$$&/ %,2)/8:

$TXDFXOWXUH $TXDULXP &RQVHUYDW

 QWHUQDWLRQDO -RXUQDO RI WK

5SHFHLYBUDV LPSOLFDWHG LQ WKH QRQVH[XD
RI IHPDOH PDWH FKRLFH LQ WKH SHQWDPRU:

3RHFLOLD SMHI+DQQ
*RGIUB\ RXUQBQG/ &QWKLDWVRQ

'HSDUWPHQW RI %LRORJ\ 8QLYHHUW LARXRY 06WVRRXILY 02

86 % &(, %% WLRORJLFDO &HQWHU /LQGHQ +LJKZD\ ODGHZLQL *X\DQTC

BWDWH S8QLYHUVLRUMNRI&GRAOHIH RI (QYLURQPHQWDO 6FLHQFH DQG )R

'ULYH B6\UDFXVH 1< BZOWVRQU#V\BRWMEKVSRQGLQJ DXWKRU * 5
%RXUERXUQHJI#XPVO HGX

SEVWUDFMEFHLYEHDV K\SRWKHVHV RI VLIQDO HYROXWLRQ SR VHGV WWKDIW P CHOHR ® W IHX D 100D
SULRHOHFWLRQ IRU RWKHURXQBWLRIBRUW IRU WKH K\SRWKHVLV WKDW WKH RULJLQ
PDWHV LV D OLQNHG HIIHFW IR DRUHAHIRWHQRLG FRORUDWLRQ IDYRUHG LQ WKH FRQ
GHWHFWLRW®Y S#HIXWDPRUSKLF OLYHEHDUL@J SIDWDERLE BV VYIJQLILFDQWO\ PRUH RIW
RUDQJH UHG DQG \HOORZ GLVFV WKDQ DW JUHHQ EOXH ZKLWH DQG/EIODWFN GLVFV
LQQDWH DWWUDFWLRQ WR FDURWHQRLG FRORBMEBWHG 2\ \Z R M HSARDVQ. M/ ISYHHOM UH QFH V | F
\HOORHODQ]RRMOHY DQG IRU QRYHO UHG RUQD PP\ ¥ XIOP WOWHRW D@ DIDLQVW
W\SLFDO O\ UHQEFPRPROE X ODWDWKHUPRUH SUHIHUHQFH IRU FDURWHQRLG FRORUHG GLVF
DQFHVWADHIRQ DQG \HW PDSSHG RQWR D SRHFLOLLG SK\ORJHQ\ DV DQFHVWUDO 2YH
VWURQJ DVVRFLDWLRQ EHWZHHQ D BBWH GRKENESHHWIHIQFAKW RQ® D VH[XDOO\ VHOHFWH
WKHUHE\ FRUURERUDW L GEL PWK K \S R MKIHABWRMHQRLG FRORUDWLRQ LQGHSHQGHQW DQ
RI WKH DVVXPSWLRQV RI SK\ORJHQHWLF LQIHUHQFH

H\ : RUGWDURWHQRLG FRORUDWLRQ IHPDOH PDSOHERWURISLSRHFREWQG ILVKHV
VHQVRALDYV

5HVXPHQ8QD GH ODV SULQFLSDGHWUKIBSWWWVDLVOD HYROXFLYQ GH VHXDOHV HQ HO
SDUFLDOL]DFLYQ SUHIHUHQFLDO SRU SDUWH GHO UHFHSWRU VHxXxDOD TXH ORYV
HYROXFLRQDURQ DQWLFLSDGDPHQWH SDUD FXPSOLU IXQFLRQHV GLVWLEWDV (Q HV
T HO RULJHQ GH OD HOHFFLYyQ GH SDUHMDV SRU SDUWH GH ODV KHPEQDV HV XQ |
SUHIHUHQFLDO SRU FRORUDFLYQ FDURWHQRLGDO TXH HV IDYRUHFLGR/RM) HO FRQW
DGXOWRYV GH ORV SHFHV SH®NBPEUDDBRWHG®HQ D PRUGLVTXHDU HQ XQD PD\RU SUF
GLVFRV QDUDQMDVY URMRV \ DPDULOORV HQ FRPSDUDFLYQ D GLVFRV YBUGHV D]XC
FRQWH[WR GH DSDUHDPLHQWR (VWD DWUDFFLYyQ LQQDWD D FRORUHV ABURWHQRLGD
SRVLWLYDPHQWH FRUUHODFLRQDGR FRQ ODV SUHIHUHQFLD GH ODV KHPEUDV SRU F
URMD \ DPDULOOD \ SRU ORV DGRUQRV URMRY UDURV TXH HVWiQ SUH\HMDNVHV HQ OF
TXH IXH SUHVHQWDGR HQ HO H[SHULPHQWR WRIL RWHRDWBF®ER SUHVHQWD FRORUDFL
0iV DXQ OD SUHIHUHQFLD SRU ORV GLVFRV GH FRORUHV HVWXYR DXVHQWH HQ XQD
TXH KDQ VLGR PDSHDGRYV HQ OD ILORJHQLD GH SRHFLOLGRV 1XHVWURM@HVXOWDGH
HQWUH XQD DFFLyQ SRWHQFLDO GH OD SUHIHUHQFLD GH HOHFFLYQ GHREBDUHMD \ X(
HVWR FRQVHFXHQWHPHQWH FRUURERUDQGR OD KLSyWHVLV GH SDUFLDOL]DFL
FDURWHQRLGDOHY LQGHSHQGLHQWHY DQG BLHRH{\G GH QOH N UGH) PV IBORYNQpWLFD
3DODEUDV FOBROWUDFLYQ FDURWHQRLGDO HOHFFLYyQ GH SDUHMD ILORJHQLD
SRHFLOLGRY SDUFLDOL]DFLYQ VHQVRULDO

5H]XPDWSRWH]D HMEMIRHAXSULQ H[SORDWDASK Wi ] RWUDWO W X U lP@H/ FHPKDKOHR OXHD] SH
VHDPD VEQHE ORU LQLELDOH SHPW U)X \D /DAY HX B BEH@S RWKH]D F RULJLQEBLSUHIHULQ
IHPHOHL SHQWUX SDUWH @HU RH W\NMIB GIHHD DDWF FH S WD UMPRORELB L FDURWHQRLGLFH PkQ
vQ PkQ FX RLHOW GEMHP KUDPEALL GH SHSW3 SHQWHE FLXJXOLW VHPQLILFDWLY P
PXOW GLVFXULOH GH FXORBUHM SRUWGHBOWHSHI RHOH YHU]L B30QEQ@NINWGID | DUWOE H

XQXL FRQWH[WS$SFHDIDND FEWHDWFREW F WUHWICQWFRH FXORULOH DPLQWLWH D IRVW SR]L
FX SUHIEDLIIPHOHORU SHQWUX PDVFXOLL FNOMDICSBUEXS H FIRMERHIAY W D FX@ B IH
RUQDPHQWHL URLQ WRIRWHOH PDVFXOLORBPDBX XOIDSOMHY WDW vPSRWURYDFNWQASLFXOXL
LPPDFXOQMMHRORUDIWPXOW SEHISHMQ@UX GLVFXULOH GH FXDRDDUIK \FIDVW R'Q HORX G DFQ X L
WD[RQ DQFHVWUDO FDUH D FRQWL GR®DIMD BXQWWWeH YHGHUH ILORJHQHWIHRUFD ILLQG I
DQVDPEOX UH]XGCWOMMHONWUKQV DVRFLHUHEYQWX® SRWMPDJIJHUH D XQXL SDUWHQH



SL XQ FDUBHAWHHEHIF VH[3DOVQ FRQVHFRIQRERUDUHD HSSFORDMWLULL VISERWUROH
FRORELD FDURW H QR HGSHR GH.QAMH S H Q GHHQSW KEGLIO H L Q IH O R QKEHALW L F H

&XYLQWH FKFHRGEWHE FDURWHGORBHGHER QVH[X®WQWUX PDVFXO D IHPHOHLHAWORJHQLH
SOHLRWUFSMLIF SKH FH[S DIRID WBIQHR U LD O

,QWURGXFWRRRQGHUVWDQGLQJ RI WKH RULJLQ DQG HYROXWLRQ RI P
WKH FXHV WKDW WULJJHWDQPHRHYM BURDHWRU DLPU®RI HEHRORQHR
DWWUDFWLYH DYHQXH IRU HOXFLGDWLQJ WKH RULJLQ DQG HYROXWLRC
UHFHLEHDV K\SRWKHVHV Rl WUDLW HYROXWLRQ ZKLFK S®RWILWQWRONW P D
HYROYH WKURXJK SULRU VHOHFWLRQ IRU RWKHU IXQFWLRQV KRZHY
5\DQ 5DQG (QGOHU DQG (QGOHU %DVROR LQG
WKH RULJLQ RI D SUHIHUHQFH DQG WKH RULJLQ RI WHKYR @ X AXIDROGDD UG LOR |
GHFRXSGKEBY VHOHFWLRQ SUHVVXUHV RWKHU WKDQ D PDWLQJ UHVSR
LPSOLFDWHG LQ WKH HYROXWLRQ RI WKH UHFHLWWHRYV GKQDRUPDWLRQ !
BFKOXSS HW DO 6PLWK FHOVWKM FRQWH[W RLFADW® RKRFK IHPDOHYV
DUH XVXDOO\ WKH FKRRVLQJ EHDVWRY VUHGWRYMW[SORLWDWLRQ PRGH
WKDW VH[XDOO\ VHOHFWHG WUDLWY LQ PDOHV DUH WKRVH WKDW |
LQIRUPDWLRQ SURVWW\L®J IHPDOHV 6PLWK CHWPLDOSDPLUH]
ORUHRYHU %RXJKPDQ LQGLFDWHLI®D W RRG HOMW RDYHEW LPSRUWDQW
SURFHVV Rl VSHFLDWLRQHPIHDGHDWKRLEN DQG .RNNROHWHIVWNHG WKDW
WKHVH PRGHOV DUH FHQWUDO WR XQGHUVWIF®ELEOH WKH HYROXWLRQ F
,Q DGGLWLRQ WR LQYHVWLJDWLRQV LQ VH[XDO VHOHFWLRQ ZKLF
KDYH SUHIHUHQFHV IRU WUDLWVY WKDW DUH QRW H[KLELWHG E\ FRQ\
5\DQ RWKHU VRXUFHV Rl VXSSRUVELRWY RRGIH O HFFRIARWZHRU R P
HPSLADIO VWXGLHV RI IRUDJLBRGEH KDWY DR 6PLWK HWHDWH[XDO
SUHIHUHQFH RI IHPDOMRHFISUHDY UHWDRXO DWKISHBHG VWLFNOH EDFN
*DVWHURVWHUXYV DFEX CPHDIDMXYVZLWK RUDQJH VSRWY DQG UHBUMKURDW
H[SODLQHG E\ WKH LGHD WKG®G V¥ RUPWQIW LIRMGUH HPE @H IRR B FFRIGRG HW
DO .RNNR HW DO 6PLWK HEWIBDOYDWLRQV RI JXSSLHV IRUDJLQJ
ULFK LQ FDURWHQRL®HGBRGBGQHWDBAR SURSRVHD WHFRUURERUDWH WK
K\SRWKHVLV Rl D QRQVH[XDO RULJLQ RI WKH IHPDOH PDWH SUHIHUHQ
WKH YLVXDO VA\VWHP Rl JXSSLHV LV WXQHG WR SUHIHUH@RGIEOMW GHW
DO XVHG FRHO®R GLVFV WR WHVG PIBI® BOHKIEWUDFWLRQVWER FROR
UHFRUGLQJ DSSURDFKHVY WR DQG QLEEOLQJ DW WKH GLVFV 7KHLU VV
SOHLRWURSLFEVBIWQ\WRERWKHVLYV RQ SBIQIMDW\QWRSLF /LOH\ DQG
FORVHWIHYODR| WKH JXSS\ %UHGHQ HW DO
,Q *X\DQBRWK VHQIVMXYHQLOH SHQW D VUHIGHMEG\CGHY REKQ G
RUDQFRORG IUXLWV Rl EGREN IMDPHDFURVWIRFRMDDLQDFHDH BXQUD EXUD
BRODQXXP VWUDPRQIRRORDFEHDHHWKOW WKHLU VWUHDPXKIBWQH GLWF
PDGHXS RI WKH ILVKHV IROXPE GXULQJ IUXLWEQF VHRXBQM
XGXEO GDWDDFN VDJH DEDGUBXWKOUXEV JURZ RQ GLVWXUEHG VLWHV HV
GLWHAXQG VW WEHMNY *UDKDP 0\LQW DQG FRLQFLGH ZLWK WKH
RI IRXUPLSHY Rl VIQWRSLF SRHFLOLLGY? SHRPWDE® YXBSEBNBRDVWDO
*X\DQ * 5 %RXUQH SHUV7KREV¥WWOFN VDJH GUXSEXDQGEHNUD PD\ EH
JRRG VRXUFHV RI SURWHFD QROQW/BEABURWKHU GLHWDU\ SLIPHQWYV OF*UD
D@ ZHUH FRQVXPHG E\ PDQ\ VSHFLHV RI ILVKHV ELUGV DQG EDWYV
REMH 7KH H[SUHVVLRQ RI PDQ\ RUQDPHQWDO WUDLWV GHSHQGV RQ |
FDQQRW V\QVEKHYRNMRUK V OF*UDZ 0DDQ HW D®QG FDQ RQO\
EH REQHG& WKURXJK LQJHVWLRQ 20VRQ 2ZHQV  ORWHRYHBD
FDURWHQRLGY DUH DQWLR[LGDQWW D Q& ULPPWRRVWLPXOMWKHU HW DO
OF*UDZ 0DDQ HW DO ZLWK D WUDGHRII EHWZHHQ FDURWHC
PDLQWDLQLQJ KHKINVOMEKPBBVQJ RWQRRHQIWDUR *UHWKHU HW DO
OF*UDZ 7KXV ZKHQ IHPDOHV H[KLELW SUHIHUHQFHV IRU PDOHV ZI
FDURWHQRUDBWAR®D WKH\ DUH FKRRVLQ®DPDWMHYQHL W WWRANR %ORXQW H
OF*UDZ DQAQ IDFW WKHMKOFR@®LWY DUH KRQHVW VLJQDOV
5DPLUH OF*UDZ 0DDQ HW DO



3HQWDV H[KQEQWNH[XDOO\ VHOHNBREB®R USKQRRLOH DQRWKHU FORYV
UHODWLSHFMWVR KDV GLVFUHWH EXWRHZBZKWUQRRERROM MW 7KH
JXSS\ RQ WKH RWKHU KDQG H[KLELWWRD®RRYDWERQYWRQXRXVNLQV HW
SHWUHVFX %RXUQH 7KHUHIRUH WKNMWEGOUHGHQ HW BOHVHQWYV
XV ZLWK RSSRUWXQLWLHV IRU H[SORULQJ W& HVKRIOMD R Q WH[QXDQF ¥ HRIHFET
FRORSRO\PRUSKLVPV /LQGKROP)HPD @M JXSSLHV SUHIHU PDOHV ZLWK
VSRWV DV PDWHV DQG WKH RULJLQ RI WKLV SUHIHUHQFH ZDV UHFHQW
D SOHLRWURSLF HITHFW RRWDHQ B B WRFB®/EHEWMBW DO VHH DOVR 6PLWHF
DO

YRXU FULWHULD DUH SURSRVHG WR GHPRQVWUDWH WKDW D PDO
IHPDOH UHFHIDWHU IHPDOH FKRLFH UHOLHV RQ KHULWDEOH YDULDWLR
LV D ELDV LQ WKH SV\FKRWMRNWURDWWVWHY WKH GLUHFWLRQ RI WKH SU
WKH WUDLW PXVW EH DEVHQW RU H[SUHVVHG LQ D SULPLWLYH IR
SUHIHUHQFH IRU WKH WUDLW LV DQFHVWUDO %DVROR 5\DQ

2XU DLP ZDV WR GHWHUPIS®IQWEBWWIOHW D SUHH[LVEADYJIBHFHLY}
FDURWHQRLG FEORWDMWAWRE K\SRWKHVLVY WKDW WKH RULJLQ RI IHPDO
SHQWDV LV DOVR D OLQNHG HELHDAWIRU BDUHAMHYRUG FRORUDWLRQ WK
DULVHQ LQ WKH FRQWH[FM RW PRRE BHWHFWLRQ 5BGGFHWHGLG QRW
KDYH DFFHWKM/ R[SHQVIDMSPHQW IRU HYDOXDWLQJ WKH YLVXDO V\VW
RXU WHVWV ZHUH EDVHG RQ WKH DVVXPSWLRQ WKDW WKH SHQWD YLV
RI LWV VIQWRSLFIAQRVHI FR ZKLFK YLVXD®D GKWILRDRKRDIUADNQRZQ 5RGG

ORUHRYBOH[DQGHU %UHGHQ GBHIQG SHWWHFRPP WHGGLRKDW
PROHFXODU VWUXFWXUH RI[ SRISMLHIG MVEKIR W R U H F AIS /&W H\Q\. RD
JXSSLHV DQWD®HIQ/LPLODKDUIDQM OHDVW RQH 6BRQUWLWLWHH 6:6 89
VHQVLWLYH WZR 6:6 EOXH VHQVLWLYH DQG WZR 5+ JWKHQ VHQV
/RQJ :DYHHQVLWLYH FDERWHQRLG VMRE LDWPLLYOH 68/3 /:6B6 U
DQG®:6B$ RSVLQMDOVR VEDMWHDGH WKXWPBWYRQ EHFDXVH SHQWDV HD.
DWRUDQJWHGDQG \HOFRRRRUHG IUXLW PRIGFEHRQROWLWXWH®KHLU
GLHWV DW FHUWDLQ WLPHV RI WKH \HDU * 56H% RXDQ HH KS}BXLERH QGVID
DSSURDFKHV ENH& WR WHVW WZR SUHGLFWLRQV JHQHUDWHG E\ W
K\SRWKHVLV DERXW WKH IRUDJLQJ DQG PDWLQJ SUHIHUHQFHV RI S
IHPDOHV VKRXOG QLEEOH PRUH RIWHQ DW FDURWHQRLG FRORUHG
RXWVLGH D PDWLQJ FROWWKWUIBHRRQ FRUUHODWLRQ EHWZHHQ WKH Q.
GLUHFWHG DW D FRORWH®RAFGE\ D IHPDOH DQG WKH WLPH VKH VSHQ\
PDOH ZLWK FDURWHQRLG FRORUDWLRQ 7KLUG IHPDOH SUHIHUHQFHYV
FDURWHOROBUHGUDLIQV W.Q WKHHREPPROFROPWDSK SURYLGHG DGGLWLR
VXSSRUW IRU WKHLDNFK\SFHUKHVLY LQGHSHQGHQW RI WKH@WWKPSWLR
LQIHUHQFH 6FKOXSS HRXKWDWK E\ PDSSLQJ WKH WUDLWFRIURWHBBHGF H \
FRORWLRQ HGIQIHFRQWH[W RQMEOWH HRRWRIHQ\ Rl %UHGHQHHW DO
GHPRQVWUDWHG WKDW WKH WUDLW ZDV3RB FHYMIIDIO W R W KRX RGJ WRXD:
DWWUDFWLRQ WR FDURWHQRLG FRORUDWLRQ ZDV DEVHQW LQ WKH
*DPEXVLDLRLVXVHG E\ 5H]QLFN HWWIROURRW WKHLU SK\ORJUDP RI ILV]
VXEJHQRHFLOLRSVL

ODWHUW.DQG OHWYR® XG\ 6SHFZKM ILHOG DQG ODERUDWRU\ H[SHULPHQV
KHUH IRU FRORU DQG PDWH SUHIHUHQFHV ZHUH SHUIRHFHG RQ ¢
3RHFLOLLGDH RPQLYRURXV OLYHEHDULQJ ILVKHV ZLWK YDULRXVO\
DPRQJ FRDVWDODQKHVKUDRZDWHKU VWUHDPV HDVW RI 9HQH]XHOD LG
6XULQDPH )UHQFK *XLDQD DQG %UD]J]LO WR WKH $PDIRRX GG WXL\ W
RFFUV LQ PWVMHIGVFKRROV /LOH\ 3HQWD PDOHV RFFXU LQ WKUHH
LPPDFXOPWDDQ]RORSDUDH) WKH VDPH SRSXODW L RKQHL PIPIXRXHO DW D
PDOH LV QRIVOW\SHEQVSLFXRXVO\ FROQREN® JHHKXDBG EHKDYHV DQG
ORRMMLNH D VPDOWDWR® IHPDOH /LOH\ 7KLV PRUSK VRPHWLPHYV
YHUWLFDO EDUV WKDW DSSHDU GXULQJ VR F L0 DQWHAID BWLRWDY ZKH L
$ % &KDV WZR SDUDOOHO EODFN VWULSHV DORQJ WKH IODQNV WR
HQRULQJ ELODWHUDO VWULSHV RI RQH RI WKUHH FRORUV EOXH U



