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6WXG\�RQ�WKH�ELRORJ\�DQG�HSLGHPLRORJ\�RI�8QFLQXOD�QHFDWRU�WKH�FDXVDO�DJHQW��RI�JUDSH�SRZGHU\�PLOGHZ�GLVHDVH��+RVVHLQ�.DUEDODHL�.KLDYL�� +DML�6KLNKOLQVNL\��� $VDGROODK�%DEDHL�$KDUL� 	 0RKDPPDG�$NUDPL�
�

�$JULFXOWXUH�DQG�1DWXUDO�5HVRXUFHV�5HVHDUFK�&HQWHU�RI�$UGDELO�3URYLQFH��$UGDELO��,UDQ��
�$]HUEDLMDQ�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��%DNX��$]HUEDLMDQ��

�'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��&ROOHJH�RI�$JULFXOWXUH��8QLYHUVLW\�RI�7DEUL]��7DEUL]��,UDQ��
�8QLYHUVLW\�RI�3H\DP�1RRU��7DEUL]��,UDQ�� &RUUHVSRQGLQJ�$XWKRU��KRVVHLQBNDUEDODHH#\DKRR�FRP�

$EVWUDFW��7KLV�VWXG\�ZDV�FDUULHG�RXW�GXULQJ�����������LQ� WKH�YLQH\DUGV�RI�$UGDELO�SURYLQFH�RI� ,UDQ� WR�VWXG\� WKH�ELRORJ\�DQG� WKH� HSLGHPLRORJ\�RI�8QFLQXOD�QHFDWRU� WKH� FDXVDO� DJHQW�RI� JUDSH�SRZGHU\�PLOGHZ�GLVHDVH��7KH� VWXG\�FRQFHQWUDWHG� RQ� WKH� VXUYLYDO� DQG� WKH� LQLWLDWLRQ� RI� SULPDU\� LQRFXOXP� RI� WKH� IXQJDO� FDXVDO� DJHQW�� 5HVXOWV� RI�KLVWRSDWKRORJLFDO� H[SHULPHQWV� LQGLFDWHG� WKDW�8�� QHFDWRU� VXUYLYHG� DV�P\FHOLXP� LQ� WKH� GRUPDQW� EXGV�RI� WKH� JUDSHV�GXULQJ�ZLQWHU� VHDVRQ��5HVXOWV� RI� VWXG\�RQ� WKH� HIIHFW� RI� HQYLURQPHQWDO� IDFWRUV�RQ� IXQJXV�ELRORJ\� VKRZHG� WKDW� WKH�SDWKRJHQLF�DFWLYLW\�RI�WKH�IXQJXV�EHJDQ�ZKHQ�WKH�WHPSHUDWXUH�ZDV�EHWZHHQ�������&�ZLWK�D�UHODWLYH�KXPLGLW\�PRUH�WKDQ������,W�ZDV�DOVR�IRXQG�WKDW�RSWLPXP�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\�IRU�WKH�VSRUXODWLRQ�RI�8��QHFDWRU�ZDV�������&�DQG���������UHVSHFWLYHO\��$FFRUGLQJ�WR�WKH�UHVXOWV��IXQJDO�FRQLGLD�ZHUH�WUDSSHG�GXULQJ�IRUPDWLRQ�RI�����WUXH� OHDYHV� DQG� ILUVW� GLVHDVH� V\PSWRPV�ZHUH� REVHUYHG� RQ� WKH� FOXVWHUV� RQ� ODWH� -XQH� DIWHU� IUXLW� IRUPDWLRQ�� )XQJDO�FOHLVWRWKHFLD�ZHUH�REVHUYHG�DEXQGDQWO\�DW�WKH�HQG�RI�VHDVRQ�RQ�WKH�OHDYHV��SHWLROHV�DQG�WZLJV�EXW�WKH\�ZHUH�QRW�DEOH�WR�VXUYLYH�GXULQJ�ZLQWHU��)RUPDWLRQ�RI�DVFRVSRUHV�RQ�\RXQJ�OHDYHV�ZDV�SURYHG�EXW�WKHLU�UROH�DV�WKH�SULPDU\�LQRFXOXP�ZDV� QRW� VXSSRUWHG� E\� WKH� UHVXOWV� RI� WKLV� VWXG\�� 5HVXOWV� RI� WKLV� VWXG\� DQG� WKH� QHZ� ILQGLQJV� RQ� WKH� ELRORJ\� DQG�HSLGHPLRORJ\�RI�8��QHFDWRU�PD\�EH�RI�QDWLRQDO�DQG�LQWHUQDWLRQDO�LQWHUHVWV�IRU�WKH�PDQDJHPHQW�RI�SRZGHU\�PLOGHZ�GLVHDVH�ZKLFK�LV�RQH�RI�WKH�PRVW�GHVWUXFWLYH�GLVHDVHV�DURXQG�WKH�ZRUOG�LQFOXGLQJ�,UDQ���>+�� .DUEDODHL� .KLDYL�� +�� 6KLNKOLQVNL\�� �$�� %DEDHL� $KDUL� 	� 0RKDPPDG� $NUDPL�� 6WXG\� RQ� ELRORJ\� DQG�HSLGHPLRORJ\� RI� � � 8QFLQXOD� QHFDWRU� WKH� FDXVDO� DJHQW� RI� JUDSH� SRZGHU\� PLOGHZ� GLVHDVH�� /LIH� 6FL� -��������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����.H\�:RUGV��*UDSH��3RZGHU\�PLOGHZ��8QFLQXOD�QHFDWRU��%LRORJ\��(SLGHPLRORJ�
�
���,QWURGXFWLRQ���*UDSH�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�IUXLWV�DURXQG�WKH�ZRUOG� DQG� LW� LV� EHOLHYHG� WKDW� KDV� EHHQ� FXOWLYDWHG� LQ�PDQ\�UHJLRQV�RI�WKH�ZRUOG�VLQFH�WKRXVDQGV�\HDUV�DJR��2YHU�WKH�WLPH�GLIIHUHQW�SHVWV�DQG�GLVHDVHV�KDYH�EHHQ�VSUHDG�WR�JUDSH�YLQH\DUGV�DQG�KDYH�EHFRPH�RQH�RI�WKH�PRVW� LPSRUWDQW� \LHOG� UHGXFLQJ� IDFWRUV� LQ� WKH� ZRUOG�YLQH\DUGV�>�@�3RZGHU\� PLOGHZ� GLVHDVH� FDXVHG� E\� SODQW�SDWKRJHQLF� IXQJXV�� 8QFLQXOD� QHFDWRU� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� DQG� GHVWUXFWLYH� GLVHDVHV� RI� JUDSH� LQ�PDQ\�FRXQWULHV�RI�WKH�ZRUOG�LQFOXGLQJ�,UDQ�>���������������� ��@� ,W� FDQ� FDXVH� VHULRXV� GDPDJHV� DQG� ORVHV� WR�JUDSH� SURGXFWLRQ� LQ� FRQGXFLEOH� HQYLURQPHQWDO�FRQGLWLRQV��DIIHFW� WKH�JUDSH�SURGXFWLRQ�DQG� WKH� \LHOG�TXDQWLWDWLYHO\� DQG� TXDOLWDWLYHO\� DQG� LQFUHDVH� WKH�SURGXFWLRQ�FRVW�VLJQLILFDQWO\�>�����������@� 7KH�GLVHDVH�ZDV� UHSRUWHG� IURP� ,UDQ� JUDSH� YLQH\DUGV� LQ� ����� IRU�WKH�ILUVW� WLPH� DQG�VLQFH� WKHQ� LW�KDV�EHHQ�REVHUYHG� LQ�PDQ\�JUDSH�JURZLQJ�SURYLQFHV�RI�WKH�FRXQWU\�>�@� ,W�LV�EHOLHYHG� WKDW� 8�� QHFDWRU� WKH� FDXVDO� DJHQW� RI� WKH�GLVHDVH�KDV�ILUVW�EHHQ�LGHQWLILHG�LQ�1RUWK�$PHULFD�DQG�WKHQ� LW�KDV�EHHQ�VSUHDG� WR�(XURSH�EHIRUH������V�DQG��KDV�RIILFLDOO\�EHHQ�UHSRUWHG�IURP�(XURSH�LQ��������,Q�JHQHUDO� DOPRVW� DOO� 9LWLV� YLQLIHUD� FXOWLYDUV� DQG� LWV�

K\EULGV� DUH� VXVFHSWLEOH� WR� SRZGHU\� PLOGHZ� GLVHDVH�>��@� 6WXGLHV�RQ� WKH� OLIH�F\FOH�RI� WKH�IXQJDO�DJHQW�RI�WKH�GLVHDVH�KDYH�VKRZQ�WKDW�LW�XVXDOO\�VXUYLYHV�LQ�WKH�GRUPDQW�EXGV�RI� WKH�SODQW�DV�P\FHOLXP�>����������@��0RVW�UHVHDUFKHUV�EHOLHYH� WKDW� WKH�VH[XDO�VWDJH�RI� WKH�IXQJXV� GRHV� QRW� SOD\� DQ� LPSRUWDQW� UROH� LQ� GLVHDVH�F\FOH� >���� ���� ��@�� 6H[XDO� IRUP� RI� WKH� IXQJXV� DV�FOHLVWRWKHFLXP� RQ� ROGHU� OHDYHV� DQG� WZLJV� KDV� EHHQ�UHSRUWHG� IURP� ,UDQLDQ� YLQH\DUGV� >�@� +RZHYHU�� WKHLU�UROHV� DQG� LPSRUWDQFH� LQ� GLVHDVH� ELRORJ\� DQG�HSLGHPLRORJ\�KDYH�QRW�VWXGLHG�\HW��6RPH�VWXGLHV�KDYH�LQYHVWLJDWHG� WKH� ELRORJ\� DQG� HSLGHPLRORJ\� RI� 8��QHFDWRU�SUHYLRXVO\��)RU�H[DPSOH�%UXQHOOL�>�@�UHSRUWHG�WKDW� WKH� IXQJXV� KDV� WZR� ELRW\SHV� DQG� LV� FDSDEOH� RI�RYHUZLQWHULQJ� DV� FOHLVWRWKHFLXP� DQG� P\FHOLXP��)RUPDWLRQ�RI� FOHLVWRWKHFLXP�DW� WKH�HQG�RI� VHDVRQ�RQ�JUDSH� EUDQFKHV� DQG� OHDYHV� KDYH� EHHQ� UHSRUWHG� E\�VHYHUDO� VWXGLHV� FRQGXFWHG� LQ� 86$� >�@� )UDQFH� >��@��$XVWUDOLD� >��@� DQG� ,UDQ� >�@� ,Q� ,WDO\� DQG� 86$��UHVHDUFKHUV�KDYH�UHSRUWHG�FOHLVWRWKHFLD�DV�WKH�SULPDU\�LQRFXOXP� RI� WKH� GLVHDVH� >��� ��@� *HUPLQDWLRQ� RI�DVFRVSRUHV� RI� 8�� QHFDWRU� ZDV� UHSRUWHG� IRU� WKH� ILUVW�WLPH�LQ������>�@� *DOORZD\�>��@�UHSRUWHG�WKDW�IXQJDO�DVFRVSRUHV� GLG� QRW� SOD\� LPSRUWDQW� UROHV� LQ� SRZGHU\�PLOGHZ� GLVHDVH� LQFLGHQFH�� 7KH\� DOVR� EHOLHYHG� WKDW�
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SURGXFWLRQ� RI� DVFV� LQ� GLVHDVH� F\FOH� ZDV� QRW�SDWKRORJLFDOO\� LPSRUWDQW�&RUWHVL� HW� DO�� >�@ UHSRUWHG�WKDW�IXQJXV�VXUYLYDO�LQ�WKH�ZLQWHU��RYHUZLQWHULQJ��ZDV�QRW� ZHOO� NQRZQ� DQG� LW� PD\� VXUYLYH� DV� DVFRFDUS� RU�P\FHOLXP���,Q� $HGHELO� SURYLQFH� RI� ,UDQ� ZKHUH� WKLV� VWXG\� ZDV�FDUULHG� RXW�� SULPDU\� LQRFXOXP� RI� 8�� QHFDWRU� IRU�GLVHDVH� RFFXUUHQFH� LQ� YLQH\DUGV� LV� QRW� ZHOO� NQRZQ��7KLV� VWXG\� ZDV� WKHUHIRUH� FRQGXFWHG� DQG� H[HFXWHG�GXULQJ� ����±����� WR� VWXG\� DQG� LQYHVWLJDWH� WKH�ELRORJLFDO�DQG�HSLGHPLRORJLFDO�DVSHFWV�RI�WKH�GLVHDVH�LQFOXGLQJ� VXUYLYDO�� RYHUZLQWHULQJ� DQG� SULPDU\�LQRFXOXPV� IRUPDWLRQ� LQ� UHODWLRQ�ZLWK� HQYLURQPHQWDO�FRQGLWLRQV�DQG�SODQW�SKHQRORJ\���
��0DWHULDOV�DQG�0HWKRGV�������9LVLWLQJ� SURYLQFLDO� YLQH\DUGV� IRU� GLVHDVH�PRQLWRULQJ��'XULQJ� 0DUFK�1RYHPEHU� ����������� GLIIHUHQW�YLQH\DUGV� LQ� WKH�SURYLQFH�ZHUH�YLVLWHG� URXWLQHO\� DQG�IXQJXV� VXUYLYDO� �RYHUZLQWHULQJ��� GLVHDVH� LQFLGHQFH�DQG� V\PSWRPV� GHYHORSPHQW� LQ� UHODWLRQ� ZLWK� SODQW�SKHQRORJ\� ZHUH� LQYHVWLJDWHG�� 0DMRU� JUDSH� YDULHWLHV�JURZQ� LQ� WKHVH� UHJLRQV� LQFOXGHG� .HVKPHVKL�� 5DVPL�DQG�6KDKDQL�EHORQJLQJ�WR�9LWLV�YLQHIHUD�VSHFLHV��
�����,QYHVWLJDWLRQ�RI� IXQJDO�FRQLGLD�DQG�DVFRVSRULF�UHOHDVH��,Q� WKLV� H[SHULPHQW�� IRU� GHWHUPLQDWLRQ� RI� SULPDU\�DQG�VHFRQGDU\�LQIHFWLRQ�VRXUFHV��LQ�HDFK�YLQH\DUG�����ZRRGHQ�VWDQGV�ZLWK�WKH�KHLJKW�RI�������������DQG�����FP�UHVSHFWLYHO\�ZHUH�SODFHG�EHWZHHQ�WKH�URZV�LQ�ILYH�VHOHFWHG� ORFDWLRQV� DQG� PLFURVFRSLF� VOLGHV� FRYHUHG�ZLWK�9DVHOLQH�ZHUH�FDUHIXOO\�SODFHG�RQ�WKH�XSSHU�DQG�VLGH� VXUIDFH�RI� HDFK� VWDQG� IRU� VSRUH� WUDSSLQJ�� 6OLGHV�ZHUH� FDUULHG� WR� WKH� ODERUDWRU\� HYHU\� �� GD\V�� ZHUH�VWDLQHG�ZLWK�FRWWRQ�EOXH�ODFWR�SKHQRO�VROXWLRQ�DQG�WKH�QXPEHU� RI� WUDSSHG� VSRUHV� ZHUH� GHWHUPLQHG� DQG�UHFRUGHG�XVLQJ�D�OLJKW�PLFURVFRSH��
�����([DPLQDWLRQ�RI�GRUPDQW�WZLJV�IRU�VXUYLYDO� �RI�IXQJDO�P\FHOLXP��'XULQJ� 0DUFK� ����������� DQG� EHIRUH� EXGGLQJ�VWDJH�� JUDSH� GRUPDQW� EXGV� ZHUH� FROOHFWHG� LQ�H[SHULPHQWDO�VLWHV�DQG�ZHUH�FDUULHG�WR�WKH�ODERUDWRU\�IRU� IXUWKHU� SURFHVVLQJ�� &ROOHFWHG� VDPSOHV� ZHUH� WKHQ�H[DPLQHG�IRU�WKH�SUHVHQFH�RI�8��QHFDWRU�P\FHOLXP�E\�IL[DWLRQ��VWDLQLQJ��PROGLQJ��LQ�SDUDIILQ�DQG�PLFURWRPH�SURILOLQJ� XVLQJ� SURFHGXUH� GHVFULEHG� E\� *HH� HW� DO��>��@� 3HUPDQHQW�SURILOHV�ZHUH�WKHQ�SUHSDUHG�IURP�OHDI�IUDJPHQWV� XVLQJ� JO\FHURO� JHO� DQG� ZHUH� H[DPLQHG�XQGHU� D� OLJKW�PLFURVFRSH� IRU� WKH� GHWHFWLRQ� RI� IXQJDO�P\FHOLXP��������,QYHVWLJDWLRQ�RI�IXQJDO�DVFRVSRUH�UHOHDVH�

� 'XULQJ� WKH�PRQWK� RI�2FWREHU� ����������� LQIHFWHG�JUDSH� OHDYHV� FRQWDLQLQJ� IXQJDO� FOHLVWRWKHFLD� ZHUH�FROOHFWHG�IURP�H[SHULPHQWDO�YLQH\DUGV��ZHUH�FXW�WR���FP�SLHFHV��ZHUH�SODFHG�LQ�FORWK�EDJV�DQG�ZHUH�KDQJHG�RQ� ZRRG\� VWDQG� IRU� DVFRVSRUH� UHOHDVH�� 'XULQJ�1RYHPEHU�WKURXJK�0D\������������WKH�VDPSOHV�ZHUH�H[DPLQHG� HYHU\� WZR� ZHHNV� IRU� WKH� UHOHDVH� RI�DVFRVSRUHV�DFFRUGLQJ� WR� WKH�SURFHGXUHV�GHVFULEHG�E\�3HDUVRQ� DQG� *DXGU\� >��@� )RU� WKH� FROOHFWLRQ� RI�FOHLVWRWKHFLD�����SHDFHV�RI�WKH�OHDYHV�ZHUH�SODFHG�LQ�D�IODVN� FRQWDLQLQJ� ����PO� RI� GLVWLOOHG�ZDWHU� DQG�ZHUH�VKDNHQ�IRU�UHOHDVH�RI�WKH�FOHLVWRWKHFLD��'LVWLOOHG�ZDWHU�LQ�WKH�IODVN�FRQWDLQLQJ�FOHLVWRWKHFLD�ZDV�WKHQ�VFUHHQHG�WZLFH�XVLQJ�PLFUR�VFUHHQV�DQG�IXQJDO�DVFRFDUSV�ZHUH�FROOHFWHG�DQG�ZHUH�SODFHG�RQ�SDSHU�GLVNV��3DSHU�GLVNV�ZHUH� WKHQ� � SODFHG� LQ� D�PRLVW�SHWUL� GLVK� FRQWDLQLQJ� D�PLFURVFRSH� VOLGH�� 5HOHDVH� RI� IXQJDO� DVFRVSRUHV� ZDV�GHWHUPLQHG� DIWHU� ��� KRXUV� E\� H[DPLQLQJ� WKH� VOLGHV�XQGHU�D�OLJKW�PLFURVFRSH��
�����,QYHVWLJDWLRQ� RI� FOHLVWRWKHFLD� VXUYLYDO� GXULQJ�WKH�VHDVRQ���������������������������������������������������������'XULQJ�2FWREHU� WR�0D\����������� LQIHFWHG� WZLJV��OHDYHV� DQG� VXUIDFH� VRLO�ZHUH� FROOHFWHG� HYHU\�PRQWKV�XVLQJ� WKH� SURFHGXUH� GHVFULEHG� E\�&RUWHVL� HW� DO�� >�@�)XQJDO� DVFRFDUSV� ZHUH� H[DPLQHG� XQGHU� D� OLJKW�PLFURVFRSH� DQG� YLDELOLW\� RI� DVFRVSRUHV� ZDV�GHWHUPLQHG� LQ� IOXRUHFLQ� GLDFHWDWH� VROXWLRQ� DIWHU� ��PLQXWHV�DFFRUGLQJ�WR�WKH�PHWKRG�GHVFULEHG�E\�*HH�HW�DO�� >��@� 9LDELOLW\� GHWHUPLQDWLRQ� RI� DVFRFDUSV� ZDV�EDVHG�RQ�WKH�SURGXFWLRQ�RI�JUHHQ�IOXRUHVFHQW�SLJPHQW�E\�DW�OHDVW�����RI�WKH�DVFRVSRUHV�>��@�
����(YDOXDWLRQ� RI� SDWKRJHQLFLW\� RI� IXQJDO�DVFRVSRUHV���7R� LQYHVWLJDWH� WKH� SDWKRJHQLFLW\� RI� 8�� QHFDWRU��LQIHFWHG� OHDYHV� UHYHDOLQJ� GLVHDVH� V\PSWRPV� ZHUH�FROOHFWHG�IURP�H[SHULPHQWDO�YLQH\DUGV�DQG�ZHUH�WDNHQ�WR� WKH� ODERUDWRU\� IRU� IXUWKHU� SURFHVVLQJ�� ,QIHFWHG�OHDYHV� ZHUH� SODFHG� LQ� ��FP� GLDPHWHU� 3HWUL� GLVKHV��ZHUH�VXUIDFH�VWHULOL]HG�DQG�ZHUH�WKHQ�WUDQVIHUUHG�LQWR�RWKHU�3HWUL�GLVKHV�FRQWDLQLQJ����PO�ZDWHU�DJDU��:$��PHGLXP�DQG�����SSP�EHQ]LPLGD]ROH�IXQJLFLGH��)RXU�PRLVW� SDSHU� GLVNV� HDFK� FRQWDLQLQJ� ��� IXQJDO�FOHLVWRWKHFLD�ZHUH�SODFHG� LQVLGH� WKH� OLG�RI�HDFK�3HWUL�GLVK�� /HDYHV� ZHUH� WKHQ� H[DPLQHG� IRU� WKH� LQIHFWLRQ�FDXVHG�E\�IXQJDO�DVFRVSRUHV�>�@�

����,QYHVWLJDWLRQ� RI� WKH� HIIHFW� RI� HQYLURQPHQWDO�IDFWRUV�RQ�8�QHFDWRU�VSRUXODWLRQ��7KH� LPSDFW� RI� HQYLURQPHQWDO� IDFWRUV� LQFOXGLQJ�WHPSHUDWXUH� DQG� PRLVWXUH� RQ� WKH� JHUPLQDWLRQ� RI�IXQJDO� FRQLGLD� LQ� LQYLWUR� FRQGLWLRQ� ZDV� HYDOXDWHG�DFFRUGLQJ�WR�WKH�SURFHGXUH�GHVFULEHG�E\�6SHQFHU�>��@�7KH�LPSDFW�RI�ZHDWKHU�FRQGLWLRQV� LQFOXGLQJ�UDLQ�DQG�
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DLU� WHPSHUDWXUH� RQ� WKH� UHOHDVH� RI� IXQJDO� VSRUHV� DQG�GLVHDVH� LQFLGHQFH� ZHUH� DOVR� LQYHVWLJDWHG� XVLQJ� GDWD� REWDLQHG�IURP�SURYLQFLDO�PHWURORJLFDO�VHUYLFH��
�

5HVXOWV�� 3RZGHU\� PLOGHZ� GLVHDVH� V\PSWRPV� RQ� WKH� JUDSH�SODQWV� GLG� QRW� DSSHDU� LQ� WKH� H[SHULPHQWDO� YLQH\DUGV�XQWLO�PLG� -XQH��+RZHYHU�� YDULRXV� GLVHDVH� V\PSWRPV�LQFOXGLQJ�IXQJDO�FRQLGLD��WLVVXH�GLVFRORUDWLRQ�DQG�IUXLW�GHIRUPDWLRQ� DSSHDUHG� RQ� WKH� XSSHU� VXUIDFH� RI� WKH�OHDYHV��RQ�WKH�XQGHUVLGH�RI�WKH�OHDYHV��RQ�WKH�IUXLW�DQG�RQ�WKH�VKRRW��)XQJDO�DVH[XDO�DQG�VH[XDO�VWUXFWXUHV�DUH�DUH�RQ� WKH� OHDYHV�� IUXLWV�DQG� WZLJV��$FFRUGLQJ� WR� WKH�UHVXOWV�RI�F\WRORJLFDO�WHVWV�LQ�RXU�VWXG\��LW�ZDV�VKRZQ�WKDW� WKH� VXUYLYDO� RI� WKH� FDXVDO� DJHQW� RI� WKH� GLVHDVH����8��QHFDWRU��GXULQJ�ZLQWHU��RYHUZLQWHULQJ��WRRN�SODFH�DV�P\FHOLXP�LQ�WKH�GRUPDQW�EXGV�RI�WKH�JUDSH�SODQWV��)LJ�� ���� 5HVXOWV� RI� WKH� VWXG\� DOVR� LQGLFDWHG� WKDW�IXQJDO�FRQLGLD�ZHUH� UHOHDVHG� IURP� ODWH�0D\� WR� HDUO\�6HSWHPEHU�� 7KHVH� FRQLGLD� ZHUH� VKRZQ� WR� EH� WKH�SULPDU\� LQRFXOXP� RI� WKH� GLVHDVH�� )LUVW� FRQLGLD�ZHUH�WUDSSHG�DURXQG��ODWH�0D\�LQ�RXU�H[SHULPHQWV���

)LJXUH� ��� +\SKDH� RI� SRZGHU\� PLOGHZ� LQ� K� RI� D��JUDSH�GRUPDQW�EXG��

$FFRUGLQJ�WR�WKH�UHVXOWV��ILUVW�GLVHDVH�V\PSWRPV�ZHUH�REVHUYHG� RQ� OHDI� DQG� IUXLW� LQ� PLG� -XQH� DQG� VH[XDO�IRUPV�RI�WKH�IXQJXV��DVFRFDUSV��ZHUH�GHWHFWHG�RQ�WKH�LQIHFWHG�SODQWV�LQ�HDUO\�2FWREHU��)LJ�������

)LJXUH� ��� &OHLVWRWKHFLD� RI� 8QFLQXOD� QHFDWRU� LQ�YDULRXV�VWDJHV�RI�PDWXULW\�RQ�JUDSH�OHDI�� 5HVXOWV�RI�WKH�VWXG\�RQ�WKH�HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�RQ�VSRUXODWLRQ�RI�8��QHFDWRU�LQGLFDWHG�WKDW�LQ�H[SHULPHQWDO�YLQH\DUGV� FRQLGLD� UHOHDVH�EHJDQ� LQ� ODWH�0D\� ZKHQ� WHPSHUDWXUH� ZDV� DERXW� ������&� DQG� WKH�PD[LPXP� FRQLGLD� UHOHDVH� ZDV� REVHUYHG� ZKHQ� DLU�WHPSHUDWXUH�UHDFKHG�������&��7DEOH�����7KH�RSWLPXP�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\� IRU� IXQJDO� FRQLGLD�JHUPLQDWLRQ� ZHUH� ���&� DQG� �������� UHVSHFWLYHO\��7DEOH���DQG����� ,Q� WHPSHUDWXUH�EHORZ����&� FRQLGLD�UHOHDVH� ZDV� JUDGXDOO\� UHGXFHG�� 7KH� PD[LPXP�WHPSHUDWXUH�IRU�FRQLGLD�JHUPLQDWLRQ�ZDV�IRXQG�WR�EH����&�DQG�LW�ZDV�VWRSSHG�ZKHQ�WHPSHUDWXUH�H[FHHGHG����&��7DEOH�����
�
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7DEOH����(IIHFWV�RI�WHPSHUDWXUH�LQ�WKH�JHUPLQDWLRQ�RI�8QFLQXOD�QHFDWRU�FRQLGLD�DW�GLIIHUHQW�WLPH�LQWHUYDOV��
7LPH� EHIRUH� PD[LPXP�JHUPLQDWLRQ�RFFXUV���KU��

0D[LPXP�JHUPLQDWLRQ������
*HUPLQDWLRQ�����7LPH� EHIRUH�JHUPLQDWLRQ� EHJLQV��KU��

7HPSHUDWXUH���&��1R��
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7DEOH� ��� (IIHFWV� RI� UHODWLYH� KXPLGLW\� RQ� WKH� JHUPLQDWLRQ� RI� 8QFLQXOD� QHFDWRU� WKH� FDXVDO� DJHQW� RI� SRZGHU\�PLOGHZ�GLVHDVH��
&RQLGLD�JHUPLQDWLRQ������5HODWLYH�KXPLGLW\������1R��
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���'LVFXVVLRQ���5HVXOWV�RI�RXU�VWXG\�LQ�WKH�UROH�RI�FOHLVWKRWKHFLD�LQ�WKH�VXUYLYDO� DQG� RYHUZLQWHULQJ� RI� 8�� QHFDWRU� VKRZHG� WKDW�FOHLVWRWKHFLD�ZHUH�IRUPHG�DEXQGDQWO\�RQ�WKH�OHDYHV�DQG�EUDQFKHV� DW� WKH� HQG� RI� VHDVRQ�� EXW� WKHVH� FOHLVWRWKHFLD�FRXOG� QRW� UHVLVW� DQG� VXUYLYH� GXULQJ� WKH� ZLQWHU�� 7KHVH�ILQGLQJV� GLG� QRW� VXSSRUW� WKH� UROHV� RI� FOHLVWRWKHFLD� LQ�IXQJDO�VXUYLYDO�DQG�SDWKRJHQHVLV��2XU�UHVXOWV�DJUHH�ZLWK�WKRVH� RI� SUHYLRXV� VWXGLHV� ZKLFK� KDYH� LQGLFDWHG� WKDW�FOHLVWRWKHFLD� GR� QRW� SOD\� LPSRUWDQW� UROHV� LQ� WKH�RFFXUUHQFH�RI�SRZGHU\�PLOGHZ�GLVHDVH� � >���������@� ,Q�WKHVH�VWXGLHV�ZLQWHU�VXUYLYLQJ�FOHLVWRWKHFLD�RQ�WKH�OHDYHV�ZHUH� WHVWHG� IRU� WKH� SDWKRJHQLFLW\�� EXW� WKH\� IDLOHG� WR�FDXVH� GLVHDVH� E\� ODFN� RI� V\PSWRPV� LQGXFWLRQ� >��� ��������@� :H�REWDLQHG�WKH�VLPLODU�UHVXOWV�LQ�WKLV�VWXG\�DQG�RXU� WHVW� FOHLVWRWKHFLD� GLG� QRW� LQGXFH� DQ\� GLVHDVH�V\PSWRPV� RQ� WKH� \RXQJ� OHDYHV� ZKHQ� WKH� OHDYHV� ZHUH�LQRFXODWHG�ZLWK�WKHVH�FOHLVWRWHKFLD���,Q� D� SUHYLRXV� VWXG\�� *DGRXUL� DQG� 3HDUVRQ� >��@�SURYHG�WKDW�ZKHQ�JUDSH�OHDYHV�FDUU\LQJ�DVFRFDUSHV�ZHUH�EXULHG� LQ� WKH� VRLO�� DOO� DVFRFDUSV� ORVW� WKHLU�YLDELOLW\� >�@�7KH�UHVXOWV�RI�RXU�H[SHULPHQWV�LQ�WKLV�UHJDUG�DJUHH�ZLWK�WKRVH�RI�DERYH�PHQWLRQHG�VWXG\��,Q�RXU�VWXG\�LW�ZDV�DOVR�IRXQG�WKDW�QR�YLDEOH�DVFRFDUS�ZDV�GHWHFWHG�LQ�WKH�OHDYHV�ZKLFK�ZHUH� FROOHFWHG� IURP� WKH� YLQH\DUGV� VRLO� LQ� HDUO\�VSULQJ��7KH� UHVXOWV� RI� RXU� VWXG\� RQ� WKH� LPSDFW� RI�HQYLURQPHQWDO�IDFWRUV�RQ�IXQJDO�VSRUXODWLRQ�DJUHH�ZLWK�WKRVH�RI�SUHYLRXV�VWXGLHV�FDUULHG�RXW�E\�'HOS�>�@��%XLOW�
DQG�/DIRQ�>�@��3HDUVRQ�DQG�*RKHHQ�>��@�DQG�6SHQFHU�>��@� $FFRUGLQJ� WR� RXU� UHVXOWV� DQG� WKHLU� ILQGLQJV�HQYLURQPHQWDO� IDFWRUV� LQFOXGLQJ� WHPSHUDWXUH� DQG�UHODWLYH� KXPLGLW\� DUH� YHU\� LPSRUWDQW� DQG� SOD\� FULWLFDO�UROHV�LQ�IXQJDO�FRQLGLD�DQG�DVFRVSRUH�UHOHDVH��7KH� RYHUDOO� UHVXOWV� RI� WKLV� VWXG\� RQ� ELRORJ\� DQG�HSLGHPLRORJ\� RI� 8�� QHFDWRU� WKH� FDXVDO� DJHQW� RI� JUDSH�SRZGHU\� PLOGHZ� GLVHDVH� SURYLGH� VRPH� QRYHO�LQIRUPDWLRQ�IRU�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LQWHUDFWLRQV�DPRQJ� HQYLURQPHQWDO� IDFWRUV�� WKH� KRVW� SODQW� DQG� WKH�SDWKRJHQ��7R� VHOHFW� DQG� FKRRVH�PRUH� HIIHFWLYH� FRQWURO�PHWKRGV�IRU�D�FHUWDLQ�GLVHDVH�RQ�D�JLYHQ�SODQW�DQG�LQ�D�JLYHQ� DUHD�� VWXG\� RI� WKH� LQWHUDFWLRQV� DPRQJ� WKH� DERYH�IDFWRUV�LV�YHU\�LPSRUWDQW��7KH�RXWFRPHV�DQG�ILQGLQJV�RI�WKLV� VWXG\� PD\� WKHUHIRUH� EH� XVHG� HIIHFWLYHO\� LQ�IRUPXODWLRQ� RI� PDQDJHPHQW� VWUDWHJLHV� WR� FRPEDW� DQG�RYHUFRPH�WKH�SRZGHU\�PLOGHZ�GLVHDVH�ZKLFK�LV�RQH�RI�WKH�PRVW�GHVWUXFWLYH�DQG�GDPDJLQJ�GLVHDVHV�RI�WKH�JUDSH�DURXQG�WKH�ZRUOG�LQFOXGLQJ�,UDQ���
���&RQFOXVLRQ��*HQHUDOO\�� 5HVXOWV� RI� KLVWRSDWKRORJLFDO� H[SHULPHQWV�LQGLFDWHG� WKDW�8�� QHFDWRU� VXUYLYHG� DV�P\FHOLXP� LQ� WKH�GRUPDQW� EXGV� RI� WKH� JUDSHV� GXULQJ� ZLQWHU� VHDVRQ��5HVXOWV�RI�VWXG\�RQ� WKH�HIIHFW�RI�HQYLURQPHQWDO� IDFWRUV�RQ� IXQJXV� ELRORJ\� VKRZHG� WKDW� RSWLPXP� WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\� IRU� WKH�VSRUXODWLRQ�RI�8��QHFDWRU�

ZDV� ������&� DQG� �������� UHVSHFWLYHO\�� $FFRUGLQJ� WR�WKH� UHVXOWV�� IXQJDO� FRQLGLD� ZHUH� WUDSSHG� GXULQJ�IRUPDWLRQ�RI�����WUXH�OHDYHV�DQG�ILUVW�GLVHDVH�V\PSWRPV�ZHUH� REVHUYHG� RQ� WKH� FOXVWHUV� RQ� ODWH� -XQH� DIWHU� IUXLW�IRUPDWLRQ�� )XQJDO� FOHLVWRWKHFLD� ZHUH� REVHUYHG�DEXQGDQWO\�DW� WKH�HQG�RI�VHDVRQ�RQ� WKH� OHDYHV��SHWLROHV�DQG� WZLJV� EXW� WKH\� ZHUH� QRW� DEOH� WR� VXUYLYH� GXULQJ�ZLQWHU���
�$FNQRZOHGJHPHQW��� 7KLV� ZRUN� ZDV� VXSSRUWHG� VFLHQWLILFDOO\� E\� 'U�� 1��6RNKDQGDQ�DQG�'U��0��$U]DQOX��&ROOHJH�RI�$JULFXOWXUH��8QLYHUVLW\�RI�7DEUL]��+HUHE\�DXWKRU�LV�JUDWHIXO�RI�WKHP���
&RUUHVSRQGLQJ�DXWKRU��� 'U�� +RVVHLQ� NDUEDODHL� .KLDYL�� $JULFXOWXUH� DQG�1DWXUDO�5HVRXUFHV�5HVHDUFK�&HQWHU�RI�$UGDELO�3URYLQFH��$UGDELO�� ,UDQ�� 7HOHSKRQH�� ������������� )D[�� ����������������(�PDLO��KRVVHLQBNDUEDODHH#\DKRR�FRP�
5HIHUHQFHV����� %DQLKDVKHPL� =�� 3DUYLQ� 6�� 7KH� RFFXUUHQFH� RI�DVFLJHQRXV�VWDJH�RI�8QFLQXOD�QHFWRU�YDU��QHFDWRU�LQ�IDUV��,UDQ�3ODQW�3DWKRO�������������������%UXQHOOL�$��&RUWHVL�3��)DUHWUD�)��3RSXODWLRQ�ELRORJ\�RI� 8QFLQXOD� QHFDWRU�� )DUHWUD� )UDQFHVFR�� 8QLYHUVLW\�RI�%DUL��5HV��3URJ��\HDU�������������������� ���%XLOW�-��/DIRQ�5��3RZGHU\�PLOGHZ�RI�WKH�YLQH�� ,Q��7KH� 3RZGHU\� 0LOGHZ�� �UG� HG�� 6SHQFHU� '0��$FDGHPLF�3UHVV��1HZ�<RUN��86$�������SS����������� ���&DORQQHF�$��&DUWRODUR�3��3RXSRW�&��'XERXUGLHX�'��'DUULHW�$��(IIHFWV�RI�8QFLQXOD�QHFDWRU�RQ� WKH� \LHOG�DQG�TXDOLW\�RI�JUDSHV��9LWLV�YLQLIHUD��DQG�ZLQH��3ODQW�3DWKRO�������������������� ���&RUWHVL�3��%LVLDFK�0��5LFFLROLQL�0��*DGRXU\�'0��&OHLVWRWKHFLD� RI� 8QFLQXOD� QHFDWRU� DQ� DGGLWLRQDO�VRXUFH�RI���LQRFXOXP�LQ�,WDOLDQ�YLQH\DUGV��3ODQW�'LV�������������������� ���'HOS�&/�� (IIHFW� RI� WHPSHUDWXUH� DQG� KXPLGLW\� RQ�WKH� JUDSH� SRZGHU\� PLOGHZ� IXQJXV�� 3K\WRSDWKRO�������������������� ���(YDQWV�.