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$TXDWLF LQVHFWYV RI WKH %RKHPLDQ )
'LYHUVLW\ ORQJ WHUP FKDQJHV DC
RI DFLGL¢FDWLRQ

7RPid 6ROGIKRQG LAND %FROMUNRRNADY 3HNEBU % 8 BV/XKHION
&KYRMNMDURVODY 3®DSIPHINH O WD@RH¥NFKURDODQD 7iWRVRY

,QVWLWXWH RI (QWRPRORJ\ %LRORJ\ &HQWUH $6&5

&= YyHVNp %XG MRYLFH &]J]HFK 5HSXEOLF
J)DFEXOW\ RI 6FLHQFH 8QLYHUVLW\ RI 6RXWK %RKHPLD
&= YyHVNp %XG MRYLFH &]J]HFK 5HSXEOLF
'HSDUWPHQW RI %RWDQ\ DQG =RRORJ\ )DFXOW\ RI 6FLHC

.RWOi VNi &= %UQR &]JHFK 5HSXEOLF
,QVWLWXWH RI +\GURELRORJ\ %LRORJ\ &HQWUH $6&5
&= YyHVNp %XG MRYLFH &]J]HFK 5HSXEOLF
J)DFEXOW\ RI 6FLHQFH ODWWKLDV %HOLXV 8QLYHUVLW
6. %DQVNiI %\VWULFD 6ORYDNLD
'"HSDUWPHQW RI (QWRPRORJ\ 1DWLRQDO OXVHXP .X
&= 3UDKD &]HFK 5HSXEOLF

J)DFXOW\ RI (GXFDWLRQ B8QLYHUVLW\ RI 6RXWK %RKHP

&= YHVNp %XG MRYLFH &]HFK 5HSXEOLF
,QVWLWXWH IRU (QYLURQPHQWDO 6WXGALHW\)DFXOW\ RI
%HQIWVNiI &= 3UDKD &]HFK 5HSXEOLF
ERMNRYD#FHQWUXP F]
$SEVWUDFW
$TXDWLF LQVHFWY KDYH EHHQ VWAXGURMR LRU § AYHO&/INF K3 HIA@ D Q
*HUPDQ *URVVHU $UEHUVHH .OHL QN 8#VEMHQUE WMHK HLQGL R D
KHPLDQ )RUHVW $0O DYDLODEOHDKLYMWRQ IDAD PDIQ X G 8 X6 IQWK i @
ULVHG 21 QLQH LQVHFW RUGHUV VSBPLOVHWD[D ZHQHURXQ® & Q
SWHUD 2GRQDWD 30HFRGSWBORSWHHD DQRESWVHADDN LF 1HXUR €
&ROHRSWHUD &KLURQRPLGDH TXDRWHKHIQVISMHUDRXS$@®UH GL
RI YLHZ Rl VSHFLHV ULFKQHVV HERORKHQFB G UB FIXE UHPIMQMRQ G LV
VSHFLHV DQG VSHFLHV SURWHHFW WDQD ZHWRJIHRXIQEULQ WEH ODN
&ROHRSWHUD DQG &KLURQRPIFKDHIRKXISM W K KV B RY WVW\S B KXIPHEH U IR |
UHFRUGHG LQ VWURQJO\ DFLGL¢{HG®BUWRX®R /DMN B QBVHIDYFHK®I\O WHH
EHU RI VSHFLHV WD[D ZDV UHFRUGH® \LIQp/DENHYOHAQpDIREG  WI
$OWRJIJHWKHU WD[D ZHUH IRXQGPLG LK) OHM. ¥ KIRS® R XN OB @Y 3 QK
WD[D %DVHG RQ WKH FOXS/HFHYH\D QDO LW RH OHWMNHYWENUH F(
ZKLFK SULPDULO\ UHAHFW FKD U DFGHIM MW ERW R L WW H \O $WHLOIDVE &
URSWHUD 30HFRSWHUD 7ULFK RS8NV WYRGGHAD 16 bi R SAHHIUHD DIQ R
YHDO SRVVLEOH ELRORJLFDO UKWWRYRBUGHURRHDR L ® H/RRYHWY KD ¥+
WKH LQFUHDVH LQ VSHFLHV ULFKQBWWRD (SKMWPW KR SO\DHNHY K H
E\ DQ\ DFLG VHQVLWLYH VSHFLHV
.H\ ZRUGIMNH FODVVL¢{FDWLRQ OLWW RN\W DR § WELHRIDR JL\W B & USHKEHRLY |
SK\ VSHFLHV SURWHFWLRQ %DYDULDQ )RUHVW AaxXPDYD ORXQWD



,1752'8&7,21

(LJKW VPDOO JODFLDO ODNHVFDOHEGR BHW HEHWNAR A Q WRI
ULD LQ WKH %RKHPLDQ )RUHVW AXPDPDQQ ®JHGK 1% R
ODNHV RQ WKH *HUPDQ VLGH H5D AXQ® VOIHL O H B VAVUIHEH B V E
WKH &]HFK VLGH yHUQpP YyHD®®YRNBO B&®pW XKbli RIGQDOAN@ D
&HFK GHSXEOLF WKXV WKH\ EB@WRP K IVERL WRWWY ZD /XD BC
'LWK DQ H[FHSWLRQ RI WZR LVRODRWHIGE 0RXEWDQ @\D N'H D
3RODQG WKH QHDUHVW PRXQW DMKH CBIDNSHY & RQVSKWIWFWLD [
DQG LQ WKH 7DWUD ORXQWDLQV LQ 60RYDNLD DQG 3RO
$00 %RKHPLDQ )RUHVW ODNHV DWW 2AHHDPD O NOWXDWH
DQG VXUURXQGHG E\ 1RUZD\ VSUXFIHQIRQIEV YW XDBDOHK
EHHQ UHYLHZHGsUHFHQWAQSE\ 9 D®%s W DO $SSL
PDWHO\ VL'OFHQWKKH\ SURQRXQFHG LPSDFWWXRKYDWORX
RUH SURVSHFWLQJ PLQLQJ DQG 6 HUMIDQJ F X WIWLMZR LA
ZDWHU PDQLSXODWLRQ IRU WLPENEWALRBRQ DRRU YW RIUQK \I
WURGXFWLRQ LQ VRPH ODNHV(((KDYH &sBIGXDOO\ LQFUID
$QWKURSRJHQLF DFWLYLWLHV FHRIWHDRQ OH ¥ B FEGIRIQQ!
FLOODWLQJ ORQJ WHUP HQYLURDPHEWPQ SR DD OHH GVHK
ELRWD +RZHYHU PDQ\ RI WKHVH FKO QBQVRQIGQYRSDEW
ULHV ZKLOH RFFDVLRQDO KHGARRKEHRIOIRG L) RDJGI WA LOYDHN HR
D JRs,y) IRU UHYsed BWWEE 9 D $IWHU WKH :F
%RKHPLDQ )RUHVW DV ZHOO DV W KHDXKIR[CSHR WHHG L\RR RH B
VSKHULF SROOXWLRQ WKDWOREBG HG D Q/ MIKQH PRIEQW &U R
6 DQG QLWURJHQ 1 GHSRVEWRER@BEVG X QE@J WKH XDV W
WR VHYHUH DFLGL{FDWLRQ WKH %RKYP HF@ YRWUW M B/\VO Z N
ULRSODQNWRQ DQG RU SK\W R S\OKOHLNWSRHD D DLLF] EEQ R BIR\P\
DEVHQFH RI ¢VK DQG VLJIQL¢F D QWO HGEXE HRGREAB B WM QV |
DO DE :KLOH PRUH RMUMDWYLRUBDRMN ZPBMEH U HK
GRFXPHQWHG LQ DOO WKH %RKHP L\D QIR UMNM ODWNMHV LV
JLFDO UHFRYHU\ LQ VRPH OD NGMNFOIBYH REk AHRWGBHIGD \ H ®
1¢%s/29e HW DO 7KHLU ELRORJLFY @& WHIE RARH UD U KIREZF
FKLHA\ E\ FKDQJHV LQ WKH SODQNW R QAR R & X®LPW RH R FOR}
KDYH UHPDLQHG ODUJHO\ XQSXEOLVKHG \HW

"KLOH VRPH JURXSV VXFK DV DOJDRIU R D RURIKMVEHW Q]
LQ PRUH GHWDLO VHH WKH ELE@4RJUDRKY NBRIZWHGKH
WKLF LQYHUWHEUDWHY LV UHODWGY®RW IXRRO\ BERREBIWL
%RKHPLDQ )RUHVW ODNHV WKHUMW D R EGRRWKR W @W D
PDQ ODNHV XQWLO D(WEBFQW SDVW FI {(1=,(5/

B +$80%85* 7KH ILUVW LQIRUPDWLRI) RXQEDLYWRIWEFEL QVH
‘8'$ 5(-yE 5,9 F95% I$3E/(.
EGEY DQG VRPH RWKHU DXWisRUV | RKHIHYUWH 2 RWHWHC

DQG SURYLGH UHOLDEOH GDWD IR\HR U kBHMQ B D L\QSH FIIRHKW
YyHUQpP YHUWRYR 3UidLOVNp D @G H/[MN-DQ VZLHUHH VIXQUYYHHM W |
OW DUH® 7 DOVR FRYHUHG DTXDWLF LQODHRFW W HICRR® &
DOWLWXGHVY VR WKDW WKRVH FRYPMHWDIXQY KIDE K B CHH W
DTXDWLF LQVHFW RI WKH ODNHV WWRRXHSGDWD [R®D WHKHKIH |
30OHFRSWHUD DQG 7ULFKRSWHUD ZHUH FROOHEWH G

Dot ,Q WKH V DOO &]HFK ODNHMWZDH WBH &KS QR



0 3DSipHN 7 6ROGIQ OHJ UHPDLRO®\OW K BTHROR VA E RE ¢
FRUGY RQ VHOHFWHG VSHRLH&, ' ZHUH SXBMOHVKHG VWBZR V)
RI EHQWKLF PDFURLQYHUWHEUDWIOWRYV XOIO HH ISHUN R¥ R K
WKH ¢ UVW VXUYH\VE\O -HJEHURYI XEOLVKB&H ZHYHJIUEH
VHFRQG VXUYH\ ZHUH VXPPDULVHG $@SHIXAU6GLBOQRPD W
0$129E B %2 29E (1/29E Bw229eHW DO 6LQFH D VYV
PHWKRGRORJ\ KDV EHHQ XVHG OLWHHARWPKSHDW VEO M H) Q & KO
IDXQD RI ODNH RXWOHWY DQGDL @8 MW VX \ WK G VB L R Q
.$ (,1=,(5/ +2/8a% &6$80%85* YsaE. 6,72.

& 92-.s HW DO ,78ae. % DQG XQSXEOLVKHG i 33 %RKNRMNCLC
0O 3DSipHN 7 6ROGIQ - 6\FKRXOPREDWH®D YH EHHAWQOD & X
RI DTXDWLF LQVHFWY LQ WHKHODNXHVWZD/W SW/DE URG HER %
7TKHUHIRUH WKH PDLQ DLPV RI WKDOVSWXWRGV KOHIGE D QG WK
GDWD RQ WKH RFFXUUHQFH RI VSHWKH YNRKIHVP LKEDY BRI
WKHLU LQOHWY DQG RXWOHRNVELRIHRIR HYO\OXQ @&/ NV SJHR
UHTXLUHPHQWY IRU WKH FRPPXQEWYV W\RUXEGWRUDHD WHW
QDWXUH FRQVHUYDWLRQ LLL WRVG/HMEXMEIR Q RRQ JDW K
SDUWLFXODU ODNHV DQG LHWVVWRIPARRIS DARKNMBHBQH\R WU
RWKHU PRXQWDLQ ODNH GLVWULFWYV LQ (XURSH

678'< $5($

‘H VWXGLHG HLJKW JODFLDO ODNHV )W WKHMH EEHF\QID
WDOOLQH PRXQWDLQ PDVVLYH FDQZOBG &RQPOHVMDP DQ &YIRI
DOVR UHIHUUHG DV WKH aXPDYD OWW FRH W OHO @ LYYDUH I
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)L 0DS RI WKH VWXGLHG DUHD VKRZLQJ WKH ORFDWLRQ RI JODF



T J HH9 ANNAQd/ =«
AA[THOC| H4AXNSA \dZNAHT i $hiNnd, unH[RNN ® HNG/ anay
M4HHI T HHANHINS NHO] ] }
AMAHQEs A \aznuT AN [H I Q%>3m>o-@%®_%%m%w NHOTHO
M4HHI T HHAQHENS NHY
AMAHRESA VaznyT o MHTH A o_zﬁﬂm:_- q&%%%m%w NHANYN
i ] HHAOHMAHASs
AATHOC| HAXNSA \dZNHT T duhulPildNADAONY S wfz>o_._viom
MnQ,a THH9 N¥4AIOHIXM
,>>._¥imw_m_wm_4%> \aznt 11 #n HTM_\,_ az>04m_}_%om dNAOTEINE
Ifﬁzzﬁ HMAOHNAd|[OE
MIPanc| H4XNSA \AZNYT ST TR A A S HiNa/ doeHOE
] HHAOHIXH
ATIMAA [d41d| HAXNSA \AZNYT 1 TunhPuwn m>m>>3:%zm_ dAYMNHA
m] ) NHINAZXd9 d X
ATMHA [@47d| HAXNSA \QZNAUT i 1 L de s HNar donHS
AN SO d/dN |a¥d d |[HOXM1rOHO OddnNHx« O1 «
HA MIMSHOD [HA4aINXA HOXMIMOA HOXMIMAO HOYAH Y4H[® 01 ® MAT0rCO) O1 9HAX
MOHdIdMa» HNAd/ OdImady/ HdaO HNa/
YHMHN OAdTMHNYHIM I AHMAdTMAH COTAQHNAHD M £O19Nd¥44d 9HNHONY AHNAO oda
05 ¥ HMHN DAHAH (O BIMHI Y MED O1 AONIAR H3AT4AdO0C MICTH 14 AdTMATNHMEAANAMNd O1aMHo3IaL



OLVK OLWHUDWXUH $V WKH PR XQWRBHD Q ZOMAHIRWKHGW
'DQXEH 5LYHU EDVLQ %ODFN 6HD B @6 DNKH XQEG DY WO
EHORQJ WR HLWKHU EDVLQ .OHLQNH W BEBMYHH HE WRLYQ
*URVVHU $UEHUVHH ERWK GUDHOQW®G ED QWX I5 D AKQIOAWURY
WKH *URVVH 2KH EHORQJ WR WWKHID\D QMNEB B LYNH EDUMD
OKODYD /DND DQG 3UidLOVNiH OBRHOQERWR G BOH OO /I
E\ WKH 90WDYD EHORQJV WR MKWHOEHDBLWHU EPRLY O
VLWXDWHG DW D FRQVLGHUDEOH GLVWDQFH IURP RWKH

:DWHU FKHPLVWU\ WURSKLF DQG DW¥LGL,{FDWLRQ VWDW

$00 VWXGLHG ODNHV EXW RQH /DINDFRWHPLE WRLFIWNQE 6C
EHHQ LOQYHVWLIJDWHG ZLWK UHVSRIFWKW RO DN H GILFRAD W\ F
WKH ODVW GH&EDRGHW MHOJs%»sHV® DO D 6WLOO D FHQ
%RKHPLDQ )RUHVW ODNHV ZHUH KXOPHOHE4HRE ® CDWHU OR
ODNHV KDG PRUH RU OHVV QHXWUDO\ SH#RUQUW KHFH WG 6
DO $YDLODEOH S+ YDOXHV RI\BDUW \ZIKORZN D IRIORPNW
DVH DOO GLPLFWLF ODNHV EHFDPOGFKRIRQREDB O OQ HIMLME
QLW LQ WKH PLG V ZKLOH WKH I/KIDZA.Q RZ ROOND\ YADH\H-

)LJ 'XH WR DFLGL{FDWLRQ PRNMNVNRE MFOH % RIRKPILW QL
Bus HW DO DQG KDG HOHYDWB® F RRIRE QWRWDDNOL R @
VAR
VA
9

)LJ /RQJ WHUP GDWD RQ ODNH ZDWHU S+ LQ &]HFK WRS
DFFRUGLQJ(WR/ .DO 238y(. .XQSXEO GDWD

I+



7DEOHMWHOHFWHG VXUIDFH ZDWHU FKDUDFWHULVWLFV Rbka#KH %RK

95%s RULJLQDO: GDWDMVSDUHQF\ $1& + DFLG QHXWUDOLVLQJ FDS
SKRVSKRUXV 721 + WRWDO RUJDQLF QLWURJMH@RW®Q GHUFWQYH(
$0+ LRQLF DOXPLRYLNWLERODW D HOXKORMR¥MHAEIEOH IRU ODNH F

3DUDPHWHU| /DNH &1 &7 3/ 35 /$ *$ . $ 5

:6 P
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6L PJ O

73 —+J O

1+ 1 —=J O

121 —=J O

721 —=J O
'2& PXO
62* PO
1D PO
PO
&D PXO
0J P3O
$Q —9 O
$p —9 O
$0 —9 O
&KID —3 O

DOXPLQLXP $0 ZLWK D PDMRU SURS&RWUONWINDPQ/ RN H RKPLG- |
FRQFHQWUDWLRQ ZLWK WKH KLERMQW $0RIBRIUAMKLEA QNRIIOF
VXUYLYDO RI FUXVWDFHDQ RSO DONWRR LYHWK DB \O U N
WHQWYVY WKHQ RFFXUUHG LQ *URVVHU $UBHBHUVHH .OHLQ

6LQFH WKH HDUO\ V. WKH ODNH+ZDIWMWKUDF KK B UD\WW H
WHUHVLY £+ WKH VKDUS GHFOWQH Q G WKIEHGYHEHBRID DO GH ¢
$Q\ SODQNWRQ UHFRYHU\ KRZRQH W K DNZ E HBHHG ExEHOND LHXC
HW DO D 2QH PHVRWURSKLF BOHAQPp DyH® WR YR HDR
VHH ODNHV DUH VWLOO FKURQRPLO®W DRS®L EH® NZH\L CaF
QHU $UEHUVHH *URVVHU $UEHUVHHU FQG@EBRDWKHDEXI IH

1%s/29e HW DO 7KH UHFHQW ODNH VXWHGID WADEHIH V
FKHPLVWU\ LQ WKH HSLOLPQLRQHG XIi®@IWVEKS ODVNQGH1
LQods/290e HW DO EXW DQ LOQFUHDVLQUBRIHQGEL Q\C

REYLRXV LQ PRVW RI WKH O D NGX\O SKIEWRR @ E & QWKLY WLR
FRQWLQXHG LQ D JHQHUDO GHF UH B B VQBERWKHQDLONLED I C
FRQFHQWUDWLRQV PD\ KDYH AXFWIRDW M® VD MAXS/RLOD/ W
FDWFKPHQWY VHH IRUHVW GLVWXWWE RQEHRWEBHRSRZL F : KH.
PRUH FOHDU ZDWHU WKH KWIHKH PWVERAFEBR B IGLHFSIOH 3Qp
OHVV WUDQVSDUHQW FRPSDUHG WR BEOWRE KD Q OW R 8 \
FKORURSRWMRHQWUDWLRQV LQ 7DEOH

2XU UHVHDUFK RI PDFURLQYHUW WBWDMIDW RD W KRH YO\DH
DV WKHLU LQOHWY DQG RXRV OWHWMHVO D KKV FRXUD OH DB DIV
RI WKHLU OLWWRUDO JRQHV UHVWULFWHG/ WFROWKH GHS



dd i HITA HO4T1MNAS ARANDQXOIAIHES dd MWH TZAHOYMA dd 7 OHAQNC HANA¥Y4 dd
[IAHO4TMNAS 950AdA 9H?T108MIOAONH44A® MHTEAD@d AAHDICXHN HMANMAIXA ddMMET HIL

AMHSNAH AAYd D9HATAN
OYdTMAMHCIHA MOHCNHJH $/
AMHSNAQ4d AAYd D9HATAN $
AMHSNAH AAYd D9HATAN $«
OdTMAMHCHA MOHCNHCH $s
OdTMAMH|CHA MOHCNHCH Ge
QY4 TMAMHCHA MOHCNHJH /€
OYITMAMHCHA d0 L®
OHITMAMHCHA d0 %
NHMH|dTINHS dHNAa HNAO
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ILWWRUDO KDELWDWYV

7KH RXWOHWV RI DOO HLJKW %RKHPKHD S DRWHW R/ FORDQWHA Y
WHU OHYHO IRU WUDQVSRUWL®UPWDRMEH XV IRE WHR YEHU U H
I[URP .OHLQHU $UEHUVHH DQG /DND /DNM(/® FHQWsHW DJ
DO 'XULQJ WKH ODVW FHQWXHJJRKRDHYBIW X D & QJ MAK
EHFDPH SDUWV Rl WKH QDWLRQDO SDUNV

YHUQpP DQG YHUWRYR ODNHV DUH WHKH7OBE O HH V WWE\ HERH
VKDUH RI WKHLU OLWWRUDO LV YHIRWHKRD DN HWQ SRV VIV
OLWWRUDO FKDUDFWHULVWLFRQ®&R QW U®LU\L W®RHDSDIDU RW
RYHUJURZQ E\ DTXDWLF SODQWYV LWR/HQJIH GD¥EHIHH W D VKILR
DUH FRPSOHWHO\ PLVVLQJ LQW NS WIRDHRV XC5NHHD CROQYEIPUMEZR.
DTXDWLEOGHQEFDRIQLD XQ G XOMWEH VSDUVHO\ IRXQG LC
OLWWRUDO ERWWRP RI yHUQpP /DNMHG ARV 1 VW YHDU HGRP I
RI RUJDQLF GHEULV )LJ 7KH QMWW RSWHG RP ly® D @R O |
JUDYHO ZLWK FRQVLGHUDEGUDWRZHU VKDDEOR R U9 D/@IDF
ULF SRZHU SODQW RSHUDWHYV RQ VWKHD R ®\W O MM IR MYTHEIOY
ZLWKLQ FP GHSWK LQ W KIHQO LRMWWRM OP XV XK@ \DL QT
DYDLODEOH

30H4Qp /DNH 5DFKHOVHH D QGPIUNHA VRIpWRNH DPH DL
DOWLWXGH 7DEOH 7 KH L B UMIGARRW R Q D Q \VERWRN RIR) [F R
KLJK VKDUH RI ERXOGHUV LQ 3Ui¥L BMNELDWE EHOW R
WDWLRQ RI VHGJHV DQG U X \BKHVH Z IWVREAMVRIKBHMBR FDLECDHD F
WKHVH EHOWY DUH VLWXDWHG PRNVAWIDO ® 13D H A0 6 VIV
UXSWHG EHOW LQ 5DFKHOVHH LV WX UQ RBXO®GQQ J/ MDH RW
OLWWRUDO HPHUJHG YHJHW DW LRRSK \FEA@BLIDVQN D SUDHEGKFOMDLA
VXSHOOD HPDD JTXQMEEI QVWRU¢D SVHXECERUWHUD® L Q$ M|
SRSXODWRR® RV HFKIUQRXSPUDXEPHUJHG DTXDWLF TXL(
WRUDO YHJHWDWLRQ LQ D \AKD® PR Z DN bi L BAKKAHD E)V \[RIS I DW |
WHG WR WKH RQO\ SDUW RIl ®RRNHEAMDY B X P GCDID@B®FRQV
DQESKDJQKSDUQIPWU|P 7KH OLWWRUDO ]RIQEHU® BO\ ALRO
OHU RQO\ RI WKH WRWDO ODNBDFKHDVWKDQ DQGOH A
YHO\

*URVVHU $UEHUVHH DQG .OHLQH W B VWHOW HWXIGH V MK
WKH ODUJHVW FDWFKPHQWYV DUHWBKBW @HDNW WVEGFHHW
UHWHQWLRQ WLPH 7DEOH BK IHRUDHWAV V2UWWUR B KE B G \EK
¢U LQ FRQWUDVW WR DOO RWKHU ORPUZDA W & D WFBIU R W1 WA
SURSRUWLRQV RI WKHLU ZDWHU WDEOG Y R ID/UWHHE HRF B W3 IRHY
WLQJ UDLVHG PRVV SHQLQANXODV 1R QHUHDIDNO E U VRISK W
WH OLWWRUDO YHJHWDWLRQ LQUMKRMYG\ \8BR D PRNY VYBJ
05 SKDJQXPOMA FR P S DU IHSD BAX X R\R{P HW ORPOXW SLGDW X
(KUK SDSLOORYGEP DJHO O MQULIFX B PRGW 5K RKLFK DUH
SUHGRPLQDQWO\ LQ UDLVHG SDW W R URD ONKXE® MWW\B R/BDLO:
E\ RUJDQLF PDWWHU 7DEOH O\ % RWHKN B 0 NEH VWIRKXH L U WV
KRWHO DW HLWKHU ODNH *URVVWUIRUEH G VEAHQ FREDALH/

WKDW DUH DUWL¢FLDOO\ VH S\DKHDOVH\GHE DARDIWLVOH OQ
PHUFLDOO\ H[SORLWHG E\ ERDWVQULRZWBU I$DR W HFHWHC
KDV EHHQ SDLG WR WKH ODKHWRIAF % D U WQLFRF B IXILSIQIRIZQ D
OXWHDLQGLFDWHY VOLJKWO\ GLIIHBHQW FHRRRPLSDILRHBY \



JHQFH
LV ZL
XUUH

SKRW = D
JDQLF GHEU
VLRQDO RFF

%RMNRYi

K VWRQ\ JUDYHO OLWWRUDO DQG RU
HUHG E\ RUJDQLF GHEULY DQG RFFD

/IDNH OD\ 6HSWHPEHU



)LJ YHUWRYR /DNH 0D\ - %RMNRYLISERWRP+WKBHRXHNVOHW WR
ZLWK VDQG\ DQG JUDYHO OLWWRUDO DO P-R\QWBALG RR X WHYH E-RMDA



LOVNp /DNH 0D\ - %RNWRY i YSKIRWURP DNVKHH PDLQ L
Q VKRUH ZLWK WKHWXD @DWHR VDO & JRRDS/MA BOIWER R
+ DELWDWHRU IGRYRQEFMEBRXNWOKH HDVWHUQ VKRUH ZLWK W

K
QRDOH M WERWIV R P



)LJ 30H&Qp /DNH 0D\ - %RMNRYLBEKRWRP+WKBHHRXMWOHW WRS
ZLWK ZLGEDEHRWWRI@GVBRVVHY PLGGOH QR UGHUN DD/QVGH WE I K/RUWRH
OLWWRUDO SDUWS&DOQHR VRAYEHBRW R E\



)L 5DFKHOVHH 0D\ - %RMNRYi SKRW + D JHQHUDO YLHZ Il
ZLWK ODU XD EHOWR®WBRWMWKH VKRUH RI DOPRVWRWWK HJQWY KR U
RXWOHW WKH RQO\ SDUW RI WKH ODNH ZLWK JUDYHO DQG VDQG\

o=



)LJ *URVVHU $UEHUVHH 6HSWHPEHUD JHQHWYWRMNRMIZ SKRW WKH
WKH HDVWHUQ FRPPHUFLDOO\ H[SORLWHG SDUW WKH PDMRULW\
YHIHWDWLRQ WRS ZHVWHUQ VWULFW&OD B RVWRE/EAMEHG\IMENBH SD U
DQG DOPRVW FRPSO H U VXEVWUDWH PLGGOH VRPH

ZDWHU XLIOD U ERWILR



)L .OHLQHU $UEHUVHH 0D\ 6HSWKIPEHU+ D JHQ®WRBMO RYLIHE IURP
VRXWK PLGGOH DQG QRUWK ZHVWHUQ ERWWRP VKRUHV RI WKFE
FKDUDFWHU WKHUH DUH ODGYHDQBIEM PRV VW KR W VQJRE DL/BIGV R U
URVWEBWWRP VXEVWUDWH LV FRPSOHWHO\ RUJDQLF 1RWH PL[HC(



NHV /LWWRUDO YHJHWDWLRQ S U RIPDHVEZIHNHHVPE $S H B \Li
/1(5

/IDND /DNH LV WKH VPDOOHVW %RKRIP IMDIH) R WHWW \O D
VSHFWV ,W LV D VKDOORZ ®RODHNPIDFW.LFHOD BB UVHW R\ B
DW KLJK DOWLWXGH )LJ W VR @ @ H R/IZ IR WZIH-DNDV U AWVEHOQ-
WR ERWK *URVVHU $UEHUVHH DQIG/.GRP RO DWHE HEY \RHUH [
EHFDXVH WKH OLWWRUDO ]&RUHLVURRRVSEDWNIE RX OHG J W
EU\RSK\WHV 7DEOH YORDWLQJ IH @ RQIGQ/JI FODFGAH. RH G\H i
VRPHWLPHV HYHQ GLYLGLQJ WKH JHINEULR %/ WH Y HUDHD
E\6 SKDJQXP FX\DSEGE/DWXPDXFERPSDQDXG LF\X OPRLPRS D QC
D U Q VWARU )P Z

/IDNH LQOHWY DQG RXWOHWY UHSUHVHIQW K\SRFUHQDC

5HFHQW IRUHVW FKDQJHV LQ FDWFKBDHGWY DQG VXUUR?>

7KH %RKHPLDQ )RUHVW LV GRPLQB3WKXBHENRWHEDOS DOH
! PDVO HLWKHU ROG JURZWHK \RRULFQDJH B DR/ERDW
ZD\ VSUXFH PRQRFXOWXUHV UH S MRZHGE POW LY X G H\L [HG
FH IRUHVWY RQ WKH &]HFK V16 HRKBYH ENHRURI VLPH O
1RUZD\ VSUXFH IRUHVWYV LQ WKHOYNWH@WDOLWDYH BMRFRPOC
EHHWOH RXWEUHDNYV

$ VHYHUH ZLQGEUHDN KLW VSUXFH RR BH MW Y \DNpR/@N W |
$IWHU WKDW D SDUW RI WKH OD N H FBMWGFW PBHI W UZDAW XA
ZD\ VSUXFH 7KLV HSLVRGH Rl PL&EWLBBSRUBVYVWOY KBIHWN D
ODNH D UHJLRQDO® RROFUHDNVHDMBLREZDO 9 D $V 3UIAL(
EHFDPH D FRUH JRQH RI WKH aX P IDYDDV HUWGE ROV X UEDUDN
FDWFKPHQW DQG LWV VXUURRQGRQHWV W HEIU WIRN IGRIAVDK B
FKDQJHV RSHQLQJ RI WKH ODQG V\WE B H% 3YDLUWD EH R WH
3DUN FDXVHG D VLPLODU VXEDOSHQW IMBU XPRKROWNM K
WKH ODWH V B6LQFH WKH SHEWHKDIV BPORXEG 3RH.
ZKHUH (XURSHDQ EHHFK DQG ZKRWHU} B | DR ZEI\O/B V QDI
GDQW $QRWKHU ZLQWHU JDOH WHKE RPWUUHRDRDHD H WELO/A
IXUWKHU EDUN EHHWOH RXWEUHBINAK® DYPQLDYM R Q BB Q3
GLQJ WKH GUDLQDJH DUHD RI /DNDDMNBUXKHURURARWN
QDWXUDOO\ LQYDGHG E\ URZDQ DVK DQG 1RUZD\ VSUXF
7KH FDWFKPHQWYV RI IRXU ZHVW HWU\W XQEMKEY VIRHIFDOL Q KL
ULHV RI yHUQpPp DQG YHUWRYR ODNHY EH QW MWBRMWKH® GH
WKH\ ZHUH UHIRUHVWHG E\ 1RUZDNFASQW R H\I RUHWW K &)
WKH VXUURXQGLQJV RI ERWK *HD®© B Q COHOLNHW SUEWVHUYI
DW ORZHU DOWLWXGHYV ZLWK ZHOO GHYHORSHG PRUH

O0s$7(5,$/$1' 0(7+2'6

6DPSOLQJ PHWKRGV

6DPSOLQJ WHFKQLTXHV KDYH BBHKQ EDREICR PR YWD ORDQ
PHWKRGY ,PDJLQHV DQG ODUYDH RZHHIM WRE QH FHWRHRSY H Q
OLWWRUDO ZDV VDPSOHG WR W K HDMNHHI/W RZRI DS SWKRJ HPID
LQOHWY RI HDFK ODNH ZHUH L QI HR/GWLFDW BER®VWIDQVEFE
ODNHV ZHUH VDPSOHG RQO\ RFFDVLRQDOO\



YLJ /DND /DNH -XQH 6HSWHPEHU - %RMNRYi SKRW + D JHG
ZHVWHUQ VKRUH ZLWK ODUJH ESIOINW PR G QG WILRQBWR WNIWGRIBQ G O IR
FRPSOHWHO\ FRYHUHG ZLWK RUJDQLF VXEVWUDWH PLGGOH QRL
ZLVER UBRV W@ BUHGRPLQDQWO\ RUJDQLF VXEVWUDWH ERWWRP



/DUYDO DVVHPEODJHY ZHUH VINA$SOHQJIEV N PPGEAR B @ W W
DO XVLQJ D KDQG QHW PP PHV&LWVILIWH G WHRSOPRQC
SOLQJ=k&®bB29e LQ + XQEXEO 6D Q@ ¥ 129 RU
PLOQXWH VDR&GLQQ E\ 6 XQSXEO

6SHFLDO PHWKRGY KDYH EHHQ DS$D IDHEGG | R K LNVUIRROSRPLL.
URSWHUD ZHUH VDPSOHG E\ WNPRW BKHQWHMNG VD@8 O LBJ(
OLJKW WUDSV LQ + 0 3DSiRHPM QRGLY2BEXMDOLR QD §
ZDWHU ZHUH FROOHFWHG E\ YHURW IERRIDOV K B X.XX\E HRP NSOD D

)LJ /DNH LQOHWY DQG RXWOHWYVY 0D\ L Q Ot W MN RyYH USKIRYAR /B NDH
VORSH DQG SUHGRPLQDQWO\ VWRQ\ VXEVWUDWH WRS OHIW D F
SHW WRS ULJKW D ZLGH PRXWK RI RQH WULEXWDU\ WR /DND /D|
FRORQLVH WKH ODNH OLWWRUDO PLGGOH OHIW D EUDQFKHG PR
GHDO RI RUJDQLF GHEULV PIDGWGOR U BEKKWR X CPHDW) R D GOHNUBL ¥D N H

ZLWK SDUWO\ VDQG\ ERWWRP ERWWRP OHIW URXJK VWRQ\ DQG
.OHLQHU $UEHUVHH ERWWRP ULJKW



OHJ &KLURQRPLGDH SXSDO GHYVYDMNMRBEKXBWH GDALGV K F
FROOHFWHG DORQJ WKH VKRUHV RKFHOZNWW D @& W DH Z|
P PHVK KDQG QHW DWWDFKHGEWR . D2Q H[WiRQEVLRQ SRO

.RSipHN OHJ ,Q WKH VWUHDPV H¥FKWH GRDWIFEXP XD WL
EHKLQG REVWDFOHY DORQJ D GLVRVI®&FHOPINBIYE WR[LP D\
Ysat. - _RSipHN20+t3 29 3%s4.5 VDPSOHG ODUYD

Qp /DNH XVLQJ )ULHGLQJHU EHQWKLF VDPSOHU LQ
2WKHU PDWHULDO ZDV VDPSON®W UXD@HW RWLYFP®\LB\ G
PP PHVK VL]H HVSHFLDOO\ (SKE&PHUWREWSW B UBO B RRES
NLWFKHQ VWUDLQHU ZLWK PP REMR SWLHU D+ H WKHHLUR % B3
QRW WLPH OLPLWHG DQG ODVWHG DV ORQJ DV QHZ WD]
,PDJLQHV Rl (SKHPHURSWHUD 30 HFRESWOHMDW D® E\7VZ
YHIJHWDWLRQ DORQJ ODNH VKRUHYGR@® WO OHWW KRWO |
GXDOO\ E\ D &PQG QHVRO®HFWHG LPDJLQHV RI &KKURQF
D QHW DQG E\ OLJKW WUDSV DQG BREWDHQ DPWMI}H VYV QR
DFFXUDWH LGHQWL:FDWLRQ
ORUH GHWDLOV RQ WKH VDPSQQRQW KPH WKW & Y IDWXUDBIYF
WDEOHYV

ODWHULDO DQG LWV GHSRVLWLRQ

7KH YDVW PDMRULW\ RI KLVWRULNREOGDWR YHULLI\ R BDU
VLQFH KLVWRULFDO PDWHULDO KIDG QRNVSRNWNQESLOH WH U
SUHVHQW 7KH RQO\ HIFHSWLWRE EHYH D $ FXHRN WEUDK H
DQG""FHQWXU\ DQG (SKHPHURSWHUD D @& B OHFR $ W.HHDL
LQ WKH V DQG V S5HFHQWO\ S/KHEHGL ? BMG DLNVDDOHDDV I
WHUPLQHG RU UHYLVHG E\ DXWKRUYKD¥XHVE GPRIQRI\ GGHIR |
LWLV QRW LGHQWLFDO ZLWK WKH DXWKRWKRZ 'HWDLOV
8QSXEOLVKHG PDWHULDO LVLRYRFHYRGH® F\HW K H D R CFARROZLHFIW
1, 'HSDUWPHQW RI %RWDQ\ DQG =RRRR&VHFEVIHBXEDQIFY H U¥ A&\
RI (QWRPRORJ\ %LRORJ\ &HQWUH& B RE SHBMNED WK G( MMRYA FHHSD L
(QWRPRORJ\ 1DWLRQDO OXVHXP 38604 XH D BXHNK\ FH SOGEXFIDAV )R Q
6RXWK %RKHPLD YyHVNp %XG MRYLFH FXIOHW K RRIHEKEBEHOQLAH ) 6 W8 K L)
YHUVLW\ %DQVNi %\VWULFD 6O0ORYCXNLD R,Q® K@W,DO, ® WX GWHKW H& K
3UDJXH &]JHFK BHSXEOLF ,+% %& | ICRORUW ZWEWRU H\GBIKE L RD\RN b
&]HFK 5HSXEOLF
(SKHPHURSWRDDLQHY L&Q XQSXEO GHW 7 6ROGHB®s LPDJLC
62/'E1 281 HW DO GHW 756R@G&isQ OMURYDHHEMLVHG (
QRW UH2d(3 kG Q - XQSXEO @RW U®YLVHG 6
DOO XQSXEO %DHMWEW®OH@HWDB GHRNIDs-+ *RG X

129E UHY 7 6RQGIQ Q@RW U HXdoVobEG 6 UHY 7 6ROGIQ 8QS)
PDWHULDO LV GHSRVLWHG LQ (17 %& 6ROGI@HURY i&EBMRMND OHJ
2GRQDWMIPDJILNRKY . QRW UHKs¥teVHG Q@RW UHNLVHQ@ 6 XQSXEO
GHW - =HQHQ&Q & XQSXEO GHW - +iMH&sasLPDJLQHV DQ
QRW UHYLVHG ®BYYDHQRW UHYYHGQ - XQSXEO GHWs - =HC
HW DO UHY 1Q506 WddDND Q&RW Ulkh¥1 VHG Q&®W UHNYLVHGQ 6
XQSXEO GHW - =HOHQé& B8QSXEQLYIEHGS P D V6 HRKLUDID O GG HRRQRE LY/
10 &KYRMND OHJ DQG ,(6 &81, -H]JEHURYi OHJ

30HFRSWHDD L/QEN. . QRW UH¥LYH® & XQSXEO GHW -
%-.29e LQ XQSXBEQ SODBUYDHQRW UHYseMitE& 6 QRW
UHYLVHGs29e L Q XQSXEO ®QBRWIWIHYLVHG 6 DOO XQS:
UHYLVHG XQSXEO 1GQddW20e % RMANHRY I - 80 BMNRyi 6 UHY -
%RMNRY i LPDIJLQHWV 1 G ODUNDYH- %RMNRYi H[FHSW IRXWVISpHFL



/IDNH ZKRVH PDWHULDO1ARBN UIR WDIURYRWEHX B DPRQDEHQHDW U D
DXWXPQBOYWRULFDO PDWHULDO RI 3®R@FREWHQRY iJYDFSRO DMPVEF
LQ (17 10 UHFHQW XQSXEOLVKHG PYOYWHBERD OHMVGRRL/Q WS 08QA
&81, -H]JEHURYi OHJ

+HWHURSWRDIDL@HY ) QRW UHYLVHG ' QRW UstyY L%%HG )

QRW UHY4MHG SUHYLHZHG DO:@¢ROGH W BWWIHXRY HE £13

F3ey(. LQ + + DOQAXWIXEO . SDUWO\ XQSXEC
3 . PHQWs(s29t LQ XQSXEO GHW170 @DSipHN GHW 3 PHOQW 6
HW DO GHWe+ss A\GKUD X6 SX&H®129t8 UHY 0 308kpHN 6
UHY 0 3DSipétN 7 UHY O 3DSipHMseyl\RKV B XQSXEO 8QSX

PDWHULDO LV GHSRVLWHG LQ ){886%6\FKSIPHNHOHIDQ®6=(6 &81,
OHJ

OHJD OR SWIHAD) L/@3d N. . QRW UHYL¥HE & XQSXEO UHY - &acf
YDHs.y) %oss QRW URYLNVHG G@GRW UkYiks¢étG Q - XQSXEO Ut
BROGIQ (508129 QRW UHMLEVHG OQRW UHNeLVH® 6 XQSXEO Gt
BROGIQ B8QSXEOLVKHG PDWHULDO LV GHSRVLWHG LQ (17 %&
7ULFKR SIWLHRUD) L/@3N. . UHY 3 &KYRMNBRQERD® DDV
&KYRMPoB, & QRW UH¥LVHG OHJ 9 /DQGD OHJ . 1RYiN
&92-.3 LQ DOQ1X.@8XEO QRW UHY:LYH® D& UH
3 &KYRMNBE L9Q XQSXEO GHW 3 j&KHRMND QFON UMNLYHG
QRW UHY¥LVUHIGQ & X QS ¥6BE@es5+ 6 QRW UHY%(sYd GQ -
XQSXEO UHY <3+s&KWRDIOID 6 GHW1+BosRPJiN 8UHY 3 &KYRMI
6(122 UHY 3 &KMRMMD 6UHY 3 &KYRMND 8QSXERVUNKHG BC

(17 10 &KYRMND DQG %RMNRYi OHJ DQG ,(6 &81, -H]JEHURYi OHJ
&ROHRSWIHUIDI sHV ) QRW UHYLV@#& ) QRW UHRMAVH®
XQSXEO GHWGes7+IMHN +XQSXEO GHW LQ+iMHNQSXEO GHW

1<.;206 LQ XQSXEO GHW LQ 6\FKMQSXEO GbeW. LQ-iMHN 2
XQSXEO GHWse+ssBWKIUD 6 GHW/ e1 G\ GKUD 6 XQSXEO G

6\FKUD LQ XQSXEO GHW ® USWPWDAE L QL PDJIDQHI/XBEQG GHW -

Faey(. LQ XQSXEO GHWWs12066\FKUDHY8 - +iMHN DQ@&®D )LNi}

UHY - +iMHN DQ&u 29t NipHMHY6 0 6MW-UHDNQ 6 XQSXEO 0D\
Rl 6FLUWLGDH 6\FKUD OHJ RXW M \WRHGPROQWBUHE\D'O6 RPA'RQDFLLC
UHYLVHG E\ 9 . LYDQ B8QSXEOLVKHGORBDWHURKWDLBIBHERNLWHGEH
6ROGIQ OHJ

'LSWHUD + &KLYRPPPBLQB& -+ 5= QRW UHYLVHG o(SeX&&Ds®=H[XY LI

QRW UHYsaW H& 72.% GHW 3 %AW X&tN % LQ XQSXEO C

)s.y Eoss QRW UHYWVHG Q@RW UHMXk¥+hGE %a.s QRW UHYLVF
0s7 18 LQ XQSXEO QRWIUMHYLVEFHEGW 6 6YRERGRYI DQG - 0DW
PDWHULDO LV GHSRVLWHG LQ )6 0%8 %LWX&tN OHJ DQG +%, %&

2WKHU 'LSWHU4D QD B D i/l Q XQSXEO QRW UHYHMHE@ 3D L
81*(50$129E QRW UHM2\ G 6 UHY 3 23B1LDQ 6 XQSXEO GHW

SDORYi DQG , *HOELp 8QSXEOLVKHGSADWHUI LD BRGEHYPROHW H A
&81, -H]JEHURYi OHJ

J)DXQLVWLFVY DQG ELRJHRJUDSK\

$OWKRXIK RXU UHVHDUFK ZDV QRWWR RAX&HE KWIRH B R BVARLF
WKDW WKH GDWD SUHVHQWHG DMOX@BWEHINKHGE @H MX
RI YLHZ 7KHUH DUH DW OHDVW WHQMWRRQGBY UHFROBR\F
RUGHUV VWXGLHG :H GLG QRWOQHMSHKDXPWR DWKIHYH RJ Hv
EULGIJHG ZRXOG PDNH WKLV FRQWBHEKWER @ @ [M[B HBWQ
IRXQG LQ WKH 2GRQDWD FKDSWEOALHWED XWH \FDEYS). QR HR:
5HSXEOLF DQG VRPH ODNHV UHSUHVHQWRHRW LHY\HL GHIQGN P D

, I XVHG WKH FRGH QXPEHU UWHIRIUW KWARFW®& W WPIDG (TXXDR



PDSSLQJ ARUD DQG25RX QBog11 DGDSWG E\ 1DQG
3s81(5 OE.s 7R DVVRFLDWH XQSXEOLVKMIBVILW & HGIRG
%RKHPLDQ )RUHVW JODFLDO ODNHKH XADHPG IR\ \DKUHH * BV
+ YJHUQp /DNH DQG YyHUWRYR /DNH &4Qp #DNND /DNH3L

ALOVNp /DNH + 5DFKHOVHH + *URVMHU $UEHUVH
(YDOXDWLQJ GLVWULEXWLR® IRH BDo®R® H/FSLHFRQ H R URFROAD (F
LQOHWY DQG RXWOHWYV ZH OWDNIKIOR FRROHRIRHG HA\D D IQRC
%&+$5 7KH IROORZLQJ FODVVL¢FDWLRQVKDVEHMHIRQV |

L 6SHFLHV ZLWK ODUJH DUHD /% E®PSIR \RU \PRLAH. HE\
SKLF UHDOPV HJ +RODUFWLF R 3 DRODLHQWD/OL F1 M B MW
SLF DQG RU $XVWUDOLDQ UHJLRBEXWLURQ LY RIRWK G Y VWA
VSHFLHV LV FODVVL¢HG LQ WKLYV FDMWCHIRIWDWHRBGXE B & R\
RQ UHVXOWHG IURP HJ ORQJ GLVWDQFH SDVVLYH RU

LL 6SHFLHV RI WKH +RODUFW L FFG&HYWALLAX WILERQN HE U
DUFWLF DQG 1HDUFWLF UHJLRQ\D WFSWEE 050 W\ B EB YW UR
RU FLUFXPERUHDO GLVWULEXWLR QD &DEDRWWEU @ KH KWK
1RUWK $PHULFD DQG QRUWK (XUDVLD

LLL 6SHFLHV RI WKH 3D O DRIFPSUFLW IHF VGBLIHVAL H W ELXQNKLDREQ. W,
WK $IULFD OLGGOH (DVW DQG D SPWG\H B | R UIDELIHD MHFQV
WHG E\ VRXWKHUQ VORSHV RI WKH HWRBI®G R\ B OB R DHFH
2ULHQWDO ,QGRPDOD\DQ UHJLRYXD LLQ/ \EK B NV D5\ LOMRSU
DUFWLF UHJLRQ LV EDVLFDOWQW GIDYCLOSHHOIGU E /W R VB EW H DL
EH\RQG RXU LQWHUHVW 7KH IRUP®JU ,FBOPRYGH \D FDURE
$JRUHV ODGHLUD DQG &DQDU\ ,VEDQ®V W K RRUWKK $i1 8 DK
GLQJ WKH +RJJDU $KDJJDU OWV K GHEGK MW HDWWDIQHD 8O,
FOXGLQJ &\SUXV DQG WKH &DRUF\I K XD/S STRRYW_KHD \M B © W DI
DQ+.D]DNKVWDQ ERUGHU DQG ZHV\QHWIQV B RBRI W RH WKL
1RYD\D =HPO\D :H VXJJHVW XVRQJ GULKHVW HEWPWA R QRALLVE K
VH LW FDQ LQFOXGH VSHFLHV GLVWW BEEWHIGDLDV(XHR BF
HV GLVWULEXWHG WKURXJKRXW WKH ZKIR Q\HK B DWW W Ui )
W\SH ZH SUHIHU WKH FDW HGRWW B L EWW BRY SE&D AR FRW |
SULVHV VSHFLHV ZLWK D GLVWULEWW VR Q VDHIUG W R WKW
RU 5XVVLDQ )DU (DVW 6LPLODUO\Q WEHYVRIWHXWVRG MV
VLQFH (XURSH LV RQO\ D SDXEWRIMRKH LHQVRASRBD ZRUBW
RI D JHRJUDSKLF VHQVH EXW GH¢QLWHRHADRWQSRVVHVVL
6LQFH WKH %RKHPLDQ )RUHVW ODMRYUDISK LVL WHEKQ@W b6
ZH FDQQRW DYRLG GHWDLOHG FOPLVQMW KA YWH R @ IRW K 8 HIfF \
FWLF VXEUHJLRQ ,Q WKLVUIDWKH  H HRIHJ DROKAHF GF O/RVX/\. |
RQ WKH RULJLQ DQG IDXQLVWILRFZ BHIQWPRWVW V8 HFR WVH |
VSHFLHV KDV EHHQ GHVFULEHG&RP®LQO\ LQ (SKHRHURS

DQG 2GRQDWD®@s8,77HW DO ,/'(s0872+ HW DO

'2/16 HW DO EXW RXU LQIRUPDWLRER B R WEE UYLGR
VWDWH UHFRUGV RQ WKH VSHFLHV LQ TXHVWLRQ

7R VLPSOLI\ WKH HYDOXDWLRIQR NS HFWHN. EWWHR B VRV S [
UHJLRQ LV FODVVL¢{HG DVIROORZV

L 7KH :HVW (XURSHDQ DUHD LV VSJUDHD Q@A URRHWKWBIL VEL
WKURXJK JUDQFH %HQHOX[ WR ZHRWHPIQD QH JRADHAW %DV
LQ WKH WUDQVLWRU\ DUHD H, WP\ UFE \DH)G VISHE D I9W
‘HVW OHGLWHUUDQHDQ RULJLQ



LL 7KH 6RXWK &HQWUDO (XURISE DVWQHWH IFB O SWUN Bl
FHQWUDO (XURSH 7KH VSHFLHV DUBQGSUWWVEXWY®RQ
DUH VLWXDWHG LQ WKH 7KXULQEKHDQ NROHREW . DRRIR @R C
OWV DQG WKH -HVHQtN\ OWV J DWW EHWIKHVADE'S DWK L DIQR
%LHV]F]DG\ OWV DQG WKH (DWW RDDBHBDNWK LLDSBW R [1LKH \
PD[LPDO VRXWKHUQPRVW ERUGH UDRNLRIQH &DORKWV S HUFR |
FDOOHG *VXEPHGLWHUUDQHDQ W RAHYG W RWKHVFW HE R \
VRXWKZDUGV WKH DERYH ERUG H U VUDXQM D& WWMHOM U REX
FLHV OLYLQJ LQ WKH VRXWKHUQ KDRQ® RZHXVW/RISHF W R \ DI
WHUP WR 6RXWK &HQWUDO (XURSHDQ VSHFLHV DV GH¢C

LLL 7KH 1RUWK &HQWUDO (XUR S}OLQ® DW B O WIRRQN LRW I
DQG QRUWK (XURSHDQ 5XVVLD LQFOXBU GUDRYDVY = HP\
OLPLWYV DSSUR[LPDWHO\ IROORZ WKH QRHUDMXEBUBDERUG

LY 7KH &HQWUDO (XURSHDQVDRIHBKAR®VEVWQ B KX VR RIH
6ZLW]HUODQG FHQWUDO (XURSHINW HHQF&QUSO® W R XD@AL
ULDQ 3DQQRQLDQ 30DLQ

Y 7KH (DVW (XURSHDQ DUHD&DW SBWHKDDB QW RW KWK J |
5LYHU DQG 9ROJD 5LYHU EDVLDQRKH WRXMWKH 8 QDML 8 R WQLYLT
&ULPHDQ 3HQLQVXOD

6RPH DUHDV DUH FHUWDLQO\ RYHUWODBS LIJG )& K QDYDY
VSHFLHV FDQ RYHUODS LQ WDHRDWHRW @GV E&HQ RIUW & H(l
GLVWULEXWLRQ LQ WKH $0S D UHIDLF K6 DRIHODQYRA XWHK B (M)
DUH LQFOXGHG LQ ERWK &HQW U D OHD Q@R(MN W S(X FIR-E\H D (
WR VWULFWO\ FODVVLI\ ZLWK L QHWY KH WHI @WLHRDY D BIGF B K\
H[DPSOH 1RUWK &HQWUDO (XUR SHDNL YIS HDRLHY RD GG HYK
WKH PRVW RIWHQ W\SH RI ZKLFK LV ERWRHR PRQWDQH R

$V LQGLFDWHG DERYH RXU NQRBQMGG K DRIQ VLA H V ELXA
IUDJPHQWDU\ :H IDLOHG WR FOD@RPI\GOMK HEW FIDSW H UVD |
UHOLDEOH RU VXPPDULVLQJ LRIQVRIU B WKW BI L ¥ R WU RV R I( )
RUGHUV LV EDVHG RQ WKH OLWHDHDRW®UH VRXURBHY DV |

2/1¢6 HW DO (SKHRHAIRSWHUD $<otse+
8))%1, HW DO s8(51)(% €rE1 SOHFRSWHUD
=29% 56§ HW DO (6/(1.2 7=,/7=29% +HWHURS)WHUD
$16621 $9%6 ( 23 (086 D E & (0s$ 5(*(5
. $1<8.29% 5%1'298 32.,1 (==256.,HW DO /(o(1729E
TULFKRESWHHW DO 9s129 , OHJDORIGMIHKHWY DO /7,27 (
& RO H R SsWetdiU D 240 (1 1$86 se21 42/0(1
9$1 D1(/ "(771(5 (%$8(5 ./$861,7=(5 2%s/ HW DO
1,/6621 +H57 ), Ey(. &KLURQGRPLE DH, (6 DQG 7

&+,52120," ¥20( 3*¢(
7KH FODVVL{FDWLRQ RI VHYHUDOBADRWHIFWATW B R X 3N\ /R
OLWHUDWXUH VRXUFHY UDQJLQJ WKHEVQBAMERY WR (XUR

SURWHFWLRQ VWDWXV RI VSHFLHYV

7UHDWLQJ LQVHFW VSHFLHV RI WHKHSRRGWPRIDQLHZURN WS
VHUYDWLRQ ZH KDYH DGRSWHG DPRRUGL ®F PHRSW KB \83F
RI 7TKUHDWHQHG $QLRDQOV ¥X3ddHVWHG BQ®W,0HW DO
ZKLFK LQ PDQ\ UHVSHFWV PHGW DN T\XS K FHLPHQ BV IK
VWLQJ FDWHJIRULHV .#5e.3 IHYHUWKHOHVV D VWULF



HYDOXDWLRQ FULWHULD LV LRBRWNW LELOH GXIHWVW R | HLQRW
H[WUHPHO\ KLJK DEXQGDQFH DQG QHGHD AERORJZADO DD
RI GDWD RQ WKH RWKHU KDQG WétH. DO FE(G8HW Bi:OHG G
20 $V WKH FODVVLILFDWLRQ GRUIBURWWFWKRQ BW D
IROORZLQJ VLPSOL¢{HG FDWHJRULHV KDYHEHHQ DSSOLH(
(YDOXDWHG VSHFLHV L H WHKIRWVHRIW LZKHBK® QHBHRW
¢YHJURXSV DV IROORZV UHJLRQD O FRUMGHG MR Us\V KHY S B\
FULWLFDOO\ HQGDQJHUHG &5 = WSHWILHW GKWRRLBH FRF]
VROLWDU\ RIWHQ OLYLQJ DW D HPLHI\O® RZRFDDH VD VDLGRE)
GDQJHUHG (1 * VSHFLHV VKRIZQ QWD &R DX UNWHIQF I& HEO IC
SHMXV  ZLWKLQ WKH &]HFK 5HS X EK®LFD WHOR R SKV VLR O Y
98 + VSHFLHV JHQHUDOO\ PHHW L QWMWK R UAHEXW UM R HDQQ
OHVVHU H[WHQW DQG QHDU WKUHBMEQHEG R1D © VSDRX
UDQJH XVXDOO\ VXEGRPLQDQW RU UHFHVVLYH
&RQWUDBRH Sy WIRV )DO ZH GHFLGHG WR HPS®RYLKMAKH
FDWHJRU\ 7KH " VSHFLHV FRIQX\®WW XG\DAWDW K B VRIQIR LF\L @
DERYH FDWHJRULHV UHSUHVHQWISL 5BG HEYNW HG DW D’
20%5,( 7KLV FDWHJRU\ DOWKR XJHKDWKB\SKRN H® KGJ D, @\
YHO\ JDWKHUV WKH VSHFLHV ZLW R JPHQIMDY \XQ N\Y B ZRQ E
WKDW LQWXLWLYHO\ FRXOG RQE L QQVRKHI RXWXBHDE R YR
FDWHJRU\ VKRXOG FRPSULVH DO @RDW & HWKRWFL HW KGIHZ @
ZDV UHYLVHG DIWHU

7KH QRW HYDOXDWHG 1( FDWHJRUWSXFRBVULYHV I/VEG
TXLULQJ DQ\ SURWHFWLRQ 7KRXJK \8K b QHDW H QRWK IV A B Y
WLF LQVHFWV LW LV VRPHWLPHW ®IU 4 FXHDW O\R S EIFTLGLHA
QLVWLF RU FRPPRQ HYHU\ZKHU M KB UKL DK i& FQQNDLWDL HW R
DFWXDO QDWXUDO VWDWH ZLVOKING W& H & PHAKR X SK\E & H|
WKH TXHVWLRQ Rl SURSRUWLRQD®IOXDBHMEZWSIQF HM D Q)H
LQ DTXDWLF LQVHFWY LQ TXHVWQRKRQD I VEZHHD V¥ F RU G |
VKRXOG EH WUHDWHG DQG WRIGW R\SR RIVRIQH U RIXQXHOU V¥ R
VWXGLHG IURP WKH SRLQW RI YLWZXK IR I&EH RIS I5HHSEEION F S|
HW DO

&RPSDULVRQ RI VSHFLHV WD[D GLOBDWWL&LVAKWIKFRW KH

7R GLVFXVV VSHFLHV GLYHUVLW\ RI WKHH%RKHPHLQW )R Q
OLWHUDWXUH GHDOLQJ ZLWKHPIFORNGYH UN HEB O WHNG
GLIIHUHQW JHRJUDSKLF UHJLRQ\D G% D L WKWK 3, \UGHIPIEW D\
&DUSDWKLDQV DQG %DONDQYODQG GDNH UV H@W HDRDLUMN
%2 (56(1 HW DO (12 + KLJKODQG ODNkKYsiBW PROWOD QG L

PRQWDQH ODNHV DW + P'O W1®s L BZBMW/KH 3\ U KMKXHHH V
$OSVs5()Ys HW DO 2+x(52 %l(1&,21, &7/, HW DO ss5&+(792HW DO
DQG WKH 7piWUD @Ws$4., HW DO 512 . 512 HW DO
Y,$032529E5129,y29EHW DO ,$032529E129,y29E $ VSHFLDO DWWHC

FRPSDULVRQ KDV EHHQ SDLG WR @W&WY DA G UVHKHW 70 WNIHD
KDYH EHHQ VWXGLHG LQ FRQWIRHWUBWOMHOGHW OFL O @ L W/FRNFF
LQYHUWHEUDWH DVVHPEODJHVWXRW KHL QDRMHLLDNVOUWO (XU
DQG DUH PRUH VLPLODU WR WKRNIBWQ WK XIXGINDLOW B
FH RI WKH %RKHPLDQ )RUHVW ODNHQ WRHWKHKHROWDO® £
O\ LGHQWLFDO 7KH FUXFLDO TXHYXWRRRQQVHRHPWNVWROBENFE



