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$EVWUDFW

7KH WIWXUXDWX WFKIUZEKDOWRUQKRUIRSDORVHHODQGLD*H
HQGDQJHUHG VKRUHELUG HQGHPLF WR $RWHDURD 1HZ =HLC
SRSXODWLRQ RI DSSUR[LPDWHO\ EUHHGLQJ SDLUV DSSHEC
+RNRUHUHRUR 5DQJDWLUD B6RXWK (DVW ,VODQG D VPDOC
JURXS 6LQFH HIIRUWY WR WUDQVORFDWH FDSWLYH EUF
VDQFWXDULHV IUHH RI LQWURGXFHG PDPPDOLDQ SUHGDWR
7KLV VWXG\ LQYHVWLIJDWHG WKH EHKDYLRXUDO HFRORJ\ R
RQ ORWXWDSX DQ LVODQG LQ WKH +DXUDNL *XOl QHDU 7—1
ZHUH HLWKHU VXUYLYRUV Rl RU GHVFHQGHG IURP FDSWL
EHWZHHQ DQG

7KH EHKDYLRXU RI HDFK EUHHGLQJ SDLU DQG WKHLU F
UHFRUGHG HYHU\ WZR PLQXWHV DW WKHLU QHVW VLWH RU
WKH ODVW FKLFN KDG IOHGJHG D WRWDO RI DOPRVW |
UHFRUGLQJV RI WKH QHVW VLWH DQG VXUURXQGLQJ DUHD I
%HKDYLRXUDO WLPH EXGJHWV ZHUH FRQVWUXFWHG IRU DG
FRPSDULVRQ EHWZHHQ VH[HV SKDVHV Rl WKH EUHHGLQJ VI
ORWXWDSX SRSXODWLRQ DQG SXEOLVKHG UHSRUWV RQ WKI
DFWLYLW\ ZDV REVHUYHG DQG FLUFD WLGDO HIIHFWV RQ EI
&RPSDULVRQ RI IRUDJLQJ WLPH EXGJHWV ZLWK SXEOLVKHG
SORYHU VSHFLHV VXJJHVWHG WKDW DGHTXDWH IRRG UHVR:
DGXOWVY DQG FKLFNV 'LVSOD\ DFWLYLW\ ZDV SULPDULO\ Gl
LQFUHDVHG LQ IUHTXHQF\ DQG LQWHQVLW\ GXULQJ WKH FK
WKH HDUOLHU SKDVHV RI WKH EUHHGLQJ VHDVRQ , VXJJHV

WKH VXGGHQ LQFUHDVH LQ YXOQHUDELOLW\ RI WIWXUXDW X



JUDGXDO LQFUHDVH LQ *UHSURGXFWLYH YDOXH" WKURXJK \
DQG LQDFWLYH EHKDYLRXU LQ WIWXUXDWX DSSHDUHG WR F
SHSURGXFWLYH VXFFHVV ZDV LQYHVWLJDWHG ZLWK DC
DQG FKLFN VXUYLYDO WR IOHGJLQJ (JJ VXUYLYDO UDWHYV :
OHDVW SDUWO\ DWWULEXWDEOH WR WKH XQXVXDO FRYHUH
UDWHV ZHUH KLJK ZLWK DYLDQ SUHGDWLRQ DQG IHPDOH G
FDXVHV )HPDOH GHVHUWLRQ LV D FRPPRQ VHTXHO WR D PI
RWKHU SORYHU VSHFLHV EXW KDV QRW EHHQ REVHUYHG SU
RXWFRPHV ZHUH REVHUYHG ERWK IRU FKLFNV DQG GHVHUW
ZLOGOLIH PDQDJHPHQW UHFRPPHQGDWLRQV
7KLUW\ VL[ FDSWLYH EUHG MXYHQLOHV ZHUH FORVHO\ |
WKH LVODQG ZLWK WKH DLP RI GLVWLQJXLVKLQJ EHWZHHQ
GLVDSSHDUHG 6XEVHTXHQWO\ WKH UHFRUGV RI DOO ELL
EHWZHHQ DQG ZHUH LQYHVWLJDWHG WR FRPSDUH W
SUHGLFWRUV RI GHWHFWLRQ SUREDELOLW\ 7KH WLPLQJ RI
VROVWLFH ZDV LGHQWLILHG DV D NH\ SUHGLFWRU RI GHWH
VXFEHVVIXO RXWFRPHV DOLJQLQJ ZLWK WKH WLPLQJ RI MX"

SRSXODWLRQ

YL



$ENORZOHGJHPHQWYV

,WIV QRW UHDOO\ SRVVLEOH WR FRPH XS ZLWK ZRUGV
DQG DGPLUDWLRQ IRU P\ EHDXWLIXO ZLIH %UHQGD 6KH KD
SURMHFW VXSSRUWLQJ PH HPRWLRQDOO\ ILQDQFLDOO\ QX
ZD\V

0\ ZK—QDX HVSHFLDOO\ 'DQ 3LD $QGUHZ DQG 9LWD K
DQG VXSSRUWLYH 7KDQN \RX 3LD IRU \RXU HUXGLWH SURR
IRUPDWWLQJ DQG WR DOO RI \RX IRU KHOSLQJ WR LQVSLUL
WKH ILUVW SODFH

$DURQ +DUPHU P\ VXSHUYLVRU KDV UHPDLQHG SRVLW
WKURXJKRXW GHVSLWH PDQ\ UH ZULWHYV D VHFRQG FKLOG
7KDQN \RX $DURQ IRU \RXU FRQVLGHUHG LQSXW \RXU SDWI
\RXU OR\DOW\

,YP DOVR YHU\ JUDWHIXO WR 'DQLHO 7KRPDV 'LDQQH %
OH\QLHU DW ODVVH\ 8QLYHUVLW\ IRU WKHLU LQSXW DQG LQ

$W WKH '"HSDUWPHQW RI &RQVHUYDWLRQ P\ WKDQNV JR
RQO\ VHW WKH ZKROH SURMHFW LQ PRWLRQ EXW DOVR DFV
KHU KROLGD\V +D]J]HO 6SHHG ZKR VHHPHG WR KDYH XQOLPL
NQRZOHGJH SUDFWLFDO VXSSRUW DQG FKRFRODWH EURZ(
+RXVWRQ IRU YDOXDEOH RYHUVLIJKW 7R -DPLH 4XLUN DQG
PH RXW WR :DLNDZD ,vODQG DQG LQWURGXFLQJ PH WR WKF
-DVRQ &ROHV PDVWHU RI 7DLNHKX DQG WKH UHVW RI WKH
IRU WKH FRXQWOHVY WULSV WR DQG IURP WKH EHDXWLIXO

7TKH ZRUN RQ WKH LVODQG LQYROYHG D FUHZ RI YROXQ

WKH ZRUOG DQG D '2& LQWHUQ %D\OHH &RQQRU OF&OHDQ

YLL



REVHUYDWLRQV DQG \RXU FKHHUIXO FRPSDQ\ <RXU PDQ\ K
WKURXJK ELQRFXODUV ZHUH DQ HVVHQWLDO SDUW RI WKLV
$QGHUVRQ 3DXOLQD %DUU\ -XOLHWWH %RVVDUG -RH 'LOC
-XOLH (OOLV ODYLV +LULQL *HRUJH +REVRQ &KORH -DFNYV
-RUJH ODWW .RFDN -HVVH /HZLV $QQ OF&URQH /LVD 29'RZ
4XDLG &KHOVHD 5DOOV .DLOD 5LWFKLH 7HG 5RRQH\ +HD\
6RPPHUILHOG ODWWKHZ :HDUQ $ELJDLO :HEHU DQG %ULD
&KHOVHD IRU DOORZLQJ PH WR XVH KHU VSHFWDFXODU LPD
FKDSWHUV WZR DQG ILYH

7KDQN \RX DOVR WR WKH 6KRUH 30RYHU 5HFRYHU\ *UR;
'RZGLQJ 7KH LQYLWDWLRQ WR \RXU DQQXDO PHHWLQJ ZDV
VKDUH LGHDV ZLWK RWKHU UHVHDUFKHUV DQG WR ZLWQHV
&RQVHUYDWLRQ DQG :LOGOLIH 7UXVW

3HUVRQDO WKDQNV WRR WR /XERV ODMHU QRZ EDFN KF
FRQWULEXWLRQ WR P\ ZRUN OLIH EDODQFH ZLWK LQQXPHUI

$ ELJ WKDQN \RX IRU ILQDQFLDO VXSSRUW WR WKH 0DV
6FKRODUVKLS ERDUG DQG WR $DURQ DQG 'LDQQH IRU VXSE

)LQDOO\ QJ— PLKL QXL NL 1J—L 7DL NL 7—PDNL IRU V:
WUHDVXUHG LVODQG RI ORWXWDSX DQG WKH WDRQJD WKDW

ODF OF.D\

YLLL
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$Q LOWURGXFWLRQ WR WKH ELROR
FRQVHUYDWLRQ RI &KDUDGULX\

3ODWH7KH FRQMRLQHG LVODQGV RI 5DQJLWRWR DQG ORWX



$1 ,1752'8&7,21 72 7+( %,2/2*< 2)
&+$5%$'5,86 3/29(56

3ORYHUV Rl WKBUBE@MIWKHLU FORVH UHODWLYHV QXI
VSHFLHV ZLWK PDQ\ VXEVSHFLHV 7KH\ DUH VKRUHELUGYV Z
LQKDELWLQJ PDQ\ LVODQGY DQG HYHU\ FRQWLQHQW H[FHS
ORQJ GLVWDQFH PLJUDQWY VRPH DUH VKRUW GLVWDQFH R
OLNH WKH WIWXUXDWX WFKLQIRADQLY @ RRDHYNBMRYIHID UGH G
DV VHGHQWDU\ EXW VWLOO PD\ KDYH FRQVLGHUDEOH GLVS
D &KDUDSZARWWUV W\SLFDOO\ H[KLELW ERWK VRFLDO DQ
ELSDUHQWDO FDUH RI RIIVSULQJ EXW WKHUH LV YDULDWLF
HYHQ ZLWKLQ D VSHFLHV $V LQKDELWDQWYV RI WKH LQWHU
HQYLURQPHQWY VKRUHELUGY UHSUHVHQW D VHQVLWLYH D
DQWKURSRJHQLF FKDQJH RQ FOLPDWH RFHDQV ZDWHUZD\
+DLJ
7KH &KDUDGULXV SORYHUV DUH WKRXJKW WR KDYH RUL
KHPLVSKHUH GRV 5HPHGLRV /HH %XUNH 6]pNHO\ .*SSHI
ZLGHVSUHDG DURXQG WKH JOREH 7KH\ RFFXS\ QLFKHV LQ |
KDELWDWV RI WXQGUD DQG JUDVVODQGY DQG DGMDFHQW
ODNHVKRUHV DQG ULYHUEDQNV &RPSDUHG WR RWKHU ELU
OHYHOV Rl SRSXODWLRQ FRQQHFWLYLW\ + QRW VXUSULVLQ

FDSDELOLWLHY &ROZHOO +DLJ D



7KH SK\ORJHOHWLFV RI &KDUDGULXV SORYHUYV

30RYHUV EHORQJ WR WKH IDPLO\ &KDUDGULLGDH ZKLF
&KDUDGSDRWHNYHOOREZLQJIJYOXYQBROBGHQ DQG EODFN EHC
SORYHUV DV ZHOO DV VHYHUDO RWKHU JHQHUD HDFK ZLV
$QDUK\QFEXM\RUQHRSKRBRAWREKDPIVRUQMEKLQRUQIFHU
GRV 5HPHGLRYV 5HFHQW PROHFXODU '1$+EDVHG VW X(
IRXU VSHFLHV FXUUHQW QK WDRHUEQORKXN WALLGUHD @WWHL Q FO X VLR
GRV 5HPHGLRV HW DO $00 IRXU VSHFLHV DUH HQGHF
WKHP DUH HQGHPLF WR $RWHDURD 1HZ =HDODQG WKH VX
WIWXUBQGWXVKH QJIXWXS BORWH\QEKKNVOIDKRD WRORENG SORYH L
7KLQRUQLV UXEHQERIPOQEWR VRXWKHUQ DQG HDVWHUQ $X\
VLPLODULWLHY ERWK JHQHWLFDOO\ DQG LQ DSSHDUDQFH D
IRXUWK VSHFLHV WKH EO@RN R B Q WH BHNODUWBRBASHGI DG L Q
$XVWUDOLD DQG VLQFH WKH V KDV RFFXUUHG QDWXUDO
DUHDV RI $RWHDURD

7KURXJKRXW WKLV WKHVLV , KDYH XVHG WKH WHUP 3&K
3SSORYHU"~ WR UHIHU W RDRHMRHHQMVRD @& WKH IRXU VSHFLHYV
PHQWLRQHG DERYH WKDW ZKLOH FORVHO\ UHODWHG WR W
RXWVLGH LW 7KLV IROORZV WKH WD[RQRPLF SUDFWLFH DG
FRQWULEXWLQJ DXWKRUV &ROZHOO +DLJ E $ UHFHQ\
SK\ORJHQHWLF VWXGLHY LQ SORYHUV DFFHSWHG WKH OLNF
DUHD DQG FRQFOXGHG E\ VWURQJO\ DGYRFDWLQJ IRU ILHO
HFRORJ\ WR LQIRUP WKH VHQVLEOH ELRORJLFDO LQWHUSUH

GRV 5HPHGLRYV



&KDUDGULXVY SORYHU VSHFLHY HQGHPLF WR $RWHDURD

J)LYH VSHFLHV RI &KDUDGULXVY SORYHU DUH HQGHPLF W
FORVHO\ UHODWHG IRUPLQJ 2PLQRU FODGH F°~ ZLWKLQ 3PDI
&KDUDGOM-SWRSRVHG E\ GRV 5HPHGLRV HW DO 7KH\ D

X QIXWXSDURVUHSQOUK\QFKXV IURQWDOLYV
7KLY VSHFLHY EUHHGV LQ 7H :DLSRXQDPX WKH 6RXWK
GLVWDQFH PLJUDQW WR 7H ,ND D 0—XL WKH 1RUWK ,V(

LV * DQG WKH ,8&1 VWDWXV LV 29XOQHUDEOH" &

X SRKRZHUD EDQGH&KOGRWB/UHIUMMOELFLQFWXYV
7KLV VSHFLHVY EUHHGY LQ $RWHDURD PDLQO\ LQ 7H :Dl|
,ND D 0—XL WKH &KDWKDP ,VODQGYV DQG ORWX ODKD \
7KH\ FDQ EH VHGHQWDU\ RU PHGLXP GLVWDQFH PLJUD
$RWHDURD RU $XVWUDOLD RU VHYHUDO 3DFLILF LVOD
SRSXODWLRQ ZDV WKRXJKW WR EH VWHDG\ DW DSSUR]JL
+DLJ D DQG LV FXUUHQWO\ OLVWHG DV 31HDU 7KUF
+RZHYHU D UHFHQW UHYLHZ IRXQG WKDW WKH SR
:DLSRXQDPX KDV GHFUHDVHG E\ DQ DYHUDJH RI SHLU
2 'RQQHOO ORQNYV 7KH\ HVWLPDWHG WKH SRSXO
DQG UHFRPPHQGHG UHFODVVLILFDWLRQ RI WKH ,8&1 VYV
$QRWKHU FRQVHUYDWLRQ LVVXH LV WKDW ZKLOH VRPH
SRSXODWLRQ D KB WSBGEHWFLXY ELFLQREZWG KXY JIH[IORIRWH
RWKHUV FRQVLGHU LW D IXO0O VSHFLHVY +ROGDZD\

LQ ZKLFK FDVH WKH SRSXODWLRQ HVWLPDWH RI



LVODQG KDELWDW RI WKLV WD[RQ ZRXOG OLNHO\ UDLV]
VWDW XV
WIWXULZKDWX QRUWKHUQ U & KDEWDHEOMWY M @ GRIVOR QU XD
7KLV VSHFLHV LQKDELWYV 7H ,ND D ODXL SDUWLFXODUCGC
DQG LV VHGHQWDU\ ZLWK VRPH ORFDO PRYHPHQWYV 7K
LQ DQG WKH ,8&1 VWDWXV LV 31HDU 7KUHDWHQF
D &RQNOLQ ,8&1
WIWXULZKDWX VRXWKHUQ URKEWHBWMKNVGRE R WXUHKWH O
7KLV VSHFLHV LQKDELWYV WKH YHU\ VRXWKHUQ UHJLRQ
5DNLXUD 6WHZDUW ,VODQG DQG LV D VKRUW GLVWDQF
SRSXODWLRQ HVWLPDWH ZDV LQ DQG WKH ,8&1 \
(QGDQJHUHG  ,8&1 7KH WZR VSHFLHV RI WIWXULZ
PRUSKRORJ\ DQG EHKDYLRXU EXW KDYH RQO\ PRGHUDW
ZHUH SUHYLRXVO\ FRQVLGHUHG D VLQJOH VSHFLHV NQI
G R W WBHDHUD GRUEEIVAK U RKH\ ZHUH VXEVHTXHQWO\ VSOLW L
VSHFLHY QDPHG 3VRXWKHUQ 1&KDUDBADLFEE BRWAXKH MM O
REVFXWDXQG 3QRUWKHUQ 1HZ =&PDDDGUERW WEWFYOU X V
DTXLORQREVYWK ODWVFKLQHU S5REHUWVRQ IRFD
IROORZLQJ WKH DQWKURSRJHQLF LQWURGXFWLRQ RI P]
FDXVHG WKH WZR SRSXODWLRQV WR EHFRPH JHRJUDSK
LVRODWHG 7KH OLNHOLKRRG LV WKDW WKH WZR WD[D
DQG VLQFH WKH\ KDYH EHHQ GHILQHG DV VHSDUDW!

WD[RQRPLF DXWKRULWLHV DQG E\ WKH ,8&1 . SSHU G



7KH ILIWK &KDUDGULXV SORYHU VSHFLHVY HQGHPLF WR $R
WR WKH RWKHU IRXU HQGHPLF VSHFLHV EHLQJ D PHPEHU R
&KDUDGDM.SWRSRVHG E\ GRVY 5HPHGLRV HW DO GRV 5HPHG
X WIWXUXDRKXULZDWYT VKRUHBOAYWWRYDHVHHODQGLDH
7KH VXEMHEW RI P\ UHVHDUFK HIIRUWV FXUUHQWO\ QD)
LQ WKH &KDWKDP ,VODQGYV JURXS QDPHG +RNRUHUHRU/|
VHWWOHUV 7KH LVODQG LV DOVR NQRZQ DV 5DQJDWLU
(DVW ,VODQG LQ (QJOLVK 7KH WIWXUXDWX SRSXODWLR
PRYHPHQWY &RQNOLQ $QWKURSRJHQLFDOO\ HVW
SRSXODWLRQV DOVR H[LVW RQ QHDUE\ ODXQJYT 5« 0DQJ
:DLNDZD 3RUWODQG ,VODQG DQG ORWXWDSX ERWK RI
0—XL 7KHUH DUH DOVR WKUHH FDSWLYH EUHHGLQJ VL)
RQH RQ 7H :DLSRXQDPX 7KH HQWLUH VSHFLHV SRSXOD
WKH ,8&1 VWDWXV LV 3(QGDQJHUHG  '2& 8&1
FXUUHQWO\ VKDUH WKHLU JHQHULF DXORIREIOWY WKH KR
UXEULFROCRXYWK HDVWHUQ $XVWUDOLD DQG DSSHDU Wi
VSHFELHV JHQHWLFDOO\ DQG LQ DSSHDUDQFH EHKDYLR
DUH DOVR FORVHO\ UHODWHG JHQH WLKIDWODOB VLR VW KH O
SODFLGRW 5HPHGLRYV HW WOHFLHYV ZLGHVSUHDG WKURX
EXW WKH WZR VSHFLHV DSSHDU WR EH TXLWH GLIIHUHC

FKRLFH RI KDELWDW



'LHWDU\ DQG ZDWHU UHTXLUHPHQWY RI &¢KDUDGULXV SORY|

30RYHU GLHWV YDU\ ZLWK PDQ\ VSHFLHV UHJDUGHG D'
IHHGHUV $Q H[DPSOH LV W &K CPLRXGW\XVQP RRBWEQANY/ R Q H
VWXG\ ZDV VKRZQ WR FRQVXPH GLIIHUHQW SUH\ LWHPYV
IDPLOLHV RI LQYHUWHEUDWHY .QRSI $W WKH RWKHU
SORY&KDUDGULXVWIHFHGOVYVHY RQ JUDVVKRSSHUV LQ ZLQW
$XVWUDOLD 3LHUVPD +DVVHOO D Q&KW K B GALLHKW R :L
ZLOVRIMDHSRUWHG WR EH ILGGOHU FUDEV ORUULHU
WKH WIWXUXDWX KDV QRW EHHQ VWXGLHG LQ GHWDLO EXW
%HOORUFKHVYWDDFRRRWMBQGHPLF WDOLWULGLG DPSKLSR(
WKH\ KDYH EHHQ REVHUYHG IHHGLQJ RQ D ZLGH UDQJH RI F
LQYHUWHEUDWHY LQFOXGLQJ FRSHSRGYV LQVHFW ODUYDH

&KDUDGULXV SORYHU FKLFNV PD\ ZHOO KDYH GLIIHUHQ
IURP DGXOWV 7KLV KDV EHHQ GHPRQVWUDWBHBXYQ OLK/H (XU
DSULFDIDAKLQ HW DO ZKLFK LV QRW D &KDUDGULXV S
&KDUDGULXV SORYHU VSHFLHV LW ZRXOG KDYH LPSOLFDW|
FDXVHG E\ FOLPDWH FKDQJH DV SUH\ DEXQGDQFH V\QFKUR(
PDLQWDLQHG IRU ERWK DGXOWV DQG FKLFNV +DLJ 71
ZHUH WKRXJKW WR EH UHVWULFWHG LQ SUH\ W\SH E\ WKHL
$ 'DYLV

30RYHU FKLFNV PD\ DOVR KDYH GLIIHUHQW IUHVKZDWH
6HYHUDO DXWKRUV KDYH VWDWHG WKDW \RXQJ SORYHUV U
JODQG LV QRW GHYHORSHG DW KDWFKLQJ +DLJ OXUSK\ OL

5XEHJD 2ULQJ 7IWXUXDWX FKLFNV RQ +RNRUHUH

I[UHVKZDWHU VHHSYV DV IHHGLQJ DUHDVY DQG WR JURZ PRUH



WR WKLV W\SH Rl PLFURKDELWDW $ 'DYLV ' KHWKHU \
DYDLODELOLW\ RU DFFHVV WR IUHVKZDVWHEXWYXQRQRIQ $
DPHULFBRIDFNYV UDLVHG H[SHULPHQWDOO\ LQ HQYLURQPHQV
H[KLELWHG GHOHWHULRXV FKDQJHV LQ EHKDYLRXU JURZW
OHYHOV +DQQDP 2ULQJ +HU]RJ JRUDJLQJ WLPH DQ
WKH JURXS ZLWK DFFHVV WR IUHVKZDWHU DQG VXEFHVVLY*H
DQG K\SHU VDOLQH HQYLURQPHQWY +RZHYHU (KPNH HW D
,HURGLDFRQRX :HVWRQ UHFRUGHG WKH VHOHFWLRQ
SORYHUV LQ WKH DEVHQFH RI IUHVKZDWHU

7KH PDVV Rl WKH VDOW JODQG LQ DGXOW VKRUHELUGYV
6WDDODQG 7KH FRPPR&KDUQIHA XS\ORIYE W L F X O D
FRPSDUDWLYHO\ ODUJH JODQG ZKLFK PD\ DOORZ LW JUHDYV
LQFUHDVLQJ ZHWODQG VDOLQLVDWLRQ 5XEKHIWDD GERKVQ VR C
YRFLIHUKWH QRW LQFOXGHG LQ 6WDDODQGYTV VWXG\ EXW D
30LVVQHU 2ULQJ  +DLJ W PD\ EH WKDW IUHVKZDWF
UHTXLUHPHQW IRU DGXOW SORYHUV EXW FRQIHUV DQ DGYD
LPSRVHV KLJK PHWDEROLF HQHUJ\ GHPDQGYV

:KLOH LW UHPDLQV XQSURYHQ WKDW DFFHVV WR IUHVK
VXUYLYDO RI &KDUDGULXV SORYHU FKLFNV WKH DYDLODEL
LPSRUWDQW IDEFWRUV WR FRQVLGHU LQ D FRQVHUYDWLRQ \
WKH SRVVLELOLW\ WKDW WKH DUWLILFLDO SURYLVLRQLQJ |

LQFUHDVH WIWXUXDWX FKLFN VXUYLYDO UDWHYV
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7KH EUHHGLOJ VA\VWHPV DOG EUHHGLOQJ EHKDYLRXU Rl &KD!I

%UHHGLQJ V\VWHPYV

ORVW &KDUDGULXV SORYHU VSHFLHV DUH PRQRJDP
JHQHWLFDOO\ DQG WKH\ HIKLELW ELSDUHQWDO FDUH GXUL
SRO\JUDPRXV RU H[KLELW XQLSDUHQWDO FDUH DQG WKH UH
GXH WR LQVXIILFLHQW VWXG\ (EHUKDUW 3KLOOLSV 31
WKDW PRQRJDP\ DQG ELSDUHQWDO FDUH DUH WKH DQFHVW
5H\QROGV 6]pNHO\ DQG WKLV DSSOLHV WR DOO ILYH
+RZHYHU SORYHU EUHHGLQJ V\VWHPV DQG SDUHQWDO FDU
LQWHU DQG LQWUD VSHFLILF YDULDWLRQ GRFXPHQWHG (E
IDFLOLWDWHG E\ WKH SUHFRFLDO VWDWH RI WKHLU \RXQJ
SRO\JDP\ DQG XQLSDUHQWDO FDUH GR RFFXU LW LV XVXDC
FKLENV WR SXUVXH IXUWKHU PDWLQJ RSSRUWXQLWLHV OH

6WHQ]J]HO 3DJH

7KH DGXOW VH[ UDWLR

$Q XQEDODQFHG DGXOW VH[ UDWLR $65 FDQ UHVXOW
YDULRXV OLIH F\FOH VWDJHV 'LIIHUHQWLDO FKLFN PRUWD(
ZDV REVHUYHG LQ WZR \HDUV RXW RI D WKUHH \HDU VWXG\
&KDUDGULXV BHOBBABHUV &XWKEHUW 'LIITHUHQWLD
OHDGLQJ WR D PDOH ELDVHG $65 KDV EHHQ REVHUYHG LQ S
VQRZ\ SORKBIWDGULXV DO KDHIE HOQKW DO +RZHYHU (

3KLOOLSVY HW DO FRQVLGHU WKDW $65 YDULDWLRQ ZLWKLC



UHVXOW RI VH[ ELDVHG DSSDUHQW VXUYLYDO RI MXYHQLOH
ORVW HLWKHU WKURXJK GLVSHUVDO RU PRUWDOLW\ (EHUK
WIWXUXDWX SRSXODWLRQ RQ ORWXWDSX KDG D VWURQJO\ |
ZLWK WKH ODUJHU UHPQDQW SRSXODWLRQ RQ +RNRUHUHRL

FRQVLVWHQWO\ FORVH WR SDULW\ LQ DOO DJH JURXSV %

6H[XDO GLPRUSKLVP

6H[XDO GLPRUSKLVP LQ SORYHUV LV PRUH H[DJJHUDWH
LQ PRQRJDPRXV WD[D $UJ+HOOHV 7LFy HW DO 6H[XDC
WKRXJKW WR EH FRUUHODWHG ZLWK VH[ GLIIHUHQFHV LQ S
SOXPDJHG PDOHV LQFXEDWH DW QLJKW ZKHQ YLVXDO SUHG
WKHP RQ WKH QHVW (NDQD\DNH HW DO ,Q WIWXUXDW
SUHVHQW EXW VXEWOH UHIOHFWLQJ WKH WHQGHQF\ WR D
IHYHUWKHOHVV 'DYLV REVHUYHG WKDW PDOHV GR PRVW R

'‘DYLV E

%YUHHGLQJ VHDVRQ EHKDYLRXU

&KDUDGULXV SORYHUV DUH UHODWLYHO\ ORQJ OLYHG E
ORVW VSHFLHVY VWXGLHG KDYH D PD[LPXP ORQJHYLW\ RI ¢
VSHFLHV H[KLELW KLJK LQWHU \HDU VLWH DQG PDWH ILGHO
KLIKHU LQ PDOHV WKDQ IHPDOHV IRU VRPH VSHFLHV 6WHQ
EUHHGLQJ VHDVRQ IRU WIWXUXDWX RFFXUV RYHU WKH $XV\
ODUFK 7KH SUHVXPDEO\ LOQOWHUUHODWHG SKHQRPHQD RI I
ILGHOLW\ DSSHDU WR LQIOXHQFH VLWH VHOHFWLRQ DQG SI

&RXUWVKLS EHKDYLRXU GLITHUV EHWZHHQ PRQRJDPRX\

$ VWXG\ FRPSDULQJ WZR FORVHO\ UHODWHG SORYHU VSHFL



VQRZ\ SORYHUV DQG D PRQRJDPRXV SRSXODWGRQXR/I .HQW
DOH[DQGULIQKZHG WKDW ERWK PDOHV DQG IHPDOHV VSHQW
SRO\JDPRXV SORYHU SRSXODWLRQ WKDQ WKH PRQRJDPRXV
FRXUWVKLS EHKDYLRXU Rl PDOHV UHODWLYH WR IHPDOHV L
LQ WKH SRO\VJDPRXV SORYHU SRSXODWLRQ ZKHUHDV LW GL
SRSXODWLRQ &DUPRQD ,VXQ]D .*SSHU 6HUUDQR OHQHVHYV
SORYHU VSHFLHV LQGLYLGXDOV EUHHG ILUVW DV \HDUOLQJ
WIWXUXDWX RQ +RNRUHUHRUR ZKR EUHHG IRU WKH ILUVW

D ,VRODWHG FDVHV RI WIWXUXDWX EUHHGLQJ DV \HDUC
WUDQVORFDWHG SRSXODWLRQV VXJJHVWLQJ WKDW UHVRXL

FRQVWUDLQW UDWKHU WKDQ SK\WLRORJ\ '"'RZGLQJ &ROOH

7KH UHSURGXFWLYH UDWHV Rl SORYHUV DUH ORZ ZLWH
XVXDOO\ OD\ D FOXWFK RI WKUHH HJJV EXW RFFDVLRQDOO
LQ HDUQHVW DIWHU WKH ILQDO HJJ LV ODLG HYHQ WKRXJK
EHWZHHQ HJJV D SKHQRPHQRQ NQRZQ DV 3SDUWLDO LQEXE

3DUWLDO LQFXEDWLRQ DSSHDUV WR SURYLGH H[FHOO}
VSHFLHV ZLWKLQ HDFK RI WKH FOXWFKHV REVHUYHG DOO |
HDFK RWKHU 5HQHVWLQJ WKH UHSODFHPHQW RI D FOXWFEF
LV D FRPPRQ SKHQRPHQRQ LQ SORYHUV HVSHFLDOO\ LQ SF
WHPSHUDWH RU WURSLFDO UHJLRQV ZKHUH QHVW ORVV LV
ORQJ 6WHQ]HO 3DJH

ORVW SORYHU VSHFLHV KDYH PLQLPDO QHVWV RQ WKH
DSSHDU YXOQHUDEOH 7KH\ UHO\ RQ FU\SVLV HDUO\ YLVXD

DQG GLVWUDFWLRQ EHKDYLRXUV WR UHGXFH GHSUHGDWLR



IHPDOH SORYHUVY JHQHUDOO\ VKDUH LQFXEDWLRQ GXWLHV
WKH WLPH (EHUKDUW 3KLOOLSV 6H[XDOO\ GLPRUSKLF
GLXUQDO QRFWXUQDO GLYLVLRQ RI SDUHQWDO LQFXEDWLR
PDOHV LQFXEDWLQJ DW QLJKW DQG IHPDOHYV LQFXEDWLQJ (

$OWKRXJK WIWXUXDWX DUH RQO\ PLOGO\ VH[XDOO\ GL
GLYLVLRQ RI LQFXEDWLRQ KDV EHHQ REVHUYHG $ 'DYLV

$GXOW SORYHUV DUH JHQHUDOO\ DW KHLJKWHQHG ULV
EUHHGLQJ VHDVRQ DV WKH\ DUH REOLJHG WR VSHQG WLPH
JURXQG DWWHQGLQJ WKHLU EURRG (NDQD\DNH HW DO
WKLY UHVSHFW EHFDXVH XQOLNH DOO RWKHU SORYHU VSHI
FRYHUHG $ 'DYLV E )OHPLQJ ZKHWKHU E\ GULIW
GHQVH YHIHWDWLRQ RU D EDQN 8QGHU QDWXUDO FRQGLW
IURP DYLDQ SUHGDWRUV EXW DOVR PDNHV WKHP H[WUHPH
PDPPDOLDQ SUHGDWRUYV

&KDUDGULXYVY SORYHUV DUH ZHOO NQRZQ IRU WKHLU GL
WKH\ GLYHUW WKH DWWHQWLRQ RI D SRWHQWLDO SUHGDW
VRPH ULVN WR WKHPVHOYHV %UXQWRQ "HVWRQ (0JD
EHKDYLRXUV UDQJH LQ LQWHQVLW)\ IURP D 3UDW UXQ" ZKHU
ORZHUV WKH KHDG DQG WDLO DQG UXQV HUUDWLFDOO\ LQ
SHUFHLYHG WKUHDW WKURXJK D SEURNHQ ZLQJ GLVSOD\”
ELUG” GLVSOD\ D UDUHO\ REVHUYHG EHKDYLRXU DSSDUHQ"
HQFRXQWHUV ZLWK SUHGDWRUYV

3ORYHU FKLFNV DUH SUHFRFLDO 7KH\ DUH QRW IHG E\
WKHPVHOYHV ZLWK JXLGDQFH DQG SURWHFWLRQ IURP WKH

PDQ\ VSHFLHVY LQFOXGLQJ WIWXUXDWX EH\RQG IOHGJLQJ



GHJUHH RI SDUHQWDO FRRSHUDWLRQ LQ FKLFN UHDULQJ L\
EHWZHHQ DQG ZLWKLQ VSHFLHV ,Q WIWXUXDWX ERWK SDU
DQRG JXDUG WKHLU EURRG 30ORYHU FKLFNV DUH JHQHUDOO\
SQHVW IOHHLQJ" *RFKIHOG 0\ VWXGLHY UHYHDOHG Wtk
HIFHSWLRQ ZLWK WKH FKLFNV XVLQJ WKH FRYHUHG QHVW

SUHVXPDEO\ IRU VKHOWHU IURP WKH ZHDWKHU DQG UHIXJH

/KH IRUDJLQJ EHKDYLRXU RI &KDUDGULXY SORYHUV DQG LV

LOFXEDWLRO OHQJIJWK SUHFRFLDO GHYHORSPHQW DQG IOF

SORYHUV IRUDJH YLVXDOO\ XVLQJ D WHFKQLTXH YDULR
WUDYHO" RU 3UXQ VWRS UXQ" ZKHUHE\ WKH\ VFDQ WKH DUI
VXEVWUDWH VXUIDFH ZKHQ WKH\ GHWHFW D SUH\ LWHP %D
SORYHUV KDYH VKRUW VWUDLJKW ELOOVD MSHHIHNSWLRQ L
HQGHPLF WR $RWHDURD ZKLFK LV WKH RQO\ ELUG ZLWK D C
WKH ULJKW DW DQ DQJOH RI + f -RKQVJDUG

7KH FKDUDFWHULVWLF IRUDJLQJ WHFKQLTXHV RI SORY
ZK\ SORYHUVY KDYH ORQJHU LQFXEDWLRQ SHULRGYV GHVSLW
WZR WD[D /RQJHU LQFXEDWLRQ LQ SORYHUV LV WKRXJKW \
GHYHORSPHQW RI FRPSOH[ QHXUDO WLVVXH WKH RSWLF W
IRUDJLQJ EHKDYLRXU FRPSDUHG ZLWK WKDW QHFHVVDU\ IF
1RO

7KH FKDUDFWHULVWLF IRUDJLQJ WHFKQLTXHV RI SORY
SUHGLVSRVH WKH WZR WD[D WR GLIIHUHQFHYVY LQ VRFLDO R
%DUERVD ODQ\ ELUG VSHFLHY DUH DGYDQWDJHG E\ I}
LQFUHDVHG YLJLODQFH IRU SUHGDWRUV EXW RQO\ ZKHQ K

HITLFLHQW IHHGLQJ 7KLV GHSHQGV RQ WKH ZD\ LQ ZKLFK VW



&XVWDUG 3ORYHUV DUH DEOH WR VFDQ DOPRVW FRQW
IRUDJLQJ XQOLNH RWKHU ZDGHUV WKDW VHDUFK IRU IRRG
RU WDFWLOH PHDQV &KDUDGULXV SORYHUV PD\ DOVR EH P
LQWHUIHUHQFH LQ IHHGLQJ WKDQ WDFWLOH IHHGHUV $V D
OHVV GHQVH IORFNV WKDQ VDQGSLSHUV DQG FDQ DYRLG W

ODUJHU IORFNV LQFOXGLQJ LQWHUIHUHQFH DQG UHVRXUFH
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SHUKDSVY WKH PRVW SHUYDVLYH DOQWKURSRJHQLF WKUFE
ZRUOGZLGH LV FOLPDWH FKDQJH DV LW LPSDFWV VR PDQ\
&KDUDGULXY SORYHU VSHFLHVY RFFXS\ VKRUHOLQH UHJLRQ"
DTXDWLF DQG WHUUHVWULDO HQYLURQPHQWY 7KLV SXWYV !
VHYHUHO\ WKUHDWHQHG E\ FOLPDWH FKDQJH EXW DOVR D
VKRUHOLQHYV RI WKH ZRUOG +DLJ $V D JURXS WKH\ D
ERWK VDOWZDWHU DQG IUHVKZDWHU VHWWLQJV 2FHDQ DFI
DUH WZR PDMRU WKUHDWY WR WKHLU VXUYLYDO EXW FOLP
SK\VLFDO HQYLURQPHQW DV VHD OHYHOV ULVH DQG VWRUP
VHYHULW\ 6KRUHELUGY LQ JHQHUDO DSSHDU WR EH IDULQ.
VKRUHELUG VXUYH\ WKDW VDPSOHG DERXW D WKLUG RI WK

IRXQG SRSXODWLRQ GHFUHDVHV RI IRU PLIJUDWRU\ E
ELUGY RUOGZLGH WUHQG GDWD RI SRSXODWLRQV VKRZ

LOQFUHDVLQJ 1HEHO 3RUWHU .LQJVIRUG



*OREDO FOLPDWH FKDQJH

+XPDQ SRSXODWLRQ JURZWK DQG LQGXVWULDO GHYHO|!
JUHHQKRXVH JDV HPLVVLRQV ZLWK WKH UHVXOW WKDW WK
DQG RFHDQ VXUIDFHV LQFUHDVHG E\ f& EHWZHHQ DQ
KLIJKHU WHPSHUDWXUHY DQG PRUH H[WUHPH YDULDWLRQ D
FKDQJH GLUHFWO\ WKUHDWHQ WKH WKHUPRUHJXODWLRQ R
DOVR FRQWULEXWH WR WKH VSUHDG RI DOJDO VSHFLHV ZKI|
KDELWDW E\ UHGXFLQJ WKHLU EHQWKLF SUH\ ORUH GUDPD
FDXVH WR[LF DOJDO EORRPV ZKLFK WKUHDWHQ ZDGHUV ER
ELRDFFXPXODWLRQ LQ ILOWHU IHHGLQJ SUH\ /DQGVEHUJ
PRUH OLNHO\ WR EH VHHQ LQ WKRVH &KDUDGULXV SORYHU
WKH SRKRZHUD DQG QJXWXSDURUH 7KH VRXWKHUQ VSHFLF
LQODQG EXW PLIJIUDWHYV WR FRDVWDO DUHDV RXWVLGH WKH
7KH QRUWKHUQ VSHFLHV Rl WIWXULZKDWX DQG WKH WIWXU
EXW VWLOO UHO\ RQ FOHDQ IUHVKZDWHU IRU JURRPLQJ DQ
FKLENV

%HFDXVH ZDUPLQJ WUHQGY DUH VWURQJHU RYHU FRQW
RFHDQV WKH DWPRVSKHULF SUHVVXUH JUDGLHQWY DQG W|
PDUJLQVY DUH LQWHQVLI\LQJ +DUOH\ HW DO ORUH IUF
IORRGYV DQG VWRUP HYHQWYV WKUHDWHQ VKRUHELUGV LQ J
QHVWLQJ VWDJH RI FRDVWDO QHVWLQJ ELUGY *DOEUDLWK

7KLV LV PLWLIJDWHG RQO\ SDUWLDOO\ E\ WKHLU DELOL
WKH EUHHGLQJ VHDVRQ &ROZHOO +DLJ E 1HVWLQJ W
WIWXULZKDWX DUH FHUWDLQO\ WKUHDWHQHG E\ IORRG DQC

MXVW DERYH WKH QRUPDO KLJK WLGH PDUN DQG VRPHWLPF



VWXG\ , REVHUYHG WKH HIIHFWV Rl WLGDO VXUJHV DQG D |
&KDSWHU 7KUHH

$Q DGGHG FRPSRQHQW WR WKH WKUHDW RI ZDUPLQJ Vt
FKDQJLQJ UDSLGO\ 2FHDQ DFLGLILFDWLRQ WKUHDWHQV Wt
LQYHUWHEUDWHY WKDW SURYLGH DQ LPSRUWDQW IRRG VR)
H[DPSOH Rl WKH FKDQJHV LQ RFHDQ FKHPLVWU\ WKDW VRP|
PRUH LPSRUWDQW WKDQ FKDQJHV LQ WHPSHUDWXUH IRU W
PDQ\ RUJDQLVPV +DUOH\ HW DO %HDFKHV ZLOO EH D
FKHPLVWU\ DV WKH\ DUH 3VXEVLGLVHG HERV\VWHPV' 7KHU
RQ VDQG\ DQG URFN\ VKRUHV WKHVH DUHDV UHO\ RQ LPSR
VHD WR VXVWDLQ WHUUHVWULDO LQYHUWHEUDWH SRSXODV
IRU & KDUDGULXV SORYHUV &XWWULVV :HVWRQ ODJXLUH
QRYHO VXJJHVWLRQ WR DGG 3ZUDFN’" WR WKH XSSHU EHDFK
LQ DGGLWLRQ WR PRUH FRQYHQWLRQDO FRQVHUYDWLRQ DF
VXJIJHVWLRQ LV WKH H[DFW RSSRVLWH Rl WKH QRUPDO PDQ
EHDFKHV LQ $SRWHDURD RI 3FOHDQLQJ" WKH EHDFK E\ UHPR

:LOGILUHV LQFUHDVLQJO\ WKUHDWHQ ELUGY DQG QHVW
ILUHV DUH ZRUVHQHG E\ FOLPDWH FKDQJH 7KLV LV SHUKDS
IHHG DQG QHVW RQ WKH VKRUH KDYH D QDWXUDO DGYDQWTI
KRZHYHU EHHQ LGHQWLILHG E\ WKH '"HSDUWPHQW RI &RQVH
$RWHDURD DV D VSHFLILF ULVN WR WKH UHPQDQW SRSXOD)\
'2&

&KDQJHV LQ WKH SKHQRORJ\ DQG GLVWULEXWLRQ RI Sl
GLVHDVH DUH H[SHFWHG DV WKH FOLPDWH FRQWLQXHV WR

OLJUDWRU\ VSHFLHV VXFK DV $UFWLF QHVWLQJ &KDUDGULX



REVHUYHG QHVWLQJ IXUWKHU QRUWK WKDQ WKH\ GLG KLVW
+MHUPDQQ 2WWHUVHQ 6WHQVHWK +XJIKHV 9LV YV
PLJUDWRU\ VSHFLHV OLNH WKH WIWXUXDWX PD\ EH PRUH V.
PLVPDWFK DV WKH\ DUH OHVV DEOH WR VKLIW WKHLU UDQJ
WKDW WKH FRQVHTXHQFHV Rl FOLPDWH FKDQJH DUH PRVW
LQ VHDVRQDO KDELWDWV %RWK HW DO $V PHQWLRQH!
SUHVHQW D VSHFLDO FDVH LQ WKH SKHQRORJLFDO PLVPDW
DYDLODELOLW)\ RI IRRG EHFDXVH WKH SUHFRFLDO FKLFNV C
LQYHUWHEUDWH SUH\ VSHFLHVY WKDQ DGXOW ELUGV ODFKL

&OLPDWH FKDQJH DOVR WHQGV WR GHFUHDVH IORZ UD\
OHDGLQJ WR SRRUHU ZDWHU TXDOLW\ LQ JHQHUDO DQG LQ

7KH GU\LQJ XS Rl VRPH ZDWHUZD\V DQG WKH UHGXFW
KDV WKH HIITHFW Rl FRPSRXQGLQJ WKH KDELWDW ORVV DQG
DQWKURSRJHQLF FOLPDWH FKDQJH DQG ODQG XVH FKDQJH\
&KDUDGULXV SORYHUV LV H[SHFWHG WR RFFEXU GXULQJ WK
GLVEXVVHG VKRUHELUG FKLFNV DUH WKRXJKW WR VXIIHU \
DFFHVV WR I[UHVKZDWHU $GXOW ELUGV PD\ DOVR VXIIHU D
JODQGYV LPSRVHV KLJK PHWDEROLF GHPDQGY DQG LV OLPLV
RVPRODOLW\ WKH FRQFHQWUDWLRQ RI VROXWHV LQ WKH S
ZKHUH QDWXUDO IUHVKZDWHU DFFHVV FDQQRW EH PDLQWD
QHFHVVDU\ WR SURYLGH DUWLILFLDO VRXUFHV WR WKH EUHI

VSHFLHV



+DELWDW ORVV DOG GHIJUDGDWLRQ

+DELWDW ORVV DQG GHJUDGDWLRQ FDQ EH FDXVHG E\
E\ FKDQJHV LQ DQWKURSRJHQLF ODQG XVH 6HD OHYHO UL\
IURP WKHUPDO H[SDQVLRQ RI WKH RFHDQV GLUHFWO\ WKUF
VKRUHELUGY DOWHULQJ RU HYHQ HOLPLQDWLQJ VKRUHELU
*DOEUDLWK HW DO *DOEUDLWK HW DO BXWKHUO
VXUIDFH WHPSHUDWXUHV LQ WKH DUFWLF DUH WKRXJKW Wi
DQG ZLQGLHU FRQGLWLRQV WR KDYH GUDPDWLFDOO\ LQFU}
SUREOHP RI FRDVWDO KDELWDW ORVV % -RQHV HW DO
+DELWDW ORVV DQG FOLPDWH FKDQJH DOVR LQWHUDFW
FRQVWUDLQHG E\ OLPLWHG KDELWDW LV PRUH DFXWHO\ WK
WULJJHUHG E\ FOLPDWH FKDQJH $V DQ H[DPSOH WKH HQW
LQ WKH ODWH V ZDV UHVWULFWHG WR WKH KD LVODQG
,VODQGV JURXS 7KLV H[WUHPH KDELWDW OLPLWDWLRQ LQF
FOLPDWH FKDQJH PHGLDWHG HIIHFWV VXFK DV ILUHV IORF
VFDUFLW\ IDLOLQJ IRRG VXSSO\ DQG DOJDO EORRPV $Q\ |
FRPELQDWLRQ ZRXOG KDYH ULVNHG WKHLU H[WLQFWLRQ '
$SDUW IURP FOLPDWH FKDQJH WKH PDLQ FDXVH RI KDE
FKDQJH LQ DQWKURSRJHQLF ODQG XVH URDGLQJ XUEDQLYV
)RU H[DPSOH ODF.LQQRQ HW DO ODF.LQQRQ O9HUNXLO 0
RYHU WKH ODVW ILIW\ \HDUV PRUH WKDQ D PLOOLRQ KHFW
KDOI RI FRDVWDO ZHWODQGY KDYH EHHQ ORVW WR DJULFX
FRQVWUXFWLRQ RI SRUWV DQG FLWLHV DQG WLGDO HQHUJ
GHFOLQHV RI VKRUHELUG SRSXODWLRQV RI = SHU \HDU 7

IURP WKH FKDOOHQJHV IDFLQJ FKDUDGULG SORYHUV DQG R



$RWHDURD EXW VHYHUDO VSHFLHV WKDW EUHHG LQ $XVWL
WDLOHG /LRGXIMS SR PUINDWH WKURXJK &KLQD DQG KDYH Et
DIIHFWHG E\ WKHVH FKDQJHV ORUH EURDGO\ WKHVH REVH
JURZWK Rl KXPDQ SRSXODWLRQV DQG LQGXVWULDOLVDWLR
FKDQJH + DUH DOVR WKH PDLQ GULYHUV RI KDELWDW ORVV

+DELWDW GHJUDGDWLRQ FDQ DOVR RFFXU WKURXJK FR
HXWURSKLFDWLRQ FKHPLFDO FRQWDPLQDWLRQ DQG PLFUI
VKRUHELUG HJJV LQ $ODVND IRXQG UHODWLYHO\ ORZ OHYH
FRQFHUQV WKDW VHYHUDO RUJDQLF DQG LQRUJDQLF FRQW
SUHVHQW DW KLJKHU OHYHOV WKDQ LQ SUHYLRXV VWXGLH\
WKH VRXWKHUQ KHPLVSKHUH LQ JHQHUDO DUH OHVV LQGXV
KHPLVSKHUH EXW FKHPLFDO SROOXWLRQ GRHV RFEXU ORF
VKDOORZ ZDWHUV Rl WKH +DXUDNL *XOl 6KRUHELUGV LQFC
FRQWDPLQDQW H[SRVXUH DV WKH\ IRUDJH RQ LQYHUWHEUD
ZKHUH FRQWDPLQDQWY DFFXPXODWH LQ VHGLPHQWYV $ UHI
R\VWHUFDWAKMHUWRSXV SROQUDMRVIRXQG WKDW DOO DQLPEL
HYLGHQFH RI VIQWKHWLF PDWHULDOV LQ WKHLU VWRPDEK |
IUDJPHQWY DQG SHOOHWY 7KH KHDOWK FRPSOLFDWLRQV
EORFNDJH RI WKH GLJHVWLYH WUDEFW SK\VLFDO GDPDJH IU
UHGXFWLRQ LQ GLJHVWLYH WUDFW YROXPH 7KHUH LV DOV
FRQWDLQ FKHPLFDO FRQWDPLQDQWY WKDW DUH DEVRUEHG
BFKHUHU  3HWU\ , DP XQDZDUH RI VLPLODU VWXGLH\
SUREDEOH WKDW RXU HQGHPLF R\VWDUPDWRKSKY K\KH RIOARL
DOVR H[SRVHG WR PLFURSODVWLF FRQWDPLQDWLRQ 7KH W

HQGHPLF SORYHU VSHFLHV WKH WIWXULZKDWX VKDUH KDE



WAUHD SDQJR UDLVLQJ WKH SRVVLELOLW\ WKDW WKH\ WRF
SROOXWLRQ LV D JOREDO SUREOHP DQG LWV KDUPIXO HIIH

RQH UHJLRQ RU D VLQJOH WD[RQ RI VKRUHELUGYV

'LVWXUEDOQFH HYHQWYV

,Q WKH ZHVWHUQ ZRUOG EHDFK OLYLQJ KROLGD\LQJ
LPSRUWDQW SDUW RI WKH OHLVXUH OLIHVW\OH DQG WKH J¢
ORVV Rl SORYHU KDELWDW LV H[DFHUEDWHG E\ KXPDQ UHO
DQG SDUWLFXODUO\ LQ VKRUH QHVWLQJ VSHFLHV :HVWRQ
SXEOLVKHG RQ WKLV WRSLF LV IURP $XVWUDOLD ZKHUH EH
KXPDQ SRSXODWLRQ LV FRQFHQWUDWHG QHDU WKH FRDVW
DURXQG WKH ZRUOG LQFOXGLQJ WKH KDELWDW RI WIWXUXC

LW LV XQIRUWXQDWH WKDW WKH EUHHGLQJ VHDVRQ IRL
UHJLRQV FRLQFLGHV ZLWK SHDN YLVLWRU QXPEHUV RYHU \
H[DFHUEDWH WKLV HIIHFW DV ZDUPHU WHPSHUDWXUHV ZLO
EHDFKHV WKDW ZHUH RWKHUZLVH RFFXSLHG E\ SORYHUV D¢
-RQHV 6XWKHUODQG ,Q WKH QHVWLQJ SKDVH RI WKE
IRUPV RI GLVWXUEDQFH DUH PRUH OLNHO\ WR FDXVH QHVW
GXUDWLRQ RI QHVW DEVHQFH WKDQ RWKHUV 3HRSOH ZDON
FDXVH VKRUWHU QHVW DEVHQFHV WKDQ 3VWDWLF GLVWXUE
VXQEDWKLQJ DQJOLQJ RU SLFQLFNLQJ :HVWRQ (KPNH ¢
RU ZLWKRXW D GRJ DQG ZDONHUV ZLWK D GRJ RIl OHDVK F
KRRGHG SORYHU WKDQ SHRSOH ZDONLQJ GRZQ D EHDFK :H
'LVWXUEDQFH GXULQJ WKH FKLFN UHDULQJ SKDVH RI WKH E

SDUHQWYV IURP FKLENV UHGXFLQJ EURRGLQJ DQG WKHUPRL



RSSRUWXQLVWLF SUHGDWLRQ RI FKLENV 'LVWXUEDQFH DO
SURORQJHG LQWHUIHUHV ZLWK WKHLU IRUDJLQJ WLPH

/IDUJH QXPEHUV Rl SHRSOH RQ D EHDFK FDQ DOVR GHFL
WKHLU IRRG VXSSO\ E\ WUDPSOLQJ WKH VDQG 6FKODFKHU
SUDFWLFHVY FRPPRQ LQ $XVWUDOLD DQG $RWHDURD VXFK D
VHD ZHHG DQG FRQVWUXFWLRQ RI VHD ZDOOV DUH DOVR O
EHDFKHV IRU SORYHU EUHHGLQJ &XWWULVV HW DO

+XPDQ UHODWHG GLVWXUEDQFH WR WIWXUXDWX LV PLC
FXUUHQWO\ LQKDELW +RNRUHUHRUR LV YHU\ UHPRWH XQL
5HVHUYH ZLWK DFFHVV OLPLWHG WR SHUPLW KROGHUV :DL
UHODWLYHO\ UHPRWH DQG UDUHO\ YLVLWHG E\ WKH SXEOLI
UHVHUYH DFFHVVHG E\ D IHUU\ VHUYLFH RU IURP SULYDWH
HVSHFELDOO\ GXULQJ WKH VXPPHU EUHHGLQJ VHDVRQ 7KLV
WKH +DXUDNL *XOl WKDW LW LV KRSHG PD\ EH FRORQLVHG
GLVSHUVH IURP ORWXWDSX

+XPDQ UHODWHG GLVWXUEDQFH HYHQWY DUH OLNHO\ W
ZKHQ WKH DYDLODEOH EHDFK DUHD LV PXFK VPDOOHU HIIH
RI KXPDQV GRJV RU YHKLFOHV 7IWXUXDWX DQG WIWXULZI
PDUN DQG WKLV LV DOVR WKH DUHD ZKHUH WKHLU EKLENYV
DUH YXOQHUDEOH WR KXPDQ UHODWHG GLVWXUEDQFH GXU|
SDUWLFXODUO\ DW KLJK WLGH &RQVHUYDWLRQ PDQDJHPHC
LQFRUSRUDWH IHQFLQJ DQG VLJQDJH WR GLUHEW WKH SXE
WKH VKRUHELUG EUHHGLQJ VHDVRQ 9LVXDO GHOLQHDWLRC
LQVWDOODWLRQ RI HOHFWULF IHQFH VWDQGDUGY DQG WDS

FXUUHQWO\ SUDFWLFHG RQ VRPH EHDFKHV LQ $RWHDURD L



VHDVRQDO GRJ H[FOXVLRQV DUH SUDFWLFHG RQ PDQ\ EHDF
URXQG RQ ORWXWDSX DQG DGMRLQLQJ 5DQJLWRWR ,VODQG
RFFXU WKH\ DUH XQXVXDO LQ WKH PDLQ WIWXUXDWX DQG

'LVWXUEDQFH HYHQWY DUH QRW MXVW KXPDQ UHODWH(
FRQVSHFLILFV FRPSHWLWLYH VSHFELHV DQG SRWHQWLDO ¢
DUH RIWHQ EULHI WKH GLVSOD\ EHKDYLRXUV WKH\ HOLFLW
LOQYROYLQJ UXQQLQJ RU IO\LQJ VHH &KDSWHU 7ZR 0\ VWX
GLVWXUEDQFH HYHQWYV DIIHFWLQJ WIWXUXDWX GXULQJ WK
RWKHU WIWXUXDWX DQG E\ WIWXULZKDWX D FRPSHWLWLYF
:KLOH WKHVH FRXOG EH FRQVLGHUHG QDWXUDO HYHQWV L

VXLWDEOH KDELWDW WKURXJK ORVV RU GHJUDGDWLRQ WKI

 OWURGXFHG PDPPDOLDQ SUHGDWRUYV

,Q $SRWHDURD DQG RWKHU UHODWLYHO\ UHFHQWO\ VHW
SHUYDVLYH WKUHDWYV RI FOLPDWH FKDQJH DQG KDELWDW C
LPPHGLDWHO\ GHYDVWDWLQJ DQWKURSRJHQLF FKDQJH WK
WKDW FRPSHWH ZLWK RU SUHGDWH HQGHPLF VSHFLHV 7KL
KDQGIXO RI WKH &KDUDGULXV SORYHUV 7KH ELUGV RI $RW
PDPPDOLDQ SUHGDWRUV LQ WKH PLOOLRQ \HDUV VLQFH \
*RQGzZzDQD $RWHDURD ZDV WKH ODVW VL]DEOH ODQGPDVYV |
KXPDQV DQG WKHLU DWWHQGDQW PDPPDOV 3DFLILF VHWW
UDMDWWXV HDO@O® QXU 3DAQLN GRB ISUIREDIBO\ LQ WKH HDUC
FHQWXU\ :DOWHU %XFNOH\ -DFRPE ODWLVRR 6PLWK
Rl PDPPDOLDQ SUHGDWRU DFFRPSDQLHG W"WWRYKHDQ VHWWO

FHQWXULHV 7KHVH LQFOXGHGLW KIDWHKR HR WAR\\KIDAY/



QRUYHJILWXW V KILLBWINDXNW WDKWAWBEXWIX V KW B UQ FEKRWOURK V
YXOSHFW@®B KHGUIBK@RIFHXV HXURSDHXV@F WIGHHIWDOH FLHV
PXVWHOLG WXWHWHODWHMWREBW WHOD HIUPE HDOKNWWW H O D
QLYDOKNVH PDPPDOLDQ SUHGDWRUV WKULYHG LQ $RWHDUR
HQGHPLF IDXQD DV WKH\ VSUHDG 21 WKH HQGHPLF VSHFL
FRDVWDO ELUGYVY SUHVHQW ZKHQ KXPDQV DUULYHG LQ $RWF
HVWLPDWHG RI WKH UHPDLQLQJ QDWLYH RU HQGHPLF EL
FODVVLILHG DV WKUHDWHQHG 'RZGLQJ 0 X USK\
$RWHDURD LV DQ DUFKLSHODJR RI DURXQG LVODQGY
SURYLGHG VRPH FRQVHUYDWLRQ RSSRUWXQLWLHV 6RPH L\
PDPPDOLDQ SUHGDWRUYV DV DQ DFFLGHQW RI KLVWRU\ 7KH
WKH &KDWKDP ,VODQGYV JURXS WKH ODVW UHIXJH RI WKH V
WKLV DV LW DSSHDUV QHYHU WR KDYH EHHQ LQYDGHG E\ D
RWKHU LVODQGYVY PRUH UHFHQW LQWURGXFWLRQV KDYH GL\
WZR UDW VSHFLHVY LQWURGXFHG E\ (XURSHDQV WKH 1RUZD
ODUJHO\ GLVSODFHG WKH NLRUH WKURXJKRXW $RWHDURD
DHULDO WR[LQ DSSOLFDWLRQ VWUDWHJLHY KDV DOORZHG \
SRSXODWLRQV RI IRXUWHHQ LOQWURGXFHG PDPPDOLDQ VSH
FRQMRLQHG LVODQGV RI 5SDQJLWRWR DQG ORWXWDSX DUH I
I[UHH™ LQ *ULITLWKY HW DO ORUH UHFHQWO\ WKH '
XVHG WR HUDGLFDWH LQWURGXFHG PDPPDOV IURP *PDLQOL
SUHGDWRU SURRI IHQFHV 2QFH 3SHVW IUHH®™ VWDWXV LV D
ELRVHFXULW\ DQG GHWHFWLRQ RI LQFXUVLRQV DUH UHTXL!
DQG NLOO PDPPDOLDQ SUHGDWRUY DUH URXWLQHO\ GHSOR

IUHH® LVODQGY DQG WKH SHULSKHU\ RI 3 PDLQODQG LVODQC



VSHFLDOO\ WUDLQHG GRJV GHSOR\HG LQ WKH FDVH RI D VX
DUH FRPPRQ VWRZDZD\V RQ ERDWV DQG HYHQ PRUH FRQFH
VWURQJ VZLPPHUV DEOH WR FRORQLVH LVODQGYV XQDLGHG
FDVHV Rl XQDVVLVWHG YLVLWV RI VWRDWY WR LVODQGYV
+DQQDIRUG 5XVVHOO &ORXW DQG D VWRDW KDV EH
DQ H[SHULPHQWDO VLWXDWLRQ .LQJ 9HDOH 3DWW\  +D\:
&RQWURO DQG HOLPLQDWLRQ VWUDWHJLHY DUH EDFNH

DW LPSURYLQJ WKH VDIHW\ DQG HIILEDF\ RI H[LVWLQJ PHW|
VXFK DV JHQH GULYH WHFKQRORJ\ 1HZ WHFKQRORJLHV ZLC
S3UHGDWRU )UHH " WDUJHW VXSSRUWHG E\ WKH PDMRU S
ZKLFK DLPV WR ULG WKH HQWLUH FRXQWU\ Rl WKH ZRUVW F
SRVVXPV DQG VWRDWV E\ OXUSK\ 5XVVHOO %URRPH
'HVSLWH HIIRUWYV E\ '2& DQG FRPPXQLW\ JURXSV WKH HQG!|
$RWHDURD DUH QRW IDULQJ ZHOO WKH ILYH FXUUHQWO\ Ul
$1HDU 7TKUHDWHQHG ~ 329XOQHUDEOH" 3(QGDQJHUHG  RU 3&

,8&1 ,8&1

L OWURGXFHG DOG VXEVLGLVHG ODWLYH DYLDQ FRPSHWLWR

7KH SUHVHQFH RI LOQOWURGXFHG PDPPDOLDQ SUHGDWRU
ZLGHO\ FDQYDVVHG VXEMHFW DQG WKH IRFXV RI PXFK FRQ\
LVVXH LV FRPSRXQGHG E\ WKH LQWURGXFWLRQ RI DYLDQ V
HQGHPLF VSHFLHYVY DV SUHGDWRUV RU FRPSHWLWRUV :LGH
SULPDULO\ IRUHVW FOHDULQJ E\ ILUH EHJDQ ZLWK 3RO\QF
(XURSHDQ VHWWOHPHQW DQG LV VWLOO RFFXUULQJ WRGD'

VHOl LOWURGXFWLRQ DQG VXFFHVVIXO HVWDEOLVKPHQW R



KDUULIHIF XYV DSSURRBPW®Y +ROGDZD\ ZKLFK ZDV FRQI
SUHGDWRU RI WIWXUXDWX GXULQJ P\ UHVHDUFK 0DQ\ RWK.
GHOLEHUDWHO\ VXFK DV WK\® @RV WP WOKE IFKHEIOINMH D O V R
FRQILUPHG DV D SUHGDWRU RI WIWXUXDWX GXULQJ P\ UHVI

7KH DQWKURSRJHQLFDOO\ PRGLILHG ODQGVFDSHV DOV
UHVRXUFHVY DYDLODEOH WR HQGHPLF VSHFLHV ,Q PRVW FD
VRPH VSHFLHVY ZHUH VXEVLGLVHG E\ WKH QHZ FRQGLWLRQV
RFFXUV ZKHQ KXPDQV DOWHU UHVRXUFH DYDLODELOLW\ HQ
SRSXODWLRQ WR LQFUHDVH DERYH OHYHOV WKDW ZRXOG R
*RPSSHU 9DQDN 6 XEVLGLVHG SUHGDWRUV FDQ GUD\
SRSXODWLRQ EHFDXVH VXEVLGLHYVY LQVXODWH WKH SUHGDW
GHFOLQH LQ WKH SUH\ SRSXODWLRQ 6LQFODLU HW DO
QDWLYH DYLDQ SUHGDWRU LQ $RWHDURD LV WBHXNDURUR
GRPLQLFD@Q@XREVHUYDWLRQV VXJIJHVW WKDW NDURUR DUH X
RI WIWXUXDWX KRZHYHU WKH\ UHPDLQ D SRWHQWLDO WKL
SUHGDWH WIWXULZKDWX FKLFNV 6LEVRQ

'KHUH LQWURGXFHG PDPPDOLDQ SUHGDWRUYV DUH DEVEH
LVODQGV FXUUHQWO\ VXSSRUWLQJ WIWXUXDWX SRSXODWLI
DLNDZD DQG ORWXWDSX DYLDQ FRPSHWLWLRQ DQG SUHG
LQIOXHQFHYVY RQ WKH IDFWRUV WKDW GHWHUPLQH SRSXODW
PRUWDOLW\ DQG MXYHQLOH GLVSHUVDO &ROZHOO

7IWXUXDWX HYROYHG LQ D YHU\ GLIITHUHQW ZRUOG IUR
7KH\ ZHUH DOUHDG\ FRQVLGHUHG 3YHU\ UDUH" LQ WKH \%
GXULQJ WKH HDUO\ SKDVH RI (XURSHDQ VHWWOHPHQW VHF

WKH FRPELQHG HIIHFWV RI KXQWLQJ SUHGDWLRQ E\ NXU I



SUHGDWLRQ E\ DYLDQ VSHFLHV VHOI LOQWURGXFHG LQWR D(
D VSHFLHV RFFXUUHG WKURXJK WKH FKDQFH DEVHQFH RI D
LVODQG RI +RNRUHUHRUR LQ WKH &KDWKDP ,VODQGV DUFK!
JRRORJLFDOO\ RQH RI WKH PRVW LPSRUWDQW ELRORJLFDO

UHJLRQ )OHPLQJ

5(6($5&+ $,06

7IWXUXDWX KDYH DQ HQWLUH VSHFLHV SRSXODWLRQ H'
7KH SRSXODWLRQ DORQJ ZLWK PDQ\ RWKHU SORYHU VSHFL
WKUHDWY RXWOLQHG HDUOLHU LQ WKLV FKDSWHU 7KH ,8&:
3(QGDQJHUHG  ,8&1 7KH QDWLRQDO 7KUHDW &ODVVLII
VSHFLHV DV 7KUHDWHQHG 1DWLRQDOO\ &ULWLFDO ZLWK
'HSHQGHQW &OLPDWH ,PSDFW &RQVHUYDWLRQ 5HVHDUFK
5HVWULFWHG DQG %LRORJLFDOO\ 6SDUVH 5REHUWVRQ HW
RI  EUHHGLQJ SDLUV RI WIWXUXDWX RQ +RNRUHUHRUR LQ
LV VWDEOH EXW FRQVWUDLQHG E\ WKH YHU\ VPDOO KDELWI
LGHQWLILHG DV EHLQJ VSHFLILEFDOO\ DW ULVN IURP DGYHU
SUHGDWRU LQWURGXFWLRQ IORRGLQJ ILUH DQG GLVHDVF

&DSWLYH EUHHGLQJ DQG 3UHLQWURGXFWLRQ  RI WiwXL
PDPPDOLDQ SUHGDWRUV ZHUH LGHQWLILHG DV NH\ VWUDW
VSHFLHV '2& 7UDQVORFDWLRQ KDV EHHQ DWWHPSWH{
VXFFHVVIXO HVWDEOLVKPHQW DQG SHUVLVWHQFH RQ WZR |
LVODQG DSSUR[LPDWHO\ WHQ NLORPHWUHYV IURP +RNRUHU
SRSXODWLRQ Rl WHQ EUHHGLQJ SDLUV DQG :DLNDZD RII W

KDV D SRSXODWLRQ RI WZHQW\ EUHHGLQJ SDLUV 7KH KDEL



VXLWDEOH IRU WKH SRSXODWLRQ WR HVWDEOLVK DQG JUR:
WKH PDLQODQG DQG VXVFHSWLEOH WR PDPPDOLDQ SUHGDV
KDG JDLQV DQG ORVVHV RYHU WKH \HDUV GHSHQGLQJ RQ \
RQ WKH LVODQG

7KLV VWXG\ LQYHVWLIJDWHG D VPDOO SRSXODWLRQ RI
IUHH” LVODQG LQ WKH +DXUDNL *XOl FORVH WR WKH FLW\ R
UHVLGHQW WIWXUXDWX ZHUH HLWKHU VXUYLYRUV RI RU GH
MXYHQLOHVY VXFFHVVLYHO\ UHOHDVHG RQ WKH LVODQG EHYV
SRSXODWLRQ RQ ORWXWDSX KDV HVYWDEOLVKHG EXW IDLOH
RQ :DLNDZD 7KH UHDVRQV IRU WKLY ZHUH ODUJHO\ XQNQR
EHKDYLRXUDO HFRORJ\ GXULQJ WKH EUHHGLQJ VHDVRQ &K
ORQJ OLYHG ELUGVY ZLWK ORZ UHFUXLWPHQW UDWHVY &ROZ
PRUWDOLW\ KDG SUHYLRXVO\ EHHQ VXVSHEFWHG DV D FRQV'
'RZGLQJ SHUVRQDO FRPPXQLFDWLRQ ,Q DGGLWLRQ T
WKRXJKW WR EH DW KHLJKWHQHG ULVN Rl SUHGDWLRQ WKL
DUH REOLJHG WR VSHQG WLPH RQ WKH QHVW DQG ODWHU
EURRG (NDQD\DNH HW DO $ EHWWHU XQGHUVWDQGLC
EHKDYLRXUDO HFRORJ\ WKHUHIRUH RIITHUV WKH SRWHQWLD
PDQDJHPHQW HIIRUWYV WR LPSURYH ERWK UHFUXLWPHQW U
DLP RI P\ UHVHDUFK ZDV WR FRQWULEXWH WREWKHG IX®JG H U
VHDVRQ EHKBYWHRMKHUQWHG LQ &KDSWHU 7ZRHBQRBARFWRWW C
VXFFHSWHVHQWHG LQ &KDSWHU 7KWGHNSHIDWNGR LQYHVWLJL
WUDQVORBDWYRQWHG LQ &KDSWHU )RXU

,Q D PRUH JHQHUDO VHQVH WKH DLP RI RWKSHU RQREMO Z [

UHVHDUFK HIITRUW LQWR WKH EHKDYLRXU DQG HFRORJ\ RI €&



KLVWRULFDOO\ EHHQ KHDYLO\ ELDVHG WRZDUGYV QRUWKHU(
UHYLHZ +DLJ DQG &ROZHOO IRXQG WKDW RYHU D WKLUG RI
SORYHU VSHFLHV IRFXVHG RQ MXVW WKUHH VSHFLHV SLSL
WKDW RYHU WZR WKLUGV RI SXEOLFDWLRQV IRFXVHG RQ M
VSHFLHY DUH YLUWXDOO\ XQVWXGLHG HVSHFLDOO\ LQ DUH
PRVW SUHVVLQJ +DLJ &ROZHOO 7KLY KLVWRULFDO E
IRU IXUWKHU VWXG\ RI WKH EHKDYLRXUDO HFRORJ\ RI &KDL

KHPLVSKHUH HVSHFLDOO\ WKRVH VSHFLHVY RU SRSXODWLR



&+$37(5 7:2

7IWXUXDWX EUHHGLQJ VHDVRQ E

S3ODWH'LVSOD\ EHKDYLRXU EHWZHHQ DGXOW PDOH WIWXUX
,PDJH FUHGLW WR &KHOVHD 5DOOV



,1752'8&7,21

6KRUHELUGYV DOORFDWH YDU\LQJ DPRXQWV RI WLPH DQ
EHKDYLRXUV 7KHVH SDWWHUQV RI GDLO\ EHKDYLRXU FDQ |
&ROZHOO 7LPH EXGJHW FRQVWUXFWLRQ HQDEOHV WK
EHKDYLRXU RI DQ DQLPDO RU PRUH W\SLFDOO\ D JURXS RI
FRPSDULVRQ Rl EHKDYLRXU EHWZHHQ GLIIHUHQW JURXSV
DJHV RU JHRJUDSKLFDOO\ GLVWLQFW SRSXODWLRQV ,W D
RI WKH EHKDYLRXU RI D VLQJOH SRSXODWLRQ VXFK DV EH\
SKDVHV RU FLUFD WLGDO SKDVHV 7LPH EXGJHW FRQVWUXF
FRQVHUYDWLRQ DQG ZLOGOLIH PDQDJHPHQW GHFLVLRQV $
SURSRUWLRQ RI DYDLODEOH WLPH VSHQW IRUDJLQJ ZRXOG
OLPLWHG &RQYHUVHO\ LI VXLWDEOH IRRG LV UHDGLO\ DYI
UHGXFHG 1RO 7KLV LQIRUPDWLRQ FRXOG EH XVHG WF
IRRG UHVRXUFHV EHWZHHQ GLIIHUHQW DUHDV RI KDELWDW
RU SKDVHV RI WKH EUHHGLQJ VHDVRQ ,W FRXOG DOVR EH .
IRRG UHVRXUFHV RYHU WLPH LQ UHVSRQVH WR FOLPDWH Ft
SROOXWLRQ

&KDUDGULXV SORYHUV DUH UHODWLYHO\ ORQJ OLYHG E
ORVW VSHFLHVY WKDW KDYH EHHQ VWXGLHG VKRZ D PD[LPXF
D SRSXODWLRQ RI QJXWG®B D KRUHK XAUNE RBERMWBIOIULMRD 1HZ
=HDODQG LQGLYLGXDOV DSSUR[LPDWHO\ RI WKH WR
OHDVW \HDUV RI DJH 'LQVPRUH 7KH ROGHVW UHFRL
VKRUH SDRIYFRUQLY QRYDHWWHODKIBUW RI DJH $ 'DYLV |
ORVW SORYHU VSHFLHV KDYH PLQLPDO QHVWYV RQ WKH JUR;

YXOQHUDEOH WR SUHGDWLRQ RU GLVWXUEDQFH 7KH\ UHO\



SRWHQWLDO SUHGDWRUV DQG GLVWUDFWLRQ EHKDYLRXUV
3DJH ODOH DQG IHPDOH SORYHUV JHQHUDOO\ VKDUH L
SDUHQW RQ WKH QHVW PRVW RI WKH WLPH (EHUKDUW 3KLC
SORYHU VSHFLHV H[KLELW D GLXUQDO QRFWXUQDO GLYLVL
PRUH EULJKWO\ RUQDPHQWHG PDOHV LQFXEDWLQJ DW QLJK
WKH GD\ (NDQD\DNH HW DO $OWKRXJIJK WIWXUXDWX D
GLPRUSKLF WKH GLXUQDO QRFWXUQDO GLYLVLRQ RI SDUH(
$ 'DYLV E

$GXOW SORYHUV DUH JHQHUDOO\ DW KHLJKWHQHG ULV
EUHHGLQJ VHDVRQ DV WKH\ DUH REOLJHG WR VSHQG WLPH
JURXQG DWWHQGLQJ WKHLU EURRG (NDQD\DNH HW DO
WKLY UHVSHFW EHFDXVH XQOLNH DOO RWKHU SORYHU VSH
'‘DYLV E )OHPLQJ 7KLV LV WKRXJKW WR SURYLGH ¢
SUHGDWRUV IRXQG LQ WKHLU QDWXUDO KDELWDW DQG PD\
WKHUPRUHJXODWLRQ EXW DOVR PD\ PDNH WKHP H[WUHPHC
PDPPDOLDQ SUHGDWRUYV

&KDUDGULXVY SORYHUV DUH ZHOO NQRZQ IRU WKHLU GL
WKH\ GLYHUW WKH DWWHQWLRQ RI D SRWHQWLDO SUHGDW
VRPH ULVN WR WKHPVHOYHV %UXQWRQ "HVWRQ (0JD
SULPDULO\ YLVXDO VR XQVXUSULVLQJO\ DUH JLYHQ RQO\ C

'LVSOD\LQJ SORYHUVY DSSHDU WR PRQLWRU WKH UHVSEF
WKHLU EHKDYLRXU ZKHQ WKH\ DUH QRW IROORZHG 5LVWD X
EHKDYLRXUV DV SDUW RI D FRQWLQXXP RI WIWXUXDWX UHV

GHVFULEHG DV 3GLVSOD\ EHKDYLRXU”



ODQ\ SORYHU VSHFLHV H[KLELW KLJK LQWHU \HDU ILGH:

DQG PDWHV ZLWK VLWH ILGHOLW\ UHSRUWHGO\ KLJKHU LQ

6WHQ]HO 3DJH JRU H[DPSOH H[SHULHQFHG PDOH SR
SORY&KIDUDGULXV GHVWHRANDBXEY DYHUDJH RI P ITURP WKH SL
QHVW VLWH ZKLOH IHPDOHV DYHUDJHG P 3LHUFH

WIWXUXDWX RFFXUV RYHU WKH $XVWUDO VXPPHU IURP 2FW
LOWHUUHODWHG SKHQRPHQD RI EUHHGLQJ VLWH ILGHOLW\

VLWH VHOHFWLRQ DQG SDLU IRUPDWLRQ LQ WKLYV VSHFLHV

ORVW SORYHUV QHVW LQ RSHQ KDELWDWV ZLWK OLWWC
ZKLFK LV WKRXJKW WR IDFLOLWDWH HDUO\ SUHGDWRU
7KH RQH WUXH H[FHSWLRQ LV WKH WIWXUXDWX ZKRVH QHV
ZKHWKHU E\ GULIWZRRG D URFN OHGJH GHQVH YHJHWDWL
SORYHU UHVWV LWV EUHDVW RQ WKH JURXQG DQG URWDWH
UDLVHG DV LW NLENV WR IRUP D VKDOORZ FXS RQ WKH JUF
WKRXJKW WR EH LPSRUWDQW LQ PRVW SORYHU VSHFLHV DC
QHVW VLWH VHOHFWLRQ DOWKRXJK WKH GHWDLOV YDU\ EH
3DJH 6FUDSLQJ EHKDYLRXU KDV EHHQ GHVFULEHG LC
5DQJDWLUD 6RXWK (DVW ,VODQG $ 'DYLV E
7KH UHSURGXFWLYH UDWHV Rl SORYHUV DUH ORZ ZLWH
VRPHWLPHYV OD\ D FOXWFK Rl WZR HJJV EXW PRUH QRUPDO
EHJLQV LQ HDUQHVW DIWHU WKH ILQDO HJJ LV ODLG HYHQ
LQWHUYDO EHWZHHQ HJJV 7KLV SKHQRPHQRQ NQRZQ DV 3.
FRQWULEXWH WR KDWFKLQJ VIQFKURQ\ :DQJ %HLVVLQJHL

PHDQ OD\LQJ WLPH RI 6' GD\V Q SHU HJJ IRU W



E S5HQHVWLQJ WKH UHSODFHPHQW RI D FOXWFK DIWHU
D FRPPRQ SKHQRPHQRQ LQ SORYHUV HVSHFLDOO\ LQ SRSX
RU WURSLFDO UHJLRQV ZKHUH QHVW ORVV LV FRPPRQ DQG
BWHQ]HO 3DJH

30RYHU FKLFNV DUH SUHFRFLDO DQG QLGLIXJRXV &RO
QRW IHG E\ WKHLU SDUHQWYV EXW DUH QXUWXUHG DQG SUR
IRUDJH HIILELHQWO\ 3DUHQWDO FDUH FRQWLQXHV XQWLO
LQFOXGLQJ WIWXUXDWX HYHQ EH\RQG IOHGJLQJ 6WHQ]JHO
EURRG UHDULQJ GXWLHV EHWZHHQ PDOH DQG IHPDOH SORY
PRVW FRPPRQ IROORZHG E\ PDOH ELDVHG FDUH DQG YHU\ R
FDUH 6WHQ]HO 3DJH ,Q WIWXUXDWX ERWK SDUHQW:
DQG JXDUGLQJ RI WKHLU EURRG 'DYLV UHSRUWHG IHPDOH

RI REVHUYDWLRQV FRPSDUHG ZLWK LQ PDOHV $ 'DY
H[KLELW IOH[LELOLW\ LQ WKHLU GLYLVLRQ Rl SDUHQWDO F|
.RV]WROIQ\L 6]pNHO\ &XWKLOO <LOPD] %HUEHURUOX
FU\SVLVY DQG LPPRELOLW\ WR DYRLG SUHGDWLRQ EXW UHPE
DUH DEOH WR 10\

,Q PRVW SORYHU VSHFLHV LQGLYLGXDOV EUHHG ILUVW
FDVH LQ ZLOG WIWXUXDWX ZKLFK EUHHG ILUVW DW WZR \H
ZHUH REVHUYHG WR EH VLQJOH EURRGHG LQ WKH ZLOG SR
RQ +RNRUHUHRUR $ 'DYLV E DOWKRXJK WKH\ FDQ SUF
VHDVRQ LQ FDSWLYLW\ '2&

$VSHFWV Rl WIWXUXDWX EHKDYLRXU KDYH SUHYLRXVO\
YJOHPLQJ ZKR YLVLWHG +RNRUHUHRUR LQ 5LEKDUG 3KLC

$OLVRQ 'DYLV ZKR VWXGLHG WKH VDPH SRSXODWLRQ LQ



YLVLWHG IRU WZR ZHHNV LQ '"HFHPEHU DW WKH KHLJKW R \
FRXUWVKLS EHKDYLRXU QHVWLQJ VLWHV DQG GLVSOD\ EH
GLvsOD\ +H GHVFULEHG SDUHQWDO FDUH RI QHZO\ KDW FKI
SUHGDWLRQ E\ WDU— S X/(DIDX W € 8 YEDLHOKORADGOHIRA@EMI D H

3KLOOLSV YLVLWHG WKH LVODQG RXWVLGH WKH EUHHGLQJ
SDLULQJ DJJUHVVLYH EHKDYLRXU IHHGLQJ UHDFWLRQ WR
UHFRUGHG D QXPEHU RI DXGLR VSHFWURJUDPV RI FDOOV 3
REVHUYHG DOO ELUGYV LQ HDFK RI WKUHH DUHDV IRU KR X
EUHHGLQJ VHDVRQV 6KH GHVFULEHG WHUULWRU\ IRUPDWL
QHVW EXLOGLQJ OD\LQJ DQG LQFXEDWLRQ KDWFKLQJ DQG

VXUYLYDO $ 'DYLV D E

5(6($5&+ $,06

0\ VWXG\ LQYHVWLIJDWHG D VPDOO WUDQVORFDWHG SF
ORWXWDSX D 3SHVW IUHH  LVODQG LQ WKH +DXUDNL *XOI F
ODNDXUDX $XEFNODQG 7KH WIWXUXDWX SRSXODWLRQ RQ O
IDLOHG WR JURZ RYHU WKH ODVW \HDUV 7KH UHDVRQV IF

0\ VWXG\ IRFXVHG RQ EHKDYLRXUDO HFRORJ\ GXULQJ W
GLUHFW REVHUYDWLRQ DQG WUDLO FDPHUD UHFRUGLQJV R
VXUURXQGLQJ DUHDV LQFOXGLQJ FRQVWUXFWLRQ RI WLPH
RWKHU SRSXODWLRQV &KLFN PRUWDOLW\ KDV SUHYLRXVO\
SRSXODWLRQ JURZWK RI WIWXUXDWX RQ ORWXWDSX - ( 'R

,Q DGGLWLRQ DGXOW SORYHUV DUH JHQHUDOO\ WKRX
SUHGDWLRQ WKURXJKRXW WKH EUHHGLQJ VHDVRQ DV WKH\

QHVW DQG ODWHU WLPH RQ WKH JURXQG DWWHQGLQJ WK}



JRU WKHVH UHDVRQV LW ZDV KRSHG WKDW D EHWWHU XQGH
HFRORJ\ GXULQJ WKH EUHHGLQJ VHDVRQ ZRXOG RIIHU WKH
UHFUXLWPHQW UDWHY DQG DGXOW VXUYLYDO UDWHYV DQG

FRQVHUYDWLRQ DQG PDQDJHPHQW RI RQH Rl $RWHDURDTV

0(7+2'6

6WXG\ DUHD DQG SRSXODWLRQ

J)LHOG VWXGLHVY ZHUH FRQGXFWHG RQ ORWXWDSX D
+DXUDNL *XOIl 7KH VWXG\ SRSXODWLRQ ZDV D JURXS RI V
IHPDOHY DQG RQH MXYHQLOH ELUG 7KH UHVLGHQW WIWXU;

GHVFHQGHG IURP FDSWLYH EUHG MXYHQLOHV VXFFHVVLY

ORWXWDSX ZKLFK FDQ EH WUDQVODWHG DV 36DFUHG ,\
5DQJLWRWR ,vVODQG DUH SXEOLF UHVHUYHYV PDQDJHG E\ Wk
KHUHDIWHU '2& ZLWK JXLGDQFH IURP 1J— ODQD :KHQXD =
DUHD ZLWK FXVWRPDU\ ULJKWV RYHU WKH ODQG DQG WKH
&RQVHUYDWLRQ %RDUG 7KHUH LV DOVR FRQVLGHUDEOH LC
ORWXWDSX 5SHVWRUDWLRQ 7UXVW

ORWXWDSX DQG 5DQJLWRWR ,VODQG ZHUH GHFODUHG 3

IROORZLQJ H{I WHQVLYH HUDGLFDWLRQ SURJUDPV LQFOX
EURGLIDFRXP LQ ZLQWHU $00 LQWURGXFHG PDPPDOLD!
ubwvy PLFH DQG FDWV ZHUH VXFFHVVIXOO\ UHPRYHG LQ W
DQG FRXQWHU LQFXUVLRQ SURFHGXUHV LQFOXGLQJ WKH X

SURYLGH DVVXUDQFH WKDW WKH LVODQGYV UHPDLQ 3SHVW |



SSHVW IUHH” LVODQGV RIIHU D VDQFWXDU\ WR HQGHPLF VS|

HQGDQJHUHG RU H[WLQFW RQ WKH RWKHU ODUJHU LVODQG

3UH DOQG SRVW EUHHGLQJ VHDVRQ VXUYH\V

3UH DQG SRVW EUHHGLQJ VHDVRQ VXUYH\V RI WKH WI\
XQGHUWDNHQ RQ ORWXWDSX DQG WKUHH QHLJKERXULQJ LV

SDQJLWRWR VHH 30DWH
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3ODWH,VODQGY VXUYH\HG GXULQJ SUH DQG SRVW EUHHGL:
VKRZ WKH EHDFKHVY VHDUFKHG GXULQJ HDFK VXUYH\

(DFK VXUYH\ ZDV XQGHUWDNHQ ZLWKLQ WZR KRXUV RI |
DVKRUH DW HDFK LVODQG EHIRUH WKH VI\QFKURQLVHG VXU"
EHDFKHY DQG QRWHG WKH SUHVHQFH RI WIWXUXDWX DQG V
GRWWE&KBODGULXV DTKHORFIDWLRQ DQG FRORXU EDQG FRP

ELUGV ZHUH UHFRUGHG $00 WKH WIWXUXDWX H[FHSW RQH



LQGLYLGXDO FRORXU EDQG FRPELQDWLRQV RQ WKH WDUVX
UHFRJQLVDEOH

7ZHOYH REVHUYHUV WRRN SDUW LQ HDFK VXUYH\ (DFK
EHDFKHY DQG HDFK EHDFK zZDV VXUYH\HG E\ DW OHDVW WZ
EUHHGLQJ VHDVRQ VXUYH\ ZYeHSWCGHREMDNHQ RIQWVK WKH KL
DW DP 7KH SRVW EUHHGLQJ VHDVRQ VSXOWDXH\ ZDV XQGHL
ZLWK WKH KLJK WLGH DW DP 7KH EHDFKHV RQ ORWXWD
*DUGLQHU *DS ,VOLQJIJWRQ %D\ :HVW 3RLQW 3LJ %D\ DQC
ZHUH FKHFNHG IRU VHYHUDO GD\V DIWHU HDFK VXUYH\ WR

KDYH EHHQ PLVVHG RQ WKH GD\

/IREDWLRQ RI EUHHGLQJ SDLUV DQG WKHLU QHVWYV

JURP PLG 6HSWHPEHU WIWXUXDWX H[KLELWLQJ EHK
FRXUWVKLS QHVW EXLOGLQJ RU WHUULWRULDO GHIHQFH Z
LGHQWLI\ SDLUV DQG SRWHQWLDO QHVW ORFDWLRQV %UHE
VHDVRQ KDG EHHQ RQ WKH IRXU EHDFKHV PHQWLRQ
RI ORWXWDSX IURP *DUGLQHU *DS WR 6DQG\ %D\ + D GLVWD
3ODWH $QRWKHU VLWH DW :DLNDUDSXSX LQ WKH QRUW

EUHHGLQJ VHDVRQ +LJK VLWH DQG SDUWQHU ILGHOL!
VHYHUDO VLWHY KDG EHHQ H[WHQVLYHO\ PRGLILHG E\ IORR

QHZ SDLUV FRXOG KDYH IRUPHG VLQFH WKH SUHYLRXV EUH



Sandy Bay
<

2Pi91B%

Westllf’oint

‘Motuta pu

‘Gardiner Gap

‘Rangliolo

Google Eart A

N
Erralfetrics 4 km |
SODWH7IWXUXDWX EUHHGLQJ DUHDV RQ ORWXWDSX

1HVWYVY ZHUH ORFDWHG E\ REVHUYLQJ ELUGYV UHWXUQ W
SRVLWLRQ (JJ OD\LQJ GDWHV ZHUH HVWLPDWHG IURP EHKLEL
RI QHVWY ZLWK LQFRPSOHWH FOXWFKHY $00 SRWHQWLDO
SDQJLWRWR ZDV FKHFNHG LQ 6HSWHPEHU DQG 2FWREHU WHF
DQG VLWHV $IWHU ORVLQJ QHVWV FOXWFKHV RU EURRGYV

UHSODFHPHQW FOXWFKHV

JRFDO LOVWDOWDOQHRXY VDPSOLQJ RI EHKDYLRXUDO VWDW

DOG IDPLO\ JURXSYV

$O00 QHVWLQJ SDLUV DQG WKHLU FKLENV RQFH KDWEFKI
FRQFHDOHG SRVLWLRQ ZLWK D WULSRG PRXQWHG .RQXV F
]JRRP PDJQLILFDWLRQ 2EVHUYDWLRQV ZHUH DOVR FRQGXF
RZQ YDULRXV EUDQGYV ;s PDIJQLILFDWLRQ DQG ZLWK WKF

FRPSULVHG P\VHOI D VXFFHVVLRQ RI YROXQWHHUV LQFOX



'2& VXPPHU LQWHUQ 2EVHUYHU WUDLQLQJ ZDV FRQGXFWHC
VHVVLRQ VHH $SSHQGL[ % 3*$GYLFH DQG SULRULWLHV IRU
9ROXQWHHUV' DQG $SSHQGL[ & 30DS DQG 6SHFLHV ,QIRUPL
ZKHQ , DFFRPSDQLHG WKHP RQ WKHLU ILUVW WZR WZR KRX
VDIHW\ EULHILQJY ZHUH FRQGXFWHG E\ +D]JHO 6SHHG D '2&

$ IRFDO VDPSOLQJ WHFKQLTXH ZDV XVHG WR REVHUYH
SDLU RU IDPLO\ Rl WIWXUXDWX 2EVHUYDWLRQV ZHUH PDGF
HQWLUH SHULRG IURP WKH GLVFRYHU\ RI D FOXWFK RI HJJV
GLVDSSHDUDQFH 2EVHUYDWLRQV ZHUH IRU WZR KRXU SHUI
WKH DLP RI YDU\LQJ REVHUYDWLRQ WLPHV ZLWK UHVSHFW
RFFDVLRQDOO\ FXUWDLOHG LQ EDG ZHDWKHU RXW RI FRQF]|
EURRGY , GHFLGHG WKDW DQ\ VXJJHVWLRQ RI REVHUYHU G
QHVW RU EURRG DWWHQGDQFH DQG SRWHQWLDOO\ LQ K\SR
:KLOH WKLV GHFLVLRQ PD\ KDYH UHGXFHG WKH UHSUHVHQV
LV DQ H[DPSOH RI RQH Rl WKH PDQ\ FRQVWUDLQWY HQFRXQ

UHVHDUFK RQ D KLJKO\ HQGDQJHUHG VSHFLHV



30DWH6SRWWLQJ WHOHVFRSH DW WKH VRXWKHUQ HQG RI 3
FDQ EH VHHQ LQ WKH PLG JURXQG

,QVWDQWDQHRXYV VDPSOLQJ HYHU\ PLQXWHYV ZDV XVH
VWDWHV WKDW FRYHU PRVW DVSHFWV RI WIWXUXDWX EHKD
VHH $SSHQGL[ $ ZDV XVHG WR GLUHFWO\ UHFRUG EHKDYLI
FDWHJRULHVY EDVHG RQ SUHYLRXV VWXGLHV RI WIWXUXDW X

'RZGLQJ SHUVRQDO FRPPXQLFDWLRQ 7KH IROORZLQJ

,QDFWLYH

3, QDFWLYH" GHQRWHG D ODFN RI PRYHPHQW UHJDUGOH
LQFOXGHG UHVW DIWHU DFWLYLW\ EXW DOVR LPPRELOLW\

DQG UDLQ DQG DVVXPHG 3JXDUGLQJ" RU 3VHQWU\" EHKDYLI

ZLWK DOHUWQHVYV



,QFXEDWLQJ

,QFXEDWLQJ EHKDYLRXU ZDV QHYHU REVHUYHG GLUHFV
FRPSOHWHO\ FRYHUHG ,W ZDV LQIHUUHG ZKHQHYHU DQ DG
SUHVHQFH RI RQH RU PRUH HJJV 2Q YHU\ UDUH RFFDVLRQV
WKH QHVW WRJHWKHU PXFK PRUH FRPPRQ ZDV D 3WDJ WHD

OHIW WKH QHVW DV WKH RWKHU DUULYHG

%URRGLQJ

, XVHG WKH WHUP 3EURRGLQJ" WR UHIHU WR WKH EHKD
VWDWLRQDU\ EHVLGH WKHLU FKLFN RU FKLFNV SURYLGLQJ
WKHP ZLWK WKHLU ZLQJV , XVHG WKH VDPH WHUP WR DSSC

EHLQJ EURRGHG

*URRPLQJ
7KH 3 JURRPLQJ" FDWHJRU\ UHIHUUHG WR WZR GLVWLQF
I[UHVKZDWHU EDWKLQJ VHHQ RQ RFFDVLRQ SDUWLFXODUO\

EUHHGLQJ VHDVRQ DQG DOVR WR SUHHQLQJ

JRUDJLQJ
3)RUDJLQJ" ZDV GHILQHG DV IHHGLQJ EHKDYLRXU HLWK

FRPELQHG ZLWK WKH YDULRXV IRUPV RI ORFRPRWLRQ KRS:

JHHGLQJ EHKDYLRXU LQFOXGHV SHFNLQJ DW WKH VXEVWUD

ZLWK VKRUW EXUVWYV RI PRYHPHQW

IHVW EXLOGLQJ

7KLY EHKDYLRXU LQFOXGHG FDUU\LQJ EXLOGLQJ PDWH!

VKHOOV |IHDWKHUV WR WKH QHVW DQG UH DUUDQJHPHQW



1HVW EXLOGLQJ ZDV REVHUYHG RQO\ LQ PDOHV LQ WKH SUI
VHDVRQ ,W ZDV DOzZD\V DVVRFLDWHG ZLWK FRXUWVKLS RI
FRPSRQHQW ,Q ODWHU DQDO\VHV QHVW EXLOGLQJ REVHU"

SFERXUWVKLS” FDWHJRU\

&RXUWVKLS

,Q D W\SLFDO FRXUWVKLS GLVSOD\ REVHUYHG RQ ORWX
TXLFNO\ DzZzD\ IURP WKH PDOH VWRSSLQJ DIWHU D IHZ VWH.
PDOH IROORZHG FORVHO\ EHKLQG ZLWK KLV KHDG ORZHUHC
DUULYHG EHKLQG WKH IHPDOH KLV SRVWXUH FKDQJHG DV K
QRUPDO 2Q VHYHUDO RFFDVLRQV PDOHV ZHUH REVHUYHG \
QHVW EXLOGLQJ LQWR WKLV VHTXHQFH &RXUWVKLS GLVSO
QHVWLQJ VLWH 'DYLV GHVFULEHG DQ LQLWLDO SHULRG RI
+RNRUHUHRUR ZKHUH WKH PDOH OXQJHG UHSHDWHGO\ DW
DYRLG FRQWDFW 7KLV ZDV IROORZHG E\ D 3IOXWWHU" GLVE
D 3|IOXWWHU" GLVSOD\ PDOHV DQG RFFDVLRQDOO\ IHPDOHYV
ORZHUHG WKHLU KHDGV OLIWHG WKHLU ZLQJV LQ D UDSLG
VKRUW GLVWDQFH 7KH GLVSQBHHW EKE@HENM DFOURXE KD GRMWE C
ZDV GRQH PRVWO\ E\ PDOHV ZKLFK TXLHWO\ PRYHG XS WR

WKHLU ERG\ DQG ORZHUHG WKHLU KHDG $ 'DYLV E

ODWLQJ

'XULQJ PDWLQJ WKH IHPDOH VWRRG VWLOO ZKLOH WKF
PRYLQJ KLV OHJV UDSLGO\ XS DQG GRZQ LQ D *UXQQLQJ RQ
GHVFULEHG D SRVW FRSXODWLRQ GLVSOD\ VLPLODU WR D 2

FURRQLOHH NZHMHOO GXULQJ WKLV GLVSOD\ ZKLOH WKH IHP



SUHHQHG IRU D IHZ VHFRQGY DQG RFFDVLRQDOO\ KHDG ER
GLVSOD\ KDV QRW DSSDUHQWO\ EHHQ UHSRUWHG IRU RWHK

E

IRFRPRWLRQ

$GXOW WIWXUXDWX KRSSHG ZDONHG RU UDQ WR PRYH
DUHD 7KHVH EHKDYLRXUV ZHUH LQLWLDOO\ UHFRUGHG VHSE
DQDO\VLYVY 7KH UDSLG GDUWLQJ QDWXUH RI WKHLU IRUDJLC
SGHIDXOW RSWLRQ™ 5XQQLQJ ZzDV DOVR WKH IRUP RI ORFREF

DIJIRQLVWLF LQWHUDFWLRQV DQG GLVSOD\ EHKDYLRXU

)O\LQJ
7IWXUXDWX ZHUH REVHUYHG WR EH VWURQJ DQG VZLIW

RU EDWKLQJ DUHDV EXW DOVR IUHTXHQWO\ DV DQ DVSHFW

&KDQJHY PDGH GXULQJ WKH VWXG\

6RPH FKDQJHV WR EHKDYLRXUDO FDWHJRULHV ZHUH PD
S5HVWLQJ" ZDV UHODEHOOHG 3LQDFWLYH" +RSSLQJ ZDONL
WUHDWHG DV VHSDUDWH EHKDYLRXUV EXW ZHUH ODWHU JU
SULPDULO\ DV WKH\ ZHUH IXQFWLRQDOO\ VLPLODU )HHGLQ
LQLWLDOO\ UHFRUGHG VHSDUDWHO\ EXW 3IRUDJLQJ" ZDV T)
FRPELQHG WKH WZR DFWLRQV )RUDJLQJ EHKDYLRXU LQ WI\
DOWHUQDWLQJ EXUVWYV RI ZDONLQJ DQG SHFNLQJ DW SUH\
EHKDYLRXUV ZHUH QRW VSHFLILHG LQ WKH FKHFN OLVW RQ
UHFRUGHG LQ ZULWLQJ ZKHQ WKH\ RFFXUUHG 7KHVH EHKD

FRXUWVKLS QHVW EXLOGLQJ DQG PDWLQJ 1HVW EXLOGLQ



GLVSOD\HG RQO\ E\ PDOHV GXULQJ FRXUWVKLS VR ODWHU
LOQWR WKH FRXUWVKLS FDWHJRU\

$IWHU FKLFN KDWFKLQJ GLUHFW REVHUYDWLRQ ZLWK I
ELQRFXODUV FRQWLQXHG DW WKH VDPH VHW WLPHV 7KH E
UHFRUGHG ZLWK WKDW RI WKHLU SDUHQWY RQ WKH VDPH G
LGHQWLILDEOH KRZHYHU EURRGY ZHUH LGHQWLILDEOH IUF
SDUHQWYVY :KHUH PXOWLSOH FKLFNV IURP D EURRG ZHUH RE
UHFRUGHG DV & & RU & 'LUHFW REVHUYDWLRQ GXULQJ
EH WKH PDLQ VRXUFH RI GDWD DW WKLYV VWDJH DV WKH QL
EH GLIILFXOW WR ORFDWH RU SRVLWLYHO\ LGHQWLI\ XVLQJ
EH PRYHG LQ VRPH FDVHV DV WKH \RXQJ IDPLOLHV GHFDPS

EHDFK DzZD\ IURP WKH QHVWLQJ VLWH SRVVLEO\ WR EH FOF

JRFDO FROWLOXRXYVY UHFRUGLQJ RI GLVSOD\ EHKDYLRXU DQ
DOLPDOV
$ IRFDO VDPSOLQJ WHFKQLTXH ZDV XVHG WR REVHUYH

RFFXUUHG ZKHQ DQ LQGLYLGXDO RI D SDLU D SDLU RU IDF
RWKHU DQLPDOV 7KHVH REVHUYDWLRQV RFFXUUHG RYHU W
VLPXOWDQHRXVO\ IRU WKH REVHUYDWLRQ RI EHKDYLRXUDO
XVHG WR ORJ WIWXUXDWX GLVSOD\ EHKDYLRXU DQG WKH S|
LOQVWDQWDQHRXY VDPSOLQJ LV QRW VXLWDEOH IRU PHDVXI
GXUDWLRQ 3 ODUWLQ %DWHVRQ TKHVH REVHUYDWL
VDPH VWDQGDUGLVHG GDWD VKHHW DV WKH EHKDYLRXUDO
$ 7KH QXPEHU DQG SUR[LPLW\ RI DOO DYLDQ DQG PDPPDO
RI WKH LQGLYLGXDO WIWXUXDWX EHLQJ VWXGLHG ZHUH UH

FDWHJRULVHG DV QRQ WKUHDWHQLQJ FRPSHWLWRU RU SF



$SSHQGL[' 7KHUH DUH QR ZLOG PDPPDOV RQ ORWXWDSX V
LOWHUDFWLRQVY SHRSOH FDWWOH GRJV ZHUH FRQVLGHU
HVWLPDWLRQ zZzDV IDFLOLWDWHG E\ WKH SODFHPHQW RI FR(
DORQJ WKH EHDFK EHIRUH WKH EUHHGLQJ VHDVRQ , DLPHC
EHKDYLRXU RI WIWXUXDWX EXW DOVR WKH QXPEHU DQG SL
ZKHQ WKH EHKDYLRXUDO HYHQW RFFXUUHG

7KH GLVSOD\ EHKDYLRXUV REVHUYHG LQ WIWXUXDWX U
UHVSRQVHV IURP LOQOWHUHVW DQG DJLWDWLRQ WKURXJK WR

LOQMXU\ IHLIJQLQJ DQG DUH SRWHQWLDOO\ ULVN\ , GHILQHG

'LVSOD\ OHYHO 8!

ZDV GHILQHG DV D GLVSOD\ RI LQWHUHVW ,W ZDV EFK
RI RWKHU EHKDYLRXUV VXFK DV SUHHQLQJ RU IRUDJLQJ VF
SHHS" VRXQG KHDG EREELQJ DQG WKH DGRSWLRQ RI DQ D
DFWLYLWLHV WKDW FRXOG UHDVRQDEO\ EH LQWHUSUHWHG
PDWH FOXWFK RU EURRG DQG VRPHWLPHV LQYROYHG VWI
QRUPDO VWDQGLQJ RQ D ORJ RU SLOH RI GULIWZRRG DQG
PHQWLRQHG DGXOW WIWXUXDWX PDLQWDLQ YLVXDO FRQW!|
IRUDJLQJ :HVWRQ KDV VXJIJHVWHG WKDW WKH 3KHDG >
SORYHUV DSSHDUV WR DVVLVW ZLWK YLVXDO PRQLWRULQJ

SKHDG EREELQJ” UHPDLQV XQNQRZQ EXW LW FRXOG VHUYH

ULVN WR FRQVSHFLILFVY DQG SUHGDWRUV :HVWRQ VLF
VSHFLHV $OYDUH] RU WR DLG GLVWDQFH SHUFHSWLR
FRQYHUJHQFH :LOVRQ RU WR DYRLG UHWLQDO KDELW

UHVSRQVLYHQHVYVY :DOGYRJHO



'LVSOD\ OHYHO 3!

' ZDV GHILQHG DV D GLVSOD\ RI DJLWDWLRQ ,W ZDV FI
KHLIJKWHQHG IRFXV RQ WKH GLVWXUEDQFH VRXUFH ,W HQF
LQWHUDFWLRQV DQG ZDV IUHTXHQWO\ DVVRFLDWHG ZLWK L
WRZDUGY WKH LQWHQGHG UHFLSLHQW ,I WKH GLVSOD\LQJ
DFFRPSDQLHG E\ YRFDOL]DWLRQ DQG SURQRXQFHG 3KHDG F
DOVR XVHG LQ WKH FRQWH[W RI FKLFN UHDULQJ ZKHUH WK
DSSHDUHG WR EH WKH LQWHQGHG UHFLSLHQWYV RI WKH GLV
FKLEFNV ZRXOG KLGH XQGHU GULIWZRRG RU LQ WKH QHVW
DQ LQFUHDVH LQ DOHUWQHVYV RU YLIJLODQFH DERYH QRUPD
SUHFHGH KLJKHU OHYHO GLVSOD\V H[FHSW LQ WKH VLWXD
SUDFWLFH ' REVHUYDWLRQV ZHUH UHFRUGHG DOPRVW WH
REVHUYDWLRQV VXJJHVWLQJ WKDW WKH VXEWOHW\ RI ' Gl
KXPDQ REVHUYHUV %\ GHILQLWLRQ D ®GLVSOD\ EHKDYLRX
LQ WKH UHFLSLHQW Rl WKH GLVSOD\ %HHU 7KH FRPS|
DGHSW DW QRWLFLQJ DQG LQWHUSUHWLQJ WKH QXDQEFHV R
VSHFLHV 'LVSOD\V WR PDPPDOLDQ VSHFLHV ZHUH PRVW FR

Rl WKH SXEOLF

'LVSOD\ OHYHO 8!

" GHQRWHG D IRUP RI GLVWUDFWLRQ GLVSOD\ FDOOHG
FRPPRQ WR VHYHUDO VSHFLHV RI &KDUDGULXV SORYHU ,Q
WKH Z2LQJV ORZHUV WKH KHDG DQG WDLO DQG UXQV HUUD
IURP WKH SHUFHLYHG WKUHDW 7KH LQWHQWLRQ LV DVVXP!

SUHGDWRU DZD\ IURP WKH FOXWFK RU EURRG



'LVSOD\ OHYHO 3!

' GHQRWHG LQMXU\ IHLJQLQJ EHKDYLRXU RIWHQ NQRZ(
7KLY DSSHDUV WR EH D ULVNLHU DQG PRUH H[WUHPH GLVW
GHVFULEHG LQ PDQ\ ELUG VSHFLHV 7KH LQWHQWLRQ DSSH
D ODUJHU DQLPDO DzZD\ IURP WKH FOXWFK RU EURRG E\ SUI
YXOQHUDEOH WDUJHW 7YKHUH LV VRPH HYLGHQFH WKDW SC

ULVN\ GLVWUDFWLRQ GLVSOD\V ZKHQ WKHLU RIIVSULQJ DU

'LVSOD\ OHYHO 87

" GHQRWHYV GLVWUDFWLRQ EHKDYLRXU IHLIJQLQJ QHDU
UHIHUUHG WR DV D SGHDG ELUG”™ RU SH[KDXVWHG ELUG” GL\
REVHUYHG LQ P\ VWXG\ VXJIJHVWLQJ WKDW LW LV UHVHUYF

ZLWK SUHGDWRUYV

+LIJK WLGH KHDGFRXQW

$ GDLO\ VXUYH\ RI WIWXUXDWX ZDV XQGHUWDNHQ ZLWHK
GD\ ZHDWKHU SHUPLWWLQJ WR DOORZ WKH PRQLWRULQJ
SDUWQHULQJ 7KH QXPEHU RI LQGLYLGXDOV RI RWKHU ELUC(
ZDV DOVR UHFRUGHG WR JLYH DQ RYHUDOO LQGLFDWLRQ R
WIWXUXDWX QHVWLQJ DUHDV +LJK WLGH ZDV FKRVHQ DV W
VHDUFKLQJ HDVLHU GXH WR WKH PXFK VPDOOHU DUHD DYDI
VSHFLHV DQG IRU FRQVLVWHQF\ +LJK WLGH ZDV DOVR WKt
H[SHFWHG WR EH ZLWKLQ WKHLU KRPH WHUULWRU\ UDWKH

RI WKH LOQWHUWLGDO URFN VKHOYHV DW :HVW 3RLQW



L OGLUHFW REVHUYDWLRQ RI OHVW VLWHY DOG VXUURXQGLC(

1HVW VLWHY DQG WKH DGMDFHQW EHDFKHV ZHUH PRQL
IURP WKH WLPH WKH QHVW ZDV GHWHFWHG XQWLO IOHGJLQ
%XVKQHOO WUDLO FDPHUDV 7URSK\ &DP +' ORGHO ZH
SPRWLRQ WULJJHUHG™ PRGH ZDV KLGGHQ LQ D KROORZ DUW
PHWUHYV IURP HDFK QHVW WR DOORZ KRXU PRQLWRULQJ F
FDPHUD  UHFRUGHG VHFRQG YLGHR FOLSV RI DFWLYLW\

GDUN

SODWH%XVKQHOO 7URSK\ &DP +'" ORGHO PRXQWHC(
EHVLGH &HPSUR DUWLILFLDO UREFN

7KH DUWLILFLDO URFNV ZHUH DGDSWHG IURP JDUGHQ F
E\ ORFDO FRPSDQ\ &HPSUR 7KH PRXOGV DUH IRUPHG IURP
VXUIDFH GHWDLO 7KH 3IDNH URFNV® DUH VSUD\ SDLQWHG V
, FKRVH WKH EDVDOW FRORXUHG URFNV WR ILW ZLWK WKH

ZLWK D VWHHS RU RYHUKDQJLQJ VLGH VR WKDW WKH FDPHL



YLVLEOH 7KH FDPHUD ZDV PRXQWHG RQ D VWDQG ZLWK D &
WKH EDVH RI WKH URFN 7KH V\VWHP SURYHG UHPDUNDEO\
XS DQG UHVXSSO\ RI 6' FDUGY DQG EDWWHULHY DFKLHYHG
GLVWXUEDQFH WR WKH QHDUE\ WIWXUXDWX :LWK WKH FDP
*% 6' FDUGY HDVLO\ ODVWHG D ZHHN 8QIRUWXQDWHO\ , IR

GLG QRW ODVW ORQJ HQRXJK VR UHVRUWHG WR XVLQJ QHz

— - _ ;
—_-—" " - Ve ) -
30ODWH&DPHUD HQFORVHG LQ DUWLILFLDO URFN GHSOR\HG
WIWXUXDWX QHVW

$ VHFRQG FDPHUD VHW WR 3WLPH ODSVH" PRGH ZDV SR
HDFK VLWH DWWDFKHG WR D WUHH RU SRVW WR PRQLWRU
FDPHUD” UHFRUGHG RQH VWLOO LPDJH DQG RQH ILYH VHFR

GXULQJ GD\OLJKW KRXUV %RWK FDPHUDV DOVR UHFRUGHG



LOQFOXGLQJ VWRUP DQG IORRG HYHQWYV &DPHUD IRRWDJH L
DV D UHVXOW ZDV OLPLWHG WR WKUHH PDLQ VFHQDULRYV
, QYHVWLIDWLQJ WKH FDXVH RI WKH GLVDSSHDUDQFH RII
DSSUR[LPDWH WLPH KDG EHHQ ORJJHG IURP GLUHFW REV
D NH\ FRPSRQHQW RI P\ DELOLW\ WR GLDJQRVH WKH FDX\
GHDWK
&KHFNLQJ QRFWXUQDO EHKDYLRXU 7KH PRWLRQ WULJJH
P\ RQO\ VRXUFH RI QRFWXUQDO LQIRUPDWLRQ DV WKHUH
DIWHU GDUN
&KHFNLQJ RU FRQILUPLQJ GLUHFW REVHUYDWLRQV &DPFE
LGHQWLI\ LQGLYLGXDO WIWXUXDWX LQ DJJUHVVLYH LQWF
RU WKH RFFDVLRQDO FDVH RI PLVWDNHQ LGHQWLW\ W Z
URVWHU FKDQJHV ZKLFK FDQ EH XQFOHDU WR DQ REVHUY
REVHUYHG LQFXEDWLQJ DV WKH QHVWY DUH FRPSOHWHO'
DQRG FRYHUW DV WKH\ DSSURDFK RU OHDYH WKH QHVW P

PLVV D FKDQJH I[URP PDOH WR IHPDOH LQFXEDWLRQ

/KH SKDVHV RI WKH EUHHGLQJ VHDVRQ

, GHILQHG WKH SKDVHV RI WKH EUHHGLQJ VHDVRQ DV I
r 3 SUH QHVWLQDLU KDYLQJ QR HJJV RU FKLFENV DW WKH WL
SHULRGV EHWZHHQ QHVWLQJ DWWHPSWYV
r S QHVWLQJISDLU KDYLQJ RQH WR WKUHH HJJV LQ WKH QHV\

r SFKLFN UHDDISDILU KDYLQJ RQH WR WKUHH OLYH XQIOHGJ



6RPH REVHUYDWLRQV ZHUH UHFRUGHG GXULQJ KDWFKL
DQG FKLFENV 7KH VI\QFKURQ\ RI KDWFKLQJ ZDV VXFK WKDW
REVHUYDWLRQV ZDV YHU\ VPDOO VR LW ZDV GHFLGHG QRW
RUGHU WR XVH WKH VLPSOH GHILQLWLRQV DERYH %HKDYLI

ZHUH PDGH GXULQJ DOO WKUHH SKDVHYV

/LPH EXGIJHW FRQVWUXFWLRQ

SURSRUWLRQDO WLPH EXGJHWYV ZHUH FDOFXODWHG IRL
DGGLQJ WKH QXPEHU RI REVHUYDWLRQV RI WKH EHKDYLRXL
GLYLGLQJ E\ WKH WRWDO QXPEHU RI REVHUYDWLRQV PDGH
PHDQ SURSRUWLRQDO WLPH EXGJHW ZDV VLPSO\ WKH PHDQ
WKH GDWD VHW EHLQJ FRQVLGHUHG ZKHWKHU WKH ZKROH
EUHHGLQJ VHDVRQ RU VPDOOHU JURXSLQJV E\ VH[ RU SKD
PHWKRGRORJ\ ZDV QRW IHDVLEOH IRU FKLFENV DV WKH\ ZHU
7TKH GDWD IRU WKH FKLFENV RI HDFK EURRG ZHUH DJJUHJDW
FDOFXODWHG DV WKH PHDQ SURSRUWLRQ RI WLPH HDFK EU
EHKDYLRXUDO FDWHJRULHYV

(DFK QHVW VLWH RU WHUULWRU\ ZDV REVHUYHG IRU Wz
GD\ HIIHFWLYHO\ YDU\LQJ WKH GDWD VHW ZLWK UHVSHFW
HDFK REVHUYDWLRQ ZDV UHFRUGHG XVLQJ GDWD IURP 7H 5
OHWHRURORJLFDO 6HUYLFH RI 1HZ =HDODQG EDVHG RQ WK
ODWLDWLD %D\ RQ QHDUE\ :DLKHNH ,vODQG ZKLFK DSSHDU
RQ WKH ZHVWHUQ EHDFKHV RI ORWXWDSX 7KLV HQDEOHG L
WLGDO UK\WKP RQ WIWXUXDWX EHKDYLRXU 1R DWWHPSW Z

RU OXQDU WHPSRUDO LQIOXHQFHYV



%LDV DYRLGDQFH

7IWXUXDWX QHVW VLWHYV DQG VXUURXQGLQJ DUHDV ZH
VWDQGDUG SUDFWLFH RQ ORWXWDSX LV WR HQFLUFOH WKH
+ P IURP WKH QHVW DQG HUHFW VLJQV DVNLQJ SHRSOH W
SUDFWLFH WHUPHG 3V\PEROLF IHQFLQJ " 2EVHUYHUV DQG F
DV IDU DV SRVVLEOH DQG QR SDWUROOLQJ DFWLYLW\ ZDV
ZDV PDGH WR PLQLPLVH GLVWXUEDQFH WR WIWXUXDWX DQ
YROXQWHHUV WR EH FRQVLVWHQW LQ WKLV DSSURDFK 2EV
IURP WKH LQODQG DVSHFW RI WKH QHVW DUHD UDWKHU Wt
2EVHUYHUV KDG WR UHPHPEHU WR ZHDU 3+L 9L]" YHVWV ZK|
EXW WR UHPRYH WKHP EHIRUH FRPLQJ FORVH WR WKH REV}H
FDPHUD  6' FDUGY DQG EDWWHULHY ZHUH DOPRVW DOZD\V
TXLFNO\ UHPRYLQJ WKH FDPHUD IURP LWV KLGLQJ SODFH L
GLVWDQW SRVLWLRQ WR PDNH WKH FKDQJHV DQG FKHFN Wi
UHSODFLQJ LW DJDLQ ,Q WKH HYHQW RI FROG ZHW ZHDWKHF
FDQFHOOHG DV WKH ULVN RI GLVWXUEDQFH WR FOXWFKHYV
XQZDUUDQWHG
7KH KLJK WLGH KHDGFRXQW ZDV WKH RQH PRQLWRULQJ
GLVWXUELQJ WR WKH WIWXUXDWX EXW DJDLQ WKLV ZDV Nt}
ZDONHG WKH EHDFK FORVH WR WKH ZDWHU VHYHUDO PHWL
WKH QHVWY DUH ORFDWHG QRWLQJ WKH LGHQWLW\ RI DOO
RWKHU DYLDQ DQG PDPPDOLDQ VSHFLHV SUHVHQW , MXGJt

WKDQ D PHPEHU RI WKH SXEOLF ZDONLQJ TXLHWO\ DORQJ V



6WDWLVWLEDO DQDO\VLV

$00 DQDO\WHYV ZHUH FRQGXFWHG LQ 5Y 5 &RUH 7H
RI HDFK EHKDYLRXU ZLWKLQ HDFK REVHUYDWLRQ SHULRG |
DV WKH FRXQW RI REVHUYDWLRQV IRU D EHKDYLRXU GLYLG
REVHUYDWLRQV LQ WKDW SHULRG 7KH PHDQ SURSRUWLRQ
FDOFXODWHG DQG FRPSDUHG EHWZHHQ VH[HV XVLQJ JHQHL
OPH SDFNDJH %DWHV OIFKOHU %RONHU :DONHU ZL
VSHFLILHG 6H[ DQG EHKDYLRXUDO FDWHJRU\ ZHUH LQFOXG
LQGLYLGXDO ,'" QHVWHG ZLWKLQ SDLU LQFOXGHG DV D UDQ
EHWZHHQ EHKDYLRXU DQG VH[ ZHUH DOVR LQFOXGHG &KL
FRPSDUH WKH FRXQWYV RI GLVSOD\ EHKDYLRXUV WRZDUGYV (

EHWZHHQ SKDVHV RI WKH EUHHGLQJ VHDVRQ



5(68/76 $1' ',6&866,21

3UH DQG SRVW EUHHGLQJ VHDVRQ VXUYH\V

1LQHWHHQ WIWXUXDWX ZHUH LGHQWLILHG GXULQJ WKH
6HSWHPEHU HLIKWHHQ RQ ORWXWDSX DQG RQH RQ QHD
IHPDOH GLVDSSHDUHG EHIRUH P\ GDLO\ EHKDYLRXUDO REV]
OHDYLQJ D WRWDO RI HLIJKWHHQ VL[ IHPDOHV HOHYHQ PD
WIWXUXDWX ILYH DGXOWV RQH LPPDWXUH GLVDSSHDUHG
SRVW EUHHGLQJ VXUYH\ LQ 0D\ 7TDEOH 7KH VLQJOH
ORWXNRUHD LQ WKH ILUVW VXUYH\ PRYHG WR ORWXWDSX G
ZHUH LGHQWLILHG GXULQJ WKH SRVW EUHHGLQJ VXUYH\ LQ
I[URP WKH SUH EUHHGLQJ VXUYH\ ZHUH MRLQHG E\ VL[ MXYF

WUDQVORFDWHG FDSWLYH EUHG ELUGY DQG D VLQJOH LVO

THUULWRU\ REEXSDWLRQ DQG QHVW EXLOGLQJ

7THUULWRU\ RFFXSDWLRQ E\ VL[ SDLUV EHJDQ LQ 6HSWF
ILYH VLQJOH DGXOW PDOHV DQG WKH LPPDWXUH ELUG &R’
REVHUYHG IURP 2FWREHU WKURXJK WR -DQXDU\ , GLG QRW
WKH VFUDSLQJ EHKDYLRXU FRPPRQO\ DVVRFLDWHG ZLWK FI
S3KLOOLSV KRZHYHU WKLV KDV EHHQ GHVFULEHG LQ W
‘DYLV E , VXJIJHVW WKDW WIWXUXDWX QHVWV RQ ORWX
WKLV EHKDYLRXU ZRXOG EH GLIILFXOW WR REVHUYH 7KH O
RQO\ HYLGHQW RQFH WKH ILUVW HJJ KDG EHHQ ODLG 7ZR |
ORWXWDSX DW WKH VWDUW RI WKH EUHHGLQJ VHDVRC
SUHYLRXV VHDVRQ $Q DGGLWLRQDO ILYH LQGLYLGXDO ELU

SDUWQHUHG IROORZLQJ WKH GLVDSSHDUDQFH RI WKHLU PD



7TDEOH 7KH UHVXOWYV RI SUH DQG SRVW EUHHGLQJ VHDV

7IWXUXDWX EDQG 6 H [ $JH ,VODQG BRWW 3UH
EUHHGLQEUHHGLQJ
x2 1% 0 \HDUYV . S
8QEDQGHG PDOH 0 \HD U % s
% 2% 0 \HD U N4 X
x2 12 0 \HDUYV N4 s
1% 5< ) \HD U \ o s
xQ 0 \HD UV A s
% 2 ) \HDU -DQ| v
xop *< 0 \HD U\ N4 X
x2 2< ) \HDUV N4 v
x2 *< ) \HDUYV o N4
%2 <2 0 \HDUYV -DQ s
9 <5 0 \HD U \ A N4
*0% % < ) \HD UV o X
5< 5% 0 \HD UV o7 N4
*0h * 0% 0 \HDUYV o X
1% *2 ) \HDUYV s b4
1% 5 0 \HD UV A 7
*0h %2 0 \HD UV s X
8QEDQGHG LPADWXUH \HDU | X
8QEDQGHG MXYHQLOH PRQWKYV D
5% 25 QGUHOHDPVH PRQWKYV s
2 <+ QGUHOHDPVH PRQWKYV s
12 VWUHOHDVH PRQWKYV ..
5% 12 QGUHOHDPVH PRQWKYV o
12 52 VWUHOHDVH PRQWKYV .

v "HWHF<X/HG 1RW GHWHFWHG



7TKUHH RI WKH QHVWYV ZHUH KLGGHQ LQ SLOHV RI GULIW
ZHUH LQ KROORZV LQ EDQNV DERYH WKH KLJK WLGH PDUN F
EHQHDWK JUDVVHV RQ D URFN\ SODWIRUP DGMDFHQW WR D
EHKDYLRXU REVHUYHG DQG UHFRUGHG RYHU WKH EUHHGLQ
EHDFKHVY FORVH WR WKH QHVW VLWHYVY 1HVW EXLOGLQJ EHI
RFFDVLRQV DOO H[KLELWHG E\ PDOH ELUGY DQG DOO DVV
7KLV EHKDYLRXU PD\ EH DQ H[DPSOH RI WKH SKHQRPHQRQ
WKHLU FRQGLWLRQ KHDOWK RU SDUHQWDO GLVSRVLWLRQ
ORUHQR 7KUHH SDLUV UH QHVWHG DIWHU ORVLQJ WK

QLQH QHVWV ZHUH REVHUYHG

(JJ SURGXFWLRQ

"XULQJ WKH EUHHGLQJ VHDVRQ RQ ORWXWDSX RQ
WZR HJJV DQG WZR WKLUGV RI QHVWYV KDG WKUHH HJJV

HJJV SHU QHVW 7KHVH UHVXOWY DUH VLPLODU WR WKRVH

EUHHGLQJ VHDVRQV ZKHUH R FOXWFKHYV FRQWDI
FRQWDLQHG WKUHH HJJV D PHDQ RI HJJV SHU QHVW $
FDOFXODWHG D PHDQ OD\LQJ WLPH RI 6' GD\V Q

E KRZHYHU RQ RQH RFFDVLRQ , REVHUYHG D PXFK ORQ
EHWZHHQ WZR HJJV EHLQJ ODLG ZLWK HYHQWXDO VXFFHV\
SDUWLDO LQFXEDWLRQ DSSHDUHG WR SURYLGH H[FHOOHQW
ZLWK DOO WKH FOXWFKHYVY REVHUYHG KDWFKLQJ ZLWKLQ
WKDW WIWXUXDWX FKLFNV IUHTXHQWO\ UHWXUQHG WR WKH

XQLTXH DPRQJ &KDUDGULXYV SORYHU FKLENV ZKLFK DUH JH(



7KH FRYHUHG QHVW RI WKLV VSHFLHVY FRQWLQXHV WR SURY
SUHGDWRUV DQG VKHOWHU IURP WKH HOHPHQWYV IRU DW O
,Q PRVW SORYHU VSHFLHV LQGLYLGXDOV EUHHG ILUVW

D EXW WKLV LV QRW WKH FDVH LQ ZLOG WIWXUXDWX ZK
'‘DYLV D 7IWXUXDWX ZHUH SUHYLRXVO\ WKRXJKW WR E|
SRVVLEO\ GXH WR KDELWDW FRQVWUDLQWY RQ +RNRUHUHR
FDQ SURGXFH VHYHUDO EURRGY SHU VHDVRQ LQ FDSWLYLW
WIWXUXDWX FDQ SURGXFH UHSODFHPHQW FOXWFKHV LQ WK
HYHQ GRXEOH EURRGLQJ UHQHVWLQJ DIWHU VXFFHVVIXOO
REVHUYHG LQ WKH ZLOG RQ ORWXWDSX + 6SHHG SHUVRQI
'RXEOH EURRGLQJ ZzDV QRW REVHUYHG RQ +RNRUHUHRUR ¢
UHSRUWHG RQ WKH RIl VKRUH LVODQG VDQFWXDULHV RI :D|

2 &RQQRU

$GXOW WIWXUXDWX EUHHGLQJ VHDVRQ WLPH EXGJHWYV

7KH QLQH QHVW VLWHV ZHUH REVHUYHG IRU XS WR KF
\LHOGLQJ D WRWDO RI IRFDO LOQVWDQWDQHRXYVY VDPSO
WIWXUXDWX QHVWLQJ SDLUV DQG IDPLO\ JURXSV $GXOW W
WKDQ KDOI WKHLU WLPH EXGJHW GXULQJ WKH EUHHGLQJ VI
EHKDYLRXUV LQDFWLYLW\ LQFXEDWLRQ DQG IRUDJLQJ VI
EHWZHHQ WKHVH EHKDYLRXUV LV WKDW LQDFWLYH EHKDYL
WKURXJKRXW WKH GLITHUHQW SKDVHV RI WKH EUHHGLQJ V&I
LQ WKH QHVWLQJ SKDVH 7KH UDUHO\ REVHUYHG EHKDYLRX
FRXUWVKLS DQG PDWLQJ DUH FRPELQHG LQWR D VLQJOH 3|

WKHVH DUH H[SORUHG IXUWKHU LQ )LJXUH



0.6 1

0.4 1
® © female

¢ male

0.2 1

Mean proportion of observations

b oay

not vlisible inac;tive incub'ating foralging Iocor’r'10tion flyi'ng otl'ller

0.0 1

JLIXUH OHDQ SURSRUWLRQ 6' RI REVHUYDWLRQV IRU HDF
REVHUYHG EHKDYLRXUV 7KH FDWHJRU\ pRWKHUY LV D JURX

EHKDYLRXUV REVHUYDWLRQV WKDW LV H[SORUHG IXUW
IHPDOHYVY ZLWK D PHDQ RI REVHUYDWLRQ VHVVLRQV RI
+ DQG PDOHV ZLWK D PHDQ RI REVHUYDWLRQ VHVV|

UDQJH +

JRUDJLQJ

7KH PHDQ SURSRUWLRQDO WLPH “6' DGXOW WIWXUXDV
EUHHGLQJ VHDVRQ ZDV DSSUR[LPDWHO\ “ IRU IHPD
PDOHV 0\ REVHUYDWLRQV FDSWXUHG IRUDJLQJ RQO\ ZKHQ
VLWH )RUDJLQJ DW GLVWDQW VLWHV VXFK DV WKH LQWHU
QRW UHFRUGHG :KHQ IRRG VXSSOLHV DUH OLPLWHG SORYF
ODUJH SURSRUWLRQ RI WKHLU WLPH ERWK GD\ DQG QLJKW
LV OLNHO\ WR EH LQIOXHQFHG E\ PHWDEROLF GHPDQGV VX

FRQVWUDLQWY VXFK DV LQFXEDWLRQ $QDO\VLV RI WLPH



VKRZV WKDW WKH SURSRUWLRQ RI WLPH VSHQW IRUDJLQJ F
SURSRUWLRQDO IRUDJLQJ E X&K BWD/GIRIUX B L @R CEYOURLY Bl U
$ODEDPD ZHUH EHWZHHQ DQG RI GD\OLJKW KRXUV GH
-RKQVRQ %DOGDVVDUUH ,Q FRDVWDO &XED ERWK V
&KDUDGULXV VHPIED OPERRAMBGULXYV BRRUIHUXVRUDJILQJ
EXGJHWYV H[FHHGHG 1RO ODF&XOORFK 3ROORFN OF.L
HQG Rl WKH VSHEWUXP SRKRZHUD $XFN&DQGGWORWYG EDQ
ELFLQFWXYHUHOGRBVHUYHG WR VSHQG RQO\ + RI GD\OLJK
3LHUFH 8QIRUWXQDWHO\ WKH PHWKRGRORJ\ XVHG L(
VRPHWLPHV XQFOHDU PDNLQJ GLUHFW FRPSDULVRQ RI ILJ>
FDYHDWV WKH FRPSDUDWLYHO\ ORZ IRUDJLQJ WLPH EXGJH
ORWXWDSX DUH VXJJHVWLYH WKDW DGHTXDWH IRRG UHVRX
FRQVHUYDWLRQ LPSOLFDWLRQ

$GXOW WIWXUXDWX RQ +RNRUHUHRUR GXULQJ WKH EUF
EXGJHWV ZKHQ YLVLEOH RI EXW ELUGV RIWHQ OHIW W
HOVHZKHUH XQREVHUYHG $ 'DYLV 2Q ORWXWDSX WKE

ZLWK ELUGV VLPLODUO\ RIWHQ VHHQ WR OHDYH WKHLU

XQUHFRUGHG RQ WKH LQWHU WLGDO URFN SODWIRUPV DW .

,QDFWLYH EHKDYLRXU

$OWKRXIJK SURSRUWLRQDO WLPH EXGJHWYV IRU IRUDJLC
SHULRGV ZKHQ WKH ELUGY DUH QRW YLVLEOH WKH WLPH E
EHKDYLRXU” JLYH VRPH DGGLWLRQDO LQVLIJKW LQWR WKH
PHDQ SURSRUWLRQDO WLPH “6' DGXOW WIWXUXDWX ZHUH
IHPDOHYVY DQG : IRU PDOHV DQG SRVVLEO\ PRUH ZK

DUH KLJKHU SURSRUWLRQV RI WKHLU WLPH EXGJHWYV WKDQ



PHOQWLRQHG DERYH -RKQVRQ %DOGDVVDUUH 1RO HW
WIWXUXDWX RQ +RNRUHUHRUR KDG GLIIHUHQW FDWHJRULH
GLUHFW FRPSDULVRQ GLIILFXOW 7KHLU WLPH EXGJHW ZKH
WZR RWKHU EHKDYLRXUDO FDWHJRULHV 3VFDQQLQJ’ D
KDYH KDG D FRPSRQHQW RI LQDFWLYLW\ $ 'DYLV 7 KH
ZLWK D WLPH EXGJHW IRU SLQDFWLYLW\" ZKHQ YLVLEOH RI

7KH FRPSDUDWLYHO\ KLJK WLPH EXGJHWYV IRU LQDFWLY
WIWXUXDWX RQ ORWXWDSX DGG VRPH ZHLJKW WR WKH VXJJ

UHVRXUFHY DUH DYDLODEOH

'LIITHUHOFHYVY LQ EUHHGLOJ VHDVROQ EHKDYLRXU EHWZHHQ I}

YHPDOH WIWXUXDWX EUHHGLQJ VHDVRQ EHKDYLRXU

JHPDOH EUHHGLQJ VHDVRQ EHKDYLRXU FRXOG EH FKDU
DQG SK\VLFDOO\ VXSSRUWLYH IRU FOXWFKHY DQG EURRGYV
VSHQW DOPRVW WZLFH DV PXFK WLPH LQFXEDWLQJ DV PDO!
FDYHDW WKDW DOO GLUHFW REVHUYDWLRQV ZHUH PDGH GX
OLQHDU PL[HG PRGHO */00 DQDO\VLV VKRZHG VLIJQLILFDOQ\
LQFXEDWLQJ EHKDYSLRXU $OWKRXIJK WKH GDWD VHW ZDV °
IHPDOHY DOVR DSSHDUHG WR EURRG PRUH WKDQ PDOHV VI
VHDVRQ EHKDYLRXU ZDV OHVV DFWLYH RYHUDOO WKDQ PDC
ORZHU SURSRUWLRQ RI WKHLU WLPH LQDFWLYH EXW WKLYV
SURSRUWLRQ VSHQW LQFXEDWLQJ DQG OHVV WLPH VSHQW
JHPDOHYV PD\ FRQVHUYH HQHUJ\ EHFDXVH RI WKH KLJK PHW|
SURGXFWLRQ SDUWLFXODUO\ JLYHQ WKH SRVVLELOLW\ WK

UHTXLUHG 7KH RYHUDOO IHPDOH WLPH EXGJHW IRU GLXUQ



WKDW RI PDOHV DW $VVXPLQJ IHPDOH HQHUJHWLF GHPI
H[FHHG WKRVH RI PDOHV LW VHHPV OLNHO\ WKDW IHPDOHYV
QRFWXUQDOO\

$ GLIITHUHQFH LQ GLXUQDO QRFWXUQDO LQFXEDWLQJ D
VH[HV FRXOG EH UHVSRQVLEOH IRU GLIIHUHQWLDO VXUYLY]I
SUHYDOHQFH RI GLXUQDO RU QRFWXUQDO SUHGDWRUV 7KF
SUHGDWLRQ IURP WKH VDPH GLXUQDO DYLDQ VSHFLHV WKD
&KDSWHU 7KUHH EXW DGXOW WIWXUXDWX DUH YLJLODQW L
DQG VZLIW RQ WKH ZLQJ 7KH\ DOVR WDNH DGYDQWDJH RI V
WKUHDWHQLQJ PDQQHU RI WAUHD SDQ HP DYWRBEDOE R € LAF\R/OVRH
IRU H[DPSOH E\ FKRRVLQJ WR DOLJKW EHVLGH WKHP ZKHQ |
QDWLYH RZO WKH QRFWXUQRB D QURNDXH WHRHABMRGINR ] O \
FRQILUPHG SUHGDWRU RI DGXOW WIWXUXDWX RQ WKH LVOL
SUHGDWRU\ WKUHDW ,I IHPDOH WIWXUXDWX DUH PRUH QRF
WKH EUHHGLQJ VHDVRQ WKH\ PD\ ZHOO EH DW LQFUHDVHG
7KLV LV RQH SRVVLEOH PHFKDQLVP E\ ZKLFK WKH PDOH ELL
REVHUYHG RQ ORWXWDSX PLIJKW KDYH RFFXUUHG )XUWKHU

EH KHOSIXO WR HVWDEOLVK WKH IDWH RI DGXOW WIWXUXD)

ODOH WIWXUXDWX EUHHGLQJ VHDVRQ EHKDYLRXU

ODOH EUHHGLQJ VHDVRQ EHKDYLRXU FRXOG EH FKDUDF
3JXDUGLQJ" WKDQ IHPDOH EHKDYLRXU ODOHV VSHQW D VOL
WLPH EHLQJ LQDFWLYH WKDQ IHPDOHYV YV EXW ZH
VSHQGLQJ OHVV WLPH LQFXEDWLQJ DQG PRUH IRUDJLQJ L
)LIXUH */00 DQDO\VLYV VKRZHG VLJQLILFDQW LQWHUDEW

EHKDYUJRXU S ODOHVY DOVR HQJDJHG LQ GLVSOD\ DF!



IHPDOHV SDUWLEXODUO\ LQ WKH FKLFN UHDULQJ SKDVH V
SLQDFWLYH  EHKDYLRXUDO FDWHJRU\ PD\ VXJJHVW D 3UHVW
RIWHQ DFFRPSDQLHG E\' GLVSOD\ EHKDYLRXU LQWHUHVW
3JXDUGLQJ" UROH

$OWKRXJK IHPDOHV VSHQW DOPRVW WZLFH DV PXFK WL
GLXUQDOO\ PDOHV PD\ GR PRUH RI WKH QRFWXUQDO LQFXEI
'DYLV E ,l FRUUHFW WKLV DSSHDUV WR VXSSRUW WKH
DW QLJKW  ZKHUH WKH PRUH EULJKWO\ FRORXUHG VH[ RI C
UHGXFH GLXUQDO LQFXEDWLRQ DQG LQFUHDVH QRFWXUQDC
YLVXDO GHWHFWLRQ E\ D SUHGDWRU (NDQD\DNH HW DO
KDV QR UHOHYDQFH LQ D VSHFLHV ZLWK D FRPSOHWHO\ FR"
YLUWXDOO\ LQYLVLEOH ZKLOH LQFXEDWLQJ $Q DOWHUQDW
DGYDQWDJHV WR IHPDOHV LQ EHLQJ QRFWXUQDOO\ DEWLYF
DEXQGDQW SUH\ VXFK DV 3VDQGKRSSHUV' WDOLWULG DPSk
QLJKW DQG KDYLQJ WKH RSSRUWXQLW\ WR LQFXEDWH GXU
&ROZHOO ,QGLUHFW QRFWXUQDO REVHUYDWLRQV XVI
FDPHUDV UHFRUGHG VRPH QRFWXUQDO DFWLYLW\ LQFOXGI
ZHUH QRW VHQVLWLYH HQRXJK WR UHJXODUO\ FDSWXUH LQ
UHVHDUFK XVLQJ HLWKHU *36 WUDQVPLWWHUV RU PLEFURFK
WKH QRFWXUQDO LQFXEDWLRQ EHKDYLRXU RI WIWXUXDW X

GLXUQDO LQFXEDWLRQ JLYHQ WKHLU FRYHUHG QHVWYV DQC



0.06 1

0.04 1

female

¢ male

0.02 1

Mean proportion of observations
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broolding groolming courltship ma'ting

0.00 1

J)LIXUH OHDQ SURSRUWLRQ ©6' RI REVHUYDWLRQV IRU HDF

EHKDYLRXUV REVHUYDWLRQV 1R DQDO\VLV ZDV FRQGX
VLIH 'DWD UHSUHVHQW |IHPDOHV ZLWK D PHDQ RI REVE
KRXUV HDFK UDQJH + DQG PDOHV ZLWK D PHDQ RI

RlI XS WR KRXUV HDFK UDQJH *

5DUHO\ REVHUYHG EHKDYLRXUYV

ODOHV DQG IHPDOHYVY VSHQW VLPLODU SURSRUWLRQV RI
ERWK EDWKLQJ LQ I[UHVKZDWHU DQG SUHHQLQJ 7KH DPRXQ
EHKDYLRXU E\ ERWK VH[HV ZDV YHU\ VPDOO DV H[SHFWHG
PRQRJDPRXV VSHFLHVY ORQRJDPRXV &KDUDGULXYV SORYHU
VLIQLILFDQWO\ OHVV WLPH FRXUWLQJ WKDQ SRO\JUDPRXV V

7KHUH zDV D GLIITHUHQFH EHWZHHQ VH[HV LQ WKH DPR
PDOH ELUGY VSHQW DSSUR[LPDWHO\ WZLFH DV PXFK WLPH

ELUGY DOVR RFFDVLRQDOO\ LQFRUSRUDWHG QHVW EXLOGL



GLVSOD\ 7KLV EHKDYLRXU LV WKRXJKW WR VLJQDO WKHLU
GLVSRVLWLRQ WR WKHLU PDWH ,Q VRPH ELUG VSHFLHV WK
FRQVWUXFWLRQ RI HODERUDWH QHVWY WKDW DUH QRW DO.

ODWLQJ EHKDYLRXU ZDV REVHUYHG RQ MXVW RFFDVI

'LITHUHOQOFHYVY LQ EHKDYLRXU EHWZHHQ SKDVHV RI WKH EUHH

TKHUH ZHUH GLIIHUHQFHY EHWZHHQ SKDVHV RI WKH EU
EXGIJHWY DQG GLVSOD\ EHKDYLRXU VHH )LIXUHYV DQ
YDULDWLRQV ZHUH VHOI H[SODQDWRU\ IRU H[DPSOH WKH
GXULQJ WKH QHVWLQJ SKDVH DQG WKDW FRXUWVKLS DQG

GXULQJ WKH SUH QHVWLQJ SKDVH
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not visible inactive incubating foraging locomotion  flying other

J)LJXUH OHDQ SURSRUWLRQ 6' RI REVHUYDWLRQV IRU HDF
REVHUYHG EHKDYLRXUV VHSDUDWHG E\ SKDVH Rl WKH EUHF
HRWKHUY LV D JURXSLQJ RI UDUHO\ REVHUYHG EHKDYLRXU\
H[SORUHG IXUWKHU LQ )LIXUH 7KH \HOORZ ER[ LQ WKH
LQGLFDWHY WKH GULYHU RI WKH VLJQLILFDQW LQWHUDFWL
IRUDJLQJ DQG LQFXEDWLQJ REVHUYHG LQ WKH */00 DQDO\V
ZLWK D PHDQ RI REVHUYDWLRQ VHVVLRQV RI XS WR KR

PDOHV ZLWK D PHDQ RI REVHUYDWLRQ VHVVLRQV RI X¢

7KH SUH QHVWLQJ SKDVH

7KH SUH QHVWLQJ SKDVH ZDV FKDUDFWHULVHG E\ ORZ
IO\LQJ KLJK OHYHOV RI LQDFWLYLW\ DQG PXFK KLJKHU WL
VXEVHTXHQW SKDVHV IRU PDOHV DQG IHPDOHV VHH )LJXUH
NQRZQ WR PRXOW GLUHFWO\ DIWHU EUHHGLQJ 'RZGLQJ .k
PRXOW ZKLFK UHSUHVHQWY WKH WUDQVLWLRQ IURP EUHHC

EUHHGLQJ 3EDVLF" SOXPDJH $OWKRXJIJK LW KDV QRW EHHC



WKH WIWXUXDWX PRVW SORYHU VSHFLHV DOVR XQGHUJR D
ZKLFK ZRXOG UHVXOW LQ LQFUHDVHG JURRPLQJ EHKDY

EUHHGLQJ VHDVRQ
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J)LIXUH OHDQ SURSRUWLRQ ©6' RI REVHUYDWLRQV IRU HDF
EHKDYLRXUV REVHUYDWLRQV VHSDUDWHG E\ SKDVH RI
DQRDO\VLY ZDV FRQGXFWHG GXH WR WKH VPDOO VDPSOH VL
D PHDQ RI REVHUYDWLRQ VHVVLRQV RI XS WR KRXUV H
PDOHV ZLWK D PHDQ RI REVHUYDWLRQ VHVVLRQV RI XS

7KH QHVWLQJ SKDVH
7KH WLPH EXGJHW IRU LQDFWLYH EHKDYLRXU GHFUHDYV
QHVWLQJ SKDVH WR WKH QHVWLQJ SKDVH IRU ERWK VH[HV
WLPH VSHQW LQFXEDWLQJ 7KLV ZDV PRVW QRWDEOH LQ IH
KDOl WKHLU QHVWLQJ SKDVH WLPH EXGJHW RQ WKHVH WZR
7LPH EXGJHWYV IRU IRUDJLQJ YDULHG RQO\ VOLJKWO\ E

SKDVHVY ODOH WLPH EXGJHWYV IRU IRUDJLQJ ZHUH VLPLODU



SKDVHV ZKLOH IHPDOH WLPH EXGJHWYV IRU IRUDJLQJ GHFU
SKDVH WR WKH QHVWLQJ SKDVH 7KH WLPH GHPDQGV RQ IH
WKH WLPH DYDLODEOH IRU WKHP WR IRUDJH )HPDOHV PD\ |
ZLWK QRFWXUQDO IRUDJLQJ GXULQJ WKH QHVWLQJ SKDVH

RWKHU IDFWRUV PD\ LPSDFW D IHPDOHYV DELOLW\ WR IRUD
ZHDWKHU WLGDO VWDWH OXQDU F\FOH DQG WKH SUHVHQ
&KDUDGULXV KPKMHHHHW REVHUYHG WR SUHIHUHQWLDOO\
LQFXEDWH GXULQJ WKH GD\ LI QRFWXUQDO OLJKW OHYHOV
WKH FKRLFH ZRXOG GHSHQG RQ ERWK SUH\ DYDLODELOLW\

ZKLFK ZRXOG YDU\ IURP VLWH WR VLWH (EHUKDUW 3KLOOL

7KH FKLFN UHDULQJ SKDVH

,QDFWLYH EHKDYLRXU LQFUHDVHG IURP WKH QHVWLQJ
SKDVH IRU ERWK VH[HV DOWKRXJK WKH KLJK OHYHOV RI Gl
SKDVH VXJJHVW D 3JXDUGLQJ" DVSHFW WR WKLV EHKDYLRX!
EXGIJHWYV IRU WKH KLJK HQHUJ\ RXWSXW EHKDYLRXUV Rl OF
FKLFN UHDULQJ SKDVH ZHUH QRW PDWFKHG E\ DQ LQFUHDYV
HLWKHU VH[ ODOH IRUDJLQJ WLPH EXGJHW GHFUHDVHG VOI
WKH FKLFN UHDULQJ SKDVH DQG IHPDOH IRUDJLQJ WLPH E.
2QH RU ERWK SDUHQWYV VWD\HG ZLWK WKH EURRG WKURXJK
SRWHQWLDOO\ UHGXFLQJ WKHLU RSSRUWXQLW\ WR IO\ WR |
WKDW WKH FRRSHUDWLRQ RI ERWK SDUHQWY ZDV QHHGHG
Rl FKLFN IOHGJLQJ DQG DGXOW VXUYLYDO -XVW RQH VLQJ(
FKLFN WR IOHGJLQJ +H DSSHDUHG GHYRWHG WR WKLV WDV

IOHGJHG 7KH FDXVH RI GHDWK ZDV XQNQRZQ



7KH FKLFN UHDULQJ SKDVH Rl WKH EUHHGLQJ VHDVRQ |
F\FOH ZKHQ WIWXUXDWX DSSHDU WR EH PRVW VXVFHSWLEO
KXPDQ UHODWHG GLVWXUEDQFH $ SHUVRQ MRJJLQJ GRZQ \
VHSDUDWH IURP FKLFNV SRWHQWLDOO\ OHDYLQJ WKH FKLF
SUHGDWLRQ $QRWKHU HIIHFW Rl KXPDQ UHODWHG GLVWXU
LOQWR KLGLQJ VLJQLILFDQWO\ UHVWULFWLQJ WKHLU WLPH

W LV XQIRUWXQDWH WKDW WKH FKLEN UHDULQJ SKDVI
ZLWK SHDN YLVLWRU QXPEHUV RYHU WKH &KULVWPDV KROL

7LPH EXGJHWV IRU ORFRPRWLRQ DQG IO\LQJ EHKDYLRX
WKH EUHHGLQJ VHDVRQ WR SHDN GXULQJ WKH FKLFN UHDUI]
EH DVVRFLDWHG ZLWK GHIHQFH EXW QRW H[FOXVLYHO\ ,Q
DVVRFLDWHG ZLWK FKLFN UHDULQJ &KLENV FDQQRW 10\ XGQ
DFFRPSDQ\LQJ WKHP WHQGVY WR ZDON UXQ RU KRS PRUH V

WR FDUH IRU

'LVSOD\ EHKDYLRXU

'LVSOD\ EHKDYLRXU ZDV HOLFLWHG PRVW FRPPRQO\
SUHVHQFH RI WZR FRPSHWLWLYH DYLDQ VSHFLHV FRQVSHF
ODUJHU FRPSHWLWLYH $RQJIJHGHU | H PDHOEHW S

VHH )LIJXUH 'LVSOD\V WR SRWHQWLDO SUHGDWRU "
WKUHDWHQLQJ VSHFLHYV ZHUH OHVV FRPPRQ VHH )LJXL
FRPSHWLWLYH VSHFLHVY ZHUH DSSUR[LPDWHO\ HTXDO LQ Q>
VOLJKWO\ PRUH WR RWKHU WIWXUXDWX DQG IHPDOHV VOL.
LPSRUWDQW ILQGLQJ ZLWK UHOHYDQFH WR FRQVHUYDWLRQ

WIWXULZKDWX DFFRXQWHG IRU DSSUR[LPDWHO\ RI WKH



WIWXUXDWX RYHUDOO , VXJJHVW WKDW KDYLQJ WR VKDUH
OLNHO\ WR FDXVH FRQVLGHUDEOH HQHUJ\ HISHQGLWXUH D

LPSDFW ERWK DGXOW VXUYLYDO DQG FKLFN VXUYLYDO WR

Non-threat Competitor Predator
female n = 305 female n = 986 female n = 282
male n = 369 male n = 934 male n = 283
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JLIXUH 3URSRUWLRQ RI HQFRXQWHUV ZLWK RWKHU ELUG V!
GLVSOD\HG IRU HDFK VH[ WRZDUGYV ELUGY FRQVLGHUHG QF
SUHGDWRUV )RU D OLVW RI WKH WKUHH FDWHJRULHV RI DY
6DPSOH VL]HV LQGLFDWH WKH QXPEHU RI HQFRXQWHUV RE\
Rl WKH IRFDO DQLPDO ZLWKLQ DQ HVWLPDWHG P ZKHUH

REVHUYHG

ODOH DQG IHPDOH WIWXUXDWX HQFRXQWHUHG RWKHU E
QXPEHUV EXW PDOHV ZHUH PRUH OLNHO\ WR UHVSRQG ZLW
7KLV HIIHFW RFFXUUHG LQ DOO WKUHH DYLDQ FDWHJR

WKUHDWHQLQJ ELUGYV



Pre-nesting Nesting Chick-rearing
female n = 34 female n =710 female n = 829

male n = 39 male n = 631 male n = 896
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J)LIXUH 3URSRUWLRQ RI HDFK W\SH RI GLVSOD\ LQ HDFK SK
LQ UHVSRQVH WR WKH SUHVHQFH RI RWKHU DQLPDOV 6DPS
HQFRXQWHUV REVHUYHG ZLWK VSHFLHV LQ WKH YLFLQLW\ F
HVWLPDWHG P ZKHUH GLVSOD\ EHKDYLRXU ZDV REVHUYHC(

'LVSOD\ EHKDYLRXU IUHTXHQF\ LQFUHDVHG VLJQLILFDQ
UHDULQJ SKDVH FRPSDUHG WR WKH HDUOLHU SKDVHV RI Wt
DQG QHVWLQX IHPD®HYV PDO#H YV S VHH )LIXUH

7KH JUHDWHVW LQFUHDVH ZDV VHHQ LQ GLVSOD\ OHYH!
LQWHQVH GLVSOD\V ' ' ZHUH REVHUYHG GXULQJ WKH FK
K\SRWKHVHVY KDYH EHHQ DGYDQFHG WR H[SODLQ WKH FKDQ
GLVSOD\ DFWLYLW\ RYHU WKH EUHHGLQJ VHDVRQ LQ RWKH!
WKH H[SHFWHG IXWXUH VXUYLYDO DQG 3UHSURGXFWLYH YD

DJH $QGHUVVRQ :LNOXQG 5XQGJUHQ 7KH VHFRQG |



YXOQHUDELOLW\ RI WKH RIIVSULQJ GHPDQGY PRUH IUHTXH
%UXQWRQ 0\ UHVXOWV DSSHDU WR VXSSRUW WKH OD
WKH SUH QHVWLQJ SKDVH WIWXUXDWX GHIHQG WKHLU WHU
FRQVLGHUHG YXOQHUDEOH ,Q WKH QHVWLQJ SKDVH WKH F
LQFXEDWLQJ SDUHQW DOVR KDYH YHU\ ORZ YXOQHUDELOLMW
VSHFLHVY HYROYHG LQ 1R GHSUHGDWLRQ RFFXUUHG DQG D
UHFRUGHG LQ WIWXUXDWX RQ ORWXWDSX LQ PDUNHG FRQV
WIWXULZKDWX ZKLFK KDV DQ RSHQ QHVW ,Q WKH HDUO\ SD
QHVWYV SURGXFHG D KDWFKLQJ VXFFHVV UDWH RI ZKLOH
WKH VDPH EHDFKHV ZHUH DOO ORVW 2Q KDWFKLQJ WKH EFK
YXOQHUDEOH D VLWXDWLRQ WKDW SHUVLVWYVY XQWLO IOHG
FKDQJH LQ IUHTXHQF\ DQG LQWHQVLW)\ RI GLVSOD\ EHKDYLI
VXGGHQ LQFUHDVH LQ YXOQHUDELOLW\ RI WKH FKLENV DIW
LQFUHDVH LQ WKH DJH DQG UHSURGXFWLYH YDOXH RI WKH
VHDVRQ

,Q DGGLWLRQ WR WKHVH IDFWRUV WKH EHKDYLRXU RI
VRPHWLPHYV REVHUYHG WR WULJJHU DJRQLVWLF LQWHU VSt
ZDQGHU LQWR D QHLJKERXULQJ WHUULWRU\ ZKLOH VHHNLQ

SERUGHU VNLUPLVKHV" EHWZHHQ WKHLU SDUHQWY DQG RW

&LUFD WLGDO UK\WKPV RI EHKDYLRXU

JRUDJLQJ EHKDYLRXU
SDWWHUQV RI IRUDJLQJ EHKDYLRXU LQ WIWXUXDWX DS
F\FOHV 7KH UHVSRQVH YDULHG EHWZHHQ SKDVHV RI WKH E

VH[HV VHH )LJXUH ,Q WKH SUH QHVWLQJ SKDVH RI WKH



ERWK VH[HV Rl WIWXUXDWX VWHDGLO\ GHFUHDVHG DV WKH
IRUDJLQJ LQFUHDVHG DV WKH IDOOLQJ WLGH H[SRVHG IDYR
JHPDOH IRUDJLQJ LQFUHDVHG UDSLGO\ WR SKIDINX DNSLISGHR [L P L
ODOH IRUDJLQJ LQFUHDVHG PRUH VORZO\ EXW ZDV PRUH VX

DIWHU KLJK WLGH

Foraging
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J)LIXUH 3URSRUWLRQ RI REVHUYDWLRQV UHFRUGHG DV IRULI
DQG SKDVH RI WKH EUHHGLQJ VHDVRQ 1HJDWLYH YDOXHYV |
LQFRPLQJ WLGH JHUR LQGLFDWHVY KLJK WLGH DQG SRVLWL
LQ KRXUV 'DWD UHSUHVHQW |IHPDOHV ZLWK D PHDQ RI

KRXUV HDFK UDQJH * DQG PDOHV ZLWK D PHDQ RI
RI XS WR KRXUV HDFK UDQJH *

'XULQJ WKH QHVWLQJ SKDVH RQH SDUHQW ZDV LQFXED
D IHPDOH ZDV IRUDJLQJ KHU PDOH SDUWQHU ZRXOG EH LQF
JHPDOHVY VSHQW DOPRVW WZLFH DV PXFK GLXUQDO WLPH L¢
RSSRUWXQLWLHV WR IRUDJH GLXUQDOO\ ZHUH PDUNHGO\

SKDVH 7KH RQO\ GLVFHUQLEOH FLUFD WLGDO UK\WKP REVI



SKDVH ZzDV D JUDGXDO LQFUHDVH LQ IRUDJLQJ EHKDYLRXU
WLGH ,Q FRQWUDVW PDOH IRUDJLQJ EHKDYLRXU LQFUHDV
DURXQG KLJK WLGH 7KLV XQXVXDO SDWWHUQ FRQWUDVWYV
SDWWHUQ IRU WKH QHVWLQJ SKDVH EXW DOVR ZLWK WKH E
SKDVHV RI WKH EUHHGLQJ VHDVRQ 7KH LQWHU WLGDO ]RQI
WKH WIWXUXDWX RQ ERWK VDQG\ EHDFKHY DQG URFN SODW
KLIJK WLGH DUH WKH KLJKO\ IDYRXUDEOH IRUDJLQJ WLPH D
IHHGLQJ JURXQGYVY WKDW KDYH EHHQ LQDFFHVVLEOH IRU VH
Rl PDOH IRUDJLQJ EHKDYLRXU , REVHUYHG GXULQJ WKH QH
IHPDOHYVY PD\ KDYH SULRULW\ RYHU PDOHV LQ WKHLU FKRLF
UHTXLUHPHQWYV RI IHPDOHV PD\ VWLOO EH JUHDWHU WKDQ
WKRXJK WKH\ DUH QR ORQJHU SURGXFLQJ HJJV )HPDOHV P
PHWDEROLF GHPDQGV RI HJJ SURGXFWLRQ LQ WKH SUH QH\
PDLQWDLQ D VWDWH RI SK\WVLRORJLFDO SUHSDUHGQHVYV IR
RI WKHLU FOXWEFK

'XULQJ WKH FKLFN UHDULQJ SKDVH IRUDJLQJ RSSRUWX
VKDUHG EHWZHHQ PDOH DQG IHPDOH ELUGYVY DV LQFXEDWLTF
UHTXLUHG %RWK VH[HV QRZ KDG D UROH LQ QXUWXULQJ D
DV WKH\ OHDUQHG WR IRUDJH HIILFLHQWO\ 7R VRPH H[WHC
FDUH IRU WKHLU EURRG DW WKH VDPH WLPH )HPDOHV DSSHI
GD\ ORQJ XQUHODWHG WR WKH WLGH ODOH IRUDJLQJ IROO
SUH QHVWLQJ SHULRG ZLWK PLQLPDO IRUDJLQJ DW KLJK Wl

ZLWK SHDN IRUDJLQJ OHYHOV RQO\ KDOI ZKDW WKH\ ZHUH L



,QDFWLYH EHKDYLRXU

SDWWHUQV RI LQDFWLYLW\ DOVR DSSHDUHG WR EH DIIF
UHVSRQVH YDULHG EHWZHHQ SKDVHV RI WKH EUHHGLQJ VH
EHWZHHQ WKH VH[HV )LJXUH ,Q WKH SUH QHVWLQJ DQC
IHPDOHY DQG PDOHV UHVWHG PRUH DURXQG KLJK WLGH ZKI
UHGXFHG ,Q WKH QHVWLQJ SKDVH ERWK VH[HV GLVSOD\HC
RYHUboo 7KHUH DOVR DSSHDUHG WR EH QHJOLJLEOH WLG
RI LQDFWLYLW\ ,W DSSHDUHG WKDW LQFXEDWLQJ EHKDYLR

EHKDYLRXU GXULQJ WKLV SKDVH VHH )LJXUH DQG HDUO
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J)LIXUH 3URSRUWLRQ RI REVHUYDWLRQV UHFRUGHG DV LQD
DQG SKDVH RI WKH EUHHGLQJ VHDVRQ 1HJDWLYH YDOXHYV |
LQFRPLQJ WLGH JHUR LQGLFDWHY KLJK WLGH DQG SRVLWL
LQ KRXUV 'DWD UHSUHVHQW |IHPDOHYV ZLWK D PHDQ RI

KRXUV HDFK UDQJH * DQG PDOHV ZLWK D PHDQ RI
RlI XS WR KRXUV HDFK UDQJH *



KLOH WKH DERYH ILIJXUHV VXJJHVW WKDW WKH WLGH P
WIWXUXDWX EHKDYLRXUDO UK\WKPV WKH EHKDYLRXUDO Utk
VXEMHFW WR FRPSOH[ WHPSRUDO LQIOXHQFHYVY LQFOXGLQJ
OXQDU DQG VHDVRQDO 7KH\ PD\ DOVR EH DIIHFWHG E\ WK
HVSHFLDOO\ WKHLU SDUWQHU DQG RWKHU VSHFLHV SUH!
2XGPDQ %LMOHYHOG 3LHUVPD ANULDFRX ,W LV SHU
FLUFD WLGDO SDWWHUQV DUH GLIILFXOW WR LGHQWLI\ DV

LOQWHUSOD\ EHWZHHQ WKHVH IDFWRUV

7ZIWXUXDWX FKLEFN WLPH EXGJHWYV
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0.4 1
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not visible inactive brooding grooming foraging locomotion

Mean proportion of observations
O

0.0 1

J)LIXUH OHDQ SURSRUWLRQ ©6' RI REVHUYDWLRQV IRU WKH
FKLFN EHKDYLRXUV $V LQGLYLGXDO FKLFNV FRXOG QRW Et
FKLFENV LQ HDFK EURRG ZHUH FRPELQHG

7TKH WLPH EXGJHW IRU FKLFNV RQ ORWXWDSX LV VKRZQ

WKH KLIKHVW SURSRUWLRQ RI WKHLU WLPH IRUDJLQJ



EHKDYLRXU DQG ORFRPRWLRQ OHVV WKDQ *URRPLQJ DQ
DFWXDOO\ EHLQJ EURRGHG E\ D SDUHQW ZHUH DOVR REVH
REVHUYDWLRQV IRU ZKLFK FKLENV ZHUH QRW YLVLEOH ZDV
WKH\ ODFNHG WKH DELOLW\ WR 10\ DZD\ I[URP WKH QHVW VL
H[WUHPHO\ FU\SWLF DQG DOPRVW LPSRVVLEOH WR VHH ZKH
PD\ WKHUHIRUH EH ELDVHG WRZDUGVY PRUH DFWLYH EHKDY|
VHGHQWDU\ EHKDYLRXUYV

7KH IRUDJLQJ WLPH EXGJHW IRU FKLENYV RQ ORWXW
DGXOWYV ,Q FRQWUDVW WR DGXOW SORYHUV FKLFEN IR
WR EH KLJKHU LQ PRUH IDYRXUDEOH KDELWDWV /RHJHULQ.
$PHULFDQ BWMRRHWLURVWUDFRPFHN\VY.RIDQINHG ZLWK DFFHVV W
VSHQW D VLJQLILFDQWO\ KLJKHU SURSRUWLRQ RI WLPH IHH
UDLVHG LQ D K\SHUVDOLQH HQYLURQPHQW +DQQDP HW DO
ZHUH KLJKHVW LQ WKH JURXS ZLWK DFFHVV WR IUHVKZDWH
EUDFNLVK VDOLQH DQG K\SHU VDOLQH HQYLURQPHQWYV

&RPSDULVRQ RI IRUDJLQJ WLPH EXGJHWYV EHWZHHQ OR\
ZKHQ FKLFNV ZHUH DFWXDOO\ YLVLEOH VKRZHG D VWURQJ

DQG WKH IDYRXUHG 31RUWKHUQ 6KRUH " DUHD RI +
S6RXWKHUQ &RDVW’ DQG 3&OHDUV’ DUHDV $ 'DYL
IRU ZLOGOLIH PDQDJHPHQW LV WKDW WKH UHVRXUFHV DYDI
LQFOXGLQJ IRRG DQG IUHVKZDWHU ZHUH FRPSDUDEOH WR
FKLENV KDG KLJK JURZWK DQG IOHGJLQJ UDWHV :KLOH D V
IRUDJLQJ WHFKQLTXH KDYH EHHQ VXJJHVWHG DV UHDVRQV
IRUDJLQJ WLPH EXGJHW WKDQ DGXOWV $ 'DYLV D PR

WKHLU UHTXLUHPHQW WR JURZ DV UDSLGO\ DV UHVRXUFHYV



HIWUHPHO\ YXOQHUDEOH WR SUHGDWLRQ XQWLO WKH\ IOHC
DSSHDUV WR EH WKH NH\ GHWHUPLQDQW RI WKH WLPH RI IC
VXJIHVW WKDW WKH PDLQ GULYHU RI WKH KLJK IRUDJLQJ U

IDYRXUDEOH KDELWDWYV LV VHOHFWLYH SUHVVXUH WR PDJ[L

6XPPDU\ DOG ZLOGOLIH PDODJHPHQW UHFRPPHQGDWLRQV

$GXOW WXWXUXDWX KDG PHDQ SURSRUWLRQDO WLPH E
LQ IHPDOHV DQG “ LQ PDOHV DQG IRU LQDFWL"®
LQ IHPDOHV DQG . LQ PDOHV 7KHVH ILIJXUHV DL
IRUDJLQJ DQG KLJK IRU LOQDFWLYH EHKDYLRXU ZKHQ FRPSD
RWKHU SORYHU VSHFLHV -RKQVRQ %DOGDVVDUUH 1R
WIWXUXDWX SRSXODWLRQ RQ +tRNRUHUHRUR 5DQJDWLUD ¢
KHQ IRRG VXSSOLHVY DUH OLPLWHG SORYHUV FDQ EH H[SHF
SURSRUWLRQ RI WKHLU WLPH ERWK GD\ DQG QLJKW 1RO
OLNHO\ WR EH LQIOXHQFHG E\ PHWDEROLF GHPDQGV VXFK
FRQVWUDLQWY VXFK DV LQFXEDWLRQ O\ REVHUYDWLRQV
UHVRXUFHVY DUH DYDLODEOH IRU DGXOW WIWXUXDWX RQ OR
YHPDOH WIWXUXDWX LQFXEDWH VLIJQLILFDQWO\ PRUH W
PRUH DFWLYH QRFWXUQDOO\ GXULQJ WKH QHVWLQJ SKDVH
EHKDYLRXU LV VHHQ LQ RWKHU SORYHU VSHFLHV ZKHUH LW
SUHGDWLRQ RI PDOHV (NDQD\DNH HW DO E 1R VXFK E
WKH LOQFXEDWLQJ SDUWQHU LV KLGGHQ LQ WKH FRYHUHG Q
DOWHUQDWLYH H[SODQDWLRQ LV WKDW QRFWXUQDO DFWLY

DOORZLQJ DFFHVV WR QRFWXUQDO SUH\ VSHFLHV .XZDH



IRUDJLQJ PD\ DOVR SUHGLVSRVH IHPDOHV WR SUHGDWLRQ
PHEKDQLVP IRU WKH GHYHORSPHQW RI D PDOH ELDVHG $65
'LVSOD\ EHKDYLRXU LQ WIWXUXDWX ZDV HOLFLWHG VLJ
UHVSRQVH WR WZR FRPSHWLWLYH VSHFLHVY RWKHU WIiWXU:
SRWHQWLDO SUHGDWRUV RU QRQ WKUHDWHQLQJ VSHFLHV
LV XQDYRLGDEOH , VXJJHVW WKDW KDYLQJ WR VKDUH EUHI
OLNHO\ WR FDXVH FRQVLGHUDEOH HQHUJ\ H[SHQGLWXUH D (
LPSDFW ERWK DGXOW VXUYLYDO DQG FKLEN VXUYLYDO WR
7KH FRYHUHG QHVW RI WKLV VSHFLHV SURYLGHV VKHO\
DQG QHZO\ KDWFKHG FKLFNV 7KH LQFUHDVH LQ GLVSOD\ E
WIWXUXDWX WKURXJK WKH EUHHGLQJ VHDVRQ ZDV QRW JUL
ZDV UHODWHG WR LQFUHDVLQJ 3UHSURGXFWLYH YDOXH  RI
'LVSOD\ EHKDYLRXU E\ ERWK VH[HV LQFUHDVHG VXGGH
WKH FKLEN UHDULQJ SKDVH DV ZRXOG EH H[SHFWHG LI LW :
WKH RIl VSULQJ %UXQWRQ 7KH YXOQHUDEOH SKDVH »
KHLJKWHQHG ULVN RI KXPDQ GLVWXUEDQFH DV YLVLWRU Q
ZLOGOLIH PDQDJHPHQW SUDFWLFHV FDQ WDNH DGYDQWDJH
RFFXUV RYHU D UHODWLYHO\ OLPLWHG WLPH
3DWWHUQV RI IRUDJLQJ DQG LQDFWLYH EHKDYLRXU LQ
DIIHFWHG E\ FLUFD WLGDO UK\WKPV ,Q JHQHUDO IRUDJLQ.
KRXUV DIWHU KLJK WLGH DV WKH UHFHGLQJ ZDWHUV H[SRYV
ELUGV DQG LQDFWLYH EHKDYLRXU REFEXUUHG SUHIHUHQWL
IRUDJLQJ RSWLRQV ZHUH OLPLWHG 7KH UHVSRQVH YDULHG
VHDVRQ DQG EHWZHHQ VH[HV ,Q WKH QHVWLQJ SKDVH WKI

EHKDYLRXU LQ ERWK VH[HV GHFUHDVHG PDUNHGO\ DQG DS¢



FLUFD WLGDO UK\WKP 7KH GHFUHDVH LQ LQDFWLYH EHKDY
WLPH VSHQW LQFXEDWLQJ 2SSRUWXQLWLHYV IRU IHPDOHV
QHVWLQJ SKDVH ZHUH PDUNHGO\ UHGXFHG IURP WKH SUH Q
DOPRVW WZLFH DV PXFK GLXUQDO WLPH LQFXEDWLQJ DV PI
VXJIHVW WKDW GXULQJ WKH QHVWLQJ SKDVH IHPDOHV DSS
LQ WKHLU FKRLFH RI IRUDJLQJ WLPHYVY ZLWK UHVSHFW WR W
JUDGXDOO\ LQFUHDVH IRUDJLQJ EHKDYLRXU GXULQJ WKH K
HEELQJ WLGH DV QRUPDO ,Q FRQWUDVW PDOH IRUDJLQJ E
LQFUHDVHG DV WKH WLGH FDPH LQ WR SHDN DURXQG KLJK
RQO\ ZLWK WKH IHPDOH IRUDJLQJ SDWWHUQ IRU WKH QHVW
EHKDYLRXU RI ERWK VH[HV LQ RWKHU SKDVHV RI WKH EUHH
DQ XQXVXDO IRUP RI FRRSHUDWLRQ EHWZHHQ WKH VH[HV ¢
VKRUHELUGY DUH OLNHO\ WR EH VXEMHFW WR FRPSOH[ WHI
FLUFDGLDQ FLUFD WLGDO VHPL OXQDU OXQDU DQG VHDV
WKH EHKDYLRXU RI RWKHU VSHFLHV SUH\ FRPSHWLWRU D
DQRQG FRQVSHFLILFV 2 HVSHFLDOO\ WKHLU SDUWQHU

0\ REVHUYDWLRQV UHYHDOHG WKDW WIWXUXDWX FKLFN
EHKDYLRXU WKRXJKW WR EH XQLTXH DPRQJ &KDUDGULXV S
GHVFULEHG DV QLGLIXJRXV *RFKIHOG &KLFN UHDULQ.
DUHD IRU PRVW EURRGV ZLWK RQO\ GHFEDPSLQJ DSS
I[UHVKZDWHU 7KH PHDQ SURSRUWLRQDO WLPH EXGJHW IRU

FRPSDUDEOH WR WKH PRVW IDYRXUHG DUHD RQ +RNRU
VXUYLYDO $ 'DYLV VXIJIHVWLQJ WKDW DGHTXDWH IRF
IRU WIWXUXDWX FKLFNV RQ ORWXWDSX ,Q FRQWUDVW WR L

EXGIJHWYV WHQG WR EH KLJKHU LQ PRUH IDYRXUDEOH KDELYV



7IWXUXDWX FKLENV UHPDLQ H[WUHPHO\ YXOQHUDEOH WR S
ZHLJKW UDWKHU WKDQ DJH DSSHDUV WR EH WKH NH\ GHWH
'DYLV E , VXJJHVW WKDW WKH PDLQ GULYHU RI WKH KL
FKLEFNV LQ IDYRXUDEOH KDELWDWVY LV VHOHFWLYH SUHVVX!

JRRG UHVRXUFHV DUH D NH\ FRPSRQHQW RI KDELWDW V
WKUHDWHQHG E\ FOLPDWH FKDQJH DQG KDELWDW GHJUDGD
FRQVLGHUDWLRQ LQ WUDQVORFDWLRQ ELRORJ\ :KLOH , GL
DYDLODELOLW\ P\ VWXG\ GHPRQVWUDWHG LQ SULQFLSOH V
DGHTXDF\ RI IRRG UHVRXUFHV RI D VLWH E\ FRPSDULQJ WK

SRSXODWLRQ ZLWK WKDW RI DQRWKHU NQRZQ VLWH



&+337(5 7+5((

SHSURGXFWLYH VXFFHVV RI WIW
ORWXWDSX

SODWH1HZO\ KDWFKHG WIWXUXDWX FKLFN DQG WZR HJJV D!
$RWHDURD



,1752'8&7,21

%UHHGLQJ ELRORJ\ ILJXUHV SURPLQHQWO\ LQ WKH PDQ
&KDUDGULXV SORYHUV 7KH UHSURGXFWLYH SRWHQWLDO R
WKH LQIOXHQFH RI D QXPEHU Rl HOHPHQWVY LQFOXGLQJ DJ
KDWFKLQJ VXFFHVV HJJ VXUYLYDO DQG IOHGJLQJ VXFFHVYV
3LHQNRZVNL 6KRUHELUGV DUH FRQVHUYDWLYH EUHHG
IL[HG FOXWFK VL]HV &ROZHOO 1HVW SUHGDWLRQ LV \
DFURVV D ZLGH GLYHUVLW\ Rl VSHFLHV KDELWDWV DQG Jt
Rl QHVW ORVVHV RQ DYHUDJH 7 ODUWLQ DQG WKL
JURXQG QHVWLQJ ELUGYV &ROZHOO 7T WKKIX@RDQ LW F K T
QRYDHVHHOPMGEM K LITHUHQW LQ WKLV UHVSHFW EHFDXVH
VSHFLHV WKHLU QHVWV DUH FRYHUHG $ 'DYLV E )OHP
SURYLGH SURWHFWLRQ IURP WKH DYLDQ SUHGDWRUV IRXQ(
DOVR PDNH WKHP YXOQHUDEOH WR LQWURGXFHG PDPPDOLL
FKDOOHQJHV DQG FRQVWUDLQWY RQ UHFUXLWPHQW LQFOX
GLVHDVH DQG SUHGDWLRQ RI FKLFNV DQG DGXOWV 6WHQ]
DUH JHQHUDOO\ DW KHLJKWHQHG ULVN Rl SUHGDWLRQ WKU
DUH REOLJHG WR VSHQG WLPH RQ WKH QHVW DQG ODWHU
EURRG (NDQD\DNH HW DO DOWKRXJK WIWXUXDWX PD
&RQVHUYDWLRQ FKDOOHQJHV IRU PDQ\ SORYHU VSHFLHV L¢
FKLFN ORVV IURP KDELWDW ORVV DQG GHJUDGDWLRQ GLV\
VXEVLGLVHG QDWLYH SUHGDWRUV 6WHQ]HO 3DJH 7 K
RFFXUV ZKHQ KXPDQV DOWHU UHVRXUFH DYDLODELOLW\ H¢
SRSXODWLRQ WR LQFUHDVH DERYH OHYHOV WKDW ZRXOG R

*RPSSHU 9DQDN 6 XEVLGLVHG SUHGDWRUV FDQ GUD\



SRSXODWLRQ EHFDXVH VXEVLGLHYV LQVXODWH WKH SUHGDV
GHFOLQH LQ WKH SUH\ SRSXODWLRQ 6LQFODLU HW DO
LQEUHHGLQJ VXSSUHVVLRQ Rl KDWFKLQJ UDWH DSSHDUV W
REVHUYHG LQ ELUG SRSXODWLRQV WKDW KDYH H[SHULHQF}
%UHNNH %HQQHWW :DQJ 3HWWRUHOOL (ZHQ % ULV
'HWDLOHG VWXGLHV RI FKLFN VXUYLYDO KDYH EHHQ FR
&KDUDGULXV SORYHU VSHFLHV 'LQVPRUH 7KLV W\SH |
EHEFDXVH Rl WKH VPDOO VL]H PRELOLW\ DQG FU\SWLFLW\ R
DGYDQFHV OHDGLQJ WR VPDOOHU WUDQVPLWWLQJ GHYLFH)\
WUDQVPLWWHU DQG WKH KDQGOLQJ UHTXLUHG PD\ DIIHEW
ZHUH RXWVLGH WKH UHPLW RI P\ UHVHDUFK LQ WKLV HQGD
UHOHYDQW OLWHUDWXUH VXJJHVWV WKDW P\ VWXG\ PD\ KD
DVFHUWDLQ WKH FDXVH Rl GHDWK Rl HDFK LQGLYLGXDO LQ
$ VWXG\ RQ SLS&IQDUDIRMHKY FKDRNG XXUYLYDO WHVWHG
K\SRWKHVHV RI GLIITHUHQWLDO IRRG UHVRXUFHV SUHGDWL
H[SODLQLQJ GLIIHUHQFHV LQ FKLEN VXUYLYDO LQ WKUHH G
YUDVHU 7KH VWXG\ QRWHG WKDW PRVW FKLFN PRUWD(
RI OLIH DQG WKDW IRUDJLQJ UDWHVY DQG WLPH VSHQW IRU
IDYRXUDEOH KDELWDWV ,W FRQFOXGHG WKDW GLIIHUHQWL
UHDVRQ IRU WKH REVHUYHG GLIIHUHQFHV LQ FKLEN VXUYLY
LQYHVWLIJDWHG WKH HIIHF%XE R JYUHD\WHIDOENQ JIRREQ FKLFEN
VXUYLYDO &DWOLQ )HOLR )UDVHU W VKRZHG WKD
LQFUHDVHG WKH GDLO\ VXUYLYDO RI SLSLQJ SORYHU FKLFN

VXUYLYDO LQ WKH VHFRQG \HDU EXW QRW VLJQLILFDQWO\



VWXGLHY KDYH VKRZQ SUHGDWRU FRQWURO IDLOXUH IRU U
DQG LQFUHDVLQJ SUHVVXUH IURP QRQ WDUJHW SUHGDWRU'

$ VWXG\ RQ PRXQ %L QPDEWR XN UPRIQRMRIQMVUDWHG WKDW
WHQGHG E\ IHPDOHV KDG D KLJKHU VXUYLYDO UDWH WKDQ
FKLFN VXUYLYDO JHQHUDOO\ LQFUHDVHG WKURXJK WKH QH

7KHVH ILQGLQJY DUH XQOLNHO\ WR EH DSSOLFDEOH W
RI WKH XQXVXDO UDSLG PXOWL FOXWFK PDWLQJ V\VWHP RI
WKRXJKW WR OD\ D FRPSOHWH FOXWFK IRU WKH PDOH ILUV
GLIIHUHQW VLWH IRU KHUVHO

$ VL[ \HDU VWXG\ RQ &KIRFDN GLRMWHQ L Y RIMX & DALYIRWXQW D
HVWDEOLVKHG WKDW PRVW FKLFN PRUWDOLW\ RFFXUUHG E
':DUULQHU :DUULQHU 3DJH 6WHQ]HO/DQLXVRJIJHUKHDG V
OXGRYLFLDQ@XODWLYHO\ VPDOO SDVVHULQH SUHGDWRU ZH
FKLFNV LQ RQH \HDU 2Q RQH RFFDVLRQ D FKLFN GLHG DIW!
FRQIURQWDWLRQ ZLWK D SBHF RU SPHRM WD Q DFREKRAD Q D
VWXG\ RQ VQRZ\ SORYHU FRPSDUHG UHSURGXFWLYH VXFFH
KDELWDWV &ROZHOO HW DO 5LYHU QHVWLQJ PDOHYV
KDWFKHG VLPLODU QXPEHUV RI FKLENV DQG IOHGJHG VLJQ
QHVWLQJ PDOHV 7KH DXWKRUV VXJIJHVWHG WKDW WKH EHC
FU\SVLV IRU QHVWV DQG FKLFNV WKDW SUH\ DYDLODELOLW
GLVWXUEDQFH PD\ EH JUHDWHU $QRWKHU VWXG\ E\ WKH VI
UHODWHG VXUYLYDO DQG EHKDYLRXU RI FKLENV &ROZHOO
&KLFNV ZHUH PRVW OLNHO\ WR GLH LQ WKH ILUVW WKUHH C
SHULRG /RZHU VXUYLYDO RI \RXQJHU FKLFNV ZDV DVVRFLD

PRWLRQOHVYV ZKHQ DSSURDFKHG E\ KXPDQV QHDUO\ DOO R



KXPDQ DSSURDFK E\ UXQQLQJ WR HYDGH GDQJHU $QRWKHL
LQYHVWLIJDWHG WKH HIIHFW Rl SUHGDWRU PDQDJHPHQW R
3HDUVRQ /DXWHQ &DVWHOHLQ 7KH SUHGDWRU VSHI
FRUYLGYV QRQ QIXWISHY IRXBBEB®G VWULSHBSKNLXQNYV
PHSKLWIKWH DXWKRUV ZHUH DEOH WR GHPRQVWUDWH D VLJQ
SURGXFWLYLW\ IURP FKLFNV IOHGJHG SHU EUHHGLQJ PL

FKLFNV ZLWK SUHGDWRU FRQWURDO

$ VWXG\ RQ .HQWIKDKUBGRYKY DOHQDESDULINXKRZHG WKD
ODUJHU HJJV SURGXFHG KHDYLHU FKLFNV DQG ZLWKLQ EU]
OLNHO\ WR EH UHFUXLWHG LQWR WKH EUHHGLQJ SRSXODWI
+RZHYHU FKLFN FKDUDFWHULVWLFV DW KDWFKLQJ GLG QR)
LQ WKH HQWLUH SRSXODWLRQ

$ VWXG\ RQ ULQIKBUDGRYKY KQDWIORQD DQG *UHHQOD
LQYHVWLIJDWHG WKH EHKDYLRXU JURZWK DQG VXUYLYDO |
3LHQNRZVNL ,Q FRQWUDVW WR VRPH Rl WKH VWXGLH'
JURZWK UDWHVY ZHUH UHPDUNDEO\ VLPLODU LQ D ZLGH UDQ
FRQGLWLRQV GLG QRW QRUPDOO\ DIIHFW JURZWK RU VXUYL
HVWDEOLVKHG IRU RQO\ WZR EURRGVY ZKHQ GURZQLQJ UHV:
WLGHV ORVW FKLFN ORVVHV DSSHDUHG V3R OSBINHYSOBHKN D
UDWBWWXV QRUDPBIE.FXRUW KBNMURGCCRZFOBPRRYJ WKH SRVVLEC
SUHGDWRUYV

3HUKDSV VXUSULVLQJO\ WKH SORYHU VSHFLHV ZKHUH
EHHQ PRVW H[WHQVLYHO\ VWXGLHG LV WKH WIWXUXDWX V!
+RNRUHUHRUR 5DQJDWLUD 6RXWK (DVW ,VODQG LQ WKH &

$RWHDURD 1HZ&KLFODRRUWDOLW) LQ WIWXUXDWX RQ +RNR



ILUVW GD\ DIWHU KDWFKLQJ EXW LQFUHDVHG UDSLGO\ WR
E 'DYLV FRPSDUHG FKLFN IRUDJLQJ EHKDYLRXU WLPH W

EHWZHHQ GLIIHUHQW KDELWDWY RQ WKH LVODQG 2Q WKH |

IRUDJHG RI WLPH ZKHQ YLVLEOH FRPSDUHG ZLWK RQ \
'‘DYLV FRPSDUDEOH WR WKH ILQGLQJV RI /RHIJHULQJ D
/IRHIJHULQJ )UDVHU I1RUWKHUQ VKRUH FKLENV RQ +R

VLIQLILFDQWO\ HDUOLHU DV IOHGJLQJ WLPH DSSHDUHG WR

E\ DJH $ 'DYLV E &KLFN VXUYLYDO IURP KDWFKLQ
FRQVLGHUDEO\ IURP RQ WKH QRUWKHUQ VKRUH LQ \
VKRUH LQ ZLWK DQ RYHUDOO UDWH IRU WKH SRSXODW

&DXVHV RI FKLFN PRUWDOLW\ RQ WKH LVODQG LQFOXGHG V
DQG SUHGDWLRQ E\ WDU—&XKQRD FRHAIBSKIDAOXWGQRXYMDMH KR OOD
VFRSXOLEMNUYDWLRQ ZDV WKRXJKW WR EH WKH PDMRU FD’
VKRUH ZKHUH XQGHUZHLJKW DQG PDOQRXULVKHG FKLFNV .
E OG6XEVHTXHQW UHVHDUFK RQ WKH I[UHVKZDWHU UHTXLL
+DLJ HW DO +DQQDP HW DO SXEHJD 2ULQJ
WKDW VRPH RI WKHVH HIITHFWV PD\ KDYH EHHQ FDXVHG E\ C
WKH VRXWKHUQ VKRUH UDWKHU WKDQ ODFN RI IRRG
ORQLWRULQJ RI WIWXUXDWX DW +RNRUHUHRUR DQG RW
VXUYLYDO UDWHYV DUH QRUPDOO\ YHU\ KLJK FRPSDUHG ZLW
DV EXW WKDW FKLFN VXUYLYDO WR IOHGJLQJ LV ORZ O
KDWFKLQJ WR IOHGJLQJ W\SLFDOO\ +# GD\V ZDV WKRXJK
D NH\ FRQVWUDLQW RQ SRSXODWLRQ JURZWK - ( 'RZGLQJ

7KH bLP RI WKH UHVHDUFK GHWDLOHG LQ WKLV FKDSW



FDXVHV Rl FKLFN PRUWDOLW\ RI WIWXUXDWX RQ ORWXWD S X

FRQVHUYDWLRQ HIITRUWYV

0(7+2'6

JLHOG VWXGLHYV

J)LHOG VWXGLHVY ZHUH FRQGXFWHG RQ D VPDOO SRSXOL
RI ORWXWDSX LQ WKH +DXUDNL *XOI 5HIHU WR &KDSWHU 7+
DQG ORWXWDSX 'LUHFW REVHUYDWLRQ RI FKLFENV ZDV FRQ
ELQRFXODUYV DW DOO QLQH QHVW VLWHYV RYHU REVHUYD
WZR KRXUV HDFK EXW ZHUH RFFDVLRQDOO\ FXUWDLOHG E\
ZHUH UHFRUGHG WKURXJKRXW WKLV WLPH E\ WUDLO FDPHU
&KDSWHU 7ZR $00 QHVW VLWHYV ZHUH PRQLWRUHG GD\ DQC
FDPHUD IURP WKH WLPH WKH ILUVW HJJ ZDV ODLG XQWLO W
GLVDSSHDUHG 7KH DGMDFHQW DUHD ZDV PRQLWRUHG GXU|
wubDLO FDPHUD UHFRUGLQJ D VWLOO LPDJH DQG D ILYH VHEF
WKURXJK WKH VDPH WLPH SHULRG 7KH WKRXVDQGV RI VWL
YLGHR ZHUH D NH\ FRPSRQHQW RI P\ DELOLW\ WR GLDJQRVI
FKLFN GHDWK RQFH WKH DSSUR[LPDWH WLPH KDG EHHQ OR.
UHFRUGLQJY ZHUH DOVR KHOSIXO WR LGHQWLI\ LQGLYLGXD
RUD UH SDUWQHULQJ VLWXDWLRQ RU LQ WKH RFFDVLRQDC(

REVHUYDWLRQ UHFRUGYV



6WDWLVWLEDO DQDO\VLV

(JJ SURGXFWLRQ DQG KDWFKLQJ VXFFHVV UDWHV ZHUH
VHFRQG QHVWY DQG RYHUDOO (JJ SURGXFWLRQ DQG KDWiH
FDOFXODWHG SHU DGXOW IHPDOH DOO RI ZKLFK ZHUH EUH
KDWFKLQJ WR IOHGJLQJ ZHUH FDOFXODWHG IRU ILUVW QHV
WKH RYHUDOO SUREDELOLW\ RI VXUYLYDO WR IOHGJLQJ SO

IOHGJLQJ SHU EUHHGLQJ IHPDOH ZDV FDOFXODWHG

5(68/76

(JJ SURGXFWLRQ DQG KDWFKLQJ VXFFHVV UDWH

6L SDLUV RI WIWXUXDWX QHVWHG RQ IRXU EHDFKHYV IU
ZHUH WKUHH SDLUV DW 3LJ %D\ DQG RQH HDFK DW *DUGLQ
%D\ 7ZR WR WKUHH HJJV ZHUH ODLG DW HDFK QHVW RYHU
LOWHUYDO EHWZHHQ LQGLYLGXDO HJJV EHLQJ ODLG ZDV HI
ODLG LQ WKHVH ILUVW VL[ QHVWYVY 2QH QHVW RI WKUHH HJ.

KLJK WLGH VWRYHEYMREMUR@WKH RWKHU HJJV KDWFKHG V
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SODWH7IWXUXDWX QHVWLQJ DUHDV RQ ORWXWDSX LQ WKH

5H QHVWLQJ RFFXUUHG DW WKUHH VLWHV LQ ODWH 'HF
QHVW DW 6DQG\ %D\ DQG WKH HDUO\ PRUWDOLW\ RI DOO W
*DUGLQHU *DS DQG WKH ILUVW QHVW DW :HVW 3RLQW $W 6
QHVWHG $W *DUGLQHU *DS DQG :HVW 3RLQW WKH RULJLQLE
PDOHV WKHQ DWWDENHG DQG GULYHQ RIlI E\ WKH QHZ SDLL
ZDV LQ WXUQ XVXUSHG E\ D WKLUG PDOH $00 WKUHH RI W
GLVDSSHDUHG ZLWKLQ D ZHHN $ WRWDO RI HLJKW HJJV ZD

VLWHV IURP ZKLFK VL[ FKLFENV KDWFKHG VXFFHVVIXOO\



7TDEOH 6XPPDU\ RI HJJ SURGXFWLRQ DQG KDWFKLQJ VXF

JLUVW QHVWBHFRQG QHVWYV 2YHUDOO
1HVWV
(JIV
OHDQ HJJV QHVW 6’ 6' 6'
OHDQ HJJV IHPDOH 6'

&KLFNV KDWFKHG

+DWFKLQJ VXFFHVV UDWH

OHDQ FKLFNV KDWFKHG @HVW 6’ 6"
OHDQ FKLFNV KDWFKHG 6’
IHPDOH

$SDUW IURP WKH VLQJOH FOXWFK WKDW ZDV ORVW WR
HJJV ODLG GXULQJ WKH ILUVW SDUW RI WKH VHDVRQ KDWF|
SDUW Rl WKH VHDVRQ QR FOXWFKHV ZHUH ORVW DQG VL[ F
VXFFHVVIXOO\ 7ZR HJJV DSSHDUHG WR EH LQIHUWLOH , RE
GHSUHGDWLRQ GHVSLWH WKH SUHVHQPH RV GRPRQRF EQOWVF
SINHNRUSK\ULR PHDQGRWXKX VZD®SUKFXVYUDL$HSIU RPIORD Q V
NQRZQ HJJ SUHGDWRUV Rl RWKHU ELUGV 7KH QHVW VXUYL
FRQWUDVW WR WKDW RI WIWXULZK D W&K DQURIJGNK_KX W QD T X GORL,
QHVWLQJ FRQFXUUHQWO\ RQ WKH VDPH EHDFKHV ,Q WKH H
EHIRUH &KULVWPDV ILYH RXW RI WKH VL[ WIWXUXDWX FOX\
VL[ WIWXULZKDWX FOXWFKHV ZHUH ORVW 7KH FDXVHV RI F
ORWXWDSX DUH XQNQRZQ $ VWXG\ RQ WKH WP WZRO\HIQE V 7IHQ,
W K H V IRXQG WKDW QHVW VXUYLYDO ZDV ORZ ZLWK R
KDWFK 3UHGDWLRQ E\ LQWURGXFHG PDPPDOV ZKLFK DUH

JUHDWHVW FDXVH RZGHQW | DXUWSHKM 2WKHU SRVVLEOH



LQFOXGH DYLDQ SUHGDWLRQ RI DGXOWYV RU HJJV KLJK WL

GLVWXUEDQFH RU GDPDJH

&KLEN VXUYLYDO IURP KDWFKLQJ WR IOHGJLQJ

7KH SHUFHQWDJH RI KDWFKOLQJVY WR VXFFHVVIXOO\ IO

IRU WKH ILUVW EDWFK RI FKLENV DQG IRU WKH
RYHUDOO ILJXUH RI $V D FRPSDULVRQ FKLFN VXUY
+RNRUHUHRUR YDULHG RYHU WZR \HDUV IURP WR IRU F

IDYRXUDEOH VHDVRQV DQG KDELWDWYV ZLWK DQ RYHUDOO
&DXVH RI GHDWK ZDV HVWDEOLVKHG WR D KLJK GHJUHF

RI FKLFNV WKDW GLHG RQ ORWXWDSX E\ D FRPELQDW
LOQGLUHFW REVHUYDWLRQ IURP QHVW FDPHUDV DQG EHDFK
VXUSULVLQJO\ RQO\ RI FKLFN PRUWDOLW\ ZDV GXH
DOVR G\LQJ DV D UHVXOW RI IHPDOH GHVHUWLRQ $ IXUWK'}
GURZQLQJ DQG LOOQHVY VWDUYDWLRQ GHK\GUDWLRQ OHD

GHDWK FRXOG QRW EH HVWDEOLVKHG



7TDEOH 2XWFRPH IRU HDFK FKLFN RQ ORWXWDSX IOHGJH
&KLFN'DWH KDWFIKWB ODVWDAMHIQDLYH JOHGJHG &DXVH Rl GHDWHEK
1RY 'HF JHPDOH GHVHUWLRQ
1RY YHE JOHGJHG DIWHU KDQG UHD
'HF 'HF JHPDOH GHVHUWLRQ
'HF 'HF JHPDOH GHVHUWLRQ
'HF 'HF JHPDOH GHVHUWLRQ
"HF 'HF BUHGDWLRQ E\ N—KX &LIDPS KDUUL
DSSUR[LPDQV
"HF -DQ 8QNQRZQ FDXVH RI GHDW
"HF -DQ BUHGDWLRQ E\ $XV
*\PQRUK\QD WLELFHQ
1RY -DQ ,O0QHVV GHK\GUDWLF
1RY -DQ JOHGJHG
1RY 'HF BUHGDWLRQ E\ N—KX
1RY 'HF BUHGDWLRQ E\ N—KX
1RY -DQ 8QNQRZQ FDXVH RI GHDW
-DQ YHE 8QNQRZQ FDXVH RI GHDW
-DQ oDU JOHGJHG
-DQ -DQ 'URZQLQJ K\SRWKHUPLD
-DQ -DQ 8QNQRZQ FDXVH RI GHDW
-DQ YHE 8QNQRZQ FDXVH RI GHDW
-DQ JHE YJOHGJHG

1RWH ORUH GHWDLO RI WKH RXWFRPH IRU HDFK LQGLYLGXI



7KH VXUYLYDO FXUYH IRU WIWXUXDWX FKLFNV RQ ORWX
VLPLODU WR SXEOLVKHG GDWD IURP +RNRUHUHRUR LQ
$V RQ +RNRUHUHRUR FKLFN PRUWDOLW\ ZDV KLJK LQ WKH

RI FKLFNV VXUYLYLQJ SDVW WKLV SRLQW
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JLIXUH 7IWXUXDWX FKLFN VXUYLYDO LQ GD\V DIWHU KDWFK
1RWH 7KH GRWWHG EODFN OLQH LQGLFDWH W K\DKGHBHSW 1B Q
UHSUHVHQ@WYV

7KH vXUYLYDO GDWD ZHUH DIIHFWHG E\ WKH IDFW WKD
DIWHU IHPDOH GHVHUWLRQ KDQG UHDUHG DW 7H :KDUH .D
$XFNODQG =RR DQG VXEVHTXHQWO\ UHOHDVHG ZLWK D FF
VWXG\ RI HQGDQJHUHG DQLPDOV ZLWK VXFK ORZ QXPEHUV

KDYH D ODUJH LPSDFW RQ WKH GDWD



7KH RYHUDOO SURGXFWLYLW\ RQ ORWXWDSX RI IR X
IHPDOHYVY ZzZDV DOPRVW LGHQWLFDO WR WKH PHDQ RQ +RNRI

6' $ 'DYLV D

$GXOW VXUYLYDO

JRXU DGXOW PDOHV GLHG RU GLVDSSHDUHG GXULQJ WK
WKHP :% 2% *% %2 *% *< ZLWKLQ D ZHHN RI LQWUD VSHFI
EUHHGLQJ WHUULWRU\ DQG SDUWQHU IROORZLQJ IHPDOH ¢
% 2% ZDV VXEVHTXHQWO\ IRXQG WR KDYH EHHIL. SRHGDWH
QRYDHVHHOD®E8 LDPO\ DGXOW IHPDOH WR GLH RU GLVDSSHEL
% *2 WKH SDUWQHU RI *% *% 6KHNZDYXODYWEKHHQY KRKLU FF
ZDV WHQ GD\V ROG +HU SDUWQHU *% *% ZDV WKH IRXUWK

UDLVLQJ KLV VLQJOH RIIVSULQJ WR IOHGJLQJ DV D VROR SI

7DEOH7IWXUXDW R ROUMXIDALGVL QW UD DASHFHMVYERQ RQ ORWXWD '

,QWUD VSHF

%DQG 6HL by UHVYLRO ;éw&iODVW\HH&RPPHQWV

L% 2% ODOH  'HF + 'HF 'HF  5XUX SUHGDWLROQ
*% 92 ODOH  'HF + 'HF ‘HF '‘LVDSSHDUHG
*op *< ODOH  'HF + 'HF ‘HE 'LVDSSHDUHG
L% *2 YHPDOH ‘HE '‘LVDSSHDUHG