ILQGKROP ®WUHGHODOHY DQG IHPDOHY RDBXUMHRP JHUR WR VL[ LULGHYV
EOXH VSRWV RQ WKHLU IODQNV DQG PDQ\ LQGLYERWDOV KDG D EODFN

(A) (D)

(F)

(C) (G)

JLIXUH3HQWDPRUSKLF SHQWD OLYRHFHDUDQIURBKD VLQJOH SRSXODWLRQ LQ 3DWLHQWLE

VKRZLQJ PDOH PRUSKYV $ EOXH % UPIBOD@GR@DSBODFAOH ZLWK FRORU SDWWHUQ LQ FD

DQG GRUVDO ILQV ( WKADBWOBREBEK FROOHFWHG LQ -XQH ZLWK QRYHO VSORWEFKH\

GRUVDO DQG FDXGDO ILQV ) WKH XV NERRD FKFOMAD & DIWHVHPE OHYV D VPDOO QRQJUDYLG |
DQG * ODUJHU IHPDOH

,Q DGGLWDR@QHARUSKY PRUH WKDQ RW K HUHRRUBKM EDARUVDO ILQV ZLWK
DQG GDUN VSORWFKHV RQBUMWULSHHWDOH SKHQRW\SHV RI SHQWDYV
GLIIHUHQWSDUWKIDBM) PHODQ]RPRUSKY ZHUH WKRXJKW WR EH GLIIHUHQ
(LJHQPDQQ 5HJDQ +XEEV 7KH.PPDFXOPRWSEDV ILUVW UHSRUWH(
LQ DQG LQGLYLGXDO IHPDOHV ZHUH REVHUYHG WR SURGXFH VRQV
WKXV LW ZDV FRQFOXGHG WKDW WKH W\SHYDDOMHOHVLQJIOHRVISBIFLHV
%DLOH\ YXUWKHUPRUH ) %UHGHQ SHUV DBWRPPLWIRKQEQGK.DO '1$
VHTXHQFHYV IBRBDMQG MHODQ]RRIDWKH VDPH SRSXODWLRQ DUH LGHQWL
EDVH SDLUV RI WKH FRQWURO UHJLRQ

AXDOLWDWLYH $VVHVVPHE@WIROERORRUSKY 'LVFV DHGFRIPXEIIWMH G
QHZO\ FDXIKW PDOHV Q FKFIRWMRRUSK ULSHEXEOUDXLW Q DQG
WKH VHYHQ GLVFV PDWFKHG E\ KRXPOWOH\HWR &GP LWKHIVY VZDWRORY
LQKW ILHOG DQG HPSORUHGRRHWQFEDWXUH 7KLV ZDV GRQH WR GHWHU
FDURWHQRUGWLRRORPDOGIWFYV DQG IHXWHG @l SHQWDV ZHUH VLPLOD!
GHPRQVWUDWH YDUIRDEHOH®/\ZKB FR® LV NQRZQ E\ &R QO RDMFHKQQ P H
ZDV GRQH RQIBOGRRPEY EHWZHHQ K



JLHOG ([SHULPHIOMOG WHVWV ZHUH SHUIRUPHG BQUARDVWRI® ORD®D RHW
VHDVRQ $®BRIXVW ZLWKLQ WIOHPYMO/ORIH3DWLHQWLD 1
q WR DVVHVV UHPHWLDPOE WKH QRQVH[XDO RULJLQ RI IHPDOH P

SHQWDV LQGHSHQGHQW RI SK\ORJHQHWLF LQIHUMQWH H®W ZIHKUHH WOLRP H
EODFN VDJH DEGUEXVRUXEV JURZLQJ DORQJ WKH GLWFK HGJHV LQ WKL
D ZHHG UHPRYDO FDPSDLJQ E\ WKH ORFDO JRYHUQPHOQRWFFEW MMKNLK ORF
WKHLU PDMRU SLVFLYRURXV SUHGDWR&WYH QW RHRKSLNW L GDWKADL G
&LFKODVRPD SRUWDBHIUWHGYY GZDUBSAIMAKRIBPPD UHDRWEL KRXUL
+RSOLDV PDODEDBWL®RKUQH SHUV REVHUHG:WKHRSURWRFROV RI 5RGG

WR PHDVXUH WKH DWWUDFWLRQ RI SHRWDN WHRYWHYBOUFRGRQM L
VPDOO VKDOOREZWHUHBWW FrK P ZLGH DQG ZLWK EZDWRHRJGHHS
%ODFN EOXH JUHHQ RUDQJH UHG ZKLWH DQG \HPPRZL®PGEWMUF GL
DQG PP WKLFN ZHUH IDEULFDWHG | WRFP FRRABXVWSMUHGLVNHWWHY DQG
WR PHDWXSHQWD UHVSRQVLYWHQHRW HDRKFRQR DO D VLQJOH GLVF ZDV
VXEPHUJHG OHDI FROOHFWHG IURP WKH VXEVGWLWEFW HZ RU HV B B DEIH\VBF R C
OLJRRORUHG OHDYHV DQG DOO RWRIUGHRRNERG DHHDHLISKW ZH U H
FRYHUHG E\ VPDOO SLHFHV RI VODWH JOXHG WR OLJKWZHLJKW PRQRI
UHWULHYDO 'HWULWXV ZDV DOORZHG WR VHWWOH DQG LQGLYLGXDO S
WKH FRYHULQJ VODWH ZDV @ HPRWHIGY DDMQR® D VHVVLRQ VWDUWHG 7K}
QLEEOHV GLUHFWHG DW WKH GLVF ZDV UHFRUGHG RQ LQGLYLGXDO W
W UDFNH G WIIRXH RIHEX UDWLRQ IRU WHV W LADIVHDFIKQFROR

‘H GHILQHG QLEEOHV DV WKH QXPEHWLRU RWWSHHIAMY BW EIGLVF
UHFRUGHG WKH VH[ Rl DGXOW SHYQNUH 6 Q/GR QAIE\EFOWH V LAWHHOER GB HW DO
WDOOLHG QLEEOHV EHFDXVH WKH\ VXJJHVWHG DWWHPSWY DW LQJHVW
ILVK LQ D VHFWLRQ Rl GLWFK BKREQEPEHQ IRXBYFBRDFKHY WR D SDUW
EHFDXVH RI VRFLDO IDFLOLWDWLRQ SRWHQWLDOO\ LQFUHDVHYV WKH
VWDWLVWLFDO QOHWYXDMALYFR 5RGG HWKIDO ELDV ZDV UHGXFHG E\ SOD
GLVFV RQO\ LQ VHFWLRDMVRI VGKWHHKHVYR VL[ SHQWDV SUHVHQW GXUL
VXUYH\V ORUH WKDQ WZR SHQWDV YLVLWHG WKH GLVFV GXULQJ PRV
ZDV XVHG IRU HDFRWRRVMHWRI HDFK FROBV ZBIQE BRGRHQWHG UDQGR
YXUWKHUPRUH QRWH WERDW DVRKRLEBVWHVW DNGHGEXFFRMDWR SUHVHQW I
VLQJO\ VR WKLV SURWRFRRXPIGLIPIL JHBGKFERBQ VIUW\7 R HWK. G R@AAHS O L F D
VLWHV IRU WHVW LW Z D KF KROHRQ E\ PRRWQGREBEOWFK WR D QHZ VHFWLF
EXW IDU HQRXJK WRUMNLORMGH\ W H VM MG VMVHKG HDFK RI WKN WHRHQ FRC
WPHV IRU D WRWDO R#%ODPWHDWE® ZKLWH GLVFV ZHUH HOLPLQDWHG
DQDO\VLV EHFDXV @ X\PEH WRWQDEEOHV DUW WWHDEBCFROWHY ZDV WZR

IDERUDWRU\ ([SHULPHMGXWW PDOH DQG IHPDOH SHQWDV XVHG LQ W
H[SHULPHQWY ZHUH FROOHFWHG IURP D GLWFK FRQQHFWHG WR WKH
ZHUH UXQ LQ 3DWLHQWLD )LVK ZHUH WUDQVSRUWHG WR WKH ODERUD
*X\DQD 1q q DQG ZHUH KRXVHG FRPPXQDOO\ LQ VL[ W
ZHUH NHSW RQ D QDWXUDO GD\OLJKW VFKHGXOH DQG IHG D EURZQL
PLIWXUH RI FUXVKH®S ITNWUD®ONHY DA G&LWROI@GG*EDE\ SHOOHWY HYHL
PRUQLQWZR JURXSV RI WRDEBHVI ZHUH NHSW SHUPDQHQWO\ LQ WKH
FKDPEHUV Rl WZRSHQWDU\FRBRWHH DTXDULXPV %R XU Q H3 UH\ QDA W
IHPDOHV ZHUH VFUHHQHG GDLO\ WR VXSSO\DUWXNY HRXW ON PXOQOMMV VR GE
FRORGLVF SUHIHUHQFHYV DQGAWVWWH/IF&KIRLFH %RXUQH HWHV®
IHPD®@HZHUH SUHVHQWHG WKHHBHBHQFFRWIRP XOWDQHRXVO\ IRU PL
XQPRGLILHG JODVV DTXDULXP RQ D ZKLWH VDQG VXEVWUDWH EHFD
VXEVWUDWH IURP GLWFKHV ZDV WRR RXH @D WGIW URROCEMHGE E\QBMRJ E X E
XVHG WR R[\JHQDWH WKH ZDWHU 7KH GLVF ZLWK WKH KLJKHVW PHD
FRQLGHUHG WKH SUHUHURHGHMRORPLQH ZKHWKHWRK\DKMH QHEBOH® DW [
VSHFLILRHEBRGRBRVF SUHIHUUHG WKHQVPPEWWR&®IRLFDWLRQ RI WKH PHWKR
%RXUQH HW D@DV XVHBHQWDU\ PDWH SUHIHUHQFH WHVWV ZHUH FRQGX
GLYLGH® JODVV URKPN +RXGH %RXUQH HMQ DMKH PRUQLQJ DQG
DIWHUQRRQ IURP $XJOKW 7ZHQW\ GLIMBRHQWNHMDOHV Q
PDOHV ZHUH XVHKGE ZLBKHWLRXVO\ XVHG G IMMFUERIORDWLQJ SDUWXULHQV



IR WKHVH PDWH SUHIHIMHO WHWHVMWRDOH SODFHG LQ WKH PLGGOH FRP
VHH DOO ILYH PDOHV PDWFKHG IRU VIUHILDW RQELHQGXID® WKIBPEHUV L
WKUHH FRPSDQLRQ IHPDOHV DW WKH RWKHU HQG RI WKH WHVW DT’
&RPSDQLRQ IHPDOHV SURYLGH D VWLPXOXV WIIAPOPHLVKRXRQBHVKW W
‘H REVHUYHG WHVW IHPDOHVY UHVSRQ@WRHPV WKHPHRBD\RII WKH
FRPSDUWPH@WW LIKR@J WKH FRPSDQERPHFKPQQAMO WLPHU ZDV VHW IRU |
SHULRG DQG ILYH GLJLWDO VWRS ZDWFKHV RQH IRU HDFK PDOH
FXPXODWLYH WLPHV WKDW D WHVW IHPDOH VSHQWWILKH}H IURWY RII KD VK
FRPSDUWPHQMWPDOH ZDV FRQVLGHUHG WR KDYH SUHIHUUHG D SDUWLF
VSHQW RI KHU WLPH ZLWKLQ D ERG\ OOFQOWKWKIDWQBDOH %RXUQH |

'XULQJ 'HFHPEHU+ -DQXDU\ ZH WHVWHG IHPPD®H DQ G
VIQWRSLF FRQJHQHUV RI WKH SHQWDV FROOHFWHG IURP WKH VDPH G
DERYH SRIMIHUHQFHVUIRG GRVRV IRU FRPSDULVRQ ZLWK SHQWDV 7KH F
LQFOXGHG WKH 6RXWK $P3H ULIEYDIS PR\ XSS\ 3DQGFWIFK ILVK ZDV
IDVWHG IRU K DQG SUHVHQWHG ZUWKRDQ BD QL/RPPRG LW BHIH\GH 8HQFFR OR
VLPXOWDQHRXVO\ EOXH JUHHQ RUDQJH UHG DQG \HOORZOIRU PL
JODVV DTXBRQLBPNDQ SHD JUDY HQXMX B VDANQUD BWGIDENUGL QRW XVHG LQ WKL
H[SHULPHQW EHFDXVH DOO SHQWDV WHVWHG LQ RXU ODERUDWRU\ WR
FROR * 5 %RXUQH XQSXEO GDWD 7KH GLVF ZLWK WKH KLIJKHVW P
ZDV FRQVLGHUHG WKH SWHIHUUHG FROR

7R DVVHVV WKH SKRORJRQHWLF LQIHUHQFH %DVROR 5\ L
(QGOHU %DVROR RQ WKH QRQVH[XDCE R\ RIQI KR DO B HFEBIW VWHRK R L F
SHQWDV DGXOW OHBWHWRQGU LDV KRR WHVWEGWR DFWLRQ WR FDURW
FRORWLRQ EHHWXXY WD[RQ ZDW WKH®RXWJIURXS E\ %UHGHQ MW HLO
PROHFXODU SK\ORJHQ\ Rl ILVK 3ROIFWEEBYHBQRY VHTXHQFHV RI 1$'+
'HK\GURJHQDVH 6XEXQLW 1' PLWRFKRQGULDO JHQH + $BSDVYB SDLUV

PDOH DQG OHHPODHDVW NLOH LLKQWK YZKEXDOO\ WHNVGHEFIRU F
SUHIHUHQFHV XVLQJ WKH PHWKRGYV GHVFULEHG LQ WKH SDUDJUDSK L
ZH WHEWHWWUDFWLRQ WR FDDMRMWHDELG PROR DQG IHPDOH PRVTXL
*DPEXVLD DIIZRLV WD[EFDV HPSOR\HG E\ 5H]QLFN WW SRODUL]JH WKHLL
PD[LPXP OLNHOLKRRG SK\ORJUDP RR MWK LIRGDIW QOVR LQFOXGHG WKH
NLOOLILVK DV DQ DGGLWLRQDO RXWJURXS WD[RQ 7KLV SK\ORJHQ\ ZDV
VHTXHQFHV WR MBI LRXDOWLSOH WLPHV WKDW SODFHQWDV KDYH HYRO"
HLWKHU ODFN RU KDYH LIHVHRIPSIGR BMQM\DND 5H]QLFN HW DO

'DWD $QDO\VRVGHWHUPLQH ZKHWKHU DGXOVE SH.QW S® U 8 XS\®EOH3/
OHDVWINIOGUH IFOUWURWEH QRUBWARIR LQ GLVFV ZH VTXDUH YRRW WUDQ)

=DU WKH GHSHQGHQW YDULDEOH WRWDO QXPEHU RI QLEEOHYV
XVH RI ZD\ $129% PRGHO ZLWKUDPMW\]V PXOWLSOH FRPSDULVRQV WHVV
YDULDWLRQPHIRQWJ 6RNDO 5RKOI IRU ERRUIDLWG G\ DGI®Q UDWHG Gl
VHW¥KLY PRGLILHG VTXDUH URRW WUDQVIRUPDWLRQ SURGXFHG UHVL
GLVWULEXWHG DQG KRPRVFHGDVWLF B6RNDO 5RKOFW RI VR[H{QPLQF
DWWUDFWHR@R®IR/FV QXPEHU RI QLEEOHV DW GLVFV ZDV VTXDUH UF
DERYH DQG VXEMHFWHGWHVWYSBRNDP® W5RKO

JHPDOH PDWH SUHIHUHQFH GDWD WLPH VSHQW LQ IURQW RI PI
DQDO\]HG E\ D .LDXO/NIDW $129$ PRGH®QALIWKPXOWLSOH FRPSDULVRQV
LGHQWLI\ YDULDWLRQ DPRQJ PHDQV EHFDXVH WKHVH GDWD YLRODW
EHIRUH DQG DIWHU DSSURSRDWWRQ WERNINVO SR OUWKHUPRUH WR
GHPRQVWUDWH D OLQHDU UHODWLRQVKLBSOEHHBZAWOQ WKHIQW LPHWIX I P
DQG WKH KLJKHVW QXPEHU Rl QLEEOH¥WHKE WRHY LRUMIIGFARBODE FROR
XVHG 6SHDUPDQ FRUUHODWLRQ 6WDWLVWLFDO WHVWV ZHUH SHUIRU
"LONLQVRQ IRU :LQGRZV

S5HVXOWXDOLWDWLMMVSHQW Rl &RORUV $VVRFLDWHG ZLWK 3HQWDYV
JUXLWKH FRQVSLFXRXV PDOH PRODSKYLRKSH & QF OXGH RHEOX®NR QD
LQ ZKLFK WKH GRPUQDmMW LEHRGRVFHQW 9HQHWLDQ EOXH VN\ EOXH R



HEHEHODQ]R@DZKLAK FRRDWR UDQJHG IURP UXE\ IODPH VFDUOHW DQG FK
WR VSHFWUXP RUDQJH MDD QIRQDRXLFK WKN ZROR RUDQJH \HOORZ
VSHEFWUXP \HOORZ WURJRQ \HOORZ D G® UDRRIXIK \HQ ORZHK DIGH
FRORG ELODWHUDCSHWDXG&BDODWUWR WKH UBQHKLRELARKEBBRED]RQD
PRUSKV XVXDOO\ ZLWK HEOXH § EXW DOVR ZLWK HLWKHU pUHGY RU
YHUWLFDO EDUV VLPLODU WRLWRBNXORMODHEVW$ SBEADARUSKY ZHUH
EXINHOORZ DORQYWEHOGMWKZR GV RI WKHLU LEFRROLAH\O PRABS K )LJXUH
XVXDOO\ KDV QR ¥RQWBOMRWRQ DQG UHVHPEOH D VOLP IHPDOH +R
LPPDFXOBR@OHFWHG LQ KDG UXEWKIS ORRWAKHY DLQG FDXGDO ILQV
( $OWKRXIHKUW ZPXFK YDULDWLRW ZIQVRRQRPRUSK W\SISWSHQ WHL
XVHG WKH VL@JGHWRQRWLRQV IRU FRQYHQLHQFH

'LVF FEORZHUH DFWXDOO\ 6PLWKHYV UXE\ EXUQW RUDQJH
6KDPURFN JUHHQ VP D @W DERONX HD QVGH BK L BWHU DABB®Y ZHUH UXE\ VSHFWUX
UHG JHUDQLXP VSHFWUXP RUDQJH RUDQJH \HOORZ DQG EXUQW R
GUXSHV ZHUH VSHFWUXP UHG JHUDQLXP JHUDQLXP SLQN VFDUOHW
RUDQJH

ODOH DQKPDOH 3HQWD $WWUDFWLHR® "WRF&RERDPH 3UHIHUHQFHYV IRU
&DURWHQRLG &RORUHMXGUDQOMWKH DWWUDEWLRQGVW HAROWR EODFN DQG
GLVFV GLG QRW UHFHLYH HQRXJK QLEEOHV WR ZDUUDQW VWDWLVWLF
DQG IHPDOH SHQWDV GLIIWWIBE W QRW KMHR UMBW FBRABBRGLVFYV DQG H[KLELWI
D VLIJQLILFDQW GLIIHUHQFH LQ OLYH GUREER GPREOV IMKHK WKH KLIJKHVW C
GLUHFWHG DW \HOORZ &LYFV )LJXUH +RZHYHU 7XNH\ +6°
PXOWLSOH FRPSDULVRQV LGHQWHILHSDRQQ\UPVGHR QM HE'RLH] QR UL FAD Q W
GLIIHUHQFHV $LJXYBH WKH VH[HV FRPELQHG SAHRUMDRIWHBEOMG\HOOR?
GLVFV )LJ%UH 3 7KH UDQN RUGHW RUHARORQFH ZDV
\HOORZ RUDQJH UHG EOXH HD@BVIVHH®LIZRBIQW HIIHFW RI VH[ RQ DW
RUDQJH GLVFV ZLWK IHPDOHV H[SUHVVLQJ JUHDWHU SUHIHUHQFHV W

7TKHUH LV D FRUUHODWLRQ EHWZHHQ WKH GXPBEHUWIRMFQLEEWK V
FDURWHQRUDWARIRDQG WKH BPALWHKH SHRIMD I[URQW RI D FDURMCGHQRLG F
PDOH )HPDOHV SUHIWUHQREGEB®WRRQ UHG DQRHOPMQOR®ED PDOHV
JLIXUS DQG WKH DRPMIHEXOPWOH ZLWK WKH FDUBWGHEHQRQE8 WRIOVRVHG
DIDLQVW VUPHTFBEDXOPWDHY )LIXUH %
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'LVF FRORUYV
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'LVF FRORUV ZHUH 2 RUDQJH 5 UHG

VH[HV

)

3

<

*X\DQD VKRZLQJ VLBQLILFDQW VH[XD(

\HOORZ

*

JUHHQ

% WHEKGIXH DQG

%

F



$

i —’— ° °

- PY °

. —

. T
B ; —_—
5HG \HOORZBQBEAR» UDKHPPDFXODWD
ODOH PRUSKYV

%

7LPH V VSHQW E\ IHPDOHV LQ IURQRHRY PDOHYW E\ IHPDOHV LQ IURC
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QRYHO PDOH W\SLFDO PDOHYV

LPPDFXBRWIK

JLIXUH  %R[ SORWY FRPSDULQJ $ WLPHV VSHQW EL G DURKXW LRIQWY. R X B VD) 13 RIQWD VS UH V.

UHG \HOORZ DRIMOPQIRRDUDBQGPPDFXOPW®H PRUSKYV PDWFKHG IRU VLIH QRWH WKH VW

IHPDOH PDWH SUHIHUHQFH IRU FDURWHQRLG PRORQDRMRODOHG DN\IGH \EIRORELIKW JLYHV

LHUTXDUWLOH UDQJH KRULJRQWDO OLQHV LQGLFDWH PHGLDQV RXKHOZ KUWN DO\G VKRZ

FORVHG FLUFOHV LQGLFDWH PLOG DQG H[WUHPH RXWOLHUV DQG % SWHHUHRFAMV IRU P
RI WKH QIRPADFXOPWDH ZLWKQUH®YV ILQV WHYWHG DJDLQWWPD\SLEPRDSEFRORUHG
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1XPEHU RI QLEEOHY DW RUDQJH UHG RU \HOOF

%

7LPH V ZLWK QRYHO PD(

1XPEHU RI QLEEOHYVY DW RUDQJH UHG RU \HOOI

YLIXUH &RUUHODWLRQDO UHODWLRQVKLSV IRSH® WDK/HW HSWHW XL MWW OHPEROMD WR U\ | F
EHKDYLRU RQ FDURWHQRLG FRORUHG GLVFV VFRUHG DV WKH KLJKHVWRBGPRMU RI QLEE
\HOORZ GLVF DQG WKHLU SUHIHUH Q PH\O DRI RE(BIG HD BRSUSKOO D FK IHPDOH RISHQW PRVW W
I[IURQW RI RQH Rl WKH FDURWHQRLG FRORUHG PDOH PRUSKV DQG % WWRHDQGDUWXULHC

WLPH VSHQW LQ DVVRFLDWLIRRP REWEPWIH QRYHO



6\QWRSLF &RQUKQMWUDFWLRQ WR &DURDWHICRREIE &ROMRK $PHULFDQ PROC
VKRHG VLJQLILFDQW GOII®UEHECFIHY)I DPRQJ WIHIE IGKWFFWRDIRVK WKH KLJK
QXPEW GLUHFWHG DW \HOORZ GLVFV )LJBUH 7KH UDQMN R RG
FRORSUHIHUHQFH ZDV \HOORZ RUDQJH UHG JUHHQ DIQ\G HEIOKFW RQG Z
VH[ RQ QLEEOLQJ E\ IHPDOHV EHLQJ PRUH DWWUDFWHG WR \BOORZ GL

3RHFLOLDH$KEBIDNVHG VLJQLILFDQW GLQH DRP®EOHVWKH QLFEE GFROR
GLVFV ZLWK WKH KLJIKIBLWHEWHEH DW \HOORZ¥GLVFV )LJX®

7KH UDQN RUGHWU RUHWIRRQFH ZDV \HOORZ RUDQJH UHG JUHHQ
ZLWKRXW DQ HIIHFW RI VH[ RQ DWWUDFWLRQ WR GLVFV 7ZKHUH ZDV
QLEEOLQJ DPRQJ WHH GLEHVFROR\ WKHKIWXKIH RLWKHVW QXPEHU GLUHFV
RUDQJH GLV¥WH&L) 3 7KH UDQN RUGHW SRUHARORQFH
ZDV RUDQJH UHG \HOORZ JUHHQ DOW ROXH[ BQGD@WRVHDFHWLRQ WR FR

2XWIJUB¥WWUDFWLRQ WR &DUBMWG QIR R OR\ORIARH OHDVW NLOOLILV
WKH RXWJURXS WD[R@ XQDW KSKPRROIMHQ\ RI % UH G HQ BE/D D@PRNM H Q

DW WKH \HOORZ GLYF) )LJXUH 3 $OWKRXJK WKH UDQN RUGH!
FRORSUHIHUHQFH ZDV \HOORZ URURQDHQGUHGXH WKHUHVZRIVRR RQIH
DWWUDFWLRQ WRUFRYRU WKH PRVTXLWR ILVK WKH RXWJURXS WD]
OLNHOLKRRG SK\ORJUDP IFRH PLIOH RIAQWVLQFOXGHYVY WKH OHDVW NLOC
DGIGWLRQDO RXWJURXS 5H]QLFINE BOHOWVOW RIWHQ DW EOXH BLYFV )LJIXU

3 7KH UDQN RUGHW RUHIRIORQFH ZDV EOXH JUHHQ \HOC
D@ RUDQ3IKHUH zZDV DOVR D VLJQLILFDQW HIIHFW RI VH[ RQ QLEEOLC
PRUH DWWUDFWHG WR JUHHQ WDQG EOXH W 3 GLVFV WKDQ

PDOHYV
$SWWUDFWLRQ WR FDURWHQRLG FRORUDWLRQ ROWRHBFEROMDIEBGN ED
SK\ORJHQ\ %UHGHQ HW DGBRVLWLRQ DQFARWRIDDPOR WKH

'LVFXVVLBP®VROR 5\DQ DQG (QGOHU %DVROR VWLS>
IRXU FULWHULD IRU GHPRQVWUDWLQJ WKDW D PDOH WUDLBALMHWROYHG
J)LUVW [IHPDOH FKRLFH UHOLHV RQ KHULWDEOH YDULDWLRQ LQ WKH W
WKHUH LMHUBOQHH IRU LW DQG WKH WUDLW LV XVHG LQ PDWH FKRLFH
WKH SV\FKRVHQVRU\ V\VWHP WKDW PDWFKHV WKH GLUHFWLRQ RI W]
SUHGLFWFLWKHWLRQ RI WKH &ULHIE UWRBHHWUDLW PXVW EH DEVHQW RU |
IRUP LQ DQFHVWRUV WKDW LV WKH WUDLW LV GHULYHG )LQDOO\ SUt
+RZ ZHOO GLG RXU ILQGLQJV PDWFK WKHVH IRXU FULWHULD"

7KLV VWXG\ DQG WZR RWKHUV SURYLGH VWURQJ HYLGHQFH VI
%RXUQH HW DOQG UQGKROP HW DGHPRQVWUDWHG WKDW IHPDOH SHQ\
GLITIHUHQW SRSXODWLRQV EDVH WKHLU FKRLFH RI PDWHY RQ YDULDWL]
7TKDW WKHWHW EROIRVK DUH FDURWHQRL® SOJRGHPRQY VWY DFWHG E\ ODDQ |

LQ WKWWXG\ RI FLFKOLG ILVK $GGLWLRQDOO\ WKH IDFW WKDW |
IHPDOH SHQWDV H[KLELWRSUMDBUBNQHAHWVK F D URMNWHIRRYL ¢ XFIRERWYV WKDW
DVVXPSWLRQ WKDW WKH YLVXDO V\VWHP RI SHQWDVHQVREGGOHDW WR VW
DO WKXV DOORZLQWHIHWHHFWLRQ RIFRDBRRBWIHRRSLNG L W RZHOMHL
QRWH WKDW (QGOHU +RXGH IRXQG FKRLFH EDVHG RQ YDULDWI
RUDQJH FRORUDWBRBRQHY DOVR VHH .RNNR HW DO

‘H KDYH DOVR SUHVERQQ@HHG VIDWLVI\LQJ WKH VHFRQG FULWHULR
FRQFOXGHG WKDW SHQWDV DQG WKHLU VIQWRSLF FRJHOHWY G 6 RXW K
WKH JXSS\ WHVWHG IRHVERQVHY WR LQBEBQGLB8DWH AROR IHHGLQJ FRQ
HIKLELWHG D ELDV LQ WEWRU\ SWWAKRFN WKDW PDWFKHG WKH GLUHF
SUHIHUHQFH EHFDXVH ERWK VH[HV ZHUH DWWUDFWHG WR RUDQJH Ul
WKH FRQWH[W RI UHSURGXFWLRQ /LNHZLVH ERWK VH[HV RI JXSSLHYV
FRORUDWLRIH RQB UHG RERGBGEWWY DOWKLV VWXG\ ,Q DGGLWLRQ U
HISHULPHQWDO HYLGHQMSUQR® LWKOHEDFNY LQGLRD®HYFWEWDIWREQRBIR
ERWK VH[HV LV TXLWH VLPLODU %RXOFRWW % UD LAWKRZDH. W RQ F H |
FDURWHQRUYG FRORBUHVBOW ILYKWHY DQG DUH XVHG DV D FXH E\ IHPDOH
VSHFLILF LQGLYLGXDOV DV5DPWHN] *DUFMWKHQ WKSHBRBOBKRWLRQV RI ERW
VH[HV ZLOO EH VLPLODU %RXOFRWW %UDLWKZDLWH



2UDQJHSHG <HOORZWHHQ %OXH
'LVF FRORXU

vV DW GLVQUDQ QXPEHU RI QLEEOH\&DW GLVFV

8

2UDQJIJHBHG <HOORAWHHQ%OXH
'LVF FRORXU

Qo

OHDQ QXPEHU RI QLEEOHY DW GLVEHMDQ QXPEHU RI QLEEOH

2UDQJHHG <HOORZUHHQ®%OXH

'"LVF FRORXU
JUXUH $SWWUDFWLRQ WR FRORUHG GLVFV UHFRUGHG DV WKH PHDQ QXPEHW “ 6' RI QLI
E\ VIQWRSLF FRQJHQHUV Rl SHQWDV IURP 3DWLHQWLD *X\DERFHOAULEXURWHQRILEDW
FRORUHG GLVFV $ 6RXWK $PRMEEOQDPRIYABIMHIOJHG \HOORZ GLVFV WKH FRORU RI WKH C
PDOHV 3RHFLOLDDSIWRVBUHIHUUHG \HOORZ GLVFV WKH EDVLF JURXQG FRORU RI PRVW |
SRSXODWLRE) DRQBSBRHFLOLD UHWKRXEBBWDSUHIHUHQFH IRU RUDQJH GLVFV WKH GRPLQ
VSORWFKHV LQ PDOHYV



QLEEOH\ég DW GLVF\

2UDQJKBHG <HOORZUHHQ%»OXH
'LVF FRORXU

X

QLEEOHV. DW GLVENDQ QXPEHU RI

OHDQ QXPEHU RI
—
—

—

2UDQJHSHG <HOORAHHQ%OXH

'LVF FRORXU
JLJXUH OHDQ DWWUDFWLRQ WR FRORUHG GLVFVQLPEHEDHWWREHW WHID OXP RKXWRURXS WD]
/HDVW NLGGIWHWI QGULD IRUFRPRVDQFHVWRUV FDPH IURP 6DYDQQDK 5LYHU 6RXWK &DURO
RXWJURXS WD[RQ LQ )LJXUH ODOH DQG IHPDOH NLOOLILVK FOHDUCR HWHIHUUHG \HOG
*DPEXVLD DIIZIQLMK LV DQFHVWUDO WR WKH OHDWKH S&0Q RUWID B FRA RIHG Q QB N\WIRW D O
FOHDUO\ SUHIHUUHG EOXH GLVFV WKXV WKH WUDLW IRU DWW U DR QWRQWVIRY AIDEMHDMQ R L ¢
LQ DW OHDVW RQH WIQH HW®RWFRO LD



P. minor
P, araguaiensis

P, heterandria

JLIXUHORGLILHG WKH WZR SRS XODWIFRCIMMDFRPELQHG VWULFW ARQWH@NEWHWUHH R
JLIXUH Rl VSHFLHV LQ WHWHGMROWIURASKRSKRIDQMBRHFLOKB EODFN

EDU LRDGNHV ZKHUH LQWHUHVW LQ FDURWHQRLG FRORUHG IRRGV RFFXUUH® DWVVWKH OLQH

H[KLELWHG E\ WKH RXW+ URXEP RPBRIQDYH DVVXPHG WKDW SUHIHUHQFH IRU FDURWHQRLG |
VKDUHG ZLWK WKH FRPPRQ DQRHNRIRWKH PHPEHPLOVBRERVODLMUIM QIQVDGGLWLRQDO
RXWJURXS WD[RQ IURP 5H]QLFNTV SK\ORJHQ\ SODFHG LQWR %UHGHIRWBK\ORJIJHQ\ |

FDURWHQRLG FRORUHG GLVFV O0DOHV RI WKH VSHFLHV L QGURORUDWLRIQ\RRI MR P H BDH &
RI WKHLU ERG\ DQG IHPDOHV ZKHUH WKHLU UHSURGXFWLYH EHKDYLRUMWKIRGRBEHHQ VW X
FXH IRU PDWH VHOHFWLRQ 2XWJURXS WD[D DQG V\PSDWULF WD[D IlQRWRX\DQD WHVYV

FDURWHQRHG FRVRWY LQ WKLV VWXG\



7R VDWLVI\ WKH DIRUHPHQWLRQHG WKLUG DQG IRXUWK FULWHULD %C
(QGOHU %DVROR ZH GHPRQVWUDWHG WKDW PDOH FDURWHQRLG
WKH DQFHVWUDO OLQHDJH VLQFH PDONKDZUWH | B'WBVQH FOMIDE VWV Rl LFODOLLR M
FRORWLRQ LQ7TIGLWRDV WKH RXWJURXS WFRILIRG WKW BRHQ\ %UHGHQ

RQ ZKLFK ZH P®SBWWUDFWLRQ WR FDURWHQRLG FRORUDWLRQ L
YXUWKHUPRUH WKH PRVTXLWR ILVK RRIN. X PZIDY PXVPH G LW R QLKRRG SK\OF
IRU WKH JBHRXFLOLREDIW DOVR LQFOXGHG WKH OHDWWRKID®ORMNW KUBRX I
5H]QLFN HW DOGLG QRW W[KVEWUDFWLRQ WR EDWRAWRBQRQ GD FIRIBGIEL Q.
FRQWHKM UDQN RUGHW RU HFIRBRRE WKH PRVTXLWR ILVK ZDV EOXH JUHI
UHG DQG RUWEK@YH WKH PRVTXLWR ILVK OLQHDJH DQFHVWUDO WR WKE
GRHVY QRW KDYH WWHDWWDDWWIRRQ WR RDDWRMRHQ RDGDFRMHRGLQJ FRQW
WKHUHE\ VDWLVI\LQJ DRIVXRP\ORUIRQWWLF LQIHUHQFH DQG FULWHULRQ

5\DQ DQG (QGOHU %DVROR

+RZHYHU DW WKLV WLPH ZH GR QRW NQRZ ZKHWKHU FRQJHQ
PRVTXLWR ILVK FODGH SUHIHU WKH WUDLW HYHQ ZKKBW EW KBWH LIQV FIR C
JURZLQJ ERG\ RI HYLGHQFH WKDW D PDWH SUHIHUHQFH IRU FDURWHQF
SRHFLOLLGYV WKDW GR QRW QRUPDOO\ KDYH FDURWHG@GRHGLBRDRUD
ODWLSDQ@D PH[LFD@®WHIHU FRQVSHFLILFV ZLWHKFRGRYH® VERWQRQ WK
GRUVDO ILQ VHH BFKOXS%RXW @O HW DO ILQGKROM@®W WRLV
VWXG\ IRXQG WKDW IHPDOH SHQWDV SUHIHUUHG FDURWHQRLG FRO
PHODQ]RRRIUSKY WHVWHG D JFH®@NO|RRIDXW P QGPPBEXODMRUSKY 2Q
WKH FRQWUDU\ %UHGHQ %HUWUDQG 3 SHARRYWD WHRP WKD/LGDC
GLG QRW FKRRVH PDOHV RQ RWKHQRR GIDARDMREDYRZHYHU LQ WKLV VW)
IRXQG WKDW ERWK PDOB® BQBIHIIR IDOHW U D FW HHE® RIRG FBIRBR Q LQ GLVFV
LQ D IHHGLQJ FRQWH[W DQG * 5 %RXUQH $ %UDVHU XQSXEO
SUHIHUHQFH IRU PDOHV EDVHG RQ FDURWHQRLG FRORUDWLRQ IURP
ODKDLFRQ\ DQG 3DWLHQWL D QAXFDYB ILQGLQJV WXDJMHMQERMD
IDYRULQJ FDURWHQRLG FRORWBRMERBXM[LPDNW RBHWKIRHY EH ORVW SUF
ZKHQ HFRORJLFDO FRQGLW{IRQ W YXEBDELOLW\ 5BGG EM ZRXOG DGG
ZKHQ SLVFLYRUH SUHGDWLRQ GRHV QRW RBYRU DW\R@RXQWHQDQFH *

,Q DGGLWLRQ WR WKHURXURRYVOW IBUNVNBXVVHG 5R6ERBQNWWGHYHG
D ILIWK FULWHULRQ IRU WKH SOHLRWURSLF PDWH SUHIHUH®FHV ZLWK
RQH ZRXOG H[SHFW WKRVH SUHIHUHQFHWY HOR YHYXRW YHF ZR R UHF V& HF R Q G
VXFK DV ZKHQ D SUHIHUUHG IRRG LWHP LV UDUH 7KXV WKH FRQVXP
RFFDVLRQDO IUXLW VXJJHVWV D SRVVLEOH HYROXWLRQDU\ PHFKDQL
FDURWH®REBQGHQW RUQDPHQWY LQ SHQWDFVFBRQGHWKHNU M BWHR $I[FH\
FDURWHQRLGYV PD\ GLYIKOHBRWKH VNLQ 1HJDGGHWKMHO\HOORZ DQG UH
FRORUDWLRQ WKHQ XVHG DV DQ KRQHVW LQGLFDWRW VLJQODRXQW BIWL
DO OF*UDZ 7KLV VPRXIQQBYLGHQ@RUHVHQWHG E\ *DUFUD 5DPLU

ZKHQ WKH\ LQGLFDWHG WKDW D FRPPXQLFDWLRQEVDMHNPFGQLY HC
HYROYH LQWR KRQHVW VLJQDOLQJ VI\VWHP 7KH LPSRUWDQW SRLQW K
LQFRUSRUDWHY WKH HFRORJLFDHO BPIEQWHRVXDSKVYMMHE HDUOLHU E\ |
%DVROR