JURXSHG ZLWK WKH ODNHV LQ WKH $0SV W KMWDIFSAD W |
7R FRPSDUH WKH VSHFLHV USFRQHW U LRA KRXHN 0 RN H\D G L
ODNH GLVWULFWV ZH XVHG RQOW MW® AHQW KGDOIDN H V 2O |
VSHFLHV WD[D QRW WR RY HHWN VEN LPROQ\IHWHKIHP \USHR/AH_DHW/F U
FRPSDUHG WKH QXPEHU RI VSHFLHV WD[DVIRXRBSMQ BVRC
QXPEHU RI LGHQWLFDO VSHFLHVUMDQM W RHRW R FALRFQY H & H
OLWHUDWXUH GDWD LQ FRPSDHIULIN RGHQW K ¢RIXGUS G B @/PP
VSHFLHVY OHYHO ZH KDG WR H®®Y VQIGHHOVIRGHIQWIDIFDIR R
6LDOLGDH L GHOWIXRMDBUY DWK LG H Q Ve LFIDIQUERUWKLGDH LG
LGHQWLFDO ZLWK DQ\ JHQXV QRW @R UALKHG@X¥P HWJF R&RGM E
WR EH RYHUHVWLPDWHG EXW ZH FDI[D R4 SSSRRUMIH RV KV KH
IDFW LQFOXGH PRUH WKDQ RQH VSHFLHV HYHQ JHQXV

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

6SHFLHVY ULFKQHVYV RI LQVHFWY JURXSY DQG KDELWDW
+LVWRU\ Rl WKH UHVHDUFK RQ DTXDWLF LQVHFWYV

2XU SUHVHQW NQRZOHGJH RI WKHNEHY%BYXHWLRQ DRXB W
YHORSHG JUDGXDOO\ IURP YLIW K H DKTEK @ BAIKFHE R & R W LV
SURSLQZDAD UHFRUGHG IURBRYHUQPRPMH YHDUV ODWHU
RI DTXDWLF EHHWDOGXNVE Y I/RBYD W OW VG URSBDEX VW UL
ZHUH FROOHFWHG D)W WKRAKFHDWH IODANRUGHU 2GR®&BWD
%RKHPLDQ )RUHVW ODNHV ZLW KEG QWKKUSDVW GHEDGHV
9eos5s 7KH ODWWHU UHSRUWHBW JSRHFIL\H N RR DD &/ M
RI WKHVH WKH RUGHUV (SKHPHURB0WHFUWE YV VOSHIBLOHR/S WA
HV DQG 'LSWHUD VSHFLHV RI WKH IDPL®\ &KW RQRPIL
6LQFH WKHQ LQFUHDVLQJ N QR Z@HGF¥W RR WEHIFVY HS KD
ELWV WZR GLVWLQFWLYH SDWWHGBRDO)DXW KR GWE MO IGH
DQG VSHFLDOLVDWLRQ DQG FRGQME®WXRO WPGH R QRW K F
ODVW \HDUV 7KH ¢UVW SDWWH U G MWHWIOR 2 G E QW WD R3/a
DQG 7ULFKRSWHUD )LJ (DUOLH W NQWXOBG 1H) G\D MDHD
+ VSHFLHV GHWHUPLQHG 5) Goss DQG FRQWLQXHV L
GHFDGHV "RFMQKHX U\ E\ QHZ UHFRUGV Rl VHFKR ®WHWEH P
3OHFRSW#UD . s/ 7KHVH DXWKRUV SXEOLVKHG Q
VSHFLHV Rl 30HFRSWHUD DQGVR MBMIF QIEVWRA H7 M IQFRZROSHAC
GLYHUVLW\ RI WKH ODNHV WR RG RF LLHHNV WD YF K Q) RVWK W
\HDUV D WRWDO VWDJQDWLRQFAFXKH HG VHDUFK RV \
W K H V D WDUJHWHG |IDX QRSMHFDU FB\DHHIFRBSKY R U 05 KIHP G
OHG WR DQ LQFUHDVH LQ WKH N QR Z QVISG\FH AW W DYB U¥IL
QHZ UHFRUGVY EHORQJ WR (37 JUR SSAWH. WREDYK R X J KW K FF H
UHVXOWYV ZHUH SXEGLYKHG RXFKEODRWHU 4de.
2GRQDWD WKHUH ZHUH QR PR W V& DRWD WKRIP; QGL QJ R
/HXFR U WOLEENTBs7¢ . LQ YyHUQpP /DNH $OWKRXJBOWKH
FRQWLQXHG LQ + DV ZHOO DQ@D\Q RRMD$HR@RNXQRE
WKLV SHULRG 6WURQJ LQFUHDVH LQHFRUGHE WQRZ QHX
UHVXOW RI LQWHQVLYH UHVHDURK RIHWRHUHIUR KD W NRH \DI
I[URP WKH V WR WKH SUHVHQW



,Q FRQWUDVW WR D JUDGXDO LQF URDSH +HWNMQRBOHHGL
WHUD DQG 'LSWHUD LQFOXGLQJ WKH IDPLWMN &KL LHRIRP
7KHUH ZHUH LQLWLDO UHFRUGXDRIWH UVSHHAQHHX U U RFF
)5.9 5y 958 DQG WKHQ D SURQRXQFHG FXWDUIKD® WR.
WKH QH[W QHDUO\ \HDUV )LJ Q WKKLH/ FSGI@\L R [ M 8 WALK
RI D GLYL @JDEEHHDAXY O R GJ Y\M ODXNWYXWIMWMU Q pL OD NH BA(
4s/ XQSXEO UHVXOW DQG VHYBHD® &S&FLHV &b/&KLUI
$Q DPD]JLQJ LQFUHDVH LQ NQRIQHGIB IRIHWKHVH: K1
QXPEHU Rl +HWHURSWHUD VSHFLHWWLQBERP DVHUSHERHM M
+ WR VSHFLHV DW SUHVHQW UDQBGSW R HHE XLPEHUH E
LQ + WR DW SUHVHQW WKHKHWKPBHY VR IL'QEWHD
UHFRUGVY L H &KLURQRPLGDH DQBDRMXHWRPLSWSHILH
+ WR VSHFLHV DW SUHVHQW
7KH ¢QDO SHULRG RI UHVHDUFK R HL®@R KH LD RH RIUHHW GVLY
WHG LQ WKH HDUO\ V ZKHQ WKHKRIDNHN BEBEDWR VKR
IRUH LQGHHG DQ :LURQ FXUWHFX ODWRY W QWRNVDQ
JRQH 7KH SUHVHQW XQXVXDO O\SKLFIKHV SWB LB V70 EOHU V
EHHQ DFKLHYHG WKDQNV WR GLUISPWE G HJIHR/ G\ UFHY RWR
WLRQ WR DOO KDELWDWWY-R@G:XRSHEO, QWHVXOWV- UHFF
RI DTXDWLF LQVHFWM2 ,Q WHIHUBHG WR  WD[D Gt
VSHFLHV OHYHO LQ JHQHU®JD'QGF O DISRIGAML HAR OLAXAOR
1HPDWRGD DQG 20LJRFKDHW DO HRXQR! VDKW EGDER KW O W V
IRXQG WDI[D GHWHUPLQHG W RDWIX®GV S H B PH D LOHNY H
OROOXVFD +LUXGLQLGD DQG 20VJRRWIMHWIBF H QWVEE GL
FHV DUH EDVHG RQ D VI\QRSWLFt VX WDYHE RIQWKID O DNV
XQSXEOLVKHG GDWD PRUH WKDQ V'S HRG W\H DXIBGIWSW H Vv
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YLJ  B6SHFLHV GLYHUVLW\ RI LQGIHY AGRKHP LMY H R WHMWR ODW HQ I

+ FXPXODWLYH LQFUHD V HK IRV WNRQLRZFMDHG G YOHIOR S WWQW  FR Q
GHWHUPLQHG DW WKH VSHFLHV OHYHO RWKHU WD[D H[FOXGHG IL
RWKHU 'LSWHUD IDPLOLHY OHJDORSWHUD DQG DTXDWLF 1HXURSV
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6SHFLHVY WD[D ULFKQHVV RI WKH ODNHY DQG WKHLU LQ

,Q WRWDO VSHFLHV WD[D GWORY RWGHUR QL QPR DX B\
KDYH EHHQ UHFRUGHG LQ WK H B6lRK H® DBIQV YR R XW O HWDW M
PDMRULW\ Rl WKHP KDYH EHHQ GHWWSPEQH® WR V8K FW\
WD[D GHWHUPLQHG DW KLJKHU WRDIOWDS KAIMWROHFBO F
FRUGV ZKLFK FRXOG QRW EHUWLPWOLYBG QRMF DX \DH ONDKEHD
GHWHUPLQHG WR WKH JHQHUD RU (WS MRV M QR RXISGAH YR
ORJ\ RI WKHLU ODUYDH
%HVLGHV VPDOO JURXSV Rl OHXDBBBWHDD KDLG&H D TW D
ZLWKLQ WKH %RKHPLDQ )RUHVW QDB & IDYA& MK H QW R X/
DFFRUGLQJ WR WKH DEVROXWH Q@R EH B ERVs4S R&ELEGIVY WD |
L HXGRPLQDQW 'LSWHUD Q& &GRROMRDMMU DU IDRKR S
QDQW UHPDLQLQJ RUGHUV (XGRPISHFQWV WV8R[BUD RO W
ZHUH GRPLQDWHG E\ WKH IDPLO\ 7&KL R DRHPW\G DHB HF L H \
&KLURQRPLGDH VSHFLHV WD[D WKW\I\RXQGE UG GRXWIOWH
SRRU LQ LQOHWY 2WKHU 'LSVOHIQD\IRPLDQ 8 M VZW DHY ¢
DQG RQO\ WD[D ZHUH IRXQG LQ WMKWHDO D N B\D G' RARLAHR:
VKDUHG D FRPSDUDEOH GHDO FQ/GI D X QUHR/IS W KW Lo R K
UHVW ODNHV LQFOXGLQJ LQaHWYHRXW\ MDYD RR Z&RGIWR
7JULFKRSWHUD KDYH EHHQ IRX ®GWVIK® WES RO/ MH ZD D
LQOHWY DQG RXWOHWYV 30HFRSGRPULI DW HI & KK LLRKRHS
LQOHWYV 7DEOH
$OWRJIJHWKHU VSHFLHV WD[DDNHVAHOHWVW®RRQ G CL QZ WH
&ROHRSWHUD DQG &KLURQRPLQGDRXSWH WKIHPRNW W
ORZHVW QXPEHU RI VSHFLHV WD[D BD3¥DBKARVEHG LOQ g
VSHFWLYHO\ 7DEOH 0ORVWWS WRED BOR UWXHMH O/LSNHH\
VWURQJ ORQJ WHUP DFLGL ¢ FDW LIRMHLQNMEKIDF B WW VHH D L
E\ .OHLQHU $UEHUVHH DQG yHUQp /DRI *URWQGHU JUHWS
7KH KLJKHVW VSHFLHV ULFKQHVV @D3W Wi PR/ M@ HIED N@& V D
UHVSHFWLYHO\ (DFK RI WKHWHU ODKHK R R X O0G PS MHAL]
IHFWV RI DFLGL¢{FDWLRQ DQG RU@RYHUMHEWD/EDH FR QS
ODNHV KDYH JRW WKH KLJKHVW UH FH®QM®W K R ¥ W R QLEFHIONY
FHQWUDWRIQW OFO 9 D /DND /DNH LV DQ H[RFHSWORQ H
GXH WR YHU\ VKRUW UHWHQWRBG WUWIRB YQE OH U\ ¥R DFX
VSHFLHVY WR FRORQLVH WKHKIPNEQ WM BRHBRMMUR /KA
30H4Qp /DNH LV PHVRWURSK MWW MWK ¥R QGILNHRQR I IIRW L KX
YDO
,Q VWUHDP KDELWDWV LQOWWAD[DQG RXWOHWRXQG V
WKHVH &KLURQRPLGDH 7ULFRRKI$MWHUED WK E CGK BOKH\RS W/
WD[D VSHFLHV 7KRXJK WKH WRWDA8 VQXWP KH UKRIUL @Y &
NHVY RQH VKRXOG NHHS LQ PLQG W KXW WPIRMWHHWWBE& U L
RXWOHWYV RU LQ ERWK KDYH EHHIDEPR®OH FW HIEN HQR W W
ZHUH PRUH VSHFLHV ULFK WKDQULQXRBEMW RI L GON MW
YHU VSHFLHV FRPSRVLWLRQ RI RKMGOE\VEW PIW RWODH VY B/l
LPDJLQHV +HWHURSWHUD &ROHRISVEIRE R P HORPHWE K HRQ DH
WKH RFFXUUHQFH RI  VSHFLHV RI WGRQD\R R QRU L QV R X WL
YDH RI ZKLFK GHYHORS VROHO\WE® UMPRIQGS B LHN\WHD \D
UXQQLQJ ZDWHU KDELWDWYV D U H LSTIUHN ILROUDVD \ 7IKGARCHVQ® H



YR /DNH DQG /DND /DNH H[ K L\E LRW MODI [ BV K1$ HKALLIHCWA V

KDYH EHHQ VW X Gobdth®ok Q G HIW@G: B2 EH® DO ZKLF}
EDEO\ UHVXOWHG LQ KLJKHU QXP ERWKWHRI KUHF® UW K B \\HS
KLJKHU GLVFKDUJH DQG FKD QW HOKZAHLUGHWKUW KDIQH R \R KI H U
KHWHURJHQHLW\ DQG VSDFH IRU (PHDFE RLR) XH UKHHE VB W
6PDOO RXWOHWYV ZLWK UHODWLYIH®@\LK QLD RWPH U XLEQ/SAKWD
QXPEHU RI VSHFLHVY RXWOHWYV RI yHUQp /DNH DQG 5DF|

7KH VSHFLHV ULFKQHVV RI WO RWHQWHHRKNVDWYR BH. ITH U\
LQGLYLGXDO ODNHV 7DEOH DK LG LHYFQUWQOXRERBWHY
ZDV VWXGLHG DW HDFK ODNHALHW ULIFEK @HRWW D) RHUF IWQ WR
ZHUH VWXGLHG LQ yHUWRYR /HD® N HDUQ\ GG & DIFHKUHHGWH 1 XWPKEDH
DQG UHVSHFWLYHO\ 7KHV I GELQ MG EQ FBHVI 1P U HIQW BDH
HYHQ RI WKH VDPH ODNH VR WKDW WX N W@EWUH B VRHIHGE (
WRWDO VSHFLHV ULFKQHVV )RIU/D§DWDRFH HW BRV®LA\GN
RQH S+ a ZDV H[WUHPHO\ VSHFLKMW SBVLONDIREGH X &K
.23£y(. XQSXEO GDWD DQG KRVWKGGPRYWRWWRHORVERF
HQFH RI ZDWHU TXDOLW\ LV FRPEVBKDBUZHWK W& H. § DJHHW
WDW KHWHURJHQHRXV HSLUKLNIOUKB®WWW BRDRAWOQHHRIGHY
FUHQDO WULFNOHYV

7KH SURSRUWLRQ RI DTXDWLF LQWHFMMXQ@DWKLQ DTXDW

7KH IDXQD RI DTXDWLF LQVHFWYV KRGH HELIRQM B FFRXXFU D
KHPLDQ )RUHVW ODNHV LQFOWGLKQRZMMHW HW K B WSHA\R DHD
WD[D LV VWLOO QRW SUH F L VIHTOX DNMLRZ RQ 7 K FIWG\R P D Q DCEQHF |
UHDFKLQJ DW OHDVW * RI WKHVEKRORUWHDHDPDG W H U Wl
EH SUHVHQWHG WDNLQJ LQWR D FIRRRXSWRR EOR\UDVLQDPF
DQG SODQNWRQLF LQYHUWHEUDWHYV

$OWRJIJHWKHU DTXDWLF LQVHFW B/ D ERMFRUGRG OL@
LQYHUWHEUDWHY NQRZQ IURP WKH &8 FKUHHGERCEMLIFQDWI
DTXDWLF LQYHUWUMHEGDWHY FI,QVHFW DTXDWLF IDXQD

JRUHVW ODNHV UHDFKHG RI D PSOUR D POMMHICR L Q VHE
GHUV H[FHSW +\PHQRSWHUD NQRZ0Q. kURPIWil &]HFK 5
%s.s/ HW DO $/(12060¢ HW DO 7KLV SHUFHQWDBGI\ \KHH R \

WDNLQJ LQWR DFFRXQW WKDW WHKHNWX&DMWGE D KB PLMWD!
ODNH OLWWRUDO FUHQDO DQGIMHKLWKHD® RMWWIKD RYH F,
ZHUH VWXGLHG LQ GHWDLO WKLY WHIRBKRUION LIRER XBW QL
3iODYD %LRVSKHUdd, /53N WUDXGI 2 WKH .RNR tQVNR 3UF
$UHDs5s% DQG WKH %tOp .DUSDW\ 30JRONH&W HGY /DQ G

+LJKHU LQVHFW WD[D

$OWRIHWKHU HLIKW 3WUXH" LQVHRW XR VGNH \E RHH[® 3R X%
WKH %RKHPLDQ )RUHVW ODNHIED®RG WTKKILW Q XREHHAV URHX
WKLUG RI DOO LQVHFW RUGHUV SUHVHQW ZLWKLQ WKH

6RPH JHQHUD RI FDW\OLGYV DQNB DUDNWVIK® SHFPHUN HBU W
VRPH PRVWO\ VWDQGLQJ ZDWHUVHEXKMHQR R/XEE& UG SNUKH
JRUHVW ODNHV 7KH QHDUHVWHOR F MKW HAHXR/U IVIXFKD WM
GLVWULEXWHG LQ WKH %R#®&+#PLD Q7XNMWRFAERBWHKQB B \RI
VHQWDWLYHV RI +\PHQRSWHUD LQ WWHR % RKAMHPNBDQ\ )RKH



DUH HLWKHU HJJ RU ODUYDO SDBRVUWQIDY BU B VAW H
WKHLU LQOHWY RXWOHWY H J UWKBUHJISY RDVLBMMHMHG ¥
7KHUH DUH DERXW + |DPLDHWNERIDERW.ID DG BRYGH D\
WLF LQVHFW KRVWV 7KH UHSUHDWQ®DMW L¥HMW RRIUDPRY
BFHOLRQLGDH DUH PRVW SUREDEBV\&UMD MW ELXQN WHK/HF D6
VLQFH WKHLU VDPSOLQJ UHTXLBRMVVWSHALROK RM B W HIPK
5- 2a16 $ VLQJOH UHSUHVHQVSDWILRW\B X $& XU RE/WX
SDUDVLWLVHV ODUYDH R| FOGERNBLIGRERKDRIG IDP UG

O\ WKH 2JGHRXWRABBXKO\ 2GRQW REHU L G DHE2=5a1¢
2Q0\ WKH ODWWHU KRVW KDV EHHW 6R® & M FEXKG QRY OADKJ
VHUYHG SDUDVLWLVHG DJULR W/ SLWHHIBW K LK) J VARKRRZGE Q J6 R
WDWLYHV RI WKH IDPLO\ O\PDULG D H KLIIDYH )RIWHY V& HEW WF
ORFDOLWLHY EH©RZ 6&MRD V O 7BH\ DWWDFN WKH HJJV |
"\WLVFLG\OLWFFNRELXYG GDPVHOALHY 2GRQDWD =\JRGW H L
OLYLQJ DOVR LQ WKH %RKHPLDQXR WKRWVW \D BN HY.J GLOPUID\
IDPLOLHV 7ULFKRJUDPPDWLGDH QW K&F OO NRYL @B H DRIH
ODUJH VFDOH RI KRVWYV % 2GR Q®MDID k34 WRHSURISWH UTH J DHD
H 1HSD'LSWH WX UHNVRBEDQPWG &R O HRSMNEFRYB FLW K H
ODWWHU GHYHORS LQ WKH HJJV RI URIRFHUSRKCDVSDHD) 1HS
ULV

/JHSLGRSWHUD UHSUHVHQW WK HRW 6 R ¥WUSKUHR EDDTEXD\WQLAEF
%RKHPLDQ )RUHVW ODNHV QHLVRIEF X WDUHQ K HYV WKRLUDLHF DK
RI WKHLU F DOVR-GESRUDONDRISER O O R R JREAWRIQ WD B M/ KD\R F D O O\
GDQW ZLWKLQ PRVW RI WKH ODNHVLQ@HV@ZHUHUHYBIG I WA
OLJKW WUDSV H[SRVHG VHYHU DG WiR HWQBWEDU 4L QM NHF
DQ JRUHVW ODNHV DUH OLNHO\ YHWX DWKMGDTRRWH D QHS |
FLHVY <HW UHSUHVHQWDWLYHV RI $\FKIHD WWDLPRH\QSMADLAE HG
PHUHOK®LY 6FKLIITHUPL\@PSKXNOMOUDSRKPYH EHHQ IRX
ORZHU DOWLWXGHV DSSUR[LPOLQHW@KKXMWRK SDUW B®I \
JRUHVWseR] 8&/e1

$PRQJ WKHVH@WKXR@WW R/ KH FODVV &ROOHPEROD RUSUL (
UDWKHU VHPLDTXDWLF UHSUHNHR/GW DLW EVO NKPHEHH R
NQRZQ DERXW + VSHFLHV RI(XURSHOQHUP RERXWWD [IX
KDYH EHHQ REVHUYHG RU FROOHFWHGHLQY W DN SRREQIDRLLE
UD DT X DLVQIQADH X V RUGHU $UWKURSOHRENDHU DR GOL (B
/IDNH QHDU WKH PRXWK RI D *QHXWUBORKYCHE X 0ODW LR
UHG LQ 30H&Qp /DNH DPRQJ HPHUJNG\DTXDWLF 6RO G M\
0 =DFKDUGD GHW 6 H&RHLUDOK W EDHTEHRM BFRORU O H W F
$UWKURSOHRQD IDPLO\ 6PLQWXXRMGHWH $ZHH H VARD COHDF
-H]JEHURYi OHJ 0 =DFKDUGD GHW W U% R XM H\GS B K \WH W HOH
UDQJH UHPD L3RG X QB CHDHBWVFWR SUHIHU ORZHU DOWLW
FLGHQWDO RU SHUPDQHQW \RR RAXWRKHAFLD R )RSV @ D b
7KH DERYH ¢QGLQJV VHHP WR EH XQLTKRUB NS & IEW P HDQVH |

I1RWHV WR VRPH UHFRUGY RQ QRQ LQVHFWYV IDXQD

$OWKRXIK RXU UHVHDUFK KDV QRWREBW QZRIUIHHHIDWW K DW/
GLQJY GHVHUYH D VKRUW FRPPHQRI W.IQH K WWKNH WR IRNHHUICH
ODNHV VWXGLHG DQG WKH VURPVDHFILELRW R HIVAD O RIG R
PDFURLQYHUWHEUDWHY RI WKH %REHBRRQQOQRMNIQWREQODY



HDUOLHU GDWD ZHYJHIREBWDLQHGHBAH) VSHFLHV DUH KDL
EHFDXVH PRVWO\ LQYDOLG QRPHQFODW X WHH) KDRWBH H Q »
OROOXBEBYHUDO VBIHALGUEPYZHRUH REVHUYHG LQ *URVVE
B/e1 XQSXEO DQG .OHLQHWU%$sdE KID\BHBEW® QGLXP-FDVHU)
3ROL 6SKDHULGDH +HWHUR®R®KHD OWW\DRONLO® RZL
*URVVHU $UEbo$MbEH 8 DQG LQ D QHXWUDO LQOHW2DQG |
WV KLJKHVW DEXQGDQBH QW VIBHF LKIN\Q B HRH GG REMH U

LQ VRPH * P IURP WKH EDQNV QPO XRBREOJHGI
FLXP FRQFHQWUDWLRQ DQG S+ DUHKHVKHFRD UG QB AWRR LS,
ZKLFK DUH VHQVLWLYH WR DFL GILHNVDOMLRE § MIKUH LPD SR |
HYHQ WROHUDQW VSHFLHM GL¥DSSHDHBb6EQ Set(.
3FDVHUWNQXPH RQO\ VSHFLHV RI WKH JHQXWVQ XIRLPAHK \KVD|
JO\ DFLGL{HG ODNHV + RQO\ D YHU\ | XDBGSHFE MHKHL B RMG-
QHDUO\ FRPSOHWHQ\ GHFDsOFL ¢ HBH' RFF X3JBUDN\HFHWRDQ X P
WKH %RKHPLDQ )RUHVW ODNW\KDYV H/ ERIH®DD IR ¥ Q\GK R QUB\HLK
ODNHV DQG LQOHWYV

$QQHOL GDVLQJIJOH VSHFLHYXRILQ LGBHHFIORVVLSKRQLLGD
RFFXUULQJ LQ WK He&RkbEKHSH B RE O L F+ HDRPEHEW O OQR QL V
QDHXV ZDV IRXQG LQ *URX WG4 B UV HB2DQG LWV
DQG LQ /DND /DMeH56 XQSXBO $OWKRXJIJK LW LV D YHU\
&HFK 5HSXEOLF HVSHFLDOO\ZIL@ VW R Y@M W XMUR § ORRZ
DEVHQW LQ VWUHDPV sDERM¥EHW DFOD V O 7BXV WKH %R}
ODNHV DUH WKH KLJKHVW ORFDOLWLHVY ZKHUH WKH VSH
$PSKLSRGP VLQJIOH VSHFLHV RI WKH RUGHUUSRSKILSRE
WKH &]HFK 5t8&XEOLd.a%  85.a20eHW DO * OQFDPFDHUOA V
IRV V D LRFK ZDV IRXQG LQ D VHPWR R DVQR\H. \B DWW WRHJ [V C
$UEHUVHH FROOHFWHG Ea+D KDSEEDHW 1KLYV LVEWKH ¢ U
VSHFLHV LQ WKH %RKHPLDQ )RUHUWDBPQED QWKLY ¥OHI
RFFXUUHQFH LQ D ODNH LV UDW KH® LX@Q X W)XODA DQB 2\DSMH
O\ GULIWHG IURP LQOHWY ,Q WKH %FKMWBHB QPHRWWH KW YC
IRXQG LQ DOO LQOHWYV QHLWKHWULIQZE VHIPEX R D QW LAWK B DI
VSHFLHV LV FDXVHG E\ XQIDYRX UKD HW \RBFOPVZRY\UL
RI /DND /©@MH208HW DO

OD\ALHV (SKHPHURSWHUD *7 B6ROGIQ
6SHFLHV ULFKQHVV RI PD\A\WD[RFHQRVHYV

$OWRJHWKHU VSHFLHV RI  JHQHHD WXEEDWQBUBYV DI
IRXQG LQ WKH %RKHPLDQ )RUHVW\OYDIED DD G WKRQH DC
WD[RQRAS UHFRYGHESE\ ) FDQQRW EH GHWHUPLQHG [
FHUWDLQW\ EHFDXVH HDUO IDMUHDX WKR Y VIX@HG LIFQGDR F
JHQRORHRQFK %DH\WDWV¥K 3 DROFORHROWVVRQss(s  FI
(1 BrEL ORVW SWRROERBEORLIKW LQ IHERHBDSE HIAM K
IRU ZKLFK WKH QDPH XVHG ZIB\H UUGE A WHQW DR RS SERIGHFS!
DX VW U LLDHFSRU W EBE FYNGEWH U ' U 9206 E %96 UHPDLQV V
XQFOHDU ORVW PRUSKRORJLF D OWRTDUWD\FWIHRIPAND U H FOF
GHVFULEHG IURP WKH $XVWULDQ $8BW EXMUEDOHDRG P
ULDO RI LPDJLQHV Dtk QHFBB\EYD UA'sFd 6 HBe1 HW DO

ORUHRYHU \RXQJ ODUYDH FRDRQHEKEWJIRR (VDX RE DS 0G
EUHWDH



7KH QXPEHU RI VSHFLHV IRXQG LQGWKKHW®R K IQFROLHVDV )
SUHVHQWY DSSUR[LPDWHO\ HURMLWKHR IWRWIBPHWY R MLHHY
5HSXEOLF DW SUHVHQW UHDFKLQJDP VB Hs¢ HWY DQAQH
DQG DSSUR[LPDWHO\ RI V SGIFZ G M IRR A SKKIHP HARR
JRUHVW DQG LWM'dRREWHL OO VG thIl HW DO

+DELWDW SUHIHUHQFH DQG YDJLOLW\ RI PD\ALHV

$ UHODWLYHO\ ORZ QXPEHU RI UH FRK B W& NS DAHDWILG E
7DEOH FRUUHVSRQGV WR JH QHUW A IOHK DER VWD W S\HSHL Fi VDX
DPV RI UKLWKUDO DOO JRQHV DQ&XS$RWDPMHW W RQW R X
ELWHG E\ WKH PDMRULW\ Rl PD\ALHIVNR X QX3 L (¥ &/HKFIL% R K R
WRWDO RQO\ $PH & WWXSH EALAE ORIV XI\X & DADDNF B \RGDIBWM R \D

GLSW HDHVWHUWQKSWRSKOHELD PHOWIH OMMDPDEOH WR ¢ QLV
YHORSPHQW LQ WKH OLWWRUDOVIR® R ® IKDE NW D WAWKIHWU
DQG PLJKW RFFXU LQ WKH ODNNWWRQPMN LRFLGWRMWLE Y
IDNH VSHFLHV ZHUH FROOHFWHG/ RQOLQ QURKN HI) GH ¥
VSHFLHYV OLYHG RQO\ LQ WKH RXWDE®H VI K HIUHV ZRIC
VWDQWLDO GLITHUHQFHV EHW ZHHH GHNFK D Q@ WHHUDPDLCR |
SDLG WR *HUPDQ ODNgIV LQOMKsSDVW &RQWUDU\ WR |
RXWOHWY LQKDELWHG E\ + VSHFRBIW\ @B NHALHYOGIDX LM
DEVHQW LQ WKH LQOHWYV RI yHUWRY R, QIDMH ¥ QRGW B 8 LIk
KDELWDW RU WUDQVLWRU\ FUHQI®EGCL URKDEUWE GRQ F
7DNLQJ LQWR DFFRXQW WKH UHODWY YW ®H DOHDWHIRINHD.
EH D EDUULHU SUHYHQWLQJ FDXW O H IV WQLOGH @ DWSIHFQ B X H
IURP WKH ODNHV KRZHYHU UMLDIG MY HQW/HRHLQO FRP IS Bl DM
PRVW VSHFLHV FDQQRW VXUBDEYM H® EMWSWREHK RH EX D DN
WLQRG VRPHWLP HW HEO MM RY HERR'S IDAD VW LYH PLJUDWLR
IRUPHU VSHFLHV FDQQ®W BH/(H[FOX®REGHUYHG PLJUDWL
ODUYDH WRZDUGYV HVWXDULQH KDELWDWV LQ FRDVWDO

/LIH VWD WHHIWR\S RGHEILBI V

7KH PRVW I[UHTXHQW V$HSEIWHRS K& MEMDKVDYERFEXU LQ W
DQG RXWOHWYV RI DOO ODNHV DQGS$UG HPRWHH LBYGGH WOH LK
VHH /DUYDH DUH QRW VS H EIUNPIHHGY DIYQ\E RD K Bl ED B/DHA
ORQJWHUP ZLQWHU FRQGLW1sRQ%*FORVH WKRHD QR YLD D B
HPHUJHG YHJHWDWLRQ URRWYV RIWHI\GJRY EXOWDDY 8 R¥
7KH\ DUH YHU\ UDUH RQ VDQG\ VXEQWHDWP ZQW KRHIMV R
WKH\ OLYH SUHGRPLQDQWO\ RQ FRWSWRKWLWRGE N GRAL W WHR\
KLJKHU DW SODFHV ULFK LQ ZRRGN D) GORWNDMHL B SSSHELF
HPHUJHG SODQWYV WR SODQW dUBHNE RDAVERPO Y& B WOLDINW
FDQ EH URXJKO\ HVWLP DWHBWVRWMRER XWX E \tW ULIMEHPE X W
P* DW SODFHV RYHUJURZQ ZLWK D TXAD/L E 5 ®I D @/\V R D \WKIH
/IDNH DQG HVSHFLDOO\ yHUWR YHROADLINV\ R1 ©DUPBHPV X E V \
VHG WR & DMP&RH GHSWKV RI FD + \WRUWQODLGWWADRBD
GDO ]JRQH VHHPV WR EH IUHH RV KD O DD D BQP WK A XFURIQH
GHSWK RI P LQ VRPH 1RUZHJLDQ GRDNHV HYQHRPWHDFKL

)-(11+(,0 '"HQVLWLHV Rl ODUYDH LQ WKRIP% RK B EDHQWI
VH VWXGLHG LQ 1RUZD\ *X\EXDOXS WR: LLQERP P OLPHG C
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/JHSWRSKOHELDRHWSWHHWLQDIH F\FOH RI WKH HKQLLWHR® \
E\ SUHVHQFH RI ODUYDH D VX R\PKHJ OARAE ML W k®IE'W H RFS O L
62:s E /8§25 'XH WR LWV HPEU\RJHQHVLWDWV YDR
PLG -XQH WLOO ODWH $XJXVW ZKHAGIR®OPM® VHW\YDMDE
IRXQG 'XULQJ ZLQWHU ODUYDO /GMYBORBPRZWK LEHEG B B
DJDLQ DIWHU LFH FRYHU PHOWLQJORQG ZD&/RL Q% RI ZDW
7$.1 . 087=( DQG LWV UDWH LV KLIKHVW IGAKHIW QJ
KD W F KL /@QaXs5+. Y778, 1 5987 ( B(567590 (PHUJHQFF
KDV EHHQ REVHUYHG HLWKHU IURFWWRRIHWRQG RWKH |
7.(1688 RU IURP WKH ZDWHols¥XUIDFH %BRWK ZD\V RI HF
FH KDYH EHHQ REVHUYHG LQ WKH %RKEPHPEA U RH H Y R/P OV
VXUIDFH DW SODFHV ZLWK VWROWD®RRQ KR YOHUG PHQQP
3UIGLOVNp ODNHV ZKLOH LQ OC-DINMRWDBILWRK W RN D LDVNWR
$UEHUVHH WKH\ HYLGHQWO\ SUHIWWY DRHUBR QM) DERX W
WKHP HPHUJH IURP WKH ZDWHU VX\WRIQ¥HKRRQBHWUO DERD

LQGLYLGXDOV HPHUJHG/ EWRPQSWEQH VBXEIDFFIMI LA HV X
DURXQG QRRQ HVSHFLDOO\ DW DAK/H BIDRFIDQEWAHW KRH & F
JHQFH ODVWLQJ DOO GD\ ORQJ DSSSRAL PMHBN HQRRE V
WKH %RKHPLDQ )RUHVW ODNHV H J QL\QR PHURW KIHQG K3.U |
ORFDOLWILSHYV FBeh =+5e 208 &RQWMN P DU WRYXEDP D
JLQHV XVXDOO\ GR QRW A\ DW D O ODWIR QHPDGE § W R\Y W ¢
VXUIDFH VXELPDJLQDO VWDJH ODWRNFEBRX\W W KHRXIWWVH
DOO\ IURP W R SP 6ZDOQPRYIDW GROVD\DHWHQ \
REVHUYHG DW ORZ¢U4 DOWL/WXBWVD Gls<Gse++ KDV QHYH
EHHQ REVHUYHG LQ WKH %RKHRRMY PRUXDOO 00 R HYR W K
FRQVSLFXRXV ODQGPDUNV RU VZDURI KIRIPNRH H Q@ R/X\F K DM
D URFN EXVK WUHH OLJKMW,1FIRORXUKI\ REMHPW RMW®\
VKRUH OLQH RU D EULGJH RU URD® WQ\W I FHPDSW B | KH UL
VN\ DQG RIWHQ VXQQ\ SODFHV WR FIORXGQ\ W RIR HQRKW RILE
ODNHV REVHUYHG DW WKH VKRUH RV RHYH\S/HDONWMH IQEHELT
WLYHO\ VPDOO XS WR * LQGLYSSBEDBYWDY RILRMHFMHH
ALIJKW RIIHPDOHV KDV QRW EHHQ RENFXW HG D RIG %BREPEL
ODNHV VXUYH\HG LQ .OHLQHU $UEHUVNHV ¥IQUQp+ yHUW

7KH HPHUJHQFH YHMVSIHROGERDDHQWO\ VKRZHG OLWWOH ¢
UDWKHU FRQWUROOHG E\ ODMSHPRWSHKRORUIVHP RQ IV DGO
WKDQ E\ WKH DOWLWXGH 6XEDLPE HRHYIBEQEH RE VAHIEGY 6D
DV ODWH DV LQ HDUO\ -XQH LQ VKD ODRZD H WK HDHNR-H WKILH
LQ ODWH 0D\ DQG ODVWHG a DADWLPQQJUHDDY RENH UL
IDNH 7KH ODWHVW HPHUJHQFH ZLK\DIO DRI DXSEHD DBID RE Y
YyHUWRYR /DNH

6XFFHVVIXO FRORQLNSWR BROREQDMHEWBHWRVERQYHQLH
VWUDWHJILHY WKDW HQDEOH YWKRWXHY MERE QG FPYRVW/D DA
BLSKORQXUXVFRBAXNWLQUVLQ WKH VDPH @RS HHBGL WV B b
1RUZHJLDQ ODNH O\UNGDOVYDW® DG 'YUH #BLPGDOV
% .77, 1 6W UDMISWMRSKOHELBRMHWMSHUWRQBPDOO ERG\
JLDQ ODNHV + PP KLJK GHQVLQW O \DXDRPHID DIQT
VKRUW HPHUJHQFH GXULQJ PLG VXPPHUJYQSHORE R B PXC
JRWURSKLF 1RUZHJLDQ VXEDOSLQH OBNHNUBDGLORDG MR
RQH VXELPDJR 7KHVH YDOXHV DUHVORVY WHH WORKH E K|



ODNHV %RG\ OHQJWK LV D OLWWIOH GDRNKHNU DQG W RH IZ
HPV WR EH DSSDUHQWO\ ORZHU #H LQQEUQpP DRIBIYHE
NHV LQ WKater XQBXEO ORUWDOLW)\ ZDV6QRBWORWXGKN
FXVWRQVLVWYV Rl ODUJH ERG\ VL]H  SPUHGMRORUZ VEIHE
PDLQ ODUYDO JURZWK EHWZHH@/ KXW EDHWIO\DXQMELBEPWU
ZKHQYHVSHUWLQMHJJ VWDJH D ORQJ HPHQY DH)EF M XPHPUHLLR
SRVVLEOH ELYROWLQH OLIKG@GFIOM\ VHH EHERIZV KHUKIH
KLJK PRUWDOLW\ +  HJJV @HABL\PDURW R KSHWRG X AH R
EH LQAXHQFHG E\LQWHUVSHFL¢F F/RYPISWS\H BRI Q\GWFRL
REDHVWLYD@EWSSHDU WR KDYH EHHQ YN WIHD®MVLKRAEG \
QDWXUDO WHG®HFWLRQ 8
/DUYD/IH RWRSKOHELEIP\D BHH@OMXQG RQO\ LQ /DND /DN
WKLV RFFXUUHQFH FDQ EH FRQVSSBUHGWMFUB B QR®)XF |
FXPHQWHG E\ ¢QGLQJRILPDJLQHVIHIHWDINBEKSERER (
7KH VSHFLHV LV DEXQGDQW DQG ZRK BB 5 GEY WU E K WWSHG
DOWLWXGHV XS WR FD P RWWRFFXWUINQWH B FRYHW
WR GRFXPHQWHG RQO\ IURP #Rt2D\ XSPIRJILOQDARRD¥WH Q
VIQWRSLF HEVEHKUWMQD W\ RI ODUYDH DSSD UKQ VDOWRE KA
IDYRXUYRNSHU@/ E®GIRWUDOs (X URS ¥ 'sF | &/ E1 BeE1 HW
DO 7KLV LV GRFXPHQWHG | RURH [FOIPSILR)IDEWIBWKRI S
SKOHESBFLPHQV  # DW VRPH RWKHY )BRFNV®LVHLHV RI
WKH ARRGSODLQ RI WKH 90WDYD 5LLW R UVQKIHD X¥ GLN @ D W, IMYH
GHWDLOV DERXW OLIH(FY6@H D@G7dURZW&K(LQ 6 *URZ
WK Rl ODUYDH LV PRUH UDSL/G YBHMBH WFWHIBRIIHQFH WKD
%77s,1 /,//(+$00(5 6XELPDJLQHV HPHUJH DURXQG QF
YHVSHUWEMQAYHO\ A\WRZDUG WUHHV D Y@ VEHXEBDQD VQDW
WBHJLQV LWV PDWLQJ ALJKW H DK\® EHHUR UHHV X ® \QRWD \ 13X 1
/ PDUJLQBPRZAY ELPRGDO VZDUP DFWLYLW\HUQL RVG BKE DHLX
PRGDO VZDUPLQJ DFWLYLW\ KD\ REHMIQHRELIHWS S G UD W G

/LIH VWUDA S KIOHRVQ B XIVH V

/DUYDH RDFXWWKH. WHFRQG PRVW DEXQGDQW VSHI¥LHV
RFFXU LQ ULYHUV VWUHDPVSRRPVFDQG O NHV ODWSZOW
PDVO LQ 6ZWJHBODQG 6 ODFURSK\WHYV DUH SUHIHUL
RQ VXEPHUJHG URRWY DQG PRVVHVWWRPL B R AAOH BRY M
ZLWK RUJDQLF GHEULV LV UDUH JIXAFDW RJDQJHY [EGIHQWDQ X
DQG ZLGH KDELWDW SUHIHUHQFH QMEHKOBUWDW \D Y H WD\
WR UHDFK HYHQ PDVV SRSXODW LR GBI QRENMK WS DIO LQ G
7KH VSHFLHV LV DW PRVWO\ PR R K BDMDHO ) RIBXG D Q W HL
XQLYROWLOODRERW RXBSRVHG D GLVFXVVLRQ RD LD YA
RYHUZLQWHU#1QJ :KLOH NXSSRVHG WKH HJJ ZLQWHU TX
SHSXEOLF PRVW D®¥WKRUV H J .#bo %, 7751
623 E REVHUYHG HJJ KDWFK LQ DRW® PHUDDMIBU YFRK WHR
LQ ODNH SRSXODWLRQV LQ 1RUZDG 58 HDW % SR QMH D |
WKDW ERWK OLIH F\FOH VWUDW B8 WWHWL QUL WKHIW SRVRUE
VDPH SRSXODWLRQ DOWKRXJK KH SWRSRRW PRO@® BJ KR YR
HJJV DQG \RX®JsODUYDH GHVFULEHG D VHFRQG VXPPH
LQ VRPH SRSXODWLRQV LQ WKH &]BFK G B 8 XEW[EM SAKILF®



UDEOH ZDWHU WHPSHUDWXUH FRYQHGR W\LIRQ YHIEWU B B DAL Y
VHFRQG JHQBHUOWRRDWHERANLIKW SHULRG LQ $XJXVW DQG ¢
FDOLWLHYVY RI WKH 6XGHWHYV L&'&t1 HW DO 2/ 1D B&+5&"
.29E S$OWKRXJIK QR H[DFW GDVRD DRIFX D DWLARE DG W
JRUHVW DQG PRVW OLNHO\ DOVRWQOW WHR O/BNVHQ J LARBR
-XQH GHYHORSPHQW RI RYHUZLOMXHRXIVOR WO PBHDYDHGLVLP|
REVHUYHG A\LQJIURP ODWH 0D\ WR P LIKWKBMN GRE@HW R DK |
JHQHUDWLRQ ZHUH FROOHFWHSGEeE\ XRISHEDQJ LQ 6HSWH
6LSKORQXUXVKD®VEHH@DMROOHFWHG LQ WKaALHOH IO®D N H X
VSHFLHYVY VKRZV D GLVWULEXMN RRQUIRGE! IDRD & L N XXRUNLK
B3 D s1's @/e1 /I DUYDH SUHIHU UDWKHDOGHQ\
SRROV ZLWK VXEPHUJHG YHJHWDBDWVRR) ODRPH. VR B WWH @&/
PHVRWURSKLF SRQGV DQG DUWLYFRDW DRIFIRXQ@E P K BDRMRQ
ODNHV EXW DUH DEOH WR FRORQWRR EH D FNLQY K HDIX® MY
LWKLQ WKH &]HFK 5HS XEO LG D WHWH Z 1 WEHYUHDUD OA OORLZY A XDUW
FDOO\ LQ EDFNZDWHUV Rl QPUIRQGYLYPBOGVL RS.RRQ GPRM)U
]JRQH H J WKH /Xa8QLFH 5LYHU/@DVLIOR W @VKERIQ GK BUI
UHODWLYHO\ KLJK SRSXODMWUWRX B8 HEML \R L H YPaHHIS K-EREEXE G
VSHFLHY DQG WKH &QUR/MRIH Q HFEADEA UL RB)- l.29E :LWKLQ
WKH %YRKHPLDQ )RUHVW ODNHWRODDY®B HERUK JIDBROODH VR
OLWWRUDO SODFHV GHQVHO\DRWMHRUWI URKZH) & LI BFRNCHEDXIED IRML
XVXDOO\ FRQVLGHUHG WKH VHDVRRPB®HXQ MW\RBGIW B8Q HD MK
& ))25" DV REVHUYHG LQ WKH %RKHEGHDROBUHBANVWKQDI
FHQWUDO (XURSH FI ¢me .29 HW DO $IWHU RYLSR)
VXPPHU WKH HJJV DUH VXSSRYHGRWRQKID IVIFAKH IW Z B QQ\HH
TXLHVFHQFH ,Q WKH %RKHPLDQ M EHV\GIJAODRRW KHNWR/FAI
SHQXOWLPDWH DQG XOWLPDWH ODUYDOQBGWROJHDA DY @D R
-XQH PRVW SUREDEO\ GXH WR ODWHXHLK B YAHH BRVO.@H FIWDF
E\ VZHHSLQJ LQ /DND /DNH DV ODWHKDV BRQJRWW.H) 6 HS Wk
ELOLW\ RIl WKH VHFRQG JHQHUDWLRQ RRKW SHNHRG WK
&RQWUDU\ WR WKH ODNHV LQ )WQ Q@R Y HDRIGN BN \IV B & DKL
YHU\ UDUH LQ WKH %RKHPLDQ )RUHNIW /DDIHYD®G GZHQ AHLIGRL
VWUHDP PLIJUDWLRQ FDQQRWORZHUFDR@GEH®® X@HWKLWEKB\
ZLVBIODFXVWKHNU DEXQGDQFH FRQVSLFXRXOMAMWRGHHEBYV
QXPHURXV ORFDOLWLHY LQ WKHGIRKHREOR )R UHSSNA RRIRI
VDPH W\SSHOD¥ X\QNWHL¥\FOH VW bDWN W MWBRBRWHHNVVW VXFF
ZLWKHVSHDMEDF X SWUQLND VW L Q66D NVNREBINDODUJIH E
VLIH YHU\ ORZ GHQVLW\ PDLQ ODMSVWL@ J UIRA & R AZHAWN._@L
DQGYHVSHUWILIXDIHFXQGLW\ DERXW BQG WHQ/DSHLY HI
PRUWDQ1sW\ 2 % sf25 HW DO «77(0 B, 773,1

2WKHU VSHFLHV RI WKH ODNHYV

$PHOHWXV LIQRSE®BWXRXQG LQ WKUHH OD NHW OPHIUY@MH
VWHQR[\VELRQWLF DQG FROG VWHERWE® HUPGE H SW K X VW WK
WHUV ZLWK VWRQ\ ERWWRP DW GILBRWW DIDOA WXGHWK MR
7KH\ DUH VROLWDU\ WR YHU\ UDWHM RAOMIDH @\L BVWHRH D O L]
KHPLDQ )RUHVW ODNHV I WKH\H FF XD 08 S L UKK MAKLUD!
FHV ZLWK URRWY DQG RUJDQLF G ME BXV WDHBWY K EFPRMHIG! «
LQ *URVVHU $UEHUVHH 6XELPIJVYRY HP HXVWRDRERY B Q



GXULQJ GD\WLPH 6ZDUPLQJ DQG FRYXOGBWLRRQHPRMMWBN
ORVW DXWKRKRUWV H J E%7s, 1 2:6 E UHSRUMQRSL
ODWOXY/ HQWLUHO\ XQLYROWLQH2ZLQWHWU:- O/LIH F\RE&N HAN\ S
YHG D SDUW RI HJJV UHPDLQLQJ LQ ZUQWDBWOG R QPDORUN
ODUYDH JLYH ULVH WR DSSDUHWCCDWIRD WVEBDQ VE&RUWM I
ZLQWHULQJ ODUYDH LQGLFDW IGQRHW KQRW RAEDN. H DS/ODWH G
GRFXPHQWHG LQ WKH FRQWLQHQMMWD PRUHMBHYWH JLQLQ \
GLFDWLQJ D VHDVRQDO XQLMROWILSQOH ZLQWHWU VXPPHU
& ,))25" 7KH VDPH DOWHUQDWLYH OLIH WKHO BB ]HP R EHS
PRVW OLNHO\ LQFOXGLQJ WKH %RKHAPR IVQ | HR VB X\VS @ RN +
UHJXODUO\ REVHUYHG DV ZHQ @® DW HY$XDIOXE MW D & XHODAUNC
31IRUPDO" SRS%O0DQRRIQDWKNU WKH PDMRULW)\ RI SRS X(
5HSXEOLF H[KLELW ALJKW SHULR®G HIRPOO BX¥H O\ WR O
+803(6&+ $=+5€8'.29e HW DO

/I DUYDH RI WKH ODVW 3WUXH" % R KRR ) BLUGKVDNAIOIE NDI
PRVW DOO W\SHV RI DTXDWLFREBEBLWD®W EHHLUQ JL QR XW
KSRQGVY EXW WKH\ DUH UHF®ULE VGH PW VRQI RR RJ MWKHJ WU K/
YHORFLW\ XS W:sRi P//¥17 $Q REYLRXVO\ SUHIHUUHG
YHIHWO WA RS WHEGXPIVHQWY D W\SLFDO SLRRADHOULWSEHVLH
GLQJ DVWDWLFsZRDsWWHU4 ERGLHMQ&G H[KLELWY VRPH DWW L

EHKDYLRXU @&/e1 , WV OLIH F\FOH LV KL DKO E IDYGREDSW\
ZLQWHU F\FOH 0%zZV LV XVXDO 7K& PV @HPHV WHP\S HRUL
IXO PHWDPRUSKRNLV &%(( $ .. 1621 DQG WHPSHUDWXU

EH D PDMRU IDFWRU DIIHFWLQJ SR®X0V RWWRQVOHEYHHFOL R Y|
KHPLDQ )RUHVW ODNHV yHUQp /DNBHPURRN VEHJ WEWKNH
DQG SHUPDQHQW GHQVH SRSXO®D\WGRYRQ RVW B & (RELWHLUY
KHUH &RORQLVDWLRQ RI WKH O MNMHN KXKIDEH VWEWO RIM FHID
YDH LQFOXGLQJ IRRG»%YsHTXLRRPEEHOQWY +D E UHODWLYFE
JURZWK DQG GHYHORSPHQW DOWBG®R XEIH \RXQSXB\RD N G QKIKDUHL
YDIJLOLW\ RYRYLYLSDURXV IARDOH VRQL ®LER QI W.IPPH L C

BrEL 6,13 DV ZHOO DV VXUYLYDO RI ORHR[\JH
DQR[LsB// 1

6SHFLHV RI LQOHWY DQG RXWOHWYV

'LVWULEXWLRQ RI WKH P D% R HINS/L FNKPVD \GOP WK SVH_FRLMHAR
G D QEG \R Q XUDOW W U IDLFX K UIRUIHGER®R \R OIDVH DHVW ULFWH G
Rl WKH ODNHV DV ZHOO DV DQ LQFLSHEEMB O HRAFXO D HLC
( PXFURQDWDRSKOH EDIE WDRDOXMEW RLGANHPRGEVWLFHSWL:
RFFXUUHQFH RY OWQYDBND /DNH 7DEOH ZKLOH WKH\
WKH RWKHU ODNHV 3UiaLOV By AN VEB D IU@HFW 4§ U EVH G |
UHODWLYHO\ ODUJH HFRORJL FADRO H DsRdDHED Q%6 PRG H U DV
W LV WKH RQO\ UHSUHVHQWDW LK HR®LMRKH RISRKF D2
URSKLF VWDJQDQW ZDWHUV ¢VKSRQGYV
7KH RXWOHWYV XVXDOO\ EHORQJ WWRLW KHV b & WDKELOMK LRD.
YDH OD\A\IDXQD RI WKHVH KDELW DW V&FSHL V WM RIQWZAF
RXWOHWY VWXGLHG FD P DUHMSLIQRPEWWH G BN M KK V
DSSDUHQWO\ OHVV IUHTXHQWSERGRPWQB QW OXCOMHRR Q
VSHUD/GODD FX W UEK VKRZ WKH KLIJKHVW @H@MLRILBY R X
7KH VHFRQG JURXS LV XSVWUHDPEX.QGDQW \R W KR W PIRUDH:



DP 6RPH RI W&HPW IO BDE®EIKRGDYH FROOHFWHG UDWKHL
OLNBIEURSKOHEDE WCRIOM\SIV R LGHK W FFIRQH OVD P XRUIRQ DWDD
DUH H[WUHPHO\ UDUH LQ WK I®ZDAW @HWL § B0 A HODUWY D I X
PRUH QHXWUDO RXWOHWYV RI *URVVHLE®UPRVWHUXDQY® H
VWUHDP PLIJUDWLRQ DQG VXUYLY B3O WKRXIHKY G RZSH/FNLH M
DUH GHQVHO\ LQKDELWHGLEQ IRMBNEG EFEBRIQHY WRIHXGR
WKLV PLJUDWLRQ VHHPV WR EH UDWKHU XQVXFFHVVIXO

/IDNH LQOHWY DUH L QKD E LDHB\RRLMXYR SFOQB § R IR 5IKHO\H
ELYHVSH UDMBLEYLIV K URDIHGYZRE RFFXUUHQFH RI WKHVH VSH!
EH UDWKHU H[FHSWLRQDO D ¥\GRFXIPHQRV HDG K PRUD HGDIO
FROOHFWHG E\ VZHHSLQJ LQ DQ LQOHW RI /DND /DNH 7

$FLG VHQVLWLYLW\ DQG LPSDFW RI DFLGL¢{FDWLRQ

$OWKRXJIK PD\ALHV DUH JHQHUDOO\ YH®RWUW HGHDR/DRFQHR R (

WHY7e6))( &55.&. @;s621HW DO ./s1*  ‘‘.rs1: (25, HW DO
WKH PD\ALHV IRXQG LQ WKH % RIQMPD Q ® J/RHESMRIRED N B

YHVSHUWBQRBEDEO\ WKH PRVW DFSL"@OW-R/VDPE)@D(QW,OHD\A\D

5380 &80 6-(/.9¢c/( WV WROHUDQFH OLPLW WR V
%/20 [, 1% (/1 DQG ODUYDH FDQ WROHUDWHREUDANILOY®
FRQGXFWLYLW\/RA (/s P60HRs 0s,/b,1(1 +RZHYHU WKH

VWUHVVHG SRSXODWLRQV ZHUZDV QL ¢ BFDQWO\ UHGXF
JLNHZLVH WKLV VSHFLHV VXUWKHHER KW R RDJ )ROLH/AW, BD\
\HW LWV GHQVLWLHV FRQVLQHUWIED GHBERYR BQSHEQ!
LQVWDQFH ODUYDH ZHUH H[WUHPHQ\ UDWKHQ $H DR VI
DV s16 HW DO ,Q WKH HDUO\ V VR F\D PGDU Q)
DOO 7KHLU UHFHQW GHQVLWLHV HVWLPDEBE DQDLQ
$PHOHWXV LIE@ES KO RQXNVU XYHSLFHWHVQOW. WKH RQO\ PD\A
WROHUDWH SHWIBRGHW DPLGLW1%5 DQG WKHLU OHYHO
LV S+ ! ,Q WKH SHULRG RIO/MWAUHR Q JVDW RGLLEF D WV R @ K\M
%RKHPLDQ )RUHVW ODNHVs(@HFUHBYHE BABORZ BRWK
DSSDUHQWO\ GLVDSSHDUHG | 6RO FXWINRGIVDA DWW RG R, B G C
ODNHMORSL QDRWXYOHAQpP DQG 3UidLOVNp GOMNFWWRIQ WV K
YHG LQ /DND /DNH ZKLFK H[KLELWWHWGXNRDBAODBRXUDEQ}
ULQJ WKH ZKROH SHULRG | URIPOW K DROOWE &6 G RIQ\DH Q.
IDNH LQ WKH V ZKLFK L\ & ISOIUHREGY WA VIEUNQY H @ MV

80 Y1+ (,0 KDV DSSHDUHG DW QHZ ORFDOLWLHY DIW
37UXH” DFLG VHQVLWLYH VSHAMGME ROQB\ VLYHVFWHWH XX L
DFLGdsk.o@b VXHISODVPHUHOGDHURE WDH BLIPCEDR YIS

WRLGHV FRKROYIKEBHQ IRXQG LQ O D N\HDRYGWROGIOW VU FHX VMY O
WKH\ DUH ZLGHVSUHDG LQ WKH %® RHHFRQL\DLQV )R B HWASAH/FID KD\
QXFRXOG DSSDUHQWO\ VXUYMNH 9%IXR\O R DLAADLOQ UHMBHRQWY
UHFRYHU\ IURP DFLG VWUHVV LQ WE&HE&JHFX FROANGUW A D
LQRSL @IBEXNF XL\ WHUQp /DNH DQG ¢ QG L QuIVHRN 1L X UWHHKIK
/JHSWRSROHELGRUDKURJHQDQEG\RQFIMXWWULRRNWDLQ |
FRYHU\ FDQ EH LQIHUUHG IURP ¢ QGLAROWHRWHBHHDDO®V § |
GHUHG DFLG VHQVLWLYH LQKDEL®/ILRYWSHDRELFHDFTFARU
0811 LQ RXWOHWV RI WKH ODNHW RKBWHGVSHEaNH W ICY
HW DO DQG WKHLU VXURWKHY VIVFAVRRU B\ G HMSH QUGRY L
80 »(/1+(,0 K L9OWK RGDQ@ED O SLRWN (VOLIJKWO\” DFLG



% s/ (< 250(52" 80 Y (i+(,0 WYHUEXKWRQJIV WR 3DFLC
WLQJ" VSHFLHV ZKLFK LQFUHDWHKGLYKUHHD VW.KG BDNFLLESR. W

2Q WKH RWKHU KDQG 3YHU\" BPH® @ B @EWDRE X8 H
7:.(5s HW DO VWLOO GR QRW RFFXU LQ LQOHWY DQG

'UDJRQALHV 2GRQDWD +7 6ROGIQ - %RMNRYi
6SHFLHVY ULFKQHVV RI WD[RFHQRVHV

&RQWUDU\ WR PRVW RWKHU DTXDWHBE XQVAKMW\ERYERQRB'
FRQFHUQLQJ WKHLU YDJLOLW\QDOG, WIQHWVRGXKEMW LFBJIEQ
RXWVWDQGLQJ ALHUV SHUKDSV R QMWKILWW KHKHRLVQW YA X VA4
7KHLU ZLGH YDJLOLW\ GHSHQGY RO\ RY ¥RPBVHBEWXWU
UDJLQJ KDELWYV PDVV PLJUDWIQREQ W HIQGYQH\YW RE MKHDUYU
VSHFLHV RI ZLGH HFRORJLFD H [WDWH AHRVIH@EG RVR DARORW L |
7TKHUHIRUH WKHLU (QGLQJV DV Z6 OMK B VWoRK® P MDHU)RR F
VKRXOG EH HYDOXDWHG ZLWK RDLOWMVRRQ JBERPHHEQE VA D
RFFXUUHQFH RQO\ VRPH (QGLQJVWDWDY M RK MLYIHKQVVEHDG
UHQFH UDWKHU WKDQ SHUPDQH QN ZKARMRQER B WA R W LOIR@C
YRXUDEOH FRQGLWLRQV LQ WKH ODONEBEMFREVWSKHI R IVEH
SHDW ERJV RU RWKHU KDELWDW VGLQRP H GRR WHK ¥ PF B QLKW
WKH ODNH OLWWRUDO \HW VWLOO KDYH HVFDSHG RXU
%HVLGHV WZRFKOKBILHMEG OX® OB HWHUPLQHG RQO\ DW
WRR \RXQJ ODUYDH ZLWKRXW BB \WWMIURD O D@IWRIIHQV KH W |
JHQHUD DQG IDPLOLHV RI WHWWDGERH G HWUSH E LIHR\E WeHRUHI
VSHFLHY DQG $QLVRSWHUD $HVKUMSHFHHVV SHFHOBIO X QE
FLHY KDYH EHHQ VR IDU FROOHFIVEOG R ®WWOKHV® D X bl & O
QXPEHU UHSUHVHQWY D KDOI a VR WW K H 2 EKRLGDIWIDV WS
VSHFLHY UHFRUGHG IURP WKH % RKHBRIMH FRUHHGY WD @ GW K
@/e1 HW DO (03E5(.& (F(1é +$1(/ (F(1é D *HQHUDOO\
QXPEHU RI VSHFLHV IRXQG LQ@RNVK® BRASTPLIDUR IRYUIHW KW R
PRXQWDLQV )RU LQVWDQFH LQ WKWSHMNRYRKEBY H LB
IDU2/stas 1 .

7KH RFFXUUHQFH RI GUDJRQALHVFIKQLWREXERKGHPQDBQ Q|
FORVH YLFLQLW\ RI WKH OfONHV ZDR/UPWRM I RIYMGWHE\P H
FROOHFWHG LPDJLQHY DW OHDVW QGH® WR Wi BLURWEG HD N
FRQFUHWH ORFDOLVDWLRQ RIPKHIOWI] R®HGIW K/HD R/FHRUX UWMKH.
RBEHVKQD MXWQFUIE L BRRNLPG/)ODANHHID VWi O\ WL GHD W BWWY GHU
/ILQGHQ $HIUDQOBWVBPDWRFKORUDNPHWB®IOWMLEZDWKRXW SL
WLRQ DsaxBEQ . 'XH WR YHU\ FORVH GLVWDQ&HOE HDW LH 3HQ
aLOVNp /DNH WKH RFFXUUH®@FHURALW KN HDWNSH E WHAH O11X
KRZHYHU WKH RULJLQDO PDWHWUHYVKOUYBIREED @ G\ IKHDWL DIR
SRVVLEOH 7KXV WKHVH UHFRURBY W K BOLBQWGRIHNE W R0 V
EHHQ GRFXPHQWHG2188 RWKHU ODMMGHXQS$SXEOLVKHG UHFI
JXUWKHU UHFRUG IURP WKH%953sV SUHAKRQWHWHUPLQHG
3S/ILEHOX@OYPHUQpP /DNH WKH PDWHULDO ZDAS IQRWAS ZHJH
OHFWHG WLOO WKH HQG RI WKH 006G VWIXFRQWKIUQ UR RE\XLE
yHUQpP /DnMekl7eEN 3 VRPH GDWD EDVHG VROHOL RIQVH BAVHL
HDUO\ -XQH DQG PLG $XJXVW ZHUGE/ B1F TQEHED | U R B Y2
VSHFLHY FROOHFWHG DW W¥XBSMWFWH WY H 1B FRWX®HGE L Q HABKUI
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WLPMFKQXUD $K\PK QD RF) B\QXED U B WWRKHRMDUER O/Q B WX RO O [
TXDGULPDRXOPWRSXEO FROOHEWHWERWVRRDQHY FHX VR
YR /DNH 2D@sG + SXEOLVKHG WHONHWHYG\B SBWDKADY R P D
Q\PSKX@DOODJPD F\DMAMKQE IPOBERPDWRFKORUR WP WWB QO
WLPH 7KH VDPH DXWHKRER WHKERMD WEPWENG /RANH + $G

GLWLRQDO VSHFLHV KDYH EHHQVRX- 8 XUHHAH RV @\DGI XU
WRPRIDXQD 7DEOH ([FHSW RI DQHGF R B BAREHD RAN®BIO -
WKUHH *HUPDQ ODNHV ZHUH QRW V\WURGULKB EHWKQQH QS|
WXU\ (OHYHQ VSHFLHV KDYH EHHQ IRXQG WKHUH VR ID!

6SHFLHV JURXSY DFFRUGLQJ WR WHSDWEIEMAMYH DQG F

2ZLQJ WR H[WUHPH YDJL OLWW KW K%l RKSHHPH_IDHY/ ) RRIGI Q' MVF @/ A
LOQOWR WKH IROORZLQJ GLVWLQFW JURXSV

L 6SHFLHY SHUPDQHQWO\ OLYLQUIL HALWHKISH DWK H GAD NJHH
FRPSOHWH OLIH F\FOHVY WKHUH 7KQGLQRXEI PDQ EMHGR
ERG\ VLIH LQ GLIITHUHQW \HDUYRMN@GY RWKVWHDWRQMFWQ ¥
LQOHW RXWOHW KDELWDWYV D UH V&GHWDEOSP HHQOUOVFRIPW® H
VXFFHVVIXO HPHUJHQFH $W OHDWPWVHG $FWHNW ROID N W3 |
JURBBUUKRVRPD QO\GGBKNXQRDQBDH WKH PRVW FRPPRQ VS
EHHQ IRXQG UHSHDWH PR QMWIDIBEPADKNHR © DOIR VD @8 WD O
VKQD MERBGBRDRJ WR IUHTXHQW VSHFLHV NRXWQ QW RHWLY RH
& RHQ D XIDMIDX & BWHKEe@MDO O BUPW K L BHRUDCG B QBICEH A BO D
GULPDFXMBBYPR U BKIEQAMBUH UHFRUGHG IURP RQH WR IRX
ZHUH FROOHFWHG UHSHDWHGOHYD®@ \@G\P SHUR EBIAF \DHOOHVER Q
VKRZ ZLGHU HFRORJLFDO UDQJH E\L @I ¥WHQD IQ@KI R K LUCLIN
FWLYHO\ ZKHUHDV VRPH(RW® H DUS &R HDK D MK L & HOIBHKQIBIND
PHWD OQIGFDXDGULPDFROPMD/H ODNH RXWOHWVIRQLR HJ
VSHFEHINXQBBHDBGXEZBIUH QRW IRXQG LQ ODNH RXWOHW YV
QHDUO\ IUHH Rl GUDJR®HA ENVQR@E&\HHXDOMERBO R X QG WK H
OHWV UHSUHVHQW UDWKHU XQ\DH.L@ )ODHEWR & D ENVRD WX ERALF
WDWLRQ URXJK VXEVWUDWH D0ODOWG UKGODW IFRHOOR QKLLVIKWH
TXLWH HI[FHSWLRQDO RU PRVW OLNHO\ RI WHPSRUDO F

LL 6SHFLHVY DEOH WR FRORQLVH-ROREV VDWW RVHFBRQ
GHG 6XFK VSHFLHVY DUH SUREDEOW @ RWI D E'GFHD MV R U, DRIV
WKHLU VXUYLYDO WR QH[W JH Q HDUWDAW i RDQWLHRHPIVOW R &/ I |
GLYLGXDO VSHFLHV LV UDWKHU YHGWDMWLIY RQYILREF H/ DR
LYV DYDLODEOH DQG WKXV VXUYLWYMNHEPOQHGE D&RED/MHQ XY
VSHFLHV PLJKW DFWXDOO\ EHOR QJWVYRR$ HFOUDANCHQY/H QW FEODV
WKH IRUPHU JURXS :H DVWVRS g WEDXPRXWEHKYFKIRRSY FROC
LQ ODUYDO VWDJH RQO\ RQFH LQ *UR VQ/HILUNKWEHBR G 6 HD
VHUYHG /)XKWWHWEZBEBWROOHFWHG RQO\ RQRAH LDNHDDY
LQ LPDJLQDO VWDJH LQ /DND /DDNH YID$HGRKEEM U bZBIREM E H
IRXQG LQ 3UiGLOVNp /DNH DQG 5 DH&®D VMH\HH DLQG LIPQR L@
VSROUWHBGY D QJXLEHXFPQJ WR WKH PRVW FRPPRQ VSHFLHV
BHSXEOLF 7KH\ UHSUHVHQW & X Y\DWURRXF W8 \HHH\H R IL QW
O(s5,77HW DO s6.(: $ 6758 [(9,1*721 2116 HW DO 7K
RFFXU SUHGRPLQDQWO\ DW ORZOP[Q 8 DMHOKF RO RL Q) GIRC
&|HFK 5HSXEOLF UHIHU WR WKH2DOWWWXIGH XS WRH RPF
Rl ODUYDH DERYH PLQ PRQWDEBOWODFRQG OREB WH



RI WKHLU SRSXODWLRQV FB @ EHU & OPIDWHGH Q RWRILW UV
I[URP WKUHH LVRODWHG PRQWDQH IDW MDIVH ZD OWK L Y XWGHIH/
PDVO ZKLFK LQFOXGH WKHHYRRBPLDQ )RWMHOWUYDH
ZDWHU ERGLHV R DAVKGH DRRHIV EQ BHDW ERJV DQGFSVHIH
VSDUVHO\ RYHILIQURZ € XZIRMKV D O 6XFK KDELWDWV I
VLQO® WKH YLFLQLW)\ RI 5DFKHOVHH 3Uid4LOVNp DQG 30
LLL 6SHFLHV FROOHFWHG RQO\ G& DMRMI LUMHSBW R/GHOFIHH [
LQ WKH %RKHPLDQ )RUHVW OQRNIH/H QW B DUERIE X ULJSISIFU
VRPH W\SH RI PLJUDWLRQ RU IRUDG IZQW K L  HWKIWF LR XFE
,VFK QXL ®HRK QD JHHVXEDW EWWKDI W U X P F D @ P DIOW WP
GDQDIWEOH ORVW RI WKHP DUH QRW HE®H) WR RS SR
FDXVH RI D ODFN RI VXLWDEOH KDEHWBMW VL Q7\W K H @ DFIHY
KHPLDQ )RUHVW ODNHV UHSUHVEBDMW WK HLRFES WIHTUHR |
FDQFHOMWB®PEQp /DNH H[FHHGV WKH D QW\WKHX & LHFIXOS5 &
OLF 7KH ORFDOLW\ RI KLJKHVW DOW DW XIRK & @R Z\Q +V &KII
2/16 HW DO ORUHRYHU ODUYRWUHTXRYH WKDRY
VXEPHUJHG DTXDWLF YHJHWDWLRQ

'LVSXWDEOH VSHFLHY DQG HQWRPRIDXQLVWLFV

7KH PRVW GLVSXWDE®HVKQGLVYRBDIMARWBRMGRE! 6Q DQ RXW
Rl yHUQp /DNH ZKLFK ZRXOG UWSHHWVMHQWR VGKHH/ LDREOD
S5HSXBEHYE ULUWGHSUHVHQWY D 3DODHDUFWLFLQJIHMVR B LERIU
DQG HDVWHUQ (XURSH %HODUXVK3RR MNWXGE &BY MW QLD
DQ 30DLQ DQG QRUWKHUQ %D ONYDXED ZH BAK IMF DRVNPHDUH
WKHUODQGY QRUWKHUQ *HUPDQP DA @ X \\QUW & H EDOS \
$.¢ béb/b,1(1 5 HW DO ,-.675s%" [(9,1*721
,Q WKH &]HFK 5HSXEOLF LW FDQ EGHMIISY/EMMHE B&OSHFLI
EHFDXVH WKH QHDUHVW ORFDOLWYX®R®RL®W KHJ]WHYULHANVAHY
*yUD LQ 3RODQG LV VLWXDWHG DER26W:6., NP QRUWW RI
DO WV RFFXUUHQFH MXVW HBPW KW RVWRH XRLCDLQN HOWY
WRSLF VSHFLHVY EUHHGYV LQ FRUDDA)L® ¥ DIVAHIG BARRG RQHHWK &
IUHTXHGWMBED EXQFRQO\ DW QRZ DOWLWXRGRHVBUD U\ W
VSHFLH#WRDKWRZLQJ OLWWOH SUHIHUHQFHR BRYLSDSIINAL F X
IHUDEO\ RYLSRVLW LQ6WAHPMIURWEGP\D\E\DLEKRIW GBI W KH OLWYV
NHVY DQG EDQNV RI WKHLU LDGOGKBIGDOQA RRDX®HW R \DROPY
PHVY EH XV HG=6 A5/, 1+ 7KH QHDUHVW ORFDOLWLHYV \
DUH ORFDWHG QHDU 9LHQQD LQ $XW W UILB UHRZIH XD E L WA
IRXQG PRVWO\ LQ EDFNZDWHUV RIURROGMA R @G ORZGHD
WRULFBDYOQOWKDYWYH EHHQ UHFRUGHG IURP WKH &]HFK 5HSX
WKH PDWHULDO LQ TXHVWLR@HFKR@WLMW'DFWXDBO\ EHO
27126 HW DO
JLQGLQJV RI GUDJRQALHV LQ WKH % RMHW RDMK)HR B B 8 B/LGQ
GLVWULEXWLRQ RI LQGLYLGXDO NSHIFQHN WIKW K IHQDW KHO
WHQVLYH PDSSLQJ SURJUDPV RI 2GRQDMD FE DV HG R\QY WH
16 +3$5 (F(1e  3/3E1 BEL WKDW KDYH FXPXODW
UHFR&$GV +D Esi¢ I/(16é %116 HW DO ZH DUH
DGG VRPH QHZ 3 TXDGUDWH UHARRIMENY W FRQPH Y BNV QHK!
ODNHYV BUIALOVNp /DNH DQ®@WKH TIXOKAXBEM/MENDH F ) L
WLEDY UHFRUGHG IRU WKH ¢UVW WLPHUBWHKHMUZLVH NDG®



,Q WKH TXDGUDWH WKHUH ZGRW DQ R KE D W SWHHQ

SDLG WR WtV DUEbKBDas 3 DQG DW OHDVW VSHFLH®
WHG KHI1EH +s1(/ (F(16 D 2/1¢e HW DO (LIJKW RI WK
FROOHFWHG EHIRUH LQ yHUQp [DJE3J DDWHD WDHDANRHMG V™ Z

UHG IURP WKH TXDGUDWH LQFOXGE BH G QH{ZDDPW/DWHO\ R'Y
RGRQDWRORJL¥MWKHQHVEHH QRWGDWD RQ WK HFRIBSAMK LRIH
&RHQDJULRQ KQ®WSBWWXP ADDHROOXKPAS1(/  F/(1é

'2/16 HW DO ) LYHHV WM B RISHDV X E D U FIVEIHRIDOODAEU LP D F X O [
6RPDWR PKOOUBORFHUGXPDORXQG LQ 30HEQp /DNH DUH U
TXDGUDWH IRU WKH ¢UVW WLPH K$2GRQDWDHRNEGRZ UM

EHHQ SXEOLVKHG IURP WKH *HUP Q@ ®DNHRI GHID J&RRA Y H
WKHU VSHFLHV 7DEOH LQ *HUPDQ ODNHV UHSUHVH
'"HWDLOHG DQG H[WHQVLYH NQREZGHOGJR @A LWMKH @ WAKWM &
4810/ FI(16é 316 HW DO HQDEOH WR SUHGLRWOVWF
RFFXUULQJ LQ WKH %RKHPLDQ )RR® \RW ®WNHRQ A LMW Q QM
WHV ZKHUH WKH ODNHYV DUH ORFDWHG L QUMQIWK DHD V V.
VSHFLHVY WKH RFFXUUHQFH RI ZKLVKDQIHWY PR E 1§ CH.\WN |
%HVEBHGXOHJIDVWHO\FLGHYBIDG®DWY GHU /LQGHQ F
DW WKH 3UidlOeY L O O\DKIHE/RIPDWHR BIOGRVEBOLY 6 DUFWL
FD=HWWHU V WRIEWS HUCHDR K /L B 1B GRHKDDAHNMYDD H X V

NQRZQ IURP WKH TXDGUDWH DENND POGQp DG HLHIM
DQBPSHWUXP A DLYQIERIDEOPV IURP WKH TXDGUDB\WH

DO®DOSHWVWXQG RFFXU LQ WKH ODNHV ERRBRIBXVW RVYX S HK
UHTXLUHPHQWY DQG LW FRXOG HovlpF D SWAILRDW [BW WIHHQVWLH
SHDW ERJ ZDWHU ERGLHNQ X \DXLHO XY XBOWR QRW DFFRPSIL
RWKHU GUDJRQA DI\S HIDUKYI P W1 ODUJHU ZDWHU ERGLHV
SD QL HG \EKMQOQ SHDXEDUFQLG O BYPWK LJ B QBERF R U WGKAE) LDD

D1 (5087+ bs . +$86 Hgas (/F1é D (73 .67
5 [(9,1*721 211¢ HW DO ZKLFK LQKDELWR XWK® DN
6RPDWRKWODOYRUPHHQ FROOHFWHG LQ AWUEWNWYWs88®HVR /DN
675%.%

6LPLODU VSHFLHVY WKH RFFXH[FPDIEH RIHXISHFFC FOQQR
ODNHU\WYXURPPD 9p@Q\WHQLL RI WKH IDPLO\ &RHQDJULR(
GLWHUUDQHDQ RU VXEPHGLWH WRWIEQ P QVIRWVIVEP H G L WAVHS
FLHVY LV ZLGHVSUHDG IURP WKH ,BFHDUDRB QRAWVQ Y R X W® B UX
%DONDQV QRUWKHUQ DUHBRBsOLPLWXUNMP\SRRGQAAD LB ZL
VXEDUHDV LQ %DYDULD $XVWULDVBEBDRHG D G SIRUWDNK
( OLQGHQL %6 X AWOMHNUU H LQ WKH ODWWHUDIF\DWH TXDRGUY
WHV LQ %DYDULD VRPH RI WKMWMRXDWHG LQ WKBWHJIHQ |
FORVH WR WKH &]JHFK ERUGHUW Pbswse+ Ch1$5"
%28.+$86 ).6+(5 &SuHW DO 2/2¢ HW DO /IDUYDH SUHIHL
ULYHUVY DQG ODUJHU PHVRWURIKKX EUHWKIEL MWD WAD W1
YHIHWDWLRQ DQG ZHOO R[\JHQDWHG ZDWHU

&RPSRVLWLRQ RI WD[RFHQRVHY DQG VSHFLHVY DEXQGDC

7KHUH DUH QR GDWD RQ ORQJ WHU B FEPH FH VG UQ FRPASLF
VWXGLHG ODNHV -XGJLQJ IURRWEW FRPCGDWH VK EIL K
+2/8a% WKHUH DUH QR SURQRXGO©RHASRNVHLIVQRQ/ ZLQV K
FHQWXU\ $FLGL¢FDWLRQ RI DTXDWIHFKDE U DRQAS H R DDV



RWKHU DTXDWLF ELRWD 7KH PRVWQI WK M@®RW HPQ 6 @ ER
EHORG@QRM®RDJIJULRQ KHDNVARUQXW @BV IGXE IMMIJRABQRVLYV I
GLQJ WR WKH FODVVIZgEOWLRQEKBELWLQJ PLUHV ,W LG
O\ DFLGRWROHUDQW VSHFLHV RIWM&8HFLHYKRELR QWRXG
RFFXUULQJ WRJIJHWKHU ZLW KSW K HHW KLSEHRHRMEIRDYUHE PG WV L |
SHWUXP (GID®IHB YPW K L J&RIXEPR G IQHDQIGEHOOXOD TXDGULT
*HQHUDOO\ VSHFLHV LQKD E IHWIH®RW FPU WIS KDLEDL. DM G R
UHDOLVH WKHLU OLIH F\FOH DW ZIDWMBVV8+ RBEHF+HVDW|
ZKLFK KDYH EHHQ FROOHFW#HG L Q2MWeKHWHDIOD E LW DWMWKH Vi
WROHUDQW VSHFLHV DUH RIWHQHWXBBEOH PHR) \U HGHENUHRP
G\WWURSKLF ZDUNVHKERWYRPIK X\DFK QHXQHDI HHOWKRQ D Q 6IRP D W R
FKORHIWDO@KEBK DUH WKH PRVW IUHTXHQW VSHFLHV LC
7KH RQO\ TXDQWLWOWLYHLBWBDENHG GUDJRQALHV WR
DW DOO WKH ORFDOLWLHV LQY H \PWRNIWD W SlIGF L+HHV | RI(E B S
PRQ VSB\WLWHKWRVRPD QP SKKOAMDMVNp DQG /DND ODNHV $F|
WKH PRVW DEXQGDQW VSHFLHV $8 WKIQHD % RIKMRI/ERG )R W
HV LQ WKH ZKROH &]HRKWSBOXEOLF/DUYDH LQKDELW QR
YHV EXW FRQWUDU\ WR PR\DADRRVKERB OAS IDRLGI W A R SR
FORVH YLFLQLW\ Rl ODNHV 7KH YSHWMWHLVIRFABUVKRZDQ
KLIKHU GHQVLWLHV LQ *HUPDQ ® D NMHWY [SHD ($ W H FEX® DK
ERWK VXEPHUJHG DQG HPHUJHG YHMW\VSDWERQ ZEXM(R X W
DW VWRQ\ ERWWRP ZLWK VS DHOAHH R U ZBIQH ¥ WALHPEDULIV G |\
2FWREHU WKH\ UHDFIXWM G ORFHVMQRBYMUJURZQ ZLWK S
+ LQGIPW SODFHV IUHH RI YHJHWDWLRRH RQ) ODMMDHZ|
YyHUWRYR /DNH WKH\ H[KLELWHGOPXSFKFQREBY SHQW.TK

QFHV LQ$HR® R ®UFSHQE/EHF WH\G R U R i€
HWDLOV



‘H KDYH QRWLFHG FRQVLGHUDEOWH R3 LW K @RHD HD BB D
O\ LQ ODUJH DQG XOWLPDWH VLPHFRKR UMR V8 UREDEDR \
WLRQ ZHUH JHQHUDOO\ OLJKWH W KGOLWK \BOO® ZL.Y/KDW R
\HOORZLVK WR ZKLWLVK VSRW Y QRO® KHIDGIDW RRUD K I FR
FROOHFWHG IURP VWRQ\ VXEVWUDMWD BQGNHRP SOFRZ QR
EURZQ RU EODFNLVK ZLWK OHVV QEPHUWRRVYXGEVKREDE R
SDWWHUQV QXPHURXV WUDQVLWRU\ WESHW EH® ZHHQ V

6WRQHALHV 30HFRSWHUD +- %RMNRYi
6SHFLHV ULFKQHVYV

%HVLGHYVY WZR VSHFLHV GHWHU PIH)IHID RDIQBEROWIW K B QJ\W E
JHWKHU VSHFLHV RI JHQHHQ DA & Q Gl L)L W/IKHHV CKLDAY\M F
7TDEOHV $GGLWLRQDO V S HRLKN DHIGEH WRD @58 BV |
$PSKLOQHPXUBDURGNRQWP XUDPHUH UHFRUGHG LQ ODNH LQO
Rl VSHFLHV RI WKH %RKHPLDQ )RWNWYWVQIWNHM WIKW KH H/F
FDQ EH HVWLPDWHG DW D OW H ROXLINKWWHIH 89GHH EYR SQVIRH X
O0s$/(1296.6 HW DO W UHSUHVHQWYV P R URP W\KKH) % R KRH PV
JRUHVW YSHFLHY $®&PRVW DOO VSHFLHV WKDWLIQQKDE
LQ WKH %RKHPLDQ )RUHVWHXFWU R FEDU PIREAR K 6 FD® N B W\
PLDQ )RUHVW IRU WKH ¢UVW WLPHFtBV GROX QQ \GRHWHKIH M
IDXQLVWLF DWWHQW LR & XZHWUWKDVWKHFHHRMHEE W VRERRM X Q FV
$0OSV LQ )UDQFH 6ZLW]JHUODQG *NUXPDIQAL D@ @/ B XNV KHJ 2%l
UHWWEy (3 @/E1 5y HW DO

7KH PRVW YDOXDEOH KLVWRULFDHGEDPWEB: RQ VWRQHAL
YHU VRPH RI KHU GHWHUPLQDW LWRIQR/Q UEHXSHJ\W R HD@QWRHE®/ 1B F
NQRZOHGJH DW WKDW WLPHYHFQKVWXLH LQEW MWUKH W DVAR Pk
EHG IRU PRUH GkH&WDLOVLUNW Rl DOO WKLV LVHXEKM FD
UD KDQG®HIIPBVRKL 7KLV VSHFLHYV DFW XD QB W RV FXQ
WKHU LQ WKH %RKHPLDQ )RUHVW RHQWKHFOWERQGHDWX ER
VHYHUDO DXWKRUV GHDOLQJ &'eWK 3 Q3RS WIDU DuRD WIK H
/1298 HW DO (122 6 7KH VSHFLHYV OLYLQJ LQ HWKB Q@RWIKFP
LQOHWY DQG RXMAXHWV D EAKXBP®@D VVGHVFULEHG IURP
.512 DQG KDV QRW EHHQ NQRZQ LR RV QVOEBALH N HIQ

6WRQHALHV RI WKH ODNHOLWWRUDO

2Q DYHUDJH VL[ VSHFLHV ZHUH IRIRIBVMQ QXIRHE HOD RH \CaL
UHFRUGHG LQ 3UidLOVNp /DNH SNBHHFVY HWUKHEGNQ DO
ODNHV + VSHFLHV SUREDEO\ GKK RVRWIXW\KIR OW NKH W WG
ODEOH IURP WKH SHULRG EHIRUH HODIOHDIVPB B IF MWU RS IDF WG L
IDYRXUDEOH IRU VWRQHALHV 7KI®PHFW®YGW\QRL R/BHFQE
VZHHSLQJ 'HVSLWH D ORZ YDJLOHWFRX©® BB B RKNWK WE
IURP UXQQLQJ ZDWHU KDELWDW VVDKHD GE Y HLRALWH FRY D@
GDWD EDVHG RQ VHPLTXDQWLWB®@ILYRYVD®SOHEHRJIRYD U
DQG / 8QJHUPDQRYi OHJ 7DEOH Q 2RXQ GRIXQ W EH FALBIY
WKH OLWW R UDIH PR IR ID®ID REHMDHMH KR U H O O DD SIFXVF MM DL
QLJUDXU\WIR FLR) DQEE L FWHMWIHL FRPPRQ DQG DEXQGDQW
ODNHV WKH\ ZHUH IRXQG UHSHDWRQO\ V@ PO@ARY S\HFH.|



RFFXUULQJ LQ VWDQGLQJ ZDWHUSHFREBRVYUWM KR BHEC
OLNALQHUBDFWHWWQRW D XELTXLWRXV VSHFLHROBKMILR
/IDUYDH QLJAHUH IRXQG LQ WKUHH ODNHV YWHRGP X YHWHI\G
ZDV REVHUYHG DORQJ LQOHWYV AR WIVDR WDKOURIX DKNDH G BIH E
$UEHUVHH EXW QR ODUYDH ZHUHVFR®OZDPWBIGVIRQFR R P R
RI RWKHU QDXEV UDUHO\ EHHQ IRXQG LIHVSWHYBU Q/JS DD Y
VPDOO VWUHDPYV DQG GZHOO LQ VPOGAEHERNHWY DQG

53) HW DO ,Q WKHQUMWEDBVHEFROONHWHG RQO\ LC
GHEULY QHDU LQOHWY 7KHVH WKWMHB G HRAFWHM DSUHHGR]
DFLG ZDsWsHodM % +ko6(1 )5,%(5* 7.(5 *ses2/ SUHGR

PLQDQFH FRXOG EH UHODWHGLWWR HUDHOYHRYN RU FRPEGE
DFLGLF KDELWDWYV IURP WKRGH 6 bsk L HY LQWROH WEOI\W
DUH KRZHYHU QHJDWLYHO\ DIIHOGRAH R R'G DIBAIBOEMQ GL W |
"5 (: +R06(1  )5,%(5* 7KH IRXUWK VSHFLHV IRXXYG LQ
DYLFXOZIXWEK LQKDELW yHUQpPp DQG yHUW RNR @DRIH®D FW
KDELWDWYV LQ 6FDQGLQDYD7B.QG *WHBM(5% ULW DN G UM IH
ROLIJIRWURSKLF ODNHV IURP OsRZs6(@ € &VDW R ¢P R @2V DEXHV] R
LW ZDV QRW UHFRUGHG IURP DOSL@WVO DBltHsy HW DMK H $0O
.512 HW DO 6LPLODUO\ WR WK H [DHR Y5HURYE WeWR QG
%66 7.(5 *ses2/

7KH UHPDLQLQJ VSHFLHVY UHEHUU G DV OBNHHLEBROPBH
RQO\ LQ WKH LPDJLQDO VWDJH OWRUHIKBRYHQYJON KDHQEZIRBMN
RFFXUUHG 6LQFH IHPDOHV FDQ A\LFQFFUJ_BIHQWBQ\RLFYFH(CDJ\UA
ODNH VKRUH FDQQRW EH H[FOXGHGNFK IGHHWHH OB 8 HLH W R E
LOQOHWY DQG OLWWRUDO JRQHHXFWEH DXRH @WRDMNXH @ DU
/| GLILULWDWEFHDQHUPEXVIBWEWR QWP X UMDX EH UKNUJLDBE HPIR Q
WDQDQKPRXUD PDUQGHBIEGD O DSXWIL IDLEIH UPQ@ & D X E Bk WWH
FROOHFWHG LQ LQOHWY FORVH WR WKH ODNH OLWWRULI
2Q WKH RWKHU KR@®G QDD HRIBO® RQ yHUQpP /DNH LQ WK
LQOHW FDQ EH H[SHFWHG WR G ZHI3® LLQQ PN PRMNGIWLDL\Y
R ODNHYVY LQYHVWLJDWkiG HWQDWKH 7DW EDYJLEXEVURI
IRXQG LQ LQOHWYV RI ¢YHODNHYV EQ@WH/WWYRH £ WHD NRXV
WKLV VSHFLHV HPHUJHV LQ HDUO\ @B WHQ\V DIPG/® K@Y LB\
GLIJILWDWDODRW IRXQG LQ ODUYDO VWDDDDWOWHK®RXQ K R.AUM
WKH ODNH OLWWRUDO %RWK PDGHV DY @ HHWY DAORH Y @ HRWI
/IDNH DQG LQ D ZDWHUORJJHG VKRUM QI L3J0&HMD YW HIUN M
. (/,129E FROOHFWHG LPDJLQHY DORDDYWEH VERO B HG
WHULDO E\ WKLY ODNH ,Q RXU RSN @LURANM OO0 EIHYWHD RS W®
WDWHG OLWWRUDO QHDU LQOHWYV R V& RW VWMXHHW Y2 U DI OER
VDPSOLQJ ZLWKEDXQBWE® REVHUYHG D VLPLODOWADVFE
(UJJHELUJH 2UH OWYV ZKHUH ODDOY ZHWGZHEAO O'HG V@I H/S
ROLIRWURSKLF PRXQWDLQ SRQG GILHEXDVWHRXO@G \LNDE K51\ E}
EHUVY DOVR LQ DFLGLF SHDW\ RX\NF&ME\FMI—H’(RR—U\ODKD)G&EDQ
OWV DQG %HVBHN\BE VDB X BO ,PBDIEQYHN\D BIBWIIRONMRDQHP X L
DXEHARWIH UHSHDWHGO\ FROOHFWHIKGVL UW KHHU OVDPNCHD O L\WAA
D VLIQL{FDQW VKDUH RIFRDUVHG DWW QF X GDWHERIDID QL F
YHO VDQG\ YREKEWUMDNKWHU ODUYDH FDQ EH H[SHFWHG WHF
WKH PRXWKV RI LQOHWYV ZLWK WKHVH VXEVWUDWHYV
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,PSDFW RI DFLGL¢{(FDWLRQ

7KH FRPSDULVRQ RI 3OHFRSWRUB WQ GRB HVQRY WMWK R | DOFL. B
EOH HVSHFLDO®Q128#ZLQJ 2 KRR .FROOHFWHG PDWHULDO LQ
LQ WKH V DQG V $OWKRXJK ODRNHWWR® AB GIE\Y. VAV
EHHQ VWXGLHG DV D SDUW RIFH] YWHKRW Y HR U MAKHHD &J]HKE IRIR
FROOHFWHG DUH UDWKHU [UDJP H@WDQD ARV LERWO RIOW F
7KHUH LV QR KLVWRULFDO LQIRURDODRIPVAOR GWRRH A1 H
ZHUH VWXGLHG RQO\ RFFDVLRQD®G\ & QDWK H VSIUM VIBSHLFAL
DQG FRPSRVLWLRQ RI 30HFRSWH U\BI DMDV FDAHD B R M V LEEYDHHL
UHJDUGLQJ yHUQp DQG YyYHUWRYR ODKMHY & DH)GLDEHOGH
SRVVLEOH WR PDNH IRU 3UidLOVNpDDY R YRIUQR OBDWM W I
ZKLOH WKH PDWHULDO IURP RWKHUV&ILMNFIKQG R RSO HMRHD O,
WKHVH UDWKHU IUDJPHQWDU\ GDWD VHYHUDO WUHQGV
$W WKH HQ'GFRIQWEXM \EIs5$ IRXQG WKH RQO\ DFLG V&I
FHU©S LQ YHUWRYR /DNH G6SHREHRXURLQVBEV QkyeHG/ ZOQN
0$11 7.(5 *ses52/ JRU LQVWDQFH D FRQVRGWDDRHC
VWRG@HA\OD JBDRBXV KDV EHHQ REVHUY® & RIQHDP E DC
%-.29E .52y$ 7KLV VSHFLHVY FRPSOHWHOD @G IOVRFPSTH WU
WKH .UNRQR&H *LDQW O0OWYV ZKLAFL @HUAD WW R Q QON KOH |
RI WKH ODVMBEEFHQWXURXEGRURSHUODL QY WLKSEK ® KXW IDW B/ F
/IDNH DW WKH EHMRHQW X RI WKIHY VSHFLHV LV FRMQMWH H!
VKRZLQJ D VWURQJ SUHIHUH@NHZILRWUK WX W KHJK B Q J&+ R\
:DOHV DQG 6FkRWLOBPEW DO 7KH VSHFLHV ZDYLDBVEF
DFLGL{,HG VWUHDPV DIWHU GHF U I$R®QIOXMWDRQW V LLRAG/ LRQ Ml
ODNHV DQG VWUHDPV LQ WHKH:1HW MDY K /DN HoRW W W MFRAQ t
LQKDELW ODFXVWULQH KDE L RIDM Y WERXWR MWWNUHRXQQI GIRXLEGA
WKHLU YDQLVKLQJ IURP ODNH LQQHWS\LW B &R IRMXMDO A M/Q V&
WLRQ RQ WKH UHIHUHQFH VRWDBW W KR D WD W KW DALY HDLQVA. W/ \D
GLQJ DTXDWLF KDELWDWYV FRBEOGCHVKY QY DHPFARN)S/MA. BN X C
1 FLQHLGWP XUHO O DRXIQFRGN ENAGE L LQ WKH V ZHUH P/
SUHVHQW PXFK HDUOLHU EXW QRMOsGL VavdsQ J X L WPKIHGV WHR
QHG WKH 0OBDRPRXWPHDRYKHVH VSHFLHV ZHUH UKGROOHFW
ZKLOH WKHLU SRSXODWLRQV ZHUHWWRED DG\ G HLORMIGF
7KH\ ZHUH QRW UHSHDWHGO\ IRXQ@GLQPXTF® OBRHY DBRXG
WKH ODWH V DQ & WKHSXE® 6DWD

7KH GHFOLQH LQ VSHFLHVY ULFKQHMVWRE®H 8 5REIDHW \FD
FXPHQWHG E\ WKH H[DPSOH RI 3Ui&LAHHWNAH DN H RIOCOM K W
WKH V, 129€ 7TDEOH WKRXJK GH¢{ QLWHOO DR M LD/DOCH
DQG VRPH VSHFLHV UHDFKHGOWWHDYDINHQWLWQ RG DE RY R
LQOHW ZHUH UHSHDWHGO\ LQYHWWEILBW HG (DH WRMXQLE D
QHUHHDP X U 8 IOFOVBHMRMW.R QBPOPKR/BWEW X D L VGEDL J L WIDQW@LJIUD
ORUHRYBXUEZWY FROOHFWHG DV D VLQJOH ISRDOWLRKQLD
REVHUYHG LQ WKH V WHQV .RHOSGRY PIWORR S OHWFMQW C
D JURXS DUH JHQHUDOO\ FR@WLGHUWHG BIML® OVWRQQHUDQV
s s .0s11 +RZHYHU LQGLYLGXDO VSIHHIWMY C
WR WKH LPSDFWV RI DFLGLW\ RQ W H EWRDADHOWH D @ ROKAREK
DQG GH¢{QLWLRQ RI WROHUDQFH LV(QRWeb2DV\ DQ®JORED
0%$11 80 6-(/.9¢ci( Bob/b,1(1 187781(1 %HVLGH VHY



VSHFLHV WROHUDQW RU LQGLIIHWHQ\®\WR Q¥ L GBI D §/d
DQGQRFUMNKHUH DUH PDQ\ VSHFLHVG:YVIOHOPWQY BPOL ® FLR
7ZHOYH VSHFLHV IRXQG LQ 3UidaLORINYHDMUIDIOY FS KEHHW
VHQVLWLYLW\ DDQBELR Y WEDE WEBINELH UBSUHVHQWY WKH P
VLVWDQW RU LQGLA4¢(dd H@MWD ¥ WRQHALHWEVHUYHG WKH
YH LQ WKH KDELWDWV ZLWK S+ DERXWKH %6 U@DWWWYHQ
5H S X ESULRFFW R QDDPEXHUUDMVUELL F D X GCDQAEDD F K \'3 MAM UFIRWHD [ER P P R
LQKDELWDQWY RI ROLJIRWURSKGZPRHWINQAKLG & b X HPIRK
WR QDWXUDOO\ ORZHU DQG RU VEDWRQNO @K b BDIDLMVVE QHH
IRXQG EHIRUH DQG DIWHU W KHRRHHIMRVE UMD GAM U RIQIMND FL
H[DPSOH RI HXU\WRSLF VSHFLHV DH® H X\DFO DW Y H, W ¥ ? D&
YLYH FRQVLGHUDEOHWBOL®MLW\ RIDQAS MDQ RFFXU LQ
DFLGLF RXWARZV Rl PRRU®DXQGSXEBO IHGSHBLHY FRQVLG
WROHUDQW ZHUH QRW |BNRW RIHPQUBERMEWD @B D
RU ZHUH IRXQG LQ D VRRUD®W ¥SHEIOPN /DNH 7KHVH VS
FLUFXP QHXWUDO UXQQLQJ ZDWHBVDU® DWK B | Y-RFRWHHPGE CEQ
RQ

6XFK D ORFDO GHFOLQH LQ WROHWDQWHWVBHRIH\H BRQ F
PRQ VSHFLHV RI ROLJRWURSKLF PRQ\DOQN \K R DHEXZFDAYADU
SXVUOOWDXVFIMBXEHYWUYLYHG +RZHYHU RWKHU VSHF
UHODWLYHO\ MR G WUBDRRBEE R W R QIHPW UDEDWIIB SHDUH G
LQOHWY DUH UDWKHU PDUJLQB® RDBELW DWW ZKKHIWYH WHK
FRXOG EH WROHUDWHG LQ WKHLU RSWLPDO KDELWDWYV

$TXDWLF DQG VHPLDTXDWLF EXJV +HWHURSWHUD %+ O

7TKH ¢UVWUHFRUGV RQ ZDWHU EXJ | DPAQ@D ROl DANKHH/ % R K H FELHC
KHG DOUHDG\ PRUH WKDQ \HDUV \DWR\ THEEQRRHW GV RKH D
IHZ VSHFLHYORPERBPRULVDLBUWRRHFWMSD XDDXAED SDQ KRG X
9HOLD RB®WUDHIHUUHG XQGHU Gkd IHUB QWEEEBPHYV 'HI )

VSLWH RI D UHODWLYHO\ ORQU &LWWBDWRIUYHEME D ARKQ H
YHU\ OLPLWHG ORUH FRPSUHKHQVLEHHF G PMW D YR QVIXEHO HI
DIWHU 7KH GDWD IURP WKH SHDIWR@WLHU $&DWDINLBUGL
RQO\ RQ WKH VDPSOHVY FROOHFWHG LQ WKH OLWWRUDO

6SHFLHV ULFKQHVV

$OWRJIJHWKHU  VSHFLHV Rl ZDQ KUK H X8R KHPYLHD EHR Q HR W

VSHFLHV RI WUXH ZDWHU EXJV ROIDQULWEXJVHQHY
IDPLOLHV DQG VSHFLHV RIPRMBIKDT XTHDIRFRQEXQY WR U L
IDPLOLHV 7KH QHSRPRUSKDQ VSHVWHIQWIRERBW Q WRd HV®
SKD IDXQD Rl WKH %RKHPLDQ )RUHVW &8 EKDIERSOWEOL R I F
ODWHG IURP WKH FRPSOHWH OLVWSRIEW UK HDZDIMDH I KEDEX
FOXGHV XQFRQ,UPHG GDWD :KHQ H[FOWG X® JZ\D WHH K EXR Q
PDWFK DERXW RI WKH &]HFK 5HSXEPRE SIKIBR RS H S KBV
LQ WKH ODNHV UHSUHVHQW DERXW K HRPIL.DHQU JLRRUPHRVU/S KO
RWKLOOV DV ZHOO DV WKH ZKROHOKGIERISRGRE ©SHEHY
GRFXPHQWHG RF&XU.UHQEH VHH 326:1 HW DO

$ OLVW RI VSHFLHV IRXQG LQ PRUHDEREQ WEHY €& D NHH\H
EXJ VSHFLHV L H RI WKH ZKROH ZDSHALIEXJUMX QD RI
WLF DQG VSHFLHV L H RQ K\DHER. MDHTGX DWAKLLFH YA SRIE LAHRW
VSHFLHV ZHUH UHFRUGHG FRPPRQO\ LQ * ODNHYV
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7TDEOHORVW IUHTXHQWO\ GLVWULBXWH G TVSHFLH \E RIVD THDVHFREB /G

JRUHVW ODNHV UHFHQW VWDWH LQ D QXPEHU RI ODNHV ZKH
SDUHQWKHVHYV
I1XPEHU RI ODNHYVY 1IHSRPRUSKD *HUURPRUS

6LIJDUD QLJUROLQHDWER

*ODHQRFRULVD SURSL@TXD
6LJDUD GLVWLQFWD
IRVVDUXP

ub

WRQHFWD JODXFD
U DWHUDOLYV *
U

L[D SUDHXVWIBUULY ODFXVWULV
FRUL[D VDKOPHUULY RGRQWRJIPVWHU
6LJDUD IDOOHQL

DUD O

DUD VHPLVWULDWD
RU
R

SDUDFRUL[D FRQFLQQDI¥TXDULXV SDOXGXP

&RUL[D GHQWLSHV OLFURYHOLD UHW]LFXODYV

*ODHQRFRULVD GERBUD GDWW IKQBWO\ DFLG WROHUDQW
RSHQ DQG FROG PHVR WR ROGILBKR WERFKXFVOR\QSHLAA KO 8
URSKLF DQG G\WWURSKLF KDELWDWYVY LQFOXGLQJ DFLGL

&DOOLFRUL[BHMSHIRWRRD L [ Y SHDKLHBEVMHEUHIHUULQJ IRUH
ZLWK ULFK YBDHWPRWUIR D G6ARQ B DQI®DMHQMBMHELWYY SUHIE
VKDOORZ ZDWHU ERGLHW ZQWXKRRON. & HB MNMMD MENRIBOD H F W
JODXWHABUHVHQW UHODWLYHO\ HXWKLASKL E QIXALELRN WDROO/
KLIJKHU DOWLWXGHY LQ PRXQWDLRXYWS®O Q\GKHMHPVY. SUB L
WKHP SUHIHU ZDWHU ERGLHY ZLWK WKH ERWWRP FRYHL

*HUULV ODBGRWRIOWRHFRWBHG IURP (¢ YHODNHY DUHU
ZLGHO\ GLVWULEXW HGOWDHXNDW KDY WWEKRWK OHQWLF H
KDELWDWY ZLWK OLWWRUDO Y KBINHDAFIH\® MR Q DMDKGDAWKE D3 HH B
* RGROQWRJI DNYRZQ RQO\ IURP OHQWLF KDBIDFXBWISR W I
ODWLRQV RI WKHVH VSHFLHV ZHUH H[W U ©®PWHIHWRZW.LER C

$TXDWLEREXJD GBQW® L\SHHP/L D DX B WR ¥ HEXLID AHHAMAL FROODAN
WK UHH&AEHHMINE BVUHODWLYHO\ VWHQRWRSUFERSH HIVHX/ L
ULFK OLWWRUDO YHIHWDWLRQ DKWVKDSE HIFAHIN FEXVOID DY (
WKH OLWWRUDO RYHUJURZQ EEWWVUH ¥ E HYFH.DHONOD W QR D N
3UIALOVNp ODNHV ZKHUH ERWK VSHFLHV ZHUH IRXQG V

+DELWDW FKDUDFWHULVWLFV RIHNGHEDBD\SIRIOVHRYZW\M |
.0(17 DQG GDWD:sE\ : s+ ( $BEY(. 2//0811

DQG7. ®e.3$/ ORUH GHWDLOHG FKDUDFWH RIUVW

UDUH VSHFLHY DUH WUHDWHG EHORZ VHH 5DUH VSHFL}

$QDO\WLQJ DQG FRPSDULQJ KDELMUDRXF RCBUHDIFEW W WL Y W

ZLWK ERWK DELRWLF DQGWKIHR®DRNH\K DXUHD F\© 8 UMW W/\V H
FKDUDFWHULVWLFV IXO0\ RU SHIURNDE\L WDWFRK DVQIGH PRK I R
ODNHYV 7KHVH ¢VKOHVV ZDWHU ERIEQ WM R SUH ¥ R Q RQXWO
JLOH VWHQRWRSLF ZDWHU EXJV ZDMHUVLRY ZHOR® DWRE
VSHFLHY 7KXV RQO\ GUDPDR\GA RIQHU DRWL X B BAKNDOIDW M W K&
ORQJ WHUP UH FRORQLVDWLRQ RI WKH ODNHYV



I1RWHV WR VSHFLHV IRXQG LQ LQOHWY DQG RXWOHWYV

J)LYH VSHFLHV RI ZDWHU EXJV ZBDHQRERGLV® GIDRIPY QRIX
JUROLQRWWRHFWIHUODX FODPFREBWIUDL VFIWWKUHUDODWWHU ZD'
VSHFLHV IRXQG LQ* L SURBWRVY XDEOMVLYHO\6QHQWR.GELWYIFHH
RFFXUV SULPDULO\ LQ OHQWLF VKD®® RZRZ\DL\W HAIDVE EW\WD W
OLJLEOH FXUUHQW 1y HOORDEXEB\O B E RMMOBIDAMAL O\ LQKDELW C
RU WKHLU VXUIDFHODFEF ¥WHRHMN BVKIHRIDUH DOVR NQRZQ I
SDUWV RI ORWLF KDELWDWV RUHWKHL U BEMFNZDW3FHO/D IR
WLYHO\ TXLFNO\ UXQQLQJ ZDW H UV KR EQ BVNDRAY 1R XJ\WBOCHON W
ODFX¥WQIPRORQLVH PRUH IUHTXHQWO\REDLRNRQW MWW HRD
WHUV EHORZ WKH ODNHV FD NP GWRDQWWHEKHDB VOLJH P\
IRU VXFFHVVIXO GHYHORSPHQW R®&X IF D/ORD IL INALDAPS IR F M)
7KH VSHFLHY PHQWLRQHG DERYH [SUKLPBILNL GRR\Q @AK NV R B Wi
ZDWHUV RU WKHLU VXUIDFH PRVWLBWRGDEH®P ADIQHE® DINF
DP WR WKHLU RXWOHWYV |, Q@ FROISMNDDVMK DW BIF VE B WIHVUNVE B
KDELWDWYV +*+ VPDOO VWUHDRYKDEGWYLYKDEWF ZDWE R UV
UXQQLQJ ZDWHUV DGG++HEWFINZDWHUWRPH VSHFLPHQV FD
LQWR ODNHY RU FRORQLVH ODNH@VWE\Il WRPU R ¥ YW\E HWD/O KK
FB3EY(.

5DUH VSHFLHV

6L[ UDUH VSHFLHV DUH NQRZQ IURB W R IDDINHHH GV R B HY
VHb(L7 9/Eo020e DQG WKH FKDSWHU 6SHFLHV SURWHF
&\PDWLD ERQVD BWIHGDFHRXV ELYROWLQH VGHOLWW DAk
,W KDV 1RUWK 3DODHDUFWLF GLWWUJ DBX\B LERXQQDWY K U\RR\
URSsH6621 7KH %RKHMLO® HRYRIKWD GVNp +RU\ OWV
VRXWKHUQPRVW OkBLW RELWYV DUHDEE3HW DO s3ey(. 3
7KLV VSHFLHV LQKDELWYV G M HUWH @PWR WW S H R GRU JRWE

URSKLF DQG DOVR G\WWUWRSKIBE.sIRU UHMLIH ¥ SHIFHHYV ZD\
WHGO\ FROOHFWHG LQ /DND /DNH WIKWMWQHADVB HARIRU R K |
PRVMW*(80s11298 IRXQG D VLQJ@H BRSO ¥ GFRMMREIQ *URV VI
EHUVHH 7KLV VSHFLHV LV DOVKOMO® PZQ HURP WHKHH % RK |
33e9(. B/EL DQG WZR ORFDOLWLHV RI Wst(1RYRKUD
WKLV DUHD LV JHRJUDSKLF D O DR DA DAFFOHROMA @ \QGHIOHDRPIR(
YRUHVW

*ODHQRFRULVD\S DRSUBGRBPHRXYV SHODJLF XQLYROWLQ
ELYROWLQH VSHFLHV RYHUZLQWHHR @DOBQQH MVSHFDRE W B
YH GLVWULEXMWILRQ VHHRFFXUV LQ GHHS RO LJR)ADR ®HY.
DUWLLFLDO RQHV LQ®H QIMHWIVO FRPRPSHREVHUYHG WKH VS
ZDWHU ERGLHV ZLWK GHSWK G\ EDRFER W\R PWIZ@R \W KW H H W DL
O\ DFLG WROHUDQW FDQ VXBXDYCH D®BHUHS UR ®XQRH LD\
SUREDEO\ WROHUDQW WR FKDQJNVNOIHADWHU BKIRBILDW X D
ZDV IRXQG WR EH WKH GRPLQDIQGD VRE W® D E QY HIHGHE
6FDQGLQDsY.bD ®asse2t BWUXFWXUH DQG G\QDFRLEW RI
LQAXHQFHG GLUHFWO\E\DFLGLWR\EXYWWILO®ELOEWO\IBRBF
DQG KDELWDW FKDUBDF VBt WLEMy(+ 6/E1

JRU WKH (U \SW RSIEBNXDHFRUGHG IURP '"HVFKHQLW]HU ¢
YHUQpP /DNH ) $ .RO&RQDWD GBYu@XW®D Fbsobs/ $16



7TDEOH6HOHFWHG FKRDUDFVWHXYEWXUMR RI WUXH ZDOWNUWRXD @/ D RROAH
%RKHPLDQ )RUHVW ODNHV VHNKDE®DW I RU WSKHHLWH WV REBWLQHYV
VDPSOHV IURP WKH VHDVR@QewePRGL,HG GDWD IURP 7

6SHFLHV /DNH &1 &7 3/ 35

* SURSLQTXD

6 GLVWLQFWD

6 IDOOHQL

6 IRVVDUXP

6 QLJUROLQHDWD

2WKHU VSS

,QGH[ Rl GLYHUNLW\

,QGH[ RI HTXLWIDELOLW\

621 5)y  ®o5s QRWHG ODUXODVWDRARWENDQp DQG yH
O D N K8V /5 UHYLHZHG OLWHUDWXUH GDWRPRQ WRGLQJ
$16621 GHVLJQDWHG D VSHFLPHQ |URP SORISIQQJ NODKH |
V DQG V. WKH VSHFLHV ZD V\FRD 0 H ¥MUHIE0 RS FLLE G
62/ k1 2661 HW DOs3ey(. XQSXEO LQ WKH OLWWRUD
ODNHV DV ZHOO DV LQ WKH ZHVWHUW® SBUWs RIQBXHQ U
.8%(y.s HW DO GHW HODH®@ RERIMRVER IHFKR VRXQGHU

SODQNWRQ QHW LQ WKH SHODJLDY '80 3UH & HQWWNRA UD NIH] H
owv 5HFHQW VDPSOLQJ E\ VHUGHM RW ZD WWHHIF &/IVJ BW 8
FDUULHG RXW ZLWKLQ D VWXG\ R® BSIRELBRDXBDFPERIQ OV
WKH VSHFLHVY RFFXUV LQ yHUQpPp YHOVWRYRDNBPWDW GHAal
GHQVLWIHyHVX @S XEO SRSEXODRSIBOWMRR QXPHURXYV WKD
FDQ SOD\ VDPH UROH RI WKH WRSHL R P BXVQHBENIDAN/HDS/U LH
6FDQGLQDY LDRN. 601D Nd£Vs6241

* SURSLIQVBEHODDJLF VSHFLHVY ERWK LPDJLQHV/RQ\WG LQAP
GLITHUHQW EHKDYLRXU LQ FRM®DS\DHUL \ERQ@ WY PWR WRK\DW RS\
DTXDWLF SODQWYV RU DW VKDOORZWCHH LYWW RWY \UYAXOBWWALL
FRO®OHFWR SLIQI XMXH OLWWRUDO JRQH 7KXV LWONPEIODQ J]F
DQG RSHQ ZDWHU E\ GLIIHUHIQWUH BMWUWKHR\GR/O BV QbJ VILXQLI/NDHt
LQ *URVVHU $UEHUVHH E%3pyKDX@E XOEHW LQZR Q\PSKV RI
ZHUH FROOHFWHG ZLWK SODQNWRQOHHW Q Q3L IKHIND \GHHHN
DUH WKH ¢ UVW DQG* ROLRELIRED WRKIHGMWHRIIEZD Q 3G NHYV 3

VXJIJHVWHG WKDW YHU\ JRFFREVALYKWDER Q VWE @ HWRKUL

GLVSHUVDO SRWHQWLDPOS URKKMPRFEFAXKUWQHHRQFUERIUVHH L\
ZHOO 7KLV LV DOVR VXSSRUWHG E\ (\QRIL GURISRIQU XD O
PDQ PDGH SRQG & iUVNp -H]JtUNR (PLQ WKIB® %REHPLLD
LQ DQGs3ey(. XQSXEO &ERQWUDU\ WR WEKIHNVGIGNE\VD W b
URXV SRSXODWLRQ RI LQVHFWXKWWR DRXGVZ HWH IV WRIANDIGHEU
WKHUH

6LJDUD VHRVWWUUDWWSDODHDUFWLF IDXQUWRIUR KD HER
YROWLQH VSHFLHY RYHUZLQWHULQJISIOQVKRIXJIKQ®IOV WW DE
IHUHQW 1TUHYddZIDWHUYV siw/(96., 5 ( 0(17 LWV
GHQVLVLWHYs DsiH BEsZ621 D QGo3s11 UHFRUGHG WK
FLHY WRIHWEXUBRSZIGF KDJKO\ DFLGL{HG ZDWHUV DWQR¥F’

LV QRW VXUSULVLQJ

7ZR UDUH \HOORZLVK FRORRW RIGH E IWHAGD B MPHBREHIUMS U H G L

FHRXV XQLYROWLQH VSHFLHV RYSB UNH QRWKUHLY 5 HIGWNW HHD



WRQWBWBLHY 7KHLU RFFXUUHQFH LVXEUWUF VERI®GHE L
KDV EHHQVPWPSDOIG\ DW UHODWLYHO\ KLJK UK TDXHR ZH Vg
% R K H PdsBy (.3 %RWK VSHFELHV DUH S U VW DAUKLHD\ K\D\YUKS K
HFRORJLFDO UDDJO X WR®HFL DM Va+H . %RWK VSHF
RFFXU VIQWRSLFDOO\ LQ SLWV RIVBHORZBERHV LIQQWKHLG
DUH DOVR NQRZQ IURP ORFRALW&HY RI GBEWHUHQW W\SH
OXWWID 7UDQVSDODHBUFHWLFEVSMWFEBY IRXQG UHSHDWH
IDNH DQG *URVVHU $UEHUVHH ZLWK @DWW R BHD WIRRY V
WHIUM. D 1RUWK 3DODbBUWsEWLE VBBELHYDBLDO UHOLFW |
0(17  Be.s/ 7KH VLQJOHI1V SHHPAURKQGRLQ YHUQpP /DNH
D 3VWHSSLQJ VWRQH " RI WKH VSHRIHW S LWWDIEE X RER & L
ODU VLQJOH ¢QGLQJV RI WKH VSUHIF NHRIZQ MDAMB LB R O WOKR-
VNp +RU\ OWay(. VHH 3

7KH VHPLD TXHDWILLF EXXOWH VBB EVHY ZLWK ERUHR DOSLQ
O\ IRXQG DOVR LQ ORZODQGV 7KW ZPWMHJOV\WDEGR 5WH
UDWLRQ SHU \HDU LQ FROGHU U HHLERQUD R/ FORWF D Q LW/HK H
W RFFXUUV PDLQO\ LQ *PDUJEDDHV WIKEL WRRSEWH WZLKH URK

VNDWHU VG HFI6H\/ . (=.256.,.HW DO* ODWHWDKNOIRKQG RQQC
RQH 30H&Qp /DNH RI WKH ODNHWRPHVSD/UWHNORIWWKHONR
+RU\ OW¥AEY(.3 ;75,&+HW DO (=,256., HW DO 6LQFH LPDJ

PDFURSWHURXV PRUSK KDYH JRRG O DWLHIQDNB DWW Pl RR/FAE X
/IDNH LV QRW VXUSULVLQJ $W ORBVAD Y ATHI ¥ M SSSIRACHG. R
QLQJ %RKHPLDQ )RUHVW ODNHYV

7TD[RFHQRVHYV

*ODHQRFRULVDRD\SHRSRPLODQW VSHFLHV RI ZDWHWD @EXJ
JRUHVW ODNHV $V PHQWLRQHG DERHK H VLW K HD K XJXGI QF
IURP RSHQ ZDWHU FROXPQ LW FEZRHISH ODKIH FV3HDHRFW Q.
DFFRPSD Q@IDHIBO EF R U L [ BDSIDIFHRXN \MD ROGEFIDQUID G LAFW XQ F W
UHQFH RI RWKHU ZDWHU EXJ VSHFLHV LV H{WUHPHO\ UD
‘:DWHU EXJ WD[RFHQRVHV RI WKH QR WHNWN DO NRYH\HBH
E\ @/290e 6LJDUD QLJURCGUGNBIWID'Y D HXGRPLQDQW W
WKHVH SOLWWRUDO WD[RFHQRVH¥W L7 ED¥QLVWWFLNOHFE
VSHFLHV ZLWK RXWVWDQGLQWRLGUDWURQ VD BN \BIHV\ R,IW:
ROLJRWURSKLF PRXQWDLQ OL® GRIPWHERY SUDIVQ BX\E GX
KDELWDWYV ZLWK VWURQJ FRPSHWUuWLRQs®R)(RWsKEIWW FRU
2WKHU VSHFLHYV SUHYDLOLQRO@MRW\&LV WDIYR\BRY R\
OHDUFWLF VSHFLHV SUHIHU U LW HRSWH GHAH.B B V SIDQO®
IDXQLVWLF HOHPHQW HXU\WRSEFZDSWRLWHVTSUWIHH BEP @B
O\ PRVW DEXQGDQW ZDWHU ERDW® DI®\L\DDW KR OSH F W I5H
HV LQKDELWLQJ GLITHUHQW W\ S5:6\H RIL FZHDQ\BHER\S LUQHFSUNHG L
VHQW RQO\ D VPDOO SDUW RI VDPSOHV IURP WKH OLWW
7KH OHDVW GLIIHUHQFH EHWZIFH @ Q\& FOV. W W)XRRVDXOU HV F
IRXQG LQ WKH PRVW VSHFLHV ULFKR/WLYBWFRRIVSKBRR J/\
DQG GLYHUVH PLFURKDELWDWYV FMWRRN WIDHQERWWBP SO
ARDWLQJLVOHV HWF
W LV DSSDUHQW WKDW UHFHQWPALRRFWQRVFRFN SHRVW IGH
GDH 7DEOHV ORVW RI KHWH PRIJIRE B ¥ RR MW LDQUHWG |
RPQLYRURXV GHSHQGLQJ ROAOWKKRRRGOGLYPEBUREERWOK)



SUDHXVRMOXRUGHQWLEBVSXQFWRWIOLGDH DUH SUHGDF/|
ZHOO DRWRO@®HFMWLHYV 1RWRBOQHDBDWLGEDXBNOHRAMG PB 6SHFLP
DQRWKHU WZIRHSD HG QWWHESH B D,I0 \RRREU LV F UPXFRUE KD H 2
IRXQG RQO\ LQ /DND /DNH $O0OBXV'S HHRLHH Y ®V R H BLIUDJNXYIRW I
WR VFDYHQJHUV sbBRY UHYIEHZ VHH 6

9ROWLQLVP DQG OLIH F\FOHV

SHSURGXFWLRQ RI ZDWHU EXJV LQWWK B S% R RHPRLDW H®\U |
ZHHNV ODWHU FRPSDUHG WR ORZODM\G 3RB5¥X QWILODRQAH
VHYHUH FOLPDWLF FRQGLWLRQV UMNR B MUHRIH UBW N UMR/ @
VQRZ FRYHU LQ WKH VWXGLHG O DRWHVU ZDLRFWM BB UQW I/ QR
[XDO PDWXUDWLRQ DQG GHO B\ RWKI EWIWQRQ R R DRAHWI
LQ VSULQJ ,Q DGGLWLRQ ORZHUVXAIPWHU WEPSE H[ DB\ R
GHYHORSPHQW 7KLV HYLGHQFH LV EDR$IGHR QG KH QR O/FS.
PHU DQG DXWXPQ DV ZHOO DV E USRHH QWD PPLDADXALIR/QL R K
WHG VSHFLHV RI ZDWHU EXJV OLYLQJ LQ WKH ODNHYV

*HQHUDOO\ LQ WHPSHUDWH JRQHI BLKRQWIOH FRUL LG
EHIRUH RU DURXQG VXPPHU VROVW RRHS F V& PPPHW H JH@G
ZKLFK UHSURGXFHV DIWHU RYHWAEGWHULQJs s IWKH Q
Bes' (5 $16621 B3+ ( ,Q WKH %RKHPLDQ )R UH\DW GDHD N
HQYLURQPHQWDO FRQGLWLRQV G RV VERRXHEW KRIOWN QbW
FRUL[LGV WR WKH HQG RI 0D\ RU HYR)QU-¥ B8 G RENGIIUPYLDY
QRORJLF DQDO\VHV Rl VDPSOHV IE® W RQKK R DS R QDW
RYHUZLQWHULQJ IHPDOHYV LVDMR/@IGRUY B HIXN B \Z HADHWIRKL
JHVW Q\PSKV EHJLQV LQ WKH ¢UVW BRIDRRORDQIHR YRV R
RFFXUUHQFH ZDV IRXQG GXULQJWRP FRE PRPV\REL Y2ROGM!
RFFXU VWLOO WKURXJK 6HSWHPEHG\\RE WPHDQEBQ RD WKE
QRWHG UHODWLYHO\ ODWH LQ WKH & WBSRIGGHWDW K R W-BC
ELYROWLQH LQ 60RZIQINGE@NQEH IIRW D DJXHP XQLYROWLQH RL
ELYROWLQH XQGHU WKH FRQGLIWNRQsVAR | W IOHR WoHR & HVRLLP
¢QGLQJVIURP WKH 7\UROHDQ ZDWH B BRG DH P Q® KD WH3ID

/LJKW VORZO\ PRY L Q'SD@LSKWW UVRKIHX QLYROWLQH UH
1RWR QH F WER U@ PIX BCHMAA. SXYF RDMUIZ LQWHULQJ Z8 UWHKH
IRXQG DOVR GXULQJ ZKROH ¥FTWREMHWLRQBE O DIUW KHHW UL
ORSPHQW LV ¢QLVKHG VXFFHVVIXOO\RU QRW

&KDQJHV RI WD[RFHQRVHYVY GXULQJ WKH SDVW WZR GHFI

([FHSW IRU VRPH VSHFELHV WUXH ZDWHKHX H X8 W Q WMKIKPRL
7KHLU KDUG FXWLFOH DQG ZD\ RI DE X EEWHID WHR R DI EJGRHP
VXUIDFH DUH JHQHUDOO\ JRRG B3R GLWVIBRNE WRRD W HRU I
OLYLQJ RQ WKH ZDWHU VXUIDFH D UH TEKYDHOQ W R UsHS W BIGPHH
*HUULGDH VDPSOHG LQ WKH ODNH®WW DK 8 RONGA\UP Q FRE
FDWHV WKDW WKH\ FDQ ZHOO PLJUDWH D/QWRGR QRMHK D

([FOXGLQJ VDPSOHV Rl VHPLDTXDWRSECEXU\RIDW G XAR E S
IURP WKH EHJLQQLQJ DQG WKH HQG LRV WKWHD O ]\RQRIAFRQ
WKH SHULRG RI + VHPLTXDQXH. WD® IHWHV R B DTAXHD QWY
WD[RFHQRVHV RI DTXDWLF +HW H WBRAW H V DU DK IPQRG HK MK
GLITHUHQW VWUXFWXUH WKDQ WZHQWV \HRXYGDRR 06 R
RU WKUHH ODNHV LQ WKH RWGH®YHRPHFRQMW ODRHNQ 7D



LQYHVWLIDWLRQV Rl ZDWH UQEXWNDIXRQ R]KBK BQ G HUH G D/
DV LQ WKH HDUO\ V DQG LQ + H PRMNZ DQWHRIQE/X Y H
JDWHG LQ WKH &]HFK ODNHV GXUUQRW WHV H DHMXL WEI\Wh
UHG WR WKH HDUO\ V. HLJKW W WPX D T20DMHF EXI WSHHR
QHZO\ UHFRUGHG WLOO ) X U W RAHAHRRYUHH WRJRKRHS B D W®IL
1HSRPRUSKD DQG VL[ VHPLDTXDWLF EX QW38 F IUHWF RUHG
WKH %RKHPLDQ )RUHVW ODNNVWKDAH @MO VU DQ RI, W SHH-
ZDWHU EXJ IDXQD Rl QHSRPREBERDOQSHFLRVJIJAHUR
LQ WKH ODNHV GXULQJ WKH SDVWXQ 8 FDG W KHOOL W KVHRUH
IRXQG VSHFLHV DUH HXU\WRSLELR D UH @DV HDDAVEK Q OW
VWHQRWREMFR GIHF W DL Q A G WGIUQJ U DUWHHXWEBHHURLLVA XD DW. B U D O
GLQJV RI WKH OHV\OHBUFRQWHWFWE@FHBRRIDNH WRWDO
IHPDOHV  Q\PSKV ZHUH VXNQEEZQLDV L@KDE PR
WURSKLF ZDWHUV QRW DFLGRNOR QKB UDRIAMD DIGE G\ W
I[URP VDOLQH DQG G\WWWRISKLF Z)DWBUYJVVRIHDKH S\JP\
PHBOHD PLOQXWANFQPID®QG 3UiALOVNp ODNH V ODRFR WLKH A
PLFRLGMNVD /DNH DUH DOVR LQW H WHKHAWLHQ 2 D $/OMW KERXIMNK E
ZLGHO\ GLVWULEXWHG LQ HXWURSMKHURXW HWX H\QDQRIZP
VLGHUHG DV ALJKWOHVV E\ KHWHHRKE HG RO RK WVPXW FEX
3RVVLEOH UHDVRQV Rl WKH DERYHGHEAWRRQHIDFKDQJ
UHFRYHU\ Rl (SKHPHURSWHUD 30HFRSWHQDS JVWFWRSW

$OGHUALHY OHJDORSWHUD DQG DTHDWLFf THMRAOL®IDALHYV
%RMNRYi

1RWH WR FRQWHPSRUDU\ QRPHQFODWXUH

$FFRUGLQJ WR UHFHQW NQRZOHGJRUIWKE D0 VO RS WHU
DUWL,FLDO JURXS SUREDEO\ QRW ®MPRDRSKAB @ 9/ FDEDDV
WKHUH DUH WZR DSSDUHQWO\ G LXIMEHORM BDOWD $FRMPWD
VRPH FKDUDFWHUV RI PRXW KBS NDW \P RRXSKRKOPIW XWEHGRE (
DQG W\SHV RI RYDULROHV QDPHBR®@WULIEXW DRG &R UD
WR WKH WD[RQ RUGHU 6LD®LQ O LFERPS UHLR/ZVIHW K N LIQP
GHDOLQJ ZLWK LQVHFWYV RI OD NHXUMQIGQ LIH | HAUDRE MROR
SWHUD LV EHLQJ VWLOO O D BHM®LPYWH® JZ\M KGHL 8 WGRHD VO B
KLVWRULFDO PHDQLQJ 6LPLODUXONQMNO\DMDLFOHX BB B Ik
KLJKHU FODVVL¢FDWLRQV DQG HRARROR&LEFRO FRQWQ LBRW
WKH IDPLOLHV 6LV\ULGDH DQG 2VRWP\G R HGEHDO RIDK HWRRQ
WD[RQ ZLWK DTXDWLF UHSUHVHQWDWLYHYV

'LVWULEXWLRQ DQG ELBDROLWYI OHIJDORSWHUD

2Q0\ WZR VSHFLHM RO IDWODGADPOHIIKIRMDEHHQ IRXQG LQ
PLDQ )RUHVW ODNHYV DQG RXWE8WYV UDKIH OR ULRHYRKPOHV LE
HDUO\ DV DW W K{F HMQXNUXQU R L @/ K HW @pssDNH DQG *URVVHU
EHUV HBE/(. 8QIRUWXQDWHO\ PRUH GDWD DQGO\DRR U
VSHFLHV RI WKH RUGHU KDYHWEKHH ] NRKI DB H St¥HEOR.FG 4 G
H(1é (F(1é G /E. 53,6/(5 &$y(. SE(. 5HPD
LOQLQJ VGAEIUMBEAWHW 6 PRDO®BLQIJVWHGW EHORQJ W
GDQJHUHG MBHFLHWQG WKHUH DUH QR GDWD RQ DMXHLU
JRUHVW ZKLFK LV UDWKHU XQOLNHO\ SDUWLFXODUO\ C
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7KH ODWBLYODXMWBILUYE LQ SRQGVY ODNHV DQG VOXJXKUHK SI
UH VLOW LV DEXQGDQW 7KH\ RFFXQGQ @ RPKINWDRMWWRO DR
]JRQHV RI ODNHYVY HYHQ DW WKH GHAWKR RB7&s(1P H J L
RU $0S4d @H *(.*< ODNHV $00 LQVWDUV GEKWRROQKPDQY H
ERWWRP 7KH ODUYDH LQ WKHLUQ;W KW OH &VWIRWH © RZ\K\M L
ODUYDH LQ WKHLU VHFRQG \HDU RQHWK H [FKE VW LA W® VD
LOQVKRUH EHIRUH SXSDAWLRQLQ VIIL QI (56(1 $11
7KH OLIH F\FOH ODUYDO LWVQZRVIHDW VXE XDOMD OWO
WKUHH \HDUV KDV EHHQ UHFRUGHIGLEY OW NHM D@ L*J K
S$OWKRXJIK WKH OLIH F\FOH VIS@ @V EB VW @RWP\L\D Y G RRJ
VHPLYROWLQH WZR \HDU OWBNR\GOH FWR EHFRMSHWF WH
WHPSHUDWXUH DQG D ORQJ SHULRBERIULWH CFQRNDHDUYK BHAE %
RI ERWK VSHFLHY DW OHDVW WKHRWHK RFPH$ OKIIEY HQWQZ RWG
KDEOH VL]H FRKRUWYV WKDWGG WIAKRV\HEB 8 LIR-HOGH QW URYDHH \ H [
F\FOH ODVWLQJ RQO\ RQH \HDU ZLWK WEWMHUDSICG BIUIR 7
PDUB56(1 #2583
&RQW UDX WIRUD. DY DXORU LMHWVDWR EH OLPLWHG WR PRG
VWUHDPY DQG WKH XSSHWG HWDDF&HM7RI(ULYWY\NO L+H F\FO
XVXDOO\ WAR(AHDUVWQDORJLFDO KDELWDW SUWNIBDWHQLFM
WKH %RKHPLDQ )R& HMA IDLWIRSVUBHR/H@QMAFWHG L Q ODNHYV
VLQJOH L QOHW MAKKWMEHLWHG DOO ODNHV RXWQ@HKWYV D
GDWD VKRZ D FOHDU SUHIHUHQFHJIJRZDWKHHUMR ORNH VQ HR
ZKHUH WKH KDELWDW SUHIRUBG@MH KDY H7EHHQ7KW X B LIHUY
HYLGHQWO\ VRPH SODFHV ZKHUHWRDH WXH R ILQ KMK EHRW\DK
WDWV I RFFXUULQJ WRJHWH RO XDW2 MAKBH NDDJP PIRJHDP HEX Q
WKRWHXROLIJLQRNVW ZDV ZHOO DSSDUHQW QRW R QRO\W.@H W
JRU LQVWDQFH LQ WKH RXWOHW RIDVHWUHWRWR YBEH KI1BK
6LDODWYDH DQG R WsKOHPWHRHQA®DRDWHHGVWS BLQJ DQG
UHVSHFWLYHO\ +RZHYHU QHDSROAVQE WK LIFQRP EY W QW EZRQD
VSHFLHNY ( DQG D VWXG\ RI WKHLU VSDWLDO GLVWULE
%RWK VSHFLHY DUH FRQVLGHBGBKB D LS3HU AV RQWHWYWVOW L
/s56(1 HW DO 5$8.0$1% 6 OXVEBOWRDNJIJV WR WD[D RIWHQ IR
VHG ODNHY QHJDWLYHO\ DOLJQHGKDORMHYW KW HOJIJUDG
6LPLODBWCHW. DO FRQVLGHUHG WKLQ MBHIFEHKLR B AC
LQ WKH 7DWUD OWV $OWKRXJK RXRKOGREWDWRHDOWKH WMB G C
RQH FDQ VXSSRVH WKDW LW R PBPANXHM ARBQLOL @ X Bl OR KD
DOO DFLGL¢FDWLRQ HYHQWYV

'LVWULEXWLRQ DQG ELRORGLWIUDTXDWLF 1HXURSWHUD

&RQFHUQLQJ WKH DTXDWLF 1HXURSWHG{EAWKH RQIOR UH
IRX®GV\UD QULSEW\UD | X)\DFDUALB L X V LQ *URVVHU $UI
$FFRUGLQJ WR OLWHHWWIXOUHeGOWD + WKLV VSHFLH\
VHV D UHODWLYHO\ ZLGH HFRORJ LZFOD/MHWU Y QLIGIF AREGE IXQU D!
ODNHV DQG (VKSRQGV ,W LV TXLIMMCSRNODBRG XRHARYHWY
RXU DWWHQWLRQ VLQFH WKMWDP SQLWKH BWKRG\D B KUQLF
ODUYDH 7KH\ LQKDELW DQG |H6SR QDL OWH\GKZHD WDHLG VESU
IRUPHU XQGRXEWHGO\ FRORQLVHGI®WHGC BN G QY MK
ODF X YMQULIVH X V LQ YHUQpP B.QGEpbsUWR YR Q DM MWK H Q

DUH QR UHOLDEOH GDWD RQ WKH RFFXU UKQRH RY\W 6 U K



6LV\UBHFLHY PRVWO\ RFFXUV DW ORZHQVWHDMWH WREBIHWL
FRORQLVHG TXLWH,sdd&HSWLRQDODIKLV :PD\ QRW EH WUXH
KHPLDQ )RUHVW ZKHUH WKUHKLVEHFQWYWOXE H IDWEHIDH C

WHUP L&DWOW VV RFFXUV H J L Q @ @HLFR S3FREQG PH QW
62/'E1 (R1é E UHSRUWHG WKLV VSHFLHV HRR R MIXWH
%RURYi /IDGD DQG IXWKHU OR HIOL WR RWVOK WEK®GIV% B B HB HD
IXVFDWBULFLXV 7KH RFFXUUHRQFRI R TXBDMWLIEQ VP

1HXURSWRUDXV | X0 Y EFHRSKRIDA X V LQ WKH VWXGLHG O
KDELWDWYVY LV XQOLNHO\ DVDWKERZ$HFDOW XWXDBEU\ RR
UHODWLYHO\ DEXQGDQW GLVW U LEXORARQ=L QEW KRIX @ 8 KWK
VSHFLHV DW WKH ORFDOLW\ RI =iWREBWHLIDU ¥ R X& § WL V
URU RWKHU DTXDWLF 1HXURSWHUD WR ORZ S+ UHPDLQ\

&DGGLVALHV 7ULFKRSWHUD +3 &KYRMND

7KH ¢UVW PHQWLRQ RI FDGGLV O DRIPY IV H3 36kRK\H P QDIPQ & D |
yHUQpP /DNH FDQsEH IRXQBUH) GHWDLOHG GDWD gZHUH
YHUWRYR *URVVHU $UEHUVHHVHDNDQ Q& HOH ¥QP Q0D N+
9905 1$3E/(. 1H[W LPSRUWDQW UHGRHGR/ Z
WKH ODVW FHQWXU\ ZKHQ FDGGQVWLRY\ZRIRHH &]RIG & FOFOW! i
YHUWRYR /DND208UiaLOVY®@ HLIJKW ODNHV KDYH EHHQ LC
YHO\ RQO\ GXULQJ WKH SDVW WZR GHFDGHYV
,Q WRWDO  7ULFKRSWHUD VSHFLHR WDH\HWVNQRKEBVIUR R
LQKDELW WKH ODNHV DQG WKHKH RFOKWYVHDEE RXW CE
WDQH VERIFREQD IQLSDWMWLFXODUO\ UHPDUNDIEDHR JIBIRB W
SK\ 7KH VSHFLHV ZDV UHFHQWO\ UHMBWRS R G DLAQG* B RNV I
HDUOLHU UHFRUGY DUH NQRZQ D®WPR/ INDRPYHHU QP /D NNHO
%RKHPLDQ )RUHVW LQFOXGLQJ L GIGHW VHRQW MUKH FO@E
WKH RFFXWXYVXVHFR ID\BRWRASK\OD[ 1IQUE KH X\ HF K2dgH S X E C
&s2-.s HW DO

&DGGLVALHV RIWKH ODNHOLWWRUDO

,Q PRVW FDVHV DERXW VSHFLHV ZRDUMH |RX@& R.IQQ D PWXLU
VSHFLHVY LQ *URVVHU S$UEHUVHEB\DQBGE®MHFKHOYHHUUHRW
VSHFLHVY UHAHFWV ERWK GLIIHUKHHQEBENHQ DE GROWLW HFRQ G
SDLG WR VWXG\ RI LQGLYLGXDNMORONVSHY¥LHYHRXRZAHVDY ®
.OHLQHU $UEHUVHH PD\ UHVXOW | URNP KMK/HVRR P RU QOIW HI
WKHVH ODNHV DQG LQVXI¢FLHQWUHFHQW VDPSOLQJDFV
7KH PRVW IUHTXHQW DV ZHOM VW WPHRY KW DIEDX@HA.GYVD @ 6 |
$IJU\SQLDZYPNVULBFRUGHG 3KRPIDQBDOPB NP RWBS WIDO XV Uk
ELFXWRP DOO ODNHV ZLWK WKHUIVMHAHSMNQ®R @Y FRAH OWH B H
7TKHVH ZLGHVSUHDG DQG UDWKHU M XGUWNWRISH W SWH E HWVR
ZDWHUV DQG DOVR IURP EUDFNLVX &DEHMVD®W ViD®G& PR
JXUWKHU FRPPRQLYBWHELFYZKWRMKULDY WWEVHQW RQO\
YyHUWRYRHDMHNUDVO O\ LWV ODUYDH FD®RHPM IRRID\G L Q FORRG
JO\ DFLGL{HG/BRBWHN YD QO $5,1*(5. *53%) %8.0811 %5 6

2WKHU IUHTXHQ@WI @M FABI®HBWN RFQH P LIDP DRIGKS B X V DF
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ARZLQJZDWHUVDQG DOVR4OQGIBMUDGNLVK ZDWHKHSUHVHQW
VSHFLHV ZLWK S+ RSWLPXPs6(1 H\) PPBQERQUEKMDD/ALGH V
SUHDG DQG FRPPRQ VSHFLHV LQ UMLWRUDO JRQH QD ® P

hs¢(s HW DO 512 HW DO 53) HW DO W LV D YHU\ DFL(
%s$8.0811  Ys6 RIWHQ DEXQGDQW LQ DFLGLF1RbW1PHWDUC
+,1'5(: ,Q WKH %RKHPL® QF RROMBABXODWRRW RQO\ LQ V

UDO EXW LW LV LQGHHG W KGIOMRWAW DI QG TRMVGERIDFKIM L HC
WHPSRUDU\ SRROV PDUVKHWVseSR@GNODQG VWWHD/PKRPF
RI ZHWODQGV LQ WKH2%RKHPRDYRRIHHFRWGHG IURP VHY
& YLODMRXYIDGHVSUHDG DQG FRPPRQ VIBQIE LHR/X QQV D IX@®
ZLWK VWRQ\ VXEVWUDW#H/s2RQSWRDODQLF GWEDEXQGDQW
DQG ODNHV RI WKH %RKHP LD QH)\RIWANDVQ SN S1t F DWH Wb [
(I[DFW UHTXDROPQWDQRDUQVXI¢(FLHQWRONQRPQ R
FLHV D @® ®DY®RGHVQWDEEWXAMVDJIJQDQW RU VORZO\ AR.
PXGG\ VXE VW HMWVBO * 7KHVH VSHFLHY WRIO ISWREWE ¢
WLQMWNXYLYHG LQ 30H&Qp /DNH GXULQRQD:&S.H UL@REXRD V\
O\WWDFLGHYWFRPHPRQ LQ VWDQGLQJ DQG V iR HO DARIZR
ZRRG\ GHEULV URRWV DQG RQW XA\ TRY® \DIDY®R\ [ERW
*55) HW DO WV S+ RSWLPXPsds\s HWLQO6 FD QG L DI\
GHG LQ VWURQJO\ DFLGL¢HG YHUQpLDQG RHIPYWR S R LODDXNNH §
ULFH®W FROOHFWHG LQ OLW W RSWEHYMB B\ JOREZQHUL QU
/IDND /DNH *HQHUDOO\ WK LVWILSHF IDHYV/GFD@RE B \IRRQ GQLIQ
JHQW PDFURBS(\WNWDO s53) HW DO /LPQHSKLOXVLRKIDERW)
SRROV PDUVKHV SHDW ERJV D ®@GeQBWHNVODW KlsJKHU L
*5g) 2.8 LW LV FKDUDFWHULVWLHA QRW KW UR\QUO
512 HW DO W ZDV UHJXODUO\ FR® 6 HFMNHG LLQD KW
LQLQJ VSHFLHV OLVWHG IURP WKH %RKHPEDQLFRUMYO C

&DGGLVALHV RIODNHLQOHWV DQG RXWOHWYV

$OWRJIJHWKHU VSHFLHV ZHUH UHRRWG MG HURRPE B NHRL ¢
ULHV EHWZHHQ DQG LQ LQGLY LO3X DO QUMNFHDRD B/HF ORI}
DIIHFWHG E\ XQHTXDO DWWHQW I7ZRK® ®R Y RW G TWRI QWK F/\?
OHWV DQG R3IORXWORWYHPWRK FRW R S W \WER W K OLGDRADE L W L
ODNH V5 KDIRR S/ASLS DG R U \6D GIOWD UH RR/BDO L BV HSIDDAHIP REOVD
WKHVH VSHFLHY DUH ZLGHVM&UHDG W KW KDHU YA\WNXQER Z0U HLR
FDOO\ VWURQJO\ Fh&LF %W UHDBQRWKHU FRPBRQOFRSHF
SWHU\[ S¥RIVRKVDYV PLVVLQJ RQO\ LQ LQOMW \ @ IUXQMEQLD
*ss) HW DO 7KLV VSHFLHV LV FR@OL®/RUMSL DRGLF®
DFLGLF V\4e.blsDP V %% KRZHYHU LW RFFXUV DOVR LQ
DPV LQ WKH %RKHRVDY FRAKIDRIMRRISWHU\JR S BVW PORDDIF
ORSWHU\[ R@BHDEKLRQD BUALFAVRUVHTXHQW LQ ODNH
HV EHORQJ WR DFLG UHWsYWDIQWsP TXDWLF LQVHFWYV %
7KH KLJKHVW GLYHUVLW\ RI FDG GLOAWN\D Q GZROMUHFR E
7DEOH3KLORSRWDP X \6 DXIGAR\F RV GR JD P X V KXOQWF B WH @
IRXQG RQO\ LQ WKH /DND FDW FKPHLHING DAWKIH PIRG 1P Ul D VWHSG:
VLWLYH WZR ODWWHU DV D¥ MG MARGINU IGW SIHF @ DFH G\ U
GHESDWDQLD YPEWN\DWQQERQWRFHUXP BOHVARWQIHQ /DI
ALOVNp DQG *URVVHU $UEHUVHH 6 DUMRKBNGEMAW %896 H F R



$OWKRXJK WULFKRSWHUR O R HLFFLID L)@ UHIWWL HDWSHFQ D.Q
SDUW KDV JRW UDWKHU ORQJ KLMWMRD M\WQI ZKIREGILK/AY |
GRFXPHQW:kG FI HDUOLHU GDWD IURP LQGLQMGEX 2B UG
LQFRPSOHWH RU HYHQ PLVVLQJ W MWUIPVF& DIQFX\ORM WIRGHYIC
QRVHV LQ FRQQHFWLRQ ZLWK WKWS®IFNH VDFILEKLQ R B W LARX
YLGXDO UHVHDUFK SHULRGYV DHGHWRABVRHSY L Q A KHI® MG/ E )
ZHUH QRW H[WHQVLYH LQ WKH SB8W QUHBH\QHUWHRDLOY
WKH WXUG®KRQB®RHQWXU\ ZHUH REWDLQHG RQO\ IBRP *U
YyHUWRYR ODNHV ZKLOH GDW DAILLRAN p HAUDNH W H U RVAR WRK HD
I[UDIJPHQWERM.\ . UHSRUWHG  VSRIFZKNFKURB C
&\UQXV WULPBHXDKDNREB QHSKLOX VKON ALSRMQEHHQ UH
ODWHU 7KH IRUPHU VSHFLHVQIQL @JFR@E RQVD S E B QN A0
DFLG RQHVHW DO s53) HW DO LPDJLQHV RI WKIQ OD\
*URVVHU $UEHUVHH RQSKDVERGAMDSHFIDDOOOWHG RQ WKH [
*ss) HW DO DQG LWV ODUYDH FRWORD E H RRYQHUHWR\R-NE
SOLQJ

ORUH LQWHQVLYH LQYHVWLJDWLR@W \PRRUWRGLIQY WK
VDPSOLQJ RI LPDJLQHV DQG ODUWDH RD V UFICAKRISHGH B B W
ODVW GHFDGH DQG DOWRJHWKHURG V6HFHH D-ORHRURN HRONAQ
URSXV GOHPWURFQH P 2D LFIRQWUBLHBNBDY M/SKLLDOX VO R O DL F H
QRGHV WLOWI/AKLNG HVZ BUHUBRW IRXQG LQ W KHRNB®WEGE DV
0 D]XWKDYyHUQpP DQG YHUWRYR ODNHV GXSDQW 8 BXODALA
NDEOH KRZHYHU ZH FDQ RQO\ K\SRM K H®DWHL RQVWHKH W
(VK SUHGDWLRQ RQ OLWWRUDO SREXODW LRW V @WRRGXIF\
RI VDOPRQ&GWWEB 9 D $BXECRDYBBIQREMN JUHDWO\ UH
WR (VK SUHGDWLRQ DM7GRFXPHQWHG BLPLODU HIIHFW F
SRVHG LQ V2K N W D KB&RD VXUSULVLQJO\ GLG QRW UHI
WKRXJK WKH ODNHV KDG KXPLWLOBIUWN BUREQ ZDWHRAKLB
W\SLFDO KDEMWURRBRVRDLEOH FKDQJHV RI FDGGLVA\RWD[RF
WKH %RKHPLDQ )RUHVW ODNH VX UHRPL D BLIRIO;FRIVARIQLIP
VWUXFWXUH RI ODNHV

$TXDWLF EHHWOHY &ROHRSWHUD =+ - 6\FKUD
6SHFLHY ULFKQHVYV RI WD[RFHQRVHV

$OWRIHWKHU VSHFLHV RI DTXDW LFHIMH® Yy DRQAGD T XD RWLL
ULQLGDH +DOLSOLGDH 1RWWHUIABGH HH\GWRSKLGDED HHOK
WLGDH (OPLGDH &KU\WRPHOLGDHH PKIDYH)RHHYWRXDNH IV
6XFK D KLJK VSHFLHV ULFKQHVV LYRWRIRH kK RFP ®DWMHE/OIBIC
PRGHUDWH DGW4dWXGHDB dss<)s AW DO WKDQ WR ER
ODNHV LQ FHQWUDO (XURSH ZAXOBE®\ XORZHAOV S/KKRLZH V¥ R
.2:18&., HW DO 2+*52 %/(1&,21, ms((s HW DO 512 HW DO

2(s7/, HW DO 6LPLODU QXPEHUWFLHWAODU |IRK @& HRNH
VXUYH\ RI 7DWUD ODNHVYodo€poWskod DB S I €kl2g R Q HF P
SDUHG WR RXU ODNHV +RZHBHW LMROY PR WHK G®IFHFX UR RX
LQVHFWY RI VLPLODU PRXQWDL®M OERKWVLWRXKDWHG LU
O\ VFDUFH *HQHUDOO\ WD[D GHYDPWLIYWORFRUXBWYDWH
ZKLFK LV SUREDEO\ GXH WR O®REZH R IWAHHPPFS HRIEKWW H HE B Q
VXEVWUDWH DW Kldsi HHINVDODAV LW X GHH s o3te529ET5129,y29E

Y.$0325 28s</,sHW DO 2Q WKH RWKHU KDQG UL ® KL@HY |



VV KDV EHHQ GRFXPHQWHG DW ORWHYHDORSIDNFXVGRV ¢ ¥IO X
IRRG FRPSHWLWLRQ DQG SUHGDWRU{S HNMWV DOUYHI(RQ DT X
2=%  &7$/$1 7KLV LV QRW WKH FDVH RI WKH URKHPILG (
RFFXU GXULQJ WKH SDVW \HDUV

7KH PRVW DEXQGDQW WD[D RY DODXDWILWIEHHWRH @/DNR
IRU DOSLQH ODNHY DFURVV WKH I+ RODWEIFMWN HFULNVIWRE GY
Rl WKH $BHDEXNG URSRNXE VRPH SRWDPDO VSHFLHV RI +
TXHQWO\'HHRE@ HBMEHM. R RRIWX WV W R WD W\ Balyje IOHW D O
.2:1$&., HW DO ns((s HW DO 512 HW DO (57/, H® DO ,$03252¢E
H129,y29E Y, $0325 ORVW UHFRUGHG VSHFLHV @QWURWH BB
GRSKLORXV ZKLFK ZDV FRQVLVWHDMX\QRBLRMKVNX QB R® OGTXC
RI WKH %YRKHPLDQ )RUHVW ZLWK PQQG\EREWNG I3F YWAHDPV
62/ E1 &%+5sHW DO 6SHFLHV ZLWK 3D O DIHVDNJUFMELX
WLRQ VRPH RI WKHP +RODUFWLF SUHYDLOHG LQ WKH V

,PSDFW RI DFLGL¢(FDWLRQ

7KHUH LV YLUWXDOO\ QR LQIRD®DHWLRQ WERXMR PRV LW
EHHWOH WD[RFHQRVHV LQ WKH %BHKMFADDG K RU %W VOIDOL
9tos5s IRXQG RQO\ VSHFLHV LQ YHUQXD Y&
QDWDWRILV QDPH ZDV FRPPRQOY XWXBV NQIH@RI@\PH KR S X
RQWs.% HW DO +\GURSRUXV DB R QHEW HA%BDURS\R UXV C
WXV2QO\ YHU\ VFDUFH UHFRUGV RI CHTR®OQGL R EGIIHRM OM K/ H
WXU\ FRQFHUQHG WZR DG G LWWDEQRX®Y D \WHXBRILRGS R 8 K ¥
PHPQRQ&XVLQ OLWW $00 RWKHU GDWD R@® RURDILQY
I[URP WKH ¢UVW GHFDGH RI WKLV FHQW X RIWLFG OQFOMER
I[URP WKH VDPH ORFDOLWLHV 7DEOFK W DUIH \R 8 G\A DX
EHHWOHV RI WKH %RKHPLDQ )R U H\DW DODAN B M SADKN PEHHWI R L
JHWKHU  VSHFLHV KDYH EHHQ IRMGBG LQROXWKBYH O/
SUVW WLPH

&RQVHTXHQWO\ H[LVWLQJ GDW DN®RHE R W XPWRY MGH OL@'
(FDWLRQRIODNHV RQ WKLV LQVHWW\WDRWXE KLRIWKHRYG UDIS
DELOLW\ VXFK DV PDQ\ DTXDRVLFWIHMHML@H VZ D @ G UNU OH
VXLWDEOH IRU PRQLWRULQJ RX @R Y MWW BRKRDQWHV BW
LQGLFDWRUV RI DFLGL¢FDWLR®@ RULQHFHRWKKHUHIRPHDRQG
VHQVLWLYH DTXBWLF EJdHSWOH\$1277HW DO HVSHF
KLIKHU DOWLWXGHV DOWKRXJK PREZE UHY+RA DR B/B GSHF
6, HW DO ,Q UXQQLQJ ZDWH U V¥ LLHQWK D BIGWWM IG REAHORHO/R/
SDUWLFXODU VLWH DQ DSSBWOHW WHVBRQYIH; RDWIKQ
%$8.0811 2Q WKH FRQWUDU\ PDQ\ VSHPIOHVWRUHVFRUGI
DUH W\SLFDOO\ DFLGR8KRURXVP HPRROLXKWWW $Y WE XV
VWX $P DU ¢ ® LIVH O D G BIOIRSK R U X YQRF KIUSKHNVR F K URI$ W HY X V
DGGLWLRQ WKH DEXQGDQFH RI VIR® H BH®G G QWRHD \DH XZD V
S+ ZKLFK FDQ EH FDXVHG E\ VQKH¢ B E \BHUGI RS R RHER FDSOH V

&KDUDFWHULVWLFV RI ODNH OLWWRUDO DQG DTXDWLF

$TXDWLF EHHWOHY DUH PRVWIORVGRISW® & HIRLMW W R UKD UKk
GLYHUVLW\ DQG DEXQGDQFH DUH WK KIKEHLWWD WY RR PABIOH) IO
VHQFH DQG H[WHQW RI DTXDWLF BRRG Q WDBOH &/\ FRE DW DY
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YLQJ VXEVWUDWH DQG DYDLIOBHHGDWALRIQUE |/XKeHNWWD DIDL C
lie621 @' (5%(5* 12 6.,0,1,HW DO ,$03252¢E=129,y29E
HW DO ( O(1'2=3 &7s%/%1 7KH PRVW VSHFLHV ULFK WD[RF
VSHFLHV ZHUH IRXQG LQ WKH %RKEBO©REZ Q) )RWUWHRWD OD X K
GHYHORSPHQW RI ODUJHU P OHGQJIRSK\ VOHH EQIKEY $H ¥ 8 M IHHC
VSHFLHY RU DW OHDVW |iDORHEWDNMH SO D/CGBW FHHHE V
GLYHUVLW\ ZDV UHFRUGHG LQ 30$@GRHUDNH VSHIFLHY
FKHOVHH VSHFLHV ZKHUH PDFURBHKMHMWMKBDPHGV [RUHVGE
SHULPHWHU 2Q WKH RWKHU KDRJG HUW I HB8Q B QY31 VW R QR
ZLWKRXW OLWWRUDO YHJHW PW L\RSH BIUHHV UIDGADKSHAUH & X\IV R
LOQRUJDQLF VXEVWUDWHYV WK HUFD O WR)@DEMV.ODAH ]RQHR/UD
KDELWDWY 7KH EHHWOH WD[RFH®RKBOHW BHWKH/Y SRR DRI
WR WKH RWKHU ODNHYV HLWHKHXLARXY RAULOUKEHWHDQOP RS
LQAXHQFHRIWKHDEVHQFH RI O LWHURU VO PID@ E R DO WRHY
IHFWHG E\ WKH ZDWHU OHYHO AXFWKKDWQLBQRYHIQFEDQW/
LWV RXWOHW $ QHIJDWLYH LPSDF®LRIWRKH @ O\WQMH UMY E
DTXDWLF EHHWOHY ZDV UHSHDWRGOGL IFRQH Q WHXD INM V HIY

+bOb/b,1(1 $b0*pb571(s HW DO 53816 HE/ DO ,QGHHG WE
LPSDFW RI ZDWHU OHYHO UHJXODW® IVR@ i FXH@QGV EH \I D URP
LQsy @os5s LQ PRVW RI WKH ODNHV XQWLO ¢ QWKLQJ

$OVR WKH SUHVHQFH RI DTXRWDP FDWQV MVJDQ {W R VOO
EHHWOH WD[RFHQRVHYV HVSHF IVWDROWD A @ WHIH GFIRNPISR \ZHi !
VHV ,Q WKHVH ODNHV *URVVEHHWUEHUWIBLEQG LHKLDY
ERJV PDLQO\ W\USKRSKLOR XM & bl R S\ROHW ZROELEHE XRUXFEYD VH
(QRFKUXV RFKUREKRQXYXQFWVSHOEXWLRQ RI VRPH RI
ERUHR DOSLQH SDWWHUQ LQ (XURSH

6SHFLHVY ULFKQHVYV RI DTXDWLF EHHWOH IDPLOLHYV

6LQFH WKH sV EKHQ ) SHUIRUPHG WKHLU IDPRXV UH
ODUJH ARFNV RI ZKLUIOQ X VI \EXEMMWIHDWXY IURP WKH ZD\
YyHUQpP /DNH 30HXVWR Q L* URLHDRWADHHY FRR QMKJHH JBIg KWL Q O D
WR VHYHUDO KXQGUHG LQGL¥LGXDA¥RI PRUE VIS8 WHPE
ZH KDYH REVHUYHG WKHVH RYHWHRED WHRQY /IDN N H Wt
FDXJKW DQG H[DPLQHG V S HF L P HDYVE DK B OVEHVRR VK N
FLHV Rl WKLPDHIQZRV IRXQG RQO\ DW 5DFKHOVHH ZKHU
7KH IDPLO\ '\WLVFLGDH ZLWK OXGHG R DERICONSE VRE I/ HW K |
PRVW VSHFLHV ULFK JURXS RI WEKKHDARDW Ll B HEFM-HADOH DA
RI WKH %RKHPLDQ )RUHVW ODNHVODRRBXGURS RBXR SGDC
HXU\WRSLF VPDOO GLYLQJ EHHW COH OZ IDITRHO WAL FY KD E EW |
S5HSXE®d§& HAW DO 7KLV VSHFLHV RERED WLRIQUL @ ER
/IDND 3UidLOVNp YyHUWRYR ZKOODMFDREH D RRVK\H DV H
VHH yHUQpP 7KLV XQLYROW WFHW B FHALMVUKLEX WH\R\Q 31DV
IRU ODNHV DQG ODUJH ERGLHV RI DXQRUW W K D KX Y RZSD-
+2/0(1 'LYLQJ EHPMROHR/ORXYG LQ +\GDRMHW\SKXV JHP
ODMNHDEXV VWXODMNHB\ERXYV FUDDWXW EHORQJ WR WK
VSHFLHV RI WKH ODNHV
(LJKW VSHFLHV IURP WKH IDPLO\HMSHRLIXQO\L GO KV K H Uz
YHIJHWDWHG OLWWRUDO RI \DR/HH) OHDUS )W IF DK PADXHIDHX/ 5\
FRPPRQ VSHFLHV RI DOO W\SHV Rl ZDWHU DORP®ICHMV WIQTW



IRXQG LQ ODNHV &KLHA\ S DWBIMKHH RRUGI® HQ DR B RVIOHI
(XUR SHe(# %. s/ HW DO $QRWKHU+NXURW RSV A XASFH
LV DOVR TXLWH FRPPRQ IRXQG LQ ODNHYV

$ XQLTXH IDXQD RI VHPL DTXDMWGFSBHMWW ORI VW&EKH [ L\
URVWBRDWIXH ODNH OLWWRUDO <HW BWRHVWDFD IZD U KHHI
¢YHVSHFLHV RIBFLUWLGDH DQG 'RQI FRX Q0 H7 BEQNV R P'HHG
URXV DTXDW&FSERSSDKDRMH DOVR EHHQ IRXQDBNHY WK
RFFXUUHQFH RI DTXDWLF ODUXDHHRIGLIRQUDROLWRH V24E
SDUWV LV VXSSRVHG

SBHUPDQHQFH DQG GLVSHUVDO DELOLW\ RI DTXDWLF EHI

7KH RFFXUUHQFH RI DTXDWLF EHHMWMORD Q. @ HVHKHD% K B MR
SRLQW RI YLHZ RI SHUPDQHQHHH \DSHF IGHW SHYVQ O DHEWPD X
ODNH ZDWHU ERGLHV ZHUH GRFXIP}HQWMHKEU BYQ YOG DQIVIF
7TDEOH JOLJKWOHVYV RU VBDQPNEHQ@RQIIWIFS MHKLLHWV JRJH
SHUPDQHQW DQG DEXQGDQW RWERQUHQ WH H @ONBL BB RU
EHHWOHWXYS EXUURZLQJIRWMMESEHHOMLO®HYJ EHHWOH
$IDEXYS\WLVFEFRVILGD®URSRBIXOAELXYV BEKDWOWWKXYNV H[FRGHW
ZDWHU VFDYHRQBBDHHERPBERVWRPD RHIERFKRDXM ADYLS
URELXV IXQRESUXY (VSHFLDOO\ WKH ODNHNOR® VDRGDH
RUJDQLF PDWWHU VXEVWUDWHW P FIXERDWE OMKKDEE R/
FHQWO\ IRXQG LQ WKH %RKHPLDQ HRUIHWW \GDNNVRI7THYEKG
VHPLYROWLQHBJRE XAH FLEO$YV WX W DIV V I LGFDEOURSRU XV
PHPQRQRYWQLYROWLQH ZLWK RYHLIDEEWRWHMLSBA GRIRIL Q|
SRUXV SDOXWWUVEWIRE L XV $RDFIDSHIMD GXWFHVEWY REVHU Y H !
RI QRUWKHULQ", (X U RES kite (1 Jee21 +2/0(1 7KH RWKHU
PDQHQW LQKDELWDQW RI WKH ODRNWHMUVE S B WORHROUX Y @
PLOZKLFK SUHIHUVY ODNHY DQG ULYHUWHZHW R W IDRQG5 \ FERRC
WKH DERYH PHQWLRQHG VSHFG&HW QR UW KHUQ D\QGL ¥ MM
VRXWKHUQ SDUWYV RI WKH DUWRH WRSXWVFK AN USSWVH WHR) W R B
l/6621 +2/0(1 B3UIALOVNp /DNH DQG LWV R XWFROHDAND LW \W
WKH &]HFK 5#BSX HOW B 0%
TRIHWKHU ZLWK DTXDWLF EXJV HW®B/HIFRLADSO/OH GD W IDVTFEXET
ALHUYV DQGUDSLG FRORQLVHUV RI ¥WpUd R X VsWa-SHINWWR IDZD W
B1'.9,67 HW DO 5DSLG DQG DJLOH A IHHI¥ VURIQMXK/H \

VSS VRPH VSHFRLBV RS RBBXERYEE D Q MXYAL VF XV P BHILR DO
SKRWSS $IDFEDHQD Os¥\H VF H@V(1 H0(1 16621
+2/0(1 ,Q WKLV FDVH WKH ODDHMW B D/Q W H IRYH VWDHOVSR D
WKH RWKHU KDQG PRUH ALJKWOHMVIRMQYGDEHRWE\VASHSB|
JHQXR'WHWM\GWRSRUXYVY REWBXUWREURNEVMLRSRUXSJIDVVLP
EXV DIRQEBYDFDHQD JRREAXO X Wi6(1 o (1 le621
+2/0(1 7KHVH VSHFLHY DUH HYHG HZQW B \WHOR YV M/MD\E D W
HQYLURQPHQW FRQWUDU\ WR WKH H[FHOOHQW ALHUV P|
6RPH SUHGRPLQDQWO\ UKHRS¥ BODOVRVISHF 1OV KB Q Qe B\
257/, HW DO 7KLV'HVRQKH WBMPRWXHG ITURP yHUQp
ODNHV 7DEOH 7KLV UDUHXAUV RROWOVKEQYUQYHBHHRW Y
LQ VWUHDPYVY DQG ULYHUV D FsUsR HWWIKOH &]H F 6 SR BORKWQ \F
JXWWDWHAMUYV VPDOO UXQQLQJ ZDWHWKWLW Y6 MIHMUWYWRP
YR /DNH FRXOG EH FRQQHFWHGQFZAH WE L Q/&HIW M TOXHE W XRAF
ODNHYVY 7DEOHV
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$TXDWLF EHHWOHY RI ODNH LQOHWY DQG RXWOHWYV

,QIRUPDWLRQ RQ DTXDWLF EHHW@®HY LDRLROHWW DO G HR
DFTXLUHG ZLWKLQ WK MEHOWWKG M FDBEORI WK BSOWRJIJHWKH
IRXQG LQ WKHVH VWUHDPV XOQWSRIOFDA ZU ICRRSKR D WK HPI \
UDUHO\ A\LQJVSHFLHV ZKLFK |U R VXHIQGM® RIFFXWLLDQW RH
SXEOHBRQHFWH\E ODWYMWRSRUXYV THUBMXPIQRAMNR/G\W H V
VD QPDRIMDMIELXV ELIXWWW W RRMHKO/D GQDIPODWH QD JOREWX O®XROF
GHWDWQICPQLXYV SddUdMLVL $16(1 Jee21 +2/0(1 %.s1 HW
DO JURP WKHVH LQKDELWDQWNFRIUGWG HDIPWR L @ SW
WKRXJK WKHLU RFFXUUHQFH WIKHDGOG O IRRAEYLR& WOR BQO\
LQOHWY RU RXWOHWYV 6LPLODEOWDWS HHIHYV IRXIQEEL @ |
RI ODNH LQOHWY DQG RXWOHWYV

7KH PRVW I UHTXHQW VSHFLHV |IRX®WUR® HBR\WH VDD ERKW/ Y
PRUH IUHTXHQW SQDRX\WEMMMNMAY PRUH |1UHTXGWDRAS R Q XK/
IHUUXJLQOIXNHY RQG\ BOQ OAXQVOBMPBDNE XV JXWOWDNXW PR
IUHTXHQW LOQSRXPWOBDWBODIKHS/ PRUH IUHTXHQW LQ LQO

/JLNHZLVH LQ WKH ODNHV ZH GLG QRMWOHE MR DHANVGIRK
WKHU LQ LQOHWY RU RXWOHWYV BHNFOWXDHLERS KLKRXYG
ZDWHU EHHWOHY RQO\ WKH#XUBSDHAWMDE VWRWVYEWWRH V&I
VLVWBs®. W6 11% 20H VSHFLPHQ RI + EULY WHKG®IL OADWWIR
/IDND /DNH ZKLFK LV WKH OHDVW DFLGL¢{HG ODNHLQ WK

7KLV VXUYH\ RI DTXDWLF EHHWOHXDIWLW®W EH HWQ M VEDI R
WKH %RKHPLDQ )RUHVW ODNHV $GHWEKRWHKHUWW G [WHQG \
QLVWLF UHFRUGYV IXUWKHU UHQWODDWV KR W KWWK Z HOVID © Bl QB!
%RKHPLDQ )RUHVW LV QHFHVVDU\

&KLURQRPLGV 'LSWHUD &KLURQRRIFRGDH -+ BWRIWRX&tN

7DEOH VKRZV WKH FRPSOHWHFQLW® RX FIKQ U B QRPUICR W
WKDQ RQH FHQWXU\ IURP WKHD ONVWRLWIKEHDVHG @S
SUHVHQFH RI SXSDO H[XYLDH DQG DOGRKOWYLYWR¥M BRO:
(FDWLRQ WR WKH VSHFLHV OHYHOL GHOQWDLH:, VG YRR © X §L
JURXS UHVSHFWLYHO\ ZHUH FR)XQW H GHRMWMO WIDI[ RUXK H2 VW¥
ZHUH VXSSRVHG WR EHORQJ WR WZXHHU B HOPW X P/ESHUFH &
GHG LQ WKH OLVW
$IWHU KDUPRQLVDWLRQ RI WKH G PDWBHWOHRW J WXKH VOR. \L W
OLHV 7KH 2UWKRFODGLLQDH DUH HWKW IP[RVM QOXPHUR XV
PLQDH DQG 7DQ\SRGLQDH VL @DHARDWA BYRG MDKH V
OHDVW UHSUHVHQWHG ZLWK RQO\ IRXU DQG RQH VSHFL
7KH PDMRULW\ RI WKH FKLH RQRPOROLHGF WSIHEF LR PVWWDKE
+RZHYHU RQO\ VSHFLHV W DDE LZVHRW VI RIXBRGX VQ Y\M R M V,
VSHFLHV WD[D RFFXUUHG IURP WX DM HR QO N H \Z HAKHH FOORS
RI FKLURQRPLG VSHFLHV WD[D @B®W W HARWKGHR! W RR F
LQ WKH LQOHWYV RQO\

&KLURQRPLGV LQ WKH ODNHV

7KH PRVW [UHTXHQWO\ HQFRX (PDH QB & LB MKEH @ BSIE[® LD
FKRUBRV\QR QH X U D+ W RMVUHROWQDLW B R F G- Bl G/LHU/R UL IPWAKRDFZQ. L
FLGEZVHFWURFODGKXVREQ®SISWOMH QR SV HFW D [ GA®\YWISWHWX
EXFKRQLXV



7KH FKLURQRPLG IDXQD LQ WKH VWXE&VHEDPD NRH W IKH G
&KLURQRPLQDH Rl ZKLFK EHERQDQWBR WKR & KHURX
WULEH 7DQ\SRGLQDH DFFRXQW IRSHFDG \®DW\DK RZAQDG]
VLQDH FRPSULVH VSHFLHV $WVMOQHQLWIOHHFERBPS RVV.MPL
PLG IDXQD EHWZHHQ WKH %RKHPLD® \JRLHWW H BB UGIP\
JHQBUBFORELXR QFORM/Q\WIDUMK¥RPPRQ FKLURQRPLG W
LQ PRVW RI EREMDO OBNHY % 7BEHRFOBSEISPOW H[XYLDH F
WHG IURP DOO LQYHVWLJDWH® FRCCONRIGRAHDIBK R 16 VRXOW L ¢ H
VKRXOG VXSSRVH WKDW ODUYDR IRXQEH1© W KB QR WIE H
OLWWRUDO RIs§eHt-Qpe /Pt 3 EHORQJ WR WKH(¥DPH \
G+:$5= PHQWLRQHG W KH RFG D@ DX\Q/NIRS X WLV D*QILRN
VHU $UEHUVHH DQG .OHLQHU $UEH3VRAO WGP MWK HVST
OLNHO\ 7KK IOIDURIRPERY UHFRUGHG LQ YHUQpP /DNKH DV H
9053 6LQFH WKHQ WKH LPPDWXUH R R OHD CZ31 O NI
WZR RXWOHWYVY ,W LV UHDVRQDE O H HWRD\HV X B H \&AKQIW P
URQRPXV SVHMRXRMEKIXP RMKH RXWOHW RI /DRDHY OH YZHDY |
RFFXUUBRGEHRRIRIBRYVD® 5O FKKQ@YHH BY XQOLNHO\ EHI
VSHFLHY DOPRVW H[FOXVLYHO\ QG K,OELIMM WINRFPRAFOUH 9
HQYLURQPHOQWY- BWHDODI DB \WIEHORQJIV WR WKH PRVW V¢
LQ WKH UHFRUGHG FKLURQRPLGV73@ROIUW KM EVE R IQRIRIL
I[UHTXHQW UHSUHVHQWDWLYH RI WKH %RKHPLDQ )RUHV
'LWK UHVSHFW WR HFRORJLFDO i GXE QB P B®DRHFE \R U R/K
ODGDRBKDHQRSYUWIFWKDUDFWHULVWLF IR&MH%PEFDQG D

$/.(5s HW DO (D BR S B ARS I* D \[B &/IRX\FHAQDG 3HH D \E D U
WLHOOD M@FBEXMODU V X VSEXHA KR QA\X'W UR SKLF FRGQELW LR C
Dei(57<  025%$1 60 $PRQJ BMHRFWHURFODGL3XV ED

ELVHAIWROLIBKBDWRRSBHAHF WD D Q D/QIEUBAPRVO D QUL H XA\RQ VL
GHUHG DV FROG VWHQRW KHWPIUR W X WBVMRERNIPIRAUBHK MHK &1 O
QRSVHDBWGED JHVWMHIFDLHY DUH NQRZQ IURP GHHSHWRZH OO
H J2)ts11 08639,

7KH SUHYLRX¥a® WeX2\ % VKRZHG WKDW GLIIHUHQFHYV
SRVLWLRQ DPRQJ WKH %RKHPLDQ JRUHNIVQWIDNEHVGLD(HAB
GH DQG DONDOLQLW\ RI WKHVOIIRNHU QDRUWIRY U YW K 8 HGJ
FH RI JHRJUDSKLFDO JUDGLHQWK IFJRR{FO BHIVOWF VKRG H DIVHV
FDWFKPHQWY GLVWDQFHV EHRY® KKY RDIKH LORANXHD FB R®
ZHOO

&KLURQRPLGYVY RI LQOHWY DQG RXWOHWYV

'XH WR WKH LQWHQVLYH VDPBQGQUHDW R¥KR FREXMNHVHIEKH R
FKLURQRPLG IDXQD LV PRUH UHSURUY HRMDVNH LR MAK
IDXQD LV FRPSRVHG ODUJHO\ RI U$SR B ERQ\RMRIFHSDREEK |
ORSILID RW D RDSXYDH X G R G OUALHMILL B R W)RMN IXH/I | HHUHLGHHDGDLIH O O
.UH QR V P2LUMIKIRCF G D G D XYW L F IGRFHRFG L K RAVHRVSIRODS HG L O X F
7KH WD[RFHQRVHV FRQVLVW DHWXOBWUOD RY IVHR DH @ HX\8
ZDVKHG XS |URPUWR R & BHHFWU R& IOIDUR XRPSW R W HQGR S HV
FKLUR QIMMQ R S & B WHEDNLLDV D Q \ WRWW XWS3H/AHFAHWVURIFO D G L
VWU DUH ZLGHO\ GLVWULEXWHGVP® Y& DJKQDMOR Z CE/RIEU
YRLUV DQ&@DNHV 7KH ¢ QB\LIQBWRURFODGQXWVKEHL V& QKW F
VNp /DNH LV DQ HYLGHQFH WKDW WKH VSHFLHV FDQ GH"
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,Q DGGLWLRQ WKH VWUHDP V IXRW MUD VQXLPFE HRUJ R HWPLH W
PDGLFRORXVsK DsEIHWWD IV $\RSKDHQRF DD GH M@ BROMWKRFOI
GLX\®OHWULRRPQHMPQARSK\HV JXUUDFRDBVWRHUMSEDNQ RF OL
SVHXGLYMHMGRU WK R FO RGP X VWO DIRUP LV

3DVW VWXGLHV RI FKLURQRPLGV LH) Q\RWW E4RKMH RIDIDQ [PF
KHQVLYH DV WKH\ VKRXOG KDYH EHMW® RN UHVS\ROREQ\G U
LQ WHUPV RI GHQVLW\ UHOD\W LY K) DEKIQG\D @/FRH P DK URHLQOX
EODJHV ORUH UHFHQW VW XG L H VORIWWVKWHHY BID IO GW K M B bl
IRU WKH ¢UVW WLPH LQ WdéH &BbbEdeS HS XBQ@ELF %EXW WKL
QXPEHU LV IDU IURP FRPSOHWH O)X YW K H O LLNQH/GI\V WHL\I R
PRUH QHZ VSHFLHV WR WKH &]HFK IDXQD

+LVWRULFDO DQG SDODHROLPQRORJLFDO UHFRUGYV

&RPSDUHG WR PD\ALHYD HIWDHRQHALHY &KLV VWXG\ k
FKLURQRPLGY DUH WRR VFDQW)\ WRWWHRRIQIVFL G X & WDRKLDF
ODVW FHQWXU\ 7KH FKLURQRRILIEK GIRW D & HEIHR B R QWK I H U
GDWD’ SULRU WR WKH DFLGL,FDFOR®M R VCHIW R RWVK Bl YWOR
RXU GDWD VHW IURP WKH V HDSQUER F H WV HWHRN HEE\R @ RIDLF R K
WKH FKDQJHY FRQQHFWHG ZLWK B BLGERLY;FOLVDLIR® C)XQOLEXG
RQ RQ WKH FKLURQRPLG FRPSRRQWI[RRE® @ XL Q Q VKK 2K |
VXEIRVVLO UHPDLQV IURP OD W) RE B LIPAFDONYW XIGULHM R D
URQRPLGYV WR WUDFH WKH HQ Y\LKHR QMR W DIDQF }ROUHD/FW €
7ZR Rl WKHP ZHUH DLPHG SULPDULOM WR L&GRE ¥ PMWQ W QDIQL
VWXGLHV VKRZHG LQ JHQHUDO DLRRQRILWW H QDD I$iH FRKX U |
LQ WKH ODVW FHQW XU\

%784E. .8%29VE. DQDO\WHG FKLURQRPLG UHPDBL®WQWR
FRUHV WDNHQ IURP yHUQpP DQG 3UMKRXZHNG WHBEWVWIQH D
SURFHVV ZDV FRQQHFWHG ZLWK DQGHFIOLR MW K® GXEDB S
FHUWDL QFWRYH QIGALISRIW H Q G L SHMR 3B G\H®IGIDAYORV D Q \W D U
=DYUHOLWKH PRVW UHFHQW VHGDNHQWRWDEHHQ |RKKHMGH L
VDPSOHV IURP WKH ODNHV W LVLQABYRGHEROMRPR RWX
FRQQHFWHG ZLWK ORZ S+ H J KLEWLFRQ$E @WGHWIL B BN

HW DO (s6(/¢ HW DO E EHFDXVH VRPH RI WHKWHV A RQI5[IDV
RQW FURW H QIGASRHW HIDG IDSHWL HEO+-@/D  (5,.6621 &r1(/1
D 11$66(1 ,Q JHQHUDO FKLURQRPLGWGDGLEGRW. IHWQ R

LQYHVWLIJDWHG ODNHV LQ VXK DWEHWDP D QY 58 DB RISO\( E
D WKLV VWXG\ &KLURQRPLG LOD WXBIHV HAGKLHP\H@IWY H Kb
SURFHVVHV RQ WKH ZDWHU VHGRPW QW WO WHWI B IFHD FZDQA
LH ORZ S+ $0 WR[LFLW\ ,W DONR[RFHE@R VKDV WK H
UHVSRQG UDWKHU WR WKH FKDQJWXSLS®D T WIKQWQ LWR DK
LRORJLFDO HIIHFW RI ORZ S+ ,QEXIHEWKHW FRRROGEISH
DYDLODELOLW)\ RI SKRVSKR UM LKL W B W LARIDN &b COMAAX BVORD
RU ZLWK FKDQJHV LQ ¢VKDQGs2QiYHUWHEUDWH DV V't
5,/b,1(1
7KH DQDO\VLV RI WKH VHGLPHQW UHFRRWE IURPs1OHLQE
UHYHDOHG WD[RQRPLF ULFK GXLUWRQA®R3 DWHBEO
FRPSRVLWLRQ ZLWK SUH ¥BQHQRIV R L DBREFG-MAIAREDY G L >
LQGLFDWLYH IRU ROLJRWURSKLFHDRRV WOQRR BRK®HFVKRC
PLGV ZDV REVHUYHG DW WKH @G RIHDKH VO XNGRWG CB Iq



GLVDSSHDUDQFH RI 7DQ\W B ¥ VUQ QIRFBOLE® R@ ULH DAVKIH L\
ZHOO FRUUHVSRQGHG ZLWK DQ DRIGLRFWW HROM MP WRI\E Q
WLRQV ,Q DGGLWLRQ WR DFLG L GRDVQICR.E DWKHEVRVE KRIUVK
FKDQJHV LQ WKH ODVW a \HDUV SDUMHYH®DUO\ AXFW
8QLTXH SDODHROLPQRORJLFDOWMKHFRUBVORQH DNGLPH
30HEQp /DNH FRYHULQJ D SHERGBIWRIDO ND FDOQ WWRLV Z
FHQH VHGLPHQW SUR¢OH WD[D DHHUM REWEW ODNGH R® W
FROG VWHQRWKH U POLLFF WRD$ U HFRAPW REIMIHEXEDRIELMD P MAB H) L Y
'LDPHVSHWHURWULYV VR F O\D\GEXMVD F QWIS KDENWARU RW U LV V
GLXV PDWRSGEERYPGQR QH X UDWABXWEHHFOPWDGRPLQDQW DW
WKH +RORFHQH DFFRP S DQLAHLR BAHYDBEAKSHHOAQRYIDIN DA/ I H U L |
'LFURWHQ GBEHFRW,RSWKH PLGGOH RI WKH +RORFHQH FK
PDWH FRQGLWLRQV+ WPKHJ BIRPINED QB \RW CBOD IOV U H G X F |
WKH FKLURQRPLG WD[RFHQRVHV E BFD®SHERIFHE® ISWHHEF W
/LPQRSEDH\D O L P QRGIXGHRW D @ EVD D B Y X8 W H.FOW U RF\OLBORLSWH U
W\SH 7KH UHODWLYHO\ VWDEGHIBRYB BRY H QWH B KILXERAC
LQ + $' ZKHQ PRVW RI WXKHGDIRGVRWB FELYRQRTF
FRPSRVHG =MD YRGIOWLSP \ BEREF O VG LXOWWHU QDWHID @FPFRE S
VXVS 7KLV HYHQW LV LQ DJUKH PEQWOH WK B EH O ER.
Rl ORZ R[\JHQ FRQFHQWUDWLRQV DW UNKH &/BINHLE R W\R R
“$85" s, [277(5 +RZHYHU WKHVH VHGLPHQWQOD\H
HSLVRGH RI YHU\ ORZ FKLURQRP L GRVBX.@GHEKLAHRQ RZKLLG K
UHOLDEOH
7KH VXE VDPSOLQJ E\ FP OD\WD LADH/GWRFD O RIMM RR D
HIITHFW RQ FKLURQRPLG WD[RFHRBMH\ODOHY W U W KFHRO HR\
GLQJ WR WKH SHULRG IURPFHIQIVEMI LR LQJ RBK M NV K H
ZDV FROOHFWHG FDQ EH XVHG IIRW MRWW QUHFW QY\H LHGAL
$' ZDV YHU\ VSHFLHV SRRU 2Q OL\W IYH\WZHDH. (R XIG\ D
UHG WR WKH SUHYLRXV WZR DIOMAKY WD[OPRAFRX HUWGH U
SUHVHQW LQ WKH IRUHJRIDYU B OLPNEDRMHGS HDMNHIGHH U Y
OLFURWHQGLSWM\VSEBGE RS X W F \WW\BRHD D GIRSMI/Q \ W DW VXY P
/JLPQRSK\SAVHFWURFOD G LW VSBUWLLFORR/S RVSHXU/XW QSVEHUUD/NHLRHV X
IHULHOOD E\D\&H RSKLFODU LV VR F® DSH. XIVQRD WKIHG KK/L U R Q R
IRUPHG RIURFO\D/GEXNURQRPXV DWWSEDDERWOWQ\WD UV X\
W\SHDQ\WDUVXV SWOSH.&REBURQNX UD\BHFWRBNLGHULQ.
GRSKLOLF RU DFLGRWROH U D (NHNARWDARY U NBQ\RFE RMOUTREFLOKDKC
&ODGRWD @D YGIRMWR) R S \&dFMHMD D O WKH VSHFLHV L
WKH VHFRQG KDOI RI WKH ODVW FHQWXU\ POUHBH/ D UHV

2WKHU IDPLOLHV RI ALHV 'LSWHUD *7 6ROGIQ - %RMN
6SHFLHVY ULFKQHVYV RI 'LSWHUD WD[RFHQRVHYV

7KH 'LSWHUD WD[RFHQRVHV H[F QX DQRRE&KVLLUGRHQRDFELGB DKH
JURXS WKH VWXG\ Rl ZKLFK VHHP WW®Q EHVRKRRMWK BUIR B &
ULQJ LQ WKH %RKHPLDQ )RUHY ML DIDN HFD X VKN UM HIQUGH. @V
XQGHUHVWLPDWLRQ LQ HYDOXDMVLRE FRHVWDXH WEB HALK @
ALHV EHFDXVHDQLQVXI¢FLHQW NQRZ CRHGD H5 R IRCS B W YEDHWC
RI ODUYDH RQO\ VSHFLHV QLY L QD WXMHW&JH FLKS BHHSH)OE
GHVFULEHG LQ WKH-0BIUY BXOs¥WDJH RRQ VBKH RQH KDQG



VSHFLDOLVHG FROOHFWLQJ WHFBR®QNVTOHWX D W LVFRRHH DWRIX
RQ WKH RWKHU KDQG $0WKRX WKRZGIHGMMSUR X Q HE BO\T MWD |
DV SRVVLEOH ZH GLG QRW DYRLG IOFH V@G Gl M R PIID AR OW |
FDXVH QR DWWHQWLRQ KDV EHMIY IGHY\R WHRGSW R FER @ OGH
ODUYDH

2l WKH IDPLOLHV H[FOXGLQJ &KULSHRRLRIF/LBDWK @IXWY
WLQJ SXUHO\ DTXDWLF RU V:HRLIBTHDWEF HQ BLW R QYDHQR!
IDPLOLHV DERXW DQG WD[D HWGH®HUPMQ W& H WHWG
DQG DW WKH KLJKHU OHYHOV KD YHV BEHOIDNIFRX Q7D E Q HW |
VSHFLHV WD[D ZHUH IRXQG LR 0@ NMHWH D@ G Q O SH/F R W ¢
IDPLOLHY FHUWDLQO\ ZHUH REVHWKXH G DQ HWK H{ LIP D'RQLL
RU 6FLRP\]JLGDH EXW WKHVH WD[D ZHUH QRW GHWHFWH

7D[D ULFKQHVV RI 'LSWHUD IDPLOLHYV

7KH IDPLO\ /LPRQLLGDH Rl LF RQDWKIA BHNFXUFHB XE
SUHVHQWHG LQ DOO IDPLO.LHY MUlsE DV HBKRZ HOGE WK I \K3
WD[D ULFKQHVV  WD[D D OWHKRDIK IV IGR FRRXGWRR Q B WS H
/IDNH DQG 5DFKHOVHH ZDV GHNWE U®BHYHG HVRWH KB \VWSRMHIF L
VS IURP 5DFKHOVHH DOO WD[D KOMW E RK®\IRMDOQUY DY K
(ORHRIZKUODPRVW I[UHTXHQW 7DEOH
7KH IDPLO\ 3HGLFLLGDH ZLWKLQ \MRHH&] DK SIHTSXXEVD L
UHSUHVHQWHG RQO\ E\ WZR UDRBEDLAFHDON FIHHOHBDQ Q R\
WHUPLQHG GXH WR LQVXI¢FLHQWMXQRDGMWGEIHR | DHDAR/@X
I[UHTXHQW WD[D ZLWKLQ WKkt20DNH%DRQ&R E\ DEMNQGHWH
QRW FROOHFWHG LQ WKH ODNHV EXW LQKDELWHG QHDU
SHSUHVHQWDWLYHV RI WKH IDPL®I\SXIESXNFLGDRI ZLWXH
DTXDWLF ZHUH UHVWULFWHG VROMHE\QRRVVWKEK Q®D® W Q
7LSXEIDYWVKKHOQONHDEHHQ FROOHFWHG XVXDO @28Me® VLQ
GHWHUPSREPR GRW REVFX U L YDRQ 3 XUQD VDD QG B WD

6DYWVKHENHBWKPPOHFWHG GRZQVWUHDP PW LW KW KGIL
RXWOHW RI /DND /DNH

/DUYDH RI WKH IDPLO\ 6LPXOLLGMHHE BIOQ@ F RD®HHFFIVHINVGD
QHDUO\ DOO %RKHPLDQ )RUHVW O D:NHG HDAQHAU P Q QCHABO VR2E
6LPXOGXPXODXNB\UHD @GHF.PXORNPDWRPVHYHUDO ODNHV
/IDUYDH RI DQ XQLGHQWL ¢HERWS IR KOBHWHR F REEHFHWYMNE PR\
RI yHUQpP DQG YyHUWRYR ODNHV DQ@G24 Q OHVD\D ® X\ OW MH R
Rl 5DFKHOWs4dt X-QSXEO

7KH ODWBYRIUH)REBMKPH FROOHFWHG RQO\ LQFLGHQWDOQ\
WKH ODNHV QHDU WKH PRXWK RI L QW HWWWH RWUD UQY D\HK B UBH
DEXQGDQW EXW QHYHU HXGRPLQDEWFK ¢ RQDHIHW DEDW
LQ RXWOHWYV (RU LQVMRBQBKOBI PBQRSVLP X/SLXWPR UHDFK
DQG RI DOO FROOHFWHG L@ GUKH ®XVA\H W RY S H FAL DWHN
JDWLRQV DUH GXH WR IHHGLQJ VWWDMOHNU BW WKW BULKPEK\C
HQW DPRXQW RI GULIWLQJ \KH\QRR G Q BRRPL W IRHE YOLLR\KH/ 7 & L
ODNHV EXW YHU\ SURQRXQFHG L QU ¥UORLQIV NDU MDINJF L QO
FWLRQ RI RXWOHW EH®R D WK b HGMNHA QDA YWDHIDRK GHQV
EH URXJKO\ HYWLPDWHG ®Y WR\!SODFIHQBIPNKH ERWWRI
ZLWK ODUYDH S$EXQGDQFH Rl 2QVWDH LMD HIQEO O BHF¥ D H
LQGLYLGXDOO\ DW GLVWDQFH RI BVEKRIXR/X W OFH W RW KEHLIL @
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FDQ EH REVHUYHG YHU\ UDUBQJUS$\WDWHKR G\ODWKN RDBE
LQIHFWHG ZLWK PLFURVSRULGLDHDEWKQW K4S LVQRH FW L R ¢
:(.6(5 *U%.y SHUV FRPP ZKLOH LQIHFWHG WHEBFWRH
LQIHFWLRQ LQFLGHQFH DHU\UGBARABOHFOH®RILQ S5DFKHC
/IDND 30H&Qp DQG 3UidLOVNp6RUNIDIWWIBFR EB 6 IOHDW HHD U.
$UEHUVHH YyHUQp DQG /DND ODRHVQGHEWLRW ¥KPL FOUF
QR YLVLEOH SDQVSRWURESBUWVFIRPRKH EXW ORZ LQ

GHHG PD\ LQGLFDWH D FHUWDLQ IWPRRALRMHPR QMSERZRGS X
PHQW

7KH RQO\ WKUHH UHSUHVHQWDWLGEM ROP®RV TXS WRLHW
&]HFK 5HSXEOLF DTXDWLF SUREDEG\UGRWARRN WK S UIDWPH (
VWXGLHG ODNHV /DUYDH RI W K HVRRKI HWHRSAKIEWIKPD \® D \&/ X
FLQDH KDYH EHHQ FROOHFWHGOHW DNO5 /\WKH LE}HOH\G HRV
/IDUYDH Rl DW OHDVW WE®RSKHIXHEWD R L &/\K$HQRBQKNO L Q D H
WHG LQ LQOHW DUHD RI *URVMH W HH EAKUHX HRHF BXQUBU HOGH Y @
LQOHWV SHUKDSV LQFLGHQWD OMH GEXIW. ®@RQ &DHGRXR I N
QHDU WKH ODNH VKRUH VRPHW L PWHNYUYHUKHBAPDHOUH FFR 6 @
LQ VSULQJ 7KH VHFRQG VHFRQHIGB JH®HUBWVRIQDIE\O Q R §
PRVTXLWRHV RI DW OHDVW VHYHD®KBVV\SRRLHDW FGFREFOUP B
PHURXV DWWDFNV E\ IHPDOH LPD YHWNWVHG X D WV F R RO HE
DSSDUHQWO\ GXH WR LQVXI¢FLHQWD@WHVWLIDWLRQ RI
7KH IDPLO\ 'L[LGDH DOO VBBRHMHY D\TWRR UH QW D HZS.L
PLDQ )RUHVW ODNHYV 'L2H®® B VIHKIKOHE EBIH RIIRX QG LQ 30
VHYHUDO VSHFLPHQV RQO\ 7 HHROBEEXW K H @ RV Q I UWHTL
FLHV LV GLVWULEXWHG KHUMUSDIREHD HFR R RLQ B DR ULDMD\
G\WWURSKLF DQG HXWURSKL/MBNWH R WEH HH@XSLFDO |
ELWDQWY RI UXQQLQJ ZDWHUNKBQG HMK H® U 2 & PEQXINUEHID F
VHHPV WR EH UDWKHU LQFLGHQW D@ WsKIHF QW BW \O R U YR
7DEOH

7KH IDPLO\ & HUDWRSRJRQLGDHLFZLWKRIQ W KB HAHHK B
RFFXUV LQ ERWK WKH ODNHW KMQ&] H BIO BW \Z IRG & ®HWHH
7DEOH 7KH RQO\ UHSUHVHQW DM E YGSHS HIAFHKRBIRERD L
PLO\ )RUFLSRP\LLQDH RFFXWUHG VROHEAULRI L\QBOHHFW N V 6
DWRSRJRQLGDH OLYLQJ LQ WKH VWHKG LEH GX QG N H M WM IHFPT
UHPDLQLQJ GLSWHUDQ IDPLOLHYQ GORUWR/ SRBHWVHFW G |
UBtH]]RBWLOOREM KM VXEIDPLO\ &HUDWRSRJRRKQDHL K
$OSLQH ODNHY FKie %, W5((s HW DO

21 WKH IDPLO\ &KDRERULG D HDROW@O\ ZKHDIRIEHRYU X V XFOBVLFR
IRXQG LQ /DND /DNH KDV EHHQ GHWBWKRXHE& DW O/HBI\
VSHFLHV ZDV PRVW SUREDEQAKDRERLUQG DY WHKSHBDNE W
IDPLOLHYV OLYLQJ VROHO\ LQ ODNHV QRW LRWQ GHSUHYE
ZHUH QRW IRXQG LQ 5DFKHOVHH JDEQBVNp, ® QENDOMAEN
ZHUH PRVW DEXQGDQW DQG L QKDERYWHLUG S D MHKY VR E® IHV
WDWLRQ EXW WKH\ ZHUH UDUH RO®LBVENVRIQMO DRV SODEW \
JURZQ ZLWK YHJHWDWLRQ 7KH ODREYD HXIQH & HFFLVSIOYDLQ
KLGGHQ GXULQJ GD\OLJKW DQG DF@LLMEs.4Q WKH,@D:WH U
KOHVV ODNHV LQ JHQHUDO SKDQW®PWRGYH\DD ¥RORSUR
WRQ VL]H DQG VMsUXRMIXUH FKRZHYHU WKLV LV QRW W
WKH ODNHV H[FHSW IRU /DND /DNH LQ WKLV VWXG\



7KH IDPLO\ %OHSKDULFHULGDMV DEOOUHWSHHQFLHE BT DD\
IJLSRQHIMSUDD KLY ¢QGLQJVHHPV WR EH U DWHK\HIHLFQ PLOG W OI\G
DW SODFHV LQ VWUHDPOLQH H[SIRUWVWIEHWR WKV BRQO HFKW H
/IDND DQG 3UiZLOVNp ODNHV RQ OW DAWBR/K B IOREIK DAOKDHH @ R [
GHWRI WKH IDPLO\ 3V\FKRGLGDH ZLWKLQV®HIFLE&NM DR XoHi\s
IRXQG LQ /DND /DNH RXWOHW U&BQW UD DU YWRH VRK H/ BeFOHH S|
ELW VWDQGLQshZ:DWHUV PRRPHEWHG ODUYDH RIDWKH VD
WKH JPhOIXGHQPEHOXEIDPLO\ 3VI\FKRGLQDH WPULG@ HR X MAODLF
RI /DND /DNH DW WKH GLVWDQFH + NP IURP WKH OD

$ VLQJOH UHSUHVHQWDWLYH RDPLON GRIFLGREW.Q G D/H L
&]HFK 5HSXEOLF RQO\ D VLQJOH2R4a1¢ \W@SHfsLHV KDV W
EHHQ IRXQG SRVVLEO\ LQFLGHQW XGIOR Q@Q\ W IQHR RX \I D X BV
VHQWDWLYH R'ILWHYIXIDP. DEMGYYE D F K DQG WKH PDW
H[DPLQHG IURP WKLV SRLQW RI YLHZ

21 WKH RUWKRUKDSKRXV IDPLOLHVK WHSIXPGLELGRH Z
FLHY DTXDWLF DUH UHVWULFW KB ERRWHAZO © MARV LIQ @ F WH/C
ZH RIWHQ REVHUYHG QXPHURXV VZDWPALIYU RWRR UPD 1 0Q
SLGLGDH DERYH RSHQ ZDWHU L QD& LLWOD DA MEW GO DONF
ODUYDH /DUYDH DUH UDW K HIH DR R LIDRTQ\DLVGLHRU TEEXOH VGKAH),
SRWKHU 'LSWHUD” LQ LQOHWYV &KUB8 R:AMGMPDQ@EH EHH
OLFHADEOH

$ VLQJOH (QGLOBERIVH® UYDPRIO\ 5KDIJLRQLGDH ZLWKLC

Rl VSHFLHV DTXDWLF LQ WKbkk LQO NN HP V3 Wik LEH N X |
GHQWDO RU LQ IDFW UHSUHVHGEWHWJ/DEFBH RWWKUWW]
VLGHUHG WHUUHVWULDO DQG W K H GDPTOD W VR REDNOL® F

E 7KH RQO\ 3WUXH" DTXDWLF &KQXWR ZLWXY® 2RKY S H
ZLWKLQ WKH &]HFK-58XEOEFafl B +353 7KHUH DUH
GDWD RQ WKHLU GLVWULEXWLRQ LQ WKH %RKHPLDQ )R

$ VLQJOH VSHFLPHQ [|XO (BLGPHNMHQRBSWEHWLBYGDRI DO (
DTXDWLF ZDV FROOHFWHG LQ RXW @@ WLRW VKRRKHGVEHH F
LQFLGHQWDO ODUYDH RI WKHVY BSMALHXGHWXB®IOQ JOWU M
WKHUH $ ZHOO NQRZQ YXOQHYWEBULYSEENAVXRI WKLY
UHPDUNDEOH FURZGLQJ VSHFLDROORDWERQ LQ LW UHS!I

63,7=(5 KDV QRW \HW EHHQ IRXRZHY® W KH DILNH R X\ O
DW WKH EULGJH DFURVV WKHHQKEZY W K MWKHYEHRE 1RWVR
RI yHUQpP /DNH (,42Q. SHWBBY FRPP DQG WKHLU SUHVHQFF
HPV WR EH OLNHO\

7KH IDPLO\ 7DEDQLGDH ZLWKLUQ WISH RIHVFKDTKXSXNETFL A"
E\ DW OHDVW VSHFLHV LQ WAER P4REHIELLDWS YR -DIGEND O D N
W R SRIVBI X Y LDOCELO/M $ IRXUWK VSHFLKN JEQKYABMF
VXEIDPLO\ &KU\VRSVLQDH ZDV REDRANYE G AROIOMHFM R DY
RI .OHLQHU $UEHUVHH +RUVHALHNVQ@ED N H\H\PRYMWFONH G F
.OHLQHU $UEHUVHH ODUYDH RBWY RKYHIH BNH @ HRX GE
DOWLWXGH ZH FDQ VXSSRVH WK DQ/AB MKW LRIQ RFHF XX \U W MIQF |
WH /DUYDH RI 7DEDQLGDH SUHIHUZVW®RKNP PWX\GHG B/ D MH T
WKHVH WZR *HUPDQ ODNHV (OV HHQMM\ GHFHKO RS EIGARDQ
/IDNH

7KH IDPLO\ 6\USKLGDH ZLWKLG@®IWKH SHHFEK \5 HDI ¥KDWLLEF
H[KLELW DQ LQFLGHQWDO RFFXUUHQFHHQHZBOO\ ¥FXD



%RKHPLDQ )RUHVW HVSHFLD®YHDWORLIKBIK BIOQGMRHUR
TXLUH UDWKHU HXWURSKLHG KDBLWDWAM ROKKHDEQWD @
LQ WKH RXWOHW RI 5DFKHOVHH DW DL@IQM@D QHS BHDE®
HIFHSWLRQDO ¢QGLQJ 7KH RXWIOHMGLWHSVR B/IREX@\LWN LI K D
ODNH VKRUH VWRQ\ ERWWRP LV ULFK RYHUJURZQ E\ EU
2] WKH SXSLSDURXV 'LSWHUD R Q ON KWK 8] HFKL BN DXEF L
VSHFLHV DTXDWLF KDV EHHQ G\M VOHRWN G $.000 W KHG RARR
YyHUWRYR /DNH LQOHWYV RI /D/NP QRS KBKBIHREDEDON GWE
ULSDNQRZQ IURP RWKHU ORFDOLWLHYV LQ WKH %RKHPLD

,PSDFW RI DFLGL¢{(FDWLRQ

&RQWUDU\ WR VRPH &KLURQRP LGBHL\D BR®R WR ONHQURZAXF H
SWHUD IDPLOLHV /LWHUDWXUH RXDIWDDLJWHHODHILIH DK IRUPHK
FWLYH OL¥WoW H J&85 HW DO ./s1+ *‘./s1 98,0811
7KH PDMRULW\ RI WD[D HQ X PRIQ\DLVEHE H® DLV W ROQ
LQGLIIHUHQW +RZHYHU 'LSWHUDSHFULHWDUBME0OHYVROXK
IRUPDWLRQ RQ DFLGRWROHUDQFN QR ZOJT X)RW LIFQ'L WW & BB
VHQWDWLYHV RI WKH IDPLO\ 6LFOHULE@GEHHEDWBEGERQVLGH
+25(6.6 HW DO 25(8.¢ + :LHGHPDWS®ELD (PSLGL'GPWD QRMSBD
3HGLFLLGDH FDQ HYHQ WX®¥HWHBG RI 3HGLYBS RI WK
IDPLO\ 3HGLFLLGDH DOVR DU HeFR QWL @HOUHG . DHLE WROF
129,929 DV ZHOO DV VRPH UHSUH&HQWMDRIRIRQ RG DWH
o292 29 2Q WKH RWKHU KD Q@GS X®RPIX UB5G E HWNDRBED U J |
QDWWKHULFLGDH FDQ EH FRQVWL®@HUMWGDIDFLG VHQVLWL
8QIRUWXQDWHO\ ZH KDYH QR PR URRYBWK B UHIPVKFLG ROF
GLSWHUDQ WD[D RWKHU WKD®W L&KDWR ® R AFIK®MH HR UR W KH
GDWD RQ WKHLU RFFXUUHQFH EBDV VE KBHHE DGR X LUAB QG R Q
WKH 6LPXO L L&LIPEK OR W PO B CLOQWRIOWXIPW RI1 3UidLOVNp /DNI
RG RI KHDY\ DFLGL,FDWLRQ EHHADRAWAH PDVW B A RDHWHHRE
DQG 2/#1 X®SXEO

%LRIJHRJUDSKLF FRPSRVLWLRQ RI DTXDWLF LQVHFW 1D X
6SHFLHY GLVWULEXWLRQ DQG FKRURORJ\

7KH JHRJUDSKLFDO DUHD VL]HV RGHQUDETLGRDO[WBEB ML
XQGHUO\LQJ WKLV YDULDWLRQ UHP® LLQ BGRRE D \DX@XGRHEHV
FDO DQG HYROXWLRQDU\ SURFHVEHW HIX K U PHF W R H \X WX
VSHFL¢F WUDLWV RI RUJDQLVPV WP DOVR GH\WHUPW&R
SHUPLWWLQJ ZLGHU UHVRXUFH XYKHWH¥RPSH WU R/R YSHU B
DXWKRUV VXJIJHVWHG D NH\ UROH RI SKAéLRRWRIO LQ GHV

7KH IDXQD Rl WKH %RKHPLDQ )RUH VG\L QW N HEXWHERWPS 4
+RODUFWLF DQG 3DODHDUFWLF SUHYDLO DIDBENRUH W KZHKUY
OHVW DUHDV DUH H[KLELW H GZK\L FKV IWQ FIDX B DUFRWXE b S/
LQKDELWDQWY DOWRJHWKHU  VISARLHASHFLHVJ VEH
)LJ 7DEOH EHORQJ WR W K RMWWL R Q WKMHW3DLOIDOHD\U WK
GLVWULEXWLRQ SDWWHUQV RI WRHEGH QXIPEHBWLFV\ESHFF
7UDQVSDODHDUFWLF GLVWU L E XINLLRXY KWOPP W R W B G XOUY
HYHQ -DSDQ RWKHU VSHFLHY DUH GLVWULBXWHG PRVW

JRXU WD[D QDPHO\ &KLURQRPLGD&RQBRS®W WDD +HQRO
ZLWK WKH ODUJHVW DUHDVWLH -©2DUDI® ® 3B D DHD UFR\OLIF



7TDEOHLXPEHUV RI VSHFLHV RI LQGLYLGXDO JURXSV UHFRUGHG LQ
RXWOHWY GLVWULEXWHG LQ PROL@77ELRJIHRJIUDSKEB HYH DIVRIOR/Q \D R/
WLRQDO W\SHV /$ £+ /DUJH DUHD +2 + +RODUFWLF 3% + 3DODHDU

*URXSV 1R RI VSHFLHV /$ +2 3% i

(SKHPHURSWIHUD

2GRQDWD

3OHFRSWHUD

+HWHURSWHUD

OHJDORSWHUDP

7TULFKRSWHUD

&ROHRSWHUD

&KLURQRPLGDH

7KH IDPLO\ &KLURQRPLGDH DQGWKKHKR WGHHVUW2 Q R BIBAUD RH

DQG UHVSHFWLYHO\ 7DEOH OH Z2DNOKR-BUWW DDPD D3IGH F
EHORQJ WR D JURXS ZLWK SUHYDLRQQJ :HVWQRDODHDUF
YHO\ 7DEOH 7KH RUGHU (SKHPHBRSWH K IDE LRAULRQ/J D 8\~
O\ D KDOI RI VSHFLHV ZLWK WKH :HVDM GDID RBDURW VS KGF
ODUJH DUHDV 7DEOH

7KH FRVPRSROLWDQ GLSWHUD UQPDL@O £KRURR RWPDL SOIH-
ZRUOG LQFOXGLQJ $SQWDUFWLFDUDRB\ PPFH SIMH@ WWKHR
DQFH ELRJHRJUDSK\ 7KH EHVRGHFXKEWQ B ML ZBl O I0D QWG
WKH FKLURQRPLGV RI WKH VWRXWK#HUQ FRRQRQWLHOMH QWY Vi
DQG UHIHUHQFHY KHUHLQ 6 KFK HDV KZLMWMKKSO B B R \B URI@ \
FRQQHFWHG ZLWK KLJK GLVSHUNMO®@ G EY. DG XD G \A RI KWKIHS
WR OHVV WkDs®+/s1NP @/se+/$1  1(06 DQG LV LQ DQ\ FDV
WHG E\ WKH VKRUW GXUDWIRQHRIDWRH RDE@CXNOW |18 EZ|1 B DAW
+RZHYHU SDVVLYH ORQJ GLVWDQ@BEWHV @ARITRONL V@ Z [
UDSLG®% 2 DOWKRXJK WKLY PDQQHU LNVMWDRW ®LQGH DWW
ZLQG FXUUHQWY $Q LQWHUHRMAKDIQDOW FBRPBW LY R PGH
VXUYLYDO DQG YLDELOLW\ RI FKLHARQ PR UG DOMRIMDEL UG \
6s1&+(=

)yLJ %LRIJHRJUDSKLF FRPSRVLWLRQ RI LQVHFW IDXQD RI WKH %R



,Q WKH VWXGLHG ODNHV ¢ YH W\ SWH\WHRI KA LWRNRIPEDGD IHRF
FLSDOO\ EH GLVWLQJXLVKHG 7DBEHD VIS HGFSLHHR/L HG/L ¥ M
GHV RI WKH 3DODHDUFWLF D QHs 2HRLCHBQUNFDVO. AL B @LERSEKQ HIVA
JXUJLEFROABIOJ®ENLHIITHULHO OD@ERD\WQLRSHHXQU DRV X W HXO00M/
LQ WKH $XVWUDOLDQ UHILRHHQVKHFBDW W& WH WH@ A URW |
UHJLRQ 7KHVH VSHFLHY DUH HLVBKHRE QD G HX &LFHUBRGEHIQV
ORSLD QMEXOEWNP\LDB PRQQODRAL WIKH\ DUH FXUUHQWO\
VPDOO QXPEHU RI (X8EBBHODEARARQWMAAKBEYBDORSLLDPPHOD
QRSK\HV IJXUILLFREDDUFWLF VSHFLHV Q L\QSHARNVMW RH XV
H BDUDWULFKRF O D&V WJIUXR:, FYOHDGAL CRNOV URHWY/ GMGLHFAONGHXGY W R
WKHUQ DQG FHQWWRORWERBEW (K@ AKIHIUSHWOBODUGNYRQH
ULHOOD EBWKRWKLERRFODGBRY DWW IUZQ @B GROVADSMMOOWD V L
WXVLLL 7UDQVSDODHDUFWLF VSH EZIKHRO B LV UR B X \W HV/GH)
(DVW $HEODEHVP\LIXBRB WMWRW R S XLW | BDOROBHIVUFWLF VSH
HV UHOLDEOH GLVWULEXWLRQ K3-DWVMDDDRIGZ B DRJKWVE ROHDY E
VHHPLQJO\ XQFRPPRQ LQ VRXWK (XUR SIHHMHY BWVUH g WRI
JULPVKOKDHWRFODGLXYVY GLVVLSDWXV URQHRPXYRSDHDGAE K
PL OLFURSVHFWUDD QA\RWODHLWXNQ BAXRR/R RUXWKHP DOVR RF
$IULFD&BUGLRFODGLRBVHRBVEXREQRYG LOWHRPEUBW Q $¥\D D
:HVW 3DODHDUFWLF VSHFLHV UHWYWURHFQW GDWRS YR XWKI :
HITHULHOOD S V3HVHFR\WPIRRIPODGDX VREDD UBWYMWNERHVWKRFODC
IRUPLV

,Q FROWUDVW WR &KLURQRPLGDH ZLWWKSSHWE®W®IDWLQYV
2GRQDWD DUH GLVWULEXWHG L QHOMSIUIIKWDDLEH D\ WS DIKHO
VH E\ ALJKW DW WKH GLVWDQFHRI WG® \RWR WRRRRDE RY !
®<125 B<i25 Jop 2 $k/25 B5% (7 +RZHYHU WKH\ FD
VH SDVVLYHO\ DV ZHOO XVLQJ DWWV RWREGROGJIEDW R2AWL
Rl PDQ\ VSHFLHV LV HIWUHPHO\ ZLGH IBBMWXIUWXSKIR W W H
7KHVH DUH SDUWLFXODUO\ ZLGH WRREORJRRDLYHJB QN Y HF
ODUYDH IHHGLQJ DQG IRUD J1IRXIUK DBRLGNW H QGHIWL Y\M RE ¥
PDVV PLJUDWLRQYV

,Q WKH %YRKHPLDQ )RUHVW ODNHVWWRKWQW \BH 2GR Q®LW/
SULQFLSDOO\ GLVWLQJXLVKHGHVDEOSHFLHVY +MRRODW RW L
FXP ERUMD@O BYIPW K L BHHWYXW¥XE D U B WPISHDAMADXPIMHQ G ERUHR
SLHVKRDMHU XOHD 6SHFLHY RI WKH 7UDQVSD®OGNHDWRKLE
,VFKQKQUBDIMHY/WBROVRBRUGREDMHDLL 3DODHDUFWLF VSH
VXFK DV 3RQWR QWK ORHELUDPEWDUXK R QRPHK XMW ERUHR PR
W D&RHH Q D XKWIDLWRX O DW X2RQ O\ WZR VSHFLHY DUH RI WRH :H
6 RPDWRPKOWRDWIHER\DKFQD QH D

)XUWKHU WZR DTXDWLF LQVHFW JHRWS® DONHL QQ DLRH O\
WHUD 1HSRPRUSKD DQG *HUURPROQOISKD IS3E® GLRQWRSE \M
FRPPRQ IHDWXUHYVY DV WR WKWHLO® GKWWDEERWQRQIPWY ®
ZLGHO\ GLVWULEXWHG VSHFLHV QE6RODRIFWSIHFDE & 3UDHOMX
%RWK JURXSVY DUH FKDUDFWMDILVGIGW \E F RQQHITG BWH IGY B DX
UDSLG ALJKWDWD GLVWDQFH R¢-B1\M O BibdtW VHBHUBO NLC

%721 gd1'.9,67 HW DO ORVW UHSUHVHQWDMWVYSHWVI
ZKLFK DUH QRW DSSDUHQWO\ VSWFWD®OHVHEG (RMNVD SBU M
KDELWDWY WKHVH VSHFLHVZKHAK IL QK IDU B F WEDW HJUH \PXREN
UDQJH FRPSDUHG WR @RWIL¥/MSHFLHYHWLEHY WKH HXU\



VSHFLHV DUH DEXQGDQW DQG RU WRRK KNJR OWRH B XFEERFY
SRUWHG E\ SWHU\JRSRO\PRUSK\ LQ + HVOMURBSWMDHAULIR Q* HRU
URXV DSWHURXV DiQ&(DODW H PFRUWDWIKNMO\$ DTXDWLF EHHV
LQ ALJKW PXVFOH GHYHORSPHQW |RPIDEVHOMRWYRB KT D
3DODHDUFWLF VSHFLHV ZLWK VP DDOOUHH A LD KWW VR ORQ\ WF
ZKLFK FDQ EH FRQQHFWHG ZDW K< IVKIH D V8V RIHWX@E HQR |
HJHURQHFWHYV S\GIR SRRV X VI O B X\J LUZHRKMRL G H V, (%
+(55 1 (7715 ORUHRYHU WKH RFFXUURRGHERI |
SRVLWLYHO\ FRUUHODWHG sZls"dk FROGHU HQYLURQPHQV
,Q WKH %RKHPLDQ )RUHVW ODXNMIMR GHLO KD WYWSHMQ R | R3
+HWHURSWHUD FRXOG EH GLVWLZQIXK\OKHG H7DEER VS
OHRSWHUD DQG VSHFLHV RI +HW KWKRIS SDHQIDH DELLRAWLLFL B
UHJLRQ DOVR LQ WKH RRWH QWD & GIHY E RRYUEHLSIXQ/RVUXLD D W
SXQFWRWRQH F WL LW GUMVDIONW SDIOX GRODUFWLF V
VSHFLHV RI &ROH 8B RSIRDX \H RBWRELXY | XRMFDBHR/S R U X V
UXIRVFX\WRHOBDWWMRSWHUD 6RPH &RONRSMAWB ®UB BE
LQ VRXWKHUQ+{SURSIKR UKV MLULBWODHDUFWLF VSHFLHV
WKH ZKROH (XURSH VSHFLHV Rl &RGHRSWHIWD DJE&H\
PRVWO\ HXU\WRSLF VSHFLHV ZK L RXHDAHWPORRPFR & DLEL W R
H \ULQXV VXEBEV&UWRDRWRIN ' SW DXFXWU P BSLID DDKQ Y O X W H
Rl & ROHRSWHWHHWDRFRUL[P VRN HEEWRQWHDXBLFURYHOL!
UHWLPHOUDWD ORFX¥WWHIMSWHUD LY 3DODHBYVBMMUR \
QRUWKHUQ DQG FHQWUDO (XURS®\ ZKHLLF\K UHWHV D EF\W 8 @&
VRXWKHUQ (XURSH VSHFRLABY RS RIROH R 8 WHHKILERMH B WX
PLEKDQWXV HQREKHIMKXVD Q@ LWSHFLHV RI &MRDHALRS & R Q
VGRUIQRHQRFRULVDFRWRGHG WDODOXWWD3DODHDUFWLF VS
WKURXJKRXW HQWBEWHR GXWR HHR\FXWX V L II@EWLIE[POGH Q@ W L
6LJDUD QLJBRIOD PHLDWWYLV VIHVDN 3DODHDUFWLF VSHFLH\
QRUWKHUQ DQG FHQWUDO (XWRBB OY KIHAUK DN VDE VD M
VRXWKHUQ DQG RU HDVWHUQHUXJ RS HU L RS R B Xi¥VYDREX&R Dt
PHODQBQDRKDHQD JE8RRSERY X \DABWFRSHYFW D IROEX GD\S DI
*HUULV JLEELLHUHVW 3DODHDUFWLF WSNRLBQ G IF\HW WLLEL
ZKLFK DUH DEVHQW LQ QRUWKHU QNHU® § ¥ URBHSRLDHWU O+
UXJLQBRYLV ULRORQIGHV SEFIUNRQHFWD VEKRWVBILODHDU
VSHRILIAWK UHVWULFWHG GLVWULEXWXBRSHIRQHRSE H V LS
QRW,OMELXV FUDVVXYV

SHSUHVHQWDWLYHV RI WKH RR GHRL DK HR b RS WOHDUNH ¥
WUDQVLWRU\ JURXS EHFDXVH REXWHIEOLQX®E U UHRD WHD
3DODHDUFWLF *HQHUDOO\ PD\ADH\NGS RRQNWYT DHGW DO R
EHU RI VSHFLHV H[KLELWYV VPDOG®DVH¥Ws4LFW 4G (RU HY
s0(6 HW DO ss(51)(% 6&/E1 (IWUHPHO\ VKRUW OLIH VSI
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SH 6HYHQ VSHFLHV DEIHSEDGONDXWIDHEN PN IWRSKOHE
PDUJLQRWHYHQ 7UDQVFHD® QKIS UGNINKR/S X B WM E HPSKIHQ D
PHUHOQDWIQRSLQBVERWHR DOSLQH LQ (XURSH 1L®H VS
7KHUH DUH ZLGHO\ GLVWULEXW Be® HVMKGGEREUERIOHS W E
FRQIXVEURSIODKEY@G VSHFLHV ZLWK B KMWKIUEI\NEH® DARH
VSHFFGARQXU®VDHJDEEHXWDMU IDDLUAHKSUREDEO\ HQGHPLF
URSH

7KH ODVW JURXS RI VWXGLHG W D HG FRQWIVYWW ¥DRIDW K H
FLHY 7KHVH DUH OHJDORSWHU® VSHFBBWFRBQ\HODLFKI
([FHSW IRU VRPH 7ULFKRSWHUD SWHBUH \JHQW D VQ DK \E [RE
FRQVLGHUDEO\ UHVWULFWHG OQLFHQASDDRWGHRBY I W KV QH U4
RI WKH VWUHDP SRVW HPHUJHQFH D G® G IOFFRPD A\WP R WH
FKDQQHQ (H J %% /s56(1 ¥)y7+ HW DO (7(s6(1 BBW DO $
WKRXJK VRPH LPDJLQHV RI VWRQHALMHNWIBDQ EWY FDISQ/ X M H
IURP WKH VWUHDP RI LPDJG @HW LGS, XPXBEO O\ WUD ¢
O0sel(s/( HW DO ORUHRYHU GLVSHWUDBSDLUWHYRHN VW
EUDFK\SWHU\ R&POMIGXHDIBEWURQJI ALHUV VXFK DV PDQ\
OLGDH DQG +\GURSV\FKLGDH FDG &/HWYAHH/ZNUBGIRRN Q@ E W
QDWLYH KDEdLWDW\Ve+dsJ &os76 HW DO DQG WKXV DL
JRRG GLVSHUV HAJsY /366 (1 YO\LQJ DELOLW\ LV QRW WKH
QLQJ WKH DUHD VL]H RI VSHFLHV RISWRHWW ZILWRK SOD WK
ORQJV WR KDELWDW JHQHUDOH VWVWNVOW ¥ D\W R IRWHRF KOV H ¢
*s5) HW DO ,Q FRQWUDV WH V'8 HRF WHH\Q ZLLQNWFIO X B M V
FLDOLVWYVY ZLWK ¢[HG OLIH F\FOH\Q VIS\H¥ U HE X W IXR)J5 R IERDH
FHG E\ KLVWRULFDO HYHQWYV VXJW DL\Q \BHFLHDWRR GBS HQ
YDO DQG GLVSHUVLRQ IURP UHIXJLD

7KHUH DUH QR VSHFLHV ZLWK ODUJN SHFHBIY D QGVK®
YJRUHVW ODNMHXYUDWR G DD MMDGGRQAISHKY O X VDQIG Y RPH S V
ELFXADEOH $OWRJIHWKHU VSHFAWVFRPRU WG L MAPLGIVS
S3RO\FHQWURSRGLG D H LIP3 8 K RGIXPRNRXOGITHH WIJRFSXIVF X O D
W X3WK U\ JDERLHEIX Q F WRXMD 3DODHDUFWLF VWRQHALKE &D WO
VSHFLHV RI D ZLGH HFRORJLFDO F\MDIQR K6 2\ $iPKS KELDXIHDFEXQUT
VWD Q GLKFR WD HUHMDX U8 OFOMHWEWODFDLWKLQ :HVW 3DOL
VSHFLHY DOWRJHWKHU V S HF L HWYWRR GFHDAGQLGIIWIAUL H G D\O\G U
WKURXJKRXW WKH ZKROH (XURSH HOGBOR FHQRPMHOVSHIF
VH DGMDFHQW DUHDV V SSHKR D A R SROIDBMESR LN S IOH\D i PJE U
+DOHYXEULPROOPGSRK\OMR G VSHFLHV RIHXY¥BNAQBYD
/ SVHXGRFLQURWRQBPWHDOLQLWSHFLHV RI VHAKFE@HOBLLHWD H
/| DXULWRG FDGELYARSIKLOD POYMBKFRYVDQ QX ® DG U L E
SUHGRPLQDQWO\ LQ FHQWUDO 3QG6G RZHWX \( XxXQURFEHNDMOE0
VRXWKHVWHUQ (XREBBB®REFDSILWBOUIMWWULEXWHG LQ WKH
FHSW IRU LWV HDVWHUQ S D UW\D BPIQ\G WAN. ) KRRV RQHH A X t
PROQWD®@EB UHPDLQLQJ VSHFLHW R WHRGE @ HPA DHISHH 8 LIV X\VOL
WHG LQ WKH ZKROH (XURSH H[FHSW LWV HDVWHUQ DQG

'LVWULEXWLRQDO SDWWHUQV

7R DQDO\WVH ELRIJHRJUDSKLF FRIP®KWL % RKE PRIDIQQ MRHFW
HYDOXDWHG WKH GLVWULEXWHR D URBIWHG\F L@ VG BHMNDK 10Q
VSHFLHVY HYDOXDWHG 7DEOHSH FLAH KD-Y\NHK WHA ¥ FWHBN |



7TDEOHLXPEHUV RI VSHFLHVY UHFRUGHG LQ WKH %RKHPLDQ )RUHVW
(XURSH RU WKH :HVWSDODHDUFWLF VXEUHJLRQ
'LVWULEXWLRQDO W\SH 1R RI VSHFLHYV
‘HVW &HQWUDO

1IRUWK &HQWUDO

(DVW &HQWUDO

6RXWK &HQWUDO

&HQWUDO

‘HVW &HQWUDO 1IRUWK &HQWUDO

‘HVW &HQWUDO 6RXWK &HQWUDO

6RXWK &HQWUDO (DVW &HQWUDO

lIRUWK &HQWUDO (DVW &HQWUDO

WKHLU DUHDV 21 WKHVH V'S H KIVWHIVR Q@ KRIZWIXQ B RW WH HZT|
LH RFFXU LQ IRXU RU ¢YH (XUR SHORHALENWPHRI\W GDEBE
JHO\ GLVWULEXWHG 3DODHDWHD VS HFREDUBWGFUDW &H
DEXQGDQW VSHFLHV DEOH WR LQKWBMAW D7XIHG bl HHP[DWHQ \§
HV KDYH UHVWULFWHG DUHDVFH®SWHUFD A VORFESH RULQ 1 R €
DUHDV VKRZ WKH PRVW UHVWULFWHG I DWR %% FR QASLH
O\ Rl VW R Q HAX H&WHXIG R F L/QS X DLBOMRI R QHPW H DRGLND G G L
ALHV #VHXGRSVIDRSMEOHYXYULBROBUIREOKDWORP H VSH
FLHV FDQ EH HYHQ FRQVLGHEG\R @ RGP i JIDD MUAMI B EDRXH
3VLORSWRURRMHPRVD[RRHFDKDUH Rl HDVW (XURSHDQ V!
VSHFLHV 6& (& VSHFLHWH B EDAM QR ,QSIHDFWMH VWZ LW
(XURSHDQ RU HUHPLDO VWHSSHBQGLS/MFU HEX @R RIR I QUEH
PRXQWDLQV 7KH RQO\ *HDVWHUQPNVBE PHRH\H WMWO DIGH D .
ZLWK FLUFXP ERUHDO GLVWULEXMFLRY SDDAEVD HUHY K D& |
VXEDUF@LEGOBIYPWKLIBOERHPHBXPORQDAW®D VSHFLHV ZLW
PRQWDQH GLVWU L E XWLRQ & BRRISUDR D\NDNFEDOR O D Q Q R
GHV WLRO®WVEL XV FURVVXWSHFLHV 7DEOH $WD® QW
HOHPHQWY KDYH D FRQVLGH UDEQW KID #%RKOPHRQ WIKH ¥R
7KHUH DUH WZR SULQFLSDO FRPSRIQHBWW &H@WUD Q L/
VSHFLHV 7DEOH 6RPH RI WKHW® KHLREZ DAKHD WM MW
KHPLDQ )RUMMWH IHHIULHOOD SRAH XWKRIR RIQWBQ®G HDVWZDU
+XQJDU\ VHYHUDO RHLUARIGREROLDIEA/L XBY QFD B XFFILERGXMAA D Q Q X
ODWXM. :HVW &HQWUDO VSHFLHD HEWHE G L QISWRLHN QR
HJ WKH\BWRSWRHXV LRERVRIOWMELWHUUDQHDQ :& 6&
HJ WKH VAMXRFQUHDAR \HRKKIQR U RASHLUSOOW WHD \D D X0 \W U R EBKB W
VFKR®WIE WKH3OMHFMURRNQHPKBBSWBLHY ZLWK OHGLWHU L
WLRQ H[WHQGHG WR FHQW UD G KXW R SIRIINGREFGEOIR' RIOIOH B
DQG WK KOPHNWQRORLGBHYDWLYHO\ UDUH 6& VSHFLH\
*HQHUDOO\ WKH DUHD RI WKH WKHKHPQD BL PROU B DW HL\
SFURVVURDG  PHHWLQJ DOO SRWWBH®HZ [XVKR & H Bl QH GALH/SNY
(XURSHDQ 7KH\ DUH VLWXDWHG ZDWHKD @ WKH WD(XW R B B
WLF VSHFLHV ZLWKLQ WKH QRUWIERHG LERHIGHLIQRID DR X
ZLWKLQ WKH VRXWKHUQ ERUGHU Rl QRDWHK VSHEIHDQ V
7KH PRVW LPSRUWDQW KLVWRBLBMHF HYW Q VXIRD RL QM KW
ODVW 30HLVWRFHQH JODFLDWHRQV/DYRMOLDQG LIRI VIKERRXW :
DERXW \HDUV 5LVV :eU P DIFQ\W WU R@D FFLOOO0O H @& KDLONV R
JODFLDWLRQ WHUPLQDWHG DERXWD[LP X RV KRXWKGE QHD




FROQWLQXRXV JODFLHU UHDFKHG WXK3H WHN\R Q R &HW KU K /L
WKH ODVW EXW RQH WKLUG JODBUBW IMXQ | \&VVW K DHIND\E &
UDEOH FOLPDWLKEIFRYRBWWILRQY 2 7KH %RKHPLDQ )RUH\
RXVO\ FRYHUHG ZLWK LFH 7KHRW LY JHRORWIFCHIDHYPGK
KLIKHVW DOWLWXGHVY RI WKH H&FRKMH PIHRJE BRSUHR/WWU WHND W I
WKHP E\ IDFH PRUDLQHV ZLWK VRP HRBPRXOWOGMHY FHJ HWDANRE
*URVVHU $UEHU OW FDXVHG WKH | RGP OMILRM R I$ UUERINIW
JODFLHUV ZHUH IRUPHG RQ 5DFKHOHQWHHEKKDM RRBOQ S
B7+6%85* SE%(5$ @ e 8VLQJ WKH GDWLQJ RI WKH
VHGLPHQWY EHWKRIGY WKH EHIJLQQLQJ RI WKXKH SRVWJC
\HDUV [xJRs5 0 WKH HPHUJHQFH RI 30HaQp /DXH KDV

VDQG \HDEMspdaRW 7D O 7KH VWXGLHG ODNH¥VWIG W
DOVR E\ D ODUJH EXW LVRODWHGV\WDBIDHUL DQ WVKHD B/Q &
FKDUDFWHULVHG DV :PL[HG  33J0OQJLRIOWSHPLAKY DA QUK G
WKH DUHD ZLWK FRQWLQXR XWF K6 D RKDDQNGLIROV FQ|U ®QIG- K B
WR WKH QRUWK IURP LVRODWHKG BXOWVSURIGEBVNKMHOBW
DFFRUGLEQJoWR 7

'"LUHFW FRQVHTXHQFH RI JODFL HUURNKZIDOJIED WDL\R @V B I G
QRW RQO\ UHVWV RI THUWLDU\ WKHRWREBKLBOBNRFNHOQWED
UHVLVWDQW HXUXWKHUP2Q®NRALN?PDOO QXPEHU RI WKHP
OHGLWHUUDQHDQ UHIXJHV GXH WHQZHD/MWLRDVWREZRXEGW D
OLPLWHG LQIRUPDWLRQ RQ WKHDORWWLBD QQ VIR WW JOD H
WKH PDLQ JODFLDO UHIXJHV DUHQSWPRDSHDQO BIHDX QW K
,WDO\ DQG WKH %DONDQV IURP WKL DK \FREOR.GIW K D& UR
ODVW JODFLDW/IRBWFD 02 &OLPDWH EDVHG DmMWIO\VL
RQV DOVR SURYLGHV VXSSRWW ORZAHWKHUK UXWRHB QRL
WHPSHUDWH VSHFLHVY FRXOG KDUHIDYH U QLXKVMHE& 00BN C
VSHFLHY FRXOG KDYH SHUVLWDHIGCP KXW/ Qs) N\WKHD QD VW
2FFXUUHQFH RI ERWK WHPSHUMDRNVR | DMGH ERRDJLIHD © RWXSCHAFD
JHQHUDOO\ FRQVLGHUHG WR EH IS O VOLUILHDOA BIL PLLYAREK® D
PDWH DQG VXSSRUWLQJ UHODYWLYHOWsVPDOHO SRSXQB WL
RI WKH VPDOO DQG SDWFK\ BFUHHDRWAHQWKLRIOJ R D\ODFY. B & F
FHQWUDO (XURSHDQ ORZODQGWQRYWWZDOGV RI XKKLH I ®
YH DV UHIXJHV IRU WKH %YRKHPLDQ )RUHVW IDXQD
&RPSDULQJ WKH DUHDV RI GLSHDWL Z X WHKRRS WIHEBDOQ W U
IRXQG WKDW WKHLU UHIXJHV GR QRM WRSHJH\WVIR Q6 KR W
GLQX Wk ,1 LH $UERUHDO 2UHRW X Q GQHIZOE IDRPGH (W MS
'LQRGDO RXWVLGH RI DQ\ UHIXJH IRVHFEBQMMUDO (XURSH
DQG UHFHQWO\ FRQ¢{UPHG E\ BROHWXD® Y- DQBIOADHO/Y H J
35(9,a,aHW DO

6SHFLHY SURWHFWLRQ RI DTXDWLF LQVHFW IDXQD

7TKH %RKHPLDQ )RUHVW JODFLDO KIIENAW /WH ZIKQLLFTKX B UJH-
LQKDELWHG E\ VSHFL¢(F DVVHPEOB LQWUKHI&]BGI\FRKEHBXEHD
UDOO\ KXPLF ZDWHUV DUH NQRZNMH @&/ RV R RO/RZ FSRP FRX @Y IHVQ
FRQVHUYDWLRQ YDOXH $OWKEBXWR WWH RXDINBIYWKWRISWRX
WKHLU IDXQD LV ZRUWK RI DWWHQWHRQS URRWPHWWHRIR LK
WKH FXUUHQW 5HG /LVW RI ,QYHU)#sHE BHIDWHMHE RI WKH Rl
VSHFLHV IRXQG LQ WRWDO DUH WKUHDDNWHOQWIBY HDE OHL C



HJ &KLURQRPLGDH s \M VW YDIDO X DWHGXHQWR LQVXI¢FL
GLVWULEXWLRQ DQG HFRORJ\ RIKMKMQ R 20SHFIH R Q2\Y KW
DQG DFWXDO LPSHULOPHQW RI PD@HVSHFDRY HKPWHEH N
VSHFLHV ZHUH QHZO\ UHFRUGHGKHRPAIRHEH WK IS BRWX
VHOHFWHG VSHFLHV VKRXOG EH UH HYDOXDWHG
,Q PDVALHV SUHGRPLQDQWO\ HXUWWRE KR VIS N FIIQHAL WH. Y
JURXS WR DFLGLW)\ 5XQ@\KR®HHQEK BRHRIDIDGI IFODV VL HG
UDEO#$b.&\QHW DO 7DEOH ,WW.\D Q 8 7D\ HYISOQWHD E
(XURSHDQ DUHDV HJ LQ WKH 7DMVDUIBE03Y, 1+ WEKEH1$O0SV
,Q WKH &]HFK 5HSXEOLPUKRZHMHMWWLIMOLY YHWKDW |

FRQQHFWHG ZLWK DFLGL¢FDWLRQSH FIHUF 26 UHQURHAERQ\E
&]HFK 5HSXEOLEFBIWRBYW UG YD H JDEEHWRGR DXV W U [ZEKFX V
IRUPHU KDV EHHQ QHZO\ GHVFULEHG | URP )RK¥HWWND G OR
*2:81.2 $OWKRXJK LWV JHRJUDORIZR GIQVWHWDXW LR \
VKRZV VRPH GLVWULEXWLRQDO WHMW HGFW R RRD HTKWH HOIL
KDELWDWY DQG DUH OLNHO\ VHQVVUWDYR QWRFRWDM/QLF V8
Y X 0 Q H UFDE\® I XFUDXX/V W UMLIDFEAW VLPLODU QLWILGNDDMHUIRE WY H
KRZHYHU VSHFLHY GHOLPLWDW#&ROWBPDLQV VWEO& QF
IRUH WKLV VSHFLHV UDWKHU E R ORLBIKOW Q XWKKNU G BWIBI (G
VHQWY D UHOLFW ERUHR PRQWD QH VIS EFHHIVQ XWKHF K& JKHF
S+56.20e HW DO &]HFK %RKHPLDQ )R UHVI G\DKN-H V RDXA
ERUGHU RI LWV (XURSHDQ VXEDUHDW'XW WR] LMMMWHSD W ¥
QHDU WKUHDWHQHG &RQVLGHULQD QWKb+ssHEH W \DVWD R PLC
$PHOHWXV LIQREYQDWBWHG HQGDQJHUHG LQ VRUMX®W G
DUHD ERUGHU

,Q 2GRQDWD WKHUH DUH WZR FUHMWKIQLD B D RBHYEHDIDU A U t
WLFDEOH 7KHVH VSHFLHV KDY HGBH & UFHO® 8 X HWHS \W K
WLRQ WR VHYHUDO ORFDO SRS XQDKLRKQWHIQY PW X QWD L\§
SRJHQLF DRW&WMNDBY 7ZR Y X OSHM X QDG ¥ SRIB UKV Q |
GXELUDQG RQH QHDU W KURHHIVD KKMIRQX TCELDHAY SHFLD O O\ H
GXH WR KDELWDW ORVV DQG/1@HM D®D W LR Q7K IHZRFFXD Q
YLULGLQRW FRQ¢{UPHG LQ WKH &]HFK 5 HIXEDMH. EQ WWKHHUHH
IDNH RXWOHW MXVWL¢HV LWV SUH®H 2 EIQHDQW FODWHILRUF\D \
'LWK WKH H[FHSWLRQ RI D IHZ H>XUNWWRS\L RN ®HFL RV G B
DUH KLJKO\ VHQVLWLYH WR B @ QRX DQIH W \RSIHW KR L &R IO
FRPSOLFDWHG WR VWULFWO\ GROQHW RIG EDMGKIIRQ VISV F
FULWHULRQ WR VROYH WKLV SURKD®DHP \L\RIHWBKE K D VWBLLR/Q
FHQWO\ ZH KDYH DFTXLUHG VXI¢FQH ®WR3 DWDDRFHNFRMHEX
KXQGUHG2\HE BHW B0 *HQHUDOO\ VRPH \LYRVAULIHE/X @
RQ WKRXJK WKH\ DUH UDUHDQRYQ YHWY HDEX RGIXHW VK B Y
GHFUHDVHG WKHLU DUHDV DOWIKRXQKWKKH&]BBK ¥MECH
VSHFLHV VKRXOG EH FRQVLGH U HG QHDUOWISIHFRL WW Q B G C
/LVWs.sy HW DO UHTXLUH D UH FODRW P FDAX DRO® \EH.R
ULQJ RU WKHLU SUHVHQW GLWWH\LBX\W LRRRU HVI IV B T XHI\DW/
HD UOLHUEDL FD X G RBA S K R Q RASRHWIDHDQKARZ4PG QR GLVWULEXW
%-.206e HW DO &D IR D B XF WYX GRV IZHUHHIRX QG DV
PHURXV QHZ ORFDOLWLHY HDUOLHH WRHNKHIUWH HRIHREIH
ZLQWHU RU HDUO\ VSULQJ &RRYHG XS DN VWKGR B E B YH-
WKH 5HGHMPRWUD BXV LMFD XGHG L Q WKKEN B DG O L YRIEBR/



7TDEOH5HG OLVW VSHFLHV IRXQG LQ WKH %RKHPLDQ )RUHVW ODNF

ODNH FRGHYV
)s5.3y HW DO

+ 9XOQHUDEOH

)XOO FLUFOHV LQGLFDWH WKH VSHFLHV OLVWHG L

HPSW\ FLUFOHV WKH VSHFLHV QRW LQFOXGHG
VSHFLHV RU VSHFLHV ZLWK SURSRVHG FKDQJH Rl WKH FDWHJRU\
PDQ ODNHV DUH LQ EUDFNHWY EHFDXVH WKH\ VKRXOG EH HYDOXI
SURWHFWLRQ VWDWXV FDWHRWU EBV+ BUEVWHIDEQDEQGEHPNHQHG

17 + 1HDU WKUHDWHQHG

'+ 'DWD GH¢{FLHQW

2UGHBSHFLHV /DNH V 5( (&5 (1] 98] 17
(SKHPHURSWHUD

6FLSKORMXWMNUVYQDWSEV 35 /$ |
(FG\RQXU®VDHJDHUSWDH |
(FG\RQPUXWULDFX¥&7 |
5KLWKURRWRIODHD | /$ g
2GRQDWD

&RHQDKDMRDXODWXP *$ .$ 5% g
$HVKEDHUXOHD 3/ 35 5% ’
$HVKMYOQ FHD 3/ 35 /$ *$ .$ 5%
$HVKQMEDUFWLFD | &1 3/

$HVKQD YLULGLV |&7

/H X F R U BKKE) DD &1 __.$ 8
3OHFRSWHUD

"LXULLFDXGDWD &1 &7 35 I$ *$
FLSKROQRFHUDDWLXP /$ *$ .$
& K O R U RABWHLUSOXDD F W|DBW D ’
$PSKLQHPWDQGIXV&EZ 35 /$ 5% 8
&D S YILO5 X D &1 &7 I$  *$ . $
/HXFWOBLQD 3/ 1% E
/HXFWVWIWBXGRVLJIQI BHUD
/HXFWX\WLO 0D &1 3/ 35 /$ *$ .9/ 59
+HWHURSWHUD

&\PDWRMVGRUI; |[/$ *$ 8
*ODHQRBRRBISURTX[DOO ODNHV ’
&RUIGBQWLSHV 3/ 35 I$ ,
6LJDWHPLVWULDWID3/ 35 /$ *$ .$ 5%

1R W R @HRWLD I$  *$ g

1R W R QHHBRWH U L &l ’
*HUWDMWHUDOLV |3/ "
7ULFKRSWHUD

3OHFWURFQHPLD PBOL&XOIBND ’
"UXVXV FKU\WWRWXp&1

$SFURSHHUEHUXV [&1 /$ "
ORODQQDUD &1 &7 35 *$ g
ORODQQRIGH WXV [3/ /$ .$ g
&ROHRSWHUD

"H UR Q HFDWWHXN &1 &7 3/ 35 .$ 5% g
1HEULR SRRV OLN35 i
,O\EEXDVVXV 35 /$ *$ .$ 5% i
&\SKBRQFWLSHQQ|L35 5% g
"RQDFLD REVFXUD|[/$ *$ .$ 5% 8
&KLURQRPLGDH