*% *% ODOH $SU JRXQG GHDG




',6&866,21

(JJ SURGXFWLRQ DOG KDWFKLQJ UDWH

7KH PHDQ HJJ SURGXFWLRQ UDWH RI IRXU 6' SHU
FRPSDUHV IDYRXUDEO\ ZLWK WKH UHPQDQW SRSXODWLRQ F
DQG 7KHUH WKH PHDQ QXPEHU RI HJJV SHU IHPD
RYHUDOO YDU\LQJ IURP W R IRU GLITHUHQW DUHDV DQ
7KH KDWFKLQJ VXFFHVV UDWH RQ ORWXWDSX RI ZDV FRI
KDWFKLQJ UDWH RQ +RNRUHUHRUR RI YDU\LQJ IURP
DQG VHDVRQV $ 'DYLV E 7KH HIIHFWV RI LQEUHHGLQJ
UDWH FRPPRQO\ REVHUYHG LQ SRSXODWLRQV WKDW KDYH >
%UHNNH HW DO %ULVNLH ODENLQWRVK GR QRW
VSHFLHV 21 WKH WIWXUXDWX HJJV ODLG RQ ORWXWDSX L
QHVW RI WKUHH HJJV ZDV VZHSW DZD\ E\ D WLGDO VXUJH G
UHPDLQLQJ HJJV KDWFKHG * D KDWFKLQJ VXFFHVV UDWH
QR VXSSUHVVLRQ RI IHUWLOLW\ I[URP WKH SRSXODWLRQ ER
ILJXUHV LQ WIWXUXDWX DUH FRQVLGHUDEO\ KLJKHU WKDQ
SORYHU VSHFLHV 'LQVPRUH 2QH VWXG\ RI UHSURGXF'
DSSHDUHG WR UHSRUW VLPLODU VXFFHVV UDWH ILIXUHV R
JUDQNHQ OF.LQQRQ 'XQGDV +RZHYHU WKLV VWXG\
PHWKRG" WR HVWLPDWH QHVW VXFFHVV ZKHUH QHVWV ZHU!
RQH HJJ KDWFKHG DQG DUH QRW GLUHFWO\ FRPSDUDEOH W
0DQ\ SORYHU VSHFLHV OD\ WKHLU HJJV VHTXHQWLDOO\
VWDUW LQFXEDWLRQ SURSHU RQFH WKH ZKROH FOXWFK LV
SSDUWLDO LQFXEDWLRQ  :DQJ %HLVVLQJHU 7KH ORC

EHWZHHQ LQGLYLGXDO HJJV EHLQJ ODLG ZDV HLJKW GD\V



HYHQWXDOO\ KDWFKLQJ VIQFKURQRXVO\ 7KHUH ZDV QR QH
VHDVRQ RQ ORWXWDSX GHVSLWH WKH DOPRVW XELTXLWRX\
SUHGDWRU VSHFLHVY WKH NDURUR SINHNR DQG N—KX 7KH
D VXEVWDQWLDO DGYDQWDJH WR WKH HJJ VXUYLYDO UDWH
RI WKH SUH QHVWLQJ SKDVH ZKHQ WKH HJJV DUH EHLQJ OI

SKDVH

&KLEN VXUYLYDO IURP KDWFKLQJ WR IOHGJLQJ

%HIRUH WKH VWXG\ EHJDQ , K\SRWKHVLVHG WKDW KXP
LQFOXGLQJ FDWWOH DQG GRJV DQG KLJK WLGH VWRUP HY
FKLFN VXUYLYDO EXW WKLV ZDV QRW FRQILUPHG E\ P\ REV
SINHNR UXUX DQG NDURUR PLJKW SUHGDWH WIWXUXDWX F
2Q VHYHUDO RFFDVLRQV , ZLWQHVVHG D WIWXUXDWX FKLFN
NDURUR ZLWKRXW FRQIURQWDWLRQ , FRQILUPHG SUHGDWL
UHFRUGHG HYLGHQFH RI SUHGDWLRQ RI*"WHQ@RUKD@X E\ $XV
WLELFRIQ WKH ILUVW WLPH

7KH REVHUYDWLRQ RI IHPDOH GHVHUWLRQ DV D PDMRU
KDWFKLQJ DQG IOHGJLQJ ZDV DQ XQH[SHFWHG ILQGLQJ ,W
$SIHPDOH GHVHUWLRQ " LV QRW PHDQW LQ D SHMRUDWLYH Vt
ZKDW , REVHUYHG 2*3DUHQWDO GHVHUWLRQ  VHHPV LQDFFX
REVHUYHG WKH RULJLQDO PDOH GLG QRW DSSHDU WR ZLOO
GULYHQ IURP WKH WHUULWRU\ SULPDULO\ E\ WKH QHZ PDO
VXJJHVWHG DV DQ DOWHUQDWLYH WHUP EXW LW GHVFULEF
FDXVH RI FKLFN GHDWK 7KH QHZ PDOH EHKDYHG ZLWK VRP

EXW PRUH LPSRUWDQWO\ WKH IHPDOH FRPSOHWHO\ LIQRUF



GHVHUWLRQ  WR RFFXU DV D UHVSRQVH WR D PDOH ELDVHC
&KDUDGULXV SORYHU VSHFLHV (EHUKDUW 3KLOOLSYV
UHSRUWHG LQ WIWXUXDW X

:KLOH WKH VDPSOH VL]HV DUH YHU\ VPDOO WKH IOHG]J
VHFRQG FOXWFKHV RI FKLENV ZHUH TXLWH GLIIHUHQW ZLW
KDYLQJ D VXUYLYDO UDWH RI FRPSDUHG ZLWK IURP
H[SODQDWLRQ IRU WKH REVHUYHG GLIIHUHQFH LV WKDW IH
FKLEN PRUWDOLW)\ IURP WKH ILUVW FOXWEKHV EXW GLG QR
QHVWLQJ EURRGY 7KH ULVN RI IHPDOH GHVHUWLRQ PD\ KD
DGXOW VH[ UDWLR ZDV FORVHU WR SDULW\ ODWHU LQ WKH
GLVDSSHDUDQFH Rl WKH WKUHH GHVHUWHG PDOHV VHH OD

$Q LQKHUHQW SUREOHP LQ WKH VWXG\ Rl H{IWUHPHO\ H
VPDOO SRSXODWLRQ VL]H DQG WKH SRWHQWLDO IRU VWRFk
PDGH DURXQG WKHP WR GUDPDWLEDOO\ DIIHEW UHVXOWYV
GHFLVLRQ ZKHWKHU WR LQFOXGH RU H[FOXGH WKH KDQG U
VXFFHVVIXO IOHGJOLQJV 7KH GHFLVLRQ WR XSOLIW WKH F
WKH MXGJHPHQW WKDW LW ZRXOG DOPRVW LQHYLWDEO\ GL
FRXOG KDYH EHHQ H[FOXGHG IURP WKH WDOO\ RQ WKH EDV
QDWXUDO FRQGLWLRQV RU LQFOXGHG RQ WKH EDVLV WKDW
XQXVXDO FLUEXPVWDQFHV 7KLV GHFLVLRQ DIIHFWHG WKH
SRSXODWLRQ IRU WKH VHDVRQ 7KH UHVEXH DQG KDQG UHEL
H[HUFLVH GHPRQVWUDWLQJ WKDW LQWHUYHQWLRQ LQ WKH
RXWFRPH 1RW RQO\ ZDV WKH FKLFN UHDUHG VXFFHVVIXO0OO

KHU QHZ SDUWQHU DQG UDLVHG D VHFRQG FKLFN VXFFHVVI



7KH SHULRG IURP KDWFKLQJ WR IOHGJLQJ DSSHDUV WR
SKDVH RI WKH WIWXUXDWX OLIHF\FOH 2QO0\ RI WIWXUXD
IOHGJHG VXFFHVVIXOO\ WKLY VHDVRQ DQG ZKLOH WKLV LV
RQ +RNRUHUHRUR RYHU WKH DQG VHDVRQV LW L\
SXEOLVKHG FKLFN VXUYLYDO UDWHY LQ SORYHU VSHFLHV D
XVHG FDQ DOVR EH YDULDEOH DQG FRQIXVLQJ 'LQVPRUH

VXUYLYLQJ WKH IOHGJLQJ VWDJH + ZHHNV LQ PRVW SORY

LQ WKH .HQWLVK SORYHU W R LQ WKH VQRZ\ SORYH
SORYHU WR LQ WKH PRXQWDLQ SORYHU 'LQVPRUH
PHQWLRQHG WR LQ WIWXUXDWX RQ +RNRUHUHRUR $

7TKH LGHQWLILFDWLRQ DQG SUHYHQWLRQ RI WKH FDXVF
SHULRG FRXOG EH DQ LPSRUWDQW FRQWULEXWLRQ WR WKFE

VSHFLHV

$YLDQ SUHGDWLRQ

$YLDQ SUHGDWLRQ DFFRXQWHG IRU RI FKLFEN PRUWD
GHDWK ZDV HVWDEOLVKHG ORWXWDSX LV IUHH IURP LQWUF
ZKLFK DUH ZLGHO\ FRQVLGHUHG WR EH WKH PDMRU FDXVH
IURP WKHLU IRUPHU KDELWDW +RZHYHU ORWXWDSX UHPDL
, W LV D ZRUNLQJ IDUP ZLWK VRPH DUHDV RI UHPQDQW RU U
ZHWODQG 7KH DYLDQ VSHFLHVY SUHVHQW UHIOHFW WKLV *
WIWXUXDWX FKLFNV DUH N—KX DQG $XVWUDOLDQ PDJSLH
$RWHDURD LQ SUH KXPDQ WLPHVY .—KX DUH FRQVLGHUHG D
HVWDEOLVKHG QDWXUDOO\ LQ $RWHDURD RQO\ DIWHU H[WF
*RPSSHU 9DQDN RUWK\ +ROGDZD\ $XVWUDOLL

GHOLEHUDWHO\ LOQOWURGXFHG WR 1HZ =HDODQG LQ WKH ‘



PHDVXUH IRU DJULFXOWXUDO SHVWV O0OF,OUR\ &RQWU|
D SRVLWLYH LPSDFW RQ WIWXUXDWX FKLFN VXUYLYDO RQ O
ZLWKRXW D EHWWHU XQGHUVWDQGLQJ RI WKHLU HFRORJLF
DERYH RWKHU VWXGLHVY KDYH VKRZQ SUHGDWRU FRQWURO
LOQFRPSOHWH FRQWURO DQG LQFUHDVLQJ SUHVVXUH IURP

$V DQ HIDPSOH RQ ORWXWDSX LI N—KX DORQH ZHUH
SUROLIHUDWLRQ RI SINHNR RU $XVWUDOLDQ PDJSLHV ZLWK

WIWXUXDW X

JHPDOH GHVHUWLRQ

JHPDOH GHVHUWLRQ ZzDV DOVR LGHQWLILHG DV DQ LPSI
VXUYLYDO WR IOHGJLQJ DFFRXQWLQJ IRU Rl FKLEN PRU!
ZDV HVWDEOLVKHG 7KH SDWWHUQ REVHUYHG RQ WKUHH RF
GHVHUW KHU EURRG DQG KHU SDUWQHU WR IRUP D QHZ SDL
QHZ SDLU UHPDLQHG LQ WKH RULJLQDO WHUULWRU\ ZLWK V
DWWDFNLQJ WKH RULJLQDO PDOH DQG WKH IHPDOH LJQRUI
FDXVH WKH PRUWDOLW\ RI IRXU FKLFNV DQ HTXLYDOHQW L
SUHGDWRUV FRPELQHG LW DOVR DSSHDUHG WR KDYH D GH
DGXOW PDOHV $00 WKUHH GHVHUWHG PDOHYV GLHG RU GLV
GHVHUWLRQ DFFRXQWLQJ IRU RI DGXOW WIWXUXDWX GH
ILIWK GHVHUWHG FKLFN ZDV XSOLIWHG DQG VXFFHVVIXOO\
R 7—PDNL ODNDXUDX DQG ODWHU UHOHDVHG RQ WKH LVOD

7KH DGXOW VH[ UDWLR $65 RQ ORWXWDSX DW WKH VW
KHDYLO\ PDOH ELDVHG ZLWK HOHYHQ DGXOW PDOHV VL[ D
PDOH 7KLV FRQWUDVWYVY ZLWK WKH UHPQDQW WIWXUXDWX

WKH VH[ UDWLR ZDV FRQVLVWHQWO\ FORVH WR SDULW\ LQ



PHEKDQLVP V E\ ZKLFK WKH ELDV LQ WKH $65 RFFXUUHG LC
ORVW RI WKH DGXOWYV ZHUH RULJLQDOO\ EUHG LQ FD
DV MXYHQLOHV 8QIRUWXQDWHO\ RQO\ RI WKH ELU
SHULRG + KDG WKHLU VH[ GHWHUPLQHG EHIRUH UHOH
WUDQVORFDWLRQV RXWQXPEHUHG IHPDOHV E\ WR , W
UHOHDVH UDWKHU WKDQ GLIIHUHQWLDO GLVSHUVDO RU PRI
PDOH ELDVHG $65 Rl WKLY DQWKURSRJHQLFDOO\ HYWDEOL\
IRU IHPDOH GHVHUWLRQ WR RFFXU DV D UHVSRQVH WR D PI
LQ RWKHU &KDUDGULXV SORYHU VSHFLHV (EHUKDUW 3KLOC
SUHYLRXVO\ UHSRUWHG LQ WIWXUXDWX 7KH GHOHWHULRX"
WKH DEDQGRQHG EURRG DQG SDUWQHU VXJIJHVW WKDW IHP
SKHQRPHQRQ LQ WKLV VSHELHYV

ORVW &KDUDGULXV SORYHU VSHELHYV DUH PRQRJDP
JHQHWLFDOO\ DQG H[KLELW ELSDUHQWDO FDUH GXULQJ LQ
3KLOOLSV 3K\ORJHQHWLE DQDO\VLV VXJJHVWV WKDW
5H\QROGV 6]pNHO\ DQG LV WKH FDVH IRU DOO ILYH !
$RWHDURD 30RYHUV H[KLELW VHYHUDO EUHHGLQJ V\VWHP"
YDULDWLRQ GRFXPHQWHG (EHUKDUW 3KLOOLSV D IOF
VWDWH RI WKHLU \RXQJ 7KRPDV 6]pNHO\ :KHUH SRO
FDUH GR RFEXU LW LV XVXDOO\ WKH IHPDOH WKDW GHVHU\
RSSRUWXQLWLHY OHDYLQJ WKH PDOH WR UDLVH WKH EURRF

8QLSDUHQWDO FDUH XVXDOO\ E\ PDOHY DQG RFFDVLRC
VXFFHVVIXO LQ VRPH SORYHU VSHFLHV LW LV QRUPDO LQ \
FRPPRQ LQ DQRWKHU WZR (EHUKDUW 3KLOOLSYV 0\ RE

LV QRW WKH FDVH IRU WIWXUXDWX DV GHVHUWHG PDOHV C



QHZ SDUWQHUV OHDYLQJ WKH EURRG XQDWWHQGHG , ZLW
XQLSDUHQWDO FDUH DIWHU D IHPDOH GLHG RU GLVDSSHDU

GD\ ROG FKLFN +H UDLVHG KLV FKLEN VXEFFHVVIXOO\ EXW
QXWULWLRQDO QHHGYV DV KH ZDV IRXQG GHDG LQ SRRU ER

FKLFN IOHGJHG

JRRG DQG ZDWHU

$OWKRXJK QRW PHDVXUHG LQ WKLV VWXG\ WKH DEXQG
IRU \RXQJ FKLFNV ZKLFK PLJKW YDU\ WKURXJK WKH VHDVR
FKLFN VXUYLYDO DV VXJJHVWHG LQ WIWXUXDWX RQ +RNRU
SLSLQJ SORYHU /RHJHULQJ )UDVHU DQG VQRZ\ SORY
<RXQJ SORYHUV DUH DOVR WKRXJKW WR UHTXLUH IUHVKZD!
GHYHORSHG DW KDWFKLQJ +DLJ HW DO 5XEHJD 2ULC
ORWXWDSX KDG HDV\ DFFHVV WR IUHVKZDWHU IURP RQO\ W
3RLQW DQG 3LJ %D\ 1IRUWK &KLENV IURP 3LJ %D\ OLG DQG
WR FURVV WKH WHUULWRU\ Rl WKH 3LJ %D\ 1RUWK SDLU D¢
SDLU WR JDLQ DFFHVV WR IUHVKZDWHU &KLENV DW *DUGLC
REOLJHG WR WUDYHO IURP WKHLU QHVW VLWHV DW WKH VR
IUHVKZDWHU DW WKH QRUWKHUQ HQG 2Q +RNRUHUHRUR W]
IUHVKZDWHU VHHSV DV IHHGLQJ DUHDV DQG JUHZ PRUH TX
VHHSV WKDQ WKRVH UHDUHG RQ VDOWPHDGRZ WXUI $ 'DY
IUHVKZDWHU VHHSY DYHUDJHG GD\V WR IOHGJLQJ ZKHUF
VDOWPHDGRZ WXUI DYHUDJHG  GD\V 'DYLV VXJJHVWHG Wi
EH FDXVHG E\ GLIIHUHQW SUH\ W\SH DYDLODELOLW\ EXW Il
H[SODQDWLRQ /DFN RI DFFHVV WR IUHVKZDWHU PD\ EH D G

SORYHU FKLFNV 5XEHJD SRELQVRQ ,W PD\ DOVR GHC



LPSDFWLQJ JURZWK UDWH DV KDV EHHQ VKRZQ H[SHULPHQ
+DQQDP HW DO $Q\ GHOD\ LQ IOHGJLQJ SURORQJV W
WKH OLIH F\FOH SRWHQWLDOO\ OHDGLQJ WR KLJKHU PRUW

SUHGDWLRQ

7KH FUXFLDO SHULRG

7KH VXUYLYDO FXUYH IRU WIWXUXDWX FKLFNV RQ ORW>
ZDV VLPLODU WR WKDW SXEOLVKHG IRU SLSLQJ SORYHU /R
SORYHU &ROZHOO HW DO DQG WIWXUXDWX RQ +RNRL
FUXFLDO WZHOYH GD\ SHULRG IURP KDWFKLQJ DSSHDUV WR
WKH WIWXUXDWX OLIH F\FOH DQG WKH WLPH LQ ZKLFK FRQ
KDYH WKH PRVW LPSDFW 7KH UHVFXH DQG KDQG UHDULQJ
D VXFFHVVIXO LOQOWHUYHQWLRQ EXW DOVR D GHPRQVWUDWL
DQG WKH DVVXPSWLRQV PDGH DURXQG WKHP FDQ VLJQLILF

VXFK D VPDOO SRSXODWLRQ

2YHUDOO SURGXFWLYLW\

7KH PHDVXUH RI SURGXFWLYLW\ , XVHG ZDV WKH QXPEF
EUHHGLQJ IHPDOH ,Q DQ\ ELUG SRSXODWLRQ WKLV LV D FR
GLVFXVVHG DERYH HJJ SURGXFWLRQ UDWH KDWFKLQJ UDV
KDWFKLQJ WR IOHGJLQJ 7KH SURGXFWLYLW\ IRU WKH VHDYV
RI IRXU IOHGJHG MXYHQLOHV IURP VL[ IHPDOHV 7KLV LV DC
SURGXFWLYLW\ UHSRUWHG IURP WKH ODUJHU SRSXODWLRQ
RYHU VL[ \HDUV $ 'DYLV D +RZHYHU WKH PHDQ SURGX

WKH SRSXODWLRQ ZDV ILUVW HVWDEOLVKHG LV ZKLFK F



+RNRUHUHRUR DQG WZR RWKHU WUDQVORFDWLRQ VLWHYV

'RZGLQJ

-XYHOLOH DOG DGXOW VXUYLYDO DQG GLVSHUVDO

7KH PHDQ DQQXDO VXUYLYDO UDWH RI MXYHQLOH WIWX
DQG KDV EHHQ UHSRUWHG DV 'RZGLQJ 7KH
GLIIHUHQFH EHWZHHQ FDSWLYH EUHG ELUGY UHOHDVHG RQ
WKRVH EUHG RQ WKH LVODQG DW Q $V D FRPSDUL\
UDWH RI MXYHQLOHVY RQ +RNRUHUHRUR RYHU WZR \HDUV ZL
WR GLVSHUVH IURP +RNRUHUHRUR VR DQ\ ORVVHV FDQ EH I
D EXW WKH\ DUH NQRZQ WR GLVSHUVH IURP ORWXWDSX
GLVWLQJIJXLVK EHWZHHQ GLVSHUVDO DQG PRUWDOLW\ DQG
SRSXODWLRQ VL]H PD\ EH WKH VDPH XQGHUVWDQGLQJ WKF
LQIRUP PDQDJHPHQW GHFLVLRQV 'UXPPRQG 3DUNHU /RYH
, VXJIHVW WKDW D GLIITHUHQFH LQ GLVSHUVDO UDWH EHWZ
MXYHQLOH ELUGYV LV D PRUH FRPSHOOLQJ H[SODQDWLRQ IR
GLITIHUHQFH LQ UHVLGHQW VXUYLYDO UDWH 7KLV WKHPH L'
RI FDSWLYH EUHG WIWXUXDWX DIWHU WUDQVORFDWLRQ"
7KH PHDQ DGXOW DQQXDO VXUYLYDO UDWH RI WIWXUXI
DQG KDV EHHQ UHSRUWHG DV 'RZGLQJ 7KLV F
DQQXDO VXUYLYDO UDWH RI LQ WKH +RNRUHUHRUR SRSX
D EXW YDOXHV LQ WKH UDQJH RI * LQ RWKHU WU|
* 'RZGLQJ 'XULQJ P\ UHVHDUFK SURMHFW WKH D
SRSXODWLRQ RQ ORWXWDSX VXIIHUHG ORVVHV RI El

7KLV ILIJXUH VHHPV KLJK EXW DGXOW WIWXUXDWX GR DSSF



WKH EUHHGLQJ VHDVRQ RQ +RNRUHUHRUR RI DGXOW PR

6HSWHPEHU DQG $SULO $ 'DYLV D

6XPPDU\ DOG ZLOGOLIH PDODJHPHQW UHFRPPHQGDWLRQV

7KH YLDELOLW\ RI WKH WIWXUXDWX SRSXODWLRQ RQ Ol
GHWHUPLQHG E\ WKH LQWHUDFWLRQ RI WKH SDUDPHWHUYV (
ORZ IOHGJLQJ UDWH PD\ QRW QHFHVVDULO\ OHDG WR D GHI
UDWHYV DUH KLJK ,W LV LPSRUWDQW WR WDUJHW ZLOGOLIH
SDUDPHWHUV ZKHUH WKH SRSXODWLRQ LV SHUIRUPLQJ SRR
DOzD\V DVVRFLDWHG ZLWK WKH EUHHGLQJ VHDVRQ

(JJ SURGXFWLRQ DQG KDWFKLQJ UDWH DUH WZR SDUDP
SRSXODWLRQ RQ ORWXWDSX DSSHDUHG WR SHUIRUP ZHOO
KLIJKHU DQG WKH KDWFKLQJ UDWH ZDV VLPLODU WR WKDW
KDWFKLQJ UDWH ZDV DOVR FRQVLGHUDEO\ KLIJKHU WKDQ W
VSHFLHV DQG IRU FRQJHQHULF WIWXULZKDWX QHVWLQJ R
VXIJIHVWLQJ WKDW WKH XQXVXDO FRYHUHG QHVW RI WKH \
UHVSHFW

&KLFN VXUYLYDO IURP KDWFKLQJ WR IOHGJLQJ LV WKH
SHUIRUPHG PRVW SRRUO\ ZLWK D VXUYLYDO UDWH RI F

LWKRXW KXPDQ LOWHUYHQWLRQ WR UHVFXH DQG KDQG
ZRXOG KDYH EHHQ ORZHU VWLOO 3XEOLVKHG FKLFN VXUYL
DUH ZLGHO\ YDULDEOH EXW LQFOXGH VRPH WKDW DUH FRQ®
UHFRUGHG RQ ORWXWDSX :LOGOLIH PDQDJHPHQW LQSXW K
SHUIRUPDQFH LQ WKLY DUHD )HPDOH GHVHUWLRQ UHVXOW

WKUHDWHQHG D ILIWK FKLFEN WKDW ZDV HYHQWXDOO\ KDQG



EHHQ UHSRUWHG LQ WIWXUXDWX SUHYLRXVO\ EXW LV D FRI
SORYHU VSHFLHV DQG LV WKRXJKW WR RFFXU DV D UHVSRQ
(EHUKDUW 3KLOOLSV 7KH VH[ GHWHUPLQDWLRQ RI DG
WR SUHYHQW VXFK ORVVHV LQ WKH IXWXUH $ SUXGHQW SR
EDODQFHG FRKRUWY RU LQ WKH HYHQW RI DQ HVWDEOLVK]|
UHOHDVH D FRXQWHU ELDVHG FRKRUW WR DFKLHYH SDULW)
KLOH XQSURYHQ ODFN RI DFFHVV WR IUHVKZDWHU PD)
FKLFN JURZWK DQG VXUYLYDO UDWHYV DV KDV EHHQ VKRZQ
SUXGHQW ZLOGOLIH PDQDJHPHQW VWUDWHJI\ ZRXOG EH WR
HDFK QHVW IRU WKH ILUVW ZHHN RU WZR DIWHU KDWFKLQJ
WR IUHVKZDWHU EXW DOVR DOORZ FKLFNV WR VWD\ QHDU V
UDWKHU WKDQ EHLQJ IRUFHG WR FURVV KRVWLOH WHUULWI
XQSURWHFWHG SDUW RI WKH EHDFK
, VDZ QR HYLGHQFH RI KXPDQ UHODWHG GLVWXUEDQFH
UDWHV 2Q WKLV EDVLV LW VHHPV SUXGHQW WR DGYRFDWH
SUDFWLFH RI SODFLQJ V\PEROLF IHQFLQJ DQG VLJQDJH DUF
$YLDQ SUHGDWRU FRQWURO LV D FRQWURYHUVLDO VXE
SDUWLFXODUO\ ZKHQ WKH SUHGDWRU LQYROYHG LV D QDWI
DOVR LOQOKHUHQW SUDFWLFDO GLIILFXOWLHY DQG D ULVN RI
SUHGDWRUV &DWOLQ HW DO , UHFRUGHG QR HYLGHQ
VXVSHFWHG DYLDQ VSHFLHVY NDURUR SINHNR DQG UXUX C
DGYRFDWH IRU WKHLU FRQWURO O\ ILIJXUHV VXJJHVW WKD\
PD\ EH VXVWDLQDEOH LI ORVVHV GXH WR IHPDOH GHVHUWL
-XYHQLOH WIWXUXDWX EUHG RQ ORWXWDSX GHPRQVWU

VXUYLYDO UDWH DW Q 'RZGLQJ FRPSDUHG ZLV



WZR \HDUV RQ +RNRUHUHRUR $ 'DYLV D 3HUKDSV HYH
IDFW WKDW WKHVH ELUGY GLG QRW GLVSHUVH SHUPDQHQW
WR WKH KLJK GLVDSSHDUDQFH UDWHV Rl FDSWLYH EUHG EL
&KDSWHU )RXU 7KLV YHU\ KLJK VXUYLYDO DQG UHWHQWLR
SRVVLELOLWLHY IRU H[DPSOH FRXOG VLPLODU UHVXOWYV E
IDFLOLW\ ZHUH HVWDEOLVKHG RQ WKH LVODQG"

7KH PHDQ DGXOW DQQXDO VXUYLYDO UDWH RQ ORWXWTEL
VLPLODU WR WKDW UHSRUWHG IURP +RNRUHUHRUR RI $
FDXVHV RI DGXOW PRUWDOLW\ GXULQJ P\ UHVHDUFK ZHUH |
DJJUHVVLRQ IROORZLQJ IHPDOH GHVHUWLRQ RI EURRG DQG
WRWDO 2QH DGXOW PDOH LQMXUHG LQ LQWUD VSHFLILF D
ZDV SUHGDWHG E\ D UXUX ZKLOH WKH RWKHU WZR GHVHUMW
DGXOWVY GLHG RU GLVDSSHDUHG IURP XQNQRZQ FDXVHV 5X
&KDWKDP ,VODQGY DQG ZHUH LPSOLFDWHG LQ WKH IDLOXU
WIWXUXDWX SRSXODWLRQ RQ ORWXRUD DQRWKHU LVODQG
:KLOH LW PD\ EH SRVVLEOH IRU D WIWXUXDWX SRSXODWLRC
SUHVHQFH RI UXUX WKH LGHDO WUDQVORFDWLRQ VLWH ZR

JHPDOH GHVHUWLRQ ZDV DQ XQH[SHFWHG ILQGLQJ RI P
XQH[SHFWHG ZDV WKH SURORQJHG LQWUD VSHFLILF DJJUH\
DQG WKH GHVHUWHG PDOH 7KLV KDV QRW WR P\ NQRZOHG
VSHFLHV )HPDOH GHVHUWLRQ DSSHDUHG WR VLJQLILEDQW
WKH LVODQG E\ FDXVLQJ WKH GHDWK RI IRXU FKLENV DQG [
WKUHH GHVHUWHG PDOH SDUWQHUV 6LPSOH ZLOGOLIH PDC
SDURXV SRSXODWLRQ DV GLVFXVVHG DERYH ZRXOG EH D V

WR WU\ WR SUHYHQW VXFK ORVVHYV



&+$37(5 )285

'LVSHUVDO RI FDSWLYH EUHG MXY
DIWHU WUDQVORFDWLRQ

SODWH-XYHQLOH WIWXUXDWX :DLNDZD 3RUWODQG ,VODQG



,1752'8&7,21

&DSWLYH EUHHGLOQJ DQOG WUDQVORFDWLRQ

$QLPDO WUDQVORFDWLRQV E\ KXPDQV KDYH EHHQ QXPH
SUHKLVWRULF WLPHV *UD\VRQ 7UDQVORFDWLRQV ZKF
VSHFELHV ZDV WKH SULPDU\ REMHFWLYH DUH D PXFK PRUH L
H[DPSOH ZDV WKH WUDQVORFDW LRMDUR KREK\W & 5 WQBXRIL KN —
SXNXSXNX OLWW®SWHIRYW REMGNERDUG +HQU\ LQ WKH Vv
6DXQGHUV 1RUWRQ 7KHVH JURXQG GZHOOLQJ HQGHF
E\ WKH VSUHDG RI LQWURGXFHG PDPPDODRXYVEHIBGIBEDWRUV ¢
HUPLQHDBIQU\ PRYHG WKH ELUGV IURP PDLQODQG 7H :DLSRX
Rl $RWHDURD 1HZ =HDODQG WR D ODUJH RIIVKRUH LVODQ!
,VODQG B8OWLPDWHO\ WKHVH HIIRUWV ZHUH XQVXEFHVVIX(
EXW WKH\ FUHDWHG D WHPSODWH IRU WKH ZLGHVSUHD!
FRQVHUYDWLRQ WRRO LQ $RWHDURD (DUO\ VXFFHVVHV LQI
WZR VSHFLHV RI W H3KIL OAHDVGAOHEXIROREX FOMUDVD H ML.ADD W K M
V DQG WKH NDUXUH NDNDUXLBHSKIOW KD PWQ MGV URE L
V & -RQHV OHUWRQ (DUO\ VXFFHVVHV RXWVLGH ¢
WUDQVORFDWLRQ RI)BBBRJIJVH QHIQOTEERIQK $PHULFD LQ
HW DO DQG FDSWLYH EUHHGLQJ DQRUWUDABXRRBDWLR
WR 2PDQ LQ 6SDOWRQ /DZUHQFH %UHQG 7KHUH
SURMHFWV ZLWK ORZ VXFFHVV UDWHV UHYLHZV RI WKH OL
FRQFOXGHG WKDW WKH PDMRULW\ Rl ZLOGOLIH WUDQVORFI
&DUSHQWHU G5HHG :ROl *ULIILWK 5HHG 7HPSOH
7KH ILUVW WUDQVORFDWLRQ RI SORYHUV ZDV UHFRUGHF

PRXQWDLQ&&SKDRMHIWILY PAHRKQWDWV RY WKH YHUJH RI IOHGJLQJ



LQ &RORUDGR DQG WUDQVSRUWHG WR .DQVDV WR DQ DUHD
FKLFNV ZHUH NHSW HQFORVHG ZLWK VXSSOHPHQWDU\ IRRG
WHUPHG D 3VRIW" UHOHDVH ZKLOH RWKHUV ZHUH UHOHDVH
WHUPHG D 3KDUG”~ UHOHDVH 7KH 3VRIW" UHOHDVH ELUGV V'
+ GD\V EHIRUH GLVSHUVLQJ 7KH 3KDUG” UHOHDVH ELUGV
UHOHDVH VLWH IRU MXVW D VLQJOH GD\ EHIRUH GLVSHUVLC
VXFFHVV RI WKLY SURMHFW PD\ UHPDLQ D P\VWHU\ IRU VHY
SURYH WR UHWXUQ WR WKH DUHD IURP ZKLFK WKH\ IOHGJH
UHVSRQG LQ WKH VDPH PDQQHU °~ 3WDFHN 6FKZLOOLQJ
&DSWLYH UHDULQJ RI &KDUDGULXV SORYHUV ILUVW RFF
ZLWK NLOOBWHMHGULXV MRFALIFHRIX®¥HFWHG IURP WKH ZLOG DQC
LQFXEDWHG 3RZHOO &XWKEHUW 7KH FKLFNV ZHUH U
IOHGJLQJ DQG UHOHDVHG LQWR WKH ZLOG LQ VLEOLQJ JUR
EHKDYLRXU ZHUH FRPSDUHG WR ZLOG UHDUHG ELUGV 7KH
UHVHDUFK ZDV VXFFHVVIXOO\ DSSOLHG WR WKH FDSWLYH U
&KDUDGULXV IPHORGXVLQJ HJJV UHFRYHUHG IURP DEDQGR!
&XWKEHUW :HPPHU 'RROLWWOH YHLUHU
7IWXUXDWX WFKIULZDWEIQRKRUM SERVEAMHHADQWBGWDH
EUHG LQ FDSWLYLW\ DW 3INDKD ORXQW %UXFH QHDU :KDN
V. 'RZGLQJ 2 &RQQRU 7KHUH DUH QRZ WZR RWKHU
IDFLOLWLHY ,VDDF &RQVHUYDWLRQ DQG :LOGOLIH 7UXVW L
UHFHQWO\ HVYWDEOLVKHG &DSH 6DQFWXDU\ LQ 7H ODWDX D
Rl WKLUWHHQ EUHHGLQJ SDLUV LQ FDSWLYLW\ DW WKH WLF
+XVEDQGU\ SUDFWLFHV LQ $RWHDURD KDYH JUDGXDOO'

FDSWLYH EUHHGLQJ LV D UHJXODU DVSHFW RI FRQVHUYDWI



OXOWLSOH EURRGLQJ Rl FDSWLYH SDLUV LV HQFRXUDJHG E
DUWLILFLDO LQFXEDWLRQ 6RPH SDLUV KDYH SURGXFHG DV
ORQJ EUHHGLQJ VHDVRQ WKDW UXQV WKURXJK WKH $XVWU|
JHEUXDU\ 'LVHDVHV VXFK DV 6WDSK\ORFRFFDO SODQWDU S
DQG $YLDQ 3R[ 9LUXV 'LVHDVH FRQWLQXH WR SUHVHQW FKI
SURGXFWLYLW)\

,Q D *W\SLFDO’ EUHHGLQJ VHDVRQ OLNH +  WKH QX
FDSWLYH EUHHGLQJ SDLU LV EHWZHHQ VL[ DQG HLJKW DQC
FKLENV IOHGJHG SHU EUHHGLQJ SDLU LV EHWZHHQ WKUHH
LV FRQVLGHUDEO\ KLJKHU WKDQ WKDW DFKLHYHG LQ WKH Z
DOORZHG WKH WUDQVORFDWLRQ RI MXYHQLOH ELUGV WF
FRDVW Rl $RWHDURD EHWZHHQ DQG '28&

7KH FDSWLYH EUHHGLQJ RI WIWXUXDWX LV QRZ DQ HVW
SUDFWLFH EXW WKHLU WUDQVORFDWLRQ LV VWLOO IUDXJK\
KDYH HYWDEOLVKHG RQ RQO\ WKUHH Rl WKH VL[ LVODQGV \
0DXQJY 5+ 0—QJHUH QHDU +RNRUHUHRUR 5DQJDWLUD 6R.
&KDWKDP ,VODQGV :DLNDZD 3RUWODQG ,VODQG QHDU WK
0—XL WKH 1RUWK ,VODQG DQG ORWXWDSX LQ WKH +DXUD
$XFNODQG 7KH SRSXODWLRQ RQ ORWXWDSX KDV IDLOHG
RQ LVODQG EUHHGLQJ RI VRPH LQGLYLGXDOV DQG WKH UH

EHWZHHQ DQG

‘LVDSSHDUDOQFH DIWHU WUDQVOREDWLRQ GLVSHUVDO RU F

7KH GLVDSSHDUDQFH RI FDSWLYH EUHG MXYHQLOH WIW

VLIQLILFDQW FRQVWUDLQW RQ FRQVHUYDWLRQ HIITRUWYV IR



7KH QHW UHVXOW RI GLVSHUVDO DQG PRUWDOLW\ WR '
VDPH WKH ORVV RI WKH GHPRJUDSKLF DQG JHQHWLF SRWH
OHUWRQ +RZHYHU GHWHUPLQLQJ WKH PHFKDQLVP R
EHWZHHQ GLVSHUVDO DQG PRUWDOLW\ PD\ ZHOO EH LQIRU

IXWXUH HVWDEOLVKPHQW VXFFHVV 'UXPPRQG HW DO

7KH GLVSHUVDO DELOLW\ RI WIWXUXDW X

'LVSHUVDO DELOLW\ YDULHV JUHDWO\ EHWZHHQ VSHFL}
FRQVWUDLQHG E\ WKH ODFN RI FRQQHFWLYLW\ EHWZHHQ K1
SRSXODWLRQ RI WIWXUXDWX RQ +RNRUHUHRUR KDV EHHQ C
SHUKDSV PRUH KHOSIXO WR WKLQN RI LW EHLQJ FRQVWUDL
&KDUDGULXV SORYHU WD[D IORFN DZD\ IURP WKHLU EUHHG!
EUHHGLQJ VHDVRQ DQG DERXW KDOI DUH PLJUDWRU\ +DLJ
UHFRUGHG LQ WKH &KDWKDP ,VODQGV KDYH EHHQ EHWZHHC
5DQJLDXULD 3LWW ,VODQG DQG O0DXQJY 5 LVODQGV DOC
ZLWK ZDWHU EDUULHUV RI * NP

7UDQVORFDWLRQV RI WIWXUXDWX DURXQG PDLQODQG ¢
WUXH GLVSHUVDO DELOLW\ %LUGY KDYH UHWXUQHG IURP L
WKH\ ZHUH EUHG IURP :DLNDZD ,VODQG WR 3INDKD D GLVV
0DQD ,VODQG WR WKH ,VDDF :LOGOLIH DQG &RQVHUYDWLRQC
%HWZHHQ 1RYHPEHU DQG -DQXDU\ D IHPDOH UHOHD

ZDV VHHQ DW 30LPPHUWRQ /DNH (OOHVPHUH WKH 0DQI
30LPPHUWRQ D URXQG WULS RI RYHU NP 7KUHH LQGLYL
KDYH FURVVHG 7H ORDQD R 5DXNDZD &RRN 6WUDLW RQH |

ZDWHU FURVVLQJ RI NP '"RZGLQJ 2 &RQQRU 7TKH FR



DELOLW\ RI WIWXUXDWX SUHVHQWY D FKDOOHQJH WR WUDC
FKDOOHQJH LV WR HOXFLGDWH WKH IDFWRUV DIIHFWLQJ Wi

GLVSHUVH

/KH GULYHUV RI GLVSHUVDO

7KH SKHQRPHQRQ RI GLVSHUVDO LV LQFUHDVLQJO\ VW>
EXW UHPDLQV SRRUO\ XQGHUVWRRG & -RQHV OHUWRQ
WUDQVORFDWLRQ GLVSHUVDO DUH WKRXJKW WR EH GULYHC
RWKHUV E\ SH[SORUDWLRQ  IURP LW /LQQHOO $DQHV B6ZHC
([SORUDWRU\ EHKDYLRXU FDQ KDYH SURIRXQG HIIHFWV RQ
KDELWDW SDUWLFXODUO\ LQ ELUGYV ZLWK KLJK VLWH ILGHC
D OLIHWLPH LQYHVWPHQW LQ ILWQHVV . 'DYLV HW DO
GLVSHUVDO DQG PRUWDOLW\ WKH QHW UHVXOW RI KRPLQJ
EXW LQYHVWLJIJDWLQJ WKH GULYHUV RI WUDQVORFDWLRQ G
LQIRUPDWLRQ IRU IXWXUH PDQDJHPHQW )RU H[DPSOH UDG
EURZQ WUHHBROHPBRAWWULW QLEXPRXDOLDQ ZRRGODQGYV IRX
SUHIHUHQWLDOO\ HYWDEOLVKHG LQ IRUHVWHG DUHDV ZLW|
XQNQRZQ KDELWDW SUHIHUHQFH %HQQHWW HW DO
/IRYHJURYH 3DUNHU

7KH SURSHQVLW\ RI WUDQVORFDWHG DQLPDOV WR GLV:
IDFWRUV RWKHU WKDQ D VLPSOH 3KRPLQJ" RU 3H[SORUDWLTF
IURP LDWURJHQLF IDFWRUV VXFK DV FDSWXUH WUDQVSRUYV
'HOHKDQW\ 5RPHUR 7KH\ PD\ EH VRFLDOO\ VWUHVVH
XQIDPLOLDU FRQVSHFLILFV SUH UHOHDVH RU WKURXJK HQ!

SRVW UHOHDVH 7KHVH IDFWRUV FDQ UHVXOW LQ WUDQVOR



TXLWH GLIIHUHQW LQ W\SH DQG VFDOH IURP 3SQDWXUDO"™ GL

GLVSHUVDO SDWWHUQV DQG VHDVRQDO PRYHPHQWYV 'LFNH

7KH WHQGHQF\ Rl UHLQWURGXFHG DQLPDOV WR GLVSHL
EHKDYLRXUDO IDFWRUV EXW RQ WKH DYDLODELOLW\ RI KD
LQFOXGH QRW RQO\ WKH SK\VLFDO ODQGVFDSH DQG WKH D
YDULRXV OLIH F\FOH VWDJHV EXW DOVR WKH SUHVHQEFEH RL
FRPSHWLWRU VSHFLHV SUHGDWRUV DQG SDUDVLWHV 7KH
PD\ QRW DOZD\V EH ZHOO XQGHUVWRRG HVSHFLDOO\ ZKHU
FXUUHQW RU UHOLFW KDELWDW GLVWULEXWLRQ UHIOHFWL(
KDELWDW SUHIHUHQFH %HDXFKDPS :RUWK\ YRU H[DF
WIWXUXDWX SRSXODWLRQ RQ +RNRUHUHRUR SHUVLVWV RQ
SUHIHUHQFH RI WUDQVORFDWHG ELUGV LV WR QHVW DGMDF
ZLWK D PL[ Rl UREFN SODWIRUP DQG VDQG\ EHDFK $ 'DYLV
WDNDIRUSK\ULR KREKWWHNWKMPHG WR EH DGDSWHG RQO\ W
JUDVVODQG KDELWDW ZKHUH WKH\ ZHUH UHGLVFRYHUHG LC
VXEIRVVLO HYLGHQFH KDV VKRZQ WKDW WKH\ ZHUH ZLGHVS

WKHLU UDQJH ZDV UHVWULFWHG E\ DQWKURSRJHQLF FKDQJ

/KH SRVLWLYH DOG QHIJDWLYH DVSHFWV RI GLVSHUVDO

'LVSHUVDO EHKDYLRXU KDV SRVLWLYH DVSHFWYV LQ GU!
DUHDV DQG SURPRWLQJ JHQH ARZ EHWZHHQ LVRODWHG HV
SLFKDUGVRQ HW DO TKHUH FDQ DOVR EH QHJDWLYH F
ORYLQJ IURP WKH QDWDO VLWH ULVNV GHFUHDVHG DYDLOD

LOQFUHDVHG FRPSHWLWLRQ DQG RU SUHGDWLRQ DQG LQFX!



