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6HHG�SULPLQJ�LV�XVHG�DV�D�WHFKQLTXH�WR�HQKDQFH�VHHG�SHUIRUPDQFH��QRWDEO\�ZLWK�UHVSHFW�WR�UDWH�DQG�XQLIRUPLW\�RI�JHUPLQDWLRQ� �7D\ORU�HW�DO� ������ WKHUHE\� LPSURYH� VHHGOLQJ�VWDQG�DQG�HQDEOH�EHWWHU�FURS�HVWDEOLVKPHQW��-RE�HW�DO� �������7KH�VWUDWHJ\�RI�VHHG�SULPLQJ��LV�WR�SHUIRUP�D�FRQWUROOHG�ZDWHU�XSWDNH�E\�WKH�VHHGV�GXULQJ�WKH�UDSLG�ZDWHU�LPELELWLRQDO�SKDVH�DQG�XS�WR�WKH�HQG�RI�WKH�IROORZLQJ�ODJ�SHULRG��JHUPLQDWLRQ�6HQVX�VWULFWR� SKDVH��%HZOH\�������� ,W� DSSHDUV� OLNHO\� WKDW� SULPLQJ� HQKDQFHV� VHHG� SHUIRUPDQFH� E\� LQLWLDWLQJ� WKH� HDUO\�HYHQWV�RI�JHUPLQDWLRQ�XS�WR�EXW�VWLOO�EHORZ�WKH�WKUHVKROG�RI�FHOO�GLYLVLRQ��*XUXVLQJKH�HW�DO��������0HWDEROLF�FKDQJHV�WKDW�WDNH�SODFH�GXULQJ�SULPLQJ�DUH�QRW�HQRXJK�WR�LQGXFH�UDGLFOH�SURWUXVLRQ� �0F'RQDOG��������(QKDQFHPHQW� RI�JHUPLQDWLRQ�SHUFHQWDJHV�ZDV� DFKLHYHG� LQ�UHVSRQVH� WR� VHHG� SULPLQJ� LQ� VRPH� YHJHWDEOH� FURSV� �6X]XNL� DQG�.KDQ� ������ DQG� IORZHU�VSHFLHV��&DQWOLIIH��������7KH�UDWH�RI�JHUPLQDWLRQ��LQYHUVH�RI�WLPH�WR�JHUPLQDWH��DQG�LPSURYHPHQW�RI�VHHGOLQJ�VWDQGV�ZHUH�DOVR�DFFHOHUDWHG�DV�D�UHVXOW�RI�VHHG�SULPLQJ�LQ�WRPDWR��&RUELQHDX�HW�DO� �������SHSSHU��/HH�HW�DO� �������DV�ZHOO�DV�FDUURW��OHWWXFH��DQG�RQLRQV��-HRQJ�HW�DO� ����E���9DULDWLRQ�LQ�WKH� UHVXOWV� GHSHQGHG� RQ� WHPSHUDWXUH�� SULPLQJ� GXUDWLRQ�� FRQFHQWUDWLRQ� RI� WKH� SULPLQJ�FKHPLFDO��DQG�WKH�FURS�W\SH��-HRQJ�HW�DO� �����F	G���$Q�LPSRUWDQW�IDFWRU�LV�WR�GHWHUPLQH�KRZ�ORQJ�WKH�EHQHILWV�ODVW�GXULQJ�GU\�VWRUDJH�RI�VHHGV��IROORZLQJ�SULPLQJ��0F'RQDOGV��������+RZHYHU��WKH�JHQHUDO�UXOH�LQ�WKLV�FRQQHFWLRQ�LV�WKDW�SULPHG�VHHGV�VKRXOG�EH�FRQVLGHUHG�YLJRURXV�EXW�ZLWKRXW�SURORQJHG�VWRUDJH�SHULRGV��7KLV�UXOH�ZDV�REYLRXV�ZLWK�PDQ\�SODQWV�VXFK�DV�OHHN��0DXGH�HW�DO� �������SHSSHU��/DQWHUL�HW�DO�
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�������DQG�VZHHW�FRUQ��&KDQJ�	�6XQJ��������'UHZ�HW�DO���������GHPRQVWUDWHG�WKDW�ZKLOH�WKH� SHUFHQWDJH� JHUPLQDWLRQ� ZDV� QRW� DIIHFWHG� E\� GU\� VWRUDJH�� VHHGOLQJ� JURZWK� ZDV�DGYHUVHO\�DIIHFWHG�DQG�WKH�QXPEHU�RI�DEQRUPDO�VHHGOLQJV�LQFUHDVHG�ZLWK�VWRUDJH�GXUDWLRQ���7KH�RSSRUWXQLW\�WR�JDLQ�EHVW�UHVXOWV�ZLWK�VHHG�SULPLQJ�KDV�LQVSLUHG�LQYHVWLJDWLRQ�LQWR�WKH�SK\VLRORJLFDO�SULQFLSOHV�FRQWUROOLQJ�WKLV�SURFHVV��&RQVLGHUDEOH�HYLGHQFH�H[LVWV�WKDW�UHSDLU�RI� '1$�� 51$�� SURWHLQ�� PHPEUDQHV� DQG� HQ]\PHV� RFFXU� GXULQJ� LPELELWLRQ� �0F'RQDOGV�������� $Q� LQWHUHVWLQJ� SRLQW� LQ� WKLV� UHVSHFW� LV� WKH� SRVVLELOLW\� WKDW� SULPLQJ� LQFUHDVH� WKH�DFWLYLW\�RI�HQ]\PHV� WKDW�FRXQWHUDFW� WKH�HIIHFWV�RI� OLSLG�SHUR[LGDWLRQ��7KXV�� -HQJ�	�6XQJ��������IRXQG�WKDW�IUHH�UDGLFDO�VFDYHQJLQJ�HQ]\PHV�ZHUH�LQFUHDVHG�E\�LQFUHDVLQJ�K\GUDWLRQ�RI�SHDQXW�VHHGV��&KLX�HW�DO� �������DOVR�VKRZHG�WKDW�SULPLQJ�HQKDQFHG�PHPEUDQH�UHSDLU�LQ�ZDWHUPHORQ� VHHGV� FRXOG� EH� DVFULEHG� WR� HYRNHG� DFWLYLWLHV� RI� VHYHUDO� OLSLG� SHUR[LGH�VFDYHQJLQJ� HQ]\PHV�� $� VLPLODU� FRQFOXVLRQ�ZDV� DOVR� UHDFKHG� E\� &KDQJ�	� 6XQJ� �������ZLWK� VZHHW� FRUQ� VHHGV�� $QRWKHU� LPSRUWDQW� VXEMHFW� LV� WKH� SRVVLEOH� FHOO� GDPDJH�ZLWK� WKH�LQFUHDVH�LQ�WLPH�RI�GU\�VWRUDJH��IROORZLQJ�VHHG�SULPLQJ��'UHZ�HW�DO� �������2WKHU�VWXGLHV��KRZHYHU��VXJJHVW�WKDW�WKH�PD[LPXP�EHQHILFLDO�HIIHFWV�RI�SULPLQJ�DUH�DFKLHYHG�GXULQJ�WKH�GU\LQJ�SKDVH��ZKHQ�HQ]\PHV�DQG�DQWLR[LGDQWV�DUH�DIIRUGHG�VXIILFLHQW�WLPH�WR�DIIHFW�UHSDLU�DQG�SK\VLRORJLFDOO\�VWDELOL]H�WKH�VHHG��'HOO
�$TXLOD�	�7ULWWR��������� 7KXV�� WKH�SUHVHQW�ZRUN�LQWHQGHG�WR�DGMXVW�RSWLPXP�WUHDWPHQWV�IRU�SULPLQJ�RI�WRPDWR�VHHGV��$�FHQWUDO�REMHFWLYH�ZDV�WR�PDQLSXODWH�WKH�GXUDWLRQ�RI�WKH�SULPLQJ�WUHDWPHQW�DQG�GU\�VWRUDJH�LQ�RUGHU�WR�JDLQ�EHQHILWV�RI�PD[LPXP�JHUPLQDWLRQ�SRWHQWLDO�DV�ZHOO�DV�XQLIRUPLW\�DQG�VDWLVIDFWRU\�VHHGOLQJ�VWDQGV��7KH�DFWLYLW\�OHYHOV�RI�FDWDODVH�DQG�SHUR[LGDVH��DV�ZHOO�DV�SHUR[LGDVH� LVR]\PHV�ZHUH� VWXGLHG� WRJHWKHU�ZLWK� OLSLG� SHUR[LGDWLRQ� OHYHOV��7KLV� WULDO�� IRU�JDLQLQJ� IXUWKHU� UHILQHPHQW� RI� WKH� SK\VLRORJ\� SULPLQJ�� ZDV� DOVR� GHYRWHG� WR� GHWHUPLQH�FKDQJHV�LQ�HQGRJHQRXV�SRO\DPLQH�IUDFWLRQV��7R�RXU�NQRZOHGJH��VWXGLHV�LQ�WKLV�FRQQHFWLRQ�FRQFHUQLQJ�WKH�UROH�RI�SRO\DPLQHV��LI�DQ\��DUH�VFDQW\��
�0$7(5,$/6�$1'�0(7+2'6��6HHGV� RI� WRPDWR� �/\FRSHUVLFXP� HVFXOHQWXP� FY�� &DVWOH� 5RFN�� ZHUH� REWDLQHG� IURP� WKH�'HSDUWPHQW� RI� 9HJHWDEOH� &URS� 5HVHDUFK�� +RUWLFXOWXUDO� ,QVWLWXWH�� $JULFXOWXUH� 5HVHDUFK�&HQWHU��0LQLVWU\�RI�$JULFXOWXUH��*L]D��(J\SW���2Q� WKH� EDVHV� RI� SUHOLPLQDU\� H[SHULPHQWV�� ZH� VHOHFWHG� WZR� RVPRSULPLQJ� VROXWLRQV��3RO\HWK\OHQH� JO\FRO������ ������ DQG� .�+32� ����� P0��� EHVLGH� K\GURSULPLQJ� LQ� SXUH�ZDWHU��&RQVWDQW�QXPEHUV�RI�VHHGV�ZHUH�SULPHG�LQ�3HWUL�GLVKHV�����FP�G���RQ�ILOWHU�SDSHU��:KDWPDQ�1R������HDFK�FRQWDLQLQJ�D�FRQVWDQW�YROXPH�RI�WKH�SULPLQJ�VROXWLRQ����7R�DYRLG�IXQJDO�JURZWK�GXULQJ�WKH�SULPLQJ�SURFHVV��D�IXQJLFLGH�WRSVLQ���J���/��ZDV�DGGHG�WR�WKH�SULPLQJ�VROXWLRQV��7KH�3HWUL�GLVKHV�ZHUH�SODFHG�LQ�D�FRQWUROOHG�WHPSHUDWXUH�FDELQHW��JHUPLQDWRU��DW����& LQ�GDUNQHVV��6HHGV�ZHUH�OHIW�LQ�WKH�GLIIHUHQW�VROXWLRQV�IRU���KRXUV����GD\V��DQG���GD\V��GXULQJ�WKLV�SHULRG�JHUPLQDWLRQ�WRRN�SODFH�LQ�WKH�K\GURSULPHG�VHHGV���$W�WKH�HQG�RI�HDFK�SULPLQJ�SHULRG��WKH�VHHGV�ZHUH�ULQVHG�WKRURXJKO\�LQ�ZDWHU��VXUIDFH�GULHG�ZLWK�ILOWHU�SDSHU��WKHQ�GLYLGHG�LQWR�WZR�JURXSV����6HHGV�RI�WKH�ILUVW�JURXS�ZHUH�GLUHFWO\�VRZQ����VWRUDJH���ZKHUHE\�VHHGV�RI�WKH�VHFRQG�JURXS�ZHUH�VWRUHG�LQ�SDSHU�HQYHORSHV�DW�URRP�WHPSHUDWXUH�IRU�WZR�DQG�IRXU�ZHHNV��DQG�WKHQ�ZHUH�DIWHUZDUGV�SODQWHG��6RZLQJ�RI�WKH�DERYH�PHQWLRQHG�VHHGV�RI�ERWK�JURXSV�DQG�WKH�FRQWURO�VHHGV� �QRUPDO� GU\� ORW��ZDV� FDUULHG� RXW� LQ� D� JODVV� JUHHQ� KRXVH�� XVLQJ� VSHFLDO� WUD\V��ZLWK�S\UDPLGDO�VKDSHG� FHOOV�� 7KH� FHOOV� ZHUH� ILOOHG� ZLWK� HTXDO� DPRXQWV� RI� D� FRPPHUFLDO�WUDQVSODQWLQJ�PL[WXUH����SHDW�PRVV����YHUPLFXOLWH�Y�Y���DPHQGHG�ZLWK�PDFUR��DQG�PLFUR�QXWULHQWV�DQG�DGMXVWHG�WR�S+������)LIW\�VHHGV�UHSOLFDWHG�IRXU�WLPHV�ZHUH�SODQWHG��IRU�HDFK�WUHDWPHQW��6RZLQJ�ZDV�FDUULHG�RXW�VR�WKDW�HDFK�FHOO�RI�WKH�WUD\�KDG�RQH�LQWDFW�VHHG�FRYHUHG�ZLWK�����FP�RI�WKH�PL[WXUH��)HUWLOL]HU�VROXWLRQ�ZDV�DSSOLHG�ZLWK�LUULJDWLRQ�ZDWHU��7KH�WUD\V�
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ZHUH� FKHNHG� GDLO\�� DQG� QHZO\� HPHUJHG� SOXPXOHV� ZHUH� UHFRUGHG� XQWLO� WKLV� SURFHVV� ZDV�FRPSOHWHG��'DLO\�WHPSHUDWXUH�ZDV�UHFRUGHG��PD[LPXP�������& DQG�PLQLPXP��������&��GXULQJ�WKH�H[SHULPHQWDO�SHULRG��7KH� JHUPLQDWLRQ� UDWH� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� (GPRQG� DQG� 'UDSDOD� �������� DV� WKH�PHDQ�QXPEHU�RI�GD\V�UHTXLUHG�IRU�JHUPLQDWLRQ��$W�OHDVW����UDQGRPO\�FKRLFHG�WUDQVSODQWV�����GD\�ROG��� IURP� HDFK� WUHDWPHQW�� ZHUH� WDNHQ� IRU� PHDVXUHPHQWV� RI� GLIIHUHQW� JURZWK�FULWHULD��6WDWLVWLFDO�DQDO\VLV�ZDV�GRQH��XVLQJ�WKH�OHDVW�VLJQLILFDQW�GLIIHUHQFH��/�6�'���IURP�WKH� FRQWURO� �6QHGHFRU�	�&RFKUDQ��������'HWHUPLQDWLRQ�RI� SKRWRV\QWKHWLF�SLJPHQWV�ZDV�FDUULHG�RXW�LQ�WKH�\RXQJHVW�IXOO\�H[SDQGHG�OHDYHV�IURP�WKH�WRS��DFFRUGLQJ�WR�WKH�PHWKRG�RI�0HW]QHU�HW�DO� ���������$VVD\LQJ� WKH� DFWLYLWLHV� WKH� HQ]\PHV� FDWDODVH� DQG� SHUR[LGDVH�� GHWHFWLRQ� RI� SHUR[LGDVH�LVR]\PHV�� DQG�TXDQWLILFDWLRQ� RI� OLSLG� SHUR[LGDWLRQ�DQG�SRO\DPLQH� IUDFWLRQV�ZHUH�FDUULHG�RXW�LQ�H[WUDFWV�RI�WKH�SULPHG�DQG�QRQ�SULPHG�VHHGV�DV�IROORZV��&DWDODVH� DQG� SHUR[LGDVH� DFWLYLWLHV�� 3UHSDUDWLRQ� RI� WKH� FUXGH� H[WUDFWV� RI� FDWDODVH� DQG�SHUR[LGDVH� DQG� DVVD\LQJ� WKHLU� DFWLYLWLHV� ZDV� GRQH� DFFRUGLQJ� WR� WKH� PHWKRG� RI� .DU� 	