o =
== JAMES COOK

~~ UNIVERSITY

AUSTRALIA

m""# $

% & ' #( ) *+

& & &

0L+ + +



mailto:researchonline@jcu.edu.au?subject=ResearchOnline%20Thesis%20Incident%20

&OHDQHU VKULPS DV ELRFRQWURC(

7TKHVLYV VEBEPLWWHG
'DYLG %UHQGDQ 9DXJKDN® Ps &R 6RIQYDW

,Q IXOILOPHQW RI WKH UHTXLUHPHQWYV IRU 'RF'
&ROOHJIJH RI 6FLHQFH DQG (QJLQHHUL

-DPHV &RRN 8N WWUDDWD
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6FKRODUVKHEQGXIGIDQMX UH

BHHULWHHEZHG SXEOLFDWLRMWX®XULQJ FDQGLG
9DXJKDQ *U%XWWHU $ 6 DQG +K@\SRIONMBPQHU VKULPS D
VXVWDLQDEOH RSWLRQ WR W LLHWB®L IS Q WD VLAY HF SEUWHD V H
9DXJKDQ *UX%WWHU $6 DQG +XQVSEBOHOQHU VKULPS U]
SDUDVLWH HJJV RQ S$TX\DFXCWWIHW (QYLURQPHQW
‘2, DHL >,) @
9DXJKDQ *UXWWHU $6 )HUJXVRQ +: -RQHV 5 DOQC
&OHDQHU VKULPS DUH WUXH POWDQHUY%LRORXIQMXUHG
' 2, v \>)) Q@
7UXMIRGOBR S %HFNBDXJKD® DQG +XWSWRQ ORQRJHQHDQ
SDUDVLWHV LQIHFW RUQDPHQWBDUDWIKNRPRRUASHEHWBRF

\Y; 1 >,) @

+XWVR® %UD]HMQRUDXJKDGQ: DQG 7 UM G8R
ORQRJHQHDQ SDUDVLWH FXOWXUHV FXU$B®WQWHIF KL T
3DUDVLWRQ@RZ)) @
9DXJKD@® DQG &KULVWLVRQ$QRSORGRWOMAWYR D QH:
$XVWUDOLDQ VSHFLHV DQG WKH ILUVW $I6\VRDHP DWER U
3DUDVLWRORIJI\>,) @
%DVWRYV *RPHOD/HYDXJIJKD@® -HUUS OF&RZHQUHUDEGOH\
DQG +XW&RQ (YLGHQFH RI PXOWRSKQERGRIP-EMA]RD

&LOLRSKRUD LQIHFWLQJ $XVWUDABWHYLDOPHGDUHBYVKWRY

x >,) @

i
6FKRODUVKLS GXULQJ &DQGLC



3HQQQBJIDXJIJKD® )LYD] DQG OF(ZDQ &KDSWEKHPLFDO
LPPRELOL]DWLRQ Rl HODVPREUDQFKY DW X6KDWNDO6HD :R
6PLWK ' :DUPROWV ' 7KRQH\ 5 +XHWHU 0 O0XUUD\
(ODVPREUDQFK +XVEDQGU\ 0DQXDO 5HFHQW $GYDQFH\
WKH 5HODWLYHV 2KLR %LRORJLFDO 6XUYH\ 86$ YLLL
9DXJKDQ *U%WHNHERVVWHODRG +XWVRQ &OHDQHU ILVKHV I
VKULPS GLYHUWYWOPDQWLB QURI FOHNELD @ G/ \AFAKR-MH\H V
IDI >) @

9DXJKD@® &KLVKR®PDQG +D-QVHQ (OHFWURFRW\O® ZKLWW
JHQ Q VS ORQRJHQHD ORQRFRW\OLGDH +HWHURFRW
RQHILQ HOHPWNHFFDBBIQNLEDH DW 7ZR 2FHDQV $TXDUL

6RXWK SBIDUBVLWRORJ\ 5H¥HDUWBEK @

6\PSRVLXP SUHGKQWOWPRX®HGEVHQWHU XQGHUOLQHG

9DXJKD@ *UXWWH)HUJIXV RQKEXWV.RQ &OHDQHU VKULPS

ELRFRQWUROV )RXUWK $XVWUDODVLDQ 6FLHQWLILF &RQ
$X VW U D-OLD\

+XWV.RQ *UXWWHWLOT VID]QID X JKD @ ,QWHUDFWLRQV EH\
FOHDQHUV DQG FOBNEWUDLOKHY 6FRRALGW\ RI )LVK %LR
&KRQGULFKWHK\PQIBBRRHW\ 7DVP R QAHS \$ X P BHIWD O LD
OLWFKHOSKULVWLVRRQ./$\DQBD XJIKD @ +H[DERWKULLG
SDUDVLWHV IURP 5DMLGDH VSHFLHV RI 6RXWK $IULFD
$IULFD &RQIHUHQFH* 6 RXWK/WIULFD

IDXJKD® 7UXMROQDEHPQG +XWBWRQ &OHDQHU VKULPS KX

MDQLWRUYV GRXEOH DJHQWYV RU VNLOOHG VXUJHRQV" |

&RSHSRGD +HURQ ,VODQO\$XVWUDOLD
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&KULVWLVRQ®D XIKD @ $P\ORRGLQLXPLRFHDIOMDWXP ILV

SRSXODWLRQV DQG LWV SRWHQWLDO LPSDFWV IRU ILQIL"
RI' WKH $TXDFXOWXUH $VVRFLDWLRQ RI 6RXWKHUQ $I1U
2FWREHU

IDXJKD® DQG &KULVWLVRQ$Q LQYHVWLEIP\WRRGLRILXP

RFHOQDWPOPSWLYH ILVK SRSXODWLRQV LQ 6RXWK $IULFD
IDUPLQJ LVKGE YHWND UFKH DHGR KIRHQ RUPXWIVRDPD ODVLDQ $TX

$QLPDO +HDOWK 6FLHQWLILE RBRGIQDHUMQFH &DLUQV $XV\
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6WDWHPHGRQRQ MEKRWKR QR |

J)LQDQFLDO VXSSRUW IRU WKLY UHVHDUBK QWY 5 URL 6N &/ E!
7URSLFDO )LVKHULHV&BQOHSHXBRFEXEFNMOQRAH -DO@E V( GRRN H L
8QLYHUVLW\ VXSSORPSHHOWMHGLEN WKHMHDDEKRUTIDLEQPEY *UDC
&RRN 8QLYHUVLW)\

, ZDV DZDUGHG WKH FRPSHWIWDIGKD WGIW FHHNIDMAMIFRLQLBSO
$XVUDOLDQ *RYHUQPHQW {DPGI W & R RIU 18 @ WE B B VENFWRARGRINU V |
8QLYHWWLW\ IRU D SHULRG RI WHKKUHH R DBRBUDFRYBGIIUHHD WAKH F

DW -DPHV &RRN 8QLYHUVLW\ DQGVEODVHBOYSWMHIEOMMH Q@ RY H

VWLSHQG

&KDSWH®@W UL ESQHR[D\Q*GXV S/ HU&RDWN O O RX \WDARID 6
$OH[DQGUD *UXWWHU DVVLVWHG ZLWK WKH BRQRASIWKD®
PDQXVFOURLSN &RVWHORBLBUED® HGI WWKLHR RJIRH Y MIK® W KH LQF
RI )LJXUHV DM@GDVVLVWHG ZIDMWKH £ QWU RHGDWYQVWHG ZLW
LGHD VXJJHVWHG WKH LQFOXVLRQ RI )LIJXUH SURYLGH
HGLWRUSDEUWDWLRQ 9DXJKDQ ' % *UXWWHU $6 &RVW
&OHDQHU ILVKHY DQG VKUYD®X W YR Q VR WK OHIER DQU HV \

DQG )LVKHULHV 1IDI

&KDSWHRQWULSEXWRQBURPWWHU +XJK : )HUJXVRQ 5KRQGG

+XWVRQ
$OH[DQGUD *UXWWHU DVVLVWHG ZLWK WKH FRQFHSWXDO
PDQXVFULSW +XJHRYHIBIHKY RRPWKRORILFDO LQWHUSUHWDW

iv
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VHFWLRQV DHEGERMRWUDEKRRESHDUVRQHY VXIIJHVWHG DOO VW
DVVLVWHG ZLWK WKH LQWHUSUHWDWLRQ RI WKH PRGHO RX
LGPRG H[SHULPHQGWRYOLGHGLWXH ILQDQFLDO DO/MWMHYNNDRANH
DQG SURYLGHG H&LWRWLBQ VI CBSIKDWY ' % *UXWWHU $ 6
5 DQG +XWVRQ . 6 &OHDQHU VKULPGEDDUG HNY X R ORRQK

‘2, \% \

&KDSWHRQWU ISEOHYVRQ8UD 6 *UXWWHU .DWH 6 +XWVRQ
$OH[DQGUD *UXWWHU SURYLGHG HGLWRULDO DQG IRFDO GL
FRQFHSWXDO LGHD DQG H[SHULPHQWDO GHVLJQ SURYLGHC
OLYHVVEGREFNRVIGHG HGEWWDWDL® Y XBBERIKWQ ' % *UXWWHU
6 LQ SUHOMDQHU VKULPS DUH D VXVWDLQDEOH RSWL

IDUPHGE FUMHKQWLILF SHSRUWYV

&KDSWHRQWULERW[RDWNG UD .® WK W WXHWYV R Q

$OH[DQGUD *UXWWHU SURYLGHG HGLWRULDO VXSSRUW .D!
DQG H[SHULPHQWDO GHVLJQ SURYLGHG WKH ILQDQFLDO D
SURYLGHG HGLWRWDWQRXSERUMDIYHU%S 68 DQG +XWVRQ
&OHDQHU VKULPS UHRRY H \&K FDNMHM-O WXIM (QYLURQPHQW

‘2, DHL

$SSHQGHER QW U LSRG BWOW WHQQ H BUBQ &KHQH\ -XVWLQ 0L
DQG .®OWHWVRQ
$OH[DQGUD *UXWWHU DVVLVWHG ZLWK WKH FRQFHSWXDO ¢

+XWVRQ DQG 'LDQQH %UD\ DVVLVVOHG HZ BW W L WK 6 WAIRA FGHHSM

\'
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+XW¥ SURYLGHG WKH ILQDQFLDO DVVLVWQGQF®LVYRHY WRKHN S
SURYLGHG HGLMRURALDKY VRGP SNBRJ,WVWH 89 ILOWHU VSHFWUDO

JUDQWHX HOHZHOO\Q zZZ3 0/&[OD[ FERR DOVR VXSSOLHG W

HOHFWURGIUFPDLOULRQLWR XWXKSXEOAWHKREBSXV KINBWGEOD
UHIOHFWDQFH ZDVHQBEWERB\BDQG -XVWLQ ODUVKDOO ZKR

HOHFWURQLFDOO\

&RS\ULJKW QRWH
(YHU\ UHDVRQDEOH HIIRUW KDV EHHQ PDGH WR JDL!
FRS\ULJKW PDWHULDO , ZRXOG EH SOHDVHG WR KHL

RULQFRUUHFWO\ DFNQRZOHGJHG

Vi
6WDWHPHQW RQ WKH &RQWULEXW



6 WDWHPBQQWBRR L F\ZHDM@IG U H

2Q0H WKRXVDQG IRXU KXQGUHG D Q @& FSKILHMW\CBALD GLEIGH (Y X G X
FRLRLGHVODQFHRODWNKY FDOFDUHPENMWHXGDQWKLDV VTXDPLS
/\VPDWD DPERLQHOQVWBWBQRSXV RDEBULRBKNVULGHOOD DQWRC
ZHUH XVHG WR JHQHUDWH WKH UHVHDUFK UHVXOWV RI WKL
$00 DSSOLFDEOH LQWHUQDWLRQDO QDWLRQDO DQG LC
DQLPDOV ZHUH IROORZIDF LSOQUPHOWKRXEL@KE -DPHV &RRN
RIILFHU DQG HWKLFV DSSURYDO ZDV JWXNH®BHSUNRH VWP 1
&RRN 8QLYHUVLW\ (WKLFV &RPPLWIVGIG 3HYBSWQGQXPEHU
FRQIRUPLQJ VWULF® @HWR DMMHRQUWLHRW IR XW LQ WKH 1DW
5HVHDUFK &RXQFLO $XVWUDOLDQ FRGH IRU WKH FDUH |
WK HGLWLRQ XQGHU 6HFWLRQ RI WKH 1DWLRQDO +HDOW
'KHUHSRVUVLEOH FIRUIKRH\GHIVQ F HRU® WXVFDWKIHW GLG QR
UHTXLUH KXPDQH HXWKDQDVLD DV DQ HQGSRLQW DIWHU
PDLQWDLQHG LQ XWRHG®E LQJWKRI BI® WHOH 3DUDVLWRORJ\ /DER
DGGLWLRQDO WHDFKLQJ BQBFWH\RWBNOXUEHRUWIYT X0UF X € WH URH | H
WKH KDWFKHU\ IURP ZKLFK WKH\ ZHUH RULJLQDOO\ VRXUF
VKULPS ZHUH GRQDWHG WR IXUWKHU VWXG\ DW -DPHV &RR

WKHLRNEAHHD QG WKWLB@GRPHVWLFD

Vil
6WDWHRBIQQWDRQ(WKLFV DQG :HOID



'‘DWMVRUDJH

$00 GULORWPDZKLFK VWDWLVWLFDO DQDO\WHYV ZHUH SHUIRUPH

8QLYHUVLW)\ HOHF WWKRJXRIHG DRADID R WMIRIWDSHUPDQHQW OLQNV

& KD S WHMWW S G[ GRL RUJ E F E
& KD S WKHNWW S G[ GRL RUJ I E D |
& KD S WKHNWW S G[ GRL RUJ E GE D
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$FNQRZOHGJHPHQWYV

0\ 3K' VWXGHQW H[SHULHQFH EBRRRIQHMVLOKQHEG Z1ZW& a RRKG L
DQG LQFOXGHG WKH VXSSRUW RI PDQ WKDP®RINL ®XB\E D W A8 C
H[SHULHQFH ZDVDX@WRUWXRGRHQWHHQ \HDU SURIHVVLRQD(
$TXDWLF $QLPDO +HDOQWBW Q| 6RKXGHKGCSWHKHRSSRUWXQLW\ W
DQG JUDWHIXOO\ ZHOFRPHG WKH RSSRUWXQLW\ 0\ \RXQJ

HQWUXVWHG LQ PH WKH KRSH IRU D VWDEOH IXWXUH 'XULC
PLOHVWRQNNDW\ZHGGLQJ DQQLYHWARD WAKH BVROONHFGI QW R

VWXGHDWVEOHVVHG ZLWK WKH ELUWK RI P\ IRXUWK FKLOG

JUH\ KDLU 6DGO\ , DOVR ORVW P\ JRRG IULHQG 3MWULFN
SDVVLRQ IRU RUFKLGV +H ZDV DOZD\V IDVFLQDWHG ZLWK \

WKH FOHDQHU VKULPS 7KH WKLUG FKDSWHU RI WKLV WKHYV

$ QRWH WR P\ ZLIH«

2Q0\ \RX WUXO\ NQRZ WKH PDJQWWX & M JKI ¥ R DMWZAKHH W DAY HH
DUH <RX KDYH DOzZD\V EHHQ P\ XQZDYHULQJ VXSSRUW DQG
FRQWLQXRXVO\ WKURXJK WKH UROOHUFRDVWHU RI OLIH D
VDFULILFHG VR PXFK ROQVYRWR RXQSRWUW PDWHRDQG EHHQ WI

IDPLO\ , FRXOG QRW KDYH GRQH WKLV ZLWKRXW \RX E\ P\ \

$ QRWH WR P\ FKLOGUHQ«

$V \RX DUH FXUUHQWO\ WRR \RXQJ WR XQGHUVWIDQEHUKRS
WKLY PHVVDJH DQG WKH UHVSRQVLELOLWLHY WKDW DUH H:
DQG ZLOO DOZD\V EH WKH FHQWUH RI P\ UHDVRQV IRU WI

iX
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SURYLGLQJ \RX ZLWK D VDIH VWDE®®P BROGLWIRFDSOHUQXWD]
SUHMXGLFH KDV DOZD\V EHHQ P\ SULRULW\ <RXU PRWKHU |
FRPH WR $XVWUDOLD IRU PH WR WDNH XS WKLV 3K' RSSRUW
ZH ZRXOG GR DQ\WKMWXHHIRQILRX WKW RYH ZH KDYH IRU \RX

, ZDV RQFH WROG E\ D FDUHHU JXLGDQFH FRXQVHOORU
QHYHU EH DEOH WR SXUVXH D VFLHQWLILF GHIJUHH RU FDU
GHFLGHG WKDW , ZDQWAWWEKER R Q@ PEZOBLWLRQDO WZR \HDUV
FRPSOHWH WKH VXEMHFWYV , KDG SVUIHFPH. . ZEKVYOMH ZIRMMNHL R ID Q G
FRXOG QRW DIIRUG WR VHQG PH WR XQLYHUVLW\ VR , SDLG
%6F +RQRXBY¥ BEGUHHY ZKLOWLPRIUNGQRFDWQRBQ LV D SULYL
DQ\RQH GLFWDWH \RXU OLPLWYV DOZzZD\V IRVWHU D JRRG VH
KDUG WRZDUGV DFKARX ZQQDOREH YRDSVULVHG ZKDXWZLRDXO FDQ

OHDUQ D ORW DERXW \RXUVHOI LQ WKH SURFHVV

,QGLYLGXDO DFNQRZOHGJHPHQWYV

'U .DWH +XWVRQ

, DP LQGHEWHG WR 'U .DWH +XWVRQ P\ SULPDU\ 3K' VXSHU
FRPSOHWLQJ WKLV 3K' IRU EHOLHYLQQIGY RHS BXQW& BDOVRQR
PHW IHZ SHRSOH RI VXFK LQWHJULW\ SURIHVVLRQDOLVP K
D SDVVLRQ IRU WRSLF VHQWHQWKMW H LLQEVRISE RVMRDEKH L Q

3DUDVLWHR LW BDIONHUBDBKER MWKHDW VKH ZRXOG EH VXSHUY
GHFDGH ODWHU 7RZDUGV WKH HQG RI , ZDV IDFHG ZLWt
YDULRXV FRQWDFWV , KDG LQWHUQDWLRQDOO\ 2QH RI P\
&HQWUDO 4XHHYLODYE GYLFH&9 WR .DWH DW -DPHV &RRN

.DWH UHPHPEHUHG PH DQG HPDLOHG PH ZLWK WKH SURSRV

X
$FNQRZOHGJIJHPHQWYV



ZLWK KHU EXW WKDW , ZRX0OG QHHG WR SXW LQ DQ DSSOL
IDVW WIXH IXQGLQJ FDOO ZDV DERXW WR FORVH :LWK VHY
DSSOLFDWLRQV IRU WIHKMH GXW W H QDHWIHDQUIF&K BRYKWODUVKLS
I[URP 6N\SH DQG LJQRULQJ LQWHUQDWLRQDO WILFH GLII
GRFXPHQWDWLRQ DQG SURSRVDO UHTXLUHG IRU D WLPHO\ \
:KLOH P\ ZLIH DQG , DUUDQJHG WR OLTXLGDWH RXU DV\
FRYHU WKH FRVWV RI WUDYHO DQG WKH DVVRFLDWHG UHT)>
WDNLQJ WKH WLPH WR YLVLW SURYVSHFWIOYHWR X\HQWZ HD 6
KHU RSLQLRQ RQ WKHP DQG SKRWRV .DWH DOVR NLQGO\ G
$v D VPDOO WRNHQ RI P\ JUDWLWXGH , GHVFULEHG D Q
SDUDVLWH RI ILVKHV VSHBIQRSQREHGFXY KHKEKRRERKIULV KHG
LQ WKH LQWHUQDWLRQDO MRXUQDO 6\VWHPDWLF 3DUDVL)\
HWHUQDOO\ JUDWHIXO IRU WKH RSSRUWXQLW\ DITRUGHG WF

IRU P\ IDPLO\

S3URIHVVRU 'HDQ -HUU\

O\ VHFRQGDU\ BKXLVRXWBKHPHO® G RI DTXDERQWXW®RKX IRU ZRUG'

HQFRXUDJHPHQW DQG ZLVGRP

‘U /HROQLH %DUQHWW

JRU VHWWLQJ WKH ZKHHOV LQ PRWLRQ

(PHULWXV 3URIHVVRU 5KRQGGD -RQHV

SURIHVVRU -RQHVY KDG WKH SDWLHQFH WR WHDFK PH KRZ \

ZLWK WKH 5 VWDWLVWLFDO SODWIRUP 3URIHVVRU -RQHV D

Xi
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FUHDWHG {kKDEBDEWBILQO\ EXLOW PXFKREXKBUWKMW HQ DIMIHBDE
WKHWBQJIJXDJH EXW XOWLPDWHO\ HQMR\HG LW ZKHQ , JRW L

WLPH DQG SDWLHQFH DQG IRU GHPRQVWUDWLQJ D QRYHO

‘U $OH[DOQGUD *UXWWHU

, ZRXOG OLNH WR WEKBQOGUHFIKXKWWHRWGY BOHDQLQJ V\PELRYV

YDOXDEOH VXJIJHVWLRQV GXULQJ YDULRXV H[SHULPHQWDO

'U SLFKDUG . QX RNRHP\S DRMHH

, ZRXOG OLNH WR WKDQN 'U .QXFNH\ DQG KAWXWMBIG INRXY W &
(SLQHSKHOXY (FBLRIHGKWO XV IWR@FWKOIDWXWDWFKHU\ LQ &I
HIWHQVLYH H[SBKDBWEAWY RIDQG DQG IRU VRXUFLQJ

=H\ODQLFREGHOOIRD PHIWRHRYHUWH D SH@RD®WRW FXOWX

oOU -XVWLOQ JRUUHVWHU &RUDO &RDVW %DUUDPXQGL

, DP JUDWHIXO WR OU )RUUHVWHU SV R D0 RQR RLUIURM BRE)V KR §

IDUP LQ %RZHQ IURP ZKLFK WR FUHDSKB DIWFHIUPDQHQW FXO

O\ ODFEOWHY LOUNKH BDUDVLWRORJ\ /DERUDWRU\

, MDQN $OHMDQGERURIGHKMILOGBH[DQGHU %UD]JHQRU 'U *LC
"-RQDWKDQ %DUWRQ -XOLDQ :LOVRQ .DWLH ORWVRQ DQG :
WRRN RQ WKH DPELWLRXV &URFRIQW U R Q GH MBI VXHEQ W THRHIQ W
WKDW WRRN MXVW RYHU PRQWKV ,Q DGGLWLRQ , DP JUL

\HDUV WKHLU WHDP VSLULW DQG IRU SROLWHO\ SXWWLQJ

Xli
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,QVWLWXWLRQDO DFNQRZOHGJHPHQWYV

7KBXVWUDOLDQ *RYHUQPHQW

'LWKRXW WKH VXSSRUW RI WKH $XVWUDOLDQ *RYHUQPHQW
UHVLGHQF\ , ZRXOG QRW KDYH EHHQ DEOH WR WDNH XS WK
IRU WKH DZDUG RI WKHHUDPBAEBNMGHDW E R QOF-& RBARVUW KLS ZKLFK
XQLYHUVLW\ WXLWLRQ IHHV SURYLGHG D JHQHURXV OLYL
VWXGHQW KHDOWKFDUH , ZRXOG QRW KDYH EHHQ DEOH WI

WKDQN \RX 7KH DVNDOWIULQFH QBIHD

*UDGXDWH SHVHDUFK 6FKRRO *56 -DPHV &RRN 8QLYHUVLV

, ZLVK WR H[WHQG P\ JUDWLWXGH WR WKH *56 LWV 'HDQ DC
RSSRUWXQLW\ IRU WKH DZD WG ORG XWKH , RNWHHUDQ - W HRFKIR@ L2
DGGLWLRQDO 3UHVWLJH 6FKRODUVKLS , DP DOVR JUDWHIX
ZLWK IXQGLQJ WKH GDLO\ RSHUDWLRQV RI P\ /SURMWMBW D (

YLWWRWIXYDVPDQLD IRU HEERBSWHHUQWDWLRQ LQ

7/KH ODHLDOG $TXDEXOWXUH 5HVHDUFK JDFLOLWLHY 8QLW C

, DBUDWHIXO WR %HQYBRHWDWQE.BRGUHZ 7KRPSVRQ RI 0$5)8
ZLWK FRQVWUXFWLRQ Rl WKH ODUJH VLPXODWHG UHFLUFXC
SHIREKRDSWHU IRU WKH LQVWDOODWLRQ RI OLJKWLQJ WK
VHDZDWHU SXPS UHSDLWQBQ GV K H STKERKHBISEIFHD IRIH

QXPEHUV RI OLYHVWRFN EHIRUH DQG DIWHU H[SHULPHQWD\

Xiii
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$EVWUDFW

*OREDO DTXDFRBEWHKORSPHMVDOFRQEWH[BD@WVYRGXH WR Wk
GLVHDVHV 7R PHHW WKH JOREDO GHPDQG IRU SURBWMLQ D
DJURZLQJ FRQFHUQ LIVQ WK BBRHXYCHIDRBHP HQW RI1 GUXJ DQG F
YDULRXV SDWKRJHQV DYE®XVLQ@] BEDVKWHFWABDUFRQFHUQ
UHJXODWLRQ DQG VXUYHLOODQFH IRU UHVLVWDQFH LQ W
FRXQWULHV ZKLFKSQRAMRDEOSWRGXEWLRQ ORVVHV GXH WR
FRPELQHG DQQKGIOQBRIW HLFOHOLRQ

%LRFRQWUROV VXAKDYW EGHROQMHEA WKFFHVVIXOO\ LQ V
WR UHGXFH WKH LPSDFWV RIK HFKV RSN HDW UWGEWIHDQ DOPH |
PLOOLRQV RI 8BKDWQQXDWION RQOPSORDWSEQH WKH EHQHILWYV
FOHDQLQJ V\PELRVLV IRKHIERY HURSPXHQWL RIINEW R A R BMHDRYH
PRGHO ZDV ERUQ RXW RI WKH QHHG WR ILQG DOWHUQDWLY
VHD OLFH ZKLFK KD GEOHYHORSRIGUHYEYMWDWQFH WR DOPRVW
GUXJ RU FKHPLFDO DSSOLFHIPWRIGRI®V L \7 K. JAOCH D\QHEW H WK X O
GHYHORSHG LQWR LWV RZQ DTXDFXOWXUH VXSSRUNWLQGXV
PRGHO ORRQIDG DT XKD FXHWWKIBLFUNDHS® L FD O O\ E DAKGH UHBVAVE U LLFFRY
IHHGLQJ SUHIHUHQFHV Rl WKH FOHDQHU ILVKHV WR VHD OL

7URSLF DO WUWRS VKEO BITXIDE XEIQEIENHY H U VLRAR\QRIPLFD O O\
LPSRUWDKQWFWRRBDWXWLIEWHWVKHUH DUH QR NQRZQ FRPPHUFLEL
2QH RI WKH OLPLWLQJ IDFWRUV IRU FRQVLGHULQJ D FOHDQ
WURSLFDO DTXDFXOWXUH LW SWKIHE KQ LK \SRR EDBDQHW\ IRV K N

HFWRS IZU DOR XV RARSHW L IAKILAK\ IDQIHYWMA GLYHUVILQIVEBK FRLBRHG

Xiv
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+RZHYHU WKH EHQHILWV Rl FOHDQLQJ V\PELRVLV LQ D ELR
WKH XVHHRI FIOBIDRS ZKLFK DUH QRW VXVFHSWLEOH WR ILVk
,QLWLDOO\ FOHDQLQJHWPEKRWLL\R Q HETHADMMH LW UHSUF
EXW VLPLODU PXWXDOLVPV &OHDQLQJ V\WRLRVIKOZDKWU M
LPSRUWDQFWSRYLSUHBERPPXQLFDWLYH EHKDYLRXU DV WKH
FOHDQLQJ L QMOHU DFRRRSIBHR&DIMY. YRH FOHDQHUV DOE® WKHL
SURY 7GIVBN D E MWKV HEX Q GDW LR Q ROXERK/IWIKRWR RQSWRHHW U X (
@WXUH RI FOHDQMWWKW/ EHEPH F DRGEH D QMY JU IDER QL QL HA/L | | H
HFRQRPLFDOO\ LPSRUWDQW HFWRSDUDVLWHV IURP FXOWXL
,Q &KDSWKH FOHDQHWP VWDLPBERLVKHRAQ \KQHTXLYRFDO
WHQG WR LQMXUHG ILVK FOLHQWV L QUB OMWKHHG FIOHDQP® D W
VLIQLILEBP@XWFRHG E\ WKH SUHVHQFH RI WKH VKULPS 7KLV
ZRXQG FOHDQLQJ RI LQMRBHGSILB/EL € L. WIDRREDRILHAE Y M X UW K H U
WHVWHG WRJIJHWKHU ZLW K WK ANBMORPBKSHV \BESREDXE. 16 FILOHO/T
DOQWRQBURXQVW WKUHH HFRQRPLFDOO\ LP SR UVWNREHF\WRRS
LUULVFRIQDAMHREHQHGHQ LPR QIRIMHQGIDH \O D Q GFREXGB® B Q VD V
OHHRK WKH | LU WKDSEWHKIR X O K DD@HDUBHIGXLFAHSG HFWRSDUDVL
GLBRKETXDAQODOO WKH FOHDIQMBY WRIGWHEGHIUHG WKH VXSHL
IRU LWV DELOSIVUDVRWGHHW EFHLYHQ WKH SRWHQWLDO RI W
UHLQIHFWLYH VWDJHV LQ DTXDF X O W XYUMZE\D WM. O HFRVUH. G DM
ILUVW FDQGLGDWRIUUFDHDWHQJIVKQPERS UHFLUFXODWLQJ DTXE
DIJDUQVWWUHQODHNLQJ FX QW XQHSKHORNWSEDQFHRODW XV
/\VPDWD YZWMDWDHG DV LI) RIKOFRMMUYRIAFDQWO\ UHG X
UHLQ I HRAW LR Q KQGIHF LUFXODWLQJ DT X D& X ORMKRIGV KR QG L W L

WKH HJJV WKDW DWW W IIHAKMWR Q ILWAKHGSRWHQWLDO RI FOHDQ
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XVHGE WRDHIHWRSDUDVLWHY LQ DTXDFXOMWIHW VOFRMKR B B UDMNMIW
DQG FRPRRIQWKH WUDGLWLRQDO MAEXWURD RIQHDB WXISIXUIDWV X VU
LPSHUYWRX&UXJ DQG FKHPLFDO WUHDWP HRDN W XIKSR XW HWK
UHGXFWLRQ RI FKX\PNWDS&SDOWWPEGREWELUHDNY RQ ILVK EXW DO
UHDO VROXWLRQ WR UHGXFLQJ UHLQIHFWLRQ FUBVMXUH E

VWDJHV WKHUHE\ UHGXFLQJ LQIHFWLRQ VHYHULW\ WUDQV

XVi
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7DEORRWHQWYV

6FKRODUVKESQ&EXLGIDQUX U H 7

6WDWHP H@RQRQ MEKFW K R Q \R | 0%
6WDWHPBQWBRL F\ZHMIG UH YLL
'DWMV RUDJH YLLL
$FNQRZOHGJHPHQWYV L
$SEVWUDEW =LY

&+$37(5 *HOQE WA GXFWLRQ
*OREDO DTXDFXOWXUH DQG GUXJ UHVLVWDQFH
7KH XVH RI FOHDQHU ILVKHY DV ELRFRQWUROV LQ DTXLEL
&OHDQLQJ V\PELRVLY DQG LWV DPELYDOHQFH
&OHDQHU JXLOG K\SRWKHVLV
&OHDQHU GLYHUVLW\
&OHDQHU VKULPS DQG WKHLU SRWHQWLDO DV ELRFRQW
5HVHDUFK DLPV K\SRWKHVHV
J)LIXUH DQG 7DEOH
)L &XPXODWLYH UHFRUGV RI FOHDQLQJ V\PELRVLYV SUL

7TDEOHPSLULFDO VWXGLHYVY GHPRQVWUDWLQJ VLIJQLILFDQ'

VKULPS

XVii
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&+%$37(5 &OHDQHU ILVKHY DQG VKUHR® GXIWURDRWR | DFRDG DQULI

VI\PELRVHV

$EVWUDFW

,QWURGXFWLRQ

&OHDQLQJ V\PELRVLV

&KHDWLQJ

+RZ PDQ\ FOHDQHUYVY DUH WKHUH"

&RQVLGHU WKH JUH\ OLWHUDWXUH ZLWK FDXWLRQ

/ILWHUDU\ DPELJXLWLHYV DQG LQFRQVLVWHQFLHV

"LHW

ORUSKRORJ\ FRORXU DQG EHKDYLRXU

7KH HFRORJLFDO LPSRUWDQFH RI FOHDQLQJ V\PELRVHYV

([SORLWDWLRQ RI FOHDQLQJ LQ FDSWLYLW\

J)LIXUHV DQG 7DEOHYV

)LJ

)LJ

)LJ

)LJ

)LJ

)LJ

6\PELRVLV

&XPXODWLYH UHFRUGV RI FOHDQHU ILVKHYV DQG FOHR

1HZ LQWHUVSHFLILF FOHDQLQJ UHFRUGHG EHWZHHQ

SHSUHVHQWDWLRQ RI DOO NQRZQ DTXDWLF FOHDQH

&OHDQHU ILVKHVY UHSRUWHG SHU JHRJUDSKLF UHJLF

&OHDQHU VKULPS UHSRUWHG SHU JHRJUDSKLF UHJL

7TDEOHLVKHV FXUUHQWO\ FRQVLGHUHG DV FOHDQHUYV

Xviil
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7TDEORUXVWDFHDQV AXWHG QW &0 HRP@HULG/

7TDEOHFWRSDUDVLWHY RU HSLELRQWYV FRQVXPHG E\ FOHI

&+$37(5 &OHDQHU VKULPS DUH WUXH FOHDQHUV RI LQMXUH

$EVWUDFW

,QWURGXFWLRQ

OHWKRGYV

6WDWHPHQW RQ WKH ZHOIDUH RI DQLPDOV

$QLPDO PDLQWHQDQFH

,QIOLFWLQJ ZRXQGV

SKRWRJUDSK\ DQG VRGLXP IOXRUHVFHLQ VWDLQLQJ

,PDIHQDO\VHV

6WDWLVWLFDO DQDO\VHYV

$QDO\WLV RI EHKDYLRXUDO GDWD

$QDO\VLV RI MROWLQJ

&RORRWDO\VHYV

7LVVXH OIMDOIW LV

SHVXOWYV

$QDO\WLV RI EHKDYLRXUDO GDWD

$QDO\WVLV RI MROWLQJ

&RORRDO\VHV

XiX
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7LVVXH ®OPDW LV

'LVEXVVLRQ
JLIXUHV DQG 7DEOH

)LJ &OHDPRQWRBRFWWLRQV
)LJ 3KRWRKWUDQG LPDJH DQDO\VLV H[DPSOHYV

)L 7RWDO FOHBWQVEDWRLMPMHPERLQHQVLYV

)L 1XPEHU RI MROWYV SHU ILVK

YLJ (IIHFW\RRDWD D P ERRQ QWK U @ FSKHRNUHCP

)LJ 7UHDWPHQW HIIHFMDV ROSERRALILF$VNLQ GDPDJH

)LJ ([DPSOHV RS$HROLF VNLOVEXBDIHVKQDY VTXDPLSLQ

TDEORRQILGHQFH LQWHUYDOV IRU ILRRSGGHOHFWY LQ W

&+$37(5 &OHDQHU VKULPS DUH D VXVWDLQDEOH RSWLRQ WHE

IDUPHG ILVK

$SEVWUDFW

 QWURGXFWLRQ

OHWKRGYV

$QLPDVMKLFV

$QLPDO DFTXLVLWLRQ PDLQWHQDQFH DQG ELRVHFX

3DUDVLWH VRXUFH DQG PRQRFXOWXUH PHWKRGYV

([SHULPHQWDO GHVLJQ

,QIHFWLRQ RI ILVK ZLWK SDUDVLWHYV

XX
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SUHSDUDWLRQ RI HQYLURQPHQWDO VWDJHV

6WDWLVWLFDO DQDO\VHYV

SHVXOWYV

&U\SWRFDU\RQ LUULWDQYV

1HREHQHGHQLD JLUHOODH

=H\ODQLFREGHOOD DUXJDPHQVLV

'LVFXVVLRQ
JLIXUHV

)LJ ([SHULPHQWDO GHVLJQ

)L (IIHFW RI FOHD@UHUSWKRIFIDAB R@ LUULWDQV

)L (IIHFW RI FOHDQHRBEHQHEPEPHBQR® JLUHOODH

)L (IIHFW RI FOHD@HWDIRUERE RKPOOD DUXIDPHQVLV

)L 6 KULPS VSHFLHV SHUIRUPDQFH PDWUL]

&+$37(5 &OHDQHU WHKRRPI SDUDVLWH HJJV RQ ILVK FDJHV

$EVWUDFW

 QWURGXFWLRQ

OHWKRGYV

$QLPDWKR/LFYVY DQG ZHOIDUH

$QLPDOV DQG H[SHULPHQWDO GHVLJQ

6WDWLVWLFDO DSSURDFK

XXi
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SHVXOWYV

'LVEXVVLRQ
JLIXUHV

)L :DWHU TXDOLW\ SDUDPHWHUYV

)L *UDSKLF UHSUHVHQWDWLRQ RI WUHDWPHQW GHVL.

)L 9LVSDADVLWH HBJIHHAHSBRDAWVR @ VW WHIWDV L Q J

)L (IIHFW\RRDWD RQWRDMIDHGHQUIBLDUBFKWORE

7TDEOHL[HG HIIHFWV UHJUHVVLRQ UHVXOWYV

&+$37(5 *HQHUDO GLVFXVVLRQ
SHIHUHQFHYV
$SSHQGLFHV

$SSHQGEQLPHVXDFSURYDO

$SSHQG'HWDLOV RI WKH VWDWLVWLFBPO DQDO\VHV IRU &

$SSHQG'HWDLOV RI DbOO VWDWLVWLBDO PRGHOV IRU &K

$SSHQG'HWDLOV RI DOO VWDWLVWLBDO PRGHOV IRU &K

$SSHQGEGEGLWLRQDO KLVWRORJLFDO LQYHVWLIJDWLRQ |
7DEDEE JXUH

7DE®H 3DWKRORJ\ UDQNLQJ DQG FDWHJRULHYV
)LJ$ 3DWKRORJ\ UHFRUGHG LQ ILVK FRKDELWHG ZL

$SSHQG89 UHIOHFWEBOFAD QBBWHKQRBXYV KLVSLGXV

XXIi
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JLIXUHYV

)LJ$ 6SHFWUDO SHUL1RWMRDQRSBIRW EDPHUD ILOWHU
)LI$ 6WHQRSXVSKRWSR BXD/S KHBEDXEHGHU ORQJ

)LJ$ B6WHQRSXV8EBLWSHEBWYDO UHIOHFWDQFH

)LJ$ /\WPDWD DPERRMRMLYS KHGDXEGHU ORQJ
)LJ$S /\WPDWD SKRWRIWDSKHGDX®GHU ORQJ

)LJ$ B8URFDULGHOODSRRWRDENSKHAOLNENG HU ORQJ

$SSHQGIHUPLVVLRQV

*ORVVDU\ RI WHUPV

XXlii
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&+$37(5

*HQHUDMURGXFWLRQ

1.1 Global aquaculture and drug resistance
*OREDO DTXDFXOWXUH SURGXFWLRQ YROXPH VXUSDVVHG F
IRRG ILVK IRU WKH ILUVW WLPH LQ JRRG DQG $JULFEXOV
)$2 S$OWKRXIK WKH VWDWLVWLFV D& GDPHAVWKE Y X \GHDG
UHFHQWO\ EHHQ TXHVWLRQHG VHH 3DXO\ DQG =HOOHU
ZLOO JHQHUDWH D VLJQLILFDQW SURSRUWLRQ RI WKH JORE
%\ DTXDFXOWXUH SGE RGKFKBRUAED Z LW BHHHW WKH GHPD
JURZLQJ SURWHLQ UHTXLUHPHQW EXW VXJIJHVWLRQV RI I
HPHUJLQJ LQ WKH UHFHQNWODLOHUNMWERNYHY 6DMHHQ AR QWG H U |
VLIQLILFDQW FRQVWUDLQW WR DT X DHW CD/OX LEHK W [ B/IXGI VUL R QW
ZK\ DUH PXOWLIDFHWHG $ VLJQLILFDQW FRQWULEXWRU F
UHVLVWDQFH W RVWODRHANLVPHWOIREOWDYQ WKHY UHJDUG D SDUDOC
EHWZHHQ WKLV IXWXUH pJOREDO DTXDFXOWXUH GLVHDVH F
KHDOWK FULVLV UHVXOWLQJ IURP JHQHUDO BQWLPLFURELI
'LWK WKH H[FHSWLRQ RI WKH GLVFXVVLRQ RI DQOGNENQHI P
DQG DWWE UHVSHFWLYHO\ WKHVH WZR pFULVHVY L\
GLVVRFLDWHG LQ WKH OLWHU DWRRHL VKO WILQ Q IRQPD QWKH V|
RI DOO DQWLELRWLF GUXJV ILQG WKHLU zZzD\ LQWR WKH |
LQ VHOHFWLYHOUHMDWWDQMHG SQEHUVVRQ DQG +XJKHV
$QWLELRWLF GLVFRYHU\ GDWHR YHLRANRWE&H Q L FA1LOMK. @V KR
JOHPLQJ DQG SHDNHG EHIRUH 'DYLHYV +RZHYHU °

JOREDOO\ LV LQ GHFOLQH ZKLOH LQFLGHQFH RI DQWLELRW
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8QVXUSULVLQJOAPHWRHRBWVIRW BRW[WU DQWLELRWLF XVH L
DQLPDO IRRG SURGXFWLRQ  QRWDE®D\ 1KL D YD € X & WSXDWHV O
SULRU H[LVWHQFH DQG DYDLODELOLW\ RI WKHVH GUXJV
DTXDFXOWXUWHHPRLGBRXQB®MK DO EXW DOVR GXH WR WKH LG
LQYROYHG ZLWK VSHFLILF GUXJ GHYHORSPHQW IRU D GHYH
'UXJ UHVLVWDQFH LQ DTXDFXOWXUH L\H®HD® BRFXPBQW H
0F)DGH Q )IHOWODQJ6HYDHMGDO /HHW DO 6PLWK “RQHYV
HW DO +XDHQW DO .DWKBWHRO :DWHWWW DO +RZHYHU WKL
GRFXPHQWDWLRQ LV UHJLRQDOO\ ELDVHG D G® DUFHHI OMKERV \
OHJLVODWLRQ DQG WKH PHDQV WR HQIRUFH WKH UHJXOD\
LQFRUSRUDWH DGHTXDWH VXUY H LM D@F HDMMMWGIUXJ UHV LV
7KHVH FRXQWULHV FRPELQHG FRQWULEXWRE DS SURY{DFER®
SURGXFWLRQ ZKLOH WKH UHPDLQLQJHW DY ODWIWOD X QUH

VXJIJHVWLQJ WKDW RXU FXUUHQW XQGHUVWDQGLQJ RI
H[LIXRXV

%XW LW LV QRW RQOR DQOWLFE RRWD BV VW K DDW IS DEMKE R P L |
5HVLVWDQFH H[WHQGV WR RWKHU GUXJ FODVVHV DQG F
DYHUPHFWLQV D]DPHWKLSKRYV RUJDQRSKRVSKDWHW S\UH\
DO ZKLFK DUH W\SDFDIOFRXORMUXNUDQDSHVWLFLGHY DGDSWH
DIJDLQVW ILVK HFWRSDUDVLWHY 7KHVH GUXJV DQG FKHPLF
DTXDFXOWXUH DJDLQVW FDOLHW BFASHRVG NBOROLFH &RV
RWKHUKGYKINOVR EHHQ HPSOR\HG DJDLQVW GLIIHUHQW SUTF
YDULRXV DQWKHOPLQWLFV VXFK DV SUD]JLTXDQWH®GPHEH QG
HFWRSDUDVLWLF KHOPLQWKY H J %XFKPDQQHDQG %MHUUH

&ERVWHOOR )RUZRWCEDO &KMHMIWO 3UD]JLTXDQWHO WKH PRV
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Rl WKHVH DQWKHOPLQWLFV ZDV GHYHO PSHB®W @ VWURDWP H
DIJDLQVW VFKLVWRVRPLDVLV WK H HG LO/B\D ¥ R GFCKIAKONGY E R P |
'HLQODQG LQ KXPDQV ,W UHPDLQV WKI8FRQ®DW RIVIRFEIWV
VSHFLHWWLBO EXW UHVLVWDQFH WR WKH GUXJ ZDV ILUVW
)DOORQ DQG 'RHQKRII PDWHKNMDWWKRXJIJKRGHOOLQJ SUHG
UHVLVWDQFH LQ VFKLVWRVRPHV MIlR RFFXU RQO\ E\ VHF

ORQRJHQHDQV DUH IODWZRUP SDUDVLWHV RI ILVKHV RI
UHYLHZ EHWKRDQQDQG WKH PIXA(BUBDVRQ @QWHO KDV EHHQ L
XVH LQ DTXDFXOWXUH 3UDJLTXDQWHO KDV EHHQ XVHG LQ I
DQG LV VWLOO ODUJHO\ XQUHJXODWHG DG HISH 6L WHQ W D (
%REDGMOOD 7XEEV DQG 7LQJOHHW D OL O<DIPIFRARMWIRO
,OMW DO )RUZRR®O 3DUWMLOOH 5HVLVWDQFH RI PRQRJI
SUD]LTXDQWHO KDV QRW \HW EHHQ IRUPDOO\ UHSRWWHG D
LQ 6RXWK $I1ULSDISURVGRKEXD MPPRQERXV6FKOHIHO LQIH
WKH PRQRUSIQHMDWD QXFORODPMUL . : &KULVWLVRQ SHUV
RU QRW WKH PHFKDQLVP Rl SUD]JLTXDQWHO UHVLVWDQFH L
WKH VDPH UHPDLQV XQFOHDU DOWKRXJK FRQVLGHUHG OL
ELQGLQJ FDVWHWWSERBWES URWHLQV LQ VFKLVWRVRPHV :DC
DOVR SUHVHQW LQ PRQRJHQHDQV -RQHV DQG *HRUJH

7KH HPHUJHQFH RI UHVLVWDQFH Rl SDWKRJHQV WR YDL
WR KDYH D ODUJH LPSDFW [RIG D TIXDW R OWKKH HXDAX WMWY E XSV
DTXDFXOWXUH FRPPRGLWLHV $TXDFXOWXUH GLVHDVHV DU
QHIJDWLYHO\ LQIOXHQFH SURILWDELOLW\ GLUHFWO\ )LQD
PRUWDOLWLHV SKRIHOLR YN NVREM WERFDMRD HFWLRQV WKH |

RI LQIHFWHG OLYHVWRFN HWJDQJDEZQG WKHRDVWRFLDWHG FI
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PLWLIDWLRW/DOHWWREDOO\ WKH ILQDQFLDO ORVVHV IUR
WRH DSSUR[LPDWHO\ RI WRW®BE B UREOOCIWDRG PING W@ D QL
HVWLPDWHG FRVW RI a86 BLOO/MOHLRXQJI K) MDKFEFL QW N HY HO RSP |
UHGXFHG WKH QHHG IRU VRPH DQWLELRW LW¥XHWHDO X EXRO W,

YDFFLOQHY DYDLODEOH DJDLQVW SDHMWVOLONL'DP GDHDW 'V RI ILV

1.2 The use of cleaner fishes as biocontrols in aquaculture
7KH SUREOHP RI GUXJ DQG FKHPLFDO UHXDLhNFXVDWXW HAVOR 0O
$DHHQW DO DQG UHVWULFWLYH GUXHWXDKE UMISPOOUDWGRDY
DOWHUQDWLYH LQYHQWLYH VROXWLRQ LQ FOHDQHU ILVK E|
IRUPLGDEOH ILOMHOHG GIRQIRHW TXD MM RBHW LQGXVWU\ LC
ULJKW VHHW3IRDHO®OLRFRQWUROV E\ GHIL@HVNMR @ UXIW QQ VPN
FRQWURO RWKHU SHVW VSHFLHVY VHH 7UHDVXUHU , Q
ELRFRQWUROV KIDHHR®WRRY.HQOMR FHALB EW HYIHQGVFR WA HD W P H C
WKXV UHGXFLQJ WKH XVH RI GUXJV DQG RWKHU FKHPLFDC(
7TUHDVXUHU $GGLWLRQDOO\ FOHDQHU ILVKHV SURY
HQYLUM@FHQWLHQGO\ DOWHUQDWLYH WR WUHDWPHQWYV WK
3RZHOODO

2ULJLQDOO\ LQWHUHVW LQ FOHDQHU ILVK DV ELRFRC
$WODQW L B DVDFORP RIQDAIDH X V ZDV JWEHUDVRH)GIHUR®OJ ZR
cVPXQG %MRUGDO ZKR UHFRUGHG 3FOHDQLQJ V\PELRVLV EI
DQG OLFH LQIHVWHG VDOPRQ™ LQ 1RUZD\ IURP 7TKH ZRU|
WKH SXEOLVKHG REVHUYDWIiIORD® GR IG B RWR\RW ZRR)IREVH
ZUDV/ WPV KRG XV PIHDRBNXV SUHWVIIQODEUXMVPWBORBWDEUXYV

UXSHVWQQWDHXV FOHDQLQJ YDULRXV FOLHQW ILVK VSH
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*QDWKLD PHMRQW@DUXY H IRQPWK SXEOLF DTXDULXP DW WKI
$VVRFLDWLRQ 3O0\PRXWK 8

%MRUGDOTV ZRUN ZDV WKH ILUVW WR GHPRQVWUL
HFOHDQLQJ V\PELRVLVY EHWZHHQ ZUDVVH DQG $WODQWLF
RI ZUDVVH DV D ELRFRQWURO LQ VDOPRQ DTXDFXOWXUH %
&HQWURODE UXQ GIPRG MWK VU X S BQBEALXY PILOWBOW X V V\Q
/ RVVLIDWXVXQFWLRQDO FOHDQHUV LQ VD OMFO® b WXDIEXD V¥
SHUIRUPHG LQ 6HSWHPEHU Rl WKH VDPH \HDU %MRUGDO
1RUZHJLDQ VDOPRQ IDUPV DQG RQH LQ 6KHWODQGD® . :

6HSDUDWH WULDOV FRPPHQFHG LQ ,UH®WDI®@ DHWEZHHQ
E\ ZUDVVH KDG EHHQ XVHG LQ 6FRWODQG DQG Lt
XVHG DQQXDOO\ LQ 1RUZD\ 7UHDVXUHU RI6 PH@ESE D W
IRXUWK V'S H/MLEHNVX X VEHS B DO X V KDV H[FHHGHG WKH D
ILVKLQJ TXRWD RI PLOOLRQ SHU VGHFLHYGL@HLIRBRHD\ D
&XUUHQWO\ WKIBWXDBRBKFKRHP QRIO EDVHG WILURHD AP\ WR/OI F
WKH FRPPHUFLDO SURGXFWLRQ RI FOHDQHU ILVK VSHFLHV
WKH (XURSHDQ $WODQWLFHWDPRQ LQGXVWU\ 3RZHOO

7KH XVH RI FOHDQHU ILVKHV LQ DTXDFROMRADHVLRQUR!
DYDLODEOH FOHDQHU VSHFLHV 7KH ZUDVVH VSHFLHV XVHG
WKH ZRUOG DQG HDUO\ DWWHPSWV DW XVLQJ RWKHU VSH
7UHDVXUHU 7URSLFDO RKHHD QW BIRIEL B M Q YD\N DY WD R |
DOVR EHHQ LQYHVWLIJDWHG H[SHULPHQWDO®WRW WKHLU S
WHVWHG WKKOBFDRLRXRIKONHH 5RELQVODFDWR®XY RFHDC
-RUGDQ *RELMRVRPIHYPE RFHDQREWSHFWLYHO\ DJDLQVW W

IHREHQHGHQQD FRHO®MMOMEK@ L FAOWBRUEZBB HKUVEULG WLODSLD
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7KH VDPH SDUDVLWH ZDV WKH (RE¥\D\R L @&BR WEKDD UDRR WXIS \ X

5RVD BI\D QHESOLRW SKHO XV PRAHLQDWKXY %UD]HW BO 6R X
(ODFDWLQX\KRFHIDYRSEHHQ XVHG H[SHXMWPMDR@M\O DQ 2D

&XYLHU 5DFK\FHQWURQLEQOQBIEXP 6HULRDD GKPWRLOL

W EWHW DO

1.3 Cleaning symbiosis, and its ambivalence

7KH XVH RI FOHDQHU ILVKHVY DV ELRFRQWUROV HPSOR\V Z}

%MRUGDO DQ LQWHUVSHFLILF PXWXDOLVP &O
GRFXPHQXHH EHWKHYV VLQFH WKH HDUO\ V. WKDQNV L
ILPEDXJK ,Q KLV SXEOLFDWLRQ 3&OHDQLQJ V\PELRVL

ILPEDXJK GHVFULEHG LQ JUHDW GHWDLO DQG ZLWK JUHDW
GLYLLKR WKH ODWH VV BLYGZRIUB ZDV PHW SRVWKXPRXVO\ ZI
I[URP WKH VFLHQWLILF FRPPXQLW\ ITURP XQTXHVWLRQHG DF
+REVRQ IRVRUBGMF®DO DQG HYHWBEGDWD GV RWWH
5HIDUGOHVY WKH REVHUYDWLRQV RI /LPEDXJK DQG KLV
FRQVWUXFWLYH GHEDWH DQG D UHQHZHG VFLHQWLILF LQV
WR WKLV GD\

&OHDQLQJ VI\PELRVLMQBEG ENERZDOG\ ) 6I¥MMKH UGPRY DV R
HFWRSDUDVLWHY EDFWHULD GLVHDVHG DQG LQMXUHG WL
RUJDQLVPV IURP FRREBIRRYWNGH\GRRMA WKHQ SXEOLFDWLRC(
V\PELRVLV KBGHVMWAAUGIDOA )L J DW DQ DYHUDJH UDWH RI
WKH ODVW \HDUV ,Q DQ DGGLWLRQDO UHPDUN )HGHU
EHKDYLRXU EHWZHHQ WKH FOLHQW DQG FOHDQHW BWNRYLGEH

KDV EHHQ DVVXPHG E\ PDQ\ WR PHDQ WKDW WKH FRQVXPSYV
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HFOHDQHUY RUJDQLVP IURP DQRWKHU RUJDQLVP L H WKI
HFOHDQLQJ V\PELRVLVY H J /RVH\ + REW D@ % M&ADEDND)]
3RXOLQ DQG 9LFNHW\W DO &DDWHIKNRL HW&RBQH)\
/HHW DO 6D]LPD HWURZQ+XHEQHU DQG &KDGEHMWNO D

OLOLW] DQG +XWVHRW DO BRHUDHW WKH FXUUHQW GHILQ
ERXQGDULHY EHWZHHQ WZR VHSDUDWH PXWXDOLVPV
,VDEHOOH &{Wp ZDV WKH ILUVW WR UHFRJQLVH WZR G|
&{Wp 7KH ILUVW LQFOXGHG pLQFLGHQW B ®RFODXVDICR@D Y
DGDSWDWLRQV WR D FOHDQLQJ UROH E\ D FOHDQHU DQG
DOJDH DQG RWKHU HSLELRQWYVY DUH VLPSO\ UHPRYHG IURP
IURP DQ\ RWKHU VXEVWUDWH LQ DQ &SBK bI\\DFBLOMNWL E QPO
LQWHUDFW LRWQKHEHWRBHMIMIVLQLY DQG JVYBKUZKPBIOMLXY URE)>
ILOOMHERVBAZDUW] &KORURSKWKD@®RQD®DDWHL]L DQG W
$SOLGBIXYALIQ\ VISP DVRXBLRPH (GZDUGWWHDWKMHQ
HFKLQRGHUPV DQG VSRQJHV FRSHSRGV DQG WXQLFDWHYV
LQ &{Wp3ODQHV PL@QQDX\K V DQG O&DUHHWKWM D G- DVUXH
ILQQDHXV 'DYHQBRKIDWHU FUD\ILVK DQG HEWDMFEKLRI
$PHW DO WKH DRMWRRSOHXUD K H&PWSKWHREG LW LFI
MQ$ DXUHRUDGGDAVREMWHRYHQXV:VWRREGF K EXHIM X ULWVHQ
DQG 3RXOLQ YDRYGX WIQ WHKQRB B Y HW W DQG FULQRLG\
DQG $OYDUR 7KH VHFRQG PRUH FRPPRQ FDWHJRU\ L
GULYLQJ VSHFLILF EHKDYLRXUDO DQG WRD SK®RHIRGLED 0O DIC
&{Wp (I[IDPSOHV LQFOXGH WKH PRVW IDPLOLDU LQ WKF

IDEURLGHV GAIPQBQ B WMXYQHV
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+RZDUG Y)HRRROHWUDWLYH KBRBEHDWMN YIRVRVYH EHHQ QHJ
HIWHQWH RDAN RI TXDOGRIRSEBUWEK®WRYHRHN XOWHG LQ LWV FR
UHVHDUFKHUV LQ DOO LWV SHUFHLYDEOH H[WUHPHV +RZH"®
SIURP DQ\ VXLWDEOH VXEVWUDWH" &{Wp GRHIMWRW T
RUJDQLVPV QHHG WR EH FRIJQLWLYH RI LOQWHQW DQG PXVW
RU WR UHMHFW $[HOURG 7TKHUHIRUH FXUUHQWO\ FOHI
HIDPSOHV RI DQRWKHU VHSDUDW/{D RISBR IIHWUXIPIGY W/ IRF DL\Q FE ICX
FOHD Q@K Qp ,QGHHG FOHDQLQJ V\PELRVLV KDV DOVR EHHC

WKH OLWHUDWXUH LQ WHUPV RI GHFRPSRVLQJ DQLPDO ZD\

7UXH FOHDQLQJ VURELRSDVHVKHRRISRIUDWLRQ IURP ERW
FOLHQW DQG LV SUHFHGHG E\ YLVXDO VLJQDOOLQJ RU E\

UHIOHFWV WKH LQWHQW DQG JHQHUDWHV WKH UHFLSUREF

ILPEDXJK OHU@\ OF&XWFKHRQ DQG OF&XWFKHRQ )H ¢
$EHO $EOH $\OLQJ DQG *UDFH +REVRQ
\PDQ DQG :DUG ODF)DUODQG DQG 5HHGHU 6DU

6XODN %Q RIFQUB D*®LOPDQ &RUUHGRU OLQVKXO

6WDXIIHU HWGRWRDQ 7CHMW HXDO *DOHRWH DQG 2WHUR
3RXOLQ DQG 6DKVMBMHDOD6D]LRW DO &{Wp
6KLJHWDDO 6D]LPD DQG ORXUD 6D]LPD DHMB BOD]LPD
BKHSKHW @O &UDLJ % HWWVRQFLH@®RUWRQ HW HEH
+XHEQHU DQG &KDGZLFN &KDSWHEOXV
7HUPV RI LQWLPDF\ DQH XV M®P EQRWKW GODWHUDWXUH WF
WKH UHODWLRQVKLS EHWZHHQ FOHDQHUV DQG FOLHQWV F

MIDFXOWDWLYHY DQG pREOLIJDWHY FOHDQHUYV KDYH WUDGL
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FOHDQHWBHERQMWUDWH OHVV UHOLDQFH RQ FOHDQLQJ V\PE
ZLWK FOLHQWYV DV RSSRUWXQLWLHYVY SUHVHQW WKHPVHOY
MXYHQ@E@HWY 7KH WHUP pREOLJDWHTY LV L@ DVKFDXW DWKHH VIHVFIO
UHO\ VROHO\ RQ FOHDQLQJ V\PELRVLV IRU WKHLU VRXUFH |
GHGLFDWHG FOHDQLQJ OLIHVW\OH WKDQ IDFXOWDWLYH FC
WKRVH VSHFLHV ZKLFK WHQRBQSURG®LW KB W HDIHDIQLLFK VUMD
FOLHQWYVY /LPEDXJK %RWK FDWHJRULHV RI FOHDQHUYV |
PDUNLQJV ZKLFK SHUVLVW DWUKDROX RKRMRJ K H IRU CRUH RE

MXYHQLOHV

1.4 Cleaner guilchypothesis
7KH VLPLODULW\ LQ FRORXUV DQG PDUNLQJV LQ GLIITHUHQ
FOHDQHU JXLOG PDUN K\SRWKHEHWIHDGWURSRVBEBEQHER I( VEK
VXJIJHVWLRQV ZDV WKDW D SURPLQJ}HEW VEDLPHNED@IBWH/U D O
RFHDQBBHBSUHVHQWLQJ WZR VHSDUDWH ILVK IDPLOLHV LQ VI
WR GUDZ DWWHQWLRQ WR (WKHWIHT®GWDQHU SRWDIWXYV (LE
UHSUHVHQWHG WURSLFD@WIDHDHMW & UBPRWWIDR/ LS B/HPISHUL
UDWKHU E\ D EODFN VSRW RQ WKH FDXGDO SHGXQFOH RU F
SKHQRPHQRQ zZzDV IXUWKHU VXSSRUWHG E\ REVHUYDWLRQV
=HDODQG |IDFXKDOWMDUWZYBVVWHYV ZKLFK GLVSOD\HG HLWKHU SU
FDXGDO EDU $\OLQJ DQG *UDFH 7TKHVH JXLOG PDUNYV Z
WR IXQFWLRQ DV YLVXDO FRQVSLFXRXV FREAWUBQYW DQ
ILVKHV EXW WKH SUHVHQFH RI ERWK JXLOG 3W\SHV™ LQ W
UHIOHFWHG WKH 3PRGLILHG VXEWURSLFDO IDXQD" $\OLQJ |

RQO\ ILQG SDUWLDO VXSSRUW IRU WKW BXVYBG RDUKWHK\ DR\
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VXSSRUWLQJ WKH K\SRWKHVLV LQ 3REOLJDWH  FOHDQHUYV
EHWZHHQ SDWWHUQV RQ IDFOMHWRWUYH FROHDYGHU W EE 8 HQ
IODZHG DV WKH\ FRPSDIUADE DWNILFEEDE B BAGWEX U J
VSS \HWHQEWHRDOO\ IRU IDFXOWDWLYH FOHDQHUV VHH $:
DW OHD VW ORDH KR® DOWHKERBEE XOWLPDWHO\ EH VKRZQ
IDFXOWDWLYH FOHDQKK GHERIMH DQG LQWHUHVW LQ WKH .
ELDVHG DW WKLV SRLQW WRZDUGV PDULQH VSHFLHV XQWL
IUHVKZDW 30O CPDVGIRYEBVLORMDMXW XV  ENEDIUOY DOKKRHQLOHV
RIWKLYV VSHFLHV DUH IDFXOWDWLYH FOHDQHUV DQG DOVR
ZKLWH VWULSH®JD&®DUYDOKR

/IDWHUDO EODFN VWULSLQJ ZDV ODWHU GHP ®P@VWUDWH
WR DFW DY \DNVORGH VLQB DA LRIKFOWDWXV DWWUDFWLQJ FOL
PRUH LQLWLDO DWWHQWHWRQ OW D WIWUW RWHRP H6 &N PPHIK H [
VWULSHG *REOLJDWH FIPOHSBXNIDNY KDHERQJIJHU FO/MWDROHQN KD
FRQJHQHUV &{Wp EXW ODWHUDO VWULSLQJ LQ ILVKH
SUHGDWRU\ SLVFLYRURXV OLIHVW\OH DQG DV D SUH\ GHI
SHUFHSWLRQ RI SUH\ E\ I$WHIB® W-RRIZ/ WEKHHX BRVFQLHQW VSt
GLIIHUHQFH" $ SDUWLDO H[SODQDWLRQ PD\ EW ROHUHG E\
ZKR GHPRQVWUDWHG WKDW FOHDGOWD QHBVVRHOWPHU LD Y
ODWHUDO VWULSEQXDWVIRB FEDQMQPEWIRPPXQLFDWLRQ RQ D VP
VLJH 6WMRWPBO 3UHGDWRUV DUH JHQHUDOO\ ODUJHU WKE
VWULSLQJ DV D GHIHQFH PHFKDQLVP LV DVVRFLMHWHBOZLWK

WKHUHE\ DFWLQJ WR GLVUXSW WKH SURILOH RI LQGLY
WKHLU FOLHQWY DQG DUH QRW NQRZQ WR FRQJUHJDWH L

HJ /LPEDXJK JHGHU LQ SDIQ *BODFHLQJO\ H J $\
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,Q WKHLU SK\ORJHQHWLF B@DDOV L VRKIQBGUQ R VHHY LIGHIDFH
UHODWLRQVKLS EHWZHHQ ERG\ VL]H DQG FOHDQIWQDEHKD"

XVHG PD[LPXP ERG\ OHQJWK RIHFGK®W'Q M KHH DF\W DRE X\
VHH DOVR 7DEWOW DABFHUQIWBDVH )URHVH DQG 3DXO\ E
RI VSHFLHVY OLVWHG DUH IDFXOWDWLYH FOHDQHU ZUDVVHYV
ZUDVVHV DUH SURWBRBLWRXV WKH PDIKUR W\ Rl ZKLFK FKDC
SDWWHUQ DV WKH\ JURZ DQG FKDQJH SKDVH +HHPVWUD D
PDUNLQJV SUHVHQW LQ MXYHQLOHY RU HYHQ EHWZHHQ VH]
VSHFLHV REHP®UHMAQOW LQ DGXOWV DW DOO 7KLV SRWHQW
LQ WKH DQDCHWLD (R| $,QQD®GLWLRQ UHFHQW HYLGHQFH SUF

DOVR LQGLFDWHG WKDW RWKHU PRUSKRRRGEEGHB MMUDk
RQWRJHQHWLF VKLIWV DZD\ I[URP FOHDQLQJ EHKDYLRXU LC
FRQVLGHUDWLR{QNRD BWWRPMUWKH VLIJQLILFDQFH RI ODWHL
GHSHQGDQW LV SUREDEO\ WKH PRVW DFFXUDWH

$UQHW DO ZHUH WKH ILUVW WR GHPRQVWUDWH DQ HYR
DQG ILVK FRORXU ZKLFK ZDV LQLGLDWDO AWK R XIEBOW RQLIQ \
DO &KHOW\DO GHPRQVWUDWHG WKDW ERWK BRORQU D
FOHDQHU ILVK VLIJQDOV ,Q WKHLU DQDO\VHV FOHDQHU ILV
\HOORZ ERG\ FRORXUDW ER® DRRPSD UBBWWR KQRQ EOXH ZDV
FRQVSLFXRXV FRORXUV DJDLQVW WK HHBRIJIDOL QWW | VEDUF MK UC
ILVK YLVXDO V\WWHPV LQFOXGLQJ VHQVLWHWLWO WR XOW
VXJIJHVWLQJ WKDW EOXH FRO F{WYDIWDIQRFG! \J § B O Y HQDW KIH DR
ZDV WKH PRVW HIIHFW LYDIL DR @QWELD/AWL DR GROERN W HDUQV DQ
EDFNJURXQG EXW D FRPELQDWLRQ RI \HOORZ EODFN DQG

YLVLELOLWW &KHQH\
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7R GDWH DOO ZRUN GRQH RQ WKH FOHDQHU PRMOG K\S
RI ZKLFK LQKDELW VKDOORZ LQVKRUH FRUDO UHHI V\VWHP
LQYHVWLIJDWHG IRDEWKR®HI WRKRHFOHDQHU VKULPS VSHFL
PDUNMLQQFOXGLQJ FRQWUDVWLQJ OR®\MU D QWU LSHW WRHIU @
VKULPS LQFOXGH UHG DJDLQVW ZKLWH QRW EODFN DV LQ
VKULPS PD\ VHUYH DV DQ LQGLFDWLRQ RI WKHLU FOHDQLQJ
ZKLWH DQWHQQDO BU.DQWGXMQ XDO ZXRIWHOOSSHGRDVE® R
VWULSH :LFENVWHQ 7KH ZKLWH FRORXU RI WKHVH VWU X
IRU D VKULPS WR EH FRQVLGHUHG D FOHDQHU :LFNVWHQ
%UXFH ZKR PHQWLRQHAGHW®BWY QRIMUHO\ SRVVHVV WKLV
+RZHYHU QRW DOO FOHDQHU VKULPS KDYH Z&KWWGERBEW H C
WHQXLGRVIMUQY S8URRBULGHOOD BOWRIQEUXX@BODODHPRQI
&DRD G ZKLFK PLJKW LQGLFDWH WKDW WKH FRORXU ZKL)\
GXULQJ WKH GD\ .DUSOXV HPSKDVLVHG WKH SRWHQW
FRORXUDWLRQ LQ YDULRXV FOHDQHU VKULRK H\WQ & RVWKWVDF
SDWWHUQ VKRXOG EH LQYHVWLJDWHG +RZHYHU ORQJHU Z
ILUVW ZLWK GHSWK LQ VHDZDWHU WKXV UHG DSSHDUV G
FRORXUDWLRQ PD\ VHUYH BDQHQDEOLES IREVBLRQ \LIQDOWM F
SFOHDQHU EOXH” JXLOG BW DUWORSRROG \E WEKHQHRU FOHDQH L
EH H[SHFWHG WKDW GHHSHU ZDWHU FOHDQHU VKULPS ZRX
GLVFXVVHG EKDMKMPWRIDYW.ROHW PLJKW EH XVHG WR VLJQEL

WKLV VSHFWUXP 7KLV UHPDLQV WR EH WHVWHG

7KH FOHDQHU JXLOG K\SRWKHVLY DQG UHIOHFWDQFH ZDYHOHQJWK
EXW IDOBDWRRWWMLEDLQ WKHVLYY LRSMBG/W LB DO RW \ GRXN HGCERAE Y HFUIRYODOMLER
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1.5 Cleaner diversity
$W WKH WLPH RI KLV SXEOLFDWLRQ /LPEDXJK PHQWLR
ZHUH FRQVLGHUHG DV FOHDQHUV 7KLV QXPEHU JUHZ WR
7DVVWHDO @ O 7TKHUHDIWHU &{Wp SWEQULVKHIG VKKHHY WDHYAE
FUXVWDFHDQV 7KH UHYLHZ RI &{Wp HIFOXGHG IUHVKZ
IURP FDSWLYLW\ EXW DXJPHQWHG WKH OLVW FRWVDWJXFW
+RZHYHU UHFRUGV RHWDRDQ@H FOHDQHWU VIKWWLPS ZHL
WLPH E\ ERWK UHYLHZV DV ZHOO DV I[UHNWZDWHUQFOHDAOQ
DGGLWLRQ VRPH PDULQH ILHRAHY @ LY WWHKE EO BB H [FEONGHIO
FRPPHQW RU &QNHUURUGEHSKDPLD WKEHEUIHU $WQSEL FKWK\V
VWULIDQYWYHU RWKQBHYEHZV 26 WHVL RYKG MUHVIEG G
PDULQH ILVKHV DQG DGGLWLRQDO FOHDQHU VKULPS KDY
OHWDWXUH &XUUHQWO\ WKH XVH RI WKH WHUP pFOHDQHU \
VXJIJHVWLQJ LQFRUUHFWO\ WKDW FOHDQHU MKIMMNSDB[FHH
,Q DGGLWLRQ WR WKLV PDQ\ RI WKRX~NOBD®YHUDWSXL
WD[RQRPLEDMWHRXNOLVW RI JOREDOO\ NQRZQ FOHDQHU V.
FRXOG SURYLGH LQIRUPDWLRQ RQ ZKDW SRWHQWLDO FOHD(
DSSOLFDWLRQV LQ GLITHURHOWFEPSOVVRI WK ZROVBBGOQLQJ
DVVRFLDWHG OLWHUDWXUH UHTXLUH IRUPDO UHYLVLRQ W

FXUUHQW NQRZOHGJH RI ERWK FOHDQHU | L&/KIHSMWIHQ@G VKULF

1.6 Cleaner shrimp and thepotential as biocontrols in aquaculture
&OHDQHU VKULPS KDYH KLVWRULFDOO\ EHHQ JLYHQ OH?
GLVFXVVHG E\ /LPEDXJKHW DO /LPEQXRWKHUV FRPSDUDWLY

RI FOHDQHU VKULRBY LD/AW FIOH WXKHUNKNLSMWRULF FOHDQLQJ V\PE
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UHDVRQV LV WKDW PDQ\ FOHDQHU VKULPS VSHFLHV DUH FU
QRFWXUQDO GZAIG G-lUAHY LHAHHEQHU DQG &KDGZLFEN E ZKL
WR RENVRIRISYSBHHUHG WR WKH FRPSDUDWLYHO\ FKDULVPDWLF QL

D UHVXOW WKHLU DELOLW\ DV FOHDQHUV ZDV EDVHG RQ \

&KDFH 5DQGDOO ILPEDMWK DO )HIGHED XJK @GWUD QG
:DIHQEDEFK &ULDOHV DQG &RUULGRU OF&RXUW DQC
':LENVWHQ DQG WKADVHKGIIRBQMW \VREOINRWHG E\ VWXGH

PDLQVWUHDP PDULQH UHVHDUFKHUYV DOLNH\ 7 X%XQW XNDXOVW |
RSSRQHQWVHRIUWROHKDQRY GRJPD ZHUH PDNLQJ WKHLU FDVH

HPSLULFDO HYLGHQFH IRU FOHDQLQJ E\ D FOHDOQ W W QLA

:LOOLDPV DQG LURQLFDOI®PH WEKBEKHWERPHRQHWRISWE&H U
&KDFH ZDV XVHG WR MXVWLI\ RSSRVLQJ DUJXPHQWYV
$QF\ORPHQHVZONGRBWRIYIHG E\ /LPEDXJK UHPR

IURP FOLHQW ILVKHVY DQG ZDV FRQVLGHUHG FDSDEOH RI U
PDQLSXODWLRQ RI RYHUO\LQJ DQG VXUURX®G®LOD VNLQ /L
+RZHYHU QR YHULILDEOH HYLGHQFH ZDV DYDLODEOH LQ V>
$GGLWLRQDOO\ 7XUQEXOO FRXOG QRW SURYLGH DQ\
W KP W5 H G HWUWRRMHG FRQVSLFXRXV FUIXMW R ANDLQ H¥FKR SDO G
SDUDVLWH UHPQDQWY ZHUH UHFRYHUHG E\ 7XUQEXOO

FRQVLGHUHG E\ 6SRWWH DV JURXQGV IRU GLVPLVVLQ.
WKH ODWWHU REVHUYDW LS QVHGHILPPRIEED W W B G L FUMP R YZHKG @
MXYHQLOH LVR$SRGORBUDVKD/BEROY :LOOLDPV ZKHQ
+DHPXORQ |0 D YHRPLIQHDIMKX P ZHUH LQWURGXFHG LQWR D
%XQNDBIOLDPV DQG :LOOHMPRWKHU7KOHDQHU VKULPS VSHF

VWXG\ E\ %XQNIDP\YV DQG :LOOLD/RVPDWD QDB R Q
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BWHQRSXV XQAVBILBXY 6WHORSEXV VFXGMNMAMODWXVEXW QRQH F
VSHFLHV UHPRYWGEWQ\ SDUDV

$V D UHQHZHG LQWHUHVW LQ WKH DELOLWLHV RI FOHC
%XQN.QBOLDPV DQG :LOOLDPV IRXU DGGLWLRQDO HPS]|
WKH IROORZLQJ \HDUV GHPRQVWUDW LFQH W KR DUEEHFROR Y\H
HFWRSDUDVLWHYVY %HFNHU 1D @&NE ZDWDWEHRE D P HRMY V@ X Q G
RU WR FRQVXPH SDUDVLWH HQYLURQPHQWDO VWDJHV OLO
VWXGLHV FRQVLGHUHG RQO\ QWKUILRPSU VGHFERBV W R D WKIGF K
UHGXFWLRQ RI OLYH SDUDVLWH QXPEHUV 7DEOH

7KH FRQWUDGLFWLRQV GHPRQVWUDWHG E\ WKH VWXGL

DQG % XIQN®UHDPV DQG :LOOLDPV DQG WKH ODFN F
VDPH SDUDVLWHV E\ RWKHU FOHDQHU VKULPS VSHFLHV LV
QRW DOO FOHDQHU VKULPS SHUIRUP SDUDVLWH UHPRYDO F
WR UHPRYH RU FRQWXBP AH®RQRU QURKQ SRQ OV MS H RIWIDHE K\ | H
W K H FHRDIE O H DQG WKDW SDUDVLWHY DUH QRW WKH RQO\
VKULPS ,QGHHG WKH FRQVLGHUDWLRQ WKDW VKULPS ZKL]
WKHUHIRUH QRW FOHDQHUWXIQWICBHD L DRV QEX® OLOOLDPV

OF&DPRRM DO LV D IDOVBHWH@RISP\I KLY SSRRWY SHUIRUPH|
ILVK SDUDVLWH UHGXFWLRQ 7DEOH DQG KDV EHHQ TXt
VSHFLILF ODFN RVISHH WURQE8DEBAY DQG :LOOLDPWW D®F&D]

+RZHYHU WKLV VKULPS VSHFLHV KDV EHHQ REVHUYHC
SRVVLEO\ GHDGHWNRQ 6RERBG RWKHU FOHDQLQJ IXQFWLRQC
QHYHUHESIBIRUHG IRU FOHDQHU VKULPS EXW KDYH EHHQ DO

7LWHW DO LGHQWLILHG D puFOHDQLQJ GLVFRUGDQFHTY F

HYLGHQW E\ WKH ODFN RI FRPSHWLWLRQ EHWZHHXVKULPS
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HW DO VXJJHVWHG WKDW RQH H[SODQDWLRQ PLJKW EH Wk

GLITIHUHQW FOHDQLQJ VHUYLFHV 6RPH VKULPS PD\ IXQFW

ILPEDXJK &RUUHGRU &UXPS XVIHGA O DWK MAR HFQ
%DUEDGLDQ UHHI E\ FOHDQHU ILVKHV )RVWHU 6KULP
ILPEDXJK 7TKH SRVVLEOH IXQFWLRQ RI FOHDQHU VKUL

WR LQIOXHQFH ZRXQG KHDOLQG VLNWHWGWHRP B H ULGDH\OW L JD V

5HFHQWO\ OLOLW] DQG +XWVRQ GHPRQVWUDWHG
HFRORJLFDO IXQFWLRQ /RVADKND FIDFHDRRHOW KDY SO QR Q
VIPELRWLF FOHDQHU R\ XPWUDRJIL YK HD H® VWWRIHVH QMWID® DQ
RQFRPLUDFLGLD 1RUMMK+DBDPHRVQWEXEWG UHLQIHFWLRQ SUH}
DQG +XWVRQ 7KHUHIRUH FOHDQHU VKULPS FRXOG LQI
FRQWDFW ZLWK FOLHQW |LWKK DAK HDWH DD ¥ WY ROQW VXA HB QW H G
DOWHUQDWLYH VROXWLRQ DV D ELRFRQWURO DJDLQVW FHL
+XWVRQ

1R ELRFRQWUROV DJDLQVW ILVK SDUDVLWHV DUH FXU!
DOWKRXYIDWBWLF GLVHDVHVY PD\ DFFRXQW IRU EHWZHHQ D
LQ SDUWV RDWKHF$YHDHRQDOKLIQH RI WKH PDLQ UHDVRQV
DJDLQVW ILVK SDUDVLWHY DUH QRW HPSORHIBG X QUW KX ¥ DUM
GUXJV DQG FKHPLFDOV DQG D OXIVFNURIVRMOHFW RRIQNI IGIF MYLLY
H[SORUH DOWHUQDWLYH FRQWURO PHDVXUHV IRU SDUDVLW
GHYHORS WRZDUGV D K IEXKHH (S IDDHFWHIOF R IL Q HY BRIDAXM.OW X U H
LQLWLDWLYHV VXFK DV WKH 7N EGREDRERO PES RY LEFWD Q BH
DWWHQWLRQ ZLOO QHHG WR VKLIW WR IXWXUH DOWHUQDWL

(XURSH
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&OHDQHU VKULPS DV ELRFRQWUROV FRXOG FHUWDLQO\
OLPLWDWLRQV R$ CPRDKMXQIKUFIQMRBWU VKULPS PD\ EH DEOH
YLUXVHIWVURMVRRW VXVFHSWLEQKHUR FRN B GHFF R IO DIBHSE/ WW BQ V |
WKHP WR WKH FXOWXUHG G LEHQ WP ISR\ N & RWFR FADKHHD\ QZ RXQ O
ZKLFK PD\ SRVH D ULVN Rl SRWHQWLDO WUDQVPLVVLRQ R
FOHDQHU ILVKHV PD\ DOVR IDFH WKH ULVN RI EHLQJ LQIHFW
7KH (XURSEBQ EOBWVH VXFFHVV VWRU\ LV ODUJHO\ GXH WR
FDOLJLG VHD OLFH ZKLFK WKH\ DUH HPSOR\HG WR UHPRYH
UHVHDUFK KDV KLJKOLJKWHG\FAREWUH QY VYRPMSOOKY SILVK
SDUDVLWLVHG E\ DW OHDVW &BQH. RX WHYBR@ INBMIEPDRI) VSHF
DQG ERWK WKH ZUDVVH VSHFLHV DQG OXPSIAVKDPRBHEDXVF
SHUXUDRXWQJ &URVELH $BO@E\0RURXIMG QWWX@DW DO
WKH DHWLRORJLFDO DJHQW RI DPRHELF JLOO GLVHDVH Dt
.DUOVEWNDO _.DUOVEDNNDXJBMNQGO 3RZHWODO
3DUDPRHED ISHBSOWKRIHQLF LQ PDYS5 BDAXD\E XOW K DMV \ | LAVIKX
DO EXW UHPDLQV SULPDULO\ D SUREOHP IRU FROG ZDWF
3DUDVLWHV RI ILVKHV WKDW DUH DOUHDG\ SUREOHPDW
ORZ KWRHWLILFLW\ DQG D EURDG JHRPUPBEL O LXIPV RFIH.E ® IVWF
%URZQ%WWRZQ +RYDV&WBW\SWRFDU\RQURZQLWBREHQHGHQLD
<DPDJXWL YISSODONRFREGHO G BURYDPHQVHWEF GH 6LC
2JDZI®W DO &UXJFLHHMEIDO 6KLHM) DO ORHW DO DUH PRUH
OLNHO\ WR SRVH D ULVN IRU FOHDQHU ILVKHV LQ WURSLF
FXOWXUHG ILVK VSHFLH V3DW L DLLF JUHID \R € UNVIKED)M2L MW WL DQ (X
E 7KHUHIRUH WKHUH FRXOG EH JUHDWHU SRWHQWLDO U

ILVKHV LI WKH\ ZHHW HRPSIOR\HG LQ WK
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$SSUR[LPDWHO\ NQRZQ WURSLFDO FOHDQBNFVYKWLPS

UHJLRQ VEHWLOPSROWKXLV &RUUHGRU %DHQVFK C
&{Wp %YHFNHU DQG *UHWWEUZNXQRHFNHADODGR
%DH]D 2NXQR DQG %WXPKW .DUSBXV TR GHWHUPLQ

DQ\ RAWHKVSHFLHV ZRXOG EH D YLDEOH ELRFRQWURO DJHQW
UHVHDUFK VLPLODU WR WKDW GRQH E\ cVPXQG %MRUGDO
ZRXOG QHHG WR EH LQYHVWLJDWHG 3URVSHAWLGE HRAD WIK®
HIILFDF\ DJDLQVW HFRQRPLFDOO\ LPSRUWDQW WDUJHW SD
ILVKHV DPEQRWLFDOO\ L H DIJDVYWDWHNQULORWP B QW 3G\
$Q\ SRWHQWLDO FDQGLGDWH@WHID & B UVNKKIWLHPIS| W B H FARIXOIG
WR GHPRQVWUDWH HIILFDF\ XQGHU DTXDFXOWXUH RU VLP:

$Q LGHDO FDQGLGDWH ZRXOG DOVR QHHG WR EH UHVL

DQG SUHIHWMREBXOGWXYUH LQ FDSWLYLW\

1.7 Research aims / hypotheses

7KLV WKHVLY SUHVHQWYV IRXU GLVWLQFW UHVHDUFK DLPV .

WKHVLV FKDSWHUYV
$ UHYIRHWKH FOHDQLQJ V\PEL RV R HHIEYWW R M XRUH. J IDQEX
GHLWLRQ WR VHSDUDWH FOHDQLQJ VA\PELRVLV IURP
LQFLGHQWDSKBOWBHKDIMHG RQ WKH DPHQGHG GHILQLWLR
Rl DOO JOREDOO\ NQRZQ F O HIDXHHWH ULDAMK HYS QB IQLEPVRLLY XV RVIL
IUHVWED DQG PDULWB[WQRPLEQGO\ FXUUHQW
7KH ILUVW LQYHVWLJDWLRQ RI FOHDQHU VKULPS DV ZR

K\SRWKHVHVY WKDW FOHDQHU VKULPS GR DWWHQG WR W
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D WUXO\ FOHRGLOIWHBEERM/RQ DQG WKDW FOHDQHU

KHDOLQJ &KBSWWW

7KH GLIITHUHQW VSHFLILFRD QRSXW HROSHROUDHU DELWOLLAYS VS H |
DQWRRQVXPH WKH SDUDVLW L FWHHDY IHU FRR@P F@NHEDRNMIIADK |
HFRQRPLFDOO\ LPSRUWDQW HFW R SOKIDSM WY FR | WKL S
K\SRWKHVLVY WKDW QRW DOO FOHDQHU VKULPS FOHD
GHPRQVWUDWH GLIIHUH QMWHYMMHEL Q,1Q SGEH UDMAVH M U F
REWDLQH®@R DGAMQWLI\ D SRWHQWLDO FDQGLGDWH FO
WHVWLQJ XQGHU VLPXODWHG DTXDFXOWXUH FRQGLWLR
7KH HIILFDF\ Rl WKH FDQGLGDWH BBR DK HJ B K Q V VS WHSHH
1HREHQHGHQLIDQ IHFUMIOQID FXOWXUHG JURXSHU XQGHU

FRQGLWLRQV WHVWLQJ WKH K\SRWKHVLV WKIDVWBHYDQ
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SXEOLFDWLRQV

1XPEHU RI

&XPXODWLYH UHFRUGYV RI FOHDQLQJ V\PELRVLV Ol

)LJ

7LPHOLQH
$SSUR[LPDWH FXPX@MOWDODTVHIPD RIERU VYPEILRVLYVY VLQFH WKH RU
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7TDEOH(PSLULFDO VWXGLHVY GHPRQVWUDWLQJ VLJQLILFDC

&OHD®&HUP\S 3DUDVLWH 6LIQLILFDQWO' S5HIHUHQFHYV

$QF\ORPHQHVIYHRFWKXLY %HQHQGHYLQJ VS <HV %HFENHU DQG *UXWWHU
-XYHQLOH *QDWKLLGDH DQ( :LOG JXW DQDO\VH %HFNHU DQG *UXWWHU

$QF\OR P HQHHW SIED.F H -XYH@DQBRFUD: KOG PXPW <HV %XQN.QBOLDPV DQG :LOOLDPV
'LOOLDPV
1HREHQHGHQLD SHUJXHO@OE <HV OF&DPPRW DO /RHWWKDO
%XQN.QBOLDPV

/A\VPDWD DPEBHQHIOY¥LY 1HREHQHGRQIRWL VS  <HV OLOLW] DQG +XWVRQ
1HREHQHGHQKD ULUMOODH

/\VPDWD JUPEWKGROQ -XYH@DQ@BRFUD KDHPXOL 1R %XQN.QBOLDPV DQG :LOOLDPV

3DODHPRQ BOWKNH XV *\URGDFWRQ X\R UG P DB <HV gVWOL@FNR @ O
JHSHRSKWKHLUXYODHUNRYL 1RW H[SHULPHQWD gVWONQ@QWNVR D O

3D ODH P R Q5HOWKINDH V *\UR G D FW8\® X V 1RW H[SHULPHQWD gVWONQ@Q&NR® O

3HULFOLPHQHV,YADWDQ 1HREHQHGHQLD SDUJXHUDF 1R OF&DPPRW DO /RHWWKDO

BWHQRSXV XQMBILKX V -XYH@R@BRFUD KDHPXOL 1R %XQN.QBOLDPV DQG :LOOLDPV
1HREHQHGHQLD SDUJXHUDF 1R OF&DPPRW DO /RHWWKDO

BWHQRSXV VFEX@NA@ODW)> 1HREHQHGH QDD FRRIDDMXPL 1R %XQN.QBOLDPV DQG :LOOLDPV

8URFDUYRWOOB DLOH %HQHQGHYLQJ VS 1RW H[SHULPHQWD %HFBRG *UXWWHU

-XYHQLOH *QDWKLLGDH DQ(C :LOG JXW DQDO\WVH %HFNHU DQG *UXWWHU

7KH VSHFLHV QDPHKDIOQ 0 F RBIRERI@ H G H Q LEDX WHMLONH®DL LQ HUUR $ DU WHHUQ HRHUMF@®H W
WKH VDPH SDUDVLWIH PEMQ B/BWIERDNIDFIKOLW] DQG 1 X \WIMRHRO OOUHD H/) DD '"HP R QV W H B W\
HQYLURQPHQWDO VWDJHV QG JOHL @ BAFHULYRRWY WBIRROHIG |RU LYW RIG IR FIESRD XAPRQ DN ARAEWHH L

WKH KRVWRWWHVWHG IRU LW\ B BEQURD N WRV WH IRLR/XH
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&+$37(5
&OHDQHU ILVKHY DQG VKUHR® GXIWURDWR | DFODGH DQUIKD J V|

'DYLID XIKDED H[DEQGXWVIBURRVWIBQGR®WHVVRQ

ESHQWUAXVRMDLQDEOH 7URSLFDO )LVKHULHV DQG $TXDFXOWXUH
6FLHQFHY -DPHV &RRN 8QLYHUVLW\ 7RZQVYLOOH 4XHHQVODQG
6FKRRO Rl %LRORJLFDO 6FLHQFHVY WKH 8QLYHUVLW\ RI 4XHHQV!

L QVWLUWOWHQR 6FLHQFH 8QLYHUVLW\ RI $XFNODQG $XFNODQG

7KLV FKIDIWHO IDABBGIKD Q * U X0NSN6 & RVVWHOORG +XWVRQ
&OHDQHU ILVKHV DQG VKHYP® AW HRE LRV \ FIDHE ®L Q Bl V \

DQG&VKHU2ZHV DI

,Q WKLV FKDSWHU , DGGUHVV WKH DPELYDOHQFH RI WKH
HYDWMOPOHDQLQJ VI\PELRVLY DQG H[SORUH WKH GLYHUVLW\

PDULQH DQG IUHVKZDMMWRHLGHGQUHMMR YRHQAQWYVW WKHVLYV DLP

2.1 Abstract

&OHDQLQJ V\PELRVLYVY KDV EHHQ GRFXPHQWHG HMINSEDQWWY HO
\HDURBIOREDO FOHDQHU ®LY HVWLW DWNKFREYHVHNYY IURP J

UHSUHVHQWLQJ IDPLOLHYV DQG VKULPS W§BFLBVHMRP

&OHDQLQJ V\PELRVLV DV RULJLQDOO\F8RPXIHG D WL FDP HEGIGV

FOLHQW DQG FOHDQHU DV WKH FDWDO\VW IRU FRRSHUDWI

LQFLGHQWDO FOHDQLQJ ZKLFK LV D VHSDUDWH PXWXDOLYV

WKH MHG R fDMWHERS R VWUHBOOMMWR GHVFULEH D FRPPLWWHG F(
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ODULQH FOHDQHU ILVKHV KDYH GRPLQDWHG WKH FOHDQLQ
OLWWOH IRFXV JLYHQ WR VKULPS 7KH HQJDJHPHQW RI
FRQVLGHUHG FR GIWHIQNMUR KV BHWIWOMH HPSLULFDO HYLGHQF
IFOHDQHYLQKWIKMS FXUUHQW OLWHUDWXUH ZLWK WKH SRW!
,QGHHG WKLV WHUP KDV EHHQ XVHG LQFRUUHFW@JIRU WK
WKUHH IDPLOLHY B6WHQRSRGLGDH 3DODHPRQLGDH DQG +
RV\WPDWINVR DQBNVHQRSGXYLHU &DXWLRQ LV H[SUHVVHG LQ \
OLWHUDWXUH DQG DQHFGRWDO REVHUQDWURGW VRRO\VIHQ ME
SUHVHQFH RI VSHFLHV FRPSOH[HV ,QWHUHVW LQ FOHDQI
DTXDFXOWXUH LV LQFUHDVLQJ GXH WR WKHLU YDOXH DV D
FRQWUROV 5HSRUWYV RI W HRH JDRGBIRAPW D IQF HP [RU QFADIHLOQQ QU |
HFRV\VWHPOKNB EHHQ LQFUHDVLELRORE. ADIOH NFORAOHBN H F

RUJDQUW RWY LKHZAHK® LIKWLQJ DUHDV WKDW DUH XQGHUVWXG

2.2 Introduction
6\PELRVLYVY LV WKH OLYLQJ WRJHWKHU RI WZR RU PRUH G
SDUDVLWLVP DQG FRPPHQVDOLVP ODUWIRYMHQGC BPRYNVEPEL
UHODWLRQVKLSY DUH VXEWOH DQG WKH YDORPEDEV)WED W
(JHUWRQ RU KDYH EHHQ LQFRUUHFWO\ LQWHUSUH
E\ VRPH DXWKRUV WR LQFOXGH RQO\ WKRVH LQWHUDFWLR
SURORQJHG LQWLPDWH FRQWDFWK\RURDRHU ADW BN \LHK) W HRIBJLL
%WURQVWHLQ $V VXFK WKH WHPSRUDU\ PXWXDOLV
FRQVLGHUHG E\ WKHVY BDDRVWKHUV+ DAHVORWYD GH %DU\
SHUPDQHQW V\PELRWLF LQWHUHDEMWA FEQ VODIHNDIFKRHANQG 6FKZ

SHDFRFN ODEHOOHGWIRBWIHRWRPE RHWLVH DQG WRR
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EHFDXVH LW L\GHKSHRQGHQMDO#H DGGHG WKDW WKHUH DUH
VIPELRQWY 7KH WHUP KPO/HW®KXE JEWPERR ZILGHO\ XVHG LQ
RYHU KLWV LQ *RRWEKD6RMRRORZ WKH YLHZ RWEBIFRFN
FOHDQLQJ V\PELRVLY UHIOHFWV D OHJLWLPDWH V\PELRVLYV

&OHDQLQJ V\PELRVLV ZDV GHILQHG E\ )HGHU DV
EDFWHULD GLVHDVHG DQG LQMXUHG WLVVXH DQG XQZDQV
FRRSHUDWLYH KRVW RUJDQLVPV )HGHU D & G HDBO WK D W
SURYLGHVY D VRXUFH RI IRRG IRU WBEBGFUKDQHTX IRRHLQJH
HPSKDVLVH WKLV QXWULWLRQDO EHQHILW IRU WKH FOHDQF
DPHQGPHQW EHFDXVH LW H[FOXGHVWRRBXRRRBWULRWLRYQ
LQWHUDFWLRQV DQG GRHV QRW FOHDUO\ KLJKOLJKW WKH \
SRVLWLYH HIIHFW RQ WKH VXUYLYDO Rl ERWK FOLHQW DQG

7KH XVH RI LPSUHFLVH WHUPLQRORJ\ LQLWKH@ELRORJLF
7KH IUHTXHQW PLVXVH RU PLVLQWHUSUHWDWLRQ RI WHUP
VKULPS" RYHU WKH ODVW \HDUV KDV FUHDWHG VLJQLI
FRQVWUXFWLRQ RI WHUPV RI LQWLPWKHWRH DWHAHR 5 W KHR |
UHODWLRQVKLS KDV FUHDWHG |XUW KR B ODEEH/QHR UMAY R V WY
QHFHVVLW\ LQ LWV PRGH RXWVLGH RI ZKLFK VXUYLYDO L)\
OLWHUDW XR EO WIKHKARWIGB! ODFN RI D WHU RS MR BEMBDW. RK DX
WLPH FOHDQHU RUJDQLVP <HW FOHDQHUV FDQ OLYH LQGH

7KLV UHYLHZ SURYLGHV WKH ILUVW WD[RQRPLFDOO\ XS
DQG VKULPS )XIMHKRMKIRARQVLVWHQFLHY DQG DPELJXLW\ LC
DUH DGGWRVWHIEQH WKH GHILQLWLRQ RI D FOHDQLQJ V\PEL

GHILQH FOHDQHU RUJDQLVPV 7KLV LV WKHJILWRRVFOHHDLGHLZQ\
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VI\PELRKXHVUHYLHZ RI BYWH[SDQWRIGE RFOXGH IUHVKZDWHU VS

ILVKHVY DQG VKULPS QHZO\ LGHQWLILHG DV FOHDQHUYV

2.3 Cleaning symbiosis
7KH ILUVW SRVVLEOH UHFRUGHG REVHUYDW®WLIRKBURIQR RNOSHTH]
ZzDV PDGH E\ WKH *UHHN KLVWRULDQ +HURGRWRYV LQ WKH I
FOHDQLQJ LOQWHUDFWLRQ [BHKWM ZW K GFB\WOWRG BHH FFRDDIR M B G
KXPPLQJELUKURRKMWOADOHXY DQG DFURCGR&SUPHRG\OXV QLORW
IDXUHQWLZKLFK DOORZHG WKH ELUG DFFHVV WR LWV PRXW
$OWKRXJIJK FOHDQLQJ V\PELRVHV DUH UHSRUWWGDIQWRP WHU
ORRULQJ DQG 0XQG\HW DO6D]WRB\ DSSHDU WR EH PRUH FRPF
LQ DTXDWLF HQYLURQPHQWY SDUWLFXODUO\ LQ WURSLFDC
DQG *UXWWHU *UXWWHU 7KH JUHDWHU QXPEHU RI
WHPSHUDWH DR@PMWQWW®@®DPL UHIOHFW JUHDWHU YLVLELOL
ULFKQHVY DV ZHOO DV ELRJHRJUDSKLF DQG KDELWDW GLV
PDMRULW\ RI SXEOLVKHG UHSRUWY RQ FOHDQLQJ V\PELRYV
ILVKHDV FOADBROGIKVODULQH FUXVWDFHDQV DDEOOHDYHQJ RU
UHFHLYHG IDU OHVV DWWHQWLRQ KLVWRULBPLGOQ JSO@DWXOU |
7KHUH DUH FXUUHQWO\ QR UHSRUWY R| BOHNQE QX VIWIDNFHHL
+RZHYHU FOHDQHU VKULPS PD\ KDYH HTXDOO\ LPSRUWDQW
DQG *UXWWHU

&OHDQHU RUJDQLVPV DUH FRQVLGHUHG LQ WKH PDMRU
IDFXOWDWLYH <RXQQEXLXMWKK G EHVGAWAMK) REOLIJDWH FOHDC
DOPRVW H[FOXVLYHO\ RQ FOHDQLQJ DQG IDFXOWDWLYH F

ILPEDXJKTV X 2WDMHF®HDQHUY DQG UHIOHFWHG WKHLU GLF
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WKHUH LV RIROHPWSILGHQFH WKDW DQ\ FOHDQHU LV WUXO\ REC
LPSO\ WKDW WKHVH FOHDQLQJ RUJDQLVPV ZRXOG EH FRPS
WKHLU FOLHQWY GXULQJ VXFK V\PELRWLF LQWKHUDKM/LRQ
GHILQLWRERQEMWB FOHDQLQJ V\PELRVLV LV HTXLYRFDO DC
UHVHUYHG IRU FHUWDLQ PRGHV RI SDUDVLWLKH W HRWXHU
IGHGLFDWBGOGRWRVHGBREO HEIXWKR GHVFULEQLIOPD QMKRVWKDW HJ|
FRPPLWWHG PRGH RI FOHDQLQJ ODUHYWIORIQWRURRIKRRW @
WKHVH IURP WKH RWKHU YDU\LQJ OHYHOV RI IDFXOWDWLY
WHPSRUDU\ FOHDQHUV RULIQQSMHIM RW WK HHAHRQWRBRVHRQ OYK
ILPEDXJK WKDW GHGLFDWHG FOHDQHUV DUH PRUH KL
RSSRUWXQLVWLF PRGH RI FOHDQLQJ LV GLIILFXOW WR HY
ILPEDXJK GHRIOQFZ WKDW GHGLFDWHG FOHDQHUY HYROY H(
OLYLQJ DQG H[I[KLELWHG RSSRUWNXQ DWNIFRROVHGRUG G WKDOW
PHPEHUV RI RQH JHQXV RI G/BEURMBHE ¥ DRICD KDWY HLGAK RO Y H
IURP DQ HFWRSDUDVLWLF IRUP +RZHYHU %DH]D FRQF
WKH DQFHVWUDO OLIHVW\OH ZDV OLNHO\ OWRLA®DYH ¥HMHSO I
HISODQDWLRQ PD\ EH WKDW DQLPDOV WE®OW GIYR EVYHRGE WHRRE
VNLQ RI ODUJHU DQLPDOV EH WKH\ PDPPDOV WXUWOHV R
REWDLQ WKHLU IRRG IURP FOHDQLQJ DQG IURP WKH ZLGHU
HDFK VRXUFH LV OLNHO\ WRSHRDG\LQQ RQDFFHLBQ®W WY PHO GHI
EXUGHQ FOHDQHU DSSHWLWH DQG SHUKDSV RWKHU IDFWR

&OHDQLQJ V\PELRVLV ZDV SUHYLRXVO\ VHSDUDWHG L
HIDPSOHV ZKLFK UHIOHFWHG WUDLWV WKDW PD\ KDYH HYR
UHIOHFWHG LQFLGHQWDO FOHDQLQJ &{Wp DRRYPNGHULF

XQGHU FOHDQLQJ V\PELRVLV WR LQFOXGH WKH UHPRYDO
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ORGJHG RQ WKH ERG\ VXUIDFH RI RQH RUJDQLVP E\ RWKH!
VXEVWUDWH 7KLV FDWHJRU\ RI FOHIRUL QJUW R B URWV LVFZXVV LC
UHYLHZ RI &{Wp FFHOR-ODEDRELCY FHEONR HBWHG DQ\ SDUWLFXO
WRZDUGV WKHLU UHV SHF WL HDQREHDIRHRPEL Q F L GHK@IW D O F C
LQWHUDFWLRQV ARP WRWYHEHQWHWD FWLRQV +RZHYHU LOQF
FRQVLGHUHG DV FOHDQLQJ V\PELRVLV &OHDQLQJ V\PELRV
FOHDQ RU WR EH FOHDQHG HLWKHU WKURXJK DVVHUWLRQ
PXWXDEURRISRQ $VVHUWLRQ LV WKH DFW RI VHHNLQJ RXW
FOLHQW RU WKH FOHDQHU DQG LV IROORZHG E\ WKH VXEPI
EH FOHDQHG 7KHUH LV QR DSSDUHQW FRRPKKQ IUADSVIHRQI Q
RSSRUWXQLVWLF PXWXDOLVP ,W PD\ DOVR EH SRVVLEOH W
FOHDQLQJ V\PELRVLV KDYH ,QRS\D UMW FEXHOHDQ L G R QW LR L WAGK H
VIPELRVLV OLWHUDWXUH KDV H[\SIRLRFX HRK RD-SARIVRFALKEHORH. F
FRPPXQLFDWLRQ L5H FQIRHOWDMHQ@W VLIQDOOLQJ
,QWHUVBHRERFKHW IFRIDOAW DILH V L QW RUR®QRBRAQWRPRQH \
%URHEW DO 1RUGOXQG DQ®RIHKLFK WKH QBMWWZHKIL ER FEODQEH |
ERWK LQWHUDFW.LQR PRRIJI\D K\DPAH EHHQ LQYHVWLJDWHG SU
DQG KDYH D GLUHFW HIIHFW RQ DQLPDO EHKDYLRXU H J
&KHPRUHFHSWLRQ LV FRQV L GLHBHRG WRQEH VRHIH R U WKRIG PIR'V
%UHLWKDXSW DO FBLIEE SRVVLEOMH WHQ W)Y \PEWRW DF W LR
LQIOXHQFHG E\ WKHVH FKHPLFDOV 7KLV UHPDLQV DQ LPSR
5HFHQW SXEOLFDWLRQVJJRYW DUKQW WXHWO HVS DML R Q!
SUR[LPDWH FDXVH RI FOHDQLQJ LQWHUDFWHRQW@ZLWK ER
6D]LMDV DOD PXFK OLNH ZRXQGV DQG SDUDVLWHV RQ |

FDXVH RI FOHDQLQJ IRYGVBERUDQG$UQDO®UXW MW U O 6LNN
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%HQQWBIW DO 6XFK WXUWOHV DFWLYHO\ VHHN RXW FOHDQI
WKHLU HSLELRQW EXUGHQV UHPRYHG LOOXVWUDWLQJ WKF
DQG FOHDQHUDWR ARORD FOHDQLQJ V\PELRVLV $00 WUXH F
SUHFHGHG E\ VRPH OHYHO RI FRPPXQLFDWLRQ WKURXJK DV

FOHDQHU RU ERWK H[DPSOHV GLVFXVVHG E\ /LPEDXJK

OF&FWHRQ YHGHU <RXEHEOXEMMXH $\®LQJ DQG *UDF
+REVRQ IRV H\ \PDQ DQG :DUG
‘DJHQEDFK 6XODN %URFNPDQQ DQG +DLOPDQ &

6LNNHO 6WDXIIHU HW BRW®Q 7MWY I@O*DOHRWH DQG 2WHUF
'LEFNVWHQ 3RXOLQ D Q GHW OWEN 6] LD BD]BRD p

6KLHWDO 6D]LPD DQG ORXUD 6D]LPD D®® @DJLPD

6KHSKWUO &UDLJ %HWWRRQFROWRQ HW $EH
+XHEQHU DQG &KD@ALFBIXV 'HGLFDWHG FOHDQHUV DQ
DFWLFMOHUW WKHLU LQWHQWLRQV WR FOHDQ RIWHQ E\ XV
VWLPXODWLRQ &OLHQWYV RIWHQ SRVH VXEPLVVLYHO\ WR V
WR FRRSHUDWH LV FOHDUO\ WKH FDWDO\\WWU LR FO® G Q L\
ERXQGDULHYV LQ WKH VDPH HQYLURQPHQW EXW KDV DOVR
RFHDQ VXRODVRA@IMDHXVDQG /D\WDQ BERBEDRWVHD LPPXW
SRWKVFKLOGH$EHHW DO +RZHYW@WLBOOHEHKDYLRXU LV QRW
LQWHUVSHFLILF LQWHUDFWLRQV DQG KDV DOVR EHHQ UHS
*RRGLQJ $E$IOH +REVRQ 6XODN OF&R)
7KRPVRQ 6LNNHGIW DO6RWRSKIMU®O .UDMHZVNL
%HUWR@FDOQIFI 3RXOLQ DQG 9LFNHU\

6XUYLYDO LV GLIILFXOW WR TXDQWLI\ EXW KDV DQ LP

+RZHYHU ZKHUH VRPH V\PELRVHV POYD®SRKILRQMHAAPR E DR
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HJ SDUDWDWMLWAMPOLVPV VXFK DV FOHDQLQJ V\PELRVLV L
VI\PELRQWY SRVLWLYHO\ 7R KLIJKOLJKW WKH LPSRUWDQFH F

EHWZHHQ FOLHQW DQG FOH DIQFHIH DL Q P WORSEH®R \BLUM LLQ/L B/ R

&OHDQLQJ V\PELRVLV LV D FRRSHUDWLYH LQWHUVSHFLILF

FRQVXPHY PDWHULDOV WKDW QHJDWLYHO\ LPSDFW D FOLHC

7DFWLOH VWLPXODWLRIQVLEREUHGRUAB G B\QI LL\PKSHRW W D Q W
LQLWLDWLRQ RI FOHDQLQJ /RVH\ DQG ODUJXOHYV IRV H\
SRWHQWLDO DJJUHVVLRQ VKRZQ E\ WKH FOLHQW WRZDUG\
VLPSOH ZD\ Rl FRQWHKH EFQHEBU LV QRW D SUH\ LWHP EHFI
WR HQJDJH LQ GLUHFW FRQWBDNWVEIQWKXWYW LB QHEH G B W\R K
DVVRFLDWLRQ EHWZHHQ H[DPSOHV /RIP DWHEED U IDRYG/ AFFOUHD\§
UHIOHFWQRIR D FW®PEDRVLY +RZHYHU VXEWOH WDFWLOH VWL
RIIHUHG E\ WKHVH VKULPS SULRU WR FOHDQLQJ LQWHUDFW!
PRUD\V FRRSHUDWH E\ RSHQLQJ WKHLU PRXWK\WQUQVKKXERL V"
DFFHSWDQFH WR EH H\W HIDQ H®R UDLPERBYK SRRU H\HVLJKW D¢
5LRUBW @O 7KHUHIRUEDYHGXPR®RXQLFDWLRQ E\ FOHDQHU
VLIJQLILFDQFH WR PRUD\V WKDQWWRPWOQ HD VW LFRQDIL G B GHiE
LPSRUWDQW IRU LQLWLDWLQJ FOHDQLQJ LQWHUDFWLRQV
VXEPLVVLYH FOLHQW SRVWXUH .DUSOXV &OLHQW ILVK
WDFWLOH VWLPXOLQDW RUBKRMQ YKIOW GHOLQJ WKH GD\ &RU
PRUD\V DUH QRW NQRZQ WR DFWLYHO\ VHHN RXW FOHDQL

VSHFLILFDOO\ RQ WKHVH |DRXOENVWILKHLRJOHBYHHO4 XKPER \I
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ORUD\W DOVR QRW WKH RQO\ FOLHQWV WKDW DUH NQRZQ W

OF&RXUW DQG 7KRPVRQ ANVWE® p L

$GGLWLRQDO DQHFGRWDO REVHUYDWLRQV E\ 6&8%$
FRPPXQLFDWLRQ LV WMKID\WDRQ@ QYW FRH FQRGJ V\PELRVLV €
VROLFLWHG FOHDQLQJ UHVSRQVHV RI ERWK ILVKHV DQG VK
GRFXPHQWHG LQ WKH SRSXODU DQG VRFLDO PHGLD '%9 SH
VFLHQWH LLIFWOXW HHW. PED dBKRFNPDQQ DQG +DLOPDQ X0

&RPPXQLFDWLRQ DOVR DSSHDUV WR EH LPSRUWDQW Zt
FOLHQWY WZLWFK WR LQGLFDWH WKHLU GHVRSE\ VER EUHD N
E\ VZLPPLQJ DZD\ )HGHU IRV H\ 3RXOLQ DQG *UX)\
'LEFNVWHQ

)DPLOLDU H[DPSOHV RI PDULQH FOHDQLQJ V\PELRVHV D
LQYROYH GHGLFDWHG FOHDQHUV I H/D BMKRIL GGHOK HO/WPW B D
9DOHQFLHQQHYV VB ED% VB Q UPO HDEHR ZEBY\SHKKWKLUR'S
5DQGDOOVH+RXQJEOXWKKH VNXQMNKRQRBEBHWD DPERBHQHQVL
0DQ VHH &KHQ DQ® QX DRFD ULERIDULIDGDLOS F
3DODHPRQHIGDAHMMUDO 7KHVH FOHDQHUV DUH RIWHQ V\QR
VWDWLRQV ORFDWHG DW VWUDWHJILF SRLQWYV RQ WKH UHHI
FOHDQHU ILVKHV KDYH EHHQ FRPSDUDWLYHO\ XQGHULQY H\
GHOGULADB FOHDQHUV 7KHUH DSSHDUV WR EH D JUHDWHU GL
GHGLFDWHG FOHDIQEOWV&{WRZHYHU FRPSDUDWLYHO\ OLW
GRQH WR HYDOXDWH GLIIHUHQFHV LQ F ORLX@WD &LYHUNQ WD
6RPH FOHDQHUV DUH DGDSWHG WR OLYH FORVHO\ ZLWK Wk
WKH (FKHQUHBDH\ DQG /DFKQHU D Q® IS KIRKGBDBO .DU S

ZKLFK LQWHUDFW ZLWK WKW 60UDQYWXUDV WURNM ERPE
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6RPH GHGLFDWHG FOHDQHU VKULPS DUH DOVR NQRZQ WR D
VKHOWHU DQG SURWHFWLRQ EXW DOVR WR VLIJQDO WKH OR

+XHEQHU DQG &KDGZLFN

2.4 Cheating
&OHDQHUVY KDYH EHHQ UHSRUWHG WR UHPRYH DQG LQJHVW
WKHLU HFWRSDUDVLWHY FOLHQWYV KDYH EHHQ UHSRUWHG
Rl FKHDWLQJ LQ D FOHDQLQJ V\PEHRVRY )HIBHWD OO +REMRPE
*RUOLFN *UXWWHIULUOKR®R DODRFRIW DO *UXWWHU DQC
%VKDU\ &KHQH\ DQG &WDOD 2BWBYVBY &KHDWLQJ LV
WHPSRUDU\ GLVWXUEDQFH KQSW BtV /DRE LTRWGL Fe UWRDWLRQR
FOHDQLQJ V\PELRVLV EXW LV FRPPRQ LQ PDQ\ PXWXDOLVP
OHVV FRPPRGLW\ IRU WKHLUHEHQA8I|LMAN YHE B OYWW X GH H ¥ HARJC
FOHDQHU ILMKHDWKGBYWKIOMNMG ILVK PXFXV LV D SRWHQWLDOO\
Rl IRRG IRU WKH FOHDQHU WKDQ HFWRSDUDVLWHV ZKRVH
ORFDOLWLHV DQG FOLHQW VSHFLHV *RUOLFNW DO<RXQJEC
7KLV PD\ WHPSW WKH FOHDQHU WR FKHDW E\ WDNLQJ PXFX
DIIRUGHG WKH RSSRUWXQLWALRQGLKM EWHDXIHILN ZRJIDY Wi O H
SDLU FOHDQLQJ WRJHWKHU UHG XFH VB FHKWRKVHKMWIEVK BKIN D W L
+RZHYHU ZKHQ WKH\ RSHUDWH LQGLYLGXDOO\ WKH\ VKRZ
DQG IHPDOHNW WDVKDWBEBOLHQW ILVKHV RIWHQ UHVSRQG WR F
LOQWHUDFWLRQ E\ VZLPPLQJ WXDBD\ FRUDRQHRKDY ZKDW KDV E
FOHDQHU SXQLVKPHQW %VKDU\ DQG *UXWWHU &
PRYLQJ DzZzD\ HJ LQ FDSWLYLW\ JHQHUDOO\ UHDFW PRUL

*UXWWHU EOWHRW\ I QRMWHKDWKE EHHQ GLUHFWO\ LQYROY
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DOVR VKRZ UHOXFWDQFH WR EH FOHDQHG E\ D FKHDWLQJ F
VFRULQJ VWUDWHJI\ ZKLFK LQYROYHV E\VWDQGHU FOLHQWYV
WKBHDQHU WR RWKHU FOLHQWY %VKDU\ %VKDU\ DQG °
FOHDQLQJ EHKDYLRXU FOLHQW ILVKHV PD\ WKHQ VKRZ D SU
D ORZHU WHQGHQF\ WR FKHDW %VKDU\
7KH PDMRULW\ RDWHSRU\WVWPRQLKKHFOHDQLQJ V\PELRVH
WKH FKHDWHU DQG IHZ FRPSDULVRQV KDYH EHHQ PDGH RI
YHUVXV IDFXOWDWLYH FOHDQHUV &KHDWLQJ LV JHQHUDC
PDUNHW K\BRMUKHFKMDWLQJ E\ FOHDQHUV LV SURSRUWLRQD
WR FOHDQHUV $NoD\ +RZHYHU IDFXOWDWLYH FOHDC
GLVKRQHVW LQWHUDFWLRQV WKDQ GHGLFDWHG FOHDQHU
IFXOWDWLYH FOHDQHU ILVKHV ZUDVVHV FKHDW OHVV WKI
UHVXOW IURP WKHP QRW IHHGLQJ DJDLQVW WKHHWIBRG SU
*LQJLQV DQG %VKDU\ /X GORPWENMN KK GW GIFFOAQHW R S
KRVW PXFXV XQGHU FHUWDLQ FRQGLWLRQV %VKDU\ DQG *L
&OHDQHU VKULPS KDYH EHHQ VKRZQ WR DGMXVW WKHI
VHUYH DQG WKH ULVN Rl SUHGDWLRQ &KDGSXLWNDIG %VKD
&KHDWLQJ ED WPKFHOGIRQHQFYREPPRHY ORODIEKED BSRERGD
SURGXFHG VLPLODU FOLHQW UHVSRGY R VGDL WD @& MIHV IVQU HTOH
IURP SUHGDWRU\ VSHSIUHNG DWR Q& RIRIPFINRD QG % VKD U\
VXJIJHVWHG WKDW WKH VKULPS FDQ GLVWLQJXLVK EHWZH
YDULDELOLW\ LQ FOHDQLQJ EHKBYERXRP HQ H3WH && B BINR QDL
PD\ EH FRQWUROOHG W ROLRIRHVHILWKE&W WK DAR R W H U I H
VKULPS E\ RWKHU FOLHQWYV +MHEREWYBQG VRKIDGHEZ \FKWULP S

LQIOXHQFH HDFK RWKHUTV FKHDWLQJ GXULQJ FRRSHUDWLY
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+XHEQHU DQG &BDWAMKNY DSSHDUV WKDW ERWK FOHDQHU
GLITHUHQW W\SHV RI FOLHQWY DQG WKHUHIRUH WKH ULVN
+LVWRULFDOO\ FKHDWLQJ ZDV WKRXJKW MAR SLWRADEQD \
HIWLQFSRIERHQWY DQG 6RHEHDWWQG .QRZOWRQ HW BDROZHYH
SURSRVHG WKDW FKHDWLQJ FDQ HVWDEOLVK D IRXQC
PXWXDOLVWYV ZKLFK PD\ UHVXOW LQ WKH HYROXWLRQ RI C

PXWXDOQLRW\SHKW DQG WKHLU FRH[LVWHQFH

2.5How many cleaners are there?
2YHU WKH ODVW KDOI FHQWXU\ WKH QXPEHU RI ILVKHV DC(
LQFUHDVHG VLJQLILFDQWO\ GHPRQVWUDWLQJ WKH GHYHC
V\PELRMLV +HUH WKH H[WHQVLYH SULPDU\ OLWHUDWXUH
UHIHUHQFHG DQG D FXUUHQW OLVW RI PDULQH DQG IUHVKZ
ZKLFK LQFOXGHYV D QXPEHU RI VSHFLHV HYSWHLWH WV U RVHAXK EF
HYLGHQFH RI FOHDQLQJ KDV EHHQ SXEOLVKHG VLQFH WKH
,Q DGGLWLRQ WKH OLVW DOVR LQF GR®HHWWE&R QM X ®HC
%ORFK REVHUYHG DQG SKRWRIUPDSQKHBUEWRRBHLRIVW WLPH
EURZQEXHKOHMRGRQ EM\DWNE&UQYLWK D FRQILUPHG LQIHF\
SDUDVLWLF GHIRQ R RRGIHDXPWRHEHRDOWHRZQ +RYDVQH
FDSWDLOYUW\ 2EVHUYDWRRQDYJIRV\PEHRVLY LQ FDSWLYLW\ ZHL
EXW WKHVH DUH LQFOXGHG KHUH EHFDXVH LW FDQQR
DUWLILFLDO EHKDRRRAUFOHDQ AHARWIDQLVPV RI YDULRXV V
LQ WKH ZLR&RBPWHUDPOE WR H[KLELW WKH VDPH FOHDQLQJ
HISORLWHG LQ KRPH DQG SXEOLF DTXDULD DQG LQ DTXDF

DSSUR[LPDWHO\ VSHFLHV RI FOHDQHU ILVKHV IURP JF
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VSHFLHVY RI FOHDQHU VKULPSVMURPLOUIOH®HUBFRHUSSHEG WRWHL ¢
EHKDYLRXME GHW )LJ SOWKBRRHADODUYSHDOBD DQG F DUH GLVI
WKLV UHYLHZ DV H[DPSOHV RI FOMBDWHH WKWLLAPS D QHWEKRIWOU
VXSSOHPHQWDO LQIRUPDWLRQ EHFDXVH WIKEO HRH\NBBRBLQ FXUL
FRQVLGHU RQO\ YDOLG GHVFULEHG WD[D DQG DUH XSGDWH(
DUH LOQFOXGHG L QRWIRH ORRDNMBGRWS\RBWE RI RWKHWYEBEKWDWL
IRRWQRWHO/HRI DUH H[FOXGHG IRU D ODFN RI VXSSRUWLQJ

RU EHFDXVH WKHLU WD[RQRPLF LGHQWLW\ FRXOG QRW EH

HUURU E\ RWKHU DXWKRUV 2EVHUYDWLRQV RI FxHDQLQJ

$PHULFDV (XURSH $IULFD $VLD DQEBHAFHQPRARXGHLUIWHVKZD
PDULQH HQYLURQPHQWYV IRU ILVKHV +RZHYHU WKH\ KDYH
OLNHO\ FRXQWULHWDOQRUQAQHVYK DUDLQ IRUKRXKWERS DQUQJ EHK
LV JHRJUDSKLFDOO\ ZLGHVSUHDG DQG OLNHO\ WR EH PRUF}

OLPLWHG REVHUYDWLRQV LQGLFDWH

2.6 Consider the grey literature with caution
7KH JUH\ OLWHUDWXUH DQG WKHRMRUGHMEROGW QVRI RV \GLW
%HFNHU DQG *UXWWHU UHYLHZHG WKH VFLHQWLILF F
JXLGHV WR SURGXFH PRUH WKDQ VSHFLHV UHFRUGV RI F
JHQHUDOO\ DFFHSWHG RPRQAWKH ALHAREAWOPBP&LDP $OWKRXJK
REVHUYDWLRQV VKRXOG QRW EH GLVFRXQWHG DV HPSLULF
LGHQWLILFDWLRQ RI PDQ\ FOHDQHU ILVKHVY DQG VKULPS L\
FRQIXVHG PLVQGHROWRIULPAGGDDW RI D VEBRWQHW EHRPIOH[ VI
7KLV VXJIJHVWV WKDW PLVLGHQWLILFDWLRQ RI VSHFL

WD[RQRPLF YHULILFDWLRQ PD\ VLJQLILFDQWO\ LQIOXHQFF
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REVWUDPHAFRXQWYVY RI FOHDQLQJ LQWHUDFWLRQV 7KHUHIRU
HYDOXDWHG EHIRUH EHLQJ LQFRUSRUDWHG LQWR VFLHQWL

6SRWWH KDG D PRUH FDXWLRQDU\ YLHZ DQG GL!
REVHUYDWLRQV BQLGOMP KL WKRULPF OLWHUDWXUH DV DQ
7XUQEXOOV XQSXEOLVKHG 3K' WKHVLV ZKLFK 6SRWW
SURSHUO\ DVVHVV D VKULPS FOHDQLQJ V\PELRVLV DW WKD
RI HFWRBWHY LQ WHIHF\IGRPHRWVRERGHWNMVR@H REVHUYH WKE
FRQVSLFXRXV FUXVWDFHDQ HFWRS D$J DS/H.GHHWY REQRLE FFADX \HLGRV
7XUQEXOO $V\8 B @/HEEVWR QBRW SRVVHVV WKH IXQFWLRQDO
WKLV VKULPS ZDV D FOHDQHU /LPEDXJKXVLE&ISRE FHHHWH KL
XQGRXEWHGO\ Rl ODUJHU DGXOW VWDJHV RI SDUDVLWLF FU
VHFWLRQ WRIPWKHDWKDYH UHYHDOHG UHP QD QM RO HFWRSD
$OWKRXJK 6SRWWH FRQVLGHUHG WKLV HYLGHQFH HQ
FOHDQHUV RI ILVKHV EH GQVPRVVIHES %OONORY HW DQG OF

SURYLGHG HPSLULFDO HYLGHQFH WR WKH FRQWUDU\ |
DQG HPUXUDO H[KLELW V\WVWHP UHVSHOEWLFFRD\DQ&H: LODXL

ZDV WKH ILUVW ODERUDWRU\ VWXG\ W K CSHURYLGH B XF
VKULPS VSHFLHV 7KHLU UHVXOWYV DOVR VXJIJHVWHG WKDW
JHQHUDOLVWY EHFDXVH RQO\ RQH Rl WKH IRXU FOHDQHU V
MXYHQLOHV RI WKH SDUSYLWREBUE:RRWKRPG DQRSRGOLDPYV

I WKH YLHZ RI 6ZRW RRQWLR HUKIHE HIFOXVLRQ RI DOO R
FOHDQLQJ LQWHUDFWLRQV LQ WKH OLWHUDWXUH WKHUH 2
QRWBEBNORPHQH VIYKRXIF\W KXQSSUR FD UV S HBMIMHFNHU DQG *UXW

$ SHGHVMRE®ONQBOLDPV DQG :LOOLDPVHW DOF&DPPRC

/\VPDWD DPERHEHFQW]VDQG +XWERQDHPR® @EDWSKNH/ XV
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DQEODODHPRQ SHDONKINDH) V HHV W OIAQENWOQDO 7KH YLHZ RI 6SRW

LV SUREDEO\ SUHPDWXUH 7KH PHFKDQLVPV LQYROY|
VI\PELRVLY DUH QRW \HW IXO0\ XQGHUVWRRG &XVKPDQ DQ¢
&KHQH\ DMXG & 2UU DQG UHFHQW HYLGHQFH VXJJHVWYV
EH\RQG WKH WUDGLWLRQDOO\ GHILQHG V\PELRWLF LQWHU
UHGXFWLRQ RI HFWRSDUDVLWHY LQ WHW B Q Y. DORBMPIHDOW %

OLOLW] DQG +XWVRQ

2.7 Literary ambiguities and inconsistencies

&OHDQHU VKULPS DUH RQO\ NQRZQ IURP WKH PBOHIXHHHQY
VKUY XVHG EURDGO\ E\ 'DYLH IRU DOO PHPEHUV RI \
E\ :LFNVWHQ WR UHIHU WR WKH VKULPS IDPLOLHV
+LSSRO\WLGDH +RZHYHU QRW DOO JHQHUD DQG VSHFLH\
REVHUYHG WR IRUP FOHDQLQJ V\PELRVHV %UXFH DQG %D
UHVSHFWLYHO\ 'HEHOLXV XV HG/WRBDWIHFH. HF\R OD@RA XOLd
PHQWLRQHG WKDWWHOQ®& BKHFREMEEHDQHUYV WIRHHRWHIWILQDC
GHVFUL SWIHQR &8XV FKURVH|[DIWXK XWHGHVEWHSJRISKY RADQRVF
*R\ RQO\ DVVXPHG WKDW BE W K OWHHYHHUVGKIFLPMY 7KLV DV
EDVHG RQ WKHLU VLPLODU PRUSKR @R D\JHALWX FROMPDKU B M FR
EXW LW ZDV QRW VXSSRUWHG E\ REVHUYDWLRQV RU DGGLW
7TKHVH VSHFLHYVY ZHUH WKHUHIRUH QRW LQFOXGHG LQ WKH |
FUXVWDFHDQV E\ &{WH[FO XGHBGCKWHHWMD LXEVHTXHQWO\ 3RR
VSHFLAWHRIRY XWK FOHDR@GHUY D ODWHU SXEOLFDWLRQ *R\
VWDWHPHQW WK DBW HDOQRQ WHHREHQW RIPXWXDOLVWLF FOHDQL

UHHI ILVWH®J FL PMBED DIX <DOGZ\Q &ULDOHV DQG &R
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-RQDVVRQ 'LEFNVWHQ &{Wp DQG %HF
+RZHYHU QRQH RI WKHVH DXWKRUV WS/DMQ REBWIL W H® W HUDH
WKRIQO\ UHIGWHE B SR XA VSILHCE P GERMH QRS XV ¥6®MLIHO ODW XV
VHHPEDXM DO &ULDOHV DQG &RUUHGRU -RQDVVRQ
&{Wp RWB KLVIL@EWHQRSXV WEHD X DR VWHHDD G Z\Q
VSHFLILFDOO\ RU LQFOXGHG 6WHQRSRGLGDH ZLWK VL[ RWI
SUHYLRXVO\ EHHQ UHFRUGHG %HFNHU DQG *UXWWHU
7KUHH SUREOHPV HPHUJH IURP GHILQIFQH PR U IP $ KIHPH
)LUVW &R ORI X FD MGHIR. VKX\LIRG DPELJXRXVO\ IRU WD[D W
HQJDJH LQ FOHDQLQJ V\PELRVHV DQG IRU UHODWHG WDJ[L
'LEFNVWHQ '"HEHOLXV 7KLYYIRELJXLW\ KDV VSLPOHG R
OLWHUDWXUHORBWUIQQHOB®EHQWO\ SUHV3IHUMAGLWKEHWS BB
&KDFH D FRPPHQVDO SDODHPRQLG RI [NGNDQR]BIDDK WLHG
ODUWLQERWLDO SDJH VWD W HBHW KDOE REMDML B @ XPR UH W
VSHFLHV RI VPDOO FDULGHDQV FRPPRQOWBNQREQLP W FOWV
&RVWD ZDV UHSUHVHQWHG E\  FOHDQHU VKULPS VSHF
WR WKH QS$IZFJ)aR MM @HKIRG % U XFH &XUUHQWO\ RQO
FOHDQHU VKULPS LYHUHSOHEP HRRMMWIOHERY 6HFRQG VKULP
VSHFLHV XQFRQILUPHG D\FOOHRMHBRWX D EN FPRORFUDWGRQ Z
UHODWLYHX MKHDKLLY HPSLULFDO FOHDQLQJ HYLGHQFH
LQWUR G X6FMWH@RES RRRUH HLVEOWOHDQEBMKHD QHU YRPELRQW
'DYLH 6 | RFFK U\ V H [DQ@EW KX Q R VAFIHDLLYJ *R\ 7KLUG W
KLRWLF OLWHUDWXUH E\ VHYHUDO DXW RUNQ BREKNL R WM QAX B
LQWR FOHDQLQJ V\PELRVHV 7KH OLNHO\ H[SODQDWLRQ IR

S3RRUH DQG *R\ PXVW UHOGHRW & WKRWD®
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REVHUYDWLRQV EXW ZKLFK KDYH UHPDLQHG XQSXEOLVKHG
DXWKRUV FRQILUPHG WKDW WKLV LQIRUPDWLRQ RULJLQDW
DQG FRUUHVSRQGHQFH IURP QXPNWVREW®YH 894X FGLQY\W UV K O W
FODLP LV FRPPRQ NQRZOHGJH LV XQIRXQGHG EHFDXVH W
7TKHUHIRUH WKH pc\OHH RQ MK N KU BEXQOVHREU UHSUHVHQWLQJ

KDYH GRFXPHQWHG REVHKDIDMRAROV RI FOHDQLQJ EH

2.8Diet

7KHUH LV QR HYLGHQFH WR VXJJHVW WKDW FOHDQHU RU
HFWRSDUDVLWHVY DV PLJKW EH LQIHUUHG E\ WKH RULJLQDC
IHHG PDLQO\ RQ FUXVWDEHMHF GIIFMERS DANDLYLWEE PXFXV OH
PDULQH LVRSRG IDPLO\ *QDWKLLGDH IHDWXUH DV SUH\ LWt
JHQHUXEOH DQG PD\ EH WKH PRVW FRPPRQ SDUDVLWLF SU
5RKGH 7KHVH LWRK$RGVKFRMWGYRIY WKUHH MXYHQLOH XG
D EORRG PHDO EHIRUH YDFDWLQJ WKBHKRWWEJIJW R B RORPE CLI
OLFMFOH DWHR@®J DGXOWV 5RKGH 7KH HQJRUJHG 3SU
SDUWLRXEBUWRRXUFH RI IRRG IRU WKH FOHDQHU PXFK OLNF
REVHUYHG LQ WHUUHVWULDO FOHDQLQW D@DW HIMW WR RIKV
FUXVWDFHDQ HFWRSDUDVLWHYV PD\ DSSHDU IRRPFW K B QCH.WW
WKLV PD\ UHIOHFW VDPSOLQJ ELDV EHFDXVH RQO\ FUXVWD
RI LGHQWLILFDWLRQ LQ PRUSKRORJLFDO JXW DQDO\VHV
SXEOLFDWLRQV KDYH H[FOXGHG RW K WU DRIEU DR/EXWH/ FGD [DO
H[FOXVLYHO\ RQ FUXVWDFHDQV *UXWWHU $UQDO DQG

&KHQH\ DQG &{Wp "KLWHPDQ DQG &{Wp +RZHYH
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WKH FOHDQ HWLPUGWRIQWXWPHG PRUH RRQRIGDMWRONGW ZKHQ S
ZLWK D FKRLFH *UXWWHU DQG %VKDU\

ORQRJHQHDQ HFWRSDUDVLWHY OHHFKHV DERGEHBWLYV
ZKLFK SUHVHQWY D SUREOHP IRU WKHLU LGHQWLILFDWLRQ
WKDW LQIHVW ILVKHV DUH YHU\ VPDOCPRQH RESDEQMRRU XAR
HFWRSDUDVLWHYV JRUWLR B [DFMBRQK\RPRGRDQYEB HDVXUH+ PP

PP .HDUQYHUVXRP+ PP IRU VHYHQ UHSIWMIEIEWDWLY H
VSSYHHQHW DO $OWKRXJK PDER®LHFRMHRSBUDVLWHYVY RI 1L\
QR VWUXFWXUHV WKDW UHPDLQ LQWDFW DIWHU GLJHVW
LGHQWLILFDWLRQ WKH PDMRULW\ Rl PRQRJHQHDQV GR OR
WKH SRVWHULRU DWWDFKRKOQRK RUWBQ@ FRCHNVEDSWRAFOHU
DQFKRUV KRRNV FODPSV RU RWKHU PRGLILHG VWUXFWXUF
E\ SURWHRO\WLF HQJ\PHV 9DXJKDQ DQG &KLVKROP W
VWUXFWXUHV S@HWKH BFOWDIHPUV XQGHU KLJK PDJQLILFDWL
DQG *UXWWHU 9DULRXV XQLYHUVDO SULPHUV KDYH E
SURILOLQHWRIDPHWODQNHQVKLS DQG KIM\D@RDQG D.KQRJIKO\
VHQVLWLYH PROHFXODU DSSURDFK PD\ EH VXFFHVVIXO LQ S
RUJDQLVPV DUH FRQVXPHG E\ GLIIHUHQW FOHDQHUV LQ W]
OLYLQJ PDULQH GHFDSRWGDA@DUYDH 275RUNH

$GXOW SDUDVLWLF VWDJHV Rl VRPH SDUDVLWHV PD\ VI
UHPRYH IURP WKH FOLHQW ZKLFK PLJKW H[SODLQ WKH GLI
RQ WKH VDPH FOFRIDDHLQESEBLH V: L OOXIEINPO/H D QIEP VL O
'LIITHUHQFHV LQ FOHDQLQJ SHUIRUPDQFH RU IHHGLQJ SUHl
&RVWHOOR DQG WKLV PD\ EH WUXH IRU FOHDQHU Vk

EHWZHHQ FOHDQHU VKULPS VSHFLHV AFDW CLIHALWRAUDY GHHVPH RV R
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FHUWDLQ SDUDVLWHV RU PD\ HYHQ OLPLW W®BPDPW DRXD
:LOOLDPV ZHUH XQVXUH RI VBK<D RPARRRYYG R P SR HHEL
$QF\ORPHQHMLBEW KHLU H[SHUWKIEQWY KDYGE GRHQ FRQGXFW
ZKHWKHU WKHUH LV D UHODWLRQVKLS EHWZHHQ WKH IXQF
UHPRYHG DQG FOHDQLQJ SHUIRUPHG 6RPH VKULPS DUH ZH(
DQG H[KLELW VWURRLDWRQRWILWKWMVYRKHY ZKHUHDV RW
IDFXOWDWLYH FOHDQHUV WKDW DUH DOVR VFDYHQJHUV RLU
NQRZQ 'DYLTHDEOH

-XYHQLOH HFWRSDUDVLWHYV PD\ EH DQ PSR UWB YW XBR
RI %HFNHU DQG *UXWWHU ZDV WKH ILUVW VWXG\ WR S
FRQVXPSWLRQ LQ ZLOG FOHD QH U$ \KKRULWIRQBIXHEADH E® H O Q Bl U
F FRQVXPHG MXYHQLOH SDUD\KDMW. ZHQB W& HIQAVL DLYG FARRS HI
UHVSHFWLYHO\ 1R RWKHU ZRUN VLQFH %HFNHU DQG *UXWV
ZLOG FOHDQHU VKULPS +RZHYHU ERWK WKHVH VKULPS V
SUHIHUHQFHY DQG RW RARKAXRSIVUBRQLWHWH %HFNHU DQG *U
WULDOY X\RMBPRBUREDUNGHBODHFNHU DQG *BEWIHRRQ
DGVSHUWAXWHOHIVONAXQENWPO UHYHDOHG WKDW FOHDQHU
FRQVXPH PRQREM@ISDUDVLWHY ORQRJHQHDQV KDYH QHYHU
RI ZLOG VKULPS +RZHYHU OLOLW] DQG +XWVRQ LQGLF
VKULMPERLQHWQWHGLFDWHG FOHDQHU ZDV KLJKOWBIQLFLHQ
HJJV DQWZLPWHQJ ODUYDH RI WHKRE PRIQEH DG DWKH FDSW
HQYLURQPHQW DQG WKXV UHGXFHG UHLQIHFWLRQ VXFFHV)

$SSUR[LPDWHO\ ILVK HFWRSDUDVLWH UHFRUGV HJ[L
GLIIHUHQW FOBEQHDQGVKBYH EHHQ FRQILUPHG WKURXJK Z

DERDO\WHV RU REVHUYHG EHLQJ UHPRYHG E\ FOHDQHU ILV
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GLYHUVLW\ RI GLHWDU\ FRPSRQHQWY RI FOHDQHU VKULPSE
ZKHWKHU FP$IPRQBVXIAKURWKHU SDWKRJHQLF DJHQWYV LQFO;
DV OHHFKHV DQG SURWLVWV EDFWHULD DQG ZDWHU PRXO
RI LQMXUHG UHHI ILVKHV E\ WKUHH GLIIHUHQW FOHDQHU
UHPRYDO RI QHFURWLF RU GLVHDVHG WLVVXH PD\ DOVR ¢
DQHFGRWDO LQIRUPDWLRQ FODLPV WKDW FOHDQHU VKULPSE
&RUUHGRU &UXPS RU WHQG EDFWHULUBGWW IRIFWL
FOHDQHU VKULPS RQ ZRXQG KHDOLQJ DOVR UHPDLQV XQLQ

QHHGHG WR DFFXUDWHO\ DGGUHVV WKHVH TXHVWLRQV

2.9 Morphology, colour and behaviour
&{Wp DQDO\WHG ERG\ VLIH DQG VLYVRBOO+tIQU PRORXVHDW
OLPLWHG GXH WR D ODFN RI SK\ORJHQHWLF LQIRUPDWLRQ
EHWZHHQ ERG\ VL]IH DQG DGXOW IHHGLQJ W\SH 6XEVHTXHQ
WKH NLQHPDWLF EDVLV RU FOWHDOHM @J WE MWW KOUPH.HD \F (DHDUQ B D H
VPDOO PRXWK JDSH DQG WKH DELOLW\ WR SHUIRUP UDSLG
PRXWK RQ LQGLYLGXDO SUSUHWHPXLFDWHH SHEOMDDLL.QKWY P D
WKDW DUHFORRQWODWKDNH D VPDOO JDSH ZKLFK PD\ VXSSF
WR UHPRYH HFWRSDUDVLWHY RQ FOLHQWYV XWVWMBHOEKD QGIGL U
NQRZQ LQ D ODUJH GLYHUVLW\ RI PDULQH UHHI ILVKHV O0F&
DQG LW LV XQVXUSULVLQJ JLYHQ WKH XELTXLW\ RI ILV
WKLV UHVRXUFH GXULQJ WKHLU RQWRJIJHQHWLF GHYHORSPH
&OHDQHU VKULPS YDU\ FRQVLGHUDEO\ LQ VL]H EHWZHF
LQIOXHQFBILWKNM/ ®BIHPRYH DQG FRQVXPH FHUWDLQ HFWRS

FKHODH <DOGZ\Q 1LOVHMRIQORXQG.DUSOXV EXW VPDOO
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IDFLOLWDWHY DFFHVV LQWR DUHDV Rl WKH PRXWK DQG JLC
LQFUHDVH LQ WKH UREXVWQHVV Rl WKH PDQGLEOHV DV ZH
PLOO UHIOHFWV D FDUQLYRURXV IHHGLQJ KDELW LQ FU)
&RQYHUVHO\ WKH SDUDJQDWKV LQ FDUQUKMRQYRXKWRFHXRWQ
FDUQLYRUHW DBG®QWKH LQYHVWLJDWLRQ RI WKH FRPSDUDW
VWUXFWXUHV EHWZHHQ GLIIHUHQW FOHDQLQJ VKULPS PD\ |
LQ WKH ZLOGIWR®XYHOL

7KH FRQFHSW\R)® PRIOLRXU JXLOG IRU FOHDQHUV ZDV QI
WKH DQDO\VHV RI &{Wp DQG ZKHWKHU FOHDQHUV X\
UHPDLQV XQWHVWHG $OWKRXJK ORQJLWXGLQDO VWULSLQ
ILVKHV &{W®G LV QRZ GHPRQVWUDWHG IRU HHWOBXOWDWLY
DOO FRQVLGHUDWLRQV Rl FOHDQHU FRORXUDWLRQ RU SDW
YLVLEOH OLJKW VSHFWUXP 8OWUDYLROHWWXD®MW REHWDY 2K
DQJLRVSHUPYV DQG WK H IHWSR® ODL Q6 \X RUAM CBYDLRGRHW N HI O H F'
KDYH EHHQ GHPRQVWUDWHG DV D PHDQV RI FRPPXQLFDWLI
6LHEHMN DO 7KHUHIRUH WOMURYQRRORMA §B LPSRUWDQ
UHFRJQLWLRQ DQG VXJJHVW WKDW IXWXUH LQYHVWLJIDWL
FOHDQHU RUJDQLVPV

&OHDQHU VKULPS YLVLRQ LV OLNHO\ PRQRFKURPDWLF
DEL O BWAB\HRSIHIW/VIRE R L Q HDGRWA.R/FD UL G H O O D 9B QX\FRIQ IFRUIX W HL
ILUVW WLRW BOYHKH VSDWLDO UHVROXWLRQ RI WKHVH VKU
WKDQ IRU VHD VQDLOV DQG VFDOORSV DQWWSBD FUHDKN\NV ZL
UHVHDUFK VXJJHVWVY WKDW FOHDQHU VKULPS FDQQRW DV\
VXJJHVWHG LQ SDUW E\ %HFNHU DQG *UXWWHU DQG W

WR GHWHFW HFWRSDUDVLWRMVOR® LMW OQR\WQ |RY KHWH DQKHU AR
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VXJIJHVWV WKDW WKH FKDQJH LQ FOLHQW SLIJPHQWDWLRQ
VLIJQDO WR RWKHU FOLHQW ILVKHIW DUDWKHU WKDQ WKH FO|
%HFNHU DQG *UXWWHU  KD\WURWLR SIBUDYILGHQE R DG D (
KXQJHU OHYHOV LQIOXHQFH FOHDQLQJ LQWHUDFWLRQV $S
LV DYDLODEOH RQ ZKDW GULYHV WK H ©UR MV VW HENIKE\Y GR\
DO +RZHYHU UHFHQW HYLGHQFH VXJJHVWHG WKDW WHF
SHGHWWRQEOHDQHU JRELHV GLIIHUHG EXW WKH FOLHQW V¢
HW DO FRQVLGHUHG WKDW WKH HFWR ®D EBVG WIHKN UMD WI MR
WDUJHWHG E\ WKH FOHDQHU JRELHV ZKLFK ZRXOG H[SODL
VDPH FOLHQWVY ,Q DGGLWLRQ WKHUH DUH QR GDWD WR

EHWZHHQ FOHDQHU VKULPS VSHFLHV

2.10The ecdogical importance of cleaning symbioses on coral reefs

&OHDQHU RUJDQLVPYV PDLQWDLQ DQ HFRORJLFDO EDODQFH
LYV FOHDU WKDW WKH UHPRYDO RI HFWRSDUDVLWHYV LV EH
DXWKRWHYW KWWHPSWHG WR TXDQWLI\ WKH HITHFWV RI FOHDQ
WKH K\SRWKHVLV WKDW WKH UHPRYDO RI FOHDQHUV SUHVEFE
LQ UHHI ILVKHVY HPLJUDWLRQ RU PLWIUWBP®HRQHUWHRDNHQL
/ILPEDXJK ZDV WKH ILUVW WR SUHVHQW REVHUYDWLR
UHPRYDO IURP D UHHI +H UHPRYHG DOO NQRZQ FOHDQHU
%DKDPLDQ UHHI FRQWDLQLQJ KL ¥ LIKVEOWHHW LLVP\ [R IF RIQAKLHAA
LQ WKH QXPEHU RI ILVKHVY REVHUYHG DV ZHOO DV WKH |
HWHPDLQLQJ WHUULWRULDO ILVKHV J/LPEDXJK BUHVXPD

DEVHQFH RI FOHDQHUYV
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,Q D VUPSIOWKLUFRGHIRKXNODWLRQ H[SHULPHQW RII +DZDI
GLG QRW REVHUYH D VLJQLILFDQW GHFUHDVH LQ WKH QXPE
FRPSDULVRQ <RXQJEOXWK FRQVLGHUHG WKH SRVVLE
SURSHUWLHYV RI WKH UHHIV LQ ERWK VWXGLHV PD\ KDYH LQ
DUHDV #RWMFNZHUH KLJKO\ FULWLFDO RI /LPEDXJK
FOHDQHU/ ZGDRIVGHIGHBRB XODWLRQ VW XGD REIVW K HHD DG DION

WKHVH DXWKRUV IRXQG QR VLJQLILFDQW FKDQJH LQ Wi
UHPRYDO +RZHYHU /RVHA SKWKHPRRHABSOWEKHY R1 UHHI L
DQG IRXQG WKDW WKHUH ZDV D FKDQJH LQ WKH EHKDYLRX
SDWFKHV RI UHHI /Z LSAKKV B LUWHREIKEQM®B H IDFXOWDWLYH FOHD (
WKHLU FOHDQLQJ DFWLYRWMN\WR VREHGGRRW ILQG D VLJIQLI
HFWRSDUDVLWHYV DIVEHKW MKHRBKEFRYDIDV LIQ FRQWUDVW ZLW
RI /LPEDXJK WKDW 3FOHDQHUV PDLQWDLQ WKH KHDOW
*R U O HENO ZKR GHWHUPLGHBL BIKDBKAHG HFWRSDUDVLW
9DULDWLRQ LQ WKH LPSRUWDQFH RI FOHDQHU ILVKHV DQG
SDUDVLWH EXUGHQV DQG SDWKRJHQLFLW\ DQG FDBGQHU [
WLPH )XUWKHU UHVHDUFK LV UHTXLUHG WR FODULI\ WKF
HFRV\WVWHPV WKURXJK WKHLU HIIHFWV RQ FOLHQW KHDOWK

7KH UROH RI WLPH LQ V\PELRWLF UHODWLRQVKLSV LV
RXWFRPHV DQGUDRRLIGQW B WSKHHWDWLRQV 7KH EDODQFH EH
FKDQJH ZLWK WLPH ZKLRAKWRHVKUIQ POV LROD OHRERGR\P H V
DQG 'XJDWNLQ ILPEDXJK{V REVHUYDWLRQV Z
ZKLOHMXIGH MV R1 <RXQJEOXWHW DO DQBUHRBRDFMXGHG DIW]
VL[ PRQWKY UHVSHFWLYHO\ /RVH\TV FOHDQHU UHPR)

%VKDU\ FRQVLGHUH G WPKLHE RBIWWORWOVO WVRK D Q HR MK RBW W K
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WHUP ZLWK VXEVHTXHQWO\ IHZ REVHUYHG HIIHFWV RQ ILV
LQ UHHI ILVK GLYHUVLW\ ZDV HYLGHQW RYHU D ORQJHU SH
&RQYHUVHO\ WKH LQWURGXFWLMRQ RU DX B GIGLORIFFDQDLAR 6 CGRH
RI UHHI SUHYLRXVO\ ZLWKRXW RQH LQIOXHQFHG D UDSLG L
VXJIJHVWHG WKDW WKH VWXGLHV RI /LPEDXJK DQG /RVI
WKH VWXGLHXWHK <RXQDEGHYRWMLFNZHUH WRR VKRUW WR
VLIJQLILFDQW XOWLPDWH RXWFRPH

/IRQJWHUP VWXGLHV RQ WKH HFRORJLFDO LQIOXHQFH R
LQ VMRHUWWP VWXGIHW DUXWYEHUMHWG D IREHYLGHQFH RI |
GHFUHDVH LQ JHQHUDO ILVK GLYHUVLW\ DQG DEXQGDQF!
GLPLGLDRWXBDWFKHYV RI UHHI RII /L]DUEWVD® Q GQ RHM M & LD (
UHGXFWLRQ LQ WUDQVLHQW ILVHKW\D DIW 8B W HBRW WH U HIEXE
ERWK WUDQVLHQW DQG WHUULWRULDO ILVKHV RYHU DQ HL.
GLPLGLDKHXVHGXFWLRQ LQ WHUULWRULDO VSHFLHV LQFOX
VPDOOHU LQGLYLDBKBDOW ULGWIR SWREHW VX G Y EV FOROBULHG H U F
WKH UHVXOW RI ORZHU JURZWK UDWHV DQG RU WKH UHGXF.
RI FOHDQHU ZUDVVH 7KH OHQJWK Rl WKH VWXG\ DOVR GHF
RKW UHFUXLWPHQW RI WKH MXYHQLOHV RIWWDO® QB VH®WE | L\
DQ HYHQ ORQJHU \HDU VWXG\ LQYROYIHW DEYH®HOHV R
FRQVLGHUDWLRQ RI WUDQVLHQW DQG W NXEWORWHMNO LIRS RH
*UXWAMHDO ZHUH WKH ILUVW DXWKRUV WR VXJJHVW WKH LF
WKHVH W\SHV RI ILVKHV LQ WKHVH W\SHV RI VWXGLHV 3RP
PRQRGRPRXV VSHFLHV FRQKHROMRR®QG VXFK UHVXOWV RI Ut
EHFDXVH RI WKHLU VWULFW WHUULWRULDO KDELWV %DUGEL

LQ WKHLU WHUULWRULHYV DIWHU FOHDQHU IRURD QLK OHPR(
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GDPMHWBRPDFHQWUXYV BRENNHHREVYNUYHG LQ D SUHYLRXV (
VWXG\ RQ FOHDGHB LOLBWWEHDODUO\ %VKDU\ VKRZHG WK
DEVHQFH RI FOHD GHP LGUWDMSXHWKH ZHDNHVW HSHFMWAVRQ W
+RZHYHU QHLWKHU <RXQJEBWWXO PD®HRWKRUBILVFWLQFWLF
WUDQVLHQW DQG WHUULWRULDB®W ID@KHYV SIHF IWIKHD)OQOW W RGE Dt
WHUULWRULDO RERPODBEHOWGEREHBAIRXOK LQ WKHLU VWXG\ E
QRW OLVW WKH RWKHU FOLHQW VSHFLHV LQYROYHG LQ W
LQIOXHQFH WKLV DQG SRVVLEO\ RWKHU WHUULWRULDO VSH
1R FRPSDUDWLYH GHISRSX EBHWORER QW XEWHYY IRU FOHDQ
WKLV ZRXOG DOVR SURYH WR EH H[WUHPHO\ GLIILEXOW I
SK\VLFDOO\ GHOLFDWH ,Q DGGLWLRQ PDQ\ VSHFLHV RI VK
VLPLODU WR WRHILVRZHRQHD@IHW WKDW KDV GHYHORSHG R’
+RZHYHU WKLV GRHV SRVH WKH TXHVWLRQ RI WKH LQYI
PHOQWLRQHG FOHDQHU ILVK GHSRSXODWLRQ VWXGLHV 2QH
FOHDQLQJ WKH PL&OKMHWVRBWR @ MRIOLBDDAKWD UG EXW
*RUOHWND O GLG QRW REVHUYH DQ\ FOHDQHU VKULPS :KH
REVHUYDWLRQ ELDV RU DB OH W@ IQWWIH \GWREASHNSRWIPM GIRX) FRNKGAL

DQG VKULPS DV PHEWLRQH®HEPDLYKWR EH HOXFLGDWHG

2.11Exploitation of cleaning in captivity

7TKH SXEOLVKHG REVHUYDWLRQV RI 3RWWYV PD\ KDYH |
FOHDQHU ILVKH?P HDWVKBGW HRU GOAWIRYSDUDVLWH FRQWURO LQ
VHD OLFH DUH WKH PRVW SHUVLVWHQW DQG HFRQRPLFDO
IDUPLQJ ZRUOGZLGH &RVWHOOR JROORZLQJ UHSR

ILVKHFULBDH WR FRQWURO OLFH RQ VDOPRQ LQ IDUP FDJ
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DQG 6FRWODQG VKRZHG WKDW ILYH FRPPRQ ODEULGV LQ QF
RQ IDUPHG VDSPW®RNR @RQOHYHOV ZLWKLQ ZHHEPVABIR RV W H (
FRR&HQWURODE UXYD GIPRIGN WROGVEYBAQRODE UXN UXSBHXWUL
RUNZIBQBSKRGXV PHORBNWXV FXFNRR ZWDEWKW PL[WXV
/ILQQDHXVDQG MXYHQLOH/EBRWOD G HUMBDEMBY1IRZ VHYHUDO
PLOOLRQ Rl WKHVH FOHDQHU ILVKHVY DUH URXWLQHO\ XVH
'DUZIDW ®O 6NLIWHVYDIN ,QLWLDOO\ LW ZDV EHOLHYHG
EHUJVKWRHG FOHDQLQJ EHKEY LEROW L®RNBAHUD®FH EHHQ VK
ZLOO FOHDQ OANLIMWW WDIWP REHVHDUFK LQWR FXOWXULQJ FH
ODEULGVY WR VXSSO\ WKH |BUNEMWHWDDY R, ® OGHIULADMNRKE JO X P
&\FORSWXRXXPQDHXV DUH EHLQJ GHYHORSHG IRU XVH DV
,PVOBW O 7KH XVH Rl FOHDQHU ILVKHV UHGXFHV RU DYR
WR FRQWURO OLFH WKHUHE\ LPSURYLQJ | LMKQKHEHD & VKY N\DW
ZLWKRXW GUXJ UHVLGXHV 2SWLRQV IRU OLFH FRQWURO D
UHVLVWDQFH WR DOO WKH SDUDVLWLFWGHY &RWW HRIOWRKH |
$DHOQN DO 7KH PDLQ OLPQWBWHBQMUNIRKKHY KDYH EHHQ DG
DELOLW\ WR HVFDSH DQG WKH LQIOXHQFH Rl HQYLURQPF
HFWRSDUDVLWH JURZWK UDWHV &RVWHOOR SHFHQW F
FOHDQHUV LD\ (XOWRBHW WKH UHVHUYRLUV RI GLVHDVHV L
H[DPSOH YLUDO KDHPRUUKEW P ® HB & O-B® HROL DD PRIQEIRF JL O C
GLVHDVH .PWONEDM®$BURPRQDV VDSHURPIRQBGDFHDH 7UH
IXUWKHU VXSSRUWLQ JIEHBIWLX O RDW HEQ FRIH® IQWHHDA H
7KHUH KDYH EHHQ QR REVHUYDWLRQV RI HLWKHU FOlL
OXPSILVK FRPPXQLFDWLRQ WR FRRSHUDWH SULRU WR FOH

HJ ,PVHWHWOWQ@GDE +RZHYHU WKH ZUDVVH VSNHDHEHG R & RWKH
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ZLOG DQG FOHDQ ILVKHV WKDW UHPDLQ V& DWL BRDVR DO W
REVHUYDWLRQV ,W LV SRVVLEOH WKDW WKLV FRPPXQLFD\
WKH FOHQWH@DFWLRQV LEXD@WHSGOLYHHFOHAW LQFLGHQ\
RSSRUWXQLVWLF PXWXDOLVP DQG QRW WUXH FOHDQLQJ V

,Q WURSLFDO DTXDFXOWXUH W K H( CFODA-DDARIBQYKNI R H HIQV
LQYHVWLIJDWHG IRU WKHLU SRWHQWLDO DV XQRORJ LIFIDQ GV
PRQRIJHQBDEDWL QY KIBNERELQV DQ@®@DFDWLQXVRRIFGHDD RSV

KDYH VKRZQ SURPLVH DJDLQVW WIKHR BHQRE®H®@ DIV LPFFH @
ODF&DOOXRQ FXOWXUHG HXU\K DHW @-D W LDDDMEBEDW L @ RY HOID
6D]LPD ORQ®RND ZDV UHFHQWO\ WHVWHG VXFFHMVIXOO\ |
PHO RMQQWKH DTXDFXOWXSILBHGEHGXW HPRAFHIFQBW YW D] L O
GH 6RXWDDO (ODFDWLQXWRVHDIMFRRSEHHQ XVHG VXFFHVVIX
PXWWRQ VRQWBSKYXVE&RYDHOLYDQG JUHDWHBHDRRODMGRKRHUL
5LVVR VHWHQHMWWRO GH 6RXYDDO DQG FROFIKDFHQWURQ
FDQDGK®QDHXVEURRGVWRMHW BABQHMWWBELFDO FOHDQHU ZUI
KDYH QRW \HW EHHQ FRQVDGHBHG HI\R W MPTLKELEK@XMX UKV H G
ELRORJLFDO FRQWURO DJDLQVW HFWRSDUDVLWHVY LQ SXEO
ILVK ZHUH VXJJHVWHG DV D ELRORJLFDO FRQWUROHWU WKH
DO

&OHDQHU VKULPS KDYH QRW EHHQ XVHG DV ELRORJLF
%HFNHU DQG *UXWWHU DQG 0LOMWKHDRQG RWAQRQ. DO El
HFWRSDUDVLWH FRQWURO LQ DTXDFXOWXUH 2QH RI WKH D
LQ DTXDFXOWXUH LV WKHLU XQOLNHO\ IXQFWLRQ DV GLVHD
ILVKHV OLOLW] DQGY+XQVWRE® SDXFLW\ Rl UHSRUWV RI GLVH!

WUDQVPLWWHG WR ILVKHYVY &OHDQHU VKULPS DOVR DFWLYH
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DV PRQRJHQHDQ HJJV DQG ODUYDH OLOLW] DQG +XWVRQ
GLUKPBVLRGLUHFW FOHDQHUV 7KH\ FRXOG EH LQWHJUDWH{
LWVHOI DZD\ I[URP FOLHQW ILVKHV SDUWLFXODUO\ LQ UHF
LQ WKH LQWHJUDWLRQ RI ERWK FOHDQHXDEXDWYUBQG VKU
,W KDV EHHQ GRFXPHQWHG WKDW VRPH FOLHQW ILVKF
UHDVRQ LV XQFOHDU )XWXUH UHVHDUFK SULRULWLHV VKRX
DQG FOLHQW UHFRJQLWLRQ E\ XOGVZ R MMWRKMHHUWF O HHMWFE \8 R YA
HQKDQFH WKHLU YLVLELOLW\ DQG RU WKDW RI WKHLU HFV
VHQVRU\ PHFKDQLVPV DOVR UHTXLUH VWXG\ $GGLWLRQDC
FOHDQHU VKULPS FDQ EHLDGGDRFUSKRVIRILPDPRPEG PROHF

RI IXW FRQWHQWYV WR HOXFLGDWH WKH GLYHUVLW\ RI SUH\

Acknowledgements
,ZLVK WR DFNQRZOHGJH WKH VXSSRUW RI DQG FRPPHQW\
UHWLUHG W KHR S2KBRIPWAKHGAH G LW R /GIE ODUWLQ *RPRQ OXVHX

$XVWUDOLD IRU FKHFENLQJ WKH ILVKHVY WD[RQRP\
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32.7%—

47.1%

6.7%—

5.8%

m
)LJ 5HSUHVHQWDWLRQ RI DO NQPREBEOMND QH[USW HW HGPRW\D SHUFHQWDJH 1RWH 7KI1
VSHFLHV LQ D IDPLOY WKRWSDb W HFBIHDWQ EHYV IDPLO\ $SRIJRQLGDH %DOLVWLGDH &\SUL
ORQRGDFW\GLGDH 26WUDFLLGDH 3HUFLGDH 3RHFLO®LNVGBHRLBWWHDIRAKD OFPQAIGQHLODB 78HU
+DHPXOL GOVOFHHFLHY HDFK &DUDQJLGDH &HQW WHEHRIHG/DHDFEG )XKMVEXDRE R WS DMEIHGD HH -
*RELHVFRFYSBHLHY (FKHQHLGDH (PELRWRSHFELMHY QG K\ BRPPOHEFIDHVU BSEDAWKXULGDH &L

+ VSHFLHV HDFK &\SULQLESEDWSBRICHV\QDEFBWE&BOBBWFERY #*RBASKSAOLHHYV # D BASIHA B SKH L

VSHFLHV *QDWKRSK\OQLSBHFLAE BDW&BOULESRONHY 3DODNBRELBY H6WH YBRERGHGDH

52
&KDSWHU




[ orpusAsayduy,

£ - [ sepryyeusuig
o = I aeprepQ
s Sepyuodeid i
& — 0UDIIENSO) = I Ol 198pouo)y
] & 0 : o [ sepuqeT
2 [ oepLIge ] Coe 9 . pascrdl 3
1 =8 I oephiuopojeryy | Z o i
L B oepimyuesy 7 I oeproosalqon
. gggegggese gt |. ww@_woao:m
= i piuopolaey;)
SO ooooC
m.g Q0D W SF N O —
= - seprund£y
= SEPIOPOIEY)
th SOOI
m SO =DV st ool —
8 I oeprunds)
= [ aepLqe]
g T WD)
SO IOoOC
Y
3 3
5 I sepnuopoega],
-~ | oepuqey
M Y ocoocoocooooo
p m SNOO DY S e Ol —
o]
! o
P oepryieusudg
X B ovpireds
o I oepiodog
= [E0 aepiiqe]
£ I owpidosorqon
; = I om?.:o%m@%o
e = s aepiuudA)
2 [ oepiSueie)
‘5 [ seprrUTA[g
;m SROOQLOQOOO
D_“ m OOV oo —
s £
=)
Je £z | aepriqe ]
3 S [ owpiiqon
5 2= SRRIRIRRS
= |7, .|
—
5
<
N
<
l..
I 2epnuoOpoOrId
[ | %mtmmm ‘. N sepusfaadiag,
I SRpLnusdRWO | T w.% Ledg
I seprueoRo g I cuprBseLRg
} W oepiiqe S [ aepiyussewiod
5 e oepisoyd4y = I sepriqe
= W sepiiqo. < I ceprjnuwde
= piqon _
o I orpidsoriseny £ NN SepHeurmein
£ I ovpinpun g < I 2EpiIqon)
<« I cepoojolquuiy = [ srprauaydyg
= [ ovprouaydy = I otpIpeio(]
= I seprundAn 2 B aepyor)
_ S I sepimary v l%ﬁ:@%ﬁu
b Z I 2EpHUOpOjdEYY I orpiAyyoI TR
[ oupryoTenua) [ oepiruuarg
[ oupisurie)) I srpLIpURY Y
[—— epnsieg S2228RFR8S
A =

coocoooooo
SO ~\S N T el —

ILVKHV UHSRUWHG SHU A0HEQR q [ BWRH WHKGT D\H DHPRIETF KHRMWWHIG [RQ

&OHDQHU

)L J

UHIJLRQDO GLYHUVLW\ RU WD[D GLVWULERWHRQWXGDLWGE

QRW D GHSLFWLRQ RI

IRFXV

53
&KDSWHU



- o

Sweden - Palacmonidac RS

(12%) 2

Vi e A 1700
T

r

Hippolytidac (4% . 4 ) 4 -
o} 7 |‘I

Japan - Palaemonidae (18%)

’ Tt

L L 7557 Palacmonidac (6%)
[ "*“"-e’ @ g Weleirg -2
9% : Stenopodidae (25%)"/

=<2 Hawaii - 0"
Hippolytididae (4%) '

Maldives - @
Ga]apogos - @ Hippo]y‘tidac (4%)
Hippolytididae (4%
ippolytididac (4%6) Singapore - Alpheidae (33%)
[ ]
Marquesas Islands - Alpheidae (33%)

A

Mexico Colombia . West Indies Egypt N Australia
100 100 E 100 100 100 ¢
90 90 ~ 9 90 9 -
80 80 80, 80 80
70 70 70 70 70
60 60 60 60 0
50 50 50 50 50
40 40 40 40 40
30 30 30 30 30
20 20 20 20 20
] 10 10 ' 10 10 l
= = [ =t} -
238 23 2g2 g8 ZEE
2o =29 =it =y 2EE
=%54g e T ET L T EZ
S = = = =
Per ;2 3 2 i
£88 &8 88 < g £8¢
5=z =4 =50 z =z
&}

)LJ & OHD/MKHUWHSRUWHG SHU UHJLRQ 10BRPOMKHSWHWNBHGFERVFDWSHUERQWDJH RI
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7TDEOH/LVW RI ILVKHV FXUUHQWO\ FRQVLGHUHG DV FOHDQHUYV

)DPLO\ O 5HSUHVHQWDWL
DOSKDEH"

2QWRJH &OHDC
VWDJI OLIHV

'LVWULEXWLRQ SHIHUHQF!

$FDQWKXL $FDQWKXUXV%BRBXK 8QUHSR )DFXOV :HVWHUQ $WODQWLF ODVVDFKXV 6D]LAB DO

$FD QWK X U X \WoORHFK X
6FKQHLGHU
$FDQWKXUXV/RQQDIH

$FDQWKXUXV QRUWK

&WHQRWKY VWY HIRY

=HEUDVRPD | /DY HYH

3ULRQXUXV PLFURO|
IDFHSqGH

3ULRQX U XV 9\DFRDHIEBAL

8QUHSR )DFXOV

8QUHSR )DFXOV

8QUHSR )DFXOV

8QUHSR )DFXOV

8QUHSR )DFXOV

-XYHQL( )DFXOV

8QUHSR )DFXOV

QRUWKHUQ *XOIl RI OH[LFR WR 6m

$WODQWLF 6HQHJIDO

"HVWHUQ $WODQWLF 1HZ <RUN € 6D]JLPAW DO
RI OH[LFR DQG %UD]LO (DVWHUQ

(DVWHUQ ,QGLDQHHGD®I RRER&K! 6D]JLAW DO
,VODQGV 3DFLILF 2FHDQ 5\XN\X

5HHI WR WKH +DZDLLDQ ,VODQGV

,QGIOFLILF 5HG 6HD VRXWK WR 7 6D]LP DO
DQG HDVW WR +DZDLLDQ DQG 7XC
VRXWKHUQ -DSDQ VRXWK WR WKI

1HZ &DOHGRQLMODQG 5DSD

(DVWHUQ &HQWUDO 3DFLILF +DZI 6DJLPAW DO
"HVWHUQ &HQWUDO 3DFLILF $XV\

3DFLILF 2FHDQDBLOMADY KODOO 0DU 6D]JLAW DO
+DZDLVDQQGYV

"HVWHUQ 3DFLILF HDVWHUQ $XV\V .XZDPXUD
,VOD@& -DSDQ

1RUWKZHVW 3DFLILF ODWVXVKLP 6KLJHWIDO
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7DEOH
$SRJRQLG

%DOLVWL(

%OHQQLL

&DOOLFKYV

&DUDQJLC

&HQWUDU

6LSKDPLD - WEHUIHU

&DQWKLGHUPL% ®RF
2SKLREOHQQLXMUWQ
S5LEHLUR
3DUDEOHQQEBRWV R X
&RU\GRUDV*DBIQHXV
&RU\GRUDV SBQWDMW
&DUDQ[ WXERIRK

I1DXFUDWH YV L&XQMMHKXL

20LIJRSOLWERLO RBKU
6FKQHLGHU

/HSRPLV PDFYRIEKQLH)

/HSRPLV PH5SDOIRYMHMN

8QUHSR

8QUHSR

8QUHSR

8QUHSR
8QUHSR

8QUHSR

“XYHQL(

$GXOW

“XYHQLC

8QUHSR

8QUHSR

)DFEXOV

)DFXOV

)DFXOV

)DFXOV
)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

 QGRVW 3DFLILF 5HG 6HD VRXWK
WKURXJK WKH ODOGLYHV 6UL /DC
6HD ,VODQGYV DQG :HVWHUQ $XVW
WKURXJKRRWDD®RUHIJLRQ WR 9D
&LUFXPJOREDO H[FOXGLQJ OHGLW

6RXWKZHVW $WODQWLF

IRUWKBWIDWOWLF 3RUWXJDO QRU

6RXWK $PHULFD

6RXWK $PHULFD

&RORPELD 7ULC

/RZHU 3DUDRQIi 51

ULYHUV 8UXJXD\ DQG %UD]LO

"HVWHUQ $WODQWLF

1HZ -HUVH\

Rl OH[LFR WR VRXWIKHDQ@ %dHD]LO
&LUFXPWURSLFDO

"HVWHUQ $WODQWLF ODLQH 86%

OH[LMRR 8UXJXD\

1RUWK $PHULFD

1RUWK $PHULFD

"HVW ,QGLHV

(LE@EHVIOGW

*RRGLQJ

6D]LP DO

ORRVOHLWQH!I
YHGHU

':LFNOHU

5DQGDOO

9RQ :D OXPIERW
‘DKOHUW
&DDQEGDPV

| X FODQV/G
%HQNHUW
6XODN

6SDOO
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7TDEOH
SRPR[LV DQIDAD@PHYY 8QUHSR )DFXOV 1RUWK $PHULFD 6SDOO

&KDHWRG &KDHWRGRQ&AWLBI -XYHQL( )DFXOV ,QGFOFLILF (DVW $DZDEDDMR MDKPE *UXWWH U
7XDPRWO QGY QRUWK -DSDQ DQG
VRXWK WR 1HZ 6RXWK :DOHV $XV
,VODQG
&KDHWRGR®GQORFHLQI -XYHQL( )DFXOV ,QGFLILF 5HG 6HD DQG (DVW $1 3HUVRQDO RE
,VODQGV DQB BWRRMR VRXWKHUQ )LJ
BRXWK :DOHV $XVWUDOLD 1HZ ¢
*DODSDJRV ,VODQGYV
&KDHWRGFOQ GDWRY -XYHQL()DEXOV 6RXWKHDVW 3DFLILF (DVWHU ,VO $OOHQ
&DOGZHOO
&KDHWRGR®@XRMOLDL 8QUHSR )DFXOV (DVWHUQ &HQWUDO 3DFEDADLRKC %HQQBIWSH L
*DLPDUG %BHQQHWW
&KDHWRGR@)YOHHEHI 8QUHSR )DFXOV :HVWHUQ 3DFLILF $QGDPDQ@S$SB@® 6DGRY\ DQG &
VRXWK WR $XVWUDOLD 7RQJD
&KDHWRGRQ YQMHRY $GXOW )DFXOV :HVWHUQ $WODQWLF ODVVDFKXV ODLDRJXHLW D
%UD]EROI Rl OH[LFR &DULEEHDQ
$WODQWLEF 6W 3DXO V 5RENV
JRUFLSLJHU IRDGIDQ $GXOW )DEXOV ,QGIOFLILF 5HG 6HDWE YIWZPIUIDF &UDLJ
OF*UHJRU (DVWHOD QGYV QRUWK WR VRXWKH!
+RZH ,VvODQG OLFURQHVLD (DMWI
&DOLIRUQLD OH[LFR B5HYLOODJL
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7DEOH

+HQLRFKXV DFX®QQI 8QUHSR )DFXOV ,QGIOFLILF (DVW $IULFD DQG 3HL 6KLJHWDDO
,VODQGV QRUWKS D@ WRXWHKHWR /
,VODQG OLFURQHVLD

+HQLRFKXV GRBKDK., -XYHQL( )DFXOV ,QGIOFLILF 5HG 6HD 6RXWHKPSIHU 5DQGDOO
$XVWUDOLD +DZDLL

+HQLRFKXV PRXYRFHW 8QUHSR )DFXOV ,QGIOFLILF (DVW $IULFD WR 7XDF 6KLJHWDDO
VRXWKHUQ -DSDQ VRXWK WR 1HZ

7RQJD
-RKQUDQGDOOLDLQO $GXOW )DFXOV (DVWHUQ 3DFLILF LDX@WIRRIDXDOOPDR )HGHU
MXYHQL ODOSHOR DQG *DODSDJRV ,VODQC

BURJQDWKRGHXBPW®W 8QUHSR )DEXOV (DVWHUQ 3DFLILF 6DQWD &DWDO /HIDQILFKDUG
5HFKQLW]HU a PP 86$ WR 3HUX *DODSDJRV ,VODQ

&LFKOLGD 'RFLPRGXV HNF®NED 6XE DG> )DFXOV $IULFD /DNH 0DODZL 5LEELQN
IHZLV
(WURSOXV PBPREBW -XYHQL( )DFXOV $VLD ,QGLD DQG 6UL /DQND \PD@Q®UG
OD\ODQGLDEBMXIHU 8QUHSR )DFXOV $IULFD /DNH 0DODZL 6WDXIIHU

OHVRQDXWD+HPNKHIOY 8QUHSR )DFXOV 6RXWK $PHULFD %ROLYLD %UD]L 6HYHWRDR G
JURHKOLFK

SBVHXGRWURSKHXEIF 8QUHSR )DFXOV $IULFD /DNH ODODZL SLEEDQMBI ZLV
/IHZLV
+DSORFKURPULWMHH 8QUHSR )DFXOV $IULFD /DNH 9LFWRULD LWRVAIE W WDHD \
LwWwoD vV
+DSORFKURPLMWWX 8QUHSR )DFXOV $IULFD /DNH 9LFWRULD LWRVAIE W WDHD \
LWWOHD V
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7TDEOH
OHODQRFKURPRKQWYR

&\SULQLG $O0EXUQXV DIOEXDX

%DUEXV W Bo\® i B INRHQU

&\SULQXV/EQQ@BHRV

/IDEHR F\O L3XHGNH.FX V

SLPHSKDOHYV5®URP H)

5KRGHXV DBOHKNK

S5XWLOXV/URWDEXV

6FDUGLQLXV HU\WKIL

/JLQQDHXV

7LQFD WLQEDHXYV

&\SULQRG &\SULQRGRQ NDIFWLSH;.

'RUDGLGD 30DW\GR UD V LRRYDD

(FKHQHLG (FKHQHLV Q/D XU

8QUHSR )DFXOV $IULFD /DNH ODODZL

8QUHSR )DFXOV (XURSH DQG $VLD

8QUHSR )DFXOV $VLD 6XPDWUD DQG %RUQHR

8QUHSR )DFXOV (XURSH DQG $VLD
-XYHQLC )DFXOV $IULFD
8QUHSR )DFXOV 1RUWK $PHULFD

8QUHSR )DFXOV (XURSH FHQWUDO DDQEs HDRAWNHKIH
OLQRU

8QUHSR )DFXOV (XURSH

8QUHSR )DFXOV (XUDVLD (XURSHDQ ULYHUV QRU\
HDVWZDUBQWR(BWBODLQDJIHV $U
EDVLQV %ODFN 6HD EDVLQ LQ (X

8QUHSR )DFXOV (XUDVLD

$GXOW )DFXOV 1RUWK DQG 6RXWK $PHULFD 0DV

MXYHQL QRUWKHDVWHUQ OH[IFRKDRDW %X
*XOl RI OH[LFR <XFDWDQ 9HQH]X

-XYHQL( )DFXOV 6RXWK $PHULFDRBPOW.Q@V 3DUQL
(VWHTXLER 5LYHU EDVLQV DQG FF
*XLDQD DQG 6%UIBQWH QD

$GXOW )DFXOV &LUFXPWURSLFDO

MXYHQL

9DQ 7DNWHDO®

$EHO

'D U N KORQ/G
3DQ\XVKNLQ
6RWR DO
OLQVKXO0O
6SDOO

$EHO

$EHO
$EHO

$EHO
$EOH

&DUYDBWKRO

$UQHW DO
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7TDEOH
SKWKHLULFKWEBNMWR @I 8QUHSR )DFXOV &LUFXPWURSLFDO VXEWURSLFDO &UHVIVGIGIFKQF

5HPRUD DX%WWQRABW 8QUHSR )DFXOV &LUFXPWURSLFDO 6D]LAN DO
5HPRUD EUDHFRYIWH!I 8QUHSR )DFXOV &LUFXPWURSLFDO 6WUDVEXUJ

5HPRUD RVWXRIFKKLU 8QUHSR )DFXOV &LUFXPWURSLFDO WHPSHUDWH &UHVVGIGI FKQ

SHPRUD UHRRMUDHXV $GXOW )DFXOV &LUFXPWURSLFDO WHPSHUDWH 6]L GCHMED Q L
MXYHQL BWUDVVEXUJ
(PELRWRF %UDFK\LVWLXMOHC 8QUHSR )DFXOV (DVWHUQ 3DFLILF QRUWKHUQ %U +XEBWXEEV
FHQWUDO %DMD &DOLIRUQLD OH]
(PELRWRFDS$MD¥MNR 8QUHSR )DFXOV (DVWHUQ 3DFLILF QRUWKHUQ &D +REVRQ
&DOLIRUQLD OH[LFR *XDGDOXSFH
+\SVXUXV FIDUAVL] 8QUHSR )DFXOV (DVW3DFQILF QRUWKHUQ &DOLIRU *RWVKDOO
%DMD &DOLIRUQLD OH[LFR
3KDQHURGRQROMBEDIEX 8QUHSR )DFXOV (DVWHUQ 3DFLILF QRUWKHUQ &D +REVRQ
*LOEHUW &DOLIRUQLD OH[LFR
3KDQHURGROLIXUF®' 8QUHSR )DFXOV (DVWHUQ 3DFLILF 9DQFRXYHU ,Vi +REVRQ
&ROXPELD &DQDGD WR 3XQWD &
&DOLIRUQLD OH[LFR
S5KDFRFKLOXYWDFGEL -XYHQL( )DFXOV (DVWADFQILF VRXWKHDVWHUQ $0O *RWVKDOO
OH[LFR 7DV WHD O O
(QRSORVL (QRSORVXV KUWHWX 8QUHSR )DFXOV $XVWUDOLD 6KHSKHWU® O
)XQGXOLG $GLQLD [HRLGEDQ *L 8QUHSR )DFXOV :HVWHUQ &HQWUDO $WODQWLF 8 $EOH
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7TDEOH

*DVWHUR\

*RELHVRF

*RELLGDH

)XQGXOXV KHWEQRH

)XQGXOXV PDMBIDAR

/IXFDQLD S@ODAYBG

$SHOWHYV TOXDWBRER®

&RFKOHRFHSYXWEKR!

&RFKOHRFHSVXRWURKIL

& RF KO HR F HSMWVFIKWIQ

'LSOHFRJDVWHU ELF

%RQQDWHUUH

/IHSDGRJDVWBUVNRQ

(ODFDWLQXVYHKE&N M

SRELQV

(ODFDWUQ@XMNLPD OF

5RVD

(ODFDWLQYYKINHH 8QUHSR

5RELQV

8QUHSR

MXYHQL

MXYHQL
8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

)DFEXOV

)DFXOV

)DFEXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

'"HGLFD

'"HGLFD

'"HGLFD

"HVWHUQ $WODQWLF

86%

*XOIl RI 6W

"HVWHUQ $WODQWLF 1HZ +DPSVK
QRUWKHUQ *XOIl RI OH[LFR
"HVWHUQ $WODQWLF ODVVDFKXYV

86%

OH[LFR WR )ORULGD .H\

"HVWHUQ $WODQWLF
&DUROLQD 86$
(DVWHUQ ,QGLDQ 2FHDQ VRXWKH

86% DQG
*XOIl RI 6W

6RXWKZHVWHZDERKVEK :DOHV HDV
$XVWUDOLD
(DVWHUQ ,QGLDQ 2FHDQ VRXWKZ

$HIJHDQ B6HD

6HD

(DVWHUQ $WODQWLF

% ODFN
1( $WODQWLF

6HD 6HD RI

%ULWLVK ,V

LQFOXGLQJ ZHVWHDQGO W& IHWk O D E
'HVWHUQ $WODQWLF
RI 6RXWK $PHULFD

6RXWKZHVW $WODQWLF

%DKDPDV $
"HVWHUQ &DU
%UD]LO

"HVWHUQ &HQWUDO $WODQWLF %

OF&XWFKHRQ
OF&XWFKHRQ
YHGHU

$EOH

$EOH

7\OHU $1
+XWFKLQV
+XWFKLQV

+XWFKLQV

3DW]DGEEHOL

“H LW ] DG
OHUFDGHU
'KLWHPR&{Wp

6D]LPW DO

&ROLQ
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7TDEOH

(ODFDWLQXV L@ KR
SRELQV
(ODFDW L QX QGEREHD

(ODFDWLQ X VRRFHDD

(ODFDWLQXV SKWKILE
&DUYDIOXKRR 6D]LPD
(ODFDWLQX¥LBDUGIH
*DVSDULQL 5RFKD
(ODFDWLQXV 9%6|KROMKH
S5RELQV
(ODFDWLQXV SXQFW
*LQVEXUJ
(ODFDWLQ X Wo UKOMNGD
5RELQV
7LJULJRELX\3HEA.OKHI

7LIJULIJRELXV ©ORPAKB
SHDGHU
7LIJULJRELXVIWXNVILR

*UDPPDWL *UDPPD ORRHHAWR

8QUHSR

$GXOW

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHSR

8QUHBIR

8QUHSR

'"HGLFD

'"HGLFD

'"HGLFD

'"HGLFD

'"HGLFD

'"HGLFD

)DFXOV

'"HGLFD

)DFXOV

)DFXOV

)DFXOV

)DFXOV

"HVWHUQ &HQWUDO $WODQWLF <
'HVWHUQ &HQWUDO $WODQWLF &
'HVWHUQ &HQWUDO $WODQWLF V
VRXWKZDUG WR %HOL]H
$WODQWLF 2FHDQ )HUQDQGR GH
BRXWKZHVW $WODQWLF 7ULQLGD
'HVWHUQ &HQWUDO $WODQWLF V
$QWLOOHYV

(DVWHUQ &HQWUDO 3DF L (EFK D*XROU
"HVWHUQ &HQWUDO $WODQWLF 3
$QWLOOHV WR &XUDODR DQG 9HQ
(DVWHUQ &HQWUDO 3DFLILF *XOI
(DVWHUQ &HQWUDO 3DFLILF OHJ[L

(DVWHUQ &HQWUDO 3DFLILF &RV

"HVWHUQ &HQWUDO $WODQWLF %
$PHULFD WR QRUWKHUQ 6RXWK $|

&ROLQ

5DQADW3ROLQ

5DQGDOO

6D]LP DO

*XLPDWHWHB O

'KLWH B R&{W p

YHGHU

6D]LPDRIR XUD

+REVRQ

+RHMRSHDGHU

*URDKIB®YHQE

% | K CONMSSK D S O |
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7DEOH
*UDPPD EUDWDQLMM' 8QUHSR )DFXOV 6RXWKZHVW $WODQWLF %UD]JLO 6D]JLPW DOD
*DVSDULQL ORXUD

+DHPXOLC $QLVRWUHPXVLYQ@D! 8QUHSR )DFXOV :HVWHUQ $WODQWLF %HUPXGD ) 6D]LPW DO

a PP LQFOXGLQJ WKH *XOI RI OH[LFR D

+DHPXORQ FDOLIRU( -XYHQL( )DEXOV (DVWHUQ 3DFLILF &DOLIRUQLD 8 6LNNHO
BWHLQGDFKQHU
+DPXORQ FKU\VDUJ\ 8QUHSR )DFXOV :HVWHUQ $WODQWLF VRXWKHUQ 6D]JLPW DO
*eQWKHU <XFDWDQ OH[LFR WR %UD]LO

ASKRVLGL $W\SLFKWK\V*YQWUKH 8QUHSR )DFXOV ,QGRVW 3DFRKVFKHDVWHUQ $XVW! *ODMEQGQJVIF

*LUHOOD QB{VWH¥DQ\ 8QUHSR )DFXOV (DVWHUQ &HQWUDO 3DFLILF 6DQ 'HODUWDRER\HL

WR VRXWKHUQ %DMD &DOLIRUQLEL 0 F & ROXQUG
7KRPVRQ

*LUHOOD VLPBEXNUFQC 8QUHSR )DFXOV (DVWHUQ &HQWUDO 3DFLILF *XOIl OF&ROUQRKRPV

1LFKROV

+HUPRVLOOB @NXQMI 8QUHSR )DFXOV (DVWHUQ & H QORWMOH BIBIF 1%IDR LQ &I 'HODU\URGR \H L

(YHUPDQQ WR *XOIl Rl &DOLIRUQLD 0 F & ROXQG
7KRPVRQ

OHGLDOXQD FDOLIRl 8QUHSR )DFEXOV (DVWHUQ 3DFLILF 9DQFRXYHU ,Vi +LRQ

BWHLQGDFKQHU &DOLIRUQLD 86%

7LORGRQ VHBIDAKALLDX SQUHSR )DFXOV 6RXWKHUQ $XVWUDOLD 6KHSKHW ® O

/IDEULGDH $XVWURODEUXODIFDF 8QUHSR )DFXOV $XVWUDOLD :HVWHUQ $XVWUDOL 6KHSKHW®O
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7TDEOH

%RGLDQXV DWQMXQRY

%RGLDQXV B H@DDW

%RGLDQXVYDE&EHBSQDB H

%RGLDQXV GESO®RWI

%RGLDQXV P HMRRNFKF
6FKQHLGHU

%RGLDQXV SXOHRKHC

%RGLDQXM QR DH/XV

%RGLDQXV VWoRIAE R

&HQWURODEUXW FIDE

&HQWURODEUXYQ QDR

“XYHQLC

-XYHQLC(

“XYHQLC

“XYHQL(

“XYHQLC

“XYHQL(

“XYHQLC

“XYHQLC

8QUHSR

$GXOW
MXYHQL

)DFEXOV

)DFXOV

)DFEXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

,QGIDFLILF 5HG 6HD WHR BRWWKRSI
7XDPRWOQGY QRUWK WR VRXWK
&DOHGRQLD DQG WKH $XVWUDO ,°
,QGFOFLILF 5HG 6HD WR BRXKXO®
ODUTXHVDQ DQGODXQIEPRWDRG QRU\
,QGLDQ 2FHDWLFDVMDVW WR WKH

&RFRWHOLQJ
(DVWHUQ 3DFLILF

,VODQGV

*XDGDOXSH , V!

&KLOH &RFRV ODOSHOR 5HYLOO

VODQGYV

HVWHUQ 3DFLILF EHWZHHQ :DND!

DQG 6\GQH\
2FHDQ
1LFREDADQGV

$XVWUDOLD
ZHVWHUQ FRDVW RI ODOCL

1HZ &D

"HVWHUQ $WODQWLF B6RXWK &DU
+RQGXUDV DQG 6DQWD(RDWBUQQ

6mR 7RPp ,VODQG

'HVWHUQ $WODQWLF

%WHUPXGD \

Rl OH[LFR DQG &DULEEHDQ 6HD W
(DVWHUQ &HQWUDO $WODQWLF W
IURP &DPHURRQ WR *XLQHD &DSH
1RUWKHD VW] B WK\D QWOLIFQ G V

(DVWHUQ $WODQWLF

1RUZD\ WR

%VKDU\

5DQGDOO

5DQGDOO

YHGHU

'LFENVWHQ

5DQGDOO
$IRQNW DO
AXLPEBWR DO
(LE@EHVIHOG
JLPEDXJK
$IRQNW DO
AXLPEBWR DO
% HUW RIQF DOL

*D O HIRGTN H UR
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7TDEOH

&RULV DWOQMNWKWIUFD 8QUHSR
&RULV PXRXRGDQ 61 8QUHSR

&RULV MY@IDH XV -XYHQLC(

&RULV SUTFRWFK 6FK( $GXOW
MXYHQL

&RULV VDG@EBWHRWL -XYHQL(
VXBGXO
&WHQRODEUXVY QXSH $GXOWV

'LSURBPQ@WRKXV [DQWI $GXOW
%OHHNHU MXYHQL
+DOLFKRHUHVGEOLRAK -XYHQLC(

+DOLFKRHUHMWEHLIQE S8QUHSR
"'IGHUOHLQ
+DOLFKRHUHV BOIRFE 8QUHSR

+DOLFKRHUHV F\DQF -XYHQL(
% ORFK

+DOLFKRHUHARQGBKI -XYHQL(
*LOEHUW

)DFEXOV
)DFXOV

)DFXOV

)DFEXOV

)DFXOV

)DFXOV

'"HGLFD

)DFXOV

)DFXOV

)DFXOV

)DFXOV

)DFXOV

(DVWHUQ $WODQWLF &DSH 9HUGI
1RUWKZHVW 3DFLILF VRXWKHUQ

(DVWHUQ $WODQWLF 6ZHGHQ WR
OHGLWHUUDQHDQ 6HD

"HVWHUQ 3DFLILF VR XWRKHWIH U+
$XVWUDOLD /RUG +RZH ,VODQG
,VODQGV 1HZ =HDODQG
6RXWKZHVW 3DFLILF $XVWUDOLD
/RU€ERZH 1RUIRON DQG .HUPDGHF
(DVWHUQ $WODQWLF 1RUZD\ WR
OHGLWHUUDQHDQ DQG %ODFN 6HI
'"HVWHUQ &HQWUDO 3DFLILF 3KLC
1HZ *XLQHD *UHDW %DUULHU 5HF
"HVWHUQ $WOOMWRFELQAR UG % H
%UD]LO

‘HVWHUQ 3DFLILF -DSDQ WR WKH

6RXWKZHVW $WODQWLF %UD]LO |

"HVWHUQ $WODQWLF )ORULGD 8|

,QGRVW 3DFLILF 5HG 6HD *XOI W
VRXWKHUQ -DSDQ VRXWK WR WKl

AXLPEBWR DO
+L U BIWDD O
6KLIJHWIDO
$UQWW DO

$\OLRQ*WDFH
&{Wp

$\OLRQWDFH
&{Wp
+LOOGpPQ
HW DO
5DQGDM DO

&{Wp

6KLIJHWDDO

6D]JLAN DO E
&{Wp

6D]LPAN DOE
&{Wp
OF&RXWDRKR PV
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7TDEOH

+DOLFKRHUGMVHI RKE\L

+DOLFKRHUHV $HPHY

+DOLFKRHUHVY%HWR

/IDUDELFXV TXDGULC

5¢SSHOO

IDEULFKWK\V XQLOL

*XLFKHQRW

/IDEURLGHYVYREAGHRWOW R U

/DEUR L GLHOL BWK V
9DOHQFLHQQHYV

/IDEURLGHV SKWMKQGI

/IDEURLGHV S5BG®RO!

6SULQJHU

/IDEURLGHV UXED®®O®I

/DEUR SV LY DIGE®™HOQL

8QUHSR

8QUHSR

“XYHQLC

“XYHQL(

“XYHQLC

$GXOW
MXYHQL
$GXOW
MXYHQL

$GXOW
MXYHQL
$GXOW
MXYHQL

$GXOW
MXYHQL
“XYHQL(

)DFEXOV

)DFXOV

)DFEXOV

)DFXOV

)DFXOV

'"HGLFD

'"HGLFD

'"HGLFD

'"HGLFD

'"HGLFD

)DFXOV

"HVWHUQ $WODQWLF VRXWKHUQ

3DXOR

%UD]LO

(DVWHUQ 3DFLILF 3RLQW &RQFHES

*XDGDOXSH ,\&®mHQ@ GR W&OLNDD

OH[LFR

,QGRVW 3DFLILF 5HG 6HD

*XOI1 F

*XOI W

VRXWKHUQ -DSDQ VRXWK WR WKt
'HVWHUQ ,QGLDQ 2FHDQ 5HG 6HELC

,QGIOFLILF

,QGIOFLILF

(DVW $I1ULPDQ GV RDEPRL

(DVW $IULFD WR /LQH

VODQGY QRUWK WR -DSDQ VRXYV
,QGIFOFLILF 5HG 6HD D QMGR(DIMYH $1
ODUTXHVDV NQGOQGALHQRUWK WR
VRXWK WR /RUG +REZBIQIBY/G 5DSD

(DVWHUQ &HQWUDO 3DFIDQE WHBHI

-RKQVWRQ ,VODQGV

3DFLILF 2FHDKH@RFRWODQG WR .
VODQGY QRUWK WR %RQLQ ,VOD

DQG *UHDW %DUULHU 5HHI

(DVWHUQ &HQWUDO 3DFLILF ,60BI
JUHQFK 3RO\QHVLD DQG 3LWFDLU

"HVWHUQ &HQWUDO 3DFLILF

,QGF

*XLQHD B6RORPRQ ,VODQWGOD FBOCL

6D]LPW DOE
+REVRQ
6D]LAW DOE
*RPRQ
&ODDUIQEHW]RO
5DQGDOO
'"HEHOLXV
6KLJHWIDO

5DQGDOO

5DQGDOO
SDQGDM DO

5DQGDOO

5DQ D@D ULQ.
6 K L BI MM

5DQGDOO

5DQGDOO
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7TDEOH

/IDEURSVLV BDXY®DJ

/IDEURSVLV6FX®@D & Wl

/IDEURSVLV P I5AURID:

/IDEURSVLV [BOWERC

/IDEUXV EHBHVYBD@WRYV

/IDEUXYV PLQMOH XV

2[\MXOLV FDOIQWHEI

SVHXGRFKHLOLQXYV |

%OHHNHU

3VHXGRFXWHRFWRWD

-HQNLQV
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7TDEOH

3VHXGRODEUXV MDS
+RXWWX\Q
3VHXGRODEUXV OXF
5LFKDUGVRQ

3VHXGRODE 6 RKQRHLX
YRUVWHU
6FDUXV |JERXQDBDH. J:
6D]LPD
BHPLFRVV\SKX$\ BKO
6XH]LFRWKEKMVHOO
6\PSKRGXV PHGLWHI
JLQQDHXV
6\PSKRGXV PHODLYR/I
6\PSKRGXV PHDRSN X

6\PSKRGXV R FIHIDXIH

6\PSKR G X V/ WVDLQIDRDX V

8QUHSR )DFXOV
-XYHQLC )DFXOV
VXBGXO
IHPDOH
-XYHQL( )DFXOV
8QUHSR )DFXOV
8QUHSR )DFXOV
$GXOW )DFXOV
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-XYHQL( )DFXOV

$GXOW" )DFEXOV

8QUHSR )DFXOV

$GXOW )DEXOV
IHPDOH
-XYHQL( )DFXOV

I1RUWKZHVW 3DFLILF FHQWUDO + 6KLJHWIDO

6RXWVRKIHD VRXWKHUQ &KLQD 7DL
6RXWKZHVW 3DFLILF $XVWUDOLD
, VODQGV 1HZ =HDODOQG

6RXWKZHVW 3DFLILF 1HZ =HDODC
DQG 7KUHH .LQJV ,VODQGYV
BRXWKZHVW $WODQWLF

(DVWHUQ 3DFLILF ORQWHUH\ %D\
RlI &DOLlL
6RXWKZHVW 3DFLILF VRXWKHDVW
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(DVWHUQ $WODQWLF ORRIRW KRD ®]1
ODGHLUD DQG OHGLWHUUDQHDQ 6
OHGLWHUUDQHDQ 6HD

(DVWHUQ $WODQWLF 1RUZD\ WR
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.HUPDGF
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7TDEOH
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7TKDODVVRPD DPEO\I

%OHHNHU

7TKDODVVRPD E% ™R

7TKDODVVRPD HRBLGI
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7KDODVVR P D2 QHZIWRK

8QUHSR
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ODUTXHVDQ DQ®DROGFRWRUWK W
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"HVWHUQ $WODQWLF %HUPXGD )
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(DVWHUQ 3DFLILF *XOI Rl &DOLIR
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WKH +DZDLLDQ ,VODQGV VRXWK '
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(DVWHUQ $WODQWLF 6DR 7RPH
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(LE@QEHVIHOG'
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7TDEOH
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7TDEOH
IRWRFOLQRSV VHIJP 8QUHSR )DFXOV 6RXWKZHVW 3DFLILF 1HZ =HDODC &OHPHQWYV
OF&XOORFK 3KLOC

&OHDQHUV DV GHILQWRGAQXWE&HUFROUBPQWQJ V\PELRVLVY GRFXPHQWHG E\ FLWHG DXWK
3@ RULV JLRLWMCEHGLEHMIE@®@ GWQG FLWHG LQ )HGHU LV H[FOXGHG KHUH EHFDXVH WKH
LQYDIOMIGHUL QR SYUBINLQLYV E\ 6ZDUW] EHFDXVH 5HPIRQ\DX O DEHREWQFXL G BIOKEGIHIH O
H[FOXGHG &FWWHG E\IUR PD&UBHRK/QIN U ZKR WKURSDKIDVOWER RLHKWRDOW HYLGHQFH IUI
LQGLFDWHG WKLV VSHFLIMHWD R R Q DFW VD KROPHFIETDHRYQ J X6F KO HJH O E\ .HDUQ W EHFD
HYLGHOHXURQHFWHEFKPEIGMWHQNLHWEDOR EHFDXVH RI LQVX&\FFOLRISOMH U E ¥ EERPFHX W K H U H
FXUUHQWO\ RQO\ HYLGHQFH IRU WKLV VSHFLHV LQWHUDFW LOLWB\W DWW XUH ID&HY\8 DO 6RQ R
&UHQLODEURVWFNIQ® 6\PSKRGXV URVWUDWXV &UHGLOBPRUXE\HXKR EXN PWDREXODDONY 'R U\L
PHODQR 9OGIXMWMHU ' H[FLVXV (ODFDWOL QXM QQRUQRMAXY (FKHQMHPPBEQPNLBFKOHJIHO
5SHPRUD EUDHAXESWW WRD/VQIPDNXY /DEDRG ELPORXDIDHXXYV PL[VBXYWXGRWURSKWDWXISHUV X\
OD\ODQGLD7ISXODDVRPD TXGSKSSHUBODVWRPQ]LRZOHU B6WHLQLWPXHSHOOLL ;HQH
FDOLIRUQQFRRVUWFW HGIHONDILQI RION HR QGIDHFEDHAH P XORQ FDOLY®0 Q@ HQWULNVEXWLRQ GDW
DQG FLWHG IRU WKH RQOREMBMIEEDWOEDVH )LWVK%D WH HRL H\H WV DFL W HGR PQ. % XD B X WD E
LV QRW PHQWLRQHG LQ WKH ODWWHU ,W PD\ EH DQ3¥QRQWHXWDRBIMEFDKD QRS X FH GL W \S»
W R 3E HP IRFOH S L GARUMHXRQO\ FOHDQLQJ DFDQWK X UL G FPVHRXWLR I BIEQ B\D.OXE@ BRXQEED/D O O
BRNRORVWWNDED &HUYLJYQ %HWODEPLWBQL] 5DQGDMOO 5DQGEGDMOO )ORHMHDO
IXEERFQIGZDUGY YDQ GHU (OVWRWWHODWHUYIHWQDO 6PLWK 6DEDM DQG )HUUDULYV
/ySHHW DO 3DJBIQ®BXUU  3DJBIQ®BXUU 6D]JLRAN DO &HUYLJYyQ 3DUH@ERQGDOO
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ODVXIBW DO *RPRQ $IRQNW DO 5RE LDQQED) /LHVINGIGB H UV 5DQGDO0O 7LQNHU

3KRWRJUDSKLF UHFRUG RI LPDJHV RI GBIQID XIOAKHV ALWH® QGD)EVN%DVH )UR
6RPPHW DO O\HUV +HHPVWUD )ULFNH 6FRMWQ&FRWW $OOHQ 'H ORUWDW DO
6FKQHLGE XSS %DXFKR@UHDX 'DZVRQ +RHMW DO
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7TDEOH/LVW RI

FUXVWDFHDQV FXUUHQWO\ FRQVLGHUHG DV FOHDQHUYV

)DPLO\ OLV SHSUHVH®WPWL' 3ULPDU\ FC &OHDQLC "LVWULEXWLF SHIHUHQFI
DOSKDEHWL DFWLYLW\ OLIHVW\
$OSKHLGDH $OSKHXV GMLHERBWH( 'LXUQDO )DFXOWDWL 5HG 6HD .DUSBWVDO
$OSKHXV ¥DQGBOOLY 'LXUQDO JDFXOWDWL ,QG3DFLILF .DUSOXV
$OSKHXV) WBSILAL XV B8QUHSRUWLI )DFXOWDWL ,QGIOFLILF +RXIW DO
*QDWKRSK\OOL *QDWKRSK\OOXPDIRQ 8QUHSRUWL )DFXOWDWL *XD\PDV 6RQRUR OF &R >XDUNME
7KRPVRQ
+LSSRO\WLGDH /\VPDWD DPERBHQMIY 'LXUQDO 'HGLFDWHG ,QG3DFLILF % D HQMFBEHO
' &{Wp
/A\VPDWD BDIQQHMUL/LQ" 8QUHSRUWLI )DFXOWDWL &DULEEHDQ %DH]D
/\VPDWD DUJHQMFRS/X¥Y 8QUHSRUW' )DFXOWDWL *XOIl RI &DOLIRUC :LFNVWHQ
5LFD DQG (FXDGF
*DOD S NVIRDQ GV
/A\VPDWD BHDRHD /LQ 8QUHSRUWLI )DFXOWDWL :HVWHUQ $WODQ\ %DH]D
/A\VPDWD ERKVYGINVLULGC 8QUHSRUWLI )DFXOWDWL &DULEEHDQ %DH]D

+

I\WPDWD FDGWRPRLR

I\VPDWD GHEXPH XV

IRFWXUQDC

'LXUQDO

J)DEXOWDWL
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6DQWD %DUEUD
86$ WR %DMD &I
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/ILPEDXJM DO
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7DEOH FRQ
AN\VPDWD JDO®RKORIEWYY SQUHSRUWLI )DFXOWDWL *DODSDJRVY DQG ' %DH@MFBEHO

3DFLILF &{Wp
/\VPDWD JUPEK®RQ ' 'LXUQDO 'HGLFDWHG :HVW &HQWUDO /LPEDXM DO

$WODQWLF *XOlI

ODGHLUD

A\VPDWD JUDAIFKNVMRN 8QUHSRUWLI )DFXOWDWL (DVWHUQ WURSLF %DH]D

I\WVPDWD %KRHKL $QNI 8QUHSRUW!LI )DFXOWDWL &DULEEHDQ %DH]D

/\VPDWD LQWHUPHGL 8QUHSRUW'} )DEFXOWDWL $]RUHV $VFHQVL %DH]D
T 3DFLILF ZHVWHU
/\VPDWD NXHMNHQWED 8QUHSRUW} 8QUHSRUWLF ,QGLDQ 2FHDQ %DHQVFEBEHO
&{Wp
/I\VPDWD PRRWKEXQ B8QUHSRUW!LI )DFXOWDWL &DULEEHDQ ZHV' %DH]D
/I\VPDWD QD\'DBNWW®' 8QUHSRUW'} )DFXOWDWL (DVWHUQ 3DFLILF %DH]D

/\VPDWD SHBEHYUWH@L 8QUHSRUW!I )DFXOWDWL &DULEEHDQ %DH]D
t
I\VPDWDBK\RIB $QNH 8QUHSRUWLI )DFXOWDWL &DULEEHDQ %DH]D
/I\VPDWD UDKBOEXJDH 8QUHSRUWI 8QUHSRUWLF $XVWUDOLD % DH@OFBEHO
&{Wp
/\VPDWD VHWINIVYRGD 1RFWXUQDC )DFXOWDWL OHGLWHU UBDRWIDY ORRVOHLWQH
/I\VPDWD V YOHXKMNRY 8QUHSRUWt '"HGLFDWHG ODOGLYHV .DUSOXYV
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B8QUHSRUWE

,QGIDFLILF

"HVWHUQ ,QGLDQ
SDF2AEHDQV
*XOI RI OHHPRWH
$WOD QUDIUAEEHD(
,QGIDFLILF

$XVWUDNBKXDVKHUC
7DLZDQ
BRXWK DQG :HVW
$XVWUDOLD
:KDOHERQH %D\

,QG3DFLILF
-DSDQ

5HG 6HD DQG $UL
3HQLQVXOD

*XD\PDV 6RQRUR

,QGIDFLILF

'"HEHOLXV

.DUSOXYV

% DH@FBEEHO
&{Wp

%DH]D

%DHQUWFBEHO
&{Wp
2NXQR 2
DQ%UXFH
6KHSKHVU ® O
2N X QRGU X FH
%HF D@ XWW

2N X @QRBU X FH

&KDSKXQ¥%V KDL
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7DEOH

FRQ

$QF\ORPHQHYV SHIIGAHHU
T

$QF\ORPHQHY 2M\HFR |

%UDFK\FDUSXV ELXQ
IXFDV

SDODHPRQ DhGWKHNHV

3DODHPR Q5HOWKINHY V

SDODHPR@RAOMHYHUL

SBHULFOLPHQHYV,YRAD\

BURFDULGHOOD DQX\F

'LXUQDO '"HGLFDWHG

BQUHSRUWI 8QUHSRUWE

IRFWXUQDC 8QUHSRUWE

BQUHSRUWLI )DFXOWDWL

'LXUQDO J)DEXOWDWL

BQUHSRUWLI )DFXOWDWL

BQUHSRUWLI '"HGLFDWHG

BQUHSRUWLI '"HGLFDWHG

"HVW ,QGLHV /ILPEDXM DO

-DSDQ@JDVDZDUD 2NX®RGUXFH
HDVW &KL GX\6WD

1HZ &DOHGRQLD
OHGLWHUUDQHDQ &RUUHGRU
UL /DQND $VFH(

%HUPXGD +W0D@DQ
VXEWURSLFDO $V

3DFLILF

$OJHULD %DOWL gVWON@FNRJQ
&DVSLDQ OHGLW

(J\SW ,QL&LD VR:

1RUZD\ 6SDLQ %

HDVWHUQ $WODQ

1IRUWKHUQ HDVW gVWOXQ@EW\WRQ
$UDO %DOWLF ¢
OHGLWHUUDSE BB G

3XHUWR 3HXDVFR OF &R OWQ/G
OH[LFR'XOIl RI OH 7KRPVRQ
JORULGD 86$ WF /LPEDXJM DO
"HVW , QGIHHWUWR

‘HVWHUQ ,QGLDQ &RUUHGRU
2FHDQV /HYDQW!I
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7TDEOH
BURFDULGHO®RNID 1RFWXUQDO J)DEXOWDWLY OHGLWHUUDQHDQ <RNBQ*®OLO
*DOLO 7XUNH\

3DQGDOLG|I 30HVLRQLND ORQ. 8QUHSRUWHG 8QUHSRUWH (DVWHUQ $WODQW -RQDVVRQ

5DWKEXQ
BWHQRSRG 6WHQRSXV XQVMBILKE 1IRFWXUQDO )DEXOWDWLY & LUFXPWURSLFDO &RUUHGRU
$IULFD OR]JDPELT
BWHQRSXV SRIVRGC 1RFWXUQDO B8QUHSRUWH ,QGRVW 3DFLILF 'HEHOLXV
'"HYDQH\
BWHQRSXV BBDXQWH( 1IRFWXUQDO 8QUHSRUWH *XOI RI OH[LFR &RUUHGRU

BWHQRSXV5YSV@R\ &UHSXVEXODU 8QUHSRUWH 6RXWKHDVWHUQ $ :RRG
OHGLWHUUDQHDQ
BWHQRSXV WSHHQXDR( 8QUHSRUWHG 8QUHSRUWH ,QG3OFLILF +ROWKXLV

&OHDQHUV DW KIH FLXQHGI Q@ V VEX &L WGHRGF PXMKRKWE WD[RQRP\ XSGDWHG DFFRUGLQJ WR V
BWHQRSXV FKtRVH[DQMXXW QRMRAHOLMWXJIJHVWHG WR EH FOHDQHUV EDVHG RQ PRUSKR(
REVHUYDWLRQ R U \RWERSXN Y]IDBY REBUHIFXNFGRWDO UHFRUG RV PDMWHDQ DV DAV D 2
FRXOG QRW EH FR® WDPRI@EMER] YDWR[VKHIMNODO DQG FRXOG EH DQ RE WHWIHF DKGEDE\P | R
$JODRSHSDWILQABDWIXH VWWhDWHRXULDYRERBQUVUWMHQDOXYV FUBRFKLL >LQ /HDHFRaX
REFAXOWHERXU +LSSRO\WHHDFKUP+VQLFKREDRAL + SULGHDMDHAXQD >LQ /HDF@& +
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YDUUBIQ¥K >LQ /HDF&/HEEHXV JURHDENQELFXVSROBDEVQH /\VPDW L \PKOMBELOL
/ QLORKWED +ROWKXUDFHOHPVWURQIHULFOLPHQHNMUXPFIHURRR WD P E R GHHOQNQ V
7R]HXPD FDURQ@LWQHOQYPR VXSSRUWLQJ GDWOR MHERERIQOR\ 2 UXEWBNVWHQ SHUV FR
- : *R¥QR VXSSRUMWIFOGDMDRKUFSDEYPRLYVXSSRUWLQJ GDWI D D U3 ID@HHVOR/LLDQMD R\ V
BWHQRUK\QFKXVWORQBHRQDWIXVFLHQW GDWHQ B\D REDEGEHACAD VIS IBIERHVF D UV 6 § OD DE
F+XQGHVFULEHG 2NXQR '"HEHO L XD Q G U IEWIHR/Q FPXWMEKRK V@R KXW RFDULGHOOD DQWRQ
3DUDGGXOXV ORQIIF®O®WLRQLND ORQJLFDXGD &BPBHFOEPHR@WRPBEREM BHIHUWMRAH 3 KF
$ KROWKXLVL ®HUXRBJLEDRBREDORQJILFDUSENDBH O X¥F DWVAFDMWW URBX@®DWD DUH FLW
WKH RQOLQH GDWDEDVH :R506 RQO\ GDWD YHULILHG EHWR D03 WDR[RQRWP L P HSHWAMDWOV FR

OF&RXWAKRPVRQ &{W %DH]D $QNBQ&R] &UD DM$ERUUHGRUGI8GHNHP GT$FR]
%BXUXNRYVNWUXFH 2NXOQRWBUXFH &KDSXQ®@VKDU\ 2FKRD /LPEDXJK DO
<RNBQ®OLO *R\DQGYDQH\ /XNHQV :RRG &DODBIGR DO %UXFH 7KH QHZ

WD[RQRPLF FRPELXD¥BIUKEHRI 2NXRRQVLGHUHG WR WKH H[FOXVLRQ RI WKH VI\QRQ\P SUF
IRY SHUVBRWHFLHY WKDW IRUFRBDIUJAHRRD KBURLHYHQ KLVWRULFDOO\ FRQIXVHG RU PL\
$QNHU '"HEHOLXV G 8GHNHP G $FR] +D\DVKL 2NXQR DQG %UXFH 5K\C
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7TDEOH(FWRSDUDVLWH RULHSUEQEB QWK HADWRXRVULWLRQDO VRXUFH

I[URP WKH JXW FRQWH:

FDSWLYH FOHDQHUV
&OHDQHU (FWRSDUDVLWH RU &DWHJRU\ 3DUDVLWH QXWUL :LOG : RU SHIHUHQFHV
LWHP DIWHU VF FDSWLYH

$QF\ORPHQHV %HQHGHISQLD ORQRJHQHDQ S OXFXV & % HF R XWWHU
&RSHSRGD &UXVWDFHDQ ¢ 6NLQ RU PXFXV &
*QDWKLLGDH &UXVWDFHDQ ¢ %ORRG &

$QF\ORPHQH\V $QLORFUD: KDOIPXPML. &UXVWDFHDQ ¢ %ORRG & %XQNQBOLD@EOOLDF

SHGHUVRQL :LOOLDPV
1HREHQHGHQLD PHC ORQRJHQHDQ S OXFXV & OF&DPPRW DO
ODF&DOOXP <C

$SHOWHV TXLC *\URGDFW8\ 0 XV ORQRJHQHDQ S OXFXV & 7\OHU

$W\SLFKWK\V (FWRSDUDVLWLF FR &UXVWDFHDQ € 6NLQ RU PXFXV *ODMEQGQJVIRUG
DQG ORQVWULORLGI

&DQWKLGHUP 3DUDVLWLF LVRSRG &UXVWDFHDQ ¢ %ORRG *RRGLQJ

PDFXODWD

&HQWURODEU &DOLJXV FRBVBKIDAY &UXVWDFHDQ € 6NLQ RU PXFXV & 7XOHOW DO
J*WNHQ
&D O LUKV &UXVWDFHDQ ¢ 6NLQ RU PXEFXV *D O HR@IW H U R
&DOOLREGHDQDWBOR +LUXGLQHDQ S %ORRG & 6DPXHOVHQ
+HVVH
*Q D WK D &UXVWDFHDQ ¢ %ORRG *D O HR@IW H U R
+DWVFKBENLD &UXVWDFHDQ € 6NLQ RU PXFXV
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7DEOH FR

&KDHWRGRQ
&KDHWRGRQ

&RULV MXOLV
&RULV VDQGEL
&WHQRODEUX

&\SULQRGRQ
'LSORGXV KR
(FKHQHLV QD

(ODFDWLQXV

/HSHRSKWKHLUXV\M

*QDWKLLGDH
$P\ORRGLQLXP (RFH(
%URZQ ( %URZQ

,VRSRG
&RGRQRSELOXV
&DOLJXV FRU\SKDHC
*Q D WKL O QORWIWD J

JHSHRSKWKHLUXV V
JHHFXQLGHQWLILHG
$UIXOSV

$OHELRQ FDW{RKDUL
$UIXOSV

&D O LUKV

,VRSRGV ODUYDO
3DQGDULG FRSHSRC
3DUDOHELRD SWBWU\
%RPRORBKXV
&D O LUV
&\PRWKRLG LVRSRG

&UXVWDFHDQ

&UXVWDFHDQ

[
<

[
<

'LQRIODJHOOD

&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ

&UXVWDFHDQ

-

+LUXGLQHDQ S

&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
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&UXVWDFHDQ
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6NLQ RU PXFXV

%ORRG
+RVW HSLWKHOLD

%ORRG
%ORRG
6NLQ RU PXFXV
%ORRG

6NLQ RU PXFXV
%ORRG

6NLQ RU PXFXV
6NLQ RU PXFXV
6NLQ RU PXFXV
6NLQ RU PXFXV
%ORRG

6NLQ RU PXFXV
6NLQ RU PXFXV
6NLQ RU PXFXV
6NLQ RU PXFXV
%ORRG

%MRUGDO

*UXWWHU
BUHVHQW VWXG\

9DQ 7DNWHD®
$\OLRQ'WDFH
7XOHOW DO
3RWWYV

%MRUGDO
$EOH

&DDQFGDPV
&UHVD/GI® FKQHU

‘KLWHPR&Wp

IRV H\
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7DEOH FR

(ODFDWLQXV
(ODFDWLQXV

(ODFDWLQXV
(ODFDWLQXV

(QWHOXUXV C

*LUHOOD QLJ
+DOLFKRHUH)
F\DQRFHSKDC
+HQLRFKXV P
+HUPRVLOOD
/IDEURLGHV E

IDEURLGHV G

*QDWKLLG LVRSRGV
*QDWKLLG ODUYDH
1HREHQHGHQLD PHC
&\PRWKRLG LVRSRG
*QDWKLLG LVRSRGV
1HREHQHGHQLD PHC
1HREHQHGHQLD PHC
&DOLJLGDH

*QDWKLLG LVRSRGV
&DOLJRLG FRSHSRG
*QDWKLLG ODUYDH
&DODJRLG FRSHSRG
*QDWKLLG ODUYDH

*QDWKLLGDH
&DODJRLG FRSHSRG
&DODJRLG FRSHSRG
*QDWKLLG LVRSRGV
% HQHGHQDP DIROR
%RPRORFKLG FRSHES
&DODJRLG FRSHSRG
&DODJLG FRSHSRGYV
&U\SWRFDU\RKQURBQI

'LVVROXV

&UXVWDFHDQ
&UXVWDFHDQ
ORQRJHQHDQ S
&UXVWDFHDQ
&UXVWDFHDQ
ORQRJHQHDQ
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&UXVWDFHDQ ¢

%ORRG

%ORRG

OXFXV &
%ORRG

%ORRG

OXFXV &
OXFXV &
6NLQ RU PXFXV
%ORRG

6NLQ RU PXFXV &
%ORRG &
6NLQ RU PXFXV
%ORRG

%ORRG

6NLQ RU PXFXV
6NLQ RU PXFXV
%ORRG

OXFXV &
6NLQ RU PXFXV
6NLQ RU PXFXV
6NLQ RU PXFXV
+RVW HSLWKHOLD &

6NLQ RU PXFXV

"KLWH P R&{Wp

GH 6 RXWDD O
IRV H\

&RZHWO DO
&RZHWO DO

$ U QD@ W p

SRWWYV

'"HOD U \WRER\H U
6D]JLPW DO E

*UXWWHU
'"HOD U \U QR \H U
5DQGDOO
*U X WAWMH D O
*UXWWHU
5DQGDOO
*UXWWHU

*RUOHWND O
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7DEOH FR

/IDEURLGHV
SKWKLURSKD.

IDEURLGHV

UXEURODELD'
/IDEUXV EHUJ\
/IDEUXV PL[WX
/IHSDGRJDVW}
/IHSRPLV PDFL
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SDODHPRQ DC
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&DODJRLG FRSHSRG

*QDWKLLG LVRSRGYV
/[HUQDHLG FRSHSRG
*QDWKLLG LVRSRGV

JHSHRSKWKHLUXV V
JHSHRSKWKHLUXV V
*QDWKLLGDH
$UIXOSV

$UIXOSV
1HREHQWGHQLD
$UIXOKV

&DOLJRLG FRSHSRG
&D O LKREVRWHV V H \
&DOLJIXV ¥KUWUDPRV XV
*QDWKLLG LVRSRGV
JHSHRSKWEBHLUXV
*\UR G D FW\8\ O X V

&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
ORQRJHQHDQ
&UXVWDFHDQ
ORQRJHQHDQ
&UXVWDFHDQ

&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ

&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
ORQRJHQHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
&UXVWDFHDQ
ORQRJHQHDQ

nm nm n

wn

[
<

S

n

nm n

nm

n n n nm

n

nm nm nm nm nm

nm

%ORRG
6NLQ RU
6NLQ RU
OXFXV

6NLQ RU
OXFXV

6NLQ RU

%ORRG
6NLQ RU
%ORRG

6NLQ RU
6NLQ RU
%ORRG
6NLQ RU
6NLQ RU
OXFXV

6NLQ RU
6NLQ RU
6NLQ RU
6NLQ RU
%ORRG
6NLQ RU
OXFXV

PXFXV
PXFXV

PXFXV

PXFXV

PXFXV

PXFXV

PXFXV

PXFXV
PXFXV

PXFXV
PXFXV
PXFXV
PXFXV

PXFXV

Ro

*UXWWHU E
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5DQGDOO

/HF O HHW\F D O
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6SDOO
OLODWHEXWVRQ
&DDQEGDPV

/X FDWQBHQNHUW
+REVRQ

gVWONL@FNWR D O

85
&KDSWHU



7DEOH FR

3DODHPRQ HC
BHULFOLPHQF
\XEFDWDQLFXV
3KDQHURGRQ
3RPR[LV DQQ;
3VHXGRWURS
FUDEUR

5HPRUD EUDF

SHPRUD RVWEH

/I[HSHRSKWKHLUXVYOE
2)

*\URGDRFRWB\O XV
IHREHQHGHQLD PHC

&DOLJLG FRSHSRGV
$UIXOIXV
$UIXOXV DAKLRADE X\

&RSHSRGV LPPDWX
&DOLJLG FIRPFPHSNRGU L
*ORLRSRWHVKRRWR]
*0

*ORLRSRWH Y UADMALR

3K\OORWK\UH XV GFQRH
(GZDUGYV
&DOLJRLG FRSHSRG
&D O LUKV
*ORLRSRWHYV &WPHIV
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7DEOH FR
SHPRUD UHPR

5K\QFRSHODV
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BHUUDVDOPX"
PDUJLQDWXYV
BWHQRSXV KL
6\PSKRGXV

PHODQRFHUF

6\PSKRGXV Pl

6\QJQDWKXV

$FKWKHLQXM GHR |

$OHELRQ FDW|KKDUL
&RSHSRGV LPPDWX
(FKWKURJDOHXV FR
*XpULP@HYLOOH
*DQJOLRSXV S\ULIR
*HUVWDHFNHU
3DQGDUXV /FHDF®FKL
3DQGDUXV V@IV \U XV
3HQQHMSOOD
3K\OORWK\UHXV FRI
&DOLJLG FRSHSRGV

'"RORBYS

1HREHQHGHQLD PHC
&D O LV Y

*QDWKLLG LVRSRGV
3HQLFXOXV ILVWXO|
1RUGPDQQ

*QDWKLD PD[LOODU
JHSHRSKWKHLUXV V
&DOLJRLG FRSHSRG
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OXFXV
6NIRM PXFXV

%ORRG
6NLQ RU PXFXV

%ORRG
6NLQ RU PXFXV
6NLQ RU PXFXV

Ro

6]LGDAYD QL

&UHVIVGI® FKQHU

&UHVD/GI® FKQHU

6KLIHWLDDO

6D]LPRQREDFKDGR

OF&DPPRW DO
$UQD@RUDQG

JO*FNLJHU
S$UQD@RUDQG

SRWWYV
%MRUGDO
SRWWYV
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7DEOH FR

*QDWKLLG ODUYDH &UXVWDFHDQ ¢ %ORRG &
6\QJQDWKXV &DOLJRLG FRSHSRG &UXVWDFHDQ ¢ 6NLQ RU PXFXV & 3RWWV
*QDWKLLG ODUYDH &UXVWDFHDQ ¢ %ORRG &
7KDODVVRPD &DODJLG FRSHSRGV &UXVWDFHDQ € 6NLQ RU PXFXV /RVH\
ELIDVFLDWXP
&\PRWKRLG LVRSRG &UXVWDFHDQ ¢ %ORRG JRVH\
*QDWKLLG LVRSRGV &UXVWDFHDQ ¢ %ORRG JRVH\
/JHUQDHLG FRSHSRG &UXVWDFHDQ ¢ %ORRG : JRVH\
1HREHQHGHQLD PHC ORQRJHQHDQ S OXFXV & &RZHMODO
7KDODVWRIHU 30DW\OHSDV)PEWM &UXVWDFHDQ F 30DQNWRQ /IRVH\W DO
SBURFDUUSHP( %HQHG/HSQLD ORQRJHQHDQ S 0OXFXV & %HF R® XWWHU

&RSHSRGD
*QDWKLLGDH

&UXVWDFHDQ
&UXVWDFHDQ

6NLQ RU PXFXV
%ORRG

%HFDQ®XWWHU
%HFRNDQW XWWHU

3DUDVLWH QXWULWLRQDO VRXUFH JHQHUDOO\ FRQVLIRIDAG YRU U HMBHFIWVLR @& H'URKGVLE
KHUH BYWWRHULF LQF OWWIUYPH XW B[ R @R WRKIERW HRQ ElBHODRVH LW ZDV OLVWHG VSHFIHWFDOO\ D

DQG ZRXOG KDYH EHHQ UHPRYHG IURP BAKQHR ® | RAB O QIXY \HELR QB Bl R/ WFKRH KSRADW QLD
3DQGDUXV+HORDHUXY FUD @GRKQ D RW K H U HIXQ/Y PRBEKGX VXKW K \ U H K ¥ G- R® DG MDXN OIRJIRIPWEHIM V V H \
DQ®FKQHU XQNQRZQ WD[RQ
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&+$37(5
&OHDWKHULPS DEBEBHDYQHUY RI LQMXUHG ILVK
'DY 99 D X J K DI H [ DEQ*®XX IV WYUK )HUJIXVRIQRQ G G DDR® HV

.DWeH+ XWV R Q

&HQWUH IRU 6XVWDLQDEOH 7URSLFDO )LVKHULHV DQG $TXDFX:
6FLHQFHV -DPHV &RRRZANDSPLYPHVEUWHHQVODQG $XVWUDOLD

6FKRRO RI %LRORJLFDO 6FLHQFHY WKH 8QLYHUVLW\ RI 4XHHQV!
6FRRO Rl 9HWHULQDU\ OHGLFLQH 6W *HRUJHYV 8QLYHUVLW\ :H\

'LYLVLRQ RI 7URSLFDO +HDOWK DQGWWH G REZIQQH L@MFH V$XR RN BQL

7KLV FKIDSBXEBO IDAMBEBIKD Q *U MWSNHIHUIXY¥RQ-RQHVD GG
+ XW V.R&Q &OHDWXKHUWWLPS DUH WUXH FO HIIDQUHIQWH R4 LIRONWRYUH C

"2, \% \

, Q WRKID/'SWIHUY HVWLIJDWH WKH DELOLW\ RI FOHDQHU VKULP S

V\PELRWLF FOHDQLQJ LQWHUDFWLRQV WR DGGUHVV WKH V

3.1 Abstract

5HHI ILVKHV VXVWDLQ LQMXULHVY IURP YDULRXV EGMPYHE X |
ILVKHV KDYH EHHQ REVHUYHG IUHTXHQWLQJ FOHDQLQJ VW
ILVKHV 7KLV V\PELRWLF UHODWLRQVKLS EHWZHHQ LQMXU!
REVHUYHG LQ WKH ZLOG DQG KD VD@D-ONH R LE IF B G7TIRMHERIR/GWK WIUA
LQYHVWLIJDWLRQ RI FOHDQLQJ RI LQMXUHG ILVK E\ FOHDQF

WULDO LQYHVWLIJDWLQJ WKH IXQFWLRQDO UHODWLYQVKL:
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SUHVHQWHMHG ZKHWKHU W\RHP DFV® Bl DOQPHEURFLOOKHDQOASY L QM X U H
JROGBWMNMXGDQWKLDV VYRRDRIZSIQYQBNG/ WOMGCIDUNEHWYDO VX SH L
OHVILRMFRUGHG WKH FOHDQLQJ EHKDYLRXU EHWZHHMX VKULI
UHJXODWHG WKH FOHDQLQJ DQG UHGXFHG WKH DPRXQW R
VLGH LPPHGILMWKO\ SRR HVSRQGLQJ ZLWK SUHYLRXV OLW
RI BIBSLWKHOLDOLVDWLRQ RI WK HKRQXM X U\QWIRQ MIKD® G WL V & HW
LQMXUHG ILVK VKRZHG QR FOHDQLQJ SUHIHUHQFH EHWZH
DQDO\WHV GHWHUPLQHG WKDW WKH FOHDQHU VKULPS UHG
UXERU DVVRFLDWHG\ZUMNKSWRMH QQODRKBHWRIQMXULHV LQ |
LQYDVLRQ E\ VHFRQGDU\ SDWKRJHQV DQG WKH UHGXFWLRC
FOHDQLQJ E\ WKHVH VKULPS FRXOG UHGXFH WKH VXFFHVV
QHLWKHDYDWHG H[LVWLQJ LQMXU\ QRU FUHDWHG DGGLWL!

FOHDQLQJ RI LQMXUHG ILVK E\ FOHDQHU VKULPS WKXV OLN

3.2 Introduction

7KH HFRORJLFDO VLJQLILFDQFH RI WaRBPQLWEKHK HWOHEH\HQ G
&KDSWHOHDQLQJ EHKDYLRXU EHWZHHQ FOHDQHU DQG FOLI
&{Wp &OLHQWY EHQHILW E\ WKH UHGXFWLRQ RI QHJ
GDPDJHG WLVVXH HFWRSMKDY¥KWHBYHHBY EDQ® QW SGRRRIEVQ W
FOHDQHUWW/®WOH\ 6D]HRD DOD5RKGH 6HDW\WL. D

&KDSWHKUH UHPRYDO RI FOHDQHU ILVKHV IURP SDWFK UHHIV
QRW RQO\ WKH QXPEHU DQG GLYHUVLW\ RI ILVKHV NWKDW YL
DO :DOBEMHDO RU UHFUXLW DV MXYHQHWHNOWGRXHYKHVH U
DO EXW DOVR UHVXOWY LQ DQ LQFUHDVH LQ YLVLEO

HFWRSDUDVLWH L @®IWWODWKRQWIRUKWKMAHHID QHU ILVKHV KDY
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WR SOD\ LQ WKH KHDOWK IRQOWXHARPPKHILW YV KM XAWXO0OB RNV W
SHUIRUPHG WR GHPRQVWUDWH WKH LPSDFW WKDW WKH UH
ILVKHVY ODUJHO\ EHFDXVH RI WKH FRQVWUDLQWY LQ GRLQ.
RIWHQ FU\SWEBZHOQ® FQQHYDQG FDQQRW VLPSO\ RU UHOLDEO

IDXIKIDMQDO &KDSWHU

5HHI ILVKHY QDWXUDOO\ LQFXU LQMXULHV VXVWDLQH:¢
.ROAW DO SDUDVLWHV 3XULYLURMMYODO HYBQWVHQDDWR
$SDUW IURP YLVLEOH OHVLRQV ILVKHV PD\ DOVR H[KLELW
UHVSRQVH WR VWHMVP (RUOLQMXUD QGHUXWVRQ 7KH FOF
RQ LOQOMXUHG UHHI ILVWKRHW KDWEHBQHIRRXBEQWHG LQIUHTXF
7KHVH IHZ DFFRXQWV LQFOXGH WKH LQFLGHQWDO REVHUYD
DQG +REVRQ DQG WKH GHWDLOHG REVHUYDWLRQV R
&DULGEBWHN IEVRRVWHULRWDEO\ LQMXUHG ILVKHV VSHQW
FOHDQHU ILVKHV WKDQ DIWHU WKHLUZRRXNQGM XD/GNKIGD\U KD
FRXOG EH D SUR[LPDWH FDXVH RI FOHDQLQJ EHKDYLRXU L
HSORUHG DQG UHSRUWHG SUR[LPDWH FDXVHV Rl FOHDQLQJ
DQG HSLELRQW EXUGHQV RRVAHBWHDR® $RIQIDM IDVGPG/ ORWD Q G
*UXWWHU H V@ D OB BL N NHW\O DO % H U W RIQVF ID@L6 D] L MOV D O

*UXWHWH WD O &OHDQLQJ EHKDYLRXU EHWZHHQ FOHDQH
PXWXDOO\ EHQHILFLDO &{Wp &OLHQWYV EHQHILW E\ WK
ZLWK WKH GHDG RU GDPDJHSL EMLR/AYW HO RIFGWR SZKLEFWKL WHHU R H

IRRG VRXUFH IRU AROW/HDQ BD M PMW VIHOD 5SRKGH 6HDWL P D

SHVHDUFK RQ FOHDQHU ILVKHVY KDV WUDGLWLRQDOO\ G
IHZ DUWLFOHV RQ FOHDQHU VKUHMS KD YO EHHIDDBXEOLVKH
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&KDSWHWVWRULFDOO\ LW ZDV DVVXP HGWRSDW FOHD\H B [ VIt
EXW RQO\ ILYH VWXGLHY KDYH DFWXDOO\ GHPRQVWUDWHG
FRQVXPH ILVK HFWRSDUDVLWHY HLWKHD GLDPY¥VDQ\GR:IL O
%HFNHU DQG *UXW WINWY RIQW Dy WEXQBRRQ DO RU
HQYLURQPHQWDOO\ OLOLW] DQG +XWVRQ 7KH FOHDQL
KDYH D VLPLODU HFRORJLFDOO\ VLIJQLILFDQW IXQFWLRQ W]
EH VKRZQ WKIKM\ GMXUMB KIMDOWK EHQHILWV IURP VXFK L
FXUUHQWO\ ODFNLQJ IRU F@H D Q H&K U B WIAARS WHI/X\ KIDKH K\SR
WKDW FOHDQHU VKULPS DLG ZRXQG KHDOLQJ WKH DOWHU
IFWXDOO\ EH WDNLQJ DGYDQWDJH RI DQ LQMXUHG FOLHQW

ZLWK FKHDWLQJ VHH *UXWWHU *UXWWHU DQG %VKDU\

&KHDWLQJ LV D WHPSRUDU\ GHYLDWLRQ IURP WKH QR
GLIIHUHQW PXWXDOLVPV DQG LV UHSUHVHQWHG E\ D EULH
DQRWKHU ZLWK UHGXFHG RU QR UHFLSURADW™ EGQHILWYV
([DPSOHV RI FKHDWLQJ LQ FOHDQLQJ V\PIEQR®XE LKD YHH[ EMSHG
RI FOHDQHUV IHHGLQJ RQ FOLHQW PXFXV DQQUDIHDQHUYV
J)LOKR/ DO $UQIBW DO &KHQH\ DQG &{Wp &HUWDLQO\ F
WKRXJKW WR FKHDW &KDSXLW DDRGLFURDWR FR Q FEIXGS H WV K
VKULZARXOEVXOW LQ H[SORLWDWLRQ RI DQ H[LVWLQJ LQMX
H[SORLWDWLRQ ZRXOG UHVXOW LQ VXVWDLQHG WLVVXH
QHJDWLYHO\ LPSDFW WKH KHDOLQJ UHVSRQVH DQG@KHDOLC
RI ZRXQGV EEWXBHEHR[SHFNHU ELUGY LQ WHUUHVWULDO |

7KHUHWRIMYDOXDWH WKH QDWXUH RI FOHDQLQJ LQWH

FOHDQHU VKULPS LW LV FUXFLDO WR EWLV/E/XH WR)G XW R\
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DSSURSULDWH FKOQWWRPNG WRNWKHYW WKH K\SRWKHVLV WKI

FOHDQHUV RI WKH ZRXQGV RI LQMXUHG ILVK DQG QRW PHU

3.3Methods
6WDWHPHQW RQ WKH ZHOIDUH RI DQLPDOV

$ VXSHUILFLDO VWDQGDUGLVHG HSLWKHOLDO LQMXU\ ZDV
ZHUH JLYHQ D VLQJOH XQLODWHUDO VXSHUILFLDO LQMXU\ E
RQ HLWKHU IODQN RI DQ DUHD QR HWUHJ KRXWHIGD @QH S D UFIPW H §
EXOO\LQJ +DQGOLQJ RI DOO ILVK EHOBIQHM WRVDRURFKXD!
WUDQVIHUUDO LQWR DQG RXW RI WKH H[SHU LPHWQWIDDJI VZD §
NHSW WR WKH RSHUDWICRIQP@OR LIRQPK B HRFERUULQ DQG RXW
WDQNV SHU LQGLYLGXDO )LVK ZHUH RIIHUHG IRRG GDLO\ C
GHPRQVWUDWLQJ D UDSLG UHWXUQ WR QRUPDO EHKDYLR
MXVWLILDEONRHPBOIROHEWDWH UDSLG SKRWRJUDSK\ RI DOO |
HISRVXUH 7KUHH ILVK PRUWDOLWLHY RFFXUUHG GXULQJ V
ILVK $00 ILVK ZHUH KXPDQHO\ HIXIWKIDRQOQUVHE WK WWNUFVRDWPEB
KHQR[\HWKDQRO PO /! PLQ 1HLIIHU DQG 6WDPSHU
HQ&ERLQW VHW RXW LQ WKH DQLPDO HWKLFV DSSURYDO 7K

KXPDQ SDUWLFLSDQWY SHUIRUPHG E\ DQ\ RI WKH DXWKRUYV

$Q L P D OHRIDLQAM

([SHULPHQWDO DQLPDO VSHFLHY ZHUH VHOHFWHG EDVHG R
OLOLW] DQG +XWVRQ WKHLU NQRZQ QDWXUDO UHODWL
VLIH EULJKW FRORXU FDSWLYLWD YRPSDEAIOH MWO\L W\Q B QIGX @

WZHQW\ZED®IJKW DGXOW IHRBV B KGDHDN KR O G LY AWDBIRINVSLQQLYV
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“ FP WRWDO OHQJWK DQG\ VP DWEROMN ERBHDHIML V K L

a A FP ORQJ ZHUH SXUBRDMBG RPPMHDBLDOSRUQDPHQW
VRXUFHG IURP $X3 WUDXDIFOSGHRMWXDOO\ GLPRUSKLF 6KDS
NQRZQ WR LQWBRDRMQAQWEWVWHDQLQJ VI\PELRVLV VHH OLOL"
7KHUHIRUH WR VW DFR®RX®IDWHL RRUIRRGSKRWRJIJUDSKLF VDP
IHPDBOW TXDPIZHUWHIEXUFKDVHG DQG XVHG $00 ILVK ZHUH JI
EDWK RQ DUULYDO WR WKH ODERUDWRU\ WRHWLGONKHP RI
+ X W \HRBQD 7KHUHDIWHU WKH\ ZHUH TXDUDQWLQHG LQ W
FRQQHFWHG WR D GHGLFDWN®SSRUMW RXTWWEQIR P DU IPQ B LE
ZHHNV 'XULQJ WKH TXDUDQWLQH SHULRG WKH IIHWK ZHUI
GHIURMWIMG VKULPS$SDWERIDDVKI VS QDXSOLLGOQWR VD\ KIHXX
EDVHG GLHW PDGH E\ VDW X UDWDIGH JH OAVP@® OARDQEWRR Q
ERLOLQJ IUHVKZDWHU ZLWK 3ULPR $TXDFXOWXUH 15 FR
GLHW 5LGOH\ $JULSURGXFHWBWEQUWUD ®HW DEG ZHUH IHG
7KLV ZDV GRQH WR DFFRPPRGDWH WKH KLJK HQHUJ\ QXWUL
QXWULWLRQDO GHILFLHQFLHV ZKLFK PD\ LQIOXHQFH KHDOW
ZHHNWDVB®WHO\ LQ WKH ODERUDWRU\ D/QEDEHOG HGQ GIRCL\G XL
DTXDULD ZLWK ILWWHG OLGYV FRXSOHGVWRSR UMM SDUDWP DO
GDLO\ ZLWK OGHUADRWWH.® O¥I$ VKULPS :DW HW HXBOV WAH B B
PDLQWDLQHG DW “f & SEWDWXBPWORRQ IRU ERWK IL)

VA\VWHPYV

,QIOLFWLQJ ZRXQGYV
$ FRQWUROOHG VXSHUILFLDO LQMXU\ JLYHQ WR WKH ILVK

LQIOXHQFHRRI LQWHEKUDFWLYH EHK DWILRXW H RH W IQ D@ N WXXAHI\R
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XVHG E\ 'DYLV DQG 2WWPDU KDG D QHJDWLYH HIIH
WKHLU UHVXOWV HWHBODQWR RDKH® BA XVLQJ WKH DQDHV
KBR[\HWKDQRBO GBI $XVWUDOLD DQ DOWHUQDWLYH ILV
VXFFHVV LQ WKH DQDHVWKHVLD RI PDQ\HWHOBRIMOQDQE H{
HW DO 3ULRUWHERIULPHQWDWLRQ D SROOR W R/ WHHGAWZ BAK HF D@
KHQR[\HWKDQRO RQ VRGLXP I0XRUMYIEWKE& OWXPL G K®JDR) DC
KHQR[\HWKDQRO GLG QRW LQWHUIHU K OZLWLK KV R&EX KXW U OO
VWDLQLQJ DW WKH FRRH WEBSDWKR E KRPGQIEGPHQW RI WKH
ILVK ZHUH DQDHVWKHWLVHG VLPXOWDQHRXVO\ DW PO |
KDQGOLQJ DQG WR DYRLG XQFRQWURO O H®V LI XHLHWUWURP
DQG 6WDPSHU

(DFKMK ZDV DVVLJQHG D UDQGRP QXPEHU EHWZHHQ DC
FRGH WKWKHH DQDHVWKHWLVHG ILVK ZHUH UDQGRPO\ VH
VXSHUILFLDO XQLODWHU DG JLIRWYLRUD @GRWPKHMHER B QHPW BH U L.
LQGLYLGXDO E\ UHPRYLQJ VFDOHV ZLWK VWHULOH IRUFHS
QRWFKHG SODVWLF WHPSODWH 7KH RSSRVLWH XQLQMXU
LQGLYLGXD@KWHH 6LYW\UHPDLQHG X QGQ MXK HIBQ G LALHY R I XWQK
ILVK ZHUH VHOHFWHG UDQGRPO\ IRU LPPHGLDWH EDVHOLC
SURYLGH GDWD IRU MJWHXIUGIEXWIHEHD RG WRAB LQMXUHG ILVK |
ILVK DW WKH EHJLQQLTKHRU HPIOH GILOHULRPB@WUHG ILVK ZHUF
WR WKH WUHDWPHQW JURXS 3LQMQ U H GRIL WKK FRIK D & MV FIRSQZAL
SLQMXUHG ILVK ZDWKRXAWKH KWPPE QLQJ XQLQMXUHG ILVK
VHFRQG D® GFRMWURO JURXSV *XQLQMXUHQ® ILVK BRKEDELW
SXQLQMXUHG ILVK DLWKREWOVIKLVKPBHUH JLYHQ DSSUR[LPD\

UHFRYHU IXOO\ IURP WKH HIIHFWYV, AR PIPGIHF VG KHH[\ IHDJ IRRH Q Y

95

&KDSWHU



'XULQJ WKH H[SHULPHQW DOO ILVK ZHUH KRXVHG LQ¢
SRO\HWK\OHQH DTXDULD FRXSOHGVWRSWHKW RDWWEHA UBFKUI
UHPRYHG ZLWK D VRIW DTXDULXP KDQG QHW D@GL Y Q &XRE X
WUHDWPHQW RU FRQWURO WDQNV FR QMPERLIQRIQ K UK/R KR X C
H[SRVXUH DW GDLO\ UHSHDWHG IRY D6RDI[PBXPHRIHVHR\
WUDQVIHUUHG WR ILVK DV WKLV QQADNWLIMLUMNGZ IR KDWHRHKLRL
LQGLYLGXDOPERLQWQGLWKHUHIRUH HREWKG/RQIHS &ZDMO U HR
JURXSV 3LQMXUHG ILVK FRKDELWHG ZLWK VKULPS DQG 3X
+RZHYHU WR DYRLG DQUBRWHQWRO ®HUHEWWHWEK HRI WKH
D GLIIHUHQW LQGLYLGXDO ILVK IRU HDFK KRXUfV UFOHDG
VKULPS FRPELQDWLRQ IRU WKH GXUDWLRQ RI WKH H[SHULP
VKULPS ZD®HRRIBY SXUSRVHIXO GLUHFW FRQWDFW EHWZHH
GLIIHUHQW FOWREWWLRQV ZHUH LGHQWLILHG DQG FDWHJR
VLGHV RI WKH ILVK RUDO BRU Y$-O@DWWHSOD B'R @\M DFEWHIRQIGHIGE R
XVLQJ 3DQDY¥RQKEJK&GHILQLWLRQ YLGHR FDPHUDV RQ  *%
WKHUH ZDV QR KXPDQ REVHUYDWLRQ RU GLVWXUEDQFH GX
KRXU H[SRVXUH ILVK ZHUH HLWKHU UHWX URJH G WRR HW K H IGU
SKRWRJUDSK\ DQG LPPHGLDWHO\ WKHUHDIWHU KXPDQHO\

HDUOLHU

SKRWRJUDSK\ DQG VRGLXP IOXRUHVFHLQ VWDLQLQJ RI L
7R UHFRUG DQ HSLWKHOLDO SLIPHOQW.FWDRQ @ KXQJHDRIGCMMF
WKH DUHD RI GDPDJHG WLVVXH IURRVERWK MX B (FRQWHIURHO\C
QRWSHFLILF LQMXU\ QLQH ILVK IURP HDFK RI WKH WUHDWPF

DIWHU WKH KRXU $H [BRWOQRUMKWRPERROB®DM\VLVK VDPSOHG -
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SODFHG LQWR LQGLNFRGWDRQNIGHEHO ®EG DQDHVWKHWL\
KHQR[\HWEDIQRGH DQDHVWKHWLVHG HDFK ILVK ZDV SODFt
EXLOW JODVVVSKRWRZUWEBKLFWHIUDWHG VFDOH EDU DQG S
SURGXFHG ZKLWH OLJKW GHOLYHUHG WKURXJK D GLIIXVHG
'6/5 GLILWDO FDPHUD DQGWRUSSRBLEG&H DNEIJURRIERROR G W D
FRQWWHRIMHVLQFRUSRUDWHG GLUHFWO\ LQWR WKH SKRWRJUL
XVH DV FRQWUROV LQ WEW HU Q D W EREPLONHY THRFFOO R XU VSDFH
DQDO\WHWOHOL QUBRHHQ 7DXEPDQV KRW OWSHOMmX] 3 +
DQE&ECOXHXOX] KLQEOHUW \HOURZL VK 3DLQWV $ SD
VWDQGDUGYV IRU QHJDWLYH DQ® SR VKW Q QM 0D OXHWSRIF B/R W
ILVK ZDV WKHQ SODMFR®D W Q WRHIV RE® BMKGIGRIGA X R UMDWF H L Q
VROXWLRQ SKHORB[XHWKDQRO PJ / VIRGLXP[ IDXRUMN ¥ HRQ
VRGLXP IOXRUHVFHLQ WR ELQG ZDSWXREBNRDRQE LWLV V XH HUH
HDFK ILVK ZDV LQGLY L GRED (XY RH D DMK BYDFR/ RO XWLRQ
KHQR[\HWKDQRO WR UHPRYH H[FHVV VRGLXP IOXRUHV]
SKRWRJUDSKLF VWDJH WR EH SKRWRJUDBRONG XQ@HWWDYLR
LUUDGLDWLRQ XVLQJ WEXWV D6R2H F D PIHBIRV EHMMKE GHWHFW [

HSLWKHOLDO GDPDJH )LJ

,PDJH DQDO\VHV
$00 SKRWRJUDSKV ZHUH WDNHQ LQ D FRQWUROOHG HQYLUF
DQ\ LQIOXHQFH RQ LPDJHV WDNHSDIEGIL BVH RGN W Q DADKH RS BeC
& , (/ D EFRORXU VSDFHt /DELWRORMHQVVRQ DQG 6N|OG
LQIRUPDWLRQ RQ DQ\ SRWHQWLDO FKDQJHV LQ HSLWKHOLD

SKRWRJUDSKV WDNHQ XQHHY WK IFW ) YCH.U VOWEFH RVARRR&E B HV S
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XVLQJ &RUHIB 3R T720LFHQFHG WR '%9 7KH WKUHH FKDQQHC
IXQFW,[PROQ#S OLW &KDQEVWROVHNRHDO WKHLU LQGR DIQEXDO KLV
FKDQQHOV ZHUH XVHG IRU DQDO\VHV EEGFBMXMHXVRBBURWE
LQGHSHQGHQWO\ Rl OLJKW LQWHQVLW\ 6YHQVVRQ DQG 6N|

WR IRU SHDNV UHSUHVHQWLQJ WKH IRXUDARD®R XU FF
EFKDQQHOV ZHUH UHFRUGHG IHUMVWRRB HD FR GWR R Q JUD\S K
WR YHULI\ WKDW LQLWLDO FRQWURO RI HQYLURQPHQWDO |
DQG ZHUH VXEMHFWHG WR VWDWLVWLFDO DQDO\VHV 7K}
SKRWRJUDSKV ZDV FUFRELHEY O R GWKKHY S\RHDBFKD® XNQ§ J \
ZLWK WKH QXPEHU RI SL[HOV UHFRUGHG SHU FRORXU VS
WUDQVIRUPHG WR D SHUFHQWDJH WR VWDQGDUGLVH IRU
VSUHDGVKHHW WHKHQWROWBGRHY FXRW VXSSRUW DQ DXWRP
VWDWLVWLFDO DQDO\VHV

'LJLWDO SKRWRJUDSKZXDWHBDNHQNXQBHROBREGUEZHDEBLD WL
SURFHVVHG XVLQJ ),-, LPDAK DQBWORQV (\DFEIRVEDW HPDJH ZD\
ILUVW FDOLEUDWHG WR WKH NQRZQ VFROAHS® 6 VORWLWVIOR B
VHSDUDWHG LQWR LWV FVKVHEJFWBRE QRO J MB 6\ DRV
6WDFNVBW RERLWEMIHFKDQQHOV ZHUH VFWXEWQRDHRS R K HMWK
IOXRUHVFHLQ VLJQDO $OWKRXJK WKH VLJQDO ZDV GHWHF
UDQJH RI VRGLXP HOXRUPHWEHH®RRO )LJF EHFDXVH RI WK
SRVVLEOH LQIOXHQFH RQ LWV SHDN HPLVVE F®& DE) QH®D ZDW +
VHOHFWHG IRU LPDJH DRIDIG\WIHN PHQWDWLRQ E F¥X BOIQHRUP F
LPDJHV XVLQJ WKUHVKROGLQJZQ@KH HIOHFM N € DFIDHR E B UV R R W
LPDJH KLVWRJUDP ZLWK DQ DFFXUDF\ RI FDOFXODWHG

ZKHUH DFURVVY DOO LPDJHV WDNHQ XQGHWXOWUDYLR
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OHIW ILVK VL'GH DQ@G ULJKW ILVK VLGH TKHUHIRUH WK
YDOXH ZDV FRQVLGHUHG XQODEHOOHG SL[HOV UHSUHVHQW
DERYH LQ WKH \HOORZ UDQJH UHIOHFWHG WEKWNVRGLX
EDFNJURDXNMQEBHOHFWHG DV WKH GHIDXOW DRGDDEDFRIURXK QC
IXOO WKUHVKROG YLHZ RI DOO ODEHOOHG SL[HOVFLQ GHID.
(DFK DUHD RI LQWHUHVW $2, ZDV PG\DSHKRUHIGFV HB RV B WBI DK
GDPDJHG WLVVXH DVRWRIBBEHOHD®DHG G IHMOV FDOLEUDWHG WR

LPDJH ZHUH H[SRUWHG WR D VSUHDGVKHHW IRU IXUWKHU V

6WDWLVWLFDO DQDO\VHV
'DWD IRU EHKDYLRBKB WZRKWUDIE DQ DIOW LQ Q@ & FDORMKIUXOWUDY LR (
SKRWRJIJUDWBSKNLVVXHHEGBPDQBO\VHG VHSDUDWHO\ EHFDXVH I
WUHDWPHQW OHYHOV VHH EHORZ $00O DQDO\VHV ZHUH SH
&RUH 7HDP XVLQJ WKH SDFNDBMN DX®OPHRY PADMEHAWHIIHFWYV U|
LOWHUFHSW PRGHOV upVWDWVY IRU OLQHDU UHJUHVVLRQ F

IRU SHUPXWDWLRQ WHVWVFRQRERWDOWLIHWN XD D H WKW N
SDFNDJH p+PLWYMW DOD XWHQO WKH IXQFWLRQ pDUHJOPSXWH
GDWD H[FHFEFROBRRKRWVWHVIRUWHDEWRUPHG EHIRUH DQDO\VLYV
KRPRMMQ@LWKH YDULDQFHV D@E \SWRIGEOBHGLGRDPNMO DOV O VHSES
SDVVHG GLDJQRVWRP BVEFD& WHWWRBBVORUPHG GDWD VWLOO
WHVW DVVXPIWKIHRUIMRORRXKXVHG SHUPXWDWLRQ WHVWYVY pO

KRPRIJHQRXYV YDULDQ MHYL ERXW g & UPHDVOL@\X® IOW
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$QDO\VLV RI EHKDYLRXUDO GDWD
, H[DPLQHG WKH HIIHFWV Rl WUHOMRHIQGBZLWERVKC
8QLQMXUHG B Z L®/X\B \DKQUA FFECHOREWW LR Q ZLWK UHVSHFW WR
WKH UHVSRQVH YDULDEOH XVLQJ D VHULHV RISSIHEOGLHIIHF

7R DOORZ IRU YDULDWLRQ EHWZHHQ LQGLYLGXDO ILVK I

PHDV X WHW D WHIG DMKH WIKH VKULPS ERWK DV UDQGRP HIIHFW

7KHQLWLDO H[SORUDWRU\ PRGHRQV)EFAWYWLRDW H GL \DIO ®
RUDO DQG YHQWUDO UHFRUGHG RQ WKH FDWHKD Q HY DAYDL PMH-
D IXIQFQV R1 WKH |LGHYS FIDIHIDER Q YDRADW LRQGE LQVEHYDFWLR G
FOHDRRQWRFWDW LIR@M KD & W PV UDQGRP HIlHPRWNS HDKWHIGI D
WKLV DQDO\VLV XVLQJ D VXEVHW H[FRXWREW\RURQVDFG&LYF
GRQH WR H[DPLQH ZKHWKHU FOHDQLQJ EHKDYLRXU GLIIHU}
WKH ILVK %HFDXVH ERWK LQMXUHG DQG XQLQMXUHG ILVK
IRXU OHYHOV ,OMXUHGLRWGHORX LG ¥UBE RYKQMXUHG
XQLQMXUHG ILVK 5LJKW VLGH RQ XQLQMXUHG ILVK DOOF
WR EH FRPSDUHG ERWK ZLWKLQ DQG EHWZHHQ ILVK

'LWK WKLV GDWDVHW WZR DOWH U QDWW ¥R TRSR KO
FOHDQLQJ WLPHV WKH UHYV SRQNBWH® IGIDE (H/ D, @ XWKHU LLIFU VI
LQ WKH PRGHO DV HLWKHU D TXDGUDWLF RU D OLQHDU IXQ
YDULBBED QLR D WDER@® RW WKH | LIH® GDIDR B BMRF\IW GRIQ V
IGDY DQG WKH LFOD/MIDBR DWIBFGW L R QVFDIHDIO@DRFD W LR Q V
ZLWK G D\QLOY D Y& W SV UDQGRP HIIHFWV 7KLV DQDO\VLV ZD
IOFOXGLQJ DOO Rl WKH GDWD DQG RQFH H[FOXGLQJ GD\

LQ EHKDYLRXU H[WHQGHG EH\RQG WKH LQOBWEBQGHYQWDEOL'
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WKH VHFRQG DSSURDFK EDVHG RQ VWHIH) DB V\XKIOGV ¥ LRV KWE& DB\ 1\

DV D FDWHJRU\ KDYLQ J G\DARPB\BICPDUN FODVVHV

$QDO\VLV RI MROWLQJ
$GGLWLRQDO EHKDYLRXUDO REVHUYDWLRQV LQ ERWK LQM
FOLHQW ILK MREWDRQDWH REVHUYDWLRQV ZKLOH EHLQJ F
7KHVH MROWV ZHUH XVXDOO\ IROORZHG E\ DJJUHVVLRQ Vk
ZRXOG PPRXWKYT WKH VKULPS RU MRV WAKWM DED'S RFGWHQWIPEHE
DDO\WHG XVLQDWHIUFGIGRP PL[HG HIlL § ROAQAKRUE BIB\O WD QUKR P
HIIHFW W UH@®HV PHARNVOGIM KON G B Z LA BMKUWLIR S B Z LIVGE®NIKULP S

DV IL[HG HI$ISBW® GY HH

&ROPXRWO\VHV
$V D PHDWXWHHHRIHFW RI VKULPS SUHVHQFH RQ WKH FRORXU
RI LQGLYLGXDO LQMXUHG ILVK WKH UHGD DBEGC FHKOORH U8B HF
UHVSHFWLYHO\ UHIOHFWLQJ WKH VNLQ SXVPRID WNVQ DG FYRG
DV WKH GDWD GLG QRW LQFO XIS HD@CUWUHSHDWHG PHDVXUH\

7KH LQLWLDO DQDO\WVLV DLPHG WR GHWEGMRUQ FH HKIHRC
EHWZHHQ GD\ DQG GD\ SURGXFHG D FKDQJH MQ HLWK
FRPSDUHG WKUHH LQGHSHQGHQW JURXSV RILIQMWOUYH®@ RWV
HISRVHG WR VKULPS GD\ ZLWK VKULPS GD\ ZLWKR>
ZD\ DQDO\VLV RI YDULDQFH EHFDXVH WHKNWKHZKD V¥ R Q/R\ ERY 5
WKH JURXSV ZLWK DQG ZLWKRXW VKULPS RQ GD\

7TKHQ D VXEVHTXHQW DQDO\VLV H[DPLQHG VSHFWUDO

ZLWKRXW VKULPS RYHU WKH VXEVHTXHQW SHULRG WR H[DP
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WKH VSHRYHDWLSEHYV RI WKH LQMXU\ VLWH DVGWYX HH LL\@ KIKW \ K
RU VKWLPS SUBDWKQWHKHPSON LQOWHUDFWLRQ ZHUH DOO LQF

HISODQDWRU\ YDULDEOHYV

7LVVXH OIDOIW LV

7KH FRQWUROOMBGLQB®XALWK VRGLXP IOXRUHVFHLQ WR TX
GDPDJH ZLWK LPDJH DQDO\VLV IOXRUHVFHG ZHOO LPPHGLLE

UHIOHFWLQJ DQ DYHUDJH DUHR R GED¥\W MAKRIl VDBHPDUHD
ZDV QRW GHWHFWDEOH ZLWK VWOQMQUQJVRG JGHINVWLQJ VDKW
IUHVK DVVDXOW KOL® MUK @ |RQ BiFRIYSAHVMK HFQRIEP DJH ZDV L
0 WKH VWDWLVWYE B B©LDLFDW LWIWX WIHHD P Bl YIS DQ\HHD YDULDEO®
IURP WKH VRGLXP IOXRUHVFHLQ IOXRUHVFHQFH XVLQJ ),-, |
WZR OHYHOV RI IRXU : MWK DAMP@® SV KRIXRK SAKULP SDQGM X UH (
8QLQMXUHRYHUVWLPH W RUGHH\WHNP\. GRHY WAKDEXNHYGH PG DHP® JHHI | H F \
UDQGRRVHUFHSW P R GLHIXD VZ MKKH WK GRP HIITHFW WR DOOF
VDPSOLQJ RQ ERWK VLGHV RI WKH WD F M X H VEKDIFBIHA UM S R € G
DV D IXQFW L RBQHRIIMAFWHDIMRHPBEEMN DV D IDFWRU 7ZR OHYHO\

ZHUH LQFOXGHG LQ WKH DQDO\VHV UHSUKMSBEBRB@ER LQMXU}

3.4Results

$QDO\WVLYV RI EHKDYLRXUDO GDWD
7KH FOHDQHD PEHRLEONVHYDFWHG ZLWK LQMXUHG DQG XQLC
DQG WLPHV UHVSHFWLYHO\ UHSUHVHQWLQJ DSSUR[LPDW
VROLFLW FOHDQLQJ WKH FOLHQW ILVK SRVWXUHG WR WKH

RSHUFXOD RSHQLQJ WKHLU PRXWKV RU E\ VWUHWFKLQJ R:
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HFOHDQLQJY SUHVHQWLQJ VSHFLILF VLGHV Rl WKHLU ERC
SURYLGLQJ DFFHVV WR WKH LQVLGH RIJWIH L JL PIRX MRE R UL W
ZHUH XVHG LQ WKHVH DQDO\VHY 7KHUH ZHUH FOHDU GLIIHL
FRQWBFIOYWRLRG W HY W S @)LVK SUHGRPLQDQWO\ SUH
VLGHV WR VRUDRS QR )RYHU RUDO RU PRHQMERONEG BV Q (DE
FOHDQLQJ ERXW ODVWHG DQ DYHUDJH RI VHFRQGV *

VLGH RUDO DQG YHQWUDO FOHDQLQJ ERXWV SHU

6KULPS VSHMIOPH COWDWQLQJ LQMXUHG ILVK RQ GD\ [ROO
)LJ 2Q GD\ FOHDQLQJ WLPHV ZHUH VLJQLILFDQWO\ ORz
WKDQ WKHWEHUHQRQMXUHG VLG HLRVKHIMX UGS REDKQGIQMX U
W HV W S 7DE@HRZHYHU DIWHU GD\ WKHVH LQ
VKULPS WR FOHDQ IRU ORQJHU SHULRGV RI WLPH RQ ERWK
HITHFWV RI WKH LQMXU\ W U H DWRHOW H 6L WIKGHV ZKLIHDK PRPLSC
LQMXUHG ILVK RU ZKHQ FRPSDUHG ZLWK XQLQMXUHG ILVK
IURP DQDO\VHV WKHUH ZDV QR VLEIRQVQEBWWLRIQN F W URH DK
GD\ RQ FO H DXDLAE WWL\RH V S S S :

Q S UHVSKWFWLYHO\

$QDO\VLV RI MROWLQJ
JLIW\ IRXU ILVK ZHUH XVHG LQ WKLV DQDO\VLV 7KHUH ZHU]
RU GD\ RQ ¥BE 0 WYLRGW YV S Lo S
UHVSHBWHRZHONHU WKH ILVK FRQW UWE RWW G FOLSH W[ P D Q/FH-
FKHDWLQJ DQDO\VLY PRGHO WKDQ VKULPS 7KLV PRVW QRYV

ILVK UHSHDWHGO\ GHPRQVWUDWLQJ MROWLQJ DQG DJJUHV'
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&ROBPRWO\VHYV
6L[W\ WKUHH ILVK ZHUH XVHG LQ WKHVH DQDO\VHV 1R VLI
GLIIHUHQFHY EHWZHHQ JURXSV ZLWK DQG ZLWKRXW VKULF
\HOORZ VSHRWR)XP S ) S @

7KH UHG VSHFWUXP KRZHYHU GLG VKRZ VLJQLILFDQW
LPPHGLD WOIMSRWWRG EHWZHHQ GD) D®RIRYBD\ >S

@ ZLWK OLWWOH HYLGHQW GLIIHUHQFH L©Q Q\KHALWH R XRNV
VKULPS )LJ,Q GD\V DQG KRZHYHU DYHUDJH LQMXU\ UHG
ILVK ZLWK VKULPS WKDQIIQ ILVEKIZPWKRXS VK@.PS WKH
JURXSV ZLWKRXW VKULPS LQMXU\ UHGQHVV E\ GD\ UHPDL
RQ GD\ )LJ

7R FRQILUP WKH DFFXUDF\ Rl WKH SKRWRJUDSKLF GD\
FRQWUROV ZHUH DQDO\VHG VW& Y W QUHYGHSH @G HIRVV. D@ B &
EHWZHHQ SKRWRDOQISWWHWWG S E FKDQQHOWHO®RZ

w S @

7LVVXH @ADLV
7KH EDVHOSGHRLQRQ GDPDJH GDRFOXGHG IURP WKH VWDWL)\
EHFDXVH RI WKH FRQIRXQGLQJ HIIHFW RI FUHDWLQJ WKH F
ILVK ZHUH XVHG IRU WKHVH DQDO\VHV 7KHUHVB3BV¥LQIRF VL.
GDPDJH )LEHW ZH HEHND DG WHY W S @RU EHWZHHQ LQM
DQG XQLQMDPOKGW HYKY S @ 7KHUHIRUH VKULPS ZHU
FDXVH RI WSHFIQRER VNLQ GIBHIH IL/KIGOIDFRDQIH ZDV KRZHYHU
OHVV LQ ILVK FRKDHLOMGH@ HY WK VKYLPS® EXW DOVR VLJQLIL

OHVV RQ GD\ WKDQ R@GBGIGWKHMWWGD\V S RU @
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3.5Discussion
7KLV VWXG\ SUHVHQWY WKH ILUVW LQYHVWLJDWLRQ WR HF
I\VPDWD DPEHRALWHQGLWR LQMXUHG ILVK DQG WKDW YLVLWYV
EHQHILWY IRU WKHVH FOLHQW ILVKHYEN® UKW ER QY EREIH D@
VXIJIJHVWHG WKDW ILVKHV ZLWK QHZ LQMXULHY VSHQG
RQ WKH UHHI WKDQ WKRVH LQ DQ DGYDQFHG VWDWH RI KHELC
ZKHQ WKHVH LQMXULGW XHUH SAKYWHHIQQMHIO WULDO LQMXUH
ERXWV ZLWK FOHDQHU VKULPS E\ SUHVHQWLQJ VSHFLILF VL
PRUH IUHTXHQWO\ LEMXALDWHOGIRVWILVK UHGXFKHH FOHD
RI WKHLU ERG\ 7KLV EHKDYLRXUDO UHVSRQWHK EF WHBMBQIHWYK

VKULPS DQG PD\ FRUUHVSRQG ZLWK WKH ZRXQG KHDOLQJ

+HDOLQJ RI HSLWKHOLDO LQMXULHV LQ ILVKHV KDV EHI
DQG [MHHW I % | FNHHVW DD Q 3RYM XU\ WKH VWDJIHV RI ZRXQG
FDQ EH FDWHJRULVHG ESLMWXBOPPDW.RWLROH SUROLIHUD!
GLIIHUHQWLDWLRQ )RQWHQRW DQG 1HLIIHU PD\ &® LQIO
HYLGHQW IURRQMRYU BRVOWMW FRQFXUUHQWO\ HSLWKHOLDO
LQMXU\ ERXQGDU\ )RQWHQRSL W®E AHLOIHMD W L R GRHOMKH L C
OD\HU RI XQGLIITHUHQWLDW HGEOM S\.RVK H D ODRI IFWR B \L @A RXY V
LQ PRVW ILVKHV ZLWKLQ WR KRXUV IROORZHG E\ WKH
DQG KRXUV WKHUHDIWHU VHH )RQWHQRW DQG 1HLIIHU
UHOXFWDQFHVKI W& MUHYE QW WKHLU LQ@IMXNHGLLBKURWUEOD
KRXUV DOO ILVK UHJDUGOHVV RI WUHDWPHQW VKRZHG

ZKLFK LV VXJIHYMAUKHORIDOHVDWLRQ RI WKH LQMXU\

7TKHUH ZDV ORDWDNERIHGHW.HK) GDPDJH LQ WKH LQGXFHG LC

VRGLXP IOXRUHVFHLQ RQ VXEVHTXHIQWM XD P STKLYJ L&WDVX S SR
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WKH UDSLG VHDOLQJ RIFWBOB OQOMXWUREWXDGLWOQHOHQWLDWHG
IOXRUHVFHLQ RQO\ ELQGYV WR GDRPNXFRFHOEKRZHYHH I1WHKD)
PHWKRG GHWSHHMWMHGFORIQLWKHOLDO GDPDJH DFURVYV DOO WL
WKH H[SHULPHWIWHFLKLKN QRRDJIJH FDQ EH DVMQWUYEBWBIG M RKI
PXFK RI WKLV VXSHUILFLDO GDPDJH ZDV DVVRFLDWHG ZLWI
QHWWLIRJ FI ODUFXW RO DQG ZRXOG KDYH ERRX® X0 B WK G(
GDPDJH 7KLV LV DOVR VXSSRUWKHH®W HE\ZWYX HQ R QD0 MHVF XEW
QRWSHFLILF VNLQ GDPDJH YDOXHV EHWZHHQ ILVK VLGHV RU
WKRXJK GD\ UHFRUGHG WS HRLILFBEE@WDIHB¥VYRMOQWKH H[S

DQG &RQVHTXH®MWXAH WOMR G HPRQVWUDWHG WKDW WKH
HILVWLQJ FRQWUROOHG LQMXWSHRRIUFFGBBPWHG PG GALKH FR

SUHVHQFH KDG D VLJQLILFDOIHBHGKAWMXYHIIHFW RQ QRQ

&KHDWLQJ E\ FCPH/D QRF GRUGDQRLWKULPS LV H[WHQVLYH
OLWHUDWXUH VHHHW DLH & ED QWDMIKDKH UHPRYDO DQG FRQ
FOLHQW PXFXV VNLQ DQG VFMD®OHWH EAOWHKIHD ¥ ORIMIW WD Q7K \DI
FKHDWLQDQHWUWFOKIULPS ZRXOG EH SUHVHQWHG E\ H[SORLW|
VKULPS DQG WKXV WKH DQDO\WHV ZHUH KLJKO\ VHQVLWLY
WKHVH DQDO\\WOH FRRXW GHINPED W XBUERH/P RAIDMOK R XW GLVWXUEL
XQGHUO\LQJ HSLWKHOLXP I FOHDQHU VKULPS GLG FKHDW
HISORLWLQJ DQ H[LVWLQJ LQMXU\ &HUWDLQO\ RWKHU RU.
LQWHUDFWLRQV VHH :HBNRPD WKODWLVEDWKHE RQ RXU DQDO!

FOHDQHU VKULPS PD\ QRW KDYH FKHDWHG

&EXUUHQWO\ FKHDWLQJ E\ FOHDQHU VKULPS LV DVVXPH
&OLHQW ILVK MROW UDWH LV FRQVLGHUHGKDURHDYX U H XRN W

KLWHPDQ DQG &{WpW DOERDWMNMW DO ,Q FRQWUDVW C
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FRPSDUDWLYH LQIRUPDWLRQ H[LVWV IRU FOHDQHU VKULP
SURYLGHG HYLGH QFbiP WAKDHND QBB FAKRRPIGER) J LEQG S KNG D
VLPLODU FOLHQW UHVSRQVH MMPEWR L GHRY FERMDGEEQUAND H D Q
UHFHQWO\ XVHG FOLHQW MROGIWVFDV FCH 6 H R [6 X R B WAXGILDA
FOLHQW ILVK MROW Y IZGHR IRERWHLNHE DLIQHW KX ULQJ RXU FOI
RIWHQ IROORZHG E\ UHFLSURFDO UHWDOLDWRU\ FOLHQW U}l
SXQLVKPHQWY *®%XWIVHUDQG +RZHYHU RXU DQDO\VLV GLG
FRQVWMWHRQ WKDW MROW UDWH LV D JRRG SUR[\ IRU FKHD
FRKDELWHG ZLWK D GLIIHUHQW VXKUPBSGHROEL QD LR ® HZT
UHSHDWHG \HW VRPH RI WKH VDPH LQGLYLGXDWLRIQVK GL
WRZDUGV WKH GLITHUHQW VKULPS RYHU GLIIHUHQW GD\V :
XQLQMXUHG ILVK D WRWDO RI RQO\ UHFRUGHG DQ\ M
MROW DW DOO 21 WKHVH ILVRDARBHYHSH D WIHEG MRLGGX D@
DJJUHVVLRQ WRZDUGYV VQH BRVVHEOH H[SODQDWLRQ LV Wk
GLIIHUHQW WROHUDQFH OHYHOV WR GLVFRPIRUW LPSRVHG
WKHUHIRUH VRPHHIGBK WPHD UM PHRDW IUHTXHQWO\ E\ MROWL

VWLPXOL ZKHWKHU WKHVH EH GLUHFWO\ UHODWHG WR FKH

7KH FRQFHSW RI FKHDWLQJ LQ FOHDQLQJ V\PELRVLV LF
E\ WKH FOHDQHU ZKLFKWHRSRWHVYUD  FOMV RFR DMWKHG FOLH QW
WKHUHIRUH DVVXPHG WKDW WKH UHPRYDO DQG FRQVXPSWL
HQHUJ\ WR SURGXFH KDV D QHJDWLYH LPSDFW RQ WKH FC
UHPRYDO E\ POMND@REWHMN DO DQG LV OLNHO\ XQTXDQWL
FROQVWLWXHQWYV RI ILVK PXFXV FKDQJH ZLWK WKH KHDOWK
SDWKRJHQ LQYDVLRQ DQG FKD QJEKHISK BIQY2QR QP WKWDROR K

MIQLILFDQW DWWULEXWHYV RI PXFXV LV WKH UROH RI GHIH
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UHSUHVHQWY D UHQHZDEOH VXUIDFH ZKLFK IXQFWLRQV V

&OHDQHU VKULPS E\ UHPRYLQJ DQG FEGMVSPROR WL\
WKH UHQHZDO RI WKH PXFXV OD\HU DQG LQ VR GRLQJ UHP|
ZLWK HQWUDSSHG SRWHQWLDO SDWKRJHQV 7KLV ZRXOG X

FOLHQW HVSHFLDOO\ RQH ZKLF& BIUIHKWWH QWHSR DMWN K HFR LiQW

0\ GDWD VXJJHVW WKDW WKH FOHDQHU VKULPS KDG L
KHDOLQJ ZKLFK PD\ VXSSRUW WKLV K\SRWKHVLV $IWHU DQ
LQ ILVK FRKDELWHG ZLWK W®HG 6RQ @ HWWHQM PS5 KE XKV LLOH ALD
VKULWPISH )LJ 7KLV VXJIJHVWV WKDW LQLWLDO UHGQHVV LV U
LOQMXU\ EXW WKDW WKH FOHDQLQJ E\ WKHYV B HAKHQ P BKIHYIHD
VKULP®RBWGDSSHDU WR IRFXV FOHDQLQJ VSHFLILFDOO\ DU
FOHDQLQJ DFWLYLW\ GLG LQIOXHQFH KHDOLQJ GHPRQVWU
UHGXFWLRGHALQRQHSLWKHOLDO GDPDJH L@ KHWKYHUNDHELD
UXERU RU UHGQHVV LV SDUW RI WKH DFXWH LQIODPPDWR
LQFUHDVHG EORRG IORZ WR WKH DUHBREMIMNM HRHY ®IQG
LQMXU\ LQ ILVK DUH YXOQHUDW®ELWR/ IFFR S BOYKRDIWQR Q ) R\Q R/
-HQWMP DO ODUJHO\ GXH WR EUHDFKLQJ RI WKH KRVWTV
PHEFKDQLVPV EXW SRVVLEO\ DOVR GXH WR WKH SUHVHQFI
&OHDQHU VKULPS DUHUBIG WO W DRIDX MWMRFHQBKH KHDOWK RI |
FRUWLVRO OHYHOV DV D |X{)¥VDIORDKRY FSEKHDDEIPH RAV KDV \D
GREXPHQWHG IR 6 RODUHIVOIHQ &RWKVLVRO LV DQ LPSRUWDQW
ILVKHW VDIP@RZQ WR UHGXFH PLWRJHQHVLY DQG WKHUHIRU
DQWLERG\ SURGXFWLRQ DQG JHGBYHWRIH L VWD QR HR VR

FOHDQLQJ E\ VKULPS PD\ DFW VI\QHUJLVWLFDQQMEU UHI\G EFL
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SDWKRJHQV WKURXJK WKHLU RZQ ITIHHGLQJ EHKDYLRXU EXW

DQG VWHIGIVWLRQ PHFKDQLVPV

$FNQRZOHGJHPHQWYV

, DBUDWHIXO WR &DLUQV ODULQH &DLUQV $XVWUDOLD DQ
RQJRLQJ VXWRRYVWMMVWUIDWLRQV LQWBFRQHRIQ HBU W \WEKHR VH
DVVLVWDQFH Rl YROXQWHHUV $OHMDQGUR. DQXMOURA *RQ(

SDXOLQH 1D FXDHEWHXHGLG PWMRENVR B®PWULFN 'RQQHOO\
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)L 'LITHUHQW FROHW@ REWW L R Q'VV P 1D W DH B REIRQIWY H G B IDVQ WD PLVBUL R ZKLFK GDWD DNULIE |

RI ILWKRUDYCHQWUDO
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)LJ 3KRWRJUDSK\ DQG LPDJH DQDO\VLV H[DPSOHV RI
LOQMXU\ XQGHD ZWKWHL@BHQH EVLQJ VRGLXP |@RKHHVRW
E DQG WKH WKUHVKROG RXWSXKWS URDBKHFURRRVKPDEH D
,QWHUQDWIFRO@LOB JEFRMD RX FROYFAMWWHG RULJLQDO 5%*
ZDYH XOWUDYLROHW EPDRHP WK HQD YK IDP@E® LRKIDIBHHEO
JUHHQ VEHFRWOUIRZ DQG EOXH VSHFWUD $EEUHYLDWLF
GHOLEHUDWH XQLODW HUDHOF L QBN WEL RQMB0 ®IRRD J H
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)LJ

LQLWLDO LOQMXU\ LOGXFWLR@R QLEE\SH W R \EHDW W DRIQ

log10(Red)
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7TDEOH&RQILGHQFH LQWHUYDOV IRU WKH IL[HG HIITHFWV LQ \

PRGHO

JLIHG HIIHFWYV

,(QWHUFHSW

8QLQMXUHG VLGH RI LQMXU
/HIW VLGH RI XQLQMXUHG Il
S5LIKW VLGH RI XQLQMXUHG
LV'D\ 758(

8QLQMXUHG VLGH RI LQMXU
/HIW VLGH RI XQLQMXUHG 11
SLIKW VLGH RI XQLQMXUHG
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&+$37(5
&OHDQHU VKULPS DUH D VXVWDLQDEOH RSWLRQ WR WUH

‘DY 1U%9 D XJKDED H [ DEr&X IV VDKW 6 WW VR Q

&HQWUH IRU 6XVWDLQDEOH 7URSLFDO )LVKHULHV DQG $TXDFX:!
6FLHQFHY -DPHV &RRN 8QLYHUVLW\ 7RZQVYLOOH 4XHHQVODQG

6FKRRO RI %LRORJLFDO 6FLHQFHVY WKH 8QLYHUVLW\ RI 4XHHQV

7KLV FKDSWINMNEOLYBEXIXDY ' % *UXWWHU $ 6 &SOH®@KWVR

VKULPS DUH D VXVWDLQDEOH RSWLRQ WeH WVHQRDOLWL 5 CoUHIB R

,Q WKLV FKDSWHU , WHVW WKH HIILFDF\ RI IRXU GLIIHUF

HFRQRPLFDOO\ LPSRUWDQW HFWRSDUDVLWHYV RI FXOWXUH

4.1 Abstract

&KHPLFDO XVH LV ZLGHVSUHDG L @ LD/VIHMVANO WX U B UWR R GV ILLHVE
ILVK ELRFRQWUROV DUH LQFUHDVLQJO\ XVHG LQ ILVK IDUPL
FOHDQHU ILVK DUH VXVFHSWLEOH WR VRPH RI WKHLU FOL
GHSHQGHQW RQ ZLOGDKDVURG@VWOHOQOQFRP VKULPS DUH QR\
HFWRSDUDVLWHY DQG WKH\ FDQ EH UHOLDEO\ EUHG LQ FDS
SDUDVLWHYV RQ IDUPHG ILVK UHPDH QWM B @RS OMRRIGH X QWAKLL
VSHFLHMSWKGHKIF KDUPIXO SDUDVLWHY D PRQRJHQHDQ IOXN
RQ IDUPHG JURXSHU $00 VKULPS UHGXFHG SOUYI\QLIWHID/URQ

OLIH HQYLURQRH®\WECSHPWDNOWWYRQ QRW SURWK G&GHB\QFHW
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VKULPS DUH VXVWDLQDEOH ELRFRQWURO FDQGLGDWHYV DJ

SHSSHUPLQW FOWPFPQ~AMD WHHEW BMWIDI SDUDVLWHYV E\ XS WR

4.2 Introduction

&RQVXPHUV DUH EHFRPLQJ LQF WWHD WIK@IVD WIKAHDLWHI RR GV K K RLLF
HQYLURQPHQW ,Q UHVSRQVH SURGXFWV WKDW DUH SU
VXVWDLQDELOL®DEMOORRIK HEIRFK LQ WXUTUXQHRIWPY FOLI
J)DUPHG ILVK SURGXFWYV BMRHFRHQUWFBILY HKG JIK\H @ IDNPHROAWQ WV R |
FKHPLFDOV DQG WR EH JHQ HBEDXIXK\WRW\EHEM B B WeKQ DAUKDNY  Z
HW DO 7KXV PRUHSQBRWXBBPOGODUPHG SURGXFWV DUH UHTX
&KHPLFDO WKHUDSGDYBDYWWBEBPDDYVWRPPRQSODFH LQ
7KHUH LV FRQVLGHUDEOH RYHUODS LQ WKH DQWLELRWLF\
SURGXFWLRQ QRWD'RQHIM DIDT XD\RMBMOUEXW RWKHU FKHPL
VXFK DV RUJDGIRS KORNHSKMHFWLQV S\UHWKURLG DB EHQ]
DO ZLWK RULJLQV LQ DJULFXOWXUDO SHVW FRQWURO 6R
HQYLURQPH QWD ILFPBEDFON EXW FRQFHUQV KDYH DD@RHEHHQ
RI ILVK SDUDVLWHY WR VRPH RI WKHVH ERWRHOIMRY ZKHQ X
&RVWHOORHW DBHVRBWVDO /DQJIHRWDBO $DH® DO
3DUDVLWLF GLVHDVHV L H H[FOXVL@FFRXYQW DRG EHD
DQG RI DQQXDO VWREN ORVVHV LQ FHWBWDR® DDXDF X
$VLD LV WKH ZRUOGTV ODUJHVW D T XD FRXEW X UBJIJKHR G X
RI ZKLFK $VLDQ VHDEDDWHEOPDDEORFKXL DQG JURXSHUV
(SLQHS®%IOR¥FK VSS FRQWULEXWH D VLIJQLILFDQW SURSRUMW
$VIBDFLILF )LVKHULHYV &RPRAMVDIORQQ JHGBHURQ GLVHDVHV
DTXDEXOWXUH BURUEVM R B GLOQ WD W KAKHHY HP L IQF AX®MN SV GLVH

SRWHQWLDOO\ DIITHFW WUDGH DQG DUH OLVWHG E\ WKH :RI
119

&KDSWHU



GLVHDVBEMHEMDAXOWXUHG VSHFLHV DW YBDRHBXVQSW BGXAW
6XEDQJKH ,Q $VLDQ ILVK DTXDFXOWXUH GLVHDVHV DUJXDE
21 WKH PDQ\ SDUDVLWLF VSHFLHV UHFRUGH®RFRWPDUL
UHJLRQ VRKHSA/REDUW\HQ RPQ L WKGIVP R QRIREGHPE@LD JLUHOOL
+DUJLV DQG WK+H\MHDHAK REGH O GH D5W ®YBPIHQH/ IFRQRPLF
VLIJQLILFDQFH DQG DUH GLUHFWO\ UHVSRQVLEOH IRU ILCQ
SURGXFWLRQ SHWU BRY FODDQ F$G G LW WRKHNHO SDUDVLWHYV VKDUt
KLVWRWHIWKHY HDFK ROAOB ®OLQG PWGQYHUVH ILVK KRVW UDC
VWDJHV WRPRQW F\VWWV HJJV RU FRFRRQV UHVSHFWLY
UHVXOWLQJ LQ HWWGELHAD WIFRPQ GHOQWFUHLQIHFWLRQV SRVW
FKURIH¥HO GLVHDVH 7KHVH FKDUDFWHULVWLFWURFRXDAH C
JHRJUDSKLEH BDRQYM® H2\ 0@ & UMJFLHWMVEDDO ORHW DO
FRQWXWHMWXRPMKM LQ FDSWLYH ILVK SRSXODWLRQV LQ
(PSOR\LQJ ELRFRQWUROV DJDLQVW SDUDVLWHV LQ |
LQWHUYHQWVRQ PGP R KHD@MMHX W TXDFXOWXUH LQGXVWU\ L
SURGXFHU RI FXOWXUHRK® DUNH \DKQ GQU%(FNMFR BN FXUUHQWO\ \
DTXDFXOWXUH LQGXVWU\ JOREDOO\ WKDW HPSOR\V QDWLY
FROQWURO /SXUB@RWEXZHU %MHOOBQ 6 QGUGH %R RH WOIO
&XUUHQWO\ QR HTXLYDOHQW FOHDQHU BNIRERIADORRV
WURSLFDO DTXDFXOWXWHR 8RR 0WXWD MURGL FBDOEFOHDQHU
VXVFHSWLEOH WR VRPH RIEWKHP S D BDH/G WHRY PRIQN LZRRX OHBV S |
D ORZ KRHALILFBWLUKMUWBGKUIJHVY DQG ODWINEG ZVRPH
PRQRIJHQHKDQYWLQJIJWRQ DQG7KNUHBHRUH LW LV XQOLNHO\ Wi
ELRFRQWURO ZRXDXGEEHR SHBDOERW WRIRSLFDO PDULQH DTXDTF

VKULPS ZKLFK DUH DFWLYH SUXHXOQOMBRBUW/LRP VLB KR G FMARCLEOUPD,
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%HFNHU DQG *UXWWHOVN®RQROWIPED® ARM DO O0LOLW] DQG
+XWVRQ &KDSWHW QRW VXV MHBDWIDE/AMW MAR RVKHVKHY +RZHY
QHYHU EHHQ GLUHFWO\ HYDOXDWHG DV ELRFRQWUROV LQ I
+HUHQYHVWLJDWHG WKH DELOLWVWR/IPIRWD DO HB BGIQWKL
0DQ /\VPDWDWWBMPSVRQ 6WHQRSXV ROVSLEBNVDQG
8URFDULGH O O D %DUXWRIQERKG QRN WKé& $DUDWDMMNADQG R U
= DUXJDPHOBMUWVHQWLQJ D SURWR]JRDQ D PRQRJHQHDQ D
LQIHVWLQJ WKH VXVFHSWISEQH DKEKDX % O-RLXRMAGHIR DY JIH V K
VSRWWHG DQRX®HKYH SDUDVLWHVY UHVSHFWLYH WRPRQW F\
VWDJH XQGHU FRQWUR O O,H DDDERV D@ RUKHF R @ GR MWL R QY V
GLXUQDOO\ DQG RU QRFWXUQDOO\ DQG SURYLGKULPS WKF
VSHFLHVY SUHIHUHKAHNVE QW \D ELOK Q/ILHW DQG VXSSRUW W
/\VPDWD BNVNWWHNDUVW FOHDQHU VKULPSURRFODVDRG WD

DTXDFXOWXUH

4.3 Methods
$QLPDO HWKLFV

(WKLFV DSSURYDO zZDV JUDQWHG XQGHU WKH -DPHV &RRN
QXPEHUV $ DQG $ FRQIRUPLQJ VWULFWO\ WR WKH (
IDWLRQDO +HDOWK DQG OHGLFDO 5HVHDUFK &RX®W¥HOR |
DQLPDOV IRU VFLHQWLILF SXUSRVHYV WK HGLWLRQ XQGF&F
OHGLFDO 5HVHDUFK &REKREHQHFNMQDDE LNBIXOIDIFHRRQ VGV EH
UHFRYHUHG IURP ILVK ZLWKRXW GHVW WXRNLY HVKBIF SHORKID C
HI[SHULPHQWY ZHUH UHWXUQHG WR WKHLU RWL\$MWRFD BK\WRMG

LUULWDRQWXEFXWDQHRXYV ILVK SDUDVLWH EXW DOVR LQIHV
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ILVK LW ZDV WKHUHIRUHHXMWHKDWQY/DWH & GO KPWKDEERHNIIH V' XV L
DQ DQDHVWKHW BEFHRWRH UHGARKRIHQRIO DW REBLUINTRU DQFL @WWA !

SULRU WR VDPSOLQJ

$QLPDO DFTXLVLWLRQ PDLQWHQDQFH DQG ELRVHEXUL)\
7KLUW\ LQGLYLWXBOROHDBK BRPAKRILLPHSQY V MGV DKL D S Z6 YW
SXUFKDVHG IURP D FRPPHUFLDO $XVWUDOLDQ RUQDPHQ
ODULQH BQDBQWRQEYXXQLEXDOV ZHUH FROOHFWHG XVLQJ ¢
AXHHQVODQG $XVWUDQ LDLYRWK H LMK X¥RBRQIBHM SKHO XV
ODQFHRWOWKK / FDOFDUAHMH REWDLQHG IURP FRPPHUFL
AXHHQVODQG $$XO/ WILNKO ZB URIL QIXYAHHD IDHVKZDWHU EDWK RQ
ODERUDWRU\ WR UHPRYH SRWHQWLDO HFWRSDUDVLWHV 7K
DTXDULD FRXSOHG WR D UWHSSAFEXWDWYVQHPDBUQH GDNN E
WWDRUUHG WR D VLQJOH / WDQN SULRU WR WKH H[SHU
VHSDUDWHO\ LQSIOD/IWILFG ®PT®DULD FRQQHFWHG WR D VHSD
VXSSRUW V\VWHP 3ULRU WR H[SHULPHQWDMQR®MH RIVHKLDHIUI
IORDWLQJ SHOOHWYV 5LGOH\ $JULSURGXFWV 3W\ /WG SUR(
GHIURMWIMGS VKULPS GDLO\ WR VDWLDWLRQ 'XULQJ WKH H
UHPRYDO IURP H[SHULPHQWDW L\D DQIRNR GNRRIPYRLDGN WKG DRVG!
IRU HITHFWLYH ELRVHRMKLWKDBDHQ S BWPYHWIHPHQW ZDV UX
VKULPS VSHFLHVY DQG HTXLSPHQW GLVLQIHFWHG ZLWK P
IROORZLQJ 2,( JOLBHOKE@AW BDWHU IURP H[SHULPHQWDWLF

VRGLXP K\SRFKORULWH DW WKH VDPH ILQDO FRQFHQWUDW.L
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3DUDVLWH VRXUFH DQG PRQRFXOWXUH PHWKRGYV

$00 SDUDVLWHYV ZHUH REWD L Q HAGD BLCR PV KOSBUALQHWRTRIDR/AXACRA
IDERUDWRU\ DW -DPHV &RRN 8QLY HUMSWR FDRAQIYV 0O HW C
FXOWXUHG FRQWLQXRXVO\ LQ WKH ODERUDWR BDDWD Uf&HDC
a FP WRWDO OHQJWK/ ADHOMAAIUHHDFAR®Y ARWOMHG WR VHD
GD\V EHIRUH EHLQJ LQWURGXFHG GLUHFWO\ LQWR WKH SDU
DOORZHGUMR DV ORIRL QW H 6 VAL RULIQVD@AA LYHVLEOH WURSK
YDFDWHG WKH KRVW WKH ILVK ZHU H FHPRPYDH/GL VRSP WARK HU |
ZKLFK NLOOV DQ\ UHPDLQLQJ SDUDVLWHYV EHIRUH EHLQJ
ERRVW QX& EHLUUE RMRANVH[SHULPHQWDWLRQ DGGLWLRQDO IL
WR LQFUHDVH WRPRQW SURGXFWLRQ IRU KDU¥BWOWDQIIHLR
ZHUH DOVR XVHG WR PDLQWDL® D LFRHQNOWIBHK RXIY EFRRIDRVFRKID\W |
SURXNMO\ SXEOLVKHGHRPHWRBRDBRORINODQLFREGHOQ@MD\WUXJIDF
FXOWXUHG FRQWLQXRXVO\ DW f& DQQ OB §WHROBWH®RK R U
DSSUR[LPDWH DYHUDWHRILQG LNL GHOF® PHD RO KR FRESEHW L R
LQGLYLGXDO URWDWHG WKURXJK WKH FXOWXUH $GXOW O
WKH\ GHG RYHWW O\ RQWR WKH JODVV VXUIDFHV Rl WKH FXOW
SURGXFLQJ FRFRRQV WKH H[LVKH X &RXW HZ DD/QGHPRY G GF I

KRVW ILVK FRLQFLGLQJ ZLWK WKH HPHUJHQFH RI MXYHQLOI

([SHULPHQWDO GHVLJQ
'LXUQDO DQG QRFWXUQDO FKDOOHQJHV ZHUH SHUIRUPHG IF
RE& LUUDQABDQVUHBRWDKWO VKULPS VSHFLHV 7KH QXPEHUV RI

FRPSOHWHG GLXUQDO DQG QIRAFBARADE M LK XQUOQ@JAKDE®O H (
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YLWV@EV KLV RIQGGEKVH H[FOXBQQYRQEDKMNQLELO L'WY IRIWERDW D
UHGXFH OHHFK FRFRRQV ZDV HYDOXDWHG
$ WRWDO RI IRXU KXQG UH & RIRAIGHAE XIDWD WIRKW B Q LOHIQ J
XVHG IRU WKH SDUDVLWLFJY WHO B [Fi (MEDBEDQM-I\D AH® KL V
LQGLYLGXDO WUHDGKDHQRMRRYE ROLQREKYEHU FKDOOHQJH IR
VKULPS VSHFLHV XRWHHEKYLPS DQG FOLHQW ILVK VSHFLHV Z
VKDUH DQ RYHUODSSLQJ GLVWULEXWLRQ L3® BXV¥W UDQ GDWIX
FEQW LV D YDOXHG DTXDFXQRX WD FIS KSBLUDV L I WK\ W DIH ER
ILVK ZHUH UDQGRPO\ DVVL RO/ WRF DTEBQMILFD@ UHDWPH
DTXDULD FRXSOHG WR D VKEBREX\O DL PW@L DBIWGI U HT |
FRQGLWLRQV RYHU WKH H[SHULPHQWDBDRMRIRAXPFHUDQRBL
DVVLIJQPHQW ZHUH JHQHUDWHG XVLQJ D UDQGRP QXPEHU J
)RU HDFK SDUDVLWLF VWDJH FKDOOHQJH MQGLYLGX
WUHDWPHQW ILVK RQO\ DQG WKH H[SHULPHQW UDQ IRU Kk
RU KRXUV QRFWXUQDQODQ DUW IFIR 6 MIURMD OGIG KO ERUDWR |
ZHUH ILWWHG ZLWK D WLJKWO\ | IRWWUQNKH -ZD WHWY K/ X B NOHH
ILWWHG OLG Rl HDFK WDQN WR DOORZ ZDWHU H[FKDQJH ZL\
$IWHU KRXUV DOO ILVK ZHUH UHPRYHG IURP WKHLL
LQIHFWHG JAIUMBIOBHS ORFIHIBG LYMG XDO JODVYV EHDNHUV FRQ
IUHVKZDWRBQ DHMGVBEWLF F BQFHRWHMDRADLGRRIORD W.J KIMMQPDD /
3HQAMQDO IRU PLQXWHV WR DQDHVWKHWLVHIWKH ILVk
JLUHGDMIHDDUO\ ILVK ZLWK OHHFKHV ZHUH SODFHG LQWR L
D VHD DIMWHYVWKHWLF FR SKFHDRYUHDWKIIRGR RIWR LPPRELOLV
LQVSHFWLRQ 7KHVH ILVK ZHUH P R 3HVGULLQGLLWKHEPQIBD/R E WHU E

PDIJQLILFDWLRQ XQGHU D /HLFD 0 GLVVHFWLRQ PLFURVFRSES
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VHDZDWBHVWKHWLF VROXWLRQ ZKLOH FDUHIXOO\ UHPRYLC
$00 DQDHVWKHWLVHG ILVK ZHUH WHRNVXHPRNGH W R 7\ K HLRUQ M/RC
EHDNHU DQGVBRRKZDV ILOWHUHG WKURXJK D —P VLHYH I
JODVV SHWUL GLVK IRU FRXQWLQJ RI SDUDVLWHYV XQGHU V
WDQN FRYHUV DQG W DSHNF WHGHINR Z HDUH B OVER @ ®@GEBLHD V L \
= DUXJDPHQNLRRXQWHG DQG SUHVHUYHG LQ YLDOV RI H

JLVK LQIHF& HIGUZZ WBM)\EODFHG LQWR LQGLYLGXDO JOI
VHDZDWHMXWE® IDVLD FREKBAWHWWDRRRORDW PO / IRU
1HLIIHU DQG 6WDRBHHDIWHU HDFK ILVK ZDV SODFHG LQW
DQ& LUUEMMD®MW FRXQWHG RQ WKH HQWLUH ERG\ VXUIDFH X
. PDJQLILFDWLR QR I$WKHHUERRGX QMW IDFH ZHUH PDGH DOO JL¢
IDFLOLWDWH VHSDUDWH REVHUYDWLRQV DQG FRXQWV 71
H[SHULPHQWDO WDQN DQG HDFK —P WDQN FRYKU ZDV V]
L U U LRMHEDQOSE OL U UEMWD@W ZHUH UHFRUGHG SHU ILVK DQG HD
JLOOV ZDV IL[HG L@XIIHKRY SRDMMHOL Q

7KH VDPH H[SHULPHQWDO VHWXS ZDV XVHG IRU WKH
H[FOXGLQJ ILVKVHG VOWHDWBH KDQGOLQJ FRQWURO WDC

DYHUDJH RI 1HREHQHGHQHIDVLUHOGDHUUWWRPRYWY F\VWV

I+

= DUXJDPRRRRQV ZHUH LQWURGXFHG WR ERWK WKFHE
FRQWURO WDQNV 7KHVH FKDOOHQJHV UDQ IRU KRXUV G
VWDJH FKDOOHQJHV ZLWK WKH H[FHSWLRQ WKDW WKH OHF
FRPLQLQJ VLPXODWHG GLXUQDO DQG QRFWXUDIDUHEBARHYV
HJJ¥ LUUWMWRPRQWVDRBXIJDFRERRWYWY ZHUH FRXQWHG XQGHL

PLFURVFRSH
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,QIHFWLRQ RI ILVK ZLWK SDUDVLWHYV
&U\SWRFDU\RQIHEWIMWI RN VNLQ DQG JLOO WLVVXH RI LWV K
WKH KRVW DQG HQF\WVW WRPRQW VWDJH RQ WKH VXEVWUD
GLYLVLRQ WR SURGXFH KX 2URRE\Q R IPU AU | VHEREL K QK BRIGRE
%XUJHVV 7RPEQWSHWOO DIJJUHIDWLRQV IRUPVEH B RRPROL
DQG %XUJHYMUH FROOHFWHG IURP WKH JODVV VXEVWUDWE
EODGH 7KHVH ZHUH ZDVKHG LQ |UH\&KD\QHD Z DS\SHW DR B 1QB
GLVK WR HQVXUH PDVV HPHUJHQFH RI WKHURQWYV IRU H[SHL
GD\ QLJKW OLJKW UHJLPH WHRHURBRVHORZKAXUNISRNWW DQC
D ZHUH WKHQ WUD®WYI RUUMHEYW RIDOBMHDUHG VHDZDWHU  f
DQG HYHQO\ GLVWULEXWHG E\ FRQWLQXRXV JHQWOH DHUD)
D SLSHWWH DQG REVHUYHG RQ B HCIZDPRHF UWRRFOHWH R Q7 B B VWK
XVLRGGLWLRQDO VHDZDWHU WR REWDLQ D FRQFHQWUDWH
VXEVHTXHQW KDHPRF\WRPHWHU VDPSOH REVHUYDWLRQV D'
$00 ILVK 8RUUWEWD@QYHQJH H[SHULPHQWY ZHUH SODFI
UHFLUFX/O®DODDWDE LD FRQWDLQLQJ JHQWO\ DHUDWHG ITUH\
SSW DQG PO RH MZKOHVWHKHARROXW LRQ ZDV DGGHG YLD SLS
Rla WKHURQWYVYV / 7KLV FRQFHQWUDWLRQ ZDV X®RL EHFD
LQYDVLRQ VXFFHVV UDWH BDEWWHHBY ® Q GDRBRINWVNM.VK DQC
WKHURQWY ZHUH FRKDELWHG IRU KRXOR WR. DWABRE X/ XFHFHW
'LJJOHV DQG /HVWAKHUHDIWEHU DOO LUHPRNIEX DAOR | LGK @W U
UHFLUFXODWLQJ / SODVWLF WXEV FRQWDLQLQJ JHQWO\ D
SSW IRU KRXUV WR DOORZ WURSKRRWRUWR GGG HORS] H X

(DFK ILVK ZDV JLYHQ DHHRRBQBMW & /IHD\ZDW WMWK H VDPH WHP S
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WR PDLQWDLQ ZDWHU TXDRQLMRWSIRGH U Q GLRXGX BA’ VMW K ZHU
IRU HISHULPHQWDWLRQ

JRU WKBLUHFGODBHQJH H[BHWKGH-PENVR QDWHG HJJV UHF
IRP WKH FXOWXUH ZHUH SODFHG LQWR D JODVV 3HWUL GL
KDWFKHG DW UR RFPUDHRSRHU DWW & UHXW YRQ IUHVKO\ KDWFKHC
SRKWWFKH OLOLW] DQAUMBELPRQQJ ODUYDH RIQFR RIHARALIGE
YLD SLSHWWH DQG LQW UR GXFH.® FXR DI\W E® JL G H QSADLIFDVOL B RA
LQGLYLGXDO ILVK DQG JHQWO\ DHUDWHG LQ IUHYK ILOW!
JLUHDIOWH HVYWDEOLVKHG DQG dURZSURRUI WK HR®H U L KIRQW L
SDUDVLWHY UHDFKL® U /H[XRPO PO XMW RIQYLQJ WKHP HQR:
WR JURZ WR D VL]H WR IDFLOLWDWH HDV\ REVHUYDWLRQ D!
EHLQJ SURGXFHG WD @& KNVM[ISPIWWIRBIW FRXOG SRWHQWLDOO\
WKLV SHULRG HDFK ILVK ZDV JLYHQ D FRPSOHWH VHDZDWI
DQG VDOLQLW\ WR PDLQWDLQ ZDWHU TXDOLW\

/IHHFKHV ZHUH FROOHFWHG E\ DQDHVWKRWUVLQJ Wt
KHQR[\HWKDQRO DQG FDUHIXO UHP RGXO ¥ L&MKHFPKBEHRY JF O R
ZHUH XVHG IRU H[SHULPHQWDWLRQ )LVK ZHUH LQWURGXFt
FRQWDLQLQJ OHHFKHV HDFK 2Q ERWWO F WD QGGH HFRKH X HIUW\

WUDQVIHUUHG WKHUHDIWHU WR WKH H[SHULPHQWDO RU FR

SUHSDUDWLRQ RI HQYLURQPHQWDO VWDJHYV
IHREHQHIGHEBSBWRAEBXFHY ODUJH OPRERNWHE| WHNWWIZKHGUDC
FRQWDLQ D WHQGULO DOORZLQJ WKHP WR DWWDFK WR HQ
EH REVHUYHG E\ WKH GHYHORSPHQW RI SLIPHQWHG H\HVS

ZLWKLQ@QIWKMW\HRMQ DO )LJ ,QGLYLGXDO JURXSV ERHUHBIREU\RC
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HQWDQJOHG RQ D a FP& SKME 8 JRIR)UBHHS EDUIGXDHIG VWKFRO O HV P D
JODVV SHWUL GLVK IRU VWDELOLW\ SULRU WR UDQGRP DO

*OWV PLFURVFRSH VOLGHV ZHUH SODFHG R& HLW WIKW DEHQ
DQE DUXJDEMQWDMUH WDQNV DOORZLQJ WRPRQWVYV WR HQ
FRFRRQV WR EH FHPHQWHG GRUVDOO\ W R KRHQEHWLEHUHR Y H
UHPRYHG WR WKH GL\Z\KHFMAL R& HALB HR B E R SHX EIPGI® JW KBHL Q
QXPEHU RI WRPR @MVFRXQFMRHF® FOQQMG UHFRUGHG LQ SHQFLO

UDQGRP DOORFDWLRQ LQ WKH H[SHULPHQW

6WDWLVWLFDO DQDO\VHYV

$OMQDO\WHYV ZHUH SHUIRUPHG LQ 5 9HUVLRQ 5 'HYHOR
SDFNDJHVODWPFKQHEU JHQHUDOLVHG OLQRD D ®® GHIOWE HUX

&RXQW SURSRUWLRQV ZHUH XVHG DV W KH WK SIHER b
SURSRUWLRQ RI WKH RULJLQDOO\ LQWURGXFHG DPRXQW RI
VWDJH Rl ERWK SDUDVLWH VSHFLHV WR HDFK RI WKH WU
DSSURDFKHV ZHUH XVHG WR H[B\OLRWHH WBKHHF LG-DWY D QRSU GHDDWFIX
DQG QRFWXUQDO SDUDVLWH H[SHULPE& QW @ZDWDOXPHGHODQE
ZLWK D ELQRP LD OQRMLNW EKE KPEGY SIHIEHWDW PHKQMW P S
SUHVMWRHLPS DEGHWRH L QWKUIPWIWHRRWERH GRWHQWLDO H[S
YDULDEOHV 7KHVH PRGHOV LQGLFDIMAD® RWKH GOS0\ HIVR |
TXDVLELQRPLD O 0D RELMMY WRQDIFER XQW IRU RYHUGLVSHUVLF
ZKHWKHQ) HIIHFW Rl WUHDWPHQW ZDV VLJQLILFDQW, RU QRYV
H[SORUHG SDLUZLVH FRPSDULVRQV IRU HADFHKDIWHRSIWIX\N H

HISODQDWRU\UDMU HDEFEEKHRI WKHVH DV VHSDUDWH JHQHUD
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TXDVLELQRPLDO WORIOHWYMLDP DQWHG ZLWK $QRYMHHLQ WK

$SSHQGL]J

4.4 Results
&OHDQHU VKULPS UHGXFHG SDUDVLWH QXPEWWX\WQ B8R U LGAKX D (
DQG QRFWXUQDO FRQGKWERYQYNU )VBKYLPS VSHFLHV GLG QRW
VRPH VSHFLHV SHUIRUFAR BEHWAMWHIW DHD \QH QK®W\ WKHLU FO|
FRKDELWDWLRQ DW WKH FRPSORBAWILRODEOMEKH QLRIKWX/UDHDWDH
RQ WR UHFRYHU WKH VKULPS 7KLV GLG QRW DIIHFW WKH L
WKH VWXG\

$ WUHDWFMQWDMIIGIHWHFWHG LQ WKH LQLWLDO H[SOF
VWDWLVWLFD® PLRIGWH QNDLORR QR Ky D REVAWD JH S @
DQG QRFWXUQDO PREO OISWBUDVLWLE VWD K S

@ ERWK WKH GLXUQDO DQG QRFWXURQOL®WHKGHOV IRU W

S # o S @DQG WKH HQYLUWRIQ®BHQWDO VWDJ
S $ o S @RWU JLUHDOD®DMKH GLXUQDO DQG
FKDOOHGJHDWU KRDBB QVLV S $ o S @

+RZHYHU WKHUH ZDV QR WUHBW P b QR/IBIMAFRAL G RISMEKH G L X
o S @RGHO VXJJHVWLQJ WKDW QRQH RI WKH VKULF
WKH SDUDVL&/ LEUVEWDKORI WKH GD\7KHUHIRUH RQO\ PRGH
WUHDWPHQW HIIHFW ZHUH FRQVLGHUHG WRH H @ UMKHW S BILC

FRQWURO JURXSV SHU VKULPS VSHFLHV
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&U\SWRFDU\RQ LUULWDQV
$00 VKULPS VSEFLHVYMWHBMFRGWY RQ LQIHFWHG ILEVK QRFW
/\VPDWD YHGWHDHGDWURSKBRWYV E\ a S @IROORZHG FORVI
E\/ DPERLQQ&YDOWRQEIUWMKPLUHGXFWLRQ RM&io DQG

S $ o S @ UHVSHBWIHQRB XV KHESEIGX V
WURSKRQWVWSEY, a S @

$00 VKULPS UHG X FS-DRU BARIPRIGFVWW QRH) ERWK GLXUQDOC
WKH H[FHBEWKRQYSEEKFK RQO\ UHGXFHG W R PR QKW IGRXU QD (
VSHFLHV GLG QRW SHUIRUP HTXDOO\ DQG VRPH VKRZHG S

SHUIRUPDQFH QLVPDWD RXSWWDRMWOWPHG DOO RWKHU VKULPS

WKH WRPRQWV E\ a8 o GLXUSDOO)LJ F@®QG QRFWXUQDC
3 o S )LJ G@/\VPDWD DPERH@MEONWEWRPRQWYV a
GLXUGD O O\ S )L F@ QG QRF¥OXJQDOO\S

)LJ G@ Z K IBOHQ W R Q FJHGOXFIHG WRPRQWV G$#XJQDOO\ E\ -
S )LIJF@ QG QRFWXYQDOO\ S )LJ G@

6WHQRSXWKIGWFHHIXWRPRQWY GBXUQDO® E\ a )LIFD

1HREHQHGHQLD JLUHOODH

2Q0\DPER L QHM@EY LD/Q W R QU K XIDHIE U R@QOIDM HFWHG ILVK ERWK

DQG QRFWXUQD O OY L \MXQB/MHEO ERRIBENVS HUIRUP H G\ ORFWX U Q D

DPERLQUHH)/XFHG LQIHFWLRQ$ELa GLXUQDO®PLIDA@ QG
QREFWX$QDOO\ S )LJE@ IROORZHG & CCROMRQ EU XX QL

ZLWK GLXUQDO DQG QRFWXUQD®SSWHGXFWIRQ R$¥a DQG

S @ UHVSHFWLYBIOE\YVPDWD DWW WKW RIHIE®AFH G

130

&KDSWHU



LQIHFWLRQ QRFWXUQDOG &\ a SDQGH® o S
@UHVSHFWLYH@ )LJ
% RYNK P DWSH F L HV IQWGHIHGEXIF HIG U OO K PEHUYV ERWK GL>
DQG QRFWXUQDO®\ HRBHYDHIW R QEUXXIRW UHGXFH HJJ QXP
)LJ F G\WPDWD YHWWEBHGDHUIY EXREH DQE&3 o
S ® o S @ GLXUQDOO\ DQG QRFWXUG@ED@O\ UHV

7KLV ZDV IROORZHEHRGL QHIMWMAK UHGXFHG HJJ QXPEMAUY E\ a (

S )L FA@ QG QRFWXEHQDOO\ S )LJ G@
6WHQRSXVUKIONSAHEX WJIJIV E\ a GLXUQDO® P QG QRFYV
S $® o S @UHVSHFWLWYHG )LJ

=H\ODQLFREGHOOD DUXJDPHQVLV
6RPH OHHFKHVY YDFDWHG WKH KRVW ILVK GXULQJ H[SHULPH
RI WKH WUHDWPHQW DQG FRQWURO WDQNV $QDO\WHV ZHL
OHHFKHV UHFRYHUHG IURP WKH ILVK DQGUWOD QNOWXBKDBHG X
E\ VKULPS D)L\WWPDWD DPERH@¥FHGVOHHFKHY B®®a GLXUQD
S )LJ D@DQG E\'a QR$WXUQDOG\ )LJ D@
6 KLVSHGXFHG OHHFKMWORE\#VEK GLXUQS )LJ D@
/ YLWUMBWBHG QXPEHUV RISOHHFKHVSE\ a )LJ D@ DQG
OHHFK FRFRRQV RYHW® o KRXUV B\'a )LJE@ SHUIRUPDQFH
PDWUL[ ZDV FRQVWUXFWHG EDVHG RQ WKH SHUIRUPDQFH R
VSHFLHV )IKLM)GLFDWH®LWAMBMW/WDIRUPHG DOO RWKHU VKUL

FRQVXPLQJ SDUDVLWHVY HQYLURQPHQWDO VWDJHV
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4.5Discussion
SDUDMALWHKLQXPEHUYV FDQ FDXVH PRUWDNOE®HHDWU®MLWKI\S
SK\VLFDO GDPDJH FDXVHG E\ WKHP FDQ UHVXOW LQ GLUH
FRVWO\ WR WKH DTXDFXOWXUH [IDIADZHDU Z7 KR QRHE DMDPHU DDUCHG
RIWHQ PLWLJOW¥HKBODWKIDRMPIK WDUJHWHG DSSSDIHHWDR B QV R
TKHVH SUDFWLFHV FRQWULEXWH DGG WDLICROBIMO-HIEDH J D W
&0BW DO ,Q UHVSRQVH WREWRERQWIRORSBRBE®HEH UHG
IUHTXHQF\ RI FKHPLFDO LQWHUYHQWLRQV DQG WKH SDUDV
TKIWWXG\ LV WKH ILUVW WR GHPRQVWUDWH WKH SRWH
ELRFRQWUROV DJDLQVW W KW HIHV K FSRBQURCPLLIFR I© OAS HFFE R W WLINC
VXSSRUWYV SHSSHYPWQ\WWKXHLREVW FDQGLGDWH VSHFLHV
DTXDFXOWXUH FRQGLWLRQV &OHDQHU VKULPS XWDHGRIIHU
FOHDQHU ILVKHW IDDW VEKRFRQW WD/ R FDSDEOH RI UHGXFLQJ
GLUHFWO\ E\ FRQVXPLQYWMQIMMHWREPHQWDE OHMLVWDQW W
OLOLW] DQG +XWe6P®R\LQJ WKHVH VKULPS WRVWDGKKNHDIOQY YR
LPSOLKVW QR GLUHFW FRQWDFW EHWZHHQ VKULPS DQG FO
SUHGDWLRQ ULVN LV PLQLPLVHG $GGLWLRQDOO\ VKULPS
ILVKHV WKH\ ZRXOG EH HPSOR\HG WR FRQWURW K ZKKQ_ ¥ B QKL
ILVKBDWOVHDYNINO .DUOVEDNN HW+ D RBRZ GO D O
$Q DUJXDEOH OLPLWDWLRQ WR XVLQJ FOHDQHU VKULPS
UHFHQW WHFKQRORJLFDO DGYD@MFRHNLKBYEHUMKSE RU VRH G- VEX|
VSHFEHWWLDUDFKFKL DQG\ \8DWwWD/ YKIWHCSRIIOWR UPHG DOO R\
VKULPS VSHFLHV H[DRMAFHGU UG OWKQV S WRGXFHG FRPPHUFLD
RUQDPHQWDO WUDGH DQG WKH FRVW SHU XQLW LV EDVHG

JHRJUDSKLF GLVWUBBDXWILFQUHQLWRH B GDW K BB KUK S DWWV
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IRUWKXW\WRLDQ ZDWHW WO 7KLV GLVWULEXWLRQ UDQJH LQFR
PDMRUWVRSBLFDO DQG WURSREXGLQTIXDAMDARMH )LVKHU\
&RPPLVVLRQQFOXGLQJ &KLQD 3KLOLSSLQHV 0DOUMMQD OQ GRC
8VLQJYLWODWDWDELRFRQWURO LQ DTXDFXOWXUH RIITHU\
FKHPLFDO LQWHUYHQWLRQV WR WUHDW ILVK SDUDVLWHYV
FRQVXPHUV UHJDUGLQJ IDUPHG ILVK
,ZDWEOH WR WHVW RMKFOSIBDQIRWPKXYERS E\ PDLQWDLQ
FXOWXQUWIMY RVKH ODERUBWDWRWY VKRZ WKDW GLIIHUHQW FOH
LQ WKHLU FOHDQLQJ SHUIRUPDQFH WHIW X 8 X U FVGXAHRG WKHF
DQG PRQRJIH@HKDBIQIRVK GLUHFWO\ )LJV D /EYLMWMBEWD +RZ}
KLVSZEXW VWULFWO\ QRFWXUQDO ZKHQ UHPRYLQJ WKHVH S
ZKLOWH PRPERLQBGVRLYWR QENGKXPHE PRQRJIHQ @Y BQALYV
QRFWXUQDOO\ )LJV D E 1RQH RI WKH IRXU VKULPS VSH
)LJV D 7KLV PD\ VLPSO\ LQGLFDWH D VKULPS SUHIHUHQ
RQO\ D GLIIHUHQFH LQ WKWLRRUWOEHAKDYI1RX R | RUKEHKDU D
ILVK PDNLQJ LW PRUH VXVFHSWTLEREH WRLBY®ERIWHIREGQR F
WURSKRQWYV ,lIBWG P&RWDQBFRYHU DQ\ SURWRPRQWY RU WRP]
ZKLFK FRQFXUV ZLWK UHVXOW V LRJ G RBKVIHVS W H R ISRCRD W W XZGEiL
YDFDWLQJ WKHXRMWH@W 6RPH OHHFKHV GLG YDHRDWH WK
WULHG WR DYRLG WKLV E\ DSKBMLOB®G 6K HAMH OENFW LVPHE LV XE
UHSUHVHQWY D QRUPDO VWUDWHJ\ DIWHU OHHFKBY & DYH
7KH QXPEHUV RI OHHFKHRWP 6 W HA BIREMWQDARDM G KD O O
IRU RQH VKU LP S FVEBRIFQIEYWXIN DO FK D 0 OHQADWE WLV & Z& X V

DQG D KRXU HQYLURQPHQWDO N WDINVQBRW BPRIRIYWY DRKD O O I
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DPERLQUWMXFHG OHHF K H VGE @ RFKWX IUXQUDDBADWIDENERABOH V S L G X V
UHGXFHG OHHFKHV GLXUQDOO\ )LJV D

1RW DOO VKULPS UHGXFHG WKH B@GY LARRRIHH@WM D Q W W D.
G F BURFDULGHOODGDGVORAQEUKGQAEH WKH QXPPVE HUWK HRR (
GLXUQDOO\ RU QRFWXUQDOO\ )LJV F G VXJIJHVWLQJ W
PRQRJHQHDQ HJBV DXRZRIQELX XHAXFH FLOLDWH WRPRQWYV
DQG VKRZHG D EHWWHU QRFWXUQIFO GVK D QKG LYXKIQD OKIHPIR |
ZRXOG FRQUXRMWWRPRYWY DQG QRW PRQRJHQHDQ HJJV PD\ I
LQDELOLW\ WR PDVWLFDWH WKH ODWWHU ZKLFK KDYH D KI
WKH RWKHU WK U HBHD QKR @BDXSEM ISHMHGLYSRVHG WR FRQVXF
LW HPWHQR S X VUKIGNSHEX WRQRJIJHQHDQ HJJV GLXUQDOO\ DQG
EXW ZDV WKH RQO\ VKULPS VSHFLHVY WKDW GLG QRW FRQV>
%RWKNPDWSHFLHY GHPRQVWUDWHG WKH KLJKHVW OHYHO R
FLOLDWHY DQG PRQRJHQHDQV ZLWK DQ LQFUHDVHG SHUIF
/\VPDWD YHWWEHEDOHHFK FRFRRQV RYHU WKH W KFDXUWSKIHU L
EHVW SHUIRUPHU RI SDUDVLWH HQYLURQPHQWDO VWDJH Ut

W ZDV HYLGHQW | URKHIWK K RIHPHK@WIVORYWDJH FKDOOH
VKULPS Rl WKH VDPH VSHFLHV GLG QRW SHUIRUPLRITXODO\
REVHUYHGPERRLQKEDVLW] DQG +XGVPRODKOXZDFXFLVFXVVHG |
WHUPV Rl GLIIHUHQW LQGLYLGXDO UMD SBWQ\DHV WIRLWQYLL
SKHQRPHQRQ OLNHO\ UHIOHFW W HAKWUPBWRG DUH QU FLKQ SIDQV \
VKULPS FRQVXPH DV PXFK DV WKH\ FDQ RQ HDFK FKDQFH H1
WKH OHJLSV IKRIVEML\B BVFOHDQHU VKUL® 8 G R Q NEOHHIQ. 0D KW \DWDIGR
:LOOLDPV 0 FR\B PPRQ ,Q WKH IL U VED \ODE RIPBWRBURDO VW

FOHDQHW VKUVLBBEGXYRW UHPRYH WXGL SRE D D LKDIEAPIXYON. SCRAG
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:LOOLDPVRII KRV VW6XIBINDOOLDBV:LMDLDPV+RZHYHU LQ D VHI
QDWXUDO RLFLIWVFSAFEED SSHDU WR KDYH D SUHIHUHQFH IRU F
1 PHOPRQRJIJHQHDQV DOWKRXJK LW GLG QRO KBBRRE SDUD
DO O0\GDWD LQGLFDWH WKDW WKLV V@RLPPLD WHVF LRFRQRLIHJI
DQG OHHFKHV RQ KRVW ILVK $SS D& HQW S&R3 MGG FHW_IQH WELC
UHODWHG P R QRUMIDGIBENS U WKXIEQ \DRMOLMHYKUHYLRXV PDFURF
VWXGE&DPPRW DO LV XQOLNHO\ GXH WR SDUDVLWH VSHFL
PDFURFRVP ZHUH VXEMHFWHG WR LQFRPLQJ ZDWHU IURP C
PHOGRQWLQXRXVO\ IRUOUBADPPHR®PW ©GRW ZRXOG WKHUHIR
OLNEWHNQ UHSHDWHGO\ LQIHFWRGGR WK W ISHNPRWMRED W H B
QRFWXUQDO ELDV WRZDUGVY UHPRYDO RI FLOLDWHV DQG P
HDUOLHU F R QfF OROWMIRGSUIMACDUN. O& RMREMAXWEDIOQ G 7DOERW
-RQDVVRQ OHA& DOP® RORZHBH K LV SIRIHW FOHDQ ILVKH\
WXUWOHV 6®JXBEWDDOD D EHKDYLRPXAWHKXGEWY DOVR VXSSRI
UHGXFWLRQ Rl OHHFKHV6 'KXVQD@XWVEBHDOLAMQHGEWR EH D |
FKDQJLQJ OLJKW IFRRI ®LON ERQW LW D& SKIDWBDBMRDWIHU WR SU
RQ GLIIHUHQW ILVK SQREBWXWRY GAX WZXRER\PBY UHIOHFW P
WKH FOLHQWHOH WKDW KDYH WKHVH SDUDVLWHYV
S8URFDULGHOOD LVQWR BEIRGIWIMEHEQOBY UHSRUWHG W
PRQRJHQHDQV $OWKRXJK D SWLAPAIDWDWS W& X\BEGIE B ZF® MIX@MU
VKULPS HBWQEBESRLTIRQRJIHQHDQV RIIHQHFGOW RHW K M PK RRIQJ/D
%UXFH ZDV XWRGVHVW VKULPS HIILFDF\ DW &W PRRIFED MK X
VWULDXRXW QG *DLPDUG * Y XI\W WaHHF K H WV D R 188V K/\$L FFS
ZDV DOVR XVHG WR HYDOXDWH KXQ &H$ KDHRISKR G DVFO\DD®

9DOHQFLHQOR®INHFW G @HWBAEQ LR QR J (HHFINGIW DQG *UXWWH L
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7KHUHSRWH F OLNHO\ DOVR FRYVXPHVWORBRQWIRDMXH IDPLC
&XUUHQWO\ WHPSHUDWH DQG WURSLFDO FOHDQHU VKULPS
+LSSRO\WLGDH 3DODHPRQLGDH DQG 6WHQRSRGLGDH

&OHDQHU VKULPS PD\ SURYLGH D GLIIHUHQRY MDOH R ¥
ILVKAMAHYW DO 7KLV LV VXSSRUWHG E\ DQ DSSDUHQW pFOH
HYLGHQW E\ DQ DSSDUHQW ODFN RI FRPSHWLWLRQ EHWZH]
ZLOG DQG D GLIIHUHQFH LQ WH P SRUHELMSW HDUD FKIER QV Z|
VSHFLILF FOHDQLQJ IXQFWLRQ RI VKULPS UHPDLQV ODUJH
SUR[LPDWHAFBFXWHWVDQG *WBKW®WHGEDWD VXJIJHVW WKDW PD
VKULPS PD\ OLNHO\ RIIHU RIKE W RPHELROMIGF FFOMDIQWQJ VHU
VIPELRWLF FOHDUR®XYFOWHHEHILW LQ WKH VKHOWHUV VKDU|
SUREDEO\ UHGXFHV SDUDYV LSMHI DMLVOHN F W D R B\ F®XF FNDKBEQ W
UHSURGXFWLYH N\DPSDWHYRHPWH PRQRUHQHDQV UHOHDVH HJJ
WKH RQVHW RRBOQHWW @O/RU SURGXFH PRUH LHIK \* PO\ QLY V
+XWVRQ DQG WKsH EUOLDMIMVHY WKH KRVW DW QLJKW 0DQ\
VWDKBW WOVR HPHUJH&QRFWWHEEMONK HAVID QG %XWH B YW U
VKULPS DSSHDU WR DFWLYHO\ UHGXFH SDUDVLWHV QRFW X
VRXUFH Rl SDUDVLWH FRQWURO RQ D UHHI DMEWQRLUGMV ZK
GLPLGLDWXVYQDFWLYH

)XUWKHU UHVHDUFK LQWR WKH SRWHQWLDO XVH RI FOF
UHFHQW VWXG\ HYWLPDWHG WKH JOREDO GLYHUVLW\ RI FC
NQRZQ VSHFLHV |WRIRSUHYHQMULI 9 D/X.] KNP DOL BK D SWH U
7KHVH WD[D LQF O XGH SWFPHL PG WKP SH U D WHU RKHIUQ BRWMS
FRXOG H[SORUH ZKHWKHU FOLHQW ILVK VSHFLHV UHFRJQL)

DTXDAXKGWIGOLWLRQV WR GHWHUPLQH ZKHWKHU GLUHFW FR
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ZLWK FOHDQHU ILVKHV LV IHDKDE® HGHIPWRIKQ W\ U DR G- RVZK-DW
QRW QHFHVVDU\ LQ UHGXFK®JD 6D QWD H VSUBREXNSI® § DW XQ.I
SUHGDWRU\ EHKDYLRXU Rl SDUDVLWHY DQG RWKHU SDWKR.
LPSOLHVY D ZHDOWK RI SRWHQWLDOO\ QHZ VROXWLRQV W

SUREOHPV
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WKH JHQHURXV FRQWULEXWLRQ RI WKH H[SHULPHQWDO JUF
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&+$37(5
& O HD\DKHUWLWPIBPRYH SDUDVLWH HJJV RQ ILVK FDJH\

‘DY 1U%9 D XJKDEPD H [ DEr&X IV VDKW 6 WW VR Q

&HQWUH IRU 6XVWDLQDEOH 7URSLFDO )LVKHULHV DQG $TXDFX:!
6FLHQFHY -DPHV &RRN 8QLYHUVLW\ 7RZQVYLOOH 4XHHQVODQG

6FKRRO RI %LRORJLFDO 6FLHQFH\6WV/KH L3I LAXHHQ WA IRQ G X QW

7KLV FKDSWSHNEDVYVKH&EDQ *UXXMNHDQG +XWVRQ &OHDQHU

VKULPS UHPRYH SDUDVLWH XDBXAWRR HLMKY EDRIQV HOQW , QW I

,Q WKLV FKDSWHU , WHVW WKHVRBNMSGFHFNREDIWKBD YUHRFN BW B G
&KDSWHU WR SHUIRUP DV D ELRFRQWURO XQGHU UHFLUFX

IRXUWK WKHVLYVY DLP

5.1 Abstract

YHQWKLF VWDJHV RI FXOWXUHG ILVKHVY HFWRSDUDVLWHYV |
LQ DTXDFXOWXUWH QIGHWR/ ¥\WwWoDEW WR FKHPLFDO WKHUDSLI
DQG ODERXU WR PDQDJH &OHDQFWNKBEDPBHQXWRLKKN\WO BB
WKH\ KDYH WKH SRWHQWLDO WR UHGXFH SDUDVLWH UHLQI
FRQWDFW ZLWK WKH FOLHQW ILVK &OHDQHU VKULPS KDYH
DTXDFXOWXUH EWWJIRNIRMMUHDQFOBYDRHEU ILVKHVY EHFDXVH WK
HFWRSDUDVLWHYV, RUHVKIOW WRHHIQWYW LQYHVWLIJDWLRQ R

I\VPDWD YDWWDWDRFRQWURO DJHQW DJDLQVW WKH HJJV
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FRVPR®RO® HFWRSPOEHQH G/HHQ LIDQ IHAMAIOC@DID HFXOW XUHG MXYH
(SLQHSKHOXV XQGHHRVIDPXOWDOWHG UHFLUFXQDMOLWRQD BT WX\
UHPRYHG WKHJIJHUMWORMMDHIOHG RQ WKH PHVK RIIMHKH BXO0Q W X
UHGXIFHHEUWGBGIEDKLWPHQW R®@ UHMKXEBWsa/ GHPRQVWUDWH WKF
VKULPS LQ DGGUHVVLQJ HFWRSDUDVLWH SUREOHPV DQG

QRYHO ELRFRQWURO VWUDWHJILHYV LQ DTXDFXOWXUH

5.2 Introduction

“URFRQWUROV DUH OLYLQJ RUJDQLVPV XVHG WR VXSS
SRSXODWLRQ RU LWV DVVRFLDWHG LPSDFW UHQGHULQJ L\
HW DO +RZHYHU ZKHUH WKH WDUJHWSLBWXHRVIW QR EFIJDOL VYV
WR VHOHFW DSSURSULDWH ELRFRQWURO DJHQWYVY WKDW DU
HQKDQFLQJ SDW KR JIHIEG K XV X GB@® KEELD/RK D

%LRFRQWURO XVH LQ PDULQH HQYLSRAPHGWDQHRDLI
FXUUHQW VWDJH RHW Q@O QBT XD¥FXOMWKUH FRQVLGHUDWLRQ
ELRFRQWUROV DJDLQVW SDWKRJHQLF DIJHQWYV KDV IRFXVF
VWUDWHJILHYV H J SURELRWLFWF EPEWGELNWREKDHED VW HDWLE
HFRQRPLFDOO\ LPSRUWDQW EDFWHULDO ILQILVK D®W VKHO
DO &DRW DOODGKXVXG D@ bR KD TR GDWH WKH RC
DSSOLFDWLRQ DJDLQMVMW RRKPHEWRDGEO DDOKXIDFHOWXUH KDV E
ILVKAVDV¥H@WURODEUX\W @ PDRHXWEWWWHQRODEUXM QABHXWUL

IDEUXV ESHVUBD@QWRW\PSKRGXV AHIRINVKYV &\FOBRQG®WHUXV
OXPYIKPQDHXVWR FRQWURE SHHRIS KOLIKHL U XYW \WDOPRQLMQG

&DOLJIXV HORQIRWEPDQQ SDUDV L 0.6 PROQMENIIDIHIW L F \
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DQG RWKHU VDOPRQLGY IDUPHG LQHRD DDQH HDWHIHW L
6N IWHNWLNO /HFOHHW DO *RQ]i ®HIEH % RHU
7KH FRQWURO RI VHD OLFH E\ FOHDQHU ILVKHV IROORZ
ZKLFK LQYROYHV WKH LQWURGXFWLRQ RI LQGLJHQRXV QDW
$WDBWKDO 7KLV VWUDWHJI\ RITHUV FOHDU EHQHILWV LQ VD
RI UHSURGXFWLYH DGXOW VHD OLFH +RZHYHU WKH VXFFH
SULPDULO\ RQ WKH IHHGLQJ SUHIHUHQF HSMEIHWKBIOELRFR Q
7KH XWLOLW\ RI WKH FOHDQHU ILVKHVY PRGHO QRWDEO\
VXSSRUWHG E\ WKH FRPELQDWLRQ RI D VSHFLILF IHHGLQJ
IRU WKH IHZ SUREOHPDWLF VHDO®H PHRWIH FLH VD @ @& HD £ RVQY G-
WKHLU NQRZQ SDUDVLWH GLYHUVLW\ ZLWK WKDW RI WKH F:
UHFHQW HYLGHQFH VXJIJHVWV WKDW FOHDQHU ILVKHV LQF
JHQHUDOLVW SPWKRQWQWR P/DOPRQ DQG RMXRIQJIDWBKH V
3DUDPRHED SHRXQUDQVRVELH $®RRVYVRRAMHN)WX KDWY DO
WKH DHWLRORJLFDO DJHQW RIHMPRBELF .ILWO®MVEDMND V
+DXDQIBW DO 3RZHDM DO 7KLV GHPRQVWUDWHY D FOHLE
FOHDQHU ILVKHVY PRGHO DJDLQVW WKH SDWKRJHQV Rl RWk
WKHVH FOHDQHU ILVKHW DYDWHVRRBWE MW D RBOVY) HIWRGY JHF
7KH $¥DBLILF UHJLRQ SURGXFHV WKH PDMRULW\ RI WKH
QR ELRFRQWURO XVH LV HPSOR\HG DJDLQVW WKH HFWRS
5HFHQWONWSBIOQ HVWLPDWHG DTXDFXOWXUH VWRFN ORVVH)
DQG DV D UHVXOW Rl SDUDVLWLF DJHQWV H[FOXGLQ
GLYHUVLW\ RI HFRQRPLFDOO\ LPSRUWDQW HFWRSDBUDVLWH
DO IRU WKLV UHJLRQ LV KLJK UHSUHVHQWHG E\ PDQ\ SL

OLFMFOH PDQ\ RI ZKLFK KDYH D ZLGH GLYMFUL EXIWWL\RW HJHD @ K
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DO )W LV WKHUHIRUH XQOLNH®X®E DRV D@ \DF 9 HDEMH R
HFWRSDUDVLWH ELRFRQWURO LQ WURSLFDO ILQILVK DTXD!
SRWHQWLDOO\ YLDEOH DOWHUQDWLYH PD\ EH WKH XVH R
ELRFRQWURO DSSURDFK

7KHUH DWHPIDOWH® FOHDQHU VKULPS VSHRLIBW NQRZQ
&KDSWWWKDW LQWHUDFW QDWXUDOO\ ZLWK YDULRXV FOLHQ
WHOHRVWYVY 0DQ\ FOHDQHU VKULPS VSHFLHV GLUHFWO\ UF
GHQVLW\ GHSHQGHQWDREM)QHWHH J %HFRMWKHLU FOLHQW
VIPELRWLF FOHDQLQJ LQWHUDFWLRQV DQG VRPH VSHFLHV |
EHQWKLF VWDJHV RI WK H BEWREPDQRIX\DLSMHMI M RI GARLLALIW W K
VKULPS FDQ UHGXFH WKH UHLQIHFWLR® VBURY &XDIS \RQUKR V\
1R FOHDQHU VKULPS VSHFLHV LV NQRZQ WR EH VXVFHSWL
ZKLFK UHIOHMRYD YWKGFHERVAL W\ R1 WKHVH ILVK HFWRSDUDVL
VXEVHTXHQW DGYDQWDJH WKDW FOHDQHU VKULPS PD\ RIIH
&OHDQHU VKULPS KDYH QHYHU EHHQ XVHG DV D ELRFRQV
FRPPHUFLIIX@WERYB +RZHYHU WK H SHKMDFXURLIFR WM WRLKNQAKE X \/ F
(GZDUGYV FOHR®BU VSHFLHV ZDV XVHG VXFFHVVIXOO
VXVSHQGHG VFDOORSHRXDW X UAHK/LE\LXPRIQWRQO\ H[DPSOH R
XVHG DV D ELRFRQWURO LQ DTXDFXOWXUH DQG EHQHILWYV
JURZWK Rl WKH IDUPHBWPBIDOORSY 'XPRQW

$ ODUJH FRQWULEXWRU WR WKH HFWRSDUDVLWH SURE
VKHHU YROX PN RLFVKWDEHY RI WKH GLIIHUHQW SDUDVLWH
F\WWV UHPDLQ DWWDFKHG WR FXOWXUH FDJHV DQG RWKHL
UHOHDVH WKHLU UHLQIHFWLYH VWDJHV WR LQIHFW IDUP \

IHREHQHGHQLPDUUUWYWOODH D FRVPRSROLWDQ PRQRJHQHDC(
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VHULRXV HFRQRPLF FRQFBDE LWLKU B K J K RIW B/DOH 2, REFK LV
UHVSRQVLEOH IRU PRUELGLW\ DQG PRUWD ®HW\ LLGF ®X G LYk
PHPEHUV Rl &DUDQJLGDH &LFKOLGDH PDULQH DFFOLPDW
3DUDOLFKWK\LGDH 5DFK\FHQWULGDH 6HWUD®%GDH @RAG 7
DQG +XWVRKLUDNQWKIDQR6KLAYW DO%UD]H@RDOD $FXWH
LQIHFWLRQV RI IDUPHGUHWKEAN WR VHYHUH PRUWDOLW\ HYF
WR VWUHVVIXO FRQGLWLRQWRUXQD WS H. FRMEFINVZ LPRR/RUX IV WS
HW DO 6KLUDRNRMKLDQR 7KH WUDGLWLRQ DDURRI@WHRO F
RQ ILVK FDJHV UHPDLQV WKH IUHTXHQW F\FOLF UHSODFHP
QHWV ZKLFK LV ODUJHO\ LQHIIHFWLYH DQG ZKLFK FRQWU
DQLUDQR
,VHOHFWHG WK H/\N®DIMDPH BIWMKPE WBQRU WHVWLQJ DV W
FOHDQHU VKULPS ELRFRQWURO FDQGLGDWH XQGHU DTXD
SHUIRUPDQFH DW EHQWKLF SDUDVHWLHR XW DIE R & BNRW N BWQU L
,Q WKH SUHDHPMGVWHRKGIHVW WK KDHDIMDPF\ WKH EHQWKLF
RIL JLUMQGDWXEVHTXHRDWI D QPHEWBRRMSHW O XV GI@RFHKR O D V

NHSW LQ R\VWBUHNHYVKGCGHHWW LPXODWHG UHFLUFXODWLQ.

5.3 Methods

$QLPDO HWKLFV DQG ZHOIDUH
(WKLFDO DSSURYDO zZzDV JUDQWHG SULRU WR FRPPHQFHPEF
8QLYHUVLW\ (WKLFV &RPPLWWHH 3HUPLWOQ XWEHWKS$ QDW|
UHJXODWLRQV VHW RXW LQ WKH 1DWLRQDO +HDOWK DQG |
FRGH IRU WKH FDUH DQG XVH RI DQLPDOV IRU VFLHQWLILF

WKH 1DWLRQDO +HDOWK DQG WHGLFDOVKHXYHDKH WK BR K QWIHT -

147

&KDSWHU



LQIHFWLRQ E\ WKHLYHORSBODW. WHWKH H[SHULPHQW IUHV
PLQXWHV XVLQJ GHFKORULQDWHG WDS ZDWHU ZDV HPSOR)
HFWRSDUDVIHWHYD O.DIRUNBHFRYHU\ DQG FRXQWLQJ DQG LV

DTXDFXOWXUH WR FRQWUHURODKFWRSDUDVLWHY +XWVRQ

$QLPDOV DQG H[SHULPHQWDO GHVLJQ
JRXU KXQGUHG DQG GIR QKW RIIRIPWKWILQHOH FRKRUWIWK PP L
ZHUH GRQBWWHHGY HPWFK E\ D FRPPHUFLDO JURXSHU KDWFK
$XVWUDOLD $00 ILVK ZHUH LQLWLDOO\ JLYHQ D PLQXWH
RQ DUULYDO EHIRUH EHLQJ TXDUD QW LOQDHER WIRWR WK R U W R HW
3DUDVLWRORJ\ /DERUDWRU\ 03/ -DPHV &RRN 8QLYHUVLW
PDULQH UHFLUWROSSRWMQ Y\ UIMHP 2QH KXQGUHG DQG WZHQ!
SHSSHUPLQW FOHDQWW DGDRPBI PRXNRQWOHZHUH SXUFKDVH
FRPPHUFLDO SURGXFHU LQ 7DVPDQLD $XVWUDOLD DQG
DGXOWKRRG a PP LQ WRWDO OHQJWK 2Q DUULYDO DOO
LQ D VHSDUDWH LVRODWHG QUHWIKHF X RDWRLQW VQWWSHFULRG |
DOO ILVK ZHWHR NHBEEWKWBRGOH\ $TXDIHHG PDULQH IORDW F
SHOOHWVY DQG WKH FOHDQHU VKULPS ZHUH IHG\\GIMEO\ ZL W
VKULPS

7KH FRPPHUFLDOO\ LPSRUWDMMND BFRQR/IHXHRXY O\ FXOW
VHSDUDWH 03/ FXOWXUH IDRIWODR W\ BW L-RB WRI H [SHMMKREAQ W T
ODLGILUMODWHEHUH LVRODWHG IURP WKH @ >0 &/XWHH\BI®® VD F
GLVK FRQWDLQLQJ IUHVK ILOWHUHG VHDZDWHU VDOLQLW\
/JHLFD 0 GLVVHFWLRQ PLFURVFRSH IRU HPEU\RQHW GBYHOF

JUVMAHLPPLQJ ODUYDH REBHBRBPRQOQDEDGLOXKDWHH % UD]JHQF
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DQG ZHUH FROOHFWHG YLD SLSHWWH DQG FRXQWHG E
JODVV EHDNHU RI IUHVK ILOWHUHG VHDZDWHU IRU WKH HI[¢
$00 ILVK ZHUH WUDQVIHUUHG WR UHVFKLLSUBDWH GV MDY@
VXSSOLHG ZLWK FRQWLQXRXV DHUDWLRQ WKURXJK DQ DLU
IUHVK YLDEOH RQFRPLUDFLGLD ZDV FDUHIXOO\ LQWURGXFF
WKH FRQWHQWY DWHHHWDQ W DWRXRKRXBMOH ZKLOH PDLQWD
J)LVK ZHUH FRKDELWHG ZLWK WKH RQFRPLUDFLGLD IRU Kl
QHWWHG RXW XVLQJ BHRGWQ BWXDQ GXPHKBIQBD QGRPO\ DVVL.
VHSDUDWHUFXODU WDQNV FRQWDLQLQJ DQ LQQHBH\DVWLI
VL]H PP GLIMMWHVHQWLQJ IRXU WUHDWPHQW DQG IRXU
HDFK FDJH 7KHVH IRXU WUHDWPHQW DQG UEX0 FWQ®LURB U
DQG ELROROMFDWOHG VHDZDWHU ,Q DGGLWLRQ VHDZDWHU
VFUXEEHU FRQWDL@DXDOBUSDE WORERQED $JDUGK IRU (
H[SRUW 1R 89 GLVLQIHFWLRQ MRSOFRREHEEB |IDREWQR QD\DZRQ H
ZHUH SHUIRUPHG GXULQJ WKH H[SHULP H®W H 6RFDZIDWMRHUIH B R
ZLWK D +DRKOKD @G PSHUDWXUH DQG GLVVROYHG R[\JHQ PH
(XWHFK 6FDQ S+ PHWHU D D RGP RULQDPRITHOIRX WD ZOVWH WHVW
FRRO ZKLWH IOXRUHVFHQW RYHUKHDG OLJKWLQJ ZDV PDL
7R HVWDEOLVK SDUDVLWH HJJ ELRIRXOIQUHRWBHKH H
DOORZHG WR GHYWHORE[RQOVKBIWKWUKRW FWGRQV SRDNWHQRU D
DQG DQ DGGLWLRQDO GD\V WR DOORZ DW OHDVW FF
WR WKH ELRORJLFDO GDWD RI %UD]JHQRU DQG +XWVRQ
SRIQVHFWLRQ DOO ILVK ZHUH UHPRYHG IURP WKHLU R\VW!
IUHVKZDWHU EDWK LQ GHFKORULQDWHIG WS\?HNYMBQWR NL

HW DO DQG WKHUHIRUH WR FHDVH IXUWKHUWHG JW R WRKGMRJ
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RULJLQDO FDJHV $Q DYHUDJH *“ &( DQGW BN MMODH VK *
UHSUHVHQWLQJ a LQLWLDO LQIHFWLRQ VXFFHVV ZDV FDC
EHQLJQ IRVLYHBLRRVUWY HW ' BOHQH\WPPHGLDWHO\ DIWHU WK
UHWXUQHG WR WKHLU FDJkV WAHDNDL QMEKRD®X PEX OMWR HD F |
WUHDWPHQW WDQNV WR SDWURO WKH RXWVLGH RI WKH R\V
7ZHQW\ ILVK ZHIUH ¢ RPH® H®HKRBDERQVHFXWLYH GD\V
SRV@MHFWLRQ FRUUHVSRQGLQJ ZLWK KDWFKLQJ RI WKH
VXEVHTXHQW UHFUXLWPHQW %UD]JHQRU DQG +XWVRQ
IUHVKZDWHU EDWK X \FIRQM\DHRBEMDFKH B ODYIWLAG WDS ZDWF
HDFK EDWK ZDV ILOWHUHG WKURXJK D —P VLHYH GHFDQ
SUHVHUYHG LQ HW K D Q R ORIIRN XWHEM_HOTHX IS\HAD WRKMWIHW L IQIH V|
EDWKVRQOIUH LQWURGXFHG WR D VHYDNSBRWW MPLW AR ODRV L
7KHUH ZHUH QR ILVK RU VKULPS PRUWDOLWLHV GXULQJ WK
(DFK VDPSOH MDU ZDV HPS3NIWHG IGQWR D Q® LIHYJIPRYW
XQGHU WKNHRAWARGIPL.FURVFRISH LYB® QDLW HEXDHOUH FROC
SLSHWWH PDQXDOO\ FRXQWHG DQG SUHVHUYHGKLY VHSD

VXEVHTXHQ V8 IDRAHOAW WHDRIN IRXU PRQWKY WR FRPSOHWH

6WDWLVWLFDO DSSURDFK
,XVHG PL[HG HIIHEW W WIHEWR P RW BV DWR. \I B FRWGW GDWD R
VDPSOLQJ GD\V SURYLGLQJ WKH UHVROXWLRQ WR RSWLP
SUHGDWLRQ RI WKH FOHDQHU VKULPS ZKRP H [SHROPGWD MWD
WDQMWQHUDOLVHG OLQHDU UHJUHVVLRQ ZDV QRW UHTXLU
FRQVLVWHG RI SUHGRPLQDQWO\ KLJKWARXDMWRUDPBG GGRIRE

QRUPBOOWULEXWHG UHVLGXDOV ,Q IPGGQWHRGHSWK H RG HHX
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PRUH DSSOLFDEOH WR DFFRXQW IRU GLITHUHQW OHYHOV R
ORJ RI SDUDVDWHHWBERRMWNRUPDWLRQ H J EHWZHHQ GD\V I
:DWHU TXDOLW\ GDWD ZHRYH V IASKDHU BIWWQ U B D OSMWUH B HQ W X'\
UHJUHVVLRQ $00 DQDO\WHV ZHUH SHUIRUPHG LQ 5 9HUV

OL[HG HIITHFW@WHUVFERB®W PRGHOV ZHUH SURGXFHG XV
SLQKHWURO $0O0 PRODWWH/GSGLDIQR¥WQNWBXYRWHG\WKUHH PL
UDQGA®WRVHUFHSW PRGHOV WZR ZLWK FRUUHODWLRQ RI YDU
LQ WUHDWPHQ®WD RERWBEHPMPHRWIURXSY DQG RQH ZLWKR)
VWUNFWHH $SSHQGL| 7TKHVH PRGHOV ZHUH WKHQ FRPSDU
WKH PRGHO DFFRXQWLQJ IRU FRUUHODW L @ \RF RFADELLLQDEVF HR'
ZDV FRQVLGHUHG WKH PRNMHDLWB URMH G PREGIBY. HRAU PRKGH DP S
WHVWEBRBIWKHSDUDW WH FRYXRWOWVH YDULDBOBD WERWU®MW RQF W I
ZLWKRXW VKDALWEHDQGIG HIIHFWV XVLQUHDKHHQWERGDFWL

7DQ@V WKH UD QGHEHB SH CHFLWY

5.4 Results
I\VPDWD FRQYWIPMEE UHMODDLHQWDQJIJOHG RQ WKH R\WVWHU PH\
DQG VXEVHTXHQWO\ UHIG XHAHGUMEKIHM QW P H IQHNL BEED\$ a )
S )L @%$Q DYHUDJH *“ 6( RI % “DQG ¢

+ 1 Jrupe®wwyYybDH ZHUH UHFRYHUHG IURP ILVK LQ WKH
UHVSHFWLYHOW 1XRHERMOLDRKK DFURVV WKH H[SHULPHQW GH
a E\ GD%$129% ) S )L @ 7KH UHJUHVVLRQ UHV X(
IL[HG HIITHFWV DUH SUHMWRWHGODQLWODEBDHDPHWHUYV ZHUH Q

EHWZHHQ WUHDMWRB®W) JURXSV @ DQG UHPDLQHG VWDEO
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GXUDWLRQ RI WKHLH[SHUHPKBGWDWNHH DQG VDOLQLW\ UHP

a SSW

5.5 Discussion
O\UHVXOWY GHPRQVWUDWH IRU WKH ILUVWVW DRMVD WKW \&RW I
DQ HITHFWLYH ELRFRQWURO DIJHQW XQGHU VLPXODWHG UHF
LWV SRWHQWLBBURW XYXH BRELIONWRD RDQVIPHHODWRQ FDJH
QHWWLQJ LV VLIJQLILFDQW EHFOXVRXVUKH RJJIWVHEROQN KW MR
DTXDFXOWXUH O6KLUDNDVKL DQG +LUDQR DQG DUH UL
FRQWURO DGXOW SDUDVLWHY RQ WKH KRVW ILVKHV :KLWW
WR FRIQVWHRIHQRLFEOMX.RQ RQ IDUPV LV WKH PDQXDO UHSO
WKH PRVW HIILFLHQW WLPLQJ Rl QHW FKDQJHY LV XHMNQIRH C
HJJV HI[DFHUEDWHY DQ DOUHDG\ ODERXU LQWHQVLYH DQG
DQG +LUDQBHFHQWO\ 6KLUDNDVKL DQG +LUDQR HYDO
G\QDPLEVIRUHOOWDWHQ D FXOWXUH FDJH LQ VXSSRUW RI WKI
HJJ UHPRYDOQEMHONLKREGYWWBRW®E 3RVVLEO\ RWKHU VKULPS VS
QRYHO VROXWLRQ SBEMWHLG XRCGHWOWIIRRQWDEREGBRRGVWRFEN 1D
QXUVHULHVY EHFDXVH VKULPS DUH FDSDEOH RI ORFDWLQJ D
VRXUFH RDQUGRAWHLGY LQFOXGLQJ VDWXUDWHG PRQRXQVI
DFLGV %HW]BORU

7R WKH PHN@QRROWEBEBWD DOVR GHPRQVWUDWH IRU WKI
LQFUHDVH LQ LQWHQVLW\1 DDA MEBBUHDWDHIQNRLUND Q H@QMAL R H
FDSWLYH KRVW SRSXODWLRQ ZLWKLQ GD\V RI DQLQLWLDC
JLUHOMBPHUD HORWO ZDV FRQVLGHUHG WKH UHDVRQ IRU WK

IDUPHG EDUDDWRAEMULLAU WKH +LQFKLQEURRN &KDQQH
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AXHHQVODQG $XVWWODD $HVRIQWMULEXWLQJ IDFWRU ZDV
SUHFOXGLQJ SHULRG RI XQIDYRXUDEOH )HR@YOLRERKDYH QWM. B
PDVV PRUWDOLWKH YH@WUQQMBR RSWLPDO HQYLURQPHQWD(
DSSHDUHG WR PDNH D UDBU@ OHFRYHU\ 'HYHQH\

$IWHU WKH LQLWL@WHOVG®/N QERKHFWARYHUY HG DQ RYH
GHFUHDVH LQ WKH QXPEHQ ERS\CKUNVIHDMWP RQWLIURXSV RYH

LQGHSHQGHQW RI WKH VKULPS WUHDWPHQW 7KLV UHG
VLIJQLILFDQW WHIWHBQWOLY WKRXJKW WR EH D QDWXUDO UH!
WKURXJKLAWRRHBN WKH SDUDVLWHV JURZ DQG VHHN RXW
7UXMIRIQFO-HY DO FRPELQHG ZLWK WKH UHPRYDO RI VRPH
IODVKLQJ LQ UHVSRQVH WR LQIHFWLRQ B6KLUDNDWKAL DQG
LPPXQH UHVSRGWID QWRYBOG +RVW PRUWDOLW\ LV GLUHFW
SDUDVLWH LQWHQVLW\ *UHQIHOO DQG 'RENVRQ@ 3ULRYGWR) I
WKHHSHULPHQW WKH KRVW |1V K LXU\HHIEDHFHDALHR QW B YHQ W RW K |
LQYHVWLIJDWLRYW RO'HNIHIEO\WLIJKW WKH LPSRUWDQFH RI WKH
RXWEUHDNNURIOQPBH WKH XQIDYRXUDEOH HQYLURQPHQWDO
&KDQQHO H[DPSOH OLNPS®R FROWRESQHYY VREW BOHQH\
DORILVK KDG QR SULRU DFTXLUH G YLLPAPVRRUWVEDQ O,\QUWM IS X\F K G LI,
SUHVVXUH EXW DOVR WKH UB&RMWMIED\ WHEBMFIRQJ WKH UL
PRUWDOLW\

&OHDQHU VKULPS LQ ERWK WURSLFDO DQG WHPSHUDWI
HFWRSDUDVLWHYV RIHWRB V& WHHRMUX SKHFQHY EXW LW LV O
WKH JUHJDULRXV YISM®RMDGORNHU D QN @HIDQL QR XIOT EDF X O
LQGLYLGXDOV RI WKHVH VSHFLHV QDW XU D OFOU FRRFIX USWMR 1 H)

ZKLFK DUH LQWROHUDQW RI DGGLWLRQD O\ VROQW B WHAWWNW
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D QDWXUDO GLVWULEKWXRQWEBHQGR QIDWRBBNHY DQG 3L
ZKLFK LQFOXGHV WKH PDMRU PDULQH DTXDFXOWXUH SUR
FRPPHUFLDOO\ LQ $XVWUDOLD IRU WKH RUQDPHQWDO WU
GHYHOR/SPPRQWD FDWIWOWRDEH HIIHFWLYH DJDLQVW RWKHU I
,OP\UHFHQW ODERUDMWRW Y WIHFOMYH DW UHGXFLQJ DQG FF
VWDJHV RI WKH FLOL R SKRILMMPUEF WR EDIUPRARRHY R4 WKH P
DXJDPHQ@WKDSWHWY HIILFLHQF\ DJDLQVW WKHVH DQG RWKHL
XQGHU IDUP FRQGLWLRQV +RZHYHU FOHDQHU VKULPS ELI
VIPSDWULF LQIHVWDWLRQV ZKLFK BGHARMEEG Q\ WKGIHDQHOLW
PD\ DOVR UHGXFH WKH LQYDVLRQ RI LQMXULHV E\ VHFRQGL
&KDSWEHUHDQHU VKULPS DQG RWKHU VKULPS VSHFLHV VKR>
IRU D IXWXUH UROH LQ DR X DFX@MOOHS B RISRR/GI\G UER 06 HDRN H U
+LQWV RI WKH VXFFHVV RI XVLQJ VKULPS LQS5EWRIBEYWURO
EHHQ XVHG WR UHGXFH QHW ELRIRXOL®W RJOVFDIOLGRS VEH H
H[SHULPH@A MW LUD® XVH RI WKH QOMFAURE UDH KK XBWHD © K {
+HUNORWWR SDUWV RI WKH 6HQHJDO 5LYHU UHGXFHG
VFKLVWRVRPLDVLV E\ SUHGDWLRQ RQ MMKHDUQDLO LQWHUPF

+LVWRU L FIDH®\Q MK HLVKHVY ELRFRQWURO PRGHO KDV F
UHGXFWLRQ RI VHD OLFH LQ (XLOREHD@GVE®DPRRHUDUPLQDQ G
WKH UHOLDQFH RQ GUXJV DQG FKHPLFDO WUHDWPHQWYV Wi
3REGIAV DO WKHUHE\ UHGXFLQJ WKH LPSDFW RI GLVHDVH
SHULRGV SULRU WR KDUYHVWLQJ 7KH GHYHORSPHQW DQG
FRXOG KDYH D VLPLODU UHVXOW LW URSX. DX BYEOHO 8Bl U MR
ZKHUH VWRFN ORVVHV IURP HFWWBDUDV QW HAK BUH KRQ 8D Q&+

DUH DQ XQOLNHO\ RSWLRQ 7KH JOREDO ILQDQFLDO ORVYV |
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EH DSSUR[LPDWHO\ RI WRWDAREDREROWLRQGY QOGWP B
J)LOQODQFLDO ORVVHV DUH OLQNHG WR OLYMWWRG NL® RHFWDL ®
OLYHVWRFN JURZWK SHUIRUPDQFH WKH PDUNHW UHMHFWL
ORUDI@V DO DQG WKHGDWRARWVDRMHPLWLIDWLBW ®IO/HDVHYV

'LVHDVHV LQ JHQHUDO DUH FRQVLGHUHG WKH PRVW VLJQLI
H[SDQVLRQ HBWHDWLIPYE ZLOO XQGRXEWHGO\ EH LQIOXH
LQFLGHQKRJIRIQSWHW L VW D QFFIE RIDRD WINGI® WPKIQWA/R QDO  'RQH
':DWMW DO ,QGHHG WKH GHYHORSPHQW RI WKH FOHDQHU I
WKH LQFUHDVH LQ UHVLVWD QF H &R VWAHBO @RF&RW R HFBERLFD O
$DHOW DO ,W LV WKHUHIRUH OLNHO\ WKDW DOWHUQDWLYH
DTXDFXOWXUH ZLOO FRQWLQXH WR DWWUDFW LQFUHDVLQJ
FRQVLGHUDEOH SRW HQWLLAX®D DQ N KUV Q AOXGE GSDV SDUW R
PDQDJHPHQW VWUDWHJ\ ORUGXH DQ@®RBENBLOODWNRR N\LG

WR FRPELQH PXOWLSOH G\QDPLF DSSWRDBIKOHY WR GLVF
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)LJ :DWHU TXDOLW\ SDUDPHWHUYVY UHFRUGHG IRU WKH GXUDWLRQ RI WKH H[SHULPH!

156
&KDSWHU



| (B I [ [ R
Y

it -

T I

‘f—\/

s

—

~\\“t

NC

A
LV

)LJ *UDSKLF UHSUHVHQWDWLRQ RI D UHSO I(EDHISWH & B WLE)B/Q@BHR DG N PR W MHMN §F DD

YLWWDWN WKH RXWVLGH RI WKH FDJHV $

FRQVWDQW DHUDWLRQ 157

&KDSWHU



Resrrem o
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&+$37(5

*HQHUDO 'LVFXVVLRQ

&OHDQLQJ V\PELRVLVY NQRZOHGJH RYHU WKH ODVW KDOI FH
FRRSHUDWLYH PXWXDOLVWLF LQWHUVSHFLILF UHODWLRQ\
SDUWLHV UHFHLYH 7KHVH EHQHILW\D FOXHEAHGLE VRR G QUHHD/QRL
FOHDQHU DQG WKH UHGXFWLRQ RI SDUDVLWHY RWKHU SD\
GLUHFWO\ RIl WKH FOLHQW H J )HGHU HY D OXZMN HUK H \W 07
VIPELRVLV FRQPH®WG DQYE WRIDQLWLRQ WR KLJKOLJKW WKE
FRPPXQLFDWLYH EHKDYLRXU DV D SUHGLVSRVLQJ FDWDO\V\
9DXJKD/ DO &KDSWHU 'LWKRXW WKLV GLVWLQFWLRQ W
ZDVRQHXZLWK D UHODWHG EXW VHSDUDWH PXWXDOLVP pl
FOHDQLQJ V\PELRVLV UHTXLUHG QR VSHFLILF EHKDYLR
DGDSWDWLRQV Rl HLWKHU FOLHQHW FOWDF@KD QW U&{W p

7KH VHSDUDWLRQ Rl WKH WH RDFOXDX\OLRLY RY FD® 6 QLIQH \
EHHQ PHW ZLWK JHQHUBW DPF HSMNIBWAD O$WRMIOM] DQG GH
%RHU HWVDWHBRDUHY HW TLOVXAXLPEBARD O %LQQLQJ
HW DO %RV DQG )UDQNH® DO GRXWW DO 6LNNHO DQG 6PLW
4XLPED\R DQG =DSDWDHW D@XIZKEBYRXOXDWLRQ DOORZHG |
WDNH RI JOREDO DTXDWLF FOHMQBO RKDSQ@IHAPYV NMHEHOHIVX J|
DGGUHVVLQJ WKH ILUVW DLP RI WKLV WKHVLV DQG KDV

GHYHORSPHQW RI UHFHQW HY RFO¥WDIQR QD UR Ok B R WKMHAKAM R.%)

&OHDQHU VKULPS FOHDQLQJ DELOLWLHY ZHUH WKH IRF

WKHVH VKULPS UHPDLQHG XQGHULQYHVWLJDWHG E\ WKH
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FKDULVPDWLF FOHDQHU ILVK VSHFLHV 2QO\ IRXWKHPSLUL
VSHFLILFV RI ILVK HFWRSDUDVLWH UHPRYDO E\ FOHDQHU V
IURP D BIWXUDO PDFURFRVP RYHU MWK H O D\DVE O H\HOLWRW 9D
WR WKH ZRUN SUHVHQWHG LQ WKLV HWKA@HWD QHW VKBDES
KRQHVWO\ WKURXJK WUXO\ VIPELRWLF LQWHUDFWLRQV V
DFFRXQWY VSHFXODWHG WKDW WKHNW D\O /LPEDXHKBRU /LT
&UXPS EXW SURYLGHG QR WHPIRIDMIGON HYQ B HD ZH HWK |
SXUSRUWHG LQWHUDFWLRQV ZHUH QRW P® WHEW\RSOIIH\RW L |
RSSRUWXQLVWLF SDUDVLWLVP RQ FRPSURPLVHG FOLHQWYV

7KH UHVXOWV Rl &KDSWHU  LQ IXO ILOHPHYW R G WKK-H M
HYLGHQFH RI WUXH V\PELRWLF FOHDQLQJ RI LQMXUHG FO
FRQILUPHG WKH LPSRUWDQFH RI FRPPXQLFDWLRQ LQ FOHD
LPSRUWDQFH RI FOHDQHU VKUDRS IMDR RKHHD K i ONK K KARI IV ULHCH
FOHDQHU VKULPS KDYH WKH DELOLW\ WR UHJXOTKWM ILVK
FKDSWHU DOVR SURYLGHG IXUWKHU LQVLJKW LQWR WKH |
PDQDJHPHQW GHPROQWWWDWLRPH DRGLWKHAW LQIOXHQFH RI F
WKH FOLHQW ILVKYV LQIODPPDWRU\ SURFHVV ZKLFK KDV
FOHDQHU RUJDQLVP 7KH ODFN RI FRPSDUDEOH LQIOXHQFH
LQMXVUYRMH® LQIODPPDWLRQ LV QRW DQ LQGLFDWLRQ RI F
UHSUHVHQWY D ODFN RI UHVHDUFK LQ JHQHUDO RQ WKH LG
LQMXULHYV

&XUUHQWO\ PHFKDQLVP XQGHUO\LQJ WHKKH URSS K HWDRQ\
XQUHVROYHG EXW WKH HFRORJLFDO VLJQLILFDQFH RI LW
FRQVLGAUBBEGBM WO )RU H[DPSOH UHFHQW UHVHDUFK VXJ

>LQ WKH DEVHQFH RI FOHDQHUWRY LAMIUNHH 8 RENHHEG WNRFSM\U W RR L
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XQLQMXUHG FRX QMM DD UWKL FKHBRXQG EH D IXQFWIVRQ RI \
DO ,OQMXULHV DUH DOVR NQRZQ WR EH YXOQHUDEOH W
RSSRUWXQLVWL K\EHD\F W) R QWDDDER & PNWQ O VHH DOVR $SSHQ
7DEOH $+RZHYHU WKH UHGXFWLRQ RI LQIODPPDWLRQ
LQFUHDVHG OHYHOV RI EORRG SURGXFWV DW WKH VLWH F
SDWKRRIH@ORQLVH 7KH FOHDQLQJ RI LQMXULHV E\ FOHDQF
UHPRYH WKLV LQFUHDVHG OLNHOLKRRG RI SDUDHWLVDIOVP R
DQG PD\ DOVR UHGXFH WKH FRORQLVDWLK®J\QRRPPR
,Q DGGLWLRQ WKH PHUH SUHVHQFH RI FOHDQHUV LQFOX
PLWLJDWLQJ HIIHFW RQ AON HD@W VWHWNVDVWR UWVERKXOG EF
VXSSRUW WKH UHWXUQ RI DQ LQM XQRIGP DLOVIKW V [E\H KCKYH. R B W
VHH )RVWHU HW BR«@UEHU
7KH PHFKDQLVP RI UDSLG ZRXQG VHDOLQJ E\ D XQLIRU
ZHOO GRFXPHQWHG LQ ILVKHV H J )RQ@WHQ R\ DIQGRDHLQ I H L
DO DQG LV FUXFLDO WR UHVMDRDH KR PIIDRWLR D VEL\VW RBeHH B B |
VKULPS LQ ZBD DWNMPHG WR LQGBPLYH HYRGHIQPHGRHIOLFDW F
FHOOV WKXV GLVUXSWQIQIRWKGIDRHDD 8 LW FBIKRK H SE/RVG\H DL X J
RI FOLHQW ILVK ZDV G HVEXRMWEHIGY LQRWKBIVIY QB DDWHG ZLWK
LQGLFDWLY H &K DKDDHEWD L Q)L J
7KH LPSURY WKHQMHWER XRQRULWYKH GDPDJH IURP SKR
&KDSWHWRIIHU D XVHIXO WRRO IRU IXUWKHU LQYHVWLJDWL
WKH DERYH WHFKQLTXHM WVHEBLWKHOLBQVGWRYBH ZKLFK PD
LQIOXHQFHG E\ FKHDWLQJ FOHDQENUIWN®W\ \ KRE KHH UW KK
FOHDQHUV LQFOXGLQJ FOHDQHU VKULPS LV PHDVXUHG E\

D SUHVXPHG UHVSRQVH WR FOHDQHUV UHPRYLQJ FOLHQW'
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*UXWWHU 'KLWHPDQ DQHN&DWEH 2 DWMM/RDO HAL W XW D O

7KH UHVXOWV RI &KDSWHU  VSHFIIDMHMO QL MWXKKIRMMVRI V
WKDW FOLHQW LGLRV\QFUDV\ LV D SUHYLRXVO\ QHJOHFWF
WKHUHIRUH WKDW MHFRRUMLEYMHFGWPEDNWXWVRFLDWHG ZLW
DFFXUDWH LQ IXWXUH

&OHDQHU VKULPS LGLRV\QFUDV\ GLIBWGIRMR & Bl OH \DHH Hf S}

EXW GLIIHUHQW FOHDQHU VKULPS VSHFLHV ZHUBO/KRZQ

RI GLIIHUHQW HFWRSDUDVLWHYV RQ ILVK DQG WKHLU HQYL
UHVHDUFK RQ WKH DELOLW\ Rl FOHDQHU VKU UPS$OMR WHI® RAY
SLRQHHULQJ VWXGLHV WR YHULI\ \WRHREXWE R BWWRRXRAGH. JL
1ILOVWW®O RU VLQJOH HFWRSDUDVLWH PRGHOV WR DGG VX
VKULPS GR FOHDQ ' %HFNHU DQG *UXWWHU RU WR HYL
DQG DEXQGDQFH HHWO OF&DRRRWHVHDUFK KDG VSHFLILFDO
HYDOXDWH WKH SHUIRUPDQFH RI GLIIHUHQW FOHDQHU VKU
DQG WKHUHIRUH WR EHJLQ WR FRQVLGHU WKHLU SRWHQWL
ZRUNJHVHQWHG LQ WKLV WKHVLVY FOHDQHU VKULPS ZHUH
HLWKHU FUXVWDFHDQ RU S OWDHW KHIOEFOLMRVEZ K YU DS/ RAM L VWD
KLUXGLQHDQ HFWRSDUDVLWHYV DUH FRPPRQ R Q QU QWADKCH"
DQG ILQILVK DTXBRXD® XUH 6KLQQ

Q &KDSWXOILOOHG WKH WIK{NMIE FRPEDQRK DISSSERDFK V
WKH XQGHUVWDQGLQJ RI FOHDQHU VKUHPB EERRRY E R K D @HUL
VKULPS VESHPLH¥FWRBSDUDVLWH UHGXFWLRQ SHUIRUPDQFH |
PRGHOV UHSUHVHQWLQJ WKH SK\OD $QQHOLGD &LOLRSKRL
UHVXOWYVY VSHFLILFDOO\ WR D QHHG WR H[SORUM QRKH O E|

UHVXOWYV RI 4¢KDSWHU GHPRQVWUDWHG WKDW GLITHUHQW
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OHYHOV Rl VHUYLFH TXDOLW\ WR FOLHQWY SRVVLEO\ LQ L
ZKLFK VXSSRUWYV WKH HDUOGHWF R X GIHYRHL B 8 WRA HH © OFHOCHDHD
7LWHW DO :KHWKHU FOLHQWYV ZKNBHKEIPIDF KHEWWR FSHBVHWH \
VHOHFW WKH EHVW FOHDQHU VKULPS VSHFLHV EDVHG RC
XQNQRZQ DQG VKMDXCHGEN WQKHYWIUHYLRXV ZRUN KDV HOD

6D]LRIV DOD UHSRUWHG + D Z(N\HEALOROF KHKQ\WLOCHDIBUHLXAD W D

UHSHD WHIG OK IWMLSMEMMKD YH WKHLU HSLELRQWY UHPRYHG
RI WKH 6MWEBNEBH XQLTXH PRUSKRORJLFDOO\ DQG KDYH WK
FOHDQHU VKULPS UHPLQLVFHQW RI OREVWHUV 7KLV PRUS
UROH LQ UHPRYLQJ ODUJHU SDUDVLWHY RU HSLELR/GWYV [UF
DELOIBWKRY®VGBEWHPRYHU RI ILVK HFWRSDUDVLWHYV UHPDL
SRRU SHUIRUPDQFH DJDLQ VW HRPHHDHSH QR W R 8 B &HYR DG V O

&H U WD LIQOASILGX SHUIRUP SRR UHDO MW RN VEDUDVLWH W
&KDSWHU EXW ZDV KLJKO\ HIIHF W DWUXDIW R R EWVILGD @DIU Y
,Q D IXUWKHU V@ ¥H\/BHDVKLRIDEXWKH RQO\ VKULPS VSHFL
UHIOHFWZAD5Y KD R@MWUDYLROHW IURP VSHFLILF PDUNLQJV R
+DZNVELOO DQG RWKHU PDULQH WXUWOHV DUH YLVXDOO\
:DUUDQW HWDIMJ ZIKFK ZRXOG DOVR RQO\ KDYH D GLXUQD

S8URFDULGHOOD DIDWBBEMQAWOYLSKRWRJIJUDSKHG E\ %RV
FOHDRLWPR XV FDQBDURXODWRW QLJKW DGGLQJ WRWNKH V)
DO WKDW VRPH FORDQRQ QRFEMWPSUIXIMO O\ %RV DQG )UDC
WKBWDQWRQEDXXEH.LD VSHFLDOLVHG QRFWXUQDO FOHDQ
GHPRQVWUDWHG HTXDO GLXUQDO DQG QRFWXURUHQOMHID Q
WKH WULDOV BSHWHHIQWPG G QVEK JHQHUDO UHVXOWYV LQGLF

EH GLITHUHQW EHWZHHQ FOHDQHU VKULPS VSHFLHV RU VS
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FOLHQWYVY KRVW )RUZBNM PSQHEU WG W WMWYV RI MISH ULPH
FLORODWHLRVD® QYIHFWHG ILVK 1RQH RI WKH VKULPS UHGXFH
GXULQJ WKH GD\ ZKLOH DOO VKULPS UHGXFHG WKHLU QXP
RI VXFFHNV )JLIKHWKHU WKH QRRBW X UQRE DNRW LYRWA |LVK
EHKDYLRXU RI WKH KRVW ILVK LWVHOI UHQGHUV WKH FLOL
VKULPS DW QLJKW UHPDLQV XQNQRZQ :KDW LV HYLGHQW
G\QDPLF DQG PD\ ENHYHORBQFMELEEOHY VRIEB HMBGKILFK T
&HUWDLQO\ ERWK GHGLFDWHG D Q/G DIRERIOQNHDENE WIHW FACCHD) +
UHVSHFWDQHEH KLJKO\ HIILFLHQW DW HFWRSDUDVLWH EHQ\
DQG PD\ WKHUHIRUH SUHVHQW DQ DGGLWLRQDO EHQHILW V
SUHVVXUH 7KLV EHQHILW LV Rl SDUWLFX®@DB SL QW HURNWHAD \
ELRFRQWUROYV

)XWXUH ZRUN PLJKW FRQVLGHU LQYROYLQJ PXOWLSOH
RI D PRUH OLNHO\ VFHQDULR LQ DTXDFXOWXUH ,W LV XQNOQ
VSHFLHV LQIHVWDWLRRDKR® KHKH WKH\HPE OKWQKADYH D SUHIF
SDUDVLWH VSHFLHV RU D SUHIHUHQFH IRU VL]H +RZHYHU
PXOWLSOH VSHFLHV LQIHVWDWLRQV XQGHU FRQWUROOHG ¢
FOLHQWOIDWK ZBEQGHU VF YHUKQDWHWRVFH\® \ZW X DW E N FXQPR
ZRXOG EH FRQVLGHUHG HWKLFDO

&KDSWHU UHSUHVHQWHG WKH ILUVW HYHU H[SORUDYV
ELRFRQWURO XQGHU DTXDFXOWXUH RR QG&HWLEQNV VELHIDRAQL\F
QRYHO DSAUHRIMRAXO\ SUHYLRXV FRQVLGHUDWLRQ RI XVLQJ
ELRFRQWUROV DJDLQVW ILVK HFWRSDUDVLWHV LQ DTXDFX
DIWHU WKH RULJLQDO VXJJHUWLRQ RKHoHEZRNMURD @G O~LUMXWD\

GHPRQVWUDW H GD WEKRIL GIHIEDEIRARAL U HOOWDW D QG WKH LQYD
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VXFFHVV RI WKH LQIHFWLYH ODUYDH DJDL®WHMKGDGWKLG X
VIXDPLSBRWHWYV 7KH PRQRJIHQHDE@®ODHHULRXV SUREOHP
DTXDFXOWXUH WK BBRLUKREXWHWMMM BOKDOROW LW UHPDLQHG »
ZKHWKHWPERL @GV RWKHU FOHDQHU VKULPS VSHFLHV ZRXC
HFRQRPLFROWDQWSILVK HFWRSDUDVLWHYV DQG ZKHWKHU |
HIITHFWLYHO\ DV D ELRFRQWURO XQGHU DTXDFXOWXUH FRQ(
D SRWHQWLDO FDQGLGDWH FOHDQHU VKULPS EWRBRQIWDER O
WR GHPRQVWUDWH D KLJK GHJUHH RI HIILFDF\ DFURVV WKH
DQG ZRXOG QHHG WR EH IOH[LEOH WR WKH OLPLWDWLRQV |
/\VPDWD YDWWDAHIRWLILHG DV WKH LWXRPDQWRD YESEDW
SHUIRUPDQFH VSHFLILFDOOAWDIIH\Q RW W\KK-H GELH QHW KILQRWORL FIV |
&KDSWHU 7KHVH VWD JRNMRMU WK REG UW ISRIQ BVHEB WHLHD | H F W
HJ 6KLUDNDVKL DQG +IHDHIRDOO\ WDHMAL\DWBEQW WR FKHPLF
WR WUHDW WKH SDUDVLWLF VWDJHV RQ ILVRBW DH YL W WIDW
SUHVHQWHG DQ DGYDQWPBRH@RYBVUKVERWES XWK D WZ LLGAH @V D
GLVWULEBMNWHGE RXWY DSHF WMAHDUH IR HKVHG LQ ODUJH QXPE
DPER L QBH@EY LKL V HLGX WH U U L WIRWIPDLQ JD @R SDADQ EH DJJUHV
PHPEHUV Rl WKH VDPH VSHFLHV :RQJ DQG OLFKLHOV
8QGHU VLPXODWHG DTXD FLOMMIAH FRIXGIOW LLRA/XFHG L
SUHVVXUBLBEOGRABVXPLQJ WKH HJJV DWWDFKHG WR WKH F
7KUXFFHVVIXO UHGXFPWIR®ERUN ELWRMDRDMWDHY FRQVLGH
LPSOLFDWLRQV IRU PDUXQH ITIQHL WD DJHWD FGQUD RH VE R Q WIK\LK
HFWRSDUDVLWHY WKDW DUH WUDGLWLRQWD QL UXNGRRMHEG
FOHDQHU\D @BULIMS/WY D UHGXFWLRQ LQ WKH ODERXU FRV

GLVLQIHAWOARLIQOBRVMHG LQIUDVWUXFWXUH +RZHYHU WKH VX
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WKH UHGXFWLRQ Rl WKH LPSDFW WKDW LQIHFWLRXV HFWR!
WKH VXEVHTXHQWWLKS B RMHBIDQWXPDIO O\ LP SR U WIKHVQIHH G T X
WR ILQG ZD\V WR UHGXFH WKH XVH RI FKHPLFDO DQG GU
GHYHORSPHQW RI GUXJ RU FKHPLFDO U HWI VDADD (CFRIGEW K B U L
HQYLURQPHQWDO LPSDFWV WKDW PD\ EHHDWWRFLBQYHG ZL
LPSURYHPHQW LQ WKH PDQDJHPHQW RI SUREOHPDWLF HFW|
ELRFRQWUROV LQ UHJLRIPLIVKFK RXR B UHGNEGFW RQ WUL
FKHPLFDO WUHDWPHQW LQWHUYHQWLRQV DQG GUXJ WKHUTL
LQ (XURSH ZLWK WKH LQWURGXFWLRQ RI FOHDQHU ILVKHYV
$DHOW DO 3RZHWOO

5B BHWLWLYH XVH Rl FKHPLFDO W FO-DUEIHSOL H W WIQRGX & URRIQ V
IRU DQ LQIRUPHG WUHDWPHQW VWUDWHJ\ ©DRIG WKHOXWXSSF
DQ LQFUHDVHG ULVN Rl HFWRSDUDVLW 8 W YHDR RWVOKHWH S D W
$DHHW DO 7KH PHFKDQLVPV RI GUXJ DQG FKHPLFDO UHVL
DUH QRW IX00O\ XQGHUVWRRG IRU WKH GLYHUVLW\ Rl SURE
UHVHDUFKHG EDVHG RQ W KH FLOBWIQR\QL IR F DV IVR § WODQEF HF FOQYI
LPSOHPHQWHG OHJLVODWH G I\$DUHH DOOBKQUD B OR:DNVDW R H V
HW DO 7KH UHDOLW\ KRZHYHU UHPDLQV WKDW LQ WKH DEV
DQG OHJLVIO-DWLR®ILOREDO DTXDF X GIWXDEO FRMGHWLLAHNG H Q
Rl SDWKRJHQ UHVLVWDQFH LQFOXGLQJ HFWRSDUDVLWH\
XQGHUHVWLPDWHG RU UHRFBRH@W IRUHU HQRAHO D XRMNIGFOADL R Q
IXWHM VXF K DW\@DDVXD EXQWX RBEQONRQ\ WR EHFPRHRIVRHBE H\
PRUH WUDGLWLRQDO P D Q DLIGIPUHHMYQAISM ERVQ W KEHELF RAPKID Q

FRQVLOGIRHUIEQWHHG RQH RQO\ QHHG FRQYH®HS FHKCHN URIDW
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VDOPRQLG FOHDQHU ILVK PRGHO LQ UHWURVSHFW WR RII
VKULPS DQG RWKHU ELRFRQWUROV LQ JOREDO DTXDFXOWX

'LVHDVHV LQ DTXDFXOWXUH UHSUHVHQW D PEHWRNOGHYt

\HW SURGXFWLRQ LV UHTXLUHG WR GRXEOH EHW WR
DO $V DTXDFXOWXUH H[SDQGV JOREDOO\ LQFUHDVHG U
LV LQHYLWDEOH &XUUHQWO\ WKHUH DDHQYRVFRWFRHUPRLRSC
6RPPHHWHWO 'DGDW DO DQG WKHUHIRUH DTXDFXOWXUH
HFWRSDUDVLWH SUREOHPV KDYH IHZ DOWHUQDWLYHV WR F|
DV WKH XVH RI FOHDQHWPPKWDASU OC0L PlRUH VXVWDLQDEOH
PDQDJHG FRUUHFWO\ DV SDUW RI DQ L QW#R ED®/IHIO N WU
2LGWPDQQ PD\ GHOLYHU PXOWLSOH EHQHILWYV +RZHY]
WR ELRFRQWUROW LY DFSRENWDWMWUWRLXQGHUVWDQG WKHLL
QRYHO VROXWLRQV RIWHQ SUHVHQW WKHLU RZQ QRYHO SU
XVHG LQ VDOPRQ DTXDFXOWXUH ZKLFK KDYH QRW EHHQ LI
SREOHPV DQG HQYLURQPHQWDEW P@OFHUQWUONED.ONOVEDI
+DXJOBWGDO 3RZHM®ODO )DXWNDO 7KHUHIRUH DQ LPSF
FRQVLGHUDWLRQ RI XVLQJ FOHDQHU VKULPS LQ WKKDFXO!
SRWHQWLDO ULVNV WKH\ PD\ SRVH WKHPVHOYHV IRU EURD
WKH\ PLJKW SRVH WR WKH HQYLURQPHQW ,@HDREH VELHR@.
DSSOLVDIWARHD QHU VKULPS DV ELRFRQWRWRBWEBXVW LXYQWR \
FRQFXUUHQW DSSOLFDWLRQV RI FKHPLFDO SDUDVLWLFLGH
GHVLJQHG WR NLOO FUXVWDFHDQ SDUDVLWHV ZKLFK PD\
FRQFXUUHQW DSSOLFDWLRQV HRIDWKU KRZ HELREFRD EDROQ F H)
DSSOLFDWLRQ SODQQLQJ \6HWAREDEXDWIR® EBR L2XDW@W P Q C

IXQGDPHQWDOO\ LPSRUWDQW IRU WKH VXFFHVV RI VKULPS
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&XUUHQWO\ IHZ VSHFLHV RI FOHDQHWEHKXA\PE KID VWK
FRPSOH[LW\ RIFPKHROBPOHKQ\ VSHFLHY KRZHYHU WKH WHFKQ
HJ +HWWLDUDFKFKL DQG (GLULVLQJKH 7KH IRFXV RQ
LV IRU WKH RUQDPHQWDO WUBQG H RQ VING MUHBEY @RI K DOV @ BXMY W |
WR PHHW WKH GHPDQGV RI DQ DTXDFXOWKNHEWMLYGXYWRG X K
WHFKQRORJ\ DQG DQ DGGLWLRQDO PDUNHW GHPDQG FRXC

LOWHUHVW LQ FOHDQHU VKULPS DTXDFXOWXUH

JXWXUH UHVHDUFK GLUHFWLRQV
7KH LQYHVWLIJDWLRQ RI FOHDQHU VKULPS[FORNQ@WILRDERIOW
DV SRWHQWLDO ELRFRQWUROV LQ DTXDFXOWXUH UDLVHG

SXUVXH LQ IXWXUH 7KHVH PLJKW LQFOXGH

7KH IXUWKHU LQYHVWLJDWLRQ RI WKH PHFKDQLVP
VKULPS DQG SBRWAEDQHHRWRHIDQLVPV W R OWDHNGKGE H
LQIODPPDWLRQ 7KLV ZRXOG QHHG WR EH GHVLJQF
FHOOXODU SDWKRORJ\ RYHU WKH HQWLUH SHULRG
PHFKDQLVP PD\ JUHDWO\ DG Q& WK KRIXV\KBIGRINLAN BC
LQWHUDFWLRQV DQG WKH IDWH RI LQMXUHG ILVK F
W UHPDLQV XQNQRZQ ZHKWRKXWLWRBUH QVQN ER W
WKHLU VSHFLILF SDUDVLWH IDXQD DQG GLIIHUHQW
KDV EHHQLHG HSQMALY LRXVIOW DBH 7AKERK VXJIIJHVWYV
GLIIHUHQW FOHDQHUV RIIHU GLIIHUHQW FOHDQLQ.

PRUSKRORJLHY DQG DELOLWLHY PD\ SUHGLVSRVH V

FOLHQW W\SHV ZKLFHKLFDS DKDOMAGNAMWSHFLLIDW LR Q
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WKH FOLHQW UDQJH RI GLIIHUHQW FOHDQHU VKULTF
WKH SDUDVLWH DQG RU HSLELRQW IDXQD RI WKHV!
SRLQW

7KH LQYHVWLIJDWLRQ RI W KQHD ®/LXYUHDUDVQ WR RRQ VSKUPHH\GL ¥
FOHDQHUV VKULPS LQ WKH ZLOG 7KLV FRXOG EH

PHWKRGV VLPLODW MR 215RUKHY LQIRUPDWLRQ FR!
VXSSRUW WKH LQYHVWLJDWLRQ RI WXJ3H VY SHEWLPFS |
VSHFLHVY DQG FRXOG HOXFLGDWH WKH GLYHUVLW\
VKULPS GR BRGXSH RQ

7KH GHYHORSPHQW RI DQ HIILFLHQF\ UDWLR RI F
ELRPDVV LQ DTXDFXOWXUH DJPIS@VW QW HURHNDRAS Bi €
7KH H[SHULPHQWDO GHVLJQ HPSOR\HG LQ &KDSWH
LQYHVWLIJDWLRQ RI WKLV TXHU\ VSHFLILFDOO\ \H
VDPSOH DQG JUHDWHU UHSOLFDWHSRV¥RKBDEGQH[SOR
QHWRYH ELQRPLDO UHJUHVVLRQ DQDO\VLV 7KH U}
VSHRLSHFLILF

7KH FORVXWKH\BOQH DQG GRPHVWLFDWLRQ RI GLIIF
VSHFLHV IRU DSSOLFDWLRQ LQ D/TLDVDW RRIRIDX/U IS H & X
GRPHVWLFDWHG DQG LV SURGXFHG FRPPHUFLDOO\
FRPSOHWLRQ RI &KDSWHUV DQG DOO VKULPS |
IXUWKHU VWXG\ DW -DPHV &RRN 8QLYHUVLW\ LQ 7R:
VLQFHWMRPI®\ EUHGURFEG WIEHGGD DQWRQEUXXQLL
7KH VXVFHSW YEMWMRDMGBRY LV XQNQRZQ EXW FRXOG

WR FRPPHUFLDOLVH SURGXFWLRQ IRU IDUP XVH 7K
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SHIHUHQFHYV

$DHQ 6 0 +HOJHVHQ .2 ODMRHVEBHUJDX@YXJ UHVLVWDQF
LQ VHD OLFH $ WKUHDW TWR @ 0 © LRQI BUMDIX. BVRXARN X U H

$EH 7 G6HNLJXFKL . 2QLVKL + OXUDPDWVX . DQG .DP
VEKRRO RI RFHDQ VXQILVK DQG HYLGHQFH IRU D V\P
D O E D WQJIRWIMHY % L R O R&J\

$EHQ ) =BIMKRORJBHWYWRGELRVHQ HV @RBVAYHMFKMBKH |
QDW-UBLFWRS® 2Q WKH HWKRORJ\ RI FOHDQLQJ V\PELF
ZDWHU ILVKHV LQ WRHER @M RHDO KDELWDW

$EOH . : &OHDQLQJ FESHDL DRRIRENYGWBKID XY PDMDO
&\SULRGRQ Y DDXHDDWX\BOHWDSHDNH 6FL#HQF H

$IRQVR 3 3RUWHLUR )0 6DQWRV DG UWDUWBHLURY - :

&RDVWDO PDULQH ILVKHV RI 6mR $BPYLEOAIIGE *XOI RI

$NoD\ ( (YROXWLRQDU\ PR GX\WXDRMHLGPK W X 70 R\DP/ W, QL
2[IRUG 8QLYHUVLW\ 3WHVV 2[IRUG SS

$OO0OHQ * 5%XWWHUIO\ DQG $QJHORIO/VKHV: IRO WY KHHR QBN

$O0OHQ * 5 3R P D6&PIQVIND GDKHWGY 0 0 6PLWK DQG
+HHPVWUD 9H®OWDIIMAHUOLQ SS

$PHV & : +HOPV % 6 DQG 6WRHNHO - $ +DELWDW F
VIPELRVLV IRU [EXNRXRZWQWNEUB®ZDKWHU % +RORJ\

$QGHUVVRQ '$ DQG +XJKHV (FRORJ\ Rl DQWLEL

I1DWXUH 5HYLHZYV OLF&URE2ZRORJ\ QUPLFUR
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$QNHU $ DQG &R[ $ QHZ VSHRVRDYRIN WRKH VKULF
&UXVWDFHD 'HFDSRGPURQRWN L*KE P

$UQDO & DQG &{Wp , 0 'LHW RI EURDGVWULSH FOF
"-RXUQDO RRYLVK %LRO

$UQDO & DQG ORUDQG 6 ,PSRUWDQFH RI HFWRS
LQWHUDFWLRQV LQ WKH 0H G LASKRGXY HBKOEIUREEH B XX/
%LRORJ\

$UQDO & &{Wp , 0 DQG ORRMDHE ©QG EH AAHDQHG" 7KH
FOLHQW HFWRSDUDVLWHY DQG PXBsVKDQY LREDOLFR GRH
6RFLRELROR:]\

$UQDO & 9HUQHDX 2 DQG 'HVGHYLVHV < 3K\ORJHCG
FOHDQHIQDYERXU LQ WKH IDPLO\ /DEULGDH LPSRUWD
(XURSHDQ 6RFLHW\ IRU (YROXWLRQDU\ %LRORJ\

$UWLP -0 +RRN $ *ULSSR 56 DQG 6LNNHO 3 &
LVRSRGV RQ FRUDO UHHIV D FRPSDULVR Q FROIH®MWIQEE H
PLFURFDUSRWYRO BWHIV +

$UYHGOXQG 0 $ OF&RUPLFN 0, )DXWLQH '* DQG %LOC
DQG SRVVLEOH LPSULQWLQ$PIILSWKRQD @ B PRBHRAE XK
3RPDFHQWDWHBRORJI\ 3URJUHVV #6HULHV

$VLIDFLILF )LVKHU\ &RPPENVULIR@DO RYHUYLHZ RI DTXDFXO\

$VLIDFLILF 5HIJLRQ 5$3 3XEOLERWISRQZZZ IDR RS8J
L H SGI
$WDODK - +RSNLQV *$ )OHWFKHU /0 &DVWLQHO $ D

ELRFRQWURO LQ PDULQH HQYLURDRIDQYW F H QW VRK H4LHR OF

,QYDVLR Q&
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$[HOURG 57KH (YROXWLRQ R%EBRRBRIND W, QFQ 3XEOLVKHUYV
$\OLQJ $ 0 DQG *UDFH 5 9 &OHDQLQJ V\PEHRVLV DF
=HDODQG -RXUQDO RI ODULQH DQGt)UHVKZDWHU 5HVHD
%DHQVFK + $ DQG 'HEHPHXKYDWVHU $WODWH'IBHOHIMHYRQ
:LUEHOORVHQURSHAWHE K@ OGHHUVHILVEFKHIXYP HXOM L XP
%DH]D - $ SBURWDQGULF VLPXOWDQHRXV/YWPDRDI KUR
&DULGHD /\VPDWLGDH LPSOLFDWLRQVL®WWHK R HQYRWO
6PLWKVRQLDQ &RQWULEXWLRQMY WR WKH ODULQH 6FLHC
%DH]D - $ OROHFXODU V\VWHPDWLFV RI SHSSHUPLQYV
WD[RQRP\ RI WKHNPDNMIIHE RLSSRO\VELDIWDIVDFHD &DUL
+LSSRO\WRBORJIJLFDO -RXUQDO RI WKHYLQQHDQ 6RFLHW
%DH]D - $ DQG $QNKWPDSVD XRFVKL D QHZ VSHFLHV RI KHL
VKULPS IURP WKH VRRXKRODQ &DEIUEEHDIFHDQ %LRORJI\
%DOLJD ®H%WWD 5 6 6FDOLQJ SDWWHUQV LQIRUP RQWRJHQH
FOHDQLKDADMIDPDBDRMMWI QDO RI ([SHULPHQWDO %LRORJ\
%DOLJD 9 DQG OHKWD 5 6 ILQNLQJ FUDQLDO PRUSK
WKUHH FOHDQHIEURULGWWHVGLPUBEDRXW TXDGRQRGLQHD
7TKDODVVRPD-RXWHINEG HRQMVORUSKROR J\
%DQDUMHH 6 DQ&DDMWKDAN $ 1'UXJ HIIHFW RQ DTXDFXOWX
UHPHGLBWUQOQXRIHODWMKM BHXSVLF\*
%DUEHU |, +RDUH DQG .UDXVH - (I"'HFWV RI SDU
DQRG HYROXWLRQDHMLFHZVVISH FMMKY PO LRORJI*DQG )LVKHU
%DUEX / *XLQDUG & %HUJP.OOHU 5 $GOBNDKILQAI PQBV
VSHFLHYV YDU\ ZLWK UHVSHFW WR GHSHQGHQF\ RQ WKH

LQ LQWHYDIERDLR @HKD Y ER X U
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%DUGDFK - ( PRYRPHWNMBWOILQ BHHUWPKIERORJI\ +

%DWHWDHFROMARONBQGONGU  )LW\RIQPRD [HIEI H ARG HO V
8VLQJ GRKUQDO RI 6WDWLWWLFDO 6RIWZDUH

%DXFKRWDQG +X& HDX - 6SDUNGDKHHY, R | W RN VORWEVEWODQW
WKHGLWHUWBBQHD @ GWB KLWHKH®GXPKRW XUHDX -
1LHOPBAG ( 7TRUWR@RBYH3DULY SS

%DXHU 5 75HPDUNDEOH 6KULPSV $GDSWDWLRQV DQG 1DW
8QLYHUVLW\ Rl 2NODKRPD 3UHVV 2NO

%HFENHB -&XUWLV /0 DQG *UXWWHU $ 6 &OHDQHU
DGYHUWLVH FOHD Q L&XUWUHQW PAL RERAIO LHQ W V

%HFNHU DQIG$*UXWWHU $ 6 &OBBOUHBEO YHHKWPS GR FOH

%HFNHU DQG$*UXWWHU $ 6 &OLHQW ILVK HFWRSDUL

BURFDUYSHPBBXQJIJHU OHYHOV DII#HFW FO WCHXIDE RN KDY I

%HQHWWL '' 2UKX@DYBOLL QN* J6BUGIHDEDIHHLU . 'HQOLQ.
%DFRDW ' DQG 27+DQ@DRIDFXOWXBEBFRNR-REWDRQ FDQD
LQ WKH $PHULFDV DQGREID ST MU DEKIOIMX U 5HVHDUFK
DQG &RPPHUFLDO HM&WR G XFWLIRR DQGV[MQ /HIVER ULSHV 6RF
PDQLOOD 3KLOLSSLQHV :RUOG $TXDFXOWXUH 6RFLH\
7DLZDQ .HHOXQJ 7DLZDQ DQG 1DWLRQDO 7DLZDQ 2FF
SS

%HQQHWW 3 ®BRGQHVWKSHWLEURSDSLOORPD 7XPRUV DW
8QGHUZDWHU REVHUYDWLRQV ZLWK SRWHQWLDO EL

KWWS Z7Z7Z WXUWOHY RUJ WXPRXUVD KWP RQ 6HSWH
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% H UBHDKIQ - (SLGHUPDO FHOO PLJUBWRBRJID@®EG X\RKX
,QWHJIXPHROWHUWHEHOW H¥HUHRKMHUS * 0 DDVRGEDBN V \
5LF KD UG®&S WHG¥WHLEG H OE S U]

%HUNRZ 2UWK DQGIOOG )OXRUHMOFHRQUIDHSAKKQLTXH DQG
QWHUSUHWDWLRQ $PHULFDQ $PDG)HWMIFELYSRWKDOPRO

%HUWRQFLQL $ $ ODFKDGR / )6L®)\DDJUHLWDRNG 9HUDORVWI5
&OHDQLQJ DEWLYLW\ D3R RQH VD BKIHG D BELRYELRVBMEGDWK H
$JRUHDQ EOX&HQWDRVH E U X\R XDHUX ORIXWKH ODULQH ¢
$VVRFLDWLRQ RI WKH 8QIWHG .LQJGRP

%HUU\ ) + DQGODRQIPLWK &DUD®ILGIHEGHXWLILFDWLRQ
IRU ILVKHU\ SXUSRVHV :HVW $WODIQGVLF))VFICHQJI $UH|
5RPH

%LQQLQJ 6 $ B5RFKH '* *UXWWHU $6 &RORVLR 6 6.