WKH WUDQVORFDWLRQ RI D KLJKO\ HQGDQJHUHG VSHFELHYV
PDQDJHG UHOHDVH DUHD FRXOG VXIIHU I[URP WKUHDWYV WKI
SRSXODWLRQ LQ WKH ILUVW SODFH YDQ +HH]LN /XGZLJ :K
,QWHJUDWHG ODQGVFDSH PDQDJHPHQW ZKLFK FRQVLGHUV
VXUURXQGLQJ ODQGVFDSH DQG LWV FRQQHFWLYLW\ WR WK
FRQFHUQHG LV LQFUHDVLQJO\ UHFRJQLVHG LQ WUDQVORF]
/DF\ 7KHVH LVVXHV DUH RI DFXWH FRQFHUQ LQ WIiWXU
GLVSHUVDO DELOLWLHY WKDW LV SDUWLFXODUO\ YXOQHUD
ZLGHVSUHDG RQ PDLQODQG $RWHDURD

7KH VHOHFWLRQ Rl ORWXWDSX DV D UHOHDVH VLWH IRL
WKH SRWHQWLDO IRU ERWK SRVLWLYH DQG QHJDWLYH HIIH
HVWDEOLVKPHQW IROORZHG E\ GLVSHUVDO RI VRPH LQGLYL
VXVWDLQLQJ PHWD SRSXODWLRQ VFDWWHUHG RYHU WKH PI
+DXUDNL *XOl FRQVLVWLQJ RI LVODQGVY ZLWKLQ WKH *XOlI
DGMDFHQW WR LW &RQYHUVHO\ GLVSHUVDO WR PRVW PDL
UHVXOW LQ VHSDUDWLRQ IURP FRQVSHFLILFV YHU\ ORZ SR

PRUWDOLW\ IURP SUHGDWLRQ E\ LQWURGXFHG PDPPDOV

UDOVORFDWLRQ UHLOWURGXEFWLRQ RU DVVLVWHG FRORQ

7KH WHUP SBUHLQWURGXFWLRQ" LV XVHG IRU WUDQVORF
LOQGLIJHQRXV UDQJH RI WKH VSHFLHV EXW WKLV LV QRW ZH
WIWXUXDWX 'RZGLQJ . HQQHG\ ,W LV SRVVLEOH WKD
WIWXUXDWX WR LVODQGY DURXQG 7H ,ND D 0—XL WKH 1RU
SDVVLVWHG FRORQLVDWLRQ® ZKHUHE\ RUJDQLVPV DUH WUD

LOQGLIJHQRXV UDQJH 7KLV LV QRW MXVW D VHPDQWLF FRQV



LV PRUH FRQWURYHUVLDO DQG LQKHUHQWO\ ULVNLHU WKD(
OLWFKHOO &KDXYHQHW ODZVRQ 7KH ,8&1 JXLGHOLQ
VWDWH WKDW LQWURGXFLQJ D VSHFLHVY RXWVLGH LWV LQG
FRQVLGHUHG LI WKHUH LV QR VXLWDEOH KDELWDW ZLWKLQ
DVVHVVLQJ WKH LQGLJHQRXV UDQJH RI D VSHFLHV SURSRV|
IXQGDPHQWDO SDUW RI WKH GHFLVLRQ PDNLQJ SURFHVV i

6HGGRQ

5(6($5&+ $,06

7KH VPDOO UHPQDQW SRSXODWLRQ RI WIWXUXDWX RQ -
QXPEHUV EXW FRQVWUDLQHG E\ D VPDOO KDELWDW RI K |
HYHQWV VXFK DV PDPPDOLDQ SUHGDWRU LQWURGXFWLRQ
'DYLV D &DSWLYH EUHHGLQJ DQG WUDQVORFDWLRQ WF
PDPPDOLDQ SUHGDWRUV DUH NH\ VWUDWHJILHV LQ WKH ERC

EXW WKHLU GLVDSSHDUDQFH DIWHU UHOHDVH KDV EH}
FRQVWUDLQW RQ WKHVH HIIRUWV 'RZGLQJ 2 &RQQRU

,Q WKLV VWXG\ , FORVHO\ PRQLWRUHG WKUHH FRKRUW)\
WIWXUXDWX UHOHDVHG RQ ORWXWDSX LQ ZLWK WKH SU
EHWZHHQ GLVSHUVDO DQG PRUWDOLW\ LQ WKRVH WKDW GL
RI WKH IDEFWRUV DIIHFWLQJ WKH WHQGHQF\ WR GLVSHUVH ¥

WIWXUXDWX UHOHDVHG RQ WKH LVODQG RYHU WKH \HDUV



0(7+2'6

6WXG\ DUHD DOG SRSXODWLRAQ

J)LHOG VWXGLHVY ZHUH FRQGXFWHG RQ ORWXWDSX D
+DXUDNL *XOI QHDU WKH FLW\ RI 7—PDNL ODNDXUDX LQ $RV
PRUH GHWDLO 7KH VWXG\ SRSXODWLRQ ZDV D JURXS RI
WKH LVODQG LQ WKUHH FRKRUWY LQ ODWH VXPPHU 7KF
RQH RI WZR IDFLOLWLHV WKH 1I1DWLRQDO :LOGOLIH &HQWU'

DQG :LOGOLIH 7TUXVW | &:

3UH WUDQVORFDWLRQ SUHSDUDWLRQ

3UHSDUDWLRQ DW ERWK FDSWLYH EUHHGLQJ IDFLOLWL
RI ERG\ FRQGLWLRQ H[DPLQDWLRQ IRU H[WHUQDO SDUDVL\
VXJIJHVWLYH RI 6WDSK\ORFRFFDO SODQWDU SRGRGHUPDWL
9LUXV 'LVHDVH V6DEPRQE@®RMWV LADMD XQGHUWDNHQ + GD\
EHIRUH WUDQVORFDWLRQ $ FOHDQ ELOO RI KHDOWK IRU HI
WUDQVORFDWLRQ $00 IOHGJOLQJV ZHUH ILWWHG ZLWK FR

LGHQWLILFDWLRQ DORQJ ZLWK D PHWDO LGHQWLILFDWLRQ

ORWXWDSX SUH UHOHDVH DYLDU\ VHW XS DQG KXVEDQGU\

7ZR SUH UHOHDVH DYLDULHYVY ZHUH HUHFWHG RQ D IODV
DERYH WKH EHDFK LQ ,VOLQJWRQ %D\ 7KH\ ZHUH IXUQLVKF
IURP QHDUE\ EHDFKHV 'ULIWZRRG ZRRGHQ $ IUDPH VKHOW

VDOWZDWHU ZHUH DOVR LQVWDOOHG



2Q DUULYDO RQ WKH LVODQG WKH MXYHQLOH WIWXUXE
FDSWLYH GLHW RI JURXQG FDW ELVFXLWV DQG R[KHDUW PL
LQ UDPHNLQV WZLFH GDLO\ ZLWK PHDOZRUPV VFDWWHUHG
VHYHUDO EXFNHWYV IX00 RI IUHVK VDQG DQG VHDZHHG FRQ
%HOORUFKHVW DD TKRGBI@DF 7DOLWHDE BOBKHSRGH[W WR W
ZDWHU WUD\V DQG VFDWWHUHG DURXQG WKH DYLDULHV WZ
WKHLU ZD\ LQWR WKH VDOWZDWHU WUD\V ZKLFK HQFRXUD.
VDOWZDWHU DV ZHOO DV WKH VDQG 7KH DLPV ZHUH WR SU
GHYHORSPHQW RI IRUDJLQJ VNLOOV DQG SURYLGH EHKDYL

7KH MXYHQLOH WIWXUXDWX ZHUH REVHUYHG DW OHDVYV
ELQRFXODUV WR FKHFN IRU OHJ OHVLRQV RU DQ\ RWKHU DE
D KDQG QHW WKH GD\ EHIRUH UHOHDVH DQG H[DPLQHG PRU

ILWQHVYV IRU UHOHDVH

SHOHDVH

7KH ILUVW FRKRUW RI WZHQW\ MXYWMMPHBOWHXYDIDYV UHOHD
E\ ZKLFK WLPH WKH ELUGY KDG VSHQW EHWZHHQ VL[ DQG W
YDULDWLRQ LQ WLPH ZDV QRW GHOLEHUDWH EXW GHSHQGD
ELUG WKH VHFRQG FRKRUW ZDV KHOG EDFN IRU WUHDWPH
7—PDNL ODNDXUDX $XFNODQG =RRYRRDBEHBHRBODVHG R®HKI
WKLUG FRKRUW RI ILIWHHQ MXYWQBEOHY ZDV $OHODEHDVEG RJR
FRKRUW KDG VSHQW QLQH GD\V RQ WKH LVODQG 7KH UHOH
DQ RXWJRLQJ ORZ WLGH WR PD[LPLVH IRUDJLQJ RSSRUWXC
HDUO\ RQ WKH PRUQLQJ RI WKH UHOHDVH $W UHOHDVH WL

RSHQHG DQG WLHG EDFN 7KH ELUGYVY ZHUH DOORZHG WR [IL(



WLPH WR DYRLG SDQLF $Q\ ELUGY WKDW KDG QRW OHIW W]
ZHUH JHQWO\ HQFRXUDJHG RXW VR WKH\ FRXOG MRLQ WKH
DGYDQWDJH RI WKH ORZ WLGH IRUDJLQJ RSSRUWXQLWLHYV

DYLDULHVY WKH GRRUV ZHUH FORVHG

SRVW UHOHDVH PRQLWRULQJ

$00 DUHDV RI WIWXUXDWX KDELWDW RQ ORWXWDSX DQ
PRQLWRUHG E\ PH 'HSDUWPHQW RI &RQVHUYDWLRQ KHUHEL
IRU WKH SUHVHQFH RI WUDQVORFDWHG ELUGY DQG HYLGHQ
WIWXUXDWX KDELWDW WKH PRVW IDYRXUHG EHDFKHV ZKHL
SUHYLRXVO\ ZDV VHDUFKHG ZLWKLQ DQ KRXU RI KLJK WLGI
2EVHUYHUV ZDONHG WKH EHDFKHY DQG VHDUFKHG ZLWK EL
PDJQLILFDWLRQ UHFRUGLQJ WKH LGHQWLW\ RI DOO WIWXU
FRQGXFWHG DW KLJK WLGH IRU FRQVLVWHQF\ DQG WR PDNH
VPDOOHU EHDFK DUHD DYDLODEOH

2ZWKHU DUHDV RI SRVVLEOH KDELWDW ZHUH VHDUFKHG
RU WKLUG GD\ WKURXJK WKLV WLPH $IWHU WKUHH ZHHNV \
EDFN WR URXWLQH PRQLWRULQJ RQFH RU WZLFH D PRQWK |
ORFDWLRQ RI WKH UHOHDVHG MXYHQLOHV ZHUH DOVR QRW
VXUYH\ RQD\ 7KH GDWD IURP WKH WKUHH FRKRUWYV ZHU

SORWWHG DV WKH QXPEHU RI ELUGY VWLOO SUHVHQW RYHL

(YDOXDWLOQJ WLPH WR GLVSHUVDO + VWDWLVWLFDO PHWKR

, HISDQGHG WKH VFRSH RI WKLV VWXG\ WR LQFOXGH D

FDSWLYH EUHG MXYHQLOH WIWXUXDWX WUDQVORFDWHG WF



SORWWHG WKH SUREDELOLW\ RI GHWHFWLRQ RYHU WLPH IR
SUREDELOLW\ RI GHWHFWLRQ RYHU WLPH IRU HDFK RI WKH
RQ WKH GD\ SRVW UHOHDVH SHULRG 6XUYLYDO DQDO\VL"
&RUH 7HDP XVLQJ D &R[ SURSRUWLRQDO KD]DUG UHJULI
SDFNDJH 7KHUQHDX WR FRPSDUH WKH HIITHFWV Rl VH]
PHWKRG DJH DW UHOHDVH DQG UHOHDVH GDWH RQ WKH LU
SRVW UHOHDVH SHULRG 7KLV VWDWLVWLFDO PHWKRG LV W
VHYHUDO VLPXOWDQHRXY ULVN IDFWRUV RQ VXUYLYDO WLF
WLPH" zDV DFWXDOO\ WLPH WR GLVSHUVDO
7KH VH[ RI WKH ELUGYV ZDV QRW DOZD\V NQRZQ LW ZDV
RI LQGLYLGXDOV SULRU WR UHOHDVH , DOVR ILWWH(
PRGHOV 5 &RUH 7HDP FRPSDULQJ WKH SUREDELOLW\ F
SRVW UHOHDVH SHULRG ZLWK DJH DW UHOHDVH DQG UHOH
WKH VXPPHU VROVWLFH 7KLY VWDWLVWLFDO PHWKRG LV X
HI[FOXVLYH SRVVLEOH RXWFRPHV RI D WULDO LQ WKLV FDV

HDFK LQGLYLGXDO WUDQVORFDWHG ELUG

5(68/76 $1' ',6&866,21

‘'LVDSSHDUDQFH DIWHU WUDQVORFDWLRQ

J)LYH ELUGV IURP WKH ILUVW FRKRUW GLVDSSHDUHG LP
WR EH GHWHFWHG RQH GD\ DIWHU UHOHDVH 7KH VLQJOH E
GLVDSSHDUHG LPPHGLDWHO\ DIWHU UHOHDVH 1XPEHUV WK

XQWLO 'D\ ZKHQ WKHUH ZHUH IRXU ELUGY VWLOO SUHVHC



J)LYH ELUGYV IURP WKH WKLUG FRKRUW GLVDSSHDUHG LF
EH GHWHFWHG RQH GD\ DIWHU UHOHDVH 1XPEHUV WKHQ Gl
'D\ ZKHQ WKHUH ZHUH WKUHH ELUGYVY VWLOO GHWHFWDEO

WKUHH FRKRUWY UHOHDVHG KDYH EHHQ SRROHG WR FUHDW
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JLIXUH 1XPEHU RI FDSWLYH EUHG MXYHQLOH WIWXUXDWX G
WKUHH FRKRUWY SORWWHG DJDLQVW GD\V DIWHU UHOHDV|

‘LVDSSHDUDOFH DIWHU WUDQVORFEDWLRQ GLVSHUVDO RU F

ORVW RI WKH MXYHQLOH WIWXUXDWX UHOHDVHG RQ OR)
ZLWKLQ D IHZ GD\V RI UHOHDVH DOPRVW RQH WKLUG
LQ QXPEHUV RFFXUUHG GXULQJ WKH WKUHH ZHHN SHULRG I
HVWDEOLVKHG WIWXUXDWX KDELWDW DQG DOO EHDFKHV LC
EHLQJ FORVHO\ PRQLWRUHG 1R HYLGHQFH RI SUHGDWLRQ
ZDV VHHQ WKURXJK WKLY SHULRG :KLOH WKLV GRHV QRW }

LVODQG IDWDOLWLHY RFFXUUHG LW LV OLNHO\ WKDW WKH



DOO FDVHV ZDV GLVSHUVDO ,Q SDUWLFXODU LW VHHPV YH
GLVDSSHDUHG ZLWKLQ D GD\ DIWHU WKH UHOHDVH RI WKH
LVODQG $QRWKHU SLHFH RI HYLGHQFH VXSSRUWLYH RI WK

PRUWDOLW\ ZDV UHVSRQVLEOH IRU WKH GLVDSSHDUDQFHYV

MXYHQLOH WIWXUXDWX EUHG RQ ORWXWDSX EHWZHHQ D
'RZGLQJ $V D FRPSDULVRQ WKH RYHUDOO DQQXDO V.
+RNRUHUHRUR RYHU WZR \HDUV ZDV $ 'DYLV D

2QH PDOH ELUG ZDV QRW GHWHFWHG RQ WKH LVODQG |
UHWXUQHG WR VHWWOH 7KLV LQGLYLGXDO :2 %* ZDV UHS
'KLWIRUG %HDFK RQ WKH PDLQODQG'MRX\WK BOQ CHMKH DS X F
X0\ EXW UHWXUQHG WR EHFRPH UHVLGHQW RQ WKH LVOD¢
ELUGV IURP WKH FRKRUWY WKDW ZHUH QR ORQJHU GHW

EHHQ UHSRUWHG VLQFH DQG DUH DVVXPHG WR KDYH EHHQ

'LVSHUVDO DIWHU WUDQVORFDWLRQ *

KHQ WKH GDWD IURP DOO ELUGY WUDQVORFDWHG W
ZHUH FRQVLGHUHG WUDQVORFDWLRQ WR WKH LVODQG
UDSLG GLVDSSHDUDQFH RI LQGLYLGXDO ELUGV VKRZQ LQ )

SUREDELOLW\ RI GHWHFWLRQ RYHU WLPH WR D PHGLDQ YD(
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JLIXUH 2YHUDOO SUREDELOLW\ RI GHWHFWLRQ E\ GD\V DIW
EODFN OLQH LQGLFDWHYV WKH PHGLDQ YDOXH RI GD\V 9H
VWLOO SUHVHQW 7KH VKDGHG DUHD UHSUHVHQWYV &,

7TKHUH ZDV FRQVLGHUDEOH YDULDWLRQ EHWZHHQ FRKR

LPPHGLDWH GD\ SRVW UHOHDVH SKDVH VHH )LJXUH
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J)LIXUH 3UREDELOLW\ RI GHWHFWLRQ RYHU WLPH RYHU WKF
HDFK FRKRUW RI ELUGY UHOHDVHG RQ ORWXWDSX IURP 1
LQGLFDWH WKH PHGLDQ YDOXHV 9HUWLFDO EDUV UHSUHVFE
&,V DUH QRW VKRZQ IRU FODULW\

7KH UDSLG GLVDSSHDUDQFH DQG FRQVLGHUDEOH YDUL
ORWXWDSX DUH FRPPRQO\ REVHUYHG SKHQRPHQD LQ UHLQ\
UHSUHVHQW D PDMRU FRQVWUDLQW RQ FRQVHUYDWLRQ HII

2 &RQQRU

/KH SUHGLFWRUV RI SUREDELOLW\ RI GHWHFWLRQ

, LQYHVWLIJDWHG ILYH SRVVLEOH SUHGLFWRUV RI WKH

&R[ SURSRUWLRQDO KD]DUGYVY UHJUHVVLRQ PRGHO DV VKRZ!



Sex Fﬁ%i?)l)e Reference .

(hds) 05625 1) ’ 1 ' 0.796

l("ﬁfge?)wn (0.9198-33.4) L 1 0.055
Origin |(\I/VV;F71) Reference .

theg7) 05812 L 1 0.168
RearingMethod (Aﬁéfb%? Reference .

I(jl\Fi]L%r!‘?t) (0.5181-42.2) ’ L : 0.708
TransferAge (N=128) (. 919'(101. 0 . 0.932
ReleaseDate (N=128) (1.01%%4.0) . <0.001 ***
# Events: 76, Global p-value (Log-Rank): 0.00099798 :
AIC: 669.63; Concordance Index: 0.64 0.5 1 5

JLIXUH &RPSDULVRQ RI KD]DUG UDWLRV IRU HDFK SUHGLFW
XVLQJ D &R[ SURSRUWLRQDO KD]DUGY UHJUHVVLRQ PRGHO
KD]DUG UDWLR IRU HDFK IDFWRU OHYHO FRPSDUHG WR WKF
%ODFN KRUL]RQWDO EDUV UHSUHVHQW WKH &, 9DOXHYV .
LQFUHDVH LQ KD]JDUG D GHFUHDVHG SUREDELOLW\ RI GHWI
GLVSHUVDO 9DOXHV OHVV WKDQ LQGLFDWH UHGXFHG KD]
GHWHFWLRQ VXJJHVWLYH RI GHFUHDVHG GLVSHUVDO

6HJ
7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ SUREDELOI
EHWZHHQ WKH IHPDOH UHIHUISQFH JURRS XQGPEPRIOMN V
VHH )LIXUH 7KH XQNQRZQ JURXS UHIHUV WR WKH
MXYHQLOHV WKDW KDG QRW KDG WKHLU VH[ GHWHUPLQHG !
$Q XQH[SHFWHG ILQGLQJ ZDV WKDW WZHOYH ELUGV IUF
GLVDSSHDUHG ZLWKLQ GD\V RI UHOHDVH EXW UHDSSHDUH

UHVLGHQWY RQ WKH LVODQG ORUH WKDQ KDOI RI WKHVH E



RI UHOHDVH ZLWK D PHDQ WLPH WR GLVDSSHDUDQFH RI VL
ZDV QRW DOZD\V UHFRUGHG H[DFWO\ EXW YDULHG IURP VH®
PHDQ RI PRQWKY 7KH SURSRUWLRQ RI ELUGY WKDW GL\
UHOHDVH ZDV DSSUR[LPDWHO\ HTXDO LQ NQRZQ PDOHYV
EXW WKHUH ZDV D QRWLFHDEOH VH[ GLIIHUHQFH L
UHDSSHDUHG RI NQRZQ PDOHYV FRPSDUHG ZLWK
, VXJIHVW WKDW VXFFHVVIXO UHWXUQ WR WKH WUDQ\
EH PRUH OLNHO\ RQ ORWXWDSX WKDQ LQ RWKHU SDUWYV R
DSSUR[LPDWHO\ IRUW\ ZLOGOLIH VDQFWXDULHY DURXQG Wi
LOQWURGXFHG PDPPDOLDQ SUHGDWRUYV
, bOVR VXJIJHVW WKDW GLITHUHQWLDO UHWXUQ WR VHW
D SRVVLEOH PHFKDQLVP FRQWULEXWLQJ WR WKH PDOH ELD
ORWXWDSX SRSXODWLRQ SULRU WR WKH EUHHGLQJ VH
MXVW WKH FRKRUWY UHOHDVHG IURP * WKH SURSRUYV
GD\V RI UHOHDVH ZDV DJDLQ DSSUR[LPDWHO\ HTXDO LQ PD
DQG WKH SURSRUWLRQ WKDW UHDSSHDUHG WR VHYV

Rl PDOHYV FRPSDUHG ZLWK RI l[HPDOHYV

30DFH RI RULJLQ

7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH S LQ SL
WLPH EHWZHHQ WKH WZR SODFHV RI RULJLQ VHH )LIXUH
WKH GLVWDQFHV LQYROYHG ORWXWDSX LV DSSUR[LPDWHO'
NP QRUWK RI ,:7 VHH 30DWH 7IWXUXDWX KDYH EHHQ N
GLVWDQFHV WR UHWXUQ IURP UHOHDVH VLWHV WR WKH IDF
:DLNDZD ,VODQG WR 1:& NP DQG IURP 0DQD ,VODQG WF

2 &RQQRU 7KHVH H[DPSOHV PD\ UHSUHVHQW 3KRPLQ.



UDWKHU WKDQ 3H[SORUDWLRQ  IURP WKH UHOHDVH VLWH /
WUDQVORFDWLRQ GLVSHUVDO PD\ EH GULYHQ E\ GLIIHUHQV
5LEFKDUGVRQ (ZHQ DQG PD\ UHVXOW LQ EHKDYLRXU W
DQG VEDOH IURP 3QDWXUDO’ GLVSHUVDO 'LENHQV HW DO

KLJK VXUYLYDO DQG QRQ GLVSHUVDO UDWH UHSRUWHG LC
EHWZHHQ DQG RI Q 'RZGLQJ UDLVHV Wi

SRVVLELOLW\ RI FDSWLYH UHDULQJ RQ WKH LVODQG LQ DQ
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900 km
SODWH$RWHDURD VKRZLQJ EUHHGLQJ FHQWUHYV 3XNDKD 1
IDWLRQDO :LOGOLIH &HQWUH ¢(WXDWDKL ,:7 ,VDDF :LOG
$OVR VKRZQ DUH WKH VLWHV RI ZLOG SRSXODWLRQV RI WIV
DQG WKH &KDWKDP ,VODQGYV

5HDULQJ PHWKRG
7KHUH ZDV QR VLJQLILSSDQW GRQIWKH@RHREDELOLW\ RI C
RYHU WLPH EHWZHHQ WKH WZR UHDULQJ PHWKRGV DUWLIL

UHDULQJ VHH )LIJXUH



$JH DW UHOHDVH
7KH UHODWLRQVKLS EHWZHHQ WKH SUREDELOLW\ RI GH
UHOHDVH ZDV QRW VWDWLVWLFNMBE\)VIIQHLFDOWZHYHU W

ELQRPLDO GLVWULEXWLRQ FXUYH ZDV VXJJHVWLYH RI D WU

ELUGY UHPDLQLQJ REVHUYDEOH GHFUHDVLQJ WR RI WK
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JLIXUH 7KH SUREDELOLW\ RI GHWHFWLRQ GXULQJ WKH G
DJH DW UHOHDVH LQ GD\V %LQRPLDO GLVWULEXWLRQ FXUY

7KH \RXQJHU FKLFNV UHOHDVHG EHVW PDWFK WKH QDW
WKLV VSHFLHV 7IWXUXDWX RQ +RNRUHUHRUR UHDFKHG LQ
‘DYLV E 7KH WLPH WR IOHGJLQJ YDULHG EHWZHHQ D
VWD\ ZLWK WKHLU SDUHQWV IRU = GD\V ZLWK WKRVH WD
UHPDLQLQJ ZLWK WKHLU SDUHQWYV IRU D VKRUWHU WLPH 7

DIWHU IOHGJLQJ EHVW DSSUR[LPDWHYV WKH QDWXUDO VLWX

FKDQFH RI VXFFHVV



,OQWHUHVWLQJO\ DGXOW WIWXUXDWX KDYH DOVR EHHOQ
RQ ORWXRUD DQRWKHU LVODQG LQ WKH +DXUDNL *XOIl LQ
SURSRUWLRQ RI DGXOWYV WKDQ MXYHQLOHY UHPDLQHG GHW

PRQWK RI DGXOWYV FRPSDUHG ZLWK RI MXYHQLO

SHOHDVH GDWH
7TKHUH ZDV D VLJQLILF®PQW UHMDWIHHQVEBEUREDELOLW\ R
GHWHFWLRQ RYHU WLPH DQG WKH UHOHDVH GDWH VHH )LJ
LQGLFDWHYV D GHFUHDVH LQ WKH OLNHOLKRRG RI GHW

DIWHU WKH VXPPHU VROVWLFH 7KH ELQRPLDO GLVWULEXW

WKH WUHQG ZLWK FORVH WR RI ELUGY LQ WKH LQ WKH H
GHWHFWDEOH GHFUHDVLQJ WR LQ WKH ODWHVW UHOHD
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JLIJXUH 3UREDELOLW\ RI GHWHFWLRQ GXULQJ WKH GD\ S|
UHOHDVH GDWH GD\V DIWHU VXPPHU VROVWLFH %LQRPLD

VKDGHG



-XYHQLOH WIWXUXDWX WUDQVORFDWHG WR ORWXWDS X
GHWHFWDEOH RQ WKH LVODQG ZKHQ UHOHDVHG LQ -DQXDU
UHOHDVHG LQ ODUFK RU $SULO -DQXDU\ LV WKH SHDN RI W
WKDW EHVW PDWFKHV WKH IOHGJLQJ RI ZLOG KDWEFKHG WIV
LVODQG ,Q WKH EUHHGLQJ VHDVRQ , REVHUYHG HJJV IURP
EHWZHMQRYHPEHU WOIGHPEHU ZLWK VXUYLYLQJ FKLENV HJ[!
LQ -DQXDU\

7KHVH ILQGLQJV VXJIJHVW WKDW WKH WLPLQJ Rl UHOHD
LQ WUDQVORFDWLRQ VXFFHVV LQ MXYHQLOH WIWXUXDWX &
EUHHGLQJ HQFRXUDJHV SDLUV WR UH QHVW E\ UHPRYLQJ F
DQG UHDULQJ ZLWK WKH UHVXOW WKDW FDSWLYH SDLUV K
FOXWEFKHV LQ D VHDVRQ 7KHVH ILQGLQJV VXJIJHVW WKDW F
PRUH HPSKDVLV RQ WKH WLPLQJ RI UHOHDVH PLJKW OHDG

RXWFRPHYV

2WKHU SRVVLEOH GULYHUV RI GLVSHUVDO RI WIWXUXDWX |

,QGLJHQRXV UDQJH

ORWXWDSX LV DSSUR[LPDWHO\ NP QRUWK RI WKH GR
RI WIWXUXDWX VHH ODWHU LQ WKLV FKDSWHU IRU PRUH G
WKH LQGLJHQRXV UDQJH WHQG WR DFKLHYH WKH KLJKHVW
$OORZLQJ IRU FOLPDWH FKDQJH WKH UHFRPPHQGDWLRQ VI
WR VLWHV LQ WKH FRROHU HQG RI WKH LQGLJHQRXV UDQJH

GLVWDQFH RI ORWXWDSX IURP WKH LQGLJHQRXV UDQJH LV



SUHVHQFH RI SUHGDWRUYV

7KH SUHVHQFH RI HDVLO\ GHWHFWHG DYLDQ SUHGDWRL
KDUULIHWF XY DSSURQBDUXWX PRORFRRIRNYDHVHRADDDREWDH
DV D GULYHU IRU GLVSHUVDO ,W ZDV VXJJHVWHG WKDW WL

QHDUE\ ORWXRUD DV D UHVSRQVH WR QRFWXUQDO KDUDVVI

SUHVHQFH RI FRPSHWLWLYH FRQJHQHUYV

7KH SUHVHQFH RI WIWXULZKDWX QREWHKUBDN@UUMNE EUHD
DTXLOR@L®O®WVWUJHU FRPSHWLWLYH FRQJHQHU PD\ EH D GULY
VSHFLHY LQWHUDFW IUHTXHQWO\ P\ EHKDYLRXUDO REVHUY
DSSUR[LPDWHO\ KDOI RI DGXOW WIWXUXDWX GLVSOD\ EHKD

WR WIWXULZKDWX VHH &KDSWHU 7ZR

SUHVHQFH RI FRQVSHFLILFV

7KH SUHVHQFH RI FRQVSHFLILFV LV XQOLNHO\ WR DFW
&KDWKDP ,VODQGV WIWXUXDWX UDUHO\ GLVSHUVH IURP +R
WKRXJK WKHUH LV D PXFK JUHDWHU SRSXODWLRQ GHQVLW\
WUDQVORFDWLRQV WR QHDUE\ 0DXQJY 5+ WIWXUXDWX XVXI
'RZGLQJ 2 &RQQRU &RQYHUVHO\ WKH SUHVHQFH RI
DV D GULYHU WR VHWWOH DV MXYHQLOH WIWXUXDWX KDYH

SDUHQWYV IRU D YDULDEOH WLPH * GD\V DIWHU IOHGJLQ

SHVRXUFH DYDLODELOLW\

7TKHUH DSSHDU WR EH DGHTXDWH UHVRXUFHV RI IRRG |
ORWXWDSX DV HYLGHQFHG E\ WKH HVWDEOLVKPHQW DQG St
DQG P\ REVHUYDWLRQV RI D ORZ DGXOW IRUDJLQJ WLPH EX

SRSXODWLRQ RQ +RNRUHUHRUR $ 'DYLV O\ REVHUYD



IRUDJLQJ WLPH EXGJHW ZHUH FRPSDUDEOH WR WKH IDYRXL
+RNRUHUHRUR $ 'DYLV VXJIJHVWLQJ WKDW IRRG UHVR
QHFHVVDU\ IRU FKLENV DUH QRW OLPLWLQJ IDEFWRUV 7KH |
RI LVODQG ERUQ MXYHQLOH WIWXUXDWX 'RZGLQJ LV |

RQ ORWXWDSX DUH DGHTXDWH

+LVWRULFDO DQOG VXEIRVVLO UHFRUGV RI WIWXUXDW X

ODLQODQG $RWHDURD 7H :DLSRXQDPX DQG 7H ,ND D 0—XL

2XU NQRZOHGJH RI WKH GLVWULEXWLRQ RI WIWXUXDW X
DUULYDO RI KXPDQV LV OLPLWHG 8QWLO UHFHQWO\ PDQ\ |
DVVXPHG WKDW WKH VSHFELHV ZDV ZLGHO\ GLVWULEXWHG D
LVODQGYV 7H :DLSRXQDPX DQG 7H ,ND D 0—XL +RZHYHU W
HYLGHQFH IRU WKLV LV VSDUVH $ VLQJOH VSHFLPHQ UHIHL
&KDUDGULXV WRON FBWR®BPWHG E\ -RKDQQ %HMISQKROG )RUV

DW 'XVN\ 6RXQG LQ WKH VRXWKZHVW RI 7H :DLSRXQDPX
&RRNYJV VHFRQG YR\DJH WR $RWHDURD )RUVWHU +RDUH
FHUWDLQO\ WKH VDPH VSHFLPHQ ZDV SDLQWHG E\ )RUVWHL
QDWXUDOLVW DQG QDWXUDO KLVWRU\ GUDXJKWVPDQ RQ W
LQFRUUHFWO\ DVVXPHG WR KDYH EHHQ FROOHFWHG IURP 4
IDWKDP ZKR GHVFULEHG WKH QHZ VSHFLH&KDVUDKH. XHMZ =H
QRYDHVHHODBGEDH 1R PHQWLRQ LV PDGH RI WIWXUXD
FROOHFWHG DW 4XHHQ &KDUORWWH 6RXQG GHVSLWH WKH
4XHHQ &KDUORWWH 6RXQG LV DSSUR[LPDWHO\ NP GLVWLE

QRUWK HDVW DVSHFW RI 7H :DLSRXQDPX ,W DSSHDUV WKD



WKH DVVXPSWLRQ WKDW WKH VSHFLHV ZDV ZLGHVSUHDG D
':DLSRXQDPX DQG SHUKDSV E\ H{IWHQVLRQ WKH ZKROH RI $I

$ VHFRQG VLQJOH VSHFLPHQ ZDV FROOHFWHG GXULQJ "
DQG 7HUURU IURP WKH $XFNODQG ,VODQGV LQ - 5LFKD
ELUG SRVVLEO\ D MXYHQLOH LV DVVXPHG WR KDYH EHHQ |
DV WR LWV SODFH RI FROOHFWLRQ 7XUERWW 7KH VDF
VLIJKWLQJ RI D SDLU RQ WKH 2WDJR FRDVW E\ (DUO ZKR Gkt
UDUH" - 5LFKDUGVRQ *UD\ 3RWWY DOVR GHVFULEH\
VDPH DUHD SUREDEO\ LQ 3RWWYV 7KH VSHFLHV DC
ZLOGOLIH LQ WKH 2NDULWR GLVWULFW RI :HVWODQG LQ
VLIKWLQJV RU VSHFLPHQV DUH PHQWLRQHG ,Q DGGLWLRQ
IURP ZK+NDX O DXJIlKQRYJIDREQVDWHNIVLQ WKH :DLNDUL 9DOOH\
&DQWHUEXU\ DUH HYLGHQFH RI WIWXUXDWX GLVWULEXWLR
+RORFHQH \HDUV % 3 :RUWK\ +ROGDZD\ , KD’
UHFRPPHQGHG UHFODVVLILFDWLRQ RI ZK6NBX RUBRXYKH PR
WKH JHIQQWRRRG HW DO

W UHPDLQV XQFOHDU ZKHWKHU WIWXUXDWX HYHU H[LV
KLV 30DQXDO RI WKH %LUGV Rl 1HZ =HDODQG ' EULHIO\ GHVI
S%RWK ,VODQGV' %XOOHU ,Q KLV ODWHU ZRUN 3$ +LV
=HDODQG  %XOOHU ZURWH 37LOO RI ODWH \HDUV WKLV KD
RI YHU\ UDUH RFFXUUHQFH« DQG PHQWLRQHG WKUHH VSHF
WKHP IURP WKH &KDWKDP ,VODQGV +H ZHQW RQ WR ZULWH
LQFUHDVHG DFWLYLW\ RI RUQLWKRORJLFDO UHVHDUFK LQ \
EH FRPSDUDWLYHO\ SOHQWLIXO RQ YDULRXV SDUWV RI RXU

PRXWK RI WKH 3LDNR ULYHU LQ WKH +DXUDNL *XOI WKH E|



DQG WKH VDQG VSLWV RIlI 7DXUDQJD DUH VRPH RI WKH ORF
PHW ZLWK LQ WKH VSULQJ DQG DXWXPQ ~ %XOOHU

7KLV UHSRUW LV QRZ FRQVLGHUHG GRXEWIXO E\ VRPH

7XUERWW ':RRGOH\ 2QH SRLQW LV WKDW WIW:
VSULQJ 7KH\ FRXOG DOVR EH FRQIXVHG ZLWK D UHWXUQLQ
$UHQDULD LDWHUSRIHM TV GHVFULSWLRQ LQGLFDWHYV 32Q
30RYHU LV UHPLQLVFHQW RI WKH 7XUQVWRQH WKH ZLQJ S
FROODU RUDQJH OHJV DQG JHQHUDO PDQQHU RI IOLJKW E}

,Q DGGLWLRQ , KDYH EHHQ XQDEOH WR ILQG DQ\ UHFF

DFFRXQWV PLGGHQ RU VXEIRVVLO UHPDLQV RI WKH VSHFL

7TKH &KDWKDP ,VODQGV

7KH &KDWKDP ,VODQGYVY OLH DSSUR[LPDWHO\ NP HDV!
7KH GDWH RI KXPDQ DUULYDO LV XQNQRZQ EXW LV HVWLPD
$W WKDW WLPH WIWXUXDWX ZHUH SUREDEO\ ZLGHVSU}
ZHUH FHUWDLQO\ SUHVHQW RQ WKH VRXWK ZHVWHUQ DVSH

LQGLFDWHG E\ VXEIRVVLO UHPDLQV ODUVKDOO 6FDUOHWMW



Western Reef i

Maung"Re

4 ‘Rangihauie

iHoIao rereoro

3ODWH7KH &KDWKDP ,VODQGYV

'LVFRYHU\ RI D QHZ SRSXODWLRQ

JRU PRVW RMRMHIQHW XU\ LW ZDV EHOLHYHG WKDW WKH U}t

+ WIWXUXDWX ZDV FRQILQHG WR +RNRUHUHRUR 'RZGLC

D VPDOO DSSDUHQWO\ LVRODWHG SRSXODWLRQ RI DEF

RQ :HVWHUQ 5HHI D WLQ\ KHFWDUH UHHI DSSUR[LPDWHC

+RNRUHUHRUR 6DZ\HU DQG GH /DQJH GHVFULEHG WKH SK\\

SORVW RI WKH UHHI LV VXEMHFW WR WLGDO ZDVK DQG WKD

DSSUR[LPDWH PHDQ KLJK WLGH PDUN LV PRVWO\ RI VXFK O]
VXEPHUJHG DQG ZDYH VZHSW LQ RQO\ PRGHUDWH VZHOOV

FUD\ILVKHUPHQ WKH ZKROH UHHI LV IUHTXHQWO\ ZDYH VZ}F

VHYHUH VWRUPV LW FDQ EH FRPSOHWHO\ VXEPHUJHG" GH |,

"KHWKHU EHFDXVH RI WKH LQFOHPHQW FRQGLWLRQV RU DC

UHHI WKH WIWXUXDWX SRSXODWLRQ GHFOLQHG ZLWK WKH

LQ 'RZGLQJ HW DO



6XPPDU\ Rl GRFXPHQWHG GLVWULEXWLRQ RI WIWXUXDW X

7R VXPPDULVH WKH GRFXPHQWHG GLVWULEXWLRQ RI W
KLVWRULFDO DQG VXEIRVVLO UHFRUGY WKH VSHFLHV ZDV
:DLSRXQDPX 'XVN\ 6RXQG SUHVHQW LQ WKH HDVW RI 7H :
FRDVWDO 2WDJR DQG QRUWK &DQWHUEXU\ DQG SUHVHQW I

OLWWOH WR QR FRQYLQFLQJ HYLGHQFH WIWXUXDWX ZHUH |

/KH LPSDEW RI LOWURGXEFHG PDPPDOLDQ SUHGDWRUYV

7KH HYROXWLRQ RI WKH DYLIDXQD RI $RWHDURD LQ WK
PDPPDOV DQG WKHLU VXVFHSWLELOLW\ WR PDPPDOLDQ SU
LOQWURGXFWLRQ LV ZHOO GRFXPHQWHG HJ 'RZGLQJ O0OXU:
UHODWLYHO\ VPDOO VKRUHELUGY QHVW RQ WKH JURXQG D
KDYH FRYHUHG QHVWY DQG KDYH GHIHQFH EHKDYLRXUV LC
DWWDFNLQJ LQWUXGHUV DOO IDFWRUV WKDW PDNH WKHP |

7KH ILUVW WZR PDPPDOLDQ SUHGDMWRWW X W KEX@ERWH 3
WKH NXU~ 3RO\QB@LDQDPRDHDHLWQWURGXFHG WR $RWHDUR
DJR E\ 3RO\QHVLDQ VHWWOHUV 7KH HIIHFW RI NLRUH SUHG
XQNQRZQ EXW H[SHULHQFH ZLWK RWKHU FRDVWDO JURXQG
KDYH EHHQ VLJQLILFDQW ,Q ODURWHUH WKH +HQ DQG &KL
3\FURIW V 33MMURHE0J R P DD §\G WORIMWW O H3XKIH Q M ¥ DDAWVH/W P LO LV
KDXUDNLEDWIPHDVXUHG EHIRUH DQG DIWHU WKH UHPRYDO |
3LHUFH BURGXFWLYLW\ ZDV VLJQLILEDQWO\ ORZHU IR
RI NLRUH GRZQ WR DOPRVW WRWDO IDLOXUH LQ VRPH \HDL
VKHDUZDWHU EXUURZV GRFXPHQWHG SUHGDWLRQ RI HJJV E

FDXVH RI XS WR RI WKH QHVW IDLOXUHV %RRWK OLQRW



JXUWKHU VRXWK RQ +DXWXUX R 7RL /LWWOH %DUULHU ,VO
RQ FKLFNV RI &RRWHURBWR PABRERRWNLEXWHG WR IDLOXUH
EXUURZV LQ WKUHH \HDUV RI PRQLWRULQJ EHWZHHQ D Q
VSHFLHV RQ :KHQXD +RX &RGILVK ,VODQG DFKLHYHG RYHL
UHPRYDO RI NLRUH $WNLQVRQ TRZQV

.LRUH ZHUH LQWURGXFHG WR WKH &KDWKDP ,VODQGV E
ODWLVRR 6PLWK 6XWWRQ /DGHIRJHG /DPEHUW $O0OHQ
S5*NRKX EXW GR QRW DSSHDU WR KDYH HVWDEOLVKHG RQ W
JURXS 7HQQ\WRQ OLOOHQHU 7TKH FRPELQHG HIIHFWYV
PRGLILFDWLRQ DQG NLRUH SUHGDWLRQ GHYDVWDWHG WKF

RI WKH RULJLQDO WHUUHVWULDO DYLIDXQD ZHUH H[WL
EHWZHHQ WKH DUULYDO RI WKH ILUVW KXPDQV DQG DERXW
2WKHUV LQFOXGLQJ WKH WIWXUXDWX ZHUH H[WLUSDWHG

UHPQDQW SRSXODWLRQV RQ WKH VPDOOHU LVODQGYV

7KH HIWLUSDWLRQ Rl WIWXUXDWX IURP 5¢+NRKX DQG 7H :DL¢

7KH GRFXPHQWHG H[WLUSDWLRQ RI WIWXUXDWX IURP 5
VXJIJHVWYVY WKDW D VLPLODU SURFHVYV PD\ KDYH RFFXUUHG
:DLSRXQDPX .LRUH ZHUH LQWURGXFHG WR 7H :DLSRXQDPX
3RO\QHVLDQ VHWWOHUV VHYHUDO FHQWXULHY HDUOLHU Wt

7KH WLPH RI DUULYDO RI WKH ILUVW VHWWOHUYV LV XQ

\HDUV DJR $UFKDHRORJLFDO HYLGHQFH VXSSRUWYV D UD
DURXQG WKH FRDVWOLQH RI $RWHDURD 7KH YDVW SURWHL
DOORZHG UDSLG LQFUHDVHY LQ ERWK KXPDQ DQG NLRUH S|

+ROGDZD\



6RPH DXWKRUV KDYH OLQNHG WKH H[WLUSDWLRQ RI Wi
WR WKH LQW U R G)XON VREDGEK KIRW ¥ D5 CUDWXY QR WHYBHLILFXV
'RZGLQJ OXUSK\W FHUWDLQO\ RFFXUUHG EHIRUH WKH VSL
5DWWXV U@ WM XWVLSRXQDPX DQG WKH LOQWURGXFWLRQ RI V
VSHELHV VWR DYWWW HODUMHWIRZHDXMOWOD QRYWRHY V
+RZHYHU WKH KLVWRULFDO UHFRUGV IURP WKH V FRQVL
2WDJR FRDVW E\ (DUO ZKR GHVFULEHG WKH VSHFLHV DV 3Y
*UD\ DQG WKH VLIKWLQJ RI WKUHH SDLUV E\ 3BRWWV L
3RWWYV ,W VHHPV OLNHO\ WKDW WIWXUXDWX LI Q
GHFOLQH IURP SUHGDWLRQ E\ NLRUH EHIRUH WKH DUULYDO
7KH UHPDLQLQJ WIWXUXDWX RQ 7H :DLSRXQDPX IDFHG
DYLDQ SUHGDWRUV DEVHQW IURP WKH &KDWKDP ,VODQGYV
KDYH SUHGDWHG WIWXUXDWX WKH QRZ H[WLQFW ZK+NDX
WKH UXUX $LNPDQ ,QWHUHVWLQJO\ WKH UXUX ZKLOFE
IRUHVWHG DUHDV RI $RWHDURD LV XQFRPPRQ RQ WKH 2WD
GREXPHQWHG VLJKWLQJV RI WIWXUXDWX RQ WKH PDLQODQ ¢
,Q WKH &KDWKDP ,VvODQGVY FDWV DQG 1RUZD\ UDWV ZH
J)LW]JHUDOG ORRUV EXW WIWXUXDWX KDG QR!
HDUOLHU (XURSHDQ VHWWOHUV 7IWXUXDWX VXUYLYHG RQ
5DQJLKDXWH ZKHUH WKH\ ZHUH UHSRUWHG E\ 7UDYHUV LQ
DQG RQ +RNRUHUHRUR + WKH HYHQWXDO VWURQJKROG
&DWV ZHUH LQWURGXFHG WR 0DXQJY 5« LQ WKH HDUO\ Vv
SUHVHQW LQ JRUEHYV ZHUH ODVW VHHQ WKHUH LQ

ZHUH DOVR LQWURGXFHG WR 5DQJLKDXWH ZKHUH WKH\ UHP



SUHGDWRU VSHFLHV WRGD\ 7IWXUXDWX KDYH QRW HVWDEC

WKH RFFDVLRQDO VWUDJJOHU LV UHSRUWHG )OHPLQJ

SUHGDWRU )UHH

$ PDMRU LQLWLDWLYH LQ $RWHDURD WKDW FRXOG WUD
PDQDIJHPHQW IRU WUDQVORFDWLRQV DQG ZLOGOLIH PDQD.
JUHH SURJUDP 7KH FRPELQDWLRQ RI SROLWLFDO ZLOO
WHFKQRORJLHY DOORZ IRU DW OHDVW WKH DVSLUDWLRQ RI
PDPPDOLDQ SUHGDWRUV IURP WKH ZKROH RI $RWHDURD 7K
IRUW\ SHVW IUHH VLWHYV FRQVLVWLQJ RI UHODWLYHO\ VPDC
SURWHFWHG E\ SUHGDWRU SURRI IHQFLQJ $V WKH 3UHGDW
PRPHQWXP LW LV SRVVLEOH WR LPDJLQH WKH HUDGLFDWLI
WKH ODUJHU LQKDELWHG LVODQGV RI $RWHD *UHDW %DUU
&RURPDQGHO 3HQLQVXOD 7KLV ZRXOG FUHDWH VXEVWDQW
HQGHPLF VSHFLHVY LQFOXGLQJ WUDQVORFDWHG WIWXUXDW
WKH DGYDQWDJH WKDW HDFK LVODQG LV IUHH RI RQH LPSR

DQG WKH EUXVKWDLEKERXUXK RROBHKKAHE

&DW HUDGLFDWLRQ IURP 5DQJLKDXWH

,Q WKH &KDWKDP ,VODQGV WKH HUDGLFDWLRQ RI D VL
2 |[URP 5DQJLKDXWH ZRXOG PDNH DYDLODEOH VXEVWDQWLD
UHPQDQW WIWXUXDWX SRSXODWLRQ RQ DGMDFHQW +RNRUF
NLORPHWUHV LV IDU ODUJHU WKDQ +RNRUHUHRUR DW K
DQG FDWV DUH WKH RQO\ PDPPDOLDQ SUHGDWRU VSHFLHV
SURJUDP RQ 6W +HOHQD ,VODQG LQFUHDVHG QHVW VXUYL)

+HOHQD S&OKDYMHGULXV VDQEWBPRWHOMKIDMHWKUHHIROG LQ R«



DUHD EXW RQO\ PDUJLQDOO\ LQ DQRWKHU DUHD 7KH GLIIF
SUHVHQFH RI UDWV LQ WKH VHFRQG DUHD ZKLFK LQFUHDVI
RQFH WKH DSH[ SUHGDWRU ZDV UHPRYHG 2SSHO HW DO

DFWLRQ RI HUDGLFDWLQJ FDWV RQ 5DQJLKDXWH PD\ ZHOO

WIWXUXDWX VXUYLYLQJ DV D VSHFLHV LQ WKH PHGLXP WHU

{UDOVORFDWLRQ UHLOWURGXEFWLRQ RU DVVLVWHG FRORQ

7KH KLVWRULFDO HYLGHQFH VWURQJO\ VXJJHVWYV WKD\
LVODQGY DURXQG 7H ,ND D 0—XL LV DQ H[DPSOH RI 3DVVLV'
RUJDQLVPV DUH UHOHDVHG RXWVLGH WKHIHL QWHIRIGHXORXIVR
ZKHUH WKH UHOHDVH LV LQVLGH WKHLU LQGLJHQRXV UDQJI
FRQVLGHUDWLRQ $VVLVWHG FRORQLVDWLRQ LV PRUH FRQ\
UHLQWURGXFWLRQ $UPVWURQJ 6HGGRQ 6HGGRQ HW
WKH FRUH RI VSHFLHVY LQGLJHQRXV UDQJHYV DUH JHQHUDO!
WKH SHULSKHU\ RI RU RXWVLGH LQGLJHQRXV UDQJHV *UL
IRU DVVLVWHG FRORQLVDWLRQ LV WR FRXQWHUDFW WKH HI
WUDQVORFDWH D VSHFLHVY WR D FRROHU ODWLWXGH WR RII
ZDUPLQJ W ZRXOG DSSHDU WR EH FRXQWHU SURGXFWLYH
VSHFLHVY WR D ZDUPHU ODWLWXGH 'HVSLWH WKLV ORJLF V
JURZWK DQG SHUVLVWHQFH RI D SRSXODWLRQ RI WIWXUXD
FRDVW RI 7H ,ND D 0—XL DV SDUW Rl '2&YV UHFRYHU\ SURJL
VSHFLHVY FDQ WKULYH DW WKLV ODWLWXGH

$VVLVWHG FRORQLVDWLRQ DOVR WHQGV WR IRFXV RQ \
WKDQ DQ HFRV\VWHP /XQW HW DO , W PD\ EH WKDW W

SURYLGHG E\ WKH RUJDQLVP LQ LWV LQGLJHQRXV UDQJH DI



UDQJH RU DUH SURYLGHG E\ RWKHU VSHFELHV $ PRYH RXWV
DOVR EULQJ DQ RUJDQLVP LQWR FRQWDFW ZLWK QHZ FRPSH
GLVHDVHV $OWHUQDWLYHO\ VXFK D PRYH FRXOG H[SRVH L
FRPSHWLWLRQ RU SUHGDWLRQ E\ WKH FRORQLVW VSHFLHV
ZLWK LQ $RWHDURD ZKHUH LQWURGXFHG PDPPDOV DQG ELL

HQGHPLF VSHFLHV

6XPPDU\ DOG ZLOGOLIH PDODJHPHQW UHFRPPHQGDWLRQV

ORVW Rl WKH MXYHQLOH WIWXUXDWX UHOHDVHG RQ OR)
ZLWKLQ D IHZ GD\V RI UHOHDVH DOPRVW RQH WKLUG
LQ GHWHFWDEOH QXPEHUV RFFXUUHG GXULQJ WKH SHULRG
HVWDEOLVKHG WIWXUXDWX KDELWDW DQG DOO EHDFKHV LC
EHLQJ FORVHO\ PRQLWRUHG 1R HYLGHQFH RI SUHGDWLRQ
ZDV VHHQ WKURXJK WKLV SHULRG :KLOH WKLV GRHV QRW }
LVODQG IDWDOLWLHYVY RFFXUUHG LW LV OLNHO\ WKDW WKH
DOO FDVHV ZDV GLVSHUVDO :KHQ WKH GDWD IURP DOO
EHWZHHQ DQG ZHUH FRQVLGHUHG WUDQVORFDWLRQ
FKDUDFWHULVHG LQLWLDOO\ E\ WKH UDSLG GLVDSSHDUDQF
YDOXH DW GD\V DOWKRXJK WKHUH ZDV FRQVLGHUDEOH Y
ILQGLQJV VXIJIHVW WKDW D IRFXV RQ UHVHDUFKLQJ DQG UF
IXWXUH WUDQVORFDWLRQ SURMHFWY LQ WIWXUXDW X

5HOHDVH GDWH ZDV WKH RQO\ SUHGLFWRU LQYHVWLJD
UHODWLRQVKLZLWK WKH SUREDELOLW\ RI GHWHFWLRQ LQ
WUDQVORFDWLRQ SHULRG 7KHUH ZDV D GHFUHDVH LQ WI

HDFK DGGLWLRQDO GD\ DIWHU WKH VXPPHU VROVWLFH 7KL



ZLOG KDWFKHG WIWXUXDWX IURP ILUVW FOXWFKHV RQ WKH
IOHGJH LQ -DQXDU\ &XUUHQW PDQDJHPHQW SROLF\ IRU ED.
WR SURGXFH PXOWLSOH FOXWFKHV ZLWK SURGXFWLRQ H[W
ILQGLQJV VXJIJHVW WKDW D VKRUWHU FDSWLYH EUHHGLQJ
HDUO\ LQ WKH \HDU ZRXOG UHGXFH GLVSHUVDO DQG OHDG

7UDQVORFDWLRQ RI WIWXUXDWX WR ORWXWDSX LV OLN
FRORQLVDWLRQ UDWKHU WKDQ 3UHLQWURGXFWLRQ" DV W
GRFXPHQWHG ODWLWXGLQDO UDQJH RI WKH VSHFLHV $VVL
FRQWURYHUVLDO DQG LQKHUHQWO\ ULVNLHU WKDQ UHLQW!
DQ HFRV\WVWHP UHVWRUDWLRQ DSSURDFK 7KH HUDGLFDWLF
DOORZ UHLQWURGXFWLRQ RU QDWXUDO FRORQLVDWLRQ RI
DUHD RI KDELWDW LQ WKH KHDUW RI WKHLU LQGLJHQRXV U

WHUP YLDELOLW\ RI WKH VSHFLHYV






&+3$37(5 ),9(

6XPPDU\ DQG FRQVHUYDWLRQ LP¢

SODWHODOH WIWXUXDWX RQ ORWXWDSX $RWHDURD ,PDJH



,1752'8&7,21

7KH WIWXUXDWX WFKIUZEKDOWRUQKRUIRSDORVHHODQGLD*H
HQGDQJHUHG VKRUHELUG HQGHPLF WR $RWHDURD 1HZ =HLC
SRSXODWLRQ RI DSSUR[LPDWHO\ EUHHGLQJ SDLUV DSSHEC
+RNRUHUHRUR 5DQJDWLUD B6RXWK (DVW ,VODQG D VPDOC
JURXS 6LQFH HIIRUWY WR WUDQVORFDWH FDSWLYH EUF
VDQFWXDULHV IUHH RI LQWURGXFHG PDPPDOLDQ SUHGDWR
7KLV VWXG\ LQYHVWLIJDWHG WKH EHKDYLRXUDO HFRORJ\ R
RQ ORWXWDSX DQ LVODQG LQ WKH +DXUDNL *XOl QHDU 7—1
ZHUH HLWKHU VXUYLYRUV Rl RU GHVFHQGHG IURP FDSWL

