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7KH�81(3�0HGLWHUUDQHDQ�$FWLRQ� 3ODQ�'UDIW� 5HIHUHQFH� /LVW� RI� +DELWDW� 7\SHV� RI� &RQVHUYDWLRQ� ,QWHUHVW� LQFOXGHV
VHGLPHQWDU\�ERWWRP�LQIUDOLWWRUDO�ELRFHQRVHV��6XFK�KDELWDWV�DUH�YHU\�UDUH�RQ�WKH�HDVWHUQ�$GULDWLF�FRDVW��7KHUHIRUH�DQ
LQYHVWLJDWLRQ�RI�WKH�GHFDSRG�IDXQD�FROOHFWHG�E\�PHDQV�RI�D�EHDFK�VHLQH�RQ�WKH�XSSHU�LQIUDOLWWRUDO��DW�WKH�GHSWK�RI�FD�
����P��KDV�EHHQ�FDUULHG�RXW�RQ�WKUHH�VKRUHV�RI�.UN�,VODQG��QRUWKHUQ�$GULDWLF���(DFK�ORFDOLW\�LV�FKDUDFWHUL]HG�E\�D�GLI�
IHUHQW�NLQG�RI�VHGLPHQWDU\�VXEVWUDWH��PXG��VDQG��JUDYHO���7KH�VSHFLHV�FRPSRVLWLRQ��WKHLU�DEXQGDQFH�DQG�GRPLQDQFH
DUH�JLYHQ�IRU�HDFK�ORFDOLW\��XSRQ�ZKLFK�D�FRPSDUDWLYH�VWXG\�ZDV�FRQGXFWHG��(DFK�ORFDOLW\�KDV�LWV�VSHFLILF�GRPLQDQW
VSHFLHV��&DUFLQXV�DHVWXDULL�LV�WKH�GRPLQDQW�VSHFLHV�RQ�WKH�PXGG\�ERWWRP��3KLORFKHUDV�WULVSLQRVXV�RQ�WKH�VDQG\�ERW�
WRP��DQG�3DODHPRQ�HOHJDQV� LQ�WKH�ELRFHQRVLV�RI�FRDUVH�VDQGV�DQG�JUDYHOV��$OWRJHWKHU�����EHQWKLF�GHFDSRG�VSHFLHV
KDYH�EHHQ�IRXQG�

.H\�ZRUGV��GHFDSRG�IDXQD��OLWWRUDO��VHGLPHQWDU\�ERWWRP��QRUWKHUQ�$GULDWLF
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/D� SULPD� VWHVXUD� GHOOD� /LVWD� GL� ULIHULPHQWR� GHJOL� KDELWDW� PHULWHYROL� GL� VDOYDJXDUGLD� GHO� 3LDQR� G
$]LRQH� SHU� LO
0HGLWHUUDQHR� GHOO¢81(3� FRPSUHQGH� L� IRQGL� VHGLPHQWDUL� GHOOH� ELRFHQRVL� LQIUDOLWRUDOL�� 7DOL� KDELWDW� VRQR�PROWR� UDUL
OXQJR� OD� FRVWD� RULHQWDOH� GHOO¢$GULDWLFR�� 8QR� VWXGLR� o� VWDWR� SHUWDQWR� HVHJXLWR� VXOOD� IDXQD� D� GHFDSRGL� UDFFROWD� FRQ
O¢DXVLOLR�GL�XQD�UHWH�GD�VSLDJJLD�QHOO¢LQIUDOLWRUDOH�VXSHULRUH��SURIRQGLWi�FRPSUHVD�WUD���H���P��VX�WUH�VSLDJJH�GHOO¢LVROD
GL�9HJOLD��$GULDWLFR�VHWWHQWULRQDOH���2JQL�ORFDOLWi�o�FDUDWWHUL]]DWD�GD�XQ�GLYHUVR�WLSR�GL�VXEVWUDWR�VHGLPHQWDULR��IDQJR�
VDEELD��JKLDLD���/D�FRPSRVL]LRQH�LQ�VSHFLH��OD�ORUR�DEERQGDQ]D�H�GRPLQDQ]D�YHQJRQR�SUHVHQWDWH�SHU�RJQL�ORFDOLWi�
FRPH�SXUH�XQR�VWXGLR�FRPSDUDWLYR� WUD�GL�HVVH��2JQL� ORFDOLWi�KD�XQD�SURSULD� VSHFLILFD�VSHFLH�GRPLQDQWH��&DUFLQXV
DHVWXDULL� o� OD� VSHFLH� GRPLQDQWH� VX� IRQGR� IDQJRVR�� 3KLORFKHUDV� WULVSLQRVXV� VX� IRQGR� VDEELRVR� H�3DODHPRQ� HOHJDQV
QHOOD�ELRFHQRVL�GL�VDEELH�JURVVRODQH�H�JKLDLH��,Q�WRWDOH�VRQR�VWDWH�WURYDWH����VSHFLH�GL�GHFDSRGL�EHQWRQLFL�

3DUROH�FKLDYH��IDXQD�D�GHFDSRGL��OLWRUDOH��IRQGR�VHGLPHQWDULR��$GULDWLFR�VHWWHQWULRQDOH
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7KH� UHVHDUFK� RQ� GHFDSRGV� LQ� WKH� $GULDWLF� EHJDQ� LQ
WKH���WK�FHQWXU\��ÉWHYáLß��������� ,Q�������2��3HVWD�LQWH�
JUDWHG� DOO� NQRZOHGJH� KLWKHUWR� DFTXLUHG� LQ� KLV� PRQR�
JUDSK�'LH� 'HFDSRGHQ� )DXQD� GHU� $GULD�� 7KDW� ZDV� WKH
DFWXDO�EHJLQQLQJ�RI� LQWHQVLYH� VXEPDULQH� UHVHDUFK�DORQJ
WKH� $GULDWLF� FRDVW�� :LWKLQ� WKH� V\VWHPDWLF� H[SHGLWLRQV�
GHFDSRGV�ZHUH�UHVHDUFKHG�DV�ZHOO��,Q�WKH�QRUWKHUQ�$GUL�
DWLF�� WKH� UHVHDUFK� ZDV� PDLQO\� FRQGXFWHG� DORQJ� WKH� ,V�
WULDQ� FRDVW� �0DQQLQJ� 	� ÉWHYáLß�� ������ ÉWHYáLß�� ������
DQG�WKH�.YDUQHU�LVODQGV��ÉWHYáLß��������*DPXOLQ�%ULGD�HW
DO��� ������� 7KH� UHVHDUFK� JHQHUDWHG� QHZ� NQRZOHGJH� RQ
WKH� FRPSRVLWLRQ� RI� WKH� FUXVWDFHDQ� SRSXODWLRQ� LQ� WKH
PXGG\�ERWWRP�ELRFHQRVHV�RI� WKH� ORZHU� LQIUDOLWWRUDO�DQG
FLUFDOLWWRUDO� �*DPXOLQ�%ULGD� HW� DO��� ������� DQG� RI� WKH
URFN\� PHGLROLWWRUDO� DQG� LQIUDOLWWRUDO� �3pUqV� 	� *DPXOLQ�
%ULGD���������7KH�XSSHU�LQIUDOLWWRUDO�RI�KRUL]RQWDO�VKRUHV
ZLWK�VHGLPHQWDU\�ERWWRP�ZDV�OHIW�RSHQ�WR�UHVHDUFK��6XFK
DUHDV� KDYH� QRW� EHHQ� VWXGLHG� VLQFH� XS� WR� WKDW� SRLQW� WKH
UHVHDUFK�ZDV�PRVWO\�FRQGXFWHG�E\�PHDQV�RI� WUDZO�QHWV
DQG�ERWWRP�JUDEV�GUDZQ�E\�VKLSV��6FXED�GLYLQJ�GLG�QRW
SURGXFH�VLJQLILFDQW�UHVXOWV�GXH�WR�IDXQD�EHLQJ�EXUURZHG
LQ� WKH� VHGLPHQW�� ZHOO� KLGGHQ� RU� VFDUHG� E\� WKH� PRYH�
PHQWV� DQG� EXEEOHV� SURGXFHG� E\� WKH� VFXED� GLYHUV�� 7KH
81(3�0HGLWHUUDQHDQ�$FWLRQ�3ODQ�'UDIW�5HIHUHQFH�/LVW�RI
+DELWDW� 7\SHV� RI� &RQVHUYDWLRQ� ,QWHUHVW�� WKH� WLWOH� EHLQJ
VHOI�H[SODQDWRU\�� LV�D� OLVW�GUDZQ�XS�E\� LQWHUQDWLRQDO� VFL�
HQWLVWV�XQGHU� WKH� VSRQVRUVKLS� RI� WKH�81�(QYLURQPHQWDO
3URMHFW��LQ�RUGHU�WR�SURWHFW�UDUH�DQG�HQGDQJHUHG�PDULQH
KDELWDWV��7KH�OLVW� LQFOXGHV�VHGLPHQWDU\�ERWWRP�LQIUDOLWWR�
UDO�ELRFHQRVHV�DV�ZHOO��6XFK�KDELWDWV�DUH�YHU\�UDUH�RQ�WKH
HDVWHUQ� $GULDWLF� FRDVW�� 7KHUHIRUH�� DQ� LQYHVWLJDWLRQ� KDV
EHHQ� FDUULHG� RXW� WR� GRFXPHQW� WKH� GHFDSRG� IDXQD� FRO�
OHFWHG� E\� PHDQV� RI� D� EHDFK� VHLQH� IURP� WKH� XSSHU� LQ�
IUDOLWWRUDO��DW�D�GHSWK�RI�FD������P��RQ�WKUHH�VKRUHV�RI�WKH
LVODQG� RI� .UN� �QRUWKHUQ� $GULDWLF��� (DFK� ORFDOLW\� LV� FKDU�
DFWHUL]HG� E\� D� GLIIHUHQW� NLQG� RI� VHGLPHQWDU\� VXEVWUDWH
�PXG�� VDQG�DQG�JUDYHO���2XU� LQWHQWLRQ� LV� WR�FDUU\� RXW� D
TXDOLWDWLYH�DQDO\VLV� LQ�RUGHU� WR�SUHSDUH� D� OLVW� RI� VSHFLHV
SHU� HDFK� ORFDOLW\� DQG� WR�GHWHUPLQH� WKHLU� UHODWLRQ� WR� WKH
VXEVWUDWXP�� ZKHWKHU� WKH\� DUH� VWULFWO\� GHSHQGHQW� WR� D
FHUWDLQ� W\SH�RI� WKH�ERWWRP�RU�KDYH�DGDSWHG� WR� GLIIHUHQW
W\SHV��:LWK�D�TXDQWLWDWLYH�DQDO\VLV�ZH�ZLVK�WR�GHWHUPLQH
WKH�IUHTXHQF\�RI�VSHFLHV�DQG�WKHLU�GRPLQDQFH�SHU�ORFDO�
LW\��DV�ZHOO�DV�UHODWLYH�GRPLQDQFH�EHWZHHQ�WKH�ORFDOLWLHV
SHU�VSHFLHV�IRXQG�DW�PRUH�WKDQ�RQH�VWDWLRQ�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD

7KH�GHFDSRGV� UHFRUGHG�KHUH� KDYH� EHHQ� VDPSOHG� DW
WKUHH� ORFDOLWLHV�� LQ� 0HOLQH� FRYH�� 6W�� 0DUDN� FRYH�� DQG
%DÊND�FRYH��)LJ������7KH�FRYHV�DUH�VLWXDWHG�RQ�WKH�VRXWK�
HDVWHUQ�FRDVW�RI�.UN�,VODQG�

7KH�ORFDOLWLHV�PD\�EH�GHVFULEHG�DV�IROORZV�
�� 0HOLQH� �NU��� LV� D� UHODWLYHO\� ODUJH� FRYH�� VKHOWHUHG

IURP�QRUWKHUQ�DQG�VRXWKHUQ�ZLQGV��7KH�PD[LPXP�GHSWK
LQ�WKH�PLGGOH�RI�WKH�FRYH�UHDFKHV�DERXW���P��LQFUHDVLQJ
JUDGXDOO\� WR���P�DW� WKH�FRYH�HQWUDQFH��7KH� VXEVWUDWH� LV
PXGG\�VDQG�� ,Q� WKH�PHGLROLWWRUDO�]RQH�� WKH�ELRFRHQRVLV
RI� VXSHUILFLDO�PXGG\� VDQGV� LQ� VKHOWHUHG�ZDWHUV� KDV� GH�
YHORSHG��,Q� WKH�VHGLPHQW�� WKH�ELYDOYH�&HUDVWRGHUPD�HG�
XOH� SUHYDLOV�� ,Q� WKH� LQIUDOLWWRUDO�� WRR�� SUHGRPLQDWHV� WKH
ELRFRHQRVLV� RI� VXSHUILFLDO� PXGG\� VDQGV� LQ� VKHOWHUHG
ZDWHUV� ZLWK� FRPPXQLWLHV� RI� &\PRGRFHD� QRGRVD�� 7KH
IDXQD� LV�YHU\� ULFK� LQ� IRUPV�� FRPSRVHG�RI� ILVKHV��FUXVWD�
FHDQV�� VQDLOV�� ELYDOYHV�� HWF�� 7KH� VWUHDP� SHULRGLFDOO\
IORZLQJ�LQWR�WKH�FRYH�KDV�D�PLQRU�LQIOXHQFH�RQ�WKH�ZDWHU
TXDOLW\�� 6HZDJH� V\VWHPV� RI� WKH� WRZQV� VXUURXQGLQJ� WKH
FRYH��.OLPQR��àLÌLßL��'REULQM��PD\�KDYH�D�JUHDWHU�LQIOX�
HQFH�

�� 6W�� 0DUDN� �NU��� LV� D� VPDOO� FRYH�� SRRUO\� VKHOWHUHG
IURP�WKH�ZDYHV�DQG�ZLQGV��7KH�FRYH�HQGV�LQ�WKH�EHDFK�
ZKLFK�LV�VRPHZKDW�EHWWHU�SURWHFWHG�E\�WKH�EUHDNZDWHU�RI
WKH�QHDUE\�SRUW��7KH�VXEVWUDWH�LV�ILQH�VDQG��8S�WR�����P
LQ� GHSWK� SUHGRPLQDWHV� WKH� ELRFRHQRVLV� RI� VXSHUILFLDO
VDQGV� LQ�YHU\�VKDOORZ�ZDWHUV�ZLWK�EDUH�ERWWRP�DQG�HQ�
GRELRQWV¤�KROHV��%RXOGHU�VWRQHV�DUH�RYHUJURZQ�E\�DOJDH
$FHWDEXODULD� DFHWDEXOXP� DQG� &ODGRSKRUD� VS�� ,Q� WKH
HDVWHUQ�SDUW�RI�WKH�FRYH��DW�D�GHSWK�RI�����P��URFN\�ERW�
WRP� SUHYDLOV�� ZLWK� SXUH� VDQG� EHWZHHQ� WKH� URFNV�� $
FRPPXQLW\�RI�SKRWRSKLOLF�DOJDH�ZLWK� ORZ�WKDOOL�KDV�GH�
YHORSHG�KHUH��7KH�SUHGRPLQDQW�VSHFLHV�KHUH�DUH��JUHHQ
DOJD�$�� DFHWDEXOXP�� EURZQ� DOJDH�'LFW\RWD� OLQHDULV� DQG
'LFW\RWD� GLFKRWRPD�� DQG� UHG� DOJD� /DXUHQWLD� REWXVD�
6PDOO�WKDOOL�RI�WKH�DOJD�3DGLQD�SDYRQLFD�DQG�VPDOOHU�VHW�
WOHPHQWV� RI� WKH� DOJD�'DV\FODGXV� YHUPLFXODULV� ZHUH� RE�
VHUYHG�� 5HFHQWO\� ZDVKHG� DZD\� VKHOOV� RI� WKH� ELYDOYHV
$FDQWKRFDUGLD� WXEHUFXODWD�� &DOOLVWD� FKLRQH� DQG� 3DSKLD
DXUHD�DUH�FRPPRQ�RQ� WKH�VDQG\�ERWWRP��2Q�WKH�VDQG\
ERWWRP�RII� WKH�FRYH¤V�ZHVWHUQ�VKRUH��DW�D�GHSWK�RI���P�
ELRFRHQRVLV� RI� VXSHUILFLDO� PXGG\� VDQGV� LQ� VKHOWHUHG
ZDWHUV�ZLWK�D�PHDGRZ�RI�&��QRGRVD�KDV�GHYHORSHG��7KH
QHDUHVW�WRZQ��5LVLND��LV�D�IHZ�NLORPHWUHV�DZD\�

��%DÊND��NU���LV�D�ED\��ZLWK�JUDYHO�EHDFK�DW�LWV�IDU�HQG�
7KH�JUDYHO�VXEVWUDWH�H[WHQGV�WR�D�GHSWK�RI���P��7KH�ERW�
WRP� LV� EDUH�� ZLWK� D� ORZ� EHG� RI� DOJD� &ODGRSKRUD� VS�
ZLWKLQ� WKH�ELRFRHQRVLV�RI�FRDUVH�VDQGV�DQG� ILQH�JUDYHOV
PL[HG� E\� WKH� ZDYHV�� )XUWKHU� LQWR� WKH� ED\�� WKHUH� DUH
ERXOGHU� VWRQHV� ZLWK� WKLFN� VHWWOHPHQWV� RI� WKH� ELYDOYHV
0\WLOXV� JDOORSURYLQFLDOLV� DQG�2VWUHD� HGXOLV�� 7KH� URFN\
ERWWRP�LV�FRYHUHG�E\�D�PRVV\�OD\HU�RI�DOJD�&ODGRSKRUD
VS���DQG�WR�D�OHVVHU�GHJUHH�E\�DOJDH�3H\VVRQQHOLD�VS��DQG
&HUDPLXP�UXEUXP��,Q�WKH�DUHD�H[FHHGLQJ�WKH�GHSWK�RI��
P� SUHYDLOV� WKH� ELRFRHQRVLV� RI� VXSHUILFLDO� VDQGV� LQ� YHU\
VKDOORZ�ZDWHUV��$W�WKH�VDPSOLQJ�SRLQW��WKH�ULYXOHW�5LáLQD
IORZV� LQWR� WKH� VHD��$V� WKH� WRZQ�RI�%DÊND�DQG� LWV� FDPS�
JURXQG� DUH� VLWXDWHG� FORVH� WR� WKH� EHDFK�� WKH� DQWKURSR�
JHQLF�LQIOXHQFH�RQ�WKH�ZDWHU�TXDOLW\�FRXOG�EH�FRQVLGHU�
DEOH��HVSHFLDOO\�LQ�WKH�VXPPHU�SHULRG�
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)LJ�����6WXG\�DUHD�
6O�����5D]LVNRYDQR�REPRàMH�

0DWHULDO�DQG�PHWKRGV

7KH� PDWHULDO� ZDV� FROOHFWHG� LQ� WKH� PRUQLQJV�� LQ
0DUFK� ������ RQFH� SHU� HDFK� VWDWLRQ�� E\� PHDQV� RI� D
EHDFK�VHLQH��*LEVRQ�HW�DO����������7UDZO�KDXOV�ODVWHG�IRU
DSSUR[LPDWHO\� �� PLQ� DQG� FRYHUHG� D� PHDQ� GLVWDQFH� RI
DERXW� ���PHWHUV� SHU� HDFK� VWDWLRQ�� 7KH� VHLQH� QHW� KDG��
PP�PHVKHV��,WV�VLGHV�ZHUH���P�ORQJ��LW�ZDV�����P�KLJK�
LWV� VDFN� �� P� GHHS�� 7KH� VHLQH� VDPSOHG� DQLPDOV� RI� DOO
VL]HV�� IURP����FP�ORQJ�&DUFLQXV�DHVWXDULL� VSHFLPHQV� WR
RQO\� IHZ� PP� ORQJ� VSHFLPHQV� RI� $WKDQDV� QLWHVFHQV�
$SDUW� IURP� WKH� GHFDSRGV�� WKH� FDWFK� LQFOXGHG� VRPH� GL�
YHUVH� ILVKHV� �*RELLGDH�� 6SDULGDH�� 6ROHLGDH�� &DOOLRQ\PL�
GDH������$W�WKH�ORFDOLW\�NU���WKH�VHLQH�ZDV�GUDZQ�SHUSHQ�
GLFXODUO\�WR�WKH�VKRUH�IURP�WKH�GHSWK�RI���P��$W� WKH� OR�
FDOLW\� NU��� LW� ZDV� GUDZQ� SHUSHQGLFXODUO\� WR� WKH� VKRUH�
IURP� WKH� GHSWK� RI� ���� P� WR� WKH� VKRUH�� 'XH� WR� ERWWRP
FRQILJXUDWLRQ� DW� WKH� ORFDOLW\� NU��� WKH� VHLQH� ZDV� GUDZQ
KRUL]RQWDOO\�WR� WKH�VKRUH�FRYHULQJ� WKH�ERWWRP�XS� WR� WKH

GHSWK�RI���P��7KH�GHFDSRGV�ZHUH�VHSDUDWHG�LQ�WKH�ILHOG
DQG�SUHVHUYHG�LQ����IRUPRO�VROXWLRQ��WR�EH�DQDO\VHG�DQG
FRXQWHG� LQ� WKH� ODERUDWRU\�� 7KH� VSHFLHV� FRPSRVLWLRQ�
WKHLU�DEXQGDQFH�DQG�GRPLQDQFH�ZHUH�JLYHQ�IRU�HDFK�OR�
FDOLW\��XSRQ�ZKLFK�D�FRPSDUDWLYH�VWXG\�ZDV�FRQGXFWHG�

5(68/76�$1'�',6&866,21

7KH� UHVHDUFK� UHYHDOHG� ��� GHFDSRG� VSHFLHV� DW� WKH
WKUHH�LQYHVWLJDWHG�ORFDOLWLHV��(DFK�ORFDOLW\�H[KLELWV�GLIIHU�
HQW�VSHFLHV�FRPSRVLWLRQ�DQG�GLIIHUHQW�GRPLQDQW�VSHFLHV�
7KH� UHVXOWV� DUH� JLYHQ� LQ� 7DEOHV� ��� �� DQG� ��� OLVWLQJ� WKH
QXPEHU�RI�VSHFLPHQV�DQG�SHUFHQWDJHV�RI�VSHFLHV�SHU�OR�
FDOLW\�

7DEOH���OLVWV�VL[�VSHFLHV�IRXQG�LQ�WKH�VHLQH�DW�NU��OR�
FDOLW\�� ,W� LV�HYLGHQW� WKDW�&��DHVWXDULL� LV� WKH�GRPLQDQW�GH�
FDSRG��LWV�VKDUH�LQ�WKH�FDWFK�EHLQJ���������7KLV�VSHFLHV
OLYHV�LQ�WKH�LQWHUWLGDO�DQG�VXEOLWWRUDO�]RQH��RQ�HYHU\�NLQG
RI� VRIW� ERWWRP�� IUHTXHQWO\�QHDUE\�HVWXDULHV� DQG� ODJRRQV
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�)DOFLDL� 	� 0LQHUYLQL�� ������� 8SRJHELD� SXVLOOD� LV� DOVR
YHU\�FRPPRQ�LQ�WKLV�NLQG�RI�HQYLURQPHQW��,W�OLYHV�LQ�EXU�
URZV� ��� FP� GHHS� DQG� LV� SUREDEO\� YHU\� KDUG� WR� FDWFK
ZLWK�VHLQH�QHW��'LRJHQHV�SXJLODWRU�LV�D�SUHIHUHQWLDO�FKDU�
DFWHULVWLF� KHUPLW� FUDE� VSHFLHV� RI� WKH� ZHOO�VRUWHG� ILQH
VDQGV��3pUqV�	�3LFDUG���������3DODHPRQ�DGVSHUVXV� OLYHV
RQ�PXGG\�VHGLPHQW�QHDU�VHD�JUDVV�PHDGRZV�LQ�EUDFNLVK
ZDWHUV��)DOFLDL�	�0LQHUYLQL��������

7DE�� ��� 'HFDSRGV� FROOHFWHG� DW� NU�� ORFDOLW\� �0HOLQH
FRYH��
7DE�� ��� 'HVHWHURQRËFL�� XMHWL� QD� ORNDOLWHWL� NU�� �GUDJD
0HOLQH��

6SHFLHV 1R��VSHFLPHQV �
3DODHPRQ�DGVSHUVXV � ����
&UDQJRQ�FUDQJRQ �� �����
8SRJHELD�SXVLOOD � ����
'LRJHQHV�SXJLODWRU � ����
&DUFLQXV�DHVWXDULL �� �����
0DFURSRGLD�URVWUDWD � ����

)XUWKHUPRUH�� &UDQJRQ� FUDQJRQ� LV� WKH� RQO\� VSHFLHV
ZLWK�PRUH�WKDQ�WZR�VSHFLPHQV�LQ�WKH�FDWFK��7KLV�VSHFLHV
LV� DOVR� IUHTXHQW� DW� WKH� ULYHU� PRXWKV� DQG�RU� ODJRRQV�� ,W
OLYHV�LQ�WKH�EXUURZV�DQG�H[LWV�GXULQJ�WKH�QLJKW��)DOFLDL�	
0LQHUYLQL��������

7DE�����'HFDSRGV�FROOHFWHG�DW� WKH�NU�� ORFDOLW\��6W��0D�
UDN�FRYH��
7DE�����'HVHWHURQRËFL��XMHWL�QD�ORNDOLWHWL�NU���GUDJD�6Y�
0DUDND��

6SHFLHV 1R��VSHFLPHQV �
$WKDQDV�QLWHVFHQV � ����
3DODHPRQ�HOHJDQV �� �����
3KLORFKHUDV�WULVSLQRVXV �� �����
&OLEDQDULXV�HU\WKURSXV � ����
3LVLGLD�ORQJLFRUQLV � ����
3RUFHOODQD�SODW\FKHOHV � ����
;DQWKR�SRUHVVD � ����
/LRFDUFLQXV�GHSXUDWRU � ����
0DFURSRGLD�URVWUDWD � ����

6W��0DUDN� EHDFK� �7DE�� ��� DSSHDUV� WR� EH� WKH� ORFDOLW\
ZLWK�PRVW�GLYHUVLILHG�GHFDSRG�SRSXODWLRQ��ZKHUH���GLI�
IHUHQW� VSHFLHV� RI� GHFDSRG� FUXVWDFHDQV� ZHUH� IRXQG�
3KLORFKHUDV� WULVSLQRVXV�� SXUVXDQW� WR� WKH� $GULDWLF� GHFD�
SRG�FKHFN�OLVW� �ÉWHYáLß��������DQG�D� UDUH� VSHFLHV� LQ� WKH
$GULDWLF��DSSHDUV�WR�EH�IDLUO\�FRPPRQ�DW�WKLV�VWDWLRQ��,W�LV
WKH�GRPLQDQW�VSHFLHV��LWV�VKDUH�LQ�WKH�FDWFK�EHLQJ������
���3DODHPRQ�HOHJDQV�LV�TXLWH�DEXQGDQW�RQ�WKLV�EHDFK�DV
ZHOO�� ZLWK� WKH� VKDUH� RI� �������� 3�� DGVSHUVXV� OLYHV� RQ
PXGG\� VHGLPHQW� QHDU� VHD� JUDVV� PHDGRZV� LQ� EUDFNLVK
ZDWHUV��)DOFLDL�	�0LQHUYLQL���������0DFURSRGLD�URVWUDWD

LV� DOVR� YHU\� FRPPRQ� LQ� D� IHZ� PHWHUV� RQ� PL[HG� VHGL�
PHQWV��)DOFLDL�	�0LQHUYLQL��������

7DEOH���GHPRQVWUDWHV�DOPRVW�DEVROXWH�GRPLQDQF\�RI
WKH�VSHFLHV�3��HOHJDQV��LWV�VKDUH�LQ�WKH�XSSHU�LQIUDOLWWRUDO
RI� %DÊND� EHDFK� EHLQJ� �������� $V� RSSRVHG� WR� WKH
�GRPLQDQW�� VKULPSV� 3�� WULVSLQRVXV� DQG� 3�� HOHJDQV�� WKH
FUDE�&��DHVWXDULL�KDV�EHHQ� IRXQG�RQ� WKH�PXGG\�ERWWRP
RI� WKH�0HOLQH� FRYH� EHDFK�RQO\��&�� DHVWXDULL� DSSHDUV� WR
EH�PRUH� GHSHQGHQW� RQ� WKH� VXEVWUDWH� RI� LWV� KDELWDW� WKDQ
WKH�WZR�RWKHU�VSHFLHV��7KH�HQYLURQPHQW�RI�0HOLQH�FRYH
VHHPV� WR�EH� VXLWDEOH� IRU� WKH� VSHFLHV� OLVWHG� DERYH� �DSDUW
IURP�'�� SXJLODWRU� DQG�0�� URVWUDWD��� 7KH� UHODWLYH� DEXQ�
GDQFHV� DUH� SUREDEO\� VWULFWO\� UHODWHG� WR� WKH� FDWFKLQJ
PHWKRG�XWLOL]HG�IRU�WKH�UHVHDUFK�

7DE�� ��� 'HFDSRGV� FROOHFWHG� DW� WKH� NU�� ORFDOLW\� �%DÉND
ED\��
7DE�� ��� 'HVHWHURQRËFL�� XMHWL� QD� ORNDOLWHWL� NU�� �]DOLY
%DÉND��

6SHFLHV 1R��VSHFLPHQV �
3DODHPRQ�HOHJDQV �� �����
3KLORFKHUDV�WULVSLQRVXV � ����

$V�IDU�DV�RWKHU�VWXG\�VLWHV�DUH�FRQFHUQHG��VSHFLHV�OLNH
&OLEDQDULXV� HU\WKURSXV�� 3LVLGLD� ORQJLFRUQLV�� 3RUFHOODQD
SODW\FKHOHV� DQG� ;DQWKR� SRUHVVD� DUH� QRUPDOO\� IRXQG
FORVH� WR� WKH� VWRQHV�RU�SHEEOHV�RQ� WKH� VDQG\�ERWWRP�� ,Q
WKLV� FDVH�� WRR�� WKHLU� UHODWLYH� DEXQGDQFHV� DUH� GXH� WR� WKH
FDWFKLQJ�PHWKRG�

7KH�VSHFLHV�3��HOHJDQV�DQG�3��WULVSLQRVXV�ZHUH�IRXQG
DW�WKH�VDQG\�ORFDOLW\�NU���DV�ZHOO�DV�LQ�WKH�ELRFHQRVHV�RI
FRDUVH� VDQGV� DQG� JUDYHOV� DW� ORFDOLW\� NU��� 0DFURSRGLD
URVWUDWD�ZDV� IRXQG�RQ� WKH�PXGG\�ERWWRP�DW� WKH�0HOLQH
FRYH� VWDWLRQ�� DQG� LQ� WKH� VDQG\� LQIUDOLWWRUDO� RI� 6W��0DUDN
EHDFK��7KHVH�DUH�WKH�RQO\�WKUHH�VSHFLHV�FDXJKW�RQ�PRUH
WKDQ�RQH�W\SH�RI�VXEVWUDWH��7KH�GDWD� UHYHDOV� WKDW�3��HOH�
JDQV�SUHIHUV�FRDUVH�VHGLPHQWDU\�ERWWRP�WR�VDQG\�ERWWRP
DQG�GRHV�QRW� DSSHDU�RQ�PXGG\� VXEVWUDWH� DW�DOO��$V�RS�
SRVHG�WR�3��HOHJDQV��3��WULVSLQRVXV�SUHIHUV�VDQG\�ERWWRP
WR�JUDYHO� DQG�GRHV� QRW� DSSHDU� RQ�PXGG\� VXEVWUDWH��0�
URVWUDWD� VSRUDGLFDOO\� DSSHDUV� LQ� WKH� ELRFRHQRVLV� RI� VX�
SHUILFLDO�PXGG\� VDQGV� LQ� VKHOWHUHG�ZDWHUV�� \HW� LW� QHYHU
LQKDELWV�FRDUVH�VHGLPHQWDU\�VXEVWUDWH�

)RU� WKH� RWKHU� OLVWHG� VSHFLHV�� QRW� HQRXJK� VSHFLPHQV
ZHUH� FROOHFWHG� DW� WKH� WKUHH� ORFDOLWLHV� WR� HQDEOH� XV� WR
SRVLWLYHO\� HVWDEOLVK� WKHLU� H[FOXVLYH� FRQQHFWLRQ�ZLWK� WKH
W\SH�RI�KDELWDW�VXEVWUDWH�

&21&/86,216

7KH� ILJXUH� RI� ��� FROOHFWHG� GHFDSRGV� LV� D� UHODWLYHO\
JRRG� UHVXOW� FRQVLGHULQJ� WKH�QXPEHU�RI� WLPHV� WKH�EHDFK
VHLQH�ZDV�GUDZQ�� ,Q�FRPSDULVRQ�ZLWK� WKH� UHVXOWV�RI�GH�
FDSRG�FROOHFWLRQ�QHDUE\��DW����VWDWLRQV�DORQJ�WKH�VRXWK�
ZHVWHUQ�FRDVW�RI�.UN�,VODQG�DW�GHSWKV�RI������P��*DPX�
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OLQ�%ULGD�HW�DO����������ZKHUH����VSHFLHV�ZHUH�FDXJKW��LW
LQ�IDFW�DSSHDUV�WR�EH�HYHQ�EHWWHU��7KH�VSHFLHV�&��DHVWXDULL
LV�GRPLQDQW�RQ�WKH�PXGG\�ERWWRP�RI�WKH�UHVHDUFKHG�OR�
FDOLW\��3�� WULVSLQRVXV� LV� GRPLQDQW� RQ� WKH� VDQG\� ERWWRP�
DQG�ZKLOH�3��HOHJDQV�LV�GRPLQDQW�RQ�WKH�FRDUVH�ERWWRP�
7KH� FUDE� &�� DHVWXDULL� ZDV� IRXQG� H[FOXVLYHO\� RQ� WKH
PXGG\�VXEVWUDWXP��'HFDSRGV�3��HOHJDQV�DQG�3��WULVSLQR�
VXV�GR�QRW�GHSHQG�RQ�RQO\�RQH�W\SH�RI�ERWWRP�VXEVWUDWD�

7KH� DFTXLUHG� GDWD� RQ� WKH� GRPLQDQF\� RI� GHFDSRG
VSHFLHV� LQ� VSHFLILF� VHGLPHQWDU\� KDELWDWV�� DQG� WKHLU� GH�
SHQGHQFH� RQ� WKRVH� KDELWDWV� VKRXOG� EH� VXSSOHPHQWHG
ZLWK� GDWD� SHU� VHDVRQ�� DQG� GDWD� RQ� QLJKW� WLPH� EHDFK
VHLQH�GUDZLQJ�DW� WKH�DERYH�PHQWLRQHG� ORFDOLWLHV��'UDZ�
LQJ�WKH�VHLQH�LQ�HYHU\�VHDVRQ�ZRXOG�GHWHUPLQH�SRVVLEOH

DQQXDO� YHUWLFDO�PLJUDWLRQV�DQG�FKDQJHV� LQ� WKH� GHFDSRG
FRPSRVLWLRQ�� $GGLWLRQDO� QLJKW� WLPH� VDPSOLQJ� ZRXOG
HOLPLQDWH�WKH�VKRUWFRPLQJV�RI� WKH�GDLO\�VDPSOLQJ�UHVXOW�
LQJ�IURP�FHUWDLQ�VSHFLHV�EHLQJ�FRYHUHG�XS�RU�LQDFWLYH�DW
GD\WLPH�

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

,� ZRXOG� OLNH� WR� WKDQN� P\� FROOHDJXH� 0LOYDQD� $UNR�
3LMHYDF� IRU� KHU� DVVLVWDQFH� LQ� ELRFRHQRORJ\� LQ� WKLV� SURM�
HFW��DQG�P\�FROOHDJXHV�0DUFHOR�.RYDáLß�DQG�/DGR�%DU�
WRQLáHN� IRU� DVVLVWDQFH� GXULQJ� WKH� ILHOGZRUN�� ,� DP� DOVR
JUDWHIXO� WR� =GUDYNR� ÉWHYáLß� DQG� &HGULF� G¤8GHNHP
G¤$FR]�IRU�UHDGLQJ�WKH�PDQXVFULSW�

35('+2'1$�5$=,6.$9$�)$91(�'(6(7(5212Ë&(9�1$�6(',0(171(0�'18
9�=*251-(0�,1)5$/,725$/8�272.$�.5.$��-$'5$16.2�025-(�

0$5,1�.,5,1Þ,Ü
3ULURGRVORYQL�PX]HM�5LMHND��+5�������5LMHND��/RUHQ]RY�SUROD]����+UYDÊND

329=(7(.