-��:KLVVRQ�/��6FRWW�(6��$Q�H[SHULPHQWDO�V\VWHP� IRU� FKDUDFWHUL]LQJ� LVRODWHV� RI� � 8QFLQXOD�QHFDWRU��0\FRO��5HV�����������E������������ ���*DGRXU\�'0��3HDUVRQ�5&��,QLWLDWLRQ��GHYHORSPHQW��GLVSHUVDO� DQG� VXUYLYDO� RI� FOHLVWRWKHFLD� RI� 8QFLQXOD�QHFDWRU� LQ� 1HZ� <RUN� YLQH\DUGV�� 3K\WRSDWKRO�������������������������*DGRXU\�'0��6HHP�5&��3HDUVRQ�5&��:LOFR[�:)��(IIHFWV� RI� SRZGHU\� PLOGHZ� RQ� YLQH� JURZWK�� \LHOG�DQG� TXDOLW\� RI� &RQFRUG� JUDSHV�� 3ODQW� 'LV�� �����������������������*DOORZD\�%7��2EVHUYDWLRQ�RQ�WKH�GHYHORSPHQW�RI�8QFLQXOD�VSLUDOLV��%RW��*D]�������������������
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���� *HH� /�� 6WXPPHU� %(�� *DGRXU\� '�� %LJJLQV� /(��6FRWW� (6��� 0DWXUDWLRQ� RI� FOHLVWRWKHFLD� RI� 8QFLQXOD�QHFDWRU� DQG� UHOHDVH� RI� DVFRVSRUHV� LQ� $XVWUDOLD��$XVWU��-��*UDSH�:LQH�5HV������������������������ 1DXPRYD� 1$�� 7HVWLQJ� RI� VHHGV� IRU� IXQJRXV� DQG�EDFWHULDO� LQIHFWLRQV�� 0HWKRG� RI� SK\WRSDWKRORJLFDO�H[DPLQDWLRQ�RI� VHHGV��.HWHU�3UHVV��:LHQHU�%LQGLQJ�/W'��<HUXVDODP�����������SS������� 3HDUVRQ� 5&�� *DGRXU\� '0�� &OHLVWRWKHFLD�� WKH�VRXUFH� RI� SULPDU\� LQRFXOXP� IRU� JUDSH� SRZGHU\�PLOGHZ� LQ� 1HZ� <RUN�� 3K\WRSDWKRO�� ������������������������� 3HDUVRQ�5&�� *DUWHO�:��2FFXUUHQFH� RI� K\SKDH� RI�8QFLQXOD� QHFDWRU� LQ� EXGV� RI� JUDSHYLQH�� 3ODQW� 'LV������������������������3HDUVRQ�5&��*RKHHQ�$&��&RPSHQGLXP�RI�*UDSH�'LVHDVHV��$P��3K\WRSDWKRO��$36�3UHVV�6W�3DXO�01��86$����������SS������� 3RRO� 50�� 3HDUVRQ� 5&�� :HOVHU� 0-�� -RNVRQ� $1��6HHP� 5&�� ,QIOXHQFH� RI� SRZGHU\� PLOGHZ� RQ� \LHOG�DQG� JURZWK� RI� URVHWWH� JUDSHYLQH�� 3ODQW� 'LV��������������������������������������� 6DOO� 0$�� :U\VLQVNL� -�� 3UHVHQWDWLRQ� RI� SRZGHU\�PLOGHZ� LQ� EXGV� RI� JUDSHYLQH�� 3ODQW� 'LV������������������������ 6FKQDWKRUVW� :&�� (QYLURQPHQWDO� UHODWLRQVKLSV� LQ�WKH� SRZGHU\� PLOGHZV�� 3K\WRSDWKRO�� ����������±��������������������6SHQFHU�'0��3RZGHU\�PLOGHZ�RI�VWUDZEHUULHV��,Q��7KH�SRZGHU\�0LOGHZV��HG��6SHQFHU�'0��$FDGHPLF�SUHVV��1HZ�<RUN��86$��������SS�����±���������������������������������������������������������� :LFNV� 7-�� 0DJDUH\� 3�� )LUVW� UHSRUW� RI� 8QFLQXOD�QHFDWRU� FOHLVWRWKHFLD� RQ� JUDSH� LQ� $XVWUDOLD�� 3ODQW�'LV����������������
����������


