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RYHUDOO HIIHFWV RQ RWKHU ILYB@VVRY JDR & SW KRHlVEHQMNKLHG RJF
UHHIV LQ GLITHUHQW UHJLRQW RYH JXaFJD &H KWU £ LSYDRIURRW I LV K F
PRUH DEXQGDQW RYHUDOO RQ KHBIV WKRWIKHVKLR STDQU MG IGY D
DPRQJ UHJLRQV +HUELYRURXV 3GHM VKWV YCRUG ¥ H B OICAN VRIULYCRIW |
ZHUH DOVR SRVLWLYHO\ DIIHFWRPB IRYKUQ O OWK RXUR WHHWHR G AW
VWURQJIJHVW RQ UHHIV LQ GLITHURIQWVKHIMN RQYHRUIHMDODHAKKQRXS

WKH IDPLOLHVY WKDW DUH VXUYHWGVRDV DOHRLHV HR XIKHW RY H U
WDNH UHHIV

,Q WHUPV RI ERWWRP XS HIITHFWV K@ ELWDO /WVEFHIPEOBDQHW VG XKW K
WKH EURDG EHQWKLF JURXSYV KDUGHRHDABWRWRIMRRRUDWY Y QWG\
EHWZHHQ QR WDNH UHHIV DQG UHRUDVY WKDW ZHUH RSHQ WR ILVK

BHFRQGO\ XQGHU WKH JRQLQJ SODMRW KDWD ZFDNF K Q/ BDOGH B 8 UR ¢
RI QR WDNH UHHIV VXITHUHG RXQWEV\N DRFID @W KD R DMOMK [S1 KR ESL
UHHIV WKDW ZHUH RSHQ WR ILVKH@EHHEGLQBPM JH SQMREMMEFRK B |
UHHIV EHWZHHQ &DSH OHOYLOSUWRBRE WQR QVRD IQR BXOW HVKHHIV D
DUH RSHQ WR ILVKLQJ WKDW KD YRWVEHIHHQ NG JRX \WEDKMNOA G VI QU



YROORZLQJ LWV GHFODUDWLRQ5H® | ODUNRH SUDHMNWZBD JRIQHG E\ \
XS XQWLO 7KHQ IROORZL@EDOH BEDWD B KHSHUDL RSLQLRQ
3DUN ZDV PDSSHG LQWR  ELRUHJERQNG DRXEG &R PEQIHXH QU DYQHQH V
$GHTXDF\ DQG 5HSUHVHQWDWLYHQHWZ QXS5 78HLRFEDRSOADW ZDV
&RPSUHKHQVLYH DQG 5HSUHVHQW DR YWHK W KWR XU K JERIQDOED U WGE
DGHTXDF\ ZDV DGGUHVVHG E\ HQVXUR®Q H WK WL R U R I MRKQH ZIDWHL Q|
LQ QR WDNH JRQHV )HUQDQGHYV QWL YDHD SXEOLF FRQWHKOWHD WLRQ
IROORZHG 'D\ JHUQDQGHV HJDPDWHG ZRIQI$S@D 30D Q =
LQWR HIIHFW RQ -XO\ 7KH $©DQJDP\D \WRGLMRLEIDPIOZ ULV N\ E
JUHDWO\ HIWHQGHG WKH DUHD RR WKWK 5QU NUW R DOM \Z¥ WRKORV H GV
WKDQ DQG LW DOVR HVWDEO RV KHG® MK SQUIRWI i /W HEHBDUZHRIAN L
1HWZRUNV Rl PDULQH SURWHFWHNG/DDWBIV\DBH & WRWSHHVE QU HEG F
WKH *%503 ZDV D ZRUOG OHDGLQJ H [DABAHWRZ RV HDYRSUVWRPB & H |
LPSRUWDQW WR PRQLWRU WKH HR® E®.V 3R DWQKBIQFP WX § DW HRQ J
ORQLWRULQJ 3URJUDP ZDV UHFR QIVWDEDGE WKRH & KSIVR W ERQ JL Q
LQ DOWHUQDWH \HDUV ZLWK VXUYHRY W R LWU ORFN |WKKHNRDY G TEHL
RUJDQLVPV 7KH ILUVW VXUYH\V ZHUHRPDGH GXULQJ WKH VXPPH

$ PDMRU SDSHU RQ WKH ILQGL@JIRIIVURPYWKHZDYVIXEOWMKHG LQ

(PVOLH HW DO 7KLV PLOHWWRQH DOISA UM \EXQFRY RRU D W L
VXUYH\V XS XQWLO -XQH 6HFR® R@\ WX S X R QL BD WO BDK/ BIW
SODFH EHIRUH WKH LPSOHPHQW DRQR@J RBIOW RH BROQ G JWRDW HRX W E
WKH FURZQ RI W KRAD@RQWWK\D W IHM IS DOIVY IUHTXHQW RQ QR WDNFE
6ZHDWPDQ 7KH $PDOJDPDW HSGI ¥ QR X B K3 0D IYDIVDHD S UR SR U\
UHHIV LQ QR WDNH JRQHV DQG VWQFRE ZDYWKH MXDWKMUWKHRRW EU
EHIJXQ LQ WKH UHJLRQ QRUWK RS S&RRINWRKID DLV WIS RUW KH | U
RXWEUHDNV RQ QR WDNH UHHIV@ QR RLQ/ K HPJI VZ MWK W HRHH W SEID W
IRXUWK ZDYH Rl RXWEUHDNV

JROORZLQJ WKH LPSOHPHQWDWLRQJRBQIKH $PDOYDRIDRIHGKRREA U
UHJLRQV RI WKH *%503 ZHUH VHOHFWHG HPF K $DYH\ZAKH UHODW
WR HDFK RWKHU DQG ZHUH VLPLFORKRIUH \OLQIE LLQ XCQ & MDZDAMHIW RV
%RWK UHHIV ZHUH RSHQ WR |LMRMIIWILIRLR B | WARK W ISP .G SDMPW H G
EXW RQH ZDV UH JRQHG WR EH ORI W.IN W KZHK LSOH. W K H PROW RHIG R S H
7KH SDLUV RI UHHIV ZHUH JURXSSH® V ZHIUVHORFILWAE® LMLHDFK R
WR ,QQLVIDLO UHJLRQ WKH 7REQRV P REGOHQ UMK HREZ DQ ®DIH BIDV  ZK |
SDLUV Rl UHHIV ZHUH VHOHFWHGURXWKH &DSULFRUQ %XQNHU J
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32 $ | 3RPSH\ 5HHI 1R 1R WDNH 0DU
32 6 Y 2SHQ oD U
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R 8 B WOLRRX

7KH VSDWLDO DQG WHPSRUDO %DBMWHFMWR@® Q Q URKRHI IHV KHLFOW L. @ IQ R
RQ WKH DEXQGDQFH DQG VSHFLHVKH BKQRWQ R IFIR YK UNVDI[ KX DG F
FRUDO DQG DOJDH ZHUH HVWLPDWHG GNQBD W P LHNGDRR & HOWD U R

+LOO YLD WKH ,QWHJUDWHG DI\M VRV G, Y $S SFIDHF $ BSH RBIXAH 0D U
&KRSLQ LQ 5 5 &RUH 'HYHORSPHIQWRTGHIP LQFOXGHG WKH IL[
RI ODQDJHPHQW =RQLQJ QR WD NH RRQR RHIY KARRJHLVIKQ G 6 XB Y H\ <

ZHOO DV WKHLU LQWHUDFWLRQ\3DARIG WQQ FHOM B FLKQ B 8 XIGRHGS L5QHAHD |
VL[ SDLUV RI SK\VLFDOO\ VLPLODVWDBHHDY & RQH RSGHHGWR/ IQRK L G
6LWH DQG 7UDQVHFW DOO RILWHKH G DIVADHIW RHQMA H RO WEHHG LR Q
UDQGRP HIIHFWV 7KHVH UDQGRPLBO WMWY DWERE @) GRW HFSTRA D
FRUUHODWLRQ DULVLQJ IURP P X0OMLIRSIDH RO Q\GK H VSDHDHV WGP B DY B U



,QLWLDO H[SORUDWLRQ LQGLRDWHGSWHKDMWGWKHGGBWR Z& LD RHHE
DOO FRXQWV RI WUDQVHFWV UHFRWEH® FHUR FR RFE6 XWURXQWH RH
JHUR LQIODWHG QHJDWLYH ELQRPLDOORRGH@W LLAHDAG $i [5UPHIH L
ELQRPLDO PRGHOV 7KXV WKH DEXQ GDLFKQHLRRDVIWEEE DOBFSI!
FRYHU RI EHQWKLF YDULDEOHV ZH S PRIGPHRAMQ R VX Q@ HQ D WIKY-H PERU
GLVWULEXWLRQ ORGHO FRQYHUJHQFMWUZDWFHDY®RWWH G ¥ RRXIVO O
IRU WKUHH VLPXOWDQHRXVO\IUXQQ L QUWOHWINRIYREKD L Q§ FRO X C
GLVFDUGHG LWHUDWLRQ HEMOUMHLRI DQTXKBVWIROWHQURU GLV
GHULYHG IURP ODUNRY FKDLQ HDFK FRPSULVHG VDPSOHYV

,QIHUHQFHV DERXW VSHFLILF V SDRMLDBDHIMZ®G MHBKRRW D RHGUH H UH |
RSHQ WR ILVKLQJ ZHUH EDVHG RQ\ LQWBWHWVLOWY RRUFPARGHALQMWG +
3RVWHULRU '"HQVLW\ +3' PHDQ HPBWWEg |UHRPQWWIHLIH HRWVIW H U L
GLVWULEXWLRQV JHQHUDWHG E\ 0S0EN RN FED L Q JO RIRPHDEDRI®HRO (
IRU HDFK SDUDPHWHU H J ILVK DEXK®BEFHHVLVKFKIQRPDNWKDUG
FRYHU VRIW FRUDO FRYHU DQG FRHWMZHRIQDQR DMD N'H | UHUHH @ DHQ/G
RSHQ WR ILVKLQJ ZHUH WKHQ H[S UMR/H I ® @¥HDR{HW R H Q WADKIHIGRU F
WKDW D KLJKHU YDOXH RQ QR WINKHG® HHIN \FZRXDGH\G Q& K ISRV
GLIIHUHQFH ZKLOH D ORZHU Y BIOXIH IHRM@MGE H L Y:HK HDU @ HI ®SVLR'S U L T
%D\HVLDQ SUREDELOLWLHY WK D W DWH USHH I N UH@G- WV E R WH HRES® @ R
JUHDWHU WKDQ ]JHUR EDVHG RQ WKH R&WDRLWWA BDW PR @ KOV D)
YDOXH FORVH WR PHDQV W KWWHLWDIUM. KE OKOL@IXHDWWKQ WYV .
WDNH UHHIV 9DOXHV FORVH W RS DPRMMWRHIUDG L5A-DOMEY VKW RHY @V V AL
%D\HVLDQ XQFHUWDLQW)\ OLPLW VLD QBKSUREDHQ G LV L' HIVHHH B HY
QR WDNH DQG ILVKHG UHHIV ZHUR WRO\WUWDNWNVHG XN\RILD R WHHEFQ Q
DFURVV WKH *%5 DV D ZKROH DQGFH YBY MWK DPRQH GH DI L W k
UHJLRQ

1RWH WKDW WKH DQDO\VLV LV IXQGEGPEQWDIQOFEPSHEHGLRQ IV KSHD |
GLITHUHQW JRQLQJ XVLQJ SDLU¥YHRIVQHKIKERRUUGR S WIVPU R PW XW H
UHSUHVHQWHG LQ WKH ILIXUHYV V KKZIFEJ SXUHY/ XHMV WPKHDROX Y KO OVMLHPV
YDULDEOHYVY RQ UHHIV RQ HDFK ]RW KDLGR VHIOHF G UIHB URI@Q F Ul b WEKINUZ -
PDWFKHG UHHI SDLUV

$QDO\VLV RI WKH HITHFWV RI ]RQ UQRXR\VE WHKBRNMORTKDNQF M B
SODQFL

$QDO\VLV RI WKH HIITHFWV RI ]RQKXK®.E B BHWKORIGFRITFHUDDO\R |
IROORZHG 6ZHDWPDQTYV D Q DBYWIDWN R | LDWKWH W@V LIRG R KXWR U C
RXWEUHDNV 7KH ILUVW UHFRUGY RO REFEKHH B X UGHHIWL WIRHKW W K
ZDYH Rl RXWEUHDNV ZHUH VHHQ DWW 6WDWWOH FEHLQ(DVW 5
WKRXJK VLIEWISQDKDRI EHHQ LQFUHDVLQJ RQ UHHIVf & O IVDKEHH UHJL
7KH DQDO\VLV IRFXVVHG RQ VXUYHAV [URPN-X®\DVV XWPRI GXW K L
PRVW RXWEUHDNY DUH VHFRQGDDURXADKYHBNEA WHHD \I ULWL WDIOH D
ODUJH QXPEHUV RI UHFUXLWYV |BRPURXWE X BB W SHREX ODWHILR K H |
WZR \HDUV DQG PRUH WKHVH UHRGULMH WKMAQLQRZODQ @ DUHH B KT
RWKHU UHHIV IXUWKHU GRZQVWUNDPURBUKMKN H\D VIR RW RZDUEL B DY
SUHYDLOLQJ FXUUHQWYV 7KLV PRYQ\QW KD WHURIHRX W & LRHDHN ¥ POI® |
DUH OLNHO\ WR EH DW ULVN RD FSRQRVQLIPKXIW URW LP\HO BV Y Q 3 \D KL V



UHDVRQDEOH WR DVVXPH WKDW WHKH UFOFR X 6VVRU HID0D Q N WIR/ QW K 0OV
RXWEUHDNV RQ VRPH UHHIV DO VR L@ R IKHEU QUHDHI &\ DMA H IUH DWW H
ZHUH OHVV OLNHO\ WR EH DIIHFWMIGL Q: B F PQELGHWDHG UBGELX \Z IR
UHHIV ZLWK RXWEUHDNV WR EHZXKIHWW KHUNWK HH RQUQI WNDHAGXV R
ULVN" UHHIV KDV DQ\ HITHFW RQLWK I® BUWRED ZILOOVY XKD WHYW R WD
RXWEUHDN GHQVLWLHV 6LQFH WE WKDLNVIRKOWWK |BEFEWH R IURDH |V
/LIDUG ,V DQG ,QQLVIDLO 3$W ZHWN FOBNML L & BIW 1RHWIDRMH R U
ILVKLQJ 5HHIV ZLWK VSOLW ]JRQ WX IZN K HQURIQ VERE\W WIRE RISHKQ QJ
RQ DQ\ SDUW RI WKDW UHHI 2XWE FRPRRQ® R RXWRH B XFKHO | UH H
PLGVKHOI UHHIV -DPHV 6FDQGRO VR REIHDUNPOKOI UHHIV ZHUH
H[FOXGHG DQG VHSDUDWH DQDO\V HW IZHD® RRIHG HD QRAU | R UGIVKHKCR |
PLG VKHOI UHHIV FRPELQHG 7KHRXWREELCHILMOW \B'O R R GeHVB H VG VQR Q
QXPEHU RI WLPHV D UHHI LV VXRG HZAHGH [ROWEHG/ WKIGN\VSWKDW ZH
VXUYH\HG OHVV WKDQ WZLFH LQVWGKH WUV HDRIK WXRWIH WE DR\ QMK
UHSRUWHG LQ -XQH (YLGHOQHWZRHQDRQOVYRPLDGWERRQREDELO
RXWEUHDNV ZDV WHVWHG XVLQJ )LVKHUYV H[DFW WHVW

2YHUDOO VXPPDU\ RI GLITHUHQFHYVIDEHGN E R ARXR IVAHHIVWRLR Q"
WDNH UHHIV DQG UHHIV WKDW DUH RSHQ WR ILVKLQJ

7KH DYHUDJH HIIHFW VL]H GXH WRUG G IBIWHIYFE X HE W\R ZRI®Q BIDIR U
YDULDEOHV LV VKRZQ LQ )LIXUHKH PKID @ \PHERPW @ GLH DWW B \WW H

DUH %D\HVLDQ XQFHUWDLQW WDQW.RQY DO W K HRHUIUGRW HELDSW HQ W
JHUR OLQH WKHUH LV QR HYLGEIXQHW RR W RHGY D HUBERGEH EBWZH H Q
UHHIV DQG UHHIV WKDW DUH FO RMMWGVR/RVKH/ KLQKRW 'RV SHOUDAE HHPIHH |
LQGLFDWHY JUHDWHU PHDQ YDOXHW ZW KB Q R}QG VR KDRVVZBIN H R
ILVKLQJ 'LVSODFHPHQW WR WKHUBIMHAWWH JHUR LQGLFDWHYV WK



GBR-wide differences between reserve and non-reserve

Coral trout biomass L

Coral trout density 1 -

Coral trout length -

Secondary target biomass

Secondary target density 1 ———

Secondary target length 1

Scrapers 1

Croppers —

Farmers - ——

Planktivores 1

Detritivores 1

Benthic foragers 1

Excavators

Obligate corallivores 1

**’*1‘\\

Omnivorous damselfish 1

Species Richness

Algae 1

Hard coral

Soft coral

ob‘.

100 100 200
Effect size

(percent difference between reserve and non-reserve)

JLIXUH3ORW Rl WKH PRGHOOHG PHDQ HIHHEDW WG] R QRIDOHOD B K HYI Y UL
UHJLRQV DQG DOO \HDUV ,| WK\ PH DY R4 WHFWU Y 1 KNV LR/l SARKVH.
OLQH DW JHUR WKHQ YDOXHV DWH (UUUHDUWEDURQDQR WDXB\HM
XQFHUWDLQW\ LOQWHUYDOV LKWKGHHHURUOEQH LY MHHWHY H 7 WM
IRU D GLIIHUHQFH LQ YDOXHV RIWOKNH YWHH ID/E D@ GE H WH HH @ KD
FORVHG WR ILVKLQJ



(INTHFWV RI JRQLQJ RQ FRUDO WURXW

J)LQGLQJV
$YHUDJLQJ IRU DOO WKH VXUYBUY VY HLGRH WRKH U P8 IOHH P H\GIW DW L R
$PDOJDPDWHG =RQLQJ 30DQ DEX@®KRDWBNH UHARUD & DVURKMQR Q J
WKDQ RQ UHHIV WKDW ZHUH R SHQOMRWK VKLY WKKHXOMHUDJIH UHV
VXEVWDQWLDO DQG FRQVLVWHQW G IWKHGQFPEBBR @I WRY DUOH WM
ZHUH UHFRUGHG ZLWK WKH DEXQIGH GEIRS EBWQ R KD OKG Ul | IDQHEQW |
DEXQGDQFH EHWZHHQ QR WDNH SHIQIWRQGVHH B IVEWMKQ W JWHD \R H
VRXWKHUQ UHJLRQV SDUWLFXODRBRQ\ WK WDV NDQRPSHYKIHHIH K
EHHQ D PRQRWRQLF GLYHUJHQFH RPDYXPEHERUDIOFWURG® VR Z LEN K
)LIXUH LQGLFDWLQJ WKD WD @MHWH K DH'FR G RV U KIS @/ I6E& VDIDX WER Q
FXPXODWLYH HIITHFW Rl SURWHFWLRQ IURP ILVKLQJ

,Q JHQHUDO FRUDO WURXW ZHW K DD R QHWHRQVQRKD B'NHHUHHR 'S H Q
DOO WKH VXUYH\ UHJLRQV RI WKH )1% X ENW Q IDYB UDJBKRIFK SUHV
UHIOHFWV JUHDWHU VXUYLYDO HJIL RIXBIODEMHBDWHVR]HY VIKWLI) VKB Z

,Q FRPELQDWLRQ WKH JUH DGALI U GICPEH UR/XRIGOPQ JHRUWRNH Ul
WKDW ZKHQ DYHUDJHG IRU DO®/ KMKH VXYW WUEBFHRWNKHRYPISIOHP |
WKH $PDOJDPDWHG =RQLQJ 30D QQ ELR FADD/NHRU HFHRIWDIODW ERDHY R R
GRXEOH WKDW RQ UHHIV WKDW ZQUFK HRBWY WR IDLEKQH VP HDQG
%D\HVLDQ SUREDELOLW\ $ SISHIQRALD VD ZOM $UHDKNI®OU RQ QR
LQ DOO UHJLRQV $SSHQGL[ 7DE®K P Q& KHRWDH/ IDVWHH\DXE \GW D § WH Q
UHJLRQV LQ WKH QXPEHUV Rl FRUDBO AL WRXW KW KOMQ ¥ HW H HVHE R UC
WKH SURSRUWLRQDO GLIIHUHQFHW DL\)H DEKIQI® DIDFE & H M1 X/H\W R DR |
ILVKLQJ EHLQJ JUHDWHU LQ VROXWMKK I G RIHSIHR/Q \0 DE N D W LUFK DLIRWD

DQG $SSHQGL[ 7DEOH $



Coral trout density
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Difference in coral trout density between reserve and non-reserve

Cairns
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O Reserve Coral trout length
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Difference in coral trout length between reserve and non-reserve

Cairns
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Coral trout biomass
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<> Non-reserve
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Difference in coral trout biomass between reserve and non-reserve

Cairns
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(IMTHFWV RI JRQLQJ RQ RWKHU WDUJHW VSHFLHV

'KLOH FRUDO WURXW DUH WKH SUQFRDUYV MHDUN B/ RD Q% KUHH 5 KIHID W
ILVKHUV D UDQJH RI RWKHU VS HMHMH 3D H R RQIGNDHQ WD ZHOWOV " TQF
VSHFLHV IURP WKH IDRKRHHRCGBRKEHGDHUOIV /XW MDY MODK YV
VSSODFROMIS /HW K/HMHEMFHOR QRWEBEINPQRFUDYSERY DQG
FHUUDQ&BHKDORTYEROSLQYQHSKWOXV 7DEOH

JLQGLQJV

$YHUDJLQJ RYHU DOO WKH VXUWYN\ VLI @K HRIUP S/GHP H QMID W L R C
$PDOJDPDWHG =RQLQJ 30DQ WKH FHD® IDEXBDGQRWHYRd W B H VHIW
FRPELQHG KDV QRW GLIIHUHG V X BWDNHQ WH. B I0/0D @& W HHIHD R R DAWR
WR ILVKLQJ )LIXUHV DQG QVLVWHEQPHN\SRWUWLYR RQ UHHI
&DSULFRUQ %XQNHUV %D\HVLDQ SUREDEQELW\DQG WRB IS @G VVH
WKH &DLUQV UHJLRQ %D\HVLDSHRGREDPEOHWS $EX@®SDQFHV KI
IDLUO\ FRQVLVWHQW DQG DUH @V FL[6 B B W @ K HID/F NQ \DIRP SH\ UR
ZKHUH GHQVLWLHV ZHUH JUHDWHVYHR)Y WWB ODY HUDXHHO HQ WRK RI |
EHORQJLQJ WR VHFRQGDU\ WDUJHWQWRSW BINHHV UADM V  JIUHOMH U RE
SUREDELOLW\ $SSHQGL[ HERHH KB VDLIQF WHKDHVE GI IHU UHFH QW
WKH 7RZQVYLOOH 6ZDLQV DQG &DBSULIFRUQD®QRGQNH U, Q HFRRENQ DY
WKLV KDV UHVXOWHG LQ JUHDWHQ BRRWDWW RIHW KH ¥ R P\SDHH G

UHHIV WKDW ZHUH RSHQ WR ILWOQ\GIY LPQ XSUHRED ED@EG W\ $S S
7TDEOH %



Seconday target density
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XQFHUWDLQW\ LQWHUYDOV



Difference in secondary target density between reserve and non-reserve
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Secondary target length
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Difference in secondary target length between reserve and non-reserve

Cairns
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Secondary target biomass
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Difference in secondary target biomass between reserve and non-reserve

Cairns
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YLIXUH (IIHFW VL]H GXH WR GLIITHUHQFHM PQ VR @UQIHR @ O/IHUWADW E
VSHFLHV SHUIRU HDFK UHJLRQ LQ HDFK VXUUHQWHDU $ SRVL
LQGLFDWHY WKDW YDOXHV DUH WIHI WKW RO WRQUDINAHD OHMWIRQ Y
D[HV




(ITHFWV Rl JRQLQJ RQ DEXQGDQWVKHRI KHUELYRURXYV IL

+HUELYRURXV ILVKHVY DUH OLNHOMMR ER Q\PISRYDWDICR) LEH FRXDID
SRWHQWLDO UROH LQ PHGLDWLQY PRRSPIWRWRIRGI B HW:ZH 8 QVRMRUX
JXLOGV RI KHUELYRURXV ILVKHV WBEQH PDE@QWHGRL QHSIIUW W JRIQ (
WKH SODQW PDWHULDO WKH\ FRO@BXHRI DXIPEG DW R IPWKE GV ED U L
WKDW FRQVXPH HSLOLWKLF DO JD H{DUHEH MV FURD SHK DWIK W YK X U LD FHHH S |
SURYLGH SRWHQWLDO VHWW O H PAHIQMVD W RW ¥ \D URHU OFCRUIBHOS O D U RDWH |
LQWR WKH UHHI VXUIDFH OHDYLQG N FIHWWWAXKH FK QM. P LNOLWUHOA ISRUR
EXW DOVR FDXVH FRQVLGHUDEOH "MWRMWRIQ) RUMAK B WHHRDV®OMND F |
VXUJHRQILVKHY WKDW IHHG RQ DORNPREWXW LRMGR P HSWOD W& L\FR |
PDWHULDO EXW DOVR SURYLGH BOHRIURRUDONO D WD HR UQV W\K W G|
&URSSHUV DUH PRVWO\ UDEELWILVKBWDBBGVREHXSXNUJKWRQPIDVKR
)DUPHUV DUH JHQHUDOO\ VPDOO GIHFMHM RVYKBD ES\W ALGIFVO PRIV
VXUJHRQILVKHY WKDW GHIHQG LCF® PG H IF RU O SIUBIGG WRUW[DV Z
KHUELYRUHV H J *RFKIHOG O D@G PR 6 RPPW R VO\REDVHOHFWL
DQG UHPRYDO

JLQGLQJV

7KHUH LV QR FRPPRQ SDWWHUQ LY} DERQSYD QRAF KK BB ERYR UMNWO I4LY |
RYHU DOO VDPSOLQJ SHULRGV V FRJD3®WM RQ ZHHHIV WWRDW RENXNE RS
ILVKLQJ )LIJXUH  %D\HVLDQ S URLEDELEQM % 7KISSHARYV SULPDL
VXUYH\ UHHIV LQ WKH &DLUQV UHJILRW HAXW O H | WXHHW N ZUHDFH DR QR
UHHIV GHFUHDVH LQ DEXQGDQ®B\HVLOWHSUR DIELO LW\
$SSHQGL[ 7TDEOH & B5HHIV LQ WKHD3RPBHO W RYRHU B RRZSBW W H L
IHZHU ILVK RQ QR WDNH UHHIV YLDXUBVREDBIGOLW%D\H $SSHQ
& 7KLV SDWWHUQ ZDV UHYHUVHGKRQ RIRIHH VI LL\QK VRKQH Q6RZ ILEDN/H Z W /!
%D\HVLDQ SUREDELOLW\ £ 9OSHWGH [PAHED® B BXQGDQFH RI VI
KHUELYRURXV ILVKHV ZDV KLIJKHUHRQWHG® IV LDWE&HR QRPISHNY WK
RSHQ WR ILVKLQJ LQ WKH &DSULFRY® %X QMNKNVHHSDRWHQQV YD
DPRQJ WKH UHHIV LQ WKRVH UH RLYRHQV WLPGEH G)ILG XQRHW SHDYGVW

,Q FRQWUDVW ILVKHV LQ WKH ®HRW HLQWPHRWAX YXR DIGUDFOHRQ UH F
FORVHG WR ILVKLQJ )LIJXUH %D SS\6IHQEG BUREPEGHGL W\7KLV ZDV
QXPEHUV LQFUHDVLQJ RQ QR WDNQNHHIVHIYL RWX I RASTIULHF R ZQ \Wa
WKDW ZHUH FORVHG WR ILVKLQJORZIRMAFHUD RG GHWUKMWLYRUH)
WKH 3RPSH\ UHJLRQ LV VWULN&W H QIRE G\DIGIIV X3 ) WWLK/AMV A BV W D E X (
PHPEHUV RI WKLV JXLOG DQG WKHHOI QRH DE X Q GADKIF B RPG HP\L G M &
ZKHQ FRPSDUHG ZLWK PLGVKHO! UBHHHQ W RRAUGHUG UHIH R IQR/X K DV
DO

7KH UHPDLQLQJ JXLOGV RI KHUEDRWRWR/X \F UIRSKSHW VWWIKGIGH[BDF H U V
QR FRQVLVWHQW GLIIHUHQFHV LQ DEXQG DQBHUEHHHWEZ MHKD W RD WD N
ILVKLQJ )LJIXUH 7KH PHDQ GUHRXWAWZ HV HR K DIX® W RQH®IRIW D N H
&DSULFRUQ %XQNHU UHJLRQ LQ UEHBIDEHWHIYHUW YEDXUNL DAEKOHH Q X R
SDWWHUQV ZHUH QRW FRQVLVWHQW )LIJXUHV
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(ITHFWV RI JRQLQJ RQ RWKHU JURXSV RI ILVKHYV

*URXSV RI ILVKHV RWKHU WKDQRJVSH¥KHYWY LWK/DRD D D B WRDEK HDWNH F \
LQGLUHFWO\ E\ JRQLQJ WKURXJKVEBWW QW LD R URRODIE JW U RASR KD E D
UHVXOWLQJ IURP FKDQJHV LQ DEXQGRQPHR RUQH[$PRQ WHE W DHOF L |
H[DPLQH WKH HIIHFWV RI JRQL QW KL IIIRWKIH\H WAK DSAD D Q N VEIHYR U H V
FRUDOOLYRUHV DQG RPQLYRURXV GDWPS/HIFLIH V KZH\U H6SHQLVP LU OR U
JHQHUDOLVW EXWWHUIO\ILVKHV DQG ZQ DNV W W BENJKDDMH VHRIG KRHQ) WV
7DEOH 30DQNWLYRUHV FRQVLVWWGURHRQHZ KISV FOLGIF ®X PHU
VPDOO GDPVHOILVKHY ZKLOH REOUJQMWM PRIMHFLEG VY R IU & K DAHRDR/G |

J)LQGLQJV
%HQWKLF IRUDJLQJ VSHFLHV ZHUHQWD RIXWR\W DN FRUHHDE RYE DD
7KLV DSSHDUV WR EH EDVHG RIQ IYPDQCGHEXY PROYGDWHID\RQ |
7RZQVYLOOH DQG 6ZDLQV UHJLR @WD QNWAWHRWHVDDHUH FRQVLVWH
DEXQGDQW LQ QR WDNH JRQHWREDEUBLW%WWDM DILIIHUHQFI
WKDQ JHUR $SSHQGL[ 7DEOWMR SISUYDRVWSIMAWOOBXNHH PHDQ G
UHHIV LQ WKH 3RPSH\ UHJLRQ D QK TREZ\OWHU GGQ H FUWH QR 8 V )ILQ XW K
$SSHQGL[ 7TDEOH ' 2EOLJDWOLNRURGY LY RR\HYODIQX RY VKR ZH
SDWWHUQ RI GLVWULEXWLRQ EH\WWZMWHK® \@ RZ M\UDHN R SHHH WRDIQ & KL Q.
$SSHQGL[ 7DEOH



251

201

151

20+

151

000m %+ 95% CI)

~
W

Mean density

N
(&)}

201

151

40+

201
10+

10+

17.54
15.01
12.51
~ 10.01

o
o
1

B

Benthic forager density

T

P b
FT b
S

Capricorn—Bunkers

{% byt

2006 2008 2010 2012 2014 2016
Year

J)LJXUHOHDQ DEXQGDQFH RI WKH EHQWKLFPIRUDJLQJLUQVKHV SHU
VLWHV LQ D VWDQGDUG KDELWDW QL(LMH HHBLPQG R K WG H U
*UHHQ FLUFOHV VKRZ PRGHOOHG PHDELD PRY @R MOIENHF DWW H | V
PRGHOOHG PHDQV IRU UHHIV WKDWRUHEBURSHOHW R %4 VHAQLD C
XQFHUWDLQW\ LQWHUYDOV 1RWH YDU\LQJ VFDOHV RQ < D[L



JLIXUH (ITHFW VL]H GXH WR GLIIHUH Q FHVRIQE FRQQX QLIFRIQ WDEXN @G Di¢
IRU HDFK UHJLRQ LQ HDFK VXUYH\QHD W Q GLS R WLHWLWH DWW | YHD O |
KLJKHU RQ QR WDNH UHHIV 1RWHMNWKHDMDU\LQJ VFDOHV RQ



JLIXUH OHDQ DEXQGDQFH RI WKH SODQNWLYRURXYV LRQVKHW HWHUQ
D VWDQGDUG KDELWDW 1( IDFHH BH PLREQVKRIIOW KIH H /5L QUIKM Q
FLUFOHVY VKRZ PRGHOOHG PHDQV PRQ &@\R VOGN IF DIWVAH IR EIDX @ F
PHDQV IRU UHHIV WKDW ZHUH R3ZXH WR %BDAKNVQD Q(XQRY LIEWD IV
LQWHUYDOV 1RWH YDU\LQJ VFDOHV RQ < D[LV



JLIXUH (IITHFW VL]H GXH WR GLIIHUHQ FFHHV RU QS TRIQQANW LRYRR DE XD GLDWK
HDFK UHJLRQ LQ HDFK VXUYH\ \HDQ G L$ B R\HMVW X B W& LY DFDUXHHY F B
RQ QR WDNH UHHIV 1RWH WKH YDU\LQJ VFDOHV RQ WKH < DI



JLIXUH OHDQ DEXQGDQFH RI WKH REOLJ®MH FRUDO IHHGLQJ ILVH
LQ VLWHV LQ D VWDQGDUG KDEHWDWLQ (I L ¥AHUHILRIQS \RK HAOK H
*UHHQ FLUFOHV VKRZ PRGHOOHG PHIELD PRQ @R MOIENHF DWW H | V
PRGHOOHG PHDQV IRU UHHIV WKDWRIHEBURSHIOHW R %4 VLD G
XQFHUWDLQW\ LQWHUYDOV



JLIXUH (IITHFW VL]H GXH WR GLITHUHQFHVRIQREFRIQUQOWRQ-FRERQGHB ¢
ILVKHV IRU HDFK UHJLRQ LQ HDF& LM XHUUHHQ R H DLW G B FORWH W WMHD
DUH KLIJIKHU RQ QR WDNH UHHIV RQRWVKHH WKIHHW\D U\LQJ VFDOHYV



J)LJXUHOHDQ DEXQGDQFH RI WKH RPQLYRUR»V GDPVHOUQVKHV Sk
VLWHV LQ D VWDQGDUG KDELWDW QL(LMH W HRLPQG R KWEH Ul
*UHHQ FLUFOHV VKRZ PRGHOOHG PHIGL\D PRIQ @R MOIENHF DWW H | V
PRGHOOHG PHDQV IRU UHHIV WKDWRUHEBURSHOHW R %4 QLD C
XQFHUWDLQW\ LQWHUYDOV



JLIXUH (IITHFW VL]H GXH WR GLITHUHQMFHVRIQRFRILYRURKIVWOEXQGD(
GDPVHOILVKHV IRU HDFK UHJLRQ VOWIDAK GAXUYWHNQRBUW Q & LFD
YDOXHV DUH KLJKHU RQ QR WDNMRDHO-HV R QRWKHWKBI[NYU\LQJ



(INTHFWV RI JRQLQJ RQ RYHUDOOUWSHALHUKNHYLFKQHVYV RI

,QFUHDVHG GLYHUVLW\ FRPPRQO\ PHBPRXUOIBGUH\XSNF LUFKPUHHK®
JRQLQJ RQ KDELWDW VWUXFWXBH WL $U RPR WH WHDWH @& R/ $YA6Y S
VXUYH\V D OLPLWHG QXPEHU RI MIRLY LNVURIOWMHIYIH WIKHVWV LWR UL

J)LQGLQJV

6SHFLHV ULFKQHVV Rl UHHI ILVKHW DWHGXRFHVKE ED PA L \B WRk
ZDV YHU\ FRQVLVWHQW DPRQJ UHHEDW LaQ WK HDW H U HRMRQNOMQREQ
UHHIV WKDQ RQ UHHIV WKDW ZHUH '%RB\HY VDR ISVYREQELPLLWUH
7DEOH ( 7KLV ZDV SULPDULO\ @Y H @ R HHRIYVILY WHKPWSE B B SHA HDUD C
&DSULFRUQ %XQNHU UHJLRQV )LJXDEWH (DQG $SSHQGL



JLIXUHOHDQ VSHFLHV ULFKQHVV RI ILVKHWWDQGDUUGQKYDIEWWD W Q
IDFH RI PLG VKHOI UHHIV LQ ILYYHQHILWREFOMHNI WKREZ RS HQO H
PHDQV IRU QR WDNH UHHIV EOXHH&GLPARQ®MVRW GHHDOWMW RBW |
RSHQ WR ILVKLQJ (UURU EDUV DUH QW%D YHD\OL\D Q DRQ\FHH Y v D LLC

VEFDOHV RQ WKH < D[HV



JLIXUH (IITHFW VL]H GXH WR GLIITHUHQFRVHVQU]IRRKXLIHVR QRP HIDUX N8
HDFK UHJLRQ LQ HDFK VXUYH\ \HDQ G L$ B R\HMVW X B W& LY DFDUXHHY F B
RQ QR WDNH UHHIV 1RWH WKH YDU\LQJ VFDOHV RQ WKH < DI



(ITHFWV RI1 JRQLQJ RQ EURDG JIDRNSAWPRI EHQWKLF RU

,Q PDQ\ SDUWV RI WKH 7URSLFV MAMUKUFRALY\EV WRR IALR/KD Q JU H\H IGF
IURP WKH HIIHFWV Rl GLVFDUGEHBWLN®LQJ OWRHH[WUHFHP H[DPSO
PXUR DPL DQG EODVW ILVKLQJ DQISEWEDRVRBYLRRIXRG PROWR DIIH
DQG DOJDO FRYHU OF&RRN HW DORQLQIHRUHFPRXHWHRHPM WRHH EU
FDWHJRULHV RI EHQWKLF RUJDQRLY® 8 K®IDG FRWY BIQD RIRQWGFRUD O

J)LQGLQJV
&RYHU RI KDUG FRUDO VKRZHG VRFHR WYWGHIQFHIRFW @ RW K FIRY® |
DYHUDJH KLJKHU RQ QR WDNH UIHIFEDELOWM\ %D\HWISBEMQGL]
) 7KLV ZDV PRVW REYLRXV RQ UMHIMIKQHVKH BOGUQV$BSHIQRSL[
) &RYHU RI VRIW FRUDOV DQG RFRQVDWWGHBNQRWIMKRD PHN EHV
WDNH UHHIV DQG UHHIV WKDW ZHUHDRSHQJIJMEBHVVKIDJRIG )LIX +DUC
FRYHU DQG FRYHU RI DOJDH |0 XEFRFDWPBQIHD EQ RDH/S\RQWFL B/ F
GLVWXUEDQFHV VXFK$B B QRXMEQHIFNNVORIQHY &\FORQHYV DW OHD\
WR EH DIIHFWHG E\ JRQLQJ



JLIXUH OHDQ SHUFHQW FRYHU RI KDUG WFRIUD OW WD Q G D UIGQ K\DLEA M
IDFH RI PLG VKHOI UHHIV LQ ILYHHQHILRFKOHR | WKIRIZ PIRES HQO H
PHDQV IRU QR WDNH UHHIV EOXHH&ELPRRQ®MV R\ GHHDW MW RBW |
RSHQ WR ILVKLQJ (UURU EDUV DUH.QW®%DYHD\OLDQ XQFHUWDLC



JLIXUH (IITHFW VL]H GXH WR GLITHUHQPHVFIRY HROQRQJIRE INDBRG HP®
UHJLRQ LQ HDFK VXUYH\ \HDU G4 BRWHWLWKDGL NBONQGVHDU® K
WDNH UHHIV 1RWH WKH YDU\LQJ VFDOHV RQ WKH < D[HV



J)LIXUH OHDQ SHUFHQW FRYHU RI VRIW FIRUDOMVDQ G D U GL QD\ELLWVHD
IDFH RI PLG VKHOI UHHIV LQ ILYYHQHILWREFOHR I WKIRE PR HOQO H
PHDQV IRU QR WDNH UHHIV EOXHH&GLPARQ®VRW GHHDWMW RBW |
RSHQ WR ILVKLQJ (UURU EDUV DUH QW%D YHID\OL\D Q DRQ\FHH Y v D LLC
VFDOHV RQ WKH < D[HV



JLIXUH (IITHFW VL]H GXH WR GLITHUHQ FoHVFRYH URRQQIHRIQVVIRIW HIRR
UHJLRQ LQ HDFK VXUYH\ \HDU G4 BRWHWLWKDGL NBONQGVHDU® K
WDNH UHHIV 1RWH WKH YDU\LQJ VFDOHV RQ WKH < D[HV



JLIXUHOHDQ SHUFHQW FRYHU RI DOJDHVWDQGDUQ NDWHWDMW) 0 (
RI PLG VKHOI UHHIV LQ ILYH UHJURQMWYV KRH PREBH ® O KBEQP HLD ¢
QR WDNH UHHIV EOXH GLDPRQGVIRQGLHBW HVKRDGH DIOWIKE AR FHDC
ILVKLQJ (UURU EDUV DUH %DV DVADVQ XQFHUWDLQW\ LQWH.L



JLIXUH (IITHFW VL]H GXH WR GLITHUHQFHVID® R®UMHRQIRRB YHIF R
LQ HDFK VXUYH\ \HDU $ SRVLWAIKBW YID®XH § FIHU HQIGLLACHAHR Q
UHHIV 1RWH WKH YDU\LQJ VFDOHV RQ WKH < D[HV



7KH HIITHFWV Rl JRQLQJ RQ WKH IVHEKHEQRP\KRIVRXXW EXIHDQIF |

7KH ILUVW UHFRUGV RI R¥WSEOLCHRMNNVE H QAN WILHHQWREDYH RI RXWEU |
IURP 6WDUWOH 5HHI (DVW 5HHI 7KBY IRXABWKQHFRUGHG ZDY
RXWEUHDNV KDV VLQFH DIIHFWH®GHABMLEHMWDHH@ L. ]DQBO,\W DV |
WKH UHODWLRQVKLS EHWZHHQ JRRM\QE UDHDAN WRIQ W KA XHIAVR Q \
WKDW KDV EHHQ DIIHFWHG E\ WKLV IRXUWK ZDYH

J)LQGLQJV

"KHQ WKH SDSW\SEBDRMRIEUHDNY RQ QR WDNH UHHIV D@® RQ UHHIV
ILVKLQJ ZDV ILUVW H[DPLQHG R QJWSKOD QV6\§ KNG 5 W MFKHHG HREQ WK H
$PDOJDPDWHG =RQLQJ 30DQ W KzH B B MRHLLW W R | UHHH W WWKKEDMW K D G
HJ ZHUH *DW ULVN" DQG ZHUWWEBHOQNWR ZKVRHQR KMGDRPLQRUL
QHDUE\ QR WDNH UHHIV KDG RXVDEWW DWV VW KN OUWOH WG W HIG ALIQ W
EHWZHHQ JRQLQJ DQG WKH IUHTXPR®\ RI RXWEUHDNV 6ZHDW

ORUH WKDQ D GHFDGH DIWHU ILVKHQWDD \L GHRHKDZ HW HEX REHD R |
UHHIV XQGHU WKH $PDOJDPDWHG SRRISRUMBRQVL ®I QR WKONH UH
KDYH H[SHULHQFHG RXWEUHD N VHILUQ WK | R ® UIWKI AD WHK LW ORE R
JLIXUHV  DQG EXW WKH DV VRHFLOMLRQRE RWWVHEHRG MNVHDOQ G ]R
QRQ VLJQLILFDQW )LVKHUYV ([DFWHHIVW ORQBILOHG BLGXKH O
LQVKRUH DQG PLGVKHOI UHHIV FRPELQHG S YLIXUH

1RWH WKDW WKHVH DQDO\VHV GIHMXDW\NRBLWKB §0QHOKR LBQUIRUWU H \
WKLV SURMHFW LQ -XQH 7K GXPIEHWWH@FH HMI8XHKWD R EKUH |
WKH DQDO\WHV 7ZR DVSHFWV RI DHGHHQ QWKHHG/ MV R EIHO FRIQW L GHIH
ZKHWKHU D UHHI LV OLNHO\ V$R K®DGFEMB B BIQSRVR&ADMRH WKH SF
GHYHORS RXWEUHDNV 3*DW ULVNUW Y FOROQ/GROLP 8RB S/MIQQN HIKR P
IUHTXHQWO\ UHHIV DUH VXUYHMK® WEKO® RRWHUHINHALQW EN UHF
RFFXUV 7KH SUHOLPLQDU\ DQDO\VLW KIDW QHWHIGF RQ @ L\GHIYHGE Dk
+RZHYHU EHFDXVH PRUH IUHTXHQW RKIRBKH @J DNVYHW\DL © B WMKH \
RXWEUHDN VWDWXV Rl UHHIV KHUHDZHG | R [FODRZG B GHDMHPINQW KD W
VXUYH\HG RQFH LQ WKH VL[ \HDUWMWKBEWHW®KM KRV UEHHQ ZDYSURL
5HHIV WKDW DUH D ORQJ ZD\ IURP HJ BIHQWH Z D\® B \RXWELNHDNW R Gt
RXWEUHDNV DQG OLPLWHG VDP SOQ@LNMHD QWRREKHW & U WIHINFW B G HH Y
RFFXU ,QFOXGLQJ UHHIV ZLWK WKHVHW BDBGNFQRILWH W Q BV RLEY MA
DQ\ SDWWHUQ



UHHIV

1R RI

2SHQ WR
ILVE

JLIXUH 7KH QXPEHU RI PLGVKHO! UHH I BAH-DQVHD SRV G IGNDHERL W R K [
ODUYDH WKDW DUH JRQHG 1R WRBMHH) WIRHHYKDQE WERM ZKHU
RXWEUHDN GHQSOQOWO®AM EIHHQ UHFRUGHG VROLG ILOO +DWHF
WKH QXPEHUV RI UHHIV LQ HDFK IRQR W IKQRROBQ@QFARZHU GHQVLW
UHFRUGHG

1R WDNH

&RQVLGHULQJ RQO\ WKH VXUYH\ \UHHOW FWKHDGV | R UMHR QS MARLU L DD ON
WKH $PDOJDPDWHG =RQLQJ 30DQ IURPLIXURQZDILGM FIDEPKHG SI
UHHIV LQ WKH QRUWKHUQ FOXVWMULDHWK H G B VBRIGBVERPRL:DW U
ZHUH UHFRUGHG RQ WKUHH RI WR® DIOYH | Q RHWRD NW KWH BIH\H ID/Q\S K D \
ILVKLQJ 2XWEUHDN GHQVLWLHYV RWK/WHHJ RIVW KZH ULHY B HURFRHU @ HABK R
WR ILVKLQJ EXW QR RXWEUHDNN ZH WQHR WHHNHROHBE DA RTKAHK B XPE |
PDWFKHG UHHIV WKDW KDYH EHH®HNOIDRELLIQ B & OW EDMD N VVINV RP
UHVXOWV VR IDU FRQIRUP WR WK RXWRWDEHNYSPQV YR WD RHIHBH |\



'HE

1F F

2SHQ WR
ILVE

JLIXUH 7KH QXPEHU RI LQVKRUH DQG P LHEOAKW R | KUDFY HHI \E MHKD W[ DRIV
W® SODMIFUYDH WKDW DUH JRQHG 1R WRBNHQ WIRHHYKDQE WE&R
WKDW KDYH RXWEU$ DNOGRADILSLIHLY ®RI YHUVXV ORZHU GHQVL
VKDGHG ILOO

1R WDNH

7KH HITHFWV RI JRQLQJ RQ UHHI FRPPXQLWLHYV

7KH UHVXOWV Rl WKH VXUYH\V XS WHRQW ZDWHK WKHHUBDOOWRQRU
UHHIV WKDW ZHUH UHSRUWHG ENG(RQOHBUDN HW VXUYHEDYV 3URWH
ILVKLQJ KDV FOHDU SRVLWLYH HIIHFSWW RDUD BXQIEG D 19 FRIQIE@® \V W]E
VSHFLHVY OHDGLQJ WR JUHDWH U (EIHFFRDW R IR]@ @LRQ W BRIQHRUHKHHY J U
DOVR EURDGO\ WKH VDPH 36FUDSHIRWKIHYEHYRZHVHPOHQYWDER Q (
WDNH JRQHV RYHUDOO EXW W K& U LADW VDIQGH 3IRP SWHAR UZHILLGRKD W K |
PRUH DEXQGDQW LQ QR WDNH JRQHYVDIE® W KiH 6 3D D@\N WSLSYSRHUORGL
ZHUH DJDLQ PRUH DEXQGDQW RYKIND @2DVRORYR WONBWRBIVHHIV
3RPSH\ DQG 7RZQVYLOOH UHJLRQV | RX@IEQW R/ LUY-RUBHR\Q & DSYRIV E WH ©
SURWHFWLRQ IURP ILVKLQJ LQIRWKHU EWWGNKLVY ZDD/KBDRFDWVH V
WDUJHWWHG E\ ILVKHUV LQ RMLKHGRDW YRVR DWEG\ FRU W& H 7%5

(PVOLH HW DO DUJXHG DJDAKQLW BDRWHRHWOREYN WIRGWLDO W
HITHFWV RQ SUH\ VSHFLHV EHFDXVHNODWH® DRG WRKE V%3G R @ .



IHZ Rl WKH SUHGDWRU\ VSHFLHVGPWRQLQXPEKDW RDHQ R ®OE 8§ URHX
DIIHFWHG E\ ILVKLQJ DW FXUUHQW VOKLWHOW X G\W RIJEHRWE QKD W
OLWWOH VFRSH IRU ERWWRP XS BIQEFMDU G/ D@FEH VFRR WH ERRIDIDOJ O |
FRQVLVWHQWO\ EHWZHHQ QR WDNRISHBHWR DQ\GKUBIHIV WKDW ZHU

7KH HITHFWV Rl JRQLQJ RQ WKH IURBXKBQBP\QFILRXWEUHDNYV

$ EURDGVFDOH VWXG\ Rl WKH G\QDOLPALIRY W&B BHE W K.LMK FIRPWPHKF
RQ UHHIV RI WKH *%5 OHOOLQL GIMQBE WKDWRXQRBWHFWLRQ IUR
JUHDWHU FRPPXQLW\ VWDELOLW\L DWW & UEDG¥AGLIQIFB XKW VQWU RR WG
$ SODBRUDO GLVHDVH DQG VWRUPV RQFRRPKXQQ MY H VVWRIDX ©W XD
UHHIV DOVR UHFRYHUHG PRUH UWERVE\RQ FRRBD WIK\DR\Q ZHWHK R S
ILVKLQJ 7KH UHVXOW RI D SUHYLRXRXMEUSH DRNDVERJFIW W H TH45Q F \

LQ UHODWLRQ WR PDULQH SDUNQIRIQU QUK ZRRQWEDQODQ SUHFHG
$PDOJDPDWHG =RQLQJ 30DQ ZDV FRPSPWLEOHLQOWQOIWOOLQ HW

$ JUHDWHU SURSRUWLRQ RI UHHKWD YWK B VGDRXWRESHD MAR LQVW K& F
IRXUWK ZDYH RI RXWEUHDNV W K RIONMCLW W ILF DHO IO\ FWL. ZQIVI LGFROWQ W

