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(Received March 22, 1999; accepted June 24, 1999)

'XULQJ D ILYH�\HDU VXUYH\ LQFOXGLQJ VWXGLHV RQ WKH SDUDVLWH IDXQD RI EUHDP

�$EUDPLV EUDPD�� IRXU JLOO�SDUDVLWLF 0\[REROXV VSHFLHV �0� EUDPDH� 0� KXQJDUL�

FXV� 0� LPSUHVVXV DQG 0� PDFURFDSVXODULV� ZHUH UHFRUGHG LQ D WRWDO RI ���

EUHDPV IURP /DNH %DODWRQ� 7KH FRPPRQHVW VSHFLHV� 0� EUDPDH VKRZHG D SUHYD�

OHQFH RI ���� ZKLOH WKH RWKHU VSHFLHV RFFXUUHG VSRUDGLFDOO\� 0\[REROXV EUDPDH

DQG 0� PDFURFDSVXODULV LQIHFWHG WKH WLSV RI WKH JLOO ILODPHQWV DQG FDXVHG ERWK LQ�

WUDODPHOODU DQG LQWHUODPHOODU LQIHFWLRQ� ,QWUDODPHOODU SODVPRGLD RI VPDOO VL]H GH�

YHORSHG LQ WKH FDSLOODU\ QHWZRUN RI WKH JLOO ODPHOODH ZKHUHDV WKH PXFK ODUJHU LQ�

WHUODPHOODU SODVPRGLD ZHUH IRUPHG LQ WKH DUWHULD DIIHUHQV� 7KH LQWUDODPHOODU SODV�

PRGLD RI 0� KXQJDULFXV DOZD\V LQIHFWHG WKH EDVDO RU FHQWUDO SDUW RI WKH JLOO ILOD�

PHQWV� ,Q FRQWUDVW WR WKH DERYH VSHFLHV GHYHORSLQJ LQ WKH EORRG YHVVHOV� 0� LP�

SUHVVXV SURYHG WR EH DQ HSLWKHOLDO SDUDVLWH� DV LWV SODVPRGLD DOZD\V GHYHORSHG LQ

WKH DGMDFHQW JLOO ILODPHQWV RI WZR RSSRVLWH KDHPLEUDQFKLD� LQ WKH VWUDWLILHG HSLWKH�

OLXP EHWZHHQ WKH UHVSLUDWRU\ SODWHV� FDXVLQJ FKDQJHV RI WKH KDHPLEUDQFKLXP

ZKLFK ZHUH ZHOO YLVLEOH HYHQ E\ WKH QDNHG H\H�

.H\ ZRUGV�0\[REROXV� LQIHFWLRQV� JLOOV� FRPPRQ EUHDP� VXUYH\� /DNH %DODWRQ

7KH EUHDP �$EUDPLV EUDPD� LV RQH RI WKH FRPPRQHVW ILVK VSHFLHV RI

&HQWUDO (XURSH� ZKLFK LV SUHYDOHQW DOVR LQ /DNH %DODWRQ DQG LQ WKH .LV�%DODWRQ

ZDWHU UHVHUYRLU� 1XPHURXV SDSHUV KDYH EHHQ SXEOLVKHG RQ LWV P\[RVSRUHDQ

IDXQD� DQG WKH QXPEHU RI 0\[REROXV VSHFLHV GHVFULEHG IURP WKLV ILVK VSHFLHV DV

W\SLFDO KRVW UHDFKHV � �/DQGVEHUJ DQG /RP� ������ ,Q +XQJDU\� -DF]y ������

ZDV WKH ILUVW WR GHDO ZLWK 0\[REROXV� DQG UHFRUGHG WKUHH VSHFLHV IURP WKH JLOOV RI

/DNH %DODWRQ EUHDP� ,Q DGGLWLRQ WR WKH SUHYLRXVO\ NQRZQ 0� PXHOOHUL� KH UH�

SRUWHG WZR QHZ 0\[REROXV VSHFLHV IURP WKH JLOOV RI EUHDP� DQG GHVFULEHG WKHP

DV QHZ VSHFLHV E\ WKH QDPH 0\[REROXV KXQJDULFXV DQG 0� YDULDELOLV� 7KH SDUD�

VLWH IDXQD RI /DNH %DODWRQ DQG .LV�%DODWRQ ILVKHV KDV UHFHQWO\ EHHQ UHYLHZHG E\
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��� 02/1È5 DQG 6=e.(/<

$FWD 9HWHULQDULD +XQJDULFD ��� ����

0ROQiU DQG 6]pNHO\ ������ DV ZHOO DV 6]pNHO\ DQG 0ROQiU �����±������ 7KH\

GHWHFWHG �� P\[RVSRUHDQ VSHFLHV LQ EUHDP� � RI ZKLFK EHORQJHG WR WKH 0\[R�

EROXV JHQXV� +RZHYHU� RI WKHVH VSHFLHV RQO\ WKH JLOO SDUDVLWH 0� EUDPDH DQG WKH

VSRUHV RI WKH PXVFOH SDUDVLWH 0� SVHXGRGLVSDU IRXQG LQ WKH NLGQH\ KDYH EHHQ

LGHQWLILHG WR WKH VSHFLHV OHYHO�

7KLV SDSHU UHSRUWV WKH RFFXUUHQFH RI IRXU 0\[REROXV VSHFLHV �0� EUDPDH�

0� PDFURFDSVXODULV� 0� LPSUHVVXV DQG 0� KXQJDULFXV� IURP WKH JLOOV RI EUHDP

IURP /DNH %DODWRQ DQG WKH .LV�%DODWRQ ZDWHU UHVHUYRLU� DV ZHOO DV WKH FRORQLVD�

WLRQ LQ WKH KRVW DQG WKH KLVWRSDWKRORJLFDO IHDWXUHV RI WKUHH RI WKHVH VSHFLHV�

0DWHULDOV DQG PHWKRGV

7KH VWXGLHV ZHUH SHUIRUPHG RQ D FRQWLQXRXV EDVLV LQ WKH IUDPHZRUN RI D

VXUYH\ RI WKH SDUDVLWH IDXQD RI ILVKHV RI /DNH %DODWRQ DQG WKH .LV�%DODWRQ ZDWHU

UHVHUYRLU IURP ���� WR ����� ,Q WKH ILVKLQJ VHDVRQ �IURP 0DUFK WR 'HFHPEHU� D

WRWDO RI � WR �� EUHDP VSHFLPHQV ZHUH H[DPLQHG SHU VDPSOLQJ� $ WRWDO RI ���

EUHDPV ZHUH H[DPLQHG E\ SDUDVLWRORJLFDO GLVVHFWLRQ ���� ��� ��� �� DQG �� LQ WKH

\HDUV ����� ����� ����� ���� DQG ����� UHVSHFWLYHO\�� 7KH PDMRULW\ RI WKH ILVK

H[DPLQHG ZHUH �� WR ��\HDU�ROG VSHFLPHQV VHOHFWHG IURP WKH FDWFK RI ILVKHUPHQ

ZRUNLQJ ZLWK D VHLQH� DQ HOHFWULF QHW RU D JLOO QHW� 6RPH RI WKH H[DPLQHG VSHFL�

PHQV ZHUH FROOHFWHG E\ XV ZLWK RXU RZQ GUDJQHW RU HOHFWURILVKHU\ GHYLFH� ,Q DOO

FDVHV� WKH ILVK ZHUH WUDQVSRUWHG WR WKH ODERUDWRU\ DOLYH� LQ SODVWLF EDJV VXSSOLHG

ZLWK R[\JHQ� DQG WKHUH WKH\ ZHUH NHSW LQ DHUDWHG RU WKURXJK�IORZ W\SH DTXDULD

DQG SURFHVVHG JUDGXDOO\ ZLWKLQ RQH ZHHN� 7KH ILVK ZHUH NLOOHG E\ GHFDSLWDWLRQ

DQG WKHQ VXEMHFWHG WR FRPSOHWH SDUDVLWRORJLFDO H[DPLQDWLRQ FRYHULQJ DOO RUJDQV�

,I 0\[REROXV SODVPRGLD ZHUH IRXQG� ZH UHOHDVHG WKH VSRUHV IURP VRPH PDWXUH

SODVPRGLD DQG DWWHPSWHG WR LGHQWLI\ WKHP LQ OLYH VWDWH� ,Q VRPH FDVHV WKH VSRUHV

ZHUH UHFRUGHG RQ YLGHRWDSH� 6RPH RI WKH VSRUHV ZHUH SODFHG LQWR GLVWLOOHG ZDWHU

DQG VWRUHG LQ UHIULJHUDWRU IRU IXUWKHU VWXG\� 6SRUH GLPHQVLRQV ZHUH GHWHUPLQHG

ZLWK WKH KHOS RI WKH ,0$*2
�
FRPSXWHU SURJUDP� DQG LPDJHV RI VSRUHV UHFRUGHG

RQ YLGHRWDSH ZHUH WUDQVIRUPHG LQWR GLJLWDO VWLOO LPDJHV DFFRUGLQJ WR WKH PHWKRG

RI 6]pNHO\ ������� 3DUDOOHO WR WKHVH SURFHGXUHV� D IHZ KXQGUHG VSRUHV ZHUH SURF�

HVVHG LQWR SHUPDQHQW SUHSDUDWLRQV XQGHU FRYHUVOLS LQ JO\FHURO�JHODWLQ RU DPPR�

QLXP SLFUDWH�

)RU KLVWRORJLFDO H[DPLQDWLRQ� VRPH RI WKH LQIHFWHG JLOOV ZHUH IL[HG ZLWK

%RXLQ¶V VROXWLRQ� HPEHGGHG LQ SDUDIILQ� FXW LQWR � �P WKLFN VHFWLRQV DQG VWDLQHG

ZLWK KDHPDWR[\OLQ DQG HRVLQ� 2I WKH KLVWRORJLFDO SUHSDUDWLRQV� IXUWKHU SKRWR�

JUDSKV ZHUH WDNHQ ZLWK WKH KHOS RI D SKRWRJUDSKLF DSSOLDQFH DWWDFKHG WR D -HQD�

YDO PLFURVFRSH�
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5HVXOWV

'XULQJ WKH VXUYH\� VHYHUDO NQRZQ DQG KLWKHUWR XQLGHQWLILHG 0\[REROXV

VSHFLHV ZHUH GHWHFWHG LQ /DNH %DODWRQ DQG .LV�%DODWRQ EUHDPV� )RXU RI WKHVH

VSHFLHV IRUP F\VWV RQ WKH JLOOV� ,Q DGGLWLRQ� VROLWDU\ VSRUHV RIWHQ RFFXUUHG LQ WKH

NLGQH\� JLOOV� LQWHVWLQH DQG VNLQ� KRZHYHU� WKHVH ZHUH QRW LGHQWLILHG WR WKH VSHFLHV

OHYHO� 0\[REROXV VSHFLHV �0� SVHXGRGLVSDU� 0� VTXDPDSKLOXV� ZHUH IRXQG DOVR

LQ RWKHU ORFDWLRQV� H�J� LQ WKH VNHOHWDO PXVFOHV DQG RQ WKH VFDOHV� 2I WKHP� WKH

ODWWHU VSHFLHV KDV DOUHDG\ EHHQ GHVFULEHG DV D QHZ VSHFLHV HOVHZKHUH �0ROQiU�

������ 'HYHORSLQJ DQG VSRUH�FRQWDLQLQJ SODVPRGLD RI IRXU VSHFLHV �0� EUDPDH�

0� KXQJDULFXV� 0� PDFURFDSVXODULV DQG 0� LPSUHVVXV� ZHUH IRXQG RQ WKH JLOOV�

0\[REROXV EUDPDH 5HXVV� ����

7KH PDMRULW\ RI SODVPRGLD IRXQG RQ WKH JLOOV EHORQJHG WR WKH VSHFLHV

0� EUDPDH� DQG ZHUH GHWHFWHG IURP �� EUHDPV LQ ���� ������ � LQ ���� ������ ��

LQ ���� ������ �� LQ ���� ������ DQG �� LQ ���� ����� �)LJ� ��� 7KURXJKRXW WKH

��\HDU VXUYH\� D WRWDO RI ��� EUHDPV ����� ZHUH IRXQG WR EH LQIHFWHG E\ WKDW

P\[RVSRUHDQ VSHFLHV� 7KH SODVPRGLD ZHUH FRQVLVWHQWO\ ORFDWHG DW WKH HQG RI WKH

JLOO ILODPHQWV� DQG WKH VSRUHV UHOHDVHG IURP WKH PDWXUH SODVPRGLD �)LJV �D DQG �E�

FRUUHVSRQGHG WR WKH FKDUDFWHULVWLFV UHSRUWHG IRU WKH VSHFLHV 0� EUDPDH LQ ERWK WKHLU

VKDSH DQG GLPHQVLRQV �5HXVV� ����� 6KXOPDQ� ����� 'RQHF DQG 6KXOPDQ� ������

3ODVPRGLD RFFXUUHG RQ WKH JLOOV WKURXJKRXW WKH \HDU� EXW LQ HDUO\ VSULQJ RQO\ \RXQJ

VWDJHV QRW FRQWDLQLQJ VSRUHV ZHUH IRXQG� ,Q WKH PDMRULW\ RI FDVHV� URXQG RU HOOLSWL�

FDO LQWUDODPHOODU SODVPRGLD WKH VL]H RI D SLQKHDG RU HYHQ VPDOOHU �����±���� î

����±���� PP LQ GLDPHWHU� ZHUH GHWHFWHG RQ WKH JLOO ILODPHQW VXUIDFHV FRQWDLQLQJ

UHVSLUDWRU\ SODWHV >)LJ� � ���@� 2FFDVLRQDOO\� KRZHYHU� UHODWLYHO\ ODUJH LQWHUODPHOODU

SODVPRGLD H[FHHGLQJ ��� PP LQ GLDPHWHU >)LJ� � ���@ DOVR RFFXUUHG DW WKH HQG RI

WKH JLOO ILODPHQWV�
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1XPEHU RI ILVK H[DPLQHG

1XPEHU RI LQIHFWHG ILVK

)LJ� �� 3UHYDOHQFH RI 0\[REROXV EUDPDH LQIHFWLRQ RI WKH EUHDP LQ /DNH %DODWRQ DQG LQ WKH .LV�

%DODWRQ V\VWHP LQ WKH \HDUV ���� WKURXJK ����
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)LJ� �� 6SRUHV RI0\[REROXV VSS� LQIHFWLQJ WKH JLOOV RI EUHDP�

$� 6SRUHV RI0\[REROXV EUDPDH� î ���� %� 6SRUHV RI0\[REROXV PDFURFDSVXODULV �0� DFFRPSDQLHG

E\ VRPH0\[REROXV EUDPDH �%� VSRUHV� 7KH VL]H GLIIHUHQFH EHWZHHQ WKH WZR VSHFLHV LV ZHOO

YLVLEOH� î ���� &� 6SRUHV RI0\[REROXV KXQJDULFXV� î ���� '� 6SRUHV RI0\[REROXV LPSUHVVXV� î ���
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)LJ� �� /RFDWLRQ RI 0\[REROXV VSHFLHV GHYHORSLQJ RQ WKH JLOOV RI EUHDP� ��� ,QWUDODPHOODU SODVPR�

GLD RI 0� EUDPDH DQG 0� PDFURFDSVXODULV� ��� ,QWHUODPHOODU SODVPRGLD RI 0� EUDPDH DQG 0� PDF�

URFDSVXODULV� ��� 3ODVPRGLD RI 0� KXQJDULFXV� ��� 3ODVPRGLD RI 0� LPSUHVVXV

7KH WZR GLIIHUHQW ORFDWLRQV RI SODVPRGLD FRXOG DOVR EH REVHUYHG E\ KLV�

WRORJLFDO H[DPLQDWLRQ� ,Q PRVW FDVHV WKH SODVPRGLD VWDUWHG WR GHYHORS LQ LQWUD�

ODPHOODU ORFDWLRQ� LQ WKH FDSLOODU\ QHWZRUN RI RQH RI WKH UHVSLUDWRU\ SODWHV DW WKH

HQG RI WKH JLOO ILODPHQW �)LJ� ��� ,Q VXFK FDVHV� WKH JURZLQJ SODVPRGLXP ORFDWHG

FORVH WR WKH EDVH RI WKH UHVSLUDWRU\ SODWH JUDGXDOO\ RFFOXGHG WKH OXPHQ RI WKH FDS�

LOODULHV DQG SUHVVHG FORVH WR WKHLU HQGRWKHOLXP� $V D UHVXOW� WKH SODVPRGLXP EHFDPH

VXUURXQGHG E\ DQ HQGRWKHOLDO DQG DQ HSLWKHOLDO OD\HU RQ ERWK VLGHV� ,Q WKH FDVH RI

VPDOO SODVPRGLD� SLODU FHOOV DQG WKH HU\WKURF\WHV VXUURXQGHG E\ WKHP FRXOG VWLOO EH

VHHQ EHWZHHQ WKH HQGRWKHOLXP DQG WKH SODVPRGLXP� EXW ODUJH SODVPRGLD ZHUH

VHSDUDWHG IURP WKH H[WHUQDO ZRUOG H[FOXVLYHO\ E\ WKH GRXEOH HQGRWKHOLDO DQG

HSLWKHOLDO OD\HU� 7KHVH PRUH GHYHORSHG� VSRUH�FRQWDLQLQJ SODVPRGLD ILOOHG WKH HQ�

WLUH YROXPH RI WKH UHVSLUDWRU\ SODWHV �)LJ� ��� ,Q WKH SUHSDUDWLRQV LW ZDV ZHOO YLVLEOH

WKDW EDVDOO\ WKH SODVPRGLXP ZDV DVVRFLDWHG ZLWK D VLQJOH FDSLOODU\ EUDQFKLQJ RII

IURP WKH DUWHU\ RI WKH JLOO ILODPHQW� 7KH ORFDWLRQ RI WKH SODVPRGLXP ZLWKLQ WKH FDSLO�

ODU\ ZDV LQGLFDWHG DOVR E\ WKH VWLOO GLVFHUQLEOH RULJLQDO VWUXFWXUH RI FDSLOODU\ UHPQDQWV

FRQWDLQLQJ SLODU FHOOV DQG EORRG HOHPHQWV DW WKH DSLFDO HQG RI D IHZ SODVPRGLD� 2FFD�

VLRQDOO\ WKH DGMDFHQW UHVSLUDWRU\ SODWHV FORVHO\ DGKHUHG WR WKH ZDOO RI WKH LQIHFWHG

SODWH� EXW WKRURXJK H[DPLQDWLRQ UHYHDOHG WKDW WKH\ ZHUH GLVWLQFW IURP WKH ODWWHU�

,Q DQRWKHU SDUW RI WKH FDVHV� WKH GHYHORSPHQW RI SODVPRGLD VWDUWHG LQ LQ�

WHUODPHOODU ORFDWLRQ LQ WKH EORRG YHVVHOV �SUHVXPDEO\ LQ WKH DUWHULD DIIHUHQV� DW

WKH HQG RI WKH JLOO ILODPHQWV >)LJV � ��� DQG �@� 7KHVH SODVPRGLD UHDFKHG D PXFK

ODUJHU VL]H WKDQ WKRVH GHYHORSLQJ ZLWKLQ WKH UHVSLUDWRU\ SODWHV� EXW WKH VSRUHV GH�

YHORSLQJ ZLWKLQ WKHP ZHUH IXOO\ LGHQWLFDO ZLWK WKRVH RI LQWUDODPHOODU ORFDWLRQ LQ

VKDSH DQG VL]H� 7KH FORVH DVVRFLDWLRQ RI SODVPRGLD ZLWK WKH JLOO DUWHULHV ZDV

HDVLO\ GHWHFWDEOH E\ KLVWRORJLFDO H[DPLQDWLRQ �)LJ� ��� DQG WKH SODVPRGLD ZHUH

IRXQG WR H[WHQG WR VHYHUDO UHVSLUDWRU\ SODWHV ZLWKLQ WKH JLOO YHVVHOV�
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)LJ� �� <RXQJ 0\[REROXV EUDPDH SODVPRGLD LQ WKH EDVDO SDUW RI WKH FDSLOODU\ QHWZRUN RI WKH JLOO

ODPHOOD� +LVWRORJLFDO SUHSDUDWLRQ� +��(�� î ���� )LJ� �� 6SRUH FRQWDLQLQJ 0\[REROXV EUDPDH SODV�

PRGLXP FRPSOHWHO\ ILOOLQJ WKH FDSLOODU\ OXPHQ RI WKH JLOO ODPHOOD� +��(�� î ���� )LJ� �� ,QWHUODPHO�

ODU 0\[REROXV EUDPDH SODVPRGLD GHYHORSLQJ DW WKH HQG RI WKH JLOO ILODPHQW� +LVWRORJLFDO SUHSDUD�

WLRQ� +��(�� î ���� )LJ� �� <RXQJ 0\[REROXV PDFURFDSVXODULV SODVPRGLXP LQ WKH FDSLOODU\ RI WKH

UHVSLUDWRU\ SODWH� 7KH VWUXFWXUH RI WKH FDSLOODU\ �DUURZ� LV VWLOO GLVFHUQLEOH RQ RQH VLGH RI WKH SODV�

PRGLXP� +LVWRORJLFDO SUHSDUDWLRQ� +��(�� î ���

� �

� �
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0\[REROXV PDFURFDSVXODULV 5HXVV� ����

7KH SODVPRGLD RI DQRWKHU0\[REROXV VSHFLHV FRXOG DOVR EH IRXQG DW WKH HQG RI

WKH JLOO ILODPHQWV LQ EUHDP� 7KDW SDUDVLWH� WKH VSRUHV RI ZKLFK �)LJ� �E� FRXOG EH

LGHQWLILHG ZLWK WKH VSHFLHV 0� PDFURFDSVXODULV� ZDV IXOO\ LGHQWLFDO ZLWK 0� EUDPDH

LQ LWV ORFDWLRQ� DQG IRUPHG SODVPRGLD RI ERWK LQWUDODPHOODU >)LJ� � ���@ DQG LQWHU�

ODPHOODU >)LJ� � ���@ ORFDWLRQ� 7KH OHVV IUHTXHQWO\ RFFXUULQJ VPDOO F\VWV GHYHORSLQJ LQ

WKH UHVSLUDWRU\ SODWH ZHUH ORFDWHG ZLWKLQ WKH FDSLOODU\ �)LJ� ��� 7KH UHODWLYHO\ ODUJH

LQWHUODPHOODU SODVPRGLD� ZKLFK ZHUH ���±��� PP LQ GLDPHWHU �)LJ� �� ZHUH ORFDWHG

LQ WKH DUWHULD DIIHUHQV RI WKH JLOO ILODPHQW VR WKDW WKH\ ILOOHG WKH FDYLW\ RI WKH ODWWHU

LQ DQ DUHD H[WHQGLQJ WR VHYHUDO UHVSLUDWRU\ SODWHV� 7KH GLPHQVLRQV RI WKH SODVPRGLD

RI 0� PDFURFDSVXODULV XVXDOO\ H[FHHGHG WKRVH RI 0� EUDPDH IRXQG LQ D VLPLODU OR�

FDWLRQ� 7KH SODVPRGLD RI WKLV SDUDVLWH FRQWDLQLQJ PDWXUH VSRUHV ZHUH IRXQG RQO\ LQ

� FDVHV GXULQJ WKH � \HDUV RI WKH VXUYH\� LQ WKH SHULRG EHWZHHQ -XO\ DQG 6HSWHPEHU�

0\[REROXV KXQJDULFXV -DF]y� ����

7KH WKLUG VSHFLHV� LGHQWLILHG E\ XV ZLWK WKH VSHFLHV 0� KXQJDULFXV �)LJ� �F��

SURGXFHG LQWUDODPHOODU LQIHFWLRQ >)LJ� � ���@ LQ WKH EDVDO DQG FHQWUDO SDUWV RI WKH

JLOO ILODPHQWV� 'XULQJ WKH ILYH \HDUV RI WKH VXUYH\� WKDW VSHFLHV ZDV GHWHFWHG RQ

/DNH %DODWRQ DQG .LV�%DODWRQ EUHDPV SULPDULO\ LQ WKH VSULQJ PRQWKV DQG LQ VRPH

FDVHV DOVR LQ ODWHU SHULRGV RI WKH \HDU �XS WR 2FWREHU�� 7KH SUHYDOHQFH RI LQIHFWLRQ

ZDV DV IROORZV� � VSHFLPHQV LQ ���� ����� � VSHFLPHQV LQ ���� ����� � VSHFLPHQV

LQ ���� ����� � VSHFLPHQV LQ ���� ����� DQG � VSHFLPHQV LQ ���� ���� �)LJ� ���

7KH VSRUHV RI 0� KXQJDULFXV ZHUH GHWHFWHG IURP D WRWDO RI �� EUHDPV LQ ILYH \HDUV�

ZKLFK FRUUHVSRQGV WR �� SUHYDOHQFH RI LQIHFWLRQ RQ WKH DYHUDJH� 7KH UHGHVFULSWLRQ

DQG SDWKRORJLFDO FKDUDFWHULVDWLRQ RI WKLV LQFRPSOHWHO\ GHVFULEHG VSHFLHV DUH WKH

VXEMHFW RI DQRWKHU SDSHU �0ROQiU DQG %DVND� ������

0\[REROXV LPSUHVVXV 0LURVKQLFKHQNR� ����

:H LGHQWLILHG WKH IRXUWK 0\[REROXV VSHFLHV SDUDVLWLVLQJ WKH JLOOV RI EUHDP

ZLWK WKH VSHFLHV 0� LPSUHVVXV DFFRUGLQJ WR WKH GHVFULSWLRQ RI 'RQHF DQG 6KXO�

PDQ ������� RQ WKH EDVLV RI WKH PRUSKRORJLFDO FKDUDFWHULVWLFV RI LWV VSRUHV ZLG�

HQLQJ DW WKH OHYHO RI WKH SRODU FDSVXOHV �)LJ� �G��

8QOLNH WKH IRUPHU VSHFLHV� WKLV SDUDVLWH IRUPHG SODVPRGLD LQ WKH HSLWKHOLXP

EHWZHHQ WKH JLOO ILODPHQWV >)LJ� � ���@� ,Q WKH REVHUYHG WZR FDVHV� LQIHFWLRQ RFFXUUHG

LQ WZR RSSRVLWH KDHPLEUDQFKLD RQ WKH ULJKW DQG OHIW VLGH RI WKH JLOO� DQG LQYROYHG

DERXW �±�� JLOO ILODPHQWV� 7KH LQIHFWHG JLOO ILODPHQWV RI WKH KDHPLEUDQFKLD ZHUH

HDVLO\ GLVWLQJXLVKDEOH IURP WKH LQIHFWLRQ�IUHH DUHDV DOVR E\ WKHLU SDOH FRORXU DQG

H[SUHVVO\ PXFRXV VXUIDFH� ,Q KLVWRORJLFDO SUHSDUDWLRQV� LQIHFWLRQ RI WKH ILODPHQWV

PDQLIHVWHG LWVHOI LQ GLVLQWHJUDWLRQ RI WKH ILODPHQW VWUXFWXUH DQG SUROLIHUDWLRQ RI WKH

ORRVHQHG HSLWKHOLXP� ,QIHFWHG ILODPHQWV VWRRG RXW DJDLQVW WKH DGMDFHQW QRQLQIHFWHG
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)LJ� �� /DUJH LQWHUODPHOODU 0\[REROXV PDFURFDSVXODULV SODVPRGLXP LQ WKH DUWHULD DIIHUHQV�

+LVWRORJLFDO SUHSDUDWLRQ� +��(�� î ���

)LJ� ��� &RQWLJXRXV JLOO ILODPHQWV LQIHFWHG �D� DQG QRQ�LQIHFWHG �E� ZLWK0\[REROXV LPSUHVVXV SODV�

PRGLD� ,Q WKH LQIHFWHG ILODPHQW QXPHURXV VSRUH�FRQWDLQLQJ SODVPRGLD FDQ EH VHHQ� 7KH SODVPRGLD DUH

FRYHUHG E\ D GLVLQWHJUDWHG SUROLIHUDWLYH HSLWKHOLXP� +LVWRORJLFDO SUHSDUDWLRQ� +��(�� î ���

)LJ� ��� 6SRUH�FRQWDLQLQJ 0\[REROXV LPSUHVVXV SODVPRGLD �DUURZV� LQ WKH HSLWKHOLXP EHWZHHQ WKH

UHVSLUDWRU\ SODWHV RI WKH JLOO ILODPHQW� ,QIHFWLRQ�IUHH DUHD �DUURZKHDG�� 7KH VXUIDFH RI WKH JLOO ILOD�

PHQW LV FRYHUHG E\ PXFXV DQG GHWDFKHG FHOO GHEULV� +LVWRORJLFDO SUHSDUDWLRQ� +��(�� î ���

)LJ� ��� 0\[REROXV LPSUHVVXV SODVPRGLXP �S� LQ WKH HSLWKHOLXP EHWZHHQ WZR QHLJKERXULQJ UHVSL�

UDWRU\ SODWHV� $ERYH WKH SODWHV PXFXV DQG WLVVXH GHEULV �G� FDQ EH VHHQ� +LVWRORJLFDO SUHSDUDWLRQ�

+��(�� î ���

� ��

�� ��
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ILODPHQWV �)LJ� ��� ZKLFK KDG D QRUPDO VWUXFWXUH DSDUW IURP PLQRU HSLWKHOLDO SUROLI�

HUDWLRQ� ,Q D FHUWDLQ SURSRUWLRQ RI WKH LQIHFWHG JLOO ILODPHQWV WKH VWUXFWXUH RI WKH

UHVSLUDWRU\ SODWHV ZDV LQGLVWLQFW� WKH SODVPRGLD ZHUH FRYHUHG E\ SUROLIHUDWLQJ HSL�

WKHOLXP� DQG WLVVXH GHEULV FRQVLVWLQJ RI GHWDFKHG HSLWKHOLDO FHOOV DQG EORRG HOH�

PHQWV ZDV SUHVHQW EHWZHHQ WKH ILODPHQWV �)LJ� ���� ,Q WKH OHVV DGYDQFHG FDVHV WKH

RULJLQDO VWUXFWXUH RI WKH ILODPHQWV ZDV VWLOO ZHOO GLVFHUQLEOH� DOWKRXJK SODVPRGLD

ZHUH GHYHORSLQJ LQ DOPRVW DOO LQWHUODPHOODU VSDFHV� $OWKRXJK LQ DOO VWXGLHG FDVHV

RQO\ VSRUH�FRQWDLQLQJ SODVPRGLD FRXOG EH IRXQG RQ WKH LQIHFWHG JLOO ILODPHQWV� LW

FRXOG EH HVWDEOLVKHG WKDW WKH SODVPRGLD KDG VWDUWHG WKHLU GHYHORSPHQW LQ WKH VWUDWL�

ILHG HSLWKHOLXP EHWZHHQ WKH UHVSLUDWRU\ SODWHV� 7KH SODVPRGLD ORFDWHG LQ WKH LQWHU�

ODPHOODU VSDFHV� ZKLFK ZHUH UHODWLYHO\ VPDOO HYHQ DW WKH VSRUH�PDWXUH VWDJH �)LJ� ����

DGKHUHG WR WKH FDSLOODULHV RI WKH DGMDFHQW UHVSLUDWRU\ SODWHV DQG KLVWRORJLFDOO\ UH�

VHPEOHG WKH VSHFLHV GHYHORSLQJ LQ WKH FDSLOODU\ OXPHQ� DOWKRXJK WKH HSLWKHOLDO FHOOV

VLWXDWHG DERYH WKHP SRVLWLYHO\ LQGLFDWHG WKHLU HSLWKHOLDO RULJLQ� 7KLV SDUDVLWH ZDV

GHWHFWHG LQ DV IHZ DV WKUHH FDVHV GXULQJ WKH ILYH \HDUV RI WKH VXUYH\ �EHWZHHQ -XQH

DQG 2FWREHU�� KRZHYHU� LQ DOO WKUHH FDVHV LQIHFWLRQ ZDV LQGLFDWHG E\ V\PSWRPV

ZKLFK ZHUH ZHOO YLVLEOH HYHQ E\ WKH QDNHG H\H�

�

��

��

��

��

��

��

��

��

��

���� ���� ���� ���� ����

1XPEHU RI ILVK H[DPLQHG

1XPEHU RI LQIHFWHG ILVK

)LJ� �� 3UHYDOHQFH RI 0\[REROXV KXQJDULFXV LQIHFWLRQ RI WKH EUHDP LQ /DNH %DODWRQ DQG LQ WKH .LV�

%DODWRQ V\VWHP LQ WKH \HDUV ���� WKURXJK ����

'LVFXVVLRQ

7KH P\[RVSRUHDQ IDXQD RI WKH EUHDP LV ZHOO VWXGLHG� 7KRURXJK VWXGLHV RQ

WKH RFFXUUHQFH RI WKHVH SDUDVLWHV KDYH EHHQ FRQGXFWHG HVSHFLDOO\ LQ WKH UHSXEOLFV

RI WKH IRUPHU 6RYLHW 8QLRQ� ,Q WKHLU PRQRJUDSK� 'RQHF DQG 6KXOPDQ ������

PHQWLRQ WKH RFFXUUHQFH RI �� 0\[REROXV VSHFLHV IURP WKLV ILVK VSHFLHV� 6LQFH�

KRZHYHU� 'RQHF DQG 6KXOPDQ ������ DGRSWHG GDWD LQWR WKHLU PRQRJUDSK ZLWKRXW

WKH QHFHVVDU\ FULWLFLVP� WKHLU OLVW REYLRXVO\ LQFOXGHV QXPHURXV HUURQHRXVO\ LGHQ�
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WLILHG VSHFLHV� 7KLV LV LQGLFDWHG DOVR E\ WKH IDFW WKDW LQ IXUWKHU ZRUNV IURP WKH

IRUPHU 6RYLHW 8QLRQ �%DULVKHYD DQG %DXHU� ����� .RJWHYD� ����� 1DJLELQD�

����� 6KOMDSQLNRYD� ����� %RJGDQRYD DQG 1LNROVND\D� ����� 2VPDQRY� �����

0LNDLORY� ����� FRQVLVWHQW UHIHUHQFH LV PDGH RQO\ WR WKH VSHFLHV 0� EUDPDH DQG

0� PXHOOHUL� RXW RI WKH QXPHURXV VSHFLHV GHWHFWHG� 5HGD ������� ZKR DOVR DQD�

O\VHG WKH SDUDVLWH IDXQD RI WKH EUHDP� UHFRUGHG IRXU P\[RVSRUHDQ VSHFLHV IURP

WKH JLOOV DQG RQH IURP WKH ILQV RI WKLV ILVK VSHFLHV� +H LGHQWLILHG WKH JLOO�SDUDVLWLF

VSHFLHV DV 0\[REROXV H[LJXXV� 0� HOOLSVRLGHV� 0� PDFURFDSVXODULV DQG 0� PXHO�

OHUL� ZKLOH WKDW IRXQG RQ WKH ILQV DV +HQQHJX\D FXWDQHD� :LWK D YLHZ WR WKH

QHDUO\ LGHQWLFDO KDELWDW� ZH SUHVXPH WKDW WKHVH VSHFLHV FRUUHVSRQG WR WKRVH VWXG�

LHG E\ XV� KRZHYHU� WKHLU LGHQWLILFDWLRQ UHTXLUHV FRUUHFWLRQ� &RQVLVWHQWO\ ZLWK WKH

ILQGLQJV RI WKLV VWXG\� 0� EUDPDH LV XQGRXEWHGO\ WKH FRPPRQHVW 0\[REROXV

VSHFLHV LQ EUHDP� DQG LV SUHYDOHQW IURP &HQWUDO $VLD WR :HVWHUQ (XURSH ZLWKLQ

WKH KDELWDW RI WKLV ILVK� +RZHYHU� WKH RFFXUUHQFH LQ EUHDP RI WKH VSHFLHV 0� PXHO�

OHUL� GHVFULEHG IURP /HXFLVFXV FHSKDOXV DV W\SLFDO KRVW� VKRXOG EH YLHZHG ZLWK GXH

FULWLFLVP� DV 'RQHF DQG 6KXOPDQ ������ UHFRUGHG WKLV SDUDVLWH IURP �� ILVK VSHFLHV

DQG IURP QXPHURXV RUJDQV WKHUHRI� .QRZLQJ WKH KRVW DQG WLVVXH VSHFLILFLW\ RI

P\[RVSRUHDQV� LW FDQ EH DVVXPHG WKDW0� PXHOOHUL LV D FROOHFWLYH VSHFLHV� WKHUHIRUH�

LW ZRXOG EH PRUH FRUUHFW WR LGHQWLI\ WKH VSHFLHV IRXQG LQ EUHDP ZKLFK DUH PRU�

SKRORJLFDOO\ VLPLODU WR0� PXHOOHUL ZLWK D PRUH SUHFLVHO\ GHILQHG WD[RQ�

7KH FRQVLVWHQW RFFXUUHQFH RI IRXU 0\[REROXV VSHFLHV ZDV UHFRUGHG RQ WKH

JLOOV RI /DNH %DODWRQ EUHDPV� 7KHVH VSHFLHV ZHUH LGHQWLILHG ZLWK WKH WD[D 0�

EUDPDH� 0� PDFURFDSVXODULV� 0� LPSUHVVXV DQG 0� KXQJDULFXV� 'XULQJ KLV

VWXGLHV RQ EUHDP� -DF]y ������ UHSRUWHG WKH RFFXUUHQFH RI WKUHH JLOO�SDUDVLWLF

P\[RVSRUHDQV LQ WKH VDPH KDELWDW� DQG LGHQWLILHG RQH RI WKHP ZLWK WKH VSHFLHV

0� PXHOOHUL %�WVFKOL ZKLOH GHVFULELQJ WKH RWKHU WZR DV QHZ VSHFLHV E\ WKH QDPHV

0� YDULDELOLV Q� VS� DQG 0� KXQJDULFXV Q� VS�

2I WKH VSHFLHV IRXQG� 0� EUDPDH LV XQGRXEWHGO\ WKH FRPPRQHVW� DQG

SUDFWLFDOO\ HYHU\ WKLUG EUHDP LV LQIHFWHG E\ WKLV SDUDVLWH� 'DWD REWDLQHG LQ WKLV

VXUYH\ DOVR FOHDUO\ GHPRQVWUDWH WKDW 0� EUDPDH RFFXUV LQ GLIIHUHQW SHULRGV RI WKH

\HDU DQG SURGXFHV VSRUHV LQ WKH JUHDWHU SDUW RI WKH \HDU� WKXV� LW GRHV QRW VKRZ

H[SUHVVHG VHDVRQDOLW\� ,Q LWV GLPHQVLRQV DQG VKDSH� WKLV SDUDVLWH FRUUHVSRQGV WR

WKH SDUDVLWH GHVFULEHG E\ -DF]y ������ DV 0� YDULDELOLV� HYHQ LI GUDZLQJV PDGH

E\ WKH ODWWHU DXWKRU UHIOHFW JUHDW YDULDELOLW\ RI WKH VSRUHV DV WKH QDPH VXJJHVWV�

7KLV YDULDELOLW\� KRZHYHU� FDQ EH H[SODLQHG E\ WKH IDFW WKDW WKH DXWKRU GHVFULELQJ

WKH VSHFLHV GHSLFWHG LPPDWXUH DQG GHIRUPHG VSRUHV RULJLQDWLQJ IURP VPDOO

SODVPRGLD� ,Q YLHZ RI WKHVH FRQVLGHUDWLRQV� WKH VSHFLHV 0� YDULDELOLV VKRXOG EH

FRQVLGHUHG D V\QRQ\P RI 0� EUDPDH 5HXVV ������� %\ LWV ORFDWLRQ 0� EUDPDH LV

D JLOO SDUDVLWH� ZKLOH LQ LWV WLVVXH VSHFLILFLW\ LW LV SUHVXPDEO\ DQ HQGRWKHOLDO SDUD�

VLWH� 5HJDUGLQJ LWV ORFDWLRQ RQ WKH JLOOV� DQ LQWUDODPHOODU DQG DQ LQWHUODPHOODU

�LQWUDILODPHQWDO� IRUP PXVW EH GLVWLQJXLVKHG� $ VLPLODU GXDO ORFDWLRQ ZDV RE�
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VHUYHG E\ &XUUHQW DQG -DQRY\ ������ LQ WKH FDVH RI +HQQHJX\D H[LOLV� 7KH DERYH

DXWKRUV� ZKR GHQRWHG WKH LQWUDILODPHQWDO IRUP ZLWK WKH DWWULEXWH µLQWHUODPHOODU¶�

DOVR REVHUYHG WZR W\SHV RI SODVPRGLXP GHYHORSPHQW� RQH ZLWKLQ WKH UHVSLUDWRU\

SODWH DQG DQRWKHU ZLWKLQ WKH JLOO ILODPHQW� KRZHYHU� WKH\ GLG QRW PHQWLRQ WKH RF�

FXUUHQFH RI SODVPRGLD ZLWKLQ WKH EORRG SDWK DQG HYHQ DVVXPHG WKDW SODVPRGLD

ZHUH VHSDUDWHG IURP WKH KRVW¶V YDVFXODU V\VWHP E\ HSLWKHOLXP�OLNH FHOOV� $O�

WKRXJK HOHFWURQ PLFURVFRSLF VWXGLHV FRXOG SURYLGH PRUH GHWDLOHG GDWD RQ WKH ILQH

GHWDLOV� WKH KLVWRORJLFDO ILQGLQJV FOHDUO\ LQGLFDWH WKDW WKH SODVPRGLD RI 0�

EUDPDH DUH FORVHO\ FRQQHFWHG WR WKH HQGRWKHOLXP�

,Q LWV VKDSH DQG GLPHQVLRQV� WKH RWKHU VSHFLHV IRXQG DW WKH HQGV RI WKH JLOO

ILODPHQWV RI EUHDP LQ WKH VXPPHU DQG HDUO\ DXWXPQ PRQWKV DQG XVXDOO\ GHYHORS�

LQJ LQ ODUJH SODVPRGLD FRUUHVSRQGV WR 0� PDFURFDSVXODULV GHVFULEHG E\ 5HXVV

������ IURP ZKLWH EUHDP �%OLFFD EMRHUNQD�� $FFRUGLQJ WR VHYHUDO DXWKRUV LQFOXG�

LQJ 5HGD ������� WKDW SDUDVLWH LV FRPPRQ LQ WKH EUHDP DV ZHOO� 7KH SUREDELOLW\ RI

WKH WZR EHLQJ LGHQWLFDO LV VRPHZKDW OHVVHQHG E\ WKH IDFW WKDW ZKLOH LQ WKH SUHVHQW

VXUYH\ WKLV SDUDVLWH ZDV W\SLFDOO\ IRXQG DW WKH HQG RI WKH JLOO ILODPHQWV� 'RQHF DQG

6KXOPDQ ������ DV ZHOO DV /RP DQG '\NRYi ������ FRQVLGHUHG LW GHWHFWDEOH DOVR

IURP RWKHU RUJDQV� ,I ZH DFFHSW WKH VWULFWHU KRVW VSHFLILFLW\ RI P\[RVSRUHDQV DV

VXJJHVWHG E\ 0ROQiU ������� LW FDQQRW EH UXOHG RXW WKDW WKLV SDUDVLWH ZLOO DOVR EH

GHVFULEHG DV D KLWKHUWR XQNQRZQ QHZ VSHFLHV RQ PRUH WKRURXJK VWXG\�

8QWLO QRZ� WKHUH KDYH EHHQ QR GDWD RQ WKH RFFXUUHQFH LQ EUHDP DQG WKH

SUHFLVH VLWH RI GHYHORSPHQW RI WKH VSHFLHV ORFDWHG FORVH WR WKH JLOO ODPHOODH� 2Q

WKH EDVLV RI WKHLU FKDUDFWHULVWLF VKDSH� WKH VSRUHV IRXQG LQ WKLV VWXG\ KDYH EHHQ

LGHQWLILHG ZLWK WKH VSHFLHV 0� LPSUHVVXV 0LURVKQLFKHQNR� DOWKRXJK DFFRUGLQJ WR

'RQHF DQG 6KXOPDQ ������ WKDW SDUDVLWH LV NQRZQ IURP WZR WD[RQRPLFDOO\ GLV�

WDQW ILVK VSHFLHV� WKH EDUEHO �%DUEXV EDUEXV� DQG WKH FKXE �/HXFLVFXV FHSKDOXV��

*LOO�SDUDVLWLF 0\[REROXV VSHFLHV PDUNHGO\ GLIIHU LQ WKHLU WLVVXH VSHFLILFLW\

DQG ORFDWLRQ� 7KLV IDFW ZDV ILUVW UHFRJQLVHG E\ 3DSHUQD ������� ZKR JUDSKLFDOO\

LOOXVWUDWHG WKH GLIIHUHQW JLOO ORFDWLRQV RI 0\[REROXV VSHFLHV WKDW KH KDG FROOHFWHG LQ

$IULFD� 8QIRUWXQDWHO\ WKH OLWHUDWXUH FRQWDLQV IHZ UHIHUHQFHV DQG HYHQ IHZHU GDWD

VXSSRUWHG E\ KLVWRORJLFDO H[DPLQDWLRQV RQ WKLV LVVXH� 5HJDUGLQJ WKH GLIIHUHQW W\SHV

RI ORFDWLRQ� LW VKRXOG EH PHQWLRQHG WKDW 0� SDYORYVNLL DQG 0� FHQWURSRPL DOZD\V

IRUP WKHLU SODVPRGLD RQ WKH JLOOV RI WKH ELJKHDG �$ULVWLFKWK\V QRELOLV� DQG WKH

FRPPRQ VQRRN �&HQWURSRPXV XQGHFLPDOLV�� UHVSHFWLYHO\� LQ WKH VWUDWLILHG HSLWKH�

OLXP EHWZHHQ WZR QHLJKERXULQJ UHVSLUDWRU\ SODWHV �0ROQiU� ����� /DQGVEHUJ�

������ 7KH RFFXUUHQFH RI 0� LPSUHVVXV ZLWKLQ WKH JLOO FRUUHVSRQGV WR WKDW ORFDWLRQ�

2WKHU0\[REROXV VSHFLHV GHYHORS LQ WKH FRQQHFWLYH WLVVXH RI WKH JLOO ILODPHQWV �H�J�

0� VKDGJDQL DQG0� PROQDUL� RU LQ WKH FDUWLODJH OD\HU RI WKH JLOOV �H�J� 0� VKDUSH\L�

�%DVND DQG 0DVRXPLDQ� ����� 0ROQiU HW DO�� ������ 0DVRXPLDQ HW DO� ������ GH�

WHFWHG WKH SODVPRGLD RI WKH VSHFLHV 0� NDUXQL IURP WKH DUWHU\ RI WKH JLOO ILODPHQWV

DQG WKRVH RI 0� SHUVLFXV IURP WKH VSDFH EHWZHHQ WKH HQGRWKHOLDO DQG HSLWKHOLDO
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OD\HU RI WKH UHVSLUDWRU\ SODWHV� 1XPHURXV JLOO�SDUDVLWLF 0\[REROXV VSHFLHV LQFOXG�

LQJ 0� EUDPDH DQG 0� PDFURFDSVXODULV IRUP SODVPRGLD ZLWKLQ WKH FDSLOODU\ QHW�

ZRUN RI WKH UHVSLUDWRU\ SODWHV� LQ WKH VDPH ZD\ DV ZDV UHSRUWHG E\ '\NRYi DQG

/RP ������ IRU +HQQHJX\D SVRURVSHUPLFD� ,Q WKH FDVH RI ERWK 0� EUDPDH DQG 0�

PDFURFDSVXODULV� SODVPRGLXP GHYHORSPHQW DQG WKH VXEVHTXHQW GHJHQHUDWLYH SURF�

HVVHV LQ WKH JLOO ODPHOODH FRUUHVSRQG WR WKH SURFHVV REVHUYHG E\ '\NRYi DQG /RP

������ GXULQJ WKH GHYHORSPHQW RI +� SVRURVSHUPLFD LQ SHUFK� ,W LV TXLWH FOHDU WKDW�

XQOLNH WKH LQWUDODPHOODU IRUP RFFXUULQJ LQ WKH JLOO ODPHOODH� LQWHUODPHOODU GHYHORS�

PHQW WDNHV SODFH LQ WKH EORRG YHVVHOV RI WKH JLOO ILODPHQWV� +LVWRORJLFDO VWXGLHV RQ

WKH VSHFLHV 0� EUDPDH DQG 0� PDFURFDSVXODULV KDYH XQDPELJXRXVO\ SURYHG WKDW

WKH SODVPRGLD GHYHORS LQ WKH EORRG YHVVHOV RI WKH JLOO EXW IDLOHG WR VKHG OLJKW RQ

IDFWRUV LQIOXHQFLQJ WKH DSSHDUDQFH RI LQWUDODPHOODU DQG LQWHUODPHOODU IRUPV� ,W DS�

SHDUV WKDW SODVPRGLD RI GLIIHUHQW VL]H DQG ORFDWLRQ FDQ EH H[SHFWHG LQ WKH FDVH RI

VHYHUDO VSHFLHV� 0ROQiU ������ REVHUYHG WKH GHYHORSPHQW RI VPDOO F\VWV LQ WKH ED�

VDO SDUW DQG ODUJH F\VWV LQ WKH DSLFDO SDUW RI WKH JLOO ILODPHQWV LQ SLNHSHUFK�

<RNR\DPD HW DO� ������� ZKR SHUIRUPHG KLVWRORJLFDO H[DPLQDWLRQV RQ FRPPRQ

FDUS LQIHFWHG E\ WKH VSHFLHV 0� NRL� REVHUYHG WKDW WKLV SDUDVLWH VLPXOWDQHRXVO\

IRUPHG ODUJH µF\VWV¶ DW WKH HQG RI WKH JLOO ILODPHQWV DQG SODVPRGLD UHVWULFWHG WR WKH

JLOO ODPHOODH� LQ FRPSOHWHO\ WKH VDPH ZD\ DV IRXQG LQ WKLV VXUYH\� %\ LQGLUHFW IOXR�

UHVFHQW DQWLERG\ WHFKQLTXH� WKH ODWWHU DXWKRUV SURYHG WKDW VSRUHV RULJLQDWLQJ IURP

WKH VPDOO� DQG ODUJH�W\SH F\VWV ZHUH VHURORJLFDOO\ LGHQWLFDO� 7KH SUHVHQW VWXGLHV

KDYH IDLOHG WR VKRZ ZKHWKHU WKH ODUJH LQWHUODPHOODU SODVPRGLD RFFDVLRQDOO\ VHHQ DW

WKH HQG RI WKH JLOO ILODPHQWV LQ 0� EUDPDH DQG 0� PDFURFDSVXODULV LQIHFWLRQ UHVXOW

IURP WKH IXVLRQ RI QHLJKERXULQJ SODVPRGLD RU UHSUHVHQW D VLQJOH SODVPRGLXP WKDW

KDV JURZQ WR D YHU\ ODUJH VL]H LQ WKH DUWHULD DIIHUHQV RI WKH JLOO ILODPHQWV� 7KH IRU�

PHU SRVVLELOLW\ KDV EHHQ VXJJHVWHG E\ 0DVRXPLDQ HW DO� ������ RQ WKH H[DPSOH RI 0�

QRGXORLQWHVWLQDOLVZKLOH WKH ODWWHU E\ 0DVRXPLDQ HW DO� ������ RQ WKDW RI0� NDUXQL�

7KH SULPDU\ REMHFWLYH RI WKLV ZRUN ZDV WR LGHQWLI\ WKH 0\[REROXV VSHFLHV

RFFXUULQJ RQ WKH JLOOV RI EUHDP DQG WR GHWHUPLQH WKHLU ORFDWLRQ� 7KLV KDV RQO\

SDUWLDOO\ EHHQ DFFRPSOLVKHG� DV WKH DXWKRUV� ZKR VKDUH WKH RSLQLRQ RI 0ROQiU

������ RQ WKH KRVW� RUJDQ DQG WLVVXH VSHFLILFLW\ RI P\[RVSRUHDQV� KDYH DVVLJQHG

WZR SDUDVLWHV �0� PDFURFDSVXODULV� 0� LPSUHVVXV� WR DQ DW\SLFDO KRVW RQ PRU�

SKRORJLFDO JURXQGV� PDLQWDLQLQJ WKH SRVVLELOLW\ WKDW WKH SDUDVLWHV ZKLFK FDQ EH

UHJDUGHG DV WKH VDPH VSHFLHV PRUSKRORJLFDOO\ ZLOO SHUKDSV EH GLVWLQJXLVKDEOH E\

DQ H[SHULPHQWDO RU PROHFXODU ELRORJLFDO VWXG\ LQ WKH IXWXUH� 7RGD\ LW LV DOUHDG\

SRVVLEOH WR LGHQWLI\ DQG GLIIHUHQWLDWH VSHFLHV E\ PROHFXODU ELRORJLFDO PHWKRGV

VXFK DV '1$ WHFKQLTXHV LQFOXGLQJ 3&5 �$QGUHH HW DO�� ����� ������ $W WKH VDPH

WLPH� VXFK WHFKQLTXHV PXVW EH EDVHG RQ WKH XVH RI VSRUHV RI VSHFLHV WKDW DUH ZHOO

GHILQHG PRUSKRORJLFDOO\ DV ZHOO DV DFFRUGLQJ WR WKHLU KRVW VSHFLHV DQG ORFDWLRQ

ZLWKLQ WKH KRVW� 7KLV SDSHU ZLVKHV WKH VHUYH WKH ODWWHU SXUSRVH�
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$FWD 9HWHULQDULD +XQJDULFD ��� ����

$FNQRZOHGJHPHQWV

7KH DXWKRUV WKDQN 0V =VX]VD 9iUDL .LV DQG 0V (PHVH 3DSS IRU WKHLU KHOS

LQ WKH FROOHFWLRQ DQG GLVVHFWLRQ RI ILVK DQG LQ WKH KLVWRORJLFDO ZRUN� 7KDQNV DUH

GXH WR 0V (GLW (V]WHUEDXHU IRU WKH SUHSDUDWLRQ RI )LJXUH �� 7KLV VWXG\ ZDV UHQ�

GHUHG SRVVLEOH E\ JUDQWV RI WKH +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG �SURMHFWV QR�

7 ������ DQG 7 ������� DQG E\ ILQDQFLDO VXSSRUW UHFHLYHG IURP WKH µ)LVK 0DQ�

DJHPHQW )XQG¶ RI WKH 0LQLVWU\ RI $JULFXOWXUH DQG 5XUDO 'HYHORSPHQW� 7KH KHOS

SURYLGHG E\ ILVKHUPHQ RI WKH %DODWRQ )LVKHULHV &R� /WG� DQG E\ WKH FUHZ RI WKH

UHVHDUFK ERDW RI WKH /LPQRORJLFDO 5HVHDUFK ,QVWLWXWH RI WKH +XQJDULDQ $FDGHP\

RI 6FLHQFHV LQ WKH FROOHFWLRQ RI ILVK LV JUDWHIXOO\ DFNQRZOHGJHG�

5HIHUHQFHV

$QGUHH� .� %�� *UHVRYLDF� 6� -� DQG +HGULFN� 5� 3� ������� 6PDOO VXEXQLW ULERVRPDO 51$ VH�

TXHQFHV XQLWH DOWHUQDWH DFWLQRVSRUHDQ DQG P\[RVSRUHDQ VWDJHV RI 0\[REROXV FHUHEUDOLV�

WKH FDXVDWLYH DJHQW RI ZKLUOLQJ GLVHDVH LQ VDOPRQLG ILVK� -� (XN� 0LFURELRO� ��� ���±����

$QGUHH� .� %�� 6]pNHO\� &�� 0ROQiU� .�� *UHVRYLDF� 6� -� DQG +HGULFN� 5� 3� ������� 5HODWLRQVKLSV

DPRQJ PHPEHUV RI WKH JHQXV 0\[REROXV �0\[R]RD� %LYDOYLGDH� EDVHG RQ VPDOO VXEXQLW

ULERVRPDO '1$ VHTXHQFHV� -� 3DUDVLWRO� ��� ��±���

%DULVKHYD� $� )� DQG %DXHU� 2� 1� ������� 3DUDVLWHV RI ILVK RI /DNH /DGRJD �LQ 5XVVLDQ�� %XOO� ,QVW�

)UHVKZ� )LVK�� /HQLQJUDG ��� ���±����

%DVND� )� DQG 0DVRXPLDQ� 0� ������� 0\[REROXV PROQDUL VS� Q� DQG 0� PRNKD\HUL VS� Q�

�0\[RVSRUHD� 0\[R]RD� LQIHFWLQJ D 0HVRSRWDPLDQ ILVK� &DSRHWD WUXWWD +HFNHO� �����

$FWD 3URWR]RRO� ��� ���±����

%RJGDQRYD� (� $� DQG 1LNROVND\D� 1� 3� ������� 3DUDVLWH IDXQD RI ILVK RI 9ROJD 5LYHU EHIRUH WKH

UHJXODWLRQ �LQ 5XVVLDQ�� %XOO� ,QVW� )UHVKZ� )LVK�� /HQLQJUDG ��� �±����

&XUUHQW� :� -� DQG -DQRY\� -� ������� &RPSDUDWLYH VWXG\ RI XOWUDVWUXFWXUH RI LQWHUODPHOODU DQG LQ�

WUDODPHOODU W\SHV RI +HQQHJX\D H[LOLV .XGR IURP FKDQQHO FDWILVK� -� 3URWR]RRO� ��� ��±���

'RQHF� =� 6� DQG 6KXOPDQ� 6� 6� ������� &QLGRVSRULGLD� ,Q� %DXHU� 2� 1� �HG�� .H\ WR 3DUDVLWHV RI

)UHVKZDWHU )LVKHV RI WKH 8665 �LQ 5XVVLDQ�� 1DXND� /HQLQJUDG� 9RO� ,� SS� ��±����

'\NRYi� ,� DQG /RP� -� ������� +LVWRORJLFDO FKDQJHV LQ ILVK JLOOV LQIHFWHG ZLWK P\[RVSRULGLD SDUD�

VLWHV RI WKH JHQXV +HQQHJX\D� -� )LVK %LRO� ��� ���±����

-DF]y� ,� ������� 6WXGLHV RQ WKH P\[RVSRULGLDQV RI /DNH %DODWRQ ILVKHV �LQ +XQJDULDQ�� 0DJ\DU

%LRO� .XW� 0XQNiL ��� ���±����

.RJWHYD� (� 3� ������� 3DUDVLWHV RI ILVK RI WKH 3HLSXV /DNH �LQ 5XVVLDQ�� %XOO� ,QVW� )UHVKZ� )LVK��

/HQLQJUDG ��� ���±����

/DQGVEHUJ� -� +� ������� 0\[RVSRUHDQ SDUDVLWHV RI FRPPRQ VQRRN LQ )ORULGD� -� $TXDW� $QLPDO

+HDOWK �� ���±����

/DQGVEHUJ� -� +� DQG /RP� -� ������� 7D[RQRP\ RI WKH JHQHUD RI WKH 0\[REROXV�0\[RVRPD JURXS

�0\[REROLGDH� 0\[RVSRUHD�� FXUUHQW OLVWLQJ RI VSHFLHV DQG UHYLVLRQ RI V\QRQ\PV� 6\VW�

3DUDVLWRO� ��� ���±����

/RP� -� DQG '\NRYi� ,� ������� 3URWR]RDQ 3DUDVLWHV RI )LVKHV� (OVHYLHU� $PVWHUGDP� ��� SS�

0DVRXPLDQ� 0�� %DVND� )� DQG 0ROQiU� .� ������� 'HVFULSWLRQ RI 0\[REROXV NDUXQL VS� Q� DQG

0\[REROXV SHUVLFXV VS� Q� �0\[RVSRUHD� 0\[R]RD� IURP %DUEXV JU\SXV RI WKH 5LYHU

.DUXQ� ,UDQ� 3DUDVLW� +XQJ� ��� ��±���
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$FWD 9HWHULQDULD +XQJDULFD ��� ����

0DVRXPLDQ� 0�� %DVND� )� DQG 0ROQiU� .� ������� 0\[REROXV QRGXORLQWHVWLQDOLV VS� Q� �0\[RVSRUHD�

0\[REROLGDH�� D SDUDVLWH RI WKH LQWHVWLQH RI %DUEXV VKDUSH\L� 'LV� $TXDW� 2UJ� ��� ��±���

0LNDLORY� 7� .� ������� 3DUDVLWHV RI ILVK LQ ZDWHU EDVLQV RI $]HUEDLG]KDQ �LQ 5XVVLDQ�� 3XEOLVKLQJ

+RXVH (/0� %DNX� ��� SS�

0ROQiU� .� ������� 0\[REROXV SDYORYVNLL �$NKPHURY� ����� �0\[RVSRULGLD� LQIHFWLRQ LQ WKH VLOYHU

FDUS DQG ELJKHDG� $FWD 9HW� $FDG� 6FL� +XQJ� ��� ���±����

0ROQiU� .� ������� &RPPHQWV RQ WKH KRVW� RUJDQ DQG WLVVXH VSHFLILFLW\ RI ILVK P\[RVSRUHDQV DQG

WKH W\SHV RI WKHLU LQWUDSLVFLQH GHYHORSPHQW� 3DUDVLW� +XQJ� ��� �±���

0ROQiU� .� ������� 0\[REROXV VTXDPDSKLOXV VS� Q� �0\[R]RD� 0\[RVSRUHD�� D FRPPRQ SDUDVLWH

RI WKH VFDOHV RI EUHDP �$EUDPLV EUDPD /��� $FWD 3URWR]RRO� ��� ���±����

0ROQiU� .� ������� 7D[RQRPLF SUREOHPV� VHDVRQDOLW\ DQG KLVWRSDWKRORJ\ RI +HQQHJX\D FUHSOLQL

�0\[RVSRUHD� LQIHFWLRQ RI WKH SLNHSHUFK 6WL]RVWHGLRQ OXFLRSHUFD LQ /DNH %DODWRQ� )ROLD

3DUDVLWRO� ��� ���±����

0ROQiU� .� DQG %DVND� )� ������� 5HGHVFULSWLRQ RI 0\[REROXV KXQJDULFXV -DF]y� ���� �0\[RVSRUHD�

0\[REROLGDH�� D SDUDVLWH RI WKH EUHDP �$EUDPLV EUDPD /��� $FWD 9HW� +XQJ� ��� ���±����

0ROQiU� .�� 0DVRXPLDQ� 0� DQG $EDVL� 6� ������� )RXU QHZ 0\[REROXV VSS� �0\[RVSRUHD�

0\[REROLGDH� IURP ,UDQLDQ EDUERLG ILVKHV� $UFK� 3URWLVWHQNG� ���� ���±����

0ROQiU� .� DQG 6]pNHO\� &V� ������� 3DUDVLWRORJLFDO VXUYH\ RI VRPH LPSRUWDQW ILVK VSHFLHV RI /DNH

%DODWRQ� 3DUDVLW� +XQJ� ��� ��±���

1DJLELQD� /� )� ������� 3DUDVLWH IDXQD RI ILVK RI WKH QHZ :\J /DNH �LQ 5XVVLDQ�� %XOO� ,QVW�

)UHVKZ� )LVK�� /HQLQJUDG ��� ���±����

2VPDQRY� 6� 2� ������� 3DUDVLWHV RI ILVK LQ 8]EHNKLVWDQ �LQ 5XVVLDQ�� 3XEOLVKLQJ +RXVH )$1�

7DVKNHQW� ��� SS�

3DSHUQD� ,� ������� 2FFXUUHQFH RI &QLGRVSRUD LQIHFWLRQV LQ IUHVKZDWHU ILVKHV LQ $IULFD� %XOO� ,QVW�

)RQGDP� $IU� 1RLUH ��� ���±����

5HGD� (� 6� $� ������� $QDO\VLV RI SDUDVLWH IDXQD RI EUHDP� $EUDPLV EUDPD �/��� LQ 9LVWXOD QHDU

:DUV]DZD LQ UHODWLRQ WR WKH FKDUDFWHU RI ILVK KDELWDW� ,,� 6HDVRQDO G\QDPLFV RI LQIHVWDWLRQ�

3DUDVLWRO� 3RORQ� ��� ��±���

5HXVV� +� ������� 1HXH 0\[RVSRULGLHQ YRQ 6�VVZDVVHUILVFKHQ� %XOO� $FDG� ,PS� 6FL� 6W� 3HWHUV�

EXUJ� 6HU� �� ���±����

6KOMDSQLNRYD� 3� /� ������� 'DWD WR WKH SDUDVLWH IDXQD RI ILVK LQ /DNH :\UWVMDUYV �LQ 5XVVLDQ�� %XOO�

,QVW� )UHVKZ� )LVK�� /HQLQJUDG ��� ���±����

6KXOPDQ� 6� 6� ������� 7KH P\[RVSRULGLDQ IDXQD RI WKH 8665 �LQ 5XVVLDQ�� 1DXND� 0RVFRZ�

/HQLQJUDG� ��� SS�

6]pNHO\� &V� ������� 3RVVLEOH DSSOLFDWLRQV RI YLGHR WHFKQRORJ\ DQG GLJLWDO LPDJH SURFHVVLQJ LQ ILVK

SDUDVLWRORJ\� PRUSKRORJLFDO H[DPLQDWLRQ RI WKH JURXSV $SLFRPSOH[D DQG 0\[RVSRUHD�

$FWLQRVSRUHD E\ YLGHR WHFKQRORJ\� %XOO� (XU� $VV� )LVK 3DWKRO� ��� ��±���

6]pNHO\� &V� DQG 0ROQiU� .� �����±������ 3UHOLPLQDU\ VXUYH\ RI WKH SDUDVLWH IDXQD RI VRPH LP�

SRUWDQW ILVK VSHFLHV LQ WKH 8SSHU�5HVHUYRLU RI WKH .LV�%DODWRQ 6\VWHP� 3DUDVLW� +XQJ� ��±

��� ��±���

<RNR\DPD� +�� ,QRXH� '�� .XPDPDUX� $� DQG :DNDED\DVKL� +� ������� 0\[REROXV NRL �0\[R]RD�

0\[RVSRUHD� IRUPV ODUJH� DQG VPDOO�W\SH µF\VWV¶ LQ WKH JLOOV RI FRPPRQ FDUS� )LVK 3DWKRO�

��� ���±����




