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7KHP IMWMRQR! ViH 0 RXQUDLQ / LRQ

) RXQGDVIRQ LV VIR HQVXUH VKDAS P HUFD'V QRQ
VXUYLYHV DQG | GRXUMKHV LQ WWH Z LG5 3HHU
UHYLHZ HG VFLHQFH DQG WFLHQFH EDVHG
FRQVHUYDVRQ WWAUDVIA LHV DUH FUXFLDOUHVRXUFHV

WDWZ H LHO RQ VR KHCS SLRWFWARQV DQG
VKHLUKDELVDW

7KLV * XLGH DQVZ HY/ VIKH P RV LHTXHQ/®
DVNHG TXHWARQV SRVHG E\ FRP P XQW

P HP EHWY DQG NRXUQDOW Z KR DUH HDJ HUVR
@D P RIH DERXWAYLQ) VDIHO DQG SHDFH XD
Z MK QRQV 7R DQVZ HUVKHWH TXHWMRQV Z H
FLVi SHHU UHYLHZ HG UMHDUFK P RWARI Z KLFK
KDV EHHQ SXEQWKHG LQ VIKH @MW LYH \ HDL/

. +< ,67+,6%8,' (,03257$17"

7 KH VFLHQW LF QWADWH RQ P RXQUILQ QRQ
ELRGRI\ HFRGRJ\ P DQDIHP HQWDQG

FRH LWMIQFH KDV JRZ Q WDSLGO LQ UHFHQW

\ HDW/ $GYDQFHV LQ JHQHWFV * 36 VWDFNLQJ
WFKQRAR]\  WDLOFDP HIDV DQG RIMHUVRROY | RU
UHVHDUFK KDYH RSHQHG QHZ Z LQGRZ V LOR
VKHVH HOOLYH DQLP DOY' EHKDYLRU 7KLV KDV

H SDQGHG DQG GHHSHQHG RXUH, LMALU

NQRZ BIGIH Rl KRZ P RXQUIDLQ QRQV KXQW

P DWWl UHDUWKHU\ RXQJ  LOWADPAZ LV RWKHU
VSHALHV DQG GLVSHWH DFLRW ViKH @QGVFDSH DV
WKH P DXWH



,Q RWHUFDVHV QHZ UHVHDUFK KDV XSHQGHG
RQIWDQGELQI EHAH V DERXWKH VSHFLHV

5 HFHQWMMGLHV | RULQWBQFH KDYH UHYHDO{G
VMDWP RXQUBLQ QRQV DLH QRAWQHDLD DV VROV
DVWH KDYH GRQU EHHQ EHAHYHG VR EH : KLO®
P RXQWLQ QRQV DUH WAADXQGHUARRG VR EH
VRAVBY KXQWAY ZHQRZ NQRZ VKDWWKH\

VRP HViP HV \KDUH | RRG DQG VRFLDA] H

FXQWDWYI FRP SG{ VRFLDOQHVE RUINV

- HKRSH\ RX ILQG WKLV * XLGH XVH XODQG
LQIRWP DWYH 7KLV GVEXWWIRQ GRHV QRW
UHSUAVHQAD FRP SUHKHQWYH WHYLHZ Rl ViH
WDSLGO JURZ LQJ IHVHDUFK QWADXH RQ

P RXQUDLQ @RQV EXWHP SKDW] HV IHFHQWDQG
LQI XHQADOSDSHWY WDWFDQ VHUH DV D WIDUAQJ
SRLOM RUGHHSHUUHDGLQI ) RUI XQDFLVIMIRQV
DQG DGGMRQDOVXGLHY VIKDAKDYH HYROYHG RXU
FRAPVIYH XQGHUAMDQGELQ) Rl QRQV VHH ) XUAMHU
5HDGLQ) DWMKH HQG &RQUBPWVKH 0 RXQUBLO

/ IRQ) RXQGDARQ LQIR# P RXQBLQARQRU [RU
DWIWBQFH REVILQLQJ FRSLHV RI DQ Rl VHVH RU
RVIKHUSDSHW/ LI \ RX Z RX@5 @N\H VR GLYH GHHSHU
LR VIKLY UHVHDUFK. QVAUDW(UH
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$V/ DYDUH HADO VKRZ P RXQUIDLQ QRQV KDYH $Z KDW

P D EHVKH P RWGLYHUH VHWRI ELRAF LHIMRQWKLSV
GRPXP HQWG |RUDQ\ VSHFLHV LQ ViH Z RUTE %7 KLV LV SDUA D
H GPWRQ Rl WWHLUZ LGH JHRIWDSKLF (DQIH D | DPAZ KLFK
DOR H S@MLQVZ K\ WH KDYH P RUH FRP P RQ QDP HV VKDQ
DQ RVIKHUVSHALHV 9%XWIMDOR UH W VKHLUURGH DV D

NH WRQH VSHFLHV WURXJ KRXWKHLUWDQIH DI | HAAKQJ

HYHU VKLQJ 1URP FDULIRQ EHHVBH DQG RVIKHULQVHRW VIKDALHO
RQ FDFKHG FDUFDWHV 90U HADO VR FRP SO
FKDQIHV VR YHTHVDARQ VRLOQX\WIHQW DQG WYHUEDQNY GXH

VR P RXQWLQ QRQV' H I HFW RQ GHHUSRSX@MRQV 3H] LROHW
DO

6 FLHQUMA XVH VIALP V @NH NH WIRQH VSHFLHV HFRQRJ LFDO
ELRNHWY DQG HFRV VWP DUFKLVWPW VR UH HUVRR VSHFLHY QN
P RXQWLQ QRQV VKDWDIH HVSHFLDAD LP SRWDQWR HFRV WP
KHDAOK DQG SLHVHUYLQU ELRGLYHUAW

3+272 &2857(6< 2) 6($1 +229(5
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,QWRP HZ HWHALQ 8 QWG 6VIVMAV VIKHUH LV D SHIFHSWRQ VKDW

P RXQUIDLQ @RQ SRSXMWRQV DUH LOFLHDMQI RUVKDWMKH. DUH
FRP LQJ FGRVHUVR VRZ QV : KLOH ( GEURFK HWDO IRXQG
VKDWDYDLADE®H HYLGHQFH RQ P RXQUPLQ @QRQ SRSXAMRQV LQ
WAV Z VK ELHHGLQ) SRSXARQV QNHO JHOHWDED LQGLFDWAY
HVKHUD WIEGH RUGHFQQLQI] SRSXAMRQ VRP H P HDVXUHV

VXJ JHWSRSX@MRQ J LRZ ViK LQ FHYBLQ S@FHV ( YHQ D
SRSXMWRQ KDWY LQ RYHWDAGHFAQH P D\ LOFOXGH VSRW

Z KHUH QXP EHY DUH LOFLHDMLQJ , QGLYLGXDOWIMAY HVP DVWA
SRSX@MRQV VKLRXJK D DQIH Rl P HWRGY DQG P RAWAIVKAY
UHFRUG QR WLJ QU LFDQWUMH LQ SRSXAMRQ Z KLGB RIKHLY DUH
P DODILQI SRSX@WRQV Z VK D JRDORI LHGXFLQJ RYHD@®D
SRSX@VRQ ] H

5HI DU RI RYHUDADSRSX@MMRQ WHQGY P RXQULQ QRQV
DYRLG SHRS®H Z KHQ SRME® ,Q: DWKLQIVRQ WM . HIMRQ
DQG . HHQ | RXQG VKDWP RXQVIDLQ QRQV J HQHWDAD
DYRLG SHRS® DQG VRZ QV : KL WH P LJKWSDW VIKURXI K
KXP DQ GHYHIRSP HQW VR JHWI UIRP  RQH Z LG5 DUHD VR DQRWKHU
WKH VSHOWDV @MB WP H QHDUSHRS® DV SRWMEGH HYHQ DW
WP HV Z KHQ VKH QRQ SRSXAMRQ LQ QHLIKERUQJ Z LABHOHW
JUHZ 7KLV P DWKHV UHVXQV | LRP UAVHDUFK RQ SXP DV LQ VKH
/ RVSQIHBV KLAY 5104 6INFK DQG %HQVRQ YHQVRQ
HWDO DQG P DQ\ RVIKHUREVHUDARQV VKURX.J KRX\WWKH
© HW6R Z KHH GRHV WKLY WU HO HURQHRXV LGHD Rl

P RXQWLQ QRQ SRSXAMARQV EHQJ $RQ VIKH UMHFRP H I LRP "



