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$33(1',;�&���'HVFULSWLRQV�RI�(FRORJLFDO�9HJHWDWLRQ�&ODVVHV��(9&V�
RFFXUULQJ�LQ�WKH�9LFWRULDQ�1RUWK�(DVW�5)$�5HJLRQ
Notes:

A vegetation mosaic consists of discrete floristic entities (EVCs) which were unable to be distinguished in the mapping due to the scale
used (ie. 1:100 000).

A vegetation complex occurs where floristic entities are unable to be distinguished in an area but are known to exist discretely
elsewhere.  In the North East RFA area complexes were mapped as part of the pre-1750 mapping exercise on private land where
sufficient information was available to determine that a group of EVCs occurred in a particular area but there was insufficient information
available to accurately map the boundaries between them.

Mosaics and complexes where all components are individually described in this appendix have not been described separately.

3ODLQV�*UDVV\�:RRGODQG

2QO\�RQH�VLWH�LV�PDSSHG��DW�/RFNVOH\��DQG�DSSHDUV�WR�EH�D�IORULVWLF�FRPPXQLW\�UHIHUUHG�WR�E\�)RUHPDQ
�LQ�SUHS���DV�(DVWHUQ�:HW�*UDVVODQG��:LWKLQ�WKH�VWXG\�DUHD�WKLV�YHJHWDWLRQ�RFFXUV�DW�WKH�H[WUHPH
HDVWHUQ�HGJH�RI�WKH�1RUWKHUQ�5LYHULQH�3ODLQV�ZKHUH�DQQXDO�UDLQIDOO�LV����PP�WR����PP��RQ
4XDWHUQDU\�DOOXYLDO�VRLOV�RU��RFFDVLRQDOO\��RQ�RXWZDVK�FROOXYLDO�GHSRVLWV�GHULYHG�IURP�DGMDFHQW
3DODHR]RLF�VHGLPHQWV���7KHVH�VRLOV�DUH�KHDYLO\�WH[WXUHG�WKURXJKRXW�DQG�DUH�XVXDOO\�VHDVRQDOO\
LQXQGDWHG���6FDWWHUHG�*UH\�%R[�(XFDO\SWXV�PLFURFDUSD��:KLWH�%R[�(��DOEHQV��DQG�<HOORZ�%R[�(�
PHOOLRGRUD�FRPSULVH�WKH�RYHUVWRUH\�LQ�WKH�ZHVW�RI�WKH�VWXG\�DUHD�ZKLOVW��5LYHU�5HG�*XP�(�
FDPDOGXOHQVLV�RFFXUV�IXUWKHU�HDVW�ZKHUH�UDLQIDOO�LV�KLJKHU�DQG�RU�VRLOV�DUH�PRUH�SRRUO\�GUDLQHG���$
VSDUVH�VKUXE�OD\HU�RI�*ROGHQ�:DWWOH�$��S\FQDQWKD��+HGJH�:DWWOH�$��SDUDGR[D��9DUQLVK�:DWWOH�$�
YHUQLFLIOXD�DQG�RWKHU�VKUXEV�LV�RIWHQ�SUHVHQW�
&RPPRQ�VSHFLHV�LQFOXGH�.DQJDURR�*UDVV�7KHPHGD�WULDQGUD��:DOODE\�*UDVVHV�$XVWURGDQWKRQLD�VSS��
6SHDU�*UDVVHV�$XVWURVWLSD��VSS���&RPPRQ�:KHDW�JUDVV�(O\PXV�VFDEHU��:LQGPLOO�*UDVV�&KORULV
WUXQFDWD��&RPPRQ�%RJ�VHGJH�6FKRHQXV�DSRJRQ��/LWWOH�&OXE�VHGJH�,VROHSLV�PDUJLQDWD��7DOO�6HGJH
&DUH[�DSSUHVVD��5XVKHV�-XQFXV�VSS���%ODFN�DQWKHU�)OD[�OLO\�'LDQHOOD�UHYROXWD�V�V����&RPPRQ�(DUO\
1DQF\�:XUPEHD�GLRLFD�VVS��GLRLFD��9DQLOOD�/LO\�$UWKURSRGLXP�VS��DII��VWULFWXP��0LONPDLGV
%XUFKDUGLD�XPEHOODWD���<HOORZ�%XOELQH�OLO\�%XOELQH�EXOERVD��<HOORZ�5XVK�OLO\�7ULFRU\QH�HODWLRU�
&RPPRQ�2QLRQ�RUFKLG�0LFURWLV�XQLIROLD��6PDOO�/RRVHVWULIH�/\WKUXP�K\VVRSLIROLD��6FDO\�%XWWRQV
/HSWRUK\QFKRV�VTXDPDWXV��7DOO�6XQGHZ�'URVHUD�SHOWDWD�VVS��SHOWDWD��&RPPRQ�5DVSZRUW�*RQRFDUSXV
WHWUDJ\QXV��%OXH�'HYLO�(U\QJLXP�RYLQXP��&RPPRQ�HYHUODVWLQJ�&KU\VRFHSKDOXP�DSLFXODWXP�V�O��
&RPPRQ�6XQUD\�7ULSWLORGLVFXV�S\JPDHXV��*UDVV\�%LQGZHHG�&RQYROYXOXV�UHPRWXV��*UDVVODQG�:RRG�
VRUUHO�2[DOLV�SHUHQQDQV��<HOORZLVK�%OXHEHOO�:DKOHQEHUJLD�OXWHROD�DQG�1DUURZ�5RFN�)HUQ�&KHLODQWKHV
VLHEHUL�VVS��VLHEHUL�
'HVSLWH�WKH�DEXQGDQFH�RI�QDWLYH�VSHFLHV�LQ�WKLV�YHJHWDWLRQ��WKH�UHPQDQWV�DUH�FRQVLGHUHG�WR�EH�LQ
PRGHUDWH�WR�SRRU�FRQGLWLRQ�GXH�WR�D�KLJK�IUHTXHQF\��FRYHU�DQG�GLYHUVLW\�RI�H[RWLF�VSHFLHV�
3ODLQV�*UDVV\�:RRGODQG�LV�VHYHUHO\�GHSOHWHG�ZLWKLQ�WKH�VWXG\�DUHD�DQG�ZLWKLQ�9LFWRULD���,Q�WKH�1RUWK
(DVW�LW�RFFXUV�RQ�YHU\�VPDOO��OLQHDU�DUHDV�RI�SXEOLF�ODQG�VXFK�DV�URDG�DQG�UDLO�UHVHUYHV�LQFOXGLQJ
%RQHJLOOD��*OHQURZDQ�DQG�6SULQJKXUVW�UDLO�UHVHUYHV�DQG�%RRUKDPDQ�UDLO�DQG�URDG�UHVHUYHV���3ODLQV
*UDVV\�:RRGODQG�LQ�WKH�VWXG\�DUHD�LV�YXOQHUDEOH�WR�D�YDULHW\�RI�WKUHDWV�LQFOXGLQJ�JUD]LQJ�DQG
WUDPSOLQJ�E\�VWRFN��LQDSSURSULDWH�EXUQLQJ�UHJLPHV��ZHHG�LQYDVLRQ�DQG�VRLO�GLVWXUEDQFH�DVVRFLDWHG
ZLWK�WKH�PDLQWHQDQFH�RI�SXEOLF�XWLOLWLHV�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

(DVWHUQ�:HW�*UDVVODQG��LQ�SDUW����)RUHPDQ�LQ�SUHS���

+HDWK\�:RRGODQG

+HDWK\�:RRGODQG�ZDV�REVHUYHG�DW�RQO\�RQH�VLWH�LQ�WKH�VWXG\�DUHD�DW�-DPLHVRQ�*DS��QRUWK�HDVW�RI
-DPLHVRQ�RQ�URFN\�PDURRQ�FRORXUHG�FRQJORPHUDWHV���6WUXFWXUDOO\�WKH�YHJHWDWLRQ�RFFXUV�DV�D�ORZ��RSHQ
ZRRGODQG�GRPLQDWHG�LQ�WKH�RYHU�VWRUH\�E\�/RQJ�OHDI�%R[�(XFDO\SWXV�JRQLRFDO\[��V�O��ZKLFK�DWWDLQ�D
KHLJKW�RI�DSSUR[LPDWHO\�WHQ�PHWUHV���7KH�XQGHUVWRUH\�FDUULHV�D�GLYHUVLW\�RI�VKUXEV��SUHGRPLQDQWO\
SHDV�DQG�HSDFULGV��LQFOXGLQJ�3DUURW�3HDV�'LOOZ\QLD�VSS����7ZLVWHG�%HDUG�KHDWK�/HXFRSRJRQ�JODFLDOLV�
3ULFNO\�%URRP�KHDWK�0RQRWRFD�VFRSDULD��'DSKQH�+HDWK�%UDFK\ORPD�GDSKQRLGHV��DQG�*XLQHD�IORZHUV
+LEEHUWLD�VSS����7KH�ILHOG�OD\HU�FDUULHV�D�GHQVH�DUUD\�RI�JUDVVHV�DQG�KHUEV�LQFOXGLQJ�6LOYHUWRS�:DOODE\�
JUDVV�-R\FHD�,��VHYHUDO�VSHFLHV�RI�GDLV\�$VWHUDFHDH�DQG�VHYHUDO�VSHFLHV�RI�RUFKLGV�
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*UDVV\�:RRGODQG

)ORULVWLF�&RPPXQLW\��5DLQVKDGRZ�*UDVV\�:RRGODQG

7KH�FKDUDFWHULVDWLRQ�RI�5DLQVKDGRZ�*UDVV\�:RRGODQG�LQ�WKH�QRUWK�HDVW�LV�SUREOHPDWLF�DV�RQO\�RQH
KLJKO\�PRGLILHG�VLWH�ZDV�VDPSOHG���$V�D�FRQVHTXHQFH��D�FKDUDFWHU�VSHFLHV�WDEOH�KDV�QRW�EHHQ�SURGXFHG�
7KH�LQIRUPDWLRQ�UHODWLQJ�WR�WKH�PDSSHG�ORFDWLRQV�GRHV�QRW�KDYH�D�VWURQJ�FRUUHODWLRQ�LQ�WHUPV�RI�VLQJOH
VLWH�VDPSOHG�DQG�WKH�VSHFLHV�UHFRUGHG�WKHUH��KRZHYHU�WKH�HQYLURQPHQW��H[SRVHG�VLWHV��JHRORJ\�DQG
UDLQIDOO��DUH�FRUUHODWHG���5DLQIDOO�IRU�DOO�VLWHV�LV�OHVV�WKDQ����PP�SHU�\HDU��7KH�SDUHQW�JHRORJLHV�LQFOXGH
2UGRYLFLDQ�PHWDPRUSKLF�URFNV��SULPDULO\�JQHLVVHV��DQG�'HYRQLDQ�JUDQLWRLGV��6RLOV�DUH�VDQG\�FOD\
ORDPV�RI�PRGHUDWH�WR�KLJK�IHUWLOLW\�ZKLFK�DUH�GHHS�EULFN�UHG�LQ�FRORXU�
7KH�RYHUVWRUH\�VSHFLHV�YDU\�LQ�WKHLU�GRPLQDQFH�EHWZHHQ�+LOO�5HG�*XP�(XFDO\SWXV�EODNHO\L�DQG�:KLWH
%R[�(��DOEHQV��/LJKWZRRG�$FDFLD�LPSOH[D��'DSKQH�+HDWK�%UDFK\ORPD�GDSKQRLGHV�DQG�1RGGLQJ�%OXH�
OLO\�6W\SDQGUD�JODXFD�EHLQJ�FRPPRQO\�SUHVHQW�LQ�WKH�XQGHUVWRUH\��0RVW�VLWHV�DUH�JUDVV\�ZLWK�D
PHGLXP�WR�KLJK�FRYHU�RI�ZHHG\�KHUEV��6SHFLHV�FRPPRQO\�SUHVHQW��EDVHG�RQ�PDSSLQJ��LQFOXGH��)LYH�
DZQHG�6SHDU�JUDVV�3HQWDSRJRQ�TXDGULILGXV��.DQJDURR�*UDVV�7KHPHGD�WULDQGUD��:DOODE\�*UDVVHV
'DQWKRQLD�VSS���(OHJDQW�+DLU�JUDVV�
$LUD�HOHJDQV��4XDNLQJ�*UDVV�VSHFLHV�
%UL]D�VSS���6TXLUUHO�WDLO
)HVFXH�
9XOSLD�EURPRLGHV�DQG�
%URPXV�VSS��)RUEV�LQFOXGH�+DLU\�3LQN�
3HWURUKDJLD�YHOXWLQD���(UHFW
&KLFNZHHG�
0RHQFKLD�HUHFWD��3LPSHUQHO�
$QDJDOOLV�DUYHQVLV�DQG�:DOO�6SHHGZHOO�
9HURQLFD�DUYHQVLV�
$GGLWLRQDO�PDSSLQJ�RI�SUH�����V�H[WHQW�VKRZV�5DLQVKDGRZ�*UDVV\�:RRGODQG�WR�KDYH�RQFH�EHHQ
H[WHQVLYH�RQ�WKH�KLOOV�QRUWK�RI�7DOODQJDWWD�LQ�WKH�%HWKDQJD���7DOJDUQR�DUHD��RQ�WKH�KLOOV�LPPHGLDWHO\
VRXWK�RI�:RGRQJD�DQG�RQ�WKH�ORZ��IHUWLOH�KLOOV�HDVW�RI�WKH�+XPH�)UHHZD\�EHWZHHQ�(XURD�DQG�%HQDOOD�
7KH�JHRORJ\�VRXWK�RI�:RGRQJD�FRQVLVWV�RI�JUDQLWRLGV�DQG�VFKLVWV����$GGLWLRQDO�VSHFLHV�IURP�WKLV
PDSSLQJ�LQFOXGH�5HG�6WULQJ\EDUN�(��PDFURUK\QFKD��5HG�%R[�(��SRO\DQWKHPRV��<HOORZ�%R[��(�
PHOOLRGRUD��*UH\�%R[�(��PLFURFDUSD��$SSOH�%R[�(��EULGJHVLDQD��'URRSLQJ�6KHRNH�$OORFDVXDULQD
YHUWLFLOODWD��%ODFN�&\SUHVV�SLQH�&DOOLWULV�HQGOLFKHUL��5HG�:DWWOH��$��UXELGD��'HDQH¶V�:DWWOH�$��GHDQHL�
+HGJH�:DWWOH�$��SDUDGR[D��&XUUDZDQJ�$��GRUDWR[\ORQ��LQ�URFN\�DUHDV���&XUUDMRQJ�%UDFK\FKLWRQ
SRSXOQHXV��6ZHHW�%XUVDULD�%XUVDULD�VSLQRVD��'HQVH�6SHDU�JUDVV�$XVWURVWLSD�GHQVLIORUD��5RXJK�6SHDU�
JUDVV�$XVWURVWLSD�VFDEUD�VVS��VFDEUD��5HG�OHJ�*UDVV�%RWKULRFKORD�PDFUD���7DOO�:KHDW�JUDVV�(O\PXV
VFDEHU��&DQH�:LUH�JUDVV�$ULVWLGD�UDPRVD�DQG�3XUSOH�&RUDO�SHD�+DUGHQEHUJLD�YLRODFHD�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

5DLQVKDGRZ�:RRGODQG��:RRGJDWH�HW�DO��������

)ORULVWLF�&RPPXQLW\��)RRWKLOO�*UDVV\�:RRGODQG

)RRWKLOO�*UDVV\�:RRGODQG�KDV�RQO\�UHFHQWO\�EHHQ�FRQILUPHG�DV�DQ�(9&�WKXV�LW�LV�SRRUO\�VDPSOHG�DQG
KDV�EHHQ�PDSSHG�DV�SDUW�RI�+HUE�ULFK�)RRWKLOO�)RUHVW���7KLV�YHJHWDWLRQ�RFFXUV�DV�D�ZRRGODQG�WR�RSHQ
IRUHVW�RQ�PRGHUDWH�WR�VWHHS��IDLUO\�GLVVHFWHG�YDOOH\�VORSHV�DERYH�ULYHUV�DW�IRRWKLOO�HOHYDWLRQV��$VSHFWV
DUH�JHQHUDOO\�QRUWK�WKURXJK�WR�ZHVW���7KH�RYHUVWRUH\�LV�UHSUHVHQWHG�E\�D�QXPEHU�RI�HXFDO\SW�VSHFLHV
LQFOXGLQJ�1DUURZ�OHDYHG�3HSSHUPLQW�(XFDO\SWXV�UDGLDWD��%URDG�OHDYHG�3HSSHUPLQW�(��GLYHV��%ULWWOH
*XP�(��PDQQLIHUD��(XUDEELH�(��JOREXOXV�VVS��ELFRVWDWD���7KH�VKUXE�VWUDWXP�LV�VSDUVH�EXW�GLYHUVH�DQG
UHSUHVHQWHG�E\�D�UDQJH�RI�VSHFLHV�ZKLFK�DUH�XVXDOO\�SUHVHQW�LQ�DGMDFHQW�(9&V��LQFOXGLQJ��+DQGVRPH
)ODW�SHD�3ODW\ORELXP�IRUPRVXP��3ULFNO\�%XVK�SHD�3XOWHQDHD�MXQLSHULQD�V�O���%HDUG�KHDWKV�/HXFRSRJRQ
VSS���+RQH\�SRWV�$FURWULFKH�VHUUXODWD��&RPPRQ�&RUUHD�&RUUHD�UHIOH[D��3LQN�EHOOV�7HWUDWKHFD�FLOLDWD
DQG�'ZDUI�*HHEXQJ�3HUVRRQLD�FKDPDHSHXFH���7UHH�IRUP�6LOYHU�%DQNVLD�%DQNVLD�PDUJLQDWD�PD\�DOVR
EH�SUHVHQW��7KH�JURXQG�OD\HU�LV�KLJK�LQ�ERWK�FRYHU�DQG�GLYHUVLW\�RI��JUDVVHV�DQG�IRUEV���.DQJDURR�*UDVV
7KHPHGD�WULDQGUD�DQG�7XVVRFN�*UDVVHV�3RD�VSS���XVXDOO\�GRPLQDWH��RWKHU�VSHFLHV�LQFOXGH�:HHSLQJ
*UDVV�0LFURODHQD�VWLSRLGHV��:DOODE\�*UDVVHV�$XVWURGDQWKRQLD�VSS���%HQW�*UDVVHV�'H\HX[LD�VSS��
3OXPH�JUDVVHV�'LFKHODFKQH�VSS���6KRUW�VWHP�VHGJH�&DUH[�EUHYLFXOPLV���VPDOO�0DW�UXVKHV�/RPDQGUD
VSS����)OD[�OLOLHV�'LDQHOOD�VSS���6PDOO�6W��-RKQ¶V�ZRUW�+\SHULFXP�JUDPLQHXP���,Y\�OHDI�9LROHW�9LROD
KHGHUDFHD���3XUSOH�&RUDO�SHD�+DUGHQEHUJLD�YLRODFHD��%OXHEHOOV�:DKOHQEHUJLD�VSS���&OXVWHUHG
(YHUODVWLQJ�&KU\VRFHSKDOXP��VHPLSDSSRVXP�DQG�+DLU\�3HQQ\ZRUW�+\GURFRW\OH�KLUWD���3HUHQQLDO
JHRSK\WHV�VXFK�DV�RUFKLGV�DQG�OLOLHV�DUH�FRPPRQ�

)ORULVWLF�&RPPXQLW\��6KUXEE\�*UDQLWLF�RXWZDVK�*UDVV\�:RRGODQG

7KLV�(9&�RFFXUV�RQ�QRUWK�WR�QRUWK�ZHVWHUQ�DVSHFWV�RQ�WKH�HGJHV�RI�JUDQLWH�KLOOV��DOWKRXJK�DW�WKH�ORZHU
OLPLW�RI�WKH�UDLQIDOO�UDQJH�LW�PD\�RFFXU�RQ�DOO�DVSHFWV���,W�LV�UHVWULFWHG�WR�IUHHO\�GUDLQLQJ��GHHS�VDQG\
FOD\�FROOXYLXPV�RQ�JHQWOH��ORZHU�VORSHV�DW�DOWLWXGHV�RI�OHVV�WKDQ����P���5DLQIDOO�UDQJHV�IURP�����WR
���PP��DQG��DOWKRXJK�WKHUH�LV�DGHTXDWH�UXQ�RII�IURP�WKH�KLOOV�DIWHU�UDLQIDOO���WKHUH�LV�OLPLWHG�DYDLODEOH
PRLVWXUH�GXULQJ�GULHU�SHULRGV��:LWKLQ�WKH�VWXG\�DUHD�LW�ZDV�PDSSHG�RQ�WKH�JUDQLWH�KLOOV�VRXWK�RI�WKH
0XUUD\�5LYHU�LQ�WKH�IDU�QRUWK�HDVW��0RXQW�3LORW��0RXQW�%DUDPERJLH��WKH�ORZHU�JHQWOH�VORSHV�EHORZ�WKH
:DUE\�5DQJH�DQG�WKH�6WUDWKERJLH�5DQJHV�



141

)ORULVWLFDOO\�WKHUH�LV�KLJK�VSHFLHV�GLYHUVLW\�LQ�DOO�VWUDWD���7KH�RYHUVWRUH\�LQFOXGHV�%ODNOH\¶V�5HG�*XP
(XFDO\SWXV�EODNHO\L��5HG�6WULQJ\EDUN�(��PDFURUK\QFKD��DQG�5HG�%R[�(��SRO\DQWKHPRV��/RQJ�OHDI�%R[
(��JRQLRFDO\[�DQG�:KLWH�%R[�(��DOEHQV�PD\�DOVR�EH�SUHVHQW���7KH�GHQVH�ORZ�VKUXE�OD\HU�LV�UHSUHVHQWHG
E\�D�GLYHUVLW\�RI�*XLQHD�)ORZHUV�+LEEHUWLD�VSS����$W�WKH�PHGLXP�OHYHO�WKH�VKUXEV�DUH�VFDWWHUHG�DQG
GRPLQDWHG�E\�:DWWOHV�$FDFLD�VSS����'DSKQH�+HDWK�%UDFK\ORPD�GDSKQRLGHV�DQG�&RPPRQ�)ULQJH�
P\UWOH�&DO\WUL[�WHWUDJRQD�DUH�DOVR�SUHVHQW�DQG�/HPRQ�%RWWOHEUXVK�&DOOLVWHPRQ�SDOOLGXV�ZDV�IRXQG�LQ
WKH�IDU�QRUWK�HDVW�RI�WKH�VWXG\�DUHD���7KH�JUDVV\�JURXQG�OD\HU�LV�RIWHQ�GRPLQDWHG�E\�&DQH�:LUH�JUDVV
$ULVWLGD�UDPRVD��DQG�PD\�DOVR�LQFOXGH�'HQVH�6SHDU�*UDVV�$XVWURVWLSD�GHQVLIORUD��5RXJK�6SHDU�*UDVV
$��VFDEUD��:DOODE\�*UDVVHV�$XVWURGDQWKRQLD�VSS���.DQJDURR�*UDVV�7KHPHGD�WULDQGUD��6RIW�7XVVRFN�
JUDVV�3RD�PRUULVLL���+HUEV�DQG�JHRSK\WHV�SUHVHQW�LQFOXGH�&UDQHVELOO�*HUDQLXP�VS���6WLQNLQJ
3HQQ\ZRUW�+\GURFRW\OH�OD[LIORUD��&RPPRQ�5DVSZRUW�*RQRFDUSXV�WHWUDJ\QXV��&KRFRODWH�OLO\
$UWKURSRGLXP�VWULFWXP��1DUURZ�5RFN�IHUQ�&KHLODQWKHV�VLHEHUL��%ODFN�DQWKHU�)OD[�OLO\�'LDQHOOD
UHYROXWD��:DWWOH�0DW�UXVK�/RPDQGUD�ILOLIRUPLV��6XQ�RUFKLG�7KHO\PLWUD�VS���0LONPDLGV�%XUFKDUGLD
XPEHOODWD��7ZLQLQJ�)ULQJH�OLO\�7K\VDQRWXV�SDWHUVRQLL��/HRSDUG�2UFKLG�'LXULV�SDUGLQD��DQG
*UHHQKRRG�2UFKLGV�3WHURVW\OLV�VSS�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

*UDQLWLF�*UDVV\�)RUHVW��&URSSHU������
(DVWHUQ�/RZ�ULVHV�*UDVV\�:RRGODQG��(&&������

)ORULVWLF�&RPPXQLW\��6ORSHV�%R[�*UDVV\�:RRGODQG

6ORSHV�%R[�*UDVV\�:RRGODQG�ZDV�PDSSHG�RQ�WKH�ORZ�KLOOV�QHDU�<DUFN�DQG�*REXU��ZHVW�RI�0DQVILHOG
DQG�HDVW�RI�6H\PRXU���,W�PD\�RFFXS\�ORZ�KLOOV�DERYH�3ODLQV�*UDVV\�:RRGODQG�DQG�)ORRGSODLQ�5LSDULDQ
:RRGODQG�DQG�EH�LQ�DVVRFLDWLRQ�ZLWK�9DOOH\�*UDVV\�)RUHVW�ZKLFK�RFFXSLHV�DGMDFHQW�SURWHFWHG�VORSHV
RU�JXOOLHV�DW�KLJKHU�UDLQIDOO���*UDVV\�'U\�)RUHVW�UHSODFHV�LW�RQ�VWHHSHU�VORSHV�DERYH����P�
7KLV�(9&�LV�HFRORJLFDOO\�FORVH�WR�5DLQVKDGRZ�*UDVV\�:RRGODQG�EXW�FDUULHV�IHZHU�µ&�¶�JUDVV�VSHFLHV���,W
DOVR�ODFNV�WKH�W\SLFDO�UDLQVKDGRZ�VSHFLHV�VXFK�DV�.XUUDMRQJ�%UDFK\FKLWRQ�SRSXOQHXV��%ODFN�&\SUHVV
3LQH�&DOOLWULV�HQGOLFKHUL�DQG�WKH�VXLWH�RI�GU\�FRXQWU\�ZDWWOHV�LQFOXGLQJ�5HG�VWHP�:DWWOH�$FDFLD�UXELGD�
&XUUDZDQJ�$��GRUDWR[\ORQ�DQG�'HDQH¶V�:DWWOH�$��GHDQHL�
7KH�RYHUVWRUH\�LV�XVXDOO\�UHSUHVHQWHG�E\�*UH\�ER[�(XFDO\SWXV�PLFURFDUSD��EXW��:KLWH�%R[�(��DOEHQV
PD\�EH�SUHVHQW��HJ��LQ�WKH�<DUFN�DUHD���7KH�VKUXE�VWUDWXP�LV�ORZ�WR�PHGLXP�KHLJKW�DQG�LQFOXGHV
*ROGHQ�:DWWOH�$FDFLD�S\FQDQWKD��+HGJH�:DWWOH�$��SDUDGR[D��%ODFN�:DWWOH�$��PHDUQVLL��/LJKWZRRG�$�
LPSOH[D��*ROG�GXVW�:DWWOH�$��DFLQDFHD��'URRSLQJ�&DVVLQLD�&DVVLQLD�DUFXDWD��*UH\�3DUURW�SHD
'LOOZ\QLD�FLQHUDVFHQV��6PRRWK�3DUURW�SHD�'��VHULFHD��DQG�%OXH�)LQJHU�IORZHU�&KHLUDQWKHUD�F\DQDUD�
7KH�JURXQG�OD\HU�LV�UHSUHVHQWHG�E\�D�GLYHUVLW\�RI�JUDVVHV�DQG�IRUEV�DQG�LQFOXGHV�:DOODE\�*UDVVHV
$XVWURGDQWKRQLD�VSS���6SHDU�*UDVV�$XVWURVWLSD�VSS���.DQJDURR�*UDVV�7KHPHGD�WULDQGUD��7DOO�:KHDW
*UDVV�(O\PXV�VFDEHU��%ODFN�DQWKHU�)OD[�OLO\�'LDQHOOD�UHYROXWD��3DOH�)OD[�OLO\�'��ORQJLIROLD��:DWWOH�0DW�
UXVK�/RPDQGUD�ILOLIRUPLV�DQG�<HOORZ�%XOELQH�OLO\�%XOELQH�EXOERVD���0DQ\�RI�WKH��IRUEV�KDYH�DIILQLWLHV
WR�3ODLQV�*UDVV\�:RRGODQG���,QWURGXFHG�VSHFLHV�YDU\�LQ�FRYHU��IUHTXHQWO\�REVHUYHG�VSHFLHV�LQFOXGH�6W
-RKQ¶V�:RUW�+\SHULFXP�SHUIRUDWXP��&DW¶V�(DU�+\SRFKRHULV�UDGLFDWD�DQG�D�UDQJH�RI�H[RWLF�SDVWXUH
JUDVVHV�LQFOXGLQJ�7DZRRPED�&DQDU\�*UDVV�3KDODULV�DTXDWLFD�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

%R[�:RRGODQG��/DQG�&RQVHUYDWLRQ�&RXQFLO������
%R[�:RRGODQG��&RPPRQZHDOWK�RI�$XVWUDOLD������

&UHHNOLQH�*UDVV\�:RRGODQG

&UHHNOLQH�*UDVV\�:RRGODQG�LV�D�GHSOHWHG�(9&�DQG�ZDV�PDSSHG�DW�RQO\�RQH�VLWH�RQ�SXEOLF�ODQG�LQ�WKH
1RUWK�(DVW�VWXG\�DUHD��RQ�WKH�IORRG�SODLQ�RI�WKH�.LQJ�5LYHU�QHDU�:DQJDUDWWD���,W�ZDV�DGMDFHQW�WR�ERWK
IDUPODQG�DQG�GLVWXUEHG�ODQG��ZLWK�D�KLJK�SURSRUWLRQ�RI�ZHHG�VSHFLHV�SUHVHQW���2WKHU�RFFXUUHQFHV
ZLWKLQ�WKH�VWXG\�DUHD�KDYH�EHHQ�LGHQWLILHG�E\�WKH�SUH������PDSSLQJ�H[HUFLVH���7KHVH�DUH�ODUJHO\
UHSUHVHQWHG�DV�KLJKO\�PRGLILHG��GLVWXUEHG�YHJHWDWLRQ�DORQJ�PDQ\�RI�WKH�VPDOOHU���LQWHUPLWWHQW�FUHHNV
RQ�WKH�IORRGSODLQ�RI�ODUJHU�ULYHUV�DQG�DORQJ�WKH�HSKHPHUDO�VWUHDPV�RI�WKH�ORZHU�VORSHV�RI�IRRWKLOOV�
DOWKRXJK�VRPH�UHDVRQDEO\�LQWDFW�VLWHV�ZHUH�ORFDWHG�LQ�0RXQW�3LORW�0XOWL�SXUSRVH�3DUN�QHDU
%HHFKZRUWK�
6HDVRQDO�LQXQGDWLRQ�DQG�DOOXYLDO�VRLOV�SURYLGH�KLJK�IHUWLOLW\�DQG�PRLVWXUH�DYDLODELOLW\�ZKLFK�LV
UHIOHFWHG�LQ�WKH�GRPLQDQW�VSHFLHV���7KH�RSHQ�FDQRS\�RYHUVWRUH\�LV�XVXDOO\�GRPLQDWHG�E\�5LYHU�5HG
*XP�(XFDO\SWXV�FDPDOGXOHQVLV��0RXQWDLQ�6ZDPS�*XP��(��FDPSKRUD�DQG�:DUE\�6ZDPS�*XP��(�
FDGHQV��%OXH�*XP�(��JOREXOXV�VVS��ELFRVWDWD��DQG�6LOYHU�:DWWOH�$FDFLD�GHDOEDWD�PD\�DOVR�EH�SUHVHQW�
7KH�VSDUVH�WR�GHQVH�JUDVV\�JURXQG�OD\HU�LV�GRPLQDWHG�E\�&RPPRQ�7XVVRFN�JUDVV�3RD�ODELOODUGLHUHL
DQG�:HHSLQJ�*UDVV�0LFURODHQD�VWLSRLGHV�ZLWK�5XVKHV�-XQFXV�VSS��DQG�)ODW�VHGJHV�&\SHUXV�VSS��ZHUH
VFDWWHUHG�WKURXJKRXW��:RRG�VRUUHO�VSHFLHV�
2[DOLV�VSS���%ODFNEHUU\�
5XEXV�IUXWLFRVXV�VSS��DJJ��5RXJK
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'RJ¶V�7DLO�
&\QRVXUXV�HFKLQDWXV��4XDNLQJ�*UDVVHV�
%UL]D�VSS��DQG�6KHHS�6RUUHO�
$FHWRVHOOD�YXOJDULV
DUH�VRPH�RI�WKH�PRVW�FRPPRQ�ZHHG�VSHFLHV�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