‘H KDYH SUHVHQWHG HYLGHQFH WKDW DGXOW SHQWDV ZHUH LQQ
UHG DQG \HOORZ REMHFWV EXW OHVV VR WR JUHHQ DQGNERXH GLVF
ZKLWH ROWMWUDFWLRQ WIRSRIQM@DMM UHG DQG \HOORZ FRORUV FRXOG K
GHWHFWLQJ UDUH QXWULWLRXV IRRG UHVRXUFHV ZKLFK LQ WKH FDV
FRQJHQHUV LQFOXG H\® MOKBIUEH BUDFRIHIRUHG IUXLWV RI EODFN VDJH D
EXUD * RXUQHW REWHU)HPDOH PDWH SUHIHUHQFH IRU FDURWHQRLG FF
KDYH DULVHQ DV D SOHLRWUWRKSILGLBAWMFW RI IRUDJLQJ EHKDYLRU QRW
WKH SHQWDV WKLV VWXG\ EXW DOVR IRU VIQWRSLF 6RXWX $PHULFC
SLFWD 5 %RXUQH $ %UDVHU - ODVRQRIlI XQSXEQ® KGDWS S\DGRGIOVR
HW DO 7KH DOWHUQDWLYH H[SODQDWLRQ SUHIHUHQFH IRU FDURWHQ
DV DQ HIIHFW VROHO\ RI IHPDOH PDWH FKRLFH IRU FDURWERWRHG FROF
PDOH SHQWDV DQG PDOH VIQWRSLF FRQJHQHUV DOVR H[KEEDWBG SUHI
\HOORZ REBIHFMO\WWU HYLGHQFH ZDV SUHVHQWHG IRU WKH JXSS\ ZKHUH
RUDE DQG UHG REMHFWV 5RGGBKHW LD/ODQ HVSHFLDOB\SDWQD\WERQ Y H



VLQFH JXSSLHV DQ&H FORWBO\DUHODWHG %UHOGRAG AWWQDMVSHFWYV RI
WKH UHSURGXFWLYH EHKDYLRU RI SHQWDV DQG JXSSLHV DUH VLPLOECL
%RXUQH HW DO ILQGKROP HW DO

7TKH QRQJQLILFDQW DWRVUDHWQRREMHFWY PD\ EH PRUH GLIILFXO
EHFDXVH ZH NQRZ RI QR LQVWDQFHY RI JUHHQ FRORUDWLRQ LQ PD¢
XQSXEOLVKHG REVHUYDWLRQV VXJJHVWHG WKDW DWWUDFWLRQ WR
HYROYHG LQ D IHHGLQJ FRQWW[WKHK INRXQGOWKMHFHY RI JUHHQ SHULSK
VHSDUDWHG IURP WKH VXEVWUDWH DQG IORDWHGWR RXKID\VHUSBSHIG
DSDUW BQ®RIHE\ SRHFLOLLGVY DQG FKDUDFLQV OWHWWDADURBWHEKNFD
*UHWKHU HW @G RWKHU QXW WL HQRXW QH /I & :DWVRQ XQSXEO GI
$SWWUDFWLRQ WR EOXH REMHFWY LV HYHQ PRUH GLIILFXOW WR H[SODL
ZH NQRZ RI RQO\ RQH GDUN EOXH IUXLW D VPDOO EHUWDUOQRIUQDORFI
REWXVD\WUWDFHDH WKDW NQBNWISHY VWUHDPV DQG GLWFKHV RFFXSLI
%OXH IUXLWYV FRQWDLQ IODYRQRLGYV WKDW DUH LPSRUWDRRORQWLRIL
DQRG VWUXFWXUDO HOHPHQWYV IRU 89 KXHV IRXQG LQ VRPH DQLPDOYV
ILVKHV LQ *X\DQD GLGLRRWLAQWBEXMDW TXDFNRR * 5 %RXUQH SHUV R

&RQFOXVLRROW ILQGLQJV LPSOLHG WKDW MHKH PDWH SWRLHFBHQRXUQH |
DO Rl IHPDOH SHQWDV IRU FDURWHQRLG FRORUDWLRQ RQ PDOHV R
VHQVREL\DRU RUDQUHIE QG \HORRRWRG REMHFWV PD\EH BDURWRRGBVG
FRQWDLQLQHYRIDUKYLMU WKH FRUUHODWLRQDO UHODWLRQVKLS EHWZHHQ
REMHFWY DQG IHPDOH PDWLQJ SUHIHUHQFH VXJJHVWYV H[SHULPHQWV V
HOXFLGDWH FDRQNE&LSMODWUHRYHU DGGLWLRQDO VWXG\ LV QHHGHG
H[WHQW JHRJUDSKLFDO YDULDWLRQ LQ IHPDOH SUHIHUHQFH IRU FDUR
QDWXUDO VHOHFWLRQ RQ IRUDJLQJ EHKDYLRU DQG WR ZKDW H[WHQ\
EHHQ RBWHG VH[XDO VHORHWKBRQLVPV B5RGG HW :BIOSUHVHQWHG
HYLGHQFH IRW DWQYDWFWLRQ WR RDHRVEHYRY G GBORRVLWLYH FRUUHO|
IHPDOH SUHIHUHQFHV IRU PHG DY BREBDHYRD QG IRU QRYHO UHG RUQDP
ILQV RILP@DFXMBDOH WHVWHG\BIBDQOW XNRBPERFXODWDDGGLWLRQ
HYLGHQFH ZDV SUHVBSQWIH®& HWFHWIRU FDURMGH GRYEVFRMR DEVHQW LQ
DQFHVWUDO WD[RQ DQG \HW PBISGH.GS RRKW®RR DHRR H ¥ YIHQMDHOWON WEE V H
UHVXOWV VOIJMVWRQJ DVVRFLDWLRQ EHWZHHQ D SPOMHQWKRBROFM/ULJ
SUHIHUHQFH DQG D VH[XDOO\ VHOHFWHG WUDLW WKHEHBV FRUUR
K\SRWKHVLV IRU FDUBDAWMORQ A FEBPRHQGHQW DQG GHSHQGHQW RI WKF
SK\ORJHQHWLF LQ@LKWHYFHW DO 5\DQ 3D\QH BOLHQV WKH
WKLUG VWXG\ WR VKRZ ERWK DQ DVVRFLDWLRQ EHWZHHXRLFBRWHQW
SUHIHUHQFH DQG D VH[XDOO\ VHOHFWHG WUDLW WKHEBHBV FRUUR
K\SRWKHVLV IRU WRK® RIROXMWOH PDWLQJ FKRWVHH L5®R GG GWWD D O
6PLWK HW DO

$FNQRZOHGIJHPHMWN[SUHVYV JUDWLWXGH WR WKH ODWH 7HG :LQGVRU |
GLVFV 2UULQ &ODUNH 7HUUHQFH +RSNLQVRQ ODUVKD .DUO DQG -R\I
:DGH KR DVVLVWDQFH FROOHFWLQJ ILHOG DQG ODERUDWRU\ GDWD I
HISHULPHQWY DQG ODUVKD .DUO DQG :KDUWRQ 'D 6DQWRV IRU KXVE
WKDQN &(, %% %LRORJLFDO &HQWHU &(,%% IRU SURYLGLQJ VSDFH IR
DQG WKH OR\P3$ IRU FROOHFWLQJ DQG UKVHBQEXKHINWUMWRAWLYVVRXUL
IRXLVY ,QVWLWXWLRQDO $QLPDO &DUH DQG 8VH &RPPLWWHH DQG

DSSURYHG RXU SURWRFROMVHEUDWHWLQHHWKDQRK) + 5RGG . $
+XJKHV * WUHWKHU DQG & 7 %DULO IRU WKHLU H[SHULPHQWDO GH!
VWXG\ & 0 %RXUQH ' ' %RHJIJH 7RELQ ) %UHGHQ & *LOEHUW $

5BRGG $ 6LQJK DQG DQRQ\PRXV UHYLHZHUV SURYLGHG XVHIXO FRPPH
RI WRBQXMFBWH WKDQN -RUJH / +XUWDGR IRU WKH 6SDQLVK WUDQVOD\
6XSSRUWHG E\ WKH 1DWLRQDO *HRJUDSKLF 6RFLHW\ 6PLWKVRQLDQ ¢
*XLDQDV 3URJUDP &RQVHUYDWLRQ )RRG DQG +HDOWK )RXQGDWLRQ
1RUFURVWGQLIH )RXQGDWLRQ DQG WKH 1DWLRQDO 6FLHQFH )RXQGDW
DQG 'HYHORSPHQW 3URJUDP WR *5% $GGLWLRQDO VXSSRUW ZDV VX



'LUHFWRUV RI &(, %% DQG WKH ,QWHUQDWLRQDO &HQWHU IRU 7URSLF
RUOG (FR@G@RO\WHU DW WKH 8QLYHUBWIWXRY LR V&XUL

5HIHUHQFHYV

$OH[DQGHU + - %UHGHQ ) 6H[XDO LVRODWLRQ DQG H[WUHPH PRI
LQ WKH &XPDQi JXSS\ D SRVVLEOH FDVH RI LQFLSLHQW VSHFLDWL

%DVR® R/ YHPDOH SUHIHUHQFH SUHGDWHV WKH HYROXWLRQ RI WK
ILVK B6FLHQFH

%DVROR/ 3K\ORJHQHWLF HYLGHQFH IRU WKW WRRDHERDW ISQ H H[XLC
VHOHFWLRQ 3URF% 6RF /RQG

%ORXQW - ' OHWFD®LUNKHBGGSXUDL ) &DURWHRRGEEODWLRQ RI
LPPXQH IXQFWLRQ DQG VH[XDO DWWUDFWB¥FHBGNN LQ JHEUD ILQFKHI

YRXJIJKPDQ +RZ VHQVRU\ GULYH FDQ SURPRWH VSHEYR@LRQ 7

% R X O FR \W8W D L DVIKVBH $ &RORXU SHUFHSWLRSLOQ® GVNWHFNOMHEDFNV
DUH QRW VR GLIIHUHQW DIWHU DOO (YRO (FRO

%RXU®H5 %UHGHQ ) $OOHQ 7)H®DOHV SUHIHU FDURWPR®HE BRORUH
PDWHV LQ WKH SHQWDPRUSKLF 3RHFHEBHD ULMWDHIZKVVHQVFKDIWHC

%UHGHQ»HUWWDQEG $ WHVW IRU IHPDOH DWWUDFWLRQ WRLRDOH RULIL
SRHFLOLD (SLYFWHRICRIOVKHV

%UHGHQ ) SWDFHN 0 % 5DVKHG GH YIDIXHR WO &R OROHFXODU
SK\ORJHQ\ RI WKH OLYHEHDURG@FLUXRAB WHIRXYR QW BIRRUFPLHOL L GDH
OROHF 3K\O (YRO

%ULWWRQ 6WUXFWXUH DQG SURSHUWLHYV RI FDURWHQRLGYV LQ UHOL

-RXUQDO
% U X WK+ OHWDEROR|I FDURWHQRLEBVRQQWRHODQFWLRQ )$6(% -RXUQ
(LJHQPD®Q + 7KH IUHVKZDWHU ILVKHV Rl %ULWLVK *XLDWKOH LQFOX