7 KHUH DUH VHYHUDOI DFVRY/ GULYLQJ VKLY SHUFHSVIRQ * LRZ LQJ
QXP EHW Rl SHRSCGH QYH DIRQJ VIKH Z LAEDQG XUEDQ LOWAI DFH
EUQILQ) VKHP FARVH VR Z LGBQIH LOFOXGLQI P RXQUILQ @QRQV
DQG WWH GHHUWH SUH XSRQ $OR WWH IHFHQWH SGRURQ LQ
VH OVMMQ \ HDW/ R KLJK TXD@W SKRQH FDP HDV WDLO

FDP HIDV DQG KRP H VIXUYH.ADQFH FDP HIDV  VIXFK DV 51QJ
FDPV DRQI Z L RXUDELAW VR VKDUH VIKRVH LP DJ HV HDVL.O)
DQG LOMIQUWD RQ VRFLDOP HGD KDV | GRRGHG RXUQYHV Z VK

P RUH QRQ LP DJ HV WDQ HYHUEH RIH HYHQ LQ DUHDV Z KHH
QRQ SRSXAMRQV DIH GHFAQLQ) ,Q D® RMHYHY FDVH LWLV

P RUH QNHO VKDWKXP DQV DUH VP SO VHHLQJ P RUH P RXQUILQ
QRQV QRWKDWVIKHUH DUH P RUH P RXQUDLQ @RQV RUVIKDW

P RXQBLQ QRQV DUH EHKDYLQJ Gl 1 HHQA®

L +$7 $5( 7+( 0267 ())(&7,9( 722/6)25 0$1$*,1*
02817$,1 /,21 &1)/,&7 : ,7+ 3(23/( /,9(672&
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© KL VRRY @NH |HQFLQD 1 @WKLQI @JKW QRIVHP DNHLWY/
WDQIH UGHY DQG QYHWRFN J XDUGLDQ GRJV DUH DEDWIDQGDLG
VRROY | RUQYHWRIN RZ QHY VR GHVAUFDLOLYRUHV LWL RQO

UHFHQW® VKDWSHHU UHYLHZ HG WXGLHV KDYH Vi VWP DAFDGD

VAVVAG VIKHVH WFKQLTXHV VR 1 LQG Z KLFK DUH P RAH | HRVYH
) RULQWDQFH 2 KUHQV Y%RQDFLF DQG 7 UHYHV \KRZ HG
VDW @WKLQJ @I KW FDQ EH DQ HI | HAVIYH VRROI RUGHVIAULLQJ

SUHGDMRQ RQ QYHWRFN E\ P RXQUDLQ @QRQV DQG RWHU
FDUQLYRUHV



' WDZ LQJ RQ LHVHDUFK Z KLFK VKRZ V VKDWP RXQVILQ QRQV
DYRLG KXP DQV 6P LVik HWDO VWAVVMG Z KHWHU
UHFRUWELQIV Rl KXP DQ YRLIFHV Z HUH H I HAVIYH DAWFDUQJ DZ D\

P RXQWLQ QRQV 7KH H SHUP HQMKRZ HG VIKDAKXP DQ YRLFHV
XQANH IHFRUWGLQIV RI [RIV VHQGHG VR FKDVH P RXQVILQ QRQV
DZ D\ IURP D FDFKHG NLGD 5 DQFKHWY/ KDYH RIVIAQ REVHUYHG VKDW
DWP S®{$0 WAER WQHG VR D VBN WIMRQ FDQ EH H | HAVYH
DWNHHSLQI @QYHWRFN VDIH ILRP P RXQUIDLQ @QRQV EXWDGGLQJ
VFLHOWI LF W RUVR VKHVH 1 LQGLQI'V FDQ J LYH LDQFKHWYY  KLNHW/
DQG RWHLY FRQI LGHQFH VMDWWKLY DQG RWKHUSLRYHQ
WAFKQLTXHV FDQ EH H | HAVIYH DWSLRWIPAQ) VIKHP VHOYHV DQG
WHUDQLP DY

5 HVHDUFK. RQ VIKHVH VIRRQY DQG VWFKQLTXHV VIKDADGIRZ  KXP DQV
DQG QYHWRAN VR FRH LMWDIHO Z WK P RXQUILO QRQV KDV
EHHQ LOFLHGLEQ KDUG VR FRQGXPADQG FRQWQXHV VR EH \R
&RH LHQFH VWIDWAI LHV P D\ EH H I HAYH Z MK RQH VSHFLHV R
FDUQLYRUH EXWQRWDQRVKHU &HWLQ P HWRGV P Di Z RWN
EHWMURUZ RUH EDVHG RQ HQYLLRQP HQVDOYDUDWRQ RUHYHQ

EDVHG RQ DQ LQGLYLGXDODQLP DOV SHWRQDAW  VXFK DV LQ ViKH
FDVH Rl QYHWRFN J XDUELDQ GRIV 5 HVX@V DUH DOR GHSHQGHQW

RQ VIKH WSH RI @QYHWRFN VSHALHV EHLQJ SIRWPVMG DQG DV

Z KDAMFD®Y , QWDQFHV Rl P RXQVILQ @RQV SIHGDW) RQ
QYHWRFN DUH DOR IHIWYHO LQHUHTXHQWP DNLQI UIHVHDUFK
FKDABQILQ) $ERI VKHVH | DFVRRYY KDYH UHVXQMG LQ D VFDUFLW
Rl $JR@ WDQGDUEOWMKGLHY VKRXJK 7 UHYHV HADO ILQG
DJWRZ LQJ ERG Rl KLJK TXDAW H SHUP HQDOWXGLHV $V D
UHVXQVP XFK Rl FRH LAMQFH SUDPFH UHaHV RQ SHWRQDODQG
WDGLMRQDOHFRARI LFDONQRZ BHGIH Rl ViKH @QG VKH NLQGV R
DQLP DY EHQI SIRMPMG DQG VIKH Z LABMI H G QDP LFV Rl ViKH
DUHD | RUH | HPVIYH P DQDI HP HQW
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, Q VKH MWWE R GHFDGHV  IHVHDURK KDV FKDA@BHQJ HG VKH

RQIWDQGLQ] DWXP SWRQ VKDWKXQWI  Z KHVIKHU
UHFULHDWRQDORUFRQGXFVAG B\ SDLG KXQUWAW LV DQ H I HPAVH

VRROVR SUHYHQWFRQI QPWEHVE HHQ P RXQUDLQ QRQV DQG
SHRS®! SHW RUQYHWRFN / DXQGU DQG 3DSRXFKLY

DWHP EGHG D @MU H GDVVHWFRP SDUQJ &DQI RUQLD Z LK
YDURXV RAHUMBDMY 1LQGLQJ VIKDABDQI RUQID Z KHUH

P RXQWLQ QRQ KXQWQ Z DV RXDZ HG LQ iKH V GRHV QRW
KDYH P RUH FRQI QPWKDQ WIMAV Z MK KLI K KXQAQI UDWAV
7KHUDQDO WV DOR | RXQG QR VXEWDQADOGL | HIHOFH LQ VKH
KHDOK Rl GHHUDQG HON SRSXA@WRQV LQ VKH WIDVMA 2 VIKHU
UHVHDUFKHWY Z RINQJ Z WK GDVIVHW [ LRP WDV Z LGB H

DJ HQFLHV LQ VIKH 8 QLVMG 6VIVAV DQG &DQDGD KDYH | RXQG VIKDW
QRWRQO GRHV NLADQJ P RXQUBLQ QRQV QRMHGXFH FRQI @FW
EXWIP D FDXVH LOFUIHDVHG DAV Rl FRQI QPWLO VXEVHT XHQW
\ HDW/

7KH UHDVRQV | RUVKLY SDWALQ DUH VAADEH.QJ \WXGLHG EXW

P XG5S K\ SRUKHVHV KDYH HP HU HG VR H S@LQ W2 QH

K\ SRWHMY LV NQRZ Q DV VIKH SARXEGHG HQ/HK\ SRVIKHWLY 7KLV

K\ SRUHVY GUDZ LQJ RQ Z RIN LOFOXGLQJ : LHIXV HAWDO
DWMEXVAV P RWFRQI QFWWR \ RXQJ  LOH SHUHQFHG

P DOV GLVSHUAQ) LQVR DQ DUHD : KHQ P RXQUILQ QRQ

SRSX@MWMRQV DUH KHDYLO KXQWAG ViKH\ H KLELWD \ RXQU HUDUH

WMKPWUH VIKDQ P LQLP DA KXQUWG SRSXAMRQV 7KLV LV

@UHO GXH VR \ RXQ] GLVSHUAQ) DQLP DY | LGDQJ YDFDQW

VAULYRUHY VMDWZ HIH RSHOQHG XS Z KHQ KXQWAY UHP RYHG ViKH

@UHU Z HOHWREQVKHG P DOV



$ QRVIKHUK\ SRUHVLY FHQWAY RQ iKH LP SDFW Rl NLGXQJ | HP DO
QRQV Z WK GHSHQGHOW RXQJ ) HP DBV VSHQG DURXQG VIKLHH
TXDUWMY R VKHUQ@ H SUHI QDQARUWDIMQ) WHLU\ RXQD 7 KHWH
NAWHIQV DQG \ RXQU @RQV P D\ AKX J B VR KXQM RUGHHUDQG
RWHUZ LGBQIH DQG GXH VR KXQJ HUDQG LOH SHUHQFH P D\
DWIHP SWVR DWIDFN QYHWRFN RUFRP H VIRR FGRVH VIR SHRS®H LQ
VRZ QV RURQ WDLYY 8 QGHUQRUP DOFLLFXP WIDQFHV VKRWH

\ RXQU DQLP DOY Z LADEH VIDXJ KWVR KXQWDQG QDYLI DVl KXP DQ
DAMUHG MQGVFDSHY E\ WKHUP RHUIRUXS VR VE R \ HDW/

<RXQJ P DI P RXQBLQ QRQV GLVSHUAQJ 1LRP VIKHLUP DWALQDO
KRP H LDQIH Z LADWDYHOMRQ GLWBQFHYV XQAOWKH. 11QG DQ
DUHD VIKDALY QRWGH HQGHG E\ D P DWUH UMMLGHOWARQ DQG
WXV GR QRAMD. LQ QHZ DUHDV QHDUQYHWRFN RUSHRS® | RU
RQ +XQMY LOFXGQI NG DQG IHRFDARQ E\ Z LGB H
P DQDJ HP HQADJ HQFLHV RUM@Z  HQI RUFHP HQW RSHQV XS
VAULLVRUHV RQ WWH QGVFDSH  Z KLFK FUHDVIAV LRRP | RUVKHVH
P RUH FRQ @QFWSLRQH LOGLYLGXDY Z KR FDQ VIKHQ EHFRP H
FROFHQADWAG LQ VKRVH DUHDV' 7 KH FRXQUALQWLMNH LOFUHDVH
LQ FRQI @PWM.Q DUHDV Z WK P RUH P RXQUBLQ QRQ KXQWQJ P D\
EH H SMLOHG B\ WLV FRP ELQDWRQ Rl GHVSHUDW DFW E\
WBLLQI RUSKDQV DQG GIMXSVRQ VR VIKH VRFLDOEHKDYLRURI
WH QRQV $GEMRQDA VRP H K\ SRVIKHMV] H KDWWH
RSSRUMXQUMAE QDVH RI P RXQUIDLQ @RQ KXQWQU P DNHV DAD
WSHV HTXDAD @NHO VR EH LOYROYHG LQ FRQI @PWDQG LV P RWH
UHDWG VR LQGLYLGXDOEHKDYLRU , QGHHG DADVKHVH K\ SRVIKHVHV
PD EHDAS@ DQG VKRX@S EH FROMGHHG
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YDWVF HFRGRI LFDOWKHRU  VH KMARY R Z LGB H LQ 1 RUK
$P HUFD DQG P RUH IHFHQWUHVHDUFK DADVXJ J HAWKDWKX QALY
LV QRWQHFHWDU VR P DQDIH P RXQUILQ @RQ SRSXAMRQV

1 ROHVIKHBWW DEDWIVMV Z MK EUHHGLQ) SRSXAMRQV R

P RXQWLQ QRQV : DWLQIVRQ 2 IHIRQ &DARWIID $U] RQD
1 HYDGD ,GDKR 0 RQQD 1 RUK ' DNRVID 6RXVK ' DNRVID
1HEWDWD : \RPLQJ &RARWDGR 8VIK 1HZ 0 H LFR DQG

7H DV SHP IMUHFUIHDAWRQDOKXQW)  H FHSW) GRUGD Z KHUH
VKH SRSXMWRQ LV | HGHD® QWHG DV HQGDQIHHG DQG
&DAIRWQID Z KHH YRV RXVIDZ HG UHFUHDWRQDOK X QUL

© KL® P DQDIHP HQAR! P RXQVILO QRQV RXJ KWWR LOFOXGH
FROUWGHDARQ Rl VKH P DQ\ Z D\ V KXP DQV FDQ KDWP RU
EHOH MKH VSHFLHY P RMGLVFXWIRQ R P RXQUBLQ QRQ

P DQDI HP HQAKDSSHQV WURXJ K VIKH GHQV Rl KXQU

UHI X@MRQ

7+(5( $5(  67$7(6: ,7+ UB((' ,1* 3238/$7,216 2)
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%HDXVRGLOHWDO XVHG H WIQWYH UHVHDUFK LQ

- DWKLQIVRQ DQG RVKHUZ HWIALD WMV VIR EXLAE D | P HZ RWN
| RUVFLHQFH EDVHG P DQDIHP HQWRI P RXQUDLQ QRQ KXQAL
7KH SUQFLS@V SIRSRVHG LQ KDYH VLQFH EHHQ DGRSWAG
LOWR SRAA 1Q: DWLQIVRQ DQG P LADUSRAFLHV KDYH EHHQ
DGRSWHG LQ RMHUWIVAV DV Z HD . H | LOGLQIV VIKDMQI RWP HG
VKH SRQA DUH VMDWP DIQWBLQLQ) P RXQUILQ QRQ P RWDAW DW
RUEH®RZ LW LQMQMF JRZ VK UDWA LV LGHDOI RUVKH
SUHVHUYDARQ Rl FRXJ DUVRFLDOEHKDYLRU RGEHUDIH
VWKPWUHY DQG WIDEG! SRSXAMRQY ,Q: DKLQIVRQ : LHI XV
HWDO LGHQW LHG ViKH LOMQUE J URZ VK UDWA DV
SHUFHOW SHUFHQW 2 WMHUP RXQUBLQ QRQ SRSXAMMRQV LQ
1 RUK $P HUFD KDYH H KLELVMG JWRZ i DAV EHVE HHQ ~ DQG

SHFHQWV

6 XEVHTXHQMUHVHDUFK KDV VXSSRUMG VIKHVH [ LQGLQIV DQG
VKRZ Q VMDWMKLY DSSURDFK VR P RXQUIDLQ @RQ KXQWQJ FDQ EH
DQ H ITHAAYH Z D\ VIR LHGXFH FRQI QPADQG P DLOVILQ KHDAWK\
HFRV WPV %4-DXVRGLOHWDO * LYHQ WH KLIK

P RELOW Rl P RXQUDLQ QRQV IMFDQ EH GL | LFXOWR GHVIFW
RYHKXQWQ Z KRXWIKH VRUARI GHVILOHG | LHGEZ RUIN DQG
FDUH XOUHI XARQ VKDWWH %4-DXVRGLOI LDP HZ RN
UHFRP P HQGV ( YHQ LQ VIKH IDFH Rl KLIK KXQAQJ LDWAV
SRSX@VRQ QXP EHWY FDQ VHHP KLJK EHFDXVH RI LP P LJUDARQ
Rl \ RXQJ GLVSHWHY EXVWKH SRSXAMRQ GRHV QRW

FRP SHQVDW | RUKLIK KXQAQU P RWIDAW Z LViK DGGLRQDO
UHSLRGXPVIRQ RUKLI KHUVXUYLYDOUDWAV R FXEV &RR®A HWDO

/ RIDQ



$ QRVIKHUP DQDI HP HQMAMDWAI\ | RUP RXQUDLQ @QRQV KDV
KLQIHG RQ VRXUFH MIQN G\ QDP LFV ' XH VR P RXQUILQ QRQV

Z LGH GLVSHU/DOSDWLDY LWL SRWEG] VIR KXQWKHDYLO) LQ
VRP H DUHDV LN SRSXAMRQV EXWP DLOWILQ WIEGH QXP EHWY/
LU VHUH LV D QHDUE\ VRXUFH SRSXAMRQ MDWSURGXFHV
HORXJK GLVSHUAQJ P RXQUILQ QRQV VIR EROAMAUVIKH LON
SRSXAMMRQV QXP EHY/ 7KLV P DQDI HP HQAMADWAI\ KDV EHHQ
Z LGHO DFFHSVKG DFLIRW ViKH : HVADV D Z D\ VR P DQDIH
KXQAQU E\ IHOLQ) RQ VH DSSDUHQAWHVAHQFH Rl P RXQUIDLQ
QRQV +RZ HYHU VKLV DSSURDFK LV @P LVKG LQ VKDWMSUP DUQO
| REXVHV RQ P DQDILQJ VKH GHP RJWDSKLF QXP EHW/ R

P RXQUDLQ QRQV Z WKRXWSUHVHUYLQ) DI H VAKPXH VRFLDO
EHKDYLRU RUDLP LQJ VR UHGXFH KXP DQ Z LGB H FRQI QFW

5 HVHDUFKHLY LOFOXGLQJ 5 RELOVRQ HWDO DQG
%HDXVRBLOHWDO VXJ I HWWIKDAWRXUFH VLN

P DQDI HP HQWFDQ VKXV EH G HI | HAAYH DWP DLQVDLQLQJ

KHDOK\ P RXQUDLQ QRQ SRSXMWRQV EDMQRLQI HFRV WP V
RUP LQIP 1] LI FRQI@PWZ VK KXP DQV DQG QYHWRFN

,Q7H DV WH RQO WV Z KHUH P RXQUDLQ QRQ KXQW LV
FXUHQU® XQUHI XAWAG VFLHQWAMN DQG RVIKHLY DUH SXVKLQJ |RU
LP SGP HQARQ R VIP LADUDSSWRDFKHY ( EURFK DQG

+ DWYHVRQ DQG Z LGB H P DQDI HP HOWDJ HQFLHV LQ
RVIKHU WAV KDYH DGRSWAG P DQ\ Rl VIKHVH \VDP H SUQFLSGV
8 Q RUXQDWA®  Z LGH YDUDRQV DP RQJ VIKH WIVIAV LQ Z KDW
CDVD ViKH\ J DKHURQ P RXQVIDLQ @QRQ SRSXAWMRQV DQG KRZ
VKH UHI XAV KXQAQ R VIKH VSHFLHV P DNHV LAGL | LFXQWR
DWHW WH RYHUDGDKHDAK Rl P RXQUPLQ QRQ SRSXAMRQV LQ
WKH I DFH Rl Z LGHVSUHDG KXQAQU  ( GEURFK HWDO

0 XUBK\ HADO
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0 RXQUILQ @RQV | DFH WLJ QU LFDQAWUMNY Z HEDEH RQG WKH GLLHFW
HIIHPW Rl RYHIKXQWQJ ,Q) GRUGD VKH RQO UHP DLQLQY
SRSXAVRQ RQ VIKH ( DVABRDVAZ DV RQH Rl VKH | LWMAVSHFLHV
QWHG XQGHUVKH ( QGDQI HUIHG 6 SHFLHV $FWDQG GRZ. JHQHWF
GLYHMW FROAQXHG KDEWIWIRW DQG GHDWKV [ LRP FDU
WINHV KDYH KLQGHIHG UIHFRYHU Rl ViKH SRSXAMRQ 5 HVHDUFK

1Q: DWLQIVRQ WIMA : XQVFK HADO =HEUHADO
DQG &DA RWID %HQVRQ HADO * XWII VRQ HADO
+XI1P H HUHADO KDV GRFXP HQWG KDUP  FDXVHG

B\ GRZ JHQHWE GLYHUAW LQ P RXQUIDLQ QRQ SRSXMWRQV
LVROWG E\ P DNRUKLIKZ D\ V

0 DNRULRDG FLRWLQJV DLH SQQHG  RULQ FROWAKPRQ R
DGGLHW VIKHVH J HOHWE ERWEHQHANV DQG DARZ FRXJ DU DQG
RVIKHUZ LGB H VR VDI HO® FLRW VKHVH LRDGZ D\ V' EXWHYHQ

P RUH FLRM.QIV DIH QHHGHG  DQG | XUMHUMXG. RQ VIKH HI I HPW
Rl VIKHVH DQG P LADUEDUIHYY HOMHZ KHUH LQ VKH VSHALHV LDQI H
Z LGDEH QHFHWDUY 5 RDGV DOR SRVH D \WLJ QU LFDQAWUMN VR

P RXQWLQ QRQ VXUYLYDO D WXG. LQ &DQI RUQLD | RXQG VMDWVE R
P RXQWLQ QRQV GH I LIRP FDUMMNHV LQ DQ DYHWDIH Z HHAN LQ

VKH * RABHQ 6V DARQH 5RDG ( FRARI\  &HQWAU



5RDG FLRWLQI'V DUH FUXFLDOVRRGY EXWFDQ RQM LHGXFH iKH
KDWP FDXVHG E\ RDG EXLAEQ) DQG GHYHIRSP HQMQ

P RXQULQ QRQ KDELVIW, Q DGGMRQ 5L\  HADO DQG
VXEVHT XHQMUHVHDUFKHWY KDYH VKRZ Q WDWH SRVXUH VR
URGHQWFLGHV FDQ FDXVH VHURXV KHDOK SLREGHP VI RU

P RXQDLQ QRQV LOFOXGLQJ GHDVK IUIRP P DQIH LGB LLHV
HVSHALDAD LQ WKH LOFUHDVLQJ GURXJ KWDQG KHDWUHVXOLQJ
ILRP KXP DQ FDXVHG FQP DVl FKDQIH GUYH RXWP RXQUILQ
QRQV DQG GMXSWKHLU SRSXAMRQV DQG WHUSUH
DYDLIDELOW %DNH  HWDO
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. PP HWDO DQG 0 LAHUHWDO VKRZ HG VKDV
P RXQUDLQ @RQV XQANH KXP DQ KXQWAY DUH P RUH @NHO VR
NLGDGHHULQ HAMIG E\ VIKH SURQ FDXVHG &KIRQLF : DWW

" IVHDVH 5 HVHDUFKHWYY KDYH DOR | RXQG VIKDWMKH FRXJ DU
GLI HWAYH \A VAP V DLH H | LFLHQADWGHVAR LQU ViKH GHDGO
GLVHDVH DI HQW 9DXQH HADO DQG UHVHDURK ViXJ J HVW
VKDWWLY SUHGDRQ FRXAS EH VX1 | LFLHQAVR HUDGLFDVA VIKH
GMDWH : LGB HADO

&KURQLF : DWAQY ' LMHDVH LV DQ HP HUI LQJ GIVHDVH LQ GHHU
DQG HON FXUHQM® IRXQGLQ 86 WIVIAV DQG LQ &DQDGD
6VIVM Z LB H DJ HQFLHV DUH Z RINQJ KDUG VR FRQWROLW
VSUHDG DV MWFDQ GHYDWIDA SRSXAMRQV Rl NH JDP H
VSHALHV LOFOXGLQI Z KIVM VIBLGWG GHHU P X1 GHHU DQG HON , W
LVVSUHDG E\ DSURQ D P DORWP HG SUIRWLQ QNH VIKDAZ KLFK
FDXVHVP DGFRZ GIMDWH  QRWE\ D EDRMUXP RUYLLXV DQG
& ' LV QRWSIHYHQWEG! RUWHDVEQH E\  YDFFLQHV RU

DOWELRIFV
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+DZ B\ HWDO VKRZ HG VKDAD P RXQUBLQ QRQ | RXQG DV
LRDGNLADLO &RQQHPWFXWKDG VSHQAVE R \ HDW/ WDYHQQJ
QDO P LNV RYHU NP ILRP VKH %DFN + LAV Rl
BRXVK ' DNRVID P DNLQJ LWWKH GRQI HWGLVSHUVDOE. DQ\

P DP P DORQ UHFRUG 7KLV UHP DUNDEGH NRXLODH VRRN ViKH \ RXQJ
P DO WRXJK : IMFROUQ DFLIRW 2 QIDUR DFLRW VIKH 6W

/ DZ LHQFH 5LYHUVR 1 HZ <RWIN WIWA DQG [ LRP VWHUH VR
&RQOHPFXW

7KH | DPAWKDWWKLY LHFRUG VMWD NRXUDH. Z HOWMKLRXI K R
P DQ Gl I HHQWKDELVWWSHV KL KQJ KW ViKH DGDSVIDELOW Rl
P RXQWLQ QRQV D NH 1 HDWH LQ WMHLUVXULYDOWURXI K ViKH
HWD R ERXQW KXQWQJ WDWH LSDWIG Z ROYHV | LRP QHDLD
DADVKH FROALHQVIDOS QUG 6VIVIAV VHQAI U] ] @ EHDLY LR
HQGDQI HUHG WIVKV  DQG GURYH EQDFN EHDLY DQG NI XD RXW
Rl P XFK Rl VWHUKDWRUF WIDQIH ) HP DO P RXQUBLQ QRQV
JHOHD@ GRYWGLVSHUH DV 1DUDV P DBV WRXIK VRP H KDYH
EHHQ VKRZ Q VR P DNH UHP DUNDEGH NRXUOH\ V' 6VRQHUHWDO

7KH VaRZ HUGLVSHUDOR! | HP DOV H SALQV VKH
IHDMYHO GRQJ DP RXQWRI VP H VIKDAMVWRRN HYHQ VR FRARQL] H
1 HELDWD ILRP 6RXVIK ' DNRVD / D5 XH DQG 1 LHOHQ






























