3HHU 5HYLHZHG 5HVHDUFK $UWLFOH *DMDK

7KH (OHSKDQW ZKR )LQDOO\ &URVVHG WKH 5RDG 2 6L
)DHFDO +RUPRQH OHWDEROLWHYV RI D :LOG $VLDQ (O

(H 3KLQ :RQLVD <®&XVDQ / :BONFID 6ROPMMLBHOQBH\
IDVKDUXGGLBRWKPQ @IDEBIQLPVD &DPSRV $UFHL]

6FKRRO RI (QYLURQPHQWDO DQG *HRJUDSKLFDO 6FLHQFHV )
7KH 8QLYHUVLW\ RI 1IRWWLQJKDP 0DOD\VLD -DODQ %URJD
6FKRRO Rl 9HWHULQDU\ OHGLFLQH DQG 6FLHQFH )DFXOW\ RI
7KH 8QLYHUVLW\ Rl 1IRWWLQJKDPUMXS8 WRQ %RQLQJWRQ /H
&KHVWHU =RR 8SWRQ E\ &KHVWHU &KHVWHU 8.
'HSDUWPHQW RI :LOGOLIH DQG 1DWLRQDO 3DUNV 3HQLQVXOD
OLQGVHW ,QWHUGLVFLSOLQDU\ &HQWUH IRU (QYLURQPHQWDC
7KH 8QLYHUVLW\ Rl 1IRWWLQJKDP 0DOD\VLD -DODQ %URJD
&RUUHVSRQGLQJ DXWKRU-V H PDLO HHSKLQ#JPDLO FRP

$SEVWUDHFWVHG *36 WHOHPHWU\ DQG IDHFDO JOXFRFRUWL
PRQLWRU D ZLOG WUDQVORFDWHG IHPDOH HOHSKDQW LQ
HOHSKDQW ZDV *36 WDJJHG DW WUDQVORFDWLRQ DQG KH
DIWHU WUDQVORFDWLRQ 7KH ORZHVW [|*&0 FRQFHQWUDW
KRUPRQH PRQLWRULQJ ZKHQ VKH H[KLELWHG XQXVXDO PR
DORQJVLGH D PDMRU URDG ZLWKRXW FURVVLQJ LW $URXC
HOHSKDQW GHOLYHUHG D FDOI DQG LQ WKH WK PRQWK \
H[IKLELWHG LQFUHDVHG 1*&0 FRQFHQWUDWLRQV SUHVXPD
OLIH HYHQWYV

,QWURGXFWLRQ UHVSRQVHV WRZDUGV DQWKURS
DV WRXULVP ORJJLQJ DQBNWUD
W LV FKDOOHQJLQJ WR VWXG\ 7THEWULG H ' LIFNEHIE\D O
HOHSKODQMBXDV PDJQPWYH UDRQJRUHVWQ DGGLWLRQ LW LV FF
GXH WR WKH GHQVH IROLDJWRDRBWOLPL WHIEG VAL MOPIS@HN L Q
%ODNH +HGJHV 5H F HQUA QMH RKIQ ROREGHBOOPHELOG $VL
GHYHORSPHQWY VXFK DV *360WBRBOWW WD UMHQOBQRRQ WR GHII
LQYDVLYH PROHFXODU WHFKSOHUXGN KDMGDERQVLGHUDEO\
LPSURYHG WKH ZLOGOLIH HFRORJLVW WRROER[ DQG RXU
FDSDFLW\ WR VWXG\ IRUH VW UMOKHSKTRUHY | BHPDODU®MXFRFR
DELOLW\ WR PHDVXUH KRUPR®HB FSHWMERWOQW HDWHURRAHFW L
IDHFHV DOORZV WKH SK\VLRRRWLFRQGPRRQMRUM QIDWIRQV L
IUHH UDQJLQJ ZLOGOLIH ZLWIQRNXRV DVFKFR Q6 WG W\KR] F DISWWKWRIL Q
WKH DQLPDO 7RXPD 3DOPH HWGEKGDLIDQG
DUH WKHUHIRUH D UHDVRQDEOH
*OXFRFRUWLFRLG KRUPRQHNG SHO®D O DD FWROMWLQ+RZHYHU
PRGXODWLQJ GDLO\ HQHUJ\UPH GV HNQD U QR X M OrDLAYUIG DW L R C
WR SUHSDUH WKH ERG\ WR PHDI/H WLOIK DFK\DXD®OH QBHM QDO L
PDQDJLQJ WKH SHULRG RI VWQHMYRDR®E QVQYDWHR B WHIPLSDIL QJ L
DIWHU WKH FKDOOHGQJHHKD ZES DVOOFSPRIROVNIVKEXUQ
:LOGOLIH ELRORJLVWYV FDQ ,QRIUXWH RIDWRDMOXGLHV ZH
JOXFRFRUWLFRLG PHWDEROWWHVXWARR IJDYJH L @LOVG.OIPIMOH S

< 7KH $XWKRUV 2SHQ $FFHVYV



DO DQG WKDW 1*&0 VDPSOMXFRBRUWNBROE KBQFHQWUDW.L
WR HLJKW KRXUV DIWHU GHIHFODOMLRQ MX P WRERIL DM 6UDBIRPD
IRUHVW HQYLUR@PBQW :RQIKHQ DFXWH VWUHVV RFFXUV DS
WHPSRUDULO\ OHVV WKDQ DQ K
,Q 6HO\H LQWURGXFHG KIOXWKFHRWW RFREBHBDO KHOS E
$GDSWDWLRQ 6\QGURPHpu RNYPRRQUDIH WKHW DBRIGIOD QA QWDN
JODQGYV:- UROH LQ VHFUHWERG\JB®RXFREKEVWLXRQ®VAWVDHOV VF
UHVSRQVH WR VWLPXODQWVY VWUHWKRUWLPBQQFMQ® KH-QFUH
PRUH UHVHDUFKHUV KDYH L&GGDQRARIERHGV IOARINGW EHWHEMH ® O X S
JOXFRFRUWLFRLG FRQFHQWUDWMRKHVDOQBQRBDUHNISRQYH L\
D "AJKW RU ALJKWp VFHQDWHW ZR®RHQRUWWHGE ERWK WDHDFKHV
GDQJHURXV VLWXDWLRQ HWR FKEHRDLFKDWHWGE VE\ BHO\H
OLRQ 6DSROVN\)\ ZLWKL® KHO RQIGWUW RFRXQBSWHEH QHJDWL
WKH ERG\ ZLOO UHOHDVH D(FBHYFWEB RIOXKRRPRQWVFRLGV |
LQFOXGLQJ FDWHFKRODPLQWHNHMBPWG RF®URHAFRWURSBHLMUQLQJ
UHOHDVLQJ KRUPRQH &5+ LXQQ\FRVWKG BOBRG WNXWHDEOOF(ZHQ
WKHVH HIIHFW D QXPEHU RI$®SKRROR IJQRWOVRKDHQABWQRZQ
LQ WKH ERG\HWDB® O¥KMW. IDRD JOXFRFRUWLFRLGYV LV OLQNHG
7KH &5+ VHFUHWHG E\ WKSRRNERWKDODFRXWIH WKUHDWF
VWLPXODWHY WKH SLWXLMWRDU\V FYHROQHWLUR® LIJRKH V\QGL
DGUHQRFRUWLFRWURSLF KRHRRROB $BFE& SRKIWKVUQXPDWLF
WXUQ ZLOO VWLPXODWH WKHBDLFRQPQDOLOOBQGY WRHKKGBDYV
JOXFRFRUWLFRLGY PLQXWHNYNPRQWW RWKHU XWD-EWRIGOREO
HQFRXQWHU &KURXVRYW DO &DPROHWINWL :DONHU 7KHUH
6 KHUWIWI DO WR PDLQWDLQ DQ DGHTXDWH FR
JOXFRFRUWLFRLGV LV YLWDO IRL
*OXFRFRUWLFRLGY DUH VWHURIOS RRWERRQWWHW R b IR\ \
H[HUW D SK\VLRORJLFDO HI+BFIMD R® WKHERGNIJRYHURYH
D IHZ KRXUV DQG ZLOO DFDW WRURXRIKOD \QUIBWLRWHBY RU H
IHHGEDFN ORRS WR UHFHSWRUVWRUW KW EJUHDVL @ X WHR MW GXE BID
WKH SURGXFWLRQ RI &5+ DQG $&H*ZHOWH U. LWWKDHV N\ OF(
VWUHVVRU HQGW DD S R® D)\ DEXEHO G
VWUHVV VFHQDULR JOXFRFRUWLFRLGY SOD\ D YLWDO UROH
LQ PDQDJLQJ VWUHVV DQG 3BWOLIQMXIOPIU LD WHWRYPHUV KRPH
IURP VWUHVVRHW BOSR@XNFRSXODWLRQ RI 2 ZLOG $VI
LQFOXGHY PHGLDWLQJ LPPX QD DHEMS PRQVHVKWR SOHNHQIWWD VHZ
RYHUVKRRWLQJ RU DXWRLPPKELHV UNHQKDQFHOPQDQGR 3
FDUGLRYDVFXODU DFWLYDWLRH) H&GDL@QIHUWHAGU BXW VDR GV K H
PDLQWDLQLQJ WKH VHQVLWD¥ELWADWIORWDGDRBGHUIRBQ HOH:
UHFHSWRUV WR FDWHFKRODPUR®YORWDW MR ORFD®ILRHDWH S|
WKH ERG\ LQFOXGLQJ WKH]RBABVWVRFUZRWYHFWHG DUHDV |
6DSRGIWNDO 6LOYHWPD® PDLQ VWUDWHILHY WR PLWLJDW
ODOD\VLD LQ UHFHQW GHFDGHV
$OWKRXJIK JOXFRFRUWLFRLGVWRUH RLWE QH OWHHSKTHBN D W UDQ
"VWUHVV KRUPRQHVUu WKH\ RDQWH PSR U WRMENODX BFHAUIVR QRR P P
RXWVLGH WKH "AJKW DQG ALJIDOW K IYWXGHI/MQUHNVISIRMY H 1% V'V BXOF
JOXFRFRUWLFRLGY KDYH D FWUWHDIGRDIF A RO HIVIU@® @ X O FERRIGN L R C
DQG SOD\DQ LPSRUWDQW URWKH)Q BIOHH DI WBHHII YWAKB\WY U RUQH G M/D \
ORZ WR PRGHUDWH OHYHOV KIOXFRNREWULWRR G W K W LIPRVD DY MV
DSSHWLWH DQG DSSHWLWH DRGEP(FPFBORIHBNWIZREQY EDY D(@ H ¢



SURMHFW D FROODERUDWBRXGEWWEMHEWXQLYHUVLW)\
UHVHDUFKHUV DQG ORFDO ZLOGOLIH DXWKRULWLHV WKDW
DLPV WR PRYH WRZDUGV TKH HOHSKREW ERWAIGLY EDVH VW
FRQVHUYDWLRQ RI HOHSKD QWHW L-®ORQUQ VXR® WEKDIODRXIWK R
KWWS ZZZ PHPH HOHSKDQWAM RQY O BPR®H QR W KHPUWR %7/ RQ
DFWLYLWLHV 0(0( LV XVLQJGBS WHDORQVUIDVQEWWHG ZLW
1*&0 PRQLWRULQJ WR VWXG\FIROMPDKD W BIHV $RIL\FHD WRO GO L |+
WUDQVORFDWLRQ FRPSDULGIUWRDB PRXHPK QW BB WG KKMW F
HJ :DEW\DO DQG KRUPRQMZBURROWW IURP GD\ WR GD\
‘RQJ RI WUDQVORFDWHBRIDQ® FORKNO-DARNDEGHQW &0 LQ
HOHSKDQWY DW UHOHDVH VL@BYV +HDIMNEHEKW KHUVWQWQD GRFH)
VWXG\ WKDW XVHV PRYHPHQWKW U DFG! LRRIQIMKG BRUPRQHAKHQ
SURAOHV WR JDLQ LQVLJKWN\D LAHAGR "W K HQS KWKILR/O®D WADIOU S
FRQGLWLRQ RI D ZLOG HOHSKDIRMJ XQGHUZHQW WZR SUHVX
LQ WHUPV RI VWLPXODWLRQ RI \

OHWKRGYV 7KH AUVW HYHQW ZDV WKH ELUW
ZKLFK WRRN SODFH DURXQG WK
6WXG\ VLWH WUDQVORFDWLRQ 7KLV LQGLFDW

WR VL[ PRQWKY SUHJQDQW ZKHQ
7KH %HOXP 7HPHQJRU /DQGWKFDBHFR®G/ HYIW/QW ZDV ZKHQ VK
ORFDWHG LQ WKH QRUWKZHVIW\RIKIH®ZQV XROW W R B QGADAVWDW L F
yLJ DQG LV PDLQO\ FBPRSURWGHG mRRQKLIOW GD\ DIWH
GLSWHURFDUS DQG XSSHU GLSWHURFDUS IRUHVW W
FRYHUV WKH 5R\DO %HOXP 6WHDOG \BMRISNOH FRNOROHFWLRQ
7HPHQJRU )RUHVW 5HVHUYH NP6 VWDWH ODQG

NP0 LQGLJHQRXV YLOGIDWHDFISOG QWORQRER®Y WKH JUF
ULYHUV DQG D ODUJH GDP SMXBQ36/FRODU-V ORFDWLRQ F
7KLV ODQGVFDSH LV ELVHFWZHCHBHWAKKHH *KDGNEHHOQ [(DVWKH S
‘HVW KLJKZD\ RI DERXW NPQLE) W/HKOIIDW K VIDBIHWKH VWUHQJV
HW DO VLIJQDO DQG IRUHVW VLJQV H J

JLIXUH&RPELQHG WUDFNORJ GD\V 2?2 RI OHN -DORQJ-V PRY
\HOORZ GRWV FURVVLQJ D PDMRU KLJKZD\ EODFN OLQH LC
WLPH RQ GD\ DIWHU WUDQVORFDWLRQ



YHIHWDWLRQ DQG WKH VRE
IHHGLQJ WR QDUURZ GRZQ '
WKH WUDFNLQJ WHDP ZDV |
WKH HOHSKDQW ZLWKLQ Yl
ZH FORVHO\ WUDFNHG KHU

KHU 6LQFH WKH HOHSKDQW
HOHSKDQW H[FHSW KHU FD g R
KHU DW YHU\ FORVH UDQJH MECEEN» : }' WKDW
WKH GXQJ VDPSOHV ZH FRO @& ani
SURGXFHG E\ DQ\ RWKHU H G
D GXQJ SLOH ZH UHFRUGHGQ%
HQYLURQPHQWDO YDULDEOH ¢ N .
YLIXUHOHN -DORQJ DQG KHU QHZE
7KH IDHFDO VDPSOHV ZHUH FROOHFWHG XVLQJ FOHDQ
VXUJLFDO JORYHV DQG VWRWWEOMWVD JLS ORFN EDJ
DSSUR[LPDWHO\ J RI IDHFDO PDWHULDO zZDV

UHPRYHG IURP WKH PLGGOH, @RI WKKHH PROXR[LEPRRV BDQ\ PRQ
DYHUDJH RI WKUHH LQWDFWWERIDQV TR FADIW&®R @ D PSARIYJ UHPDI
ZHUH PL[HG WKRURXJKO\ LQWKKHK HL3HURFRVEPOHU BGHSKDQW
SODFHG LPPHGLDWHO\ LQ DEKHRPERNUHGERS DOWKGREZK) UHSHW
SDFNV EHIRUH WUDQVIHUUIQRUWWHWE® YLGR RN DEIOH (BOW :H
FRPSUHVVRU IUHH]JHU 2 f& RMORVYHf W RORKHFRROG EXW QHYH

&) & DQG &') *HUPDQ\ SRHEBUBGRBVJ:-V I*&0 PRQLWRULQJ
FDU $& VRFNHW RU FKHVW IUISHRWW WUPQVDWFRWIWRQ IRU
AHOG VWDWLRQ HRODRZLBDRRQQ [*&0 ZDV “ QJJ 6' )L.

VDPSOHV VWRUHG LQ WKH IUHH]HU ZLWKLQ HLJKW KRXUV
DIWHU GHIHFDWLRQ ZHUH XV-PORQJWION BB\ QRWLFHG WR E
SRVW WUDQVORFDWLRQ GXULC
,Q WKH PRQWKV LQ ZKLFK DHWH MKFOWH GGDWORQJ-VDORQJ F
|*&0 ZH REWDLQHG D WRWDOHVWEXQUNDP'S ORWY WIKRP AUVW WL
QLQH GLIIHUHQW VDPSOLQJ RABDRGREWWZHHQ WKHVH WZR HY
AXFWXDWHG PHDQ"“6' 1*&0 “
IDERUDWRU\ DQDO\VLV )L J ‘H UHFRUGHG -DORQJ-V
YDOXH VKRUWO\ EHIRUH VKH FU
‘H XVHG D ZHW ZHLJKW H[WUDBW LUR®LMWHPKQ IFRGFHQWUDW
‘DWVIRW DO ZKHUHE\ POPRQLWRULQJ SHULRG RI PRQW
PHWKDQRO ZHUH XVHG WR HYWHDKMWKZ&®0 RDPOBRQUIKWRYHPH !
IURP J - RI D ZHOQKMLBHIDEX B®JSORULQJ QHZ DUH
VDPSOH ([WUDFWV ZHUH GURHG D\HH YHF R Q VAKIL\Y ¥MVKH®& | *&
LQ PO RI PHWKDQRO DOBUWWRWHG DWRX Q& “ QJ J
XQWLO EHLQJ DQDO\WHG ZIRXK PR @RKWLARVWHROH PRQ
HQ]\PH LPPXQRDVVD\ &-0 [RRUDIDLH OSKKWMIMR UHOHDVH ZKHQ
8& 'DYLV 7KH ELRORJLFD®RXYGQELRHFWBPKFHBOIURP WKH FF
YDOLGDWLRQ IRU WKH DVVD\ ZDV SUHYLRXVO\ FDUULHG
RXW E\ :BWVRQ@ 2QO\ GDW DL\ZEXAKY DRQ
LQWUD DVVD\ FRHIAFLHQW RI YDULDWLRQ &R9 RI OHVV
WKDQ DQG LQWHU DVVD\ $&8RW KHHEMJWKDPIQJ RI WKH VWXG)
ZHUH XVHG IRU VXEVHTXHQW QQDWKRENG UHSHWLWLYH PRYH
KLJKZD\ L H VKH VHHPHG DWWU



EXW DYRLGHG FURVVLQJ LW WRKIUWH LADD BHRKDXQIXVXQ CPRYHF
PRYHPHQW SDWWHUQ FRPSDDIW®RQUYRZRW KHS FROH. KD DWH/D V |
PRQLWRUHG LQ WKLV HOWDQmOKADEBRDGDBGBG WKH QHHG WR E}

-DORQJ-V LQLWLDO [*&0 FRR ®RFN/GW BOWDRBH{HYDORQJI-V [*&!
VLPLODU WR 1*&0 FRQFHQW UFRWERQW URPXI®RQQYRWKHY ZKL
WUDQVORFDWHG HOHSKDQWNURY WI/RH WHIHU KILB R A B L DRARFZGIY H
DIWHU WUDQVORFDWLRQ XVXDOQI¥&0 WDQJHDIR® ORFDO HO

PDOHV :RQJ EXW ORZHWZ KR AARP\G\DHUIGE WWRKH WMRJIKZD\ UHJXC(
ORFDO UHVLGHQW HOHSKDQWVUHW WMS NBPWHWXOH GFDBEBVF

: QJJ 1 PDOHV HDQV& FRPPOD®HEH GXH WR PDQ\ R
'RQJ $OWKRXIK WKH (DAZHW V.BEMWX@DWHEO\W LV D SRVLWL

KDV D QHIJDWLYH LPSDFW RQ@ B0 HBKWDQY\HOR YAHRPH QW VZLQV K F
WKH DUHD WKH HOHSKDQWWXQURKA G MQEVFQS H. Q UAD VMWQD
DEOH WR FURNW DW :DRXQGSOWBWXJK WKHUH FRXOG EH LQQ|
WUDQVORFDWHG HOHSKDQWEHWZHMRL Y DOBIQG Y EDISHP XGIK H O
WLPHV OHVV OLNHO\ WR FWHRWSR® & HVERRDKD @/EBQJDRF VO W >
RQHV VXJJHVWLQJ WKDW URDKREURY VY QEU HB\SHD U QY LL A DO ®I\C
FKDOOHQJLQJ WR HOHSKDQWV QRW IDPLOLDU ZLWK WKH
URDG ,Q VHSDUDWH VWXGLHV ZH KDYH IRXQG WKDW ZLOG
HOHSKDQWY DUH DWWUDFW H®& MV R QXX DKOL J& R DAXE XH RUR - & R
DYDLODELOLW\ RI JUDVVHV EGMGRRWKAURNVNVUQVY VWK FH W\RLIORX D
SODQWYV PDLQO\ PRQRFRWYV ORZ WH&H CFIRHYIF HOW DB WWRQ FRP ¢
(EL®IDV DO 7H U ERW DO HOHSKDQWY LQ WKH ODQGVFDSH}H
EH RI FRQFHUQ VLQFH SURORDQ.
%HIRUH -DORQJ FURVVHG WEMFRERKIDLFRRG MRKQFHQWUDWI
AUVW WLPH ZH GHWHFWHGZDWKLQFDOWYKHSUREBWPNOH J 'L
FRQFHQWUDWLRQV 7KH WLPHQR OHWKHBOU RIDGT OFMWRR DL Q J Q
HYHQW KRZHYHU DOVR FRIDQ¥FXGH GV WXEKHW ORQVHD UFKH U
GHOLYHU\ RI KHU FDOI ZKLRAKKDBIONRSRDWDHFHO R LKDBRQJ DC
LQFUHDVH LQ 1*&0 FRQFHQWRD VEDR/QW %BORERFRUWLFRLGV L
-DORQJ-V 1*&0 FRQFHQWUDWDRG UMPIDAIMMHG WERHPDWEHGEH FKD
DIWHU FURVVLQJ WKH URDGV XWKLR/X DRX QG \W6HD ®RHIVENYHG W R
WKH FKDOOHQJHV Rl H[SORULQJZBIOQHZ HQYLURQPHQW

$OWHUDWLRQ Rl WKH PRWKHU:-V
FHQWUDWLRQV GXULQJ SUHJQDQ

-l 2 RQ KHU RIIVSULQJ-V ) DQG JUD
* s & 4 VWUHVYVY UHVSRQVH SK\VLRORJ\
e« | _— HW DO OG6KHMWIDOE ODWWKHZV

d e ° SKLOOLSV HW IXDQ 7KLV DOVR PF

WKDW -DORQJ-V WUDQVORFDWL
DIIHFW KHU FDOI-V KHDOWK DQG

»
had given birth

Faecal glucocorticoid metabolite concentrations (ng/g)
first time crossing the highway

7KLY FDVH VWXG\ GHPRQVWUDW
4 WUDFNLQJ FDQ EH VXFFHVVIXO

Time sice reeased (Days) 1*&0 WR PRQLWRU WKH SK\WLROR
JLIXUH )DHFDO JOXFRFRUWEZERIGG$ P HMWD HROMHSKBPOYWY LQ WU
SURAOH IRU OHN -DORQJ 7KH WHGQQABBQADVWIGHDEYHQWYV FD
XVLQJ ORHVV VPRRWKLQJ VSOD@SKDPWG: WHH VAKRDEHH® W UD W |

JUH\ DUHD UHSUHVHQWY VWDbOQBEBSHOKB WHWUBRW WRR VPDOO WR




UHVXOWYV DQG WKRVH LQ :R®IVFK '&XJJHDW DUID W6 :
WUDQVORFDWLRQ FRXOG DIIHFW HORSKHDDWDWY LKR-D GAR K VD K[V
EHKDYLRXU ORUH UHVHDUF KJDWX RRIFHRAHNEL WRRL B Q B FHW VRD\WQ ® Q G
WKH UHODWLRQVKLS EHWZHHW K TRR/MHQW DIV ISRFHXRKD RYEFDV
SURORQJHG VWUHVV DQG FRRQMHW YRQWICRFRFRUWLFRLG
FRQFHQWUDWLRQV DQG ZKHQ WKHVH KRUPRQDO
FKDQJHYV FDQ EH KDUPIXO IRUKWRKVIROHSEDQWY 6% WHMWR UV
FRQWH[W ZH FDOO IRU WKH GHKBEBMNWGREDUQ® IS UL Q MBI WQ R

PDQDJLQJ ZLOG HOHSKDQW SRISYSRIMW HR QAK H +DQV B6HO\
JHFW$Q®DOV RI WKH 1HZ <RUN
$FNQRZOHGJHPHQWYV BFLHQFHK®ULO

7KLV VWXG\ LV SDUW Rl WKH&LFGRBMPHIQW  (FROORI ()
RI ODOD\VLDQ (OHSKDQWYV 060N UHVMR LDQQ/G U Ho\HEKREBRHS PLHDVD
SURMHFW EHWZHHQ WKH 'HSPVUWRRIQRW RA D:Q ORSRINMHRIXGHRG\M VD
1IDWLRQDO 3DUNV ':13 3HGQNONKRDIW BEBOBUVLD
DQG WKH 8QLYHUVLW\ RI 1RWWLQJKDP 0DOD\VLD
‘H DUH YHU\ JUDWHIXO WR "L1RBNHH@\G 6V SHFOLHDKDIR W\ - 5R|
WR 'DWR- $EGXO .DGLU ELQ $EX6WDWKM BQGLQHYLWDEOH
'DWR- $EGXO 5DVLG 6DPVXGDQLP:DG- WHRXMUFORFILW DRQ &R Q V H
DQG IRUPHU 'LUHFWRU *HQHUDOV IRU WKH SHUPLWV
WR FRQGXFW WKLV UHVHDUFK DQG IRU WKH FRQWLQXRXYV
VXSSRUW LQ WKH AHOG )YLARBQW MW LHOMKDQWHUHS5RPHU
JHQHURXVO\ AQDQFHG E\ JEWQWYVID@B WD\DYVDQRFDWLRQ
6LPH 'DUE\ 0 DQG GXUVOMYRDSRI W UDQWRRFHDGLHG \
0 ':13.V HOHSKDQW RN UDIQ GREFDA BRELHW\ % %LROF
WHDP DQG 3HUDN-V HOHSKDQW XQLW FRQGXFWHG WKH
HOHSKDQW FDSWXULQJ DQG VHGDWLRQ ORKDPPDG
5L]DO %LQ 3DLPLQ B6WHYHQ (GPDBBVDP EHQPBRQUH+ 6ZLGDQ
OXKDPPDG 7DXKLG ELQ 7XQLOSRKEUWLYROLYP $Q HYLGHQF
5L]XDQ ELQ $QJDK .KDLULO,QWKPDDW 65X KWBGRFLQH
DQG PDQ\ RWKHU LQGLYLGXDOV SURYLGHG NH\
DVVLVWDQFH GXULQJ HOHSKIHQM FRGR DUL BDY YR W.QRFNLQJ
DFWLYLWLHV &KHVWHU =RRVIMDG YK RL \$ D IO FISE DD )
OV S5HEHFFD 3XUFHOO KDYH DVVLVWHG LQ WKH VHWWLQJ
XS WKH IDHFDO HQGRFULQRORQNODEBRUDEBRUVLOW WHIEVV ,&
8QLYHUVLW\ RI 1RWWLQJKDP10DDMPKDDR @ $P & XM QKW 0 (
PDGH WKH DQDO\VLV SRVVLEWUD CH PUWHVLRDWRH | XWX M R FCEDF W
JHQHUDMWIRRORU\ 3V\FKLDWU\
SHIHUHQFHYV
*R\PDQQ : 2Q WKH XVH RI QI
%ODNH 6 +HGJHV 6 6L QMNRUOPRWKH BBYHWBPUSFK LQ XQFRC
7KH FDVH RI IRUHVW HOHSKBQWNURQBNQWWQ W EKHILEFDREOHP
&RQVHUYDWLRQ %LRORJ\ PHWDEROLF UDWH DOHGV KWRKGHV LIQQ
(FRORJ\ DQG (YROXWLRQ

%URZQ -/ SHSURGXFWLYH HQGRFULQH
PRQLWRULQJ RI HOHSKDQWWH&QHNVS HOWR® O - WRR\OR PBX O $)
DVVLVWLQJ FDSWiRR BDROBBPKQMU\DGL ' 'LVWULEXWLR

FRQVHUYDWLRQ QHHGYORIS&WDIVD Q



PDI[LPXYQ /DPSXQJ 3URYLQROGGBGXIMHDSMMHMHDUFK &HQWHU 6WI
,QGRQWVRDRILFDO &RQVHUYBWERQ

+HLP & (KOHUW 8 +HOOKDB®PPHPW 5 5HWWHQEDFKHU 6 7RXIH
7KH SRWHQWLDO UROH RI K\§RWROUWLVROBWBHNVNY MRKWHPRQH'
SDWKRSK\VLRORJ\ Rl VWUHBQ®HDDWEHG RRESOUMBWYVYH DV
RUGBVWWKRQHXURHQGRFULQRBRIDEROLVP HI[FUHWLRQ D Q
PHDVXUHPHQW L@ QKPIDY \RD RASIOH
KDQ 1 3HWHUV 5% 5LFKDUGRRQ $FBEHRAUWI .GFLHQFHYV
ODWHUQDO FRUWLFRVWHURQH H[SRVXUH KDV
WUDQVJHQHUDWLRQDO HIITHEWNAOXR/QNLIUDGIGRRBIVSHWQQY 6 %U

%LRORJ\ /HWWHUV 5 &RVWH & +DXVEHUJHU O
FRUWLVRO DQG IHFDO FRUWLVRO
/IHH 3 +R ..< $FXWH DGEGQBOPODWRWIWIRM FRPSURPLVHG Z

,Q $FXWH (QGRFULQRORJ\ KBRRFYOX VB BIRG X\QH
&RQVHTXIDQFBHQ %HUJKH * HG +XPDQD
3UHVV 1HZ <RUN 9RO SS5DLVRQ &/ OLOOHU $+ - K
HQRXJK LV WRR PXFK 7KH URO
ILQNODWHU :/ ODF'RQDOG (30 X)PORPROWMGLER®BG VLIQDOLQJI LQ
&]HNDOD 10 'HFOLQLQRIDWQGUERY UHREBEWMH G FG QV RRIGHLL
FRUWLFRLGY DUH DVVRFLDW3HMAFALWN GLVWUHVVY QRW DFFOL
PDWLRQ WR VWUHVV GXULQJ WKH WUDQVORFDWLRQ RI

$IULFDQ UKL@FPHWRRQV 5D\DQ '0 /LQNLH O &RQVHUY
LQ ODOD\VLD $ VFLHQFH GULYF
ODGOLJHU &/ /RYH 23 H & IHF QM HEJ IRRIQ VH U Y® WR.ERR.J 5RIX

D SUHGLFWLYH FRQWH[W GRROYEHFOYWILRSURDFK WR WKH
DSSOLFDWLRQ RI VWUHVV KRUPRQHV LQ FRQVHUYDWLRQ
&RQVHUYDWLRQ %LRORJ\ 5SHHV 6/ 3DQHVDU 6 6WHLQHU

$6 7KH HITHFWV RI DGUHQI
ODWWKHZV 6* 3KLOOLSV FRUWLFRVYWEGBVRQH UHSODFHPHQ
JHQHUDWLRQDO LQKHULWDQRHWKIH \B\WRV W\R\D BRIAKBD®G\ % H K
([SHULPHQWDO 1HXURORJ\

OF(ZHQ %6 BWUHVV DEODEWRVBLRY/ KPME 1 <DVDN 10%
GLVHDVH $O0OO0ORVWDYV $0 @0DGSDROKIR/IRDMIFF 8 RID & &XUUH
WKH 1HZ <RUN $FDGHP\ Rl 6 BML@FHWOHSKDQWY LQ *3HORIK V X ¢

OF(ZHQ %6 %RZOHV 13 *UD\ -' +LOO 01

+XQWHU 5* .DUDWVRUHRYV ,6DSRDWHRD %0 *OXFRFRUWLFR
OHFKDQLVPV RI VWUHYDWXWHMKKY BEGVPHQVH QHXURORJLFDO
IHXURVFLHQFH DILOQIBHULPHQWDO *HURQWRORJ\

OF(ZHQ %6 'LQJZHOG -& 6DSROAKNH 50:K\ =HEUDV 'RQ-W *
FRQFHSW RI DOORVWDVLV L@ EERONRGU D ORORL RRHEGE& RPSB Q\
+RUPRQHV DQG %HKDYLRU

6DSROVN\ 50 B5RPHUR /0 0XQ
OLOOVSDXJK -- :DVKEXUQ %( +RZ8GHR BDXFRFRUWLFRLGYV
IHFDO JOXFRFRUWLFRLG PHWDBRQNVWH" POIWWIUBWLRQ SHUF
FRQVHUYDWLRQ ELRORJ\ UHMWHIDRUXFXD WVERW VD Q B URHQIERIBWD O H Y
IRU DSSOLFDWLR Q 8BQG1 DYWL FGIFOHED W LR Q



6HO\H + 6WUHVV DQG WKDHGHN Q-HUD\BP G DISYWBWDERQ 6 -
VIQGUPRRHWLVK OHGLPOD®H-RXHUKPDOXEHU 3 &DPSRV $UFHL] $
GLG WKH HOHSKDQW FURVV WKF
UHVSRQVH RI ZLOG HOHSKDQWYV
6KHULII 0- 'DQW]JHU % 'HOHEBQWQ)WX ODDORMBRGRWIFIDO &RQVH

%RRQVWUD 5 OHDVXULQJ VWUHVYV LQ ZLOGOLIH
THFKQLTXHYV IRU TXDQWLI\LQJ JOXFRFRUWLFRLGV
2HFRORJLD :DVVHU 6. %HYLV . .LQJ * + |
1RQLQYDVLYH SK\WLRORJL
6KHULII 0- .HUEV &- %RRAVWUNYWXUEDMRFH LQ WKH QRU\

$VVHVVLQJ VWUHVV LQ DQLPERQSRBEXOWWRRQVLRRRBEFDO
DQG SODVPD JOXFRFRUWLFRLGY WHOO WKH VDPH VWRU\"
*HQHUDO DQG &RPSDUDWLY HD\WQ/GRRF BL QRQRIR & (GZDUGV ./

%URZQ -/ :DONHU 6/ 'HYHOR

YHUVDWLOH HQJ\PH LPPXQRDVVD
6KHULII 0- .UHEV &- %RRQVDWWBVYPHQE RAIHJOXFRFRUWLFR
JKRVW RI SUHGDWRUV SDVW G3IRSIXYDWLRR) FWDJ REYGORUEG OVISHDK
UROH RI PDWHUQDO SURJUDSPPR|DIUDQGENH AXE REUWDLVPIRD R J\
SUHGDW (RRORBUVN

'LQJZHOG -& .LWD\VN\ $6 (
6LOYHUPDQ 01 3HDUFH % UH¥BEBRYHE®$WR XQSUHGLFWDEOH
OLOOHU $+ ,PPXQH PR GWWHMHWVRRU RD QWK HDWUHH D VIK RYUHP |

K\SRWKDODPLF SLWXLWDU\ BRRPISQDOWLY¥B$%LPRI\
GXULQJ YLUDOUDXOHPWXQRORJ\

‘RQJ (3 1RQ ,QYDVLYH ORQL

RI 6WUHVV LQ :LOG $VLDQ (OH
7HUERUJK - 'DYHQSRUW /& POJLPXV&DOSTIVQLQ VIO D UWKHO/DL W
$UFHL] $ JRUDJLQJ LPSQEWHUWRIWAVRDDRWWLQJIJKDP 0DO
PHJDIDXQD RQ WURSLFDO UDLQ IRUHVW VWUXFWXUH DQG
ELRGLYHURWWRSLFD ‘'RQJ (3 <RQ / 3XUFHOO 5 :D

2WKPDQ 1 6DDEDQ 6 &DP SR\
7KLHO ' -HQOQL (LHUPDQQ 6 %&RAPWYMKUIDIWLRQV RI IHFD
3DOPH 5 -HQQL / 6NL PHRKJE R ® L VIHWFMQV$SVLDQ HOHSKD

KDELWDW XVH DQG HYRNHVXH VBR\VKR@RDLWD R &RBMNMOGI ¥HYDYW U
UHVSRQVH LQ7HIYBDKRF R ISR@H BIO\X/VY. RO RRVZ
PHWKRGRORJLFERX DPW RMIFESSOLHG

(FRORJ\ <DPDPRWR (ELQD 6 6DDEDQ 6 &
$ TDNDWVXNL 6 JRRG KDE
TRXPD & SDOPH 5 0 H BI\DXSIKIDIG BHKAOD/O PDQL X W DLQIRUH

JOXFRFRUWLFRLG PHWDEROQWWHWKHGQ QP B®HE®@ D@DFRPMIG 0D/DXOGV
ELUGYV WKH LPSRUWDRQPHWWRIRY WKI-KGDWLRQ
1HZ <RUN $FDGHP\ RI 6FLHQFHV

<HKXGD 5 6HFNO - OLQLUHR"®
OSOLMD\DNULVKQDQ 6 ODYDWHODSHSPDSBEMKOWULF GLVRUG
* . XPDU 9 6LQKD $ DHYHRVR BLPHIW D E R@GE R FKN\SEGRRACKRH

VWUHVV UHVSRQVHV LQOHBEISEGWVLDQ HOHSKDQWYV
PD[LPXQ® D KXPDQ GRPLQDWHG ODQGVFDSH LQ
WKH :HVWHUQ *KDW¥VHQHRXIMK BDQG ,QGLD
&RPSDUDWLYH (QGRFULQRORJ\