2VQXWHN� UHIHUHQßQHJD� VH]QDPD� KDELWDWQLK� WLSRY� YDUVWYHQH� SR]RUQRVWL�� SULSUDYOMHQ� Y� RNYLUX� DNFLMVNHJD� QDßUWD
RNROMVNHJD� SURJUDPD� =GUXÊHQLK� QDURGRY� �81(3��� YNOMXßXMH� WXGL� VHGLPHQWQH� ELRFHQR]H� VSRGQMHJD� LQIUDOLWRUDOD�
=DUDGL�GHMVWYD��GD�VR�WDNÈQL�KDELWDWL�]HOR�UHGNL�Y]GROÊ�MDGUDQVNH�REDOH��MH�ELOD�QDSUDYOMHQD�UD]LVNDYD�IDYQH�GHVHWHUR�
QRÊFHY��LQ�VLFHU�RE�SRPRßL�PUHÊ�V�SORYFL�Y�]JRUQMHP�LQIUDOLWRUDOX��Y�JORELQL�RG���GR���P��QD�WUHK�REUHÊQLK�RGVHNLK
RWRND�.UND��=D�YVDNR�RG� WHK� WUHK� ORNDOLWHW� MH�]QDßLOQD�VSHFLILßQD�VHGLPHQWQD�SRGODJD��JOHQ��SHVHN��SURG���1D�YVDNL
ORNDOLWHWL� MH� ELOD� XJRWRYOMHQD� VHVWDYD�YUVW�� QMLKRYD� ÈWHYLOßQRVW� LQ� SUHYODGD�� LQ� QD� RVQRYL� WHK� XJRWRYLWHY� QDSUDYOMHQD
SULPHUMDOQD�ÈWXGLMD��9VDND�UD]LVNDQD�ORNDOLWHWD�LPD�VYRMR�VSHFLILßQR�SUHYODGXMRßR�YUVWR��&DUFLQXV�DHVWXDULL�SUHYODGXMH
QD�JOHQDVWHP�GQX��3KLORFKHUDV�WULVSLQRVXV�QD�SHÈßHQHP��3DODHPRQ�HOHJDQV�SD�Y�ELRFHQR]L�JUREHJD�SHVND�LQ�SURGD�
6NXSDM�MH�ELOR�]DEHOHÊHQLK����EHQWRÈNLK�GHNDSRGQLK�YUVW�

.OMXÞQH�EHVHGH��IDYQD�GHVHWHURQRÌFHY��OLWRUDO��VHGLPHQWQR�GQR��VHYHUQL�-DGUDQ

5()(5(1&(6

)DOFLDL�� /�� 	� 5�� 0LQHUYLQL� �������� *XLGD� GHL� FURVWDFHL
GHFDSRGL�G¤(XURSD��0X]]LR�(G�������SS�
*DPXOLQ�%ULGD��+���'��&UQNRYLÜ��6��-XNLÜ�	�$��ÆLPXQR�
YLÜ� �������� &KDUDFWHULVWLF� DQG� GRPLQDQW� VSHFLHV� RI
&UXVWDFHD�'HFDSRGD� LQ�$GULDWLF�ELRFRHQRVLV��1HSKURSV
QRUYHJLFXV�7KHQHD� PXULFDWD��� 7KDODVVLD� -XJRVO��� �����
������

*DPXOLQ�%ULGD��+���=��3DYOHWLÜ��'��&UQNRYLÜ��$��3RÉDU�
'RPDF��0�� /HJDF�� È�� ÈXWLÜ�0DORVHMD� �������� $� FRQWUL�
EXWLRQ� WR� WKH� NQRZOHGJH� RI� WKH� LQIUDOLWWRUDO� EHQWKRV
DORQJ� WKH� VRXWKZHVWHUQ� FRDVW� RI� WKH� .UN� ,VODQG�� $FWD
$GULDW������������������
*LEVRQ��5��1���$��'��$QVHO�	�/��5REE���������6HDVRQDO
DQG�DQQXDO�YDULDWLRQV�LQ�DEXQGDQFH�DQG�VSHFLHV�FRPSR�
VLWLRQ� RI� ILVK� DQG� PDFURFUXVWDFHDQ� FRPPXQLWLHV� RQ� D
6FRWWLVK�VDQG\�EHDFK��0DU��(FRO��3URJ��6HU���������������
����
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0DQQLQJ��5��%��	�=��ÆWHYÞLÜ� ��������'HFDSRG� IDXQD�RI
WKH�3LUDQ�*XOI��4XDG��/DE��7HFQRO��3HVFD��������������
����
3mUnV��-��0��	�-��3LFDUG���������1RXYHDX�PDQXHO�GH�EL�
RQRPLH� EHQWKLTXH� GH� OD� 0HU� 0pGLWHUUDQpH�� 5pFHQWV
7UDY��6W��0DU��(QGRXPH������������
3mUnV�� -�� 0�� 	� +�� *DPXOLQ�%ULGD� �������� %LRORÊND
RFHDQRJUDILMD��ÉNROVND�NQMLJD��=DJUHE������SS�

ÆWHYÞLÜ��=����������3ULOR]L�PRUVNRM�IORUL� L� IDXQL�ORÊLQMVNH
RWRáQH� VNXSLQH� �&UXVWDFHD� 'HFDSRGD��� 2WRáNL� OMHWRSLV
&UHV�/RÊLQM�������������
ÆWHYÞLÜ�� =�� �������� &KHFN� OLVW� RI� WKH� $GULDWLF� GHFDSRG
&UXVWDFHD��$FWD�$GULDW���������������
ÆWHYÞLÜ��=����������'HFDSRG� IDXQD�RI� WKH�VHDJUDVV�EHGV
LQ�WKH�5RYLQM�DUHD��$FWD�$GULDW�����������������
ÆWHYÞLÜ��=����������+LVWRU\�RI� LQYHVWLJDWLRQV�RI� WKH�$GUL�
DWLF�GHFDSRG�&UXVWDFHD��%LRV����������������


