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$VVHVVPHQW RI WKH HIIHFWV RI GLHWDU\ |
IHUPHQWDEOH VXEVWUDWHY RQ WKH JDVW
DQG DVVRFLDWHG IDHFDO SDUDPHWHUYV

JHOLV FDWXV

$ WKHVLVY SUHVHQWHG LQ SDUWLDO IXOILOPHQW RI WE

'RFWRU RI 3KLORVRSK\

LQ
$QLPDO 6FLHQFH

DW ODVVH\ 8QLYHUVLW\ 3DOPHUVWRQ 1RUW}
1HZ =HDODQG

&KULVWLQD )UDQFHYV % XWRZVNL






$SEVWUDFW

*OREDOO\ FRPPHUFLDO GLHWYV KLJK LQ DQLPDO SURWHL
SRSXODU IRU SHWV +RZHYHU WKHUH LV OLWWOH UHVHD
GRPHVWLF FDWV 'LHWDU\ ILEUH DQG DQLPDO GHULYHG |
LOWHUHVW EHFDXVH RI WKHLU UROH L@ YID@¥BQUYRILVG WRIV W
VWXGLHVY ZHUH FRQGXFWHG WR GHWHUPLQH WKH HIIHFW\
LOQWHUDFWLRQ LQ WKH GRPHVWLF FDW

, QLWLDOO\ WKH LPSDFW RI GLHWDU\ ILEUH LQFOXVLRQ LC
PLFURELRPH ZDV GHWHUPLQHG &KDSWHU 7ZR 2EVHUYDW
D KLJK SURWHLQ UDZ PHDW GLHW ZDV KLJKO\ GLJHVWLE
GHIHFDWLRQ LQ WKH GRPHVWLF FDW $V SDUW RI WKLV V
)LUVWO\ WKH SRLQW DW ZKLFK WKH IDHFDO PLFURELRPH
&KDSWHU 7KUHH DQG VHFRQGO\ WKH VXLWDELOLW\ RI I
GHWHUPLQLQJ WKH FRPSRVLWLRQ RI WKH IDHFDO PLFUR
PLFURELRPH RI WKH FDW FRXOG IHUPHQW GLHWDU\ ILEUL
UHODWLYH VWDELOLW\ RI WKH PLFURELRPH ZDV UHDFKH
VDPSOHV GLG QRW UHSOLFDWH WKH WD[RQRPLF FRPSOHIL

%DVHG RQ UHVXOWYV IURP &KDSWHU 7ZR , DVVHVVHG WK|
$')6 FRPSDUHG W RLG LHMWDS WIHEU RXYQIG WKDW K\GURO\VHG
SURGXFHG WKH JUHDWHVW FRQFHQWUDWLRQV RI EXW\UD
VWXG\ , DVVHVVHG WKH LPSDFWV Rl K\GURO\VHG FROODJ
GLHW RQ WKH IDHFDO PHWDJHQRPH &KDSWHU 6L[ $G¢
PHWDEROLWHY DV WKH\ LQFOXGH D NH\ QHXURWUDQVPLW
WKH FRORQ DQG PD\ H[SODLQ WKH GLIIHUHQFHYV LQ GHIHE
WKH K\GURO\VHG FROODJHQ ZDV IHUPHQWHG E\ WKH JC
GRPHVWLF FDW DQG FRXOG KDYH WKH SRWHQWLDO WR |
GRPHVWLF FDW

JURP WKLV IXWXUH UHVHDUFK FRXOG YHULI\ WKH SRWHQV
GRPHVWLF FDWV ,Q DGGLWLRQ IXUWKHU ZRUN LV UHTXLU
Rl WKH PLFURELRPH RI WKH GRPHVWLF FDW WR IXO0\ XQC
PLFURELRPH LQWHUDFWLRQV
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$FNQRZOHGJHPHQWYV

JLUVWO\ , ZRXOG OLNH WR VLQFHUHO\ WKDQN P\ VXSH!
7KRPDV $VVRFLDWH 3URIHVVRU 1LFN &DYH 'U (PPD %HUP
<RXU FRQWLQXHG VXSSRUW JXLGDQFH DQG SDWLHQFH ZD
IRU EHLQJ P\ SULPDU\ VXSHUYLVRU 7KH GULYH IURP $EH!L
WR GLVFXVV WKH SURVSHFW RI WKLV 3K' ZD\ EDFN LQ

IRU DOZD\V EHLQJ WKH FDOP VRXQGLQJ ERDUG QR PDWYV
WKDQN \RX IRU EHLQJ WKHUH WR DQVZHU DOO RI P\ VLO
WKURXJK $J5HVHDUFK DQG DOO RI LWV LQWULFDFLHV 7KD
RI FRQIHUHQFH DEVWUDFWVY SUHVHQWDWLRQV SDSHUYV

DOZD\V LQ D WLPHO\ PDQQHU ZHUH JUHDWO\ DSSUHFLD)
KDV EHHQ LQYDOXDEOH WKURXJKRXW WKLV 3K' 7KDQN \R
RXU OHQJWK\ GLVEFXVVLRQV DERXW WKH FDW FRORQ DQG
GURYH PH WR VWULYH IXUWKHU DQG TXHVWLRQ PRUH VRP
:D\QH ZKHUH ZRXOG , EH ZLWKRXW \RXU VWDWV KHOS
WLPH DQG SDWLHQFH LQ WHDFKLQJ PH KRZ WR DQDO\VH

NQRZOHGJH Rl WKH PLFURELRPH \RXU FRPPHQWYV DQG TX
DFNQRZOHGJH DQG VLQFHUHO\ WKDQN WKH OLQLVWU\ IRU
0%,( DQG $J5HVHDUFK IRU WKH IXQGLQJ RI WKLV 3K'
B3UHPLXP 3HWIRRG $OOLDQFH 7KH 5HDO 3HW)RRG &RPSDQ
=LZL

7R WKH ODGLHV DW WKH FDW XQLW IRU QRQH RI WKLV

ODUJUHHW 5DFKDHO DQG &ODLUH WKDQN \RX IRU WKH HQ
EXW PRVW RI DOO \RXU LQFUHGLEOH NQRZOHGJH RI HYHL

WKHP GD\ LQ GD\ RXW )RU OHWWLQJ PH WDNH RYHU WKH



P\ KXJH WULDO GHVLJQV DQG NHHSLQJ PH VDQH ZKLOVW , ZDLWH
7R %9H[ 1DULVVD <YRQQH O\OHQH WKDQN \RX VR PXFK IRU \RXU
KROGLQJ FDWV ZKLOH EORRG VDPSOLQJ WR ZDWFKLQJ WKH FD

QHHGHG VOHHS

7R -DVRQ 3HWHUV IRU \RXU KHOS DQG KXPRXU LQ WKH ODE DQG
DQG JXLGDQFH ZKLOV\Y WHWEERD WR GWD QKMQN \RX WR 'RXJ 5RVH(
DQG +DOLQD 6WRFNORVLQVNL IRU WKH RUJDQLF DFLG DQDO\V]
VDPSOHV +DOLQD WKDQN \RX IRU\RXU WLPH DQG SDWLHQFH LQ
, KDG D ZRQGHUIXO WLPH LQ WKH ODE ZLWK \RX , KRSH ZH |
FRPPXQLFDWLRQ LQ 3ROLVK RQH GD\ 7R :DGH ODFH IRU DOORZL
SRR LQ \RXU IUHH]H GULHU DQG WR /HR /LX IRU DOZD\V EHLQJ F
EUHDN 7R WKH LQFUHGLEOH ELRLQIRUPDWLFLDQV 3DXO ODF/HD
3RSS\ OLOOHU 3HWHU *UHHQ DQG 6KHQ +HD WKDQN \RX IRU \RX
GHVLJQ DQG VWDWLVWLFDO DQDO\VLVY RYHU WKH \HDUV 7R &DW
P\ VWXSLG TXHVWLRQV DQG IRU WDNLQJ WKH WLPH WR WHDEK Pt
GD\V DW $J5HVHDUFK 7R +HLNH 6FKZHQGHO \RXU NQRZOHGJH
06 06 ZDV LQYDOXDEOH 7KDQN \RX IRU EHLQJ WKHUH DQ\ KRXU

WKH PDFKLQH ZRXOG FUDVK DQG IRU EHLQJ HWHUQDOO\ SDWLF
EUDLQ DURXQG WKH DQDO\VLV 7R WKH $J5HVHDUFK ,7 WHDP VS
7RUH 5D\QHU WKH XQVXQJ KHURHV 7KDQN \RX IRU DOZD\V DQV
PHVVDJHV ZKHQ P\ FRPSXWHU FUDVKHG ILOHV GLVDSSHDUHG |

LQVWDOOHG

7R P\ IULHQGY DQG FROOHDJXHV RYHU WKH \HDUV WKDQNV IRU
DOzZD\V EHLQJ WKHUH IRU D FRIIHH DQG D FKDW 7R .DW 6WUDQJ

HYHU\ VWHS RI WKLV SURFHVV SUHSDULQJ PH IRU WKH QH[W FKI
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, QHHGHG LW PRVW WKDQN \RX 7XHVGD\ ZLOO IRUHYHU E
\RX IRU WDNLQJ RQ WKH WUDGLWLRQ RI SLQW QLJKW WKE
ZRQGHUIXO IODW PDWHV IRU SXWWLQJ XS ZLWK PH RYHU
EHLQJ WKHUH IRU D ZDON DQG D FKDW DQG WR 3DXOD %!
SKRQH DQG SURYLGLQJ HQGOHVV HQWHUWDLQPHQW DQG
6KDQDOHH -DPHV &RQRU 7RELQ DQG 7UR\ *XOOHU\ P\ 1H:
, ZRX0OG GR ZLWKRXW \RX WKUHH WR EH KRQHVW 6KDQ
FRRNHG PHDOV DQG FXGGOHV ZLWK 6SRW KH VKRXOG El
HQGOHVV FUDLF DQG PRUH SLQWV WKDQ , FRXOG HYHU F

WKHUH \RX UHDOO\ DUH WKH EHVW

-LPP\ DQG *LOO 6LPSVRQ WKDQN \RX IRU FKDPSLRQLQJ P|
HQFRXUDJHPHQW DQG JXLGDQFH WKURXJK HYHU\ VLQJOH
7R P\ 3BRUWQHOODQ IDPLO\ )JUHGD 'DYLG &KULV DQG *LCQ
FRPH WR WKH IDUP IRU WKDW ZHHN LQ $XJXVW "T7K
HPEUDFLQJ PH LQWR \RXU OLYHV , JDLQHG VXUURJDWH ¢
7R P\ IULHQGYV DQG IDPLO\ DW KRPH 8QFOH 3DXO DQG $X¢
IXE\ &DWULRQD WKDQN \RX VR YHU\ PXFK IRU DOO \RXU

FDOOV RI HQFRXUDJHPHQW ORYH \RX DOO

)LEQDOO\ WR P\ ORQJ VXIIHULQJ IDPLO\ OXP 'DG 3HWHU
RWKHU VLGH RI WKH ZRUOG \RX ZHUH DOZD\V ULJKW KHU!]
WKDW FRPHV ZLWK D 3K' 7KDQN \RX IRU \RXU HQGOHV)\

XQZDYHULQJ EHOLHI LQ P\ DELOLWLHVY WXUQV RXW , FRX
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&RQWHQWYV

$EVWUDFW LLL
$FNQRZOHGJHPHQWYV Y
/LVW Rl WDEOHYV [LLL
/ILVW RI ILIXUHV [Y
$EEUHYLDWLRQV [YLLL

CHAPTER ONE - LITERATURE REVIEW

,QWURGXFWLRQ

7KH GRPHVWIOA ¥ OF\WB W X V
OHWDEROLF DQG SK\VLRORJLFDO DGDSWDWLRQV

IXWULHQW UHTXLUHPHQWY DQG FRPPHUFLDO GLHWYV
5DZ PHDW GLHWYV
(IMTHFWV RI IHHGLQJ KLJK SURWHLQ UDZ PHDW GLHWV WR GR

'"LHWDU\ ILEUH
(I"THFWV Rl GLHWDU\ ILEUH LQ WKH GRPHVWLF FDW
OHDVXULQJ GLHWDU\ FDUERK\GUDWH DQG GLHWDU\ ILEUH
$QLPDO GHULYHG IHUPHQWDEOH VXEVWUDWHY $')6 LQ WKH GF

7KH JDVWURLQWHVWLQDO PLFURELRPH
$VVHVVLQJ WKH FRPSRVLWLRQ DQG IXQFWLRQ RI WKH PLFUREL
'LYHUVLW\ LQGLFHV
YDFWRUV DIIHFWLQJ FRPSRVLWLRQ DQG IXQFWLRQ RI WKH PLFL
5HJLRQ RI LQWHVWLQH
"LHW
'LHWDU\ ILEUH

JHUPHQWDWLRQ HQG SURGXFWYV
2UJDQLF DFLGYV

6KRUW FKDLQ IDWW\ DFLGV 6&)%
$FHWDWH
SURSLRQDWH
%XW\UDWH
/IDFWDWH VXFFLQDWH KH[DQRDWH DQG IRUPDWH

%UDQFKHG FKDLQ IDWW\ DFLGV %&)$

7U\SWRSKDQ
BHURWRQLQ
,QGROH

&RQFOXVLRQV

6FLHQWLILF DLPV DQG K\SRWKHVHV

L[



CHAPTER TWO - IN VIVO ASSESSMENT OF DIETARY FIBRE INCLUSION
IN A HIGH PROTEIN RAW MEAT DIET

,QWURGXFWLRQ

ODWHULDOV DQG PHWKRGYV

$QLPDOV DQG GLHWYV

6DPSOH FROOHFWLRQ

/IDERUDWRU\ DQDO\VLV
$SSDUHQW WRWDO WUDFW PDFURQXWULHQW GLJHVWLELOLW\
)DHFDO RUJDQLF DFLGV
)YDHFDO PLFURELRPH
'KROH PHWDJHQRPH VKRWJXQ VHTXHQFLQJ

BWDWLVWLFDO DQDO\VLV

SHVXOWYV
$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
J)DHFDO VFRUH RXWSXW DQG S+
JDHFDO RUJDQLF DFLGYV
J)DHFDO PLFURELRPH
%DFWHULDO GLYHUVLW\
OLFURELRPH FRPSRVLWLRQ
'DWD LQWHJUDWLRQ
J)DHFDO PHWDJHQRPH

'LVFXVVLRQ
$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
YDHFDO FKDUDFWHULVWLFV
7D[RQRP\ Rl WKH IDHFDO PLFURELRPH
YHUPHQWDWLRQ HQG SURGXFWV
OHWDJHQRPH FRPPXQLW\ IXQFWLRQ
&RQFOXVLRQ
CHAPTER THREE - ASSESSING CHANGES IN THE FAECAL
MICROBIOME DURING DIETARY TRANSITION
,QWURGXFWLRQ

ODWHULDOV DQG PHWKRGV
6WDWLVWLFDO DQDO\VLYV

5HVXOWV
$OSKD GLYHUVLW\

'LVEXVVLRQ

&RQFOXVLRQ

CHAPTER FOUR - USE OF FAECAL SAMPLES VERSUS RECTAL SWABS
FOR THE ASSESSMENT OF THE FAECAL MICROBIOME

,QWURGXFWLRQ



ODWHULDOV DQG PHWKRGYV
$QLPDOV DQG GLHWV
6DPSOLQJ
/I DERUDWRU\ DQDO\VLYV
'DWD SURFHVVLQJ
6WDWLVWLFDO DQDO\VLYV

5HVXOWV
YDHFDO DQG UHFWDO VZDE PLFURELRPH
6DPSOLQJ WHFKQLTXH
$OSKD GLYHUVLW\
9LVXDO VFRULQJ V\VWHP
9LVXDO VZDE VFRUH DQG WKH PLFURELRPH

'LVEXVVLRQ

&RQFOXVLRQ

CHAPTER FIVE — IN VITRO DIGESTION AND FERMENTATION OF
ANIMAL-DERIVED FERMENTABLE SUBSTRATES (ADFS)

,QWURGXFWLRQ

ODWHULDOV DQG PHWKRGYV
YDHFDO LQRFXOXP FROOHFWLRQ
6XEVWUDWHYV
,Q YLOMURVWLRQ
,Q YLIWURHQWDWLRQ
6XEVWUDWH UHWHQWDWH SUHSDUDWLRQ
YDHFDO LQRFXOXP SUHSDUDWLRQ
/IDERUDWRU\ DQDO\VLV
ODFURQXWULHQW SURILOHV RI VXEVWUDWH
2UJDQLF DFLGV
$PPRQLD
6 U51$ DPSOLFRQ VHTXHQFLQJ
BWDWLVWLFDO DQDO\VLV
2UJDQLF DFLGV DQG DPPRQLD
%DFWHULDO SURILOH RI LQ YLWUR IHUPHQWDWLRQ

5HVXOWV

+LJK SURWHLQ IDHFDO LQRFXOXP 3'

2UJDQLF DFLG SURILOHV

$PPRQLD

&XOWXUH FRPPXQLW\ Rl KLJK SURWHLQ IDHFDO LQRFXOXP
+LJK FDUERK\GUDWH IDHFDO LQRFXOXP &'

2UJDQLF DFLG SURILOHV

$PPRQLD

&XOWXUH FRPPXQLW\ Rl KLJK FDUERK\GUDWH IDHFDO LQRF)
,Q Y LYHWRAX W LYR

'LVFXVVLRQ
+LJK SURWHLQ IDHFDO LQRFXOXP 3'
+LJK FDUERK\GUDWH IDHFDO LQRFXOXP
ORGHO FRQVLGHUDWLRQV
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&RQFOXVLRQ

CHAPTER SIX — IN VIVO ASSESSMENT OF AN ANIMAL-DERVIED
FERMENTABE SUBSTRATE

,QWURGXFWLRQ

ODWHULDOV DQG PHWKRGYV
BWXG\ GHVLJIQ
$QLPDOV DQG GLHWYV
6DPSOH FROOHFWLRQ
%ORRG VDPSOLQJ
/IDERUDWRU\ DQDO\VLV
'LHW DQDO\VLV
$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
YDHFDO RUJDQLF DFLGV
:KROH PHWDJHQRPH VKRWJXQ VHTXHQFLQJ
30DVPD DQG VHUXP WU\SWRSKDQ PHWDEROLWHYV
6WDQGDUG SUHSDUDWLRQ
6DPSOH SUHSDUDWLRQ
/& 06 06
BWDWLVWLFDO DQDO\VLV
2UJDQLF DFLGYV
OHWDJHQRPH DQDO\VLV
7U\SWRSKDQ PHWDEROLWHYV

5HVXOWYV
$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
YDHFDO S+ VFRUH DQG RXWSXW
)DHFDO RUJDQLF DFLGV
7D[RQRP\ Rl WKH IDHFDO PLFURELRPH
&RPPXQLW\ PHWDJHQRPH IXQFWLRQDO JHQHYV
$OSKD GLYHUVLW\
7U\SWRSKDQ PHWDEROLWHYV

'LVEXVVLRQ
$')6 DV D GLHWDU\ ILEUH
$')6 DQG WKH IDHFDO PHWDJHQRPH
&ORVWULGLXP SHUIULQJHQVY DQG WKH GRPHVWLF FDW
7TU\SWRSKDQ PHWDEROLWHYV

&RQFOXVLRQ
*(1(5%$/ ',6&866,21
5()(5(1&(6

$33(1',&(6

[LL



/ILVW RI WDEOHYV
7DEOH1XWULWLRQDO JXLGHOLQHV IRU DGXOW GRPHVWLF

7TDEOH,PSDFWV RI IHHGLQJ KLJK SURWHLQ GLHWYV UDZ PH
ZLWKRXW WKH LQFOXVLRQ RI GLHWDU\ ILEUH LQ GRPHVW

7TDEOH6XPPDU\ RI WKH FODVVLILFDWLRQ RI GLHWDU\ ILEU]

7TDEOH6XPPDU\ RI WKH HIITHFWV RI GLHWDU\ ILEUH LQFOXYV

GLHWV((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

7TDEOH6XPPDU\ RI SXEOLFDWLRQV LQYHVWLJDWLQJ WKH LI
PLFURELRPH XVLQJ VHTXHQFLQJ WHFKQLTXHV««««««« ««

7TDEOH&RPSRVLWLRQ RI HISHULPHQWDO GLHWYV ««««««««««

7TDEOH%RG\ ZHLJKW GU\ PDWWHU LQWDNH DQG DSSDUHQV
GLIHVWLELOLW\

7TDEOH)DHFDO VFRUH IDHFDO RXWSXW DQG IDHFDO S+ ««
7TDEOH)DHFDO RUJDQLF DFLG SURILOHY «««&«««&& KKK LK KKK
7TDEOH5HODWLYH DEXQGDQFHYV RI EDFWHULDO WD[D LQ Wk

7TDEOH$126,0 DQDO\VLV RI EDFWHULDO WD[D SUHVHQW LQ
GD\V DQG FRPSDUHG WR GD\V DQG KRR R R

7TDEOH/RDGLQJ ZHLJKWV RI EDFWHULDO WD[D IURP V3/6 '$
SORWYV «

7TDEOH9LVXDO VZDE VFRULQJ VA\VWHP XVHG WR DVVHVV Wk
HDFK UHFWDO VZDE «««««& &« KK KKK KKK KKK KKK KKK KL K

TDEOH5HODWLYH DEXQGDQFHYV RI EDFWHULD SUHVHQW LQ
VDPSOHYV

7TDEOH9LVXDO VZDE DVVHVVPHQW VFRUH DQG FRXQW RI V|
VDPSOHV«

7TDEOH7KH JURXSV LQ ZKLFK WKH VXEVWUDWHY ZHUH GLJF
YLWUR

[LLL



7TDEOH6LPXODWHG *DVWULF )OXLG 6*) DQG 6LPXODWHG ,QWHVW

VROXWLRQV &« & &« KKK KKK KKK KKK KKK KKK KKK

TDEOHIXWULHQW FRPSRVLWLR®@ RINGWIEHRVWULBRYW HDWBEVHG IRU

IHUPHQWDWLR Q ««««« &K KKK KL LLK KKK KKK LK K

7TDEOHOXOWLSOH OLQHDU UHJUY HWWIRR Q WIMWORQYLRUWIDQLF DFLG D
DPPRQLD FRQFHQWUDWLRQV LQ WKH 3" IDHFDO LQRFXOXP ««««««

7DEOHOXOWLSOH OLQHDU UWHY Y HMWWERR Q WMWIORQYLRWIDQLF DFLG D
DPPRQLD FRQFHQWUDWLRQV LQ WKH &' IDHFDO LQRFXOXP ««««««

7TDEOH&RPSRVLWLRQ RI WKH EDVHOLQH DQG WHVW GLHWYV ««««««
7TDEOH/LVW RI FRPSRXQGV XVHG DV VWDQGDUGYV IRU /& 06 06 DQ
7TDEOH3DUHQW DQG SURGXFW LRQ PDVV FKDUJH UDWLRV «««««««

7TDEOH'U\ PDWWHU LQWDNH ERG\ ZHLJKW DQG DSSDUHQW WRWD

GLIJHVWLELOLW )\ «««&& &K KK KKK KK LKL KL KKK KKK KL LKL LLK
7TDEOH)DHFDO RUJDQLF DFLG FRQFHQWUDWLRQV ««««&«& KKK KKK K <

7TDEOH5HODWLYH DEXQGDQFH RI EDFWHULDO WD[D LQ WKH IDHFI

[LY



/ILVW RI ILIXUHV

JLIXUH6SHFLHV VSHFLILF DGDSWLRQV DQG UHRORQV RI LQ

HANV IV EEEEZ L L LI ZZZZZZZZZZ I Z I X X X R R XX
JLIXUH2YHUYLHZ RI GLHWDU\ FDUERK\GUDWH DQDO\VLV««

JLIXUH6FKHPDWLF RI 6 U51$ DPSOLFRQ VHTXHQFLQJ LQ |
*HQRPH BHTXHQFLQJ«®«&&KKKKKK KK KK KKK KKK KL LLKLKLK

JLIXUH)HUPHQWDWLRQ SDWKzZD\V XVHG WR IRUP RUJDQLF
JLIXUH7U\SWRSKDQ PHWDEROLVP SDWKZD\V «««&«&« LKL K L &

JLJXUH6FKHPDWLF RI WKH WULDO GHVLJQ GRPHVWLF FDW
DQG 5DZ GLHWV WR PDLQWHQDQFH HQHUJ\ UHTXLUHPHQW

JLIXUH3&$% SORW RI IDHFDO RUJDQLF DFLG SURILOHV «««««
JLIXUH&KDR DOSKD GLYHUVLW\ LQGH[ ER[SORWYV RI EDFV

JLIXUH$ KHDW PDS VKRZLQJ KLHUDUFKLFDO FOXVWHULQJ

DEXQGDOQFHYVY «««& &K &K KKK KKK KL KKK KKK KKK KKK K

JLIXUH&DQRQLFDO FRUUHODWLRQ FOXVWHUHG LPDJH PDS
IDHFDO RUJDQLF DFLG FRQFHQWUDWLRQV DQG IDHFDO ED

JLIXUH&DQRQLFDO FRUUHODWLRQ QHWZRUN SORW LOOXV!'
EDFWHULDO WD[D DQG IDHFDO RUJDQLF DFLG FRQFHQWUD

JLIXUH3&% SORW RI .(** RUWKRORJV DW /HYHO «««««&«&K:
JLIXUHV3/6 '$ RI .(* RUWKRORJ /HYHO FODVVLILFDWLRQ®

JLIXUHS$ ER[ DQG ZKLVNHU SORW RI FDW IDHFDO PHWDJHQ
.2 TU\SWRSKDQ PHWDEROLVP «€««&&&««CLLLK KKK KKK K

J)LIXUHV3/6 '$ RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO V
DQG IURP GRPHVWLF FDWV IHG D .LEEOH GLHW «««:-

J)LIXUHV3/6 '$ RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO V
DQG IURP GRPHVWLF FDWV IHG D 5DZ )LEUH GLHW«

[Y



JLIXUHV3/6 '$ RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO VDPSOH
DQG IURP GRPHVWLF FDWYV IHG D 5DZ GLHW « «««& &« KKK K<

JLIXUH&KDR DOSKD GLYHUVLW\ ER[SORWYV RI EDFWHULDO WD[D
DFURVYVY VDPSOLQJ GD\V DQG  «&«&«&«KKKK KKK KKK K

JLIXUH2EVHUYHG VSHFLHVY DOSKD GLYHUVLW\ ER[SORWYV RI EDFV
VDPSOHYV DFURVYV VDPSOLQJ GD\V DQG EZZZZZZZZZZZZZZZ X R XSS

JLIXUH3LFWXUH RI VZDEV DIWHU UHFWDO VZDEELQJ ««««&«& &KL

JLIXUH3&% SORW RI WKH WRS PRVW UHODWLYHO\ DEXQGDQW E
IDHFDO DQG UHFWDO VZDE VDPSOHV «&&&&KKKLLL KKK KKK KKK

JLIXUHV3/6 '$ SORWV RI EDFWHULDO WD[D IURP IDHFDO DQG UHF

VDPSOHV((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

JLIXUH+HDWPDS RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO DQG |
VDPSOHYV

JLIXUH&KDR DOSKD GLYHUVLW\ LQGH[ RI EDFWHULDO WD[D SUH

VZDE VDPSOHY «««& KK KKK KK KKK KKK KL KKK LKL L KKK

JLIXUHV3/6 '$ SORW RI WKH UHFWDO VZDE PLFURELRPH FODVVLI

VFRUH « € €« &« «««KEEE KKK LKL L L L L E KKK KK
JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG RI

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG RI
FRQFHOWUDWLRQ « & &« &« KKK KKK LKL KK KKK LKL K

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG RI
FROQFHOQWUDWLRQ ««« & &« & &KL KKK LK K KL KK KKK KL LK K

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG RI
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SHYLHZ RI OLWHUDWXUH






&KDSWHU 2QH

Chapter One
, QWURGXFWLRQ

2ZQHUVKLS RI GRARAGVWIFDWEREWNUHDVLQJO\ SRSXODU ZRUC
=HDODQG DORQH RI KRXVHKROGY RZQ D FDW DQG D
NHSW DV SHWV 7KDLVV HW DO (XURPRQLWRU ,QWH!]
REOLJDWH FDUQLYRUHY DQG HYROYHG WR FRQVXPH GLHW
HW DO UHVXOWLQJ LQ VSHFLILF SK\VLFDO DQG PH
7\SLFDOO\ GRPHVWLF FDWV DUH IHG NLEEOH IRUPDWYV R
FDUERK\GUDWH FRQWHQW ! GU\ PDWWHU '0 RU FDQC
DPRXQWYV RI SURWHLQ DQG IDW 7KHUH LV DQ LQFUHDVH
KLIKHU SURSRUWLRQ RI DQLPDO SURWHLQ DQG IDW VXFK
7KHVH KLJK PHDW GLHWV DUH W\SLFDOO\ UDZ RU PL
GULHG FRQWDLQ ! '0 FUXGH SURWHLQ DQG PLQLPDO

WKH GLHWDU\ ILEUH FRQWHQW RI WKHVH GLHWYVY DV LV FF

'"HVSLWH WKH LQFUHDVH LQ SRSXODULW\ RI WKHVH KLJK S
WR WKH QXWULWLRQDO LPSOLFDWLRQV RI IHHGLQJ VXFK (
IHHGLQJ RI FRPSOHWH DQG EDODQFHG KLJK SURWHLQ U
UHODWLYHO\ ORZ GLHWDU\ ILEUH FRQWHQW RI VRPH RI W
RU FDQQHG W\SLFDOO\ FRQWDLQ 'O FUXGH ILEUH I
+RZHYHU WKHUH LV QR VWLSXODWLRQ IRU WKH UDWH

$VVRFLDWLRQ RI $PHULFDQ )HHG &RQWURO 2IILFLDOV $8%)
OfLQGXVWULH GHV DOLPHQWY SRXU DQLPDX[ IDPLOLHUYV

FRPPHUFLDO SHW IRRG SURGXFWLRQ 6LPLODUO\ WKH 1D\



ILWHUDWXUH UHYLHZ

LQFOXGH D PLQLPXP UHTXLUHPHQW IRU GLHWDU\ ILEUH DOWKR

OLPLW RI FHUWDLQ GLHWDU\ ILEUH VRXUFHV

,Q WKH ZLOG FDWV FRQVXPH PRVW RI WKH FDUFDVV RI WKHLU S
DQG YLVFHUD 30DQWLQJD HW DO 7TKHVH LQGLJHVWLEOH \
VLPLODU PDQQHU WR GLHWDU\ ILEUH LQ FDUQLYRUHV 'HSDXZ H\V
EH VXJIJHVWHG WKDW WKHVH DQLPDO GHULYHG IHUPHQWDEOH V.

UHSODFHPHQW IRU GLHWDU\ ILEUH LQ FRPPHUFLDO GRPHVWLF F

BHYHUDO VWXGLHV LQ FDWV KDYH LQYHVWLJDWHG WKH LPSDF\
GLHWDU\ ILEUH SUHGRPLQDQWO\ LQ FDQQHG DQG NLEEOHG GLt
JHNHWH HW DO %DUU\ HW DO %DUU\ HW DO '
,QFUHDVLQJ FRQFHQWUDWLRQV RI GLHWDU\ ILEUH DIIHFWV WKH
ZD\V GHFUHDVLQJ DSSDUHQW WRWDO WUDFW GLJHVWLELOLW\

HW DO DQG DOWHULQJ WKH JDVWURLQWHVWLQDO PLFUREL
WR WKH PLFURELRPH DUH DVVRFLDWHG ZLWK FKDQJHV LQ IDHF]
FRQFHQWUDWLRQV DQG S+ DV ZHOO DV FKDQJHV LQ LPSRUWDQW
7KHVH LQFOXGH YLWDPLQ ELRVI\QWKHVLY DQG WKH SURGXFWLRC
VXFK DV VHURWRQLQ DQG LQGROH ZKLFK KDYH D ORFDO HIIHF\
ZHOO DV HIIHFWV RQ FRJQLWLYH DQG V\VWHPLF SK\WLRORJLFDO

2 ODKRQ\ HW DO

7KH DLP RI WKLV OLWHUDWXUH UHYLHZ LV ILUVWO\ WR H[SORUF
GRPHVWLF FDW DQG VXPPDULVH WKH FXUUHQW OLWHUDWXUH R
VHFRQGDU\ DLP LV WR UHYLHZ WKH UROH WKDW GLHWDU\ IL
JDVWURLQWHVWLQDO PLFURELRPH RI WKH FDW DQG KRZ WKHVH

YLD WKH SURGXFWLRQ RI WU\SWRSKDQ PHWDEROLWHYV



&KDSWHU 2QH

7KH GRPHVWOEW BWYW XV
JHOLQHVY DUH D PRQRJDVWULF VSHFLHV DQG WKH VWF
FRPPHQFHYVY 7\SLFDOO\ ZKHQ IRRG ILUVW HQWHUV WKH V
NH\ IRU WKH DFWLYDWLRQ RI SHSVLQRJHQ DQG WKH DF\V
DOWHUV LQ UHVSRQVH WR WKH SURWHLQ FRQWHQW RI WK
DQG WKH VL]H RI WKH EROXV LQJHVWHG %HDVOH\ HW DO
FDUQLYRUHV VXFK DV WKH FDW ZKLFK LQ WKH ZLOG ZRX
EROXVHV RI D KLJK SURWHLQ PHDO LQ D VKRUW SHULRG |
GLIJHVW WKH PHDO ,Q WKH JDVWULF SKDVH RI GLIJHVWLR
FKLHI FHOOV WR UHOHDVH SHSVLQRJHQ ZKLFK LV WKHQ
DFWLYH SURWHDVH SHSVLQ 'LHWDU\ SHSWLGHV VWLPXOL
ZKLFK LQ WXUQ LQFUHDVHY KLVWDPLQH UHOHDVH WKXV |
ZKLFK ORZHUV S+ 7KH DFWLYDWLRQ RI SHSVLQ EHJLQV

&ROYLOOH DQG %DVVHUW

,Q KXPDQV IDW GLJHVWLRQ W\SLFDOO\ EHJLQV LQ WKH S
JDVWULF OLSDVH +RZHYHU JDVWULF OLSDVH DFWLYLW\ K
DQG 30OHQGO 7TKHUHIRUH LW LV DVVXPHG WKDW LQ V
VPDOO LQWHVWLQH DQG LV IDFLOLWDWHG E\ ELOH DFLG D
WKH VWRPDFK LV WLJKWO\ FRQWUROOHG E\ QHXURQDO UH
QHXURWUDQVPLWWHUYV DQG WKH SUHVHQFH RU DEVHQFF

GXRGHQDO PXFRVD

7KH FDWYV VPDOO LQWHVWLQH LV WKH VLWH ZKHUH PRVW
GLIJHVWHG SDQFUHDWLF DP\ODVH WKH HQ]J\PH UHVSR

SRO\WDFFKDULGHYV LV VHFUHWHG LQWR WKH GXRGHQXP



ILWHUDWXUH UHYLHZ

GLIJHVWLRQ IRU FDWV DV WKH\ KDYH YHU\ ORZ OHYHOV RI VDOLY
"L wuL DQG WHWUD SHSWLGHV DUH DEVRUEHG LQWR HQ'
DEVRUEHG LQWDFW LQWR WKH EORRGVWUHDP RU IXUWKHU K\G
WKHQ DEVRUEHG &ROYLOOH DQG %DVVHUW 7TKHUHIRUH F
VWDUFKHY DQG SHSWLGHV ZKLFK HYDGH GLJHVWLRQ LQ WKH V
LOQWHVWLQH FRORQ IRU IHUPHQWDWLRQ %LOH VHFUHWHG IUI
JOREXOHV LQWR PLFHOOHV ZKLFK LQFUHDVHV WKH JOREXOH VX
OLSDVH DFWLRQ DQG LQFUHDVHG DEVRUSWLRQ WKURXJK WKH L
&DWV KDYH D VKRUW FRORQ P ZKLFK LV DSSUR[LPDWHO\
OHQIJWK FRPSDUHG WR P RI WKH VPDOO LQWHVWLQH 7KFE
UHDEVRUSWLRQ DQG SUHGRPLQDQW VLWH IRU WKH IHUPHQW
FDUERK\GUDWHYV DQG SURWHLQV E\ WKH JDVWURLQWHVWLQDC
SURGXFWV SURGXFHG E\ WKH PLFURELRPH DUH GHSHQGHQW RQ

FRORQLF PLFURELDO FRPSRVLWLRQ 7KLV ZLOO EH GLVFXVVHG I

OHWDEROLF DQG SK\VLRORJLFDO DGDSWDWLRQV
&DWV ZHUH GRPHVWLFDWHG RYHU \HDUV DJR 2 %ULHQ DC

REOLJDWH FDUQLYRUHV DQG GHULYH WKHLU HQHUJ\ SUHGRPLC
DQLPDO SURWHLQV &DWV DUH DEOH WR REWDLQ DOO RI WKH H
HQGRJHQRXVO\ VIQWKHVLVH IURP DQLPDO SURWHLQV DQG IDWYV

DQG IROLF DFLG )LJXUH

*HQRPLF VWXGLHYVY KDYH LQGLFDWHG WKDW DV FDUQLYRUHV )H(
UHJLRQV VHFWLRQV RI WKH JHQRPH ZKLFK DUH H[WUHPHO\ VLP
WKH IDPLO\ )HOLGDH 7KHVH UHJLRQV DUH ODUJHU LQ WKH )H
RPQLYRURXYVY +RPLQLGDH *E RI KLJKO\ FRQVHUYHG UHJLRQV

*E .LP HW DO $QDO\WLV RI WKHVH KLIJKO\ FRQVHUYHC
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DVVHVVPHQW RI RUWKRORJRXV JHQHV IRU GLHWDU\ DGDS\
LQ WKH VWDUFK DQG VXFURVH PHWDEROLVP SDWKZD\V

FDUQLYRURXV QDWXUH

7KH GRPHVWLEF FDW UHTXLUHV D KLJK OHYHO RI GLHWDU\
VSHFLILF HYVHQWLDO QXWULHQWY ZKLFK DUH DOO SUHVI
H[DPSOH FDWV GR QRW HQGRJHQRXVO\ VIQWKHVLVH QLD
VXFK DV OLYHU DQG PXVFOH PHDW W\SLFDOO\ KDYH KLJK
WKH FDW LWV GLHWDU\ UHTXLUHPHQW 'HVSLWH EHLQJ FO
WR GLJHVW FDUERK\GUDWHVY ORUULV HW DO KRZHY
KDYH D uJFDUERK\GUDWH FHLOLQJY ZKHUHE\ RWKH)A ZLOO R
RU NM GD\ RI FDUERK\GUDWHY ,QGHHG VWXGLHV KDY
D GLHW WKDW FRQWDLQV D PDFURQXWULHQW SURILOH R
FDUERK\GUDWH Rl WRWDO HQHUJ\ LQWDNH SHU PDFURQ

6DODXQ HW DO



LIVER
*  Glucokinase activity downregulated*
«  Pyruvate carboxylase upregulated®
*  Arginine requirement due to high activity of cytosolic arginase in the liver, and low COLON

activity of two enzymes in the citrulline pathway *  Short colon (0.6 m, compared to small
* Require niacin due to high picolinic carboxylase activity limiting endogenous intestine; 3.9m)

production «  Site of microbial fermentation
«  Cannot synthesise arachidonic acid due to lack of A6-desaturase activity”
*  Require vitamin A as they cannot synthesise it from B-carotene®

SMALL INTESTINE
*  Primary site of digestion
and absorption

Extremely low salivary

amylase activity'

»  No sweet receptors? SKIN

* Require vitamin D due to high 7-
dehydrocholesterol (DHC) reductase action,
limitingthe synthesis of 7-DHC and
consequently the amount available for

C( y / :(-' | U\ U conversion to vitamin D

STOMACH

*  Taurine requirementdue to low activity of enzymes PANCREAS
cysteine dioxygenase and cysteine sulphuric acid * Lozv ir’gylase and maltase
activity'

decarboxylase
*  No gastric lipase activity?
*  LowpH:1-2%

JLIXUH6SHFLHYVY VSHFLILF DGDSWLRQV DQG UHHQRY \F R ERPWHGOGHVRPLORWHHVGRPHVWLF F
OF*HDFKLQ DQG $¥NLHQ¥N DO %URVH\ HW BOVNHWW HWDIN®L]X HW D.OHQ]OH 3DZORVN\ HWEFBZHLJHUW HWRMWOSH DQG 30HQGO
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IXWULHQW UHTXLUHPHQWY DQG FRPPHU
7KH QXWULWLRQDO UHTXLUHPHQWY Rl WKH GRPHVWLF FD
&RXQFLO 15& DQG KDYH EHHQ DGDSWHG E\ SHW IRF
$$)&2 DQG )(',$) $$)&2 JXLGHOLQHV DUH SXEOLYV
WKH SULPDU\ VHW RI JXLGHOLQHV IRU WKH PDQXIDFWXUH
865 &DQDGD $XVWUDOLD DQG 1HZ =HDODQG ZKLOH )(',$
(XURSH (DFK VHW Rl JXLGHOLQHV OLVWV WKH PLQLPXP
UHTXLUHG IRU WKH PDQXIDFWXUH RI SHW IRRGV IRU WKH ¢
DFLGV PLQHUDOV DQG YLWDPLQV OLQLPXP OHYHOV GHS
FDW + PDLQWHQDQFH JURZWK JHVWDWLRQ RU ODFWDWLF
DOVR VHW H J YLWDPLQ $ DQG ' $GGLWLRQDOO\ HDFK
UHTXLUHPHQW IRU FUXGH SURWHLQ DQG FUXGH IDW 7DEC
UHTXLUHPHQW IRU FDUERK\GUDWH VWDWHG E\ HLWKHU ¢
UHYLHZ RI FDUERK\GUDWHY VWDWHY WKDW uQHLWKHU ED

IRU FDUERK\GUDWHVY )(',$)

7TDEOH1IXWULWLRQDO JXLGHOLQHYVY IRU DGXOW GRPHVWLF |

IXWULWLRQDO *XLGHOLQHV IRy $GXOW &
15¢ $%)& ) (L, $)
$GXOW PDLQWS$®DMWH DL QWHXMW RDLQWHQDQFF
UHFRPPHQGH: PLQL PLQL
'0_ED '0_ED '0_ED
&UXGH
&UXG
&DUERK 1R UHFRPP 1R UHFRPP | 1R UHFRPP

IDWLRQDO 5HVHDUFK &RXQFLO

$VVRFLDWLRQ RI $PHULFDQ )HHG &RQWURO 2IILFLDOV
JPGPUDWLRQ HXURSpHQQH GH OTLQGXVWULH GHVY DOLPHQWYV ¢
'U\ ODWWHU

3HW IRRGV DUH VROG LQ YDULRXV IRUPDWY SUHGRPLC
FDQV SRXFKHV 'XH WR WKH PDQXIDFWXULQJ SURFHVVHYV

D ODUJH DPRXQW RI*FDUEREKWGNIKOWBHQQHG GLHWYVY FRQWDL



ILWHUDWXUH UHYLHZ

'DYLHV HW DO SHFHQWO\ KLJK DQLPDO SURWHLQ PHDW C
SRSXODU DQG DUH W\SLFDOO\ VROG LQ UDZ DLU RU IUHH]H ¢
SRSXODULW\ KDV PLUURUHG WUHQGYV LQ KXPDQ QXWULWLRQ H
DQG UHVXOWHG LQ GHPDQG IRU OHVV SURFHVVHG PRUH pQDWX

D E 7KHVH KLJK DQLPDO SURWHLQ GLHWY DUH W\SLFDOO\ K
PRGHUDWH KLJK OHYHOV RI FUXGH IDW ZLWK PLQLPDO 1LWURJH!
JRU WKH SXUSRVH RI WKLV UHYLHZ KLJK SURWHLQ GLHWYV DUH I

‘0 FUXGH SURWHLQ LQFOXGLQJ LQJUHGLHQWYV WKDW DUH GHULY

5DZ PHDW GLHWYV
2QH RI WKH PDLQ FRQFHUQV UHJDUGLQJ WKH IHHGLQJ RI UDZ K

ULVN Rl SDWKRJHQLF FRQWDPLQDWLRQ 9DULRXV VSHELHV RI E
ULVN WR KXPDBQYPRRBKR®WY S\OR VSHFEHYVFEKAGLFKLD FROL
1*HVFK ,QGHUELQHQ HW DO 7R[RS @ BOPD PMY@EIBOSDUD VLW H
VWXGLHV KDYH DVVHVVHG WKH SDWKRJHQ FRQWHQW RI YDUL
FRQFOXGHG WKDW WKHUH LV DQ DVVRFLDWHG ULVN ZKLFK LV \H
6WURKPH\HU HW DO 6FKOHVLQJHU DQG -RIIH 20N
RIWHQ GRQYW VKRZ FOLQLFDO VLJQV Rl SDWKRJHQHVLV \HW W
JRRQRWLF ULVN WR WKH SHW RZQHU )LQOH\ HW DO REVHU
ZKLFK FRQVXPHG FRPPHUFLDO UDZ IFRORIP RBKHREG FFHRIQWDPLQDWH
VHYHQ GRJV VKHG 6DOPRQHOODH ,Q 1HZ =HDODQG %RMDQLF H\
REDPS\ORBDRWHU RI FOLHQW RZQHG FDWV Q DQG RI GRJ\

ULVN WR WKH RZQHU FDQ EH UHGXFHG E\ IROORZLQJ VWDQGDUG

$ VHFRQG PDMRU FRQFHUQ LV QXWULWLRQDO LQDGHTXDF\ HVS
SUHSDUHG GLHWV ZKLFK PD\ ODFN WKH FRUUHFW EDODQFH R

/IDIODPPH HW DO IRXQG WKDW RQO\ RI RZQHUV ZKR IHG K
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D VSHFLILF UHFLSH IRU IHHGLQJ 7KLV PD\ FRQWULEXWH '
PLQHUDO GHILFLHQFLHV REVHUYHG ZLWK IHHGLQJ KRPH
'LOOLW]HU HW DO +RZHYHU HQVXULQJ WKH GLHW LV
WR $$)&2 )(',$) RU 15& JXLGHOLQHV UHGXFHV WKLV FRQF
RI LPSRUWDQFH VDIHW\ DQG DGKHUHQFH WR QXWULWLRQ

ZLWKLQ WKH VFRSH RI WKLV WKHVLYV

JRU FRPPHUFLDOO\ SUHSDUHG FRPSOHWH DQG EDODQFF
ELJJHVW FRQFHUQ LV WKH ODFN RI GLHWDU\ ILEUH &RPF
KLIJKHU OHYHOV RI GLHWDU\ ILEUH WKDQ KLJK DQLPDC
DSSUR[LPDWHO\ 1)( 'O EDVLV IURP FRQVXPLQJ WKH
30DQWLQJD HW DO TKHUHIRUH LQ WKH ZLOG |
UHTXLUHPHQWY E\ FRQVXPLQJ JO\FRSURWHLQ FRQWDLQLC
VNLQ KDLU IXU DQG IHDWKHUV 30DQWLQJD HW DO

(ITHFWV RI IHHGLQJ KLJK SURWHLQ UDZ PHDW GLHWYV
IXWULWLRQDO JXLGHOLQHYVY KDYH ODUJHO\ EHHQ GHWHUF
SXULILHG H[WUXGHG RU FDQQHG GLHWV 1DWLRQDO 5H'
OLWHUDWXUH RQ FRPSOHWH DQG EDODQFHG KLJK DQLPCL
HI WUDSRODWHG IURP H[RWLF IHOLGV 7KH XVH RI H[RWLF
GHHPHG DFFHSWDEOH IRU VRPH DVSHFWV RI UHVHDUFK O
DUH VSHFLHV VSHFLILF GLIITHUHQFHVY 9HVWHU HW DO

WKH GRPHVWLF FDW LV VWLOO UHTXLUHG

7KHUH DUH D IHZ VWXGLHVY WKDW KDYH VSHFLILFDOO\ LQY
SURWHLQ GLHWV ZLWK RU ZLWKRXW WKH LQFOXVLRQ RI C
7DEOH 9HVWHU HW DO E DVVHVVHG WKH $77' RI F

PHDW GLHWYVY FRPSDUHG WR H[WUH®HE G&HMEYHL  UR W HRC
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$77' ZzDV JUHDWHU ZKHQ FDWV ZHUH IHG FRPSOHWH DQG EDODQ
WR KLJK SURWHLQ NLEEOH GLHWV +RZHYHU WKH\ REVHUYHG
RUJDQLF PDWWHU 20 IDW DQG JURVV HQHUJ\ *( $77' 9HVWHU
FDWV .HUU HW DO DOVR REVHUYHG JUHDWHU FUXGH SUR
FRRNHG DQG XQFRRNHG GLHWVY FRPSDUHG WR D KLJK SURWHLQ
KLIJIKHU $77' RI FUXGH SURWHLQ '0 DQG *( ZHUH REVHUYHG LQ F
PHDW GLHWYV FRPSDUHG WR FRPPHUFLDO FDQQHG GLHW +DPSHU
VWXGLHV VKRZ WKDW KLJK DQLPDO SURWHLQ GLHWYV KDYH D KL

HIWUXGHG RU FDQQHG GLHWV ZKLFK FRXOG EH RI EHQHILW WR

H:KROH SUH\Y GLHWV KDYH DOVR EHHQ VWXGLHG LQ GRPHVWLF
DQLPDO FRPSRQHQWY PD\ DFW LQ D ILEUH OLNH PDQQHU .HUU F}
JURXQG DGXOW FKLFNHQ SURGXFW QRW FRPSOHWH DQG EDODQ
DQG EDODQFHG FDQQHG RU H[WUXGHG GLHWV WR GRPHVWLF F
:KROH FKLFNV KDG WKH ORZHVW 20 DQG *( $77' FRHIILFLHQWYV

ZHUH DIIHFWHG E\ GLHW EXW UHPDLQHG ZLWKLQ UHIHUHQFH U
FRQFHQWUDWLRQV ZKLFK ZHUH JUHDWHU LQ FDWV IHG JURXC
FKROHVWHURO ZKLFK ZHUH JUHDWHU LQ FDWV IHG ZKROH FKLF?!
IHG ZKROH FKLFNV DQG JURXQG DGXOW FKLFNHQ SURGXFW FRPS
GLHWYV 'HSDXZ HW DO DVVHVVHG IHHGLQJ RI ZKROH UDEEL
FRPSOHWHG DQG EDODQFHG FRKQREN [ EVBIREHD/MRN B KMHHONVW KD W W R WD
GLHWDU\ ILEUH LQWDNH ZDV WKUHH WLPHV KLJKHU LQ WKH ZKR
ILEUH LQWDNH FRQVLVWHG RI WKH DGGLWLRQDO ERQHV FRQQF
UDEELW FDUFDVVHV 'HSDXZ HW DO +RZHYHU DXWKRUV C
XVHG WR TXDQWLI\ WKH DQLPDO FRPSRQHQWY DQG GLHWDU\ ILE

SURGXFHG D JUHDWHU YROXPH RI ILUPHU IDHFHVY DQG SXWUH



&KDSWHU 2QH

LQGROH SKHQRO S FUHVRO DQG VHUXP LQGR[\O VXOSK!
JURXS ZLWK RYHUDOO 6&)$ OHYHOV XQDOWHUHG 'HSDXZ
XQGLJHVWLEOH FRPSRQHQWY RI WKH ZKROH FDUFDVV ZHL
,QWHUHVWLQJO\ LQWHVWLQDO FRQWHQWYVY RI WKH ZKROF
QRW FRQVXPHG E\ DQ\ Rl WKH FKHHWDKVY DQG WKHUHIF

FRQWULEXWHG WR WKH HITHFWV REVHUYHG 'HSDXZ HW DC(

7KH HIITHFWV RI FHOOXORVH DQG EHHW SXOS LQ UDZ PHDW
.HUU HW DO E $XWKRUV REVHUYHG WKDW WKH VSH
LQFOXVLRQ LQ WKH GLHW DOO DIIHFWHG $77' 7DEOH
KDYH DVVHVVHG GLHWDU\ ILEUH LQFOXVLRQ LQ KLJK SUR
+RZHYHU VWXGLHV ZKLFK KDYH HYDOXDWHG GLHWDU\ IL
GRPHVWLF FDW GLHWV VXJJHVW LW PD\ EH D NH\ VXEVWU
RI WKH GRPHVWLF FDW %DUU\ HW DO %DUU\ HW DO

IXUWKHU LQ 6HFWLRQ
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ILWHUDWXUH UHYLHZ

'‘LHWDU\ ILEUH
'LHWDU\ ILEUH LV GHILQHG DV 3WKH HGLEOH SDUWV Rl SODQWV
UHVLVWDQW WR GLJHVWLRQ DQG DEVRUSWLRQ LQ WKH KXPDQ VF
IHUPHQWDWLRQ LQ WKH ODUJH LQWHVWLQH" 'HOULHV 7KL
ZDOO FRPSRQHQWVY QRQ VWDUFK SRO\WDFFKDULGHV FHOOXOF
UHVLVWDQW ROLJRVDFFKDULGHVY VWUXFWXUDO QRQ FDUERK\G!
QRQ VWUXFWXUDO FDUERK\GUDWHVY IUXFWDQV DQG VWDUFK 'l
ILEUHV FDQ EH IXUWKHU GLYLGHG DFFRUGLQJ WR WKUHH IXQ
IHUPHQWDELOLW\ DQG YLVFRVLW\ 7DEOH )RU H[DPSOH ILE
FDQ IRUP YLVFRXV JHOV ZKLFK LQFUHDVH ZDWHU KROGLQJ FEDSC
HPSW\LQJ DQG LQFUHDVLQJ VPDOO LQWHVWLQDO WUDQVLW WLP
7KH WHUP GLHWDU\ ILEUH WKHUHIRUH RQO\ DFFRXQWV IRU FI
PDWHULDO RI SODQW RULJLQ DQG GRHV QRW LQFOXGH DOO VXE
GLJHVWLRQ DQG XQGHUJRLQJ IHUPHQWDWLRQ LQ WKH FRORQ
VXEVWUDWHY UHVLVWDQW WR GLJHVWLRQ LQ WKH VPDOO LQWH\
ZLOO EH GHILQHG LQ WKLV WKHVLV DV DQLPDO GHULYHG IHUP

LQFOXGH FROODJHQ KDLU IHDWKHUV DQG ZRRO

7TDEOH$ VXPPDU\ RI WKH FODVVLILFDWLRQ RI GLHWDU\ ILEUHV D
W\SH $GDSWHG IURP 60DYLQ

&ODVVLILFDWLRQ RI )LEUH ([IDPSOHV

'LHWDU\ )LEUH /[LIQLQ &HOOXORVH % JOXFDQV KHPLFHOOXORVH SH
6ROXEOH )LEUH JOXFDQV JXPV ZKHDW GH[WULQ SVV\OOLXP SHFWL(
JHUPHQWDEOH )LEUH :KHDW GH[WULQ SHFWLQV % JOXFDQV JXDU JXP
9LVFRXV )LEUH SHFWLQV JOXFDQV JXDU JXP SVV\OOLXP
JXQFWLRQDO )LEUH S5HVLVWDQW GH[WULQV SV\OOLXP )26 SRO\GH[WUFTF
,QVROXEOH )LEUH &HOOXORVH OLJQLQ VRPH SHFEWLQV VRPH KHPLFH
1RQ IHUPHQWDEOH )LEUH &HOOXORVH OLJQLQ VRPH SHFWLQV VRPH KHPL
1RQ YLVFRXV )LEUH BRO\GH[WURVH LQXOLQ

)26 )J)UXFWRROLJRVDFFKDULGH



&KDSWHU 2QH

(IITIHFWV RI GLHWDU\ ILEUH LQ WKH GRPHVWLF
9DULRXV W\SHV RI GLHWDU\ ILEUH LQ NLEEOH DQG FDQQH(

LQ YDQR® Y LQWRQDAWYRVWLIDWLRQV LQWR WKH SRWHQWL
LQFOXVLRQ LQ SHW IRRG ZHUH FDUULHG RXW LQ FDWV E\
ILEUH ZDV FRPPRQO\ DGGHG WR SHW IRRGV IRU WKHLU EL
RQ WKH DQLPDO ZDV SRRUO\ XQGHUVWRRG 6XQYROG HW
ZKDW GHJUHH EDFWHULD SUHVHQW LQ WKH FDW{V FRORQ
+XPDQ IHUPHQWDWLRQ DVVD\ WHFKQLTXHYV ZHUH DSSOLH
WKDW PRUH IHUPHQWDEOH VXEVWUDWHY LQFUHDVHG 6.
GLJHVWLELOLW\ FRQILUPLQJ WKDW VRPH GLHWDU\ ILEU
FRPPXQLW\ IRXQG LQ FDWV 7KH DXWIQRYMMBERIGL W WRI

VXFFHVVIXOO\ SUHGLFW WKIHQHYEXRWR RG HWUMHOGLJHVWLR

6XEVHTXHQW UHVHDUFK LGHQWLILHG WKDW WKH LQFOXV
SK\WLRORJLFDO LPSDFW RQ JDVWULF HPSW\LQJ WLPH
DEVRUSWLRQ OXPLQDO S+ DQG IDHFDO FKDUDFWHULVWL
GH *RGR\ HW DO .HUU HW DO E 7DEOH )R U
ILEUH FHOOXORVH WR D FRPPHUFLDO ZHW GLHW SURGXFH
ZDWHU FRQWHQW JUHDWHU IDHFDO EXON DQG ZDWHU H
DORQH 3UROD HW DO ,Q DGGLWLRQ WR WKHVH SK\\
WKH FRPSRVLWLRQ DQG IXQFWLRQ RI WKH JDVWURLQWH V\
FRQFHQWUDWLRQV ZLWKLQ WKH FRORQ B5RFKXV HW DO

PLFURELRPH ZLOO EH GLVFXVVHG IX0O0\ LQ 6HFWLRQ



7TDEOH6XPPDU\ RI WKH HIITHFWV RI GLHWDU\ ILEUH LQFOXVLRQ LQ GRPHVWLF DQG H[RWL

$SSDUHQW

2WKHU

Do %DEWHUL
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SUHPL[
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G
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SHU GLHW[WUXVLRQFROOHFRIPBOUHG WR SHFWLQ o H VHsuQULQJ§§wULQJHQ\

RWKHU GLHWYV

)26 SHFWLQ,6 SHFEwLQ
,QGROH LQFUHDVHG

LQ ):

FROIDFWR



$SSDUHQW

$XWKRUV 6SHFLHV 'LHW

GLIJHVWLELOLW\
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LQF)bEHtT%DO GHVIQXWULHQWDHFDO RXW%%WUDH DHFDO S+

2WKHU

%D EWHUL,
)DHFDORmHUQHQWD&@% VVP&?%WHULDO

HQG SURG

$SSDUHQW

GLIJHVWLELOLW\

EHHW SXOS
7)

% 3
)LVFKHUGZFEWVH ([WUXGHE'KHDW EUMQFRQWADRAMV GLH

HVWINLEEOH

Do FDWYV

FRQWUR?W )

ILEUH 6)

*XDU *XP
5RFKXV'RWHVWIERPPHUFLD'® RU "0 o
DO FDW NLEEOH &HOOXORVI—? 0

&/

+RPHPDGH RSLRQ\ODWHG
ERLOHG 36 RU
5RFKXV‘RWHVWLIFKLFNHQDFHW\ODWHSS%
DO D FDW EUHDVW $6 KLJK
ZKLWH ULMBHP\ORVH
SUHPL[ PDL]H VWDUFK

PHHWV (EWUXGHGXJDU FDQH 6)
EROXUHLURFDWWLI{:\ILEEOH6) ZW ZW RU

FROWURMHOOXORVH &/

(]
XJDUFDQH RWKI—G.L\AHVWLE(E

0 20 *(
GHFUHDVHG LQ DOO

LHV% RUPDVU IH\G JUHDV\; |\_I|va\;3U%B)WHV$N B@®QG WRWDO 6&)$%

Q SHU
JURXS

URO%6PRZHVW URQ DHIBWHVW RQ %3 16"
UHSHDW DVHG &IIFRQWUROL FRQ\ﬁBbQ)W

R
F i LQ %
G 6)
G FROOHF &iDVHGIDW

Q
FURVVRYHU
GHVLIJQ G
[GDLO\
IHHGLQJ &BWHQGHG WR EH
[ GDLO\ ORZHU LQ **
IHHGLQJ G
ZDVKRXW
EHWZHHQ
SHULRGYV

. PPRQLD
0,
6'LQ$ 3 % H DOG S

R
RWDO 6&)$ ,
JUHDWHU LQ}!*R%'QV**O JUHDWHU

1
16 /R*Z*HU LQN

Q SHU
JURXS G&3
DGDSWLRQ

16" 16’ 16’ /IRZHU LQ 36

s 006 SR80

D SHU *( DQG IDWUHDWHU LC

LHW GGHFUHDVHC&IZLWK(WURLQF\,/\l/é-!,VWLQEIé).
D %VS% RQ) G 7') WUDQVLW WL UHGX G
RITFR HEWEBRDVHG LK)} &UV LQ &/

3 JUHDWHVW L % .
JUHDWHVW uﬁ%%%%ﬂ%b6



$SSDUHQW 5 2WKHU g 0c 1
SXWKRUV 6SHFLHV LHW | o DS EY R DO GHVIQQWULHQWDHFDO RXW%%U;{UH DHFDO S+ )DHFDO RLUHDQHQWB% VVP'_H%%?WHULDO

GLIJHVWLELOLW\ HQG SURG
9HJ OHDW Q  *LYHQ
E\ SUHELRWLF RQFH JLUPLEXWHYV
*DUFLD, W36 DQG
PHVWLSURG XF U GD\ DQG
HOWD]I';(R)UU5FDW RLOV RXON L5 wRWBEH, )DHEHV %DFWHURLGHWHV
yLwopLQW FROOHFWHG G
PLQHUDOV DQG
JZVVXHV ZLWK GLHW
DFFHSWDQFH
V)
/‘"J/O'EW SXO?') LQ /DQWLQ[VTXIIDHFUHDVHGI%V LV JUHDWHU LQ %3 TRWDO 6&)$ $¢ohpo| p
:‘Clvzgéod*&hvwﬁlklv‘(gég:C&HOOXORVRQWUROG DGDSW #E]DSRHZ;#R/E’%DUHG WR FRQWURE DWHU LQHDV‘\?VHHVVV\\’/VLL&/ % HQRO
FDW &l 7'y SHULRG & Hag &44'0% K WHVW Gl OH
D FRQWURQ W&DQ FRQW 3 0 %&)$ OR \
\EHDQ KXOOVYHVW IDHFDO U Lo %5 16 o/
6%+ FROOHF%&?&LJKHVV\? LQ
&l
‘0 20 *(
. &HOOXORVH .
RDQQDGGHQROPLHVWL(EWUXGH &1 %HHW Q ¢ PQ¢ ZA’éJg:DlngU,QFUHDVHHDWHVW
SOQULEK EDW NLEEOH%XOS %3 ZW ZWDGDSWLR WHU LQRFDO PRLVWRUH RQ
OLVEFDQWKXV FROOHFW ORIHU LG %3 DQG &/
JUDVV 0+ 0
16" 1R 6LJQLILFDC 3 3URSL 20:2UJDQLF $+) $F K\GURO )26 JUXFWRROL.
%&:%RG\ FRQGI VE ,VREX *( 1 *UR(QH %L1:%LILGRE *26 *DODFWRROL
¢ 'D ,VF ,VRYD &7 &UXGH (IR : (VFKHUIR
$:$FH 9 9DO*+ ‘0% :'U\ ODWW /IDF IDFWRE

%: % XW 7') :7TRV'LHWDU '0 1'UN OD & SHUIUL:- &ORVWHUIUL



ILWHUDWXUH 5HYLHZ

OHDVXULQJ GLHWDU\ FDUERK\GUDWH DQG GLHWDU\ ILEUH
7KH FDUERK\GUDWH SRUWLRQ RI D GLHW LV W\SLFDOO\ UHIHUU
XVLQJ WKH GLITHUHQFH HTXDWLRQ * FUXGH SURWHLQ FU
DVK 'LHWDU\ FDUERK\GUDWHYV FDQ EH GLYLGHG LQWR WKUHH
ILEUHV &XQQLQJKDP DQG .OHLQ 7TKH 15& SURYLGHV L
DOO FRPPRQ FDUERK\GUDWHY ZKLFK LQFOXGHV VXJDUV VXFK D
J NJ GLHW RQ D 'O EDVLVY VWDUFKHV DQG ILEUHV VXFK DV FHO

J NJ GLHW 15& +RZHYHU WKHUH LV QR PLQLPXP ILEUH
IRU DGXOW FDWV &DUERK\GUDWHYV DUH GLJHVWHG LQ WKH VPDC
ZLWK SRO\WDFFKDULGHV EURNHQ GRZQ WR PRQRVDFFKDULGHV

ZKLFK FDQ EH DEVRUEHG

7KHUH DUH YDULRXV PHWKRGV XVHG WR DVVHVV VSHFLILF W\SH
GHWHUJHQW ILEUH $'") QHXWUDO GHWHUJHQW ILEUH 1) WRW
GLHWDU\ ILEUH ©6') DQG LQVROXEOH GLHWDU\ ILEUH ") $Q
GHYHORSHG IURP WKH ODWH V WR HDUO\ V LQ RUGHU WR
FRQWHQW RI KXPDQ IRRGV 7URZHOO "HOULHV 3URVN\
WKH ILUVW UHVHDUFKHUV WR GHYHORS D RIEOWXRGRORI\ WR G
GLJHVWLELOLW\ DVVD\ DVVHVVLQJ WKH LQVROXEOH DQG VROXE!
HQFRPSDVVHV WZR DQDO\VHV $') DQG 1') $') UHPRYHV KHPLFHO
DFLG GHWHUJHQW VXFK DV VXOSKXULF DFLG WR PHDVXUH FHO(

1') UHTXLUHV ERLOLQJ LQ D QHXWUDO GHWHUJHQW VROXWLI
LQFOXGLQJ KHPLFHOOXORVH FHOOXORVH OLJQLQ VLOLFD DQG

E\ SHW IRRG FRPSDQLHV IRU WKHLU GLHWDU\ DQDO\VHYV

&UXGH ILEUH LV PRVW FRPPRQO\ GHWHUPLQHG LQ SHW IRRG E’

RQO\ GHWHUPLQHYV FHOO ZDOO FRPSRQHQWY DQG UHFRYHU\ LV
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QRW D UHOLDEOH SUHGLFWRU ZKHQ GHWHUPLQLQJ WKH WI
DQG XQGHUHVWLPDWHY IHUPHQWDEOH ILEUH FRQWHQW

UHFHQWO\ )DKH\ HW DO VXJIJHVWV WKDW FUXGH ILE
DV DQ DQDO\WLFDO PHDVXUH DQG LQVWHDG GHWHUJHQW

7') VKRXOG EH XVHG



| Carbohydrate analysis |

I

(Calculated by
difference)

100—(Crude Protein +
Crude Fat + Crude Fibre

+ Ash)

JLIXUH2YHUYLHZ RI GLHWDU\ FDUERK\GUDWH DQDO\VLV 6SHFLILF W\SHV RI GLHWDU\ IL
%R[HV EHORZ HDFK W\SH RI DQDO\VLV LQGLFDWHYV ZKLFK FRPSRQHQWYV RI GLHWDU\ ILE!

(Not always complete
recovery)

r

Hemicellulose
15to 20% recovery
~—_—
F L T—N
Cellulose

] 40to 100%
recovery
~—

<

Lignin/Phenolics
5 to 90% recovery

N———

| Lignin/Phenolics

| Total Dietary Fibre |
|

(Remainder after

enzymatic hydrolysis)

"o

Hemicellulose

G

Cellulose

—_—

 S—

| —

(Precipitated from the
hydrolysed solution)
.

Pectin's and
— Gums

—_—

[

B-glucans

—

.

Resistant starch

—

Fructan
Polysaccharides

| S ———

rr—e=

Oligosaccharides

(FOS, GOS, inulin)

N—

\

Detergent methods

I

(Fibre insoluble in NDF)

—

Cellulose

(Plant cell wall material)

. Cellulose

I
—— Hemicellulose

yo—————————"

.

— Lignin

N—

Ash, silica and

cutin
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$QLPDO GHULYHG IHUPHQWDEOH VXEVWUDWH'
FDW

$V GHILQHG LQ 6HFWLRQ $')6 HQFRPSDVVHV FRPSRXQG
PD\ DFW LQ WKH VDPH PDQQHU DV GLHWDU\ ILEUH DQG L
UHVHDUFK KDV EHHQ FRQGXFWHG WR XQGHUVWDQG WKHLL
K\GURO\VHG ZRRO FDQ EH XWLOLVHG E\ WKH IHOLQH PL

&KRXGKXU\ HW DO

&ROODJHQ SOD\V D VWUXFWXUDO UROH LQ VNLQ ERQHV
FRQVWLWXHQW LQ FRQQHFWLYH WLVVXHV ZLWKLQ PXVF
PDPPDOLDQ SURWHDVHV 3HQXPDIWERWHSO XZ HW Q@

DVVHVVHG WKH IHUPHQWDWLYH FDSDFLW\ Rl FKLFNHQ FD
VNLQ XVLQ$FIKQRWPDKDEBWEWQRFXOXP :KHQ WKH $')6 ZH
WR FHOOXORVH FDVHLQ DQG )26 WKH\ SURGXFHG VLPLC
GLHWDU\ ILEUHV 'HSDXZ HW DO 1RWDEO\ FROODJH
WRWDO 6&)$ FRQFHQWUDWLRQ WR )26 D UDSLGO\ IHUP}
IHUPHQWDWLRQ DV DVVHVVHG E\ WRWDO JDV SURGXFWLF
HW DO )RU H[DPSOH FDUWLODJH ZDV YHU\ IHUPHQ
SURGXFWLRQ )26 UHDFKHG PO J 20 ZKLOH FHOOXORVHI
UDEELW VNLQ KDLU DQG ERQH ZHUH DOO SRRUO\ IHUPHQ
DO ZHQW RQ WR DVVHVV IHHGLQJ Rl ZKROH UDEELW
LQ YDOQREVHUYHG VLPLODU 6&)$ SURGXFWLRQ LQ ERWK G
SXWUHIDFWLYH IHUPHQWDWLRQ SURGXFWV LQGROH VHL
ZKROH SUH\ GLHW 7KLV VXJJHVWV WKDW REOLJDWH FDL

EHQHILFLDO IHUPHQWDWLRQ SURGXFWV 7KHUHIRUH KRZ
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FROODJHQ DQG RWKHU $')6 DIIHFW WKH PLFURELRPH DQG RWKHL

RI LOWHUHVW

/KH JDVWURLQWHVWLQDO PLFURELRPH

7KH JDVWURLQWHVWLQDO WUDFW FRQWDLQV D G\QDPLF FRPPXQ
IXQJL YLUXVHV DQG SURWR]RD ZKLFK FRPSULVH WKH PLFURELF
JDVWURLQWHVWLQDO PLFURELRPH SOD\V D VLIJQLILFDQW UROH
GLVHDVH ERWK GLUHFWO\ YLD LQWHUDFWLRQ ZLWK WKH PXFRX
WKURXJK WKH SURGXFWLRQ RI IHUPHQWDWLRQ HQG SURGXFW
SXWUHIDFWDQWYV &pQLW HW DO 7KH PLFURELRPH LV DEOF
XSWDNH DQG VXSSO\ WR KRVW WLVVXHV GUXJ PHWDEROLVP D
6XFKRGROVNL ,Q KXPDQV WKH JDVWURLQWHVWLQDO PLFUF
D P\ULDG RI LQWHUDFWLRQV ZLWK WKH KRVW LQFOXGLQJ LQIOXH
UHJXODWLRQ RI KRVW PHWDEROLF SDWKZD\V 1LFKROVRQ HW DO
HW DO DQG FRORQLF WUDQVLW WLPH 5RDJHU HW DO

ZKLFK DUH IRUPHG E\ EUHDNGRZQ RI VXEVWUDWHV LQ WKH FROR
RQ WKH KRVW DV ZHOO DV DOWHULQJ WKH FRORQLF HQYLURQPH

20LSKDQW DQG $00HQ 9HUFRH

7TKHUH DUH LQFUHDVLQJ QXPEHUV RI VWXGLHV LQYHVWLJDWLQ
GLVHDVH DQG WKH JDVWURLQWHVWLQDO PLFURELRPH LQ WKH G
6 XFKRGROVNL HW DO SDOORWWR HW DO 6XPPHUV H
XQGHUVWDQGLQJ RI WKH FRQVHTXHQFHYV RI WKHVH ILQGLQJV IRl
ORVW RI WKH FXUUHQW NQRZOHGJH RQ WKH LPSDFW RI WKH PL
KXPDQ URGHQW RU UXPLQDQW VWXGLHV DOO VSHFLHV ZKLFEKk
PHWDEROLF QHHGVY WR WKH GRPHVWLF FDW 7KHUHIRUH VSHFLFE

WR GHWHUPLQH WKH UHOHYDQFH RI FKDQJHV LQ WKH PLFURELRI



&KDSWHU 2QH

$VVHVVLQJ WKH FRPSRVLWLRQ DQG IXQFWLRQ
7R WUXO\ DVVHVV WKH JDVWURLQWHVWLQDO PLFURELRI

FROOHFWHG LQYDVLYHO\ 7KHUHIRUH IDHFDO VDPSOHV D
DFFHSWHG SUR[\ RI WKH FRORQLF PLFURELRPH DV VDPSC
FDXVLQJ PLQLPDO VWUHVV WR WKH DQLPDO 6WXGLHV KL
DQG UHFWDO VDPSOHV LQ GRJV +RQQHIIHU HW DO

+RZHYHU GHVSLWH DJUHHPHQW EHWZHHQ WKH SUHGRPLC
QRW IXOO\ UHSUHVHQW WKH FRORQLF PLFURELRPH DQG

VHSDUDWH HQWLWLHYV

7TKHUH DUH YDULRXV DSSURDFKHV WR XQGHUVWDQGLQJ
PLFURELRPH IURP FXOWXUH EDVHG WHFKQLTXHV ZKLFK Z
QHZHU WHFKQRORJLHV VXFK DV KLJK WKURXJIKISXMFRVHT
SODWIRUPV ,QLWLDO FXOWXUH EDVHG PHWKRGV DOOR
FKDUDFWHULVLQJ LQGLYLGXDO EDFWHULDO VSHFLHV RU
FDSDFLW\ +RZHYHU RI PLFUREHVY ZHUH UHDGLO\ FXOW
GXH WR WKHLU VSHFLILF JURZWK QHHGVY FR H[LVWHQFH 2
HJ VWULFW DQDHUREHV RU ODFN RI XQGHUVWDQGLQ
6WHZDUW &XOWXUH WHFKQLTXHY DOVR W\SLFDOO\ F
EDFWHULXP ZDV PRVW SURPLQHQW LQ D VDPSOH DQG ZRX
RI WKH PLFURELRWD SUHVHQW LQ WKHVH FRPSOH[ HQY
6LPLODUO\ HDUO\ FXOWXUH VWXGLHV GLG QRW DFFRXQV

YLUXVHYVY DQG SURWR]RD ZKLFK UHVLGH LQ WKH JDVWURLC

7KH HPHUJHQFH RI WKH pVHTXHQFLQJ HUDY DQG ELRLQIF
GHFDGH KDYH UHYROXWLRQLVHG WKH ZD\ WKH JDVWURLQ

EDFWHULDO WD[RQRP\ DQG IXQFWLRQ RI FRPSOH[ FRPPXC
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‘HHVH +LJK WKURXJKSXW VHTXHQFLQJ DOORZV WKH JI
PHWDJHQRPLF GDWD DERXW WKH VSHFLILF UROHV DQG IXQFWLI
YDULRXV VHTXHQFLQJ PHWKRGYV DYDLODEOH PRVW RI ZKLFK SUF
JHQH IURP '1$ LVRODWHG IURP WKH HQYLURQPHQW RI LQWHUH\
LV GXH WR WKH REFXUUHQFH RI WKLV JHQH LQ QHDUO\ DOO PL
FRQVHUYHG DQG YDULDEOH UHJLRQV ZLWKLQ LW -DQGD DQG $I

FROWLQXDOO\ HYROYLQJ WR EH IDVWHU FKHDSHU DQG PRUH HI

&XUUHQWO\ ,O00XPLQD OL6HT LV WKH PRVW FRPPRQ SODWIRUP
FRPSOH[ FRPPXQLWLHV DV LW LV FRVW HIIHFWLYH DQG LV D Ut
)LIXUH +RZHYHU WKH 6 U51$ JHQH LV FRPSRVHG RI QLQH
HDFK RITHULQJ GLIIHUHQW DGYDQWDJHYV DQG OLPLWDWLRQV LC
IDERUDWRULHV PD\ XVH GLIITHUHQW SULPHUV WR DPSOLI\ GLIIH
WKHUHIRUH ZKHQ FRPSDULQJ VDPSOHV RU VWXGLHV FRPSDULVF
VDPH DPSOLILFDWLRQ UHJLRQV $QRWKHU OLPLWDWLRQ RI '1$%$
DPSOLILFDWLRQ ELDV WKDW FDQ RFFXU ZLWK DQ\ SRO\PHUDV|
PHWKRG $LUG HW DO ZLWK VHTXHQFHV VWDQGDUGO\ JL
VLPLODULW\ ZKHQ FOXVWHULQJ DFFRUGLQJ WR RSHUDWLRQDO W
WKDW DOO VHTXHQFHV ZKLFK KDYH WKLYV RU KLJKHU FOXVWHL
WKUHVKROGY DUH VHW E\ WKH XVHU VLPLODULW\ DUH FOXVWH
VHTXHQFH LV XVHG IRU DQQRWDWLRQ ZKLFK LV WKHQ DSSOLHG
7TKHUHIRUH VHTXHQFHV PD\ EH LQFRUUHFWO\ FODVVLILHG WKX
RI WKDW WD[D EDVHG RQ WKH QXPEHU RI VHTXHQFHV 1JX\HQ H
PHWKRGV GRQTW DSSO\ FOXVWHULQJ DQG VHTXHQFHYVY FDQ EH N

&DOODKDQ HW DO
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$Q DOWHUQDWLYH DSSURDFK WR DVVHVVLQJ WKH FRPSR
'KROH *HQRPH 6KRWJXQ :*6 VHTXHQFLQJ XVLQJ KLJK WKL
DOVR UHIHUUHG WR DV PHWDJHQRPH RU VKRWJXQ VHTXH
SURYLGH LQIRUPDWLRQ RQ WKH FRPSRVLWLRQ RI WKH PLF
IXQFWLRQ ,QVWHDG RI DPSOLI\LQJ VLQJOH UHJLRQV IURI
JHQH :*6 VHTXHQFLQJ UHPRYHV DPSOLFRQ ELDV WKUR.
IUDJPHQWY RI WKH FRPPXQLW)\ '1$ SRRO ZKLFK DUH DOLJC
VHTXHQFHG JHQRPHV WR SUHGLFW WKH JHQH IURP ZKLFK
ERWK WD[RQRPLF DQG IXQFWLRQDO DQQRWDWLRQ RI WKF

JUHDWHU DPRXQW RI LQIRUPDWLRQ IURP D JLYHQ VDPSOH

DATA PROCESSING OUTPUTS

~
SAMPLE PROCESSING \
\

Relative abundances of

Collection
genes and pathways
Q /WHOLE GENOME SEQUENCING
l . d bl Classification through
L Sequencing of Read assembly comparison of contigs
. community DNA into contigs to databases
DNA extraction I
and quantification :> - = — =5 @
p —— — ——
_ (;r ———
v Y o o
" g ™
{168 rRNA AMPLICON SEQUENCING Y
PCR amplification of 165 lllumina Miseq - Assemble paired-end reads Classify OTU's Diversity indi
rRNA gene regions sequencing of - Quality filtering iversity indices
amplified DNA Read clustering into OTU’s
E dp = -
— N
dime2 QO fe
\ e ey 1 /

JLIXUH$ VFKHPDWLF RI FBPUDUIFRPOHHTXHQFLQJI L

*HOQRPH 6HTXHQFLQJ 6DPSOHV FROOHFWLRQ UH

WKH VDPSOH VXFK DV I[UHVKO\ YRLGHG IDHFHV

278 + 2SHUDWLRQDO WD[RQRPLF XQLW 3&5 * SRO\PHUDVH
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'"HVSLWH WKHVH DGYDQFHVY WKHUH DUH OLPLWDWLRQV ZLWK ER

EHWZHHQ ODERUDWRULHY DQG WKH ODFN RI VWDQGDUGLVDWLR

FROOHFWLRQ DQG DQDO\VLV OLUVHSDVL HW DO 6DPSOLQ.
&KRR HW DO DQG YDULDWLRQ LQ WKH QXPEHU RI IUHH]JH W
EHIRUH WKH\ DUH DQDO\VHG %DKO HW DO FDQ DOO DOV

H[WUDFWLRQ PHWKRGV DQG 3&5 SULPHUV XVHG PD\ DOVR GLIIt
UHSURGXFLELOLW\ ZLWKLQ D ODERUDWRU\ DOORZ WKH PRVW DF
FRXUVH FRPSDULVRQV FDQ DQG DUH PDGH EHWZHHQ ODERUDW
VKRXOG EH LQWHUSUHWHG DFFRUGLQJO\ ,Q UHFHQW \HDUV F
LQFUHDVLQJO\ LPSRUWDQW DV LW LV RQH RI WKH IHZ ZD\V WR L
$GYDQFHV LQ FXOWXUH WHFKQLTXHV FRPEIGHHGQRMRVK ZKROH Jt
JHQH DVVHPEO\ KDV DOORZHG IRU WKH FKDUDFWHULVDWLRQ RI
ERWK KXPDQV =RX HW DO DQG UXPLQDQWYV 6HVKDGUL HW
DGYDQFHV LQ FXOWXUH DQG VHTXHQFLQJ WHFKQLTXHV PXOWL
XVHG WR JDWKHU FRPSUHKHQVLYH LQIRUPDWLRQ DQG DOO GDWD
IURP JHQRPLFV WR WUDQVFULSWRPLFV SURWHRPLFV PHWDERO

VDPSOHV VWXGLHG

'LYHUVLW\ LQGLFHV

'LYHUVLW\ LQGLFHY DUH TXDQWLWDWLYH PHDVXUHV RI HFRORJL
RI VSHFLHV DQG LQGLYLGXDOV Rl HDFK VSHFLHV SUHVHQW LQ T
W\SHV RI GLYHUVLW\ WHUPHG DOSKD DQG EHWD HDFK ZLWK YDU
WR WKH GLYHUVLW)\ ZLWKLQ D JLYHQ VDPSOH VXFK DV DW JHQX\
GHQRWHG E\ WKH 6KDQQRQ 6LPSVRQ RU &KDR LQGH[ DQG EHW

EHWZHHQ VDPSOHV VXFK DV (XFOLGHDQ RU %UD\ &XUWLV $V
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FRPSOH[ FRPPXQLW\ WKHVH PHDVXUHV KDYH EHHQ DSSC
H[SODLQ RU VXPPDULVH WKHP

&KDQJHV LQ GLYHUVLW\ DORQJ WKH JDVWURLQWHVWLQDC
WLPH LV RI LOQOWHUHVW /R]XSRQH HW DO ,W LV W\
PLFURELDO GLYHUVLW\ LV EHQHILFLDO 6DQGUL HW DO
KRVW DV ORZ GLYHUVLW\ LQGLFHY KDYH EHHQ DVVRFLDW

*XDUG HW DO

,Q KHDOWK\ DQLPDOV IOXFWXDWLRQV LQ GLYHUVLW)\ DUH
WLPH ERG\ VL]H DQG ZKHWKHU WKH DQLPDO LV PRQRJ
BRQQHQEXUJ HW DO IRXQG WKDW RYHU JHQHUDWLRQ
ILEUH LQ PLFH WKHUH ZDV D SURJUHVVLYH ORVV RI E|
UHFRYHUDEOH WKURXJK UH LQWURGXFWLRQ RI WKH GLH\
PD\ UHIOHFW WKH W\SH DQG FRPSOH[LW\ RI GLHWDU\ QX
DUH VXEVHTXHQWO\ DYDLODEOH IRU EDFWHULDO IHUPH
FDUQLYRUHV KDYH DQ LQKHUHQWO\ ORZHU PLFURELDO G

FRQVXPH D GLHW EDVHG RQ RQO\ D UHODWLYHO\ QDUURZ

6HTXHQFH GHSWK DOVR LPSDFWV VXEVHTXHQW DOSKD GL
LQ LWV UHDG GHSWK UHVXOWLQJ LQ D JUHDWHU QXPEHU
WR DQRWKHU )XPDJDOOL SDUHIDFWLRQ LV WKH
DFFRPPRGDWH IRU WKHVH GLITHUHQFHY DOWKRXJK LWV X\
7TKHUHIRUH WKH XVH RI GLYHUVLW\ LQGLFHV WR LQGLFDYV
FRPSDULQJ EHWZHHQ DQLPDO VSHFLHV ,Q RUGHU WR

WD[RQRPLF DQG IXQFWLRQDO GLYHUVLW\ VKRXOG EH FR

ZKLFK WD[D DUH SUHVHQW DQG ZKLFK JHQHV DUH SUHVE



ILWHUDWXUH UHYLHZ

ORRQ HW DO REVHUYHG WKDW GHVSLWH ORZHU WD[RQRPLI
SURWHLQ UDZ PHDW GLHW IXQFWLRQDO GLYHUVLW\ ZDV JUHDWF
ZHUH SUHVHQW LQ WKH JDVWURLQWHVWLQDO WUDFW KDG D JUH

D JUHDWHU UDQJH RI JHQHYV

)DFWRUV DIIHFWLQJ FRPSRVLWLRQ DQG IXQFWLRQ |
7KH FRPSRVLWLRQ DQG IXQFWLRQ RI WKH PLFURELRPH LV GHSF

LQFOXGLQJ WKH UHJLRQ RI WKH LQWHVWLQH LQYHVWLJDWHG 5]
DQG GLHW %HUPLQJKDP HW DO F +RRGD HW DO <F
5HJLRQ Rl LQWHVWLQH

7KH VWRPDFK DQG VPDOO LQWHVWLQH KDUERXU DQ LPSRUW

UHVSRQVLEOH IRU DLGLQJ LQ GLJHVWLRQ DQG QXWULHQW DYDL

*XU\Q HW DO +RZHYHU PRVW PLFUREHV UHVLGH LQ WKH

SULPDU\ VLWH RI IHUPHQWDWLRQ LQ PRQRJDVWULF VSHFLHV

5LWFKLH HW DO DVVHVVHG FKDQJHV WR EDFWHULDO SURILC
WUDFW XVLQJ 3&5 DPSOLILFDWLRQ IROORZHG E\ FRPSDUDWLYH \
6 U51$ JHQH DPSOLFRQV 7KH\ REVHUYHG FOXVWHULQJ Rl FORC
ZLWKLQ LQG IOR\KWDOESDLWMUH PRVW FRPPRQ LQ GXRGHQDO VDP
(QWHURPRMFXW R EDFH O YWKH PRVW FRPPRQ LQ FRORQLF VDPSO}!
DO +RQQHIIHU HW DO LQYHVWLIJDWHG WKH PLFURE!
UHJLRQV RI WKH GRJ JDVWURLQWHVWLQDO WUDFW GXRGHQXP
U51$ VHTXHQFLQJ DQG DOVR UHSRUWHG GLIIHUHQFHV LQ WKH
GLIIHUHQFHV LQ UHODWLYH DEXQGDQFHV Rl 3URWHREDFWHULTL
GXRGHQXP DQG WKH UHFWXP DQG IRXQG FKDQJHV LQ GLYHUVLV
WKH FRORQ DQG UHFWXP ZKLFK ZHUH FRQVLVWHQW ZLWK HDFK

VWXG\ KLIJIKOLJKWHG VLPLODULWLHV EHWZHHQ FRORQLF DQG
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GRPHVWLF FDUQLYRUHV VKRZLQJ WKDW IDHFDO VDPSOH
FRORQLF PLFURELRPH +RQQHIIHU HW DO
'LHW
7KH SUHGRPLQDQW SK\OD SUHVHQW LQ WKH IDHFHV RI
%DFWHURLGHWHY 3URWHREDFWHULD )XVREDFWHULD D
Rl DOO JXW PLFURELRWD 5LWFKLH HW DO +DJF
FKDQJHV WR WKH PDFURQXWULHQW SURILOH RI D GLHW F
RQ ERWK WKH FRPSRVLWLRQ DQG IXQFWLRQ RI WKHLU JD\

'‘DYLG HW DO E %HUPLQJKDP HW DO

9DULRXV VWXGLHV FRPSDULQJ KLJK SURWHLQ FDQQHG RU
WR KLJK FDUERK\GUDWH NLEEOH GLHWYV KDYH REVHUYHG |
RI EDFWHULDO WD[D WKURXJK DQDO\VLV RI WKH IDHFDO |
KLIJK FDUERK\GUDWH GLHWY LQFUHDVHYVG6WHKH S/MW R BR\FLFXH/
SUHY RWAHEHID V S K DIHEJMH ,Q FRPSDULVRQ FRQVXPSWL
GLHWYV LQFUHDVHV WKHXYHREDWW¥WHH LIDEDEIBIRFRHYRE LG R
%YHUPLQJKDP HW DO D %YHUPLQJKDP HW DO F 'H
D %YHUPLQJKDP HW DO 7KLV KLIKOLJKWYV WKH DG

WKH JDVWURLQWHVWLQDO WUDFW EDVHG RQ VXEVWUDWF

7TD[RQRPLF FKDQJHV KRZHYHU GR QRW SURYLGH LQIRUPI
WKH PLFURELRPH ORRQ HW DO 1R VWXGLHV WR G
PHWDJHQRPH LQ FDWV IHG UDZ PHDW GLHWV +RZHYHU
FRQVXPLQJ D FDQQHG PRGHUDWH SURWHLQ GLHW KDG |
ULERIODYLQ VIQWKHVLYV ZKLOH WKH IDHFDO PLFURELRPH
LQFUHDVHG SRWHQWLDO IRU IRODWH VI\QWKHVLV <RXQJ

FKDQJHV ZHUH QRW DVVHVVHG +RZHYHU WKLV GRHV KLJF
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WR LQIOXHQFH RYHUDOO KRVW KHDOWK DQG WKH LPSRUWDQFH
RQO\ RQ WKH FRPSRVLWLRQ EXW DOVR RQ WKH IXQFWLRQDO SR
'LHWDU\ ILEUH

$ QXPEHU RI DXWKRUV KDYH UHYLHZHG VWXGLHV Rl WKH IHOLQH
GLHWDU\ ILEUH LQFOXVLRQ LQ FRPPHUFLDO GLHWVY FROODWLQ
ZLWK VRPH QH[W JHQHUDWLRQ VHTXHQFLQJ GDWD OLQDPRWR H\
'HQJ DQG 6ZDQVRQ BUHGRPLQDQW GLHWDU\ ILEUHV DGGHC
FHOOXORVH DQG EHHW SXOS )26LKDAR EBF@GVERZFQHDRH QFUHD \
( FR®DUU\ HW DO . D Q DHILXCSHV SHHWF VDIED § 188 ULH VM@ V

( FRIDUBFWRED%DOOXWW DDEOH 'LHWDU\ ILEUH FDQ DOVR DI
IDHFDO PHWDJHQRPH RI FDWV LQFUHDVLQJ WKH DEXQGDQFH RI
PHWDEROLVP %DUU\ HW DO ORGLILFDWLRQV WR WKH JD\
GLHWDU\ ILEUH OHDGV WR FKDQJHV WR WKH SURGXFWLRQ RI I}

6&)%$ DQG %&)$ EUDQFKHG FKDLQ IDWW\ DFLGV 6LPSVRQ DQG &



7TDEOH6XPPDU\ RI SXEOLFDWLRQV LQYHVWLIJDWLQJ WKH LPSDFWV RI GLHW RQ WKH IHOL

$XWKRUV 6SHFLHYV "LHW

66\&/¥§|§EHH/T_XQQFLQJ Wké‘

HQFH UHDGV

3K\OD VHT UHDGV SUHGRPLQDQW

o ( &HOOXOQVH [ /DWLQ VTXDUH
%»DUUN HV\RES)\)/VW ':26 DQG 3HFWL&® DGDSWLRQDHFDO
ZW ZW FROOHFWLRQ

A4XHHQV Q SHU GLHW

; &3 % 7TLWDQLXP
%HUPLQJKRIPHVW (F . NLWWHQV S é
HW DO BDW H-(V .I-(I)W &8RVW ZHDQLQJ @Jﬁf\&é% ﬁgRVHTXHQFLQJ RI
% S % % % $ % % U51% JHQH
Q GISBWOLELW X P
%HUPLQJKIPRHVW L(F HW &URVVRYHU G dl_.nl%o 7LWDQLXP
HW DO FDW ZHHN DGDSWL S\URVHTXHQFLQJ
FROOHFWLRQ
+3/& &3 9 UHJLRQ 6
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&KDSWHU 2QH

JHUPHQWDWLRQ HQG SURGXFWV

2QH RI WKH PDMRU zZD\V WKH PLFURELRPH DIIHFWV WKH KF
VXFK DV FDUERK\GUDWHY DQG SURWHLQ LQWR 6&)% %&)$
DQG DPPRQLD 6ZDQVRQ HW DO RU RWKHU PHWDERO
*LEVRQ HW DO &RPSHWLWLRQ IRU FDUERQ DV DQ H
HOQOYLURQPHQW 7KHUHIRUH SHSWLGHY DQG DPLQR DFLG
SURSLRQDWH DQG EXW\UDWH /IRXLVY DQG )OLQW

FDUERK\GUDWH DQG VSHFLILFDOO\ GLHWDU\ ILEUH SUH'

JDVWURLQWHVWLQDO WUDFW 6PLWK DQG ODFIDUODQH

2UJDQLF DFLGV
2UJDQLF DFLGYVY DUH VR FDOOHG EHFDXVH WKH\ DUH RUJD

PRVW FRPPRQO\ FDUER[\OLF DFLGV EXW DOVR LQFOXGLC
RUJDQLF DFLGV HJ ODFWDWH VXFFLQDWH KH[DQRDWH

SURGXFWLRQ DQG XWLOLVDWLRQ RI 6&)$%$

2UJDQLF DFLGV DQG WKHLU XVDJH E\ EDFWHULD DUH DIIt
IRU IHUPHQWDWLRQ LQ WKH FRORQ DEVRUSWLRQ LQWR V
IHHGLQJY RI WKH FRPSRXQGV E\ WKH UHVLGHQW PLFL
&RQFHQWUDWLRQV RI RUJDQLF DFLGV YDU\ IURP WKH GLV

DQG IDFWRUV VXFK DV WUDQVLW WLPH DQG S+ DIIH
)DHEDO RUJDQLF DFLG FRQFHQWUDWLRQV DUH W\SLFDOO\
SRLQW LQ WLPH DQG PD\ QRW EH UHSUHVHQWDWLYH RI W
SURGXFWLRQ DQG DEVRUSWLRQ XWLOLVDWLRQ UDWHV E\

OXPHQ



ILWHUDWXUH UHYLHZ

6KRUW FKDLQ IDWW\ DFLGV 6&)$
6&)%$ DUH FKDUDFWHULVHG E\ KDYLQJ IHZHU WKDQ VL[ FDUERQ D
FDUERQ DWRPV & SURSLRQLF DFLG WKUHH FDUERQ DWRPV &
DWRPV & 7KHVH DUH W\SLFDOO\ NQRZQ LQ WKH IRUP RI WKHL
EXW\UDWH 6&)% DUH W\SLFDOO\ SURGXFHG IURP FDUERK\GUDWF
EDFWHULDO WIIDJRVWUYEK&REDFWHQUEED FWHWUDLXPMOVR XVH

SHSWLGHY DQG DPLQR DFLGV WR SURGXFH 6&)$ /RXLV DQG )OLC

6&)$ DUH WKH PRVW DEXQGDQW RUJDQLF DFLGV PHDVXUHG LQ
FRPSULVLQJ RI WRWDO RUJDQLF DFLGV 7KH UDWLR RI D
$3 % GLIIHUV EHWZHHQ RPQLYRUHV FDUQLYRUHV DQG KHUEL
GLIITIHUHQFHV LQ GLHW FRQVXPHG )RU H[DPSOH LQ KXPDQV WKH
ZKHUHDV LQ FDWV WKH SURSRUWLRQ RI SURSLRQDWH LV VOLJKW

&XPPLQJV HW DO %URVH\ HW DO 7KLV LQFUHD\
OLNHO\ GXH WR WKH LQFUHDVH LQ SURWHLQ OHYHOV LQ WKH

EDFWHULDO IHUPHQWDWLRQ /RXLV DQG )OLQW

,Q KXPDQV 6&)$ PHGLDWH LQWHVWLQDO LPPXQH UHVSRQVHV ¢
20LYHLUD HW DO DQG DUH YDOXDEOH LQ UHJXODWLQJ KRV
VLIQDOOLQJ PROHFXOHV YLD * SURWHLQ FRXSOHG UHFHSWRUYV

SURPRWH UHJXODWRU\ 7 FHOO JHQHUDWLRQ DQG DUH NH\ PH

PLFURELRPH $USDLD HW DO 6&)$ VWLPXODWH FRORQLF W
WKH UHOHDVH RI VHURWRQLQ )XNXPRWR HW DO ZKLFK LV
6HFWLRQ JRU WKLV UHDVRQ WKHUH LV LQWHUHVW LQ XQG

6&)$ FDQ EH PDQLSXODWHG LQFOXGLQJ WKURXJK GLHW
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JLIXUH7KH THUPHQWDWLRQ SDWKZD\V XVHG WR IRUP RUJDQLF DFLGV 2UJDQLF DFLGV C
GHQRWLQJ SURSLRQDWH DQG RUDQJH GHQRWLQJ DFHWDWH 3DWKZD\V OHDGLQJ WR WK
FRORXU 5HG ER[HV DQG DUURZV GHQRWH DGGLWLRQDO SDWKZD\V WR IRUP RUJDQLF L

ODFIDUODQH IRXLV HW DO 'XQFDQ HW DO )OLQW HW DO SHLFKE
&2 FDUERQ GERHLGWRI}HQ &R$ + FRHQJ\PH $



ILWHUDWXUH UHYLHZ

$FHWDWH
$FHWDWH LV WKH PRVW DEXQGDQW 6&)$ IRXQG LQ WKH IDHFHYV

$FHWDWH LV SURGXFHG YLD HLWKHU WKH DFHW\O &R$ SDWKZD\
IMXQJGDKO SDWKZD\ IURP IRUPDWH RU FDUERQ GLR[LGH DQG |
DFHW\O &R$ SDWKZD\ LV9%IMHG RE DIREN/PIFMW X PEDFYE VY O D Q H

DQG ODFIDUODQH ZKL® B IDX¥MMR KNQWY RYKIDKD\E 8 R SWRF D
XWLOLVH WKH :RRG /MXQJGDKO SPHVKZWH FRXL Y GIWR IFR QW U L E X W
EXW\UDWH SURGXFWLRQ WKRXJK LWV PHWDEROLVP YLD WKH DFt
)DHEDOLEDFWHUDXFRRYHEXYRRYEDIQ HW DO XEDFWHRUXP
KDOOXQFDQ HW DO E $PLQR DFLGY JOXWDPDWH DODQLQH
O\WWLQH WKUHRQLQH DQG F\WWHLQH KDYH DOO EHHQ VKRZQ WR

E\ EDFWHULD 6PLWK DQG ODFIDUODQH 20LSKDQW DQG $00

,Q PLFH DFHWDWH VWLPXODWHV WKH UHOHDVH RI VHURWRQLQ
FRORQ E\ UHIXOBWHOWRUY H[SUHVVLRQ %KDWWDUDL HW DO

DFHWDWH LQFUHDVHV WKH WUDQVFULSWLRQ RI WU\SWRSKDQ
HOWHURFKURPDIILQ FHOOV WKXV SURPRWLQJ VHURWRQLQ S
LQJUHGLHQWY WKDW LQIOXHQFH DFHWDWH SURGXFWLRQ PD\ DII

BHFWLRQ

SURSLRQDWH
SBURSLRQDWH FDQ EH SURGXFHG WKURXJK WKUHH PDLQ SDWKZD!

I[URP KH[RVHV YLD IRUPDWLRQ RI VXFFLQDWH YLD WKH DFU\O
YLD WKH SURSDQHGLRO SDWKZD\ I[URP GHR[\ VXJDUV VXFK DV UK
)LIXUH .H\ SURSLRQDWH BVRIGXHE B DWVKHQFPX\®HDWH SDWKZD\

%DFWHURHGEOAWHDL Q@ EWOHHL OO RQHOODFHDH YLD WKH VXFFLQDWH

HW DO /JRXLVY DQGROHBEXWLD L @ABEL@RFARFFAY REHXP



&KDSWHU 2QH

DQG VRPH 3URWHREDFWHULD YLD WKH SURSDQHGLRO SD
FDW WKH PLFURELDO SURGXFWLRQ RI SURSLRQDWH IURF
KDYH D VLJQLILFDQW LPSDFW RQ WKH SDWKZzZD\V XVHG IR

9HUEUXJJKH HW DO DOVR K\SRWKHVLVHG WKDW
IRU WKH GRPHVWLF FDW DFWLQJ DV D JOXFRQHRJHQLF \
DPLQR DFLGV KRZHYHU LV \HW WR EH SURYHQ 5RFKXV H

% XW\UDWH

,Q KXPDQV EXW\UDWH LV DQ HQHUJ\ VRXUFH IRU FRORQR
DV LWV XSWDNH LPSURYHV WLIJKW MXQFWLRQ IXQFWLRQ
WKRXJKW WR EH SURWHFWLYH DJDLQVW FRORQLF FDQFHU
LQIODPPDWRU\ UHVSRQVH IURP FRORQRF\WHV DQG VWL
SURGXFH F\WRNLQHV +HQFH WKLV 6&)% LV XVXDOO\ RI PF

LPSDUW KHDOWK EHQHILWY YLD WKH PLFURELRPH

%XW\UDWH LV W\SLFDOO\ SURGXFHG IURP FDUERK\GUDW
KRZHYHU LW FDQ EH VIQWKHVLVHG IURP SURWHLQ VRXUF
PXFLQV /HYLQH HW DO $ ZLGH YDULHW\ Rl EDFWH!I
EXW\UDWH PDQ\ RI ZKLFK D&ERMW EDLGEWB ¥ W MXUE K PD V
)XVREDFWAUKPQLOOD HW DO %XW\UDWH SURGXFW|
WKURXJK WZR PDLQ SDWKzZD\V EXW\U\O &R$ DFHWDWH &R
RI DFHWDWH DQG SURGXFWLRQ RI DFHW\O &R$ DQG EXW\L
3 )LIXUH ODQ\ EDFWHULDO WD[D XWLOLVH WKH &R
J)DHFDOLEDFWHULULXE D& WHDQERY IHE X KILB.IRSURFRFFEV
6XEGROLIJXNWQADWX® WKH EXW\UDWH NLQDVH SDWKZD\ /RXL
DYXVREDFWBPRLER DFLGV JOXWDPDWH DQG O\WLQH FDQ

EXW\UDWH WKURXJK WKH IRUPDWLRQ RI FURWRQ\O &R$ *



ILWHUDWXUH UHYLHZ

RWKHU DPLQR DFLGV VXFK DV DODQLQH VHULQH F\WWHLQH DQ

WR EXW\UDWH YLD S\UXYDWH

7KHUH DUH WZR SUHGRPLQDQW WHUPLQDO BXNXMHWEKE WKH EXW\L
&R$ WUDQVIHUDVEXSDWKEIBD\EXQGUDWH NLQDVH SDWKZD\ /RXLV
/IRXLV DQG )OdLQWD O HW DO DQDO\WVHG WKH JHQH DEXQGDQF
DQG EDFWHULDO WD[D LQ IDHFDO VDPSOH\EXRNH@WLRXY DQLPD
DEXQGDQFHV ZHUH HQULFKHG LQ KDUBRDYSURWWIDQGLXPVRFELDW!
VSHFLHE XaWIQHY ZHUH HQULFKHG LQ RPQLYRUHV DQG KHUELYRU
IDFWDWH VXFFLQDWH KH[DQRDWH DQG IRUPDWH
IDFWDWH LV D SURGXFW RI IHUPHQWDWLRQ IURP GLHWDU\ ILEU
EDFWHULDO WD[D 'XQFDQ HW DO E ,W LV UHDGLO\ XWLOLVH
WR EHLQJ D PDMRU IHUPHQWDWLRQ HQG SURGXFW / RU ' ODFWI
DFLG EDFWHULD ZLWKLQ WKH FRORQ IURP S\UXYDWH /DEWDWH
YLD WKH DFU\ODWH SDWKEZBJDES KEDDH WD HICBASIHEKWD MW D O
DQG WKHQ WR YDOHUDWH %RXUULDXG HW DO +RZ
FRQYHUWHG WR EXW\UDWH Y(XE BRW MH UNGR® DIGR § WXSYHW H E\

FDFFDXQFDQ HW DO E )LIJXUH

6XFFLQDWH LV D FDUER[\OLF DFLG DQG LV XVXDOO\ FODVVHG D
7&% RU JO\R[\ODWH F\FOH EHIRUH LW LV FRQYHUWHG WR SURSLH
7D[D LQYROYHG LQ WKH SURGXFWLRQ RWBEHWEBURQOWWHWRP VX
I1HIDWLYDE®KWHM OORQHOODFHDH SHLFKDUGW HW DO 'H 9D
DQG )OLQW JLIXUH 3UKRHRWBDOR /SRIGKAM RKFFLQDWH LQ P

PRGHOV 'H 9DGGHU HW DO



&KDSWHU 2QH

+H[DQRDWH FDSURLF DFLG & LV D PHGLXP FKDLQ IDW!
FDUER[\OLF DFLG FKDLQ HORQJDWLRQHUBRVPSKDWBBU DFH

&ORVWVEHBEKRY &DYDOFDQWH HW DO

JRUPDWH LV DQ H[WUHPHO\ YRODWLOH FRPSRXQG DQG L
IDHFHV KRZHYHU LW FDQ EH IRXQIGQ LQVWIHRE W\H U, \FW RIOQW |
FRPPRQO\ SURGXFHG E\ IDFXOSXPWQ R A RIFE BM UFRBRHPV\W X € KV
VWDUFK GHJUDGHU &URVWRABHWVHDOHW DODQG JRUPDWH
FRQYHUWHG WR DFHWDWH YLD W% @ D:RWIEDRM K Q RGDKFOS IS IDR
IDYHUGH *RPH] HW DO

%UDQFKHG FKDLQ IDWW\ DFLGV %&)$
%&)$ DULVH IURP IHUPHQWDWLRQ RI EUDQFKHG FKDLQ DF
DQRG LVROHXFLQH ZKLFK UHVXOW LQ LVREXW\UDWH LVRY
UHVSHFWLYHO\ PHWK\EXW\UDWH FDQ DOVR EH FRQYHUW

6PLWK DQG ODFIDUODQH 7TKHLU UROH LQ WKH JI
XQNQRZQ KRZHYHU WKH\ DUH WKRXJKW WR PRGXODWH J(
KXPDQ DGLSRF\WHV +HLPDQQ HW DO ,VREXW\UDWF

FRORQRF\WHY DQG PD\ DLG LQWHVWLQDO LQWHJULW\ )DC



ILWHUDWXUH UHYLHZ

7TU\SWRSKDQ
7U\SWRSKDQ LV DQ HVVHQWLDO DPLQR DFLG IRU WKH GRPHVWLI

DQG LV IRXQG LQ KLJK FRQFHQWUDWLRQV LQ DQLPDO SURW
RI SURWHLQV LQ WKH VPDOO LQWHVWLQH UHOHDVHV WU\SWRSK
FLUFXODWLRQ $SSUR[LPDWHO\ RI FLUFXODWLQJ WU\SWRSKD(
OFOHQDP\ HW DO 7KH UHPDLQLQJ LV HIUHHY DQG LV WI
WLVVXHV DQG RUJDQV 30DVPD IUHH WU\SWRSKDQ FRQFHQWUDMW
FRQVXPSWLRQ RI SURWHLQ DQG IDW LQFUHDVHV IUHH WU\S
FRQVXPSWLRQ GHFUHDVHV LW %DGD?Z\ 1RQ HVWHULILHG I

GLVSODFH DOEXPLQ ERXQG WU\SWRSKDQ DV LV DGUHQDOLQH D

&RQFHQWUDWLRQV RI SODVPD WU\SWRSKDQ DUH DOVR DIIHFWH
6DNDL HW DO REVHUYHG WKDW WKH FROQFHQWUDWLRQV RI
FDWV ZLWK JDVWURLQWHVWLQDO GLVHDVH 30ODVPD WU\SWRSK
FKURQLF UHQDO IDLOXUH *ROGVWHLQ HW DO ,Q KXPDQ\

FKDQJHV WR WU\SWRSKDQ PHWDEROLVP DQG N\QXUHQLQH V\QWHE

7TU\SWRSKDQ LV PHWDEROLVHG WR VHURWRQLQ K\GUR[\WU\SW|
ERWK WKH KRVW DQG WKH JDVWURLQWHVWLQDO PLFURELRPH |
JDVWURLQWHVWLQDO PLFURELRPH RQO\ $SSUR[LPDWHO\ |
PHWDEROLVHG WR N\QXUHQLQH LQ WKH OLYHU E\ WKH HQJ\PH W
DQG H[WUDKHSDWLFDOO\ E\ LOQOGROHDPLQH GLR[\JHQDVH ,":
LOQWHUPHGLDU\ 1 IRUP\ON\QXUHQLQH %DGD ZzZ\ J)LIXUH )
VSHFLILFDOO\ LWV FRQYHUVLRQ WR SLFROLQLF DFLG YLD RYHL
FDUER[\ODVH LV WKH SULPDU\ UHDVRQ QLDFLQ LV DQ HVVHQWL

&DVWUR HW DO ,NHGD HW DO J)LIXUH $GGLWLR(



&KDSWHU 2QH

PHWDEROLWHY DUH LPSRUWDQW LQ LPPXQH KRPHRVWDVL
LQ LQWHVWLQDO IXQFWLRQ LQ WKH GRPHVWLF FDW LV QR
WR WU\SWRSKDQ UDWLR PD\ EH D ELRPDUNHU IRU LUULWCE

DO

:KLOH RQO\ D UHODWLYHO\ VPDOO SE/RSRQWLIRRP RO\GLH\
5LEKDUG HW DO LV PHWDEROLVHG WR VHURWRQLQ |
D UROH LQ LQWHVWLQDO IXQFWLRQ LQ WKH GRPHVWLF FD
EH GLVEXVVHG LQ GHSWK LQ UHODWLRQ WR WKHLU SRV

6HFWLRQV DQG UHVSHFWLYHO\
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J)LIXUH 7TU\SWRSKDQ PHWDERVRYRPDSDWKREWDEROLVHG LQWR WKUHMHQEDLQGRDODMDEROL\

LwWv PHWDEROLWHY DUH VKRZQ LQ RUDQJH VHUBQY/®RQWY GRGLYWW IPHHWDIER EIOXHY % Q JU!
ER[HV UHSUHVHQW PLFURELDO PHWDEROAR/®R O3 E RYHYWU B Q G HDVUHWQRNAZ K R QWO B HRNADHE F

HQJ]\PH DFWLYLW\ LQ WKH FDW ODUJHU BRDREU HW DWHU DFWEINWHW HOHDWHG ¥RLQJ
$OOHJUL HW DO )XNXZDWDUL HW DO



ILWHUDWXUH UHYLHZ

BHURWRQLQ
7TU\SWRSKDQ LV FRQYHUWHG WR K\GUR[\WU\SWRSKDQ +73 XV

WU\SWRSKDQ K\GUR[\ODVH 7S+ LQ WKH JDVWURLQWHVWLQD
EUDLQ YLD 7S+ :DOWKHU HW DO +73 LV WKHQ FOHD
GHFDUER[\ODVH [/ $$'& WR VHURWRQLQ +7 )JLIXUH +7 L
SURGXFHG SULPDULO\ E\ WKH HQWHURFKURPDIILQ FHOOV ORFDW
,W LV UHOHDVHG LQWR WKH H[WUDFHOOXODU PDWUL[ LQ UHVS
VWLPXOL PHFKDQLFDO OXPLQDO SUHVVXUH 1H\D HW DO

HOQWHURFKURPDIILQ FHOOV <DQR HW DO DQG IOXFWXD

PHWDEROLWHY VXFK DV DFHWDWH DQG EXW\UDWH LQ WKH LQWU|

+7 LV UHVSRQVLEOH IRU WKH DFWLYDWLRQ RI XS WR VHYHQ
IDPLOLHY ORFDWHG DURXQG WKH ERG\ IURP WKH HQWHURF\WH
DQG WKH EUDLQ ODZH DQG +RIIPDQ WKLV PD\ H[SODLQ Z
P\ULDG RI IXQFWLRQV VXFK DV EHKDYLRXU FLUFDGLDQ UK\WKP
VWDWHYV VXFK DV ,%' 6LNDQGHU HW DO $JXV HW DO
H[DPSOH LQ WKH JDVWURLQWHVWLQDO WUDFW H[WUDFHOOXOD
ORFDWHG DORQJ WKH LQWULQVLF SULPDU\ DIIHUHQW QHXURQV
+7 SUHVHQW LQ WKH FRORQ DIIHFWV JDVWURLQWHVWLQDO PR
+7 UHFHSWRUV SUHVHQW RQ QHXURQV ORFDWHG DORQJ WKH
ODUJROLYV ,QFUHDVHG VHURWRQLQ FRQFHQWUDWLRQV LQF

7TVXNDPRWR HW DO

SHUVLVWHQW +7 DFWLYDWLRQ FDQ KDYH WR[LF HIITHFWV DQG W
HW DO 7R LQDFWLYDWH +7 LW PXVW EH WDNHQ XS LQWR
FDWDEROLVHG LQ WKH H[WUDFHOOXODU PDWUL[ DQG SDVVLY}

UHXSWDNH WUDQVSRUWHU 6(57 LV SUHVHQW RQ JDVWURLQW



SODWHOHWY ZKLFK DOORZV LWV UHXSWDNH LQWR WKH L
FDWDEROLVHG E\ PRQRDPLQH R[LGDVH 0$2 WR K\GUR
)LIXUH $EVHQFH RI 6(57 KDV EHHQ LPSOLFDWHG LQ

G\WELRVLV LQ PLFH 6LQJKDO HW DO

5HFHQW VWXGLHV KDYH VKRZQ WKDW WKH PLFURELRPH PH
5HLJVWDG HW DO REVHUYHG WKDW WKH DEVHQFH R
GHFUHDVHG FRORQLF 7S+ H[SUHVVLRQ DQG WKHUHIRUH
WR +7 <DQR HW DO LOOXVWUDWHG WKDW JHUP
FRQFHQWUDWLRQV LQ WKH FRORQ EXW QRW LQ WKH VPL
IRUPLQJ WD[D SUHGRPLQDQWWXEQUXPW UL7G E R Q FIHIDW WIHAL
QRUPDO $WDUDVKL HW DO ( FRBWKWKRWDHI DXOFK DV
BWUHSWRFRFFXV /DFWR DREFX\R E(QFNRDIGBRFVRFFXMD OO HW D

KDYH DOVR EHHQ VKR ZIQQ WR WERIBRHYXAH WKH SK\VLRO|

VLIQLILFDQFH RI WKLV LV XQNQRZQ

((WUDFHOOXODU +7 FROQFHQWUDWLRQV DUH DOVR DIIHFV
HI[DPSOH %HUWUDQG HW DO REVHUYHG WKDW D KLJ}

WKH DYDLODELOLW\ RI +7 LQ WKH LOHXP LQ UDWYV

,QGROH

7U\SWRSKDQ FRQYHUVLRQ WR LQGROH RQO\ RFEXUV Y
JDVWURLQWHVWLQDO WUDFW )LJXUH ,QGROH DQG LW
E\ YDULRXV EDFWHULBRQWB [DQGXFHKHDV DQG VSHFLHV
& O RV W UWAIBAVY R YR 1L IGGIVE D P\BHSIVXRY W U HSWQRERFBRW JHU DQ
ILEKW ZKLFKWVSFOMVQH/ ZKLKK HQFRGHY IRU WU\SWRSKI

RI LQGROH SURFR®HIBE EEY RQ WKH DPRXQW RI HI|RIJIHQRXV



ILWHUDWXUH UHYLHZ

YLWURDQG <RXQJ WKLV VXJIJHVWV WKDW GLHWDU\ WU\SW

LQIOXHQFH LQGROH SURGXFWLRQ

'KLOH LQGROH KDV EHHQ DVVRFLDWHG ZLWK LQFUHDVHG EDFWH!
UHVSRQVH FKHPRWD[LV PRWLOLW\ FHOO DGKHUHQFH VSRUH
6XPPHUV +X HW DO /HH DQG /HH LW KDV DOVR
LPSURYLQJ LQWHVW LQDYL)EDBLUDHS OXQEWLIREXPDQ HOQWHURF\WF
FHOO OLQH KRXU H[SRVXUH WR LQGROH LQFUHDVHG WUDQV
WLIJKW MXQFWLRQ LQWHJULW\ DQG XSUHJXODWHG 7ROO0 OLNH
7/5 DQG ZKLFK DUH LQYROYHG LQ VWLPXODWLQJ KRVW LPP
KRPHRVWDVLY %DQVDO HW DO *HQHYV LQYROYHG LQ WKH
DQG F\WRNLQHV LQYROYHG LQ SUR DQG DQWL LQIODPPDWRU\ |
%DQVDO HW DO &RORQRF\WH H[SRVXUH WR LQGROH ZDV
VSHFLILF SDWKRJHQ IUHH PLFH ,&5 VWUDLQ 6KLPDGD HW DO
LQFUHDVHG H[SUHVVLRQ Rl WLJKW MXQFWLRQ DQG DGKHUHQ M>
SUHVHQFH Rl LQGROH VXJJHVWLQJ WKDW WKLV UHVSRQVH WR
LPSRUWDQW IDFWRU LQ PDLQWDLQLQJ LQWHVWLQDO KRPHRVWD)
RWKHU LQGROH GHULYDWLYHV VXFK DV LQGROHDFU\OLF DF
3HSWRVWUHKSDWRERABPXMXQG WR VXSSUHVV LQQODIPFRDWRU\ UHVS
:ORGDUVND HW DO 7KHUHIRUH LQGROH DSSHDUV WR SO
DVVRFLDWHG ZLWK DVSHFWV Rl SRRU LQWHVWLQDO KHDOWK /H]
SURWHFEWLYH HIIHFW E\ VWLPXODWLQJ DSSURSULDWH LPPXQH U

RI WKH FRORQLF HSLWKHOLXP



&RQFOXVLRQV
&DWV DUH REOLJDWH FDUQLYRUHYV ZLWK GLHWDU\ UHTXLU
FDWV ZRXOG QRW FRQVXPH GLHWDU\ ILEUH DV LW LV FX
FRQVXPH ZKROH SUH\ ZKLFK ZRXOG LQFOXGH ERQHV VNL(
WR DFW DV $')6 9DULRXV VWXGLHV KDYH DVVHVVHG WKH
FRPPHUFLDO GLHWYV KRZHYHU OQORQH KDYH DVVHVVHG WK
D KLJIKSURWHLQ UDZ PHDW GLHW $')6 PD\ SOD\ DQ LPSF
PLFURELRPH DQG FKDQJHY WR WKH PLFURELRPH FDQ KDY
HLWKHU GLUHFWO\ IURP WKH DEXQGDQFH RI FHUWDLQ
IHUPHQWDWLRQ HQG SURGXFWY DQG PHWDEROLWHY H J |
LQGLFDWH WKDW FKDQJHV WR GLHW ZKLFK LQ WXUQ D
IHUPHQWDWLRQ HQG SURGXFWVY PD\ KDYH VLJQLILFDQW

HQYLURQPHQW DQG RYHUDOO KHDOWK



6FLHQWLILF DLPV DQG K\SRWKHVHV
7KH RYHUDOO DLP RI WKLV WKHVLV ZDV WR H[DPLQH WKH HIIHF
$')6 ZKHQ DGGHG WR D KLJK SURWHLQ UDZ PHDW GLHW LQ WKH

DLPHG WR DGGUHVV WKH IROORZLQJ UHVHDUFK TXHVWLRQV

:KDW LV WKH HIIHFW Rl DGGLQJ WZR GLHWDU\ ILEUH VRXU
IHUPHQWDEOH WR D KLJK SURWHLQ UDZ PHDW GLHW RQ

JDVWURLQWHVWLQDO PLFURELRPH DQG LWV PHWDEROLWHYV
7KH HIIHFWV RI DGGLQJ GLHWDU\ ILEUH WR KLJK SURWHLQ

GHWHUPLQHG LQ WKH GRPHVWLF FDW 7KH DLP Rl WKLV VW:
ILEUH DIIHFWV PDUNHUV RI JDVWURLQWHVWLQDO KHDOWK
FRQFHQWUDWLRQV WD[RQRPLF FRPSRVLWLRQ DQG IXQFWLF
&KDSWHU 7ZR

$V SDUW RI WKLV VWXG\ , FRPSDUHG WKH KLJK SURWHLQ UL
D FRPPHUFLDOO\ DYDLODEOH NLEEOH GLHW FRQWDLQLQJ VL
WR XQGHUVWDQG LI DGGLQJ GLHWDU\ ILEUH WR D KLJK SUR!
LQ VLPLODU SURILOH WR WKDW RI D NLEEOH GLHW $GGLW
PHWKRGRORJLFDO TXHVWLRQV )LUVWO\ WKH SRLQW DW ZKlI
EH VDPSOHG DIWHU GLHW DGDSWLRQ E\ LQYHVWLJDWLQJ W
FRPSRVLWLRQ RI WKH FDWYV IDHFDO PLFURELRPH DFURVV )
7KUHH B6HFRQGO\ , FRQVLGHUHG LI D UHFWDO VZDE FRXOG
PLFURELRPH &KDSWHU )RXU

'KLFK DQLPDO GHULYHG VXEVWUDWHY KDYH IHUPHQWDWLYH
,Q RUGHU WR DVVHVV D UDQJH RI $')6 WKDW PD\ EH EHQHIL

FRQGXFWGO G IBQURVWLRQ DQG IHUPHQWDWLRQ VWXG\ RI VL]



JLYH )HUPHQWDWLRQ HQG SURGXFWV L H RUJDQLF
WR GHWHUPLQH ZKLFK VXEVWVWQUYPMWYHR @K RXOG EH XVHG
+RZ GRHV WKH LQFOXVLRQ RI $')6 DIIHFW WKH IDHFD
IDHFDO SDUDPHWHUVY RI WKH GRPHVWLF FDW"

%DVHG RQ WKH RXWFRPHV RI &KDSWHU )LYH K\GURO\
$')6 ZLWK WKH PRVW SRWHQWLDO IRU LRSYRYRQJ FF
+\GURO\VHG FROODJHQ ZDV DGGHG WR D KLJK SURWH
UDWHVY DQG FRPSDUHG WR WKH VDPH GLHW FRQWDLC
ZHOO DV LQYHVWLJDWLQJ WKH WD[RQRPLF DQG IXC
PLFURELRPH RI FDWV |, DOVR LQYHVWLIJDWHG WKH HI
7KLV PHWDEROLF SDWKZzZD\ ZDV IRXQG WR EH GLIIHUH
KLJK SURWHLQ UDZ PHDW GLHWV &KDSWHU 7ZR DQ

VHURWRQLQ ZKLFK KDV ORFDO HIITHFWV RQ WKH FROF






&KDSWHU 7ZR

,Q YIDWRVHVVPHQW RI GLHWDU\ ILE
KLIJIK SURWHLQ UDZ PHDW G

6HFWLRQV RI WKLY FKDSWHU KDYH EHHQ SXEOLVKHG VHH

%XWRZVNL &) 7KRPDV '* <RXQJ : &DYH 1- OF.HQ]JLH «
%HUPLQJKDP (1 $GGLWLRQ RI SODQW GLHWDU\ ILEUH WR
GLHW DOWHUV WKH IDHFDO PLFURELRPH DQGHRWYDQLF LC
FDWX3/26 21( H






&KDSWHU 7ZR

Chapter Two
L, OQWURGXFWLRQ

'‘RPHVWLF FDWV DUH REOLJDWH FDUQLYRUHV DQG KDYH
DPRXQWYV RI SURWHLQ DQG IDW LQ WKHLU GLHW ZLWK PLC
+RZHYHU FRPPHUFLDO SHW IRRGY VXFK DV NLEEOH GLH\
FDUERK\GUDWH ! RQ D GU\ PDWWHU '0 EDVLV DQG WK
SURSRUWLRQ ! '0 RI GLHWDU\ ILEUH :KLOH GLHWYV KLJ
W\SLFDOO\ OLWWOH RU QR GLHWDU\ ILEUH DUH LQFUHDVL

LV OLWWOH UHVHDUFK WKDW LQYHVWLIJDWHYV WKH LPSDFV

7KH LQFOXVLRQ RI GLHWDU\ ILEUH LQ D KXPDQ GLHW LV W
6FRWW HW DO )OLQW HW DO 'LUHFW HIIHFWV
ELQGLQJ RI QXWULHQWYV LQ WKH FRORQ IRUPLQJ YLVERX!
LQFUHDVLQJ FRORQLF PRWLOLW\ %RVDHXYV ,QGLUH
RFFXU WKURXJK FKDQJHV WR WKH JDVWURLQWHVWLQDO F

DO

7KH JDVWURLQWHVWLQDO PLFURELRPH SOD\V DQ LPSRU
LQWHVWLQDO LPPXQLW\ 6PLWK HW DO DQG FRORQ
UHIJXODWHYV V\PSDWKHWLF QHXURQDO DFWLYLW\ YLD PH
UHFHSWRUV .LPXUD HW DO DQG SURYLGHV IXHO IRL
LQ SDUW WKURXJK WKH SURGXFWLRQ RI 6&)% IURP WKH
SRFKXV HW DO E 9HUEHNH HW DO 7TKHUH DUH
IHUPHQWDWLRQ PHWDEROLWHYV PD\ DITHFW WKH KRVW )R
6&)$ GHFUHDVH WKH S+ RI WKH LQWHVWLQDO OXPLQDO

PLFURELDO FRPPXQLW\ WKURXJK FKDQJHV WR VXEVWUDW



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

'LHWDU\ ILEUH FDQ ERWK GLUHFWO\ DQG LQGLUHFWO\ DIIHFW W
VXEVWUDWH DYDLODELOLW\ IRU WKH EDFWHULD SUHVHQW LQ WK
SURGXFWV WKDW PRGLI\ WKH FRORQLF HQYLURQPHQW :KHQ LQ
LQVROXEOH QRQ IHUPHQWDEOH GLHWDU\ ILEUHV VXFK DV FHOO?>
FRPSRVLWLRQ %DUU\ HW DO DQG GHFUHDVH $77' LQ WKF
/IRXUHLUR HW DO 'LHWDU\ ILEUHV W\SLFDOO\ GHILQHG DV
LRQXOLQ KDYH DOVR EHHQ VKRZQ WR EH IHUPHQWHG E\ WKH FRO|
IDHFDO 6&)%$ DQG PRGLI\LQJ WKH IDHFDO PLFURELRWD RI FDWV
7KH LPSDFW RI GLHWDU\ ILEUH RQ WKH JDVWURLQWHVWLQD

IRUPDW

SUHYLRXV VWXGLHV KDYH DVVHVVHG WKH LQFOXVLRQ RI GLHW
%HORVKDSND HW DO LQYHVWLIDWHG WKH HIITHFW Rl IHHG
H[ WUDFW WR GRJV DQG REVHUYHG FKDQJHV WR WKH IDHFDO Pl
%LILGREDDBQY®EFMKPED FIKHOYWMSH RI GLHWDU\ ILEUH XWLOLVHG
VROXELOLW\ DQG IHUPHQWDELOLW\ PD\ LQIOXHQFH IDHFDO SDL
E REVHUYHG KLJKHU IDHFDO RXWSXW ZKHQ FDSWLYH H[RWL
EDVHG GLHWYV ZLWK EHHW SXOS FRPSDUHG WR DQG FHOO
WKH\ REVHUYHG JUHDWHU $77' RI FUXGH SURWHLQ DQG IDW LQ Il
WR EHHW SXOS 7R RXU NQRZOHGJH QR SUHYLRXV VWXGLHV KD
ILEUH LQ GRPHVWLF FDWV IHG KLJK SURWHLQ UDZ PHDW GLHW
FKDQJHV LQ WKH PLFURELRPH DQG VXEVHTXHQW FKDQJHV WR 6.

IHG GLHWDU\ ILEUH LQFOXGHG LQ KLJK SURWHLQ UDZ UHG PHDW

7KH SULPDU\ DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH HIII
FRPSOHWH DQG EDODQFHG UDZ UHG PHDW GLHW 5DZ RQ IDHFDC

IDHFDO RUJDQLF DFLG FRQFHQWUDWLRQV 6&)$ %&)$ DQG ODFV



&KDSWHU 7ZR

IXQFWLRQ RI WKH IDHFDO PLFURELRPH RI WKH GRPHVWLF
IDHFDO PLFURELRPH RI FDWV IHG WKH 5DZ GLHW VXSSOHF
FRPPHUFLDOO\ DYDLODEOH NLEEOH .LEEOH FRQWDLQLQJ
, K\SRWKHVLVHG WKDW GLHWDU\ ILEUH ZRXOG DOWHU WK
RUJDQLF DFLG SURILOHV REVHUYHG LQ IDHFHV ZLWK L
LQFOXVLRQ RI GLHWDU\ ILEUH LQ WKH 5DZ GLHW $GGLWL

5DZ GLHW ZLOO UHVXOW LQ D PLFURELRPH WKDW PRUH FC



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

ODWHULDOV DQG PHWKRGYV
7KH VWXG\ SURWRFRO ZDV DSSURYHG E\ WKH ODVVH\ 8QLYHUVL
08%(& $00 FDWV ZHUH KRXVHG DW WKH &HQWUH IRU )H¢
8QLYHUVLW\ 3DOPHUVWRQ 1RUWK 1HZ =HDODQG DQG RQ WKH |

UHWXUQHG WR WKHLU FRORQ\ KRXVLQJ

$QLPDOV DQG GLHWV
7ZHOYH QHXWHUHG GRPHVWLF VKRUWKDLU FDWV DJHG WR

JURXSV IRXU DQLPDOV SHU JURXS EDODQFHG IRU JHQGHU DQG I
RYHU UDQGRPLVHG EORFN GHVLJQ )LJXUH (DFK GLHW ZDV |
HQHUJ\ UHTXLUHPHQWY GXUNBRDOHNFK6RI WKH WKUHH  GD\ H[SH
SKDVHV DQG LQWDNH ZDV DGMXVWHG ZHHNO\ 7KHUH ZDV D
HDFK IHHGLQJ SKDVH DQG SULRU WR WKH ILUVW H[SHULPHQWL
FRPPHUFLDO FDQQBG GLHMMEBVHI[SGULPHQWDO GLHWVY ZHUH XV
EHHI 5DZ 5DZ EHHI ZLWK LQXOLQ HZW ZWHQXRFOXVLRQ 2U
%HOJLXP DQG FHOOXORVH SuZWZAM V. QBWXMLRIHZ$¥HPIOD QG
5DZ )LEUH DQG D FRPPHUFLDOO\ DYDLODEOH NLEEOH .LEEOH
,Q FR U S RUIDB/MDHHG $00 GLHWV ZHUH IRUPXODWHG WR PHHW $$)&
DGXOW PDLQWHQDQFH ZLWK D IHOLQH VSHFLILF YLWDPLQ DQG
GLHWV 5DZ PHDW GLHWV ZHUH VWRUHG DW f& DQG GHIURVW
DOLTXRWV f& IRU KRXUV EHIRUH XVH 2QFH WKDZHG WKH UL
LQWR WZR SRUWLRQV RQH SRUWLRQ NHSW DV UDZ PHDW DQG \

WKH OHYHOV VWLSXODWHG DERYH

'XULQJ HDFK H[SHULPHQWDO GLHW SKDVH GD\ SHULRG WKH
FDJHV [ [ FP &DWV ZHUH WKHQ UHWXUQHG WR FRORQ\ KF

FP IRU WKH ZDVKRXW SKDVHV DQG ZHU B R IOH BHBWPKH FRPPHUFL



&KDSWHU 7ZR

LQWDNH DQG UHIXVDOV ZHUH UHFRUGHG GDLO\ IRU HDFK

DQG D JURXS DYHUDJH UHFRUGHG GXULQJ WKH ZDVKRXW .

&DWV ZHUH VRFLDOLVHG DQG ERG\ ZHLJKW UHFRUGHG R
FRORQ\ SUDFWLFHV WKURXJKRXW WKBG/\WXEkRWKRS ZDW
LQGLYLGXDO DQG FRORQ\ FDJHV ZHUH FOHDQHG RQFH SH
/[LWWHU wuD\V ZHUH DOZD\V DYDLODEOH H[FHSW GXULQJ
GLIJHVWLELOLW\ FUDWHV ZHUH XVHG VHH 6HFWLRQ I F
QDWXUDO OLJKW GDUN F\FOHV 7KLV WULDO ZDV FRQG>

%YHUPLQJKDP HW DO E

7TDEOH$QDO\VHG FRPSRVLWLRQ Rl HISHULPHQWDO GLHWYV
IHG WR PDLQWHQDQFH HQHUJ\ UHTXLUHPHQWY WR DGXOW
GD\V LQ D FURVVRYHU UDQGRPLVHG EORFN GHVLJQ 'LH
SHUFHQWDJH GU\ PDWWHU EDVLV ‘0

LHW
&RPSRQHQW .LEEOHS5DZ )LEUH 5DZ

&UXGH SURWHLQ '0 ’ ’

&UXGH IDW  '0

&UXGH ILEUH '0

$VK 'O

1)( '0

*URVV HQHUJ\ NM J

7RWDO GLHWDU\ ILEUH 'O

6ROXEOH GLHWDU\ ILEUH ‘0

,QVROXEOH GLHWDU\ ILEUH ‘0
1LWURJHQ IUHH H[WUDFW FDOFXODWHG E\ GLIIHUHQFH * FUXGH
DVK
"1LWURJHQ FRQYHUVLRQ IDFWRU RI XVHG VHH VHFWLRQ

,QJUHGLHQW /LVW

P3RXOWU\ DQG SRXOWU\ E\ SURGXFWV FHUHDOV FHUHDO SURWHLQ ¢
SRWDVVLXP FKORULGH ]JLQF VXOSKDWH IHUURXV VXOSKDWH FRSSH
% % % % % & (DQG FKROLQH PHWKLRQLQH WDXULQH DQWL



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

E EHHI PXVFOH EHHI OLYHU ERQH FKLS EHHI WULSH EHHI KHDU!
IHOLQH YLWDPLQ DQG PLQHUDO SUHPL[ SOXV LQXOLQ DV LV EDVLV DQG
RQ D GU\ PDWWHU EDVLYV

F EHHI PXVFOH EHHI OLYHU ERQH FKLS EHHI WULSH EHHI KHDU!
IHOLQH YLWDPLQ DQG PLQHUDO SUHPL]
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JLIXUH$ VFKHPDWLF RI WKH WULDO GHVLJQ 'RPHVWLF FDWV Q ZHUH IHG .LEE

PDLQWHQDQFH HQHUJ\ UHTXLUHPHQWY LQ D FURVV RYHU GHVLJQ :DVKRXW DQG W
LQ WRWDO 3XUSOH DUURZV GHQRWHG IDHFDO VDPSOHV FROOHFWHG RQ 'D\ R
FROOHFWHG RQ 'D\ DQG 'D\ RI HDFK H[SHULPHQWDO GLHW SKDVH %ODFN DUUR.
HDFK H[SHULPHQWDO GLHW SKDVH *UHHQ DUURZV GHQRWH WKH GD\ SHULRG ZK't
WRWDO WUDFW GLJHVWLELOW\ $77' 5HG VWDUV GHQRWH WKH GDWD IURP WKH W
&KDSWHU 7KUHH DQG EOXH VWDUV GHQRWH GDWD XVHG LQ &KDSWHU )RXU



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

6DPSOH FROOHFWLRQ
$ IUHVK IDHFDO VDPSOH ZDV FROOHFWHG RQ GD\ RI WKH H[S|

ZLWKLQ PLOQXWHV RI GHIHFDWLRQ IRU PLFURELRPH DQG RUJDQ
ZDV DOVR WDNHQ DW WKLV WLPH SRLQW IRU DVVHVVPHQW RI VL
)DHFDO VDPSOHV ZHUH DOVR FROOHFWHG ZLWKLQ PLQXWHYV |
HISHULPHQWDO IHHGLQJ IRU DVVHVVPHQW RI WKH PLFURELRPH
H[SHULPHQWDO GLHW GHVFULEHG LQ GHWDLO LQ &KDSWHU 7KUHI

LPPHGLDWHO\ IUR]JHQ LQ OLTXLG QLWURJHQ DQG VWRUHG DW

7TRWDO LQWDNH WRWDO XULQH DQG WRWDO IDHFDO RXWSXW Zt
RYHU WKH ILQDO GD\ SHULRG GD\ RI HDFK H[SHULPHQWDO
RXWSXW ZzDV FROOHFWHG DQG VWRUHG DW f& EHIRUH DQDO\V
D SRLQW YLVXDO VFDOH IRU IDHFDO VFRUH DVVHVVPHQW VI
DV uKDUG DQG GU\Y DQG MZDWHU\ GLDUUKRHDY OR[KDP
IDHFHV LQ HDFK ILYH GD\ SHULRG zZDV PHDVXUHG E\ DGGLQJ P(
RI IDHFHV )pOL[ HW DO XVLQJ D S+ SUREH +DQG\/DE
*HUPDQ\ %HIRUH DQDO\VLY WKH IDHFDO VDPSOH ZDV GHIURYV

UHSOLFDWH XVHG IRU HDFK S+ PHDVXUHPHQW

IDERUDWRU\ DQDO\VLYV

$SSDUHQW WRWDO WUDFW PDFURQXWULHQW GLJHVWLELOLW
%HIRUH DQDO\VLVY GLHWV ZHUH VXE VDPSOHG WKHQ KRPRJHQL®

ZHUH IUHH]H GULHG SULRU WR DQDO\VLV $00 IDHFDO VDPSOHYV
WR LQFOXGH GD\V WRWDO FROOHFWLRQ IRU HDFK LQGLYLGXDC
DQG IDHFHV ZHUH DQDO\VHG IRU PRLVWXU®M FRQ® BYW XVLQJ D F
UHVLGXH ZDV G HVieH IXPULQ@BIFHL @ 205 & $77' FUXGH

IDW FUXGH SURWHLQ FUXGH ILEUH DVK DQG JURVV HQHUJ\ R



&KDSWHU 7ZR

PDWWHU 'O ZDV FDOFXODWHG DV OHVV WKH SHUFH
SHUIRUPHG LQ DQ DQDO\WLFDO ODE DFFUHGLWHG WR ,672
&UXGH IDW ZDV DQDO\WHG XVLQJ DFLG K\GURO\VLV ORMF
&UXGH ILEUH ZDV GHWHUPLQHG XVLQJ WKH JUDYLPHWULF
JURVV HQHUJ\ *( ZDV PHDVXUHG XVLQJ ERPE FDORULPHYV
ZHUH FDOFXODWHG E\ GLIITHUHQFH 7DEOH 7TRWDO GLF

VROXEOH GLHWDU\ ILEUH ZHUH GHWHUPLQHG XVLQJ WKH (

,Q RUGHU WR GHWHUPLQH WKH FUXGH SURWHLQ FRQWHQW
/JHFR WRWDO FRPEXVWLRQ PHWKRG $2$& WKHQ PXO
IDFWRU 6RVXOVNL DQG ,PDILGRQ WR REWDLQ WKH F
RI ZDV FKRVHQ DV RSSRVHG WR WKH PRUH ZLGHO\ XV
YDOXH DVVXPHV WKDW WKH QLWURJHQ FRQWHQW RI W
+RZHYHU -RQHYV DQG VXEVHTXHQWO\ ODULRWWL HW
RI VSHFLILFE FRQYHUVLRQ IDFWRUV IRU SURWHLQ VRXUFH
LV GXH WR YDULDQFHV LQ WKH DPLQR DFLG FRPSRVLWLR(
ZLWK LWV KLJK FRQWHQW RI EUDQFKHG FKDLQ DPLQR DF
QLWURJHQ DQG WKXV UHTXLUHV D ORZHU FRQYHUVLRQ
FRQYHUVLRQ IDFWRU IRU EHHI ZDV XVHG IRU DOO k
FRPSULVHG HQWLUHO\ RI EHHI SURWHLQ )RU WKH .LEEOH
ZDV XVHG GXH WR WKH GLYHUVH UDQJH RI LQJUHGLHQ\
PHDO DQG EHHW SXOS ODULRWWL HW DO
)DHFDO RUJDQLF DFLGYV
JUR]JHQ IDHEFDO VDPSOHV ZHUH ZHLJKHG LQWR PO (SSHC
0 SKRVSKDWH EXIIHUHG VDOLQH 3%6 FRQWDLQLQJ F

LQWHUQDO VWDQGDUG )DHFDO DTXHRXV H[WUDFWV ZHU



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

GHYHORSHG PHWKRG 5LFKDUGVRQ HW DO 6DPSOHV ZHUH
YRUWH[HG LQWR D VOXUU\ EHIRRWB FHQWXWIKVJYDDW RQEDWKHQ |

—0 Rl VXSHUQDWDQW ZDV DFLGLILHG LQ — 0 FRQFHQWUDWE
VHSDUDWHG LQWR — 0 GLHWK\O HWKHRU E R LR FN QDWW L1 XJ D

f& 6DPSOHV ZHUH WKHQ VWRUHG DW f& XQWLO JDV FKURPDW

HWKHU SKDVH —0O0 ZDV GHULYDWLVHG ZLWK —0 1 Wt
PHWK\OWULIOXRURDFHWDPLGH SOXYV WHUW EXW\OGLPHWKN\C
7%'06 &, 6LJPD $OGULFK LQ DQ 2z& ZDWHU EDWK LQ D FD

PLQXWHYV 2QFH FRROHG WKH GHULYDWLVHG VDPSOH ZDV WUDQ
DW URRP WHPSHUDWXUH IRU KRXUV WR DOORZ FRPSOHWLRQ R
DQDO\WHG RQ D 6KLPDG]X FDSLOODU\ JDV FKURPDWRJUDSK\ *¢
7TRN\R -DSDQ HTXLSSHG ZLWK D IODPH LRQL]DWLRQ GHWHFWRU
FROXPQ 6+ 5W] P 1 PP ," 1 —P XVLQJ KHOLXP DV WKH
QLWURJIJHQ DV WKH PDNH XS JDV 7KH *& )," ZDV FRQWUROOHG E\
IDE6ROXWLRQV 9HUVLRQ DQG GDWD SURFHVVHG XVLQJ WKH
RUJDQLF DFLGYV TXDQWLILHG LQ UHIHUHQFH WR DXWKHQWLF VWI
J)DHFDO PLFURELRPH

1XFOHR6SLQ 6RLO NLWV ODFKHUH\ 1DJHO '-UHQ *HUPDQ\ ZHUH
IDHFDO VDPSOHV DFFRUGLQJ WR WKH PDQXIDFWXUHUTV LQVWU?>
EHDWLQJ VWHS 6DPSOHV ZHUH H[WUDFWHG LQ EDWFKHV RI |
GHIURVWHG RQ LFH IRU PLOQXWHV EHIRUH ZHLJKLQJ PJ LQW
WXEH FRQWDLQLQJ FHUDPLF EHDGV —O RI O\WLV EXIIHU 6/

DGGHG WR HDFK WXEH WR KHOS LPSURYH '"1$ \LHOG 7XEHV ZHUF
IRU IRXU PLQXWHYV OLQL %HDGEHDWHU %LR6SHF SURGXFWYV

OHIW IRU PLOQXWHYV DW URRP WHPSHUDWXUH WR DOORZ WKH IR



&KDSWHU 7ZR

ZHUH WKHQ FHQWUIIDRRMIH& DRVPLQXWHYV WR SDFN GRZQ WK
DQRWKHU O\VLV EXIIHU ZDV DGGHG WKHQ VDPSOHV ZHUH
DQRWKHU FHQWULIXJDWRBQ FMWHSWRIIV 21 WKH FOHDU VXS
ZDV SLSHWWHG LQWR D QHZ (SSHQGRUI WXEH ILWWHG ZL
WKH O\WVDWH 6DPSOHV ZHUH FHQWULHXKIRIGHI BUVFPH BLQ X
ILOWHU FROXPQ $ ELQGLQJ EXIIHU —O ZDV DGGHG
YRUWH[HG IRU VHFRQGYVY 7R ELQG WKH '1% — O RI W
(SSHQGRUI WXEH ILWWHG ZLWK D VLOLFD PHPEUDQH FRO:

U$IWHU WKLV D IRXU VWHS ZDVKLQJ SKDVH WRRN SQC
DGGHG WR WKH FROXPQ WKHQ FHQWUUIKHHER OXWP Q AMHF R
UHPRYHG IURP WKH FROOHFWLRQ WXEH WKH OLTXLG ZKLEF
WKURXJK ZDV GLVFDUGHG WKHQ WKH FROXPQ SODFHG E
RQH :DVK EXIIHU —0O0 ZDV WKHQ DGGHG WR WKH FRO?>

0 DQG IORZ WKURXJK GLVFDUGHG $ VHFRQG ZDVK E>
DGGHG —O PDQXDOO\ YRUWH[HG IRU WZR VHFRQGV F
[JDQG IORZ WKURXJK GLVFDUGHG 7KLV VWHS XVLQJ WKH
PRUH EHIRUH WKH VDPSOH ZDV FHQWUIlWR H® \| RUK W Z/R CPLLI
PHPEUDQH 7KH FROXPQ ZDV WKHQ LQVHUWHG LQWR D Ql
EXIIHU PO 7ULV +&0 S+ DGGHG WKHQ OHIW DW URRF
VDPSOH ZDV WKHQ FHQWRUIXIJMBFRWGY FROXPQ GLVFDUC
TXDQWLILFDWLRQ FRPSOHWHG XVLQJ D 1DQR'URS 1
TKHUPRG6FLHQWLILF 1HZ =HDODQG 2QFH DQDO\VHG VDP

DQDO\VLV

J)DHFDO EDFWHULDO SURILOHV ZHUH GHWHUPLQHG E\ DQ

EDFWHULDO 6 U51%$ JHQH XVLQJ ,00XPLQD OL6HT SDLU



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

VHTXHQFLQJ )DGURVK HW DO 8QLYHUVDO SULPHUV ZHUF
VHTXHQFH  ZDV T&*T&**&B*&*T&S*$T*7T*7T$7$$*$*$&$*&&TS
&***1**&:*&$* ¢ DQG WKH UHYHUVH SULPHU VHTXHQFH
CTRT&FT***QT&**$*$7*7T*7$7$3*$*$8$**$&T$&+9***7$7&7$
$7&& Y )DHFDO PLFURELDO DPSOLFRQ VHTXHQFHV ZHUH SURF
,QVLJKWV ,QWR OLFURELDO (FRORJ\ 4,,0( &DSRUDVR HW DO
ILOWHUHG XVLQJ GHIDXOW VHWWLQJV DQG VHTXHQFHV ZHUH FKL
PHWKRG DJDLQVW WKH *UHHQJHQHV GDWDEDVH UHOHDVH **B I
UHPRYHG IURP VXEVHTXHQW DQDO\VHV B6HTXHQFHV ZHUH FOXV
278V XVLQJ WKH 8&/867 PHWKRG 5HSUHVHQWDWLYH VHTXHQFHYV
XVLQJ WKH 5LERVRPDO 'DWDEDVH 3URMHFW 5'3 FODVVLILHU L
DFFRUGLQJ WR WD[RQRPLF OHYHO SK\OXP FODVV RUGHU IDPLC
:KROH PHWDJHQRPH VKRWJXQ VHTXHQFLQJ
$QDO\VLV Rl WKH IDHFDO PHWDJHQRPH ZDV GHWHUPLQHG XVLQJ
,OOXPLQD +L6HT VKRWJXQ VHTXHQFLQJ &XVWRP 6FLHQFH 1HZ
MRLQHG XVLQJ )/$6+ DQG WKRVH ZKLFK ZHUH QRW VXFFHVVIXO
D VWULQJ RI 1V EHWZHHQ WKH BaXIVE&\D HXOWL BW %900D S | X VHRWKNV
'1$ VHTXHQFHV ZHUH UHPRYHG XVLQJ %%0DS EEGXN VK 5HPDL
DOLJQHG DJDLQVW WKH 1&%, QRQ UHGXQGDQW GDWDEDVH XVL(
*HQH IXQFWLRQV DQG WD[RQRPLHV ZHUH WKHQ DVVLJQHG X
7RWDO QXPEHU RI UHDGV ZHUH PLQLPXP VHTXH

UHDGV PD[LPXP ZDV DQG DYHUDJHG

6WDWLVWLFDO DQDO\VLV
$QDO\VLV RI IDHFDO RXWSXW IDHFDO VFRUH IDHFDO S+ DQG II

FRPSOHWHG XVLQJ D /LQHDU OL[HG (IIHFWV ORGHO 5(0/ *HQG6\



&KDSWHU 7ZR

,QWHUQDWLRQDO &DUU\RYHU HIIHFW p3KDVHY DQG
ZHUH XVHG DV IL[HG HIIHEWV DQG pu&DWYT DV D UDQGRP HI
DQG DFHWDWH FRQWHQW DQG JURVV HQHUJ\ FUXGH SUR!
GLJHVWLELOLWLHYV ZHUH ORJ WUDQVIRUPHG WR PHHW
KRPRJHQHLW\ UHTXLUHG IRU 5(0/ )DHFDO YDOHUDWH WR
DQG WRWDO IDHFDO %&)$ ZHUH VTXDUH URRW WUDQVIRL
ORODU UDWLRV RI IDHFDO RUJDQLF DFLGV ZHUH DQDO\VH
HIITHFWV DQG u&DWY DV D UDQGRP HIIHFW 3ULQFLSOH FRF
WR LGHQWLI\ GLIIHUHQFHV LQ WKH YDULDQFH RI IDHFDO R
ZHLJKW ZDV DQDO\VHG XVLQJ UHSHDWHG PHDVXUHV $1:

VWDWLVWLFDOO\ VLIJQLILFDQW

7TKH 5 PL[2PLFV SDFNDJH ZDV XVHG WR FRQGHQVH WKH C
ZKLFK ZHUH QXPHULFDOO\ LPSRUWDQW XVLQJ WKH *QHD!
EDFWHULD SUHVHQW LQ QXPEHUV EHORZ D VHW WKUHVKF
IURP WKH GDWDVHW 7KLV SURYLGHG WKH GDWDVHW IR
VRIWZDUH 5 YHUVLRQ 5 &RUH 7HDP ZDV XVHG |
UHODWLYH DEXQGDQFHY DUH GHQRWHG DV D SHUFHQWDJ
ZDV XVHG WR GHWHUPLQH GLIIHUHQFHVY EHWZHHQ WKH UF
WUHDWPHQW XVLQJ p&DWY DV D IDFWRU OXOWLYDULDWI
UHODWLYH DEXQGDQFH GDWD DQG IDHFDO RUJDQLF DFL
PL[2PLFV SDFNDJH /H &DR HW DO 6SDUVH 3DUWLDO
ZDV SHUIRUPHG XVLQJ FDQRQLFDO PRGH DQG D FRUUHODW
D QHWZRUN SORW RI RQO\ WKH PRVW KLJKO\ FRUUHODW

FRPPXQLWLHV ZDV SHUIRUPHG XVLQJ WKH $126,0 IXQI



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

LPSOHPHQWDWLRQ RI' D QRQ SDUDPHWULF PXOWLYDULDWH DQDO

WKH YHIJDQ SDFNDJH IRU 5

A(** \RWR (QF\FORSDHGLD RI *HQHVY DQG *HQRPHV RUWKRORJ\
*HQRPLFV 'DWD OLQHU *OLQH YHUVLRQ SURLHWWL HW DO
UHPRYH YDULDEOHV ZLWK SHUFHQW JHURV .(**/ DQG / ZHU

MPL[2PLFVY SDFNDJH



&KDSWHU 7ZR

SHVXOWYV
7KH ERG\ ZHLJKW Rl WKH FDWV GLG QRW VLJQLILFDQWO\
'U\ PDWWHU LQWDNH WHQGHG S WR EH KLJKH

5DZ )LEUH DQG 5DZ GLHWV 7DEOH

$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
7KH DSSDUHQW GLJHVWLELOLWLHV RI '0 *( SURWHLQ DQC

WKH .LEEOH GLHW FRPSDUHG WR WKH 5DZ DQG 5DZ )LEUH

7TDEOH %RG\ ZHLJKW GU\ PDWWHU '0 LQWDNH DQG DSSCL
$77" '0 JURVV HQHUJ\ *( FUXGH SURWHLQ DQG FUXGH
FDWV Q IHG .LEEOH 5DZ )LEUH DQG 5DZ GLHWV WR PD
LQ D FURVV RYHU GHVLJQ S5HVXOWY DUH SUHVHQWHG DV
HUURU RI WKH PHDQ 6(0

"LHW
LEEOKDZ )LEUBDZ 3RROHG 6(0 S YDOXH
%RG\ :HLIJKW J
,QWDNH J '0 G
'U\ ODWWHU F E D
*URVV (QHUJ\ E D D
&UXGH 3URWHLQ E b

&UXGH )DW ' : :

"LITHULQJ VXSHUVFULSW OHWWHUV GHQRWH PHDQV ZLWK VLJQLILFDC
"1ILWURJHQ FRQYHUVLRQ IDFWRU RI XVHG

J)DHFDO VFRUH RXWSXW DQG S+
J)DHFDO VFRUHV ZHUH KLJKHU S IURP FDWV IHG W

FRPSDUHG WR WKH 5DZ GLHW 7DEOH 7TRWDO IDHFDO |
.LEEOH GLHW DQG RQ D pzw ZWY DQG '0 SHU GD\ EDVLV S
7TDEOH )DHFDO S+ ZDV ORZHU S I[URP FDWYV IHG

ERWK 5DZ DQG 5DZ )LEUH GLHWV 7DEOH



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

7TDEOH)DHFDO VFRUH IDHFDO RXWSXW DQG IDHFDO S+ RI GRPHY
5DZ )LEUH DQG 5DZ GLHWV LQ D FURVV RYHU GHVLJQ O5HVXOWYV
DVVRFLDWHG SRROHG VWDQGDUG HUURU RI WKH PHDQ 6(0

"LHW
.LEEOBDZ )LEUBDZ 3RROHG &(DOXH

J)DHFDO VFRUH ! ! ‘
JDHFDO RXWSXW J GD\ ‘ ‘
J)DHFDO RXWSXW J '0 GD\ ! '
YDHFDO S+ ‘ D :

'LITHULQJ VXSHUVFULSW OHWWHUYVY GHQRWH PHDQV ZLWK VLIJQLILFDQW GLIIF
VFDOH ZKHUHE\ JUDGH LV KDUG DQG GU\ IDHFHVY DQG JUDGH LV ZDWH

5SHSRUWHG RQ D pzZzw ZW¢{T EDVLYV

‘0 £ 'U\ PDWWHU

J)DHFDO RUJDQLF DFLGV
J)DHFDO FRQFHQWUDWLRQV RI SURSLRQDWH S VXFFLQDW

ZHUH VLJQLILFDQWO\ DIIHFWHG E\ GLHW 7DEOH 3ULC
3% VKRZHG RUJDQLF DFLG SURILOHV FOXVWHUHG DFFRUGLQJ
WKDW GHVSLWH LQGLYLGXDO FKDQJHV RI PRVW DFLGV EHLQJ V
FDXVH DQ RYHUDOO VKLIW LQ IDHFDO RUJDQLF DFLG FRQFHQW
SURSRUWLRQ RI WRWDO 6&)$ EXW\UDWH ZDV KLJKHVW S L

WKH ORZHVW $FHWDWH 3URSLRQDWH %XW\UDWH 7TDEOH



&KDSWHU 7ZR

7DEOH)DHFDO RUJDQLF DFLG SURILOHV LQ GRPHVWLF FD\
DQG 5DZ GLHWV WR PDLQWHQDQFH HQHUJ\ UHTXLUHPHQMW
SUHVHQWHG DV PHDQV DQG DVVRFLDWHG SRROHG VWDQG

"LHW

2UJDQLF DFLG
Q .LEEOH5DZ )LEUHSDZ 3RROHG 6(0 S YDOXH
—PRO J '0 IDHFHYV

$FHWDWH

3URSLRQDWH ! ! |
% XW\UDW H

7RWDO 6&)$

,VREXW\UDWH

,VRYDOHUDWH

7RWDO %&)$

9DOHUDWH

/IDFWDWH ! ! *
+H[DQRDWH

6XFFLQDWH ! * *
$ 3 %

? . UXVNDO :DOOLV DQDO\WLVY FRPSOHWHG GXH WR ODFN RI KRPRJHQHL
"LITHULQJ VXSHUVFULSW OHWWHUV GHQRWH PHDQV ZLWK VLJQLILFDC
7TRWDO 6&)$ DFHWDWH SURSLRQDWH EXW\UDWH LVREXW\UDWH
7TRWDO %&)$ LVREXW\UDWH LVRYDOHUDWH

$FHWDWH 3URSLRQDWH %XW\UDWH



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV
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JLIXUH3ULQFLSOH FRPSRQHQWY DQDO\VLV SC

GRPHVWLF FDWYV

IHG .LEEOH

5DZ )IREYWHHJ DBHS 5DZ GLHWV LQ D F

SHUFHQWDJH[SODLOWGEGRQ HDFK SULQFLSOH F
(DFK FLUFOH UHSUHVHQW

DORQJ HDFK D[LV
Q EOXH

5DZ )LEUH Q

UHG DQG 5DZ Q \HOORZ
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J)DHFDO PLFURELRPH
SHVXOWLQJ VHTXHQFH UHDGYVY ZHUH GHSRVLWHG LQ WKH 1

DUH SXEOLFO\ DYDLODEOH XQGHU WKH DFFHVVLRQ QXPEH

%DFWHULDO GLYHUVLW\
J)DHFDO DOSKD GLYHUVLW\ &KDR LQGH[ WHQGHG S

GLHW FRPSDUHG WR ZKHQ IHG WKH 5DZ GLHW )LJXUH

5DZ )LEUH GLHWDU\ WUHDWPHQW ZDV LQWHUPHGLDWH EH

500

400
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Raw

JLIXUH&KDR DOSKD GLYHUVLW\ LQGH[ ER[SORWYV RI EDF
GRPHVWLF FDWV IHG .LEEOH Q VDPSOHYV 5DZ )LEUH

VDPSOHV GLHWV LQ D FURVV RYHU GHVLJQ &LUFOHV G
LOWHUTXDUWLOH UDQJH EHWZHHQ WKH ILUVW DQG WKLU

ER[ GHQRWHYVY WKH PHGLDQ



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

OLFURELRPH FRPSRVLWLRQ
$IWHU ILOWHULQJ RXW HWUHPHO\ ORZ DEXQGDQFH WD[D D WRYV

RU KLJKHU WD[RQRPLF OHYHO ZHUH LGHQWLILHG LQ WKH FXUUH
WKH FRPPXQLWLHYVY XVLQJ SHUPXWDWLRQ $129% VKRZHG WKDW G
UHODWLYH DEXQGDQFHV RI JHQHUD 7DEOH J)LIXUH , Q
IHG WKH .LEBNOW FEKIDHVBEBNRWBOERLEDIFEMPEX@LYLEULR

ZHUH WKH PRVW UHODWLYHO\ DEXQGDQW WD[D 3HUPXWDWLRQ
ZHUH ITHG WK GRYWUMXBEDXW BDQIXPREDFWHUHX®WKH PRVW

UHODWLYHO\ DEXQGDQW JHQHUD LQ WKHLU IDHFHV :KHQ FDW!
%LILGRED&RAHILADXFD OW R EDFHOB® ¥YWKH PRVW UHODWLYHO\ DEXQGD

LQ WKHLUDPBEBGHHYV



7TDEOHS5HODWLYH DEXQGDQFHV RI EDFWHULDO WD[D PHDQ SHUFHQWDJH RI WRWDO

Q IDHFDO VDPSOHV 5DZ )LEUH Q VDPSOHV DQG 5DZ Q VDPSOHV GLHWYV
FKDQJHV DFFRUGLQJ WR GLHW )'5 DQDO\WHG E\ SHUPXWDWLRQ $129% DUH
DQDO\VLYV ZDV WKHQ XVHG WR GLUHFWO\ FRPSDUH GLHWDU\ WUHDWPHQW )DOVH
'LHW
.LEEOH 5DZ )LEUH 5DZ
3K\OXP )DPLO\ *HQXV OHDQ 6(0 OHDQ 6(0 OHDQ ¥ 60
$FWLQREDFWHULD %LILGREDFWHULDFHDH E %LILGREDFWHULXP E
&RULREDFWHULDFHDH $VDFFKD®REDFWHU r E
&ROOLQVHOOD - D E
%DFWHURLGHWHYV %DFWHURLGDFHDH %DFWHURLGH\P D
2WKHU 8QFO %DFWHURLBDOHYV - D
3RUSK\URPRQDGDFHDH 8QFO 3RUSK\URPRQDGDEHDH D
3DUDEDFWHURLGHV E DE D
3UHYRWHOODFHDH 8QFO 3UHYRWHOODFHD HE D
3UHYRWHOOD D - F
2WKHU 8QFO %DFWHURLBHWHYV DE D
JLUPLEXWHYV /IDFWREDFLOODFHDH IDFWREDFLOOXV ° E
8QFO /DFWREDFLOODEHDH D E
&ORVWULGLDFHDH &ORVWULGLXP - D
8QFO &ORVWULGLDFHDH - D
(XEDFWHULDFHDH (XEDFWHULXP - D
IDFKQRVSLUDFHDH 8QFO /DFKGRVSLUDFHDH ® E
3HSWRVWUHSWRFRFFDFHDH 3HSWRVWUHSWRFRFFXV
5XPLQRFRFFDFHDH )DHFDOLEDFWHULXP D DE
8QFO 5XPLQRFRFFDFHDH - D

6XEGROLJUDQXOXP



"LHW

.LEEOH 5DZ )LEUH 5DZ
3K\OXP )DPLO\ *HQXV OHDQ 6(0 OHDQ 6(0 OHDQ ¥ 60
9HLOORQHOODFHDH $OOLVRQHOOD DE E
OHJDPRQDYV D D E
8QFO 9HLOORQHOODRHDH D E
3KDVFRODUFWREDFWRULXP D E
2WKHU 8QFO &ORVWULGLD 8 D
(U\WLSHORWULFKDFHDH &DWHQLEDFWHULXP E E
2WKHU 8QFO )LUPLFXWHY¥ D DE
)XVREDFWHULD )XVREDFWHULDFHDH )X¥VREDFWHUL X PE D
8QFO )XVREDFWHULDEHDH 8 D
2WKHU 8QFO %DFWHULDE D E
3URWHREDFWHULD 6XFFLQLYLEULRQDFHDH ® B6XFFLQLYLEWULR E
8QFO XQFODVVLILHG

'LITHULQJ VXSHUVFULSW OHWWHUVY GHQRWH PHDQV ZLWK VLIQLILFDQW GLIITHUHQFHY EHWZHHQ



J)LIXUHS$ KIDW PDS
KLHUDUFKLFDO FO
UHODWLYH DEXQC
WD[D DUH VKRZQ [
IURP LQ WKH IDHF
GRPHVWLF FDWV
5DZ )LEUH D @& H5WDZ
FURVV RYHU GHVLJQ
+HDW PDS FROR
QRUPDOLVHG =
DEXQGDQFHV RI H
DFURVV URZV ,QW
FRORXU GHQRWHYV

GHYLDWLRQV DER' T]

LQWHQVLW\ RI EO
QXPERU VWDQGDU
EHORZ WKH PHDQ
%ODFN FLUFOHYV

DEXQGDQFH RIZHWFK

VFDOH QRUPDOL]D
FLUFOH SURSRUW
DEXQGDQFH &ROR

WRS RI WKH ILJXLU
.LEEOH Q EOKH
Q UHQ@G bBDZ

\HOORZ
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Unclassdied Peptostreptococeaceas
Copenas

Unclassiied Bacteria
Unclasstlied Firmicutes
Colinsela

Dorea

Unclassfied Lachnospiraceas
Lactobaciiieg

Diesuliovibric

Blauba

Strepiococois

Unclassdied Prevofelzcess
Unclazsfied Bactersidalea
Uniclasstfied Porphyromenadaceae
Parabacieroides

Unclagefied Fuscbacieriacaae
Fusobectenum

Baclerodes

Getobacternm

Butyriciconcus

Peplococcus

Caclllipaster

Unclassfied Aummococcacsas
Eubacienum

Unclasstied Closlridiaceas
Clostrdum

Uniclassified Cleslridiaies
Unclassdied Erysipeioincharsae
Paplostraplococsis

Sutteraia

Megarmonas
Anaerobicepiriium
Phascolarctobactenum
Unclasefied Veillonalaczae
Gatenibacterium
Fazcalibacterivm

Prevotella

Succinivibrio

Rosebuna

Wegasphaera



,Q YDWMRYHVVPHQW RI SODQW GLHWDU\ ILEUH

'DWD LQWHJUDWLRQ
$ FDQRQLFDO FRUUHODWLRQ &OXVWHUHG ,PDJH ODS &,0 WKD)

EHWZHHQ IDHFDO RUJDQLF DFLG SURILOHVY DQG WKH EDFWHULL

Y)LIXUH

$ FRUUHVSRQGLQJ QHWZRUN SORW )LJXUH LGHQWLILHG S
DFHWDWH FRQFHQWUDWLRQYDHFQ® L BIKHV HBWLIHKWPHRG H R
&DWHQLEDFWHDKKOGH SURSLRQDWH ZDN YRRUHGOD@/EH G ZLWK
&DWHQLEDEWHU | \XPEXW\UDWH ZDV FHRIMRODAVFEXE ZLWK
8QFODVSRUSHGURPRQDGDRQFVDVH¥DRWBURLGDOBEG
8QFODVYXVREDFWHULDEKDBIH WKH ODWWHU WZR IDPLOLHV ZHUH
! DQG UHVSHEWLYHO\ ZLWK LVRYDOHUDWH +H[DQRDWH F

FRUUHO DOWH B VASIKIDK U D



JLIXUH&DQRQLFDO FRUUHODWLRQ FOXVWHUHG LPDJH PDS &,0 LOOXVWUDWLQJ DV
EDFWHULDO JHQHUD )DHFDO RUJDQLF DFLG FRQFHQWUDWLRQV —PRO J 'O IDHFHV

5DZ GLHWYV LQ D FURVVY RYHU GHVLJQ &RUUHODWLRQ FXW RIlI ZzDV _ = JUHDWHU

DQG ORZHU WKDQ FRQVLGHUHG D QHJDWLYH FRUUHODWLRQ LQFUHDVLQJ EOXF
Color key
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Unclassified

(. ).
Fusobacte)rlaceae
.\ Unclesziﬁed
Isovalerate Porphyromenadaceae
f r.. Acetate
Isoputyrate A
>
Cateni@éterium
Unclassified Pentbad
Bacteroidales epikegeeus Faecali@cterium
Y
Hefanoate Propiorﬁe;\
Pre:cﬁella
Megdsphaera

JLJIXUH$ FDQRQLFDO FRUUHODWLRQ QHWZRUN SORW FRUUHODWLRQ FXW RII DW !_  _
RUJDQLF DFLG FRQFHQWUDWLRQV RI FDWV Q IHG .LEEOH 5DZ )LEUH DQG 5DZ GLHW
EOXH VTXDUHV GHQRWH RUJDQLF DFLGV ,QWHQVLW\ RI JUHHQ OLQH GHQRWHYV VWUHQJ
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J)DHFDO PHWDJHQRPH
BULQFLSOH FRPSRQHQWY DQDO\VLV RI .(* RUWKRORJ / L

GLHWDU\ WUHDWPHQW )LJXUH 2QH ZD\ $129% IRXQG
VLIQLILFDQWO\ GLITHUHQW UHODWLYH DEXQGDQFHV EHW:
WR WKLV VSOLW ZDV WKH LQFUHDVH LQ JHQH DEXQGDQFH

WKH IDHFHVY RI WKH FDWV IHG WKH .LEEOH GLHW DQG pn1X
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JLIXUH $ 3&% SORW RI .(* .\RWR (QF\FORSDHGLD RI *HC(
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J)LIXUH 6SDUVH SDUWLDO OHDVW VTXDUH GLVFULPLQDQW DQDC
RUWKRORJ /HYHO FODVVLILFDWLRQV RI IDHFDO VDPSOHV IURP
DQG 5DZ )LEUH GLHWV LQ FURVV RYHU GHVLJQ %OXH SRLQWYV UF
GHQRWHYV 5DZ )LEUH Q DQG \HOORZ SRLQWYV GHQRWHYV 5DZ G
RI WKH VDPH FRORXU GHQRWH FRQILGHQFH LQWHUYDOV IRU F

6SDUVH SDUWLDO OHDVW VTXDUH GLVFULPLQDQW DQDO\VLV V:

/IHYHO VKRZHG VHSDUDWLRQ EHWZHHQ GLHW JURXSV )LJXUH

RUWKRORJY DW WKH /HYHO LGHQWLILHG .2 SDWKzZD\V ZKLF
E\ GLHW )RU H[DPSOH .2 WU\SWRSKDQ PHWDEROLVP ZDV VLJ
IDHFHV RI FDWV FRQVXPLQJ WKH 5DZ GLHW )LJXUH *HQH)Y

PHWDEROLVPY KDG LQFUHDVHG UHODWLYH DEXQGDQFHV RQ WK
SBHOQWRVH SKRVSKDWH SDWKZD\ ZDV VLJQLILFDQWO\ LQFUHDVHG

WKH 5DZ )LEUH GLHW



&KDSWHU 7ZR

ko00380_Tryptophan_metabolism

T

L 0.0014 -

(@4

D * %%

O i

O 0.0012

X

LIJ *%k%

o 0.0010 -

T

>

Z 0.0008 - —_

=

[m)]

o ' 1 —

00047 - —
0.0002 - , ——
Kibble Raw RawFibre
'LHW

)LJXUH$ ER[ DQG ZKLVNHU SORW RI FDW IDHFD(
.2 7TU\SWRSKDQ PHWDEROLVP )DHFDO VDI
FDWV IHG .LEEOH 5DZ DQG 5RYHUEGHVGLIEWY LQ FURYV
.LEEOH OQ \HOORZ GHQRWHV 5DZ Q DQG

7KLFN EODFN OLQH LQVLGH WKH ER[SORW GHQRWHV WK
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'LVFXVVLRQ
7KLV VWXG\ IRXQG WKDW WKH DGGLWLRQ RI IHUPHQWDEOH DQG
FRPSOHWH DQG EDODQFHG UDZ UHG PHDW GLHW DOWHUHG IDHF
IDHFDO RUJDQLF DFLG SURILOHV DQG IDHFDO PLFURELRPH FRF

VXSSRUWLQJ P\ K\SRWKHVLV

$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
,Q WKLV VWXG\ WKH $77' Rl '0 FUXGH SURWHLQ DQG FUXGH IDV

WKH 5DZ GLHW DQG ORZHVW LQ WKH FDWV IHG WKH .LEEOH GLH
VWXGLHYVY FRQGXFWHG LQ GRPHVWLF FDWV .HUU HW DO N |
vDQG FDWV &ULVVH\ HW DO SBUHYLRXV VWXGLHV KDYH VK
$77'" ERWXYLDVDPRIOH HW DQ@Q YLOXURVBROG HW DO 7KLV LV PR
OLNHO\ GXH WR WKH SK\VLRFKHPLFDO SURSHUWLHV RI WKH GLHYV
DQG ZDWHU ELQGLQJ FDSDFLW\ ZKLFK FDQ UHGXFH HQ]J\PH HIIL
+RZHYHU LW LV LQWHUHVWLQJ WR QRWH WKDW LQ WKLV VWXG\

EDVLY GLG QRW GHFUHDVH 'O $77' E\ D VLPLODU DPRXQW ,QVYV
GHFUHDVHG E\ ZKLFK VXJJHVWYV WKDW HYHQ DQ REOLJDWH F
KDUERXUV D JDVWURLQWHVWLQDO PLFURELRPH WKDW FDQ H

FDUERK\GUDWHYV

)DHFDO FKDUDFWHULVWLFYV
7KH DPRXQW RI IDHFDO PRLVWXUH DQG SK\VLFDO DSSHDUDQFH R

IRU SHW RZQHUV DQG ZHUH DVVHVVHG LQ WKLV VWXG\ E\ PHDV
VFRUH )DHFDO VFRUH LQFUHDVHG ZKM®Q FDWWQ ZHUHSBILG WKH 5D
YVosDZ )LEUH GLHWV UHVSHFWLYHO\ OR[KDP PHDQLQJ WKD
IDHFHV ,Q DGGLWLRQ IDHFDO RXWSXW ZDV VLIJQLILFDQWO\ UH(

GLHW GHVSLWH D VLPLODU '0 LQWDNH IURP J'0 GD\ RQ WKH



&KDSWHU 7ZR

WR J'0O GD\ RQ WKH .LEEOH GLHW 7KH GHFUHDVH LQ ILC
WKH KLJKO\ GLJHVWLEOH QDWXUH RI WKH 5DZ GLHW ,Q F
IRXQG WKDW WKH DGGLWLRQ RI FHOOXORVH WR UDZ EHH
IDHFDO VFRUHV ZKHQ FRPSDUHG WR EHHW SXOS 7KLV LV
VWXG\ ZLWK GRPHVWLF FDWV ZKHQ IHG 5DZ )LEUH FRPSI
GLHW WKH FDWV FRQVXPHG LQ WKLV VWXG\ FRQWDLQHG

DQG \XFFD EXW DOPRVW WKH VDPH DPRXQW RI WRWDO Gl
LV PLUURUHG LQ WKH IDHFDO VFRUHV DOWKRXJK ZKHQ F
IDU JUHDWHU IDHFDO RXWSXW J GD\ DQG J '0 GD\ ZKLFK

UHDFKLQJ WKH FRORQ IRU IHUPHQWDWLRQ

$OWKRXJK WUDQVLW WLPH ZDV QRW PHDVXUHG GLUHFWO
GLHWV .LEEOH DQG 5DZ )LEUH GHIHFDWHG WLPHV PRU}
YROXPH RI IDHFHV WKDQ ZKHQ IHG WKH 5DZ GLHW GXUL
FHOOXORVH KDV EHHQ VKRZQ WR GHFUHDVH LQWHVWLQD
LQXOLQ LQFUHDVHV GHIHFDWLRQ IUHTXHQF\ 'HQ +RQG H'
WKHVH UHVXOWV ERWK ILEUHV KDYH VLPLODU LPSDFWV L
FROOHFWHG LQ WKLV VWXG\ WR GHWHUPLQH WKH HIIHFV
GLUHFWO\ DVVHVV WUDQVLW WLPH WKH LQFUHDVH LQ GH.

WR WKH LQFUHDVH LQ SHUFHQWDJH '0 RI IDHFHV 7DEOH

7D[RQRP\ RI WKH IDHFDO PLFURELRPH
7KH FRPSRVLWLRQ RI WKH JDVWURLQWHVWLQDO PLFUREL

DEXQGDQFORVRIUEGERP VYHBIWRKEYWUHSWRER REDFMOHU L X P
ZHUH LQFUHDVHG LQ WKH IDHFHV RI FDRNVWXKKHYRW®G OV Wt
REVHUYHG FRPSDUHG WR WKH)XNVR I DEFMNG&IFP W B EGIHX B L

DUH D ODUJH IXQFWLRQDOO\ GLYHUVH WD[D ZKLFK LQFO



,Q YDWMRVYHVVPHQW RI GLHWDU\ ILEUH LQFOXVLRQ LQ D KLJK SURYV

OHDG &UX] ORUDOHV HW DO DQG DUH DVVRFLDWHG :
ERWK WKH GRJ %HORVKDSND HW DO %HUPLQJKDP HW DO
D 7KH DEX@E@DBQYRMIFLHDVHG LQ WKH IDHFHV RI FDWV IHG C
FRQWDLQLQJ GLHWYV LQ WKH .LEEOH DQG LQ WKH 5DZ )
IHG WKH 5DZ GABINW RIV@E® 0DV SKDHHW DN QRZQ IHUPHQWHUV RI EFRPSC
FDUERK\GUDWHY DQG LQ KXPDQV DUH IRXQG LQ KLJKHU UHOD
FRQVXPLQJ GLHWV ULFK LQ SODQW PDWHULDO 'H )LOLSSR HW D
DGGLWLRQ RI GLHWDU\ ILEUH WR WKH 5DZ GLHW SURGXFHG D SU
5DZ GLHWV ZLWK3BQWRNWLHISM®R F R F PIREO RV WBWLHGYLRWP H O O D
FRPSULVLQJ DOPRVW RI WKH REVHUYHG WD[D $SSHQGL] 7K
LQ DJUHHPHQW ZLWK SUHYLRXV VWXGLHV LQYHVWLJDWLQJ Wt

FDUERK\GUDWH SURWHLQ LQ WKH FDW %HUPLQJKDP HW DO

&RPSDULVRQV EHWZHHQ WKH HIIHFWV Rl WKH .LEEOH DQG 5DZ )
VXEVHTXHQW IDHFDO PLFURELRPH VKRXOG DOVR FRQVLGHU WKI
PDFURQXWULHQW SURILOHV DQG DSSDUHQW PDFURQXWULHQW C
D '0 EDVLV ORZHU FUXGH SURWHLQ FRQWHQW DQG KLJIKF
FRPSDUHG WR 5DZ J)LEUH GLHW 7KHVH GLIIHUHQFHV DUH FOH
PLFURELRPH )RU H[DPSOH WXWHUY R &/DR®MONER B \EXQOGNDH) KAV RO LV H U
&KHQ HW DO LQFUHDVHG IURP LQ WKH FDWV IHG WKH 5
RI FDWV IHG .LEEOH VXJJHVWLQJ WKDW WKH LQFUHDVHG GLHWD
FKDQJH +RZHYHU GLIIHUHQFHV LQ DYDLODELOLW\ RI RWKHU PD
$ FDOFXODWLRQ RI WKH WRWDO DPRXQW RI FUXGH SURWHLQ UH!
RQ WKH FUXGH SURWHLQ FRQWHQW DQG FUXGH SURWHLQ $77' RI
IRXU WLPHV WKH DPRXQW RI XQGLJHVWHG SURWHLQ UHDFKHG W

.LEEOH GLHW FRPSDUHG WR WKH 5DZ RU 5DZ )LEUH GLHW GXt
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SURWHLQ $77' +RZHYHU WKH FDWV GHIHFDWHG WKUHH V
GLHW WKDQ WKH 5DZ GLHW 7KHUHIRUH ZKHQ FRQVXPLQJ
KDYH EHHQ H[SRVHG WR VLPLODU DPRXQWV RI SURWHLQ I
5DZ GLHW EXW ZDV SDVVHG WKURXJK WKH FRORQ PRUH T
WR IHUPHQW WKH UHDGLO\ DYDLODEOH VXEVWUDWH )XW
PLFURELRPH LQ WKH SUR[LPDO YV GLVWDO FRORQ LQ FEF
GLHWV ZKLFK DUH KLJKO\ GLJHVWLEOH &KDQJHV LQ VXEV\
LQ UHGXFWLRQV LQ DPLQR&DRIGY UNGBR W EDHWNERIXARR DV

ZH VHH LQ WKHVH GDWD

7KH UHODWLYHY%LEXGRPDQFWMPAWREDFLO@KWYH KLIJKHU
LQ WKH IDHFHV RI FDWV ZKHQ IHG WKH 5DZ )LEUH GLHW F|
WKH .LEEOH RU 5DZ ®@4lHWGWR E D D\@RFWKRPE DKFLYOHD XE\H H Q
H[WHQVLYHO\ VWXGLHG LQ WKH KXPDQ OLWHUDWXUH DQG
IHUPHQWDEOH ILEUH VSHFLILFDOO\ LQXOLQ *LEVRQ HW
%LILGREDPWEFAWREDBUBOZKVHVHQW LQ WKH IDHFHV RI
FRPPHUFLDOO\ DYDLODEOH GLHWV 5LWFKLH HW DO
DEXQGD®EH RREDE® HKXPXDRQV *LEVRQ HW DO .UXVH
ELILGRJHQLF HIIHEFW RI LQXOLQ KDV QRW SUHYLRXVO\ EHF
KRZHYHU GLG RE WHLUY & REPDENHHIAKE XSSOHPHQWDWLRQ

GLHWV ZLWK VKRUW FKDLQ )26 DQ LQXOLQ GHULYDWLYH

7KH SUHVHQFH RI FHOOXORVH LQ 5DZ )LEUH GLHW LV Xt
LQFUHDVHG UHO D W IH COREXCLEMDEEFMEIE RIKILOMEK®O X O R V H

GHJUDGLQJ EDFWBIRW B DREGIMMERUHDSUHVHQW LQ WKH KX
&KDVVDUG HW DO PRVW WD[D SUHVHQW LQ WKH IF

FHOOXODVHV UHTXLUHG WR PHWDEROLVH FHOOXORVH 7k
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OLNHO\ PHGLDWHG E\ LWV LQVROXEOH ZDWHU ELQGLQJ SURSHUYV
DOWHULQJ WKH FRORQLF HQYLURQPHQW DV RSSRVHG WR GLUHF
PLFURELRPH O\ GDWD DUH LQ FRQFRUGDQFH ZLWK UHVXOWYV RE\
REVHUYHG WKDW [IDHFDBoQ | [FRRE B RWABUEDYRIEFRDFW ORI XQ R W

LQFUHDVHG ZLWK FHOOXORVH LQFOXVLRQ FRPSDUHG WR )26 DQ¢

7TKH LQFUHDVEREDPQYBFRM/REDRDLWRNVSDZ )LEUH GLHW FRPSDUHG V
.LEEOH GLHW PD\ EH GXH WR LQFUHDVHG DFFHVVLELOLW\ RI WHK
GLHW S$OWRWEBWLQFRQ\GLIJHVWLEOH VXEVWUDWHY SUHVHQW LQ
SURYLGHG D VHOHFWLYH DGY BQMWDRWHERQ®K H QHH[SBI QM KR ID V

%LILGREDP@WBIRMWREDFLOOXYV

JHUPHQWDWLRQ HQG SURGXFWYV
:KLOH DQDO\VLV RI IDHFDO RUJDQLF DFLG SURILOHV IRXQG WK

VLIQLILFDQW GLIITHUHQFHYV LQ LQGLYLGXDO RUJDQLF DFLGV DVYV
RUJDQLF DFLG SURILOHV FOXVWHUHG DFFRUGLQJ WR GLHW ,Q\
+RZHYHU WKH WULDO ZDV D FURVV RYHU GHVLJQ DQG WKHUHIR
PLQLPLVH WKLV ,QWHUHVWLQJO\ WKH SURSRUWLRQV RI IDHFD(
5DZ )LEUH GLHWV ZHUH DOPRVW LGHQWLFDO WR WKDW RI WKH

GLITHUHQFHVY LQ WKH PLFURELRPH FRPSRVLWLRQ WKH IHUPHQW
VLPLODU EHWZHHQ 5DZ )LEUH DQG .LEEOH GLHWV UHVXOWLQJ 1L
FROQFHQWUDWLRQ 7KH SURGXFWLRQ RI IDHFDO RUJDQLF DFLGYV

DQ LPSRUWDQW UROH LQ WKH FRORQ )RU H[DPSOH DFHWDWH

EHHQ VKRZQ LQ PLFH WR PRGXODWH WHKH HSVORIWD HH SRIHVNUR @/ R C
%KDWWDUDL HW DO 7KH UHOHDVH DQG UH XSWDNH RI VHL

FRORQLF PRWLOLW\ ZKLFK LV DOVR PHGLDWHG E\ 6&)$% *ULGH
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REVHUYDWLRQV RI GHFUHDVHG GHIHFDWLRQ IUHTXHQF\ I

FKDQJHV WR FRORQLF PRWLOLW\ DIIHFWHG E\ GLHW WKH

7R JDLQ D EHWWHU LQVLIJKW LQWR SRWHQWLDO UHODWLF
RUJDQLF DFLGYVY SDWWHUQV RI FRUUHODWLRQV EHWZHHQ
WKDW ZHUH SRVLWLYHO\ FRUUHODWHG ZLWK IDHFDO DFHYV
SUHYRWHOOD &DWHQLEDFW®GOHIXPYV S RHBERAAHD/LHED F XM HAUKL XNPK |
HIFHSWEBRYRWHKBOIHODWLYH DEXQGDQFHV RI WKHVH RWI

WRWDO VHTXHQFH UHDGV LQ IDHFHV LQ WKH 5DZ |
UDLVHV WKH SRVVLELOLW\ WKDW WD[D ZLWK ORZ UHODWL
D GLVSURSRUWLRQDWHO\ ODUJH FK)DGHHAD @ QE WHKWEHER & R Q
&DWHQLEDXMHWHUWWPRQIJO\ FRUUHODWHG ZLWK IDHFDO DFH
FR VXEVWUDWH LQ EXW\UDWH SURGXFWLRQ /RXLV DQG )
DFHWDWH LV DEVRUEHG LW FDQ DOVR EH XWLOLVHG E\

J)DHFDOLEDFWHUERR) XWHXMRHWDWH WR SURGXFH EXW\UDYV

BURSLRQDWH LQIOXHQFHV YDULRXV PHWDEROLF SURFHVV
LQ KHSDWRF\WHV DQG VDWLHW\ $URUD HW DO +R)
JOXFRQHRJHQLF VXEVWUDWH IRU REOLJDWH FDUQLYRUHV
DO ,Q WKH BXHUYRRMEIMK QL E DR WH KILXYRO\ FRUUHOI
ZLWK SURSLRQDW I UFRGABDEQIRWPRQY\ DVVRFLDWHG ZL
DPRXQWVY RI GLHWDU\ ILEUH REVHUYHG LQ GLHWV KLJK L
FRQVXPHG E\ KXPDQV 'H )&DWHHSR EFPWABMWXBLUHFWO\ SU
SURSLRQDWH .DJH\DPD DQG %HQQR +RZHYHU WKH\
EH FRQYHUWHG WR SURSLRQDWH YLD WKH DFU\ODWH SD

SRWHQWLDOO\ H[SODLQLQJ WKH FRUUHODWLRQ REVHUYHC(
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OHIDVSKDHWKLIJKO\ FRUUHODWHG ZLWK IDHFDO KH[DQRDWH FRQC
OHIJDVSKD/HNORZQ WR XWLOLVH JOXFRVH DQG ODFWDWH GHSHQ
WKH FRORQ 3U0RGXVSWDAMEBPCOXARVH XWLOLVDWLRQ DUH KH[DQF
EXW\UDWH DV ZHOO DV DFHWDWH DQG SURSLRQDWH 1HOVRQ H

PHWDEROLVHG WR DFHWDWH EXW\UDWH SURSLRQDWH DQG LVR

6XUSULVLQJO\ GHVSLWH ODUJH GLIIHUHQFHV LQ GLHWDU\ PD
FROQFHQWUDWLRQ RI EXW\UDWH ZDV XQDIIHFWHG E\ GLHW LQ W
HIDPLQHG DV D SURSRUWLRQ RI WRWDO 6&)% IDHFDO EXW\UDW|
FDWV ZHUH IHG WKH 5DZ GLHW FRPSDUHG WR WKH .LEEOH DQ
HVWDEOLVKHG WKDW EXW\UDWH LV SURGXFHG IURP FDUERK\GUD
KRZHYHU LW FDQ DOVR EH VIQWKHVLVHG IURP SURWHLQ VRXUF
DQG PXFLQV /HYLQH HW DO $ ZLGH YDULHW\ RI EDFWHUL
&ORVWULGLXP XQE&EDFWHBDKAFHQLOOD HKWL HAKO ZHUH

DEXQGDQW LQ WKH IDHFHV RI WKH FDWV IHG WKH 5DZ GLHW LQ V
WKH LQFUHDVH LQ WKHVH WD[D LQFUHDVHG EXW\UDWH SURGXF\
EXW\UDWH FRQFHQWUDWLRQV FOXVWHUHG ZLWK WKH W\SLFDO
LVREXW\UDWH DQG LVRYDOHUDWH J)LIXUH LQVWHDG RI FF
IHUPHQWHUV VXJJHVWLQJ WKDW LQ WKLV VWXG\ EXW\UDWH PI

FDWDEROLVP YLD ORVRHH\G VXIFK DV

7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ LQGLYLGXDO RU
EHWZHHQ GLHWV 7KLV LV Rl LQWHUHVW DV WKH LQFUHDVHG
FRPSDUHG WR WKH .LEEOH ZDV H[SHFWHG WR OHDG WR JUHLC
IHUPHQWDWLRQ HQG SURGXFWV ,Q WKH EFXUUHQW VWXG\ LVREX

WKH UHODWLYBHBRRFRINGFKRMZRIDPLQR DFLG IHUPHQWHU ©5RJRVD
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8QIRUWXQDWHO\ IDHFDO FRQFHQWUDWLRQV GR QRW SUR
XWLOLVDWLRQ RI RUJDQLF DFLGYVY LQ WKH FRORQ 7KH PHL
RI WKH FRQFHQWUDWLRQV OLNHO\ SUHVHQW LQ WKH FF

FRORQRF\WHV RU WKH PLFURELRPH

OHWDJHQRPH FRPPXQLW)\ IXQFWLRQ
7KH UHODWLYH DEXQGDQFHV Rl .(* RUWKRORJV ZHUH IR

7KH LQFUHDVH LQ UHODWLYH DEXQGDQFH RI JHQHV EHO!
PHWDEROLVPY LV OLNHO\ GXH WR WKH LQFUHDVH LQ WK
XWLOLVLQJ EDFWHULD LQ WKH IDHFHV RI FDWV IHG WKH .l
DEXQGDQFH RI JHQHV DVVRFLDWHG ZLWK WU\SWRSKDQ Pl
WKH 5DZ GLHW VXFK DV WKH HQJ\PH WU\SWRSKDQ\O W51$%
HW DO E 7U\SWRSKDQ LV DQ HVVHQWLDO DPLQR DI
LPSRUWDQW PHWDEROLWHY LQFOXGLQJ VHURWRQLQ 6H
JDVWURLQWHVWLQDO PRWRQGW\ & FEISQWRIDI SWRHVHQW R
ORFDWHG DORQJ WKH JDVWURLQWHVWLQDO WUDFW 7HUL
FRQFHQWUDWLRQV LQFUHDVH FRORQLF WUDQVLW WLPH
JDVWURLQWHVWLQDO PLFURELRPH KDV DOVR EHHQ LPSH
VHURWRQLQ IURP WKH HQWHURFKURPDIILQ FHOOV +DWD
OXPLQDO SUHVVXUH 1H\D HW DO ,Q WKLV VWXG\ |
5DZ GLHW ZDV ORZHU WKDQ ZKHQ WKH\ FRQVXPHG WKt
DOVR IDU ORZHU PHDQLQJ ILUPHU IDHFHV ZHUH GHIHFDW!|
WKH UHODWLYH DEXQGDQFH Rl JHQHV DVVRFLDWHG ZLWK

ZLWK FKDQJHV WR FRORQLF WUDQVLW WLPH
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&RQFOXVLRQ
7KLV VWXG\ SURYLGHVY DQ LQVLJKW LQWR WKH HIIHFWV RI IHHGL
ZLWKRXW DGGHG GLHWDU\ ILEUH WR GRPHVWLF FDWV 7KH UHVX
ILEUH LQ D KLJK SURWHLQ PHDW GLHW DOWHUHG WKH IDHFDO
FORVHU WR WKRVH SURGXFHG E\ IHHGLQJ D KLJKHU FDUERK\GLU
'"HVSLWH VKLIWYV LQ WKH PLFURELRPH VLJQLILFDQW FKDQJHV V
ZHUH OLPLWHG $VVRFLDWLRQV EHWZHHQ IDHFDO PLFURELRPHYV
WKH GLIITIHUHQW GLHWV VXJJHVW FRPSOH[ FURVV IHHGLQJ PD\ R
PLFURELRPH 7KH LQFUHDVHG $77' REVHUYHG LQ WKH FDWV IH
DITHFWHG JDVWURLQWHVWLQDO WUDQVLW WLPH ZKLFK FRXOG
DEXQGDQFH RI EDFWHULDO JHQHY DVVRFLDWHG ZLWK WU\SWR S

VWXG\

5HVXOWYV IURP WKLV VWXG\ LQGLFDWH WKDW GLHWDU\ ILEUH FC
PLFURELRPH RI WKH FDW +RZHYHU LW LV RI LQOWHUHVW WR XQ

GLHWDU\ ILEUH
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$VVHVVLQJ FKDQJHV LQ WKH IDHFI
GLHWDU\ WUDQVLWLRQ
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Chapter Three
L, OQWURGXFWLRQ

,Q WKH DEVHQFH RI SHUWXUEDWLRQV VXFK DV DQWLE
JDVWURLQWHVWLQDO PLFURELRPH LV XQGHUVWRRG WR
PDLQWDLQLQJ D pFRUHY PLFURELRPH LQ DGXOW KXPDQV
D 8KU HW DO 7KH FRUH PLFURELRPH FDQ EH GHI
DUH SHUPDQHQWO\ SUHVHQW LQ WKH JXW PLFURELDO FRP
SOD\ D NH\ UROH LQ JXW KRPHRVWDVLV :DQJ HW DO
SRVLWLYH IHHGEDFN ORRSV DQG PLFUREH + PLFUREH DQ
&R\WH HW DO +RZHYHU LQ WKH HYHQW RI D GLVWHX
LH DPDMRU FKDQJH LQ GLHW FRPSRVLWLRQ WKH PLFU
E LOOXVWUDWHG WKDW LQ KXPDQV IHG D KLJK DQLP
PLFURELRPH DOWHUHG RYHU IRXU GD\V LQ UHVSRQVH WF
WUDFNLQJ G\H DXWKRUV REVHUYHG WKDW WKLV FKDQJF
HOQWHUHG WKH GLVWDO FRORQ DQG UHWXUQHG WR EDV
'DYLG HW DO E JXUWKHUPRUH WKHVH DXWKRUV R
FRPPXQLW\ VWUXFWXUH 'DYLG HW DO E 7KLV VKRZV

JDVWURLQWHVWLQDO PLFURELRPH FDQ RFFXU TXLFNO\ LQ

7KH VWDELOLW\ RI WKH PLFURELRPH LV RIWHQ TXDQWLILF
RI' D FRPPXQLW\ LV D IXQGDPHQWDO FRQFHSW LQ HFRC
HFRV\VWHPV 7KH GLYHUVLW\ VWDELOLW\ WKHRU\ VXJJHV\
WKH PRUH DGHSW DW EXIITHULQJ WKH ORVV RU FKDQJH LQ
WKH PRUH VWDEOH LW LV O0OF&DQQ +RZHYHU WKLV FF

KDV YDULRXV GHILQLWLRQV DQG WKH GLYHUVLW\ VWDELO



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

, YHV DQG &DUSHQWHU IHYHUWKHOHVY GLYHUVLW\ LV

LQIRUPDWLRQ RQ RYHUDOO FKDQJHV RFFXUULQJ ZLWKLQ D FRPP

'LYHUVLW\ LV DITHFWHG E\ GLHW 5HHVH DQG 'XQQ DJH .XP
&XHVWD =XOXDJD HW DO PHWKRG RI GDWD DQDO\VLV *RG
6XFKRGROVNL ,Q GRJV UDZ PHDW EDVHG GLHWV GHFUHD
GLYHUVLW\ &DYH HW DO $0J\D HW DO +RZHYHU IXQF

LQ GRJV IHG D UDZ PHDW GLHW LQ FRPSDULVRQ WR D FDUERK\G

6HYHUDO GLVHDVHYVY DUH DVVRFLDWHG ZLWK ORZHU PHDVXU
LQIODPPDWRU\ ERZHO GLVHDVH %' OLQDPRWR HW DO D
LQFUHDVHG VWRRO IUHTXHQF\ 6XFKRGROVNL HW DO 1HYI
EHWZHHQ GLVHDVH DQG GLYHUVLW\ LV \HW WR EH HVWDEOLVKH

QHFHVVDULO\ HTXDWH WR JUHDWHU KHDOWK -RKQVRQ DQG % XU

,Q &KDSWHU 7ZR , VKRZHG WKDW WKH FRPSRVLWLRQ RI WKH ID
GLHWDU\ LOWHUYHQWLRQ XVLQJ D VDPSOH FROOHFWHG DIWHU
DQG IHOLQH VWXGLHY DVVHVVLQJ GLHW PLFURELRPH LQWHUDFW

GD\V DIWHU GLHWDU\ FKDQJH %DUU\ HW DO .DQDNXSW H!
$0J\D HW DO 7KLV PD\ EH EHFDXVH WKH KRVW UHTXLUHV
GLHWV DQG WKH VWXG\ PD\ PHDVXUH RWKHU SDUDPHWHUV V.
DVVXPHG WKDW WKH IDHFDO VDPSOH FROOHFWHG DIWHU WKLV V
D VWDEOH FRPPXQLW\ RI PLFUREHV +RZHYHU WKLV KDV QRW E
, ] VWDELOLVDWLRQ RI WKH PLFURELRPH RFFXUV TXLFNO\ DV VHI
DQG KRUVHV )HUQDQGHV HW DO WKH SHULRG SULRU Wi

UHGXFHG



&KDSWHU 7KUHH

7KH DLP RI WKLV VWXG\ ZzDV WR DVVHVV FKDQJHV WR WKH
WR D QRYHO GLHW .LEEOH 5DZ )LEUH RU 5DZ E\ DQDO\V
GD\V , K\SRWKHVLVHG WKDW D FKDQJH LQ GLHW ZRXOG
WKDW ZRXOG EH GHWHFWDEOH LQ IDHFDO VDPSOHV E\ G
VXFK WKDW E\ GD\ WKH FRPSRVLWLRQ RI WKH IDHFDO F
6WDELOLW\ RI WKH PLFURELRPH ZDV DVVHVVHG XVLQ

GLYHUVLW\ PHWULFV

ODWHULDOV DQG PHWKRGYV
7KH SURWRFRO ZDV DSSURYHG E\ WKH ODVVH\ 8QLYHU\
08%$(& DQG VDPSOHV ZHUH FROOHFWHG DV GHVFULEH
WZHOYH QHXWHUHG GRPHVWLF VKRUWKDLU FDWYV \HD
WKUHH GLHW JURXSV ,QLWLDOO\ D ZDVKRXW GLHW D FRI
IHBG OLERWXPGD\V DQG WKHQ DJDLQ EHWZHHQ HDFK WH
ZHUH D KLJK SURWHLQ UDZ UHG PHDW GLHW 5DZ 5DZ ZL\
DQG D FRPPHUFLDOO\ DYDLODEOH NLEEOH .LEEOH )DHF
Rl GHIHFDWLRQ RQ GD\V EDVHOLQH ZKLOVW FRQVXPLC
DIWHU VWDUWLQJ WKH V& EWIBUHW\WQ DIOQGLMW RISQZDW H[W L
IDHEFHV XVLQJ WKH 1XFOHR6SLQ 6RLO NLW DFFRUGLQJ WR
9 9 UHJLRQ RI WKH 6 U51%$ JHQH ZDV DQDO\VHG XVLQ.
VHTXHQFLQJ 'DWD ZHUH SURFHVVHG LQ 4,,0( WR DVVLJ

VDPH PDQQHU DV WKH VHTXHQFHV IURP &KDSWHU 7ZR

6WDWLVWLFDO DQDO\VLV
5S VWDWLVWLFDO VRIWZDUH 5 YHUVLRQ 5 &RUH 7HDF

DQDO\VLY 6DPSOHV ZHUH DVVHVVHG DV LQGLYLGXDO GLH

7KH 5 PL[2PLFV SDFNDJH ZDV XVHG WR FRQGHQVH WKH (



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

QXPHULFDOO\ LPSRUWDQW XVLQJ WKH *QHDU=HUR9DU" IXQFWLF
SUHVHQW LQ QXPEHUV EHORZ D VHW WKUHVKROG LQ VL[ F
QRQ SDUDPHWULF WHVW DQDO\VLV RI VLPLODULWLHV $126,0 &
MYHIJDQY SDFNDJH RI' 5 WR DVVHVV GLVVLPLODULW\ RI IDFWRUV
WKH EORFN HIIHFW OXOWLYDULDWH VSDUVH SDUWLDO OHDVW
'$ ZDV XVHG IRU YLVXDOLVDWLRQ RI WKH GDWDVHW IURP WKH pf
ZHLJKWV IRU HDFK VFRUH SORW ZHUH GHWHUPLQHG XVLQJ WK
LGHQWLI\ WKH WD[D ZLWK JUHDWHVW FRQWULEXWLRQ WR VHSEL
GLYHUVLW\ &KDR DQG 2EVHUYHG 6SHFLHV ZDV DQDO\VHG LQ

DQG YLVXDOLVHG LQ 5 ZLWK VWDWLVWLFDO GLIIHUHQFHV E
$129% DQG 7XNH\ SRVW KRF DQDO\VLV XVLQJ WKH pn30&05SOXVT

VLIQLILFDQFH ZDV VHW DW S



&KDSWHU 7KUHH

SHVXOWYV
7KHUH ZHUH VLJQLILFDQW GLIIHUHQFHYV EHWZHHQ WKH W
GD\ DQG GD\V DQG 7KHVH GLIIHUHQFHV ZHUH QRW

RQ WKH VDPH WHVW GLHW 7DEOH

7TDEOH$QDO\VLV RI VLPLODULWLHV $126,0 DQDO\VLV RI EI
VDPSOHV FROOHFWHG RQ GD\V DQG WRS FRPSDI
IURP GRPHVWLF FDWV Q IHG D .LEEOH 5DZ )LEUH DQG
$Q $126,0 5 VWDWLVWLF FORVHU WR VXJIJHVW GLVVLPLO
FORVHU WR VXJJHVWYV JUHDWHU GLVVLPLODULWLHYV ZLW

"D\ DQG

9DUL ‘LI E9D( ‘YD
‘D LEI

5D

5DZ )L
Ly LEI

5D

5DZ )L

'D\ DQG

5 9DOXH S YDOXH

'D LEI
5D
5DZ )L

v3/6 '$ VFRUH SORWV RI IDHFDO VDPSOHV FROOHFWHG Z
.LEEOH GLHW VKRZ VHSDUDWLRQ EHWZHHQ GD\ DQG GD\
DW GD\ )LIXUH 6FRUH SORW RI IDHFDO VDPSOHV
FRQVXPLQJ WKH 5DZ )LEUH GLHW KDV ODUJHU RYHUODSS
DQG ZLWK FOXVWHULQJ IRU GD\ GLVWLQFW IURP GD\
VDPSOHV FROOHFWHG ZKHQ WKH FDWV ZHUH FRQVXPLQJ

EHWZHHQ GD\ DQG EXW RYHUODS ZLWK GD\ DQG )L



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

sPLS-DA - Kibble

DP233 ogae

(i g DP583,
DPsaEal]

] Legend
DRIg223
® 0
® 2
® 5
15

X-variate 2: 3% expl. var

-5 0 5
X-variate 1: 18% expl. var

JLJXUH6FRUH SORW RI 6SDUVH 3DUWLDO /HDVW 6TXDUHV 'LVFULF
RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO VDPSOHV DFURVV VD
GRPHVWLF FDWV IHG D .LEEOH GLHW LQ D FURVV RYHU GHVLJQ
XQLTXH LGHQWLILHU %OXH VDPSOH GHQRWHV GD\ JUHHQ GD\
(OOLSVHV RI WKH VDPH FRORXU UHSUHVHQW FRQILGHQFH L
H[SODLQHG E\ HDFK D[LV LV LQGLFDWHG RQ WKH DJ[LV



&KDSWHU 7KUHH

sPLS—-DA — Raw+Fibre

Legend
® 0
® 2
@ 5
15

X-variate 2: 9% expl. var
o

20 35 00 2’5
X-variate 1. 11% expl. var

JLIXUH6FRUH SORW RI 6SDUVH 3DUWLDO /HDVW 6TXDUHYV 'l
RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO VDRBRXPHV DFUF
GRPHVWLF FDWV IHG D 5DZ )LEUH GLHW LQ D FURVV RYHU
LWV XQLTXH LGHQWLILHU %OXH VDPSOH GHQRWHV GD\
(OOLSVHV RI WKH VDPH FRORXU UHSUHVHQW FRQILG
H[SODLQHG E\ HDFK D[LV LV LQGLFDWHG RQ WKH D[LV



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

sPLS-DA - Raw

Legend
® 0
® 2

15

X-variate 2: 8% expl. var
|

-5.0 -2.5 0.0 25
X-variate 1; 14% expl. var

JLJXUH6FRUH SORW RI 6SDUVH 3DUWLDO /HDVW 6TXDUHV 'LVFULF
RI EDFWHULDO WD[D SUHVHQW LQ IDHFDO VDPSOHV DFURVV VD
GRPHVWLF FDWV IHG D 5DZ GLHW LQ D FURVV RYHU GHVLJQ (DFK
LGHQWLILHU %OXH VDPSOH GHQRWHYV GD\ JUHHQ GD\ RUDQJ
RI WKH VDPH FRORXU UHSUHVHQW FRQILGHQFH LOQWHUYDOV 3
HDFK D[LV LV LQGLFDWHG RQ WKH DJ[LV



&KDSWHU 7KUHH

/IRDGLQJ ZHLJKWV RI WKH WRS WD[D FRQWULEXWLQJ WR
WKDW D QXPEHU RI WD[D ZHUH UHVSRQVLEOH IRU WKH V
VDPSOLQJ GD\V $SSHQGL] 7TDEOHOHJDRRQDIHDWRIB®H RQ
WKH JUHDWHVW FRQWULEXWLRQ WR WKH VHSDUDWLRQ RE
,Q FRQAMDUWDNW@QMEDFWHWDMVHG WKH VHSDUDWLRQ REVHUYH
IHG WKH 5DZ )L EXEDEFHAWMW LXEE&HQ WKH FDWV ZHUH IHG W
7DEOH +RZHYSHUD RRKBWREDFWBG WKH JUHDWHVW FRC
WR WKH VHSDUDWLRQ REVHUYHG RQ WKH VFRUH SORWYV
6WUHSWRFRFEKMQ FDWV ZHUH IHG WRBDRVWUYLEUXPGLHW

ZKHQ FDWV ZHUH IHG WKH 5DZ GLHW 7DEOH



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

7TDEOHRDGLQJ ZHLJKWV RI EDFWHULDO WD[D IURP VSDUVH SDUW|
DQDO\WVLYVY VFRUH SORWV SUHVHQW LQ IDHFDO VDPSOHV DFURV\
GRPHVWLF FDWV Q IHG D .LEEOH 5DZ )LEUH DQG 5DZ GLHYV
OHDQV DQG DVVRFLDWHG VWDQGDUG HUURU RI WKH PHDQV DUH

‘Lt

‘'D\ ‘'D\ 'D\

.LEEOH

0HDQ  6(0 0HDQ 6(0 OHDqRé%hﬂ /gﬁfLQJ

OHJDPI
$QDHURELI

$VDFFKD!
8QFODVVLILHG
(U\WWLSHOR

SUHYI
OHJDVS

5DZ )L

&DWHQLE
SUHYI

6WUHSV
8QFODVVLILHG
3HSWRVWUH

&RSURI
3DUDEDF
OHJDPI

IDFWRE
8QFODVVLILHG
/IDFWRED

&DUQRETL
%OL
8QFODVVLILE

5D

(XEDFV
8QFODVVLILHG
&ORVWL

&ORVW
8QFODVVILHG
)J)XVREDFV

3DUDEDF
8QFODVVLILL
&DUQRETL

&HWRED
8QFODVVLILHG
(U\WWLSHOR

$QDHURELI
8QFODVVLILHG
3RUSK\URPF




&KDSWHU 7KUHH

$OSKD GLYHUVLW\
&KDR DQG REVHUYHG VSHFLHV DOSKD GLYHUVLW\ LQGLF

GLYHUVLW\ RI WKH IDHFDO PLFURELRPH DFURVV VDPSOLC
PLFURELRPH ZDV JUHDWHVW DW WKH VWDUW RI WKH VWX
WKH FDQQHG GLHW DQG GHFUHDVHG RYHU VXEVHTXHQW
KHQ FDWV FRQVXPHG WKH .LEEOH GLHW DOSKD GLY
GLITHUHQW IURP WKH IDHFDO PLFURELRPH RI WKH FDQQH(
DQG )LIJXUH $ ,Q FRQWUDVW ZKHQ FDWV FRQVXPHG Wk
& GLIITHUHQFHV LQ DOSKD GLYHUVLW\ RI WKH IDHFDO PL
JXUWKHUPRUH &KDR DOSKD GLYHUVLW\ IRXQG WKH 5D.
EDVHOLQH FDQQHG GLHW XQWLO GD\ )LIXUH % ZKLC

GLIIHUHQFH DW GD\ )LIXUH %
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JLIXUH2EVHUYHG VSHFLHVY DOSKD GLYHUVLW\ ER[SORWV RI EDFWHULDOQWD[D SUHVHQ
GRPHVWLF FDWV IHG D .LEEOH $ 5DZ )LER/NHH WG HVQGQ5D/K L& NGEGIDFNQODQRHHU RV V
RXWOLHUV 3RVW KRF WXNH\ WHVW ZDV XVHG WR GHWHUPLQH GLIITHUHQFHV EHWZHHQ



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

'LVFXVVLRQ
7KLV VWXG\ DLPHG WR DVVHVV FKDQJHV WR WKH PLFURELRPH RI
QRYHO GLHW E\ DQDO\VLQJ WKUHH IDHFDO VDPSOHV WDNHQ RY
FKDQJH LQ GLHW ZRXOG OHDG WR DOWHUDWLRQV LQ WKH IDHFD
GD\ 7KHVH DOWHUDWLRQV ZRXOG VWDELOLVH VXFK WKDW E\
PLFURELRPH ZRXOG UHVHPEOH WKDW RI GD\ , REVHUYHG WKD
RQ WKH WLPH WDNHQ IRU WKH PLFURELRPH WR VWDELOLVH :KLC
IHG WKH .LEEOH GLHW VWDELOLVHG E\ GD\ WKH IDHFDO PLFU

GLHWV WRRN ORQJHU WR VWDELOLVH GD\

7KH WLPH WDNHQ IRU WKH IDHFDO PLFURELRPH RI FDWV LQ WKL
WR D GLITIHUHQW GLHW GHSHQGHG RQ WKH GLHW FRQVXPHG ZK
UHVHDUFK LQ KXPDQV 'DYLG HW DO E DQG KRUVHV )HUQ
FKDQJH WR PLFURELDO FRPSRVLWLRQ PD\ EH GXH WR GLHW
JDVWURLQWHVWLQDO WUDQVLW WLPH &DWV FRQVXPLQJ WKH .LI
RI WKRVH FRQVXPLQJ WKH UDZ GLHWV &KDSWHU 7ZR DQG SR
IDHFHVY ZHUH SDVVHG RQFH RU WZLFH SHU GD\ FRPSDUHG WR OF
ZHUH IHG WKH 5DZ GLHW 7KHUHIRUH E\ GD\ WKH IDHFHV FROC
WKH .LEEOH GLHW ZRXOG KDYH EHHQ WKH WKLUG RU IRXUWK SD
ZKLFK ZHUH RXWFRPSHWHG DV VXEVWUDWH DYDLODELOLW\ FKDQC
FRQWUDVW WKH IDHFDO RXWSXW DQG GHIHFDWLRQ IUHTXHQF\ R
DQG 5DZ GLHWV zZzDV IDU ORZHU 7KHUHIRUH WKH IDHFHV FROOH
RU VHFRQG SDVVHG IDHFHV VLQFH GLHW FKDQJH +HQFH GD\

WD[D ZKLFK UHVHPEOHG WKH EDVHOLQH FDQQHG GLHW DQG WH'

FRXOG EH FRQVLGHUHG SRVW GLHW FKDQJH DV RSSRVHG WR WKk



&KDSWHU 7KUHH

WKH GLITHUHQFHYVY REVHUYHG EHWZHHQ GLHW JURXSV +

DOWHUQDWLYH

7ZR PHWULFV ZHUH XVHG WR DVVHVV DOSKD GLYHUVLW\ L
WKH ULFKQHVV RI D FRPPXQLW\ E\ FRXQWLQJ WKH XQLTXF
LQGLFDWRU RI VSHFLHVY ULFKQHVV EXW SODFHV PRUH ZH
GDWD VHWV VNHZHG E\ WKH SUHVHQFH RI PDQ\ ORZ DEX
:KHQ FDWV FRQVXPHG WKH .LEEOH GLHW GLYHUVLW\ LQ
ZKHQ FDWV FRQVXPHG WKH 5DZ )LEUH GLHW WKH REVHU?®
EHWZHHQ GD\ DQG GD\ ZKLOH &KDR ZDV QRW ,Q DGGL)\
GD\ DQG ZKLOH WKH REVHUYHG VSHFLHV GLYHUVLW\ .
PLFURELDO FRPPXQLW\ LQ WKH 5DZ DQG 5DZ )LEUH GLHW
ZLWK ORZ UHODWLYH DEXQGDQFH FRPSDUHG WR WKH RW}
VHSDUDWLRQ RI WKH(XPPSWHQIWERMWDE LGLHW ZHUH W\SL
LQ ORZHU DEXQGDQFHV OF1XOW\ HW DO DVVHVVHG
RI JIQORWRELRWLF PLFH DQG REVHUYHG WKDW VSHFLHV F
REVHUYHG GUDPDWLF FKDQJHV LQ WKH VSHFLHV SUHVHQ
SUHGLFWRU IRU WKH WD[D REVHUYHG DIWHU FRQVXPLQJ C

HW DO

$V IDHFDO VDPSOHV ZHUH FROOHFWHG RQ VHOHFW VDPS(
IDHFDO PLFURELRPH ZzDV IXOO\ UHSUHVHQWDWLYH RI WKH
WKDW WKH IDHFDO PLFURELRPH RI FDWV VWDELOLVHG S
GHSHQGLQJ RQ WKH GLHW )XUWKHUPRUH FKDQJHV DIW
JXQFWLRQDO GLYHUVLW\ DVVRFLDWHG ZLWK GLHWDU\ WULI
7TKHUHIRUH , UHFRPPHQG WKDW VDPSOHY DUH WDNHQ RQ

HQVXUH WKH PLFURELRPH LV VWDEOH



J)DHFDO PLFURELRPH DQG GLHW WUDQVLWLRQ

&RQFOXVLRQ

7KLV VWXG\ LGHQWLILHG WKDW WKH UHODWLYH DEXQGDQFH D
PLFURELRPH VWDELOLVHY RYHU D SHULRG RI WR GD\V DIWHU
HYLGHQFH RI WKH WD[RQRPLF FKDQJHV DQG DOWHUDWLRQV \
PLFURELRPH +RZHYHU LW GRHVY QRW DFFRXQW IRU IXQFWLRQ
VKRXOG EH LOQYHVWLIJDWHG IXUWKHU ,QIHUHQFHV EH\RQG D G
IURP WKLY VWXG\ $00 GLHWYV DSSHDUHG WR SURGXFH D VWDI
WKHUHIRUH WKLY ZRXOG EH WKH UHFRPPHQGHG PLQLPXP GLHWL

EHIRUH VDPSOLQJ WKH IDHFDO PLFURELRPH









&KDSWHU )RXU

8VH RI IDHFDO VDPSOHYV YHUVXYV |
DVVHVVPHQW RI WKH IDHFDO F






&KDSWHU )RXU
Chapter Four
L QWURGXFWLRQ

BHYHUDO GLIIHUHQW PHWKRGYV FDQ EH XVHG WR DVVHV\
GLIIHULQJ GHJUHHV RI LQYDVLYHQHVV )DHFHV FDQ EH FR
OXPLQDO DQG PXFRVDO VDPSOHV XVXDOO\ ELRSV\ VDPS
ELRSV\ UHTXLUH YDU\LQJ GHJUHHV RI LQYDVLYH VDPSO
VDPSOHV DUH WKH PRVW ZLGHO\ XVHG DQG DFFHSWHG ¢
PLFURELRPH &RUUHODWLRQV EHWZHHQ IDHFEDO DQG UHF
EHHQ VKRZQ LQ VSHFLHV DV GLVSDUDWH DV D\H D\HV *Ut
<DQ HW DO KXPDQV )O\QQ HW DO GRJV +RC
5LWFKLH HW DO +RZHYHU WKHUH LV D ODFN RI NQ

DUH UHSUHVHQWDWLYH RI WKH FRORQLF PLFURELRPH LQ

7KH JDVWURLQWHVWLQDO PLFURELRPH FRQVLVWV RI
PLFURELRPH 7KH PXFRXV OD\HU RI WKH FRORQ LV D JO\F
SOD\ D NH\ UROH LQ GHIHQGLQJ WKH KRVW FRORQRF\WHYV
EDFWHULD 6FKURHGHU 7KH PXFRVDO DVVRFLDWHG |
SK\OD VXFK DV $FWLQREDFWHULD DQG 3URWHREDFWHULTL
DO 7TKHVH EDFWHULD UHVLGH LQ WKH PXFRXV OD\HU
FRQFHQWUDWLRQV =KHQJ HW DO \QGORVV HW D
PLFURELDO SHSWLGHV 7KH PXFRVDO DVVRFLDWHG PLFU
PDWXUDWLRQ DV ZHOO DV IDFLOLWDWH LWV IXQFWLRQ D
PLFURELRPH HQFRPSDVVHV WD[D ZKLFK UHVLGH LQ WKH
SRVVHVV WKH QHFHVVDU\ DGDSWDWLRQV WR UHVLGH LQ
,QVWHDG WKH\ DUH W\SLFDOO\ REOLJDWH RU IDFXO\

SK\OD )LUPLFXWHYV DQG %DFWHURLGHWHYV



J)DHFHVY YHUVXV UHFWDO VZDE

<DVXGD HW DO REVHUYHG WKDW LQ 5KHVXV PDFDTXHV
PLFURELRPH GLIIHUHG DFFRUGLQJ WR WKH UHJLRQ RI WKH LQ\
R[\JHQ FRQFHQWUDWLRQV EHLQJ KLJKHU DW WKH SUR[LPDO Y
JDVWURLQWHVWLQDO WUDFW 7KH OXPLQDO FRQWHQWYV RI HDE
ZHUH FRQVLVWHQW DORQJ WKH WUDFW DQG WD[RQRPLF FRPSR!
LQGLYLGXDO DQLPDO ZKHQ GLHW ZDV FRQWUROOHG IRU )0\Q
VDPSOHV DORQJ ZLWK OXPLQDO DQG PXFRVDO ELRSV\ VDPSOH)\
FRORQ RI KHDOWK\ KXPDQV 7KH\ IRXQG WKDW IDHEHV PRVW VW
GLVWDO FRORQLF VDPSOHVY DQG WKH PXFRVDO VDPSOHV ZHUH
)O\QQ HW DO 7KH VDPH DXWKRUV DOVR REVHUYHG SURJ[LP
WR EH GLVWLQFW IURP WKH RWKHU VDPSOH W\SHV )0O\QQ HW DO

PLFURELRPH DV IDHFHV IRUP

J)DHFDO VDPSOHV DUH XVXDOO\ FROOHFWHG VKRUWO\ DIWHU
LPPHGLDWHO\R¢WRUHGAUWRELRPH SUHVHUYDWLRQ :KLOH WKLV L
HIHFXWHG LQ KXPDQ DQG URGHQW VWXGLHV LW FDQ EH IDU PF
RWKHU DQLPDOV :DLWLQJ IRU IDHFHV WR SDVV LV WLPH FRQV.
DITHFWHG E\ WKH GLHW FRQVXPHG &KDSWHU 7ZR PDNLQJ IDH
SURFHVYVY ,Q RWKHU PDPPDOV VXFK DV UXPLQDQWY DQG GRJV

VDPSOH IURP WKH SDUWLFLSDQW PRUH UHDGLO\ WKURXJK LQVH
$JJD HW DO +XDQJ HW DO KRZHYHU WKLV LV LPSRV\

WR WKH VL]H RI WKHLU UHFWXP

5HFWDO VZDEV DUH FRPPRQO\ XVHG LQ D FOLQLFDO VHWWLQJ IR
DUH D FRQYHQLHQW VDPSOLQJ WHFKQLTXH DQG FDQ EH WDNHQ
GHWHEWLRQ RI FHUWDLQ E DWFRKHIWLLEF® DEEBPBHRQ HVXGB DV

IDXWHQEDFK HW DO /[HLWH ODUWLQV HW DO $JJD HW



&KDSWHU )RXU
XVHG WR FROOHFW UHSUHVHQWDWLYH VDPSOHV RI WKH Ut
HW DO .LHOHU HW DO FRPSDUHG UHFWDO VZ
VDPSOHV IURP D FRKRUW RI GRPHVWLF FDWV XVLQJ 6 U5:
REVHUYHG WKDW IDHFDO VDPSOHV FRQWDLQHG D JUHDW
WKRVH IURP WKH UHFWDO VZDEV KRZHYHU QR LQIRUPDWL
wWD[D SUHVHQW RU WKH VLPLODULW\ EHWZHHQ VDPSOHYV
VKRZHG WKDW VZDE DQG IDHFDO PLFURELRPH VDPSOHYV Zt
SURYLGHG D UHOLDEOH VDPSOLQJ PHWKRG +RZHYHU WK
IDHFDO PDWWHU KXPDQV W\SLFDOO\ SDVV IDHFHV RQFH
IDHFHV EHLQJ LQ WKH UHFWXP DW WLPH RI VDPSOLQJ D

PLFURELRPH DV D GHIHFDWHG IDHFDO VDPSOH

7KH DLP RI WKLV VWXG\ ZzDV WR GHWHUPLQH ZKHWKHU WK
ZDV FRPSDUDEOH WR IDHFDO VDPSOHV ,W ZDV K\SRWKHV

ZRXOG FRUUHODWH ZLWK WKH IDHFDO PLFURELRPH



J)DHFHVY YHUVXV UHFWDO VZDE

ODWHULDOV DQG PHWKRGYV
7KLV SURWRFRO ZDV DSSURYHG E\ WKH ODVVH\ 8QLYHUVLW\ ¢
08%$(& 9HWHULQDULDQ WUDLQLQJ ZDV SURYLGHG WR HQVX

ZDV SHUIRUPHG ZLWK PLQLPDO GLVFRPIRUW DQG ULVN WR WKH |

$QLPDOV DQG GLHWV
7KH VWXG\ GHVLJQ LV GHVFULEHG LQ IXO0 LQ &KDSWHU 7ZR %L

VKRUWKDLU FDWV \HDUV Rl DJH ZHUH UDQGRPO\ DVVLJQHG \
GLHW D FRPPHUFLDOO\ DYDLO DEBOG LERWXRGDAMW @GLLWMD OZDYV | H (
DQG WKHQ EHWZHHQ HDFK Rl WKH WKUHH WHVW SKDVHV &DWYV
EDODQFHG WHVW GLHWV DEFRUGLQJ WR PDLQWHQDQFH HQHUJ\
&RXQFLO NFDO RYHWs: WKUHH GD\ WHVW SHULI
SURWHLQ IDW FDUERK\GUDWH > GU\ PDWWHU EDVLV@ 5DZ

.LEEOH

6DPSOLQJ

2Q GD\ Rl HDFK WHVW SKDVH D VZDE VDPSOH ZDV FROOHFWH(
FDW FRPPHQFLQJ DW DP 1DUURZ WLSSHG VWHULOH VZDEV 7K
=HDODQG ZHUH OXEULFDWHG ZLWK VWHULOH VDOLQH VROXWLR

FP IURP WKH WLS WR HQVXUH WKH VDPH LQVHUWLRQ GLVWDQF
HDFK FDW 7KH FDW ZDV PDQXDOO\ UHVWUDLQHG KHOG XQGHUC
QRUPDO FRORQ\ SUDFWLFH DQG WKH VZDE ZDV LQVHUWHG LQW
7KH FRWWRQ WLS Rl WKH VZDE ZDV LPPHGLDWHO\ FXW RIlI LQWR

PO VWHULOH LVRWRQLF VR G118 R W D® DIQEDHD DAQAE VIVRILWXD O W F R
VA\VWHP ZDV GHYLVHG WR GHVFULEH WKH DPRXQW RI IDHFHV SUt
FROOHFWLRQ 7DEOH YLIXUH 7KH FDWV ZHUH WKHQ UHW

REVHUYHG XQWLO WKH\ GHIHFDWHG $ IUHVK IDHFDO VDPSOH ZC



&KDSWHU )RXU
GHIHFDWLRQ ZLWK WKH VDPSOH FROOHFWHG IURP WKH F

QLWURJHQ DQ®@ ¥WRRIHHGDIM) O\VLYV

7TDEOH9LVXDO VZDE VFRULQJ V\VWHP XVHG WR DVVHVV W

HDFK UHFWDO VZDE WDNHQ IURP GRPHVWLF FDWV Q IH
LQ D FURVV RYHU GHVLJQ
6FRUH '"HVFULSWLRQ

1R IDHFHV YLVLEOH
$ IHZ VPDOO SDUWLFOHV RI IDHFHV YLVLEOH
6ZDE LV 6 FRYHUHG LQ IDHFHV
6ZDE LV 0 FRYHUHG LQ IDHFHYV
6ZDE LV 6 FRYHUHG LQ IDHFHYV
6ZDE FRPSOHWHO\ FRYHUHG LQ IDHFHV

JLIXUH3BLFWXUH RI VZDEV DIWHU UHFWDO VZDEELQJ 3LFW

VFRUH RI DIHZ VPDOO SDUWLFOHYVY YLVLEOH WR WKH H\
FRYHUHG LQ IDHFHV

IDERUDWRU\ DQDO\VLV
$V GHVFULEHG LQ &KDSWHU 7ZR 1XFOHR6SLQ 6RLO NLWYV
ZHUH XVHG WR H[WUDFW '1%$ IURP IDHFDO VDPSOHV DF
LOQOVWUXFWLRQV ZLWK WKH DGGLWLRQ RI D EHDG EHDW!
%LR6SHF 3URGXFWYV %DUWOHVYLOOH 2. 86% VHW IRU
PLFURELDO FRPSRVLWLRQ RI VDPSOHVY REWDLQHG IURP V
HIWUDFWLRQ RI "1$ IURP WKH VZDEV DV IROORZV (SSHQGIH

WKHQ YRUWH[HG IRU WZR PLQXWHYV EB IRUHWKRIHHI AFLHIXVW



J)DHFHVY YHUVXV UHFWDO VZDE

7KH VZDE WLS ZDV UHPRYHG IROORZHG E\ WKH VXSHUQDWDQW
PL[HG WKRURXJKO\ EHIRUH SURFHHGLQJ DFFRUGLQJ WR PDQXIDF
SURILOHV ZHUH GHWHUPLQHG E\ DQDO\VLV RI WKH 9 WR 9 UHJI

JHQH XVLQJ ,O0XPLQD OL6HT SDLUHG HQG [ ES DPSOLFRQ V

'‘DWD SURFHVVLQJ
J)DHFDO DQG VZDE PLFURELDO DPSOLFRQ VHTXHQFHV ZHUH SLU
&DSRUDVR HW DO 5HDGV ZHUH TXDOLW\ ILOWHUHG XVLQ
DQDO\VLVY RQO\ WKH IRUZDUG UHDGYVY 5 ZHUH XVHG GXH WR WHK
6HTXHQFHYV ZHUH FKLPHUD FKHFNHG XVLQJ WKH 86($5&+ PHWKR
GDWDEDVH UHOHDVH **B B 6HTXHQFHYV ZHUH FOXVWHUHG D\
XVLQJ WKH 8&/867 PHWKRG 5HSUHVHQWDWLYH VHTXHQFHV ZHUI
WKH 5'3 FODVVLILHU DQG 278V ZHUH JURXSHG DFFRUGLQJ WR W|

RUGHU IDPLO\ DQG JHQXV IRU IXUWKHU DQDO\VLV

6WDWLVWLFDO DQDO\VLV
9LVXDO VZDE VFRUH ZDV DVVHVVHG XVLQJ /LQHDU OL[HG (IIHFV

YHUVLRQ 961 QWHUQDWLRQDO HM'LHWY ZDV WKH IL[HG
HITHFW $VVXPSWLRQV RI QRUPDOLW\ DQG KRPRJHQHLW\ ZHUH P

FRQVLGHUHG VWDWLVWLFDOO\ VLIQLILFDQW

7KH 5 PL[2PLFV SDFNDJH ZDV XVHG WR FRQGHQVH WKH GDWDVI
ZKLFK ZHUH QXPHULFDOO\ LPSRUWDQW XVLQJ WKH SQHDU=HUR'
REVHUYHG EDFWHULD SUHVHQW LQ QXPEHUV EHORZ D VHW WKU
VDPSOHV 7KLV SURYLGHG WKH GDWDVHW IRU VWDWLVWLFDO D¢
YHUVLRQ 5 &RUH 7HDP ZDV XVHG IRU DOO EDFWHUL

VSDUVH SDUWLDO OHDVW VTXDUHV GLVFULPLQDQW DQDO\VLV \



&KDSWHU )RXU
RI WKH GDWDVHW IURP WKH pPL[2PLFVY SDFNDJH LQ 5 3
GHWHUPLQH GLIITHUHQFHYVY EHWZHHQ WKH UHODWLYH DEXQ
GLHW DQG WKHLU LQWHUDFWLRQ $0O0O UHODWLYH DEXQGD

UHDGYV

SHVXOWYV
S5HVXOWYV SHUWDLQLQJ WR LQWDNH DQG ERG\ ZHLJKW DU
QHLWKHU GLIIHULQJ DFURVY VDPSOLQJ SHULRGV S !
PLFURELRPH ZDV GLVFXVVHG LQ &KDSWHU 7ZR WKLV UHV:

RI WKH UHFWDO VZDE YHUVXV IDHFDO PLFURELRPH

)DHFDO DQG UHFWDO VZDE PLFURELRPH
$ WRWDO RI EDFWHULDO WD[D ZHUH LGHQWLILHG WR EF

DQG UHFWDO VZDE VDPSOHV 21 WKHVH EDFWHULDO Jt
WHFKQLTXH DQG WD[D VKRZHG D VLJQLILFDQW 6DPSOL
7DEOH 3ULQFLSOH FRPSRQHQW DQDO\VLV LQGLFDWE

IDHFDO DQG VZDE VDPSOHV DV ZHOO DV EHWZHHQ GLHWLEL



J)DHFHVY YHUVXV UHFWDO VZDE

&) e

\Olo’q P

v Kibble : Faeces

IOO i / 0\0\ 7 Raw : Faeces
7 rbn') v Raw+Fibre : Faeces
Ve ! ® Kibble : Swab
%o 3 Q Raw : Swab
oy QO(L * Raw-+Fibre : Swab

JLIXUH$ SULQFLSOH FRPSRQHQW DQDO\VLV 38&¢

DEXQGDQW EDFWHULDO WD[D SENHWHQWQUQHWKH IDHFHV GHQR\
VDPSOHV GHQRWHG E\ FLUFOHV RI GRPHVWLF F

UHG DQG 5DZ Q \HOORZY HEIL BWVLIQ D7 KHI BV V

H[SODLQHG E\ HDFK SULQFLSOH FRPSRQHQW LV VKRZQ LQ EUDFN

6DPSOLQJ WHFKQLTXH

vV3/6 '$ VFRUH SORWV RI EDFWHULDO WD[D LQ IDHFDO DQG UHFWI
VHSDUDWLRQ EHWZHHQ WKH WZR VDPSOLQJ WHFKQLTXHYV LUUHYV
FDW )LJXUH +RZHYHU ZKHQ FDWV ZHUH IHG WKH 5DZ GLHW
SUHVHQW LQ WKH UHFWDO VZDE DQG IDHFDO VDPSOHV ZHUH PRU
GLHW )LJXUH $ 2YHUDOO WKH SK\OD 3URWHREDFWHULD $F

KDG JUHDWHU UHODWLYH DEXQGDQFHV LQ UHFWDO VZDEV FRPS



&KDSWHU )RXU
%DFWHURLGHW 31 1BQE RBMNMDHLHCEA B O PHKOHH EDFWHULDO W
JUHDWHVW UHODWLYH DEXQGDQ% B FMWH WHRILES RINK HWHOLQ) KHAD
UHODWLYH DEXQGDQFH LQ WKH UHFWDO VZDE VDPSOHV FlI
VZDE YHUVXYV IDHFHV 5DZ )LEUH YHUVXYV 5D
UHVSHFWLYHO9HLTOEBEQKMBP® D KLIJIK UHODWLYH DEXQGDQFH
vVDPSOHV FRPSDUHG WR IDHFDO VDPSOHV .LEEOH
5DZ )LEUH YHUVXYV 5Dz YHUVXYV UHVSHF
SDVWHXUBOVBFKHDEH D KLIKHU UHODWLYH DEXQGDQFH LQ V

VZDE YHUVXV IDHFHVY 5DZ )LEUH YHUVXV

UHVSHFWLYHO\

SUHYRWB® OV KH JUHDWHVW UHODWLYH DEXQGDQFH LQ ER\
WKH FDWV FRQVXPLQJ WKH .LEEOH GLHWUHYRWEDM®IBHY D
KDG WKH JUHDWHVW UHODWLYH DEXQGDQFH LQ WKH IDI
5DZ )LEUH GLHWDU\ WUHDWPHQW DQG ZDV REVHUYH
WKH UHFWDO VZDE VDPSOHYV +RZHYHU WKH WD[RQ R
UHFWDO VZDE VDPSOHV RI WKH FDWYV %DG WHBRILHYLEUH
DQG UHVSEBPWRVWHBIQGL ®QFODVVLILHG &0ORVWULGLDOH
UHODWLYH DEXQGDQFH LQ WKH IDHFHV RI FDWV FRQVXPLC

KRZHYHU WKH UHFWDO VZDE VDPSOHYV KDG D UHODW

UHVSHFWLYHO\
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7TDEOH5HODWLYH DEXQGDQFHV RI EDFWHULD SUHVHQW LQ IDHFDO DQG UHFWDO VZDE V
GLHWYV LQ D FURVV RYHU GHVLJQ OHDQ SHUFHQWDJH DQG VWDQGDUG HUURU RI WKH |
UHSRUWHG GHWHUPLQHG E\ SHUPXWDWLRQ $129% RI EDFWHULDO WD[D E\ 6DPSOH W\SH

.LEEOH 5DZ )LEUH 5Dz

GDPSO&IDHEW 6DPSOH W\SH

JDHFHYV 6ZDE J)DHFHYV 6ZDE J)DHFHV W\SH [ "LHW

OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 )'5 )'5

*HQXV
$FWLQREDFWHULD
$SFWLQF
$UFDQRE!I
8Q $FWLQRP
$VDFFKD
&ROO
60D
8Q &RULREDF
%DFWHURLGHWHYV
%DFWL
2GRUL
3DUDEDF
3RUSK\U
8Q 3RUSK\URPF
3UHYI
8Q 3UHYRW
$OLV
8Q %DFWH
JLUPLFXWHYV
&DUQREL



.LEEOH 5DZ )LEUH 5DZ
6DPSO 6DPSOH W\SH
YDHFHV 6ZDE )DHFHV 6ZDE YDHFHV W\SHJEDmW [ LHW
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IDFWRE

8Q /DFWRED
&ORVW

8Q &ORVWL
(XEDFW

8Q (XEDFWH}
$QDHUR
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3HSWRC

8QFO &ORVWULGLDOHY ,QFHUWDH

6HGL

%OLC
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OHJDVS

3KDVFRODUF

8Q 9HLOORC

9HLOC

$OOREI

&DWHQLE

8Q (U\WLSHOR

YXVRED

YXVREDF

3V\FKULO

8Q )XVREDFV

8Q )XVREDF
BURWHRI

8Q 5KL]RE

6DFFKDI

3DUDVX

6 X W W

8Q %XUNKR(

8Q 1HLVVH

8Q %HWDSUR

8Q 'HVXOIRYLE

8Q 'HOWDSUR

&DPS\OR

)'5
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6DPSO&IDHEW6DPSOH W\SH

YDHFHV 6ZDE )DHFHV 6ZDE YDHFHV WS H [ LHW
OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 )'5 )'5
$QDHUREL
(VFKHULFKI
6HU

8Q (QWHURED
8Q *DPPDSURWI
8C(3DVWHXI
3VHXGR

8Q 3URWHR

8QFO 8QFODVVLILHG
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Unclassified Veillonellaceae
Megamonas

Sutterella

Unclassified Lachnospiraceae
Unclassified Prevotellaceae
Unclassified Peptostreptococcaceas
Peptococcus

Unclassified Erysipelotrichaceae
Blautia

Unclassified Clostridiales
Clostridium

Unclassified Ruminococcaceae
Fusobacterium

Unclassified Bacteria

Unclassified Coricbacteriaceae
Unclassified Burkholderiales
Peptostreptococcus

Veillonella

Unclassified Pasteurellaceae
Unclassified Porphyromonadaceae
Unclessified Fusobacteriaceae
Bactercides

Escherichia/Shigella
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Streptococcus
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Unclassified Bacteroidales
Unclassified Gammaproteobacteria
Unclassified Rhizobiales
Unclassified Bacteroidetes
Unclessified Lactobacillales
Lactobacillus

Unclassified Firmicutes
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$OSKD GLYHUVLW\

$VVHVVPHQW RI &KDR DOSKD GLYHUVLW\ LQGH[ IRXQG QR GL
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JLIXUH&KDR DOSKD GLYHUVLW\ LQGH[ RI EDFWHULDO WD[D SUH
VZDE VDPSOHV RI GRPHVWLF FDWV Q IHG .LEEOH 5DZ )LEUH
RYHU GHVLIQ %R[ DQG ZKLVNHU SORW RI VDPSOLQJ WHFKQLTXH
OLQH UHSUHVHQWY WKH PHGLDQ DQG FLUFOHV GHQRWH RXWOLF



&KDSWHU )RXU

9LVXDO VFRULQJ V\VWHP
7TKHUH ZDV QR GLIITHUHQFH LQ YLVXDO VZDE VFRUH IURP \

.LEEOH 5DZ )LEUH RU 5DZ GLHWYV S $V VKRZQ LQ
VFRUHV VKRZ WKDW RQO\ UHFWDO VZDEV WDNHQ IURP FD

FRYHUHG LQ IDHFHV 1R VZDEV ZHUH VFRUHG p ¢

7TDEOH9LVXDO VZDE DVVHVVPHQW VFRUH DQG FRXQW RI \
WDNHQ IURP GRPHVWLF FDWV IHG .LEEOH 5DZ )LEUH DQ(
SUHGLFWHG PHDQV DUH SUHVHQWHG DORQJ ZLWK SRROH
FRUUHVSRQGLQJ S YDOXH

"LHW
.LEEOH 5DZ )LEUH 3RFDXHG 6(0 S YDOXH

9LVXDO 6ZDE 6FRUH

&RXQW RI 6ZDE 6FRUH

6FRULQJ RQ D VEDOH ZKHUHE\ QR IDHFHV SUHVHQW RQ WKH V



J)DHFHVY YHUVXV UHFWDO VZDE

9LVXDO VZDE VFRUH DQG WKH PLFURELRPH
v3/6 '$ DQDO\VLV RI YLVXDO VZDE VFRUH IURP UHFWDO VZDE VDP

D JUHDWHU VFRUH FOXVWHU GLVWLQFWO\ WR WKRVH ZLWK OR

SUHVHQW RQ WKH VZDE )LJXUH
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5.0

25

00
Legend

PLS-DA 2

®
[ S N RN

-25

-50

-75 ~e

" - PLS-DA 1 ‘ :
J)LIXUH$ VSDUVH SDUWLDO OHDVW VTXDUHV GLVFULPLQDQW DQI
UHFWDO VZDE PLFURELRPH FODVVLILHG DFFRUGLQJ WR YLVXD
.LEEOH 5DZ )LEUH DQG 5DZ GLHWV LQ D FURVV RYHU GHVLJQ (

DQRG HDFK VFRUH LV GHQRWHG E\ D FRORXU EOXH RUDQJH



&KDSWHU )RXU

'LVFXVVLRQ
7KH DLP RI WKLV VWXG\ ZDV WR LGHQWLI\ ZKHWKHU WKH
UHFWDO VZDE ZDV UHSUHVHQWDWLYH RI WKH IDHFDO PLE
PRUH WLPH HIIHFWLYH VDPSOLQJ PHWKRG 7KH PLFURELL
VLIQLILFDQWO\ GLITHUHQW DFFRUGLQJ WR ERWK VDPSOLC
FRUUHODWHG ZLWK WD[D ZKLFK DUH W\SLFDOO\ DVVRFLD\
REVHUYHG LQ IDHFHV 5HVXOWYV IURP WKLV VWXG\ GR QRW
VZDEV GR QRW DSSHDU WR EH D YLDEOH DOWHUQDWLYH
GLITHUHQFHV LQ IDHFDO VDPSOHV ZHUH GLVEFXVVHG LQ &l
RQ WKH FKDQJHVY REVHUYHG DFFRUGLQJ WR VDPSOLQJ PH!'

D VHFRQGDU\ RXWFRPH

6ZDE VDPSOHV FRQVLVW%® 0 FSWHURR FBIHYD QEIFID®A/Y H OL.GI 5
3DVWHXUHORTH RBIREHUV RI ZKLFK KDYH EHHQ GHVFULEH(
-DFTXHV DQG 3DUDGLYV . YEDIFWYH ID@GIGHMIMSDFDO O\ DEO
XWLOLVH SODQW DQG HQGRJHQRXV PXFRXV JO\FDQV 6RC
ZKLFK PD\ H[SODLQ WKHLU LQFUHDVHG UHODWLYH
BUHYLRXV VWXGLHV RODAW B DQ REIKGHQMAWIDHG DQG FRORQL
KXPDQ VDPSOHV 'RQDOGVRQ HW DOHLOORIADHPW DO
QHJDWLYH DQDHUREHV ZKLFK KDYH EHHQ LVRODWHG IURF
DQG FRORQLF PLFURELRPH RI SLJV DQG KXPDQV .UDDW] L
7KH\ DUH XQDEOH WR XWLOLVH FDUERK\GUDWHY RU JOXF
LQVWHDG UHDGLO\ XVH ODFWDWH 'HOZLFKH HW DO
DUH D PXFRVDO FRPPHQVDO IDPLO\ .XKQHUW DQG &KUL
XQVXUSULVLQJ WKDW WKH\ FRPSULVHG EHWZHHQ RI V

DQG RQO\ LQ IDHFDO VDPSOHV 7KH\ KDYH EHHQ UHS



J)DHFHVY YHUVXV UHFWDO VZDE

FDYLW\ RI FDWV 6WXUJHRQ HW DO DV ZHOO DV UHFWDO V.
DO IRDOV %RUGLQ HW DO SKHVXV PDFDTXHV <DV’
PXFRLG VWRROV RI JLDQW SDQGDV :LOOLDPV HW DO D

3URWHREDFWHULD LQFUHDVHG LQ UHODWLYH DEXQGDQFH LQ W
R[\JHQ WROHUDWLQJ QDWXUH DOORZLQJ WKHP WR WKULYH LQ \
DOVR REVHUYHG WKLV ILQGLQJ LQ KXPDQV WKURXJK FRPSD
ELRSV\ DQG VWRRO VDPSOHV 6ZDEV DQG ELRSV\ VDPSOHV
FRPSRVLWLRQ GRPLQDWHG E\ DHURWROHUDQW EDFWHULD 6LP
IRXQG DQ LQFUHDVHG UHODWLYH DEXQGDQFH RI 3URWHREDFWH
%' DQG FRQWURO SDWLHQWYV 7KLV LV OLNHO\ GXH WR LPSDLUP
LQ ,%' SDWLHQWVY DOORZLQJ DQ LQFUHDVH LQ R[\JHQ HQWHULQ
$OWKRXJK PDQ\ GLVVLPLODULWLHY ZHUH REVHUYHG EHWZHHQ |
WKH .LEEO WGHHRWKHDVEKH PRVW UHODWLYHO\ DEXQGDQW WD[D ¢
FROOHFWHG XVLQJ ERWK VDPSOLQJ PHWKRGV 7KLV PD\ EH GXH
IDHFHV SDVVHG RF WKHRXMEROH G&KIMSWHU 7ZR DQG LQFUHDVHG
IUHTXHQF\ OHDYLQJ D ODUJHU DPRXQVW UHYFROBBEYDSUHVHQW |
W\SLFDOO\ ORFDWHG ERWK LQ WKH OXPHQ DQG PXFRVD RI WKH
DO &KHQ HW DO DQG IHOLQH IDHFDO PLFURELRPH %
)DHFDO DQG VZDE VDPSOHV GLIIHUHG WKH PRVW ZKHQ FDWV ZH
GLHW WUHDWPHQW :KHQ FDWV Z24DUHN HHER WEKIK 5 PR YWVEUH GLH\
UHODWLYHO\ DEXQGDQW WD[D L3QU MKRIWQGZW®E BV DIPHSFOCHD/ V D P S OTHQ/G
%DFWHERIQGEVMWKVWDQG ORZ R[\JHQ FRQFHQWUDWLRQV %
H[SODLQLQJ WKHLU LQFUHDVHG UHO®WE WH WDEEDGHID QFH LQ
ZDV DOVR WKH PRVW UHODWLYHO\ DEXQGDQW WD[D LQ WKt

WKH 5DZ GLHW &OEFRAONDYIVE IL DHREOVO RZBBVEBMUE GLXPZHUH



&KDSWHU )RXU

WKH PRVW UHODWLYHO\ DEXQGRQWUWMSNWIRE @DW R DEOH VIDLRI %
DQLPDOV IHG KLJK SURWHLQ GLHWV %HORVKDSND HW DO
WKH\ DUH W\SLFDOO\ DPLQR DFLG XWLOLVHUV 6WDGWPDC
$ YLVXDO VFRUH V\VWHP IRU WKH UHFWDO VZDEV ZDV LPS¢
RI IDHFHVY SUHVHQW RQ HDFK VZDE WR DVVHVV ZKHWKHU
WKH IDHFDO PLFURELRPH E\ EHLQJ FRYHUHG LQ IDHFHV

9LVXDO VFRUH ZDV IRXQG QRW WR EH VWDWLVWLFDOO\ Gl
PXOWLYDULDWH DQDO\VLV RI WKH UHFWDO VZDE PLFUREL
VZDE VFRUH 7KH ODFN RI VLIQLILFDQFH LQ WKH YLVXDO
7TKHUH ZHUH RQO\ WZR VFRUHV RI p 1 ERWK RI ZKLFK ZHUl
EHHQ GXH WR IDHFHV UHPDLQLQJ LQ WKH UHFWXP DIWHU
IHG WKH 5DZ GLHW ZHUH W\SLFDOO\ SDVVHG HYHU\ GD\
WKH LQFUHDVH LQ PXFRVDO DVVRFLDWHG EDFWHULD RQ V
&RQWUDU\ WR RXU ILQGLQJV %DVVLV HW DO IRXQG V
RI VLPLODULW\ EHWZHHQ IDHFDO DQG VZDE VDPSOHV 7KF
PLQXWHY DSDUW DQG GLHW ZDV QRW FRQVLGHUHG DV D I
FKDSWHU KDV VKRZQ WR EH RI XWPRVW LPSRUWDQFH %D
VSHFLILF SXUSRVHV VXVFRKKHWUWKKZD EFWOPWORY RDQ VKRZ
VHQVLWLYLW\ DQG VSHFLILFLW\ LQ KXPDQV /DXWHQEDFK
DQG FROOHDJXHV %XGGLQJ HW DO DOVR REVHUYHG
VZDE VDPSOHV DQG IDHFDO PLFURELRPH LQ KXPDQV

%DFWHURLGHWHY ZKLFK ZDV QRW REVHUYHG LQ WKLYV
DPSOLI\LQJ WKH 6 6 U'1l$ LQWHUVSDFH XVLQJ SK\OXP

3&5 SULPHUV %XGGLQJ HW DO +RZHYHU DVVHVVP



J)DHFHVY YHUVXV UHFWDO VZDE

SK\OXP OHYHO LV XQOLNHO\ WR FDSWXUH WKH FRPSOH[LW\ RI Wl

HQYLURQPHQW

$QRWKHU UHFHQW VWXG\ DVVHVVHG VZDE PXFRVDO DQG VWRRC
DQG SDUWLFLSDQWY LQ KXPDQV -RQHV HW DO ,Q DIJUHHP!
PDUNHG GLIIHUHQFHYV EHWZHHQ VDPSOH W\SHV IRU ERWK WD[RQ
VHTXHQFLQJ DQG SRWHQWLDO IXQFWLRQ XVLQJ ZKROH JHQRP*
DO DOVR IRXQG JUHDWHU DOSKD GLYHUVLW\ LQ WKHLU VZ
VDPSOHV VLPLODU WR RWKHU DXWKRUV %XGGLQJ HW DO
VWXG\ ZKLFK PD\ EH GXH WR WKH ODUJH DPRXQW RI YDULDW
UHSRUWHG LQFUHDVH VHRE [DFAROB/RME R K HGVMDWRE MWLOLVHU % U X
DO $PIQEHWRED¥MHUVDPSOHYV ZKLFK ZHUH QRW REVHUYHG
VLIQLILFDQW @4D FNHHBRFIHGO REBDO/ANH X U HBIOBIFRPWHU Y H G

ZKLFK ZHUH WKH WD[D ZLWK KLJK UHODWLYH DEXQGDQFHV LQ W
LQ SDUW EH H[SODLQHG E\ GLIIHUHQFHV LQ GLHW FRQVXPHG E
ZDV QRW FRQWUROOHG IRU 6HFRQGO\ WKH SDUWLFLSDQWYV L
FRORUHFWDO FDQFHU SUHYHQWLRQ WULDO DOWKRXJK VHOHFWI

WKHLU FRORQLF PXFRVD PD\ KDYH EHHQ SHUWXUEHG

7KH PDLQ OLPLWDWLRQ RI WKLV VWXG\ ZzDV VDPSOH VL]H ZLWK
DQDO\VHG DW RQH WLPH SRLQW +RZHYHU HDFK DQLPDO ZDV L\
RYHU GHVLIJQ WKHUHIRUH LQWHU LQGLYLGXDO YDULDWLRQ ZEC
YDULDWLRQ FRXOG KDYH EHHQ D IDFWRU DV VDPSOH FROOHFWLI
$00 RWKHU SDUDPHWHUYV ZHUH NHSW DV FRQVLVWHQW DV SRVV]
DP DV ZH ZHUH XQDEOH WR QRWH WKH H[DFW WLPH HDFK FDW
KDYH OHG WR VRPH RI WKH FKDQJHV LQ WKH PLFURELRPH DV V

IDHFHVY EHIRUH VDPSOLQJ DQG RWKHUV PD\ QRW KDYH SDVVHG
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FRQVXPLQJ WKH 5DZ GLHW 7KHVH IDFWRUV DUH GLIILFXO
LV WDNHQ LPPHGLDWHO\ DIWHU D VWRRO LV SDVVHG ZKL
VWLOO UHTXLUH ZDLWLQJ IRU IDHFHV WR SDVV 7KH LQF
VZDE VDPSOH DQG GLVFUHSDQFLHV REVHUYHG EHWZHHQ
GLHW PDNH UHFWDO VZDEELQJ DQ XQUHOLDEOH PHWKRH(
PLFURELRPH 7KH XVH RI VZDEV IRU DVVHVVPHQW RI GLVFE
D FHUWDLQ WDUJHW EDFWHULDO VSHFLHV PD\ EH XVHIXC

VWXGLHYVY DVVHVVLQJ FRORQLF OXPLQDO PLFURELDO FRPP

&RQFOXVLRQ
7KLV VWXG\ IRXQG WKDW WKH PLFURELDO FRPPXQLW\ RI D
WR D IDHFDO VDPSOH IURP D GRPHVWLF FDW 5HFWDO VZIL
FORVHO\ UHODWHG WR WKH UHFWDO PXFRVD DV RSSRVHC(
VXJIJHVW WKDW D UHFWDO VZDE GRHV QRW VXIILFLHQWDO
WKHUHIRUH IDHFHVY VKRXOG FRQWLQXH WR EH XVHG DV W

PLFURELRPH
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'Q YIGMURVWLRQ DQG IHUPHQWDWL
IHUPHQWDEOH VXEVWUDWHV
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Chapter Five
, QWURGXFWLRQ

,Q YLIGOMURVWLRQ DQG IHUPHQWDWLRQ PRGHOV DUH RIWHAQ
RI DQLPDO PRGHOV 7KH\ KDYH EHHQ XVHG WR DVVHVV IH
ILEUH 6XQYROG HW DO &XWULIJQHOOL HW DO (
IDFWRUV VXFK DV JDV SURGXFWLRQ DQG IHUPHQWDWLR
DPPRQLD +RZHYHU UHVHDUFK KDV VKRZQ WKDW WKH VF

LQ YIHWSHULPHQWY GHWHUPLQHYV WKH IHUPHQWDWLRQ HQ

2UJDQLF DFLGV VSHFLILFDOO\ EXW\UDWH SURGXFHG E\ E
EH EHQHILFLDO WR WKH KRVW )RU H[DPSOH LQ KXPDQV D
VRXUFH IRU FRORQRF\WHV )OHPLQJ HW DO &ODXVHCQC
DPPRQLD IURP EDFWHULDO SURWHRO\VLV LV W\SLFDOO\"
LI FRQFHQWUDWLRQV EHFRPH WRR KLJK LQ WKH LQWHVW

R[\JHQ FRQVXPSWLRQ DQG 6&)$% R[LGDWLRQ 'DUF\ 9ULOO

'HSDXZ HW DO LQVVHWURBQWIONWLRQ RI YDULRXV $')€
K\GURO\VHG FROODJHQ )26 UDEELW VNLQ KDLU DQG EI
7KH\ REVHUYHG WKDW WKH EDFWHULDO WD[D SUHVHQW LC
FROODJHQ ZKLFK SURGXFHG VLPLODU DPRXQWYV RI RUJD(
)26 7KLV LQWURGXFHV WKH SRVVLELOLW\ WKDW $')6 PD\
REOLJDWH FDUQLYRUHV $ UHFHQW VWXG\ E\ '"HE &KRXGK>
K\GURO\VDWH FRXOG EH LIQUF HGRVW G/ XXEAI MKWV FIYWDW D |

FRPSRXQGVY FDQ DFW DV $')6 IRU WKH FDW



,Q YDWVRVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD\

,Q &KDSWHU 7ZR , REVHUYHG WKDW WKH JDVWURLQWHVWLQDO
DEOH WR XWLOLVH GLHWDU\ ILEUH FHOOXORVH DQG LQXOLQ W
SURGXFWV VXFK DV EXW\UDWH +RZHYHU LW LV RI LQWHUHVW
FDQ IHUPHQW $')6 LQ D VLPLODU PDQQHU W@ GLWWRU\ ILEUH

GLIHVWLRQ DQG IHUPHQWDWLRQ PRGHO ZDV XVHG WR VFUHHQ LC

7KH DLP RI WKLV VWXG\ ZzDV WR HYDOXDWH WKH IHUPHQWDELOL
FROODJHQ FDUWLODJH KQXKOL® KERHRXOK MRAWHH VMR8 ADWI EXW\U
KRXUV RI IHUPHQWDWLRQ ZKLFK LV WKH DYHUDJH WUDQVLW WI

7ZR VRXUFHV RI IDHFDO LQRFXOXP ZHUH XVHG RQH IURP GF

SURWHLQ GLHW DQG WKH RWKHU IURP GRQRU FDWV FRQVXPLQJ

,W ZDV K\SRWKHVLVHG WKDW $')6 ZRXOG EH IHUPHQWHG E\ WKH
LQRFXOXP )XUWKHUPRUH EDFWHULD SUHVHQW LQ WKH IDHFHV
ZRXOG EH DEOH WR PHWDEROLVH WKH SURWHLQ ULFK VXEVWUDYV

SUHVHQW LQ WKH IDHFHV RI FDWV IHG D FDUERK\GUDWH ULFK G|

ODWHULDOV DQG PHWKRGYV
7KLV SURWRFRO ZDV DSSURYHG E\ WKH ODVVH\ 8QLYHUVLW\ ¢
08%(& BURWRFRO 7ZR FRKRUWV RI FDWV ZHUH XVHG WR SU
IRU WKLV VWXG\ $00 FDWV ZHUH KRXVHG DW WKH ODVVH\ &HQW

l1RUWK 1HZ =HDODQG IRU WKH GXUDWLRQ RI WKH FROOHFWLRQ

J)DHFDO LQRFXOXP FROOHFWLRQ
7KH KLJK FDUERK\GUDWH IDHFDO LQRFXOXP &' ZDV SURYLGHC

ZKR KDYH EHHQ PDLQWDLQHG IRU VHYHQ \HDUV RQ D FRPPHUFLI
ELUWK 1XWURE 0$56 SHWFDUH 7KH GLHW KDG D SURWHLQ IDW

‘0O EDVLV 7KH KLJK SURWHLQ LQRFXOXP 3' ZDV SURYLGHG IL
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FDWV Q ZKLFK ZHUH IHG D FRPSOHWH DQG EDODQFHG |
SURWHLQ IDW FDUERK\GUDWH UDWLR RI '0 EDVL!
FROOHFWLRQ 7R FROOHFW IDHFHV WKH FDWV ZHUH KRX\

FP XQWLO GHIHFDWLRQ RFFXUUHG )DHFHV ZHUH FROC

VQDS IUR]JHQ LQ OLTXLG QRWHEHMIRLMH WKHQL Y WRIUHDBERDO |

6 XEVWUDWHYV
$ UDQJH RI VXEVWUDWHVY @ FUWMWKRHRO XKW M A QROWKH G W Z|

K\GURO\VHG FROODJHQ QDPHO\ 3HSWDQ % u3+&7 3HSW
=HDODQG DQG D K\GURO\VHG ERYLQH VNLQ SURGXEW u$
1HZ =HDODQG ,QGLYLGXDO ULQJV RI ERYLQH WUDFKHD
WUDFKHD FRQQHFWLYH WLVVXH UHPRYHG DQG WKH ED!I
IUDJPHQWY QDPHG p)UHVK FDUWLODJHY $ VXEVHW RI Wt
PP WKHQ PP GLH XVLQJ D FRPPHUFLD/H ODIDIHWHED O H
*HUPDQ\ WZLFH EHIRUH EHLQJ IUHH]JH GULHG p)UHH]H G
GRPHVWLF FDWV DV SDUW Rl QRUPDO JURRPLQJ SUDFWLI
JHOLQH 1XWULWLRQ ODVVH\ 8QLYHUVLW\ 3DOPHUVWRQ

HLWKHU OHIW LQWDFW u,QWDFW FDW KDLUY RU FKRSS
H&KRSSHG FDW KDLUY p,QXOLQY 2UDIWL 6\QHUJ\ § %
$YLFHOS +DZNLQV :DWWV 1HZ =HDODQG ZHUH FKRVHQ |
IRU IHUPHQWDWLRQ 7KHVH DUH UHSUHVHQWDWLYH RI FR

DQG ZHUH XVHG LQ &KDSWHU 7ZR

, Q YLOMURIVWLRQ
,Q YLGMURVWLRQ ZDV XQGHUWDNHQ XVLQJ WKH VWDWLF PF

DO ZKLFK ZDV PRGLILHG WR EH PRUH UHSUHVHQW

GRPHVWLF FDW 7KH RULJLQDO PRGHO FRPSULVHG WKUF



,Q YDWVRVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD\

LQWHVWLQDO +RZHYHU WKH RUDO SKDVH ZDV QRW FRQVLGHU
REMHFWLYH RI WKDW VWHS LV WR PL[ WKH VXEVWUDWH ZLWK
SRVVHVV LQ YHU\ ORZ OHYHOV OF*HDFKLQ DQG $NLQ 7TKH .
XVH RlI JDVWULF SRUFLQH HQJ]\PH SHSVLQ DQG WKH LQWHVWLQI
S+ DGGLQJ ELOH VWRFN DQG SRUFLQH SDQFUHDWLQ FRQWDLQ
6LJPD $OGULFK 1HZ =HDODQG 7R UHSOLEDWH GRPHVWLF FI
FRQGLWLRQV WHPSHUDWXUf ®WR#E DGRRMWWGF IBRW ERG\

WHPSHUDWXUH DQG WKH S+ Rl VLPXODWHG JDVWULF IOXLG 6*

GRPHVWLF FDW VWRPDFK S+

6 XEVWUDWHY ZHUH VWXGLHG LQ WKUHH H[SHULPHQWYV GXH WR W
DV VKRZQ LQ 7DEOH (DFK H[SHULPHQW LQFOXGHG D &RQWUR

LQXOLQ DV D SRVLWLYH FRQWURO

7TDEOH7KH JURXSV LQ ZKLFK WKH VXEVWUDQYWWLWHBH GLIJHVWHG

([SHULPHQW (I(SHULPHQW ([SHULPHQW
&RQWURO &RQWURO &RQWURO
,QXOLQ ,QXOLQ ,QXOLQ
$+& JUHH]H GULHG FDUWLODJH &HOOXORVH
3+& JUHVK FDUWLODJH &KRSSHG FDW KDLLU

,QWDFW FDW KDLU

$ J DOLTXRW RI VXEVWUDWH ZDV DGGHG WR PO RI 6*) 7DEOF
VWREFEN PJ PO 6*) LQ D PO 6FKRWW ERVWWOY B GCHEH®W — O RI
DQG S+ FRUUHFWHG WR DV UHTXLUHG WKHQ 52 ZDWHU ZDV I
PDJOQHWLF VWLUUHU ZDV DGGHG WR HDFK ERWWOH ZKLFK ZDV Yl
WR HQVXUH WKRURXJK PL[LQJ 7KH ERWWOHV ZHUH WKHQ SODFH
DQG LQFXEDWHG DW 72& IRU WZR KRXUV 6LPXODWHG LQWHVWL

DW S+ ZDV WKHQ DGGHG DORQJ ZLWK PO RI PO ELOH VWI
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=HDODQG —O RI POPRIADRYHUVH RVPQGLYS SR ZICPVIDAUH C

—O Rl 0 VRGLXP K\GUR[LGH 1D2+ XQWLO WKH S+ ZD
ERWWOHYV ZHUH WKHQ UHWXUQHG WR WKH VKDNLQJ LQFXI
ZHUH WKHQ UHPRYHG DQG PO RI SRUFLQH SDQFUHDWLQ
7DEOH ZDV DGGHG EHIRUH WKH\ ZHUH UHWXUQHG WR
WZR KRXUV 7R GHDFWLYDWH WKH HQ]J\PHVY IROORZLQJ |

PLFURZDYHG IRU VHFRQGY XQWLO WKH FRQWHQWYV ZHUF

,Q RUGHU WR UHSOLFDWH WKH DEVRUSWLRQ RI QXWULHQ\
WKH GLJHVWV ZHUH GLDO\WVHG 6SHFWUD 3RU 'LDO\VLV F
7XELQJ 3DFLILF /DERUDWRU\ 3URGXFWYV 3W\ /WG 1HZ =H
VRDNHG LQ 52 ZDWHU IRU PLOQXWHV EHIRUH XVH WR U
WKRURXJKO\ LQ 52 ZDWHU EHIRUH XVH DV SHU PDQXIDFW
WKHQ WUDQVIHUUHG LQWR WKH GLDO\VLV WXELQJ XVLQJ I
=HDODQG PO SHU FP RI WXELQJ ZLWK GLDO\VLV FOL
SODFHG LQWR IRXU OLWUHV RI 52 ZDWHU DQG VWRUHG LQ
WKUHH WLPHV LQ KRXUV 7KH UHVXOWLQJ UHWHQWDWH

VWRUHG LQ PO )DOFRQ WXEHV DW z& EHIRUH XVH LQ \



,Q YDWVRVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD\

7DEOH 6LPXODWHG *DVWULF )OXLG 6*) DQG BLPXODWHG ,QWH\
VROXWLRQV K@PHGLGMQGRWKHRQ VWHS RI HDFK H[SHULPHQW 9RC
FRPSRXQG UHTXLUHG DQG WKH ILQDO FRQFHQWUDWLRQ LQ D
DGDSWHG IURP OLQHNXV HW DO

6* 6,

9ROXPHERQFHQWUPOWMRHERIQFHQWUDWLRQ
BWRFN ,Q 6%) BWRFN ,Q 6,)

PO PPRO O PO PPRO O

.&0O

.+ 32
1D+&2
1D&O
0J&O+ 2

1+ &2
52 ZDWHU
)LQDO 9ROXPH

,Q YLMURHQWDWLRQ
,Q YU WURHQWDWLRQV ZHUH FDUULHG RXW LQ WKH VDPH WKUHH

LQ YIGLURVWLRQV 7DEOH IRU ERWK WKH &' DQG 3' LQRFXOXF
VXEVWUDWH ZDV IHUPHQWHG LQ WULSOLFDWH IRU DQ
+XQJDWH DQDHURELF FXOWXUH WXEHV WXEHVY SHU VXEVWUI
VKDNLQJ LQFR.EDWRU DW
6XEVWUDWH UHWHQWDWH SUHSDUDWLRQ

'HIURVWHG UHWHQWDWH WXEHV ZHUH PL[HG WKRURXJKO\ 21 WK
DQ DXWRFODYHG 6FKRWW ERWWOH 7R HQVXUH D UHSUHVHQV
IHUPHQWHG J RI WKH VROLG SDUWLFOHV FDW KDLU DQG FRC
LQWR HDFK +XQJDWH WXEH $ PO DOLTXRW RI SKRVSKDWH EX
BFKRWW ERWWOH WKHQ WKLV PL[WXUH ZDV EXEEOHG ZLWK QLW
GLVVROYHG R[\JHQ SUHVHQW XVLQJ D JDV OLQH ZLWK D EOXQ\

ZHUH OHIW IRU D IXUWKHU RQH PLQXWH EHIRUH PO RI | F
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DQWLR[LGDQW 7KLV PL[ ZDV WKHQ OHIW IRU D IXUWKHU |
DV SRVVLEOH ZDV UHPRYHG IURP WKH V\VWHP
)DHEDO LQREXOXP SUHSDUDWLRQ

$ IDHFDO VROXWLRQ ZDV SUHSDUHG IURP WKH 3' DQG &
UHPRYHG IURP WKH  7& IUHH]HU DQG GHIURVWHG RQ LFH
WKH VWDUW RI WKH IHUPHQWDWLRQ 2QFH GHIURVWHG D
PHVK VLHYLQJ EDJ 6RGLXP SKRVSKDWH EXIIHU PO ZD
PDQXDO VWUDLQLQJ WKURXJK WKH PHVK WR VHSDUDWH W
IDHEDO FRPSRQHQWYVY 21 WKH UHPDLQLQJ IDHFDO LQRFXO
ERWWOH DQG PDQXDOO\ YRUWH[HG WR HQVXUH WKRURXJK
$ PO DOLTXRW RI WKH LQRFXOXP ZDV LPPHGLDWHO\ SLSt
RQ LFH WR UHSUHVHQW WKH WLPH KRXU VDPSOH )RU
&' LQRFXOXP ZDV DGGHG WR HDFK +XQJDWH WXEH FRQWI
WXEH ZDV VXEVHTXHQWO\ WRSSHG ZLWK D OD\HU RI FDU
VKDNLQJ LQFXEDWRU USP DW 7& IRU HLWKHU
GHVLJQDWHG IRU HDFK WLPH SRLQW ZHUH UHPRYHG IURP
RQWR LFH YRUWH[HG DQG PO RI WKH VOXUUAURDVYV UHPR

PLQXWHV 7KH UHVXOWLQJ VXSHUQDWDQW ZDV DOLTXRYV

PO (SSHQGRUI WXEH IRU DPPRQLD DQDO\VLV DQG —0
WXEH IRU RUJDQLF DFLG DQDO\VLY DQG ERWK Y@PSOHYV
RUGHU WR GHWHUPLQH WKH PLFURELDO SURILOHV RI HDFFk

SHOOHW ZDV VWRUHG IRURHTXHQFLQJ SXUSRVHV DW



,Q YDWVRVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD\

IDERUDWRU\ DQDO\VLYV

ODFURQXWULHQW SURILOHV RI VXEVWUDWH
ORLVWXUH FRQWHQW RI WKH VXEVWUDWH ZD% GHW\GHUPLQHG XVL

DVK UHVLGXH$DI& 7KH '0 FRQWHQW ZDV GHWHUF
E\ FDOFXODWLQJ PRLVWXUH &UXGH IDW ZDV DQDO\VHG X
HI WUDFWLRQ PHWKRGRORJ\ $2%& &UXGH ILEUH ZDV DQL
HQI\PDWLF JUDYLPHWULF PHWKRG $2%$& TRWDO VR
GLHWDU\ ILEUH ZHUH FDOFXODWHG XVLQJ WKH OHJDHQ]\PH DVVD

ZDV PHDVXUHG XVLQJ ERPE FDORULPHWU\

ILWURJHQ ZDV PHDVXUHG XVLQJ WKH 'XPDV PHWKRG $2%$&

FRQYHUVLRQ IDFWRU RI LV DSSOLHG WR WKH QLWURJHQ FRQ)
SURWHLQ FRQWHQW VHH 6HFWLRQ IRU IXUWKHU GHWDLOV
FRQYHUVLRQ IDFWRU RI JHODWLQ ZDV DSSOLHG WR $+& 3

K\GURO\VHG FROODJHQ GXH WR WKHLU VLPLODU FRPSRVLWLRQV
GLITHUHQFHVY ODULRWWL HW DO 7DEOH 1)( ZDV FDOFX

FUXGH SURWHLQ FUXGH IDW FUXGH ILEUH DVK



7DEOHIXWULHQW FRPSRVLW L RIQQ RY IGRKIERAMMLLIRVY H/QXGV HH3J PRI WD W LR Q

6 XEVWUDWHYV

&RPSRQHQW $+& 3+& JUHH]H '"ULHG &DUWLODJH JUHVK &DUWLODJ
*URVV HQHUJ\ N- J
$VK ‘0

&UXGH B3URWHLQ ‘0
&UXGH )DW ‘0
&UXGH )LEUH ‘0

1)( '0

7RWDO 'LHWDU\ )LEUH '0 1

 QVROXEOH 'LHWDU\ )LEUH 'O 1

6ROXEOH 'LHWDU\ JLEUH 'O 1 1

1)( I1LWURJHQ )UHH ([WUDFW FDOFXODWHG E\ GLIITHUHQFH + FUXGH SURWHLQ FUXGH IDW FUXGH

1"+ 1IRW GHWHFWHG
"6XEVWUDWHY ZHUH FRQYHUWHG IURP QLWURJHQ WR SURWHLQ XVLQJ WKH FRQYHUVLRQ IDFWRU
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2UJDQLF DFLGV
7R GHWHUPLQH WKH RUJDQLF DFLG FRPSRVLWLRQ HDFK VXSHU

FRQWDLQLQJ HWK\OEXW\ULF DFLG DV DQ LQWHUQDO VWDQGDU
LQ &KDSWHU 7ZR 5LFKDUGVRQ HW DO %ULHIO\ DTXHRXV |
VHSDUDWHG LQWR GLHWK\O HWKHU DQG VWRUHG DW f& XQ\
GHULYDWLVHG ZLWK 1 WHUW EXW\OGLPHWK\OVLO\O 1 PHWK\OW
EXW\OGLPHWK\OFKORURVLODQH 07%67)$% 7%'06&, 6LIPD $C
RQ D 6KLPDG]X FDSLOODU\ *& VI\VWHP *& 30XV 7RN\R -DSDQ
LRQL]JDWLRQ GHWHFWRU ), DQG ILWWHG ZLWK D 5HVWHN FRO X
1 —P XVLQJ KHOLXP DV WKH FDUULHU JDV 7KH *& ),' ZDV
SURFHVVHG XVLQJ D 6KLPDG]X *& :RUN 6WDWLRQ /DE6ROXWLRGQ
RUJDQLF DFLGV TXDQWLILHG LQ UHIHUHQFH WR DXWKHQWLF VWI
$PPRQLD
,Q RUGHU WR PHDVXUH DPPRQLD FRQFHQWUDWLRQ LQ WKH VXSt
PHWKRG ZDV XVHG :HDWKHUEXUQ 3KHQRO DQG VRGLXP Q
ZLWK WKH VDPSOH DQG VKDNHQ YLJRURXVO\ $ONDOLQH K\GUR
PL[HG WKRURXJKO\ WKHQ OHIW DW f& IRU PLQXWHV WR DOC
WKLV WLPH DEVRUEDQFH ZDV PHDVXUHG RQ D VSHFWURSKRW
WHPSHUDWXUH
6 U51$ DPSOLFRQ VHTXHQFLQJ

OHWDJHQRPLF '1$ ZDV H[WUDFWHG IURP WKH SHOOHW XVLQJ 1XF
1DJHO 'UHQ *HUPDQ\ DFFRUGLQJ WR WKH PDQXIDFWXUHUTV L
DV IROORZV 7KH '1$ SHOOHW ZDV GHIURMWHGPRQ®EWHWWULIXJH
$Q\ UHPDLQLQJ VXSHUQDWDQW ZDV UHPRYHG DQG GLVFDUGHG

EXIIHU 6/ DQG —O RI HQKDQFHU 6; ZHUH DGGHG WR WKH
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PLIHG 7KLV PL[WXUH ZDV WKHQ WUDQVIHUUHG LQWR D EF
XVLQJ D OLQL %HDGEHDWHU %LR6SHF BURGXFWYV %DUW
7KH UHVW RI WKH SURWRFRO ZDV WKHQ SHUIRUPHG DFFRL

DV GHVFULEHG LQ &KDSWHU 7ZR

OLFURELDO SURILOHV ZHUH GHWHUPLQHG E\ DQDO\VLV RI
6 U51%$ JHQH XVLQJ ,OO0XPLQD OL6HT SDLUHG HQG | E
JDGURVK HW DO 4,,0( ZDV XVHG WR SURFHVV VHT

XVLQJ WKH GHIDXOW VHWWLQJY VHH &KDSWHU 7ZR IRU |

ZHUH VXEVHTXHQWO\ MRLQHG XVLQJ WKH pPMRLQBSDLUHG

86($5&+ ZzDV XVHG WR DOLJQ UHDGV WR WKH *UHHQJHQH"

VHTXHQFHV ZKLFK ZHUH VXEVHTXHQWO\ UHPRYHG IURP 1)

WR FOXVWHU VHTXHQFHV DW VLPLODULW\ LQWR 278V

FODVVLILHU

6WDWLVWLFDO DQDO\VLV
$00 DQDO\WHYV FRPSOHWHG LQ WKLV FKDSWHU ZHUH FRP

7HDP
2UJDQLF DFLGV DQG DPPRQLD

,Q RUGHU WR GHWHUPLQH FKDQJHV WR RUJDQLF DFLG DC
WULSOLFDWH VDPSOHV ZHUH SORWWHG DEFRUGLQJ WR VX
HJJSORW f 6DPSOHV IURP WKH KRXU WLPH SRLQW ZHUH
ZHUH RQO\ VL[ VDPSOHV DW WKLV WLPH SRLQW RQO\ IURF
QRW EH SORWWHG IRU HDFK VXEVWUDWH $ VPRRWKLQJ P
FKDQJHV +HSWDQRDWH KH[DQRDWH LVREXW\UDWH LVR

OLPLW RI GHWHFWLRQ LQ DOO VDPSOHV WKHUHIRUH WKF



,Q YDWVRVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD\

6DPSOHV ZHUH VSOLW E\ IDHFDO LQRFXOXP KLJK SURWHLQ DQG
KRXU WLPH SRLQW DVVHVVHG DV WKH ILQDO HQGSRLQW RI |
PRGHOV ZHUH WKHQ XVHG WR DVVHVV RUJDQLF DFLG DQG DPPRC
VXEVWUDWHY OXOWLSOH FRPSDULVRQV ZHUH FDOEXODWHG XV
PHDQV DQG VWDQGDUG HUURU RI WKH PHDQ ZHUH FDOFXODWHG
'RQJZHQ /XR HW DO $VVXPSWLRQV Rl KRPRJHQHLW\ DQG ¢
S ZDV FODVVHG DV VWDWLVWLFDOO\ VLIJQLILFDQW
%DFWHULDO SURILOH RI LQ YLWUR IHUPHQWDWLRQ
7KH VDPSOHV DQDO\WVHG KDG D PHDQ VHTXHQFLQJ GHSWK R
UHPRYHG IURP WKH GDWDVHW D KRXU LQWDFW FDW KDLU &
QXPEHUYV UHDGVY OHDYLQJ Q 3' LQRFXOXP VDPSOHV DQ
VDPSOHV IRU DQDO\VLY 7R FRQVROLGDWH WKH GDWD LQWR E|
PL[2PLFV SDFNDJH ZDV XVHG 7KH 3QHDU=HURO9DU  IXQFWLRQ ZD
WD[D Rl ORZ UHODWLYH DEXQGDQFH DQG WD[D SUHVHQW DW !
RU PRUH VDPSOHV ZHUH NHSW IRU DQDO\VLV $W WKH SK\OXP C
REVHUYHG EHIRUH ILOWHULQJ DQG VHYHQ UHPDLQHG DIWHUZDL
EDFWHULDO WD[D ZHUH REVHUYHG DW WKH JHQXV OHYHO LQ WK

JHQHUD UHPDLQHG ZKLFK SURYLGHG WKH GDWDVHW IRU DOO

SHUPXWDWLRQ $129% ZzZDV XVHG WR GHWHUPLQH FKDQJHV E\ pé6.
M)DHFDO ,QRFXOXPY DV FRYDULDWHV ,QWHUDFWLRQ EHWZHHQ
6XEVWUDWH [ )DHFDO ,QRFXOXP ZHUH WKHQ LQYHVWLJDWHG

VWDWLVWLFDOO\ VLIQLILFDQW 7KH PRVW UHODWLYHO\ DEXQ

ZHUH WKHQ YLVXDOLVHG DV EDUSORWY XVLQJ 5 SDFNDJH pJJSO



&KDSWHU )LYH

SHVXOWYV
SHVvXOWY DUH SUHVHQWHG DFFRUGLQJ WR IDHFDO LQRF>
FRPPXQLWLHYVY GLIIHUHG DFFRUGLQJ WR IDHFDO LQRFXOXTH
FRPSRVLWLRQ RI WKH WZR IDHFDO LQRFXOD ZHUH GLIIHUI

DGGHG $SSHQGL][

+LJK SURWHLQ IDHFDO LQRFXOXP 3
2UJDQLF DFLG SURILOHYV

2UJDQLF DFLG SURILOHV RI HDFK VXEVWUDWB BEWRWRV W
IHUPHQWDWLRQ DUH VKRZQ LQ )LIJXUHV WR 7KH VXE
FRQFHQWUDWLRQ Rl IHUPHQWDWLRQ HQG SURGXFWV 7DE
IRU KRXUV SURGXFHG WKH JUHDWHVW FRQFHQWUDWLRC
VXEVWUDWHV S YLIXUH JHUPHQWDWLRQ RI FD)
KLJKHU FRQFHQWUDWLRQV RI EXW\UDWH SURSLRQDWH D
LQXOLQ SURGXFHG WKH KLIJKHVW FRQFHQWUDWLRQ RI ODI
S 7DEOH
$PPRQLD

,Q YLMURHQWDWLRQ LQ WKH FRQWURO JURXS SURGXFHG
DPPRQLD S “ 6(0 PO 7KH ORZHVW FRQFH

ZDV SURGXFHG E\ WKH I[HUPHQWDWLRQ RI LQXOLQ :



7DEOHOXOWLSOH OLQHDU UHQY UWHWIFR® WO WQRQ R RIDQLF DFLG DQG DPPRQLD FRQFHQW
WLPH SRLQW LQ WKH 3' KLJK SURWHLQ IDHFDO LQRFXOXP OXOWLSOH FRPSDULVRQV Z|
SUHVHQWHG DORQJ ZLWK DVVRFLDWHG VWDQGDUG HUURU RI WKH PHDQ 6(0 $+& $1=&

$FHWDWH —PRO PO % XW\UDWH —PRO PO SURSLRQDWH
6XEVWUDWH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH
&RQWURO H ( ( (
$+& ( ( (
3+& ( ( (
&HOOXORVH 1 1 1 1 1 1
3&UDHU|_\|f]H GULHG ( 1 1 1 (
JUHVK &DUWLODJH 1 1 1
&KRSSHG FDW KDLU (
,OQWDFW FDW KDLU
,QXO0LQ ( 1 1 1 (
JRUPDWH —PRO PO IDFWDWH —PRO PO 6XFFLOQDWH —PI
6XEVWUDWH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH
&RQWURO ( H
$+&
3+&

&HOOXORVH

JUHH]H GULHG
&DUV

JUHVK &DUWLODJH
&KRSSHG FDW KDLU
,QWDFW FDW KDLU

,QXO0LQ (

e e e e e e T T
AN AN AN AN AN AN S~




&KDSWHU )LYH

Acetate

High Carbohydrate Inoculum (CD) High Protein Inoculum (PD)

Y
ehe

(1]
-

Substrate
=@ Control
=% AHC
=§' PHC
=& Inulin

N
\
¢ o uned o @ -co'e e

Cellulose

pmol/mL

=@ Freeze-Dried Cartilage

=8 Fresh Cartilage

=@ Chopped Cat Hair
Intact Cat Hair

Time (hours)

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWW
KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG FRQFHC
(DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ IDHFDO LQRFX
LQRFXOXP &' DQG WKH FKDQJHV WKDW RFFXUUHG RYHU

FRORXUHG FLUFOH UHSUHVHQWY DQ LQGLYLGXDO UHSO|
PRGHO ILW IRU HDFK VXEVWUDWH &RQWURO VDPSOHV DI
$1=&2 K\GURO\VHG FROODJHQ E\ D UHG GDVKHG OLQH 3
E\ D EOXH GDVKHG OLQH &HOOXORVH E\ D JUHHQ GDVKHC
JUHH]H 'ULHG &DUWLODJH E\ D EURZQ GRW GDVKHG OLQH
GDVKHG OLQH &KRSSHG &DW +DLU D SLQN GRW GDVKHG O
GRXEOH GDVKHG OLQH



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

Butyrate

High Carbehydrate Inoculum (GD) High Protein Inoculum (PD)

Substrate
/ . =8 Control
7 of - AHC
/ & -8 PHC
7 ':' - Inulin

pmol/mL

4 0 Cellulose
'
¥ ’ =@ Freeze-Dried Cartilage
44 r
& 2 =@ Fresh Cartilage
E I =8= Chopped Cat Hair

I ,' Intact Cat Hair

5 10 15 2 25 5 0 15 2 25
Time (hours)

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG F
7LPH KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG FRQFI
—PRO PO (DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ IDHFD
FDUERK\GUDWH IDHFDO LQRFXOXP &' DQG WKH FKDQJHV WKD!
IHUPHQWDWLRQ (DFK SRLQW FRORXUHG FLUFOH UHSUHVHQWYV
OLQH VKRZV WKH VPRRWKLQJ PRGHO ILW IRU HDFK VXEVWUDWH
EODFN VROLG OLQH $+& $1=&2 K\GURO\VHG FROODJHQ E\ D UH
K\GURO\VHG FROODJHQ E\ D EOXH GDVKHG OLQH &HOOXORVH E
DQ RUDQJH GRWWHG OLQH )UHH]H 'ULHG &DUWLODJH E\ D EURZ(
E\ D SXUSOH ODUJH GDVKHG OLQH &KRSSHG &DW +DLU D SLQN
+DLU D OLJKW EOXH GRW GRXEOH GDVKHG OLQH



&KDSWHU )LYH

Propionate

High Carbohydrate Inoculum (CD) High Protein Inoculum (PD)

Substrate
[ ] =8 Control
/ =8 AHC
/' - PHC

sk
E =% Inulin
E / Cellulose
s
/ -® Freeze-Dried Cartilage
/' == Fresh Cartilage
L ]
=®- Chopped Cat Hair
/ s Intact Cat Hair
’
A P “3
'/ ’,‘o”:_ Y ]
- -~
! / - H (/,(' ¢
L ® /,)
4 M -
[ 7 ade o .
[ ] ] . .
& 3y e L]
VT T e e 2T e 4 ’ i o
g Y & -n;E_T' v, e g
— e —_——— L= _{__,_ar_p —
..... . ® e B T R e e e T

5 1 15 20 5 5 10 15 20 25
Time (hours})

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO LW\
7LPH KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG
—PRO PO (DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ
FDUERK\GUDWH IDHFDO LQRFXOXP &' DQG WKH FKDQJH®
IHUPHQWDWLRQ (DFK SRLQW FRORXUHG FLUFOH UHSUH
OLQH VKRZV WKH VPRRWKLQJ PRGHO ILW IRU HDFK VXEVW
EODFN VROLG OLQH $+& $1=&2 K\GURO\VHG FROODJHQ E
K\GURO\VHG FROODJHQ E\ D EOXH GDVKHG OLQH &HOOX:
DQ RUDQJH GRWWHG OLQH )UHH]H 'ULHG &DUWLODJH E\ D
E\D SXUSOH ODUJH GDVKHG OLQH &KRSSHG &DW +DLU D
+DLU D OLJKW EOXH GRW GRXEOH GDVKHG OLQH



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

Total Short—chain fatty acids

High Carbohydrate Inoculum (CD) High Protein Inoculum (PD)

404

Substrate
304 -8 Control
=8 AHC
=8 PHC

=@ Inulin

umol/mL

Cellulose
«@= Freeze-Dried Cartilage
=8 Fresh Cartilage
=@ Chopped Cat Hair
Intact Cat Hair

5 10 15 20 25 5 10 15 20 25
Time (hours)

J)LIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG RI
FRQFHQWUDWLRQ 7LPH KRXUV LV DORQJ WKH [ D[LV DQG RUJD
\ D[LV —PRO PO (DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ ID
FDUERK\GUDWH IDHFDO LQRFXOXP &' DQG WKH FKDQJHV WKD!
IHUPHQWDWLRQ (DFK SRLQW FRORXUHG FLUFOH UHSUHVHQWYV
OLQH VKRZV WKH VPRRWKLQJ PRGHO ILW IRU HDFK VXEVWUDWH
EODFN VROLG OLQH $+& $1=&2 K\GURO\WHG FROODJHQ E\ D UH!
K\GURO\VHG FROODJHQ E\ D EOXH GDVKHG OLQH &HOOXORVH E
DQ RUDQJH GRWWHG OLQH )UHH]H 'ULHG &DUWLODJH E\ D EURZC
E\ D SXUSOH ODUJH GDVKHG OLQH &KRSSHG &DW +DLU D SLQN
+DLU D OLJKW EOXH GRW GRXEOH GDVKHG OLQH



&KDSWHU )LYH

Lactate

High Carbohydrate Inaculum (CD}) High Protein Inoculum (PD)

754 /’

Substrate
7 =8~ Control
/ =% AHC
-8 PHC
=& Inulin

504 7

Cellulose

umolfmL
-~

P / =®= Freeze-Dried Cartilage
/7 =8= Fresh Cartilage
/ =8= Chopped Cat Hair
Intact Cat Hair

25+

Time (hours)

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWW
KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG FRQFHC(
(DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ IDHFDO LQRFX
LOQRFXOXP &' DQG WKH FKDQJHV WKDW RFFXUUHG RYHU

FRORXUHG FLUFOH UHSUHVHQWY DQ LQGLYLGXDO UHSO|I
PRGHO ILW IRU HDFK VXEVWUDWH &RQWURO VDPSOHV DI
$1=&2 K\GURO\VHG FROODJHQ E\ D UHG GDVKHG OLQH 3
E\D EOXH GDVKHG OLQH &HOOXORVH E\ D JUHHQ GDVKHC
JUHH]H '"ULHG &DUWLODJH E\ D EURZQ GRW GDVKHG OLQH
GDVKHG OLQH &KRSSHG &DW +DLU D SLQN GRW GDVKHG O
GRXEOH GDVKHG OLQH



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

Succinate

High Carbohydrate Inoculum (CD) High Protein Inoculum (PD)

254

2,04 .
.

Substrate
=8~ Control
= AHC
-®: PHC
=& Inulin

Cellulose

pmol/mL

=@= Freeze-Dried Cartilage

=8= Fresh Cartilage

=®- Chopped Cat Hair
Intact Cat Hair

054 /: T /
o . ®
d ol e ' S

- il

5 10 15 20 25 5 10 15 20 25
Time (hours)

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG R
7LPH KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG FRQFI
—PRO PO (DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ IDHFD
FDUERK\GUDWH IDHFDO LQRFXOXP &' DQG WKH FKDQJHV WKD!
IHUPHQWDWLRQ (DFK SRLQW FRORXUHG FLUFOH UHSUHVHQWYV
OLQH VKRZV WKH VPRRWKLQJ PRGHO ILW IRU HDFK VXEVWUDWH
EODFN VROLG OLQH $+& $1=&2 K\GURO\WHG FROODJHQ E\ D UH!
K\GURO\VHG FROODJHQ E\ D EOXH GDVKHG OLQH &HOOXORVH E
DQ RUDQJH GRWWHG OLQH )UHH]H 'ULHG &DUWLODJH E\ D EURZC
E\ D SXUSOH ODUJH GDVKHG OLQH &KRSSHG &DW +DLU D SLQN
+DLU D OLJKW EOXH GRW GRXEOH GDVKHG OLQH




&KDSWHU )LYH

Formate

High Carbohydrate Insculum (CD) High Protein Inoculum (PD}

Substrate
=8= Control
= AHC
@ PHC
=@ Inulin

pmol/mL

Cellulose
=@ Freeze-Dried Cartilage
=8 Fresh Cartilage
=8 Chopped Cat Hair

Intact Cat Hair

5 10 15 20 25 5 0 15 20 25
Time (hours)

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILW
7LPH KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG
—PRO PO (DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ
FDUERK\GUDWH IDHFDO LQRFXOXP &' DQG WKH FKDQJH'
IHUPHQWDWLRQ (DFK SRLQW FRORXUHG FLUFOH UHSUH
OLQH VKRZV WKH VPRRWKLQJ PRGHO ILW IRU HDFK VXEVW
EODFN VROLG OLQH $+& $1=&2 K\GURO\VWHG FROODJHQ E
K\GURO\VHG FROODJHQ E\ D EOXH GDVKHG OLQH &HOOX!
DQ RUDQJH GRWWHG OLQH )UHH]H 'ULHG &DUWLODJH E\ D
E\ D SXUSOH ODUJH GDVKHG OLQH &KRSSHG &DW +DLU D
+DLU D OLJKW EOXH GRW GRXEOH GDVKHG OLQH



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

Ammonia

High Carbohydrate Inoculum (CD} High Protein Inoculum (PD)

204

Substrate

=8= Caontrol

=% AHC

=8 Cellulose

=8 Chopped Cat Hair
Freeze-Dried Cartilage

=@ Fresh Cartilage

Ammonia (mM)

=@ Intact Cat Hair
=8 Inulin
PHC

5 10 15 20 25 5 10 15 20 25
Time (hours)

JLIXUH/LQHDU UHJUHVVLRQ ZLWK VPRRWKLQJ PRGHO ILWWHG RI
7LPH KRXUV LV DORQJ WKH [ D[LV DQG RUJDQLF DFLG FRQFI
—PRO PO (DFK JUDSK GHSLFWV ERWK KLJK SURWHLQ IDHFD
FDUERK\GUDWH IDHFDO LQRFXOXP &' DQG WKH FKDQJHV WKD!
IHUPHQWDWLRQ (DFK SRLQW FRORXUHG FLUFOH UHSUHVHQWYV
OLQH VKRZV WKH VPRRWKLQJ PRGHO ILW IRU HDFK VXEVWUDWH
EODFN VROLG OLQH $+& $1=&2 K\GURO\WHG FROODJHQ E\ D UH!
K\GURO\VHG FROODJHQ E\ D EOXH GDVKHG OLQH &HOOXORVH E
DQ RUDQJH GRWWHG OLQH )UHH]H 'ULHG &DUWLODJH E\ D EURZC
E\ D SXUSOH ODUJH GDVKHG OLQH &KRSSHG &DW +DLU D SLQN
+DLU D OLJKW EOXH GRW GRXEOH GDVKHG OLQH



&KDSWHU )LYH

&XOWXUH FRPPXQLW\ RI KLJK SURWHLQ IDHFDO LQRFX
7KH FRPSRVLWLRQ RI WKH FXOWXUH FRPPXQLW\ DW WLPH

RI WKH VXEVWUDWH RQ WKH FXOWXUH PLFURELDO FRPPXC
IDHFDO LQRFXOXP 7ZR ZD\ SHUPXWDWLRQ $129% ZLWK V)
IDFWRUV GLVSOD\HG WKH PHDQ UHODWLYH DEXQGDQFH\
LOWHUDFWLRQV EHWZHHQ VXEVWUDWH DQG LQRFXOXP VR
UHODWLYH DEXQGDQFH DFURVVY DOO VXEVWUDWHYV ZHU

DFURVVY DOO VDPSOHV )LJXUH

YXVREDFWBYVLWKH PRVW GRPLQDQW JHQXV LQ $+& D Q
$SSHQGL[ )LIJXVAKHULP®GRDAKWKHOPRVW UHODWLYHO\ D

! SUHVHQW LQ DOO RWKHU VXEVWUDWHY $SSHQGL]



, Q YLDWMYRHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD!

75 I Alloprevotelia

' Ambiguous

' Anaerobiospirillum
Bacteroides
Bifidobacterium
Catenibacterium
Clostridium sensu stricto 1
Collinsella

Coprococcus 1
Enterobacter
Enterococcus
Escherichia-Shigella
Eubacterium brachy group
Faecalibacterium
Fusobacterium
Holdemanella
Macrococcus
Megasphaera

Odoribacter

Oscillospira

Peptococcus
Peptostreptococcus
Plesiomonas

Prevotella 9
Ruminococcaceae UCG-005
Slackia

Streptococcus

' Subdoligranulum

[ Sutterella

" Unclassified Lachnospiraceae

50

=1

Relative Abundance (%)
EEEEE EEECEEEEEEEEEEE

254

o

o ] ] & & & 5
& ¥ g & F F o F T
& & £ &
A &
& ¢ o )
Q\
Substrate

JLIXUH%DUSORW RI WKH UHODWLYH DEXQG®PWHWHRI WKH WRS
KRXUV LQ WHRHPRHQWDWLRQ VI\VWHP RI WKH KLJK Sl

WR VXEVWUDWH (DFK FRORXU LQ WKH EDU SORW UHSUHVHQWYV
WKHLU UHODWLYH DEXQGDQFH

El



&KDSWHU )LYH

+LJK FDUERK\GUDWH IDHFDO LQRFXOXP &'

2UJDQLF DFLG SURILOHYV
2UJDQLF DFLG SURILOHV RI HDFK VXEVWUDWR MEWRWRY W

IHUPHQWDWLRQ DUH VKRZQ LQ )LIXUHV W R 7KH VXE
FRQFHQWUDWLRQ RI IHUPHQWDWLRQ HQG SURGXFWV 7DE
FKRSSHG DQG LQWDFW FDW KDLU SURGXFHG WKH JUHDWH
SURSLRQDWH LQ FRPSDULVRQ WR WKH RWKHU VXEVWUDW#
RI LQXOLQ SURGXFHG WKH KLJKHVW S FRQFHQWUD)
RWKHU VXEVWUDWHY 7DEOH DOWKRXJK IUHH]H GU
VLIJQLILFDQWO\ JUHDWHU DPRXQWV WKDQ WKH FRQWURO .
$PPRQLD
,Q YLMURHQWDWLRQ LQ WKH FRQWURO JURXS DQG FDW &
PHDQ FRQFHQWUDWRRQ Rl DPRRQPD S 7KH ORZH
FROQFHQWUDWLRQ RI DPPRQLD ZDV SURGXFHG E\ WKH IHUP

PO S 7DEOH JLIXUH



7DEOHOXOWLSOH OLQHDU UHQY UWHIWMIFRI® WO WQRQ R RIDQLF DFLG DQG DPPRQLD FRQFHQW
WLPH SRLQW LQ WKH &' KLJK FDUERK\GUDWH IDHFDO LQRFXOXP OXOWLSOH FRPSDUL
YDOXHV DUH SUHVHQWHG DORQJ ZLWK DVVRFLDWHG VWDQGDUG HUURU RI WKH PHDQ
FROODJHQ

$FHWDWH —PRO PO %XW\UDWH —PRO PO SBURSLROQDWH —
6XEVWUDWH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH OH
&RQWURO ( 1 1 1 ( (
$+& 1 1" 1 (
3+& ( 1 1' 1 (
&HOOXORVH 1 1 1
yé%wu1GULHG ( 1 1 1 (
JUHVK &DUWLODJH 1 1 1
&KRSSHG FDW KDLU ( (

(

,QWDFW FDW KDLU (

,QXO0LQ ( (
JRUPDWH —PRO PO IDFWDWH —PRO PO 6XFFLOQDWH —PR(

OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH OHDQ 6(0 S YDOXH OH

&RQWURO ( ( H

$+& ( (

3+& ( (

&HOOXORVH ( (

JUHH]H GULHG ( ( (

&DUV

JUHVK &DUWLODJH ( ( (

&KRSSHG FDW KDLU ( (

,QWDFW FDW KDLU ( 1 1 1

,QXOLQ H ( (




&KDSWHU )LYH

&XOWXUH FRPPXQLW\ RI KLJK FDUERK\GUDWH IDHFDO
$W KRXBKHULFKLDD&¥KWKHOWD[RQ ZLWK JUHDWHVW UHOD)

IURP RI VHTXHQFH UHDGV LQ WKH ,QWDFW FDW KDLU V|
VDPSOHV $SSHQGL[ )LJXUH 7KH QH[W PRVW UHODYV
DQG 3+& VDP%DFW HDRLGOG UHV SHFRWNBOVYRHWD G WKH

VHFRQG JUHDWHVW UHODWLYH DEXQGDQFH LQDMIGH &KR S

UHVSHFWLYHO3UHHRROWRZHGBESHQGL|

75

I Alloprevotella

' Ambiguous
Anaerobiospirillum
Bacteroides

M Bifidobacterium

B Catenibacterium

B Clostridium sensu stricto 1

B Collinsella

B Coprococcus 1

B Entercbacter

W Enterococcus

' Escherichia-Shigella
Eubacterium brachy group

" Faecalibacterium

! Fusobacterium
Holdemanella
Macrococcus

I Megasphaera

" Odoribacter
Oscillospira

" Peptococcus

I Peptostreptococcus

W Plesiomonas

" Prevotella 9
Ruminococcaceae UCG-005
Slackia
Streptococcus

M Subdoligranulum

I Sutterella
Unclassified Lachnospiraceae

o
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Relative Abundance (%)
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Substrate

JLIXUH %DUSORW Rl WKH UHODWLYH DEXQGDQFH RI WKH
KRXUV L@ YWIHRURHQWDWLRQ V\VWHP RI WKH KLJK FDUEF

&' DFFRUGLQJ WR VXEVWUDWH (DFK FRORXU LQ WKH ED!

VLIH RI EDU GHQRWHV WKHLU UHODWLYH DEXQGDQFH



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

, Q YLYWHIRVXWLYR
,Q RUGHU WR DVVHVVLQLYIEMER FBRREHOWZ HMHIQH UHVXOWY REWDL

I[IURP WKH IDHFDO VDPSOHVY FROOHFWHG LQ &KDSWHU 7ZR ZHUH F
LQ WKH FXUUHQW VWXG\ 7KLV FRPSDULVRQ DVVRVVHG WKH GLII
YLYRHUVXV IDHFHV FROOHRWHGYIMWXE S  HDSDWHG &XKWD PWHU 7ZR ZH
IHG WKH VDPH KLJK SURWHLQ UDZ PHDW GLHW DV WKRVH XVHG
KRZHYHU QRW DOO FDWV ZHUH WKH @ DRIRVHIBDW KD WIRHW[SHULP
ZHUH FRPELQHG ZLWK 3%6 VLHYHG DQG KDG DQ DGGLWLRQDO
DQDO\VLV FRPISQ@ WHEBHRK BOWVKBHPG OYRWEROV DUH XVHG DV D SURJ\

IRU DQLPDO VWXGLHV WKH LQRFXOXP XVHG VBRAG® EH UHSUHV!

&ORVWUWIDG/LXWKH WD[RQ RI JUHDW RV YR OIRWORZ HDEE XXQGDQFH
8QFODVVLILHG 3HSWRVWUHSWRFREFFEWHDHXPRZHY HMKHQ
JYXVREDFWKHDUA XWKH JUHDWHVW LIQH®DW U RH RDEXRYGIBEQ EN
%DFWHURL@MHMOORSUHY RWHOGDARDS UHDYGBW BEORELRVSLULOOXP
ERWK KDG D UHODWLYLIHQ DYELRIGRG D QFFIH VRIIT X H QIE®I VIHVID G

Y)LIXUH



&KDSWHU )LYH

I Aoprevoteda

I Anaercbiospirilum

Wi Bactarcides

W esuta

.Ebslndlmn

B Clostridium sansu stricto 1

M coprococeus

W Ewbacterium

B Evvacterum brachy group

" Eubacterium coprostanoligenes group
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U Peptococcus
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. Roseburia
B Ruminococcaceae UCG-004

* Ruminococcaceas BCG-005
B Ruminococeus torques group
W sotobacterium
Bl unci. Bacteria
Bunc! Clostridiacess
Munci. Clostridiales
Wunci. Erysipeitrichaceae
B Unc!. Fusobacteriacese
Bunc Lachnospiracese
BMunci. Peptostreptococcaceas
WlUnel. Pravoletaceas

Uncl, Ruminococcacesas

Ul Unel. Chioroplast

Relative Abundance (%)

in vitro in vivo

Experiment Type

J)LIXUH $ EDUSORW RI WKH PRVW UHODWLYBEDEXQGND
YLWRVXGLHV $ KRXU FRQWURO ZDV XVHG IRU WKH 3' IDHF
RI FDWV IHG D UDZ PHDW GLHW &KDS®BRUD7ZR ZHUH XVHC



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

'LVFXVVLRQ
7KLV VWXG\ DLPHG WR DVVHVV D YDULHW\ RI $')6 WR LGHQWLI\ D
SURGXFHG D EHQHILFLDO RUJDQLF DFLG SURILOH L H LQFUt
DPPRQLD IRUDQ/IMYRXB® $00 VXEVWUDWHY H[FHSW FHOOXOR
IHUPHQWHG E\ WKH IHOLQH LQRFXOXP +RZHYHU DV H[SHFWHG
RU & KDG D PDMRU LPSDFW RQ WKH IHUPHQWDWLRQ SURILOHYV
K\GURO\WVHG FROODJHQ ERWK $+& DQG 3+& SURGXFHG WKH KLJI
EXW RQO\ ZKHQ IHUPHQWHG ZLWK WKH 3' LQRFXOXP ,Q FRQW
IHUPHQWDWLRQ RI FKRSSHG DQG LQWDFW FDW KDLU VXEVW
FRQFHQWUDWLRQV RI EXW\ UMWY/ WK GN @ RAKIOIBVXW K HD KA.D R GHIR W +

GLHW 3+& ZDV WKH $')6 FKRVHQ WR VWXG\ LQ &KDSWHU 6L[
+LJK SURWHLQ IDHFDO LQRFXOXP 3

JHUPHQWDWLRQ RI ERWK $+& DQG 3+& VXEVWUDWHY VLIQLILFDQ
DFHWDWH EXW\UDWH SURSLRQDWH DQG WRWDO 6&)$ 21 LQV
JUHDWHVW IURP WKH IHUPHQWDWLRQ RI K\GURO\VHG FROODJH
VXEVWUDWHY KDYH D KLJK FUXGH SURWHLQ FRQWHQW ‘0 YV
UHVSHFWLYHO\ ZKLFK )XINV® EBDH WEQLDIRY HHGW ED O DQG

(VFKHULFKLD*9¥KKDHGM@MHU DQG BWRXBKWIXHWH SUHVHQW LQ KLJK
UHODWLYH DEXQGDQBUHNYLXWKLWXBREMOKDYH VKRZQ WKDW 3
IHUPHQWHG LQ FKHHWDK LQRFXOXP DOVR UHVXOWY LQ UHODW

'"HSDXZ HW DO

%RWK VXEVWUDWH DQG IDHFDO GRQRU DUH IDFWRUV ZKLFK KDY
DPPRQLD SURGXFWLRQ 5LFKUDUEYRXRBWEDGLQQD H®Q DO

VKRZHG WKDW SURWHLQ FRQWHQW LQ WKH IHUPHQWDWLRQ V'



&KDSWHU )LYH

DPPRQLD SURGXFWLRQ 3URGRHLLA® LRb IDRIPIRICA WREN HW D (

% DFWH DRILGOHRW WUILIQKHP DQG % XUULGJH DOO RI
HQULFKHG LQ WKHVH VDPSOHV FDQ RFFXU YLD WKH XWLO
DOWKRXJK SHSWLGHV \LHOG JUHDWHU DPPRQLD FRQFHQ'
SLFKDUGVRQ HW DO 6XUSULVLQJO\ GHVSLWH WKH K

3+& VXEVWUDWHY DPPRQLD SURGXFWLRQ ZDV VLPLODU E

2WKHU PDUNHUV Rl SURWHLQ IHUPHQWDWLRQ H J %&)$

WKLV VWXG\ ZKLFK ZDV VRPHZKDW VXUSULVLQJ FRQVLGHI
FRQWDLQHG D ODUJH DPRXQW RI DPLQR DFLGV +RZHYHU

YDOLQH OHXFLQH DQG LVROHXFLQH 7KHVH DPLQR DFLG\
LQ WKH $')6 VWXGLHG VXFK DV FROODJHQ ZKLFK FRQWDL
SUROLQH JO\FLQH 6KRXOGHUV DQG 5DLQHYV DQG FLC
DQG F\VWHLQH +HQGULNV HW DO +RZHYHU RWKH

VDPSOLQJ WLPHV RU FURVYV IHHGLQJ ZLWKLQ WKH V\VWHP

+LJK FDUERK\GUDWH IDHFDO LQRFXOXP
$QHFGRWDOO\ KDLU FRQVXPHG GXULQJ WKH JURRPLQJ SU

D ODUJH SURSRUWLRQ RI IDHFHV LV FRPSULVHG RI KDLU
QRUPDO FRPSRQHQW RLQDHMBHRG IRWRDAORIMFLWN DV D VX

IHUPHQWDWLRQ E\ WKH PLFURELRPHQ KDNMWXRWHWHHQ DVVF

,Q WKH &' IHUPHQWDWLRQV FKRSSHG DQG LQWDFW KDLU
KLIKHVW EXW\UDWH FRQFHQWUDWLRQV *UHDWHU EXW\UL
KRZHYHU ZHUH QRW REVHUYHG E\ '"HSDXZ HW DO ZKF
ERWK KDLU W\SHV EHLQJ VWUXFWXUDOO\ VLPLODU 'HHGU
FRPSRVHG RI NHUDWLQ ZKLFK LV QRW W\SLFDOO\ UHDGLC

WHKH) YIGNURVWLRQ VWHS LQ WKH FXUUHQW VWXG\ PD\ KI



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

HQRXJK IRU SDUWLDO XWLOLVDWLRQ E\ EDFWHULD 7KHUHIRUH

PD\ EH GXH WR WKLV VWHS LQ WKH H[SHUQPHWDWMWRIP EDFWHULDO

ORGHO FRQVLGHUDWLRQV
,Q YLRAREHOV FDQ SURYLGH LPSRUWDQW LQIRUPDWLRQ DQG DFW

DQG EXLOG K\SRWKHVHV EXW LW PXVW EH HPSKDVLVHG WKDW
FRPSOH[LW\ RI WKH FDWfV FRORQLF HQYLURQPHQW :KLOH WK
LQRFXOK® RIDWURHQWDWLRQ SDWWHUQV %UDKPD HW DO :
FXUUHQW VWXG\ RWKHU IDFWRUV PD\ DOVR LQIOXHQFH WKH UI

VDPSOLQJ DQG WKH ELRORJLFDO UHSOLFDWHYV RI GRQRU IDHFHYV

,Q WKLV VWXG\ WKH KRXU WLPH SRLQW ZDV FKRVHQ IRU VXEV
WUDQVLW WLPH RI \RXQJ FDWV LV DSSUR[LPDWHO\ KRXUV DQGC
HW DO LIU M MWWMRRRYLHY LQYHVWLIJDWHG ORQJHU LQFXEDWLR
KRXUV EXW REVHUYHG QR IXUWKHU LQFUHDVH LQ JDV SURGXFEFW
IHUPHQWDWLRQ KDG UHDFKHG FDSDFLW\ DQG DOO VXEVWUDWHYV

,Q WKH FXUUHQW VWXG\ WKH VXEVWUDWHY PD\ VWLOO KD
FRUUHVSRQGLQJ PLFURELDO SURILGWNKHOQGEKDW BIGL JIHD OLE X Q C
7KHUHIRUH FRQWLQXLQJ IHUPHQWDWLRQ IRU ORQJHU PD\ QR

FODULILFDWLRQ RI WKH PRVW BRWHYR/ LDOO\ EHQHILFLDO VXEVYV

$V WKH WULSOLFDWH PHDVXUHPHQWY DW HDFK VDPSOLQJ WLPF
IDHFDO LQRFXOXP WKH\ DUH SVHXGRUHSOLFDWHV IURP WK
SVHXGRUHSOLFDWHYV PD\ H[SODLQ WKH ORZ S YDOXHV REVHUYH
UHSUHVHQW WKH WUXH SRSXODWLRQ PRUH IDHFHV IURP PRUH I
SUHYLRXYMWXKGLHY KDYH DOVR XVHG D SRROLQJ WHFKQLTXH Zl1
DQLPDOV IDHFDO VDPSOHYV %RVFK HW DO &XWULJIQHO

3LQQD HW DO ORUH UHFHQWO\ %RVFK HW DO V'V



&KDSWHU )LYH

QXPEHU RI IDHFDO VDPSOHV DQG GRQRUV DQG REVHUYHC(

YDULDWLRQ ZDV GHSHQGHQW RQ WKH FRPSOH[LW\ RI WKH

&RPSDULVR@ RILWMKRDO LQRFXOXP DW KRXUV DQG WKH IL
FDWV FRQVXPLQJ WKH 5DZ GLHW ZHUH LQORMMHPGIOW +R.
(XEDEFWHKDGXP KLJK UHODWLYH DEXQGDQFH LQ WKH IDHFD
DEXQGDQFH LQQWKIHAVWRRAWDWLRQ PRGHO 7KLV VXJJHVW
WD[D PD\ KDYH REFFXUUHG HLWKHU GXULQJ WKH VHFRQ
SUHSDUDWLRQ Rl WKH IDHFDO LQRFXOXP ZKLFK ZDV QRW

W LV SRVVLEOH WKDW WKLV DITHFWHG WKH UHVXOWYV RE\

7KLV VWXG\ SURYLGHV IXUWKHU LQVLJKW DWW WRWAMRH E|
VFUHHQLQJ SURFHVV IRU FRPSDQLRQ DQLPDO UHVHDUEK
DYDLODEOH IRU EDFWHULDRQ NMIGRIHRY\G DT MWRQR Q P PG W\G DLW
UHSUHVHQWDWLYH RI WKH FKDQJHV ZKLFK RFEXU LQ WK
FRQFHQWUDWLRQV Rl RUJDQLF DFLG PHDVXUHG )RU H[C
REVHUYHG LQ WKLV PRGHO ZKJL PKLERIUHN BB W ZREV HK MM

GLITHUHQFHYVY EHWZHHQ WKH WZR VWXGLHV FRXOG EH GXH

6LPLODUO\ WKH FDW DQG LWV FRPSOH[ LQWHUDEWLRQ ZI
LQ D VWDWLF VIVWHP )RU H[DPSOH WKH FXOWXUH FRPP>
WKH GRQRU FDWV L H KLXK REDODMEBHCDE W0 DR FHH3R |

DQG &' UHVSHEWLYHO\ &KDSWHU 7ZR % KWPK QU KBWRLEBEW D
6 K L J HUDGDFARM\R Q L \LH)G YWMWWWRHP OLNHO\ GXH WR LWV IDEX

QDWXUH DQG DELOLW\ WR FURVYV IHHG RQ RWKHU EDFWHU/|

IHYHUWKHOHVYV D PDIMR VY HRVBRD@ WD VHKRI DKL OLW\ WR GRF

RYHU WLPH IRU PXOWLSOH VXEVWUDWHY VLPXOWDQHRXV(



, Q YLDWMVAHVVPHQW RI DQLPDO GHULYHG IHUPHQWDEOH VXEVWUD'

DFLG DQG DPPRQLD FRQFHQWUDWLRQV LQ WKLV WLPH SHULRG
JHQHUDWHG ZKLFK ZRXDG WRWLEHPBEBWOLE®HAFHVVIXOO\ VFUHFE
VXEVWUDWHYV DFFRUGLQJ WR WKHLU IHUPHQWDWLYH SURSHUWL
FRQIHU EHQHILELDO HIIHFWV ZKHQ XVHG LQ FRQMXQFWLRQ ZLW

PHDWL@®LWMY R

&RQFOXVLRQ
7KLV VWXGANXVYHPER®R®EHO WR GHWHUPLQH FKDQJHV WR WKH IHUPHQ
DQG EDFWHULDO SURILOHV IURP D YDULHW\ RI $')6 7KH IDHFDO
SURWHLQ GLHWYVY zZDV DEOH WR UHDGLO\ IHUPHQW KLJK SURWH
SUHVHQW )URP WKH GDWD JDWKHUHG LW FDQ EH FRQFOXGHG
PRVW OLNHO\ WR FRQUB U EHRVKIH BIHSOVBQHRFWVGURO\WHG FROODJ

DQG WKHUHIRUH WKLV VXEVWUDWH ZLOO EH XVHG LQ &KDSWHU









&KDSWHU 6L]

'Q YDAMRVHVVPHQW RI DQ DQLPDO G
VXEVWUDWH






&KDSWHU 6L]

Chapter Six
, QWURGXFWLRQ

$V VKRZQ LQ &KDSWHU 7ZR WKH FDWfV JDVWURLQWHVWL
LQ D KLJK SURWHLQ GLHW WR SURGXFH IHUPHQWDWLRQ |
VKRZHG WKDW ZKHQ FDWV FRQVXPHG D KLJK SURWHLQ ULI
'O LQWDNH IDHFDO RXWSXW ZDV KDOI WKDW RI WKH FDW:'
RQ D '0 EDVLVY 3RVW KRF DQDO\VLV GHWHUPLQHG WKDW
ZKHQ WKH FDWV FRQVXPHG WKH 5DZ GLHW FRPSDUHG WR
DGGLWLRQ DQDO\WVLV RI WKH IDHFDO SUHGLFWHG IXQFV
.(** SDWKZD\ IRU WU\SWRSKDQ PHWDEROLVP ZDV VLJQLIL
SUHVHQW LQ WKH IDHFHV RI WKH FDWV IHG WKH 5DZ GLH'
WKDW WKHUH DUH OLNHO\ LQWHUDFWLRQV EHWZHHQ WKH

HQYLURQPHQW

+RVW PLFURELRPH LOQWHUDFWLRQV DUH RI LQWHUHVW DV
EHHQ LPSOLFDWHG LQ DQ DUUD\ RI PHWDEROLF SDWKZD\V
1LFKROVRQ HW DO $VVHVVLQJ WKH IXQFWLRQDO P
WKH PHFKDQLVP E\ ZKLFK WKH PLFURELRPH FDQ H[HUW HII
HW DO OLQNHG WKH IDHFDO PHWDJHQRPH DQG LWV
WLPH LQ KXPDQV 3UHYLRXV UHVHDUFK LQ FDWV KDV VKR
WKH IDHFDO PHWDJHQRPH RI NLWWHQV <RXQJ HW DO

FDQQHG GLHW FRPSDUHG WR D NLEEOH GLHW HQULFKHG
FODVVLILFDWLRQ POHWDEROLVP RI FRIDFWRUV DQG YLWDF
WKH LPSOLFDWLRQV RI WKLV ILQGLQJ IRU WKH KRVW ZHU

IHYHUWKHOHVYV LW VXJJHVWV WKDW FKDQJHV WR .(** ¢S



,Q YDMVRYHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

REVHUYHG LQ &KDSWHU 7ZR FRXOG LQIOXHQFH WU\SWRSKDQ PH\

KRVW

7U\SWRSKDQ LV PHWDEROLVHG WR VHURWRQLQ +7 LQ WKH
JDVWURLQWHVWLQDO WUDFW DQG FDQ DOVR EH PHWDEROLVHG
PLFURELRPH $JXV HW DO 6HURWRQLQ UHOHDVH IURP WK
DIIHFWHG E\ PHFKDQLFDO VWLPXODWLRQ DQG FKDQJHV LQ OXPL
EDFWHULDO LQWHUDFWLRQV ZLWK WKH HQWHURFKURPDIILQ FHO
IHUPHQWDWLRQ HQG SURGXFWYV LQ WKH FRORQLF OXPHQ VXFEK L
DO 2QFH UHOHDVHG +7 IDFLOLWDWHY FRORQLF PRWLOLYV
PHVHQWHULF QHXURQV 6LNDQGHU HW DO ,Q &KDSWHU 7ZF
5DZ GLHW IDHFDO FRQVLVWHQF\ ZDV ILUPHU ORZHU IDHFDO VF]
WKDQ LQ FDWV FRQVXPLQJ GLHWDU\ ILEUH 7KLV VXJJHVWV Wk
OXPLQDO SUHVVXUH DQG SRWHQWLDO FKDQJHV WR FRORQLF WL
ILQGLQJ WRJHWKHU ZLWK WKH FKDQJHV WR WKH WU\SWRSKDQ
PHWDJHQRPH REVHUYHG LQ &KDSWHU 7ZR VXJJHVWV 5DZ G

FRQFHQWUDWLRQV LQ WKH KRVW

7KH SULPDU\ DLP RI WKLV WKHVLV ZDV WR XQGHUVWDQG ZKHW#
ILEUH LQ WKH FDW ,Q &KDSWHU )LYH , REVHUYHG WKDW K\GUF
UHVLVWHG GLJHVWLRX Y ZWGI -BWRBXFHG D JUHDWHU FRQFHQW
EXW\UDWH UHODWLYH WR WKH RWKHU VXEVWUDWHY DVVHVVHG

GHWHUPLQH WKH HIIHFW RI DGGLQJ K\GURO\VHG FROODJHQ YHU
UDZ PHDW GLHW RQ IDHFDO SDUDPHWHUV LQFOXGLQJ $77' IDHF
DQG WKH IDHFDO PHWDJHQRPH $V WKHQHUXEKQNDWZRQ SRWHQW
WZR LQFOXVLRQ UDWHV ZHUH FKRVHQ ZW ZW ZKLFK PDWFKHC

WKH KLJKHU UDWH RI ZW ZW LQ FDVH GLIIHUHQFHYVY DW WKH O



&KDSWHU 6L]

WKH PHFKDQLVP E\ ZKLFK D 5DZ GLHW FRXOG DIIHFW |
WU\SWRSKDQ DQG LWV PHWDEROLWHY ZHUH DOVR DVVHVYV

EH HTXLYDOHQW WR GLHWDU\ ILEUH

ODWHULDOV DQG PHWKRGYV
7KLY SURWRFRO ZDV DSSURYHG E\ ODVVH\ 8QLYHUVLW\ $¢
BURWRFRO $00 FDWV ZHUH KRXVHG DW ODVVH\ 8Ql

1RUWK 1HZ =HDODQG

6WXG\ GHVLJQ
JRUW\ WZR GRPHVWLF VKRUW KDLU FDWV DJHG EHWZHHQ

LQWR WKUHH WHVW GLHW JURXSV EORFNHG E\ DJH ZLWK |
XQDEOH WR EH KRXVHG LQ JURXSV RI WKHUHIRUH HDFI
FOXVWHUV RI Q FDWV SHU FRORQ\ KRXVLQJ IRU HDFK R
'XH WR WKH FDSDFLW\ RI WKH IDFLOLW\ QRW DOO Q FD
TKHUHIRUH D FOXVWHU Q RI FDWV IURP HDFK GLHW JU
wWuLDO WRIJHWKHU 7KLV IRUPHG WZR EORFNV RI Q 7KH
WKH RWKHU HM%ORFN WZRY )LIJXUH %ORFN WZR IR

LOWHUYHQWLRQV DQG VDPSOLQJ URWDWLRQ DV %ORFN R



J)LIXUH7ULDO VFKHPDWLF &DWV ZHUH GLYLGHG LQWR WZR EORFNV Q FDWV SHU EOR
DSSDUHQW WRWDO WUDFW GLJVHLELOLW\ $77' FROOHFWLRQ SKDVH IROORZHG E\ D |
UHG DUURZV GHQRWH EORRG VDPSOH FROOHFWLRQV &DWV ZHUH WKHQ GLYLGHG Q
RUDQJH ER[ DQG 5DZ $QLPDO ILEUH EOXH ER[ DQG IHG IRU GD\V $ GD\ $77' D
WKH VDPH WULDO GHVLJQ EXW EHJDQ WKH WULDO ZHHNV DIWHU %ORFN EHJIJDQ



&KDSWHU 6L]

$QLPDOV DQG GLHWYV
&DWV ZHUH IHG D EDVHOLQH 5DZ PHDW EHHI GLHW 5DZ

IHG LQ &KDSWHU 7ZR WR JURXS PDLQWHQDQFH HQHUJ\
% : 7TRWDO ERG\ ZHLJKW IRU WKH LQGLYLGXDO SHQ ZDV
5DZ PHDW UHTXLUHG ZDV FDOFXODWHG XVLQJ WKH JURXS

IRU GD\V LQ FRORQ\ KRXVLQJ [ [ FP

JRU WKH WKLUWHHQ GD\ EDVHOLQH VDPSOLQJ SHULRG $7
ZHUH KRXVHG LQ VLQJOH FDJHV [ FP DQG IHG W
ZDV UHPRYHG IBRPUMHIH U DQG GHIURVR&HGHI QUM FEKHLOQIH
VWRUHG LQ D IULGJH IRU KRXUV SULRU WR IHHGLQJ $I
PRYHG EDFN WR FRORQ\ KRXVLQJ ZKHUH WKH\ ZHUH IHG

JURXS 0(5 5DZ 3) WKH 5DZ PHDW GLHW ZLWK WKH DGGLV
UDV LVT LQFOXVLRQ 2UDIWL 6\QHUJ\ %HQXRS %HOJLXP
$YLFHOS +DZNLQV :DWWV 1HZ =HDODQG 5DZ $) WKH 5I
RI DQ DQLPDO GHULYHG ILEUH VRXUFH 3HSWDQ % ‘D /'
DW UDV LVY LQFOXVLRQ UDWH 5DZ $) WKH 5DZ GLH
LQFOXVLRQ UDWH 7KH DPRXQW RI GLHWDU\ ILEUH UHTX
DPRXQW RI GLHW UHTXLUHG E\ HDFK SHQ 7KH H[DFW DPF
WHVW GLHWV ZDV DGGHG WR WKH 5DZ GLHW HDFK PRUQLC
$IWHU WKH GD\V FDWV ZHUH PRYHG LQWR LQGLYLGXD(
ILYH GD\ GLJHVWLELOLW\ SOXV VHYHQ GD\ VDPSOLQJ S
LQGLYLGXDO 0(5 )LIJXUH 7KH UHTXLUHG DPRXQW RI Gl

WR WKH 5DZ PHDW GLHW DQG WKRURXJKO\ PL[HG EHIRUH

7TRWDO LQWDNH DQG UHIXVDOV ZHUH UHFRUGHG GDLO\ IR

SKDVHV DQG D JURXS DYHUDJH UHFRUGHG GXULQJ WKH Z



,Q YDMVRYHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

&DWV ZHUH VRFLDOLVHG DQG ERG\ ZHLJKW UHFRUGHG RQFH St
FRORQ\ SUDFWLFHV WKURXJKRXW WKBG/WXELRWKRS ZDWHU ZD
LQGLYLGXDO DQG FRORQ\ FDJHV ZHUH FOHDQHG RQFH SHU GD\
/I[LWWHU wuD\V ZHUH DOZD\V DYDLODEOH H[FHSW GXULQJ IDHFD
GLIJHVWLELOLW\ FUDWHV ZHUH XVHG VHH 6HFWLRQ IRU I XU\
QDWXUDO OLJKW GDUN F\FOHV 7KLV WULDO ZDV FRQGXFWHG

%YHUPLQJKDP HW DO E

7TDEOH7KH FRPSRVLWLRQ RI WKH EDVHOLQH 5DZ DQG WHVW GL
DQG 5DZ $) IHG WR PDLQWHQDQFH HQHUJ\ UHTXLUHPHQWYVY WR
FRPSRQHQWY DUH H[SUHVVHG RQ D SHUFHQWDJH GU\ PDWWHU E

"LHW
&RPSRQHQW 5D7 5Dz $) 5Dz $) 5DZ 38)

&UXGH 3URWHLQ 'O
&UXGH )DW 'O

&UXGH )LEUH 'O

$VK 0

1)( '0

*URVV (QHUJ\ N- J

7RWDO 'LHWDU\ )LEUH 'O

BROXEOH 'LHWDU\ )LEUH 'O 1
,QVROXEOH 'LHWDU\ JLEUH 'O
7U\SWRSKDQ PJ J

I1LWURJHQ FRQYHUVLRQ IDFWRU XVHG ODULRWWL HW DO
1LWURJHQ IUHH H{IWUDFW FDOFXODWHG E\ GLIIHUHQFH + FUXGH IDW
DVK

1'+ QRW GHWHFWHG

,QJUHGLHQWYV /LVW
P EHHI PXVFOH EHHI OLYHU ERQH FKLS EHHI WULSH EHHI KHDU!

IHOLQH YLWDPLQ DQG PLQHUDO SUHPL]

E EHHI PXVFOH EHHI OLYHU ERQH FKLS EHHI WULSH EHHI KHDU!
IHOLQH YLWDPLQ DQG PLQHUDO SUHPL] DV LV EDVLV 3HSWDQ % 'D /" K\
F EHHI PXVFOH EHHI OLYHU ERQH FKLS EHHI WULSH EHHI KHDU)

IHOLQH YLWDPLQ DQG PLQHUDO SUHPL] DV LV EDVLV 3HSWDQ % ‘D /' K\



&KDSWHU 6L]

G EHHI PXVFOH EHHI OLYHU ERQH FKLS EHHI WULSH EHE
IHOLQH YLWDPLQ DQG PLQHUDO SUHPL[ SOXV LQXOLQ DV LV EDVL\
RQ D GU\ PDWWHU EDVLYV

6DPSOH FROOHFWLRQ
$IWHU GD\V RI GLHW DGDSWLRQ WKH WRWDO DPRXQW

GD\V ZDV FROOHFWH&G IBQGAVWHRWHGHQW RI $77' 6DPSOHV
WZLFH GDLO\ DP DQG SP DQG ZHUH VFRUHG XVLQJ D SF
JUDGH ZzZDV FODVVLILHG DV pKDUG DQG GU\Y DQG MZDV
S+ RI WKH ODVW SDVVHG IDHFHV LQ HDFK ILYH GD\ SHUI
GLVWLOOHG ZDWHU WR J RI IDHFHV )pOL[ HW DO J
$QDO\WLFV *PE+ *HUPDQ\ %HIRUH DQDO\VLV WKH VDP¢

UHSOLFDWH XVHG

$ ILQDO IUHVK IDHFDO VDPSOH ZDV FROOHFWHG LQ WKH |

RI GHIHFDWLRQ IRU IDHFDO PLFURELRPH DQG IDHFDO RU

LPPHGLDWHO\ I[UR]JHQ LQ OLTXLG QLWURJHQ DQG VWRUHG
%ORRG VDPSOLQJ

,Q RUGHU WR PHDVXUH VHUXP DQG SODVPD WU\SWRSKDQ |

PO RI ZKROH EORRG ZHUH FROOHFWHG IURP WKH FDWYV

ILYH )LJXUH DIWHU WKH $77' DVVHVVPHQW EHJLQQLQ

%ORRG VDPSOLQJ RUGHU ZDV UDQGRPO\ DVVLJQHG IRU HI
JHO ZDV DSSOLHG WR D VKDYHG DUHD RQ WKH QHFN DSSUF
&DWV ZHUH PDQXDOO\ UHVWUDLQHG DFFRUGLQJ WR QRUP
RQ WKH WHFKQLFLDQV FXVKLRQHG NQHHV WKHQ KHDG WL
Rl EORRG REWDLQHG LQ RQH SHUIHFW YHQHSXQFWXUH ZL

QHHGOH DQG VVWWLQJH ZHUH XVHG DQG WKH RWKHU MXJX
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R PO RI EORRG ZDV DGGHGSWR DQVDRE HFULOCQWIBUWHG VHYHUD:!
WKHQ SODFHG EDFN LQ LFH 6DP3ORHY ZHWIQXWRWULMKHG [
PLQXWHV RI EHLQJ FROOHFWHG 7KH RWKHU PO RI EORRG ZDV
LOQYHUWHG WZLFH WKHQ SODFHG D URRP WHPSHUDWXUH IRU |
6DPSOHYV ZHUH VXEVHTXHQWO\FHB QWRILQXWHGEY DWRWK SJODVPD D
VHUXP VDPSOHV ZHUH SLSHWWHG LQWR | —O DOLTXRWYV LQ

DWR& EHIRUH DQDO\VLV

IDERUDWRU\ DQDO\VLV

'LHW DQDO\VLV
'LHW VDPSOHV ZHUH IUHH]H GULHG EHIRUH ODERUDWRU\ DQDO\V

SULRU WR DQDO\VLV 'XH WR WKH KLJK SURWHLQ FRQWHQW RI W
IRU EHHI ZDV XVHG &KDSWHU 7ZR

$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
)DHFDO VDPSOHV FROOHFWHG IURP DFURVV WKH ILYH GD\V ZHU}
&DWV Q ZHUH UDQGRPO\ FKRVHQ WR UHSUHVHQW HDFK GLHW
DQG JURXQG $77' IDW SURWHLQ DVK DQG JURVV HQHUJ\ RI
SUHYLRXVO\ GHVFULEHG LQ &KDSWHU 7ZR 7U\SWRSKDQ FRQF}
DONDOLQH K\GURO\VLYV

)DHFDO RUJDQLF DFLGV
)DHFDO RUJDQLF DFLG VDPSOHV ZHUH DQDO\VHG XVLQJ WKH VD
&KDSWHU 7ZR 5LFKDUGVRQ HW DO %ULHIO\ IDHFDO VDPS(
FRQWDLQLQJ HWK\OEXW\ULF DFLG DV DQ LQWHUQDO VWDQGD
DFLGLILHG DQG SKDVH VHSDUDWHG LQWR GLHWK\O HWKHU WKH
WKH *& PDFKLQH 7KH GLHWK\O HWKHU SKDVH ZDV WKHQ C

EXW\OGLPHWK\OVLO\O 1 PHWK\OWULIOXRURDFHWDPLGH ZLWK
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07%67)$ 7%'068&, 6LJPD $OGULFK DW f& 2QFH FI
WUDQVIHUUHG WR *& YLDOV UHDG\ IRU DQDO\VLV *& DQTC
FDSLOODU\ JDV FKURPDWRJUDSK V\VWHP *& 30XV 7RN
LRQL]DWLRQ GHWHFWRU ), ZLWK D 5HVWHN FROXPQ 6+
—P G6KLPDG]X 86% +HOLXP ZDV XVHG DV WKH FDUULHU
JDV 6KLPDG]X *& FRPSXWHU DQG /DE6ROXWLRQV 9HUVLRC
WKH LQVWUXPHQW DQG GDWD SURFHVVLQJ
:KROH PHWDJHQRPH VKRWJXQ VHTXHQFLQJ

1XFOHR6SLQ 6RLO NLWV ODFKHUH\ 1DJHO 'sUHQ *HUPDQ\
IDHEFDO VDPSOHV DFFRUGLQJ WR WKH PDQXIDFWXUHUYTV L
EHDWLQJ VWHS XVLQJ D OLQL %HDGEHDWHU IRU IRX

%DUWOHVYLOOH 2. 86%

$QDO\VLV Rl WKH IDHEFDO PHWDJHQRPH ZDV GHWHUPLQHG
,OOXPLQD +L6HT VKRWJXQ VHTXHQFLQJ &XVWRP 6FLHQFF
RI UHDGV ZDV 5HDG SDLUV ZHUH MRLQHG XVLQJ
VXFFHVVIX0OO\ MRLQ ZHUH PHUJHG XVLQJ D VWULQJ RI 1V
%XVKQHOO HMORY FIBWXM XHQFHV ZHUH UHPRYHG XVLQJ %
EHIRUH WKH UHPDLQLQJ UHDGY ZHUH DOLJQHG DJDLQVW \
',$021'" %XFKILQN HW DO *HQH IXQFWLRQV DQG WD]J
XVLQJ 0(*$1 +XVRQ HW DO 7RWDO QXPEHU RI UHI

ZLWK D PLQLPXP VHTXHQFLQJ GHSWK RI PD
DYHUDJH RI UHDGV SHU VDPSOH )RU .(** IXQFWLRQI
ZDV ZLWK D PLQLPXP PD[LPXP RI

UHDGYV SHU VDPSOH



,Q YIDMRVHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW
30DVPD DQG VHUXP WU\SWRSKDQ PHWDEROLWHYV
7U\SWRSKDQ VHURWRQLQ N\QXUHQLQH K\GUR[\N\QXUHQLQH
SODVPD DQG VHUXP XVLQJ /LTXLG &KURPDWRJUDSK\ 7DQGHP 0
06 06 RQ D 6FLH[ 475%$3 WULSOH TXDGUXSROH ZLWK DQ ([LRQ
$XVWUDOLD 6\WWHP RSHUDWLRQ ZDV FRQWUROOHG E\ $QD
RSWLPLVDWLRQ RI HDFK VWDQGDUG ZDV FRPSOHWHG SULRU WR
BWDQGDUG SUHSDUDWLRQ
BWRFN VROXWLRQV RI DOO VWDQGDUGVY ZHUH SUHSDUHG DV IR
GLVVROYHG LQ PHWKDQRO ZDWMUNIRHW@LFHDEDG GLOXWHG WR
$QDO\WLFDO JUDGH FRPSRXQG ZDV XVHG IRU DOO VWDQGDUGYV

7TDEOH

7TDEOH/LVW RI FRPSRXQGV XVHG DV VWDQGDUGV IRU /& 06 06 DQI

&RPSRXQG $EEUHYFHR/Q/\WU’§Q§)QODSV\'}F§F$%£\L’JV$RQ

BHURWRQLQ FUHDWLQH VXOSKDWH +7 ,QWHUQDO
7U\SWRSKDQ G 7US ,QWHUQDO 3RVLWL
/ TUNSWRSKDQ / 7US (IWHUQDO 3RVLWLY
,QGROH ,QGROH (IWHUQDO 3RVLWLY
BHURWRQLQ +7 ([WHUQDO 3RVLWLYH
/ \QXUHQLQH A\Q (IWHUQDO 3RVLWLYH
K\GUR[\ '/ N\QXUHQLQH + <1 (IWHUQDO 3RVLWIL

6DPSOH SUHSDUDWLRQ
6DPSOHV ZHUH VHSDUDWHG LQWR EDWFKHV RI SODVPD DQG VH

HQVXUH DOO GLHW VDPSOHV IURP DQ LQGLYLGXDO FDW ZHUH DC
ZHUH WKDZHG DW URRP WHPSHUDWXUH $Q DOLTXRW RI —O R
PO (SSHQGRUI WXEH DQG — O RI QJ PO RI ERWK LQWHUQDO \
ZHUH YRUWH[HG IRU RQH PLQXWH EHIRUH UHIULJHUDWLRQ DW |

DGGHG —O0 DQG VDPSOHV ZHUH YRUWH[HG IRU RQH PLQXWH
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KRXU 6DPSOHV ZHUH WKHQ FHQWULIXJHG DW USP IR
SKDVH ZDV WKHQ UHPRYHG —0O DQG SODFHG LQWR D
ZHUH GULHG GRZQ RQ D YDFXXP FRQFHQWUDWRU 3& 91
DQG 5 9& &2 SOXV XQLW IRU WKUHH KRXUV DW f& 2QF
LQ —O RI OLOOL4 ZDWHU WKHQ YRUWH[HG IRU RQH PL
SLSHWWH D —O VSULQJ LQVHUW SODFHG LQVLGH WKH
WKH LQVHUW 6DPSOHV ZHUHIWRKHQ PHQXWWHNMK DG VW R UH

EHIRUH DQDO\VLYV

/& 06 06
6DPSOHV —0O0 ZHUH LQMHFWHG LQWR D & +\SHUVLO *2,
SDUWLFOH VL]H —P 7KHUPRG6FLHQWLILF $XFNODQG 1

VDPSOHV ZHUH DQDO\WVHG LQ SRVLWLYH PRGH IRU DOO DC(
SUHSDUHG IRU HDFK UXQ PRELOH SKDVH FRQVLVWHG RI .
$ DQG DFHWRQLWULOH ZLWK IRUPLFYBKIQGW VR XR/UW R

HDFK VDPSOH ZDV ILYH PLOQXWHV ZLWK D IORZ UDWH RI

SURJUDPPH ZDV DV IROORZV VROXWLRQ $ VROXWLR
% PLQXWHYV $ % PLQXWHV $ %
$ % PLQXWHV 7KH ILUVW PLQXWHV DQG OD\

WR ZDVWH 4XDQWLILFDWLRQ ZDV UXQ LQ PXOWLSOH UHEL

%ODQN VDPSOHV ZHUH UXQ ILUVW IROORZHG E\ VWDQGDU
QJ DQG QJ DQG WZR 4XDOLW\ &RQWURO 4& VDPSOHV
VDPSOHV ZHUH SUHSDUHG LQ WKH VDPH PDQQHU DV WKH ¥

SODVPD DQG VHUXP VDPSOHV IURP WKH VWXG\ VSLNHG ZI
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7TDEOH3DUHQW DQG SURGXFW LRQ PDVV FKDUJH UDWLRY DQG U
PHWDEROLWHY DQDO\VHG IURP WKH VHUXP DQG SODVPD RI FDW)

$QDO\WH3UHFXU\BFRJlRGXFBVHWHQWL‘RQOO'3 & ( &;3
LR® ] LR® ] WLPH PLROHLIJKWYROWYROWYROWYV
+7
71
| 7L
,QGROH
+ 7
AQXUE
+\GURT\ '/
N\Q XU

6WDWLVWLFDO DQDO\VLV
5S YHUVLRQ 5 &RUH 7HDP ZDV XVHG IRU DOO DQDO\VHV

XVLQJ $129% ZLWK p'LHWY DV WKH IL[HG WHUP 'U\ PDWWHU LQW
ERG\ ZHLJKW WKHQ DQDO\VHG XVLQJ $129% ZLWK p'LHWY DV W
DQDO\WHG XVLQJ $129% ZLWK p'LHWY DQG p%ORFNY DV WKH IL[H
VFRUH RXWSXW DQG S+ ZHUH DOVR DQDO\WHG XVLQJ $129%

u$0 309 WLPH RI FROOHFWLRQ DV IDFWRUV

2UJDQLF DFLGYV

2UJDQLF DFLGV ZHUH DQDO\VHG LQ UHVSHFW WR WKH FRQFHQW
IDHFDO GU\ PDWWHU '0 XVLQJ $129% ZLWK p'LHWY DQG p% ORFN
SDUDPHWULF .UXVNDO :DOOLV WHVW ZDV XVHG IRU ODFWDWH L
VDPSOH VL]HV 3RVW KRF WHVWV ZHUH XVHG ZKHUH DSSURSULD\
MSUHGLFWPHDQVY SDFNDJH ZDV XVHG IRU PHDQV DQG VWDQGD
3DLUZLVH FRPSDULVRQV EHWZHHQ GLHWDU\ WUHDWPHQWYV XV
5DZ $) Y 5DZ 3) DQG :LOFR[RQ UDQN WHVW IRU 5DZ Y 5DZ 3)

OXOWLYDULDWH SULQFLSOH FRPSRQHQWY DQDO\VLV ZDV SHUIR

XVLQJ 5 SDFENDJH pJJSORW T S ZDV GHHPHG WR EH VWDWLYV
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OHWDJHQRPH DQDO\VLV
5 YHUVLRQ 5 &RUH 7HDP ZDV XVHG IRU DOO D
FRPSRVLWLRQ GDWD WKH pPL[2PLFVY SDFNDJH IRU 5 ZD
SK\OD JHQHUD DQG VSHFLHV ZKLFK ZHUH QXPHULFDOO\ L
WKH 5DZ GLHW ZHUH UHPRYHG IURP WKH DQDO\VLV DV W
DQDO\WHG LQ &KDSWHU 7ZR 6DPSOHV ZHUH WKHQ ILOWHU
WD[D SUHVHQW EHORZ WKLV WKUHVKROG DQG SURYLGLQ.
UHODWLYH DEXQGDQFHV DUH GHQRWHG DV D SHUFHQWDJt
EHWZHHQ WKH UHODWLYH DEXQGDQFHV RI VSHFLHV ZDV
$129% XVLQJ p'LHWY DQG p%ORFNY DV IL[HG WHUPV )DOV
FRQVLGHUHG VWDWLVWLFDOO\ VLIJQLILFDQW 5HODWLYH L
RI VHTXHQFH UHDGV $OSKD GLYHUVLW\ ZDV FDOFXODW
UDUHIDFWLRQ DW WKH PLQLPXP UHDG GHSWK W L

(** IHYHO &DSRUDVR HW DO DQG YLVXDOLVHG LQ

'DWD LQWHJUDWLRQ ZDV SHUIRUPHG XVLQJ ',$%/2 IUDPHZF
IRUS5 /H &DR HW DO H)XQFWLRQ FLP',$%/2Y ZzDV XVH

PDS RI .(** /HYHO DQG PLFURELDO WD[D DW WKH JHQXV (

SBUHGLFWHG PHWDJHQRPH .(** /HYHO DQG /HYHO I XQF

SHUPXWDWLRQ $129% ZLWK p'LHWY DQG p%ORFNY DV IL[HG

RUWKRORJV ZLWK UHODWLYH DEXQGDQFH )DOVH G

FRQVLGHUHG VWDWLVWLFDOO\ VLIJQLILFDQW .(** /HYHO

SDUWLDO OHDVW VTXDUHV GLVFULPLQDQW DQDO\VLV
7TU\SWRSKDQ PHWDEROLWHYV

/& 06 06 GDWD SURFHVVLQJ ZDV FRPSOHWHG LQ OXOWL4XI

OD[LPXP WROHUDQFH IRU VWDQGDUGV ZDV VHW WR C
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PDQXDO SHDN LQWHJUDWLRQ ZDV SHUIRUPHG ZKHUH UHTXLUHC
VHUXP DQG SODVPD FRQFHQWUDWLRQV RI PHWDEROLWHY ZHUH
LOWHUQDO VWDQGDUG DUHD RI HDFK VDPSOH XVLQJ WKH DYHUL
RI HDFK VDPSOH ZDV WKHQ FDOFXODWHG DORQJ ZLWK D IDFWRU
ZDV XVHG DV WKH LQWHUQDO VWDQGDUG IRU DOO PHWDEROLWH
XVHG :KHUH RXWOLHU VDPSOHV ZHUH REVHUYHG WKH ZKROH F
3DLUZLVH FRPSDULVRQV EHWZHHQ GLHWDU\ WUHDWPHQWYV XVHG

5 &RUH 7THDP 5 SDFNDJH pJJSXEUY ZDV XVHG IRU GDWLEL

ZDV GHHPHG WR EH VWDWLVWLFDOO\ VLIQLILFDQW

SHVXOWYV
$V WKH SULPDU\ DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH ZKHWK
ZDV WR GLHWDU\ ILEUH LQ WHUPV Rl 6&)% SURGXFWLRQ DQG DO\

WKH DQDO\VHV IRFXVHG RQ WKH FRPSDULVRQV EHWZHHQ 5D2Z %)

'U\ PDWWHU LQWDNH ZDV QRW VLIJQLILFDQWO\ DIIHFWHG E\ GLHW

RI GLHW RQ ERG\ ZHLJKW S 7TDEOH

$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\
‘'U\ PDWWHU JURVYV HQHUJ\ DQG FUXGH SURWHLQ $77' ZDV JUHD

DQG 5DZ $) GLHWV WKDQ 5DZ 3) S +RZHYHU WKH $77' RI
VLIQLILFDQWO\ DIIHFWHG E\ GLHW 7DEOH 7TU\SWRSKDQ $77

5DZ 3) GLHW S

J)DHFDO S+ VFRUH DQG RXWSXW
J)DHFDO VFRUH DQG IDHFDO RXWSXW J GD\ ZDV JUHDWHVW LQ F

7TDEOH J)DHFDO RXWSXW J '0 GD\ ZDV JUHDWHVW LQ FDWV
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5DZ $) ZKLFK ZDV VLIJQLILFDQWO\ JUHDWHU WKDQ FDWYV

S+ zbV JUHDWHVW LQ FDWV IHG 5DZ $) DQG 5Dz $) S



7TDEOH'U\ PDWWHU LQWDNH ERG\ ZHLJKW IDHFDO VFRUH S+ DQG RXWSXW IURP FDWYV

$SSDUHQW WRWDO WUDFW GLJHVWLELOOW\ $77' RI5DZ $) Q 5DZ $) Q RU 5DZ 3
VWDQGDUG HUURU Rl WKH PHDQV 6(0 DUH UHSRUWHG DORQJ ZLWK DVVRFLDWHG S YD
5DZ $) 5DZ $) 5DZ 3)
OHDQ 6(0 OHDQ 6(0 OHDQ SBYMOXH

'U\ PDWWHU LQWDNH J NJ %:
%RG\ ZHLIJKW J

)DHFEDC E E

YDHFEL D D
)DHFDO RXV E E D
)DHFDO RXWS) F E D

$SSDUHQW WRWDO WUDFW GLJHVWLELOLW\ 'O

'U\ ODWWHU D D

*URVV (QHUJ\

&UXGH 3URWHLQ D

&UXGH )DW

7U\SWRSKDQ D DE E

PEFLIIHULQJ VXEVFULSWV GHQRWH VLJQLILFDQW GLIIHUHQFHV LQ SDLUZLVH FRPSDULVRQV XVLQJ 7XNH\ P
OHDVXUHG RQ D VFDOH ZKHUHE\ LV pKDUG DQG GU\Y DQG LV uyZDWHU\ GLDUUKRHDY
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J)DHFDO RUJDQLF DFLGV
,Q WKH IDHFHV RI FDWV IHG WKH 5DZ 3) GLHW WKH FRQFHQWUL

ZDV JUHDWHU WKDQ IDHFHV IURP FDWV FRQVXPLQJ WKH 5DZ $)
7TDEOH +LJKHU IDHFDO EXW\UDWH FRQFHQWUDWLRQ
FRQVXPLQJ WKH 5DZ 3) GLHW FRPSDUHG WR 5DZ $) S
GLITHUHQFHV S ! LQ IDHFDO FRQFHQWUDWLRQV RI DQ\ RU.
5DZ $) DQG 5DZ $) 7TDEOH BULQFLSOH FRPSRQHQWYV DQD
FOXVWHULQJ RI RYHUDOO RUJDQLF DFLG SURILOHV IRU 5DZ %)

5DZ 3) )LIJXUH

JLIXUH 3ULQFLSOH FRPSRQHQWY DQDO\VLV RI RUIJDQLF DFLGYV
SUHVHQW LQ WKH IDHFHV RI GRPHVWLF FDWV IHG D 5DZ %) Q

5DZ 3) Q GLHW (DFK VDPSOH LV GHQRWHG E\ D SRLQW %O X
IURP FDWV IHG 5DZ $) RUDQJH GRWV UHSUHVHQW 5DZ $) DQG
&RUUHVSRQGLQJO\ FRORXUHG HOOLSVHV UHSUHVHQW FRQIL

DFFRXQWHG IRU E\ HDFK SULQFLSOH FRPSRQHQW LV SUHVHQWH (



7DEOHDHFDO RUJDQLF DFLG FRQFHQWUDWLRQV IURP FDWV IHG 5DZ $) Q 5DZ $) Q
VWDQGDUG HUURU RI WKH PHDQ 6(0 DUH UHSRUWHG 3RVW KRF WHVWV ZHUH XVHG Z}
SDLUZLVH FRPSDULVRQV EHWZHHQ GLHWDU\ WUHDWPHQWY 0DQQ :KLWQH\ 8 WHVW ZD\
5DZ 3) DQG 5DZ $)

5DZ $) YWDZ $) 5DZ $) YV
5DZ $) 5DZ $) 5DZ 3) 5DZ 3) YV 5DZ 35DZ $)

2UJDQLF-PRO J '0 )I OHDQ 6(0 OHDQ 6(0 OHDQ 6(0 S YDOXH S YDOXH S

$FH)
% X W)
3URSL
7TRWDO

,VREX
,VRYD
7RWDO
9DO}
IDF\t
+H[DQ -

7TRWDO 6&)$ DFHWDWH EXW\UDWH SURSLRQDWH LVREXW\UDWH LVRYDOHUDWH YDOHUDWH
7TRWDO %&)$ LVREXW\UDWH LVRYDOHUDWH
tf 1RQ SDUDPHWULF .UXVNDO :DOOLVY WHVW ZDV XVHG GXH WR ODFN RI KRPRJHQHLW\ RI GDWD
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7TD[RQRP\ RI WKH IDHFDO PLFURELRPH
$W WKH SK\OXP OHYHO WKH UHODWLYH DEXQGDQFH RI $

JUHDWHU LQ WKH IDHFHV RI FDWV IHG WKH 5DZ 3) GLHW

UHODWLYH DEXQGDQFH RI J)LUPLFXWHV )LJXUH

$W WKH VSHFLHVY OHYHO IDHFDO PLFURELDO FRPPXQLWLF
)RU H[DPSOH FDWV IHG WKH 5DZ 3) GLHW FOXVWHUHG VF
DQG 5DZ $) GLHWV )'5 YLIXUH 7KH WD[RQ ZLW
DEXQGDQFH LQ WKH IDHFHV Rl FDWV IHG W®R VA/DIZLE)L XPQ C

SHUIULQJHDWG UHVSHFWLYHO\ 7DEOH

,Q FRPSDULVRQ WKH USORWA Y HGDL KRG QRHPNY RI F
FRQVXPLQJ WKH 5DZ 3) ZDV IDU ORZHU WKDQ ERWK WK
(VFKHULFIIOVRRCDG D KLJK UHODWLYH DEXQGDQFH LQ WK
5DZ $) DQG 5DZ $) GLHWV ZKLOH LW ZDV OR

5DZ 3) GLHW )'5 7DEOH

,Q WKH IDHFHV RI WKH FDWV IHG 5DZ 3) WKH EDFWHULD
DEXQGDRIODDLYVHOOD WIFRPSDHHG WR WKH 5DZ $) DQG

GLHWYV DQG UHVSHFWLYHO\ )'5
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J)LIXUH$ EDUSORW RI SK\OXP OHYHO FKDQJHV WR WKH IDHFDO PL
5DZ $) Q 5DZ $) Q DQG 5DZ BHOQWLYGL EWYV
SK\OD DUH UHSUHVHQWHG DV D SHUFHQWDJH RI WRWDO VHTXHQF



J)LIXUH+HDW PDS
KLHUDUFKLFDO

EDFWHULDO UHO
%DFWHULDO WDII
PLFURELRPH RI

IHG 5DZ $) Q
5DZ $) Q RU 5
Q G DWW VV KR Z

JHQRWYHO +HDW
LQGLFDWH QRUPI
UHODWLYH DEXQ
JHQXV VFDOHG DFL
,QWHQVLW\ RI P
GHQRWHV QXPEH
GHYLDWLRQV DEF
LQWHQVLW\ RI EC
QXPEHU RI VWDQG
EHORZ WKH PRDQ
ULEERQ DW WKH
LQGLFDWHV GLH
5DZ 3) RUDQJH
5DZ $) DQG EOXFH
5DZ $)



7TDEOH5HODWLYH DEXQGDQFH RI EDFWHULDO WD[D PHDQ SHUFHQWDJH RI WRWDO VHT)>

Q 5DZ $) Q DQG 5DZ 3) Q GLHWV OHDQV DQG DVVRFLDWHG VWDQGDUG HUU
)DOVH 'LVFRYHU\ 5DWH )'5 DUH UHSRUWHG
5DZ $) 5DZ $) 5DZ 3)
OHDOQ 6(0 OHDQ 6(0 OHDQ 6(0 )'5

$FWLQREDFWHULD
8QFO $FWL
8QFO %LILG
8QFO &R
&ROOLQVHOC
&ROOLQVH
&ROOLQVH
&RULREDF
8QFO &RULF
8QFO &RUL
8QFO 2¢

%DFWHURLGHWHYV
8QFO $1
$OLVWLS
8QFO %DFW
8QFO %D
%DFWHURL:!
8QFO 3U
3UHYRW
3UHYRWHOOL

JLUPLFXWHYV

$OORELVWHUF
8QFO %l



5DZ $)

5DZ $)

5DZ 3)

OHDQ

6(0

OHDQ

6(0

OHDQ

6(0

8QFO ¢
%ODXWL

%ODX\0DUV 3
8QFO &C
8QFO &OR)
8QFO &OF
&ORVWULGLE
&ORVWULGLDOHV )DPL
8QFO &OfF
&ORVWULGLX
&ORVWULG]
&ORVWULGLXF
&ORVWULGLXF
&ORVWULGLX

8QFO

'RUHD VS

'RUHD VS 3
HQYLURQPHQWDO
HQYLURQPHQWDO VDPSOF
HQYLURQPHQWDO VD
8QFO (U\VLSH
8QFO (XED
8QFO (XEI
(XEDFWHUL
8QFO )LL
YJLUPLEXWHV EDF)

)'5



5DZ $)

5DZ $)

5DZ 3)

OHDQ

6(0

OHDQ

6(0

OHDQ

6(0

JLUPLFXWHV EDF)
JLUPLFXWHV EDF)
JLUPLFXWHV EDF)

8QFO )ODY
IDFKQRFO|
IDFKQRVSLUDFHDH ED
8QFO OHJ
OHJDPRQDV I

8QFO OHJI
OHJDVSKDH!I
OHJDVSKDHUD V
1HJDWLYLEDFLC
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,Q YDMVRYHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

&RPPXQLW\ PHWDJHQRPH IXQFWLRQDO JHQHV

7KH SUHGLFWHG IDHFDO PHWDJHQRPH IXQFWLRQDO JHQH SURILC
GLITHUHG EHWZHHQ GLHWV 'LVWLQFW VHSDUDWLRQ ZDV REVHL
SUHGLFWHG IDHFDO PHWDJHQRPH RI FDWV IHG 5DZ 3) FRPSDU
5DZ $) JURXSV )LJIXUH SHUPXWDWLRQ $129% RI .(** IXQFW!|
IRXQG JHQHV DVVLIQHG WR WKH NR 7TU\SWRSKDQ PHWDEROL
WKH IDHFDO PLFURELRPH RI FDWV FRQVXPLQJ 5DZ $) DQG 5DZ $)
)'5 $SSHQGL] &ROOHFWLYHO\ DW /HYHO WKLV JURX
IXQFWLRQV UHODWHG WR p7U\SWRSKDQ PHWDEROLVPY ZHUH VLJ
SDUWLFXODU JHQHV DW /HYHO REVHUYHG WKDW WKHUH ZHUH
LQGLYLGXDO HQJ\PHV ,QWHUHVWLQJO\ KRZHYHU WKH DEXQGDC(
WKH HQ]J\PH EXW\UDWH NLQDVH >(& @ ZzDV JUHDWHU LQ 5DZ
FRPSDULVRQ WR 5DZ 3)

+LHUDUFKLFDO FOXVWHULQJ RI FRPELQHG WD[RQRPLF DQG IXQF
VKRZHG JRRG VHSDUDWLRQ EHWZHHQ 5DZ 3) DQG ERWK 5DZ $)
J)LIXUH .(** RUWKRORJ /HYHO FDWHJRULHV &DUERK\GL
%LRV\QWKHVLVY RI RWKHU VHFRQ GBUD WSKDBEREY IRWHIN GFD X VW H U I
LQ VDPSOHV IURP WKH IDHFHV RI FDWV FRQVXPLQJ WKH 5DZ 3) C
5DZ $) DQG 5DZ $) IHG FDWV FG@OWRVMUHGWXBYRHY XEK DV

RUWKRORJY 7UDQVSRUW DQG FDWDEROLVP DQG S5HSOLFDWLRQ |



&KDSWHU 6L]

J)LIXUH6SDUVH SDUWLDO OHDVW VTXDUHV GLVFULPLQDQW
JHYHO IURP WKH IDHFDO VDPSOHV Rl GRPHVWLF FDWYV
Q DQG 5DZ 3) Q GLHWV %OXH GHQRWHV 5DZ $)
5DZ $) VDPSOHV DQG JUH\ GHQRWHYV 5DZ 3) VDPSOHV (DF
D VDPSOH DQG HOOLSVHV Rl WKH VDPH FRORXU UHSUHVH(



,Q YDMVRYHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

J)LIXUH$ FOXVWHUHG LPDJLQH PDS RI .(** OHYHO DQG EDFWHUL
VDPSOHV RI FDWV IHG 5DZ $) Q 5DZ $) Q RU 5DZ 3) Q

FRORXU ULEERQ EHQHDWK WKH XSSHU GHQGRJUDP LQGLEDWHYV ¢
5DZ $) LQ EOXH DQG 5DZ 3) LQ JUH\ &RORXU ULEERQ EHVLGH \
LQGLFDWHV .(** SLQN RU WD[RQRP\ EODFN GDWD ,QWHQVLW\

RI VWDQGDUG GHYLDWLRQV DERYH WKH PHDQ DQG LQWHQVLW\
VWDQGDUG GHYLDWLRQV EHORZ WKH PHDQ



&KDSWHU 6L]
$OSKD GLYHUVLW\

$OSKD GLYHUVLW\ ZDV FDOFXODWHG IRU ERWK WKH WD[R
VHWV &KDR DOSKD GLYHUVLW\ RI EDFWHULDO WD[RQRP\
FDWV WKDW FRQVXPHG 5DZ 3) LQ FRPSDULVRQ WR WKRVH
5DZ $) GLHWV S J)LIXUH $ ,Q FRQWUDVW WKH

IXQFWLRQDO GLYHUVLW\ EHWZHHQ WUHDWPHQW JURXSV

J)LIXUH &KDR DOSKD GLYHUVLW\ LQGH[ ER[SORWYV
PHWDJHQRPH .(** IXQFWLRQV IURP WKH IDHFHV RDLGRPHVW

Q RU 5DZ 3) Q GLHWV &LUFOHV GHQRWH RXNOLHU
EHWZHHQ WKH ILUVW DQG WKLUG TXDUWLOHV 7KLEFN EOD
DQG S

TU\SWRSKDQ PHWDEROLWHYV
&ROQFHQWUDWLRQV RI IDVWHG SODVPD DQG VHUXP PHWDE

DFURVV GLHW JURXSV )LJXUH DQG )LIXUH



JLIXUH%R[SORW RI SDLUZLVH FRPSDULVRQV RI IDVWHG SODVPD WU\SWRSKDQ $ LQGRC
( FRQFHQWUDWLRQV LQ GRPHVWLF FDWV IHG 5DZ $) Q 5DZ $) Q DQG 5DZ 3)
5DZ $) LV GHQRWHG LQ EOXH DQG 5DZ 3) LV GHQRWHG LQ JUH\ 7KLFN EODFN OLQH LQ



JLIXUH%R[SORW RI SDLUZLVH FRPSDULVRQV RI IDVWHG VHUXP WU\SWRSKDQ $ LQGRO}
( FRQFHQWUDWLRQV LQ GRPHVWLF FDWV IHG 5DZ $) Q 5DZ $) Q DQG 5DZ 3) Q
LV GHQRWHG LQ EOXH DQG 5DZ 3) LV GHQRWHG LQ JUH\ 7KLFN EODFN OLQH LQ WKH ER



,Q YDYRNHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

'LVFXVVLRQ
7KLV VWXG\ DLPHG WR GHWHUPLQH WKH HIIHFW RI K\GURO\VHG
PHDW GLHW LQ FRPSDULVRQ WR GLHWDU\ ILEUH RQ IDHFDO SD
RXWSXW IDHFDO RUJDQLF DFLGV DQG WKH IDHFDO PHWDJHQ
K\GURO\VHG FROODJHQ ZRXOG KDYH VLPLODU HIIHFWV WR GLHW
RI $77' IDHFDO VFRUH IDHFDO RXWSXW DQG WKH IDHFDO PLFU
QRW HTXDO WR GLHWDU\ ILEUH +RZHYHU IDHFDO EXW\UDWH FR
WKH WUHDWPHQWY DQG WKH IXQFWLRQDO GLYHUVLW\ RI WKH
VLIQLILFDQWO\ GLITHUHQW 7KHUHIRUH $')6 GLG QRW FRQIHU W

GLHWDU\ ILEUH KRZHYHU LW ZDV IHUPHQWHG E\ WKH PLFURELRI

$')6 DV D GLHWDU\ ILEUH
'LHWDU\ ILEUH W\SLFDOO\ LQIOXHQFHYV VDWLHW\ DQG GHFUHDVH

DQG VWRRO FRQVLVWHQF\ <DQJ HW DO ,Q &KDSWHU 7ZR
WR D KLJK SURWHLQ UDZ PHDW GLHW GHFUHDVHG $77' DQG LQFU
FUXGH SURWHLQ DQG GU\ PDWWHU $77' ZDV JUHDWHU LQ WKH F
5DZ $) GLHWV 7KLV FRUUHODWHG ZLWK D ORZHU IDHFDO RXWSX
FRQVXPLQJ WKH 5DZ 3) ERWKF'0 DQGEDWRQ BRFASOWEXRQ WR

J GD\ DQG D IDHFDO VFRUH RI WKHVH FDWV 6LPLODUO\ SRV
GHIHFDWLRQ IUHTXHQF\ LQ FDWV FRQVXPLQJ 5DZ $) DQG 5DZ $)
WKRVH FRQVXPLQJ 5DZ 3) 7RJHWKHU WKHVH ILQGLQJV LQGLI
K\GURO\VHG FROODJHQ GLG QRW DFW DV D W\SLFDO GLHWDU\ IL
+RZHYHU IDHFDO EXW\UDWH FRQFHQWUDWLRQV ZHUH VLPLODU
5DZ 3) VXJJHVWLQJ WKDW WKH 5DZ $) ZDV IHUPHQWHG LQ D V

ILEUH 6LPLODUO\ 'HE &KRXGKXU\ HW DO REVHUYHG QR Gl



&KDSWHU 6L]

FRQFHQWUDWLRQV EHWZHHQ GRPHVWLF FDWV IHG D FDQC
ZRRO K\GURO\VDWH ZW ZW LQFOXVLRQ
$')6 DQG WKH IDHFDO PHWDJHQRPH

7KH IDHFDO PHWDJHQRPH RI FDWV FRQVXPLQJ 5DZ 3) ZC
FRQVXPLQJ 5DZ $) DQG 5DZ $) ERWK WD[RQRPLFDOO\ DC
DOSKD GLYHUVLW\ ZDV ORZHU LQ WKH FDWV IHG WKH 5DZ
5DZ $) DQG 5DZ $) GLHWV 7KLV ILQGLQJ VXJIJHVWYV WKDW
DEOH WR XWLOLVH SODQW GHULYHG VXEVWUDWHY DQG V
DW WKH H[SHQVH RI RWKHUV +RZHYHU DVVHVVPHQW RI I}
EHWZHHQ WKH GLHWDU\ WUHDWPHQWY LOOXVWUDWLQJ W

WR SHUIRUP WKH UHTXLUHG IXQFWLRQV

7KH GLIIHUHQWLDO HIIHFWV EHWZHHQ IXQFWLRQDO DQG \
SUHYLRXVO\ ORRQ HW DO 7KHVH DXWKRUV REVHUY
WKH IDHEDO PLFURELRPH RI GRJV FRQVXPLQJ D KLJK SUR
KLJK FDUERK\GUDWH GLHW ORRQ HW DO <HW WKH |
GLYHUVLW\ ZKHUHE\ WKH IDHFDO PLFURELRPH RI WKH KL
GLYHUVLW\ %RWK WKHVH VWXGLHV KLJKOLJKW WKH YD
WD[RQRPLF GLYHUVLW\ FRQFXUUHQWO\ +RZHYHU QHLWKI
IXQFWLRQV WKDW DUH GLIIHUHQW EHWZHHQ WKH WUHDW
VSHFLILF FKDQJHV LQ WKH PLFURELRPH DQG LWV DVVRFL
LQVLJIKWYV
&ORVWULGLXPDSBUMKH GHRREWVWLF FDW

&ORVWULGLXKBEUWKHQIWWIVWHVYW UHODWLYH DEXQGDQFH
DQG 5DZ $) IHG FDWV FRPSULVLQJ XS $HRU | U LRI WDAVX HQF

HOWHULF SDWKRJHQ EHFDXVH RI WKH DUUD\ RI HQWHUR)



,Q YDYRNHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

VIPSWRPV UDQJLQJ IURP GLDUUKRHD WR KDHPRUUKDJLF HQWH!I
/IREDWR +RZHYHU QR VWXGLHV WRSEHLDWMH §WHKEOAIVGLUHFWO\
GLDUUKRHD RU HQWHULWLY LQ GRPHVWLF FDWV 6DEVKLQ HW D
IDHFHV DQG ZLWK GLDUUKRHD ZKLFK ZHUH UHVLGHQW LQ DQ
3&5 7KH DXWKRUV REVHUYHG WKDW WKH& HSAHDM QLR GHOQIHUHQFH
RFFXUUHQFH ZLWK DSSUR[LPDWHO\ KDOlI WKH FDWV LQ HDFK JUR
6LPLODUO\ YDULRXV DXWKRUV DVVHVVLQJ FOLHQW RZQHG
%UD]LO DQG $XWW S$BOLOWURRIGMKWMHOHFHY RI FDWV ERWK ZLWK D
GLDUUKRHD 4XHHQ HW DO EOYDUH] 3pUH] HW DO 3DX
6LOYD HW DIKOHUHIRUH LW LV SR&VEBHUHUWMKIBMOQMQ FDWYV
FRPPHQVDO EDFWHULXP DQG LQFUHDVHV LQ UHODWLYH DEX

FRQVXPSWLRQ RI KLJK SURWHLQ GLHWYV

7KH UHD VRHU IUGRBWQWRW DSSHDU WR GLUHFWO\ FDXVH GLVHDYV
XQNQRZQ +RZHYHU &DWHBIHWIHAMIDRQ GHSHQGDQW .LX DQG
OHWDJHQRPLF VHTXHQFLQJ DV XQGHUWDNHQ LQ WKLV VWXC
OHYHO UHVROXWLRQ WR GHWHUPLQH H[DFWO\ ZKLFK VWUDLQV |
WKH QH[W VWHS FRX®G SHUWMR/ @KHDYYFWHARRPSBHWH VHTXHQFLQ
JHQRPHVY DQG FXOWXULQJ ZKLFK DUH SUHVHQW ZLWKLQ WKH |
SURWHLQ UDZ PHDW GLHWV &ODVVLILFDWLRQ RI WKH WR[LQV S
HIITHFW LQ WKH FDWYV FRORQLF HQYLURQPHQW ZRXOG DOVR EH
GLVHDVH VWDWHY RFFXU 1HY HUWK HMHM YH QRVBRRDGOLL BHK SRV W X (
FDWV DV REOLJDWH FDUQLYRUHV FRQVXPLQJ KLJK SURWHLQ GLF
VIVWHP JDVWURLQWHVWLQDO SK\WLRORJ\ DQG LQWHUDFWLRC

FOLQLFDO GLVHDVH



&KDSWHU 6L]

,Q WKLV VWXG\ IDHFDO EXW\UDWH FRQFHQWUDWLRQV ZF
5DZ $) DQG 5DZ 3) GLHWV % XW\UDWH SURGXFWLRQ E\ FD
EXW\UDWHXMWNLRQ@QNHZKLFK LV BRV$RPLDWHMHDI® WK/ DO

WKH FXUUHQEXMWKEH WKXWH PRUH HQULFKHG LQ WKH FDW
5DZ $) GLHWV FRPSDUHG WR WKH 5DZ 3) GLHW 7KHUHIRU
SUHVHQW LQ WKH IDHFHV RI WKHVH FDWV PD\ BRH EHFDXV

SHUIULQJHQV

7TKH SURSHUWLHV RI GLHWDU\ ILEUH FDQ EH FODVVLILH
JDVWURLQWHVWLQDO WUDFW DV ZHOO DV WKH HIIHFW R(
SURGXFWV 7KHUHIRUH WKH VLPLODU EXW\UDWH FRQFHQ)
WKH 5DZ $) DQG 5DZ 3) GLHWV VXJJHVW WKDW LQFOXV!
KLJK SURWHLQ UbDZ PHDW GLHW DFWHG DV D GLHWDU\ ILE

LOWHUDFWLRQ EHWZHHQ WKH KRVW DQG GLHW LV PXOWLI

7TU\SWRSKDQ PHWDEROLWHYV
,Q WKLV VWXG\ QR GLIITHUHQFHYVY EHWZHHQ FLUFXODWLQJ

7KHUH ZDV QR GLIIHUHQFH LQ GLHWDU\ OHYHOV RI WU\S)\
ZKLFK PD\ H[SODLQ WKH VLPLODU FLUEXODWLQJ FRQFt
PHWDEROLWHY ,W LV SRVVLEOH WKDW IDHFDO WU\SWRSK
E\ GLHW DV FKDQJHV ZHUH REVHUYHG WR ERWK WKH $7
SUHGLFWHG IXQFWLRQ u7U\SWRSKDQ PHWDEROLVPY LQ W
EDFWHULD PD\ KDYH UHVSRQGHG WR WKH FKDQJHV LQ WU
ZDV DQ LQFUHDVHG UH@O DPRICYHWBEX DGFMNHRRIFDWV FRQ
5DZ $) DQG 5DZ $)( GIROEVVHVVHV WKQHZKIOAKPHFRQYHUW YV

WU\SWRSKDQ WR LQGROH /L DQG <RXQJ VXJIJHVWLG



,Q YDYRNHVVPHQW RI DQ DQLPDO GHULYHG IHUPHQWDEOH VXEVW

KDYH EHHQ SUHVHQW LQ WKH FRORQLF OXPHQ KRZHYHU WKLYV

VWXG\

,Q WKLV VWXG\ LW ZDV K\SRWKHVLVHG WKDW WKH FROOHFWLY
IDHFDO PLFURELRPH REVHUYHG LQ &KDSWHU 7ZR ZRXOG EH

FRQFHQWUDWLRQV Rl FLUFXODWLQJ +7 +RZHYHU +7 ZDV QRW
WKH GLHW JURXSV LQ HLWKHU SODVPD RU VHUXP 7KLV PD\ EH E
ZHUH RFEXUULQJ ZLWKLQ WKH JDVWURLQWHVWLQDO WUDFW DQGC
WRR ORZ WR GHWHFW LQ WKH VWXG\ +7 FRQFHQWUDWLRQV DU
VWUHVV DQG SKRWRSHULRG 7KHVH YDULDEOHV ZHUH FRQWURC
VWXG\ VDPSOLQJ RFFXUULQJ DW WKH VDPH WLPH RQ HDFK PRU(
HDFK RWKHU VR WKDW WKH\ ZRXOG UHFHLYH WKH VDPH DPRXQW
ZDV SHUIRUPHG E\ WKH VDPH VWDII IDPLOLDU WR WKH FDWV WR

Rl +7 LV QRWRULRXVO\ FKDOOHQJLQJ DV LW LV XQVWDEOH DQG
FKDQJHV LQ WHPSHUDWXUH DQG LV DOVR SUHVHQW LQ YHU\

%DQGLHUD

&RQFOXVLRQ

,Q FRQFOXVLRQ WKH DGGLWLRQ RI $')6 WR D KLJK SURWHLQ UL
VDPH PDQQHU DV GLHWDU\ ILEUH 7KH IDHFDO PHWDJHQRPH RI
K\GURO\WVHG FROODJHQ KDG JW&H 3W H WILIHBQWLDA HH DPEXDMIGD Q FH R
WKH VLPLODU FRQFHQWUDWLRQ RI IDHFDO EXW\UDWH REVHUYH«
$77' DQG .(** SDWKZD\ WU\SWRSKDQ PHWDEROLVP QR VLJQLIL
REVHUYHG LQ FLUFXODWLQJ WU\SWRSKDQ PHWDEROLWHY +RZH
DQG IDHFDO EXW\UDWH WKLV VWXG\ SURYLGHV WKH EDVLV IRU

SRWHQWLDO XVH RI $')6 LQ SHW IRRG









*HQHUDO 'LVFEFXVVLRQ






*HQHUDO 'LVFXVVLR

*HQHUDO 'LVFEXVVLRQ
7KH LQFOXVLRQ Rl GLHWDU\ ILEUH LV WKRXJKW WR EHQH
'LUHFW HIIHFWV LQFOXGH DOWHULQJ WKH ELQGLQJ RI QX
JHOV ZKLFK LQFUHDVH IDHFDO ZDWHU FRQWHQW 7KHVH
GLHW $77' )HNHWH HW DO DQG VWRRO FRQVLVWHQ
WKURXJK FKDQJHV WR WKH JDVWURLQWHVWLQDO PLFURE
ZKLFK UHVXOW LQ FKDQJHV LQ WKH IHUPHQWDWLRQ
FRQFHQWUDWLRQV DQG LQ SDUWLFXODU EXW\UDWH ZKLF

KHDOWK %DUU\ HW DO SRFKXV HW DO E

'‘RPHVWLF FDWV DUH REOLJDWH FDUQLYRUHV DQG KDYH
DPRXQWYV RI SURWHLQ DQG IDW LQ WKHLU GLHW ZLWK PLC
LQFOXGLQJ GLHWDU\ ILEUH ,Q WKH ZLOG IHUDO FDWV FR
3O0DQWLQJD HW DO 7KLV UDLVHV WKUHH TXHVWLRQ
6HFRQGO\ FDWV PD\ QRW UHTXLUH GLHWDU\ ILEUH EXW
XWLOLVH LW FRQIHUULQJ EHQHILFLDO HIIHFWV RQ JDVWU
WR REWDLQ WKH SRVLWLYH DWWULEXWHYV RI GLHWDU\ IL
7TKHUHIRUH WKH RYHUDOO DLP RI WKLV WKHVLV ZDV WE
FRPSDUHG WR $')6 ZKHQ DGGHG WR D KLJK SURWHLQ UDZ
DGGLWLRQ , DLPHG WR DVVHVV ZKHWKHU $')6 FRXOG IXC

ILEUH LQ FDW GLHWYV

7KH HIITHFWV RI FDWV FRQVXPLQJ D FRPSOHWH DQG EDOD
ODUJHO\ XQNQRZQ 7KHUHIRUH WKH ILUVW REMHFWLYH R
RI GLHWDU\ ILEUH LQFOXVLRQ FHOOXORVH DQG LQXO

GLHW , REVHUYHG WKDW WKH DGGLWLRQ RI GLHWDU\ ILEL



*HQHUDO 'LVFXVVLRQ

DQG LQFUHDVHG IDHFDO RXWSXW EXW WKHUH ZDV QR VLJQLIL!
FROQFHOQWUDWLRQV 7KH IDHFHV SURGXFHG IURP FDWV FRQVXPLC
VFRUH 3RVW KRF DQDO\VLV VKRZHG WKDW GHIHFDWLRQ IUHTXH
WKH LQFOXVLRQ RI GLHWDU\ ILEUH VXJJHVWLQJ WKDW WUDQVL

FRXOG EH DIIHFWHG E\ GLHW

7KH WD[RQRPLF DQG PHWDJHQRPH FRPSRVLWLRQ RI WKH IDHFDO
E\ WKH LQFOXVLRQ RI GLHWDU\ ILEUH LQFUHDVLQJ WKH UHOD)
SUHYRI/@®G OV SKDKHLWFIXK DUH NQRZQ IHUPHQWHUV RI FRPSOH[ FDU
JLOLSSR HW DO 6KHWW\ HW DO 6HFRQGO\ , DLPHG W|
FDWV IHG WKH 5DZ GLHW VXSSOHPHQWHG ZLWK GLHWDU\ ILEUH
DYDLODEOH NLEEOH .LEEOH FRQWDLQLQJ D VLPLODU DPRXQW
WKDW WKH LQFOXVLRQ RI GLHWDU\ ILEUH LQ D 5DZ GLHW VKLIWF
EHWZHHQ WKH .LEEOH DQG 5DZ GLHWV :KLOH WKHUH ZHUH ODU
WKHUH ZHUH UHODWLYHO\ IHZ FKDQJHV LQ IDHFDO RUJDQLF DFL
GLHWDU\ ILEUH LQFUHDVHG WKH UHODWLYH DEXQGDQFH RI VDF
IDHFDO RXWSXW WKHUHIRUH DFWLQJ LQ WKH VDPH PDQQHU LC
IRUPDW $GGLWLRQDOO\ FKDQJHV LQ WU\SWRSKDQ PHWDEROLF
PHWDJHQRPH ZHUH REVHUYHG 2YHUDOO WKLV VXJIJHVWHG WKL
GLHWDU\ ILEUH DQG LQFOXVLRQ UDWHYV RI FHOOXORVH DQG

VFRUH DQG GHIHFDWLRQ IUHTXHQF\

,Q KXPDQV WKH JDVWURLQWHVWLQDO PLFURELRPH DOWHUV UDS
'‘DYLG HW DO E KRZHYHU LW LV XQNQRZQ LI WKLV LV WUX
FROOHFWHG LQ &KDSWHU 7ZR RQ GD\ ZHUH DVVXPHG WR EI
FRQVXPHG E\ WKH FDW +RZHYHU DV VDPSOHV ZHUH FROOHFWF

XQNQRZQ KRZ TXLFNO\ WKH JDVWURLQWHVWLQDO PLFURELRPH



*HQHUDO 'LVFXVVLR

UHVSRQVH WR GLHW FKDQJH 7KHUHIRUH LQ &KDSWHU
PLFURELRPH RYHU WKUHH WLPH SRLQWV DV FDWV WUDQ\
KRZ TXLFNO\ WKH PLFURELRPH VWDELOLVHG , REVHUYHG
WKH WLPH WDNHQ IRU WKH PLFURELRPH WR VWDELOLVH

IHG WKH .LEEOH GLHW VWDELOLVHG E\ GD\ WKH IDHFDC
GLHWYV VWDELOLVHG E\ GD\ +RZHYHU WKH IXQFWLRQ
WKHUHIRUH , GHFLGHG WR FRQWLQXH WR XVH GD\ DV

VDPSOHYV

J)DHFHVY DUH XVHG DV SUR[\ IRU WKH FRORQLF PLFURELF
+RZHYHU ZDLWLQJ IRU GHIHFDWLRQ WR FROOHFW D IUH
SURFHVV Ob5HFWDO VZDEV DUH FRPPRQO\ XVHG FOLQLFD
(VFKHULF KL@GEFRFORLQ/BDAWB QEDFK HW DO /HLWH 0DUW
$JJD HW DO DV VDPSOHV FDQ EH WDNHQ DW DQ\ WL
WD[RQRPLF FRPSRVLWLRQ RI D UHFWDO VZDE UHSOLFDWH
DLP RI &KDSWHU )RXU ZDV WR GHWHUPLQH ZKHWKHU WKH
UHFWDO VZDEV ZDV FRPSDUDEOH WR IDHFDO VDPSOHV W
PLFURELRPH ZRXOG FRUUHODWH ZLWK WKH IDHFDO PLFU
VZDEELQJ GLG QRW UHSUHVHQW WKH IDHFDO PLFURELRP
UHSUHVHQWDWLYH RI WKH UHFWDO PXFRVD 7KHUHIRUH

FRQWLQXHG WR EH XVHG

,Q RUGHU WR FRPSDUH $')6 WR GLHWDU\ ILEUH , ILUVW (
$')6 KDG WKH SRWHQWLDQ QVR ISR WW WG ) IHNVWHD DL RHEUWR D
IHUPHQWDELOLW\ RI D YDULHW\ RI $')6 LQ RUGHU WR LGH
SURGXFHG D EHQHILFLDO RUJDQLF DFLG SURILOH LQFUH

IRU XVHQQYWVRG\ 7KH IHUPHQWDWLRQ RI KA\GURO\VHG FR(



*HQHUDO 'LVFXVVLRQ

EXW\UDWH FRQFHQWUDWLRQV EXW RQO\ ZKHQ IHUPHQWHG ZLW
FRQVXPLQJ KLJK GLHWDU\ SURWHLQ 3' ,Q FRQWUDVW ZKHQ
FRQVXPLQJ KLJK OHYHOV RI GLHWDU\ FDUERK\GUDWH &' IHUPH
FDW KDLU VXEVWUDWHY SURGXFHG WKH JUHDWHVW FRQFHQWUI
VXEVWUDWH IHUPHQWDWLRQ GHSHQGHQW RQ LQREXOXP FKRLFI
5LEKDUGVRQ HW DO DQG PRVW OLNHO\ UHIOHFWV D PLFI

HLWKHU SURWHLQ IHUPHQWHUV 3' RU FDUERK\GUDWH IHUPHQW

JURP WKH ILQGLQJV LIQQ&KVERMGN\UZLW 6 HVQJQHG WR FRPSDUH WK
RI LQFOXVLRQ RI $')6 K\GURO\VHG FROODJHQ LQ FRPSDULVRQ
FHOOXORVH LQ D KLJK SURWHLQ UDZ PHDW GLHW RQ IDHFDO ¢
IDHFDO RUJDQLF DFLGV DQG WKH IDHFDO PHWDJHQRPH &KDSWH
FRQVXPHG WKH 5DZ GLHW WKHLU IDHFDO PHWDJHQRPH KDG D
DVVRFLDWHG ZLWK .(** RUWKRORJ 7U\SWRSKDQ OHWDEROLVP
FRQWDLQLQJ GLHWV 7KHUHIRUH FRXSOHG ZLWK WKH FKDQJHV F
VEFRUH WU\SWRSKDQ DQG LWV PHWDEROLWHY ZHUH LQYHVWLJD
GLHWV ZHUH KLJKO\ GLJHVWLEOH EXW WKH IDHFDO PHWDJHQF
K\GURO\WVHG FROODJHQ GLHWV ZHUH GLVWLQFW WR WKRVH FRQ\
IHUPHQWHG DQG SURGXFHG RUJDQLF DFLGVY DOWKRXJK ZKLOH
SURGXFHG WKURXJK WKH IHUPHQWDWLRQ RI GLHWDU\ ILEUH EX
EHWZHHQ GLHWVY ,Q DGGLWLRQ WU\SWRSKDQ PHWDEROLWHYV

EHWZHHQ GLHW JURXSV

7KH RYHUDOO DLP RI WKLV WKHVLV ZDV WR H[DPLQH WKH HIIHF
$')6 ZKHQ DGGHG WR D KLJK SURWHLQ UDZ PHDW GLHW LQ WKH C
ORZHU IDHFDO RXWSXW WKDQ GLHWDU\ ILEUH DQG KLJKHU $77'

VXEVWUDWHYV E\ WKH SK\VLFDO HIIHFW WKH\ HITHUW RQ WKH FRO



*HQHUDO 'LVFXVVLR

DFW LQ WKH VDPH PDQQHU DV GLHWDU\ ILEUH 7KH IDHFD
ILEUH ZDV DOVR GLVWLQFW WR WKRVH FRQVXPLQJ $')6 +
WKH IDHFDO PLFURELRPH ZDV QRW VLJQLILFDQWO\ GLII!
FRPSRVLWLRQ RI WKH PLFURELRPH ZDV GLIIHUHQW WKt}
IXQFWLRQDO SRWHQWLDO )LQDOO\ $')6 ZDV IHUPHQWHG

ZHUH REVHUYHG EHWZHHQ WKH 5DZ $) DQG GLHWDU\ IL
LQFOXVLRQ RI K\GURO\VHG FROODJHQ WR D KLJK SURWHL
7RIHWKHU WKHVH ILQGLQJV VXJIJHVW IXUWKHU LQYHVWLJ

RI $')6 LQ SHW IRRG IRU GRPHVWLF FDWYV

)XWXUH SHUVSHFWLYHV
2QH RI WKH OLPLWDWLRQV RI WKLV WKHVLV LV WKH TXDC

WKHLU UHODWLYH LPSRUWDQFH LQ WKH GRPHVWLF FDW 7
LQ D IDHFDO VDPSOH LV D FRPELQDWLRQ RI WKH WLPH WL
WKH DFWXDO SURGXFWLRQ RI 6&)% IURP WKH FRORQLF PL
IDFWRUV LQFOXGLQJ WKH $77' DQG FRPSRVLWLRQ RI WKH
Rl WKH PLFURELRPH TKHUHIRUH XQGHUVWDQGLQJ ZK
FRQFHQWUDWLRQ LV GLUHFWO\ RU LQYHUVHO\ SURSRUW
FRQFHQWUDWLRQV RI RUJDQLF DFLGV XWLOLVHG E\ WKH

ZRXOG EH DQ LPSRUWDQW DUHD RI IXUWKHU UHVHDUFK

$GGLWLRQDOO\ LQFUHDVHG EXW\UDWH FRQFHQWUDWLRQ
RI ERWK GLHWDU\ ILEUH DQG $')6 ,QFUHDVHG IDHFDO EX\
RI EHQHILW WR WKH KRVW EHFDXVH EXW\UDWH DFWV DV C
PRGHOV VXFK DV KXPDQV DQG PLFH 7KLV KDV QRW \HW
VXFK DV WKH FDW ,QGHHG SURSLRQDWH LV D JOXFRQI

LPSRUWDQFH LQ WKH FDW 9HUEUXJJKH HW DO DQ



*HQHUDO 'LVFXVVLRQ

HSLWKHOLDO EDUULHU IXQFWLRQ LQ KXPDQV DQG PLFH PRGHOV
IXOO\ DVVHVV WKH UROH RI GLIIHUHQW IHUPHQWDWLRQ HQG SU
WKH FDW D VSHFLHV VSHFLILF DSSURDFK LV UHTXLUHG VXFK

DQDORJRXV WR WKDW UHFHQWO\ HVYWDEOLVKHG LQ WKH GRJ )D!

OXFK Rl ZKDW LV NQRZQ RI WKH FDWYTV JDVWURLQWHVWLQDO PLF
GLHW LV EDVHG RQ NQRZOHGJH IURP KXPDQV URGHQWVY DQG GR
UHTXLUHPHQW IRU D VSHFLHV VSHFLILF DSSURDFK WR JDWKHL
IXQFWLRQ RI WKH JDVWURLQWHEWSBDQ PQFHQEDERHS DY H[DPS

D NH\ UROH LQ GRPHVWLF FDW KHDOWK FRQWUDU\ WR FXUUHQW

)XUWKHU pRPLEV WHFKQRORJLHV VXFK DV WUDQVEULSWRPLFV
XQGHUVWDQGLQJ RI ZKLFK JHQHY DQG SURWHLQV DUH DFWLYHC
+RZHYHU WKH LQWHUDFWLRQ EHWZHHQ WKH JDVWURLQWHVWLQ
FRPSOH[ DQG LQWHUSUHWDWLRQ RI FKDQJHVY REVHUYHG LQ UHO
$V ZLWK KXPDQV =RX HW DO DQG UXPLQDQWY 6HVKDGUL |
WUXH IXQFWLRQ RI WKH PLFUREHV VSHFLILFDOO\ SUHVHQW LQ W
IXOO PLFURELDO JHQRPHV PXVW EH LGHQWLILHG DQG VSHFLHV
IXO0\ XQGHUVWDQG WKH GRPHVWLF FDW JDVWURLQWHVWLQDO P

EH HVWDEOLVKHG



5SHIHUHQFHYV






SHIHUHQFHYV

$$)&2 21ILFLDO 3XEOLFEPMLURQ ,/ $$)&2 3XEOLFDWLR

$JJD * ( $UWKXU 70 B6FKPLGW -: :DQJ 5 DQG %ULI
'LDJQRVWLF DFFXUDF\ Rl UHFWRDQDO PXFRVDO VZDE
HQXPHUDWLRQ RI VDAXRQBOORD HRRGHBURWHFWLRQ

GRL [ MIS
$JXV $ 30DQFKDLV - DQG 6RNRO + *XW PLFURE
PHWDEROLVP LQ KHROWX DFRMGN GLYHMUWRIEH GRL
M FKRP
$LUG ' BRVV 0 * &KHQ : 6 'DQLHOVVRQ 0 )HQQHOC
$QDO\]LQJ DQG PLQLPL]LQJ 3&5 DPSOLILFDWLRQ EL]
OLEUPHQRFH %LRORJ\ GRL JE U

$OEHQEHUJ / (VLSRYD 79 -XGJH & 3 %LWWLQJHU .
&RUUHODWLRQ EHWZHHQ LQWUDOXPLQDO R[\JHC
RI LQWHVWLQDO*DFWUIRREQWRWDRORJ\ H
GRL M JDVWUR
$0J\D .0 &URVV 7 :/ J/HXFN .1 .DVWQHU O ( %DED
$SSDUHQW WRWDO WUDFW PDFURQXWULHQW GLJHVWL
IHFDO FKDUDFWHULVWLFV PHWDEROLWHY DQG PLFU
PLOGO\ FRRNHG {RX® QDI BILYYMPRO 6FNNQFHGRL
MDV VN\
$0J\D .0 &URVV 7 :/ [/HH $+ /\H / GH *RGR\ 05 &
JHFDO PLFURELRWD DQG PHWDEROLWHY RI DG)
FRRNHG D QGRXUZ G DHRMVSQLPDRSEAMRMHFGW GRL
DVDVDQQ
$OWRPDUH $ 3XWLJQDQL / 'HO &KLHULFR ) &RFFD 6
*XW PXFRVDO DVVRFLDWHG PLFURELRWD EHWWF
GLVHDVH GLIIHUHQWLDO SDWMWHYNYWKDQGDH¥FBO R
GRL M GOG
EOYDUH] 3pUH] 6 %ODQFR -/ +DUPDQXV & .XLMSHU
'DWD IURP D &OXRWW U RG L X PD §FEUR V MQUILHIQL W R HGSLG LLFL O H
E\ GRJV DQG FDWV LQ WKH ODGULG UHJLRQ 6SDLQ L
FKDUDFWHULVWLFV RI 'DWBRYUHGLHVROBRHYV

M GLE

$QDQG 6 .DXU + DQG ODQGH 6 6 &RPSDUDWLYH
SURGXFWLRQ SDWKZD\V LQ JXW FRPPOGVBOV DD C
OLFURELRORJGRL IPLFE

$UFKHU 6 < OHQJ 6 6KHL $ DQG +RGLQ 5 $ S

EXW\UDWH PHGLDWHG JURZWK LQKLBUWERG RIQKXPPIQ
WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV Rl WKH 8QLWHC

GRL SQDV
$URUD 7 6KDUPD &5 DQG )J)URVW * SURSLRQDW
HQKDQFL QYSI®HWIRW H GRL M DSSHW
$UusbDLD 1 &DPSEHOO & )DQ ; 'LNL\ 6 YDQ GHU 9HHN

OHWDEROLWHYV SURGXFHG E\ FRPPHQVDO EDFWHULD
FHOO JHQBWXWHRQ GRL QDWXUH



$WDUDVKL . 7DQRXH 7 ©6KLPD 7 ,PDRND $ .XZDKDUD 7 OF
,QGXFWLRQ RI FRORQLF UHJXOORWRNY FBESBRR BN EHLQGLIJHQRX

1HZ <RUN 1 < GRL VFLHQEH
%DGDZ\ $ % 30DVPD IUHH WU\SWRSKDQ UHYLVLWHG ZKD
EHIRUH PHDVRNUQDAWI 3V\FKRSKDUPDFR GRL
%DGDZ\ $ $ ANQXUHQLQH SDWKZD\ Rl WU\SWRSKDQ PHWDE
IXQFWLRQDO, QDAHSHFDWLRQDO -RXUQDO Rl 7U\SWRSKDQ &
GRL
%DKO 0, %HUJVWURP $ DQG /LFKW 75 JUHH]LQJ IHFD

H[WUDFWLRQ DIIHFWV WKH JLUPLFXWHYV WR %DFWHURLGHWH
TXDQWLWDWLYH (8850 DIRRDRENVR®RJI\ /HWWHUGRL
M [
%DMDM -6 +\OHPRQ 3 % G5LGORQ -0 +HXPDQ '0 'DLWD .
&RORQLF PXFRVDO PLFURELRPH GLIIHUV IURP VWRRO |
DQG KHSDWLF HQFHSKDORSDWK\ DQG LV OLQNHG WR FRJ
$PHULFDQ -RXUQDO RI 3K\WLRORJ\ *DVWURLQWHVWLQDO DQ
x GRL DMSJL
%DQVDO 7 $0ODQL] 5& :RRG 7. DQG -D\DUDPDQ $ 7
LQGROH LQFUHDVHY HSLWKHOLDO FHOO WLJKW MXQFWLRQ
RI LQIODPPURFIHRIGLQJIV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHC

6WDWHV RI $PHULFD GRL SQDV
%DUFHQLOOD $ 3U\GH 6 ( ODUWLQ - & 'XQFDQ 6 + 6WHZD
DO SK\ORJHQHWLF UHODWLRQVKLSV RI EXW\UDWH SU

KXPDQ$BSMLHG DQG (QYLURQPHQWDO OLFURELRORJ\

%DUU\ .$ +HUQRW '& OLGGHOERV , 6 )JUDQFLV & 'XQVIRL
DO /IRZ OHYHO IUXFWDQ VXSSOHPHQWDWLRQ RI GRJV H
DQG PRGLILHV VWRRO PHWDEROLWH FRQFHQWUDWLRQV EX\
SRSXODWRRQE@DO RI $QLPDO 6FLHQFH GRL

MDV
%DUU\ .$ OLGGHOERV ,6 O9HVWHU %ROHU % 0 'RZG 6 (
+HQULVVDW % HW DO (IITHFWV Rl GLHWDU\ ILEHU RQ
PHWDJHQRRHQDO RI 3URWHRPH B5HVHDUF&RL
Su
%DUU\ .$ :RMFLFNL % - OLGGHOERV , 6 9HVWHU % 0 6ZC
* &  -U 'LHWDU\ FHOOXORVH IUXFWRROLJRVDFFKDUL
IHFDO SURWHLQ FDWDEROLWHY DQGRRURDRERD ® BRI DWLR
6FLHQFH GRL MDV
%DVVLV & 0 ORRUH 10 /RODQV . B6HHNDW] $0 :HLQVWHLQ
DO &RPSDULVRQ Rl VWRRO YHUVXV UHFWDO VZDE VDP
RQ EDFWHULDO FRPPMOQLWLFIREILROMRI\ GRL
v
%DXJKQ $' DQG ODODP\ 0 + % DFRAHH U\ UG RMR ZINPD H O RE H
LQ DQG EHQHILWYV IURP QDQRPRIODWXFRQFHQWUDWLRQV RI R]
GRL QDWXUH

%HDVOH\ ' ( .ROW] $ O IDPEHUW - ( JLHUHU 1 DQG '"XQC
HYROXWLRQ RI VWRPDFK DFLGLW\ DQG LWANABGHOHYDQFH WR
21( H GRL MRXUQDO SRQH

%HORVKDSND $1 'RZG 6 ( 6 XFKRGROVNL -6 6WHLQHU -0
. 6 JHFDO PLFURELDO FRPPXQLWLHV RI KHDOWK\ DGX



EDVHG GLHWYV ZLWK RU ZLWKRXW LQXOLQ RU \HDVW F
S\URVHTXHQFEQDLFURELRORJ\ (FRORJ\ GRL

%HUPLQJKDP (1 .LWWHOPDQQ 6 <RXQJ : .HUU . 5 ¢
DO D 3RVW ZHDQLQJ GLHW DIIHFWV IDHFDO PL
VHOHFWHG DGLSRVH JHQHOL[Y IBBPYWARIQ LQ WKH FDW

%YHUPLQJKDP (1 ODFOHDQ 3 7KRPDV "* &DYH 1 - D
EDFWHULDO IDPLOLHV &ORVWULGLDFHDH (U\WLSHOR
UHODWHG WR WKH GLIJHVWLRQ BHBURWHLQRDRDQG HQ

SHHUM
%HUPLQJKDP (1 "HLGJUDDI . +HNPDQ O 5R\ 1 &
7TKRPDV ' * E 6HDVRQDO DQG DJH HIIHFWV RQ

GRPHVWLF VKRUW LK/DED@FDWYWH P S H U D W R XHI@YDLQJ RO P H C
$QLPDO 3K\WLRORJ\ DQG $QLPDO 1XWULWRRQ %H
M [

%HUPLQJKDP (1 <RXQJ : %XWRZVNL &) ORRQ &' O0
' HW DO 7KH IHFDO PLFUREWHONLD EQWMXKH GF
LQIOXHQFHG E\ LQWHUDFWLRQV EHWZHHQ DJH DQG G
JURQWLHUV LQ OLFURSRIRORJ\ IPLFE

%HUPLQJKDP (1 <RXQJ : .LWWHOPDQQ 6 .HUU .5 ¢
DO F 'LHWDU\ IRUPDW DOWHUYV IHFDO EDFWHULEL
YHOLV FORLWUNRELRORJ\ 2SHQ GRL PER

%HUWUDQG 5/ B6HQDGKHHUD 6 ODUNXV , /LX / +RZI
‘HVWHUQ 'LHW ,QFUHDVHV 6HURWRQLQ $YDLODELO
(QGRFULQRORJ\ GRL HQ

%H\HU / 'REHUHQ] & )DONH ' +XQJHU ' 6XSSPDQQ
&RRUGLQDWLRQ RI )RF$ DQG S\UXYOWFK H B UPLVDHF® DL
GHPRQVWUDWHYV SUHIHUHQWLDO WUDQVORFDWLRQ
IHUPHQWDW L R® XSJIQRO®X FRIV % DFWHULRORJ\ GRL

M E
%KDWWDUDL < 6FKPLGW % $ /LQGHQ '5 J/DUVRQ ('
+XPDQ GHULYHG JXW PLFURELRWD PRGXODWHYV
UHJXODWLQJ +7 UHFHSWRU H[S$®PNVLRDQYLFOXD DBD\W
RI 3K\WLRORJ\ *DVWURLQWHVWLQDO BPDQGGRYHU 3K\
DMSJL

%LHKO /0 *DUJHWWL ' )DURZVNL ) 5LQJ ' .RHSSHO
S8VDELOLW\ Rl UHFWDO VZDEV IRU PLFURELRPH VDF
KHPDWRORJLFDO DQG RQFRQR(LFDE SDWLEBRWYV

MRXUQDO SRQH
%LN (0 (FNEXUJ 3% *LOO 65 1HOVRQ . ( 3XUGRF
OROHFXODU DQDO\VLV Rl WKH EDFWHULDO PLFL
3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ Rl 6FLHQFH

GRL SQDV
%ODNH $ % DQG 6XFKRGROVNL - 6 ,PSRUWDQFH F
DQG GLVHDVH RISGQGRB P ® PUER DOWLY WBR L DI
%RMDQLF . OLGZLQWHU $ & ODUVKDOO - & 5RJHUV

, VR O DAWDIPRSQ ORI BMSFISW HURP &OLHQW 2ZQHG 'RJV DC
5HWDLO 5DZ OHDW 3HW )RRG LQ WHKRRQRYBYXDIWOE OLIF.
+HD OWKL ]SK



%RUGLQ $, 6XFKRGROVNL -6 ODUNHO O ( :HDYHU . % 6W

HW DO (ITHFWV RI $GPLQLVWUDWLRQ RI /LYH RU ,
5KRGRFRFFBPRG BINHNLRQ WKH )HFDO OLFUR¥ERRPH RI 1HRQDWD
21( H GRL MRXUQDO SRQH

%RUUH < ( ORORQH\ 5" &ODUNH * 'LQDQ 7 * DQG &U\DQ -
RI PLFURELRWD RQ EUDLQ DQG EHKDYLRU PHFKDQLVPV W
OLFURELDO (QGRFULQRORJ\ 7KH OLFURELRWD *XW %UDLQ $[

HGV 0 /\WH - )I1RUWRYN 1< 6SULQJHU 1HZ <RUN
%RVDHXV JLEUH HIIHFWV RQ LQWHVWLQDO IXQFWLRQV
LUULWDEOH ERZKOLQLEOORRMWULWLRQ 6XSSOHPHQWV

GRL M FOQX

%RVFK * +HHVHQ / GH OHOR 6DQWRYV . &RQH -: 3HOOLNE
-+ (YDOXDWIQR PURENR) IHUPHQWDWLRQ PHWKRG XVLQ
IDHFDO LQRFXOD LQWHREXUQELY LRI XDONYDWILRWDRQ6FLHQFH
GRL MQV

%RVFK * 3HOOLNDDQ :) 5XWWHQ 3 * YDQ GHU 3RHO $)
+HQGULNV : + BQ®R YABMUBRNQWD WLRQ DFWLYLW\ LQ WKH
GLVWDO JDVWURLQWHVWLQDO WUDFW {RX® QPOPRIQWDWLRQ
$QLPDO 6FLHQFH GRL MDV

%RVFK * :ULJJOHVZRUWK '- &RQH -: 3HOOLNDDQ :) DQG

(IIHFWV Rl SUHVHUYDWLRQ FRQQLWIMQRS RRGORNOQRQIHFHYV
NLQHWLFV DQG IHUPHQROPWILR® RIQEQBERPRG X6FFW M Q FH
GRL MDV
%RXUULDXG & B5RELQV 5 - O0DUWLQ / .R]JORZVNL ) 7HQDLO
/IDFWDWH LV PDLQO\ IHUPHQWHG WR EXW\UDWH E\ KXP
EXW LOQWHU(LQGLYLGXDRXUYQDDDRVLRIS OV HLY DGHQRELRORJ\
GRL M [

%UDKPD 6 ODUWtQH] , :DOWHU - &ODUNH - *RQ]JDOH] 7
,PSDFW Rl GLHWDU\ SDWWHY @ LRMURKEWBROLQ G BQRE HRUQNLHV
ZKROH JUDLQV IRX®QPODQ@M )XQFWLRQDO )RRGYV
GRL M MII

%URVH\ % 3 +LOO 5& DQG 6FRWW . & *DVWURLQWH)
FRQFHQWUDWLRQYPEHQGFS® L@XADQD\W RI 9HWHULQDU\ 5HVHD

%UXPP 3 - 'HODD\HU 3 OHDG '$ DQG &RZDQ ' $ *HQR
VL[ QHZ *HREDFLOOXV VWUDLQV UHYHDOV KLJKO\ FRQVHUY!
DUFKLWHFWXUHV PDPURQWWUVBWHQLHOM FUREGRQRJ\

IPLFE

%XFKILQN % ;LH & DQG +XVRQ ' + )DVW DQG VHQVLWLY
',$021' 1DWXUH OHWKRBRWL QPHWK

KWWSV ZZZ QDWXUH FRP DUWLFOHV QPHWK VXSSOHPHQWDL

%XGGLQJ $( *UDVPDQ O ( (FN $ %RJDDUGV -$ 9DQGFH
& 0 -( YDQ %RGHJUDYHQ $$ HW DO 5HFWDO 6ZDEV
,QWHVWLQDO 03/RBR E LRIW D H GRL

MRXUQDO SRQH
%XGGLQJ $( *UDVPDQ O ( J/LQ ) %RJDDUGV -$ B6RHOWD
9DQGHQEURXFNH *UDXOV & 0 HW DO 6 SUR KLJK W
ILQJHUSULQWLQJ RI WK H KK W6 LERXW PLRLEURELRWD
GRL M



%XHQR $5 &DSSHO 7 * 6XQYROG *' OR[OH\ 5% 5HL
(7 JHOLQH FRORQLF PLFUREHY DQG IDWW)\ DFL(
FHOOXORVH EHHW SXOS DQG&VSHIEWILLRQJI X VHDLEIKF |LE

GRL 6

%XVKQHOO % B5RRG - DQG 6LQJHU ( % %O0HUJH

PHUJLQJ YLD RBMHUODRS( H GRL
MRXUQDO SRQH

%\QGORVV 0 ; 20VDQ (( 5LYHUD &KiYH] ) 7LIIDQ\ &
./ HW DO OLFURELRWD DFWLYDWHG 33%$5 VL
(QWHUREDFWHUL®FIHDMF H[ SIHZVLRON 1 < GRL

VFLHQFH DDP

&DOODKDQ % - OFOXUGLH 3 - DQG +ROPHV 6 3 ([
UHSODFH RSHUDWLRQDO WD[RQRPLF X®&HWNMOQ PDUN
-RXUQDO GRL LVPHM

&DSRUDVR - * XF]J\QVNL - 6WRPEDXJK - %BLWWLQJIH
(. HW DO 4,,0( DOORZV DQDO\VLV Rl KLJK \
VHTXHQFUPWEXDWIODHWKRGV GRL QPHWK |

dDWDN - '"HWHUPLQDWLRQ RI QLDFLQ SURILOHV LQ

E\ KLJK SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ DVV
-RXUQDO Rl DQLPDO VFLHQFH DQG WHFRIQRORJ\
MDVW
&DYDOFDQWH : G $ /HLWmMR 5 & *HKULQJ 7$ $QJHQI
$QDHURELF IHUPHQWDWLRQ IRU Q BOBBRYF DFLC

%LRFKHPLVWU\ GRL M SURFELR

&DYH 1 1IXWULWLRQDO PDQDJHPHQV$SHIOLBGWURL
9HWHULQDU\ &OLOREKDQ LIOHN U LARIRQ /W G

&DYH 1 - <RXQJ : 7KRPDV '* DQG %HUPLQJKDP (1

GLHWV GHFUHDVH IDHFDO PLFUREQW® D®PLYHWMUWD WQ
1IXWULRQDO 6FLHQFHV 6\PSRVLXP :,166

&pQLW 0 & ODW]DUDNL 9 7LJEKHODDU () DQG =KH
H[SDQGLQJ NQRZOHGJH RQ WKH UROH RI WKH JXW PL
%LRFKLPLFD HW %LRSK\VLFD $FWD %%$ OROHFXOTL

GRL M EEDGLYV

&KDQGOHU 0/ *XLOIRUG :* [/DZRNR & 52 DQG :KLV
HPSW\LQJ DQG LQWHVWLQDO WUDQVLW WLPHV RI UDC
ILEHU GLHW ZLWK DQG ZLWKRXW 9OHRZHE R QB W\QDUEL\RHDQ

BOWUDVRXQG GRL M WE [
&KDQW (/ DQG 6XPPHUV ' .  QGROH VLJQDOOLQ
PDLQWH QO/@ K URLIF KFLDDO WR G R S\ ORICHVPAGDMU OLFURELRC
GRL M

[

&KDVVDUG & 'HOPDV ( 5REHUW & DQG %HUQDOLHU '
GHJUDGLQJ PLFURELDO FRPPXQLW\ Rl WKH KXPDQ JXW
RU DEVHQFH Rl AE®WKDRBRREQRORJ\ (FRORJ\GRL

M [

&KHQ -: 3DQ + 5RWKPDQ 73 :DGH 35 DQG *HUVKF
+7 WUDQVSRUWHU FORQLQJ H[SUHVVLRQ GLVWUL
VHQVRU\ UBFHBWAR® -RXUQDO RI 3K\VLROGBRL

DMSJL *



&KHQ 7 /RQJ : =KDQJ & J/LX 6 =KDR / DQG +DPDNHU ¢
XWLOL]LQJ FDSDBUWY RVDRIQERBOEW H GRPGEODWHG JXW
PLFURBIERWQWLILF 5HGRIUWV v

&KHUEXW & )HUULHU / 5R]p & $QLQL < %ORWWLQUH +
6KRUW FKDLQ IDWW\ DFLGV PRGLI\ FRORQLF PRWLOLW\ WKU
<< UHOHDVH $MHWIKAD QDWXUQDO RI 3K\VLRORJ\ *DVWURLQ
JLYHU 3K\VLRORJ\ *

&KRR -0 /HRQJ /(; DQG 5RJHUV * % 6DPSOH VWR
VLIQLILFDQWO\ LQIOXHQFH |®FADDWR LIER BHISRRMWBURILOHYV
GRL VUHS

&ODUNH . 5 1RQ(SDUDPHWULF PXOWLYDULDWH DQDO\VH\
VWUXBWXWHDOLDQ -RXUQDO RI (FBRRJ\ M

W E [

&ODXVHQ 05 DQG ORUWHQVHQ 3 % LQHWLF VWXGLHV R

VKRUW FKDLQ IDWW\ DFLGV DQ®XWOXFRVH LRXOFHUDWLYH |
IXW

&ROYLOOH 7 3 DQG %dHYVNVEHLADO- DQDWRP\ DQG SK\VLRORJ\ OD
PDQXDO IRU YHWHUDRDRDBE\ (ONHAKQHRLD QV

&RUUrD 20LYHLUD 5 J)DFKL -/ O9LHLUD $ 6DWR ) 7 DQG
5HIXODWLRQ RI LPPXQH FHOO IXQFW&BRQEFDWKRUW FKDLQ

WUDQVODWLRQDOH P PXQFRARRJI\ FWL
&RVWD O DQG :HHVH - 6 OHWKRGV DQG EDVLF FRQF
DVVHVVRKHQMWWHULQDU\ -RXGBRDO M WYMO

&{Wp ) 7KpYHQRW ( )OLJQ\ & )URPHV < 'DUPRQ 0O 5LSRFK
'LVUXSWLRQ RI WKH QRQQHXURQDO WSK JHQH GHPRQVW
SHULSKHUDO VHURWRGU® FIQHBEL QG VDRI INQAWDRMLRQDO $FDG
6FLHQFHYV GRL SQDV

&R\WH . = B6FKOXWHU - DQG )RVWHU .5 7KH HFRORJ
1IHWZRUNV FRPSHWLWIGFQHQF®G VWDELOLGMRL

VFLHQFH DDG

&ULVVH\ 6' 6ZDQVRQ -$ /LOQW]JHQLFK % $ %UHZHU % $ D
8VH RI D UDZ PHDW EDVHG GLHW RUYHIDIGWPNUBEOHWILHW IRL
"-RXUQDO RI $QLPDO 6FLHQFH

&URVW (+ /H *DOO * /DYHUGH *RPH] -$ OXNKRSDGK\D ,
1 OHFKDQLVWLE ,QVLJKWV ,QWR WKH FURVV IHHGLQJ
DQG UXPLQRFRFFXV EURPLL RQ KRVWRRD@GHGMVHWQU\ FDUE
OLFURELRORJ\GRL IPLFE

&UX] ORUDOHV 3 2UHOODQD & $ ORXWDILVY * ORRQHQ * 5L
HW DO SHYLVLWLQJ WKH HYROXWLRQ DQG WD[RQRP\ RI
XSGDWHQRPH %LRORJ\ DQG (YROXWLRQGRL

JEH HY]

&XPPLQJV -+ 3RPDUH (: %UDQFK :- 1D\ORU & 3 DQG ODF
6KRUW FKDLQ IDWW\ DFLGV LQ KXPDQ ODUJH LQWHVWLQH S|
* X W

&XQQLQJKDP - * DQG .OMLWVQERKRX RI 9HWH U [@WDHY LIKIVLRORJI\
,QFRUSRUDWHG
&XWULJQHOOL 0, %RYHUD ) 7XGLVFR 5 'f8UVR 6 ODURC
,Q YLWURHQWDWLRQ FKDUDFWHULVWLFV RI GLIIHUHQW
WZR GRJ EUHHGY *HUPDQ VKHSKHREUDOQ® RHDBSREDWDQ PD



S3K\WLRORJ\ DQG $QLPDO 1XWULGRIRQ M
[
'DUF\ QULOORQ % &KHUEX\ & ORUHO 07 'XUDQG ©0
FKDLQ IDWW\ DFLG DQG JOXFRVH PHWDEROLVP LQ LVI
E\1+ OROHFXODU DQG &HOOXODU %LRFKHPLVWU\

'‘DYLG [ $ ODWHUQD $ & JULHGPDQ - &DPSRV %DSWI
SHUURWWD $ HW DO D +RVW OLIHVW\OH DIIH
WLPHVHAD@RIPH %LRORJ\ GRL JE U

'‘DYLG /' $ ODXULFH & ) &DUPRG\ 51 *RRWHQEHUJ ' %
HW DO E 'LHW UDSLGO\ DQG UHSURGXFLEO\ DOV
IDWXUH GRL QDWXUH

'‘DYLHV 0 $OERURXJK 5 -RQHV / 'DYLV & :LOOLDPV
OLQHUDO DQDO\VLV RI FRPSOHWH GRJ DQG FDW IRRG
(XURSHDQ JXEGHQWQHM 5HSRUG®R/L \%

'DYLHV 5 + /DZHV -5 DQG :DOHV $ ' 5DZ GLHWV |
ZLWK SDUWLFXODU UHIHUHQFHRWRQMLOF RR ESLAROIORY LIFDL
3UDFWARH MVDS

'DYLOD $ 0 %ODFKLHU ) *RWWHODQG 0 $QGULDPLKD
DO ,OQWHVWLQDO OXPLQDO QLWURJHQ PHWDERDO
FRQVHTXHQFHV BXW UWPIH RIORUWFDO 5HVH D GRL

M SKUV

GH 20LYHLUD /' &DUFLRIL $ & 2O0LYHLUD 0 & 9DVF
3HUHLUD * 7 HW DO (IIHFWV RI VL[ FDUERK\GUI
DQG SRVWSUDQGLDO JOXFRVH-RRGQIDIDV RO B Q LPH\OS RBL\

GRL MDV

‘H &DVWUR ) 7 %URZQ 55 DQG 3ULFH -0 7KH L

WU\SWRSKDQ E\ FDW DQG -BXWQW DV R X 96 ISRIGB DLUFD\W L &

'H )LOLSSR & &DYDOLHUL ' 'L 3DROD 0 5DPD]]JRWWL
DO ,PSDFW RI GLHW LQ VKDSLQJ JXW PLFURELF
VWXG\ LQ FKLOGUHQ IURP (XURBSHHBQGJV XRIDW KH UL
$FDGHP\ Rl 6FLHQFHV Rl WKH 8QLWHG 6WDWERLRI $PH

SQDV
GH *RGR\ 05 .HUU .5 DQG )DKH\ * & -U $OWHU
LQ FRPSDQLRQ DQLPDONVUQM@WYWLRQ GRL
QX
GH *RGR\ 05 OLWVXKDVKL < %DXHU // )DKH\ * & -L
6 Q YLWWAPHQWDWLRQ FKDUDFWHULVWLFV RI
HQGRVSHUP ILEHU DQG FKLFRU\ SX®RXUVONLQRFDQLOH
VFLHQFH GRL MDYV

GH OD &XHVWD =XOXDJD - .HOOH\ 6 7 &KHQ < (VFREI
HW DO $JH DQG VH[ GHSHQGHQW SDWWHUQV RI
DGXBP&KVWHP\H GRL P6\WWHPV

'H 9DGGHU ) .RYDWFKHYD 'DWFKDU\ 3 =LWRXQ & 'XF
OLWKLHX[ * OLFURELRWD SURGXFHG VXFFLQ
KRPHRVWDVLV YLD LQW HRMDLOQ OWIMEFE®RIQMPRGRQH VLV

M FPHW

'HE & KRXGKXU\ 6 %HUPLQJKDP (1 <RXQJ : %DUQHW

+DUODQG ' HW DO 7KH HIIHFWV Rl D ZRRO K\C



DFLG SURGXFWLRQ DQG IHFDO PLFURBHDQWRPBRRWLWLRQ LQ
JRRG )XQFWLRQ GRL & )2 -
'HEQDWK 6 O9HODJDSXGL & 5HGXV / 7KDPHHP ) .DVLQDWI
7U\SWRSKDQ PHWDEROLVP LQ SDWLHQWYV ZLWK FKURQL
WR W\SH GLDEHWHY UHODWLR QWKILBEQW R LLRXQ O D PNP R XWRQD (P [
WU\SWRSKDQ UHVHDUFK GRL

'HHGULFN ' DQG .RFK 6 OLFURVFRS\ Rl KDLU SDUW ,,
PDQXDO IRU D)RUWPHIIVKPBEYHQFH &RPPXQLFDWLRQV

'HKKDJKL 0 .D]JHPL 6KDULDW 3DQDKL + DQG *XLOOHPLQ * -
7U\SWRSKDQ OHWDEROLVP DQG .\QXUHQLQH 3DWKZD\ $ &R
/JRRS ,QIOXHQFLQJ +XPDQWHIDIDWVKLBYDW XRXUQDO RI 7U\SW
5HVHDUFK GRL

'HOZLFKH ($ 3HVWND -- DQG 7RUWRUHOOR 0 / 7KH YH
FRFFL ZLWK D XQLIFQ®XPIO\GHRARIZ OLFURELB®R J\

DQQXUHY PL

GHQ %HVWHQ * YDQ (XQHQ . *URHQ $. O9HQHPD . 5HLMQJ
% 0 7KH UROH Rl VKRUW FKDLQ IDWW\ DFLGV LQ WKH L
PLFURELRWD DQG KRVVRXQMA\RAHWHIERGHVPDUFK

'HQ +RQG ( *H\SHQV % DQG *KRRV < (IIHFW RI KLJK S|
LQXOLQ RQ FROVWLEDRQ BB VHDUF&RL 6

'HQJ 3 DQG 6ZDQVRQ . 6 *XW PLFURELRWD RI KXPDQV

NQRZOHGJH DQG IXWXUH RS SRUMMXOQLWLRNUDROG RK L W/HQ N
6XSS0 GRL v

'HSDXZ 6 %RVFK * +HVWD 0 :KLWHKRXVH 7HGG . +HQGULI
HW DO JHUPHQWDWLRQ RI DQLPDO FRPSRQHQWYV Lt
FRPSDUDWLYH VWXG\ ZLW Kk FEXWH@IDWD R |1 1§ DD PDLAY R F XX PH

GRL MDYV

'HSDXZ 6 +HVWD 0 :KLWHKRXVH 7HGG . 9DQKDHFNH / O
-DQVVHQV * 3 $QLPDO ILEUH WKH IRUJRWWHQ QXWU
JLUVW LQVLJIJKW VRIXQ @QIX®! RKBHGQMPIKO 3K\WLRORJ\ DQG $QLPDC

GRL M [

'HWZHLOHU . % +H ) O0DQJLDQ + ) 'DYHQSRUW * 0 DQG GH °
(IWUXGHG IHOLQH GLHWYV IRUPXODWHG ZLWK KLJK LQFOXVLF
DSSDUHQW WRWDO WUDFW PDFURQXWULHQW GLJHVWLELOLW
-RXUQDO RI $QLPDO 6FLHQGRL MDV VN]

'HWZHLOHU . % +H ) O0DQJLDQ +) 'DYHQSRUW *O0 DQG

E ([WUXGHG IHOLQH GLHWV IRUPXODWHG ZLWK KLJK LG
HITHFWV RQ DSSDUHQW WRWDO WUDFW PDFURQXWULHQW G
PHWDERORWWHY¥DO RI $QLPDO 6FLHQFH GRL

MDV VN]

'HXVFK 2 21)O\QQ & &RO\HU $ ORUULV 3 $00DzZD\ ' -RQ
'HHS LOOXPLQD EDVHG VKRWJXQ VHTXHQFLQJ UHYHDOV GLH
DQG IXQFWLRQ RI WKH IHFDO PLRURELRRPRH RI JURZLQJ NL)
H GRL MRXUQDO SRQH

'"HOULHV - : 2Q GHILQIWRFEHBWQIY RIEWHKH 1XWULWLRQ 6

GRL SQV



'LOOLW]HU 1 %HFNHU 1 DQG .LHQJOH ( ,QWDNH
YLWDPLQV LQ ERQH DQG UDZ %RR & WMXW-IRQMN DOQ BRGAR
6XSS6
'RQDGHOOL 5% DQG $OGULFK & * 7KH HIITHFWV R
RQ QXWULHQW XWLOL]DWLRQ VWRRO TRRPOQWO RQG K
$QLPDO 3K\WLRORJ\ DQG $QLPDO 1XWUWIRMLLRQ

MSQ
'RQDOGVRQ *3 /HH 60 DQG OD]PDQLDQ 6 . * X
EDFWHULDO PDMXRELRIHXYLHZV OLFURELRGRI
QUPLFUR

'RQJZHQ /XR 6LYD *DQHVK DQG .RRODDUG - S
3UHGLFWHG OHDQV IRU /LQHDU ORGHOV 5 SDFNDJH Y

'RQRKRH '5 *DUJH 1 =KDQJ ; 6XQ : 2Y&RQQHOO 7
7KH PLFURELRPH DQG EXW\UDWH UHJXODWH HQF
LQ WKH PDPPDOLEHDOFREOHRWQDEROLVP GRL
M FPHW

'XQFDQ 6 + +ROWURS * [/REOH\ * ( &DOGHU § * 6W
D &RQWULEXWLRQ RI DFHWDWH WR EXW\UDWH IR
%ULWLVK -RXUQDO RI 1XWARIWLRQ EMQ

'XQFDQ 6 + /RXLV 3 DQG )OLQW + - E /DFWDWH X
KXPDQ IHFHV WKDW SURGXFH EXW\UD¥% @WWHDE PQWBGRU
(QYLURQPHQWDO OLFURELRORQRL DHP

(DUOH . ( .LHQJOH ( 2SLW] % 6PLWK 30 DQG ODVN

GLJHVWLELOLW\ RI RUJDQLF PDWRWUD D@ &R IHOXW UL W
6833/ 6 6

(XURPRQLWRU ,QWH BBGIDW IBRGXODWLRQ RI$VBIZOBGEHO®DQ !
KWWSV ZZZ SRUWDO HXURPRQLWRU FRP

)DGURVK ': OD % *DMHU 3 B6HQJDPDOD\ 1 2WW 6
$Q LPSURYHG GXDO LQGH[LQJ DSSURDFK IRU PXOWLSC
RQ WKH ,00XPLQDOQLEGHRTE 5ERPMGRU P

)DKH\ * & - 1RYRWQ\ / /D\WWRQ % DQG OHUWHQV 'S5
GHWHUPLQLQJ ILEHU FRQWHQW RI |HH-@GXW®IO IRRGV
$2$& ,QWHUQDWLRQD®RL MDRDFLQW

)DQ 3 /L / 5H]DHL $ (VODPIDP 6 &KH ' DQG 0D ;
GLHWDU\ SURWHLQ DQG SHSWLGHV E\ LQWHVWLQDO
&XUUHQW 3URWHLQ 3HSWLGH  6FLH®FEH

)DUTXKDU 0 - OF&OXVNH\ ( B6WDXQWRQ 5 +XJKHV .5
&KDUDFWHULVDWLRQ RI D FDQLQH HSLWKHOLDO FHOO
$OWHUQ /DE $QLP

)(',$) )(',$) VFLHQWLILEF DGYLVRU\ ERDUG FDUERK\GU

)(', %) 1IXWULWLRQDO JXLGHOLQHV IRU FRPSOHWH DQG

DQG GROWLQH@

$YDLODEOH KWWS ZZZ IHGLDI RUJ LPDJHV )(',$)B1X\

B SGI >$FFHVVHG WK 2FWREHU @

JHNHWH 6 * +XOODU , $QGUDVRIVIN\ ( DQG .HOHPHC
ILEUH W\SHV RQ WKH GLJHVVWDELOD® \RR I$ Q K AVIUQ FBE WAL

$QLPDO 1XWULWLRQ GRL M [



)pOL[ $ 3 5S5LYHUD 1/ 0 6DEFKXN 7 7 J/LPD '& 2OLYHLUD 6
7KH HIIHFW RI VR\ ROLJRVDFFKDULGH H[WUDFWLRQ RC
FKDUDFWHULVWLFV DQG LQWH@WRD® QHHG RLRIQ¥KFHWLRG L (

7HFKQROR &\ GRL M DQLIHHGVFL

JHUQDQGHV . $ .LWWHOPDQQ 6 5RJHUV & : *HH (. %ROZFt
(1 HW DO )DHFDO PLFURELRWD RI IRUDJH IHG KRUV
WKH SRSXODWLRQ G\QDPLFV RI PLFURELDO FRPPXQLWLHYV
3/26 21( H GRL MRXUQDO SRQH

JLQOH\ 5 5HLG 6PLWK 5 :HHVH -6 DQG $QJXOR ) -
LPSOLFDWLRB PR QRRCQGADDPLQDWHG QDWXUDO SHW WUHDWV D
&OLQLFDO ,QIHFWLRXV 'LVGFOLVHV

JLQOH\ 5 S5LEEOH & $UDPLQL - 9DQGHUPHHU 0 3RSD 0 /
7KH ULVN RI VDOPRQHOODH 6/[KORGRIERQ WD\ P IGRIW HIGI G
FRPPHULFDO UDRXDRRE. BQHWWHULQDU\ -RXUQDO

JLVFKHU 00 .HVVOHU $0 GHG®6i /50 9DVFRQFHOORV 5 6
1RJXHLUD 63 HW DO JLEHU IHUPHQWDELOLW\ HII
PDFURQXWULHQW GLJHVWLELOLW\ IHFDO WUDLWV SRVWSL
FRORQ KLVWRORJ\ RRRYBDDHRUKWLPDWV6FLHQFH

GRL MDV

JOHPLQJ 6 ( )LWFK 0' 'HO9ULHV 6 J/LX 0/ DQG .LJKW &
XWLOL]DWLRQ E\ FHOOV LVRODWHG IURPUQD® RIHMXQXP F
IXWULWLRQ GRL MQ

)OLQW + - B6FRWW .3 J/RXLV 3 DQG 'XQFDQ 6 + 7KH UF
LQ QXWULWLRDRWYXQUH KHXQWEXY *DVWURHQWHURORJ\  $PS +}I

GRL QUJDVWUR

)O\QQ . - 5XIILQ 07 7XUJHRQ '. DQG 6FKORVV 3 6

WKH QDWLYH FRORQ PLFRDELRINVUD3 UG KHOW WKQ B B X B BMW/F K
GRL &DSU

YU\ 6 & 3ULPDU\ FHOO ZDOO PHWDEROLVP WUDFNLQJ WKF

OLYLQJ SOoRDAW FHWRORILVW GRL M

[
JXNXPRWR 6 7TDWHZDNL O <DPDGD 7 )XMLPL\D O O0DQW\K

6KRUW FKDLQ IDWW\ DFLGY VWLPXODWH FRORQLF WU
UHOHDVHKHK $PHWVYFDQ -RXUQDO RI 3K\ WLRORJ\ 5HIXODWRU\

&RPSDUDWLYH 3K\\BLRORJ\ GRL DMSUHJX
)XPDJDOOL 0 $VVHVVLQJ WKH (IIHFW RI 6HTXHQFLQJ 'HS
3RSXODWLRQ *HQHWBF2 ,DIHUHQFHYV GRL
MRXUQDO SRQH
*DR . OX & O )DUJL $ DQG =KX : \ 7U\SWRSKDQ PH

EHWZHHQ WKH JXW PLFWELRQFHVDQG BHREUQWLRQ
DGYDQFHV QP]

*DUFLD OD]JFRUUR -) %DUFHQDV :DOOV -5 6XFKRGROVNL - 6
OROHFXODU DVVHVVPHQW Rl WKH IHFDO PLFURELRWD LQ KHI
GXULQJ VXSSOHPHQWDWLRQ ZLWK IUXFWR ROLJRVDFFKDUL
KLIJIK WKURXJKSXW  3S\WRNHTXBRELQJ SHHUM

*KDUELD 6 ( DQG 6KDK + 1 3DWKZD\V Rl JOXWDPDWH
)XVREDFWHBHFL HOLFURELRORJ\ GRL



*LEVRQ *5 %HDWW\ (5 :DQJ : DQG &XPPLQJV - +
RI ELILGREDFWHULD LQ WKH KXPDQ FRORQ E\ F
*DVWURHQWHURORJ\GRL

*LEVRQ * 5 &XPPLQJV -+ ODFIDUODQH * 7 $OOLVRQ
DO $OWHUQDWLYH SDWKZD\V IRU K\GURJHQ GLV
KXPDQ PR®RQ

*LEVRQ *5 3UREHUW +0 /RR -9 5DVWDOO 5% DC
'LHWDU\ PRGXODWLRQ RI WKH KXPDQ FRORQLF PLFUTF

SUHELRXYWNBNVWLRQ UHVHDUFK UIKBRILHZV QuUU
*RGRQ - - $UXOD]KDJDQ 3 6WH\HU - 3 DQG +DPHOL(
JXW GLYHUVLW\ VAQEB OFRRORPDWERIHUYV \%
*ROGVWHLQ 5 ( ODUNV 6/ &RZJLOO /' .DVV 3 + DQC

DPLQR DFLG SURILOHV LQ FDWV ZLWK QEPAWXWBDOQ\ DFT
-RXUQDO RI 9HWHULQDU\ 5HVHDUFK

*UHHQH /. DQG OF.HQQH\ ( $ 7KH LQVLGH WUDFW
FRORQLF PLFURELRPH RI$FHDBMWIDYH -BYHIRMHY RI 3K\
$QWKURSRORJ\ GRL DMSD

*UHHWKDP + / *LIIDUG & +XWVRQ 5% &ROOLQV 0
%DFWHULRORJ\ Rl WKH /DEUDGRU GRJ JXWRXDQMX0D W X U
RI $SSOLHG OLFURELRORJ\

*ULGHU -5 DQG 3LODQG % ( 7KH SHULVWDOWLF L
DFLGV LV PHGLDWHG E\ VHTXHQWLDO UHOHDVH RI
%'1) $PHULFDQ -RXUQDO RI 3K\WLRORJ\ *DVWURLQWH

* GRL DMSJL

*VFKDHGOHU $ DQG %RXGUDQW - $PLQR DFLG
FRQWLQXRXV FXOWXUHV Rl (VFKHULFKLRXBROD RQ D
%LRWHFKQRORJ\ GRL

*XDUG % & %DUU -: B5HGGLYDUL / .OHPDVKHYLFK &
HW DO &KDUDFWHUL]DWLRQ RI PLFURELDO G\VE!
GRJV ZLWK DFXWB/26GLRUUKHD H GRL

MRXUQDO SRQH

+DJHQ 30DQWLQJID ( $ , QW H V\WQ\Y B 'O WHDODA K HLDQD &b
WR OD[LPLVH *URZWK 3HUIRLU®P DR FH. HZRIHEOH\QW R © N
7KH 1HWKHUODQGY :DJHQLQJHQ $FDGHPLF 3XEOLVKH

+DPSHU % $ .LUN & $ DQG %DUWJHV - : $SSDUF
WZR UDZ GLHWYV L Q R>RPH/OVRF MONLWH@HGLFLQH DQG
GRL ;
+DWD 7 $VDQR < <RVKLKDUD . .LPXUD 7RGDQL 7 O
S5HIXODWLRQ RI JXW OXPLQDO VHURWRQLQ E\ F
3/26 21( H GRL MRXUQDO SRQH
+HLPDQQ ( 1\PDQ O 3DOEULQN $ . J/LQGNYLVW 3HWH
%UDQFKHG VKRUW FKDLQ IDWW\ DFLGV PRGXOD\
LQ SULPDU\ D G I$SR S\RAFN W H GRL
+HQGULNV : + 7DUWWHOLQ 0) DQG ORXJKDQ 3 -
RI FDWOLV FDWDAWQLPDO 6FLHQFH GRL
6
+HZVRQ +XJKHV $ . +HZVRQ +XJKHV 9/ &RO\HU $ 0

SDXEHQKHLPHU ' HW DO &RQVLVWHQW SURSHE



VHOHFWHG E\ DG XYW LG/R PBIRNNWSAFNVHDWD/ULDWLRQV LQ PDFURQ
DQG PRLVWXUH FRQWHRMWURDORRG%RASHWHALYH 3K\VLROR.
%LRFKHPLFDO 6\WWHPLF DQG (QYLURQPHGWDO 3K\VLRORJ

Vv \
+LOOPDQ / 3HWHUV 6 )LVKHU $ DQG 3RPDUH ( : "LIIH

FHOOXORVH DQG OLJQLQ RQ VWRROLSHMLVWUBRRVODWOWNRPH D
IXWULWLRQ

+LVNHWW (. B6XZLWKHHFKRQ 2 X /LQGEORRP +DZOH\ 6
6FKHUPHUKRUQ 7 IDFN RI JOXFRNLQDVH UHJXODWRU\
FRQWULEXWH WR ORZ JOXFRNL®BWH ULFRDIUY L BH VIH® UFIO L Q F
&RPPXQLFDWLRQV GRL Y%

+RQQHIIHU - % OLQDPRWR < DQG 6XFKRGROVNL - 6 oL
DFXWH DQG FKURQLF JDVWURLQWH VVRIU®IEO - RFUIIIPP DWLRQ
RI *DVWURHQWHURORJ\ GRL ZMJ Y L

+RQQHIIHU - % B6WHLQHU -0 J/LGEXU\ -$ DQG 6XFKRGROVN
WKH PLFURELRWD DQG PHWDERORPH DORQJ WKH FDQLQ
OHWDERORPLF\GRL v

+RRGD 6 9HVWHU %ROHU % 0 .HUU .5 'RZG 6 ( DQG 6ZDC
JXW PLFURELRPH RI NLWWHQV LV DIIHFWHG E\ GLHWDU\ SU
DVVRFLDWHG ZLWK EORRG PHWDE ROUMML DK GRKRIDIRQ RIFRQ

IXWULWLRQ GRL Vv
+RVVHLQL ( *URRWDHUW & O9HUVWUDHWH : DQG 9DQ GH :LH
KHDOWK SURPRWLQJ PLFURELDOXRHWVERQLHNHY LBZWKH KXPD
GRL M [
+RXJKWRQ /$ S$WNLQVRQ : :KLWDNHU 53 :KRUZHOO 3 - D¢

,QFUHDVHG SODWHOHW GHSOHWHG SODVPD K\GUR[\WU\SWI
PHDO LQJHVWLRQ LQ V\PSWRPDWLF IHPDOH VXEMHFWV ZL

LUULWDEOH ERXZMO VIQGURBRL IXW
+X 0 =KDQJ & O0X < 6KHQ 4 DQG )HQJ < ,QGROH
IRUPDWLRQ L@ GIFWHMRDXOU QDO RI PLFUREIGRARJ\
v
+XDQJ 4 +ROPDQ ' % $OH[DQGHU 7 +X 7 -LQ [/ ;X =

PLFURELRWD RI ODPEV IHG SXUSOH SUDLULH FORYHU 'DOHI

OHGLFDJR WODWKYPHV RI OLFURELRORJ\ GRL
Vv

+XVRQ '+ %HLHU 6 )ODGH , *yUVND $ (O +DGLGL 0 oOL
0(*$1 &RPPXQLW\ (GLWLRQ ,QWHUDFWLYH ([SORUDWLRQ D¢
6EFDOH OLFURELRPH 6BTXH@RREXWDWLRQDO %LRORJ\
H GRL MRXUQDO SFEL

,NHGD 0 7VXML + 1DNDPXUD 6 ,FKL\DPD $ 1LVKL]XND < |
BWXGLHV RQ WKH ELRV\QWKHVLV Rl QLFRWLQDPLGH DGHQL
SLFROLQLF FDUER[\ODVH LQ WKH ELRV\QWKHVLV RI QLFRWL
IURP WU\SWRSKD-RXQQMIPRD@®LRORJLFDO &KHPLVWU\

, YHV $ 5 DQG &DUSHQWHU 6 5 6WDBIFAHWFBQG 'LYHUVL
GRL VFLHQFH
-DFTXHV 0 DQG 3DUDGLV 6 e $GKHVLQ+*UHFHSWRU LQWE
) (06 OLFURELRORJ\ SHYLHZV GRL M

W E [



-DQGD -0 DQG $EERWW 6 / 6 U51$%$ JHQH VHT
LGHQWLILFDWLRQ LQ WKH GLDJQRVW L FRXIERUWD WIR U\

&OLQLFDO OLFURELRORJGRL -&0

-RKQVRQ . 9 % DQG % XUQHW 3 : - OLFURELRPH 6
GLYHUXMVOLFUREHYV GRL

-RQHV ' % J)DFWRUV IRU FRQYHUWLQJ SHUFHQWDJI

LQWR SHUFHQWDJH&L RF XODRUIW BHRX) S8LQR $JULFXOWX!I

‘DVKLQJWRQ '&

"RQHV 5 % =KX ; ORDQ ( OXUIl + - 1HVV 50 6HLC

,QWHU QLFKH DQG LQWHU LQGLYLGXDO YDULDWLRQ L¢

XVLQJ VWRRO UHFWDO VZ6FE HDOWG IR XK FRVIRTE WP SOH YV
Vv

.DJH\DPD $ DQG %HRDWHOLEDFWHULXP RIRWVXREDDRY

JUDP SRVLWLYH DQDHURELF EDFWH ULQWR HINQROOMDLRID® C

-RXUQDO Rl 6\WWHPDWLF DQG (YROXWLRQDARLOLFURE

GRL

.DQDNXSW . O9HVWHU %ROHU % 0 'XQVIRUG % 5 DQG

RI VKRUW FKDLQ IUXFWRROLJRVDFFKDULGHY DQG JD¢

DQG LQ FRPELQDWLRQ RQ QXWULHQW GLJHVWLELO

FRQFHQWUDWLRQV DQG ODUJH ERZHO PIRPURELDO HF

RI $QLPDO 6FLHQFH GRL MDV

.DVXEXFKL O +DVHJDZD 6 +LUDPDWVX 7 ,FKLPXUD

'LHWDU\ JXW PLFURELDO PHWDEROLWHY VKRUW FKD

UHJX ODXWLRIQH Q W V GRL Q X
HQQ\ 0 - %D[WHU .- $YHU\ 1 & $GGLH ' *UXII\GG
$OWHUHG WU\SWRSKDQ PHWDERXIWMPDQQRI),9 ¢
9HWHULQDU\ ,QWHUQDO OHGLFG&H M
W E [

.HUU .5 %HORVKDSND $ 1 ORUULV &/ 3DUVRQV & 0
HW DO D (YDOXDWLRQ RI IRXU UDZ PHDW GLHW
H[RWLF IHOLGV DQG FHEXBEQMR®LRHG1URRYWSHRIMQ F H

MDV

.HUU .5 'RZG 6 ( DQG 6ZDQVRQ . 6 D )DHFDO PL!
IHG UDZ ZKROH FKLFNV Y DQ H[WYXGBOG RKLFPWQLRE
6FLHQFH GRL MQV

.HUU .5 ORUULV &/ %XUNH 6/ DQG 6ZDQVRQ . 6
ILEHU W\SH DQG DPRXQW RQ HQHUJ\ DQG QXWULHQW
DQG IHFDO IHUPHQWDWLYH HQG SURGXFW FRQFHQWU
UDZ EHHI EDVREBUQGREWRI $QLPDO 6FLHQFKSRL

MDV
.HUU .5 ORUULV &/ %XUNH 6/ DQG 6ZDQVRQ . 6
HQHUJ\ DQG PDFURQXWULHQW GLJHVWLELOLW\ RI RQ
HIWUXGHG DQG FDQQHG FKLFNHYHEDV NG GLHWWULY 6
-RXUQDO RI $QLPDO 6FLHQGRL MDV
.HUU .5 O9HVWHU %ROHU % 0 ORUULV &/ /LX .- |
$SSDUHQW WRWDO WUDFW HQHUJ\ DQG PDFURQXWULH
HQG SURGXFW FRQFHQWUDWLRQV RI GRPHVWLF FDW\V
FRRNHG EHHI EIRXKHU®DELHWV$QLPDO 6FLHQERL

MDV



HV]WKHO\L ' 7URRVW )- DQG ODVFOHH $ $ 8QGHUV
WU\SWRSKDQ DQG VHURWRQLQ PHWDEROLVP LQ JDVW
1HXURJDVWURHQWHURORJ\ ORWGRLW\ M

[
.LHOHU , 1 O0;OEDN / +DQVHQ // +HUPDQQ(%DQN O/ DQG ¢
2YHUZHLJKW DQG WKH IHOLQH JXVWRPUBDRERRRBIP P DOSLORW
3K\WLRORJ\ DQG $QLPDO 1XWIGRIWRQ MSQ

.LHQJOH ( &DUERK\GUDWH PHWDEROLVP RI WKH FDW $
JDVWURLQWHVWLQDRXWQDBWR IR I$ WHH FIBW\VLRORJ\ DQG $(
IXWULWLKRQ GRL M W E [

.LHQ]JOH ( %LRXUJH 9 DQG 6FKRQPHLHU $ B3UHGLFWLRC

FRPSOHWH GU\ IRRGV IRU GRJV D®& UF@MO/ FEI\ IMXKRMID @ LRLH W L
6XSSO 6 6

.LHQJOH ( 2SLW] % (DUOH . ( 6PLWK 30 DQG ODVNHOO |,

Rl GLHWDU\ ILEUH FRPSRQHQWY RQ WKH DSSDUHQW GLJHV\

HQHUJ\ LQ SUHSDUHG RRUQIDMGRA DB URBRGWBK\VLRORJ\ DQG $¢

IXWULWLRQ

.LP % 5 6KLQ - *XHYDUUD 5 /IHH - + LP 6HRO . +
'"HFLSKHULQJ 'LYHUVLW\ ,QGLFHV IRU D %HWWHU 8QGHU
&RPPXQLWLHVLFURELRO %LRWHFKQRO GRL

MPE

LP 6 &KR <6 .LP + 0 &KXQJ 2 .LP + -KR 6 HW DO
Rl FDUQLYRUH RPQLYRUH DQG KHUELYRUH PDPPDOLDQ JHC
DVVHPEHQRPH %LRORJ\GRL Vv
.LPXUD , ,QRXH ' ODHGD 7 +DUD 7 ,FKLPXUD $ OL\DXFKL
FKDLQ IDWW\ DFLGVY DQG NHWRQHY GLUHFWO\ UHJXODWH V\I
SURWHLQ FRXSOHG UBERSEWRGLQJVY3RI WKH 1DWLRQDO $FDG
6FLHQFHV RI WKH 8QLWHG 6WDWHV RI GRHULFD

SQDV
.LPXUD , 2]DZD . ,QRXH ' ,PDPXUD 7 .LPXUD . ODHGD 7
JXW PLFURELRWD VXSSUHVVHV LQVXOLQ PHGLDWHG IDW DFI
IDWW\ DFLG UHFHSMWWRUJH*3BRPPXQLFDWLRBAY

QFRPPV
LUFKJHVVQHU $/ 7DPLU + DQG *HUVKRQ 0 L GHQWLIL
E\ VHURWRQLQ RI LQWULQVLF VHQVRU\ QHXURQV RI WKH VX
SLJ JXW S$FWLYLW\ LQGXFHG H[SUHVVRR@QQRO RV LPPXQR!
1IHXURVFLHQFH
.LX 5 DQG +DOO / - $Q XSGDWH RQ WKH KXPDQ DQG D¢
&ORVWULGLXP(BHUJURQJIJPMIQPMUREHY LQIHFVBIRRQV

Vv
.QRVSH & DQG 30HQGO - +LVWRFKHPLFDO GHPRQVWUDYV
JDVWULF PXFR\SI RWR\PLHD FPM/WRORJLD (PEU\RORJLD
GRL M W E [
.UDDW] 0 DQG 7DBOBNOORQHMGD ®RYQLLVRODWHG IURP WKH MF
PXFRVD RI D KHDOWK\ SLJ DQGO9HPEQREBOQGHYVBDMSMLLRC
,QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWB® DQG (YROXWLRC

GRL LMV

.UXVH + 3 .OHHVVHQ % DQG %ODXW 0 (ITHFWV RI1 LQXO
LQ KXPDQ VX%EMWEWK -RXUQDO RI 1XWULGRIRQ

6



XKQHUW 3 DQG &KULBODHWOWHKQHGODFHDH %LRORJ\ *|
OROHFXODUSPLYMAHNVSFDGHPLF 3UHVYV
. XPDU 0 %DEDHL 3 -L % DQG 1LHOVHQ - +XPD(
DJLQJ 5HFHQW GHYHORSPHQWWD QW LIR®/ ODHS SKUHD\OSM |
GRL 1+$
/IDIODPPH '3 $ERRG 6. )DVFHWWL $ - )OHHPDQ /0
. ( HW DO 3HW IHHGLQJ SUDFWLFHV RI GRJ DQG
DQG $XVMRUDQDD Rl WKH $PHULFDQ 9HWHULQDU\ OHG
GRL MDYPD
IDXWHQEDFK ( +DUULV $' 3HUHQFHYLFK (1 1DFKDPN
- 3 7HVW FKDUDFWHULVWLFV Rl SHULUHFWDO D
VDPSOH IRU GHWHFWLRQ RI (NOPKRUR FXIL@R G\RQH UH\
JDVWURLQWHGWL O DU REILLDFAV $JHQWY DQG &KHPRWKH

GRL $$&
IDYHUGH *RPH] - $ OXNKRSDGK\D 'XQFDQ 6 + /IRXL
"XIXLG ( HW DO JRUPDWH FURVV IHHGLQJ D

LQWHUDFWLRQV UHYHDOHG E\ WUDQVFULSWRPLFV |
DP\ORO\WLF KXPDQ (FRRORRIOFP HQ WWDIUALIDFURELRORJ\

GRL

/IH &DR . $ 5RKDUW ) *RQ]DOH] , DQG '"HMHDQ 6
LOQWHIJUDWLRQ SURMHFW

/IHH - + DQG /HH - ,QGROH DV DQ LQWHUFHOOXOD
)(06 OLFURELRORJ\ O5HYLHZYV GRL M

[
/[HLWH ODUWLQV [/ 5 ODK~ 0, 0 &RVWD $ / OHQGHYV

'09 HW DO BUHYDOHQFH RI DQWLPLFUREL
(VFKHULFKUBPFFRB®PHVWLF SHWV DQG DVVHVVPHQW RI
XVLQJ D JHQHUDOL]H G 3QHYHDW PY FHSHMRHAH Q@D U\ OHG |

GRL M SUHYHWPHG

/JHYLQH 8 < /RRIW 7 $OOHQ + . DQG 6WDQWRQ 7 %
EDFWHULD LQFOXGLQJ PXFLQ GHJUDGISS®L H®GRB QBK H
(QYLURQPHQWDO OLFURELRO®RRL DHP

/L * DQG <RXQJ . ,QGROH SURGXFWLRQ E\ WK
(VFKHULFKLD BRIMHUPLQHG E\ WKH DPRXQW RI H[R
OLFURELRORWS GRL PLF

/L ; /L : :DQJ + &DR - ODHKDVKL . +XDQJ / HW D¢
RI D VZHHW UHFHSWRU JHQH DFFRXQWVRKUH®WWW LQ

GRL MRXUQDO SJHQ

/L < *RUGRQ ( ,GOH $ $OWDQ ( 6HJXLQ 0$ (VWU
RI D IHOLQH RXWEUHDN RI GLDUUKHD DQG YRPLWLQJ
FKDSSDUYRYXKMUMKV GRL Y

JRXLV 3 'XQFDQ 6 + OF&UDH 6, OLOODU - -DFNVRQ
SHVWULFWHG GLVWULEXWLRQ RI WKH EXW\UDWH NLQE
EDFWHULD IURP W-RKKXPO RFRORYHULRORGRL

M E

IRXLV 3 DQG )OLQW + - 'HYHORSPHQW RI D VHPLT)
3&5 EDVHG DVVD\ IRU HVYWLPDWLRQ RI QXPEHUV RI EX
WUDQVIHUDVH JHQHV LQ FR®SDGIHBDPWB ULDOL WVD@S
OLFURELRORJ\ GRL DHP



IRXLV 3 DQG )OLQW + - JRUPDWLRQ RI SURSLRQDWH DC(
FRORQLF PLEQREURQYPHQWDO OLFURELRORBRL

IRXLV 3 +ROG */ DQG )OLQW + - 7KH JXW PLFURELRW

DQG FRORUHFWDWXBBPQBHYLHZYV OLFURELGRORJI\
QUPLFUR

JRXLV 3 B6FRWW .3 'XQFDQ 6 + DQG )OLQW + - 8QGH
GLHW RQ EDFWHULDO PHWDERORWXR QDX VRKHS$ DDALHHG LQW |
OLFURELRORJ\ GRL M [

JRXUHLUR % $ 6DNRPXUD 1. B6HPEHQHOOL * ORQWL 0 O0DO
, 0 HW DO ,QVROXEOH ILEUHV VDWLHW\ DQG IRRG LQ
-RXUQDO RI $QLPDO 3K\WVLRORGRDQG $QLWHQ@ 1XWULWLRQ

/IRIXSRQH & $ B6WRPEDXJK -, *RUGRQ -, -DQVVRQ -. DC
'LYHUVLW\ VWDELOLW\ DQG UHVLOIUHDFHHRI WKH KXPDQ JXW

ODFIDUODQH * 7 *LEVRQ *5 DQG &XPPLQJV - + &
IHUPHQWDWLRQ UHDFWLRQV LQ GLIRKUK®W BHS$SBQYHRGE WKH
%DFWHULRORJ\ GRL M WE [

ODFIDUODQH 6 DQG ODFIDUODQH * 7 5HIXODWLRQ RI
SURGXFMWLRRHHGLQJY RI WKH 1XWULWLR@RBRFLHW)\

316

ODULRWWL ) 7RPp ' DQG OLUDQG 3 3 &RQYHUWLQJ Q

EH\RQG DQG MKRWHVLFADGWRYVYHZY LQ )RRG 6FLHQFH DQG
GRL

ODUWHQV ( & &KLDQJ + & DQG *RUGRQ - , OXFRVDO JO!
ILWQHVV DQG WUDQVPLVVLRQ RI D VDFFK&®WRBO\WLF KXPDQ
+RVW OLFUREH GRL M FKRP

ODUWLQH] *XU\Q . +XEHUW 1 )UD]JLHU . 8UODVV 6 OXVFK

6PDOO LQWHVWLQH PLFURELRWD UHJXODWH KRVW GLJ}
UHVSRQVHV WR &HBWDYRVOLILGEVWREH H GRL
M FKRP

ODZH * 0 DQG +RIIPDQ -0 BHURWRQLQ VLJQDOOLQJ LC
G\WIXQFWLRQV DQG WKMWBSHXM.¥FLHZVUIBWWURHQWHUROR
+HSDWRORJ\ GRL QUJDVWUR

OF&DQQ . 6 7KH GLYHUMIDWXVWDELOLW\ GREDWH

OF*HDFKLQ 5/ DQG $NLQ - 5 $P\ODVH OHYHOV LQ WKH W
WKH GRPHWWLF RIRMSDUDWLYH %LRFKHPLVWU\ DQG 3K\VLRO!

OFOHQDP\ 5 + /XQG & & 9DQ ODUFNH - DQG 2QFOH\ -/
/ WU\SWRSKDQ LQ KXPDQ SGDWRDYBIW RI| GHLRIFKHWP I8V WU\ DQ
%LRSK\VLFV  GRL
OF1XOW\ 13 :X 0 (ULFNVRQ $5 3DQ & (ULFNVRQ % . O
(ITHFWV Rl GLHW RQ UHVRXUFH XWLOL]DWLRQ E\ D PR
FRQWDLQLQJ EDFWHURLGHV FHOOXORVLO\WLFXV :+ D V\F

JO\FREBRPH% LR OR JN GRL MRXUQDO SELR

OHDG * & 7KH DPLQR DFLGOHUPRELQWRDO@RI\&ORVWULGLD
GRL GRL

OHUWHQV ' 5 &KDOOHQJHV LQ PHRXXQDX RQVRIOPCEM H G LH

6FLHQFH



OLQEQDPRWR < +RRGD 6 6ZDQVRQ . 6 DQG 6XFKRGF
JDVWURLQWHVWLQQLPO @ LHHDREWRVWBIVHDUFK GRILYLHZV

Vv
OLEQDPRWR < 2WRQL & & O6WHHOPDQ 6 0 %X\XNOHEO'}
$ ( HW DO $OWHUDWLRQ RI WKH IHFDO PLFU
SURILOHV LQ GRJV ZLWK LGLRSDWKMF QOLICHORPHPWYOWR U\
GRL

OLQHNXV 0 $OPLQJHU 0 $OYLWR 3 %DOODQFH 6 %R
$ VWDQGDUGRVHGAWUWDWILFQ PHWKRG VXLWDEOH IRU I

FRQVH®RWROG/ )XQFWLRQ GRL F IR M
OLUVHSDVL + 3HUVVRQ 6 B6WUXYH & $QGHUVHQ / 2 ¢
$ OLFURELDO GLYHUVLW)\ LQ IHFDO VDPSOHV

PHWKRG HDV\0DJ '1$ H[WUDFWLRQ FRPSDUHG WR 4,¢
HWUD®BW&E B®IVHDUFK 1RWHRM

ORQWDJXH O - /L * *ROIL % .KDQ 5 $NHQ % / 6HI
&RPSDUDWLYH DQDO\LV RI WKH GRPHVWLF FDW JH(
XQGHUO\LQJ IHOLQH ELRORUR PG IGRIPVH \RW L\W B W L RN
$FDGHP\ Rl 6FLHQFHV Rl WKH 8QLWHG 6WDWERLRI $PH

SQDV

ORRQ &' <RXQJ : ODFOHDQ 3 7KRPDV '* DQG %HUF
IXQFWLRQDO GLYHUVLW\ RI WKH IDHFDO PLFURELRWD
WKDQ WKDW RQ FDUERK\GUDWH EDVHG NLEEOH GLHW
LBRZHWW ,15$%$ *XW PLFURELRORJ\ QR$EGRQGHW QVKH
8.

ORUHOOL * %DVWLDQHOOR 6 &DWHOODQL 3 DQG 5LF
GRJV VXUYH\ RI RZQHUVY PRWLYDWQ& @W WHNWQ B/X\G |

5HVHDUFK GRL v [
ORUULV - * 7UXGHOO - DQG 3HQFRYLF 7 &DUERK
FDWHOLV FDBMWXWLVK -RXUQDO RI 1XWULBRRQ
EMQ
OR[KDP * 7KH :$/7+$0 )DHFHV 6FRULQJ 6\VWHP D V

DQG SHW RZQHUV KRZ:BBWYXDRXBFEMW UDWH"
1IDWLRQDO 5HVHDUFKXWRXEBRMD 5HTXLUHPHQWDWRRQOIY DC
$FDGHPLHV 3UHVV
1HOVRQ 5 3HWHUVRQ ' .DUS ( %HFNKDP * DQG 6
&DUER[\OLF $FLG 3URGXFWLRQ E\ OHJDVSKDHUD HC
JLJQRFHOOXORVLF ¥H G P R Q WIDWLR Q GRL
IHUPHQWDWLRQ
1H\D 7 OL]XWDQL 0O DQG <DPDVDWR 7 5ROH RI (
UHIOH[ HOLFLWHG E\ VWURNLQJ WKH P XRRUMDLQ RIK!
3K\WLRORJ\ GRL MSK\VLRO VS
1JX\HQ 1 3 :DUQRZ 7 3RS 0 DQG :KLWH % $ St
RSHUDWLRQDO WD[RQRPLF XQLW F OXS/MV U RQLIOPWLDQ ¢
OLFURELRPHV GRL QSMELRILOPYV
1LFKROVRQ - . +ROPHV ( .LQURVV - %XUFHOLQ 5 *
+RVW JXW PLFURELRWD BRAMWDERDLF LQWHUGRWLRQV
VFLHQEFH
1*HVFK ,QGHUELQHQ 0 7UHLHU $ =XUIOXK . DQG 6WH
GLHWV IRU FRPSDQLRQ DQLPDOV D SRWHQWLDO VRXU



DQWLPLFURELDO UHVLVVBB{DWD (GRVFHHWEDFMHQPU BB EHOQ HH
GRL GRL UVRV
2 %ULHQ 6 - DQG <XKNL 1 &RPSDUDWLYH JHQRPH RUJELC
KLVWRFRPSDWLELOLW\ FRPSOH[PXOMHRYRIVS HMRMHIWKH )HOLGL

2 ODKRQ\ 6 0 &ODUNH * %RUUH < ( 'LQDQ 7 * DQG &U\DQ
WU\SWRSKDQ PHWDEROLVP DQG WA&KHKEYDRRUDON %PUBURELRF
5HVHDUFK GRL M EEU

20LSKDQW . DQG $O0OHQ 9HUFRH ( ODFURQXWULHQW PH'
PLFURELRPH PDMRU IHUPHQWDWLRQ E\ SURGXFWV DQG WK
OLFURELRPH GRL v

20NNROD 6 .RYDQHQ 6 5RLQH - +IQQLQHQ 0 / +LHOP %M|
5 3RSXODWLRQ JHQHWLFV DQG DQWLPLFURELDO V)
&DPS\ORENVRWBWHY FROOHFWHG EHIRUH DQG DIWHU D UDZ
3/26 21( H GRL MRXUQDO SRQH

g]RIXO ) (I I1HFWV Rl VSHFLILF ODFWLF DFLG EDFWHULD
SURGXFWLRQ E\ IRRGEWHQA8DMWLWRIOMIHARXUQDO RI )RRG 6FI
7HFKQRORJ\ GRL M [

3DOORWWR 05 GH *RGR\ 05 & +ROVFKHU + ' %XIl 35 DQC
(IHIHFWV Rl ZHLJKW ORVV ZLWK D PRGHUDWH SURWHLQ K
FRPSRVLWLRQ YROXQWDU\ SK\WVLFDO DFWLYLW\ DQG IHFD
$PHULFDQ -RXUQDO RI O9HWHULQDU\ S5HK\WRLDUFK

DMYU

3DXO $ (+ DQG 6WD\W - 7KH LQWHVWLQDO PLFURELRF
GLDUUKRHD DV GHWHFWHG E\ D IDHFDO SRO\PHUDVH FKDLQ
'THVWHUQ $XWWWDOIODRDQ 9HWHULQDU\ -RXWRDO

DYM

3DZORVN\ 5 %DUQHV $ DQG 6DOHP 1 -U (VWHQWLDO
WKH IHOLQH UHODWLRQVKLS EHWZHHQ OLYHU DQG EUDL
SRO\XQVDWXUDWHK®& QDWW\| DEEGE 5HVHDUFK

3HDFKH\ 6 ( 'DZVRQ -0 DQG +DUSHU ( - *DVWURLQWH
\RXQJ DQG RBBSPMWWLYH %LRFKHPLVWU\ 3K\WLRO 3K\VLRO
OROHFXODU ,QWHJUDWLYH 3K\VLRORJ\

3HUXPDO 6 $QWLSRYD 2 DQG 2UJHO -352 &ROODJ
GRPDLQ RUJDQL]DWLRQ DQG WULSOH KHOLFDO FRQIRUPD\
3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ Rl 6FLHQFHV RI W]

GRL SQDV

3HW )RRG ,QGXVWUKXPD® IRRG WUHQGY DQG KRZ WKH\ SOD\ RX

>2Q0LQH@ SHWIRRGLQGXVWU\ FRP

$YDLODEOH KWWSV ZZZ SHWIRRGLQGXVWU\ FRP EORJ
IRRG SRVW KXPDQ IRRG WUHQGYV DQG KRZ WKH\ SOD\ RXV
>$FFHVVHG $XIXVW @

3HW )RRG ,QGXWWBDQ IRFRRG WUHQGV GULYLQJ SHW IRRG SURG
>2Q0LQH@ SHWIRRGLQGXVWU\ FRP
$YDLODEOH KWWSV ZZZ SHWIRRGLQGXVWU\ FRP DUWLFOF
GULYLQJ SHW IRRG SURGXFW LQQRYDWLRQ >$FFHVVHG  $X.
3LQQD & 6WHIDQHOOL &Q DNGLRREWJIRI SLHWDU\ SURWHLQ OHY
QRQGLJHVWLEOH ROLJRVDFFKDUL®QRKWGQIO IROIS@HPIBEDO PL
6FLHQFH GRL MDV



3O0DQWLQJD ($ %RVFK * DQG +HQGULNV : + (VW
SURILOH RI IUHH URDPLQJ IHUDO FDWV SRVVLEOH LP
FDWWoULWLVK -RXUQDO RlI 6 1IXWUIBWLRQGRL

6
SBURLHWWL & =DNU]JHZVNL O :DWNLQV 76 %HUJHU %
DO OLQLQJ YLVXDOL]LQJ DQG FRPSDULQJ PXO
GDWD XVLQJ WKH *HQRPLFV 'DWD 6OHAHLHQUV LFIALIFQSH SR B

GRL VUHS
3UROD / 'REHQHFNHU % O0OXVVD 33 DQG .LHQ]JOH (
ILEUH OHQJWK RQ IDHFDO TXDOLW\ PLQHUDO H[FUHMW
-RXUQDO RI $QLPDO 3K\WLRORJ\ DQG $QLBRQ 1XWU

M [
3URVN\ / $VS 1 * )XUGD , 'H9ULHV - : 6FKZHL]HU
'HWHUPLQDWLRQ RI WRWDO GLHWDU\ ILEHU L
FROODERUDWXKYBD/WXGVVRFLDWLRQ RI 2IILFLDO $QDC

SURVN\ / $Vvs 1+ 6FKZHL]JHU 7)) '"HOULHV - : D(
"HWHUPLQDWLRQ RI LQVROXEOH VROXEOH DQG WRW
SURGXFWV LQWHUGXERDDWRBVWRFXGWLRQ RI 2IILFI
&KHPLVWYV

4XHHQ (9 ODUNV 6/ DQG )DUYHU 7 % SUHYDOH
SDUDVLWLF DJHQWYV LQ IHFHV IURP GLDUUKHLF DQG
&DOLIRWIRXUDQDO RI 9HWHULQDU\ ,QWHUQD®RLOHGLFL

M [
AXLQFH & :DONHU $: 6LPSVRQ -7 /RPDQ 1 - DQG ¢
PHWDJHQRPLFV IURP VDIMSOXDH WIRR I/GIB R QERRYR J\
QEW
5 &RUH 7HDP 5 $ /DQJXDJH DQG HQYLURQPHQW |
9LHQQD $XVWULD 5 )RXQGDWLRQ IRU 6WDWLVWLFDO
5DPDGDQ = ;X + /DIODPPH ' &]DUQHFNL ODXOGHQ *
JHFDO PLFURELRWD RI FDWV ZLWK QDWXUDOO
DVVHVVHG XVLQJ 6 U51$% JHQH S\URVHTXHQFLQJ
WUHDWRKQ@WDO RI 9HWHULQDU\ ,QWHUQD®RIOHGLFL
MYLP

5DXVFK 3 5HKPDQ $ . QJHO 6 +IVOHU 5 2WW 6 -
&RORQLF PXFRVD DVVRFLDWHG PLFURELRWD LV LQIO;
GLVHDVH DQG )87 6HFURMHRHG LQUYRRM\SHKH 1DWLRQD
6FLHQFHV RI WKH 8QLWHG 6WDWHV Rl $PRIULFD

SQDV
5HHVH $ 7 DQG 'XQQ 55 'ULYHUV RI PLFURELRPF
JHQHUDO UXOHV IHFHP%LRQG HJQRUDQFHKRL
P%LR
SHLFKDUGW 1 'XQFDQ 6 + <RXQJ 3 %HOHQJXHU $
.3 HW DO 3K\ORJHQHWLF GLVWULEXWLRQ R
SURGXFWLRQ ZLWKLQ WKH,KK®PDW JXW PLBWRRELRWD
LVPHM
5HLJVWDG & 6 6DOPRQVRQ & ( 5DLQH\ -) 6]XUV]H
BRQQHQEXUJ -/ HW DO *XW PLFUREHV SUF

SURGXFWLRQ WKURXJK DQ HIITHFW RI VKRUW FKDLQ ID
7KH )$6(% -RXUQDO GRL M



S5HPLOODUG 5/ +RPHPDGH GLHWYV DWWRSEEKRKWHY SLWIDO(

LQ &RPSDQLRQ $QLPDO OHGBGRIQH M WFDP

5LFKDUG 'O 'DZHV 0$ ODWKLDV & : $FKHVRQ $ +LOO .D
'RXJKHUW\ ' 0 /| TUISWRSKDQ %DVLF OHWDEROLF )XQF
SHVHDUFK DQG 7KHUDSEWWURDQOGREPDWLREXUQDO RI WU\S
UHVHDUFK ,-7%RL LMWU V

5LFKDUGVRQ $ - &DOGHU $* B6WHZDUW &6 DQG 6PLWK

GHWHUPLQDWLRQ Rl YRODWLOH DQG QRQ YRODWLOH DFLC(
DQDHUREHV E\ FDSLOODIHW VW B X URPHIEROILLHGS BLFURELRORJ'
GRL M : W E [
5LFKDUGVRQ $ - OF.DLQ 1 DQG :DOODFH 5 - $PPRQLD S
IDHFDO EDFWHULD DQG WKH HQXPHUDWLRQ LVRODWLRQ D
FDSDEOH RI JURZWK RQ SH®%BOW. GHNVURGGRMMRARL DFLGV

SLWFKLH [/ ( %XUNH . ) *DUFLD OD]J]FRUUR -) 6WHLQHU - 0
&KDUDFWHUL]DWLRQ RI IHFDO PLFURELRWD LQ FDWYV .
JHQH DQG JURXS VSH/MAWRBLEEBGOLIXGREDFWHULXP VSS

OHWHULQDU\ OLFURELROR®BRL M YHWPLF

S5SLWFKLH [/ ( 6WHLQHU - 0 DQG 6XFKRGROVNL - 6 $V)
GLYHUVLW\ DORQJ WKH IHOLQH LQWHVW)I@BO WUDFW XVLQJ
OLFURELRORJ\ (FRORJ\GRL M [

5RDJHU + 0 +DQVHQ / % %DKO 0, )UDQGVHQ +/ &DUYDOK
&RORQLF WUDQVLW WLPH LV UHODWHG WR EDFWHUL
WXUQRYHU LQ IWWHKUHXWLFURELRORJ\ GRL
QPLFURELRO

SRDJHU + 0 DQG /LFKW 7 5 OLFURELDO WU\SWRSKDQ FI
GLVHIDWHXUH &RPPXQLFDWGERIQV Vv
SREKXV . &RROV § -DQVVHQV * 3 9DQKDHFENH / X\WV %

D 'LHWDU\ VXSSOHPHQWDWLRQ Rl SURSLRQ\ODWHG V
SURYLGHV SURSLRQLF DFLG DV JOXFRQHRJHQLF VXEVWUDW |
DFLG YIRXIW@DO RI IXWULWLRQRD 6FLHQ¥MBYV

SREKXV . -DQVVHQV * 3 DQG +HVWD O E 'LHWDU\ ILEUH

WKH JXW PLFURELRWD LQ 1X@WILQAN DX UHVHRQFR UHYLHZV
GRL \%

SRFKXV . -DQVVHQV * 3 9DQ GH 9HOGH + 9HUEUXJJKH $
/ HW DO +LJKO\ YLVFRXV JXDU JXP VKLIWV GLHWD
PHWDEROLF XVH WR IHUPHQWDWIYRWL WKXKEKWRRWRHD OQRGRPH
IXWULWLRQ GRL \%

SRIJRVD O D SBHSWRFRFFDFHDH D QHZ IDPLO\ WR LQFOX

DQDHURELF FRFFL RI WKH JHQHUD 3HSWRFRFFXV 3HS
5XPLQRFRFFWHUQDWLRQDO -RXUQDO RI 6\WWHPDWLF DQ
OLFURELRORJ\ GRL GRL
5RJRVD 0 E BHBOM KWW RHSWRPRFENYVUHO WM @IOL WR D 1HZ
*HQXOMJIDVSK®HHDVGHMLHUUH] HW DQWHRBROBEWQR ® D@
-RXUQDO Rl 6\WWHPDWLF DQG (YROXWLRQOHL OLFURELROR
GRL
6DEVKLQ 6 - /HY\ - . 7XSOHU 7 7XFNHU 6 - *UHLQHU ( &
(QWHURSDWKRJHQV LGHQWLILHG LQ FDWV HQWHULQJ I
QRUPDO IHFHV R GDDURIKWRH $PHULFDQ 9HWHULQDU\ OHGLF
GRL MDYPD



6DNDL . ODHGD 6 <RQH]DZD 7 DQG ODWVXNL 1
DFLG FRQFHQWUDWLRQV LQ FDWV ZLWK FKURQLF JDVW
FRQWULEXWLRQ LQ WKH LOIWBBPQIRU)\, PBNQRRORV M
,PPXQRSDWKRORGRL M YHWLPP

6DODXQ ) %ODQFKDUG * /[/H 3DLK / B5REHUWL ) DQ
PDFURQXWULHQW FRPSRVLWLRQ DQG SDODWDELOLW\
-RXUQDO RI $QLPDO 3K\VLRORJ\ DQG $QLRRQ 1XWLIL

MSQ

6DQGUL 0 'DO ORQHJR 6 &RQWH * B6JRUORQ 6 DQG
EDVHG GLHW LQIOXHQFHV IDHFDO PLFURELRPH DQG
KHDOWKWG&R PMHWHULQDU\ 5HV HDRIFK Vv

]

6DQWRYV -3) $TXLQR $$ *OyULD 0 % $ $YLOD(&DPSI
.G 0 HW DO (IHIHFWV Rl GLHWDU\ \HDVW FHOC
IHUPHQWDWLRQ SURGREWM QQRDGROMD BDIKYVLRORJ\
IXWULBRRQ MSQ

6DVDNL + .DZDPXUD . .DZDPXUD 7 2GDPDNL 7 .DWV

'LVWLQFWLYH VXESRSXODWLRQV RI WKH LQWH\

ZRPHQ ZLWK XQH[SODLQH 6 HSKURR WL Y R YK IOROMIGR @ L C
GRL M UEPR

6FKHLPDQ - /XEHU -0 &KDYNLQ 7$ ODF'RQDOG 7 7

OHWD RPLFV DQDO\VLV Rl HOLWH DWKOHWHYV LG

PLFUREH WKDW IXQFWLRQV YDDVXQBIFVeHB GIRALRHW D E

Vv
6FKOHVLQJHU "3 DQG -RIIH ' - 5DZ IRRG GLHWYV LC
UHYL/HKH &DQDGLDQ 9HWHULQDU\ -RXUQDO
6FKURHGHU % 2 JLJIKW WKHP RU IHHG WKHP KRZ WK

WKH JXW PLFONBURRHMWHURORJ\ SHSRGWL
JDVWUR JR\

6FKZHLJHUW ) - 5DLOD - :LFKHUW % DQG .LHQJOH (
EXW LW LV QRW FRQ YHKUHW-HRX UMD © LRVDPX\QUE W LR Q
6 GRL MQ 6
BFRWW .3 'XQFDQ 6+ DQG )OLQW + - 'LHWDU\
IXWULWLRQ %XO OHVWBIRY M [
BHQGHU 5 )XFKV 6 DQG OLOR 5 5HYLVHG HVWLF

DQG EDFWHULD FHA®RGYGRQY WKH ERG\
BHVKDGUL 5 /HDK\ 6 & $WWZRRG * 7 7HK .+ [DPEL}
&XOWLYDWLRQ DQG VHTXHQFLQJ RI UXPHQ PLF
+XQJDWH &ROWKEWLRORWHFKGRORJ\ QEW
6KDUSWRQ 7 - $Q LQWURGXFWLRQ WR WKH DQDO\
JURQWLHUV LQ 30D@MRIBFLHQFHSOV
BKHWW\ 6 $ ODUDWKH 13 /DQMHNDU 9 5DQDGH
&RPSDUDWLYH JHQRPH DQDO\VLV RI OHJDVSKDHUD V¢
DQG LWV SRWHQWLDO URQHB 20D( WKH KXPDIRLIXW
MRXUQDO SRQH

6KLPDGD < .LQRVKLWD O +DUDGD . OL]XWDQL O 0D
&RPPHQVDO EDFWHULD GHSHQGHQW LQGROH S|
EDUULHU IXQFWLRQ 3UQ6 WHKKK FRGRQ GRL

MRXUQDO SRQH



6KLVKRY 9 $ .LURYVNDLD 7 $% .XGULQ 96 DQG 20HVNLQ
QHXURPHGLDWRUV WKHLU SUHFXUVRUV DQG R[LGDWLRQ
(VEKHULFKLD3ER®OD %LRNKLP OLNURELRO
BKRXOGHUV 0' DQG 5DLQHV 5 7 &RQ® D OHOQHYWHRIX FW X U H
RI ELRFKHPLVWU\GRL DQQXUHY ELRFKHP
6LNDQGHU $ 5DQD 6 9 DQG 3UDVDG . . 5ROH RI VHURYV
PRWLOLW\ DQG LU ULWDEGH. FER ZHQ PG § RWER L
M FFD
6LOYD 526 DQG /REDMDRVWEI)NGLXP S RWHINLHZIROWHQWHULF
GLVHDVHV LQ GRJV FDWV$QDMWREHOG DGREPDOV
M DQDHUREH
6LOYD 52 6 5LEHLUR O * GH 3DXOD &/ 3LUHV , + 20LYH
$1 HW DO SQ\VORRO/DWNILLRGQ. XAP| DSJBDIRN WY UM GV R LG H V
GLIILFLQH GLDUUKHLF DQG QfQDHDREKHERL FDWV
M DQDHUREH

6LPSVRQ + / DQG &DPSEHOO % - SHYLHZ DUWLFOH Gl

LOQWHUDBFOALPRIQWDU\ 3KDUPDFRORJ\ TKHUBBHXWLFYV
DSW

6LQJKDO 0 7XUWXULFH % $ ODQ]JHOOD & 5 5DQMDQ 5 OHW
DO 6HURWRQLQ WUDQVSRUWHU GHILFLHQF\ LV DVVR
FKDQJHV LQ PHWDEROLF IXQFWLRQ RIWKHOQMRANVH LQWHVW
SHSRUWYV GRL \Y

6PLWK ( $ DQG ODFIDUODQH * 7 (QXPHUDWLRQ RI KXP

SURGXFLQJ SKHQROLF DQG LQGROLF FRPSRXQGV HIIHFW
DYDLODELOLW\ DQG UHWHQWLRQ WLPH RQ GLVVLPLODWRU\
-RXUQDO RI $SSOLHG OLFURELRORJ\

6PLWK ($ DQG ODFIDUODQH * 7 'LVVLPLODWRU\ DPLQF
KXPDQ FRORQ$GDEHIREHULD GRL DQDH
6PLWK ($ DQG ODFIDUODQH * 7 (QXPHUDWLRQ RI DPL

EDFWHULD LQ WKH KXPDQ ODUJH LQWHVWLQH HIIHFWV R
PHWDEROLVP DQG GLVVLIPLO®DOALER Q ERIRIDARLIQ R ARFALREM

GRL M WE [

6PLWK 1: B6KRUWHQ 35 $OWHUPDQQ ( 5R\ 1 & DQG OF1D
FODVVLILFDWLRQ DQG HYROXWUR®Q WL HWDFWE UERO R RD/YGI H
(YROXWLRQGRL IHYR

6PLWK 3 0 +RZLWW 05 3DQLNRY 1 OLFKDXG 0 *DOOLQL &
DO 7KH PLFURELDO PHWDEROLWHY VKRUW FKDLQ IDW\
FHOO KR P&RMOQIWLV GRL VFLHQFH

R ' :KHODQ . B5RVVL 0 ORUULVRQ 0 +ROWPDQQ * .HOO

'LHWDU\ ILEHU LQWHUYHQWLRQ RQ JXW PLFURELRWD FRPS
V\VWHPDWLF UHYLHZ7TBQG PHWD-DQ DRXWIQODO RI &OLQLFDO 1;

GRL DMFQ QT\

BRQQHQEXUJ (' 6PLWV 6 $ 7LNKRQRY 0 +LJIJLQERWWRP 6
BRQQHQEXUJ - / 'LHW LQGXFHG H[WLQFWLRQV LQ
FRPSRXQG RYHU JHQMUDWLRQV GRL

QDWXUH
BRQQHQEXUJ -/ ;X - [JHLS '' &KHQ & + :HVWRYHU % 3

*O\FDQ IRQDYIE®RBRDQ LQWHVWLQH DGDSWHG EDFWHULD
6FLHQFH GRL VFLHQFH



BRVXOVNL ): DQG ,PDILGRQ * , $PLQR DFLG FRP
SURWHLQ FRQYHUVLRQ IDFW R-RX URW O @RL P{JO LOFX® \§ ® O

JRRG &KHPLVWU\ GRL Ml D
6WDGWPDQ 7 & 2Q WKH PHWDEROLYPRRWDQGRKIPQ R
-RXUQDO RI EDFWHULRORJ\
6WHZDUW ( - *URZLQJ XRXY QX WRJEY Bl F VIHAUL R O IRDI \
GRL ME
6WURKPH\HU 5 $ ORUOH\ 3 6 +\DWW ' 5 '‘DUJDW] ' $
05 (YDOXDWLRQ RI EDFWHULDO DQG SURW

FRPPHUFLDOO\ DYDLODEOH UMRXWHDAV RGLWWN $Rb UG

OHWHULQDU\ OHGLFDO $VVRFGERWLRQ MDYPD
6WXUJHRQ $ 3LQGHU 6/ &RVWD 0 & DQG :HHVH - 6

RUDO PLFURELRWD RI KHDOWK\ FDWVYK& QW QUILW DIHC

-RXUQDO GRL M WYMO

6 XFKRGROVNL - 7KH LPSRUWDQFH RI WKH PLFURELF
GLVHDVH RI GR3IFWDQ @HMDHMNML.QDULD 6FDQGRIQDYLFD

vV N

6 XFKRGROVNL - 6 JRVWHU 0 / 6RKDLO 0 8 ITHXWHQH.
-0 HWDO 7KH IHFDO PLFUREHRBRPH(LQ FDWV ZL\
H GRL MRXUQDO SRQH

6 XFKRGROVNL - 6 ODUNHO 0 ( *DUFLD OD]JFRUUR -)
'RZG 6 ( HW DO 7KH IHFDO PLFURELRPH LQ GR

LGLRSDWKLF LQIODPPDVBRAS ERZHO HGLVHDWRIL
MRXUQDO SRQH

6XPPHUV 6 & 4XLPE\ -0 ,VDLDK $ B6XFKRGROVNL
*XVWDIVRQ '/ 7KH IHFDO PLFURELRPH DQG V
LQGR[\O VXOIDWH DQG S FUHVRO VXOIDWRXUQIFDWYV Z
RI 9HWHULQDU\ ,QWHUQDO OBGIRILFLQH MYLP

BXQYROG *' )DKH\ * & -U OHUFKHQ 15 %RXUTXLQ
%DXHU // HW DO " LLHQWNDIUWWIARE € W D RAUL FEQ VRV V H ¢
ILEHU VRXUFHV E\ FDWLIH NXWRLQR/PX\OLRQ DRYJGG LHW V
VHOHFWHG ILEHU VRXUREXWYQDMGRW §BLB DED ARIGHQ FH

6ZDQVRQ .6 *ULHVKRS & 0 )OLFNLQJHU ($ %DXHU |/
DO JUXFWRROLJRYAMWREDBLG @& X \FORYELIG RIKKAL O X V
PLFURELDO SRSXODWLRQV WRWDO WUDFW QXWULH
FDWDEROLWH FRQFHQWUDWRRKQWYLQ KIH DKW KLWLERXD W

6]JHLW] $ DQG %DQGLHUD 6 0 $QDO\WIL\R P& PHD\
&KURPDWRJWGRL EPF

7HUU\ 1 DQG ODUJROLV . * BHURWRQHUJLF PHFKD
([SHULPHQWDO HYLGHQFH DG® QGHEHRIRINS IRX VI B HWH © H !
SKDUPDFRORJ\ GRL B B

7KDLVV & $ =HHYL ' /HY\ 0 6HJDO ( DQG (OLQDY (
WKH PHWD RUJDQLVP GLXUQDO UK\WKPV RIXWKH LQWH
OLFUREHYV GRL

7URZHOO + '"HILQLWLRQ RI GLHWDU\ ILEHU DQG K\SF

LQ FHUWDLTKB LYFHDOMHWDQ -RXUQDO RI &OLQLFDO 1XW
GRL DMFQ



TVXNDPRWR . $ULJID + ODQW\K & 3DSSDV 71 <DQDJL +
/IXPLQDOO\ UHOHDVHG VHURWRQLQ VWLPXODWHYV FROR
FRORQLF WUBRNUWFDQ UDXWNMDO RI 3K\ WVLRORJ\ 5HIXODWRU\

DQG &RPSDUDWLYH 3B\VWLRGRIL\ DMSUHJX
7XUQEDXJK 3 - +DPDG\ 0 <DWVXQHQNR 7 &DQWDUHO % /
DO $ FRUH JXW PLFURELRPHDWXREHVH DQG OHDQ WZ
GRL KWWS ZZZ QDWXUH FRP QDWXUH MRXUQDO Y
QDWXUH B6 KWPO
8KU * 7 'RKQDORYi / DQG 7KDLVV & $ 7KH GLPHQVLR
PLFURELRPH L QWP UWDFMA\RQV H GRL
P6\WWHPV
9DQ GHQ $EEHHOH 3 9DQ GH :LHOH 7 9HUVWUDHWH : DQG

KRVW VHOHFWV PXFRVDO DQG OXPLQDO DVVRFLDWLRQV RI |
D QRYHO FROQFHSBMFURELRORJ\ 5HYLHZV GRL
M [

9DQ 6RHVW 3IXWULWLRQDO HFRORHY RIRWKH 863% P IRRDJ@W O O
8QLYHUVLW\ 3UHVV

9HUEHNH . $ %RRELV $5 &KLRGLQL $ (GZDUGV & $ )UDQF
HW DO 7RZDUGV PLFURELDO IHUPHQWDWLRQ PHWDER!
EHQHILWY RI BUMELWWREV 5HVHDUFK 5HYGRZV

6

9HUEUXJJKH $ +HVWD 0 'DPLQHW 6 3ROLV , +ROVW - -
BURSLRQDWH DEVRUEHG IURP WKH FRORQ DFWV DV JOXFRQ
FDUQLYRUH WKHH@RWHWMWIWHUVRI$QLPDO 3K\WLRORJ\ DC
$QLPDO 1XWLULWRQ GRL [

9HVWHU % 0 %HORVKDSND $ 1 OLGGHOERV , 6 %XUNH 6 /
/ * HW DO D (YDOXDWLRQ RI QXWULHQW GLJHVWLELO
RI HIRWLF IHOLGV IHG KRUVH RU EHHI EDVHG GLHWV 8VH RI
IRU HIRWERRHBLBUR J\ GRL ]RR

9HVWHU % 0 %XUNH 6/ J/LX .- 'LNHPDQ &/ 6LPPRQV / *

E ,QIOXHQFH RI IHHGLQJ UDZ RU H[WUXGHG IHOLQH GLH

DQG QLWURJHQ PHWDERON)N® LRI @3BRFBQRIOLRIGFDWV

GRL ]RR
9LQFH $ - DQG %XUULGJH 6 0 $PPRQLD SURGXFWLRQ E\
HIITHFWV Rl ODFWRVH CROFUNPOIR RH 0OHEBGE FDX PR¥HRELROR J\
GRL

9LQROR 0 % S5RGULJIJXHV + * I1DFKEDU &5 7 DQG &XUL 5
LQIODPPDWLRQ E\ VKRUW XRMKWDLLHQ WD/Y'W W\ DBERIGV

QX
9LWDO 0 *DR - 5L]]JR 0 +DUULVRQ 7 DQG 7LHGMH - 0
JRYHUQLQJ WKH IHFDO EXW\UDWH SURGXFLQJ FRPPXQLW\ V
$YHV DQG 560SWREUQ DO GRL LVPHM
961 ,QWHUQDWLRQDO *HQ6WDW IRU :LQGRZV +HPHO +
 QWHUQDWLRQDO
':DONHU $: 'XQFDQ 6 + OF:LOOLDP /HLWFK (& &KLOG O :

S+ DQG SHSWLGH VXSSO\ FDQ UDGLFDOO\ DOWHU EDFW
FKDLQ IDWW\ DFLG UDWLRV ZLWKLQ PLFURELDO FRPPXQLW
$SSOLHG DQG HQYLURQPHQWDO PLFURBIRRROR J\

$(0



:DOO 5 &U\DQ -) B5RVV 53 )LW]JJHUDOG *) 'LQDQ
%DFWHULDO QHXURDFWLYH FRPSRXQ®VUFSREGROHG
(QGRFULQRORJ\ 7KH OLFURELRWD *XW %HI®\VY QO$[LV LC
J\WH - ) &UWD<RUN 1< B6SULQJHU 1HZ <RUN

:DOWKHU ' - 3HWHU - 8 %DVKDPPDNK 6 +|UWQDJO

6\QWKHVLV Rl VHURWRQLQ E\ D VHFRQG WU\SV
6FLHQFH GRL VFLHQFH

'DQJ - /DQJ 7 6KHQ - 'DL - 7LDQ / DQG :DQJ ;
DQDO\VLYV RI KHDORMKWLIRUFNH LQ OLFURELRRRJ\

IPLFE

'DVKL]X 7 7DQDND $ 6DNR 7 :DVKL]X 0 DQG $UDL 7
DFWLYLWLHV RI HQ]\PHVY UHODWHG WR JO\FRO\VLV DQ¢
DQG FBWVHDUFK LQ O9HWHULQDU\ 6FLH®RH

UYVF

'HDWKHUEXUQ O : 3KHQRO K\SRFKORULWH UHDFWLR
$QDO\WLFDO &KHPLVWGERL DF D

‘HHVH - 6 %DFWHULDO HQWHULWLY LQ GRJV DQG FI
SRWHOMNIPOLQDU\ &0LQLFV Rl 1IRUWK $PHULFD 6PDOC

GRL M FYVP

:LOOLDPV &/ 'LOO OF)DUODQG . $ 9DQGHZHJIH 0 : 6¢
.RXED $ - HW DO D 'LHWDU\ VKLIWV PD\ WULJJH
LQ JLD QWS ISOXQURDSR G D P HIRIQRIHHMAF DQ OLFURRILRORJ\

IPLFE

'LOOLDPV 7/ <LQ <: DQG &DUWHU & : -U E 6HO
WU\SWRSKDQ\O W51$ VIQWKHWDVHV ETHKK GROPYDIOD L
RI ELRORJLFDO FKHPLVWRL MEF 0

:LOOLV $ SDUHIDFWLRQ DQBRDWELHMHW\LIQAO L PWRGE V

GRL IPLFE
"ORGDUVND 0 J/XR & .ROGH 5 GY+HQQH]HO ( $QQD
' QGROHDFU\OLF DFLG SIRSXRWE UEHSHRIPEPRINGF\XIO

VXSSUHVVHV L QIO P BRAMWRQ OLFUREHH GRL
M FKRP
X * &URVV + 5 *HKULQJ . % 6DYHOO - : SUQROG

&RPSRVLWLRQ RI IUHH DQG SHSWLGH ERXQG DP
DQG URXQG -RXWE@DO RI $QLPDO 6FLHQFHGRL
MDV
<DQ : =KHQJ - :HQ & -L & =KDQJ ' &KHQ < HW T
VDPSOLQJ DV D JXW SUR[\ LQ WKH EWRS[LRI FKLFNHQ
GRL
<DQJ - :DQJ + 3 =KRX [/ DQG ;X & ) (ITHFW
FRQVWLSDWLRQ :RBE® DBRXYMOD\YIRM *DVWURHQWHUROI
GRL ZMJ Y L
<DQR -HVVLFD O <X . 'RQDOGVRQ *UHJRU\ 3 6KDVWU
DO J QGLJHQRXV EDFWHULD IURP WKH JXW PLFL
ELRV\QWKBWOLV GRL M FHOO
<DVXGD . 2K . 5HQ % 7LFNOH 7/ )UDQ]JRVD ($ :DI
%LRJHRJUDSK\ RI WKH LQWHVWLQDO PXFRVDO DQG O
PDFDRHDO +RVW OLFUREHGRL M FKRP
<RXQJ : ORRQ &' 7KRPDV '* &DYH 1 - DQG %HUPLC
DQG SRVW ZHDQLQJ GLHW DOWHUV WKH IDHFDO PHWD



YLWDPLQ DQG FDUERK\GUDWH P&HMLHERNMOLIYP SHRRUMWE/X QGD(

GRL VUHS
=buUuoLQJ ( - DQG 5XFKLP 0 $ SURWHLQ RULJLQ RI WK
LVREXWA\UDWH DQG LVRYIRXHQDWHRIL GDEERRIDQVRWRRQG &0LQ
OHGLFLQH
=KDQJ 1 /L 7 = =KHQJ . ORX ' / /LDQJ / & =KDQJ 7 H

RI UHFWDO VZDE VDPSOHV IRU DQDO\VLV RI WKH LQWHVWL
&KLQHVH PHGLFDO MRXUGRD

=KHQJ / .HOO\ & - DQG &ROJDQ 6 3 SK\WVLRORJLF K\
KRPHRVWDVLVY LQ WKH KHDOWK\ LQWHVWLQH $ UHYLHZ LQ V
K\SR[6§PHULFDQ MRXUQDO RI SK\VLRORJ\ &HOO SK\VLRORJ\
GRL DMSFHOO

=RX < XH IXR * 'HQJ = 4LQ 3 *XR 5 HW DO
JHQRPHV IURP FXOWLYDWHG KXPDQ JXW EDFWHULD HQDEC
DQDOYVHWXUH %LRWHFKQRORIRL \Y



$SSHQGLFHYV






$SSHQGLFHV

$SSHQGEWDWHPHQW RI FRQWULEXWLRQ IRU SXEOLVKHG PI

'* <RXQJ : &DYH 1- OF.HQ]JLH &0 5RVHQGDOH ', %HUPLQ

SODQW GLHWDU\ ILEUH WR D UDZ UHG PHDW KLJK SURWHLQ

DQG RUJDQLF DFLG SURILOHV)HOLW KRD3XRP FRMWLF FD)
H




























































$SSHQGIHODWLYH DEXQGDQFH RI EDFWHULDO WD[D REVHUYHG LQ IDHFHV RI GRPHYV
WR D GD\ EORFN FURVV RYHU GHVLJQ

'LHW
3KVOXP &ODVYV )J)DPLO\ *HQ XV .LEEOH 5DZ )LEUH 5DZ
$FWLQR $FWLQR &RULREDF $VDFFKD
&ROOI
60D

%DFWH %DFWI
JLUPL %DF
&ORYV

%DFWHU
BRUSK\URPF

SUHYRW
SUHYRW

&DUQREDF
IDEFWRED
6WUHSWR
&ORVWL
(XEDFWHt

,QFHUWDH
IDFKQRV ¢

SHSWRFF
SHSWRVWUH

5XPLQRFR

8QFO &RULR
%DFWI

8QFO %DF
3DUDEDF
8QFO 3RUSK\U
3UHY |

8QFO 3UHY
8QFO %DF
&DUQREL
IDFWRE
/IDFWRI
BWUHSV
&ORVW

8QFO &OR)
8QFO &OR
(XEDFW

%OLC

&RSURI

'RU

5RVHI

8QFO /DFKQ
3HSWR
3HSWRVWL
6SRUDFH
8QFO 3HSWRVW
$FHWDQDHL
% XW\ULI
)DHFDOLE



9HLOOR(
(U\WLSH (U\WLSHOR
)XVREL )XVREL )XVREDFV
3URWHR %HWDSUR!' $OFDOL:
'HOWDSUR' 'HVXOIRYLE

(SVLORQSUF &DPS\ORED
*DPPDSURWI 6XFFLQLYL

(QWHURED
8QFO %

2VFLOC
8QFO 5XPLQF
$00LV

OHJDPI
OHJDVS
3KDVFRODUF
8QFO 9HLO
&DWHQLE
8QFO (U\VLSH
8QFO )LL
&HWRED
YXVREDF
8QFO )XVRE
6 X W W
'"HVXOIF
&DPS\OR
$QDHUREL
6XFFLQ
(VEFKHULFK|

8QFO * 8QFODVVLILHG



$SSHQG.(f* FODVVLILFDWLRQV DW /HYHO /| ZKLFK ZHUH VLJQLILFDQWO\ DOWHUH
RI GRPHVWLF FDWV Q IHG .LEEOH 5DZ )LEUH DQG 5DZ GLHWV LQ D FURVV RYHL
S YDOXHV DUH VKRZQ

.LEEOH 5DZ )LFEDUH
/ OHDQ OHDQ / OHD®5 $GMXVWHG S YDOXH

&HOOXOD!I
&HOOXODU FRPPX
&HOOXODU FRPPX
(QYLURQPHQWDO ,QIF
OHPEUDQH °
6LIJQDOLQJ PROHFX!(
*HQF,QIRUPDWLR!
JROGLQJ VRUWL
5HSOLFDWLF
7UDQVF
7UDQV
OHWDE
$PLQR DFLG F
%LRVV\QWKHVLV RI RWKH '
&DUERK\GUDW ' ‘
(QHUJ\ PHV
OHWDEROLVP RI WHUSH
1XFOHRWLGH




$SSHQGRHTXHQFHV HQFRGLQJ HQJ\PHV ZKLFK KDG WKH JUHDWHVW HIIHFW LQ WKH 6SDL
(** RUWKRORJ .2 LQ IDHFDO VDPSOHV RI GRPHVWLF FDWV Q IHG .LEEOH 5DZ )LE!I
'LVFRYHU\ 5DWHV )'5 DUH VKRZQ

/ .2 / / .LEEOH 5DZ )I5BZH
OHDQ OHDQ OHDQ )
$PLQR DFLG PHWDEROLVP
$ODQLQH DVSDUW . $UJLQLQRVXFFLQDWH '
$ODQLQH DVSDUW . $UJLQLQRVXFFLQDW '
*O\FLQH VHULQH DQG WKUHRQLQH
PHWDE . / VHULQH GHK\GUD\
$PLQR DFL HQJ\I . VRO W51$% VIQWKHWD '
$PLQR DFLG UH . 7U\SWR W51$ VIQWKHWD '
$PLQR DFLG UH . $OD W5I1VI\QWKHWDVF '
$PLQR DFLG UH . 3UF W51% VIQWKHWD\ '
$PLQR DFLG UH . 7KUH W51$ VIQWKHWD '
&DUERK\GUDWH PHWDEROLVP
*O\FRO\VLV *O; . 3KRVSKRHQROS\UXYDWH FDUER

(QHUJ\ PHWDEROLVP
O0DQJDQHVH GHSHQGHQW LQRUJDQLF S\URSKRVSKDWDVH
2[LGDWLYH SK . >(& |

(Q]\PH IDPLOLHV

(QI\P . '1$ OLJDVH 1$' > '
(QI\P . *73DVH > (¢ '
(QI\P . &D WUDQVSRUWLQJ $ '
1XFOHRWLGH PHWDEROLYV
3XULQH P+ . '1$ GLUHFWHG 51$ SRO\PHUDVH '

B\ULPLGLQH . &73 VIQWKDVH 1




$SSHQG&LPOFXODWLRQ RI WKH DPRXQW RI SURWHLQ J UHDFKLQJ WKH FRORQ RI GRPHYV
RYHU GHVLJQ

*HQHUDO WDO DPRXQW RI S
fH@|R%NZDWHU|DFWRU &HWQNGWWWLQWHQDQWBURMH&%%WHLQ$;$UHDFKLQJFRORQ
*0 J'0 WRWDO 'D\

&UXGH SURW
GLHW 'O

.LEEOH
SURWHLQ
)DW
&+2

7TRWDO NFDOV

5DZ
3URWHLQ
)DW
&+2

7TRWDO NFDOV

5DZ )LEUH

3URWHLQ
)DW
&+2

7RWDO NFDOV
&+2 + FDUERK\GUDWH
'0 £ 'U\ PDWWHU
.FDO + .LORFDORULHYV




$SSHQGIRDGLQJ ZHLIJKWV RI WRS EDFWHULDO WD[D IURP 6SDUVH 3DUWLDO DKDVIRP 6TXI
VDPSOLQJ GD\V DQG IURP GRPHVWLF FDWV IHG BY.HEHE®HYV LS )REFUHDVYQGQGISWVIZ]HKGIEH'
ZHLIKW %OXH EDUV GHQRWH GD\ EDVHOLQH GLHW RUDQJH GHQRWHV GD\ JUH\ GHQR



$SSHQGBYHUDJH UHODWLYH DEXQGDQFH RI EDFWHULDO
IDHFDO LQRFXOXP DQG KLJK FDUERK\GY ¥ WMWARHAVD D WLLCRRF
VIVWHP DW KRXU Rl IHUPHQWDWLRQ OHDQV DQG 6WDQ
SUHVHQWHG

3" &'
OHI 6(C OHI 6(C

$FWLQR

%D FWH
&\DQREI
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