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&HW W H MVSKUPRIPID WPULRGH G HQULFKLVVHPHQW GH WURLV DQV GDQ
GpFRXYHUW HW FRPSULV PHLYPROHHG IVQWRQF QWFKNVBKHH GH UHFRC
HVW OH UpVXOWDW GH OD FROODERUDWLRQ HW GH O DLGH GH SHL
VFLHQWLILTXH HW DXWUH

7RXW G DERUG MH YRXGUDLV UHPHBEHHU H DH G UGH Hf WRALB IFRE H5 D/ KX
JUDQFR &DVVLQR 7RXWHV GHX[ VRQW XQ pOpPHQW IRQGDPHQWDO
TXL SRXVVHQW j FKRLVLU OD YRLH GH OD UHFKHUFKH /HXU JXLGDC
OHV HQFRXUBDWHPH@EMPPHQW O pQRUPH VDYRLU TX LOV P RQW WUI
GH FHWW H PWWHIQ VBHWHIUDQ GV U H B M WFWYUWQ BIR/X IV IPRKY GERQW O HE/XD U
PFULWV ,QJHUGDBRWONDQD :DLQH Bl (W B & X H®R NRHDWPIDOLHU

8Q JUDQG PHUFL DX[ PHPEUHV GX FRPLWp GH VXLYL GH OD WKqVH
OHXUV GLVFXVVLRQV HQULFKLVVDQWHY WRXW DX ORQJ GH O DYDQ
I1FRODYV *DOWLHU HW 6RQLD .HIL

OHUF$QWRQLR ODBIGGREIMDEWR GIDYRWER @FFHSWp EW WK FHIEVE R UMKHX/
DLQVL DXWRHHREUHV GX MXU\ TXL RQW SULV OH WHPSV G pYDOXH
UHFKHPPOH20LYHURNKWHNWREDD $GHP\$ $OL

OHUFL DX SURHUARGRY )RJIJRVRXOMLBQ5'LQDQFLHU DSSRUWp SDL

O ,6(0 ODB)R3(208QF% HW O ,&$ 8)9-0 $X SURJUDPPH

$576 GH O ,5' HW O $PEDVVDGH GH )UDQFH HQ %ROLYLH &H WUD

,QYHVWLVVHPHQWURKYSDY O $JHQFH 1IDWLRQDOH GHS®P 5HFKHUFI

/D GDWDWLRQ DX UDGLRFDUERQH D p&/($896R03'V,pH1D& /0& /6
DYHF OH VRXWLHQ ILQDQFLHU GH O ,5'

OHUFL j O pTXLSH TXL D SDUWLFLSp DX WUDYDLO GH WHUUDLQ SR
ODTXHOOH FHWWH V$R®V&DY RIQIL\DWHEHQDV %8DWUDGDYV ODUFR $VVLV
&RVWD GH O ,QVWLWXWR &RLGER BHRGHYHEN LKROBH UXBLYLQH (OR\
IXFLR &KULVODHODK P GRXU OHXU DLGH ORUV GX WUDYDLO GH WF
*HUDO GR 7TRFDQWLQV

OHUFL j O ,6(0 OH OLHX TXL P D DFFXHLOOL SHQGDQW OH GpYHORS
3867 Re M DL UHQFRQWUp GHV SHUVRQQHV PHUYHLOOHXVHV TXlI
ODERUBWWRIFKHUFKHXUV GHV HQVHLJQDQW\(GHR GRUDHY N RMHIR H
7DEDMD 20JD $TXLQR 5H\HV /XHOPR /DXWHQVFKODHJHU 6DQGULC
“HU{PH 5RV /DXUI88 WK HIKRIEHGU\ 3DVWRU 9LQFHQW ORQWDGH :D¢

8Q JUDQG PHUFL j WRXWHYVY OHV SHUVRQQHYV TXH M DL UHQFRQWU
Q bXubLVvV SDV DVVH] GH SODFH SRXU OHV UHPHUFLHU WRXWHV PI
MH SDUOH

8Q UHPHUFLHPHQW VSpFLDO j PD IDPLOOH SRXU P DYRLU SRXVVp H
DQQpPHYV

(W HQILQ PHUFL j WRXV FHX[ TXL OLURQW FHWWH WKqVH M HVSqgL
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&HWWH WKqVH D pWp pO D EPWHMHH HQU HRQ AW LVRED{ B35 DNALGRPHY

SUpSDUBWL®R® WURLVLgPH HX RMIMNGENQ BREAMNE RO GH OD W
DLQV DAXWHRAHY W KRG H\E RXMIVBHYEBXSDUWLH SUpVER@AH OHV

OBYDUWQRGM DYRQW WWDPRWRRQV HQWUH PRUSKRORJLH V\Q
GpS{W GX JUDLQ GH SROOHW G\DDROERMY WRFEBQPPBIRWYY j/ OpW
SDO\QRORJLTXH GH GHX[ QRXYHDX[ HQUHJLVW UHBPHSDVUW Y PG L
SUpPpVHQWH XQH GLVFXVVLRQ ILQDOH VXU OD UpVLOLHQFH
UpVXOMDWWREOHYDERIJpV HQ DQJODLV WD QG \p WHGHL DpH HUOH V \
IUDQoDLYV

&RPPOBID WHVWHGpPpYHORSSpH DXWRXU G XQ D[H FHQWUDO SO
FRPPH BRXW OH GpYHORSYROMQWpPS KXWHHR/MGIQV OHV GLIIpU
SRXUTXRL DILQ GH QH SDV VXUFKDUJHU OD WKqVH GH UplipU
FHORHVH WURXYHQWpGIUMHL OBVMHF WKRERFXPHQW

/ILVWH GHVY DUWLFOHYV

$UWLFOHDWHULQH7RVBREDBDTXHO )UDQFRLBWDWINLGHFGUBDULH
5HODWLRQVKLSY EHWZHHQ SROOLQDWLRQ VI\QGURPHV SROO}
GHSRVLWV R 3DIONQRHGRID G R

$UWLFOBWHULQHRVBREDBUWHUWMH /HGUX 5DTXHO JUDQFR &DV\V
%LDQFKLQL (OGHU ¢RRBQISP WKRUM YHIJHWDWLRQ FKDQJH DQG
G\QDPLFV DQG DQWKURSRJHQLF DFWLYLW\ LQRKHQ@WODRI &F
4XDWH WBEDH QFEH MTV

$UWLFOPWHULQHRVBRECBUHUWH /HGUX 5DTXHQ J)WIDENFR L&DV V
7HUWD QD :DDQNHO & KM DOULHHSD YDAV QRQWKHUQ KHPLVSKHUH
FKDQJHG WKH ELRGLYHUVLW\ RI WKH &HUUDGR
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SDUWEBGUH JpQpUDO PDW¢k LdkOx dHW «RpgWKR(& K V «
&RQWH[WH Jp Q p&kD O« 6X« & dddhd k[ 6 R« « « « « « « « « «

/IHV VDYDQHYV WURSLFDO KW &kW «@ td«& K JtIdXGS R« RULILQHV

,PSRUWD QF H «GX «Bxhk ld ¥ IR « « « « €« KK KKK KKK

(QYLURQQHPHQW K@k R MLk X kd « [ ke ¥Vkotekk @ « « « «

/H &HUUDGR SULQFL SO =Xl B & dpcldk ke W Wkd«TeX H V
IPIPW B WALARQX « « & & & &« & KKK KKK KKK LKL KL KL
JDEFWHXUV HQY LY RQCXK R QW OX{ « « « « « « «« « «

SUREOQPHYV DFWXH @&« 6&OdxW Xk «8ht kd KR « «

(WDW GEHDO® DRIMO YLUR Q Q HP RQxW« & Q\k «Qckk «8«kHkld UD G R
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eWXGHYV VXU «Ochk ¥ «rekea b & R « € &« & &)« K KKK

eWXGHYV SDOpPRFOLPOWM K& X &/« X« &ddkld R &R «

2EMHFWL IV« &d O« p¥IKE Q€ € € € R QUK KKLKL K

S5pPpIJLRQ & <« WK k « « & « &€« & & € &€« K K K KKK KK KKK K

ODWPULHO HW «RpW KBRCK I ¥ € « &€ € &« & € &K KK KKK K

(FKDQWLOORQQDJH HW «X@ ¥k & KIRQ@ R OReId«T X H

SHFRQVWUXFWLRQ«E KH«QO«¥ pdp Wk &R « « ««

SHFRQVWUXFWLRQ «&HK ¥« k€ ddhk@x@ k b &« « « « «««

/THV DXWUHYV«LdX@ &k & O K K dJAA « « €« Q€ QK KKK KKK




SDUWLH

$SUWLFOHODWLRQVKLSY EHWZHHQ SROOLQDWLRQ VIQGURPHYV
AXDWHUQDU\ GHSRWkW&« R& QM K dd« & tdJd D GR « « «
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6WXG\ DUHD D Q Gt FRdkl kR R 8O K « ««w« ««

&OLPDWH DQ G« ¥ tdd e/ B YhdeRe@ « « « « « « « « &« ««

IDERUDWRU\ ZRUN «««««« &KL KKK KK KKK KKK KK KKK KKK

SROOHQ WD[D PRUSKRORJ\ DQG HFROR J\«&&&«KKKKLK KKK KK K<
BHV X WA € €& QKKK KL LKL LKL LKL LKL LKL «

BROOHQ PRUSKRORJ\ DQG«HKkRORKII«RQ«lkQkRUPDWLRQ
(FRORJLFDO DQG PRUSKR O ReXledx @ «W DWW ¥ «R1 SRROOHQ WD
"LVFXVVLRQ « & &« &KL KKK KKK KL KKK KL LK KL K
ERQFOXVLRQ «&UUAUAAAAALLLLLLLLLLLLLLLLKLKL  «

$FNQRZOHGJIJPHQWY DQG )XQGLQJ KKK K KKK KK LKL KKK KKK K

$UWLFORQJDQG WKRUW YHJHWDWLRQ FKDQJH DQG LQIHUUH
DQWKURSRJHQLF DFWLYLW\ LQ FHQWWRA«&KHULD GR«GXULQJI W

LY =AVAV P DU T A A X%
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([SDQVLRQ RI WKH DUERUHD®©« kddkB Rk Qe&tdQWUDO %UD]L
&OLPDWLF GULYHUV RI YHIHW BWd R dkx@dd/ LQ FHQWUDC
JLUH HYHQWYV L Q«k K &QdM kW O &l B klc@ « « « « « « «
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$IHGHSWK PRGHO DQG ¥HG&PHQAWOMNKR QYO WHYV
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SDOHRFOLPDWH UHFRQ V ¥&X k W R@ <G RQ«XROOHQ
ODFURFKDUF REXOx¢ XX € & W b &/e¢ € € & <€ & & & KKK K
, QW H U SdJdHW O I IR €« « & &« & &« & & & & K K KKK KKK K «
"LV F X WAKLGR €Q « & & & & & & & & & & & & &K KK KKK KKK «
\HDUV Rl HFRORJLFDO V XRH¥U/LRQY «l«@Q WKH &HUUDGR
&OLPDWLDB IGRUAEWHHIHIMK [Q WAL R « « <« €« & &K K K K KKK
JLUH RFFXUUHQFH LQ WKH %&b O« &GR 7TRkDQWLQV'
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3ArFKH 3KRWRPLFURJUDSKV RI SROOHQ WD[D LG6ROQMAMILHC
$SPDUDQWKDFHDRHSKUWQQDPIFDUGED FSH\DWMURQLXP $SIZDBHODHUD
(U\QJIJLXPXLIROEDF,IOBHFDEHEKWHU SBHY WHIUH FHOHFFKDULV W\S
%RUDJLQGDFEBRHGEOUDVVLRADSKOBYHUDFHDUHR WUIXPQDERFHDH
&HOWLYV &DUMURFDUDFHRBU\RRAKDOORUD QWKD FHHDEHARVP XP
&EXQRQLBFHDBEBPDQRIQOHQPFHBNUDWHREBGDEFHDHRVHUD

(ULFDAMHKSKRUEEDFKBBHO\SKD 9 O E R BoRQLHOAED DH

$QDGHQDQ WOK HP B B «« «€ &€ &€ &KL K KKK KKK «

3AFKH SKRWRPLFURJUDSKY RI SROOHRRUB¥DFHN MR EAR BGHI * (
SLSWDEIOHEPIAFHPHM®  RGRFHDDOEHUJLD 'LDOLXP ODF

,FDFLQBFHDAHPRWXPVKUDRFHRERXSIKWDD YDEHDHSHLED (ULRWKF

ODOSKLIJIWDFHDAHDQLVWHURSVLYV %\UVRQLPD OHODVW

OHOLDEHDH*XDUMWHDQLVSHUPDFHBHEXWD OHQLVSHUPDFHDH

ORUDFHDB\UWD FHEKH D FH D H2 X U D3MHQDW D S K\ @G D F H/IHRUMW WU RHP L L
SK\OODQWDHFHHEHRQLBBUDFHBMSHURBIRDFHDH 3RQG\JDODFHDI
SRO\IDWIP XOPFHRYELD QWKXV « ««QddJdhdaXd « « « « « «

3aXFKH 3KRWRPLFURJUDSKV RI SROOHQ WD[FRGHEWLFHDG LQ
+ *XHWWDUBDELFHD W\SEHEDOLPBRPHBDVHDWDEHDKLVVXV
6DSLQGBFHDBIWD\ED EPXODMEKL®P L BRODQBRFHBRODQXP
SUWLFRFHRHFURSUPHQBFHDIS SLODLGDRHDH\UISWHFDEHDH
ODXULW&DSHUDFHDH $QlLVP(FWDFERGR UXWW (DL D F #H D H

(ULR F DODORRU D 3D F ODWHL R S K LORDSKHPD H DiF H DLNP S KOH B« «

/,67((6 ),*85(6

JLIXUHDUWH GX %UpVLO UHSUpPpVHQWG RIS OEY 0o RERYHWLRQV
OLJQH MDXQH DYHF OHV (WDWV GX %&HVUD GRL JWLH @R IWRX J
QRUEW 1: RORHNGN &: FOHHWW DGR XWX® & FHQWUHRX@& 6( FH

H M WK € « € €« & K« KKKKK KKK K K LKL K KK KK «

JLIXUHBUpFLSLWDWLRQV PR\HQQHVY DQQXHOOHV SRXU OHV PR
E DX %UpVLO DYHF OHV IURQWLqQUHVY HQWUH OHV pWDWV O]
D OD OLJQH SRLQWLOOpH RUDQJH WE&UHVED VWH IQB []RRAH WQ
OfHPSODFHPHQW GH OD =&%$6 OHV IOgFKHV EOHXHV PRQWUHDC
1RUG TXL SpQqWUHQW VXU OH FRQWLQHQW HW OD OLJQH MI
6%//- (Q@&D ]JRQH GTLQFXUVLRQ GHV IURQWY SRODLUHV OLJ
DWODQWLTXHV 'MD§ PIHAAN EDOHX H L M £ Q¥ « « « « €K KKK




JLIXUAHV SK\WRSK\VWVLRQRPLHVY GX ELRPH &HUUDGR DYHF D (
LOQRQGpPY HQ SHUPDQHQFH RX GH IDoRQ VDLVRQQLqQUH DLQVL
OD SUDLULH GYTDSU(Q¥«&O&/AdXR «HW«R O K LKL & ««

JLIXUH/HV W\SHV GH VRO GX &HUUDGR DYHF OHV SK\WRSK\V
/ILUID UWLQV H ¥k OO« & K KKK KKK KKK KKK K

JLIXUH5HSUpVHQWDWLRQ JUDSKLTXH PRQWUDQW OHV GLIIpU
VDYDQHYV HW OHV IRUrwWV qSdkew «Bd«¥kk @ ORecdd W DO

JLIXUH&DUWH GX %UpVLO PRQWUDQW OD UpSDUWLWLRQ GF
$PDJRQLH HW GDQVHOU GpdJ LERHY QR HW GHV WHUULWRLUF
QRPEUHX[ GDHDMWOBXQRHIGU D GR 0 $3d (&b « « « « «

JLIXUH6\QWKgqVH D GHV FKDQJHPHQWW HW LKPXOPN IGTHX HEVD WMUHF E
FODLUH GU\ VHFEEDUBVHSMDOD/X@RWRPLHY GRPLQDQWHV HW Gl
HQUHIJLVWUHPHQWY SDO\QRORJHEDIDXYUHN QRAMIHI\Q & DFOIRCFEHD LREF
EDUUH MDXQH VDYDQQD VDYDKJH IEDHVUW PDDNXIR@QDVRY rID
EDUUH RUDQJH JDOOHU\ PRIKXWLERHYHKR/U EBRWRUGERIDIGM R
$IJXDV (PHQGDGDYV /IDJRD )HLDQLD3DQGHR. URVH &IDPOPMGRU

SBUEDQR 3DX GH [IUXWD SLQKHLUR SLR 3UHW

6 D QMR « « « « W KK LLCLLCLCLCLLCLCLLLCL L L L

JLIXUHODULDWLRQRFRHSDRY OHV VSpOpRWK(qEHR RMRIADIOAR pV
GIDSUQV 6WULNLV HRWWKDP HW DO $]JHYHGR HW DO

L R COE (O CORR CORE O COIE COIR CORE (O (O CORE COIE O COE COIE (AR (O COIE COIE COIE COE CE (O (O COIE COE O CE COIE (O CQRE CORE COIE 4

JLIXUH, QWHUDFWLRQ GHV GLIIpUHQWY IRUoDJHV FOLPDW K
IDYRUDEOHY SRVLWLYHV RX GplDYRUPERSFRNRPWBHIWLYHYV HQ

J)LJIXUH §DUWHV D GH OD GLVWULEXWLRQ GHV SUpFLSLWDWL
E GH OD WRSRJUDSKLH GH OD ]JRQH GIpWXGH PRQWUDQW O
HW 9DUMMR GR *HWXOLR 'pWDLO GMNV WMSHMW BB )LD WD WA
GR *HWXOLR G UHSUpVHEFWpIVQOSDULXIP BRYQW QRRE%LRPDV

Figure 1.1: a) Brazilian biomes showing the location of V@I (1) and LFB1 (2) sediment cores
in the Cerrado area, and the b) elevation in which the two sites are emplaced, with the division
territory division (red linek « « « « « « « « « « & € € & € K € € € € K € € K « .33

Figure 1.2: Synthetic diagram of pollen influx (mm2/cm2/yr x 1000) from LFB1 (A) and VGE

17 (B) sediment cores, were we showed the pollen depositions sums in relation to their pollination
syndrome (purple color), the stratum from which they come (green color)hangollen size

(dark color). Additionally it has been added the pollen taxa watertelskd (greeblue color),

for of LFB1 (total aquatic taxa) and for V&GE (Mauritia). The diagram was represented in a
scale of depth (cm). abiotic=anephilous, both=biotic/abiotic, field= <50cm, shrubby=<2m,
lower=2 P PHGLXP < P VPDOO -25aaRlar§eHZBI0 pm« « « «  «




Figure 1.3: Schematic representation of the principal phytophysiognootissrvecat lake Feia,
showing the list ofmain pollen taxa identified in the LFB1 core related to the determined
classification based in table 1. The band on the top of the schema shows water availability on the
soil, from high (blue) to low (yellowk « « « « « « « « « « « TR TZ ™

JLIXUHEFKHPDWRBHVHQWDWLRQ RI WKH SD¥MPDRIMDR SR\WR SK\
*HWXOLR® VZDPS VKRZLQJ WKH OLVW RI PDIEF® \$SHR Q6 ©Q WHDGDW
GHWHUPLQHG FODVVLILFDWLRQ EDVHG/ ERHWD BKR Z V7 KBIWEDW (
DYDLODELOLW\ RQ WKH VRLO IURP KLJK EOXH WR ORZ \HOC

JLIXUH $ $ PDS RI WKH PHDQ DXVWUDO VXPPHU SUHFLSLWDYV
WKH ,7&= WKH FRUH UHJLRQ RI WKH VXPPHU PRQVRRQ WRGD\
EODFN OLQH DQG WKH ORFDWLRQ RI| ARG YHG DVFQY® WHIGHL R
% $ VDWHOOLWH YLHZ RI /DNH )HLD VRXUFH *RRJOH (DUWK
DQG 3UHWR 5LYHU & $ FOLPDWH GLDJUDP«RKkWKH FLW\ RI )

J)LIXUH $ FDOLEUDMGWIS®/ KDPHRGHO IRU WKH /)% FRUH IURP /
DFFXPXODWLRQ UDWH FXUYH LQ D FP DW WKH WRS DQG WKH &
WKH FRUH OLWKRORJ\ LQ EURZQ DW WKH ERWWKRHP EDKHH \BEVR DH
7TKH EODFN GDVKHG OLQHVY VKRZ WKH XSSHU DQG ORZHVW FLC
RI PLQRU RU PDMRU GDWHV IRU HDFK GHSWK RB&EG WKH UHG C

JLIXYUH 6\QWKHWLF SROOHQ LQIOX[ EODFN EDUV DQG IUHTXI|
SROOHQ WD[D IURP FRUH /)% UHSUHVHQWHG E\ 3& VFRUH\
PP FP D UHVSHFWLYHO\ DORQJ D WLPH VFDODRZ ::RRGO HWBI\U
IRUHVW WD[D LQ JUHH{O DDMHG 2\ W[HULQHE®GIXOH *UD\ KRUL]JRQW
LQWHUYDOV ([DJIJHUDWLRQ« @« « «FeX ¥ ddkc Otk ¢ Q JUDN\

JLIXUH$ UHSUHVHQWDWLRQ RI WKH ODVW \HDUV LQ WKH
VIQWKHWLF SROOHQ FKDUFRDO DQG JHRFKHPLFDOD®IGDJUDP
1) % &DVVLQR HW DO SUHVHQW VWXG\ BDURQHRWWE&
VSHOHRWKHP UHFRUGY DORQJ D FDOLEUDWHG WLPH VFDOH
UHODWHG WD[D QRUPDOL]JHG 7L . UDWLRV DQG FKDUFRDO
VSHOHRWKHP UHFRUGY FDPH FDR'FrH VRKWRBOQHWo RW XYHU QR
FDYH :DQJ HW DO DQG FHQWUDO $QJHOLFD FDYH :RQJ
%UD]LO ZLWK DQ LQVRODWLRQ FXUYH DW f6 /DVNDU H\
PDLQHWHDWLRQ REVHUYHG LQ FHQWUDO &HUUD&GR WKH JUD\ E

JLIXUH 7KH ODVW \HDUV LQ FHQWUDO &HUUDGR DV UHS
FRUHV &DVVLQR HW DO SUHVHQW VWXG\ )JURP OHIW W]
DUERUHDO SBPRUWODQRYROOHQ IUHTXHQFLHV $B MHFO HE3 SBRE
WD[D ZLWK $3 FHUUDGR WD[D VKRZQ LQ \HOORZ DQEOIDVOIG U’
DTXDWLFV LQ EOXH SOXV WKH FKDUFRDO LQIOX[ &+$5DUHD
VKRZ WKH GLVID/DNHD)IHL@FEXRILQJ GU\ HSLVRGHKW«IURP &DVVL




J)LIXUH$ VFKHPDWLF UHSUHVHQWDWLRQ RI WKH HLJKW FOLPD)
\HDUV LQ WKH &HUUDGR ELRPH ZLWK WKHLU FRUUHVSRQGLQ
WKH VDPH DV )LJ $ WDERB RHLHD S RSIRMHOE QARMEHA K HQRPHSDDYQ R
VLWHY DUH UHSUHV K QWK &«B¥«8 k H«6 &k 0 dDcRV«

JLIXUH 6XPPDU\ RI WKH PDLQ FOLPDWH FKDQJHV ZHW GU\ H
\HDUV EHWZHHG@ PRI SDLQHR IXUH RUJDQL]JHG DFFRUGLQJ W
JURP OHIW WR ULJKW WKH DJH VFDOH LQUFAROGNDI WP QR U W |
VRXWK DQG ILQDOO\ D VXPPDU\ Rl WKH 6$60 LQWHQVLW\ DW
ZHW FOLPDWH DQG WKH \HOORZ OLQHV UHSUHVHQW GU\ FOLI
WKH QDPH RI WKH UHFRUG VKBZWKIH SR ®OHD UHFRUGV DQG

U HF Rk 6 ¥ « €« & € KKK KKK KL KKK LK KKK KKK

J)LIXUHD ODS RI QRUWKHUQ 6RXWK $PHULFD VKRZLQJ WKH &
LQVLGH WKH %UD]LOLDQ WHUULWRU\ ILOOHG LQ JUD\ DQG W
&HUUDGR GLYLVLRQ RI WKH ELRPH GHIL @ RWMKEAHMMBBYR IHW
QRUWKHDVWHUQ & FHQWHU &: FHQWUDO ZHVWHUQ & &( FHQ
E 3LFWXUH RI 9DUMMR GR *HWXOMHRGVYZXDHFS ODRSFRQWUQVYLCEV R
GLVWULEXWLRQ RI WKH WXRQYUDEH ORPHW\S RHAMLKEHWE. RPH &
VWDWHY RI %UD]LO EODFN OLQHHOMNXRZ OURKFRPVEL RDORS WKRBIHS @
UKRPE DQG LVRWRSH UHFRUGYV \HOORZ FLUBBP®HQDUR P 3HJIDOJLD

/IDSD 6HP )LP %RWXYHUi &DBROEDTXEDR 3UHWRL &DUD
3DX GH )UXWD $IJXDV (PHQGOEPYQLILIKPIGE BRQRXV mR
6mR -RVH 6DOLWUH 9D Udk kR «R «* ki W@ kR« WKLV VWXG\

)LJXL‘DH D $3HSWK PRGHO IRU V\EPDPVH:GRLR'Q9®Q_QHDU LOQOWHUSR
FDOLEUDWHG DJHV %ODDXZ DQEEFEXPXUWWOQRQ UDBNHN HEA. PW QL
WLPH \U FP IFFLRdQ(H(( R I EZZ U T Z Z X R RS « K«

JLIXO9H 3ULQFLSDO FRPSRQHQW DQDO\VLV IURP ,VRMRRSLF DQ
=VFRUHVY FXUYHV IURP ILUVW « RXIWKcSWLkQEFLESDO FRPSRQHQ

JLIXYH3ROOHQ GLDJUDP RI WKH PRVW UHSUHVAHRMADMOAR@IJW
D WLPH VFDOH )URP OHIW WR ULJKW SROOHQ SHUFHQWDJH
WRWDO RI WHUUHVWULDO SROOHQ DFWXHXORPOWLRQ JWROIMAN FFB
WD[D \HOORZ VKUXE WD[D EURZQ DQG WUHH WD[D JUHHQ
SUHGRPLQDQW SK\VLRJQRP\ >FHUUOUDRB LMIXHEFE B XD WR B B VWA
ZHUH DGGHGH@Y@W WHKSHURWQHUDO WUHQOGWHRIG ZHRAHWH @ HW B [
O L JKAdk «

JLIXYUH5HVXOWVDORURWFKHBHD PFRDO DQDO\ZHWIR WRKRUB LO*WULE XW |
UDWLRYV IRU HDFK SDUWLFOH SHU VDPSOH EOXH VTXDUHV D
OLQHGRW®WHG OLQH VXJIJHVW WKH WKUHVKROG EHWZAHRQ JUI
VKRZLQJ WKH SXQFWXDO HYHQWY RI JHUR ILUH &+$5DUHD P
PDFURFKDUER B« &EHDN Y « «€ € €« €« «QECELKK KKK




JLIXOHB6\QWKHWLF GLDJUDP VKR ZL@EGXWWNKHG WHKLLHRIR.BKB  F)KUORPJ H \
OHIW WR ULJKW SROOHQ IUHTXHQF\ DFFRWUBRXWQWWHBX WEH\L U
JUHHQSRDA@WHQ LQIOX[ 3%$5VFEOB¥NREWDVYQHG VWUWRPVBEQDQG 3
6L 7L DQG 7L $O UDWLR FKDUFRDO LQIOX[ DUHD FP \U UH (
+V D +HLQULFK VWDGLDW ®3 <! <RKXQ@YHU HDUO\ +RORFHC
0+ PLG +RORFHQH /+ « OXWdk &« RORFHQ M« « « « «  ««

J)LIXYHD 6\QWKHVLV RI SULQFLSDO FKDQJHY REVHUYHG EHW:
9*( FRUH ZLWK SROOHQ UHSUHVHQWDWLRQ E OHDQ DQQXD
WKH GULHVW TXDUWHU UHFRQVWUXFWLRQ PDGH ZBW& KD&IUH V\
3& IURP ;5) DQDO\WHV G WKH ,QVRODWLRQ FXUYH DW f6
FKDQJHV LQ PRLVWXUH IURP WKH LVRWRSLF DQDO\VHV RI WK
| 7L VLJQDO IUR® &DUWUDHFR BEDVL J WHPSHUDWXUH UHFR
FRUH 3HWLW HW DO DQG WKH +6* SUXSOH FXUYH UHS
DQG K *UHHQODQG LFH FRUH %DGJDOH\ HW DEU LQW HUWKWHDQ
DQG WKH GRWWHG EODFN ORBWWUY KFRSZ DWKKEL Z FAW X Q W HALY B @/V
EDQGV UHSUHVHQW WKH ERQG ¢k¥HQW Y« dWRP %R&&G HW DO

JLIXOH D 6\QWKHVLV RI SULQFLSDO FKDQJHV REVHUYHG EHW
WKH 9*(FRUH ZLWK SROOHQ UHIBQ HV® QDO ISRUHFLELWDWLR
SUHFLSLWDWLRQ RI WKH GULHVW TXDUWHU UHFRQVWUXFWLR
F 3& DQG 3& IURP ;5) DQDO\WHV G FKDQJHV LQ PRLVWXU
VSHOHRWKHPYV 6WULNLWHWLD®WLIJQDO IURP &DULDFR EDVLQ
WHPSHUDWXUH UHFRQVWUXFWLRQ IRU 9RVWRN 3HWLW HW D
LFH FRUHV 7KH \HOORZ EDQG KLJKOLJKWYV WKHZ QUK ZHYW F
LQWHREDHWYHG DWKEFY VWXG\ /LIKW SXUSOH EDQGV UHSUF

WROG HW O« «« &K KKK KKK CLEE CLELE KLLEK KL

JLIXYHD 'HFHPENPHBUXDU\ '-) SUHFLSLWDWLRQ UHFRQVW!
%3 IURP UHI &KDQJHV LQ YHIHWDWLRQ DORQJ DFURVV D
VKRZLQJ WKH LQGLFDWRU SROOHQ WD[D XVH@ HRWD WQ RBIVW AL
DUERUHDOUSFRI@QOH@D XULWLD UHG DQG FROG DQG KXPLG WD
IDNH IURP FDO \U %3 WR $' /IHGUX HW DO *p\
JHLD /DNH IURP FDO \U %3 WR $'  BRROVWHMQIROBW DO

7KH VLWH QDPHV DUH REHHODWH® WRKHWRBROQHKQ GLDJUDF

|LJX(k1 b« « « KKK LCKCKKCLEKCKKCKCKKKCKLCK KL
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7TDEOHDMHY HVSgFHV OHV SOXV FRPPXQpPHQW REVHWUYRHV FOI
WA\SHV GH IRUPDWLRQ VXSpULH X Utk ¥ ddexR Q «:dxXWdHU S5LEHLUR

7TDEOHDVXOWDWY GHY GDWDWLRQW) Wb&dRkRYWERQH SRXU O




Tableaul.3: Résultats des datations radiocarbone pour la carotte MGE« « « « « « « 24

7TDEOHD®$ROOHQ WD[D FODVVLILFDWLRQ LQ UHVSRQVH WR WHK
SK\WVLRJQRP\ DQG VWUDWD YHIJHWDWLRQ IURB&SRBP GIHIDMIGH
VIQGURP LIH IRSR\\BLRJQRWPWUD WD) HP® S K LEHRXWR PIRRS KL O R X\
FKEFKLURSWHUR $ RIUQR XM SKEGRXNK RSWKL ORIRRSKR®O RXYV FDU
FDUDQWDURSKLORXKYKKARSNQRSIUDVVOD@GOMHUWULHEIR.DWE® VF
FHUUDGR FHUUDGRNORWEKGYHWRHUBDWEH LRGRNHMWNO G D P
VEVKUXEE\ P HRRZHU VWRUH\*PHGRXPPMWRUH\+tX@SSHU XS

VWRUH\ &« R« @&« QQE KKK LKL L LKL LKL L LK KL

Tableaull.1l: Key Cerrado species identified near Lake Feia, Brazil (F&freantini, 1999) 67

7TDEOHDX5DGLREDWEHRWQIRU WKH /)% VHGLPHQW FRUH WDNHQ
& GDWHYV ZHUH FDOLEUDWHG XVLQJ &DOLE 6WXLYHU DQ
WZR VWGEKGUDUNL R(Q ¥ « « « « « & € €« K & € K KKK KKK KKK

TDEOMDXQDVVLILFDWLRQ RI PRGHUQ YHIHWDWLRQ LQ WKH &
QRUWKHDVW &HUUDGR EDVHG XSRQ )HOILOL HW DO S

OHGHLURY DQG :DOWHU /IHPRV HW DO DQG 6®LIRYD

LCER SO COR CER R CER (O (AR (O CR AR CER (AR (O GO GO GO (O (O GO G GO GO (O (O GO R GO GO (O (R (R R (O (¢

7DEHOH S5DGLRFDUERQ GDMRHMREDQLEUDMWWHK MEIWBDLQHG IURP
6WXLYHU D Q Gu«5h ke Rt dJic « « « € €« &« & & &K KKK KK
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/JHELRRHUUDGR HVW OH GHX[LgPH SOXV JUDQG ELRPH GX %Up)
VRLW SUqV GH GX WHUULWRLUH EUpPVLOLHQ Y,0JBWPD\OHQYW I
DOODQW GHV SUDLULHV RXYHUWHY DX[ IRUPDWLRQV ERLVpH)\
HQWUH OD O'HYp MOUNGLLIRMLRQYV pGDSKLTXHV GLVSRQLELOLWp G
HW OD IUpTXHQFH GHV LQANSQGRMY YEIYPWMDROHYV RQW pWp GpFl
GRQW SUgQWEBBW HQGPPLTXHV (Q RXWUH LO V DJLW G XQH \
UpVHUYRLU GH UHVVRXUFHV HQ HDX SRXU OH V\VWgPH IOXYL
UHWrXQH JUDQGH LPSRUWDQFH HQ WHUPHV pFRORJLTXHV HW
SURWpPJpV HW SOXV GH | FDQ@WV OU R B M/THXGHVGH YOQVHH FD FOWM X L RVHC
O DIULFXOWXUH GX SkWHXUSU P GLWWELHRWQ V QFFRI@VE S H @ GVX TKOIXVH
GH GNDBLYHUVLWpP YpJpMAD PW XSG HFLVXU OH SDVVp SHXYHQW Q
FRPSUHQGUH OHV FKDQJHPHQWY HQ FRXUV HQ OHV LQVpUDC
FOLPDW HW OJKRPPHRVRQWD Y QWHRIWQXRXU REMHFWLI GH FRI
VXU OHV OLHQV HQWUH OD YpJpWDWLRQ OHV IHX[ HW OH F
QRXYHDX[ HQUHJLVWUHPHQWY VpGLPHQWDLUHV VHWWp&XGD Q
& HID G R

$LQUUWLFA®W FRQVDFUp DX[ FDUDFWpPULVWLTXNVIPRUS KRG
SROOHQ V\QGURPH SROOLQLTXH WDLOOH GMM QRXMOD YER &
LGHQWLILpY ORUV GHV BWXj[GHOXDBNHNR § UDFHE KDW HAR Q GLW LR Q
ORUV GH OMUWGHEBFWHQWH O pYROXWLRQ G XGHRAY D b HIVX DFRX
GDQWHQOWMEHMUUDGR f6 HQ FRP SIDQ@WH QMHERRRQHUDLWGOID Spl
i DQVRXY DNRQWXH OH PHERDBRW @MWFHQAWX DQV %:
HQ SKDVH DYHF OYDXJPHQWDWLRQ GH OJLQVRODWLRQ GH
LQWHUURWSRH VS B pU LARROIEHIVX Vid ¥ KSHD/U QALY HEDX. \GXH EFHNWLA R Gt
OD IRDOM&HY FKDQJIJHPHQWY FOLPDWLTXH\G HR XYUDAU\L DHAWAL RODEV
O SIPVLRWY GH O 16 YOmQOWALRVPPWXIGE XL G R X0 W BGIRDJQ® GDQV
OUWLEOB VR QWFR QW WYROWW L RQX®X IDOG/MIM OH FHQWUH GH
QRUG GX &HBWWAR XV DYRQV PRQWUp FRPPHQW XQ SKpQRP(qC
QRUG DYDLW PRGLILp OD FRPSRVLWLRQ GH OD IRUrW WURSLF
HW DQV MV GHX[ FKDSLWUHV V DFFRUGHQW VXU OH IDLW
GHV FKDQJHPHQWY GH OD YpJpWpPRYLEDLEMP SRK/HO/QR @ LORY D\
&HUUDRRWUH XQH DGDSWDWLRQ DX IHX HW QRV U@ WHIDWBW V
DX FRXUV GHV GBQE@LHMM VXU GHV pYpPQHPHQWY FRXUWV TXL
DFWLYLWpV DDNKDRWHT XIHWVROXWLRQ GH QRV pWXGHV QRXV
QpFHVVVDLUH j OD UpFXSpUDWLRQ GH OD YpJpWDWLRQ HQ IR




1 RWWHX RIQMI K H OD Y pJpW D WHNBKE ® @GpHIDEEE0GR DX XAEDLVR DRVQN X H V
GHSXLV OH ILQ GX GHUOQL QUVHISXIRIRCW B\DDBQD XM B FHQEH HV
SULQFLSDRO WRMYWHIVQLDQW &HUUDGR HRRWP SRVHLEPKQH PXOW
GBK\WLRQRPLHV GRMWDWEBEHH ¥ HH BID \TOOLL HF REDIH ] IFIDE®W L W p
GIDGDSWDWLRQ 66 OX5RHWBHI MWMHRS\@ W D X [HPHRULVG X UEID W L R (
DQV

ORWAO HIRUTW WUFRSIQFIHPH QW FOLPDWLTXH SHUXUEDWLRQ DC
FKDUERQ VpGLPHQW

y/¢s



$%675%&7

7KH &HUUDGR ELRPH LV WK/ VB HRQ G ODHUUHYWPRIRP VKDQ W.
DOPRVW RI %UD]LOLDQ WHUULWRU\ ,W KDV D ZLGH YDULHV
JUDbVVODQGV WR GHQVH ZRRGODQG IRUPDWLRQV ZKLFK DUH
YHIHWDWLRQ HGDSKLF FRQGLWLRQV DYDLODELOLW\ RI ZDW
ILUHV $URXQGDQW VSHFLHV KDYH EHHQ GHVFWRIEAGA EIQ DUKH
HQGHPLF ,W LV DOVR D VRXUFH DQG UHVHUYRLU RI ZDWHL
+RZHYHU HYHQ WKRXJK WKH &HUUDGR LV RI JUHDW LPSRUWL

RI WKH ELRPH LV SURWHMMR® MRGLRYWHORVHLUKWXPRE DFWLY
LQ DIULFXOWXGHLUHD |LBWHBLFWLRQV VKRZ WKDW WKLV ELRP
LWV SODQW GLYHUVLW\ E\ 6WXGLHV RI WKH SDVW FDQ Jl
XQGHUzZD\ E\ SODFLQJ WKHP LQ DQ HYROXWLRQDUH\HRWKHZR!
SOD\HG D SDUW 7KH DLP RI RXU ZRUN LV WR DGG WR RXU NQ!
DQG FOLPDWH LQ WKH &HUUDGR E\ VWXG\LQJ WZR QHZ VHGL
QRUWMIKWHUQ JRQHV RI WKH &HUUDGR

7TKXDUWLFWIBHYRWHG WR WKH PRUSKRORJLFDO DQG HFRORJL
SROOHQ VI\QGURPH SROOHQ JUDLQ VL]H YHJHWDWLRQ VWU
VWXGLHY DQG WKHLU UHODWLRQVKLS ZLWR WK+ RIKM URQP +
DUWLEOHVHQWY WKH HYROXWLRQ RI WKB WD RG WD HF HRQYW U D
f6 FRPSOHPHQWLQJ D SUHYLRXV VWXG\ WKDWHBDRYHW3 G V
‘H KDYH VKRZQ WGR WV RRIGFOBBGY KDYH H[SD QMHGY R¥H U QVEKKIDS
ZLWK WKH LQFUHDVH LQ LQVRODWLRQ LQ WKH VRXWKHUQ KHF
GU\ SHULRGY PDUNHG E\ D GURS LQ ODNH OHYHO DQG WKH L
DEUXSW FOLPDWLF AKIDROIWMW Q WRHFWSDMWILIRQ DQG LQWHQV
PRQVRRQ GXULQ JLW RBEARD IFFHMHPHFRQVWUXFWHG WKH HYROXW
RYHU \HDUV LQ WKH FHQWWHI RR QVK Hf @ RDJOVK N K Q Z&H3U K R Z
SKHQRPHQRQ LQ WKH QRUWKHUQ KHPLVSKHUH PRGLILHG WKF
EULHI DQG LQWHQVH WRHQW EHW Z+8H @ RWK FKDSWHUV DJUHH
PDLQ GULYHU RI YHJHWDW L RF 6 WNGRDREQ PLKCH HIGRULLD/GOV DR G F
WKH &HUUDGR VKRZV DGDSWDWLRQ WR ILUH DQG RXU UHVXC
WKH ODVWDUV H[FHSW IRU VKRUW HYHQW YV KAXXPID\Y DS B/H IV U WL
7KH KLJK UHVROXWLRQ RI RXU VWXGLHV KDV HQDEOHG XV W
UHFRYHU DV D IXQFWLRQ RI WKH YDULRXV FRQVWUDLQWYV

2XU VWXG\ VKRZV WKDW WKH YHJHWDWLRQ RI WKH &HUUDG
GLVWXUEDQFHY VLQFH WKH HQG RI WKH ODVW LFH DJH DQG \




RYHU WKH aBbwyvy 7KH &HUUDGR LV D ELRPH PDGH XS RI D
GLVWULEXWHG LQ PRVDLFV DFURVV WKH ODQGVFDSH ZKLFK !
LW WR UHVSRQG IDLUO\ TXLFNO\ WR GLVWXUEDQFHV LQ OHV

H\ZRUGWURSLFDO IRUHVW FOLPDWH FKDQJH KXPDQ GLVWHX
VHGLPHQW

VS,



VS,



3DUWLH

BBEBBBBBBBEBBEBBEBBBBBBBBBBBEBBBBBBBBBBBBE

&DGUH JpQpUDO PDWPpPULHO HW
BEBBBEBBBBBEBBBEBBBBBBBBBBBBBBBBBBBBBBBBE




&RQWH[WH JpQpUDO GX &HUUDGR
/HV VDYDQHV OUHHRSUBPORHWHWILQHYV

/JHV VDYDQHVY WURSLFDOHV FRQVWLWXHQW XQH SDDWWHMH LPSI
HQYLURQ GH OD VXWLQFHSBROWEHE@XPHWYTXH HQ $XVWUD
$PPULTXH GX 6XG 3HQQLQJWRQ HW DO  pPRVMKPHD\D ¥ RHW
FDUDFWpULVpV SDU KEH BDHFPEM\H JFFOPW QMW & REROD Q DVGIW HDv
i O RPEUH HWUWERH pHVEOBNNPR OWIL@KXH 5DWQDP HW DO
&HV FDUDFWpULN@MAXHM VIRIBR REIV] O H XIUQ K IL YT WIR LXUHH pprYRRODO
OLpH DX[ YDULDWKRQ YH®X\§AWPEGBPWIBMDX UKD QW LWW GHp&R UJHQF
GX IHX HQ UpSRQVH | GORMHQYLWRQBHAHQWYJ HW 2VERUQH

W HQ TXH OHV VDYDQHV WURSLFDOHV DLHQW pWp XQ
DOWKUR®IERW HQ UpDOLWp XQH FUIVIEQHSOXY DQEDHOQW B ¥
ELSpGLH GDQV O pYROXWLRQ GH O KRPPH 3DUU HW DO

/| DSSDULWLRQ GHV VDYDQHV WURSLFD®HVWDYRHMEDY XBHO OL
UpGXFWLRQ GH @2 BR®RNGWIGHVDX® DN SR Q L ETXILYWEHEHP DVH D X
GH[SDQ\WH\RRHW BDFpMHYVUJIJHQFH GBI QSOEEWLHR @QHPHQWY SOXV V
K\GULTXH HW SOXV FKDXGV (GZDUGV BWJPAQWDWERBQLGHV H)
VHPEOH DYRLU MRXp XQ U{OH FOp/DGEIMXY FR MOID G M DEXY LUDLSR G
OLRFQMHUBARFgQH 3HQQLQJWRQ HW DO JHKPDQQ HW
(Q $PPULTXIO MG BS®/ DEHR @D D& HMN P MQ REN HG WS L V
HQYLWMQ 6LPRQ HWHBQH UHODWLRQ LQWLQRNEBXHVIDOMW BB EOL
OHV VDY D®IHAF MW®EDGHGY HW DO 3HQQLQJWRQ HW DO

%BLHQ TXH OWV R/DNWRREHIW DSSDUXHVDYRF BriPWH PSREMWHDWLRQV
VLPLODLUHY HOOHV SUpVHQWHQW pJDOHPHQW GHV FDUDFW
FRQWLQHQW j O DXWUH 3RXU HQ UHYHQLUG@H VDU D/AXWp O HVS
SK\WLRQRPLTXQHWOHMRRYWYBHY pFRV\WVWqPHV YpJpWDX[ GRP
SULQFLS OWHPH@PWLQpHY FRQWHQDQW XQH SURSRUMWLRQ Y
LQWHUDJLVVHQW FRQVWDPPHQW GDQV OH SD\VDJH HQ UpSRQ
HW DX[ FDUDFWpULSWR SXHWV FORQWR HIVT XBHWQ QLQJIJWRQ HW DO

FHV UHOBMRR@QWW DODQDMRMWSRQVH GHHY BGW UDDEK HVH]U
GLIIpPUHQWWHOWWHFUWSRQLELOLWp HQ CHHIN RRAD W HY HLQVE Y Q G\
FRQVWDWp XQH IRUWH UHODWLRQ HQWUH OD GLVWULEXWLRQ
WURLD WHRVWRXWHIRLY GHV GLIIpUHQFHWHK®D @® W \&BLMD FW p U
OD WHPSpUDWXUH HVW pJDOHPHQW XQ IDEWHXU FOp SRXU

$XVWUDOLH LO QTHQ HVW SDV GH PrPH HQ $PpULTXH GX 6XG
SHXYHQW QFDQUAWMURQ GH OD UpSDUWLWLRQ HW GH OD VWUXF

IDFWHXUV pGDSKLTXHV 0D+ VQLXQWU H WHD @&\RVR P § B DAAHRDLCHVX [
FRPSUHQGUH GDQV TXHOOH PHVXUH OHV FKDQJHPHQWYV HQY

GH FHV pFRMKWREWW 3DUU




OXUSK\ HW %RZPD®RQWURQW NGB VHPWDINDVL VG pTXLOMBAUH DO\
O HISDQVLRQHWHT® P VEREMMA GAMD BDDWAL RQV GH OD FR®BHRVLWL
WDX[ GH FURLVVDQFH GHV DUEUHN HRP &RNIBAWIR@QGMKO HY L Q
VDYDQH | DXWDXANUH /IHKPDQQ HWODSMHVSYHFMBYYHREGXHV HQ
S$IULTXH HW HTX$SHQ@WPDRDOLAXBRON) BXEH VREGW SqFHV GITDUEU
VHPSHUYLUHQW )\ DIQGIK{.G R K DOHKKRWHW D O

,PSRUWDQFH GX &HUUDGR

/IH &HUUDGR HVW XQ ERRBRONPXNXBRFFXKSWHWHUULWRLUH EUpVLOL
HQY LSURY GH HVSgFHV G DUEUHVUHSXUMPRHIMYHR QWY pWEH
OD GLYHUVLWp &HFIpIW IDJOHA SBNRBVOLREO XOX WO PHY GH FURLVVI
DUE XWWKIHHYEBIQoRVR HW DO

$ OTLQVEMUHHXDG R XYM BUDQ G Fp ROV I/ Vg PREVL PUBMAUGEHR X W T X H
OfRQ FRPSDUH OHV FRPSRVLWLRQV IORUDWYW E TRF-HVOGI¥J& RQV D
VLWXpHV ODNVFRRWDRWLELRPHNW DO JUDQORVR HW DO

3DU FR QW PIT&HIDWAGRYpP HQ UpJLRQV HQ JURXSHV HW HQ
VXU OD ¥EBRPASRIVLWLRQ) L ORWHSDNMLWXK HW DO%ULGIJHZDWHU H

JUDQORVR HWRXORHYD JRQH GH SOXV JUDQ GHIV®/L © B UVLI R ¢
FHQWWRAWY TXH OH &HUUDGR VLW X p DBUWLgG/HE HR/XSH WRJH @ MAH POQLH
PRLQGUH GLHHHW lHWp DB FRQFOXVLRQW RPQWORPOSHW WAL G H
GLYHUVLWp JpQpWLHNYXHHY GHY BODQWHYV

'"HWHFRQV VWG BWLR/Q ULE X 3HQADENWELRPRIGHY JODFLDLUHV H
RQAMR QWX H @pJLRQ GX RMUDOB RVMADVE CUHND\M POEG A Jp WD W LR Q
%XHQR HW DO (Q HVVD\DQW GH FDUDFWpULVHU OD GL
REVHUYHR@MDpJILRQV OFR/QNHHENWHELRHOTRQ BOWXNWUGHDLUHV
QDWXUHOOHYHS&RWUYD BHRY FHQ WENDE® BHENHSOH VAIHQUAUHB@WR Y JUD Q(
QRPEUH G FDASDIFWY ULVWURXHYXWUH SDUW RXWUHSOBVGLYH
OTKDELWDW HVWOKp\EhY R UMM p S®KY HAYH WpH P B RP Pl USHR/X U
YpJpWDWLRQ OD GLVWDQFH JpRJUDSKL T XH SHOW TOXB G VAV Fo*
GH UHQRXYHOOHPHQW GHV HVSQFHV GDQV OHV JRQHV VWDEC
FRPPHHOD D BERVHRKH] OHV DPSKLELHQM UPONWVD O &DU |
DO
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JLIXURDUWH GX %UpVLO UHSUpVHQWDQW OHV GLYLVLRQV GX &HUUDGR
(WDWV GX %UpVLO OLJQH QRLUH HW OD GpOHPWW D WRRH\NGH X &:HEHQ\GBD C
RXHVW ®RXWXY® & FHQWUHXEBY®( FHQWUH

'H SOXV OD UpIL®&BUUMEGWUIDRS-RUWDQWH SRXU OHV UHVVRX
FRQWULEXH j GX GPELW GX IOHXYH 6mR JUDQFLVFR j (
FHOXL GX I0HXWXL 7VeEQ)XPW LAQHNV WURLV IOHXYHV OHV SOXV LF
EUPVLOLH QO UDGFO ¥WWEHGRERRPFLRQ VWUDWpPJIJLTXH SRXU OH V
UHSUpVHQWDQW GH OD SURGXFWLRQ G pOHFWULFLWp DX
UNRXHBH X SRXU OD FRQVRPPDWLRQ GH OD SRSXODWLRQ HW
GH O XQH GHY FRAHGYBRGUDSKLTXH HW O XWLOLVDWLRQ GH\
O pOHYBIHUPBRQWOXYV LPSRUWDQWHYV

(QYLURQQHPHQW FOLPDWLTXH DFWXHO

'DQV OH &HUUDGR OH FOLPDW HVW PRGXOp SULQFLSDOHPHC

GH]JPO@HROYHUIHMQHHUWURSLFDOH =&,7 TXL VH GpSODFH
DQQXHOOH GH O LQVRODWLREYV *RWRLHDXBW HRQW O/DLVRQQLC
LQIOXHNHR @ FW LR GQGEHPHEREPYRQABSQ6QRWDPPHQW HQ PRGXO
LQWHQVLWpP HW VRQ DPSOLWEBHR|LW/LIDQMWULGI XU GX BBQMWQIR

"HX[ VFK@RIPVLPH GHV SWRQ\SLRODWHLRQY DX FRXUV GH O DQ
SHERLWLDBHQGDQW O pWpODXVY&,UDMH GpSODFH YHUV VD SRVLW
YLIXUBMSHUPHIMWNQ@FXUVLR® @MW ML P REpDQ $WODQWLTXH
JHXW UDM N FWR IEBBRMHX)Y HOLY HDX &RUGLOOQqUH GHV $QEMNV ,QV
O YD XJP HQ \GOX\PLLRGE B H-DHFW/ L Y L W I ¥R QHHEDWREGD qUHQW XQ 10
GH YHQW GH BEIRQ/QX DRIRWPHP\M XG5HH E D V V BI P O WRBQ3 B D/IQX\G X Q H




GLUHEVA(RGRLUMOOMDOPWPRYEEMH 6 YHUV OH FHQWUH GX %|
'DQV OH PrPO QWHGBWLIBEX VTRER Q WWHSIH FLSLWDWLRQV G
&H U UDGIR HQWH COPWHIFY LWp GH OD JRQH GH FRQY H WBMHIPFH HOM O
DO JLIXUB 3HQGDQW O KLYHU DXVWUDO -6%XG @ LRMRGD W
HW OD =&,7 HVW SR¥LHW. R Q BIf €@ WHEIWV BH D Q JHPOI® W pGDPN GHV
SUPFLSLWDWUWURDRXG /D PRXVVRIP pMXGD DQIHD IGEV LSWpFLSLWDW L
GLPLQGB@WpILRQ F HIDMWDEN W V& X % UpV LD KR DX EPH DRV MO
HW GDQVIDRBGEW GX %UpVLO 6XOFD HW DO $X FRXUV GH
VSRUDGLTXHV VRQW HQUHJILVWUpPHV HQ UpSR @DV Y HV L@ MXW\
YHQBEWNVTSD QWLTXH WHRSLFBQW PYDU ORL W [IW RVGIHME@WHID O 19
1IDVFLPHQWR 1RYDLV

'DQV OH &BMIDULOGRVLRQ G H PRDHYIMS KHDBRMEGL HQW GH SUpFLS
SHUPHW@®/MHQ@®UBHY EQLPROAT XIRWBEY WHPSpUDW XY XPR\G DD |
VROWXV pOHY pHVHQIYWEHF O H@BIXBY¥ OMNPSp UDRYNMQBWY DQQXHO
VROQW W EDVVHV  f& 1DVFLPHQWR 1RYDLV (Q RXW
PR\HOQQBIXHOOHV VRLHQW GH H\WP HXYQV JRID\GLUHQWGRXQNNV @VH (
PWDWREXQWLQV Re OHV SUpPFLSLWDWLRXDO VHREGE S KW¥HQW |
GX &HBWRGERODGDDWLQJIP )LDXBHPHQWR 1RYDLV
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JLIXUMBBUpFLSLWDWLRQV PR\HQQHV DQQXHOOHV SRXU OHV PRLV GH MDQY
OHVRQWLQUHV HQWUH OHV pWDWV OLJQH QRLUH HW OH ELRPH &HUUDGR
OD JRQH LQIOXHQFpH SDU OD =&,7 OD OLJQH SRLQWLOOpPH YHUWH OfHP
OTLQFXUVLR® GOMRAPOIQHWODQWLTXH 1RUG TXL SpQqWUHQW VXU OH FRQ
GYDLU GH EDVVH DOWLWXGH 6%$//- (Q E OD JRQH GJLQFXUVLRQ GHV IUFR
GTDLU DWODQWLTXHVS UBN AKMGE -OLHKRD Q V
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/IH &HUUDBGWRQFLSDOHY FDUDFWpPULVWLTXHYV
9pJpWDWLRQ

/H ELRPH &HBDEMEBELWDLUHEBEQW GEM\RMEED HIVH DU p@ H Q W H
GHX[LgPH ELRPMYBRK SN W H DMIEARIUBG L HQ W DRJQEALWMXHG L QDAD
PqWUBWWEX QLYHDX H3WD QO BAEIUN QW/R B SIQWABHW % 6
SDWMLYD GLYHUVDW p& HORpEVGREIPHIS H \DW H E FO\DV G pWLLDRWY/L RUD G 16 \
FHQWUHY GH GLYHUVLWp DX QRUGILBEKXUPHBW UOIHWHDXV N X G
SK\WLRQRPLH\R QW] pWDOHKHQ W SODNRHGO IR QRHWY H GHWF GRIW V D
VWLUDRMD W L R Q V GSHHW MWUEHAWY H QFYRLRJARF] Q AW PG IS F XD B H
FRPSRVIORLRMUEHAXMR HW D8O WHLQ W pULH X 0 163Q RMHBDDG R
IR UP DWMR RIQWMDLYGHUIFH GHY DUEUHV | RUPOWQ R XK REIMELEEKRSHDH)
IDFIDGWHF GHV DUEUHV HW GHV D WKEHMDVENND G\ VS U R W\ RHQV PR
OD FDQRSDWRMNHIDFHYWHF XQH SUpGRBIGGEYFKHHBEDFpHY HW
DUEXVIWEHOHDXLIJXUKWE - O LQWpUL HKRIU B BWKR DMWEWLMLVLRQ
HVW GjpSIDQLWLU GRRE M Bl G MNE B W UGV OD GH § SKEMDEMDU MPH Q W V
GDQV CoH B/HRLADR \M /U

/IHRUPDWLRQVARWEHRWHq&HVUDGR

/IDIRUrW FHOW REFHUYREAJ GHDERRUQYVGGH GH ®DUJBWHW
FDUDFWpGHWp BGEEDUHY P GHHKIXMSW HYML S BRPPREPIWV SqFHV
IHXHH®Y HF GLIIpUHQWYV GHJDpNRXNGHDWE RERAHDRBSpW YDULH GH
OD VDLVRQ KXPLGH j SHGBDH QW RO BEWDLURE W gFKH

/DIRUJIWO HHWIWH V H P S H LRALRJHH GARDYR! IFBVP Y O FOQXWHRW U GHID ¥ R X U V
(OOHSHMWTXH WRXMRXUV DFFRPSDJQpH GH IRUPDWLRQV QRQ
IRUPDWLR Q ERH W@HADXY H UMMHDUEUHY SHXYHQW DWWHLQGUH X
HW OD FDQRSpH FRXYUH i FH @XLFRRQMUM EDREHBXRBEG W |
KXPLReVOD VDLVRQ VqFRP LREDWR\QGHFWLRBREBXGH OD WRSRJUDSKI
GH OD QDSSH SKUpDWLTXKDBEOHHHY RQFIOPRYEHHHBWR@RQ Gp
LORQOGPBVQDSSH SKUWIHWSURARKH GH OD VXUIDFH HW OHV VR
GUDLQpPpV 'DQAQRABCGARWMSSH SKUpDW LGN \HAWGIHI B BK\HX R XDB
SHQGDQW OD P D NDHYQHH SDYMWHR K @GH VR SRWW B O KR BIXIYWVY. M] G U D
JLIXUH 5LEHLUR HW :DOWHU

IDIRUTW W §RK HRIH R/SH FIHWEBIHNK LOOHV V H P 1S RElp F HEHEQ W HW X H V
GDQVVBBY PpVRWURSKHV IHUWLOHV /D KDXWHXU PR\HQQH Y
GHV SOXLHV OH WRWYGH W HBUBIXNSMHICHID QW ODjVDLVRHQVqFKH
UpSR@\BHUPpVIBRINHUE UHV j | HX L OSQHW LFDRS X T HDO W H U

/IHAFHUUDBX R DYDQHHEWLFRAVLGpUp GDQV FHN OIHBRWWKH @MV RR C
FDUDFYWQHURMHIrW VFOpURSK\OOH DVDHEEMOW jFBQRIIHHCIR QWY
VgFKH HW OD VDL WAXWKRUGHR\HQQH GHV DUEUHWOOKN IMR H\@ V
SULQFLSDOHPHQW j IHXLOOHYV SHUVLVWDQWHWH @MXO M WS DLUFW




&DU\RFDU EUDVLOLHQVH .LHOPH\HUD HRW IDD/YAHD K D 4 XFOUWD MWD
'LORGHQGURQ ELSSLQDWXP 3K\VR RDRO3D GXP B HWRDEHWRI IHR/ NP S
GUDLQp DYHF XQH IHUWLOLWp PR\HQQH j IDLEOH GHV VROV
SDUIRLY PpVRWURSKLTXHYV S5LEHLUR HW :DOWHU

/IHRUPDWLRQV GH VDYDQH

/IHFHUUBBRV X WWUREPWRFWpULVH SDU GHV DUEUHV EDV SHQ
LUUpIJXOGDWYPITXKEFHWSDU OBMUW P HQ&SR VHXESHHRHIWO RS RBIGHRW I X HQ W
ODHSRXVVH DSUqV OHV LQFHQGLHYV 3HQGDQWBEXLVVRYRQ G
GpYHORSSEHGWP DOWR@NMN XQH pFRGHM pEOLYOBR WLDEGWY HW

TXEBHYDFLQHV DEOHRIYBIHRQ YOHVRQ/MYFWRRODMLGHY j IDLEOH Wt
HQ QXWULPHQWYV HW j IRUWH WHI@GHKHX WQFB® X B LQ LK@ W LDH V W |

VXUIDFH GPpHODHFD@RY KD X®@/HiX PWS5YBEHLDRWW :DOWHU

/H VDS P H U DOLHAW UH-WE-D W D U D B\ pUQ B HoGRHMVOD QEBHY GH OD IDPLOC
ELHQ TXFALFOIK[VRLHQW SDV WHQ@W DE R GIGD Q VP VWIWHR @M K D X V
$FUR F RPLIDX D EOV W EDCE-DI M6 D J U SWH U REPRE V H GDIN OHV JRQH
LQWHUIOXYLDOHV VXU GHV \PDAMN EDRBHIGHEW DGRV L WDL@VI O H MX R
EXULMKL GRPLQH (OIS HOHBIHRUMID®H HVW DEP BB %BWePH
GHUBDAPHF 3RDBASBUDFHDH OHODVWRPDWDFH DSD U®HEW FHDH
IDP L @OINVERXRWIDEOHDX/D FDQRSPHHHYDSDO P LBIRRX SHHX W

j GH OD V& ONLRHV pQEHYHEE) UHRQYHY OLpHY j OD WRSRJ
GUDLQRQMV VWHIKR UGXXUWHHVW IRVURPHVEFKIN HB H VOV RBOW U H
DYHFVRQ PRGpUpP HOHWERGIEY. BE V BHDKB/P Gp FD JHRBXME W LD
IOH[X RMIX,UE 5LEHLUR HW :DOWHU

/IHRUPDVBEUIHRQYDVYDQH RXYHUWH

/IHFDPS/RXMRKH OTRQ SRXUUDLW WVDSGKNVNWH FSROQK MUDEASKERBIL G 1 H
GIDUEXXNWEBWY VROV SDXSEHRWRO WV WHWU HQ IRQFWLRQ GH O
HDKRRUVOXHHFRXYHUW DUERUp HVW SUpVHQW LO HVW LQIpULH:

/HFDP ®R P ORDAUIS GRS B SR UWXUDQ VL $IVOVH PBIOHE IGHHWVEDB P L D W
GDQV OHKXRLGIDWHYRQENYULRGLTXHPHQW L QR Q GIHHW WILLYALX| tuHH\W/
OH FDPSRI\OWPERSHRERD PSR GH /RDWBMHFRXYHUW DUERUp HVW
LQIPULHXU j 5LEHLUR HW :DOWHU

/HFDPSR URRXRYRDLULH H3MBIRPH BDXIKB MW EDEYHFBUpVHQFH
RFFDVLREJQNERRAXNHDNY W H LRGSH HEDO&M W W H | RIVRB WHRYQBIY VXU O
DIIOHXUHPHQW\DWRW KB XVj \GHB\b 8 R M XITNBAR X P DVWHMD WG 1

GHV YDULDWLR®WW A fHIDWBOMHEOHH MR BUGH WS G Q LELON W b \WHQH H D
FDUVROROWO G UDED B\IPFIRKOH GLYHBWWRHQWqUHY &HWWH IF
IRUWHPHQW GpSHQGDQWH KBWH RRRPEWWWMXR/GY GIX SYRBV SU)
FDUDFWpULVWLTXH VJ H SUFREFOFRYSB G LFDWHXU GH FH W\SH GH
/JRUVDHHFRXYHUW DUERUp HVW SUpVHQW LO HVW LQIpULHXU




Tableaul.1. Les espéces les plus communément observées classées par physionomie dans les trois types de formation

supérieure selon Walter & Ribeiro (2008).

Formation

Physionomie

Espéces végétales les plus comunes

Forét

forét ciliaire

Anadenantherapp Apeiba tibourbou, Aspidospernsap Caseariaspp Cecropia pachystachya, Celti
iguanaea, Enterolobium contortisiliquum, Ingap Lonchocarpus Cultratus, Sterculia striata, Tabebt
spp Tapirira guianensis, Trema michrantha, Trichilia pallida, Tripalis gardneriana

forét galerie

Non inondable ApocynaceaeAspidospermapp.), Fabaceadpauleia leiocarpa, Copaifera longsdorffi
Hymenea courbail, Ormosispp, Sclerobiumspp.), LauraceaeNgctandraspp« ), Ocotea spp, Ocote:
spp.), MyrtaceaeGomidesia lindeniana, Myrciapp.) et Rubiacead\jbertia spp, Amaiouaspp, Ixora

spp, Guettarda viburnoidest Psychotriaspp.).

Inonddle : Annonaceae Xylopa emarginatp BurseraceaePfotium spp.), ClusiaceaeC@lophyllum

brasiliensa, Clusiaspp.), Euphorbiacea®icheria grandi}, MagnoliaceaeTalauma ovatpet Rubiaceae
(Ferdinandusa specio¥a&t un nombrémportantde Melastomatacea#liconia spp. etTibouchinaspp.),

PiperaceaeRiperspp.) et Rubiacea€@ccocypselum guianense, Palicouspa), Posoqueria latifoliset

Psychotriaspp.) On trouve également des espece€ddrela odorata, Croton urucurana, Dendropani
cuneatum, Euplassa inaequalis, Euterpe edulis, Hedyosmum brasiliense, Mauritia flexuosa, C
macrophylla,Prunusspp.

forét seche

Acacia polyphylla, Amburana cearensis, Anadenanthera colubrina, A. peregrina, Apuleia leio
Aspidosperma subincanum, Cabralea canjerana, Cariniana estrellensisgdass®8anea, Cedrela
fissilis, Centrolobium tomentosum, Chloroleucon tennuiflorum, Dilodendron bippinatum, Gue
ulmifolia, Jacaranda brasiliana, J. caroba, Lithraea molleoides, Lonchocarpus montanus, L. sel
Machaerium villosum, Myracrodruon urundeuva, Bbgallima scaberrium, Platycyamus regnell
Tabebuiaspp Tapirira guianensis, Terminalispp Trichilia elegans anthoxylum rhoifolium

Cerradéo ou
savane boisée

Caryocar brasiliense, Copaifera langsdorffii, Emmotum nitens, Hirtella gladulosa, Lafoensia pi
Siphoneugena densiflora, Vochysia haenkeana, Xylopa aromatica.

mésotrophesCallisthene fasiculata, Dilodendron bippinatum, Guazuma ulmifolia, Helicteres brevis
Luehea candicans, L. paniculatilagoniapubescenst Platypodium elegand.esespece$réquents sont
Alibertia edulis, A. sessilis, Brosimum gaudichaudii, Bahuinia brevipes, Casearia sylvestris, Coy
oblongifolia, Duguetia furfuraceae, Miconia albicans, M. macrothyrsa, Rudgea virburnetides espece
herbacées des genrsstida, Axonopus, Paspaluet Trachypogon.

savane

fermé
stricto

sensu

Acosmium dasycarpuymnno ormosa Aspidosperma tomentosumstronium fraxinifolium, Brosimum
gaudichaudij Bowdichia virgilioides Byrsonima coccolobifoliaB. crassa B. verbascifolia Caryocar
brasiliense Casearia sylvestris Connarus suberosus Curatella american®avilla elliptica,
Dimorphandra mollis Diospyros hispida Eriotheca gracilipes Erythroxylum suberosumHancornia
speciosa, Himatanthus obovatus, Hymenaea stigonocailelmeye ormosa Lafoensia pacari
Machaerium acutifolium Ouratea hexaspermaPouteria ramiflorg Plathymenia reticulata Qualea
grandiflora, Q. multiflora Q. parviflora, Roupala montanaSalvertia convallariaeodoraSclerolobium
aureum Tabebuia aureal. ochraceaTocoya ornpsa Vatairea macrocarpat Xylopia aromatica.

Palmeraie et
vereda

Poaceae, Cyperaceae, Asteraceae, Melastomataceae, Fabaceae, Eriocaulaceae, eflemgmeresta,
Echinodorus, Habenaria, Hyptis, Ludwigia, Lycopodiella, Mimosa, Polygala, Utricudikyris. Muritia
flexuosaAcrocomia(macuabg Attalea(babacy et Syagrus

Savane
ouvert

camp sujo

Poaceae, Cyperaceae, Leguminogaelira, Mimosg, LamiaceaeHyptis), Myrtaceae et Rubiaceakpres
unincndie sont observéssntAltroemeriaspp,Gomphrena officinalis, Griffiniapp Hippeastrunspp et
Paepalanthuspp.ainsi queCrumenaria, Cuphea, Deianira, Diplusodon, Eryngium, Habenaria, Lip|
Polygala, Piriqueta, Syagrust Xyris.

campo limpo

BurmanniaceaeBurmannig, CyperaceaeRhynchospora DroseraceaeDfoserd, Iridaceae Cipura,
Sysirinchuny, LentibulariaceaeUtricularia), Lythraceae Qupheg, OrchidiaceaeGleistes, Habenaria,
Sarcoglotti3, Poaceae Aristida, Axonopus, Mesosetum, Panicum, Paspalum, Trachypogor
PolygalaceaeRolygala), ainsi qulusieurs AsteraceaBriocaulaceae et Xyridaceae.

campo rochosg
ou priairie
GuDOWLWX

AsteraceaeBaccharis, Calea, Lychnophora, Wunderlichia, VernpriBromeliaceael§yckia, Tillandsig,
Cactaceae Melocactus, Pilogcereu3, Cyperaceae Bulbostylis, Rhynchosporp Eriocaulaceae
(Eriocaulon, Leiothrix, Paepalanthus, Syngonanjhu&entianacea (Curtia, Irlbachia), Iridaceae
Sisyrinchium Trimezig, Lamiaceae Eriope, Hyptis), LeguminosaeCalliandra, ChamaecristaGalactia,
Mimos3a, LentibulariaceaeGenlisea Utricularia), Lythraceae Quphea Diplusodor), Melastomataceas
(CambessedesiaMiconia, Microlicia), Myrtaceae Nlyrcia), Orchidaceae (leistes Cyrtopodium
Epidendrum Habenarig Koellensteinia Pelexig, PoaceaeAristida, Axonopus Panicum Mesosetum
Paspalum Trachypogol, Rubiaceae Ghiococca Declieuxig, Velloziaceae Barbacenia Vellozig),
VochysiaceaeQualeg et XyridaceaeXyris).




a) q Cerrado sensu lato
. Forét Savane Savane ouverte
forét ciliaire/ forét seéche Cerradao

M k ek o e v

b) forét ciliaire/ forét ciliaire/ vereda vereda lac temporaire
galerie - centre galerie - marge - centre - marge peu profond

% savane ouverte - humide e
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JLIXUH/HV SK\WRSK\VLRQRPLHW @ XREIPRFIMR YR O ¥ DELR QGEW D RPN LKOWR EG p V +
SHUPDQHQFH RX GH CDOBR®VVWY URR @ RRWED\D SHINW LH GIDSUqV &DVVLQR H

J)DFWHXUV HQYLURQQHPHQWDX]
/D UHODWLRQ FOLPDW YpJpWDWLRQ

)X UOH\ HW OXUSK\ %RZPDQ V % U1LqQH G\ O FHPHH QOM
SUpPFLSLRRDWQRBY DQQXHOOHV HW O HMHUMMLWW UQ E X S0 & Q D\FIV
UpSDUGH WDRQpJpWDWLRQ IBOQWHY HI EAW HO@WRT & R FDKY FDUDFW
GX VRO NROMBIOHRHQW PIRAXHQ P ¥WDREEW R SRY JUDGLHQW G\QDP
HQWUH OH FOLPDW G LV ®RGLELFCH QWS VHIWH DU WQ B MR G X VRO
DF F U P HGWWDDLUOW W HV LW HIUpUHQWHY SK\WLRQRPLHV GX &HUU

/IH FOLPDW

/DODUJH GLVWEKL)EXKRQRP EBHUPSE RO X VI R HVUGEWDH JUDGLHQW
G 18 U p F L QIOMNWIURD G MHQBXBHO WIQDEGEQVL FRYUMNFWpULVWLTXHV pd
JUDQORVR HW HMSUpFLSLRMROWQREYV DDXBPHQEMNYHPWPRQW
REHUGIHQNV ORXGRWGGX FHUUD GR® BSODROWEUFFEX GXG OHV
SUpPFLSLPRDMWQBBY DRAXNHOQQHWLRRBBYR HW DODQORVR HW D

VXJJqOHIS/EDULWLIRRVE JOIDWH WX GBFD GWHY WHPSpUDWXU |
VXG DXYQ¥FH P S p PIRWHKQIPIHQ XGI® O H f & VVRI® GDQV OH QRMBWOD PR
DXWRXU GHD X JRBHQW D WRLRKH 8 MRAB\EHHGRX HV WVMIY HF PRLQV GH
SUPFLSGCWRW IOMYPBURB[LPLW p&G R VELQ P




8 QD X WIUFHALHP S R UIRAMED WD L VR@RTQ LMHpO D W H Q HXp GPGL BIDIXURXR V R
ORXYHUWXUSHDRGERW DD BDEWRQRVHMK HD OWH U 8QH
SURORQJpH SHXW HQWUDVQHU XQH PRUWDOLWpP DFFUXH GH\
SDUWLFXOLQUHV GDQV OHo%HQR DB/R/BIX L5 F L §¥ R GDUR Q V
I D FWSHX\D) BXFSID@W U{OH GH OD UpSDUWLWLRQ GHV(QRLDWY HW C
D pWp GPPRRQH P XIJPHQWDWLPR\GID\D SV EORKWDDMBBY PP
IDYRUUDWW [SDQVLRQ GHV | R WPIDUELR/Q WXIHR (GHHW QI S U\ B W L R ¢
PPIDYR UL® HY®D Q VL REWE RQ V RGP V D YHDQXUBBIXV RXYHUW

/H R/O

/D YpJpWDWLREH WU IBTRYHH GRVIMIP MW GHV VROV DFELGHV G\V'
ULFKHY HQ DOXPLQLXP OHQGR®N FWOHYXIWULBHQWROV ULFK
HQ PDWLQUH R UDRVGRIMKHWHM SKHY IDFLOLWHQW O H[SDQVLRC
(Q UHYDQFKH OHV VROV SDXYUHV HQ QXWULPHQWVSAGXVWUR S
RXYHUWHY 'DQV OHY $ROQ\W B X YR QRRFS\SFERGT SEWPWA HH P S O
GWDFLQHV pBHBUWRIRWGMYXT] P GH SERMEMWEHOWpPILHV Yplp)
GH W\SHK&OH\ /HKP D Q QHN/D D@WIRY W G H/V DSHBIBEWY H
| D L EKOGHP LpGHW G HWH P S p U D W X UHM FRK QPREHNVU {OH VX R B B WILW X H
OfpYDSRW UHIPNVISPLHIDWH KEDN/IW\RHF IBHHF D F H P H Q W2 \DEHR EBIE ¥ Q H

/D THUWKOER@®WULEXH j O DXBRMNYWDWX RIS BSBHE @D 8 W
OXPLqQUH HW OD WHP S pQHW K H HHEBD REKR @ DSENODIP@\BEK W Q
DXJPHQWD QW Q@ WXBOGEHL\WDQV OHV WUDQVLWLRQV pFRWRQDO
OVDYDQH ERHWPBARXR OD WUDQVLW L RQH VXS SKQMALKRIQRIAHAH |
GHOD IHUWLONYVWEH G X RBD SH&NVI AFXWQWHWpV SO XV QMW DDV G
IRUr VAKHWLQV HWDRO SNWLRQ RXIYHWGX & H BWDRGR[G B QU H
OHRMDPSR OQOPSRJUDPLQPHY GpYHORSSHQWQ B HS/H WPDHWOHWQ W
OTDFFXPXODWLRRBQILBOPFVEOH RXYHUW GDQV OH IOX[ GH QX
UHODWLRQ DYHF OHV FDUDFWpPULVWLTXHV GX VRO SO WRSR
HIHPSOBHWE XV KDXWUIRVXGHIYD X HVW PHRIXGIV CIDERQEDD/QM D O W L\
SODLQRXYWLQKR HW DO

—_—
—



CERRADO DOMAIN
Forest Savanna Grassland  Wetlands Grassland (OCBIL)
Gallery forest Dry forest Savanna woodland Dense Sparse Dry Vereda Wet Rocky
grassland g
Vegetation height 15-25m 15-20m 8-15m 3-15m 3-15m 2m 12-15m 3-6m 2m
Iron duricrust
Aoy » 4
3 T et R 1%
L 4? S - [ \( ; ;ét_’.f ;:
Al £ R I EX i
;', | ; \(/ : Ll » - i H Bedrock
| HH
{
ree density 75-95% T 70 - 95% T 60 - 90% 1 30-60% 1 0-5% 5-10% 5-20% 5%
Poorly to moderated drained soils ] Ca rich soils Deeper Al and Fe rich soils (low P and cations availiability) I Hydromorphic soils Shallow soils(low P
SOIL ORDERS
Dominant soil orders . Acrisols: Al . Arenosols; —
g Cambjeols; Gleyack; Acrisols; Arenosols Acrisols; F srbrens rr‘enosois F - y : Gleysol
WRB (2014) Y Cambisols Plinthosols; Cambisols;

Leaf nutrient concentration
mg g /\l\r_‘
I T
T T T —.
Soil nutrient availability
9 kg'!

[“Species examples | HMMMMGBISONGESINNN  Dyfoest | Savanna woodiand Savanna Grassiand Wetiands Grassiand (OCBIL)

of vegetation types

Axonopus siccus
Cissampelos Xyris jupicai Actinocephalus bongardii

Legend X ovalifolia Paspalum cordatum
Tristachya Syngonanthus w5
L lelostachya densifforus Barbacenia ﬂ.nf)
A - - Paspalum dasytrichium
m; XONOPUS Pressus
M Herbs

JLIXUHHV W\A\SHV GH VR@HG S RWURITDKGARLRQRPLHY FRUUBDMBRQQ W GHWHINO GTD S
IHHX

/HELRPHU& D GIRUBDVW RB BEAW XQW FRV\VWgQPH VXMHW DX[ LQFHQG
DYHF GEHUUBGBRKDTXH DQQpH FH TXL.OH@NpHW @@WUHOKD
HW ®V IR\HUV GARQWHSIDOAMHYV GH a BAYHO O’ HW DO

/D IUpTXHQFH GHV LQFHQGLHV IDYR ULY XWOU H VSEDA\AEREISE HV J
G XWEVHQFH XQH H[SDQVLRQ GH OD YpJpWDWLRQ DUERUHVFH
%RZPDQ

+RIIPDQ HW DO RQW PRQWUp SOXV SUPFLVPPHQW TX LC
DSUQV OH IHX HQWHWHUOBR Bl WK OFHHWRGHEHIVURR/UWDOLWp DpULHQ
SOXV IUpTXHQWH FKH]KXPVTBHIE B H X [ @BNQD®RIPBQ HW DO
/IDXJPHQWDB VOL RXIPL\GRjFEP HJ p G X FOV DFEEY HRXFBIYRID UMPEDQVLRQ G H
IRUPDWLR Q VGIRQENWILRERIVYDQ HW DO +L U R\M B MARW B O
DIILUPDWLRQ GDQV XQH pWXGH PHW WHRX}NWEHOERE H © BHIWL R B UE D\
OHV LQFHWQ BREWXH O H[SDQVLRQ GHV IRVWD\W YR ® EMFHX-OHW L
KXPLGLWp DFFUXH SUpF ITXILW G WIL\R QDD SO ¥ V XpHIBRHD 6 VHVP HQFWH C
HQ SPULRGH VqFKH O DXJPHQWDWLRQ GHV LQFHQGLHV IDYR
LQIODPPDEOHV HW UpGXLW O pWHQGXH GHXVGHRIRXID W D F WIHXIIR \
LPSRUNHDBRG LILFDW LR UESK 'S DWRZPD Q

/D IUPpTXHQFH HW O LQWHQVLWp GHV LIO® B Q@ELRAHMIOE Y SHEGHQ @
OD QDWXUH GH OD ELRPDVVEBGGEH pHDBWAERS pGHDWY X O MLEHW G R UG
HWRLQV LRUWQGRPPDJH PRLQV OD VWUXFWXUH GX VRO IHX




VWUXFWXUH GH 3@ Wi HPERRHRIQpTXHQFH GH IHX GH DQV
QDWXUHOOHV GH IRUPDWLRQV GH VDYDQH OPKUBHQW D W LRHU €
IRUPDWLRQV IRUHVWLQUHV SRXUUDLW FRQGXLUH j XQH GLPL
MXVTX j DQV 3HUHLUD)EJQLRUQMMWOUBUD GR OB OWDL VR XHQW
GHV LQFHQGLHV HYNW 0B X{ DARSRE B §PMHAVQYWHD REW HW VHSWHF
OD ELRPDVVH LQIODPPDEOH JUDPLQpHV KHUEHV EUDQFKHYV

HW TXH OHV MRXUQpPHV \fRQVDLSVOXW\ FKD X QKWL YR LTWKMHHW DO
OHV LQFHQGLHY VH SURGXLVHQW DX GpEXW GH OD VDLVRQ V.
YHOW VDLVRQ VqF IS XRXY W REBX @hHH p VGHEXEOO. B QNV HIQW L W p
QIDILSDMQWO] 6P GH SUR)RQRGOINU HWLOWRDKXPLGH MVW
SOXV FRXUWPRQQ/XSYRFIR®WILHQ )LGHOLV

/H ITHX HVW QDW X UH G HRRIWO HVERXEHFLDL@RV HWQ O R U WUTBKHWIH U ¢
PRGpUp HQ IUPpTXHQFH HW HQ L/AQHWIHQ VR Wk F\WHL QND BW PBH@® W O |
GX VRO HQ DXJPHQWDQW O pQHUJLH DEVRUEpH SDBDAN VRO
LEHXYWDOHPHQW DYRLU O HIIHW LQYHUVH HQ HQULFKLVVDQW
OLVWU\ /H U{OH SXpMBREHY HYHUWWXOHOHY pFRV\VWQqPHV *
DO (QHIIHBLHQ TXH OD % UMMDBR LRROL W XD BQ IS W DH IDDXWILHRXQ

O DXJPHQWDWLRQ GH OD IUpTXHQFH HW RX GH O)LGMWMIQN LW p
=LURQGL 3DU H[HPSOH LO D pWp REVHUYp TXH OHKREBDLQH)\
WKHURSTRMRTXpM ®YHFONQ WHYILO X UHWX SFBULHX B RX FERQW

H Q WHADR@IXHIU P L QUDRWPRQ WO BV WP BXSQRWW DO

Modifié: exclusion Naturei Modifié: incendie
des incendies tres fréquent

feu 3-6 ans feu 1-2 ans
entre saisons entre saisons

régime des incendies

écosystéme B
et s
dépendant du feu \(F ?
3 ;
biodiversité v biodiversité (haute) biodiversité v
biomasse aérienneA biomasse aérienne biomasse aérienney

pas de feu feu 3-10 ans
saison séche

écosystéme m‘»‘&\%

sensible au feu ﬂ%’ $§; \Y
biodiversité (haute) biodiversité v
biomasse aérienne biomasse aérienne y

JLIXUH5HSUpVHQWDWLRQ JUDSKLTXH PRQWUDQW OHV GLIIpUHQWY UpJLP
GIDSUqV 3LYHOOR HW DO




IHVXWUHV IDFWHXUYV

3DUPL OHV IDFWHXUVE2HW SO XV KR XILIHVEHD@Y 1S ¥ pG2HD @R 5 HG H
DXJPHQWDWLRIH &M SBIXW F R QIWUIPEXHWHjU OH Q RA BDWHE BINW O D
SODQWHYV GHSWUPHWWDQW XRMNDBSEGH) DBWHREQ LQFHQGL

IDFRPSRVLWLRQ [I&OHRWULN®/R TEK\HWG KQHHB/SH @ A HBHBIRVL VILQLV
SHXYHQW VH UHWURXYMUOWRU YLHISPD LIBWpDQKD JpRERUVH H'
JpRPRUSKROBPJIERHP BWWHQW G H By DIF\ AU GDIXWHKIHPAY HW D C

| DEWLYLWp KXWP RpWSEHMR pFRPRQMWKGHYWXIPHQWDWGRE LPSR

LQFH QLMY H HW DQV DYDQW OH SUBXMEWUGRRUL J X
SSXODWLR QWWE QYW HTEH W L RERXHOG IHPHHDWH Y DFWLY LSV TXRW
H[HPSOH OBY JUVKALRQ HVW SHQVpH GDQV OD SURPWHFWHRQ |
PDLQWB@PRVDWTXH GHNDDGLHIDRPLVE LR Q GHHRXWHY \DRIXWU F KX Q@ W\
/HV $PpULRRBQWIQA/GUHBMD FICHOEHEWHU FHUWDLQHY JRQHV GDC
i DQV OLVWU\ HDVWDO LRPUEBHKDWRH |RQH LGpDOH BQWWB @QVR YWIL
GH OD FDQQH j VXFUH GH O HXFDO\BW®XYP KEXWIRMD DG R VAR WE
YpJpWOQRDAMRYKHUUBKPRGW HW (OR\ (QWUH HW OH
HVW GH SDU DQ VRLW GH SOGR UTOT KbQP $HB/MVRAX LAV H

OTDXJPHGQIWDQFIHROG LHY j OD ILQ GKRIDOVVDRVRQW GFIKRMLILQH
DOWKURSNIRBDVIRYPBHQWE QEUIBWRSDIJHQW VXU BDXYLGHOLV H

DO 6HORQ O HWHSSHWRWKHIEW MRLGBQ IVF K X FSOULRQY-RVAXQH OIDL
GLVSDGOGLMNWARRLQV HVSqgFHV GH GCRBWPAWHO/WHKQEPB XTXRIMD H
FDQQH j VAIMWWHYQUIDUMWUHVSHFWLYHPHQW HW OKD 6W

/ KHUE L YORPILNV HTUCDLOVB/HDMEL RPDVV H LQIODP P D B-OM ORWL \LIQUOD ¥
OXJPHQWRVOIERQXFWLRQ GH OD 1UpTR MY FHRE VDX LRH GGYDB WH. R Q
VXUIDFH GHV SkW XU BHXW GIIQ RWIBDYEYBW DR DSSDXYULVVHPHC
FXOWDLXPBW\ OXUSK\ %RAPDRVVEXUJHWHIGDQW 'XULJ
HW DOD VXJJqQUHQW TX XQH ERQQH JHVWLRQ GX SKWXUDJH C
VHUDLW SRVLWLYH SRXU OH PDLQWLHQ GHV pFRV\VWQPHV G
UpGXLVDQW O LQYDVLRQ G HVSQFHV H[RWLGX¥HW 0BV GH ELRPI

JHRUJDQLGARRWHOV TXH OHV W HUWHWMBYIWIKE DRQH D@ WDGH\R Q
TXDQWLWpPV GH FDDERQBMSQ VIMDRES/SHWPH QW DpWEIRW HR(@H Q W H

RKXWUH OBCGRUWHDOQWRHMWQPD JRXVH SKRWRMRUOMH/L LPSBDWDQW\
H[HPSI®HV DVVRFLDWLRQV IRQJLTXHV P\FRUKL]JLHQQHV DYHF ¢
GBKRVSBREDKY OHV SODQWHY SUpVHQWHY GB @GW OBWERROV ST

SUREOgPHV DFWKHODGROQV OH

'"HSXLV OD ILQ GXOWL&FOM DGR GRDQDvW MR B H\W QG (S H O G/HH\
a GH OD YpJpWDWLRQ QDWXUHOOH WUDQVIRUPpPH j GHV IL




ERYLQW®pIRUHVBOWRDARVE KIOXIGH OD VGOU IO BWIHDUDR WX UHOOH DY
VHXOHPHQW XSBYI DML HS URW pHIUHD L)W D Q 0 RWRLHMAG DB URSRVpV
SDU OD &RQYHQWLRQ VXU OD GLYHUVLWp ELRORJLTXH )UDQ¢

3RXWIRPSUHQGUH FRPPHQW DX RRIXRMNVGEHL G K qRMHE DIADOHI Y
VRIXWYQH pWXGH BR®pH MW UIPRQWUpP TX HQWUH HW

G KHFWDUHV XWLOLVpV SRXU OH SKWXUDJH VXU BW ©OpDp W DX
QDWLYH GX WHU &H BHRQ G B QW pi/ IHVMHIP X KL HIHHKL R PHS O XV J |
UpFXSpUDWLRQ GH Y pDpWiB WILIR G@EHONBNALFRRQD V HELHYINGLLRTQX H X Q H
FDSDFLWp GH QIQFKSHAEBMLIRFOXUH | FHO R # KHO 8 PSHP@WR Q LHG H
YpJpW DIWBRRX SpBRM{D HW DO DXWDAWRRW pWp FRPOBM pV
FKDQJHPHQW PMUP PWXTHH PRIQPEHQSBW D/XOIXJPHQWDWLRQ C
WHPSpUDWDXNGNFWWRQ GH O KXPLGLPARR WHEDHVDNIPHQIWMDWLRQ
WHPSpUDWXUH GH i f & SHQGI@W DO GNIRXMIDHREMG KW L R
GH GH O KXPLGLWpDWHNRXYOYWRXH FH FKDQJHPHQW ELHQ T
SRXUUDLW pYHQWXISO®BKXH QYW rs\RXH RRQWWRHH HW OD IDXQH ¢
VgFKH GH VRUWH TXH GHV SDUDPgqWUHV WHOV TXH OD WHPS
SULV HQ FREBWIS ISRMMFWLRQV IXWXUHY RXRVILPHD QOBW RG@pOL V|
VXUYLH GHV PR SKILEH HIPO/p W DEBICRQLNADFGEHR V- U RFR @WR'Y L
LPSRUWDQWHY SRXU OH PDLQWLHQ GHV H\E4FHPFBWRQHY ]R
$YHF XQH SHUWH GH GH OD Y p.J S MWLVRN FEDAVXXH B 6 8 HD Q@ RO
SHUGHQW OHXU QLFKH pBEROWRD LH¥DGOY®IK SHUWH GH OD Yp
Q D W XHIMAMD G HH VROLWRIFWDUHY )YUDQORVR HW DO

'"H SOXV OH SURFHVVXV GH DMUHDENHRDQDIPW T R BGERX) W HOWGPGRH
pPOPpPHQWYV OHV SOXV FRXUDQWYVY OH IHX HVW XWLOLVp GH

PRQWUHQW TX DX FRXUV GHV GHUQLQUHV DQQpHV OD IUpT
DYHF XQH DXJPHQWDWLR QG GHIV OV HQS\HRGWLW D G\M VSIDB\WW HIQMG T X |
DIIHFWDQW pJDOHPHQW OD YpJpWDWLRQ VHQVLEOH DX IHX H
HVW FRXUDPPHQW XWLOLVp SRXU O H[SDQVLRQ GHV PRQRFX(
LQFHQBQMVOBY |RQHDEPWYEW R PIDY J@ MW 6 WRRIQM\QRF L p H

i XQH SROLWLTXH GH WOUR PRELHFWWRRDHGH OD IUpTXHQFH
LQFHQGLHY HQ UDLVRQ GH O DXJPHQWDWLRQ GH OD ELRPDVYV
G LJQLWLRQ 6FKPLGW OQORIPHQW DWW LIDQ VG H GHD OMHBHE pd B W X
O 7L QFHIQHANRHN UpVLOLH Q F 8 RHNOS BVDQ RMHYWH B W X WOHR Y }OIHX\WM D O H
IHX SpQ@WUH GDQV GHV FRXFKHV SOXV SURIRQGHV GX VRO &

$X %UpPVLO OHV KRXPIWGR WRIRJRIGOHMHWVR UrW DWODQWLTXH IRQ
SOXV JUDQGH DWWHQWLRQ GHS@ D LSDIWIVK H\VH 8 XVEFQ IHTOWMA VI L TQX HHVY
IRUrWV KXPLGHYV YIRIQW CSURWWP TXHVO XWLOLVDWLRQ GHV WHU!
O pOHYDBRAHEMQWH &§HUUDGR 3HQQLOQWRQY HGHIRMHQpH GDQV
QDWXUHO G (PD\W PR R WLWHp TEHVOLDQ F H FALHAP \D B X LCHO MR X G U H
PYPQHPHQWY HQUHJLVWUpPV HQWUH HW V IS FSQURIBX L V H ¢
OWUDQVLWLRQ YHUV OD VDLVRQ VgFKH HW VRQW GH SOXV F




VH SURGXLVHQW JpQpUDOHP HQW K 8 OGDIS IPIHODEXRY D OF K |

BHORQ OH FRGH IRUHPWQMUGEYpW HO UHY S/HSYXOHAHGRRNW QW r
OH & HUUDGR FH TXL IDLW TXH GH OD YpJpWDWLRQ QDWX!I
BWUDVVEXUJ HWSDRFHVVXV GH UpGXFWLRQ GH GpFODVVLILF
JRQHV SURWpPJpHY HVW DFWXHOOHPHQW HQ FRXUV DX %UpVL
DLHQW pWp UpDOLVpPV JUKF HILiQGH\ SR 1 B Q PAHH \D BV B I& W WILEHQ OG
OHV JRQHV SHRWRXSHN EXGJIpWDLUHV RQIMH VWG R QWD G pi VX HRWH
LQFHQG L H&H G DEFADWVDLUH SRXU OH PDLEFWPHGW H (OR\ELRGL
$LQVL OD QpFHVVILWERHVEOEFRQ®MN BHWUIDGR HW GH VD FRQV
SULRULVpH FR @NR\LIQJW BEIvHEEHEHE WA DIQVK BV SURJUDPPHV GH
HW OHV SROLWLTXHV SXEOLBRKNLGWD QOM®RRLFLHW BQ

UDLVRRNGPHQWDIM[SPQ\GHRQ GpPRH RMHIKLITER GHYUDLW SHUGU
YpJpWQD\MRRMXHOOH 6WUDV\DEXQJVHFWQDALR GH SUHVVLRQ FI
GHIIRUWY GH FRQVX® Y B WH RO PR WWBERGRIQFDWLRQ VpYqUH
SD\VDJMDSWUYAWp KXPDLQH SRXUUDLW DFFURVWUH OH GplLF

% [ Cerrado
Brazil states

I conservation units

[ indigenous lands

0 250 500 km

T i

JLIXUH&DUWH GX %YUpVLO PRQWUDQW OD UpSDUWLWLRQ GHV JRQHV SURW
QRHBHEW GX &GHUUDGRLEW®LG #HYHWVHIUIU UBWRY UGB VS HXVAREB K RHDU[UDOERY DB 3R LG




(WDWPENWDAHIRYLURQQERNQ@QMWH &HUUDGR
eWXGHV SDO\QRORJLTXHYV
/H3OpLVWRFO@NW  §\U %3

/HV GRQESIDPPFRORIGKX @Y URHDEBERYEDDGUHQW TX j OD ILQ GX 3C
SK\WLRQRPLH GH OD YpJpWDWLRQ HVW GRPLQpPH SDU XQH VD
JUDPL@NERBREHVWHWX XBVW DBHF UHVSHEWQUHBHQWUNPHQW
OD&No R6D O HWEHHR 3UHWRUH P RQ VOIXJIPW Q BHIAW IERJ@ W DOrHD Q H

H\® DR U G\WI D OHHWLDR WP G HV SIFRIMVMEGHMY X FDULD  'U\PLV +HG\RVP
0\UVLQH 3RGRFDWSXV /HGUX HRWRVDOD HW ®DPDWLTPHYPHQW
HQUHJLVW UgURHOIAMGVK B QI HEHE Q W H J WWID VWL FBQIRB R MWD jILQ GH
OBpULRGH JODRUBLUBBWWHQW K@ @YIDEHERW G\RMPYEUWp T
GDQV OH 12 HW OHMWEYHGW HGIPEFHH GHMIHHILRQ A HQWDIOH
9LQFHQWLQL /DBROUDBR iIN7THUBD HW REWWH WHQGDQFH Qf
REVHGYE®VHQ UHJL\KWIB HPHQW RE H[SDQVRBBUGMVYHUV OD ILC
SPULRGH HWDW IDDAMRFLPH j XQH S GDW UQR GIW'KX® DG Ly H
JpRUDOABD jILQ GX 300 HHISPR\QMIY IEYW DYWEFXIPHQWDWLRC
SURJUHV WHRAS BHIVW X UHV  BYW GRH. JQPRBKIBRIE GBDIR BE HVW YHUV O
FHQWUMX@X &HUUDGR

+R O R BGQH N\U %3 DX SUpPVHQW

/HV HQUHJLVWUHPHQWY SDO\QR OGRH LT B H\h PEOMNDHRIIAR BHV G
OT+RGRFRQYDEOLVVHP DQWRGHWMDRQOXKN %\UVRQLPD HWU\RFEL
GH IRUrW\6 PAGHFIKEMUD 0\UW D F H D Hi WELISHHIL GWE@WG R O +RORF
MXVTXTj OT+RORAJAM HP RAHRU X  %HOKLQJ $X EFRXUV GH FHV
SUHPLqUH SKDVH RQ REVHUYH pJDOHPHQW XQ FBEORQUHRHRW
OHWD[RQV MRRWG VY HP SO DWPYRRIDA GHME R UQHHIIP\DW D F H D H
&RPENHW B EF HOHPERBPW O\UWDFHDH GQRQVHGD XU plIV RIO
%HOKLQJ &DVVLQR HAWW GXGO VKWWVOD BpJHBQX +RN
7HUUD HW 'DOQV OD U pJ XFROFHDFHEOQWHUEE SR BPRBVMPYWHHU WD R FHQWL QL
6DOJDIEEFR XULDX/RUHQWH HW DO &BRWVW.I) RV D @ O

(QVXLWH j $DQ@HOU+8 B FofH YHSPR\GIROWEEERWFKDQJHPHQW PD
V HVW SURGKLSD®KKRQVDYDQH DUERUpH SUREDEOHPHQW G X

HOYLURQQHPHQWDOHYV KXPABENLADQV O H{ & UREHOVHDIU X

HW DO 3DUL]]L HW BI@ G XQH VDYDQH RXYHUWH HQ UpSRQVH |
YHUV OD UpJ LR FIH@DRV H VOMHETHW LQR HWRIMIHUUD HW DO
JLPBDELQR HW DEBWRQV TXBBH® N W IHE@&IREVHBHU@E DGDV
OD SHUVLVWDQFH GTXQ HQYLURQGHRMOM jSFDXN K XEH GHR GIE LW
ORFD)@QBXUB E%DUEHUL HW DO

'HPDQLQUH J¥Q pDIEQHISK \Y L R BROPXL\H DUE R U S\ Y H R G5FOPQ\H
R X YHHOUDW WGHD\QWp O H V' H Q UING IR\VOVR U B XHIR/FAWE. R Q HEEAD O M OGDLWVLXVE X




(QWRIWSRTIEUFLDLUH HWHRNXWAHRXEXDEHER UEIN QUHJILVWUHPHC
SODpRpFRPRQUWIKHHIYW X Q HS Wi-MHEI® B G WOQ BV L QY HRAX GHHIWWWHD [R Q
IURGD QW DWE O W VWS BHLHXBHRs XQ FKDQJHPHQW GH WHPSpUD!
DYRLU SURYRTXp GH FKDQJHP HQWHNGAHD/MHAHKIIYJ 8 PBYW\D SSKX VLI
GDQV OD FRPSRVDWDR QY LUWKGHYWIINWD ED VV H V

1pDP R MDQV pVROKWQLIRI UHHQ \U MV X S\ Q R YRUQ VOHT SSURFHV VXV C
VPGLPHOWBWLRUIVHQFH GH KLD®IXYVTEH\L QI i H GRS & YRH Q W
IJHHQUHJLVWR G WIRQWH YHROXHWIVR ¥ XSpULHX UHD®BX¥ @ GDQKY
OH 30pLVWRBQEX WROFQDH SWBFRFIEHXWW RX DJDSHQGDQW
O +RORFqQBRRK®\HRO RIHFEGD Y SO XS D U WHVGENPND\Y X GBIV W XGX
&HUUDRRY PDQGREBOVQIRUPDWRR S USHRSBRIQ \OD @BVO I LYRQ D X

FRQGLWLRQV HQYLURSR A DE\RBRIEY HWQ WIWBHDGNO\D OOV UHV UpJL
GXHUUDGR

eWXGHV VXU OHV FKDUERQV

/D UHFRQVWLWXWLRQ GHV LQFHQGLHYV SDVVpV HVW EDVpH V:
GDQV OHV VpGLPHQWY 'DQV OH &HUUDGR VHXOHV FLQT pWX
OH IHX GRQW GHX[ VRQW E DRIHYEWRGIWED UHQO BVVSIDE MM PX.6 H R
REVHUYpHV VXU OHV ODRWW PLXORDMRS PROAWUHQW XQH FRQF
O RUGUH GH j [ SDUWLFXQ®&HRFOMRWS UpWpHY FRPPH GH
|Up TXBIQWRF L (PR V B WI&MRIU @MW U U D G R JID\U H FGMHVBW BRDEM DH & HV
LQFHQGLHYV RQW HWY HQQWJI®BW WpWRPLQLDHWW H@W U%K3 |
$JXDV (PHQGD®RQFHUNID] L/ D BRXU DGR %DUEHUL HW DO
, D

3HQGDQW OD WUDQVLWLRQ GX 30pLVWRFQQH j O +RORFqQH
GHV LQFHQGLHV RQW IRIGW XPH\Q WB@XVPERWPN DO&HWWH
DXJPHQ\WE WY RQ A MYIRIFKGQEHX J P H Q W D MX_RLQH B BAHO® B p UD W X U H
TX RENDYRIWLM XIPHQWBMRRY GH OPPEXVWLEOH KHUEHV

!
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JLIXUH$ &DUWH WRSRJUDSKLRKBIOPRDQWIUD® VG HYD HQ UHIL\BWRUEB®HR WYV SD
GIDSUEN DQG +LMMD@Y ELRPH H\GN OB FER QOIL JQRILUMW, S5HFRQVIVGHKFWLRQ
FKDQJHPHQWYV GBS KRH BDRMDLYPDOEPOVQRORILTXHV HW B HYWP B K UFRIFLKFCOUVE
TXL OHXU HDWHBWKNRFLBEH EDUUH EOHX FODLIMDV GLQ G/ WD YD RBIURXM B X @/H
MDXQH VDYDQQD VDYDQH HID URHHRDW URIVDWHOE BREWUUH RUDQJH  JD!
IRUHVWI DIGMSUNPLGH EBUUWKHUGEDHQMH. BRDUR &RQIXVMR  $JXDV (PHQ(
/IDJRBILD 3DQGHLURW &WRP-RVH /DoDGRU )D]HQGD S8UEDQR 3D X
5LR 3UHWR 6DOLWUH /IDJRD 6DQWD

o



eWXGHV SDOpRFOLPDWLTXHYV GX &HUUDGR

/HV HQUHJILVWUHPHQWWBSOWHREPLROWWIRAVVRQW REWHQX\
JPRFKLPLTXHV UpDOLVpPHV VXU @HV V SGBP R WKL WRDANDSHPR X )
QRPEUBMX[HF F)XQMN IPHQWH VSpOpRWIXKYP K HGH)E®  f6WULNLYV
HW DO $]HYHGRP QWX DXJPHQWDWLRQ GHV SUPpFLS
OTpYpQHRPHDRWUGFK \U %BW OH 'U\DV UpFHQW %3 &HV
FKDQJHPHQWY DEUXSWYV GX FFRILEPFONMR \Q REQR/E LDINSDRAEY. RYD{PXQ H
OD IRQWH GHV JODFHV G B VE® DK SRIDRSAKQUAD QR ENG pWihIpP B D U
GH SUpFLS WY BWWURQHRR @ O $]HYLHQGRH HWRPG X SDU GHV pY
SOXV VHFV RX §DIWKXPWEHNLY HW DO VXJIqQUHQW TXF
SRQFWXHOV VRQW FRXSOpV j GHV pYpQHPHQWYV %RQG

HW DQV DY D Qi O piQHFRRGROWER Q W R E/GIW Vp ¥ WIRIGW L T X
RL\O/RDGLAHY FKDQJIJHPHQWY GH OD WHPS pUDMW XRIRIG G H. WQXW | E
UpJLPH GHV SUpPFLSLWGRWRRYVRID/QNIOWVGIRYPYHPHQWYV IURL
XQ GpILFLW GH SUpFLSLWDWHLWQYV ERIMWH P HKQYPIGABIKY IDHY WRRIG
GH O $PpULTXH GX 6XG +DXJ HW DO

$XFRQW UDQW Kp L 6EKBKOH DXIJPHQWDWLRQ GH OD WHPSpUDW,
PVHQUHJLVWUpPH HQ@ PIRKWIEE®D UH B RGHB@VV G OIRLQWGEXUDSLGH G
GHUQLQUHV FDORWWHYV JOXD K UDRBERWY BHAL UFX ODOVREGHREF p D Q L
HVO D 6MWUY HW DEV VSpOpRDKIPRIWVEH ® $QIHPIRFOWUH QW f

GHV SUpFLSLWDDWLHRRKYV YIDFS@®X VUQXAHVYDHYV A :RQJ HW DO
TXYDX QRHAM&E A :RUWKDP HW DO , JLIXUH

(Q UpVXPp OHV PRSQUWRWEBYPKYH IRUWH YDULDELOLWpP GH OD
DPSOLWXGH DX FRXUVDERHVVXHUQD FUPpMLRQ FHQWUDOH GX &HU

!
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JLIXUHODULUBXLR@HVIWGPOWYV VSp WpARKBOBWpOH GHDSBEMR NLY HW DO
‘"RUWKDP HW DO $JHYHGR HW DO ‘'RQJ HW DO

2EMHFIMHLDO pWXGH

$X FRHWGHUQLqUHY DQQpHV OH QR EDERHDQWIERIIWHIVO LQW
HW QRXYHOOHV SXEOLFDWLRQV VXU OHV &R@MWP HTBHVI IGHWQA
1IRIJIXHLUD(QWUHHW DXWRXUp\BHSHNQIOG GIAEY UDWLREGHQGLHV
%DUUDGDV HW SHEHIUBPRBRWRIPWG\QDPLTXH FRPSOH[H HQWU
OH FOLPDW OH)LBXUHWQPRQWGR® LR Q V@MW XIUGWDOWY HRYHRQ K
UHODWLRQ ELGLUHFWLRQQHOOH HQWUH WRXWHV OMWWFRPSF
REVHUYpH %XHQR HW DO 0 BLUWHIODR HAWVRDDOD OX B F W LYW BV p
KXPDHYW SULVH H® KRS MWM OM @Y RM VG OBINFQUWHY H D X [

8QH DWWHQW IHRQFFBRIGWHDRXHPWXGHV VXU O HQHWIBW 1BX (
IUpTXHQFH HW O LQWHKBAVWWRRGHSWD BB DWFLHVEBD QV GHV VLWF
SHX SHUWXUEpV SDU O DFWLYLWQD/VXIFROILHOH SHVR\B Y HIHX QH B K.
OD VXUYHLOODQFH GHV ]R&BWBQQWERY p AX S MVSIpRIQHIWH OD Y
QDWAKHRLQV GH D @W ISEEHSVH G BHD @\ GV XXU RIHFUHS BBHR K OWH V W
DXMRXQ@HKXNVDLUH GH FRPSUHQGUH O HIIHW GH FHYQQWHUL
LQWpGEUNEWY VFRPPH ICRHY GHJUp GH YPjpwWD DVWRPROHGEHODp G
OfLPSDFW XX RDp® RV\VWqPH
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JLIXUH,QWHUDFWLRQ GH V FGLLPHDUM QRARP FRRIQAIRIBDNQ MXGHY UpSRQVHV IDYRUI
RX GpIDYRUDEOHV QpJDWLYHV HQWUH OHV GLIIpPUHQWHY FRPSRVDQWHYV

/IHV pWXGHV SDOQ@RXVROHRUR A RMBHUGVY GGH OHV SURFHVVXV pF
ORQJXHV SpULR GOBHGMW BIBRMNPH EEON. H U V' B QDVQ Q H HAGIH WOHEORO H V
PW X G HWQFBREW QR P E UWHOURHR/ERMW Q W O PHWY pG DRYYVVIX G 'H SOXV
ORUVTXTHO COHVKIWL[E ® W HQW R O X VOIHR G HW R BRR WEMHQIP GUH XQH
SUPFLVLRQ BXDEMEHREHUQLHUYV PLOOpPQDLUHY VRQW VRXYHQW
OD ILQ GH OT+RORFqQMQRR¥BQ YHUYV

1RWIWWX\GH) OH ODF )HLD HW OH PDUDLV GH *HWXOLR YD GR
LQIRUPDWLRQV VXU OHV GHUQLHUV PLOOARNMYSBRQNQEY OD L
QRXYHOOH UpJLRQ VLWXpH VXU OD WUDQWNWLRH\HQWBEKHUE
YYLHQQRRWSE®E HGWOHV CHOQQHYSBRPHEM XHO &DVWIRUMWSR YV
,6(0 B6HUJLR :DYLHWB)8KGHBOY OH FHUUDGR GX 1RUGHVWH H!
GRFWRWWDWDQV XQH HQFODYH GH FHUUDGR GX VHPLDULGH

1RXV QRXV DWWDFKHURQV SOXV SDUWLFXOLqUHPHQW j H[DPL
OLQWHUDFWLRQ HQWUH OHDFRQ F DAV GIWUDD FY &% VEBWURGRG D Q
® UpSRQVH GH OD ELRGLYHUVLWp DX[ GLIIpUHQWYV IRUODJHV
UH[SUHVVLRQ GHV LQFHQGLHV HQ IRQFWLRQ GX FOLPDW HW
/ID3DUWLH ,,

/TIDUWHN@HFRQVDFUp j OD FDUDFWpULVDWLRQ GH OD PRUSKR
WD[RQV SROOLQLTXEWR GHEUVVMWHWDDBNLWXGH DLQVL TX j OD C




O LPSRUWDQFH GH OD UHODWLRQ HQWUH OHV DVVHPEODJHYV
LQWHUSUpWDWLRQV SDO\QRORJLTXHV

/TDUWHNOHFRQVDFUp j OTpWXGH GHV GHUQLHUYV DQV GDC
/TDWLFHYAV GpGLp j OTDQDO\WH GHV GHUQLHWXHVW DQV GDOQ\
/D3DUWLGIpW,.DLOOH OHV FR QROM¥SHD R SRYWB RV HGHW DWLRQV |

5pJLRQ G pWXGH

'DQV OH &HUUDGR OD SOXSDUW GHV pWXGHKOHWD UpRpRRUF
SPULSKpPULAXMVGXXCHUUDGRF°XBX EDEBRUMWH DXGpILQLWLRQ C
QRWUH JRQH GREWMNBW LD SRXARP SO p W3 B FHW LLR)Q R3NP B MWQ W Q W
DYHF O BWXRK GMDYW[HV VLW RO EQMHWIDRYHY W GX &HUUDGR
, D 6HOR®QORVR HWFBOVEAW JRIGMDWLYHPHQW SUpVHUYpHV
KXPDI®H FRQ\GWMMVRHHIDMWUHY GHVEGRG[L WHUWHWYRQW LQIOXHQ
GH SUpFLSDWORMQRIQM HY FRQW U{O PV LSHNHPHT RPREVXRYQ & XIGp |
ORFD@BXUMD E

/ H/ DF) H L\DN LHGYO @V U AHRIMW SD@V GH OD Y LGD® VGO T RMDAR ASX
ODHVWRAHP H D O/XR QO@HVR U L B Q62BIWLRQH SURIRQGHXU QH GpSD
,O HVYW MRORUIBO BULH G BPLWDHHHYDSLHRFURISHIUPMY TXH OD YpJpW
QDW XN PWp SURIRQGPPHQW PRGLIQBHUDOHEN W BW DIREBERH G
HVW GX ODF HW XQH QRIQFH B WIRERERYR/QY HGHHQWREBMHHUNIN XDUXH

DF /D FKURQRMRAILHH VXU XQH FDURWWH SUQ@ CRHMpIH (HHD G X @D
a DQV F®OIV%BQR HW DO

/H PPRDGH *HWIPOQDMNR GHQJ HRIWBRNLWKHOWpULHXU GX SDUF
((6*7 (VWDomR (BRIQYDLFBUDO G 7REDWWINWLPLWH RULHQW
GLV\Q R IBRM V& GXDIGIKUHDG GDQV XQH SODLQH DVVRFLpH DX U
EDVVLQ |I0G@MNREEXXQONIIOXHQW G/IID IHIPDRWHRQ BUW GRPL
JUDP LIRUHPD GW DUDHE RABPISR OHMS K Q ¥HQV R GV WEF WRpVHQFH
GH IRDIOMHULYHWWIBEHR FLpY DX GUDLQDJIXUGH, &HWWLE LpUH R Q
UHODWLYHPHQSDSHXHMW BBEWWYHWpV DJULFROHV 7RXWHIRLV O
UpJXOLQUHPHQW GHV PDRDWHY G KL WRIQWAE O REB\PI D' W UR ® WGHHX URY/
DLQVL SURW pJHAF IOPMLMGEBEWWW D QW V

el
-
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0 4 910 180 Kilometers Savanna/Seasonal Forest (ecotonal)
Vegetation types Savanna murundus

. Cerradao Agricultural activity

Cerrado campo limpo Savanna

Cerrado sensu stricto Savanna/Seasonal Forest (ecotonal)
JLIXUH&DUWHY D GH OD GLVWULEXWLRQ GHV SUpFLSLWDWLRQV SHQGDQ\
GH OD JRQH GfpWXGH PRQWUDQW OYfHPSODFHPHQW GHV VLWHY GYpWXGH
GH YpJpWDWLRQVREVYHGMpNDIJRD )HLD F HW 9DUMMR GR *HWRKB®LRQGS UH!
+LMPDQV ODS%LRPDV

ODWpULHO HW PpWKRGHYV
(FKDQWLOGRCGQBJIFKHWQRORJILTXH

1RV UHFKHUJFWXHNXFRURWWEWHPHQAW OD6 RHIDLQH ODFXVWUH /]
PDUpFDJH G HDMRWSFRO ERVOXOLR

/D FDURM/B BKKQH ORQJXHXU GHGXPOD M WL P [WQ DGRD G RVQW LH U |
YLEWDR@®SWp GH ODUW)L® HW 006 f §: P DDpSWpp GHDY pi D X
OLEUH GDQV OGNV BEXWQEFQRYGH SURIRQ@GHXUXGHT HW DQJ
&HWWH FDURGH\SRVIPHOQWY BWYLWp GH YRUDYRRYDOTPYRQpVUAW
LQWDFWH3RXU OD SUpVHQWH pWXGH QRXV DNVXRQRRE DD B QWY




GHUQLqUBVLROQ&®H HRPSOpWHU OHV UpVXOWDWY REWHQX\
l) Re OHV GHUQLHUV PLOOpQDLUHYVY pWDLHQW DEVHQW)\

/DGHX[LEPHRW W HD VI B MPpH I \WR BW R\E HGHKQP [DF PH M/ X O £ R

6 f : P DVO jFDDRBMYGHIFP GHHVRFPIGH GLDPqWUL
/H PPRDHNW VLWXp j SUR[LPLWp G XQH SODLQH LQRQGDEOH T
EDVVLQ GH OD/IIPDLYRW VR @M GH SURIRQGHXU

3RXU GHDWHQUHJL VW RAHFHDMAO OKRX@W SRROU] H ) BoFSKRIXQWI*Q O R Q V
7DEOHD/¥%  7DE,OHDX RQWGPWEVUDGLRFDUERQH SDU VSHI
PDVVH SDU DFFpOpUDWHRER DN RIMJR HOWHX OHVDORH GE6&DUERQ

&($ '60&1565' ,56 DLQLVWgqUH GH OD &XOWXUH HW GH OD
JUDQFHV GDWEVRFDRIER QW p FDOLEUpHY DYHF OD FRXUEH 6+
GDQV &DOLE BWXLYHU HW 5HSPRIR QG H X UDDUHOMD WR B @ OKM
VWDWLVWLTXHV ED\pVLHQQHYV DYHF OH SDFNDJH %DFRQ GDQ
X QEBDWHOYREQWDLU®HGH pWp DMRXWpH j FP FRUUHVSRQGD
F HjVGAL U H $' /HV SDUDPqQWUHV RQW pWp DMXVWpV j 6+&DO
DYHF XQ LQWHUYDOOH3RMWURRQIOBFPBXGWRBAHLWD FDURWWH p!
FRPSRVpV G KHUER 6 VG GAHRHEBEW QNP $ S DRIMLPY G X RRRXQOH G
DYRQV FDWBXPBEHONPGLPHQWDWLR QG FPQDOOVHHR XD O BVR®KX
HQUHJLWWUHPHQW

Tableaul.2. Résultats des datations radiocarbone pour la carotte LFB1.

Code du laboratoire | Matériau daté | Profondeur (cm) | / &2 | *“C age (an BP)
SacA 53907 argilelacustre | 14-15 -32.4 220 = 30
SacA 60352 argilelacustre | 40-41 -27.5 910 + 30
SacA 53908 argilelacustre | 60-61 -29.8 870 = 30
SacA 60353 argilelacustre | 102103 -25.6 1280 + 30
SacA 60354 argilelacustre | 164165 -30.2 2160 = 30
SacA 60355 argilelacustre | 218219 -23.8 2925 + 30
SacA 60356 argilelacustre | 270-271 -25.9 3520 + 30
SacA53909 argilelacustre | 313314 -33.3 4405 + 30

Tableaul.3. Résultats des datations radiocarbone pour la carotte NGE

Code du laboratoire | Matériau daté Profondeur (cm) | Age 14C (an BP)
SacAb53912 sédiment organiqu 20 75+ 30
SacA57442 sédiment organiqu 40 1630 + 30
SacAb53913 sédiment organiqu 74 4370 = 30
SacA53914 sédiment organiqu 96 4705 + 30
SacA57443 sédiment organiqu 106 4630 = 30
SacA64079 sédiment organiqu 110 5405 + 30
SacA53915 sédiment organiqu 125 5920 + 35
SacA57444 sédiment organiqu 140 6455 + 30
SacA53916 sédiment organiqu 160 7875 = 40
SacA53918 sédiment organiqu 220 10085 + 50




SacA57446 sédiment organiqu 228 10735 £ 50

SacA57448 sédiment organiqu| 265 11400 + 60

SHFRQVWUXFWLRQ GH OD YpJpWDWLRQ
$QDO\WHYV SDO\QRORJLTXHV

PFKDQWLOORQV BAK D)QW LHDM® R QR/Q@®HpWp DQDO\VpV SRXU F
GRFWRUDW VRLW XQ W R\X D DXGlHp FKR@WIMNWHRAQRQYFROXPH C
FIRX FPSUpPOWXPYH FP GTp FEDRPHOD HRQ FWDRGLBSHRQLELOLV
PDWpULHO VpGLPHQWD L U H FB@WSHRER DDIOpHY 1 IO DPR WD W R L U H
SDO\QRO®J6KHOBX[ FRPSUNVBRWBW RBSRGLXP FODYDWRPHY SDU
FRPSURRPN pWp DMR XWX DEDER/DBHRIDEMD FRQFHQWUDWLRQ G
/IHV pFKDQWLOOR @HWQW\GVDER VYV ® BMPH VGKOXPWL ASK KNG H R/[\IX 8 \GL
SRWDV.ZEX;P DX EPDQIXHYWVSDWGHQVLWpP DYHF GX =Q&0 .X
3RXU OHV paFi) BoQWL MWEKQRIQN\H FRNB*( HQWUH HW FF
GH SURIRQGMXYDLWHPHQW VXSSOFPBEAWOXHB H KSHMETIXBIO] X QH
KHX@W&WHHH FOVISHO L P IHYHSDQ @M ERWFMHIUL  ,YHUVHQ IH ¢
OH VSRUHV BIWOO® R PRRABIRW pWp LGHQWLILPY HW FRPSWpV |
DXURVVLVVHPHQW GH [ $X WRWDO SRUYSUAY BW S R OSHV R
GH SRIRGHQ | OTDL®HFEPOHFWLRQ GH SROOHRVQE K MY Hp UH C
FOpV G LGHQWLILFDW LR\ SHV GV SRIVOBIQRGEHER XPN DX 6DOJ|
&DVVLQR OH\HU %BXVK :HQJ 5&3RO

3UpVHQ®HWY RQWDW

3RXU OHV GHX[ H QOVHIPLNXWAGHF PBRNRYORDHD AX U KU OD EDVH GH OD
WRWDOH GHV JUDL QW IGHI GR[G GHORTIFBHBHFpHWWY UBRIY FRXU FKDTXF

WD[RRHQWHMAdRQHV SWRQW. Q@GpTX@EIIVHY | O DLGH GH OD PpWKR
FOXVWHU DQDO\VLYV E\ VXP RI VTXDUHV SURSRVpH SDU %HQC

/HV DQDO\VHYV VWDWLVWLTXHYV HW O pODERUDWLRQ GHV ILJX!I
GLDJUDPPHV SDOVQRORJLTXHV RIRW IPFMRMEIIR QX LWV j O HW GRIC
RQW pWp GpILQLHV j O DAGRY BHIMED,6 ® G\VGIVHQHFRPSRVDQWH'
$&3 D pWp UpDOLVpPH j O DLGH G}DBWR RIQFMAYRIPDS$ &3 G X \8 B R!
OHV GRQQpHV SROOLQLTXHV D\DQW pWp SUpDODEOHPHQW QI
/| $&3 UpGXLMQ ODRIQDOLWpP HQ H[SORUDQW O DVVRFLDWLRQ C

/H UHJURXSHPHQW GHV WD[RQWD WRMVp MR RVRERIGV] @ R/ B OMH W V
WD[RQV SROOLQLTXHV LGHQWLILpY RQW pWp FOBWYED ARHIRQ
HW GH OHXU SK\WHRSKD\GRR DR EBEMH U 13HR DIFRQW pWp XWLOLVpH
FDUDFWPUSK\WURQRBIFHBUYFBBWHRVOLQJ HW QDY OH PRV G

LO V DJLW GX VHXO WD[RQ UHSUpVHQWD ©DNOEHY p FiWIWDLRY |
WD[RQBOYRHQWDLUHYV RQWVYWpONpEERWURBBPYpVHQWDWL"
O HQUHJLVWUHPHQW OHV WD[RQV SROOLQLTXHV GRQW OD




SULV HQ FRPSWH SXLV QRXgDDYRERF HB\SEQIDHHL XMGHS $& 3
O HQVHRWOHY@PEHFWLR®RYPU FKDTXH WD[RQ SROOLQLTXH VpOl!
$&3 QRXV DYRQV SULV HQ FRPSWH j OD IRLV OD IUpTXHQFH
G DSSDULWLRQ FRQVWDQW RX YDULDEOH GDQV OD JEDVH GH
UpGXLUH QRWUH VPOHFWLRQ DX QRPEUH OH DIQ0/XDHM S H

HQUHJLVWWYHWE [RQW S R OVHLQUARTE PR L\DVQ NDH CO@NDRINL O L V p V

(QILQ SRXU /)% XQH $&3 D pWp UpDOLVpH VXU OHV  WD[RQ
OD YDULDELOLWp GH OD YpJpWDWLRQ HQ IRQFW)RQMHGW WHP
EDVPHOBRBELQDLVRQ GH FHV DQDO\VH\ DR QUGIEKN SR QFLCE B
OTTLQIOX[ G& BRWOHQOHYV FDUDFWpPULVWLTXHV pFRORJLTXH\
O H[SRVLWLRQ j OD OXPLqUH OH VIQGURPH GH SROOLQLVDWL
VRO OBGHSODQWHWD[RRFGHHSIROOHQ GplLQL SUPFPGHPPHQW GTC

SULVHV HQ RBEBBMEFROH) XQH L Q@IRENADRBHOR Q

3RXU OMD[RQV VpGHIEWLRIRXW DYRQV PGB OV IE MR IRQW\S HV
GK\VLRQ&PUVRERHBWUDGR HWW HR U pW DLMVHWIRLY IRUPHV G
FURLVVDQFH GH OD YpJpWDWLRQ KHUEH DUEXVWH DUEUH

$&3)LQDOHMXKHHWWURLVLgPH D Q DVX\W\AWRIV PWDREDSROIOHP SR XU
UHFRQVWUXLUH OD WHPSpUDWXUH HW OHV SUpFRBEHWBWURQ)
&KHYDOLHU /JHV SDUDPgqWUHV FOLPDWLTXHV REWHQX\
SDO\QRORMH[FOKWLRQ GHVY WD[RQV SROOLQLTXHV D pWp EDVp!
OD GLVWULEXWLRQ HVW GpILQLH GH PDQLQUH VLIJQLILFDWLY!
JRQH G pWXGH FOLPDWLTXH FRKpUHRW B 6 RXDER RGHW) SH W L
OD WHQGDQFH HW OH SRXUFHQWDJH GH FKDTXH WD[RQ SROO

5HF ROAVPMEMRIOD FHQ G LH YV
$QDO\WH GHV PDFURFKDUERQYV

$ILQ GH FDOBNMWPQUANGIEEKDYQWLO O RQW GV p \DRBBIZ\VQWHUYDO
GH FP SRXUTDX®O\WH GHV PDFURMKPW ERQ@D GH pH( HQ OH
VWDJH j OF,6pF R/XQWLOORQNVOGH p\FFEBBRYHI* (/HVY pFKDQWLOO|
RQW pWp GplOREXOpV HMW\GOREBSKWD DWIHEMN TG \SRFKORULWH
VR G LXP&O SXLIMPLVpPV ViRWWYDOMHHDWK XQH PDLOOH GH —P
/HV UpVRQWV GpYSRVXQOH SODTXH GH TRUGHOGBLQHWHOD
O LGHQWLILFDWLRQ HW O BRE SN BRPI IGHD/ [5 P WAWRDAXIDBMWHS H G\
GH [ VXUHRQXSHOLPGFDPpUD FIRQQMH MWD O\WHXU G LPDJHV |
G DQDO\WH G LPDJHV :LQVHHGOH 5HJHQSH UGCHIWPXRKXQWY &L
ORQJXHXU / HW OD ODUJHXU : GHHDPOKEDXDXHR KD H WY WRXOML B RO\
SDUW L FEKKOIHWVE B ISWUSDODDYXUIDFH GH BHIDDTRRMRISUIDERIOLE X O H
VRPPH FXPXODWLYH GHV V >PUDIERKRD\W BRIDS U W XEXDFHNG V& RW D O
PDFRMDUERF®@ W IWBDU DQ SRXU FKDTXH pFKDQWLOORQ




$QDO\WVH GHV LQFHQGLHYV

'LIlpUHQWHY PpWKRGHYV DQDO\WLTRHYV RQ AN HOWLBOR WY E H O H
G DFFXP X &DS\DLRQLEKDIHERGHD pWp FDOFXOp HQGAX O VLWQER QM
SDU XQLWp STHJ YARFO WDHK[ G D F F X P X DWLLPROSIE HS \D UGALIPRXGDM W/
DQ HMOH WDX[ G DFAXP X¥GDWLFRHY GH SBD TXH \§D X GFXPRHXP X C
VPpGLPHWWM VRPPH WRWDOH GHV VXUIDFHV GH[SKRPYHSBDU\
&+$5DUPMMFP DQ /KBHJIE®K IUDJPHAW BW URMERCOUERME BYDOXp HC
FRPSDYUDIBWMW &+$5DUHD &4SHV L& VESG OVGHDI O XD GH OTDXWU I
OH WDX[ GH |UDWRHHQYW DSX FE@® QW U D L&HH5 5 B MBS VHWIDODLUH'
IUDJPHQWDWLRQ H@WXQpSRXYRDEOXWHE XV HWV &+ YHFRPPDQG |
O DQDO\VH GH G @BMHOWHAQLEHW BQFV

8QH IRLV OH WDX[ GH |U DU P HXQMNMIEVR FRIEHERIOMIQY X HH G LY LV D QW
VPULH &+$5 HQ &+$5EDFNJURXQG HW &+$5SHDN DYHW XQH Up\

DQV EDVVHV HQ OD PR\HQQH GH UHNRSKFWRIGHRHED@MWGE p HINWH @V
SRO\QRPLDOH ORFDOHPHQW SRQGpPUpH /2:(66 DYHF XQH OD
FRQVHLOOpPH FRPPH XQ PLQLPD SRXU GHW B B QI0ANGKHDED KWV |
DO /D YDOMXWHVWXERQVHLOOH SRXUHD PYBOXDWLRQ G
VLIED®LW 61, &H\S\WSGEIDIMYLLES DHIQ O H JANWWUXPW G H/SHKE\DH Q W

OD FRQWULEXWLRQ GX FKDUERQ SURYHQDQW G XQ RX SOX!
UHSUpVHQWYpP SDU OH SLF :KLWORFN UHBUMYED W HF \& HEEEDFLN
HQ GHVVRXNWXHIOPMIDULBWLRQ GH OD SURGXFWLRQ JORED
SURFHVVXV GH VpGLPHQWDWLRQ SR)X®EpVDPQIH BWSE pRKWOW

IDUVHQ /ISHIBNESSHQXV RQW pWp pYDOXpV j OHIMLGKLG XQ
VPSDUH OHV LQFHQGLHV UpHOV GX EMJXKDMA PRELGIDHWVI BODWL B Q
DSSOLTXp j XQH IHQr\8HHWEHD H L DXQHW B W \D XD O 8QH DQDO

D pJDOHPHQW pWp UpDOLVpH j O DLGH GX *$0 PRGQOH DGGL
SRXU pYDOXHU OHV SLFV VXU OD EDVH GH PRGQqOHV GH

XWLOLVpV BRKUOFRPSPVXOWDWY 7RXWHV OHV DQDO\VHV GH

SDTXEBSODOVWXGLAVLIOWRQQLFL

(QILQ SRXU FKDTXH SDUWLFXOH OH UDSSRUW HQWRpWpOD OD
FDOFXHO\W YDOHXUV LQGLYLGXHOOHV REWHQXHV R @WL. @WPHL Q W
GpILQLU XQH YDOHXUHWRVHQ @GH VB RIWDPPWOBKHKHU OD SUpVHQF
SUpYDOWGPWWILHF XOHVY FDUERQLVpPpHV HG 16 UVRH@EXDIHN GBI
S D U W IGRPRHONLIIHIX@W OH FDVHBHY DO HX UV VXS RQMW DWNREFLpH \
GHV SDUWLFXOHV FEHER QY UDIHWS R UNWPHIXNV E X O ILIDX p@ H HHRPHEX Y/
DXKHUEDFRXYDQW rWUH WUDQVSRUWpPHV VXU XQH SOXV .
FRPEXVHQR®DQ HW DO GH ‘DQMVOUDIMWK UV LQIPpULHXUHV j
SUpPVHQFH HW OD GRPLQDGNHYG HERLY ¥ DSERIQHMHEDED HG |
FDUER®REPQKRZHU OF*UDWK I HIFVK G BRQUIRNIAT @ Wp XWLOL
DILQ GH UHQIRUFHU OYDQDO\VH GHV SURYHQDQFHV GHV SDU!




'DQV QRW UHNE®XGBIX[ G DFFXPXODWLREB @M ¥R U D HJ DSSHSHBEDW |
-/ RQW pWp XWLQHHRPRREEDWHOW DQ : QRXV GRQQH OD Prl
LQIRUPDWLRQ TXH :/ GDQV OHV HQUHJaNAKX-OTH BWVDIOW Q
' DXWUH SDQRMK OCBEHXU B H,WiW BI@W GU p TGHAMQ BHFV & H QFRDQVG DHS DV
VHPE/OXPILVDPPHQW ILDEOH SRXWRGMM UWPW XO MW VR EWHH R
DQDOYRBW UHSRUNIQYHGH QV

/IHV DXWUHV LQGLFDWHXUYV
$QDO\VH GHW P DBBRORQ WP R W W H

/HV DQDO\VHV GHV pOpPHQWY WUDFH O; 50 VGH W)X RSB HhRVFL
OTXQLYHUVLWpP GH %UDVtOLD DX %UpVLO VREKDQIVIGCLARGW
VPGLPHQWY RQW pWp VpFKpV GDQV XQ IRXU GH ODERUDWRL
VpGLPHQWRUR QWUpRRIYW LD WE HW OHV IUDFWLRQV LQIpULH X
VPpSDUpPHV j O DLGH G XQ WDPLV 1 ,12; $670 0(6+ 7</(5

GH FPH VpGLPHQW GpHFRRDMXUIDNRBODFp GDQV OH BPFLSLHQ\
JOXRUHVFHQRAH pPHKDQWLOORQV RQW pWp DQDO\VpV GDQV XC
HQ PRGH VRO DYHF WURLV UpSpWLWLRQV GH GHX[ PLQXWH\
PR\HQQH GUH\S WWIRLVRQV SRXU O LQWHUSUpPWDWLRQ GHV GRQ
XQH LPSRUWDQFH UHSUpVHQWDWLYH RQW pWp VpOHFWLRQQ|
GH O pURVLRQ ODUVKDO HW DO 'DY Vi VDHVW) GOREVHU Y
FODLUHPHQW OD YDULDWLRQ GHV GRQQpHV VXU XQH pFKHOO

$QDO\WH GHV LVRWRSHVGHW G HOP @ RWRHOQWYV WUDFH

&HV DQDO\WHV RQW pWp LUDW PLWp \H DINNEYOHERAKIBIRAWH G M L W
GW YDOOpPHV GH -HTXLWLQKRROQISD( N WWXIED P ORI O VLGB V

*HUD LOYURPWWOG LULJpHYV SDHUQDPEKDKRVIDMNO R QDN @R X @ GLRGHQRH
FRPSHQWUH $DW pFK H@WRQGRIRDQW LW p GH WIEEQHNE Q W
PHVXUHWVRASRWLWLRQ/ L&/ RWIR SGAX XHDUERQH R 2B QH WG HW®R W L
ILWURNR@BOGH O R[\JgQH 2 GH O K\GURJgQH + HW GHV p
6 &X %U 9 5E $O)HRQBUpPWE WpDOERMYRIXW IOBTRRQJ GH OD F
PFKDQWROWRIAWpP VpFKpV EURWYWWHN® VKA R R IO HDKY PPYHHORN G |
VPpGLRHOQMW pWp DQDO\VpV /HV pFKDQWLOORQV SUpSDUpPV SRX
SK\WLTXHPHQW HW FKLPLTXHPHQW VHORQ 3HVVHQGD HW DO
pWp REWHQXHV SDU FRPEXVWLRQ VgFKH GD@V2 XORBQDE\V}
7UX6SHF OLFUR HW OHV JD] JpQpUpV R QWD p W K XAXDVOIARIQW Gt
FRPSRVLWLRQ FRQQXH RQW pWp XWLOLVpV SRXU FDOLEUHU
6 HW OD IHXLOOH G RUFKLGpH & + 1
pPOPpPHQWY PDMHXUV HW WUDPPHRURGRHRWH G pVEHYBHQ YV D &
6KLPDG]X (';GDQV /,3(09%/( / pWOKOWREA@BSRVLWLRQ FRQQXH D p
O pWDORQQDJH GH O pTXLSHPHQW /HV UpVXOWDWYV RQW pJC
VHF




3RXU pYDOXHU OD FRPSRVLWLR@ HWRWR&SLTXH2HW p 8 WP plQMPDH
PDMHXUV HW WUDFHV XQH DQDO\VH HQ FRPSRVDQWHYV SULQ
SULQFLSDX[ IDFWHXUV FRQWU{ODQW OD GLVWULEXWLRQ pOg

GDQV OHV pFRX@WE ®ERQYVG OHV VERM@WHRW REHY HWMWp VORD
SRXU OH PRGH GH FRUUpODWLRQ (QVXLWH OD PpWKRGH GH
SRXU PD[LPLVHU OD FKDUJH GHV YDULDEOHV VXUQ@HW BROP SR

/| DQDO\WH D pWp UpDOLVpH DYHF 6366 'HV UDSSRUW
7L $0 RQW pWp XWLOLVpV SRXU FRPSOpWHU O DQDO\VH VWDV




3DUWLH ,,

BBEBBBBBBBEBBEBBEBBBBBBBBBBBEBBEBBBBBBBBBBE

SUWLFOH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE




SHODWLRQVKLSY EHWZHHQ SROOLQ
PRUSKRORJ\ HDRR®D B O\DIQQV4XDWHU QD L
WKH &HUUDGR

6RXNV BDO\QRORMXQIQ+GRL
.DWHUMERERUUHFDTXHO )UDQ B R UBBWWVIUMR/H G U X

,QVWLWXW GHV 6FLHQFHV GH Of(YROXWLRQ GH&QAR®WSHOO
,5'(3+( )UDQFH
'HSDUWDPHQWR GH *HRORJLD 8QLYHUVLGDGH )HGHUDO GH

&RUUHVSRQGLQJ DXWRRUUMHWHULQH (VFREDU

HPDLO NDWHULQH HVFREDUWRUUH]#LUG IU

SRVWDO ,D&V&/UMKW GHV 6FLHQFHYV GH &%(YRQXWNERQ ,6(0 80
ORQWSHOOLHU FHGH] JUDQFH

$SEVWUDFW

7KLV VW XOGAWKSRIVSIQRVORHIVFDDSWLRQ DQG HFRORVHBDE VIMOURE
SROOHRQWDYBYHHZDWHG $SBRR®OMXKMWBRHUUDGR REWDLQHG IL
FRUHV ODNH )HIDU MR ORIZEBIMSX ®FR:H DQDO\V]H WKH UHODWLF
HFRORJLFDO DQG PRUSKRORJLFDO WUDLWV SROOLQDWLRQ
ZLWKLQ WKH WZR GLIIHUHQW W\SHQ RIKB HS3RVWRHROROOHQ
DVVHPEODJHV ZHWH ERBHDMR®I G ERVHG SK\WLRIJQRPLHV DQG ¢

P LQ KHAKIKOM D FRPELQDWLRX\WILRO®RPIGHW R HRUSHH @ BSV H U
SROOHQ DVVWREODFRUFHIDUGLQJ SROOLDDMILRG P IMRIRPHY
SROOHQ WD[D GHVFULEHG HQ WKRMRYKEBBRV HS DB GHI W V/J WH b
HQWRPRSKLORXV SROOHQ ZDV REVHQWWP®SKRQRXERWKQ
DQHPRSKLORXV HQWR R 5 IGLLO/FS W WH RABHMWP EPEDXIE DQW P HG L X
SROOHQ FODVVHV ZHUH WKH PRVW DEXQGDQW ZKLOH ODUJH
VOLJKWO\ SUHGRPUGIBQWGL Z KALIOHH QQNWKH VZDPS UHFRUG P
DEXQGDQW 2XU UHVXOWV VKRZ WKDW VZDPSV DQG ODNHV ¢
UHJLRQDO SROOHQ DQG LQ WKHLUOHNHL WKDIQNH WD QTK H HOKS R
DOVRHQHA®X SROOH@ GRVISE BKIRQRIQRP\ ZLOO LQFUHDVH WKF
D PRUH RSHQ SHNWXFOWRR\Q D EHWRIAD 0 HBQG WHQ WROAMDLMR § LRIKC

.H\ZRUGBMRSLFDO IRUHVW SODQW WUDLW SROOHQ VHGLPHQV
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, QWURGXFWLRQ

3DO\QRORJLFDO VWXGLHYV DUH ODUJHO\ XVHG DV D WHFKQLT)
VKRUGRQJ WHUP G\QDPLFV 6HSSI SURYLGLQJ LQIRUPDW
DQG LQIHUHQFHV RQ FOLPDWH FRD QUGG BQRFR Y VHVR@RUHEEB C
LQWHUSUHWDWLRQ RI SDO\QRORJLFDO GDWD LV KRZHYHU KI
SROOHQ W\SHV DQG RQ WKH DVMHWKAHOMRRIUBSERY LWKRQKE
SODQW VSHKBIOHOHDVHD IRU SROOHQ LG HPRWEHLFW WRVRGD K QI W K H
GLYHUVLW\ Rl HFRV\WWHPV FRPSOLFDWHV WKH PQW®®SUHW
EHFDXVH SODQW VSHFLHV DUH RIWHQ QRW UHYWSBBWHG WR
FRQW LYQHXDHPV D W L R@® W RN DMBRUEIDGHRD O YHIJHWDWLRQ UHODWHG
SUHVH QW ODHK FUMYBQHUDOO\ DVVRFLDWHG WR DGMDFHQW
KXPLGLW\ DQGVQWWH LDWDANRI DERWHU GHFUHDYRRG\GBMURDBWR\
FHUUD@MKRFK DUHRFRAPRQ O H: DDIC) A BOMR HOES LUR DQG :DOW
7KHQ LQ OHVV RU SRRU QXWULHQW DQGVEQV XRNDRL FAVSR
RSHQ FHUUDGR KHUEDFHRXV VSHFLHVY GRPLQDQFH DUH SUH
HYH@WWVRQLPD &XUDWHRREGD SS\DHIGRFR ZDWHUORJJILQJ S5LEHL
'XULJDQ HW DO 7ZR RWKHU SK\VLRJQRPLHV DUH VWURQJ
ZHWODQGV FRPSRVH®GXJLWREPWQ H IS SOBINZD FBMUCHED &
FRPSRVHG Rl FRPPRQSK\DQRSKRORMH &\SHUDFHDH (ULRFDXC
IDPLOLHY DQG WKHDPSW YBDEROQDRWHSE E\ KHUEV RI JUDPLQH
GHSHQGHQW RU DG DSRAHGUW R( B RQIWX I/ RAFOGSIIDEHL FUHRDBIQ G\ UD © \
'XULJDQ HW DO

$ IHZ VWXGLHV KDMHF GHIOOMQ ZHWR WEWHUSUHWLQJ SROOHQ
FRPSOH[ YHUGROVGLLRY JXLGHV IRU WKH LGHQWLILFDWLRQ RI
LQIRUPDWLRQ RQ SOEQWUHPRORJ\ IRHHQWH DQG OH\HU 8

JUHLWDV HW DO JRUHQWH HW DO DQG VWXGLF
WKH GLITHUHQW YHJHWDWLRQ SK\VLRJQRPLHVIWKHWL @ R/ XIG\L E
KDYH FRQWR IREOUNNMGRZERIGO H R U H RUNHKHN/QEWLIRW HR @ KH\ DOV R K
WKH QRPHR&H LQYHVWLIJDWLRQ 6SHFLDOO\ WKH OPWDH MRHU UL
NP3 IURRVR f6 RI D@ MWKXGIHDFW WKDW WKH YHJHWDWLRQ SK
D ZLGH USQDH)WIVSHFLHVY DFFRUGLQJ WR WKH UHJLRQ O9LHI
%ULGJHZDWHU ZHKW PKH V@ KDW WKH LQWHUSUHWDWLRQ RI SRO
JUHDWO\ IURP VLWH WR VLWH

,Q WKLV VWXG\ ZH SUHVHQW IRVVLOOFRFOWHHE W RW XK H B B D/ERR
GLVFXVV KRZ PRUSKRORAUBDIHWYWE WRROYRHLAWDIOH RI GHSRVL
WKURXJRKWLPRDO\WVHG WUDLWV LQFOXGH SROOHQ VL]H PDOC
ELRWLF DELRWSPDRRRMMBRWKFHHNE VKUXE WUHH DQG YHJH
VKUXEE\ ORZHU DQOG (PG GHXIMH \GMRIUVAHNG IRU HDFK WD[D EDVHC

7KH SDOHRHFRORJLFDO DQG SDOHRFSORPDWQRHAFW HGEHYH QYW ¥
HOVHZKHUH RWEHRIEDOD (VFREOUBM] DOELQ SUB®G KHUH ZH IRF
VROHO\ RQ WKH GHSRVLWLRQDO DVSHFWV Rl WKH SROOHQ D\




LQIRUPDWLRQ RQ WKH HFRORJLFDO VLIJQLILFDQFH RI IRVVL
LQIHUHQFHYVY RQ ODQGVFDSH FKDQJHV LQ SDODHRHFRORJLFD(

ODWHULDO DQG OHWKRGYV
6WBGHD DQG FRUH VDPSOLQJ

7ZR VHGLPYAHVW HRUMHNHQ LQ WZR GLIIHWHKHN)ERE MUE RB WHHW )
GHSWHGLPHQW FRUH /)% f 1 °6 f DVQLIDOWIBLRGH l
WKH YLFLQLW\ RI )RUPRVD FLW\ *RLDV 6WDWH LQ WKH FHQ
ZDWHU FROXPR DQXRIPDFURBERXWDHYW 6DIJLWWDDUB RENKKRWUG
VWDUWLQJ IURP WKH VKRUH DQG FRQWLQXLQJ WRZDUGV WKH
WKUHH PHWHUV RI WBB XPWHK® UHHSDVHWHQWLQJ SROOHQ WDJLC
FDO \UMFRERUUM| DOD

BHFRQWKHY XMZIDRPS ORFDWHG DW f 6 f ,9D: P |
., E D VHGLPHQW FRUHPHWHU FERICSMEKA/BIVGP HIWRMIKM GUDLQDJF
QHWZRUN 7KH VZDPS (MW ORBRFRBWHRRORY VFRH6HUUD((*8+IDO GR 7
RQ WEWDPDUHYV GIDAOMWHEHIP RI DOWLWXGH WKDW VHSDU
WKH 6mR J)UDQFLVFR DQG TBROADNQMA QL QDY H UYH WZ RIUKIMA G H Q \
RSHQHG ZLGH D QRSUPCKIW LYAD D OHDW \RGELNFHIFOVR R\SARR S & HTK AR Q W H
RI WKHKUHH PHWHU MARGYRWEW ORVMW a  (VFREBW W8 DO
ELQ SUHS
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JLIXUHD %UD]LOLDQ ELRPHV VKRZLQIJDWMH/PRFDWLIRQLRHY*W FRUHYV LQ W
DQG WKH E HOHYDWLRQ LQ ZKLFK WKH WZR VLWHY DUH HPSODFHG ZLWK




&OLPDWH DQG YHIJHWDWLRQ

,Q WKH .|SSHQ FODVVLILFDWLRWLWEHRW R U }%F CCOQG/ I9M(HG DV $2Z
ZLQWHU DQG ZHW VXPPHU RYONPWHOW PIMWIMOFRQGLWLRQV DUH
VDPH PDMRU GULYHUV Rl SUHFLSLWDWLRQ UHJLPH 3UHFLS
$PHULFDQ &RQYHUJHQFH =RQH 6% &P SEORGVBAHKD BR XQNIO XA BB |
ORQVRRQ 6\WWHP 6$06 DQG E\ WKH VHDVRQDO PRYHPHQW R
,7&= ZKLFK PRYHV DFURVYV WKdH LHOTVXRDONDRAUL RRYO P\RDLHQ J7 K H V H
DQWLSKDYHMWDMWHUSP MDAQLAH QWG DO %UD]LO Q&G VOREDY DV HU
%UD]LO GXULQJ WKH DXVWUDO VXPPHU '-) DQG WKH RSSR
SHERLWLD HW DO ODUHQJR HW DO

$VWDNH )HUD% FREBRR Q WKIOR SHUDWXUH RVFLOODWHY EHWZHH
DQQXDO SUHFLSLWDWWRQ Y DRIHHHWWDIIRIRR VZORS RPWH HU
FRQGYWLWRH) REZVMKY WEBPSHUDWXUH UDQJL®HDMORPXDOWRDLQfR
DURXQG PP $OWKRXJK ERWK VLWHY DUH XQGHU WKH LQIC
GLIIHUHQFHV DHE DRENBIULY G W LW X G L QO DNSRNMLEBL\RW O ¢ KDL OHHF
E\ WKH 6%$&= DQG WKGIL B HAENW \WEBHR LWZ BRB UDEWB ULRKH®/ KZH VW
VRXWEHBVMWSG WORMHOFHQFHG E\ WKH FOLPDWH RI WKH DGMDF
QRUWKZHVW DQG WKH & DEDMIKKQH D DVB R W/UKHQWHRE I EDW IVRIG \GR(Q@ L Q
ZKLBK FUMKDMHWYJI WKH GU\ VBRWBRQ WHWR SHF@SNLYBIG\HW DO
6LOYD HW DO

7KH ODQGVFD®NMHPURXFEPSRVHG R IFHELRMDIG RR DHEE UZRORER
SK\WVLRJQRPLUPY QHWK IR UHMNP JWKRZIOPNHVKRUH WR P DERYH
QRUWKNDEGW HU QM KER DN FDO VXUYH\ SHUIRALBDHBHDOM GURR]
GRPLQDQFH RI WKH IROORZLQJ IDPLOLHV $QDFDUGLDFHD}
&\SHUDFHDH (ULRFDXODFHDH 3RDFHDH /DPLDFHDH )DEDF
OHODVWRPDWDFHDH O\UWDFHDH 2QDJHDHH DBIR Q MHRXH.GLH
9HUEHQDFHDH DQGGHUUWRBEDFMDGL7KH *HWXOLR VZDPS LV OR
VHDVRQDOO\ |0RRIGH @ KUIEXH W KD GFEUIR-DSDIR VZIDP SV LV IDY!
9LOOHOD DQG 1RJXHLUD 7KH YHJHWDWLRQ LV FKDUDF\
DQG FSHOQRQ@PRQG\ VRLOV BHQWDIERRMGURFN\Y DUHDV ZLWK FR
DOQGHUBGD JDOO KHBRYHMWMU EDQNV &RPPRQ VSHFLHV LQ W
E\ +LUWHO O D& KW O/ARB/DID B.QDFRIBXQHD\®RP\RFD UDREDHNLD
SODW\FHBEDGBDMRVDF®WDHGJHZDWHU HW DO

IDERUDWRU\ ZRUN

6HGLPHQW VDPSOHYV ZHUH SURFHVVHG DW LQWHUYDOV RI FPF
DQG VDPSOHV$ IRRONRHH RI FPA RI VHOGNVPKIRNMG BROOHQ

HIWUD&EMWHRKFDO WUHDWPHQWY ZHUH FDUULHG RXW DW WKH ,

IN\FRSRGALXPOHWY SHU VDPSOH ZDV DGGHG WR FDOFXODWH W

ILUVW ZDVKHG LQ .2+ LQ D KRW ZDWHU EDWK EHIRUH GHQ
5DXS 6DPSOHV EHWZHHQ DORU % FRORI GHBR/K FP RI GHS
9*( DQ DGGLWWRDWOFR@WISVWHG LQ D PO +)JWIWUHDWPH

,2 YHUVHQZDV SHUIRUPHG WR UHPRYH VLOLFR GGRHO@ BQ OVERRIRL




ZHUH FRXQWHG DQG LGHQWLILHG DW [ PDIJQLILFDWLRQ 3K
FDPHUD ZzDV WDNHQ DW WKH PRPHQW Rl WKH LGHQWLILFDWLF

SROOHQ WD[D PRUSKRORJ\ DQG HFRORJ\

7KHGHQW LRL FERMDOLARTD WEBYWEKH ,6(0 SROOHQ UHIHUHQFH FRO
WDBUHPHRW DO DQGLFKEMHQWLILFDWLRQ NH\V DQG FDWDORJV R
6DOJMERXULDEADVVLQR OHWWXVK :HQJ5&3RO )RU HDFK
SROOHQ W\SH PRUSKRORJLFDO IHDWXUHV XVHG IRU SROOH
GLVSHUVDO IRUP SRODULW\ V\PPHWU\ VL]H FODVV VPDOO

—P QXPEHU DQG DSHUWXUH WA S HY KCKIH H QL ZTSEMNDRIV K HD 1B Z
SDWWHUQ DQG DSHUWXUH VKDSH 7KH WHUPLQRORJ\ XVHG IF
HW DO

JRU HDFK SROOHQ WD[D HFRORJLFDO LQIRUPDWLRQPLQFOX(
YHIJHWDWLRQ SK\VLRJIJ2RPHHREWDPE QH/GU DURXFPHRIW D Q@ HED DQ VW
&HUUDGR SK\WRSK\VLRIJQRAUOUHWDMIMWRK IRFFXYRROWLRQ FORVFE

YHOILOL DQG E )HOILOL HW DO /RUM@|& 0DBWRPHEDOCL

DQG ORUDHYV ODUWLQV DQG %DWDOKD ODWLDV HW D¢

0XQKR] YDQ GHU BHWKRQG 203LYHLUD 9LHLUD HW D
5HVXOWYV

SROOHQ PRUSKRORJ\ DQG HFRORJLFDO LQIRUPDWLRQ

7TKISRODERO\VLYVY RI /)% BROGH¥»UHVXOWHG LQ WKH LGHQWLI
WHUUHVWULDO G® D% HQU® KSHMAVH G S RDGQABN (B8 MYSRHIVVSRUHYV DQG

QR®AROOHQ SDO\QRPRUSKVY UHVSHFWLYHOFRWRHRFYVBHKGIGHQJ
WHUUHVWULDWRS RDW K@ COONGHGR Q\DWDL W XWHG WKH PRVW IUHT.
W\SHWLBPKH GHVFULBHKBUKHYMWULDO SROOHQ WD[D ZHUH LGHQ
IDPLO\ OHYHO DQG BRODMPGZEMAHWHQHWED WR JHQXV OHYF
DQG HFRORJ\ DUH GHVFULEHG EHORZ

$PDUDQWKDFHDH
*RPSKUBQDWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU UDGLDOO\ \
UHWLKRCBWBRFKDWH FLUFXODU SRUHV ORFDWHG LQNLGH Wk

(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV SODQW & SKRWRYV
DOWLWXGH LQ WKH &GHJWDYEIRO KRRIPW DOQN 7KH\ DUH GUR?
DGDSWHG WR D ORQJ GU\ VHD\DFQ R ¥ RIBB DWW KIEHHW RXIVNHR R W
WKHP WR VXUYLYH GU\QHVV E\ LQFUHDVLQJ WKHLU VWRUDJH




RSHQ &HUUDGR SK\VWLRJQRPLWNQ RS NGRERHERWEHIR DFGIRJ BD GRH U U
OHVV FRPPRQ DW WKH HGJH RIHUMHGDHIR HW BWOWW RU VZDPS

$QDFDUGLDFHDH
SVWURBQEWHILIXUH D E

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO

VXEWULDQJXODU H[ULBWLFX@DWHYWRRREMRRFKDWH VWULDH

VXESURODWH WR SREDDWHWBRBHXY®RRGEGD® RU ODORQJDWH E
—P D DQG E

(FRORJLFDO LQIRUPDWLRQ WUHH [HURSK\WLF DQG KHORSK\
FRPPRQO\ IRXQG LQ URFN\ DQG GU\ WHUUDLQV ZLGHVSUHDG
RFFXU LQ WKH $PD]JRQ DQG $WOD QW LR RUHHP\L W M FLGX FDXMH VDIOH
VSHFLHY DUH SUHVHQW LQ WKH &DDWLQJD ELRPH )HOILOL H'
ZLWK a P LQ KHLJKW , VWHHRF®DUEHD GRRX BICRH @ VEHO-DUNERG m R
GU\ DQG JBI®@ WNUWDRIR HW DO

7TDSLWBIOLOWHILIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO
VXEWULDQJXODU H[LQH PDUNHGO\ VWULDWH VWULDH ORQ
VSKHURLGDO SRUHOREWWRJIWODYHUVLQJIVWKH FROSXV 6L]F

(FRORJLFDO LQIRUPDWLRQ SHUHQQLDO WUHH ZLGHO\ GLVW
7TKH PRVW FRPPRQ VSHFLHV 7L QXL RKMUWYW SRFEHRPBVLNQ DY H

R P VRPHWLPHYV JURZLQJ WR PRUH WKDQ P ,W LV FRQ)
IRUHVW FDQRS\ )HOILOL ,Q WKH &HUUD GRI EEULB B8 ki R VDUXH
GU\ DQG JDOOHU\ IRUHVWY 6DQR HW DO

$SLDFHDH

(U\QJLX®DWHILJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE WULOREDWH H[LQH SVLODWH SRJUHH OB®PRQIJDWH WUDYH

(FRORJLFDO LQIRUPDWLRQ SHUHQQLDO RU ELHQQIPDDQKHUE
KHLJKW 8VXDOO\ REVHUYHDBOWY WSGEHK) JFHIMVGRD QIGL KR URFN
UDLQIRUHVW PDUVKHV RU ULYHU EDQNVDWERIRVRAHWOPHYV
$OWKRXJK LW FDQ EH IRXQG LQ ORZHU SUHFLSLWDWLRQ FRQ
&HUUOKBRJIULXNPREVHUY HGE HQVKXHUDWMRMANZD PS DQG VRPHWLP}
WKH HGJH RI JDOOHU\MR@WHVWYVY )ORUD GR %UD

$TXLIROLDFHDH
,OHJODWHILJXUH




SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
VSKHURLGDO DPE VXEWUAIORJIXOGPR) H[LQH FODYDWH

(FRORJLFDO LQIRUPDWLRQ 7UHH RI QR PRUHLWKWQ YaD @ GX\UX
DQG 20)LYGHKR D W LV D ORZHU VWRUH\ WUHH FRPPRQO\
GUDLQHG VRLOV WR VHDVRQDOO\ RUNSEOP D QH Qa\DO6 L0 RR GG
WV GLVWULEXWLRQ LV XVXDOO\ UHVWULFWHG WR DQ DOWLYV

DQQXDO SUHFLSLWDWLRQ RI DW OHDVW PP SUHYDLO ,Q
WHPSHUDWXUHRQIQG PRQVWHKY GBRERRPIUBWMG:ALYRKDQQLD /L
+HG\RVBREUDXFDHGD X HW DO ,Q WKH &HUUDGR ELRPH |

JDOOHU\ IRUHVW DQG OHVV FRPPRQO\ LQ RSHQ FHUUDGR FH
$UHFDFHDH
(XWHWSSHOQWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG KHWHURSRODU ELOD
PRQRVX®OHBWH—P

(FRORJLFDO LQIRUPDWLRRO HDUPRRP RWQ I C5®HY R W H H 8 W UH.GX\OH.
FRPPRQ VSHFLHV LQ WKH &HUUDGR LV UHVWULFWHG WR Zt
ORUDHYV DQG UHTXLUHV KLJK PRLVWXUH ZLWK ORZ WR
WHPSHUDWXUH *DWWL HW DO 0Q REER/HH & WG DQRJI B DRORHHU
WKH HGJH Rl ODNH DQG LQ IORRGSODLQ JDOOHU\ IRUHVW 6l

$VWHUDFHDH
% D F F KD\WBO DWHILJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOC
WULOREDWH REODWH VSKHURL&GPO H[LQH HFKLQDWH

(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV RU VKUXEE\ SODQ
GLVWULEXWHG LQ WKH &HUUDGR ELRPH |URWPDQR BBUVWRROK/L J)HK
GK.DUYDOKR HW DO &RPPRQO\ |RXQ\8 ULG WBSHED QR-MM D
IUHTXHQWO\ DW WKH H GIMHOM DJFYSE O H BDIGRR) HIWNDIDQ G

%RUDJLQDFHDH
&RUGIODODWHILIXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU UDGLDOO\ V\
HILQH HFKLQDWH VKRUW HFKLQLL]H-P —BRUH FLUFXODU DQQC

(FRORJLFDO LWUHH BWLWRKQUXEE\ SODQW UQRZRQH WY WRU E\ |
FRQVLGHUHKG YH ¥ KRR HFRIO D@QGHID S)HOILOL ,Q WKH &H
REVHUYHG LQ JDOOHU\ IRUHVW FH\QMU MMVMMDIRF WRUDOD GmMR DQ

%UDVVLEWFSEDHWHILIXUH




SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE WULOREDWH H[LQH VFDEUDWH 6LIH a —P

(FRORJLFDO LQIRUPDWLRQ ODUJH IDPLO\ UHSUHVHQWHG E
SDOHRHFRORJLFDO VWXGLHV LW LV FRQVLGHUHG D SLRQHHL
XVHG WR LGHQWLI\ QDWXUDO RU DWW URISD 6 VG IM/IWRQU BLDRPF A &
IRUHVW FDQRS\ HVSHFLD OSH FURWRQUDB QWRF HDW B G ZLWK ,Q W
ELRPH WKLV IDPLO\ RFEFXUV DV KHUEV DQG LV QDWXUDOO\ |
DQWKURSRJHQLF 6DQR HW DO

%XUVHUDFHDH
SURWBRBWHILIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDO
VXESURODWH BREWHJLBIQUX®BYLODWH ZLWK KRPREIIHBHRXV
—P

(FRORJLFDO LQIRUPDWLRQ HYHUJUHHQ VKDGH WROHUDQW

WR P LQ KHLJKW EXW LW PDQHIUJURQ@LXS WR/RUHQ]L , W J
IRUHVWY ORFDWHG QHDU ULYHUEDQNYV ,DQQWKIHQ&WZDJAS3 RD B H®
XVXDOO\ IRXQG LQ JDOOHU\ RU ULSPMHRNMG MWDBIFFVWWRGDDOD IRUH\

&DQQDEDFHDH
&HOWQBWHILIXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU UDGLDOO\ V
WULDQJXODU H[LQWLIMLODWR HQGRSRUH

(FRORJLFDO LQIRUPDWLRQ BLRQKHLUGWPHEI) BKMHIS WRNK IDVW
XVXDOO\ REVHUYHG LQ JDOOHU\ IRUHVWY WKDW DUH VXEMF
&HUUDGR ELRPH LW RFFXUV PDL @ UG UHNEW LDLQE® RHU UDGONHR

TUHRDDWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU DV\PPHWULF
ILQHO\ VFDEUDWH HQGRSRUH FLUFXODU 6L]JH " —P

(FRORJLFDO LQIRUPDWLR QG HFRYGIGL QW RV HP RXIGIXS KWKRAX V X D O
REVHUYHG LQ7KHRIEGDVRLRYHHU WUHH /RUHQ]L DQG FDQ
DUHD RIHWKGDDXMR HW DO ,Q WKH &HUUDGR ELRPH LW

PDUJN®VYHGEDS FHMHIDWRORWR GR %UDVLO




30QWH3KRWRPLFURJUDSKY RI SROOHQ WD [PRIUGHHQ WP DLHIE) IRPTHRHDEIOG 9 *
$QDFDUGLDSEWUWHRQLXP 7DSLUCW\D J$ X PD B RHI R @HF 9D HF DEKHDHU S H

W\SH $VWHU®BBHB KD U RW WMNSGD PARMKM GLD %UDVVLFDFHDH 3WBWLXPXUVHI
&DQQDEBRBFHD&HOWLYV 7TUHPD +*&DU&PRDRPBEYH DK K OR U D @ WE&EIRRHPDXHP
EXQQRQEDFHMPDQRQLD 'EOOHXAHDHOOD *'UR VWHRMHHD H (ULFDFHDH \
(XSKRUEEDFHEBBIO\SKD $OFKRUQHD PmHEOEFHH®IHQ W KP U D OLPRVD




&DU\RFDUDFHDH
&DU\RBDDWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE FLUPFR}XOMHY UHWLFXODWH LQ PHVRFROSLXP DQG UHJXOI
LQ WKH SROHVY DQG WKH HTXDWRU SRUH HOOLSWLF 6L]H

(FRORJLFDO LQIRUPPWLR XHWIKW WKDW JVRDRW XL ¥ WMXKLH VW R
DOXPLQL]JHG OHDFKHG VRLO%HPIDXMRAHW DOSOPHLGW FDQ EI
GHFLGXRXV SUHVHQW LQ WKH &HUUDGR ELRPH IURP RSHQ F
$UDXMR JURVW VHQVLWLYH ZLWK WKH GHDWK RI PDQ\

&KORUDQWKDFHDH
+HG\RVBXO®DWHILIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU DV\PPHWULF
IRUP RI BRLYWHG VWDU VH[LQWHNMKLHF ¥IOD YDKDH 6 H][H Q H

(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ WWHHUH EQ PZAHROOO \ |
GUDLQHG VRLOV WR VHDVRQDOO\ RU SHUPDQHQW IORRGHG I
UHODWHYV WR ORZ WHPSHUDWXUH DQG3RKEIRAD FRXM LWL Q BPDK
/IDPDQRQLDQFFIOIH{ FDOHGW X HW DO ,Q WKH &HUUDGR ELRP!
JDOOHU\ IRUMMWHD/@® PDUVK 6DQR HW DO

&XQQRQLDFHDH
/IDPDQR®QDWHILJIXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU DV\PPHWULI
FLUFXODU H[LQH ILQHO\ UHWLFXODWH D RU SvhOBWH E
a —P E

(FRORJLFDO LQIRGRPWQEDQDWUBKWI ORZHU VWRUH\ a P Y
JLOKR /IRUHQ]L ,Q WKH &HUUDGR ELRPH LW LV RE)\
6DQR HW DO

'LOOHQDFHDH

& XU D W3HODODHI L I X U H

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO
WULOREDWH VXESURODWH H[LQH PLFURUMHWLFX©GDWH LQFR

(FRORJLFDO LQIRUPDWLRQ VHPLGHFLGXRXV WBHH ZKMLK KDVG |
W LV GWRRHUWQW VORZ JURZLQJ WUHH WK DW WKKUEBWHVD®
ELRPH LW LV IRXQG L Q \RSG\OX AHAHUWDFDRRARH UBDIQGRRHW D O




'"URVHUDFHDH
"URVHI®D,WHILJXUH

SROOHQ GHVFULSWLRQ WHWUDG ELJ VLIH LQGLYLGXDO JUL
FLUFXODU H[LQH ILQHO\ FODYDWH 6L]H HQWLUH WHWUDG a

(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV SODQW JURZLQJ QI
JUDVVODQO HWZDRBMORRGHG VRLO )ORUD GR %UDVLO , C
LQ PRLVW JUDVV QBQ GEHERRUDWE D O QG JORUD GR %UDVLO

(ULFDRMHB3HODQWHILJIXUH

SROOHQ GHVFULSWLRQ WHWUDG ELJ VL]I]H LQGLYLGXDO Jl
WULFROSRUDWH DPE FLUFXODU JUDLQ VXEREODWH H[LQH I
WKH WHWUDG a —P

(FRORJLFDO LQIRUPDWLRQ VKUXE WR WUHHOHW IRUP FRPPI
SHULRGLF IORRGLQJ DQG LQ PDUVK RU KXPLG VRLO DW WKH
VSHFLHVY LQ WKH &HUUDGR ELRPH RIDOQRALLWY V) NEBHDWWYWD EVIV U
EUDVLOGBIQR IHWW DO

(XSKRUELDFHDH
$FDO\SKMWHILIJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
WHRRMDMSRUDWH H[LQH SV LODQWHK OMRE SREHAERACEDNI0 WEBLRW H WL D |
—P

(FRORJLFDO LQIRUPDWLRQ KHUE WR VXEVKUXE JURZLQJ QR
ELRPH LV DVVRFLDWHG WR GU\ VHPLGHFLGXRXV IRUHVWV Ft
JORUD GR %UDVLO

$OFKRUBQBWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
VSKHURLGDO DPE VXEWULDQJXODU H[LQH WKLFN ILQHO\ VF

—P
(FRORJLFDO LQIRBHPDWICRQJDJIE&WRPLQDQW WUHH SUHVHQW
P LQ KHLJKW )HOILOL ,Q WKH &HUUDGR ELRPH LW L

VRPHWLPHY IORRGHG RU WR VHPLGRRIDEXRXW RJESDUDBM RR U




)DEDFHDH PLP
$QDGHQDRWKWIHIDIXUH

SROOHQ GHVFULSWLRQ SRO\DG FRPSRVHG E\ PRUH WKDQ WI
H[LQH ILQHO\ VFDEUDWH 6L]H a —P

(FRORJLFDO LQIRUPDWLREPBEOBUQHQW B EKGRUIKMRA) HBILQL
FRPPRQO\ DVVRFLDWHG WR IHUWLOH VRLOV DOWKRXJK LW FD
E ,Q0 WKH &HUUDGR ELRPH LW LV REVHUYHG LQ JDOOHU\

OLPRVBODDWHILIXUH

3ROOHQ GHVFULSWLRQ XQLSODQDU WHWUDG DE DQG WL
DE DQG VPDOO VL]JH F H[LQH SVLODWH DF WRHLQHC
DQG a —P F

(FRORJLFDO LIQHREPWWLRKUXE JURZLQJ QR PRUH WKDQ a P |
&HUUDGR JHQHUDOO\WRBWHKUYE G LESHMHURHDWLEIR GR 6DQR HW T

SLSWDGBOMWHILIXUH

S3ROOHQ GHVFULSWLRQ SRO\DG FRPSRVHG RI RU PRUH JUDL
SVLODWH 6Ll}H a

(FRORJLFDO LQIRUPDWLRQ WURHIOHWHRUDRKWKHLQRWHKH ¥ WRWIIC
JHQHUDOO\ REVHUYHG LQ JDOOHU\ IRUHVW GU\ IRUHVW DQG
FHUUDGR ,W LV DOVR D FRPPRQ S5ODKQWM LAY GW DROUHVWE D QR

J)DEDFHDH3OEDMHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
RU RBMBIKWHRLGDO DPE WULOREDWH H[LQWLIMLODWR SRUHV

(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ VKDGH WROHUDAQ
,Q WKH &HUUDGR ELRPH LWHQVXRXEMHU¥FBGNMR) BRUUVURGRVW DC(
LQ JDOOHU\ IRUHVW 6DQR HW DO

'LDOLX®DWHILIJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
REOVSWKHHURLGDO DPE FLUFXODU H[LQH SVLODWH 6L]H a —

(FRORJLFDO LQIRUPDWLRQ WUHH RI WR P KHLJKW XVXDO
GR %UDVLO ,Q WKH &HUUDGR ELRPH IHZ VSHFELPHQV KD
DO )ORUD GR %UDVLO




ODFKDHGBODXRNVHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDO
VXESURODWH DPBEW.OWLONRHE DS\RHU HHFLLQFEXODU WUDYHUVLQJ WK

(FRORJLFDO LQIRUPDWLRQ VWUDLJKW WUHH RIGHPIHUGDQG P
JHOILOL E 8VXDOO\ UHFRUGHG LQ GU\ IRUHVW $WODQW
DO E ,Q WKH &HUUDGR EWL RPHHMVW IFH URXDOGE R (R UDLOP WK
$WODQWLF IRUHVW 6DQR HW DO

,FDFLQDFHDH
(PPRW3PDWHILJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDO
VXESURODWH DPE VXEWULDQJXOHOD LSV RHGCHVOL WWB MHIS R U@ J (
a —P

(FRORJLFDO LQIRUPDWLRQ GRPLQDQW DQG KHOLRSKLORXV W
&HUUDGR ELRPH LW LV JHQHUDOO\ REVHUYHG LQ JDOOHU\ IR

I\WKUDFHDH
&XSKBDDWHILJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG \DQ\FPPHIS\DULIF BPBEONUV
FRQYH[ REODWH H[LQHSIS\MLOBVWH SRUH HOOLSWLF

(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV RU VXEVKUXE KHOL
VFUXEE\ RU VHFRQGDU\ YHJHWDWLRQ RYHU JHQHUDOO\ GHH

HYHQW &DYDOFDQWL 7KH JHQXV X@®EGHWILPRNQ G UW\WH
[\ORSRGLXP ZKLFK HQDEOHV WKHP WR VXUYLYH Z&EHQ YHJF
JODUH&NYYDOFDQWL 8V X D\CHI) VIR ODEDE) EQ URITHIR SK\VLR.

ZHW RU GU\ JUDVVOBQEX DEBFBWRYBGIRIRZ DW WKHURGBVW +
6DQR HW PORUD GR %UDVLO

ODOYDFHDH
$SHLBEODWHILIJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE WULDQJXODU FRQYH[ H[LQH WKLFN VFDEUDWH6LJRUH OD
a + —P

(FRORJLFDO LQIRUPDWLRQ HYHUJUHHQ WUHH RI a$ P LQ K
WLERX)WHRXD GR %UDVLO &RPPRQO\ IRXQG LQ JDOOHU\ D
6DQR HW D@ORUD GR %UDVLO




SODWHSKRWRPLFURJUDSKY RI SROOHKRWDYD )D B&BD PHDG3ABWD GHQLD )DEDFI
SD& 'DOEHUJLD 'LDOLXP 0D K D H(PLPFW X P D F VGO BIEOKHD KIH D
ODOYDFHDH $SHLED (ULRWKHFD+x O0DOSKQIVBWHDRSVLYV %\UVRQ
OHODVWRPDWDFHDH &RPEUHWDRHHDH 0HHQA WSHSEPPEOWBDH OHQLVSHUPDFHDI
ORUDFHDH O\UWDEHDE X 2 BKMHDF H3MH W D SKHO Q NV WIUHRDHHP L D+ 3K\OOD QW
+\HURQLPD 3+tSHYBDFHORPLD SRDFHDH 3RROJDD®D BWDRXOBEEBDMW KXV

0\UVLQH




(ULRWEBEBBWHILIJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDGH ELJ VL]H WULFROSR
DQJOH H[LQH UHWLFXODWH FLUFXO®U SRUHV VKRUW FROSL

(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ WUHH Rl a P LQ K
GHU %9HUJ HW DO 6DQR HW DO VHQVERQELINRF-AAAR DG MR F

ODOSKLJLDFHDH
%DQLVWHORBNHLYVIXUH

SROOHQ GHVFULSWLRQ JuDLQ PRQDG DV\PPHWULF PHGLXP
ZHGOILQHG DQG SVLODWH FLUFXODU SRUHV ZLWKRXW DQQX

(FRORJLFDO LQIRUPDWLRQ FRPPRQ SODQW JURZLQJ DV YLQF
FRPPRQO\ IRXQG LQ JDOOHU\ IRUHVMQ B R G/ MHERBMGDR L O'Q GOQF
FHUUBBERR HW DORUD GR %UDVLO

%\UVRQIOMEDNHILIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQ@PGODVRISIHO MU LFR®ISIRQDW
H[LQH WKLQ SVLODWH RU ILQHO\ VFDEUDWH HOOLSWLF RU U

(FRORJLFDO LQIRUPDWLRQ WUHH RI WKH ORZHU VWRUH\ K
REVHUYHGUQLODHAOV RLOW RQ WXK B\WFBIURBRREIBD GmMR DQG OHVV |
JDOOHU\ IRUHVW PDUJ)LQRBD @GR W DWOLO

OHODVWRPDANRIPEHMHNWVDEBWH I LJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDC
KHWHURDSHUW XW D WAR &S WRIO ®PREDMHDOREDWH H[LQH SVLO
a —P

(FRORJLFDO LQIRUPDWLR QV XDIHAK/D QM AW DROOOHQ PRUSKROR
DUH VLPLODU EHLQJ7KHXBRPRRF®PHIQXVGLQ RXULFRR@A VLWH
7LERXFRHOQDWRPDWRBRIPEM HVDTEAG P L Q@R DU H W\DFHHLIGIN T V

LGH®LVWULEXWHG (WREAG RWRUKH\QBWIKHK &HUUDGR E|
0H O D VW R IDIMED& R DEDHEADH\HDGIW Y B GPHAUL QDREERIQ DQG ZRRG\ FH
DQG DOVR WR JDO GIW@QRFHWM DWW\ IRUHVWHQ DVVRFLRWHG WHF
YHUHGW FDQ FRORQL]H UDSLGO\ $UDXMR HW DO

OHOLDFHDH
*XDURBODDWHILJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
TXDGUDQJXODU FRQYH[ H[LQH SVLODWH DQG ZHELQHGHILQHG
—P




(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ WUHBGK&® P KHLJK
IRXQG LQ JDOOHU\ DQG ULSDULDQ IRUBRAWWY Q8 RAWFDULRQD!

OHQLVSHUPDFHDH
$SEXVBDDWHILJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOC
FLUFXODU VSKHURLGDO H[LQH UHWLFXODWH KRRREBWRFKDW
—P

(FRORJLFDO LQIRUPDWLRQ PVKQXEHWRW UHWMOIHWFRPPRQO\ F
&HUUDGRSUHIHUHQFYPQDX MODWRHAVRHPODWGIR GR %UDVLO

OHQLVSHUPDFHDH W\SH 3ODWH ,9 ILIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOC
WULD@ILXYGRODU FRQY H [KRPREH RIFKDIVFN OBRWH FLUFXODU WUD
a —P

(FRORJLFDO LQIRUPDWLRQ YLQHV VKUXE RU WUHHOHW IRU
VHQVX IO UN IRUHVW GU\ | RWHYHG DYRGHRVF POR UR QRO @B U D@ |

ORUDFBDBWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSROD W WELSROUWDMUD
DPE FLUFXODU H[LQH SVLODWH RU ILQHO\ VFDEUDWH SRUH

(FRORJLFDO LQIRUPDWLRQ ZLGHVSUHDG IDPLO\ RI PRLVW IRL
LQ SROOHQ VWXGLHV DV D LQGLFDWRU RI UDLQ IRUHVW LQGL
DQHPRSKLORXV VIQGURPH6RRRDBBGDXHFWHRGY IPRPPRQ JHQHUTL
WKH ORZHU VWRUH\ PLQ KHLIKMDKR' DQ G H, %MW &HUG R G
LV REVHUYHG LQ JDOOHU\ IRUHVW DQG OHVV FRPPRQ LQ ZRRC

O\UWDFHOMHWHILJIXUH

SROGHQFULSWLRQ JUDLQ PRQDG UDGLDOO\ DV\PPHWULF V
REODWH H[LQH SVLODWH WR ILQHO\ VFDEUDWH 6L]JH a —P

(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ WUHHV SUHVHQW
VXUIDFH DQG DVVRFLDWHG WR KXPLG HQYLURQPHQW ,W LV

,Q WKH &HUUDGR ELRPH W KN IPRMVP FREERE DDHOH WL DRI
WKDW JURZ PSKWRJXW )ORUD GR %UDVLO W LV FRPPRC
DQG ZRRG\ &HUUDGR )ORUD GR %UDVLO




2FKQDFHDH
2XUDVVBDWHILIJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE FLUWXIODQUXODU FRQYH[ H[LQH SVLODWEGIL]SRUUH-H®OLSW|

(FRORJLFDO LQIRKGUHPDWICRQ@J O QPQ&EWRGRPLQRDQW WUHHV ZLWK
a P KHLJKW )HOILOL ,Q WKH &HUUDGR EVRBN XLWWU\L BW
DQG FHUUDGmMR DV WUKHIOQHKKWY &RD XBBOWRD GR %UDVLO

SHQWDSK\ODFDFHDH
THUQVWGUBRBMHIL IJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG UDGLDOO\ V\PPHWL
WULDQJXODU FLUFXODU SRUHV H[LQH WKLQ DQG SVLODWH

(FRORJLFDO LQIRUPDWLRQ WUHH a P KHLJKW ZLGHO\ GLV\
REVHUYHG LQ RSHQ &8HUUDGR ZRRG\ FHUUDGR GU\ IRUHVW
ZLWK KLJK ELRORJLFDO GLYHUVLW\GLY® XODEDEMADS B QY @XRHW
ILUH 9LHLUD $OOHQGH ,Q WKH &HUUDGR ELRPH LW
FHUULODHER/ X @GODWRUHVW DQG JDOOHUY ORPWHHMGM 6DQR HW DO

SK\OODQWDFHDH
+\HURQI®DWHLIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
RU VXESURODWH DPE WULOREDWH H[LQH PQBEORQHBMW FX®DW.
WKH FRD|$XY¥ —P

(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ WUHH RHQ@QVX® KHL
VWU LFDNOR HU\ YRHUWHHEED ROQHGW D O JORUD GR %UDVLO

SLSHUDFHDH
SHSHURRILMWHILJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG KHWHURSRODU UDC
VSKHURLGDO DPE FLUPRXOHDEA HHPOH YHUUXFDWH

(FRORJLFDO LQIRUPDWLRQ KHOLRSK\WH KHUE JHQHUDOO\ RE
SRDFHEODHDWHILIXUH

SROGHMYFULSWLRQ JUDLQ PRQDG KHWHURSRODU UDGLDOO
HVSKHURLGDO DPE FLUFXODU H[LQH SVLODWH BRHUDHIIHU VK]
a —P




(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV SODQWV LQFOXGLQ
GRPLQDWHYV LQ GRDUABRIENX®/KHUPRWW GLYHUVH JHQXV DQG 3
VRXWKHUQ % UD JIQH U/ RHQVW KOLO ORVW Rl WXHKR %/RYL\ © RAKGDN
SDWKZzZD\ /RIQPKWU HW DO DQG DUH GRPLQDQW LQ WKH
JUbVVvODQG OHVV FRPPRQ LQ VZDPS DQG DW WKH HGJH RI W

SRO\UJDODFHDH
SRO\JBODWHILJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG UDGLDOO\ FR®SIWULF
VXESURODWH DPE FLUFXODU H[LQH S\WLOWWH—®RUHD]RBQRSR
a —P E DQGa —P F

(FRORJLFDO LQIRUPDWLRQ KHOLRSK\WH KHUE GHSHQGHQW
FRPPRQO\ REVHUYW XV VRAVRLNBWERSHQ FHUUDGR YHUGHBOHQ L
RQ WKH HGJH RU LQ LQWHUPHGLDWH DUHDV VXFK DV ZDWHU
6DQR HW DO

SULPXODFHDH
G\ELDQWBBXWHILJIJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE WULOREDWH H[LQH SVLODWH $RUHHaODORQJIJDWH WUDYH

(FRORJLFDO LQIRUPDWLRQ PRIHWHWRWHL ® WHH &HUUDGR
REVHUYHG LQ JDOOHU\ DQG ULSDULDQ IRUHVWVHR®% ®BWIRV
6DQR HW DO

O\UVLRXHDWHILJIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
DPE TXDGUDHQWX ODREDWH H[LQH SVLODWH WR ILQHO\ VFDEU

(FRORJLFDO LQIRUPDWLR@GHORRDKUW YWWUKHDEKGVO)HRW OL
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SXELDFHDH
*XHWWBRDOUGWHILJIXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG ELODWHUDOO\ V\PPH'
FLUFXODU HI[LQH SVLODWH |BIQsG WKHFN SRUH FLUFXODU

(FRORJLFDO LQIRUPDWLRQ PORHZIHIKW WWHK BWWWKHDW O\ JURZ L
SUHIHUULQJ IHGWDOQHBQGREBOBRQFH WKH SODQW LV HVWDE




/IRUHQ]L ,Q WKH &HUUDGR ELRRRVONMOWREVOHUY HBULHY A
HW DO

6DELWANSBODOWHILIJXUH

3ROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
VXEREODWH DPIEJWXQDQJIMOMH UHWLFXODWH KRPREYRFKDW |
—P

(FRORJLFDO LQIRUPDWLRQ VKUXE RI WR P LQ KHLJKW J
FHUUDGR LW LV DOWRHREXHYLW 6 A\QHDEHIGDTHR H WVIOR U D
GR %UDVLO

6LPLYODWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
RU REODWH VSKHURLGDO DPE FLUFXODU SRUH FLUFXODU ZL

(FRORJLFDO LQIRUPDWLRQ P KHHLUKWNRQHVKHUBHUEBDGR ELRI
REVHUYHG LQ GU\ IRUHVW DQG JDOOHU\ IREBgR HMQBOVRPHYV
JORUD GR %UDVLO

6DOLFDFHDH
&DVHDBWIIWHILIXUH

SROOHQ GHVFULSWLRQ JUuDLQ PRQDG LVRSRODU UDGLDO
VXESUROWWHORPEWH H[LQH UHWLFXODWH KRPREURFKDWH ¢
FROSXV 6L}MHPa

(FRORJLFDO LQIRUPDWLR® LQREHUIKWRYBQ VEHHMIHOHKRIIJ DQG 2C
QDWXUDO SLRQHHU RI UDSLG JURHBQXX MMWMUVERBRERIUPRG GQ\
JDOOHU\ IRUHVW 6DQR HW DO

6DSLQGDFHDH
ODWD\EO®DWHILJXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DV\PPHWULF PHGLXP
D RUFRQFREBDWH H[LQH SVLODWH D RU IEQMHO\ VFDEU

(FRORJLFDO LQIRUPDWLRQ ORZHU VWRUH\ WUHH KHLJKW YD
KHOLRSK\ORXV )HOILOL ,Q WKH &HUUDGR ELRPH LW |
DGDSWHG WR IORRG DOWMHRQREWAMIPRIWIRQDFHUUDGRQG )ORUD




3ODWH3KRWRPLFURJUDSKY RI SROOHQ WD [DFRGHQWLXEH GHHIWHD UB@G 9 * (
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(ULRFDXORQ +*+DOBRWRLRSHHOBXKDHEFHOMP SKDHD




SDXOABANOWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDLEROSRAPIHMWHINVEQ PRIGER A/ F
FRQYH[ REODWH H[LQH UHWLFXODWH KRPREURFKDWH SRUH

(FRORJLFDO LQIRUPDWLRQ YLQH RI WR P KHLIKW XVXD!
IRUHVW DOVR DVVRFYBWIGEHARKQ GXBIUDYMORO G IRDAIRW WU
HW DO )ORUD GR %UDVLO

6PLODFHDH
6PLOBODWHILJIXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG KHWHURSRODU UDC
VSKHURLGDO DPE FLUPXOHDEA HHPOH YHUUXFDWH

(FRORJLFDO LQIRUPDWLRQ ZRRG\ YLQH JURZLQJ IURP WR
REVHUYHG V@ (FWUMBIDBEYG JD O O HWD\QIRR BINW WO DQG )ORUL

BRODQDFHDH
6ROD @OMWHILJIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO\
RU VSKHURLGDO DPE VXEWULDQJXEGRRSRKRKBEWIRVHYDI\RHP RU
SURMHFWLRQ DURXQG WKH JUDLQ 6L]JH a —P

(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV RU VKUXE SODQW W
RQ WKH HGJH RI VZDPS ZKHQ WKHFZD WHWSWBHEQWRY EG G RX @K
W JURZV LQ RSHQ \FHQWD SRHIEBMGRD BRD QG JDOOHU\ IRUHVW

SUWLFDFHDH
&HFURSAMWHILIXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU DV\PPHWULF
HI[LQH SVLODWH SRUHHAFLUFXODU 6L]H

(FRORJLFDO LQIRUPDWLR@GHORDHUL YW WHHIIKQE @ULKIXW JURZV
DQG THIMAQHG VRLOV )HOILOL MOIDK G HU % H,0\ IDWQ GH M
REVHUYHG LQ ULSDULDQ DQG \UPQDXHIMIWRRHW \WODQG L Q, \WHWUI
WKDW VWDELOL]JHV WKH ZRRGODQG )HOILOL

S9HUEHQDFHDH
ILSSBDDWHILIXUH




SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSRODU UDGLDOO
SURODWH DPE VXEWULDQJXODU H[LQH WKLFN DQG SVLODWF
IRUP D ULQJ SURMHFWLRQ DURXQG WKH JUDLQ 6L]J]H a —P

(FRORJLFDO LQIRUPDWLRQ VKUXE WR VXEVKUXE VH@WRX P L
ODWRLVW RSHQ FHUMOGR VRAHUWFDGRR DQ HDUWHGGREP SIGJIH R
6DQR HW D@RUD GR %UDVLO

9LWDFHDH
&LVVONQWHILIXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDG LVRSROGBWRWYPWHWRUL
SURODWH DPE WULOREDWH H[LQH PLFURUHWLFXODWH KRPR
WKH FROSXV FROSL ZLWELFRQ@QVWURFWLRQ DQG FRVWD

(FRORJLFDO LQIRUPDWLRQ YLQH SODQW $UDXMR HW DO
WHUUDIRUBHRAWY VRPHWLPHYV LQ KXPLG VRLO IRUHVW DW WK
IRPEDUGR W LV REFHRQYKFEDWBEMRUD®RS LQ ULYHULQH
6DQR HW PORUD GR %UDVLO

'\ULGDFHDH
;\ULSODWHILJXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG ELODWHUDOO\ V\PPHYV
PLFURUHWLFXODWH 6L]J]H a —P

(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV KHOLRSK\WH XVXD
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(FRORJLFDO LQIRUPDWLRQ KHUEDFHRXV WD[D DVVRFLDWHG
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,Q WKH &HUUDGR ELRPH VAQNVX RIENMHE REGE @ RUHBHUB G B R
PDUVK 6DQR HW DO
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(FKLQR GROWWHILIXUH
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(FRORJLFDO LQIRUPDWLRQ URRWHG IORDWLQJ DQG DPSKLEL
ZDWHU GHSWK GXULQJ WKH GU\ VHDVRQ WWXME @H B Y& EWHLFWR
UHGXFHG RU ODFNLWD ZBEH @ MEH-BAVWHRIUHLUD HW DO

6DJLWRADLDWBIILIXUH

S3ROOHQ GHVFULSWLRQ JUDLQ PRQDG DSRODU DV\PPHWULF
HFKLQDWH SRUH FLUFXODU LQFRQVSLFXRXV 6L]H a —P

(FRORJLFDO LQIRUPDWLRQ URRWHG IORDWLQJ DQG DPSKLEL
GHSANDKILWWDOHNMNY VHQVLWLYH WWRDERBQ JHNS RU W IK@J ZHORMHNUL Q
GU\ RU ZHW VHDVRQV ORUHLUD HW DO

(ULRFDXODFHDH
(ULRFDXOBW@HILIJXUH

SROOHQ GHVFWARBWMLK®RQDSIRODQE DV\PPHWULF PHGLXP VL]H
VSKHURLGDO H[LQH HFKLQDWH 6L]H a —P

(FRORJLFDO LQIRUPDWLRQ HPHUJHQW DQG URRWHG IORDWLC
ORUHLUD HW DO

+DORUDJDFHDH
O\ULRSK\®OXWHILJXUH

SROOHQ GHVFULSWLRQ JUDLQ PRQDIS®R URH/G LK PUWLXE D ¥ WHSHEKHRDE
SVLODWH FLUFXODU SRUH ZLWK DQQXOXV 6L]JH a —P

(FRORJLFDO LQIRUPDWLR@QD YWEWKDWHEUBRRVDMG WR P RI ZI
WR OLJKW DYDLODELOLW\ WR VXUYLYH ,W LV VHQVLWLYH WR
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‘HUVDO

1\PSKDHDFHDH
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SROOHQ GHVFULSWLRQ JUDLQ PRQDG PHGLXP VL]H JRQRVXC
a —P

(FRORJLFDO LQIRUPDWLRQ URRWHG IORDWLQJ K\GURSK\WH \
ORZ VHQVLWLYLWD @ RXORRGHL QRDRK®GJHV LQ ZDWHU GHSWK
DQG :LOODUG

(FRORJLFDO DQG PRUSKRORJLFDO WUDLWYVY RI SROOHQ WD

21 WKH WHUUHVWULDO SROOHQ WD DU HWKKID UD R D/\W UR PR
HQWRPRSKLORXV SROOLQDWLR® YW®OVURMH SUBEBAEW, RWKHU
SROOLQDWLR QF K\ \\DRGSURHP BIRLS A IL VW R SIM\E R R'8 K | FORXK/L OB ® &
FDQWKDURSK\ORXV 21 WKH UHPDLQLQJ QLQH WD[DWKRIXU KD
(XSKRUELDF H{AD O HBRHBOF KRUWKB 5XELDRHPHUDBQXWKH IDPLO
3RDFHDH DQG ILYH KDYH ERWK DQHPRSKLORX\ HLPSFRQWRPR
WKH LQIOX[ RI HQWRPRSKLORXV SRMYHQ LYKER P KHBWGKHRQ P
VZDPS UHFRUG HQWRPRSKLORXV SROOHQ SUHGRPLQDWHYV
DQHPRSKLORXV SROOHQ LV GRPLQD @M IVPKWKRKKSBRIWARED HW
IDPLIOW WKH ODUJHVW B RBXPXICED\RFDDWPDRBK HORXY SROOHQ
FRQW U LFEEIXWK REFD DV SIK@®G W K H QVFEK-RDWQBELP L WD WKH FDVH RI 9*(
7DEQH ,

JURP WKH  WHUUHWW H LU B W ORCDHVOR W D\WD WD[D DUH SURG
HLJKW WD[D DUH SURGXFHG E\ SODQWV RI WKH VKUXEE\ VWL
IURP PHGLXP VW R WBH\J DRIGH\QW BRIGIGIN QL QQWEBMHY R UL ROVQ IRQ V
LQIOMRORZHU FDQRS\ FRRUAFRPBRVHG RI FHUWDRALWR H#VUVRQ
&DVHDE&XDDWHD®EDUQVWURMHPE JDOOHROFKRUWAWD $QDGHQDUC
%DQLVWHURSVLY 'DOEMHHQLUDSHXYWBEISHH ,OR [ DWHOEXHG\UWD F
7DSLUDQB SLRQHHWHFEUWRSWDW B HBBRHWH BRAMDQW WKURXJIK
IROORZHG E\ SWRKGOHYRMNUPOH XP 3RDFAHDH G RPHIQXWWHNWDVHY DW \
WRBHWZHBQG FFGHSWK ,Q WKH FORGORIQIEHSRYVLIIL[PQZOMP |
WKH PRVW DEX@GEWIWHBQRHSW PRROOHQ IURP ORZ FDQRS
GRPLQDWHYV PDLQO\ UH S UHWHRWH GR BARBHED B B G\RWVIGREUKPY W

0 H O R R VW DSFRIMERFHMDBIH{H G\RVP)XB, , 3ROOHQ IURP WKH PLGGO
« P ZHUIDEOX/E/Q BRMWKRUIBYU H V HXSW HIBDER U D VRHID/) %D Q G
(PPRWXP ODFMBURWRRUPO*( ,Q 9*( DR X WMWKI DWKXUPX PV

ZDV REVHUWHSHG VHQWS$RD B\ \KKDH WD EFOBFEDEJLXP ULBSY D

6DE L PHBER O D QDX® G F UGEIHWHZ H HOIQ G FRRIGHSAKKFK LV FRXSOHG E
LQFUHDVH IWREFORIMY DQG PHIRINPD VR WHKHQ ORZHU VWRL
DEXQGDQW WKH ILHOG VWU DSV XPRWDIW QD 0\ ZHKERQFH\HO)GJLV, DE:
VWRUH\ LQIOX[,Ut%G XFHW $DIWWHUQ LV REVHU PH®G GIKLIQFH S )
/Y% QHDU WKH WRS RFPNVRH GR®WMK ERWK DUH SUHVHQW D
GRPLQDWHYV




5HJDUGLQJ SROPIHWKWHLMHUUHVWULDO SROOMHY H®D UM @IV HGL
FODVVLILHG DV PHGLXP RI WKH WHUUHVWULDO SROOHQ W
SROOHQ DQGHRHOZW[HUFODVVLILHG DV, GLY#K BRWHHIWRN{ )LJ
RIVPDOO SROOHXLZDMAKDIL FHGQAX P PR Q/H @H PR SFOBHY

PHGLXP VL]H SROOHQ ZHUH PRUH DEXQ$ DQW® NDKEWRNKHEXW W
ODUJH BRVHOMRZ LQ YSUHVHQWHEBLEOE BRZ LQUHSUHVHQWH
E\&DU\RFDU 'URVHUD (UD®BI EDHLOU PR W R BFHO H

5HIDUGLQJ WKH D®INOKD R H D DWWHIER W/D ¥ON R\Y DVOKPLTIKDWH. F
KLJKHU LQIOX[HV ZHUH REVHURHG EHAWPZHHQFP®PH DWIGV

FP RI GHSWK ZKHQ WKH\ ®HFUHDVRG VEKMIZHHOH UHSODFHG E
WHUUHVWULDO SROOE@WIRPRRDWKMKFHRWIR D DIBI@HUDO UHG
DTXDWLF SRQQHOQKHQFOXH WK 8 *RQ DX\ HUHDHDYWHOG WD[D UHSL
RQO\WOBXURBWLD ,%IRO0ORZV WKH WHUUHVWULDO SROOHQ GHSR
FP DQG WKHQ GHFUHDVHV WRZDUGV WKH WRS VXJJHVWLQJ D

Table 1.1. pollen taxa classification in response to their pollination syndromdolife, and physiognomy and strata
vegetation from the Cerrado cores LFB1 and VGE PS +pollination syndrome; LFtlife form; P +physiognomy;

S +stratum; an £ anemophilous; enx entomophilous; chiz+ chiropterophilous; ornz ornitophilous; psy
psychoplilous; zoo +zoophilous; cantcantharophyloushyd +hydrophilous; optopen (grassland cerrado); i
intermediate (scrubby cerrado, cerrado sensu stricto)tclosed (cerraddo, gallery forest); #dake; fi tfield (< 1
m)); sh £shrubby (1+2 m); lo lower storey (< 10 m); memedium storey (~15 m).

Family taxon PS LF P S LFB1 VGE-17
Amaranthaceae Gomphrena en herb, subshrub in  fi X
Anacardiaceae  Astronium en tree clo lo X
Anacardiaceae  Tapirira en tree clo lo X
Apiaceae Eryngium en herb in sh X
Aquifoliaceae llex en tree clo lo X X
Arecaceae Euterpetype en tree clo lo X X
Asteraceae Baccharistype en herb, shrub in sh X
Boraginaceae Cordia chi, orn tree, shrub clo lo X
Brassicaceae Brassicaceae type en herb in fi X
Burseraceae Protium en tree clo me X
Cannabaceae Celtis an,en tree clo lo X X
Trema an, en tree clo lo X
Caryocaraceae Caryocar chi tree in lo X
Chloranthaceae Hedyosmum en tree clo lo X
Cunnoniaceae Lamanonia en tree clo lo X
Dillenaceae Curatella en tree in lo X
Droseraceae Drosera Z00 herb op fi X
Ericaceae Ericaceae type en orn  shrub in sh X
Euphorbiaceae  Acalypha an herb, shrub clo sh X
Alchornea an tree clo lo X
Fabaceae (mim) Anadenanthera en tree clo lo X X
Mimosa en subshrub in sh X
Piptadenia en tree clo lo X
Fabaceae (pap) Dalbergia en tree in lo X
Dialium en tree clo lo X
Machaerium en tree clo me X
Icacinaceae Emmotum en tree clo me X
Lythraceae Cuphea en herb, shrub op fi X
Malvaceae Apeiba en tree clo me X
Eriotheca en tree clo lo X




Malphigiaceae = Banisteropsis en vine clo lo X
Byrsonima en tree in lo X X
Melastomataceae Melastomatacea€ombretaceae en tree clo lo X
Meliaceae Guarea en psy tree clo lo X
Menispermaceae Abuta en shrub in lo X
Menispermaceae en herb, shrub, tree in  lo X X
Moraceae Moraceae anen tree clo lo X X
Myrtaceae Myrtaceae en tree clo lo X X
Ochnaceae Ouratea en tree in me X
Pentaphylacacée Ternstroemia en tree clo lo X
Phyllantaceae Hyeronima en tree in o X
Piperaceae Peperomia an en  herb, shrub clo lo X
Poaceae Poaceae an herb op fi X X
Polygalaceae Polygala en herb op fi X
Primuliaceae Cybianthus en tree clo lo X
Myrsine en tree clo lo X
Rubiaceae Guettarda orn tree in o X
Sabiceaype en shrub in sh X
Simira an tree clo lo X
Salicaceae Casearia en tree in lo X X
Sapindaceae Matayba en tree clo lo X
Paullinia en vine clo lo X
Smilaceae Smilax en vine in o X
Solanaceae Solanum en shrub in sh X
Urticaceae Cecropia an,en  tree clo lo X
Verbenaceae Lippia en subshrub in sh X
Vitaceae Cissus en vine in o X
Xyridaceae Xyris Z00 herb op fi X
Watre levetrelated
Arecaceae Mauritia can tree palm op me X
Cyperaceae Cyperaceae an herb op fi X X
Alismataceae Echinodorus hyd herb la fi X
Sagittaria hyd herb la fi X X
Eriocaulaceae Eriocaulon hyd herb la fi X X
Haloragaceae Myriophyllum hyd herb la fi X
Nymphaeaceae Nymphaea hyd herb la fi X




Figurell.2. Synthetic diagram of pollen influx (mm2/cm2/yd&00) from LFB1 (A) and VGEL7 (B) sediment cores,

were we showed the pollen depositions sums in relation to their pollination syndrome (purple color), the stratum from
which they come (green color), and their pollen size (dark color). Additionally idexsadded the pollen taxa water
levelrelated (greetblue color), for of LFB1 (total aquatic taxa) and for VGE (Mauritia). The diagram was
represented in a scale of depth (cm). abioticzanemophilous, both=biotic/abiotic, field= <50cm, shrubby=<m, lowe
22 P PHGLXP « P VPDOO -25unk laigd+2619 um.

Figurell.3. Schematic representation of the principal phytophysiognomies in lake Feia, showing the list of main pollen
taxa identified in the LFB1 core related to tietermined classification based in table 1. The band on the top of the
schema shows water availability on the soil, from high (blue) to low (yellow).




Figurell. 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH SULQFLSDO SK\WRSK\VLRJC(
the list of main pollen taxa identified in the VAE core related to the determined classification based in table 1. The
band on the top of the schemawgls water availability on the soil, from high (blue) to low (yellow).
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R | WDKOHRI BIWCHHUD HDEBI BZH U U M M WHMDRY DREVR@BH GV WKH FRULQJ VLW
WHUUHVWULDO SROOHQ GHSRVLML RXKH \RAVREDW WEBE&EHP HW D

~ A

nao



GLIIHUHQW UHVSRQVH WR FEDWKHY WU B @ERMHERQ/DRNDOG H 5 8 1/ W\
ZKHQ WKH ZDWOIRRGMPEHIX BHIE® X UISWDP VZDP® BADWHEGY WKH WR
WKH FRUH DQG FRQYHUVHO\ ZKHQ WKH DYDLODELOLW\ RI :
ZLGHU WKH VZDPS ZDV UHSODFHG E\ DUERUHDO HOHPHQWYV
FRUH (V/RREIH] HW LD SURSEOHQ SUHVHUYDWLRQ LV PRVWO\ [
VXFFHVVLRQ WHGYDDNWEKQW DIIHFW WKH VHGLPHQWDU\ HQYL
SURFRXYWGGOH DQG (GZDUGV KHVX RWDMEBVYJIKW WKH VXVFH
DQG UDSLG UHVSRQVH WR GLVWXUEDQFHV HJ FOLPDWH FKI
WKH VZDPS LV PRUH UHDGLO\ DIIHFWHG WKDQ ODNHV ZKHQ
DYDLODBLONVWHVVPHQW RI GLIIHUHQFHSH R@ LSRRI VEKIDIW HL
LQFUHDVH RU GHFUHDVH LQ ZDWHU DYDLODELOLW\ LQ DGGLYV
RI VKRZLQJ YDULDWLRQV LQ UHVSRQVH WR FOLPDWLE HYHQW
WUDQVSRUW VHHPV WR EH DIIHFWHG E\ WKH W\SH RI VWUDW X
D KLJKHU UDWH RI UHFRUGHG SROOHQ DFFXPXODWLRQ DQG
GLUHFW GHSRVLWLBRBDREVRAUPGWRWIRQ FRPSDUHG WR WKH
WUDQOSHEWQ ZKLFK ZRXOG EH LQ DJUHHPHQW ZLWK DQ LQF
FORVH WR WKH VWXG\ VLWH S U H {M.FRRX&EBIN UMY JH IVDVH EQLQ ER W
SUHBQIE G L UMSFOMOD EK®QHALSEDWWHRQY OHVV RU PRUH UDLC

5HJDUGLQJ SROOHQ VL]H VPDOO SROOHQ WHQGHG WR EH WK
PHGLXP SROOBRPUAQWHG /WBJH SROOHQ JUDLQV ZHUH DOV
9*( WKDQ LQ /)% 7KHVH GLIIHUHQFHV UHJDUGLQJ SROOH
GHSRVLWLRQ RQ ODNHV DQG VZDPSV $OWKRXJK FRQFHQWUL
SRHO® VL]HV DUHQYW VWURQJHU WKH\ VHHP WR LQGLFDWH W
FRQFHQWUDWLRQ RI PHEHGR HRO OH@EPRW H] HHYAEID® SUH S
ZKLOH DW /)% WKLV YDULDWLRQ LV OHVV HYLGHQW DOWKRX
EH DERYH WKDW Rl PHGLXP SROOHQ 71RU WH]HHME D BKHGID\F $/H U
WKDW /)% KDV D ORZHU SROOHQ FRQFHQWUDWLRQ LQ ZHW
LQIOXHQFH LV PHQVPDHQRU :XRKW DO LQ /DNH )HLD WKF
NP DZD\ ZKLFK UHGXFHV W KB FFRWWXIODMILRMU RR BZ BWIHKWH W U D Q
WKH FDVH RWRH( SUHVHQFH D®HGGRP LSRIOQFHHQRRYHU VPDOO SF
WR EH GLUHFWO\ LQIOXHQFHG E\FPUE ABSWKV BAVRVRIQ F R H W\ WK®
RI PHGLXP SROOHQ ZKHQ SHULRGV Rl KLJKHU SUHFLSLWDWL
FRQGXFWHG RQ MCKUP BIWHFR\Q SROOHRWPIRAG)RW B@PSOH |
PDGH PHDVXUHPHQWY RQ WKH VL]H RI SROOHQ W\SHV DQG D\
JUDGLHAQWJMVMKBRVLWLYH UHODWLRQVKLS ZLWK WHPSHUDW XU
ZKHQ FRQGLWLRQV FKDQJISR WLR/ IGYUH HIW CNIMWPLIR DI R BRI G HH Q
JUDLQ VL]H IDYRULQJ WKH FRQVHUYDWLRQ LQ PRLVWXUH DQ
ORRNLQJ DW YDULDWLRQV LQ IRVVLO SROOHQ VXJJHVWV WKD
VLIH DW KLJKHU ORZHU \WRPBE UDWGKUBW HEWWDHFHLOQ QJ S HULR
+RZHYHU LQ BEUWHLQAHVRI WKH FHUUDGR WKPIHRURW XU k
ZDPRVWO\ ZBHWHFRVLQJ W H PVIHDDNWEKRUBHQ WSHEDHD WRIGEAL VW L Q I X L\
2Q WKH RWKHU KDQG DOWKRXJK OLWWOH HYLGHQFH IRU YDU
YDULDELOLW\ KDV EHHQ IRXQG -DUGLQH DQG /RPD] D




SUHFLSLWDWLRQ JUDGLHQW VKRZV D SRVLWLYH UHODWLRQVI
SROOHQ VL]H =KDQJ HW DO LQ D'HKKXHWHPRWW ZHRWKUKBX/UVIk
IRU SDOHRFOLPDWLF UHFRQVWUXFWLRQV PRUH WKDQ RQH IDF
HQYLURQPHQWY VXFK DV WKH &HUUDGR

&RQFOXVLRQ

7KH PRUSKRORJLFDO DQG HFRORJLFDO FKDUDFWHULVWLFV
HQWRPRSKLORXV WD[D GRPLQDWH LQ WKH ELRPH VLQFH WKH
DVVHPEODJHVY IURP DUERUHDO SK\WLRIJQRPRENQDWROPORIYV K
SK\VLRIQRPHWX IR S 'HVSLWH WKH HYLGHQFH RI ORFDO VLJ(
RI UHJLRQDO SROOHQ WD[D ZzDV DOVR REVHUYHG DOWKRXJK
SK\WVLRIJQRPLHVY QHDU WKH FRULQJ VLWH VWUDWXP

20 WKH RWKHU KDQG WKH GHSWRQ \¥HRQB @D BB YI\GHREGIP Bl DOH G/
UHIOHFW YDULDWLRQV LQ SROOHQ FRQFHKQWIM WBRHKIHEQ UHO
SROOHQ GRBREHWLRQUVHO\ UHODWH GV KWHRU WIKRHU 16 H BKWKQ RW KAH
GHHSHWWIRHEOHQ GHSRYKWRR Q K @OMHV UW BN FSHRO DGRE HESVE R \
LQFUHDKLNWVSDWWHUQ FRQWD®XHV WRLEK REVARUMHGXVFHSWL
FKDQJH LQ ZDOWHA VDK DL 6 B BEAHW RIW\R 8 DA WWDKHH SURFHVYV R
R[LGDWLRQ DQG DHULDO H[SRVXUH Rl SROOHQ VRLOV UHGX]
SROWMR® WKH ERWWRP WR WKH WRS RI WKH FRUH

,Q UHODWLRQ WR WKH GHSRVLWLRQDO HQYLURQPHQW DQG
LQFUHDVHG SROOHQ FRQFHQWUDWLRQ FRXSOHG ZLWK D GHF!I
JUDYLWDWGRWKH RSSRVLWH LV WR EH H[EHFWRHIOKHEQWANVKBIH R
FRPSRVLWLRQ RI DUERUHDO HOHPHQWYV UHG XFHYWHD B'@ [5W RREQX
DOORZV WKH GHSRVLWLRQDO HQY L UR®PHRWK W & LRGF BE B QW U
J)LQDOO\ SROOH®E® QRW WHOWHKRWLQJ D GLUHFW UHOLS\RHIMH W
UHODWHIWVLWEY RI KLIJKHU UDZQWI ODLQIRYBROBRQYPGWL]H GXU
FRQGLWLRQV

$FNQRZOHGJHPHQWY DQG )XQGLQJ

‘H WKDQM®E(WKXPYPG*(2 8)230DERUDRMRDOMNRZLQJ WKH XVH RI WKFE
SURYLGLQJ WKH VSDFH DQG HTXLSPHQW )LRD Q/FKUHD G WXHECGR IR
SURYLGH® ®8% 35) . DWHWIFRHERWWERHIQHILWHG IURP D .
SRVLWLRQ IXQGHG E\ WKH ,5" $576 SURJUDP DQG WKH )UHQFK
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/IRQDQG WKRUMYHIJHWDWLRQ FKDQ.
FOLPDWH G\QDPLFV DQG DQWKURSR
&HUUDGR GXULQJ WKH +ROR]

6RXPLV j -RXUQDO RI 4BBWHUQWMUY 6FLHQFH

.DWHULQH7RWAREIDUBILKH UUH /HEBTUH O )UDQFFD XD W VALERILUR
%LDQFKO®BHU <RNR\DPD

,QVWLWXW GHV 6FLHQFHVY GH OT(YROXWLRQ GH&AB QW $B(OLHDQEG(0 8C
'"HSDUWDPHQWRBQGANHHRD®RDGH )HGHUDO GH 2XUR 3UHWR %UD]LO
,QVWLWXWR GH *HRFLrQFLDV 8QLYHUVLGDGH GH %UDVtOLD %UD]LO

&RUUHVSRQGHQFH 7RVWUBHILQH (VFREDU
, QVWLWXW GHV 6FLHQFHV GH ®%(YRQOXNERQ ,BRQVWSBHOOLHU
FHGH] )UP@QIFW NDWHULQH HVFREDUWRUUH]#LUG IU

$SEVWUDFW

$ SDOHRHFRORJLF DQDO\VLV Rl SROOHQ PDFURFKDUFRDO DC
FRUH ORFDWHG DW /DNH )HiVD6WH®W U D@ §JHOUDBRY XR/HG \
UHODWLRQVKLS EHWZHHQ YHJHWDWLRQ ILUH DQG FOLPDWH
YHJHWDWLRQ DSSHDUV WR KDYH EHJXOQ \HDUV DJR LQLV
FHUUDGR IROOREBG DUR3 E\ D FKDQJH WR D ZRRG\ FHUUDGR (
7KH LQFUHDVHV LQ SQHFHGWWDW LR OBIGRAXULQJ WKH ODVW
LQFUHDVHG LQIOXHQFH Rl WKH $PD]JRQ LQ FHQWUDO %UD]LO
DOWKURSRJHQLF DFWLYLWLHV LFH QW VEMHOMBRXK B Q JBIMID DHE D W
UHODWHG DQG JDOOHU\ IRUHVW SROOHQ DVVHPEODJHV LQG

+ DQG+ FDO D %3 OLQNHG WR UHJLRQDO VKLIWV EHW:
$PHULFDQ VXPPHU PRQVRRQ ERXQGDUKXRXYV 7KK H DHFWH.Q EM \R
DSSHDU WR DIIHFW YHJHWDWLRQ UHFRYHU\ ZKHUHDV WZR L¢
DQG a FDO D %3 LQGLFDWHG D VORZHU UHFRYHU\

.H\ZRUGVRSLFV SROOHQ LQVRODWLRQ ILUH 6RXWK $PHULF




, QWURGXFWLRQ

7KH &HUUDGR ELRPH LQ FHQWUDO %UD]LO FRYHUV DERXW P
KDUERULQJ HQGHPLF SODQW DQG YHUWHEUDWH VSHFLHV
%UD]LOLDQ EDVLQV RULJLQ DWMHQMQ VFRIQUEH DRO YUHD/K DD WW D Q/ 1L
+RZHYHU GHVSLWH LWV KLJK ELRGLYHUVLW\ DQG VRFLRHFF
HFRV\WWHP LV FRQWLQXLQJ DW DQ DFFHOHUDWHG UDWH 9LF
LQFOXGLQDWILHREA WDHMWWKH XVH RI ILUH KDV GHVWDELOL]JHG Q
WKHUHE\ LQFUHDVLQJ K\GULF VWUHVV +RIPDQQ HW DO
HYHQWY &ROOL HW DO )XWXUH SURMHEWS AR Y W RGL WH
9HOD]FR HW DO XQGHUOLQLQJ WKH LPSRUWDQFH RI L
SUDFWLFHVY DQG FRPELQLQJ VFLHQWLILF UHVHDUFK ZLWK
PDQDJHPHQW SUREOHPV 6FKPLGW DQG (OR\

JORUDO GLVWULEXWLRQ SDWWHUQV YDU\ ZLGHO\ DFURVV W
ODQGVFDSH EHLQJ FKDUDFWHUL]HG E\ YHJHWDWLRQ SK\VLRJ
ZRRGODQG S5LEHLUR DQG :DOWHU H Z LYW K HR/OIRW HR QH G DWR
FRQGLWLRQ DQG ILUH IUHTXHQF\ +HQULTXHV %XHQR H
IHDWXUHV WKH VHDVRQDO 6RXWK $PHULFDQ VXPPHU PRQVRR
WRSLFDO FRQYHUJHQMH U@L PR@BO UBVY®ODOO VHDVRQDOLW
2FWREHU WR ODUFK DQG ORZ UDLQIDOO IURP $SULO WR $XJ;

,Q WKH WURSLFDO ORZODQGV RI 6RXWK $PHULFD SDOHRFOLF
FRQGLWLRQV GXULQJ WKH /DVW *ODFLDO OD[LPXP + FDO

FDO D %3 LQ ZHVWHWDVIPHDY R Q% DO @AW ¢ DIBDIYGGH V@ X V
%UD]JLO 6(% &UX] HW DO '"HLQLQJHU HWFRORFHQH 'WHE
SUHVHQFH RI D SUHFLSLWDWLRQ GLSROH EHWZHHQ 1(% DQG
VXPPHU LQVRODWLRQ\ZORQEKDUDWFW HDUQGHGUE VHDVRQV UHV

+RZHYHU VSHOHRWKHP UHFRUGY KDYH DOVR UHYHDOHG

IOXFWXDWLRQV LQ ZHW DQG GU\ HSLVRGHV EHWZHHQ DQ
HW DO :RQJ HW DO ZLWK ORQIJHU ZHWWHU HSLVRGHYV L
&DPSRV HW DO LPSO\LQJ ERWK UHJLRQDO DQG

3DOHRHFRORJLF VWXGLHV RI WKH &H URJMD 6 R ® WH. RJHD UK B'\Q B OG/
D ZLGH UDQJH RI UHVSRQVHV GHSHQGLQJ RQ ORFDWLRQ ZL
HSLVRGHV Rl H[SDQVLRQ DQG UHWUHDW IURP FDO D %3
FOLPDWLF FRQGLWLRQG QURRIPWHKDW R/OVVRRY BYNALVRH. WIS R6AUQ. DIXG R

%HKOLQJ JHGUX HMAWDWD HW D¥RUIN ,Q QRUWKHUQ D
IORULVWLF FKDQJHV IURP FRROHU WR ZDUPHU DVVHPEODJH
JODFLDO WR WKH +RORFHQH &DVVHYR BI\WVD O O DQ/GIGUX HR
ORUH FRQWUDVWHG UHVSRQVHV KDYH EHHQ REVHUNFID® K X UL
IOXFWXDWLRQV LQ ZHW DQG GUWXBRQ®LW L FE@\D LDQ WK 1. IFW\DLDW




DQG WKH IXO0 H[SDQVLRQ Rl WKH &HUUDGR LQ QRUWKH !
DQG WKH SHUVLVWHQFH Rl ZHW DQG FROG FRQGLWLRQV
+RUYTMUUD HW DO /JLPD 6DELQR WWRDRLFAGHQH WKH YHJH!
EHFDPH GULHWERROUD®RHW DO %DUEHUL HW DO
UHVSRQGLQJ WR D ZHDNHU 6$60 LQIOXHQFH RYHU HDVWHUQ
'XULQJ WKH O D W HFHRERRHTH® HO PRVWXOLW LRQV EHWZHHQ ZHW DQ
OLQPNUDLYV LQGLFDWH WKH H[SDQVLRQ RI D GULHU &HUUDGR

DQG WZR GULHU HSLVRGHV DW DQG FDO D %3 /LPD 6C
UHROXWLRQ RI WKH DQDO\VHV H J %DUEHUL HW DO W
+RUMHUUD HW DO DQG WKH ORVV RI VHGLPHQW IURP W]

KDYH SUHYHQWHG D UHFRQVWUWHRWVY. R DHRVIDWHK R @ HIQ D W LORQG/ K

\HDUV DV ZHOO DV WKH SURFHVV RI FHUYRGRFMBH &DW
HSLVRGH ORUHRYHU WKH &HUUDGR UHJLRQ KDV EHHQ LQKD
YRJDoD ZUMRORIULFDO VLWHY LQGLFDWLQJ D GHFUHDVH
HDWRAL\GRORFHQH LQ VRXWKHUQ &HUUDGR $UD~MR HW DO
+RORFHQH %DUERVD HW DO +XPDQ RFFXSBVDIERVL Y. QW k
3LYHOOR HW DO DQG GHFLSKHULQJ ZLOG IURP DQWKUR
UHODWLRQVKLS EHWZHHQ ILUH DQG FOLPDWH DQG LWV URO
YHJHWDWLRQ 6FKPLGW DQG (OR\

/IDNH )HLD LV ORFDWHG LQ FHQWUDO &HUUDGR ZKHUH SROOH
FOLPDWH FKDQJH EHWZHHQ IDQEHQWEQD D %3&DPNVUQR H
7KH /)% DQG /)% VHGLPHQW FRUHVFZHUM BAOOHFWHIGLO® WK
FRUH ZDV FROOHFWHG LQ 3ROOHQ DQG PLFURFKDFRD!
VDPSOHV FRYHULQJ WKH XSSHU SDUW RI FRUH /)% FP Gt
ZLWK D UHVROXWLRQ RHDDOBSERWPBMWHM R FSQMML QHUUD] 3RO
DQG PDFURFKDUFRDO DQDO\VHV KDYH E HFHR GHRHSS X BV MG QRIQ
WR FDO D %3 &DVVLQR HW DO &RUH /)% KDV U
FHUUDGRR ZGAWMKWZQWHUYDOV I[URP W R DQG WR
UHGXFWLRQ LQ PRUH KXPLG FRQGLWLRQV 9XOMQWLQYKH SUH
$EXQGDQW FKDUUHG SDUWLFOHV KDYH EHHQ REVHUYHG WK
9LFHQWLQL +RZHYHU WKH ORZ VDPSOLQJ UHVROXWLR
YHJHWDWLRQ FKDQJHV ZLWK RWKHU SDOHRFOLPDWLF VWXGL
LPSURYH RXU NQRZOHGJH RI WKH &HUUDBGRGERRPH SXWWQ B X0
XQGHUVWDQGLQJ RI WKH UHODWLRQVKLSY EHWZHHQ ILUH F
SHUIRUP WG \KROKWLRQ SROOHQ FKDUFRDO DQG JHRFKHPLFDC
/Y% UHSUHVHQWLQJ WHHWKHQ@WFRPSEDHE WKH UHVXOWV ZL
VSHOHRWKHP UHFRUGY DQG UHFRQVWUXFWHG D VIQWKHWLF
WR FOLPDWLF DQG DQWKURSRJHQLF HIIHEFWV GXULQJ WKH OD




ODWHULDO DQG PHWKRGYV

JLIXUH $ $ PDS RI WKH PHD@WDWHAVBUDOWXRP@RHIHYHOV VKRZLQJ WKH SR\
UHJLRQ RI WKH VXPPHU PRQVRRQ WRGD\ GDUN EOXH WKH OLPLW RI WKH
JHLD DQG WKH SROOHQ DQG LVRWRSLFHOHFRUIG WY IGHA RXVINB KL Y KHRW H FV
VKRZLQJ LWV ORFDWLRQ UHODWLYH WR )RUPRVD DQG 3UHWR 5LYHU &

6WXG\ DUHD

/IDNH YHLD f o 76 f Z Z: DOWLWXGH P LV ORFDWHC
JRUPRVD *RLiV 6WDWH LQ,FHQWUDDLARHUWDGER )NP ORQJ H
QRUWKHPNRXMWKZHVW 6: GLUHFWLRQ DQRGGHIREDED\ RI WHFW
YHUODFHQWLQL 3UHWR 5LYHU FURVVHV /DNH HLD HQW
YLI,, % &XUUHQWO\ PDFURSK\WHV 1\PSKDHD 6DJLWWDULD
WKH VKRUH DQG BRWMH @ XIQQUHWRZIDWKH ODXNHA LQ D ZDWHU F

7KH PHDQ DQQXDO WHPSHWDMXUZKLEOM MUKH PHIDOD LD/QQXDO SUL
I[URP WR +tPPRI WKH UDLQ IDOOV EHWZHHQ 1RYHPEHU D
PP IURP '"HFHPEHU WR )HEUXDRUK\BIUWR 6GQILAMKH RXMKIHU I|L
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PRQWKY 0D\ WR 6HSWHPEHU FKDUD,FWHULKHQUDWRHD GO\ UHHI
FHQWUDO %UD]LO LV PRGXODWHG E\ WKH SRVLWLRQ RI WKH
WKH VRXWKHUQ $WODQWLF ZKLFK LQIOXHQFHV WKH LQWHQV
E\ WKH ,7&= ZKLFK PRYWR W FRARORZWRB WKXDVHDVR®DO LQVR
*DUUHDXG HW DO 7KH UDLQIDOO SKD%HG |8 D WWKHHIW®! | R U
UDLQIDOO RYHU $RD|® Q4D PLAG DRHX W R ZH D B WHID@ G BYHD QR
VXPPHU 'HFHPEHU WR )HEUXDU\ DQG WKH RSSRVLWH SDW

SHERLWD HW DO ODUHQJR HW DO 'XULQJ WKH DX
VRXKHUQPRVW SRVLWLRQ WKH LQFXUVLRQ RI 1IRUWK $WODQ
EORFNHG E\ WKH $QGHV ,QVHO HW DO WKXV LQFUHDVL

IOX[ Rl PRLVW DLU JHQHUDWH@EHRWR RXWER &Y WHBIQVE R X QG D
$PD]JRQ EDVLQ EHIRUH EHLQJ UHGLUHFWHG WRZDUG WKH $WC
DFWLYDWHV WKH 6$60 ODUHQJR &RQVHTXHQWO\ LQ -l
VRXWKHUQPRVW SRVLWLRQUHFEGLWIWLERRUHD\REVIQUYHG LQ
PRQVRRQ VI\VWHP LQ FHQWUDO,D GG URNWERHD HWWHDQ % UD]IL6C
DO

ORGHUQ YHIJHWDWLRQ

7KH &HUUDGR ELRPH FRPSULVHV GLYK\WYRJIWRHY O VHIBEI R |
VWUXFWXUH DQG JURZOWKR IREPWRHLWY HLUD ZKLFK DUH FO
WR VRLO IHUWLOLW\ ZDWHU DYDLODELOLW\ DQG ILUH RFFXU
UDQJH IURP RSHMU QWBIVXZROPRPEGDWYWEVG 7KH RSHQ FHUUDGR LV F
SK\WVLRJQRP\ ZLWK D FDQRS\ FRYHU RI OHVV WKDQ WKH FF
+ PLQ KHLJKW ZLWK WKH WUHH VSHFLHV $VWURQLXPB IUD[LQ
EDVLOLHQVH DQG S5SRXSDOD PRQWDQD DFFRXQWLQJ IRU R
DQG WKH ZRRG\ FHUBDRGR FFRUWAUIHHYXXHLJKW D@G D FURZC
20LYHLUD )LOKR DQG 5DWWHU \XIRWUBDWVYWHBK DA RIQRP\7F
&HUUDGR ELRPH LV XVXDOO\ UHODWHG WR ZDWHU ERGLHYV
vzbPS JDOOHU\ IRUHVWY WKH DVVHPEODJHV YDU\LQJ LQ Ul
DQG RU DGDSWDWLRQ '"XWBKIAWQRAYRPOCHY DQG7KMHRULVWLF FR
YDU\ GHSHQGLQJ RQ WRSRJUDSK\ GUDLQDJH DQG VRLO SURS|

7KH ODQGVFDSH DURXQG /DNH )HLD FRPSULVHV RSHQ FHUU
SK\VLRIJQRPLHV &DVVLQR HW DO 7KH JDOOHU\ IRUHVW
WKH ZDWHU OHYHO RQ WKH 1( VLGH RI WEKH Q@ DWHH ZKNVWHWQ
WKH ODNH%)L3 ERWDQLFDO VXUYH\ FDUULHG RXW NP IURP /I
RI WKH IROORZLQJ IDPLOLHVY $QDFDUGLDFHDH $UDOLDFHL
(ULRFDXODFHDH SRDFHDH /IDPHRDMHEXODYDEBHRBBH O0DO
OHODVWRPDWDFHDH O\ UWDFHDH 2QDJUDFHDH 2UFKLGDF
SHUEHQDFHDH DQG ;\ULGDBHRKIDHH QWEQH




7TDEQH .H\ &HUUDGR VSHFLHY LGHQWLILHOGLEHRWILDNH )HLD %UD]LO )HUU

Growth form Common plant list

Trees Anacardiumsp,, Schefflerasp.,, Waltheriasp, Tephrosia
leptostachyaByrsonimasp, Cabraleasp.

Herbs, shrubs and epiphytes Riencourtia tenifoliaAristida riparia, Axanofarussp,
Laersia HexandraPaspalum gardinerianuni.
polyphyllum P. stellatumThrasya petrosarrachypogorsp,
T. spicatusBauhinia Galactia Periandra Utricularia
myriocista Microlicia, DesmoscelisEpiphytes are
represented bipidendrumPhragmidium sp.

Water levelrelated Cyperus hasparfFivrenasp, Rhynchosphora gigantea
Eriocaulonsp.Hyptis PolygonumPontederia cordateXyris
jupicae

6DPSOLQJ DQG FKURQRORJ\

7KHP ORQJ VHGLPHQW FRUH /)% ZDV UHWULHYHG IURP /DNH
DGDSWHG IURP ODUWLQ HW DO DQG VWRUHG DW WKH 8Q
JRU WKH SUHVHQW VWXG\ ZH DQDOQH®/RVRHKMVROVW FP FHRDIW
ZDV FROOHFWHG LQ RSHQ ZDWHU LQ WKH QRUWKHD¥BWHUQ S
7XUFT HW DO

(LJKW EXON VHGLPHQW ¥YBBEOHWQWDERHWKH /DERUDWRLUH G
/0& 806 &($ '66G&1565'+560LQLVWqQUH GH OD &XOWXU
&RPPXQLFDWLRQ 6DFOD\ )UDQFH IRU DQDO\VLV DQG UDG
VSHFWURPHWU\ $06 7 KWH 20U FPDULER@ WGHDAV XKVLQJ WKH 6F
THUUHVWULDO 6+FDO FXUYH +RJJ HW DO LQ &DOLE

GHSWK UHODWLRQVKLS ZDV PRGHOHG XVLEND%B\HY LD Q00N D X
DQG &KULVWHQ #$ QDHY/8 UAD 6 VB IG HRG D W FP FRUUHVSRC(
FRULQJ L H $' 7KH SDUDPHWHUYV ZHUH DGMXVWHG WR 6+

)L,

Tablelll.2.Radiocarbon dates for the LFB1 sediment core taken from Lake Feia, BraZfiCTdetes were calibrated

XVLQJ &DOLE 6WXLYHU DQG 5HLPHU DQG YDOXHYVY DUH VKRZQ WR
Laboratory code Material dated Depth /C 1C age Age range
(cm) (a BP) (cal a BP)
SacA 53907 Lake sediment 1445 824 220+ 30 136232
SacA 60352 Lake sediment 4041 27.5 910+ 30 7394789
SacA 53908 Lake sediment 6061 £9.8 870 £ 30 68075
SacA 60353 Lake sediment 102403 25.6 1280 + 30 10694189
SacA 60354 Lake sediment 164465 80.2 2160 + 30 20072159




SacA 60355 Lake sediment 218219 23.8 2925 + 30 29198082

SacA 60356 Lake sediment 270271 25.9 3520 + 30 36778841

SacA 53909 Lake sediment 313814 83.3 4405 + 30 48514983

$QDO\WLFDO SURWRFROV

3ROOHQ ZDV DQDO\]JHG LQ VHGLPHQW VXEVDPSOHV HDFK
FROOHFAWHGQDWMWHUYDOV 3ROOHQ ZDV H[WUDFWHG DW WKH ,6(
I\FRSRGLXP WDEOHWYV IN\NFRSRGLXF HODNIPVEROM ZVORUDBIE G

FDOFXODWH WKH FRQFHQWUDWLRQ Rl SROOHQ 7KH VDPSOHV
EDWK EHIRUH GHQVLW\ VHSDUDWLRQ ZLWK =Q&0 .XPPHO DC

DQG FPOD +) WUHDWS®HQWMWIMHG IRU KRXU )DHJUL DQ
UHPRYH VLOLFD 3ROOHCGDWIRBARUBXY RWHHU @RQ@QWLILHG D
PDJQLILFDWLRQ $ WRWDO RI SROOHQ W\SHV ZDV LGHQV
FROOHFWLRR 3RO GHQ WD D LGHQWLILEFDWLRQ NH\V DQG FD
6D O JIDEMR X U LD X &DVVLQR DQG OH\HU %XVK DQG :HQ.
SHUFHQWDJHVY ZHUH EDVHG RQ WKH WRWDO VEF5 RO @/HIQ WU B YO
DV JUDLQV FP D ZDV FDOFXODWHG IRU HDFK WD[D 3ROOHQ
DQDO\VLV E\ VXP Rl VTXDUHV &21,66 DV SURSRVHG E\ %HQQ
ZHUH FUHDWHG XVLQJ WKH)BURWRHSDRARBFMLRQ5 RWSEDROHQ \
IROORZLQJ SURFHVYV J)LUVW ZH FODVVLILHG WKH SROOHQ V
QRQUERUHDO DQG SK\WRSK\VLRJQRP\ ZRRG\ FHUUDGR FHU!
3RDFHWDWHZWKHQ XVHG WR FKDUDFWHUL]H RSHQ DQG FORVHG
DO BHFRQG ZH EXLOW D GDWDVHW H[FOXGLQJ S
DQG DSSOLHG D SULQFLSDO FRPSRQHQWYV DRDOGVERWX& VK|
IUHTXHQF\ KLJK RU ORZ DQG WKH UHSUHVHQWDWLRQ FRQV
LQ WKH ILUVW 3&$% WR FRQVWUDLQ WKH PRVW UHSUHVHQWDW

$ VHFRQG 3&% ZDV DSSOLHG WR WKH PRVW UHSUHVHQWDWLYF
DV D IXQFWLRQ RI WLPH 7DEOH 6 %HIRUH HDFKRB&$ DQ
WUDQVIRUPHG LQ RUGHU WR PLQLPL]H RJKMKQKHH®BIK\RE € Q¥ 1B MN
%HFNHU HW DO

)RU SDO\QRORJLFDO LQWHUSUHWDWLRQ SROOHQ DVVHPEOTL
GHSRVLWLRQ SROOHQ LQIOX[ DQG WKH HFRORJLFDO FKDU
H[SRVLWLRQ SROOLQDWLRQ V\QGURRHD QR | KHDIEAKV W W [ DP RAXVP
LQ 7DEOH 6

JRU WKH WUDFH HOHPHQW DQDO\VLV VHGLPHQW VDPSOHYV
KRXUV 7KHUHDIWHU VHGLPHQWY ZHUH PDFHUDWHG LQ DJ
PP ZHUH VHSDUDWHG ZLWK DQ 1 3,12; BW6%WHUWUDQ G7¥L(H

$ VHGLPHQW YROXPH RI FP IRU HDFK UWXEMDPRBWOHY EB Y F$HO C
KROGHU FXS 7KH VDPSOHV ZHUH DQDOXHGHDWLW R B H GG/HV W .
XVLQJ D SRUWDEOH ;5) "(/7$ 200MWXXWKUG WV RIHS RWGWLRQV RI
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VDPSOH DQG XVLQJ WKH PHDQ RI WKH WKUHH UHSHWLWLRQV
HOHPHQWY ZHUH VHOHFWHG XVLQJ 7L DQG 7L . OHYHOV DV

'‘DYLHV HW DO 7L . UDWLRWRNUHZQEDWDOY.DHGEG DLW LR QGRHC
VFDOH

7R UHFRQVWUXFW ILEFR DWFXEMDPE\OHY ZHUHRPFRO@WHBWBGY DK
VXEVDPSOHV ZHUH GHIORFFXODWHG DQG EOHDFKHG ZLWK .2
SDVVHG WKURKFHBK XQGHU ZDWHU 7KH UHVQ@RHN ZRUFHOD
HYDSRUDWLQJ GLVK WR DLG LGHQWLILFDWLRQ DQG FRXQW
DQDO\]HG DW 1 PDJQLILFDWLRQ XQGHU D /HLFD PLFURVFRS
DQDO\]HU DQG :L @DHHG OV L\PRIIWR U WH X PHIHQOW &DQDGD ,QF

DOORZHG PHDVXUHPHQW Rl WRWDO FKDUFRDO FRQFHQWUDW
DQG WKH FXPXODWLYH VXP Rl FKDUFRDO SDUWLFOH DUHD L
FKDUFRDO DRFXWMKODDWLRQOFXODWHG E\ PXOWLSO\LQJ WKH
QXPEHU DUHD E\ WKH VHGLPHQW DFFXPXODWLRQ UDWH

&+$5DUHD PP FP D ,Q DGGLWLRQ ZLGWK OHQJWK :/ ZD\
LQGLYLBARKY ZHUH WKHQ LQFRUSRUDWHG LQWR D GHQVLW\
WR HYDOXDWH WKH SUHVHQFH DQG GRPLQDQFH RI JUDVV RL
DERYH EHORZ VXJIJHVWHG FKDUUHG ZRRGHG JUDVV SDU

SHVXOWYV

JLIXUH $ FDOLEUDHSMK PRGHO IRU WKH /)% FRUH IURP /DNH )HLD ZLWK W
DW WKH WRS DQG WKH SRVLWLRQ RI WKH UDGLRFDUERQ GDWHYV 7DEOH

VWDQGDUGL]HG HGURUWKIHUHOXHGERPW 7KH EODFN GDVKHG OLQHV VKRZ \
WKH JUD\ EDQG WKH SUREDELOLW\ RI PLQRU RU PDMRU GDWHYV IRU HDFK

7KH BGMSWK PRGHO REWDLQHG,RUSWRMLIGHWG FIR BK URQJROR J\

\HDUV Rl YHJHWDWLRQ LQ WKH &HUUDGR 7KH UHVROXWLR
IRU SROOHQ DQDO\VLVY DQG EHWZHHQ DQG \HDUV SHU VDF
GHSRVLWLRRQKRDWH HG WLKRHD ZDV REVHUYHG EHWEBE® %3 QG
ZLWK DQ DYHUDJH RI D FP %HWZHHRDO DD®G WERPF GHSRVL
ZDV a D FP %HWZHPMQ +*DQFRDO B %3 WKH KLJKHVW GHSRYV
IURP WR D FP )JURP +WRDOFP %3 WIRKH VHGLPHQWDWLRQ




)L, 7TKH WRS RI WKH FRUH ZDV UDGLRFDUERQ GDWHG WR
ODVW FHQWXU\ZHD¥EIKOHHUHIRUH FRQVLGHUHG WKH WRS RI WKH

SDO\QRORJLFDO DQDO\VHV

&RQVWUDLQHG FOXVWHU DQDO\VLV %HQQHWW LGHQWLIL
LGHQWLILHG SROOHQ WD[D ZHVUW HSH G H RWH\GY E®N WU RE
PHWKRGV 7KH 3&$ IRU WKH VHOHFWHG S\RKHPHQQW R[ WV K)WH H 6.
6 SURYLGLQJ LQIRUPDWLRQ DERXW WKH HQYLURQPHQW DG
UHTXLUHPHQWY RI HDFK WD[D DV GHILQHG LQ 7DEOH 6 7HP
QHIJDWARRHUH Y DO XHN\D LDQ//IRFL\Y M/GI 3V ELWK SROOHQ DVVHPEOD.
VHDVRQDO RU SHUPDQHQW IORRGLQJ ZKLOH SRVLWLYH YDO>
GUDLQHG V,RLOBVS NQE 6 % 7KXV WHKBH\DWDHEMPGIDVWHORBVLV
DVVRFLDWHG ZLWK VZDPS\ JDOOHU\ IRUHVW ZLWK O\UWDFHD
SUHVHQW LQ LQXQGDWHG DUHDV %RWK 0\UW D FHDHI DYV W H
ZKLOH %DQLVWHURSVLV LV D KHODLRSKLORSY ZARGN YV H Q$W
IUHTXHQF\ LQIOX[ DVVRFLDWHG ZLWK D GHFUHDVH LQ ODNH
FRULQJ VLWH DV WKHLU HQWRPRSKLORXV SROOHQ FPQQRW W
$SHEEDV HPXWEBBH O D VW R PRNPEFHH¥EX BDHMHDQVWURHPLD UHSU
SODQW WD[D JHQHUDOO\ REVHUYHG LQ ORZHU VWRUH\ VWUD
$UD~MR HW DO DVVRFLDWHG ZLWK PRLVW HQG IHU
$Q D ®HQV4$ N WL RD LX WP R £EHFI RILEWRYD RE${DW L FD FU\DH-Q H
7DSLIUBPD UHSUHVHQWHG FHUUDGR SODQW WD[D JHQHUDOC
$UD~MR HW DO ZLWK &HOWLY DQG 7UHPD PEXQS BORWQH
LQ WKH SROOHQ UHFRUG VXJJHVWLQJ WKDW WKH\ GLG QRW

7KH SUHVHQFH RI %\UVRQLPD DQG $VWURQLXP &DVHDU
LQ SROOHQ VXUIDFH VWXGLHV LQGLFDWHG RSHQ ! DQCG
SK\WLRJQRPLHV /HGUX -RQHV HW DO V Kk RIAMH G UV KCH
JDOOHU\ IRUHVW FORVHU WR WKH FRULQJ VLWH ZKLFK DWWFE
PRGLILHG WKH VLIQDWXUH IRU WKH H[SDQVLRQ RI RSHQ FHUL

7KH DVVHPEOD#UWRBDFHDH D JRRG SROOHQ SURGXFHU ZLW
KDV EHHQ ZLGHO\ XVHG DV DQ LQGLFDWRU RI JDOOHU\ IRU}
*RVOLQJ HW DO +RZHYHU LQ WKRU D BMWH FFOUFGI DW K
ZDV OHVV WKDQ DQG RWKHU LQGLFDWRUY DOVR LQIHUUHC
ZDWHU UGIODMHG SROOHQ WD[D (FKLQRGRUXV (LFKKRUQLTL
1\PSKDHD )LJ &6 , Q SIRELMNBLASFOUSBEINQ LOFOXGLQJ IHUQ DQG
VLPLODU SDWWHU®O MWRHGDWBIWD OHYH® )YXQJL ZHUH PRUH R
WKH\ ZHUH PRVWO\ FRSURSKLORXV B6RUGDULD *HODVLQRVSR
ZLWK FROQWHQXRXXHDF\ DQG GXQJ RU RUJDQLF PDWWHU GHF]
EH GHILQHG DV QDWXUDO RU DQWKURSLF )LQDOO\ WKH SU
IUHTXHQW WR VXJJHVW KXPDQ DFWLYLW\ SDVWRUDOLVP LQ




JLIXUH 6\QWKHWLF SROOHQ LQIOX[ EODFN EDUV DQG IUHTXHQF\ FXUYH
/Y% UHSUHVHQWHG E\ 3& VFRIUAXP EQ BWIDRFQ RIPRDHUFRRDOFP D UHVSHFWL
‘RRG\ FHUUDGR WD[D DUH VKRZQ LQ \HOORZ JDQUHODWR GHW IV[ W D D ELAX |
KRULJRQWDO EDQGV LQGLFDWH WKH GU\ LQWHUYDOV ([DJJHUDWLRQ i

=RQH = FP + FDO D %3 VDPSOHYV

=RQH ZDV FKDUDFWHUL]HG E\ DUERUHDO SROOHQ $3 OHYH
ORUDBHDWLFDFWEHHSH RQSBHPWROLDK IUHTXHQFLHV RI 3RDFHD
VHHQ DW WKH EHJLQQOL®J RP]JR@H FOBSWN%3 ZLWK WKH SUH'
WUHH QARUOQHD WO DGHQDQEWKHSIRYH &DFPHDAM. D DQG
$VWUR®+XPZHUH SUHVHQWUINVWIIRGIRHG IURP  WR EHWZHH

FP + FDO D %&HFAURBKD $QDGHQDQAEWKHMWHWBSH

DQG ORWDFWDFHDREHDHD VR SUHVHGBWWALRDBABBH/KRZHG D
FRQFRP LLWIXQMQZL Q F WHIDMEH. DQ WKLV LQWHUYDO WKHUH ZDV D

SROOHQ LQIOX[ IURP a WR JUDLQV FP [ 3&ZLWXOXH\
SUHGRPLQDQWO\ SRVLWLYH YDOXHW HDONW FHEEDDHWW [IfHE LI Z [
O\ ULRSKUDWXIMHG IURP WR DQG WR UHVSHFWLYHO\ 71

WKH DSSHDUDQFH RI (LFKKRUQLD WD[D ZLWK D JUHDWHU IUH
OHYHI® DWHG WD[D IROORZHG WKH VD® RUHDW WHU § BAD WE UMK
JRQH 7KH SROOHQ LQIOX[ UDQJHG IURP WR JUDLQV FP

Ol



DW FP FDO D %3 ODFURFKDUFRDO ZDV REVHUYHG 1IU
LQFUHDVHG WRZDUG WKH HQG RI WKH JRQH YDOXHV UDQJLQ.

=RQH = FP + FDO D %3 VDPSOHYV

$3 GRPLQDWHG ZLWK #UHTPOH@RBIR] RTHU Q VOHDRHWPR BDWD FHL
&RPEUHWDFHD#8UWRBDF HITH/ HDQUHPHOV RI 3RDFHDH WR
%\UVRQLPD WR G&EPVHDYHBE SEMEORQUDXWHD LQFUHDVHG
PRVWO\ EHWZHHQ B QG FDOFB78Q VWNRHPRLDHG LQ WZR SKD
ILUVW IURP WR DGB WKH VHFRQG IURP W R BPGa

+ FDO D %3 UHVSHEWLYHO\ 7KW ®/HYBHDQDHE RURD GO |
ZLWK WKUHH GLVWLQFW SKIPVHW REVBOYBI G&D WFP

FDO D %3 +DQRP FDO D %3 7KH WZR ILUVW SKDVHV
LOHE $SHLED DQG ORWDIFMDFDEHDHXWHUSH GHFUHDVHG W

ZLWK OHVU\WKIDIH DEBDWLY WHIUHRSHQW ,Q WKH WKLUG SKEC
LQ ORUBRMDIHFDFHDH ZDV DFFRPSDQL MG EVRSLBG (SKFAUHUHSHNV D J
+ O0\UVLQH 7UHP®D+* DQ&HOWEV ZKLESHLEDVDSSHDUHG 71
WHUUHVWULDO SROOHQ IUHTXHQF\ UDQJHG IURP a WR J
WR ZLWK SUHGRPLQDQWO\ QHIJDWEYHFPDOXHV FDRPDD%GH SV
DQG SRVLWLYH YDOXHV IRP B GHIYKDR%3 ODFURFKDUFRDO
WKURXJKRXW WKH JRQH IURP WR PP FPt DPEZLMWK RBLJK DI
IURP D GHSWKF®P  + FDO D %3

=RQH = FP + FDO D %3 VDPSOHYV

7KH IUHTXHQF\ RI $3 ZDV KL J MQ G DoQGWIFODHE HHKHUH ZDV C
3RDFHDHM/\DYBQDRREDVHDU+LD $VWURRDQBRUDWMHDVY WKDQ
7HUQVWURHPDDI b + %DQLVWHHRSWHFURSLD ORUDEHDH
SBUWLFDFHQBGHQ® QWKBQBOFKRUQHD 7 DHEDOW & H ©MVANVU H
SUHVHQW *®BWDFBPHDH OHYHOV LQFUHDVHG DW WKH HQG RI
LQIOX[ ZDV EHWZHHQ DQG JUDLQV EP WR3&DWHUXHYV
OHYHI®DWHG SROOHQ DOPRVIW GZVWESWRH ISR OIURE L QWRX[ G

WR JUDLQV FP D ODFURFKDUFRDO ZDV SUHVHQW WKUR
ZHUH ORZ PP FP D

=RQH * FP + FDO D %3 VDPSOHYV

7KH IUHTXHQF\ RI $3 UDQJHG |URPHU QINVOGRHBPIE 6 QNGRRHD H
IROORZHG E t+ORW DFHPHDIHFURS4LD 3RDFHDH D@B\UVRQLPD
at ZLWK WKH KLJKHVW IUHTXHQFLHV RFRFNUQV@IHRWPWEK H
ZDV SUHVHQW ZLWK YDOXHV DER¥H FDORP %3 WRQG FPWF
FP + FDOD %3 7KH WZR SKDVHV ZLWK KDWKHBP$3 BUHTXHQ
FDO D %3+ DEFRG = FDO D %3 &DQMHDAAHG PDORBIRW X P
ORUDBHDWLFDFHDH ZDV SUHVHQW DW &HF URBHUIBRHMIK RXW WK
LQFUHDVHG JUDGXDPGE®HN DAXEOWLAH LQFUHDVHG WRZDUG WKH
JROQH $IDFERUQHD $QDGHQD QINKI HBPBYHONE DhHE B O QHWBHO R Z




GLVSOD\HG KLJK ITUHTXHQFLHV EHWZADHOQD %BQBQG ERWZHHQ
FP * FDO D %3 7KH WHUUHVWULDO SROOHQ LQIOX[ UDQ
34 YDOXHV UBPQJIJWRE IURBLWK QHIJDWLXHRYBRBOXRV IYRP D GHS\
FDO D %3 DQG SRVLWLYH YDOXHV IURP D GHSWK RI FP
/IHYHOV RI ZD W6 DWHHEKMIRRISIOD L WWODQUWLHDG TURP WR DQG IU

UHVSHFWLYHO\ ZMWWKDDLSHDW RMKGDEIHILQQLQJ RI WKH JRQH
a O\ULRSKLW@QFEXMDVHG WR a EHWZHHQFDO @EWSK® HD

ZDV SUHVHQW DW a IURP FP FDO D %3 XQWUBOMRNHHBQ C
WD[D GHFUHDVHG EHWZHHQ FDDQ@G%3FPFFTKHUEBDWWH ® BSRBOHQ
UDQJHG IURP WR JUDLQV FBRJHY HIPW UNRKEWKRDXIIAERRDXON Z\V W H

WR PP FP D ZLWK KLJK DEFFPPXCGPWDRQ@HEBWKYXRI FP
* FDO D %3

=RQH = FP FD® D $3 VDPSOHYV

$3 IUHTXHQFLHV UDQJHG IURP a ¥ RWLFBOFDRSLDJ ORWDRE
&HODNIMHPD %\ZVWRQIPBVHQW a ZKLOH 3RDFHDH ZDV WKH
$VWUROQDREDVHDIHDH SUH¥HQWDVa ZKUBIFURSLD

ORUDFHDH SUMWLF RHODHLY 7UHPD+ DQ@UVLAH 7KHUH
ZDV OHVV$WKEQYQBOGHQDQWK PO HKKMHFHEBBOHQ LQIOX[ GHFU

W R JUDLQV FP D 3& UDQJHG IURP a  WHRO D W HXY MU«
IUHTXHQFLHMV IGFKKRBBEWBDVHG IURP DW WKH EHJLQQLQJ R
FDO D %3 WR A\PSKIIDHBHJLWWIFWHDVHG IURPO\WR &K\ OIDX®
DOPRVW GLWDSSHDWIEBKROOHQ LQIOX[ UDQJHG IURP W R
ORZHVW YDOXHV RFFXUWLQFP DW D FRISWK%RI ODPURBNDUFI
FRQWLQXRXVO\ SUHVHQW DOWKRXJK WKLV JRQH KDG WKH OF
PP FP D

;5) DQDO\VHYV

7KH ;5) UHVXOWY VKRZHG FRQWUDVWLQJ UHVSRQVHV ZLWK
QRUPDOL]HG 7L,,, UDWRR )LJWR FDO D %3 WR FDO D
FDO D %3 DQG WR FDO D %3 7KH KLJKHVW 7L,. UDWLR .

&KDUFRDO DQDO\VHV

&KDUFRDO DQDO\WHV VKRZHG UHJXODU DQG FRQWLQXRXV ELF
DQG )LJ 6 ZLWK WKH FKDUFRDO LQIOX[ UDQJLQJ IURP W
PP FP D EXW ZLWK WZR LQWHUYDOV DERYH PP FP D IUF
W R FDO D, %3 7KB ZLGWK DQG OHQJWK GHQVLW\ DQDO\V
VXJIJHVWHG WKDW WKH FKDUUHG SDUWLFOHV RULJLQDWHG I
6 DQG IURP JUDVV WRZDGG)WKH DRSS 6R1 WKH OBFRUWI D VL
SDWWHUQ GXULQJ WKH WZR HSLVRGHV RI KLJK FKDUFRDO G
ELRPDVV EXUQLQJ




JLIXYUH $ UHSUHVHQWDWLRQ RI WKH ODVW \HDUV LQ WKH FHQWUDO U
FKDUFRDO DQG JHRFKHPLFDO GLDJUDP DQWKRZQ IKRNVADINIR)HWDDBRUHV IY
DORQJ ZLWK ~ 2 LVYRWRSLFHEDWIGRVSIHOHRWKHP UHFRUGY DORQJ D FDOLE
WHUUHVWULDOUBQG VW IB® KD [DHYHRUPDOL]HG 7L . UDWLRV DQG FKDUFRDO
VSHOHRWKHP UHFRUGY FDPH |URPUQROWHWUIO %RWXYHRUBWKBYHD SBUDLYV

DQG FHQWUDO $QJHOLFD FDYH :RQJ HW DO 7DPERULO :RUWKDF
DW f6 /DVNDU HW DO 7KH EOXH G RW RIEEHULYHHG LIQR E B WVKUHD P D& IQUYI
FDO \UWAKH JUD\ EDQGV UHSUHVHQW WKH GU\ LQWHUYDOV

 QWHUSUHWDWLRQ

2XU UHVXOWV VKRZ WKDW IRU WKH ODVW \HDUV WKH OC
FKDUDFWHUL]JHG E\ D FHUUDGR ZLWK 3RDFHDH $VW URRG X\PK H
+ %\UVRQ+PD &DVHDd#LD 2XUDWHD DGBUQVWWRHPLD

,Q WKH JDOOHU\ IRUHVW ZH REVHUYHG&QDEG HD@P@EW WHERQ W L (
(XWHUSH OHODVWR&RRWEBHWH FHDMR UDFBHUDMLFDFHDH D C
WKH WKUHH FRPPR&IQFSRREQBH&HBID DQ@HPB &KDQJIHV
IURP D FORVHG WR RSHQ FDQRS\ VXJJHVWHG VRPH UHRUJDQ!
E\ IOXFWXDWLRQW LQ QOHWDFHSHLED %DQLVWHURSVLYV
$OFKRUQHDO\UVL@H DQM®SLUEUD 7KHVH FKDQJHV ZHUH UHOT
LQ WKH SRVLWLRQ RI WKH JDOOHU\ IRUHVW LQ WKH GLUHFWL
ODNH ZDWHU FROXPQ IURP WR WR DUQVGN W
LQWHUYDOV VXJJHVWHG DQ LQYDVLRQ RI WKH JDOOHU\ IRUF
GHFUHDVH LQ WKH DTXDW L FOMID [\ U BMZ RIBEBLBOSQW LRDIF § i D B Bl QLHID
DQG DQ LQFUHDVH LQ 0\UW D#RHRIPHE UDHOVE DFHHI BV WRZARD W D FF H DAHD [ |
JURXQGZDWHU $W WKH EHJLQQLQJ RI WKH ILUVW LQWHUYDC

(o)o)



IRUHVW HOHPHQWY ZDV DFFRPSDQLW® CEHN DR WQWWHIDRGHE L) W
DVVRFLDWHG ZLWK D KLJK ILUH VLIQDO 'XULQJ WKH WKLUG
VXJIJHVWHG D ORZHU ODNH OHYHO 7RIJHWKHU WKHVH WKUHH
JURP WR FDO D %3 D JUDNIXEOLAD H][BBW QRQRRY WEG DUERU
REVHUYHG LQ ERWK JDOOHU\ IRUHVW DQG ZRRG\ FHUUDGR

$IWHU HDFK RI WKH GU\ HSLVRGHV WKH UHFRYHU\ RI WKH D
LQFUHDVH LQ ORZHU VWSRDUHADSILADQ RBTENWRSHE B LVOBI[BVKH FORV X
WKH FDQRS\ ZDV FKDUDFWHUL]JHG E\ PHGLXP $DG&RXRSHDU
$QDGHQDMAEEUDLEDLQ) WKH ODVW \HDUV VWDELOL]DWLTF
VLPXOWDQHRXV ZLWK DQ LQEWHK\DHFR PR KB \DIRXIMEL E QWG HH
%HUQKDUGW DQG :LOODUG HDUHTHWELWH RWHPH RIHFUSRBEID | R U
&HOWLVOHOPR RRIRPEEHDWD FHDH B Q\8 LFPFBIPHDEHFDPH PRU K
DQG ZRRG\ FHUUDGR WD[D Z VW WRHDLX FJ HBQSN-BLDRBGH E \

DFWLYLW\ ZDV ORZ FRPSDUHG ZLWK WKH SUHYLRXV LQWHUYD

7KH WZR SHULRGV RI KLJK FKDUFRDO LQIOX[ DRWGSRVLWLRQ |
FDO D %3 FRLQFLGHG ZLWK WKH REVHUYDWLRQ RI WZR GU\ L
DQG IURP W R FDO D %3 $1WHW HDIPW\ HWHO W RF RYH K\ |
WD[D PRVWO\ JDOOHU\ IRUHVW WRRN DERXW \HDUV 7KH
VKRZHG FRQWLQXRXV ILUH DFWLYLW\ DQG D YHJHWDQWGRQ U
6 'XULQJ WKH PRD\WMLKEXPQWHWLDOV WKH FKDUFRDO LQIOX] z
DOG QR FKDQJH LQ WKH SROOHQ DVVHPEODJHV ZDV REVHUY
FKDUFRDO LQIOX[ ZDV FRQWLQXRXV a PP FP D DQG WKH \
\HDV )LJVDQG 6

'LVFXVVLRQ

([SDQVLRQ RI WKH DUERUHDO FHUUDGR LQ FHQWUDO %UD]L

7R SODFH WKH YHJHWDWLRQDO FKDQJHV ZLWKLQ D ZLGHU ¥
REWDLQHG IURP GRWH G)WR EHWZHHQ DQG FDO D %?
)LJY, DQG 7KH ODWH 30HLVWRFHQH LV FKDUDFWHUL]HG

GRPLQDQF® RERYRI@PO SROOHQ 3RDFHDH $VVOMWDE@HWH DQG
+HG\RVPXRHPEODJH FKDUDFWHUHWDWLER Q| JWRMVIODIKG SK\VL
&HUUDGR /HGUX HW DO 2XU VWXG\ RWW B H [SID\QW LR Q\R!
&HUUDGR ELRPH LQ WKH UHJLRQ RI /DNH )HLD PADOVIV%® BB \L(
FKDUDFWHUL]JHG E\ WKH LQVWDOODWLRQ RI DQ RSHQ FHUUDC
D ZRRG\ FHUUDGR SHDNHG ZLWK $VKWH FR@ERUY RRDOWES UH V H
IOXFWXDW L&D \CHDUHO®VDRH D WARWL/AKHW HH LQWHUYDOV ZLWK OF
UHODWHG WD[D DUH DWWULEXWHG WR GULHU HSLVRGHV IUR
FDO D %3 ZLWK D ORFDO H[SDQVLRQ RI WKH JDOOHU\ IRUHV
ILUVW DQG VMARD® GVW\ QG D FRQWUDFWLRQ RI WKH JDOOH
WROHUDQWHWQWW WYBIOHG ZLWK KLJK ILUH DFWLYLLW\ GXULQ

D Q.G




7TKH WXRHS LQVWDOODWLRQ RI RSHQ WR ZRRG\ FHUUDGR LV L
UHFRUGVY &URPtQLD DQG EJXDV (PHQGDGDV ZLWK D UHVROX\

DQG \HDUV SHU VDPSOH IRU EJXDV §RHQOBORDYLITKRIFDWH
&URPtQLD UHFRUG HQGV DW FDO D %3 DQG WKH EJXDV (P
SLFHQWLQL DQBRJADXGR %DUEHUL HW DO 7TKH GLII

DQG 3RDFHDH IUHTXHQFDKVE ©O RZHVULWX\WK G WR WKH GLIIHUEL
ODNH YHUVXV VZDPS

7ZR ODFXVWULQH SROOHQ UHFRUGY ORFDWHG LQ QRUWKZHYV
DQG QRUWKHUQ &HUUDGR /DNH &D®% RV XBIEHMWHWKD® WKH 2)RB
DQG WKH JDOOHU\ IRUHVW ZHUH HVWDEOLVKHG HDUOLHU WK
UHVSHEWLYHO\ &HUUDGR WUHH %\D\DRDH A CPIDQ G GB\R BB DBIF VO H
WKDQ EXW ZLWK GLIITHUHQFHV LQ RWKHU SR &XOUHIMWLHIOGOLEF [

DW /DNH &RGIRYMRY D DW /DNH &DoR + R ZHHWHRLD XWVK IR QC
DQDO\VLV DW /DNH &RQIXVmMR a \HDUV EHWZHHQ VDPSOH
VDPSOHV DQG WKH DEVHQFH RI D UHFRUG DIWHU FDO
FRPSDULVRQ LPSRVVLEOH

7R WKH ZHVW L @& WK DIPD HRRFRWRQH WKH,,/BNHQADNILDOHR RAKG
D GHFUHDVH IURP WR LQ WKH ZRRG\%EHVRQIGRD DW
&XUDWHOODBRDFHRH ®HQEQYDGHQDQWKIHRWIMRZHG E\ H[SDQVLR!
UDLQIRUHVW DIWHU )FQWHNV %3N DO $ VZDPS UHFRUG (
$PD]RHUUDGR HFRWRQH &DUDMiV VKRZV D@ RBHRWEPDUDG
DQ@PRVDP DQG WKH GUSODFRDWE LWBHDH " DQG %LJQFR
=DQWKR[\OXPRP W R FDO D %3 DIWHU ZKLFK WKH\ DU
WD[D $OFKRUQHD &HOWLV+&RPEUMHMOIDAMB D W XFHDR UD
S8UWLFDFHDH DQG 7UHPD +HUPDQRZVNL HW DO

,Q VRXWKHDVWHUQ &HUUDGR WKH SROOHQ UHFBUBRIYWUBJRE
WKH ODVW FDO D %3 DQG VKRZV WKH SUHVHQFH RI WKH
BW\SKQRGHQGBRROO FKDQJHV LQ KXPLGLW\ KDYH RFFXUUHG
LQ WKH #MODDBRLF )RUHVWHHERWHRQ D O+RUIN D UHFRUG IUR
ORFDWHG DW P DVO DQG VSDQQLQJ WKH ORVWLWK \HL
$PDUDQDNMARWU UHAJ LD SUHVE Q@WOX FDO D %3 7KH IUHTXHQF\
SROOHQ WKHQ LQFUHDVHG EHWZHHQVRQ IDRDG YQERDEODD % 3 Z
DQG JUDVVODQG KDV EHFRPH GRPLJBQWDLABWVEE® ODVWD\
HOHYDWLRQ RI WKH (VSLQKDoOR PRXQWDLQ UDQJH

,Q WKH QRUWKHD ¥&\D DIW)L QVIOH HSAHRWUBDGHR W KH 6mR -RVp VZDP

&DVVLQR HW DO VKRZV ZHWWHU FOLPDWLF FRQGLWLR
FDO D %BDXUWMKLD IOH[3RDBPHPH DQG (UL BODHQDNQG

SRXSDODSUHVHQW DQG DQ LQFUHDYVH &HF WRBHBIDORWRIXARUH

! $IWHU FDO D %3 WKH H[SDQVLRQ RI D GULHU RSHQ F
RI WKH WUHH SROOHQ WDIDXDQW LW KIKD FS[DDBRDOWIZ RRSH[SDQVLF
JuUbvVvvODQG SROOHQ 3RDFHDH &DVVLQR HW DO 7K




DVO /LPD 6DELQR HW DO VKRZV WKH SVUWMVRQEX®PRI D ZF
XQWLO FDO D %3 ZKHQ LW ZDV UHSODFHG E\ D PRUH RSH¢
WKH SUHVHQFH RI $\V{WSHKIROWFEHDHD QRPSKUHQD GXULQJ WKH OL
SDUW RI WKH +RORFHQH /LPD 6DELQR HW DO

IRWZLWKVWDQGLQJ WKH GLIIHUHQFHV LQ UHVROXWLRQ DQG
&HUUDGR SROOHQ UHFRUGYV UHYHDOV D JHQHUDO WUHQG FKD
a D %3 DQG ZRRG\ FHUUDGR DIB\HD GULB W B SLYRG K DG \BE

FDO D %3 LQ ERWK FHQWUDO DQG QRUWKHDVWHUQ UH.
VRXWKHDVWHUQ DQG VRXWKHUQ UHJLRQV ZLWK PRUH KXPLC
RSHQ FHUUDGR SK\VLRIDIRP\ EHMDZHBE M3 DQG D ZRRG\ FHUUD

DQG a FDO D % 3
JLIXUH 7KH ODVW \HDUV LQ FHQWUDO &HUUDGR DV UHSUHVHQWHG E
SUHVHQW VWXG\ JURP OHIW WR ULJKW D VIQWKHWIER  SRDO HR GQB

IUHTXHQFLHV $3 DQO\1$3 VWHYBSHWWGY$ROOHQ WD[D ZLWK $3 FHUUDGR W
IRUHVW WD[D LQ JU HHI@® DIMHG Z DWHDWAKYHOQ EOXH SOXV WKH FKDUFRDO
\HOORZ KRUL]JRQWDO EDQGM VKR WKB GXWVD®SHDUDHFIHWVRGHY [URP &DVV

&OLPDWLF GULYHUV RI YHIHWDWLRQ FKDQJHVY LQ FHQWUDC
7KH /DNH )HLD SROOHQ UHFRUG VXJJHVWYVY FRQWLQXRXV ZH

LOQWHUYDOV IURP WR WR DQRG O6SWARHRWKBP
UHFRUGY LQ FHQWUNRRZUDIBEOUHQ@WO\ VWDEOH FOLPDWLF FR
\HDUV '"HLQLQJHU HW DO 'RQJ HW DO FRPSDUHG Z




%UD]LO DW WKH PDUJLQV Rl WKH PRQVRRQ GRIFDGQSRAKHUH
1RYHOOR HW DO DQG '"HLQLQJHU HW DO OHG V
PRQVRRQ DQG FRQVHTXHQWO\ LQ VHDVR®DOLW\ $DA) GD S| bl H)FH.LI
UHJXODU VHGLPHQWDWLRQ DQG WKH HVWDEOLVKPHQW RI V
VXJIJHVWLQJ UHJXODU UHJLRQDO SUHFLSLWDWLRQ 5DLQIDOC
VRXWKHDVWHUQ %UD]LBW DI f: ®WUQDO %3 LQ FHQWUDO
'RQJ HW DO DQERVIRFHOWKB WRAJWKHUQ %UD]JLO f6 f
DV D UHVSRQVH WR WKH LQFUHDVH LQ LQVRODWLRQV'HLQLQ.
LQ WKH H[SUHVVLRQ Rl GULYHUV KDYH DOVR EHHQ REVHUYF
VIVWHP LQ WKH VRXWK ZKLFK LQFUHDVHG UDLQIDOO ZKLO}
GLUHFWO\ OLQNHG WR WKH 6$60 EXWKGEUHYWYHU X SPDERPDRQ Y|
DO ,Q FHQWUDO %UD]LO ERWK VSHOHRWKHP DQG SR
UHPDLQHG VWDEOH WKXV DOORZLQJ D UHJXODU 6$60 WUDMH
., +RZHYHU SROOHQ UHFRUGV LQGLFDWLQJ WR D PRUH RSHI
%3 VXJIJHVW ORZHU SUHFLSLWDWLRQ OHYHOV DQG D ZHDNHU
FRUH ZKLOH VWURQJHU UDLQIDOO KDV RUHNIDH G61$6 0D]\W QMK R
LQIOXHQFH 7KH ORFDWLRQ RI /DNH )HLD f6 f: ZDV SURE
DUHD WR EH LQIOXHQFHG,GXULQJ WKLV SHULRG )LJ

&RQGLWLRQV FKDQJHG DIWHU FDO D %3 ZLWK WKH LQVW
QRUWKHUQ %UD]J]LO WKH VRXWK EHFDPH ZHWWHU DQG WKH Q
)LJ, DQG % $W /DNH )HLD WKH IXOO H[SDQVLRQ RI WK}
LQFUHDVH LUEDWWH ®ISROOHQ WD[D DQG WKH FRDUVH VHGL
WKH UHJLRQDO ZHW OHYHOV ZHUH UHODWHG WR D WWWQJW
ODWLWXGH f6VIPQE DRPIFGFUUHOQOVRODWLRQ L,Q %V K K& U XKWK H L
DO '"HLQLQJHU HW DO +RZHYHU GHVSLWH WKH Wl
UHJLPH FUHDWHG E\ DQ LQFUHDVH LQ LQVRODWLRQ DQG WKH
LQ FHQWUDO &HUUDGR W KOUWHHHGGEALW ¥ HH S.N'IR G H IVDDSJRIOIOHGEL B |
W R DQG W R FDO D %3 :H LQIHU WKDW FKD¢

RI 3UHWR 5LYHU DOVR FKDU®GH@RNWILWH® E \RD @ RLEUFUHHD WHH & QP
UHODWHG WR D UHGXFWLRQ RI ZDWHU LQSXW LQWR WKH ODN
DW D FHQWHQQLDOSV¥ROWKIDUG VKLIW RI WKH ,7&= DQG 6$¢
REVHUYHG EHWZHHQ W R DQG a D %3 %HUQDO HW D
DO )& 7KH UHWXUQ WR ZHWWHU FRQGLWLRQV DW /DN
%3 )L,J' FRUUHVSRQGY WR VHYHUDO ZHWUHFRQ\EV DMV LIEYOH F
1RYHOOR HW DO DQG /DSD *UDQGH FDYH 6WUtNLV HW L
&HUUDGR UHJLRQ ZDV ZHWWHU EHFDXVH Rl WKH HMXSIDKHLR Q
QRUWK DW f6 WKH KLJKHU PRLVWXUH UDWHV REVHUYHG EH
SWLGD HW DO KDYH EHHQ UHODWHG WR WKH QRUWKZDL
WURSLFDO 6RXWK $WODQWLF XYQARGY ZIQWKRPRKH PRQSWRHH 8
WKH HTXDWRU 3DUDLVR FDYH :DQJ HW DO FRQYHFWLY
ZLQG IORZ ZDV GULYHQ IURP HDVWHUQ $PD]JRQLD WR WKH FH(




