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7LWOH����

&KORULGH� LRQV� HYRNH� WDVWH� VHQVDWLRQV� E\� ELQGLQJ� WR� WKH� H[WUDFHOOXODU� OLJDQG�ELQGLQJ���
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$EVWUDFW����

6DOW� WDVWH� VHQVDWLRQ� LV� PXOWLIDFHWHG�� 1D&O� DW� ORZ� RU� KLJK� FRQFHQWUDWLRQV� LV� SUHIHUDEO\� RU����

DYHUVLYHO\�SHUFHLYHG�WKURXJK�GLVWLQFW�SDWKZD\V��&Oí�LV�WKRXJKW�WR�SDUWLFLSDWH�LQ�WDVWH�VHQVDWLRQ����

WKURXJK�DQ�XQNQRZQ�PHFKDQLVP��+HUH�ZH�GHVFULEH�&O±�LRQ�ELQGLQJ�DQG�WKH�UHVSRQVH�RI�WDVWH����

UHFHSWRU� W\SH����7�U���D�UHFHSWRU�IDPLO\�FRPSRVLQJ�VZHHW�XPDPL�UHFHSWRUV��7KH�7�U�D�7�U�����

KHWHURGLPHU� IURP� WKH� PHGDND� ILVK�� FXUUHQWO\� WKH� VROH� 7�U� DPHQDEOH� WR� VWUXFWXUDO� DQDO\VHV�����

H[KLELWHG� D� VSHFLILF� &O±� ELQGLQJ� LQ� WKH� YLFLQLW\� RI� WKH� DPLQR�DFLG�ELQGLQJ� VLWH� LQ� WKH����

OLJDQG�ELQGLQJ� GRPDLQ� �/%'�� RI� 7�U���ZKLFK� LV� OLNHO\� FRQVHUYHG� DFURVV� VSHFLHV�� LQFOXGLQJ����

KXPDQ�7�U���7KH�&O±�ELQGLQJ�LQGXFHG�D�FRQIRUPDWLRQDO�FKDQJH�LQ�7�U�D�7�U�/%'�DW�VXE��WR����

ORZ�P0� FRQFHQWUDWLRQV� VLPLODU� WR� FDQRQLFDO� WDVWH� VXEVWDQFHV�� )XUWKHUPRUH�� RUDO� &Oí����

DSSOLFDWLRQ�WR�PLFH�LQFUHDVHG�LPSXOVH�IUHTXHQFLHV�RI�WDVWH�QHUYHV�FRQQHFWHG�WR�7�U�H[SUHVVLQJ����

WDVWH�FHOOV�DQG�SURPRWHG�WKHLU�EHKDYLRUDO�SUHIHUHQFHV�DWWHQXDWHG�E\�D�7�U�VSHFLILF�EORFNHU�RU����

7�U��NQRFN�RXW��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�&Oí�HYRNHV�WDVWH�VHQVDWLRQV�E\�ELQGLQJ�WR�7�U�����

WKHUHE\�VHUYLQJ�DV�DQRWKHU�SUHIHUUHG�VDOW�WDVWH�SDWKZD\�DW�D�ORZ�FRQFHQWUDWLRQ�����
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,QWURGXFWLRQ����

7KH� WDVWH� VHQVDWLRQ� LV� LQLWLDWHG�E\� VSHFLILF� LQWHUDFWLRQV�EHWZHHQ�FKHPLFDOV� LQ� IRRG�DQG� WDVWH����

UHFHSWRUV� LQ� WDVWH�EXGV� LQ�WKH�RUDO�FDYLW\��,Q�YHUWHEUDWHV�� WKH�FKHPLFDOV�DUH�JURXSHG�LQWR�ILYH����

EDVLF� PRGDOLWLHV�� VZHHW�� XPDPL�� ELWWHU�� VDOW\�� DQG� VRXU�� 7KLV� VHQVDWLRQ� RFFXUV� WKURXJK� WDVWH����

UHFHSWRU�UHFRJQLWLRQ�VSHFLILF�WR�D�JURXS�RI�FKHPLFDOV�UHSUHVHQWLQJ�HDFK�WDVWH�PRGDOLW\��7DUXQR ���

et al���������5HJDUGLQJ�WKH�VDOW\�WDVWH�� WKH�SUHIHUDEOH� WDVWH��a����P0�FRQFHQWUDWLRQ�RI� WDEOH����

VDOW�� LV� HYRNHG� E\� VSHFLILF� LQWHUDFWLRQ� EHWZHHQ� WKH� HSLWKHOLDO� VRGLXP� FKDQQHO� �(1D&�� DQG����

VRGLXP�LRQ��&KDQGUDVKHNDU et al���������)LJXUH�����1RWDEO\��VDOW�VHQVDWLRQ�H[KLELWV�PXOWLIDFHG����

SURSHUWLHV �5RSHU���������WKHUHE\�VXJJHVWLQJ�WKH�H[LVWHQFH�RI�DQ�DGHTXDWH�FRQFHQWUDWLRQ�UDQJH����

IRU� VDOW� LQWDNH� WR�PDLQWDLQ� WKH� KRPHRVWDVLV� RI� ERG\� IOXLG� FRQFHQWUDWLRQ�� )RU� H[DPSOH�� KLJK����

FRQFHQWUDWLRQV�RI�VDOW�RYHU�OHYHOV�SHUFHLYHG�DV�D�SUHIHUUHG�WDVWH��VXFK�DV�a����P0��VWLPXODWH����

ELWWHU�DQG�VRXU�WDVWH�FHOOV�DQG�DUH�SHUFHLYHG�DV�DQ�DYHUVLYH�WDVWH��2ND et al���������&RQYHUVHO\�����

ORZ�VDOW�FRQFHQWUDWLRQV�XQGHU�WKH�³SUHIHUDEOH´�FRQFHQWUDWLRQ��VXFK�DV�VHYHUDO�P0�WR�D�KXQGUHG����

P0� FRQFHQWUDWLRQV�� DUH� SHUFHLYHG� DV� VZHHW� E\� KXPDQ� SDQHOV� �%DUWRVKXN et al�� ���������

%DUWRVKXN et al��������&DUGHOOR���������+RZHYHU��LWV�PHFKDQLVP�KDV�QHYHU�EHHQ�H[WHQVLYHO\����

SXUVXHG�� 7KH� YDULRXV� LPSDFWV� RI� WKH� VDOW� WDVWH� VHQVDWLRQ� LQGLFDWH� PXOWLSOH� VDOW� GHWHFWLRQ����

SDWKZD\V�LQ�WDVWH�EXGV �5RSHU���������0RUHRYHU��DQRWKHU�FRPSRQHQW�RI�WDEOH�VDOW��WKH�FKORULGH����

LRQ�� SDUWLFLSDWHV� LQ� WDVWH� VHQVDWLRQ� EHFDXVH� RI� WKH� H[LVWHQFH� RI� WKH� ³DQLRQ� HIIHFW´�� WKH� VDOW\����

WDVWH� LV�PRVW� VWURQJO\� SHUFHLYHG�ZKHQ� WKH� FRXQWHU� DQLRQ� LV� D� FKORULGH� LRQ� �<H et al�� ����������

6HYHUDO� UHSRUWV� VXJJHVWHG� D� FHUWDLQ� FHOOXODU�PROHFXODU�PDFKLQHU\� XQGHUO\LQJ� DQLRQ�VHQVLWLYH����

1D��GHWHFWLRQ� RU� &O±�GHWHFWLRQ�� ZKLFK� LV� LQGHSHQGHQW� RI� (1D&� �/HZDQGRZVNL et al�� ���������

5RHEEHU et al�� ������� ,QGHHG�� D� UHFHQW� VWXG\� LQGLFDWHG� WKDW� WUDQVPHPEUDQH� FKDQQHO�OLNH� �����

�70&��� H[SUHVVHG� LQ� WDVWH� EXGV� LQYROYHV� KLJK�FRQFHQWUDWLRQ�&O±�VHQVDWLRQ� �.DVDKDUD et al�����

������� 1HYHUWKHOHVV�� QR� FDQGLGDWH� PROHFXOH� FDSDEOH� RI� VHQVLQJ� ORZ� RU� SUHIHUDEOH����

FRQFHQWUDWLRQV�RI�&O±�KDV�EHHQ�HOXFLGDWHG��7KHUHIRUH��WKH�FRPSOHWH�XQGHUVWDQGLQJ�RI�VDOW�WDVWH����
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VHQVDWLRQ��LQFOXGLQJ�WKH�PHFKDQLVP�RI�FKORULGH�LRQ�GHWHFWLRQ��UHPDLQV�XQFOHDU�����

� 8QOLNH� VDOW� WDVWH� VHQVDWLRQ�� WKRVH� IRU� QXWULHQWV� DV� VXJDUV�� DPLQR� DFLGV�� DQG����

QXFOHRWLGHV�DUH�XQGHUVWRRG�DV�VZHHW�DQG�XPDPL�VHQVDWLRQV�WKURXJK�VSHFLILF�UHFHSWRU�SURWHLQV����

�/L et al�� ������ 1HOVRQ et al�� ������ 1HOVRQ et al�� ������� 6ZHHW� DQG� XPDPL� UHFHSWRUV� DUH����

FRPSRVHG�RI� WDVWH� UHFHSWRU� W\SH��� �7�U�� SURWHLQV� LQ� WKH� FODVV�&�*�SURWHLQ�FRXSOHG� UHFHSWRU����

IDPLO\�� ,Q� KXPDQV�� WKH� 7�U��7�U�� KHWHURGLPHU� VHUYHV� DV� WKH� XPDPL� WDVWH� UHFHSWRU� DQG����

UHVSRQGV� WR� DPLQR� DFLGV� DV� /�JOXWDPDWH� DQG� DVSDUWDWH�� DQG� QXFOHRWLGHV�� ,Q� FRQWUDVW�� WKH����

7�U��7�U�� KHWHURGLPHU� LV� WKH� VZHHW� WDVWH� UHFHSWRU� DQG� UHVSRQGV� WR� VXJDUV�� :H� SUHYLRXVO\����

HOXFLGDWHG� WKH� FU\VWDOORJUDSKLF� VWUXFWXUH� RI� WKH� PHGDND� ILVK� 7�U�D�7�U�� H[WUDFHOOXODU����

OLJDQG�ELQGLQJ� GRPDLQ� �/%'�� �1XHPNHW et al�� ������� ZKLFK� LV� FXUUHQWO\� WKH� VROH� UHSRUWHG����

VWUXFWXUH�RI�7�UV��,Q�WKH�VWUXFWXUH��WKH�DPLQR�DFLG�ELQGLQJ�ZDV�REVHUYHG�LQ�WKH�PLGGOH�RI�WKH����

/%'�RI�7�U�D�DQG�7�U��VXEXQLWV��ZKLFK�ZDV�FRQVLVWHQW�ZLWK� WKH� IDFW� WKDW�7�U�D�7�U�� LV�DQ����

DPLQR�DFLG� UHFHSWRU �2LNH et al���������)XUWKHUPRUH��FKORULGH� LRQ�ELQGLQJ�ZDV� IRXQG� LQ� WKH����

YLFLQLW\� RI� WKH� DPLQR�DFLG� ELQGLQJ� VLWH� LQ� 7�U�� �)LJXUH� �$��� 6R� IDU�� WKH� SK\VLRORJLFDO����

VLJQLILFDQFH� RI� &O±�ELQGLQJ� IRU� 7�UV� IXQFWLRQV� UHPDLQV� XQH[SORUHG�� 1HYHUWKHOHVV�� FKORULGH����

LRQV� UHJXODWH� RWKHU� UHFHSWRUV� LQ� FODVV� &� *� SURWHLQ�FRXSOHG� UHFHSWRUV� �*3&5V��� VXFK� DV����

PHWDERWURSLF�JOXWDPDWH�UHFHSWRUV��P*OX5V��DQG�FDOFLXP�VHQVLQJ�UHFHSWRUV��&D65V���DQG�DFW����

DV�SRVLWLYH�PRGXODWRUV� IRU�DJRQLVW�ELQGLQJ��(ULNVHQ�	�7KRPVHQ��������.XDQJ�	�+DPSVRQ�����

������/LX et al��������7RUD et al��������7RUD et al���������7KH�SRWHQWLDO�HIIHFW�RI�&O±�ELQGLQJ����

RQ�7�U�UHFHSWRU�IXQFWLRQ�LV�RI�VLJQLILFDQW�LQWHUHVW�XQGHU�WKHVH�FRQGLWLRQV�����

+HUH�� ZH� LQYHVWLJDWHG� WKH� &O±� DFWLRQV� RQ� 7�UV� XVLQJ� VWUXFWXUDO�� ELRSK\VLFDO�� DQG����

SK\VLRORJLFDO�DQDO\VHV��7KH�&O±�ELQGLQJ�WR� WKH�/%'�ZDV� LQYHVWLJDWHG�XVLQJ� WKH�PHGDND�ILVK����

7�U�D�7�U�/%'�� ZKLFK� LV� DPHQDEOH� WR� VWUXFWXUDO� DQG� ELRSK\VLFDO� DQDO\VHV�� 6LQFH� WKH� &O±���

�ELQGLQJ�VLWH�LQ�7�U��ZDV�FRQVHUYHG�DFURVV�YDULRXV�VSHFLHV��WDVWH�QHUYH�UHFRUGLQJV�IURP�PLFH����

ZHUH� XVHG� WR� LQYHVWLJDWH� WKH� SK\VLRORJLFDO� VLJQLILFDQFH� RI�&O±�� 7KH� UHVXOWV� VXJJHVW� WKDW� &O±����
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LQGXFHV� WKH� PRGHUDWH� UHVSRQVH� YLD� 7�UV�� WKHUHE\� LPSO\LQJ� WKDW� 7�UV� DUH� LQYROYHG� LQ� &O±����

VHQVDWLRQ�LQ�WDVWH�EXGV�����

����

5HVXOWV����

&O±�ELQGLQJ�VLWH�LQ�7�U�����

,Q�WKH�SUHYLRXVO\�UHSRUWHG�VWUXFWXUH�RI�7�U�D�7�U�/%'�FU\VWDOOL]HG�LQ�WKH�SUHVHQFH�RI�1D&O�����

ERXQG�&O±�ZDV� LGHQWLILHG� EDVHG� RQ� HOHFWURQ� GHQVLW\� DQG� ELQGLQJ� GLVWDQFHV� �1XHPNHW et al.�����

�������7R�YHULI\�WKH�&O±�ELQGLQJ��&O±�LQ�WKH�7�U�D�7�U�/%'�FU\VWDO�ZDV�VXEVWLWXWHG�ZLWK�%U±�����

D�KDORJHQ� LRQ� DPHQDEOH� IRU� VSHFLILF� GHWHFWLRQ� E\� DQRPDORXV� VFDWWHULQJ�XVLQJ� D� V\QFKURWURQ����

OLJKW�VRXUFH��)LJXUH��̾ILJXUH�VXSSOHPHQW�����7KH�GLIIUDFWLRQ�GDWD�IURP�WKH�FU\VWDO�UHVXOWHG�LQ����

DQ�DQRPDORXV�GLIIHUHQFH�)RXULHU�SHDN�DW������ı DW� WKH�VLWH� LQ� WKH�YLFLQLW\�RI� WKH�DPLQR�DFLG����

ELQGLQJ� VLWH� LQ� 7�U��� ZKHUH� &O±� ZDV� RULJLQDOO\� ERXQG� �)LJXUH� �%�� )LJXUH� �²ILJXUH����

VXSSOHPHQW�����)RU�IXUWKHU�FRQILUPDWLRQ��WKH�DQRPDORXV�GDWD�RI�WKH�RULJLQDO�FU\VWDO�FRQWDLQLQJ����

&O±�ZDV�FROOHFWHG�DW�����c��ZKHUH�WKH�DQRPDORXV�SHDN�IRU�&O�DQG�VHYHUDO�RWKHU�HOHPHQWV�VXFK����

DV� &D� RU� 6� FDQ� EH� GHWHFWHG� �)LJXUH� �²ILJXUH� VXSSOHPHQW� ���� 7KH� UHVXOWDQW� DQRPDORXV�����

GLIIHUHQFH�)RXULHU�PDS� VKRZHG� D� SHDN� DW� WKH� ERXQG�&O±� SRVLWLRQ��ZKLOH� DOO� WKH� RWKHU� SHDNV�����

ZHUH� REVHUYHG� DW� WKH� 6� DWRPV� LQ� WKH� SURWHLQ� �)LJXUH� �&�� )LJXUH� �²ILJXUH� VXSSOHPHQW� ��������

7KHVH�UHVXOWV�YHULI\�WKDW�WKH�VLWH�LV�DEOH�WR�ELQG�KDORJHQ�LRQV��OLNHO\�DFFRPPRGDWLQJ�&O±�XQGHU�����

SK\VLRORJLFDO�FRQGLWLRQV������

� &O±�ZDV�FRRUGLQDWHG�DW�WKH�ELQGLQJ�VLWH�E\�WKH�VLGH�FKDLQ�K\GUR[\O�JURXS�RI�7KU��������

DQG� WKH� PDLQ�FKDLQ� DPLGH� JURXSV� RI� *OQ���� DQG� 6HU���� �)LJXUH� �'��� 7KHVH� PDLQ�FKDLQ�����

FRRUGLQDWLQJ� UHVLGXHV� DUH� IROORZHG� E\� 6HU����� D� FULWLFDO� UHVLGXH� IRU� ELQGLQJ� DPLQR�DFLG�����

OLJDQGV� �1XHPNHW et al.�� ������� )XUWKHUPRUH�� WKH� ORRS� UHJLRQV� ZKHUH� 7KU���� DQG� WKH�����

*OQ����6HU���� ORFDWH� DUH� IROORZHG� E\� KHOLFHV� %� DQG� &�� UHVSHFWLYHO\�� 7KHVH� KHOLFHV� DUH�����

HVVHQWLDO� VWUXFWXUDO� XQLWV� DW� WKH� KHWHURGLPHU� LQWHUIDFH� �1XHPNHW et al.�� ������ �)LJXUH� �$�������
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7KH\�DUH�NQRZQ�WR�UHRULHQW�XSRQ�DJRQLVW�ELQGLQJ��UHVXOWLQJ�LQ�FRQIRUPDWLRQ�UHDUUDQJHPHQW�RI�����

WKH�VXEXQLWV�LQ�WKH�GLPHU��OLNHO\�LQGXFLQJ�UHFHSWRU�DFWLYDWLRQ�LQ�FODVV�&�*3&5V��.RHKO et al������

������.XQLVKLPD et al�� ������� ,Q� DGGLWLRQ�� WKH� VLGH�FKDLQ�K\GUR[\O�JURXS�RI�6HU�����ZKLFK�����

VHUYHV�DV�D�FDS�IRU� WKH�SRVLWLYH�KHOL[�GLSROH�RI�KHOL[�&��VLPXOWDQHRXVO\�IXQFWLRQV�DV�D�GLVWDO�����

OLJDQG�IRU�&O±�FRRUGLQDWLRQ��7KHUHIRUH��WKH�&O±�ELQGLQJ�DW�WKLV�VLWH�LV�LPSRUWDQW�IRU�RUJDQL]LQJ�����

WKH�VWUXFWXUH�RI�WKH�DPLQR�DFLG�ELQGLQJ�VLWH�DQG�WKH�KHWHURGLPHU�LQWHUIDFH������

7KH� &O±�ELQGLQJ� VLWH� REVHUYHG� LQ� WKH� FU\VWDO� VWUXFWXUH� LV� PRVW� OLNHO\� FRQVHUYHG�����

DPRQJ� 7�U�V� LQ� YDULRXV� RUJDQLVPV�� VXFK� DV� KXPDQV� �)LJXUH� �(��� 7KU����� WKH� UHVLGXH� WKDW�����

SURYLGHV� WKH� VLGH�FKDLQ�FRRUGLQDWLQJ� OLJDQG� IRU� &O±�ELQGLQJ�� LV� VWULFWO\� FRQVHUYHG� DV� HLWKHU�����

VHULQH�RU� WKUHRQLQH�DPRQJ�7�U�V��$GGLWLRQDOO\�� WKH�DPLQR�DFLG�VHTXHQFH�PRWLIV�VXUURXQGLQJ�����

WKH� PDLQ�FKDLQ�FRRUGLQDWLQJ� OLJDQGV�� )3��/� DQG� 9,*3ȗ���ȗ����� ZKHUH� ³ȗ´� LV� D� K\GURSKLOLF�����

DPLQR�DFLG��DUH�ZHOO�FRQVHUYHG�WR�SUHVHQW�WKH�PDLQ�FKDLQ�DPLGH�JURXSV�WR�FRRUGLQDWH�&Oí�ZLWK�����

DQ�DSSURSULDWH�JHRPHWU\��1RWDEO\�� WKH�VLWH�VWUXFWXUDOO\�FRUUHVSRQGV�WR�WKH�&O±�ELQGLQJ�VLWH� LQ�����

WKH�KRUPRQH�ELQGLQJ�GRPDLQ�RI�WKH�DWULDO�QDWULXUHWLF�SHSWLGH�UHFHSWRU��$135���)LJXUH��)���*�������

LQ� ZKLFK� &O±� SRVLWLYHO\� UHJXODWHV� WKH� SHSWLGH� KRUPRQH� ELQGLQJ� �0LVRQR�� ������� $OWKRXJK�����

$135� LV� QRW� D�PHPEHU�RI� FODVV�&�*3&5�� WKH�KRUPRQH�ELQGLQJ�GRPDLQ� LQ�$135�VKDUHV� D�����

VLPLODU� VWUXFWXUDO� IROG� ZLWK� /%'� RI� 7�UV� DQG� RWKHU� FODVV� &� *3&5V�� DQG� EDFWHULDO�����

SHULSODVPLF�ELQGLQJ� SURWHLQV� �.XQLVKLPD et al.�� ������ YDQ� GHQ� $NNHU et al�� �����������

$FFRUGLQJO\��WKH�FRQVHUYDWLRQ�RI�WKH�VWUXFWXUH�DQG�WKH�VHTXHQFH�PRWLI�DW�WKH�&O±�ELQGLQJ�VLWH�����

DW�$135� LV� DOVR�REVHUYHG�RQ�P*OX5V� �2JDZD et al�� ������� ,QGHHG��&O±� ELQGLQJ� DW� WKH� VLWH�����

FRUUHVSRQGLQJ�WR�WKDW�LQ�7�U��ZDV�REVHUYHG�LQ�VHYHUDO�P*OX5�DQG�&D65�VWUXFWXUHV��0RQQ et ����

al������E��=KDQJ et al���������)LJXUH��)���*��DQG�ZDV�LGHQWLILHG�DV�D�SRWHQWLDO�VLWH�UHVSRQVLEOH�����

IRU� UHJXODWLQJ� DJRQLVW� ELQGLQJ� �/LX et al.�� ������ 7RUD et al.�� ������� 7KHVH� UHVXOWV� VWURQJO\�����

LPSO\�WKH�SRVVLELOLW\�WKDW�&O±�KDV�VRPH�DFWLRQV�RQ�7�U�UHFHSWRU�IXQFWLRQV������

,Q�FRQWUDVW��FRQVHUYDWLRQ�DW�WKH�7KU����SRVLWLRQ�ZDV�QRW�REVHUYHG�DPRQJ�7�U��DQG�����
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7�U���)LJXUH��(���(YLGHQWO\��QR�VLJQLILFDQW�DQRPDORXV�SHDN�GHULYHG�IURP�%U±��RU�&O±�ELQGLQJ�����

ZDV� REVHUYHG� LQ� WKH� FU\VWDO� VWUXFWXUH� DW� WKH� FRUUHVSRQGLQJ� VLWH� LQ� 7�U�D� �)LJXUH� �%�� �&�������

+LV���� LQ� 7�U�D�� ZKLFK� FRUUHVSRQGV� WR� 7KU���� LQ� 7�U��� DGRSWHG� D� VLJQLILFDQWO\� GLIIHUHQW�����

VLGH�FKDLQ� FRQIRUPDWLRQ� IURP� WKDW� RI� 7KU���� LQ� 7�U�� �)LJXUH� �²ILJXUH� VXSSOHPHQW� ��������

7KHUHIRUH��7�U��DQG�7�U�¶V�DELOLW\�WR�ELQG�&O±�LV�XQOLNHO\������

,Q� DGGLWLRQ� WR� WKH� &O±�ELQGLQJ� VLWH� GLVFXVVHG� DERYH�� WKH� %U±�VXEVWLWXWHG� FU\VWDO�����

H[KLELWHG�DQ�DQRPDORXV�SHDN�DW�����ı� LQ�7�U�D��DW�D�SRVLWLRQ�FORVH� WR� WKH�/\V����VLGH�FKDLQ�����

İ�DPLQR� JURXS� �)LJXUH� �%�� )LJXUH� �²ILJXUH� VXSSOHPHQW� ����1HYHUWKHOHVV�� &O±�ELQGLQJ�ZDV�����

QRW�REVHUYHG�LQ�WKH�RULJLQDO�&O±�FRQWDLQHG�FU\VWDO��7KLV�LV�IXUWKHU�FRQILUPHG�E\�WKH�DEVHQFH�RI�����

DQ�DQRPDORXV�SHDN�DW�WKLV�SRVLWLRQ�LQ�WKH�GDWD�FROOHFWHG�DW�����c��)LJXUH��&��)LJXUH��²ILJXUH�����

VXSSOHPHQW�����7KHUHIRUH��WKH�VLWH�PLJKW�KDYH�WKH�DELOLW\�WR�ELQG�DQLRQV�VXFK�DV�%U±�RU�ODUJHU������

EXW�EH�QRW�VSHFLILF�WR�&O±��,Q�KXPDQ�7�U���WKH�UHVLGXH�FRUUHVSRQGLQJ�WR�/\V�����$UJ�����ZDV�����

VXJJHVWHG� DV� D� FULWLFDO� UHVLGXH� IRU� DFWLYLWLHV� RI� LQRVLQH�PRQRSKRVSKDWH�� DQ�XPDPL� HQKDQFHU�����

�=KDQJ et al�������������

�����

&O±�ELQGLQJ�SURSHUWLHV�LQ�7�U�D�7�U�/%'�����

7R� LQYHVWLJDWH� WKH�&O±� DFWLRQV�RQ�7�U� IXQFWLRQV��ZH� ILUVW� H[DPLQHG� WKH�SURSHUWLHV�RI� WKH�&O±����

�ELQGLQJ�WR�PHGDND�7�U�D�7�U�/%'�XVLQJ�YDULRXV�ELRSK\VLFDO� WHFKQLTXHV��)RU�WKLV�SXUSRVH������

WKH�SXULILHG�7�U�D�7�U�/%'�ZDV�VXEMHFWHG�WR�GLIIHUHQWLDO�VFDQQLQJ�IOXRULPHWU\��'6)���ZKLFK�����

ZH� SUHYLRXVO\� XVHG� IRU� WKH� DPLQR� DFLG�ELQGLQJ� DQDO\VLV� �<RVKLGD et al�� ������� ,Q� RUGHU� WR�����

SUHSDUH�D�&O±�IUHH�FRQGLWLRQ��&O±�LQ�WKH�VDPSOH�ZDV�VXEVWLWXWHG�ZLWK�JOXFRQDWH��DV�LW�LV�XQOLNHO\�����

DFFRPPRGDWHG�LQ�WKH�&O±�VLWH�GXH�WR�LWV�PXFK�ODUJHU�VL]H��:H�FRQILUPHG�WKDW�JOXFRQDWH�GRHV�����

QRW�VHUYH�DV�D�OLJDQG�IRU�7�U�D�7�U�/%'��)LJXUH��²ILJXUH�VXSSOHPHQW���������

7KH� DGGLWLRQ� RI� &O±� WR� WKH� &O±�IUHH� 7�U�D�7�U�/%'� VDPSOH� UHVXOWHG� LQ� WKHUPDO�����

VWDELOL]DWLRQ�RI�WKH�SURWHLQ��)LJXUH��$���ZKLFK�LV�LQGLFDWLYH�RI�&O±�ELQGLQJ�WR�WKH�SURWHLQ��7KH�����
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DSSDUHQW� KG� YDOXH� IRU� &O±� HVWLPDWHG� E\� WKH� PHOWLQJ� WHPSHUDWXUHV� �TP�� DW� YDULRXV� &O±�����

FRQFHQWUDWLRQV�ZDV�a�����0��)LJXUH��%��7DEOH�����7KH�&O±�GHSHQGHQW� WKHUPDO� VWDELOL]DWLRQ�����

ZDV� FRQILUPHG� E\� WKH� IOXRUHVFHQFH�GHWHFWLRQ� VL]H�H[FOXVLRQ� FKURPDWRJUDSK\�EDVHG�����

WKHUPRVWDELOLW\��)6(&�76��DVVD\��+DWWRUL et al���������)LJXUH��&��7DEOH�����+RZHYHU��WKH�&O±����

�GHSHQGHQW�VWDELOL]DWLRQ�ZDV�QRW�REVHUYHG�RQ�7�U�D�7�U��ZLWK�WKH�&O±�VLWH�PXWDWLRQ��7���$�LQ�����

7�U���,Q�WKH�FDVH�RI�WKLV�PXWDQW��WKH�TP�YDOXHV�IRU�ERWK�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�&O±�ZDV�����

VLPLODU� WR� WKH� YDOXHV� REWDLQHG� IRU� WKH� ZLOG�W\SH� SURWHLQ� LQ� WKH� DEVHQFH� RI� &O±� �)LJXUH� �&������

)LJXUH��²ILJXUH�VXSSOHPHQW����7DEOH�����7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�&O±�HIIHFW�DWWULEXWHG�WR�����

WKH�LGHQWLFDO�VLWH�ZKHUH�WKH�&O±�ELQGLQJ�ZDV�REVHUYHG�LQ�WKH�FU\VWDO�VWUXFWXUH�RI�7�U�������

1H[W�� ZH� H[DPLQHG� WKH� FRQVHTXHQFH� RI� WKH� &O±�ELQGLQJ� WR� 7�U�D�7�U�/%'� YLD�����

)|UVWHU�UHVRQDQFH�HQHUJ\�WUDQVIHU��)5(7��XVLQJ�WKH�IOXRUHVFHQW�SURWHLQ�IXVHG�VDPSOH��&ODVV�&�����

*3&5V� FRPPRQO\� H[KLELW� DJRQLVW�LQGXFHG� FRQIRUPDWLRQDO� FKDQJHV� LQ� /%'�� VXFK� DV� WKH�����

GLPHU�UHDUUDQJHPHQW��ZKLFK� LV�HVVHQWLDO�IRU�UHFHSWRU�DFWLYDWLRQ�DQG�VLJQDOLQJ��(OODLWK\ et al������

������.RHKO et al.��������.XQLVKLPD et al.��������/LQ et al���������&RQVLVWHQW�ZLWK� WKLV��ZH�����

SUHYLRXVO\�UHSRUWHG�WKDW�7�U�D�7�U�/%'�VKRZV�FRQIRUPDWLRQDO�FKDQJH�FRQFRPLWDQW�ZLWK�WKH�����

ELQGLQJ� RI� DPLQR� DFLGV�� ZKLFK� FDQ� EH� GHWHFWHG� DV� LQFUHDVHG� )5(7� LQWHQVLW\� �1DQJR et al������

�������1RWDEO\�� DGGLQJ�&Oí� WR� WKH� IOXRUHVFHQW� SURWHLQ�IXVHG� 7�U�D�7�U�/%'� DOVR� LQFUHDVHG�����

)5(7�LQWHQVLWLHV��VLPLODU�WR�DPLQR�DFLGV��)LJXUH��'���7KH�(&���IRU�&O±�LQGXFHG�)5(7�VLJQDO�����

FKDQJH�ZDV�GHWHUPLQHG�DV�a��P0��7DEOH�����1RWH�WKDW�ERWK�'6)�DQG�)5(7�HVWLPDWLRQV�KDYH�����

VRPH�GHJUHH�RI�HUURU��WKH�IRUPHU�SURGXFHG�VOLJKWO\�ORZHU�YDOXHV�WKDQ�WKH�ODWWHU��SDUWLFXODUO\�LQ�����

WKH� FDVH� RI�ZHDN� DIILQLWLHV� LQ� WKH�P0�FRQFHQWUDWLRQ� UDQJH �<RVKLGD et al.�� �������$V� VXFK������

DOWKRXJK�WKH�(&���YDOXH�GHWHUPLQHG�E\�)5(7�ZDV�VOLJKWO\�KLJKHU�WKDQ�WKH�DSSDUHQW�KG�YDOXH�����

RI�&O±�GHWHUPLQHG�E\�'6)��WKH�WZR�DUH�PRVW�OLNHO\�UHOHYDQW��&RQVLGHULQJ�WKDW�WKH�&O±�ELQGLQJ�����

VLWH� LV� ORFDWHG� DGMDFHQW� WR� WKH� GLPHU� LQWHUIDFH�� ZKLFK� H[KLELWV� UHRULHQWDWLRQ� XSRQ� DJRQLVW�����

ELQGLQJ� �)LJXUH� �'��� WKH� UHVXOWV� VXJJHVW� WKDW� WKH� &O±ELQGLQJ� WR� 7�U�D�7�U�/%'� LQGXFHV� D�����
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FRQIRUPDWLRQDO� UHDUUDQJHPHQW� RI� 7�U�D�7�U�/%'� VLPLODU� WR� LWV� DJRQLVW� DPLQR� DFLG������

1HYHUWKHOHVV�� WKH� H[WHQW� RI� WKH�)5(7�FKDQJH� LQGXFHG�E\�&Oí�ZDV� VPDOOHU� WKDQ� WKH� FKDQJHV�����

LQGXFHG�E\�DPLQR�DFLGV��VXFK�DV�a����RI�WKH�ODWWHU��)LJXUH��(���7KHUHIRUH��WKH�UHVXOWV�VXJJHVW�����

WKDW� WKH� H[WHQW� RI� WKH� FRQIRUPDWLRQDO� FKDQJH� LQGXFHG� E\� &O±� LV� VPDOOHU� WKDQ� WKH� FKDQJH�����

LQGXFHG� E\� DPLQR� DFLGV�� 7KH� H[WHQW� RI�&O±�GHSHQGHQW� )5(7� LQGH[� FKDQJH�ZDV� UHGXFHG� RQ�����

7�U�D�7�U�� ZLWK� WKH� &O±�VLWH� PXWDWLRQ�� 7���$� LQ� 7�U�� �)LJXUH� �(��� &RQVLGHULQJ� WKDW� WKH�����

DPLQR�DFLG�GHSHQGHQW� FKDQJH� LQ� WKH�PXWDQW�ZDV� DOVR� VLJQLILFDQWO\� UHGXFHG� �)LJXUH��(��� WKH�����

7���$� PXWDWLRQ� RQ� 7�U�� PLJKW� UHVXOW� LQ� ORVLQJ� WKH� DELOLW\� RI� WKH� FRQIRUPDWLRQDO� FKDQJH�����

LQGXFHG� E\� &O±�� DQG� DPLQR�DFLG� ELQGLQJV�� DOWKRXJK� WKH� SRVVLELOLW\� RI� GHDFWLYDWLRQ� RI� WKH�����

SURWHLQ�GXULQJ�SUHSDUDWLRQ�GXH�WR�LWV�ORZ�VWDELOLW\�FDQQRW�EH�H[FOXGHG������

,Q� DGGLWLRQ� WR� WKH� &O±�ELQGLQJ� HIIHFW�� WKH� &O±� HIIHFW� RQ� DPLQR�DFLG� ELQGLQJ� WR�����

7�U�D�7�U�/%'�ZDV�LQYHVWLJDWHG�E\�)5(7�DQG�LVRWKHUPDO�FDORULPHWU\��,7&���7KH�KG�YDOXHV�����

IRU� /�JOXWDPLQH� ELQGLQJ� GHWHUPLQHG� E\� ,7&�� DV� ZHOO� DV� WKH� (&��� YDOXHV� DQG� WKH� RWKHU�����

SDUDPHWHUV� IRU� /�JOXWDPLQH�LQGXFHG� FRQIRUPDWLRQDO� FKDQJH� GHWHUPLQHG� E\� )5(7�� GLG� QRW�����

GLIIHU� LQ� WKH� SUHVHQFH� DQG� DEVHQFH� RI� &O±� �)LJXUH� �)�� )LJXUH� �²ILJXUH� VXSSOHPHQW� ��� DQG�����

7DEOH�����7KHVH�UHVXOWV�LQGLFDWHG�WKDW�WKH�&O±�ELQGLQJ�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�WKH�ELQGLQJ�����

RI� /�JOXWDPLQH�� D� UHSUHVHQWDWLYH� WDVWH� VXEVWDQFH�� DW� OHDVW� IRU� 7�U�D�7�U�/%'� IURP�PHGDND�����

ILVK������

�����

7DVWH�UHVSRQVH�WR�&O±�WKURXJK�7�UV�LQ�PRXVH�����

%LRSK\VLFDO� VWXGLHV� RQ� 7�U�D�7�U�/%'� IURP� PHGDND� ILVK� VXJJHVWHG� WKDW� &O±ELQGLQJ� WR�����

7�U�/%'� LQGXFHV� D� FRQIRUPDWLRQDO� FKDQJH� VLPLODU� WR� WKDW� RI� DQ� DJRQLVW� ZLWKRXW� DIIHFWLQJ�����

DJRQLVW�ELQGLQJ��$V�GHVFULEHG�DERYH��WKH�&O±�ELQGLQJ�VLWH�LV�OLNHO\�FRQVHUYHG�DPRQJ�7�U��LQ�����

YDULRXV� VSHFLHV�� VXFK� DV� WKRVH� LQ�PDPPDOV�� 7KHUHIRUH�� ZH� DQDO\]HG� VLQJOH� ILEHU� UHVSRQVHV�����

IURP� PRXVH� FKRUGD� W\PSDQL� QHUYH� WR� LQYHVWLJDWH� WKH� SK\VLRORJLFDO� HIIHFW� RI� &O±� RQ� WDVWH�����
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VHQVDWLRQ��:KLOH� FRQYHQWLRQDO� FHOO�EDVHG� UHFHSWRU� DVVD\� V\VWHPV� DUH� DIIHFWHG�E\� FKDQJHV� LQ�����

H[WUDFHOOXODU� LRQLF�FRPSRQHQWV�� WKH�DSSOLFDWLRQ�RI�YDULRXV�VROXWLRQV� WR� WKH� WDVWH�SRUH�VLGH�RI�����

WKH�WDVWH�EXGV�SURMHFWHG�WR�WDVWH�QHUYH�V\VWHPV��DUH�WUDQVGXFHG�H[FOXVLYHO\�DV�³WDVWH´�VLJQDOV������

ZLWKRXW� LQGXFLQJ� WKH�RWKHU� FHOOXODU� UHVSRQVHV�GHULYHG� IURP� WKH� LRQLF� FRPSRQHQW� FKDQJHV� LQ�����

WKH�VXUURXQGLQJ�HQYLURQPHQW������

:H� ILUVW� LGHQWLILHG� QHUYH� ILEHUV� WKDW� FRQQHFW� WR� 7�U�H[SUHVVLQJ� WDVWH� FHOOV� LQ�����

ZLOG�W\SH� �:7��PLFH�� L�H��� WKDW� UHFHLYH� WDVWH� LQIRUPDWLRQ� IURP�FHOOV� OLNHO\�SRVVHVVLQJ� VZHHW�����

�7�U��7�U���DQG�XPDPL��7�U��7�U���UHFHSWRUV��<DVXPDWVX et al���������7KH�LGHQWLILFDWLRQ�ZDV�����

HYLGHQFHG�E\�UHVSRQVHV�WR�7�U�DJRQLVWV��VXFK�DV�VXJDUV�DQG�DPLQR�DFLGV��ZKLFK�ZHUH�LQKLELWHG�����

E\� JXUPDULQ� �*XU��� D� 7�U�VSHFLILF� EORFNHU� �'DO\ et al�� ������ 0DUJROVNHH et al�� ����������

1LQRPL\D�	�,PRWR��������1LQRPL\D et al���������7KHQ��ZH�H[DPLQHG�WKH�UHVSRQVHV�WR�&Oí�LQ�����

WKHVH� ILEHUV�� 5HPDUNDEO\�� WKH� ILEHUV� DOVR� H[KLELWHG� UHVSRQVHV� LQGXFHG� E\� &O±�� ZKLFK� ZDV�����

DSSOLHG�DV�D�IRUP�RI�10'*�&O�GHYRLG�RI�WKH�NQRZQ�VDOW\�WDVWH�VWLPXODQW��VRGLXP�LRQ��)LJXUH�����

�$���&O±�LQGXFHG�LPSXOVH�IUHTXHQFLHV�IURP�WKH�QHUYHV�LQFUHDVHG�LQ�D�FRQFHQWUDWLRQ�GHSHQGHQW�����

PDQQHU��)LJXUH��%���7KH�UHVSRQVHV�WR�10'*�&O��1D&O��DQG�.&O�DW�WKH�VDPH�FRQFHQWUDWLRQV�����

GLG� QRW� GLIIHU� VLJQLILFDQWO\� �UHSHDWHG� PHDVXUHV� DQDO\VLV� RI� YDULDQFH� >$129$@�� P� !� �����������

ZKHUHDV� UHVSRQVHV� WR�10'*�JOXFRQDWH�ZHUH� VLJQLILFDQWO\� VPDOOHU� WKDQ� WKRVH� WR�10'*�&O�����

�UHSHDWHG�PHDVXUHV�$129$��F�������� ��������P����������DQG�GLG�QRW�LQGXFH�H[SOLFLW�UHVSRQVHV�����

XS�WR����P0��7KHVH�UHVXOWV�FRQILUPHG�WKDW�WKH�REVHUYHG�UHVSRQVHV�ZHUH�DWWULEXWHG�WR�&O±��$OO�����

UHVSRQVHV� WR�&O±�� UHJDUGOHVV� RI� WKH� W\SH� RI� FRXQWHU� FDWLRQV��ZHUH� VLJQLILFDQWO\� GHFUHDVHG�E\�����

OLQJXDO�WUHDWPHQW�ZLWK�*XU��)LJXUH��%��UHSHDWHG�PHDVXUHV�$129$��F�������� ��������P�������������

IRU�10'*�&O��F�������� ��������P���������IRU�1D&O��DQG�F�������� ��������P���������IRU�.&O�������

)XUWKHUPRUH�� UHVSRQVHV� WR�&Oí� LQ�7�U��.2�PLFH�ZHUH� VLJQLILFDQWO\� ORZHU� WKDQ� WKRVH� LQ�:7�����

PLFH��UHSHDWHG�PHDVXUHV�$129$��F�������� ��������P����������)LJXUH��&���7KH�UHVXOWV�LQGLFDWH�����

WKDW� WKH� REVHUYHG� &O±�GHSHQGHQW� UHVSRQVHV� ZHUH� PHGLDWHG� E\� 7�U�� 1RWDEO\�� WKH� &O±����
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�FRQFHQWUDWLRQ� UDQJH� WKDW� LQGXFHG� QHUYH� UHVSRQVHV� ZDV� ORZHU� ��� a��� P0�� WKDQ� WKDW� IRU�����

1D��GHWHFWLRQ�E\�(1D&�ZKHQ�DSSOLHG�DV� WKH�1D&O�IRUP����a���P0� �&KDQGUDVKHNDU et al.������

������ EXW� LV� FRQVLVWHQW� ZLWK� WKRVH� IRU� &O±�ELQGLQJ� DQG� &O±�LQGXFHG� FRQIRUPDWLRQDO� FKDQJH�����

REVHUYHG�RQ�7�U�D�7�U�/%'��7DEOH�����7KHVH�UHVXOWV�VXJJHVW�WKDW�D�ORZ�&O±�FRQFHQWUDWLRQ�LV�����

VHQVRULO\� GHWHFWHG� YLD� 7�U� LQ� WDVWH� EXGV�� $OWKRXJK� WKH� UHVSRQVHV� LQGXFHG� E\� NQRZQ� WDVWH�����

VXEVWDQFHV�IRU�7�UV��VXFK�DV�VXJDUV�DQG�DPLQR�DFLGV��UDQJH�IURP�WHQV�WR�KXQGUHGV�RI�LPSXOVH�����

IUHTXHQFLHV�SHU����V� �<DVXPDWVX et al.��������� WKH�PD[LPXP�UHVSRQVH� OHYHO� LQGXFHG�E\�&Oí�����

ZDV�ORZ��a���SHU����V��)LJXUH��%���$FFRUGLQJ�WR�RXU�REVHUYDWLRQV��&O±�OLNHO\�SURGXFHV�D�³OLJKW´�����

WDVWH�VHQVDWLRQ�FRPSDUHG�ZLWK�RWKHU�NQRZQ�WDVWH�VXEVWDQFHV������

1H[W��WR�H[DPLQH�WKH�SK\VLRORJLFDO�LQWHUDFWLRQ�EHWZHHQ�D�FDQRQLFDO�WDVWH�VXEVWDQFH�����

IRU�PRXVH�7�U� DQG�&O±��ZH� UHFRUGHG� UHVSRQVHV� WR� ���P0�/�JOXWDPLQH� RU� ����P0� VXFURVH�����

IURP� 7�U��7�U��� DQG� 7�U��7�U��H[SUHVVLQJ� FHOOV�� UHVSHFWLYHO\�� ZLWK� RU� ZLWKRXW� 10'*�&O�����

IURP� WKH� VDPH� 7�U�FRQQHFWLQJ� VLQJOH� ILEHUV� �)LJXUH� �$��� 7KH� FRQFHQWUDWLRQV� IRU� WKH� WDVWH�����

VXEVWDQFHV�ZHUH�VHW�WR�LQGXFH�UHVSRQVHV�JUHDWHU�WKDQ�WKH�EDVHOLQH�EXW�OHVV�WKDQ�PD[LPXP��$V�����

VKRZQ�LQ�)LJXUH��'��WKH�UHVSRQVH�WR�/�JOXWDPLQH�RU�VXFURVH�LQFUHDVHG�VLJQLILFDQWO\�E\�DGGLQJ�����

���P0�10'*�&O��SDLUHG�t�WHVW��t�� �������p  �������IRU�/�JOXWDPLQH�DQG�t�� �������p  �����������

IRU�VXFURVH���:H�FRQILUPHG�WKDW�WKHVH�UHVSRQVHV�KDG�EHHQ�VXSSUHVVHG�E\�D�OLQJXDO�WUHDWPHQW�RI�����

*XU�LQ�WKH�SUHVHQFH��t�� �������p  �������IRU�/�JOXWDPLQH�DQG�t�� �������p  �������IRU�VXFURVH������

RU� DEVHQFH� �t�� �������p  ������� IRU�/�JOXWDPLQH�DQG� t�� ��������p  ������� IRU� VXFURVH��RI�����

10'*�&O�WR�D�VLPLODU�H[WHQW�DQG�D�VLPLODU�OHYHO�WR�WKH�UHVSRQVHV�LQ�7�U��.2�PLFH��0RUHRYHU������

WKH�UHVSRQVHV�WR�WKH�PL[WXUHV�GLG�QRW�GLIIHU�VLJQLILFDQWO\�IURP�WKH�VXPPDWLRQ�RI�WKH�UHVSRQVHV�����

WR�HDFK�VROXWLRQ��t�� �������p  �������IRU�/�JOXWDPLQH�DQG�t�� �������p  �������IRU�VXFURVH�������

7KH�UHVXOWV�VXJJHVW�WKDW�WKH�VLPXOWDQHRXV�ELQGLQJ�RI�&Oí�DQG�D�FDQRQLFDO�WDVWH�VXEVWDQFH��VXFK�����

DV�DPLQR�DFLGV�DQG�VXJDUV��WR�7�U�GR�QRW�FDXVH�V\QHUJLVWLF�UHVSRQVHV������

)LQDOO\�� ZH� DGGUHVVHG� ZKHWKHU� 7�U�PHGLDWHG� &O±� UHVSRQVHV� REVHUYHG� LQ� WKH� WDVWH�����
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QHUYHV�LQYROYH�WDVWH�SHUFHSWLRQ��7KXV�IDU��PRVW�UHSRUWHG�EHKDYLRUDO�DVVD\V�IRU�H[DPLQLQJ�WKH�����

JXVWDWRU\�GHWHFWLRQ�RI�1D&O�ZHUH�SHUIRUPHG�ZLWK�FRQFHQWUDWLRQV�DERYH�a���P0��ZKLFK�FDQ�����

LQGXFH�(1D&�PHGLDWHG�UHVSRQVHV��1HYHUWKHOHVV��D�IHZ�UHSRUWV�KDYH�VKRZQ�WKDW�1D&O�VROXWLRQ�����

LQGXFHG�KLJKHU� FRQVXPSWLRQ� UHODWLYH� WR�ZDWHU� HYHQ�EHORZ����P0�FRQFHQWUDWLRQ� �'\U et al������

������ 6WHZDUW et al�� ������� ZKLFK� LV� EHORZ� WKH� UDQJH� LQGXFLQJ� (1D&�PHGLDWHG� UHVSRQVHV�����

�&KDQGUDVKHNDU et al.�� ������ EXW� ZLWKLQ� ZKDW� ZH� REVHUYHG� LQ� WKH� &O±�LQGXFHG� WDVWH� QHUYH�����

UHVSRQVHV� YLD� 7�U�� )RU� YHULILFDWLRQ�� ZH� SHUIRUPHG� D� PRXVH� WZR�ERWWOH� FKRLFH� WHVW� XVLQJ�����

10'*�&O�VROXWLRQ�DQG�DQDO\]HG�WKH�SUHIHUHQFH�UHODWLYH�WR�ZDWHU��7KH�PRXVH�SUHIHUUHG�ZDWHU�����

FRQWDLQLQJ����P0�10'*�&O��ZKLFK�ZDV�DEROLVKHG�E\�WKH�DSSOLFDWLRQ�RI�*XU��)LJXUH��(���)�������

7KHVH� UHVXOWV� VXJJHVW� WKDW� &O±� LV� SUHIHUDEO\� SHUFHLYHG� WKURXJK� WDVWH� VLJQDO� WUDQVGXFWLRQ�����

PHGLDWHG�E\�7�U������

�����

'LVFXVVLRQ�����

,Q�WKLV�VWXG\��&O±�LV�IRXQG�WR�VSHFLILFDOO\�LQWHUDFW�ZLWK�WKH�/%'�LQ�7�U���D�FRPPRQ�FRPSRQHQW�����

RI� VZHHW� DQG�XPDPL� WDVWH� UHFHSWRUV�� DQG� LQGXFHV� D� FRQIRUPDWLRQDO� FKDQJH� LQ� WKH� UHFHSWRU¶V�����

/%'� UHJLRQ��7KH�&O±� ELQGLQJ� WR�7�U� LQ� WDVWH� FHOOV� LV� OLNHO\� IXUWKHU� WUDQVPLWWHG� WR� WKH� VZHHW�����

WDVWH� QHUYRXV� V\VWHP�� UHVXOWLQJ� LQ� D� OLJKW� \HW� SUHIHUDEOH� WDVWH� VHQVDWLRQ�� 6LQFH� 7�UV� DUH�����

FRQVHUYHG� DFURVV� YHUWHEUDWHV� DQG� WKH� &O±�ELQGLQJ� VLWH� LV� OLNHO\� FRQVHUYHG� DPRQJ� 7�U�� LQ�����

YDULRXV�RUJDQLVPV��7�U�PHGLDWHG�&O±�UHVSRQVHV�PLJKW�EH�FRPPRQ�LQ�PDQ\�DQLPDOV��VXFK�DV�����

KXPDQV�� (YLGHQWO\�� WKH� FRQFHQWUDWLRQ� UDQJH� IRU� WKH� &O±�LQGXFHG� FRQIRUPDWLRQDO� FKDQJH� RI�����

PHGDND�7�U�D�7�U�/%'�DQG�LQFUHDVH�LQ�PXULQH�VZHHW�QHUYH�LPSXOVHV�REVHUYHG�LQ�WKLV�VWXG\�����

�L�H��� �� a��� P0�� DJUHHV� ZLWK� WKH� 1D&O� FRQFHQWUDWLRQ� SHUFHLYHG� DV� ³VZHHW´� E\� KXPDQV�����

�%DUWRVKXN et al.��������%DUWRVKXN et al.��������&DUGHOOR���������)LJXUH�����$GGLWLRQDOO\��WKH�����

VZHHW� VHQVDWLRQ� LQGXFHG� E\� 1D&O� ZDV� UHSRUWHGO\� VXSSUHVVHG� E\� WRSLFDO� DSSOLFDWLRQ� RI�����

Gymnema sylvestre��%DUWRVKXN et al.���������FRQWDLQLQJ�*\PQHPLF�DFLGV��ZKLFK�DUH�VSHFLILF�����
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LQKLELWRUV�RI� KXPDQ� VZHHW� WDVWH� UHFHSWRU�7�U��7�U�� �6DQHPDWVX et al�� �������2YHUDOO�� WKHVH�����

UHVXOWV� DJUHH�ZLWK� WKH� LQYROYHPHQW� RI� 7�UV� LQ� WKH�&O±�WDVWH� GHWHFWLRQ�� 7KHVH� ILQGLQJV� DJUHH�����

ZLWK� DQ� HDUOLHU� K\SRWKHVLV� E\� %DUWRVKXN� DQG� FROOHDJXHV� WKDW� GLOXWH� 1D&O� FRQWDLQV� D� VZHHW�����

VWLPXOXV�WKDW�LQWHUDFWV�ZLWK�WKH�VDPH�UHFHSWRU�PROHFXOHV�DV�VXFURVH��%DUWRVKXN et al.�������������

7KH� UHSRUWHG� ³VZHHW´� VHQVDWLRQ� E\� ORZ�1D&O� FRQFHQWUDWLRQ� IDGHG� RXW� DW� WKH� FRQFHQWUDWLRQV�����

GHWHFWHG�DV�³VDOW\´��%DUWRVKXN et al.��������%DUWRVKXN et al.��������&DUGHOOR��������� WKHUHE\�����

DJUHHLQJ�ZLWK�WKH�IDFW�WKDW�ZH�PLJKW�EH�XQDZDUH�WKDW�WDEOH�VDOW�LV�VZHHW�DW�VXFK�FRQFHQWUDWLRQV������

7KH� SKHQRPHQRQ� FRXOG� EH� H[SODLQHG� E\� ³PL[WXUH� VXSSUHVVLRQ´ �%DUWRVKXN�� ������.HDVW�	�����

%UHVOLQ��������6WHYHQV���������VXFK�WKDW�D�OLJKW�VZHHW�VHQVDWLRQ�LV�PDVNHG�E\�DQ�LQWHQVH�VDOW\�����

VHQVDWLRQ�LQ�D�KLJKHU�FRQFHQWUDWLRQ�UDQJH�RI�1D&O������

7KH�&O±�SHUFHSWLRQ�DW�ORZ�VDOW�FRQFHQWUDWLRQV�IRXQG�LQ�WKLV�VWXG\�LV�DFKLHYHG�YLD�WKH�����

7�UV�PHGLDWLQJ� WDVWH� V\VWHP�� ZKLFK� WUDQVGXFHV� LQIRUPDWLRQ� DV� D� SUHIHUUHG� WDVWH� E\� QDWXUH������

6LQFH�&O±� LV�DOVR�D�FRPSRQHQW�RI� WDEOH�VDOW�� WKLV�V\VWHP�PLJKW�VHUYH�DV�DQRWKHU�SDWKZD\�IRU�����

SUHIHUUHG� VDOW� SHUFHSWLRQ� SURPRWLQJ� LQWDNH� DORQJ�ZLWK� WKH� SDWKZD\� IRU�1D�� SHUFHSWLRQ� DV� D�����

SUHIHUUHG� WDVWH� YLD� WDVWH� FHOOV� WKDW� H[SUHVV� WKH� 1D�� UHFHSWRU� (1D&� DQG� D� SXULQHUJLF�����

QHXURWUDQVPLVVLRQ�FKDQQHO�&$/+0���� �1RPXUD et al��������� ,Q�FRQWUDVW�� WKH�7�U�PHGLDWHG�����

&O±�VHQVLQJ�REVHUYHG�LQ�WKLV�VWXG\�VKRZV�VHYHUDO�GLIIHUHQW�SURSHUWLHV�IURP�WKRVH�RI�FHOOV�RU�WKH�����

PROHFXOHV� UHSRUWHGO\� H[KLELWLQJ� DQLRQ�VHQVLWLYH�1D��GHWHFWLRQ�RU�&O±� GHWHFWLRQ� LQ� WDVWH� EXGV�����

WKXV�IDU��6SHFLILFDOO\��WKH�DQLRQ�VHQVLWLYH�1D��UHVSRQGLQJ�WDVWH�FHOOV�UHSRUWHG�E\�/HZDQGRZVNL�����

et al.�DUH�W\SH���FHOOV��ZKLFK�LQFOXGH�VRXU��EXW�QRW�VZHHW�UHVSRQGLQJ�FHOOV �/HZDQGRZVNL et al.������

�������7KH�&O±�GHWHFWLRQ�SDWKZD\� UHSRUWHG�E\�5RHEEHU�et al.�ZDV� REVHUYHG� LQ� W\SH��� FHOOV������

ZKLFK� LQFOXGH� ERWK� VZHHW�� DQG� ELWWHU�UHVSRQGLQJ� FHOOV�� EXW� ZDV� LQKLELWHG� E\� D� EORFNHU� RI�����

SKRVSKROLSDVH�&��ZKLFK�PHGLDWHV� VZHHW�� DQG� ELWWHU�VLJQDOLQJ� GRZQVWUHDP� RI�7�U� DQG� ELWWHU�����

UHFHSWRUV �5RHEEHU et al.���������7KH�&O±�UHVSRQVHV�PHGLDWHG�E\�70&��ZHUH�REVHUYHG�LQ�WKH�����

JORVVRSKDU\QJHDO�QHUYH�EXW�QRW�LQ�WKH�FKRUGD�W\PSDQL�QHUYH�ZKHUHLQ�7�U�PHGLDWHG�UHVSRQVHV�����
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ZHUH�REVHUYHG �.DVDKDUD et al.���������1RWDEO\�� UHVSRQVHV�E\� WKHVH� UHSRUWHG�SDWKZD\V�ZHUH�����

WHVWHG� E\�PXFK� KLJKHU� FRQFHQWUDWLRQV� RI�1D&O�� W\SLFDOO\� LQ� WKH� VHYHUDO� KXQGUHG�P0� UDQJH ����

�.DVDKDUD et al.��������/HZDQGRZVNL et al.��������5RHEEHU et al.��������� WKDQ�WKRVH�XVHG�LQ�����

WKLV� VWXG\��7KHVH� UHVXOWV� LPSO\� WKDW� WKHUH�PD\� EH�PXOWLSOH� GLVWLQFW� FRQFHQWUDWLRQ�GHSHQGHQW�����

SDWKZD\V�IRU�&O±�GHWHFWLRQ�LQ�WDVWH�EXGV��*LYHQ�WKDW�KLJK�1D&O�FRQFHQWUDWLRQ�LV�WUDQVGXFHG�DV�����

DQ�DYHUVLYH�WDVWH�WKURXJK�ELWWHU�DQG�VRXU�WDVWH�FHOOV��2ND et al.���������WKH�UHOHYDQFH�EHWZHHQ�����

WKH�UHSRUWHG�KLJK�&O±�UHVSRQVLYH�SDWKZD\V�DQG�KLJK�1D&O�UHVSRQVHV�E\�ELWWHU�DQG�VRXU�FHOOV�LV�����

RI�LQWHUHVW��DV�SRLQWHG�RXW�E\�WKH�SUHYLRXV�VWXGLHV��DQG�ZLOO�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ������

6DOW�WDVWH�VHQVDWLRQ�DQG�QDWULXUHVLV�DUH�FULWLFDO�SK\VLRORJLFDO�SURFHVVHV�WKDW�UHJXODWH�����

VRGLXP�LQWDNH�DQG�H[FUHWLRQ�WR�PDLQWDLQ�ERG\�IOXLG�KRPHRVWDVLV��,QWULJXLQJO\��ERWK�SURFHVVHV�����

ZHUH�IRXQG�WR�XVH�WKH�FRXQWHU�DQLRQ�&Oí�WR�UHJXODWH�WKH�PROHFXODU�IXQFWLRQV�RI�WKH�UHFHSWRUV������

7�UV�DQG�$135V��ZKLFK�VKDUH�D�VLPLODU�H[WUDFHOOXODU�SURWHLQ�DUFKLWHFWXUH�ZLWK�D�FRQVHUYHG�&O±����

�ELQGLQJ�VLWH��,Q�WKH�FDVH�RI�$135��P*OX5V��DQG�&D65��SRVLWLYH�DOORVWHULF�PRGXODWLRQV�E\�&O±�����

IRU� DJRQLVW� ELQGLQJ� KDYH� EHHQ� REVHUYHG�� ZLWK� VRPH� YDULDWLRQV� LQ� WKH� H[WHQW� RI� WKH�����

HQKDQFHPHQW��(ULNVHQ�	�7KRPVHQ��������.XDQJ�	�+DPSVRQ��������/LX et al.��������7RUD et ����

al.��������7RUD et al.���������:KHWKHU�WKH�&O±�DFWLRQV�RQ�7�UV�RI�RWKHU�VXEW\SHV�RU�IURP�RWKHU�����

RUJDQLVPV�KDYH�VRPH�YDULDQFH�LV�\HW�WR�EH�H[DPLQHG������

�����

0DWHULDOV�DQG�PHWKRGV�����

&U\VWDOORJUDSK\�����

$OO� SURWHLQ� VDPSOHV� XVHG� IRU� VWUXFWXUDO� DQG� IXQFWLRQDO� DQDO\VHV� ZHUH� SUHSDUHG� XVLQJ�����

'URVRSKLOD� 6�� FHOOV� �,QYLWURJHQ�� RU� KLJK�H[SUHVVLRQ� FORQHV� IRU� HDFK� SURWHLQ� VDPSOH�����

HVWDEOLVKHG�IURP�6��FHOOV�LQ�SUHYLRXV�VWXGLHV �1XHPNHW et al.��������<DPDVKLWD et al�������������

1R�DXWKHQWLFDWLRQ�RU�WHVW�IRU�P\FRSODVPD�FRQWDPLQDWLRQ�ZDV�SHUIRUPHG������

7KH�/�JOXWDPLQH�ERXQG�7�U�D�7�U�/%'�FU\VWDOV��LQ�FRPSOH[�ZLWK�D�FU\VWDOOL]DWLRQ�����
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FKDSHURQH� )DE��$�� ZHUH� SUHSDUHG� LQ� WKH� SUHVHQFH� RI� 1D&O� DV� GHVFULEHG� �1XHPNHW et al.������

�������)RU�WKH�SUHSDUDWLRQ�RI�WKH�%U±�VXEVWLWXWHG�FU\VWDOV��WKH�REWDLQHG�FU\VWDOV�ZHUH�VRDNHG�LQ�����

D�PRWKHU�OLTXRU�FRQVLVWLQJ�RI�����P0�0(6�7ULV��S+���������P0�1D%U������3(*�������������

3(*����� �� P0� /�JOXWDPLQH�� �� P0� &D&O��� FU\RSURWHFWHG� E\� JUDGXDOO\� LQFUHDVLQJ� WKH�����

FRQFHQWUDWLRQ�RI�JO\FHURO�WR������LQFXEDWHG�IRU���KRXUV��DQG�IODVK�IUR]HQ������

� 7KH�;�UD\�GLIIUDFWLRQ�GDWD�ZHUH�FROOHFWHG�DW�WKH�63ULQJ���EHDPOLQH�%/��;8�XVLQJ�����

D� 3,/$786�0� GHWHFWRU� �'(&75,6�� DW� ZDYHOHQJWK� ������� c� RU� DW� WKH� 3KRWRQ� )DFWRU\�����

EHDPOLQH�%/��$�XVLQJ�DQ�(,*(5�;�0�GHWHFWRU��'(&75,6��DW�ZDYHOHQJWK�����c��7KH�GDWD�����

ZHUH�SURFHVVHG�ZLWK�;'6��.DEVFK�������� �)LJXUH��²ILJXUH�VXSSOHPHQW�����7KH�SKDVHV� IRU�����

DQRPDORXV� GLIIHUHQFH� )RXULHU� PDS� FDOFXODWLRQ� ZHUH� REWDLQHG� E\� PROHFXODU� UHSODFHPHQW�����

PHWKRGV�ZLWK�WKH�SURJUDP�3+$6(5��0F&R\ et al���������XVLQJ�WKH�VWUXFWXUHV�RI�D�VLQJOH�XQLW�����

RI� WKH� PI7�U�D��/%'�)DE��$� FRPSOH[� �3'%� ,'�� �;�0�� OLJDQGV� DQG� ZDWHU� PRGHOV� ZHUH�����

UHPRYHG���1XHPNHW et al.��������DV�WKH�VHDUFK�PRGHO��WKH�R�RIUHH�RI�WKH�PRGHO�IRU�WKH�%U±�GDWD�����

FROOHFWHG�DW��������c���������������WKH�&O±�GDWD�FROOHFWHG�DW�����c��������������������

�����

'LIIHUHQWLDO�VFDQQLQJ�IOXRULPHWU\��'6)������

'LIIHUHQWLDO� VFDQQLQJ� IOXRULPHWU\� ZDV� SHUIRUPHG� DV� SUHYLRXVO\� GHVFULEHG� �<RVKLGD et al.������

�������7KH�SXULILHG�PI7�5�D��/%'�KHWHURGLPHU�SURWHLQ�ZDV�SUHSDUHG��1DQJR et al.������������

DQG�GLDO\]HG�ZLWK�EXIIHU�$�����P0�+(3(6�1D2+������P0�VRGLXP�JOXFRQDWH��S+������ WR�����

UHPRYH�&O±�����J�RI�WKH�GLDO\]HG�SURWHLQ�VDPSOH�ZDV�PL[HG�ZLWK�3URWHLQ�7KHUPDO�6KLIW�'\H�����

�$SSOLHG�%LRV\VWHPV��DQG�������±����P0�1D&O�LQ����ȝ/�RI�EXIIHU�$��7KH�PL[WXUH�VROXWLRQV�����

ZHUH�WKHQ�ORDGHG�WR�D�0LFUR$PS5�)DVW�2SWLFDO����:HOO�5HDFWLRQ�3ODWH��$SSOLHG�%LRV\VWHPV�������

)OXRUHVFHQW� LQWHQVLWLHV� ZHUH� PHDVXUHG� E\� WKH� 6WHS2QH� 5HDO�7LPH� 3&5� 6\VWHP� �$SSOLHG�����

%LRV\VWHPV��ZKLOH�WKH�WHPSHUDWXUH�UDLVHG�IURP�����&�WR�����&�ZLWK�D�YHORFLW\�RI��������&�VHF������

)RU� GHWHFWLRQ�� WKH� UHSRUWHU� DQG� TXHQFKHU�ZHUH� VHW� DV� ³52;´� DQG� ³QRQH�´� UHVSHFWLYHO\��7KH�����
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DSSDUHQW� PHOWLQJ� WUDQVLWLRQ� WHPSHUDWXUH� �TP�� ZDV� GHWHUPLQHG� XVLQJ� WKH� PD[LPXP� RI� WKH�����

GHULYDWLYHV�RI� WKH�PHOW�FXUYH��G)OXRUHVFHQFH�G7��E\�3URWHLQ�7KHUPDO�6KLIW�6RIWZDUH�YHUVLRQ�����

�����$SSOLHG�%LRV\VWHPV���7KH�DSSDUHQW�GLVVRFLDWLRQ�FRQVWDQW��KG�DSS��IRU�&O±�GHULYHG�IURP�WKH�����

TP� YDOXHV� DW� GLIIHUHQW� 1D&O� FRQFHQWUDWLRQV� ZDV� HVWLPDWHG� XVLQJ� D� WKHUPRG\QDPLF� PRGHO�����

SURSRVHG�E\�6FKHOOPDQ� �6FKHOOPDQ�� ������ DV� GHVFULEHG� �<RVKLGD et al.�� �������7KH� VDPSOH�����

VL]HV� IRU� WKH� DQDO\VHV� E\�'6)�� DV�ZHOO� DV� )|UVWHU� UHVRQDQFH� HQHUJ\� WUDQVIHU� DQG� LVRWKHUPDO�����

WLWUDWLRQ� FDORULPHWU\� GHVFULEHG� EHORZ�� ZHUH� VHW� WR� REWDLQ� UHOLDEOH� YDOXHV� EDVHG� RQ� WKH�����

H[SHULHQFHV�LQ�WKH�SUHYLRXV�VWXGLHV �1DQJR et al.��������1XHPNHW et al.��������<RVKLGD et al.������

�����������

�����

)|UVWHU�UHVRQDQFH�HQHUJ\�WUDQVIHU��)5(7�� �����

)5(7�DQDO\VLV�ZDV�SHUIRUPHG�DV�GHVFULEHG�SUHYLRXVO\��1DQJR et al.��������1XHPNHW et al.������

�������7KH�:7�7�U�D/%'�&HUXOHDQ�DQG�7�U�/%'�9HQXV�IXVLRQ�KHWHURGLPHU�SURWHLQV�ZHUH�����

SUHSDUHG� DV� GHVFULEHG� �1XHPNHW et al.�� ������� )RU� WKH� PXWDQW� SURWHLQ� SUHSDUDWLRQ�� D�����

7�U��7���$�PXWDWLRQ�ZDV�LQWURGXFHG�LQWR�WKH�YHFWRU�S$F�PI7�U�D/�9H �1DQJR et al.������������

XVLQJ� SRO\PHUDVH� FKDLQ� UHDFWLRQ�� 7KH� PXWDQW� H[SUHVVLRQ� YHFWRU� ZDV� FR�LQWURGXFHG� ZLWK�����

S$F�PI7�U�D/�&H��1DQJR et al.��������WR�'URVRSKLOD�6��FHOOV�XVLQJ�3RO\HWK\OHQHLPLQH��3(,������

³0$;´��3RO\VFLHQFHV��DV�SUHYLRXVO\�GHVFULEHG��%OHFNPDQQ et al��������ZLWK�D�UDWLR�RI������J�����

S$F�PI7�U�D/�&H�� �����J� S$F�� PI7�U�D/�9H�7���$�� DQG� ����J� 3(,� WR� a�� î� ���� FHOOV������

3URWHLQ�H[SUHVVLRQ�DQG�SXULILFDWLRQ�ZHUH�FRQGXFWHG�VLPLODUO\�DV�IRU�WKH�:7�SURWHLQ������

)RU�WKH�&O±�WLWUDWLRQ��WKH�SXULILHG�SURWHLQ�VDPSOHV�ZHUH�GLDO\]HG�DJDLQVW�EXIIHU�$�LQ�����

WKH�SUHVHQFH�RI���P0�/�DODQLQH��$IWHUZDUG��WKH�VDPSOHV�ZHUH�GLOXWHG�ZLWK�EXIIHU�$�WR�UHGXFH�����

WKH� UHPDLQLQJ�/�DODQLQH� FRQFHQWUDWLRQ�EHORZ����0� ���a������RI�(&��� �1DQJR et al.�� ����������

1XHPNHW et al.����������DQG�WKHQ�LQFXEDWHG�LQ�WKH�SUHVHQFH�RI������±���P0�1D&O�RU���P0�����

/�JOXWDPLQH�LQ�EXIIHU�$�DW���&�RYHUQLJKW��)RU�/�JOXWDPLQH�WLWUDWLRQ�LQ�WKH�SUHVHQFH�RU�DEVHQFH�����
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RI�&O±��WKH�SURWHLQ�VROXWLRQ�ZDV�GLDO\]HG�ZLWK�EXIIHU�%�����P0�+(3(6�7ULV������P0�1D&O������

S+������RU�EXIIHU�&�����P0�+(3(6�7ULV������P0�VRGLXP�JOXFRQDWH��S+������LQ�WKH�SUHVHQFH�����

RI� �� P0� /�DODQLQH� WR� SUHSDUH� WKH� FRQGLWLRQV� ZLWK� RU� ZLWKRXW� &O±�� UHVSHFWLYHO\�� 7KHQ�� WKH�����

VDPSOHV� ZHUH� GLOXWHG� ZLWK� EXIIHU� %� RU� &� WR� UHGXFH� WKH� UHPDLQLQJ� /�DODQLQH� FRQFHQWUDWLRQ�����

EHORZ� �� �0� DQG� WKHQ� LQFXEDWHG� LQ� WKH� SUHVHQFH� RI� ����±����� �0� /�JOXWDPLQH� DW� ��&�����

RYHUQLJKW�� )OXRUHVFHQFH� VSHFWUD� ZHUH� UHFRUGHG� DW� ���� .� ZLWK� D� )OXRUR0D[������

VSHFWURIOXRURPHWHU��+RULED���7KH�VDPSOH�ZDV�H[FLWHG�DW�����QP��DQG�)5(7�ZDV�GHWHFWHG�YLD�����

WKH� HPLVVLRQ� DW� ���� QP�� 7KH� HPLVVLRQ� DW� ���� QP� ZDV� DOVR� UHFRUGHG� IRU� WKH� )5(7� LQGH[�����

FDOFXODWLRQ��7KH�)5(7�LQGH[��LQWHQVLW\�DW�����QP�LQWHQVLW\�DW�����QP��ZDV�SORWWHG�DJDLQVW�WKH�����

&O±�RU�/�JOXWDPLQH�FRQFHQWUDWLRQ��DQG�WKH�WLWUDWLRQ�FXUYHV�ZHUH�ILWWHG�WR�WKH�+LOO�HTXDWLRQ�XVLQJ�����

.DOHLGD*UDSK��6\QHUJ\�6RIWZDUH��RU�25,*,1��2ULJLQ/DE�������

�����

,VRWKHUPDO�WLWUDWLRQ�FDORULPHWU\�����

,Q� RUGHU� WR� SUHSDUH� WKH� FRQGLWLRQV� ZLWK� RU� ZLWKRXW� &O±�� WKH� SXULILHG� PI7�5�D��/%'�����

KHWHURGLPHU� SURWHLQ� ZDV� GLDO\]HG� ZLWK� EXIIHUV� %� RU� &�� UHVSHFWLYHO\�� 7KH� GLDO\]HG� SURWHLQ�����

VROXWLRQ��a����0��ZDV�WKHQ�ORDGHG�LQWR�WKH�VDPSOH�FHOO�LQ�L7&�����*(�+HDOWKFDUH��DIWHU�WKH�����

UHPRYDO�RI�LQVROXEOH�PDWHULDOV�E\�FHQWULIXJDWLRQ��������îg�����PLQ������.���7KH�WLWUDWLRQ�ZDV�����

SHUIRUPHG� E\� LQMHFWLQJ� �� �/� RI� ���� �0� /�JOXWDPLQH� DW� LQWHUYDOV� RI� ���� V� DW� ���� .�� 7KH�����

WKHUPRJUDPV�DQG� WKH�ELQGLQJ� LVRWKHUPV�ZHUH� DQDO\]HG�ZLWK�2ULJLQ� VRIWZDUH�� DVVXPLQJ�RQH�����

VHW�RI�ELQGLQJ�VLWHV�IRU�ILWWLQJ������

�����

)OXRUHVFHQFH�GHWHFWLRQ� VL]H�H[FOXVLRQ� FKURPDWRJUDSK\�EDVHG� WKHUPRVWDELOLW\� DVVD\�����

�)6(&�76������

$�7�U��7���$�PXWDWLRQ�ZDV�LQWURGXFHG�LQ�WKH�YHFWRU�S$FBPI7�U�/��<DPDVKLWD et al.������������

E\�3&5��7KH�PXWDQW�H[SUHVVLRQ�YHFWRU�ZDV�FR�LQWURGXFHG�ZLWK�S$FBPIW�U�D/��<DPDVKLWD et ����
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al.��������WR�'URVRSKLOD�6��FHOOV�WR�HVWDEOLVK�D�VWDEOH�KLJK�H[SUHVVLRQ�FORQH�FHOO�DV�SUHYLRXVO\�����

GHVFULEHG� �<DPDVKLWD et al.�� ������� 7KH� ZLOG�W\SH� 7�U�D�7�U�/%'� DQG� PXWDQW�����

7�U�D�7�U�����$�/%'�SURWHLQV�ZHUH�H[SUHVVHG�DQG�SXULILHG�DV�SUHYLRXVO\�GHVFULEHG��1DQJR ����

et al.�� ������ ZLWK� VHYHUDO� PRGLILFDWLRQV� DV� OLVWHG� EHORZ�� $IWHU� WKH� SURWHLQ� ELQGLQJ� WR�����

$17,�)/$*� 0�� DIILQLW\� JHO�� WKH� UHVLQ� ZDV� ZDVKHG� ZLWK� HLWKHU� EXIIHU� '� ���� P0�����

+(3(6�1D2+�� ���� 0� 1D&O�� �� P0� &D&O��� �� P0� /�*OQ�� S+� ����� RU� EXIIHU� (� ���� P0�����

+(3(6�1D2+������0�1D�JOXFRQDWH����P0�&D�JOXFRQDWH����P0�/�*OQ��S+�������7KHQ�� WKH�����

SURWHLQ�ZDV�HOXWHG�ZLWK������J�P/�)/$*�SHSWLGH�LQ�EXIIHU�'�RU�(������

� 7KH�SURWHLQ�VROXWLRQV������J�P/��LQ�EXIIHU�'�RU�(�ZHUH�LQFXEDWHG�DW����&������&������

��� �&�� ��� �&�� RU� ��� �&� DW� �� KRXUV�� 6XEVHTXHQWO\�� WKH� VDPSOHV� ZHUH� ORDGHG� RQ� DQ� 6(&�������

FROXPQ�����ௗc������î����ௗPP��$JLOHQW��FRQQHFWHG�WR�D�3URPLQHQFH�+3/&�V\VWHP��6KLPDG]X�������

XVLQJ�EXIIHU�'�RU�(�DV� D� UXQQLQJ�EXIIHU� DW� D� IORZ� UDWH�RI����ௗPOௗPLQí���7KH� HOXWLRQ�SURILOHV�����

ZHUH� GHWHFWHG� ZLWK� DQ� 5)���$� IOXRURPHWHU� �6KLPDG]X��� XVLQJ� H[FLWDWLRQ� DQG� HPLVVLRQ�����

ZDYHOHQJWKV�RI�����DQG����ௗQP�IRU�WKH�GHWHFWLRQ�RI�LQWULQVLF�WU\SWRSKDQ�IOXRUHVFHQFH������

� 7KH� UHVLGXDO� UDWLR� DIWHU� LQFXEDWLRQ� DW� HDFK� WHPSHUDWXUH� ZDV� HVWLPDWHG� XVLQJ� WKH�����

IOXRUHVFHQFH�LQWHQVLW\�DW�WKH�HOXWLRQ�SHDN��ZKLFK�FRUUHVSRQGHG�WR�WKH�7�U/%'�GLPHU��i.e.,�WKH�����

SHDN�KHLJKW�DW�a�����PLQ��7KH�YDOXHV�ZHUH�QRUPDOL]HG�WR�WKH�LQWHQVLW\�RI�WKH�VDPSOH�LQFXEDWHG�����

DW����&�DV����,Q�RUGHU�WR�HVWLPDWH�WKH�DSSDUHQW�PHOWLQJ�WHPSHUDWXUH��TP�DSS��RI�WKH�VDPSOH��WKH�����

YDOXHV� RI� UHVLGXDO� UDWLR� DW� HDFK� WHPSHUDWXUH� ZHUH� ILWWHG� WR� WKH� *LEEV�+HOPKROW]� HTXDWLRQ�����

WUDQVIRUPHG�DV�VKRZQ�EHORZ��DVVXPLQJ�WKDW�WKH�VDPSOH�SURWHLQ�LV�XQGHU�HTXLOLEULXP�EHWZHHQ�����

D�IROGLQJ�DQG�XQIROGLQJ�VWDWH�XQGHU�HDFK�FRQGLWLRQ�������

�݅ݐܽݎ�݈ܽݑ݀݅ݏܴ݁ ൌ �ͳ െ
ͳ

ͳ  ݔ݁ ൦െ
οܪ ൬ͳ  ܶ

ܶି
൰ െ οܥ ൜൫ ܶି െ �൯  ݈ܶ݊ ൬ ܶ

ܶି
൰ൠ

ܴܶ ൪
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ZKHUH�ǻH�DQG�ǻCS�DUH�WKH�HQWKDOS\�DQG�KHDW�FDSDFLW\�FKDQJH�RI�XQIROGLQJ��UHVSHFWLYHO\��T�LV�����

WKH�WHPSHUDWXUH�RI�WKH�VDPSOH�LQFXEDWLRQ��R�LV�WKH�JDV�FRQVWDQW��7KH�ILWWLQJV�ZHUH�SHUIRUPHG�����
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ZLWK�.DOHLGD*UDSK��6\QHUJ\�6RIWZDUH���ZLWK�ǻH��ǻCS��DQG�TP�DSS�DUH�VHW�DV�YDOXDEOHV������

�����

6LQJOH�ILEHU�UHFRUGLQJ�IURP�PRXVH�FKRUGD�W\PSDQL��&7��QHUYH�����

$OO�DQLPDO�H[SHULPHQWV�ZHUH�FRQGXFWHG�IROORZLQJ�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�*XLGH�IRU�����

WKH� &DUH� DQG� 8VH� RI� /DERUDWRU\� $QLPDOV� DQG� DSSURYHG� E\� WKH� FRPPLWWHH� IRU� /DERUDWRU\�����

$QLPDO� &DUH� DQG� 8VH� DQG� WKH� ORFDO� HWKLFV� FRPPLWWHH� DW� 7RN\R� 'HQWDO� &ROOHJH� �3HUPLW�����

1XPEHU�� �������� DQG� 2ND\DPD� 8QLYHUVLW\� �3HUPLW� 1XPEHU� 2.8���������� -DSDQ�� 7KH�����

VXEMHFWV�ZHUH�VL[�DGXOW�PDOH�&��%/��-&UM�PLFH��&KDUOHV�5LYHU�-DSDQ��7RN\R��-DSDQ��DQG�IRXU�����

7�U�*)3�.2� PLFH�� ZKLFK� ZHUH� REWDLQHG� E\� PDWLQJ� 7�U��*)3� �'DPDN et al�� ������ DQG�����

7�U��.2��'DPDN et al��������PLFH��0LFH�ZHUH�PDLQWDLQHG�RQ�D�������K�OLJKW�GDUN�F\FOH�DQG�����

IHG�VWDQGDUG�URGHQW�FKRZ�DQG��±���ZHHNV�RI�DJH�UDQJLQJ�LQ�ZHLJKW�IURP����J�WR����J������

7KH� PLFH� ZHUH� DQHVWKHWL]HG� ZLWK� DQ� LQMHFWLRQ� RI� FRPELQDWLRQ� DQHVWKHWLF� DJHQWV�����

FRQWDLQHG� PLGD]RODP� ����� P/�NJ�� 6DQGR]�� <DPDJDWD�� -DSDQ��� PHGHWRPLGLQH� ������ P/�NJ������

1LSSRQ�=HQ\DNX�.RJ\R�&R���)XNXVKLPD��-DSDQ���EXWRUSKDQRO�WDUWUDWH����P/�NJ��0HLML�6HLND�����

3KDUPD�� 7RN\R�� -DSDQ�� DQG� SK\VLRORJLF� VDOLQH� ������ P/�NJ��� DQG� PDLQWDLQHG� DW� D� VXUJLFDO�����

OHYHO� RI� DQDHVWKHVLD�� ZLWK� DGGLWLRQDO� LQMHFWLRQV� RI� VRGLXP� SHQWREDUELWDO� �1DNDUDL� 7HVTXH������

.\RWR�� -DSDQ�� �±���PJ�NJ� LS� HYHU\�KRXU���8QGHU� DQDHVWKHVLD�� HDFK�PRXVH�ZDV� IL[HG� LQ� WKH�����

VXSLQH� SRVLWLRQ� ZLWK� D� KHDG� KROGHU�� DQG� WKH� WUDFKHD� FDQQXODWHG�� 7KH� ULJKW� &7� QHUYH� ZDV�����

GLVVHFWHG��IUHH�IURP�VXUURXQGLQJ�WLVVXHV��DIWHU�WKH�UHPRYDO�RI�WKH�SWHU\JRLG�PXVFOH�DQG�FXW�DW�����

WKH�SRLQW�RI�LWV�HQWU\�WR�WKH�W\PSDQLF�EXOOD��$�VLQJOH�RU�D�IHZ�QHUYH�ILEHUV�ZHUH�WHDVHG�DSDUW�����

ZLWK�D�SDLU�RI�QHHGOHV�DQG�OLIWHG�RQWR�DQ�$J�$J&O�HOHFWURGH��DQG�DQ�LQGLIIHUHQW�HOHFWURGH�ZDV�����

SODFHG� LQ� QHDUE\� WLVVXH�� 7KHLU� QHXUDO� DFWLYLWLHV� ZHUH� DPSOLILHG� �.���� ,\RGHQVKLNDJDNX������

1DJR\D�� -DSDQ��DQG� UHFRUGHG�RQ�D�FRPSXWHU�XVLQJ�D�3RZHU/DE�V\VWHP� �3RZHU/DE�VS���$'�����

,QVWUXPHQWV�� %HOOD� 9LVWD�� 16:��$XVWUDOLD��� )RU� WDVWH� VWLPXODWLRQ� RI� IXQJLIRUP� SDSLOODH�� WKH�����

DQWHULRU�KDOI�RI�WKH�WRQJXH�ZDV�HQFORVHG�LQ�D�IORZ�FKDPEHU��7DVWH�VROXWLRQV�RU�ULQVHV��GLVWLOOHG�����
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ZDWHU���a����&��ZHUH�GHOLYHUHG�WR�WKH�WRQJXH�E\�JUDYLW\�IORZ�DW�WKH�VDPH�IORZ�UDWH��a����P/�����

Ví����)RU�GDWD�DQDO\VLV��ZH�XVHG�WKH�QHW�DYHUDJH�IUHTXHQF\�IRU����VHF�DIWHU�WKH�VWLPXOXV�RQVHW������

ZKLFK�ZDV�REWDLQHG�E\�VXEWUDFWLQJ�WKH�VSRQWDQHRXV�IUHTXHQF\�IRU�WKH����VHF�GXUDWLRQ�EHIRUH�����

VWLPXODWLRQ�IURP�DIWHU�VWLPXODWLRQ��,Q�WKH�LQLWLDO�VXUYH\�WR�LGHQWLI\�D�QHUYH�ILEHU�FRQQHFWLQJ�WR�����

7�U�H[SUHVVLQJ�FHOOV��WHVW�VWLPXOL�VXFK�DV�����P0�1D&O�����P0�+&O������P0�VXFURVH����������

P0� PRQRSRWDVVLXP� JOXWDPDWH�� ��� P0� TXLQLQH� +&O� ZHUH� VHSDUDWHO\� DSSOLHG�� ,I� WKH� ILEHU�����

UHVSRQGHG�WR�VXFURVH��ZH�DSSOLHG����ȝ0±����P0�10'*�&O��1D&O��.&O��RU�HLWKHU�RI����P0�����

/�JOXWDPLQH�RU�����P0�VXFURVH�ZLWK�RU�ZLWKRXW����P0�10'*�&O�WR�WKH�WRQJXH��7KH�FULWHULD�����

IRU�WKH�RFFXUUHQFH�RI�UHVSRQVH�ZHUH�WKH�IROORZLQJ��WKH�QXPEHU�RI�VSLNHV�ZDV�ODUJHU�WKDQ�WKH�����

PHDQ���WZR�VWDQGDUG�GHYLDWLRQV�RI�WKH�VSRQWDQHRXV�GLVFKDUJH�IRU�WKUHH����VHF�SHULRGV�EHIRUH�����

VWLPXODWLRQ�� DQG� DW� OHDVW� WKUHH� VSLNHV� ZHUH� HYRNHG� E\� WDVWH� VWLPXODWLRQ� �<DVXPDWVX et al.������

�������,Q�WKH�FDVH�RI�7�U�*)3�.2�PLFH��DV�WKH�PLFH�VKRZHG�D�VLJQLILFDQW�UHVSRQVH�WR�����0�����

VXFURVH�� ZH� FRXOG� LGHQWLI\� VZHHW�UHVSRQVLYH� ILEHUV� �LPSXOVH� IUHTXHQF\� RI� ����� �� ����� ����

�<DVXPDWVX et al.�� ������� 7KH� UHDJHQWV� XVHG� ZHUH� SXUFKDVHG� IURP� :DNR� 3XUH� &KHPLFDO�����

,QGXVWULHV��2VDND��-DSDQ��RWKHUV���7R�EORFN�UHVSRQVHV�YLD�7�U��'DO\ et al.��������0DUJROVNHH ����

et al.��������1LQRPL\D�	�,PRWR��������1LQRPL\D et al.���������HDFK�WRQJXH�ZDV�WUHDWHG�ZLWK�����

���ȝJ�POí���a��ȝ0��JXUPDULQ��*XU��GLVVROYHG�LQ���P0�SKRVSKDWH�EXIIHU��S+������IRU����PLQ������

VLPLODUO\� DV� GHVFULEHG� E\� 1LQRPL\D� 	� ,PRWR� �1LQRPL\D� 	� ,PRWR�� ������� 7R� DVVXUH� WKH�����

GHWHFWLRQ� RI� UHVSRQVHV� IURP� 7�U�H[SUHVVLQJ� FHOOV�� UHFRUGLQJV� IURP� *XU�LQVHQVLWLYH�����

VZHHW�UHVSRQVLYH�ILEHUV�ZHUH�GHILQHG�DV�WKRVH�UHWDLQLQJ�LPSXOVH�IUHTXHQFLHV�WR�����0�VXFURVH�����

PRUH�WKDQ�����DIWHU�WKH�*XU�WUHDWPHQW��1LQRPL\D et al.��������ZHUH�H[FOXGHG�IURP�WKH�GDWD������

7KH� QXPEHU� RI� *XU�VHQVLWLYH� DQG� *XU�LQVHQVLWLYH� ILEHUV� ZHUH� VL[� DQG� WKUHH�� UHVSHFWLYHO\������

DPRQJ� ���� 0� VXFURVH� UHVSRQGLQJ� ILEHUV�� 7KH� VXFURVH� DSSOLFDWLRQ� ZDV� UHSHDWHG� �±�� WLPHV�����

GXULQJ�WKH�UHFRUGLQJV��$GGLWLRQDOO\��WKH�UHFRYHU\�RI�WKH�VXSSUHVVHG�UHVSRQVHV�ZDV�FRQILUPHG�����

XVLQJ� ��� P0� ȕ�F\FORGH[WULQ�� ZKLFK� FRXOG� UHPRYH� WKH� HIIHFW� RI� *XU� IURP� WKH� WRQJXH�����
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�1LQRPL\D et al.�� ������� $OO� *XU�VHQVLWLYH� ILEHUV� UHFRYHUHG� XS� WR� ���±����� RI� UHVSRQVHV�����

EHIRUH�*XU��$W�WKH�HQG�RI�WKH�H[SHULPHQW��DQLPDOV�ZHUH�NLOOHG�E\�DGPLQLVWHULQJ�DQ�RYHUGRVH�RI�����

WKH� DQDHVWKHWLF�� 5HSHDWHG� PHDVXUHV� $129$� DQG� 6WXGHQW¶V� SDLUHG t�WHVW� ZHUH� XVHG� WR�����

VWDWLVWLFDOO\�HYDOXDWH�WKH�HIIHFWV�RI�FKHPLFDOV�RU�JHQH�GHOHWLRQ��7KH�VDPSOH�VL]H�ZDV�FDOFXODWHG�����

DFFRUGLQJ�WR�SRZHU�DQDO\VLV��WKHUHE\�UHVXOWLQJ�LQ�WKUHH�SHU�JURXS�GXH�WR�WKH�HIIHFW�VL]H��G��RI�����

�±����WR�GHWHFW�WKH�HIIHFWV�RI�EORFNLQJ�RU�GHOHWLQJ�7�U�������

�����

7ZR�ERWWOH�SUHIHUHQFH�WHVWV�����

$OO�WUDLQLQJ�DQG�WHVWLQJ�VHVVLRQV�RFFXUUHG�GXULQJ�WKH�OLJKW�SKDVH�RI�WKH�OLJKW�GDUN�F\FOH��2Q�WKH�����

ILUVW�GD\�RI�WUDLQLQJ��WKH�:7�PLFH��DGXOW�PDOH�&��%/��-&UM��ZHUH�ZDWHU�GHSULYHG�IRU����K�DQG�����

WKHQ� SODFHG� LQ� D� WHVW� ER[�ZLWK� WZR� ERWWOHV�� RQH� ILOOHG�ZLWK�ZDWHU� DQG� WKH� RWKHU� HPSW\�� 7KH�����

DPRXQW�RI�IOXLG�LQWDNH�ZDV�PHDVXUHG�DIWHU�D���PLQ�SUHVHQWDWLRQ��$IWHU���GD\V�RI�WUDLQLQJ��PLFH�����

ZHUH�XVHG�IRU� WHVW�VHVVLRQV�LI� WKH\�GUDQN�ZDWHU�HYHQO\�RQ�HLWKHU�VLGH��QLQH�PLFH��� ,Q�WKH�WHVW�����
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