&UHHNOLQH�*UDVV\�:RRGODQG��0XLU�HW��DO��������

$OOXYLDO�7HUUDFHV�+HUE�ULFK�:RRGODQG

7KH�IROORZLQJ�GHVFULSWLRQ�LV�EDVHG�RQ�WKDW�RI�$OOXYLDO�7HUUDFHV�+HUE�ULFK�:RRGODQG�GHVFULEHG�E\
0XLU�HW�DO�����������,Q�WKH�VWXG\�DUHD�$OOXYLDO�7HUUDFHV�+HUE�ULFK�:RRGODQG�RFFXUV�LQ�&KLOWHUQ�%R[�
,URQEDUN�1DWLRQDO�3DUN���*HQHUDOO\�LW�LV�IRXQG�RQ�WKH�ORZHU�VORSHV��GUDLQDJH�OLQHV�DQG�ROG�DOOXYLDO
SODLQV�RI�JHQWO\�XQGXODWLRQ�ODQGVFDSHV���3RRUO\�GUDLQHG�VRGLF�VRLOV�DUH�GHULYHG�IURP�2UGRYLFLDQ
VHGLPHQWV�RU�7HUWLDU\�DOOXYLXP���7KH�JUHDWHU�ZDWHU�DYDLODELOLW\�DQG�VOLJKWO\�KLJKHU�IHUWLOLW\�RI�WKHVH
VLWHV�HQDEOHV�KHUEV�WR�IORXULVK�
7KH�JURXQG�OD\HU�LV�GRPLQDWHG�E\�IRUEV�DQG�JUDVVHV�LQFOXGLQJ�6WLQNLQJ�3HQQ\ZRUW�+\GURFRW\OH
OD[LIORUD��&RDUVH�/DJHQLIHUD�/DJHQLIHUD�KXHJHOLL��*UDVVODQG�:RRG�VRUUHO�2[DOLV�SHUHQQDQV��6KHHS¶V
%XUU�$FDHQD�HFKLQDWD��<DP�'DLV\�0LFURVHULV�VFDSLJHUD��6ROHQRJ\QH�6ROHQRJ\QH�GRPLQLL��&RPPRQ
:KHDW�JUDVV�(O\PXV�VFDEUXV��5RXJK�6SHDU�JUDVV�$XVWURVWLSD�VFDEUD�VVS��IDOFDWD��&RPPRQ�%RJ�VHGJH
6FKRHQXV�DSRJRQ�DQG�5XVKHV�-XQFXV�VSS����*HRSK\WLF�OLOLHV�VXFK�DV�&KRFRODWH�OLO\�$UWKURSRGLXP
VWULFWXP�DQG�<HOORZ�5XVK�OLO\�7ULFRU\QH�HODWLRU�DUH�FRPPRQ�DV�LV�D�GLYHUVH�UDQJH�RI�DQQXDO�KHUEV���7KH
RYHUVWRUH\�LV�YHU\�RSHQ�DQG�GRPLQDWHG�E\�<HOORZ�%R[�(XFDO\SWXV�PHOOLRGRUD�ZLWK�*UH\�%R[�(�
PLFURFDUSD�IUHTXHQWO\�FR�GRPLQDQW�

*LOJDL�3ODLQV�:RRGODQG�:HWODQG�0RVDLF

7KH�IROORZLQJ�GHVFULSWLRQ�LV�EDVHG�RQ�WKDW�RI�$OOXYLDO�7HUUDFHV�+HUE�ULFK�:RRGODQG�GHVFULEHG�E\
0XLU�HW�DO�����������$GGLWLRQDO�GDWD�KDV�HQDEOHG�FODULILFDWLRQ�RI�WKLV�(9&�ZKLFK�KDV�EHHQ�VSOLW�LQWR
*LOJDL�3ODLQV�:RRGODQG�:HWODQG�0RVDLF�DQG�$OOXYLDO�7HUUDFHV�+HUE�ULFK�:RRGODQG���7KH�ODWWHU�RQO\
RFFXUV�ZLWKLQ�WKH�VWXG\�DUHD�LQ�WKH�&KLOWHUQ�%R[�,URQEDUN�1DWLRQDO�3DUN�
$W�5HHI�+LOOV�5HJLRQDO�3DUN��*LOJDL�3ODLQV�:RRGODQG�:HWODQG�0RVDLF�RFFXSLHV�ROG�DOOXYLDO�WHUUDFHV�RI
VLOW�DQG�FOD\�ZKLFK�DUH�QR�ORQJHU�IORRGHG��H�J��E\�WKH�%URNHQ�5LYHU����+RZHYHU��WKHVH�KHDY\�VRLOV�GR
EHFRPH�LQXQGDWHG�DIWHU�ZLQWHU�UDLQV�DV�LQGLFDWHG�E\�WKH�JOH\HG�DSSHDUDQFH�RI�WKH�VRLO�SURILOH��*LOJDL
ODQG�IRUPV�RFFXU�DV�D�UHVXOW�RI�VHOI�PXOFKLQJ�FOD\V�ZKLFK�FUDFN�DQG�LQILOO�ZLWK�FUXPEOLQJ�SHGV�RYHU
VXPPHU�DQG�VZHOO�ZLWK�ZLQWHU�UDLQ�WKXV�IRUPLQJ�D�FRPSOH[�VHULHV�RI�KXPSV�DQG�KROORZV���7KH
YHJHWDWLRQ�RI�WKH�KXPSV�DQG�KROORZV�LV�FRUUHVSRQGLQJO\�FRPSOH[�LQ�SDWWHUQ���9HJHWDWLRQ�LQ�WKH
KROORZV�LV�:HWODQG�ZKLOVW�WKDW�RI�WKH�UDLVHG�KXPSV�DUH�*LOJDL�3ODLQV�:RRGODQG�
7KH�RYHUVWRUH\�LV�GRPLQDWHG�E\�5LYHU�5HG�*XP�(XFDO\SWXV�FDPDOGXOHQVLV��7KH�XQGHUVWRUH\�KDV
VFDWWHUHG�VKUXEV�RI�+HGJH�:DWWOH�$FDFLD�SDUDGR[D��7KH�JUHDWHVW�GLYHUVLW\�LV�LQ�WKH�JURXQG�OD\HU�ZKLFK
FRQVLVWV�RI�D�ODUJH�QXPEHU�RI�KHUEV��)RUEV�DUH�WKH�GRPLQDQW�OLIH�IRUP�ZLWK�SHUHQQLDO�JHRSK\WHV�ZHOO
UHSUHVHQWHG��)RUEV�LQFOXGH�1DWLYH�'DLVLHV�%UDFK\VFRPH�VSS���*RRGHQLDV�*RRGHQLD�VSS���3RGROHSLV
3RGROHSLV�VSS��DQG�0LONPDLGV�%XUFKDUGLD�XPEHOODWD�WR�QDPH�D�IHZ��6HGJHV��SDUWLFXODUO\�,VROHSLV�VSS�
DQG�-XQFXV�VSS��DUH�DOVR�ZHOO�UHSUHVHQWHG��*UDVVHV�DUH�QRW�FRPPRQ�EXW�:DOODE\�*UDVVHV�'DQWKRQLD
VSS��DQG�RFFDVLRQDOO\�.DQJDURR�*UDVV�7KHPHGD�DXVWUDOLV�ZLWK�WKH�ZHHG\�+DLU�*UDVVHV�
$LUD�VSS��DQG
6KHOO�*UDVVHV�
%UL]D�DOVR�SUHVHQW�EXW�DUH�QRW�DEXQGDQW�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

$OOXYLDO�7HUUDFHV�+HUE�ULFK�:RRGODQG��LQ�SDUW���0XLU�HW��DO��������

)ORRGSODLQ�5LSDULDQ�:RRGODQG

7KLV�FRPPXQLW\�FRPSULVHV�WKH�ZRRGODQG�YHJHWDWLRQ�ZKLFK�W\SLFDOO\�RFFXUV�DORQJ�WKH�EDQNV�RI�WKH
ODUJHU��VORZHU�PRYLQJ�ULYHUV�RI�WKH�VWXG\�DUHD��LQFOXGLQJ�WKH�*RXOEXUQ��2YHQV�DQG�0XUUD\�5LYHUV���,W
IUHTXHQWO\�RFFXUV�LQ�FRQMXQFWLRQ�ZLWK�RQH�RU�PRUH�IORRGSODLQ�ZHWODQG�FRPPXQLWLHV�
5LYHU�5HG�*XP��(XFDO\SWXV�FDPDOGXOHQVLV��IRUPV�D�WDOO��ZRRGODQG�FDQRS\�RYHU�D�PHGLXP�WR�WDOO
VKUXE�OD\HU�LQFOXGLQJ�6LOYHU�:DWWOH��$FDFLD�GHDOEDWD��DQG�7UHH�9LROHW��+\PHQDQWKHUD�GHQWDWD����7KH
JURXQG�OD\HU�IHDWXUHV�&RPPRQ�7XVVRFN�JUDVV��3RD�ODELOODUGLHUHL��RQ�WKH�GULHU��HOHYDWHG�EDQNV��5XVKHV
�-XQFXV�VSS����&RPPRQ�5HHG��3KUDJPLWHV�DXVWUDOLV��DQG�YDULRXV�VHGJH�VSHFLHV��&\SHUDFHDH�VSS��
RFFXS\LQJ�WKH�VDWXUDWHG�RU�LQXQGDWHG�VRLOV�DW�WKH�ZDWHU
V�HGJH�
(QYLURQPHQWDO�ZHHGV�IRUP�D�PDMRU�FRPSRQHQW�RI�WKLV�FRPPXQLW\�LQ�YLUWXDOO\�DOO�VWDQGV���$�ZLGH
YDULHW\�RI�SDVWXUH�JUDVVHV�DQG�KHUEV�DUH�XELTXLWRXV�

:HWODQG�)RUPDWLRQ

7KH�:HWODQG�)RUPDWLRQ�LQ�WKH�VWXG\�DUHD�FRPSULVHV�YHU\�IHZ��VPDOO�ORFDOLVHG�H[DPSOHV��ODUJHO\�GXH�WR
WKH�GUDLQDJH�RI�ZHWODQGV�IRU�DJULFXOWXUH���7KH�IRUPDWLRQ�GHVFULEHG�KHUH��RFFXUV�LQ�ELOODERQJV�ZLWK
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VWDQGLQJ�ZDWHU�DQG�LQ�VRDNV�DQG�GHSUHVVLRQV�RIWHQ�QHDU�D�ODUJHU�ZDWHU�ERG\��7KH�VWUXFWXUH�LV�DQ�RSHQ
ZRRGODQG�WR�D�WUHHOHVV�VHGJH�IRUE�DQG�JUDVV�ULFK�YHJHWDWLRQ�LQ�ZKLFK�WKH�VKUXE�OD\HU�LV�VSRUDGLF�DQG
PRVWO\�QRQ�H[LVWHQW��1HDUO\�DOO�RI�WKH�HQYLURQPHQW�ZKHUH�LW�FRXOG�SRWHQWLDOO\�RFFXU�KDV�EHHQ
GUDPDWLFDOO\�DOWHUHG�DQG�LV�LQYDULDEO\�GRPLQDWHG�E\�ZHHG�VSHFLHV�
7KH�VSHFLHV�FRPPRQ�WR�XQGLVWXUEHG�RU�OLWWOH�GLVWXUEHG�DUHDV�DUH�5LYHU�5HG�*XP�(XFDO\SWXV
FDPDOGXOHQVLV�DQG�0RXQWDLQ�6ZDPS�*XP�(��FDPSKRUD��6KUXE�VSHFLHV�PD\�EH�SUHVHQW�RQ�WKH�PDUJLQV
DQG�LQFOXGH�3ULFNO\�7HD�WUHH�/HSWRVSHUPXP�FRQWLQHQWDOH��DQG�7UHH�9LROHW�+\PHQDQWKHUD�GHQWDWD�
&RPPRQ�5HHG�3KUDJPLWHV�DXVWUDOLV�LV�RIWHQ�DEXQGDQW�DQG�YDULRXV�VHGJH�VSHFLHV�LQFOXGLQJ�)OHFNHG
)ODW�VHGJH�&\SHUXV�JXQQLL��&RPPRQ�6SLNH�VHGJH�(OHRFKDULV�DFXWD�DQG�%RJ�VHGJHV�6FKRHQXV�VSS��DUH
DOVR�DEXQGDQW��2WKHU�JURXQG�IORUD�LQFOXGH�UXVKHV��PDLQO\�-XQFXV�VSS���:DWHU�SHSSHU�3HUVLFDULD
K\GURSLSHU�ZLWK�&RPPRQ�7XVVRFN�JUDVV�3RD�ODELOODUGLHUHL�DOVR�FRPPRQ��7KH�RSHQ�ZDWHU�PD\
VXSSRUW�D�FDUSHW�RI�GXFNZHHG�/HPQD�VSS��DQG�RU�3DFLILF�$]ROOD�$]ROOD�ILOLFXORLGHV��:HHGV�DUH�RIWHQ�D
SURPLQHQW�FRPSRQHQW��WKH�PRVW�FRPPRQ�VSHFLHV�EHLQJ�%LWWHU�FUHVV�
5RULSSD�VSS���:LOORZ�
6DOL[�VSS��
%LUG¶V�IRRW�7UHIRLO�
/RWXV�VSS���'RFN�
5XPH[�VSS���&DW¶V�(DU�
+\SRFKRHULV�UDGLFDWD���<RUNVKLUH�)RJ

+ROFXV�ODQDWXV�DQG�%ODFNEHUU\�
5XEXV�IUXWLFRVXV�VSS��DJJ��
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

)ORRGSODLQ�5LSDULDQ�:RRGODQG��/&&������
)ORRGSODLQ�:HWODQG�&RPSOH[��/&&�������

9DOOH\�*UDVV\�)RUHVW

5HODWLYHO\�OLWWOH�9DOOH\�*UDVV\�)RUHVW�UHPDLQV�LQ�WKH�VWXG\�DUHD��SULPDULO\�GXH�WR�FOHDULQJ�IRU
DJULFXOWXUH��7KH�FRPELQDWLRQ�RI�IHUWLOH��ZLWK�JRRG�ZDWHU�UHWHQWLRQ�FDSDELOLW\��JHQWO\�XQGXODWLQJ�ORZHU
VORSHV��DQG�UHDVRQDEOH�ZDWHU�DYDLODELOLW\�KDYH�PDGH�VXFK�VLWHV�DWWUDFWLYH�IRU�DJULFXOWXUH��5HPDLQLQJ
H[DPSOHV�WKHUHIRUH�WHQG�WR�EH�OLPLWHG�LQ�H[WHQW�DQG�HLWKHU�DGMDFHQW�WR��RU�QHDU�SULYDWH�ODQG��7KLV
SUR[LPLW\�WR�FOHDUHG�DJULFXOWXUDO�ODQG�IDFLOLWDWHV�ZHHG�LQYDVLRQ�DQG�DV�D�FRQVHTXHQFH��9DOOH\�*UDVV\
)RUHVW�KDV�D�UHODWLYHO\�KLJK�ZHHG�FRPSRVLWLRQ��7KH�ODUJHVW�H[DPSOH��ZKLFK�KRZHYHU�LV�GLVWXUEHG�
RFFXUV�LQ�%XUURZD�3LQH�0RXQWDLQ�1DWLRQDO�3DUN�LQ�WKH�&RUU\RQJ�DUHD��ZLWK�RWKHU�VPDOOHU�EHWWHU
TXDOLW\�VLWHV�EHLQJ�ZLGHO\�VFDWWHUHG�DFURVV�WKH�VWXG\�DUHD�
7KH�JHRORJ\�LV�JHQHUDOO\�FROOXYLDO�RU�DOOXYLDO��RI�4XDWHUQDU\�DJH��DQG�DUH�GHULYHG�IURP�D�UDQJH�RI
JHRORJLHV��RQ�ULYHU�IODWV��WHUUDFHV�DQG�YDOOH\V�IORRUV�DQG�DOOXYLDO�IDQV�RQ�YDOOH\�VLGHV��2WKHU�VLWHV�KDYH
VRLOV�ZKLFK�DUH�FROOXYLXPV�GHULYHG�IURP�'HYRQLDQ�RU�6LOXULDQ�LJQHRXV�PDWHULDOV�DW�WKH�IRRW�RI�VORSHV�
:KHUH�RUJDQLF�PDWWHU�DQG�QXWULHQWV�KDYH�EHHQ�OHDFKHG�IURP�XSVORSH��VRLOV�DUH�JHQHUDOO\�ZHOO
GHYHORSHG��JUDGDWLRQDO�DQG�EURZQ�RUJDQLF�VLOW\�FOD\�ORDPV��7KH�XSSHU�KRUL]RQV�PD\�EHFRPH�ZDWHU�
ORJJHG�RYHU�ZLQWHU�DV�LQGLFDWHG�E\�WKH�JOH\HG�DSSHDUDQFH�RI�XSSHU�KRUL]RQV�RI�WKH�VRLO�SURILOH�
$OWLWXGHV�UDQJH�IURP����P�WR����P�DQG�UDLQIDOO�LV�OHVV�WKDQ�����PP�SHU�\HDU�
9LVXDOO\��WKLV�(9&�LV�TXLWH�GLVWLQFWLYH��VHW�DV�LW�LV�RQ�JHQWOH�XQGXODWLQJ�VORSHV�ZLWK�VFDWWHUHG�HXFDO\SWV�
D�VSDUVH�VKUXE�FRYHU�DQG��LQ�VHDVRQ��D�ULFK�DUUD\�RI�KHUEV��OLOLHV�DQG�WKH�XVXDO�JUDVVHV�DQG�VHGJHV��$W
WKH�GULHU�HQG�RI�WKH�VSHFWUXP�WKH�JURXQG�OD\HU�PD\�EH�VSDUVH�DQG�VOLJKWO\�OHVV�GLYHUVH��EXW�ZLWK�WKH
PRLVWXUH�ORYLQJ�VSHFLHV�VWLOO�UHPDLQLQJ��8SVORSH�RI�9DOOH\�*UDVV\�)RUHVW�RQ�WKH�VWHHSHU�JUDGLHQWV�WKH
DGMDFHQW�YHJHWDWLRQ�LV�XVXDOO\�*UDVV\�'U\�)RUHVW�RU�RFFDVLRQDOO\�6KUXEE\�RU�+HDWK\�'U\�)RUHVW��ZLWK
+HUE�5LFK�)RRWKLOO�)RUHVW�LQ�WKH�QHDUE\�PRLVWHU�SURWHFWHG�HQYLURQPHQWV�
<HOORZ�%R[�(XFDO\SWXV�PHOOLRGRUD�LV�RIWHQ�SUHVHQW��LQ�DVVRFLDWLRQ�ZLWK�GU\�IRUHVW�RU�ZRRGODQG
HXFDO\SWV�VXFK�DV�5HG�6WULQJ\EDUN�(��PDFURUK\QFKD��:KLWH�%R[�(��DOEHQV�DQG�+LOO�5HG�*XP�(�
EODNHO\L��7DOOHU�VKUXEV�VXFK�DV�/LJKWZRRG�$FDFLD�LPSOH[D��6LOYHU�:DWWOH�$��GHDOEDWD�RU�&KHUU\�%DOODUW
([RFDUSRV�FXSUHVVLIRUPLV�PD\�EH�SUHVHQW��ZLWK�WKH�XELTXLWRXV�ORZ�VKUXEV�*UH\�*XLQHD�IORZHU
+LEEHUWLD�REWXVLIROLD�RU�'DSKQH�+HDWK�%UDFK\ORPD�GDSKQRLGHV�VFDWWHUHG�LQ�ORZ�QXPEHUV�DQG�FRYHU
WKURXJKRXW�
7KH�JURXQG�OD\HU�KDV�D�KLJK�SURSRUWLRQ��DQG�XVXDOO\�JRRG�FRYHU��RI�ERWK�QDWLYH�DQG�LQWURGXFHG
JUDVVHV�DQG�IRUEV��:HHSLQJ�JUDVV�0LFURODHQD�VWLSRLGHV��&RPPRQ�3OXPH�*UDVV�'LFKHODFKQH�UDUD�
&RPPRQ�:KHDW�*UDVV�(O\PXV�VFDEUXV��DQG�WKH�WXVVRFN�JUDVVHV�*UH\�7XVVRFN�*UDVV�3RD�VLHEHULDQD
YDU��VLHEHULDQD�DQG�&RPPRQ�7XVVRFN�*UDVV�3RD�ODELOODUGLHUHL�DUH�FRPPRQ��7KH�XVXDO�QDWLYH�KHUEV�DUH
.LGQH\�:HHG�'LFKRQGUD�UHSHQV��&UHHSLQJ�&XGZHHG�(XFKLWRQ�J\PQRFHSKDOXV��$XVWUDO�&UDQHVELOO
*HUDQLXP�VRODQGHUL��&RPPRQ�5DVSZRUW�*RQRFDUSXV�WHWUDJ\QXV��6PDOO�6W��-RKQ
V�:RUW�+\SHULFXP
JUDPLQHXP��&RWWRQ�)LUHZHHG�6HQHFLR�TXDGULGHQWDWXV��6WLQNLQJ�3HQQ\ZRUW�+\GURFRW\OH�OD[LIORUD�DQG
6KHHS
V�%XUU�$FDHQD�VSS���,QWURGXFHG�VSHFLHV�FDQ�EH�FRPPRQ�DQG�LQFOXGH�&DW
V�(DU�
+\SRFKRHULV
UDGLFDWD��3LPSHUQHO�
$QDJDOOLV�DUYHQVLV��&RPPRQ�&HQWDXU\�
&HQWDXULXP�HU\WKUDHD��6ZHHW�9HUQDO�
JUDVV�
$QWKR[DQWKXP�RGRUDWXP��/DUJH�4XDNLQJ�*UDVV�
%UL]D�PD[LPD��/HVVHU�4XDNLQJ�JUDVV�
%UL]D
PLQRU��&ORYHUV�
7ULIROLXP�VSS��DQG�6TXLUUHO�WDLO�)HVFXH�
9XOSLD�EURPRLGHV��7KH�JURXQG�OD\HU�KDV�DQ
DYHUDJH�FRPSRVLWLRQ�RI�����ZHHGV�ZKLFK�FRQVWLWXWHV�����RI�WKH�FRYHU��$�YDULHW\�RI�OLOLHV��VHGJHV�DQG
PDW�UXVKHV�PD\�RFFXU��LQFOXGLQJ�&RPPRQ�%RJ�VHGJH�6FKRHQXV�DSRJRQ��6KRUW�VWHP�VHGJH�&DUH[
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EUHYLFXOPLV��&KRFRODWH�OLO\�$UWKURSRGLXP�VWULFWXP��:DWWOH�0DW�UXVK�/RPDQGUD�ILOLIRUPLV��<HOORZ
%XOELQH�/LO\�%XOELQH�EXOERVD��&RPPRQ�:RRG�UXVK�/X]XOD�PHULGLRQDOLV�YDULHWLHV�DQG�)LQJHU�5XVK
-XQFXV�VXEVHFXQGXV�
$W�0RXQW�3LORW�0XOWL�3XUSRVH�3DUN�QHDU�%HHFKZRUWK�D�GLIIHUHQW�IORULVWLF�HQWLW\�ZLWKLQ�WKLV�HFRORJLFDO
YHJHWDWLRQ�FODVV�RFFXUV��7KLV�9DOOH\�*UDVV\�)RUHVW�JURZV�LQ�WKH�VRDNV�RU�GHSUHVVLRQV�ZLWKLQ�JHQWO\
XQGXODWLQJ�DUHDV�RI�*UDVV\�'U\�)RUHVW��6RLOV�PD\�EHFRPH�ZDWHU�ORJJHG�RYHU�ZLQWHU�EXW�UHPDLQ�PRLVW
\HDU�URXQG�DQG�DUH�EURZQ�VDQG\�WR�FOD\�ORDPV�GHULYHG�IURP�'HYRQLDQ�LJQHRXV�LQWUXVLYH�PDWHULDOV
VXFK�DV�JUDQLWH��+LOO�5HG�*XP�LV�XVXDOO\�SUHVHQW�LQ�WKH�RYHUVWRUH\��ZLWK�%XW�%XW�(��EULGJHVLDQD�DQG
/RQJ�OHDYHG�%R[���6LOYHU�%XQG\�(��JRQLRFDO\[�QRUWRQLL��6KUXEV�VXFK�DV�6LOYHU�:DWWOH�DQG�3ULFNO\�7HD�
WUHH�/HSWRVSHUPXP�FRQWLQHQWDOH�PD\�IRUP�D�VSDUVH�FRYHU��ZLWK�)LYH�DZQHG�6SHDU�JUDVV�3HQWDSRJRQ
TXDGULILGXV��:HHSLQJ�*UDVV�0LFURODHQD�VWLSRLGHV��DQG�5HHG�%HQW�JUDVV�'H\HX[LD�TXDGULVHWD�FRPPRQ
LQ�WKH�JUDVV\�XQGHUVWRUH\��7KH�LQWURGXFHG�IORUD�LV�XQFKDQJHG��EXW�VRPH�RI�WKH�ZHWWHU�JURXQG�VSHFLHV
SUHVHQW�DOVR�VXJJHVW�D�GLIIHUHQW�IORULVWLF�FRPPXQLW\��7KHVH�PD\�LQFOXGH�3XUSOH�%ODGGHUZRUW
8WULFXODULD�GLFKRWRPD��%URDG�OHDI�5XVK�-XQFXV�SODQLIROLXV��9DULHG�5DVSZRUW�+DORUDJLV�KHWHURSK\OOD
DQG�7DOO�6HGJH�&DUH[�DSSUHVVD�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

+HUE�5LFK�)RUHVW��:RRGJDWH�HW�DO��������
9DOOH\�)RUHVW��/&&�������
9DOOH\�*UDVV\�)RUHVW��0XLU�HW�DO�������

5LSDULDQ�)RUHVW

5LSDULDQ�)RUHVW�DOWKRXJK�ZLGHVSUHDG�LV�UHODWLYHO\�XQFRPPRQ�LQ�WKH�VWXG\�DUHD��7KLV�(9&�LV�SURQH�WR
ZHHG�LQYDVLRQ�ODUJHO\�GXH�WR�LWV�IHUWLOH�VRLOV��DEXQGDQW�VXSSO\�RI�ZDWHU�DQG�WKH�KLVWRU\�RI�KXPDQ�DQG
UHFXUUHQW�QDWXUDO�GLVWXUEDQFH��'XH�WR�FOHDULQJ�IRU�DJULFXOWXUH�DQG�WKH�FRQFHQWUDWLRQ�RI�YDULRXV�IRUPV
RI�GLVWXUEDQFH�DORQJ�ULYHUV�DQG�FUHHNV��VXFK�DV�PLQLQJ�DQG�JUD]LQJ���YHU\�IHZ�XQGLVWXUEHG�H[DPSOHV
UHPDLQ��5LSDULDQ�)RUHVW�JURZV�DORQJ�ULYHU�IODWV�DQG�WKH�ODUJHU�FUHHNV�RQ�4XDWHUQDU\�DOOXYLXPV�GHULYHG
IURP�D�YDULHW\�RI�SDUHQW�JHRORJLHV�LQFOXGLQJ�2UGRYLFLDQ�VHGLPHQWDU\�DQG�PHWDPRUSKLF�URFNV�
'HYRQLDQ�JUDQLWRLGV��/RZHU�&DUERQLIHURXV�DQG�&DPEULDQ�VHGLPHQWV��7KH�SDUWLFOH�VL]H�RI�WKH�VRLOV�LV
KLJKO\�YDULDEOH�DQG�FDQ�UDQJH�IURP�FREEOHV�WR�VLOWV�WKDW�DUH�UDQGRPO\�DUUDQJHG�LQ�OHQVHV�DV�WKH�UHVXOW
RI�IORRGV��7KH�PDMRULW\�RI�WKH�VRLOV¶�FRPSRVLWLRQ�KRZHYHU��FRQVLVWV�RI�PRGHUDWHO\�GHHS�VLOW\�ORDPV�WKDW
DUH�ULFK�RUJDQLF�PDWHULDO�LQ�WKH�$�KRUL]RQ��5DLQIDOO�LV�RI�WKH�RUGHU�RI����������PP�SHU�DQQXP�ZLWK
HOHYDWLRQ�LQ�WKH�UDQJH����������P�
7KH�RQO\�WUHH�VSHFLHV�ZKLFK�LV�VWURQJO\�FKDUDFWHULVWLF�RI�5LSDULDQ�)RUHVW�LV�0DQQD�*XP�(XFDO\SWXV
YLPLQDOLV��7UHH�KHLJKW�LV�PRVWO\�EHWZHHQ����DQG����P�ZKLFK�LV�D�VWURQJ�LQGLFDWRU�RI�WKH�KLJK
HQYLURQPHQWDO�VLWH�TXDOLW\�RI�WKH�KDELWDW�RI�5LSDULDQ�)RUHVW��1XPHURXV�RWKHU�HXFDO\SWV�FDQ�EH�SUHVHQW�
WKH�PRVW�FRPPRQ�RI�ZKLFK�DUH�1DUURZ�OHDI�3HSSHUPLQW�(XFDO\SWXV�UDGLDWD�V�O��DQG�(XUDEELH�(�
JOREXOXV�VVS��ELFRVWDWD��7KLV�(9&�JHQHUDOO\�KDV�D�ZHOO�GHYHORSHG�VHFRQGDU\�WUHH�OD\HU�ZKLFK�LV
LQGLFDWLYH�RI�KLJK�VLWH�TXDOLW\�ZLWK�%ODFNZRRG�$FDFLD�PHODQR[\ORQ�DQG�6LOYHU�:DWWOH�$FDFLD�GHDOEDWD
EHLQJ�FRPPRQ�
7KH�VKUXE�OD\HU�LV�GRPLQDWHG�E\�+D]HO�3RPDGHUULV�3RPDGHUULV�DVSHUD��7UHH�/RPDWLD�/RPDWLD�IUDVHUL
DQG�3ULFNO\�&XUUDQW�EXVK�&RSURVPD�TXDGULILGD��7KH�JURXQG�OD\HU�LV�JHQHUDOO\�ULFK�LQ�KHUEV��JUDVVHV
DQG�IHUQV��7KH�PRVW�FRPPRQ�IRUEV�DUH�6HOI�KHDO�
3UXQHOOD�YXOJDULV��,Y\�OHDI�9LROHW�9LROD�KHGHUDFHD�
%LGJHH�:LGJHH�$FDHQD�QRYD�]HODQGLDH��&UHHSLQJ�&XGZHHG�(XFKLWRQ�J\PQRFHSKDOXV�DQG�6PDOO�OHDI
%UDPEOH�5XEXV�SDUYLIORUXV��&RPPRQ�JUDVVHV�LQFOXGH�:HHSLQJ�*UDVV�0LFURODHQD�VWLSRLGHV��&RPPRQ
+HGJHKRJ�JUDVV�(FKLQRSRJRQ�RYDWXV�DQG�<RUNVKLUH�)RJ�
+ROFXV�ODQDWXV�LQ�GLVWXUEHG�VLWHV��)HUQV
FKDUDFWHULVWLF�RI�5LSDULDQ�)RUHVW�LQFOXGH�)LVKERQH�:DWHU�IHUQ�%OHFKQXP�QXGXP��6RIW�:DWHU�IHUQ
%OHFQXP�PLQXV��0RWKHU�6KLHOG�IHUQ�3RO\VWLFKXP�SUROLIHUXP�DQG�6RIW�7UHH�IHUQ�'LFNVRQLD�DQWDUFWLFD�
7KH�7DOO�6HGJH�&DUH[�DSSUHVVD�RIWHQ�GRPLQDWHV�WKH�KLJK�OLJKW�HQYLURQPHQWV�VXFK�DV�VWUHDP�EDQN�DQG
RSHQ�DUHDV�IUHH�RI�VKUXEV�
7KH�FRPPRQ�DQG�VHULRXVO\�LQYDVLYH�ZHHGV�RI�WKLV�(9&�DUH�:LOORZ�
6DOL[�VSS���%ODFNEHUU\�
5XEXV
IUXWLFRVXV�VSS��DJJ���&DW¶V�(DU�
+\SRFKRHULV�UDGLFDWD��6HOI�KHDO��<RUNVKLUH�)RJ�
+ROFXV�ODQDWXV��0XVN
0RQNH\�)ORZHU�
0LPXOXV�PRVFKDWXV��DQG�:KLWH�&ORYHU�
7ULIROLXP�UHSHQV�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

5LSDULDQ�)RUHVW��:RRGJDWH�HW�DO��������
5LSDULDQ�)RUHVW��/&&�������

6ZDPS\�5LSDULDQ�:RRGODQG

2QFH�D�FRPPRQ�YHJHWDWLRQ�W\SH�DORQJ�EURDG�GUDLQDJH�OLQHV�ZLWK�VOLJKW�JUDGLHQWV�DQG�RQ�ORZHU�VORSHV
QHDU�VWUHDPV�RU�ODUJHU�ULYHUV��6ZDPS\�5LSDULDQ�:RRGODQG�KDV�EHHQ�ODUJHO\�DOWHUHG�SDUWLFXODUO\�E\
GUDLQDJH�IRU�DJULFXOWXUH���7KXV��ZKLOVW�LW�LV�VFDWWHUHG�ZLGHO\�LQ�WKH�VWXG\�DUHD��LW�LV�QRZ�GHSOHWHG
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ZLWKLQ�WKH�VWXG\�DUHD��,W�PD\�EH�IRXQG�JURZLQJ�LQ�EURDG�GUDLQDJH�OLQHV�ZLWK�VOLJKW�JUDGLHQWV��RQ�ORZHU
VORSHV�QHDU�VWUHDPV�DQG�OHVV�FRPPRQO\�LQ�JHQWOH�EDVLQV�RQ�YDOOH\�VORSHV�LQ�DVVRFLDWLRQ�ZLWK
SHUPDQHQW�VRDNV�RU�VSULQJV��QRW�QHFHVVDULO\�DVVRFLDWHG�ZLWK��SHUPDQHQW�VWUHDPV��5DLQIDOO�LV�LQ�WKH
UDQJH�RI����������PP�SHU�\HDU�DQG�WKH�HOHYDWLRQ�UDQJH�LV�EHWZHHQ�����DQG�����P��6RLOV�DUH�PRVWO\�VLOW�
ULFK�ULYHU�VDQGV�DQG�JUDYHOV��DOWKRXJK�VLWHV�ZLWK�KHDYLHU�FOD\�VRLOV�PD\�DOVR�VXSSRUW�6ZDPS\�5LSDULDQ
:RRGODQG��7KH�VRLOV�DUH�JHQHUDOO\�4XDWHUQDU\�DOOXYLXPV�LQ�VWUHDP�HQYLURQPHQWV�GHULYHG�IURP�D
EURDG�UDQJH�RI�SDUHQW�JHRORJLHV�ZKLFK�DUH�PRVWO\�&DPEULDQ�DQG�2UGRYLFLDQ�PDULQH�VHGLPHQWV�DQG
PHWDPRUSKRVHG�VHGLPHQWV��([DPSOHV�RI�WKLV�YHJHWDWLRQ�ZKLFK�RFFXU�LQ�VRDNV�DZD\�IURP�LQ�VWUHDP
KDELWDWV�GHYHORS�DV�JOH\HG�VRLOV�GHULYHG�IURP�6LOXULDQ�DQG�'HYRQLDQ�JUDQLWRLGV�DQG�OHXFRFUDWLF
JUDQLWHV��7KHVH�VRLOV�DUH�ZDWHU�ORJJHG�GXULQJ�PXFK�RI�ZLQWHU�DQG�VSULQJ�
$V�WKH�QDPH�VXJJHVWV��WKH�RYHUVWRUH\�RI�WKLV�YHJHWDWLRQ�W\SH�KDV�D�ZRRGODQG�VWUXFWXUH�ZKLFK�RIWHQ
IRUPV�PRVDLFV�ZLWK�ZHWWHU�WUHH�OHVV�DUHDV�GRPLQDWHG�E\�VHGJHV��UXVKHV�DQG�PDQ\�RWKHU�SODQWV
DVVRFLDWHG�ZLWK�ULSDULDQ�HQYLURQPHQWV��0RXQWDLQ�6ZDPS�*XP�(XFDO\SWXV�FDPSKRUD�LV�WKH�GRPLQDQW
RYHUVWRUH\�VSHFLHV��$�ZLGH�UDQJH�RI�RWKHU�HXFDO\SWV�FDQ�EH�SUHVHQW��PDLQO\�DV�DGYHQWLYH�VSHFLHV�IURP
WKH�VXUURXQGLQJ�GULHU�IRUHVWV��DQG�LQ�WKH�0RXQW�3LORW��DQG�DGMDFHQW�:DUE\�5DQJHV��DUHD�:DUE\
6ZDPS�*XP�(��FDGHQV�JURZV�LQ�FRPPRQ�DVVRFLDWLRQ���7KH�XQGHUVWRUH\�VKUXEV�FRQVLVW�RI�%ODFNZRRG
$FDFLD�PHODQR[\ORQ��DV�LW�UDUHO\�UHDFKHV�WUHH�IRUP�LQ�WKLV�FRPPXQLW\��DQG�3ULFNO\�&XUUHQW�EXVK
&RSURVPD�TXDGULILGD��&RPPRQ�&DVVLQLD�&DVVLQLD�DFXOHDWD�DQG�6LOYHU�:DWWOH�$��GHDOEDWD�DUH�DOVR
VSRUDGLFDOO\�SUHVHQW�DV�DGYHQWLYH�VSHFLHV�IURP�WKH�VXUURXQGLQJ�GULHU�YHJHWDWLRQ��2YHQV�:DWWOH�$�
SUDYLVVLPD��3ULFNO\�7HD�WUHH�/HSWRVSHUPXP�FRQWLQHQWDOH��PD\�DOVR�EH�SUHVHQW���7KH�JURXQG�VWUDWXP�LV
WKH�PRVW�FKDUDFWHULVWLF�IHDWXUH�RI�WKLV�(9&�DQG�LV�QRUPDOO\�GHQVH�ZLWK�VHGJHV�VXFK�DV�/HDI\�)ODW�VHGJH
&\SHUXV�OXFLGXV�DQG�7DOO�6HGJH�&DUH[�DSSUHVVD�FRPSHWLQJ�IRU�VSDFH�ZLWK�IHUQV�OLNH�)LVKERQH�:DWHU�
IHUQ�%OHFKQXP�QXGXP��6RIW�:DWHU�IHUQ�%OHFKQXP�PLQXV�DQG�0RWKHU�6KLHOG�IHUQ�3RO\VWLFKXP
SUROLIHUXP�
7KHUH�DUH�PDQ\�RWKHU�SODQWV�ZKLFK�DOVR�RFFXU�LQ�WKH�5LSDULDQ�)RUHVW�ZKLFK�FRPSHWH�IRU�VSDFH�EHWZHHQ
WKH�LQWHU�WXVVRFN�JDSV�RI�VHGJHV�DQG�IHUQV��6SHFLHV�FRPPRQO\�SUHVHQW�DUH�%LGJHH�:LGJHH�$FDHQD
QRYDH�]HODQGLDH��:DWHU�6WDUZRUW�
&DOOLWULFKH�VWDJQDOLV��&DW
V�(DU�
+\SRFKRHULV�UDGLFDWD��.LGQH\�ZHHG
'LFKRQGUD�UHSHQV��&LQTXHIRLO�&UDQHVELOO�*HUDQLXP�SRWHQWLOORLGHV��$XVWUDO�%URRNOLPH�*UDWLROD
SHUXYLDQD��+DLU\�3HQQ\ZRUW�+\GURFRW\OH�KLUWD��0XVN�0RQNH\�IORZHU�
0LPXOXV�PRVFKDWXV�DQG�6HOI�
KHDO�
3UXQHOOD�YXOJDULV��7KH�PRVW�FRPPRQ�JUDVVHV��JHQHUDOO\�DQ�XQFRPPRQ�OLIH�IRUP�LQ�WKLV�(9&���DUH
<RUNVKLUH�)RJ�
+ROFXV�ODQDWXV�DQG�&RPPRQ�+HGJHKRJ�JUDVV�(FKLQRSRJRQ�RYDWXV��7KH�6KRZ\
:LOORZ�KHUE�(SLORELXP�SDOOLGLIORUXP�LV�D�GHSOHWHG�VSHFLHV�DQG�ZDV�UHFRUGHG�DW�RQH�VLWH�LQ�WKLV�VWXG\�
7KH�SUHVHQFH�RI�LQWURGXFHG�VSHFLHV�LV�D�VLJQLILFDQW�WKUHDW��SDUWLFXODUO\�EODFNEHUULHV�ZKLFK�FDQ
FRPSOHWHO\�GHVWUR\�WKLV�(9&��7KLV�LV�FDXVHG�E\�GLVWXUEDQFH�LQ�RU�QHDU�WKH�VWUHDP�HQYLURQPHQW�ZKLFK
IDFLOLWDWHV�WKH�HVWDEOLVKPHQW�RI�WKHVH�ZHHGV��7KHVH�LQIHVWDWLRQV�TXLFNO\�PRYH�GRZQ�VWUHDP��HYHQ�LQ�WKH
DEVHQFH�RI�IXWXUH�DQWKURSRPRUSKLF�GLVWXUEDQFH��DV�D�UHVXOW�RI�WKH�QDWXUDO�UHFXUUHQW�GLVWXUEDQFH
DVVRFLDWHG�ZLWK�UHJXODU�IORRGLQJ��7KH�FRQVWUXFWLRQ�RI�URDGV�WKURXJK�RU�DGMDFHQW�WR�WKLV�(9&�DOORZ
LQWURGXFHG�VSHFLHV�WR�UHDGLO\�LQYDGH�DQG�RIWHQ�UDGLFDOO\�FKDQJH�WKH�IORULVWLFV�DQG�VWUXFWXUH�RI�WKH
YHJHWDWLRQ���0HDQ�ZHHG�FRPSRVLWLRQ�LV�����RI�VSHFLHV�DQG������RI�FRYHU�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

6ZDPS\�5LSDULDQ�)RUHVW��/&&�������

5LYHULQH�(VFDUSPHQW�6FUXE

7KLV�(9&�LV�GHVFULEHG�IRU�WKH�ILUVW�WLPH�LQ�WKLV�VWXG\�DOWKRXJK�LW�LV�NQRZQ�IURP�RWKHU�DUHDV�VRXWK�RI�WKH
*UHDW�'LYLGLQJ�5DQJH��,W�LV�FKDUDFWHULVHG�E\�D�PHGLXP�WR�WDOO�VKUXE�OD\HU�ZKLFK�RIWHQ�OLPLWV�WKH
UHJHQHUDWLRQ�RI�RYHUVWRUH\�WUHHV�WR�WKH�QDWXUDO�JDSV�LQ�WKH�FDQRS\�DQG�UHVXOWV�LQ�D�VSDUVH�RYHUVWRUH\�
7KH�JURXQG�OD\HU�LV�RIWHQ�RSHQ�GXH�WR�KHDY\�VKDGLQJ��0RVW�VLWHV�RFFXU�RQ�2UGRYLFLDQ�VHGLPHQWV�RU
YDULRXV�'HYRQLDQ�LJQHRXV�URFNV�LQFOXGLQJ�JUDQLWH��JUDQRGLRULWH��UK\ROLWH��UK\RGDFLWH�DQG�EDVDOW��7KH
VRLOV�DUH�ORDP\�VDQGV�RIWHQ�URFN\�DQG�VKDOORZ�LQ�WKH�$�KRUL]RQ�PHUJLQJ�WR�FOD\H\�VDQGV�DW�GHSWK��$V
VXFK�WKH�FOD\V�DW�GHSWK�PD\�EH�SDODHRVROV�ZLWK�WKH�VDQG\�VRLOV�RI�WKH�µ$¶�KRUL]RQ�UHSUHVHQWLQJ�PRUH
UHFHQW�DOOXYLDO�GHSRVLWV�DVVRFLDWHG�ZLWK�IORRG�HYHQWV�RI�WKH�DGMDFHQW�VWUHDP�
5LYHULQH�(VFDUSPHQW�6FUXE�FDQ�EH�HTXDOO\�SUHVHQW�RQ�JHQWOH�VORSHV��DOOXYLDO�WHUUDFHV�OHYHH�EDQNV�DQG
QHDU�VWUHDP�VWHHS��ORZHU��VORSHV�DVVRFLDWHG�ZLWK�ULYHUV�DQG�WKH�ODUJHU�FUHHNV�RI�WKH�VWXG\�DUHD��7KLV
(9&�LV�UHVWULFWHG�WR�WKH�ORZODQG�DQG�IRRWKLOO�FRXQWU\�HOHYDWLRQV�RI���������P��5DLQIDOO�YDULHV�IURP�����
WR�RYHU������PP�SHU�\HDU��7KH�RYHUVWRUH\�LV�PDLQO\�&DQGOHEDUN�(XFDO\SWXV�UXELGD�ZKLFK�LV�WKH�PRVW
FRPPRQ�VSHFLHV�IROORZHG�E\�1DUURZ�OHDIHG�3HSSHUPLQW�(�UDGLDWD�V�O��DQG�0DQQD�*XP�(��YLPLQDOLV�
7KH�VKUXE�OD\HU�LV�GRPLQDWHG�E\�6OHQGHU�7HD�WUHH�/HSWRVSHUPXP�EUHYLSHV�DQG�%XUJDQ�.XQ]HD
HULFRLGHV��2WKHU�VSHFLHV�ZLWK�D�JHQHUDOO\�PLQRU�SUHVHQFH�DUH�+D]HO�3RPDGHUULV�DVSHUD���6ZHHW�%XUVDULD
%XUVDULD�VSLQRVD��DQG�6LOYHU�:DWWOH�$FDFLD�GHDOEDWD��&XULRXVO\�WKHUH�LV�JHQHUDOO\�D�VXLWH�RI�3RPDGHUULV
VSHFLHV�ZLWK�UHVWULFWHG�GLVWULEXWLRQ�SUHVHQW�LQ�5LYHULQH�(VFDUSPHQW�6FUXE��7KHVH�LQFOXGH��%OXQW�OHDI
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3RPDGHUULV�3��KHOLDQWKHPLIROLD��WKH�PRVW�FRPPRQ���9HOYHW�3RPDGHUULV�3��YHOXWLQD�DQG�3UXQXV
3RPDGHUULV�3��SUXQLIROLD�
7KH�JURXQG�OD\HU�FDQ�UDQJH�IURP�ORZ�WR�KLJK�GLYHUVLW\��ZKLFK�PD\�EH�GHSHQGDQW�RQ�WKH�WLPH�VLQFH�WKH
ODVW�GLVWXUEDQFH��DQG�FRQVLVWV�RI�IRUEV��JUDVVHV�DQG�VHGJHV��7KH�FRYHU�RI�WKHVH�OLIH�IRUPV�LV�KRZHYHU�
JHQHUDOO\�ORZ��7KH�XELTXLWRXV�IRUEV�LQFOXGH�%LGJHH�:LGJHH�$FDHQD�QRYDH�]HODQGLDH��.LGQH\�:HHG
'LFKRQGUD�UHSHQV��%HGVWUDZ�*DOLXP�VSS���&UDQHVELOO�*HUDQLXP�VSS���&UHHSLQJ�&XGZHHG�(XFKLWRQ
J\PQRFHSKDOXV�DQG�,Y\��OHDIHG�9LROHW�9LROD�KHGHUDFHD��7KH�FRPPRQ�JUDVVHV�DUH�&RPPRQ�+HGJHKRJ�
JUDVV�(FKLQRSRJRQ�RYDWXV��&RPPRQ�:KHDW�JUDVV�(O\PXV�VFDEUXV�DQG�:HHSLQJ�*UDVV�0LFURODHQD
VWLSRLGHV��,Q�VLWHV�WKDW�FRQWLQXH�WR�WKH�VWUHDP�HGJH��VHGJHV�VXFK�DV�&RPPRQ�%RJ�VHGJH�6FKRHQXV
DSRJRQ�DQG�&DUH[�VSS��RIWHQ�RFFXU��7KH�RWKHU�VHGJH�IUHTXHQWO\�SUHVHQW�LV�9DULDEOH�6ZRUG�VHGJH
/HSLGRVSHUPD�ODWHUDOH��5LYHULQH�(VFDUSPHQW�6FUXE�FDQ�KDYH�D�KLJK�FRPSRQHQW�RI�ZHHGV�LQ�SODFHV
ZKHUH�LW�H[WHQGV�WR�WKH�VWUHDP�EDQN�DQG�WKLV�VWHPV�IURP�GLVWXUEDQFHV�LQ�WKH�XSVWUHDP�FDWFKPHQW�DQG
GLUHFW�GLVWXUEDQFH�E\�IORRG�DFWLRQ�RU�URDG�FRQVWUXFWLRQ�RU�SDVW�PLQLQJ�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

1RW�SUHYLRXVO\�GHVFULEHG��KRZHYHU�LW�LV�NQRZQ�IURP�VLPLODU�KDELWDW�WKURXJKRXW�*LSSVODQG�DQG
WKH�&HQWUDO�+LJKODQGV���,W�ZDV�REOLTXHO\�UHIHUUHG�WR�DV�D�ULYHULQH�IRUP�RI�5RFN\�2XWFURS�6FUXE�LQ
:RRGJDWH�HW�DO���������

5LSDULDQ�6KUXEODQG

7KH�VWUHDP�EHGV�RI�PLQRU�FUHHNV�LQ�D�UHVWULFWHG�SDUW�RI�WKH�VWXG\�DUHD�ZHUH�REVHUYHG�WR�KDYH�5LSDULDQ
6KUXEODQG�SUHVHQW��KRZHYHU�LW�PD\�EH�PRUH�FRPPRQ�WKDQ�LV�GHOLQHDWHG�RQ�WKH�PDSV�GXH�WR
LQDFFHVVLELOLW\�RI�VXEVWDQWLDO�VHFWLRQV�RI�ULYHUV�DQG�FUHHNV�LQ�WKH�VWXG\�DUHD��7KH�VRLOV�DUH�JHQHUDOO\
LQIHUWLOH�FRDUVH�VDQGV�DQG�URFN�EDUV��7KH�HQYLURQPHQW�LV�RQH�RI�SHULRGLF�DQG�VHYHUH�GLVWXUEDQFH�DV�D
UHVXOW�RI�IORRGV��$GXOW�HXFDO\SWV�RQO\�LQKDELW�WKH�PDUJLQV�RI�WKLV�YHJHWDWLRQ�DOWKRXJK�VDSOLQJV�PD\�EH
WUDQVLWRU\�LQ�WKH�ULYHU�EHGV���7KH�RYHUVWRUH\�LV�GRPLQDWHG�E\�D�GLYHUVH�DUUD\�RI�VKUXEV�DEOH�WR
ZLWKVWDQG�IUHTXHQW�IORRGLQJ�RU�WKRVH�DEOH�WR�UHJHQHUDWH�UDSLGO\�DIWHU�VXFK�GLVWXUEDQFH��6SHFLHV�SUHVHQW
LQFOXGH�%ODFNZRRG�$FDFLD�PHODQR[\ORQ��6LOYHU�:DWWOH�$��GHDOEDWD��2YHQV�:DWWOH��$��SUDYLVVLPD��%ODFN
:DWWOH��$��PHDUQVLL���0XVN�'DLV\�%XVK�2OHDULD�DUJRSK\OOD��%XUJDQ�.XQ]HD�HULFRLGHV��3ULFNO\�&XUUDQW�
EXVK�&RSURVPD�TXDGULILGD��9LFWRULDQ�&KULVWPDV�EXVK�3URVWDQWKHUD�ODVLDQWKRV��5LYHU�/RPDWLD�/RPDWLD
P\ULFRLGHV��:RROO\�7HD�WUHH�/HSWRVSHUPXP�ODQLJHUXP��6ZHHW�%XUVDULD�%XUVDULD�VSLQRVD��5LYHU�%RWWOH�
EUXVK�&DOOLVWHPRQ�VLHEHUL��7UHH�9LROHW��+\PHQDQWKHUD�GHQWDWD�DQG�LQ�WKH�PRLVW�VLWHV�$XVWUDO�0XOEHUU\
+HG\FDU\D�DQJXVWLIROLD��$OSLQH�3HSSHU�7DVPDQQLD�[HURSK\OOD���)RUEV�DQG�JUDVVHV�HLWKHU�VXUYLYH
EHWZHHQ�VHYHUH�IORRGV�RQ�EDUH�VDQG�RU�LQ�FUDFNV�RI�URFNV�RU�UHJHQHUDWH�UDSLGO\�IURP�VHHG��7KHVH
LQFOXGH�*ODQGXODU�:LOORZ�KHUE�
(SLORELXP�FLOLDWXP��&OXVWHUHG�&XGZHHG�(XFKLWRQ�J\PQRFHSKDOXV�
:HHSLQJ�*UDVV�0LFURODHQD�VWLSRLGHV��6SLQ\�KHDGHG�0DW�UXVK��/RPDQGUD�ORQJLIROLD�DQG�&RPPRQ
7XVVRFN�*UDVV��3RD�ODELOODUGLHUHL�DQG�&RPPRQ�%ORZQ�*UDVV�$JURVWLV�DYHQDFHD�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

5LSDULDQ�6KUXEODQG��:RRGJDWH�HW�DO��������

5LSDULDQ�)RUHVW�6ZDPS\�5LSDULDQ�:RRGODQG�5LYHULQH�(VFDUSPHQW�6FUXE�0RVDLF

5LSDULDQ�0RVDLF�LV�D�PDSSLQJ�XQLW�XVHG�ZKHQ�SUHGLFDELOLW\�RI�PDSSLQJ�LQ�ULSDULDQ�VLWXDWLRQV�ZDV�ORZ�
DQG�PRUH�WKDQ�RQH�W\SH�RI�ULSDULDQ�YHJHWDWLRQ�ZDV�DVVXPHG�WR�EH�SUHVHQW�XVLQJ�DHULDO�SKRWRJUDSK
LQWHUSUHWDWLRQ��RU�ZKHUH�WKH�VL]H�RI�GLIIHUHQW�HFRORJLFDO�YHJHWDWLRQ�FODVVHV�FRXOG�QRW�EH�DGHTXDWHO\
UHSUHVHQWHG�DW�WKH�����������PDSSLQJ�VFDOH��$V�D�FRQVHTXHQFH��QR�FKDUDFWHU�VSHFLHV�WDEOH�LV�VXSSOLHG��,W
LV�HPSOR\HG�ZKHUH�ULSDULDQ�VLWHV�DUH�QDUURZ��RU�ZKHUH�WKHLU�FKDUDFWHULVWLFV�UDSLGO\�FKDQJH�FDXVLQJ�WKH
TXDOLW\�DQG�QDWXUH�RI�WKH�ULSDULDQ�YHJHWDWLRQ�WR�EH�OLNHZLVH�YDULDEOH��$GGLWLRQDOO\�VXFK�VLWHV�DUH
XVXDOO\�LQDFFHVVLEOH��&RPELQDWLRQV�RI�5LSDULDQ�)RUHVW��6ZDPS\�5LSDULDQ�:RRGODQG��5LYHULQH
(VFDUSPHQW�6FUXE��5LSDULDQ�6KUXEODQG��DQG�GLVWXUEHG�YHJHWDWLRQ�PD\�EH�SUHVHQW�ZKHUH�5LSDULDQ
0RVDLF�KDV�EHHQ�PDSSHG�

*UDQLWLF�+LOOV�:RRGODQG

*UDQLWLF�+LOOV�:RRGODQG�LV�PRVWO\�UHVWULFWHG�WR�LQWUXVLYH�LJQHRXV�JHRORJLHV�LQ�WKH�QRUWK�DQG�ZHVW�RI
WKH�VWXG\�DUHD�ZLWK�RFFDVLRQDO�H[DPSOHV�RQ�DFLG�YROFDQLFV��ZKLFK�KDYH�WKH�VDPH�FRPSRVLWLRQ�EXW�D
GLIIHUHQW�RULJLQ���3DUHQW�JHRORJLHV�LQFOXGH�'HYRQLDQ�OHXFRFUDWLF�JUDQLWHV��PLFDFHRXV�JUDQLWH�DQG
'HYRQLDQ�UK\RGDFLWH��7KH�HFRORJLFDO�YHJHWDWLRQ�FODVV�RFFXUV�RQ�WKH�JUDQLWH�FRXQWU\�RI�0RXQW�3LORW�
0RXQW�/DZVRQ��0RXQW�:RPEDW��0RXQW�*UDQ\D�DQG�%XUURZD�3LQH�0RXQWDLQ�1DWLRQDO�3DUN��7KH
ODUJHVW�RFFXUUHQFH�RQ�DFLG�YROFDQLFV�LV�DOVR�LQ�WKH�%XUURZD�3LQH�0RXQWDLQ�1DWLRQDO�3DUN��7KH�VRLOV
ZKLFK�UHVXOW�DUH�EURZQ�DQG�VDQG\��UDQJLQJ�LQ�WH[WXUH�IURP�D�JULWW\�VDQG�WR�D�VDQG\�FOD\�ORDP��7KH
ZDWHU�KROGLQJ�FDSDFLW\�DQG�KHQFH�PRLVWXUH�DYDLODELOLW\�LV�WKHUHIRUH�ORZ�
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6SXUV�DQG�URFN\�RXWFURS�VORSHV�ZLWK�D�QRUWK�HDVW�WR�ZHVWHUO\�DVSHFW�DUH�IDYRXUHG�E\�WKLV�(9&��6ORSHV
YDU\�ZLGHO\�IURP���WR����GHJUHHV��7KH�DOWLWXGH�UDQJH�LV�VRPHZKDW�EURDG��IURP�����WR����P��5DLQIDOO
FDQ�UHDFK�XS�WR�����PP�SHU�DQQXP�EXW�FKDUDFWHULVWLFDOO\�VKRZV�D�KLJK�YDULDWLRQ�IURP�\HDU�WR�\HDU�
2XWFURSSLQJ�URFN�LV�FRPPRQ�LQ�DQ\�JLYHQ�ORFDOLW\��LQ�HLWKHU�VODE�RU�DV�WRUV��FRYHULQJ�RQ�DYHUDJH����
RI�VLWHV��,W�LV�QRW�XQFRPPRQ�IRU�*UDQLWH�+LOOV�:RRGODQG�WR�EH�LQWHUVSHUVHG�ZLWK�5RFN\�2XWFURS
0RVDLF��WKH�GHOLQHDWLRQ�RI�WKH�WZR�YHJHWDWLRQ�W\SHV�GHSHQGDQW�XSRQ�WKH�GHJUHH�RI�VRLO�GHYHORSPHQW�
ZLWK�WKH�ODWWHU�KDYLQJ�WKH�PRUH�VNHOHWDO�VRLOV�
7ZR�EURDG�IORULVWLF�HQWLWLHV�HPHUJHG�ZLWKLQ�WKLV�YHJHWDWLRQ�FODVV��RQH�IURP�WKH�UHODWLYHO\�LQWDFW�DQG�QRW
UHFHQWO\�ILUH�DIIHFWHG�VLWHV�DW�0RXQW�/DZVRQ��0RXQW�*UDQ\D�DQG�%XUURZD�3LQH�0RXQWDLQ�1DWLRQDO
3DUN��DQG�WKH�RWKHU�IURP�WKH�PRUH�GLVWXUEHG�DQG�ZHHG\�VLWHV�DFURVV�WKH�VWXG\�DUHD��ZLWK�YDU\LQJ�ILUH
KLVWRULHV��7KH�OHYHO�RI�ZHHG�LQYDVLRQ�VHHPV�WR�EH�SDUWO\�D�PHDVXUH�RI�WKH�GLVWDQFH�RI�WKH�VLWH�IURP
VRXUFHV�RI�GLVWXUEDQFH�DQG�ZHHG�SURSDJXOHV�
7KH�RYHUVWRUH\�RI�ERWK�HQWLWLHV�LV�FRPPRQO\�D�ORZ�ZRRGODQG�WR���P�RI�+LOO�5HG�*XP�(XFDO\SWXV
EODNHO\L��EXW�RWKHU�GU\�IRUHVW�HXFDO\SWV�VXFK�DV�5HG�6WULQJ\EDUN�(XFDO\SWXV�PDFURUK\QFKD�VVS�
PDFURUK\QFKD��DQG�/RQJ�OHDI�%R[�6LOYHU�%XQG\�(XFDO\SWXV�JRQLRFDO\[�QRUWRQLL�FDQ�DOVR�EH�SUHVHQW�
%ODFN�&\SUHVV�3LQH�&DOOLWULV�HQGOLFKHUL�LV�QRUPDOO\�IRXQG�LQ�XQFOHDUHG�DQG�ILUH�VKHOWHUHG�URFN\�DUHDV
ZKHUH�LW�FDQ�EH�VWUXFWXUDOO\�GRPLQDQW��EXW�YLUWXDOO\�DEVHQW�LQ�VLWHV�WKDW�KDYH�VXIIHUHG�D�KLVWRU\�RI�ILUH
DQG�JUD]LQJ��,W�FDQ�KRZHYHU�RFFXU�LQ�ERWK�IORULVWLF�HQWLWLHV�
8QGHUVWRUH\�VSHFLHV�RI�*UDQLWLF�+LOOV�:RRGODQG�LQFOXGH�WKH�VPDOO�WUHH�'URRSLQJ�6KHRDN
$OORFDVXDULQD�YHUWLFLOODWD��DQG�WKH�IRUEV�&RWWRQ�ILUH�ZHHG�6HQHFLR�TXDGULGHQWDWXV��1RGGLQJ�%OXH�/LO\
6W\SDQGUD�JODXFD��$XVWUDO�&DUURW�'DXFXV�JORFKLGLDWXV��7DOO�5DVSZRUW�*RQRFDUSXV�HODWXV�DQG
&RPPRQ�5DVSZRUW�*��WHWUDJ\QXV��$FDFLD�VSHFLHV�DUH�FRPPRQ�LQ�DOO�*UDQLWLF�+LOOV�:RRGODQG�VLWHV�
LQFOXGLQJ�9DUQLVK�:DWWOH�$FDFLD�YHUQLFLIOXD��&XUUDZDQJ�$FDFLD�GRUDWR[\ORQ�DQG�5HG�6WHP�:DWWOH
$FDFLD�UXELGD��'HQVH�JURZWK�RI�&RPPRQ�)ULQJH�0\UWOH�&DO\WUL[�WHWUDJRQD�FDQ�UHVXOW�IURP�ILUHV�RU
GURXJKW�DQG�VRPHWLPHV�JLYHV�WKH�DSSHDUDQFH�RI�D�PRQRFXOWXUH��6PDOO�URFN�ORYLQJ�VSHFLHV�DUH�RIWHQ
SUHVHQW�LQFOXGLQJ�$XVWUDOLDQ�6WRQHFURS�&UDVVXOD�VLHEHULDQD�VVS��WHWUDPHUD�DQG�*UHHQ�5RFN�)HUQ
&KHLODQWKHV�DXVWURWHQXLIROLD��&RPPRQ�LQWURGXFHG�VSHFLHV�LQFOXGH�(OHJDQW�+DLU�JUDVV�
$LUD�HOHJDQV�
/HVVHU�4XDNLQJ�JUDVV�
%UL]D�PLQRU�DQG�6TXLUUHO�WDLO�)HVFXH�
9XOSLD�EURPRLGHV�
$Q�LPSRUWDQW�IHDWXUH�RI�URFN\�JUDQLWH�FRXQWU\�RQ�ZKLFK�*UDQLWLF�+LOOV�:RRGODQG�RFFXUV��LV�WKH�KLJK
FRYHU�RI�EU\RSK\WH�DQG�OLFKHQ�VSHFLHV�XVXDOO\�SUHVHQW�RQ�ERWK�URFNV�DQG�VRLOV��7ULTXLWUHOOD�SDSLOODWD�
/HSWRGRQWLXP�SDUDGR[XP�DQG�%U\XP�VSS��DUH�WKH�FRPPRQ�PRVVHV�IRUPLQJ�WKH�VRLO�FUXVW��7KH�&RUDO
/LFKHQV�&ODGLD�DJJUHJDWD�DQG�&ODGLD�UHWLSKRUD�DUH�IUHTXHQWO\�SUHVHQW��VRPHWLPHV�IRUPLQJ�DQ�DOPRVW
FRQWLQXRXV�JURXQG�OD\HU�DPRQJVW�WKH�YDVFXODU�SODQWV��2Q�WKH�URFN�VXUIDFHV�PRVV�VSHFLHV�VXFK�DV
*ULPPHD�ODHYLJDWD��&DPS\ORSXV�ELFRORU��+HGZLJLD�LQWHJULIROLD�DQG�%UHXWHOLD�DIILQLV�FDQ�EH�SUHVHQW�
ZLWK�WKH�OLYHUZRUW�)UXOODQLD�SURERVFLSKRUD�VRPHWLPHV�HSLSK\WLF�RQ�WUHH�WUXQNV��$IWHU�UDLQ�OLYHUZRUWV
LQFOXGLQJ�$VWHUHOOD�GUXPPRQGLL�DQG�)RVVRPEURQLD�VSS��PD\�EH�HYLGHQW�DV�D�SDUW�RI�WKH�VRLO�FUXVW�
*UHDW�H[SDQVHV�RI�URFN�PD\�EH�FRYHUHG�ZLWK�WKH�PDQ\�VSHFLHV�RI�WKH�OLFKHQ�JHQXV�3DUPHOLD�
%ODFN�&\SUHVV�3LQH�ZDV�QRUPDOO\�SUHVHQW�LQ�WKH�ILUVW�IORULVWLF�FRPPXQLW\��ZKLFK�LQFOXGHV�DOO�H[FHSW
RQH�RI�WKH�%XUURZD�3LQH�VLWHV��+DLU\�*HHEXQJ�3HUVRRQLD�ULJLGD��DORQJ�ZLWK�VRPH�RI�WKH�UDUHU�*UHYLOOHD
VSHFLHV�VXFK�DV�*UHHQ�*UHYLOOHD�*UHYLOOHD�MHSKFRWWLL��&ULPVRQ�*UHYLOOHD�*UHYLOOHD�SRO\EUDFWHD�DQG�)DQ
*UHYLOOHD�*UHYLOOHD�UDPRVLVVLPD��6SHFLHV�RI�WKH�IDPLO\�)DEDFHDH�DUH�UHSUHVHQWHG�E\�6PRRWK�3DUURW�SHD
'LOOZ\QLD�JODEHUULPD��6PDOO�OHDI�3DUURW�3HD�'LOOZ\QLD�SK\OLFRLGHV��6KRZ\�3DUURW�SHD�'LOOZ\QLD
VHULFHD�DQG�WKH�+HDWK\�%XVK�3HD�3XOWHQDHD�SURFXPEHQV��7KH�PLQLPDO�OHYHO�RI�ZHHG�LQYDVLRQ�LQ�WKLV
IORULVWLF�HQWLW\�PD\�EH�SDUWO\�GXH�WR�GHFUHDVHG�SRVVLELOLWLHV�IRU�ZHHG�JURZWK�ZLWK�DQ�LQFUHDVH�LQ�VKUXE
FRYHU��WKH�JHQHUDOO\�SRRU�VRLOV�DQG�WKH�VWHHS�WRSRJUDSK\�ZKLFK�KDYH�SUHVHUYHG�WKLV�(9&�IURP�FOHDULQJ
DQG�IUDJPHQWDWLRQ��6SLGHU�2UFKLGV�&DODGHQLD�VSS��DQG�*UHHQKRRG�2UFKLGV�3WHURVW\OLV�VSS��DUH�PXFK
PRUH�IUHTXHQWO\�UHFRUGHG�DQG�LQ�JUHDWHU�GLYHUVLW\�WKDQ�LQ�WKH�
PRUH�GLVWXUEHG
�IORULVWLF�FRPPXQLW\�
,QWURGXFHG�VSHFLHV�FRPSULVHG�OHVV�WKDQ����RI�FRYHU�DQG�����RI�VSHFLHV�
,Q�WKH�VHFRQG�IORULVWLF�HQWLW\�%ODFN�&\SUHVV�3LQH�ZDV�RQO\�SUHVHQW�LQ�HLWKHU�XQFOHDUHG�RU�XQEXUQW�VLWHV
ZKHUH�UHJHQHUDWLRQ�ZDV�DEOH�WR�WDNH�SODFH��7KH�PRVW�QRWDEOH�GLIIHUHQFH�DSDUW�IURP�WKH�ODFN�RI�PDQ\�RI
WKH�VKUXE�DQG�RUFKLG�VSHFLHV�LV�LQFOXVLRQ�RI�PDQ\�PRUH�LQWURGXFHG�VSHFLHV�HJ��/DUJH�4XDNLQJ�*UDVV