JLIXYH $ VFKHPDWLF UHSUHVEKMMIDWHR P RIVR&HY REVHUYHG GXULQJ WK
&HUUDGR ELRPH ZLWK WKHLU FRUUHVSRQGLQJ ODWLWXGLQDO ERXQGDU
SROOHMUERQHD O HSIXGHQHFQHY DYDLODEOH IURP SDO\QRORJLFDO VLWHYV DU




YLIX,UH 6XPPDU\ RI WKH PDLQ FOLPDWRENKDQ HGVL @ WK IS\DBDNWZGWQ WKH S
UHFRUGV LQ )LJXUH RUJDQL]JHG DFFRUGLQJ WR WKHLU ODWLWXGH DQG
N D \HDUV UWRRUSDOHRP QRUWK WR VRXWK DQG ILQDODWDOWXRP DU\
YHLD 7KH EOXH OLQHV UHSUHVHQW ZHW FOLPDWH DQG WKH \HOORZ OLQH
LQGLFDWHVY WKH QDPH RI WKH UHFRUG VKRZQ LQ )LIJXUH HERUGHG WKH S

'XULQJ WKH VHFRQG DQG WKEUG BQGEHU LEWE WY DBV DDWDG
ZHDNHQLQJ RI WKH 6%$60 V\VWHP RFFXUUHG DW /DNH )HLD ZzZK
SRVLWLRQ( bIQG * 7KH ZHWWHU LQWHUYDOV EHWZHHQ D (

FDO D %3 RQZPY®WY,G)+tJVZDV SUREDEO\ WKH UHVXOW RI LQ
FRUH DUHD ZKLFK H[SDQGHG DQG UHWUDFWHG DORQJ LWV Q
WKLV zZDV FKDUDFWHUL]JHG E\ DQ DEUXSW FKDQJH LQ HURYV
FRQGLAHUIRDFRVWO\ OLQNHG WR KXPLG ZLQG,,JQRZ IURP HDVW

%HWZHHQ DQG D %3 GXULQJ WKH PHGLHYDO FOLPDW
QRUWKHUQPRVW SRVLWLRQ 'HLQLQJHU HW DO 7KH Q
UHPDLQHG GU\ 1RYHOOR HW DO SWLGDHHWHBBLYHG Ol
SUHFLSLWDWLRQ DV D UHVXOW RI D ZHDNHU 6$06 WUDMHFW

'"HLQLQJHU HW DO ,Q WKH FHQWUDO UHJLRQ WKH U
FDO D %3 DV LQGLFDWHG fBW QISP E R:U L BURDKMPDHW DO 'R
)LJ,, VXJIJHVWLQJ WKDW WKH UDLQIDOO UHGXFWLRQ DW W
6$60 GLG QRW DIIHFW WKH FRUH PRRQDRKRRYD WM IDLRQ )LJ 7KXV
WKDW DW /DNH )HLD D JUDGXDO LQFUHDVH LQ UDLQIDOO ZD
6$60 UHJLRQ ZLWK PRLVWXUH IOX[HYV H U RSRHYD\GRHHWW BPD]RQI
DGGLWLRQ QR FKDQJH LQ WKH GDD QI DIDNH U H LIDP & XKUOL\Q E RHKQH |
FRUUHVSRQGLQJ WR WKH /LWWOH ,FH $JH ZKLFK LV LQ DJL
ZKLFK GLG QRW LPSDFW WKH FHQWUDO UHJLRQ 'HLQLQJHU

AN

Ol



WKH VRXWKHUQ HGJH RI WKH 6%$60 ]RQH RI LQIOXHQFH DQG O
DV D UHVXOW RI WKH HMWOESROKPHQ WHRIOW KHHW6 D O $IHY

2YHUDOO WKH /DNH )HLD SROOHQ UHFRUG VKRZV WKDW
FRPSRVLWLRQ RI WKH &HUUDGR KDV EHHQ KLJKO\ VHQVLWL
VHDVRQDOLW\ ZKLFK KDV QRW EHHQ REVH)JLYNG RDQ®HLIKERU
7KH LQFUHDVH LQ ZHW FOLPDWLF FRQGLWLRQV ZDV WKH UHV.
LQ VRXWKHUQ DQG FHQWUDO %UD]JLO $]J]HYHGR HW DO

JLUH HYHQWYV LQ FHQWUDO %UD]LO

7KUHH PDLQ SKDVHV RI ILUH DFWLYLW\ ZHUH GHWHFWHG DW
. 7KH ODWH 30HLVWRFHQH ZDV FKDUDFWHUL]JHG E\ QR ILU
REVHUYHG GXUHQWMWHMKEOIIOAMAPLD® WUDQVLWLRQ IURP a WR
DQG FDO D %3 WKH ORZ FKD WWRRAH RLIQE X X Q HD3 GUW K W
WUDQVSRUWHG RYHU ORQJ GLVWDQFHV VXJJHVWV D ZHDN LU
/H\V HW D@RP FDO D %3 RQZDUG D KLJKHU FKDUFRDC
DFWLYLW\ ZDV REVHUYHG ZLWK WZR SHDONV,,DVW@G )DQG a
7KH LQFUHDVH LQ FKDUUHG ZRRG\ SDUWLFOHYV :/ UDWLR !
GRPLQDQFH RI ZRRG\ FHUUDGR SROOHQ WD[D ,ZKLFK VWDUW'

7KH &HUUDGRJRQ I HEERW\VWHP ZKHUH XQGHU QDWXUDO FRQG
WR \HDUV 3HUHLUD HW DO 6FKPLGW HW DO +
RFFXUUHQFH DUH IXHO DYDLODEEFEODWYV DRCOIEGWPBPOELOLW\7 K>
FHUUDGR SK\VLRJQRP\ EHFRPHY PRUH DUERUHRXV WKH SURE
RI D UHGXFWLRQ LQ JUDVV ELRPDVV ZKLFK LV PRUH IODPPE
3HUHLUD HW DBTXHQW@RQLUH LV PRUH FRPPRQ LQ DQ RS
ZKHUH LW IDYRUV JUDVV VSHFLHV JHUPLQDWLRQ 2OLYHLUD
IDNH HLD EHIRUH FDO D %3 WKH GULHU FOLPDWWHVFRQG!
LQGLFDWHG E\ WKH SUHVHQFH Rl WKH PRXQWDLQ WD[D +HG
ELRPDVV EXUQLQJ ([SHULPHQWDO VWXGLHV KDYH VKRZQ D
SDUWLFOHY DQG WHPSHUDWXUH /H\VWMMRQQA Q WH P SKU DN
ILUH DFWLYLW\

$IWHU FDO D %3 DQ LQFUHDVH LQ ILUH HYHQWYV ZDV IDYRL
DQG DQ LQFUHDVH L,Q D@ VADWR@ DOIVLUHV LQ WKH PRGHUQ
GXULQJ WKH ZHW VHDVRQ RU LQ WKH WUDQVLWLRQOEMWGEHHQ
ILUHV XVXDOO\ H[WLQJXLVKHG E\ VXEVHTXHQW UDLQ EXUQ
YHIJHWBWRR®WR DQG 3LYHOOR 7ZR VKRUW HSLVRGHV R

+ PP FP D ,)LDQG IURP WR FDO D %3 DQG WR
ZHUH UHFRUGHG 7KUHH VFHQDULRY DUH SURSRVHG WR H[SO
WLPH SHULRGYV D UHVSRQVH WR GULHU FOLPDWLF FRQGLW
ILUH FORVHU WR WKH VWXG\ VLWH KXPDQ DJHQF\ 5HJDUGL
UHSRUWHG GXULQJ WKH ILUVW DQG WKLUG GU\ LQWHUYDOV
ODNH OHYHOV $ GULHWU DRD HFBWGIVERRORS IDMR/VODQG DQG F




EXUQLQJ +RZHYHU GXULQJ WKHVH WZR LQWHUYDOV WKH : /L
SDUWLFOHV ORUHRYHU LI D GU\ FOLPDWH FRXOG SURPRWH |
EH REVHUYHG LQ WKH VHFRQG GUOD LMWRUYIOK VHFIRRRQG L @WRH
VKRZY ORZHU OHYHOV RI FKDUUHG SDUWLFOHYV DQG IHZHU F
wD[D DVVHPEODJHV ZLWK D UHFRYHU\ WLPH RI OHVV WKDQ

FOLPDWLF FRQGEQ@DRQ WKDBHQMERIWWX HW LQFUHDVH LQ ILUH DFWL

JRU WKH VHFRQG VFHQDULR WKH KRPRJHQHRXV :/ UDWLR \
UHIOHFWYVY D ZLGHO\ EXUQHG DUHD ZLWK WKH ILUH RFFXUUL
LQIOX[ LV XVXDOO\ DVVRFLDWHG ZMWKK V& R QWU HDG/LH WD QLRHH |

7TLQQHU HW DO 'XINLQ HW DO ([SHULPHQWDO DQD
WKDW WKH FKDUFRDO DUHD LQFUHDVHV ZLWK ORFDO ILUH [/}
ZRRG SDUWIRROHYOLYEXHEGBPQW 9DFKXOD HW DO JURP

PDJQLWXGH ILUH HYHQW &+$5DUHD PP FP D ZLWK PRUH
DQG 6 ZDV REVHUYHG DIWHU D VKRUW GU\ HSLVRGH DQG GL
DQG JDOOHU\ IRUHVW WD[D ZLWK D UHFRYHU\ RI DERXW  \I
PRUH UHJLRQDO ILUH VLJQDOOWK-DIW VG W LRROWF RF SIDJF MV W R HH C
VHFRQG VFHQDULRY FRXOG UHSUHVHQW SHDNV LQ ELRPDVV E
)LQDOO\ UHJDUGLQJ WKH WKLUG VFHQDULR KXPDQ DJHQF\ F
ILUH BORRD WKH ODNH PDUJLQ GXULQJ GURXJKW HSLVRGH\
KXPDQ RFFXSDWLRQ ZDV ORZ XQWLBOLQ D %3 ZHMQWIXGIGFHWE
XQVWDEOH DQG ZDWHU UHVRXUFHVGDIMHER ® R FIKHD®R HWX G DH
PLVVLQJ LQ WKH UHJLRQ RI /DNH )HLD GHVSLWH LWV ZHDOW
SUREDEO\ UHORW®GG IVERXHDDQW IUHVKZDWHU UHVRXUFHV 7R
VDPH ODWLWXGH*$IU® JXIOM. YREDODWWHWY DQ LQFUHDVH LQ WKHI
REVHUYHG DIWHU FDO D %3 DV D UHVXOW RI WKH H[SDQV
6RXVD 'XULQJ WKH ILUVW DQG WKLUG GULHU LQWHUY!
FRQF)XQUW ZLWK D JDOOHU\ IRUHVW H[SDQVLRQ WRZDUG WKH F
LQ WKH WUHH WD[D 7THUQVWURHPLD UHODWHG WR GULHU HQY
WLPH IRU WKH H[SDQVLRQ Rl WKH JDIOMOHUZDVRBRYW WRZO U (
&RQVLGHULQJ WKDW IRUHVW LV OHVV OLNHO\ WR EXUQ DQG \
ZDWHUORJJHG VRLOV WKH SUHVHQFH RI KXPDQ DFWLYLW\ RC

J)LEQDOO\ GXULQJIHWKIKN OWKMW WKUHH LQWHUYDOV FKDUDFWHUI
UHODWHG WD[D DW DQG = FDO D %3 ZHUH DVVRFLDWH
FHQWHQQLDO GURXJKW HSLVRGHV 'XULQJ WKHVHHWKQMH GUF

* DQG = FDO D %3 ZKLFK ZHUH QRW DVVRFLDWHG ZLW
IRUHVW WRZDUG WKH FRULQJ VLWH VXJJHVW ERWK FOLPDW
FRYHU DQG ILUH DFWLYLW\ 1RHEBQGZBWRHEHSHVURG® GWUBRJI W
WKXV UHMHFWLQJ D KXPDQ LQIOXHQFH GXULQJ WKLV VKRUWV
HYLGHQFH RI GURXJKW VXJJHVWY UHPRWH ELRPDVV EXUQLQJ




&RQFOXVLRQV

2XU UHVXOWV VKRZ WKDW VLQFH WKH ODWH 30HLVWRFHQH

ORFDO K\GURORJ\ DQG FKDQJHV LQ UHJLRQDO FOLPDWH GUL
FRQYHFWLRQ ZLWK FKDQJHV LQ WIQR BRKIQB\DWHHY WQ &DVR
&HUUDGR DW D PLOOHWE UPOHYFDQWL RIK R IORRRG\ FHUUDGR L
SUHFOXGHG E\ WKH VRXWKZDUG VKLIW RI WKH ,7&= ZKLFK Z
WKH PRQVRRQ V\VWHMWD®GPIDQRQKBH® HBMW]RQH RI LQIOXHC
GHYHORSPHQW Rl WKH &HUUDGR YHJHWDWLRQ VWDUWHG \
RI D ELPRGDO FOLPDWH DQG DQ LQFUHDVH LQ VXPPHU LQVRO
D WZWHS SURFHVV VWDUWLQJ ZLWK WKH HVWDEOLVKPHQW R
ZDV WKHQ UHSODFHG E\ D ZRRG\ FHUUDGR SHUKDSV GULYHQ

6 XSHULPSRVHG RQ WKLNVNHIQONWREQOQN HWOMNWERWAEOWHSLVRGHYV DU
FKDQJHVY LQ ODNH OHYHO IORULVWLF FRPSRVLWLRQ RI WKHFE
HSLVRGHV FRXOG ENFRDHMD WO KD Q RH P P RO/ONRKH Z6HENH @LLQUIN H (
FKDQJHVY LQ WKH VRXWKHUQPRVW DQG QRUWKHUQPRVW SRV
FKDQJHV LQ WKH 6%$60 ]RQH RI LQIOXHQFH DW WKH ODWLWXG|

7ZR ILUH HYHOWVDOQW =+ FDO D %3 RFFXUUHG GXULQJ GULFE
DQG FRXOG EH UHODWHG WR DQWKURSRJHQLF DFWLYLW\ LQ
UHFRYHU\ SHULRG DIWHU WKHVH HYHQWYV ZDV PRUH WKDQ ‘

$FNQRZOHGJHPHQWY DQG IXQGLQJ

7KLV ZRUN LV SDUW Rl WKH *&HUUDGRV )RJRV" SURJUDP DW
5 )$3") 6(0 '(@X23 DQ®BQ®% .(7 EHQHILWHG IUJ
3K' SRVLWLRQ IXQGHG E\ WKH ,5' $576 SURJUDP D@G WKH )
EHQHILWHG IURPVDK6RBXWKEDQW GXULQJ KHU VWD\ DW ,6(0 7K
IURP DQ 3, QYHVWLVVHPHQW GY$YHQLU  JUDQW PDQDJHG E\
&(%$ UHI $B36; 5DGLRFDUERQ GDWLQJ ZDV SHUIRI
/6&( &15%($8964 ,5' ,5610& ZLWK ,5' ILQDQFLDO VXSSRUW :H
(OR\ DQG OLFKHO %URVVDUG IRU IUXLWIXO GLVFXVVLRQV




$QQH]
7$%/(6

7TDEOH 6
$UD~MR HW DO

DQG ODUWLQWL

6XSSRUWLQJ LQIRUPDWLRQ

$VVXQomR DQG )HOILOL

JHOIL )HOILOL HW DO

YHOILOL

)DPLO\ 7D[RQ /LIH IRUP| (FRORJLFDO FX
$FDQWKDFHDH | -XVWLFLD +HUE FHUUDGR
$PDUDQWKDFHD *RPSKUHQD| +HUE MHUUDGR
$PDUDQWKDFHDO $OWKHUQD(Q +HUE FHUUDGR
$PDUDQWKDFHDO $P &KHQR +HUE MHUUDGR
$QDFDUGLDFHD| $VWURQLXP| 7UHH FHUUBKWRUD G m
$QDFDUGLDFHD| & UWRFDUS| 7UHH FHUUPHBLRUD G m}
$QDFDUGLDFHD| 7DSLULUD | 7UHH JDOOHU\ IRUHV
$QDFDUGLDFHD| 7K\UVRWLXH 7UHH JDOOHU\ IRUHV
$SLDFHDH $SLXP +HUE JDOOHU\ IRUHV
$SRF\QDFHDH $VSLGRVSH| 7UHH JDOOHU\ IRUHV
$TXLIROLDFHDH ,OH[ 7UHH JDOOHU\ IRUHV
$UDFHDH 6SDWLSK\O( +HUE JDOOHU\ IRUHV
$UDOLDFHDH 6FKHIIOHUD| 7UHH AHUUBPGBRUDGM}
$UHFDFHDH (X W HW 83H 7UHHSDO| JDOOHU\ IRUHV
$VWHUDFHDH %DFFKDULV| +HUE VKU FHUUDGR
$VWHUDFHDH 9HUQRQLD | +HUE FHUUDGR
%LJQRQLDFHDH| -DFDUDQGD| 7UHH FHUUBERUDGMI
%LJQRQLDFHDH| 7TDEHEXLD | 7UHH FHUUPHBIRUD G m}
%RUDJLQDFHDH| &RUGLD +HUE JDOOHU\ IRUHV
%RUDJLQDFHDH| (FKLXP +HUE MHUUDGR
%RUDJLQDFHDH +HOLRWURS| +HUE FHUUDGR DQWU
%XUVHUDFHDH | 3URWLXP 7UHH JDOOHU\ IRUHV
&DQQDEDFHDH | &HOWLYV 7UHH JDOOHU\ IRUHV
&DQQDEDFHDH | 7UHPD 7UHH JDOOHU\ IRUHV
&DU\RFDUDFHDK &DU\RFDU | 7UHH MHUUDGR
&HODVWHUDFHI 30HQFNLD | 7UHH MHUUDGR
&HODVWHUDFHI &HODVWHUL 7UHH JDOOHU\ IRUHV
&KU\WREDODQD| /LFD@LBH 7UHH JDOARUHVW FH
&OHRPDFHDH &OHRPH +HUE FHUUDGR
&OHWKUDFHDH | &OHWKUD 7UHH JDOOHU\ IRUHV
&RQQDUDFHDH | &RQQDUXV | 7UHH JDOOHU\ IRUHV
&RQYROYXODFH (YROYXOXV| +HUE MHUUDGR
&XQQRQLDFHDH /DPDQRQLD| 7UHH JDOOHU\ IRUHV
'LOOHQDFHDH | &XUDWHOOIL 7UHH FHUUDGR
(ODHRFDUSDFH| 60RDQHD 7UHH JDOOHU\ IRUHV
(ULEDFHDH (ULFDFHDH | 6KUXE JDOOHU\ IRUHV

SRVVL HW DO

ULGIJHZDWHU HW
6LOYD

(FRORJLFDO FODVVLILFDWLRQ RI SROOHQ WD[D LGHQWLILHG LQ

y



(U\WKUR[LODFH
(XSKRUELDFHDH
(XSKRUELDFHDH
(XSKRUELDFHDH
(XSKRUELDFHDH
(XSKRUELDFHDH
(XSKRUELDFHDH
(XSKRUELDFHDH
)DEDFHDH
)DEFHEHDW SLQ L
)DEFHEHDWO SLQ L
)DEFHEHDW SLQ L
)DEFHBEHDW SLQ L
)DEFHEHDWO SLQ L
)DEFHEHDWO SLQ L
)DEFHEHDW SLQ L
)DEFHEHDWO SLQ L
)DEFHEHDW SLQ L
)DEFHPHRVDFHI
)DEFHPHRVDFHI
)DEFHPHRVDFHI
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEFHBR®RQDF
)DEDFHDH
+XPLULFDFDH
,FDFLQDFHDH
/IDPLDFHDH
/DPLDFHDH
/RUDQWKDFHDH
/\WKUDFHDH
/N\WKUDFHDH
ODOYDFHDH
ODOSKLJLDFHDH
ODOSKLJLDFHDH

ODOSKLJLDFHDH

(U\W KORP
&KDPDHV\FH
(XSKRUELD
6DSLXP
6HEDVWLDQ
$FDO\SKD
$OFKRUQHD
(XSKRUELDH
)DEDFHDH
$WHOHLD
'LSORWURS
& D HV D O/8\ISP
&DVWAB H
&RSDLIHUD
&URWDODUL
6HQQD
3HOWRJ\QH
3SWHURJ\QH
$QDGHQDQV
OLPRVD
3LSWDGHQL
$QGLUD
$SXOHLD
&UDWNOS 1D
'DOEHUJLD
'LS W HAANS H
(U\WKULQD
*O\]\U UW L$BI
ODFKDHULX
ODFURSWLO
3WHURGRQ
3DSLORQDF
5K\QFKRVLD
9IDQWDQHD
9LOODUH]LD
$HJLSKLOD
+\SWLV
3VLWWDFDQ
&XSKHD
/IDIRHQVLD
$SHLED
%DQLVWHU L
%\UVRQLPD

ODOSLWKSH

7UHH
6 KUXE
6 KUXE
6 KUXE
6 KUXE
+HUE
7UHH
$00
$00
7UHH
7UHH
7UHH
7UHH
7UHH
6 KUXE
7UHH
7TUHH
7UHH
7TUHH
6 KUXE
7UHH
7TUHH
7UHH
6 KUXE
7UHH
7UHH
7TUHH
6 XEVKUXE
7TUHH
+HUE
7TUHH
$00
+HUE
7TUHH
7UHH
7TUHH
+HUE
+HUE
+HUE
7UHH
7TUHH
9LQH
7TUHH

+HUE YLQ

AHUUBPEBRUDGmME
AHUUDGR
FHUUDGR
AHUUDGR
FHUUDGR
JDOOHU\ IRUHV
JDOOHU\ IRUHV
YDULRXYV
YDULRXV
FHUUBPGERUDGMI
AHUUBPEBRUDGmME
FHUUBPGERUDGMI
*DOOHU\ IRUHV
FHUUBPERUDGmME
AHUUDGR
JDOOHU\ IRUHV
AHUUDGR
AHUUBPERUDGmME
JDOOHU\ IRUHV
AHUUDGR
JDOOHU\ IRUHV
JDOOHU\ IRUHV
JDOOHU\ IRUHV
AHUUDGR
RHUUDGR
FHUUPBERUDGMI
AHUUBEBRUDGmME
FHUUPBERUDGMI
AHUUBPEBRUDGmME
RHUUDGR
AHUUDGR
YOULRXV
RHUUDGR
JDOOHU\ IRUHYV
JDOOHU\ IRUHV
JDOAQRUHVW FH
RHUUDGR
RHUUDGR
AMHUUDGR ODNH
RHUUDGR
JDOOHU\ IRUHV
JDOARUHVW
AHUUDGR
JDOOHU\ IRUHV




ODOYDFHDH
ODOYDFHDH
ODOYDFHDH
ODOYDFHDH
OHODVWRPDWD
OHOLDFHDH
OHOLDFHDH
OHQLVSHUPDFH
ORUDFHDH
O\UWDFHDH
I\FWDJLQDFHDH
2FKQDFHDH
2FKQDFHDH
3HQWDSK\ODFD
3K\WRODFFDFHI
3LSHUDFHDH
3LSHUDFHDH
30OXPEDJLQDFHI
3RDFHDH
3RGRFDUSDFHD
3RUWXODFDFHD
BULPXODFHDH
BULPXOLDFHDH
5KDPQDFHDH
5KDPQDFHDH
5XELDFHDH
5XELDFHDH
5XELDFHDH
5XELDFHDH
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6DSRWDFHDH SRXWHULD 7UHH JDOOHU\ IRUHV
6LPDURXEDFHD| 6LPDUXED 7UHH JDOOHU\ IRUHV
6PLODFHDH 6PLOD] +HUE JDOOHU\ IRUHV
6RODQDFHDH 6RODQXP 6 KUXE FHUUIDGORO HU\ |F
SUWLFDFHDH &HFURSLD 7TUHH JDOOHU\ IRUHV
9HUEHQDFHDH /IDQWDQD 6 KUXE FHUUIDGORO HU\ |F
9HUEHQDFHDH /ILSSLD 6KUXE FHUUDGR ODNH
9RFK\VLDFHDH 9RFK\VLD 7TUHH RHUUDGR FHUU
‘LQWHUDFHDH 'ULP\V 7UHH JDOOHU\ IRUHV
;]\ULGDFHDH \ULV +HUE FHUUDGR ODNH
&\SHUDFHDH &\SHUDFHDK +HUE YDULRXYV
$OLVPDWDFHDH (FKLQRGRU)} +HUE ONH PDUJLQ
$OLVPDWDFHDH 6DJLWWDUL| +HUE @ONH PDUJLQ
$UHFDFHDH ODXUMWEB 7TUHHSDO| @NH P IDUXmMW L
&DERPEDFHDH &DERPED +HUE ONH P DUMIW L
(ULRFDXODFHDK (ULRFDXOR( +HUE @ONH PDUJLQ
+DORUDJDFHDH| O\ULRSK\OO| +HUE DCXDWLF
/HQWLEXODULD| 8WULFXODU| +HUE @ONH PDUJLQ
I\WKUDFHDH &UHQHD +HUE O NRD U IDLTXDW L
I1\PSKDHDFHDH | 1\PSKDHD +HUE DCXDWLF
2QDJUDFHDH /IXGZLJLD 6KUXE @ONH PDUJLQ
SODQWDJLQDFH 6WHPRGSEDB +HUE ONH PDUJLQ
3RO\JDODFHDH | 3BRO\JDODFH +HUE ONH PDUJLQ
SRO\JRQDFHDH | 3BROVJRQXP | +HUE ONH PDUJLQ
SROQWHGHULDFH (LFKRUQLD | +HUE DFPXDWLF
SRWDPRJHWDFH 3RWDPRJHW +HUE DFPXDWLF
S5XELDFHDH 'LRGHOOD +HUE ONH PDUJLQ
6FURSKXODULD| %DFRSD +HUE ONH PDUJLQ
7\SKDFHDH 7\SKD +HUE DTXDWLEF

7TDEOH 6 BULQFLSDO FRPSRQHQW DQDO\VLYV 3&% RI WKH SROOHQ WD[D C
Taxon PC1 PC2 PC3 PC4 PC5

Myrtaceae 0.0016 4.18E+00 1.53E+01 3.71E01 1.06E01

Melastomataceae 1.179555 9.39E01 4.80E02 4.28E01 6.18E+00

llex 0.790575 2.14E+00 6.53E+00 4.26E02 4.08E01

Trema 1.402998 1.13E01 5.64E01 1.94E+00 1.68E+00

Guarea 0.008116 3.25E01 1.39E01 1.11E+00 4.05E+00

Myrsine 5.787764 3.21E01 4.36E01 1.37E02 1.81E01

Cecropia 5.454394 1.11E01 6.56E01 2.99E+00 7.49E01




Euterpe 0.741225 1.25E+00 1.46E+00 4.21E02 3.14E+00
Tapirira 2.838768 7.98E02 3.29E01 3.02E02 2.84E01
Celtis 6.514203 1.90E+00 1.89E03 9.86E02 3.21E+00
Clethra 0.030433 6.68E01 3.62E02 1.38E+00 9.27E01
Lamanonia 3.87372 1.02E+00 3.69E02 1.93E+00 1.33E03
Sloanea 0.511929 3.26E03 2.72E+00 2.02E01 2.48E03
Alchornea 1.795179 3.66E01 2.77E01 1.05E01 7.44E+00
Apuleia 1.789067 2.63E+00 1.65E01 1.09E+01 7.93E01
Anadenanthera 1.361225 2.09E01 4.76E02 4.27E01 2.98E01
Piptadenia 1.383366 1.73E06 1.14E02 1.41E01 1.90E+00
Vantanea 1.456087 3.65E+00 5.69E02 1.39E+01 1.37E01
Villarezia 0.00212 6.72E01 1.63E01 1.73E01 1.03E+00
Apeiba 0.664419 1.76E01 6.34E01 7.08E02 7.95E+00
Cedrela 0.053749 2.83E+00 7.97E+00 5.87E01 6.90E01
Moraceae 5.905101 7.39E01 1.18E02 1.06E+00 8.53E02
Gallesia 0.370934 9.15E02 6.24E01 1.82E03 4.11E+00
Podocarpus 0.087041 1.09E+00 4.32E01 1.30E+00 9.35E03
Rosaceae 0.001568 1.33E+00 5.42E02 1.41E05 7.25E02
Ziziphus 0.432087 3.34E+00 2.85E01 2.02E02 9.02E03
Colubrina 2.372129 7.57E01 4.17E03 3.11E+00 2.14E+00
Amaiuoa 0.001871 4.38E01 8.29E05 1.75E01 6.12E01
Drymis 0.07726 2.59E02 1.37E03 3.45E02 1.55E+00
Banisteriopsis 0.053486 2.46E+00 1.40E+01 5.23E01 3.18E03
Poaceae 5.870007 3.69E02 1.29E01 9.43E01 7.74E01
Cassiatype 0.311777 7.81E01 2.87E01 1.54E01 1.43E01
Senna 0.720932 3.90E+00 2.07E+00 2.07E+00 1.51E02
Andiratype 0.078293 1.01E01 7.02E02 1.46E+01 8.68E01
Pisonia 0.36167 5.85E03 7.45E02 5.60E01 5.23E01
Cybianthus 3.035126 4.22E01 3.75E01 6.79E01 3.08E01
Rhamnaceae 0.043932 3.59E05 1.02E03 2.72E02 1.10E02
Coussarea 0.603992 5.49E+00 1.83E+00 3.23E02 8.98E01
Guettarda 3.281143 2.29E+00 6.99E01 4.07E01 1.63E01
Matayba 2.751269 2.17E+00 2.87E+00 6.16E01 1.33E04
Samaba/Simaruba 0.041321 1.39E02 1.94E01 1.08E02 2.03E01
Protium 0.74764 5.92E01 2.75E01 1.30E+00 6.73E01
Aspidospermaype 0.05617 1.43E+00 7.61E+00 6.67E01 1.69E02
Thyrsodiuntype 0.718029 3.43E+00 6.21E01 1.33E+00 1.37E03
Erythrina 0.122823 4.17E02 4.98E02 1.48E01 6.34E03
Ternstroemia 0.145183 2.11E+00 1.11E+00 3.12E03 8.27E+00
Pterogyne 0.094572 2.93E+00 3.90E01 6.00E03 9.29E01
Ateleia 0.032263 1.32E02 2.81E01 8.44E01 3.45E+00
Diplotropis 0.086668 1.56E01 1.31E02 1.22E01 6.45E03
Licaniatype 0.138436 1.94E+00 1.27E+01 1.58E01 1.59E01




Connarustype 0.48735 4.76E01 3.15E01 2.35E01 3.07E01
Aegiphila 0.123962 5.15E04 4.68E03 3.25E03 7.77E01
Celasteraceae type 0.163682 3.32E+00 5.24E01 2.77E+00 1.74E+00
Diploon 2.40457 4.47E+00 2.20E01 3.76E+00 2.02E02
Pouteria 1.792844 1.28E+00 6.30E01 9.57E03 2.14E+00
Astronium 4.430871 1.88E01 3.80E01 4.56E01 2.11E+00
Schefflera 5.924555 6.70E01 6.31E03 2.65E01 2.01E01
Copaifera 3.411755 3.25E02 1.52E01 9.01E01 3.58E01
Eriotheca 0.966714 2.14E+00 2.56E03 9.67E01 2.53E+00
Zanthoxylum 0.04248 1.12E+00 1.24E01 6.56E02 2.72E+00
Casearia 1.872353 6.42E02 1.06E+00 7.22E03 3.45E+00
Chrysophyllum 0.063083 3.45E02 1.47E01 1.68E+00 4.25E05
Vochysia 0.009194 2.89E01 7.17E01 1.12E01 2.26E01
Ouratea 0.289571 1.75E02 1.66E02 1.33E01 2.73E+00
Cyrtocarpa 1.467075 5.73E01 1.21E01 3.76E02 1.73E+00
Jacaranda 0.403733 8.87E01 2.54E+00 1.92E+00 8.58E03
Tabebuia 1.012926 7.05E+00 1.02E+00 2.99E01 5.16E01
Erythroxilum 1.273246 4.04E+00 2.01E+00 4.01E01 1.15E+00
Caesalpinedype 0.186274 6.28E01 2.04E01 1.50E01 5.10E02
Dalbergia 0.077493 3.50E03 1.29E01 2.71E01 1.07E03
Dipteryxtype 0.222771 7.62E01 2.87E+00 5.03E03 2.28E01
Machaerium 0.025338 1.29E01 1.20E02 1.46E01 3.05E01
Byrsonima 3.848225 8.85E01 3.68E02 2.17E+00 2.06E01
Peltogyne 0.032795 5.77E+00 1.01E+00 4.48E02 8.90E03
Caryocar 0.123721 4.71E02 2.08E01 1.67E01 4.18E01
Plenckia 0.187918 7.40E01 2.16E01 1.20E+01 1.53E01
Curatella 1.665836 9.96E01 2.36E01 6.00E02 2.19E+00
Pterodon 0.112336 9.95E04 6.79E02 1.67E01 1.48E+00
Lafoensia 0.008988 9.33E01 1.72E02 4.36E01 1.39E+00
Citrus 0.655789 6.51E02 1.85E01 2.41E02 3.55E+00
Neosprucea 0.529339 6.51E01 1.78E01 2.60E+00 1.62E01

7TDEOH 6 3ULQFLSDO FRPSRQHQW DQDO\VLV 3&% UHVXOWV VKRZLQJ WKt
VLIQLILFDQFH DV D SHUFHQWDJH DQG WKH FRQWULEXWLRQ RI SRDFHDH
QXPEHUV VKRZ WKH FRQWWDIB XWLRDQFKI ALRPEBERRIQMHIM
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7DEOH 6 &ODVVLILFDWLRQ RI SROOHQ EDVHG RQ WKHLU OLIH IRUP /) S
VWUDWXP / OLJKW H[SRVLWLRQ DQG KDELWDW W WUHH K KHUE H
P PV PN@®RUH\ a P XV XSSHU VWRUH\ ! P VW VKDGH WROH!
FODVVLILFDWLRQ RI SROOLQDW IHR\) D/OQ G ORB MW ZQV EQ 8 HED RUMOHIDV 3+
DQG 5LRV PRGY®RXVD 7IKADAMOIDR/Y IRl OLIH IRUP DQG HFRORJLFDO QHH
SRVNWW DO 6LOYDHW®@IRU $UBWMRO )HOW.OD 20LYHQRK® DQG 5DWWHU
$VVXQomR DQG )HOHMDDO &BUFREMRR DQG 0DHWLDY JHOILOL
%ULGJHZDWHU 6LOYD DAW JHDILOL DQG %HMBII® Q

Family Pollen taxa LF PS SL Habitat

Gallery forest

Anacardiaceae Tapirira t e msst  Commonly found in moist soils that can tolerateduction
in humidity

Aquifoliaceae llex t e Is-st When present and wadbtablished can support low
humidity. Can be present in montane forest and in floodpl
or swampy gallery forest

Arecaceaea Euterpe t e Is-st Moist soils and/or increase in precipitation

Cannabaceae Celtis t e Is Moist soils, when present gallery forest ca support
periodic flooding

Cannabaceae Trema t ae IsId Found in humid soils, but can growth in inundated areas.
Pioneer tree

Euphrobiaceae  Alchornea t a usid Along riverbanksand alluvial plains

Fabaceae (mim) Anadenanthera t e md-ld  Fertile soils with resistance to water deficiency

Malphigiaceae Banisteropsis t e Is-Id Inside gallery forest and dry forest

Malvaceae Apeiba t e ms Moist soils with low resistance to water deficiency

Melastomataceae MelastComb t e Is Fertile and moist soil<Can be found associatedth the
edge of swanmandmarshes

Moraceae Mor-Urt t ae Is Well-drained soils in moist forest, commanrainforest




Myrtaceae Myrtaceae e Is Moist soils,adapted to reduction in water availabili§an
tolerateless humid conditions

Primulaceae Myrsine e usld Usually found in forest (gallery forest, dry forest and
cerraddo), tolerant to reduced water availability

Urticaceae Cecropia ae Is-ld Moist soils Flonees with rapid growth re-establishes
woodland physiognomies

Cerrado

Poaceae Poaceae a f Most species C4 plants, dominant on opemado
physiognomies

Anacardiaceae  Astronium e Is Commonly found in rocky and dry soilsjth apreference
for fertile soils, and can tolerate reduction in humidity

Dillenaceae Curatella Is Adapted to dry soitldrought tolerant and slow growth

Fabaceae (pap) Dalbergia Is-st Fertile soils adapted to dry conditions aneducedvater
availability

Malphigiaceae Byrsonima e Is Well-drained soils, adapted teducedwvater availability

Ochnaceae Ouratea e Is, Im Well-drained soils, can tolerate dry conditioReund in

Id transitionzonesfrom open to closed physiognomies, usual

in Cerradosensu strictand cerradao

Pentaphylaceae Ternstroemia e Is Fertile soils whenestablished can tolerate drdug

Salicaceae Casearia e Is Found in moist soilstolerates reducedvater availability.

Natural pioneer tree observed after burn episodes.
Commonly found near river bagkin the upper area, and in
transitionzonesfrom grassland to arboreal vegetation
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YLIXUBRROOHQ GRBRUBRAY®%RZLQURP OHIW WR ULJKW UDGLRFDU
V F DD R SROQRIQ@J E R SRIOCHBQL $AUH T X MK |UH T X FMHRO HAW H G
SROOHQ WD[D WRWDI® %ROOHNQWILQIDX [ 7 SF0DGIRW B Q G $BRW O b
WD[D PDFURFKDUFRDOFPRDEE FWOYY WRRQGHLPPROIDAHQ JRQHV 7|
EDUV RQ WKH OHIW VKRZ WKH VDPSOH YV V2XPRWK RWD/Y S\RKDAH Q
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JLIXUH$63ULQFLSDO FRPSRQHJW QDWW SROPOHQ WD[D UHS
DQG VHFRQG FRPSRQHQWYV 7KWK S DSWK VXD Y B VY O/DE LUHOWD\W K R
LQWHUPHGLDWH UHG DQG %WRZF RUIIDW RRU GIDFHQEIWMEDHE OH FI
3& WISROOHQ WD[D LQ ERWW KR QY WBERXYWEGEKDQJHV IRU WKH




JLIXUBRROOHQ G LMK WRH BUGIKDDNCH GHWUD[Y SRUHYV DQG QRQ
SDO\QRPRUSKY DOJDH D QURAPRQBD/@GUWVI\WRIUPWHG DORQJ D GHSYV
VKRZLQJ WKH SROOHQ JRQHV




JLIXUH 6 &KDIQUHVDFWLYLW\ DW /DNH )HMKBAURPJOMKW O/RV
ULJKW WKH WLPH VFDOH FDO D %3 UHPR OFW DR [FKXPPDPLO L
SROOHQ RWKIWMPKUHH PDLQ BMEMISRRIQEBQ JRANEBV7KH GDVKHC
OLQH VKRZV WKH GLYLVLRQ EHWZHHQ JUDVV ZRRG RULJLQ RI

WKH GDVKHG KRRZKR®WIBOHWIWLRQ FRYHU FKDQJHG IUR

ZRRG\ FHDQOG GRKH JUPRECH GY\ DYWHHENMKH GDO\QRORJILFD
DQDO\VLV
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SUWLFOH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE




/JLON EHVRZHHKHOQ KHPLVSK®GH LF
&HUUDLRRS LY HUV LW\

$UWLFOH HQ SUpSDUDWLRQ

.DWHUMERERUUHDPD WBILKHUUH /HISTUOH O )UD Q F,R BDLVMG7HRR D
,ODQD :MD@PKXHO &KHYDOLHU

,QVWLWXW GHV 6FLHQFHV GH Of(YROXWLRQ GH&ABQW$BHOO)IHDQFG0 8¢
'HSDUWDPHQWRS8GHYHIRWOIRERGH )HGHUDO GH 2XUR 3UHWR %UD]LO
,QVWLWXWR GH &LrQFLDV $JUiULDV 8QLYHUVLGDGH )HGHUDO GRV 9DOH
,QVWLWXWH RI 2FHDQRJUDSK\ 8QLYHUVLW\ Rl 6mR 3DXOR ,2863
,QVWLWXWH RI *HRVFLHQFHV 6HFW % LHOHRIER. YRV BWHY QAR @ QH YW P G C

&RUUHVSRQGLQJ DXWKRU .DWHULQH (VFREDU 7RUUH]

HPDLO DGGUHVV NDWHULQH HVFREDUWRUUH]#LUG IU

SRVWDO ,DF&UMKW GHV 6FLHQFHV GH ©5(YRQXHVBERQ ,6(00BMNSHOOLHU
FHGH] JUDQFH

$EVWUDFW

$ PXGWR[\ VWX&) BROIEQ PDFURFKDUFRDO L VRMURISHNG RXWV
DW WKH HFRORJLFDO VWDWLRQ RI 6HUUD *HUDO WRZBRFDQW
WDNHQ IWRWXWEIRPS DW f6 DQG f: ORFDWHG LQ WKH GUD
ULYHU \HDUV Rl FRQWLQXRXV ODQGVFDBR UKL VAKRHU\HZ I ¥
PXOWLSUR[\ DQDO\VHV ZDV DEOH WR GLIIHUHQWLBWHRGRDQJF
FOLPDWLF HYHQWY 7KH FHUUDGR YHJHWDWLRQ ZDV SULPDU
DQG D JDO Q@HUF KRH[BSWW LHQFBIGIBPBKYW RI WUHH HOHPHQWV
SHULRGV LQ UHVSRQVH WR VRXWK DQG QRUWK KHPLVSKHUH
HYHQWYV )LUVW WKH WZR SKDVHV <RXQJHU 'U\DVGHUMBEWV ZH\
XQWLO BHFRQG UHFRUGLQJ IRU WKH ILUVW WLPH LQ WK
GXUDWLRQ RI \HDUV EHWZHHQ W R FRODUER 8 HDKH
HOHPHQWY DQG WKH GRPLQRQRH RH\R ¥HQFAH U U F®R SK\J\BLP D |
RI GULHU FRQGLWLRQV LQ WKH UHJLRQ ZLWK DQ DOPRVW FR
%3 HQFRPSDVVHG ZLWK WKH GRPLQDQFH RI RSHQ FHUUDGR \
VKRZ WKDW LRHQJ WD QJHAHU® ¥H{QVLWLYH WR JOREDO FKDQJF
FLUFXORMM/RGPHULFDQ MRAGMIQUVWUINRSRE FDO FREBRUIWQRE ]F
DQG LQWHQVLW\ WKH H[WHQW RI WKH HY HQWR ®MIMVEL RIG HD
,7&= PRYHPHQWV PRRIHIMWBRFEEGPWRH 2Q WKH RWKHU KDQG
OHVV FRPPRQ QHDU RXU VWXG\ VLWH VXJJHVWLQHWRGOLRVKH
VZDPS DUHD

.H\ZRUGMOOHU\ IRUHVW SROOHQ +RORFHQH LQVRODWLRQ ¢




, QWURGXFWLRQ

7KH &HUUDGR LO/DWEHMRWHFR@ARYBLAJ WZR PWOOVREXNUR HW
DQG ORFDWHG LQ EHWZHHQ WRDRR® FOR & \$ RVSOLAFDWIK. B DIIRG
ZKLFYKIW SDPQWLHYV DOQOONIERQMK B LIIHUHQW VSHFLHV FRPSRYV
HW DO JURP 1RUWK WR 6RXWK GLIIHUHQFHV LQ IORUI
SUHFLSLWDWLRQVIRQG WRIGSHWDRQWHK\GULF GHILFLHQF\ LQF
QRUWKHDVW 5DBLOND HW D@G +HWEOULTXHMWUHLQDRU HW DO
%XHQR HW DOIHUHQFHV LQ VSHFLHV FRPSRVLWLRQ OHDG
WKH ELRPHORHQODGRFRPSDULQJ HQGHPLF VKUXE DQG WUHH
DO D SK\WRJHRJUDSKLFDO GLYLVLRQ Rl WKHGEHLR®HGZDV
WKURXJK WLPH %ULGJHZDWHU HW DO L @\DKDHYVOHAR VHLW D O
KHUEDFHRXV DQG VKUXE VSHRKKXVKBRWD GHOLEWGDWKDW WKH
QXPEHU RI LQGLFDWRU VSHFHWW LAWHI@RWX QB D Q GNWRINHFERUMORN K
HW DO GLVWLQJXLVKHG DV WI$BBH D/OX SN BIOQ W H U \O RH LE
DQG UHIOHFWLQJ LWV HQYLURQPHQWDO KHWHURJHQHLW
$PD]RQ JRUHVW &DDWLQJD $WODQWLF )RUHVW 3DQWDQDO

'XULWKH /DWH 30HLVWRFWMRBQ HRQMRF CLPPDWHKIFDVWHUQ DQG F
DEUXSW FKDQJHV LQ \WRRVAHW I$ FUDLVRIGW Z+MBKOWLFK 6NDDGLDO
%3DQG <RXQJ+kU GUWR NDQ%63RQH GU\ SHULRG f£MGDQWLF
DW ND %&UX] HW DO 6WUtNLY HW DO 'DLQHU HW
6LQWHKH PRGR FBHIQMRU UHRODLW B @ L F ZHWWS REVHUYHG EHWZHHQ C
DQG FHQWUDPH® UEXIDQJHY GLXQ WIXGIG L Q WHRIMWKRGWR XWK DPHUL
PRQVRRQ V\VWHPROAMMYFKND HW DO *RUHVQWHLQ HW
DWPRVSKHULF D Q GFRMPHS B MPLDUFLXID DRMRQIOVER Q FKDQJHV DQCG
E\S&2FRQFHQ VB UHDWHIGRRQ HW DO 6KLPL]X HW DO

SDO\QRORJLFDO WWHGBGREBN VKRAHGUYV %3 DQ RSHQ YHIJHWDWLI
& SUHYDRIQO W& H &HIUURHIERJ X JHQYRHDQ WL QL /D BRXOUDIBERX
%DUEHUL HW DO TKAHROWH JODFLDOLVURPDQRBWHK U]
E\ WKH H[SDQVLRQ RUDWKBUWDHHJWDYD +HG\RVPXP ,OH[ O0\U
DVVRFLPREBOWRZ FOMPADUWR Q GLMWAWRQWW DO &DVLQR HW
&RVWD HWRPWMHUUD HW OPDHDNHU 6$RBVADIWY HG LQ HDVWHL
S3UDGR HW DO

6LQFH WKH ODVW ,QWHUJODFLDO +RORFHQH GLIIHUHQFHYV
WR WKHLU ORFDWLRQ DOWKRXJK D JHQHEDOVHRFO @WLRQ RI
+RUDMUUD HW DXULQJ WKH HDUO\ +RORWAH®@ID FKDQJH LQ Wi
YHIJHWDWLRQ OHYHO LV REVHUYHG ZN DV DV EKUI$QRAHYWD PR X G
%HOKLQDQG VRXWK RI+RKBDHNUHILD B@RDO R QMG U X
LQIOXHQFHG E\ WKPORQRPLPIOG WKE VHFR PR LB\RMWEH DURIQWE
DOORMKM SUHVHGQFGD W HR O U H AN Q WIILQHD GARK ¥ HJHM® W LR Q
GRPLQDWHG E\ RS4DUEHUMVWBUESQQR HW WMDQZKLOH DFWLYLW

KDV EHHQ FR QUIWEQWH FSHMEXE X@EWG DQ LQFUHDVH LQ FRPEX\
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JUDVMHBDHFWLYLW\ GHFUHDVHV WR SDJREWD MK HL B QUAH R $ RVQKVHH S
WRZDUGV GU\ FOLPDWH DQG ORA BDYWHHUQWO QIR D EHRRAHEDMAXL R
%DUEHUL HWGJX HW DO &DVVLQR HW DO

Q WKH PLGGOH +RORBEMARISHQ &HUUDGR GRPHQDMW E EHQKH. G L F
6DOJDIEER X ULDR X %DUEHG U X WWEDO/VLQR HW [FE SW

LQ WKRVH DUHDV FORVHVW WR DGMDFHQW ELRPHV %HKOLQ

SHULRG D UHFRYHU\ZRV WRIGIF YA HEED Z\DLURERW DWW G R ¥ P
&DVVLQR HWZXQ O H KLY WORRHEY YHIHWDWLRQ EHFBRWIPNRUH Z

7HUUD HW DO BQYGDO 'X&RWWDWKLYVY SHULRG ORZ ILUH DF)\
YHUWDRFHQWLQL/D BRXUDBRX % D U/BHHBULX HHWY DIDO &DV
HW DO

,Q FHQWUDO %UD]LO RVFLOODWLQJ UDLQIDOO HYHQWYV ZHUH
WKH PLG +RORF BIQDIGRQH W UDB0/ 6 WZUKIHIQW H W\ D @BU X S W
GHFUHDVH LQ PRLVWXUGUUDMWRIKRYHILQ VROBZWVY.RQ DQG LQWH
LQWHUKHPLVS&KIH WV Y KH WV D O S8WLGD HW DOZKLOH 9iVT

LQFUHDVHG KXPLGLW\ LQ WKH ZHVWHUQ $PD]JRQ DQG VRXWKF
DFWLYDW\%UHXNHOHQ HW DO

7KHVH ODVW SKDVH VKRZHG PRUH GLIIHUHQFH EHWZHHQ WKH
LQ WKH QRUWKRNDWEDQ@ZLWKHVRPH WUHHY DQG VKUXEV VSEC
FKDQJHV /HGUX HW DO PHDQZKLOH FORVHU WR WKH $P
IRUHVW GRPLQDQFH FRQWUDU\ LQ WKH VRXWK HGJH®I WKH
D FKDQJH IURP D PRVDLF RI VDYDQQD DFFRPSDQLHG E\ JDOO
GRPLQDWHG E\ JUDVVODQG VIRFEBDELQR Pb\W NQ B/KHVFHOW H U
KLJK DOWLWXGHV VDYDQQD ZLWK RSHRL ® VRE UEDEB BIOWREPIIGL
VZDPS SHUVLVWHQFH %DUEHUL HW DO DW ORZ DOWLW
ZDV DEUXSW DQG SHUVLVWHQW WRZDUGWRAKH SWHRVHQW DOV
W R DQG W®63 KIFDKD EHHQ REVHUYHG VXJJHVWLQJ DUE
IRUHVW UHWUDRWURQ HDEREDWK HVREKQWKHDO®WHUQ SDO\QROFR
VXJJHVWHG RSHQ FHUUDGR ODQGVFDSH DV D JHQHWBO WUF
DOWLWXGHYVY ! P /RUHQWH HW DO 7HUURDWWLIM®R HW DIQG
&RVWD HW DDLWK UHMBHFW WR FOUPDWXBEFGQIEQ IKLFOHV | IMKH
DFWLYLW\ UHPDLQHG ORZ LQVRXWKOIRVYWKNDVELD®YG LFMWYW U
&DVVLQR HW DO DQG ,Q WKH FHQWHU GLVWULFW FRC
HW DO 7RUFREEDHWDD QW ZR KLJKHU SHDNV RI ILUH DFWL
VXJIJHVWLQJ HIEIXWMURSMUWOWXUDO DQG RU DQWKURSLF RU
YHIJHWDWLRQ FRPSRVLWLRQ RI JDOOHU\ IRUHVW ZLWK SURE
(VFRERUUH] HWD DO

$ FOHDU UHODWLRQVERKXKWEXHBDY WHILH) VRKWIKDO GR DQG WKH FHQ
VWURQJHU WRZDUGV WKH SUHVHQW PHDQZKLOH WKH QRUWI
VWXGLHY UHFRUGHG QHHG PRUH DWWHQWILERR MOR) GHV\W DS i R
ZKLFK SUHYHQW XV RQ GHOLPLWDWLQJ WKH ERXQGDULHV RI




HQYLURQPHQWDO JUDGLHQWY WKURXJKRXW WKH +RORFHQH
SDOHRHFRORJLFDO UHFRUG ORFDWHG EHWZHHQ WKH FHQW
DQDO\]HG SROOHQ PDFURFKDUFRDO VWDEOM IWIRNVREH g JBIYC
YHJHWDWLRQ DQG ILUH DFWLYLW\ GXULQJ WKH ODVW \
ODWLWXGLQDO JUDGLHQW WR LPSURYH RXU XQGHUVWDQGLQ
DQG FHQWUDO UHJLRQ DQG RRW MYK K\ UHD D @G LWR RRR QRHXRR Q H
UHPRWH DUHD DOORZLQJ WR/IBULF AXVY WERW LIWLWWHLR | VORKD E L |
OLJKW RI KXPDQ LQIHUHQFH

ODWHULDOV DQG PHWKRGYV
6WXG\ DUHD

7KHHWXZIDRP S LV OR ADARIOR 1L BEK ¥ WD WH RO GR 7TRFDQWLQV’
WKH VRXWKHDVWHUQ HGJM Rl 7RADWPSD J W VRD WHK H) IGIUD L Q D
RI WKH 6RDRNWKIHUIRADLYWUQEDVE® DRISE DQIGV ORRDWH G
30DW HD W P RI DO®OWRWHKEH KDKUDFWHUL]HG E\ IOXYLDO SODL
LQXQGDWHG DOORZLQJ WKH YRUADNYRQWHIEOB O DV DRSS 1R I X

7KH GLIIHUHQW FHUUDGR SK\VLRJQRPLHV UHSUHVHQWH
DUERUHDO FHUUDGR RU FHUUDGE tFOEIQ/ 2B 0 O HA D RQYHE W R IQOW
DUHDYV, 9)EJ

7KH FOLPDWLF FRQGLWLRQV LQ WKH &HUUDGR DUH FRQWUF
&RQYHUJHQFH DREBHWKHKESRXWK $PHULFDQ 6XPPHU ORQVRRQ

7EKLPDWHRRDYWHOREDOVVLILHG DFFRUGLQJ WHRW.|SSHQ
DO ZLWK DQQURDHAFLBHLWDWLRQ RI  RIPBDEZQWKOO GXULC
DXVWUDO VXPPHU 'HFHPEHU WR )HEUXDU\ HYDSRWUDQV.
ODUFK 6LOYD HW DO PR G WKWUG XHDW RRQRG XULQJ WKH C
WR 6HSWHPEHU WKDW UHSUHVHQWY DSSUR[LPDWHO\ RI V
6LOYD HW DO WKH PHDQ DQQXDO WHPSHUDWXUH LV a
VKRZV DHPWVWDGLHQW RI SUHFLSLWDWLRQ YDSHLI) P ROR\PK !
GXULQJ WKH ZHW VHDVRQ ZLWK VRPH GD\V ZLWKRXW SUHFLS
DO 6LOYD HW DR )L J

7KH ((6*7 KLVWRU\ RI ILUH PDQDJHPHQW LV GLYLGHG E\ WKUF
DQ\ XVH RI ILUH ZDV IRUELGGHQ ZLWK WKH JRYHUQPHQWDO
RI ORFDO WUDGLWLRQQO® RRE®RXQLWIWWUHLUQFUHDVHV LQ VRI
ZKHQ ODUJH ZLOGILUHV EHFDVHQWYWHRAXY .Y BIHYRW HDWIBI\WWR Q J WILKUH-
WKH SDUDGLJP VKLIW SHULRG SXWWLQJ PRUH HIIRUWYV LQ
FRPPRQDIUWKBYV I1QUHWHWXDO )5, SRWHQWLDO DUHDV RI LJC
IRU WUDGLWLRQDO FRPPXQLWLHY SUHVFULEHG EXUQLQJ LQ

IDWHO\ LQ FRQVLVWHQW LPSOHPHQWDWLRQ Rl ,QWHJUDYV
ZUWNPSURYHPHQWY LQ ILUHILJKWLQJ D% BUSDH\DAU DEMSGS5E K H QU
6LQFH WKH LQVWDXUDWLRQ VDYDQQD ODQGVFDSH KDV LQFL
KRPRJHQL]HG ILUHZ IFOXMIUGN PEHEFEDPH KHWHURJHQHRXV LQ \
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S\URGLYHUVLW\ LQ WKH SHULRG IURP WIRN K U H4D U GD\E R
HYROXWLRQ RI SUDFWLFHV VLQFH WKH PDLQ REMHFWL)
FRQVHUYDWLRQ DQG PBLRGIGYEM \RD YR FHLRRIORIXEDQJ SW R
DSSUHFLDWLRQ RI WKH FXOWXUH RI ILUH DV VRFLDO ULJKW
SXUSRVHV %DUUDGDV DQG 5LEHLUR

FigurelV.1. a) Map of northern South America showing the Cerrado biome location (dark line) inside the Brazilian
territory (filled in gray) and théimits of Tocantins state (gredime), and the Cerrado division of the biome defined

by Fragoso et al. (2019NW=northwestern, NE= northeastern, C=center, CW=central western, C&CE=central and
southeastern, SW=southwestebhPicture ofVarjdo do Getulicswamp, Tocantindfy M-P Ledry c) Map of Brazil
showing the distribution of theuatral summeprecipitation the limits of thebiome Cerrado (edline), the states of

Brazil (black line),the location of core VGE7 (yellow rhomb), and the pollen (brown rhomb) and isotope records
(yellow circle) from cerrado and adjacent ardasRahina, 2Paraisg3. Lapa Sem Fin¥. Botuvea, 5. Feia 6. Rio

Pretq 7. Cago, 8Saquino, 9. Saci, 10. Carajas, 11. Pau de Fruta, 12. Aguas Emendadas, 13. Pand&ifwsirid,
15.Pinheiro, 16. Confuséo, 17. S&o Jose, 18. Salitresé&®ilioswamp(this study).

