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7KH�VDQG�JRE\��3RPDWRVFKLVWXV�PLQXWXV��LV�D�VFDUFHO\�GRFXPHQWHG�JRELLG�RI�7XUNH\��ZKRVH�UHOLDEOH�RFFXUUHQFH
UHFRUGV�DUH�FRQILQHG�WR�WKH�%ODFN�6HD�DQG�6HD�RI�0DUPDUD�����VSHFLPHQV�ZHUH�UHFHQWO\�FROOHFWHG�RII� WKH�QRUWKHUQ
$HJHDQ�6HD�FRDVWV��UHSUHVHQWLQJ�WKH�ILUVW�UHFRUG�RI�WKH�VSHFLHV�LQ�WKH�ORFDOLW\�

.H\�ZRUGV��3RPDWRVFKLVWXV�PLQXWXV��*RELLGDH��$HJHDQ�6HD��7XUNH\
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,O�JKLR]]HWWR�PLQXWR��3RPDWRVFKLVWXV�PLQXWXV��o�XQD�VSHFLH�GL�JRELGL�UDUDPHQWH�GRFXPHQWDWD�SHU�OD�7XUFKLD��L�FXL
ULWURYDPHQWL�DWWHQGLELOL�VRQR�FRQILQDWL�DO�0DU�1HUR�H�DO�0DU�GL�0DUPDUD��6HVVDQWDQRYH�HVHPSODUL�VRQR�VWDWL�UHFHQWH�
PHQWH�UDFFROWL�QHOOH�DFTXH�DQWLVWDQWL�OD�FRVWD�VHWWHQWULRQDOH�GHO�PDUH�(JHR�H�UDSSUHVHQWDQR�LO�SULPR�ULWURYDPHQWR�GL
WDOH�VSHFLH�LQ�TXHVWD�ORFDOLWi�

3DUROH�FKLDYH��3RPDWRVFKLVWXV�PLQXWXV��*RELLGDH��PDUH�(JHR��7XUFKLD
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3RPDWRVFKLVWXV� LV� WKH�GRPLQDQW� JRELLG� JHQXV�RI� WKH
0HGLWHUUDQHDQ� DQG� HDVWHUQ� $WODQWLF� FRDVWV� RI� (XURSH�
UHSUHVHQWHG�E\����VSHFLHV�LQKDELWLQJ�PRVWO\�PDULQH�DQG
HVWXDULQH� HQYLURQPHQWV� �0LOOHU�� ������� 'DWD� RQ� WKLV
JURXS�RI� ILVKHV� DUH� UHPDUNDEO\� VFDUFH� HVSHFLDOO\� LQ� WKH
HDVWHUQ� 0HGLWHUUDQHDQ� EDVLQ�� VLQFH� WKH\� DUH� JHQHUDOO\
RYHUORRNHG�GXH�WR�WKHLU�VPDOO�VL]HV��FU\SWLF�DQG�HSLEHQ�
WKLF�KDELWV��$�WRWDO�RI�IRXU�VSHFLHV�ZHUH�OLVWHG�IURP�7XUN�
LVK�FRDVWV� �%LOHFHQRJOX�HW�DO��� ������� DQG�D�QHZ� UHFRUG
�3RPDWRVFKLVWXV�TXDJJD��KDV�UHFHQWO\�EHHQ�DGGHG�WR�WKH
ORFDO�LFKWK\RIDXQD��)ULFNH�HW�DO����������$SDUW�IURP�VSR�
UDGLF� RFFXUUHQFH� UHFRUGV�� VWDWXV� DQG� DFWXDO� GLVWULEXWLRQ
RI�3RPDWRVFKLVWXV� VSS�� LQ� 7XUNH\� LV� \HW� WR� EH� UHVROYHG�
5HFHQW� VWXGLHV� FRQGXFWHG� DORQJ� WKH� QRUWKHUQ� $HJHDQ
6HD� FRDVWV� KDYH� UHYHDOHG� WKH� SUHVHQFH� RI� D� VDQG� JRE\
SRSXODWLRQ�� 3RPDWRVFKLVWXV� PLQXWXV� �3DOODV�� ������
ZKRVH� RFFXUUHQFH� LQ� WKH� DUHD� KDG� SUHYLRXVO\� EHHQ
TXHVWLRQDEOH�

0$7(5,$/6�$1'�0(7+2'6

6DPSOHV� ZHUH� FROOHFWHG� ZLWK� D� EHDFK� VHLQH� IURP
VDQG\� VKDOORZ� ZDWHUV� ���� P��� 6DURV� %D\�� 7XUNH\
���R��
���

� 1�� ��R��
����

� (�� )LJ����� GXULQJ� )HEUXDU\
������ 6XUIDFH� ZDWHU� WHPSHUDWXUH� ZDV� ����R&�� ZLWK� VD�
OLQLW\�UHDFKLQJ������SSW�RQ�WKH�VDPSOLQJ�GD\��)LVK�ZHUH
DQHVWKHWL]HG�ZLWK� WULFDLQH�PHWKDQHVXOSKRQDWH� �06�����
EHIRUH� EHLQJ� IL[HG� LQ� ��� EXIIHUHG� IRUPDOLQ�� )LYH� ILVK
ZHUH�VWDLQHG�ZLWK�SRWDVVLXP�SHUPDQJDQDWH��.0Q2���IRU
VFDOH�FRXQW��VHQVRU\�SDSLOODH�DQDO\VHV�DQG�SKRWRJUDSK\�

)LJ�����6DPSOLQJ�ORFDOLW\�RI�3RPDWRVFKLVWXV�PLQXWXV��LQ�
GLFDWHG�ZLWK�DUURZ��
6O�����9]RUàLÉàH�SHÉàHQHJD�JODYDàND�3RPDWRVFKLVWXV�PL�
QXWXV��R]QDàHQR�V�SXÉàLFR��

7HUPLQRORJ\� RI� WKH� ODWHUDO� OLQH� V\VWHP� IROORZV� 0LOOHU
�������� 7ZR� ILVK� ZHUH� GLVVHFWHG� IRU� YHUWHEUDO� FRXQW�
6RPH�RI� WKH�VSHFLPHQV�ZHUH� IL[HG� LQ�����HWKDQRO�DQG
SUHVHUYHG�LQ�WKH�3LUL�5HLV�0DULQH�0XVHXP�RI�&DQDNNDOH
2QVHNL]� 0DUW� 8QLYHUVLW\�� &DQDNNDOH� ��� IHPDOHV�� ��
PDOHV�� FDWDORJXH� QXPEHU� 350�3,6������������ DQG� LQ
WKH�)LVKHULHV�)DFXOW\�0XVHXP��(JH�8QLYHUVLW\��%RUQRYD�
,]PLU� ��� PDOHV�� �� IHPDOHV�� FDWDORJXH� QXPEHU� (6)0�
3,6�������

5(68/76�$1'�',6&866,21

0DOHV� �Q�  � ���� UDQJHG� EHWZHHQ� ��� DQG� ���PP� 6/
�PHDQ�±� 6'� � ����� ±� �����PP��� WKH� IHPDOHV� �Q�  � ���
EHWZHHQ����DQG����PP�6/� �PHDQ�±� 6'� ������±� ����
PP��� 0HULVWLF� FKDUDFWHUV� ZHUH�� ILUVW� GRUVDO� ILQUD\V� 9,�
VHFRQG�GRUVDO� ILQUD\V� ,��������� DQDO� ILQUD\V� ,� �� ������
SHFWRUDO� ILQUD\V� ������� ODWHUDO� OLQH� VFDOHV� ������ �FWH�
QRLG��� %UHDVW� DQG� SUHGRUVDO� DUHD� ZLWK� F\FORLG� VFDOHV�
9HUWHEUDO�FRXQWV�RI�WZR�GLVVHFWHG�ILVK�ZHUH�����7KH�GLV�
WULEXWLRQ�RI�KHDG�VHQVRU\�SDSLOODH�RI�QHXURPDVWV��)LJ����
ZHUH� VLPLODU� WR� WKH� GHVFULSWLRQ� RI� 0LOOHU� �������� 6XE�
RUELWDO� URZ� D�KDG� VHYHUDO� ������� VKRUW� WUDQVYHUVH� URZV�
5RZ�E�H[WHQGHG�IRUZDUG�WR�EHORZ�KDOI�RI�WKH�H\H��2QO\
WUDQVYHUVH�URZ�FS�GHVFHQGHG�EHORZ�URZ�G�LQ�PRVW�RI�WKH
VSHFLPHQV��2QH� LQGLYLGXDO��KRZHYHU��KDG� URZ�F��SDVV�
LQJ� WKURXJK�URZ�G�RQ� WKH� OHIW� VLGH� �ZLWK����F� URZV��EXW
QRW� RQ� WKH� ULJKW� VLGH� �ZLWK� �� F� URZV��� $V� GHVFULEHG� E\
:HEE� �������� URZ� L� DQG� VXSUDODELDO� VHFWLRQ�RI�G� �G�� LQ
ILJXUH� ��� ZHUH� GRXEOH� OD\HUHG�� +HDG� FDQDOV� LQFOXGHG
SRUHV�1��������.��!��!���!������/��DQG�0��%RWK�VH[HV�JHQHUDOO\
KDG� D� VDQG\�JUH\� FRORXU�� 7KH� PDOHV� KDG� IRXU� YHUWLFDO
GDUN�EDUV��GDUN�HGJHG�DQDO�ILQV��GDUN�SHOYLF�ILQ��DQG�VSRW
RQ� WKH� UHDU� RI� WKH� ILUVW� GRUVDO� ILQ� ZLWK� D� EODFN�WR�EOXH
FRORXU� HQFLUFOHG� ZLWK� ZKLWH�� )HPDOHV� ZHUH� SDOH� ZLWK
FRQVSLFXRXV�GDUN�FKLQ�EORWFK��VRPH�VSRWV�DORQJ�WKH�ODW�
HUDO� OLQH��DQG� ODFNHG� VSRW� RQ� WKH� ILUVW� GRUVDO� ILQ�� 3HOYLF
PHPEUDQH� KDG� YLOORXV� DQWHULRU� HGJH� LQ� ERWK� VH[HV�
%UDQFKLRVWHJDO� PHPEUDQH� DWWDFKHG� WR� WKH� DQWHULRU� KDOI
VLGH�RI�LVWKPXV�

6\VWHPDWLFV�RI�WKH�3RPDWRVFKLVWXV�PLQXWXV�FRPSOH[�
LQFOXGLQJ�3��PLQXWXV��3��OR]DQRL�DQG�3��QRUYHJLFXV��KDV
QRW�EHHQ�VHWWOHG�DV�\HW��+X\VH�HW�DO����������6PDOO�ERG\
VL]H�DQG� VXSHUILFLDO� UHVHPEODQFH� WR� HDFK�RWKHU� DSSHDUV
WR�EH�D�FRQVSLFXRXV�SUREOHP�LQ�SUHFLVH�VSHFLHV�LGHQWLIL�
FDWLRQ��0DLQ�FKDUDFWHUV�WKDW�GLVWLQJXLVK�3��PLQXWXV�IURP
RWKHU� VSHFLHV� RI� WKH� FRPSOH[� DUH� DV� IROORZV� �0LOOHU�
������� VXE�RUELWDO� URZ� E� H[WHQGLQJ� IRUZDUGV� WR� EHORZ
DQWHULRU�KDOI�RI�H\H��HQGLQJ�DQWHULRUO\�XQGHU�UHDU�KDOI�RI
H\H� LQ� 3�� QRUYHJLFXV��� VXERUELWDO� WUDQVYHUVH� URZV� ZLWK
RQO\� FS� H[WHQGLQJ� EHORZ� URZ� G� �VXE�RUELWDO� WUDQVYHUVH
URZV�ZLWK� WZR�H[WHQGLQJ�GRZQZDUGV� WKURXJK�RU�EHORZ
OHYHO�RI�URZ�G�LQ�3��OR]DQRL��
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)LJ�����+HDG�VHQVRU\�SDSLOODH�RI�3RPDWRVFKLVWXV�PLQXWXV�IURP�WKH�QRUWKHUQ�$HJHDQ�6HD��7XUNH\��/HJHQG��$1���DQWH�
ULRU�QRVWULOV��31���SRVWHULRU�QRVWULOV���1��������.����DQWHULRU�RFXORVFDSXODU�FDQDO�SRUHV������/��0����SUHRSHUFXODU�FDQDO
SRUHV���E��G��[����ORQJLWXGLQDO�URZV���FS��Q��]����WUDQVYHUVH�URZV���D����VXERUELWDO�URZV�
6O�����ßXWLOQH�EUDGDYLFH�QD�JODYL�SHÉàHQHJD�JODYDàND�3RPDWRVFKLVWXV�PLQXWXV�L]�VHYHUQHJD�(JHMVNHJD�PRUMD��7XUàLMD�
/HJHQGD��$1���VSUHGQML�QRVQLFL��31���]DGQML�QRVQLFL���1��������.����VSUHGQMH�RàHVQR�UDPHQVNH�NDQDOQH�SRUH������/��0�
��NDQDOQH�SRUH�QD�SUHGSRNORSFX���E��G��[����YRGRUDYQL�QL]L���FS��Q��]����QDYSLàQL�QL]L���D����SRGRàHVQL�QL]L�

7KH�WZR�VXEVSHFLHV�SUHYLRXVO\�GHVFULEHG��3��PLQXWXV
PLQXWXV� LQ�WKH�$WODQWLF�DQG�3��PLQXWXV�HORQJDWXV� LQ� WKH
0HGLWHUUDQHDQ�DQG�%ODFN�6HDV��VHHP�WR�EH�LQYDOLG�EDVHG
RQ�UHFHQW� UHVHDUFKHV��$OWKRXJK� IHPDOH�VDQG�JRELHV�KDG
HJJV� GHYHORSHG� LQ� WKHLU� RYDULHV� DQG� QXSWLDO� FRORUDWLRQ
ZDV�DSSDUHQW�RQ� WKH�PDOH�VDPSOHV��ZH�ZHUH�XQDEOH� WR
ILQG�DQ\�EUHDVW�SLJPHQWDWLRQ�LQ�WKHVH�PDWXUH�VDPSOHV�LQ
ERWK� VH[HV�� 6LQFH� WKLV� SLJPHQWDWLRQ� LV� VXSSRVHG� WR� EH
SUHVHQW� LQ� 3�� PLQXWXV� HORQJDWXV�� RXU� REVHUYDWLRQ� VXS�
SRUWV�WKH�ILQGLQJV�RI�6WHIDQQL�HW�DO���������ZKR�VXJJHVWHG
WKDW�WKH�GLIIHUHQWLDWLRQ�LQ�WKH�WZR�VXEVSHFLHV��3��PLQXWXV
PLQXWXV�DQG�3��PLQXWXV�HORQJDWXV��LV�TXHVWLRQDEOH�EDVHG
RQ�WKHLU�JHQHWLF�DQDO\VHV��+RZHYHU��WKH�GDUN�FKLQ�EORWFK
ZDV� HYLGHQW� LQ� IHPDOH� VDPSOHV� DV� LV� VXSSRVHG� WR� EH� D
FRORXU� FKDUDFWHU� IRU� WKH� VXEVSHFLHV� 3��PLQXWXV� HORQJD�
WXV��([FHSW�IRU�RQH�VSHFLPHQ��ZKR�KDG�RQO\�RQH�&�SRUH
RQ� WKH� OHIW� VLGH��ZH�ZHUH�QRW�DEOH� WR�GHWHFW� WKH�SRUH�&
RQ�WKH�KHDG�FDQDOV�IRU�WKH�RWKHU����VSHFLPHQV��6LPLODUO\�
6WHIDQQL� �������GLG�QRW�GHWHFW� DQ\� SRUH�&� RQ� WKH� KHDG
FDQDO� LQ� WKH� 0HGLWHUUDQHDQ� SRSXODWLRQ� RI� DQRWKHU� 3R�
PDWRVFKLVWXV�� WKH�FORVHO\� UHODWHG�1RUZD\� JRE\��3�� QRU�
YHJLFXV��&ROOHWW���������7KLV�SRUH�LV�VXSSRVHG�WR�EH�SUH�
VHQW�LQ�ERWK�VSHFLHV�DFFRUGLQJ�WR�0LOOHU��������

3UHYLRXV�RFFXUUHQFH�UHFRUGV�RI�3��PLQXWXV�IURP�7XU�
NH\� DUH� EDVHG� RQ� D� IHZ� VFDWWHUHG� VWXGLHV�� PDMRULW\� RI

ZKLFK� ODFN� GHWDLOHG� VSHFLHV� GHVFULSWLRQV�� 1LQQL� ������
ZDV� WKH� ILUVW� ZKR� UHFRUGHG� WKH� VSHFLHV� IURP� 7XUNH\�
EDVHG� RQ�PDWHULDO� FROOHFWHG� IURP� WKH� 6HD� RI�0DUPDUD�
6{]HU� ������� JDYH� D� FRQFLVH� GHVFULSWLRQ� RI� VDQG� JRE\
IURP� WKH� VDPH� ORFDOLW\��7KH� ILUVW� 7XUNLVK�%ODFN�6HD� UHF�
RUG�ZDV�JLYHQ�E\�(UD]L� ��������ZKR�DOVR�FRQILUPHG� WKH
SUHVHQFH�RI�3��PLQXWXV� LQ� WKH�6HD�RI�0DUPDUD��&RQVLG�
HULQJ�WKDW�WKH�VSHFLHV�RULJLQDWHG�IURP�WKH�0HGLWHUUDQHDQ
6HD�� (UD]L� ������� DQG� 6ODVWHQHQNR� ������� LQGLFDWHG� WKH
SRVVLEOH�RFFXUUHQFH�RI�3��PLQXWXV�LQ�$HJHDQ�DQG�0HGL�
WHUUDQHDQ� 6HDV� DV� ZHOO�� DOWKRXJK� WKHLU� DVVXPSWLRQ� ZDV
QRW�EDVHG�RQ�DFWXDO� VSHFLPHQ�FROOHFWLRQ� DQG�H[DPLQD�
WLRQ� IURP� WKHVH� VLWHV�� 7KH�PRVW� UHOLDEOH� UHFRUG� RI� VDQG
JRE\� IURP� WKH� $HJHDQ� 6HD� ZDV� SUHVHQWHG� E\� )DJH
�������� ZKR� IRXQG� D� VLQJOH� VSHFLPHQ� ���� PP� WRWDO
OHQJWK�� IURP� 6DURQLNRV�*XOI� RI�*UHHFH� ���R� ��
�1�� ��R

