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ZHHN�ROG�� FDPH� IURP� �� IDUPV� DQG� VKRZHG�GLDUUKRHD� EHWZHHQ� �� DQG� �� GD\V� ZLWK� QR�UHVSRQVH� WR� DQ\� WUHDWPHQW�� $OO� DXWRSVLHV�ZHUH� SHUIRUPHG� ZLWKLQ� �� WR� �� KRXUV� DIWHU�GHDWK��3LHFHV�RI� LQWHVWLQH�� OLYHU�� VSOHHQ� DQG�O\PSK� QRGHV� ZHUH� WDNHQ� IRU�PLFURELRORJLFDO�LQYHVWLJDWLRQV�XVLQJ�URXWLQH�PHWKRGV�� 7KH� LQWHVWLQDO� VDPSOHV� ZHUH� DOVR�WHVWHG� IRU� WKH� JURZWK� RI� DQDHUREHV�� )RU�KLVWRSDWKRORJLFDO� LQYHVWLJDWLRQ�� VPDOO�SLHFHV�RI�DOO�RUJDQV�LQFOXGLQJ�FRPSDUWPHQW�� DQG�VWRPDFK��DV�ZHOO�DV�PXVFOHV�DQG�ERG\�O\PSK� QRGHV� ZHUH� WDNHQ�� 7KHVH� VDPSOHV�ZHUH� IL[HG� IRU� ��� KRXUV� LQ� ����� EXIIHUHG�)RUPDOLQ�� )LYH� �OP� WKLQ� VHFWLRQV� ZHUH� FXW�DQG�VWDLQHG�ZLWK�KDHPDWR[LOLQ�DQG�HRVLQ���� )DHFDO VDPSOHV� IURP� HDFK� FDPHO� FDOI�ZHUH�FROOHFWHG�DQG�WHVWHG�ZLWK�WKH�IORWDWLRQ�PHWKRG�� 'LUHFW� VPHDUV� ZHUH� DOVR� SUHSDUHG�DQG� H[DPLQHG�� 7ZHQW\� RRF\VWV� ZHUH�PHDVXUHG� XQGHU� WKH� PLFURVFRSH� DQG�DYHUDJH�OHQJWKV�DQG�ZLGWKV�ZHUH�FDOFXODWHG�����5HVXOWV�� %HWZHHQ� -DQXDU\� DQG� 0DUFK� ������ D�QHZ� RI� FDPHO� FDOI� GLVHDVH� RFFXUUHG� LQ� WKH�'XEDL� DUHD�� 7KH� FDOYHV� RQ� WZR� IDUPV�VKRZHG� GLDUUKRHD� EHWZHHQ� �� DQG� �� GD\V�ZLWK� QR� UHVSRQVH� WR� DQ\� WUHDWPHQW�� 1R�FKDQJHV� LQ� IHHGLQJ�SUDFWLFH�ZHUH�REVHUYHG��7KH� PRWKHUV�� ZKLFK� ZHUH� NHSW� LQ� ODUJH�SHQV�� UHFHLYHG� KD\� DG� OLELWXP� DQG� VPDOO�DPRXQWV� RI� SHOOHWV�� :KHQ� WKH� FDOYHV�EHFDPH�VLFN��WKH\�ZHUH�NHSW�LQ�VPDOOHU�SHQV�WRJHWKHU� ZLWK� WKHLU� PRWKHUV�� ZKLFK� QHYHU�VKRZHG�DQ\�GLVHDVH���� *URVV� SDWKRORJLFDO� H[DPLQDWLRQ� RI�HLJKW� FDOYHV� IURP� WKHVH� �� IDUPV� UHYHDOHG�VHYHUH� GLSKWKHURLG� WR� KDHPRUUKDJLF� FROLWLV��)LJ�� ���� 0DVVLYH� QXPEHUV� RI� VPDOO�FRFFLGLDQ�VWDJHV� ZHUH� GHWHFWHG� LQ� WKH�ODPLQD� SURSULD� RI� WKH� FRORQ� E\�KLVWRSDWKRORJLFDO� VWXGLHV�� +LVWRORJLFDO�VHFWLRQV� VKRZHG� GHVWUXFWLRQ� DQG�GLVRUJDQLVDWLRQ�RI�WKH�PXFRVD�WRJHWKHU�ZLWK�KDHPRUUKDJHV� DQG� LQILOWUDWLRQ� RI�LQIODPPDWRU\� FHOOV��PDLQO\� HRVLQRSKLOV� DQG�PDFURSKDJHV�� 1XPHURXV� FRFFLGLDQ� VWDJHV�

�]\JRWHV� DQG� RRF\VWV�� ZHUH� ORFDWHG� LQ� WKH�PXFRVD�RIWKH�FRORQ� �)LJ������EXW�QRW� LQ� WKH�VPDOO�LQWHVWLQH��7KHVH�RRF\VWV��FRQWDLQLQJ���VSRURF\VWV�ZLWK��� VSRUR]RLWHV�HDFK��)LJ�����ZHUH�DOVR�IRXQG�LQ�FRORQ�VPHDUV�DQG�IDHFDO�VDPSOHV�� 0RVW� RI� WKH� RRF\VWV� ZHUH�VSRUXODWHG�DW�WKH�WLPH�RI�LQYHVWLJDWLRQ���� 7KH�RRF\VWV�ZHUH�HOOLSVRLGDO� WR�RYRLG��ILJXUH���VKDSHG��������[��������/P�ZLWK�D�VPRRWK�� ��OD\HU� ZDOO� DERXW� �� ��/P� WKLFN��ZLWKRXW� D� PLFURS\OH�� SRODU� JUDQXOH�� RU�UHVLGXXP�� 7KH� WZR� VSRURF\VWV� SHU� RRF\VW�ZHUH�HOOLSVRLGDO�ZLWK�D� VL]H�RI�������[������� ��/P� FRQWDLQLQJ� IRXU� HORQJDWHG�HOOLSVRLGDO�VSRUR]RLWHV�����[����������/P�LQ�VL]H�� 0LFURELRORJLFDO� LQYHVWLJDWLRQV�LQFOXGLQJ� DQDHURELF� FXOWXUH� GLG� QRW� GHWHFW�SDWKRJHQLF�EDFWHULD�����'LVFXVVLRQ�� 6HYHUH� FRFFLGLRVLV� FDXVLQJ� HQWHULWLV�DQG� D� PRUWDOLW\� UDWH� XS� WR� ���� LQ� \RXQJ�FDPHOV� KDYH� RQO\� EHHQ� UHSRUWHG� LQ� D� IHZ�FDVHV� �+DPDQFKDGUDQ� HW� DO��� ������ *UXYHO�DQG� *UDE� (5�� ������ &KLQHPH�� ������/HYLQH�� ������ +XVVHLQ�� ������ .LQQH� DQG�:HUQHU\�� ������� 7KH� FRFFLGLDQ� VSHFLHV�DVVRFLDWHG� ZLWK� GLVHDVH� �FRFFLGLRVLV�� DUH�SULPDULO\�(�� FDPHOL� DQG�(�� GURPHGDULL�� EXW�DOVR� (�� UDMDVWKDQL� VHHPV� WR� EH� SDWKRJHQLF��+XVVHLQ�HW�DO����������$OO�WKHVH�VSHFLHV�DUH�EHORQJLQJ�WR�WKH�(LPHULD�JHQXV���� %HWZHHQ� -DQXDU\� DQG� 0DUFK� ������ D�QHZ� FDPHO� FDOI� GLVHDVH� RFFXUUHG� LQ� WKH�'XEDL� DUHD�� 7KH� FDOYHV� RQ� WZR� IDUPV�VKRZHG� GLDUUKRHD� EHWZHHQ� �� DQG� �� GD\V�ZLWK�QR�UHVSRQVH�WR�DQ\�WUHDWPHQW��(LJKW�RI�WKHVH� FDOYHV� ��� WR� �� ZHHNV� ROG�� ZHUH�VXEPLWWHG� IRU� SRVW�PRUWHP� H[DPLQDWLRQ��*URVV� SDWKRORJLFDO� H[DPLQDWLRQ� RI� WKHVH�HLJKW� FDOYHV� UHYHDOHG� VHYHUH� GLSKWKHURLG� WR�KDHPRUUKDJLF� FROLWLV�� 0DVVLYH� QXPEHUV� RI�VPDOO�FRFFLGLDQ�VWDJHV�ZHUH�GHWHFWHG�LQ�WKH�ODPLQD�SURSULD�E\�KLVWRSDWKRORJLFDO�VWXGLHV��(LPHULD� VSS�� DUH� GLVWLQJXLVKHG� IURP�,VRVSRUD�VSS��E\�WKH�VSRUXODWHG�RRF\VWV����
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(LPHULD�VSS��FRQWDLQ���VSRURF\VWV�ZLWK�� VSRUR]RLWHV� HDFK�� ZKHUHDV� ,VRVSRUD� VSS��KDYH� �� VSRURF\VWV� ZLWK� �� VSRUR]RLWHV� HDFK��/HYLQH�� ������� ,W� ZDV� FRQVLGHUHG� WKDW� WKH�FRFFLGLDQ� VWDJHV� LQ� RXU� FDVHV� EHORQJ� WR� DQ�,VRVSRUD� VSS��� EHFDXVH� W\SLFDO� RRF\VWV��FRQWDLQLQJ���VSRURF\VWV�ZLWK���VSRUR]RLWHV�HDFK�� ZHUH� IRXQG� LQ� FRORQ� VPHDUV� DQG�IDHFDO�VDPSOHV���� 7KH� RRF\VWV� RI� ,�� RUORYL� DUH� GHVFULEHG�DV HOOLSVRLGDO�� RYRLG��SLULIRUP�� 
WR� ILJXUH���VKDSHG�� ������ [� ������ IOP�ZLWK� D� VPRRWK����OD\HU� ZDOO� DERXW� �� XP� WKLFN� ZLWKRXW� D�PLFURS\OH�� SRODU�JUDQXOH��RU� UHVLGXXP��7KH�VSRURF\VWV� DUH� HOOLSVRLGDO� WR� RYRLG� �������IOP� LQ� GLDPHWHU�� ZLWK� D� UHVLGXXP� DQG�ZLWKRXW� 6WLHGD� ERG\�� 7KH� VSRUR]RLWHV� DUH�HORQJDWHG� HOOLSVRLGDO�� ����� [� ���� IOP��/HYLQH�� ������ 3HOOHUG\�� ������� $V� WKH�RRF\VWV�LQ�RXU�FDVHV�UHVHPEOHG�,�RUORYL��LW�LV�EHOLHYHG� WKDW� WKH�RXWEUHDN�ZDV� FDXVHG�E\� ,RUORYL��
,W�LV�ZRUWKZKLOH�WR�QRWH��WKDW�DURXQG����� RI�WKH�RRF\VWV�ZHUH�DOUHDG\�VSRUXODWHG�LQ�WKH� IDHFDO� VDPSOHV�DW� WLPH�RI� LQYHVWLJDWLRQ��,Q� RXU� ODERUDWRU\� LW� XVXDOO\� WDNHV� �� WR� ���KRXUV� WR�H[DPLQH� WKH�VOLGHV�DIWHU�VDPSOLQJ��7KLV� PLJKW� EH� ORQJ� HQRXJK� IRU� RRF\VWV�VSRUXODWLRQ��7KH�KLJK�QXPEHU�RI�VSRUXODWHG�RRF\VWV�LQ�WKH�IDHFHV�PD\�EH�D�UHDVRQ��WKDW�,�RUORYL� LV� WKRXJKW� E\� 3HOOHUG\� �������� WR� EH�DQ DYLDQ� IRUP�� DFFLGHQWDOO\� LQJHVWHG�� $V�WKH\� DUH� PXOWLSO\LQJ� LQ� WKH� FRORQ� PXFRVD�FDXVLQJ� VHYHUH� FROLWLV� �DQG� QR� SDWKRJHQLF�EDFWHULD�ZHUH�GHWHFWHG���RXU�,VRVSRUD�VSS��LV�WKRXJKW�WR�EH�DQ�RULJLQDO�FDPHO�SDWKRJHQ���� 7KH� VRXUFH� RI� LQIHFWLRQ� UHPDLQHG�XQNQRZQ�� 7KH� FDOYHV� JRW� RQO\� PLON� IRUP�WKHLU� PRWKHUV� DQG� PD\� KDYH� LQJHVWHG� DOVR�VRPH� KD\�� 6LQFH� FRSSHU� GHILFLHQF\� ZDV�GLDJQRVHG� LQ� GURPHGDU\� FDOYHV� DQG� WKHLU�GDPV�LQ�WKH�8$(��:HUQHU\�HW DO��������WKH�FDOYHV� PD\� KDYH� WULHG� WR� FRPSHQVDWH� D�FRSSHU� GHILFLHQF\� E\� LQJHVWLQJ� VDQG�FRQWDLQLQJ� ,VRVSRUD� RRF\VWV�� 7UHDWPHQW�

ZLWK�%D\FR[� LQ� WKH� UHFRPPHQGHG�GRVDJH�ZDV�XQVXFFHVVIXO���)LJXUHV��

)LJ�����6HYHUH�GLSKWKHURLG�WR�KDHPRUUKDJLF�FROLWLV�FDXVHG�E\�,VRVSRUD�RUORYL���

)LJ�����&RFFLGLDQ�VWDJHV��]\JRWHV�DQG�RRF\VWV��ZHUH�ORFDWHG�LQ�WKH�PXFRVD�RIWKH�FRORQ��

)LJ�����2RF\VWV�FRQWDLQLQJ���VSRURF\VWV�ZLWK���VSRUR]RLWHV�HDFK��

(PLU��-��$JULF��6FL���������������������KWWS���ZZZ�FIV�XDHX�DF�DH�UHVHDUFK�HMDV�KWPO�

��



5HIHUHQFHV��&KLQHPH�� &�1��� ������ $� FDVH� UHSRUW� RI�FRFFLGLRVLV� FDXVHG� E\� (LPHULD�FDPHOL� LQ� D� FDPHO� �&DPHOXV�GURPHGDULXV�� LQ�1LJHULD��-��:LOGOLIH�'LV�O4��������������'XEH\�� 8�3��� 5�3�� 3DQGH�� ������ 2Q�(LPHULDQ� RRF\VWV� UHFRYHUHG� IURP�,QGLDQ� &DPHO� �&DPHOXV�GURPHGDULXV��� ,QGLDQ�-��YHW��6FL���������������*LOO�� +�6�� ������ ,QFLGHQFH� RI� (LPHULD� DQG�OQIXQGLEXORULXP� LQ� FDPHO�� ,QGLDQ�9HW�� -��7,���� ��������� *UXYHOO�� -���*UDE� (5�� 0��� ������ &RFFLGLD� DQG�&RFFLGLRVLV�� �QG�� HG�� $NDGHPLD�.LDGR��%XGDSHVW��������+DPDQFKDQGUDQ�� 3�.��� 6�� 5DPDFKQDGUDQ��7�3�� -RVKL�� ������ $Q� RXWEUHDN� RI�KHPRUUKDJLF� JDVWUR� HQWHULWLV� LQ�FDPHOV��$QQ��GH�3DUDV���������+XVVHLQ��+�6���$�$��.DVLP��:�$��6KD��<5���������7KH�SUHYDOHQFH�DQG�SDWKRORJ\�RI� (LPHULD� LQIHFWLRQV� LQ� FDPHOV� LQ�6DXGL�$UDELD��-��&RPS��3DWK���������� ������.DXIPDQQ�� -�� ������ 3DUDVLWLF� LQIHFWLRQV� RI�GRPHVWLF� DQLPDOV� �� $� GLDJQRVWLF�PDQXDO�� %LUNKLLXVHU� 9HUODJ�� %DVHO��%RVWRQ��%HUOLQ���.LQQH�� -�� DQG� 8�� :HUQHU\�� ������ 6HYHUH�RXWEUHDN�RI�FDPHO�FRFFLGLRVLV�LQ�WKH�8QLWHG� $UDE� (PLUDWHV�� -�� &DPHO�3UDFW��DQG�5HV����/�����������

/HYLQH�� 1�'�� ������ 9HWHULQDU\�3URWR]RRORJ\�� �VW� HG�� ,RZD� 6WDWH�8QLYHUVLW\�3UHVV��$PHV��������/HYLQH�� 1�'�� DQG� 9�� ,YHQV�� ������ ,,,�%LRORJ\� 0RQRJUDSK� 6HULHV� 1R�� ����8UEDQD��8QLYHUVLW\�RI�,OOLQRLV�3UHVV���0LU]D�� 0�<�� $6� $O� 5DZ�� $�<� ������%XOOHWLQ� RI� WKH� %LRORJLFDO� 5HVHDUFK�&HQWHU��%DJKGDG����������3HOOHUG\�� /�3�� ������ &RFFLGLD� DQG�&RFFLGLRVLV�� $NDGHPLDL� .LDGR��3XEOLVKLQJ�+RXVH� RI� WKH� +XQJDULDQ�$FDGHP\� RI� 6FLHQFHV�� %XGDSHVW������������5DLVDQJKDQL��3�0���*�6��0DQRKDU�� DQG�-�6��< $GD� 9�� ������ ,VRVSRUD� LQIHFWLRQ�LQ WKH� ,QGLDQ� FDPHO� �&DPHOXV�GURPHGDULXV��� ,QGLDQM�� RI�3DUDVLWRORJ\��������������:HUQHU\�� 8��� 0�� $OL�� -�� .LQQH�� $�� $��$EUDKDP� DQG� 5HQDWH� :HUQHU\�������� &RSSHU� GHILFLHQF\�� D�SUHGLVSRVLQJ� IDFWRU� WR� VHSWLFDHPLD�LQ GURPHGDU\� FDOYHV�� �QG�,QWHUQDWLRQDO� &DPHOLG� &RQIHUHQFH��$OPDW\��.D]DNKVWDQ������������������< $JRXE�� /$�� ������ &RFFLGLRVLV� LQ�6XGDQHVH� &DPHOV� �&DPHOXV�GURPHGDULXV��� �� �� )LUVW� UHFRUG� DQG�GHVFULSWLRQ� RI� (LPHULD� VSS��KDUERXUHG� E\� FDPHOV� LQ� WKH� HDVWHUQ�UHJLRQ� RI� 6XGDQ�� -�� 3URWR]RRO�����������������=LJDQNRII��$�$��� ������&RQWULEXWLRQ� WR� WKH�NQRZOHGJH� RI� FRFFLGLDQ� WURP� WKH� FDPHO��,]Y��.D]DK��665��6HU��3DU���
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