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2ULWURSKLXP SHUXYLDQXP +/DP1, &XDWU1 LV DQ HQGHPLF VSHFLHV RI WKH 3iUDPRV RI WKH &RUGLOOHUD RI
/RV $QGHV1 ,Q 9HQH]XHOD LW LV KDUYHVWHG IRU LWV PHGLFLQDO SURSHUWLHV LQ WUHDWLQJ DVWKPD DQG
EURQFKLWLV1 6FLHQWLILF LQIRUPDWLRQ RQ WKH VSHFLHV LV ODFNLQJ1 7KLV SURMHFW DLPV WR REWDLQ LQIRUPDWLRQ RQ
WKH ELRORJ\ DQG HFRORJ\ RI 21 SHUXYLDQXP1 7KH LQIRUPDWLRQ WKXV GHULYHG FRXOG EH XVHG WR GHYHORS
PDQDJHPHQW UHFRPPHQGDWLRQV IRU WKH FRQVHUYDWLRQ RI WKH VSHFLHV DQG VXJJHVWLRQV IRU LPSURYHG
KDUYHVWLQJ SUDFWLFHV1 ,Q WKLV ZRUN/ ZH SUHVHQW VRPH SUHOLPLQDU\ UHVXOWV RI WKLV SURMHFW/ UHJDUGLQJ
VSHFLILFDOO\ WKH IROORZLQJ REMHFWLYHV1 +4, 7R DQDO\VH WKH GHQVLW\ DQG WKH VSDWLDO GLVWULEXWLRQ RI WKLV
VSHFLHV LQ WKH VWXG\ DUHD> +5, 7R H[DPLQH WKH VL]H VWUXFWXUH DQG PRUSKRORJ\ RI WKH VSHFLHV DQG> +6,
7R SURYLGH LQIRUPDWLRQ RQ LWV KDELWDW UHTXLUHPHQWV1 ,Q RUGHU WR PHHW WKHVH JRDOV/ DOWLWXGLQDO EHOW
WUDQVHFWV ZHUH ODLG GRZQ LQ IRXU VLWHV LQ WKH 3iUDPR RI *DYLGLD/ LQ WKH 6LHUUD 1HYDGD RI 0pULGD1
'DWD RQ GHQVLW\/ KDELWDW FKDUDFWHULVWLFV DQG VRLO IRU FKHPLFDO DQDO\VLV ZHUH FROOHFWHG1 3UHOLPLQDU\
DQDO\VLV RI WKH PHDQ GHQVLW\ DQG YDULDQFH UHYHDOHG D SDWFK\ GLVWULEXWLRQ SDWWHUQ IRU WKH VSHFLHV1 $
PRUSKRORJLFDO VWXG\ RI 433 SODQWV ZDV FDUULHG RXW DQG OLQHDU UHJUHVVLRQ DQDO\VLV VKRZHG WKDW WKH
URVHWWH GLDPHWHU ZDV FRUUHODWHG WR WKH GU\ ZHLJKW RI UKL]RPH +U 31:6,/ ZKLFK LV DVVXPHG WR
GHWHUPLQH WKH VL]H RI WKH SODQW1 7KH HQYLURQPHQWDO YDULDEOHV GLG QRW UHYHDO DQ\ SDUWLFXODU SUHIHUHQFH
RI WKH VSHFLHV ZLWKLQ WKH 3iUDPR HQYLURQPHQW1

.H\ :RUGV= 0HGLFLQDO SODQW/ 2ULWURSKLXP/ GLVWULEXWLRQ SDWWHUQ/ VL]H VWUXFWXUH/ 3iUDPR1

5(680(1

2ULWURSKLXP SHUXYLDQXP +/DP1, &XDWU1 HV XQD HVSHFLH HQGpPLFD GH ORV 3iUDPRV GH OD &RUGLOOHUD GH
ORV $QGHV1 (Q 9HQH]XHOD HV UHFROHFWDGD SRU VXV SURSLHGDGHV PHGLFLQDOHV HQ HO WUDWDPLHQWR GHO
DVPD \ OD EURQTXLWLV1 +DVWD DKRUD HV PX\ SRFD OD LQIRUPDFLyQ FLHQWtILFD VREUH HVWD HVSHFLH1 (O
REMHWLYR JHQHUDO GH HVWH SUR\HFWR HV REWHQHU LQIRUPDFLyQ VREUH OD ELRORJtD \ OD HFRORJtD GH 21
SHUXYLDQXP1 (VWD LQIRUPDFLyQ SRGUtD VHU XVDGD SRVWHULRUPHQWH SDUD GHVDUUROODU SODQHV GH
FRQVHUYDFLyQ \ PHMRUDU ODV SUiFWLFDV GH FRVHFKD1 (Q HVWH WUDEDMR VH SUHVHQWDQ DOJXQRV UHVXOWDGRV
SUHOLPLQDUHV GH HVWH SUR\HFWR FRQ ORV VLJXLHQWHV REMHWLYRV HVSHFtILFRV= +4, $QDOL]DU OD GHQVLGDG \ OD
GLVWULEXFLyQ HVSDFLDO GH HVWD HVSHFLH GHQWUR GHO iUHD GH HVWXGLR> +5, ([DPLQDU OD HVWUXFWXUD GHO
WDPDxR \ OD PRUIRORJtD GH OD HVSHFLH> +6, ,GHQWLILFDU VXV UHTXLVLWRV DPELHQWDOHV1 3DUD HOOR VH WUDEDMy
HQ FXDWUR ORFDOLGDGHV GHQWUR GHO 3iUDPR GH *DYLGLD/ HQ OD 6LHUUD 1HYDGD GH 0pULGD1 6H WRPDURQ
GDWRV GH OD GHQVLGDG GH OD HVSHFLH/ GDWRV DPELHQWDOHV/ \ GH OD FRPSRVLFLyQ TXtPLFD GHO VXHOR1 /RV
UHVXOWDGRV SUHOLPLQDUHV PXHVWUDQ TXH HO SDWUyQ GH GLVWULEXFLyQ HV DJUHJDGR1 6H UHDOL]y XQ HVWXGLR
PRUIROyJLFR GH 433 SODQWDV \ XQ DQiOLVLV GH UHJUHVLyQ OLQHDO PRVWUy XQD FRUUHODFLyQ VLJQLILFDWLYD
HQWUH HO GLiPHWUR GH OD URVHWD \ HO SHVR VHFR GHO UL]RPD +U 31:6, FRQ OR TXH VH DVXPH TXH
SRGHPRV GHWHUPLQDU HO WDPDxR GH OD SODQWD1 /DV YDULDEOHV DPELHQWDOHV DQDOL]DGDV QR UHYHODURQ
QLQJXQD SUHIHUHQFLD HVSHFtILFD GH OD HVSHFLH HQ HO DPELHQWH 3iUDPR1

49 1DWXUDO 5HVRXUFH ,QVWLWXWH/ $JULFXOWXUDO 5HVRXUFHV 0DQDJHPHQW 'HSDUWPHQW/ 8QLYHUVLW\ RI
*UHHQZLFK/ .HQW/ 81.1 (0PDLO= 718OLDQ#JUH1DF1XN

4: 44:D 7UDIDOJDU 6WUHHW/ *LOOLQJKDP/ .HQW/ 0(: 753/ 8.
4; ,QVWLWXWR GH &LHQFLDV $PELHQWDOHV \ (FROyJLFDV/ )DFXOWDG GH &LHQFLDV/ 8QLYHUVLGDG GH /RV $QGHV/
0pULGD/ 9HQH]XHOD
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2ULWURSKLXP SHUXYLDQXP +/DP1, &XDWU1 LV DQ HQGHPLF VSHFLHV RI WKH 3iUDPRV RI WKH
&RUGLOOHUD RI /RV $QGHV +&XDWUHFDVDV/ 4<94,1 ,Q 9HQH]XHOD/ ZKHUH LW LV NQRZQ DV )UDLOHMyQ
PRUDGR/ LW LV KDUYHVWHG IRU LWV PHGLFLQDO SURSHUWLHV LQ WUHDWLQJ DVWKPD/ EURQFKLWLV DQG
LQIOXHQ]D1 +RZHYHU/ DOWKRXJK VRPH ERWDQLFDO GHVFULSWLRQV RI WKH VSHFLHV DUH DYDLODEOH/
LQIRUPDWLRQ RQ WKH ELRORJ\ DQG HFRORJ\ RI WKLV VSHFLHV LV ODFNLQJ1

$ SURMHFW LQYROYLQJ WKH 1DWXUDO 5HVRXUFHV ,QVWLWXWH +15,, DW WKH 8QLYHUVLW\ RI *UHHQZLFK LQ
8./ WKH ,QVWLWXWR GH &LHQFLDV $PELHQWDOHV \ (FROyJLFDV +,&$(, DW WKH 8/$ 8QLYHUVLW\ LQ
0pULGD/ 9HQH]XHOD/ DQG WKH ORFDO 1*2 3URJUDPDV $QGHV 7URSLFDOHV +3$7, ZDV LQLWLDWHG LQ
$SULO 53331 7KH DLP RI WKLV SURMHFW LV WR REWDLQ LQIRUPDWLRQ RQ WKH ELRORJ\ DQG HFRORJ\ RI 21
SHUXYLDQXP1 7KH GDWD GHULYHG IURP WKLV SURMHFW FRXOG WKHQ EH XVHG WR GHYHORS
PDQDJHPHQW UHFRPPHQGDWLRQV IRU WKH FRQVHUYDWLRQ RI WKH VSHFLHV DQG VSHFLILFDOO\ WR
SURYLGH VXJJHVWLRQV IRU LPSURYHG KDUYHVWLQJ SUDFWLFHV1

,Q WKLV SDSHU/ ZH SUHVHQW VRPH RI WKH SUHOLPLQDU\ UHVXOWV RI WKLV SURMHFW/ FRYHULQJ WKUHH RI
WKH PDLQ REMHFWLYHV1 )LUVW/ ZH ZLOO SUHVHQW VRPH LQIRUPDWLRQ RQ WKH GHQVLW\ DQG WKH VSDWLDO
GLVWULEXWLRQ RI WKH VSHFLHV LQ WKH VWXG\ DUHD/ WKHQ ZH ZLOO DQDO\VH VRPH DVSHFWV RI WKH VL]H
VWUXFWXUH LQ UHODWLRQ WR LWV PRUSKRORJ\1 )LQDOO\/ ZH ZLOO SURYLGH VRPH LQIRUPDWLRQ RQ WKH
SODQW¶V KDELWDW UHTXLUHPHQWV1

:LWK WKH H[FHSWLRQ RI D IHZ KLJK YDOXH VSHFLHV VXFK DV 3DQD[ TXLQTXHIROLXP +*DJQRQ/
4<<<, WKHUH KDV EHHQ YHU\ OLWWOH GHWDLOHG UHVHDUFK RQ WKH LPSDFW RI KDUYHVWLQJ RQ ZLOG
SRSXODWLRQV RI SODQWV1 7KHUH LV YHU\ OLWWOH LQIRUPDWLRQ LQ WKH OLWHUDWXUH RQ ZKDW FRQVWLWXWHV
VXVWDLQDEOH KDUYHVWLQJ DQG VR LW LV XVXDOO\ TXLWH GLIILFXOW WR HVWLPDWH WKH LPSDFW RI
KDUYHVWLQJ1 7KLV LV PDLQO\ EHFDXVH VXFK DVVHVVPHQWV UHTXLUH GHWDLOHG ILHOG GDWD DFTXLUHG
RYHU D QXPEHU RI \HDUV +:RQJ/ 5333,1 (VWLPDWHV RI PHDQ GHQVLW\/ IRU H[DPSOH/ FDQ
FKDQJH VLJQLILFDQWO\ DW RQH ORFDWLRQ IURP \HDU WR \HDU1 0RVW VWXGLHV DUH UHODWLYHO\ VKRUW0
WHUP DQG WKRVH GHWDLOHG GDWD WKDW GR H[LVW UHODWH WR YHU\ IHZ VSHFLHV/ PRVWO\ WUHHV1

:LOG SRSXODWLRQV RI 21 SHUXYLDQXP DUH VFDUFH DQG GLIILFXOW WR ORFDWH LQ 9HQH]XHOD DQG ORFDO
SHRSOH UHSRUW WKDW LW LV EHLQJ KDUYHVWHG LQWHQVLYHO\ LQ VRPH DUHDV1 7KH ZKROH SODQWV DUH
FROOHFWHG E\ SXOOLQJ RXW WKH UKL]RPHV DQG DUH WKHQ GULHG DQG XVHG WR SUHSDUH DQ LQIXVLRQ/
FDOOHG ³MDUDEH´ E\ ORFDO SHRSOH1 &ROOHFWRUV FDQ VHOO HLWKHU WKH GU\ PDWHULDO RU WKH ³MDUDEH´ WR
WKH ORFDO PDUNHWV RU WR SULYDWH LQGLYLGXDOV LQ WRXULVW DWWUDFWLRQV RU YLVLWRU FHQWHUV +$UDQJXUHQ
HW DO1/ 4<<9,1 8QIRUWXQDWHO\/ WKHUH LV QR FRQWURO RYHU WKH DPRXQW EHLQJ KDUYHVWHG HDFK \HDU/
DQG DQ LQFUHDVH LQ SXEOLF LQWHUHVW LQ WKLV DQG RWKHU PHGLFLQDO VSHFLHV KDV EHHQ REVHUYHG LQ
WKH XUEDQ DUHDV RI 9HQH]XHOD/ DV D FRQVHTXHQFH RI WKH LQFUHDVLQJ LQWHUHVW LQ KHUEDO
PHGLFLQHV1 7KHUH LV WKHUHIRUH DQ LQFHQWLYH WR FRQWLQXH KDUYHVWLQJ DW FXUUHQW OHYHOV XQWLO WKH
HIIRUW UHTXLUHG IRU ORFDWLQJ VXIILFLHQW PDWHULDO EHFRPHV WRR JUHDW1 +RZHYHU/ DFFRUGLQJ WR
WKH GLUHFWRU RI 9LWD3ODQW/ RQH RI WKH ODUJHVW PHGLFLQDO SODQW FRPSDQLHV LQ 9HQH]XHOD/
FRPPHUFLDO H[SORLWDWLRQ RI WKLV VSHFLHV LV XQOLNHO\ WR RFFXU GXH WR WKH ORZ ELRPDVV
DYDLODEOH IRU H[WUDFWLRQ DQG WKH ELJ HIIRUW UHTXLUHG WR ILQG WKH SODQWV1

,QWHUQDWLRQDO ERGLHV VXFK DV :+2 DQG ,8&1 +$NHUHOH HW DO1 4<<4, UHFRJQL]H WKH QHHG IRU
FRQVHUYDWLRQ RI PHGLFLQDO SODQWV1 6LQFH D ODUJH QXPEHU RI PHGLFLQDO SODQWV DUH IRXQG LQ WKH
WURSLFV DQG DUH XVHG WUDGLWLRQDOO\ E\ WKH LQGLJHQRXV FRPPXQLWLHV/ WKHUH LV D QHHG IRU
XQGHUWDNLQJ VXUYH\V DQG DVVHVVLQJ WKH VSHFLHV DW ULVN/ IROORZHG E\ GHPDUFDWLRQ RI DUHDV
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WR EH VHW DVLGH IRU LQ VLWX FRQVHUYDWLRQ1 ,GHQWLI\LQJ FUXFLDO GHPRJUDSKLF DQG ULVN IDFWRUV LV
FRQVLGHUHG D SDUWLFXODU FKDOOHQJH IRU ELRORJLFDO FRQVHUYDWLRQ +)UDQNHO HW DO1 4<<8,1

678'< $5($

7KH VWXG\ DUHD EHORQJV WR WKH &HQWUDO 1XFOHXV RI WKH 3iUDPRV RI WKH &RUGLOOHUD RI 0pULGD
DERYH 6333 P1 +HUH/ DFFRUGLQJ WR KHUEDULD VSHFLPHQV/ WKH OLWHUDWXUH +$UDQJXUHQ HW DO1/
4<<9,/ DQG LQWHUYLHZV ZLWK ERWDQLVWV DQG ORFDO SHRSOH/ 21 SHUXYLDQXP LV SUHVHQW LQ WKUHH
ORFDOLWLHV= WKH 3iUDPR RI *DYLGLD LQ WKH 6LHUUD 1HYDGD> WKH 3iUDPR RI 3LHGUDV %ODQFDV DQG
WKH 3iUDPR RI *RQ]iOH] LQ WKH 6LHUUD /D &XODWD1

7KH 3iUDPR LV D QHRWURSLFDO KLJK PRXQWDLQ ELRPH/ ZKLFK ODWLWXGLQDOO\ LV ORFDWHG QRUWK RI
WKH &RUGLOOHUD GH /RV $QGHV1 ,W H[WHQGV IURP WKH 6LHUUD 1HYDGD RI 0pULGD LQ 9HQH]XHOD/
WRZDUGV &RORPELD/ (FXDGRU/ DV IDU DV WKH KLJK $QGHV LQ QRUWKHDVW RI 3HU~/ DERYH DQ
DOWLWXGH RI 633306833 P +0RQDVWHULR/ 4<;3,1 *HRORJLFDOO\/ WKH 3iUDPRV DUH RI UHFHQW
RULJLQ/ EHORQJLQJ WR WKH 0LRFHQH HUD/ 58 PLOOLRQ \HDUV DJR/ ZLWK WKH WRSRJUDSK\ VKDSHG E\
JODFLDO DFWLRQ +6FKXEHUW/ 4<;3,1 7KH VRLOV DUH PRVWO\ DFLGLF/ URFN\ DQG OLWWOH GHYHORSHG ZLWK
D ORZ FRQWHQW RI LQRUJDQLF QXWULHQWV +%DUXFK/ 4<:<,1

,Q WKH 9HQH]XHODQ 3iUDPRV SUHFLSLWDWLRQ LV VHDVRQDO ZLWK UDLQV IURP $SULO WR 2FWREHU
+0RQDVWHULR DQG 5H\HV/ 4<;3,1 +RZHYHU/ ORZ HYDSRUDWLRQ/ KLJK FORXGLQHVV/ DQG IUHTXHQW
IRJV/ UHVXOW LQ UHODWLYHO\ KXPLG FRQGLWLRQV WKURXJKRXW WKH ZKROH \HDU1 $W WKH KLJKHVW
HOHYDWLRQV/ WKHUH LV RFFDVLRQDO VQRZ RI VKRUW GXUDWLRQ1 $LU WHPSHUDWXUHV DUH ORZ/ FROG DW
QLJKW DQG FRRO GXULQJ WKH GD\/ ZLWK GDLO\ RVFLOODWLRQV ODUJHU WKDQ WKH PRQWKO\ DYHUDJH
RVFLOODWLRQV1 'XULQJ WKH GU\ VHDVRQ QLJKW0IURVWV EHFRPH IUHTXHQW DERYH 6833 P +%DUXFK/
4<;7> &XDWUHFDVDV/ 4<9;,1

7KH 3iUDPR YHJHWDWLRQ LV HYHUJUHHQ ZLWK D FRPSOHWH FRYHU DW ORZ HOHYDWLRQ DQG VSDUVH
FRYHU DW KLJK DOWLWXGH1 7KH OLIH IRUPV LQFOXGH ODUJH DQG VPDOO VKUXEV/ VWXQWHG WUHHV/ FXVKLRQ
SODQWV/ JUDVVHV DQG FDXOHVFHQW DQG DFDXOHVFHQW URVHWWHV +0RQDVWHULR/ 4<;3,1 0DQ\
VSHFLHV RI WKHVH URVHWWH SODQWV EHORQJ WR WKH VXEWULEH (VSHODWLLQDH/ &RPSRVLWDH
+&XDWUHFDVDV/ 4<94, ZKLFK LV HQGHPLF DQG FKDUDFWHULVWLF RI WKH 3iUDPRV +WKH\ DUH NQRZQ
ORFDOO\ DV IUDLOHMRQHV, +%DUXFK/ 4<;7,1

(YLGHQFH RI KXPDQ GLVWXUEDQFH LV IRXQG LQ PRVW RI WKH 9HQH]XHODQ 3iUDPRV +:DJQHU/
4<:<,1 ,QWHQVH DJULFXOWXUDO DFWLYLW\ LV OLPLWHG WR WKH ORZHU SDUW RI WKH 3iUDPR/ XS WR 6833 P/
ZKLOH WKH KLJKODQGV DUH PDLQO\ XVHG IRU H[WHQVLYH JUD]LQJ1 6RPH RI WKH ZRRG\ VSHFLHV DUH
XVHG IRU IXHOV DQG SDUWV RI WKH 3iUDPR DUH RFFDVLRQDOO\ EXUQHG1 $OO WKLV KDV UHVXOWHG LQ D
ORZHULQJ RI WKH WLPEHUOLQH DQG DQ LQFUHDVH LQ ZLGWK RI WKH 3iUDPR EHOW1 %XLOGLQJ RI URDGV
DQG GDPV DQG LQFUHDVLQJ WRXULVP DOVR KDYH QHJDWLYH HIIHFWV RQ WKH H[LVWHQFH DQG
G\QDPLFV RI WKH 3iUDPR SODQW FRPPXQLWLHV +%DUXFK/ 4<;7,1

6LWH VHOHFWLRQ

$W WKH EHJLQQLQJ RI WKLV VWXG\ YHU\ OLWWOH ZDV NQRZQ DERXW WKH GLVWULEXWLRQ DQG DEXQGDQFH RI
21 SHUXYLDQXP LQ WKH VWXG\ DUHD DQG QR TXDQWLWDWLYH GDWD ZHUH DYDLODEOH1 7KH ILUVW VWHS/
WKHUHIRUH/ FRQVLVWHG RI FRQVXOWLQJ YDULRXV KHUEDULD= WKH +HUEDULR 2YDOOHV +0<), LQ
&DUDFDV/ WKH KHUEDULXP RI WKH )DFXOW\ RI $JURQRP\ LQ 0DUDFD\ +0<,/ DQG WKH -DUGtQ
%RWiQLFR +0(5&,/ WKH KHUEDULXP RI 3KDUPDF\ +0(5),/ DQG WKH KHUEDULXP RI )RUHVW DQG
(QYLURQPHQWDO 6FLHQFHV +0(5,/ LQ 0pULGD1 ,Q WKHVH FROOHFWLRQV YHU\ IHZ VSHFLPHQV IURP
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WKH VWXG\ DUHD ZHUH IRXQG> LQ PRVW FDVHV RQO\ D JHQHUDO ORFDWLRQ ZDV JLYHQ1 ,QVWHDG/ ORFDO
NQRZOHGJH WXUQHG RXW WR EH LQYDOXDEOH LQ WKH SUHOLPLQDU\ VWDJH RI WKH ILHOGZRUN1

7KH ILUVW FRQWDFWV ZLWK ORFDO SHRSOH ZHUH SURYLGHG WKURXJK WKH KHOS RI 3$7 DQG WKURXJK
UHVHDUFKHUV IURP ,&$(1 ,QIRUPDQWV IURP WKH 3iUDPR RI 3LHGUDV %ODQFDV UHYHDOHG WZR
SODFHV ZKHUH 21 SHUXYLDQXP FRXOG EH IRXQG= D SRSXODWLRQ LQ WKH ORFDOLW\ RI /RV &DUDFROHV
DQG DQRWKHU RQH LQ 0XFXUy1 7KH ILUVW SODFH ZDV YLVLWHG GXULQJ $SULO 5333 DQG UHDFKHG DIWHU
8 KRXUV RQ KRUVHEDFN1 7KH SRSXODWLRQ ZDV IRXQG DORQJ D OLWWOH VWUHDP/ LW KDG D YHU\ ORZ
GHQVLW\ DQG LW ZDV D KDUYHVWHG RQH1 7KH VHFRQG SODFH ZDV QRW YLVLWHG EHFDXVH LW ZDV HYHQ
IXUWKHU DZD\ DQG WKH SRSXODWLRQ ZDV KDUYHVWHG1 ,Q DGGLWLRQ/ VHYHUDO ORFDO LQIRUPDQWV VDLG
WKDW 21 SHUXYLDQXP LV GLIILFXOW WR ILQG LQ WKH 3iUDPR RI 3LHGUDV %ODQFDV DQG WKDW LW LV PRUH
FRPPRQ LQ WKH *DYLGLD DUHD1

)LJXUH 4 /RFDWLRQ RI WKH VWXG\ DUHD LQ WKH 9HQH]XHODQ $QGHV +3iUDPR RI *DYLGLD,1

7KH *DYLGLD DUHD ZDV YLVLWHG TXLWH H[WHQVLYHO\ LQ $XJXVW 5333 ZLWK D ORFDO JXLGH ZKR NQHZ
WKH VLWHV ZKHUH 21 SHUXYLDQXP JURZV1 ,Q WKLV DUHD/ 21 SHUXYLDQXP DSSHDUHG WR KDYH D
ZLGHU GLVWULEXWLRQ DQG WR EH FRPPRQHU WKDQ LQ WKH 3iUDPR RI 3LHGUDV %ODQFDV1 7KH
UHDVRQV IRU WKLV DUH XQNQRZQ/ EXW D IHZ LQIRUPDQWV VXJJHVWHG WKDW LW KDV DOZD\V EHHQ WKDW
WKH FDVH DQG LW LV EHFDXVH WKH 3iUDPR RI *DYLGLD LV ZHWWHU WKDQ WKH 3iUDPR RI 3LHGUDV
%ODQFDV1 ,Q *DYLGLD VHYHUDO SRSXODWLRQV FDQ EH IRXQG ZLWKLQ 43063 PLQXWHV ZDONLQJ
GLVWDQFH RI HDFK RWKHU1 )XUWKHUPRUH/ WKHVH DUH PRUH DFFHVVLEOH1 $FFRUGLQJ WR WKH
LQIRUPDQWV/ KDUYHVWLQJ LV UDUH LQ *DYLGLD/ VR WKH SRSXODWLRQV FDQ EH FRQVLGHUHG
XQKDUYHVWHG1 )RU WKLV UHDVRQ/ DQG EHFDXVH RI WKH KLJKHU IUHTXHQF\ RI SRSXODWLRQV RI 21
SHUXYLDQXP/ DQG WKH UHODWLYH DFFHVVLELOLW\ RI VHYHUDO SRSXODWLRQV/ LW ZDV GHFLGHG WR IRFXV
WKH VWXG\ LQ WKLV ORFDOLW\1

$OWLWXGH +P,

6WXG\ DUHD
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7KH 3iUDPR RI *DYLGLD LV ORFDWHG EHWZHHQ ;R68* DQG ;R78*1 DQG :3R85* DQG :3R8:*:/ LQ
WKH 0pULGD 6WDWH +)LJXUH 4,1 ,WV SRSXODWLRQ LV DSSUR[LPDWHO\ 833 LQKDELWDQWV/ ZKRVH
DQFHVWRUV HVWDEOLVKHG WKH VHWWOHPHQWV DW WKH EHJLQQLQJ RI WKH FHQWXU\ +6PLWK/ 4<<8 FLWHG E\
6DUPLHQWR/ 5333,1 7KLV DUHD FRQVLVWV RI VHYHUDO QDUURZ JODFLDO YDOOH\V ZLWK DOWLWXGHV
EHWZHHQ 6533 DQG PRUH WKDQ 7333 P1 7KH GRPLQDQW YHJHWDWLRQ FRQVLVWV RI JLDQW URVHWWHV
RI WKH JHQXV (VSHOHWLD DQG VKUXEV RI WKH JHQXV +\SHULFXP/ %DFFKDULV/ +HVSHURPHOHV/
6WHYLD/ DQG $FDHQD1 6RLOV DUH ZHOO0GUDLQHG LQFHSWLVROOV RI VDQG\0ORDP WH[WXUH/ YHU\ VWRQ\
DQG DFLGLF +S+ 7180818,/ DQG YHU\ ULFK LQ RUJDQLF PDWWHU +53(,1 ,Q WKLV DUHD/ DJULFXOWXUH LV
SUDFWLFHG XS WR DSSUR[LPDWHO\ 6;33 P +6DUPLHQWR/ 5333,1

6SHFLHV LQIRUPDWLRQ

2ULWURSKLXP SHUXYLDQXP +/DP, &XDWU1 LV D VPDOO UKL]RPDWRXV SHUHQQLDO KHUE EHORQJLQJ WR
WKH $VWHUDFHDH IDPLO\ +)LJXUH 5,1 ,W JURZV LQ WKH IRUP RI D URVHWWH UHDFKLQJ 43063 FP LQ
KHLJKW +%DGLOOR/ 4<<7,1 7KH OHDYHV KDYH [HURPRUSKLF FKDUDFWHULVWLFV +VPDOO VL]H/ KHDY\
FXWLQL]DWLRQ DQG SXEHVFHQFH DW EDVH OHYHO, ZKLFK HQDEOH WKHP WR DGDSW WR WKH 3iUDPR
HQYLURQPHQW FRQGLWLRQV ZKHUH WKH\ DUH VXEMHFWHG WR LQWHQVH UDGLDWLRQ/ ORZ WHPSHUDWXUH/
SK\VLRORJLFDO ZDWHU VWUHVV DQG VWURQJ ZLQGV +7RUUHV HW DO1/ 4<<9,1 5HSURGXFWLRQ RFFXUV
PDLQO\ E\ VHHG EXW YHJHWDWLYH SURSDJDWLRQ KDV EHHQ DVVHVVHG GXULQJ ILHOGZRUN DQG RFFXUV
LQIUHTXHQWO\1

)LJXUH 51 3LFWXUH RI 2ULWURSKLXP SHUXYLDQXP +$VWHUDFHDH,1

7KHUH DUH WKUHH VXEVSHFLHV LGHQWLILHG LQ WKH OLWHUDWXUH/ ZKLFK GLIIHU PDLQO\ LQ WKHLU OHDI
FKDUDFWHULVWLFV1 7KHVH DUH 21 SHUXYLDQXP/ 21 OLQHDWXP DQG 21 SHULMDHQVH1 7KH IRUPHU
VXEVSHFLHV DOVR KDV WZR IRUPV/ SHUXYLDQXP DQG LQWHUPHGLXP +&XDWUHFDVDV/ 4<94,
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6SHFLPHQV LQ WKH .HZ *DUGHQ KHUEDULXP LQ WKH 8. VXJJHVW WKH VXEVSHFLHV XVHG IRU
PHGLFLQDO SXUSRVH LQ 9HQH]XHOD/ DQG FRYHUHG E\ WKLV VWXG\/ FRUUHVSRQGV WR WKH
VXEVSHFLHV SHUXYLDQXP1

6LQFH LQ WKH 3iUDPR RI *DYLGLD FXOWLYDWLRQ RFFXUV XS WR 6;33 P1/ 21 SHUXYLDQXP LV PRVW
OLNHO\ WR EH IRXQG LQ WKH QDWXUDO YHJHWDWLRQ DERYH WKLV KHLJKW1 0RUHRYHU/ ORVV RI VXLWDEOH
KDELWDW GXH WR DJULFXOWXUDO H[SDQVLRQ/ GHIRUHVWDWLRQ/ GLVHDVHV/ FORVHQHVV WR WKH YLOODJHV RU
SDWKV PD\ EH UHDVRQV IRU WKH UHSRUWHG GHFOLQLQJ DYDLODELOLW\ RI 21 SHUXYLDQXP1

$FFRUGLQJ WR KHUEDULXP VSHFLPHQV DQG WKH H[SHULHQFHV RI ORFDO ERWDQLVWV/ 21 SHUXYLDQXP
RFFXUV LQ VPDOO IUDJPHQWHG SRSXODWLRQV DQG KDV YHU\ VSHFLILF KDELWDW UHTXLUHPHQWV1 ,W LV
UHVWULFWHG WR ULSDULDQ KDELWDWV LQ RSHQ PDUVK\ JUDVVODQG ZLWK RU ZLWKRXW URFNV/ RQ ZHW VRLO
QHDU WR VWUHDPV/ ULYHUV RU ODNHV1 +DELWDWV IRU 21 SHUXYLDQXP LQ 9HQH]XHOD DFFRUGLQJ WR
$UDQJXUHQ HW DO1 +4<<9, DUH=

• DUHDV ZKHUH ZDWHU VSLOOV RYHU IURP VWUHDPV LQ WKH UDLQ\ VHDVRQ
• IODW ]RQHV LQ WKH EDVH RI YDOOH\V
• DUHDV RI ODQGVOLGHV ZKLFK KDYH EHFRPH IORRGHG
• FUDFNV LQ URFN\ RXWFURSV ZKLFK KROG WKH PRLVWXUH
• IORRG SODLQV
• DUHDV VXEMHFW WR VHDVRQDO GUDLQDJH
• DUHDV FORVH WR ODNHV

$OWKRXJK 21 SHUXYLDQXP KDV D EURDG JHRJUDSKLFDO UDQJH +PRXQWDLQ UHJLRQV LQ 9HQH]XHOD/
&ROXPELD/ 3HU~ DQG (FXDGRU,/ ELRORJLFDOO\ LW PLJKW EH UHJDUGHG DV UDUH/ EHFDXVH RI LWV
VSHFLILF KDELWDW UHTXLUHPHQWV DQG EHFDXVH WKH VSHFLHV H[LVWV LQ VPDOO SRSXODWLRQV
ZKHUHYHU LW LV IRXQG LQ 9HQH]XHOD1

,Q WKH DEVHQFH RI GHWDLOHG ILHOG GDWD/ WKLV VSHFLHV FRXOG EH FRQVLGHUHG WR EH YXOQHUDEOH WR
H[WLQFWLRQ DQG ZRXOG EH SODFHG LQ UDULW\ FDWHJRU\ 9 VHQVX 5DELQRZLW] HW DO1 +4<;9,1
+RZHYHU/ 5DPVD\ +4<<5, UHSRUWV 21 SHUXYLDQXP DV D IUHTXHQW VSHFLHV LQ WKH 3iUDPRV RI
(FXDGRU DQG ERWDQLVWV IURP &RORPELD +FRQWDFWHG YLD H0PDLO, FRQVLGHU 21 SHUXYLDQXP D
FKDUDFWHULVWLF VSHFLHV RI WKH &RORPELDQ &RUGLOOHUD1 7KHUHIRUH/ 21 SHUXYLDQXP PD\ EH PRUH
FRPPRQ WKDQ KDV EHHQ DVVXPHG1

0(7+2'6

,Q RUGHU WR PHHW RXU WKUHH PDLQ JRDOV/ QDPHO\/ GHWHUPLQLQJ WKH GHQVLW\ DQG VSDWLDO
GLVWULEXWLRQ RI WKH VSHFLHV/ DQDO\]LQJ WKH VL]H VWUXFWXUH LQ UHODWLRQ WR WKH PRUSKRORJ\/ DQG
SURYLGLQJ LQIRUPDWLRQ RQ WKH KDELWDW UHTXLUHPHQWV/ LQIRUPDO LQWHUYLHZV/ ILHOG VXUYH\ DQG
ODERUDWRU\ PHDVXUHPHQWV KDYH EHHQ FDUULHG RXW1

'HQVLW\ DQG VSDWLDO GLVWULEXWLRQ

'XH WR WKH SDWFK\ GLVWULEXWLRQ RI WKH VSHFLHV/ LW ZDV SODQQHG LQLWLDOO\ WR VDPSOH IRU GHQVLW\
E\ ILUVW FRXQWLQJ WKH QXPEHU RI SDWFKHV LQ ELJ JULGV RI 833 P5/ DQG WKHQ WR VDPSOH WKH
LQGLYLGXDOV ZLWKLQ HDFK SDWFK ZLWK WKH XVH RI VPDOOHU JULGV1 +RZHYHU/ WKLV PHWKRG ZDV
GLVFDUGHG RQFH LQ WKH ILHOG IRU WZR UHDVRQV= ILUVW/ EHFDXVH YLVXDOO\ LW ZDV QRW SRVVLEOH WR
GHWHFW WKH SDWFKHV ZLWKLQ D VHOHFWHG DUHD/ DQG VHFRQGO\ EHFDXVH RI WKH LUUHJXODU
ODQGVFDSH ZLWK VWHHS DQG URFN\ VORSHV/ ZKLFK GRHV QRW VXLW WKLV NLQG RI VDPSOLQJ1
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,Q RUGHU WR VDPSOH IRU WKH GLVWULEXWLRQ RI WKH VSHFLHV WUDQVHFWV ZHUH XVHG WR GHVFULEH
PD[LPXP YDULDWLRQ RYHU WKH VKRUWHVW GLVWDQFH LQ WKH PLQLPXP WLPH +.HQW ) &RNHU/ 4<<5,1
7UDQVHFWV ZHUH QRW SODFHG DW UDQGRP EHFDXVH WKH UDULW\ RI WKH VSHFLHV DQG LWV QRQ0XQLIRUP
GLVWULEXWLRQ/ ZKLFK ZRXOG KDYH UHVXOWHG LQ D KLJK SUREDELOLW\ RI VDPSOLQJ ZLWKRXW ILQGLQJ DQ\
SODQWV RI 21 SHUXYLDQXP1 6DPSOLQJ ZDV FDUULHG RXW DORQJ WKH VORSHV ZKHUH WKH SUHVHQFH RI
21 SHUXYLDQXP ZDV GHWHFWHG DQG DOWLWXGLQDO EHOW WUDQVHFWV RI 53 P ZLGWK ZHUH XWLOL]HG1 $W
WKH SUHVHQW WLPH IRXU WUDQVHFWV +74/ 75/ 76/ 77, RI UHVSHFWLYHO\ 433/ 483/ 533/ 533 P KDYH
EHHQ VDPSOHG/ DQG WZR PRUH WUDQVHFWV KDYH EHHQ VHW XS EXW QRW VDPSOHG \HW1 7KH VWDUWLQJ
SRLQW RI HDFK WUDQVHFW ZDV ODLG GRZQ DW WKH EHJLQQLQJ RI WKH VORSH DQG WKH OHQJWK ZDV
FKRVHQ DFFRUGLQJ WR WKH OHQJWK RI WKH VORSH1 $V D UXOH/ HDFK WUDQVHFW HQGHG ZKHQ D QHZ
VORSH ZLWK D GLIIHUHQW DVSHFW VWDUWHG1 $ORQJ HDFK WUDQVHFW/ VHFWLRQV ZHUH FKRVHQ DW UDQGRP
HYHU\ 58 P1 )RU HDFK VHFWLRQ/ ILYH 4[5 P5 SORWV ZHUH ODLG RXW/ WKH FHQWUDO RQH RQ WKH PLG0
OLQH ZLWK 5 UDQGRPO\ SODFHG ZLWKLQ 43 P HLWKHU VLGH RI WKH FHQWUH OLQH +)LJXUH 6,1 :KHUH
433( URFN ZDV HQFRXQWHUHG DQRWKHU SORW ORFDWLRQ ZDV FKRVHQ DW UDQGRP1 (DFK SORW ZDV
DOVR VXEGLYLGHG LQWR HLJKW VXESORWV RI 83[83 FP5 WR LQFUHDVH WKH DFFXUDF\ LQ UHFRUGLQJ WKH
GDWD1

)LJXUH 61 6NHWFK RI DQ DHULDO YLHZ VKRZLQJ WKH VDPSOLQJ PHWKRG XWLOL]HG1 7KH YHUWLFDO OLQH
VKRZV WKH WUDQVHFW GLUHFWLRQ DQG WKH KRUL]RQWDO OLQHV VKRZ WKH WUDQVHFW VHFWLRQV ZLWK WKH

ILYH SORWV SODFHG1

7KH 4[5 P5 SORW VL]H ZDV FKRVHQ DIWHU VHYHUDO FDOLEUDWLRQ WHVWV1 ,QLWLDOO\ D SORW VL]H RI 83[83
FP5 ZDV FKRVHQ/ WKHQ WKLV ZDV GRXEOHG WR 4[4 P5/ DQG ILQDOO\/ WR 4[5 P51 $ PLQLPXP
QXPEHU RI DOPRVW 433 LQGLYLGXDOV ZDV UHTXLUHG SHU SORW LQ RUGHU WR DOORZ VWDWLVWLFDO DQDO\VLV
ODWHU RQ/ DQG WKH SORW VL]H WKDW JDYH UHVXOWV FORVHVW WR WKLV PLQLPXP QXPEHU LQ WKH WKUHH
WHVWHG SRSXODWLRQV ZDV 4[5 P51 +RZHYHU/ WKH 21 SHUXYLDQXP GHQVLW\ ZDV IRXQG WR EH YHU\
YDULDEOH LQ ODWHU ILHOGZRUN1

7UDQVHFW

3ORW 6HFWLRQ
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7KH LQIRUPDWLRQ UHFRUGHG IRU HDFK SODQW LQFOXGHV= WKH WZR PDLQ URVHWWH GLDPHWHUV> QXPEHU
RI OHDYHV LQFOXGLQJ WKH QXPEHU RI OHDIOHWV> QXPEHU DQG VWDWH RI HDFK IORZHU KHDG +IORZHU
EXG/ RSHQ/ PDWXUH/ DQG GU\,1 7KH VWDWH RI HDFK SODQW ZDV DOVR UHFRUGHG ZKHQ LW DSSHDUHG
XQKHDOWK\ +VLJQ RI GLVHDVHV/ WUDPSOLQJ/ GHDG VWUXFWXUHV,1

6L]H VWUXFWXUH DQG PRUSKRORJ\

7KH UKL]RPH ZDV DVVXPHG WR EH WKH EHVW LQGLFDWRU RI WKH VL]H RI WKH SODQW1 $ GHVWUXFWLYH
VDPSOLQJ RI 433 LQGLYLGXDOV ZDV FDUULHG RXW LQ RUGHU WR ILQG WKH UHODWLRQ EHWZHHQ WKH
UKL]RPH DQG WKH DHULDO SDUWV RI WKH SODQW1 ,GHDOO\/ WKLV VKRXOG KDYH EHHQ GRQH IRU HDFK
VWXGLHG SRSXODWLRQ/ EXW LW ZDV GHFLGHG WR GR LW MXVW RQFH EHFDXVH RI WKH VXSSRVHG UDULW\ RI
WKH VSHFLHV1 +DUYHVWLQJ WRRN SODFH RXWVLGH WKH WUDQVHFW SORWV QHDU 7UDQVHFW 751 7KH
KDUYHVWHG SORWV ZHUH FKRVHQ DW UDQGRP DORQJ D WUDQVHFW RI 433 P1 7KH IROORZLQJ
PRUSKRORJLFDO FKDUDFWHULVWLFV ZHUH PHDVXUHG EHIRUH KDUYHVWLQJ= WKH WZR PDLQ URVHWWH
GLDPHWHUV/ URVHWWH KHLJKW IURP WKH JURXQG/ QXPEHU RI OHDYHV LQFOXGLQJ WKH QXPEHU RI
OHDIOHWV/ OHQJWK DQG ZLGWK RI WKH WKUHH ORQJHVW OHDYHV/ DQG WKH QXPEHU DQG VWDWH RI HDFK
IORZHU KHDG +IORZHU EXG/ RSHQ/ PDWXUH/ DQG GU\,1 $IWHU FROOHFWLRQ/ WKH OHQJWK DQG WKH WKUHH
ZLGWKV +WRS/ PLGGOH/ ORZ, RI WKH UKL]RPHV ZHUH PHDVXUHG DQG HDFK SODQW ZDV ZHLJKHG DQG
WKHQ RYHQ0GULHG1 'U\ ZHLJKWV ZHUH REWDLQHG IRU WKH ZKROH SODQW/ WKH UKL]RPH/ WKH URVHWWH
OHDYHV/ DQG WKH UHSURGXFWLYH SDUWV1 5RRWV ZHUH QRW KDUYHVWHG EHFDXVH WKH\ DUH YHU\ IUDJLOH
DQG GLIILFXOW WR SXOO RXW FRPSOHWHO\1

+DELWDW0VRLO FKDUDFWHULVWLFV

$ VRLO VDPSOH ZDV FROOHFWHG IRU HDFK SORW LQ 7UDQVHFW 75 LQ RUGHU WR DVVHVV ZKHWKHU WKH
SUHVHQFH RI WKH VSHFLHV ZDV UHODWHG WR WKH VHOHFWHG VRLO FKDUDFWHULVWLFV1 6RLO VDPSOHV IURP
WKH $ KRUL]RQ +3043 FP, RQO\ DUH VXLWDEOH EHFDXVH WKH SODQW URRWV GR QRW JURZ EHORZ WKLV
OLPLW1 ,Q IDFW VHYHUDO SODQWV KDYH EHHQ IRXQG JURZLQJ RQ D URFN\ VXUIDFH ZKHUH VRLO KDV
DFFXPXODWHG1 6RLO VDPSOHV HDFK ZHLJKLQJ 4330483 J ZHUH FROOHFWHG DW WKH VDPSOLQJ
ORFDWLRQV +DOZD\V RQ WKH ODVW OHIW KDQG VLGH RI WKH XSSHU VXESORW,/ GULHG DQG SDFNHG LQ
SRO\WKHQH EDJV/ ZKLFK ZHUH VWRUHG DW URRP WHPSHUDWXUH XQWLO DQDO\VLV1 7KH VDPSOHV ZHUH
WDNHQ WR WKH ODERUDWRU\ RI JHRJUDSK\ DW WKH 8QLYHUVLW\ RI /RV $QGHV IRU DQDO\VLV DQG WKH
IROORZLQJ VRLO DQDO\VHV ZHUH FRQGXFWHG= WH[WXUDO DQDO\VLV +VRLO SDUWLFOH VL]H GLVWULEXWLRQ,/ VRLO
PRLVWXUH/ S+/ ( RUJDQLF PDWWHU +ORVV RQ LJQLWLRQ,/ ( 1/ &/ &21/ &(& +FDWLRQLF H[FKDQJH
FDSDFLW\, DQG DYDLODEOH &D/ 0J/ 1D DQG .1

5(68/76 $1' ',6&866,21

'HQVLW\ DQG VSDWLDO GLVWULEXWLRQ

$QDO\VLV RQ WKH WRWDO QXPEHU RI LQGLYLGXDOV SHU SORW KDYH EHHQ FDUULHG RXW LQ WKH IRXU
WUDQVHFWV1 0HDQ YDOXHV DQG VWDQGDUG GHYLDWLRQV KDYH EHHQ FDOFXODWHG SHU HDFK VHFWLRQ
RYHU WKH ILYH SORWV +7DEOH 4,1
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7DEOH 41 'HQVLW\ RI SODQWV SHU VHFWLRQ DFURVV WKH 8 SORWV +4[5 P5,1

7UDQVHFW 6HFWLRQ 'HQVLW\
+SODQWV2SORW,
0HDQ 61'1

74 4 +3058 P, 315 317
5 +58083 P, 43613 <51:
6 +830:8 P, 5613 5916
7 +:80433 P, 313 313

75 4 +3058 P, 8617 8316
5 +58083 P, 461; 5319
6 +830:8 P, 313 313
7 +:80433 P, 313 313
8 +4330458 P, 313 313
9 +4580483 P, 313 313

76 4 +3058 P, 6917 491;
5 +58083 P, 317 31<
6 +830:8 P, 319 416
7 +:80433 P, 313 313
8 +4330458 P, 313 313
9 +4580483 P, 313 313
: +48304:8 P, 313 313
; +4:80533 P, 313 313

77 4 +3058 P, 313 313
5 +58083 P, 4515 5414
6 +830:8 P, 617 817
7 +:80433 P, 313 313
8 +4330458 P, 313 313
9 +4580483 P, 313 313
: +48304:8 P, 313 313
; +4:80533 P, 313 313

7KH PHDQ YDOXHV IRU HDFK VHFWLRQ VKRZ ELJ GLIIHUHQFHV ZLWKLQ HDFK WUDQVHFW DQG WKH
VWDQGDUG GHYLDWLRQV FDOFXODWHG DUH YHU\ KLJK/ JLYLQJ YDULDQFH= PHDQ UDWLRV LQGLFDWLYH RI D
SDWFK\ GLVWULEXWLRQ1

6L]H VWUXFWXUH DQG PRUSKRORJ\

7KLV H[SHULPHQW ZDV FDUULHG RXW LQ RUGHU WR UHODWH WKH FKRVHQ PRUSKRORJLFDO FKDUDFWHULVWLFV
RI WKH SODQW WR WKH UKL]RPH VL]H E\ XVLQJ VLPSOH OLQHDU UHJUHVVLRQ DQDO\VLV1 7KLV ZDV
FDUULHG RXW LQ RUGHU WR UHODWH WKH UKL]RPH WR WKH DHULDO SDUWV RI WKH SODQW1 7KH OLQHDU
UHJUHVVLRQ DQDO\VLV VKRZHG WKDW WKH URVHWWH GLDPHWHU KDG WKH EHVW FRUUHODWLRQ +U 31:6,
ZLWK WKH GU\ ZHLJKW RI UKL]RPH +VHH )LJ 7,1
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)LJXUH 71 5RVHWWH GLDPHWHU SORWWHG DJDLQVW WKH FXEH URRW RI GU\ ZHLJKW RI WKH UKL]RPH1

+DELWDW06RLO &KDUDFWHULVWLFV

,Q RUGHU WR ILQG WKH VRLO FKDUDFWHULVWLFV RI WKH VSHFLHV GDWD ZHUH DQDO\VHG JUDSKLFDOO\ WR
LGHQWLI\ GLIIHUHQFHV EHWZHHQ SORWV ZLWK 21 SHUXYLDQXP SUHVHQW RU DEVHQW1 7KH $129$
DQDO\VLV ZDV DOVR XVHG DQG 0XOWLYDULDWH $QDO\VLV +3ULQFLSDO &RPSRQHQW $QDO\VLV, ZDV
DSSOLHG LQ RUGHU WR ILQG WKH PDLQ VRLO FKDUDFWHULVWLFV RI WKH VSHFLHV1 7KH UHVXOWV/ DFFRUGLQJ
DOVR WR WKH RSLQLRQ RI D VRLO VSHFLDOLVW/ 0U1 31 %ULQQ/ IURP 15,/ GR QRW VKRZ DQ\ SDUWLFXODU
VRLO SUHIHUHQFH IRU WKH SODQW1 7KHUH LV YHU\ OLWWOH YDULDWLRQ LQ VRLO FKDUDFWHULVWLFV EHWZHHQ
SORWV ZLWK DQG ZLWKRXW 21 SHUXYLDQXP +7DEOH 5, DQG LQ ERWK WKH YDOXHV IRXQG DUH W\SLFDO RI
WKH 3iUDPR HQYLURQPHQW +)DULxDV/ 4<:8,1 7KH S+ PHDQ YDOXH RI WKH VRLO ZKHUH 21
SHUXYLDQXP JURZV LV 718 DQG LW LV DOVR VLPLODU WR WKH YDOXH IRXQG LQ WKH SORWV ZLWKRXW WKH
VSHFLHV1 7KH SHUFHQWDJH RI RUJDQLF PDWWHU/ ZKLFK LV GLUHFWO\ UHODWHG WR WKH RUJDQLF &DUERQ
FRQWHQW/ LV VOLJKWO\ ORZHU ZKHUH 21 SHUXYLDQXP LV SUHVHQW +461< (,1 7KH &(& YDOXH/ ZKLFK
LV SUREDEO\ PRUH LPSRUWDQW LQ GHWHUPLQLQJ SODQW GLVWULEXWLRQ WKDQ WKH LQGLYLGXDO TXDQWLWLHV RI
&D/ 0J/ 1D DQG . VLQFH LW LQGLFDWHV KRZ PXFK RI WKHVH HOHPHQWV DUH DYDLODEOH WR WKH SODQW/
LV DOVR VOLJKWO\ ORZHU +491< PHT2433J,1 8QIRUWXQDWHO\/ WH[WXUDO FODVVHV +( VDQG/ FOD\/ DQG
VLOW, ZKLFK DUH DOVR LPSRUWDQW LQGLFDWRUV RI WKH VRLO W\SH FRXOG EH GHWHUPLQHG RQO\ LQ 7
VDPSOHV EHFDXVH QRW HQRXJK VRLO ZDV FROOHFWHG1 7H[WXUDO DQDO\VLV LV DQ LQGLUHFW PHDVXUH
RI PRLVWXUH FRQWHQW ZKLFK LQLWLDO ILHOG REVHUYDWLRQV VXJJHVW LV DQ LPSRUWDQW GHWHUPLQDQW RI
21 SHUXYLDQXP GLVWULEXWLRQ1 0RLVWXUH FRQWHQW LV GLIILFXOW WR GHWHUPLQH GLUHFWO\ EHFDXVH LW
YDULHV WKURXJKRXW WKH \HDU1 7KHUHIRUH VRLO WH[WXUH PD\ EH DQ LPSRUWDQW FKDUDFWHULVWLF WR
DQDO\VH GXULQJ IXWXUH ILHOGZRUN DV D VXUURJDWH IRU VRLO PRLVWXUH1
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7DEOH 51 6RLO $QDO\VHV IRU WUDQVHFW 751 0HDQ DQG 6WDQGDUG 'HYLDWLRQ DUH FDOFXODWHG
DFURVV WKH VDPSOHV ZLWK +Q ;, DQG ZLWKRXW +Q 53, 21 SHUXYLDQXP1

21 SHUXYLDQXP 3UHVHQW $EVHQW
0HDQ 61'1 0HDQ 61'1

S+ 718 315 719 316
& +(, ;14 514 ;17 513
20 +(, 461< 61: 4719 618
1 +(, 318 315 318 315
&21 491< 514 4919 51:
&(& +PHT2433J, 491< 71< 4:19 819
&D +PHT2433J, 314 314 316 319
0J +PHT2433J, 313 314 315 315
1D +PHT2433J, 315 313 315 314
. +PHT2433J, 316 315 317 316

&21&/86,216 $1' )8785( :25.

7KH SUHOLPLQDU\ DQDO\VLV RI WKH PHDQ GHQVLW\ DQG YDULDQFH UHYHDOHG D SDWFK\ GLVWULEXWLRQ
RI WKH VSHFLHV1 +RZHYHU/ WKH GHQVLW\ DQG GLVWULEXWLRQ RI 21 SHUXYLDQXP KDYH EHHQ
LQYHVWLJDWHG RQO\ ZLWKLQ WKH WUDQVHFWV VR IDU DQG IXUWKHU VDPSOLQJ QHHGV WR EH FDUULHG RXW LQ
RUGHU WR DVVHVV WKH GLVWULEXWLRQ RI WKH VSHFLHV LQ WKH VWXG\ DUHD1 7KHUHIRUH/ WUDQVHFWV QHHG
WR EH H[WHQGHG WR FRYHU D JUHDWHU UDQJH RI DOWLWXGHV E\ FRQWLQXLQJ DORQJ WKH VORSHV ZLWK
GLIIHUHQW DVSHFWV DQG WKH ZLGWK RI HDFK WUDQVHFW QHHG WR EH HQODUJHG LQ RUGHU WR H[SORUH WKH
GLVWULEXWLRQ DW D ODUJHU VFDOH1

)XUWKHUPRUH/ DV SUHOLPLQDU\ ILHOG REVHUYDWLRQV VXJJHVWHG WKDW WKH GLVWULEXWLRQ RI 21
SHUXYLDQXP PLJKW EH OLQNHG WR WKH SUHVHQFH RI ZDWHU/ LW ZRXOG EH ZRUWK VDPSOLQJ DORQJ D
JUDGLHQW RI PRLVWXUH1 +RZHYHU/ EHFDXVH RI WKH FRQWLQXRXV FKDQJHV RI WKH VPDOO0VFDOH
GUDLQDJH GHSHQGLQJ RQ WKH ZHDWKHU FRQGLWLRQV/ WKLV LV XQOLNHO\ WR EH SRVVLEOH DORQJ WKH
VORSHV1 ,QVWHDG/ D IXUWKHU VXUYH\ LV SODQQHG WR ORRN DW WKH DEXQGDQFH RI WKH VSHFLHV DURXQG
ODNH HGJHV1 7KLV ZLOO FRQVLVW RI WKH XVH RI VKRUW EHOW WUDQVHFWV/ ZKHUH SORWV DUH ODLG RXW QH[W
WR HDFK RWKHU1 7UDQVHFWV ZLOO EH VHW XS DW UDQGRP LQ WKUHH VHOHFWHG ODNHV1

7KH DQDO\VLV RI WKH UHODWLRQVKLS RI DERYH JURXQG PHDVXUHPHQWV WR WKH UKL]RPH VKRZHG D
JRRG FRUUHODWLRQ RI WKH URVHWWH GLDPHWHU ZLWK WKH GU\ ZHLJKW RI UKL]RPH1 7KH URVHWWH
GLDPHWHU UHSUHVHQWV WKHQ D JRRG HVWLPDWRU RI WKH VL]H RI WKH SODQW DQG LW FRXOG EH XVHG DV
D SDUDPHWHU WR FDWHJRULVH WKH LQGLYLGXDOV LQ VL]H FODVVHV1 ,W VKRXOG KHOS WKHQ WR LOOXPLQDWH
LQIRUPDWLRQ FROOHFWHG LQ WKH ILHOG RQ SRSXODWLRQ VL]H DQG VWUXFWXUH DQG RQ IUHTXHQF\ RI
IORZHULQJ SODQWV1

7KH DQDO\VHV RI WKH VRLO VDPSOHV GLG QRW VKRZ DQ\ SDUWLFXODU HQYLURQPHQWDO SUHIHUHQFH RI
WKH VSHFLHV ZLWKLQ WKH 3iUDPR HQYLURQPHQW1 1HYHUWKHOHVV/ LW LV HVVHQWLDO WR UHSHDW WKH
WH[WXUDO DQDO\VLV/ ZKLFK LV DQ LQGLUHFW PHDVXUH RI PRLVWXUH DQG LW PD\ EH WKHQ UHODWHG WR
WKH SUHVHQFH RI 21 SHUXYLDQXP1 +RZHYHU/ GXULQJ WKH ILHOGZRUN PRUH GHWDLOHG LQIRUPDWLRQ
RQ KDELWDW DQG YHJHWDWLRQ ZDV FRPSLOHG IRU HDFK SORW/ EXW LW KDV QRW EHHQ DQDO\VHG \HW1
7KH ODQGIRUP DQG DQ\ ELRWLF LQIOXHQFH ZHUH QRWHG/ DQG WKH SHUFHQWDJH RI EDUH SDWFKHV/
URFN DQG VRLO FRYHUHG E\ ZDWHU UHFRUGHG/ DOWKRXJK WKH IRUPHU YDULDEOH SUREDEO\ LV YHU\
GHSHQGHQW RQ WKH ZHDWKHU FRQGLWLRQV1 )LQDOO\/ WKH SHUFHQWDJH RI HDFK YHJHWDWLRQ OD\HU/ WKH
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SODQW VSHFLHV IRXQG/ DQG WKH PRVW DEXQGDQW VSHFLHV ZHUH OLVWHG1 3ULQFLSDO &RPSRQHQW
$QDO\VLV DQG RWKHU RUGLQDWLRQ WHFKQLTXHV/ DQG FOXVWHU DQDO\VHV ZLOO EH WKHQ XVHG WR
LQYHVWLJDWH WKH DVVRFLDWLRQV RI 21 SHUXYLDQXP GLVWULEXWLRQ ZLWK WKH VHOHFWHG HQYLURQPHQWDO
YDULDEOHV DQG WR LGHQWLI\ GLIIHUHQW SODQW FRPPXQLWLHV ZLWK ZKLFK 21 SHUXYLDQXP PLJKW EH
DVVRFLDWHG1

$&.12:/('*(0(176

7KH DXWKRUV ZLVK WR WKDQN UHVHDUFKHUV DQG WHFKQLFLDQV IURP ,&$( IRU WKHLU FRQWLQXRXV
DGYLFH DQG LQYDOXDEOH VXSSRUW GXULQJ WKH WLPH VSHQW LQ 9HQH]XHOD1 :H DUH DOVR JUDWHIXO WR
WKH SHRSOH IURP 3$7 WR HQFRXUDJH WKLV ZRUN1 $ VSHFLDO WKDQNV WR 0U1 %HUQDEp 7RUUHV IRU
VKRZLQJ XV WKH SRSXODWLRQV RI 2ULWURSKLXP SHUXYLDQXP LQ WKH 3iUDPR RI *DYLGLD DQG WR
6UD1 &DQGLGD 5RVD IRU WDNLQJ FDUH RI XV GXULQJ WKH WLPH VSHQW LQ *DYLGLD1 )LQDOO\/ VSHFLDO
WKDQNV WR 5DIDHO 0DUTXH] DQG -HVXV (OR\ 7RUUHV IRU WKHLU LPSRUWDQW ILHOG DVVLVWDQFH1 7KLV
ZRUN LV ILQDQFHG E\ +()&(1

%,%/,2*5$3+<

$NHUHOH/ 21/ +H\ZRRG/ 91 ) 6\QJH/ +1 4<<41 7KH &RQVHUYDWLRQ RI 0HGLFLQDO 3ODQWV1
&DPEULGJH1 &DPEULGJH 8QLYHUVLW\1

$UDQJXUHQ/ $1/0iUTXH]/ 11-1/ 3UDWR/ 51 $QG /HVHQIDQWV <1 4<<91 8VH/ FROOHFWLRQ/
FRPPHUFLDOL]DWLRQ/ DQG YXOQHUDELOLW\ RI WZR 6SHFLHV RI WKH *HQXV 2ULWURSKLXP +21
YHQH]XHOHQVH DQG 21 SHUXYLDQXP/ &RPSRVLWDH, LQ WKH 9HQH]XHODQ $QGHV1 $FWD %RW1
9HQH]1 4< +4,= 4906;1

%DGLOOR/ 91/ 4<<71 (QXPHUDFLyQ &RPSXHVWDV +$VWHUDFHDH,1 5HYLVWD )DFXOWDG GH
$JURQRPtD +0DUDFD\,1 $OFDQFH 78= :40:51

%DUXFK/ =1/ 4<:<1 (OHYDWLRQDO GLIIHUHQWLDWLRQ LQ (VSHOHWLD VFKXOWLL/ D JLDQW URVHWWH SODQW RI WKH
9HQH]XHODQ 3iUDPRV1 (FRORJ\1 93= ;80<;1

%DUXFK/ =1/ 4<;71 2UGLQDWLRQ DQG FODVVLILFDWLRQ RI YHJHWDWLRQ DORQJ DQ DOWLWXGLQDO JUDGLHQW LQ
WKH 9HQH]XHODQ 3iUDPRV1 9HJHWDWLR 88= 44804591

&XDWUHFDVDV/ -1/ 4<941 1RWDV VREUH $VWHUHDV DQGLQDV1 &LHQFLDV +0p[LFR,1 54=540651
&XDWUHFDVDV/ -1/4<9;1 3iUDPR YHJHWDWLRQ DQG LWV OLIH IRUPV1 &ROO1 *HRJU1 <= 49604;91
)UDQNHO/ 21 +1/ %URZQ/ $1+1'1 ) %XUGRQ/ -1-1/ 4<<81 7KH FRQVHUYDWLRQ RI SODQW ELRGLYHUVLW\1

&DPEULGJH= &DPEULGJH 8QLYHUVLW\ 3UHVV1 5<< SS1
)DULxDV/ 01/4<:81 $QiOLVLV GH OD YHJHWDFLyQ GHO 3iUDPR/ RUGHQDPLHQWR \ FRUUHODFLyQ FRQ

IDFWRUHV HGiILFRV \ FOLPiWLFRV1 7UDEDMR GH $VFHQVR1 )DFXOWDG GH &LHQFLDV1 8QLYHUVLGDG
GH ORV $QGHV1 0pULGD/ 9HQH]XHOD1 478 SS1

*DJQRQ/ '1/ 4<<<1 $Q DQDO\VLV RI WKH VXVWDLQDELOLW\ RI $PHULFDQ *LQVHQJ KDUYHVWLQJ IURP
WKH ZLOG= WKH SUREOHP DQG SRVVLEOH VROXWLRQV1 )LQDO UHSRUW WR WKH 2IILFH RI 6FLHQWLILF
$XWKRULW\ RI WKH 86 )LVK DQG :LOGOLIH 6HUYLFH1 *URXSH GH UHFKHUFKH HQ pFRORJLH
IRUHVWLqUH 8QLYHUVLWp GX 4XpEHF D 0RQWUpDO1

.HQW/ 01 DQG &RNHU/ .1 4<<51 9HJHWDWLRQ 'HVFULSWLRQ DQG $QDO\VLV1 $ 3UDFWLFDO $SSURDFK1
%HOKDYHQ 3UHVV/ /RQGRQ/ 8.1 696 SS1

0RQDVWHULR 01/ 4<;31 /DV IRUPDFLRQHV YHJHWDOHV GH ORV 3iUDPRV GH 9HQH]XHOD1 ,Q
0RQDVWHULR/ 0 +(G,1 (VWXGLRV (FROyJLFRV HQ ORV 3iUDPRV $QGLQRV1 8QLYHUVLGDG GH /RV
$QGHV/ 0pULGD/ 9HQH]XHOD1 4:304<;1
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0RQDVWHULR/ 0 DQG 5H\HV/ 61 4<;31 'LYHUVLGDG DPELHQWDO \ YDULDFLyQ GH OD YHJHWDFLyQ HQ
ORV 3iUDPRV GH ORV $QGHV YHQH]RODQRV1 ,Q 0RQDVWHULR/ 0 +(G,1 (VWXGLRV (FROyJLFRV HQ
ORV 3iUDPRV $QGLQRV1 8QLYHUVLGDG GH /RV $QGHV/ 0pULGD/ 9HQH]XHOD1 780<41

5DELQRZLW]/ '1/ 61 &DLUQV \ 71 'LOORQ1 /4<;91 6HYHQ NLQGV RI UDULW\1 ,Q 6RXOH/ 01 (1 +(G,
&RQVHUYDWLRQ %LRORJ\1 6LQDXHU/ 6RXQGHUODQG1 4;505371

6DUPLHQWR/ /1/ 53331 :DWHU %DODQFH DQG 6RLO /RVV 8QGHU /RQJ )DOORZ $JULFXOWXUH LQ WKH
9HQH]XHODQ $QGHV1 0RXQWDLQ 5HVHDUFK DQG 'HYHORSPHQW 53+6,= 57905861

6FKXEHUW/ &1/ 4<;31 $VSHFWRV JHROyJLFRV GH ORV $QGHV 9HQH]RODQRV= +LVWRULD/ EUHYH
VtQWHVLV GHO &XDWHUQDULR \ ELEOLRJUDItD1 ,Q= 01 0RQDVWHULR +(G1,1 (VWXGLRV (FROyJLFRV GH
ORV 3iUDPRV $QGLQRV1 5<0791 (GLFLRQHV GH OD 8QLYHUVLGDG GH ORV $QGHV/ 0pULGD1

7RUUHV/ )1/ *DYLGLD/ -1 DQG 3HUD]D -1/ 4<<91 $QDWRPtD IROLDU GH 2ULWURSKLXP ++1%1.1,
&XDWUHF1 GHO 3iUDPR GH 6LHUUD 1HYDGD/ (VWDFLyQ /RPD 5HGRQGD1 3OiQWXOD 4+4,= 980:61

:DJQHU/ (1/ 4<:<1 $UTXHRORJtD GH ORV $QGHV YHQH]RODQRV1 ,Q 6DOJDGR0/DERXULDX/ 01 /1
+(G1,1 (O 0HGLR $PELHQWH 3iUDPR1 &HQWUR GH (VWXGLRV $YDQ]DGRV/ &DUDFDV1 53:054;1

:RQJ/ -1/1*1/ 53331 7KH ELRPHWULFV RI QRQ0WLPEHU IRUHVW SURGXFW UHVRXUFH DVVHVVPHQW= $
UHYLHZ RI FXUUHQW PHWKRGRORJ\1 5HSRUW IRU WKH (XURSHDQ 7URSLFDO )RUHVW 5HVHDUFK
1HWZRUN1 KWWS=22ZZZ1HWIUQ1RUJ2HWIUQ2ZRUNVKRS2QWIS2LQGH[1KWPO




