6LOYD *DHUHWD YRO S

I+

9L

JRUHVW HGJHV LQ WKH PL[HG PRQWD
%»DYDULDQ )RUHVW 1DWLRQDO 3DUN
ELRGLYHUVLW\

-|[UJ 0+O0OMMLQ] % XEPQWMUL Q *Ri%dQMH BUX$SSQBUHD -DU]DEH
0OOHWDQXHO 3UKRNDV 5HWWHOEDFK

%DYDULDQ )RUHVW 1DWLRQDO 3DUN )UH\XQURD@®WUDVVH
%D\HULVFKH /DQGHVDQVWDOW I+U :DOGUXQG' )RUV)WHALVWYF KH WP
\%

6FKXVVHQVWUDVVH : JURQUHXWH *HUPDQ\
'"HSDUWPHQW RI $QLPDO (FRORJ\ 7HFKQLFBO 8QLYH U YWM)VILQQIL
*HUPDQ\
JULW]JHQDQJHU 6XUEHUJ *HUPDQ\
MRHUJ PXHOOHU#QSY EZ ED\HUQ GH

$EVWUDFW
8VLQJ ALJKWLQWHUFHSWLRQ W HDUBHVQAM IIRUHVWH GD WWH GQWEZ KB Y |
ULDQ )RUHVW +DOI Rl WKH IRUH VE\D H B JHVHWOXGDW® ZANW R QMDA
UHVXOW IURP FOHDUDQFH IRU IDUBUBJ EXHKWRDGV Z$#W HDFEKWR 0
WUDS ZDV SODFHG LQ WKH RSHQ DWHB G X W TR WWIDSW DWAR PV KWK F
OHYHO RQH LQ WKH FDQRS\ DQG W#R WWDZDVY LLRW KK HRHBYMW R
OHYHO RQH LQ WKH FDQRS\ :H FUSBKWPHQE GH®HHWPHQWGQJ L
EHHWOHYV WUXH EXJV $FXOHBKWDW DQX® E HUDEIHZ S BBV H V KZD ¥ L
VSDFHV DQG DW WKH HGJHV %DUN EHHWOH HDSYVYW\WH VKRZQ DV
H\ ZRU®WHULRU IRUHVW HGJH H[WHULRW FRISMALR QH\E UHD SE/L B G U¥

,1752'8&7,21

,QVHFWYV DUH WKH PRVW VSHRNVMAHEYFKEIURXS LORVRWRN
WKHP IHHG RQ SDUWV RI SODQW VQ &KBKWKH CEHDIMH VR L5 F
U\LQJ LQ FRQGLWLRQ IURP G\LQJ WRNDRQN DWXVRW R IG YD
LQVHFWY GHSHQGYV RQ WKH GIWHXFWWURY S@ RWW. W SHF(
WKDW LQVHFWY XVH SODQW VP DWQY RD WEH® OXBW | A R GH.Q\
JXUWKHU WKH OLIH F\FOH RI W K H PAOXVHRIUFLHAG\ ER I0LLQ ¥ WFDN
WXUH &RQVLGHULQJ WKLV FRPENQQWWRK® WIRBAQY\D QG
IRUHVW HFRV\VWHPV DUH LP SiRbsWB@WDRU P D QA D/B\HHFQ
JLVWV KDYH DOUHDG\ LQYHVWLJDWMG WWKDQ GHGSIHFHH W
XVLQJ SLWID@AHHWWISY % RU WUDSY. 1@ WKM, FDQRS\ )
+RZHYHU WKH PDMRULW\ RI VWXGQHY[WBULG®UH I RUMHVFW |
0(/,1*(s HW DO WKDW RFFXU QH[W WHR ZH DA O WIXWLQ
FRQGLWLRQ IRUHVW * IRUHVW HGIJH H HRSH@F HD UP QRO G
DOVR KDYH WR WDNH LQWR GRPVAG RU DRAULHRVQNVW K B KLLE W HF
LOQWHULRU HGJHV FUHDWHG HWV WIOK \GHD &K ZR IQ BUEFORIV F



FOHDUHG E\ PDQ ,Q PRVW RI WKH RQ WD QD QRO HP\L [RIIG* HR
KDYH WRGD\ D GRPLQDW I3R@HD DEDXMHGSEXPBQIV SUH
WKLV IDVW JURZLQJ HDVLO\ PDKNHWRDBOWLWQLHH VS WAL
DWWDFNV,S8UXWSRILBFEOXWLGDH +LJK OHYHCHWD RIKLRIIF
VLQJOH WUHHV RU ZKR®, ¥WDQGV, R IWASH KEFBIORZLQJ FR
SUHVHQW GDWD ZKLFK DQVZHU W KRIH\R QUXRZY S D WILAROTX |
&ROHRSWHUD +HWHURSWHUD 1HKDWBVWHUD DOBF+\HWH Q
EHWZHHQ WZR GLITHUHQW WRSH V¥ IRX VIR G HAAV\E BIGN HEVH H VD
QH[W WR DJULFXOWXUDO ODQGHQ: KBWFIL\H W K HFKHGIIVW LI
GLVWULEXWLRQ RI WKH VDPSOHV"

678'<6,7($1' 0(7+2'6

6WXG\ VLWH

7KH VWXG\ ZDV FDUULHG RXW LQ WKB PFEOXY®WDDQR)RW KV
%RKHPLDQ )RUHVW %|KPHUZDOG L QDWRXMKVHERXWBHG
DQG LQ WKH \HDUV WKHUHDIWHUUIR VM\RS SPHE D QHLPW D K F

WKH EDU,I$\E WHSFOHRIDS KYSWHDG DQG NLGBQRBDLIREEZA)
RYHU D ODUJH DUHD 7KLV SURFHVWYHW W®H PHQIR KQ Y R
VRPH H[FODYHV RI KXPDQ VHWWOB®BH @R ZILQKW & GNEKH P
SODFHV Rl KDELWDWLRQ $GGLWWRSDDOW X UAH DADHPHB\O HAK |
IRU JUD]JLQJ XQWLO VRPH GHF DGO S HHMLVRKXY OR U: H O HHO\
HGJHV )LJ 7DEOH 7ZR W\SHM @RI )HGJIHV (ZWHH LA | HR
ZHUH QH[W WR SDVWXUH ODQG DQG UHVROWULURWP [IRWH
WKH UHVXOW RI PDVVLYH EDUN E&BWPBXYWBMEFNR ROD B ¢
DQIAW\RJHQHV FKDDFRJUDSKXV

7TDEORKDUDFWHULVDWLRQ RI WKH VDPSOLQJ VLWHYV

1U $EEU 6LWH 7\SH $OWLWX|GH :
06+ OLWWHOVWHLIKsWWH 3DVWXUH f
5:6 5XFNRZLW]VFKDFKWHQ |3DVWXUH f
$%6 $OEUHFKWVFKDFKWHQ | 3DVWXUH f
*33 *1l0OOSDUNS|ODW] %DUN EHHWOH JDS f
1(8 THXKeWWH OHDGRZ f f
*2( *XJO|G OHDGRZ f f
/86 /IXVHQSDUNSODW] %DUN EHHWOH JDS f
%26 % |KPVWUD % H %DUN EHHWOH JDS f
+(6 +HLOVWHLQ %»DUN EHHWOH JDS f
61/) 6FKOHLI OHDGR?Z f f
*+: |*ODVK*WWHQZDOG %DUN EHHWOH JDS f
%$ 6 %DVLVVWUD % H %DUN EHHWOH JD$ f

OHWKRGYV

,QVHFWYVY ZHUH VDPSOHG GXULQJ UDSX\BIODIFAIGIEW L QRXL
LQ WKH FDRDQRS\ ¢/s HW DO s$57,.3,@(2zHW DO 7UDSV FR



Sites B 7

@ Exterior Edge
9
® Interior Edge [

8
MNational park "Bavarian Forest" 109
11

01 2 3 4 5 Kilometer

)LJ 0DS RI WKH VDPSOHG IRUHVW HGJHV

D FURVVHG SDLU RI WUDQVSDUH@Q IS0V WRE VWIUHGC GR/
IXQQHO RI VPRRWK SODVWLF PDWHULDO DWW RHAKMBSW R
HQG RI WKH IXQQHO D VDPSOLBNMOOLZD\D PRXSUMNE U Y Q
FRSSHU YLWULRO VROXWLRQ 7KH & DBSN HRFSIW DIEHIEDI
OD\+t6HSWHPEHU E\ ;OWHULQJ W KB NVRQDH W UQIAX WG B
FDWFK WR HWKDQRO 6DSUWRNGLE EHHW OX%DHWH (10X
$QGUHD -DU]JDEHN 0+0O0HU WUXH BXYVEE\$ PHDQ WU XS 'SR @
ZDVSV E\ 7TKRPDV 5HWWHOEDFK