LV VWLOO QR FRQYLQFLQJ PHFKDAWP WKH H LS/KHM WKKFW D Q HH P R
DIIHFWHG E\ QR WDNH JRQLQJ BKHW KR SJQ PDWR XWMD U FHWVIH DU H
SUHGDWRWBORQHAILY PHDQV WKDW D FRPSOH[ PXPXWVD EHWHO WURS
LQYRNHG WR OLQN LQFUHDVHV L@ FRWY MR W QR XWDYXHSE § UM GDQVGL
SODQFLWK FXUUHQW NQRZOHGJH RQW IOH. I$IUV\G B DHRQYVKILR/A IGV | 1 H U H
SXUH VSHFXODWLRQ 7KH DSSOLKBWLRF R IDFRHD HIFSX PDWUSW RFK Q H’
PRUH FRPSUHKHQVLYH DQG VL]H VHOHERQIBPBQFWXUH Rl SUHGDWL

%URRNV 6 3 DQG *HOPDQ $ GV IRHPRQRY PHMWXRFRQYHUJHC
LWHUDWLYH VLPXODWLRQV - &RPS *UDSK 6WDW

&KHDO $ (PVOLH O OLOOHU , DIX® 6GARDVWREQFWHRQ RI KHUEL
ILVKHVY RQ WKH *UHDW UWUWALDQBIU%% HR ORI §

'D\ - =RQLQJ + OHVVRQV |URMWKPMDULHIHWS®ONURAKMDQ &RI
ODQDJHPHQW +
(PVOLH 0 - 3UDWFKHWW 06 &KHDOUKDW 2¥EBRUIQHU 5HHI EXWW

FRPPXQLW\ VWUXFWXUH WKH UR®&HFRFRARMQ LERWE BEIERHH ID/Q G EH

(PVOLH 0 - /RJDQ 0 &HFFDUHGAH\'$ 6 &KHOOHY -, 6ZHDWPDC
+ 38 5HIJLRQDO VFDOH YDULDRQ PQ & D RKHGCB®IQFWM URIEID UP L (
GDPVHOILVKHY RQ $XVWUDO LODUL OHHBWRB®RIWLHU 5HHI

(PVOLH 0- /RJDQ 0 :LOOLDPVRQ 'HO $03LQ@HF¥FD WHDEOH ' &KHD
(YDQV 5' -RKQV .$ -RQNHU 0- DQ@GSHFWIHWULRBY DQG RXWFRPH
UHVHUYH QHWZRUN SHUIRUPDQ KH I"RIOHDRZ l€DIUWH H B GLHMI R D WL Q H
&XUUHQW %LROFRI\



JHUQDQGHV / 'D\ - /HZLV $ 6O0OHJIHHMHQE' HWUDODQ % WWDEOLVK

UHSUHVHQWDWLYH QR WDNH DUHNNDVYHRYBHHI RDWXH VEBOM LR O

RI ODULQH BURWHFWHG $UHD WKBRLDS ZOMFKDO HR YR QR QR H WYORE DF
+

*HOPDQ $ DQG +LOO - J'DMWIUBQDIORQLY QG/ PEOWLOHYHO
PRGHOV &DPEULGJH 8QLYHUVLW\ 3UHVV &DPEULGJH

*RFKIHOG ' - 7THUULWRULDB GOPYIHY@D OVKIHVRIDFQ U LBAN BSBW R Y L
DVVRFLDWLRQDO GHIHQV0ODDI1DQIHQWR GRH GDWBRUNYY 6HULHYV

*UDKDP 1 $ - $LQVZRUWK 7 ' &DW®WDG 5.+ &WQQHW - ( 'H )UHI
'0 'LD] 3XOLGR * 'RUQHODV JAGHOPPQ 3 ,DQG )JURP PLFURE
SHRSOH WUDFWDEOH EHQHILW\HRI¥E R D/AQIRN H [DSKH [D\WQ IR 0 DARIHO |
%LRORJ\ DQ $QQXDG 5HYLHZ

-DPHV 0. 6FDQGRO -3 /IDUYDO GERYHNUBHODW VRBXODWKLRQRZQ
VWDUILVK RXWEUHDNV GDWDEDVH $XVW - 0DU )UHVKZDWHU 5HYV

IDPE - % :LOOLDPVRQ "+ 5XVV *5 BORWHFOMHG ®UHDV PLWI
GLVHDVHVERILOBHQJ FRUDOV E\ UHGXFLQER®RRDIHS®RP ILVKLQJ

OF&RRN / - $\OLQJ 7 &DSSR 0OV SKRDW )UHLWDDQ 0 +HXSHO
+XJKHV 73 -RQHV *3 ODSVWRRWKHWWOLUVK $GDWLYH
PDQDIJHPHQW RI WKH *UHDW %D QULIHAD QMHG HP RQR VOO LRIQY R W
QHWZRUNV RI PDUROQRIFBHGHQYHMWRI WKH 1DWLRQDO $FDGHP\ RI 61
SS

OHOOLQ & $DURQ ODF1HLO 00 &KHDOH\$0- (PVODBULQH SURWEF
DUHDV LQFUHDVH UHVLOLHQFH DP REROFRRIV MDMNHWWHIBSWRPPXQLWLH

5 " HYHORSPHQW &RUH 7HDP ® YD WRDQPIEK@QWHI B & WIDWLVWLFI
5 )RXQGDWLRQ IRU 6WDWLVWLFDD &RBEXWLQJ 9LHEOD $XVWUL
KWWS 7ZZZ 5SURMHFW RUJ

5XH + ODUWLQR 6 DQG &KRSLQ 26D\HVLESS URHBBQYHH IRU /DWHC
*DXVVLDQ ORGHOV 8VLQJ ,QWHJUDWRBWILRQWH G /'Y 8 ODLAH 588 URQ
-RXUQDO Rl WKH 5R\DO 6WDWLVWLFDO 6RFLHW\ %

5XVV * 'LVWULEXWLRQ DQG EXQGDIQRE RUVKHHYVELY RMUKH FH
*UHDW %DUULHU 5HHI , /HYHGV HRQ)WIDWH FRIQON MQ HBFW RO W KVHKO |
SURJUHVV VHULHYV

6ZHDWPDQ + 1R WDNH UHVHUYIHRFE SRWEBW FFRUDWDWHHYYX &
%LRORJ\ 5

:LOOLDPV 'O SDWWHUQV LIV KW Ik R FPLVQLWLIBEXWD RQRR/IV WK H |
*UHDW % DU WKRIRUDB®HIHHIV



1RWHV RQ LQWHUSUHWDWLRQ RI WKH DSSHQGL[ WDEOHYV

7KH IROORZLQJ WDEOHYV JLYH WKGLARGHQWHGCPRPHDRVHR V¥ X\PPD U |
OHYHOV 7KHVH DUH IRU WKH RXHY HD¥ G U WWIDY BIVUHIG WHGLRQ
HDFK UHJLRQ DJJUHJDWHG RYHUDFEBOQUMIURG@\MQO Q XUYHRUHB U
DJJUHIJDWHG RYHU DOO UHHI SDLUV

7KH 30HDQ  FROXPQ JLYHV WKH P R GHOZHIG ®@ HIORQ WEDLNIHH WHI G FW \D Q
WKDW DUH RSHQ WR ILVKLQJ H[SWKN WH® BN RS HIUHHH ¥ WDKIBWR D L
ILVKLQJ 7KXV SRVLWLYH YD O XHW LQHIL RIDWHRWKDNH YWIDHOHI NV DG
YDOXHV LQGLFDWH WKH UHYHUVHRZKHN FRIOXP K H8S SthD\ HD\QA® @
XQFHUWDLQW\ LQWHUYDOV D QD®WR JRXY WKH FIRHID RGGIIQ FHHUIH@W H U
ODEHOOHG 3S” JLYHV WKH %D\ I?WIDIQGI.UIRHEHEYL FOH. \8 R WK IR W KA X
BUREDELOLWLHY FORVH WR RU H GXDI® WHR) F H LLYG\LXX BWHDWY WD \&Y OWI
KLJKHU RQ QR WDNH UHHIV 3 UREILEDON KV MWHAD WOR K H & RI IHHUWHRQ F
VXEVWDQWLDO DQG YDOXHV ZHUR SKLQ KHR) IRGKWIPH IV WKDW ZHUH



$SSHQGL[ 7TDEOH $ ORGHOOHG YIREOHEL OIQMWEL %D \IHRWL DE XSG D Q F H
DQG ELRPDVV RI FRUDO WURXW

6XPPDU\ RYHU DOO 5HJL

rn

9DUL OHLC ORZ XSS

&RUDO 7URXW $SEXQGDQFH

&RUDO 7URXW /HQJIJWK

&RUDO 7URXW %LRPDVV

6XPPDU\ E\ 5HJLRQ RYHU DOO <HDUV

9DULDEOH 5HIJRQ OHEL ORZ XSS <

&DLUQV

7RZQVYLOOH
&RUDO 7URXW $EXQEDIINN

6ZDLQV
&DSULFRUQ %XQNHUV

&DLUQV
7RZQVYLOOH
&RUDO 7URXW /HQ3WRSH\V
6ZDLQV
&DSULFRUQ %XQNHUV

&DLUQV
7RZQVYLOOH
&RUDO 7URXW % L3RPBHWV
6ZDLQV
&DSULFRUQ %XQNHUV

6XPPD E\ 5HJLRQ D¢

rn

9DUL S5HJL <H| OHLC ORZ XSS

&DLUQV

7TRZQVYLOOH

&RUDO 7URXW
$EXQGDQFH

3RPSH\V

6ZDLQV

&DSULFRUQ
%XQNHUV

&RUDO 7URX &DLI




6XPPD E\ 5HJLRQ D¢

9DUL S5HJL <H| OHLC ORZ XSS

rn

7TRZQVYLOOH

3RPSH\V

6ZDLQV

&DSULFRUQ
%XQNHUV

&DLUQV

7TRZQVYLOOH

&RUDO 7URXW
%LRPDVV

3RPSH\V

6ZDLQV

&DSULFRUQ
%XQNHUV

$SSHQGL[ 7TDEOH % ORGHOOHG YRERHVODLOWE HAMDIRVLDEXQGDQFF
DQG ELRPDVV RI VHFRQGDU\ WDUJHW VSHFLHV



6XPPD RYHU DOO 5HJLRC

9DULDEOH

0OHD

ORZHU

6HFRQGDU\ '
$EXQGDQFH

6HFRQGDU\ '
/HQJIWK

6HFRQGDU\ '
%LRPDVV

6XPPDU\ E\ 5HJL

RQ RY

SHU

9DUL

SHJL

OHLC

ORZ

XSS

m

&DLI

6HFRQGDU\ WDWM

h | Ll\AvI(QV\
3R

$EXQGDQFH

6ZDL

&DSUL %XQN

&DLI

6HFRQGDU\ WDWM

1BGQV‘

3RPS

/HQJIWK

6ZDL

&DSUL %XQN

&DLI

LRAJV”

L] /
6HFRQGDU\ WDV?,)RTS.SV'_

%LRPDVV

6ZDL

&DSUL %XQN




6XPPDU\ E\ 5HIJLRQ

9DUL

5HJL

<H|

OHLC

ORZ

XSS

rn

&DLUQV

7TRZQVYLOOH

BHFRQGDU\ WI
$EXQGDQFH

SRPE MV

6ZDLQV

&DSULFRUQ
%XQNHUV

&DLUQV

7TRZQVYLO

BHFRQGDU\ W
/HQJIWK

DUJ

HWV
BRPSH\V

6ZDLQV

&DSULFRU
%XQNHUV




6XPPDU\ EN\ 5HJLRQ

9DUL

5HJL

<H]|

OHC

ORzZ

XSS

m

BHFRQGDU\ W
%LRPDVV

&DLUQV

7RZQVYLO

DUJHWYV
3RPSH\V

6ZDLQV

&DSULFRU
%XQNHUV




$SSHQGL[ 7TDEOH & ORGHOOHG Y REDHV MLQNL P\D IIRWL D BXSUG D Q F H
JXLOGV RI KHUELYRURXV UHHI ILVKHV

6XPPDU\ RYHU DOO 5HJL

rn

9DbUL OHDQ ORZ XSS

6FUD S

&URSE

([FDYD\

YDUP

'"HWULW

6XPPDU\ E\ 56HIJLRQ RYHU DOO <HDUYV

9DULDEOH 5HILRQ OHDQ ORZHU NXSSHU

&DLUQV
7RZQVYLOOH
6FUDSHUV 3RPSH\V

6ZDLQV

&DSULFRUQ %XQNHU\

&DLUQV

7RZQVYLOOH
&URSSHUYV 3RPSH\V

6ZDLQV

&DSULFRUQ %XQNHUV

&DLUQV

7RZQVYLOOH
(IFDYDWRUV | 3RPSH\V

6ZDLQV

&DSULFRUQ %XQNHUV\

&DLUQV
7RZQVYLOOH
YDUPHUV 3RPSH\V
6ZDLQV
&DSULFRUQ %XQNHUV\

&DLUQV
7RZQVYLOOH
"HWULWLYRUHWBRPSH\V
6ZDLQV
&DSULFRUQ %XQNHUV




6XPPDU\ E\ GHJLRQ

9DULDEOH 5HIJLRQ <HDU 0HDQ ORZHU
&DLUQYV
7RZQVYLOOH

6FUDSHUV 3RPSH\V
6ZDLQV

&DSULFRUQ %
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X
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&DLUQV

7TRZQVYLOOH

3RPSH\V

6ZDLQV

&DSULFRUQ %
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3RPSH\V

6ZDLQV
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3RPSH\V

6ZDLQV
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$SSHQGL[ 7TDEOH 'ORGHOOHG YD O X H\ MIQ/EL 86D \IHRWL D B XSAGREDF H V
FDUQLYRURXYV UHHI ILVKHV

6XPPDU\ RYHU DOO 5HJLRQV DQG <HDUYV
9DUL OHC ORZHU X$SHU s
30DQNW
%HQWKLF |
2PQLYRURXV 3RPD
2EOLJDWH FR
6XPPDU\ E\ 5HJLRQ RYHU DOO <HDUV
9DUL S5HJIL OHDQ ORFZHU XSSHU s

&DL!

7RZQV®
30ODQNWLYRUHV 3RPSF

6ZDL

&DSUL %XQN

&DL!

7RZQV®
%HQWKLF IRUDJHUV | 3RPSF

6ZDL

&DSUL %XQN

&DL!

7RZQV®
2PQLYRURXV 3RPDFHQWRRSHD H

6ZDL

&DSUL %XQN

&DL!

7RZQV®
2EOLJDWH FRUDOOLYRYRRSF

6ZDL

&DSUL %XQN




6XPPDU\ E\ 5HIJLRQ DQG <HDU

9DUL

SHJL

<HD

OH

DQ

q

DRZHU

3ODQNWLYRUHV

&DLUQV

7TRZQVYLOOH

3RPSH\V

6ZDLQV

bSHU

&DSULFRUQ %X
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r

p
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%HQWKLF IRUDJHUYV

&DLUQV

7TRZQVYLOOH

3RPSH\V

6ZDLQV
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&DLUQV

7TRZQVYLOOH

2PQLYRURXYV 3RPDFH

1GWRE B D/H

6ZDLQV

&DSULFRUQ %X

4
r

P

&DLUQV

2EOLJDWH FRUDOOL

7TRZQVYLOOH

YRUHYV

3RPSH\V
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$SSHQGL[ 7TDEOH (

ORGHOOHG YDROEOHELORWLHV\HRMUL W@HRLHV UL

Rl UHHI ILVKHYV
6XPPDU\ RYHU DOO 5HJLRQV DQG <HDpV
9DUL OHDQ ORZHU XSSHU
6SHFLHV 5L
6XPPDU\ E\ 5HJLRQ RYHU DOO <HDUV
9DULDEOH S5HJIL OHLC ORZH[U X$SHU S
&DL!
7TRZQV®
6SHFLHV 5LFKQBRPSF
6ZDL
&DSUL %XQN
6XPPDU\ E\ 5HJLRQ DQG <HDU
9DULDEOH 5HIJLRQ <HI OHDQ ORZHU XSSHU
&DLUQV

7TRZQVYLOOH

6SHFLHV 5LFK(

BWRWPSH\V

6ZDLQV

Z
C

&DSULFRUQ 9
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$SSHQGL[ 7TDEOH ) ORGHOOHG YDREOPLOQWLHD\HRMLEBFQYHU RI D
KDUG FRUDOV DQG VRIW FRUDOV

6XPPDU\ RYHU DOO 5HJLRQV DQG <HDUV |

9DULDEOH OHDQ ORZH| XSSH S

&RYHU RI $0JDH

+DUG FRUDO FRYHU

6RIW FRUDO FRYHU

6XPPDU\ E\ 5HJLRQ RYHU DOO <HDUYV

9DULDEOH 5HIJLRQ OHDQ ORZH| XSSH S

&DLUQV
7RZQVYLOOH
&RYHU RI $OJDH | 3BRPSH\V
6ZDLQV
&DSULFRUQ %XQNHUV

&DLUQV
7RZQVYLOOH
+DUG FRUDO FRYHBRPSH\V
6ZDLQV
&DSULFRUQ %XQNHUV

&DLUQV
7RZQVYLOOH
6RIW FRUDO FRYHUSRPSH\V
6ZDLQV
&DSULFRUQ %XQNHUV




6XPPDU\ E\ 5HIJLRQ

9DbUL

S5HJL

<HI

OHLC

ORZ

XSS

rn
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&DLUQV

7TRZQVYLOOH

3RPSH\V

6ZDLQV

&DSULFRUQ %XQNH
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+DUG FRUDO FRY

&DLUQV

7TRZQVYLOOH
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3RPSH\V

6ZDLQV

&DSULFRUQ %XQNH
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