ORGHUQ YHIJHWDWLRQ

7KH *HWXOLR VZDPS LV HURIF DWKHG &HQ UWDIGHR FISDW fBW) MWKK H
VRXWN\WHPIOW RI WKH QR U®IKZWM YV WHNY Q) & Bl Q tJRBNGHR BHRWWIDW@/ L R Q
FKDUDFWHUL]HG E\ D VSDUWVH WIDHIRY ® DDWERMSERQ EDE GHVV P |
YHUH®DWG JUDVVODQGLRSEIE FPEOB®RIGHLURY HWWDU DQG
6DQR ZLWK PRVDUWWFNVRQD ¥ BRGHRUPGW DQG IJDBOHU\ IRUH
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OHGHLURY HW DO SO DRQMLIEMHHDRBDVG WWKHE ((6*7 WKH )DEDFH

VSHFLHVY IROORZHG E\ 3RDFHDH /IDPLDFHDH 5 X
ODOSLJKLDFHDH DQG (%SKWFIUE LDFE DHDIKRODQGVFDSH LV
FKDUDFWEHD@MBEHUUDGR SK\YLRHKQRAPDHF UKV DQ@LIP RV D
HQGHPLF HVSBBURCERIRUDJILQOUAHRIHE /DDPLDFHEDIHQLS
O\UWDFHDOH TY¥SWBUQHUDIEFHIMB 9HUEHQDFWHLMS ;\ULGDFHDH
%RQDPLD RDRKRPWROL X'QB VR RERMSDFWRVFRUHBPRPADBROHSLYV
WRFDQWILRDURXERRHDWHD DF2FXKQDEBRBHQQD ELJODQGXO
&DHVDOSL Q DIBFWSHWBHG WWHH%B\UVRQLPD &DU\RFDU &DVHDUL
3RXWHULDD QERE&REICDNDU DQG 6DQR

+RZHYZKHRRPSDULQJ WKH FRPABRV HW LDRAJS RAHMZHIBIY DIH W@ &/LKVAW U
QRUWMUW®RLVWULFW E R \DDVILARHIDX W \R X GVLEWNFD BWHRIHU DO GLIIHUI

W\SBRII SK\VLRJQRP\ $OWKRXJK WKH FRPSRVLWLRQ RI SODQW:'
WKH GLIIHUHQFH EHWZHHQ UHJLRQV ZLWK DW OHDVW WKH S
7DE®@ /HPRV HW DOWXJIJHXWHG WKDW WKH LQIOXHQFH RI D
DQG $PPRRE VY WKHWVIRAD VWDWH UHLQIRUFHV WKH IORULVWLF
WKH SUHNRIPFRORIFLHVPRUNSHKDQUD JDQSSHQHRMWIQIPD WRFDQWL

TablelV.1. Classification of modern vegetation in the Cerrado region in comparison with the northeast Cerrado.
(based upon: Felfili et al., 2007; Ribeiro and Walter, 2008; Medeiros et al., 2012; Medeiros and Walter, 2012; Lemos
et al., 2013; Silva et al., 2016; Amtand Sano, 2019)

Vegetation Vegetation description Common Family, genera or species northwesternCerrado
physiognomy
Open Cerrado Continuous ground cover of Campo limpo: Burmanniaceae, When campo limpo dominates the
graminoids, herbs and shrubs cg Cyperaceae, Droseraceae, Iridaceae, predominance of Poaceae,

(cerrado campo be present and 5% to 10% are | Lythraceae, Orchidaceae, Poaceae, Cyperaceae, Eriocaulaceae and
limpo (Umido) cover by treelets or trees if they | Polygalaceae, complemented by Xyridaceae, they constitue the
(open fields), are present. Asteraceae, Eriocaulaceae and Xyridacel 54%. Then can be fouridirtella
campo sujddense Campo suja Poaceae and Cyperaceae | ciliata andPouteria ramiflora as
fields), campo dominates, the some families of some tree, wittMimosa sericantha
rupestre) LeguminosaAndira, Mimosg, Lamiaceae| andMouriri elliptica

(Hyptis), Myrtaceae and Rubiaceae. Gen| (Melastomataceae) in middle

of GomphrenaCuphea, Diplusodon, stratum Mimosa sericanthés

Eryngium, Lippia, Polygala, Syagrasd present in Campo sujo.

Xyris. Shruby species whefoulicia sp.,

Ouratea macrantos, Simaba
trichilioides, Krameria tomentosa,
Jacaranda ulei, Manhiot tripartite
andDavilla elliptica.

Arboreal Cerrado | dry forest: They are not cerrado ss Astronium, Brosimum, cerrado ss Qualea parviflora,
associated to water courses. In | Casearia, Byrsonima, Caryocar, Anacardium occidentale, Hirtella
(cerradosensu, rich of nutrient soils, with Curatella, Davilla, Eriotheca, Hancornia, | ciliata andCaryocar coriaceum
stricto cerradéo, semideciduous forest, they have| Kelmeyera, Pouteria, Ouratea, Qualea, | (cerradecaatinga transition), and
dry fores} 1525 m height covering the4- Roupala, Tabebiua, Alibertidndira, Vochysia cinnamonea, Curatella
90% of the canopy during rainy | Copaifera, Emmotum, Schefflera, americana, Dimorphandra
season. Simaroubaamong others. gardneriana, Cenostigma
cerraddo: 5®0% of arboreal cerraddo: common genus aKgaryocar, tocantinum, and Astronium
cover, with trees-85 m tall they | KielmeyeraandQualea And others like fraxinifolium and Magonia
can be present from mid to low | Fabaceaefalbergia, Machaerium, pubescen more fertiles soils.
fertile soils to dystrophic soils thg Pterodon), Astronium, Hirtella, Brosimum,| cerrad&o: Principal species are
vegetation is mostly Casearia, Copaifera, Alibertia, Bahuinia | Parkia platycephala, Sclerobium
sclerophyllous. among others. paniculatum, Byrsonima sericea,
cerrado ss: moderately acid soil§ dry forest: common family are Fabaceae| Agonandra brasiliensis, Caryocar
covering the 20 to the 50% with | (Acacia, Anadenanthera, Caskia coriaceum Celtis iguaneand
components arborearbustive, of| BignoniaceaeJacaranda, Tabebu)and others.
3-6 m tall. Anacardiacea€l@pirira), Rutaceae dry forest: Dilodendron

(Zanthoxylunp, and others. bipinnatum, Acacia tenuifolia,

—_—
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Pseudobombax tomentosum,
Combretum duarteanum and
Myrracrodruon urundeuva
representing the 56.4%, and
Cavanillesia arborea, Tabebuia
impetiginosa, Sterculia striata,
Aspidosperma subincanuand
Astronium fraxinifolium

Forest Canopy cover >70%, generally | Gallery Forest when theyare non Licania egleri, Protium
(gallery/ciliary associated to water bodies, floodedApocynaceaeAspidospermp heptaphyllum, Sclerobium
forest) shrubby and herbaceous Leguminosae, Lauraceadctandra, paniculatum, Brosimum rubescen
understory and usually present | Ocoteg, Myrtaceae, Rubiaceaél{bertia, | Tapirira guianensis, Trattinickia
surrounded by wet (shrubby) Psychotria,Guettardd. In flooded the rhoifolia, Oenocarpus distichus,
grasslands, the transition is shar, common families are Annonaceae Physocalymma scaberrimum,
when open Cerrado (grasslands] (Xylopa), BurseraceaePfotium), MyrtaceaeandEmmotum nitens
dominates. When ciliary forest | Clusiaceaelusia), Euphorbiaceae Also, Ocoteasp.,Heisteriasp., and
(possess deciduous elements), | (Richerig), and an excessive number of | Richeria grandis.
sometimes there & transition species of Melastomataceddi¢onia),
towards other arboreal PiperaceaeRiper), Rubiaceae
physiognomies like dry forest or | (Palicourea, Posoqueria, Psychatji also
Cerradao. can be observe@roton, Cedrela, Euterpe,
Hedyosmum, Mauritisamong others.
Ciliary Forest: common genus are
Anadenanthera, Casearia, Apeiba,
Aspidosperma, Celtis, Tapirira, Trema,
Syagrusand Athalea tree palms.
ProtiumandTapirira are present in both
types of physiognomies.
Palm swamp Continuous layer of graminoids, | Common families are, Poaceae, The richest families are Poaceae
forbs and shrubs, with palm treey Cyperaceae, Melastomataceae, Fabaceg and Cyperaceae, and genera
Vereda (12-15 m tall), scattered or and Eriocaulaceae, with the genus of RhynchosporandXyris.

clumped, and few tree and shrul]
species (canopy coverl®%).
When Mauritia igpresent, canopy
cover increases to 400%, herbs
and shrubs are scarce or absent
connected with the gallery Fores|

Chamaecrista, Echinodorus, Habernia,
Hyptis, Ludwigia, Lycopodiella, Mimosa,
Polygala, UtriculariaandXyris. For the
establishment of BuritizaMauritia
flexuosa the presence of other genus likeg
Cecropia, Euplassa, Hedyosmum,
Miconia, Myrsineas the arboreal

component from adjacent gallery Forest.

Common speciefindropogon
bicornis, Anthaenantia lanata,
Ascolepis brasiliensis, Ludwigia
nervosa, Mauritia flexuosand
Rhynchospora globosa.

6DPSOLQJ DQG &KURQRORJ\

$ P GHHS VHGLPHQW FRUH ZDV UHWULHYHG LQ
P DVO ZLWK\®PHS5KRVHDQ

f

FP ORQJ

FP LQ GL

VHGLPHQW VDPSOHY ZHUH VHQW IRU UDGLRFDUERQ GDWLQJ E
PHDVXUHPH/Q@WRMRWKIHJH GH OHVX0& G3XO&DUERJH '6D
&1565'+£56  0LQLVWqQUH GH OD &XOWXUIsDHAD B\H )UD Q@ RIP P X6@ICALF
GDWHYVY KDYH EHHQ FDOLEUDWHG ZLWK WKH 6+FDO FXUYH +
R VHH, Y9DEQH&DOLE 6WXLYHU D @®BHSWKPBHHODWLRQVK
PRGHOHG E\ PHDQV RI %D\HVLDQ VWDWLVWLFV ZLWK WKH %

7TKH ILUVW FP IURP WKH WRS RI WKH FRUH ZHUH FRPSF
DV PRGHUQ PDWHULDO
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TablelV.2. Radiocarbon dates of VGE FRUH &DOLEUDWHG DJHV 1 Z$livet REWDLQHG U
Reimer, 1998

Laboratory code Depth (cm) 14C age (yr Age range (cal Mean cal age

BP) yr BP)
SacA53912 20 75+ 30 3-251 212
SacA57442 40 1630 + 30 14061539 1463
SacA53913 74 4370 + 30 4837-4977 4816
SacA53914 96 4705 + 30 53125477 5349
SacA57443 106 4630 + 30 52705333 5644

VGE-110 110 5405 + 30 61656281 6074
SacA53915 125 5920 + 35 66626799 6695
SacA57444 140 6455 + 30 72707422 7342
SacA53916 160 7875 + 40 85168777 8626
SacA53918 220 10085 + 50 1128411764 11604
SacA57446 228 10735 + 50 1262212744 12157
SacA57448 265 11400 + 60 1315813360 13285

$QDO\WLFDO PHWKRGV

*HRFKHPLFDQ \DROMRSYEVFRPS WA/ LRQWRWDO RUJDQLF FDUER
WRWDO QLWURJHQ 71 R[\JHQ 2 K\GURJHQ + DQG WKH PC
5E $0 7L 6U 1E < )H ZHUH SHUIRUPHG HDFK FP RQ SUHYI
VDPSOHV 7KH DD& FIFRQWHQWY ZHUH REWDLQHG E\ PHDQV R
&+16 2 HOHPHQWDO DQDO\]HU 7UX6SHF OLFUR PRGHO IROO
JHQHUDWHG JDVHV ZHUH TXDQWLILHCOWOLR QQAWHUDDBA GHVBH
OXOWIUXWRXGRY 9DOHV GR -HTXLWLQKRQKD H OXFXUL ,QWHJUL
RI WKH -HTXLWLQKRQKD #D/QI{00XHAXULDFDAMOHLAYD 0* %UD]LC
HTXLSPHQW FDOLEUDWLRQ RSRR/ MWIDRQG2ZHGN RY HI® RZRLPR &
DQG 6 DQG RUFKLG OHDI & + 1
7KH PDMRU DQG WUDFH HOHPHQWYV ZHUH @BWHORRQHGFKQIE
6KLPDG]X ('PRGHO DW (,37BONWHQGDURZQ FRPSRVLWLRQ .
IRU HTXLSPHQW FDOLEUDWLRQ B5HVXOWVY ZHUH DOVR H[SUH)
SHUIRUPHG RQ DOO WKH JHRFKHPLFDO HOHPHQWY WR LGHQW
GLVWULEXWLRQ 0X6eMQWWWHW BW DO LQ WKH VDPSOHV
WUDQVIRUPHG DQG VWDQGDUGL]HG IRU WKH FRUUHODWLRQ
URWDWLRQ PHWKRG ZDV DSSOLHG LQ RUGHUR®WR @DYL R UJLHN WK

HW DO SHLPDQQ HW DO $QDO\VLYV ZzDV SHUIRUPHG
UDWLRV 6L 7L ORJ 7L &D DQG 7L $O0 ZHUH XVHG WR FRPSO|
3ROOHQ ZDV DQDO\]HG LQ VHGLPHQW VREYBPSBPAWIEKHBN

FROOHFWHG DW FP LQWHUYDOV 3ROOHQ ZDV H[WUDFWHG D
/\FRSRGULXPOHWY SHU VDPSOH ZDV DGGHG WR FDOFXODWH W
ZHUH ILUVW ZDVKHG LQ .2+ LQ D KRW ZDWHU EXWRHEHIRUH

5DXS JRU VDPSOHV WDNHQ EHWZHHQ DQG FP L
SHUIRUPHG IRU RQH KRXU )DHJUL ,YHUVHQ WR UHPRYH
SDO\QRPRUSGW @MUK HG DQG FRXQWHG DW [ PDJQLILFDWLF
XVLQJ WKH ,6(0 SROOHQ UHIHUHQREIG HFRW DIHLFWWR & Q RNUH 8\H D QI
SROOHQUWPSHWUD]LODERRXRUDGR %XVK :HQJ &DVVLQR

Qx



/IRUHQWH HW D/ 'RPLO@QXMRCQHW DO JUHLWDV HW DO
S3ROOHQ WD[D ZHUH FODVVLILHG LQ DJUHHPHQW ZLWK ERWDQ
ZLWKFXV RQ YHIHWDWLRQ FRPSRVLWLR@IE®DH RXU VWXG\ DL

3DO\QRORJLFDO GLDJUDPWVLEHRIHN B OH ERUDMWHNG ZLWK]IRQHV Z}
E\ &21,66HJBQFNDJH IRU JRQH GHILQLWLRQ RQO\ WHUUHVW
3ULQFLSDO FRPSPBHUWRDOEBEG\XVY @) W KBIFNY R ESQARID 314 $ /lt Q

HW DO DOO SROOHQ GDWD ZHURRSW IPRHW KR/® Q&&HW G H
GLPHQVLRQDOLW\ E\ HISORULQJ WKH OLQHDU DVVRFLDWLRQ

JRU WEO\QRORWHDOWHWDIWVSEREY RI DSS U RDKH FRIDEHM AW LR Q
'H ILUVW HYDOXDWH WKH FKDQJH LQ DWW VG 3BV Q EE X VQ RER R
$QDO\VLV 3&$ ZDV SHUIRUPHG WR VHOHFW WKH RUGHU RI L
PRUH WKDQ LQ VDPSOHV 7DEOH 6RUJDKHQYMIRUHH WERDHR J
JURXSYV RSHQ FHUUDGR FORVHG FHUUDGR DQG JDOOHU\ FLC
JURZWK KHUE 7DEOXE6 WUEBIVHG RQ SUHYLRXV FODVVLILFDWL
,9 DQG 7DE®RDGEHDH ZDV HYDOXDWHG DV D WD[D UHSUHVHQW
DQG RU GRPLQDQFH 7KHQ D VHFRQG VHOHFWLRQ ZDV EDVHC
VR WKRVH ZLWKRXW D VSHFI7ZIKR SDOA\YRO® JAHDWDHLIQWEXSHBW L
ZLWK WKLV ILQDO VOHFWLRQ

SHFRQVWUXFWLRQ RI WHPSHUDWXUH DQG SUHFLSLWDWLRQ
SHUIRUPHG XVLQJ WKH FUHVWU SDFNDJH &KHYDOLHU Z
GHQVLW)\ IXQFWLRQV 3') WKDW FRPSD XYWL B R ORI H®D V@DV ZIL\W
OHYHOV IDPLO\ JH®@ OVGUNHUIHREIH\G RHIIDYQRNRPSDUHG ZLWK
SODQW VSHFLHV GDWWEDEXWRIRQKKWRPREDO 'LYHUVLW\ ,QIRUF
ZHUH FRQVLGHUHBQRU DHER GW\MY KEMYMDIAEW BEBWK SODQW VS
SUHVHQW RQ WK HRBOALMPIDPMDW M S\DFIHFH ZH GHILQHG WKH DQDO
HIWHQGHG WR WKH %UD]LOLDQ FOHEB®MWWWRUL E X WH @ Q WRK HH IV K
HYDOXDWHG LQGHSHQGHQWO\ WR VHOHFW WKRVH ZKLFK KD
WKH H[FOXVLRQ RI SRO @RRU WDH®HIDYHE DVAFRXKHQHQW FOLPDW
WDNH DGYDQWDJH RI WKH FOLPBW NIV I BRIFRMAHLIW WR Q .
VLIQLILFDQWO\ GHILQHG B\l QX®GIOFOZPWWHVKEUSPEOHQ WD[D
UHFRQVWUXFWLRQ ZDV PRGHOHG IRU WKH IRXU YDULDEOHV
SURJUD®PLPDWH UHFRQVWUXFWLRQ ZDV REWDLQHG IRU IRX
WHPSHUDWXUH 0$7 PLQLWKA RARIPGHUWWRIHWRI 7PLQ FROG
DQQXDO SUHFLSLWDWLRQ 0$3 DQG SUHFLSLWDWLRQ GXULQ.

)RU PDFURFKDUFRDO DQDO\VL\PHD WKR\NEBZH BHR O O ¥ X BAHIEP D OH \
LQWHUYDOV 7KH VXEVDPSOHV ZHUH GHIORFFXODWHG DQG E
JHQWO\ VLHYHG WKURXJK D —P PHVK XQGHU ZDWHU *HQ
FDUHIX0OO\ ZDVKHG LQWR ®LSR VERMRWEQ I HFDWRRQ WIQX FRXQV
SDUWLFOHV 7KH PDWHULDO ZDV DQDO\]HG DW [ PDJQLILFD
DQDO\]HU XVLQJ :LQPQDO\WRNVJBRIWROWHQVWUXPHQWY &DQDC
7JRWDO QXPEHU RI SDUWLFOHVY WRWDO DUHD DQG SDUWLFOH
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DV FKDUFRDO LQIOX[ FKPDUFRIOWRRWRO HDWHO SSPUWLFOH WK
OHQJIJWK [/ :/ ZDV HYDOXDWHG 7KH LQGLYLGXDO YDOXHV R
SORW DQG WKH PHDQ :/ UDWLR ZDV FDOFXODWHG 7KLV DQ!
SUHPGRDQFH RI FKDUUHG SDUWLFOHV GLVWLQJXLVKLQJ EHW
EHORZ VXJIJHVW ZRRG\ KHUEDFHRXV FKDUUHG SDUWLFO

SHVXOWYV

$JBHSWK PRGHO DQG VHGLPHQWDWLRQ UDWHYV

7TKH IHSPVWRIGHO ,BDEMORZVFBDQWLQXRXV VHGLP QWD GH RRVLWLRC
FDODWKH EDVH RI FRUB99*QHDQMHGLPHQWDWURQ VHDWHW SHU
FHQWLPHWHU a FP \U VH @/IKP H EWVYREIMIRIFPO R Z FDO

\U %3 DQGP FDO \U/DE3OH 6

JLIXWH BIJHGHSWK PRGHO IRU WBWYWHFRREBER 9°(QHDU LQWHUSRODWLRQ EHWZI
DQG &KULVWHQ DFEXRMHGCDLWHR® UDWH FP \U DRBEZ(GHBRMHWLRQ WLPH \

(OHPHQWDO DQG LVRWRSLF SUR[LHV

7KH ILUVW IRX R FRAKBRQFHLSW® FRPSRQHQW DQDO\VLV H[SODLC
LVRWRSLF YDULDRH RIQUVWIFRIFSADHQMGZWNHIHSUHVHQWHG E)
1 2 DQG %U ZLWK SRVLWLYH VFRUHV | D QERQQH 6 DA WYKH PULSRALL
IRU 6L DQG =U 7RHEWIHDEV L RH®D RP WEW V HJ HARWIEIRGHFRRPSRV LWL
IURP LQRUJDQLF WR RUJDQLFHOWHILUQ 2O 6L BHRIGVEUMRWLQD
KLJKHBRWLOLFDWHY DQG LQRUJDQIMD®GQHUBPOYH FRIDYUVOAU )
&XYHQ HW DROHQ IURP \U %RBDROYPBUE SRVLWLYH 3&/ KM OXH\
LQFUHDWHILQDR GDAWG LQGLFRWID QLFKPDARHVUBD@WHY HW DO
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3& VFRUHV UHDFKHG WEHWZHKHQKHVW WROXHV FDO \U %3
DQWH P DL QHGWKRMUWIKRKW W KHHJFHNSWRIURRH FRWR FDO \U
,9 DQG 6$GGLWBRYROUDWLRIURDERKXMHG FDO \U %3 D SUF
DXJPHQWDWLRQ LQ WKH GH SIRWL WWRQORL VEK RA K B KA \GLHDIFEDL W
DW DQG FDO 86U 6437LLUDWLR FRXOG VXJJHVW DFEX
WHUUHVWULDO DTXDWLF ORFDO RULJLQ LQ UHVSRQVH WR OR
RI 6L WKH\ DUH SUREDEO\ FRPLQJ IURP JUDVV DQG VHGJH *L
WKH\SDDHWHQW LQ ZHWODQG YHJHWDWLRQ 6WUX\I DQG &RQOH

7KH VHFRQG FRPSRQHQW H[SODDM®MEG LY FK R U BURMH IR WIGWER H
VFRBHWHKMWKRJIJHQLF HOHPBQW\QH 7PEIIHFELDUH DMVQRUDWHC
PLQHUDO PDWHULDO UHVSHF DY R \& UHOOLRRUXH SFRRDLUAVLHYUH J38D LY
ZKLFK LQWKFD®RIFLQDQFH RI FQRFFXIWIRPCGHSRWRWLR@EDO \U ¢
DOWKRXJK ZLWK VRPH9IO$FHNDAK RDOXHVIUHPDLQHI ORZ VX
UHGXRWMBEGHSRVLWKRYHRDLWKRJIHQBF $AOHP HFQWWD) Wd3L JK W

LQFUHDVH ZDV |PHF B GG H@WR@EDYOD U L D/W LIROQ UDKMNFRH DOV R UHIO
FKDQJHV LQ WHWRRULRBRDMISEMFWLRQ LQ WKH GHSRVLWLR

FDO \U %3 )LJ

7KH WKLUG FRPSRQHQW H[SODLQH®LJKRS RAWVK M) PR IVIRERIHH \Z L W
PLG SRVLWLYH VFRUHV DQG & 1 ZLWK PLIG DIHW R WLHSO Y RRLEH V
EHWZHHQ DQG FDQGU&W3YDOXHY a ZLWK VRPH IOXF
WKH GRPLQDQFH RI RUJDQLF PDWHULDO IURP WHUUHVWULDO
ZDWHU DYDLODELQLW\WRKHQ EB®W ZHHAB WKBDEXHWD QB DFKHG \
DQG a UHVSHFWLYHO\ WR JUDGXDOO\ GHFUMKH K HWUR RG DR]
PD[LPXP LQFQRIPD/® RARLLVAKXIMNVHU WKLV SHU 7RG J 8 WFWXODBX IDRC
WKH DPRXQWLRI 6 DUH OLQNHG WR D ZEKMKYIKH YIDD OHRE DXV X0
UHODWHG WR S@FQWDSMUHVEEFH DQG WR ORZ WHPSHUDWXUHV
OHDQZKLOH WKH & 1 UDWLR VXJJHVW D FKDQJH LQ F
DD $UDQLEDU HW DO ZKHUH ORZ KLJK UDWLR V)
RUJDQLF PRIHWEWYD ORHY RI & OWMDI) EMVXOW Rl WHUUHVWULDC
UHGXFHG WKH UDWLR LQ UHVSRQVH WR QLWURJHQ PLQHUD
DYDLDOELWLW\ LQ VRLO UHGXFHV $UDQLEDU HW DO =
SULQFLSDOOFBDQHH®%IQFUHDVHG XQWLO WKH SUHVHQW W
%3 EHFDPH RXWVRIGSKMW\DIWERY ZKLFK UHGXFHG JUDGXDOO\ U
WUHQGV VXJJHVW WKDW ILUVW RUJDQLF WHUUHVWULDO LQS
/ 1 DQG WKDW DIWHU FDO \U %3 WKH LQSXWVZD\WKWILROD
& 1 YDOXHW 1WAXW QR ORQJHU UHIOHFWLQJ WKH YDULDWLR:
GHSRVLWLBRQFRIRUUJDQLF PDWWHU )LJ 6

7KH IRXUWK FRPSRQHQW H[SODLQV a / RI2UKH YDKLDKQ PHIJ B
VFRUH UHO®\MBGLWRMHQW DE®DQMYHIZKH QKW KRVLWLYH VFRU|
/] & DQG LQFUHODBAW® &QG 9DQDGLXP ZLWK PRVWO\ SHUPDQ
7KH LQWHUYDO IURP VWIR)GV RB® IR 9 BWNWSLYHHGRE D B MO J
SUHGRPLQDQFH RWE |SRBPW WIVW LR QWKEX JH\F\W CHYIH @’V RI FKD
& WRZDUSOD®WYV 9DQREGERRRBRQO\ DVVRFLDWHRAE ®AR [RQUG CSGILDA
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ZLWK D VWURQJ VLIQDO ZKHQ 20 LQBUHMWRW HED HYRBOW YDA

WR FDOLW @&3KLV VXIJIHVWYV WKDW ZDWHU WDEOH ZIL
IURP a WR FIDIO 6BHARUH DQG DIWHU WKLV LQWHUYDO
WKH ZDHWHHWD WDEOH ZDV REVHUYHG

FigurelV .3. Principal component analysis from Isotopic and XRF elements fromMGéore.
Z-VFRUHVY FXUYHYV pliadp& comigongvitsl R X U W K

3ROOHQ DQDO\VLV

%DVHG RQ SROOHQ ]JRQDWLRBR &B 1K D66 EWHK® GL(YLGHG LQ ILY]
UHVROXWLRQ UDQJHV IURP a WR \HDUV EHWZHHQ HDFK VI
DIWHU a FDO \U %3 $ WRWDO RI RXW B D WHWGIHADHEED SARAHHD
WZR IHUQV DGROWER\QRPRVEKERVFKL]DHDS UXQEHRIDU H

LGHQWRRICHIGWKHP ZH WHOHFWWG L DIO] $ R O DWEHMWHODUHODWHG ¢
WD[D DGR @M®RHQ SDO\QRPRUSK DUH GLVF»VVHG IRU HDFK SRO
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=RQH * FP + FDO \U %3 ZBDAFXOH\D FMWRHIULE R G HD O
SROOHQYDWSLQJ EHWRHHRDLQ@QWK 3RDFHDH a DQG RWKH|
KHUEV ZLWK IUHTXHQFL®%INFEKOREZY *RRBKWDHQ D QEXENHBHSHU
WKH ODWHU LQFUHDVHG WR DW WKH HQG RI WKH JRQH $L
IUHTXHQF\ Rl &HUUDGR W UHAV VR Q Q&B\SH B RIDWIHEX RX YV SUHV
RO H O R R VW DSFRFDED FHWD VD KINH T SHHQWY LV (D QERPAL IOFREDHD O O H U\
IRUHVW SUHVHQWHG KMIIOH] YD @XBWDRFHDHZR DQG RWKH !
OHVV WRBQGLD &\ELDQWKXV (PPRWXP +HG\RVPREFHDRDQRC
8 W D FIN@BBRWLZROOHQ DFFXPXODWLRQ UDWH 3$5U LDQWF WWHCHY H
EDVH WR JUDDQVWHKH HQG RI WKH JRQH

:DWHU OMOBWYWHG SROOHQ WD[D ZHUH & B SIUMHMB/OENNG VEK ROS H U
VLPLODXOSWDODHQ LQFUHDVHG IURP WR DW WKH HQG F

=RQH + FP + FDO \U %3 1B PSFOHO/M @ LOO GRPLQDC
YDUQEHWZHHQ  WR PDLQO\ FRIWSRRV ID® RQFRBBNBIBL Q
+ SHDNEIHQMZHHmMQG FP W R FDO \U %% D FORX® KD W
LQFUHDVHG FRQWLQXRXVO\ IURP WKH EHJLQDW®&H WRHNEN B
VKUXEV*RMJRUHQD 3RO\JDISDODAMEM UFEMLIR Z &HUUDGR W
IUHTXHEF UHDVHG BRDNVOOYZDWKQEBKH FRQWL QXKW SR A VP F H
DQ&LVVXV OHORNBWDSFRABDHWEIRLOR] &HOWLV (DDRWKHFL
$QDGHQD @WK®G RDHUHN H T XA O IDXWDYWDW ULEXWHG WR GU\ IRL
REVHUYHG LQt JRQH*'DOOHU\ IRUHVW ZDWH[GR P LDDARLGS LED
&\ELDQWKXV (PPRWXP (XD\H3J DR HDEW R B IDHVYP W D& W L X P

ZDEBVRHUYHG DW FP FDO \U %3 7KLV SHULRG PDU
a IRUHG\RVPEIRPWZHHQFP FDO \U %3 3ROOHQ DFFXP>
LQFUHDVHG IURP WRU ZLWKOWKWH KRRIJKHVW YDOXH DW F

WRZDUGV IWKKIHHIR®@ HR a \WUDLQV FP

:DWHU OMOBWHG SROOHQ WD[D LQFUHDOMMQULWWK DQ&FW XD
&\SHUDFHDH DQOGLRFDX@BEDJLWIMMNWK PLQRU YDOXHWBWROOHBKH
SDO\QRBRUHZKRVFKL]DHD UXXEERINDHPR ZHUH PRUH FRQWLQ
GXULQJ WKLV ]JRQH

=RQH + FP # FDO \U %3 MBPBOWHYSWO\ GHFUHDVHG
ZLWK 3RDFHDH EHORZ DQG UHDFKLQJ WR OHVV WKDQC

SUHVHQFH Rl RWKHU KHUE DQG WKIJKFEKD UHWY DIEBHSKFRQV WD C
DQG OHVV IUMRRSIQWHQD BR/GASIDEOUXEE\ SRGIGHQRPR[D
LQFUHBWJHI®GR WUHH SROOHQ WDV OWKRH LSUFHNHDQYFHHG

&DVHIDUL® ORVYVVRIQLPD &DWXRSDHEOR KWW DEAR-FCERFHMD H
(ULRWBEEPLO M@RIUHT X H BRADRIH Q D Q &H Q. ID\O LKKIPV

UHPDLQHG FRQWLQXRXV a 7KH JDGEBURMVRMPMVWDADE UHS
SURWLXP ZLWK O\UMDBRBBIMLXP 3DXOOLQLMH\(XWHDI 6LPL
GHFUHDVHG WR DQG GLVDSSHDUHG DW FDO \U %3 FF
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I[URP WR JUDLRMVWKP WKH KLIKHVW YDOXHMREVHUYRG EI
FDO \U %3 UHDFKLQJWDW WIOH UMW EPRI WKH J]RQH

‘DWHU OMOBWHG SROOHQ WD[D KDYH UHGXFHG WR YDOXHV El

ERVOR XU IDWQIED &\SHUDFHDH IUHTXHQELR Y DREERIA S\DAEL BB E \
7KH YD OXB¥UBWICD &\ SHUDFHDH UHHVWDEOLVKHG UHDEFKL

(ULRFDDX@RQLWDIWD WMKH HQG RI WKH JRQH DIWHU FDO \U %

=RQH + FP % FDO \U %3 YHPPEQAVHDVHGZWRK WZR
SKDVHV )LUVW: 3RDFDNDIGRPLQDQW DQG UHPDLQHG VWDEOH
FDO \U %3 WRRPSKKUHLUOBRWIKRXSKHD 3RO\IJDODDQGLWKH VKUX]
3HSHURPLD &HUUDGR WUHH WD O ZHRIGIL BD H ¥ B Q WERIDRIKE DV H |
0 H OFDPVD/WW DEAR-FDE FHIAD H $QDGHQDQWKHUD RB@WIOW[(ULR
YLQH 'LDOURKFWXDWHG EHWZHHQ WR (XWHKSHD®BGE R VIR
ODFKDHWRXPUWGHFUHDVHG WRH[ 3DXKQOHQ LZH UH RFRWX P
REVHUYHG DIWHU FDO \U %3 FP B6HFRQG IURP FD
JRQH BREBFIOXFWXDWH®DFFKDULYV DQ&XSKHD LQFUHDVHG
3RO\JDQOGUIAHUH EHORZ DQG VKUXEBMSHURREMGUDNB®R WUH I
%\UVRQD&EDVHDULDHORKN MWW DSFRFEDFHN®HF UH DV HERIJHWKHU ZLW
$QDGHQDRPNLIOWEEWXDWHDOIWQFUHDVHG WR a  IRIRP\U %3
FP *DOOHU\ IRUHVW SROOHQ WD[D GNEUBIQWHK ZVZ LW L
ODFKDHDQ®&PDRHDMHFDFHDH 3ROOHQ DFFXPXODHDMHEG UDRM
JUDLQWFPLWK SROOHQ GHSRVLWLRQ GHFUHDVLQJ WRZDU

:DWHU OHBWHG SROOHQ WD[D VKRZHG D UHSODBMXBHWWD ZL
SDOP WUHHDQG D GHFUHDVH RI1 &\3HUD SHBHNWH Q F BXRIR Q
IOXFWXBWILRQWROUZWLFK GLVDSSHDUHG DW WKH HQG RI JRQH

=RQH = FP * FDO \U %3 NBPSIOMHWKH VDPH DV LQ SUH)Y
7ZR YX@HV DUH F K DRKOOFQWHHU L QKEKERXBEU VW XQWLO
\U %3 FP KLJK IUHEZXBRHD RI ZKHRPSKUGEBRPBPUHDVHG
SRO\JDODDQIHSEAURPLD &4HUUDGWRIWMUHHGRPL&QDWHHWGD BYL. D
OHORNWWWDERRHFBUHWDFHBRLOD | $QDGHQDQWKIHU®D &ZIHIPW L V
GHFUHDVHG'DOOHU\ IBHHVMWDLDWEEBY SH DQGGG\RVPXP ZLWK
WZR SHDNV RI FDW\U %3 DQG FDONMU %3IEEPQWKXV (PPRW)
DQG BRUW WR

7KH VHFRRGQHU&P FP FDO \U %3 WR FP PRGHUQ LV F
&XSKHD UHSOD'RPSIEVHQD %DFFKIDULFRQWLQXRXYV

$ GHFUHDVH R| DU ERWHHODQ S\ROHLEQ B6 O BMIVK R H HU/RMEF H D H

8 UW D FI@G 0\UWDFHDH ZDV REVHUYHG 3ROOHQ DFFXPXO
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JUDLQWFBROOHQ GHSRVLWLRQ GHFUHDVHG WRHODWM GV K
SROOHDWWDLWLD &\SHUDFHDHZHUH SUHVHQW

JLIX,WH 3ROOHQ GLDJIJRMDWPWRUMKHIVHQWDWLYH WHBDER YU DDW )W RFDFILRP ¢
OHIW VER ORMHKDWH QWD JH F R OFRRUHGH 6 YRIDMWANRERGY WRWDO RI WHUUHVWUL
UDWH 3%$5 ODWHD@® WKH SROBHQXRGDPRZ WDKDXEZQ DW B [IUBIHIQ

DUH SUHVHQWHG LQ |IURQWHRGIRWK 8 D@ \WREMIMMBRRFBAIE] J D @UCHUW LM UB VW *
DQIBFFXPXODRHRIYP WEOGHG WR UHSUHVHQW WKHHO DHAQHHG S @ ONDUHR W [R D Z D WHHH

&RPSOHPHQWDU\ SUL QRS DH] SWRIRSR Q H Q WRD (¥ [DCDEEDEAVDR. W \
GLIIHUHQWLDWH GLYHUVH VWDWHV RI YHJHWDQKWR QLERMWSR)
FRPSRQHGQGW 3& WHQGHQF\ WR PRUH QW.JDRUIHDH/ N L@XHYDV X I
3RDFHDH GRPLOQDQHDTHERVLWRY HL 'GICPDAWHNADVH LQ DUEF
SK\WWLRJQRPLHV ZLWKIURWKHIMDGRQDWG HHD OOHDQ GRUHVW
6 )RU WKH VHFRQG FRPSRQ@HIWWBEZH YDOXHV DUH UHODWH
SUHVHQFH DQG SRVLWLYH Y DDXB S VWHKG RNERDKVX B LV UHRILE W RD IQHEL
DQG GLVSHUVHG WUHHV RI &PQGDAR YSHIJHWDWLRQ 7DEOH 6

JRU WKINWW DQG VEWRBWRFRQHYDWLYH WR IBEXFMOOOINMY@J SRV L\
LV REVEKLD&FRUH\GRPWEDQWYWHIDWLYH YDOXHNVNQJaWKH WKLUG
3& UHFBUHWGRBQHQW SRVLWLYH YDOXHV a WR ZKMWORH 3& |
WR SRVLWLYH YDOXHV W R WKLV FKDQJH RFFXUUHG
FDO \U %3 ,Q0 WKH IRXUWK ]JRQH GLWHZOMRRIQQWER G5 IED
QHJDWLYH YDOWR\D QG B&DIOXBEHLQWHR W HUZO®XGL QUHW R € G
SKDVH IURP FDO \U %3 FP  WHR WH\H HOHE CROMIEBWY R @ H
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YDOXHV LQ ERWK SULQFLDS®P® FWRSR QHONSWIEPRIHR HOW K L|@ DGO \
3& DQG 3& KDYH UHPDLQHG ZLWK GHWBRHWSHFI/E@XH®\ )WR

SDOHRFOLPDWH UHFRQVWUXFWLRQ EDVHG RQ SROOHQ

TKHDBLEUDWLRQ SDUDPKHAHDW HRHNECHRIBWHWDWLRQY ZHUH

SUHFLSLWDWLRQ 0$3 DQG SUHFLSLYWIDWHRNQSGKVHQWWGEGH. G |
7KH 0$3 VKRZHG D JHQHUDO VWDEOH WOWIQRER IDW K CaW L RRQP ZIDC
REVHU¥YKIKGVH YDULDVWIHRIQR GE RAOVOCARKON LQFUHDVHY LQ SUHFL

IURP W R FQ® RO DMBHG HYHQWYV SHDNV PP RFF)
PLOOHGF@MORONDO RI HDIWKW HYHQWYV DQG
\U %BLI 6

6LPLODUO\ 3GT UHFRQVWUXFWLRQ VXJIJHWMGU\ PR@PWHKNVDZHW
VRPH HYHQWYV Rl GHFUHDVH LQFUHDVH LQ WKH SUHFLSLWDW
UHGXFWLRQ LQ SUHFLSLWDWLRQ a PP DW

D SHULRG RI LQFUHDVH®&QDBRXRPN IRIRPUHFLMRWDWERO \U %3
LQGLYLGXDO HYHQWYV DW PP PPRLJID BG PP

$V WKH UHFRUG DSSURDFKHG WR SAPHVH®RW HU$ VR HEOXHRHHN/Q
SUHFLSLWDWLRQ DQG 3GT URBXEHG6LQ SUHFLSLWDWLRQ WR

ODFURFKDUFRDO VLJQDO

7TKH FKDUFRDO VLIJQDO UHFRUGHG YDULDEOH FKDUFRDO LQIO
PPFP\U )RXU HYHQWY ZHUH GLIIHUHQWLDWHG RI ZKLFK W

PP FP\U DW FDO \U %3 FDO \U %3 DQG DIWHU
FHQWLPHWHUV, Rl GKHEWMRXJUWK HYH@EW\WZ LMK RERMHUYHG DW
FDO \U %3 2Q WKH RWKHU KDQG W K HD:O/MUJIRXUK IKWH ESD
SDWWHUQ LQ WKH GHQVLW\ GLDJUDP VXJJHVWV WKDW LQ VP
YDOXHVY DERYH ZHUH SUHVHQW WRR HVSHFLDOO\ LQ WKH ¢
)LJ9 7TKHUH ZHUH DOVR IRUW\ SXQFWXDO HYHQWYV ZLWK ]JHL

FDO \U %3 FDO \U %3 FB® \U %3
FDO \U %3 FDO \U %3 FDO \U %3 FDC
% 3 FDO \U %3 FDO \U %3 F

RI GHSWR )LJ
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JLIXWH5HVXOWVIRURFKB WPWFRDO DQDO\YHWKH BERYVWUOWEEXWLRQ RI : / UDWLRYV
SHU VDPSOH EOXH VTXDUHV DQG WKH DYHUDGRVRWHG WDLW HRVXH UHY W B/&
EHWZHHQ JUDVYV DQG ZRRG SDUWLFOHYV | UHG INWB U V& YEKRYUWIPD W
PP FP\UUHED QM KONKKWRXU PDFURFKDUFRDO SHDNV

,(OQWHUSUHWDWLRQ

'XULQJ WKH /DWH 30HLVWRFHQH EHWZHHQ DQG FDC
ZDV FKDUDFWHUL]JHG E\ DQ RSHQ LRHULFDGR. @ I VERE R KKEHEN\G D@ G
$ QDUURZ JDOOHU\ IRUHOMPZDRDGRPWE@DWHBQEN WUHH FRPPRC
IORRGH®GWRIMR HW DO 6LON IBGH WOBD®MN Q GHSRVLWLRQ
ORFDO LQFUHDVH LQ LWV DEXQGDQFH DV D ORZ SROOHQ S
SROOLOD@BG Q % HUL CKRNHPRAD LQ ZHW SODFHV IRXQG XVXI
LV IRXQG LQ KLOOV LV DVVRFLDWHG WR URFN\ VXUIDFHV Qt
/RL]JHDX HW DO , O XRIWMYRDO LV DVVRFLDWHG WR WKH FD'
LQ WKH VI\VWHP /RL]JHDX HW DO WBWHRILWWHUV O RF DWKH \8
LQ WKH FHQWHU RI 7TRFDQWLQV VWDWHPZH OH GKIHFR S LHWD I/Q R (
VR ZH DUJXH WKDW UDWKHU WKDQ FROG WHPSHUDWXUHV W
KXPLGLW\ FRQGLWLR®VDQ@®&LE®FUHHWH MWDEODD GXDOO\ FDXVLQ
FDO \U KB ORZLYRGRH QHWSR W& H RQVHW RI WKH VZDPS
L9 D ZHDN \ODIQDYBD&\SHYDFHDAG 6ZLWKHGRBKLF PRLVWXU
DQG =U IUR@PG3&OHPHQWY DQGLYL) 6 DEGJIK HURVLYH FRQGI
VHH JUDLQ VLJHIWQDBEG 3UHFLSLWDWLRQ UHFRQVWUXFWLR!
DQQXDO YDOXH ZDV QRW GLIIHUHQW IURP WRGD\ )LJ 6

7TKHQ IURP FDO \U %3 DQ LQFUHDVH LQ WKH WUDQV
FKDUDFWHUL]JHG EHM B SRR RHEVARHA IR WBHENQJIJLXP 3RO\VJIDOL
DQGULWQG WKH SHUVR V DMEEEG@L VWDKK OH [ KD QORPROVE DB S

DQRG RI WKH JIRAUPHWWABHQ G \OWEORPBENHW K IRGE Q@ &HUUDGR ODQC
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% DFFKDQ&XSKEDWK VRPH &HUUD G R WV IR ENORII V i B IV M3 V
HURVLYH FIRQ\GR\ZHR®VWWDEOLVKHG)DIXMHHD QG 6 ZADNK\ B RI®D H G
DFFXPXODWLRQ UDSLGO\ LQFUHDVLQJ X QI DISW DI BWJ HWHK B DW
LQFUHDVLQJ DORQJ ZLW KO VIKQHG JDRIDTFBH DS FRINFHBXHID) WK GYPRIL O
FRQGLWLRQV ZLWKJHPBD/MVLRESBREZMWWMG E\ WKH 20 LQFUHDVH
DQG FDO \U, 939 )DX/S@ 7KHQR® WR FDO \WD %3
UHGXFWLRQ L®GB QAQHWKIH SWX[YLRXVO\ FLWHG WD[D LQGLFDW
LQ VRLO PRLVWXUH

JURP W R FDOHIB DGRERB\RVPXPNWKWH L QV W DFARGRIDW L R Q
DQG ZRWHVW DQHG $XD~MRRGMRQO\ WKH+MSMEYBE¥PVLQAWVHQVLYV
REVHUYHG LQ %UD]LO RUTFUHI®WQ D®HDNBDRDEE YW LQ WKH KL
SK\WLRIJRRWKH &RHUBD®WKH $WODQWER PR R 8 QW DAKHBUER DWW HLG/ W
,OH[ 3RGRFDUSXV2OHYPRIKRQDDG )RBRBVOHQ UHFRUGV VKR?
+HG\RVPEBHDG RYHU ORZHU HOHYDWLRQ LQ AHQWHMSRQMH U
ZHW DRGORRPDWLF FRQB®IQMGLRON~MRGIWX DQ® 3UHFLSLWDWLF
UHFRQVWUXFWLRQ VKRZV IOXFWXDWLRQV LQ PHDQ DQQXDO
WKH GU\ VHDVRQ 'SGIQJ)MIKH HDWDOYKRORKRFKOBJIH LQ WKH YH
REVHUYHG EHWZHHQ B RISU D F VIVIBKOHL| b [ EY ) DR@ RU\ IRUHVW
0 H O R R VW DSFRFIEH W DFHH®\WR VD RBURWR.EE8 WKH GLVDSSHDUDQFH R
7KLV DVVNREOHDVMWKDQJH WRZDUGV PRUH KXPLGRHE®LPOWLFRC
FRQGLWLR@VYQERQBMKM ULYHU GLVFKDUJH DICQDRAADOMKRI BX W KF
SDUW LEDH VZ L WWKHHG FIO R VW K HVIRR UTIQLIVVAKADHD JH LQ IORULVWLF |
LQ DJUHHPHQW ZLWK WIKH9 VWIXEOHFLBRW B ®/H R & KIRZFVR Q QW U )
LQFURDVHPPSRIHFLSLWDWLRQ GXUL®J "WHKHQG UN KRHIFRFRH®D H) L D
JUDGXDO FKDQJH WRZDUGV DQDRYIRE LDNGHDB BWRRDS/KA LR YRR P\ |
FKDUDFWHUL]HG E\ WR B DH'W Bl G \ARGHHRMENYK V 'O OVRBLPD
DQ&DU\REDBSDLR HW DO -XQLRU HWIIV REVHWRPHE® UGR

W R FDO \U,9%37KH[BEDQVLBRXRISWOP VZDPS IROORZHG WKH
WH ULYHU IURP WKHO9FRUKBJFOLWBWH ZDV BHFWRMMWHQMWHE E
SUHFLSLWDWLR®D@GUPHU W H PISKHHOD VE KW H H Q WWKH FDO
ODQGVFDSH ZDV DERRISOIDWAHEUEDGR SK\VERUQR BR Z\WKEHHY B/DY |
JUDVVOHISBQWH RQ WKH 3& SRODWOR¥FDDWHG )R DRGD QW V
,9 7KH H[SDQVLRQ ®RD X8\ SWRIINFHKDHHUZ Z W\W K UMIONMBNYE GW W D [D
(ULRFDRQBRJLWWRIIHVW WKH HVWDEOLVKPHQW &RIL RADKML RV Z

UH F R QURRD X F Wa PP DQG 3GT RP KWRYRABXFIWQRR W K
WKH PHIDXDO S U H FW & HWIDRRLXFOQV DRY GU BLUQ 1D DDV B 7 K VWM K H
+RORFHQH IURP WIRY FKEDDFRW HUI ]HG BR\S UG BRIRQ B@F H

SROOHQ@X8H ZLWK PL[HG VKUWXEFFQDQENIIKNDOG OHVV FRQWLC
KHUEDHBR SWRLA/ W N0 BWIO\JID@EULWLIW DQG 7IHRZ SROOHQ

FRQFHQWUDWLRQVYR PBHEG WIVH B KXIBW WR K HY W H G QWRNVZDDOUEFD W LR Q

DOQGUERQYGLWLRQV




)LQDOO\ EHWDIOHQ QG FDO \WHKABSDQV IBXKSG KBIPR PSKUHQD
DVVRFLDWHG WR G U\ MNGIHWI FD FIRRYG WQRIW L QL ¥ RAZHH ® SHQ
&HUUDIG/RR X UMEDP SKHQRP FDO \U %3ZRQERHAQVWDOODWLR
PRGHODXQ GVFDSH DWSHQ FHUWEGR/AHEWKH JD O@HEHURUHVW
HURVLYH FRQRGEMDRNCRRNREVHUYHG DW FDO \U %3 DQG
VXJIJHVW SXQFWXDO HYHQWV RI LQFUHDVH® CGIMKH S LWL
VSHFEHG\RVPXP EHLIVVERRHQV G GWKNHU TR K DVEVE HQH \RWEDADHY H G
LQJDOOHU\ IRUHVW OHGHLURV HW DO 7KH SURJUHVVL
FKDQJH WRZDUGV UH G XQRWE R RS\DERUHAF WG FHRWG SWURRGY WKL\
SUHFLSLWDWLRQ ZDV DOVR ¥V %XJJ&S\OW QG ¥ \GW R H QINFRHKEDMA RIl
VZDPS DUHD DQG WHKGID B K IGRX FRYLIRLD BEH/CSIRQ\G HIGJ AR SALKMHD W L F
GHFUHDVH )LJ 6 G,/ DSSH IMLRQF MR B WRP DB R B
D UGHU R X J K W WX B DHAKAND \@ W\QKGH/ F DIS® DAVKRIH FERQUEY WKH ODVW W
\HDUVJ9