EHWZHHQ DQG

7E7858%$78 %5((',1* 6($621 %(+$9,285

7TKH EHKDYLRXU RI HDFK EUHHGLQJ SDLU DQG WKHLU F
UHFRUGHG HYHU\ WZR PLQXWHY DW WKHLU QHVW VLWH RU
WKH ODVW FKLFN KDG IOHGJHG D WRWDO RI DOPRVW |
UHFRUGLQJV RI WKH QHVW VLWH DQG VXUURXQGLQJ DUHD I
%HKDYLRXUDO WLPH EXGJHWYV ZHUH FRQVWUXFWHG IRU DG
FRPSDULVRQ EHWZHHQ VH[HV SKDVHV RI WKH EUHHGLQJ VI
ORWXWDSX SRSXODWLRQ DQG SXEOLVKHG UHSRUWYV RQ WKI

DFWLYLW\ ZzDV REVHUYHG DQG FLUFD WLGDO HIIHFWV RQ EI



/LPH EXGIJHW FRQVWUXFWLRQ

SURSRUWLRQDO WLPH EXGJHWYV ZHUH FDOFXODWHG IRL
DGGLQJ WKH QXPEHU RI REVHUYDWLRQV RI WKH EHKDYLRXL
GLYLGLQJ E\ WKH WRWDO QXPEHU RI REVHUYDWLRQV PDGH
PHDQ SURSRUWLRQDO WLPH EXGJHW ZDV VLPSO\ WKH PHDQ
WKH GDWD VHW EHLQJ FRQVLGHUHG ZKHWKHU WKH ZKROH
EUHHGLQJ VHDVRQ RU VPDOOHU JURXSLQJV E\ VH[ RU SKD
PHWKRGRORJ\ ZDV QRW IHDVLEOH IRU FKLFENV DV WKH\ ZHU
7TKH GDWD IRU WKH FKLFENV RI HDFK EURRG ZHUH DJJUHJDW
FDOFXODWHG DV WKH PHDQ SURSRUWLRQ RI WLPH HDFK EU

EHKDYLRXUDO FDWHJRULHYV

$GXOW WIWXUXDWX EUHHGLQJ VHDVRQ WLPH EXGJHWYV

$GXOW WXWXUXDWX KDG PHDQ WLPH EXGJHWYV IRU IRULIL
DQG : LQ PDOHV DQG IRU LQDFWLYH EHKDYLRXU RI

‘ LQ PDOHV 7KHVH ILJXUHVY DUH UHODWLYHO\ ORZ |
LODFWLYH EHKDYLRXU ZKHQ FRPSDUHG WR SXEOLVKHG UHZS
-RKQVRQ %DOGDVVDUUH 1RO HW DO DQG WKH V
+RNRUHUHRUR 5DQJDWLUD 6RXWK (DVW ,vODQG $ 'DYLV
DUH OLPLWHG SORYHUV FDQ EH H[SHFWHG WR IRUDJH IRU L
GD\ DQG QLJKW 1RO DOWKRXJK WKLV EHKDYLRXU LV ¢
PHWDEROLF GHPDQGV VXFK DV HJJ SURGXFWLRQ DQG WLP
LQFXEDWLRQ O\ REVHUYDWLRQV VXJIJHVW WKDW DGHTXDW

DGXOW WIWXUXDWX RQ ORWXWDSX



‘LITHUHOFHV LQ EUHHGLOJ VHDVRO EHKDYLRXU EHWZHHQ P

YHPDOH WIWXUXDWX LQFXEDWH VLIJQLILFDQWO\ PRUH W
PRUH DFWLYH QRFWXUQDOO\ GXULQJ WKH QHVWLQJ SKDVH
EHKDYLRXU LV VHHQ LQ RWKHU SORYHU VSHFLHV ZKHUH LW
SUHGDWLRQ RI PDOHV (NDQD\DNH HW DO D 1R VXFK E
WKH LOQFXEDWLQJ SDUWQHU LV KLGGHQ LQ WKH FRYHUHG Q
DOWHUQDWLYH H[SODQDWLRQ LV WKDW QRFWXUQDO DFWLY
DOORZLQJ DFFHVV WR QRFWXUQDO SUH\ VSHFLHV .XZDH
IRUDJLQJ PD\ DOVR SUHGLVSRVH IHPDOHV WR SUHGDWLRQ

PHFKDQLVP IRU WKH GHYHORSPHQW RI WKH PDOH ELDVHG L

'LVSOD\ EHKDYLRXU

'LVSOD\ EHKDYLRXU LQ WIWXUXDWX ZDV HOLFLWHG VLJ
UHVSRQVH WR WZR FRPSHWLWLYH VSHFLHV RWKHU WIWXU}
SRWHQWLDO SUHGDWRUV RU QRQ WKUHDWHQLQJ VSHFLHV
LV XQDYRLGDEOH , VXJIJHVW WKDW KDYLQJ WR VKDUH EUHI
OLNHO\ WR FDXVH FRQVLGHUDEOH HQHUJ\ HISHQGLWXUH D
LPSDFW ERWK DGXOW VXUYLYDO DQG FKLFN VXUYLYDO WR

7KH FRYHUHG QHVW RI WKLV VSHFLHVY SURYLGHV VKHO\
DQG QHZO\ KDWFKHG FKLFNV 7KH LQFUHDVH LQ GLVSOD\ E
WIWXUXDWX WKURXJK WKH EUHHGLQJ VHDVRQ ZDV QRW JUL
ZHUH UHODWHG WR LQFUHDVLQJ 3UHSURGXFWLYH YDOXH" R

'LVSOD\ EHKDYLRXU E\ ERWK VH[HV LQFUHDVHG VXGGH
WKH FKLFN UHDULQJ SKDVH DV ZRXOG EH H[SHFWHG LI LW 2

WKH RIl VSULQJ %UXQWRQ 7TKH YXOQHUDEOH SKDVH F



ULVN RI KXPDQ GLVWXUEDQFH DV YLVLWRU QXPEHUV SHDN
PDQDJHPHQW SUDFWLFHYVY FDQ WDNH DGYDQWDJH RI WKH ID

D UHODWLYHO\ OLPLWHG WLPH

&LUFD WLGDO UK\WKPV RI EHKDYLRXU

SDWWHUQV RI IRUDJLQJ DQG LQDFWLYH EHKDYLRXU LQ
DILTHFWHG E\ FLUFD WLGDO UK\WKPV ,Q JHQHUDO IRUDJLQ.
KRXUV DIWHU KLJK WLGH DV WKH UHFHGLQJ ZDWHUV H[SRYV
ELUGY DQG LQDFWLYH EHKDYLRXU RFFXUUHG SUHIHUHQWL
IRUDJLQJ RSWLRQV ZHUH OLPLWHG 7KH UHVSRQVH YDULHG
VHDVRQ DQG EHWZHHQ VH[HV ,Q WKH QHVWLQJ SKDVH WK|
EHKDYLRXU LQ ERWK VH[HV GHFUHDVHG PDUNHGO\ DQG DS¢
FLUFD WLGDO UK\WKP 7KH GHFUHDVH LQ LQDFWLYH EHKDY
WLPH VSHQW LQFXEDWLQJ 2SSRUWXQLWLHYV IRU IHPDOHV
QHVWLQJ SKDVH ZHUH PDUNHGO\ UHGXFHG IURP WKH SUH Q
DOPRVW WZLFH DV PXFK GLXUQDO WLPH LQFXEDWLQJ DV PI
VXJIHVW WKDW GXULQJ WKH QHVWLQJ SKDVH IHPDOHV DSS
LQ WKHLU FKRLFH RI IRUDJLQJ WLPHYVY ZLWK UHVSHFW WR W
JUDGXDOO\ LQFUHDVH IRUDJLQJ EHKDYLRXU GXULQJ WKH K
HEELQJ WLGH DV QRUPDO ,Q FRQWUDVW PDOH IRUDJLQJ E
LOQFUHDVHG DV WKH WLGH FDPH LQ WR SHDN DURXQG KLJK
RQO\ ZLWK WKH IHPDOH IRUDJLQJ SDWWHUQ IRU WKH QHVW
EHKDYLRXU RI ERWK VH[HV LQ RWKHU SKDVHV RI WKH EUHH
DQ XQXVXDO IRUP RI FRRSHUDWLRQ EHWZHHQ WKH VH[HV ¢

VKRUHELUGY DUH OLNHO\ WR EH VXEMHFW WR FRPSOH[ WHI



FLUFDGLDQ FLUFD WLGDO VHPL OXQDU OXQDU DQG VHDV
WKH EHKDYLRXU RI RWKHU VSHFLHV SUH\ FRPSHWLWRU D

DQRQG FRQVSHFLILFVY 2 HVSHFLDOO\ WKHLU SDUWQHU

7ZIWXUXDWX FKLEN EHKDYLRXU

0\ REVHUYDWLRQV UHYHDOHG WKDW WIWXUXDWX FKLFN
EHKDYLRXU WKRXJKW WR EH XQLTXH DPRQJ &KDUDGULXV S
GHVFULEHG DV QLGLIXJRXV *RFKIHOG &KLFN UHDULQ.
DUHD IRU PRVW EURRGYV ZLWK RQO\ GHFDPSLQJ DSS
IUHVKZDWHU 7KH PHDQ WLPH EXGJHW IRU IRUDJLQJ LQ FKIL
FRPSDUDEOH WR WKH DUHD RQ +RNRUHUHRUR PRVW IDYRXI
$ 'DYLV VXIJIIHVWLQJ WKDW DGHTXDWH IRRG UHVRXU
WIWXUXDWX FKLFNV RQ ORWXWDSX ,Q FRQWUDVW WR DGXC
EXGIJHWYV WHQG WR EH KLJKHU LQ PRUH IDYRXUDEOH KDELYV
7IWXUXDWX FKLFNV UHPDLQ H[WUHPHO\ YXOQHUDEOH WR S
NH\ GHWHUPLQDQW Rl WKH WLPH RI IOHGJLQJ DSSHDUV WR
‘DYLV E , VXJIJHVW WKDW WKH PDLQ GULYHU RI WKH KL

FKLFNV LQ IDYRXUDEOH KDELWDWY LV VHOHFWLYH SUHVVX!

/KH XVH RI EHKDYLRXUDO VWXGLHY WR DVVHVV WKH DGHTX

YRRG UHVRXUFHV DUH D NH\ FRPSRQHQW RI KDELWDW V
WKUHDWHQHG E\ FOLPDWH FKDQJH DQG KDELWDW GHJUDGD
FRQVLGHUDWLRQ LQ WUDQVORFDWLRQ ELRORJ\ :KLOH , GL

DYDLODELOLW\ P\ VWXG\ GHPRQVWUDWHG LQ SULQFLSOH V



DGHTXDF\ RI IRRG UHVRXUFHV RI D VLWH E\ FRPSDULQJ WK

SRSXODWLRQ ZLWK WKDW RI DQRWKHU NQRZQ VLWH

5(352'8&7,9( 68&&(66 2) 7E7858%$78 21
02787$38

(JJ SURGXFWLRO DQOG KDWFKLQJ UDWH

7KH YLDELOLW\ RI WKH WIWXUXDWX SRSXODWLRQ RQ Ol
GHWHUPLQHG E\ WKH LQWHUDFWLRQ RI UHSURGXFWLYH SD!
UDWH DQG FKLFEN VXUYLYDO WR IOHGJLQJ ZLWK VXUYLYDC
DJH RI ILUVW UHSURGXFWLRQ LV DQRWKHU FRQWULEXWLQJ
IURP WKH LVODQG $V DQ H[DPSOH D ORZ IOHGJLQJ UDWH |
GHFUHDVLQJ SRSXODWLRQ LI DGXOW VXUYLYDO UDWHYV DUF
PDQDIJHPHQW LQSXWV RQ WKRVH SDUDPHWHUYV ZKHUH WKH
ZKLFK DUH RIWHQ EXW QRW DOZD\V DVVRFLDWHG ZLWK W}

(JJ SURGXFWLRQ DQG KDWFKLQJ UDWH GR QRW DSSHDL
UHSURGXFWLRQ VXFFHVV IRU WIWXUXDWX RQ ORWXWDSX G
RFFXUUHQFH RI IHUWLOLW\ GHSUHVVLRQ LQ SRSXODWLRQV
ERWWOHQHFNV %UHNNH HW DO %YULVNLH ODFNLQWR
UDWH ZDV KLJKHU DQG WKH KDWFKLQJ UDWH ZDV VLPLODU
$ 'DYLV E 7KH KDWFKLQJ UDWH ZDV DOVR FRQVLGHUL
SXEOLVKHG IRU RWKHU SORYHU VSHFLHV 7KH IDLOXUH UDYV
ZDV YHU\ KLJK ZKHUHDV WIWXUXDWX QHVWLQJ RQ WKH VDI
DQ HI[FHSWLRQDOO\ KLJK WLGDO VXUJH GXULQJ D VWRUP 7
DSSHDU WR DIIRUG SURWHFWLRQ IURP DYLDQ GHSUHGDWLR

UHODWHG GLVWXUEDQFH FRPSDUHG WR WKH RSHQ QHVWYV



WKLV WR FRQVHUYDWLRQ HITRUWYV LV VLPSO\ WKDW WKH SL
EUHHGLQJ VHDVRQ DUH RI OHVV FRQFHUQ DOORZLQJ HIIRU
FKLFN UHDULQJ SKDVH 3XEOLF DFFHVV WR EHDFKHV FRXOC
HDUOLHU SKDVHV RI WKH EUHHGLQJ VHDVRQ LI WKH SULQFI
KXPDQ UHODWHG GLVWXUEDQFH WR QHVWLQJ SORYHUV ZHL
DOORZLQJ ZDONLQJ EXW QRW VWDWLF EHDFK XVH LQ QHVW
KDYLQJ GRJV VWULFWO\ RQ D OHDVK ZKHUH WKH\ DUH DOOI
IHQFLQJ RIl WKH KLJK WLGH DUHD RU EDQQLQJ DFFHVV DW
FRXOG EH IRFXVVHG RQ WKH FKLFN UHDULQJ SKDVH LQFOX

SXEOLF DFFHVV DOWRJHWKHU WKURXJK WKLV WLPH

&KLEN VXUYLYDO IURP KDWFKLQJ WR IOHGJLQJ

&KLFN VXUYLYDO IURP KDWFKLQJ WR IOHGJLQJ DSSHDU
F\FOH ZKHQ WIWXUXDWX DUH DW WKHLU PRVW YXOQHUDEOH
RSSRUWXQLW)\ IRU HQKDQFR®BQW MRl SWIRVGOURVDMNL WD W FK O L
ORWXWDSX IOHGJHG VXFFHVVIXOO\ WKLV VHDVRQ DQG ZKL
RYHUDOO VXFFHVV RQ +RNRUHUHRUR RYHU WKH DQG

E LWLV VWLOO GLVDSSRLQWLQJ 3XEOLVKHG FKLFN VX

KLIJKO\ YDULDEOH 7KH PHWKRGRORJ\ XVHG FDQ DOVR EH Y

'LQVPRUH 7KH SUREDELOLW\ RI VXUYLYLQJ WKH IOHG
SORYHU VSHFLHV UDQJHG IURP WR LQ WKH .HQWLVK S
VQRZ\ SORYHU W R LQ WKH SLSLQJ SORYHU W R L
'LQVPRUH DQG WR LQ WIWXUXDWX RQ +RNRUHUHTF

:LOGOLIH PDQDIJHPHQW LQSXW KDV WKH SRWHQWLDO WR LPF

7KH WZR PDMRU FDXVHV RI FKLFN PRUWDOLW\ REVHUYHG R



DQG IHPDOH GHVHUWLRQ ,Q DGGLWLRQ RQH FKLEN GURZQ
PD\ KDYH IDLOHG WR WKULYH IURP D ODFN RI DEFFHVV WR IL
RI VDIH IUHVKZDWHU ZRXOG KHOS WR DGGUHVV ERWK LVVX
QHDU WKH VKHOWHU DQG UHIXJH RI WKH QHVW UDWKHU Wi

WHUULWRU\ RU GHFDPS WR D GLVWDQW DQG XQSURWHFWHC(

$YLDOQO SUHGDWLRQ

$YLDQ SUHGDWLRQ LV D QDWXUDO FKDOOHQJH WR FKLF
+RNRUHUHRUR IRU H[DPSOH WKH SUHGDWLRQ RI WIWXUXD\
JXODUXV QRYDHKRDVYDEMHQ K RFXPHQWHG )OHPLQJ D
FRQVLGHUHG D QDWXUDO SKHQRPHQRQ 2Q ORWXWDSX QHI
REVHUYHG WR SUHGDWH WIWXUXDWX FKLFENV FDQ EH FRQVI
VZDPS KD&IWIANYV DSSURHP®PDRYWURGXFHG DQG HVWDEOLVK
1HZ =HDODQG RQO\ DIWHU H[WHQVLYH DQWKURSRJHQLF K
+ROGDZD\ DQG WKH $X*AWQROKDQDPAIEIGHDL EHUDWHO
LQWURGXFHG LQ WKH V DQG V OF,0UR\ 2WKHU S
RI WIWXUXDWX FKLFNV RQ 0RW X3RS \WQLRO R B & DAPRAVE W H N |
EODFN EDF NHEGXYXO®RPLQ IFP® XS XU ZLQ IDQ HORY IFA® H V
RI ZKLFK DUH HLWKHU VHOI LQWURGXFHG RU QDWLYHV VXE
DOWHUDWLRQ

*LYHQ WKDW WIWXUXDWX DUH KLJKO\ HQGDQJHUHG DQ
SUHGDWRUV RU SRWHQWLDO SUHGDWRUV PHQWLRQHG DER
VSHFLHVY FRQWURO RI WKHVH ELUGV LV ZRUWK FRQVLGHUL
HVWDEOLVKLQJ D QHZ SRSXODWLRQ &RQWURO PHDVXUHYV k

'"HSDUWPHQW RI 4RQVHUYDWLRQ KHUHDIWHU '2& EXW SRV



7KH NDURUR SRSXODWLRQ RQ WKH LVODQG RIIHUV DQ H[DP
KDYH EHHQ REVHUYHG SUHGDWLQJ WIWXULZKDWX FKLFNV

FRPPXQLFDWLRQ +RZHYHU WKH\ KDYH QHYHU EHHQ U
WIWXUXDWX DQG DUH FRPPRQO\ REVHUYHG LQWHUDFWLQJ
PDNLQJ OHWKDO FRQWURO PRUDOO\ TXHVWLRQDEOH 7KHU
NDURUR RQ DGMDFHQW 5DQJLWRWR LVODQG PDNLQJ HUDG
*LYHQ WKH FRQVWUDLQHG JHRJUDSK\ DQG WLPH IUDPH RI W
VXJIJHVW LW ZRXOG EH SUHIHUDEOH WR UHO\ RQ KXPDQ SD\

PHWKRGV RU ELUG VFDULQJ WHFKQRORJ\ WR UHGXFH DYLD

JHPDOH GHVHUWLRO DQG PDOH ELDVHG DGXOW VH[ UDWLR

O\ REVHUYDWLRQV UHYHDOHG IHPDOH EURRG GHVHUWL
WLPH |, VXJJHVW WKDW WKLV EHKDYLRXU PD\ EH D UHVSRQ
UDWLR $65 %URRG GHVHUWLRQ E\ ERWK VH[HV KDV EHHQ
VSHFLHV RI &KDUDGULXV SORYHU ZKHUH LW LV DVVRFLDWH
UHSUHVHQW DQ DQFHVWUDO EHKDYLRXU SDWWHUQ (EHUKTEL
QRWHG WKDW P\ XVH RI WKH WHUP 3IHPDOH GHVHUWLRQ" ™ L\
EXW VLPSO\ WR EHVW GHVFULEH ZKDW , REVHUYHG 33DUHC
EHFDXVH LQ WKH VLWXDWLRQV , REVHUYHG WKH RULJLQDO
GHVHUW KLV EURRG EXW UDWKHU ZDV GULYHQ IURP WKH W
S0DOH LQWUXVLRQ® KDV EHHQ VXJJHVWHG DV DQ DOWHUQD'
LOQLWLDWLQJ HYHQW UDWKHU WKDQ WKH FDXVH RI FKLFN G
VRPH KRVWLOLW\ WRZDUGV WKH EURRG EXW PRUH LPSRUW

LIQRUHG WKHP



,Q WIWXUXDWX IHPDOH GHVHUWLRQ DSSHDUV WR EH G
GHVHUWHG FKLFNV EXW DOVR IRU WKH GHVHUWHG PDOH ZK
EHHQ UHSRUWHG LQ RWKHU SORYHU VSHFLHV $00 WKH GH
UHVFXHG ZLWKLQ D IHZ GD\V DQG DOO WKUHH GHVHUWHG |
ZHHN

$W WKH VWDUW Rl WKH EUHHGLQJ VHDVRQ WKH SRSXO
HOHYHQ PDOHV WR VL[ IHPDOHV EXW WKH PHFKDQLVP V E!
DURVH LQ WKH SRSXODWLRQ LV XQNQRZQ 2QH SRVVLELOLYV
WKH HVWDEOLVKPHQW RI WKH SRSXODWLRQ PD\ KDYH FRQW
WKH DGXOWYV ZHUH RULJLQDOO\ EUHG LQ FDSWLYLW\
MXYHQLOHVY 8QIRUWXQDWHO\ RQO\ RI WKH ELUGV

+ KDG WKHLU VH[ GHWHUPLQHG EHIRUH UHOHDVH EXYV
RXWQXPEHUHG IHPDOHV E\  WR

$ VHFRQG SRVVLELOLW\ LV WKDW GLIIHUHQWLDO UHDS

GLVDSSHDUDQFH FRQWULEXWHG WR WKH ELDVHG $65 7KH

MXYHQLOHV WKDW GLVDSSHDUHG ZLWKLQ GD\V RI UHOHD

PDOHV DQG IHPDOHYV EXW WKH SURSRUWL
EHFRPH UHVLGHQW ZDV PDOH ELDVHG Rl PDOHYV FR
IHPDOHYV

$ WKLUG SRVVLEOH H[SODQDWLRQ LV GLIIHUHQWLDO Q!
WIWXUXDWX GXULQJ WKH QHVWLQJ SKDVH RI WKH EUHHGLQ
LQFXEDWH VLJQLILEFDQWO\ PRUH WKDQ PDOHV GXULQJ WKH
SUHGDWRUV LQ WKHLU FRYHUHG QHVWYV ODOHV DUH WKRX.
QLJKW $ 'DYLV E DQG VLPLODUO\ ZRXOG EH H[SHFWH(

DYLDQ SUHGDWRUV 2Q ORWXWDSX LQ WKH DEVHQFH RI LQ'



WKH PDLQ SUHGDWRU\ WKUHDW WR DGXOW WIWXUXDWX DS
QRFWXUQDO UXUKQRRQRSRHNHH O DHREDLDHH WIWXUXDWX DUH
DFWLYH QRFWXUQDOO\ WKDQ PDOHV GXULQJ WKH QHVWLQJ
PD\ ZHOO EH DW LQFUHDVHG ULVN RI SUHGDWLRQ WKDQ PD

7KH QXPEHUV , REVHUYHG ZHUH WRR VPDOO WR DOORZ
WKDW D ELDVHG $65 PD\ OHDG WR GHOHWHULRXV RXWFRPH
WKDW IXWXUH ZLOGOLIH PDQDJHPHQW HQVXUHV WKDW SRS
FDQ EH DFKLHYHG E\ GHWHUPLQLQJ WKH VH[ RI DOO UHOHD
SDURXV SRSXODWLRQ DQG LI QHFHVVDU\ E\ VXEVHTXHQW

DQ\ GLITHUHQWLDO VXUYLYDO

-XYHOQLOH DOQOG DGXOW VXUYLYDO

-XYHQLOH WIWXUXDWX EUHG RQ ORWXWDSX WR (
HIFHSWLRQDOO\ KLJK VXUYLYDO UDWH DW Q 'RZGL
UDWH RI MXVW RQ +tRNRUHUHRUR RYHU WZR \HDUV $ 'C

PRUH H[FHSWLRQDO LV WKH IDFW WKDW WKHVH ELUGV GLG
ORWXWDSX LQ PDUNHG FRQWUDVW WR WKH KLJK GLVDSSHL
WUDQVORFDWHG WR WKH LVODQG 7KLV YHU\ KLJK VXUYLYCL
LQWULJIXLQJ SRVVLELOLWLHYV IRU H[DPSOH FRXOG VLPLOD
EUHHGLQJ IDFLOLW\ ZHUH HVWDEOLVKHG RQ WKH LVODQG"

7TKH PHDQ DGXOW DQQXDO VXUYLYDO UDWH RQ ORWXWL
'RZGLQJ VLPLODU WR WKDW UHSRUWHG IURP +RNRUH
‘DYLV D 7KH NQRZQ FDXVHV RI DGXOW PRUWDOLW\ GXL
SUHGDWLRQ DQG LQWUD VSHFLILF DJJUHVVLRQ IROORZLQJ

PDWH DIIHFWLQJ WKUHH ELUGY LQ WRWDO 2QH DGXOW PD



DJJUHVVLRQ IROORZLQJ IHPDOH GHVHUWLRQ ZDV SUHGDWH
GHVHUWHG PDOHV GLVDSSHDUHG 7ZR RWKHU DGXOWV GLH
FDXVHV 0\ REVHUYDWLRQ RI UXUX SUHGDWLRQ PD\ EH WKH
WIWXUXDWX E\ UXUX DOWKRXJK WKHUH ZDV VWURQJ FLUFX
SUHGDWHG IRXU WIWXUXDWX UHOHDVHG RQ ORWXRUD DQR
WK H V DQG ZHUH LPSOLFDWHG LQ WKHLU IDLOXUH WR H\
DUH ZLGHVSUHDG RQ PDLQODQG $RWHDURD LQFOXGLQJ PD
SUHVHQW LQ WKH &KDWKDP LVODQGYV :KLOH LW PD\ EH SR\
WR HVWDEOLVK DQG JURZ LQ WKH SUHVHQFH RI UXUX WKH
KDYH WKLY DGGLWLRQDO WKUHDW

7KH ILQDO REVHUYDWLRQ UHJDUGLQJ DGXOW PRUWDOL
PDOH ZKRVH SDUWQHU GLVDSSHDUHG ZKHQ WKHLU FKLFN Z
UHDU WKH FKLFN VXFFHVVIX0OO\ EXW WKLV DSSHDUV WR KL
KHDOWK +H ZDV IRXQG GHDG DSSDUHQWO\ RI QDWXUDO FI
IOHGJHG 7KLV LV RQO\ RQH FDVH EXW WKH VXJJHVWLRQ L

PD\ EH HIWUHPHO\ GLIILFXOW IRU WIWXUXDW X

' 63(56%/ 2) &$37,9( %5(' 7E7858%$78 $)7(5
75$16/2&%$7,21
&DSWLYH EUHHGLQJ

&DSWLYH EUHHGLQJ RI WIWXUXDWX LV ZHOO HVWDEOL\
SURGXFWLYLW\ KHOSHG E\ PXOWLSOH EURRGLQJ LQ FDSWL"
DXJPHQWHG E\ WKH RFFDVLRQDO WUDQVIHU RI HJJV IURP W
+RNRUHUHRUR WR WKH FDSWLYH EUHHGLQJ IDFLOLWLHV 7]

UHSODFHPHQW FOXWFKHY DIWHU HDUO\ ORVV RI D FOXWEFK



UHQHVWLQJ DIWHU VXFFHVVIXOO\ UHDULQJ D EURRG ZDV
'‘DYLV E EXW KDV EHHQ REVHUYHG RQ RQH RFFDVLRQ R
SHUVRQDO FRPPXQLFDWLRQ DQG RQ WKH RIlI VKRUH LV

DQG 0DQD 'RZGLQJ 2 &RQQRU

J)DEWRUYV DIIHEFWLOQOJ WKH SUREDELOLW\ RI GHWHFWLRQ DIW

O\ REVHUYDWLRQV HVWDEOLVKHG WKDW PRVW RI WKH N\
ORWXWDSX ZHUH QR ORQJHU GHWHFWDEOH RQ WKH LVODQC
WKDW YHU\ IHZ LI DQ\ GLHG RQ WKH LVODQG 7KH WHQGHC
I[URP ORWXWDSX DQG RWKHU VLWHV LV D NH\ FRQVWUDLQW
VSHFLHV 'RZGLQJ 2 &RQQRU 7KH SUREOHP LV FRPSR
LOWURGXFHG PDPPDOLDQ SUHGDWRUYV DUH FRPPRQ DQG ZL
$RWHDURD 7IWXUXDWX WKDW GLVSHUVH WR WKH PDLQODQ
SUHGDWLRQ

7KH IDFWRUV DIIHFWLQJ DQ LQGLYLGXDOTYTV GHFLVLRQ
DUH QRW ZHOO XQGHUVWRRG & -RQHV OHUWRQ ‘R V
UHVRXUFHV WKH SUHVHQFH RI FRPSHWLWRUV DQG SUHGDV
PDNLQJ SURFHVV PD\ EH DIITHFWHG E\ WKH VWUHVVHV LQYR
WUDQVORFDWLRQ SURFHVYV VXFK DV EHLQJ FDXJKW KDQGO
XQIDPLOLDU FRQVSHFLILFV 'LFENHQV HW DO 6RPH LQ\
GLVSHUVDO DUH WKRXJKW WR EH GULYHQ E\ 3 KRPLQJ™ WRZ]
SH[SORUDWLRQ " IURP LW /LQQHOO HW DO

$QDO\WVLV RI WKH GDWD UHODWLQJ WR WKH WUDQVORF|

* FRQVLGHUHG ILYH SRVVLEOH SUHGLFWRUV RI WKH S

5HOHDVH GDWH zZDV WKH RQO\ SUHGLFWRU LQYHVWLJDWHG



UHODWLRQVKLSZLWK WKH SUREDELOLW\ RI GHWHFWLRQ 7K
WKH SUREDELOLW\ RI GHWHFWLRQ IRU HDFK DGGLWLRQDO |
WLPLQJ DOLJQV ZLWK WKH IOHGJLQJ RI ZLOG KDWEKHG WIW
LVODQG DOO RI ZKLFK ZHUH H[SHFWHG WR IOHGJH LQ -DQX
IRU FDSWLYH EUHHGLQJ HQFRXUDJHV SDLUV WR SURGXFEH P
HI[WHQGLQJ WR ODWHU LQ WKH VHDVRQ 7KHVH ILQGLQJV V.
SURGXFWLRQ ZLWK PRUH HPSKDVLV RQ WKH WLPLQJ RI UH

VXFFHVVIXO WUDQVORFDWLRQ RXWFRPHV

/KH LPSRUWDOFH RI WKH LQGLJHQRXV UDQJH

7KH ORFDWLRQ RI D UHOHDVH VLWH LQ UHODWLRQ WR

EH DQ LPSRUWDQW IDFWRU LQ WUDQVORFDWLRQ VXFFHVV |
SHOHDVHYVY LQWR WKH FRUH RI WKH LQGLIJHQRXYV UDQJFH
FRPSDUHG ZLWK WKRVH RQ WKH SHULSKHU\ RU RXWVLG|

,Q &KDSWHU )RXU , HIWHQVLYHO\ UHYLHZHG WKH KLVWRUL
FRQFOXGHG WKDW GHVSLWH WKH FRPPRQO\ KHOG YLHZ WK
FRDVWDO $RWHDURD WKHUH LV QR UHOLDEOH HYLGHQFH W
DQ\ IXUWKHU QRUWK WKDQ &DQWHUEXU\ LQ 7H :DLSRXQDPX
EDVLV |, UHFRPPHQG WKDW IXWXUH WUDQVORFDWLRQV RFF
7TKH PRVW SURPLVLQJ DUHD WR SURYLGH DGGLWLRQDO KDE
WKH LVODQG RI 5SDQJLKDXWH 5DQJLDXULD 3LWW ,VODQG |
WZR NLORPHWUHYV GLVWDQW IURP +RNRUHUHRUR DQG RIIHL
ZLWK KHFWDUHVY RQ +RNRUHUHRUR LW LV LQ 3WKH FRUH
UHVSHFW WR ODWLWXGH $ VLQJOH LQWURGXFHG PDPPDOL]I

FDWHOLV FDWSVHVHQW RQ WKH LVODQG ,I| FDW HUDGLFDWL



WIWXUXDWX ZLOO OLNHO\ UH HVWDEOLVK RQ 5DQJLKDXWH
OHDGLQJ WR WKH SRVVLELOLW\ RI D JUHDWO\ HQODUJHG P/
KDYH VLIJQLILFDQWO\ JUHDWHU UHVLOLHQFH WR WKUHH RI
LGHQWLILHG DV ULVNV E\ '2& PDPPDOLDQ SUHGDWRU LQWL
'2& 7KH ULVN RI GLVHDVH PLJKW QRW EH VLJQLILFDQ

PLWLIJDWHG VRPHZKDW E\ LQFUHDVHG JHQHWLF GLYHUVLW\

/KH SUHFDXWLRQODU\ SULQFLSOH DOQG LWV DSSOLFDWLRQ W

7UDQVORFDWLRQ RI HQGDQJHUHG VSHFLHV LQYROYHV ¢
DGHTXDWH HYLGHQFH %HKDYLRXUDO DQG ELRORJLFDO UH\
FUXFLDO EXW LQKHUHQWO\ ULVN\ H[DPSOHVY DUH WKH FDW
ELUGV WKDW PDGH P\ VWXG\ SRVVLEOH 7KH OX[XU\ Rl WKH
DOZD\V DYDLODEOH LI LW ZDV SHUKDSV WKH VSHFLHV LQ T

7KH SUHFDXWLRQDU\ SULQFLSOH KROGV WKDW ZKHQ Gt
FDXWLRQ VKRXOG SUHYDLO WKRXJK WKH SRWHQWLDO DGY
XQGHUVWRRG :LOGOLIH PDQDJHPHQW LQ JHQHUDO DQG W
VKRXOG DLP WR UHFUHDWH DV QDWXUDO D VLWXDWLRQ DV
LQYDVLYH EHKDYLRXUDO DQG ELRORJLFDO UHVHDUFK 7KL\
ZLWKLQ WKH LQGLJHQRXV UDQJH RI D VSHFLHV WKXV UHG >
SUHGDWLRQ DQG FRPSHWLWLRQ UHOHDVLQJ LQWR DQ DU
KDYLQJ DGHTXDWH UHVRXUFHV IRU D VHOI VXVWDLQLQJ SR
WUDQVORFDWHG LQGLYLGXDOV DQG HVWDEOLVKLQJ D SDUF
LQGLYLGXDOV DW WKH DJH VWDJH DQG WLPH RI \HDU WKD

LQGHSHQGHQW :H PD\ QRW \HW KDYH FRQYLQFLQJ VFLHQW



DSSURDFKHYVY DUH KDUPIXO HVSHFLDOO\ IRU VSHFLHV RI FR

VKRXOG HUU RQ WKH VLGH RI FDXWLRQ

&216(59%$7,21 &+$//(1*(6 )25 7TE7858%$78

&KDUDGULXV SORYHUV ZRUOGZLGH DUH VHYHUHO\ WKU
7KH\ RFFXS\ VKRUHOLQH UHJLRQVY D KDELWDW DW WKH LQV
HQYLURQPHQWY PDNLQJ WKHP YXOQHUDEOH WR ERWK RFH

DQG IUHVKZDWHU VvDOLQLW\ +DLJ HW DO &OLPD
WKUHDWHQV WKHLU SK\VLFDO HQYLURQPHQW DV VHD OHYH
LQFUHDVH LQ IUHTXHQF\ DQG VHYHULW\ 7KH VHFRQG PDMR
ZRUOGZLGH LV KDELWDW ORVV PDLQO\ DWWULEXWDEOH W
ODF.LQQRQ HW DO

,Q $SRWHDURD DQG RWKHU UHODWLYHO\ UHFHQWO\ VHW
FOLPDWH FKDQJH DQG KDELWDW ORVYV DUH HFOLSVHG E\ WI
WKDW FRPSHWH ZLWK RU SUHGDWH HQGHPLF VSHFLHV ,QW
FRPPRQ DQG ZLGHVSUHDG RQ PDLQODQG $RWHDURD DQG F
LV WKH IRFXV RI PXFK FRQVHUYDWLRQ HIIRUW 7KH LVVXH |
DOWKURSRJHQLF ODQGVFDSH DOWHUDWLRQ ZKLFK KDV DOC
VSHFLHV ZKLFK FRPSHWH ZLWK RU SUHGDWH HQGHPLF VSH|
HQGHPLF &KDUDGULXY SORYHU VSHFLHY DUH QRZ FRQVLGH
9XOQHUDEOH RU (QGDQJHUHG &ROZHOO +DLJ D 2 'RCQ

33HVW IUHH” LVODQGYV DURXQG WKH FRDVW RI $RWHDUF
ELUGY H{[WLUSDWHG IURP WKH PDLQODQG RU RWKHU LVOD«
VXFK bV +RNRUHUHRUR WKH VWURQJ KROG RI WKH UHPQDC

S SHVW IUHH® ODUJHO\ DV DQ DFFLGHQW RI KLVWRU\ 2WKHU



ZKLFK VXSSRUW WUDQVORFDWHG WIWXUXDWX SRSXODWLRC
RI PDPPDOLDQ SUHGDWRUV &RQVHUYDWLRQ HIIRUWYV RQ W

VHYHUHO\ XQGHUPLQHG DW WLPHV E\ WKH LQFXUVLRQ RI P

7E7858%$78 5(6($5&+ 35,25,7,(6

&KDUDGWLRQYH RI WKH PDMRU JHQHUD RI VKRUHELUGYV
VSHFLHV DQG PDQ\ VXE VSHFLHV 7KH\ DUH VLPLODU LQ DS
VLPLODU VKRUHOLQH KDELWDWYV ZRUOGZLGH EXW YDU\ FR
SDUWLFEXODUO\ ZLWK UHVSHFW WR PLJUDWLRQ DQG EUHHG
7KHLU FKRLFH Rl KDELWDW EULQJV WKHP LQWR IUHTXHQW |
WKHUH LV FRQIOLFW EXW RIWHQ WKHUH LV DGPLUDWLRQ I
WKDW VKDUH RXU VKRUHOLQHYV

&KDUDGULXV SORYHU UHVHDUFK WR GDWH KDV IRFXVV#
VSHFLHV WKHLU ELRORJ\ DQG EHKDYLRXU DQG LQ SDUWLF
&ROZHOO 7KHLU IDVFLQDWLQJ YDULHW\ Rl EUHHGLQJ
EHHQ VWXGLHG IRU WKHLU RZQ VDNH EXW DOVR WR LQIRUI|
RI WKHVH VAVWHPV $V DQWKURSRJHQLF FKDQJH LQFUHDVL
SORYHU UHVHDUFK KDV WHQGHG WR IRFXV RQ WKH HIITHFW\
DQG KXPDQ GLVWXUEDQFH $V LQKDELWDQWY RI WKH LQWH
DTXDWLF HQYLURQPHQWY WKH\ UHSUHVHQW D VHQVLWLYH
RI DQWKURSRJHQLF FKDQJH RQ FOLPDWH RFHDQV ZDWHUZ
+DLJ

BRXWKHUQ KHPLVSKHUH VSHFLHVY SDUWLFXODUO\ WKR!
PXFK OHVV VWXGLHG +HUH WKH UHVHDUFK SULRULWLHV DL

EHKDYLRXUDO LQIRUPDWLRQ WR XUJHQWO\ LQIRUP SUDFWL



HQGHPLF SORYHU VSHFLHV RI $RWHDURD DOO IDFH WKH DQ

DERYH LQFOXGLQJ WKH VRPHZKDW RYHUORRNHG SUHGDWLF

LOQOWURGXFHG DQG VXEVLGLVHG QDWLYH DYLDQ VSHFLHV 3

UHVHDUFK WKDW LQYHVWLIJDWHYV WKHVH WKUHDWYVY LQ UHO|

VSHFLHVY LQYROYHG 6RPH VXJIJHVWLRQV IRU WIWXUXDWX U

r H[SHULPHQWDO SURYLVLRQ RI DUWLILFLDO IUHVKZDWHU

r UDGLR WUDFNLQJ DQ\ IXWXUH UHOHDVHV RI FDSWLYH EU
NQRZOHGJH RI GLVSHUVDO

rfr LOYHVWLIDWLRQ RI WKH IHUDO FDW SRSXODWLRQ RQ 5Dt
WUDSSLQJ FRQWURO WHFKQLTXHYV

r H[SHULPHQWDO 3JURZLQJ RQ" Rl FDSWLYH EUHG WIWXUXI
\HDUOLQJY UDWKHU WKDQ MXYHQLOHV

rr IXUWKHU HYDOXDWLRQ RI EHKDYLRXUDO VWXGLHV DV DV

rr LOYHVWLIDWLRQ RI WKH SRWHQWLDO WR HVWDEOLVK FD

DQG KDWFKLQJ IDFLOLWLHY DW WKH WUDQVORFDWLRQ VL

7IWXUXDWX DQG WKH RWKHU SORYHU VSHFLHV RI $RWH
SRSXODWLRQV DQG UHPRWH VWXG\ DUHDV LQ HIWHQVLYHO'
GHVHUYLQJ RI JUHDWHU UHVHDUFK HIIRUW 7KH\ GHVHUYH
ELUGY DUH LQWHUHVWLQJ DQG DWWUDFWLYH 7KH\ GHVHUY
HFRV\VWHP VHUYLFHV WR WKH VKRUHOLQH D YLWDO DQG Y
DTXDWLF DQG WHUUHVWULDO HQYLURQPHQWY 7KH\ GHVHU
SODQHW HVSHFLDOO\ DV WKHLU GHFOLQH LQ QXPEHUV WR

9XOQHUDEOH RU (QGDQJHUHG VWDWXV KDV EHHQ FDXVHG






%,%/,2*5$%3+<

$SLNPDQ + SWWHPSWV WR HMW QRO QLK \KRDH 8 BOIRY B C
RQ ORWXRUD ,VODQG +DXUDNL *XOl 1RWRUQLYV
KWWSV ZZZ ELUGVQ] RUJ Q]

$OYDUH] ) $OHUWQHVV VLIQBQORPRO I%HWIZRLBRUO VS

+ KWWSV GRL RUJ DQEH
$PDW - $ )UDJD 5 O $UUR\R * 0 &L]H YOWUDWQR®Y FAKC
RIIVSULQJ VXUYLYDO LQ&WERHDEQMWLW B GHE[BNOHEW L Q X V
+ KWWSV GRL RUJ M : W E [
$UJ*HOOHV 7LFy $ . SSHU & .HOVK 5 1 .RV]JWROIQ\L ¢
5 ( *HRJUDSKLF YDULDWLRQ LQ EUHHGLQJ V\VWH
SUHGLFWYV PHODQLQ EDVHG SOXPDJH RUQDPHQWDWLRG
SORY®WHKDYLRUDO (FRORJ\ DQG 6RELRELRORJ\
KWWSV GRL RUJ Vv

$UPVWURQJ ' 3 6HGGRQ 3 - 'LUHFW LRQNVQIGY UHL¢
LQ (FRORJ\ (YROXWERQ
KWWSV GRL RUJ M WUHH

$WNLQVRQ 7RZQV $GYDQFHV LQ 1HZ =HDODQG
3DFLILFRXWW DO RI WKH 5R\DO 6RFLHW\ Rt 1HZ =HDODQC
KWWSV GRL RUJ

%DUERVD $ JRUDJLQJ VWUDWHJILHY DQG WKHLU LQIO
EHKDYLRXU RIRXKD®HDWVRI $YLDQ %LRORJ\

KWWSV GRL RUJ



%DUERVD $ ORUHQR ( (YROXWLRQ RI IRUDJLQJ VW
HFRPRUSKRORJLFDIKOHDSSWURD F K+
KWWSV GRL RUJ

%DUWK - 0 ODWVFKLQHU O SREHUWVRQ % &

VXEVSHFLHVY GLYHUJHQFH RI WKH HQGD&KBUBG UIHXZ =H I

REVFXWBXR6 2QH +
KWWSV GRL RUJ MRXUQDO SRQH
%DWHV ' OIFKOHU 0 %RONHU % ':DONHU 6 )L W\

PRGHOV XVLEIXORBO RI 6WDWLVWLFBO 6RIWZDUH
KWWSV GRL RUJ MVV Y L

%HDXFKDPS $ - "RUWK\ 7 + '"HFOLQH LQ GLVWULE
SRUSK\ULR IRWRUQIUH RPDPWRARB®QRBQ RI WKH 5R\DO 6
Rl 1HZ =HDODQG +

KWWSV GRL RUJ

%YHHU & KDW LYPH GUAME@BRRORILYW
KWWSV GRL RUJ LFE

%HQQHWW 9 $ 'RHUU 9 $ 'RHUU ( ' O0DQQLQJ $ ' /L
<RRQ + - +DELWDW VHOHFWLRQ DQG SRVW UHOF

UHLQWURGXFHG EURZQ WUHHFUHHSHU LQGLYLGXDOV L

3/R6 2QH KWWSV GRL RUJ MRXUQDO SRQH
%RRWK $ 0 OLQRW ( 2 )RUGKDP 5 % SMWQWXYV - *

HIXODQVHGDWLRQ RQ WKH HJJV RIXWK R O W WACLHP LVAXLH\D L

KDXUDNLHRWRWQLYV * KWWSV ZZZ ELUGVQ] RUJ Q]



%RWK & 9LVVHU 0 ( $GMXVWPHQW WR FOLPDWH F
DUULYDO GDWH LQ D ORQJIOCWMNWDBQFH PLEUDQW ELUG
KWWSV GRL RUJ

%RWK & 9DQ 7XUQKRXW & $ %LMOVPD 5 * 6LHSHO +
5 3 $YLDQ SRSXODWLRQ FRQVHTXHQFHV RI FOLP
VHYHUH IRU ORQJ GLVWDQFH PLIJGDQWHHIGQ Y H\D R R Q/OX®1
5R\DO 6RFLHW\ % %LRORJLFDO 6ELHQFHYV
KWWSV GRL RUJ UVSE

%UHNNH 3 %HQQHWW 3 O :bQJ - 3HWWRUHOOL 1 (
PDOHV LQEUHHGLQJ GHSUHVVLRQRRHMHG IHRIZDRIJ WKHG
5R\DO 6RFLHW\ % %LRORJLFDO 6ELHQFHYV
KWWSV GRL RUJ UVSE

%ULVNLH - 9 ODFNLQWRVK 0 +DWFKLQJ IDLOXUH
SRSXODWLRQ ERWWOQHREHHNGL QIVERIUWKH 1DWLRQDO $FI
6FLHQFHYV + KWWSV GRL RUJ SQDV

%WUXQWRQ ' + 7KH HITHFWV RI QHVWLQJ VWDJH VH]
SDUHQWDO GHIHQ&KDE\DKGIUQSE @ H/HRWFH VWULRXIVPRGHOV RI C
SDUHQWDOY%HKEQIVRIUDO (FRORJ\ DQG 6RFLRELRORJ\
KWWSV GRL RUJ % )

%XOOD 0 2XGPDQ 7 %LMOHYHOG $ |, 3LHUVPD 7 AL
ELRUK\WKPV EULGJLQJ FKURQGREDRYRBSKDBRGOHFRO@VD F
RI WKH 5R\DO 6RFLHW\ % %LRORJLFDO 6FLHQFHV
KWWSV GRL RUJ UVWE

%XOOHU : /ODQXDO RI WKH ELUGYV RHRIHIH =HG DDBXQB\

*RYHUQPHQW 3ULQWHU KWWSV GRL RUJ EKO WL



%XOOHU : /$ KLVWRU\ Rl WKH ELUGY9®RG 1HZRHDROD QG
(QJODQG KWWSV GRL RUJ EKO WLWOH

&DUPRQD ,VXQ]D 0 & .*SSHU & 6HUUDQR OHQHVHV 0 $
&RXUWVKLS EHKDYLRU GLIIHUV EHWZHHQ PRQRJDPRXV
%HKDYLRUDO (FRORJ\ DQG 6RFLRELRORJ\

KWWSV GRL RUJ Vv [

&DWOLQ ' + )HOLR - + JUDVHU -RUQHG RIZIOFWUDISHWL

RQ FKLEN VXUYLYDO ZRHSLBXQQB®RYHUNVGOLIH 0DQDJH
+ KWWSV GRL RUJ MZPJ
KWWSV GRL RUJ

&ROZHOO 0 $ OLOOHWW & OH\HU - +DOO - +XUOH\ ¢
5 6QRZ\ 30RYHU UHSURGXFWLYH VXEFHVV LQ EHELC
-RXUQDO RI )LHOG 2UQLWKRORJ\

&ROZHOO 0 $ +XUOH\ 6 - +DOO - 1 'LQVPRUH 6 -
VXUYLYDO DQG EHKDYLRU RYTKRH) RRQS®RRY HU+tFKLFNYV
KWWSV GRL RUJ FRQGRU

&ROZHOO 0 $KRUHELUG HFRORJ\ FRQVHUYDWQRQHWDWQAGVPL
RI &DOLIRUQLD 3UHVV KWWSV GRL RUJ

&ROZHOO 0 $ BUHGDWLRQ DQG SUHGDWRU PDQDJHP
+DLJ (GAKH 3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWLRQ
SS + &5& 3UHVEREKWIWSV

&ROZHOO 0 $ +DLJ 6 O D $Q RYHUYLHZ RI WKH ZR
&ROZHOO 6 0 +DHH 3RIYXODWLRQ (FRORJ\ DQG &RQVH
&KDUDGULXV S®RY¥HUV&5& 3UHVV

KWWGRRUJ



&ROZHOO 0 $ +DLJ 7T&KHD 3BRSX®ODWLRQ (FRORJ\ DQG &RQV
&KDUDGULXV @ZERIBIWVYV GREWS V

&RQNOLQ - 5 (YROXWLRQDU\ DQG HFRORJLFDO IOH][L
&KDUDGULXV SORYHUV ,Q 0 $ &ROEHGB®RSX»ODW+tBRJ (!
(FRORJ\ DQG &RQVHUYDWLRQ RIKKDUWDGUK%E 3ORVYMUV
KW WGERR U J

&RRPEHV ( * -RQHV $ 3 6XWKHUODQG : - 7KH |
LPSOLEDWLRQV RI FKDQJHV LQ FRDVWDO WRXULVP GXH
(QYLURQPHQWDO &RQVHWYDWLRQ
KW WGERR U J 6

&XWWULVV $ :HVWRQ 0 $ ODJXLUH * 6 (KPNH *
VHOHFWLRQ LQ DQ REOLJDWH EHDFK ELUG D WHVW RI
ODULQH DQG )UHVKZDWHU 5HVHDUFK
KWWSV GRL RUJ 0)

'DYLV $ 0 7KH EHKDYLRXUDO HFRORJ\ DQG PDQDJHPHQW
VKRUH SBRBHKBOLVKHG PDVWHU V WKHVLV 8QLYHUVLW
1HZ =HDODQG

'DYLV $ O D 6WDWXV GLVWULEXWLRQ DQG SRSXODW
VKRUH SDRLYQ(RUQLY QRYDHRMWHROMQGLDH VXSSHOHPHQW

KWWSV ZZZ ELUGVQ] RUJ Q]

'DYLV $ O E %UHHGLQJ ELRORJ\ RI WKRKILHZR HI®D YD Q G

QRYDHVHHODRGR D@LV VXSSIOHPHQW

KWWSV ZZZ ELUGVQ] RUJ Q]



'DYLV $ O $LNPDQ(VWDEOLVKPHQW RI VKRUH SORYHU 7]
QRYDHVHHODQGLDH RQ HGWXRWDRY OLHYG=HDODQG 'HS
&RQVHUYDWLRQ KWWSV ZZZ GRF JRYW Q]

'DYLV . / 6FKRHQHPDQQ . / &DWOLQ ' + +XQW . /[ )
- .DUSDQW\ 6 0 +DWF K KIDWD GUS K QY JP S ORGH
SURVSHFWLQJ DQG KDELWDW TXDOLW\ LQIOXHQFH VHFF
$XN 2UQLWKRORJLFDO $GXYDQFHV
KWWSV GRL RUJ $8.