�0LVKUD� ������� ZLWK� VRPH� PRGLILFDWLRQ� DV� GHVFULEHG� E\� ,WXUEH�2UPDHW[H� HW� DO� ��������&DWDODVH�DFWLYLW\���ZDV�H[SUHVVHG�DV��PRO�+�2���GHFRPSRVHG���J�G��ZW��HTXLYDOHQWV�PLQ±��3HUR[LGDVH� DFWLYLW\�ZDV�H[SUHVVHG�DV� FKDQJH� LQ�RSWLFDO� GHQVLW\� DW� ����QP�DV�D� UHVXOW� RI�R[LGDWLRQ�RI�VXEVWUDWH������3HUR[LGDVH� LVR]\PHV�� 7KH� PHWKRG� GHVFULEHG� E\� 1HKUD� HW� DO� ������� ZDV� IROORZHG� WR�LVRODWH� SHUR[LGDVH� LVR]\PHV� ZLWK� VRPH� YDULDWLRQ� DV� IROORZV�� ���J� IUHVK� VDPSOH� ZHUH�JULQGHG�ZLWK� OLTXLG�QLWURJHQ� LQ� D�PRUWDU��DQG� WKHQ�����PO�H[WUDFWLRQ�EXIIHU� �7ULV�ERUDWH�������0�DW�S+������ZHUH�DGGHG��6DPSOHV�ZHUH�WUDQVIHUUHG�WR�IUHVK�WXEHV�DQG�NHSW�DW���& IRU�KDOI� DQ� KRXU�� 7KH� VDPSOHV� ZHUH� FHQWULIXJHG� DW� ������� USP� DW� �� & IRU� ��� PLQ�� 7KH�VXSHUQDWDQWV�ZHUH�XVHG�WR�IUDFWLRQDWH�WKH�LVR]\PH�E\�3$*(�DV�PHQWLRQHG�E\�6WHJPDQQ�HW�DO� ��������$�YROXPH�RI����O�H[WUDFW�RI�HDFK�VDPSOH�ZDV�PL[HG�ZLWK����O�JO\FHURO�DQG����O�EURPRSKHQRO�EOXH��7KHQ������O�RI� WKLV�PL[WXUH�ZDV� ORDGHG�RQ�WKH�JHO��7KH�PHWKRG�GHVFULEHG�E\�/DUVHQ�	�%HQVRQ� �������ZDV� IROORZHG� IRU� WKH�DSSHDUDQFH�RI� WKH�EDQGV�RI�SHUR[LGDVH���/LSLG�SHUR[LGHV��/LSLG�SHUR[LGHV�ZHUH�H[WUDFWHG�DQG�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�PHWKRG�GHVFULEHG�E\�0LQRWWL�	�$XVW���������/LSLG�SHUR[LGHV�ZHUH�TXDQWLILHG�XVLQJ�7%$56�DVVD\�NLW������O�RI�VDPSOH�RU�VWDQGDUG�ZHUH�DGGHG�WR�����O�6'6�VROXWLRQ������PO�7%$�EXIIHU��WKHQ�WKH�UHDFWLRQ�PL[WXUH�ZDV�LQFXEDWHG�DW����& IRU�RQH�KRXU��7KH�VDPSOHV�ZHUH�UHPRYHG�IURP�LQFXEDWLRQ�DQG�FRROHG�WR�URRP�WHPSHUDWXUH�LQ�DQ�LFH�EDWK�IRU����PLQ���IROORZHG�E\�FHQWULIXJDWLRQ�DW� ����� USP� IRU� ���PLQ��7KH� DEVRUEDQFH� RI� WKH� VXSHUQDWDQW� VROXWLRQ�ZDV�UHFRUGHG�DW�����QP��0DORQGLDOGHK\GH��0'$��ZDV�XVHG�DV�VWDQGDUG��3RO\DPLQHV��7KH�H[WUDFWLRQ�SURFHGXUH�ZDV�HVVHQWLDOO\�WKDW�RI�)ORUHV�	�*DOVWRQ���������DV�DGRSWHG� E\� 'DHEHV� �������� 6WDQGDUGV� DQG� SODQW� H[WUDFWV� ZHUH� GDQV\ODWHG� DFFRUGLQJ� WR�'DHEHV� �������� )RU� PHDVXUHPHQW� RI� WKH� GLIIHUHQW� 3$� IUDFWLRQV�� SXWUHVFLQH� �3XW���VSHUPLGLQH� �6SG��� DQG� 6SHUPLQH� �6SP�� E\� +3/&�� WKH� SDUDPHWHUV� GHVFULEHG� E\� 6PLWK��������ZHUH�DSSOLHG���
5(68/76�$1'�',6&866,21��7KH� HIIHFWV� RI� K\GURSULPLQJ� WRPDWR� VHHGV� IRU� �� KRXUV� RU� RVPRSULPLQJ� ZLWK� 3(*� RU�.�+32�� IRU� �� KRXUV�� �� GD\V�� DQG� �� GD\V�� DUH� GHDOW� ZLWK� KHUHLQ�� 5HVSRQVHV� DUH� DOVR�GLVFXVVHG�ZLWK�VRZLQJ�DIWHU�������DQG���ZHHNV�DIWHU�GU\LQJ� WKH�SULPHG�VHHGV�� ,Q�FDVH�RI�K\GURSULPLQJ��LQFUHDVHG�GXUDWLRQ�RYHU���KRXUV�LQGXFHG�VHHG�JHUPLQDWLRQ��VR�DSSOLFDWLRQ�RI�WKH�SULPLQJ�WUHDWPHQW�IRU���DQG���GD\V�ZDV�RQO\�UHVWULFWHG�WR�WKH�WZR�XVHG�RVPRWLFD��3(*�DQG�.�+32�����
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3HUIRUPDQFH�RI�JHUPLQDWLRQ�DQG�WUDQVSODQWV�7KH� UHVXOWV� SUHVHQWHG� LQ�)LJXUH� ���� VKRZ� WKDW� ��KRXU� K\GURSULPLQJ� DQG� RVPRSULPLQJ� LQ�3(*�RU�.�+32� GLG�QRW�VLJQLILFDQWO\�DIIHFW�WKH�JHUPLQDWLRQ�SHUFHQWDJH�RI�7RPDWR�VHHGV��$ SURJUHVVLYHO\�VWDWLVWLFDO�LQFUHDVH�ZDV�HYLGHQW�ZLWK�ODSVH�RI�WKH�SULPLQJ�GXUDWLRQ�WR���DQG�� GD\V�� ,Q� WKLV� UHVSHFW�� 3(*� JDYH� EHWWHU� UHVXOWV� WKDQ� .�+32�� +LJKO\� VLJQLILFDQW�HQKDQFHPHQW� RI� VHHG� JHUPLQDWLRQ� ZDV� UHFRUGHG� ZKHQ� VHHGV� RI� WKH� DERYH� PHQWLRQHG�WUHDWPHQWV� ZHUH� SODQWHG� GLUHFWO\� ��� VWRUDJH�� RU� DIWHU� GU\� VWRUDJH� IRU� �� RU� �� ZHHNV�� $Q�LQYHUVH�UHODWLRQ�ZDV�REYLRXV�EHWZHHQ�WKH�JHUPLQDWLRQ�SHUFHQWDJH�DQG�WKH�ORQJHYLW\�RI�GU\�VWRUDJH�IROORZLQJ�SULPLQJ��)LJXUH�����VKRZV�WKDW�WKH�UDWH�RI�JHUPLQDWLRQ�ZDV�DOVR�PRUH�RU�OHVV� VLPLODUO\� DIIHFWHG�� 7KXV�� LW� FRXOG� EH� FRQFOXGHG� WKDW� EHVW� UHVXOWV� ZHUH� REWDLQHG� RQ�SULPLQJ�ZLWK�3(*�IRU�RQH�ZHHN��IROORZHG�E\�GLUHFW�VRZLQJ��ZLWKRXW�GU\�VWRUDJH����7KH�UHVXOWV�LQ�)LJXUH�����IXUWKHU�LQGLFDWHG�WKDW���KRXUV�K\GUR�RU�RVPRSULPLQJ�ZLWK�3(*�RU�.�+32� GLG�QRW�VLJQLILFDQWO\�DIIHFW� WKH�VKRRW�DQG� URRW� OHQJWK�RI� WRPDWR� WUDQVSODQWV� ����GD\�ROG���DV�FRPSDUHG�WR�WKRVH�RI�QRQ�SULPHG�VHHGV��7KHVH�SDUDPHWHUV�JHQHUDOO\�VKRZHG�D�KLJKO\�VLJQLILFDQW�LQFUHDVH�E\�LQFUHDVLQJ�WKH�GXUDWLRQ�RI�SULPLQJ�WR���DQG���GD\V��ZLWK�D�EHWWHU� SHUIRUPDQFH� RI� WKH� ODWWHU�� 7KH� YDOXHV� RI� VWDQGDUG� GHYLDWLRQV� LQGLFDWHG� WKDW� WKH�XQLIRUPLW\�RI�WUDQVSODQWV�VKRZHG�KLJKHU�VXSHULRULW\�LQ�SULPLQJ�IRU��GD\V��ZLWK�D�VOLJKWO\�EHWWHU�SHUIRUPDQFH�RI�3(*�WKDQ�.�+32�� ZKHUHE\�GLUHFW�VRZLQJ�RI�WKH�GULHG�SULPHG�VHHGV�RU� DIWHU� ��RU� ��ZHHNV� VKRZHG�QR� YDULDWLRQ��7KH� LQFUHDVH� RI� EHQHILFLDO� HIIHFW� RI� SULPLQJ�ZLWK�ODSVH�RI�WLPH�GXULQJ�SULPLQJ�ZDV�DOVR�IRXQG�E\�PDQ\�ZRUNHUV��)RU�H�J���2]ELQJRO�HW�DO� �������PHQWLRQHG� WKDW� SULPLQJ� SRWHQWLDO� LQ� WRPDWR�ZDV�PD[LPXP�DIWHU� ���� GD\V�� DV�FRPSDUHG�WR�VKRUWHU�SHULRGV��0F'RQDOGV��������LQWHUSUHWHG�WKLV�UHODWLRQ�RQ�WKH�EDVLV�RI�WKH�IROORZLQJ�HTXDWLRQ���
*5��� �*5L�� N�� ± PLQ���WS

:KHUH��*5��� LV� WKH�PHGLDQ� JHUPLQDWLRQ� UDWH� RI� SULPHG� VHHGV��*5L� LV� WKH� LQLWLDO�PHGLDQ�JHUPLQDWLRQ� UDWH� EHIRUH� SULPLQJ�� DQG� WS LV� WKH� GXUDWLRQ� RI� SULPLQJ� WUHDWPHQW� DW� ZDWHU�SRWHQWLDO� � 7KH� OLQHDU� SURSRUWLRQDOLW\� FRQVWDQW� N� FDQ� EH� GHILQHG� DV� WKH� LQYHUVH� RI� D�K\GURSULPLQJ�WLPH�FRQVWDQW�WKDW�UHODWHV�DFFXPXODWHG�WLPH�LQ�D�SUHK\GUDWHG�FRQGLWLRQ�WR�D�VXEVHTXHQW�LQFUHDVH�LQ�JHUPLQDWLRQ�UDWH��0F'RQDOGV���������7KH� UHVXOWV� LQ� �)LJXUH���� VKRZHG�KLJKHU�HQKDQFHPHQW� LQ� WKH�PHDQ�QXPEHU�RI� OHDYHV�SHU�SODQW�DV�D�UHVXOW�RI�RVPRSULPLQJ�ZLWK�3(*�RU�.�+32� RQ�JLYLQJ�WKH�WUHDWPHQW�IRU���RU���GD\V��,W�ZDV�REYLRXV�WKDW�SULPLQJ�ZLWK�3(*�IRU���GD\V�IROORZHG�E\�GLUHFW�VRZLQJ����SRVW�SULPLQJ�GU\LQJ��LQGXFHG�KLJKHVW�LQFUHDVH�LQ�WKLV�JURZWK�FULWHULRQ���)LJXUH�����DOVR�VKRZV�WKDW�WKH�IUHVK�DQG�GU\�ZHLJKWV�SHU�WUDQVSODQW�GLG�QRW�VKRZ�VLJQLILFDQW�GLIIHUHQFHV�IURP�WKH�FRQWURO�DV�D�UHVXOW�RI�K\GURSULPLQJ�IRU���KRXUV��$�KLJKO\�VLJQLILFDQW�LQFUHDVH�ZDV�UHFRUGHG��RQ�WKH�RWKHU�KDQG��DV�D�UHVXOW�RI�RVPRSULPLQJ�ZLWK�3(*�RU�.�+32�DW� GLIIHUHQW� GXUDWLRQV� RI� SULPLQJ� DQG� SRVW� SULPLQJ� GU\LQJ� SHULRGV� ���� ��� DQG� �� ZHHNV���0D[LPXP� GU\� PDWWHU� DFFXPXODWLRQ� ZDV� UHFRUGHG� LQ� UHVSRQVH� WR� SULPLQJ� IRU� �� GD\V��IROORZHG� E\� ]HUR� WLPH� GU\LQJ�� SDUWLFXODUO\� RQ� XVLQJ� 3(*�� 7KLV� UHVXOW� ZDV� PDUNHGO\� LQ�DOOLDQFH� ZLWK� FRQFRPLWDQW� HQKDQFHPHQW� RI� WKH� QXPEHU� RI� OHDYHV� �)LJXUH� ��� DQG� WKH�GLIIHUHQW� SKRWRV\QWKHWLF� SLJPHQWV� �)LJXUH� ��� RI� WKHVH� SODQWV��&KDQJHV� LQ� SKRWRV\QWKHWLF�SLJPHQWV� VKRZHG� LQFRQVLVWHQW� UHVXOWV� UHJDUGLQJ� K\GURSULPLQJ� RU� RVPRSULPLQJ� ZLWK�.�+32� IRU���KRXUV��/RQJHYLW\�RI�WKH�GHK\GUDWLRQ�WLPH�DIWHU�SULPLQJ�LV�JHQHUDOO\�NQRZQ�WR� EH� LQYHUVHO\� UHODWHG� WR� JHUPLQDWLRQ� SRWHQWLDO� DQG� HVWDEOLVKPHQW� RI� VHHGOLQJ� VWDQGV� LQ�PDQ\�SODQWV��/DQWHUL�HW�DO� ������&KDQJ�	�6XQJ��������+RZHYHU��'HOO
�$TXLOD�	�7ULWWR��������VKRZHG�WKDW�RSWLPXP�HIIHFWV�RI�ZKHDW�VHHG�RVPRSULPLQJ�ZHUH�DFKLHYHG���ZHHNV�DIWHU�GU\LQJ��2Q�WKH�EDVHV�RI�WKH�DERYH�PHQWLRQHG�UHVXOWV�LW�FRXOG�EH�FRQFOXGHG�WKDW�SULPLQJ�ZLWK�3(*������� IRU�RQH�ZHHN��IROORZHG�E\�GLUHFW�VRZLQJ�DIWHU�GU\LQJ� �]HUR�GU\�VWRUDJH��SURYLGHG�
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EHVW� SHUIRUPDQFH� RI� JHUPLQDWLRQ�� DV� ZHOO� DV� WUDQVSODQW� XQLIRUPLW\� DQG� VWDQG� RI� &DVWOH�5RFN� WRPDWR�� 7KH� SHUIRUPDQFH� RI� .�+32� VROXWLRQ� IROORZHG� WKDW� RI� 3(*�� ZKHUHE\�K\GURSULPLQJ� ZDV� OHDVW� HIILFLHQW�� 7KLV� FRQFOXVLRQ� JHQHUDOO\� DJUHHV� ZLWK� WKRVH� RI� RWKHU�UHVHDUFK�ZRUNHUV� RQ� WRPDWR� �2]ELQJRO�HW� DO� ������&RUELQHDX� HW� DO� ������� ,Q� FRQWUDU\��0DXURPLFDOH�	�&DYDOODUR��������PHQWLRQHG�WKDW�SULPLQJ�WRPDWR�VHHGV�ZLWK�LQRUJDQLF�VDOW�VROXWLRQV�ZDV�VXSHULRU� WR�SULPLQJ�LQ�3(*��+RZHYHU��0F'RQDOGV��������UHSRUWHG� WKDW� LQ�LQVWDQFH�RI�VHHG�SULPLQJ��3(*�ZRXOG�EH�WKH�SUHIHUUHG�RVPRWLFXP�EHFDXVH�LW�LV�LQHUW�DQG�LWV�ODUJH�PROHFXODU� VL]H� SUHFOXGHV� LW� IURP� EHLQJ� WDNHQ� XS� E\� WKH� HPEU\R�� WKXV�PLQLPL]LQJ�DGYHUVH�HIIHFWV�RQ�JHUPLQDWLRQ�DQG�VXEVHTXHQW�VHHGOLQJ�JURZWK���
&DWDODVH� 	� SHUR[LGDVH� DFWLYLWLHV� DQG� SHUR[LGDVH� LVR]\PHV�� LQ� UHODWLRQ� WR� OLSLG�SHUR[LGHV� 7KH�UHVXOWV�LQ�7DEOH�����VKRZ�GLIIHUHQW�HQKDQFHPHQW�OHYHOV�RI�ERWK�FDWDODVH�DQG�SHUR[LGDVH�LQ�UHVSRQVH�WR�K\GURSULPLQJ�DQG�RVPRSULPLQJ��XVLQJ�3(*�DQG�.�+32�� IRU���KRXUV�� DV� ZHOO� DV� �� DQG� �GD\V�� ,Q� WKLV� H[SHULPHQW�� VHHGV� ZHUH� IDUWKHU� OHIW� LQ� WKH�K\GURSULPLQJ�PHGLXP� �+�2�� IRU� �� DQG� �� GD\V�� DV� GRQH�ZLWK� RVPRSULPLQJ�� LQ� RUGHU� WR�IROORZ�WKH�DFWLYLWLHV�RI�WKH�HQ]\PHV�VWXGLHG�GXULQJ�HDUO\�JHUPLQDWLRQ��,W�LV�HYLGHQW�WKDW�WKH�DFWLYLW\�RI�ERWK�HQ]\PHV�ZDV�PRUH�RU�OHVV�VLPLODU�DIWHU���KRXUV�LQ�VHHGV�RI�DOO�WUHDWPHQWV��3URJUHVVLYH� HQKDQFHPHQWV� ZHUH� UHFRUGHG� ZLWK� ODSVH� RI� WLPH� LQ� WKH� GLIIHUHQW� SULPLQJ�VROXWLRQV�� 7KH�PDJQLWXGH� RI� WKLV� FKDQJH�ZDV�PRUH� SURQRXQFHG�ZLWK� UHVSHFW� WR� FDWDODVH�WKDQ� SHUR[LGDVH�� 7KLV� LQFUHDVH� ZDV� DOVR� UHODWLYHO\� KLJKHU� LQ� UHVSRQVH� WR� SULPLQJ� ZLWK�.�+32� VROXWLRQ��DV�FRPSDUHG�WR�WKDW�RI�3(*���7KH� DVVD\HG� DFWLYLWLHV� RI� SHUR[LGDVH� ZHUH� IRXQG� WR� EH� FRQVLVWHQW� ZLWK� WKH� QXPEHU� DQG�UHODWLYH� EDQG� FRQFHQWUDWLRQ� RI� SHUR[LGDVH� LVR]\PHV� LQ� WKH� GLIIHUHQWO\� WUHDWHG� VHHGV�������7DEOH� ���� 7KHVH� UHVXOWV� VKRZHG� D� UHODWLYHO\� KLJKHU� QXPEHU� RI� EDQGV� ���� RI� SHUR[LGDVH�LVR]\PHV�� LQ� UHVSRQVH� WR� K\GURSULPLQJ� DQG� RVPRSULPLQJ� E\� .�+32�� DV� FRPSDUHG� WR�SULPLQJ� ZLWK� 3(*� ��� EDQGV��� ,W� VKRXOG� DOVR� EH� DGGHG� WKDW� WKH� QXPEHU� RI� EDQGV� ZDV�LQFUHDVHG�IURP���WR����RQO\�LQ�WUHDWPHQW�ZLWK�.�+32��,W� LV� JHQHUDOO\� DFFHSWHG� WKDW� UHSDLU� RI� VHHGV� GHWHULRUDWHG� E\� OLSLG� SHUR[LGDWLRQ� RFFXUV�GXULQJ� K\GUDWLRQ�� PDLQO\� YLD� SURGXFWLRQ� RI� DQWLR[LGDQWV� DQG� UHSDLU� HQ]\PHV�� ,Q� WKLV�FRQQHFWLRQ��PDQ\�DXWKRUV��H�J��'HOO
�$TXLOD�	�7ULWWR�������-HQJ�	�6XQJ�������&KLX�HW�DO������� &KDQJ� 	� 6XQJ� ������ 0F'RQDOGV� ������ VWDWHG� WKDW� PHPEUDQH� UHSDLU� FRXOG� EH�DVFULEHG� WR� HYRNHG� DFWLYLWLHV� RI� IUHH�UDGLFDO� VFDYHQJLQJ� HQ]\PHV�� 7KXV�� WKH� PDUNHGO\�HQKDQFHG�OHYHOV�RI�FDWDODVH�DQG�SHUR[LGDVH�DFWLYLWLHV�ZLWK�WLPH��LQ�WKH�K\GURSULPHG�VHHGV��PLJKW� LQGLFDWH� D�KLJKHU�GHWHULRUDWLRQ� UDWH�� ORZHU� UHSDLU� HIILFLHQF\��RU�ERWK�� FRPSDUHG� WR�FRUUHVSRQGLQJ� RVPRSULPHG� VHHGV�� 7KLV� SUHVXPSWLRQ� FRXOG� EH� IXUWKHU� YHULILHG� E\� WKH�UHVXOWV� LQ� 7DEOH� ����� VKRZLQJ� TXDQWLILHG� OLSLG� SHUR[LGHV� DV� HVWLPDWHG� E\� WKH� YDOXHV� RI�HQGRJHQRXV�PDORQGLDOGHK\GH��0'$���LQ�UHVSRQVH�WR�GLIIHUHQW�SULPLQJ�WUHDWPHQWV��7KHVH�UHVXOWV� IXUWKHU� VXSSRUWHG� WKH� DERYH� PHQWLRQHG� FRQFOXVLRQ� WKDW� RVPRSULPLQJ� WUHDWPHQWV�ZLWK� 3(*� DQG� .�+32� ZHUH� FRQFRPLWDQW� ZLWK� D� QRWLFHDEOH� GHFUHDVH� RI� 0'$�FRQFHQWUDWLRQ��ZLWK�ODSVH�RI�SULPLQJ�GXUDWLRQ�IURP���KRXUV�WR���GD\V��7KH�OHYHOV�UHFRUGHG�LQ� WKH� RVPRSULPHG� VHHGV�� SDUWLFXODUO\� ZLWK� 3(*�� ZHUH� PDUNHGO\� ORZHU� WKDQ� WKRVH� LQ�FRUUHVSRQGLQJ� K\GURSULPHG� VHHGV�� 7KXV�� LW�PLJKW� EH� FRQFOXGHG� WKDW� ERWK� K\GURSULPLQJ�DQG�RVPRSULPLQJ�PLJKW�VWDUW�PRUH�RU�OHVV�VLPLODUO\�GXULQJ�WKH�ILUVW���KRXUV�RI�WUHDWPHQWV��%XW��DW�LQFUHDVHG�GXUDWLRQV��LW�VHHPV�OLNHO\�WKDW�WUDQVFULSWV�RI�SRWHQWLDOO\�DFWLYH�SURWHLQV�LQ�WKH�RVPRSULPHG�VHHGV�DUH�UHWDLQHG�GXULQJ�VXEVHTXHQW�GU\LQJ�DQG�DUH�TXLFNO\�UHDFWLYDWHG�ZKHQ�JHUPLQDWLRQ�LV�DOORZHG��7KH�XQLIRUPLW\�RI�VHHGOLQJV�RI�RVPRSULPHG�VHHGV�PLJKW�EH�DVFULEHG� WR� WKDW� WKHLU� WUDQVFULSWV� ZRXOG� EH� FXOPLQDWLQJ� LQ� PRUH� UDSLG� DQG� XQLIRUP�FRPSOHWLRQ�RI�JHUPLQDWLRQ�WKDQ�LQ�K\GURSULPHG�RU�QRQ�SULPHG�VHHGV���7KH� ODVW� SDUW� RI� WKLV� ZRUN� IRFXVHG� RQ� WKH� FKDQJHV� LQ� HQGRJHQRXV� SRO\DPLQHV� �3$V���SXWUHVFLQH��3XW���VSHUPLGLQH��6SG���DQG�VSHUPLQH��6SP���DV�ZHOO�DV�WKHLU�WRWDO�YDOXHV��7KH�UHVXOWV�REWDLQHG��7DEOH����VKRZHG�D�PDUNHG�SURJUHVVLYH�GURS�RI�6SG�DQG�6SP��SDUWLFXODUO\�
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WKH� ODWWHU�� IURP� �� KRXUV� DQG� DIWHUZDUGV� WLOO� �� GD\V�� LQ� ERWK� WKH� K\GURSULPHG� DQG�RVPRSULPHG� VHHGV��%XW�� LQ� WKH� K\GURSULPHG� VHHGV�� HVSHFLDOO\� DIWHU� �� KRXUV� DQG��� GD\V��WRWDO�3$V�ZHUH�REYLRXVO\�KLJKHU�WKDQ�FRUUHVSRQGLQJ�FRQWHQWV�LQ�WKH�RVPRSULPHG�VHHGV��,W�VKRXOG� EH� QRWHG� WKDW� GXULQJ� WKLV� SHULRG� �DIWHU� �� K� DQG� XSZDUGV��� K\GURSULPHG� VHHGV�VKRZHG�REYLRXV�JHUPLQDWLRQ�DQG�UDGLFOH�H[WHQVLRQ��ZKHUHE\�WKLV�GLG�QRW�RFFXU�LQ�FDVH�RI�RVPRSULPLQJ�VROXWLRQV���7KXV�� KLJKHU� 3$V� �6SG� DQG� 6SP�� ZHUH� DVVXPHG� WR� LQWHUIHUH� ZLWK� VZLWFKLQJ� RQ� RI�JHUPLQDWLRQ�SURFHVVHV�GXULQJ�FRQWLQXRXV�K\GURSULPLQJ�DQG�LWV�LQKLELWLRQ�LQ�RVPRSULPHG�VHHGV��$V�IDU�DV�ZH�DUH�DZDUH��WKHUH�LV�QR�ZRUN�WKDW�GLUHFWO\�UHODWHV�VHHG�SULPLQJ�DQG�3$V��EXW VWURQJ�HYLGHQFH�H[LVWV�WKDW�6SG�DQG�6SP��SDUWLFXODUO\�6SP��DUH�UHTXLUHG�IRU�WKH�*� WR�6 WUDQVLWLRQ�GXULQJ�FHOO�GLYLVLRQ��.XPDU�HW�DO� ������&UR]LHU�HW�DO� �������$QRWKHU�DVVXPHG�SUHGLFWLRQ� LV� WKH� SRVVLEOH� LQWHUIHUHQFH� RI� 3$V� ZLWK� VHHG� UHSDLULQJ� PHFKDQLVPV� GXULQJ�K\GUDWLRQ��DV�GLVFXVVHG�DERYH��GXH�WR�WKHLU�SRO\FDWLRQLF�QDWXUH��7LEXUFLR�HW�DO� ��������$OWKRXJK�WKH�SDUW�ZH�KDYH�GHYRWHG�WR�FRQQHFW�3$V�DQG�VHHG�SULPLQJ�LV�SUHPDWXUH��RWKHU�SRVVLELOLWLHV�RI�3$� LQWHUDFWLRQV� VWLOO� LQ�PLQG��3RO\DPLQHV�ZHUH� UDWKHU� UHFHQWO\�SURYHG� WR�LQWHUIHUH� ZLWK� HPEU\RJHQHVLV� �&UR]LHU� HW� DO� ������� VR� WKH� TXHVWLRQ� KHUHLQ� LV�� 'R� WKH\�SDUWLFLSDWH� LQ� SURWHFWLQJ� WKH� VHHG� WUDQVFULSWV� LQ� VRPH�ZD\�GXULQJ�SULPLQJ� DV� GRHV�$%$�GXULQJ�HPEU\RJHQHVLV"�7KH�ODVW�SRLQW�LV�EDVHG�RQ�WKH�VKDULQJ�RI�ERWK�3$V�ZLWK�HWK\OHQH�LQ�D FRPPRQ� SUHFXUVRU� 6�DGHQRV\O�/�PHWKLRQLQH� �.XPDU� HW� DO� ������� 2Q� WKH� EDVLV� WKDW�HWK\OHQH�LV�D�FDQGLGDWH�RI�JHUPLQDWLRQ��2EURXFKHYD�	�$QWLSRYD��������VR�3$V�PLJKW�EH�WHQWDWLYHO\� DVVXPHG� WR� LQWHUIHUH�ZLWK� WKH� VLJQDO� WUDQVGXFWLRQ� FDVFDGH� RI� HWK\OHQH� GXULQJ�JHUPLQDWLRQ�� DQG� VLOHQFLQJ�GXULQJ� VHHG�SULPLQJ��+RZHYHU�� H[WHQVLYH�ZRUN� LV� QHHGHG� WR�YHULI\�WKH�DERYH�PHQWLRQHG�SUHVXPSWLRQV���
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7DEOH����$FWLYLWLHV�RI�FDWDODVH��� 0 +�2� GHFRPSRVHG�J�G�ZW��HTXLY��PLQ��� DQG�SHUR[LGDVH��FKDQJH�LQ�RSWLFDO�GHQVLW\�DV�D�UHVXOW�RI�R[LGDWLRQ�RI�VXEVWUDWH��DQG�FRQFHQWUDWLRQV�RI�PDORQGLDOGHK\GH��0'$���Q�P�J�G�ZW��HTXLY���RI�K\GUR�DQG�RVPRSULPHG�&DVWOH�URFN�WRPDWR�VHHGV����
(Q]\PH�DFWLYLW\�3ULPLQJ�6ROXWLRQ� 7LPH�RI�SULPLQJ�

&DWDODVH� 3HUR[LGDVH�
0'$�

� ���� ���� �����
�K� ���� ���� �����
�G� ����� ���� �����

+�2

�G� ����� ����� �����
�K� ���� ���� �����
�G� ����� ���� ����3(*�

������ �G� ����� ���� ����
�K� ���� ���� �����
�G� ����� ���� �����.�+32��

�����P0�� �G� ����� ����� ����

7DEOH����(OHFWURSKRUHWLF�SURWHLQ�EDQGLQJ�SDWWHUQV�RI�SHUR[LGDVH�LVR]\PHV�RI�K\GUR�DQG�RVPRSULPHG�&DVWOH�URFN�WRPDWR�VHHGV���
5)�3ULPLQJ�6ROXWLRQ�

7LPH�RI�SULPLQJ� ���� ��� ��� ��� ���� ���� ���� ����
1R��RI�EDQGV�

� ������ B B� B� B� B� ������ B� ��
�K� ������ B� B� B� B� ������ ������ B� ��
�G� ������ B� ������ B� B� B� B� ������ ��+�2
�G� ������ B� B� B� B� ������ B� ������ ��
�K� ������ B� B� B� B� B� ������ B� ��
�G� ����� B� B� B� ����� B� B� B� ��3(*������� �G� ������ B� B� B� B� B� ������ B� ��
�K� ������ B� B� B� B� B� ������ B� ��
�G� ������ B� B� ������ B� B� ������ B� ��.�+32�����P0�� �G� ������ B� B� B� ������ B� ������ B� ��
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7DEOH����+3/&�DQDO\VLV�IRU�HQGRJHQRXV�FRQFHQWUDWLRQV��PJ�����J�G�ZW�HTXLY���RI�3XWUHVFLQH��3XW��� 6SHUPLGLQH� �6SG��� 6SHUPLQH� �6SP��� DQG� WRWDO� SRO\DPLQHV� �73$V�� RI� K\GUR�DQG�RVPRSULPHG�&DVWOH�URFN�WRPDWR�VHHGV���

$&.12:/('*(0(176��7KDQNV�DUH�RIIHUHG�WR�'U��6HKDP�0��0RXVWDID��3URI��RI�3ODQW�3K\VLRORJ\�RI�%RWDQ\�'HSW���)DFXOW\�RI�6FLHQH��$LQ�6KDPV�8QLYHUVLW\�DQG�'U��$QLVD�,��,VPDLO��+HDG�RI�5HVHDUFK�RI�VHHG�7HFKQRORJ\�'HSW��+RUWLFXOWXUH�5HVHDUFK�,QVWLWXWH��$5&��0LQLVWU\�RI�$JULFXOWXUH�IRU�WKHLU�KHOS�DQG�FRQWLQXRXV�HQFRXUDJHPHQW�WKURXJKRXW�WKLV�ZRUN���
5()(5(1&(6��%HZOH\�-'����������6HHG��JHUPLQDWLRQ��DQG��GRUPDQF\���7KH�3ODQW�&HOO� ��������������&DQWOLIIH�'-��������,QGXVWULDO�SURFHVVLQJ�RI�YHJHWDEOH�VHHGV��-��.RUHDQ�6RF��+RUW��6FL�������������������&KDQJ�60�	�6XQJ�-0��������'HWHULRUDWLYH�FKDQJHV�LQ�SULPHG�VZHHW�FRUQ�VHHGV�GXULQJ�VWRUDJH��6HHG�6FL��7HFK���������������&KLX�.<��:DQJ�&6�	�6XQJ� -0� ������� /LSLG� SHUR[LGDWLRQ� DQG�SHUR[LGH�VFDYHQJLQJ� HQ]\PHV� DVVRFLDWHG�ZLWK�DFFHOHUDWHG�DHJLQJ� DQG� K\GUDWLRQ� RI�ZDWHUPHORQ� VHHGV�GLIIHULQJ� LQ�SORLG\��3K\VLRO��3ODQW�� �������������&RUELQHDX� )�� 2]ELQFRO� 1�� 9LQHO� '� 	� &RPH� '� ������� ,PSURYHPHQW� RI� WRPDWR� VHHG� JHUPLQDWLRQ� E\�RVPRSULPLQJ� DV� UHODWHG� WR� HQHUJ\� PHWDEROLVP�� ,Q�� 6HHG� %LRORJ\�� $GYDQFHV� DQG� $SSOLFDWLRQV�� 0�%ODFN��.-�%UDGIRUG��9D]TXH]�5DPRV�-��(GV����&$%,��2[RQ��8.��3S�����������&UR]LHU�$��.DPL\D�<��%LVKRS�*�	�<RNRWD�7��������%LRV\QWKHVLV�RI�KRUPRQHV�DQG�HOLFLWRU�PROHFXOHV��,Q��%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\�RI�3ODQWV��%�%XFKDQDQ��:�*UXLVVHP��5�-RQHV��(GV����$PHULFDQ�6RFLHW\�RI�3ODQW�%LRORJLVWV��5RFNYLOOH��0DU\ODQG��86$��3S�����������'DHEHV�00<��������6WXGLHV�RQ�VRPH�%LRJHQLF�$PLQHV�LQ�VRPH�0HDW�DQG�)LVK�3URGXFWV�ZLWK�5HVSHFW�WR�WKH�2WKHU�4XDOLW\�$WWULEXWHV��0�6&��7KHVLV��)RRG�6FL��DQG�7HFK��'HSW���$O�$]KDU�8QLY���&DLUR��(J\SW��'HOO
�$TXLOD�$�	�7ULWWR�9��������*HUPLQDWLRQ�DQG�ELRFKHPLFDO�DFWLYLWLHV�LQ�ZKHDW�VHHGV�IROORZLQJ�GHOD\HG�KDUYHVWLQJ��DHJLQJ�DQG�RVPRWLF��6HHG�6FL��7HFK�������������'UHZ�5/.�� +DQGV� /-	�*UD\� '� �������5HODWLQJ� WKH� HIIHFWV� RI� SULPLQJ� WR� WKH� JHUPLQDWLRQ� RI� XQSULPHG�VHHGV��6HHG�6FL��7HFK� �������������(GPRQG�-%�	�'UDSDOD�:-���������7KH�HIIHFW�RI�WHPSHUDWXUH��VDQG��VRLO��DQG�DFHWRQH�RQ�JHUPLQDWLRQ�RI�RNUD�VHHGV��3URF��$PHU��6RF��+RUW��6FL���������������)ORUHV� +(� 	�*DOVWRQ� $:� �������$QDO\VLV� RI� SRO\DPLQHV� LQ� KLJKHU� SODQWV� E\� KLJK� SHUIRUPDQFH� OLTXLG�FKURPDWRJUDSK\��3ODQW�3K\VLRO� �������������*XUXVLQJKH�6+��&KHQJ�=�	�%UDGIRUG�.-��������&HOO�F\FOH�DFWLYLW\�GXULQJ�VHHG�SULPLQJ�LV�QRW�HVVHQWLDO�IRU�JHUPLQDWLRQ�DGYDQFHPHQW�LQ�WRPDWR��-��([SW��%RW� �������������,WXUEH�2UPDHW[H� ,�� (VFXUHGR� 35�� $UUHVH�,JRU� &� 	� %HFDQD� 0� ������� 2[LGDWLYH� GDPDJH� LQ� 3HD� SODQWV�H[SRVHG�WR�ZDWHU�GHILFLWH�RU�SDUDTXDW��3ODQW�3K\VLRO����������������-HQJ�7/�	�6XQJ�-0��������+\GUDWLRQ�HIIHFW�RQ�OLSLG�SHUR[LGDWLRQ�DQG�SHUR[LGH�VFDYHQJLQJ�HQ]\PH�DFWLYLW\�RI�DUWLILFLDOO\�DJHG�SHDQXW�VHHGV��6HHG�6FL��7HFK� ��������������

&RQFHQWUDWLRQV��PJ�����J�G�ZW��HTXLY���3ULPLQJ�6ROXWLRQ� 7LPH�RI�SULPLQJ� 3XW� 6SG� 6SP� 73$V�
� ���� ������ 1�6�� ������
�K� ����� ������ ������ ������
�G� ����� ����� ������ ������

+�2
�G� ����� ����� ����� �����
�K� ����� ������ ����� ������
�G� ����� ����� ����� ������3(*�������� �G� ����� ����� 1�6�� �����
�K� ����� ����� ����� �����
�G� ����� ����� ����� �����.�+32���������P0������� �G� ����� ����� 1�6�� �����
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-HRQJ� <�� .LP� -&�� /DL� &�-�� -HRQJ� <2�� .LP� -&� 	� &KR� -/� ������ E�� (IIHFW� RI� SULPLQJ� GXUDWLRQ� DQG�WHPSHUDWXUH�RQ�WKH�JHUPLQDELOLW\�RI�FDUURW��OHWWXFH��RQLRQ��DQG�:HOVK�RQLRQ�VHHGV��-��+RUW��6FL��7HFK�������������������-HRQJ�<��.DQJ�60��&KR�-/�	�-HRQJ�<2�������F��*HUPLQDWLRQ�RI�FDUURW�� OHWWXFH��RQLRQ��DQG�:HOVK�RQLRQ�VHHGV�DV�DIIHFWHG�E\�SULPLQJ�FKHPLFDOV�DW�YDULRXV�FRQFHQWUDWLRQV��.RUHDQ�-��+RUW��6FL��7HFK� ���������������-HRQJ�<��.LP�-&��&KR�-/�	�-HRQJ�<2�������G��(IIHFW�RI�VHHG�SULPLQJ�RI�FDUURW��OHWWXFH��RQLRQ��DQG�:HOVK�RQLRQ�VHHGV�DV�DIIHFWHG�E\�WHPSHUDWXUH��.RUHDQ�-��+RUW��6FL��7HFK� �����������������-RE�'��&DSURQ�,��&RE�&��'DFKHU�)��&RUELQHDX�)�	�&RPH�'��������,GHQWLILFDWLRQ�RI�JHUPLQDWLRQ�VSHFLILF�PDUNHUV�DQG�WKHLU�XVH�LQ�VHHG�SULPLQJ�WHFKQRORJ\��,Q��6HHG�%LRORJ\��$GYDQFHV�DQG�DSSOLFDWLRQV��0�%ODFN��.-�%UDGIRUG��9D]TXH]�5DPRV�-��(GV����&$%,��2[RQ��8.��3S�����������.DU�0�	�0LVKUD��������&DWDODVH��SHUR[LGDVH�DQG�SRO\SKHQRO�R[LGDVH�DFWLYLWLHV�GXULQJ�ULFH�OHDI�VHQHVFHQFH��3ODQW�3K\VLRO� �������.XPDU�$��$OWDEHOOD�7��7\ORU�0$�	�7LEXULFR�$)��������5HFHQW�DGYDQFHV� LQ�SRO\DPLQH� UHVHDUFK��7UHQGV�3ODQW�6FL���������������/DQWHUL�6��%HOOHWWL�3��0DU]DFK�&��1DGD�(��4XDJOLWWL�/�	�%LQR�5-��������3ULPLQJ�LQGXFHG�UHSOLFDWLRQ�DFWLYLW\�LQ�SHSSHU��&DSVLFXP�DQQXP�/���VHHGV��(IIHFW�RQ�JHUPLQDWLRQ�DQG�VWRUDELOLW\�� ,Q��%DVLF�DQG�$SSOLHG�$VSHFWV� RI� 6HHG� %LRORJ\�� 5+� (OOLV�� 0� %ODFN�� $-�0XUGRFK�� 7'�+RQJ� �(GWV���� .OXZHU� $FDGHPLF�3XEOLVKHUV��7KH�1HWKHUODQGV��3S�����������/DUVRQ�$/�	�%HQVRQ�:&,��������9DULHW\�VSHFLILF�YDULDQWV�RI�R[LGDWLYH�HQ]\PHV�IURP�VR\EHDQ�VHHG��&URS�6FL���������������/HH�-:��.LP�.<�	�&KXQJ�-+��������6WXGLHV�RQ�SULPLQJ�FRQGLWLRQ�3�7�2��DQG�SULPLQJ�PHWKRG�IRU�EXON�WUHDWPHQW�RI�KRW�SHSSHU�VHHGV��+RUW��6FL���������������0DXGH�5%��'UHZ�5/.��*UD\�'��%XMDOVNL�:�	�1LHQRZ�$:��������7KH�HIIHFW�RI�VWRUDJH�RQ�WKH�JHUPLQDWLRQ�DQG�VHHGLQJ�DEQRUPDOLWLHV�RI� OHHN�VHHGV�SULPHG�DQG�GULHG�E\�GLIIHUHQW�PHWKRGV��6HHG�6FL��7HFK� �������������0DXURPLFDOH� *� 	� &DYDOODUR� 9� ������� $� FRPSDUDWLYH� VWXG\� RI� WKH� HIIHFWV� RI� GLIIHUHQW� FRPSRXQGV� RQ�SULPLQJ�RI�WRPDWR�VHHG�XQGHU�VXEWURSLFDO�WHPSHUDWXUH��6HHG�6FL��7HFK� �������������0HW]QHU�+��5DX�+�	�6HQJHU�+��������8QWHUVXFKXQJHQ�]XU�V\QFKURQLVLHU�ERUNHLW�HLQ]OHQHU�SLJPHQW�PDQJHO�PXWDQWHQ�YRQ�&KORUHOOD� 3ODQWD� �������������0LQRWWL�*�	�$XVW�6'��������7KH�UHTXLUHPHQW�IRU�LURQ��,,,��LQ�WKH�LQLWLDWLRQ�RI�OLSLG�SHUR[LGDWLRQ�E\�LURQ��,,��DQG�K\GURJHQ�SHUR[LGH� -��%LRO��&KHP� �������������������0F'RQDOG�0%��������6HHG�SULPLQJ��,Q��6HHG�7HFKQRORJ\�DQG�LWV�%LRORJLFDO�%DVLV��0�%ODFN�DQG�-'�%HZOH\��(GV����6KHIILHOG�$FDGHPLF�3UHVV��6KHIILHOG��8.��3S������������1HKUD�16��.DUWKD�..�	�6WXVKQRII�&��������� ,VR]\PHV�DV�PDUNHUV�IRU� LGHQWLILFDWLRQ�RI� WLVVXH�FXOWXUH�DQG�JUHHQKRXVH�JURZQ�VWUDZEHUU\�FXOWLYDUV��&DQDGLDQ�-��3ODQW�6FL�����������������������2EURXFKHYD� 19� 	� $QWLSRYD� 29� ������� 7KH� GLVWLQFW� FRQWUROOLQJ� RI� GRUPDQF\� UHOHDVH� DQG� JHUPLQDWLRQ�FRPPHQFHPHQW�LQ�VHHGV��,Q��'RUPDQF\�LQ�3ODQWV��)URP�ZKROH�SODQW�EHKDYLRXU�WR�FHOOXODU�FRQWURO��-'�9LHPRQW�DQG�-�&UDEEH��(GV����&$%,��2[RQ��8.��3S���������2]ELQJRO�1��&RUELQHDX�)�	�&RPH�'��������5HVSRQVHV�RI�WRPDWR�VHHGV�WR�RVPRFRQGLWLRQLQJ�DV�UHODWHG�WR�WHPSHUDWXUH�DQG�R[\JHQ��6HHG�6FL��5HV��������������6X]XNL�+�	�.KDQ�$$� ������� (IIHFWLYH� WHPSHUDWXUHV� DQG� GXUDWLRQ� IRU� VHHG� KXPLGLILFDWLRQ� LQ� VQDS� EHDQ��3KDVHROXV�YXOJDULV�/����6HHG�6FL��7HFK� �������������6WHJPDQQ�+��$ILI\�$05�	�+XVVHLQ�.5)���������&XOWLYDU�LGHQWLILFDWLRQ�RI�GDWHV��3KRHQL[�GDFW\OLIHUD� E\�SURWHLQ� SDWWHUQV�� �QG� ,QW�� 6\PSRVLXP� RI� %LRFKHPLFDO� $SSURDFKHV� WR� ,GHQWLILFDWLRQ� RI� &XOWLYDUV��%URXQVFKZHLJ��*HUPDQ\��3S������6QHGHFRU�*:�	�:*�&RFKUDQ��������6WDWLVWLFDO�0HWKRGV���WK�HG��,RZD�6WDWH�8QLYHUVLW\�3UHVV��$PHV�86$��3�������6PLWK�7$���������3RO\DPLQHV��$QQX��5HY��3ODQW�3K\VLRO� �������������7LEXULFR�$)��$OWDEHOOD�7��%RUUHOO�$�	�0DVJUDX�&��������3RO\DPLQH�PHWDEROLVP�DQG�LWV�UHJXODWLRQ��3K\VLRO��3ODQW����������������7D\ORU�$*��$OOHQ�36��%HQQHWW�0$��%UDGIRUG�.-��%XUULV�-6�	�0LVUD�0.��������6HHG�HQKDQFHPHQWV��6HHG�6FL��5HV���������������
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