HFRORJLFDO JURXSLQJ Rl VSHFLHY DQG WKH UHODWLWRDORI WKH ID:
WKH ORZWDIHP &DUQHJILH 0OXV

(QGOHU$ 6LJQDOV VLJQDO FRQGLWLEBAWNWDR®E RVKHYROXWLRQ $F

6 6

(QGOHU$ %DVROR $ / 6HQVRU\ HFRORJ\ UHFHLYHU EVBOHWF \BRRQV H[XD(
7UHQGV (FRO (YRO

(QGOHU$ +RXGH ( *HRJUDSKLF YDULDWLRQ LQ IHPDOH SUBLMWM QFH
IRBRHFLOLD U H \WLRECCOW MRDQ

*DUFL® 0 5DPLUHK] (YLGHQFH WKDW VHQVRU\ WUDSV FDQ HYROY
VLIJQDOV 1DWXUH

*RGLO* OF'RQRKJ¥ ( B3UHGDWRU SUHIHUHQFH IRU EDDHMWDQ FROF
WKH JXSS\ D YLDELOLW\ FRVW IRU D VH[XYOGRO VHOHFWHG WUDLW

*UDKDB ( 7URSLFDOORIZBIGFKOWRQ (GXFDWLRQDO 3XEOLFDWLRQV /F

*UHWKHU * ) +XGRGOHU $ &DURWHQRLG VFDUFLW\ V\QWKHWLF
SLIJPHQWY DQG WKH HYROXWLRQ RI VH[X D8R HRIOMRLDD WH W Q RED D WIS L
5 6RF /R @G

*UHWKHU * ) .DWDKDRDOXUX ®BRRSHKU/ 6H[VSHFLHLFHEWR |
FDURWHQRLG LQWDNH RQ LPPXQRORJLFDO UHVSRARHFWNEALDOORJUD
UHWLFXCGD\RBBF /RQG %

+DVNLQV & 3 +DVNLQV ( ) - OF/BXBROWQ® 5 ( 3RO\PRUSKLVP DQG
SRSXODWLRQ VW UKEM/XAUHHY LUHYWDRX GiF RO ROWKBO® 9P UWHEUDW H

VSHFLDWARRBQRLU :HEG 3S 8QLYHUVLW\ RBXMWIMQ 7H[DV
+LOO( 30XPDJH FRORUDWLRQ LV D VH[XDOO\ VHOHFWIHDGNXQGLFDWF
+LOOLV ' O @RODWDY% . OROHFXOVWHWYDWILFQD XHU 6XQGHUODQG

ODVVDFKXVHWWYV



+RXGH ( 6H[ FRORU DQG PDWHKBERBRRHMH QEHWRQ 8QLYHUVLW\ 3ULC(
BUHVV 1HZ -HUVH\

+XEEV & 6WXGLHV RI WKH ILVKHV RI WKH RUGH®B 3XEOLQRERQWHYV ¢
=RRO 8QLY OLFK

.RNNR + %URRNV 5 0 HQQIRUOMH\ 7KH HYROXWLRQFRR PBD@/G
PDWLRUDVHV 3URF 5 6RF /RQG %

/ILOH\ 5 5HSURGXFWLYH LVRODWLRQ LQ VRPH V\PSOMWHRRBRKF VSHFLHYV
TKHVLV 8QLYHUVLW\2RIRD[GR BG

/ILOHN 5 (WKRORJLFDO LVRODWLQJ PHFKDQLVPV LQ $RXEFLWOPIS®WU |
ILVKHV %HKDYLRXU 6XSSOHPHQW

ILQGRRS$ . %UHGHQ 6H[ FKURPRVRPHY DQG VH[XDO VHODGFWLRQ
ILVKHV $P 1DW 6

ILQGKROP $ . %URRMNMBGHQ ([ WUHPH SRO\PRUSKLYIPQINGHHXD O O\

VHOHFWHG WUDLW +HUHGLW\
ODDQ ( 0 YDQ GHU 6SRHO 0 4XHVDGD -LPHQH] 3 6WBI® DPOBKHQ
JLWQHVWHEROUNVHY RI PDOH FRORUDWLRFL EQOR G DIN WM KALAEGVIRIJY. D

OF*UDZ - 7KH DQWLR[LGDQW IXQFWLRQ RI PDQ\ DQLPDO SLJP}
FRQVLVWHQW KHDOWK BEBOQOMHMMOHRWWIB[¥RORXUDQWV" $QLP %HKDY

0\LQ &RPPRQ HHGRI *X\DQD 1DWLRQDO $HWVLHIDXWDRKX UGV W LW XW H
*HRUJHWRZQ *X\DQD

1HJUR - - *UDQGH - 0 / 7THOODLGR - +RURMMBU- $ 6DQFKH]
=DSDWD $ %3WMH] 5 %DUFHOO $Q XQXVXDO VRXWKHIQRVLDO
FDRIWHQRLGV 1DWXUH

20VRQ 9 2#HQV , 3 ) &RVWO\ VH[XDO VLJQDOV DUH FDURWHQRLG\
UHTXLUHG" 7TUHQGV (FRO (YRO

3D\QKB - + 3DJHO ,QIHUULQJ WKH RULXGIYHRIGW QW WWHWXUDAL WKL S
$P 1DW

SHWUHVFX, 9 %RXUQH * SURVVRYHU EHWZHHQ < FKURPRVRPHV DQ
VRXUFHKRIQRWE YDULDELOLW)\ LQRW K HOIS §HIMHWKOWD WSS &/ % LRIOX]

5HID@ 7 $ UHYLVLRQ RI WKH &\SULQRGRQW LQV KRR RIGBUKRHDWX E | D
=RRO 6RF

SH]GIN ' 1 ODWHRWE¥SULQOH®G ,QGHSHQGHQW RULJLGY RIOXWUPRGLG
RI WKH SODFHQWD LQ WKHFILYKRFVEMM H

BRGG ) + +XJKHV . $ *UHWKH& *7) %WWOBURUVLEOWHQORRWLJILQ RI
PDWH SUHIHUHQFH DUH PDOHNIX@GBULHXLM'P3URF 5 6RF /RQG %

5RVHQ ( %DLGHV 7KH SRHFLOLLG ILVKHV &\SULQRWGWRQX\AWRKWMHV
JRRIHEDSK\ DQG VI\VWHPDWLF 1BWO€L%P 0OXV

5\DQ0 - 6H[XDO VHOHFWLRQ VHQVRU\ VIVWHPV DQG VHQVRU\ H[S(!
VXUYH\V LQ HYROKRQRPOWWX\ED $QWRQRYLFNGV 3S
2[IRUG 8QLYHUVLWNRUBVV

5\DQO0 - SK\ORJHQHWLFKDDYQRUEHVRPH FDXWLRQV DQG H[SHFWDV
B3K\ORJHQLHY DQG WKH FRPSDUDWLY HH RPBHYWKRRIG 0DQUWEIQR/D O3 &

2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG

5\DQO0 - 6H[XDO VHOHFWLRQ DQG PDWHKBKRRRMHDOQHGRORJ\ D
HYROXWLRSSURDEKHEY 5 'DYLHY % HGV 3S %ODFNZHOO
6FLHQRHIRUG

5\DQ0 - 6H[XDO VHOHFWLRQ UHFHLYHU ELDVHV DQG WKH HYROX\
6FLHQFH
5\DQ0 - 5DQ% 6 7KH VHQVRU\ ELDV RHFMRMOIRHTRPSQHYKEBMOOV

W~QJDUD 3KRIDODHPXV SXVWKAEROXWHOHFWLRQ | RH{SOHRIVRDW LR Q
(YROXWLRQ

6FKOXSS |, :DVFKXO IBXM®@L - JHPDOH SUHIHUHQFHV RFF >XQUDWXQUD OO\
QRYHO PDOH WUDLWYVY %HKDYLRXU

6KDZ. 3K\ ORJHQHWLF WHVWYV RI WKH VHQVRU\ H[SORLWDWLRQ PR



7UHQGV (FRO

6PLWHKH% IDWXUDORUWYNVGH 7KH $PHULFDQ QOWWXWPDRILVWR U\
1HZ <RUN

6PLWK & %DUEHU , 5:RRAKWW@' ND $ UHFHLYHU ELDV LRIWWKKH RHLILQ
VSLQHG VWLFNOHEDFN PWUDRFH5F&KRLFRQG %

BRND® 5 5RKQI - %LRPHWU\ WKH SULQFLSOHV WO®LYWLFWLE®
ELRORJHNBI® WAKHHPDQHZ <RUN

:LONLQVRQ 6<67$7 6366 ,QBEKLFDJR ,00LQRLYV

'LOOLDP\ $GDSWDWLRQ DQBOHFWEBRMQ HWRQ 8QLYBIUYAEMWVRQ
1HZ -HUVH\

=DU + %LRVWDWRQDWLY¥DWY BUHDIOMREBHZRRG &OLIIV 1HZ -HUVH)\

S5HEFHLYHG-XQH $FFHSWHG  -XO\ 3XEOLVKHG -X 0\

$XWKRUV

*RGIUH\ 5RGHIRDEFINQHHSDUWPHQW RI %LRORJ\ 8QLYHUWLMRXRY ORQWRHKQILYHUVLW\ %RXOHYDU
IRXLV 02 86% &(, %% DRBLFDO &HQWHU /LQGHQ +LJKZD\ ODGHZLQL HX\DQD 6RXV
PDLERXUQHJI#XPVO HGX

/LQHAMQWKLD :DWWR®H 8QLYHUVLW\ Rl 1HZ <RUN &ROOHJH RI (QYLURQPHQWDO 6FLHQFF
'"ULYH 6\UDFXVH 1< BPOB®ZDWVRQUHV\U HG

+RZ WR FLWH WKLV DUWLFOH

%RXUQH * 5 :DWVRQ /5&FHLYHDV LPSOLFDWHG LQ WKH QRQVH[XDO RULJLQ RI IHPDOH F
SHQWDPRUKBRHEVRLD @DHRADQQ $$&/ %LRIOX]

3ULQWHG YHUVLRQ ,661

2Q0LQHWHRQ ,661 DYDLODEXKWBAS ZZZ ELRIOXBERRP UR SGI