GH /IDQJH 3 - 6DZ\HU - : JORUD RI :HVWHUQ 5H|
1HZ =HDODQG -RXUQDO Rl %RWDQ\

KWWSV GRL RUJ

'LENHQV 0 - 'HOHKDQW\ ' - 5RPHUR / 0 6WUHV

FRPSRQHQW RI DQLPD®WLWORQVRDROFRRQRBUYDWLRQ
KWWSV GRL RUJ M ELRFRQ

'LQVPRUH 6 - .QRSI ) [/ 'LITHUHQWLDO SDUHQWNDC
SORYBKNUDGULXV PERIQVDIBQRAOWY )LHOG 1DWXWDOLVW
KWWSV GRL RUJ FIQ Y L

'LQVPRUH 6 - *DLQHV ( 3 3HDUVRQ 6 ) /DXWHQ ' -

)DEWRUV DIIHFWLQJ VQRZ\ SORYHU FKLEN VXUYLY
SRSXODWHRSRQGRU 2UQLWKRORJLFDO #$SSOLFDWLRQV
KWWSV GRL RUJ &21'25

'LQVPRUH 6 - 3RSXODWLRQ ELRORJ\ ,Q 0 7€ H&ROZHC

3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWSRQ RI &KDUDGL

&5& 3UHVYV GRRUIV



'2 & 1HZ =HDODQG VKRUH SORYHU UHFRYMHDWHIIHEG =+
6SHFLHV 5HFRYHU\ 30DQ ‘HOOLQJWRQ 1HZ =HDODQ
KWWSV ZZZ GRF JRYW Q]

'2& ODWKRUH SORYHU VWDWRSHUOPUHVHQWHG DW WKE
RI WKH 6KRUH 30RYHU 5HFRYHU\ *URXS &KULVWFKXUF!

GRV 5HPHGLRV 1 J/HH 3 / 0 %XUNH 7 6]pNHO\ 7 *S
RU VRXWK" 3K\ORJHQHWLF DQG ELRJHRJUDSKLF RULJLC
DYLDQ FORIDGH XODU 3K\ORJHQHWLFVY BQG (YROXWLRQ
KWWSV GRL RUJ M \PSHY

'RZGLQJ - .HQQHG\ ( 6 6L]H DJH VWUXFWXUH DQ:
VKRUH SORYHU SRSXODWLRQRRDRUMIW K (DVW ,VODQG
KWWSV ZZZ ELUGVQ] RUJ Q]

'RZGLQJ - ORUSKRPHWULFV DQG HFRORJ\ RI WKH 1HZ
&KDUDGULXV REMFKUXGHVFULSWLRQ RRI RWZLYXEVSH

+ KWWSV ZZZ ELUGVQ] RUJ Q]

'RZGLQJ - OXUSK\ ( 7KH LPSDFW RI SUHGDWLRQ E
RQ HQGHPLF VKRUHELUGYV LQ 1HZ =HDODQG D FRQVHU
%LRORJLFDO &RQVHUYDWLRQ
KWWSV GRL RUJ 6

'RZGLQJ - &ROOHQ 5 'DYLV $ 2Y&RQQRU 6 BPLWK (
ORVVHV LQ WKH 1HZ =HD OPIQEBRVRR Y H) R ® B MMHFIRYBIQ & L D
SURJUDPPH SWDWXV DQG &RQVHUYDWLRQ Rl 6KRUHE
$VLDQ $XVWUDODVLDQ )O\ZD\ 3URFHHGLQJV RI WKH $X

&RQIHUHQ+H KWWSV DZVJ RUJ DX



'RZGLQJ - ORRUH 6DELWDW QHWZRUNV RI LQGLJHQRXYV
1HZ =HDO®MIGIQFH 7HFKQLFDO 3XE 'HSDUWPHQW RI &
KWWSV EUDLGHGULYHUV RUJ

'RZGLQJ - 2 &RQQRU 6 0 SHGXFLQJ WKH ULVN RI
WKUHDWHQHG VKRUHELUG WUDQVDRFEIDRULRQV Rl WKH
QRYDHVHHODQGLDH RWRUQLV +
KWWSV ZZZ ELUGVQ] RUJ Q]

'RZGLQJ - 0D\ 9LDELOLW\ RI WKH VKRUH SORYHU SR
DQ DQDO\VLV RI GHPRJUDSKLF GDWD IURP WKH SHULRG
SUHVHQWHG DW WKH PHHWLQJ RI WKH 6KRUH 30RYHU 5
1HZ =HDODQG

'UXPPRQG ) 0 3DUNHU . $ /RYHJURYH 7 * $UPVWUR
'LVWLQJXLVKLQJ HIIHFWV RI MXYHQLOH PRUWDOLW\ DQ
-RXUQDO RI :LOGOLIH ODQD3HPHQW
KWWSV GRL RUJ MZPJ

'XUDQW - 0 +MHUPDQQ ' ‘' 2WWHUVHQ * 6WHQVHWK
WKH PDWFK RU PLVPDWFK EHWZHHQ SUHGDWRU UHTXLL
DYDLODRRELICPDWH 5HVHDUFK
KW WGERR U J FU

(EHUKDUW 3KLOOLSV [/ - 'DQFLQJ LQ WKH PRRQOLJK\
IRUDJLQJ EHKDYLRXU YDULHARXUW R OVRH 2Q)QQ BVK K OFRIN

* KWWSV GRL RUJ Vv



(EHUKDUW 3KLOOLSV / - .«SSHU & OLOOHU 7 ( ; &UX]
GRV 5HPHGLRV 1 6]pNHO\ 7 6H[ VSHFLILF H
DGXOW VH[ UDWLR ELDV LQ VQRZ\ SORYHUV DQG LPSDF

SRSXODWLRIURFREHWKQJYV RI WKH 1DWLRQDO $FDGHP\ R

8QLWHG 6WDWHV RI $RWW.EFWDW GRL RUJ SQDV
(EHUKDUW 3KLOOLSYV / - +RIIPDQ - .UeJHU 2 .*SSHU
& 6]pNHO\ 7 %XUNH 7 '"HPRJUDSKLF FDXVEH

YDULDWLRQ DQG WKHLU FRQVHTXHQPHWXIRWU SDUHQWDC
&RPPXQLFDWLRQKWWSY GRL RUJ v

(EHUKDUW 3KLOOLSV [/ - 30RYHU EUHHGLQJ V\VWHP\
+DLJ (GAKH 3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWLRQ
SS  # &5& 3UHVERKWW SV

(KPNH * ODJXLUH * 6 %LUG 7 ,HURGLDFRQRX ‘HV
REOLJDWH EHDFK ELUG VHOHFWV VXE LQWHU DQG VX

(VWXDULQH &&RDVWDO ©6KH®I 6FLHQFH

KWWSV GRL RUJ M HFVV
(NDQD\DNH . % ‘HVWRQ 0 $ 1LPPR ' * ODJXLUH * 6
.*SSHU & 7TKH EULJKW LQFXEDWH DW QLJKW VHI[>

DGDSWLYH LQFXEDWLRQ GLYLVLRQ 3WRBPHEIHI \Q RV WK

5R\DO 6RFLHW\ % %LRORJLFDO 6FLHQFHYV

KWWSV GRL RUJ UVSE
(YDQV 35 3LHQNRZVNL O : 3RSXODWLRQ G\QDPLFV
%XUJHU % / 260RUKHGIBEGV + %RVWRQ 0$ 6SULQ.

KWWSV GRL RUJ B



JLW]JHUDOG % O +RXVH FDWKHQKRQGERRN RIGLHZ

=HDODQG PDBBDOW $XFNODQG 2[IRUG 8QLYHUVLW\
JOHPLQJ & $ %LUGV RI WKHX&KDWKDP ,VODQGYV
KWWSV GRL RUJ 08

JRUEHV + 2 $ OLVW RI WKH ELUGYVY LQKDELWEQ®&S MWKLHF &KDW

UHVV KWWSV GRL RUJ M ; WE [
JRUVWHU - 5 +RDUHKH SHVROXWLRQ MRXUQDO RI -RKDQC

JRUVWHU #DNOX\W 6RFLHW\ KWWSV QDWOLE JRYW
*DOEUDLWK + -RQHV 5 3DUN 5 &ORXJK - +HUURG -XC

3DJH * *OREDO FOLPDWH FKDQJH DQG VHD OHYH!

LOQOWHUWLGDO KDELMDWAUEUWXKWR UHKKEHL UBWHUQDWLRQDO
:DWHUELUG %LRORJKWWSV GRL RUJ MRXUQDO Si
*DOEUDLWK + '"HVS5RFKHUV : %YURZQ 6 SHHG - O
YXOQHUDELOLWLHV RI 1RUWK $PHULFDQRWKRQUHELUGV V
KWWSV GRL RUJ MRXUQDO SRQH
*RFKIHOG O $QWLSUHGDWRU EHKDYLRU DJJUHVVLYH

VKRUHELUGY ,Q - %XUJHWBLKRUHERO®GY KEGWMHGLQJ ELR!

SRSXODWISRQV+ SOHQXP 3UHVV 1HZ <RUN
KWWSV GRL RUJ B
*RPSSHU O 9DQDN $ 6XEVLGL]HG SUHGDWRUV OD

GLVDUWLEXODWHG F D UKQLYARRIU ERPWVPHKQY DAMH R Q
KWWGGRL RUJ M [

*RVV &XVWDUG - ' 9DULDWLRQ LQ TMKH B0 WSRW D QKX ¥
RQ WKHLU ZLQWHU |HHGLQJ JWRXQGYV

KWWSV GRL RUJ M ; WE [



*UD\VRQ ' . 7KH DUFKDHRORJLFDO UHFRUG RI KXPDC
SRSXODVWRMRIGM O RI :RUOG 3UHKLVWRU\
KWWSV ZZZ MVWRU RUJ VWDEOH

*ULIILWK % 6FRWW - 0 &DUSHQWHU - : 5HHG &
VSHFLHV FRQVHUYDWLRQ WRGRFQAHQWB WXV DQG VWUDWH
KWWSV GRL RUJ VELHQFH

*ULIILWKY 5 %XFKDQDQ ) %URRPH . 1HLOVHQ - %UR.

6XFFHVVIXO HUDGLFDWLRQ RI LQYDVLYH YHUWHE!

ORWXWDSX ,VODQGV%ILR2RHIFODQ®YDVLRQV
KWWSV GRL RUJ Vv

+DLJ 6 0 &KDQJLQJ FOLPDWHV DQ GSPRLY®OHXIFHH WR
WKURXJKRXW WKH DQQXDO F\FOH ,Q 0 BKHROZHOO 6
3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWSRQ+RI &KDUDGL
&5& 3UHVV GRRUIV

+DLJ 6 0 &ROZHOO 0 $ )XWXUH FKDOOHQJHV IRU
$ &ROZHOO 6 0 ¥RHIJ3RSGXODWLRQ (FRORJ\ DQG &RQV
&KDUDGULXV S®RYHUV &5& 3UHVV
KW WGERR U J

+DLJ 6 0 OXUSK\ 6 3 ODWWKHZV - + S$ULVPHQGL |,
&OLPDWH DOWHUHG ZHWODQGY FKDOOHQJH ZDWHUELU:
LQ DULG ODQBLMFPBHNMF 5HSRUW YV
KWWSV GRL RUJ Y \

+DPLOWRQ $ 7KH 'LVW UL F W URD QA\NIDFUN MRRQ \: HDVQBO D Q G
3URFHHGLQJV Rl WKH 5R\DO 6RFLHWA RI 1HZ =HDODQG

KWWSV SDSHUVSDVW QDWOLE JRYW Q]



+DQQDP . 0O 2ULQJ / : +HUJRJ 0 3 ,PSDFWV RI \

DQG EHKDYLRU RI $PHULED® HDUWYRRIRHAN FKLFNV

KWWSV GRL RUJ > ,262*$@ &2
+DUOH\ & ' * +XJKHV $ 5 +XOWJUHQ . O OLQHU % *
7TKRUQEHU & 6 :LOOLDPV 6 [/ 7TKH LPSDFW\

FRDVWDO PDUL@HR ®RIWHPW W HU V
KWWSV GRL RUJ M [

+DUULV : & 'XQFDQ ' & )UDQNHQ 5 - OF.LQQRQ ' 7

5HSURGXFWLYH VXFFHVV RI SLSLQJ SORYHUV DW

6DVNDWFKHKEDQOVRQ %XOOHWLQ
KWWSV GRL RUJ

+ROGDZD\ 5 1 :RUWK\ 7 + 7HQQ\VRQ $ - $ ZRU
ELUG VSHFLHV Rl WKH 1HZ =HDODQG UIHHJZ R & CDOND QLGJ VW
-RXUQDO RI =RROR &\
KWWSV GRL RUJ

+XJKHV %LRORJLFDO FRQVHTXHQFHV RI JOREDO ZD
DSSDURQMOIGY LQ (FRORJ\ (YR@XWLRQ
KWWSV GRL RUJ 6

,33& &OLPDWH FKDQ3&& KWWSV ZZZ LSEF FK

,UZLQ * 7KH SUHKLVWRULF H[SORUDWLRQ DQG FRORQLVD
&DPEULGJH 8QLYHUVLW\ 3UHVV KWWSV GRL RUJ

,8&1 ,8&1 UHG OLVW RI WKUHDWHQHG VSHFLHYV
KWWSV GRL RUJ ,8&1 8. 5/76 7 $

-RKQVJDUG 3 $KH SORYHUV VDQGSLSHUV D®GLWQUSHWRI

RI 1IHEUDVND 3UHVV KWWSV 2727Z MVWRU RUJ VWDEOH



-RKQVRQ & 0© %DOGDVVDUUH * $ $VSHFWV RI W
SLSLQJ SORYHUV LQ FRBVWDDOREO B KXDPD WL Q
KWWSV ZZZ MVWRU RUJ VWDEOH

-RQHV % 0 $US & ' 6FKPXW] - $ )OLQW 3 / -RUJHQ
0 ,QFUHDVH LQ WKH UDWH DQG XQLIRUPLW\ RI FR
$ODVNIRSK\VLFDO 5HVHDUFK /HWWHUYV
KWWSV GRL RUJ *

-RQHV & OHUWRQ $ WDOH RI WZR LVODQGV WKH
HQGHPLF ELUGY LQ 1HZ =HDODQG DQG ODXULWLXV ,Q -

$ 3DUNHU 3 - 6HBMIRQVYBGXFWLRQ ELRORJ\ LQW|

VFLHQFH DQG PDSBJHRHQWAODFENZHOO 3XE
KWWS G[ GRL RUJ FK

.LQJ & 0O O9HDOH $ 3DWW\ % +D\ZDUG / 6ZLPPL
VWRDWY DQG WKH WKUHDW%WR OCRMKEROH, @ DRV MRXDW L H\

KWWSV GRL RUJ Vv
.QRSI ) [ JRRGV Rl PRXQWDLQ SOR YHKUHVER@AMRHULQJ
KWWSV GRL RUJ

.RV]WROIQ\L $ 6]pNHO\ 7 &XWKLOO , & <LOPD] . 7
(FRORJLFDO FRQVWUDLQWY RQ EUHHGLQJ V\VWHP HYRC
RQ EURRG GHVHUWLRQ-RRUEBDRW IRVKS S DRIY® F RO R J\

KWWSV GRL RUJ M [

_*SSHU & GRV 5HPHGLRV 1 '"HILQLQJ VSHELHV DQG
JHQHWLF VWXGLHV LQ SORYHUV ,Q 0 B3KKROZHOO 6 |
3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWSRQ+RI &KDUDGL

&5& 3UHVYV GRRVUIV



IDQGVEHUJ - + 7KH HIITHFWV Rl KDUPIXO DOJDO EORI
SHYLHZV LQ )LVKHULHYV 6FLHQFH
KWWSV GRL RUJ
ILQQHOO - ' $DQHV 5 6ZHQVRQ - ( 2GGHQ - 6 PLWEK
7TUDQVORFDWLRQ RI FDUQLYRUHY DV D PHWKRG IRU PD¢
UHYLHEZRGLYHUVLW\ &RQVHUYDWLRQ
KWWSV GRL RUJ % %,2& FG
IRHIHULQJ - 3 JUDVHU - ' J)DFWRUV DIITHFWLQJ Sl

LQ GLITHUHQW EURRG/KNHDRKQQ® KO RIWDWE&OLIH ODQDJH|

* KWWSV GRL RUJ
IXQW , ' %\UQH O +HOOPDQQ - - OLWFKHOO 1 - *DU
=DQGHU . . 8VLQJ DVVLVWHG FRORQLVDWLR

DQG UHVWRUH HFRV\WWHP IXQFW%RR XRIGAIFDEOLPDWH

&RQVHUYDWLR® KWWSV GRL RUJ M ELRFRQ
ODFKLQ 3 )HUQDQGH] (OLSH - )OLQNV + /DVR 0 $JXL
* +DELWDW VHOHFWLRQ GLHW DQG IRRG DYDLOD

SORY®OXYLDOLYV BRUERDUKD6ZHGILEIKV/DSODQG
KWWGRRUJ LEL

ODF.LQQRQ - 9HUNXLO < OXuubD\ 1 ,8&1 VLWXEL
DQG 6RXWKHDVW $VLDQ LQWHUWLGDO KDELWDWYV ZLW|
6HD LQFOXGLQJ WRHFBRKRQBOGIDSHU RI WKH ,8&1 VSH

FRPPLVVLRKONWSY SRUWDOV LXFQ RUJ



ODUVKDOO < O G6FDUOHWW 5 - 6XWWRQ ' * % L L
VRXWKZHVW FRDVW RI &KDWKDP ,VODQG RQNMKH VL[WH
SDSHUV LQ DQWKURSRORJ\ DUFKDHRORXFNIOLMQP&ERLVWLF
1= 'HSW RI $QWKURSRORJ\ 8QLYHUVLW\ RI $XFNODQ

ObDUWLQ 3 %DWHWVWRIQVIULQJ EHKDYLRXU DQ LQWURGXF)V
&DPEULGJH 8QLYHUVLW\ 3UHVV KWWSV GRL RUJ

ODUWLQ 7 ( 1HVW SUHGPMBRBRLBQGEHOQHY W VLWHYV
KWWSV GRL RUJ

ODWLVRR 6PLWK ( 6XWWRQ ' * /DGHIRJHG 7 1 [/DPEHU

SUHKLVWRULF ORELOLW\ LQ SRG\IMWWIXY HWABD QWD L
IURP WKH &KDWKDP DQG .$IVWIPID@GRBARAUVOEBRWNVYH YV
KWWSV 27272Z MVWRU RUJ VWDEOH

OF*ORQH 0 $QGHUVRQ % +ROGDZzZD\ 5 $Q HFRORJ
S3RO\QHVLDQ VHWWOHPHQW RI 1HZ =HDIO-DRGLJRQV RI16X
WKH ILUVW 1HZ S SDODHGHWXFNODQG 8QLYHUVLW\ 3UH

OF,OUR\ - 7KH ELRORJ\ RI PDJSLHV *\PQRUKLQD VSS LQ
8QSXEOLVKHG PDVW@RRERYO @/ RRVIOHIH 8QLYHUVLW\ RI &
&KULVWFKXUFK 1HZ =HDODQG

OHGZD\ "' * 7KH FRUUHFW W\SH ORFDOLW\ RI WKH VK
QRYDHVHHODQGLDH I"™WRUQLV =+
KWWSV ZZZ ELUGVQ] RUJ Q]

OLOOHQHU 3 5 7KH KLVWRU\ RI WKH &KDWKDP ,VODQ
\HDUV =+ D FKURQLFOH RI FKORQAIHKD Q Q LHD[QV K@ BRWLLRLE X W L

SDOHRELROR4\ KWWSV z2ZZ \XPSX FRP



ORRUV 3 1RUZD\ UDW ,QgKH KD.QGERRN RI 1HZ =HDOD
PDPPDOS/S + $XEFNODQG 2[IRUG 8QLYHUVLW\ 3UHV

ORUHQR - $YLDQ 1HVWV DQG 1HWWDQX®HOBQQJI\DV 6LJ
5HVHDUFK %
KWWSV GRL RUJ ) :

ORUULHU $ OF1HLO 5 7LPH DEWLYLW\ EXGJHW RI
SORYHUV LQ D WURSTKB QLOYRIQU B POGIW L Q

KWWSV 27Z272Z MVWRU RUJ VWDEOH

oOXLuU - - &ROZHOO 0 $ 6QRZ\ SORYHUV VHOHFW F
VFUDSHYVY DQERQBRWYV *
KWWSV GRL RUJ FRQG

OXUSK\ ( & 5XVVHOO - & %URRPH . * 5\DQ * - 'RZ

&RQVHUYLQJ 1HZ =HDODQGYYVY QDWLYH IDXQD D UHYLHZ
WKH BUHGDWRU J)UHH -RXJUWDIQWRPRHMQLWKRQ@GRJ\
KWWSV GRL RUJ \%

1HEHO 6 3RUWHU - / .LQJVIRUG 5 7 /IRQJ WHUP
SRSXODWLRQV LQ HDVWHUQ $XVWUDOLD DQG LPSDFWV

%LRORJLFDO &RQVHUYBWLRQ

KWWSV GRL RUJ M ELRFRQ

1RO ( ,QFXEDWLRQ 3HULRG DQG )RUDSPGUEIZABRQLTX
IDWXUDOLVW + KWWSV ZZZ MVWRU RUJ VWDEOH

1RO ( ODF&XOORFK . 3ROOREN / OF.LQQRQ / ) F

WLPH EXGJHWV Rl QRQ EUHHGLQJ V-RRWHDLA RY LWRER B

(FRORJ\ * KWWS GRL RUJ 6



1RO ( 1IRQEUHHGLQJ HFRORJ\ ,Q 0 $ &RBZHOO 6 (
3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWSRQ RI &KDUDGL
&5& 3UHVV GRRUSV

2 'RQQHOO & ) - ORQNV - 0 'LVWULEXWLRQ ORQ
DQG FRQVHUYDWLRQ VWDW %¥ IRU CE®WLGHNGE G RMQVF M/XHOR/L
RQ EUDLGHG ULYHUVIRWRHDQEWBRODQG
KWWSV ZZZ ELUGVQ] RUJ Q]

2SSHO 6 %XUQV ) O9LFNHU\ - *HRUJH . (OOLFN * [H

+DE&®SBWLILF HIIHFWLYHQHVV RI IHUDO FDW FRQW
RI DQ HQGHP s HMWRXQ@GELUBXMBHFQHM $SSOLHG (FRORJ
+ KWWSV GRL RUJ

3DUNHU . $ 'LFNHQV 0 - &ODUNH 5 + /RYHJURYH 7 -
' 7KH WKHRU\ DQG SUDFWLFH RI FDWFKLQJ KROG
DQLPDOV ,Q - (ZHQ ' $UPVWURQJ . 3DUNHU 3 6HG
SHLQWURGXFWLRQ ELRORJ\ LQWHJUD®3 QJ YFLHQFH DC
'LOH\ %ODRNAMHO OG[ GRL RUJ FK

3KLOOLSV 5 ( 6H[XDO DQG DJRQLVWKBUTHXWDLYX\R XU L

YRFLIHIXVMPDO %HKDYLRXU

KWWSV GRL RUJ 6

3KLOOLSV 5 ( I1RWHV RQ WKH EHKDYLRXU RI WKH 1H
(PX + KWWSV GRL RUJ 08

3KLOOLSV 5 ( %HKDYLRXU DQG V\VWHPRBPXVLFV RI 1HZ

* KWWSV GRL RUJ



3LHQNRZVNL 0 : %HKDYLRXU R I&KRXDDGWLXIM KL DGR ¥

DQG LWV UHODWLRQVKLS WR JURZWK [EQ® VXUYLYDO W
+ KWWS G[ GRL RUJ M : W E [

3LHUFH 5 +DELWDWYVY DQG IHHGLQJ RI WKH $XFNODQC
&KDUDGULXV ELPHD@POMXV H[LQ IIRWWRIPIL V +
KWWSV ZZZ ELUGVQ] RUJ Q]

3LHUFH 5 %UHHGLQJ DQG VRFLDO KXW WBHEQIVXRI EDQ
ELFLQPAMKEDVVIRMWRIWQLV:E KWWSV ZZZ ELUGVQ] RUJ

3LHUFH 5 .LRUH 5DWWXV H[XODQV LPSDFW RQ EUHFE
SHWUHOV DQG OLWWOH VKHDUZDWHUV 'HSW RI &RQVH
KWWSV ZZZ GRF JRYW Q]

3LHUVPD 7 +DVVHOO & 5HFRUG QXPEHUV RI JUDV"
2ULHQWDO 3UDWLQFROH 2ULHQWDO 30RYHU /LWWOH
JUDVVODQGYV RI 1: $XVWUDOLD:DGHUW G WKBYXDRXS
%XOOHWLQ + KWWSV DZzZVJ RUJ DX

30LVVQHU - + 2ULQJ / : +DLJ 6 0 6SDFH XVH R
%DVLQ EUHHGK®J-RXHQDO RI :LOGOLIH ODQDJHPHQW
KWWSV GRL RUJ

3SRWWV 7 + 2Q WKH ELUGV RI7UBD¥BPWDRGY DBV ,9
3URFHHGLQJV Rl WKH 5R\DO 6RFLHW\ Rl 1HZ =HDODQG
KWWSV SDSHUVSDVW QDWOLE JRYW Q]

3RZHOO $ 1 &XWKEHUW ) - $XJPHQWLQJ 6PDOO 3
$VVHVVPHQW Rl &URVV+)RVWHULGR DB UDIVIRYH %5 HROD

* KWWSV GRL RUJ M [



3RZHOO $ 1 &XWKEHUW ) - :HPPHU / & 'RROLWWOH
&DSWLYH UHDULQJ SLSLQJ SORYHUV 'HYHORSLQJ WHFk
SRSXODWRMROMRORJ\ +
KWWS G[ GRL RUJ 6,8&, &2
BWDFHN - 6FKZLOOLQJ 0 ORXQWDLQ SORYHU UHLC
.DQVDV 2UQLWKRO 6RF BW®SYV ZZZ \XPSX FRP
5 &RUH 7THDP 5 $ ODQJXDJH DQG HQYLURQPHQW 5RU VWDWL
IRXQGDWLRQ IRU VWDWLVWLEDO FRPSXWLQJ 9LHQQD $
5H\QROGV - 6]pNHO\ 7 7KH HYROXWLRQ RI SDUH

/ILIH KLVWRULHV HFRORJ\ %€ &DWH[RDDOVHRIOERWYL RQ

KWWSV GRL RUJ EHKHFR
5LFKDUGVRQ - *UD\7KH(=RRORJ\ Rl WKH 9R\DJH RI +06 (U
7HUURU WRRQGRQ /RQJPDQ %URZQ *UHHQ DQG /R

KWWSV ERRNV JRRJOH FR Q]

S5LFKDUGVRQ . @VSHUVDO WKH HIIHFWV RI SKHQRW\SH DQ
UHLQWURGXFHG'BRWRODW LWRONVLY ODVVH\ 8QLYHUVLW
=HDODQG SHWULHYHG IURP KWWS KGO KDQGOH QHW

SLFKDUGVRQ . 0 'RHUU 9 (EUDKLPL O /RYHJURYH 7 *
&RQVLGHULQJ GLVSHUVDO LQ UHLQWURGXFWLRQ DQG L
$UPVWURQJ 0 +D\ZDUG 33&GHIERY KQWHLQWURGXFW|
RI $XVWUDOLDQ DQG 1H3SHROD QD ,T2XRPEOLVKLQJ

SLFKDUGVRQ . O (ZHQ - +DELWDW VHOHFWLRQ LQ
VRFLDO HIIHFWV GLIIHU EEWOHDY 1 BRW@EHDY G SRV W

&RQVHUYDWLRQ=* KWWSV GRL RUJ DFY



SLVWDX & &RIQLWLYH HWKRORJ\ SDVW SUHVHQW D

36$ 3URFHHGLQJV RI WKH %YLHQQLDO OHHWLQJ RI WKH

$VVRFLDWLRQ * KWWSV GRL RUJ
SREHUWVRQ + $ %DLUG . $ (OOLRWW * 3 +LWFKPRXJ
ODNDQ 7 ' 6FRILHORBYHBUYDWLRQ VWDWXV RI EL

$RWHDURD 1HZ =HD:®ID@EQJWRQ 'HSDUWPHQW RI &RQV
KWWSV ZZZ UHVHDUFKJDWH QHW

5RVVL / & 6FKHUHU $ / 3HWU\ 0 9 J)LUVW UHFR
WKH VKRUHELUG $PHULFD® FRDWWR B X ¥ DSREKBAKIMWAKR/X W K H L
FRDVW RIOBDUDPHO3ROOXWLRQ %XOOHWLQ
KWWSV GRL RUJ M PDUSROEXO

5XEHJD 0 $ 5RELQVRQ - $ ':DWHU VDOLQL]DWLRC
HPHUJLQJ LEWXHMODWLRQDO :DGHU 6WXGLHYV
KWWSV VRUD GHY XQP HGX

5XEHJD 0 $ 2ULQJ [/ ([FUHWRU\ RUJDQ JURZWK
VDOW WROHUDQFH LQ KDW FKHOFDQUY $RJIRY MEDE DPYHRUFIHAVD\D

-RXUQDO RI $YLDQ %LRORJ\

KWWSV GRL RUJ M [
6DDOIHOG ' 7 ODW] $ & OF&DIIHU\ % - -RKQVRQ 2
5 % ,QRUJDQLF DQG RUJDQLF FRQWDPLQDQWYV L

(QYLURQPHQWDO ORQLWRULQJ *#$VVHVVPHQW
KWWSV GRL RUJ Vv \

6DXQGHUV $ 1IRUWRQ (FRORJLFDO UHVWRUDWLR
“HDOMI®RORJILFDO &RQVHUYDWLRQ

KWWSV GRL RUJ 6



6DXQGHUV 6 3 &XWKEHUW ) - & KeE EN VAHRU WHD[O L W\

UDWLRV LQ HQGDQJHUHG *UHDWXDQBY RLSLEDODGBGORYHU

2UQLWKRORJ\ = KWWSV GRL RUJ MRIR
6FKODFKHU 7 $ &DUUDFKHU [/ . SRUFK 1 &RQQROO\ 5
/ "HVWRQ 0 $ 7KH (DUO\ 6KRUHELUG :LOO &

,QYHUWHEUDWHY RQ 7UDP SORI6 26DH) G\ % HDFKHV

KWWSV GRL RUJ MRXUQDO SRQH
6FKODFKHU 7 $ *LOE\ % / 20GV $ ' +XWWRQ % 0 3
&RQQROO\ 5 O $0JDO VXEVLGLHY HQKDQFH LQ)

WKUHDWHQHG VKRUHELUGY $ QRYHO FRQVHUYDWLRQ \
(VWXDULQH &RDVWDO 6KHOI 6FLHQFH
KWWSV GRL RUJ M HEVV
BHGGRQ 3 - ORUR ' OLWFKHOO 1 - &KDXYHQHW $ /
3URDFWLYH FRQVHUYDWLRQ RU SODQQHG LQYDVLRQV"
DVVLVWHG FRORQLVDWLRQ ,Q ' $UPVWURQJ 0 +D\ZDL
$GYDQFHV LQ UHLQWURGXFWLRQ ELRORJ\ RI $%8VWUDOL
+ &6,52 3XEOLVKLQJ
6LEVRQ 5 % 7KH IORENLQJ Rl WIKRHVBRHW®@ LEBWWHDVWHG G
KWWSV ZZZ ELUGVQ] RUJ Q]
6LEVRQ 5 % +RZDUG % %LUGYV DW ULVN UDUH RU
=HDODQG 5HHG
6LQFODLU $ 5 ( 3HFK 5 3 'LFNPDQ & 5 +LN ' ODKR(
BUHGLFWLQJ HIIHFWV RI SUHGDWLRQ RQ FRQVHUY
&RQVHUYDWLRQ %LR®RJ\

KWWS G[ GRL RUJ M [



6SDOWRQ - $ /DZUHQFH O %UHQG 6 $UDELDQ R
2PDQ VXFFHVVHV DQG\WHWEDFNYV
KWWSV GRL RUJ M [

6WDDODQG + $QDWRPLFDO DQG SK\VWLRORJLFEDO DGD
&KDUDGULLIR GRS EUDWYYH %LRFKHPLVWU\ DQ& 3K\VL]

KWWSV GRL RUJ [

BWHQ]JHO / ( 3DJH * :DUULQHU - :DUULQHU - 1HXPDC
%LGVWUXS ) &#NHIDOHWGXOW VH[ UDWLR VXUYLYDO
DQG DQQXDO SURGXFWLYLVEKDQ DAGKH X\ ROHSIOD® @ H UQ X \

+ KWWSV GRL RUJ M : [

BWHQ]HO [/ ( 3DJH * %UHHGLQJ ELRORJ\ RI &KD
$ &ROZHOO 6 0 ¥RHIJ3RSGXODWLRQ (FRORJ\ DQG &RQV
&KDUDGULXV S®RYHUV &5& 3UHVYV
KW WGERR U J

6XWKHUODQG : - $OYHV - $ $PDQR 7 &KDQJ & + 'D
& 0 7KRPSVRQ ' % $ $ KRUL]JRQ VFDQQLQJ
FXUUHQW DQG SRWHQWLDO IXWXUH \BKUWHDWV WR PLJU

KWWSV GRL RUJ M : [

BXWWRQ ' * 7KH :KHQFH HZI 3HODORGLRRXUQDO RI +L\
KWWS ZZZ QJMK DXENODQG DF Q]

7HQQ\VRQ $ OLOOHQHU 3 %LUG H[WLQFWLRQV DQ
,VODQG &KDWKDPW,ROQDWGYSOHPHQW +
KWWSV ZZZ ELUGVQ] RUJ Q]

7KHUQHDX 7% 3DFNDJH IRU 6XUYLYD® SSIMINDYH W HQVLRQ

KWWSV &5%$1 5 SURMHFW RUJ SDFENDJH VXUYLYDO



7KRPDV * + 6]pNHO\ 7 (YROXWLRQDU\ SDWKZD\V

VIVWHPV VH[XDO FRQIOLFW SDUHQWDQ FOXWLRQG FKI
KWWSV GRL RUJ M W E [

7UDYHUV + + 7UDYHUV : | 7 2Q WKH %LUGV RI W

7UDQVDFWLRQV DQG 3URFHHGLQJV RI WKH 5R¥YDO 6RFLF
KWWSV SDSHUVSDVW QDWOLE JRYW Q]

7XUERWW ( ®%KHFNOLVW RI WKH ELUGV RI 1HZ =HDODQG D¢
'HSHQGDQF\ $QWBGFWBRBENODQG 1HZ =HDODQG 5DQG
KWWSV QJELUGVRQOLQH RUJ Q]

7ZHHG ( - )RVWHU - 7 :RRGZRUWK % / 2HVWHUOH 3
$ 8 _HOOHUPDQ - 6XUYLYDO GLVSHUVDO I
HVWDEOLVKPHQW RI UHLQW UR GX\PHG FIY SIW LSTHOPH MK G S >
%LRORJLFDO &RQVHUY¥DWLRQ
KWWSV GRL RUJ 6

YDQ +HH]LN < /XGZLJ . :KLWZHOO 6 OF/HDQ , *
ELUGY LQ DQ XUEDQ HQYLURQRE GWDLOD QI6Z-RXDQDQGR|
(FRORJ\ + KWWSV QDWOLE JRYW Q]

9HDOH $ - +DQQDIRUG 2 ' 5XVVHOO - & &ORXW 0
GLVWULEXWLRQ RI VWRDWY RQ 1HEZKHBODQQG®R HRMKIRQYBI
RI (FRORJ\ + KWWS ZZZ MVWRU RUJ VWDEOH

9LVVHU 0 ( BRWK & BKLIWYV LQ SKHQRORJ\ GXH W
WKH QHHG IRU DUMAHHGNIRN %LRORJLFDO 6FLHQFHYV

KWWSV GRL RUJ UVSE
':DOGYRJHO - $ 7KH BPWE M BIOH WELLHHD W VW

KWWSV GRL RUJ



:DOWHU 5 %XFNOH\ + -DFRPE & ODWLVRR 6PLWK (

WKH 3RO\QHVLDQ VHWW O HPRXQM) RO RHZ RHD® BQEKLVWF

+ KWWSV GRL RUJ Vv \

:DQJ - 0 %HLVVLQJHU 6 5 3DUWLDO LQFXEDWLRC

IXQFWLRQ DQG TXOHBXNLFDW LR Q

KWWSV GRL RUJ DXN

:DUULQHU - 6 :DUULQHU - & 3DJH * 6WHQ]HO [/ (

DQG UHSURGXFWLYH VXFFHVV RI D VPDOO SRSXODWLRC

7KH :LOVRQ %XOOHWLEWWSY ZZZ MVWRU RUJ VWDEO]

DWWV % ' &ODUN . ( .RSSLH & $ 7KHUUHV * ' 9%\U
(VWDEOLVKPHQW DQG JURZWK RI WKH SHUHJULQH

ZLWKLQ WKH PLG $W O DROXWLEFDOR RV MDOWRWDIKVH D U FK

KWWSV GRL RUJ UDSW

'HVWRQ 0 $ (0OJDU 0 $ 'LVWXUEDQFH WR EURRG

7KLQRUQLV UXEHMFR@\OHY DQG FR QWG BKRILYAHHINDWLRQ

,QWHUQDWLRQDO KWWSV GRL RUJ 6

'HVWRQ 0 $ (0JDU 0 $ 5HVSRQVHV RI LQFXEDWL(

7KLQRUQLV UWRUGERWERIADIIFM RI &RDVWDO 5HVHDUFK

+ KWWSV GRL RUJ

'HVWRQ 0 $ (KPNH * & ODJXLUH * 6 1IHVW UHW

WR VWDWLF YHUVXV PRELOGRXKUXPD® RKELALWEOEDH BB QD Jt
+ KWWSV GRL RUJ MZPJ

'HVWRQ 0 $ +XPDQ GLVWXUEDQFH ,Q 0 $7RHROZHOO

3RSXODWLRQ (FRORJ\ DQG &RQVHUYDWSRQ RI &KDUDGL

&5& 3UHVYV GRRVUIV



':LOVRQ + 9LVXDO SHUFHSWLRQ DPRQJ ZDGHUV D VX
KDELW RI EREXELQJ * KWWSV GRL RUJ 08
ROl & 0 *ULIILWK % 5HHG & 7THPSOH 6 $ $YL

WUDQVORFDWLRQV XSGDWH DQG URRQNBGWLINWIRQ VX

%LRORJ\ *
KWWSV GRL RUJ M [

‘RRG - 5 OLWFKHOO . - ©6FRILHOG 5 3 'H 3LHWUL 9 /
&RRSHU $ SK\ORJHQHWLF UHODWLRQVKLSY DQG

WKH H[WLQFW GBMNOKRL@DRE O SEHVD BIVHYRRGRBILFDO

-RXUQDO RI WKH /LQQHDQ &RFLHW\

KWWSV GRL RUJ ]RM

':RRGOH\ . 6KRUHELUGV RI 1HZ =HDODQG $XPNQRQG®KH P
1HZ =HDODQG 3HQJXLQ

TRUWK\ 7 + +ROGDZD\ 5 1 AXDWHUQDU\ IRVVLO Il
WDSKRQRPLHVY DQG SDODHRIDXQDO UHFRQVWUXFWLRQ
,VODQG 1HZ =RPWEPHME Rl WKH 5R\DO 6RFLHW\ Rl 1HZ =H

* KWWSV GRL RUJ






$33(1',: %







$33(1',: %

$GYLFH DQG SULRULWLHV IRU WIWXUXDWX VKRUH SOR’

7KH ILUVW SULRULW\ LV WR PLQLPLVH REVHUYHU GLVW
WIWXUXDWX EHKDYLRXU 6RPH SUDFWLFDO VXJJHVWLRG
x :DON ZHOO DERYH WKH KLJK WLGH PDUN LI SRVVLE
QHFHVVDU\ 7KHVH ELUGY QHVW DQG DUH PRVW DF
PDUN
:DON FDOPO\ DQG TXLHWO\ DQG QHYHU ZHDU +, 9,6
X 'R QRW LQYHVWLIDWH QHVWY XQOHVV DEVROXWHO
ZLOO EH GRQH E\ ODF RQ D ZHHNO\ EDVLV ZKHQ KH
QHVW VLWH WR FKDQJH FDPHUD EDWWHULHY DQG 6
X +LJK WLGH KHDG FRXQWYV LQYROYH ZDONLQJ DORQ
DQG ZLOO LQHYLWDEO\ FDXVH VRPH GLVWXUEDQFH
D GD\ RQO\ DQG QHYHU LPPHGLDWHO\ EHIRUH DQ F
REVHUYDWLRQ SHULRG LV FORVH WR KLIJK WLGH GF
WKH KLJK WLGH KHDG FRXQW DIWHUZDUGYV
Xx 30HDVH DEDQGRQ REVHUYDWLRQV DQG HVSHFLDOC
LV FROG ZLQG\ RU UDLQ\ ,I DJLWDWHG WKH ELUGYV
DOORZLQJ WKHP WR JHW FROG YHU\ TXLFNO\
x ,W LV DOZD\V SUHIHUDEOH WR DEDQGRQ REVHUYDYV
PRUWDOLW\ RU QHVW IDLOXUH
7KH VHFRQG SULRULW\ LV WR VWLFN WR WKH VFKHGXO
D GDLO\ EDVLVY DW WKH VHW WLPH DQG FRPSOHWLQJ D
VSHFLHY RQ WKH EHDFK RQFH D GD\ ,W LV WHPSWLQJ
DWWHQWLRQ RQ QHZ FKLFNV EXW WKH\ DUH DGHTXDW'|
DQG GRLQJ VR ULVNV ORVLQJ LQIRUPDWLRQ RQ RWKHU
UHFRUGHG GXULQJ WKH VHW WLPHYV ZLOO XOWLPDWHO\
RUJDQLVDWLRQ DUH LPSRUWDQW 6DQG\ %D\ LV D ORQ.
EXW WKDW LV QRW D JRRG UHDVRQ IRU WKH QXPEHU RI
RYHU KDOI WKDW RI WKH RWKHU VLWHYV
7KH WKLUG SULRULW\ LV WR ILOO LQ WKH REVHUYDWLF
<RX DUH DW WKH VLWH IRU KRXUV VR WKHUH VKRXOG
LQFRUUHFW HQWULHV ([DPSOHV RI LQFRUUHFW HQWUL
x 1R REVHUYHU QDPH
Xx 7TKH ZURQJ GDWH RU QR GDWH DW DOO
x 1R UHFRUG RI WKH EDQGV RI WKH ELUGYV EHLQJ RE
SDUWQHUVY DQG VLWHV = VR ZH DOZD\V QHHG WR FI
VLWH
X 1HVW VLWHV LQFRUUHFWO\ UHFRUGHG
7TKH PDOH DQG IHPDOH EHLQJ PXGGOHG XS IRU WK



Xx 1R WLPH HQWHUHG + WKH WLPHV DUH VWDQGDUGL)\
DV D GRXEOH FKHFN

,WTV D JRRG LGHD WR IDPLOLDULVH \RXUVHOI ZLWK Wtk
HQFRXQWHU DQG DOVR WKH VWDQGDUG DEEUHYLDWLR
ZULWH VXFK WKLQJV DV 3$XVWUDODVLDQ KDUULHU" RU
DQG RYHU
'KDW ZH DUH UHDOO\ DIWHU LV GDWD + VR EH VFLHQW!|
HVWLPDWHG GLVWDQFH RI DQ DGXOW WR D FKLFN RU W
DV LV WKH FORVHVW SUR[LPLW\ DQG GXUDWLRQ RI DQ\
UHFRUG RU PRUH GLIIHUHQW EHKDYLRXUV DW RQH WL
IO\LQJ DQG DJLWDWHG GLVSOD\ $QRWKHU H[DPSOH St
UHFRUGHG DV +[ VD\ ZLWK WKH GLVWDQFH IURP WKH ¢
PLOXWH LQWHUYDO $1' WKH WRWDO GXUDWLRQ DQG FO
2QH Rl WKH PRVW LPSRUWDQW GRFXPHQWYV LV WKH 3KL
ZKLFK LV DFWXDOO\ D GDLO\ VXPPDU\ VKHHW 3OHDVH |
LQIRUPDWLRQ LV VWLOO IUHVK LQ \RXU PLQG RQ \RXU
QRWH DQ\ XQXVXDO HYHQWYV RU FKDQJHV ,I D FKLFEN L\
QHVW KDV EHHQ ZDVKHG DZD\ RU D ELUG KDV UH SDUW
EH UHFRUGHG 2IWHQ WKLV LV GRQH DW WKH HQG RI W
KDYH GRQH WKH KLJK WLGH KHDG FRXQWY RQ GLIIHUHC
WR FRPSDUH QRWHV RI DQ\ FKDQJHV RU VXVSLFLRQV VI
NQRZ 5HPHPEHU WKDW ODF DQG +D]HO ZRXOG DSSUHFL
GHYHORSPHQWY DQG DUH KDSS\ WR UHVSRQG WR TXHV
FRXQW QHHGV WR EH GRQH ZLWKLQ DQ KRXU RU WZR L
FRQVLVWHQW :H XVH WKH WLGHV IRU ODWLDWLD %D\ |
VHHP WR EH FORVHU WR WKH ORWXWDSX WLGHV WKDQ
.l \RX DUH UHFRUGLQJ DQ\ GDWD IURP FDPHUDV D JUH
SULRULWLVH SHULRGV Rl WLPH ZKHQ ZH VXVSHFW VLJQ
FKLFN ZDV ORVW RU D IHPDOH UH SDUWQHUHG 7KHUH
VRXUFHV RI GDWD WKDW QHHG WR EH FURVV FRUUHODV
$1' YLGHR IURP D EHDFK FDPHUD LQ K\EULG PRGH YLGH
FDPHUDV $Q\ FOXHV FDQ EH QRWHG IRU H[DPSOH WK}
%%*V UHVWLQJ RQ WKH EHDFK PD\ LQGLFDWH .$+8 KXQ\
PLJKW WKHQ EH VSRWWHG LQ WKH VN\ LQ D VWLOO LPD
IDVW EXW QRW OHDVW KDYH IXQ RXW WKHUH <RX DUF
FRQWULEXWLRQ WR WKH FRQVHUYDWLRQ RI RQH RI RXL
EHDXWLIXO LVODQG LQ WKH VRXWK 3DFLILF + SOHDVH |
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%LUG VSHFLHY FRQVLGHUHG QRQ WKUHDWHQLQJ FRPS
1RQ WKUHDWHQLQJ VSHFLHYV

EODFNELUG 7XUGXV PHUXOD

FKDIITLQFK JULQJLOOD FRHOHEV

JROGILQFK &DUGXHOLYVY FDUGXHOLYV

JUHHQILQFK &DUGXHOLYV FKORULYV

KRXVH VSDUUBBRXYVHU GRPHVWLFXV

NDZD X VKDJ RU FRUPRUDQW YDULRXV VSHFLF
NRULPDNR SEHNOKRELQIGY PHODQXUD

NAWDUH NTZRG LIMKRHEK XV VDQFW XV

P\QD $FULGRWKHUHVY WULVWLYV

S—WDNH E BRDY WKORURWLYV

SLKRLKRL $QWKXMWQRYDHVHHODQGLDH
SIWDQJLWDQJL S D UTDGER/BQWDK HDIGLXHFIND W D

UHGSROO &DUGXHOLYV IODPPHD
VN\VODUN $ODXGD DUYHQVLV
VRQJ WKUXVKXUGXV SKLORPHORYV

VWDUOLQJ 6WXUQXV YXOJDULYV

VZDOORZ +LUXQGR QHR[HQD

W—NDSX $ X VW UDOROVM\D @ HID QW RU

WDUD WHUQ YDULRXV VSHFLHV

WAUHD SDQJR YD ULD EOH FRRDWR IS ¥ ¥ DVQAKRO R U

\HOORZKDPPKHREHUL]D FLWULQHOOD



&RPSHWLWRU VSHFLHV
WIWXULZKDW X QRUWKHU Q&K B G DEUHXWWRESY BXRWKW

WIWXUXDW X WFKIULZEPMWIR WXIRW B RYTCRHWHH O D Q G

SRWHQWLDO SUHGDWRU VSHFLHV

N—KX VZDPXKDEXNLHWBSUR[LPDQV
NDURUR EODFN EDXWHHK®RBXQIOFDQXV
PDJSLH *\PQRUK\QD WLELFHQ

SINHNR SRUSK\ULR PHODQRWXYV

VSXU ZLQJHGIBQRYOXY PLOHV
WDU—-SXQJD UHCWBEXAVOQREBDIKICROODQGLDH

ZKLWH IDFHG(XWHWUWRWD QRYDHKROODQGLDH
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