&OHDQHU ZUDVVH LQGLWHSWWONR D PBG®WHWHDF&DE

WKURXJK HFWRSBURFHWGLQHPRRIDWKH 5R\DO 6RFLHW\ ¥

%MRUGDO c &OHDQLQJ V\PELRVLV EHWZHHQ ZUDVVH
6DOPR VID® PW U L FXWDMXQBW L R Q VK H: R PSIOFR.DOD WRILRQ RV
ODULFXOWXUK &RPPLWWHH

%MRUGDO ¢ :UDMXVKH IRV FDUIPKGI BDOPRQ 3URFHHGL
6FLHQKH -RXUQDO RI 7KH 8QGHUZDWHU $VVRFLDWLRQ

%MRUGDO ¢ &OHDQLQJ V\PELRVLV DV DQ DOWHUQD
LQIHVWDWLRQ RI $WOXBQWISRWWDORB RIQ)HHGLQJ %HK
(IILFLHQW &XOWXUH RHGAZOPRRWSH) D\KHY $ RYQ@WBLQJIIR

$STXDFXOWXUHIRUNVRKBRCGE® $TXDFXOWXUH 6RFLHW\ SS
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%ODQNHQVKLS / ( DQG <D\DQRV $ $ 8QLYHUVDO SU
VWXG\ PDULQH L QO/RIQRAXEDLDOUW(HFE REQHRI I

%|FNHORDQQ@FKD @@L Q®HFKDUD +LVWRORJLFDO VWXG\
G\QDPLFV LQ HSLGHUPLV UHJHQ&\SDWQRYQ RDQMBE R XAD U S

% UIDQ - R QU Q QAR -

%|KONH - ( DQG &KDSPLWKHY &R F WK H $6MOFRHIMWDTUR SLFD O
QG HGQ 8QLYHUVLW\ RI 7H[DV 3UHVV $XVWLQ

%RQDOGR 50 *UXWWHU $6 6D]JLPD , DQG .UDMHZVNL
FOHDQLQJ LQ D3WWFIRSHRINMHQB R RGLYHU VLW

%RQGBHOGQWDYR 2JDZD . <RVKLQDJD 7 DQG :DNDED\DVKI
SURWHFW LRIR PHQ HGWWLQ J0SHIQ@MO\DHH VKR XMWE KIRIO R J\

+

%RRWBQIHWHIUY  %HKDYLRXUDO VWXG LY HIR @ KBLRUEHQ
WKH SMHIPDO %HKDYALRXU

%RV $5 DQG )UDQVHQ & + - 0 1RFWXU@DIDGRWDQL
FDQDOLFXODWKW FOHD@BWRFDKUGRH®OD DHRADBABDXXQ
3DODHPRQUES\DWD FHD QD

%R[VKDOO *$ OHHV - &RVWHOOR 0 - (V4Q-DUXIDMD GIH] *R | DA

6 +RUWRY OO :RUOG 5HJLVWHU RI ODULQH 6SHFLH)

KWWS Z7Z7Z PDULDW\OS$EAHVNVHRGJ
%UD\ '- DQG 7KRPSVRQ 9 - 'R USOKBIFSKKXNVIKD[FLY K MW K
R $XVWUDOLD DFFHVVHG 6HS

KWWS 777 ILVKHVREKBRWWASHELBIVQHW DX

%UD]J]HQRU $ . %YHUWRI]]L 7 OLOOHU 7/ :KLWWLQJWRAQ

SURILOLQIHREHHIHIGWH QDY WIKUHSODPMD U\ FXOSULW LQ JO
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DTXDFXOWXWRIOHFXODU 3K\ORJHQHWLFYV DQG
‘2, M \PSHY

%UD]JHQRU $ . )JUDQFLV '6 +XWVRQ .6 DQG &DUWR
FRPSRVLWLRQ RI PDULQH PRQ®RREBFY®@D $D U DAMIRFK HF
3DUDVLWRG@RJ\

%UD]JHQRDQ&WVRQ . 6(IIHFWV Rl WHPSHUDWXUH DQG VDOl
RILHREHQH®SHQOLRQRJIJHQHD &DSVDOLGDH LQ@DHWFAWLQJ |
FDOFDBDURIBHRMHDUFK +

%UD]JHQRU $ . 6DXQGHUV 5 - OLOOHW TRUS ORIER FXAD\D
YDULDWLRQ LQ WKH FRYV PIRISEMIQWIEG! Q L B B SSUDHIDAEDW H
ORQRJHQMPHUQDWLRQDO -RXUQDO #RU 3DUDVLWRORJ\

%UHLWKDXSW 7 DQSXKRARLADOOFRPPXQLFDWERQLIQYHW X VAL
<RUN

%UPPNDQ POG +DLOPDQ - 3 FOHD QARENRVRWHWRBQLOH
RJHOILYKPYFDQWKRKMWRGR QR PGS DH L VIRGW K BLAFK H V
=HLWVFKULIW IXU 7LHU]JXFKWXQ}XXQG =XFKWXQJVELROI

%URQVWHLQ OXWXDCQUIWMPUG 8QLYHUVLW\ 3UHVV 2[IRUG

%URRNV . 0 &RQVLGHUDWLRQV LQ GHYHORSLQJ DQ LC
IRU FRQWURO RI VHD OLFH RQ IDURXGQDDORRILVIQ '3NF

+

%URZQ@ (LVQHRQELWWDNHU $OORPRQHV DQG NDLURPRQH\
FKHPLFDO PHRAMRSGIHQW¥H

%URZQ % &UHHG 53 -U DQG 'REVRQ : ( %UDQF

FUD\ILVK KRVWY DUH WKH\ HQJPHHARORYIDDFOHDQLQJ V\

178

S5HIHUHQFHYV



%URZQ % &UHHG 53 6NHOWRQ - B5ROOLQW OBSQHDQG
EHWZHHQ PXWXDOLVP DQG SDUDVLWLVP FRPSOH[ H
GHPRQVWUDWHG E\ PXOVHF®®RUHDG+H[SHULPHQWYV

BUXFH $ - 6 W XHG/LVA \B IRFL 1,IQFG ®RW O R QIRG IX® H]DVS] LED U L |
QRY D QHZ VSHFLHV&UXVPNIOAH®R GDULFD

BUXFH $ - $ SDUWLDO 3HUMIAOLIRRWVEHDMW KH J& QKWW D F
'HFDSRGD 3DOBRRWOQLBDH

%UXFH $ - DQG %BBRQJLRPDQHEXVWHRQ VWHQRSRGLGHDQ Vk
1HZ =HDODQG DQG 6RXWK $IULFDQ ZDWHUV ZLWK D
'"HFDSRGD 1DWD QW L&U Y6WWHIDFRHIRYEL G H D

%VKDU\ 5 %LWLQJ FOHDQHU ILVKFRVH @IOMALHYW WIR
3URFHHGLQJV RI WKH 5R\DO 6RELHW\ Rl /RQGRQ %

%VKDU\ 5 7KH FOHEDRQHGHAUOG VW HSE INHWRWJIDQLVP IRU

GLYHW\ DW 5DV ORKDPPHG QRYWILRDO RIBPONPRESIARORJI

%VKDU\ 5 DQG *UXWWHU $ 6 $V\PPHWULF FKHDWLC
LQ D FOHDQHU 4 KPPXWXIBDIODL YHPR X U

%VKDUD®BG *UXWVWH SXQLVKPHQW DQG SDUWQHU VZL\
EHKDYLRXU LQ D FOHDRQRJI\ A KWMNIHWLN P

%VKDU\DG@G *UXWWHU $ 6 ,PDJH VFRULQJ DQG FRR
PXWXDDDWRUH *

VKDWY *UXWWHU $ 6 DO HQHRDUS$ B 7 3DLUV RI FRRS!

ILVK SURYLGH EHWWHU VHUYDWEKUMKD:OLW\ WKDQ VLQJO
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%VKDUDQSS :«UWK 0 JEDEHIIRQ 6 bl V LE BRLLG IXIVD XWHE \F O L H Q W
SURYLGLQJ WDFVBURKFHHEILRXODRMLR®H 5R\DO 6RFLHW)\
+
%VKDIU\ 20LYENUROLYZBUDDQ&D Qi ULRO 'R FOHDQLQJ
RUJDQLVPV UHGXFH WKH VWUH\VRHMWISRROR®!I FOLHQ
Y
%XFKPDQQ . DQG %MHUUHJDDUG - OHEHQGD]ROH W
DQ LQWH X0 WHK bl X DWXE®WX UH +
%XQN.QBOLDPYV / DQG :LOOLDPV ( + -U FOHDWKERSIWR RI
WP R ¥WH HQ L O HID IRD \RMAMRMFKIRR SBQLORFUD KWDRIFP X\KH KRV V
&UXVWDFHDQ®D
%BXUJHVVD@BWWKHZV 5)4VK KPOWH RI VHY HQU LSARRDMH R R
LUULWD@MR SRRUQ DO/ R IBL\RO =
%XUXNRYVN\ 5/1VPDWD VSWBHQERGD D QHZ VSHFLHV RI VK
ODOGLYHV &UXVWDFHD 'HBBRRGEHQEMSYRDQBDGDH
+
&DODGR 5 ODULQH 2UQDPHQWDO 6KULPS %LRORJ\ $TXDF
'LOMAODFNZHOO 3XEOLVKLQJ 2[IRUG
&DODGR 5 /LQ - 5K\QH $/ $UD~MR 5 DQG 1DUFLVR
GHFDSBGNFREX®DU DQG SRRUUMDOWKIGEHEVWDFHDQ %L
+
&DR + +RX 6 +H 6 /X / DQG <DQJ %DFWH UMBYQ®RWDIL
LVRODWH DV D SRWHQWLDO ELRFRQWKF®K EDHFGLHUL:

$SHURPRE@DRAKUQDO RI )LVK 'LWHDVHYV
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&DUU : (6 DQG $GDPV & $ JRRG KDELWV RI MXYHQL
FOHDQLQJ KDELW LZOWXRSSOHW W@ &/UNOHXKVES RVBOWY RGRVS L Q |
KROEURRKHOOKWWLQ =+

&DUYDOKR /1 $UUXGD 5 DQG =XDQRQ - 3 0 DOMIFRRIGDK |
FRVWDOWRXULIRUPHY 'RUDGLGDH LQ WKHRVWEBRFREOD &
,FKWK\RORJ}%

&DVWUR=-RX 6HFRPEHWQGDUWBQ 6 &RUWLVRO PRGXODW
LQGXFWLRQ RI LQIODPPDWRU\ JHQH H[SUHVVLRQ LQ D
JLVK DQG 6KHOOILVK #PPXQRORJ\

&DYHV (0 ))UDQN 7 0 DQG -RKQVHQ 6 6SHFWUDO
WHPSRUDO UHVROXWLRQ DQG WKHLU LPSOLFDWLRQV IF
-RXUQDO RI ([SHULPH@WDO %LRORJ\

&HUYLJYyQ ) ULSYFKHEtD:BLEDOGL / +HQGULFN[ O /HPXV
5 3RWLHYNELDQD * DQG 5RGUILUIKKOV %$2 GH LGHQWL|
GH HVSHFLHV SDUD ORV ILQHV GH OD SHVFD *XtD GH

PDULQDV \ GIHOREXIHW GH OD FRVWD VHSWHQWULRQDO C

&HUYLJYQ )/RWBHFHWULQRV GH 9HRMH]XHPDQGDFLYQ &LHQW
SRTXHV &DHIPHFIDX\H O D

&KDFH ) $ -U $ QHZ VIHILAF RIBWERHNIHQWY,QGLHYV
3URFHHGLQJV RI WKH %LRORJLFD® 6RFLHW\ Rl :DVKLQJ

&KDJDV (& GH $UD~MR /' ODUWLQV 0/ *RPHV /& G
$ % DQG -HU{QLPR * 7 OHEHQGD]ROH GLHWDU

ORQURMQRLGHD 3ODW\KHOPLQWKHV 'DFW\ORJ\ULGDH D(
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WKH IUHVKZBRDORMVRRFNK PDEXRSRP $PXDFXOWXUH

&KDSXLVQ® %VKDU\ 5 BWUDWHJILF DGMXVWPHQW RI V
WKH FOHD @GHW WVKULLPHSQ HV$ Q RRDOFB H R R V. R X U

&KHQ D@G +XDQJ + ' $ FOHDQLQJ VWDWLRQ FRPSRVE
ILW GLYHUVLW\ LQ D FRUDO UHHKRQOHBWLRQ NVR®GEVEKNU
+

&KHQH\ DQG &{Wp , O $UH &DULEEHDQ FOHDQLQJ V\I
DQG EHQHILWYV RI YLVLWLQJ FOHDQS$QUPBWEIMWLRQV WR

+

&KHQH\ DQG &{Wp , O 7KH XOWLPDWH HIIHFW RI EHL

UHPRYDO LQFUHDVH UHSURGXFWLY%HKXBNXFERVD O QF B G
+

&KHQH\ ./ DQG &{Wp , O OXWXDOLVP RU SDUDVLW
FOHDQLQJ WAPRDRVHYHWWHUV

&KHQH\ ./ *UXWWHU $6 %ORPEHUJ 63 DQG ODUVKDOC
FOHDQLQJ EH K DMMLHRIXIUR\KKIHRRQMD Q6 L RO R J\

&KLVKROP /$ :KLWWLQJWRQ ,' DQG )IHFEHRPBIRBRW\C
ORQRJHQHD ORQRFRW\LGDH IURP WKH VNLQ RI VWLQ
DTXD)RUDLD 3DUDVLWRORJLFD

&ODUHW $ *XHUUHUR / *LQpV '5 $IMDUUK (+H3HQO E® B/HI]L
JHUQ i  G®M]RD @ER G UtERMGIUtIJXH] & RQVXPHU EHOLHIV UH.

IDUPHG YHUVX$®% IHW GWHYV K
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&ODUN ( DQG 3HW]JROG 5 6SDZQLQJ BRNRKRIXRXY RI

WRUTXDWXNVNGDH LQ 3DSKORYLHRARHEH@QMID O %LRORJI\ RI )L

&ODUNBDQ®BRVWRFN SHS5HIJLRQDO UHYLHZ RQ VWIMDW X® WDXAG \
GHYHORSPHQW LQ)®RURSYHKHULHY DQG $TXDFXOWXUH &l

5RPH ,WDO\ XWWS S7Z77Z IDR RUSGID

&OHPHQWYV . ' 7TKIHE O EEHIQIV (KRIORJ\ RI 1HZ5REDNODQG Y

SHHIVHGV 1 / $QGUHZ DQGWDIJ)IMWWIRQ 3XEOL¥KLQJ 1

&ROH $ - &OHDQLQJ WRS FRUDOOLYRU\ RQWRJHQHW
ZUDWRUDO UHHHV

&ROLQ 3 / 7KHHRQRELRANERPSDUBMRIORI\ RREXKM RH QK/H
*RELRVEXEDHQXV (ODFLWXQXV 3 LAMR-BL: AHOROW HLLGD B R U QY |
$SWODQWLBKZAMPIQVLY 6WDQIRUG 8QLYHUVLW\ SDJH\

&ROOHWWI BB BERW ) $FWLYLW\ SDWWHUQV RI FRUDO UHHI
QRFWEBURDQDO FIFQHBRMHBXDWKWLRQ +LVWRU\ OXVHXF
$QJHOHV &RXQW\

&RORUQ@IQBXUJIHVY 3&U\SWRFDU\RAURZQLWID WXVH Rl uzZKL

VSRW GLVHDVHY LQ P30 XD HAKIFHKQ FER KSBAMRHD +

&RQO\ -0 DQG -RKQVWRQ % / KHUH DUH DOO WKH

SDUD&BRDGLDQ -RXUQDO RI ,Q0HEBWER R VO LLPMHITEVLHR\O B I (

+
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&RUUHGRU / 1RWHV RQ WKH EHKDYLRU DQG HFROR
%UDFK\FDUSXV ELXRBRUFXOBWXSYRGD 1DWDQWLD 3|
&UXVWDFHRBRQD

&RVWHOORD &RQWURO®ICAHIMHYWDWLRQV RQ IDUPHG VDO
RSWLRQV FRQVLGHUHG ID @K WOKH $XNKHD RX (A XD HUHFK Q|

+

&RVWWOOR E B5HYLHZ RI PHWKRG\WLFR FRIMOWURGDMH XU X
LQIHVWDWLRQV RQ3DWEKRR 8QWGRIDYE FLG/ KH DL F HH G V
*$ %BR[VEKQOO 'HI@OLYV +RUZRRG /WG+ /RQGRQ SS

&RVWHOOR O - '"HYHOR S P HIQWK DVQHG K QW ® B H\ FDI QFAD R IV
FRQWURO WHFKQLTXH:W D QVHRKR DIBWRQERX D,FX OH\GXU H
0' 6D\HU - : 7UHDD/QX® HU- - &RV W HQOODRFF N ZHOKMBS2[IRUG

+

&RVWHGOOR (FRORJ\ Rl VHD OLFH SDUDVLWILHQRY IDQUP
3DUDVLWRORJ&

&RVWHOOR O - 7KH JOREDO HFRQRPLF FRVW RI VHD 1
"-RXUQDO RI )LVK "EVHDVHV

&RVWHOOR G- 'DYDKQW &HFFKLG@DSRXWVRARRXOD\QG
6DURJDOLD 7KH FRQWURO RI FKHPLFDOV XRXGQID® DT>
RI $SSOLHG ,FKWX\RORJ\

&{Wp , 0 (YROXWLRQ DQG HFRORJ\ RI2ZFEBRAUQD SKPE
DQG ODULQH %LRORJ\ DR QQXIHGYHDIHI BVR@UQHV

7D\ORU DQG )UDQFLV *1HZ <RUN SS
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&RZHOO /( :DWDQDEH *WRYMHDGG:6KHQNHU - 0 8\
WURSLFDO FOHDQHU ILVK WHRRERQW G R Q LOMRKPHRIEHEWHEDS D U
&DSVDOLGDH FRX® WHKHDHEGWOR $I&D AXHOMW Wi DS LD

&UDLJ 0 7 ) B B D @/LDQV L YBNU AHKSH) RWIKL SLIJHU 1ODYLV\
&KDHWR G R R S$H.IGD:H

&UHVVH\DO®G /DFKQHU ( $ SDUDVRMKHBE®RBW ®IGHGVWRU\ RI
AVNILVKHV (RIRISGIHDGDH

&ULDOHVDQ® &RUUHGRU$VSHFWRY HWRORJLFRV \ HFRORJ
OLPSLDGRUHV GH SHFHV 1DWDQWLD 3DODPRMAGDH -+
GHO ,QVWLWXWR GH ,QYHVWLJDF£RQHV 0DULQDV 3XQW

&UXPS 0 6H[\ 2UFKLGV ODNH /RXV\U RBQHWKDDQEH QWWHR
8QLYHUVLW\ Rl &KLFDJR 3UHVV &KLFDJR

&UXDFLHUGD (5 7ROHMGMLG '- '7DMQG %XUUHVRQ ( 0
=H\ODQLFREGHOODL QIHYIDPWQORQV LQVERYWXEHGURNS
(SLQHSKH O X ¥ TIKPIFRKIOBMX/ H

&XVKPDQDQ& %HDWWLH $ - OXWXDOLVPV DVVHVVL
YLVLWMRHUQGY LQ (FRORJ\ D@QG (YROXWLRQ

GY8GHNHP GY$FR] & /\SHP®NWIF U QSWHILBRGOBILD HG EQV
WRSRW\SLFDO VSHFLP/HNQRD\EDWKH VBLFNYRS D \RD 'HFDSRGL
&DULGHD +L SKSRO/\WD BHDHIQD

'DGDU 0 'KDPD . O9DNKDULD 9 1 +RVHLQLIDU 6 + .DUV
0XQMDO $ OGDOQm®R & DQG -RVKL 6 . $GYDQF
YDFFLQHV DJDLQVW ILVK SDWKRJHQ¥H YIOHRZED OQV .V WH YV

6FLHQFH $TXDFXQOQWXUH
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'DUNKRYD®RG 3DQ\XVKNLQ 6 1 & O VL U Q Bl WKE BMRMWML VLI
-RXUQDO RI ,FKWK\RORJ\
'DUZDOO : 57 &RVWHOBDRQG-/\VROKWOO\PSOLFDWLRQV F
KLVWRU\ VWUDWHJILHV IHHRX DQ®HZ RZIU)DL VWK HYHL ¥ ®& R W\
'DYHQSRUW - $ FOHDQLQJ DVVR RBLXMDMIHRQ PHQEY WHKHAQ W
ORJJHUKH D G Y HBDWMWXOJRAHDUHNONB®I WKH ODULQH %LRORJL
WKH 8QLWHG .L&JGRP

'‘DYLH 3 -) &&UXVWDFRBE\OORBIFRMADUDHR SORFDULGD
9RO $EXPYWUDOLDQ %YLRORJLFDO 5HVRXUFHYV 6WXG\
SXVWUD®WLEBE :HOOV DQG : &6,52RXVBMORYKLQJ 4XHHQVO

SDJHV

'‘DYLHV - : K FOWDH WKIDHY HD QW LED R WG EN QIRRXUQDO RI ,C
'LVHDVHYVY DQG OHGLFDO OFURELRORJ\
'‘DYLYV: DQBNWRDU ‘RXQGLQJ DQG UHIOH[ LPSDLUPHQW
IRU PRUWDOLW)\ LQ GLVANKGNHGHVWSHYHDIH®E |ILVK
'DYLW: BWHSKHQ@WBRJID - 7KH HITHBWFRLQH RQ XVH RI
IOXRUHVFHLQ WHVW IRU GHWHFW-IRXU QD OQRD @& XFORNWLFH &
+HDOW Kt

'DZVRQ & ( ,QGOFLILF 3ILSHAVWKBVWR WKNXGPERDNVNBDNS5HVHD
IDERUDWRU\ 2FHDQ 6SULQJV OLVVLVVLSSL

'‘D\ 7% %HQQHWW -/ DQG 3D[ 5 % SBUD]JLTXDQWH
SDUDVLWRORJ\ 7RGD\

H DU\ $ 'LH (UVFKHL@YWWELRBRUWWVBUODJ YRQ .DUO - 7L

6WUDVVEXUJ
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'H ORXUD 5/ *DVBQGLELJLPD |, 1HZ UHFRUGVY DQG U
UHHI ILVKHVY LQ WKH ZHVWHUQ 6RXWK $WODQWLF ZLWK
WKH % U DDV DIQVA® %UDVLOHLUD#GH =RRORJLD

@& 6LOYD 3 + ' =H\ODQLFREGHOOBQ RV PBHQELWS QRY IUR
.DODSX (DVWHUQ 3&SRRQIQF 4 HEHRQRBD

@G 6RX]D 5 %5 GD $QQXQFLDGDRFKNV /LQFV GOD®WGQV 0
7VX]XNL < &DQ(EDPFEW UQREQMIMREHQHGHQLD PHO

LQIHFWLRQV RQ(SXOYMNSKHBXSHDXIDEROWXVH 5HVHDUFK

'HDG\ 6 9DULDQ 6 - $ DQGH)XYHVRI-IMYKDWQRIERQWURO VH
WZR ,ULVK6UD®RRMDUPY ZLWK SDUWLFXODU UHIHUHQFF
VDOPRQ$AXIHAX OW % UH

'HEHOLXV +QGLDQ 2FHDQ 7URSL BOI®QM MK ZXV GHD Q N PKUW

'"HEHOLXV +&UXVWDFHD *XLGHWOMNKMLRPPKDQ ,QGLDQ 2F
2FHDRDQ )UDQNIXUW

'"HODUWLQL ( ( DQG &R\HU - $ HDW L&QIHIDID MY Y BDQIGOUNVDRIH
ILVK#HW PRV LO @G MHIHDD RIRSHED OV

'"HVRXWWHU 0 $ FEDKQHVBKL X WL RV RD WWRRHLRGS L F D O
$WODQWQF HGV - & 4XHUR - & +XDBDBX/ & D ®WLGIKID
-1,&7 /LVERQ 6(, 3DULYDDIOG B5(6&2

'HYHQHS5 0&KLVKROP /$ DQG :KLWWLQJWRQ ,° )L U
SDWKRJHQLF PRQRIUHRHDQ@H S B QXD FAMIMHEDH IURP $XV
'LVHDVHV RI $TXDWLF 2UJDQLVPYV

'LFNPDQ & 5 &RPPHQVDO DQG PXWXDOLVWLF LQWHUDFWLR

7UHQGV LQ (FRORJ\ DQG (YROXWLRQ
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'LJJOHV DB VWHU 5 -D7,QIOXHQFH RI WHPSHUDWXUH DQG
GHYHOR S®W\GW RRAD U\ RR XIWRBBWDYVY. WR @R J\

'LJJOHV DG /HVWHU BE 9DULDWLRQ LQ WKH GHYHORSPHQV
&U\SWRFDU\RGXWQRBUBY\Y. W R OR J\

'LQK +RDIDQBXWVRQ .6 5SHSURGXFWLYH VWUIRKNJILHWKRI
HFWRSODHWREHQHWGH QEDSVDOLGDKB/RRIRIH QHD

'LQL] '* O9DUHOOD - ($ *BDPDURWVHW )0/' ))XMLPRWR 5 <
. &) 3LUHV 0$ % ODUWLQV 0/ $DRWHBDVWKKE RFF;
Rl SUDQL]D ODUYDH RI *QDWKLLGDH &UXVWDFHD ,VRS
%UD$IQE@ DOV RI WKH %UD]LOLDQ $FBPGHP\ Rl 6FLHQFHYV

'RHEHOL 0 DQG .QRZOWRQ 1 L7AK P XNAYRBIDRW PRI G LR JMVQ
RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV 86$

'RQH + < 9HQNDWBBDGH® .5 8RHV WKH UHFHQW JURZWK R
FUHDWH DQWLELRWLF UHVLVWDQFH WKUHDWYV GLIIHUH
SURGXFWLRQ LEPBUUEBROMWXRIEFLDWLRQ RI 3KDUPDFHXW

‘2, Vv ]

"RXJKW Y S+ GHSHQGHQW VSHFWUDO SURSHUWLHV RI V
VROXWLRQYSKNWKIVQMHGDQG 3K\WLRO®RJIJLFDO 2SWLFV
'XPR@®S8 SUULDJREDSFDD\P®RY DQAXLHO 7KH QDWLYH URF

VKUIGKSQFKRFLQHWHY BL\BERJILFDO FRQWURO RI IRXOLC
F X O WEXTUKHD\E X O W X4J H
'XQNOH\ . &DEOH - DQG 3HUNLQV 6 ( 7KH VHOHFV

EOKHDGHG ZKDOVNMVRPD ELQDMKRIHDBNHHBQ YLRXUDO 3URFI

+
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(FNHV 0 'RYH 6 6LHEHFN 8 ( DQG *UXWWHU $ 6

JQDWKLLG LVRSRGV DV VRXUFHV Rl HQKBRBU\DMQTHWKQ VF |
+

(JHUWRQ 1 ( +LVWRU\ Rl (FRORJLFDO 6 ®X-ODAHHWL @ IRU
WKH (FRORJLFDO 6RFLHW\ RI $PHULFD

(LEQEHVIHOGW MPELREBIWDVLWLVPXV XQG DQGHUH
]ZLVFKHQ EYWOK K RH HFE HBUHRUH YN EWNFKULIW XU 7LHU
XQG =XFKWXQJVE+RORJLH

(LE@EHVIHOGW ,MPELR\WHQHLVFKHGKDPLD YHUNEFARGRQ
7LHUSV\FKRQRJLH

(LOHQEHUDMH D Q®RPH& 6XJIJHVWLRQV IRU XQLI\LQJ WKH
ELRORJLFDOLRRRQYWRBRO

(VDND <RVKLURNDNHXFKIX&3 DQTDNHPXUD (IIHFW RI OLJKW
LQWHQVLW\ DQG ZDYHOHQJWK RQ GLXUQBW HDFERIXYV W)
KLVSLGBXDSRGD 6WHQRSRGLGDH D SRVVLEOH DGDSWI
HQYLURGPHRRWN 6FLHHFH

)DOODQJ $ 5DPVD\ -0 6HYDIZGDY B HXRIENDGGRUVEHUJ
7 ( (YLGIHRQFMRFFXUUHQFH RI DQHRUVNQORSK RV\SK
DFHW\OFKROLQHVWHUD YV HH B & RBW WEKHQ V. XR/I\ NBIDP & Q E M
ODQDJHPHQW 6FL#HQFH

)DOORQ 3 * DQG-'RHQKRIIUX@VLVWDQW VFKLVWRARPLDVI
SUD]LTXDQWHO DQG R[BPQLVIRY R A PEBMEQIQGUXJ VSH
7KH $PHULFDQ -RXUQDO RI 7URSLFDOtOHGLFLQH DQG +)\

)$2 5HILRQDO RYHUYLHZ RI DTX3IDFRLOMWFXBYHHIMWRIHQ GV 8.3

SXEOLFDWLR SS SYKVWOWEOH DAWIDR RUSGID
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)$2 7KH 6 WDWH RI :RUOG )LVKHULHY DQG $TXDFXOWXU

DQG QXWULWLRQ IRU DOOWSRAH2YRRGLDDWLRIQY LS X

)$2 D $QWLPLFURELDO UHVLVWDQFH $05 LQ DTXDFXO\
'"RFXPHQW &2), $4 ,; "6%"' 5RPH )RRG DQG $JULFXO
$YDLODEOH DW KWWS ZZ7ZZ IDR RUJ FRIL

G DHG HIH D DHD SGI
)$2 E S5HIJLRQDO UHYLHZ RQ VWDWXV DQG WUHQGV LQ

E\ 5R\ &ODUNH DQG -RKQ %RWWRBRX QM2 X)UKN KH WIEFEK\C

5RPH ,WDO\ BEWDVLODFG@HA DM RUSGID

)DUUHOO . - &UHHG 5 3 DQG %URZQ % SUHYHQWL

SDUWQHBQ HOXWEBWIBODQHKVRE GHOZHRR U RIEIDR AL V

)DXVW ( +DOYRUVHQ .7 $QGHUVHQ 3 .QXWVHQ + D
HVFDSH VDOPRQ IDUPV DQG K\EULGLHR\DIOVEKRERA O ZS)k
6FLHQFH '2, UVRV

JHGHU + 0 &OHDQLQJ WPELRVLV L6\RMELRNEMSLOH HQ
+HQU\ $FDGHPLF 3UHV¥Y (QJODQG SS

JHHKDQ & - OPFKQQR®Q - 6FKHLE®XDQVG6-5 DQGDELRGVRQ
$ * % 9DOLGDW L @D WEKPRHEDQWINB\GRIXY DWLYH D
UHFXUUHQW PDVV PRUWDOLW\ RI VHDVHDRKL\Q R ILRTXRW
2UJDQLVPV+

JHUUHLUH 5 %URQVWHLQ DQG *DDQIXFEIRQ 0/DZ 5 &KHDWI

HYROXWLRQDU\ VWD BIURFPHHBIL @ XW RD WMKH BbR\DO 6RFLI

s
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JLVKHOVRQ / WHIRIDRLR WD QR FIHRXDOLW\ LQ GDPVHOIL
,WDOLDQ -RXUQDO Rl =RRORJ\

JLVK6WDW)LVKHULHY DQG DTXDFXOWRWUW Z2DRIMW ZBW HL \j KVUKEG W
WLPH VHULHV ,Q )$2 )LVKHULHYVY DQG $TXDFXOWXUH 'F

- X0\ >&LWHG I1RYHWRPEHWRZR@J ILVKHU\

JORHWHU 6 5 /*DYEPKE.QJHUUHLUD & (/ 5DQJHO & $ DQ
%UD]LOLDQ UHHI ILVK IDXQD FKHFNOLVW DQG UH

1RY KWWS 777 XII EU HFRSHVED SGI B%UD]LOLD

JOsENLJHU ) /H QHWWR\DJH GH&USRLIMRIBUMNQ B piGDWIR
5LVVRRPPLQQVLRQ ,QWHUQDWLRQDOH 3RXD OHBORUL
OpGLWHUUDQ ptH

JROPRU %ODFN+RHK /XW5 DQG 9ULMHQKRHNS$ SULPHUV IR
DPSOLILFDWLRQ RI PLWRFKRQGULDO F\WRFKURPH F RJ[L
LQ Y H U WHEQWHRK\D U 0D U L @t RAW. IRPOKRIR OR D

JRQWH QRWQILH LI I'HU 'RXQG PDQDJHPHQW LQ WHOHRVW I
KHDOLQJ SURFHVV HY DOHW MU IRE@D WD\QEED WQ IHDMRPIHIRA W K
$QLPDO 3UD#FLFH

JRUZRRG -0 +DUULV -2 DQG 'HYHQH\ 05 (1L
DGPLQLVWHUHG SUD]LTXD QW HHS DRRSWIHIQEBXEE D )\R @B D.
PRQRJHQHDQ SDUDVLMWIHG R QN0 EHONVB RREK QDO RI )LVK
'LVHDVHV &

JRVWHU 6 $ 'RXQG KHDOLQJ $ SRYRISE@B#JROH RI FC

JR[ DQ@GILVEHUJ 6$Q 5 FRPSDQLRQ WR DSSOLHG UHJUHV
7KRXVDQG 2DNV &$ 6DJH 85/

KWWS VRFEVHUY VREFEVFL PFEPDVWHU FD MIR[] %RRNV &R
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JR[ 1 - ODULRQ * 'DYLGVRQ 56 :KLWH 3 &/ DQG +XV
GULYHQ S\RISBWQJFRXOG OHDR®WHRQ VIX\GG S Q UBRAIMOH R XV
6RFLHW\ 2SHQ 6FLHQFH UVRV

JUDQFLQKR 5 XJDOB / DQG 6D]JLPD , & DKID@D. \P\M REP\DW |
QRURKDDMNPK WZR UHFRUGV RI SUHG@DB\S KR Q RES KIRID\L \0 UR
"RXUQDO RI )LVK %LRORJ\

JULEFNH 5 )LVKHV RI WKH ODVFDUHQH ,VODQGV $@XQLRQ
$Q QRWEKW A B O L V WV FZULIMBKA HRE3 ¥ FR.BHR/O .RHOW] 6FLHC
%RRNV .RHQLJVWHLQ

JULWVFKHYV .$ DQG :DUUDQWLR O FBIRUWBW\ QH N® Q
.- /IRKPDQQ DQG -&58 3XVHFN %RFD DWRQ )/ SS

JURHVBE @D XO\HGLWRUV J)LVK%DVH :RUOG :LGH :HE H

.LHO *HUPDQ\ $/4Vl OD/KE®D DKRWRVLIR Q

JURHVID Q% 3DXKBLWRUV JLVK%DVH :RUOG :LGH :HE H(

2727 ILVKEDWHUNURQ

*DOHRWH 0 ' DQG 2WHUR - * R FBIRREHI@VOU RECHKEDUNL\R KR
/IDEULGDH LQ 7DILUD *\PED®WDU:t6WUDLW $UHD
*LQJLQV 6 DQG %VKDU\ 5 7KH FOHDQHU ZUDVV}

HFRORJLFDOO\ UHOHYDQW FRQW H [ WL FEROK R\R X@ V SD
+
*ODVE\ D@®G .LQJVIRUG $WASLFKWK\V3VWARHVD®RPRUSLGLGD!
RSSRUWXQLVWLF SODQNWLYRUH WKDW UHVSRQGV WR E
$XVWUDOLDQ -RXUQD®H RI (FRORJ\
*RPRQ@ ) IDEULGDH 9LHMDV GRQPH®ODY¥DVSDUBxXR

,GHQWLILFDWLRQ GH (VSHFLHV SDUD CRLHHQMAD/GH OD 3
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JLVFKHU ) .UXSS : 6FKQHLGHU &D@BPPHLLI$R( &DUS
5RPH SSt

*RPRQ 0 ) $ UHYLVLRQ RI%RIGH EDDAEW IGH VIEWK. SWQR Y V
QHZ VSHRERVG Rl WKH $XVWUDOLDQ#OXVHXP 6XSSOHP}

*RAPH]%( DQG GH %RHU ) TKHHIR G B M BIOIRES ZR@W VRIL [ L
D QW KKV H ZRJID V'V A ¥ HID\Q H UV RV @ PIRE® D T X D F X Q MWAXKUHHU ILIQ\G X \
6FLHQFH=*

*RRGLQJ 5 0 2EVHUYDWLRQV RI ILWK DWRVPHD | GR RWH B
RI WKH +DZDLLDQ $FDGBRPQRDOFLHRWHQJ

*RUOLFN '/ ,QJHVWLRQ RI KRVW ILVK VXUIDFH PXFX!
IDEURLGHV SKWBEURGEBBJIJXNQG LWV HIIHFW &R®RHKRVW V!

+

*RUOLFN '/ S$WNQ®VRWBH\ * 6 -U &OHDQLQJ VWDW]|
JDUEDJH GXPSV DQG VLWHV IRU WKH 7HK¥R ® KMUWIRRKD @ |
1IDWXUDOLY¥W

*RUOLFN '/ $WNLQV 3 ' DQG /FRUHDQU®QEERLGHM EWPREGLI
/DEULG D H VRRS DR S X DV H R@R DD FH Q W UXR/PDFHXQO.U L G D +
DW (QHZHWIRE $IWROO

*RWVKDOO ' : &OHDQLQJ V\PELRVLADDQ IRRIQWB Y HV Kb L
*DPH i

*R\ - $ QHZ BHHRUMRMWBEXVWUDOLD ZL V6K BQREXNV F

F\IDQRVBHAVWDFHD 'HFDSRG®XWBLOMOHQ RERGWHH O +LVW

*R\ - ,QIUDRUGHU 6WHQRSREDWHDL K GRRNRRIOMR\J,\Q

7TD[RQRP\ %LRORJ\ #lRKRPEONKPWOWHDD\ WR WKH YROXPH
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=RRORIRD $ HEFKYUDPG YRQ 9DXSHO .OHLQ .RQLQN
19 /HLGHQ %SS
*R\ - :DQG 'HYDQH\ ' BWHQRSXV S\ QRIZRWEBXMWLHV RI VWHQ
VKULPS IURP HWKMH 3QBIRLF UHJLRQ & UBXNRWIDIFEDQJINFPISW
% LRORJLF D ODS/RIQHWARBI
*UDYH . ODUNHVWDG $ DQG %DQJHP 0 &RPSDUL
DQWLEDFWHULDO GUXJV LQ VDOPRQLG IDUPLODGQ 1RL
+ -RXUQDO RI 9HWHULQDU\ 3KDUPDFRORJ\ DQG 7K|
*UHHQOH\ * .LQJV Rl WKH DUWKURSRGWH$GQ REEWWN @&/L
+
*UHQIHOO % 7 DQG 'REMWR®R$\QRHFW LLRMM VHDWRIUDO
3BRSXODVBURQVWHWRQ 1- 3XEOLEQWURWXYWH WKH 1HZWRC
*URYH D®G /DYHQEHUJ 7KHLVKHV RI WKH *DOi6WDRMRW® D
8QLYHUVLW\ 3UHVV 6WDQIRUG
*UXQHBW . 6XVWDLQDELOLW\ LQ WKH IRRG VHFWRU D FR
,QWHUQIRWURQBRFGQEPAYDPFV  +
*UXWWHU $3®UDVLWHYV LQ WKH FOHDQLQJ LQWHUDFWLRQV
ILVBK' WKHVLV -DPHV &RRN 8QLYHUVLW\ SDJHV
*UXWWHU $6 ([SHULPHQWDO GHPRQVWUDWLRQ RI QR HII
IDEURLGHV GERRYGHDWB®G 9DOHQFLHQQIRPDRBQWKMVK
PROXFF HDHNARKLU QDO RI ([SHULPHQWDO ODULQH %LRC
+
*UXWWBHU € 3DUDVLWH UHPRYDO UDWB¥URLWHKW 6O RD®RLUE

ODULQH (FRORJ\ 3URJUHVY 6HULHYV
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*UXWWHU $ 6 WARFYERRDW KK R QEWEGE D Q R&iH B QY
FRPSRVLWHHIYKRHFRORJILD

*UXWWHU $ 6 3DUDVLWH LQIHFW MR(H UBIMRKIHRD W K DRD X
FOHDQLQJ EHKDYLRMFHBGUHV IRVKVKH 5R\®O 6RFLHW\

+
*UXWWHU $ 6 &OHDQLQJ V\PELRVHBDURYPLWRID BD U D
+

*UXWWHU $ 6 &OHDQHU ILVK XVH WDFWLOH GDQFLQJ
VW UDKHUHQW %LRORJI\

*UXWWHDQG 66VKDU\ 5 &OHDQHU ZUDVVH SUHIHU FoOL
FRQWURO PHFKDQIVIPYWHQBFREHIDREY QJV Rl WKH 5R\DO
/IRQGRQ 6HU LG 6%

*UXWHVEHU'H %UDRZHBWVKBU\&KHQH\ &ULEE ODGLQ 3

OF&OXWBH OHHNDQ 6X'Q :DUGHU :HUPLQJK-DXGEMNHO

3 3DUDVLWH LQIHVWDWLRQ LQFUHDVERWRIOFRUDY U
"2, Vv ]
*UXWWHU $6 'HYHQH\ 0 ®QGKLMWWMIHQUWRQ' , 7KH HII

FOHDQHLE URIKGHV RIQPWBISYWRY G P &6 R HGHHIDR MRLOARH
Rl WKH OBEHPLG\PIOMXY PHRRSWBOXM )LVK %LRORJ\
*UXWIVHUOXUSKDQ® &KRDW - +  ILVE RYRWVDYEY HUVLW\ RQ
FRUBIGIYXUUHQW %LRORJ\
*XHUUD 55 6DQWRV 13 &HFDUHOOL%GD]BXEYD) - 50 L
+HDOLQJ RI VNLQ ZRXQGV &QDW KB V$ IbIERHE®R IKDVWR L Y KV K

%LRORJ\ %
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*XLPDUmMHV 5 =3 *DYSDBURPKD -/ $ $ QHZ FOHDQHL
(ODFDWHD*WRVWHL *RELLGDH IURP ZBROWMDIDGH ,VODQ

+DMHN $ ( 1DWX(QMH® LHV.QWQR G X PG RRRFD/DEDP EUL G JH
8QLYHUVLW\ 3UHVV &BBEULGJH 8.

+DMHK $QG /RPHU & 6XJIJHVWLRQV IRU XQLI\LQJ Wi
FRQWILRGRQW R O

+DUUHOQ@ ZLWK FRQWULEXWLRQV IURP &KDUOHRLVESRQW

+DUUHOO OLVFHOODQHRXYV 5 SDENDUHY KB @ VISR G

SURMHEW RUJ SDFNDJH +PLVF

+DUW % / +HDQGVORBULQJ / 6 'LITHUHQWLDO IRUDJLQ

LQ FFRRULVRQ ZLWK V\PSDW$IUAR MBIV HRORBHD © SRifF (HR/OR J

+DXJODQG * 7% 2GYVEQHEPDWRAGHUVHQ /XPSILEYMORSWHUXYV
OXPYXVGHYHORS DPRHELF JLOO GLVHDVH $*' DIWHU
3DUDPRHED BEBGXRUD@®WUDQVIHU DPRHEDBPWRRVHWDD QW
$TXDFXOWX&JH

+D\DVKL ., +LSSRO\VPDWDBRIUDREXDPLV\QRPDRVRIDPERLQHQ"
'H 0DQ 'HFDSRGD &DULG3)E O+ EDIRARQMFCRDIDW KB H 6 H
/DERUDWR W\

+HHPVWUD 3 & 0 R {NRGS i AL/ EW Hi GKEDHW)R. @R B U \
3XUSRVHV HVWHUQ ,QGLDQ ZFRHDQ H&XK L QDQIBFKDI U
%LDQFKL )$2 5RPH

+HHPVWUD 3 & [OQG +HHDMWIDO [LVKHV Rl 16 B&E WEKRX\WQKS | |

$IULFD
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+HQGOHU * 7KH 2K RMLDWLG&HL BDWBRQJLDDYDJILQL
EULWWORYWDBOHDQ LO@U VQRE [RRAD R J\

+HURGRWRYV >+#LVWRU\R@OH\ WUDQVODWRU )RXU YROXPH
+HLQHPDQQ /RQGRQ 8.

+HWWLDUDF&EAXQG+ BLYLQIJKH&BSWLYH EUHHGLQWRDWDNH Vk
GHEHOXQX&HU 6UL /DQNN@ FRIVG EWEHNQW FK +

+LOOGpPQ 1 2 &OHDQLQJ EHKDYLRXU RI WKH JROGVI
ZDWPBBBKDYLRXUDO 3RFHVVHV

+LUDWDPDNDZZDWDODQDEHLUDPDWIQXG 2KQILVKL )LVK
IDXQD RI .MYRDZD/ODQG .RFKL ZXOIGIHFWXQ HR I -DBDIQQH
DQG )LVKHULHV .RFKL 8QLYHUVLW\

+L[RQ 0 $ 7 KH K B ODRORR® FD O VIR UFDHODQHWRUQK D )LV
DQG *DPH %

+R 6 1DJDVDZ®G.7DNDWVX 7 FU HXVRAEK M B @3HDQHBOUGR @HHUE W H \
VFKUH@NL RFFDVLRQDO FOHDQHU RFF XU @IX®DIO HQ L/Q NRl
JLVKHULHV 6FLHQFHV +RNNDLGR 8QLYHUVLW\

+REVRQ ( 6 &RBAWIDQY\WRBHRMW JHQHUDOLVDWLRQV UH
LQ ILBRAVILF 6FLHQFH

+REVRQ ( 6 &OHDQLQJ V\PELRVLV DRR/®H &\D B XIRUQW

+

+REVRQ (6 WFERURMMMHOLF K RHUFH ) FAMEORH DIQWEID OLIRUQLD
J)LVK DQG *DPH

+RHVH ') %UD\ ' -DQ@DB[WRIHQ 5 5 ~RRORKHNDOQ&DWDO
RI $XVWRDOLD HGV 2 DQEHOVHMOV $%56 &6,52 3XEOL

+ SDJHV
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+RHVH DQ®G 5HDGHU 6 $ SUHOLPLQDU\ UHYLHZ RI W

(ODFDWBIHUALIRUPHV5HREVMWADBH %LROKRYXNEBOTURSLFDO

+ROWKXLV / % LRORJLFDO UHVXOWV RI WKH 6QHOOLXV (]
ODFUXUD RI WKH 6QHOOLXV ([SHGLWLRQ 7KH 6WHQRS
3DOLQXWIP®PRIYF NLD

+RUNi , 'H*UDYH 6 )UDQVHQ & +i- 9 3HW WX\DONAL S$O HDRL
DQG VWURQJ SKHQRW\SLFOMHDMLKUJISQ B HRR QLBGK VKU |
OROHFXODU 3K\ORJHQHWLEV DQG (YROXWLRQ

+RUWRQ 6 )DFWRUV DIIHFWLQJ DGYHUWLVLQJ LQ ,Q
FOHDQHU DZEDRIVGHYV GURIRG/IFDWRFH +RHL]IRQV

+RX = /LWDG -DDIDU = &OHDQLQJ V\PEKRVPS LQ
DVVRFIODWLRE® %L RO R&]\

+XDQJ PQFK/ 7LXL / BQG :D@KDUDWHUL]DWLRQ RI DQWL
LQ FRPPHQVDO EDFWHULD IURP)WDRQ ITXDMXDW X URURER

‘2, IPLFE

+XEEV ®&QG +XEEV [ & 'DWD RQ WKH OLIH KLVWRU
UHODWLRQVKLSV R% WDKFHK\NWW EX BRIWARELRYW\RFLG [LVK
&DOLIR&IMADNMRUQLD )LVK D#QG *DPH

+XHEQHUDQG &KDGZLFND 13DUMWHRI FOHDQLQJ EHKDYLRXU R
E\ WKH DQHPBQRMKRRWGHY SHGHUVRQL -RXUQDO RI \
$VVRFLDWLRQ RI WKH 8QLWHG .LQJGRP

+XHEQHUDQG &KDGZLFNE 15HHI ILVKHV XVH VHDFBREBWARQHYV

FOHDQLQJ LQWHUDFWORID T LRIK (MKHIULFPHQWDO 0DULQC
(FRORJX +
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+XQW 0 - LRYBWOH[DQGHU & * JHHGLQJ E\ SDHQLG
DQWHULRU PRXUNCSD BW(SBIUWILE@H GLBRORJ\ DQ& (FRORJ\

+XWFKLQV % - '"HVFULSWLRQ RI WKUHH QHZ VSHFLH®
$XVWUDOLD ZLWK D &RFK\CRH RHKRHSYSNFRHWKH :HVWHUQ
OXVHXP +

+XWFKLQIVQG 6ZDLQVWREHDE )LVKHY RI 6RXWKHUQ $XVWUDO
*XLGH IRU $QJOH WZ DIQBVWREWBKEOLVKLQJ 3HUWK

+XWV.RQ %UD]HQRBDXJK DD QMU X MIRAXDRY ORQRJHQHDQ
SD U D RXLOMHRULHOWN © KVQ L T XUH FHIRQW® QFGYWDQFHV LQ 3DUDVLWF
‘2, EV DSDU

,JHY %DOPO -HQ@HUDQGIQGHODDW (%RQJIJD&RUWLVRO LQG)>
VWUWHODWHG FKDQJHV LQ WX RN KQQR K MHLEHS RVOWDURGK \
&RPSDUDWLYH (QGREULQRORJ\

,OHV $ & $UFKGHDFRQ 7 3 DQG %RQDU 6 1RYHO
FRQWUROOLQJ $VLDQ WDSHHERURGRQWK V¢ PRIQV ADQ SRYG
$TXDFXOWX&JH

,PVODQG $ . B5H\QROGV 3 (OLDVVHQ * +DQJVQM®DG 7 ¢
(OYHJNUG 7 $ D 7KHRYORBWOXKSYMDRKHEKRQWURO VH
JHSHRSKWKHLUNMWHBAD OPREBVWDWLRQV LQ LQWHQVLYHO
6DOPR N DX FX O W X4J H

,PVODQG $. 5H\QROGV¥DQJVWDBVVHRQ r\WU; $ 9 )RVV $
( DQG (OYHJNUE 71RWHV RQ WKH EHNEYLRXHRISBRV

DQG ZLWKRXW $W O D QRWLFQOMRRIBRISUHVHQW
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-HQNLQV : * '"HPRSRXORV §$ : - DQG 6LNNHO 3 &

VXVFHSWLELOLW\ RI PDULQH UHHI ILWVKAELWRLINEWRSDUI

“HQV/H® :DKOLOF*X&N (ULNV¥ QRED$K:DDJE|; +DQGOBQG
7DIDQOD (IIHFW Rl WHPSHUDWXUH DQG GLHW RQ ZRXQ
6DOPR MD)@UK 3K\WVLRORJ\ DQG %LRFKHPLVWU\

“-RQDVVRQ 0 JLVK FOHD QLRXNURMKXD RLRRB ®RR MK URG SR C

-RQHV 3 * +DPPHOO ./ *HWWLQE\ 'HWBRWLROYRH H¥ DPH
EHQ]JRDWH WROHUDQFH HPHUJHQFH LQHSHRBKWE&WLUOX

VDOPRRQVWVDUPHG $WGDQWR VW IMDOBRIO RI )LVK "EVHDVHYV

-RQHYW 3DQG *HRWJIJH $ 7KH $%& W UDQRWERWHY DY G/ HFKD
SHUVSHFWLYHV RQHMHFXOQNI IUHMVGH DEBKIFXODY /LIH 6FLH

.DQHNR,, <DPBGD/URBNDQLDODNDPXUOD ,QIHFWLRQ RI WLO
2UHRFKURPLV PRWHZDEIDAXYVY E\ D PDULIHR PHRQ@HRAHQHD
PHOOMHMHALDOOXP <DPDJXWL LQ .DQHRKH %D\
WUHDWPHQMDO RI )LVK "EVHDVHV

.DUOVEDNN ( $PiELVN JMMHOW HRWP\NCGIRP Q$SEHIQDQOHQ L

ZZ7Z LPU QR ILODUNLY DPRELVN@BRMHOOHV\NGRPBI

+DYIRUVNQLQJVUBSSRUWHQ SS
.DUOVEDNN ( $ODUFRQ O +DQVHGRP RI\GPQGVIHWWHU L
RSSGUHWWHW URJQNMHNV LQ 1RUZHJLDQ

2727 LPU QR ILODUNLY VINGRPBRJBSDUDVLWWHUBLBYL

+DYIRUVNQLQJVUBSSRUWHQ SS
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.DUOVEDNN ( 20VH@ % %OR(LDHQ )ENVGDO , 8 $DVH +

6NnUc 6 DQG +DQVHQ + JLOO$BRWHIIMHDBRHEWRSHUXUL

LQ ED O O D/@® ZWXOW \EHHIUTIX D X0 \W X U H+

.DUSOXV , 6\PELRVLV TZKH)®WRIOWRI\ Rl ,QWHUVSNM HE @BDU

'LOMAODFNZHOO 6XVVH]

.DUSOXV , DQGHSPBOQ D $VVRFLDWH BHK B WIRAEXWD W IUW

FU\SWRFHRELWEDH DQG W I SKINXWR G VKRR RWH@NH YV L Q

DUWLILFLDO® EXYH RAR O R J\

.DWKOHHQ6DPXHO / )HOHFLD & G5HDJDQ (/ .DVLQJ $
$QWLELRWLF UHVLVWDQFH RI GLYHUVH EDFWH

,QWHUQDWLRQDO -RXUQDO RI OLFURELRORJ\

KWWS G[ GRL RUJ

_.HDUQ * & 3UHGDWDRBRVRWLP FRQRJHERXD@DD RI IL
3DUDVLWRORJ\

_.HDUQ * & 7KH VXUYLYIBDOW\IKAR®RWHQIDQDVLWHYV R
3DUDVLWR O RSG D S BVDHPLYFAGH RVIRR-HOWOUEDG. ) W & L@ O H \
/| + &KDSSHOO &DPEULGJH 8QLYHUWYAL W\ 3UHVV &DPEU
_.HDU® * /HHFKHV /LFH DQG /DPSUH\V $ 1DWXUDO +LVWR
RI )LVKSHWLQJHU 7KH 1HWKHUODQGV

.LP .+ 3DUND®G <HH % (IILFDF\ Rl RUDO DGPLQLVWUDWLI
PHEHQG D]R O HFRFIROWV\WO GIROREBIOWDY LQIHVWDWLRQ RI F
6HEDVWHV MRKOBDWEROR#\

LQJ & + OXFKLUL (0 DQG 2XPD - + (YLGHQFH D
SUD]LTXDQWHO6BKVUWRDRFH KDRH®MMRELXP) ,QIHFWLR

'LVHDVHYV =
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.LQJ 5% 5HDG '6 DQDXdWWWGWRQ :@®ROHFXODU DQDO\
SUHGDWLRQ D UHYLHZ RIEDNWGE 5SS EBRRIMHAHIPDW '(FBR O R
+
.ROR +RIIPOR 20VVRBHUJID XBRQIBY *URXS VWDELOL!
DQG KRPLQJ EHKDYLRXU EXW QR NLQ JWRHKKSD V IWRXXUFINCX
(FRORJ\ %
. RWWHODW)IOVKHV RI ORQJRDILDW R&KMHAN)LVKHY NQRZQ WR |
ZLWK &RPPHQWYV RQ 6\VVWHPOWHL F\D \DIQLGR VDD BR N
_.UDMHZVNL - 3 &OHDQLQJ H\SWR B XRF BBHHRQRAUVE W D
6SDULGDH LQ VRXWK %UD]LO-RXUQMROIREZ W R HHIDW LVMBH E
$VVRFLDWLRQ RI WKH 8QLWHG .LQJGRP
XLWHU 5 +*XLGH WR 6HD )LVKHNZR+RBOUWNQY®G OG5 Q H\
XLWHU DRG 7RQR]XND BLFWRUGBIOWR ,GBRQWKHDQ3DUW
)XVLOLHDM QHWY &BBVIORROERR@BIWLFY $XVWUDOLD
XLWHU DRG 7RQR]XNE BLFWRUGBOWR ,GBRDWKHDBQ3DUW
(HOBQDSSHUV 0OXMIDW@ERBHHWLFYV #$XVWUDOLD
XOELFNRQG $UQDO & &OHDQLQJ RI ILVK HFWRSDUD\
RQ VRIW ERWWRPV RQELMR &D@HGRQLD
.XQ]H D-QG $QGHUVRQ ' 7 )XQFWLRQDO PRUSKRORJ\ |
PLOO LQ WKH K&®IPEIW DRULIXENG LD QEHCD D&®X\E D QD U L X V
YLUHVAHQXE B JXULWIXBY BF&XOORFR UB@® XV OHMH H U
(GZDUGYV  $RRPOULBOHWWUDOLDQ -RXUQDO RI ODULQH

SHVHDUF Kt
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.XZDPXUD 7 'LITHUHQW UHVSRQVHV RI L/(DEKRUIKE HIVW K |
GLPLGLDWXREVHUYHG 3IXEGLEDWDRRY RI WKH 6HWR OC
/DERUDWR W\

/IDIIHUW\ .' +DUYHOO &' &RUDQWO0O JULKGPWDQ$ & 3F
(1 5RQGHDX ' DQG 6DNVLGD 6 W PDUHG W I RXKHE
DQG DTXDFXOW3QRXF®RGRFPLAY Rl ODWLQH 6FLHQFH

IDQJIRUG . + ‘[QHYDG 6DQEFKKR®DW .'R DQWLSDUDVLW
PHGLFLQHV XVHG LQ DTXDFXOWXUH SRVH D ULVN WR
(Qr LUR Q FHMQQOWFDAH FKRUR O +

/HD 50QG 5LFKDUGYV ' SF\WEKHW WKKIORLYBW KR G3IW FIMYFL I H!
&KDHW R G ROWVALUG/ DB F X 0 \BDMDLYBO OHWLQ RI WKH 6RXWKH
$FDGHP\ Rl 6FLHQREHYV

/IHH -+ .LP 7 : DQG &KRH - & &RPPHQVDOLVP R
RXWFRPHV LQ D ERUDDQ FIKUKR E GAHBRR/RJIL D =+

/HHV ) %DLOOLH 0 *HWWLQE\ * DQG 5HYLH & : )
HIILFDF\ Rl HPDPHFWLQ EHQ]RDWSHRSKMWXHN URQI HWDNCCP
6FRWWLVK VDRRBQDI® WRARVLVK '"EVHDVHYV

/JHFOHUFT H( $DRBGLOLIJDXG +HORXVLQJ HIILFLHQF\ RI IDUPH
/IDEUXV EHDJD@MIMR S KW K H L WOV HFMARRI QAW GDQ@W RF VD (¢
VDOBBWRR GWYW ODQDJHPHQW BFLHQFH

ILHVNHD QG 0\HUV 5&RIO@V 3RFNHW *XLGH &R 3D I5IHAID)QGKF
&DULEEHDQ LQFOXGLIUSRIE® B LAHNG BRI®G R Q

ILPEDXJK & & O H DEALQHIQWPIEIFRYRNULFD Q

/JLPEDXJK & 3HDBEGVRKDVH ) $ 6 KU L P 90X Q/&IDWL DORII

ODULQH 6FLHQEH
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/ILX ©QGDQKDXZDHU %MHQOWDMBDWLQJ FRVWV RI VHD OLFH
1RUZBUHQW DWWYHDBIGFLQH +

ILYHQIJRRG\I $ULBVDQE&KDSP)HQ AXDQWLWDWLYH PHDVXIL
HSLWKHOLDO LQMXU\ LQ RWE RE QMDD R VEKXREM.O B B\ @D\
ZLOG LPSREDKIXVEL®®G D DXDHXQ@IWXIURIGDO -RXUQDO |
BRLHW\ =

/JRHUFK 6 0 OF&DPPRQ $0 DQG 6LNNHO 3 & IRZ VX
3DFLILF GWRIQIRNVKWR 6 EW BISEREHQHQHQKI® HDVWHUQ &D L
(QYLURQPHQWDO %LRORM RI )LVKHV

/ySH} / OLTXHODUBIQ® 3RQWH *yPH] - %LRGLYHUVLGI
OD LFWLRIDXQ D 00M\FRISR QHBL F D

IRVH\ * 6 -U H RO RHHFsROWDRQHID RPELR¥ RVHLD *

IRVH\ * 6 -U &OHDQLQJ V\PELRVLYV LQ 3XHUWR 5LFR
SDFL&IRFSHLD +
IRVH\ * 6 J)LVK FOHDQLQJ V\PELRVLV SURJLPDWH FL

%HKDYLRUW

/IRVH\ * 6 %BDO®OME 3ULYLWHUD / $ &OHDQLQJ V\PELR
7KDODVVRPD BQS HWKHH \J & KHQRW X R\RSGID B +

/RVH\ *D&®G ODUJXOHV / &OHDQLQJ V\PELRVLV SURY]|
ILVGFLHQFH +

IXEERFN Q%5 (GZDUGV $ 7KH ILVKHRXRIQEDD ®W)B P K G6 VR

+
IXFDV BDGG %HQNHUW . $ IRUDJDOQHD HMEERIQD Y L KLY HEQ L O H

®IDWKHUMOPRBW VW &N UNDXWREWXD U L H\A
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IXNHQV 5 6IVR MIR/S R @ \DFOEN K OWVTINEXNE RGD 6WHQRSRG
IURP OLVA/tX®LSHVHDUFK 5HSRUWYV

ODF)DUODQG & * DQG 5HHGHU : * & OHDIQ DQRB VV\P
WRUWRLVHY DQG WZR VSHWKHRWRJI\'DUZLQ V ILQFKHV

ODGKXVXGDQD 5DR % DQG /DOLWKD . 9 %DFWHULF
EHQHILFLDO X D DX 6 WPO4H

ODLDRJXHLUD 5 OHGBUGRW '$9 1XQHNQG B$RPSLDQR & /

%DQGHG E XWWHW RG\RIQE K WHMWBRGERPWLGDH FOHDQ

W X L&KE B R Q L D& R HETRQIDL GIDHH %LRGLYHUW LW\ 5HFRUGYV

ODUFX¥VR<XQLV&ODXGI6DAIRQULTXH 6DOYD GRKM 0RUID(HV
D Q@GR U D H5/ BRGLXP IOXRUHVFHLQ IRU HDUO\ GHWH
$HURPRQDV K\GUHESKHGIDF W XV P H YoRXOFOMDWPLLF M WKH (X
$VVRFLDWLRQ RI )LVK S8DWKRORJLVWYV

ODULQ , 1 .RDQ®RVUQLHQFR ( BKWDULGHDQ/\VRDMPS YLWWD\
BWLPSVRQ 'HFDSRGD +LSSRO\WLGDH $ QHZ VS
5XVYDQ -RXUQD® BRODULQH

ODUWLQ % ' DQG 6FEYHIE RMLWLIHWKRAUDRBMY XGLHY LQ WK
+LVWRU\ Rl %LRORJ\

ODUWLQD®@G 6FKZDE ( XV D EBARE H R WLV \DRFARWPH® RO R J\
,QWHUQDWLRQDO -RXUDO RI %LRORJ\

ODUWLQERRL- ( 6WDPSRUDQGID®G $RVVROLQ ( & &
VKULPS &DULGHD 3DODHPRQLGDH DVYRH LBWEH® ZH W K
/LIH DQG (QYLURQPHQW

ODUVFKQHU J&P )JLWWLQJ JHQHUDOL]HG HOQFRH B U BPERRGHFON
-RXUQD®
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ODVXGDDQ@G .RED\DVKL*YDQG $WODV Rl )LVRNDLHS@RGHV VL
3UHVV 7RN\R

ODVXGD + $PDRND . $UDDRG&RSKHQR 7KH )LVKHV RI WK
-DSDQHVH $UBRDSHODRNDL 8QLYHUVLW\ 3UHVV 7RN\R

ODWWKHZWQImXUJHVV 3 -&U\SWRFDU\R@LIOLRISKRQY SULF
LQIHFWLR Q LS MG &PRMMRHV O BIEVMRRXWQ D O' RH PIMHK/

+

OF&DPPRQ $ 0 6DRIHDHPHWK (ITHFWV RI WKUHH

VKULPSY RQ HFWRSDUDVLW L(FD WRQ R DH € B RQWRIQE HID M/H |
+

OF&RUPLFN 0 2QWRJHQ\ Rl GLHW VKLIWV E& OH PR DREFDFDNAQLX
VSHFWDEBEHODWLRQVKLS EHWZHHQ IHHGLQJ PHFKDQLF
JURZOWDKILQH %LR®RJ\

OF&RXUW D®G 7KRPVRQ ' $ &OHDQLQJ EHKDYLRXU F
VHUJHDQWEROMRIX| WILRWVFKEADWK D UQVXPYWWRIFEDWDRQ"
WKH *XOIl Rl &DOLIRUQLR DAGRUGMDBRFW ZOQ/ HUV

OF&XWFKHRDQG O9F&XWFKHRQ $ ( 6\PELRWLF EHKDYL
WHP SHU DV ALHIMW H UtV

OF3KHDUVRQ 50 'H3DROD $ =\ZQR 65 ORWHV 0/ -U
$QWLELRWLF UHWQNIDMQFHH IEDEWHRILD I[URP FXOWXUHG
SRQBEVXDEXOWXUH%

OHVWHUBRRRQWQKG 'XJDWNLQ KBRSHUDWLRQ DPRQJ XQUHOD

HYROXWLRQDKH 4XPWR/WHW O\ 5S5SHYLHZ RI %LRORJ\
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OHVWHUBRRQW QG 'XIJDWNLQ / $ & BRISVHRI@AIHRPDD Q G
WRZDUGV WHVWDEOH PRGHOV RI$PKWXD OANRDYHRXNXV

t

OLFKDHODQ®G 5DQGDOOSHHI ) LYK®IXPH OLFURFRVP G6KHOE

OLOLW]DDG +XWVRQ . 6 %H\RQG V\PELRVLV FOHDQH
3/R6 21( H

OLQVKXO0O - / &OHDQLQJ EHKD YRS EB W HHHE® OVKLH |
ERXOHQJHU D QGO WKHRFFSOLIQMBUFXRXUQDO RI WK
/LPQRORJLFDO 6RFLHW\ Rl @BRXWKHUQ $IULFD

OR 4 /L:< :DQJ 4+ :DQJ -1L</ <DQJ 0 )DRXR&; /L
$: DQG 'DDQ ; &RPSDUDWLYH WUDQVFULSWLRQDO ¢
&U\SWRFDU\R@ UDVLWBQYWQG 9HFWRUV

ORRQH\ $ - @O@QHMWVWLQJIWRQ (JJOD\LQJ SDWWHUQV DQG L

SURGXFWLRQ LQ WKH PRIWBNOQHDIH SOQEAICRASIE DD
VHULRIRPH-DSDQHVHHHROR ZWD Q@R HDRGWRWYD +

ORUDLV 5% %URZQ - %HEDUG 6 )HUUHLUD & (, )OR
/'$ DQG 6DJLPD 0 R EW UKI® HRUOH DQISU S D WWZ R |
DVVRFLDWLRQV DW WIRK LVEGRD@HG BNVAHKH ODULQH ¢
$VVRFLDWLRQ RI WKH,8QLWH® .LQJGRP

ORUDQ -': :KLWDNHU '- DQG .HQW 0 / $ UHYLHZ
XGRIHJOLWVFK DQG LWV LPSDFW RQ WKH LQWHUC

FRPPHUFLD O TX\DKFEKWDLWHX/ W H
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ORRULQJD@®G® 0XQG\ 3 - ,QWHUDFWLRQV EHWZHHQ LP
1IDWLRQDO 3DUNULEPEDERIUQFRORJ\

ORRVOHLWQHU 9 + +] DXMDHHAHIIQV E R HROREORH O P FKIHIU $ Q] H |

+

ORUGXHDQG 3LNH $ 6DOPRQ IDUPLQJ WRZDUGV DQ |
VWUDWHJ\ IRV WHOD Q BRFH P 9 G W+

ORXUD 5/ ORUDHV)LO&R $PDGRHYHV /0 .DVVXJD $ ' 'f
DQG %DVWRV $ & $ GDUN VLGH RI FOHDQLQJ V
REVHUY®MLRXH %LRB,LYHUV MW\

ORXULWVHQ .1 DQG 3RXOLQ 5 FRFNKH PX\GRIFLDW DRYH Pl
LQ WKH LQWRHRMRGDXA DRQH"

OXQUR (6 OF,QWRVK IR(XHHBDU365- 'DQGLODQGYV -0 0
OD\HV $ 6 DQG 6PLWKPBUWDOLW\ HYHQW LQ ZUDVVH
DVVRFLDWHG ZLWK WKH SUHVHQFH RI YRXDQDKD R P RIMK
'LVHDVHV+

O\HUV 5 ) OLFURQHVLDQ B®AHEIQLYRWYWO *UDSKLFV %DUULJI

O\HUV 5) OLFURQHVLDQ 5HHI )LVKHV $ &RPSUHKHQVLYH
JLVKHV Rl OLFUB HBVL D&RUDO *UDSKLFV %DUULJDGD

1DWLRQDO +HDOWK DQG OHGLFDO 5HVHDUFK &RXQFLO
DQLPDOV IRBXMFERQAMW ILWK HGLWLRQ &DQEHUUD 1DW
5HVHDUFK &RXQFLO

1HLI'HU DQBNDPS U J)LVK VHGDWLRQ DQHVWKHVLD DQDC
FRQVLGHUDWLRQV PHWKRSEW LIXG W \RHV/BE RIWDKYR U\ $

"RXUQDO+
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1RJD (@®QG /HY\ 0 * 3K\OXP ')QRKODYHOVBWD Q® 'LVF
HG 37 . :RR &$%, 3XEOLVKLQJ SS

1RJD- DQEGRPNXWBRQUL)OXRUHVFHLQ $ UDSLG VHQVLWLYH
GHWHFWLQJ VNLQ 9-ONFHIWIDWMDLR QB D @& K R\OKR J \

1RUGOXQG '$ DQG /HZLV : - 7HUPLQRORJ\ Rl FK
LQWUDVSHFLILF DQG LQWXUQEB A FRI &K HO WAHDUD FRRLARRQIY

291HLOO -5HYLHZ RQ $QWLPLFURELDO 5HVLVWDQFH $QWLP
FULVLV IRU WKH KHDOWK DQG ZHDOWK RI QDWLRQV
5HVLVWDQFH $YDLODEOH IURP KWWSV DPU

UHYLHZ RUJ VLWHY GHIDXOW ILOHV $05 5HYLHZ 3DSF

/DENOLQJ D FIWRWLWKH KHDOWK DQG ZHDOWK

QDWLRQVB SGI
2195RUNH 5 /DYHUWVDANHYDPRYZ + 7VDL 3 %HFNOD\ [/ (

':DLWH $ 0 DQG -HIIVHWHUPLQLQJ WKH GLHW RI ODU®
OREBWRMN O L UXVXMNIQIWMKLIRXIJKSXW '1$ VHTXBOREEA QJ WH
21( H ‘2, MRXUQDO SRQH

295RUNH 5 /DYHUW\ 6' :DOD®-HRGGHY 6 ' 'HWHUPLC
GLHW RI ODUYDH RI WE HXBEZ® WRFNQOWRBMRKIKSXW '1$
VHTXHQFLQJ QVHFLKIOH PAUHRO R J)\

2DWHV - ODQIGF®VEDU\ 5 5RYLQJ DQG VHUYLFH TXD
/IDEURLGHV\EKRRP®RU =+

2FKRD ( 3HULROHWISHGHARADQLGHO 7RUR 6SHFLHV 'DWDE
7URSLFDO 5HVHDUFK ,QVWLWXWH $YI

KWWS ELRIJHRGE VWUL VL HGX EREBFBGVHEEDVH VHD
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2JDZD . $QRSORGMSBFXYRWDLORQRJIJHQHD $QRSORGLVFLGD
VHD EBBIDPXV PDWKRBDWKRDRJ\

2JDZD . %RHDEDMDVVR 0 * )XNXGRPH 0O DQG :DNDEI
1IHREHQHGHBAKDULUMHOOD <DPDJXWL ORQRJHQHD &
FXOWXUHG PDULQHRXWEDI® RI 3DSDYHWRORJ\

2NXQR 1IRWHV RQ WKH VKWR PIVRKMDIOH DHQ M V IURP -
, 2 3LYLQJ 1HZV+

2NXQR - 1HZ KRVW UHFRUG FRORUDWHRQFDQPRIQHV
D G X O DALDXFH 'HFDSRGD 3DODHPRQLGDH EDVHG RC
-DSDQ D Q G&UXIVADIF HD QH

2NXQRDQG %UXFH $ - $'GI\QIRMMQHRMRR | 3 HRIL FACKLHP HQ H V
DHVRSSKM¥LHV JURXSYT &UXVWDFHD 'HFDSRGD 3DODHP
D QHZ VSHFLHY DQG D FKHFNORRWDRD FRQJHQHULF VSH

2UU +$ )LWQHVV DQG LWV UR O H D@ XHHR DR IHRZ QY D*H\QHVOLL

+

gVWOXN®WVRQ 6 %HFRNGHULOWVRQ * ( 6KULPSV UHPR
IURP ILVKHV LQ W BoR REDURD W HH BAWHHIWYY

3DJH 0DQG %XUU %$0)LHOG *XLGH WR )UHVKZDWHU )LVKH
1RUWK RI GHRNFRWRQ OLIIOLQ &RPSDQ\ %RVWRQ

3DJH /DQG %XUU %$0)LHOG *XLGH WR )UHVKZDWHU )LVKH
1RUWK RI GHRPLFRW R Q DU FIRM QW+ %RVWRQ

3DORPDUHYVY 0 /" DQG 3DXO\ ' (GLAXRUAMHDOLIHBBWDHLRANYS D'

SDSLRUHN 6 -XQNGFRODRYWRVWO,YHVYHOR 1HWR $BDUGD|LPD
0 'RORZVNUHQWDWQG/ /I XQDX . %HHV ELUGYV DQG

SROOIGHBIMRGHQW FRQYHUJHQW 3HOROX WILRQMRI\89 SDW
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3DUHQBQG3DQGDOO - ( $Q DQQRWDWHG FKHFENOLVW
IDPLOV /DEULGDH DRXGNEFRORGDWXOOHWLQ RI WKH - / 9
L FKWK\RORJ\

3DUWULGJH * - %XUJH -7 DQGS$/WERSDUIBVRQ RI WKH SD
UDFHPLF SUDJLTXDQWHO DQG LWV WDR RIZWDQLWLRYESI
6HULROD 9DDOCHQFGEHQ®FNYDFXOWXUH 5HVHDUFK

3DW]QHMQG 'HEHOLXV3BUWQHUVFKDIXSSAUWMBO (QJHOEHDU\
9HUODJ *HUPDQ\

3DXO\ ' DQG =HOOHU WVEDRAZHR HR® @/K/H R Q) % PI¥FQX® W X U H
62),% ODULQH 3ROEF)\

3HDFRFN . $ 6\PELRVLV LQ HFRORERMIKR B R R XK\ LARIQ
6FLH@KHL ORVRSERORHGEW *DEED)\7KDJDYPE :RRWBWDQG
'LHJRRUWK +RI0BQG

3HQQOQGJ 9DXQKD6 )LYDVWDQWF (ZDQ &KHPLFDO LPPRELOL]I
Rl HODVPREUDQFKY DW X6KDND 6HD 7RWBO@® D'XREDQD @R
+XVEDQGU\ 0DQXDO ,, 5HEDQW BGEPDMENY 5@ WKMHQG WK
HGW 6PLWK:DUPROWNKRQB\+HXWHUOXUUDQG(]JFXUUD
6SHFLDO 3XEOLFDWLRQ RI WKH 2KLR %LR@RJLFDO 6XUY

3HULVVLQRWWR 5 DQG 3DNKRPRDWLRQ R BRHEER 6D PR |
JLIBYWK WXQBEBDWH WHIBB SMRRVRXWRHUQHRHBHRQR J\

+
3LQKHLUFDWHWESR\ 6DUNDIQG 5 &RUH 7HDP QOPH /L

1RQOLQHDU OL[HG (IITHFWV ORGHOV XVBEWENDJ&H5%¥HB VI

SURMHFW RUJ SDFNDJH QOPH
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3RRUH * & % ODULQH 'HFDSRG &UXVWWQDEXDWRIDGREW K H*XL
L GHQWLILSFOWWLBRROEOLVKLQJ 9LFWRULD

3RWWYV * 7KH HWKRORQLM®DEUXV PHEDWRRFRWHAXVRQ FO
VIPELRRXWQDO RI WKH ODULQH %LRORJLFDO $VVRFLDYV

+

3RWWV * : &OHDQLQJ V\PELRVLV DPRQJ %ULWLVK
&UHQLODEUXDERHEGREVYQDO RI WKH ODULQH %LRORJLFD
8QLWHG .LQIGRP

3RXOLQ 5 3K\ORJHQ\ HFRORLUW B @R RMPKH UWE K H\WQ/ YR-
(FRORJLFDO ORQRJUDSK

3RX0AQ (YROXW (RRORJIIDRIDVLWHYGLYRBGXBRORNXWRWLHYV
&KDSPDQ DQG +DOO /RQGRQ

3RXOLQD®G *UXWWHU $ 6  \WPELR\SHNRQP@W BG DIWGL Y H
H'S O D Q DWILRREFV. H Q B:H

3RXOLQQB 9LFNHU\ : / &OHDQLQJ V\PELRVLV DV DQ |
RU QRW WRXBKQHWIDWR|I 7KHRUHW+FDO %LRORJ\

3RZHOO $ 7UHDVXUHU .HD\- 3RRAME & ,PDQ®UE GH
/HDQL] & 8VH RI OXFS$,FRQAQWURMDQ VDOPRQ IDU
DQG RSSRBWKIQHAWLHY $TXDFXOWXDHA

3XULYLURMNXO®LVWRORJLFDO FKDQJHV Rl DTXDWLF DQLPD
+LVWRSDWKRDRIV DQG 5HFHE MO BGWRL@FHFK SXEOLVKH!
8. SS &

4XLPED\R -3 )ORHWHU 65 1RJXFKL 5 5DQIH®G & $ *
JHUUHLUDD @QG( BRFKD / $ &OHDQLQJ PXWXDOLVP

9HUGH $UFKLSHODJR DQG 6mR 7RPp ,VODQGV 7URS
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%LRORJLFDODYHBRRMHUBNVRORILFDO $VVRFLDWHRQ*RI WKH

4XLPD\R - 3 1XQHV /7 2]HNRVNL 5 )ORHWHU 65 ORUI
50 )HUUHLUD & (/ DQG 6D]JLPD |, &OHDQLQJ L
WKH 6RXWKPWORQWHBDWDO %LRORJ\ Rl J)LVKHV

4XLPEDA\R 6FKOLFNPDQQ 25 & )ORHWHU 65 DQG 6]
LQWHUDFWLRQV DW WKH VRXWKHUQ OLPLW RI WURSL
(QYLURQPHQWDO %RRORJ\ RI )LVKHV

4XLPED\R -3 D®G =DSD&HDQLQJ LQWHUDFWLRQV E\ JREL
3DFLILF FRROOQWHHRI )LVK %LRORJ\

AXLPED\R -3 =DSDWD ) $ )ORG®/BD]|LEPD ,%HVVXGRUWW L
FOHDQLQJ E\ D WUKB OHIRSLE RERGDELRHW |V

5 '"HYHORSPHQW &RUH57DPDQJXDJH DQG (QYLURQPHQW
&RPSXWAiQRXQGDWLRQ IRU 6WDWLVWLFR®VERP IXW L5Q J
SURMHFW RUJ

5DQGDOO0O - ( $ UHYLHZ R EWRHZHNKUG 8 VE V KSMIQRQV R
VSHFLHY DQG QR3MHVIRPD GFLREREH

5DQGDOO0 - ( )LV 6 WD Y Y R DRVA/ MDW L R Q V

5D@DOO0 - ( 5HYLVLRQ R/ADWEKRZMMKUGE VEVKSMIOXY RI
VSHFALIHAVURQHVLFD #

5DQGDOO0O -*XLGH WR +DZDLLDEDUHRIZRREHAMRRNY 3HQQV\O

5DQGDOO0O -D( $FDQWKX WGIPPEEKD,IQ/KH\GY 0 0 6PQHEK3 &
+HHPVWUD 9BSODIIHAHWHOLQ SS

5DQRGDOO E HG 6HD S5HH|PRNB®HBXEOLVKLQJ /RQGRQ
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5DQGDOO F (/DEULGPHWKPLVKHGY 0 0 6PQ®&R & +HHPVWUI
6SULQHWWDJ %HWOLQ SS

5DQGDOO0O -'LYHUYTV *XLGH WR )LVRPNORBXPOIGUKIHYI /RQGR

5DQGDOO0 - ( BO®WBYWHHRH )EMKHV Rl WKH *UHDW %DUULHU
6HD8QLYHUWDNZDLL 3UHVV +RQROXOX

5DQGDODQG @ROLQ 3IOUDFDWLQXV QHRZEHROHDQLQJ JRE\ IURP
+RQGXRRWDI[D *

5DQGDOO0O - (DQRE&IODBH ( + K S ONXRIWWDWARHGIVR H - RK Q V W
,VODB@GLILF 6 FLHQ@FH

5DQGDODQG (6SULQJHU /PEURLGHV SBFWHRZUDOMFLHV RI ODE
IURP WKH WURSLFDSR:HDWDIQQVIHDERFILAHW\ BRI ,FKWK\ROTF

5DQGDOO - ( :LOOLDPV - 7. 6BPLWKIOP * 0.XOEEBRVVH 3
0 &OXMDQG 0DQQ % 6 &KHFNOLVW RI WKH VKRU

TRQBIWROO 5HVHDURK %XOOHWLQ

5DWKMHQ : ) 2Q WKH SRVVLEOH DVVRFLDWERWHEHW Z
&RSHLD
5HIQLHU ) ( 6 HP Y RIIUKKHFRVDEDHD \BhQ B IR DIFRVIL RS UR G X F V
+
5K\QH QG /LQ - $ ZHVWHUQ $WODQWLF SHSSHUPLQ

RI/I\WPDWD ZXUGHPDFUQISWLRQ RI IRXU QHZ/\WPHDRLBIV D
UDWKERQRWMWDFHD 'HFDSRG@DXOIWRO\WILGDHLQH 6FL
+
S5LEELQN $ - IHHGE®IDYLRXUHPIQBMIDIMHGQ D QGH RAMRRU
/IDNH ODORELPRGXV HWBHUFGIVH &LAKOKIBDBIDQGY -RXUC

=RRORJ\ *
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S5LEELQND @G- /HZLV ' 6 GHODQRFKURWFBY FRIMDENRLFKOLG IUR

0DODZL ZKLFK IHHGV RQ HFW RISDUONU /B CDQ-R X D QDIOV |
+

5LRUGDQ & +XYUDE@DQQ - ORUD\ HHO DWWDFN LQ
DQG UHYLHZ RI W&B HUQHWDONXEHQYLURQRHQWDO OHG

SREHUWD/QG 6KHUUDWW 'HYHORSPHQW RI FRRSHUDWLYH Ut
LQFUHDVHG LDWHVUWPHQW

SREHEWV )LVK 3DWKWGBRHEQ -RKQ :LOH\ 6RQV ,QFRUSR!

5RELQV D&® G 5D& $ )LHOG *3W®HD @WRLF &RDVW )LVKHV RI 1
+RXJKWRQ OLIIOLQ &RPSDQ\ %RVWRQ

5RKGH . ODULQH 3DUDMLWRORHDLVKLQJ 9LFWRULD

6DEDM DG )HUUDULV & - -U 'RUD G& GIDFN TK\RW R\ AL
JUHVKZDWH W RXWKKH Y ®E &HQWED G $PHMWIL¥D6 DQEOODQ
& - JHUUDULV -U 3RUWR $OHJWH (',38&56 %UDVLO !

6DGRYD®G &RUQLVK 58B1 ILVKHV Rl +RQJ .RQJ 8QLYHUVLW\
$EHUGHHQ

6DJDUD 1 $VVRFLDWLRQ RI HFWRP\FRUUKL]DO IXQJL
IRUHVW KDELWDWV BEBFQBGORQ JRXPBIDRVRY"%RWDQ\

6DPXHOVHQ 7 - / RESUK LVYHVH B/LHGA B R IL B J H INVRRKKUDL MW
.ROPHU =RR

6DUJHQW QB &DIJHQEDFK * ( &OHDQLQJIBHEHKBDYLRKQHR/I
DQWKRSROWXWKLV(DEHV (HPGW &UXVWDFHDIXEEOBSR®DRI
ODULQH 6FLHQEH

6D]LPD , :KDW FRDWLV DQG PRQJIJRRVRIWIKDMRWQRBRFPRQ"

215

S5HIHUHQFHYV



6D]LPD , &DROWBRDRR 6D PD $ QHZ FOHDQHUDV¥HMALQNN R
$FWLQRSWHU\JLL *RELLGDH IURRRWKBI[BRXWKZHVWHU

6D]LPD *DVSDUDQIG 6RXUUD D5*UDPPD EUD VD @HZQEDVVOHW |
WKH ZHVWHUQ 6RXWK $WODQW LFT XTH UFEX URIDRH R | * BROWK
DQG $TXDWLF %&ERORJ\

6D]LRD *URV WP DQH C©0DQAD]LRPD E 7KH PRYLQJ JDUGHQV UH
JUD]LQJ FOHDQLQJ DQG &RPBIRAQJ JUHHQ WXUWOHYV

6D]JLPD , *URDQBDED]EPDD&+DZNVELOO WXUWOHV YLVLW P
FOHDQLQJ V\PELBMUAP E ANHZO\EQL RVEKUHL B BAMIQPRSS XV KLV SLC
%LRWD 1HRWUWRSLFD

6D]LPD & *URWVDWRDGDEPD |, 7XUWOH FOHDQHUV U
HSLELRQWYVY Rl VHD WXUWOHV LQ WKH WURSLFDO 6RXW
DVVRFLDWHR® WRSHFDO ,FKWK\RORJ\

6DJLPD & -RUGDQR 3 *XLPDUMB®QG36®]EBD 'RV 5HLV&GH)
DVVRFLDWLRQV EHWZHHQ ELUGY DQG KHUELYRURXYV
FRPSOHKMEXN =

6D]LPD.UDMHZVNL - 3 9 R®GDOmRPB 0, 7KH JODVV\ VZ
VHHNLQJ D YHUVDWLOH HRWUVY R BLWB CE HF K & K DRG] \

6D]LPIDQG ODFKDGR ) $ 8QGHUZDWHU REVHUYDWLRQ"
(QYLURQPHQWDO %LR®RJ\ RI J)LVKHV

6D]LPDDQG ORXUD 5 / &DUGEKDUNK L Q ¥VH S IQWIE] UIRE W K H
(ODFDWLQXV DM QBDODQGR GH 1RURQKD $UFKLSHODJR
&RSHLD +

6DJLPD , ORXYWQIE 5DVSDULGE 7#KH ZWDWUFRKRHUHV F\DQRFH

IDEULGDH DV D VSHFWLIXOIOHW LKORD QBIULQRNKFLHQFH
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6D]LPD , 6D]LPD)IOKRUBQBLQRXUD 5 / 'DLO\ FOHDQ
DQG HAMWLW\ RI FOLHQWYV RO DWR W LELDXOE GUURERY UHH IV
VRXWKHDVWOVYIQURQPHM@NDO %LR®RJI\ RI )LVKHV

6D]LPD , 6DPLP® ORUWLQV GD 6LOYD - -U JLVKHV
GROSKLQV DW RURDKPGRUGKLSHODJR WURSLFDO :HVW
DQG RYHUHRWUERSLFDO ,FKWK\RORJ\

6D]LPDD®G 6D]LPD | H HB®WQYNWIRQHIDWLRQ DQG RFFD)
DGXOW EXVWEWBHWRORGEEKNHWRBROYWLGDH LQ VRXWK:
&\PELXP -

6FKLDSDUB@® L$O6¥DUR 0 & ,QFLGHQWDO FOHDQLQJ
%RGLDQXV DIEHODQHRE H V /DEUL G D8R UDQO VBKIM IS HG 6HD

6FKLQGH®WDHDLQIDUHUDV(VHDI\Q2J /RQIDLBLHW]VEKHLELVFK
6 S5XH@HBDDOIHBRBKPMG7TLQHY<H]:KLWH +DUWHRDVWHLQ
(OLFHLWIRPD B DR&GDOUGRQD )LML D@RXSHM SODWIRUP
ELRORLRDB D D QUIDAMXUW OHWKRGV

6FKPDKO * 7KH FKHPRWKHUDS\ Rl PRQRJHDRIDIIV ZKL
3DUDVLWRORJLFD

6FKQHLGBIQG:.UXSS 3RPDFHQWULGDH &DVWDXxHWIDD/ MDT
)$2 SDUD ,GHQWLILFDWLRQ GH (VSHFLHV SDUD OR )LG
2ULHQIABD/O: )LVFKHU ) .UXSS : 6FKQHLGHU & 6RPPH
1LHP )$2 5RPH=*SS

6FRWW DQ® 6FRWW GWODQWLF )LVKSIQLRHEDQWGRI 7TRURQV
7RURQWR

BHHKDXVHQ 2 ODOQIHYD® $O0SHQ - - 0 (YROXWLRQ R

(DVW $IULFDQ -RXAK@PLCG RULMKROXWLRODU\ %LRORJ\
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6HYDWGDO 6 &RSOH\ [/ ' DCRQIER BN ER U J-DF ORRQWRULQJ R
WKH VHQVLWLYH®NRS WMWMPHQ URAR \SDOIRWR UR LIGWOLD GR U -
DQG 6FRWODQG XVLQJ ELRDWIYDDFRQGWXIWHRELW PRGHOC

6HYHWRVR DRG )J)URHKOLFK 2 & OHDOQLQ0HEHRKIDYXWR X U
IHVWLY WKH 3DQWDQDO ZHWODQGYV HYLGHQFH RI D SR
ODULQH DQG )UHVKZDWHU %HKDYERXU DQG 3K\VLRORJ\

6KDSLWR 9DULDWLRQ RI JURXS FRPSRVLWLRQ DQG VSDW
D VAKDQJL GBRIULAIKO %HKD YL RXU

6KHSKDUG . / )JXQFWHERQMRERV ILYK IPXEFEYVLRORX DQG )L

BKHSKHUGHB®B QG OXLUKHDG &OHDQLQJ V\PELRVLYV
DW $OWKRUSH ,VODQG 6 R X WHKDIXWIMFWMOLARLDV ORQ GV K & VERAF
BRXWK $XVWUD®LD

6KLIJHWD 7 DBYXNKVKLPD . EHQOWHKNOQ FOHP@HU DQG KR
SRUJ\ FOHDQLQJ EHKDYLRXU RI 3K QI Q56 B DAK BV KRJ RMH
LQ WKH 6HWR ,QO D QG3&HEF H H/VOH V QR HOBKH) Q VO K HBWAL Q J
RQ $TXDFDROW XUH

6KLQQ $ 3 3UDWRBRQRW ( 3DODGLQL * %URRNHU ( ( I
(FRQRPLF FRVWV RI SURWLVWDQ DQG P H\DJRDQWIRDOFRIN

+

6KLUDNDVKL 6 DQG +LUDQR & $FFXPXODWLRQ |
1HREHQHG H QH.IDJ V LRIGI ®OMXTVX BB X CAD X H H

6LHEBENDQEDUVKDOO 2FXODU PHGLD WUDQVPL¥\FIDRQ RI FI

FRUDOLVKINIHH XOWUDYLRQ HBW VHBRBKIMK'
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6LHEHFN 8 ( 3DUNHU $ 1 6SUHQJHU ' OIWKJHU /0 DQ

UHHI ILVK WKDW XVHV XOWUDYLROH®WXSDW QW WRLR ORI \F
+

6LNNHO 3 & ,QWUDVSHFLILF; FQHDWLRY E DINNRHILLOHD
+DHPXORGDHIRUQLD )LVK DQG *DPH

6LNNHO 3 & &HBH&{Wp , 0 ,Q VLWX HYLGHQFH IF
SUR[LPDWH FDXVH RI FOHDQLSQLPQW HUHKIWHRXW LQ UH

6LNNHO 3 & DQG 6PLW 1 - ,QWUDVSHFLILF FOHDQL
'LSORGXVLFOSHIQPNMGDH RII HDVWHUDREBRXVRK BQDIOF R 0
6FLHQFH =

6LWAMREDGLOOD $ DQG 2LGWPDQQ % L, QWHJUDWHG
ILVK IDUPLIQVUK ;QVHDVHYV 3UHYHQWLR QHIBQ &R QW UR O
$FDGHPLF 3UHVYV Ss

6LWAREDGLOOD $ &RQGH GH3HOOSW HURDE®IRNY ¥UWUR
WUHDWP H@®\8 P ULFARVO\OW FKURVROKWDLLOLFURFRW\OLGDH
WKH JLOOV RI JL G\S E HDRXE IV\REDT D FDDPW X &t H

BNLIWHVYLN $ % %MHOODQG 5 0 DQGURMURZ®DQRKD,QVHQ
'"HORXVLQJ Rl $WO6DQRR WEXOAX®RXXUHG YV Z/IDE® XD OO D
EHUJ\®@TWKIDFXOW X 4H

BNLIWHVYLN $ % %ORP'XULISJQDOW %BURZPDQ + , %MHC
+DUNHQVWDG / 6 3JIDNEVWQHRW )DXVNH O +DYHOLQ
DQG ORUWHQVHQUBVVH /DEULGDH DV FOHDQHWH ILVK L

7KH +DUGDQJHUVIMRWOEIUDY HD % IDR/GIRM W XY H D U F K
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6PLWK & / 1DWLRQDO $XGXERQ 6RFLHW\ )LHOG *XLGH WR 7
&DULEEHDQ WKH *XOIl RI OH[LFR )ORUIS®DUMXKEB %QRBP
,QF 1HZ <RUN

6PLWK 3 $SQWLPLFURELDO SHHWAHN VBB RQHGIWLQLD X K DH W C

I+

6 PLVBK &OHDQLQJ RI KDZUNWIPREG KMOUWED PEEG X 6 W)U H Q F
DQJHOGBIRFEFDQWKXNUSBIVGRIY R BIZ

6RDUHV 0 & 7KH QHXURELRORJ\ RI PXWXDOLVWLF EHI
VSRWPDURQWLHUV LQ %HKDYLRUDO 1H@ERKFLHQFH

6RDUHV 0 & %VKDU\ BQ&RUWMWERV,RO 6R&IFRPSHWLWLRQ IRU
LQFUHDVH VHUYLFH TXDOLMROARIFOHRDQLQJ JRELHV"

6RDWHY %V KD U&D U GRVRQE{ W, E 7KH PHDQLQJ RI MROWYV
FOLHQWYV RI FOQWKRIORIVURELHYV

6RDUH& 20LYLHUDSRY) + *UXWWHNQ® YV KD\ TDFWLOH
VWLPXODWLRQ ORZBIWX UIIW&RIFNNXEX)Y FDWKLRRDRP PV

6RNRORYVND\D 7 * 6BRQE8 GREWRNLHY WN&L ( , $ OLVW
WKH *UHDW %D\ WKRXERD®RIRIDEBYK\RORJ\

6RNRORZ 6 + +XWWLQJHU ( -RXDQDUG 1 +VLHK 0+ [/
* 6HQJKRU 6 7TKLDP$ &6DUULPDKHH DQG 'H /HR * §
SHGXFHG WUDQVPLVVLRQ RI KXPDQ VFKLVWRVRPLDVL\
SUDZQ WKDW SUH\V RQ WK3URG B HG LLQIW HRIIPW & H DIVDAV KR
RI 6FLHQFHV RI WKH 8QLWHG 6WAWOWHYV RI $PHULFD

6RPPHU & G6FKDRDAGGHRXWLHUWS$2 6SHFLHY ,GHQWLILFDWLRC

IRU J)LVKHU\ 3 XUSRVHV 7KH OLYLQJ)8RULBRPHS5HVRXUFH)
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6RPPHUVHW , .URVVi\ % %LHULQJQKYV DRUG ILWKVMQ BTXDI
([SHUW 5HYLHZ RI 9DFFLQHV

BRWR & * =KD®A@ 6KB& < + ,QWUDVSHFL&\E FUDLHIXYL Q.
FDUSQRDTXRKNURDO RI )LVK %$LRORJ\

6SDOO 5 3RVVLEOH FDVHV Rl FOHDQ LAQUDOWEEWRYVYRD \
RI WKH $PHULFDQ )LVKHULHV 6RFLHW\

6SRWWH 6 3& OHBQHRIO IQIGWHLP BMHEHVXQWH UV

6SRWWH 6 3RV V WKHH ZH\DR BUR) RW O D Q3MILAL D@IHFPHRE@HV
SHGHWRRDQWKEBSNHBXRQ PRAMSKRIOWIQ RI ODULQH 6FL

+

BWDXIIHU -5 -U IDIVFOWOWDY@URLMK 7HOHRVWHL &l
/DNH 0DODRM&RIHLD +

BWHQWLIRUBLO 3HHOHWBKLHOGEPDOO )OHIHO 90PN
"RQM ORUDB®RRVY /RW] %DUWKROBRMKUL@IHWDXWRQ
& DQBAJIJKWQS U 'LVHDVH ZU®W XQLP LRRGRPXSSAEDO

FUXVWDFHDQ ILVKHU\ DQ® XWIXDF XKW QY H UMHHFBEMRDUWH 3

t

6WHQWLIRUG * ' G6ULWXQ\DOXEFENVDQD . )OHJHO 7 o
% , WVDWKLWSKDLVDUQ 2 DQG %DVV ‘' 1HZ SD
DTXDFXOWXUH G LY HBV H 3 DRUKLR/IH/Q VH "2,

MRQDO SSDW
6WUDVEXUJ ' : I1RWHV RQ WKH GLHW DQG FRUUHODW
(FKHQHL G& RY/KIHV +
6WXPRFHU HOOHU-RKQW R ® Q&{ W, 6LIH DQG VWULSHV KI

FOLHQWY UHFRIYQLRB & OHIX@PHAULR X U
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6 XEDVLQJKH SBHJLRQDO UHYLHZ RQ VWDWXV DQG WUHQGYV
$VIIDFLILF )$2 )LVKHULHYV DQG $TXDFXOWXUH &LUFXOD

' XWWS 777 IR RUSGID

6XODN . &OHDQLQJ EHKDYLRU L/G SRRH VF 1P Q WILEKIKULGV
OLFURSWHU X \$ IDROCPQR 4G-HM ¥ LR U

6XQ ' &KHQH\ ./ :HUPLQJKDXVHQ - OHHNDQ DQ@G OF&R
*UXWWHU $ 6 FOHDGHILF Z UOVVH LQFUHDVHV W
GDPVHOILVKHYV %ERRBDRUD HWKMH YV

6 Y HQ V3SR Q Q&N | OrGL 6NLQ ELRSVLHV DV WRROV WR PHDVX
FRORU FRONU®G %+FREIMWSHFHBLKRBNDQ7HFK SXEOLVKHUYV
SS &

6ZDUW] 6 / &OHDQLQJ V\P EIWRK/H IV LEHRVEXGIG QLIDIR\G K DG
(VFKHULFKWLX\WQ UREXY® %WDQ ,JQDFLR %D M)D \BKHULIR U Q
%XOOHWLQ

6]LGHWQG 1DQL $ /DV UHPRUDV GHO $WODQWLFR $XV
QDWXUDO \ GH SDUDVLWRV 3LVF (FKHQHLGDH ,QVWI
&LHQFLDV 1DWXUDOHV %XHQRV $LUHV $UJHQWLQD 5H
1IDWXUDOHV %HUQBRRIORRtPLY¥DGDYLD

7KUHVKHU 5 ( 3RVVLEOH PORRRIBAKDQW KEX 3M WRH YR OR
3RPDFDQVE&RISGID B -

7LQNHU 6 :)LVKHV RI +DZDLL D +DQGERKN R WRH DDLUDQE
&HQWUDO 3DFDIZDREPQ BHUYLFH ,QF +RQROXOX

7JLWXV % 0 '@ (GWRQ ' $ 7HPSRUDO SDWWHUQV
$QF\ORPHQHV&EBWEHUVRQEOHDQLQJ LQWHUDFWLRQV RG

ODULQ@QRORJI\ *
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7LW%Y 9RQG UL \VIND® O\0 &RPSDUDWLYH EHKDYLRXUDO
GHPRQVWUDWH WKMHHWEGBDPHQ K \W RUDBPSE D QIOF WM XH V\P
FOHDQLQJ LORABDODFR\FILAIQW 2SHQ 6FLHQFH

7UHDVXUHU &OHDQHU )LVK %LRORJ\ DQG $TXBKEDWXKIHQS$S
6KHIILHOG S8S

7UHDVXUHU - : $ UHYLHZ Rl SRWHQWLDO SDWKRJHQ
FOHDQHU ILVK LQ BHR®RODRDCHBFEIWER BL

7UHDVXUHU - : 'LVHDVHV Rl QRUWK (XURSHDQ ZUDVV
ZLWK FRK D EGWDEHXDUIPRI N DPRMUQ DO RI )LVK 'EVHDVHYV

7UXMIRIQFPOH] $ &RQVWDQWLQRLX & & 5RZH 5 DQG +)
WUDQVSDUHQW PRQRJHQHDQ SDUDVLWHQWHU QDW L R
-RXUQDO IRU 3DUDVLWRORJ\ 3DUDVLWHVY DQG :LOGOLII

7XEEV |/ $ DG 0OL'QJ (IITHFW RI GRVH HVFDODWLRC
SKDUPDFRNLQHWLFV RI RUDOO\ DGPL®HVIWRUMNG BODJI
$TXDFXOWXUH%

7X00\ 2 'DO\ 3 /\WDJRWG ®DUHD®\ & - $ Z BIYWVRI FO
&HQWURODEUXV H§ BBIQWRBOW E UXN UXB HRQWLWRO LQIHVV
&DOLJIXV HIRRUGIMMXY RQ IDUP HG$$ WIDFXIDWLDEJWD OP R Q

7X00\ 2 DQG OF)DGGHQLRQ LQ VHEDDALMDWH S\H RFSIK Wi Bl LQJLXF
VDOPR@RIHU @ WR GLFKORUYRV RQ zU LNKX IVEXOPWR QU HD
5HVHDUF Kt

7XUQEXOO 7$/VWXG\6FPIEWRSHW DD W LR Q V K L SDEHWA PERHIQ B/BK H
3HULFOLPHQHMRMKBHABHYWRWWDFHD 'HF BSHEGBHDMWY GH D

GHUUDDRVYIGHYV LQ WKBHK'WDKBWIDW 1HZ <RUN 8QLYHUVLW\
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7\OHU $ 9 $ FOHDQLQJ V\PELRV L/ FEIHQ\LDH SDIQUEY BVHK HJ D L
VWQAEBBENOWHYV T&OHVIDFKIYNH 6 ELHQFH

7]JLRXYHOL 9 %DVWRWG “RIPGUZRRG 2 )XQFWLRQDC
PRXWKSDUWY DQG GLJHVWLYH V\VWHP GXULQJ ODUYD
/\VPDWD DPEBHQHIY L\RXUQDO Rl ORUSKRORJ\

YDQ GHU (OVW *3LGH WR WKH &RPPRQ 6HD )LVKHYGR GBRXWKK
3XEOLVKHUV &DSH 7RZQ

9DQ 7DVVHOO DRGWURWRRGH 6 $ &OHDQLQJ EHKDYLTF
DO YHUWHEUDWHV L@ \WEHX&DQD:U\ ,VODQGYV

9DXJKDQ D'Q® &KLVKROP / $ $ HQRHKZ W 8§ M BIBHRWWRO H
ORQRJHQHD ORQRFRW\O L5KD I RIERP RADKISEIHOMDREI W H Q C
5KLQREDW LG BMNWRKIH UK ABL S VRH BSDWLIFFD 3D UD V4 WRORJ\

9DXJKD® *UXWWHERVVWHMIRXWVRQ &OHDQHU ILVKHV DQG
GLYHUVLW\HDYQ® XDWILHRQ RI FOHDWH QUQG\PERZRWHYHV

IDI

9DXJKD® 3HQ@PLRDQEKULVWLVRQ 3KHQR[\HWKDQRO DV DQI
LQ UHPRYLQJ DQG UHORFDWLQJ VSHFLHV RI ILVKHV
'RUOG WR X6KDND O0DULQH2@REIDGY VWBRIRAKUWMURKD QDO |
5HVHDUF Kt

9HUVFKXHUH / B5RPEDXW * 6RUJHORRV 3 DQG 9HUVWU
ELRORJLFDO FRQWUROODREHRELR OR JD TXDE XBWMNBKODU %

+
YRQ :DKOHUW * DQG YR Q/HDKRORSRV WH P HQ W GHIQQ B W BURX B

PHODQRFBEBXGDH HQ ®ldGILW\M LWUWBDQ pl X
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'DLQZULJKWQG %®HOOZRRG(FRPRUSKRORJ\ Rl IHHGLQJ LQ FR
,Q HB )6 DO&RUIHOJLVKHY '\QDPL¥NUNVQ@RP SQFRV\VWHP
$FDGHPLF 3UHVV 6BPQ 'LHJR SS

'DOGLH 3 $ %ORPEHUJ 6 3 &KHDEG *UXWRGIGL]HE $ :
WURIHFWYV RHDEWIDEURLGHV RIGRIUGHEM/FERPPXQLWLHV
3/R6 21(

':DOODFH , 6 'RQDOG OXUWDQUR BIUW & & 6WDJJ + +D
1 $ VXUYH\ Rl ZLOG PDULQH ILVK LGHQWLILHV D S
YLUDO KDHPRUUKDJLF W HAEIUADGHDRM. DXNVG & DIVVFOHDQH L
$W O D QW LEDWPRPARICOLRK UQDO RI )LVK '"EVHDVHYV

DO VK- 6WDELOLW\ RI D FRUDO UHHI ILVK FRPPXQLW\ |
&RUDO 5HHIV

'DQJ %DUNDQRVOHWRGLEHHE DQ&ZLPPKU '"HYHORSLQJ
XOWUDYLROHW LOOXPLQDWLRQ RI JLOOQHYYRIWR D P H\
IHWWHUV

'DQJ : DQG /BDQJ < 6XVFHSWLELOLW\ RU UHVLVWDQFH
VFKLVWRVRPLB\DLWD \VOLWRYRHX 5HV HD UFK

DWWV - (0 B6FKUHLHU + - /DQVND / DQG +DOH 0 6

DOWLPLHYREMDMBH LQ DTXDFXOW XU H DWRXQUAF HAMX JWL Q N

‘2, PG
"HHNV 3 ELOIWEG R[SHFNHU YDBBHKODNVRRIDWIKFRBPRUGV"
"HLW]PD@Q¥% OHUFDGHU / )LUVW UHSRBWGRUDIFOWBQ

FDQGRRELHVRFLGDH LQ WKRBR\PEHEGXKWHUWDQHDQ 6HD
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"HVWQHDW 0 : IDEULGDH :UDVVHV KRJILVK$RZY UD]RL
6SHFIGHQWLIFKDWHREA®KBUYSRWIBY . ( &DDQBQWHUHP

7KH OLYLQJ PDULQH UHVRXUFHV RI WKH :HVWHUQ &HQV
IDEULGDH WR /DWLPHULLGDH HVWXDWELQH FURFRGLO}
"KHHOW WQBGRUFKIODQR OP3HWPUPXWDWLRQ WHVWYV |IRU OL

SDFNDJH YHURWNWR/GYV SYURIMHFEW RUJ SDFNDJH OP3HUP

'KLWHPDQDQG® &{Wp , O 6H[ GQLIGUEEGRBY LIRX B @HIDG G
&DULEEHDQ FOHDQUL@DOJRE\WKH O0DULQH %LRORJLFDO
.LQJGRP %

' KLWWLQIWBRQGHYHQH\ 05 1HZ%HQHGWHSHMLHY ORQRJHQ!
&DSVDOLGDHD JUDPPD ODBHWAXRUPHY +DHPXOLGDH R
%DUULHU 5HHI $XVWUDOLD ZLWK RQFRPLUDFLGLDO GH
WR WKH XRYBDUPDRIWRO =

'KLWWLQJWRQ ,' DQG .HDUQ * & 1D VB OKOLVY\K M @ ) [DQW

SDUDVLWHYV WKDW |IDFRLNVHWMDDYH KR G RIRFSDRROW LY H

'LFNOHU : SXKWIWAELRVHERUNVMGKE@DN LFKRIBDYOHHBFK HLQ
EHLWUDND IIDHQIUGHH XVBUXFNVEHZHJX QIHLON M BKVMWW Kk
7TLHUSV\FKRORYLH

'LENVWHQ O .:LWKLHFLHV Y DBHIDWDRQ HIQHYV ,\WH\D W ZQWKX V
WD[RQRPLF UHPDUNGCHRB®R®GH &UXVWDFHD '"HFDSRGI
SDODHPRUWRBMBGELQJIJV RI WKH %YLRORJLFDO 6REFLHW\ RI :LC
'LFNVWHQ 0 %9HKDYLRXU RI FOHDQHUY DQG WKHLU FOLHQ\

SQWLARXWWDO RI 1IDWXURBRO +LVWRU\
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'LEFNVWHQ O . ,QW H RD AWYIR @9 HRAEMBMHRD ERED &DULGH
/\VPDW L&DX/WDFHD QD

:LONLQV $ 6 KDWYV LQ D ELRORJLFDO WHUP" U}
%LR(VVD\V =

:LOOLDPV 5 ( (UQVW , &KDPEHUV & % DQG :KLWWLQJ
DGPLQLVWHUHG SUD¥HX{DOWBOVDBWEAERQBWHQLD VHULF
ORQRJHQHD LQ \HO®HRZIWRIDLD OMMIIMHWMKR| $TXDWLF 2U.

+

LWWIBD QG WD ( / 0 +DSORFKIWRRHYH FWHOQRERPLF D

PRUSKRORJLFDO GHVFULSWIHRX RU G\DARG @ H R XMSGIFQ HR/|
+

'RQJ -: DQG OLFKLHOV 1 . & R QWKWRX JKI I RIFLHD\OV PR
KHURDBGLWLPEWKQWRSUV LQ =RRORJ\

'RRG / 6HD )LVKHV RI WKH OHGLWHUUDQHDQ LQFOXC
%ORRPVEXU\ 3XEOLVKLQJ /RQGRQ

\PDQ 5 DQG :DUG -$ FOHDGLQJ V\PELRVLV EHWZHHQ W
(QWURSOXV PEEXNIRBOKY VXUDMWHQSWY.RQ DQG SRVVLE
&RSHLD -

<DOGZ\Q - & 5HFRUGVY Rl DQG REVHUBIWAIQRGK\RQ \

$XVWUDOLD 1HZ =HDZBQW BRRVMED O/IRDXKNKRRORJILVW

<DPDPRWR 6 O6KLUDNDVKL 6 ORULPRWR 6 ,VKLPDUX
RUDO SUD]JLTXDQWHO WUHDWPHQW DJDLQVW WKH VNLQ

6FRPEHU MBTRQDERKOWXUH=*
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<RNHV D®G *DOLO % 6HZ UHFRUGV Rl DOLHQ GHFDSRGYV
OHGLWHUUDQHDQ FRDVW RI 7XUNH\ ZLWK D GHVFULS
=RRV\VWHPD=

<RXQJEOXWK 0 1 \R HRFIWAND KIREOWR K \RORH D/QKWKD EURL G H V

SKWKLURHDKIOEGRHMONVFKULIW IXU 7LHU]JXFKWXQJ+XQG =XF

=DQGHU D&G 6|WMH 6HDVRQDO DQG JHRJUDSKLFD

DFWLYLW\ LQ WKH 6HOGUWREGDQ O @QLQ GHBHVHDUFK
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$SSHQGHQLMMVRIDESURYDO

229

$SSHQGLFHV



230

$SSHQGLFHV



231

$SSHQGLFHV



232

$SSHQGLFHV



233

$SSHQGLFHV



$SSHQGL] '"HWDLOV RI WKH VWDWLVWLFDO DQDO\VH

%HKDYLRXUDO DQDO\VHV

Graphic representation of initial models: _

*Cleaning locations !
X Injured side on injured fish
X Not injured side on injured fish
*Cleaning locations 2 And/or Oral and Ventral
X  Left side on uninjured fish
x  Right side on uninjured fish

Graphic representation of alternative approaches:

X Injured side on injured fish

X Notinjured side on injured fish
*Cleaning locations 2

X  Left side on uninjured fish
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X Right side on uninjured fish
d $Sf <" —"fZ «'t$Ze —et "f..of%te gZetkhY g..f"h]
d t“—Fe—<fZ —fe—e " "<Eft £t e —ef f fZT —Fe— ""'e —St g...f"h "f..of%
# A: Does cleaning time differ between cleaning locations and over time?
# This initial exploratory model looks at all cleaning locations which
# includes four levels of fish sides (both sides of injured and uninjured
# fish), plus ventral and oral cleaning locations. Subsequent models use a
# data subset excluding oral and ventral cleaning locations to focus on
# comparisons of injured and unin jured sides. Sections B to D explore the
# most appropriate way to model the effects of time and cleaning location;
# section E shows the final preferred model.

# First model:

>All.Imer = Imer(cleaning_time ~ Day * cleaning_location + (1 | Fish) + (1 |
Shrimp),data=All.data)

> Anova(All.Imer)

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: cleaning_time
Chisq Df Pr(>Chisq)
Day 2.4448 1 0.11791
cleaning_location 377.9274 5 <2e-16***
Day: cleaning_location 9.9174 5 0.07761 .

<Y%oe<"\ ...'Tfe[ e g«<<h eleeh g«<h e\leh g<h e\el g\h e\h g h h

# B: Does cleaning time or temporal changes in cleaning time,
# differ between injured and uninjured sides?
# Second mode| excluding oral and ventral interaction locations:

>Second.lmer = Imer(cleaning_time ~ Day * cleaning_location + (1 | Fish) + (1 |
Shrimp),data=All.dataR.14)

> Anova(Second.Imer)

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: cleaning_time

Chisq Df Pr(>Chisq)
Day 3.4968 1 0.06149.
cleaning_location 1.9222 3 0.58871
Day:cleaning_location 8.4222 3 0.03805 *

<Uoo<”\ ...'Tfte[ e g«<<h eleeh g«<h e\eh g<h e\ellg\th e\h g

# C Does allowing curvature better describe the effect of Day?
# Third model, Day included with both linear and quadratic terms:

> Model3.Imer = Imer(cleaning_time ~ cleaning_location * (Day + I(Day”2)) + (1 |
Fish) + (1 | Shrimp),data=All.dataR.14 )

> Anova(Model3.Imer)

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: cleaning_time
Chisq Df Pr(>Chisq)

cleaning_location 1.9289 3 0.58729
Day 6.2952 1 0.01211*
[(Day”2) 3.9331 1 0.04734*
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cleaning_location:Day  6.1754 3 0.10338
cleaning_location:I(Day”2) 4.0167 3 0.25966

<Y%oe<"\ ...'TFfe[ e g«<<h eleeh g«<h eleh g«<h e\el g\h e\h g h h

# D. Does the day effect extend beyond the day of initial injury?
# Fourth model, Day 0 excluded
# Shows no effect of day or cleaning location with Day 0 removed:

> Model4.Imer = Imer(cleaning_time ~ cleaning_location * (Day + I(Day”2)) + (1 |
Fish) + (1 | Shrimp),data=All.dataR.14, Su bset: Day > 0)

> Anova(Model4.Imer)

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: cleaning_time
Chisq Df Pr(>Chisq)

cleaning_location 2.6754 3 0.4444
Day 0.9118 1 0.3396
I[(Day”2) 0.8790 1 0.3485

cleaning_location:Day  0.4673 3  0.9260
cleaning_location:l(Day”~2) 0.3612 3 0.9481

# E. Final analysis

# Fifth model, Day as a binary categoric variable

# (isDayO = True or False),

# ¢ onfirms Day 0 effect varies between cleaning locations

> Model5.Imer = Imer(cleaning_time ~ cleaning_location * isDay0 + (1 | Subject) +
(1 | Shrimp),data=All.dataR.14)
> Anova(Model5.Imer)
Analysis of Deviance Table (Type Il Wald chisquare tests)
Response: cleaning_time
Chisq Df Pr(>Chisq)
cleaning_location 1.9794 3 0.576691
isDay0 7.5341 1 0.006054 **
cleaning_location:isDay0 9.3244 3 0.025275 *

> confint(Model5.Imer)
Computing p rofile confidence intervals ...
25% 97.5%

.sig01 0.19213809 0.34210407

.sig02 0.12235332 0.26865399

.sigma 0.41993828 0.48678741

(Int ercept) 1.85481519 2.16861666
cleaning_location 2 -0.23101041 0.03660577
cleaning_location 3 -0.21046707 0.18919327
cleaning_location 4 -0.25772792 0.14226903
isDayOTRUE -0.717975 44 -0.23326499
cleaning_location 2:isDayOTRUE -0.05944865 0.60981872

cleaning_location 3:isDayOTRUE 0.13740865 0.82006798
cleaning_location 4:isDayOTRUE 0.11228058 0.77086096

# The above provides Table 3. 1in the text
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-ROWLQJ

Graphic representation of jolting model:

## Analysis of jolting

# Is jolting related to cheating, or is it fish idiosyncrasy?

d f—fe—<fZ —fe—e " "8Ft F°"f..—e —ef f fZT —Fe— o f..of%%t g..f"hE

> Jolts.Imer = Imer(Jolts ~ DayJ + TreatmentJ + (1 | FishJd) + (1 |
ShrimpJ),data=Jolts.datal)

> Anova(Jolts.Imer)

Analysis of Deviance T able (Type Il Wald chisquare tests)

Response: Jolts

Chisq Df Pr(>Chisq)
DayJ 43979 6 0.6230
Treatmentd 1.4340 1 0.2311

# Test for idiosyncrasy of shrimp on the model, compare models with and without
shrimp as a random effect:

> Jolts_modell=Imer(Jolts~DayJ+TreatmentJ+(1|FishJ)+(1|ShrimpJ),data=Jolts.datal)
> Jolts_model2=Imer(Jolts~DayJ+TreatmentJ+(1|FishJ),data=Jolts.datal)
>
> anova(Jolts_modell,Jolts_model2)
refitting model(s) with ML (instead of REML)
Data: Jolts.datal
Models:
Jolts_model2: Jolts ~ DayJ + TreatmentJ + (1 | FishJ)
Jolts_modell: Jolts ~ DayJ + TreatmentJ + (1 | FishJ) + (1 | ShrimpJ)
Df AIC BIC logLik deviance Chisq Chi Df Pr(>Chisq)
Jolts_model2 10 986.25 1022.2 -483.12 966.25
Jolts_modell 11 987.35 1026.9 -482.67 965.350.9012 1 0.3425

## Shrimp had no effect on the model as a random effect
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# Test for idiosyncrasy of Fish on the model, compare models with and without Fish
as a random effect:

> anova(Jolts_modell,Jolts_model2)

refitting model(s) with ML (instead of REML)

Data: Jolts.datal

Models:

Jolts_model2: Jolts ~ DayJ + TreatmentJ + (1 | ShrimpJ)
Jolts_modell: Jolts ~ DayJ + TreatmentJ + (1 | FishJd) + (1 | ShrimpJ)

Df AIC BIC logLik deviance Chisq Chi Df Pr(>Chisq)
Jolts_model2 10 1041.74 1077.7 -510.87 1021.74
Jolts_modell 11 987.35 1026.9 -482.67 965.3556.391 1 5.939% - 14w+

<Uoe<"\ ...'Tfte[ e g«<<h eleeh g«<h eleh gkh e\le g h h

## Fish had a significant effect on the model as a random effect

‘KLWH OHRE®&RMXOWD O\VHYV

## Analysis of redness at injury site (the a- channel for white light)
## IWS  winjury with shrimp; INS wnjury without shrimp

# A: Is there an increase in redness at the injury site

# immediately post - injury(between day O (baseline) and day 2)?

# BNI 0 (baseline) is the reference level to which both INS 2 (day 2

# without shrimp) and IWS 2 (day 2 with shrimp) are compared

# Analysis is done as a one - way anova because the baseline group is the
# same for both INS 2 and IWS 2

> first.Im = Im(Channel_a ~Treat.uni, data=red[red$Day < 3,])
> anova(first.Im)
Analysis of Variance Table

Response: Channel_a

Df Sum Sg Me an Sq F value Pr(>F)
Treat.uni 2 0.0072222 0.0036111 3.4151 0.04953 *
Residuals 24 0.0253778 0.0010574

> summary(first.Im)
Call:
Im(formula = Channel_a ~ Treat.uni, data = red[red$Day < 3, ])

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.87444 0.01084 172.931 <2e - 16 ***
Treat.uniINS 2 0.03889 0.01533 2.537 0.0181*
Treat.unilWS 2 0.02778 0.01533 1.812 0.0825.

Residual standard error: 0.0325 2 on 24 degrees of freedom
Multiple R - squared: 0.2215, Adjusted R - squared: 0.1567
F- statistic: 3.415 on 2 and 24 DF, p - value: 0.04953

## post - hoc tests

> library(multcomp)

> compareFirst = glht(first.Im, linfct=mcp(Treat.uni="Tukey"))
> summary(compar eFirst)
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Simultaneous Tests for General Linear Hypotheses
Multiple Comparisons of Means: Tukey Contrasts
Fit: Im(formula = Channel_a ~ Treat.uni, data = red[red$Day < 3, ])

Linear Hypotheses:
Estimate Std. Error t value Pr(>|t|)
INS2 - BNIO==0 0.03889 0.01533 2.537 0.0458 *
IWS2 - BNIO==0 0.02778 0.01533 1.812 0.1871
IWS2 - INS2-== -0.01111 0.01533 -0.725 0.7513

## B: Does Shrimp presence affect redness after Day 27

> later.Im=Im(Channel_a  ~Shrimp*Day, data=Red[Red$Day>2,])
> anova(later.Im)
Analysis of Variance Table
Response: Channel_a
Df Sum Sq Mean Sq F value Pr(>F)
Shrimp 1 0.016900 0.0169000 8.3058 0.007004 **
Day 1 0.000044 0.0000444 0.0218 0.883433
Shrimp:Day 1 0.000100 0.0001000 0.0491 0.825963
Residuals 32 0.065111 0.0020347

## rerun omitting interaction term

> later.Im=Im(Channel_a~Shrimp+Day, data=Red[Red$Day>2,])
> summary(later.Im)

Call:

Im(formula = Channel_a ~ Shrimp + Day, data = red[red$Day >

2,1])

Residuals:
Min 1Q Median 30 Max
-0.089444 -0.027500 -0.003889 0.028889 0.113889

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.895000 0.038498 49.224 <2e - 16 *x*
ShrimpPresent - 0.043333 0.014818 -2.924 0.0062 **
Day 0.001111 0.007409 0.150 0.8817
Residual standard error: 0.04445 on 33 degrees of freedom
Multiple R - squared: 0.2062, Adjusted R - squared: 0.1581
F- statistic: 4.287 on 2 and 33 DF, p - value: 0.02212
## Analysis of yellowness at injury site (the b- channel for white light)

# C: Isthere a change in yellowness at the injury site
# immediately post - injury(between day O (baseline) and day 2)?

>first.Im = Im(formula = channel_b ~ Treat.uni, data=YELLOW[YELLOWS$Day <3, ])
> anova(first.Im)
Analysis of Variance Table
Response: ch annel_b
Df Sum Sq Mean Sq F value Pr(>F)
Treat.uni 2 0.007652 0.0038259 2.4277 0.1096
Residuals 24 0.037822 0.0015759
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# D: Does Shrimp presence affect yellowness after Day 2?

>later.Im=Im(channel_b~Shrimp+Day,data=YELLOW[YELLOWS$Day>2,] )
> anova(later.Im)
Analysis of Variance Table
Response: channel_b
Df Sum Sq Mean Sq F value Pr(>F)
Shrimp 1 0.002025 0.0020250 0.6481 0.4266
Day 1 0.001736 0.0017361 0.5556 0.4613
Residuals 33 0.103114 0.0031247

/[ROZDYHOWUD WIR/OXKW GDPDIMHYV

Graphic representation of long - wave UV model:

Random effect

Fish

Fixed effects

# Do shrimp increase levels of non - specific skin injury?

# Analysis of non - specific epithelial injury measured with long - wave

d —Z-"f "< Z%—"S'— %" f'S>\ ofe "f..of%Te gZetkh fet g..f"h
# Four fixed effects, all analyzed as factors:

# Injured: fish deliberately injured or not on day O;

# withShrimp: Shrimp pres ent or absent;

# fday: Day (2, 4, or 6)

# simpSide: Fish side (Injured or control) wuninjured fish had 2
# control sides; injured fish had 1
# Estimable interaction terms all had p - values > 0.10 so only additive

# effects are analyzed below
# Random inte rcept model with individual fish as a random effect

> UV.Imer = Imer(Area_UV ~ simpSide+fday+withShrimp +Injured + (1|Fish_UV),
data=UV1)
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> Anova(UV.Imer)
Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: Area_UV

Chisq D f Pr(>Chisq)
simpSide 0.9768 1 0.322983
fday 12.7797 2 0.001679 **
withShrimp 4.1426 1 0.041817 *
Injured 3.5098 1 0.061007 .

6HOHMWAARVWLF SORWYV
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$SSHQGLHWDLOV RI WKH VWDWLVWKNDQJIDQDO\VHV IR

Graphic representation of al | individual shrimp :ectoparasite models* :

-E-
-

I}

*Within the restriction of the availability of Zeylanicobdella arugamensis (see Fig. 4.5 ), and not
performed for  C. irritans trophonts (on fish) for night data as a function of the lack of treatment
significance in the parent model .

CRYPTOCARYON TOMOES/ses; package='gim2'

#Count data could not be used because the number of tomonts introduced per fish is

different between treatment and control (and between all fish) , therefore, only
the proportional data could be used. So, data are modeled using Quasibinomial

regression with a logit link as it was overdispered when analysed with binomial

regression.

#Original binomial and quasibinomial models for the dataset are at t he end .

# Shrimp ; LA ( Lysmata amboinensis ), LV ( Lysmata vittata ), SH ( Stenopus hispidus ),
UA (Urocaridella antonbruunii ).

# Individual shrimp: Cryptocaryon irritans tomonts :

LA.day=glm(Tomont_prec_day2~Treatment,family=quasibinomial(link="logit"),data=Tomo
nts.LA)
> summary(LA.day)

Call:
glm(formula = Tomont_prec_day2 ~ Treatment, family = quasibinomial(link =
"logit"),

data = Tomonts.LA)

Deviance Residuals:

Min 1Q Median 3Q Max
-1.1761 -0.2077 0.1665 0.2810 1.1023
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Coefficien ts:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4,272 1.708 2.502 0.0222 *
TreatmentTreatment -4.275 1.753 -2.438 0.0253 *

<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h

(Dispersion parameter for quasibinomial family taken to be 0.395689)

Null deviance: 16.4206 on 19 degrees of freedom
Residual deviance: 8.9293 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(LA.day)
Analysis of D eviance Table (Type Il tests)

Response: Tomont_prec_day?2
LR Chisq Df Pr(>Chisq)
Treatment 18.932 1 1.354e - 05 ***

<Woe<"\ ...'TLte[ e g«<c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h

>
>

LA.night=gim(Tomont_prec_night3~Treatment,family=qua sibinomial(link="logit"),data=

Tomonts.LA)
> summary(LA.night)

Call:
glm(formula = Tomont_prec_night3 ~ Treatment, family = quasibinomial(link =
"logit™),

data = Tomonts.LA)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.75292 -0.75292 0.00005 0.00005 1.67279

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 20.57 3661.07 0.006 0.996
TreatmentTreatment -21.68 3661.07 -0.006 0.995

(Dispersion parameter for quasibinomial family taken to be 0.4263643)

Null deviance: 23.8553 on 19 degrees of freedom
Residual deviance: 8.5367 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 19

> Anova(LA.night)
Analysis of Deviance Table (Ty pe Il tests)

Response: Tomont_prec_night3
LR Chisq Df Pr(>Chisq)
Treatment 35.929 1 2.047e - 09 ***
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<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h
>
>
LV.day=glm(Tomont_prec_day2~Treatment,family=quasibinomial(link="lo git"),data=Tomo
nts.LV)
> summary(LV.day)

Call:
glm(formula = Tomont_prec_day?2 ~ Treatment, family = quasibinomial(link =
"logit"),

data = Tomonts.LV)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.8446 -0.8446 0.1025 0.1025 1.5518

Coefficients:
Estimate Std. Error t value Pr(>|t[)

(Intercept) 5.247 3.298 1.591 0.1290
TreatmentTreatment -6.094 3.338 -1.825 0.0846 .
Signif. codes: 0 g«<<h eleeh g<«<h e\eh g<h el\el g\h e\h g h h

(Dispersion parameter for quasibinomial family taken to be 0.5673931)

Null deviance: 25.478 on 19 degrees of freedom
Residual deviance: 12.387 on 18 degrees of freedom
AIC: NA

Number of Fisher Scorin g iterations: 7

> Anova(LV.day)
Analysis of Deviance Table (Type Il tests)

Response: Tomont_prec_day?2
LR Chisq Df Pr(>Chisq)

Treatment 23.071 1 1.562e - 06 ***

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
>
>
LV.night=gim(Tomont_prec_night3~Treatment,family=quasibinomial(link="logit"),data=
Tomonts.LV)
> summary(LV.night)

Call:
glm(formula = Tomont_prec_night3 ~ Treatment, family = quasibinomial(link =
"logit"),

data = Tomonts.LV)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.33870 -0.00002 -0.00002 0.20153 0.20153

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.887 0.395 9.839 1.15e - 08 ***
TreatmentTreatment -26.453 2672.037 -0.010 0.992
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<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.03073692)

Null deviance: 26.26889 on 19 degrees of freedom
Residual deviance: 0.5 1976 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 21

> Anova(LV.night)
Analysis of Deviance Table (Type Il tests)

Response: Tomont_prec_night3
LR Chisq Df Pr(>Chisq)

Treatment 837.73 1 <2.2e -16 ***

<Woe<"\ ...'TLfe[ e g«<c<h eleeh g«<h eleh g«<h e\el g\h e\h g h h
>
>
SH.day=glm(Tomont_prec_day2~Treatment,family=quasibinomial(link="logit"),data=Tomo
nts.SH)
> summary(SH.day)

Call:
gim(formula = Tomont_prec_day2 ~ Treatment, family = quasibinomial(link =
"logit"),

data = Tomonts.SH)

Deviance Residuals:
Min 1Q Median 30 Max
-1.32254 -0.08084 0.09834 0.19454 0.60850

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4 .089 1.097 3.729 0.00154 **
TreatmentTreatment -2.496 1.158 -2.156 0.04490 *

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.1948941)

Null deviance: 4.7519 on 19 degrees of freedom
Residual deviance: 3.1644 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(SH.day)
Analysis of Deviance Table (Type |l tests)

Response: Tomont_prec_day?2
LR Chisq Df Pr(>Chisq)
Treatment 8.1452 1 0.004318 **

<Uoe<"\ ...'Tte[ e g««<h eleeh g«<h eleh g<h el\el g\h e\h g h h
>
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>
SH.night=gIm(Tomont_prec_night3~Treatment,family=quasibinomial(link="logit"),data=
Tomonts.SH)

> summary(SH.night)

Call:
gim(f ormula = Tomont_prec_night3 ~ Treatment, family = quasibinomial(link =
Illogitll),

data = Tomonts.SH)

Deviance Residuals:
Min 1Q Median 30 Max
-0.21695 -0.10346 0.08119 0.15944 0.18229

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4.4575 0.4151 10.737 2.96e - 09 **=*
TreatmentTreatment -0.3684 0.5411 -0.681 0.505

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispers ion parameter for quasibinomial family taken to be 0.01952102)

Null deviance: 0.43694 on 19 degrees of freedom
Residual deviance: 0.42774 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(SH.night)
Analysis of Devia  nce Table (Type Il tests)

Response: Tomont_prec_night3
LR Chisq Df Pr(>Chisq)
Treatment 0.47109 1  0.4925
>
>
UA.day=gim(Tomont_prec_day2~Treatment,family=quasibinomial(link="logit"),data=Tomo
nts.UA)
> summary(UA.day)

Call:
gim(formula=  Tomont_prec_day2 ~ Treatment, family = quasibinomial(link =
"logit"),

data = Tomonts.UA)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.71829 -0.00106 0.19993 0.42577 0.72029

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.903 1522 2563 0.0195*
TreatmentTreatment -2.686 1.604 -1.674 0.1113

<Uoe<"\ ...'Tte[ e g««<h eleeh g«<h eleh g<h el\el g\h e\h g h h

(Dispersion pa rameter for quasibinomial family taken to be 0.4496759)
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Null deviance: 10.4284 on 19 degrees of freedom
Residual deviance: 8.1179 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 6

> Anova(UA.day)
Analysis of Deviance Table (Type 1l tests)

Response: Tomont_prec_day?2
LR Chisq Df Pr(>Chisq)

Treatment 5.1381 1 0.02341*

<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<<h eleh g«<h e\el g\h e\h g h h
>
>
UA.night=gIm(Tomont_prec_night3~Treatment,family=quasibinomial(link="logit"),data=
Tomonts.UA)
> summary(UA.night)

Call:
gim(formula = Tomont_prec_night3 ~ Treatment, family = quasibinomial(link =
"logit™),

data = Tomonts.UA)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.2166 -0.2894 0.1327 0.3212 1.1387

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4,729 2.369 1.996 0.0612.
TreatmentTreatment -4.637 2.4 10 -1.924 0.0703.

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.4872393)

Null deviance: 18.943 on 19 degrees of freedom
Residual deviance: 11.613 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(UA.night)
Analysis of Deviance Table (Type Il tests)

Response: Tomont_prec_night3
LR Chisq Df Pr(>Chisq)
Treatment 15.045 1 0.000105 ***

<Uoe<"\ ...'Tfe[ e g«eibBeh g«<h eleh g<h el\el g\h e\h g h h
>
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Graphic representation of all ectoparasite parent models

#The original model for DAY using binomial regression is the following (shows
clear overdispersion):

>
Original.binomial=glm(cbind(Tomont_rec_day2,Tomont_unrec_day2)~Shrimp*Treatment,fa
mily=binomial(link="logit"),data=Tomonts_correct)

> summary(Original.binomial)

Call:
gim(formula = cbind(Tomont_rec_day2, Tomont_unrec_day2) ~ Shrimp *
Treatment, family = binomial(link = "logit"), data = Tomonts_correct)

Deviance Residuals:
Min 1Q Median 30Q Max
-11.6054 -1.1674 0.8654 1.7154 12.7635

Coefficients:
Estimate Std. Error z value

(Intercept) 42132 0.3808 11.065
ShrimpLysmata_vittata 1.5489 0.8041 1.926
Shrim pStenopus_hispidus -0.2242 0.5218 -0.430
ShrimpUrocaridella_antonbruunii -0.3158 0.4876 -0.648
TreatmentTreatment -4.2061 0.3900 -10.785
ShrimpLysmata_vittata:Tr eatmentTreatment -2.8507 0.8150 -3.498
ShrimpStenopus_hispidus:TreatmentTreatment 1.8530 0.5422 3.418
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 1.4295 0.5060 2.825

Pr(>|z|)
(Intercept) <2e - 16 ***
ShrimpLysmata_vittata 0.054072 .
ShrimpStenopus_hispidus 0.667443
ShrimpUrocaridella_antonbruunii 0.517159
TreatmentTreatment <2e -16 ***
ShrimpLysmata_vittata: TreatmentTreatment 0.000469 ***

ShrimpStenopus_hispidus: TreatmentTreatment 0.000632 ***
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.004723 **

<Uoe<"\ ...'Tte[ e g«<<h eleeh g«<h eleh g<h el\el g\h e\h g h h
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 3466.7 on 79 degrees of freedom
Residual devi ance: 1609.3 on 72 degrees of freedom
AIC: 1728.4
Number of Fisher Scoring iterations: 6
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> Anova(Original.binomial)
Analysis of Deviance Table (Type Il tests)

Response: chind(Tomont_rec_day2, Tomont_unrec_day?2)
LR Chisq Df Pr(>Chisq)

Shrimp 478.02 3 <2.2e - 16 ***
Treatment 1470.83 1 <2.2e - 16 ***
Shrimp:Treatment 70.82 3 2.85e - 15 ***

<Yoe<"\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
#The original model for NIGHT using binomial regression is as follows:

>
Original.binomial2=glm(cbind(Tomont_rec_night2,Tomont_unrec_night2)~Shrimp*Treatme
nt,family=binomial(link="logit"),data=Tomonts_correct)

> summary(Original.binomial2)

Call:
gim(formula = cbind(Tomont_rec_night2, Tomont_unrec_night2) ~
Shrimp * Treatment, family = binomial(link = "logit"), data = Tomonts_correct)

Deviance Residuals:
Min 1Q Median 30Q Max
-14.6016 -0.9204 0.0005 1.224 6 14.2857

Coefficients:
Estimate Std. Error z value

(Intercept) 19.535 479.199 0.041
ShrimpLysmata_vittata -15.806 479.19 9 -0.033
ShrimpStenopus_hispidus -15.204 479.199 -0.032
ShrimpUrocaridella_antonbruunii -15.079 479.199 -0.031
TreatmentTreatment -20.337 479.199 -0.042
ShrimpLys mata_vittata:TreatmentTreatment -3.171 677.018 -0.005
ShrimpStenopus_hispidus: TreatmentTreatment 19.995 479.199 0.042
ShrimpUrocaridella_antonbruunii:TreatmentTreatment 16.191 479.199 0.034

Pr(>|z|)
(Intercept) 0.967
ShrimpLysmata_vittata 0.974
ShrimpStenopus_hispidus 0.975
ShrimpUrocaridella_antonbruunii 0.975
TreatmentTreatment 0.966
ShrimpLysmata_vittata: TreatmentTreatment 0.996
ShrimpStenopus_hispidus: TreatmentTreatment 0.967

ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.973
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 4928.7 on 79 degrees of freedom
Residual deviance: 1331.7 on 72 degrees of freedom
AIC: 1412.6

Number of Fisher Scoring iterations: 15

> Anova(Original.binomial2)
Analysis of Deviance Table (Type Il tests)

Response: chind(Tomont_rec_night2, Tomont_unrec_night2)
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LR Chisq Df Pr(>Chisq)

Shrimp 1322.34 3 <2.2e - 16 ***
Treatment 2589.97 1 <2.2e - 16 ***
Shrimp:Treatment 148.65 3 <2 .2e - 16 ***

<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h

#Next the quasibinomial DAY model (indicates a treatment effect to be investigated

further):

>

Original.Qbinomial=gim(cbind(Tomont_rec_day2,Tomont_unrec_day2)~Shrimp*Treatment, f

amily=quasibinomial(link="logit"),data=Tomonts_correct)
> summary(Original.Qbinomial)

Call:
gim(formula = cbind(Tomont_rec_day2, Tomont_unrec_day2) ~ Shrimp *
Treatment, family = quasibinomial(link = "logit"), data = Tomonts_correct)

Deviance Residuals:
Min 1Q Median 30Q Max
-11.6054 -1.1674 0.8654 1.7154 12.7635

Coefficients:
Estimate Std. Error t value

(Intercept) 42132 1.7401 2.421
ShrimpLysmata_vittata 1.5489 3.6748 0.421
ShrimpStenopus_hispidus -0.2242 2.3848 -0.094
ShrimpUrocaridella_antonbruunii -0.3158 2.2283 -0.142
TreatmentTreatment -4.2061 1.7823 -2.360
ShrimpLysmata_vittata:TreatmentTreatment -2.8507 3.7249 -0.765
ShrimpStenopus_hispidus: TreatmentTreatment 1.8530 2.4779 0.74 8
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 1.4295 2.3123 0.618

Pr(>It])
(Intercept) 0.018 *
ShrimpLysmata_vittata 0.675
ShrimpStenopus_hispidus 0.925
ShrimpUrocaridella_antonbruunii 0.888
TreatmentTreatment 0.021 ~*
ShrimpLysmata_vittata:TreatmentTreatment 0.447
ShrimpStenopus_hispidus: TreatmentTreatment 0.457

ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.538

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 20.88664)
Null deviance: 3466.7 on 79 degrees of freedom
Residual deviance: 1609.3 on 72 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 6

> Anova(Original.Qbinomial)
Analysis of Deviance Table (Type Il tests)

Response: cbind(To mont_rec_day2, Tomont_unrec_day?2)

LR Chisq Df Pr(>Chisq)
Shrimp 22.886 3 4.265e - 05 ***
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Treatment 70.420 1 <2.2e -16 ***
Shrimp:Treatment 3.391 3  0.3352

<Yoe<™\ ...'TFe[ e g««ch eleeh g«<hteee\rlgg\h e\h g h h

#Next the Quasibinomial NIGHT model (indicates a treatment effect to be
investigated further):

>
Original.Qbinomial2=gim(cbind(Tomont_rec_night2, Tomont_unrec_night2)~Shrimp*Treatm
ent,family=quasibinomial(link="logit"),data=Tomonts_co rrect)

> summary(Original.Qbinomial2)

Call:

glm(formula = chind(Tomont_rec_night2, Tomont_unrec_night2) ~
Shrimp * Treatment, family = quasibinomial(link = "logit"),
data = Tomonts_correct)

Deviance Residuals:
Min 1Q Median 30 Max
-14.6016 -0.9204 0.0005 1.2246 14.2857

Coefficients:
Estimate Std. Error t value

(Intercept) 19.535 1833.513 0.011
ShrimpLysmata_vittata -15.806 1833.513 -0.009
ShrimpStenopus_hispidus -15.204 1833.513 -0.008
ShrimpUrocaridella_antonbruunii -15.079 1833.513 -0.008
TreatmentTreatment -20.337 1833.513 -0.011
ShrimpLysmata_vittata: TreatmentTreatment -3.171 2590.410 -0.001
ShrimpStenopus_hispidus: TreatmentTreatment 19.995 1833.514 0.011
ShrimpUrocaridella_  antonbruunii:TreatmentTreatment 16.191 1833.513 0.009

Pr(>It])
(Intercept) 0.992
ShrimpLysmata_vittata 0.993
ShrimpStenopus_h ispidus 0.993
ShrimpUrocaridella_antonbruunii 0.993
TreatmentTreatment 0.991
ShrimpLysmata_vittata: TreatmentTreatment 0.999
ShrimpStenopus_hispidus:Treatmen  tTreatment 0.991

ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.993
(Dispersion parameter for quasibinomial family taken to be 14.63986)

Null deviance: 4928.7 on 79 degrees of freedom
Residual deviance: 1331.7 on 72 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 15

> Anova(Original.Qbinomial2)
Analysis of Deviance Table (Type Il tests)

Response: chind(Tomont_rec_night2, Tomont_unrec_night2)
LR Chisq Df Pr(>Chisq)

Shrimp 90.32 53 <2e - 16 ***

Treatment 176912 1 <2e - 16 ***

Shrimp:Treatment 10.154 3  0.0173*
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<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h

CRYPTOCARYOROPHONTS(on fish; parasitic stage)

# DAY:

>
Cryptocaryon.day=glm(cbind(Crypt_rec_day,Crypt_unrec_day)~Shrimp*Treatment,family=
guasibinomial(link="logit"),data=Cryptocaryon)

> summary(Cryptocaryon.day)

Call:
glm(formula = cbind(Crypt_rec_day, Crypt_unrec_day) ~ Shrimp *
Treatment, family = quas ibinomial(link = "logit"), data = Cryptocaryon)

Deviance Residuals:
Min 1Q Median 3Q Max
-8.8478 -2.4794 -0.5394 1.8461 8.4674

Coefficients:
Estimate Std. Error t value

(Intercept) -1.925946 0.105327 -18.285

ShrimpLysmata_vittata -0.079809 0.151248 -0.528

ShrimpStenopus_hispidus -0.135509 0.152942 -0.886

ShrimpUrocaride lla_antonbruunii -0.560695 0.168715 -3.323

TreatmentTreatment 0.068491 0.147109 0.466

ShrimpLysmata_vittata:TreatmentTreatment -0.003172 0.211276 -0.015

ShrimpStenopus_hispidus:Treatme  ntTreatment -0.365441 0.222580 -1.642

ShrimpUrocaridella_antonbruunii; TreatmentTreatment -0.076984 0.237715 -0.324
Pr(>It])

(Intercept) <2e - 16 ***

ShrimpLysmata_vittata 0.5994

ShrimpStenopus_hispidus 0.3786

ShrimpUrocaridella_antonbruunii 0.0014 **

TreatmentTreatment 0.6429

ShrimpLysmata_vittata:TreatmentTreatment 0.9881

ShrimpStenopus_hispidus: TreatmentTreatment 0.1050

ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.7470

<Yoe<”\ ...'tTFe[ e g<««ch eleeh g«<h e\eh g<h el\elg\th e\h ¢
(Dispersion parameter for quasibinomial family taken to be 12.3164)
Null deviance: 1322.60 on 79 degrees of freedom
Residual deviance: 892.84 on 72 degrees of freedom
AIC: NA
Number of Fisher Scoring iterations: 4
> library(car)
Warning me ssage:
"foef%t g..f'h ™Mfe —«7Z— —ett” Tirec'e j\k\i
> Anova(Cryptocaryon.day)
Analysis of Deviance Table (Type |l tests)

Response: chind(Crypt_rec_day, Crypt_unrec_day)
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LR Chisq Df Pr(>Chisq)
Shrimp 31.3030 3 7.339% -07 **
Treatment 0.1610 1 0.6882
Shrimp:Treatment 3.4295 3  0.3300

<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h

Cryptocaryon.night=glm(cbind(Crypt_rec_night,Crypt_unrec_night)~Shrimp*Treatment,f
amily=quasibinomial(link="logit"),data=Cryptocaryon)
> summary(Cryptocaryon.night)

Call:
gim(formula = cbind(Crypt_rec_night, Crypt_unrec_night) ~ Shrimp *
Treatment, family = quasibinomial(link = "logit"), data = Cryptocaryon)

Deviance Residuals:
Min 1Q Median 30 Max
-21.4539 -5.4349 -0.8708 3.7332 28.6320

Coefficients:
Estim ate Std. Error t value

(Intercept) 0.02120 0.19666 0.108
ShrimpLysmata_vittata 0.33368 0.28031 1.190
ShrimpStenopus_hispidus 0.40138 0.28124 1. 427
ShrimpUrocaridella_antonbruunii 0.44676 0.28196 1.584
TreatmentTreatment -1.30032 0.30893 -4.209
ShrimpLysmata_vittata:TreatmentTreatment -0.04614 0.42933 -0.107
ShrimpStenopus_ hispidus: TreatmentTreatment 0.83093 0.41780 1.989
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.34451 0.42105 0.818

Pr(>It])
(Intercept) 0.9145
ShrimpLysmata_vittata 0.2378
ShrimpStenopus_hispidus 0.1579
ShrimpUrocaridella_antonbruunii 0.1175
TreatmentTreatment 7.3e - 05 ***
ShrimpLysmata_vittata:TreatmentTreatment 0.9147
ShrimpStenopus_hispidus: TreatmentTreatment 0.0505 .

ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.4159

<Woe<"\ ...'Tte[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 96.67619)
Null deviance: 14219 on 79 degrees of freedom
Residual deviance: 7334 on 72 degrees of freedom
AIC: NA

Numbe of Fisher Scoring iterations: 4

> Anova(Cryptocaryon.night)
Analysis of Deviance Table (Type |l tests)

Response: cbind(Crypt_rec_night, Crypt_unrec_night)
LR Chisq Df Pr(>Chisq)

Shrimp 17.359 3 0.0005962 ***

Treatment 48.993 1 2.569%9e  -12***
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Shrimp:Treatment 5.874 3 0.1179013

<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
>

>

> # No need to test pairwise for day treatments as none were significant in original
day model

>

> # Individual shrimp: Cryptocaryon irritans t roph onts :

>

#CF1 = LA; CF2 = LV; CF3 = SH; CF4 = UA

>

Cryptonfishl.night=glm(cbind(Crypt_rec_day,Crypt_unrec_day)~Treatment,family=quasi
binomial(link="logit"),data=Cryptonfish1)

>

Cryptonfish1.night=glm(cbind(Crypt_rec_night,Crypt_unrec_night)~Treatment,family=q
uasibinomial(link="logit"),data=Cryptonfish1)

> summary(Cryptonfish1.night)

Call:
gim(formula = cbind(Crypt_rec_night, Crypt_unrec_night) ~ Treatment,
family = quasibin omial(link = "logit"), data = Cryptonfish1)

Deviance Residuals:
Min 1Q Median 3Q Max
-21.454 -10.769 -2.078 9.238 26.416

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.0 212 0.2516 0.084 0.93378
TreatmentTreatment -1.3003 0.3953 -3.290 0.00407 **

<Woe<"\ ...'TLfe[ e g«<ch eleeh g«<h eleh g«<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 158.2571)

Null deviance: 4900.8 on 19 degrees of freedom
Residual deviance: 3071.2 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Cryptonfish1.night)
Analysis of Deviance Table (Type Il tests)

Response: cbind(Crypt_rec_nig ht, Crypt_unrec_night)
LR Chisq Df Pr(>Chisq)
Treatment 11.561 1 0.0006735 ***
<%oe<”\ ...'tte[ e g«<<h e\eeh g«<h e\eh g<h e\el g\h e\h g h h
>
>
Cryptonfish2.night=glm(cbind(Crypt_rec_night,Crypt_unrec_night)~Treatment,family=q
uasib inomial(link="logit"),data=Cryptonfish2)
> summary(Cryptonfish2.night)

Call:
gim(formula = cbind(Crypt_rec_night, Crypt_unrec_night) ~ Treatment,
family = quasibinomial(link = "logit"), data = Cryptonfish2)
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Deviance Residuals:
Min 1Q Median 3Q Max
-19.233 -8.147 -4.179 6.182 28.632

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.3549 0.2739 1.295 0.21154
TreatmentTreatment - 1.3465 0.4089 -3.293 0.00404 **

<Yoe<"\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 181.8273)

Null deviance: 5496.5 on 19 degrees of freedom
Residual deviance: 3403.1 on 18 deg rees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Cryptonfish2.night)
Analysis of Deviance Table (Type Il tests)

Response: chind(Crypt_rec_night, Crypt_unrec_night)
LR Chisq Df Pr(>Chisq)

Treatment 11.513 1 0.0006 91 ***

<Woe<"\ ...'TLfe[ e g«<ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
>
>
Cryptonfish3.night=gIm(cbind(Crypt_rec_night,Crypt_unrec_night)~Treatment,family=q
uasibinomial(link="logit"),data=Cryptonfish3)
> summary(Cryptonfish3.night)

Call:
gim(formula = cbind(Crypt_rec_night, Crypt_unrec_night) ~ Treatment,
family = quasibinomial(link = "logit"), data = Cryptonfish3)

Deviance Residuals:
Min 1Q Median 3Q Max
-9.6060 -1.6165 0.5633 3.2235 7.3941

Coeffi cients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.42258 0.09971 4.238 0.000494 ***
TreatmentTreatment -0.46939 0.13949 - 3.365 0.003448 **

<Woe<"\ ...'TIe[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 23.77648)
Null deviance: 704.81 on 19 degrees of freedom
Residual deviance: 433.67 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 3

> Anova(Cryptonfish3.night)
Analysis of Deviance Table (Type Il tests)
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Response: cbind(Crypt_rec_night, Crypt_unrec_night)
LR Chisq Df Pr(>Chisq)
Treatment 11.404 1 0.000733 ***
<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
>
>
Cryptonfish4.n  ight=glm(cbind(Crypt_rec_night,Crypt_unrec_night)~Treatment,family=q
uasibinomial(link="logit"),data=Cryptonfish4)
> summary(Cryptonfish4.night)

Call:
glm(formula = chind(Crypt_rec_night, Crypt_unrec_night) ~ Treatment,
family = quasibinomial(link =" logit"), data = Cryptonfish4)

Deviance Residuals:
Min 1Q Median 3Q Max
-6.7301 -3.2839 -0.5617 1.9995 11.6676

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.46796 0.0982 2 4.764 0.000155 ***
TreatmentTreatment -0.95581 0.13907 -6.873 1.98e - 06 ***

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 22.84395)

Null deviance: 1536.1 on 19 degrees of freedom
Residual deviance: 426.0 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Cryptonfish4.night)
Analysis of Deviance Table (Type Il tests)

Response: cbind(Crypt_rec_nig ht, Crypt_unrec_night)
LR Chisq Df Pr(>Chisq)
Treatment 48.597 1 3.144e - 12 ***

<Woe<"\ ...'Tte[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h

NEOBENEDENIA GIRELLAEN fish; parasitic stage)

# DAY:
DayQ=glm(cbind(Recovered_day,Unrecovered_day)~Shrimp*Treatment,family=quasibinomia
[(link="logit"),data=Neo0)

> summary(DayQ)

Call:
glm(formula = cbind(Recovered_day, Unrecovered_day) ~ Shrimp *
Treatment, family = quasibinomial(link = "logit"), data = Neo)

Deviance Residuals:
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Min 1Q Median 3Q Max
-5.7170 -1.6085 -0.1097 1.5660 6.6048

Coefficients:
Estimate Std. Error t value

(Intercept) 1.04597 0.33549 3.118
ShrimpLysmata_vittata -1.13937 0.44650 -2.552
ShrimpStenopus_hispidus -0.77770 0.44804 -1.736
ShrimpUrocaridella_antonbruunii 0.23923 0.49004 0.488
TreatmentTreatment -1.36874 0.44883 -3.050
ShrimpLysmata_vittata:TreatmentTreatment 1.02882 0.61564 1.671
ShrimpStenopus_hisp idus:TreatmentTreatment 1.53380 0.61676 2.487
ShrimpUrocaridella_antonbruunii:TreatmentTreatment 0.01685 0.64480 0.026

Pr(>It])
(Intercept) 0. 00262 **
ShrimpLysmata_vittata 0.01284 *
ShrimpStenopus_hispidus 0.08688 .
ShrimpUrocaridella_antonbruunii 0.62691
TreatmentTreatment 0.0032 1**
ShrimpLysmata_vittata:TreatmentTreatment 0.09904 .
ShrimpStenopus_hispidus:TreatmentTreatment 0.01521 *

ShrimpUrocaridella_antonbruunii:TreatmentTreatment 0.97922

<%oe<"\ ...'TLfe[ e g«<<h eleeh g«<h eleh g<h elelg\th e\h g
(Dispersion parameter for quasibinomial family taken to be 6.496779)

Null deviance: 750.34 on 79 degrees of freedom
Residual deviance: 567.63 on 72 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(DayQ)
Analysis of  Deviance Table (Type Il tests)

Response: chind(Recovered_day, Unrecovered_day)
LR Chisq Df Pr(>Chisq)

Shrimp 8.5073 3 0.036613 *

Treatment 10.5959 1 0.001133 **

Shrimp:Treatment 9.2624 3 0.025998 *

<Woe<"\ ...'Tte[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h

NightQ=glm(cbind(Recovered_night,Unrecovered_night)~Shrimp*Treatment,family=quasib
inomial(link="logit"),data=Neo)
> summary(NightQ)

Call:
glm(formula = chind(Recovered_night, Unrecovered_night) ~ Shrimp *
Treatment, family = quasibinomial(link = "logit"), data = Neo)

Deviance Residuals:

Min 1Q Median 3Q Max
-6.1239 -1.6931 -0.3479 1.2679 8.2684
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Coeffi cients:
Estimate Std. Error t value

(Intercept) -0.05335 0.28267 -0.189
ShrimpLysmata_vittata 0.28099 0.40099 0.701
ShrimpSteno pus_hispidus 1.26166 0.43889 2.875
ShrimpUrocaridella_antonbruunii 0.47272 0.40412 1.170
TreatmentTreatment -1.76194 0.49568 -3.555
ShrimpLysmata_vittata:Treatmen  tTreatment 0.78053 0.64678 1.207
ShrimpStenopus_hispidus:TreatmentTreatment 0.71398 0.66240 1.078
ShrimpUrocaridella_antonbruunii:TreatmentTreatment 0.54245 0.64995 0.835

Pr(>It])
(Intercept) 0.850844
ShrimpLysmata_vittata 0.485720
ShrimpStenopus_hispidus 0.005314 **
ShrimpUrocaridella_antonbruunii 0.245962
TreatmentTreatment 0.000673 ***
ShrimpLysmata_vittata:TreatmentTreatment 0.231463
ShrimpStenopus_hispidus: TreatmentTreatment 0.284697
ShrimpUrocaridella_antonbruunii; TreatmentTreatmen t0.406701

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 5.988584)

Null deviance: 841.09 on 79 degrees of freedom
Residual deviance: 483.98 on 72 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 5

> Anova(NightQ)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_night, Unrecovered_night)
LR Chisq Df Pr(>Chisq)

Shrimp 26.657 3 6.946e - 06 ***
Treatment 33.388 1 7.550e - 09 *x*
Shrimp:Treatment 1.739 3 0.6282

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h el\el g\h e\h g h h
>
>
> # Individual shrimp: Neobenedenia girellae on fish
>
#OF1 =LA; OF2=LV; OF3 = SH; OF4 = UA.
>
# DAY:
>
>0Onfish1l.day=gim(cbind(Recovered_day,Unrecovered_day)~Treatment,family=quasibinomi
al(link="logit"),data=Onfish1)
> summary(Onfishl.day)

Call:
glm(formula = chind(Recovered_day, Unrecovered_day) ~ Treatment,
family = quasibinomial(link = "logit"), data = Onfishl)

Deviance Residuals:

Min 1Q Median 3Q Max
-5.7170 -1.8596 -0.2241 2.4492 5.5325
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Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercep t) 1.0460 0.3919 2.669 0.0157 *
TreatmentTreatment -1.3687 0.5244 -2.610 0.0177*

<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 8.866971)

Null de viance: 262.08 on 19 degrees of freedom
Residual deviance: 197.74 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfishl.day)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_day, Unrecovered_day)
LR Chisq Df Pr(>Chisq)
Treatment 7.2563 1 0.007065 **

<Woe<"\ ...'TLte[ e g«<c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h

>
# NIGHT:
>

Onfishl.night=glm(cbind(Recovered_night,Unrecovered_night)~Treatment,family=quasib
inomial(link="logit" ),data=Onfish1l)
> summary(Onfish1.night)

Call:
glm(formula = cbind(Recovered_night, Unrecovered_night) ~ Treatment,
family = quasibinomial(link = "logit"), data = Onfish1)

Deviance Residuals:
Min 1Q Median 3Q Max
-3.0082 -1.4877 -1.2975 0.8828 6.5735

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -0.05335 0.29530 -0.181 0.85866
TreatmentTreatment -1.76194 0.51782 -3.403 0.00317 **

<%oo<"\ ...'Tte[ e g«e¥beh g«<h eleh g<h elel g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 6.535413)
Null deviance: 215.50 on 19 degrees of freedom
Residual deviance: 128.06 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 5

> Anova(Onfish1.night)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_night, Unrecovered_night)
LR Chisq Df Pr(>Chisq)

260

$SSHQGLFHV



Treatment 13.379 1 0.0002545 ***

<%oe<”\ ...'TFe[ e g««<h eleeh g«ch ekdblgghh e\h g h h
>
#Run both day and night for Lysmata vittata with quasibinomial regression and
logit link:
>
# DAY:
>
Onfish2.day=glm(cbind(Recovered_day,Unrecovered_day)~Treatment,family=quasibinomia
[(link="logit"),data=0Onfish2)
> summary(Onfish2.day)

Call:
glm(formula = chind(Recovered_day, Unrecovered_day) ~ Treatment,
family = quasibinomial(link = "logit"), data = Onfish2)

Deviance Residuals:
Min 1Q Median 3Q Max
-5.4760 -1.1027 -0.1097 0.7125 3.0214

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -0.0934 0.2209 -0.423 0.677
TreatmentTreatment -0.3399 0.3159 -1.076 0.296

(Dispersion parameter for quasibinomial family taken to be 3.651915)

Null deviance: 80.687 on 19 degrees of freedom
Residual deviance: 76.443 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfish2.day)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_day, Unrecove red_day)
LR Chisq Df Pr(>Chisq)
Treatment 1.162 1 0.281
>
# NIGHT:
>
Onfish2.night=glm(cbind(Recovered_night,Unrecovered_night)~Treatment,family=quasib
inomial(link="logit"),data=0Onfish2)
> summary(Onfish2.night)

Call:
gim(formula = cbi  nd(Recovered_night, Unrecovered_night) ~ Treatment,
family = quasibinomial(link = "logit"), data = Onfish2)

Deviance Residuals:
Min 1Q Median 3Q Max
-3.9848 -1.9089 -0.8124 0.8695 8.2684

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.2276 0.3337 0.682 0.5038
TreatmentTreatment -0.9814 0.4875 -2.013 0.0593.
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<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h

(Dispersion pa rameter for quasibinomial family taken to be 8.245501)

Null deviance: 204.35 on 19 degrees of freedom
Residual deviance: 169.87 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfish2.night)
Analysis of Deviance T able (Type Il tests)

Response: chind(Recovered_night, Unrecovered_night)
LR Chisq Df Pr(>Chisq)
Treatment 4.1815 1 0.04087 *

<%oe<"\ ...'TLfe[ e g«<ch eleeh g«<h eleh g«<h el\el g\h e\h g h h

>

#Run both day and night for Stenopus hispidus with quasibinomial regression and

logit link:
>

# DAY:
>

Onfish3.day=glm(cbind(Recovered_day,Unrecovered_day)~Treatment,family=quasibinomia

[(link="logit"),data=0nfish3)
> summary(Onfish3.day)

Call:

glm(formula = cbind(Recovered_day, Unrecovered_ day) ~ Treatment,

family = quasibinomial(link = "logit"), data = Onfish3)

Deviance Residuals:
Min 1Q Median 3Q Max
-3.3962 -1.2114 -0.2211 1.2041 5.4760

Coefficients:

Estimate Std. Error t value P r(>|t))
(Intercept) 0.2683 0.2539 1.057 0.305
TreatmentTreatment 0.1651 0.3616 0.456 0.654

(Dispersion parameter for quasibinomial family taken to be 4.747627)
Null deviance: 102.66 on 19 degrees of freedom

Residual dev iance: 101.67 on 18 degrees of freedom

AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfish3.day)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_day, Unrecovered_day)
LR Chisq Df Pr(>Chisq)
Treatment 0.20853 1 0.6479
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# NIGHT:

>
Onfish3.night=glm(cbind(Recovered_night,Unrecovered_night)~Treatment,family=quasib
inomial(link="logit"),data=0Onfish3)

> summary(Onfish3.night)

Call:
gim(formula = chind(Recovered_night, Unrecovered_night) ~ Treatment,
family = quasibinomial(link = "logit"), data = Onfish3)

Deviance Residuals:
Min 1Q Median 3Q Max
-6.1239 -1.0465 0.4779 1.8056 3.0545

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Interc  ept) 1.2083 0.2857 4.229 0.000504 ***
TreatmentTreatment -1.0480 0.3739 -2.8030.011770 *

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 4.336604)

Null deviance: 122.771 on 19 degrees of freedom
Residual deviance: 87.148 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfish3.night)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_night, Unrecovered_night)
LR Chisq Df Pr(>Chisq)
Treatment 8.2146 1 0.004155 **

<Woe<"\ ...'TIe[ e g«<<h eleeh g«<<h e\eh g<h e\el g\h e\h g h h
>
#Run both day and night for Urocaridella antonbruunii with quasibinomial
regression and logit link:
>
# DAY:
>
>0Onfish4.day=gim(cbind(Recovered_day,Unrecovered_day)~Treatment,family=quasibinomi
al(link="logit"),data=Onfish4)
> summary(Onfish4.day)

Call:
glm(formula = cbind(Recovered_day, Unrecovered_day) ~ Treatment,
family = quasibinomial(link = "logit"), data = Onfish4)

Deviance Residuals:
Min 1Q Median 3Q Max
-5.5665 -1.9130 -0.0006 1.6057 6.6048

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Interce pt) 1.2852 0.4138 3.106 0.00611 **
TreatmentTreatment -1.3519 0.5364 -2.521 0.02137 *
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<Yoe<”\ ...'tFe[ e g««ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 8.720601)

Null deviance: 251.22 on 19 degrees of freedom
Residual deviance: 191.78 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfish4.day)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_day, Unrecovered_d ay)
LR Chisq Df Pr(>Chisq)
Treatment 6.8161 1 0.009034 **

<%oe<"\ ...'TLfe[ e g«<ch eleeh g«<h eleh g«<h el\el g\h e\h g h h

>
# NIGHT:
>

Onfish4.night=glm(cbind(Recovered_night,Unrecovered_night)~Treatment,family=quasib
inomial(link="logit"),data=0Onfish4)
> summary(Onfish4.night)

Call:
glm(formula = cbind(Recovered_night, Unrecovered_night) ~ Treatment,
family = quasibinomial(link ="| ogit"), data = Onfish4)

Deviance Residuals:
Min 1Q Median 3Q Max
-4,7185 -1.3076 0.1186 1.5686 3.2692

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.4194 0.2596 1.6 16 0.12354
TreatmentTreatment -1.2195 0.3778 -3.228 0.00467 **

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 4.836866)

Null deviance: 151.72 on 19 degrees of freedom
Residual deviance: 98.90 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 4

> Anova(Onfish4.night)
Analysis of Deviance Table (Type Il tests)

Response: chind(Recovered_night, Unrecovered_night)
LR Chisq Df Pr(>Chisq)
Treatment 10.921 1 0.000951 ***
<Uoe<"\ ...'Tte[ e g««<h eleeh g«<h eleh g<h el\el g\h e\h g h h
>
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NEOBENEDENIA GIRELLAFSGS

#Original binomial models on complete dataset (showing overdispersion):

# DAY:
>
Original.eggs.gim=gim(cbind(Eggs_recovered_day,Eggs_unrecovered_day)~Shrimp*Treatm
ent,family=binomial(link="logit"),data=Neo.eggs?2)

> summary(Original.eggs.glm)

Call:
glm(formula = chind(Eggs_recovered_day, Eggs_unrecovered_day )~
Shrimp * Treatment, family = binomial(link = "logit"), data = Neo.eggs2)

Deviance Residuals:
Min 1Q Median 3Q Max
-13.207 -2.390 1.294 1.859 10.269

Coefficients:
Estimate Std. Error z value

(Intercept) 3.5766 0.2927 12.220
ShrimpLysmata_vittata 0.2054 0.4335 0.474
ShrimpStenopus_hisp idus 0.4247 0.4459 0.953
ShrimpUrocaridella_antonbruunii 0.4839 0.4457 1.086
TreatmentTreatment -3.4492 0.3056 -11.286
ShrimpLysmata_vittata: TreatmentTreatme nt -1.5892 0.4548 -3.494
ShrimpStenopus_hispidus: TreatmentTreatment 0.1582 0.4638 0.341
ShrimpUrocaridella_antonbruunii:TreatmentTreatment 1.1920 0.4718 2.527

Pr(>|z 1)
(Intercept) <2e - 16 ***
ShrimpLysmata_vittata 0.635697
ShrimpStenopus_hispidus 0.340836
ShrimpUrocaridella_antonbruunii 0.2776 56
TreatmentTreatment <2e -16 ***
ShrimpLysmata_vittata: TreatmentTreatment 0.000475 ***
ShrimpStenopus_hispidus: TreatmentTreatment 0.733038
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 0.0115 19 *

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 3551.0 on 79 degrees of freedom
Residual deviance: 1945.3 on 72 degrees of freedom
AIC: 2050.9

Number of Fisher Scoring iterations: 5

> Anova(Original.eggs.glm)
Analysis of Deviance Table (Type Il tests)

Response: chind(Eggs_recovered_day, Eggs_unrecovered_day)
LR Chisq Df Pr(>Chisq)

Shrimp 452,94 3 <2.2e - 16 ***
Treatment 1193.23 1 <2.2e - 16 ***
Shrimp:Treatment 34.05 3 1.934e - 07 *x*

<%oe<”\ ...'tte[ e g«<<h e\eeh g«<h e\eh g<h e\el g\h e\h g h h
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# NIGHT:

>Original.eggs.glm2=gim(cbind(Eggs_recovered_night,Eggs_unrecovered_night)~Shrimp*
Treatme nt,family=binomial(link="logit"),data=Neo.eggs2)
> summary(Original.eggs.gim?2)

Call:
gim(formula = chind(Eggs_recovered_night, Eggs_unrecovered_night) ~
Shrimp * Treatment, family = binomial(link = "logit"), data = Neo.eggs2)

Deviance Residuals:
Min 1Q Median 3Q Max
-15.186 -2.804 0.970 1.572 12.416

Coefficients:
Estimate Std. Error z value

(Intercept) 4.53689 0.44960 10.091
ShrimpLysmata_vittata -0.03523 0.60882 -0.058
ShrimpStenopus_hispidus -0.22609 0.60913 -0.371
ShrimpUrocaridella_antonbruunii -0.16323 0.60902 -0.268
TreatmentTre atment -6.09828 0.46592 -13.089
ShrimpLysmata_vittata: TreatmentTreatment -0.38493 0.63534 -0.606
ShrimpStenopus_hispidus: TreatmentTreatment 2.62215 0.62902 4.169
ShrimpUrocaridella_antonbruunii ‘TreatmentTreatment 3.92595 0.63751 6.158

Pr(>|z|)
(Intercept) <2e - 16 ***
ShrimpLysmata_vittata 0.954
ShrimpStenopus_h ispidus 0.711
ShrimpUrocaridella_antonbruunii 0.789
TreatmentTreatment <2e -16 ***
ShrimpLysmata_vittata: TreatmentTreatment 0.545
ShrimpStenopus_h ispidus: TreatmentTreatment 3.06e - 05 ***
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 7.35e - 10 ***

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 4250.5 on 79 degrees of freedom
Residual deviance: 1641.8 on 72 degrees of freedom
AIC: 1707.9

Number of Fisher Scoring iterations: 7

> Anova(Original.eggs.gim2)
Analysis of Deviance Table (Type Il tests)

Response: cbhind(Eggs_recovered_night, Eggs_unrecovered_night)
LR Chisq Df Pr(>Chisq)

Shrimp 979.28 3 <2.2e - 16 ***

Treatment 1966.09 1 <2.2e - 16 ***

Shrimp:Treatment 49.91 3 8.365e - 11w

<%oe<"\ ...'Tte[ e g««<h eleeh g«ch eleh g<hedbelh dh\h
>
#Original models using quasibinomial regression and logit link:

# DAY:
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>
Original.eggs.Qglm=glm(cbind(Eggs_recovered_day,Eggs_unrecovered_day)~Shrimp*Treat
ment,family=quasibinomial(link="logit"),data=Neo.eggs2)

> summary(Original.eggs.Qglm )

Call:

gim(formula = cbind(Eggs_recovered_day, Eggs_unrecovered_day) ~
Shrimp * Treatment, family = quasibinomial(link = "logit"),
data = Neo.eggs?2)

Deviance Residuals:
Min 1Q Median 3Q Max
-13.207 -2.390 1.294 1.859 10.269

Coefficients:
Estimate Std. Error t value

(Intercept) 3.5766 1.4433 2.478

ShrimpLysmata_vittata 0.2054 2.1378 0.096

ShrimpStenopus_hispidus 0.4247 2.1988 0.193

ShrimpUrocaridella_antonbruunii 0.4839 2.1981 0.220

TreatmentTreatment -3.4492 15071 -2.289

ShrimpLysmata_vittata: TreatmentTreatment -1.5892 2.2428 -0.709

ShrimpStenopus_hispidus: TreatmentTreatment 0.1582 2.2872 0.069

ShrimpUrocaridella_antonbruunii:TreatmentTreatment 1.1920 2.3266 O. 512
Pr(>It])

(Intercept) 0.0156 *

ShrimpLysmata_vittata 0.9237

ShrimpStenopus_hispidus 0.8474

Shri mpUrocaridella_antonbruunii 0.8264

TreatmentTreatment 0.0250 *

ShrimpLysmata_vittata: TreatmentTreatment 0.4809

ShrimpStenopus_hispidus: TreatmentTreatment 0.9450

ShrimpUrocar idella_antonbruunii:TreatmentTreatment 0.6100

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 24.31809)

Null deviance: 3551.0 on 79 degrees of freedom
Residual deviance: 1945.3 on 72 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 5

> Anova(Original.eggs.Qglm)
Analysis of Deviance Table (Type Il tests)

Response: chind(Eggs_recovered_day, Eggs_unrecovered_day)
LR Chisq Df Pr(> Chisq)

Shrimp 18.626 3 0.0003267 ***

Treatment 49.068 1 2.473e =12

Shrimp:Treatment 1.400 3 0.7054924

<%oe<”\ ...'tte[ e g«<<h e\eeh g«<h e\eh g<h e\el g\h e\h g h h
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>

Original.eggs.Qglm2=gIm(cbind( Eggs_recovered_night,Eggs_unrecovered_night)~Shrimp*
Treatment,family=quasibinomial(link="logit"),data=Neo.eggs2)

> summary(Original.eggs.Qglm2)

Call:

glm(formula = cbind(Eggs_recovered_night, Eggs_unrecovered_night) ~
Shrimp * Treatment, family = qua sibinomial(link = "logit"),
data = Neo.eggs?2)

Deviance Residuals:
Min 1Q Median 3Q Max
-15.186 -2.804 0.970 1.572 12.416

Coefficients:
Estimate Std. Error t value

(Intercept) 4.53689 2.28589 1.985
ShrimpLysmata_vittata -0.03523 3.09538 -0.011
ShrimpStenopus_hisp idus -0.22609 3.09700 -0.073
ShrimpUrocaridella_antonbruunii -0.16323 3.09643 -0.053
TreatmentTreatment -6.09828 2.36884 -2.574
ShrimpLysmata_vittata:TreatmentTreatme nt -0.38493 3.23022 -0.119
ShrimpStenopus_hispidus: TreatmentTreatment 2.62215 3.19812 0.820
ShrimpUrocaridella_antonbruunii: TreatmentTreatment 3.92595 3.24124 1.211

Pr(>Jt )
(Intercept) 0.0510.
ShrimpLysmata_vittata 0.9910
ShrimpStenopus_hispidus 0.9420
ShrimpUrocaridella_antonbruunii 0.9581
Tre atmentTreatment 0.0121 *
ShrimpLysmata_vittata:TreatmentTreatment 0.9055
ShrimpStenopus_hispidus: TreatmentTreatment 0.4150

ShrimpUrocaridella_antonbruunii; TreatmentTreatment 0.2298
Signif. ..'Tfe[ e g««ch eleeh g«c<h e\eh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 25.84974)

Null deviance: 4250.5 on 79 degrees of freedom
Residual deviance: 1641.8 on 72 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Original.eggs.Qglm2)
Analysis of Deviance Table (Type Il tests)

Response: chind(Eggs_recovered_night, Eggs_unrecovered_night)
LR Chisq Df Pr(>Chisq)
Shrimp 37.884 3 2.991e - 08 ***
Tre atment 76.058 1 <2.2e - 16 ***
Shrimp:Treatment 1.931 3 0.5869
<%oe<”\ ...'tte[ e g«<<h e\eeh g«<h e\eh g<h e\el g\h e\h g h h
>
>
# Pairwise per shrimp species:
>
>
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# DAY:
>
Eggs.LA.day=gim(P_eggs_recovered_day~Treatment,family=quasibinomial(link="logit"),
data=Eggs.LA)

> summary(Eggs.LA.day)

Call:
gim(formula = P_eggs_recovered_day ~ Treatment, family = quasibinomial(link =
"logit"),

data = Eggs.LA)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.1466 -0.5942 0.2373 0.3420 1.2085

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.556 1.416 2.512 0.0218*
TreatmentTre atment -3.629 1.490 -2.435 0.0255 *

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.5408711)

Null deviance: 19.892 on 19 degrees of freedom
Residual deviance: 12.831 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 6

> Anova(Eggs.LA.day)
Analysis of Deviance Table (Type Il tests)

Response: P_eggs_recovered_day
LR Chisq Df Pr(>Chisq)
Treatment 13.055 1 0.0003024 ***

<Woe<"\ ...'TIe[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h

>
# NIGHT:
>

Eggs.LA.night=glm(P_eggs_recovered_night~Treatment,family=quasibinomial(link="logi
t"),data=Eggs.LA)
> summary(Eggs.LA.night)

Call:
glm(formula = P_eggs_recovered_night ~ Treatment, family = quasibinomial(link =
"logit"),

data = Eggs.LA)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.66805 -0.66805 0.00946 0.13536 1.79412

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4688 2.539 1.846 0.0814 .
TreatmentTreatment -6.075 2.610 -2.327 0.0318 *
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<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion paramete  r for quasibinomial family taken to be 0.5827241)

Null deviance: 26.278 on 19 degrees of freedom
Residual deviance: 10.331 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Eggs.LA.night)
Analysis of Deviance Table (Type 1l tests)

Response: P_eggs_recovered_night
LR Chisq Df Pr(>Chisq)

Treatment 27.365 1 1.684e -07 ***

<Woe<"\ ...'TLfe[ e g«<c<h eleeh g«<h eleh g«<h e\el g\h e\h g h h
>
# DAY:
>
Eggs.LV.day=gIm(P_eggs_recovered_day~Treatment,famil y=quasibinomial(link="logit"),
data=Eggs.LV)
> summary(Eggs.LV.day)

Call:
gim(formula = P_eggs_recovered_day ~ Treatment, family = quasibinomial(link =
"logit™),

data = Eggs.LV)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.7278 -0.6252 0.1190 0.2154 1.3304

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.752 1.305 2.875 0.01008 *
TreatmentTreatment -4.946 1.385 -3.572 0.00218 **

<%oo<"\ ... Tte[ @&« eleeh g«<h eleh g«<h elel g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.381604)

Null deviance: 20.736 on 19 degrees of freedom
Residual deviance: 6.930 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 6

> Anova(Eggs.LV.day)
Analysis of Deviance Table (Type Il tests)

Response: P_eggs_recovered_day
LR Chisq Df Pr(>Chisq)
Treatment 36.178 1 1.801le - 09 ***

<Uoe<"\ ...'Tte[ e g««<h eleeh g«<h eleh g<h el\el g\h e\h g h h
>
>
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# NIGHT:

Eggs.LV.night=gim(P_eggs_recovered_night~Treatment,family=quasibinomial(link="logi
t"),data=Eggs.LV)
> summary(Eggs.LV.night)

Call:
gim(formula = P_eggs_recovered_night ~ Treatment, family = quasibinomial(link =
"logit"),

data = Eggs.LV)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.5220 -0.5220 -0.1131 0.1514 1.6587

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4,463 1.805 2.473 0.02361 *
TreatmentTreatment -6.388 1.894 -3.372 0.00339 **

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.3669406)

Null deviance: 23.8486 on 19 degrees of freedom
Residual deviance: 5.2653 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Eggs.LV.night)
Analysis of Deviance Table (Type Il tests)

Response: P_eggs_recovered_night
LR Chisq Df Pr(>Chisq)
Treatment 50.644 1 1.107e -12***
<Woe<"\ ...'TIe[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h
>
# DAY:
>
Eggs.SH.day=glm(P_eggs_recovered_day~Treatment,family=quasibinomial(link="logit"),
data=Eggs.SH)
> summary(Eggs.SH.day)

Call:
glm(formula = P_eggs_recovered_day ~ Treatment, family = quasibinomial(link =
"logit"),

data = Eggs.SH)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.3961 -0.2840 0.1906 0.8880 0.9734

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.999 1714 2.334 0.0314*
TreatmentTreatment -3.499 1.777 -1.969 0.0646 .
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<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion parameter for quasib inomial family taken to be 0.5191589)

Null deviance: 16.532 on 19 degrees of freedom
Residual deviance: 11.703 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 6

> Anova(Eggs.SH.day)
Analysis of Deviance Table (Type Il tests )

Response: P_eggs_recovered_day
LR Chisq Df Pr(>Chisq)
Treatment 9.3011 1 0.00229 **

<Woe<"\ ...'TLfe[ e g«<c<h eleeh g«<h eleh g«<h e\el g\h e\h g h h

>
# NIGHT:
>

Eggs.SH.night=gim(P_eggs_recovered_night~Treatment,family=quasibinomial(link="logi
t"),data=Eggs.SH)
> summary(Eggs.SH.night)

Call:
gim(formula = P_eggs_recovered_night ~ Treatment, family = quasibinomial(link =
"logit™),

data = Eggs.SH)

Deviance Res iduals:
Min 1Q Median 3Q Max
-1.5525 0.1003 0.1510 0.8440 0.8440

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4,468 2.286 1.955 0.0663.
TreatmentTreatment -3.619 2.346 -1.543 0.1403

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.5858207)

Null deviance: 16.078 on 19 degrees of freedom
Residual deviance: 12.245 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Eggs.SH.night)
Analysis of Deviance Table (Type Il tests)

Response: P_eggs_recovered_night
LR Chisq Df Pr(>Chisq)
Treatment 6.542 1 0.01054 *
Signif.co tf+[ e g««<h e\leeh g«<h e\eh g<h e\el g\h e\h g h h
>
>
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# DAY:

Eggs.UA.day=gim(P_eggs_recovered_day~Treatment,family=quasibinomial(link="logit"),
data=Eggs.UA)
> summary(Eggs.UA.day)

Call:
gim(formula = P_eggs_recovered_day ~ Treatment, family = quasibi nomial(link =
"logit"),

data = Eggs.UA)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.8886 0.1794 0.1794 0.3513 0.5627

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4,121 1.612 2.557 0.0198 *
TreatmentTreatment -2.358 1.710 -1.379 0.1848

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.4081619)
Null deviance: 7.24 73 on 19 degrees of freedom
Residual deviance: 5.9474 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Eggs.UA.day)
Analysis of Deviance Table (Type Il tests)

Response: P_eggs_recovered_day
LR Chisq Df Pr(>Ch isq)
Treatment 3.1847 1 0.07433.

<Woe<"\ ...'TIe[ e g«<<h eleeh g<«<<h e\eh g<h e\el g\h e\h g h h

>
# NIGHT:
>

Eggs.UA.night=gim(P_eggs_recovered_night~Treatment,family=quasibinomial(link="logi
t"),data=Eggs.UA)
> summary(Eggs.UA.night)

Call:
glm(formula = P_eggs_recovered_night ~ Treatment, family = quasibinomial(link =
"logit"),

data = Eggs.UA)

Deviance Residuals:
Min 1Q Median 3Q Max
-2.1170 0.1664 0.1664 0.4742 0.4742

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4,273 1999 2.138 0.0465 *
TreatmentTreatment -2.144 2.136 -1.004 0.3289
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<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h el\el g\h e\h g h h
(Dispersion parameter for quas ibinomial family taken to be 0.5417814)
Null deviance: 7.3858 on 19 degrees of freedom
Residual deviance: 6.5299 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Eggs.UA.night)
Analysis of Deviance Table (Type Il t ests)

Response: P_eggs_recovered_night
LR Chisq Df Pr(>Chisq)
Treatment 1.5798 1 0.2088

ZEYLANICOBDELLA ARUGAMEN&IiSish

#Original binomial model on complete dataset (testing for overdispersion):

# DAY:

>
Original.leeches.gim=gim(cbind(Leech_rec_day,Leech_unrec_day)~Shrimp_leech*Treatme
nt_leech,family=binomial(link="logit"),data=Leech?2)

> summary(Original.leeches.gim)

Call:
glm(formula = cbind(Leech_rec_day, Leech_unrec_day) ~ Shrimp_leech *
Treatment _leech, family = binomial(link = "logit"), data = Leech2)

Deviance Residuals:
Min 1Q Median 3Q Max
-4.3620 -0.5938 0.4113 0.4483 5.1905

Coefficients:
Estimate Std . Error

(Intercept) 4.595e+00 1.005e+00
Shrimp_leechLysmata_vittata 1.452e+01 8.597e+02
Shrimp_leechStenopus_hispidus -7.160e - 15 1.421e+00
Treatment_leechTreatment -5.214e+00 1.027e+00
Shrimp_leechLysmata_vittata: Treatment_leechTreatment -1.281e+01 8.597e+02
Shrimp_leechStenopus_hispidus:Treatment_leechTreatment -4.269e - 01 1.455e+00
z value Pr(>|z|)
(Intercept) 4.572 4.83e - 06 ***
Shrimp_leechLysmata_vittata 0.017 0.987
Shrimp_leechStenopus_hispidus 0.000 1.000
Treatment_leechTreatment -5.079 3.80e -0Q7 ***
Shrimp_leechLysmata_vittata:Treatment_leechTreatment -0.015 0.988
Shrimp_leechStenopus_hispidus:Treatment_leechTreatment -0.293 0.769

S<%oe<”\ ..."Tte[ e g<««<h eleeh g«ch eleh g«<h e\el g\h e\h g h h
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 511.82 on 59 degrees of freedom
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Residual deviance: 183.06 on 54 degrees of freedom
AIC: 241.43

Number of Fisher  Scoring iterations: 16

> Anova(Original.leeches.gim)
Analysis of Deviance Table (Type Il tests)

Response: chind(Leech_rec_day, Leech_unrec_day)

LR Chisq Df Pr(>Chisq)
Shrimp_leech 57.971 2 2.581e -13 % **
Treatment_leech 289.675 1 <2.2e - 16 ***
Shrimp_leech:Treatment_leech 0.361 2 0.8347

<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h e\el g\h e\h g h h
#Original model using quasibinomial regression and logit link:

# DAY:

>
Original.leeches.Qglm=gim(cbind(Leech_rec_day,Leech_unrec_day)~Shrimp_leech*Treatm
ent_leech,family=quasibinomial(link="logit"),data=Leech2)

> summary(Original.leeches.Qglm)

Call:

glm(formula = cbind(Leech_rec_day, Leech_unrec_day) ~ Shrimp_leech *
Treatment_leech, family = quasibinomial(link = "logit"),
data = Leech?2)

Deviance Residuals:
Min 1Q Median 3Q Max
-4.3620 -0.5938 0.4113 0.4483 5.1905

Coefficients:
Estimate Std. Error

(Intercept) 4.595e+00 1.768e+00
Shrimp_leechLysmata_vittata 1.452e+01 1.512e+03
Shrimp_leechStenopus_hispidus -7.160e - 15 2.500e+00
Treatment_leechTreatment -5.214e+00 1.806e+00
Shrimp_leechLysmata_vittata: Treatment_leechTreatment -1.281e+01 1.512e+03
Shrimp_leechStenopus_hispidus:Treatment_leechTreatment -4.269e - 01 2.558e+00
tvalue Pr(>|t])
(Intercept) 2.600 0.01201 *
Shrimp_leechLysmata_vittata 0.010 0.99237
Shrimp_leechStenopus_hispidus 0.000 1.00000
Treatment_leechTreatment -2.888 0.00557 **
Shrimp_leechLysmata_vittata: Treatment_leechTreatment -0.008 0.99327
Shrimp_leechStenopus_hispidus:T  reatment_leechTreatment -0.167 0.86809

<%oe<”\ ...'tte[ e g«<<h e\eeh g«<h e\eh g<h e\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 3.093173)
Null deviance: 511.82 on 59 degrees of freedom
Residual deviance: 18  3.06 on 54 degrees of freedom

AIC: NA

Number of Fisher Scoring iterations: 16
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> Anova(Original.leeches.Qglm)
Analysis of Deviance Table (Type Il tests)

Response: chind(Leech_rec_day, Leech_unrec_day)

LR Chisq Df Pr(>Chisq)
Shrimp_leech 18.741 2 8.518e - 05 ***
Treatment_leech 93.650 1 <2.2e - 16 ***
Shrimp_leech:Treatment_leech 0.117 2  0.9433

<Yoe<”\ ...'TFe[ e g««c<h eleeh g«<h eleh g«<h e\el g\h e\h g h h
#Pairwise per  shrimp species:

# DAY:
>
Leeches.LA.day=glm(Leech_prec_day~Treatment_leech,family=quasibinomial(link="logit
"),data=Leeches.LA)

> summary(Leeches.LA.day)

Call:
gim(formula = Leech_prec_day ~ Treatment_leech, family = quasibinomial(link =
"logit"),

data = Leeches.LA)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.9282 -0.5479 0.1418 0.1831 1.4490

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4595 1 .956 2.349 0.0305 *
Treatment_leechTreatment -5.214  1.999 -2.609 0.0178*

<Woe<"\ ...'TIe[ e g«<<h eleeh g«<<h e\eh g<h e\el g\h e\h g h h

(Dispersion parameter for quasibinomial family taken to be 0.3789553)

Null deviance: 19.2578 o n 19 degrees of freedom
Residual deviance: 7.9596 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7

> Anova(Leeches.LA.day)
Analysis of Deviance Table (Type Il tests)

Response: Leech_prec_day
LR Chisq Df Pr(>Chisq)
Treatment_leech 29.814 1 4.755e - 08 ***

<Uoe<"\ ...'Tte[ e g«<<h eleeh g«<h eleh g<h el\el g\h e\h g h h
>
# DAY:
>
Leeches.LV.day=glm(Leech_prec_day~Treatment_leech,family=quasibinomial(link="logit
"),data=L eeches.LV)
> summary(Leeches.LV.day)

Call:
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glm(formula = Leech_prec_day ~ Treatment_leech, family = quasibinomial(link =
Illogitll),
data = Leeches.LV)

Deviance Residuals:
Min 1Q Median 30 Max
-1.37938 -0.02825 0.0000 5 0.02962 0.75853

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 20.57 2488.81 0.008 0.993
Treatment_leechTreatment -19.47 2488.81 -0.008 0.994
(Dispersion parameter for quas ibinomial family taken to be 0.197037)

Null deviance: 7.7585 on 19 degrees of freedom
Residual deviance: 3.9344 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 19

> Anova(Leeches.LV.day)
Analysis of Deviance Table (Type I tests)

Response: Leech_prec_day
LR Chisq Df Pr(>Chisq)
Treatment_leech 19.408 1 1.056e - 05 *x*

<Woe<"\ ...'TLte[ e g«<ch eleeh g«<h eleh g«<h el\el g\h e\h g h h
>
# DAY:
>
Leeches.SH.day=glm(Leech_prec_day~Treatment_leech,family=q uasibinomial(link="logit
"),data=Leeches.SH)
> summary(Leeches.SH.day)

Call:
glm(formula = Leech_prec_day ~ Treatment_leech, family = quasibinomial(link =
"logit"),

data = Leeches.SH)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.7760 -0.4015 0.1418 0.1418 1.6414

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 4595 1.885 2.437 0.02541 *
Treatment_leechTreatment -5.641 1.933 -2.918 0.00919 **

<Uoe<"\ ...'Tte[ e g«<<h eleeh g«<h eleh g<h el\el g\h e\h g h h
(Dispersion parameter for quasibinomial family taken to be 0.3519613)
Null deviance: 20.2933 on 19 degrees of freedom
Residual deviance: 6.4119 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 7
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> Anova(Leeches.SH.day)
Analysis of Deviance Table (Type Il tests)

Response: Leech_prec_day
LR Chisq Df Pr(>Chisq)
Treatment_leech 39.44 1 3.383e - 10 ***

<Yoe<”\ ...'TFIe[ e g««c<h e\exdnhedgeh g<h elel g\h e\h g h h
### night data for LA only below:

>
Leeches.LA.night=glm(Leech_prec_night~Treatment_leech_night,family=quasibinomial(l
ink="logit"),data=Leech3)

> summary(Leeches.LA.night)

Call:
glm(formula = Leech_prec_night ~ Treatment_leech_night, family =
quasibinomial(link = "logit"),

data = Leech3)

Deviance Residuals:
Min 1Q Median 3Q Max
-0.7230 -0.3561 0.1811 0.2010 1.2063

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.892 1.092 3.563 0.002223 **
Treatment_leech_nightTreatment -5.100 1.151 -4.430 0.000323 ***

<Woe<"\ ...'TLfe[ e g«<ch eleeh g«<h eleh g\ih e\le g h h
(Dispersion parameter for quasibinomial family taken to be 0.23389)

Null deviance: 18.4053 on 19 degrees of freedom
Residual deviance: 4.3143 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 6

> Anova(Leech es.LA.night)
Analysis of Deviance Table (Type Il tests)

Response: Leech_prec_night
LR Chisq Df Pr(>Chisq)
Treatment_leech_night 60.246 1 8.371e - 15

<%oe<"\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h el\el g\h e\h g h h

####AIl analyses present significant treatment effect (shrimp)
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ZEYLANICOBDELLA ARUGAMEN&I&oons

# Leech cocoons removed by Lysmata vittata only, over 24 hours:
>

Cocoons.gim=glm(Leech_cocoons_prec~Leech_cocoons_treatment,family=quasibinomial(i

nk="logit"),data=Cocoons)
> summary(Cocoons.glm)

Call:
glm(formula = Leech_cocoons_prec ~ Leech_cocoons_treatment, family =
quasibinomial(link = "logit"),

data = Cocoon s)

Deviance Residuals:
Min 1Q Median 30 Max
-0.30346 -0.30346 0.00002 0.00002 0.78550

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 22.57 4579.85 0.005 0.996
Leech_cocoons_treatmentTreatment -25.62 4579.85 -0.006 0.996

(Dispersion parameter for quasibinomial family taken to be 0.09029798)

Null deviance: 25.2386 on 19 degrees of freedom
Residual deviance: 1.2236 on 18 degrees of freedom
AIC: NA

Number of Fisher Scoring iterations: 21

> Anova(Cocoons.gim)
Analysis of Deviance Table (Type Il tests)

Response: Leech_cocoons_prec
LR Chisq Df Pr(>Chisq)
Leech_cocoons_treatment 265.95 1 <2 .2e - 16 ***

<%oe<”\ ...'Tte[ e g««<h eleeh g«ch e\leh g<h e\el g\h e\h g h h
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$SSHQGLHWDLOV RI WKH VWDWLVWKNDQJIDQDO\VHV IR

Effect of Lysmata vittata on N. girellae infesting E. lanceolatus

### Run mixed effects random intercept model with tanks as the random effect and
count data log - transformed:
Modell=Ime(log(N_girellaeCH4)~TreatmentCH4*DayCH4,random=~1|TankCH4,data=CH4.data)
> summary(Modell)
Linear mixed - effects model fit by REML
Data: CH4. data
AIC  BIC logLik
951.3817 984.6714 -467.6909

Random effects:
Formula: ~1 | TankCH4
(Intercept) Residual
StdDev: 0.1917087 0.6237589

Fixed effects: log(N_girellaeCH4) ~ TreatmentCH4 * DayCH4

Value Std.Error DF t -value p -value
(Intercept) 6.875135 0.11853900 468 57.99893 0.0000
TreatmentCH4T -2.114827 0.16763946 6 -12.61533 0.0000
DayCH4Day?2 -0.617147 0.09862495 468 -6.25751 0.0000
DayCH4Day3 -0.601230 0.09862495 468 -6.09613 0.0000

TreatmentCH4T:DayCH4Day2 0.750258 0.13947674 468 5.37909 0.0000
TreatmentCH4T:DayCH4Day3 0.325959 0.13947674 468 2.33701 0.0199

Correlation:
(Intr) TrCH4T DCH4D2 DCH4D 3 TCHA4T:DCH4D2
TreatmentCH4T -0.707
DayCH4Day?2 -0.416 0.294
DayCH4Day3 -0.416 0.294 0.500

TreatmentCH4T:DayCH4Day2 0.294 -0.416 -0.707 -0.354
TreatmentCH4T:DayCH4Day3 0.294 -0.416 -0.354 -0.707 0.500

Standardized Within - Group Residuals:
Min Q1 Med Q3 Max
-3.37876326 -0.56688351 -0.03197522 0.52067114 4.91476087

Number of Observations: 480
Number of Groups: 8
>
># Run second Ime model but with correlation of variance structure to account for
different variation by treatment groups:
Model2=Ime(log(N_girellaeCH4)~TreatmentCH4*D  ayCH4,random=~1|TankCH4,weights=varlde
nt(form=~1|TreatmentCH4),data=CH4.data)
> summary(Model2)
Linear mixed - effects model fit by REML
Data: CH4.data
AIC  BIC logLik
878.7914 916.2423 -430.3957

Random effects:
Formula: ~1 | TankCH4
(Intercept) Residual
StdDev: 0.1838733 0.7699959
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Variance function:
Structure: Different standard deviations per stratum
Formula: ~1 | TreatmentCH4
Parameter estimates:
C T
1.0000000 0.5600797
Fixed effects: log(N_girellaeCH4) ~ TreatmentCH4 * DayCH4

Value Std.Error DF t -value p -value
(Intercept) 6.875135 0.1259505 468 54.58601 0.0000
TreatmentCHA4T -2.114827 0.1632197 6 -12.95693 0.0 000
DayCH4Day2 -0.617147 0.1217470 468 -5.06909 0.0000
DayCH4Day3 -0.601230 0.1217470 468 -4.93836 0.0000
TreatmentCH4T:DayCH4Day2 0.750258 0.1395419 468 5.37658 0.0000
TreatmentCH4T:DayCH4Day3 0.325959 0.1395419 468 2.33592 0.0199
Correlation:

(Intr) TrCHAT DCH4D2 DCH4D3 TCH4T:DCH4D2
TreatmentCH4T -0.772
DayCH4Day?2 -0.483 0.373
DayCH4Day3 -0.483 0.373 0.500

TreatmentCH4T:DayCH4Day2 0.422 -0.427 -0.872 -0.436
TreatmentCH4T:DayCH4Day3 0.422 -0.427 -0.436 -0.872 0.500

Standardized Within - Group Residuals:
Min Q1 Med Q3 Max
-4.85671049 -0.55309498 -0.04219193 0.65219878 3.96456705

Number of Observations: 480

Number of Groups: 8

>

###HE Allow for variance to differ between each treatment - day combination, rather
than just treatments (there are differences in the spread of variance between
days, not just between treatments; see below:)

# See differences in variance between days:

> with(CH4.data, tapply(log(N_girellaeCH4),list(TreatmentCH4,DayCH4),var ))
Dayl Day2 Day3

C 0.5424765 0.7718764 0.5857066

T 0.3437419 0.1113239 0.1468044

>

# See differences in means between days:

>

> with(CH4.data, tapply(log(N_girellaeCH4),list(TreatmentCH4,DayCH4),mean ))

Dayl Day2 Day3
C 6.875135 6.257988 6.273905
T 4.760308 4.893419 4.485036

# c reate vargroup (new variable) whose levels are each treatment - day combination,
and lets each one have its own variance:
> CH4.data$vargp=with(CH4.data,factor(paste(DayCH4,TreatmentCH4)))
> str(CH4.data)
‘data.frame’: 480 obs. of 6 variables:
$ LineCH4 :num 12345678910...
$ DayCH4 : Factor w/ 3 levels "Dayl","Day2",...1111111111..
$ TreatmentCH4 : Factor w/ 2 levels "C","T™:'1111111111..
$ N_girellaeCH4: num 559 639 2024 428 1669 ...
$ TankCH4  : Fac tor w/ 8 levels "C1","C2","C3",..:1111111111...
$ vargp : Factor w/ 6 levels "Dayl C","Day1 T",...1111111111..
>
# Run third model to include the vargroup:
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Model3=Ime(log(N_girellaeCH4)~TreatmentCH4*DayCH4,random=~1|TankCH4,  weights=varlde
nt(form=~1|vargp),data=CH4.data)
>
> anova(Modell,Model2,Model3)
Model df AIC  BIC logLik Test L.Ratiop - value
Modell 1 8 951.3817 984.6714 -467.6909
Model2 2 9 878.7914 916.2423 -430.3957 1vs 2 74.59028 <.0001
Model3 313 858.3051 912.4008 -416.1526 2 vs 3 28.48630 <.0001
>
# The AIC (lowest) suggests this model is even better (the best).
> summary(Model3)
Linear mixed - effects model fit by REML
Data: CH4.data
AlC BIC logLik
858.3051 912.4008 -416.1526

Random effects:
Formula: ~1 | TankCH4
(Intercept) Residual
StdDev: 0.1732571 0.699756

Variance function:
Structure: Different standard deviations per stratum
Formula: ~1 | vargp
Parameter est imates:
DaylC Day2C Day3C DaylT Day2T Day3T
1.0000000 1.2214233 1.0679785 0.7989372 0.4482660 0.5573069
Fixed effects: log(N_girellaeCH4) ~ TreatmentCH4 * DayCH4

Value Std.Error DF t -value p -value
(Intercept) 6.875135 0.1167272 468 58.89917 0.0000
TreatmentCHAT -2.114827 0.1582296 6 -13.36556 0.0000
DayCH4Day?2 -0.617147 0.1234994 468 -4.99717 0.0000
DayCH4Day3 -0.601230 0.1144635 468 -5.25259 0.0000

TreatmentCH4T:DayCH4Day2 0.750258 0.1427896 468 5.25429 0.0000
TreatmentCH4T:DayCH4Day3 0.325959 0.1375129 468 2.37039 0.0182

Correlation:
(Intr) TrCH4T DCH4D2 DCH4D3 TCHA4T:DCH4D2
TreatmentCH4T -0.738
DayCH4Day?2 -0.425 0.313
DayCH4Day3 -0.458 0.338 0.433

TreatmentCH4T:DayCH4Day2 0.367 -0.444 -0.865 -0.374
TreatmentCH4T:DayCH4Day3 0.381 -0.461 -0.360 -0.832 0.511

Standardized Within - Group Residuals:
Min Q1 Med Q3 Max
-3.77002063 -0.58999501 -0.01999284 0.67764778 4.07818424

Number of Observation s: 480
Number of Groups: 8
>
> anova(Model3)
numDF denDF F-value p -value

(Intercept) 1 468 6858.621 <.0001
TreatmentCH4 1 6 173.357 <.0001
DayCH4 2 468 31.201 <.0001

TreatmentCH4: DayCH4 2 468 13.870 <.0001

>

# Confidence intervals for Model3 (these are used in table 1 of the manuscript):
> intervals(Model3)
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Approximate 95% confidence intervals

Fixed effects:
lower est.  upper

(Intercept) 6.64576045 6.8751347 7.1045090

TreatmentCH4T -2.50200097 -2.1148271 -1.7276531
DayCH4Day?2 -0.85982872 -0.6171468 -0.3744649
DayCH4Day3 -0.82615633 -0.6012302 -0.3763041

TreatmentCH4T:DayCHDay2 0.46966962 0.7502578 1.0308459
TreatmentCH4T:DayCH4Day3 0.05573963 0.3259589 0.5961781
attr(,"label")

[1] "Fixed effects:"

Random Effects:
Level: TankCH4
lower est. upper
sd((Intercept)) 0.08489948 0.1732571 0. 3535714

Variance function:
lower est. upper

Day2 C 0.9809402 1.2214233 1.5208621
Day3 C 0.8582701 1.0679785 1.3289268
Dayl T 0.6400008 0.7989372 0.9973436
Day2 T 0.3585310 0.4482660 0.5604604
Day3 T 0.4461444 0.5573069 0.6961670
attr(  ,"label")

[1] "Variance function:"

Within - group standard error:
lower est. upper
0.5986807 0.6997560 0.8178958
> hist(residuals(Model3))
> plot(Model3)

### The normality of the data is not violated.

6HOHMWAARVWLF SORWYV

Histogram of residuals(Model2)

Normal Q-Q Plot
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$SSHQGEGGLWLRQDO KLVWRORJLFDO LQYHVWLJIJDWLRQ |

TKHVH KLVWRORJLFDO GDWD ZHUH QRW LQFOXGHG LQ &KD':
UHVROXWLRQ RYHU WLPH WR HLSAWKHHWHQXSBR U HWRKDOBMK W K B ¥

WKH\ DUH SUHVHQWHG KHUH RQO\ DV HYLGHQFH RI DGGLWL

+LVWRORJ\
,PPHGLDWHO\ IROORZLQJ SKRWRJUDSK\ DQG KXPDQH HXWK
EODGH ZDV XMHD @MRUMPFIDO VHFWLRQ RI VNLQ DQG XQGHUC
PLG SRUWLRQ RI ERWK IODQNV WKURXJK WKH VWDQGDUGL\
FRQWURO XQLQMXUHG VLWH RI LQMXUHG ILVK VRRI WKH
XQLQMXUHG ILVK GHVLJQDWHG WKH DUHD RI LQWHUHVW
LPPHGLDWHO\ SODFHG LQWR D VHSDUDWH KLVWRORJ\ FDVV
SKRVSEXMWHUHG IRUPDOLQ $00 WLWWRXH [VIRRIS OHWR XHV HE |
WUDQVIHUUDO WR HWKDQRO DQG VWDQGDUG DXWRPDW*#
XVL@J1D(6,7)73SURFHVVRU
$IWHU VXFFHVVIXO WLVVXH SURFHVVLQJ FRPSOHWLRQ
D6KDQGROWRFISQWDHLQ ZD[ HPEHGGLQJ VWDWLRQ (DFK VH
VSHFLILFDOO\ RULHQWXSs LIQDG WIPEDGHWIE FOGAN PRXOG WR
VHFWLRQ WKURXJK DOO OD\HUV Rl WLVVXH DW WKH FXWWL:
%ORENVH FXW XFMULRRB+DPLFURWRPBD\WREDBGHY DW —F
BHYHUDO VHFWLRQV ZHUH FXWQWXUR X LKV WK H Q G MKLUAVIXGIGU
D VWDQGDUG ZDUP ZDWHU EDWK EHIRUH VHOHFWLRQ DQ
PEURVFRSH VOLGHVY 7KHVH VOLGHV ZHUH DOORZHG WR D

FRPSOHWLRQ RI DQG WUDQVIHU RI WKH FDVH DQG D GXSOL
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UHPRYH H[FHVV SDUDIILQ ZD[ 7KHUHDIWHRR R Q\LKRHSH 2 B WH
EHIRUH VWDLQLQJ ZLWK DWERYE R UGW-DRLIPP D YR [ SRV R FR O
FRYHUHG ZLWK D JODVV FRYHUVOLS PRXQWHG SHUPDQHQW
$00 VHFWLRQV ZHUH REVHUYHG XQGHU DQ 20\PSXV %;
ZLWK ',& 1RPDUVNL RSWLFV $00 SDWKRQORRPZQR UPHRU MK

LQIHFWHG WLVVXH 7DEOH $ )L %

7TDEOH $DWKRORJ\ UDQNLQJ DQG FDWHJRULHV

5DQI &DWHJIRU\

1RUPDO

'LVUXSWLRQ Rl WKH HSLGHUPLV VFDOH ORVYV
(SLGHUPRPDBQHUDWLRQ IURP VLGHV Rl ZRXQG QRW PHH
(SLGHUPDO UHJHQHUDWLRQ DQG DOLJQPHQW RI EDVRES
,QIODPPDWRU\ UHVSRQVH

(SLGHUPDO UHJHQHUDWLRQ IURP VLGHV RI ZRXQG PHI
(SLWKHOLDO K\SHUSODVLD

,QIHFWLRQ ZLWK EDFWHULD RU FLOLDWHYV
,QFRQFOXVLYH SDWKRORJ\

6WDWLVWLFEDO DQDO\VHYV
3DWKRORJ\ UDQNLQJV IRU WKH WLVVXH VHEWLRQV ZHUH DG
PRGHOV XVLQJ WKH SIHAM DIH [LQPWHKHIEL\WRBVHYHGRSPHQW
&RUH 7HDP'DWD SDVVHG GLDJQRVWLF VFUXWLQ\ IRU QRUPD
RI WKLV D SCSQIMG\VJHE WKRHDBDQNYV WKH UHVSRQVH YDULDEO
IL[HG H MWHFMWD WZHRQOEILYW IOB/V K IUW R & X W BV E@MPISHRUKW OHYHO\
GD\ WKUHH OHYHOV DRGGHERIE UDYERMD FHWIHFQW
W K HAPU H D AFFDHAQHN RWL GG D\7R GHWHUPLQH W K FV U HIDQMWFHHADWD F H
SUHVHQFBRURDEMHILPS RQ SDWKRORJ\ WZR PRGHOV UHSL
SUHVHQFH RI VKULPS LQIOXHQFHY SDWKRORJ\ ZHUH FRQV\
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WUHDWSPRHYWQWHG DW WKH HERGVRIPWRKEHO WD SFHUHGERPSDUFL

DQRYD IXQFWLRQ

SHVXOWYV
7TKHUH ZDV QR GLIIHUHQFH LQ WKH SDWKRORJ\ LQ ILV® FRKDELYV
S +RZHYHU RQO\ ILVK WKDW ZHUH QRW FRKDELWHC

VHFRQGDU\ LHHWWHREREWKULD DQG RU FLOLDWHV VHH )LJ $

Injured fish with shrimp
9
8
7
6
5
4
3
2
1
0
Day 0 Day 0 control Day 2 Day 2 control Day 4 Day 4 control Day 6 Day 6 control
treatment side side treatment side  side with  treatment side  side with  treatment side  side with
with shrimp shrimp with shrimp shrimp with shrimp shrimp
Normal 1 m2 m3 m4 m5 m6 mnfected © Inconclusive
Injured fish without shrimp
9
; l L]
, [
6
5
4
3
2
1
0
Day 0 Day 0 control Day 2 Day 2 control Day 4 Day 4 control  Day 6  Day 6 control
treatment side side treatment side  sideno  treatmentside  sideno  treatmentside  side no
no shrimp shrimp no shrimp shrimp no shrimp shrimp
Normal ©1 ®m2 m3 m4 m5 m6 ®Infected * Inconclusive

)LJ $ 3DWKRORJ\ UHFRUGHG LQ ILVK FRKEL 286
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'LVEXVVLRQ

7TKH UHVXOWYV RI WKH KLVWRORJLFDO LQWHUSUHWDWLRQ R
RQ VNLQ SDWKRORJ\ ZHUH LQFRQFOXVLYH 7KLV PD\ VLPSO
RI WKH VWDQGDUGLVHG LQMXU\ LD/H® WXPIHNHHRWH XOKH SU /9
UHVSRQVH $OWKRXJK IHZ ILVK WKDW ZHUH QRW FRKDELWH
FLOLDWH LQIHFWLRQ WKHVH IHZ LQGLYLGXDOV ZHUH QRW

DQG WKHQIMHIRMIEREBEERQVLGHUHG LQFLGHQWDO

6WDWLVWLFDO DQDO\VWHYVY DQG GLDJQRVWLF SORWYV

> HIm2=Imer(FrequencyH~TreatmentH*CategoryH*(1|SideH)*DayH,data=Histo)

> summary(HIm2)

Linear mixed model fit by REML ['ImerMod’]

Formula: FrequencyH ~ TreatmentH * CategoryH * (1 | S
Data: Histo

ideH) * DayH

REML criterion at convergence: 273.2

Scaled residuals:
Min  1Q Median 3Q Max
-2.096 0.000 0.000 0.000 2.096

Random effects:
Groups Name Variance Std.Dev.
SideH (Intercept) 6.640e - 06 0.002577
Residual 4.611e+00 2.147350

Number of obs: 108, groups: SideH, 2

Fixed effects:
Estimate Std. Error t value

(Intercept) -6.667e-15 1.518e+00 0.000
TreatmentHWith shrimp -2.484e-15 2.147e+00 0.000
CategoryH2 1.000e+00 2.147e+00 0.466

CategoryH3 7.949e -15 2.147e+00 0.000
CategoryH4 7.200e - 15 2.147e+00 0.000
CategoryH5 2.500e+00 2.147e+00 1.164

CategoryH6 5.000e -01 2.147e+00 0.233
CategoryHInconclusive 1.000e+00 2.147e+00 0.466
CategoryHInfected 7.850e -15 2.147e+00 0.000
CategoryHNormal 4.000e+00 2.147e+00 1.863

DayH4 5.286e - 15 2.147e+00 0.000
DayH6 9.201e -15 2.147e+00 0.000
TreatmentHWith shrimp:CategoryH2 -1.000e+00 3.037e+00 -0.329

TreatmentHWith shrimp:CategoryH3 5.000e -01 3. 037e+00 0.165

TreatmentHWith shrimp:CategoryH4
TreatmentHWith shrimp:CategoryH5
TreatmentHWith shrimp:CategoryH6

1.000e+00 3.037e+00 0.329
-2.000e+00 3.037e+00
-5.000e - 01 3.037e+00

-0.659
-0.165
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TreatmentHWith shrimp:CategoryHInconclusive 1.000e+00 3.037e+00 0.329

TreatmentHWith shrimp:CategoryHInfected 1.413e -15 3.037e+00 0.000
TreatmentHWith shrimp:CategoryHNormal 1.000e+00 3.037e+00 0.329
TreatmentHWith s hrimp:DayH4 5.685e -15 3.037e+00 0.000
TreatmentHWith shrimp:DayH6 -1.306e - 15 3.037e+00 0.000
CategoryH2:DayH4 -1.000e+00 3.037e+00 -0.329
CategoryH3:DayH4 -6.778e -15 3.037e+00 0.000
CategoryH4:DayH4 -6.205e - 15 3.037e+00 0.000
CategoryH5:DayH4 - 2.000e+00 3.037e+00 -0.659
CategoryH6:DayH4 1.500e+00 3.037e+00 0.494
CategoryHInconclusive:DayH4 -1.099¢e - 15 3.037e+00 0.000
CategoryHInfected:DayH4 2.000e+00 3.037e+00 0.659
CategoryHNormal:DayH4 -5.000e-01 3. 037e+00 -0.165
CategoryH2:DayH6 - 1.000e+00 3.037e+00 -0.329
CategoryH3:DayH6 -1.080e - 14 3.037e+00 0.000
CategoryH4:DayH6 -1.026e - 14 3.037e+00 0.000
CategoryH5:DayH6 - 2.500e+00 3.037e+00 -0.823
CategoryH6:DayH6 2.000e+00 3.037e+00 0.659
CategoryHInconclusive:DayH6 5.000e -01 3.037e+00 0.165
CategoryHIinfecte d:DayH6 1.000e+00 3.037e+00 0.329
CategoryHNormal:DayH6 -2.076e - 14 3.037e+00 0.000
TreatmentHWith shrimp:CategoryH2:DayH4 1.000e+00 4.295e+00 0.233
TreatmentHWith shrimp:CategoryH3  :DayH4 -5.000e - 01 4.295e+00 -0.116
TreatmentHWith shrimp:CategoryH4:DayH4 -1.000e+00 4.295e+00 -0.233
TreatmentHWith shrimp:CategoryH5:DayH4 1.500e+00 4.295e+00 0.349
TreatmentHWith shrimp:CategoryH6:DayH4 3.000e+00 4.295e+00 0.698
TreatmentHWith shrimp:CategoryHInconclusive:DayH4 - 1.500e+00 4.295e+00 -0.349
TreatmentHWith shrimp:CategoryHInfected:DayH4 -2.000e+00 4.295e+00 -0.466
TreatmentHWith shrimp:CategoryHNormal:DayH4 -5.000e-01 4. 295e+00 -0.116
TreatmentHWith shrimp:CategoryH2:DayH6 1.000e+00 4.295e+00 0.233
TreatmentHWith shrimp:CategoryH3:DayH6 -5.000e - 01 4.295e+00 -0.116
TreatmentHWith shrimp:CategoryH4:DayH6 -1.000e+00 4.295e+00 -0.233
TreatmentHWith shrimp:CategoryH5:DayH6 2.000e+00 4.295e+00 0.466
TreatmentHWith shrimp:CategoryH6:DayH6 1.000e+00 4.295e+00 0.233
TreatmentHWith shrimp:CategoryHInconclusive:DayH6 - 2.500e+00 4.295e+00 -0.582
TreatmentHWith s hrimp:CategoryHInfected:DayH6 - 1.000e+00 4.295e+00 -0.233
TreatmentHWith shrimp:CategoryHNormal:DayH6 1.000e+00 4.295e+00 0.233
Correlation matrix not shown by default, as p = 54 > 12.
Use print(x, correlation=TRUE) or vcov(X) if you need it
> Null=Imer(FrequencyH~TreatmentH*CategoryH*(1|SideH)*DayH,data=Histo)
> Alt=lmer(FrequencyH~CategoryH*(1|SideH)*DayH,data=Histo)
> anova(Null,Alt)
refitting model(s) with ML (instead of REML)
Data: Histo
Models:
Alt: FrequencyH ~ CategoryH * (1 | SideH) * DayH
Null: FrequencyH ~ TreatmentH * CategoryH * (1 | SideH) * DayH

Df AIC BIC logLik deviance Chisq Chi Df Pr(>Chisq)
Alt 29 465.82 543.61 -203.91 407.82
Null 56 508.71 658.90 -198.35 396.7111.118 2 7 0.997
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$SSHQGL]

89 UHIOHFWDBHFHHD IQ(H USteropuk Rispidus

'DYLEI DX JKDED H [ DEQ*®XWVBQQH BQB\.®WHWVRQ

&HQWUH IRU 6XVWDLQDEOKTHNIRRXNFWRUH VERODHVHDRG 6FLHQFF
6FLHQFHY -DPHV &RRN 8QLYHUVLW\ 7RZQVYLOOH 4XHHQVODQG
6FKRRO Rl %LRORJLFDO 6FLHQFHVY WKH 8QLYHUVLW\ RI 4XHHQV!

6FLHQFHY '"HSDUWPHQW OXWVHHXRPWRWRLHXVWOERXDQ

7KIDSSHQGL[ UHBPBEVHQWIYWLRQ WKDW PD\ RU PD\ QRW EH R
VKULPS DQ®@ GGLAHKQMWFY UHTXLUHG IXUWKHU YHULILFDWLRQ

VHD WXUWOHYV ZKLFK ZDV HWKLFDOO\ LQIHDVLEOH

$SEVWUDFW

&OHDQLQJ V\PELRVLV LV DQ LQWHUVSHFLILF PXWXDOLVP
FRPPXQLFDWLRQ LQFOXGHV DWWUDFWLRQ VLJQDOOLQJ E\
ZKLOH WDFWLOH VWLPXODWLRQ LV WKH SULRDALWLHREQKR ® U
QRFWXUQDOO\ &OHDQHU ILVKHV ZKLFK UHIOHFW WKH EOXH
DQG TR@H XOWUDYLROHW DUH KLJKO\ FRQVSLFXRXV WR T
&OHDQHU VKULPS KDYH QHYHU VER HIQH M B FF WHHEBRIGRIW YKLHRLOUH \
WKHUHIRUH LW LV XQNQRZQ ZKHWKHU WKH\ WRR UHIOHF
FRQVSLFXRXV WR UGHRHRSQWLW b DFVOH. HRW W K H 1L U ¥ W HVQLRPSHK W K [
KLVSWEN®HFWDYBRQORMOMHW EXW WKDW RWKHU VSHFLHV L

GLXUQDO\VWOBWQHLP E RBIR) BRWLAX VYV WKH $R K\ VERIDGXNWAHW K D V
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ORQDYH XOWUDYLROHW UHIOHFWDQFH GLXUQDOO\ WR DWW

LQFOXGLQJ VHD WXUWOHYV

,QWURGXFWLRQ
0DQ\ FOHDQHU VKULPS DQG ILVKHV DUH YLVXDOO\ FRQVSL
SURPLQHQW FRQWUDVWLQJ PDUNLQJV WKRXJKW WR SOD\ D
PDUNLQJV DQG FROGXHVWIDDPWHBH®R®U FOHDQHU ILVKHV RII
KDYH QHYHU EHHQ IRUPDOO\ LQYHVWLJDWHG IRU FOHDQ!
K\SRWKHVHV FXUUHQWO\ DWWHPSW WR H[SODLQ DWWUDFW|I
ILVKHV JXMIOG PDUN K\GFEEWMKNHYQBW(LEO DQG WKH EOXH FRO|
VHH 6 WHWPBIO &KHBW\DO &KDSWHU

7KH VLPLODULW\ LQ PDUNLQJV GLVSOD\HG E\ GLIIHU
JHRJUDSKLF ORFDWLRORSKYRPPSRIHBKWMKFOHDQHU JXLOG PD

V WKDW VLPLODU PDUNLQJY KDG HYROYHG LQ GLIIHUHQ)

FOHDQHU VMW BWWX\H O@&®O 3RWWV 7KH JXLOG PDUN K
VXR8WHG E\ WKH SUHVHQFH Rl FRQWUDVWLQJ GDUN ORQJL
FOHDQHU ILYEHVIHQB® 3RWWV $\OLQJ DQG *L
ZKHQ DQDO\VHG E\ &{Wp RQO\ GH G LOFDDXW KHIDFIDAH D Q H U V
&KDSWHUIHUHG VLJQLILFDQW VXSSRUW IRU WKLV K\SRWKH
JHQHULFDOO\ IRU GHGRFDWIBGXFOHWAEBEWHRDOO\ IRU IDF)
FOHDQHUV VHH $SSHQGL[ RURBR[RWH FR QDRYCQBHIGH WK H

&KHQGHVY DO VWDWHG WKDW ERWK FRORXU DQG SDWWH
VLIJQDOV ,Q WKHLU DQDO\VHVY DOO FOHDQHU ILVKHV ZHUH
FRQWUDVWLQJ DGMDFHQWF %A H BHPG I WSHHD N QU H HE8 AW\ Q G

QP pu89 %OXHT QP DQG ! QP Hp<HOORZY VWF
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H89 <HOORZY VWHS DWa QP DQG DGGLWLRQDO SHDN DW
QREOHDQHUVHWKH@QH\7KHWHVKRUV FRQFOXGHG WKDW YDUL
H89 %OXHT U%OXH 5HGY RIIHUHG VLJQLILFDQW ORQJ GLVW
FOLHQW ILVK YLVXDO VI\VWHPV LQFOXGLGAWFDQHQWYV VHQV
&RQWUDVWL® FGHIWMPHUUQKULPS LQFOXGH UHG DJDLQVW
ILVKHV 0DQ\ FOHDQHU VKULPS VSHFLHV SRVVHVV ZKLWH
ZKLWH DSSHQGDJHI/RWRUDO YMWWUABSH LGEFNVWHQ 7K
WKHWHXEWXUHV ZDV FRQVLGHUHG D QHFHVVDU\ IHDWXUH
'LEFNVWHQ ZKLFK LV DOVR SDUWO\ VXSSRUWHG E\ %U
FOHDQHU VKULPS UDUHO\ SRVVHVV WKLV ZKLWS KRORXUD'
ZKLWH DQWHQQDO RU DQGWHQERSXU WHHIXIMORY WHI LIV DQ G
S8URFDULGHOOD WOXFRIQEUXXR®DODGR ZKLFK PLJKW LQG
ZKLWH VHUYHV PRUH IRU YLVXDO UHFRJQLWLRQ GXULQJ \
SRWHQWLDO OXFLGLW\ Rl UHG DQG ZKLWH DOWHUQDWLQ.
VXJIJHVODWH® WWXG\ Rl WKH VHQVLWLYLW\ RI ILVKHV WR WKL
+RZHYHU ORQJHRIZOLWH G\DEFIMBNK WHG DWWHQXDWH ILUVW Z
WKXV UHG DSSHDUV GDUN RU EODFN ZLWHK LLQF BRIQWHK® \GM S
JXLOG PDUNV GR LQ FOHDQHU ILVKHV WKDQ DV D FRORXU
WKH ZKLWH FRORXUDWLRQ Rl WKHVH VKULPS KDV QRW EHH
H%OXH 5HGYT FDWHJRULHYRXUS $RIUNG. & US\ WHK EEDIXWH LRRFO HD Q
EOXH ZDYHOHQJWKV YLVLEOH WR WKH QDNHG H@DYH QP
XOWUDYLROHW QP IURP YLVLEO\ ZKLWH ERG\ PDUNLQJ
VHQVLWLYKHMWIR PNOB B XO0G WKHUHIRUH VXSSRUW WKH EOX
SDUWLDIPGNG WR WHVW WKLV XVLQJ IRXU FRPPRQ WURSLFD

GLXUQDO FOHDQHUV ZLWK YUMGE @O WRQ QDM XFDONR DXUKNL MC
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DPERHQVEN 0DQ 6 WBH@®R SXV KQUSBLBYYV DQG WZR Q
FOHDQHUV ZLWK OHVV JHQHUDOO\ FRQVSNVPDRKY IR\
BWLPSVRQ B8URFDQGGHOODMFRIQEUXX RQLDPERL®AOGV LV

8 DQWRQEWKGHALFDWHG FOLMDQESKEL VEHUGXIND FXOWDWLYH F

IDXIKIDMQDO &KDSWHU

OHWKRGV

7KH XVH Rl FOHDQHU VKULPS ZDV DSSURYHG XQGHU WKH -D
QXPEHU $ JUDQWHG WRX'IKIN DHEX @WOIGQGLYLGXDOV RI t
VSHFLHV ZHUH SXUFKDVHG IURP DQ DSSURYM® X VQH D O QK
NHSW LQGLYLSKO\GORISQOHQH DTXDULD FRQQH F WXSS WRW U
VIVWHP &OHDQHU VKULPS PRXOW UHODWLYHO\ IUHTXHQWC
DQG VWRS IHHGLQJ SULRU WR RRXQWWQDE RRW GARX B R X\GKW L
WKDW WKH FDUDSDFH WR EH SKRWRJUDSKHG ZDV QRW RC
FRQILUPHG WR EH DFWLYHO\ IHHGLQJ SULRU WR SKRWRJUD
/ SRO\HWK\OHQH DTXDULWK SERGHFIG YE-D ZEYHW X IIRW UD R QR ¢
SKRWRJUDSK\ 6KULPS ZHUH DQDHVWKHWLVHG ZLWK FORY}
HWKDQRO DQG XVLQJ PO RI WKLV VROXWLRQ SHU OLWU
Rl SKRWRWEBRDSWKHYHQW P R YZHPHHQXO VEODYQRQHW SKRWRJIUDS
DQ ;1LWH 1LNRQRQO\ BNDEOHG 6/5 GLILWDO FDPHUD ILWWH
SDVV RQO\ ILOWHIP VHGP)LJIRS VSHFWUDO SHUIRUPDQFH
PRXH)® GLUHFWO\ DERYH WKH WDQN ZLWK D WULSRG DQG ¢
XQGHUZORBJIXOWUDYLROHW LUUDGBBW L RORQXWH QO UD Y L R/

IOXRUHVFHQW OLJKW VRXUFH
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$00 SKRWRJUDSKV ZHUH SURFHVVWEGDUWH QD FK, I*PAD IR D
ZDV FRQYHUWHG WR WKH & , ( &RPPLVNDREFRQRXHW YBWER
&, (/I$%DQG VHSDUDWHG LQWR LWV WKUHHPPBKBBOQWIORBIXV L Q
6WDFNYVBW REKMHHKIHYQ HDU HHHG ZDV VHOHFWHG IRU LPDJH D
IDOAPMRHORXU 5*% LPDJH SURGXFHG E\ WKH FDBHW D DIDEKI OO}
SLQN UHG S&[HDV ,pPIDJJH VHIPHQWDWLRQDZPKD®KUH® ULPHG HR
)L $E RVLIWKUHVKROGLQJ 7KH XSSHU WKUHVKROG UHIHU
89 ZDYHOHQJWK OLPLW RI WKH'DILNW HD F N4 DYOVBHEYH F W Q& DV
GHIDXOW DQG EDFNJURXIIGD SIORDIM 4 HU HX @ 19 WV EBRIFDVCKHRGD G

SL[HOV LQ GHIDXOW UHG DJDLQVRN D EODFN EDFNJURXQG )

5HVXOWYV DQG GLVFXVVLRQ

200\ KLVSMHIRWFWHYHDRQWUDYLROHW OLJKW FRUUHVSRQ
SDWWHUQV RI WKH FDUDSDFH DQG MK HHYVIXSHBW FHREIDMIG\R B G
DQ XQSXEOLVKHG V$HRKWYEDGRYDQ\\RIKHE®H\ DQG -XVWLQ 0
$ ZKLFK HYWLPDWHG WKLV 89 VSHRWUQP ZH VOKI P\Y DLQFHU I
LQ SHUFHQWDJH UHIOHFWD Q FH JWRAD WGV DN RB [IOFRXPIHRU L
SURPLQHQW ZKLWH O/R QPERX GHQIMDRAMWWWAHBHHRIO GYRQY LR O H\
)LJ $ DQG/\EPWWSHFLHBY DQ\ER QFEHXK @IOLO EXW LADWHW LEOH
XOWUDYLROHW SERWRBJUDSSKIUMNQWO\ D JHQHUDO SDXFLW\
IRU WKH GLXUQDO RU QRFWXUQDO FOHDQLQJ SUHIHUHQFH
SUHVHQFHERYHORQWUDYLROHW UHIOHFWDQFH RU UHIOHFWD
GHWPLQLQJ ZKLFK FOHDQHU VKULPS VSHFLHM BBV XOQRWIRR
6 KLVPIDAXYDUWLDOO\ VXSSRUW WKH EOXH FRORXU JXLOG

VKULPS VLIQDOV GLXUQDOO\ WR ZH3OVIHH g RVOWDWD W DUH VHQV
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BWHQRSXVLKLMBQAKBXNYOO\ FRQVLGHUHG D SRRU SHUIRUP
WKH OLWHUDWXUH DQG KDV EHHQ TXHVWLRQHG DV D FOHD
SHUIRUPDQFH MM MDFONDEG :LOOLDP\HW D @ F &DRPZAHRYGH U
WKLV VKULPS VSHFLHV KDV VSHFLILFDOO\ EHHQ REVHUY.
(UHWPRFKHO\VLRDBIHXADWD GLXUQDOO\ RI HSLELRQWYV D
VKDOORZ ZDWHWU\D O] L RDW H U D F W L RONU DRBBEEYIS QXM

QRW PHUHO\ LQFLGHQWDO EXW UHIOHFWHG UHSHDWHG Gt
VWXG\ DUHBW6DPLIPD ,Q DGGLWLRQ WR WKH WXUWOHV WKU
REVHUYHG EHLQJ FOHDQHGWRW Q¥ KE\L V SHEFEXF\ K B QX Q JF K MUDX

%ORFK +DHPXORQ 'BDRDDHVW 6SDUDQRPD ®WIHHLQIEWH KQ H L

6HD WXUW O KWK H@FQXIY IPQ®DW XV&DUHWW D /EQQ B WXWD
'HUPRFKHO\V $RQGB PR DQ&PEUDRIMWDOHQVLWLYH WR X
ZDYHOHQJWKVY )ULWVFKHYV HW ® OD UDMIGW IRUP HDQW ZR ILVK
DUH PHPEHUV RI IDPLOLHV NQRZQ WR KDYH YLVXDO 89 VSH
6WHQRBXIVEHON WKHUHIRUH VHUYLFH D SDUWLFXODU FO
WXUWOHV EXW ZKLFK UHTXLUHV IXUWKHU IRFXVHG LQYHV
FOHDQLQJ LQWHUDFWLRQV ZLWK FOHEPQMK | LRAKHHNY 0% R R W K
6D]LPW DOE
/\VPDWD D P ERQER HKQVBMGEXERWK NQRZQ WR EH DFWLYH ¢
QRFWXUQDOO\ &ROOHWWH DQG 7DOERW HWRD@B GRU
OLOLW] DQG +XWVR@ DO (&OMNBWHRZHYHU WKH HYLGHQF
DPERLQGRHAL\D RW ZHDIDH K\ VOIRMYLROHW VXJIJHVWYV WKDW LW
ZKLWH PDUNLQJV PD\ DWWUDFW B G VISUIGIEWD GWX 5RO D UF (

ZLWKRXWHQREWLWNWHYPXDQG PD\ DGG VXSSRUW WR H[SODL
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SKHQRPHQRQ GLVAMVDEG EAKLMVKOYHDQLQJ GLVFRUGDQFH ZI
EHWZHHQ FOHDQHU VKULPS DQG FOHDQHU ILVKHV HYLGHQ'
DQ ILVK FOHHHD® WDWXNVWHG WKDW RQH H[SODQDWLRQ P
FOHDQHUV PLJKW RIIHU GLIIHUHQW FOHDQLQJ VHUYLFHYV
EHWZHHQ FOHDQHU VKULPS VSHFLHV WWERWURDB ¥ X3 \| X\KFHV Y
VKULPS GLXUQDO RU QRFWXUQDO DFWLYLW\ RU E\ DGYHU)
VIVWHPV ,Q SDUWLFXODU GLXUQDO FOHDQHU VKULPS FROF
VHUYH DV D YLVXDO VLVSBPOLMAR LLLHYPBHQ WD WOILMQRL QL W\ F
WKRVH ZLWK 89 UHIOHFWDQFH PD\ DWWUDFW FOLHQWYV RYH
7KH ODFN Rl DQ\ IXRFWLRMWODY®RROHWY UWMWIBFIV D Q F H
DQWR Q BURKIMMKHUKELHDFN RI OXFLG YLVXDO PDUNLQJV V.
ODUH® DO DQG UHFHQW REVHHWDIVWR@QB\ %RODOQR )UL
WKDW WKHVH VKULPS DUH SULPDULO\ QRFWXUQDO FOI
LOVKHVH VSHFLHV LV OLNHO\ LUUHOHYDQW &RPPXQLFDW
VWLPXODWLRQ LV FRQVLGHUHG D SUH U HT\X D\OL \& K DFSIWRHOUH D
7DFWLOH VWLPXODWLRQ LV OLNHO\ WKH#HQIUL® W/H\QRH DVE
SURVSHFWLYH FOLHQW QRFWXUQDOO\ RU XQGHU ORZ OL

REVHUYDWLRQV RI GHHS ZDWHU FOHDQHU FKORRBNPDGH E\

JXUWKHU ZRUN LV QHFHVVDUFRFWRQHB QRR WGH. WHKWHHWQSWH FO H
SDUWLFXODUO\ WKRVH ZKLFK ZDOMN HNWWRUZDQFWR & OWRD (R & U XQRYX
VSHFLHVY EXW RWKH3Q M\OHRAHYH WSFRKVIBYVYRQILVLEO\ EOXH
PDUNLQJV ZKLFK PDSISRUWKWR &8 E®XH FRORXU JXLOG K\

FOHDQHU VKULPS

296

$SSHQGLFHV



$FNQRZOHGJHPHQWYV

,IPJUDWHIXO IRU WKH DVVLVWDQFH JLYH @ EY H3 DOOGVLLLTHY 1L«
SKRWRJUDSK\ Rl FBINPQWVLRRUWRSXVH WK SRLVSIDBAYVWDO
JUDQWHG E\ .DUHQ &KHQH\ DQG -XVWLQ 0D UYHKDPOLOY RLIRK 8 G

XVH )LJ zPV JUDQWRGEIZHOO\Q ZZ¥Z NR&[OD[ FR¥W® ZDV

IXQGHG WKURXJK DQ JOQWEHXQW M LRHMHD BRVWFKRODUVKL S

8QLYHUVLW\ 7RZQVYLOOH 4XHHQVODQG $XVWUDOLD
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)L $ 6SHFWUDO SHUIRUPDQFH SRV VWHKMHPHWW HLO V&H3Y JUH
ZLWK SHUPLVVLRQ IURP 'DQZDHDHOIO\QRP'3 //&
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)LI $ 6WHQRSXV SKIRMBR BXIVS K H G DXYQIG X OWAFDYLROH V
IDORRIORXU 5*% LADBEKDB QWRHR I/ VDKE RRORK UF R O FIK W
LPDJH F WKUHVKROG YLHZ Rl XOWUDYLROHW U® IC
6FDOH EDUV PP 299
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)L $ 6WHQRSXVBBMMWSHRBMXYDO UHIOHFWDQFH IURP ZKLWH UHG DQG EOX
Rl .DUHQ &KHQH\ DQG -XVWLQ ODUVKDOO
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)yLJ $ /\VPDWD DPERLQDZVARORMKU 5*% LPDJRKEQY

WKUHVKROG YLHZ 6FDOH EDUV PP
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)L $ /\VPDWD YOLWMIWRORMKWU 5*% LPDJKDE) QMIOH F
YLHZFDOH EDUV PP
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)LJ $ S8URFDULGHOODDD QMR @RORKULE*% L PD FHK DB Q

WKUHVKROG YLHZ 6FDOH EDUV PP
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$SSHQGIHUPLVVLRQV
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*ORVVDU\ RI WHUPV

$GXOWRRRNEULPBHVHQFH RI PDWXULQJ JRQDGV

&KHDWR QUHPSRUDU\ GHYLDWLRQ |URHPOWWHRQRKEBOR N
GLIIHUHQW PXWXDOLVPV DQG LV UHSUHVHQWHG E\ D
SDUWQHU RI DQRWKHU ZLWK UHGXFHG RU QR UHFLSUR
&OHDQWKH RUJDQLVP GRLQJ WKH FOHDQLQJ LQ D FOHDC
& O H DSYMHQUL VK PHIQWUHFLSURFDO DFWLRQ RI FKDVLQJ RU
LQ UHVSRQVH WR DVVXPHG FKHDWLQJ

&OHDQLQJ VDPERRSHWDWLYH LQWHUVSHFLILF EHKDYLR
DQG FRQVXPHV PDWHULDOV WKDW QHJIBMHGH® \ELPERF
FRPPXQLFDWLRQ

&OLHWWH RUJDQLVP EHLQJ FOHDQHG LQ D FOHDQLQJ V\
'HGLFDWHG FROHDHOHDQHUVY GHPRQVWUDWH D PRUH
WKDQ IDFXOWDWLYH FOHDQHUV DQG PDQ\ IDRH®M®DU HJ
SURPLQHQW FOHDQLQJ VWDWLRQV RQ WKH UHHI ZKLFK
(SLELRDAW IRUHVHHDEOH RUJDQLVPV WKDW JURZ RQ W
VXUIDFH DUHD RI DQRWKHU OLYLQJ RUJDQLVP
)DFXOWDWLY®RRMD DD@HE L FIDMIDEHANDWQ HHOLDQFH RQ F
VIPELRVLV DV D ZD\ RI OLIH EXW WKDW LQWHUDFW :
WKHPVHOYHV DQG TXLWH QRWDEO\ EXW QRW H[FOXVL
+RVWVHG IRU SDUDVLWR O RWIKAD R LD\ M BFRMIVRIQIVH B Q O !
,QFLGHQWD O FFIOM®IQAR E\ RQH RUJDQLVP RI DQRWKH
FRPPXQLFDWLRQ QRW QHFHVVDULO\ FRRSHUDWLYH

, QIHVWDWHRQLQ WKLV WKHVLV WR PHDQ LQIHFWLRQ E\
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"-ROWROW UDMSMROWRU FKHDWEKQ U SWKHDFWRB®V RI WKH
DVVXPHG FKHDWLQJ RI WKH FOHDQHU RIWHQ IROORZH(
/LIH VXSSRUWWKNWHRPOHFWLYH WHUP IRU DOO ILOW
PHFKDQLFDO DQG XOWUDYLROHW OLJKW GLVLQIHFWLR
WKLV WKHVLY 6SHFLILFDOO\ WKHVH LQFOXGH IRDP IUL
EDOOVHDPNNQMPFH PDAWHBUDO JURZWK DQG QLWUDWH
VFUXEEHUV SDUWLFOH ILOWUDWLRQ XVLQJ ILOWHU E
XOWUDYLROHW OLJKW VWHULOLVDWLRQ

2EOLJOWHG IRU SDUDVLWR O RSEG A QEIRIVID WIHU®BIFAWIL RRE HR R
H[LVWHQFH ZLWK D KRVW ZLWKRXW ZKLFK WKH SDUDVI
2QFRPLUDFLGLR®RPUNY®IODVWDJIH Rl ORQRJHQHD
2YHUGLVSHUVHG RWHWBGYSBRAUNERQWDWLVWLFDO WHUF
GDWD QRW WKH HFRQPMEFWRORAUP XVHG LQ SD
6\PELRFNRWPHQVDOLVP PXWXDOLVP DQG SDUDVLWLVP
7KHURQMLQIHFW BYHNSWRFDHURRQ LUULWDQV
7RPRQWHSURGXFWLYH HQRIWB®WRKDU\R® \LWD W RQV

TURSKRIPAUDVLW&B\EWREFBDWRIRQ LUULWDQV
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