$W HDFK IRUHVW HGJH ZH LQVWDOGHG D WHD HW DM R
+ P IURP WKH IRUHVW HGJH GH D P BVDX WAHKWM SRV Y W IWF
DW WKH IRUHVW HGJH RQH DW JURXQW®W O HKHILO KW ® IR Q4
SHQGLQJ RQ KHLJKW RI WKH WUHH P \@ZRW QQMWK HJ RO RV K
WUDS DW JURXQG OHYHO WKH VHFRDEGRISQ WKBISKDOR SV
ERZ WR VKRRW D OLQH WKURXJK WKH WUHH FURZQ )LJ

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

7KH GDWD IRU DOO WKH VSHMBUWHYV $FUEKV K Y WHBEG EGIFDWR A U -
QXPEHU RI VSHFLHVY LQGLYLGXDOVSPBRIGIY¥ RRP BO@WD URC
DIWHU WKH QDPH RI FRPPHQWHG V &H MLKIN PHHDEL MAK H (B Y
RI %DYDULD



Trap03 Trap04
Exterior forest

edge \
Pasture, meadows Forest
L]
Trap01 Trap02 Trap05
Interior forest
edge

Trap03 Trap04

Bark
beetle
Forest

Trap01 Trap02 Trap05
)L 6DPSOLQJ GHVLJQ DW LQWHULRU DQG H[WHULRU IRUHVW HGJ

%YHHWOHY &ROHRSWHUD

$ WRWDO RI EHHWOH VSHFLHVLANVD QGHXOML(ODBNMDEG
WHG E\ VSHFLPHQV 7KH VSHFLB¥VULIFW QB WW G OL\Q KD
UHVW LQWHULRU )LJ IROORZHEREVEK WRKUH Y WRN Q@ GH OMN

wWubDSV DW WKH HGJH FDXJKW PRURNVWKHLAVRVNKGBQVWDI
WZR RI WKH VSHFLHV ZHUH QHZ WHEFR WGXKIRQWHW K H/ SHDFYLD
IRU WKH %DYDULDQ )RUHYWhskBXWER@DO 3Ib/EN  VHEHH
7TDEOH IRU GHWDLOV RI VDPSOLQJ VLWHYV

SWUHFXV ORIXILFHSV 5/ %D\
2Q0\ RQH VSHFLPHQ ZDV FROOHFWHG DW WKH HGJH RI *

'DQRVRPD IDVFLDWXEW %D\

7KH PRVW VSHFWDFXODU EHHW O FH UHFRGL 2 R V) BWKFHYDVHF
WDIWHU DQ LQWHUYDRQ Rt/ \HD®Yr VHHZURWH RI WKLV
WUDQVODWHG IURP *HUPDQ 2:H QHWHSH BHEZVWHFR KB ¥ K
DQG %DYDULDQ )RUHVW  :H IRXQG WKGHE\S MAISRH QW SX B
WDFN VRXWK RI WKH *)3 6H YQMRIZD®D HNYHRH QWR P MFIRH G YH B
%RKHPLDQ )RUHVW:2%y XQSXEO GDWD

"HOWLFROCAIWMOOXBHWW 5/ %D\
7TKH VSHFLHV LV DVVRFLDWHG ZLWW OWBUHBJHR ORIV KV WK
5:6 DQG WKH JDSV +(6 DQG *)3 ZKLFK DUH ULFK LQ GHD

'LDFDQWKRXV YJBMODWXV5/ %D\ 5

' XQGXE@DWXRXQG RQO\ RQFH LQ D WUDS LQKWXH §BRIR
ZDV KRZHYHU DOVR IRXQG LQ LQ WKH DD\ HRQDQG3E
GHVFULBEK& E\ +



YRUHVW HGJH QH[W WR D P HDEFRYD YWH\S LLKD @ KR UP R B DIDH.Q R

YRUHVW

yLJ

JRUHVW HGJH DW DQ ROG JDS HYROYHG DIWHU D VHYHUH ED!

yLJ



)L ,QVWDOODWLRQ Rl ALJKWLQWHUFHSWLRQ WUDSV LQ WUHH FU

+\OLV SUR PHDQXQXX V 5/ %D\
+ SURFHDXOHM UDUH (XFQHPLGDH ZDV IRXQIGE EQHWIOH
WRJIJHW K#H URMMLEROOL YV

,SLGLD EBQRWDWDS5/ %D\

, ELOQRMABIWYD WR EH D W\SLFDO 3ZLQQHU DIKHF&EHIVZRE
DUHDV 7KLV IRUPHUQwddB & H(¥eSHFEZBDY RRROOHFWHG LQ W
, Q LW ZDV DOVR IRXQG LQ GHDG RDRRWDR)G/BEHEFK CEW
VLWHYV

5KLIRSKDJXV *RODEUDWX¥ %D\ *
5 FULEDDWKRXQG RQFH LQ D FDQRS\ WUDS DW WKH HG]J

BKORHRVWLFK»¥Y&®WMQW LFRO®DYV
$V H[SHFWHG WKH VSHFLHV ZDV IR XRWGGNVQDL KW UDRSP DoV F5
$%6 LQ WKH 1DWLRQDO 3DUN 7KH VSHFLHV OLYHV LQ W

$SWRPDULBPWBMHOOD 5/ %D\
2Q0\ RQH VSHFLPHQ ZDV WUDSSHG LQ WKH JDS RI *)3

/JHSWRSKORHXYUDOW H USQ DEDA *
/ DOWHADMDRXQG DW D PHDGRZ 6/) DQG LROWYHGI URWX!
*33 %$6



O\FHWRSKDJXV SR3X0&4D\
7KLV IXQJL IHHGHU ZDV IRXQG DW DBSR%QG PEHGE HW LRIQW R
ZHUH PDGH LQ 06+hk@ XQSXBO GDWD

S$USLGLSKRUXV *ROBLFXODWX¥D\ *
7KLY VSHFLHV LV SUREDEO\ BRHVHWALRTHON & L & XWU MEKKHV ¥ K
UDQFH RI DGXOWYV IHHGLQJ RQ VQIEXKDWRXXOGU PPONHE LY
DW WKH HGJH DW JURXQG OHYHO

&LV TXDGAHGE QV 5/ %D\
7KLY PRQWDQH | XYRXIWIRHINANIBRQRKR@WD RQO\ LQ WKH F
WKH HGJH /86

+DGUHXOH HORQODWXOXF %D\ *

L g+/(5 SXEOLVKHG KLV UHFRUGV IUBRPWMRHK A1DWRLIRQ\D ¢

WKHQ QHZ UHFRUGV IURP WKH AR &XW P HQEH R Q 6PDIGH. V:FHk

UDUH &LLGDH LQ D JDS SURGXFRGHER FEWDH N EFHRIWGO BN V
IURP D :LQGRZ WUDS DW P QK MLKIH W DLQQV WIX\M ] /D § R+D |

XQSXEO GDWD

'RUFDWRPD SRQEW X0 DWD 5/ %D\
7KLY VSHFLHV LV D QHZ UHFRUG IRU WKH %DYDULDQ )R

$QDVSLV UX,FROBLWD\
‘H FRXOG ¢QG WKH VSHFLHV RQO\ L QXEDEU® HEHHHOANIDHGI DG \
FURZQV

;\OLWD @GIDXKLGEED 5/ %D\
7KLV 3SULPDHYDO IRUHVW UWG®HFW RXSHF DHHW H O \H (RPHQ\E®
LQ DJDS FDXVHG E\ EDUN EHHWOHYV

&RU\VPELD VFXWHO D WdD \
7KLY VSHFLHYV LV D W\SLFDO V SHGHR VGRIRDRW MAMMAW \Z L VWK
OLWWHOVWHLIJK*WWH DQG 5XFNRZLW]VFRKXD WKUHHHY ERWK

-XGROLD VH[PDFXOBW®D\
$00 IRXU UHFRUGY ZHUH IURP JDSVWDREHRAWEHVYRUZKHG
SRVHG VSUXFH GHDG ZRRG RFFXUV LQ FRPELQDWLRQ ZI

5K\QFROXV VFEXOSWDX U D W5X V% D\
7KLV 3SSULPDHYDO IRUHVW UHIKOHFRAO GV BRHFHWW ZB+V [|,RVX QF
DGGLWLRQDOO\ RQ EHHGEKX)BXEQ WSDHWHD/ - 0

+H[DUWKUXP QRO@LFDWEP %D\

+ GXSOLFPDWXPDUH VSHFLHV UHVWULFWHDBQ QRUW V VG IDV
ORFDOLW\ LQ WKH %DYDULDQ $0I8\ZLVOKWKHJ D OB D JRI U
FRPPRQ VSHFLHV LQ VQDJV VWDQGLQJ GHDG WUXQNYV

6FRO\WXV UXJIJX@ORUKXIWU
6 UXIXORVHVFDOO\ DWWDFKHG WR RXEE& WHY FHIQHV55&R V L
7KLV ZDV VXUSULVLQJ EXW PDBbREUEXN OXE B HUBADWIHHF ]



7TUXH EXJV +HWHURSWHUD

‘H FDXJKW  VSHFLHV UHSUHVHQWHRGSBAHUD L Q GR Y MGOHDY
DUH OLVWHG LQ WKH 5HG /RV Wb RY HQGMmPEW DG 6 S H

6SHFLHV ULFKQHVV ZDV KLJKHVWOL@VW KH RS HQ EMHINGRE
WKH LQWHULRU RI IRUHVWV 1¥REKIQGVOHRSO B QA Q QVW |
IRUHVW HGJH ZHUH VLPLODU &ORE\RMK IBWHMIRXQE SRR
FDQRS\

7KH PRUH UHPDUNDEOH VSHFLGNWDLHD G6&NHXADVEDOH EH
VDPSOLQJ VLWHSV B GG KW LPRRENOIRIK V LV ZRUWK\ RI FF
FRQVLGHUHG WR EH BHWKEMSHEY HMDRVHG WR+(VSHFELHV L
%, 768+ YRXU VSHF LPRQWARQMNVFDSWXUHG LQ WKH JDS |
DW VLWH %26 ,Q W K L9%HVDSOWDEDRYD HXWURBZH R/ R WDURED E
O\ OL YWNWRXD D

6FRORSRVFHO EW\8 WO FUK/HNOHDW
2Q0\ IRXU SUHYLRBXSXOHFFEAWENRRRULGDH DUH NQRZQ I
£$57 DQG SHUVRQDO FRPPXQLHAIPKDXQ IVBPFLPHQV O
VSHFLPHQ OHJ :LFKPDQQ =RR® R QOLWKHHFRWDDBIWWY B BPP
7KH IHPDOH IRXQG LQ -XQH LQ D JURXQG OBHY.WOWKH
¢UVWUHFRUG IRUWKH %DYDULDQHRBEQW\PSKMDIPR D R
VSHFLHV OLYH KLGGHQ LQ WKH JBPOSHUWLFY RQEDKYNCGER
ODUYDH DQG SXSDHs®RbsE DHUM BEEHWOHWHFDXVH RI LWV |
6 SXOFIKWHBOOREDEO\ PRUH ZLGHO\ XSB/RWY HEX WHRE WHKBIQ
RXV UHFRUGVY 6WXGLHV RQ FDSWRFARQR | EDRQV W® & DHIMN
VKRZHG WKDW VRPH EDUN EHHWOH \8KISHREPRD HE DUH D\
- $e+0s11HW DO &DWFKHV IURP SKHUERMRBHKHWEHDG VR
SXOF KQOIX X UH

$UDG XV REW HPWOM L 5/ %\ 5

$ REWHKPW>XWHHQ UDUHO\ UHFRUGHG EX)M& G G 8 QWK\H P\
JRUHVW 1DWLRQDO 3DUN REsWKH )D@&GNHQGVWHLQ WHKH
SUHVHQW VWXG\ WKUHH LQGLYWEXDOANSHFRPBQH\WHUHIKPI
EHHWOH LQGXFHG JDS *+: LQ -XQMIXUWXHBSWZR PDOH"
DQG RQH MXYRBWOBNRX\GHW FROO 0 *R%QHU ZHUH RE
GHDG VSUXFH WURIPY V¥R ORIQL @ LG KEDFEBEN/H B W XD O D (
GHPRQVWUDWHG V§K R BEW BB\ RF BX 5 UGI@EHTRA DG VW I
LQJ VSUXFH WUHHV VQDJV (L@sBZHGHIOQNI$EHRRYUGLHYI WR
REWHRWROWY SULPDULO\ RQ VSUXPH VYQDBXFHEHDFSY EZD
VQDJV FRORGILVHBIFEKW EH D NH\ VWUXFWXUH IRUQWKH |
WKH %DYDULDQ )RUHVW

SK\VDWRFKHLGIX KQW ZRR GIL %\

3 KDUZRRGWDUHO\ EHHQ UHKHFRUYGHG L Q558D YeD Uk, D+(56
IURP 6ZDELD /RZHU )UDQFRQLPDIDGGIR X Q6 UL @ DAYKOHU

RBEFHU SVHXGRSMOWYWE BXWHULRU IRUHVW HGJHWHGE RQG->

IRU /RZHU %DYDULD DQG DOMWR $R H MNGKR-B/BIBNW D IXB/ E HRW K

KDELWD ¥&+WsWHHN DO



)L 6SHFLHV ULFKQHVV RI EHHWOHYVY WUXH EXJV ODFHZLQJV DQ
WLRQV ZLWK UHSOLFDWHV IRU HDFK W\SH RI IRUHVW HGJH



6FRORSRVWHWKMXOKQHFRUBWX%YV

6 GHFRRPRMOUW SU&BPDOKBDWEODQGYV RQ VDQG\ DV ZHO
UHFRUGHG ZLWK D ORZ OHYHSsRIGFR® V-Y¢D Q F\ 7K %D DO
IRXQG DW WKH H[WHULRU HGJH DW VLWH *PD QQRXQWHW V

(ODVPXFKD IHDBNYIB WD/ 5/ %\ 5
( THUU>XIIDWN SUBPBBPLQORAHYVYV GHQVH SLQH VWDQGV
PDOH ZDV IRXQG LQ WKH IRUHVWEL QW KD LRUUARD NRPRIRX
IURP VHYHUDO VLWHV VFDWW HWH/GGW X WR X EKKRX V@ U MB B
68 +:,%,1%(5 2Q0\ D IHZ UHFHQW UHFRUGVI KDKHP EIRUHR®
OLGGOH )UDs@sF R&XL.B2, 195 %661(5 XQSXEO GDWD ,QWKH %|
LW ZDV IRXQG E\ 1HFNHU LQ $XJ%¥W&+: ,»QHDU S5LEXKIQDF
UHFRUG LV WKH ¢UVWIRUWKH 1DWLRQDO 3DUN

'"HUHSK\VLD ROIOpRH D 5/ %\
IJLWWOH LV NQRZQ RQ WKH EDEOREHRDWWKH RV EWKLHAWY\ S

se+0s11HW DO 7KH SODFH RI GHYHO RNGRZWQRI LW K |
DFHD/ IRXQG LQ RSHQ KDELWD\WW \DW &HQDOHDI\R GHN \D &G &
WRb36 G+, %,1%(5 PRVW UHFRUGY DUH |UR PO QR RH PV

VRLOV ,Q WKH SUHVHQW VWXG\ LMWV KDWS LRXFHS VIBRRQBESI R U
QDWXUDO UH3IHRBOFEWHRRDRH LQ $XJIXVW DW *+: $QRW
RI' IROLDRHD IRUHVW KD E LWDBXQIBK PO G3D BAD* IHPDOH
RI DQ ROG RDN LQ WKH )RUHVW 1DV8%HMVEIHUAM U $XJI KA K
UHFRUG UHVXOWLQJ IURP WKH SUHVHQ@WWWXG\ LV WKH

6WHQR G H P DL QIQDHHXW 5/ %\
$FFRUGL QJoWRHW DO 6 YLUWQXLGHO\ GLVWULEXWHG LC

UDUH +RZHYHU WKLV VSHFLHY NMEX@EDWR K BXHW IGHIF O/ Lk
RQO\ D IHZ UHFRUGV IURB=%DYD{ DX, H[LV \W+867(5
548 SHUV FRPP 7K H W OUEHYQWHW LRPRLVW WR GU!'
IRUPDWLRQV DV ZHOO DV 3RDFHDH PLBQJ IOHANAY FREYHHINZH. @ R/IR
IHUV DQG WKHUHIRUH WKLVHY®HFERQ LLW URR-W¥ OHUVRDEGC
,Q WKH SUHVHQW VWXG\ RQH IHWDD & IZ\DW DI KI® GV R
HGJH RI DERXW PHWHUV LQ 0D\ 7KLV LVDWHKRUHMW N

$GRPHUXV ELLIXQWQWD B WKV 5/ %\ *

7KLY VSHFLHVY PD\ EH RIWHQ RYHUDRRNGEGIHEHPA XRID RO L
RSHQ WR VHPL VKDGHG VLWHYV ,QD¥WD YU XE KW LW KPR @
GHG UDLVHG ERJV DQG RQ ULYHU BO®XYLXP EXW DOV

5b8 @& +:,%,1*%(5 &ro2/.( HW DO ,Q Wi
YDULDQ )RUHVW LW ZDV skRQUHIHHO\UUHFRIH@PD& B9 : \Y
6&+:,%,1%(5 ,W OLYHV PDBHIOPE\SXWKEBIGRP XQGHU RWKHU 6

DH VXBEKLIDWDQWKWKH SUHVHQW VWXG\ RQH PDORBLAFMD IR
DQSELNWDQG ZLWK }XOQJXNUMWRQWBRBWHPEHU *+:

&HUDWRFRPEXV ERWMRSWVWDHAGWY/ 5/ %\ *

7KLV VSHFLHV LV SUREDEO\ DIQG HD@A\GGR VIKW. HXW & GE H QO R
EXW EHFDXVH RI LWV FU\SWLF ZD\LR/I PHUKN D QGOMNVRYWHQ
$FFRUGLQJIOWRHW DO & FROHRBWHKDIDBAXW WKH OLWWHU F



VLWHVY RQ RSHQ ODQG DV ZHOO DO HQ8dRUHVWYV ,Q %DY

IRXQG LW SULPDULO\6B®DIR\K®HFZ IPELIQ®QG 8SSHL
*2661(5 XQSXEO GDWD FDSWXUHG LW | LHZTOR KEGIW B DRISMIG S I
VLWHV LQ WKH 1DWXUH 5HVHUYH 5R\WDHQDX QHW KH ISQUIHRL
WKUHH PDOHV ZHUH FROOHFWHG DWW DQGLYWDQERURIRD I
VLWH 06+ LQ $XIJXVW 7KLV LV WKH ¢UVWWQRZQ UHFRUG

$FWLQRQRWXW SXOFKIBBKDHIIHU 5/ %\ 5
"KLOH UDUHO\ $RSQOGBBMIDHFRUGHG DEXQGDQWO\ LQ W
LOQGLYLGXDOV PDOHYV 12DPWD © MY X DIRVUWVH GRHDPSRADWAHL

HGJHVY DUH DQ LPSRUWDQW KD EHWWDW RRUHRDIWLY BB F IK
GHQVLWLHV$EQHM™RHEHMWOWR EH WKH PRVW LFSRBWDQWR
GHWDL @¥1MH\WM B O JXWXUH VWXGLHV VKRADBVWR B WIR
WKH RFFXBUBRBGHKRIY VSHFLHV PLIJKW H[KLELW KLIK S
\HDUV RI RSWLPDO PLFURFOLPDWSPHQRWE GLDWLMWRIQH/UI RRO C
PLIKW KDYH D SRVLWLYH HI$H R GRRIMMIKH VRFSFSARUMHHQ BH
IRFXV RI LWV JHRJUDSKLFDO GLVWUbDLEXWWRDQOLY 6RXWK

&DSVRGHYV JRQ K DFXW 5/ %\ 9
& JRWKDRWXPDLQO\ EHHQ UHFRUGHG X\W RHABXUVVDOF R U
HGJHVs866(5 25%2/'7 P%s SHUV FRPP 6HYHUDC(

FLHY LQ GLITHUHQW IDPLOLHD QW& RIR B/KR:s¥ Ho81 1VHRV ECHO K
,Q WKH SUHVHQW VWXG\ ROH VG WRLAALHH® & DAVH IRKRG
IURP IRUHVW FOHDUDQ RH FZADWEEXRE KU OSHV R R &/FOSEBIM DLOQ >
PDWHO\ PHWHUYVY GLVWDQW IURP DWKH LBRUIHWV W DAVG E H HDQ
UHFRUGHG LQ 6ZDELD 8SSHU %DYRBWISHUORDCDBL)®@ DWH
&+0H6.( HW DO , Q WKH&% DR /WIDBAR V) R
SUHYLRXVO\ UHFRUGHG E\ VZHHS RHEWHW I QUHRQ SDN&XU
$a+7=,%(5 2% SHUV FRPP

'LFW\OD FRQMHIUUIIHFRKY6 FKDHIITHU 5/ %\ 9

$FFRUGLQa V&R: %,1+(5 '" FRQYHOLNE@YV PDIRMRWLY)/ SDOX
LQ ZHW SHDW\ PHDGRZV 6HYHUDOD@RBEDROLWLHY DUH N

&+2/6( M8 &+:,%,1%(5 +RZHYHRQ

YHUJHARQY IRXQG RQO\ DW D IHZ VLWWH 8 ZIX®I Wi WEKMHUY X IS F
,1*(5 7ZR SUHYLRXV UHFRUGY DUH N§WRZQ QWHRIFJU R/K D
QHDU $FKVODFK DQG RQH IURP GhHE®&QKMQQ@HQ QH® W KUL
SUHVHQW RR\QXYGNDIDM REVHUYHG LQ IRUHVW JDSV DW +(6
-X 0O\ PDOH IHPDOH DQG *33 -XO\ IHPDOH

=LFURQD F DIHQUXDHHHDOV 5/ %\ 9

7KLY VSHFLHV LV ZLGHO\ GLWWU LURX®Y H @D WQO%R B YDHNM.HDO
&+867(5 5b80 @+:,%,1%(5 %HFDXVH RI D GHFOLC
KDELWDWY PRRU VLWHV GUV BHFHHAWHGE LOFOKGHGGL
(QGDQJHUHG 6SHFLH Ral+ Y%dDi¥® ULD&9%,~(sHW DO ,Q
SUHVHQW VWXG\ RQH PDOH RFFXUWH®® LIWH D 886D IUQ CEEH\HW‘
FDOLWLHY LQ WKH %DYDULDQ )RMHHY W @WHHQIFKLIO IDRFKXG 5
O%bs @+:,%,1*(5 &r-02/.( HW DO



5XELFRQLD LORMMHIUPHGLTY %\ 9

5 LQWHWUVHAIGIHO\ GLVWULEXWHG LQ %Db+sDULDG-EXW QR
)6&+ (5 &6r867(5 5p80 G+:,%,1%(5 W RFEXUV SI

ULO\LQ QHJOHFWHG JUDVVOBD\QAHBRLQUIAUXRWGYVRD QGYI

SODQW VSHFLHV W LV DOUHDG\ NEXR\WZ @/ KNHR FROFSRA XJUIHQ R/I

LQ D EDUN EHHWOH LQGXFHG JDS *+: -X@HRUWHWKH ¢ U

IDFHZLQJV 1HXURSWHUD

VSHFLPHQV ZHUH FDSWXUHG UHBW HDHXW G QR DV B Iy
&KU\WRSLGDH VSHFLHV +HPO® RRIQIGRSW HWMIHEDHV
VSHFLHV ULFKQHVV ZDV KLJKHVWVLKGWHKWY ARQEBYIRG HE[\
RI LQWHULRU IRUHVW HGJHV 1XPEHW RH FOHRIHVRLF AR
ZHUH QHYHUWKHOHVY VWLOO KLIRS VY KHQBUHDSHAL DO BK
VHG WUHH FURZQV KDV DO2skkD Ga+Ed{¥Q G HMF &F DRNVG & \P:
IRUHVWY 6L[ Rl WKH VSHFLHVKWDPH® HIGY VURII L Q EMXG H
%DYDUWdsD *Bs33( ‘LWK UHVSHFW WR WKH %DYDULDQ )]
WHG LQ FDWHJRU\ RQH VSHFLHV DY ©6BW HJIRWW H GD (R&
ORVW VSHFLHV ZHUH UHSUHVHQW H & LEP HRXQ/O \L R G I FIDW WG
RFFXUUHQFH RI WKHVH WD[D+HREHREUX WRERDQH® H L §
DOO WUDSV H[FHSW WKRVH LQ WKH\PHDGRKEN FDLRK WKII
UHVWYV DQG IURP WKH HGJHV ,WD BIUWMKH QHRFRVIHRG IR K
VKRZQ sEAs¢ On/i(s LQ VRXWKHUQ *HUPDBG DQG E\ 'L
6ZLW]HUODQG LQ EHHFK IRUHVWYV L'BXHIQW R W KN VP BRWDV(
O\WH WKH SUHIHUHQFHV Rl WKH RWKHU VSHFLHV IRU DQ

%HHYV DQG :DVSV $FXOHDWD

‘H FDSWXUHG VSHELPHQV UHSUKNW®VOXPE H UV R H FISH
IRXQG LQ WKH JDSV DQG PHDGRRW HIEQIGR DMV W KL\ SHRERIMH
VSHFLHV ZHUH IRXQG DW JURXQG RO MK M/KBIQI K QD MYUHK
ULFKQHVV LQ RSHQLQJV LQ WKH | RWHV IWILRQM KQ GV & M L
8+/0811 WKHVH VWXGLHV RPLWWB GGVKHKWHRKD B 81
FRPSDULVRQ 7KUHH RI WKH VSHFHE VLADAS R X UHEDDU H WO
LQ %DYBUGDHW DOS$SQGUHQD VHPILBDWIUYD * ZDV IRXQC
DW JURXQG OHYHO RI DQ H[WHNHUDRRX VI PQHNXD DIVEDIL 05 BK G
IRXQG DW WZR LQWHULRU HGQH V7 KLIOW'S IV N STDADNSHFHRIR. |
VXP VXEIXOSYLBAOY@HW LD * ZHUH IRXQG IDQ DRGSO DWA SAHWH R
2Q0\ RQH VSHFLPHQ ZDV IRXQG LQ WKH FORVHG IRUHVV

&21&/86,21

7TKH WRWDO RI GHWHUPLQHG LQVHPBRW AMSPHRLWH W KIRHZASW |
LPSRUWDQFH RI IRUHVW HGJHV IRQELREG LMW GUWY L R XW
PRQVWUDWHG IRU/&RZHBU BOWLWXGHNL1<() HW DO 71

VWUXFWXUDO PRVDLF ZLWK LQWHMHWPLSFOH IRVUHEDN WNHEH H W (
LPSRUWDQW IRU WKH PDLQWHQDWYFHKRI FER.RELLQ'HHG \RLAVF X
VPDOO VFDOH VWUXFWXUHV XBEKWDWWHD B HRR GHAL\WK S
IRUHVW VSHFLHV 7UHH FURZZPHORH RRVWHBWMKM QB E
VRPH WUXH EXJV DQG RQO\ D IHZ RI WKH EHHWOH VSHF



=86$00(1)$6681*

OLW +LOIH YRQ )OXJIHQVWHUHD® QHQ IXX®GIPE H U YIHR \
%D\HULVFKHU :DOG XQWHUVXFKW V'WHGXIOFW 9 BHNH.Q DG |
GHQ GLH DQGHUHQ VLQG (UJHE QH MW HXDV MK G IHPK HID BRIE

)DOOHQ LQVWDOOLHUW (LQMHYPPROBGHQ QCHHBWAK U Q4
XQG REHQ DP :DOGUDQG XQG LIPQHWV FEW RGN Y:RQ G
'DOGUDQG ,QVJHVDPW ZXUGHQ D QBHY DAXE @ H\DW L F
JIHUDUWHQ ‘DQ]HQ %LHQHQ XQWHW VESH &|FRYZWH Q
]JDKOHQ ZXUGHQ DXI| GHQ /*FNHQ :LHWYH® RQBH:QBIGKHUDG
ZLHVHQ VLFK DOV +RWVSRWV I+U %LRORJLVFKH 9LHOIDC

50(5(1&(6

$s+7=,(55 588 0 H+867(5* 5RWH /LVWH GHU /D QGHRE R VHBHW LR IS
6FKULIWHQUHLKH GHV /DQGHVDPW |«U 8PZHOWVFKXW]

$3) (1% $8&+(5) 66" /ILVWH GHU .IIHU GHV |VW O L F KHQ®DD HHILMFRKKHH:@ ODXC
+

% .(5 6 & $58@7s/ $ eds.iis1 3 % ,&bs5'6215 0 0 (VWLPDWLQJ HGJH HIIHI
GZHOOLQJ EHHWOHY DW FOHDUIGIGDOHMBD@RQ Q Z$DW HPREODMOMBD\Y BRIDR I
DQG ODQDJHPHQW

%16( 8 /RQIKRUQ %HHWOHV ,00XVW DHWMHBGNFHVE R U BECH MY OB E R
9HUODJ HLNHUVKHLP Ss )
Yasi+2/7 * $XVZLUNXQJIJHQ GHU 3AHJPE B QPHPHILIG XIK X @G OFK|O] U

DXl GLH ,QVHNWHQRUGXQJHQ FKW QR 8W K\UJF K-DHWHE RKRWHBB W$HUD
LP 5DXP 6FK@TFWKEBXLUUIG U (QWRPRORJLVFKH#3XEOLNDWLRQHQ

%bs 0 He:,%,15(50 %HLWUDJ ]XU :DQJHQ )DXQL\OWLIDNHQ $60U HIHY DL
GHU 5RWHQ /LVWH ,QVHFW D %#HLWHIU RS WHIU B D ¥HHIRIPRAKLN/®HQ W R P R | D

(e.(5/(,1 + ‘DV :DQ]HQYRUNRPPHQ LVPEHILE 4DV HBHHIF RAVWVEHU 1DW X U I F
*HVHOOVFKDIW %DBPEHUJ

). 6a+(5+ ‘LH 7LHUZHOW BFKZDEHQV UHL SRKQUADATKBIMIED G HW 9B WK U
GHQ *HVHOOVFKDIW+$XJVEXUJ

Yihe. 1%(5 3 ) sl 3 ‘DOGUIQGHU * =HQWULVOWGHH @ ¥Q REQ GHHWV LHAXI WY
FKDIW 1U $QJHZDQGWH (@WRPRORJLH

*2661(50 8(,60 $/70811, 1HXH )X BFAMVYR@QRW XYW S XMOFKHBBKDHIIHU
GHP %D\HULVFKHQ :DOG + B BVFHKURLSW WD EOLODM W DGHU ED\HWLVFKHQ

*520( 6 765. 1 ( $Q LQRUGLQDWH |RYEQWWEURW HHMMRBRP\

+(11(92%(/ ) =XU .[IHUIDXQD GHV BHURDUZGBGHMVHOOVFKDIW I-U 3K\
3UDJ Ss

+25,21$ )DXQLVWLN GHU PLWWHOHXURS | UPDKMI) 6 WHU @RI LD,, (0D &b
VFLGRHIHQYHUODJ OXVHXP JUH\ 0:QFKHQ Ss

C12(5=(5 $ %HLWUDJ ]XU .HQQW QL&HFHW: G B P E B W@ Q)LEAQMINXHTEEVKIUHIDY
0°QFKQHU (QWRPRORJLVFKHQ:t*HVHOOVFKDIW

Lg+i(5) %HVWDQGVHUIDVVXQJ [\ORENRQOMH U LVIFKH UP: 1} O & L RA\DHFS/
%HLWUIJH ]XU ED\HULVFKHQ{QWRPRIDXQLVWLN

. 8+/0$11 0 %HVLHGOXQJ YRQ :LQGZeUIHA FKHRD D B IHDWRQDHEDQ NDY
'DOG GXUFK :LOGELHQHQ XQG D RXID SIDX\WHHHYB KW G- B HIDRSXWHR UV F K
FKDIW %DPEHHJ

. 8+/0$11 0 =XU %HVLHGOXQJ XQW H U V RKLKH A @LGFEKLHHWD HDD & § @ D IQ\GRH
SWHUD $FXOHDWD LP 1DWLRQ@MHWSFKMN % B\ UDWPKHERUDBOKHQGHQ *

+

Os1'(5< . AN7+- 53860 (%(5 . el .+ 5RWH /LVWH JHIIKUGHWHU %L|
$SLGDH %@ORAKUQWHQUHLKH GHV %D\HULVFKHQ /D@GGHVDPW I«U 8PZl|
2:%528*+$ *  #7.1%67 2¢fess1 - (5 3 6 (1< 7 & 7KH LQAXHQFH RI RSH

JURXQG GZHOOLQJ VSLGHU DVVRPEHRWMWWZ (FARKORJI\SDQ QWDWERBPH

3e5.&$57- +pPLSWqUHV $QWKRFRWLRESKHNV LG PHFE B DH 28 YWQ@HR3 B E@p D



(XURSH HW GX %DVVLQR®p G LWHWILND Q p HES

Isge( +  g833($ S5RWH /LVWH JHIIKUG HWHW RIHGAH B 6 FEDH H DDH/R UR S K H
%D\HULVFKHQ /DQGHVDPW [+U+t8PZHOWVFKXW]

5.(7(5 & 956,768+ 7D[RQRP\ DQG GVD\W O XK XHBLURKORH WRXBW-RY K MR Y
VWDW QRY +HWHUORMGNHAKULIWUYRBRH (QWRPRORJLH

Be+02/.() s5¥8 0  Higl,7=(s ,OQWHUHVVDQWH :DQ]HQ I X QGH DAXNU%MDN M UF
WLIXQJ GHU &RUHRLGHD ,QVHF®%HB LWHWHURKIWEDAB UtNVRRKRQL&DMR P

6e+1(," 7 'LH :DQJHQ +HPLSWHUD £XWH WRQWNWHDPE KHKW BPGHU 1DW
FKHQGHQ *HVHOOVFKDtW %DPEHUJ

6&+2/=(: gNRIDXQLVWLVFKH 8QWHUHWQXB KR Q JHH D QU CHNUL VB-HK W IUF KL V W
WH GHU 1DWXUZLVVHQVFKDIWOLFKH®f) *HVHOOVFKDIW %D\UHXWK