+HWHURWULVVRFQRGLEY BULPMKDZL .$ 5%

SBVHFWURFODGLXV

EBDUEDWLSHYV

3DJDVWLHOOD RU

RSKLOD




DFWXDOO\ GRHVY QRW RFFXU LQ WRB RBEMKLIGWP HXEO EFH I
SHSXEOLF LV QRW NQRZQ LQ GHWIXHU BHKMRIG R UHRWGKHW
U\ 7DEOH BHYHUDO RW K KW WRKFH LD Q HRRIBIG MG Ol I IR 1R
EH UH FODVVL{HG EDVHG RQ WKH PRPGW GIDAVRD RI KLVWR
BHYHQ UDUH VSHFLHV Rl ZDWHG& /EXNyJHIMH RDQFOXGHB X
WKHP DUH FRQVLGR\PDAVHD GRQMMEIRABER ULV D RRWRSHE W)
UHXWIRELU ULV ODWER DXXIC6QHD DE O/HH P IQGRW R QW BW D QaEX W
RQH QHDU V&RWHDPWEBR@BEGH \SURSLQTWKH PRVW UHPDU
EXJ VSHFLHV RI WKH %RKHPLDQ )R DHWW HO S RI$IXOW KWL K
WU\ 7KLV SHODJLF VSHFLHV VZLPYRMMURSHK QFZDIWHHIUR ¢
RU ZLWK VSDUVH ¢1%KeRIF FXelddsbtQFH 6&XFK KDELWDWYV DUt
LQ WKH &]HFK 5HSXEOLF W KXH/F LLWW LLW STO(H IVVHL DR PP IREDWL
ODNHV DW SUHVHQW 7KLV XQLTXHBKHO®VH RILNFIOG LEFD &
FDXVHG WKH SDVW ¢ VK HI[3%sBWWL®RQ L QDW KRIQO WK H VR Q H
RQJRLQJ ELRORJLFDO UHFRYHU\ HZPEKKQ 8 EQMR $VGI\ SRIR
WLRQ LQFUHDVH LQ VRPH DFLG FOVQRSOENIE/QW V2R &6S1U H G D
& %21 (HW DO RQ WKH RWKHU* BUR S ZRQRDSIREHIHL
RQ SUHVHUYLQJ WKH QDWXUDO VWQWLHQ RV KWK M VOXOUNHH \2 \
GHG UDUH ZDWHU EXJV DUH FRQx®@G ® W & HRID/ARI R D WIREED
ERQVGRRWRQHFW D QGIOXBHNE VW ULFWO\ W\USKRSKLORX"
WKHLU RFFXUUHQFH LV NQRZQ LQ M i DARKH PIUHQU)RW K
KDELWDWYV IRU WKHP %RWK PHQWRURQHIGD EDWNDWAL P WK
ZKLOHERQV®RITKILUHY YHUWLFDO VXEVWWDERXN RRB DEVHU
O\ DOVR ODWJHHMWRQHM? 7 e.s/ 7KH ERUHR PRQWDC
* ODWHUWDIDISRRU FRPSHWLWRU ZK LRV SV BREK WUFRIVDIC
VSHFLHV ,WV VXLWDEOH KDELW BWY HIDRSE HQ V&R QUHIHQ
VPDOO SRROV DPRQJ RDBHUMRESK\WHIEH®Y s/9 ([FHSW
*ODHQRFRUL VD DSUR SWQHT PBIQWLRQHG HQG D QUKIH W&/ X6 \
ODNHV UHTXLUH ZHOO SUH VIHXDWHIGF YBIWEKW D & LORLQV VE R WD:
DWH PDQDJHPHQW PHDVXUHV LQ WKDPOI RW XADHV HAX FxH DN

RQ

,Q 7TULFKRSWHUD IURP VSHFLHWHHREFOXBE RQQ\WR
%5.5y HW DO 7DEOH 7(KRHO I RUOKDR DPR DAVMMVQH. ¢ H G F |
HQGDQJHUHG ,W RULJL QDO ONHRIF FXWDHG yLHU NWIRWR/ HIUQ $L
IS3E/(. Aoe . DQG ZDV SURYHG RQO\ [KHRPGCiRLOWN

FHQWXU\ 5HFHQWO\ LW ZDWRY F RDOH PVQIEG DRW\RHIW & E
LQJ LQYHVWLJIDWLRQV ZLOOVEV R RD ERID DBVWRLY; [E®RV D REHRA
ODUO\ WKH $IFURSKIDEMGIORZQ RQO\ IURP D IHZ HDUOL
FHQWO\ FROOHFWHG LQ VHY HWRD® @QQRIGHEY & MDD \D\QG,
HQGDQJHUHG GXH WR GHFUHDVHGH UV IQF®YERI QARKRS D
$ YXOQHUDE®H WS HYRIEHP LY DHQDREXODIMIFLHY ZKLFK LG
VSULQJ KDEVWDWKUVYVRGRAQ RQO\ I[URP D VLQJOH YHU\
&]HFK 5HSX&O04LIFW&ED O 7KLV ORFDOLW)\ SUREDE ®\QW
WKH VSHFLHV VKRXOG EH WUHDWHG DV GDWD GH¢FLHQ!
JLYH VSHFLHV RI DTXDWLF EHE&W® HR/QB UFHU IF\® DR/D/Q @ M B (
HQGDQJHUHG DQG WKUHH YXOQHWOHDULROEODKZ WK
FRQVLGHUHG UHJLRQDOO\ H[WL QKA R@OW K H FR H EKZ DWSE
ROG XQGDWHG PDWHULDO SUREDHROW H GRP HBRUHHMU B 00
$W SUHVHQW 3UiGLOVNpI/DWW UWPMIQN RRFFX 8O BB



SHSXEOLF &RQVHTXHQWO\ LW\ RRK DWXMWRQBORXO G [B\HL @
HQG D QJkbUsH G W%D O 6LQFH WKH VSREDRI\L QY NRXRZ\Q U
RFFXUUHQFH LQ WKH &]HFK 5HSXEGQLRFI IMXDWPEWHGZIRA
KDELWDWYVY RI ROLJRWURSKLVFERMWMWRPD J&HU Y XIOQWH ZD®GE
'"HURQHFW X ICFIKWSUMH IHU ROLJRWURSKDP® (RDROH ULWVWAL
ORFDOO\ DW KLJKHU DOWLWXGH B&EWRVW WEH HQWLKH 8
QLQJ WKUHH WK U B DB N @ HER &8RP VIHNQ F IVOBGIMRLLDY R E V F X
DUH W\USKRSKLORXV DQG DUH W \8VFDLON KQADEQ V8 D € WK
YHIJHWDWLRQ EHGV DW KLJK® U@ QXMWLRBXGHK KW DUE R U\HR
,Q WKH &]HFK 5HSXEOLF WKH\ DUH P#]B.IsQBWGLY W UL E XM
SURWHFWLRQ RI DOO PHQWLRQHGSRYNEE®W IR® OAKE\ &]\W
YDWLRQ RI WKHLU PRVWO\ UHO LFQ/J KD ERIWWDRNH D 6 VS 1) b1
WDW GHJUDGDWLRQ DQG SROOXWLRQ

7KH FKLURQRPLG IDXQD RI W KYH @] HFRKRBHS X\E@R.EQL Y QU
ZLWK QHLJKERXULQJ FRXQWWLRQ 8HVSLVGH & KHURR®RF
DTXDWLF KDELWDWV KDYH QRW BHABW VWHKBN K& X MWG FOHV
EHU RI TXLWH FREARQQWXHEEHNQW GDWD GR QRW DOORZ
SDWWHUQV DQG RU WKH HVWLP®MYH GX SR ¥$6 B WH\R Q7 ¥ |
SURSRVDO RI WKH FKLURQRPLG FDBOML:;FPRARG FRP®U
VSHFLHV ZLWK UHODWLYHO\ NRQRHE\YHURRDWRLIY \DRF®LHE VXV
FRQVLGHUHG WR EH LQGLFDWLYH IRU ¥RRSH ZG® @D REW H
DEVHQW LQ WKH &&SDWKIREQ ODNHWXVI LWV GLVWULEX
VRXWK HDVWHUQ (XURSH LV PRVW SXREDEPW O REMD VGILGK
VRSVHFWURFOPBWKHHYUY SUREDEO\ FROG PRXIQWRDE
IRXQG EHLQJ RQH RI WKH LQGLFIMWLY M KB DAY Bl Vo UDDX |

2QH FDQ VXSSRVH WKDW WEHRYRKGHPWE & RROUH VKD BL

DERYH PHQWLRQHG VSHFLW LIMVWK H GQF FRWBHEIHORM \F L Q
RI VKDOORZ G\WWURSKLF ODNHV ZLWK/RIBWX3HBDHX RRY
WLYHO\ DIIHFWHG E\ VWURQJ RQWHKTRS@WIDQ LW KIHFUBE ¥ B
ODNHV DUH UDUH

&RQVLGHULQJ GDWD IURP WKkt QHBEJKERX UWBH %PYO R
WD[D FRXOG EH LQFOX®DGE LRSS WER SQ OUGRIRE BBGOXV G |
.UHQRVPLWW L DD EREFHRRISY S EQEXDV | MMFWKHU LQIRUPDWLF
EXWLRQ LQ WKH &]HFK 5HSXEOLF DUH QHHGHG

&ODVVL,{FDWLRQ RIWKHODNHV EDVHG RQDTXDWLFLQVH

2Q WKH EDVLV Rl WKH FOXVWHU OWRONWRHRI U HFSHRAL H/
PLDQ )RUHVW ODNHV ZHUH FODVVIE4MGDYPWRKRYXH Y ®HYW
GLVVLPLODULW\ Rl DVVHPEODJHV DMNHW R QWRQHIWRX X B
JURXS RI WKUHH *HUPDQ ODNHV RQ RMRHVRWHKW R WIZR |
WKH WZR ODUJHVW ODNHV yHUQpP]HAKUQYRNRYV DRGI MRV
IDND 7KH *HUPDQ ODNHV FRPSULVRVD HAX BUERNS/ IF R @D\
$UEHUVHH DQG 5DFKHOVHH ®&LYNLPLODWKHN RDIPGOJ B WX
ODNHV ZDV REWDLQHG ZKHQ W K HFDIORG B\WED WDW D\ 0.@Q\F/
DQDO\WHV RI WKH GDWDVHWJIRNE HSRWHPLHU R SW\W B D D DGR\
7JULFKRSWHUD OHJDORSWHUD DIQFRAV'ILYSFACH LPIR Y D@ WE K P
UDO DVVHPEODJHV +HWHURSW HKH \DIQRGH &ROHRERUHDEP |
VXOWV QRW VKRZQ ,W LQGLFDWSLM K LRIKOLDONVHD U QN EIEQW
PLODU HYHQ LQ GLIIHUHQW HFRORJLFDO JURXSV RI LQV



YHUQpP DQG YHUWRYR ODNHV SRV VRIWH/F WL D W\KHDFOEID, DW K }
GHVSLWH WKH DI¢,OLDWLRQ WR GIYIH K IDHQGBMVKLHY HDUD K [E YAL5Q.
FWLYHO\ W LV FDXVHG E\ D KJIRIGHWL P QGDW KWL R ISW R H.L
UDO RI ERWK ODNHV LV DOPRVW Z LDYVERRXID W&\ LYHGRW DG
RUJDQLF SDUWLFOHV VDQG JUBYGHEULYG HRIWHGEDNH
DQG DERXW WZLFH ODUJHU WKDQ BIOCRR RHKHYUL O X IS H VOB
YROXPH EDVLV ZLWK WKH ORGOHVW DB HDQMALWR @ X\WL\W K I
DPRQJ WKH ODNHV 7DEOH & R QBMHGIURFW RFF RQ WL R W K HR
VFKLVW 7DEOH 7KH ODNHV D UFH HW FH @ %R LLHJK D E L W
ZHUH QRW IRXQG LQ RWKHU ODNHM W VYR P EDH HRW R H W\
TXHQW SUHVHQFH RI ORWLF ¥BHFKHW LFQD XWKHG CED NCH FORL
LGHQWLFDO RU YHU\ VLPLODWS WR O H]) D RXQBYVDIIMNRIH
$IDEXV JXWQBWRQH FW IFR FCPIRPXIVQ WKH PRVW LQOHWYV D
DQG DQ DEXQG D QW FSRRSXID DWERXQEBILVYD VWRQHA\ LQKD
QDQWO\ UKLWKUDO VWUHDPKLR HW RHF¥ X DV LAHEDND RO
IXOLJLI@BOXWDYLWKHVH ODNHV ZHUH WKH PRVW DEXQG

7KH VXEJURXS RI WKH UHPDLQLQJY &]BRE OWHNSHU/H \BHIQAL
RI GLIIHUHQW VL]H GHSWK ZDWHH® LYFRIOXPKL\EWGD®EN Q
DOVR ZDWHU FKHPLVWU\ 7DEOH HV7RHH VAWM PE®D OHDW F
URSKLF YyHUQpP DQG YyHUWRYR ODNHMV$QODWKHNK OD NISW
VKDUHG E\ DOO VXEJURXSV RI ODINBY NHWYi LD/ ¥ K D BIDHF A/
OLWWRUDO &BBPHQDWW®ESRMDOO\ LQ /DND /DNH <HW W
FRDUVH VDQG ERWWRP ULFKQW RQJDRMK SOIEAQY DRYALl
$OWRJIJHWKHU VSHFLHV ZHUH UHFHQ®WIO0VIRX Q330 H@ QW k
ODNHV RI WKHP H[KLELW D EQURXS RF PDWNHNVQ FK |
RI WKHP DUH FRPPRQ LQKDELWDNIVO\G IRQ JGZDIW H H § W WK
YHJHWDWQIRRU RY HO L D &RHMSDPYOWPBBIR SR U XV L QOFRRVMD LRW |
WKHP DUH UDWKHU HXU\WRSWR SRCHKE /@ B BAHY H $AKED
URSRUXV'  SOIDVEFRW JL QEKORERBXFXULIBHN IRXQG HVSHFLD

)yLJ &OXVWHU DQDO\VLV RI WKH %RKHPLDQ )RUHVW ODNHV EDVH
PHWKRG DQG %UD\ &XUWLV LQSBH[QRSIL¥DRMMHMW BXW\ O'HDWHOOMEE HF L F
JURXSV DQG SDLUV RI JURXSV RI ODNHV DUH OLVWHG RQO\ VSHF
DQG DEVHQW LQ DOO RWKHU ODNHYV DUH JLYHQ



IDNH ZKLFK LV WKH VKDOORZ DQG GHMHOR DH G ®LLAW\G FOL
JHG YHJHWDWLRQ 'XH WR D SEBQV BDQ\® B UFRRIRNHMAHH® W HH
VWUHVV VRPH XSVWUHDP LPPLJUDQ WLIVNED /D NX IDYQAE H @
SDUW RI LWV RXWOHW DV GRFXPHQWHGZR WHHIFHGIBRXO
UXV DHVD\LESVORSKOHELDFRPPRQ@DWBFXUULQJ DW ORZH
LQ WKH ODNH GXULQJ WKH S BWWWXHRG € D TiAR5\BRINDHUN §/
VLOYDHJDESSDUBKWO\ KDYH PLIJUDWHG X SW WUBHBIR W\ V
WKHU VLPLODU VXFFBKNUX G+EEURSXD Y HDURSKBIRW D H O O
PXFURQIXWI KDYH LQKDELWHG W KX $DINDF R X & ©W \I O DK HH
ZKLFK DUH YHU\ GLVVLPLODU WR WHKRVIHU]RRR UDRBWH U L
ODU DUHDV GHSWKV DQG ZDWHU YWOR®HM WK EN G GRI
7KH\ GLIIHU IURP WKH &]HFK LOBMNKVDP\RXQEW WD R WILIDDLA
ERWWRP VXEVWUDWH DQG ZDWHUORJJHX EDERSIKNRUH G WD
A\ ODUYDH DQG PDQ\DTXDWLF EHHWHOWHR | WKHHUHIRRIBIQ DK
FKDUDFWHULVWLF RI ORZHU VK DJ HIVQRS! 8 KVHHRIHRUSRASRAUHDU |
VKDOORZ OLWWRUDO ZLWK GHW® RUHDRQBE \PHRGIHP & Q B/J R\
EHHWOHV WKDQ LQ &]HFK ODNHV )LJRI D @O QASRIFWHH |
*HUPDQ ODNHV QRW IRXQG LQ &]HFK Q6 NRHM 3@ HF HRIU VK
VWUDWHHRHQDJIJULRMSHHPOBEWWR SR U XV -REVRE S KR DX
ODYQRFKUXV DQEQIDMEDQLGDH *HUPDQ O DWKH &]KFK HO D
ZLWK VHGJH OLWWRUDO 30HAQpHRUHY¥LAONWp /RINWKEBC
E\ DOO ODNH VXEJURXSV ZL\WHKJWRHF&DHMKWERINDIDV ZH W
IRUPHU VSHFLHV DUH SUHGRPLQD@RAEV D FILGHWHRIDHEWDD R
WKH OLWWRUDO ZLW §HMKEDY M X QBB VR Q DWRALXLVD RADD V \
'RQDFLD REVFXUD

'LWKLQ WKH JURXS RI *HUPDQ ODNHV $URNVWHHSKEMH
ODU DVVHPEODJHV WR 5DFKHGVE\HV XKW D¢ WSLDRED EOR :
XQLTXH FKDUDFWHU RI WKH SKWWHR/U RO E® RMKL QODRWH/G E
.OHLQHU $UEHUVHH ORUHRYHU 5GFKG KM BUW DWW G RC
WKHU VSHFLHV SRRU DV ZDV VKRZ\QVs%®HMW ODWDFHDQ B
7KLV ODNH KRVWV D VSHFLHV SR RS EHHW W DF DD MRVHPE O1
FRQVLVWY RQO\ RI DFLG WROHBDRWS HRRLHE G £ Kl HRKH Q WH
ULVHG E\ DQ\ VSHFL,F FKDUDFWHULVWLFYV

)LJ 6KDUHV RI DTXDWLF LQVHFWRIURMSD QQDW & H& PHAKH PBOIBIVH \F
ZHUH XVHG



7KH UHVXOWV RI FOXVWHU D@DWLAWHN\RIGDEXPRWLFVKRQY F
DFFRUGLQJ WR D FXUUHQW D F L GWAFDMLLRIQWKMDLYP 8 R B W
HQYLURQPHQWDO IDFWRUV IRU \DDJ KIDG\L,AH GQOVDHNHAWY ¥ A K 16
30H4Qp DQG 5DFKHOVHH DUH SUBDRRMONVNY D QY YNEY G
DOO RWKHUV )LJ 6X U S U LVLQU® O DMK VDAL B UR DW}
.OHLQHU $UEHUVHH DUH QRW JUFOOS\HG CHIWWKR U D @ QF KK
SUREDEO\ QRW WKH RQO\ JRYHW/QIPED DFHW R UK LAR U VE HQ
VSHFLHV FRPSRVLWLRQ RI WKH WHIIWHHGEREZKQPBKV H'G FORW
SHDW PRVV GRPLQDWHG *URVVHU H WKW WR BQ 8 i®H DG
ODNHV /LNHZLVH WKH IDXQD RI WIKGD WK\ R GRRAZK/HDWN D D IN|
ODUJH VKDOORZ OLWWRUDO YHJHW DWW RBQ EHHWOWANH *URV

2XU UHVXOWV GR QRW FRUUHVSR @& HFAIWDK WRUH F &/DO/D/!
RQ SXSDO H[XYLDH RI7&KLBRQRPLGDKH %LVDJUHHPHQW
FDWLRQV LV REYLRXV EHFDXVH VH RSOH FKRIURQRPQ G X
RI WKH ZKROH ODNH LQFOXGLIA MXEHULWQY¥®UNDK DHIBN!
VDPSOHG RQO\ LQ Wit OGMWWRUD® WRIGIWVHG WKH LPSRI!
JUDSKLF SRVLWLRQ ORQJLWEGMKRIWU U OWNIXGHL VR IR
+RZHYHU ERWK ORQJLWXGLQDOHI® & KOROUML WV GALIQHD @ R K
ODNHV DQG FDQ EH WKH VXUURWRWNMV 7RIHR@FKGIIL W ® 8 H
ZLWKLQ RQH GHJUHH f 9+ f 1 QDQIDHYGR /OMWVLVI MR
yLJ 7KH DOWLWXGLQDO JUDGLOIWW \LXJOHWYW HAGK D (B U H
HQFH RI OLWWRUDO VXEVWUDWH RQ EHQWKLF DVVHPEO

TUDFNLQJ WUHQGV RI UHFRYHU\ RI (SKKRSWRI\WHDD G3©
SWHUD LQ SDVW WZR GHFDGHYV

BHGXFWLRQV LQ WKH GHSRVLWLRW (RUBBIHGI6INMWQD G RPSF
.23Ey(.  9Qe6(/é OHG WR FRQVHTXHQW ZLGHVODROGYKKHP
ZDWHddM HW DO %LRORJLFDO UHFRYSHBLWKREHW HRJH
WDNLQJ SODFH DSSDUHQWO\ VORZLOVWWU ONMK D B PEKLHDPL B
HJ210,7+HW DO (%s/29dHW DO 50(52' 2 '85%$18&¢( IDWXUDOO
GHWHFWLRQ RI ELRORJLFDO UHFRYHDWGGH SHPGE W RID MKK:
VWUHDP SRQG RU ODNH OLWWRUWR RKREMO DH QH UQH.
GLVSHUVDO DELOLWLHY DQGWSRURSESBRXBH BEBQ®W DYHHON |
). 1'$< +DELWDWY ZLWK ORQJ ZDWEHVWHGANPW LR @ @
ELRORJLFDO UHFRYHU\ LV SURED\EQ@L WK UUHHO D W\IHG @\KD!
WHQWLRQ WLPH VWUHDPV *HQBODOWMRQ SKWHRFE ORR A W
UHFRYHU\ VWURQJO\ UHODWIKHG WR1d2QFUHBYH%12Qr S+ ¢
DQG IXUWKHU UHIHUHQFHARXHUHRQ EHQWE LFFQPW RKUF
IURP ODNHV DUH VFDUFH DQG1RIWKKEQbHTX LY RFP & WHDI

B(1'(58 2+1621 ,Q VWUHDPV WKHUH LVGHE@ RHYVLWHO!
E\ UH RFFXUUHQFH RI VHQV¥LWMW B O/ $H&LHW OHOJss, H 7
HW DO 50(52' 2 's5s$1&( 6HYHUDO IDFWRUV PD\ FRQIRXC(

WHEUDWHY 7KHVH DUH HVSHR@OON MV GXE HT R MW H L\RYQIS
GLYHUVLW\ RU UHPRWHQHVV RI IKQEXW RW W RE RFVBWR/P DXOS,
HYHQWYV UHVHWWLQJ WKH V\¥WHIW V&R SUH WHRERINRYUHUO h
DVVHPEODJHY HVWDEOLVKHG GXWW WWRKHKDBUIB BRBGVIP
ORQLVDWLRQ E\ DFLGsVHQ¥LWLYH WD[D /

%LRORJLFDO UHFRYHU\ FDQ BEMHHGREBLEDWHB E\ B FIE® M
UH FRORQLVDWLRQ RI DFLG WG /\BIHFLWN WDFRQBQG DQ



*55<  $51277 ‘H HISHFWHG KRZHYHU WK DWHWAKIH BISIS\
WKH %RKHPLDQ JRUHVW ZDV GH¢ QRIVEHRWQRW BRRY Y BL R
YHUWHEUDWHY EHFDXVH WKMW IODRSRIZBUF EKIPEW: BB VR
%RWK VFDUFH SUH DFLGL¢ FDMW LRW SH YA BIWE BVAHLEDG: H

DQG EDFNZDUG S+ PRGHOOLQJsR$ DWW NHD ZDW HUXVILE
QDWXUDO DFLGLW\ RI VRPHD&IBFIOEBQH V 7HHUHIRUW RWR
LQYHUWHEUDWH ELRWD OLNHGMZEDVS + QAKX NQATHG LE) GLIFW
SUH DFLGL:FDWLRQPDFURLQY HKWHHIELDD\W H G\ /D\ T & W K
WHUD 30HFRSWHUD DQG 7ULFKRBSWBUBG (GDNWD[RBWIO |
RXVO\ FRPSRVHG RI KLJKO\ W R OBIW\DLQW @ R CFRRAR G HQD\Y R
DO RU WROHUDQW UH V3SNRMLBIYW D BesGus®H Q Y@ V L V
,Q WKLV FDVH LQGLFDWRURWD GKHHKRH QW LEL\WR'S 8B
QHUDOO\ FRUUHVSRQGHG &OHDU KDYWHG LD IH® KR WL B HI B
WLRQV DQG UHVSRQV H+WRssB AL G D¢, &8V 10RO FD 06 +RZ
YHU DQ\ FRPSDULVRQV RI UHIHUHQEH JFDWHLPREQ IGIE WILK
UHFRYHU\ LQ KXPLF DQG FOH DWE @B W:HIUHQ®HIFW HIZU W KIR/
DFLGL,FDWLRQ ZDV VPDOOHU LQ KXY LEHIE BIX QB W KIUDLQGG\D
EDVHG RQ EHQWKLF PDFURLQYH U W @EK)DRALIF VWZKH-DUH LIR XQ@
DW JLYHQsS$sHBV DO 2( HWODO 1IDWXUDOO\ DFLG ZD\
WHEUDWH DVVHPEODJHV RI GLOHUN QWFE R B SIRAFHUDLHRAQY
W FDQ EH FRQQHFWHG ZLWK ©Q PWIOH RAURWHIQN \ HR | HPA

DV DOXPLQdsX/PHW DO DQG HYROYHG MMARWDIWLRR
PDFURLQYHUWHEUDWHY WR ORZ $u/(s® @ VDX bD:BI@A DO L
‘H H[SHFWHG WKDW WKHHBRIOW RD \D BIRGV WHRQ F U W LY Bi(
UHFRYHU\ DV LQ FOHDU ZDWHRFBQRWN V EZHFIDHX Y H UR UCLLIN E
WKH VSHFLHV DEOH WR W RO HURBYHQ DWW XRHDONVDHY H@ R L
DFLGL,FDWLRQ ELRWD RU UHIHU E®WHRRAD SH.WALIR® \O RN
LQIRUPDWLRQ RQ WRWDO VSHFLHWVUZKKYHVYW RIVRULU G
WKH WDUJHW WD[RFHQRVHV LQWWXLEXW &PMHD/ DIX@®RE HE
UHFWO\ WKH UHFRYHU\ SURFHVVHY EDVHGLRI}{ BR© SDUUF
,Q WKH SUHVHQW VWXG\ ZH KOQ®HMUKGH E DM I UWEXH \( 3 -
1HSRPRUSKD WR GHPRQVWUD IR DHPHBRY)HRWHS/WR O BWW \

[T SN
TT O

YLJ A1XPEHU RI VSHFLHV RI WKH (
LQ VHOHFWHG &]JHFK %RKHPLDQ )

DQG + LQGLFDWHWLR
UHFRUGHG

SKHP SWHUD 3OHFRSWHUD
RUHYV DNHV LQ WKH SDVW W.
VW Ik HF WSVORBGLQJ WR ORZHL
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WD[D ZHUH FKRVHQ RZLQJ WR VX\KLG @ WHIRODPEBUHE GL
SDVW \HDUV \HW ZH GLG QRW NQRWDMNRAHQRVHQYDLQ Bl
UHRYHU UDWKHU XQHTXDO DW W HRPV&IDRIH & DVREHHIP 5 Q L
ODWWHU KDYH EHHQ PRUH LQWHDMHIONQ/ VRSB HGY IRSDV X
DOVR DGGHG WUXH ZDWHU EXJV EHRERS\ZH WK A X UW 5 UGHL
SHUVDO DELOLW\ RU YDJLOLW)\ FRRBE8BGHSUW®RLN\TRW DL
GRWROHUDQFH GXH WR WKHUUEK B D® KIXQIL FRIP DHY &/ ZD \
UHPRYDEOH RQ ZDWHU VXU ID FHW H KR SWHAKXED WK\R Z IR DHF b1 U\
WHG ZLWK UHVSHFW WR GLIIHUH/QKR 8B P SIOLLAGH VDR BOMYF
E\ D PHWDO VWUDLQHU LQ WHKHHQWO\OEBK\Y WRDSR\KG
WKHVH GLITHUHQW WHFKQLTRHVSHXLWY KIKH BHERM. D/\SFHH
HW DO 7KH RQO\ GLIIHUHQFHV ZHUN LQ DEXQGDQF
7KH QXPEHUV RI 30HFRSWHUD D Q GDQUHFK® SS/DN WD WZSH
)LJ DQG DOO WKH VSHFLHV IR¥XQRBUHHDFHLSU K FBWWRC
(SKHPHURSWHUD VKRZHG VOLJKWFLEWUMHDSMLHI RQ W KH
JHSWRSKOHELDJNHWRORODLVGIEB WKH PRVW DFLGLAHKEVY H L
&ORIRGWISBNPHW XV LELRBKORDXIKWINE®D W H U @ O MIXW O
LQFUHDVHG WKH QXPEHU RI FSIBRLHN\G ¥ @ WQKHD B IS UBROQLER,
OHDVW DFLGL¢HG/DND/DNH ZDV PROW/\GKMHERY B @E QWH
HV S®DSWKORQXU X W DHWMILYB®GE VRFFDMERES®EOWELD D WL
RFFXUUHG WKHUH :LWKLQ WKH (3R QWD[®H PPHGAN R ¥ 1B WH .
VHQVLWLYH JURXS +RZHYHU W KW DDFK RBOHHQAMLGVWRLEH A
WHUPLQHG RQ WKH EDVLV RISHFKIBY RDVWORRQRD EHWNVQ
%$8.0511 7KH DERYH P HQWLGRRHIFESK HHRRDBBESMI R SK O H E
SRVVHVV D UHODWLYHO\ ZLGHRBRRQ R DMFIDRIQ URD QQ i Z HIQT
VWDQGLQJ ZDWHU KDELWDWYV D@KBUDGNHO WRFW® OHID KL
RYHU WKH LQFUHDVH LQ VRPH VSHRLEWRPHARWEKHY FDIG
VXSHULPSRVH WKRVH RI DFLGL ¢ FDMH BQGR Q G\FR HW K F D/
VXPPHU JHQBUDRMIFREXE@NWGLFDWH VRPH FKDQJHV LQ W
NHY OLNHO\ LQAXHQFHG E\ D UH FHILOMI H Q\FHIRHSDHHDIV BN KiH |
DO
7KH ODUJHVW FKDQJHV LQ VSHFLHXJVLFKIQHYVV5HFHH W
FHQRVHV KDYH D KLJKHU VSHFLHVYWILR®Q QHKINQDW & RG/IH |k
ODNHV WZHQW)\ \HDUV DJR 7KH QXPEHU \RH GJ H DPRVG® Gb B
DQ )RUHVW ODNHV 6HYHUDO RIHFHHODNEBRZ® IWRA D W\
O\ UHFRUGHG IURP WKH PDMRULWIVWR W DX DMLY EXJEN
UHFRUGHG LQ WKH ODNHV EHIRUH L HDQBDIXQW KHRI \QE
SKDQ VSHFLHV ZHUH GLVFRYHUHGVL Q@ RWHVH O/ M V. HO/X DHL K
WKH OLWWRUDO JRQH RI ODNHVY HIODGVLYHEOX G NG\ MRIS\WE
6LJDUD 1 OCOHVOH UDWURDBEPURQHFWDWRROW]IDY LQ D Of
VWHQRWRSLRWRQIFEWD7HHXWHUWH WKUHH JURXSVDRI VS
KDELWDW DV IROORZV L 7HBOCRUWQWEPHRDBKME QWYY HRL
WR WKHLU YDJLOLW\ DQG ALJKWHDE QQ XML DQ YIDEBHHQ R R &
HQYLURQPHQW IRU UHSURGXFWLRQ D®®& H3H YR © R P QK
QDO LQKDELWDQWY ZKR KDG VR ORZ\SRSX®DIIRR QY KDHA
QRW GLVFRYHUHG E\ KDQG QHW FRGQABBFWERQ B HWHRWE D
LQ WKHLU SRSXODWLRQ GHQVL\W\FRY HFOM WK HPLIKH U ¢
IRXQG VSHFLHV XVH ODNHV RQO\IFWYKDO GB\LY 8 H U WIHEG L
UHFRUBWR QHFWDLPDRX®MB LY LULEBLAMDQ VXSSRVH WKDW



IROORZ WKH IRRG ZHE FKDQJHV VW BWW H\@\ ED QUGHERIHU
DO Drs/kee HW DO
7R FRQFOXGH D FHUWDLQ GHJUHH @ IDIFKERYH G\ LKD W K
DQ JRUHVW ODNHV DV GRFXPHQWHPEV WKD GIHVDIPG WR P |
LQFUHDVH LQ VSHFLHV GLYHUVLVD\TXDW OF B WW H.DR (S H ¢
ZH DUH QRW DEOH WR GH¢ QH WKH DSSUSFORHV/QYW 8 GRR U MARY
UDWH DQG SRVVLEOH WHUPLQDWLRQ
2EYLRXVO\ DQ LQFUHDVH LQ S+ DOR®HITE BWW TRW HJH
PDFURLQYHUWHEUDWHY )RU LQVMAELQFK B NFHNQ EDQNF UW
EHORZ WKH ELRORJLFDO WKUHMKROBWR D O BQ2 RWWDMQA V
%HVLGHVY RWKHU KDUPIXO HIHFRAVVR IZ B OHLIGH Y W
RI WKH NH\ IDFWRUV VWUXFW XU LR LD KF HRQMA SBDHIRTF BIIQ\R
/JLWHUDWXUH GDWD VXJJHVVRX\QFHE $ R UH IHHF W W OHU

WLYH PD\ALHVYs5%SHF L3 \Wb62 (550811 D KRZHYHU WKl
QR SUHFLVHO\ GH,QHG WR[LF GRWBEWIRWHK URUMEOY RHE L
/1$1° HW DO 266(/$1'5HW DO FRQVLGHUHG WKDW. FL¥® ZF

FRQFHQWUDWLPRQVXSSHU WKUHYBEROVXRIHVW-HGDYV D OL
HITHFWYV 7KH UDQJH RI LQRUJDQLEFUSB/DLFLXBLDWﬁl'EﬂSWB(Iﬁ@:W
O\ PHDVXUHG LQ WKH %RKHPLDQ )RUHAIBNO B D N H\K X)\H DIRK
YHULQJ *URVVHU $UEHUVHH .ONpQBDMSMHENKRAHG/BRQ
I —3 0QG IRXU FKURQLFDOO\ DFLG LRYRG 35DH3QH0 \DHDHN F
DERYH * OBR\WWN RI WKH DFLGLF WULEXWDKJ[DI-P\RX/W@CRIG
ZKLFK SUHFLSLWDWHYV DW S+ a RUH XLAJKBHWD DWKH OL
6XFKS$OHFLSLWDWHV DUH KDURtXQ1IRIW BUWHDWKDRDQG RIHJ
KHUHLQ ,Q PDFURLQYHUWHEUDWNMWXP VOH X P N HKHPYLWR E
6XUYLYDO RI/WKWR:‘S]Q@HELIZDD\DIQR_V(D[DWI[BIFWHG E\ WKH (
JH SUHFLSLWDWLRQV RQ WKH ERGL® QR WLD@OYR JURUXBIC
RI PRUH WKDQ Rel+ WK H :EsRGAs 11 7KH VDPH FDQ EH D
DOXPLQLXP DV ZHOO ORUHRYHWUW HE UDWSR/V VH. B O HP DAKL
FOHDQ JLOO PHPEUDQHYV IURP PXFXWRDIFGN PXUOFMERW D \
os11  $i'(s621

%HVLGH GLUHFW VLVBQ_CE $DKHIF $VO/ FFHQBR:HQ‘WUDWLRQ DII
SURFHVVHV VXFK DV HQHUJ\ F QPG MMARD \L 65 MW R QH.

UHGXFHOHMRO\PSK FRQWHQW DQG DkibsEUHDEVKLQ.

DQG DW OHDVW LQ VRPH ZDWHU EXRWUBQORW@GDRQ WK
HW DO LPSDLUHG RVPRUHJ¥OBRMWLBRBQs2QG LROQ Q\GUD
SRVVLEO\ DOVR UHSURGXFWLRQ IFWBWALIRKFWDRHD/OWXHH B
UHQW LQ WKH LQGLYLGXDO VSHFIRHQW XNV 8W LR H] B WUHLVP E
VHG LQ G UMD EHDADHMPD MIRAK Q UGB @M IHFWHG LQPD FDC
QHSKNVEBXV DQG LQFUH DWVHS3V DQ XRIE\RI HN/ DK X(BHBI P H U D
GDQLEdxs HW DO (550$11+ $1'(5621 B .:222 HW DO
(l1THFWV RI PHWDOV PLJKW DOVR FODAWHH EWR B K DRDEU D OP B
WDRVW LWV HVFDSH EHKDYLRXU HAKHIQHHVE R \EHHGE QWURP IRWH
FHG DW ORZ WKDQ DW FLUFXPGHXWUDO /E$NHRUVERWKKRF
YRURXYVY VSHFLHYVY H[SRVHG WR ORZ YSLAWA KeR1AH @6 U bbG X F H G

*(5+$5'7 7KHVH UHVXOWY GHPRQVWUBW®PWYVDRA LOGAH. ¥ IS
VSHFLHYVY OLIH KLVWRU\ (WQHVY¥XLEHKKDQLQRXW DD (HF B/KX X |
VSHFLHY GLUHFWO\ EXW FDQ KDYH YDULRXYV VXE OHWKI



6SHFLHVY WD[D ULFKQHVV LQ WKH DRKNRODDL YR N RWHC
(XURSHDQ ODNH GLVWULFWYV

7TRWDO VSHFLHV WD[D ULFKQHVV

JLUVW RI DOO ZH VKRXOG HPSK D YDIH WIKD WQW K AWAS H FK
%RKHPLDQ )RUHVW ODNHV VHHPV W R GEHF KD OKOLDN A R PRSWD
GLVWULFWV VWXGLHG UHFHQW CRQFH XM SRW7RBDON WK
RI VSHFLHV WD[D IRXQG EXGHNOVR X ZEMK RQ WKHF L
VWXGLHG 7DEOH ,QGHHGI FWS/HB HIF ¥ QW DK GIROD RF W E
JRUHVW ODNHYV VSHFLHV WD[DVIRKQWG UBRHRQWKRRXQV
QXPEHU RI HLJKW ODNHV RQO\ $ GWYWSNWEMHAVRS HPER DH AV
UDWKHU H[FHSWLRQDO VHH 7DE@HIVV ZRKH KRIKIEGVMQ WS
VSHFLHV ZHUH 20k6SRUWHG E\ %LQ WKH 6ZLVV DQG ,WDOI
VSHFLHV ZHUH RO GIMFIYGIG E\ ) LQ ODNHV RI WKH SRSV
ERWK LQ $XVWULD DQG ,WDO\ 2MMUZRIQUH KRR GG HDD WD
6FRWOD@G1HW DO D 7KH PRVW FRPSUHKHQWVILYH R
EHQWKLF LQYHUWHEUDWHV L E OXVR S(SDE) W FOROV H O D NZH
UHSRUWHG RQO\ VSHFLHV WD[DHRRQB LWRP VOHYNHHV P
ODNH GLVWULFWV WKURXJKRXWKXRRSKH WKIRBESHDWQ 0 O
WR %DONDQV WKH 5HWH]DW DQG 5LOD ORXQWDLQYV
+RZHYHU GLUHFW FRPSDULVRQURILW K HR¥QG&DMOD WK M/ Ko
ODNHV LV QRW SRVVLEOH ZLWKRKW SHRLHYD FUL ER Q HDVQ/D |
ZLWK QRW FRPSDUDEOH QX P EGINRIVOLONHHW W IKIHD O X [SE H\
IURP WR ODNHV VDPSOHV ZHUHGWDNHEQ\W BHWKREB
WHUPLQDWLRQ OHYHOV ZHUH GERXW HQZR KX @8 0 B G 1\HSH
RQO\ HLJKW ODNHV FRPSDUHG WR DE RXWHR®HD KXHBW B

VKRZHG UHPDUNDEO\ GLIIHUHQRUGIVYH OWDINHY RIUR K HD
WULFW DFURVV (XURSH 7KHVH GLIUB WHRQEFFHVR X QM HPKSH I
PRQ VSHFLHV ZKLFK UDQJHV RQO\ IHEPWHKLYV FRESMU L\
SUR[LPDWH DJDLQ EHFDXVH Rl HYWOGLIORUHQWKBE W H U
WKH %RKHPLDQ )RUHVW ODNHV ZHW® GROYWUPUQMERWR C
IDPLO\ OHYHOV XVHG LQ VHYHUD@HWW RG VISWF 0 RV HRYRIZ
%RKHPLDQ )RUHVW ODNHV ZHUH QRW FROOHRPEB G LIMR O (
7KH DQVZHU WR WKH TXHVWLRQ R QLRKKHHF D XR/IHY TKID WH
LQ WKH %RKHPLDQ YRUHVW ODNH W DW b DRV KHQRER SO H [F
FWLYH ODNH VA\VWHPV WKHUH DUHUWRPM REWHWWXGHH JB
WLRQ HJ RURJUDSK\ JHRORJQG D/OKBQHI | HEWRL RWE 8 QP!
IRUPDWLRQ RI IDXQD HJ HIIHEWY RIQI® EQR¥WQ®W BHQV
GRUV PLJUDWLRQV DQG LQYDVLLYRIQFKKBYLRXU SUGHE BV
RI ¢VKDQG GHQVLW\ Rl SOD QN W R QE MAKFHAIHY Bl UGHD BVOVURH 1 O |
SRLQWV RI YLHZ LQ ODNH RXWO®REOLMA HP\W VEKR @V WQ B QV |
EXW QRW OHDVW GLIIHUHQW GDWD SURFHVVLQJ

,Q WKH IROORZLQJ VL[ U DLWHKIHZIH DOVEWM B B W LOL VGFKYYH G
IDFWRUV ZLWK UHJDUGV WR KLJKODSHFNLBY G HESQBNVY
DOO\ FRQVLGHUDEOH GLIIHUHQBHY Q @ BRAS®IMW B QFWR
%RKHPLDQ )RUHVW ODNHV RXW RI WKHP

L+DELWDW GH¢QLWLRQ PWQ & GEHIONLPWWIUMLRQHQFHYV XQ
VWDQWLDO UROH LQ VSHFLHV WHKWHRY HWY Z& KD\ HRQW
GHV WKH LQKDELWDQWYV RI WKH LGQLOAHMR VY DAORE R Y IWRIR U B



UDO DQG WKRVH RI WKH ZDW HAK VKU FOFFRFK D Q @ RVKHHQ O
LUUHJXODUO\ ,I QRW VSHFLHV ULFKQHVV ZRXOG EH VX

7KHUH DUH VHYHUDO JURXSV RI RBERLAK GRKN QIREAL W
WR D W\SLFDO *ODNH OLWWRUDO EHQWBORZWKDELWD Q'

D 7HPSRUDO LQKDELWDQWYV RH RUVRWIRIRN LWK D@V GER
ELWDWV 7KLV JURXS FRPSULVH VSRHF YHW \Z KWK H M WHIRI
VRPH &ROHRSWHUD YDJLOLW)\ WRLGI D X FSHUHPX\U R/S BAHWDID
UD ZKLFK DUH GULIWHG WHR L\Q IOH V@ PW R RXWWKW R Bl O GORH
WKHUH IRU D ORQJ WLPH EXW D UHQIBEWKHW B LRDLMIQW X |
PLJUDWH WR RYLSRVLW WR LQOBWM B RNMD \ $@RWK S XJKP |
WDQWYV Rl WKH OLWWRUDO ]R Q HHFWMKLHHX RD\G\RKFEBADHDG € V D
IRRG ZHEV DQG HQHUJ\ ARZ

E 6SHFLHVY WHQGLQJ WR OLYH ZQHXWSKKR BRI XD R [ RO
DV VRPH &KL UR G R RWHIURW UHLEKVRIFRGIREPDW R S V 8 & MULID Q
WIFFRUDFL/XH SUHVHQFH DEVHQFH RO MX®WKR VB B FRRIWW.@\
WKHLU DEXQGDQFH DQG VXEVWUBW iBMWISI® UFHRQAH\G HERH
W\SLFDO OLWWRUDO WD[RFHQH PHPEUIRNK @& \WOF R R ELAV D
Ya,6 *(,*< @ 37(56(1 ,Q VXFK FDVHV LW LV GLIILFX
WKHU D VSHFLHV EHORQJV WR *QUAMDWRYB® HRYHTS UR W
WUDQVLWLRQ JRQH

F 6SHFLHV OLYLQJ RQ WKH VXU IWDMKR IZDDWHHUFR QX P E
WLPHYV UHSUHVHQW VHPLDTXDWVYSHRUHVHPUMHUUHQW R
OXPQ 6HPLDTXDWLF EXJV +HVRHPSRSWH WS HFHL B VRPRYLS
ZDWHU VXUIDFH RIWHQ IDU IURP WISHH FOLHNVH SWKHR K H U HQU
WKH VKRUH DQG ZDWHU OLQH WHVWHKQDIOGWSH FRH VU DD K
JHG SDUWV RI DTXDWLF SODERPW WSHF +HE URPHW VKRB D
FRPELQH ZDWHU VXUIDFH DQG GLYL 8B HEWORV QRUIWKH JD
GDH

G ,QKDELWDQWYV Rl RSHQ ERWHDIHQBAR ULV DIBE RIHXOE
Rl SKDQWRRIRPDBERAGSY 7KHVH VSHFLHV RFFXU IO0UU® JX
FRQQHFWLRQ ZLWK WKHLU GLHNWEBDW HGF W DWRWHU WRKVG
WKHLU DEXQGDQFH GHWHFWHG QHHG® WRW QIHMH FW WK H

H 6SHFLHV WKDW GR QRW ¢ W D Q HRI\DKWLLYEHR/YRH FVCKVIA HER
&KU\WRPHOLGDH VXEIDPLO\ 'RQDFILV@BK DIXIBWLBE LLRDVO
ODUYDH OLYH LQ SODQW WLVWXHVSRIDYXEP HILPIBE GBWY W
SDUWV Rl SODQWV WKLV JURXS QY WR XOTX@®WQ EME IF R QY 0!
HW DO 6LPLODUO\ 'LSWHUD QD UDYADVWA DFEIK 3\§ RHSLOFEHQW
GLI¢FXOW WR GHWHFW DV ZHOO

7R FRQFOXGH ZH EHOLHYH WK DW\&WRUXFARPPXIQ OV WHWR
EH GH¢;QHG DQG VSHFLHV ULFKQH V VKAFDIEFRMWA B H REXHSAWVHREIW
ZHUH RPLWWHG LQ WKH HYDOXDWMMD VBKH LKHDVE LIWD 2\H 8
RI OLIH DUH RYHUODSSLQJ DQG DOWKRMKJBDWRP B LWS\W R L
WKH\ UHSUHVHQW DQ RYHUDOO SD@ VR D WK BHURKKFBORI H/F
QHJOHFWHG UHVXOWLQJ GLYHUVLW\ ZLOO LQHYLWDEO)

LL *HRJUDSKLF DWWULEXWHV R LD DNWLGQ V NFDLFW @ H
VSHFLHV FRPSRVLWLRQ Rl ODNH ARRPIR)SKLEDB® BRPBRQ'
LV QRW VKDUHG E\ WKH HQYLURQPRDVRIO D/DKLLFD ¥ DHID (
ORMIMO VLJIDON *2(.223 (511 HW DO F 5HJLRQDO
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PD\ EH GXH WR LQKHUHQW YD UL DW\RKPH Q@ W HHF QROWWX U
WXUDOO\ WKH ORFDWLRQ RIDOMINHX\G\N WHRPYJ LHVX G B O VQ
DQG FKDUDFWHULVWLFV RI FDWPKPMWQ@WNQ G AV HE HEHNRHF
WXUH RI ODNH KDELWDWYV DQG I[FRR@ VHIXH QO Y HW B Y DES
URORJLF FKDUDFWHULVWLFV GEINHD PDYDRXIM RO W LKW XCBH
DUHDV DQG YROXPHV ZKHWKHU DUNHSDDQGRW RH ODING |
HQWDWLRQ FDQ LQAXHQFH WKH NYPGRDO LOMD\WNRYI GLRWD LE
WKHUH LV D VLIQL.,FDQW OHYHOHRS 6 RQDQHRU MD UL P K C
FDWFKPHQW DQG JHRJUDSKLFDO R\ UETH WOIRD VU VW KFW K
UHAHFW HFRORJLFDO SURFHVVH\ERH Wi WHRMOB ®I1 D VR U U
7KH ODNH ELRWD VWXGLHG L$BDYD NOWLRWQA R FUX L\ DI H DY
VLO FKLURQRPLGV GLDWRP\Q RVUKEGBGRIEWW DQFW GILL PHU
WLPEHUOLQH QRUGLF B6FRW®D Q& UDNKH WRU)ZIM\O D\QGE DI
3\UHQHHV WKH $0SV WKH &DUSMHVEILD @R UDQGL O K USA |
EHWZHHQ 6FRWODQG FHQWUDO 1 bR UDDQNG DQIRAJ WRKW K
ZKHUHDV WKH ODNHV RI W KWRPD RW BHIWNH @ W WU B €8 41X WR S|
HW DO F ,Q RXU RSLQLRQ W KRIWYERK H B QIN®! GRW R \DAD
YH OLPQR UHJLRQV QRW RQI\ /& WHV W BDOKIHQ YHORZHHEN D €
EHHQ YHU\ GLVVLPLODU WR DQ\ @LPQRPUBDILR QDWW KH W
ORZ GHJUHH WR DQ\ OLPQR UHJLR®VWDBONHYV DAKH WHRF
KHDGZDWHU ERGLHV LQ UDWKHU VKBD DDW H& DIRHV MU
DOWLWXGLQDO UDQJH UHOBWLYB O\ BERIH oW AKDRHQIWW
QXPEHU RI ODNHV 7DEOH 7KH JHRIED ARWF D WSNDWILLCEWK
PLDQ )RUHVW IURP RWKHU ODNH GLODAUUWMAWR B X W DRRLGW
FRPSDULQJ WR RWKHU ODNH G LWWVWLBW W RTDERH W K H, QR
DTXDWLF IDXQD RXJKW WR EH D VXEMHFW RI IXUWKHU C
LLL %LRJHRJUDSHGR XBEWBHEWWLQAXHQFH FRQVLIGHUD!
HDFK (XURSHDQ ODNH GLVWULFW +LJKVVBHHE LBHV UH\WKSY
H[SODLQHG E\ ELRJHRJUDSKQF HHDKHX B HR/J R R WKL S KD RH D-
ODNHV LQVHFW LV GLVFXVVHGHRIRD KV H H HV K A SKKKDD/S. W
FUXFLDO DVSHFWV VKRZLQJ DQ D SFEBHWHRMY & B AIXH\D O H Y
&RQWUDU\ WR RWKHU ODNH V\VWHW®VOIDNKEXYURSH DK I P/
D SDUW RI UHVSHFWLYH DUHD WRRSBBRLHWRWBSO O P
WULEXWLRQ QRUWK DQG VRXWRGHRWRMLEHHHQQUDD
WKH VRXWKHUQ WKH 'DQXEH EDVLQ DV Z8Q®\VVRQ RBWW
VDO ELRFRUULGRUV RI DTRBWLR H[QVMWHQF HDRIGY FH FH.C
IDXQLVWLF RULJLQ RUHRWXQGHO®® DNVUE RIUHDIDQ R UH ARG
PHQWVY DW OHDVW FROG VWHQRWKHUPLF DQG HXU\WKH
LY &OLPDWH FRIVGLWAXRYVWHPSHUDWXUHFBYHBLSEQ
DOWLWXGLQDO JUDGLHQW FORSHODWRKQY®HFQG & K H WS
YHU UHSUHVHQWY RQH RI WKH NH\QIDFWHRIU\Q Y B B WHHE L
SRVLWLRQ RI DVVHPEODJHV RPHUK N PRZ G RDHQ OIQNEHZD
DUH FRQWUROOHG E\ WKH DLU W HFPISIHQU DIMFXAURHU DGHON M K ]
VSHFLHV ULFKQHVV ,Q (XURSHD QD® SWHRS BDDNWX UW K-
HOHYDWLRQ E\ + $%&sSHU s25.#HW DO EHLQJ H J
ODNHV DQG + 7& DW WKH DOWLWKGHVFRILY HEDQ G
/&= 6QRZ FRYHU ODVWV |URPY BIEW.RE WHE W RDVX QB OLOFNHI
DOWLWXGH DW D PHDQ UDWH Rb,7- &B\V E\ BRB\DQGPL
FRYHU GLUHFWO\ RU LQGLUHFWOPDADHFW® G EQR ®RR M. KE



Flo$ DQG DFFRGLEWVWR & LFH FRYHU GXUDW
SUHVHQWHQWY D VLIQL:{FDQW HREQRWUIFDO WKUHVKROG
7KHVH IDFWRUV DUH UHVSRQWDEGHLIR W $HFRBV LGELHKD
LQVHFWY ZLWK DQ LQFUHDVLQJPVOWKWRBH RX\N WMDKH @
GLVFXVVHG PRUHRYHU WDNLQJ LYHUR D DROXNQW YGKHH\L U
PDVO 7DEGH.HW DO DOVR REVHUYHG DQ LQ
QRQ LQVHFW IDXQD ZLWié(LQAWHDYLQJ DGWVWXIGEHHG WK
HV ULFKQHVV EHWZHHQ DQG UR@V\MEEXMW LW R
$0OSV O(1:265 &7s/s1 FRQVLGHUHG VLPLODU DOWROWXGF
JLFDO WKUHVKROG LQ WKH 3\UHQHH@HGKEW VEKH QER B Q\
DGDSWHG VSHFLHV WR XVH WL PFHHYHYQGH.E W HVG UHPIHX R/
GLWLR Qs32649e129,y20eHW DO 7KH DOWLWXGLQDO JUL
LQ WKH %RKHPLDQ )RUHVW ODNH\H\CLRZFHV W KCHQ G LK ILH 6 H §
QHJOLJLEOH P 7DEOH D O W® FEXHJ R BSVUFRIQYRXA) AN B QH
JUDGLHQMWb1 : *HQHUDOO\ WKHLU DOWLWRBHY WKD Q
PDMRULW\ RI WKH ODNH GLVW U LIPWYD XVGH D ERLY\HF WKL R
OLQH 7KH %RKHPLDQ )RUHVW OD NHM G LODHNH | G R P WVUKLHF \
UHODWLYHO\ ORZ DOWLWXGH FKHL U FORFDWN RQ DQGHRRIP
ORFKWRQRXV RUJDQLF PDWWHU NH ® LGALWRUB QW7 RKD KD
FLSLWDWLRQ FRPSDUHG WR PRV W VU HDRFONB \DIORSWWY H LD @G
DW OHDVW PRQWKV XVXDOO\ ODRWWWIHQERQRPW RR® Y B
WR D YHU\ KLJK DEVROXWH QXPEHNHM \IB\H FKIRYZ QJ I F RUKC
ULVRQ RI VSHFLHV ULFKQH®Y QK DG HD\O RIL6) Rl] DM Y OB
7KH\ DQDO\]JHG WD[D RI P DIFIURR\LQR $IKILVE HEDNDWWH \§
DOO WD[D ZHUH UHFRUGHG |URPXRDGSMQ HR R B DONHNH V
I[URP DOSLQH JRQH ODNHV &RQVHTKMHOQW®\VRDWH ® ER XK
DOSLQH ODNHV ZKLFK LV YHURNERP®RBRQ WR [WKRH BHUWFH
ODNHV DQG WKH DOSLQH ODNHV WR B RXIHR ¥ W Q(KHRSHC
DOWLWXGH DQG DOWLWXGH UWHGDWHGHREQE LMWL PYV HR
LH OHQWLF KDELWDW DQGW Q Q® WAK R XMRXKHIW D Q HR O
DUH DERXW RI FRPPRQ WD[D LQ L Q/O®RAHD QEKR QWA
WKH $0SVs,2/,1, W DO DQG WKH #snUBWO\B QO +/1
NHZLVH LQOHWYV RXWOHWY DQG OD WHYDVKQ WHGH RARK HF
ODNHV FRPSDULQJ ZLWK Rl KR PSRORBY(3% HELEHN WD[D LC
/JRZHU FRQWUDVW LQ FRPSRVLWLRQ/RG IEX WHPEO®DIH V XE
WURSKLF FRQGLWLRQV RI KDELWDWW D@ WHid BOSLQH |F
21, #0(5/£. HW DO ZKHQ FRPSDUHG WR WKH IRUHVV
Y )LVK NDMRBMOD\ D FUXFLDO UROH LQ VKOBSLV PQ FUF
DQG WKHLU LPSDFW FRXOG EH VWDMRIQR&Y0WeK DIQDWKH L P
JLVK VWRFN LQAXHQFHV LQY H U WHEIUDG\LHNH G WOH EWRK EQ S
FKDLQV DQG IRRG FRP HNWD /(LR Q2-3 &7$/51 *HQHUDO
O\ ODNHV ZLWKRXW RU ZLWK RQI®GORHE UV Q M GWLGH3/ DFEI X 4
WHEUDWH DVVHPEODJHYV WKD ® W&V HOZLMWK KLFKHU ¢ Vk
+(56+(< (5151 HW DO &+,//R*BW DO )DYRXUHG IRRG V
LQ PRXQWDLQ ODNHV6:DORREA U KR @ BAOWRDOR Y YRR/ L
QXVRU VFXEBSM@XDUH HVSHFLDOO\ FUXVW BRFHY\D QW JD
ODUJH EUDQFKLRSRGY DQG B DU YMHM ARUHNT XDWRIOH A QN Y
EHHWOHV RU REKLIMR@RPEGY 28ise., HW DO sse+(702HW DO
7KHVH WD[D FDQ VKRZ PDUNHG Q\QORZAHWX S WYHI DLW



