
	� 7HUUD]DV� ������ $UUR\R�&RQVXOWFKL� HW� DO�� ������ �����
$ULDV�HW�DO��������DQG�)UDQFR�(VWUDGD�HW�DO���������$OWKRXJK
LW� LV� SRVVLEOH� WKDW� VRPH� UHODWLRQVKLS� EHWZHHQ� WKH� VKDSH� RI
WKH�FDFWXV�VHHGV�DQG�WKHLU�JHUPLQDWLRQ�H[LVWV��WKLV�DVSHFW�KDV
EHHQ� OLWWOH� VWXGLHG��%UHJPDQ�	�%RXPDQ� ������� DVVRFLDWHG
WKH� VHHG� VKDSH� ZLWK� GLIIHUHQFHV� LQ� WKH� IRUPDWLRQ� RI
JHUPLQDWLRQ� FUDFNV�� +DW�VKDSHG� VHHGV� RFFXU� LQ� 1RUWK
$PHULFDQ� JHQHUD� VXFK� DV�$VWURSK\WXP� DQG�(SLWKHODQWD�� DV
ZHOO� LQ� VSHFLHV�RI� VHYHUDO�6RXWK�$PHULFDQ�JHQHUD�� VXFK�DV
)UDLOHD��0DWXFDQD��'LVFRFDFWXV��1RWRFDFWXV��3DURGLD���DQG
7KUL[DQWKRFHUHXV� �(VSRVWRD�� �%DUWKORWW� 	� +XQW� ������

7DEOH� ��� 7D[D� RI� WKH�&DFWDFHDH� KDYLQJ� DW� OHDVW� QLQH� VSHFLHV� ZLWK� VHHG� JHUPLQDWLRQ� VWXGLHV�� 7D[RQRP\�ZDV� EDVHG� LQ� +XQW� HW� DO�� �������
6SS� �6SHFLHV�QXPEHU�SHU�JHQXV��5HYLHZ�EDVHG�LQ�����SDSHUV�SXEOLVKHG�LQ�WKH�ODVW����\HDUV�

6XEIDPLO\�JHQXV VSS :LWK�LQIRUPDWLRQ 6XEIDPLO\�*HQXV VSS :LWK�LQIRUPDWLRQ

&DFWRLGHDH &DFWRLGHDH
$UPDWRFHUHXV � � 0HORFDFWXV �� ��

%URZQLQJLD � � 0LFUDQWKRFHUHXV �� �

&HUHXV �� � 3DFK\FHUHXV �� �

&OHLVWRFDFWXV �� � 3DURGLD �� �

&ROHRFHSKDORFHUHXV �� � 3HGLRFDFWXV �� �

&RSLDSRD �� � 3HQLRFHUHXV �� �

&RUU\RFDFWXV �� � 3IHLIIHUD �� �

&RU\SKDQWKD �� � 3LORVRFHUHXV �� ��

'LVFRFDFWXV �� � 3VHXGRUKLSVDOLV � �

'LVRFDFWXV �� � 5HEXWLD �� �

(FKLQRFHUHXV ��� � 5KLSVDOLV �� �

(FKLQRSVLV ��� �� 6FOHURFDFWXV �� �

(SLSK\OOXP �� � 6HOHQLFHUHXV �� �

(ULRV\FH �� �� 6WHQRFHUHXV �� �

(VFREDULD �� � 7KHORFDFWXV �� �

(VSRVWRD �� � 7XUELQLFDUSXV �� ��

)HURFDFWXV �� �� :HEHURFHUHXV �� �

)UDLOHD �� � 2SXQWLRLGHDH
*\PQRFDO\FLXP �� � $XVWURF\OLQGURSXQWLD � �

+DDJHRFHUHXV �� � &RU\QRSXQWLD �� �

+DUULVLD � � &\OLQGURSXQWLD �� �

+\ORFHUHXV �� � 2SXQWLD �� ��

/HSWRFHUHXV �� � 3WHURFDFWXV � �

0DPPLOODULD ��� �� 3HUHVNLRLGHDH
0DWXFDQD �� � 3HUHVNLD �� �

�

6HHG�WUDLWV�DQG�JHUPLQDWLRQ�LQ�WKH�&DFWDFHDH

���



([SHULPHQWDO�HYLGHQFH�RI�IORDWLQJ�FDSDELOLWLHV��KDW�VKDSH��D
IXQLFXODU� HQYHORSH� FRYHULQJ� D� SURPLQHQW� KLOXP�� DQG� DLU
FKDPEHUV� WKURXJKRXW� WKH� WHJXPHQW�� DQG� SRWHQWLDO� ZDWHU
GLVSHUVDO�RI�KDW�VKDSHG�VHHGV�LQ�&DFWDFHDH�KDYH�EHHQ�IRXQG
LQ� $VWURSK\WXP� FDSULFRUQH� DQG� $VWURSK\WXP� RUQDWXP
�6iQFKH]�6DODV� HW� DO�� ������� DV� ZHOO� DV� LQ� $VWURSK\WXP
P\ULRVWLJPD� �5RPHUR�0pQGH]� HW� DO�� ������� 6HHGV� RI
6HOHQLFHUHXV� ZLWWLL� IURP� WKH� $PD]RQLD�� LQ� %UDVLO�� DUH
PXVVHO�VKDSHG�� DQG� DOVR� KDYH� DQ� DLU� FKDPEHU� DQG� DUH
DGDSWHG�WR�LQXQGDWLRQ�K\GURFKRU\��%DUWKORWW�HW�DO��������
�

)LJXUH����7UDQVYHUVDO�VHFWLRQ�RI�D�FDFWXV�VHHG��W�� WHVWD��LO�� LQWHUQDO
OD\HU�DQG�H��HPEU\R��'UDZLQJ�E\�$OIUHGR�5XL]�)OHLWDV
�
8QOLNH� WKH�KLJK�YDULDELOLW\� LQ� WHUPV�RI�VKDSH�� VHHG�FRORU

LQ� WKH� IDPLO\� LV� PDLQO\� EHWZHHQ� EODFN� DQG� EURZQ
�/HXHQEHUJHU� ������ %DUWKORWW� 	� +XQW� ������ $ULDV� 	
7HUUD]DV� ������ $UUR\R�&RQVXOWFKL� HW� DO�� ������ 6HDO� HW� DO�
������$ULDV�HW�DO��������/R]D�&RUQHMR�HW�DO��������)UDQFR�
(VWUDGD� HW� DO�� ������� ,Q� VRPH� FDVHV�� KRZHYHU�� WKH\� FDQ� EH
UHGGLVK�EURZQ��\HOORZ��JUHHQ�RU�RII�ZKLWH� �5RMDV�$UpFKLJD
	�9i]TXH]�<DQHV�������%DUWKORWW�	�+XQW�������$ULDV�HW�DO�
�������$�SRWHQWLDO�UHODWLRQVKLS�EHWZHHQ�VHHG�FRORU�DQG�VHHG
JHUPLQDWLRQ�LQ�FDFWXV�UHPDLQV�WR�EH�WHVWHG�
&RQVLVWHQW�ZLWK� VHHG� VKDSH�� WKH� HPEU\R�RI� WKH� FDFWXV� LV

JHQHUDOO\� FXUYHG� �%DUWKORWW� 	� +XQW� ������ DQG� SHULSKHUDO
�)LQFK�6DYDJH� 	� /HXEQHU�0HW]JHU� ������� ZLWK� JUHDW
YDULDWLRQ�LQ�WKH�UHJLRQ�WKDW�RFFXSLHV�WKH�VWRUDJH�VWUXFWXUH��,Q
/HXHQEHUJHULD��2SXQWLD�DQG�3HUHVNLRSVLV�VSHFLHV��D�JUHDWHU
GHYHORSPHQW� RI� WKH� FRW\OHGRQV� LV� REVHUYHG�ZLWK� UHVSHFW� WR
WKH�K\SRFRW\O��1HYHUWKHOHVV��WKH�WHQGHQF\�LQ�WKH�IDPLO\�LV�D
JUHDWHU� GHYHORSPHQW� RI� WKH� K\SRFRW\O� ZLWK� UHVSHFW� WR� WKH
FRW\OHGRQV�� &DFWXV� JHQHUD� OLNH�0DPPLOODULD� DQG� 3DURGLD
VKRZ�XSULJKW� HPEU\RV�ZLWK� �����RI� WKH� YROXPH� RFFXSLHG
E\�WKH�K\SRFRW\O��%DUWKORWW�	�+XQW�������
,Q� WHUPV� RI� WKH� DYHUDJH� QXPEHU� RI� VHHGV� SURGXFHG� SHU

IUXLW�� DQ� HQRUPRXV� YDULDWLRQ� H[LVWV� LQ� FDFWL�� 6RPH� DXWKRUV
UHSRUW� FDFWXV� IUXLWV� �H�J��(SLSK\OOXP�DQJXOLJHU��)HURFDFWXV

KLVWUL[�� 3DFK\FHUHXV� SULQJOHL�� 3�� ZHEHUL�� 3LORVRFHUHXV
FKU\VDFDQWKXV�� (FKLQRSVLV� DWDFDPHQVLV� VXEVS�� SDVDFDQD�
*\PQRFDO\FLXP�PRQYLOOHL���ZLWK�UDQJHV�EHWZHHQ�������DQG
������ VHHGV� �=LPPHU� ������'HO�&DVWLOOR� ������ )OHPLQJ� HW
DO�� ������ 9DOLHQWH�%DQXHW� HW� DO�� ������ GH� 9LDQD� �����
*XUYLFK�HW�DO���������DOWKRXJK�LW�LV�SRVVLEOH�WR�ILQG�VSHFLHV
ZLWK� IHZHU� WKDQ� ��� VHHGV� SHU� IUXLW� LQ� JHQHUD� VXFK� DV
0DPPLOODULD� �9DOYHUGH� 	� =DYDOD�+XUWDGR� ������ 9DOYHUGH
HW� DO�� ������� 3HUHVNLD� DQG� /HXHQEHUJHULD� �/HXHQEHUJHU
������
&DFWXV� VHHGV� DUH� JHQHUDOO\� VPDOOHU� WKDQ� RQH� FHQWLPHWHU

�%DUWKORWW�	�+XQW�������6HDO�HW�DO��������5RMDV�$UpFKLJD�HW
DO�� ������ DQG� YDU\� IURP� ���� PP� LQ�%ORVVIHOGLD� OLOLSXWDQD
�%DUWKORWW�	�3RUHPEVNL� ������ WR� ����PP� LQ�3HUHVNLD� EOHR
�/HXHQEHUJHU��������DQG�WKHLU�ZHLJKW�YDULHV�IURP�������PJ
LQ�0DPPLOODULD�ERFDVDQD� �)ORUHV�HW�DO�������� WR�������PJ
LQ�2SXQWLD�EDVLODULV��5R\DO�%RWDQLF�*DUGHQV�.HZ�������
'LIIHUHQFHV� LQ� VHHG� PDVV� DPRQJ� FDFWXV� VSHFLHV� DQG

ORFDOLWLHV�KDYH�EHHQ�IRXQG��H�J���5RPR�&DPSRV�HW�DO��������
IRXQG�WKDW�2SXQWLD�VSS��VHHGV�FROOHFWHG�LQ�PRLVW�DUHDV�ZHUH
KHDYLHU�WKDQ�WKRVH�FROOHFWHG�LQ�GU\�VLWHV��7KHVH�DXWKRUV�DOVR
IRXQG� D� FRUUHODWLRQ� EHWZHHQ� VHHG� PDVV� DQG� VHHG
JHUPLQDWLRQ� IRU� 2SXQWLD� MDOLVFDQD� LQ� ZKLFK� ODUJHU� VHHGV
JHUPLQDWHG� PRUH� WKDQ� VPDOOHU� VHHGV�� 6RVD�3LYDWWR� HW� DO�
������� IRXQG� QR� FRUUHODWLRQ� EHWZHHQ� VHHG� PDVV� DQG
JHUPLQDWLRQ� FKDUDFWHULVWLFV� LQ� FHQWUDO� $UJHQWLQLDQ� FDFWL�
KRZHYHU�� WKH\� IRXQG� WKDW� VSHFLHV� ZLWK� KHDYLHU� VHHGV
SURGXFHG�ELJJHU�DQG�PRUH�F\OLQGULFDO�VHHGOLQJV�
2WKHU� WUDLWV�DVVRFLDWHG�ZLWK�FDFWXV�VHHGV�DUH�DSSHQGDJHV

RU� VWUXFWXUHV�� VXFK� DV� IXQLFXOD�� DULOV�� VWURSKLROHV� DQG
PXFLODJH�� ,Q� WKH� VXEIDPLO\� 2SXQWLRLGHDH�� WKH� RYXOH� LV
VXUURXQGHG� E\� WKH� IXQLFXOXV� WKDW� LV� OLJQLILHG� GXULQJ
GHYHORSPHQW��%UHJPDQ�	�%RXPDQ�������6WULWWPDWWHU�HW�DO�
������ DQG� IRUPV� D� VWUXFWXUH� FRQVLGHUHG� DV� DQ� DULO� E\
%DUWKORWW�	�+XQW��������EXW�DV�D�FRYHULQJ�E\�%UDYR�+ROOLV
�������� 2UR]FR�6HJRYLD� HW� DO�� ������� IRXQG� WKDW� OLJQLILHG
IXQLFXOXV� LQ�2SXQWLD� WRPHQWRVD� DFWV� DV� D� SDUWLDO� EDUULHU� WR
ZDWHU�GLIIXVLRQ�LQWR�WKH�VHHG�DQG�WKDW�LQ�WKLV�VSHFLHV��ZDWHU
XSWDNH� RFFXUV�PDLQO\� WKURXJK� WKH�ZDWHU� FKDQQHO�PHGLDWHG
E\� D� YDOYH�� ERWK� IRUPHG� LQ� WKH� KLOXP�PLFURS\OH� UHJLRQ
GXULQJ� VHHG� GHK\GUDWLRQ� DQG� DJHLQJ�� 9DULRXV� JHQHUD� OLNH
0DPPLOODULD�� $]WHNLXP� �%UDYR�+ROOLV� ������ DQG
%ORVVIHOGLD� �%DUWKORWW�	�+XQW� ������ VKRZ� VWURSKLROHV� WKDW
FDQ� EH� FRQVLGHUHG� DULOV�� EXW� WR� GLIIHUHQWLDWH� WKHP� IURP� WKH
VWUXFWXUH� RI� 2SXQWLRLGHDH�� WKLV� WHUP� KDV� FRQWLQXHG� WR� EH
XVHG��%DUWKORWW�	�+XQW��������$�PXFLODJH�VKHDWK�LV�SUHVHQW
LQ�PRUH� WKDQ� ��� VSHFLHV� RI� FDFWXV� EHORQJLQJ� WR� ��� JHQHUD
DQG� LV� IRUPHG� E\� SHFWLQV� �%DUULRV� HW� DO�� ������ 0DVFRW�
*yPH]� HW� DO�� ������� %UHJPDQ� 	� *UDYHQ� ������� DQG
0DVFRW�*yPH]� HW� DO�� ������� VXJJHVWHG� WKDW� WKH� OD\HU� RI
PXFLODJH�LQ�FDFWXV�VHHGV�LPSURYHV�WKH�JHUPLQDWLRQ�WKURXJK
WKH�HIIHFW�RI�WKH�LQWDNH�DQG�GLVWULEXWLRQ�RI�ZDWHU��%DUULRV�HW
DO���������VXJJHVWHG�WKDW�PD\EH�WKH�SUHVHQFH�RI�PXFLODJH�LQ

�
%DUULRV�HW�DO����%RWDQLFDO�6FLHQFHV���������������������
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/HSWRFHUHXV�VFRSXORSKLOXV�VHHGV�VHUYHV�RWKHU�SXUSRVHV�VXFK
DV�WKH�DGKHVLRQ�RI�VHHGV�WR�WKH�VRLO�RU�FDPRXIODJH�IURP�VHHG
HDWHUV�
�
*HUPLQDWLRQ� W\SHV�� 6HHG� JHUPLQDWLRQ� LV� D� VHULHV� RI� HYHQWV
WKDW� EHJLQ�ZLWK� LPELELWLRQ� DQG� HQG�ZLWK� WKH� HPHUJHQFH� RI
WKH� UDGLFOH� IURP� WKH� VHHG� FRDW�� 7KHUH� DUH� IHZ� VWXGLHV� WKDW
FRQVLGHU� JHUPLQDWLRQ� W\SHV� LQ� &DFWDFHDH� �$OPHLGD� HW� DO�
������ 6HFRUXQ� 	� 6RX]D� ������� VLQFH� WKH� FODVVLF� VWXG\� E\
%UHJPDQ� 	� %RXPDQ� �������� 7KH� DIRUHPHQWLRQHG� DXWKRUV
GHVFULEHG����YDULDQWV�RI�JHUPLQDWLRQ�ZKHUH�WKH�UDGLFOH�LV�WKH
ILUVW� RUJDQ� RI� WKH� VHHGOLQJ� WR� EUHDN� WKH� WHVWD� DQG
K\SRWKHVL]HG� WKH� SK\ORJHQHWLF� UHODWLRQVKLSV� EHWZHHQ
YDULDQWV�� ,Q� DGGLWLRQ�� WKH\� FRQVLGHUHG� WKDW� WKH� PRGH� RI
JHUPLQDWLRQ�LQ�D�FDFWXV�LV�FRUUHODWHG�WR�WKH�VHHG�VKDSH��DQG
WKH\�GHILQHG�WKH�&HUHXV�YDULDQW�DV�WKH�PRVW�QXPHURXV�LQ�WKH
IDPLO\�� &XULRXVO\�� DOWKRXJK� IRU� WKH� JHQXV� /HSWRFHUHXV
$UHFHV�0DOOHD��������RQO\�UHFRJQL]HG�WKH�&HUHXV�YDULDQW�LQ
WZR� VSHFLHV� �/�� TXDGULFRVWDWXV� DQG� /�� V\OYHVWULV��� *DUFtD�
%HOWUiQ�HW�DO���������IRXQG�IRXU�YDULDQWV�LQ�RQO\�RQH�VSHFLHV
�/�� VFRSXORSKLOXV��� ,Q� DGGLWLRQ� WR� WKH�&HUHXV� YDULDQW� LQ�/�
VFRSXORSKLOXV�� *DUFtD�%HOWUiQ� HW� DO�� ������� UHFRJQL]HG� WKH

3HUHVNLD�YDULDQW�DQG�DQRWKHU� WZR�ZKHUH� WKH�FRW\OHGRQV�DUH
WKH� ILUVW� RUJDQ� WR� EUHDN� WKH� WHVWD�� 7KH� DIRUHPHQWLRQHG
YDULDQWV� ZHUH� FRQVLGHUHG� H[FHSWLRQV� E\� %UHJPDQ� 	
%RXPDQ���������1HYHUWKHOHVV��LQ�RQH�RI�WKH�VHHG�PRUSKV�RI
/�� VFRSXORSKLOXV�� WKHVH� ³DOWHUQDWLYH� YDULDQWV´� DFFRXQW� IRU
RYHU�������*DUFtD�%HOWUiQ�HW�DO��������
�
6HHG� GRUPDQF\�� 5RMDV�$UpFKLJD� 	� 9i]TXH]�<DQHV� ������
RQO\� IRXQG� UHSRUWV� RI� VHHGV� ZLWK� LQQDWH� DQG� IRUFHG
GRUPDQF\��7KH� IRUFHG�GRUPDQF\�RI� VHHGV� LV� FRQVLGHUHG�E\
%DVNLQ�	�%DVNLQ��������DV�QRQ�GRUPDQW��7KH�FODVVLILFDWLRQ
SURSRVHG� E\� WKRVH� DXWKRUV� HVWDEOLVKHV� WKDW� VHHGV� WKDW
JHUPLQDWH� ZLWKLQ� WKH� ILUVW� IRXU� ZHHNV� DIWHU� GLVSHUVLRQ� DUH
QRQ�GRUPDQW� DQG� WKDW� WKH� VHHGV� WKDW� GR� QRW� JHUPLQDWH
EHFDXVH� RI� LQDGHTXDWH� FRQGLWLRQV� �IRUFHG� GRUPDQF\�� PXVW
EH�FRQVLGHUHG�DV�ODWHQW�RU�TXLHVFHQW��3UHYLRXV�FDFWXV�VWXGLHV
KDYH� UHSRUWHG� YLYLSDURXV� VHHGV� �ZLWKRXW� LQQDWH� GRUPDQF\�
LQ����VSHFLHV� �7DEOH���� �&RWD�6iQFKH]�������&RWD�6iQFKH]
HW� DO�� ������ ������ 5RMDV�$UpFKLJD� 	� 0DQGXMDQR�6iQFKH]
������ %DUULRV� HW� DO�� ������ $UDJyQ�*DVWpOXP� HW� DO�� �����
�������9LYLSDURXV�DUH�DOVR�FRQVLGHUHG�DV�QRQ�GRUPDQW�LQ�WKH
V\VWHP�RI�%DVNLQ�	�%DVNLQ���������7KH�VWXGLHV�DERXW�FDFWXV

)LJXUH����6KDSH�RI�FDFWXV�VHHGV��$��JOREXODU��%ORVVIHOGLD�OLOLSXWDQD���%��OHQWLFXODU��/HXHQEHUJHULD�EOHR���&��S\ULIRUP��(VFREDULD�FXEHQVLV���'�
PXVVHO�VKDSHG� �6HOHQLFHUHXV� JUDQGLIORUXV��� (�� UHQLIRUP� �1HREX[EDXPLD� PXOWLDUHRODWD��� )�� KDW�VKDSHG� �)UDLOHD� SKDHRGLVFD��� $FFRUGLQJ
%DUWKORWW�	�+XQW��������$�DQG�%��FLUFXODU��&�DQG�'��RYDO��(�DQG�)��EURDGO\�RYDO��'UDZLQJV�E\�$OIUHGR�5XL]�)OHLWDV
�

6HHG�WUDLWV�DQG�JHUPLQDWLRQ�LQ�WKH�&DFWDFHDH
�

���



VHHG� GRUPDQF\� DUH� IHZ� �3RWWHU� HW� DO�� ������ &{UWHV� HW� DO�
������ 2OYHUD�&DUULOOR� HW� DO�� ������0DQGXMDQR� HW� DO�� �����
)ORUHV� HW� DO�� ������ ������ 2UR]FR�6HJRYLD� HW� DO�� �����
'HOJDGR�6iQFKH]�HW�DO���������������������PD\�EH�EHFDXVH
RI� WKH� UDSLG� JHUPLQDWLRQ� WKDW� WKH� PDMRULW\� RI� WKH� VWXGLHG
VSHFLHV� SRVVHVV�� ,Q� DGGLWLRQ�� IHZ�ZRUNV� DERXW� JHUPLQDWLRQ
PHQWLRQ� KRZ� PDQ\� XQ�JHUPLQDWHG� VHHGV� DUH� GRUPDQW
�)ORUHV�HW�DO��������������2UWHJD�%DHV�HW�DO��������$UDJyQ
	�/DVVR�������
7KH� PRVW� XVHG� PHWKRGV� IRU� LQWHUUXSWLQJ� GRUPDQF\� LQ

FDFWXV� VHHGV� KDYH� EHHQ� WKURXJK� FKHPLFDO� VFDULILFDWLRQ� �E\
LPPHUVLRQ� LQ� +�62��� +&O�� 1D&O2� DQG� +�2�� DW� YDULRXV
FRQFHQWUDWLRQV� DQG� WLPHV�� DQG� PHFKDQLFDO� VFDULILFDWLRQ�
ZKLFK� WRJHWKHU� HQFRPSDVV� VRPH� ��� VSHFLHV� VWXGLHG
�7DEOH� ���� ,Q� DGGLWLRQ�� JLEEHUHOOLF� DFLG� KDV� EHHQ� XVHG� DV� D
SURPRWHU� RI� JHUPLQDWLRQ�� EXW� LWV� UROH� LV� GLVFXVVHG� ODWHU� LQ
UHIHUHQFH�WR�OLJKW��)HZ�VWXGLHV�KDYH�XVHG�WKHUPDO�VKRFN�EXW
ZLWKRXW� REWDLQLQJ� JRRG� UHVXOWV�ZLWK� WKLV� W\SH� RI� WUHDWPHQW
�6iQFKH]�9HQHJDV� ������ 5RVDV�/ySH]� 	� &ROOD]R�
2UWHJD������ &DUEDMDO� HW� DO�� ������ 9LOODQXHYD� HW� DO�� �����
3RGGD� HW� DO�� ������ *RQ]DOH]�&RUWpV� HW� DO�� ������� 2WKHU
VWXGLHV� KDYH� XVHG� IXQJDO� LQRFXODWLRQ� LQ� VRPH� VSHFLHV� RI
2SXQWLD� �'HOJDGR�6iQFKH]� HW� DO�� ������ ������ ������ RU
K\GUDWLRQ�GHK\GUDWLRQ� F\FOHV� �'XEURYVN\� ������ �����
6DQWLQL� 	� 0DUWRUHOO� ������ &RQWUHUDV�4XLUR]� HW� DO�� ����D�
����E��ZLWK� JRRG� UHVXOWV��5HVHDUFK� LQ� WKH� ODVW� GHFDGH� WKDW
KDV�DGGUHVVHG�WUHDWPHQWV�WR�EUHDN�GRUPDQF\�LQ�FDFWXV�VHHGV
DUH� KRZHYHU�� QRW� FRPPRQ� �5RMDV�$UpFKLJD� HW� DO�� �����
$PDGRU�$OIpUH]�HW�DO�� ������'HOJDGR�6iQFKH]�HW�DO�� �����
������ ������ 3RGGD� HW� DO�� ������ *RQ]DOH]�&RUWpV� HW� DO�
������
,Q� FDFWL�� D� UDSLG� DQG� KLJK� SHUFHQWDJH� RI� JHUPLQDWLRQ� LV

DVVRFLDWHG� ZLWK� D� WKLQ� WHVWD� �0DLWL� HW� DO�� ������� +RZHYHU�
DOWKRXJK�WHVWD�IXQFWLRQV�DV�UHJXODWRU�LQ�LPELELWLRQ��6RX]D�	
0DUFRV�)LOKR��������SK\VLFDO�GRUPDQF\�KDV�QRW�EHHQ�IRXQG
LQ� FDFWXV� VHHGV�� $OWKRXJK� ZRUNV� DERXW� JHUPLQDWLRQ� LQ
2SXQWLD� DQG� +DUULVLD� KDYH� VXJJHVWHG� WKH� SUHVHQFH� RI
SK\VLFDO�� PRUSKRORJLFDO� RU� PRUSKRSK\VLFDO� GRUPDQF\
�3RWWHU�HW�DO��������2OYHUD�&DUULOOR�HW�DO��������3RGGD�HW�DO�
������� PRUSKRORJLFDO� �0DQGXMDQR� HW� DO�� ������ RU
PRUSKRSK\VLRORJLFDO��'HKDQ�	�3pUH]��������1RQH�RI�WKHVH
VWXGLHV� GHPRQVWUDWHG� D� ODFN� RI� VHHG� LPELELWLRQ�� RU� DQ
XQGLIIHUHQWLDWHG�RU�XQGHUGHYHORSHG�HPEU\R��ZKLFK�DUH�WUDLWV
XVHG� WR� VKRZ� WKH� H[LVWHQFH� RI� WKHVH� W\SHV� RI� GRUPDQF\
�%DVNLQ� 	� %DVNLQ� ������� 3UHYLRXV� VWXGLHV� RI� 2SXQWLD
�LQFOXGLQJ� WKH� VSHFLHV� HUURQHRXVO\� FODVVLILHG�ZLWK� SK\VLFDO
DQG�PRUSKRORJLFDO�GRUPDQF\��KDYH�GHPRQVWUDWHG�WKDW�RQO\
SK\VLRORJLFDO� GRUPDQF\� FDQ� EH� DWWULEXWHG� WR� WKHP
�0DQGXMDQR� HW� DO�� ������ 2UR]FR�6HJRYLD� HW� DO�� ������� ,Q
DGGLWLRQ�� FDFWXV� VHHGV� KDYLQJ� SK\VLRORJLFDO� GRUPDQF\� FDQ
VKRZ� GRUPDQF\� F\FOLQJ�� $UDJyQ�*DVWpOXP� HW� DO�� ������
IRXQG� WKDW� EXULHG� VHHGV� RI� (FKLQRFDFWXV� SODW\DFDQWKXV
DFTXLUHG�VHFRQGDU\�GRUPDQF\�LQ�WKH�UDLQ\�VHDVRQV��VXPPHU

DQG� DXWXPQ��� ZKLFK� ZDV� DOOHYLDWHG� DW� WKH� HQG� RI� WKH
VXEVHTXHQW� GU\� VHDVRQ� �ZLQWHU��� SRVVLEO\� EHFDXVH� RI� WKH
KLJK� YDULDWLRQ� UHJLVWHUHG� LQ� PHDQ� DQG� PLQLPXP� VRLO
WHPSHUDWXUH�DW�WKH�HQG�RI�ZLQWHU�
)LQFK�6DYDJH� 	� /HXEQHU�0HW]JHU� �������� :LOOLV� HW� DO�

������� DQG� %DVNLQ� 	� %DVNLQ� ������� FXUUHQWO\� RQO\
UHFRJQL]H� QRQ�GRUPDQW� VHHGV� �LQFOXGLQJ� YLYLSDURXV�� DQG
VHHGV� ZLWK� SK\VLRORJLFDO� GRUPDQF\� IRU� &DFWDFHDH�
$FFRUGLQJ� WR� :LOOLV� HW� DO�� �������� LQ� ���� FDFWXV� VSHFLHV
VWXGLHG� ��� �� VKRZHG� SK\VLRORJLFDO� GRUPDQF\� DQG� ��� �
QRQ�GRUPDQW� VHHGV�� 0RVW� FDFWL� LQKDELW� DULG� DQG� VHPLDULG
HQYLURQPHQWV��VR�LW� LV�H[SHFWHG�WKDW�IXWXUH�VWXGLHV�ZLOO�ILQG
QHZ� VSHFLHV� ZLWK� SK\VLRORJLFDO� GRUPDQF\� DQG� SUREDEO\
VSHFLHV�ZLWK�SK\VLFDO�GRUPDQF\�DV�DQ�DGDSWDWLRQ�WR�GHOD\�RI
JHUPLQDWLRQ�� DV�KDV�EHHQ�SURSRVHG� IRU� VSHFLHV� WKDW� RFFXS\
H[WUHPH�RU�VHDVRQDO�KDELWDWV��-XUDGR�	�)ORUHV�������%DVNLQ
	� %DVNLQ� ������� ,Q� DGGLWLRQ�� D� JUHDWHU� SUHVHQFH� RI
KHWHURPRUSKLVP� LQ� &DFWDFHDH� VHHGV�ZLWK� GLIIHUHQW� GHJUHHV
RI� SK\VLRORJLFDO� GRUPDQF\� FRXOG� EH� H[SHFWHG�� DV� LW� RFFXUV
LQ� /HSWRFHUHXV� VFRSXORSKLOXV� �*DUFtD�%HOWUiQ� HW� DO�� �����
DQG� /HSWRFHUHXV� DUERUHXV� VHHGV� �XQSXEOLVKHG� GDWD��� 6HHG
KHWHURPRUSKLVP�LV�FRQVLGHUHG�D�³EHW�KHGJLQJ´�VWUDWHJ\�WKDW
IDYRUV� WKH� UHSURGXFWLYH� VXFFHVV� RI� WKH� RIIVSULQJ� LQ
XQSUHGLFWDEOH� DQG� KHWHURJHQHRXV� HQYLURQPHQWV� �9HQDEOH
������
�
6HHG�EDQNV��$�VHHG�EDQN�LV�IRUPHG�WKURXJK�WKH�SUHVHQFH�RI
YLDEOH�VHHGV�WKDW�UHPDLQ�LQ�WKH�KDELWDW�ZLWKRXW�JHUPLQDWLQJ
GXULQJ� D� JLYHQ� SHULRG� �7KRPSVRQ� 	� *ULPH� ������� 7ZR
W\SHV�RI�EDQNV�KDYH�EHHQ�GHILQHG�LQ�WHUPV�RI�WKH�ORQJHYLW\
RI� WKH� VHHGV�� D� WUDQVLHQW� VHHG�EDQN��ZKHQ� WKH� VHHGV�GR�QRW
VWD\�YLDEOH�IRU�PRUH�WKDQ�D�\HDU��7KRPSVRQ�	�*ULPH������
RU�XQWLO�WKH�QH[W�JHUPLQDWLRQ�VHDVRQ��:DOFN�HW�DO��������DQG
D�SHUVLVWHQW�VHHG�EDQN�ZKHQ�WKH�VHHGV�DFKLHYH�SHUPDQHQFH
IRU�PRUH�WKDQ�D�\HDU�
:KHQ�WKH�SODFH�ZKHUH�WKH�VHHGV�DUH�VWRUHG�LV�UHIHUUHG�WR�

WZR� W\SHV� RI� EDQNV� KDYH� EHHQ� GHVFULEHG�� DHULDO� DQG
WHUUHVWULDO� �%DVNLQ� 	� %DVNLQ� ������� 6HHGV� DUH� W\SLFDOO\
VWRUHG� LQ� WKH� VRLO� �WKH� VRLO� RU� WHUUHVWULDO� VHHG� EDQN�� EXW�� LQ
VRPH� VSHFLHV�� VHHGV�PD\� EH� UHWDLQHG� LQ� SODQW� FDQRS\� �WKH
DHULDO� VHHG� EDQN�� XQWLO� VHHG� UHOHDVH� LV� WULJJHUHG� �*�QVWHU
������� 7KH� IRUPDWLRQ� RI� VHHG� EDQNV� UHTXLUHV� IURP� WKH
VSHFLHV� DQ� RUWKRGR[� VWRUDJH� EHKDYLRU� WKDW� DOORZV� WKHP� WR
UHPDLQ� YLDEOH� IRU� ORQJ� SHULRGV�� DV� ZHOO� DV� WR� HVFDSH� IURP
SUHGDWRUV��%DVNLQ�	�%DVNLQ�������
7KH�ILUVW�VWXGLHV�DERXW�FDFWXV�VHHG�EDQNV�FRQFOXGHG�WKHLU

H[LVWHQFH�ZKHWKHU� WKURXJK�WKH�FROOHFWLRQ�RI�YLDEOH�VHHGV� LQ
WKH�VRLO��GH�9LDQD��������E\�H[DPLQLQJ�VHHGV�YLDELOLW\�DIWHU
GLIIHUHQW� EXULDO� SHULRGV� �%RZHUV� ������ ������ RU� WKH
GRUPDQF\� SUHVHQW� LQ� VRPH� VSHFLHV� �3RWWHU� HW� DO�� �����
0DQGXMDQR� HW� DO�� ������� 6LOYLXV� ������� REVHUYHG� WKDW
6WHQRFHUHXV� JULVHXV� VHHGV� REWDLQHG� IURP� ELUG� IHFHV� WRRN

�
%DUULRV�HW�DO����%RWDQLFDO�6FLHQFHV���������������������
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EHWZHHQ� WZR� DQG� ILYH� PRQWKV� WR� JHUPLQDWH�� VR� DW� OHDVW� D
WUDQVLHQW�VHHG�EDQN�ZDV�SRVVLEOH�IRU�WKH�VSHFLHV�
0RVW�RI�WKH�FDFWXV�VHHGV�VWXGLHG�VKRZ�VPDOO�VL]H��SRVLWLYH

SKRWREODVWLFLVP� RU� VNRWRGRUPDQF\� �VHHG� GRUPDQF\� DIWHU
GDUNQHVV� LQFXEDWLRQ�� WKDW� DOORZ� WKHP� WR� SHUVLVW� LQ� VHHG
EDQNV� �5RMDV�$UpFKLJD� 	� 9i]TXH]�<DQHV� ������ 5RMDV�
$UpFKLJD� 	� %DWLV� ������ )ORUHV� HW� DO�� ������ ������ 5XL]�
*RQ]iOH]� HW� DO�� ������ 5RMDV�$UpFKLJD� HW� DO�� ������ 6RVD�
3LYDWWR�HW�DO��������%DXN�HW�DO��������*DUFtD�%HOWUiQ�HW�DO�
������ 5RMDV�$UpFKLJD� 	� 0DQGXMDQR�6iQFKH]� ������
&RUUHVSRQGLQJ�WR�WKH�H[SHFWHG�EHKDYLRU�IRU�VXFK�VHHG�WUDLWV�
6HDO�HW�DO���������SXEOLVKHG�D�GDWDEDVH�ZLWK����VSHFLHV�ZLWK
VHHGV� WKDW� UHPDLQHG� YLDEOH� IRU� PRUH� WKDQ� D� \HDU� DIWHU
FROOHFWLRQ� DQG� ��� VSHFLHV� ZLWK� GHVLFFDWLRQ� WROHUDQFH�� :H
IRXQG�RQH�KXQGUHG�DQG�IRUW\�WZR�FDFWL�VSHFLHV�FRQWDLQ�VHHGV
FDSDEOH�RI� UHPDLQLQJ�YLDEOH� IRU� DW� OHDVW� WKUHH�PRQWKV� DIWHU
FROOHFWLRQ� �7DEOH� ���� (YHQ� VRPH� ZRUNV� ZKHUH� WKH� FDFWXV
VHHGV� ZHUH� VWRUHG� XQGHU� FRQWUROOHG� FRQGLWLRQV� KDYH
GHPRQVWUDWHG� WKDW� WKHVH� FDQ� JHUPLQDWH� DIWHU� YDULRXV� \HDUV
�)ORUHV� HW� DO�� ������ 6iQFKH]�6DODV� HW� DO�� ������ XS� WR� D
PD[LPXP�RI����\HDUV��$OFRUQ�	�0DUWLQ�������)HDUQ������
7UXMLOOR�HW�DO���������)HZ�VWXGLHV�KDYH�GLUHFWHG�WKHLU�HIIRUWV
WRZDUG�HYDOXDWLQJ�WKH�YLDELOLW\�RI�FDFWXV�VHHGV�XQGHU�QDWXUDO
FRQGLWLRQV� DQG� WKHLU� SHUPDQHQFH� LQ� VHHG� EDQNV� �ÈOYDUH]�
(VSLQR�HW�DO��������$UDJyQ�*DVWpOXP�HW�DO��������
6RPH�UHFHQW�ZRUN�VXJJHVWV� WKH�SRVVLELOLW\�RI�VHHG�EDQNV

EHFDXVH� RI� JHUPLQDWLRQ� WULDOV� IRU� YDULRXV� PRQWKV� RU� \HDUV
�)ORUHV�HW�DO��������)DLIH�&DEUHUD�	�7ROHGR�5HLQD�������'H
OD� 5RVD�0DQ]DQR� 	� %ULRQHV� ������ 6DOD]DU� HW� DO�� �����
-LPpQH]�6LHUUD� 	� 0DWtDV�3DODIR[� ������ RU� WKURXJK� WKH
FROOHFWLRQ�DQG�PHDVXUHPHQW�RI�VHHG�YLDELOLW\��&DQR�6DOJDGR
HW� DO�� ������� DOWKRXJK� LQ� WKLV� FDVH� LW� LV� LPSRVVLEOH� WR
GHWHUPLQH�WKH�DJH�RI�WKH�FROOHFWHG�VHHGV��2QO\�LQ����VSHFLHV
KDV� WKH� H[LVWHQFH� RI� D� VHHG� EDQN� LQ� WKH� VRLO� EHHQ� FOHDUO\
HVWDEOLVKHG��7DEOH����
7KHUH� DUH� IHZ� VWXGLHV� WKDW� KDYH� VXEPLWWHG� WKH� VHHGV� WR

HQYLURQPHQWDO�FRQGLWLRQV�DQG�KDYH�H[DPLQHG�WKHLU�YLDELOLW\
DIWHU� GLIIHUHQW� EXULDO� SHULRGV� �%RZHUV� ������ ������0DWtDV�
3DODIR[� ����� 2OYHUD�&DUULOOR� HW� DO�� ������ &KHLE� 	� 6RX]D
������ *RRGPDQ� HW� DO�� ������ ÈOYDUH]�(VSLQR� HW� DO�� �����
2UGRxH]�6DODQXHYD�HW�DO��������/LQGRZ�/ySH]�HW�DO������D�
$UDJyQ�*DVWpOXP�HW�DO��������RU�KDYH�DVVHVVHG�WKH�HIIHFWLYH
VHHG� EDQN�� H[WUDFWLQJ� WKH� VHHGV� IURP� WKH� VRLO� LQ� GLIIHUHQW
WLPHV� RI� WKH� \HDU� �0RQWLHO� 	� 0RQWDxD� ������� 2QO\� WKH
VWXGLHV� RI� %RZHUV� ������� DQG� 2UGRxH]�6DODQXHYD� HW� DO�
������� VKRZV� WZR� VSHFLHV� �0DPPLOODULD� JUDKDPLL� DQG
3RODVNLD� FKHQGH�� FDSDEOH� RI� SRVVHVVLQJ� D� ORQJ�WHUP�
FRQWLQXRXV�VHHG�EDQN��XS�WR�DW�OHDVW�ILYH�\HDUV��DFFRUGLQJ�WR
WKH�FODVVLILFDWLRQ�RI�%DNNHU�HW�DO���������
6HURWLQ\� UHSUHVHQWV� DQ� DOWHUQDWLYH� WR� WKH� WUDGLWLRQDO� VHHG

EDQN�DQG�LQ�PDQ\�FDVHV�LV�NQRZQ�DV�DQ�DHULDO�IRUP�RI�VHHG
EDQN�� ZLWK� WKH� DGYDQWDJH� RI� SURWHFWLQJ� WKH� VHHGV� LQ
VWUXFWXUHV� WKDW� DUH� LQDFFHVVLEOH� WR� SUHGDWRUV� �5RGUtJXH]�

2UWHJD� HW� DO�� ������� 6HURWLQ\� LV� NQRZQ� DV� D� GHOD\HG
GLVSHUVLRQ� PHFKDQLVP� EHFDXVH� RI� WKH� UHWHQWLRQ� RI� PDWXUH
VHHGV�LQ�VWUXFWXUHV�RI�WKH�PRWKHU�SODQW�IRU�PRUH�WKDQ�D�\HDU
�3HWHUV� HW� DO�� ������� ,Q� WKH� &DFWDFHDH� IDPLO\�� VHURWLQ\
SUREDEO\� LV� D� FRPPRQ�SKHQRPHQRQ� LQ� VSHFLHV� WKDW� LQKDELW
VHYHUDO� 1RUWK� $PHULFDQ� GHVHUWV� OLNH� WKH� 0RMDYH� DQG� WKH
6RQRUD��0DUWtQH]�%HUGHMD�HW�DO���������6R�IDU����VSHFLHV�RI
FDFWL� ZLWK� D� UHWHQWLRQ� RI� PDWXUH� VHHGV� KDYH� EHHQ� OLVWHG
�7DEOH�����DOWKRXJK�DURXQG����VSHFLHV�VKRZHG�VRPH�GHJUHH
RI� UHWHQWLRQ� LQ� WKH� ZRUN� RI� %UDYR�+ROOLV� 	� 6iQFKH]�
0HMRUDGD� ������� DFFRUGLQJ� WR� 3HWHUV� HW� DO�� ������� EXW� WKH
UROH� WKDW� VHURWLQ\� SOD\V� LQ� WKH� SRSXODWLRQ� G\QDPLF� RI� WKH
VSHFLHV�ZKHUH�LW�RFFXUV�KDV�QRW�EHHQ�H[WHQVLYHO\�VWXGLHG�
6HHG�UHWHQWLRQ� LQ�FDFWL�KDV�EHHQ�REVHUYHG� LQ� WKH�D[LOV�RI

WXEHUV��5RGUtJXH]�2UWHJD�HW�DO��������3HWHUV�HW�DO���������LQ
FKDLQHG�IUXLWV��0DUWtQH]�%HUGHMD�HW�DO���������LQ�WKH�DSH[�RI
WKH� VWHPV� DQG� LQ� WKH� FHSKDOLD� �%UDYR�+ROOLV� 	� 6DQFKH]�
0HMRUDQD��������7KH�GXUDWLRQ�RI�WKH�VHHGV�LQ�WKH�VWHPV�KDV
PDLQO\�EHHQ�VWXGLHG�LQ�WKH�0DPPLOODULD�JHQXV��ZKHUH�LW�KDV
EHHQ�GHPRQVWUDWHG� WKDW� WKH�VHHGV�FDQ�EH�UHWDLQHG�IURP�RQH
�6DQWLQL�	�0DUWRUHOO�������WR�HLJKW�\HDUV��IRUPLQJ�DQ�DHULDO
VHHG�EDQN��%RNH�������3HWHUV�HW�DO��������5RGUtJXH]�2UWHJD
HW�DO��������
�
7HPSHUDWXUH�DQG�VHHG�JHUPLQDWLRQ��7KH�FXUUHQW�NQRZOHGJH
DERXW� WKH�JHUPLQDWLRQ� UHVSRQVH�RI�FDFWXV�VHHGV�FRQFHUQLQJ
GLIIHUHQW� WHPSHUDWXUHV� LQFOXGHV� DSSUR[LPDWHO\� ���� WD[D
�7DEOH� ���� WKH� PDMRULW\� SRVVHVVHV� DQ� RSWLPDO� JHUPLQDWLRQ
EHWZHHQ� ��� �� ��� �&� �=LPPHU� ������ ������ ������ 5RMDV�
$UpFKLJD�	�9i]TXH]�<DQHV�������0HLDGR�HW�DO��������6HDO
HW� DO�� ������� ,Q� D� IHZ� VSHFLHV�� JUHDWHU� JHUPLQDWLRQ� ZDV
REWDLQHG� DW� ��� �&�� LQFOXGLQJ� WKRVH� IRXQG� LQ� 3DURGLD
DXUHLFHQWUD�� 3HUHVNLD� JUDQGLIROLD� VXEVS�� JUDQGLIROLD�
3HUHVNLD� EDKLHQVLV�� 3HUHVNLD� DFXOHDWD�� (FKLQRSVLV
VFKLFNHQGDQW]LL�� $FDQWKRFDO\FLXP� VSLQLIORUXP�� )HURFDFWXV
JODXFHVFHQV�� 0DPPLOODULD� SRO\WKHOH�� %URZQLQJLD
KHUWOLQJLDQD�� &HSKDORFHUHXV� VHQLOLV�� 5HEXWLD� PLQXVFXOD�
5KLSVDOLV� SLORFDUSD��5KLSVDOLV� WHUHV� DQG�&RSLDSRD� FLQHUHD
YDU��KDVHOWRQLDQD� �=LPPHU� ������ ������ ������2UWHJD�%DHV
HW�DO��������/RQH�HW�DO��������0HLDGR�HW�DO��������6HDO�HW�DO�
������ /LQGRZ�/ySH]� HW� DO�� ����E��� 0RVW� RI� WKH� VSHFLHV
PHQWLRQHG� DERYH� LQKDELW� WHPSHUDWH� FOLPDWHV� ZLWK� DQQXDO
DYHUDJH� WHPSHUDWXUHV� EHWZHHQ� ����� DQG� ����� �&� �KWWSV���
HV�FOLPDWH�GDWD�RUJ���H[FHSW�3HUHVNLD�VSS��DQG�5KLSVDOLV�VSS�
WKDW� LQKDELW� ZDUP� FOLPDWHV� ZLWK� DQQXDO� DYHUDJHV� EHWZHHQ
����� DQG� ����� �&� �'D� 6LOYD� ������ KWWSV���HV�FOLPDWH�
GDWD�RUJ��
7KHUH�DUH�VSHFLHV�ZLWK�GLIIHUHQW�JURZWK�IRUPV�ZLWK�VHHGV

WKDW�FDQ�JHUPLQDWH�PRUH�WKDQ������DW�WHPSHUDWXUHV�DV�KLJK
DV� ��� �&�� 7KH� PDMRULW\� KDYH� EHHQ� UHSRUWHG� LQ� FROXPQDU
VSHFLHV� VXFK� DV�� 3LORVRFHUHXV� JRXQHOOHL� VXEVS�� JRXQHOOHL�
3LORVRFHUHXV�SDFK\FODGXV�VXEVS��SHUQDPEXFRHQVLV��0HLDGR
HW� DO�� ������� 6WHQRFHUHXV� WKXUEHUL�� 3DFK\FHUHXV� SULQJOHL�

6HHG�WUDLWV�DQG�JHUPLQDWLRQ�LQ�WKH�&DFWDFHDH
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3DFK\FHUHXV� SHFWHQ�DERULJLQXP�� )HURFDFWXV� SHQLQVXODH
�<DQJ� HW� DO�� ������ DQG� 6WHQRFHUHXV� JULVHXV� �$ULDV� 	
:LOOLDPV��������DV�ZHOO�DV�WKH�JOREXODU�VSHFLHV�0HORFDFWXV
FXUYLVSLQXV� VXEVS�� FDHVLXV� �$ULDV�	�/HPXV� ������ DQG� WKH
HSLSK\WH� 6HOHQLFHUHXV� VHWDFHXV� �6LPmR� HW� DO�� ������� 7KH
JHQHUDO� WHQGHQF\� KRZHYHU�� LQ� FDFWL� LV� WKDW� WHPSHUDWXUHV
HTXDO� RU� KLJKHU� WKDQ� ��� �&� DQG� ORZHU� WKDQ� ��� �&� GR� QRW
SURPRWH� JHUPLQDWLRQ� �=LPPHU� ������ ������ ������ 5RMDV�
$UpFKLJD�	�9i]TXH]�<DQHV�������0HLDGR�HW�DO��������6HDO
HW�DO��������
%HFDXVH�WHPSHUDWXUHV�FRQWLQXDOO\�YDU\�LQ�QDWXUH��YDULRXV

VWXGLHV� KDYH� FRPSDUHG� WKH� JHUPLQDWLRQ� UHVSRQVH� RI� WKH
FDFWXV�VHHGV�EHWZHHQ�FRQVWDQW�DQG�DOWHUQDWLQJ�WHPSHUDWXUHV�
,Q�VXFK�VWXGLHV�� WKH�DOWHUQDWLRQ�RI� WHPSHUDWXUH�FDQ�SURGXFH
WKUHH� W\SHV� RI� UHVSRQVHV�� ���� ORZHU� SHUFHQWDJH� RI
JHUPLQDWLRQ� �5RMDV�$UpFKLJD� HW� DO�� ������ ������ �����
0DWtDV�3DODIR[�������2UWHJD�%DHV�	�5RMDV�$UpFKLJD������
/LQGRZ�/ySH]� HW� DO�� ����E��� ���� VLPLODU� SHUFHQWDJH� RI
JHUPLQDWLRQ� �*RGtQH]�ÈOYDUH]� 	� 9DOLHQWH�%DQXHW� �����
5XHGDV�HW�DO��������'H�OD�%DUUHUD�	�1REHO�������<DQJ�HW�DO�
������ 5DPtUH]�3DGLOOD� 	� 9DOYHUGH� ������ 0DWtDV�3DODIR[
������ 6iQFKH]�6RWR� HW� DO�� ������ 2UWHJD�%DHV� HW� DO�� �����
0D]]ROD� HW� DO�� ������ -LPpQH]�6LHUUD� 	� 0DWtDV�3DODIR[
������.LQ� HW� DO�� ������ /LQGRZ�/ySH]� HW� DO�� ����E�� RU� ���
KLJKHU� SHUFHQWDJH� RI� JHUPLQDWLRQ� �*RGtQH]�ÈOYDUH]� 	
9DOLHQWH�%DQXHW�������
,Q� VRPH� VWXGLHV�� WKH� WKUHH� W\SHV� RI� UHVSRQVHV� KDYH� EHHQ

REVHUYHG� �2UWHJD�%DHV� HW� DO�� ������ 0HLDGR� HW� DO�� ������
)URP� WKHVH� UHVXOWV�� LW� FDQ� EH� LQIHUUHG� WKDW� WKH� JHUPLQDWLRQ
UHVSRQVH� FRQFHUQLQJ� WKH� FRQVWDQF\� RU� YDULDWLRQ� RI� WKH
WHPSHUDWXUH� EHFRPHV� VSHFLHV�VSHFLILF� �2UWHJD�%DHV� HW� DO�
������ VR� WKDW� D� JHQHUDO� WHQGHQF\� GRHV� QRW� H[LVW� LQ� WKH
&DFWDFHDH� IDPLO\� VXFK� DV� LQ� RWKHU� IDPLOLHV� �%DVNLQ� 	
%DVNLQ�������
6RPH�VWXGLHV�RI�WKH�����V��&DQFLQR�HW�DO��������1RODVFR

HW�DO�� ������9HJD�9LOODVDQWH�HW�DO�� ������GHPRQVWUDWHG� WKDW
H[SRVLQJ� 3DFK\FHUHXV� SULQJOHL� DQG� 3�� SHFWHQ�DERULJLQXP
VHHGV� WR� WHPSHUDWXUHV� IURP���� WR���� �&� IRU� YDULRXV�KRXUV�
GD\V�RU�HYHQ�ZHHNV�SULRU�WR�VRZLQJ��OHIW�VRPH�VHHGV�YLDEOH�
6WXGLHV�SHUIRUPHG�RQ����VSHFLHV� �7DEOH�����ZLWK�VHHGV� WKDW
KDYH� EHHQ� H[SRVHG� WR� WHPSHUDWXUHV� EHWZHHQ� ��� �� ��� �&
�5XHGDV�HW�DO��������2OYHUD�&DUULOOR�HW�DO��������0DQGXMDQR
HW� DO�� ������ 5DPtUH]�3DGLOOD� 	� 9DOYHUGH� ������ 6iQFKH]�
6RWR� HW� DO�� ������ 3pUH]�6iQFKH]� HW� DO�� ������� IRXQG� IRXU
W\SHV�RI�UHVSRQVH��D��)RU�,VRODWRFHUHXV�GXPRUWLHUL�DW�����&
WKH� ILQDO�JHUPLQDWLRQ�SHUFHQWDJH�GHFUHDVHG� �3pUH]�6iQFKH]
HW� DO�� ������� E�� )RU�0DPPLOODULD� PDJQLPDPD�� GHFUHDVLQJ
RQO\� RFFXUUHG� LQ� ORWV� RI� ROG� VHHGV� �5XHGDV� HW� DO�� ������
F�� )RU� VHYHUDO� VSHFLHV�� WKH�PRVW� FRPPRQ� UHVSRQVH�ZDV� WR
VKRZ�VLPLODU�JHUPLQDWLRQ�WKDQ�LQ�WKH�FRQWUROV��5XHGDV�HW�DO�
������ 2OYHUD�&DUULOOR� HW� DO�� ������ 5DPtUH]�3DGLOOD� 	
9DOYHUGH� ������ 6iQFKH]�6RWR� HW� DO�� ������� G�� )RU� VHYHUDO
VSHFLHV�WKH�H[SRVXUH�WR�KLJK�WHPSHUDWXUHV�H[FHHGHG�WKH�ILQDO

JHUPLQDWLRQ� RI� WKH� FRQWURO� �2OYHUD�&DUULOOR� HW� DO�� �����
6iQFKH]�6RWR� HW� DO�� ������ 3pUH]�6iQFKH]� HW� DO�� ������
GHPRQVWUDWLQJ�FDFWXV�VHHG�WROHUDQFH�WR�KLJK�WHPSHUDWXUHV��DW
OHDVW� IRU� VKRUW� SHULRGV�� 7KH� VHHG� WROHUDQFH� WR� H[WUHPH
WHPSHUDWXUHV�PD\� KDYH� HYROYHG� DV� D�PHFKDQLVP� WR� HQDEOH
SHUVLVWHQFH�LQ�WKH�VRLO�LQ�SUHGRPLQDQWO\�GHVHUW�VSHFLHV�ZLWK
KLJK�WHPSHUDWXUHV�RQ�WKH�VRLO�VXUIDFH��'DZV�HW�DO��������
,Q� UHFHQW� \HDUV�� YDULRXV� VWXGLHV� RI� FDFWXV� KDYH� GLUHFWHG

WKHLU� HIIRUWV� WR� HYDOXDWLQJ� WKH� SRVVLEOH� LPSDFW� RI� JOREDO
ZDUPLQJ� RQ� WKH� JHUPLQDWLRQ� RI� WKH� VHHGV� �2UGRxH]�
6DODQXHYD� HW� DO�� ������ )ORUHV� HW� DO�� ������ *XUYLFK� HW� DO�
������6HDO�HW�DO�� ������ DQG�$UDJyQ�*DVWpOXP�HW�DO�� ������
WKURXJK� WKH� DVVHVVPHQW� RI� WKH� JHUPLQDWLRQ� UHVSRQVH� IDFHG
ZLWK� GLIIHUHQW� WHPSHUDWXUHV�� 2WKHU� VWXGLHV�� DOWKRXJK� QRW
GLUHFWO\�PHQWLRQLQJ�JOREDO�ZDUPLQJ��VKRZ�XVHIXO�UHVXOWV�WR
HYDOXDWH� WKH� UHVSRQVH� RI� FDFWXV� VHHGV� IDFHG� ZLWK
WHPSHUDWXUHV�KLJKHU�WKDQ�����&��.LQ�HW�DO��������0HLDGR�HW
DO���������+RZHYHU��FRQFOXVLRQV�DUH�DPELJXRXV�
7KH�UHVXOWV�VKRZQ�E\�6HDO�HW�DO���������VKRZHG�D�SRVVLEOH

H[SODQDWLRQ�IRU�WKH�DPELJXLW\�RI�WKH�UHVSRQVH�RI�FDFWL�VHHGV
WR� KLJK� WHPSHUDWXUHV�� 7KDW� VWXG\� VKRZHG� WKH� WHQGHQF\� RI
VSHFLHV� WKDW� LQKDELW� WHPSHUDWH� HQYLURQPHQWV� �H[WUDWURSLFDO
RU� WURSLFDO� FDFWXV� VSHFLHV� WKDW� LQKDELW� DOWLWXGHV� !� ������P
DVO�� SRVVHVV� RSWLPDO� JHUPLQDWLRQ� WHPSHUDWXUHV� JHQHUDOO\�
EHWZHHQ���DQG�����&�RI�GLIIHUHQFH�DERYH�WKH�DYHUDJH�RI�WKH
SHULRG� ZKHQ� JHUPLQDWLRQ� RFFXUV�� 7KLV� VWXG\� UHYHDOHG� WKH
FDSDELOLW\� RI� WKHUPDO� EXIIHULQJ� IRU� WKH� JHUPLQDWLRQ� WKDW
WKHVH� VSHFLHV� SRVVHVV�� $OWKRXJK� 6HDO� HW� DO�� ������� RQO\
LQFOXGHG� D� IHZ� VSHFLHV� WKDW� LQKDELW� ZDUP� HQYLURQPHQW
�WURSLFDO� VSHFLHV� WKDW� JURZ� EHWZHHQ� �� �� ������ P� DVO��� WKH
DIRUHPHQWLRQHG�VSHFLHV�ZHUH�VKRZQ�WR�SRVVHVV�QHDU�RSWLPDO
JHUPLQDWLRQ�WHPSHUDWXUHV��JHQHUDOO\�EHWZHHQ���DQG����&�RI
GLIIHUHQFH�RU�VOLJKWO\� ORZHU� WKDQ� WKH�FXUUHQW�DYHUDJH� LQ� WKH
UDLQ\�SHULRG��6HDO�HW�DO���������)RU�WKHVH�VSHFLHV��WKH�PRGHOV
SUHGLFW� DQ� LPSDFW� WKURXJK� WKH� LQFUHDVH�RI� WKH� WHPSHUDWXUHV
IRU�WKH�5&3�����VFHQDULR��RI�JUHDWHU�ZDUPLQJ��DQG�LQ�VRPH
FDVHV�XQWLO� WKH�5&3�����VFHQDULR� �RI� ORZHU�ZDUPLQJ�� �6HDO
HW�DO��������
0RVW� JHUPLQDWLRQ� VWXGLHV� SHUIRUPHG� RQ� FDFWL�� ZKHUH

GLIIHUHQW� WHPSHUDWXUHV� DUH� FRPSDUHG�� JHQHUDOO\� LQFOXGH
VSHFLHV� WKDW� LQKDELW� WHPSHUDWH� HQYLURQPHQWV� �6HDO� HW� DO�
�������������6HDO�HW�DO�� �������JDWKHUHG� LQIRUPDWLRQ�DERXW
JHUPLQDWLRQ� IURP� DSSUR[LPDWHO\� D� KXQGUHG� FDFWL� ZLWK
YDOXHV�EHWZHHQ����DQG�����&��EXW�RQO\��������ZHUH�VSHFLHV
IURP� ZDUP� FOLPDWHV�� )URP� WKLV� FRPSLODWLRQ�� LW� FDQ� EH
GHGXFHG� WKDW�ERWK� WKH�FDFWXV�VSHFLHV� WKDW� LQKDELW� WHPSHUDWH
FOLPDWHV� DQG� WKRVH� RI� ZDUP� FOLPDWHV� JHQHUDOO\� SRVVHVV� D
VLPLODU�UHVSRQVH�WR�WKLV�WHPSHUDWXUH�UDQJH�
7KH�JHUPLQDWLRQ�VWXG\�WKDW�LQFOXGHG�WKH�JUHDWHVW�TXDQWLW\

RI� WURSLFDO� FDFWL� VSHFLHV� ZDV� SHUIRUPHG� E\� 0HLDGR� HW� DO�
�������ZLWK����VSHFLHV��PRVWO\�HQGHPLF�RI� WKH�&DDWLQJD� LQ
%UD]LO��7KHVH�DXWKRUV� IRXQG�D�JHUPLQDWLRQ� UHVSRQVH�KLJKHU
WKDQ� ��� �� WR� WHPSHUDWXUHV� RI� ��� �&� DQG� DQ� RSWLPDO

�
%DUULRV�HW�DO����%RWDQLFDO�6FLHQFHV���������������������
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WHPSHUDWXUH� DURXQG� ��� �&��ZKLFK� LV� D� WHPSHUDWXUH� QHDU� RU
VOLJKWO\� KLJKHU� WKDQ� WKH� DYHUDJH� WHPSHUDWXUHV� UHSRUWHG� IRU
WKDW�UHJLRQ�DFFRUGLQJ�WR�'D�6LOYD���������$OWKRXJK�LW�FRXOG
EH� H[SHFWHG� WKDW� WKH� FDFWXV� VSHFLHV� WKDW� LQKDELW� WHPSHUDWH
HQYLURQPHQWV�KDYH�D�ORZHU�RSWLPDO�JHUPLQDWLRQ�WHPSHUDWXUH
WKDQ� VSHFLHV� WKDW� LQKDELW� ZDUPHU� HQYLURQPHQWV�� WKH
LQIRUPDWLRQ�DYDLODEOH�VKRZV�WKDW�ERWK�FDFWL�JURXSV�JHQHUDOO\
SRVVHVV�D�VLPLODU�JHUPLQDWLRQ�UHVSRQVH�WR�����&��)LJXUH����
�

)LJXUH����6HHG�JHUPLQDWLRQ�UHVSRQVHV�DW�����&�EHWZHHQ�FDFWL�IURP
WHPSHUDWH�DQG�ZDUP�FOLPDWHV��EDVHG�RQ����GDWD�IURP�WHPSHUDWH�DQG
���IURP�ZDUP�FOLPDWH�
�
7KLV� VLPLODU� UHVSRQVH� LPSOLHV� WKDW� WKH� FDFWXV� VSHFLHV� RI

WHPSHUDWH�FOLPDWHV�SRVVHVV�WKH�JUHDWHVW�FDSDFLW\�IRU�WKHUPDO
EXIIHULQJ�RI�JHUPLQDWLRQ��DV�WKH�UHVXOWV�RI�6HDO�HW�DO��������
VXJJHVW��7KH�ZDUP�FOLPDWH�VSHFLHV��EHLQJ�ZLWKLQ�WKH�OLPLW�RU
YHU\� FORVH� WR� WKH� RSWLPDO� JHUPLQDWLRQ� WHPSHUDWXUH� ZLOO
SRVVHVV�D�ORZHU�FDSDFLW\�IRU�EXIIHULQJ�DQG�LQ�FRQVHTXHQFH�LW
ZLOO�SRVVLEO\�EH� WKHVH�FDFWL� WKDW�DUH� WKH�PRVW�YXOQHUDEOH� WR
WKH�HIIHFWV�RI�WKH�H[SHFWHG�FOLPDWLF�FKDQJH�
�
/LJKW� DQG� VHHG� JHUPLQDWLRQ�� 7KH� JHUPLQDWLRQ� UHVSRQVH
FRQVLGHULQJ� FRQGLWLRQV� RI� OLJKW� DQG� GDUNQHVV� KDV� EHHQ
DVVHVVHG�LQ�����FDFWXV�VSHFLHV��7DEOH�����6R�IDU�QR�QHJDWLYH
SKRWREODVWLF� VHHGV� KDYH� EHHQ� IRXQG� LQ� FDFWL� DQG� ����� �
KDYH� SUHVHQWHG� SRVLWLYHO\� SKRWREODVWLF� VHHGV� �0DWtDV�
3DODIR[� 	� -LPpQH]�6LHUUD� ������ )ORUHV� HW� DO�� ������ �����
&KHLE�	�6RX]D�������'HOJDGR�6iQFKH]�HW�DO��������5RMDV�
$UpFKLJD�HW�DO��������0HLDGR�HW�DO���������$PRQJ�WKH�FDFWL
ZLWK� LQGLIIHUHQW�RU�QHXWUDO�SKRWREODVWLF�VHHGV����� WD[D�KDYH
EHHQ� UHSRUWHG� LQ� WKH� &DFWRLGHDH� VXEIDPLO\� WKDW� UHSUHVHQW
RQO\� ������� RI� LWV� VSHFLHV�� KRZHYHU�� ����� RI� WKH� ��� WD[D
VWXGLHG�RI�WKH�VXEIDPLOLHV�2SXQWLRLGHDH��3HUHVNLRLGHDH�DQG
0DLKXHQLRLGHDH��KDYH�LQGLIIHUHQW�SKRWREODVWLF�VHHGV��ZKLFK
VXJJHVWV�WKDW�WKLV�FKDUDFWHU�LV�DQFHVWUDO�LQ�&DFWDFHDH�
6HYHUDO� VWXGLHV� LQGLFDWH� D� VWURQJ� LQIOXHQFH� IURP

SK\ORJHQ\� LQ� WKH� SKRWREODVWLF� UHVSRQVH� ZLWKLQ� WKH� IDPLO\

�)ORUHV�HW� DO�� ������5RMDV�$UpFKLJD�HW� DO�� ������0HLDGR�HW
DO�� ������� 5RMDV�$UpFKLJD� HW� DO�� ������� IRXQG� D
SK\ORJHQHWLF� LQIOXHQFH� EHWZHHQ� YDULRXV� VSHFLHV� RI� WKH
&DFWHDH� WULEH�� ZKLOH� )ORUHV� HW� DO�� ������� IRXQG� WKDW� WKH
&DFWHDH�� 3DFK\FHUHHDH� DQG� 7ULFKRFHUHHDH� WULEHV� LQFOXGH
VSHFLHV� ZLWK� JUHDWHU� JHUPLQDWLRQ� UHVSRQVH� WR� OLJKW� WKDQ� LQ
1RWRFDFWHHDH�� 2Q� WKH� RWKHU� KDQG�� 0HLDGR� HW� DO�� ������
IRXQG� WKDW� WKH� SK\ORJHQHWLF� RULJLQ� ZDV� WKH� RQO\� YDULDEOH
LQIOXHQFLQJ� WKH� JHUPLQDWLRQ� UHVSRQVH� WR� OLJKW� LQ� ��� FDFWXV
VSHFLHV�RI�%UD]LO��DQG�RQO\�WKH�VSHFLHV�RI�3HUHVNLRLGHDH�DQG
2SXQWLRLGHDH� VKRZHG� DQ� LQGLIIHUHQW� SKRWREODVWLF� UHVSRQVH�
ZKLOH� DOO� WKH� &DFWRLGHDH� VSHFLHV� ZHUH� SRVLWLYHO\
SKRWREODVWLF�
7KH�VHHG�UHVSRQVH�WR�OLJKW� LQ�&DFWDFHDH�KDV�WUDGLWLRQDOO\