%UL]D�PD[LPD��+DUH
V�IRRW�&ORYHU�
7ULIROLXP�DUYHQVH��&RPPRQ�0RXVH�HDU�&KLFNZHHG�
&HUDVWLXP
JORPHUDWXP��+RS�&ORYHU�
7��FDPSHVWUH��'ZDUI�5XVK�
-XQFXV�FDSLWDWXV�DQG�7LQ\�)ODW�6HGJH�
&\SHUXV
WHQHOOXV��:HHGV�FRQVWLWXWH�����RI�WKH�FRYHU�DQG�����RI�WKH�VSHFLHV��5RFN�,VRWRPH�,VRWRPD�D[LOODULV�LV
RIWHQ�SUHVHQW�DPRQJVW�WKH�URFNV�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

*UDQLWLF�+LOOV�:RRGODQG��0XLU�HW�DO��������

%R[�,URQEDUN�)RUHVW
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7KH�IROORZLQJ�GHVFULSWLRQ�LV�EDVHG�RQ�WKDW�RI�0XLU�HW�DO����������%R[�,URQEDUN�)RUHVW�RQO\�RFFXUV�ZLWKLQ
WKH�VWXG\�DUHD�LQ�WKH�&KLOWHUQ�%R[�,URQEDUN�1DWLRQDO�3DUN�DQG�LV�RQH�RI�WKUHH�FRPPXQLWLHV�RI�WKLV
(9&��7KH�FRPPXQLW\�WKDW�RFFXUV�LQ�WKH�VWXG\�DUHD�LV�%R[�,URQEDUN�)RUHVW��1RUWK�HDVWHUQ�9LFWRULD��DQG
LV�UHVWULFWHG�WR�WKH�&KLOWHUQ�%R[�,URQEDUN�1DWLRQDO�3DUN�DQG�5HHI�+LOOV�5HJLRQDO�3DUN�
%R[�,URQEDUN�)RUHVWV�LQ�WKH�QRUWK�HDVW�DUH�IRXQG�RQ�XQGXODWLQJ�ULVHV�DQG�ORZ�UROOLQJ�KLOOV�RI
2UGRYLFLDQ�VHGLPHQWV��7KHVH�VRLOV�DUH�RIWHQ�VWRQ\�DQG�KDYH�ORZ�IHUWLOLW\�DQG�SRRU�ZDWHU�KROGLQJ
FDSDFLW\�
7KHVH�IRUHVWV�GLIIHU�IURP�WKRVH�RI�WKH�*ROGILHOGV��IXUWKHU�ZHVW��LQ�WKH�GHYHORSPHQW�RI�D�PXFK�GHQVHU
FRYHU�RI�JUDVVHV��FRPPRQO\�DERXW������7KLV�FRXOG�EH�DWWULEXWHG�WR�WKH�KLJKHU�DQQXDO�UDLQIDOO�WKLV�DUHD
UHFHLYHV���$�PRUH�GHYHORSHG�OLWWHU�OD\HU�PD\�SURYLGH�PRUH�DPHQDEOH�JURZLQJ�FRQGLWLRQV�IRU�SODQWV�
7KH�PRVW�REYLRXV�VSHFLHV�GLIIHUHQFH�FRPSDUHG�ZLWK�WKH�*ROGILHOGV�FRPPXQLWLHV�LV�WKH�UHSODFHPHQW�RI
5HG�,URQEDUN�(XFDO\SWXV�WULFDUSD�ZLWK�0XJJD�(XFDO\SWXV�VLGHUR[\ORQ��&RPPRQ�*ROGILHOGV�VSHFLHV
VXFK�DV�<HOORZ�*XP�(XFDO\SWXV�OHXFR[\ORQ��*ROG�GXVW�:DWWOH�$FDFLD�DFLQDFHD��6SLN\�*XLQHD�IORZHU
+LEEHUWLD�H[XWLDFLHV�DQG�&UDQEHUU\�+HDWK�$VWURORPD�KXPLIXVXP�DUH�DEVHQW�RU�XQFRPPRQ�LQ�WKH
QRUWK�HDVW��DQG�VSHFLHV�VXFK�DV�*UH\�*XLQHD�IORZHU�+LEEHUWLD�REWXVLIROLD�DQG�'HQVH�6SHDU�JUDVV
$XVWURVWLSD�GHQVLIORUD�EHFRPH�SURPLQHQW���7KH�UHPQDQW�QDWXUH�RI�WKHVH�QRUWK�HDVWHUQ�IRUHVWV��LQ
FRPELQDWLRQ�ZLWK�VOLJKWO\�EHWWHU�VLWH�TXDOLW\��KDV�PDGH�WKHP�VXVFHSWLEOH�WR�ZHHG�LQYDVLRQ�E\�VSHFLHV
VXFK�DV�&DW
V�(DU�
+\SRFKRHULV�UDGLFDWD�DQG�/DUJH�4XDNLQJ�JUDVV�
%UL]D�PD[LPD�
%R[�,URQEDUN�IRUHVW�PDSSHG�VRXWK�RI�WKH�+XPH�+LJKZD\�RQ�WKH�ORZ�KLOOV�RI�5HHI�+LOOV�5HJLRQDO�3DUN
LV�UHIHUDEOH�WR�6XE�FRPPXQLW\������RI�0XLU�HW�DO����������5HG�%R[�(XFDO\SWXV�SRO\DQWKHPRV�LV�WKH�PRVW
FRPPRQ�WUHH�VSHFLHV��ZLWK�5HG�6WULQJ\EDUN�(XFDO\SWXV�PDFURUK\QFKD�DQG�0XJJD�(XFDO\SWXV
VLGHUR[\ORQ�DOVR�RFFXUULQJ��6LON\�*XLQHD�IORZHU�+LEEHUWLD�VHULFHD�DQG�6KRZ\�3DUURW�SHD�'LOOZ\QLD
VHULFHD�DUH�WKH�PRVW�IUHTXHQW�VKUXEV�SUHVHQW��6LOYHU�WRS�:DOODE\�*UDVV�&KRLQRFKORD�SDOOLGD��.DQJDURR
*UDVV�7KHPHGD�WULDQGUD�DQG�6PDOO�6W�-RKQ
V�:RUW�+\SHULFXP�JUDPLQHXP�DUH�FRPPRQ�SODQWV�LQ�WKH
JURXQG�OD\HU�
6XE�FRPPXQLW\������RI�0XLU�HW�DO���LV�FRQILQHG�WR�&KLOWHUQ�%R[�,URQEDUN�1DWLRQDO�3DUN�ZLWKLQ�WKH
VWXG\�DUHD�DQG�LV�FKDUDFWHULVHG�E\�WKH�GRPLQDQFH�RI�0XJJD�(XFDO\SWXV�VLGHUR[\ORQ�ZLWK�*UH\�%R[
(XFDO\SWXV�PLFURFDUSD�DV�WKH�VXE�GRPLQDQW�WUHH���7KH�GHQVH�VKUXE�OD\HU�RIWHQ�FRQWDLQV�&DW
V�&ODZV
*UHYLOOHD�*UHYLOOHD�DOSLQD��1DUURZ�OHDI�%LWWHU�SHD�'DYLHVLD�OHSWRSK\OOD��'DSKQH�+HDWK�%UDFK\ORPD
GDSKQRLGHV�DQG�(UHFW�*XLQHD�IORZHU�+LEEHUWLD�ULSDULD��*UH\�7XVVRFN�JUDVV�3RD�VLHEHULDQD��5RXJK
6SHDU�JUDVV�$XVWURVWLSD�VFDEUD�VVS��IDOFDWD��6KLQ\�(YHUODVWLQJ�%UDFWHDQWKD�YLVFRVD�DQG�,Y\�*RRGHQLD
*RRGHQLD�KHGHUDFHD�DUH�FRPPRQ�HOHPHQWV�RI�WKH�JURXQG�OD\HU�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

%R[�,URQEDUN�)RUHVW��1RUWK�HDVWHUQ�+LOOV����0XLU�HW�DO��������

&OD\�+HDWKODQG

&OD\�+HDWKODQG�LV�ORFDWHG�LQ�WKH�QRUWKHUQ�VHFWLRQ�RI�WKH�0RXQW�/DZVRQ�6WDWH�3DUN�IURP�IRXU�YHU\
UHVWULFWHG�ORFDWLRQV��ZLWK�SDWFK�VL]H�EHLQJ�QR�PRUH�WKDQ����P�[����P�HDFK�DQG�RIWHQ�PXFK�OHVV��7KLV
YHJHWDWLRQ�LV�DOVR�RI�YHU\�OLPLWHG�H[WHQW�LQ�WKH�9LFWRULDQ�FRQWH[W�ZLWK�WKH�FORVHVW�NQRZQ�ORFDWLRQ�EHLQJ
LQ�ORZODQG�(DVW�*LSSVODQG��0RVW�RI�WKH�RFFXUUHQFHV�DUH�RQ�QRUWKHUQ�DQG�ZHVWHUQ�DVSHFWV�RQ�JHQWOH
ORZHU�VORSHV�DGMDFHQW�WR�RU�QHDU�VPDOO�VWUHDPV�ZKLFK�LV�DQDORJRXV�ZLWK�VHYHUDO�VLWHV�LQ�(DVW�*LSSVODQG�
7KH�XQGHUO\LQJ�JHRORJ\�LV�OHXFRFUDWLF�JUDQLWH�DQG�WKH�UDLQIDOO�LV�EHWZHHQ��������PP�SHU�\HDU��7KH�VRLO
�LQYHVWLJDWHG�DW�RQO\�RQH�VLWH�LQ�1(�9LFWRULD��ZDV�D�SDOH�\HOORZLVK�EURZQ�LQ�FRORXU�ZLWK�D�WH[WXUH�RI
FOD\H\�VDQG�ZLWK�TXDUW]�JUDLQV�EHLQJ�SURPLQHQW�LQ�WKH�$�KRUL]RQ��EHFRPLQJ�PRUH�FRPSDFW�LQ�WKH�%
KRUL]RQ�DQG�FKDQJLQJ�WR�D�GLVWLQFW�ZKLWH�FRORXU��7KH�VRLOV�DSSHDU�WR�KDYH�D�ZDWHU�LPSHGLQJ�FDSDFLW\
ZKLFK�RIWHQ�OHDGV�WR�WKH�VRLO�SURILOH�EHLQJ�VRGGHQ�LQ�ZLQWHU�DQG�VSULQJ��KRZHYHU�WKH�VRLOV�DSSHDU�WR
TXLFNO\�GU\�RXW�RYHU�VXPPHU��7KLV�LV�FRQVLVWHQW�ZLWK�VLWHV�VXSSRUWLQJ�WKLV�(9&�LQ�(DVW�*LSSVODQG�
'U\�IRUHVW�WUHH�VSHFLHV�RIWHQ�LQYDGH�RYHU�ORQJ�GU\�SHULRGV��RQO\�WR�GLH�RU�GLHEDFN�GXULQJ�ZHW�SKDVHV�
7UHHV�ZKHQ�SUHVHQW�DUH�VWXQWHG�DQG�FRPPRQO\�OHVV�WKDQ����P�LQ�KHLJKW��7KH�SUHVHQFH�RI�VSHFLHV�IURP
ERWK�GU\�DQG�PRLVW�HQYLURQPHQWV�PD\�EH�D�SURGXFW�RI�WKHVH�VRLO�FKDUDFWHULVWLFV�ZKLFK�FDXVH
LQGLYLGXDO�SDWFKHV�WR�KDYH�IOXFWXDWLQJ�ERXQGDULHV�DVVRFLDWHG�ZLWK�FOLPDWLF�IOXFWXDWLRQV�
7KH�RYHUVWRUH\�FRQVLVWV�RI�WKH�XELTXLWRXV�HXFDO\SWV�IURP�WKH�VXUURXQGLQJ�GU\�IRUHVWV�LQFOXGLQJ�%URDG�
OHDYHG�3HSSHUPLQW�(XFDO\SWXV�GLYHV��5HG�6WULQJ\EDUN�(XFDO\SWXV�PDFURUK\QFKD�DQG�%ULWWOH�*XP
(XFDO\SWXV�PDQQLIHUD��7KH�VWUXFWXUH�RI�&OD\�+HDWKODQG�LV�FKDUDFWHULVHG�E\�D�GHQVH�VKUXE�VWUDWXP
FRQVLVWLQJ�RI�3ULFNO\�7HD�7UHH�/HSWRVSHUPXP�FRQWLQHQWDOH�DQG�6LOYHU�%DQNVLD�%DQNVLD�PDUJLQDWD�
6SHFLHV�PRUH�W\SLFDO�RI�WKH�GU\�VXUURXQGLQJ�IRUHVW�RFFXU�DV�D�UHVXOW�RI�WKH�VPDOO�SDWFK�VL]H�VXFK�DV
6PDOO�OHDI�3DUURW�SHD�'LOOZ\QLD�SK\OLFRLGHV�DQG�+HDWK\�%XVK�SHD�3XOWHQDHD�SURFXPEHQV�
6RPH�RI�WKH�IRUEV��JUDVVHV�DQG�VPDOO�VKUXEV�DUH�DOVR�SUHVHQW�LQ�WKH�VXUURXQGLQJ�YHJHWDWLRQ�DQG
LQFOXGH�1DUURZ�*URXQGVHO�6HQHFLR�WHQXLIORUXV��*UDVV�7ULJJHU�3ODQW�6W\OLGLXP�JUDPLQLIROLXP��3LQN�
EHOOV�7HWUDWKHFD�FLOLDWD��&RPPRQ�3OXPH�*UDVV�'LFKHODFKQH�UDUD��9HOYHW�:DOODE\��JUDVV
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$XVWURGDQWKRQLD�SLORVD�YDU��SDOHDFHD��6OHQGHU�5LFH�IORZHU�3LPHOHD�OLQLIROLD�VVS��OLQLIROLD�DQG�*UH\
7XVVRFN�JUDVV�3RD�VLHEHULDQD�YDU��VLHEHULDQD��7KHVH�VSHFLHV�FDQ�WROHUDWH�VHDVRQDOO\�ZHW�VRLOV��KRZHYHU
WKHUH�DUH�D�VXLWH�RI�VSHFLHV�ZKLFK�DUH�QRW�FRPPRQ�LQ�WKH�VXUURXQGLQJ�YHJHWDWLRQ�ZKLFK�SURVSHU�RQ
ZHW�VRLOV��EXW�FDQ�WROHUDWH�GU\�FRQGLWLRQV�RYHU�VXPPHU��7KHVH�VSHFLHV�LQFOXGH�'ZDUI�%RURQLD�%RURQLD
QDQD�YDU��K\VVRSLIROLD��0LONPDLGV�%XUFKDUGLD�XPEHOODWD��&RPPRQ�+HGJHKRJ�JUDVV�(FKLQRSRJRQ
RYDWXV��3ULFNO\�7HD�WUHH�/HSWRVSHUPXP�FRQWLQHQWDOH��9LROHW�.XQ]HD�.XQ]HD�SDUYLIROLD��:HHSLQJ
*UDVV�0LFURODHQD�VWLSRLGHV�YDU��VWLSRLGHV��&RPPRQ�%RJ�VHGJH�6FKRHQXV�DSRJRQ��.DQJDURR�*UDVV
7KHPHGD�WULDQGUD�DQG�6KRZ\�9LROHW�9LROD�EHWRQLFLIROLD�VVS��EHWRQLFLIROLD��7KLV�IORUD�FRPELQHV�WR
SURGXFH�WKH�FKDUDFWHULVWLF�FRPSRVLWLRQ�DQG�DSSHDUDQFH�RI�&OD\�+HDWKODQG�
,QWURGXFHG�VSHFLHV�DUH�JHQHUDOO\�ORZ�LQ�FRYHU�DQG�GLYHUVLW\��SUREDEO\�GXH�WR�WKH�VHDVRQDOO\
ZDWHUORJJHG�VRLOV�DQG�WKH�GHQVH�FRYHU�RI�WKH�VKUXE�VWUDWXP��7UDFN�FRQVWUXFWLRQ�LQ�WKH�YLFLQLW\�RI�WKLV
FODVV�PD\�KDYH�D�GHWULPHQWDO�HIIHFW�E\�DOWHULQJ�WKH�GUDLQDJH�SDWWHUQV�LQIOXHQFLQJ�WKHVH�VLWHV�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

&OD\�+HDWKODQG��:RRGJDWH�HW�DO��������

6SULQJ�6RDN�+HUEODQG

6SULQJ�VRDN�+HUEODQG�LV�ZLGHVSUHDG�EXW�UDUH�DQG�YHU\�ORFDOLVHG�LQ�WKH�VWXG\�DUHD��,W�LV�D�VHDVRQDO
ZHWODQG�FRPPXQLW\�GRPLQDWHG�E\�LQGLJHQRXV�KHUEDFHRXV�SHUHQQLDOV��,W�LV�FRPSOHWHO\�GHSHQGHQW�RQ
WKH�FRQWLQXDO�DYDLODELOLW\�RI�D�UHOLDEOH�ZDWHU�VXSSO\�DQG�LV�WKUHDWHQHG�E\�FKDQJHV�WR�WKH�K\GURORJLFDO
UHJLPH��VWRFN�WUDPSOLQJ�DQG�ZHHG�LQYDVLRQ��:LWK�LQWDFW�DQG�UHODWLYHO\�ZHHG�IUHH�VWDQGV�QRZ�UDUH�DQG
RI�UHJLRQDO�VLJQLILFDQFH��&DPHURQ�DQG�0RRUUHHV�XQSXEO���
6SULQJ�6RDN�+HUEODQG�LV�D�KHUEODQG���+RZHYHU��PDQ\�RWKHU�OLIH�IRUPV�VXFK�DV�VHGJHV�DQG�UXVKHV�DUH
FRPPRQ��7KH�XVXDO�VSHFLHV�DUH�FLWHG�KHUH�IURP�D�VLWH�ZKLFK�LV�QRW�LQ�WKH�VWXG\�DUHD�EXW�LV�D�JRRG
H[DPSOH�RI�WKLV�HFRORJLFDO�YHJHWDWLRQ�FODVV�DV�LW�RFFXUV�ZLWKLQ�WKH�VWXG\�DUHD��7KH�FRPPRQ�KHUEDFHRXV
VSHFLHV�LQFOXGH�WKH�YXOQHUDEOH�1DUURZ�*RRGHQLD�*RRGHQLD�PDFEDUURQLL�ZKLFK�LV�FKDUDFWHULVWLF�RI�WKLV
(9&��&RPPRQ�2QLRQ�*UDVV�
5RPXOHD�URVHD��6TXDUH�&LFLHQGD�
&LFLHQGD�TXDGUDQJXODULV��3DOH�6XQGHZ
'URVHUD�SHOWDWD�VVS��SHOWDWD��6PDOO�0XG�PDW�*ORVVRVWLJPD�HODWLQRLGHV��6ZDPS�,VRWRPH�,VRWRPD
IOXYLDWLOLV��6PDOO�6W��-RKQ¶V�:RUW�+\SHULFXP�JUDPLQHXP��0DWWHG�6W��-RKQ¶V�:RUW�+\SHULFXP
MDSRQLFXP��6PRRWK�&DW¶V�(DU�
+\SRFKRHULV�JODEUD��&DW¶V�(DU�
+\SRFKRHULV�UDGLFDWD��6PDOO
:ULQNOHZRUW�5XWLGRVXV�PXOWLIORUD��DQG�6ROHQRJ\QH�6ROHQRJ\QH�GRPLQLL��7KH�FRPPRQ�VHGJHV�LQFOXGH
&RPPRQ�%RJ�VHGJH�6FKRHQXV�DSRJRQ��$ZQHG�&OXE�VHGJH�,VROHSLV�K\VWUL[�DQG�6OHQGHU�$SKHOLD
$SKHOLD�JUDFLOLV��5XVKHV�DUH�UHSUHVHQWHG�E\�FRPPRQ�VSHFLHV�VXFK�DV�'ZDUI�5XVK�
-XQFXV�FDSLWDWXV�
DQG�-XQFXV�VS���$���VHQVX�/��-RKQVRQ��*UDVVHV�DUH�PRVWO\�ZHHG�VSHFLHV�OLNH�/HVVHU�4XDNLQJ��JUDVV

%UL]D�PLQRU�DQG�6TXLUUHO�WDLO�)HVFXH�
9XOSLD�EURPRLGHV���6RPH�VLWHV�KDYH�D�HXFDO\SW�RYHUVWRUH\
ZKLFK�PD\�LQFOXGH�:DUE\�6ZDPS�*XP�(XFDO\SWXV�FDGHQV��0RXQW�3LORW�DUHD���%ODNOH\¶V�5HG�*XP�(�
EODNHO\L���:DUE\�5DQJH��*OHQURZDQ�DQG�(XURD�DUHDV��DQG�/RQJ�OHDI�%R[�(��JRQLRFDO\[�(��QRUWRQLL
�(XURD�DUHD��
7KH�SUH������PDSSLQJ�H[HUFLVH�GHWHUPLQHG�WKDW�WKLV�(9&�RFFXUV�ZLWKLQ�DQ�DVVRFLDWLRQ�RI�VHYHUDO�(9&V
DUUDQJHG�LQ�UDGLDO�]RQHV�DURXQG�D�PRLVWXUH�VRXUFH���7KH�ZHWWHU�FHQWUH��:HWODQG�)RUPDWLRQ��FRQWDLQV
WDOOHU�VHGJH�VSHFLHV�DQG�RFFDVLRQDOO\��*URXQG�)HUQ�+\SROHSLV��VS����7KLV�LV�VXUURXQGHG�E\�D�VKUXEE\
ZRRGODQG��6ZDPS\�5LSDULDQ�:RRGODQG�RU�&OD\�+HDWKODQG��DQG�WKH��RXWHU�HGJH��ZKLFK�RFFDVLRQDOO\
GULHV�RXW��LV�SUHGRPLQDQWO\�KHUE�ULFK��6SULQJ�VRDN�+HUEODQG�:RRGODQG�0RVDLF��
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

6SULQJ�6RDN�+HUEODQG��&DPHURQ�DQG�0RRUUHHV�XQSXEO���

5RFN\�2XWFURS�6KUXEODQG�+HUEODQG�0RVDLF

5RFN\�2XWFURS�6KUXEODQG�+HUEODQG�0RVDLF�RFFXUV�PDLQO\�LQ�WKH�ORZ�WR�PRGHUDWH�HOHYDWLRQV�������
�����P���LQ�DUHDV�VXFK�DV�WKH�QRUWKHUQ�6WUDWKERJLH�5DQJHV��0RXQW�:RPEDW��0RXQW�3LORW�0XOWL
3XUSRVH�3DUN��0RXQW�/DZVRQ�6WDWH�3DUN�DQG�%XUURZD�3LQH�0RXQWDLQ�1DWLRQDO�3DUN��7KH�(9&�RFFXUV
PRVWO\�RQ�'HYRQLDQ�LJQHRXV�VXEVWUDWHV�SULPDULO\�JUDQLWHV��EXW�OHVV�FRPPRQO\�DOVR�RQ�DFLG�YROFDQLFV
DQG�UDUHO\�RQ�WKH�&DUERQLIHURXV�FRQJORPHUDWH�RQ�WKH�HVFDUSPHQWV�RI�WKH�:DERQJD�3ODWHDX��7KH�VRLOV
DUH�JHQHUDOO\�VNHOHWDO�DQG�PRLVWXUH�DYDLODELOLW\�LV�JHQHUDOO\�YHU\�ORZ��H[FHSW�LQ�WKH�FUDFNV�EHWZHHQ
URFN�VXUIDFHV��5DLQIDOO�LV�JHQHUDOO\�OHVV�WKDQ�����PP�SHU�\HDU��0RVW�VLWHV�KDYH�EHWZHHQ�������
H[SRVHG�URFN\�VXEVWUDWH��ZKLFK�ZLWK�WKH�DEVRUSWLRQ�RI�VXQOLJKW�EHFRPH�H[WUHPHO\�KRW��SDUWLFXODUO\�LQ
VXPPHU�
7KH�VWUXFWXUDO�FKDUDFWHULVWLFV�RI�WKH�(9&�DUH�JHQHUDOO\�WKH�SUHVHQFH�RI�ORZ�VKUXEV��RFFDVLRQDO
HXFDO\SWV��D�ORZ�HSKHPHUDO�JURXQG�FRYHU�DQG�KLJK�EU\RSK\WH�FRYHU��,QWURGXFHG�VSHFLHV�RIWHQ�IRUP�D
VLJQLILFDQW�FRPSRQHQW�RI�WKLV�FODVV��ZLWK������RI�VSHFLHV�DQG������RI�FRYHU�
(XFDO\SWV�PD\�RU�PD\�QRW�EH�SUHVHQW��WKH�PRVW�FRPPRQ�EHLQJ�+LOO�5HG�*XP�(XFDO\SWXV�EODNHO\L�
$Q\�RI�WKH�HXFDO\SWV�IURP�WKH�VXUURXQGLQJ�GU\�IRUHVW�FDQ�EH�SUHVHQW��,Q�WKH�0RXQW�3LORW�DUHD�
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%XUURZD�3LQH�0RXQWDLQ�1DWLRQDO�3DUN�DQG�0RXQW�/DZVRQ�6WDWH�3DUN�%ODFN�&\SUHVV�SLQH�&DOOLWULV
HQGOLFKHUL�FDQ�EH�DQ�RYHUVWRUH\�FRPSRQHQW��7KH�VKUXE�VWUDWXP�LV�RIWHQ�GHQVH��H[FHSW�LQ�VLWHV�ZLWK
KLJKHU�FRYHU�RI�RXWFURSSLQJ�URFN��7KH�FRPPRQ�VSHFLHV�DUH�&RPPRQ�)ULQJH�P\UWOH�&DO\WUL[�WHWUDJRQD�
6KLQ\�&DVVLQLD�&DVVLQLD�ORQJLIROLD���1RGGLQJ�%OXH�OLO\�6W\SDQGUD�JODXFD�DQG�9DQLVK�:DWWOH�$FDFLD
YHUQLFLIOXD��'DSKQH�+HDWK�%UDFK\ORPD�GDSKQRLGHV�LV�D�XELTXLWRXV�VSHFLHV�RI�5RFN\�2XWFURS
6KUXEODQG�+HUEODQG�0RVDLF�LQ�0RXQW�3LORW�0XOWL�3XUSRVH�3DUN��7KH�FRYHU�RI�IHUQV��IRUEV�DQG�JUDVVHV
LV�JHQHUDOO\�ORZ�DQG�WKH�GRPLQDQW�VSHFLHV�DUH�*UHHQ�5RFN�)HUQ�&KHLODQWKHV�DXVWURWHQXLIROLD��(OHJDQW
+DLU�JUDVV�
$LUD�HOHJDQV��5RFN�,VRWRPH�,VRWRPD�D[LOODULV��&RPPRQ�&HQWDXU\�
&HQWDXULXP�HU\WKUDHD�
&UHHSLQJ�&XGZHHG�(XFKLWRQ�J\PQRFHSKDOXV��$XVWUDO�&UDQHVELOO�*HUDQLXP�VRODQGHUL��&RPPRQ
5DVSZRUW�*RQRFDUSXV�WHWUDJ\QXV��6PDOO�6W�-RKQ
V�:RUW�+\SHULFXP�JUDPLQHXP�DQG�6SRRQ�&XGZHHG
6WXDUWLQD�PXHOOHUL��7LQ\�'DLV\�%UDFK\VFRPH�SW\FKRFDUSD�DQG�WKH�+DLU\�+RS�EXVK�'RGRQDHD
ERURQLLIROLD�DUH�ERWK�UDUH�VSHFLHV�UHFRUGHG�5RFN\�2XWFURS�6KUXEODQG�+HUEODQG�0RVDLF�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

5RFN\�2XWFURS�6KUXEODQG��/&&������
5RFN\�2XWFURS�6KUXEODQG��:RRGJDWH�HW�DO�������
5RFN\�2XWFURS�6KUXEODQG�+HUEODQG�0RVDLF��0XLU�HW�DO��������LQ�SDUW�

*UDVV\�'U\�)RUHVW

*UDVV\�'U\�)RUHVW�LV�VFDWWHUHG�WKURXJKRXW�WKH�QRUWK�HDVW�LQ�DUHDV�ZKLFK�UHFHLYH�PRGHUDWH�DQQXDO
UDLQIDOO����������PP���:KDW�UHPDLQV��RFFXUV�PRVWO\�RQ�ORZHU�VORSHV�DORQJ�WKH�QRUWKHUQ�HGJH�RI�WKH
SXEOLF�ODQG�LQ�FORVH�SUR[LPLW\�WR�IDUPODQG��$OWKRXJK�OHVV�IHUWLOH�WKDQ�WKH�QRUWKHUQ�SODLQV��WKHVH�DUHDV
GR�KDYH�KLJKHU�HIIHFWLYH�SUHFLSLWDWLRQ��0XFK�RI�WKLV�PDUJLQDO�IDUPODQG�DW�WKH�IRRW�VORSHV�RI�WKH�*UHDW
'LYLGLQJ�5DQJH�LQ�WKH�VWXG\�DUHD�ZDV�RQFH�*UDVV\�'U\�)RUHVW��,Q�WKHVH�ORFDOLWLHV�*UDVV\�'U\�)RUHVW
XVXDOO\�RFFXUV�RQ�WKH�GULHU�QRUWKHUQ�RU�ZHVWHUQ�DVSHFWV�ZLWK�JHQWOH�VORSHV��2Q�WKH�DGMDFHQW�VWHHSHU
VORSHV�DQG�URFN\�KLOO�WRSV�+HDWK\�'U\�)RUHVW�GHYHORSV��+RZHYHU�LQ�DUHDV�RI�ORZHU�UDLQIDOO�DQG�SRRUHU
IHUWLOLW\��+HDWK\�'U\�)RUHVW�RFFXSLHV�WKH�QRUWKHUQ�DQG�ZHVWHUQ�DVSHFWV�DQG�*UDVV\�'U\�)RUHVW�PRUH
FRPPRQO\�JURZV�RQ�WKH�PRLVWHU�HDVWHUQ�RU�QRUWK�HDVWHUQ�DVSHFWV��2YHUDOO��*UDVV\�'U\�)RUHVW�RFFXUV
RQ�D�YDULHW\�RI�JUDGLHQWV�DQG�DOWLWXGHV�UDQJLQJ�IURP����P�RQ�JHQWO\�XQGXODWLQJ�WHUUDLQ�WR����P
PRVWO\�RQ�VWHHSHU�VORSHV��,Q�WKH�KLJKHU�HOHYDWLRQ�DUHDV��LW�FDQ�DOVR�RFFXU�RQ�EURDG�JHQWOH�ULGJHV��DQG
RFFDVLRQDOO\�RQ�LVRODWHG�NQROOV�DW�����P�VXFK�DV�0RXQW�%LJ�%HQ�
7KLV�(9&�PD\�RFFXU�RQ�D�UDQJH�RI�JHRORJLHV��WKH�FULWLFDO�IDFWRU�EHLQJ�WKDW�WKH�UHVXOWDQW�VRLOV�DUH
PRGHUDWHO\�IHUWLOH�DQG�ZHOO�GHYHORSHG�ZLWK�JRRG�PRLVWXUH�KROGLQJ�FDSDFLW\��*HRORJLHV�LQFOXGH
2UGRYLFLDQ�PXGVWRQH�DQG�VLOWVWRQH��6LOXULDQ�PHWDPRUSKLFV�VXFK�DV�VFKLVW�RU�JQHLVV�ZLWK�'HYRQLDQ
JUDQLWH��UK\RGDFLWHV�DUH�DOVR�FRPPRQ��6RLOV�WHQG�WR�EH�JUDGDWLRQDO�VDQG\�WR�FOD\�ORDPV�ZKLFK�DUH
EURZQ�LQ�FRORXU�ZLWK�PRGHUDWH�RUJDQLF�FRQWHQW�
*UDVV\�'U\�)RUHVW�LV�D�ORZ�WR�PHGLXP�KHLJKW�IRUHVW�PRVWO\����WR���P��VRPHWLPHV�UHVHPEOLQJ�D
ZRRGODQG��ZLWK�D�VSDUVH�WR�GHQVHO\�JUDVV\�JURXQG�OD\HU��$W�WKH�PRLVWHU�VLWHV�WKLV�YHJHWDWLRQ�KDV�D�KLJK
GLYHUVLW\�DQG�FRYHU�RI�IRUEV�DQG�JUDVVHV��6KUXE�FRYHU�DQG�GLYHUVLW\�WHQGV�WR�EH�ORZ��&ORVH�SUR[LPLW\�WR
IDUPODQG�DQG�PRGHUDWH�IHUWLOLW\�RIWHQ�UHVXOW�LQ�WKH�SUHVHQFH�RI�ZHHGV��DYHUDJLQJ�����RI�GLYHUVLW\�DQG
����RI�FRYHU�
7KH�PRVW�FRPPRQ�HXFDO\SWV�LQ�*UDVV\�'U\�)RUHVW�DUH�5HG�6WULQJ\EDUN�(XFDO\SWXV�PDFURUK\QFKD�
/RQJ�OHDYHG�%R[���6LOYHU�%XQG\�(��JRQLRFDO\[���QRUWRQLL�DQG�%URDG�OHDYHG�3HSSHUPLQW�(��GLYHV�
6KUXEV�SUHVHQW�PD\�LQFOXGH�6LOYHU�:DWWOH�$FDFLD�GHDOEDWD��+RQH\�3RWV�$FURWULFKH�VHUUXODWD��&RPPRQ
+RYHD�+RYHD�OLQHDULV��*UH\�*XLQHD�IORZHU�+LEEHUWLD�REWXVLIROLD��6OHQGHU�5LFH�IORZHU�3LPHOHD�OLQLIROLD
VVS��OLQLIROLD�DQG�&KHUU\�%DOODUW�([RFDUSRV�FXSUHVVLIRUPLV��7KH�JURXQG�OD\HU�FRQVWLWXWHV�PRVW�RI�WKH
VSHFLHV�GLYHUVLW\�IRU�WKLV�(9&��ZLWK�XS�WR����VSHFLHV�LQ�WKLV�VWUDWXP��&RPPRQ�JUDVVHV�LQFOXGH�6LOYHU�
WRS�:DOODE\�JUDVV�&KLRQRFKORD�SDOOLGD��9HOYHW�:DOODE\�JUDVV�$XVWURGDQWKRQLD�SLORVD�YDU��SLORVD�
&RPPRQ�3OXPH�JUDVV�'LFKHODFKQH�UDUD��&RPPRQ�:KHDW�JUDVV�(O\PXV�VFDEUXV��*UH\�7XVVRFN�JUDVV
3RD�VLHEHULDQD�YDU��VLHEHULDQD��:HHSLQJ�JUDVV�0LFURODHQD�VWLSRLGHV��DQG�ZHHG\�JUDVVHV�VXFK�DV�/DUJH
4XDNLQJ�JUDVV�
%UL]D�PD[LPD��(OHJDQW�+DLU�JUDVV�
$LUD�HOHJDQV��<RUNVKLUH�)RJ�
+ROFXV�ODQDWXV�
&RPPRQ�KHUEDFHRXV�VSHFLHV�LQFOXGH�6WLQNLQJ�3HQQ\ZRUW�+\GURFRW\OH�OD[LIORUD��&RPPRQ�:RRGUXVK
/X]XOD�PHULGLRQDOLV�YDU��IODFFLGD��6PDOO�6W��-RKQ¶V�:RUW�+\SHULFXP�JUDPLQHXP��$XVWUDO�&UDQHVELOO
*HUDQLXP�VRODQGHUL��6PDOO�3RUDQWKHUD�3RUDQWKHUD�PLFURSK\OOD��&RPPRQ�5DVSZRUW�*RQRFDUSXV
WHWUDJ\QXV��&UHHSLQJ�&XGZHHG�(XFKLWRQ�J\PQRFHSKDOXV��&RWWRQ�)LUHZHHG�6HQHFLR�TXDGULGHQWDWXV�
7DOO�6XQGHZ�'URVHUD�SHOWDWD�VVS��DXULFXODWD�DQG�WKH�XELTXLWRXV�ZHHG\�VSHFLHV�&DW¶V�(DU�
+\SRFKRHULV
UDGLFDWD��2QH�VSHFLHV��6RXWKHUQ�7LFN�WUHIRLO�'HVPRGLXP�JXQQLL�RFFXUV�VSRUDGLFDOO\�LQ�*UDVV\�'U\
)RUHVW�EXW�UDUHO\�LQ�DQ\�RWKHU�HFRORJLFDO�YHJHWDWLRQ�FODVV�LQ�WKH�VWXG\�DUHD�
$GGLWLRQ�PDSSLQJ�RI�SUH�����V��YHJHWDWLRQ�IRXQG�*UDVV\�'U\�)RUHVW�RFFXUULQJ�DW�ORZHU�HOHYDWLRQV
�OHVV�WKDQ����PP��LQ�ERWK�PRLVWHU�VLWXDWLRQV�LQ�WKH�GULHU�ZHVWHUQ�HQG�RI�WKH�VWXG\�DUHD�DQG�LQ�WKH�PRUH
H[SRVHG�VLWXDWLRQV�LQ�WKH�ZHWWHU�SDUWV�RI�WKH�VWXG\�DUHD���,Q�DUHDV�RI�KLJKHU�UDLQIDOO��DSSUR[LPDWHO\
����PP��LW�LV�IRXQG�RQ�WKH�PRUH�H[SRVHG��QRUWKHUQ�DQG�ZHVWHUQ��ORZHU�VORSHV���,Q�WKH�PLG�UDQJH
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UDLQIDOO�DUHDV�LW�PD\�GHYHORS�RQ�DOO�DVSHFWV�GHSHQGLQJ�RQ�VORSH��,Q�DUHDV�RI�ORZHU�UDLQIDOO�����PP�
*UDVV\�'U\�)RUHVW�WHQGV�WR�RFFXS\�WKH�SURWHFWHG�VRXWK�IDFLQJ�VORSHV���µ&DSSLQJV¶�RI�(9&V�ZKLFK
SUHIHU�GULHU�KDELWDWV��HJ��+HDWK\�'U\�)RUHVW�DQG�5RFN\�2XWFURS�0RVDLF��RIWHQ�RFFXS\�DGMDFHQW�VWHHS
RU��H[SRVHG�ULGJH�OLQHV�RU�VORSHV��7KHUH��PD\�EH��VHYHUDO�IORULVWLF�FRPPXQLWLHV�SUHVHQW�EDVHG�RQ
JHRJUDSK\���DOWLWXGH�DQG�UDLQIDOO���2Q�SULYDWH�ODQG�*UDVV\�'U\�)RUHVW�RFFXSLHV�ORZHU�DOWLWXGH�DQG
ORZHU�UDLQIDOO�KDELWDWV�DV�WKH�ORZHU��JUDVV\�HGJHV�RI�WKH�KLOOV�ZHUH�PRUH�DFFHVVLEOH�IRU�DJULFXOWXUH�DQG
WKXV�RIWHQ�GHSOHWHG�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

'U\�6FOHURSK\OO�)RUHVW��/&&�������
*UDVV\�'U\�)RUHVW��:RRGJDWH�HW�DO�������
*UDVV\�'U\�)RUHVW��1RUWKHUQ�)RRWKLOOV����0XLU�HW�DO�������

6KUXEE\�'U\�)RUHVW

7KLV�FRPPRQ�DQG�ZLGHVSUHDG�HFRORJLFDO�YHJHWDWLRQ�FODVV�IDYRXUV�H[SRVHG�DVSHFWV�LQ�WKH�KLJKHU
DOWLWXGHV��JHQHUDOO\�IURP�����WR������PHWUHV��0HGLXP�WR�VWHHS�HDVWHUQ��QRUWKHUQ�DQG�ZHVWHUQ�XSSHU
VORSHV�FRPPRQO\�VXSSRUW�6KUXEE\�'U\�)RUHVW�DQG�DOVR�RFFXUV�RQ�ULGJH�OLQHV�DQG�QHDU�ULGJH�VRXWKHUQ
DVSHFWV�WKDW�DUH�PDUJLQDOO\�SURWHFWHG��5DLQIDOO�LV�IUHTXHQWO\�OHVV�WKDQ�����PP�SHU�DQQXP��EXW�WKH�FODVV
FDQ�RFFXU�LQ�DUHDV�ZKLFK�UHFHLYH�XS�WR�����PP��+RZHYHU�WKH�HIIHFWLYH�UDLQIDOO�RQ�DOO�VLWHV�LV�ORZ�DV�D
UHVXOW�RI�WKH�H[SRVHG�DVSHFWV��VKDOORZ�VRLOV�DQG�RIWHQ�VWHHS�VLWHV�
6KUXEE\�'U\�)RUHVW�H[LVWV�RQ�D�UDQJH�RI�JHRORJLHV��SUHGRPLQDQWO\�2UGRYLFLDQ�VHGLPHQWV��EXW
2UGRYLFLDQ�PHWDPRUSKLF�VFKLVWV�DQG�'HYRQLDQ�6LOXULDQ�LJQHRXV�PDWHULDOV�DUH�DOVR�FRPPRQ��5HVXOWDQW
VRLOV�UDQJH�IURP�EURZQ�WR�GDUN�EURZQ�VDQG\�ORDPV�WR�FOD\�ORDPV��RIWHQ�URFN\�DQG�XVXDOO\�TXLWH
VKDOORZ�
7KH�KHLJKW�RI�WKH�RYHUVWRUH\�YDULHV�JUHDWO\��IURP���WR����P��WKRXJK�������P�LV�WKH�PRVW�FRPPRQ�
&RPSDUHG�WR�RWKHU�GU\�IRUHVW�YHJHWDWLRQ�FODVVHV�WKH�WUHHV�LQ�6KUXEE\�'U\�)RUHVW�KDYH�D�JRRG�IRUP�
7KH�XQGHUVWRUH\�FRQVLVWV�RI�D�PRGHUDWHO\�GHQVH�VKUXE�OD\HU�XS�WR���P�DQG�D�YHU\�VSDUVH�JURXQG�OD\HU
RI�GURXJKW�WROHUDQW�JUDVVHV��KHUEV�DQG�OLOLHV��,W�LV�FKDUDFWHULVWLFDOO\�D�QRQ�ZHHG\�YHJHWDWLRQ�FODVV
EHFDXVH�RI�LWV�JHQHUDOO\�UHPRWH�RFFXUUHQFH�DQG�PRGHUDWH�WR�ORZ�HQYLURQPHQWDO�VLWH�TXDOLW\�
7KH�GRPLQDQW�RYHUVWRUH\�WUHHV�DUH�%URDG�OHDYHG�3HSSHUPLQW�(XFDO\SWXV�GLYHV�DQG�%ULWWOH�*XP�(�
PDQQLIHUD��5HG�6WULQJ\EDUN�(��PDFURUK\QFKD�LV�D�PRUH�FRPPRQ�FRPSRQHQW�LQ�WKH�GULHVW�VLWHV��DQG
0RXQWDLQ�*XP�(��GDOU\PSOHDQD�RFFXUV�DW�WKH�KLJKHU�DOWLWXGHV�QHDU�WKLV�HFRORJLFDO�YHJHWDWLRQ�FODVV¶
ERXQGDU\�ZLWK�0RQWDQH�'U\�:RRGODQG�
7KH�VKUXEE\�XQGHUVWRUH\�FRPPRQO\�FRPSULVHV�'ZDUI�*HHEXQJ�3HUVRRQLD�FKDPDHSHXFH��5RXJK
&RSURVPD�&RSURVPD�KLUWHOOD��6OHQGHU�5LFH�IORZHU�3LPHOHD�OLQLIROLD�VVS��OLQLIROLD��&RPPRQ�&DVVLQLD
&DVVLQLD�DFXOHDWD��+DQGVRPH�)ODW�3HD�3ODW\ORELXP�IRUPRVXP��6LOYHU�:DWWOH�$FDFLD�GHDOEDWD�DQG
*RUVH�%LWWHU�3HD�'DYLHVLD�XOLFLIROLD��+RS�%LWWHU�3HD�'DYLHVLD�ODWLIROLD�FDQ�EH�GRPLQDQW�DV�D�UHVXOW�RI
IUHTXHQW�EXUQLQJ��/RZ�VKUXEV�VXFK�DV�+HDWK�3LQN�%HOOV�7HWUDWKHFD�EDXHULIROLD��3LQN�%HOOV�7HWUDWKHFD
FLOLDWD�DQG�*UH\�*XLQHD�)ORZHU�+LEEHUWLD�REWXVLIROLD�DUH�DOVR�IUHTXHQWO\�SUHVHQW��7ZR�VKUXEV��+HDWK
0LONZRUW�&RPHVSHUPD�HULFLQXP�DQG�5RXJK�6WDU�KDLU�$VWURWULFKD�DVSHULIROLD�RFFXU�VSRUDGLFDOO\�LQ
6KUXEE\�'U\�)RUHVW��EXW�UDUHO\�LQ�DQ\�RWKHU�HFRORJLFDO�YHJHWDWLRQ�FODVV�LQ�WKH�VWXG\�DUHD�
,I�EXUQW�YHU\�IUHTXHQWO\��RU�OHIW�XQEXUQW�IRU�ORQJ�SHULRGV��WKH�JURXQG�OD\HU�PD\�KDYH�6LOYHUWRS
:DOODE\�JUDVV�&KLRQRFKORD�SDOOLGD�DV�WKH�GRPLQDQW�VSHFLHV��2WKHU�JUDVVHV�LQFOXGH�&RPPRQ�3OXPH�
JUDVV�'LFKHODFKQH�UDUD��3OXPH�JUDVV�'LFKHODFKQH�VLHEHULDQD�V�V���DQG�WKH�UDUH�JUDVV�6RIW�/HGJH�JUDVV
3RD�KRWKDPHQVLV�YDU�SDUYLIORUD��7KH�GURXJKW�DQG�ILUH�WROHUDQW�PDW�UXVKHV��VHGJHV�DQG�OLOLHV�SUHVHQW
FDQ�LQFOXGH�:DWWOH�0DW�UXVK�/RPDQGUD�ILOLIRUPLV�VVS��ILOLIRUPLV��&OXVWHU�KHDGHG�0DW�5XVK�/RPDQGUD
ORQJLIROLD�VVS��H[LOLV��%ODFN�DQWKHU�)OD[�OLO\�'LDQHOOD�UHYROXWD�YDU��UHYROXWD�DQG�&RPPRQ�:RRGUXVK
/X]XOD�PHULGLRQDOLV�YDU��IODFFLGD��7KRXJK�QRW�SUHVHQW�LQ�ODUJH�QXPEHUV�WKH�FRQVLVWHQWO\�UHSUHVHQWHG
IRUEV�LQFOXGH�&RPPRQ�5DVSZRUW�*RQRFDUSXV�WHWUDJ\QXV��&UHHSLQJ�&XGZHHG�(XFKLWRQ
J\PQRFHSKDOXV��6PDOO�3RUDQWKHUD�3RUDQWKHUD�PLFURSK\OOD�DQG�6WLQNLQJ�3HQQ\ZRUW�+\GURFRW\OH
OD[LIORUD��7KH�3XUSOH�&RUDO�SHD�+DUGHQEHUJLD�YLRODFHD�DQG�*UDVV�7ULJJHU�SODQW�6W\OLGLXP
JUDPLQLIROLXP�DUH�DOVR�FRPPRQ�
,Q�WKH�DOWLWXGLQDO�VHTXHQFH�RI�QRUWK�HDVW�9LFWRULD�6KUXEE\�'U\�)RUHVW�RIWHQ�JUDGHV�LQWR�+HDWK\�'U\
)RUHVW�DW�ORZHU�HOHYDWLRQV��DSSUR[LPDWHO\���������P��DQG�0RQWDQH�'U\�:RRGODQG�DW�PRQWDQH
HOHYDWLRQV��DSSUR[LPDWHO\������P���+RZHYHU��RQ�YHU\�H[SRVHG�DVSHFWV�LQ�PRQWDQH�VLWXDWLRQV��XS�WR
�����P��6KUXEE\�'U\�)RUHVW�FDQ�SHUVLVW�EXW�FDQ�DEUXSWO\�EHFRPH�0RQWDQH�'U\�:RRGODQG�ZLWK�D
VOLJKW�GHFUHDVH�LQ�LQVRODWLRQ�DOORZLQJ�VQRZ�WR�SHUVLVW�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

0RQWDQH�'U\�:RRGODQG��LQ�SDUW���/&&������
6KUXEE\�'U\�)RUHVW��:RRGJDWH�HW�DO��������
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+HDWK\�'U\�)RUHVW

7KLV�(9&�LV�ZLGHVSUHDG�DQG�FRPPRQ�WKURXJKRXW�PRVW�RI�WKH�VWXG\�DUHD��SDUWLFXODUO\�IURP�ORZ�WR
PRGHUDWH�HOHYDWLRQV�����������P��RQ�H[SRVHG�QRUWKHUQ�DQG�ZHVWHUQ�VORSHV�DQG�ULGJH�WRSV��7KH�IUHH�
GUDLQLQJ�VRLOV�DUH�GHULYHG�IURP�2UGRYLFLDQ�VHGLPHQWV��'HYRQLDQ�JUDQLWRLGV�DQG�5K\ROLWH��7KH�QXWULHQW
OHYHOV�RI�WKHVH�VRLOV�DUH�ORZ�GXH�WR�WKHLU�JHQHUDOO\�VDQG\�WH[WXUH�DQG�ORZ�OHYHOV�RI�RUJDQLF�PDWWHU�
5DLQIDOO�LV�JHQHUDOO\�OHVV�WKDQ������PP�SHU�DQQXP��,Q�KLJKHU�UDLQIDOO�DUHDV��+HDWK\�'U\�)RUHVW�JURZV
RQ�VLWHV�WKDW�KDYH�D�ORZ�HIIHFWLYH�UDLQIDOO�
7KH�RYHUVWRUH\�LV�FKDUDFWHULVWLFDOO\�ORZ��PRVWO\�������P���EXW�FDQ�UHDFK����P�RQ�H[FHSWLRQDO�VLWHV�ZLWK
KLJKHU�UDLQIDOO��7KH�RYHUVWRUH\�PRVWO\�FRQVLVWV�RI�5HG�6WULQJ\EDUN�(XFDO\SWXV�PDFURUK\QFKD�DQG
/RQJ�OHDI�%R[��6LOYHU�%XQG\�(��JRQLRFDO\[��QRUWRQLL��7KHVH�XELTXLWRXV�VSHFLHV�FRPELQH�ZLWK�%URDG�
OHDYHG�3HSSHUPLQW�(��GLYHV�LQ�VRPH�VLWXDWLRQV�DQG�ZLWK�5HG�%R[�(��SRO\DQWKHPRV�LQ�KLJKHU
HQYLURQPHQWDO�VLWH�TXDOLW\�ORFDWLRQV�JUDGLQJ�LQWR�*UDVV\�'U\�)RUHVW�RQ�OHVV�H[SRVHG�DVSHFWV�
7KH�VKUXE�OD\HU�LV�WKH�PRVW�FKDUDFWHULVWLF�DQG�GRPLQDQW�VWUDWXP�ZKLFK�JLYHV�+HDWK\�'U\�)RUHVW�LWV
QDPH��(ULFRLG�DQG�VPDOO�OHDYHG�VKUXEV��RIWHQ�RI�ORZ�VWDWXUH��UDUHO\�H[FHHGLQJ�����P��LQFOXGH�6PDOO�
OHDI�3DUURW�SHD�'LOOZ\QLD�SK\OLFRLGHV�DQG�'DSKQH�+HDWK�%UDFK\ORPD�GDSKQRLGHV��/HVV�FRPPRQ
VSHFLHV�DUH�6LON\�*XLQHD�IORZHU�+LEEHUWLD�VHULFHD��&RPPRQ�:HGJH�SHD�*RPSKRORELXP�KXHJHOLL�
$XVWUDO�*UDVV�WUHH�;DQWKRUUKRHD�DXVWUDOLV��+HDWK\�%XVK�SHD�3XOWHQDHD�SURFXPEHQV�DQG�8UQ�+HDWK
0HOLFKUXV�XUFHRODWXV��7KH�&DW¶V�&ODZV�*UHYLOOHD�*UHYLOOHD�DOSLQD�DQG�+DLU\�*HHEXQJ�3HUVRRQLD�ULJLGD
DUH�FRPPRQ�ZLWK�*UH\�%XVK�SHD�3XOWHQDHD�FXQQLQJKDPLL�GRPLQDQW�LQ�WKH�:KLWILHOG�%XIIDOR�5LYHU
DUHD��PDLQO\�RQ�DFLG�YROFDQLFV��2WKHU�JHRORJ\�W\SHV�LQFOXGH�/RZHU�&DUERQLIHURXV�DQG�2UGRYLFLDQ
VHGLPHQWV��7KHUH�DUH�D�IHZ�VSHFLHV�ZKLFK�VSRUDGLFDOO\�RFFXU�LQ�+HDWK\�'U\�)RUHVW�ZKLFK�GR�QRW
JHQHUDOO\�LQKDELW�RWKHU�HFRORJLFDO�YHJHWDWLRQ�FODVVHV�LQ�WKH�VWXG\�DUHD��7KHVH�VSHFLHV�DUH�7KLQ�OHDI
:DWWOH�$FDFLD�DFXOHDWLVVLPD��3ORXJKVKDUH�:DWWOH�$��JXQQLL�DQG�+DLU\�3OXPH�JUDVV�'LFKHODFKQH
KLUWHOOD�
7KHUH�DUH�IHZ�JUDVVHV�RU�IRUEV�LQ�WKLV�HFRORJLFDO�YHJHWDWLRQ�FODVV��DOWKRXJK�6LOYHUWRS�:DOODE\�JUDVV
&KLRQRFKORD�SDOOLGD�LV�XVXDOO\�SUHVHQW��+HUEV�SUHVHQW�DUH�GURXJKW�WROHUDQW��*URXQG�OD\HU�VSHFLHV
FRPPRQO\�LQFOXGH�%ODFN�DQWKHU�)OD[��OLO\�'LDQHOOD�UHYROXWD�YDU��UHYROXWD��/DUJH�4XDNLQJ�JUDVV�
%UL]D
PD[LPD��&RPPRQ�+RYHD�+RYHD�OLQHDULV��9DULDEOH�6WLQNZHHG�2SHUFXODULD�YDULD��6WLQNLQJ�3HQQ\ZRUW
+\GURFRW\OH�OD[LIORUD��0DQ\�IORZHUHG�0DW�UXVK�/RPDQGUD�PXOWLIORUD��1DUURZ�*URXQGVHO�6HQHFLR
WHQXLIORUXV�DQG�*UDVV�7ULJJHU�SODQW�6W\OLGLXP�JUDPLQLIROLXP��:HHGV�DUH�JHQHUDOO\�QRW�D�PDMRU
FRPSRQHQW�RI�WKLV�(9&��+RZHYHU�GXH�WR�HGJH�HIIHFWV��VLWHV�QHDU�GLVWXUEHG�ODQG�FDQ�KDYH�D�VLJQLILFDQW
SUHVHQFH�RI�ZHHGV�
0DQ\�REVHUYDWLRQV�WKURXJKRXW�WKH�VWXG\�DUHD�KDYH�LQGLFDWHG�WKH�FULWLFDO�LPSRUWDQFH�RI�ILUH�UHJLPHV�LQ
PDLQWDLQLQJ�WKH�VKUXE�FRPSRQHQW�RI�+HDWK\�'U\�)RUHVW��$�VLQJOH�ILUH�DW�WKH�ZURQJ�VWDJH�LQ�WKH
UHSURGXFWLYH�F\FOH�RI�VSHFLHV�LQ�3URWHDFHDH��SDUWLFXODUO\�LQ�WKH�*HQXV�*UHYLOOHD���FDQ�FRPSOHWHO\
UHPRYH�WKDW�VSHFLHV�IURP�D�VLWH��2Q�JUDQLWLF�JHRORJLHV�UHSHDWHG�EXUQLQJ�ZDV�REVHUYHG�WR�KDYH
SURGXFHG�D�TXDQWXP�VKLIW�LQ�WKH�IORULVWLFV�IURP�+HDWK\�'U\�)RUHVW�WR�*UDVV\�'U\�)RUHVW�DV�WKH�ILUH�
VHQVLWLYH�VKUXE�VSHFLHV��0RQRWRFD��%UDFK\ORPD��*UHYLOOHD��3HUVRRQLD��%DQNVLD��*RPSKRORELXP�DQG
'LOOZ\QLD��ZHUH�HOLPLQDWHG�DQG�D�GLYHUVH�UDQJH�RI�JUDVVHV�DQG�IRUEV�HVWDEOLVKHG��7KLV�LV�SDUWLFXODUO\
HYLGHQW�LQ�WKH�0RXQW�3LORW�0XOWL�3XUSRVH�3DUN��ZKHUH�+HDWK\�'U\�)RUHVW�DSSHDUV�WR�EH�LQ�VHYHUH
GHFOLQH�LQ�IDYRXU�RI�*UDVV\�'U\�)RUHVW�DV�WKH�UHVXOW�RI�SDVW�EXUQLQJ��6LPLODUO\��IUHTXHQW�EXUQLQJ�LQ
+HDWK\�'U\�)RUHVW�RQ�VHGLPHQWDU\�RU�DFLG�YROFDQLF��UK\RGDFLWH��JHRORJ\�DSSHDUHG�WR�OHDG�WR�D�ORVV�LQ
VSHFLHV�IURP�WKHVH�JHQHUD�DV�ZHOO��,Q�FRQWUDVW�KRZHYHU�WR�WKRVH�VLWHV�RQ�JUDQLWLF�JHRORJLHV��WKHVH�VLWHV
GLG�QRW�GHYHORS�D�GLYHUVH�DUUD\�RI�JUDVVHV�DQG�IRUEV��EXW�ZHUH�RIWHQ�RQO\�GRPLQDWHG�E\�6LOYHUWRS
:DOODE\�JUDVV�&KLRQRFKORD�SDOOLGD��7KLV�IORULVWLF�HQWLW\�LV�GHVFULEHG�VHSDUDWHO\��EHORZ�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

+HDWK\�'U\�)RUHVW��/&&������
+HDWK\�'U\�)RUHVW��:RRGJDWH�HW�DO�������
+HDWK\�'U\�)RUHVW��1RUWK�HDVWHUQ�+LOOV���LQ�SDUW���0XLU�HW��DO�������
+HDWK\�'U\�)RUHVW��1RUWKHUQ�)RRWKLOOV���LQ�SDUW���0XLU�HW��DO�������

7KH�VHFRQG�IORULVWLF�HQWLW\�ZDV�HQFRXQWHUHG�RYHU�VXEVWDQWLDO�DUHDV�EXW�LQ�RQO\�IRXU�ORFDWLRQV�LQ�WKH
QRUWK�DQG�ZHVW�RI�WKH�VWXG\�DUHD�DQG�ZDV�JHQHUDOO\�QRW�RQ�JUDQLWLF�JHRORJ\��6WUXFWXUDOO\�WKLV�HQWLW\�LV�D
ORZ�RSHQ�IRUHVW�ZLWK�D�VSDUVH�VKUXE�FRYHU��WKH�RXWVWDQGLQJ�IHDWXUH�RI�ZKLFK��EHLQJ�WKH�GRPLQDQFH�RI
6LOYHUWRS�:DOODE\�JUDVV�&KLRQRFKORD�SDOOLGD��/DUJH�WXVVRFNV�RI�6LOYHU�WRS�:DOODE\�JUDVV�FDQ�FURZG
RXW�PRVW�RWKHU�JURXQG�OD\HU�VSHFLHV��RIWHQ�KDYLQJ�D�FRYHU�DEXQGDQFH�RI�RYHU������&RQVHTXHQWO\�WKLV
HQWLW\�LV�YHU\�VSHFLHV�SRRU�
$VSHFWV�VHHP�WR�YDU\�IRU�WKLV�IRUP�RI�+HDWK\�'U\�)RUHVW��EXW�PRVW�DUH�H[SRVHG��QRUWK�HDVWHUQ�WR
ZHVWHUQ�VORSHV��6ORSHV�UDQJH�IURP�JHQWOH�WR�VWHHS��ZLWK�PRVW�VLWHV�RQ�D�JHQWOH�JUDGLHQW��$OWLWXGH�YDULHV
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IURP�����P�WR�����P��6RLOV�WHQG�WR�KDYH�D�KLJK�FRPSRQHQW�RI�VDQG�RU�URFN�ZLWK�ORZ�WR�PRGHUDWH
QXWULHQW�VWDWXV�DQG�SRRU�PRLVWXUH�KROGLQJ�DELOLW\�
&KDUDFWHULVWLF�HXFDO\SWV�DUH�DOZD\V�GU\�IRUHVW�VSHFLHV��QDPHO\�5HG�6WULQJ\EDUN�(XFDO\SWXV
PDFURUK\QFKD��/RQJ�/HDYHG�%R[���6LOYHU�%XQG\�(��JRQLRFDO\[���QRUWRQLL��%URDG�OHDYHG�3HSSHUPLQW
(��GLYHV�DQG�%ULWWOH�*XP�(XFDO\SWXV�PDQQLIHUD��6KUXE�VSHFLHV�LI�SUHVHQW�FDQ�LQFOXGH�*UH\�*XLQHD�
IORZHU�+LEEHUWLD�REWXVLIROLD��&RPPRQ�+RYHD�+RYHD�OLQHDULV��7UDLOLQJ�*URXQG�EHUU\�$FURWULFKH
SURVWUDWD��1DUURZ�OHDI�%LWWHU�3HD�'DYLHVLD�OHSWRSK\OOD�DQG�6LOYHU�:DWWOH�$FDFLD�GHDOEDWD��2WKHU
VSHFLHV�ZKLFK�PD\�RFFXU�DUH�6SLQ\�KHDGHG�0DW�5XVK�/RPDQGUD�ORQJLIROLD��*UDVVODQG�'DLV\
%UDFK\VFRPH�DQJXVWLIROLD��1RGGLQJ�%OXH�/LO\�6W\SDQGUD�JODXFD�DQG�/RQJ�KDLU�3OXPH�JUDVV
'LFKHODFKQH�FULQLWD��:HHG\�VSHFLHV�KDYH�D�ORZ�FRYHU�DQG�GLYHUVLW\�
(TXLYDOHQW�XQLW�LQ�RWKHU�VWXGLHV�

1RW�SUHYLRXVO\�GHVFULEHG�

+HUE�ULFK�)RRWKLOO�)RUHVW

+HUE�ULFK�)RRWKLOO�)RUHVW�LV�ZLGHVSUHDG�DQG�FRPPRQ�WKURXJKRXW�WKH�VWXG\�DUHD�RQ�ERWK�SXEOLF�DQG
SULYDWH�ODQG�H[FHSW�DW�WKH�ORZHVW�HOHYDWLRQV����������P��DQG�DW�KLJKHU�HOHYDWLRQV��JUHDWHU�WKDQ������P��
7KH�(9&�JURZV�PRVWO\�RQ�VKHOWHUHG�DVSHFWV�DQG�WKH�RFFXUUHQFHV�RQ�H[SRVHG�VLWHV�DUH�JHQHUDOO\�RQ
ORZHU�VORSHV�ZKLFK�DIIRUG�VXIILFLHQW�SURWHFWLRQ��WKURXJK�DIWHUQRRQ�VKDGLQJ�E\�VXUURXQGLQJ�KLOOV��RU
SHUVLVWHQW�KLJK�KXPLGLW\�VXFK�DV�DORQJ�ULYHU�RU�FUHHN�YDOOH\V��+RZHYHU��WKH�DPRXQW�RI�SURWHFWLRQ
UHTXLUHG�YDULHV�ZLWK�UDLQIDOO���)RU�H[DPSOH��WKHUH�DUH�H[WHQVLYH�DUHDV�RI�WKLV�(9&�RQ�SODWHDX�ODQGIRUPV
VXFK�DV�LQ�WKH�6WUDWKERJLH�5DQJHV��:KLWILHOG�DQG�)UHHEXUJK�GLVWULFWV�ZKHUH�KLJKHU�UDLQIDOO�DQG
SHUVLVWHQW�FORXG�FRYHU�UHSODFHV�WKH�QHHG�IRU�WKH�UHTXLUHPHQW�RI�WRSRJUDSKLF�SURWHFWLRQ�ZKLOVW�XQGHU
WKH�ORZHVW�UDLQIDOO�UHJLPHV�WKLV�(9&�LV�HQWLUHO\�UHVWULFWHG�WR�JXOOLHV�DQG�YDOOH\�VLGHV�ZLWK�VRXWKHUQ�RU
HDVWHUQ�DVSHFWV��2SWLPDO�UDLQIDOO�LV�ZLGH�UDQJLQJ�IURP����������PP�SHU�DQQXP��
7KLV�HFRORJLFDO�YHJHWDWLRQ�FODVV�RFFXSLHV�DQ�H[WUHPHO\�ZLGH�UDQJH�RI�JHRORJLFDO�W\SHV�ZKLFK�LQFOXGH
RXWZDVK�DOOXYLXPV��2UGRYLFLDQ�VDQGVWRQHV�DQG�PHWDPRUSKLFV��'HYRQLDQ�DQG�6LOXULDQ�JUDQLWRLGV�DQG
&DPEULDQ�JUHHQVWRQH�GLDEDVH��$V�VXFK��LW�DSSHDUV�DVSHFW�DQG�PRLVWXUH�DYDLODELOLW\�DUH�WKH�SULPDU\
HQYLURQPHQWDO�GHWHUPLQDQWV�IRU�WKLV�(9&��7KH�FRQVHTXHQW�VRLO�W\SHV�YDU\�IURP�VDQG\�ORDPV�WR
PHGLXP�FOD\V��2Q�WKH�GULHU�VLWHV�WUHH�KHLJKW�LV�������P�DQG�RQ�WKH�PRLVWHU�VLWHV�LV�FRPPRQO\�������P�
7KH�VWUXFWXUH�LV�DQ�RSHQ�IRUHVW�ZLWK�D�VSDUVH�WR�YHU\�GHQVH�VKUXE�OD\HU�DQG�FRPPRQO\�KLJK�FRYHU�RI
KHUEV�LQ�WKH�JURXQG�OD\HU��$XVWUDO�%UDFNHQ�3WHULGLXP�HVFXOHQWXP�PD\�WHQG�WR�GRPLQDWH�IROORZLQJ
IUHTXHQW�GLVWXUEDQFH��SDUWLFXODUO\�E\�ILUH��7KH�GLYHUVLW\�LV�PRGHUDWH�WR�KLJK�ZLWK�PHDQ�IORULVWLF
ULFKQHVV�EHLQJ����VSHFLHV�SHU�VLWH��KLJKHU�HOHYDWLRQ�VLWHV�KDYH�ORZHU�GLYHUVLW\��
7KH�PRVW�FRPPRQ�RYHUVWRUH\�VSHFLHV�DUH�1DUURZ�OHDI�3HSSHUPLQW�(XFDO\SWXV�UDGLDWD�V�O��DQG�OHVV
FRPPRQO\��(XUDEELH�(XFDO\SWXV�JOREXOXV�VVS��ELFRVWDWD��RIWHQ�RQ�JUDQLWLF�JHRORJ\���0RXQWDLQ�*XP
(XFDO\SWXV�GDOU\PSOHDQD�VVS��GDOU\PSOHDQD��PRUH�SURPLQHQW�DW�KLJKHU�DOWLWXGHV��ZLWK�%URDG�OHDYHG
3HSSHUPLQW�(XFDO\SWXV�GLYHV�DW�GULHU�ORFDOLWLHV��7KH�VKUXE�OD\HU�FRQVLVWV�RI�VSDUVH�WR�GHQVH�6LOYHU
:DWWOH�$FDFLD�GHDOEDWD��&RPPRQ�&DVVLQLD�&DVVLQLD�DFXOHDWD��3ULFNO\�&XUUDQW�EXVK�&RSURVPD
TXDGULILGD�DQG�7UHH�/RPDWLD�/RPDWLD�IUDVHUL��SURPLQHQW�LQ�WKH�PRLVW�VLWHV���ZKLOH�+DQGVRPH�)ODW�SHD
3ODW\ORELXP�IRUPRVXP��DQG�3LQN�EHOOV�7HWUDWKHFD�FLOLDWD�DUH�FRQYHUVHO\�PRUH�DEXQGDQW�LQ�WKH�GULHU
H[DPSOHV�RI�+HUE�ULFK�)RRWKLOO�)RUHVW�
7KH�IRUEV�DQG�JUDVVHV�DUH�WKH�PRVW�GLVWLQFWLYH�IORULVWLF�DQG�VWUXFWXUDO�LQGLFDWRU�IRU�+HUE�ULFK�)RRWKLOO
)RUHVW�EHFDXVH�RI�WKHLU�JHQHUDOO\�KLJK�FRYHU�DQG�GLYHUVLW\��&RPPRQ�VSHFLHV�DUH�%LGJHH�:LGJHH
$FDHQD�QRYD�]HODQGLDH��,Y\�OHDI�9LROHW�9LROD�KHGHUDFHD��3ULFNO\�:RRGUXII�$VSHUXOD�VFRSDULD��.LGQH\�
ZHHG�'LFKRQGUD�UHSHQV��$XVWUDO�%HDU
V�HDUV�&\PERQRWXV�SUHLVVLDQXV��&RPPRQ�/DJHQLIHUD�/DJHQLIHUD
VWLSLWDWD��&RPPRQ�:RRGUXVK�/X]XOD�PHULGLRQDOLV�YDU��IODFFLGD�DQG�WKH�7DVPDQLDQ�)OD[�OLO\�'LDQHOOD
WDVPDQLFD�
*UDVVHV�DUH�WKH�RWKHU�FRQVSLFXRXV�OLIH�IRUP��WKH�PRVW�FRPPRQ�VSHFLHV�EHLQJ�:HHSLQJ�*UDVV
0LFURODHQD�VWLSRLGHV�YDU��VWLSRLGHV��&RPPRQ�:KHDW�JUDVV�(O\PXV�VFDEUXV��&RPPRQ�+HGJHKRJ�JUDVV
(FKLQRSRJRQ�RYDWXV�DQG�*UH\�7XVVRFN�JUDVV�3RD�VLHEHULDQD�YDU��VLHEHULDQD��$XVWUDO�%UDFNHQ�RFFXUV�LQ
DOPRVW�DOO�VDPSOLQJ�VLWHV�DQG�0RWKHU�6KLHOG�IHUQ�3RO\VWLFKXP�SUROLIHUXP�LV�RIWHQ�SUHVHQW�LQ�PRLVW
VLWHV��&OLPEHUV�DUH�UHSUHVHQWHG�E\�7ZLQLQJ�*O\FLQH�*O\FLQH�FODQGHVWLQD�DQG�0RXQWDLQ�&OHPDWLV
&OHPDWLV�DULVWDWD��SDUWLFXODUO\�LQ�PRLVW�VLWHV�ZLWK�D�PRGHUDWH�WR�GHQVH�VKUXE�OD\HU��7KH�UDUH�VSHFLHV
6RIW�/HGJH�JUDVV�3RD�KRWKDPHQVLV�YDU��SDUYLIORUD�DSSHDUV�WR�EH�ODUJHO\�UHVWULFWHG�WR�+HUE�ULFK�)RRWKLOO
)RUHVW�
7KLV�YHJHWDWLRQ�FDQ�EH�DGYHUVHO\�DIIHFWHG�E\�GLVWXUEDQFHV�UHVXOWLQJ�LQ�ZHHG�LQYDVLRQ��WKH�PRVW�VHULRXV
ZHHG�VSHFLHV�EHLQJ�
%ODFNEHUU\�5XEXV�IUXWLFRVXV�VSS��DJJ��
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

+HUE�ULFK�)RRWKLOO�)RUHVW��/&&������
+HUE�ULFK�)RUHVW��LQ�SDUW���:RRGJDWH�HW�DO��������
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'DPS�)RUHVW

'DPS�)RUHVW�LV�ZLGHVSUHDG��EXW�QRW�FRPPRQ�LQ�WKH�VWXG\�DUHD��,W�JURZV�LQ�JXOOLHV�RU�RQ�VKHOWHUHG
VRXWKHUQ�DQG�VRXWK�HDVWHUQ�VORSHV�DQG�LV�RIWHQ�UHVWULFWHG�DQG�ORFDOLVHG�LQ�H[WHQW��H[FHSW�LQ�WKH�KLJKHVW
UDLQIDOO�DUHDV��7KH�HOHYDWLRQ�UDQJH�LV�IURP����������P�DQG�WKH�UDLQIDOO�UDQJHV�IURP����������PP�SHU
DQQXP��7KH�SDUHQW�JHRORJLHV�DUH�ZLGH�UDQJLQJ�DQG�LQFOXGH�'HYRQLDQ�DQG�6LOXULDQ�LJQHRXV�URFNV�
2UGRYLFLDQ�PHWDPRUSKLF�DQG�VHGLPHQWDU\�URFNV��&DPEULDQ��/RZHU�&DUERQLIHURXV�DQG�XSSHU
'HYRQLDQ�VHGLPHQWV�
7KH�VRLOV�DUH�JHQHUDOO\�GHHS�ORDPV�ZLWK�PHGLXP�WR�KLJK�OHYHOV�RI�KXPXV�ZKLFK�DUH�FROOXYLDOO\�IRUPHG
DQG�DUH�ZHOO�VWUXFWXUHG��0RLVWXUH�DYDLODELOLW\�LV�JHQHUDOO\�JRRG�GXH�WR�WKH�KLJK�UDLQIDOO�DQG�WKH
GHYHORSPHQW�RI�JRRG�SHGV�LQ�WKH�UHJROLWK��7KH�KHLJKW�RI�WKH�RYHUVWRUH\�YDULHV�IURP�������P��'DPS
)RUHVW�LV�FKDUDFWHULVHG�E\�D�PRGHUDWH�WR�GHQVH�EURDG�OHDYHG�VKUXE�OD\HU��WKH�WUHH�VWUDWXP�FRQVLVWLQJ�RI
VSHFLHV�IURP�PRLVW�HQYLURQPHQWV�DQG�WKH�JURXQG�OD\HU�QRUPDOO\�PRVWO\�IHUQV�ZLWK�JUDVVHV�DQG�KHUEV
EHLQJ�D�PLQRU�FRPSRQHQW�
7KH�RYHUVWRUH\�LV�PRVWO\�UHSUHVHQWHG�E\�0HVVPDWH�(XFDO\SWXV�REOLTXD��1DUURZ�OHDYHG�3HSSHUPLQW
(XFDO\SWXV�UDGLDWD�V�O��DQG�(XUDEELH�(XFDO\SWXV�JOREXOXV�VVS��ELFRVWDWD��7KHUH�LV�FRQVLVWHQWO\�D
PHGLXP�WR�WDOO�VKUXE�OD\HU�RI�0XVN�'DLV\�EXVK�2OHDULD�DUJRSK\OOD��+D]HO�3RPDGHUULV�3RPDGHUULV
DVSHUD��%ODFNZRRG�$FDFLD�PHODQR[\ORQ�DQG�%ODQNHW�/HDI�%HGIRUGLD�DUERUHVFHQV��7KH�PRVW�FRPPRQ
VSHFLHV�RI�WKH�JURXQG�OD\HU�FRQVLVWV�RI�IHUQV�ZLWK�&RPPRQ�*URXQG�IHUQ�&DORFKODHQD�GXELD��)LVKERQH
:DWHU��IHUQ�%OHFKQXP�QXGXP�DQG�$XVWUDO�%UDFNHQ�3WHULGLXP�HVFXOHQWXP�EHLQJ�FRPPRQ��6RPH�KHUEV
DQG�JUDVVHV�DUH�XVXDOO\�SUHVHQW��EXW�ZLWK�D�ORZ�GRPLQDQFH�DQG�LQFOXGH�,Y\�OHDI�9LROHW�9LROD
KHGHUDFHD��.LGQH\�:HHG�'LFKRQGUD�UHSHQV��&LQTXHIRLO�&UDQHVELOO�*HUDQLXP�SRWHQWLOORLGHV��&RPPRQ
:RRGUXVK�/X]XOD�PHULGLRQDOLV�YDU��IODFFLGD�DQG�:HHSLQJ�*UDVV�0LFURODHQD�VWLSRLGHV�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

'DPS�6FOHURSK\OO�)RUHVW��/&&������
'DPS�)RUHVW��:RRGJDWH�HW�DO��������

:HW�)RUHVW

7KLV�HFRORJLFDO�YHJHWDWLRQ�FODVV�LV�UHODWLYHO\�XQFRPPRQ�DQG�RFFXUV�DW�PRGHUDWH�HOHYDWLRQV����������
P��DQG�LV�FKDUDFWHULVHG�E\�D�WDOO�HXFDO\SW�RYHUVWRUH\��VFDWWHUHG�XQGHUVWRUH\�WUHHV��D�WDOO�EURDG�OHDYHG
VKUXEE\�XQGHUVWRUH\�DQG�D�IHUQ�ULFK�JURXQG�OD\HU�WKDW�LV�XVXDOO\�GRPLQDWHG�E\�D�GHQVH�OD\HU�RI�WUHH�
IHUQV��,W�LV�ODUJHO\�UHVWULFWHG�WR�SURWHFWHG�VLWHV�LQ�JXOOLHV�DQG�RQ�VRXWKHUQ�DVSHFWV��5DLQIDOO�LV�KLJK
UDQJLQJ�IURP�����������PP�SHU�\HDU��7KH�SDUHQW�JHRORJLHV�DUH�YDULDEOH��WKH�FRPPRQ�W\SHV�EHLQJ
2UGRYLFLDQ�VHGLPHQWV��IROORZHG�E\�6LOXULDQ�PHWDPRUSKLF�DQG�LJQHRXV�URFNV��'HYRQLDQ�LJQHRXV�DQG
/RZHU�&DUERQLIHURXV�VHGLPHQWV�
6RLOV�DUH�GHHS�JUDGDWLRQDO�FOD\�RU�VDQG\�FOD\�ORDPV�ULFK�LQ�KXPXV��0RLVWXUH�DYDLODELOLW\�LV�KLJK�GXH�WR
WKH�KLJK�UDLQIDOO�DQG�PRLVWXUH�UHWDLQLQJ�DELOLW\�RI�WKH�KXPXV�DQG�OLWWHU�OD\HU�FRPSRQHQW�RI�WKH�VRLOV�
7UHHV�DUH�JHQHUDOO\�YHU\�WDOO�ZKHQ�SUHVHQW��RIWHQ�VXUURXQGLQJ�RU�RYHUKDQJLQJ�IURP�DQ�DGMDFHQW
HFRORJLFDO�YHJHWDWLRQ�FODVV��:LWKLQ�:HW�)RUHVW�WKHUH�DUH�YHU\�ORFDOLVHG�RFFXUUHQFHV�RI�&RRO�7HPSHUDWH
5DLQIRUHVW�VSHFLHV�VXFK�DV�6RXWKHUQ�6DVVDIUDV�$WKHURVSHUPD�PRVFKDWXP��ZKLFK�UDUHO\�FRDOHVFH�WR
IRUP�SDWFKHV�ZLWK�D�FRQWLQXRXV�FDQRS\�
7KH�RYHUVWRUH\�RI�:HW�)RUHVW�LV�WKH�WDOOHVW�RI�DQ\�HFRORJLFDO�YHJHWDWLRQ�FODVV�LQ�WKH�VWXG\�DUHD�DQG�PD\
DWWDLQ�KHLJKWV�RI����P��7KH�GRPLQDQW�RYHUVWRUH\�VSHFLHV�DUH�$OSLQH�$VK�(XFDO\SWXV�GHOHJDWHQVLV�DQG
0RXQWDLQ�*XP�(XFDO\SWXV�GDOU\PSOHDQD�ZLWK�0DQQD�*XP�(XFDO\SWXV�YLPLQDOLV�DQG�1DUURZ�OHDI
3HSSHUPLQW�(XFDO\SWXV�UDGLDWD�V�O��RFFXUULQJ�OHVV�IUHTXHQWO\��7KHUH�LV�XVXDOO\�DQ�XQGHUVWRUH\�RI�VPDOO
WUHHV�VXFK�DV�6LOYHU�:DWWOH�$FDFLD�GHDOEDWD�DQG�%ODFNZRRG�$��PHODQR[\ORQ��7KH�WDOO�VKUXE�OD\HU�LV
GRPLQDWHG�E\�$XVWUDO�0XOEHUU\�+HG\FDU\D�DQJXVWLIROLD��0XVN�'DLV\�EXVK�2OHDULD�DUJRSK\OOD��+D]HO
3RPDGHUULV�3RPDGHUULV�DVSHUD�DQG�%ODQNHW�OHDI�%HGIRUGLD�DUERUHVFHQV��%HQHDWK�WKHVH�WKHUH�LV�QHDUO\
DOZD\V�D�GHQVH�OD\HU�RI�6RIW�7UHH�IHUQ�'LFNVRQLD�DQWDUFWLFD�
7KH�JURXQGOD\HU�LV�GRPLQDWHG�E\�IHUQV�ZLWK�)LVKERQH�:DWHU�IHUQ�%OHFKQXP�QXGXP��0RWKHU�6KLHOG�
IHUQ��3RO\VWLFKXP�SUROLIHUXP��0RWKHU�6SOHHQZRUW�$VSOHQLXP�EXOELIHUXP��%DW¶V�:LQJ�IHUQ
+LVWLRSWHULV�LQFLVD�DQG�+DUG�:DWHU�IHUQ�%OHFKQXP�ZDWWVLL�WKH�PRVW�XVXDO��7KHUH�PD\�EH�D�VFDWWHULQJ�RI
KHUEV�ZKHUH�OLJKW�FDQ�SHQHWUDWH�WR�WKH�IRUHVW�IORRU��7KH�FRPPRQ�IRUEV�LQFOXGH�,Y\�OHDI�9LROHW�9LROD
KHGHUDFHD��6KDGH�1HWWOH�$XVWUDOLQD�PXHOOHUL��:KLWH�(OGHUEHUU\�6DPEXFXV�JDXGLFKDXGLDQD�DQG�)RUHVW
6WDUZRUW�6WHOODULD�IODFFLGD��7KH�VSHFLHV�GHVFULEHG�WKXV�IDU�DUH�FRPPRQ�LQ�XQGLVWXUEHG�IRUHVWV��$IWHU
GLVWXUEDQFH�VXFK�DV�ILUH��URDGLQJ�RU�ORJJLQJ�D�WKLFN�SURIXVLRQ�RI�SLRQHHU�VSHFLHV�FORWKH�WKH
JURXQGOD\HU��7KHVH�VSHFLHV�JURZ�DQG�UHSURGXFH�TXLFNO\��WKHQ�ODUJHO\�GLH�RXW��6XFK�VSHFLHV�LQFOXGH�WKH
VKUXEV�&RPPRQ�&DVVLQLD�&DVVLQLD�DFXOHDWD��9LFWRULDQ�&KULVWPDV�EXVK�3URVWDQWKHUD�ODVLDQWKRV��WKH
IRUEV�*ROGHQ�(YHUODVWLQJ�%UDFWHDQWKD�EUDFWHDWD��)LUHZHHG�*URXQGVHO�6HQHFLR�OLQHDULIROLXV�DQG
5DVSZRUW�*RQRFDUSXV�VS���%ODFNEHUU\�
5XEXV�IUXWLFRVXV�FDQ�EH�D�VHULRXV�ZHHG�LQ�DUHDV�GLVWXUEHG�E\
URDGLQJ��RWKHU�LQIUDVWUXFWXUH�DQG�WLPEHU�KDUYHVWLQJ�
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(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�
:HW�6FOHURSK\OO�)RUHVW��/&&������
:HW�)RUHVW��:RRGJDWH�HW�DO��������

0RQWDQH�'U\�:RRGODQG

0RQWDQH�'U\�:RRGODQG�RFFXUV�RQ�GU\�DQG�H[SRVHG�PLG�WR�XSSHU�VORSHV�DW�PRQWDQH�HOHYDWLRQV
�JUHDWHU�WKDQ������P���RIWHQ�H[WHQGLQJ�RQWR�WKH�ULGJHV��,Q�WKH�KLJKO\�GLVVHFWHG�WHUUDLQ�ZKHUH�6KUXEE\
'U\�)RUHVW�FDQ�H[LVW�DW�PDUJLQDO�PRQWDQH�OHYHOV�RQ�ZDUP�DVSHFWV�ZKHUH�VQRZ�GRHV�QRW�SHUVLVW�
0RQWDQH�'U\�:RRGODQG�GHYHORSV�RQ�WKH�DGMDFHQW�VOLJKWO\�FROGHU�DVSHFWV�ZKHUH�VQRZ�FDQ�UHPDLQ�IRU
VXEVWDQWLDO�SHULRGV��,QIOXHQFHV�IURP�VXUURXQGLQJ�WRSRJUDSK\�SDUWLFXODUO\�FORXG�DQG�FROG�DLU�GUDLQDJH
FDQ�DOVR�EH�VLJQLILFDQW�LQ�WHUPV�RI�WKH�DPRXQW�RI�VQRZ�IDOO�DQG�LWV�SHUVLVWHQFH��*HQHUDOO\�0RQWDQH�'U\
:RRGODQG�LV�ZLGHVSUHDG�DQG�FRPPRQ�LQ�WKH�VRXWKHUQ�RU�KLJKODQG�SDUW�RI�WKH�VWXG\�DUHD��XS�WR�����
P�DOWLWXGH��3UHFLSLWDWLRQ�LV�JHQHUDOO\�DURXQG������PP��EXW�UHDFKLQJ�XS�WR������PP�DW�0RXQW�%XIIDOR
DQG������PP�DW�0RXQW�%RJRQJ��0XFK�RI�WKLV�SUHFLSLWDWLRQ�RXWVLGH�WKH�VXPPHU�PRQWKV�IDOOV�DV�VQRZ�
*HRORJLHV�DUH�SUHGRPLQDQWO\�2UGRYLFLDQ�VHGLPHQWV�DOWKRXJK�WKHUH�DUH�DOVR�DUHDV�RI�'HYRQLDQ�LJQHRXV
PDWHULDOV�DQG�6LOXULDQ�PHWDPRUSKLFV��6RLOV�UDQJH�IURP�EURZQ�VDQG\�ORDPV�WR�ORDP\�FOD\V��RIWHQ
WHQGLQJ�WR�EH�VKDOORZ�DQG�URFN\�EXW�VRPHWLPHV�EHWWHU�GHYHORSHG�
0RQWDQH�'U\�:RRGODQG�KDV�D�YDULDEOH�VWUXFWXUH��IURP�DQ�RSHQ�ZRRGODQG�WR�DQ�RSHQ�IRUHVW�ZLWK�D
GHQVHU�VKUXE�VWUDWXP��7KH�RYHUVWRUH\�VWUXFWXUH�PD\�EH�D�UHVXOW�RI�SDVW�GLVWXUEDQFH�VXFK�DV�IUHTXHQW
EXUQLQJ�ZKLFK�FDQ�LQFUHDVH�WUHH�GHQVLW\�LQ�WKLV�HFRORJLFDO�YHJHWDWLRQ�FODVV��:RRGJDWH�HW��DO���������RU
WKH�VWUXFWXUH�PD\�EH�VLWH�VSHFLILF��7UHHV�FDQ�DWWDLQ�KHLJKWV�RI�������P�LQ�VKHOWHUHG�SRVLWLRQV��DOWKRXJK
JHQHUDOO\�OHVV���7KH�ZHHG�DEXQGDQFH�LV�ORZ��DYHUDJLQJ����RI�VSHFLHV�DQG����RI�FRYHU��6SHFLHV
GLYHUVLW\�LV�DOVR�ORZ�IRU�WKLV�VWXG\�DUHD��ZLWK�D�PHDQ�GLYHUVLW\�RI����VSHFLHV�SHU�VLWH�
%URDG�OHDYHG�3HSSHUPLQW�(XFDO\SWXV�GLYHV�DQG�0RXQWDLQ�*XP�(��GDOU\PSOHDQD�VVS��GDOU\PSOHDQD
DUH�FRPPRQ�RYHUVWRUH\�WUHHV�DW�WKH�ORZHU�HOHYDWLRQV�ZLWKLQ�WKLV�FODVV��ZKLOVW�$OSLQH�$VK�(�
GHOHJDWHQVLV�VVS��GHOHJDWHQVLV�LV�XVXDO�DW�KLJKHU�DOWLWXGHV�RU�VLPSO\�RQ�PRUH�SURWHFWHG�VLWHV�DIIRUGLQJ
JUHDWHU�PRLVWXUH�DYDLODELOLW\��,W�LV�QRW�XQFRPPRQ�IRU�6QRZ�*XP�(XFDO\SWXV�SDXFLIORUD�WR�EH�SUHVHQW
LQ�WKH�RYHUVWRUH\�RQ�VLWHV�ZKLFK�DUH�SDUWLFXODUO\�FROG�DQG�H[SRVHG��PRVWO\�WRZDUGV�WKH�XSSHU�OLPLW�RI
WKH�HOHYDWLRQ�UDQJH�
7KH�XQGHUVWRUH\�LV�DQ�XQXVXDO�FRPELQDWLRQ�RI�VSHFLHV�ZKLFK�WROHUDWH�H[SRVHG�PRQWDQH�FRQGLWLRQV�DQG
VSHFLHV�ZKLFK�HQMR\�WKH�LQFUHDVHG�PRLVWXUH�DYDLODEOH�IURP�FORXG�DQG�IRJ�GULS��7KH�JHQHUDOO\�VKUXEE\
XQGHUVWRUH\�PD\�KDYH�FRPELQDWLRQV�RI�+RS�%LWWHU�3HD�'DYLHVLD�ODWLIROLD��5RXJK�&RSURVPD�&RSURVPD
KLUWHOOD��0RWK�'DLV\�EXVK�2OHDULD�HUXEHVFHQV��0RXQWDLQ�+LFNRU\�:DWWOH�$FDFLD�REOLTXLQHUYLD��7UHH
/RPDWLD�/RPDWLD�IUDVHUL��&RPPRQ�&DVVLQLD�&DVVLQLD�DFXOHDWD��(OGHUEHUU\�3DQD[�3RO\VFLDV
VDPEXFLIROLD��0RXQWDLQ�3HSSHU�7DVPDQQLD�ODQFHRODWD��$OSLQH�3RGRORELXP�3RGRORELXP�DOSHVWUH�DQG
6LOYHU�:DWWOH�$FDFLD�GHDOEDWD��,I�IUHTXHQWO\�EXUQW�$XVWUDO�%UDFNHQ�3WHULGLXP�HVFXOHQWXP�DQG�+RS
%LWWHU�3HD�FDQ�GRPLQDWH��7KH�JURXQG�OD\HU�LV�UDUHO\�KLJK�LQ�JUDVV�DQG�IRUE�FRYHU�KRZHYHU�VRPH�RI�WKH
PRUH�W\SLFDO�JUDVV�VSHFLHV�DUH�6ZRUG�7XVVRFN�JUDVV�3RD�HQVLIRUPLV��7DVPDQ�%HQW�JUDVV�'H\HX[LD
URGZD\L��0RXQWDLQ�%HQW�JUDVV�'H\HX[LD�PRQWLFROD��&RPPRQ�:KHDW�JUDVV�(O\PXV�VFDEUXV�DQG
YDULRXV�:DOODE\�*UDVVHV�$XVWURGDQWKRQLD�VSS��DQG�7XVVRFN�JUDVVHV�3RD�VSS��+HUEDFHRXV�VSHFLHV
LQFOXGH�*UDVV�7ULJJHU�SODQW�6W\OLGLXP�JUDPLQLIROLXP��6KRZ\�9LROHW�9LROD�EHWRQLFLIROLD�VVS�
EHWRQLFLIROLD��1DUURZ�*URXQGVHO�6HQHFLR�WHQXLIORUXV��3ULFNO\�:RRGUXII�$VSHUXOD�VFRSDULD��'HUZHQW
6SHHGZHOO�'HUZHQWLD�GHUZHQWLDQD��3ULFNO\�6WDUZRUW�6WHOODULD�SXQJHQV��$XVWUDOLDQ�&DUDZD\
2UHRP\UUKLV�HULRSRGD�DQG�0RXQWDLQ�&RWXOD�/HSWLQHOOD�ILOLFXOD��7KH�/LO\�7DVPDQ�)OD[�/LO\�'LDQHOOD
WDVPDQLFD�LV�RIWHQ�SUHVHQW�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