WKH RFFXUUHQFH RI RQO\ VPDWOKOSIUG\GWD WU R S B HNDRW
2:13&., HW DO BUHGDFHRXV ¢ VK DOWRW Q QF IHQDAW
WHV DQG VKLIW WKH DVVHPEODJNVPRRZOMHLN BPMOAYBNHU F
DO $5/&/( 45,16 2Q WKH RWKHU KDQG LQ WKH DE
ODUJH SUHGDWRU\ DQG DFWUWHHPRAULH BILY H U QN HWMEHIE K
HW DO (11,( 5$&.621 12 &r,/1/,1*HW DO ,Q VXFK F
DWHU GLYHUVLW\ DQG DEXQGDQF & RD IRTQX/DIWIVFDBHEHW\RPH
Rl WKH IDPLOLHV &KLURQRPLGD® \DROFEH & KHDSRUEHRWUH G\ Bl VRRLF
HYHQ FDQ EH XVHG DV LQGLEBEEWRVUWD RI(WVWK BEYHQFH 1
6+,//1,1*HW DO
JURP WKLV SRLQW RI YLHZ KLJK L@ YWH{UHNVHA R K B WLHD Q S)HRI
FDQ DOVR EH D UHVXOW Rl FR LQBRGWQWHKBHWRIRISDUHGI
TXHQWO\ VWXGLHG DOSLQH ODNHW D QEDW K HD \D B \VUHHQYEXHD
DFLGL¢FODAWHRQD O D <HW D SRS X6@DW HRQ RA VIKUPRGRWM L
EHHQ TXLWH UHFHQWO\ SURYHQ HUNMHEWE RS UKL FRPQ
, 0 WKHUH LV ¢ VKUHFRYHU\ LQ W K H WWXCGEH. FHGHOLNYKMH\Q RN
DQG GLYHUVLW\ RI LOQOYHUWHBYV B/ HW IDID WKH VXEWVH QXH
KRZHYHU WKDW WKH LPSDFW GFROQIGEWHEDW RREX R BB
WH SUH\ LV JHQHUDOO\ ZHDN LQ HORWM® $DR | KQELDADD VR\Q
PRUH VWUXFWXUDOO\ FRPSOH[ H@YJLDR @PH R M JH) | R/K H. (
3(5&( +15,&+6 Y (52 (18,21, deéo0,7+HW DO ,QGHHG
UDO JRQHV ZLWK PDFURSK\WH EHG WY QGMKH[ B-RKMHPQ W K
PRVW RI WKH UHFRUGHG DTXDWLF LQVHFW WD[D
YL 6DPSOLQJ WHFKQLTXHYV DQXHVBPSOERS GRKEW W]
QHVYVY FDQQRW EH VWXGLHG ZLWXARSON GIP 3'/HFFK QU TXH VU R
VSHFLHVY RU JURXSV ZRXOG HVFWYHZRXO ®WHN MQYWRRQ(
PDWHG 7KHUH LV QR QHFHVVLW\WHRG GIRQVRXVYVVWSHRALBK
VLQFH WKHLU DSSOLFDWLRQ \F LKIDOY HF KELHSH/QH P N QG\H_IRMLHIG)
JURXSY RU LQ WKH ODWHULDODWQEBRPEWERW VR QHRE HVOHLM
WHFKQLTXHYVY DSSURSULDWH VYDOW ERXOWO OEWH. QW B D W@V HI
VSHFLHVY ULFKQHVV RI ODNHV PXFK PRUHLDHGXMDIPVEBOQ J
6RPH VWXGIskH2V H gs5¢ (5 HW DO ,s03252¢E=129,y29eHW DO
Y, $032529ET5129,y29E DUH EDVHG RQ TXDQWLWDBMHLY RU/ BHR S
VDPSOHUV ZKLFK LV QRW DBEIH WERHXNMSRIH B DREGHUAD
VSHFLHY DQG VSHFLHV ZLWK ORZWSRGRQDWIDR G HFGWMIQV R B
SWHUD DQG 'LSWHUD RWKHU WKDQL &KW KR DR KIDGBHD DWW |
FDQ EH SUHYHQWHG E\ SDUDOOHOBMP §E8 W HAL W KHVDHKD
O\ PRYLQJ VSHFLPHQV FRPSDUHG WHR /DHE &4 (BEoRl WKH
DQG RU VHOHFWLYH VDPSOL®®YHFRHDFWLUYH®WUDBNVPP
FROOHFWLQJ E\ D VWUDLQHU
7LPH OLPLWHG VHPLTXDQWLWD W\L PHKB® QFAN QVHDVW? SZQ.MAK H
+ P DFFRUGLQdD WW PO ZHUH XVHG LQ WKH PD
IRU FRPSDUis¥ RRBW.DO (57/, H® DO 2+*(52 %l/(1&,21, 512
512 HW DO -(//+(,o HW DO (5181 . D( 01263 &73$/31
'LITHUHQW EXW QRW JURXS WSIHEHM R D VHGE NB @ SXO/IHIE R\J
O\ )JRU LQ¥WHQHW DO XVHG D FRUHU WR VvibPSOH
XVHG \HOORZ ORHULFNH WUDISN TDRDJWHAROIOQIWH\FIVWOM L
ZH KDYH HPSOR\HG VHPLTXDQW LW DHVALK Bl PMLIDAHS @ KQIJFR\P[S
DVVHPEODJHY VXSSOHPHQWHG E\OG QIJ AMHFE\W LITXRIXS WOSH



GXDO FROOHFWLQJ E\ D PHWDO[XWIWDH G RO 06 EWW) W DY
LPDJLQHVY 7KLV FRXOG FRQVLGHRIDE®NHADNR XUH RARUHGW €
RI VSHFLHY GHWHFWHG E\ WKH RQO\ VWDQGDUGLVHG P
%RWK WLPLQJ DQG IUHTXHQFWRW KB P,SIO0L@ ¥ SOHOFW HVOU L
%RKHPLDQ )RUHVW ODNHV ZH VDPSRPME@LHDBE\ODR H D QC
IXOO VXPPHU $XJXVW RFFDAVAWR QQ.D OQ DMAXKH \§ SIJIMOH WD QF
6HSWHPEHU RU 2FWREHU 6 XFKGWWHFROM DO QWK HHEQAYV -
F\FOHV ,Q IDFW RQO\ VHPLYROWQL@HU ANIRPH BQG BRPAY
'LSWHUD VSHFLHV FDQ EH UHOLDKF®R ®HWHPR/OH G JZ KKHRY
VHOGRP GRPLQDWH WKH DVVHPE@M N®GHFKHVGHWH PWH_H
DTXDWLF LQVHFWY LV PRUH WDQJODUHRZWKHIDW\WHGRIING
DSSO\LQJ RQH VKRW VDPSOLQJ PDNM®\DVHHFRWVDPI\REZH Q
WHUPLQDWLRQ WR WKH VSHFLHVIFRODWHW K Q D WH R WRE MWD
WKHLU UHVXOWY RQ D VLQJOMK1¥:D, PO HD @ Hd4/HFW DUWCHH VH
%e++(52 [(1&,21, Ms5('(s HW DO 512 . 512 HW DO ¢(,12 +
)-¢/1+(,o HW DO (5181 . D( O(1'26% &73/$1 +HQFH WKHLU D
FDQ KDUGO\ FRYHU HQWLUH VSHFQE W GIKW IE\H. WK R | FIDTX
SDUDEOH VSHFLHV ULFKQHVV IRXQ$ON® WsKd+t=sa R bkP LD Q

HW DO ,$0EPEP@ET] 29,y 29E ZKR DSSOLHG IDU PRUH 11U
+ WLPHV DW HDFK ODNH IRXQG WSHHAFLLHHW LU F R ¥ Bl VO L
WUDsM¥WHW DO FROOHFWHG RQO\ JWRSHFLHWOENRWQH

VDPH DUHD LQFOXGLQJ WKH DERYH PHQWLRQHG ODNF
7KH RWKHU IDFWRU ZKLFK FDQ MVWUWRQDW \D | LIWFWKHR @
OHYHO RI WKH FROOHFWHG VSHFIHPAR®O HF RNG VEMEGX
VSHFLHV HJ 'LSWHUD DQGH3RAPR SV HUDW NKHLZHQW
OHYHO 7KHUHIRUH WKH GRIMWHIQY LLVRXR K OAKXY & HIWHRXS I/ PL
DUH EDVHG RQ GHWHUPLQDWLRQV RQLWKH U8B X R Q VLY
RI VSHFLHV ULFKQHVV /DUJH MBPRE LWVW & GaBW X WXIDQ O
(5181 HW DO E WKDW HQDEOH RERZHPWALY H/ X MO @ [
QRW YHU\ XVHIXO WR GHWHUPLQH RU FRPSDUH H[DFW V

6SHFLHVY WD[D GLYHUVLW\ RI L@GLYLGXDO JURXSV LQ)
(SKHPHURSWHUD

7KH %RKHPLDQ RUHVW ODNHV H[KLELWH® DN B HD\DIPR IV
VSHFLHV LQKDELW WKH ODNH OLADWRUDQ O/DNIDW ZKBWV|
QXPEHU RI PD\A\VSHFLHV RI DOO GVUSWRBILHFWY LZAKOQHYNFR
REVHUYHG LQ 6FRWWLVK ODNHV &H IHHQHHYHDBD ® H @]
VSHFLHV ZHUH UHFRUGHG L@ WKH 3BI\WW DYHOY D@ & KMHK A
PHURSWHUD ZHUH IRXQG LQ WRI G HRVQID]\DRWQ BI\WAS HRL 3 R P
5LO0D OWV LQ %XOJDULD

,Q DOO (XURSHDQ ODNHV GLVWURFMP\D WGOH VWS B WIHG/
KDYH QHYHU EHHQ IRXQG LQ WKH %RKHLRL D Q QR WNVRX W[
PRVW RI WKHP DUH FRPPRQ LQ WKH &)}HFRXPSHWSEXEOLF OR
DQG FROOLQH VSHFLHV RFFXU U LR&QHQMQU W &\ LADBXDRH Y R SCR
WRSKWISELBQLY KRUDUQBRZODQG DQG FROOLQH UDWKHU
RQO\ LQFLGHQWDOO\ IRXQG LQ PXRAXAHADVRQ YOUDXWH 0 YXRUD QY
+HSWDMRDEQLY OXAWKRVOREPRQWDQH DQG PRQWDQH V
GRHV QRW FRPSULVH WKH %RKHPX®& QRRIMHMWR WD BN H G/FS



90Xd| MY0O 2.2 ainaroxo AMO A0S 0a MH 0)+/D-(

20Xl
1)+ )ielz.z +¢g) R ajl1dadids AMO MAIHMHS 0a MH 0)+/0-(
o0a L)t +g) z.z AANMAaz O0ai1NaAdo09 0d MH 0)+/n+(
20Xl
G. )0 L)+ 2.2 +¢) AANMAlL PATOYE 0a MH 0)+/D-(
. 90a [«)o z.z a1OHAYO9 sos$|dalox- 0a MH o)+
I M40 «)o0 z.2 +¢€) AS|0O$ Opgi1oam’ 0a MH o)+
| Md0O x)o 920a z.¢ aznidt oqnMOH® 0a MH 0)+/D-(
HC \O1d @l MA SHOTdNHMHD alam T$/$.99  $92.1)0 ).
AHTO1ddl dmO1
€. 90KYdlI MO «)0 zZ.z +¢€) 0da MH '1.9g
90Xl M¥O x)o TTRT)) 29)xxBp

0d MH 9))su(

OHNHPIAOHL ‘+® \00H ¥ ¥ ¥ ks F F ¥ F 0Qa MHZLL)I+BSSQ
362K'62i%=36252€0$'A

90Xdl MdD 2.2 Od MH3I6zA 62ie36252£08 A

o0Xdl Mmd0O x)0 2.2 Od MH 2zTs Z15 "

bl MAO|e’. x)0 L)+ +€) z.¢ 0od MH '"®stiz”
o0Xdl MYO 2.2 0Od MH 1s18) "

o0Xdl SGA\AT9 O0d MH 1)95).29

o0Xdl MHO €', 2T+

AHNAO|OHIDXMA HXM OT alam 1d NHIIXOD

HMYT | €', |'+® | /2% |'S.L x)0 | L)+ | )/€ | 2.2 | +€) NHONZ HAOHNHIHS

OA4TMOHODT 1d NHIAXDO oamdm nol HO3IAdZ HH9 ANHMST., Id AHT101ddl NHYMY F €, AHNdO
N ANHMSHHOY® + /2% SSA ANHMSEMd1IN.L ¥ 'SZ. dANHMSHYNXHT 47MAXL1A 14 SA SSA

H4HOE F )/€ AHNAO MAHNY( OATdHIE% HMYM O1 AHT4dHSA amadodoz ¥ 2.2 AHNAO MAHNY(
OHNHOTADYHd OANYMMTO HNAO HMXM O1 COTATO alam \0oO0d AHNAO MAHNY( OATdHIYE% MMICTH
OHMACTMAHADT AMATNMATD HNAO 9HMAHOHA OHAHA 1d dlam 0od41TMOHSDT Id ANHIAXTHOIAL




WKH $XKIWKURKNBWDLE B \R Q XIWKH/O Y HVB HRWWX V D OBSQER QD
FROOLQH RU VXEPRQWDQH VSHFWHNV RKXNWDFHW Y JREEDN H\D B
LQ WKH 7DWUD 0W \ IRRIMW K EQ-BRMI @ Bl H @K DD KVUHRIIHALDY V H
ORURWMHRQ (BIKMHFHUD YXOJDWD

,Q WKH )HQQRVFDQGLDQ DQG 'DQLYRZOMNWM M WXGHX DWARH
DQG FROOLQH VSHFLHV RI PD\ALH @ IGIRQR)RANV W RO@W H B U$
WKH JEQRYWBOWRSKDE®BUDVLYLQJ LQ WKH %RKHRLDQ )R

FROOHFWHG VRPH VSHPL B BHRH@IXPEK H PHQDW KH OD |
RI WKH 2XODQNDMRNL LQ )LQRPRXA I&HW KHJI @KUY P LOR)
ORVW VSHFLHV VKRZHG KLJK IUHTXBIQHV RIXRF RX U UGIEDNF H
JDWHG VSHEWDUZHRQLBROOHFWHG RQO\ L (56@BMWHDO 6
IRXQG ORMY VW RS W L O0SK MKIUR @0BIIDLW DK B @I5U L D

OXFWKXRVBQPDUN 2Q&0 RHAR®V/M@®E RSKOHELDZADHIERD \
PRQ ZLWK WKH %RKHRWLDBQ HRW DWW O D NFALBEDREOWHEV OD
DQGG\RQXMBXWMLQ FHQWUDO 1RUZD\ LQ D GEARHRQ@ BLR DO
FROOLQH VSHFLHV QRW RFFXUULQJ LQ WKH %RKHPLDQ
,Q 6FRWODQG WKH IROORZLQD DS H FOSIAM\E R WM RLOQRGS L
% D HRKWL%B RV IJ$HUKRGB QDHWIS¥H S W D MEH.DW R S K/GH EID G
UDOHSWR/SK@OGHEHW DO D 7KHVH P BPALOHD\QEWMSMERN ||
SKOHBIRDQRW LQKDELW VWDQGLQJ ZD W B BNVW.IWWKHH & KA
PRVW SUREDEO\ D OLWWOH GLITHUWQ® L@ 3BFHRMRSMMGHIJ D
WKH FKDSWHU 6WRQHALHV EHORZ

,Q WKH 3\UHQHHYV &7s/s1 REVHUYHG PD\A\JHQHUTL
GHWHUBLSKGRQIRNEBRORSRRG\RQXOKFW URIEHQ®OHSWRL
DQ&DHQKHUH LV D OLWWOH GRRXRBRWRIKHW RRW W & H DFFIV RJ
JHQ¥%DHWL WY WKH PRVW IUHTXH QW VF FDa@H MM HGP RY W
PD\A\ /DUYDH ZHUH FROOHFWHG PRVPAMDD VDA DOWLWXGHYV
/IDNHV LQ WKH $OSV DUH UHODWLYMICHVS BRO WE FVIOHWR
RQO\ WD[D RisP@\AWHDNO) LB OROWH G \R QO F X g W WIL
DQWBDHWS ¥ %2 /(1a,21, FROGHPWHBWO®WBDHW LYV DO Q »
)-(/1+(,o HW DO IRXQG \§ DR MXDI\Y EBN R 6 BEX V

1R UHSUHVHQWDWLYHV Rl WKH PRALMK RH B RRD D DD\
7DWUD OWV DEERUGIMQD @R .-(//+DQKEW) DO 7KLV ZD
WHO\ QRW UHDOLVWLF EHFDXVH LRWKHB FDWWHK RDW WPBH Q)

$PHOHWXV LQRISWQ D MOWWQ X YOHB YXRJHQ D ®RLWHKWIRO
JHQD OR\RODHD

$V IDU DV ZH NQBELWKHURJBPI® OR\ROQOPG EEFIOW SDOV K L FC
PRVW SUREDEO\ UH S U HMHGHDV IXEX B & H VS WEMHP RI SR
SLFKOR\RODHMLWLYHO\ PXVW QRW EH WUHDWHG RU VRO
VLQFH WKHKWBJR@GREXODWLRQV IURP WKH +LJK 7DWUD
\HDUV DJR.E\ = +H QDPHG D QXK LOMK/FRILHE® BONLDMWDL F D
IURP WKH W\SH ORFDOLW\ WKH 0®\Q@KFDKRW B WDPSHQ H DLLP
SDUDW\SHV ZHUH RULJLQDOO\ @GHSRWLWH G Q @% WER 08
SUHVHQW ZKHUHDERXWYV X QNQRZQ 6EWREDEO\DORMW 7 F|
086 VIQRQ\PLVHG WKH =HIZKORNRMDNBHFLHGHVWWKLEH
WKH ,EHULDQ 3HQLQVXOD 6SDIQQWE 8 G3\ALHHHON VG LW KHU 1§
+HUF\QLDQ PRXQWDLQV LQ (XURSHss2:Q WKHRRGBEHDY C
W D WD @GBDO R\RMRHDHSUHVHQW WKH G LI | 5KVADWIULFSE MK
VIQRQ\P\ 5ORKROBHDIQRVWLF FKDUDFWHUV XVHIBULKRZ!



DEOH DW OHDVW LQ VRPH SRSXO DWILR@W |B8WK G\ILIQH WHX
PRXQWDLQV bQ26HWDPLOV*281.2 UHFRJQLVHG D &DU¢
SXODWLRQ DQG DQ $0S2 QR \ERSXHOBPWLRQ 1ZQ VOKOLULYY DO FK
VHSDUDEOH LQ PDOH LPDJLQHV HYHWDRQRPLFMVLWRP
PHQV IURP WKH (DVWHUQ $OSVYD®XFRXQWDDQ & \W WH A H
VSHFLPHQV IURP WKH %RKHPLDQ )RUBHWRP @DKNIHW L&KW FHK
ODUYDO FKDUDFWHUV VXJJHVWLKVUW BORG D 6 OFBKMAIQH HV
WKURJHQ B WWOCDLVWQ M IDF D VKRXOG EH UH HY DSOXXIDMH®R QR/UZ
UHJDUGY WR HVWDEOLVKPHQW Rl DiQHIWMXEVSHFLHYV D)

/HSWRSKOHELDVKHVBRYW LQBTXHQW DQG DE K@ GREW V
PLDQ )RUHVW ODNHV H[KLELWY WVWEBEPDWNDERW LRLQY/ EQF
ODNH VA\VWHPYV /DUYDH KDYH QRW (EWH® BRCGUHEQ MEHC
LQ WKH &DUSDWKLDQV LQ 5RPDWILIDQM:Q B HHWRIDOU % DO M
VSHFLHV ZDV UHFRUGHG 14JR®16FDQGLQDYLDOWKR¥I K U
QRW GHWHFW. b G \WE\D)O LQ FHQWUDO 1RIUZ M\D WK\G |
6FRWODBGWRSNOHKELIDHW DO D 7KH VSHFLHV ZDV N
WKH +LJK 7DWHDOoOWY B s5%% Ji's 512
+RZHYHU WKH ODVW UHFRUG EXW7DMWKR QW NMHY\ FIRD BX
.512 HW DO | YXRWHOBXQGDQW LQ DOO G\WWURSKLF
/IDUYDH DSSDUHQWO\ GLVDSSHDUHG HORR VR.PH 10 BWHYV
DO $0(3/E. HW DO ,$03252¢E=129,y29eHW DO ,$032529E=5129,y29E

DW OHDVW IURP WKH ODNHV¥1D®DERG/IH:1 P REWBU YKII

PDVV RFFXUUHQFH RI ODUYDH ERWKDLQG aVWBEMNpP3QBNR
DV O ODNHV ZHIDLOHG WR JUPGD@\CONDHIYER H DAE20HD V V
9t XQSXEO GDWD ZKLFK PLIJKWREHKHPX¥BG EP YRPW SX
RWKHU WKDQ DFLGL{FDWLRQ

,Q FROBMBEKWVW QX UXVXODHEXWWGELNYQ LOQFUHDVH LQ DEXQ
ORZ DOWLWXGH IRUHVW ©BPNMVDIEQ WKH @BMKUDXOWQW L\
KDYH QHYHU EHHQ REVHUYHG LQ WERWKRGRPLDOQWRQHB W
ODFXVDWCGIYHVSHVWRDBHUWDLQ HTXLOLEULXP LGHWKHLL
SPHQW GXH WR WKHLU GLIIHUHQWFOW @ MMVBIWEG KHYK @\ [
6-77(0 %,77%,1 WKLV VWXG\ + FKDSWHU OD\IODNVEHSH Q'L
REVHUYHG LQ PRXQWDLQ UHVHUGRHQW MV KRVRRH BDHW HO
WDLQV LQ WRKHWLDOG/E1 6Gs+5E'.29E $W WKHVH SODFt
R ODFXWWHLIWEOH WR RFFXS\ D QHZO\ HKWD POL\RXKVWESHE |
OLYLQJ DW WKH VDPH EWRISWIBWEILE WV O XEBEYIORIXVO\ D GLII
IHFWHG TXDQWLWDWLSHODERNVG/ RN IR 170 WWYDOGIDRIH V P H C
HW DO VLQFH QR QHZ OWLFKHVHRK B Q RH\P IF & XVDKGH B+
D GHFUHDVH LQ RU HYHQ GLYDPSSHDWQRQYER@HADHEHRDH R
SHU PHFKDQLVP UHPDLQV VWLOO XQNQRZQ

2GRQDWD

7KH QXPEHU RI 2GRQDWD FROOHFW HIBWL Q VDKM % RKSHPR L
WR EH H[WUHPHO\ KLJK LQ FRPSD WL\RRA\ZS WHKV & QWH U D\
ODNH GLVWULFWYV WKURXJKR XWWVEK 4 R 8/H URSRAQHDUNDD D QUGR
&KLURQRPLGDH EHORQJV WR RWSH RRV WX QRSIOBIE VOIDG! H )
LQVWD@FH HW DO GLG QRW ¢QG DQ\ VB HOLRHWASH
. (5131 HW DO D GLG QRW GHWHFWHWDBLRBQYBYHV D@ |
WKH 7DWUDRsOWMNW DO 512 HW DO ,$03252$E%!29,y29¢ QRU



LQ VRPH SDUWV @RI, MWWHDDHOSYVY ZDEOH '"UDJRQALHV H
GXH WR WKHLU KLJK YDJLOLWRFXQ® HREFH ROQVU R FVHH RDOR
WKHLU ODUYDH DV WRS SUHGDWRUV RIWH®KYRW®WXKHE O
ORVW UHFRUGV ZHUH EDVHG RQ DWLIRRVR®RIWHQHULDNK RX
GHWHUPLQRPWLRQUHIHUUHG RQ WSKRHR PEBWH R EREH RD QG
6 RPDWRPKSO RYD) L Q La¢ 15 d91DHNW \D O% HYHQ RSHUDWHG
3& RHQDJULRQLGDH" RU 3=\JRSWHUD" ¥ KHQ' IV @/LAG\ LODINPD
5HPDUNDEOH ¢(QGLQIMDHW WORVHE\YKR VWXGLHG O
UHJLRQV RI WKH $O0SV LQ ,WDO\ 62 LWHHYRW IQFH CD Q GJ D\W
RI WKUHH VSHFLHV LQ WKH OHWWRUD®OHR L HVHR K @G H W
2UWKH\UXIPOO\ FDQQRW EH LGHQWL ¢ HGHWISH B XMW RUDW
$HVKQD FWRHIPRVW DEXQGDQW G U 3DRFADIHOMRARVQB O N
0-OOHU $HWKXED LWORUPHOHYV 7KH RFFXUUHQFH RI \
HPV WR EH LQFLGHQWDO UHSURIGMHHWUR QP X KK WHR XHUW DI
DQ DOWLWXGLQDO UDQJH RI\ hsx(s HWID® O VWXEGLPEH
&HFK 5HSXEOLF WKH VSHFLHV SUHHUV ® K H HIXHIYDANV D E
P WKH UDQJH RI + PDVO bNeEFHMWHIMHOUUHG LQ WKW
BHSXEOLF WKH VSHFLHV LV VWH® RVXR/SILRS KELHFY HDURSH Q@ .
FOXGLQJ DUWL¢(FLDORQHYVY RYHUJURZQ ZLWK DTXDWLF S
JURP WKH 3\UHQHHVY WZR JHQHGIHRKR@RDOWDIPBH H L
¢cQGLQIJVLQ ODNHVAEOMHVWIssDWHG :KLOH WKH UHSUHYV
WKH JHQXKRBDQ QRW EH LGHQWL{HG ZLW KR XW IDOU MWKLH/ DR
VSHFLHV PRVW S URXEDEDD JUPHDS B\HDWAKBEWHIRXPRUH UHSUHV
JHQXV IURP (XURSHskV NQR2QGRRIDWD ZHUH FROOHFWHG
DOWLWXGHV RI * PDVO
7KH RFFXUUHQFH RI GUDJRQALHV LQWWKE H BR QWD ORWHHU
DUH QR GDWD RQ DQ\ VSHFLHV VDPSIOMG UG IDHERXOA L QY
LQ 60ORYANLD 512 HW DO -(//+(,0 HW DO ,$032529E=129,y29eHW
DO ,$0¥2529E129,y29E DQG 3RODRBYGHW DO 2QO0%12
UHSRUWHG BRXUKRSHAMH \GH\SKQMED U BWN KD FBIQ G
6RPDWRPKWDWHNIORY Q DOVR IURP WKH %RKHPLDQ )RUHV
,Q FRQWUDVW XVLQJ TXDOLWDWH FW IHRQIWR PLRR®R 1LLCAHD\O
VSHFLHV ZHUH IRXQG DW W¥YRH VWG@NOHIROKNADY RMDU B VING
ODQDOODJPD F\RRKQDHUXRQ KDSVIWWXOWDEKQOPU D BEK\WPHK QDR
FDHUX$EBHD QM XQ BHDXEDUBRRBIW R BIOGRY W U E V6 LPAD
WDOBOWPRHWU XP QEXFRUUKLQEDaG XEBR. 3 IDWXUDO!
VRPH VSHFLHVY FRXOG EH RFFDYVLRRHID/ Y EXMWNR KM URHJ LR/L
WKH PDMRULW\ RHV®HN @BREGAIDIPD FI\BRWKODHUWXRQ SX
$HVKQD FORRPBHWRFKORUB XAFRUNEKOCQED (GNHSDWRGXFH DW
ODNHV DW ORZHU DOWkEMWXGHV |IR&#sGHWDAKAW MHIBQ HJL
RI KRZ VWDQGDUG K\GURELR@RHW HP &/ IPHIWKRHAL AD @G LY H
DOVR KDSSHQ LQ RWKHU ODNH GLVWULFWYV
7KH VSHFLHV FRPSRVLWLRQ URXJKIOW K MW % RKHP GO JRG
NHV H[FHSW |RRb6WRBVWHENCRBD®OEFMMKNDN\FDQ EH VXS
RFFXU LQ WKH %YRKHPLDQ )RUHVW @& DWW LHR/ZHMISB UW K
7TDWUD ©bNHYV 6VKDW ZDV QRW FROOHFWHGG6L R SW KH XHMR
YXOJDWXRY D ORZODQG HXU\WRSLF VBPEDBV) RQWRNW WLV
ORFDOLWLHYV LQ WKH &]HFKHYHBXEOLF PUSIODWzWKH DO
2/71¢ HW DO DQG LWV RFFXUUHQV¥FHQRL G/HKGW/D U



JK WKH ORFDOLWLHV DW P D VRG HD WIHD Q MéF FOWRMH G'O U

2Q0\ ¢ YH WHHKFLHWD &RPHGRQVDLEHQKOOD TXREULPD
WKHWUXP FBOQFESHOWDXPXF D GROIOHFXWPHG LQ WKH %RKHPL
QRW IRXQG LQ WKH 7DWUD ODNHYV

3OHFRSWHUD

&RQVLGHULQJ VHYHQ VSHFLHV IRXRWGHIW SDMNWNQW KD W
VLW\ Rl 30HFRSWHUD NQRZQ IURMB KV KY PASDGDEWH LF W
NHV DUH WKH RQO\ H[FHSWLRQ E MFROXNA\ WXKHF LDHWH HLQ|
ULFKQHVV ZDV IRXQG LQ WKH $OSVQH VSHSFHFWVHV, D ORC
30HFRSWHUD ZHUH FROOHFWHG L Q QVKIHI B HDADHS]IDOWH CSIRNH
JHUODQG

+RZHYHU VRPH DXWKRUV OHIW 30HARSWHU R WG HWHQ R
YHO VR WKDW WKHLU GDWD D U H WQRW PPR.RSD, UDIENHHV ZLLO\
GLD DQG WKHUB\WHYHBYD ) UHSRUWHG EHVLBHRE3O
IHPXUHOOD GG FWHWXUWKHU X QLGB W R & HGEDHBRR{HWED
&DSQLPHXFWED QG + PHQWLRQHG WK PIRRMMPI HAOD Q
‘( O(1'26% &78/%1 IRXQG VL[ JHQH$DFRQ R BAHUHDR GHH/V
PRXUBIPXUKOOSQDMMEXFWMUDWKH 3\UHQHHY ZKLFK ZHUH
GLHV SUREDEO\ XQGHUHY D O/DRADHHGA MHVHL G IMYKHHUWHL W M R RC
JHOQQRVFDQGLD QR IHZHU WKDQ VSHFLHYBUH NQRZQ

BHYHQ VSHFLHV ZHUH IRXQG L%*#K H(&QSLQHNBGDM®H GL\V
HW DO -(//+(,0)HW DO 7KH\ ZHUH FRO OHFW®H(Gs UHDW K H
DO DQG VRPH RI WKHP ZHUH L GHBRMULQRIGHRL RX WR V
VS3URWRQWE X UBXEWSD 7ZR VSHFLHV ZHUH LGHQWLFDC
%RKHPLDQ )RUHFRXODNRQGPKDHOOD BLEWMHWRH VSHF
GLIIHUHBWLRJIHQXNVIBQWIXPLQH VSHFELHY QRW GLVWUL

+LJK VSHFLHV ULFKQHVV RI WRIQWAL® V ZD \D | RXQ GFRW
JHWKHU VSHFLHV WD[D KDYH EIQH® CRXRQ GQ I/H\HL &R H,
ODNHMW RX UD FILHPHUHHID O DRELWW H ML IL'Q ® H BV \E LROSX SSHOLN \D
QHPXUD VXOHNAROD IKESBRWRQOHPXUBLBRE@YRYWVBUOD WRU
WZR RWKHU VSHFLHV &D$B LEDHIBWRFE D HAVAIGO WWH Vi R U
GRHV QRW RFFXU LQ WKH &]H ALK 8 HSXED DH | B8 DRI Q W |
1HP R XD

7KH 7DWUD ODNHV H[KLELWHG WKHUBPLDKHRWVQWRHEHY F
GLVWULFWV 6L[WHHQ VSHFRLNNVYZHW\W DRX Q@G 2QcWKH 7DV
9,y29E 2Q0\ IRXU RI WKHP DUH FRPPR @ NP RXUD %R |
Q H UHDP X U SIIlOFONDH WE Y UDUD) G X VL 6RPH R W K H UXVERHFD X D
WBPSKLQHPXDOQ GINXY WIS XDOEX FWUIBDXGRVLIGBUH UDXQG R
LQ LQOHWY DQG RXWOHWV RIFRKV CHEF\SVR SRARHPUSMDHE ML)
IRXQG LQ WKH \QREBHHISNK D QIR LQ 6FRWODQG DUH X
ODNHV EHFDXVH WKH\ ZHUH QR WL B WRRSN®HI® BMQFEOR Q RW
SHUXOH O B B R\ R QEHWPHKLLY WA BR IHOPF WUPD WO ® RV L QD H

$SDUW IURP WKH REYLRXV DEVHGDHVRLPQ PRROSD QH
PDLQ GLIIHUHQFH RI VWRQHALHV RI WHIIGHWRRRKW RHDG YR BIS
GLVWULFWV LV FDXVHG E\ GLIIHHMQ\W KD EIHW B\ VS OHDI M K
UDO VSHFLHV NQRZQ IURP (XURSH DV G IH DKNDHWH RQUH R W
ZDWHU KDELWDW LQ WKH &]HFK 5WS®XBOW R D Q)XSQmULIY H AT
RYHU WKHVH VSHFLHV ZHUH RIWHK® BRRQIPLOQ Q QRUKWMN



LQVWDRQRHWUDV FHSXDD EWHX G Q MD DLAHEXKEF WX GRVLIQL
UDNQRZQ IURP WKH EDRDXEBERBR S H U O D5 MG QHIE W U B P\
FLFRDWRWR QH P X U D GHRXQRMOUDD K INSSRZSXVURP 6FRWLVK OD
UDO VSHFLIPSKKOK WD 8 WR\Y R QRNPMILDQIEX F WXMF D
NQRZQ IURP JHQQRVFDQG#@®YLDQ,&DMR®¥OG EH FDXVHG
FKDUDFWHU RI WKH OLWWRUDO DQBVWH®BNHDWOOU RIL
ODNHV KDYH WKH VWRQ\ OLW W R UD®Q LZEL ZK W W W\ FDLOD®D |
VHFWLRQV Rl LQOHWYV DQG RXW O W\ W LRQURQD DI EX/ QIGIDYQHV
VWUDWH LQ WKH OLWWRUDO UXKQLFIKQB DZD W H X § VDR @ X A L
WLPH WKH QXPEHU RI UXQQLQDEDW B D NHAWRLAHALHD/N B/
0DQ\ VWULFW LQKDELWDQWYV RI V RHDOO %N WDV DRFG X k
FI,//(+s00(5 <#(6 ZKLFK FRXOG EH FRQQHFWHG 2
UDWXUH UHJLPH RI ODNHYV

+HWHURSWHUD

6LPLODUO\ WR 2GRQDWD +HWHURSWR UTH RJIDMWMWKH UX R RIS
RQO\ PDUJLQDO DWWHQWLRQ KDV RHNQVGEHNGRWHGEW Q W\
EODJHV RI WKH ODNHYVY DFURVYV (XWIRYSH RDEBEEG MW H U RSKMHHUL
UHQWO\ HVFDSH WKH DWWHQWLRQLRZMQJIDWK W KHI WRH
ORUHRYHU VRPH VSHFLHVY SURIHRQVR/ IOHL ZHDWE@ LIRS H QI DI
KDUGO\ GHWHFWHG E\ URXWLQH DIQ\G JXMXXCBOLYDIP SWOSQBL
WKH VDPSOLQJ RI ZKLFK UHTXLUHW G BHIFGRDQ VAHRE O/ H FW
OLVW WR OLJKW WUDSV 'DWD S UHOAHWRWAGOE BlBRE QARX B
LQ WKH (XURSHDQ ODNHV LQDIUHQ KO CHID WIR FEFRHIOR.H YHD AV K
KDELWDWY ZRXOG GLVSOD\ VSHFLHVY GOQHRVHWWFRPISD\
5HSUHVHQWDWLYHV RI WKH D PIDXARW L 8 5 HG DK G1 BWHRLC
LQ WKH %RKHPLDQ )RUHVW ODNHYV KB YHXWRIHEG HR XO\R
FLDO ODNHV FKRVHQ IRU FRPSDULHWVRWQ WERR KE W \DDXWVLKVRNHVG
WHUPLQDWLRQ DW WKH IDPLO)YRQHLY® QWBELYAHMM ID & LJKHL
IRXQG +HWHURSWHUD LQ IRXU RIHQOWIHD G LNRWIZ DR WW KIHF |
WKH -XOLDQ $OSV DQG WKH 5LOD OWV EXMWWKH\ OHIW
7ZR IDPLOLHV RI +HWHURSWHUD NZHWU HQI RAKKHE VLV X (XLLHR
FRPSDULVRQ ZLWK RXU ODNHV 21\ WKH RONHFONMD IV F RRX@HG
'"HQPD Usid' (5861 HW DO DQG 'WRMH 283 U HBQHH V ,Q RXU
ODNHWVURQHKWBRDIWNLEHHQ IRXQG LQ RQH ODNH 7LhBOH
&RUL[LGCHBHIBNED\ZDV IRXQG ((Q )LQOORUGL[EQDH L& 'HQPI
(s6(1 HW DO DQG XQLGHQWL/{HGRHW LG W EY BFR WK
VD FDULQDWDY AMDKH QROIMOD VSHFLHYV ZL G HOJY REIHDMUBRXW
ODNHV WKDW ZDV QRW GHWHFWHGRRLWRIY MARKSBMHGOQ F |
ULQDWIDJLOH ERUHR DOSLQH VGHWILHNWY GULWK BDDBXWDRC
GLVWULEXWLRQ OLH¥16eQi QRUWKHW@EHXURSHKDV EHHQ L
OHFWHG LQ W KHJBWRHRRAEHWGEDPsY &73/31 VRPH ODNHYV
RXWOHWYV Ri+M6KH /@3N % ns¢(s HW DO ,(6¢5 1 &/, HW DO
DQG ODNHV LQ WKH 7DWlWnhBR2aW V 7KH KLVWRULFDO
WKH VSHFLHYVY IURP JODFLDO ODNNMDQOW¥X HPGHOZRADRIQ B G
ZDV EDVHG RQ LPSHUdHKERW W UDXRQDOWDMASRRURUS VW)
7TDWUD QDbdMHWHW DO 512 . 512 HW DO -¢/+(o)HW DO , y
$032529E129,y29EHW DO ,$03252¢E5129,y29E GLG QRW PHQWLRQ
URSWHUDULRAEAXDY LQ ODNHY ORFDWHG LRIPRR@WWDLQ



'56+0811 HW DO DV ZHOO 3DV (1L Q3WREN SRROV 3
1,(6(5 IRXQG WKLV VSHFLHV LQ 1R D\ KHWHD 7RUROKBHI
DV @6 & DQDO\]HG WKH IRRG Rl EURRRLWURDXW | UKRDP \
P DV O .UX&dQp +RU\ OWV &]HFKSHEHIESXEOLFE, DQGNIKRK G
PDFKV +HQFH $ UFDWHOEHWRH ¢ VKOHVY %RKHPLDQ JRUH\

%DVHG RQ WKH VWXGLHV VHOHF WRIGWIRK IFDRPALSD WBIRARLQ |
WKH JEQRDMELPRQVGROIDHQRFREURBS L QIDX®O L F&R §U PiH
X VWER U L&8 X Q F WHHW B H U R F RADLK O E iU D F RUE R F L QPG
6LIDU® VXEJBNEMNGRBYHUPHWRIRIFRENMDIHWEP L FRILED H
KDYH QRW EHHQ UHSRUWHG |BRWLEG\ RWKKH U RIHNML B Q \
KRZHYHU VWXGLHG OLIH F\FDGI W RD COMH EDEXHY E
7\UROHDQ $0OSV DQG IRXQG VLIV ®NUZHDWHAR B & MG WDRRF
JRUHVW ODNHV 7KHUHIRUH RQH FRRQWHBEHPW D SHPLLHOWD
OHDVW FHQWUDO (XURSHDQ PRXQWDLQ ROLJR WR PHV
7R FRQFOXGH WKH SUHVHQW IDXQRD RH SRIMRHUBSKIWBIQ G
PRUSKD VSHFLHV RI WKH % R K HEFL D)XQL YWRHU B QW TOBINZH WV K H ¢
PRXQWDLQ JODFLDO ODNHV FERVBEOR ULFRMIDW KDRQL C
GLVWULFW +RZHYHU DV HPSKD\AW HD® D ERY HD WKHD @ HH
RYHUORRNLQJ WKLV LQVHFW JURKIS UOHVK B H WKRD@V WK H
UHFRUGV RI PRVW VSHFLHV FXUUHQWKY W RFXNHM QW K9
NDEOH GLIIHUHQF H UFWWRKHR DEVD B ROBWBWKHUZLVH 2
WHG LQ (XURSHDQ PRXQWDLQ ODNHV LQ WKLV DUHD

OHIJDORSWHUD DQG DTXDWLF 1HXURSWHUD

OHJDORSWHUD DUH UHSUHVHQWH GV EH VRIQHBR HHOMX XFULFD \
SHDQ GRNBUVYLILRRWEHHQ IRXQG IUHTXHQW®RKRBPILQQF
JRUHVW ODNHV ZKLOH ODUY LK) MO/M R\ ION W Q@ XW RFS DD K
VSHFLHV OLNH DQ6&LFVOKBY @BWFIHY RHHQ IRXQG H[FHS\
$0SV $OWKRXJK ODUYDH RI WKLV HASWH RUHYD BVKHH N QRZ®

)hs((s HW DO UHSRUWHGOWXGEGILODQRND WXEH HOHYDW
OHDVW PDVO +RZHYHUXRW® KOHU DOKIDKRBWGEIU® Q RW
7TDEOH

$Q\ RWKHU UHFRUGY RQ WKH6RFE KV BRYPWHSRIR EIDIE®LN GH
VSHFLHAOXRNDAKIHD VSHFLHYV ZDV IRXQG LQ ODNEiY LQ )LQO
%2 (56(1 HW DO (5131 HW DO D UHSRUWHG 6LDOLHGDH 7
FLHY GHWHUPLQDWLRQ IURP ' VRRHs®OD&HNM1LQ 6 ARWBERDAQ
WHBWGDUBVIURP WKH 3\UHQHHYVY ZKKQ8 DWUKDHK DHWH WK
P RFFDVLRQDOO\ RYHU P L Q6 ONWMWNVDHO\QKEL DKO G
7DWUD ODNHYV 516 HOMWD YOD Mdabs 2E=5129,y29E ZKHUH LW LQK
VWURQJO\ DFLGL{HG ODNHV ZLWKWAXNM I B B @HAHXVQWDRM LS
RUJDQLF PDWWHUWiILGWHKH OLWWRKDOH OHIJDORSWHUD K
WKH 7DWUD OD NX:Hd. L BWBD®D Q6,0 HW DO

$V IDU DV ZH NQRZ WKH RQO\ PHQWHRBRDQWA ULHT KA SWLKFD 1\H
6(1 HW DO BKR\UBDXQQ WKH VLQJOH ODNH LQ 'HQPDL
IHXURSWHUD KDYH QRW \HW EHHQ PHQWLRQHG IURP DQ

7TULFKRSWHUD

7KHUH LV QR GRXEW WKDW FDGGLV/RAIW W UPRIAAUDDIY Wa\
KDYH UHFHLYHG DQ DSSURSULDWHGDWHRUHVQWLRQ WE H/ WX



VI\VWHPV 'HVSLWH VRPH GLI¢FXOWRHVRBRPHGZHIRXKXKSGNLEB DOW
O\ /LPQHSKLOLGDH PRVW VSH®RMWKH &OLQ EQRP\LIE® HE DD
LQGLFDWRUV® LQ WKH DVVHVVPH&D RIHVALGP B KRWWIDR.Q ¥
32529E=%129,y29eHW DO
$W SUHVHQW WKH ULFKHVW 7ULKIQRESMWH WX NV B ORRFFHDQNR
VSHFERYV . &2-.3 'DWD IURP RWKHU (XURSHDQ OD
RQ ODUYDO LGHQWL(FDWLRQV DQWLWRWBG @ XHPEHUW SR
LQFOXGLQJ XQLGHQWL{HG /LPQHZKHUUH G B SRQNEHIROARHA

(5181 HW DO D VSHFLHV IURB2 WK $OSLQHE(GDNHYV
HW DO (s7/, HW DO DQG WD[D IURP s@REQ@ BI@Q/GD'O Q
7TDEOH 7KH VSHFLHV GLYHRKHWLDIRQ FOUGHS/W O IDHN\H

HV LV URXJKO\ FRPSDUDEOH ZLWK WKHVH (XURSHDQ OI
7KH %RKHPLDQ )RUHVW ODNHV DUMW IVR® LFOIDAD GGQ IWIKN W
VHV WR WKRVH LQ WKH PRQWDQH JROQ\HWV L QHWQKWHSEIGRM B N
SRO\FHQWURSXV ARDREBRXNDDRBXKQ % X EA XKWL G XKD FXODW
20LJRWULFRRWWLQ B BELPQHSKD® BV FREKRREIRXIYQ QR
GHV WLDGEWXAMDFLGHVsD]XUH&2-.3 DUH FRPPRQ IRU ER
Rl ODNHV ORVW RI WKH VSHFLHV DOWNMELAH QH WXUH % R §
ZKLFK FDQ EH IRXQG QRW RQO\ LQ VDM RXM IWUVUSIKDW RD O
DOVR LQ VORZ ARZLQJ ZDW HRR/O 6RHPHHVRU R/EKW & DIBGRPDHFY
ADYL&YWWLPDFXOIDNWXVW VR IRXQG LQ WKH ORZOD@G ODN
6(1 HW DO 368 AWIURWVF QHP L3R 6 RFRHMVOBMUR BX V A\IVWRDPALF X
GHV D]IXYW@&EDHWRSWHUWH VWRPCRWLQ WKH 6 FRWWHWKDOD!
D ZKIOHFWURFQHPBBRERAQSHIRIXYV 2ADYBRRWEXG R X
DQGPQHSKLOXVDERHIQRIMXWHWQW LQ $0OSLQHD®D NGHAL W[ HKKW Q|
DQG $XVMWUBLD /(P,21, ms('(s HW DO (s57/, H®& DO

&ROHRSWHUD

$V KLIJIK VSHFLHVY GLYHUVLW\ IRD @ RROHHR\EW DD L) W KIS Bb
OLYLQJ SHUPDQHQWO\ LQ WKH \QBHNHWH D WHSE H B WHQWL Y M)
ODUJHO\ XQGHUHVWLPDWHG RUORYHNUHORRMWE Q WKLIRQ LY DC(
DQG XVLQJ RI LQDGHTXDWH VDPSOODQS UAFHWIQR\G EH R W G R
1 D UDWKHU WKDQ GLIILFXOWILHYVHWWKSHOFHHW & R Wit
YH WKLV WD[RQ XQGHWHUPLQHG X KFDROHD R @ K M k) \# &URHOOH\
PLOQDWLRQ RQO\ DW WKH IDPWORXW NOGRAHUOUHEBE IJHHRHOV X\
VRPH ODNH VA\VWHPV HJ LQ BERWOBRIEL QI\RYHD\ RUD%
. (5181 HW DO (1B RYW DO
*HQHUDOO\ PRVW VSHFLHV IRXQBW\W RWKHEHQXWRESBHO
WKH %RKHPLDQ )RUHVW ODNHV 7@HWKPLPRVW V\&HLFG Bl M
FLDOO\ §HDHRYBPGGURSRURE XV ELSXD X QR GLRAHQWO\ Ut
GHG DV D FROG DGDSWHG IRUP RIPWHKH KR U FDHs3WYHMXLEDERAC
LV SUREDEO\ WKH PRVW FRPPRRRXTQVDIMLF &B NMAO H6 |

Rl WKH DTXDWLF EHHWOHYV LQKDELWKRBJIJVOBNHAS B BHDW F
LQ ODNHV LQ WKH 3\UHQHHYV ) WEEQ RMFDWQ GALIOH B.Q G SADKWHK ¢
IDWXUDOO\ VRPH FROG VWHQRWKNUXPIOR R B RKFXIKURRX Q.
NHVY DUH PLVVLQJ LQ WKH % RK\IGRILRSIRYRKWR-ODW BB DIXE X W
6WLFWRWDUVXWH O RS KRWHDILOVENB Cotss o+ (52
/(1&,21, Y032529ET129,y29E Y, $0325 6LPLODUO\N VRPH VSHF
VPDOO DUHDV L H PLVVLQIHUR RMARWHYV BQGRQY R WXV K
DVVLIHOUUW UHFRUGHG IURP RXU ODNHYV



$V IDU DV ZH NQRZ WKHUH DUH RQ OAGL HHZ QIIKDHHU B RPR
RWKHU UHJLRWVFW FORREDDWKYREEWKH '\WLVFLGDH REVHUY
$OSV DQG "Hs@PBIUNWWD O 2+*(52 %(1&,21, Jri+(,0 HW DO
&RO\PEB@@&UVWDREWWKH "\W L \&RJHIXIRHVIWDKHSG +\ G U R SSKIRMLXG/D +
Rl WKH (OPLGDH IRXQG 2ks@ W KH W3 MWd4dEs100DyboE VY $.0325

DQBOLPQIBBRARANVWEKH (OPLGDH IRXQG LQ OR20DQG

(56(1 HW DO ([FHSW WKH UH SBLHROEK& /AT WKIVWKHDVO R\ B/
PHU RU PLQHUDO ULFK VWUHDPV L @ QWKIHR & HHG KV DH 3 X<E0Ox
FRUGHG LQ WKH %RKHARIyD>eE ) RUHNW VRGABW XDVSXEO GD
DQG WKXV WKHLU RFFXUUHQFH L ® WK B QD NHXW LVQER DV
PLOLHV 6FLUWLSKRHEKHQWR/P HO L GRMD RIHR®IDW H X PQWGL V
VRPH JHQHUD RI WKH |DPHIOR\R@ BRI X@DHAXH 7KHVH
QRW EHHQ PHQWLRQHG LQ DQ\ RI W&RWHD \ZW W& L R WHKRDy
DUH DW OHDVW + VSHFLHV IRXQRUHV¥®XODNHU\FRD W k

VSHFLHY FROOHFWHG LQ DGGLWLRQ WY DOO UHPDLQL

7KH VSHFLHVY GLYHUVLW\ RI DTXDWV®W EHHNVHIHIW LXQV W
¢YHWLPHY EXWRIWHQ WLPHV KLMWWLFRAS ODKH G WRSR)
WR ORZHU HOHYDWLRQ JHRHPDB®LHR ESRWVWWRER @/ KRl AW KR
ELRIJIHRJUDSKLF UHJLRQV DQG RE@IRNXYROU VO DNDIBILOH VWEN (
DTXDWLF EHHWOHY LQ WKLVHZWHKFCRSDKIBEBD H VW RGLOAVY
ODNHV ZLWK DGHTXDWH VXUésbi\HRM BEEHWOH DX BbZ HGIL \
.2'$'$ D Q€33y529E75129,y29E Y $0325 IURP WKH 7DWUD OC
DV FRPSUHKHQVLYH LQIRUPDWLR@®RYRRVDH Q OWKHVGOSY
WHO\ PLVVLQJ 7KH EHHWOH WD[KFHRRVWWRP WXHJ 7\D R/
%RKHPLDQ )RUHVW ODNHV $TXDVQLB EMHWDUN 8L WHBIH)
LQ PRXQWDLQ UHJLRQV RI FH@QWHDRD POURSHRBRRQVERRR
VRPH ERUHDQsSHWLBI@ 1

$FFRUGLQJ WR ObMWHUDWXUB B:BWD 25's 2:1%8&.,
HW DO 2's's HW DO so(s5/e.+HW DO ,s03252¢E=129,y29eHW DO
Y,$032529E129,y29E  V¥,$0325 DW OHDVW VSHFLHV DYBHQF
EHHQ FROOHFWHG LQ ODNHV DQGWVK HE R PLSO@HIWEG VWRRX WIC
JHQHUD DQG VSHFLHV LQ WKH % RHRZMLYHQ | BPUHWW 6 R
QXPEHU RI VSHFLHV ZDV IRXQG RQ G WRSRXH ZDWNUVEFR
WR KDUVK HQYLURQPHQWDO FRQGRWQRQLRHW KHQ KLI® HG DM
+HORSKRULGDH +\GURSKLOLGDHG (OPHOBDYH BNCALDE/Q L G |
EXWWLVEXFURIOWKXRSRUIUIRWX\NELURYFRSKIHEUMRSRUX
5KD QWHKOR S KRQUDXPAD H\G RELRQ LOOW LNGUDHMWH OLYLQJ L
ERWK ODNH GLVWULFWYV 21 WRRYVWUWSHHMHQ WIDAK L MHP
IRXQG LQ WKH 7DWUD ODNH\EHRQORRO Q& HMWHG/ KD YWK ] |
ODNHV 2Q WKH FRQWUDU\ V S H UIHWW O©IDYNLHM  IDQU MV IR H
7DWUD ODNHV ODUNHG GLIITHUB®RIB RH W XHHY%RQRW KR LADODN }
7TDWUD OWV LV KLIJKHU GLYHUVLWHRO MWKW HD PULHDAL-RHO R/
VLQJOH FRPPRBORHEDMXYAHVERWK DUHDV KLOHWDQO\ F
QXODKDRDV EHHQ FROOHFWHG LQ WKH %RW HPSHDRYL HIF UZH/UN
WHG LQ W KH+7DWXWMAOBWSHH/UHD BMXH/Y L StDEDBH Y LW DU D DG L V
+ JULVHRPRQWHQHJQLYX&IRQWUDU\ WR WKH %RKHPLDQ )
HY RI WKH IDPLOLHV *\ULQLGDH \YRWHOLGDH KORMH WHE&
FRUGHG IURP WKH 7DWUD ODNHYV



&KLURQRPLGDH

$W JHQHULF OHYHO D VLPLOBQLRV\RK[LYRQYRIPQ GNKH @R
%RKHPLDQ )RUHVW DQG QRUWK (X2RSHDHQ & D N HM E@ X\
JHQQRVFDQGLDQ BR&,HDO ODMNHQHWD ZHUH DOVR IRXQG
SOHV IURP WKH %RKHPLDQ 9RO E E W$0 LIRS KESRWRORR X V
&ULFRWRISISWRFKLURQRPKIMI RQRPXRW HEB BNHIHRW ULV VRF
0D F UR S HIOFF §IRDW HOQ.G USRFSW3DFWD V BBIDHIMANR. H 13 B U DAVIDAD W D U
3KDHQR SYRG VSUIBURKP 3G RXG\L DPH/DW U REKDWDIGHITONL BV D U
VXVYKLHQHPDGQ®ZH®BD WKH SUHVHQFH RI RWKMHURR®PIP R
NHO\ &UJSW R WHWGQ ISEMKILIDF K L U RMURPW M \GLSEHRFKLUR QR
6RPH RI WH(WHAURW DQRWRW MBWILEMAR F KK DR ERPXY IRX QG
RXWOHWYV RI yHUWRYR DQG 3MWDLRIDLNGD & H 2HP® B BPIGE R W K
ORODGRWDQ@WHI BNMRZQ I[URP WKH VXEIRVVLO UHFRUGYV

,Q FRPSDULVRQ ZLWK )HQQRYVF D Q%U P\ DEIRRIMRICOL D P WD
DQE&EWHPSHIUREDEO\ GR QRW RFFXU LQ VBKFR HRKYPLRQ
FKLURQRPLG GDWD IURP WKH Y%RHHWRIIRP)BVHWWRPOPRE
ODNHV LQ WKH 7DWUD 0OWV ZBRXRGWEHH P RA\HW \D DYURIS BH
UHVHDUFK KDV EHHQ IRFXVHG RQ @M HWHONNJUHD DN G R VD |
IURP WKRVH IRUHVW ODNHYV

&21&/86,21

7KH %RKHPLDQ )RUHVW ODNHV KR WK LLDOHVOK\H W TB[IRVAM QR
WKHLU ULFKQHVY DQG VSHFLHV FRP SPDWHVGRQWER P 8D U
UHQW JURXSV RI LQVHEWY UHYHMDO, GLPDHQAHW® B[ 05 HW W H HF
WD[RFHQRVHV KDYH EHHQ G LA LH) J X LIRKJH(G K IQP\M Kl R S\ W/
WHUD RU &ROHRSWHUD ZKHQ FRASDWU HE& HWR] VOIOHN KR B K
VLWXDWHG RQ WKH ELRJHRJUDSKUB FHLREVNR ROV LWHLR Q
VLGH WKHLU RYHUDOO VLPLRBUUWWHWIHIR SWKHHU DD W D [R F
KLIJIKHVW VLPLODULW\ ZLWK WKRVBRW. WKRHQOS$RISYKDLQ R Q
[REHQRVHV DUH VLPLODU WR ERUHDO ODNHV

<HW DQ\ FRPSDULVRQ RI WKH FRQWLBRXOIG EXURLDHOHE
WZR FDXVHV 7KH ¢UVW W\SH RI EHD V#UIH B U MWKHRK\R Y N Q P
VDPSOLQJ HIIRUW DQG IUHTXWQRQ VHHKHVKHFBRBDRY W \G
FRPH IURP XQ DYDLODEOH LRIBEPHWW. RMLW HUDWWHKH
DEXQGDQW JUH\ OLWHUDW X UM EIDQRODHANM J SRR/Z/Q B G BHO
FRQWDFWV HWF :H DUH DZDUH RKMWRDRVH RQ G RPISD S RY.
ODNHV WR WKH %RKHPLDQ )R URWMRH B @HM {DH/QV OV\K R XWK
IRUHVW OLQH WKH HIITHFWV RI FRR B R&] HFEXRAMHRY DN FD X
LQVLJKW LQWR ORFDO OLWHUBWRG@WD FWRLOMN 6 DRNKHVD
RYHUDOO NQRZOHGJH RQ ELRGLYHUVLW\ LQ WKH 7DWUD

$FNQRZOHG PHKRHWWINQNY DUH GXH WR VSBFRD QIHANLY HE R S U \W B WF
WR 3 6URND DQG 5 - *RGXQNRIDSKHRHIRSWMHE 20GRBQWWD &RC
2GRQDWD OHJDORSWHUD 1HXKRSWHWD '06 .BMRXNDDULF . LYDQ
&ROHRSWHUD - as pHN OHIDBDIRBNRMUDLSWHDW @KIDURIQRPLGD]
3 3D LO DQG , *HOELp RWKHU 'I%WW DD GDWPWGHNQ W¥DRD UF\R DFOLHE
PHO\ ' +DUGHNRSI 0 -H]JEHURK] 7 .GRBORHRN (06BXWKOtN / 8QJH
9DOHQWD - _RSipHN NLQGO\ S
OiaNRYi GHWHUPLQHG EU\RSK\

URYYB/HG OHFIHORX EGSDONW B R Q@ EOHANRH i
WHMVOI UR P OIDHWH W QUWR'RWDDOQG B



GHG XVHIXO LQIRUPDWLRQ RQ FXQ UURDQNRPL G HJ HXYWHW KA K WX BIQW W
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E\ WKH SURMHFWYV Rl &]HFK 6FLHQFHD)RXWGEHEN WRQ- X 6) ( DzLC
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OLQLVWU\N RI &XOWXUH RI WKH &]HFK BZHSXEIKOH K& 'SBORMHFW (WBRXI
&( &7 DQG WKH VXSSRUW IRIQVK H RQ P HKQ W/L IR WHIR BRH U V K
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SipHN ‘H DOVR WKDQN WKH DXWKRULWLHV RQERWBUINWDYD DQG
S50 (5(1&(6
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/JHSWRSRGRBRA$SKD .65 & HAWWKHUODQGVY (QWRPRORJLFDO B6RFL
1IHWKHUODQGV  +

$1(56(1 1 0 7KH HYROXWLRQ RI GLVSHUWVYB K IGWRUSWIMPLWE A @ VK I
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6SHNWUXP $NDGHPLVFKHU 9HUODJ *#&+ +HLGHOEHUJ %HUOLQ
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OLGIJRKDSPDQ DQG +DOO /RQGRQ SS

$512776 ( $&-621 % % /$$,( < 'LVWULEXWLRQ DQG SR WHHWQ WQ DO N HW FOW
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$6.(: 5 5 7KH '"UDJRQALHV+DIUGHRSHRRNY ODUWLQV *UHDWDORUVNH!