68 +867 (5% 'LH +HPLSWHUHQIDXQD GHV HRWBWLFKIWH \G B BKZDW R UQ R K
VHOOVFKDIW $XHXEXUJ

68 +867 (5% :DQ]JHQ DXV 6*GED\HUQ JQWUIFFKDV H+ IGW H UIRDSMKHUURU V F K H
$XJIJVEXUJ

68 +867 (5% ‘:DQJHQIXQGH DXV %D\HUQ %®W HWYR:G U WZWW H E MIDI UXLEG® M/BRR
GHU 1DWXUIRUVFKHQGHQ *HVHOOVFKDIW $XJVEXUJ

68 +867 (5% :DQIJHQIXQGH DXV 2EHUED\HU G X\W B UIRSWGENRKW R OG H Q VIHDRN
FKHQGHQ *HVHOOVFKD+W $XJVEXUJ

68+867 (5% =XU :DQJHQIDXQD OLWWHO IWB GMHWQ¥KWHB8 AW O DYWHWWH R B
VHOOVFKDIW $X#VEXUJ

68 +867 (5% 'LH :DQ]HQIDXQD GHV :LQGVEHHUHN\EHD )UBIVRKWRV HAW |
ULFKWH GHU 1DWXUIRUVFKHQGHQ**HVHOOVFKDIW $XJVEXUJ

68 +867 (5% 'LH :DQJHQIDXQD 6FKZDEHQV K QtHB8 HEWH K2 | B3aHA\V I B IR \BHYD+
GHU 1DWXUIRUVFKHQGHQ *HVHOOVFKDIW $XJVEXUJ

68 +867 (5% %HLWUDJ ]XU :DQJHQIDXQ D WbHFSEHE BIDQNK WHVE H W 0 D WHW HF
*HVHOOVFKDIW $XJVEXUJ

68+867(5* :DQ]JHQ DXV %D\HUQ , QWHUAW RWHHGHW RBWKUIRUVFKHQGF
EXUJ +

68+867 (5% :DQ]JHQ DXV %D\HUQ ,,D,®MHEMOW H HOMHURBWHWI RUV FKH
$XJIJVEXUJ

68 +867 (5% :DQ]JHQ DXV %D\HUQ ,,, QWWBIEMKIDVH+IGWH UIRSWKHUURUV FKH
$XJIJVEXUJ

68 +867 (5% :DQ]JHQ DXV %D\HUQ ,9 ,9WHE®WOWH HMRIURBWHWIRUVFKH!
$XJVEXUJ =

6(//1(16&+/2 8 %HLITQJH LQ % RUNHQNILRW G & H X R/MRAKE RIDAERO IHVW 6F

+

6,1%(5 . 'LH :DQ]J]HQ +HPLSWHUD +HOMWH QR EWIHHMHWG MR XQGWEADK ELV
(LQVFKOX% GHWWSH\LWDVXDOWHNQ GHV QDWXUZLVVHQEXDIWOLFKHQ 0 X

OE6ES+(/<,7 1HZ SDGDBOUEMWHIFHY LQ WKH EHWXODH JURRX® DOHW H L
+LVWRULFR 1DWXUDOHY OXVHL 1BPWLRQDOLV +XQJDULFL

tse+0s11(  Qw(s $ (&.(57 - ‘:DQJHQ "B Q@QGHUZHOW 'HXWRHFRNGD QGH UV
.HOWHUQ SS

csg+0s11(  Qw(s $ (&.(57 - ‘DQJHQ %BQ/IGHUZHOW 'HXWRHFRNGHD Q GYH U V
.HOWHUQ SS

D (50(/,1%(5 % (FRORJ\ DQG PDQDJHPHQW, SN WKSRY D& R N VHE URI EHHHF
UHVHDRIFKVW (FRORJ\ DQG OD@DJHPHQW

D (50(/,1*(5 % /hd.,1%(5 3 ) w2670 . 811, 3 +RULJRQWDO DQG YHUWLFDO
[\OLF EHHWOHV &R %XSUHVWLGDRYV ¥ HNHFMA\R QE DRR X GFREODWR IHGES Bl @
(QWRPRORJ\ %

I+

I+

5HFHL
$FFHSWH



TXHQF\ DQG QXPEHU QXPEHU RI WUDRS VY SSHFHWP ID@Q\G R
RP IRUHVW HGJHV VSHFLPHQV WUDSV ([WHULRU )RU}
W KXPDQ FOHDULQHVW KHWHHN RQW RRU HFADW \( G YMFVE DAJUNH EI |
QGLFDWH SRVLWLRQRKIQW UDHBYHO + RSIHRQ DWW MIGIW JL
RS\ + IRUHVW FDQRS\ + IRUHVW JURXQG OHYHO 0
U %DYDULDQ )RUHVW

(IWHULRU )RUHVYW (GJH ,QWHULRU
6SHFLHV 0) 7UDS 7UDS 7UDS 7UDS 7UDS 7UDS 7UI

+,67(5,"%(
3OHIJDGHUXV YXOQHUDWXYV

1(,2","%(
$QLVRWRPD KXPHUDOL

6&<'08$(1," $(
1HXUDSKHV FRHFEXV

67$3+</,1,"$(
6FDSKLGLXP TXDGULPDFXODWXP
6FDSKLVRPD DJDUILFLQXP
3K\OORGUHSD OLQHDULV
1XGRELXV OHQWX
$WUHFXV DIl¢gQLV
$WUHFXV ORQJLFHSV
*DEULXVY VSOHQGL|IGXOXV
4XHGLXVY PHVRPHQLQX
A4XHGLXV [DQWKRSIXV
4XHGLXV SODJLDWXV
*\URSKDHQD MR\LRLGH
30DFXVD FRPSODQDWD
/IHSWXVD SXOFKHQOD
/IHSWXVD IXPLGD
%ROLWRFKDUD REOLTXD
%ROLWRFKDUD PXPOVDQ|WL
'LQDUDHD DHTXDWD
3KORHRSRUD FRUWLFDOLV
3KORHRSRUD EHUQKDXHUL
, VFKQRJORVVD SUROLIL

36(/$3+,"$(
%LEORSRUXV ELFRORU
30HFWRSKORHXV §VFKHUL
7\UXV PXFURQDWX|V

1<&,'$(
"LFW\RSWHUXV DXURUD
3\URSWHUXV QLJURUXEHU




$SSHQGKIRQWLQX

HG

&$17+%$5,"$(

ODOWKLQXV SXQF
ODOWKRGHV IXVFX
ODOWKRGHV P\VWI
ODOWKRGHV KH[DH
ODOWKRGHV SXPL
ODOWKRGHV EUHY

N D W X
v,
FXV
DQW
DXV
LFRO

XV

DLV

0(/<5,"$(
$SORFQHPXV QLJU
$SORFQHPXV WDU
‘DV\WHV QLJHU
‘DV\WHV REVFXUX
‘DV\WHV F\DQHXV
‘DV\WHV SOXPEHX

LFRU
DOL

QLV

&/(5,"$(

7LOOXV HORQJDW
7TKDQDVLPXV IRUP
7TKDQDVLPXV SHFW
.RU\QHWHV FDHUX

LFDU
RUD(
OHXYV

L XV
DLV

752*266,7,"'$(
1IHPRVRPD HORQJIO

WXP

3(17,"$(
2VWRPD IHUUXJLQ

/1<0(;</21,"$(
+\OHFRHWXV GHUHR

HVW

RLGHYV

(I1$7(5,"$(

$PSHGXV HU\WKUR
$PSHGXV EDOWHD
$PSHGXV DHWKLRS
$PSHGXV VDQJIXLQ
$PSHGXV SRPRUXF
$PSHGXV QLJURAD
$PSHGXV QLJULQX
6HULFXV EUXQQHX
'DORSLXV PDUJLQI
$JULRWHV SLORVH
$GUDVWXV SDOOH
OHODQRWXV UX¢S
OHODQRWXV FDVW
'DQRVRPD IDVFLDY

JRQX
VX V

HXV

Y XV

v
DW XV
00X\
QV
v
DQLS
VXV

$JU\SQXV PXULQD

HV




$SSHQGIRQWLQX

HG

&WHQLFHUD SHFW
&WHQLFHUD FXSUH
/JLRWULFKXV DIILQ
$FWHQLFHUXV VMI
3URVWHUQRQ WHV
$QRVWLUXV SXUS
$QRVWLUXV FDVW
6HODWRVRPXV DH
&DODPEXV ELSXVW
'"HQWLFROOLV UXE
'"HQWLFROOLV OLQ
1RWKRGHV SDUYX
/LPRQLXV DHQHRQ
'LDFDQWKRXV XQG
+HPLFUHSLGLXV Q
+HPLFUHSLGLXV K
$WKRXV YLWWDWX
$WKRXV VXEIXVFEX
$WKRXV JHEHL

=RURFKURV PLQLP
AXDVLPXV PLQXWL
&DUGLRSKRUXV UX

LQLFH
1D

LV
HOD
VHOQ
UH X
D QH X
OHXV
XOD
HQV
HDUL
DXV
LJHU
XODV
LJHU
LUW X
v

Y

XV
VVLP
¢FRQ

RUQLV

DGLFXV

DWXP

VXV

VXV

XV
oLV

(8&1(0,'$(
+\OLV IRYHLFROOL
+\OLV SURFHUXOX

\%

%835(67,'$(

$QWKD[LD TXDGUL
&KU\WRERWKULV D
$JULOXV YLULGLV

SXQF
1eQL

WD WD

"(50(67,"3(
OHJDWRPD XQGDW

&(5</21,'$(
&HU\ORQ KLVWHUR
&HU\ORQ IHUUXJL

LGH\
DHXP

1,7,'8/,'$(
(SXUDHD QHJOHF
(SXUDHD PDUVHXO
(SXUDHD S\JPDHD
(SXUDHD ELQRWDYV
(SXUDHD YDULHJD

(SXUDHD UXIRPDU

\V D

ILQD




$SSHQGKIRQWLQX

HG

,SLGLD ELQRWDWIE
&\FKUDPXV YDULH
&\FKUDPXV OXWHX
BLWA\RSKDJXV IHUU
5KL]RSKDJXV GHS
5KL]RSKDJXV QLW
5KL]RSKDJXV FULEH

JDWX
\%
XJLQ
UHVV
LGXO
Uubw

HXV

\Y
KV
v

3+/2(67,&+,"$(
SKORHRVWLFKXV (

SHQW

LFROOLYV

(527</,"%$(
7JULWRPD ELSXVW
7ULSOD[ DHQHD
7ULSOD[ UXVVLFD

oDW

&5<3723+%$*,'$(

SWHU\QJLXP FUHQ
&U\SWRSKDJXV F\(
&U\SWRSKDJXV OD
&U\SWRSKDJXV VF
&U\SWRSKDJXV VF
OLFUDPEH DELHWL|
$WRPDULD OHZLVL
$WRPDULD WXUJL(
$WRPDULD GLOXW
$WRPDULD DOSLQI
$WRPDULD LKVVH(
$WRPDULD EHOOD

DWXP
DLQG
SSRQ
DQLF
X W H Q
v

5 D

U XV
LEXV
XV
ODWXV

1$(023+/2(,"'$(
/HSWRSKORHXV D

WHU

QDQV

/$7+5,",,"$(

(QLFPXV IXQJLFRO
(QLFPXV WUDQVYH
&DUWRGHUH FRQV
6WHSKRVWHWKXV
6WHSKRVWHWKXV
&RUWLFDULD DELH
&RUWLFDULD OLQH
&RUWLFDULD HOR

D
UV XV
WULF
DOWH
UXJL
WRU
IDUL
DJDW

W D
UQDQV
EFROOLV
X P

0<&(723+%*,"$(
O\FHWRSKDJXV PX
O\FHWRSKDJXV SR

OWLS
SXOL

XQFWDWXV




$SSHQGISRQWLQX

HG

(1'20<&+,"$(
(QGRP\FKXV FRFFL

QHX\

63+,1","$(
$USLGLSKRUXV RU

ELFXODWXV

&,,"$(

&LV QLWLGXV
&LV JODEUDWXYV
&LV KLVSLGXV
&LV EROHWL

&LV TXDGULGHQV
&LV SXQFWXODWX
&LV FDVWDQHXV
&LV GHQWDWXV
2UWKRFLYVY DOQL
+DGUHXOH HORQJ

DWXO

X P

$12%,,'$(

+HGRELD LPSHULD
"U\RSKLOXV SXVLOQ
'HVWRELXP SOXPE
(UQRELXV DELHWL
(UQRELXV DELHWL
(UQRELXV PROOLV
$QRELXP FRVWDW
$QRELXP HPDUJLQ
$QRELXP SHUWLQI
3WLOLQXV SHFWL(
'RUFDWRPD SXQFW

oLV
OXV
HXP
QXV
v

KP
DWXB

DLFRU
XOD

QLV
N D

37,1,"$(
SWLQXV GXELXV

2('(0(5,"3(
&DORSXV VHUUDW
,VFKQRPHUD FDHU

LFRU
XOHD

DLV

6$/3,1%,'$(

5DERFHUXV IRYHR
6SKDHULHVWHV FI
6DOSLQJIXV SODQL
6DOSLQJIXV UX¢FR

ODWX

VWD
URVW
OOLV

v
OHXV
ULV

6&5%$37,,"'$(
$QDVSLV IURQWDQ
$QDVSLV WKRUDFL
$QDVSLV UX¢FROQ

LV
FD
LV




$SSHQGKIRQWLQX

HG

$QDVSLV UX;ODEU

LV

$'(5,"$(
$QLGRUXYV QLJULQ

XV

025" (/1,"$(

7RPR[LD EXFHSKD
ORUGHOOD KRORP
&XUWLPRUGD PDF
ORUGHOORFKURD I

DD

HODH
ORV
DEGR

QD
D
PLQDOLV

0(/$1'5<,"$(
2UFKHVLD PLFDQV
2UFKHVLD OXWHLS
2UFKHVLD PLQRU
$EGHUD IOH[XRVD
;\OLWD OLYLGD
6HUURSDOSXV EDJU
&RQRSDOSXV WHV

DOSL

EDW
WDFH

KV
XV

7(75%$720,'$(
THWUDWRPD DQFR

7(1(%5,21,"$(
%ROLWRSKDJXV U
&RUWLFHXV OLQHI

HWLF
ULV

XKODWXYV

68$55%$(, $(
OHORORQWKD PHO
*QRULPXV QRELOL

RORQ

WKD

18&$1,"$(
30ODW\FHUXV FDSU
6LQRGHQGURQ F\O

HD
LQGU

LEXP

&(5%30%<&,'$(
$UKRSDOXV UXVW
7ZHWURSLXP FDVWI
5KDJLXP ELIDVFLD
5KDJLXP PRUGD]
5KDJLXP LQTXLVLV
2[\PLUXV FXUVRU
(YRGLQXV FODWKU
*DXURWHV YLUJLQ
3LGRQLD OXULGD
$ORVWHUQD WDED
/HSWXUD PDFXODYV,
&RU\PELD PDFXOL
&RU\PELD UXEUD

LF XV
QHX
WXP

VRU

DWX
HD

FLFR
VD
ERUQ

ORU

LV




$SSHQGKIRQWLQX

HG

&RU\PELD VEXWHO
$QDVWUDQJDOLD
/JHSWXURERVFD YL
-XGROLD VH[PDFX
3DFK\WRGHV FHUD
6WHQXUHOOD PHO
2EULXP EUXQQHXP
ORORUFKXV PLQRU
&O\WXV ODPD
$QDJOVSWXV P\VW
/HLRSXV QHEXORYV

ODWI
5XELI
UHQV|
DD W D
PE\F
DQXU

L FXV
XV

L IRUPLV
D

&+5<620(/,"'$(
'"RQDFLD YHUVLFR

DRUH

6&2/<7,"'$(
6FRO\WXV UXJXOR
+\ODVWHVY RSDFXV,
+\ODVWHV FXQLFX
+\ODVWHV DWWHQ
+\OXUJRSV SDOOL
3RO\VJUDSKXV SRO
/HSHULVLQXV IUD][
S\OHFKLQXV SLORY
&U\SWXUJXV FLQH
&U\SWXUJIXV KLVS
'"UNRFRHWHV DXWR
&U\SKDOXV SLFHD
&U\SKDOXV DELHW
(UQRSRULFXV IDJU
BSLW\RSKWKRUXV H
BLW\RSKWKRUXV §
7TDSKURU\FKXV ELH
3LW\RJHQHV FKDO
2UWKRWRPLFXV O
, SV W\SRJUDSKXV
,SV DPLWLQXV
s\OHERUXV GLVSD
S \ORWHUXV GRPHYV
;\ORWHUXV OLQHD

V XV

oDUL
X DW X
DW XV
LIJUDS
LQL

XV

UH XV
[ GXO
JUuDS
H
LV

[VFX
LW\R

ROR
FRJU
DULFL

U
WLFX
WXV

b KXV

XV
K XV

DSWXYV
JUDSKXYV
U
DS KXV
\%

&,0%(5,'$(

&LPEHULV DWWHO

PERL




$SSHQGIRQWLQXHG

&85&8/,21,'$(
5K\QFROXV VFXOSWXUDWXV
5K\QFROXV DWHU
+H[DUWKUXP GXSQLFDWXP
0DJGDOLV QLWLGH
+\ORELXV DELHWLY




$SSHQGEZUXH EXJV

+HWHURSWHUD

IURP

IRUHVW HGJHV

YRU

6SHFLHV

(IWHULRU )RUH
0) 7UDS 7UDS 7

W (GJH
UDS 7UDS

QW

7UDS

7

UDS

$FDQWKRVRPD K@
$FRPSRFRULV DO
$FWLQRQRWXV S
$GHOSKRFRULV T
$GHOSKRFRULV V
$GRPHUXV ELJXW
$QWKRFRULV FRQ
$QWKRFRULV QHH
$TXDULXV SDOXG
$UDGXV REWHFW
$WUDFWRWRPXV
%OHSKDULGRSWH
&DORFRULV DI¢Q
&DSVRGHV JRWKL
&DSVXV DWHU

&DUSRFRULV IXVH
&DUSRFRULV SXU
&HUDWRFRPEXV H
&KDUDJRFKLOXV
&ORVWHURWRPX
&RUHXV PDUJLQD
&UHPQRFHSKDOX
&\PXV FODYLFXO
"HUDHRFRULV OX
'"HUDHRFRULV RO
'"HUDHRFRULV UX
'"HUHSK\VLD IROL
"LFKURRVF\WXV L
"LFW\OD FRQYHUJ
"RO\FRULV EDFFD
"U\PXV VI\OYDWLF
"XIRXULHOOXV DV
(ODVPXFKD IHUU
(XU\UJDVWHU WHYV
*DVWURGHV DELH
*DVWURGHYV JURYV,
*ORELFHSV ADYR

HPRU
SLQX
OFKH
XDGU
HWLF
WDW
IX VX
RUXF
X P
XV
PDJQ
UXxvV
LV
FXV

ELVS L
SXUH
ROHF
U\OOH
ELF
WXV
V DOY
v
WHVF
LYDF
EHU
DFHD
QWH U
HQV
UXPp
XV
VHU
JDWI
WX G L
W XP
VLSH
PDFX

+DOWLFXV DSWH

UKRLGDOH
v
HU
LSXQFWDWXV
RUQLYV

XV

Vi

LFRUQLV
DQJXODWXV

QXV
LSHQQLV
RSWUDWXV
1QKDOLL
DDYDWXV
HVWULV
HQV

HX V

PHGLXYV

QDULD

DDWXYV

XV

I XUV

HULRU

7\



$SSHQGIRQWLQ

XHG

.OHLGRFHU\V UH
/IHSWRSWHUQD G
/ILRFRULV WULSX
/IRULFXOD HOHJD
NJRFRULV YLULG
NIXV JHPHOODWX
NIXV SUDWHQVLV
NIXV UXIXOLSHQ
OHFRPPD DPEXOD
OHJDORFHURHD U
OHJDORQRWXV FK
OLULY VWULDWX
ORQDORFRULYV ¢0O
O\UPHGRELD H[LQO
1DELV SVHXGRIH
2ULXV PLQXWXYV
2UWKRFHSKDOXV
2UWKRSV NDOPLLU
2UWKRW\OXV PDU
3DORPHQD SUDVL
3DUDSVDOOXV YL
SHQWDWRPD UX¢
SHULEDOXV YHUQ
SKRHQLFRFRULV
3K\ VDWRFKHLOD
3K\WRFRULV GLP
SK\WRFRULV LQW
3K\WRFRULV ORQ
SK\WRFRULV SLQ
3K\WRFRULV WLO
B3LHVPD PDFXODW
B3LHJRGRUXV OLW
3LQDOLWXV UXEU
3ODJLRIQDWKXYV
3VDOOXV DPELJX
3VDOOXV PRQWD
3VDOOXV SHUULYV,
3VDOOXV SVHXGR
3VDOOXV VDOLFL

HGDH
ROREUDWD
WXODWXV
DW X 0D

RY;
v

QLV
QV
HFWLUFRUQLV
LUDJUD

LFLV
LV
XV
LFLQXV
FRULUDFHXV

JLQD|OLV
QD
WHOQLQXV
SHV
DOLV
PRGH[VWXV
KDUZRRGL
LGLDWXV
ULFDWXV
JLSHQQLV
LDH
XP
X UDW XV
LFDWXV
DUEX[VWRUXP
X \/
DXV

SODWDQL

3VDOOXV YDULDQ

\%




$SSHQGISRQWLQ

XHG

5KRSDOXV SDUXP
5K\SDURFKURPXV
5XELFRQLD LQWH
6DOGXOD RUWKR
6DOGXOD VDOWD
6FRORSRVFHOLYV
6FRORSRVWHWKX
6WHQRGHPD FDO
6WHQRGHPD KRO
6WHQRGHPD YLUH
6WVIJQRFRULV IXQ
THPQRVWHWKXYV
7LQJLV SLORVD

7TUDSH]RQRWXV D
7URLOXV OXULGX
s\ORFRULV FXUVL
;\ORFRULYV JDODFH
=LFURQD FDHUXO

FKLO
WRUL

D UD
VD WD
1QV

SXQF
SLQL
UPHG

SXOF
V GH

LJLQ
UDFL

UHQD
v

WD Q
WLQ X
HD

WDWXV

LD
D
D

KHOOD
FRUDWXYV
W D

HXV
oLV

ULXV




$SSHQGLDFHZLQJV IURP IRUHVW HGJHYV

YRU PRUH H[SODQDWLRQV

6SHFLHV

([ WHULRU (GJH

0) 7UDS 7UDS 7U

DS

7UDS

L,QWHUL
7UDS 7UD

&KU\WVRSHUOD F
&KU\WRSHUOD O
&RQLRSWHU\[ S
&XQFWRFKU\VD
+HPHURELXV KX
+HPHURELXV OX
+HPHURELXV PD
+HPHURELXV PL
+HPHURELXV SL
,QRFHOOLD FUD
OLFURPXV ODQR
1LQHWD SDOOL
1ILQHWD YLWWD
3DUDVHPLGDOL
3H\HULPKRIILQDO
3KDHRVWLJPD
6\PSKHURELXV
‘HVPDHOLXV QH
‘HVPDHOLXV TX
':DQWKRVWLJPD

DUQ
XFD
JPD
DOE
PXO
WHYV
UJLq
FDQ
oL

VVLH
VXV
5D

W D
Vv 1X\
Jun
RW D
5HOd
UYR
DG U L
[DQ

HD
LQD

4D
ROLQHDWD
L QXV
FHQV
DWXV

RUQLV

FLSHQQLV
FLOLV
WD
XFLGXV
XV
IDVFLDWXV
NKRVWLJIPD

LRU (GJ
S 7UD:




$SSHQGEK{HHV DQG ZDVSV IURP )RUHVW HGJHV

YRU

6SHFLHV

0) 7UDS

7UDS

([WHULRU (GJ

7U

H
DS

7UDS

,QWHU

7UDS

7U 10

S

$QFLVWURFHUXYV
$QFLVWURFHUXYV
$QFLVWURFHUXYV

$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD
$QGUHQD

$SLV PHOOLIHUD

%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV
%RPEXV

FLQHUD
FODUNH
IXFDWD
IXOYDJH
JUDYLG
KDHPRU
KHOYRQ
ODSSRQ
RYDW X
VFRWLF
VHPLOD
VXERSD
YDULDQ

EDUEXWH
ERKHPLF
KRUWR U X
KXPLOLV
K\SQRUX
MRQHOO
ODSLGDU
OXFRUXP
QRUYHJL
SDVFXRU
SUDWR U X
UXSHVWU
VIOYHVW
WHUUHVV

ZXUIOHQL

'ROLFKRYHVSXOD
'ROLFKRYHVSXOD
'ROLFKRYHVSXOD
'ROLFKRYHVSXOD
+DOLFWXV UXELF

QLJU
SDU
WU L
ULD
00D

R

UKR
D
LFD

D
HYL
FD
\Y

OO X
XV
P

LXV

FXV
X P
P

LV
uLv
VULV

DG X
QRU
VD[
V\O
QG

+DOLFWXV WXPXO

LFRUQLV
[ HWLQXV
DVFLDWXV

OWHULQD
ZHJLFD
RQLFD
YHVWULV
Vv

RUX

p

IXUWKHU H[SO

LRU (G.

7UD



$SSHQGIRQWLQXHG

+\ODHXV DQQXODWXYV
+\ODHXV FRPPXQUV
+\ODHXV FRQIXVXV
+\ODHXV VLQXDWXYV
/IDVLRJORVVXP DQELSHV
/IDVLRJORVVXP IXDYLFRUQH
/IDVLRJORVVXP OOWLYHQWUH
IDVLRJORVVXP OHXFR|IRQLXP
/IDVLRJORVVXP UXILWDUVH
/IDVLRJORVVXP VXEIXOYLFRUQH
OHIJDFKLOH ODSSRQLHAD
OHIJDFKLOH QLJULYHQWULV
1RPDGD DOERJXWWDWD
1RPDGD IODYD
1RPDGD PDUVKDPHOOPD
2VPLD ELFRUQLYV
2VPLD WUXQFRUXP
B3ROLVWHYV GRPLQ|XOXNV
3ROLVWHYV QLPSKD
6SKHFRGHV FUDVYVYXV
6SKHFRGHV HSKL$ESLXV
6SKHFRGHV JHRIIUHOODXV
6SKHFRGHYV K\DOLQDWXV
6SKHFRGHV UHWLFXODWXYV
9HVSXOD JHUPDQLFD
9HVSXOD UXID
9HVSXOD YXOJDULYV