��
� (��� ,W� VKRXOG� EH� QRWHG�� KRZHYHU�� WKDW� QHLWKHU� 7RU�
WRQHVH��������QRU�0LOOHU��������LQFOXGHG�WKH�$HJHDQ�6HD
ZLWKLQ� WKH� NQRZQ� GLVWULEXWLRQ� UDQJH� RI� 3�� PLQXWXV�� ,Q
VRPH�UHFHQW�LFKWK\RSODQNWRQ�VWXGLHV��L�H��+RVVXFX�	�$N�
�������D�GHQVH�SRVWODUYDO�GLVWULEXWLRQ�RI�VDQG�JRE\�ZDV
PHQWLRQHG�IURP�,]PLU�%D\� �FHQWUDO�$HJHDQ�6HD�FRDVW�RI
7XUNH\���'HVSLWH�WKH�VHYHUDO�LQYHQWRU\�VWXGLHV�FDUULHG�RXW
LQ� ,]PLU� %D\�� QR� DGXOW� VDQG� JRE\� VSHFLPHQV� FRXOG� EH
IRXQG��VHH�%LOHFHQRJOX�HW�DO����������DQG� WKLV� ORFDOLW\� LV
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FKDUDFWHUL]HG� E\� WKH� ZHOO� HVWDEOLVKHG� SRSXODWLRQ� RI� 3�
PDUPRUDWXV�� $EVHQFH� RI� WKH� ODWWHU� VSHFLHV� LQ� WKH� LFK�
WK\RSODQNWRQ� OLVW� RI�+RVVXFX�	�$N� �������PLJKW� EH� DQ
LQGLFDWLRQ�RI�D�PLVLGHQWLILFDWLRQ��6LQFH�WKHUH�LV�D�ODFN�RI
JRE\�RULHQWHG� UHVHDUFK� LQ� WKH� $HJHDQ� 6HD�� IXUWKHU� GH�
WDLOHG� VWXGLHV�PD\� UHYHDO� D� ODUJHU� GLVWULEXWLRQ� UDQJH� IRU
3��PLQXWXV�

$&.12:/('*(0(176

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�78%,7$.��SURMHFW�QXP�
EHU� ���7������ 2XU� VLQFHUH� WKDQNV� WR� +DNDQ� $\\ÕOGÕ]�
$ONDQ�2]WHNLQ��$\WDF�$OWLQ�DQG�8JXU�$OWÕQDJDF�IRU�WKHLU
KHOS�ZLWK�ILHOGZRUN�

32-$9/-$1-(�3(Éà(1(*$�*/$9$à.$�320$726&+,6786�0,18786
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3HÈßHQL�JODYDßHN��3RPDWRVFKLVWXV�PLQXWXV��MH�UHGNR�GRNXPHQWLUDQD�YUVWD�L]�GUXÊLQH�JODYDßHY�Y�WXUÈNLK�YRGDK��VDM
MH�ELO�]DQHVOMLYR�]DEHOHÊHQ�OH�Y�ÞUQHP�LQ�0DUPDUVNHP�PRUMX��3UHG�NUDWNLP�SD�MH�ELOR�Y�REUHÊQLK�YRGDK�VHYHUQHJD
(JHMVNHJD�PRUMD�XMHWLK�NDU����SULPHUNRY�SHÈßHQHJD�JODYDßND��NDU�MH�SUYL�]DSLV�R�WHM�YUVWL�QD�WHM�ORNDOLWHWL�

.OMXÞQH�EHVHGH��3RPDWRVFKLVWXV�PLQXWXV��*RELLGDH��(JHMVNR�PRUMH��7XUáLMD

5()(5(1&(6

%LOHFHQRJOX�� 0��� (�� 7DVNDYDN�� 6�� 0DWHU� 	� 0�� .D\D
�������� &KHFNOLVW� RI� PDULQH� ILVKHV� RI� 7XUNH\�� =RRWD[D�
�����������
(UD]L��5��$��5����������0DULQH�ILVKHV�IRXQG�LQ�WKH�6HD�RI
0DUPDUD�DQG�LQ�WKH�%RVSKRUXV��5HYXH�GH�OD�)DFXOWH�GHV
6FLHQFHV�GH�/
XQLYHUVLWH�'
,VWDQEXO������������������
)DJH�� /�� �������� 6KRUH� ILVKHV�� 5HSRUW� RQ� WKH� 'DQLVK
2FHDQRJUDSKLFDO� ([SHGLWLRQV� ���������� WR� WKH� 0HGL�
WHUUDQHDQ�DQG�$GMDFHQW�6HDV��+RVW��&RSHQKDJHQ������S�
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