SS

$6.: 55 7KH '"UDJRQALHV RI (XURS H UHOHY %URE NG LWLBWLQV *UHDV
FKHVWHU (QJODQG SS

$s8.(08 % 55 & &DWDORJXH RI WKH +HWHURSWHUDRRIXWIKH  BW&BHDD|
(QWRPRORJLFDO 6RFLHW\ 3RQVHQ KRBOMRHQV:DIJH®EQJIHQ 7KH 1H\
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SS
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PDFURLQYHUWHEUDWH FRPPXQLWRYWIUNG & R0 G WREMRKOR O LV W R U D O

%1 % ( aDazs' . JLVK SUHGDWLRQ ODNH D F LOGTLDYDWILG GL @AKHHF AR
EODJN®URELRORIJILE

%ss1/ HG %H]REUDWOt .RNRRIQWKB >R QK HQW N R BL)\R WHREKHPGE DD Q
FHQWUDOLV BUDK® &]HFK (QJOLVK VXPPDU\

%s(=.1s1 $ 85.a= JLUVW UHFRUG RI'MNKHHU RQE P R D UK SUSHHVEADERRAKDY  $ F
SKLSRGD LQ WKH 90WDYD $5IXYMHWL R]OND BHBEEOLF

%s+ .  Gr(se(1, % BWXGLHV RQ WKH KXRPQLIEDD/REP® RINRK LFULL BEP Q G L (

%51$5" 5 2Q WKH RRFXWRLHR@FBERIDGWVQLL LQRSIROMXOD =RRORJILFD
QHQVLD +
% .11, ( - 5220%5,"*( % ,8&1 5HG /LVW RI 7KUHD8EH Q#HGDFTE POZAWKHUODQ
% .1/, - (0 $/&*+s1 ( B5'(1)256 8 $ FORVHU ORRN DW WKHGS8&ELSH\G /L
+

Y% .11, ( -_( 0 /21 B<i25 & 763571 6 HGV ,8&1 5HG /LVW RI 7KUHDWKHQ|



JOREDO VSHFLHWB®YVVEUQBH@GWLW]HUODQG DQG &DPEULGJH 8. S
%i721" 7 7KH ALJKW DSSDUDW XVGURG RUWQW DE REROMKRRFW O XD  '\W LV
ZLWK D EULHI UHYLHZ RI VWUXFW N H D/@HPWRE ROFFDIW V R QAL GV R U LKW O H
%78aE.3 &KLURQRPLGYVY 'LSWHWHB RRAQWOREALGODNMHWRILY WKH 7DW I
UHYISHFZVD )DFXOWDWLV (FROKRISOHMPHYWOHQ i

%78ak. 3 JDXQLVWLF UHFR'USWH&RIORIQ R B LESFOKBHF VDV O RYDHF DV LW D W |
QDH %LRORJLFD

%78ak.3 1HZ UHFRUGYV Rl &KLURQRP LSXEH LH $WRIRJ D DINRHV &0 B BK V53U
KHPLDQ YRUMNHWERUQLUD

%78ak.3 8.%29yE.9 6XE IRVVLO FKLURQRPALIBUDYV \&HR B BIRFF-PW & Bl Hy H U C
ODNH DQG 3UidLOVNp ODNH %RKHRIODV® YFOEHMMW D& ]HFK 5HSXEOLF

%78ae.3 9672. 0 6WUXFWXUH RI FKLURQRP L 8 HRWPBE BODE H Y RDIQURDG.X
GLHQWY LQ WKH %YRKHPLDQ )RWHRO®RADBXYS GHRNQUND O (X6U R 861

%78aE.3 9,62. 0 2/2a733 g.29E O &ODVVLILFDWLRQ RI MAKHE6 DIRW D N L O@F
XVLQJ FKLURQRPLGYV 'LSYWHROR KKAXESSORHAPLHIDM 6 *6

%2,6 +(8/,1 & 5&/(< 3 + 5581+7210 2+1621" 0 '"LUHFW DQG LQGLUHFW HIIH
WKH GRPLQDQW LQYHUWHEUDWH X @UVRHEHRR QOJRHVLDZBWHU OLWWRUDO

%+*(52 $ (he,21,9 ODFURLQYHUWHEUDWHYV 1 \O\DHNRBVO D JHO/HRM VK D DKG [F
BRXWKHUQUBKOISW I+U +\GURELRORJLH

%-.29E - S5HYLVLRQ RI WKH VWRQHEOY FRBOH®RNMIRMYG 30BB R &MH UU
S5HSXEQXDWLF ,QVHUEXBSOHPHQW

%-.29€E - (+(a,& - 6SULQJ IHQV DV D XQLTXH BHFRBEH RD VWRBEHALE\
DQG VSHFLHV FRPSRBVXWWE JQ NGEASPHOMP H QW

%-.29E - 2035'296. 28'E1 7 $F5E'.29E 6 6SHFLHVY ORVV RI VWRQHRRLHV ¢
SHSXEOLF R¥HHQWKHMYKZDWHU %LRORJ\

% -.29E - 52y$ - +LVWRULF DQG FXUUHQW & WRNIHARXIV QRZIOWRFR K H (
WHUD 3HUOLGDH LQ.WHKS&DOHKKDHSXEOLF

%s5.(17 $ 7KH GLVWULEXWLRQ DQG RBRERWD®D$HU RIXQIHRARWU BK DV K
+RODUFWLEDBGIDGRQQ -RXUQDO RE=RRORJ\
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3ROLVK (QJOLVK DEVWUDFW

%s.$/ ' 6 28/ 0 ,)Ey(. O BR(. - J/(y.$ - .$6,8&.¢ 6 13@71¢- 5E9LEY(. &DWD
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%s.$/ ' 6 L, Fy(. O BR(. - 219,9y.$2 ,9$1 9 (62585 .6,86.¢6¢ 6 76.50 <B+5%-
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/JLPQLFKLGDH +H\WBBERPHULGDD

%s(< ' & (520 6 - /RQJ WHUP HIIHFWV RI FDW FK PSHIDAD G VAL Q B RF
JUHVKZDWHU %LRORJ\

%s38.0511 8 6WUHDP DFLGLILFDWLRQ LQ BIRRORK I AD® DAVH ¥ P IR QD
WUHRTGMWLF (FRORS\

%s8.0511 8 s 5 &RQFHSWXDO VWXG\ + $DVASY RFHG PIHWKW®R GR\G
VWUHDPV E\ XVLQJ EHQWHKLF PROFRIIRLIFPEHUWHEUDWH YV

Y%s8160 $58,5; ) 63&+0 7 3RWHQWLDO HITHFWV RQ ZDMWWHNRQ IDYOH I0QIYGH
LQ ORZOD®\G OREIHROR JED

%, (565 $ (- + 5 5LSDULDQ IRUHVWU\ FIOPQDQ MABWWORQY & DB QO
B\WWHP 6FLHQREHYV

%, 7735, 1- ( 7KH ELRORJ\ ODGGRXUB B\WAEHKE B QL \3 O)HFHR/IVE B WHI U % LR C

+
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BURFHHGLQJV RI WKH 6HFRQG ,QWPHQRSWREDRQ &RE3I1BUHIEH BRQYS
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%, 775,1- ( OD\VA\ VWUDWHJILHYV LQ D 1RQ¥GIVYDRE WX EMOSIKHPEDRB Wt



)/$11$*81 - ) . (s+s/y HGV 30HQXP 3UHVV 1HZ <RUN +

% .77%,1- (. h(+s00(5 $ 7KH IDXQD RI WKH H[SRVHG [JRWKRIGY UWDHEL@
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%.77.1- (sl % 2YHUZLQWHULQJ DW ORZ R[\AN B SFRRF KIQMELDWLH
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5R\DO 6RFLHW\ Rl /RQGRQ % %LRORJLFDO 6FLHQFHV
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FKDIWOLFKHV ®UFKLY

+cis1 ! 1IRWHV RQ WKH OLIHLFHGN0EW RIHMR U ZSWIHIUD 1 HPRWRF HU D
JLDQ -RXUQDO RI (QWRPRORJ\



+bob/b,1(1 0 $HVKQD YOMHWBWLY $HVKQLGDH 3RMRLV .DDNRDWROODH K@\
WRPRORJLFDHLQ )LQLVK (QJOLVK VXPPDU\

+bOb/b,1(1 +  87781(13 ,QIHUULQJ WKH PLQLPHPSRURIL § WHIU\D R E URD ¥
ZHLJKWHG DYHUDJLQJ UHJUHMVKRQ \DIQG % DOQEUDWLRQ
+(%$8(5)  18861,7=(% ,QVHFWD &ROHRSWHUD +\GURSKHDRDB H b\ GBIRFK

GDH +\GURSKLOLGDH &HMVZDVNOIRSBERQUXWRQ 0LWWHWHXPRENDD G H
PLVFKHU 9HUODJ *PE+ +HLGBOEHUJ %HUOLQ

+(4,67% " +\PHQROM/AQRIDXQD (XURSDHD *XVWDY )LVFKHU 9HU
*XVWDY )LVFKHU 9HUODJ 6WXWWJDUW +

+(,12 - 3SDWWHUQV RI IXQFWLRQD®YEURQQPHHQUW UMODQYER @ QK MWIL\R Q
WHEUDWMRORI\ DQG 2FHDQRXUD SK\

+(5.2  d477(5% ) \HDUV Rl FKLURQRPLEWDVYHRE®OSH@H®DNH Ol
VHQVLWLYLW\ WR GLVWXUED Q+RiX WDQB30 URHI VA DA HREG HPRIRWRBI\ ID X QD

+(15,.621/ Res5621+ * JLVK SUHGDWLRQ O LGPLLVWAL QLI EEDEMHERERIFRR FUHL \DDQ
SURSLQROINRV +

+(15,.621/ Ba$5621+ * &RUL[LGDH +HPLSWHUD #* SHHWSHDUNRFESWWH U@ D M
ODNHMWKDQGOXQJIJHQ GHV ,QWHU Q KW RRIGIMNAIWEG KHH XIDIGO E QX QD Q CUNH

+

+(550811 - D $OXPLQLXP LPSDFW RQ W HO\RKZ B W HEUHUBHD! K HHUA W1 HRBAUHDW IHQ/
VFLHQFHYV %

+(550811 - E 6RGLXP OHYHOV RI ORWLF RDRIDO RQRR KX FE B MQ @ R SR+
QDU\ UHGRD®HYV GH OD 6RFLpWp UR\DO VRSBOHPHR®H %HGQGJILTXH

+(550811 - $(56621. * $OXPLQLXP LPSDFW RQ UHVSO®RZEWWHU RLOR)
DQG 6RLO 3ROOXWLRQ

+2))0$11 : 7KH VLIQL{FDQFHRIFKLURQBWIHG DQIR@\S DY H R® HF@RO R
3DODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\

+2))081 5 [/ el: - ske21* [ (lo/,1* ( . Jo1.&.<* $ 'LVWULEXWLRQ RI QHD!
LQYHUWHEUDWHY LQ ODNHV RI WKHMHVKRQWW BQ G BEFVIFD GH QURRKEBLVRDLRC

+

+2/0(1 0 7KH DTXDWLF $GHSKDJD & ROMH®RE WHHQUD UN ) H Q QURLVGF IDGYEH.
+\JURELLGDH DQG)DRQYB YQWRPRORILFD 6FDQ@BLQDYLHF® BEDXQRH QD
6FLHQFH 3UHVV /WG /HLGHQ &RSHQKDJHQ SS

+2/8a% 2 98VN\W Y6RIPDWREKDRUHPt EEYDOpKR YHVNRVORYHQVND >
JRQALHV RI WRPADWARWOWKE WHUULWRU\ RI | ROIPHO & NMHLIFAKRY ORPD N L
&IHFK (QJOLVK VXPPDU\

+2/8a8 2 9&6VN\W Y]iFQ&FK GUXKS$ YiaHANp2 BREDBMDD NQ B 7K H PR FJFHK U L
VSHFLHV RI GUDJRQALHV 2GR QDWBDH § R BADR NF IS U/U & QVHR] Y WR IKVR KAHX & HHDF

+ LQ &]JHFK (QJOLVK VXPPDU\

+2/8a% 2 1RYp JQDORVWL R WBRIED W R FXIDRHMPY E@XDOpKR YyHVNRVOF
NQRZOHGJH RQ WKH RFFXUUHQFSRRD W B BREP @ADH W R UW KW RO RV IR U
YDNLO@SDOHNLD@D LQ &JHFK (QJOLVK VXPPDU\

+2/848 2 98VOHGN\) IDXQLVWLFNpKR QD $JNPR Xa X PAOHN >27GKRHQ D RWDX O W
UHVHDUFK RI WKH GUDJRQALHV 2GRQOWD *DE WHM Do R HF HF® ) RQ HY
VXPPDU\

+2/848 2 @ . - YDXQD YidHN 2GRQDWD .UNRGRE > 2IGHR QXD RO G
QRaH 28M@D &RUFRQWLFDRQ &]JHFK (QJOLVK VXPPDU\

+g/=(5 + (,G0$,5: 6(,'(/ : ,QVHFWD OHJDORSWHUD QHBEXURSWHWID X/H
QD YRQ OLWWHOHXdIRSR(/ - = HGV 6SHNWUXP $NDGHPLVFKHU
LGHOEHUJ %HUOLQ SS

+25(8.6 - =KRGQRFHQt YOLYX N\VHQP BWHRRL]PMUM DNR &GN SRILKRUV
y5>(YDOXDWLRQ RI WKH HIITHFW RI DFLIGYVBVWRRY 8KIFBYH G\HBIRKR QYWD
WKH &]HFK 5HSXEOLF@ OV CGHVVHUWBHWVYRW\WIOHIWLY I XKD WRES L
%LRORJLFDO 6FLHQFHV &KDUOHV 8QLYHUVLW\ LQ 3UDJXH

+25(8.6 - 7&+/E( +R2-.33 ,%ae3 ,as 0 aBie.29e3  3@y(. - (I'THFWV RI DFLG
VSKHULF GHSRVLWLRQ RQ FKHPHVWHMHE DIMEHEHRIWRIUAH P W FW\WWKU® D PV
S5HSXE®AWD 6RFLHWDWLY =RRORJIZFDH %RKHPLFDH

+25(8.6 - 7®&+/E.( +Q&2-.8 3 s$8&'(.23) ' Q+s$/-(9,y0 Wy (. - ODFURQYHUWH
FRPPXQLW\ DQG FKHPLVWU\ RI WKIHGE RN & \DNMUARD/FS\K HQ NFHDHD BD\HBREKJ 5 F
DQG 6RLO 3ROOX®WLRQ

+2566.0  #-(. 0 &RPSRVLWLRQ DQG VSHFLHV ULFKIHVIVRRI \R R OGXY



RQ DQG ZDWHU FKHPLVWU\ LQ WKH WYWHRR & I U-BRXW QDEQ RMBIRLAD )
6WXGLHV =

+58% 6 2 EHQWLFNp ]Yt HQ MH]HU MH B\QWK EF K DOOWDJ RAKWARH) AL KK
ODNBK\@LRIJUDSKLFD 6ORYDFOIHFK *HUPDQ VXPPDU\

+<1(6 + % 1 7KH HFRORJ\ RI UXQQHQIRPWHQVYHUVLW\ 3UHVV J/LYHU S

+<1(6 + % 1 $ NH\ WR WKH DGXOWYV DQG Q\PGHNRB NMIHMRNZIDWKHEBWIR IQRHC
$VVRFLDWLRQ 6FLHQWL¢{F3XEOLFDWLRQ SS

+<1<1(1 - &./b,1(1- - 5HFRYHU\ IURP DFLGLILRDINGL RQRPOQPEPRURDQ YOl
WHV DQG VXEIRV WG URHEULRIRRIR BG V

,&=1 ,QWHUQDWLRQDO &RGH RI =RERWR UIQD/OL RRPQFDMDOWWK BRI =RRC
IRQGRQ SS

J1,(6 - /ILPQRIDXQD (XURSDHD (LQH =XYXDRBHOQNMNWKH Q OXKLRIQMHMAUH ZZA VM t
GHQ PHKU]JHOOLJHQ 7LHUDUWHQ PQW X$G yNHR@ REHK =KZWH VB H U EEJHHU |
JIQ]WH $XA®RVUWDY )LVFKHU 9HUODJ 6WXWWJDUW SS

6728. & $ 'LVWULEXWLRQ FRH[LVWHQ®HQ DQERORKWEIRM+WLRQ RI Z

9$129 9 ' &DGGLVALHV RI5XVVLD ¥RRYDPBRE EDRGLYHUVLW\

9(56(10 7  +7583- 3RSXODWLRQ G\QDPIBED OIOG OSUMRBEKEVRISRMH BD L
'DQLVK 5LYHIHEVXYDWHU %LRORJI\

$8&.621" - 7KH LQIOXHQFH RI IOLIJIXWLRODSRIFDWX RWLW KKHR GH R'B/W HE D
VKLWHWRPRORJLVWYV *B]HWWH

-$82%8 %HLWUDJ ]XU DXWRFKWHKRQHQ GHKIH PHXUNR\ERAKHHIQH 'GIIDR N U D W
'LVVHUWDWLRQ 8QLYHUVLWWWISLSYIZZ HSKSPRQRESQYH UD JIEMDFWLF|
FREX S BGWHG 1RY

$&2%8 'LH (SKHPHURSWHUHQID X QR LMARKRHSD BUBKNMH HR@LIGRI BRD SV K H
,QWHUQDWLRQDO &RQIHUHSRKHsRQ (BKHPHHWBRSEWIDUDVWZRYH :\GDZQL
NRZH :DUV]DZD+*.UDNyZ +

$82%8 =XU 6\VWHPDWLN XQG 9H U BKHIPW X @ D G HE&DHHX Y B B H B/F &R
JHQ :HVWGHXWVFKHU (QWRPRORJHQWD]J

$16.¢ % 2080 2880 - (PE. - 1HZ EDWK\PHWULF PDSSLQJ FRIDWK®D¥ R K
*HRJUD;H+6ERUQtN YyHVNp JHRJUDZFNp VSROHpPQRVWL

$166(16( Yps7+29(1/ ts+$5'7 $ BVEHGRORSKOHEL I DDAXKRIQ F X/GIBW® SKOHEL |
PDUJLQDWD Q\PSKV /HSWRSKOHELLGD VLS KIFRMWRRSTHMRORDAD Qb DA W

+

$16621% 7KH &RUL[LGDH +HWHURSWHH@W RISRUERGHG VDROFRR O R B HFDG)!
+
$16621$ 6XSHUIDPLO\ &RUL[R I&®MID OHRIKK RI WHKH +HWHURSWHUD
JLRQ 9RO (QLFRFHSKDORPRUISERP RIUSKOF RRHIRIURPRBKD DQG /H
$s.(08 % .5(55& HGV 1HWKHUODQGY (QWRPRORJLWEKG BEBEQIBW\ :BJQ

$16621$ ,OQWHUHVWLQJ FROOHFWLRQ MR D &RIKL$ B@EBH R-O-RY HIER $MQLE
+

$16621% (s *r( 7KH OLIH F\FOH DQG ¥HQRFRVGHBHBRSPHBMWS R
&RUL[LGDH LQ WKH 3DFL¢F 1RYWKZKZDWWRHU RALMR RO RPHULFD

-())5,(6 0 ,OQOYHUWHEUDWH FRP P XMW\ MHYGDRRBQW X UDQ RAHWHIETEW KW
%LRORJ\ +

-(=,256.,3 &KHFN OLVW RI GUDJRQAHBY RS WK I8 GHHVFIKBEKHRS XEPHD 2S

+

~(=,256.,3 0(17 3 ,75,&+7 765.$ 0 <B+5%- g2 E. / 'LV WU LEXKUWDIRG BRY G
ODWHUYBO®L8SWHUD +HWHURSWHUD *HUQDRSDGHNQDOSUELIPWK 5HSXE

-2+16215 . U (s5+2/0 7 5(.6621/ &ODVVLILFDWLRQ RI OLWRXRUDNOL R FRU
6ZHGLVK UHIHOHQRB QCGEDONHMIHQ GHYV , QWHUQBWRRERADWOWRKHH K@ GQLQ
/ILPQRORJLH %

2+16215 . *.223 %LRIJHRJUDSKLF UHJLRQV |IRHE B DWW LYBLURLDLAR:
KDQGOXQJHQ GHU ,OQWHUQDWLREMHOXQLHBE LR ZDRQGIVIK U LAKHRQRHM. HV
-2+16215 . 2F.223 : 9/67(5 - Js1(s $ 5HODWLRQVKLSY EHWZHHQ PDFL

EODJHV RI VWRQ\ OLWWR U D O \KDEUW WTEOW \D Q G GZIIPADMALHYERK HRIR LD/R G GV ¥
3ROOXWLR®

26,)290 9HU]JHLFKQLY GHU YRQ GHQ %B®NDG K VG EHIQMHONEQN D Q OF
JDXQLVWLFKH $EKDQGOXQJHQ 6WBH WHWEHY 0XVHXP [+U 7LHUNXQ
8/,5126 $ &KDQJHV LQ VWUXFW X U H EDIDG H BRR RS RISKIFR G \R | SRD BR 9

"\WLVFLGDH DORQJUM\BKZIDUNDHW QRO R J\



.$,6(5( : 2Q WKH BILPORWN IKBLEWE BWVIU KSHB)LBWUD )DXQD cUKXV
+

.$1<8.29% ( 9 9RGQ\H SROX]KHVWRNRNU\O\H QDRIHSRBP\HHUH/MWMRBR SWMH |
5RVLL L VRSUHGHXDWILKF \DMMWGDQPHPLDTXDWLF EXJV UHRMHRIRSKDH LRO W
IDXQD RI 5XVVLD DQG QHR2JKEBRDXAD FRA D G/LIVIRHWW R N SGQRLQ 5X!
WDWLRQ DQG &RQWHQV

.(+/ 6 (‘771(5 . JOXJIIKLINHLW GHU LQ 'HXWNBKO DG DR/ KR RPIHHQC
SWHUD +\GUQODBMBKROBRJILH +HXWH

L5181 0 s%1&(/-$ /8. * sb, $ $580 * 76sa.53%290 7&+/E.( Qi * G785
0 D (QYLURQPHQWDO DQGVEERGR JLIEIDKO DRKW UV K @&/ H WDIQWF KDVQIGQ 6
IDFWRUV RI ELRWD GLVWULEXWLR® \LQ&YH-PRE& - (& URSi1d:DIQ ARGV WD |
$GYDQFHV LQ /LPQRORJ\

. (5181 0  s$&s/$1 - (Oress 0 &7.6- $ E $ ELRORJLFDO VXUYH\ RI KLJK P
WXGH ODNHV DFURVV (XURSH DLPWG/PPISQ IDFX VWHPCHORIY PO WICR/G!
ELRWD GLVWULEXWLRQ LQ UHP&M/bL { X48R 6-HD Q .BRsX QW BIIS@ DIDYNHHN/V
LQ /LPQROR X\

.(5181 0 (978530 9Bac3 s5%e(/-$ B * (@ * $Heo *r 7H+/E( &$/$1
- F 5HILRQDOLVDWLRQ RIDUKPAWNH(KBR S HD/QHP R XMAF RRUG LQJ W
PHQWDO YHUVXV JHRJUWD\SKADFT B US & WREGRUIQ V

L(771( +  23Ey(. - (#=/$5 - ORGHOOLQJ DLU WHPSHUDWXBHOCDW yB B WH
W D +

0 ( 87=.(" 9HUJOHLFKHQGH 8QWHUYVXFKXG@WRS KXOWH EQ B/ Z HANSHX

(SKHPHURSWHUD /HSWRSKOHEMDWGREBVAFKREKRPRRUUHJIJHQH
L% (5 * $XWHFRORJUHBOW R WKKGHEHMD RFKNBHURIWBUD LQ D VPDC
+ (QWRPRORJLVN 7 VNULIW

(% (5 * *URZWEWRSKOHELD ¥OBIRBRQVGULGEMNWISKKP M XD JDWBKH
PHURSWHUD LQ D VPOCQROMORPRRRODWONS 70NN ULIW

LI$3BEI(. ) PIULRWI\SXV:DORBWXEXUWLY LWV OLIH KLWYWREWRP®R JHR
ORJLVWY ORQWKO\ OBJD]LQH

LI$3BE(. ) BEJULRW\S X G LHHERRWBRPRORIJLVWY ORQWKO\ 0DJD]LQH

LIS$3EI(. ) 3 HGE 4Qé VH]QDP pHVR¥MK NG LFKBYWBUP BEDU\ FKHFN

FDGGLW OMHY@ .UIORYVNp YyHVNp 6S ROHDHOMRIVRNLR 1 3XN R7TG RG/D GOHDAMN i
LQ &]HFK

CIS3EI(. ) "RGDWN\ NX VH]QDPX pHVNE&FK 7Y%6KRGGUHWL RIQ VY RWR W K>
%RKHPLDQ FDGGLVALHV IRU W R/HNVGINU. Ui ORYG Np @HVNp 6SROHpPQRVV
PDWLFNR 3 tURGRY GHFNLQ &]JHFK

LIS3E/(. ) =SUIYD R YEINXPX pHVNEFK 1HXURSWHWRRG WKH UHVHD
IHXURSWHURLGV LQ® W@ tNHPHVNp @NDGHPLH &tVDO HG ) UDQRWLHWPR AR
8P Qt + LQ &]HFK

L1(0(1729E % 9RGQp E]JGRFK\ +HWHURSMW HDUHN BORMHQY:MD DV HUR E&Xt JU\H (
Rl WKH 60RYDNLD GLVWULE XONRPRQ WKHS/ IHF RTHRFIK @L FOD/O 83LLEYH U V L\
6ORYDN 7KH 60RYDN /LEUDU\ Rl )RAKHMW DO B@GE Y R B GLA\L HQ YR OF

.a212:6.$ 2(-1,. 0 5'81.2 5 - &RQWULEXWLRQ WR WKHSMD®RYBPAFRH W
S5KLWKURJHQDS®IRFWRHO/DHDR XS (SKHPHURSWHHWHD GUHISWHGBQY/IH. 8 QH SK |

BOHFRSWHUD HG 8QLYHUVLWj GL 3HUXJLD 3HUXJLD ,WDO\ +

.0(17 3 6SROHPHQVWYD NOHAaA"DQIBELMMWYEXE@RK WLNWDRYHRKD @ RK V
RI ZDWHU ERDWPHQ LQ D UHODW L REPAKRIVEL IR Q D/FHNDRHUFWWEH GO M Q YG IUSRARF
8QLYHUVLW\ LQ %UQR SS LQ AAARKW RIEYPWD Q! WEE HRRODR J\
W\

.0(17 3 06.5/ $ 3 tVS YHN N IDXQLVWEKFHRG QItW K SaFKaW]LF Q& F W H U
PRUSKD *HUURPRUSKD Y yHVNp UHBSXEOLW HF>RRQRAH BXOW HRZD W R UA
1HSRPRUSKD *HUURPRUSKD BRRWIQHNEBHIFKR BIRYXEQRR® .OXEX Y 8K¢F

+ LQ &]HFK (QJOLVK $EVWUDFW

.0(17 3 JBE029E- iG +tHWHURSWHUD SORaAWLFHV>@ YiB®YVYHQ & W H VRS
RKURAHQEFK GUXK$ YHVNp WHSXEGEN\ %H}RBUDMEM $IJHQWXUD RF
S tURG\ D NUDMLQ\ yHVNp UHSXEOLNJIGUDKNXPPDU\LQ &]HFK

.21y(. O 2/,&=0 7THSORWQp SRPHU\ >7HP SHQUO VWX UMD WK B &AW B WIHV
WKH 7DW WbhyOWY @G. 9HGD %UDWLVODYD + LQ 60RYDN
.2'8'$ - . SR]IQDQLX VSRORPHQRWLEROMRCSQERKDFOTREFNROD WUF

9\VRNéFK 7DWLHU >7R WKH NQRZO MGUIWHDRD DXXHR®OIDF RHWWOHW \&HRGDH-



7DWUD ORXQWBPRORJILFNp SUREORLR 60RYDN (QJOLVK VXPPDU\

.2'8$'s - be+ 0 $ 6&)$/93<5 &ROHRSMVAHAQYD EHQVWDYRYFH PDNURHYHUV
V~SLV GUXKRY D DXWHNRORJLFN)WRDYRYKRHURLNYMWURKMY H @BHNE\W WE H
GLDBERRYDN DTXDWLF PDFURLQYHUWH RU DW WW FK® R NIOAD/QV DRINEHKRD W
PDFURLQYHUWHEUDWHY L@ 3G YHGXDEOBYHIQY NE®D KLQWRPHWHRURC
VODYD + LQ 60RYDN (QJOLVK VXPPDU\

L23Ey(. - 7&&+/E.( (B(é - &bssowss 15621, & 27) - (+=/$5- 5% - +\WWHUHVI
LQ UHYHUVDO RI FHQWUDO (XURSHNQ P R K QADMEPUGDIRBG! &/RILUR B RID/DKR!

+

L23Ey(. - @e - 6XOIXU DQG QLWURJHQ HPLVUQIGRQVRLY® NWLKOH | & RPF K
$WPRVSKHULF (QYLURQPHQW

.29$76= ( ,u&%52:6.,- - + 258&0 /' ,QODQG GLVSHUVDO RUH\GKZDW B U XhL
ORJ\ +

L2:188., $ s¥se - 8b1,&.3 ( O(/(:a=<. 6 ,QYHUWHEUDWH FRPPXQLWLHV I
SRUDU\ KLJK PRXQWDLRQ@MDMNHIW GBW UDQWRADR JL H

5(-yES atGOD D YiaN\ ZGRQDWQIDAL]H‘P YEHRQP WDWRMB RKHRELD @

+ + + + ++ LQ &]HFK
5(-yE$ atGoOD D YiaN\ $QDO\WLFNe KSIFHK O RR UR G QR KU X KD ¥ RYGHIK

O\WWLF VXUYH\ RI JHQHUD DQG VS8 FLHYERRYRU YSH G LI PoRAK HAH\DN@p Y
OtQVNp ]D ANRO®t URN &]HFK

(1,129 ( . SR]QiQt pHVNEéFK SRAYDWHN 30 HF RFESRMUHRD U Do XEGILHWR. H
]Yt HBR WKH NQRZOHGJH RI &]HFK VWGR @ BELHR\Q BPHFRGS YRHRU B R $W/INS K
EHQWKL® IDXQILVVHUWDWLRQ WKHVLV V,GQRNDINVKADH RP \( @W &PIRHORKE
LQ &]JHFK $FDGHPLF /LEUDU\ RI WPKHD 8QLYHUVLW\ RI 6RXWK %RKH

.512 , /HXFWUD @XVEO®BMHFRSWHUD% DXO®R@HD 6200RZDNHL

.512 , 3RGHQN\ (SKHPHURSWHUDY‘DEISE@@BWNI\D]IB.GIIHJF'R:&\AMHDJQ)VNpP
NX 7$1%$3 X LFK SUtWRNRY D RGWRNB’Q@@/N\KRQH-H\AL(I—S\KI—BR)I—I—ILFHRS\MJHHUU[D
RI WKH 7DWUD OWV 1DWLRQDO RDWNQ @ RUSBEARZW@EN KW U LQWN pKR 1
3DUNX + LQ 60RYDN (QJOLVK VXPPDU\

.512 , ODFUR]JRREHQWKRYV RU DMK HV KMHWAHULE KO DINW ¥ DOAL WD) BWLLVRYD D | |
%LRORJLD %

.512 , ODFUR]JRREHQWKRYV RI QWZ R GH DI IRH QWK H D'\ WKUPDHO R X QW D L
UHIHUHQFH RQ WKH HIMWAROWR RLIEIXESSOHFBDQWRQ 6 +6

.512 , ,Phae3 385.5) %HQWLFNi PDNURIDQD > %BI\@ W\K LSF tRMBRESDR | D X Q |
&+29%18&29E% HGV 1DNODGDWHOVWYt OLORAa RKOQJ® LWBVWW PD 4\ L

.512, 38.%) $7s6 - so(5/E./ $T29,y20E= YBae 3 /ILWWRUDO EHQWKLF PDF
RI PRXQWDLQ ODNHV LQ WKH 7DWUBLBRRQ WX SIO HOFO-RYW NL D 6 3R@D (

.526&+0 1 $% $ 0 $0+(53 % 53$&67213 6 6\VWHPDWLFV DQG ELRJHRJUDS
2UWKRFODGLLQDH 'LSWHROHRKQODBR GRPOBDHQHWLFY DQG (YROXWLE
8%(y.$ - 538=29E- (&+ 0 (B(5.8 - (7(/ss56+ $ 0 s$*(1:2257 $ - $Fy(. O +\G
URDFRXVWLF DVVHVVPHQW RI SHOBITKXKD W WM JIHWL QU I3 HIMRMZIDAMHIWU L Q\

C8%EY(.)  9+35% - &RQFOXGISPXBWUMW, QQHUWHEUDWHY RI WKH 3i0L
81(6&2 3R$9,/29E9 $%s$53% - 8623 HXARWLD )DFXOWDWLY 6FLHQWLDUXP 1D
ODVDU\NLD QD H%iLRORE QY L&/

8%E.A 367=(5. $WKHULFLGDH KQL]GRWMYRUNPRYPILWE $S@RMHEBYBFQLESD H
VH]QDP RKURAHQE&FK GUXKS$ yHV)hspsyJHSsXEOLNas3%B]REGYWHIHQW X |
RFKUDQ\ S tURG\ D NUDMLQ\ yHVNRJHHERX EQLOILV B WDXKPCP D3J \ LQ

.8+1 .  Wswuse+. HGV /LEHOOHQ LBOWBIWHOIUODJ B6WXWWJIDUW Ss

/$-a=s.$ +\GURELRORJLD >38UjUREGROPIN@D \ONLHJIR BBNX. 1RURG
== /0. . 32 05.2% + HGV 7DWUD VNL 3DUN 1DURGRZ\ I=@IBRSDQ
OLVK

/s1's 9 . YEVN\WX VHYHUVNEFK GUXEK® MIKSLRPF ¥HVUNRW G RRIHQR/ W
PDVALHV LQ &]HF KR WDRYDWMRP@ORJILFD %RKHPRVQRYBFRO (QJOLVK VX

/s1's 9 "HYHORSPHQWDO F\FOHV RRBMWG®W D D0 (X WK SHEMD QSKMUER B RO
ORJLFD %RKHPRVQRYDFD

Is1s 9 -HSLFH + (SKHBBURIWHUYBKHBTUDREWRUB]HFKRVORNDGIHD 9F
PLD 3UDKDLQ &$SFK *HUPDQ DQG 5XVVLDQ VXPPDU\

/si's O 28e. .  BrEl 7 =P Q\ KRGQRW S+ SRYUFKRYp YRG\ QD Y\EUD

Qt 9OWDYD /XAQLFH D 2WDYD Y>@AHWE@FHKY RI S+ YDOXHV RWWGUIDF
ORFDOLWLHV RI WKH 8SSHU 90OWDYD /XamQGHE® G Q@tW D Y R REpIHWINDK R



Y yHVNEFK % X8 tWMRGIFttBKGY LQ &]HFK (QJOLVK VXPPDU\

Isi1's 9 oBEL 7 =P Q\ Y URJ]&t HQt MHSLF (SHKHPHWR S WP BIDM LYK RH K
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SDWWHUQV GLIIHU LQ VKD OOWEK RRX\VR QYIEHG OIDMN HR XZLQADKO DRY G LALK H U L
BFLHQFHV =

5%(ss, 29/(5 $ 3 +DELWDW W\SH DV D GH WP MQTHQ M[ IRP S/BHH IRU HO/A
GLIIHUHQFHV LQ DT%DRRIJ&RDBRBWHQDO RI WKH /LQQHDQ 6RFLHW)\

5.(66(1+ 3 28+ - ' '‘DSKQGBIHQVH VWUDWHJILHV LQ ¢VKONVYRW NWVDD
-RXUQDO RI 30DQNWRQ@ 5HVHDUFK

£+s3 3R]QiPN\ R URJ4t HQt YRBOHRKVEP RE NG \PHMRN YV W RI W DWHW U L
Rl & HFKRVOR$BW O DXYB® 6 LOHY¥LDHQS$&]HFK

52e.:22° - 3216' 6 285 5 $ 7KH HIITHFW RI DO X PV ORZ 1S3 \RR R [ZI
FRQVXPSWLRQ E\/MWEHOG X B DRBMIILME LRORJLD

5266(/$1° % 2 /'+66(7 7 ' 76851(60 (QYLURQPHQWDO HI(&FWWYRW®W R HIDWKD
*HRFKHPLVWU\ DQG+HDOWK

5289%3/ - .DWDORJ &ROHRSWH R GENIRXNBW § T RY HQV,N B $DFD WDDHRV X H |

RI 60RYDNLD DQG 7UDQVFDEBIXNEKOD WRROXBPBQR WL aDID tNERY\ Y %
LQ &]HFK *HUPDQ VXPPDU\

528%$/ - D )DXQD &ROHRSWHU QWtVR RYHR Y N &FIK &RIDEHOSVPHUD RI 6
9 VWQIN YHVNRVORYHQVNpP =RRORJLFN#p 6SRQ &) BRK WIH Y PI0UD MAX P P D

528%%/ - E hEHU HLQLJH EHPHUNH Q VIZMIUWK HRB)DH WK WIHQ GXR 60R
WDJH YRQ 3URI 'U (PEULN BWUDQG

528%8$/ - ORQRJUDILH pHVN&FK NGHRRM@HND &R URI[MEHH % RKHP LD Q

&RUL[LBEMB@E Y\ yHVNRVORYHQVNp $NDGBPLJHPKG *HUPDQ VXPPDU\
52-.2a1¢5 HG .Otp YRGQtFK O UH\YWKP §KXDWLF /IBU YSFD ®HPQUH B WIVK L
SS LQ &]JHFK
52-.2a165  $9+$5% 0 '"HWHUPLQDpQt NXU] PDNURJRREHQWRSRJRIQIVG D
&KLURQRPLGDH BDHBNRMPLQGWHRQ FRXUVH RI PDF URRR REHILDMKRIR J R
GDH &KLURQRPLGM@H Dé(NRRQELGOMDY YRGRKRVSRG| VNG BN DPRRO B F
JLH D HNRORJLH 3 tURGRY GHFNi WD NXOMRD 0DS/D ULMREMEELYHU]L

581/ 9 OLFURWIRXY QDD RI %LRIJHRIUDSK\

S5#4a,y.29E - 275%29E0 $TXDWLF HQWRPRFRHQRVLV HQY ORI HFRVQV
PDYD 1DWLRQDO 3DUNsL&HDIF K DGEHSEHKW D L F

&Ez+s' 1RYp ~GDMH R YidNiFK 2GR@DG\DDN R RROG D DBIRSUDGE K V> 1HG R
FLQLW\ RI)RROAWDDPDEQLVWLFD 6GRYDIPDEORYDN (QJOLVK VXPPDU\

&os/ - 3 tVS YHN N SOHFRSWHURORPKXFX&®PWXX B XWAXFIK\RENEH K RYCRRG

EXWLRQ WR WKH SOHFRSWHURORJLRD OXPQS DVURLFE RHDWE 'S 2D I B B¢
QtKR OXVHD DGD 3 tURSRY LGR&]JHFK

6557250 (J/(5 | +20s6$ * %s$6685%/ $6725,)886(/ $ &KDQJHV LQ GXUDWLRQ
QDO VWDJH IHFXQGLW\ DQG H\GN UV SHIE LB K ORR QAL X W I\ RKLHY BIVLIHF W
(SKHPHURSBNWYHKUHD6 XLVVH GH =RRORJLH

6$5725,0 (//(5 | +Bose P * % se&s5s/ JOLIJKW HQHUJHWLFV LQ VHADWLR
WKH PDWLQJ EHKDWBLBXD RQ UK BDFRORLIY. DO V

6s5725,0 $1'2/7 3 $WODV GH GLVWULEXWLRQ GHV (SKpRBJWHHYD&E B 6 X L\
+HOYHWLFD &HQWUH 6XLVWQH G&I6 R BW.RJ WDKK HH. |G IOVDF KIHXH QW R P |
FKDIW 6(6 6(* IHXFKKWHO 6ZLW]JHUODQG SS

6595+ ( $ $ 7KH GLVWULEXWLRQ OLHB WRBXHD iELD/SYUHR/SHHFLAMIBRIS RV H
LQ D ORZOD QG RFKHLRKD RJ KD

6s9s+( $ $ $GXOWV RI WKH %ULWLVKIEDXBWHF ZIHPK SWROBIAHAADG U R
WHU %YLRORJLFDO $VVRFLDWLRQ@ 6FLHQWL¢(F 3XEOLFDWLRQ

6592/%,1(1 ( 6ZDUPLQJ LQ (SKHPHURSWHBDQWEB G MAKD 8 LIWFE RV \RA T



DQG ZKHIQMKHOHY =RRORJLFHE )HQQLFL

67+(5 2 $ &KLURQRPLG FRPPXQLWLRUMRY Z0DPWIUFTORBIOIRWY LQGLFEL

67+(5 2 $ .o 7 %LRIJHRJUDSK\ RI DIURWURSLER® K K/ISHFEQ R P LGHDIH
*RQGZDQROPERMEDVLD %

67+(5 2 $ 3660 )DXQD (XURSDHD &KLURQRPULREP@H )P&QDQK KRO/DSE
IDXQDHXU RUJ FLW

6e+,/1,1*( * 2J7,1& 6 s8s5k1$ ' ODFURLQYHUWHEUDWHYVFMHVLIQQ G DRADXW P!
(VKOHVYWHDMWHAD WHU % LR#ORJIN

6.77¢(0 / O Do 7s,1- ( /LIH F\FOHVY DQG HPHUJHQ@PH RR % KHMH IUWRPWH |
VYDWQ DQ ROLIJRWURSKLFEBDONHLEQ QWUNEWHW Q 1RUZD\

6.77¢(0 / O Ror7s,1- ( /LIH F\FOH VWUDWHJLHWHU FRQ[ DOQVRQLJRKH R
JLDQ SORNKLY I«U +\GURELRORJLH

6e+$5738% . 20Q - s$6.1/ Oss/31° % $580 * ODFURLQYHUWHEUDWH LQ
DFLGL{;FDWLRQ WHVWLQJRQ GDWDITX®PRVE.F ARER2BYDQG 6ZHGHQ

68 +$80%85%*- /IRQJ WHUP WUHQGV LQRELRIORIDFLGG;HCHRBRDWRUOYDQ )R
*DEUHWD %

6&+(1.29E - <H+5%- 2a(/ 9 8%29E1 45 (&.6 - JUHVKZDWHU OHHFKHV $QQ
+LUXGLQLGD RI WKH &]JHFK 5HSXEWWF Q& QIHFFRO GX U R B UAHKPHDRNN U |
WLR@®RRWDI[D +

Be+,(0(1=+ "LH /LEHOOHQ XQ@HDRU D+ HIHRIDW Ss

6e+0,'7 ( $HVKQD YYHUSPWQQ LQ 6FKOHVZLJ +ROVWIDID® G% $QGWR SW
$HVKQLOIRQDWRORJILFD

Ga+1(,"(5 3 6WXGLHV DE RYWL WFKEN RDIKMERDO RS W H U D( Q" WR P\RFOLFGIL I C
%DVLOLHQVEV

Ger1(/l * % 111s66(1( 7KH FKLURQRPLG 'LSWHUD HRRP FFRQIHVL HMR B Q6
+RYYDWQ 6 1RUZD\ BQ@FQB Y RIG OO R JI\

Be+2(1(081" ( D 3VHXGRQHXURSWHUHQHIHHQ\RRPROMM UVPKH =HLWXQ

Be+2(1(081" ( E (LOQWDJVALHJHQ RGHUH SKHRPHEURSWHUYWVBRKODQGV XG
GHQ OHHUHVJHEKHWHHG )JLVFKHU 9HUODJ -HQD Ss

e g/l ) =XU QIKHUHQ .HOQQWQLVGGEHV)ODN URRREHQWRRMWLRQDC
‘DOGQWRPROJLVFKH =HLWVFKULIW

6122 7 ODNURJRREHQWRYV DFLGLILAYDQEFEF & MHRING DOR 6 WR]RSR E

GL:;HG LQOHWY DQG RXWOHWYV RI WEKIHSW R RIDPAL B IDV)RW HMKD OO NY 6 @L YN
SS LQ &]JHFK /LEUDU\ Rl WKH ,6QWX\GLWHX/W B KB U (Y LBOR.Y A H § WWD\OL

6+257% ( = ,.Ey(. O ‘RUOG FDWDORJXH RI WKH +DGGRSKIRIRL GYPDB A
RQV ,, +t$FWD (QWRPRORJLFD OXVHL 1D*2WLRQDOLV 3UDJDH

6/.18% ( (FRORJLFDO SHFXOLDULWIRHVPRI\ADRM R/QP S D SWIRIW RNPS H F L
VFULSWXWWV (SKHPHURSQYWBPR®RHWD®DIHYLHZ

a253e.0 .ULWHULD SUR ]D D]RYiQt EH]REUPWO® &KU R R HOHRG/QVRLWAE UYL AKX

RI LQYHUWHEUDWHY LQWR LQGLYQRGMNDDQREWHIARE LV RD FG R KWHRKA HRQ
YyHVNpP UHSXEOLNss. % H]REUDWSE:.0 HGV $IJHQWXUD RFKUDQ\ S tUR
Np UHSXEOLN\ 3UDKD + LQ &]HFK (QJOLVK VXPPDU\

Go2/ - 3 3DOHRFOLPDWH SURJ[\ G BW DWSBRFK DUH/EX Q WU GHIF WQ W H
9HUHLQLJIXQJ I+U 7TKHRUHWLVFKH XQG $QJHZDQGWH /LPQRORJLH

62 ( $ 1% (5% /$56(1 3 'LVSHUVDO RI DGXOW 7ULFKRSWWKDDIWH D %D @IC

+

69’ (567590 2 /LIH F\AFOHVY DQG Q\PSKDO QU PDWIO RV SWZHMWH LR B [ER W
2YHUYLHZ DQG 6WUDWHJILHV RW(BUDH R bkl BSW HGLD(D2Q GsBOHFRE 7KH
6DQGKLOO &UDQH 3UHVV *DLQHVYLOOH )ORULGD +

6211 7 BUREOpPP\ IDXQLVWLFNAKROWHE] NXPyH B NFRRAGGRRVH VN D ] KO
YRGQtKR KP\]X >7KH SUREOHPV RI IIDXXLQAIVWWL R IUFHO/IH\DVULRKE DWW GRBRR/\E
WKH DTXDWLF LQVHFWYV EBUQY V WH\FNRIFOLRMH RV Nh HB@OHPpARBWL (Q
YHQVNp $NDGHPLL 9#G 2R2OQD&]MHFK (QJOLVK VXPPDU\

6211 7 $GDSWDWLRQ RI WKH &@ R HFEXH PHDORG W H WS DXRDRIW L G D H
RI TRUWK $IULFD DQG WKW D& DIMDRIR R B8 DIQFDV % R KEHPRVORYDFD
621 7 3 HKOHG SRAYDWHN 3O0HFREWHMBMERR DAR X\ B\RQ PN DE V

Rl VWRQHALHY 30HFRSWHUD RI W KHVRWE WD 0 SX @ W SRRYRIERN-KI KR (0HF
NpKR OX]HD Y yHVNEFKtWRGMRPYGFtFK LQ & HFK (QJOLVK VXPPDU\
62rE1 7 'LVWULEXWLRQ FGCRELDRDRAI DRPWUQDFXYV (SKHPHURSWHUD
QLLGDH LQ WKH 1RYRK WRIGRGpY BIRXIOMD DQY tURGQt SRGPE®N.\ 1RYR



0 HG -LKRpPHVNi XQLYHU]JLWD Y yRORSERN® XA MRBY SN BIG DPLHVR B
YHVNp %XG MRYLFH +

621 E1 7 $NWXDOL]RYDQé& VH]QDPHERSWHWIDN 1jQRBRWKR SDUNX D
REODVWL aXPDYD VH | HWHOHP 8\S GIBW HBK CLWXK RY / W RQBBQH V , QV
1DWLRQDO 3DUN DQG 3URWHFWHG /DQGVFD St LSHM B URR Vb
AXPDYVNpPKR Y®ENXPX ,d753 HGV 6SUiYD 1iURGQtKR SD LRBO D VKL
aXPDYD 9LPSHUN + LQ &]HFK (QJOLVK VXPPDU\

62/E17 %812 5 - (FG\RQXUXV VLOWD HJIRE UHWPHIZ UH SUFHEM R Q YWIDXWL Y
KHOYHWIHKMY JURXS (SKHPHURSWHUPD¥DSHRXIQMIDL QD H& HYRP FAHK
QXV +

62161 7 si's 9 s35E'.2966 /JRQJ WHUP FKDQJHV RI G IPYHURSWH (RD PO

HPHOQi ULYHU EDVLQ Aa4XPDY®OLOWDN *RELFHEVIHSXEOLF
G2/E1 7 sdEy(. 0 2bE..  @(lé - 7KH aXPDYD ORXQWDLQV $XMWIRH GURF

(SKHPHURSWHUD 2GRQDWD OMG DHHRASHAUHRLSIV H7WB [FIBSETRYP R W B KED

62/ E1 7 $F5E'.29E 6 (SKHPHURSWHUD RI WKH &UHEKWHBRBROQFT XDV O
WLFD (XURSDH+t&HQW UsBeL e 6 HGV ODVDU\N 8QLYHUVLW\LRUQR 9
*URXS SS

62/'E1 7 $+F5E'.29E 6 *g1.2 5 - 6XELPDJLQDO DQG D G KFIBN RV IXYL W C
YDHIJDEUBWBPHURSWHUD +HSWDJHQL I%RXH PL W QW)KRH) MW H 8] RI - Bl O5L
$SNWXDOLW\ @aXPDYWhpKR $&43N X 5%s,1 9 HGV 6SUIYD 1iURGQtKR SDUI
NUDMLQQp REODVWL aXPDYD 9LPSHUN +

62/'E1 7 $+¥5E'.29E 6 (/ta,.&- 8a(. 9 gi's 9 'LVWULEXWLRQDO DQRA TXDQ
(SKHPHURSWHUD DQG 30HFRSWHUDLDQ WWKRI &]HI\W K FP\W SKE@ CRIFO RQS RV
FKDQJHV RI DTXPROULMD EDFEWA®IBDWLY 6 FLHQWLD U XD UDMIOUDIOH. ¥oRJ X Q L
%LRORJLID

62/'E1 7 $F5E'.29E 6 sh's 9 '"ORXKRGREpP ]JP Q\ YRGQtKR KP\]XSWHKBPHL
TULFKRSWHUD Y UHJXORYDQpP VPBYMDH QW X>/IRQJ WHPHO QKD @XHV RI
(SKHPHURSWHUD 3OHFRSWHDWHGULRKRIS@QW IRD WIQHDUUMBIXIO. HPHO
&)HFK S5HSXE®NWX@D O,ION\ aXPDY\WNpK-R HENXEUiIiYD 1iURGQtKR SDUN
NUDMLQQp REODVWL aXPDLY® &YHPRHUNIOLVK VXPPDU\

62/,0,1,% * $%s$17,0 85+, (52 $ e+, 1,* '"HYHORSLQJ D PXOWLRAW®@LF |
LOQWHJULW\ EDVHG RQ PDFURLQ Y HLHONMEWBYGHNDERILFPGRKIAVEDLQ SRQG)

62:3 5 D (FRORJ\ DQG ELRJHRJUDSKHRD PR\ IUOXLQHYL @ $ KZHDRHHIRS WQ V
WKH &DUSDWKLDQV 'LVWULEXSAWVRD QG RXDRNVRAWDIWLYH DQDO\V

62:3 5 E (FRORJ\ DQG ELRIJHRJUDSKHNUWRD PRI\ ILDAMYL Q3 KIDPMHHIRE WQ V
WKH &DUSDWKLD @BFWD/+t\EUREQRUYRJLFD+ .UDNyZ

&25.3 ) ,94,1*6721( 0O 7B&+/E.( 8F(. - $$6 - ‘:DWHU WHPSHUDWXUH DQ
PRXQWDLQ ODNHV LQ WKR ORIV DR SISOHPHDMWY 6 =+6

67(1'(58 6 2+16215 . 7TUDFNLQJ UHFRYHU\ WUHRXOWUSEORHUHQG LG D WH
ELWIRXVYQDO RI WKH 1RUWK $PHULFDQ HQWKRORJLFDO 6RFLHW\

67(:557 - 5 ,6(5$ O &U\SWLF QRUWKHUQ UHIXIE& B UDQQ/BLARWGV RIUQ. JE @
ORJ\ DQG (YROXWLRQ

672'$5° -/ (O)y5,(6' 6 nlc, i $ &5 T $ //21 3 - 5,662//1& 7 259,860 2+311(66(10
L$+/ - 6 (/12*x - + (03 % w1,2- 207(, 7+ 7 8B 28+ 3 6$753&. 6 (4w'25) $ .-6
9c/( % [7%,6721 0 3 53$(1 79s1 'so + (we67(5. ( (7,1*- Js1(s $ 5HJLR
QDO WUHQGYV LQ DTXDWLF UHFRYHU\DIDRB DAIIREMBBWLRQ LQ 1RUWK

675%.3 9 9i4N\ 2GRQDWD 6O0ORYHQVNDG6ORDIHERAGIHN &G R QBDOADN RK R
QpKR 0~]HD 3UtURGQpPp 9HGY% % UDQVEU¥RDPI¥R (QJOLVK VXPPDU\

arsee. - 0O 30RaAWLFH + +HWHURSWHU,QC U XR GEXFK 1 B ¥ KPS WH U
HG $FDGHPLD 3UDKD + LQ &]JHFK

ar<6 3 J)DXQLVWLF UHFRUGV HWRHRU RBWFHKRB ORWBEROEIDHD FDULQDW
7LQJILSIUMHDPBBUHQWHKICHBRID GEGDE XV SXWEXY EUSHYDRER Y EHBVHW D N H L
(QWRPRORJLFD %RKHPRVORYDFD

6s7e/,))(' © &s5.8.7 5 BWXGLHV RQ PRXQWDLQ BGWUWDERWKIDWKHY 06
RORJ\ #
60(16621% : /RFDO H[WLQFWLRQ DQG UHH WRORH\J UHRCLHRRDS RAFHAGIR WO U L K
+
69292 29E- =P Q\ VWUXNWXU\ VSROH p SRS WHYp P DS\URR |.RORKE Bi ELVGR. VIXN Y

QD aXPDY >6WUXFWXUDO FKDQJV\RLIRPYDEQRORREHWWELS F®& BSRXR ¢ O+



LQ WKH %YRKHPLDQ )RUHVW &]JHFK 518 8 XB/XL % RGK HOPVL D @ L8SQOL R M WLRAH\V
YLFH SS LQ &]JHFK $FDGHPLF /BEEXWK\ Y RKWMRHDBQLYHUVLW\ RI

692%2'29E- $0 1% - 23Ey(. - 2/F.29E 6 5% $ - 6SDWLDO DQG WHPSRUDO F
PDFURLQYHUWHEUDWH DVVHPEODKH LBQDR UG VMH G M T-EBRB B EQ\WAKF
VXSSOHPHQW +
6<&+5% - ‘$o(. = 6DPSOLQJ (IILFLHQF\ RI *HUMMQI1 @ BRGH (P BQIH QZ
UDO ODFURSK\WH %HGBXYUNDVELORW @W/X R\ )LVKHULHY DG $TXDWLF
6<&+5%- 2%p9E - <%29E7.59 76s$.50 98]NXP YRGQtFK EHJREUDWOEéFK 13 ax

PRN DGQtFK ORNDOLWiFiSHSH$EJFéIQiR]Z;SlDi'IYXI)WLF LOQOYHUWHEU®WHYV F
ZHWODQG ORFDOLW@BVWD XYHDRMWD QIHNS\RW W RORJLH 3 NBRRORXYQGWHN
JLWD %UQR SS

6= /E'< = $ WHQJHUV]HPHN IDXQiMiEy@ RYDRR NEH /DXyRAD R X @ IDOUL
DQ

757($ 0 tser(<$ ( 6HOHFWLYH IHHGLQJ E\ 0D U'YWOVE LG DWH LBYG &
(VK SUHGDWLRQ RQ XSSHU OLW W R UXDQDL VR IQHHVPRDl FDFE MDE/EHIDRYMREMU-D W H F

7$72/( 9 &RPSDUDWLRQ RI WKH WD [R®RRIPAIEO! D WQDX FWRKRJ M L | &\ KIS
IV Rl 6RXWKHUQ BRPOQER 0XVHXP 1DWLRQDO G++WVWRLUH 1DWXUHC

Te72620E (Be -  7B&+/E.( +RORFHQH VXEIRVVLO FK LHARD RSFKLGI R @ RIBIMG

LQ WKH VHGLPHQW RI 30HAQp /RN KWHHE %RXIHPLBROBRMRMQYLURQ
%LRORJLDXSSOHPHQW 6 +6

7s<i25 | 5 7KH IRXU NLQGV,@VREW ABMIKRQ GV SHYVBEOADBRRGEGPLIUDW
HG 6SULQJHU 9HUODJ %HUOLQ +

Ts<i125 | 5 $7/125 5 $ - $JUHIDWLRQ PLJUDWLRQ DWGUHRSXODWLRQ |

Tei(1.2 9% +77=2939 $ 2SUHGHOLWHO YHVQ\DQRN ,QVHBWD Q3N K R/RASW
,PDJR L OBHMKMWERNWK VWRQHALHY ,QVHFWD RO FERWIBWRL LRI\ X P DU
Q\PS®&V ,QVWLWXWH RI %LRORJ\ DQG 6RER RFVWHKQH B XRIVWB & $EFD GHPV
90DGLYRVWRN 'DOQDXND SS LQ 5XVVLDQ

T(;129E ( 9RGQt SORAWLFH +HWHURSWSKWDD aXHPHRFRIE E K DM H HHUWU R:DA
WHURSWHUD 1HSRPRUSKD *HUURMROBKBV®I WKH GRIXHPRD QV KRIWH \
WK %RKHPLD LQ YHVNp %XG MRYLFH EUBS\ RIQWK H F&Q L YSHDVAEAMP\LR /6

7+( & 52120,  #20( 3*( 2Q00LQH KWWS LQVHFWV XPPURVDFXWLFK-BGX aHWF¥

7+,(0 . %LRIJHRJUDSKLVFKH % HMWEWKD RKDX@I K@ \G B D FKIVMDO XU KLV W R L
1+UQEHUJ %

7+,(1(0811 $ IHUEUHLWXQJVIJHVFKLFKWHRESOUIQEOIMQ2BHY WVHIHWLHUZHO

742056 $ * % 6XU OD WD[BRIRPKHBRHV@NXPQpHY (SKHPHURSWHUD
$QQDOHV GH /LPQRORJLH

7+206(1 $ * 5)9%(5+1 *URZWK DQG HPHUJHBXHAWU DVNEHIR/@LROUVRXV IR
VWUHDPV ZLWK BREWKIDMWHWQ IbER@A@R I\

7.(1688/ 2Q WKH (SKHPHURSWHUD |DX®HGALDDDGRAUDQWUIIMIAWEAB R C
FDH JHQQLFHH

7.33,1+( s¥e- $ %ss5' k% ' s2s57+ (< 8%(< 0 $ e * %LRORJLFDO UHVSR
UHYHUVDO RI DFLGL{FDWLRQ LQ/DXWHIDNVMNUDMNIARODP RIIQMKDHD ( @ R @IOKKNV L

7.5 * /IDFLGLILFDWLRQ DQWKURSMT XN WGBW\HBRP BXQDXWN P ¥ H5 H I
UpV EHQWKLTXHV $XWRpPFRORJLHHHWYWLTSKRIYVE N VGY N VS ABX [F&B WA
JHV 0V GLVVHUWDWLRQ WKHVLW]SRUNYGENLWp 3D XOLENDOD IRY WV K |
9HUODLQH * OHW]

7..5% (11 9 2 ) /LIH F\FOH 9%\DUW&MBLHVY REKHPHURSWHUD
DFLGL¢HG VWUHDPV DQG LP)SX@MLGFDRMH@®RWY Y ORDQGH BBBBUNE /LPQRORJ\

7.5 %  Bes2s ) 30HFRSWHUD UHVSRQVH WX DWIHGL MWD WRRQ ILQ W
ORXQWDLQV QRUW BH BRGWHHIQV LW QFHG &RGVHUYDWLRQ

7203 , $Ba+3 %HLWUDJ ]XU .HQQVB® L W IGIHR WEEDR § BLKVHFAKHHIOR S W H U
JHQLLEDHQWHWOPMWGOBU 7RPND =XUZHUDDSH YUAUTSH SMREZ LGHHUJIQ]
%HVFKUHLEXQJHQ ]XKLVDK ZRIILMMBIVWPHLOXQIHQ GHU 6FKZHL]JHULVF
*HVHOOVFKD IW

7283</,$6 $85.2- (s, 0  960s,-=50 $OWLWXGLQDO GLVWULEX®LRQ RI
WHUD LQ 1RUWKHUQ 7XQLVLD 5H@HDWWL R Q & KRIRSDVE RVBMIG H DV WSHHIXHOWO

753,20 3R]JQDWN\ R YidNiFK 2GRQDPWR SDIMIXDQ QRZIOM ®JHRRIQ G UD



QDWD RI WKH 7DWUD 0R %8 RWDQ QW 310 W RRTDDADU DIMUWNE@ P 41U R G BROR D I
(QJOLVK VXPPDU\

Tei< 2 dRss7e<7 . 22%1(s 7KH HFRORJ\ Rl WKH &RUL[LGD HL Qr MFKLIS
&RUULE FDWFK P H®QWR E,LURHIDRIQ &

Teas /DUY\ Pt KSDADKHO L R IS QX '‘LSWHUD $WKHULFLGD/IBUYDRFtF
RI WKH $W RBOHI[JHQ "‘LSWHUD $WKHULFLG DM LYY RSINHBPYIRN §
PX]HD 2SDYD & LQ &]HFK (QJOLVK VXPPDU\

Tsas . HNRORJLL OD$MIKHMIKDHG N URGSWHUD $WKHULFLGDH Y
OLN\ D 60RYHQVND >7R WKH HFRGKROHEJI HD U Y D H LRSIWAHKID J B @V XW U L FL
RI WKH &]HFK 5HSXE QDR R QIGV6ERYVNIPK® 0X]HD 2EQYHHFEK (QJIJOLVK
PDU\

8167531 6 /LIH FAFOHV RI EHQWKLF L(GKHPWY RW DS D D HEH VR S\ B E
'LSWHUD 6LRKRRVYGDH

81+(50$129E / ODNURJRREHQWRYV OLWR UXPQtY WA FIXF I @ |H IUN RODRIBER
WKH OLWWRUDO ]JRQH RI DFLGL¢{HGODNHYM@ WK H %RKGIRE D @ KRHIVH WV
W\ LQ 3UDJXH SS LQ &]HRKLW XWEHJDRU ROWLKIRQOMQW DO LEW XG L
3UDJXH
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