EHHQ�HYDOXDWHG� LQ�DVVRFLDWLRQ�ZLWK� WKH� IRUP�RI� OLIH� �5RMDV�
$UpFKLJD�HW�DO��������2UWHJD�%DHV�HW�DO��������)ORUHV�HW�DO�
�������VL]H�DQG�VHHG�PDVV��)ORUHV�HW�DO��������2UWHJD�%DHV
HW� DO�� ������ 5RMDV�$UpFKLJD� HW� DO�� ������� DV� ZHOO� DV� WR
GLIIHUHQW�ZDYHOHQJWKV� RU� VRODU� LUUDGLDWLRQ� �$OFRUQ�	�.XUW]
������ 0F'RQRXJK� ������ =LPPHU� ����D�� ������ 5RMDV�
$UpFKLJD� HW� DO�� ������ 1RODVFR� HW� DO�� ������ %HQtWH]�
5RGUtJXH]�HW�DO��������2OYHUD�&DUULOOR�HW�DO��������0HLDGR
HW�DO��������=HUSD�&DWDQKR�HW�DO��������DQG�FRQFHQWUDWLRQV
RI� JLEEHUHOOLQV� �$OFRUQ� 	� .XUW]� ������0F'RQRXJK� �����
5RMDV�$UpFKLJD�HW�DO��������2UWHJD�%DHV�	�5RMDV�$UpFKLJD
������ 5RMDV�$UpFKLJD� HW� DO�� ������ 0DVFRW�*yPH]� HW� DO�
������� 6RPH� SUHOLPLQDU\� VWXGLHV� VXJJHVWHG� WKDW� DQ
DVVRFLDWLRQ� EHWZHHQ� WKH� OLIH�IRUP� DQG� WKH� SKRWREODVWLFLVP
FRXOG�H[LVW� �5RMDV�$UpFKLJD�HW�DO��������5RMDV�$UpFKLJD�	
9i]TXH]�<DQHV� ������� 2WKHU� UHVHDUFK� KDV� VXEVHTXHQWO\
RSSRVHG�WKDW�K\SRWKHVLV��2UWHJD�%DHV�HW�DO��������)ORUHV�HW
DO��������0HLDGR�HW�DO���������0RUHRYHU��)ORUHV�HW�DO��������
IRXQG� D� QHJDWLYH� UHODWLRQVKLS� EHWZHHQ� WKH� JHUPLQDWLRQ
UHVSRQVH� WR� OLJKW� DQG� WKH� KHLJKW� RI� WKH� SODQW�� SUREDEO\
EHFDXVH� WDOO� FDFWL� SURGXFH� ODUJHU� VHHGOLQJV� WKDQ� VKRUW� FDFWL
�)ORUHV�HW�DO���������6LPLODU�UHDGLQJV�FDQ�EH�REWDLQHG�IURP
WKH�GDWD�RI�5RMDV�$UpFKLJD�HW�DO���������
6HYHUDO�FDFWXV�VWXGLHV�KDYH�VKRZQ�D�UHODWLRQVKLS�EHWZHHQ

VHHG�VL]H�DQG�WKH�UHTXLUHPHQW�RI�OLJKW�WR�JHUPLQDWH��0DLWL�HW
DO��������6iQFKH]�HW�DO���������%RWK�)ORUHV�HW�DO���������DQG
2UWHJD�%DHV� HW� DO�� ������� FRQVLGHUHG� WKDW� SRVLWLYH
SKRWREODVWLVP�LQ�WKH����FDFWXV�VSHFLHV�WKH\�VWXGLHG�FRXOG�EH
UHODWHG�WR�WKH�VPDOO�VL]H�RI�WKHLU�VHHGV�DQG�WKHLU�SRWHQWLDO�IRU
EXLOGLQJ� VRLO� VHHG� EDQNV�� 6LPLODUO\�� )ORUHV� HW� DO�� ������
REWDLQHG�D�QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�VHHG�PDVV�DQG�WKH
GHSHQGHQFH� RQ� OLJKW� WR� JHUPLQDWH�� QHYHUWKHOHVV�� LQ� VSHFLHV
ZLWKRXW� GRUPDQF\� WKLV� UHODWLRQVKLS� ZDV� PDUJLQDO� RU� QRQ�
VLJQLILFDQW�� ZKLFK� WKH� DXWKRUV� DWWULEXWHG� WR� WKH� GLIIHUHQFHV
WKDW� ZHUH� SUHVHQWHG� EHWZHHQ� GRUPDQW� DQG� QRQ�GRUPDQW
VHHGV�RU�WR�WKH�VL]H�RI�WKH�VDPSOH�
6RPH� SUHYLRXV� VWXGLHV� RI� DURXQG� ��� VSHFLHV� RI� FDFWL

�5RMDV�$UpFKLJD�HW�DO��������0HLDGR�HW�DO��������IRXQG�QR
UHODWLRQVKLS� EHWZHHQ� WKH� UHTXLUHPHQW� RI� OLJKW� IRU

6HHG�WUDLWV�DQG�JHUPLQDWLRQ�LQ�WKH�&DFWDFHDH

���



JHUPLQDWLQJ� DQG� VHHG� VL]H�� 3UREDEO\� WKHVH� UHVXOWV� ZLWK� D
FHUWDLQ�DPELJXLW\�FRXOG�EH�H[SODLQHG�E\�WKH�VPDOO�VL]H�DQG
PDVV�WKDW�FDFWL�VKRZ�LQ�JHQHUDO�DQG�EHFDXVH�WKH�UROH�RI�WKH
SK\ORJHQHWLF� UHODWLRQVKLSV� �DV� DOUHDG\� UHIHUUHG� WR�� FDQ
GLVWRUW�WKH�LQWHUSUHWDWLRQ�RI�WKH�GDWD�
7KH� LQIOXHQFH� RI� JLEEHUHOOLF� DFLG� �$*��� DV� D� OLJKW

VXEVWLWXWH� KDV� EHHQ� VWXGLHG� LQ� FDFWL� VLQFH� $OFRUQ�	�.XUW]
�������IRXQG�WKDW�D�IUDFWLRQ�RI�SRVLWLYHO\�SKRWREODVWLF�VHHGV
RI�&DUQHJLHD�JLJDQWHD�ZHUH�VWLPXODWHG�LQ�GDUNQHVV�ZLWK�WKH
DGGLWLRQ� RI� $*��� 6XEVHTXHQWO\�� 0F'RQRXJK� ������
FRQILUPHG� WKH� DIRUHPHQWLRQHG� UHVXOWV� DQG� DOVR� LQFOXGHG
6WHQRFHUHXV� WKXUEHUL� ZLWK� VLPLODU� UHVXOWV�� 6LPLODU� ILQGLQJV
KDYH�EHHQ�IRXQG�LQ�VHYHUDO�FDFWXV�JHQHUD�E\�%UHQFKHU�HW�DO�
��������$ULDV�	�:LOOLDPV���������=LPPHU�	�%�WWQHU�������
DQG� /ySH]�*yPH]� 	� 6iQFKH]�5RPHUR� �������
1HYHUWKHOHVV�� HYHQ� WKRXJK� WKH� UROH� RI� $*�� KDV� QRW� EHHQ
VXEVHTXHQWO\�VWXGLHG��2UWHJD�%DHV�	�5RMDV�$UpFKLJD������
5RMDV�$UpFKLJD� HW� DO�� ������� WKH� ZRUNV� WKDW� UHIHU� WR� LW� LQ
FDFWL� KDYH� QRW� IRXQG� D� VWLPXODWLRQ� RI� JHUPLQDWLRQ� XQGHU
GDUNQHVV� �:LOOLDPV� 	� $ULDV� ������ $ULDV� 	� /HPXV� �����
5RMDV�$UpFKLJD� HW� DO�� ������ ������ 2OYHUD�&DUULOOR� HW� DO�
������2UWHJD�%DHV�	�5RMDV�$UpFKLJD�������5RMDV�$UpFKLJD
������ 0DVFRW�*yPH]� HW� DO�� ������� (YHQ� ZKHQ� WKH� $*�

HIIHFW� DV� D� SURPRWHU� RI� JHUPLQDWLRQ� XQGHU� ZKLWH� OLJKW� KDV
EHHQ� HYDOXDWHG�� LQ� WKH�PDMRULW\� RI� WKH� VWXGLHV� DQ� HQKDQFHU
HIIHFW� RQ� GLIIHUHQW� FRQFHQWUDWLRQV� LQ� LQWDFW� VHHGV� KDV� QRW
EHHQ�IRXQG��0DQGXMDQR�HW�DO��������2UWHJD�%DHV�	�5RMDV�
$UpFKLJD�������5RMDV�$UpFKLJD�������2OYHUD�&DUULOOR�HW�DO�
������ $PDGRU�$OIpUH]� HW� DO�� ������ /RXVWDORW� HW� DO�� �����
5RGUtJXH]�5Xt]� HW� DO�� ������*RQ]DOH]�&RUWpV� HW� DO�� ������
7KH� GLIILFXOW\� LQ� FOHDUO\� HVWDEOLVKLQJ� WKH� UROH� RI� $*�� DV� D
JHUPLQDWLRQ�SURPRWHU�IRU�&DFWDFHDH�FRXOG�EH�UHODWHG�WR�WKH
IDFW�WKDW�LQ�WKH�VWXGLHV�KRPRJHQHLW\�KDV�QRW�EHHQ�PDLQWDLQHG
LQ� WKH� IROORZLQJ� SDUDPHWHUV�� OLJKW� FRQGLWLRQV�� DJH� RI� WKH
VHHGV�� W\SHV�RI�GRUPDQF\�� WLPH�DQG�PRGH�RI�DSSOLFDWLRQ�RI
WKH� $*�� FRQFHQWUDWLRQV�� DPRQJ� RWKHUV�� 7KHVH� GLIIHUHQFHV
DPRQJ� SDUDPHWHUV� FDQ� LQFOXGH� FKDQJHV� LQ� WKH� EHKDYLRU� RI
VHHGV
� JHUPLQDWLRQ� LQ� WKH� VSHFLHV� DQG� WKXV� KLQGHU� WKH
FRPSDULVRQV�DPRQJ�WKH�SHUIRUPHG�VWXGLHV��5RMDV�$UpFKLJD
�������1HYHUWKHOHVV��SRVVLEO\�$*��GRHV�QRW�SRVVHVV�VXFK�DQ
LPSRUWDQW� UROH� DV� D� JHUPLQDWLRQ� SURPRWHU� LQ� FDFWL� VHHGV�
VXFK� DV� 5RMDV�$UpFKLJD� ������� DQG� 5RMDV�$UpFKLJD� HW� DO�
�������UHIHU�WR�
�
:DWHU�DQG�VDOLQH� VWUHVV�DQG�JHUPLQDWLRQ�� ,Q�JHQHUDO�� VHHGV
RI�PRVW�SODQWV�VWXGLHG�VWRS�JHUPLQDWLQJ�DW�ZDWHU�SRWHQWLDOV
EHWZHHQ������DQG������03D��'�UU�HW�DO��������7ULERXLOORLV�HW
DO���������7KHVH�SRWHQWLDOV�DUH�H[SHULPHQWDOO\�DFKLHYHG�ZLWK
WKH�XVH�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�WKUHH�PDLQ�VXEVWDQFHV�
PDQQLWRO� �0DOGRQDGR� HW� DO�� ������ *XHUUHUR� HW� DO�� ������
SRO\HWK\OHQH� JO\FRO� �3(*�� �<DQJ� HW� DO�� ������ /XQD� 	
&KDPRUUR� ������ 3DQWDQp� HW� DO�� ������ DQG�1D&O� �=KDQJ� HW
DO��������*RUDL�HW�DO��������(O�.HEODZ\�HW�DO��������

,Q�FDFWL��RQO\�IRXU�VWXGLHV�KDYH�DVVHVVHG�WKH�JHUPLQDWLRQ
DW� ZDWHU� SRWHQWLDOV� ORZHU� WKDQ� ����� 03D� �0DUWLQV� HW� DO�
������*XHUUHUR�HW�DO�� ������$UDJyQ�	�/DVVR�������=HUSD�
&DWDQKR� HW� DO�� ������� PD\EH� EHFDXVH� LQ� PRVW� FDVHV� WKH
VSHFLHV� GR� QRW� DFKLHYH� JHUPLQDWLRQ� DW� VXFK� SRWHQWLDOV
�)ORUHV�	�%ULRQHV�������5DPtUH]�3DGLOOD�	�9DOYHUGH������
'H�/D�5RVD�0DQ]DQR�	�%ULRQHV�������*XLOOpQ�HW�DO�������
������ 5RGUtJXH]�0RUDOHV� HW� DO�� ������ )ORUHV� HW� DO�� �����
%LVSR� HW� DO�� ������� 7KH� VWXGLHV� LQ� FDFWL� UHYHDO� WKDW
JHUPLQDWLRQ� PDLQO\� RFFXUV� DW� ZDWHU� SRWHQWLDOV� EHWZHHQ
�� DQG� ����� 03D� �)LJXUH� ��� DQG� DW� WHPSHUDWXUHV� RI� ��� WR
����&��9HJD�9LOODVDQWH�HW�DO��������.LQ�HW�DO��������*XUYLFK
HW�DO��������)ORUHV�HW�DO��������%LVSR�HW�DO��������
�

)LJXUH����6HHG�JHUPLQDWLRQ�UHVSRQVH�XQGHU�ZDWHU�VWUHVV��'DWD�DUH
EDVHG�RQ����FDFWXV�VSHFLHV�VWXGLHG�
�
,Q� VRPH� VSHFLHV�� LW� KDV� EHHQ� REVHUYHG� WKDW� WKH� ZDWHU

SRWHQWLDOV�RI� �����03D��*XLOOpQ�HW�DO��������������*XUYLFK
HW�DO��������)ORUHV�HW�DO��������RU�HYHQ������03D��)ORUHV�	
%ULRQHV�������*XLOOpQ�HW�DO��������������)ORUHV�HW�DO�������
RU� ����� 03D� �)ORUHV� 	� %ULRQHV� ������ IDYRU� JHUPLQDWLRQ�
1HYHUWKHOHVV�� JHQHUDOO\� ZDWHU� SRWHQWLDOV� ORZHU� WKDQ
����� 03D� QRWDEO\� GHFUHDVH� WKH� SHUFHQWDJH� RI� JHUPLQDWLRQ
�0HLDGR�HW�DO��������*XLOOpQ�HW�DO��������������*XUYLFK�HW
DO��������)ORUHV�HW�DO��������%LVSR�HW�DO���������7KXV��FDFWXV
VHHGV� DGDSWHG� WR� JHUPLQDWH� DW� KLJK� VRLO� PRLVWXUH�� EXW� QRW
QHFHVVDULO\� DW� WKH� VRLO� ILHOG�ZDWHU� FDSDFLW\��ZRXOG� KDYH� DQ
DGYDQWDJH�JHUPLQDWLQJ�LQ�DULG�HQYLURQPHQWV��+RZHYHU��WKLV
PD\�KDYH�D�WUDGH�RII�EHWZHHQ�JHUPLQDWLRQ�DW�UHODWLYHO\�ORZ
VRLO� ZDWHU� SRWHQWLDO� DQG� VHHGOLQJ� HVWDEOLVKPHQW� EHFDXVH
VHHGOLQJV� JHQHUDOO\� UHTXLUH� KLJKHU� VRLO� ZDWHU� SRWHQWLDO� WR
FRPSHQVDWH�IRU�WUDQVSLUDWLRQ��)ORUHV�	�%ULRQHV�������
,Q� DGGLWLRQ�� LQ� WKH� VSHFLHV� ZKHUH� WKH� HIIHFW� RI� ZDWHU

SRWHQWLDO� DQG� WHPSHUDWXUH� KDV� EHHQ� FRPELQHG�� QRUPDOO\� DW
��� �&�� EHWWHU� UHVXOWV� KDYH� EHHQ� REWDLQHG� WKDQ� DW
WHPSHUDWXUHV� RI� ��� �&� RU� KLJKHU� �2OLYHLUD� HW� DO�� �����
*XUYLFK�HW�DO�� ������)ORUHV�HW�DO�� ������%DXN�HW�DO�� ������
)RU�SULPDULO\�DULG�DQG�VHPLDULG�VSHFLHV�ZLWK�VPDOO�VHHGV��DV

�
%DUULRV�HW�DO����%RWDQLFDO�6FLHQFHV���������������������
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RFFXUV� LQ� &DFWDFHDH�� WKH� SUHIHUHQFH� IRU� JHUPLQDWLQJ� LQ
KXPLG� VRLO� FDQ� EH� DQ� DGYDQWDJH� WKDW� SHUPLWV� WR� UHGXFH
VHHGOLQJ�PRUWDOLW\�ZKHQ� IDFHG�ZLWK� WUDQVLHQW� UDLQ� IROORZHG
E\� SURORQJHG� GURXJKWV�� 7KHVH� FRQGLWLRQV� FRXOG� IDYRU
JHUPLQDWLRQ� EXW� FRXOG� DOVR� UHVXOW� LQ� GHDWK� RI� VHHGOLQJV
WKURXJK�VXEVHTXHQW�GURXJKW��9HQDEOH�	�/DZORU�������
$SSUR[LPDWHO\�D�GR]HQ�VWXGLHV� �7DEOH����KDYH�HYDOXDWHG

WKH�JHUPLQDWLRQ� UHVSRQVH�RI� FDFWL� IDFHG�ZLWK� FRQGLWLRQV�RI
VDOLQLW\��5RPHUR�6FKPLGW�HW�DO��������9HJD�9LOODVDQWH�HW�DO�
������1RODVFR�HW�DO��������0HLDGR�HW�DO��������0DUWLQV�HW�DO�
������2UWL]�HW�DO��������/LPD�	�0HLDGR�������3RGGD�HW�DO�
������ %LVSR� HW� DO�� ������� $� JHUPLQDWLRQ� UHVSRQVH� LQ� WKH
UDQJH�RI��� WR� �����03D�ZLWK�1D&O� LV� VLPLODU� WR� WKH� UHVXOWV
REWDLQHG�ZLWK�3(*��HYHQ�WKRXJK�WKHUH�DUH�VSHFLHV�ZKHUH�WKH
JHUPLQDWLRQ� SHUFHQWDJHV� ZLWK� 1D&O� DUH� KLJKHU� WKDQ� LQ� D
VLPLODU�RVPRWLF�SRWHQWLDO�RI�3(*��0HLDGR�HW�DO��������%LVSR
HW� DO�� ������� ,Q� RWKHU� FDVHV�� WKH� VHHGV� JHUPLQDWH� EHWWHU� LQ
3(*��0DUWLQV�HW�DO���������2Q�WKH�RWKHU�KDQG��WKHUH�LV�YHU\
OLWWOH� LQIRUPDWLRQ� DERXW� WKH� DSSOLFDWLRQ� RI� WKH� K\GURWLPH
PRGHO� WR� HYDOXDWH� WKH� HIIHFWV� RI� ZDWHU� RU� VDOLQH� VWUHVV� RQ
JHUPLQDWLRQ� VSHHG� �RU� JHUPLQDWLRQ� WLPH�� LQ� FDFWXV� VSHFLHV
�VHH��6LPmR�HW�DO���������*HUPLQDWLRQ� WLPH�LV�DQ� LPSRUWDQW
IHDWXUH� RI� SODQW� OLIH� KLVWRU\� WKDW� GHWHUPLQHV� JHUPLQDWLRQ
FDSDFLW\� XQGHU� GU\� FRQGLWLRQV� DQG� UHFUXLWPHQW� WLPH
�6iQFKH]�6RWR�HW�DO��������'RQRKXH�HW�DO��������'�UU�HW�DO�
������
�
+\GUDWLRQ�GHK\GUDWLRQ� F\FOHV� DQG� JHUPLQDWLRQ�� 7ZR
SLRQHHULQJ�VWXGLHV�RI�'XEURYVN\��������������GHPRQVWUDWHG
WKH�XWLOLW\�RI�WKH�K\GUDWLRQ�GHK\GUDWLRQ�F\FOHV�LQ�LQFUHDVLQJ
WKH�VSHHG�DQG�ILQDO�SHUFHQWDJH�RI�JHUPLQDWLRQ�LQ�IRXU�FDFWXV
VSHFLHV��+RZHYHU��VWLOO�WKHUH�DUH�D�IHZ�FDFWXV�VWXGLHV��7DEOH
��� WKDW� DGGUHVV� WKHVH� WUHDWPHQWV� DV� JHUPLQDWLRQ� SURPRWHUV
�6iQFKH]�6RWR� HW� DO�� ������ 5LWR� HW� DO�� ������ 6DQWLQL� 	
0DUWRUHOO� ������ /ySH]�8UUXWLD� HW� DO�� ������ &RQWUHUDV�
4XLUR]� HW� DO�� ����D�� ����E�� 6DQWLQL� HW� DO�� ������ /LPD� 	
0HLDGR� ������ ������ 6iQFKH]� HW� DO�� ������� DOWKRXJK
K\GUDWLRQ�GHK\GUDWLRQ�F\FOHV�KDYH�EHHQ�DQG�DUH�ZLGHO\�XVHG
LQ� LQQXPHUDEOH� VSHFLHV� ZRUOGZLGH� �6iQFKH]� 	� 3HUQ~V
������� 7KH� HYDOXDWLRQ� RI� WKLV� W\SH� RI� SUH�JHUPLQDWLYH
WUHDWPHQW� LQ� FDFWXV� VHHGV� VKRXOG� EH� WHVWHG� PRUH� LQ� WKH
IXWXUH�� EHFDXVH� WKH� VHHGV� DUH� VXEMHFW� WR� K\GUDWLRQ�
GHK\GUDWLRQ�F\FOHV� LQ�QDWXUH��ZKLFK�FDQ� LQIOXHQFH�QRW�RQO\
JHUPLQDWLRQ� EXW� DOVR� DVSHFWV� UHODWHG� WR� FRQGLWLRQDO� RU
F\FOLFDO� GRUPDQF\�� VHHG� ORQJHYLW\� DQG� VHHGOLQJ� VXUYLYDO�
DPRQJ� RWKHUV� �%DVNLQ� 	� %DVNLQ� ������� 6LPLODUO\�� ZDWHU
WUHDWPHQWV� �RU� F\FOHV�� FRXOG� EH� LPSOHPHQWHG� DV
HFRWHFKQRORJLHV� LQ� HFRORJLFDO� UHVWRUDWLRQ� SURMHFWV� DQG� LQ
FRQVHUYDWLRQ� SURJUDPV� RI� JHUPSODVP� �6iQFKH]� 	� 3HUQ~V
������
7KH� DELOLW\� RI� VHHGV� WR� PDLQWDLQ� SK\VLRORJLFDO� FKDQJHV

SURGXFHG� GXULQJ� K\GUDWLRQ�� VXFK� DV� GLIIHUHQWLDO� SURWHLQ
H[SUHVVLRQ�� WKURXJK� GLVFRQWLQXRXV� GHK\GUDWLRQ� SHULRGV
�/ySH]�8UUXWLD� HW� DO�� ������� KDV� EHHQ� FDOOHG� ³K\GUDWLRQ

PHPRU\´� �'XEURYVN\� ������� &RQWUHUDV�4XLUR]� HW� DO�
�����E�� HYDOXDWHG� WKLV� SKHQRPHQRQ� LQ� FDFWL� IURP� D� VHPL�
GHVHUW� DUHD� LQ� QRUWKHDVWHUQ�0H[LFR�� DQG� IURP�D� VXE�KXPLG
DUHD�RI�FHQWUDO�$UJHQWLQD��DQG�VXJJHVWHG�WKDW�WKH�SUHVHQFH�RI
K\GUDWLRQ�PHPRU\�LQ�WKH�VHHGV�RI�&DFWDFHDH�GHSHQGV�RQ�WKH
FOLPDWH� DQG� WKH� PLFURHQYLURQPHQW� ZKHUH� WKH� FDFWL� RFFXU�
LQGLFDWLQJ� WKDW� HQYLURQPHQWDO� FRQGLWLRQV� LPSRVHG� RQ� WKH
SDUHQWDO� SODQWV� LQIOXHQFH� WKH� JHUPLQDWLRQ� UHVSRQVHV� RI� WKH
FDFWL�VHHGV�ZKHQ�VXEMHFWHG�WR�GLVFRQWLQXRXV�K\GUDWLRQ��7KLV
K\SRWKHVLV� ZDV� FRUURERUDWHG� E\� /LPD� 	� 0HLDGR� ������
ZKR�IRXQG�WKDW�WKH�VHHGV�RI�WKH�VDPH�VSHFLHV��3LORVRFHUHXV
FDWLQJLFROD� VXEVS�� VDOYDGRUHQVLV�� FROOHFWHG� IURP
SRSXODWLRQV� ORFDWHG� LQ� GLIIHUHQW� HFRV\VWHPV� KDYH� GLIIHUHQW
JHUPLQDWLRQ� UHVSRQVHV� DIWHU� SDVVDJH� WKURXJK�GLVFRQWLQXRXV
K\GUDWLRQ�DQG�+'�F\FOHV��7KLV� ILQGLQJ�JLYHV�HYLGHQFH� WKDW
³K\GUDWLRQ� PHPRU\´� SURYLGHV� JUHDWHU� WROHUDQFH� WR
HQYLURQPHQWDO� VWUHVVHV� EXW�ZLWK� GLIIHUHQW� UHVSRQVHV� DPRQJ
SRSXODWLRQV�
�
&DFWXV� VHHG� GLVSHUVDO�� 5RMDV�$UpFKLJD� 	� 9i]TXH]�<DQHV
������� UHSRUWHG� VL[� VWXGLHV� DERXW� FDFWXV� VHHG� GLVSHUVLRQ
WKURXJK�HQGR]RRFKRU\��,Q�WKH�ODVW�WZR�GHFDGHV��D�IHZ�PRUH
WKDQ�D�GR]HQ�VSHFLHV�KDYH�EHHQ�VWXGLHG�UHJDUGLQJ� WKLV� W\SH
RI� LQWHUDFWLRQ� DQG� LWV� HIIHFW� RQ� JHUPLQDWLRQ� �*RGtQH]�
ÈOYDUH]�	�9DOLHQWH�%DQXHW�������0RQWLHO�	�0RQWDxD������
*RGtQH]�ÈOYDUH]�HW�DO��������1DUDQMR�HW�DO��������%DUD]D�	
9DOLHQWH�%DQXHW� ������ 3pUH]�9LOODIDxD� 	� 9DOLHQWH�%DQXHW
������&DVDGR�	�6RULDQR�������)RQVHFD�HW�DO��������*RPHV
HW� DO�� ������ 1DVFLPHQWR� HW� DO�� ������ /DVVR� 	� %DUULHQWRV
������ 9i]TXH]Ϣ&DVWLOOR� HW� DO�� ������ 6DQWRV� HW� DO�� ������
2WKHU� W\SHV� RI� FDFWXV� VHHG� GLVSHUVDO� UHIHUUHG� WR� E\�5RMDV�
$UpFKLJD� 	� 9i]TXH]�<DQHV� ������� DV� V\Q]RRFKRU\
�0XQJXtD�5RVDV� HW� DO�� ������ )RQVHFD� HW� DO�� ������
HSL]RRFKRU\� �/DVVR� 	� %DUULHQWRV� ������ DQG� K\GURFKRU\
�/HQ]L�HW�DO��������6iQFKH]�6DODV�HW�DO��������6iQFKH]�6DODV
HW� DO�� ������ 5RPHUR�0pQGH]� HW� DO�� ������ KDYH� EHHQ
UHSRUWHG�LQ�D�VPDOO�QXPEHU�RI�VWXGLHV�
�
,Q�YLWUR�SURSDJDWLRQ��$OWKRXJK�LQ�D�JUHDW�QXPEHU�RI�FDFWXV
VSHFLHV� KLJK� SHUFHQWDJHV� RI� JHUPLQDWLRQ� KDYH� EHHQ� IRXQG
�=LPPHU�����E��������0HLDGR�HW�DO���������YDULRXV�VWXGLHV
KDYH� H[SORUHG� LQ� YLWUR� JHUPLQDWLRQ� DV� DQ� DOWHUQDWLYH� RI
SURSDJDWLRQ� �6DODV�&UX]� HW� DO�� ������ ;DYLHU� 	� -DVPLP
������ /ySH]�(VFDPLOOD� HW� DO�� ������ &RUWpV�2OPRV� HW� DO�
������ 5DPtUH]�*RQ]iOH]� HW� DO�� ������� 6WXGLHV� RI� WKLV� W\SH
KDYH�EHHQ�SHUIRUPHG�RQ�PRUH�WKDQ����FDFWXV�VSHFLHV��7DEOH
���� ZLWK� JRRG� UHVXOWV� LQ� JHUPLQDWLRQ� DQG� ODWHU� VHHGOLQJ
JURZWK�� 7KH� LQ� YLWUR� JHUPLQDWLRQ� ZLWK� HQULFKHG� UHVRXUFHV
FRXOG� EH� D� QHFHVVDU\� DQG� HVVHQWLDO� PHWKRG� LQ� WKH
SURSDJDWLRQ� RI� UDUH� VSHFLHV� ZLWK� IHZ� VHHGV� RU� ZLWK� D� ORZ
SHUFHQWDJH� RI� JHUPLQDWLRQ�� ERWK� IRU� SUHVHUYDWLRQ� RI� WKH
VSHFLHV�RU�DQRWKHU�SXUSRVH�

6HHG�WUDLWV�DQG�JHUPLQDWLRQ�LQ�WKH�&DFWDFHDH
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6HHG� VWRUDJH�DW� ORZ� WHPSHUDWXUHV��$OWKRXJK� LQ� WKH�SUHVHQW
UHYLHZ� WKH� VHHG� GHVLFFDWLRQ� WROHUDQFH� DQG� WKH� ORQJHYLW\� RI
FDFWXV� VHHGV� KDYH� EHHQ� FRPPHQWHG� RQ�� IHZ� VWXGLHV� KDYH
HYDOXDWHG� WKH� VHHG� SUHVHUYDWLRQ� LQ� FRQWUROOHG� FRQGLWLRQV�
2QO\� LQ� ��� VSHFLHV� KDV� D� SUHVHUYDWLRQ� DW� �� �� �&� EHHQ
HYDOXDWHG�� XS� WR� D�PD[LPXP�RI����PRQWKV� �1RODVFR�HW� DO�
������ 9HJD�9LOODVDQWH� HW� DO�� ������ 9HLJD�%DUERVD� HW� DO�
������*RRGPDQ�HW�DO��������0DUFKL�HW�DO��������6DOD]DU�HW
DO��������%iUEDUD�HW�DO��������&LYDWWL�HW�DO��������'RV�6DQWRV
HW�DO���������6WXGLHV�RI� WKLV� W\SH�DUH�QHFHVVDU\�ZKHQ�IDFHG
ZLWK� WKH� LQFUHDVLQJ� WKUHDWV� WKDW� FRQIURQW� WKH� IDPLO\
�*RHWWVFK� HW� DO�� ������ DQG� WKH� QHHG� WR� VHDUFK� IRU� VHFXUH
DOWHUQDWLYHV�IRU�ORQJ�WHUP�SUHVHUYDWLRQ�
�
&RQFOXGLQJ�UHPDUNV��,Q�WKH�ODVW�WZR�GHFDGHV��WKH�QXPEHU�RI
VWXGLHV� UHODWHG� WR� FDFWXV� JHUPLQDWLRQ� KDV� LQFUHDVHG
H[SRQHQWLDOO\��ZLWK�0H[LFR��%UD]LO�DQG�$UJHQWLQD�EHLQJ�WKH
WKUHH� FRXQWULHV� OHDGLQJ� WKLV� VFLHQWLILF� ILHOG�� 6HHG
JHUPLQDWLRQ� KDV� EHHQ� HYDOXDWHG� LQ� OHVV� WKDQ� ��� �� RI� WKH
JHQHUD��2QO\�SK\VLRORJLFDO�GRUPDQF\�KDV�EHHQ�IRXQG�LQ�WKH
IDPLO\�� 7HUUHVWULDO� DQG� DHULDO� FDFWXV� VHHG� EDQNV� KDYH� EHHQ
OLWWOH�VWXGLHG�EXW�DUH�SHUKDSV�FRPPRQ�DQG�SOD\�DQ�LPSRUWDQW
UROH� LQ� WKH� SRSXODWLRQ� G\QDPLFV� RI� WKH� VSHFLHV�� 7KH� WZR
PRVW�VWXGLHG�UHVHDUFK�WRSLFV�RQ�FDFWXV�VHHG�JHUPLQDWLRQ�DUH
SKRWREODVWLFLVP�DQG�WKH�UHVSRQVH�WR�WHPSHUDWXUH��1R�FDFWXV
ZLWK�D�QHJDWLYHO\�SKRWREODVWLF�UHVSRQVH�KDV�EHHQ�IRXQG��DQG
PRVW� RI� WKH� VSHFLHV� RI� WKH� VXEIDPLO\� &DFWRLGHDH� KDYH
SRVLWLYHO\� SKRWREODVWLF� VHHGV�� 7KH� RSWLPDO� WHPSHUDWXUH
UDQJH� IRU� FDFWL� LV� IRXQG� EHWZHHQ� ��� DQG� ��� �&��+RZHYHU�
WKHUH� DUH� VWLOO� JHQHUD�ZLWK�PRUH� WKDQ� ��� VSHFLHV� WKDW� KDYH
QRW�EHHQ�VWXGLHG�VXFK�DV�0DWXFDQD��DQG�RWKHUV�JHQHUD� OLNH
)UDLOHD��5HEXWLD�� DQG�6HOHQLFHUHXV�ZKHUH�RQO\�RQH� VSHFLHV
KDV�EHHQ�VWXGLHG�
7KHUH� LV� QRW� HQRXJK� HYLGHQFH� RQ� VHHG� WUDLWV� DQG� FDFWXV

VHHG�JHUPLQDWLRQ��EXW�VHHG�VKDSH�KDV�EHHQ�UHODWHG�ZLWK�VHHG
GLVSHUVDO� LQ� WKDW� WKH�KDW�VKDSHG�VHHGV�KDYH�EHHQ�DVVRFLDWHG
ZLWK� K\GURFKRU\�� 7KH� UHODWLRQVKLSV� EHWZHHQ� FDFWXV� VHHG
JHUPLQDWLRQ�DQG�SK\ORJHQ\�GHSHQGV�RQ� WKH�VSHFLHV�VWXGLHG
DQG� WKH� WULEH�� 7KH� JHUPLQDWLRQ� W\SHV� RU� YDULDQWV� GR� QRW
DSSHDU� WR� EH� UHODWHG� ZLWK� VHHG� JHUPLQDWLRQ� SHUFHQWDJH�
&DFWXV�VHHGV�DUH�DGDSWHG�WR�JHUPLQDWH�DW�KLJK�VRLO�PRLVWXUH�
EXW� QRW� QHFHVVDULO\� DW� WKH� VRLO� ILHOG� ZDWHU� FDSDFLW\�� 6HHGV
JHUPLQDWH� DW� VDOLQH� SRWHQWLDOV� EHWZHHQ� �� DQG� ����� 03D�
+\GUDWLRQ�GHK\GUDWLRQ�F\FOHV�RU�K\GUDWLRQ�PHPRU\�LQFUHDVH
WKH� VSHHG�DQG� WKH� ILQDO�SHUFHQWDJH�RI�JHUPLQDWLRQ� LQ� VRPH
VSHFLHV�� WKH�SUHVHQFH�RI�K\GUDWLRQ�PHPRU\� LQ� WKH� VHHGV�RI
&DFWDFHDH� GHSHQGV� RQ� WKH� FOLPDWH� DQG� WKH
PLFURHQYLURQPHQW�ZKHUH�WKH�FDFWL�RFFXU�
3UHVHUYLQJ� FDFWXV� VHHGV� LQ� EDQNV� LV� DQ� HQFRXUDJLQJ

FRQFHSW� EHFDXVH� WKHLU� ORQJHYLW\� LQ� JHQHUDO� VXUSDVVHV� VL[
PRQWKV��DQG�D�KLJK�SHUFHQWDJH�RI�VSHFLHV�SRVVHVV�VHHGV�WKDW
PDLQWDLQ�WKHLU�YLDELOLW\�IRU�SHULRGV�EHWZHHQ�RQH�WR�WZR�\HDUV
ZLWKRXW� H[WUHPH� VWRUDJH� UHTXLUHPHQWV�� 6LPLODUO\�� VWXGLHV

DERXW� GHVLFFDWLRQ� WROHUDQFH� DQG� FU\RSUHVHUYDWLRQ� WKDW� KDYH
EHHQ�SHUIRUPHG�GHPRQVWUDWH�WKHLU�IHDVLELOLW\��,Q�WKH�IXWXUH��LW
ZRXOG�EH�XVHIXO�LI�PRUH�FDFWXV�JHUPLQDWLRQ�VWXGLHV�LQFOXGHG
PHDVXUHPHQW� RI� VHHG� WUDLWV�� VXFK� DV� OHQJWK�� ZLGWK� DQG
FRPSUHVVLRQ�� WRWDO� GU\� PDVV�� PDVV� RI� WKH� FRYHULQJ� RI� WKH
HPEU\R��PRLVWXUH�FRQWHQW��DV�ZHOO�DV�LPELELWLRQ�UDWH�

$FNQRZOHGJHPHQWV

7KH� SUHVHQW� VWXG\� UHOLHG� RQ� VXSSRUW� IURP� WKH� 1DWLRQDO
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FRQWULEXWHG�WR�LPSURYLQJ�WKH�SDSHU�
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DQDWRPLD� GD� SOkQWXOD� GH� LQGLYtGXRV� VRPDFORQHV� GH
&HUHXV�KLOGPDQQLDQXV�6FKXPDQQ��&DFWDFHDH���%ROHWtQ�GH
OD�6RFLHGDG�/DWLQRDPHULFDQD�\�GHO�&DULEH�GH�&DFWiFHDV
\�RWUDV�6XFXOHQWDV����������
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%LYLiQ�&DVWUR�(<��������(IHFWR�GH�GLIHUHQWHV�UHJXODGRUHV
GH�FUHFLPLHQWR�YHJHWDO�VREUH�OD�JHUPLQDFLyQ�GH�VHPLOODV
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GRUPDQF\� DQG� JHUPLQDWLRQ� RI� WKUHH� VXFFXOHQW� VSHFLHV
IURP�WKH�&KLKXDKXDQ�'HVHUW��6HHG�6FLHQFH�5HVHDUFK����
��������� '2,�� KWWSV���GRL�RUJ���������6������������
����

$UHFHV�0DOOHD� $�� ������ /HSWRFHUHXV� �$�� %HUJHU�� %ULWWRQ
DQG�5RVH��D�PRQRJUDSKLF�VWXG\�RI�D�:HVW� ,QGLDQ�JHQXV
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&DQR�6DOJDGR� $�� =DYDOD�+XUWDGR� -$�� 2UR]FR�6HJRYLD� $�
9DOYHUGH�9DOGpV� 07�� 3pUH]�5RGUtJXH]� 3�� �����
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-XUDGR� (�� )ORUHV� -�� ������ ,V� VHHG� GRUPDQF\� XQGHU
HQYLURQPHQWDO� FRQWURO� RU� ERXQG� WR� SODQW� WUDLWV"� -RXUQDO
RI�9HJHWDWLRQ�6FLHQFH��������������'2,��KWWSV���GRL�RUJ�
��������M����������������WE������[

.LQ�$*��0D]]ROD�0%��&HQL]R�9-��������6HHG�JHUPLQDWLRQ
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FRORPE�IRU��������D��

/HQ]L� 0�� *UDLSHO� 0(�� 0DWRV� -=G�� )UDJD� $0�� 2UWK� $,�
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%UD]LO��6HHG�6FLHQFH�5HVHDUFK��������������'2,��KWWSV���
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/LPD� $7�� 0HLDGR� 09�� ������ (IIHFWV� RI� VHHG� K\GUDWLRQ
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�+DZRUWK��%X[EDXP��&DFWiFHDV�\�6XFXOHQWDV�0H[LFDQDV
����������

/ySH]�8UUXWLD� (��0DUWtQH]�*DUFtD�0��0RQVDOYR�5H\HV�$�
6DOD]DU�5RMDV� 9�� 0RQWR\D� 5�� &DPSRV� -(�� �����
'LIIHUHQWLDO� 51$�DQG� SURWHLQ�H[SUHVVLRQ� SURILOHV� RI
FDFWXV�VHHGV�FDSDEOH�RI�K\GUDWLRQ�PHPRU\��6HHG�6FLHQFH
5HVHDUFK� ���� ������� '2,�� KWWSV���GRL�RUJ���������6���
�������������

/RXVWDORW�(��0DOGD�*;��6X]iQ�+��+HUQiQGH]�/*��*XHYDUD
$�� ������ (VWXGLR� GH� JHUPLQDFLyQ� \� FUHFLPLHQWR� HQ
VHPLOODV�GH�)HURFDFWXV�KLVWUL[��'H�&DQGROOH���&DFWiFHDV
\�6XFFXOHQWDV�0H[LFDQDV�����������

/R]D�&RUQHMR� 6�� 7HUUD]DV� 7�� /ySH]�0DWD� /�� ������ )UXLWV�
VHHGV�DQG�JHUPLQDWLRQ�LQ�ILYH�VSHFLHV�RI�JORERVH�&DFWHDH
�&DFWDFHDH���,QWHUFLHQFLD�������������

/XQD� %�� &KDPRUUR� '�� ������ *HUPLQDWLRQ� VHQVLWLYLW\
WRZDWHU� VWUHVV� RI� HLJKW� &LVWDFHDH� VSHFLHV� IURP� WKH
ZHVWHUQ� PHGLWHUUDQHDQ�� 6HHG� 6FLHQFH� 5HVHDUFK� ���
��������� '2,�� KWWSV���GRL�RUJ���������6������������
���;

0DLWL� 5.�� +HUQiQGH]�3LxHUR� -/�� 9DOGH]�0DUURTXtQ� 0�
������ 6HHG� XOWUDHVWUXFWXUH� DQG� JHUPLQDWLRQ� RI� VRPH
VSHFLHV�RI�&DFWDFHDH��3K\WRQ������������

0DLWL� 5.�� 6LQJK� 93�� %DTXLH� $�� 6iQFKH]�$UUHROD� (�
:HVFKH�(EHOLQJ�3��&XHUYR�3DUUD�-$��3HUGRPH�9HOi]TXH]
+��/RUHQ]R�-/��������&DFWXV��%LRORJ\��3URSDJDWLRQ�DQG
&RQVHUYDWLRQ�� &KLFDJR�� *XUDY� 6RFLHW\� RI� $JULFXOWXUDO
5HVHDUFK�,QIRUPDWLRQ�&HQWUH�

0DOGRQDGR�&��3XMDGR�(�� 6TXHR�)$�� ������(O� HIHFWR� GH� OD
GLVSRQLELOLGDG� GH� DJXD� GXUDQWH� HO� FUHFLPLHQWR� GH
/\FRSHUVLFRQ�FKLOHQVH�VREUH�OD�FDSDFLGDG�GH�VXV�VHPLOODV
SDUD�JHUPLQDU�D�GLVWLQWDV�WHPSHUDWXUDV�\�FRQFHQWUDFLRQHV
GH�PDQLWRO�\�1D&O��5HYLVWD�&KLOHQD�GH�+LVWRULD�1DWXUDO
���� ��������� '2,�� KWWS���G[�GRL�RUJ���������6�������
�;�������������

0DQGXMDQR�0&��*ROXERY� -��0RQWDxD�&�� ������'RUPDQF\
DQG�HQGR]RRFKRURXV�GLVSHUVDO�RI�2SXQWLD�UDVWUHUD�VHHGV
LQ� WKH� VRXWKHUQ� &KLKXDKXDQ� 'HVHUW�� -RXUQDO� RI� $ULG
(QYLURQPHQWV��������������'2,��KWWSV���GRL�RUJ���������
MDUH����������
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%UHDNLQJ� VHHG� GRUPDQF\� LQ� 2SXQWLD� UDVWUHUDL� IURP� WKH
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���

0DQGXMDQR� 0&�� *ROXERY� -�� 5RMDV�$UpFKLJD� 0�� �����
(IHFWR� GHO� iFLGR� JLEHUpOLFR� HQ� OD� JHUPLQDFLyQ� GH� WUHV
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������
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����

0DUWLQV� /67�� 3HUHLUD� 76�� &DUYDOKR� $6'5�� %DUURV� &�� 'H
$QGUDGH�$&6�� ������ 6HHG� JHUPLQDWLRQ� RI�3LORVRFHUHXV
DUUDELGDH� �&DFWDFHDH�� IURP�D� VHPLDULG� UHJLRQ�RI� VRXWKϢ
HDVW� %UD]LO�� 3ODQW� 6SHFLHV� %LRORJ\� ���� ��������� '2,�
KWWSV���GRL�RUJ���������M����������������������[

0DVFRW�*yPH]� (�� )ORUHV� -�� /ySH]�/R]DQR� 1(�� <ixHV�
(VSLQRVD� /�� ������ 6HHG� JHUPLQDWLRQ� RI� 6RXWKHUQ
&KLKXDKXDQ� GHVHUW� FDFWL�� (IIHFW� RI� PXFLODJH�� OLJKW� DQG
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��������M�IORUD������������

0DWtDV�3DODIR[� 0/�� ������ (VWUXFWXUD� SREODFLRQDO� \
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0F'RQRXJK� :7�� ������ *HUPLQDWLRQ� UHVSRQVHV� RI
&DUQHJLHD� JLJDQWHD� DQG� /HPDLUHRFHUHXV� WKXUEHUL�
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0LOEHUJ�3��$QGHUVVRQ�/��7KRPSVRQ�.��������/DUJH�VHHGHG
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0RQWLHO� 6��0RQWDxD� &�� ������ 6HHG� EDQN� G\QDPLFV� RI� WKH
GHVHUW� FDFWXV�2SXQWLD� UDVWUHUD� LQ� WZR� KDELWDWV� IURP� WKH
&KLKXDKXDQ�'HVHUW��3ODQW� (FRORJ\� ����� ��������� '2,�
KWWSV���GRL�RUJ���������$��������������

0XQJXtD�5RVDV�0$��-iFRPH�)ORUHV�0(��6RVD�9-��4XLUR]�
&HUyQ� /0�� ������ 5HPRYDO� RI� 3LORVRFHUHXV
OHXFRFHSKDOXV� �&DFWDFHDH�� WULEH� &HUHHDH�� VHHGV� E\� DQWV
DQG� WKHLU� SRWHQWLDO� UROH� DV� SULPDU\� VHHG� GLVSHUVHUV�
-RXUQDO�RI�$ULG�(QYLURQPHQWV��������������'2,��KWWSV���
GRL�RUJ���������M�MDULGHQY������������

1DUDQMR� 0(�� 5HQJLIR� &�� 6RULDQR� 3-�� ������ (IIHFW� RI
LQJHVWLRQ� E\� EDWV� DQG� ELUGV� RQ� VHHG� JHUPLQDWLRQ� RI
6WHQRFHUHXV� JULVHXV� DQG� 6XESLORFHUHXV� UHSDQGXV
�&DFWDFHDH��� -RXUQDO� RI� 7URSLFDO� (FRORJ\� ���� ������
'2,��KWWSV���GRL�RUJ���������6����������������

1DVFLPHQWR� -3%�� 0HLDGR� 09�� 1LFROD� 3$�� 3HUHLUD� /&0�
������*HUPLQDomR�GH�VHPHQWHV�GH�7DFLQJD�LQDPRHQD��.�
6FKXP��� 1�3�� 7D\ORU� 	� 6WXSS\� �&DFWDFHDH�� DSyV
HQGR]RRFRULD� SRU�&KHORQRLGLV� FDUERQDULD� �6SL[�� �����
�5HSWLOLD��7HVWXGLQLGDH���*DLD�6FLHQWLD���������

1RODVFR�+��9HJD�9LOODVDQWH�)��'LD]�5RQGHUR�$��������6HHG
JHUPLQDWLRQ� RI� 6WHQRFHUHXV� WKXUEHUL� �&DFWDFHDH�� XQGHU
GLIIHUHQW� VRODU� LUUDGLDWLRQ� OHYHOV�� -RXUQDO� RI� $ULG
(QYLURQPHQWV��������������'2,��KWWSV���GRL�RUJ���������
MDUH����������

1RODVFR�+��9HJD�9LOODVDQWH�)��5RPHUR�6FKPLGW�+/��'tD]�
5RQGHUR� $�� ������ 7KH� HIIHFWV� RI� VDOLQLW\�� DFLGLW\�� OLJKW
DQG� WHPSHUDWXUH� RQ� WKH� JHUPLQDWLRQ� RI� VHHGV� RI� FDUGyQ
�3DFK\FHUHXV� SULQJOHL� �6�� :DWV��� %ULWWRQ� 	� 5RVH�
&DFWDFHDH��� -RXUQDO� RI� $ULG� (QYLURQPHQWV� ���� ������
'2,��KWWSV���GRL�RUJ���������MDUH����������

2OLYHLUD� '%�� /LPD� $7�� 5RFKD� ($��0HLDGR�09�� ������ 2
DXPHQWR� GD� WHPSHUDWXUD� UHGX]� D� WROHUkQFLD� DR� HVWUHVVH
KtGULFR� QD� JHUPLQDomR� GH� VHPHQWHV� GH� 3HUHVNLD
JUDQGLIROLD� +DZ�� VXEVS�� JUDQGLIROLD� �&DFWDFHDH�"�*DLD
6FLHQWLD� ���� ������� '2,�� KWWSV���GRL�RUJ����������XISE�
��������������Y��Q�������

2OYHUD�&DUULOOR� <�� 0iUTXH]�*X]PiQ� -�� %DUUDGDV� 9/�
6iQFKH]�&RURQDGR� 0(�� 2UR]FR�6HJRYLD� $�� �����
*HUPLQDWLRQ�RI�WKH�KDUG�VHHG�FRDWHG�2SXQWLD�WRPHQWRVD
6�'��� D� FDFWL� IURP� WKH� 0p[LFR� YDOOH\�� -RXUQDO� RI� $ULG
(QYLURQPHQWV� ���� ������� '2,�� KWWSV���GRL�RUJ���������
6��������������������

2OYHUD�&DUULOOR�<��0iUTXH]�*X]PiQ� -�� 6iQFKH]�&RURQDGR
0(��%DUUDGDV�9/��5LQFyQ�(��2UR]FR�6HJRYLD�$�� �����
(IIHFW� RI� EXULDO� RQ� WKH� JHUPLQDWLRQ� RI� 2SXQWLD
WRPHQWRVD¶V��&DFWDFHDH��2SXQWLRLGHDH��VHHGV��-RXUQDO�RI
$ULG� (QYLURQPHQWV� ���� ��������� '2,�� KWWSV���GRL�RUJ�
��������M�MDULGHQY������������

2UGRxH]�6DODQXHYD� &$�� 2UR]FR�6HJRYLD� $�� &DQDOHV�
0DUWtQH]�0�� 6HDO� &(�� 3ULWFKDUG�+:�� )ORUHV�2UWL]� &0�
������ (FRORJLFDO� ORQJHYLW\� RI� 3RODVNLD� FKHQGH
�&DFWDFHDH�� VHHGV� LQ� WKH� VRLO� VHHG� EDQN�� VHHGOLQJ