0RQWDQH�'U\�:RRGODQG��/&&������
0RQWDQH�'U\�:RRGODQG��:RRGJDWH�HW�DO��������

0RQWDQH�'DPS�)RUHVW

0RQWDQH�'DPS�)RUHVW�LV�ZLGHVSUHDG�DQG�FRPPRQ�LQ�WKH�PRGHUDWH�WR�KLJK�HOHYDWLRQ����������P�
IRUHVWV�RI�WKH�VRXWKHUQ�KDOI�RI�WKH�VWXG\�DUHD��5DLQIDOO�LV�DV�ORZ�DV������PP�LQFUHDVLQJ�WR������PP�SHU
\HDU��0RQWDQH�'DPS�)RUHVW�LV�PRVW�FRPPRQ�RQ�VKHOWHUHG�VRXWK�ZHVWHUQ��VRXWKHUQ�DQG�VRXWK�HDVWHUQ
VORSHV�DQG�LQ�JXOO\�KHDGV��,W�DOVR�FDQ�GHYHORS�RQ�VPDOO�0RQWDQH�SODWHDXV��,Q�WKHVH�ORFDOLWLHV�FROG�DLU
GUDLQDJH�KDV�QRW�KDG�D�FKDQFH�WR�SRRO�DQG�GHSUHVV�PLQLPXP�WHPSHUDWXUHV�IRU�VXEVWDQWLDO�SHULRGV��VR
WKDW�SHULRGV�RI�ORZ�WHPSHUDWXUH�DUH�RQO\�DVVRFLDWHG�ZLWK�ODWH�DXWXPQ��ZLQWHU�DQG�HDUO\�VSULQJ�
0RQWDQH�'DPS�)RUHVW�JURZV�RQ�D�ZLGH�UDQJH�RI�SDUHQW�JHRORJLHV�LQFOXGLQJ�2UGRYLFLDQ�VHGLPHQWDU\
DQG�PHWDPRUSKLF�URFNV��'HYRQLDQ�6LOXULDQ�LJQHRXV�URFNV��6LOXULDQ�DQG�/RZHU�&DUERQLIHURXV
VHGLPHQWV��7KH�VRLOV�DUH�JHQHUDOO\�GHHS�IULDEOH�ZHOO�GUDLQHG�ORDPV��0RLVWXUH�DYDLODELOLW\�LV�KLJK�GXH�WR
WKH�KLJK�UDLQIDOO��7UHHV�DUH�JHQHUDOO\�WDOO��PRVWO\�������P��7KH�JHQHUDO�DSSHDUDQFH�RI�WKLV�(9&�LV�RI�D
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WDOO�RSHQ�IRUHVW�ZLWK�D�YDU\LQJ�VKUXE�GHQVLW\�DQG�D�QRUPDOO\�GHQVH�JURXQG�OD\HU�RI�IHUQV��KHUEV�DQG
JUDVVHV�
7KH�RYHUVWRUH\�LV�GRPLQDWHG�E\�$OSLQH�$VK�(XFDO\SWXV�GHOHJDWHQVLV�ZLWK�0RXQWDLQ�*XP�(XFDO\SWXV
GDOU\PSOHDQD�DQG�%URDG�OHDIHG�3HSSHUPLQW�(XFDO\SWXV�GLYHV�OHVV�FRPPRQ��RFFXUULQJ�LQ�WKH�GULHU
PRUH�H[SRVHG�VLWHV��6QRZ�*XP�RQ�WKH�DUHDV�H[SRVHG�WR�FROGHVW�FRQGLWLRQV�DW�WKH�KLJKHU�DOWLWXGLQDO
OLPLWV�IRU�0RQWDQH�'DPS�)RUHVW��7KH�XQGHUVWRUH\�RIWHQ�KDV�DQ�XQGHUVWRUH\�WUHH�OD\HU�RI�6LOYHU�:DWWOH
$FDFLD�GHDOEDWD��7KHUH�LV�XVXDOO\�D�ZHOO�GHYHORSHG�VKUXE�OD\HU�RI�5RXJK�&RSURVPD�&RSURVPD�KLUWHOOD�
'XVW\�'DLV\�EXVK�2OHDULD�SKORJRSDSSD�YDU��SKORJRSDSSD��:KLWH�(OGHUEHUU\�3RO\VFLDV�VDPEXFLIROLD
DQG�7UHH�/RPDWLD�/RPDWLD�IUDVHUL��+RS�%LWWHU�SHD�'DYLHVLD�ODWLIROLD�LV�FRPPRQ��SDUWLFXODUO\�LQ
IUHTXHQWO\�EXUQW�VLWHV�
7KH�JURXQG�OD\HU�LV�GRPLQDWHG�E\�JUDVVHV��IRUEV�DQG�IHUQV��7KH�FRPPRQ�JUDVVHV�DUH�/HGJH�*UDVV�3RD
KRWKDPHQVLV��6ZRUG�7XVVRFN�JUDVV�3��HQVLIRUPLV�DQG�7DOO�7XVVRFN�JUDVV�3RD�KHOPVLL��6RPH�RI�WKH
FRPPRQ�KHUEV�LQFOXGH�%LGJHH�:LGJHH�$FDHQD�QRYDH�]HODQGLDH��6KRZ\�9LROHW�9LROD�EHWRQLFLIROLD��,Y\�
OHDI�9LROHW�9LROD�KHGHUDFHD��3ULFNO\�6WDUZRUW�6WHOODULD�SXQJHQV��&LQTXHIRLO�&UDQHVELOO�*HUDQLXP
SRWHQWLOORLGHV��%URDG�OHDI�:RRGUXII�$VSHUXOD�HXU\SK\OOD�DQG�&RPPRQ�/DJHQLIHUD�/DJHQLIHUD
VWLSLWDWD��7KH�PRVW�DEXQGDQW�IHUQ�LV�0RWKHU�6KLHOG�IHUQ�3RO\VWLFKXP�SUROLIHUXP��7KH�7DVPDQ�)OD[�OLO\
'LDQHOOD�WDVPDQLFD�LV�SUHVHQW�DW�PRVW�VLWHV��7KLV�(9&�JHQHUDOO\�KDV�D�ORZ�FRYHU�DQG�GLYHUVLW\�RI�ZHHGV
H[FHSW�LQ�VSHFLILF�DUHDV�ZKHUH�VRPH�IRUP�RI�GLVWXUEDQFH�RFFXUUHG�VXFK�DV�WLPEHU�KDUYHVWLQJ��URDGLQJ�
PLQLQJ�DQG�ILUH��$�PDMRU�ZHHG�WKUHDW�WR�WKLV�HFRORJLFDO�YHJHWDWLRQ�FODVV�LQ�WKH�%RJRQJ�+LJK�3ODLQV�DUHD
LV�(QJOLVK�%URRP�
&\WLVXV�VFRSDULXV�ZKRVH�VHHG�LV�VSUHDG�LQ�WKH�PXG�DWWDFKHG�WR�WKH�KRRYHV�RI�FDWWOH
ZKLFK�DUH�DJLVWHG�WKHUH�GXULQJ�WKH�ZDUPHU�PRQWKV�RI�WKH�\HDU��7KH�UDUH�9HOYHW\�*HHEXQJ�3HUVRRQLD
VXEYHOXWLQD�ZDV�UHFRUGHG�IURP�0RQWDQH�'DPS�)RUHVW�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

0RQWDQH�'DPS�)RUHVW���/&&�������
0RQWDQH�'DPS�)RUHVW��:RRGJDWH�HW�DO��������

0RQWDQH�5LSDULDQ�7KLFNHW

0RQWDQH�5LSDULDQ�7KLFNHW�LV�PRVWO\�IRXQG�DORQJ�WKH�ULSDULDQ�]RQHV�RI�0RQWDQH�'DPS�)RUHVW��,W�LV
RFFDVLRQDOO\�IRXQG�ZLWKLQ�QRQ�PRQWDQH�DUHDV�ZKHUH�FROG�DLU�GUDLQDJH�PLPLFV�WKH�FOLPDWH�RI�KLJKHU
PRQWDQH�HOHYDWLRQV��7KH�UHVWULFWHG�QDWXUH�RI�KDELWDW�RI�WKLV�FODVV�PHDQV�WKDW�LW�KDV�D�UHVWULFWHG
RFFXUUHQFH�ZLWKLQ�WKH�VWXG\�DUHD��7KH�VRLOV�DUH�FROOXYLXPV�RU�DOOXYLXPV�DQG�DUH�JHQHUDOO\�VLOW\�WR
VDQG\�FOD\�ORDPV�ZLWK�D�KLJK�RUJDQLF�PDWWHU�FRQWHQW��RIWHQ�UHVHPEOLQJ�D�SHDW\�WH[WXUH�DQG�DUH
JHQHUDOO\�ZDWHUORJJHG��7KLV�(9&�UHDFKHV�LW
V�EHVW�GHYHORSPHQW�RQ�VORZ�IORZLQJ�VWUHDPV�ZLWK�JHQWOH
JUDGLHQWV�LQ�EURDG�YDOOH\V��6WUHDPV�DOWKRXJK�VPDOO��DUH�JHQHUDOO\�SHUPDQHQW��7KH�HOHYDWLRQ�UDQJH�LV
IURP�����P�LQ�FROG�DLU�GUDLQDJH�VLWHV�WR������P��VRPHWLPHV�H[WHQGLQJ�LQWR�6XE�DOSLQH�:RRGODQG�
5DLQIDOO�LV�LQ�H[FHVV�RI������PP�SHU�\HDU�
0RQWDQH�5LSDULDQ�7KLFNHW�FKDUDFWHULVWLFDOO\�KDV�D�WKLFNHW�VWUXFWXUH�ZLWK�D�GHQVH�WDOO�VKUXE�OD\HU�ZKLFK
RIWHQ�VLJQLILFDQWO\�UHGXFHV�WKH�DPRXQW�RI�OLJKW�UHDFKLQJ�JURXQG�OHYHO��7KH�RYHUVWRUH\�PRVWO\�FRQVLVWV
RI�HXFDO\SWV�IURP�PRQWDQH�HQYLURQPHQWV�VXFK�DV�$OSLQH�$VK�(XFDO\SWXV�GHOHJDWHQVLV�DQG�0RXQWDLQ
*XP�(XFDO\SWXV�GDOU\PSOHDQD��KRZHYHU�RWKHU�VSHFLHV�RFFXU�DW�ORZHU�OHYHOV��,Q�VXFK�FDVHV�WKH�PRVW
FRPPRQ�ORZHU�HOHYDWLRQ�VSHFLHV�DUH�1DUURZ�OHDIHG�3HSSHUPLQW�(��UDGLDWD�V�O��DQG�0DQQD�*XP
(XFDO\SWXV�YLPLQDOLV��7KH�FKDUDFWHULVWLF�WKLFNHW�VSHFLHV�LV�0RXQWDLQ�7HD�WUHH�/HSWRVSHUPXP
JUDQGLIROLXP��8QGHU�WKLV�LV�D�VSDUVH�WR�GHQVH�OD\HU�RI�IHUQV��IRUEV�DQG�JUDVVHV�
7KH�FRPPRQ�VSHFLHV�LQFOXGH�)LVKERQH�:DWHU�IHUQ�%OHFKQXP�QXGXP��$OSLQH�:DWHU�IHUQ�%��SHQQD�
PDULQD��0RWKHU�6KLHOG�IHUQ�3RO\VWLFKXP�SUROLIHUXP��%LGJHH�:LGJHH�$FDHQD�QRYDH�]HODQGLDH�
&LQTXHIRLO�&UDQHVELOO�*HUDQLXP�SRWHQWLOORLGHV��)RUHVW�0LQW�0HQWKD�OD[LIORUD��6PDOO�OHDI�%UDPEOH
5XEXV�SDUYLIORUXV��7DOO�7XVVRFN�JUDVV�3RD�KHOPVLL�DQG�/HGJH�JUDVV�3��KRWKDPHQVLV��7KH�VKUXEV�'XVW\
'DLV\�EXVK�2OHDULD�SKORJRSDSSD�DQG�0RXQWDLQ�3HSSHU�7DVPDQQLD�ODQFHRODWD�DUH�FRPPRQ��7KH�7DOO
6HGJH�&DUH[�DSSUHVVD�LV�IUHTXHQWO\�SUHVHQW�
:HHGV�DUH�QRW�JHQHUDOO\�D�SUREOHP���KRZHYHU�LI�GLVWXUEDQFH�KDV�RFFXUUHG�LQ�WKH�FDWFKPHQW�ZHHGV�VXFK
DV�%ODFNEHUU\�
5XEXV�IUXWLFRVXV�VSS��DJJ��FDQ�EHFRPH�HVWDEOLVKHG��5RDG�FRQVWUXFWLRQ�RIWHQ�OHDGV�WR
ZHHG�LQYDVLRQ�DV�D�UHVXOW�RI�WKH�GLVWXUEDQFH�WR�WKH�GHQVH�VKUXE�FDQRS\�ZKLFK�FDQ�QRUPDOO\�OLPLW�WKH
JURZWK�RI�PRVW�ZHHG�VSHFLHV�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

0RQWDQH�5LSDULDQ�7KLFNHW��/&&������
0RQWDQH�5LSDULDQ�7KLFNHW��:RRGJDWH�HW�DO��������

6XE�DOSLQH�:RRGODQG

6XE�DOSLQH�:RRGODQG�JURZV�RQ�D�ZLGH�UDQJH�RI�JHRORJLHV�ZLWKLQ�WKH�VWXG\�DUHD�DQG�KDV�EHHQ�VDPSOHG
DW�HOHYDWLRQV�UDQJLQJ�IURP�����������P�DERYH�VHD�OHYHO��,W�LV�UHDVRQDEO\�FRPPRQ�LQ�WKH�KLJK



157

PRXQWDLQRXV�DUHDV�RI�WKH�VWXG\�DUHD�ZLWK�0RQWDQH�'DPS�)RUHVW��0RQWDQH�'U\�:RRGODQG�DQG�7UHH�
OHVV�6XE�DOSLQH�&RPSOH[�WKH�PRVW�FRPPRQ�QHDUE\�HFRORJLFDO�YHJHWDWLRQ�FODVVHV��6RLO�W\SHV�DUH
YDULDEOH��EXW�PRVWO\�IUHH�GUDLQLQJ�VNHOHWDO�VDQG\�FOD\�ORDPV�ZLWK�D�ULFK�KXPXV�OD\HU�DW�RU�QHDU�WKH�VRLO
VXUIDFH�LQ�PRVW�LQVWDQFHV��DOWKRXJK�WKLV�PD\�EH�UHGXFHG�RQ�H[SRVHG�ULGJHV�DQG�QRUWKHUQ�RU�ZHVWHUQ
DVSHFWV��
6XE�DOSLQH�:RRGODQG�FDQ�RFFXU�HTXDOO\�RQ�DQ\�DVSHFW�LQ�WKH�XSSHU�HQG�RI�WKH�DOWLWXGLQDO�UDQJH��EXW�LV
PDLQO\�UHVWULFWHG�WR�WKH�H[SRVHG�ZHVWHUQ�DQG�QRUWKHUQ�DVSHFWV�QHDULQJ�LWV�ORZHU�DOWLWXGLQDO�OLPLWV�
$QQXDO�SUHFLSLWDWLRQ�LV�YHU\�KLJK�IRU�WKH�VWXG\�DUHD�DQG�UDQJHV�IURP������PP�HDVW�RI�0RXQW�3LQQLEDU
WR�DURXQG������PP�SHU�\HDU�DW�)DOOV�&UHHN�$OSLQH�9LOODJH��$�ODUJH�SURSRUWLRQ�RI�WKLV�SUHFLSLWDWLRQ�IDOOV
DV�VQRZ�WKDW�SHUVLVWV�IRU�PDQ\�PRQWKV�DW�D�WLPH��7KH�DYHUDJH�ZLQWHU�DQG�VXPPHU�WHPSHUDWXUHV�DUH
VXEVWDQWLDOO\�ORZHU�LQ�WKLV�HQYLURQPHQW�WKDQ�PRVW�RI�WKH�UHVW�RI�WKH�VWXG\�DUHD�
7KH�RYHUVWRUH\�PRVWO\�FRQVLVWV�RI�6QRZ�*XP�(XFDO\SWXV�SDXFLIORUD��$W�WKH�ORZHU�HQG�RI�WKH
DOWLWXGLQDO�UDQJH�$OSLQH�$VK�(XFDO\SWXV�GHOHJDWHQVLV�DQG�0RXQWDLQ�*XP�(XFDO\SWXV�GDOU\PSOHDQD
PD\�KDYH�D�PLQRU�SUHVHQFH�
7KH�XQGHUVWRUH\�YDULHV�IURP�JUDVV�DQG�IRUE�GRPLQDWHG�ZLWK�VFDWWHUHG�VKUXEV�WR�D�GHQVH�VKUXE
VWUDWXP��7KH�XQGHUVWRUH\�VKUXE�VSHFLHV�ZKLFK�FRPPRQO\�RFFXU�DUH�/HDI\�%RVVLDHD�%RVVLDHD�IROLRVD�
'XVW\�'DLV\�EXVK��2OHDULD�SKORJRSDSSD��$OSLQH�3RGRORELXP�3RGRORELXP�DOSHVWUH�DQG�$OSLQH�3HSSHU
7DVPDQQLD�[HURSKLOD��7KH�JURXQG�OD\HU�LV�ULFK��WKH�PRVW�FRPPRQ�VSHFLHV�LQFOXGLQJ�%LGJHH�:LGJHH
$FDHQD�QRYDH�]HODQGLDH��6KHHS�6RUUHO�
$FHWRVHOOD�YXOJDULV��0RXQWDLQ�:RRGUXII�$VSHUXOD�JXQQLL�
7DVPDQ�)OD[�OLO\�'LDQHOOD�WDVPDQLFD��3DOH�(YHUODVWLQJ�+HOLFKU\VXP�UXWLGROHSLV�V�O���$XVWUDOLDQ
&DUUDZD\�2UHRP\UUKLV�HULRSRGD��3ULFNO\�6WDUZRUW�6WHOODULD�SXQJHQV��*UDVV�7ULJJHU�3ODQW�6W\OLGLXP
JUDPLQLIROLXP��6KRZ\�9LROHW�9LROD�EHWRQLFLIROLD�DQG�5R\DO�%OXHEHOO�:DKOHQEHUJLD�JORULRVD�
6XE�DOSLQH�:RRGODQG�JHQHUDOO\�KDV�D�ORZ�RSHQ�ZRRGODQG�VWUXFWXUH�H[FHSW�ZKHQ�IUHTXHQWO\�EXUQW�
7KLV�PD\�OHDG�WR�DOWHUHG�VSHFLHV�FRPSRVLWLRQ�ZLWK�+RS�%LWWHU�SHD�'DYLHVLD�ODWLIROLD�GRPLQDWLQJ�LQ�WKH
ORZHU�DOWLWXGLQDO�UDQJH�LQ�VRPH�DUHDV��&DWWOH�JUD]LQJ�KDV�KDG�GHWULPHQWDO�HIIHFWV�VXFK�DV�ZHHG
LQWURGXFWLRQ��WUDPSOLQJ�RI�GHOLFDWH�YHJHWDWLRQ��SDUWLFXODUO\�LQ�FUHHN�OLQHV��WKXV�UHGXFLQJ�WKH�FRYHU�DQG
DEXQGDQFH�RI�KHUEV�LQ�KHDYLO\�JUD]HG�DUHDV�VXFK�DV�RQ�WKH�%RJRQJ�+LJK�3ODLQV�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

6XE�DOSLQH�:RRGODQG��/&&������
6XE�DOSLQH�:RRGODQG��:RRGJDWH�HW�DO��������

7UHHOHVV�6XE�DOSLQH�0RVDLF

7KLV�FRPSOH[�LV�UHVWULFWHG�WR�WKH�FROG�DLU�GUDLQDJH�VLWHV�DW�VXE�DOSLQH�HOHYDWLRQV�����������P��DQG�WKH
KLJKHVW�SHDNV�DQG�DOSLQH�SODWHDX[�RI�WKH�VWXG\�DUHD�ZKHUH�LW�LV�FRPPRQ�EXW�VPDOO�LQ�RYHUDOO�DUHD��,W
FRQVLVWV�RI�D�QXPEHU�RI�IORULVWLF�FRPPXQLWLHV�RIWHQ�FORVHO\�DVVRFLDWHG�ZLWK�WKH�DOOXYLDO�IODWV�DQG
DVVRFLDWHG�QHDUE\�VORSHV��7KH�FRPSOH[�DOVR�H[LVWV�WRZDUGV�WKH�VXPPLWV�RI�PRXQWDLQV�RYHU����������
P�LQ�KHLJKW�ZKHUH�WKH�ORFDO�H[SRVXUH�RU�SRRU�GUDLQDJH�LV�WRR�VHYHUH�IRU�6QRZ�*XP�(XFDO\SWXV
SDXFLIORUD�WR�EH�SUHVHQW��7KH�RYHUDOO�DOWLWXGLQDO�UDQJH�IRU�WKH�FRPSOH[�LV�IURP�����������P�DQG�WKH
UDLQIDOO�YDULHV�IURP�����������PP�SHU�\HDU�
7KH�HFRORJLFDO�YHJHWDWLRQ�FODVVHV�ZLWKLQ�WKLV�FRPSOH[�ZHUH�QRW�PDSSHG�GXULQJ�WKH�VWXG\�DQG�PRUH
GHWDLOHG�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�0F'RXJDOO������D������E������F���0F'RXJDOO�������0F'RXJDOO
������:DOVK�HW�DO����������������������%URDGO\��WKLV�(9&�FRQVLVWV�RI�D�UDQJH�RI�GU\�DQG�ZHW�FODVVHV
LQFOXGLQJ�%ORFNVWUHDP�&RQLIHURXV�+HDWKODQG��)HOGPDUN��)HQ��6QRZSDWFK�+HUEODQG��6XE�DOSLQH�'DPS
+HDWKODQG��6XE�DOSLQH�'U\�+HDWKODQG��6XE�DOSLQH�*UDVVODQG��6XE�DOSLQH�*UDVV\�6KUXEODQG��6XE�
DOSLQH�6KUXEODQG��6XE�DOSLQH�:HW�+HDWKODQG��6XE�DOSLQH�:HW�+HDWKODQG�)HQ�0RVDLF��:HW�6XE�DOSLQH
+HDWKODQG��7KH�JHRORJ\�LV�GLYHUVH�DQG�FRQVLVWV�RI�4XDWHUQDU\�DOOXYLXPV��&DUERQLIHURXV��6LOXULDQ�DQG
2UGRYLFLDQ�VHGLPHQWV��'HYRQLDQ�LJQHRXV�DQG�2UGRYLFLDQ�PHWDPRUSKLF�URFNV��7KHUH�LV�D�ZLGH�YDULHW\
RI�VRLO�W\SHV��UDQJLQJ�IURP�FRDUVH�OLWKRVROV��WKURXJK�DOSLQH�KXPXV�VRLOV�WR�SHDWV�DQG�VQRZ�SDWFK�VRLOV
�*LEERQV�DQG�5RZDQ�������
5HVHDUFK�LQWR�SODQW�VXFFHVVLRQ�VXJJHVW�WKDW�FHUWDLQ�VXE�FRPPXQLWLHV�DUH�SRVVLEO\�JUD]LQJ�DQG�RU�ILUH
LQGXFHG�YDULDQWV��7KH�RULJLQDO�FKDUDFWHU�DQG�GLVWULEXWLRQ�RI�WKH�.XQ]HD�KHDWKODQGV�KDYH�EHHQ
VLJQLILFDQWO\�PRGLILHG�E\�JUD]LQJ�DQG�ILUHV���6RPH�PRGLILFDWLRQ�RI�WKH�DOSLQH�YHJHWDWLRQ�KDV�RFFXUUHG
DV�D�UHVXOW�RI�FOHDULQJ�DQG�RU�UHYHJHWDWLRQ�RI�GRZQKLOO�VNL�VORSHV��&RQQ��������:HHGV�FDQ�EH
SURPLQHQW�LQ�GLVWXUEHG�VLWHV��SDUWLFXODUO\�WKH�PRLVW�DUHDV�ZKHUH�FDWWOH�IDHFHV�LQWURGXFH�ZHHGV�IURP
WKH�ORZODQGV��6KHHS�6RUUHO�
$FHWRVHOOD�YXOJDULV�LV�ZLGHO\�VSUHDG�DQG�FRPPRQ�LQ�WKLV�PRVDLF�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

%RJ��0F'RXJDOO������
&ORVHG�+HDWKODQG��0F'RXJDOO������
.XQ]HD�+HDWKODQG��0F'RXJDOO������
/DWH�O\LQJ�6QRZSDWFK��0F'RXJDOO������
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2SHQ�+HDWKODQG��0F'RXJDOO������
3RD�FRVWLQLDQD�7XVVRFN�*UDVVODQG��0F'RXJDOO������
3RD�KLHPDWD�7XVVRFN�*UDVVODQG��0F'RXJDOO������
3RGRFDUSXV�+HDWKODQG��0F'RXJDOO������
5HOLF�%RJ��0F'RXJDOO������
5RFN\�*UDVVODQG��0F'RXJDOO������
6KRUW�WXUI�6QRZSDWFK��0F'RXJDOO������
'U\�6XE�DOSLQH�6KUXEODQG��/&&������
'DPS�6XE�DOSLQH�+HDWKODQG��/&&������
:HW�6XE�DOSLQH�+HDWKODQG��/&&������
6XE�DOSLQH�6KUXEODQG��:RRGJDWH�HW�DO�������
6XE�DOSLQH�7UHHOHVV�&RPSOH[���:RRGJDWH�HW�DO��������

9DOOH\�+HDWK\�)RUHVW

7KLV�(9&�ZDV�LGHQWLILHG�LQ�WKH�&HQWUDO�+LJKODQGV�5)$�VWXG\�DUHD�GXULQJ�WKH�SUH������YHJHWDWLRQ
PDSSLQJ�SURMHFW��&RPPRQZHDOWK�RI�$XVWUDOLD���������:LWKLQ�WKH�1RUWK�(DVW�5)$�VWXG\�DUHD�WKLV
YHJHWDWLRQ�RFFXUV�DV�DQ�RSHQ�IRUHVW�RQ�WKH�RXWZDVK�VORSHV�DQG�LQ�WKH�YDOOH\V�EHORZ�ORZ�JUDQLWLF�RU
VHGLPHQWDU\�KLOOV���6RLOV�DUH�FROOXYLDO�VDQGV�DQG�UDLQIDOO�UDQJHV�IURP�����WR����PP��6WUXFWXUDOO\�WKH
YHJHWDWLRQ�LV�SUHGRPLQDQWO\�VHGJ\�DQG�JUDVV\�ZLWK�D�VSDUVH�RU�FOXPSHG�VWUDWXP�RI��WDOO�VKUXEV�DQG
ORZ�HULFRLG�VKUXEV�
1RUWK�RI�0RXQW�6DPDULD�WKH�RYHUVWRUH\�LV�UHSUHVHQWHG�E\�+LOO�5HG�*XP�(XFDO\SWXV�EODNHO\L��5HG
6WULQJ\EDUN�(��PDFURUK\QFKD��5HG�%R[�(��SRO\DQWKHPRV�DQG�/RQJ�OHDI�%R[�(��JRQLRFDO\[���7KH�VKUXE
OD\HU�LQFOXGHV�9DUQLVK�:DWWOH�$FDFLD�YHUQLFLIOXD��+HGJH�:DWWOH�$��SDUDGR[D��7KLQ�OHDIHG�:DWWOH�$�
DFXOHDWLVVLPD��%ODFN�:DWWOH�$��PHDUQVLL��8UQ�+HDWK�0HOLFKUXV�XUFHRODWXV��5RXJK�EDUNHG�+RQH\
0\UWOH�0HODOHXFD�SDUYLVWDPLQHD��RIWHQ�FOXPSHG���3ULFNO\�7HD�WUHH�/HSWRVSHUPXP�FRQWLQHQWDOH�DQG
9LROHW�.XQ]HD�.XQ]HD�SDUYLIROLD��RIWHQ�IRUPLQJ�WKLFNHWV����/DUJH�SDWFKHV�RI�7KDWFK�6DZ�VHGJH�*DKQLD
UDGXOD�FDQ�RFFXU��SRVVLEO\�GXH�WR�PDQDJHPHQW��HJ��ILUH�UHJLPH��RU�VHHSDJH���7KHVH�PD\�DOVR�LQIOXHQFH
WKH�FOXPS�DQG�WKLFNHW�IRUPDWLRQV�RI�RWKHU�XQGHUVWRUH\�VSHFLHV���*URXQG�OD\HU�LV�OHVV�ZHOO�NQRZQ�DQG
LQFOXGHV�&RPPRQ�6ZRUG�VHGJH�/HSLGRVSHUPD�ODWHUDOH��&RPPRQ�5DVSZRUW�*RQRFDUSXV�WHWUDJ\QXV�
%URZQ�EDFN�:DOODE\�*UDVV�$XVWURGDQWKRQLD�GXWWRQLDQD�DQG�H[RWLF�JUDVVHV�
$�EDVLQ�RI�VHGLPHQWDU\�FROOXYLXP�QRUWK�RI�&KHUU\�7UHH�5DQJH��VRXWK�HDVW�RI�6H\PRXU��FDUULHV�9DOOH\
+HDWK\�)RUHVW�UHSUHVHQWHG�E\��UHDVRQDEO\�LQWDFW��URDGVLGH�YHJHWDWLRQ���5HG�6WULQJ\EDUN�(�
PDFURUK\QFKD��5HG�%R[�(��SRO\DQWKHPRV��*UH\�%R[�(��PLFURFDUSD�DQG�<HOORZ�%R[�(��PHOOLRGRUD�IRUP
WKH�RYHUVWRUH\���6KUXEV�DUH�VSDUVH�DQG�RQO\�%ODFN�:DWWOH�$FDFLD�PHDUQVLL�DQG�*UH\�*XLQHD�IORZHU
+LEEHUWLD�REWXVLIROLD�DUH�SUHVHQW���6PDOO�*UDVV�WUHHV�;DQWKRUUKRHD�PLQRU�DQG�6DZ�VHGJHV�*DKQLD�VSS�
DUH�FRPPRQ�DQG��LQ�VRPH�DUHDV��GRPLQDQW�LQ�FRYHU���7KH�JURXQG�OD\HU�LQFOXGHV�3DOH�)OD[�OLO\�'LDQHOOD
ORQJLIROLD��:DWWOH�0DW�UXVK�/RPDQGUD�ILOLIRUPLV��5XVKHV�-XQFXV�VSS���'HQVH�6SHDU�*UDVV�$XVWURVWLSD
GHQVLIORUD�DQG��6SHDU�*UDVV�$XVWURVWLSD�VS�
&RUUHODWLRQ�WR�D�GLVWLQFW�DWWULEXWH��VXFK�DV�VRLO�W\SH��LV�QRW�FOHDU�DQG�WKH�DEVHQFH�RI�UHPQDQW�YHJHWDWLRQ
SUHFOXGHG�PRUH�GHWDLOHG�PDSSLQJ���$URXQG�0RRUQJDJ��VRXWK�RI�%HQDOOD�DQG�LQ�WKH�YDOOH\�VRXWK�RI
/LPD�(DVW
WKH�XQLW�PDSSHG�DV�9DOOH\�*UDVV\�)RUHVW�PD\�KDYH�FRQWDLQHG�9DOOH\�+HDWK\�)RUHVW��2Q�SULYDWH�ODQG
DGMDFHQW�WR�:DERQJD�3ODWHDX�LQ�WKH�1DWLRQDO�3DUN�LQ�WKH�YDOOH\�WR�WKH�HDVW�RI�3DUDGLVH�)DOOV�WKH�DUHD�WR
WKH�QRUWK��PDSSHG�DV�+HUE�ULFK�)RRWKLOO�)RUHVW��PD\�KDYH�LQFOXGHG�9DOOH\�+HDWK\�)RUHVW�
9DOOH\�+HDWK\�)RUHVW�ZDV�IRXQG�LQ�DVVRFLDWLRQ�ZLWK�9DOOH\�*UDVV\�IRUHVW��+HDWK\�'U\�)RUHVW��3ODLQV
*UDVV\�:RRGODQG�DQG�+HUE�ULFK�)RRWKLOO�)RUHVW�

6DQG�5LGJH�:RRGODQG

7KLV�(9&�KDV�QRW�EHHQ�VDPSOHG�DQG�WKHUH�DUH�QR�NQRZQ�LQWDFW�UHPQDQWV�LQ�9LFWRULD���7KH�IROORZLQJ
GHVFULSWLRQ�LV�EDVHG�RQ�ILHOG�REVHUYDWLRQ�DQG�VDPSOLQJ�XQGHUWDNHQ�DFURVV�WKH�0XUUD\�5LYHU�RI�VLPLODU
VDQG�ULGJHV�
6RXUFH�ERUGHULQJ�GXQHV�FRPSRVHG�RI�GHHS�VDQG\�VRLO��6DQGPRXQW�6DQG��6NHQH�DQG�3RXWVPD�������
/RFNLQJWRQ�6DQG��6NHQH�DQG�+DUGIRUG�������DQG�6DQG�5LVHV��6NHQH��������VXSSRUW�WKLV�YHJHWDWLRQ�
7KHVH�VRLOV�W\SHV�DUH�GHYHORSHG�RQ�VDQG�EORZQ�XS�E\�ZLQG�DFWLRQ�IURP�D�SULRU�VWUHDP�EHG��6NHQH�DQG
3RXWVPD���������7KLV�JHRPRUSKRORJLFDO�SKHQRPHQRQ�RFFXUV�LQ�FORVH�SUR[LPLW\�WR�WKH�ODUJHU�ULYHUV
�*RXOEXUQ�DQG�0XUUD\��DW�����WR����PP�DQQXDO�UDLQIDOO�DQG�PHUJHV�LQWR�D�IODWWHU�VDQG\�SODLQ�ZKLFK
VXSSRUWV�3LQH�%R[�*UDVV\�:RRGODQG���6DQG�5LGJH�:RRGODQG�FDQ�DOVR�GLUHFWO\�DEXW�)ORRGSODLQ�(9&V
DQG�WKH�5LYHULQD��VKUXEE\��*UDVV\�:RRGODQG�
7KH�RYHUVWRUH\�SUHGRPLQDQWO\�FRQVLVWV�RI�:KLWH�&\SUHVV�SLQH�&DOOLWULV�JODXFRSK\OOD��<HOORZ�%R[
(XFDO\SWXV�PHOOLRGRUD��DQG�UDUHO\�'URRSLQJ�6KHRNH�$OORFDVXDULQD�YHUWLFLOODWD���+LVWRULFDOO\��6LOYHU



159

%DQNVLD�%DQNVLD�PDUJLQDWD�ZDV�DOVR�SUHVHQW�RQ�VDQG�KLOOV��5RELQVRQ�DQG�0DQQ���������7KH�VKUXE�OD\HU
FRQVLVWV�RI�&RPPRQ�)ULQJH�P\UWOH�&DO\WUL[�WHWUDJRQD��*UH\�0XOJD�$FDFLD�EUDFK\ERWU\D��/LJKWZRRG
$��LPSOH[D����*ROGHQ�:DWWOH�$��S\FQDQWKD��0DOOHH�:DWWOH�$��PRQWDQD��*ROG�GXVW�:DWWOH�$��DFLQDFHD�
6ZHHW�%XUVDULD�%XUVDULD�VSLQRVD��DQG�'URRSLQJ�&DVVLQLD�&DVVLQLD�DUFXDWD���+LVWRULFDOO\�WKH�VKUXEOD\HU
DOVR�FDUULHG�<DUUDQ�:DWWOH�$FDFLD�RPDORSK\OOD��5RELQVRQ�DQG�0DQQ���������7KH�JURXQG�OD\HU�FRQWDLQV
'LJLWDULD�VSS���3DQLFXP�VSS���1LJJHU�KHDGV�(QQHDSRJRQ�QLJULFDQV��DQG�6SHDU�*UDVVHV�6WLSD�VSS�
,Q�VLPLODU�VRLO��EXW�GULHU�HQYLURQPHQW��DW�D�VLWH�QRUWK�RI�WKH�1HZ�6RXWK�:DOHV�ERUGHU��WKH�IROORZLQJ
VSHFLHV�ZHUH�UHFRUGHG��:DOORZD�$FDFLD�FDODPLIROLD�6WLFN\�+RS�EXVK�'RGRQDHD�YLVFRVD��:HGJH�OHDI
+RS�EXVK�'�YLVFRVD�VSS�FXQHDWD�1RGGLQJ�6DOWEXVK�(LQDGLD�QXWDQV�8UQ�+HDWK�0HOLFKUXV�XUFHRODWXV�
:LUH�*UDVV�$ULVWLGD�VSS���%URZQ�FOXEEHG�6SLGHU�&DODGHQLD�SKDHRFODYLD��0RXQWDLQ�%XUU�GDLV\�&DORWLV
FXQHDWD��<HOORZ�%XUU�GDLV\�&DORWLV�ODSSXODFHD��&DUGXXV�VSS���6HGJH�&DUH[�VSS���)ODW�6SXUJH
&KDPDHV\FH�GUXPPRQGLL��*UHHQ�5RFN�)HUQ�&KHLODQWKHV�DXVWURWHQXLIROLD��1DUURZ�5RFN�)HUQ
&KHLODQWKHV�VLHEHUL�VSS�VLHEHUL���&RPPRQ�(YHUODVWLQJ�&KU\VRFHSKDOXP�DSLFXODWXP�V�O��$XVWUDOLDQ
6WRQHFURS�&UDVVXOD�VLHEHULDQD��&RPPRQ�:DOODE\�JUDVV�'DQWKRQLD�FDHVSLWRVD��%ULVWO\�:DOODE\�JUDVV
'DQWKRQLD�VHWDFHD��$XVWUDO�&DUURW�'DXFXV�JORFKLGLDWXV��&RPPRQ�:KHDW�JUDVV�(O\PXV�VFDEUXV��6SLGHU
*UDVV�(QWHURSRJRQ�DFLFXODULV��7ZLQLQJ�*O\FLQH�*O\FLQH�FODQGHVWLQD��&XW�OHDI�*RRGHQLD�*RRGHQLD
SLQQDWLILGD��+RUGHXP�VSS���6WLQNLQJ�3HQQ\ZRUW�+\GURFRW\OH�OD[LIORUD��/HSLGRVSHUPD�VSS���0DQ\�
IORZHUHG�0DW�UXVK�/RPDQGUD�PXOWLIORUD�VSS�PXOWLIORUD��:LQJOHVV�%OXHEXVK�0DLUHDQD�HQFK\ODHQRLGHV
0LFURWLV�VSS���*UDVVODQG�:RRG�VRUUHO�2[DOLV�SHUHQQDQV��*UH\�7XVVRFN�JUDVV�3RD�VLHEHULDQD��*UH\
7XVVRFN�JUDVV�3RD�VLHYHULDQD�YDU��VLHEHULDQD��3XVV\�WDLOV�3WLORWXV�VSDWKXODWXV��&RWWRQ�ILUHZHHG�6HQHFLR
TXDGULGHQWDWXV��6LGD�VSS���5RXJK�6SHDU�JUDVV�6WLSD�VFDEUD��6WLSD�VSS���6ZDLQVRQD�VSS���&RPPRQ
6XQUD\�7ULSWLORGLVFXV�S\JPDHXV��:RROO\�1HZ�+ROODQG�'DLV\�9LWWDGLQLD�JUDFLOLV�:DKOHQEHUJLD�VSS��
&RPPRQ�(DUO\�1DQF\�:XUPEHD�GLRLFD�VSS��GLRLFD�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

6DQGPRXQW�6DQG��6NHQH�DQG�3RXWVPD������
6DQG�5LVHV�DQG�/XQHWWH�6RLOV��6NHQH������
/RFNLQJWRQ�6DQG��6NHQH�DQG�+DUGIRUG������

5LYHULQH�*UDVV\�:RRGODQG�5LYHULQH�6HGJ\�)RUHVW�0RVDLF

7KLV�XQLW�UHSUHVHQWV�D�PRVDLF�RI�5LYHULQH�IORRGSODLQ�YHJHWDWLRQ�W\SHV���7KH�PDMRU�FRPSRQHQWV�DUH
JUDVV\�ZRRGODQG�W\SLFDOO\�GRPLQDWHG�E\�5LYHU�5HG�*XP�(XFDO\SWXV�FDPDOGXOHQVLV��EXW�LQ�HFRWRQDO
VLWHV�VRPHWLPHV�LQFOXGLQJ�<HOORZ�%R[�(��PHOOLRGRUD�RU�*UH\�%R[�(��PLFURFDUSD���LQ�OHVV�IUHTXHQWO\
IORRGHG�DUHDV��DQG�WDOOHU��W\SLFDOO\�RSHQ�IRUHVW�IRUPDWLRQ�RI�5LYHU�5HG�*XP�ZLWK�D�JUDVV\�VHGJ\
XQGHUVWRUH\�LQ�PRUH�IUHTXHQWO\�IORRGHG�VHFWLRQV���6PDOOHU�DUHDV�RI�WUHHOHVV�ZHWODQG�DQG�IORRGZD\
YHJHWDWLRQ�RI�UHHGEHG�RU�UXVKODQG��JUDVVODQG��VHGJHODQG�RU�KHUEODQG�VWUXFWXUH�DOVR�RFFXU�ZLWKLQ�WKH
PRVDLF���7KH�FRPSRQHQW�YHJHWDWLRQ�W\SHV�DUH�FRQILQHG�WR�DOOXYLDO�VRLOV��W\SLFDOO\�ORDPV�WR�FOD\�ORDPV
EXW�VRPHWLPHV�JUDYHOO\�RU�VDQG\���DOPRVW�HQWLUHO\�DORQJ�WKH�0XUUD\�5LYHU�DQG�WKH�ORZHU�UHDFKHV�RI�LWV
PDMRU�WULEXWDULHV�ZKHUH�WKH\�WUDYHUVH�WKH�ULYHULQH�SODLQ���8SVWUHDP��WKH�PRVDLF�JUDGHV�LQWR�)ORRGSODLQ
5LSDULDQ�:RRGODQG�%LOODJRQJ���ZHWODQG�FRPSOH[���'RZQVWUHDP��UHVROXWLRQ�RI�WKH�FRPSRQHQW�W\SHV�LV
PRUH�UHDGLO\�DFKLHYHG��HJ��LQ�WKH�EURDGHU�IORRGSODLQV�RI�WKH�&REUDP�WR�(FKXFD�DUHD��
&RPSRQHQW�VSHFLHV�LQFOXGH�WKH�IROORZLQJ�
5LYHULQH�*UDVV\�6HGJ\�)RUHVW�DQG��RWKHU��ZHWODQG�W\SHV
5LYHU�5HG�*XP��5XVK�6HGJH�&DUH[�WHUHWLFDXOLV��9HLQHG�6ZDPS�:DOODE\�JUDVV�$PSKLEURPXV
QHUYRVXV��%URZQ�EDFN�ZDOODE\�JUDVV�$XVWURGDQWKRQLD�GXWWRQLDQD��:DUUHQJR�6XPPHU�JUDVV�6HWDULD
MXELIORUD��&RPPRQ�VSLNH�VHGJH�(OHRFKDULV�DFXWD���2WKHU�JUDPLQRLG�VSHFLHV�LQFOXGH�6SLQ\�0XG�JUDVV
3VHXGRUDSKLV�VSLQHVFHQV��5LYHU�6ZDPS�:DOODE\�JUDVV�$PSKLEURPXV�IOXLWDQV��6LON\�%URZQWRS�(XODOLD
DXUHD��&RPPRQ�WXVVRFN�JUDVV�3RD�ODELOODUGLHUHL��7DOO�IODW�VHGJH�&\SHUXV�H[DOWDWXV�DQG�YDULRXV�&DUH[
VSS����$�QXPEHU�RI�KHUE�VSHFLHV�DUH��RIWHQ�VHDVRQDOO\��DSSDUHQW��LQFOXGLQJ�:DWHU�ULEERQV�7ULJORFKLQ
SURFHUD��8SULJKW�0LOIRLO�0\ULRSK\OOXP�FULVSDWXP��&RPPRQ�VQHH]HZHHG�&HQWLSHGD�FXQQLQJKDPLL�
<HOORZ�7ZLQ�KHDGV�(FOLSWD�SODW\JORVVD��.QRWZHHGV�3HUVLFDULD�VSS���'RFNV�5XPH[�VSS���+\SVHOD
+\SVHOD�WULGHQV��%XUU�GDLVLHV�&DORWLV�VSS���3RLVRQ�3UDWLD�3UDWLD�FRQFRORU��6WDUZRUW�DQG�6WHOODULD
FDHVSLWRVD���)ORULVWLFV�YDU\�DFFRUGLQJ�WR�VHDVRQDO�FRQGLWLRQV�DQG�VLWH�IDFWRUV��SDUWLFXODUO\�UHODWLYH�WR�WKH
WLPH�VLQFH�DQG�GXUDWLRQ�RI�IORRGLQJ���$TXDWLFV�LQFOXGLQJ��$]ROODV�$]ROOD�VSS���&ORYH�VWULS�/XGZLJLD
SHSORLGHV��1\PSKDHD�FUHQDWD��0LOIRLOV�0\ULRSK\OOXP�VSS��DQG�7DOO�6SLNH�VHGJH�(OHRFKDULV�VSKDFHODWD
RFFXU�LQ�PRUH�SHUPDQHQW�ZHWODQGV�ZLWKLQ�WKLV�V\VWHP�
5LYHULQH�*UDVV\�:RRGODQG
7KH�IORULVWLFV�RI�UHPQDQWV�DUH�RIWHQ�VLPSOLILHG�E\�JUD]LQJ���5LYHU�5HG�*XP�LV�W\SLFDOO\�GRPLQDQW���*UH\
%R[�DQG�RU�<HOORZ�ER[�FDQ�DOVR�EH�SUHVHQW�LQ�PRUH�PDUJLQDO�VLWHV���7KH�PDMRU�XQGHUVWRUH\�JUDVVHV�DUH
&RPPRQ�ZDOODE\�JUDVV�$XVWURGDQWKRQLD�FDHVSLWRVD�DQG�%ULVWO\�ZDOODE\�JUDVV�$��VHWDFHD���+HUEDFHRXV
VSHFLHV�LQFOXGH�6OHQGHU�'RFN�5XPH[�EURZQLL��-HUVH\�&XGZHHG�3VHXGRJQDSKDOLXP�OXWHR�DOEXP�
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6DOWEXVKHV�(LQDGLD�VSS���%OXHEHOOV�:DKOHQEHUJLD�VSS���&RWWRQ�)LUHZHHG�6HQHFLR�TXDGULGHQWDWXV�DQG
&UDQHVELOOV�*HUDQLXP�VSS���2WKHU�QRZ�UDUH�VSHFLHV��HJ��:RROO\�%XWWRQV�,[LRODHQD�VS���ZHUH
SUHVXPDEO\�SUHYLRXVO\�IDU�PRUH�FRPPRQ�

3HUFKHG�%RJJ\�6KUXEODQG

,Q�WKH�QRUWK�HDVW�WKLV�(9&�RFFXUV�LQ�YDOOH\V�RQ�JUDQLWLF�PDVVLI�SODWHDX[�DW��������P�DOWLWXGH���5DLQIDOO
LV�KLJK�UDQJLQJ�IURP����PP�WR�����PP���,W�RFFXUV�RQ�DOO�DVSHFWV�RI�YHU\�JHQWOH�VORSHV�DERYH�GUDLQDJH
OLQHV�RU�DFURVV�KLOOVLGHV�EHWZHHQ�GUDLQDJH�OLQHV���7KH�VRLOV�DUH�H[WUHPHO\�VDWXUDWHG�VDQG\�FOD\�ZKLFK
PD\�EH�DVVRFLDWHG�ZLWK�DQ�LPSHUPHDEOH�FOD\�OD\HU�RU�DQ�K\GURORJLFDO�SKHQRPHQRQ�FUHDWLQJ�D�VRDN�RU
VSULQJ�HIIHFW���,W�LV�FRPPRQ�RQ�WKH�SODWHDX�QRUWK�RI�WKH�6WUDWKERJLH�5DQJH�DW�6WUDWKERJLH��VRXWK�RI
%RKR�6RXWK�LQFOXGLQJ�6HYHQ�&UHHNV�DQG�WULEXWDULHV��0XQURHV�6ZDPS�&UHHN��6SULQJ�&UHHN�DQG�DORQJ
EURDG�YDOOH\V�DQG�SODWHDX[�DURXQG�5XII\���$�VLWH�LV�NQRZQ��EXW�QRW�PDSSHG��RQ�SXEOLF�ODQG�QHDU�D
SLQH�SODQWDWLRQ�VRXWK�HDVW�RI�0RXQW�/DZVRQ��:�'��3HHO��SHUV��FRPP���
3HUFKHG�%RJJ\�6KUXEODQG�RFFXUV�DV�D�GHQVH�VKUXEODQG�����PHWUHV�WDOO�RYHU�D�KHUE�DQG�VHGJH�ULFK
JURXQG�OD\HU���7KHUH�LV�QR�GHWDLOHG�IORULVWLF�LQIRUPDWLRQ�DYDLODEOH��EXW�WKH�IROORZLQJ�REVHUYDWLRQV�ZHUH
UHFRUGHG�GXULQJ�WKLV�VWXG\��WKH�RYHUVWRUH\�LV�D�GHQVH�PRVDLF�DQG�PD\�LQFOXGH�D�IHZ�RU�DOO�RI�%DHFNHD
%DHFNHD�VS���3ULFNO\�7HD�WUHH�/HSWRVSHUPXP�FRQWLQHQWDOH�DQG�2YHQV�:DWWOH�$FDFLD�SUDYLVVLPD��WKH
XQGHUVWRUH\�KDV�D�GHQVH�OD\HU�RI�EU\RSK\WHV�LQFOXGLQJ�6SKDJQXP�0RVV�6SKDJQXP�VSS���,Q�DFFHVVLEOH
DUHDV�WKH�IROORZLQJ�XQGHUVWRUH\�VSHFLHV�ZHUH�UHFRUGHG��&UHHSLQJ�5DVSZRUW�*RQRFDUSXV�PLFUDQWKXV�
%XWWHUFXS�5DQXQFXOXV�VS���6SLQ\�KHDGHG�0DW�UXVK�/RPDQGUD�ORQJLIROLD��&RPPRQ�:RRGUXVK�/X]XOD
PHULGLRQDOLV��6DZ�VHGJH�*DKQLD�VS���5XVK�-XQFXV�VSS�
3HUFKHG�%RJJ\�6KUXEODQG�ZDV�DOZD\V�IRXQG�WR�EH�VXUURXQGHG�E\�+HUE�ULFK�)RRWKLOO�)RUHVW�
(TXLYDOHQW�XQLWV�LQ�RWKHU�VWXGLHV�

1RQH

5()(5(1&(6
&DPHURQ��'��*��DQG�0RRUUHHV��$��&��$����XQSXEO����%RWDQLFDO�DVVHVVPHQW�RI�SURSRVHG�DQG�DOWHUQDWLYH�WLS�VLWHV�LQ��'U\VGDOH

5RDG�:HVW�RI�(XURD��)ORUD�%UDQFK�)ORUD�DQG�)DXQD�'LYLVLRQ��'HSDUWPHQW�RI�&RQVHUYDWLRQ�DQG�(QYLURQPHQW��9LFWRULD�
&RPPRQZHDOWK� RI� $XVWUDOLD� ������� &RPSUHKHQVLYH� 5HJLRQDO� $VVHVVPHQW� RI� WKH� &HQWUDO� +LJKODQGV� RI� 9LFWRULD� �

%LRGLYHUVLW\�$VVHVVPHQW���'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�DQG�(QYLURQPHQW��9LFWRULD
&RQQ��%�-������� �1DWXUDO�5HJLRQV�DQG�9HJHWDWLRQ�RI�9LFWRULD� � ,Q��)RUHPDQ��'�%��DQG�:DOVK�1�*��(GV���)ORUD�RI�9LFWRULD�

9ROXPH���,QWURGXFWLRQ�,QNDWD�3UHVV��0HOERXUQH�
&URSSHU��6���������9HJHWDWLRQ�RQ�WKH�+XPH�)UHHZD\�EHWZHHQ�%HYHULGJH�DQG�:RGRQJD���9LFURDGV��1RUWKHDVWHUQ�5HJLRQ�

%HQDOOD
(&&��������%R[�,URQEDUN�)RUHVWV�DQG�:RRGODQGV�,QYHVWLJDWLRQ�5HVRXUFHV�DQG�,VVXHV�5HSRUW� �(QYLURQPHQW�&RQVHUYDWLRQ

&RXQFLO��9LFWRULD
)RUHPDQ��3�:����LQ�SUHS����$�IORULVWLF�FODVVLILFDWLRQ�DQG�GHVFULSWLRQ�RQ�WKH�LQGLJHQRXV�YHJHWDWLRQ�RI�WKH�9LFWRULDQ�5LYHULQD�
*LEERQV�)�5��	�5RKDQ�-�1����������6RLOV�LQ�5HODWLRQ�WR�9HJHWDWLRQ�LQ�9LFWRULD�,Q��)RUHPDQ��'�%��DQG�:DOVK�1�*��(GV���)ORUD

RI�9LFWRULD��9ROXPH���,QWURGXFWLRQ�,QNDWD�3UHVV��0HOERXUQH�
/DQG�&RQVHUYDWLRQ�&RXQFLO���������0HOERXUQH�$UHD�'LVWULFW���5HYLHZ���'HVFULSWLYH�5HSRUW���/DQG�&RQVHUYDWLRQ�&RXQFLO�

0HOERXUQH
/&&����������0HOERXUQH�$UHD�'LVWULFW���'HVFULSWLYH�5HSRUW��/DQG�&RQVHUYDWLRQ�&RXQFLO�
0F'RXJDOO��.�������D���$OSLQH�YHJHWDWLRQ�RI�WKH�%RJRQJ�+LJK�3ODLQV��0LQLVWU\�RI�&RQVHUYDWLRQ��0HOERXUQH�
0F'RXJDOO�� .�� �����E�� � %RJRQJ� +LJK� 3ODLQV�� 9HJHWDWLRQ� PDS� DQG� JXLGH� WR� DOSLQH� IORUD�3UHWW\� 9DOOH\�� 9LFWRULD

&RQVHUYDWLRQ�7UXVW�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\��0HOERXUQH�
0F'RXJDOO�� .�� �����F�� � %RJRQJ� +LJK� 3ODLQV�� 9HJHWDWLRQ� PDS� DQG� JXLGH� WR� WKH� DOSLQH� IORUD�5RFN\� 9DOOH\�� 9LFWRULD

&RQVHUYDWLRQ�7UXVW�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\��0HOERXUQH�
0F'RXJDOO�� .�� ������� �%RJRQJ�+LJK� 3ODLQV�� 9HJHWDWLRQ�PDS� DQG� JXLGH� WR� DOSLQH� IORUD�+RWKDP�� 9LFWRULD� &RQVHUYDWLRQ

7UXVW�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\��0HOERXUQH�
0F'RXJDOO��.����������%RJRQJ�+LJK�3ODLQV��9HJHWDWLRQ�PDS�DQG�JXLGH�WR�DOSLQH�IORUD�%RJRQJ��9LFWRULD�&RQVHUYDWLRQ�7UXVW

DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\��0HOERXUQH�
0XLU��$�0���(GZDUGV�6�$��DQG�'LFNLQV��0�-�� ������� �'HVFULSWLRQV�DQG�&RQVHUYDWLRQ�6WDWXV�RI�WKH�9HJHWDWLRQ�RI� WKH�%R[�

,URQEDUN�(FRV\VWHP� LQ�9LFWRULD��)ORUD�	�)DXQD�7HFKQLFDO�5HSRUW�1R�� �����'HSDUWPHQW�RI�&RQVHUYDWLRQ� DQG�1DWXUDO
5HVRXUFHV��0HOERXUQH�

5RELQVRQ��'�	�0DQQ��6�����������1DWXUDO�9DOXHV�RI�WKH�3XEOLF�/DQGV�DORQJ�WKH�%URNHQ��%RRVH\�DQG�1LQH�0LOH�&UHHNV�RI
1RUWK� (DVW� 9LFWRULD�� � *RXOEXUQ� 9DOOH\� (QYLURQPHQW� *URXS�� 6KHSSDUWRQ�� � 5HSRUW� WR� WKH� $XVWUDOLDQ� +HULWDJH
&RPPLVVLRQ�

6NHQH��-�.�0��	�3RXWVPDQ��7�-�����������6RLOV�$QG�/DQG�8VH�,Q�3DUW�2I�7KH�*RXOEXUQ�9DOOH\���7HFKQLFDO�%XOOHWLQ��1R�����
6NHQH�� -�.�0�� 	� +DUIRUG�� /�%�� � ������� � 6RLO� DQG� /DQG� 8VH� LQ� WKH� 5RFKHVWHU� DQG� (FKXFD� 'LVWULFWV�� � � 'HSDUWPHQW� 2I

$JULFXOWXUH��9LFWRULD���7HFKQLFDO�%XOOHWLQ�1R�����
:DOVK��1��*���%DUOH\��5��+��DQG�*XOODQ�3��.����������$OSLQH�YHJHWDWLRQ�PDSSLQJ�VWDJH�,,��9HJHWDWLRQ�DQG�VLWHV�RI�ERWDQLFDO

VLJQLILFDQFH�LQ�WKH�9LFWRULDQ�$OSV��H[FOXGLQJ�WKH�%RJRQJ�+LJK�3ODLQV���0LQLVWU\�IRU�&RQVHUYDWLRQ��0HOERXUQH�
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:DOVK��1��*���%DUOH\��5��+��DQG�*XOODQ�3��.���������7KH�DOSLQH�YHJHWDWLRQ�RI�9LFWRULD��H[FOXGLQJ�WKH�%RJRQJ�+LJK�3ODLQV
UHJLRQ���YROV���DQG����'HSDUWPHQW�RI�&RQVHUYDWLRQ��)RUHVWV�DQG�/DQGV��0HOERXUQH�

:DOVK��1��*���%DUOH\��5��+��DQG�*XOODQ�3��.����������7KH�DOSLQH�YHJHWDWLRQ�RI�9LFWRULD�H[FOXGLQJ�WKH�%RJRQJ�+LJK�3ODLQV
UHJLRQ���0XHOOHULD������������

:RRGJDWH��3��:���3HHO��:��'���5LWPDQ��.��7���&RUDP��-��(���%UDG\��$���5XOH��$��-��DQG�%DQNV��-��&��*����������$�VWXG\�RI�WKH
ROG�JURZWK�IRUHVWV�RI�(DVW�*LSSVODQG��'HSDUWPHQW�RI�&RQVHUYDWLRQ�	�1DWXUDO�5HVRXUFHV��9LFWRULD�


	APPENDIX C:  Descriptions of Ecological Vegetation Classes (EVCs) occurring in the Victorian North East RFA Region
	
	
	
	Plains Grassy Woodland
	Heathy Woodland
	Grassy Woodland
	Floristic Community: Rainshadow Grassy Woodland
	Floristic Community: Foothill Grassy Woodland
	Floristic Community: Shrubby Granitic-outwash Grassy Woodland
	Floristic Community: Slopes Box Grassy Woodland
	Creekline Grassy Woodland
	Alluvial Terraces Herb-rich Woodland
	Gilgai Plains Woodland/Wetland Mosaic
	Floodplain Riparian Woodland
	Wetland Formation
	Valley Grassy Forest
	Riparian Forest
	Swampy Riparian Woodland
	Riverine Escarpment Scrub
	Riparian Shrubland
	Riparian Forest/Swampy Riparian Woodland/Riverine Escarpment Scrub Mosaic
	Granitic Hills Woodland
	Box Ironbark Forest
	Clay Heathland
	Spring Soak Herbland
	Rocky Outcrop Shrubland/Herbland Mosaic
	Grassy Dry Forest
	Shrubby Dry Forest
	Heathy Dry Forest
	Herb-rich Foothill Forest
	Damp Forest
	Wet Forest
	Montane Dry Woodland
	Montane Damp Forest
	Montane Riparian Thicket
	Sub-alpine Woodland
	Treeless Sub-alpine Mosaic
	Valley Heathy Forest
	Sand Ridge Woodland




	Riverine Grassy Woodland/Riverine Sedgy Forest Mosaic
	Perched Boggy Shrubland
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