HPHUJHQFH� DQG� VXUYLYDO�� 3ODQW� %LRORJ\� ���� ��������
'2,��KWWSV���GRL�RUJ���������SOE������

2UGRxH]�6DODQXHYD� &$�� 6HDO� &(�� 3ULWFKDUG� +:�� 2UR]FR�
6HJRYLD�$��&DQDOHV�0DUWtQH]�0��)ORUHV�2UWL]�&0�������
&DUGLQDO� WHPSHUDWXUHV� DQG� WKHUPDO� WLPH� LQ� 3RODVNLD
%DFNHE� �&DFWDFHDH�� VSHFLHV�� (IIHFW� RI� SURMHFWHG� VRLO
WHPSHUDWXUH� LQFUHDVH� DQG� QXUVH� LQWHUDFWLRQ� RQ
JHUPLQDWLRQ� WLPLQJ�� -RXUQDO� RI� $ULG� (QYLURQPHQWV� ����
�������'2,��KWWS���G[�GRL�RUJ���������M�MDULGHQY���������
���

2UR]FR�6HJRYLD�$��0iUTXH]�*X]PiQ�-��6iQFKH]�&RURQDGR
0(��*DPERD�GH�%XHQ�$��%DVNLQ�-0��%DVNLQ�&&�������
6HHG� $QDWRP\� DQG� :DWHU� 8SWDNH� LQ� 5HODWLRQ� WR� 6HHG
'RUPDQF\� LQ� 2SXQWLD� WRPHQWRVD� �&DFWDFHDH�
2SXQWLRLGHDH��� $QQDOV� RI� %RWDQ\� ���� ��������� '2,�
KWWSV���GRL�RUJ���������DRE�PFP���

2UWHJD�%DHV� 3�� $SDULFLR�*RQ]iOH]� 0�� *DOtQGH]� *�� GHO
)XH\R�3��6�KULQJ�6��5RMDV�$UpFKLJD�0��������$UH�FDFWXV
JURZWK� IRUPV� UHODWHG� WR�JHUPLQDWLRQ� UHVSRQVHV� WR� OLJKW"
$� WHVW� XVLQJ� (FKLQRSVLV� VSHFLHV�� $FWD� 2HFRORJLFD� ���
��������� '2,�� KWWSV���GRL�RUJ���������M�DFWDR���������
���

2UWHJD�%DHV�3��*DOtQGH]�*��6�KULQJ�6��5RMDV�$UpFKLJD�0�
'DZV� 0,�� 3ULWFKDUG� +:�� ������ 6HHG� JHUPLQDWLRQ� RI
(FKLQRSVLV� VFKLFNHQGDQW]LL� �&DFWDFHDH��� WKH� HIIHFWV� RI
FRQVWDQW� DQG� DOWHUQDWLQJ� WHPSHUDWXUHV�� 6HHG� 6FLHQFH� 	
7HFKQRJ\� ���� ��������� '2,�� KWWSV���GRL�RUJ����������
VVW�������������

2UWHJD�%DHV�3��5RMDV�$UpFKLJD�0��������6HHG�JHUPLQDWLRQ
RI� 7ULFKRFHUHXV� WHUVFKHFNLL� �&DFWDFHDH��� /LJKW�
WHPSHUDWXUH�DQG�JLEEHUHOOLF�DFLG�HIIHFWV��-RXUQDO�RI�$ULG
(QYLURQPHQWV��������������'2,��KWWSV���GRL�RUJ���������
M�MDULGHQY������������

2UWL]� 7$�� *RPHV� *5�� 7DNDKDVKL� /6$�� 8UEDQR� 05�
6WUDSDVVRQ�(��������:DWHU�DQG�VDOW�VWUHVV�LQ�JHUPLQDWLQJ
VHHGV� RI� SLWD\D� JHQRW\SHV� �+\ORFHUHXV� VSS���� $IULFDQ
-RXUQDO� RI� $JULFXOWXUDO� 5HVHDUFK� ��� ����������� '2,�
KWWSV���GRL�RUJ���������$-$5���������

3DWDQp�&��6DLWD�$��7XEHLOHK�$��&RVHQWLQR�6/��&DYDOODUR�9�
������ 0RGHOLQJ� VHHG� JHUPLQDWLRQ� RI� XQSULPHG� DQG
SULPHG� VHHGV� RI� VZHHW� VRUJKXP� XQGHU� 3(*�LQGXFHG
ZDWHU� VWUHVV� WKURXJK� WKH� K\GURWLPH� DQDO\VLV�� $FWD
3K\VLROJLDH� 3ODQWDUXP� ���� ��������� '2,�� KWWSV���GRL�
RUJ���������V����������������

3pUH]�6iQFKH]� 50�� -XUDGR� (�� &KDSD�9DUJDV� /�� )ORUHV� -�
������6HHG�JHUPLQDWLRQ�RI�6RXWKHUQ�&KLKXDKXDQ�'HVHUW
SODQWV� LQ� UHVSRQVH� WR� HOHYDWHG� WHPSHUDWXUHV�� -RXUQDO� RI
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3pUH]�9LOODIDxD� 0*�� 9DOLHQWH�%DQXHW� $�� �����
(IIHFWLYHQHVV� RI� GLVSHUVDO� RI� DQ� RUQLWKRFRURXV� FDFWXV
0\UWLOORFDFWXV� JHRPHWUL]DQV� �&DFWDFHDH�� LQ� D� SDWFK\
HQYLURQPHQW�� 2SHQ� %LRORJ\� -RXUQDO� ��� ��������� '2,�
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3HWHUV� (0�� 0DUWRUHOO� &�� (]FXUUD� (�� ������ 7KH� DGDSWLYH
YDOXH� RI� FXHG� VHHG� GLVSHUVDO� LQ� GHVHUW� SODQWV�� 6HHG
UHWHQWLRQ� DQG� UHOHDVH� LQ� 0DPPLOODULD� SHFWLQLIHUD
�&DFWDFHDH���D�VPDOO�JORERVH�FDFWXV��$PHULFDQ�-RXUQDO�RI
%RWDQ\� ���� ��������� '2,�� KWWSV���GRL�RUJ���������DME�
�������

3RGGD�/��6DQWR�$��/HRQH�&��0D\RUDO�2��%DFFKHWWD�*�������
6HHG� JHUPLQDWLRQ�� VDOW� VWUHVV� WROHUDQFH� DQG� VHHGOLQJ
JURZWK� RI� 2SXQWLD� ILFXV�LQGLFD� �&DFWDFHDH��� LQYDVLYH
VSHFLHV� LQ� WKH� 0HGLWHUUDQHDQ� %DVLQ�� )ORUD� ����� ������
'2,��KWWSV���GRL�RUJ���������M�IORUD������������

3RWWHU� 5/�� 3HWHUVHQ� -/�� 8HFNHUW� '1�� ������ *HUPLQDWLRQ
UHVSRQVHV� RI�2SXQWLD� VSS�� WR� WHPSHUDWXUH�� VFDULILFDWLRQ�
DQG� RWKHU� VHHG� WUHDWPHQWV�� :HHG� 6FLHQFH� 6RFLHW\� RI
$PHULFD��������������'2,��KWWSV���GRL�RUJ���������6���
�������������

5DPtUH]�*RQ]iOH]� *�� 5RGUtJXH]�'H� OD� 2� -/�� 0DUWtQH]�
6ROtV� -�� &ROLQDV�/HyQ� 07�� ������ *HUPLQDFLyQ� \
FUHFLPLHQWR� H[� YLWUR� H� LQ� YLWUR� GH� FLQFR� HVSHFLHV� GH
FDFWiFHDV� GHO� JpQHUR� 0DPPLOODULD�� 3ROLERWiQLFD� ���
��������'2,��KWWSV���GRL�RUJ����������SROLERWDQLFD�����

5DPtUH]�3DGLOOD� &$�� 9DOYHUGH� 7�� ������ *HUPLQDWLRQ
UHVSRQVHV� RI� WKUHH� FRQJHQHULF� FDFWXV� VSHFLHV
�1HREX[EDXPLD��ZLWK�GLIIHULQJ�GHJUHHV�RI�UDULW\��-RXUQDO
RI�$ULG�(QYLURQPHQWV��������������'2,��KWWSV���GRL�RUJ�
��������M�MDULGHQY������������

5LWR� .)�� 5RFKD� ($�� /HDO� ,5�� 0HLDGR� 09�� ������ $V
VHPHQWHV�GH�PDQGDFDUX�WrP�PHPyULD�KtGULFD"�%ROHWtQ�GH
OD�6RFLHGDG�/DWLQRDPHULFDQD�\�GHO�&DULEH�GH�&DFWiFHDV
\�RWUDV�6XFXOHQWDV����������

5RGUtJXH]�0RUDOHV� -�� *XLOOHQ� 6�� &DVDV� $�� �����
&RQVHFXHQFLDV� GH� OD� GRPHVWLFDFLyQ� GH� 6WHQRFHUHXV
VWHOODWXV�HQ�HO�WDPDxR�GH�ODV�VHPLOODV�\�HQ�OD�JHUPLQDFLyQ
HQ�XQ�JUDGLHQWH�GH�HVWUpV�KtGULFR��%RWDQLFDO�6FLHQFHV����
���������'2,��KWWSV���GRL�RUJ����������ERWVFL����

5RGUtJXH]�2UWHJD� &�� )UDQFR� 0�� 0DQGXMDQR� 0&�� �����
6HURWLQ\� DQG� VHHG� JHUPLQDWLRQ� LQ� WKUHH� WKUHDWHQHG
VSHFLHV� RI�0DPPLOODULD� �&DFWDFHDH���%DVLF� DQG�$SSOLHG
(FRORJ\�������������'2,��KWWSV���GRL�RUJ���������M�EDDH�
�����������

5RGUtJXH]�5Xt]� (5�� 3RRW�3RRW� :$�� 5DQJHO�/XFLR� -$�
9DTXHUD�+XHUWD� +�� *RQ]iOH]�*DRQD� 2-�� 7UHYLxR�
&DUUHyQ� -�� ������ *HUPLQDFLyQ� LQ� YLWUR� GH� EL]QDJD
FDEXFKHUD�� 5HYLVWD� 0H[LFDQD� GH� &LHQFLDV� $JUtFRODV� ��
��������

5RMDV�$UpFKLJD�0��������(IHFWR�GHO�iFLGR�JLEHUpOLFR�HQ� OD
JHUPLQDFLyQ�GH�FXDWUR�HVSHFLHV�GHO�JpQHUR�0DPPLOODULD
GHO�9DOOH� GH�7HKXDFiQ�&XLFDWOiQ��0p[LFR��%ROHWtQ� GH� OD
6RFLHGDG�/DWLQRDPHULFDQD�\�GHO�&DULEH�GH�&DFWiFHDV�\
6XFXOHQWDV����������

5RMDV�$UpFKLJD�0�� ������ /D� LPSRUWDQFLD� GH� OD� VHPLOOD� HQ
&DFWDFHDH� SDUD� HVWXGLRV� WD[RQyPLFRV� \� ILORJHQpWLFRV�

%ROHWtQ�GH�OD�6RFLHGDG�/DWLQRDPHULFDQD�\�GHO�&DULEH�GH
&DFWiFHDV�\�RWUDV�6XFXOHQWDV����������

5RMDV�$UpFKLJD� 0�� $JXLODU� .0�� *ROXERY� -�� 0DQGXMDQR
0&�� ������ (IIHFW� RI� JLEEHUHOOLF� DFLG� RQ� JHUPLQDWLRQ� RI
VHHGV� RI� ILYH� VSHFLHV� RI� FDFWL� IURP� WKH� &KLKXDKXDQ
GHVHUW�� QRUWKHUQ� 0H[LFR�� 7KH� 6RXWKZHVWHUQ� 1DWXUDOLVW
�������������'2,��KWWSV���GRL�RUJ���������1���':�����
�

5RMDV�$UpFKLJD� 0�� %DWLV� $,�� ������ /DV� VHPLOODV� GH
FDFWiFHDV���¢IRUPDQ� EDQFRV� HQ� HO� VXHOR"� &DFWiFHDV� \
6XFXOHQWDV�0H[LFDQDV�����������

5RMDV�$UpFKLJD� 0�� &DVDV� $�� 9i]TXH]�<DQHV� &-�� �����
6HHG� JHUPLQDWLRQ� RI� ZLOG� DQG� FXOWLYDWHG� 6WHQRFHUHXV
VWHOODWXV� �&DFWDFHDH�� IURP� WKH� 7HKXDFiQ�&XLFDWOiQ
9DOOH\�� &HQWUDO� 0p[LFR�� -RXUQDO� RI� $ULG� (QYLURQPHQWV�
���� ��������� '2,�� KWWSV���GRL�RUJ���������MDUH��������
��

5RMDV�$UpFKLJD�0��0DQGXMDQR�6iQFKH]�0&��������1XHYR
UHJLVWUR� GH� VHPLOODV� YLYtSDUDV� HQ� GRV� HVSHFLHV� GH
FDFWiFHDV�� &DFWiFHDV� \� 6XFXOHQWDV� 0H[LFDQDV� ���
��������

5RMDV�$UpFKLJD�� 0�� 0DQGXMDQR�6iQFKH]�� 0&�� �����
/DWHQFLD� VHFXQGDULD� HQ� HVSHFLHV� GH� OD� WULEX� &DFWHDH
�&DFWDFHDH���3ROLERWiQLFD��������������'2,��KWWSV���GRL�
RUJ����������SROLERWDQLFD������

5RMDV�$UpFKLJD� 0�� 0DQGXMDQR� 0&�� *ROXERY� -.�� �����
6HHG�VL]H�DQG�SKRWREODVWLVP�LQ�VSHFLHV�EHORQJLQJ�WR�WULEH
&DFWHDH� �&DFWDFHDH��� -RXUQDO� RI� 3ODQW� 5HVHDUFK� ����
��������� '2,�� KWWSV���GRL�RUJ���������V��������������
��

5RMDV�$UpFKLJD�0�� 2UR]FR�6HJRYLD� $�� 9i]TXH]�<DQHV� &�
������(IIHFW�RI�OLJKW�RQ�JHUPLQDWLRQ�RI�VHYHQ�VSHFLHV�RI
FDFWL� IURP� WKH� =DSRWLWOiQ� 9DOOH\� LQ� 3XHEOD�� 0p[LFR�
-RXUQDO�RI�$ULG�(QYLURQPHQWV��������������'2,��KWWSV���
GRL�RUJ���������MDUH����������

5RMDV�$UpFKLJD� 0�� 9i]TXH]�<DQHV� &�� ������ &DFWXV� VHHG
JHUPLQDWLRQ��D�UHYLHZ��-RXUQDO�RI�$ULG�(QYLURQPHQWV����
��������'2,��KWWSV���GRL�RUJ���������MDUH����������

5RMDV�$UpFKLJD�0�� 9i]TXH]�<DQHV� &�� 2UR]FR�6HJRYLD� $�
������ 6HHG� UHVSRQVH� WR� WHPSHUDWXUH� RI� 0H[LFDQ� FDFWL
VSHFLHV� IURP� WZR� OLIH� IRUPV�� DQ� HFRSK\VLRORJLFDO
LQWHUSUHWDWLRQ��3ODQW�(FRORJ\���������������'2,��KWWSV���
GRL�RUJ���������$��������������

5RPHUR�0pQGH]�8��%HFHUUD�/ySH]� -/��*DUFtD�'H� OD� 3HxD
&�� 0DUWtQH]�5tRV� --�� &]DMD� $�� 0XUR� *�� 6iQFKH]� -$�
������ +\GURFKRU\� LQ� $VWURSK\WXP� FRDKXLOHQVH�
H[SHULPHQW�WR�LGHQWLI\�VHPLQDO�VWUXFWXUHV�WKDW�SURYLGH�LWV
EXR\DQF\�� 3ROLERWiQLFD� ���� ��������� '2,�� KWWSV���GRL�
RUJ����������SROLERWDQLFD�����

5RPHUR�6FKPLGW� +/�� 9HJD�9LOODVDQWH� )�� 1RODVFR� +�
0RQWDxR� &�� ������ 7KH� HIIHFW� RI� GDUNQHVV�� IUHH]LQJ�
DFLGLW\� DQG� VDOLQLW\� RQ� VHHG� JHUPLQDWLRQ� RI�)HURFDFWXV
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5RPR�&DPSRV� /�� )ORUHV�)ORUHV� -/�� )ORUHV� -�� ÈOYDUH]�
)XHQWHV� *�� ������ 6HHG� JHUPLQDWLRQ� RI�2SXQWLD� VSHFLHV
IURP� DQ� DULGLW\� JUDGLHQW� LQ� &HQWUDO�0H[LFR�� -RXUQDO� RI
WKH�3URIHVVLRQDO�$VVRFLDWLRQ�IRU�&DFWXV�'HYHORSPHQW����
��������

5RVDV�/ySH]� 8�� &ROOD]R�2UWHJD� 0�� ������ &RQGLWLRQV� IRU
WKH� JHUPLQDWLRQ� DQG� WKH� HDUO\� JURZWK� RI� VHHGOLQJV� RI
3RODVNLD� FKLFKLSH� �*RVV��� %DFNHEHUJ� DQG�(FKLQRFDFWXV
SODW\DFDQWKXV� /LQN� DQG�2WWR� ID��JUDQGLV� �5RVH��%UDYR�
+ROOLV� �&DFWDFHDH��� ,QWHUQDWLRQDO� -RXUQDO� RI
([SHULPHQWDO�%RWDQ\�������������

5R\DO� %RWDQLF� *DUGHQV� .HZ�� ������ 6HHG� ,QIRUPDWLRQ
'DWDEDVH� �6,'��� Y������ KWWS���GDWD�NHZ�RUJ�VLG�� �DFFHVVHG
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