7KHLUH VLJQDO ZDV ZHDNEH® RZK HFRPRAR O WRUIRXU PDUNHG H
FDO \U %3 FDO \U % % X UWGEH 00 \LV W3FHQ B/QS \

/HVRU QR ILUHDRRIRFADEWE&H VSDWLDO KHWHURJHQWUHW\ RI
FKDUDFWHULVWLFV RI WKH ORFDO YHJHWDWLRQ DQG VRLO P
GU\ DWPRVSKHULF FRPDGLAR DROQ ¥ DIWHYFFORWB B $RBIVWE IR G H U D
DO 7TKIRSHQ OPH)GGBGFWKH GLIMHWRLDUHYHQWHG 91 LURKLYQLWL
K\SRWKARDWLWWHQFH ZLW K WWH BRPS R D\GDE \RLKWEEGHRR\DLO H
UHFRUGY )LJ

FigurelV .6. Synthetic diagram showing the regional changesiiistudy areahroughtime. From left to right, pollen
frequency according to their growth forms; changeMauritia frequency (green) angbollen influx (PAR)(black
bars); zscores obtained fro8 & D Q G B@signal, Si/Ti and Ti/Al ratiogharcoal influx (area/chyr) (red line),
and the regional climatic perioddsla = Heinrich stadial 1§16,110-14,690 yr BP) YD = YoungeDryas, EH =
early Holocene, MH = mid Holocene, L#late Holocene
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'LVFXVVLRQ

\HDUV RI HFRORJLFDO VXFFHVVLRQV LQ WKH &HUUDG

7KHHVXYZRAPXOWLSUR[\ UHFRUG LV ILGOUREWR ODSVDWRGL QD C
WKURXJK WKH &HEUDBRLQLIJWKH ODWH JODFLDO WKH VRXW
6DOLWBH f: P DMOGUX VKRZHG DQ RSSRVLWH VLIJQDO ZLW
ZLWK WKH FRRO WHBRE R bMESHEVIBIDKH DIRMH WR WKH R RUWK
SUHWZRPSf6 f: P&RVWIOHWLQ WRKWHHOQVMIDMRKH &HUUDGHF
DOVR HE PD RSHQZQWEGARRFD®GHOHPHQWY XQWLO FDO \U ¢
GURXJKW W R MRKRQMUMMDH BKaD U LD/QEGLNDRQWD GXULQJ WKH WUDQ
IURP 30HLVWRFHQH WR +RORFHQH

,Q WKH FHQW UDIDN H HHBERQYGN KfH P&DVVLQR HW(DPREDU
7JRUUH] HWDV®RZWKH GRPL @IRNFHQRODQGVFDSH 3RDFHDH a

ZLWAHROWHP SH DB\ X W G FVBURIHR/XP ,OH[ O0\UVLQH
'HLQPDQWQILMY JUDGXDOO\ WHSD B F$IIEQ EIRIO R U MRIKRIVHE VR |
ORUDFHIMMRQD $QDGHQD@W KH DZ L BOR\DHAFRSVH D G\ X WHB D
+HG\RVPXPOH[ 0\UVLQH DQ&IUUDGWRDWNWHRQLXRVRQLPD
&DU\RFDXQWLOFDO \U %3 'XULQJ WKH WJUKHQ N LS\DIERVQLURERS RIR O F
WUMBI[D ZDV DVVRFLDWHG WR ZDU® BUW P W HF RRIQG O\W E R Q¥
IXUWKHU QRUWK W R X ULWAIRFQ O BA\M GRWRRZDUPHU WHPSHUDW)
\HDUV HDUOLHU

J)DUWKHU QORUIWISRPO@RHMIERUGI6 f T: P /HGUX HW DE®RZHG
WKH SUHVHQFH RI D FRRWIDW®MG PRIMMHRUHBBYVLWLRQ WR +
FKDUDFWH U H][I5® (B L3AREHRED H )L® DZKLFK LV YHU\ GLIIHUHC
*pWXOLR

'XULQJ WKH HDU@KHRO-RFW QBHOBIB HUBIDO\RKREWGEE GRPLQDQFH
RSHGUUDGR ZLWHIDGUAKDEBWHK ODVWHG X QWSLIV VL QRDBW WD €
,Q WKH QRHUWIDMMRQDOR /BNMH Q/RHP HGAMU UDGR VWDUWHG E
W R FDO \B\%WY¥ RDHWEKOLPRVDWR DQG 3RDFHDH
IROORZHG E\ WKH GHFUHDQIB RMK\WM KU RURRIVD E M ESHK Q EQ H DWKH L
+RORFHKGHRRO IRUHV\REN[ISDONE REQMREHW ZHH Q DQG FD
%3 ZDV QRW REVHUYHG HO¥BZKHUH LQ %UD]JLO )LJ

,Q WKB +RORFHQH WR *HADYIOP % 3 H RRANGHHESID QAZLRR Q
RI WKH RSHQLENW DGRP WR  WKBIDSE'SH BhB DEKPWHKFRR O WD
+HG\RVBDR® BDQWKHHUWDEOLURRHOWLRIDQERRQG EHWZHHQ
FDO \WR#8 IXO0 H[SIRGHR G HY WPEBVIUHQG ZDVLBERWH UYHG
V R X WHKBEL\RW3 W&HRW R/ D H WDIER U W K H D V WHITX B.O KR [RER WHOLDIDG
HW DO ,Q WKH FHQWW M NHHUYMWIERKAEZHG DQ RSSRVLWH FKDQJH
%3 ZMMWKK H[SDQVIAR QURSVR/KIRQLX®B\AVQRLPDDOOHU\ IRUHVW
ORUDFHDHHG\RVPXP IROORZHG IURP WK WO ® 3HEW DEOL V|
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ZRREAHUUDGR a$VWURQLXP %\UVRQLOD JHOOVWHDUWLDRUHVW
$QDGHQDQWKHUD &HFURSLD ORWHRERHBBHDONYWRPDWDFHD

'XUL@WKXBWH +RORFHQH F D@ WU 9%(3VVARU B H HVBISWIBBHG E\
DESHQ YHJHWDWLRQ GRPLGEWHGFBO3RD%HE DEHRRPKQIERYLHU
WD[D ZHUHEWEDISSKIHTHG DW FDO \U %\3 FOREAE D DW
FDO \UKHKH3IVDPH WUHQG ZDV REVHU YD R ¥RWRHK B\CKHVGIQGE |
ZDV DVVRFLXWHG HORH Y D W L-RHG VRV IR PWDODU VL QBIQ G
3RGRFDUSXMVWD HW D@G1(® 20LYHLUD HW) DMKH QRUWKZH\
&HUUDGR HGJH ZLWK WKH $PD]RQfD WRH WHFRYQ6VXJIJIH
VIQFKURQLFLW\ ZLWK D UHJLRQDO DULG HY HQZ O WRIR [aQ J RNV RA
VZDP $H BHERO® BV H U YIDYWIHRIQHW DQ WKH FHQWIKMHOUSHUR RO E
YHJHWDWLRQ ZDNHERPSRY B G GR @ DMRKHIH HI RISH VIRGBHIVHRO KDYRZO
DQG FDO \U(WBREPUWUH] HWDD®XV ZH LQIHU
WKDW 9ZDF R UWKS K DA/HN KHW ¥ W B WRKDQ WKH FHQWUDO &HUUDGR
ODWH +RORFHQH

&OLPDWH GULYHUV DIIHFWLQJ YHJHWDWLRQ

7TKH ODWLWXGLQDO FKDQJHV LQ YHIHWDBWWRQ GFRHOW\VEGHWFR L
WKH DPSOLWXGH DQG LQWHQVLW\ RI WKHH BWRXWIRKRZIPHGVFYRHO
ODWH BOHLVWRFHQH EHWZHHQ UBRRBUGHG BDOHWL RG BI* (W
D ZDUP DQG KXPLG FOLPDWGHD X2KHMGWKKHSRKID/VHIH- HRGHSRVL
WR ILQH WHUULJHQRXVY SDUWLFOHY ORZ WR KLJK 7L $0O UD
GHSRVLWLRQ LQFUHDWBG EBYHDQFMBIBVHQR WHRIHWDWLRQ DS
JDOORIWNVW EHFDPH HVWDEOLVKHG D PDMRU DQ& SURORQJH
WR FDO \ULWIYW IRUHVW DQG ZHW JUDVVODQGYV LQFUHDVH
IROORZHG E\ D SKDVH RI UHGXFHG PRLVWXUH DQG VOLJKW

FDO \U %3 VXJIJHVWLQJ UHGBIXIPWLRQ LQ ZHW FRQGLWLRQ

'XULQJ WKH HQG Rl WKH /DWH 30HLVWRFHQWK HFVZRLOULRK OW |
+6 EHWZHHQ DQG DQGFRKQUHAUBSU\BNWZHHQDQG

FDO \WMBDWHG WR LFH PHOWZDWHU IOX[HV LQ WKH 1R
ODWLWXGLQDO WHPBRIQ®MX DK G UDGLHOWRQGLWLRQV LQ WKH
DQWR ZHWWHU DQG ZDUPHU FRQGLWLRQV LQ WKH VRXWKHUQ
HW DO 7KHVH WZR FRROHU 1+ HYHQWY ZHUH LQWHUUXSWHC
FRQGLWLRIQVD@BUPROG 6+ EHWRHHQ FDO \W %/ OIDQOWIHGF RO
UHYH®&DOPLI9 3HGUR HW DO :DLQHU HW DO

7KEDWH 9*( UHFRUG FRLQPVGBDIYEHWIZRGKMWKH HQG RI +6 DQ
DQG HVWDEOLVKP QWK BBWKIHY$&B1 WKH SUHFLSLWDWLRQ UH.
PRQVRRQ V\WVWHP DQG D UHJLRQDODWHM HREW MURZDA) BWG UNHVY |
,GHQWUD @ ¥UMFHOODWH SKDVH RI +6 D W MR V R X WKBIQ QUE R
RQRUWKHDVWHUQ %UD]LO D JWDG RE Y HUWHEDSEHN DFVSLURIQ LWH G >
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HW DO DV ZHOO DV D UHGXFWLRQ LQ 6%06 LOQWHQVLW\ E
, 7&= WRZDUGV LWV QRUWKHUO\ SRVLWLRQ f1 :DLQHU HW |

'XULQJ WKH $&5 WKH VRXWKHUQ UHJLRQ RI 6RXWK $PHULFD
FROG DQG ZDV LQIOXHQFHG E\ $QW DY FWAKH BHO W ZEHWHEWB HQ V
f6 WKH $&5 VLJQDO ZHDNHQHGLDQGXWREW® BEMWEB VLP DZ QW
VXEVLGHQFH RI ZDUPWKDB\E QWWRRLWRHHIZ%HG WHPSHUDWXUH D
3HGUR HW DO & X \BVRRGWLRD H WOWX9IHVWYV LQFUHDVHG ZH\
FOLPDWH VLQFH FDO \U %3 ZLWK VSHFLDO VHFRQG ZHWYV
7KH ILUVW ZHW SKDVH FRXOG EH UHODWHG WR WKH HIIHFW R
1(% EXW GRW GHFOLQHG SUHFLSLWDWLRQ LQ WKH BRB]RQ ED

:DQJ HW DO WKHQ DUULYLQJ XQWLO RXU VWXG\ VLWH
6LPLODUO\ D VOLJKW LQFUHDVH LQ SUHFLSLWDWLRQ ZDV UF
EHWZHHQ WR \U %3 DORRVW VHGXRMIQORG ZQWKHP SH

*UHHQODQG UHFRUWKXV)VLIQDOLQJ WKDW WKH KIS HRPGIQMF WD ¥

PD\ KDYH UHPDLQHG GXULQJ WKH VHRB®Y G D QN WWIHRIQ SIXQE HV KE
<I

7TRZDUGYV WKH HQG RI WKH SOHLVWRFHQH WKH <" KDV PDUNH (
LQ WKH 1IRUWKHUQ +HPLVSKHUH 1+ EHWZHHQ WR

UHJLRQDO VWXG\ FRPSDULQJ WKH FO MWIHV LR UVDKH D/ LIRS/ aJ
+HPLVSKHUHYV VXJIJHVW WKDW WKLV SHULRG ZDV LQLWLDWHG
LFH FRUHM ZKRVH FRROLQJ IORZ KDG D GLUHFWLRQDOLW\ RI
WR KLIJK ODWLWXEGHNPLY SWKKHUBIR W KHQ ZKLFK WKH DWPRVSKI

&KHQJ HW DO DQG DQ LQFUHDVH UHGXFWLRQ RI UDLQ
ZDV UHFRUGHG &XVWRGLR HW DO &RQYHUVHDWWK® H
ILUVW LQ WKH 6RXWKHUQ +HPLVSKHUH FDO \U %3 DQG ¢

FDO \U %3 ZHWKDWRHVKRHQW RI WKH RFHDQLF FLUFXODWLR
DO

7LPH WUDQVJUHVVLYH FOLPDWH FLUFXODWLRQV LV VXJJHVWF
2FHDQLF &LUFXODWLRQ $02& ZHDNHQHG ILUVW LQ WKH 1+ |
HQKDQFHG WKH ORQVRRQ V\VWHP LQ &Y WBUPUWB Y SRIUW W L
&HUUDGR /DSD 6HP ILP ZHW SHULRG IURP ) LWR \U
LQFUHDVLQJ LQ SUHFLSLWDWLRQ &KHQJ HW DO OHDQZ
ZDV VWLOO SUHVHQW VXJIMADMLQRIQ DSD W @NHHULDY H LSWKH FLISH 3 |
%RXLPHWDUKDQ HW DO DQG DW WKH ODNH &DoR /HGUX
GXULQJ WKH ZKROH <' HYHQWYV 7KXV VLJQDOLQJ WKH H[LVWF
1(% DQG RMRIRQ® V\WWHP UHJLRQ 7KH GHFRXSOHG UHODWLRC
SKDVH Rl 9ZKHQ WKH UHGXFHG SUHFLSLWDWLRQ ZDV DOVR U
\U %3 DQG WKH QRUWKHYQ KHRLWSKHRMUNLQJ WRMWLURQGADO
WKH <' &KHQJ HW DO 3LJDWL HW DO PHDQZKLOH |
D FKDQJH LQ WKH ,7&= SRVLWLRQ WRZDUGV WKH DUHD RI WKH
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WR WKH ZHDNHQHG $02& ZLWK WKH ORZHVW DFWLYLW\ EHWZI
HW DO

7KH VSDWLDO FRPSDIUDMWL.RRHWO*YHFRUGY VXIJIJHVW WKDW \
RQH UHFHLYLQJ WKH SUHFLSLWDWLRQ ZLWK WKH f8&= DUU
SURSRVHG E\ :DLQHU HW DO E\J WKHWFBOSHWU KRBG WIQHIQQ Fa
IORZ Rl ZDUP PRLVW WHPSHUDWXUHV IURP WKH QRUWKHDVW
DV 16$6' FRXOG LQFUHDVHG SUHFLSLWDWLRQ LQ WKH HDVWH!
9* ( f6 fSOVEBHVSLWISHMKRG HQG E\ FDOFRUPH3 R)
UHFRUGHG D FRQWLQXDWLRQ LQ WKH LQFUHDVHG SUHFLSLWI
WKH SUHVHQFH Rl DUERUHDO HOHPHQWY DGDSWHG WR FRQ\
ODXUMEZDPS DQG WKH PDUNHG UDLQIDOO VHDVRQDOLW\ 0$3
)LJ9 E VXJJHVWLQJ D VKLIW WRZDUGV VWDEOH FOLPDWLE F
WKH ODWH 30HLVWRFHQH DQG WEKHEEHJILQQLQJ RI WKH +RORF

'XULQJ WKLV WUDQVLWLRQ WKH DWPRVSKHULF WHPSHUDWX
LQVRODWLRQ LQ WKH VRXWKHUQ KHPLVSKHUH DQG D VWRS
2FHDQ &DPSRV HW DO ,Q WKLV PIQGLREHDIQUF VAR B X (
SUHFLSLWDWLRQ LQFUHDVHG LQ QRUWKHUQ 6RXWR $PHWLFD
DO 3DPYOtVR::DQJ HW DO DQG ZDV PDLQWDLQHG LQ
GR 1RUWH fBDYHV&UX] HW DOZKLOH WRXWHKEDVWHUQ %UD]LO ¢
ZDV UHGXFHG %RWXYHQJ HW DO 7KXV  VXJIJHVWLQ
KRPRJHQHRXV WR YDULDEOH FOLPDWLF FRQGLWLRQV LQ WKH
+RORFHQH ZLWK ZDUPKH B\RIXPVSKHRIDQY % B RAA(SKKW FBUHVHQFH [
SHUPDQHQFH RI W R[@QHGKSRHGHPR LRRRQPHQWY PD\ KDYH EH
FKDQJH LQ HQYLURQPHQWDO FRQGLWLRQV ZLWK WWHFEHIIHF)
EHLQJ OHVV LQWHQVH DW f6 SRVVLEO\ UHODWHG QRW RQO
P DVO

'XULQJISWKHWHQW ,QWHEHWFHIPQ SHULRR FDO \W#%3 HDUO\

UHFRUGHG WKH H[SDQVLRQ RI| JDGOBWHIR BI®WKF HRW 8 FOWHGS [
RBHUUDGR HOHPHQWY EHWZHHKQ HDUR RI GREDWHRELQJ D Z
DQG FROG SHUDR® )ZKLFK FRLQFLGHV ZLWK D QHZ FKDQJH L
PRUH RU OHVV VLPLODU WR WKRVH RI WKH <' DOWKRXJK ZLW
VWDUWHG DW \U %3 DQBOMMHGH® R aW BRHOD VWHYHHWDWVR'G L Q
PHOWZDWHU I®K[$MOWRMWILRBRFHDQ FROGHU WKH 1+ DQG VKLI
WKH 6+ HQKDQFLQJ UDLQIDOO LQ WKH 1(% DQG QRUWKHUQ 6|
HW DO RZHYWDLQIPRUEDVHRW REVHUYHG DW ODWLWXGHV KL
FHQWUDO UHJLRQ H[SHULHQFDQ®G [XHOKR® YDNAMR Q FE HW ZBI®I Q C
)LM,9 DQ® D DQG E

ORGHO UHFRQVWUXKMWURQVNDWWKUREG VRMHWKW 667 GLSROH LQ Wi
FDOOHG 6RXWK $WODQW&$6'6 XBMKWHR SUERQELISBOFHIRPRWRU |
SUHFLSLWDQWHUIRBW DO &XVWRGLR HW DO 7KLV GLS
FRROV ZDUPV WKH QRUWKHDVW SROHRD QG HADURPIW Ik B R/M\D QM
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:DLQHU HW DO $ QHIJDWLYH SKDVH RI WKH 6$6' IDFLOLV
BRXWK $PHULFD ODWLWXGHV EHORZ f6 :DLQHU HW DO
LQ WKH VRXWKHHD KH@HGSWHKHBH6$06 UHJLRQ UHGXFLQJ SUH
$PD]JRQ DQG LQFUHDVLQJ LW LQ WKH 1(% &DPSRV HW DO

W R \U %3 $JXLDU HW DO LQ UHVSRQVH WR D :
SURPRWHG E\ DQ LQFUH D \HH LIQQ WPKHHD WIZEDUMDHBIR (G IMHAK S DU H
PRGHOV VXJJHVWHG D PRUH SUROREBYH®SHOLREGE WK\D\@ ROW DG
WKH *UHHQODQ@®LFBERUMRU MWKH ILDVWHMGPHLVIK(WKLV D PDL
ZKLW HQKDQFHG SUHFLSLWIXKML R @6 RENHRH & SWWR RD RIXIE W W X ¢
LOQWHUPHGLDWADDHHBY BD WKLAMYHXMOMHQHG E\ WKH PL[HG U
LQVRODWLRQ DIIHFWHSORKRHFIKDWIGH, TGEEU DB LRIV R RKD I\H W
HDUOLHU WKDQ SUHGLFWHG PRGHOV

$IWHU WKLV HYHRMNGEH G XD OL § K\DHIHEAHDNZ LHRHD WR FDO \
ZLWYXKLDIW WRZDUGV GU\ DWXGH 2CHIMHWRYWE RWLRMADPH OHVV GH
VWDUWHG WR H[SDQG PHDQZKRQg RIIBEHY/HDL WK UM K RVCFBAH\HAHAD R\IV

WR \USW3JOREDO VFDOH WKHVH FKD®FH\D @ HULK PXOQ EW
JUD GXHBDKOVWDEONKKPHROIWKHUQ KHPDYVBKHOG WHKHD (V¥ &RPRY HC
VRXWKHUQPRVW SRVLWLRQ ZKI8QE RREIMOGH HPWRIAHAK) BHBW H G
DIWHU\U %3 :DLQHU HW DO B X @ WLEIEHRR WHKRAHM@Y VINWQ W L S K D\
UHODWLRQVKLS LQ WKH 6+ WWHPRPSHUDVVW.ROPBRVL GMWUBDVHG DJDLI
,9 D

'XULQJ WKRORIF®W®H GLVFKDUJH RI PHOWZDWHU LQWR WKH
FRQGLWLRQV ZHUH PRVWO)IFRQWEEBROHW EOLQVRODWQRQ HW
,Q 9*( WKH PLGGOH +RORFHQH FRQWLQXHG WR UHFRUG D UH(¢
FRQGLWLRQV ZLWK D SUHGRPLQDQWO\ RSHQ ODQGVFDSH EH\
UHDFKHMGKHWRDO PDJLWKP 1+ DQG QRUWKHU® 6ROWE BRWHDOFL
'XUL@XKH ODWH +RORFHIH \WRFA WR WKH BHFFRAUHEING WK
FRQWLQXDWLRQ RI GU\ FOLPDWLF FRQGLWLRQV ZLWK MLKH UH
GU\HU HYHQW ZDV DOVR UHFRUGHG E\ DQRWKHU SDO\QROR
WRZDUGV WKH ZHVW RI WKHOBIRH® B WD YRS WUD\VE D O HJLRQV XY
D UHJLRQDO UHVSRQVH WR D VWURQJ GU\ HSLVRGH 7KH UHC
HYHQW ZLWKHFRUGLQJ LQF UHDVHONE DIVH VIMGEWWW K FDO \U %3
'XULQJ WKH ODWH +RORFHQH WKH LQFUHDVH LQ LQVRODWLI
ZLWK LQFUHDVHG WHPSHUDWXUH DQG WKH VWUHQJWKHQLQ.

=ROLWVFKND HW DO ZKLOH LQ WKILIAWU BHWHWR G UIHG XK
SUHFLSLWDWLRQ LQ WKH UHJLRQ ZKLOH WKH ,7&¥RRQWUD
HURVZIDRMQDOVR UM FRW®HNE ff6 8WLGD HW DO $OWKRXJ|

&HUUDGR GRIBVOPRWHVKRZLDWLRQ LQ WKH SWHEZBUGD WIKRHQ Q
RI 6RXWK $PHULFD FDQ EH REVHUYHG WKDW DW WKH HQG RI W
WKH UHJLRQ VWDUWHG WR GU\ RXW HVSHFLDO G\ HDX WKW EHJ
DO 7KH BHFRUG FOHDUO\ HYLGHQFHV WKDW DOWKRXJ
VIVWHPV LQ WKH &HUUDGR S UHURIHSLWDIG/RL B BJUR QL FAD L\Q 0N D\
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ZY DOVR LQIOXHQFHG E\ VLPLODU FOLPDWH PHFKDQLVPV IU
FKDQJHV LQ WKH ,7&= DQG WKH 6BZHRIHW KN RFPNWHO B QMVQ W V2 RH [
SUHFLSLWDWLRQ LQ WKH FHQW&WIM MWDDIG®® /DSDVXUDKQGW 6
HYHQWV RI LQFUHDVHG SUHFLSLWDWLRQ UHODWHG WR ERQC
LV SULPDULO\(%YHOBWH &G RXQHEWLRQV UHPDLQHG ZLWK WKH 6

JLIXWHD6\QWKHVLV RI SUREBVHIDG & KIHQWHAHNH Q DKIB* ( FRIODHWK %3 RQ
SROOHQ UHSBEHH/H@WO@YXBQ SUHFLSLWDWLRQ 0$3 DQG SUHFLSLWDWLRQ
ZLWK &UHVW SDFNDJH &KHYDOLHU HW DO WKH 3@V RPQGWILER Q URPJ YT

UHG FXDYMDU HW BOFKDQJHV LQ PRLVWXUH IURP WKH LVRWRSLF DQDO\V
DQGLIVLIQDO IURP €MDY B ARRDEDVHPSHUDWXUH UHFRQNVMWBREWLRQ
3HWLW HW Q6 WKH +6* SUXSOH FXIUFH GUHBA H% R QDBLEXIU BV GIOFDHD G
FRUKDGJDOH\ HW KIMB O CBFDZXGE J K OWIGWIVH U L Q VKHHU G RERDVID FDEEVBURG HEWHKA
LQWHREDBOBWHE ( WKLV VMIXGA SXUSOH EDQGYV UHSUHVHQW WKH ERQG HYH
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JLIXOHD6\QWKHVLV Rl SUREVNHEMMWEKBQDAG FDO \RQWE*( FRIDHWK
SROOHQ UHS ENWYBQWIN)XO® S U H DLEGE \8 D W IEAREKVA BEULLRHYWF R R U W\ 8 BW L R Q
ZLWK &UHVW SDFNDJH &KH¥O ODLGE Ba&V DIRM 03¢ AKDQJHV LQ PRLVWXUH IU
LVRWRSLF DQDO\VHYV 6RNULKHW B WODIER WKHWPMIQDO IURP +&XUJLBWRDBDVLQ

| WHPSHUDWXUH UHFRQVWUXFW L FOQQGRWHIRO/DCRN 93 B @/ LIMCFHHWFH O I O

\H O CERDZKE J K OWIBHWIMH U L Q Vi H USY REGIDRISY HAR Z ZHINO WHBEDBBWHE* ( WKLV
VWXGLJKW SXUSOH EDQGVHYHOWHNRQ&/PHNWK D ERQ G

—_—
-
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JLIXWBH D 'HFHPEBQXPHEUXDU\ UHFLSLWDWLRQ UHBWQVWU%BWRIPRQHB37
&KDQJHV LQ YHJHWDWLRQ D OR @BOFRIRIND HKOQ B W KW X GQ § VK MV K Q& FHFWR U
IREOLPDWH D Q GFXIDHRIHIAL W@WH B BUKHMIERIURIDVD BROLOME® DQEHROG DQG K
WD[BOXHWRP WKUHH UHFRUGV &DoR /DWR IUB/MGUX H\D CFPW BAIRP S

WKLV VWXG\ DQG )HLD /DNH IURP &DVVER® HWW%BOWR UU HY ARED O

7KH \)IDWPHY DUH UHODWHG WR WKH QXOEHUV LQ WKH SROOHQ GLDJUDPYV

JLUH RFFXUUHQFH LQ WKH 36HUUD *HUDO GR 7TRFDQWLQV”’

7KH LQIOX[ Rl FKDUFRPMOREGRYLUWIR QP KH ODYIWIL9 7KHDUV
-/ UDWLR VKRZHG FRQWLQXRXV ILUH RFFXUUHQFH GRPLQDWF

ZLWROPDLQ HYBIDWY DA O \U %3 FDO \U %3 FDO \U
FHQWXUWMRZ DQG FRQVWDQW ILWHEW/RPOD U E X UDH\QW VZ BAK W W
9*( FRQJ WIQBHZDV UDWKHU DW D EURDG UHJLRQIOYWED OH
GLIIHUHQW IURP /DNH &DoR DQG /DNH )HLD UHFRUGV ZKLFK VI
WKH H[SDQVLRGQGRRIDWKH FHFDO \U %3 DQG DW FDO \U %3 U|
DQ DEVHRFBIQRDRKWLYLW\ LQ WKH YLFLQLW\ RI WKH VZDPS RU
WKH QXPHURXV VWUHDPV DQG ULYHUV 9LOOHOD DQG 1RJXH
6FKPLWG HWRERW K

&RQFOXVLRQ

7KHHW X\ZIIRPSXOW LS URWKBARRBEBH ODVW \HDUV ZH FKDUL
FHUUDGR ODQGVFDSH GRPLDIDMKHEKB\QR B HQ YWHKH WDS\DLERWDL R Q
RI WKH JDOOHU\ IRUHVW 2XU GDWD VKRZHG WZR DEUXSW DG
KHPLVSKHUH LFHRXIQOWWQUW\DWKH FDO \U %3 [HYGAWKFK

LQGXFHG VWURQJ FKDQJHV LQ WKAKYUDHAWBIRG L YK B HGULVG
WZR SKDVHV D ILUVW ZHW SHULRG EHWZHHQ W R FD

el
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WR FDO \U %3 VXJJHVWLQJ D JUDGXDO FKDQJH LQ 6%$06
$02& ZKLFK UHFRYHUHG E\ WKH RQVHW RIRAKPDHW I/E&# R D IG] S KD
SHURR®DMRU SUHKLFEK VYDWLRIRORQJHG IURP WR FDO
ZLGHU SHULRG RI PHOWZDWHU GLVFKDUJH ZKLFK SURPRWHG

7KH YHJHWDWLRQ UHVSRQVHV WR ERWK HYHQWY UHYHDOHG
ODWLWXGH f6 UHODWHY PRUH WR 1(% FOLPDWLF IHDWXUH\
VWHS <RXQJHU 'U\DV DQG WKH ODWNWH ARDRESG D M LLIQUWH R E M HRJ

DQG FDO \U %3 KLJKOLJKW DQ HDUOLHU DQG ORQJHU
REVHUYHG LQ 1+ PDULQH FRUH RWIRQE WIKW KAHS HIOUHRW B B PVQ R\®
W KDW D OGCHRYZLHPG.WBRAK L D @R IL QY IKOHX I R B B JHW PLRY RIEHDI® FRXSOLQ.
QRUWKHUQ KHPLVZKWKHSUHRBHWRBOHQDUH IDFLQJ D VLPLODU \
DW D IDVWHU YHORFLW\ 7KH HQG RI WKH LFH PHOWLQJ LQ
FRQGLWLRQV DW f6 ZKLFK VWUHQJWKHQHG DV VXPPHU LQVF

$FNQRZOH®IFGH QDG L QJ
7KLV ZRUN LV SDUW RI WKH 3&HUUDGRV )RJRV' SURJUDP DW
5" )$3") ,6(0 '(*(8)23 D@®G 8)9-0.(7 EHQHILWHG IURH

3K' SRVLWLRQ IXQGHG E\ WKH ,5' $576 SURJUDP7E QG AWK Ut
KDV DOVR EHQHILWHG IURP DQ 3, QYHVWLVVHPHQW GI$YHQLU
OD 5HFKHUFKH & (%A$%}HI $5DGLRFDUERQ GDWLQJ ZDV SHUIF
/6&( &15%($8964 ,5' ,5610& ZLWK ,5' ILQDQFLDO VXSBRUQH :H
(ORDQG OLRRWWDWG IRU WKHLU GIGWRFSNWUR Q & WUOHL & HYBKOHR S P
ZRUNQGQD &DUROLQD 66GIMUWDF B BYVDBDVRRRHOWMH QH]HY &RVWD R
,QVWLWXWR &KLFR OHQGHV GH FREUVHBRXDBaYRQGD(®RR GLYOHLD
%RUJHV /XFLR &KOOMWDRE BWMKHI®\ DVVLVWDRWH HG ¥ HUQD ILHHOL
GR 7TRFDQWLQV (FRORJLFDO 6WDWLRQ

=
QX



$QQH]
7TDEOHV

7DEOHIBIH IRUP DQG HFRORJLFDO FODVVLILFDWERQHRI SROOH

%ROGHG HFRORJLFDO JURXS VXJJHVW WKDW WKH WD[RQ ZDV

JURX® VHQVX ODWR VV &HUUDGR VHQVX VWULFWR &5 &C

XPLGR 6'7) 6HPLGHFLGXRXV 7URSLFDO IRUHVWODYWRQ®HU\

HW DO OHGHLURV HW DO OHGHLURY DQG 6ROWB WHW DO/}
6LOYD HW P@WDU HW OCDOM\D \D O

6XSSRUWLQJ ,QIRUPDWLRQ

Family Taxon Life form Ecological group

Acanthaceae Aphelandra herb subshrub  cerrado sl, dry anf gallery forest
Amaranthaceae Am/Chenop herb cerrado ss

Amaranthaceae Althernantera herb Cerrado ss vereda
Amaranthaceae Gomphrena herb subshrub  Cerrado ss

Apiaceae Eryngium herb Cerrado sl, GF, vereda
Asteraceae Baccharis herb/shrub Cerrado ss, CR

Asteraceae Asteraceae herb/shrub Cerrado ss

Boraginaceae Heliotrophium herb Cerrado ss

Bromeliaceae Bromeliaceae herb Cerrado sl (CR, ss, CLU), GF
Brassicaceae Brassicaceae herb Cerrado sl (campos brejos)
Cabombaceae Cabomba herb Cerrado vereda
Convolvulaceae Evolvulus herb shrub Cerrado ss vereda

Droseraceae Drosera herb Cerrado sl (CLU, CRyereda
Euphorbiaceae Euphorbiatype herb shrub Cerrado sl (rupestre ss)
Lamiaceae Hyptis herb subshrub  Cerrado sl (CLU, CR, s), vereda
Lentibulariaceae Urticularia herb Cerrado sl (CLU, CR, s), vereda
Lythraceae Cuphea herb shrub vereda, Cerrado $CLU, rupestre, ss)
Menispermaceae Cissampelosype herb subshrub  Cerrado sl (ss, rupestre)

Onagraceae Ludwigia herb subshrub  Cerrado sl (ss, CLU), vereda
Poaceae Poaceae herb Cerrado sl

Polygalaceae Polygala herb Cerrado sl (CLU, ss), vereda
Rubiaceae Borreria herb shrub Cerrado sl (ss, CLU), vereda
Xyridaceae Xyris herb Cerrado CLU, vereda
Araceae Spathiphyllum herb GF

Euphorbiaceae Acalypha shrub GF CF, Dry Forest
Piperaceae Peperomia shrub CF GF

Ericaceae Ericaceae shrub Cerrado (rupestre)
Euphorbiaceae Sebastiana shrub Cerrado sl (ss, rupestre, CLU)
Fabaceae (caes) Chamaecrista shrub Cerrado sl (ss, rupestre)
Fabaceae (caes) Senna/Chamaecrista shrub Cerrado sl (ss, rupestre)
Fabaceae (pap) Copaifera shrub Cerrado sl (ss, rupestre, CLU)
Fabaceae (mim) Mimosa subshrub Cerrado sl (ss, rupestre)

—



Malpighiaceae Banisteriopsis shrub vine Cerrado sl (ss, rupestre), CF SDTF
Malvaceae Helicteres shrub Cerrado sl (ss, rupestre, Cerradéo), CF GF
Menispermaceae Abuta shrub Cerrado ss, GF

Piperaceae Piper shrub Cerrado sl (ss, Cerradao), vereda
Rubiaceae Alibertia shrub Cerrado sl (ss, rupestre)
Rubiaceae Sabiceadype shrub Cerrado ss

Rubiaceae Psychotria shrub Cerrado ss, vereda

Sapindaceae Diatemopterix shrub Cerrado sl (rupestre)

Solanaceae Solanum shrub Cerrado ss

Verbenaceae Lantana shrub Cerrado ss

Verbenaceae Lippia subshrub Cerrado sl (ss, Cerradao), vereda
Euphorbiaceae Euphorbiaceae variuos various

Menispermaceae Menispermaceae variuos various

Melastomataceae Melastomataceae tree various

Myrtaceae Myrtaceae tree various

Anacardiaceae Anacardiaceae tree Cerrado sl (ss, rupestre)
Anacardiaceae Thyrsodium tree SDTF, CF, cerradao

Bignoniaceae Tecoma tree Cerrado ss Cerradéo, GF CF
Bignoniaceae Bignoniaceae tree Cerrado ss

Cannabaceae Celtis tree Cerradéo, GF CF SDTF
Caryocaraceae Caryocar tree Cerrado (ss, rupestre cerradéo)
Celasteraceae Plenckia tree Cerrado ssCerradédo
Euphorbiaceae Sapium tree Cerrado ss, SDTF

Fabaceae (pap) Andira tree Cerrado sl (ss, rupestre, Cerradéo)
Fabaceae (mim) Anadenanthera tree Cerrado ss

Malpighiaceae Byrsonima tree Cerrado sl (ss, rupestre), vereda GF
Malvaceae Eriotheca tree Cerrado sl (ss, rupestre), CF SDTF
Ochnaceae Ouratea tree Cerrado sl (ss, Cerradao, rupestre)
Pentaphylaceae Ternstroemia tree SDTF, Cerradéo CF

Phyllantaceae Hyeronimia tree Cerrado ss, CF GF

Rubiaceae Chomelia tree Cerrado sl (ssupestre), CFGF
Rubiaceae Guettarda tree Cerrado ss, GF CF

Salicaceae Casearia tree Cerrado sl (ss, rupestre, Cerradéo)
Salicaceae Flacuortia tree Cerrado sl (ss, rupestre, Cerradéo)
Salicaceae Cissus tree Cerrado sl (ss, rupestre, Cerradéo)
Sapindaceae Thinouiatype vine Cerradao

Sapotaceae Pouteria tree Cerrado sl (ss, Cerradao, rupestre), GF CF
Smilaceae Smilax vine Cerrado sl (ss, rupestre, CLU) vereda , CF GF
Fabaceae Peltophorum tree SDTF

Fabaceae Dialium tree SDTF

Anacardiaceae Tapirira tree CF GF Cerrado vereda

Araliaceae Schefflera tree GF CF, Cerrado ss, rupestre
Arecaceae Euterpe treepalm GF, cerrado

—



Aquifoliaceae llex tree CF GF CR

Bignoniaceae Tabebuia tree GF CF, SDTF Cerradao
Boraginaceae Cordia tree shrub CF GF, Cerrado ss SDTF
Boraginaceae Thunbergia vine forest, antropic

Boraginaceae Cordia tree shrub CF GF, Cerrado ss SDTF
Burseraceae Protium tree CF GF

Cannabaceae Trema tree CF GF

Cecropiaceae Cecropia tree CF GF, Cerrado

Celasteraceae Clethra tree CF GF

Celasteraceae Maytenugype tree CF GF Cerrado sl (ss)
Chloranthaceae Hedyosmum tree GF vereda

Cunoniaceae Weinmannia tree GF, CR CLU

Cunnoniaceae Lamanonia tree CF GF Cerrado sl (Cerradao, CR)
Dillenaceae Doliocarpus tree CF GF Cerrado sl (ss, CR, Cerradao) vereda
Euphorbiaceae Alchornea tree CF GF, Cerrado ss
Euphorbiaceae Maprounea tree CF GF SDTF, Cerrado sl(rupestre, ss)
Fabaceae Pterocarpus tree GF CF, Cerrado sl (rupestre)
Fabaceae Machaerium tree CF GF, Cerrado sl (cerradéo, ss)
Fabaceae Piptadenia tree SDTF, CF

Icacinaceae Emmotum tree CF GF, Cerrado sl (Cerradéo, ss, rupestre, CLU)
Icacinaceae Villaresia tree CF GF sdtf

Lecythidaceae Eschweilera tree CF GF,Cerrado sl (ss, campo sujo)
Meliaceae Cabralea tree CF GF, Cerrado ss

Meliaceae Guarea tree CF GF, Cerrado ss

Moraceae mor/urt tree CF GF

Primulaceae Myrsine tree GF, Cerraddo

Primulaceae Cybianthus tree CF GF

Podocarpaceae Podocarpus tree GF, cerrado sl (rupestre)
Rhamnaceae Zyziphus tree GF

Rubiaceae Amaioua tree CF GF

Rubiaceae Bathysa tree CF GF

Rubiaceae Sisimira tree GFCF

Salicaceae Salix tree GF

Sapindaceae Paullinia vine GF

Sapindaceae Matayba tree GF CF, Cerrado ss

Sapotaceae Chrisophyllum tree GF

Winteraceae Drymis tree CF GF

Waterlevel related taxa

Arecaceae Mauritia tree palm vereda CLU

Alismataceae Sagittaria herb pond lake

Cyperaceae Cyperaceae various various

Erioucalaceae Eriocaulon herb vereda, CLU pond
Pontederaceae Eichornia aquatic herb vereda, CLU, lake, GF

—



7TDEOH 6 /ILVW Rl SROOHQ WD[D ZLWK KLIJKHVW FRQWULEXW]

Variables contribution

PC1 % PC2 %
Poaceae 8.051061 | llex 9.93
Hedyosmum 6.554363 | Cordia 8.23
Paullinia 6.489554 | Byrsonima 7.28
Protium 6.296195 | Lippia 5.39
Cissus 5.758149 | Cuphea 4.87
Simira 4.884745 | Casearia 4.50
Eriotheca 4.802713 | Cybianthus 2.85
Peperomia 4.302766 | Peperomia 2.60
Melastomataceae/Combretace 3.458148 | Piptadenia 2.45
Ericaceae 2.901884 | Guettarda 2.23
Smilax 2.542688 | Sabicea 2.04
Casearia 2.172205 | Moraceae/Urticaceae 1.74
Acalypha 2.00691 Smilax 1.74
Myrtaceae 1.888225 | Polygala 1.64
Matayba 1.88209 Baccharis 1.63
Brassicaceae 1.775227 | Hyeronimia 1.50
Emmotum 1.715407 | Emmotum 1.48
Baccharis 1.561464 | Hedyosmum 1.47
Guarea 1.529133 | Melastomataceae 1.38
Euterpe 1.505984 | Solanum 1.37
Menispermaceae 1.455535 | Caryocar 1.36
Machaerium 1.392483 | Celtis 1.36
Xyris 1.250202 | Anadenanthera 1.35
Lamanonia 1.243507 | Cissus 1.34
Eryngium 1.208865 | Matayba 1.33
Gomphrena 1.204058 | Mimosa 1.27
Dialium 1.129362 | Ericaceae 1.20
Abuta 1.034028 | Drosera 1.11
Myrtaceae 1.09

7TDEOH 6 (FRORJLFDO FODVVLILFDWLROD BWERY GHWMQ D/MOD[D VH

OHGHLURV HW DO OHGHLURV DQG :PIOOWHDUHW DOQOHPRV HW
DO $OQOWDU HW @OWNVLDVY HW DO

Ecosystems Pollen taxa indicators

classification

open Cerrado Herb: Poacead3accharis Brassicacea€upheaGomphrenausually present in well

drained soils, meanwhil®rosera, Eryngium, PolygalaandXirys are associated to humid
soils or tend to be present in vereda or marsh ecosystems

Shrub: common in Cerrado with wealtained soils phygsionomies (campo limpo, rupestr
and cerradsensu strictpLippia, EricaceaeMimosa, Solanum

arboreal Cerrado | /RZHU XQGHUVWRU\ 7 P

Flood soils:Celtisand Melatomataceae/Combretaceae, usually found in humid soils. T
can be adapted to flooded areas. Their occurrence in Cerrado phygsionomies is relats
Cerraddo, Campo rupestre, and in transition with Gallery forest.

Well-drained soils:ByrsonimaandCaryocarare commonly found in well drained soils,
however, they can be also associated to denser woodland in associatiGase#ria,
Cissus, Eriotheca, GuettardandSmilaxvine which in abundance suggest the presence
Cerrad@o physiognomy.

OLGGOH XQGH U \AvnaRddantherandDialium both common in fertile soils, and
also associated to semideciduous forest, they are rarely founded in savannas, in the §
Tocantins are commonly recorded in cerrado typic with mesotrophic soils.

Gallery forest Lower understory (" »

—



Flood soils: Myrtacead{edyosmum, llex, Protium

Well drained soils: Moraceae/Urticace&@ardia (pioneer),Cybianthus, Emmotum,
Euterpe, Lamanonia, Machaeriyrfight-demanding)Matayba, PaullinuandSimira
Shrubsherbs: AcalyphaandPeperomia

Vereda or marsh | Eriocaulon, SagittarieandMauritia tree palm, all these taxa are present in flooded soils

7DEOH6 5HVXOWV RI WKH 3&$ DQDO\VLV VKRZLQJ WKH (LJHC

VLIQLILFDQFH DV D SHUFHQWDJH WKH FRQWULEXWLRQ RI HD

FRPSRQHQWY KHUE7 WHUUHVWULDO GWUEND KHQETE W NMHUH)

BKUXE& VKUXEV IURP & HUUDGR VHQVX ODWR B6KUXE) VKUXE\

WUHHV IURP &HUUDGRYV VHQVX ODWR 'LDOLXP OHODVW &RPE
O\UWDFHDH

PC1 PC2 PC3 PC4 PC5
eigenvalue 2.725969  1.377149 1124918  0.821707  0.457457
% of variance 38.94241 19.67355 16.07025 11.73868 6.535096
cumulative % of variance 38.94241 58.61596 74.68621 86.42489 92.95998
Variable contribution
Poaceae 29.96796 0.082008 8.471121 0.279151 3.994738
herbT 0.011491  0.065034  82.92428  5.670112  1.147863
HerbTV 0.778559 48.60633 0.604308 22.39181 18.45691
ShrubC 1.623812 39.60093 0.604641 39.20948 15.9869
ShrubF 17.13087  0.548029  5.374611  31.03858  45.86997
TreeCD 25.23299 2.609593 1.830312 0.427162 11.04968
TFM 25.25432 8.48807 0.190731 0.983705 3.493941
Variable coord
Poaceae -0.90383 -0.03361 -0.3087 0.047894 0.135182
herbT 0.017699 0.029927 0.965831 0.215851 0.072464
HerbTV -0.14568  0.818157  -0.08245  0.428947  -0.29057
ShrubC 0.210392 0.738487 0.082473 -0.56762 0.270431
ShrubF 0.683361 0.086874 -0.24589 0.505021 0.458078
TreeCD 0.829363 0.189573 -0.14349 -0.05925 -0.22483
TFM 0.829714 -0.3419 -0.04632 -0.08991 -0.12642
7TDEOH 6 'LITHUHQFHV L Q GHSIR\WPLHQLWRQVW R B RUBRHMWMA K BI Q3 (
Depth (cm) | Age (cal yr BP) Sedimentation rate (cm/yr) | Deposition time (yr/cm)
300 265 | 15,020+13,285 ~0.02 ~ 50
264 +231 13,250 12,280 0.031 +0.037 30 +25
230 £160 | 12,250 +8625 ~0.02 ~50
(224 £220) | (11,93011,600) (~0.012) (~ 80)

159 +140 | 8560 +£7340 ~0.014 ~ 64
130 £110 | 7300- 6070 ~0.022 ~42
109 £105 | 5970 +5540 ~ 0.009 ~108
104-75 5515 +4870 ~ 0.045 ~23
74 70 4820 +4590 ~0.017 ~ 57
69 +40 4482 £1436 ~ 0.0096 ~104
39-20 1400- 212 ~0.017 ~ 62
19 0 197 cal yr BP to 2017 AQ ~ 0.07 ~14

—
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Table S6 resume of the results obtained from PCA analysis, showing the first fourth
components, for elemental and isotope composition inXYEGore samples.

Total Variance Explained

Initial Eigenvalues Rotation Sums of Squared Loadings
Component Total % of Variance Cumulative %
1 6.429 33.595 33.60
2 4.693 18.75 52.35
3 1.741 14.955 67.30
4 1.185 10.745 78.04

Table S7 Element and Isotopesrores and contribution for the first fourth components from
VEG-17 core samples. Bold scores signal the representative elements in each component.

Rotated Component Matrix(a)

Component scores Component contribution
1 2 3 4 1 2 3 4
C 0.94 0.13 0.10 0.11 0.88 0.02 0.01 0.01
H 0.94 0.04 0.09 0.27 0.88 0.00 0.01 0.07
N 0.90 -0.03 0.36 0.02 0.82 0.00 0.13 0.00
o 0.86 0.01 -0.20 -0.19 0.74 0.00 0.04 0.04
Si -0.85 -0.14 0.26 -0.29 0.73 0.02 0.07 0.08
Br 0.70 -0.10 0.47 0.06 0.49 0.01 0.22 0.00
Zr -0.69 0.33 0.01 -0.07 0.48 0.11 0.00 0.01
S 0.60 -0.22 0.09 0.47 0.36 0.05 0.01 0.22
Fe 0.08 0.86 0.07 -0.13 0.01 0.74 0.01 0.02
Sr 0.07 0.79 -0.07 0.15 0.00 0.63 0.01 0.02
K -0.03 0.78 -0.33 -0.21 0.00 0.61 0.11 0.04
Ti -0.25 0.73 -0.53 0.24 0.06 0.54 0.28 0.06
Al -0.21 0.69 -0.53 0.30 0.04 0.47 0.28 0.09
dN15 -0.04 -0.09 0.85 -0.01 0.00 0.01 0.72 0.00
Ca 0.41 -0.25 0.60 -0.03 0.17 0.06 0.36 0.00
CIN 0.50 0.29 -0.53 0.22 0.25 0.08 0.28 0.05
dci3 -0.09 0.01 0.00 -0.91 0.01 0.00 0.00 0.83
\Y 0.37 0.17 -0.41 0.63 0.14 0.03 0.17 0.40

7DEOH THPSHUDWXUH DQG SUHFLSLWDWLRQ FKDQJHV UHFRQV
LQ FRUH 947 OHDQ $QQXDO 7HPSHUDWXUH 7PLQ OLQLPXP 7
PRQWK 0$3 $QQXDO 3UHBHFLWDWRWQRGGR WKH GULHVW TXD

Age MAT Tmin MAP Pdq
212 21.1155779 11.5477387 1383.03518 18.9346734
325 21.2763819 11.7286432 1367.9397 28.4020101
439 20.9547739 11.5477387 1383.03518 26.8241206
567 21.1155779 11.5477387 1390.58291 23.6683417
709 21.1155779 11.7286432 1405.67839 23.6683417
851 21.2763819 11.9095477 1398.13065 23.6683417
910 21.2763819 11.7286432 1375.48744 28.4020101




969 20.9547739 11.7286432 1398.13065 26.8241206
1088 20.9547739 11.7286432 1405.67839 26.8241206
1210 21.1155779 11.9095477 1413.22613 28.4020101
1336 21.1155779 11.7286432 1375.48744 28.4020101
1436 21.1155779 11.7286432 1398.13065 25.2462312
1669 20.9547739 11.7286432 1450.96482 26.8241206
1876 21.2763819 12.2713568 1420.77387 20.5125628
2073 21.1155779 11.9095477 1473.60804 20.5125628
2259 21.2763819 11.7286432 1398.13065 25.2462312
2445 21.2763819 11.7286432 1428.32161 28.4020101
2648 21.2763819 11.7286432 1405.67839 23.6683417
2852 20.9547739 11.7286432 1458.51256 28.4020101
3060 20.9547739 11.7286432 1405.67839 26.8241206
3274 20.9547739 11.5477387 1458.51256 26.8241206
3489 20.9547739 10.281407 1398.13065 25.2462312
3713 20.9547739 11.7286432 1458.51256 25.2462312
3938 21.2763819 11.9095477 1420.77387 25.2462312
4159 20.9547739 11.5477387 1450.96482 26.8241206
4374 21.1155779 11.7286432 1405.67839 20.5125628
4590 21.1155779 11.7286432 1375.48744 28.4020101
4703 21.5979899 11.9095477 1383.03518 29.9798995
4816 20.9547739 11.5477387 1398.13065 59.959799
4895 20.7939698 10.1005025 1375.48744 28.4020101
4938 21.1155779 11.9095477 1398.13065 28.4020101
4982 21.4371859 11.9095477 1405.67839 20.5125628
5028 21.1155779 11.7286432 1413.22613 25.2462312
5073 20.9547739 10.8241206 1420.77387 28.4020101
5117 20.9547739 11.7286432 1458.51256 28.4020101
5160 20.9547739 11.5477387 1375.48744 39.4472362
5204 21.2763819 11.7286432 1390.58291 36.2914573
5254 20.9547739 11.5477387 1405.67839 28.4020101
5305 21.1155779 11.5477387 1367.9397 29.9798995
5349 20.9547739 11.3668342 1360.39196 28.4020101
5388 20.9547739 9.73869347 1390.58291 28.4020101
5427 21.1155779 11.7286432 1375.48744 28.4020101
5471 20.9547739 11.0050251 1390.58291 28.4020101
5515 21.1155779 11.5477387 1375.48744 28.4020101
5644 21.2763819 11.7286432 1390.58291 25.2462312
5859 21.2763819 11.7286432 1413.22613 20.5125628
5966 20.9547739 9.73869347 1488.70352 25.2462312
6074 20.9547739 11.3668342 1383.03518 25.2462312
6157 20.9547739 11.7286432 1450.96482 28.4020101
6239 21.2763819 11.7286432 1383.03518 28.4020101
6322 20.9547739 11.7286432 1398.13065 29.9798995
6406 20.9547739 10.8241206 1367.9397 29.9798995
6489 20.9547739 11.7286432 1398.13065 28.4020101
6572 20.9547739 11.3668342 1405.67839 25.2462312
6654 20.9547739 11.7286432 1390.58291 25.2462312
6738 20.9547739 11.7286432 1405.67839 28.4020101
6822 20.9547739 11.5477387 1390.58291 25.2462312
6907 20.9547739 11.7286432 1405.67839 26.8241206
6992 20.9547739 11.7286432 1405.67839 28.4020101
7077 21.1155779 11.7286432 1405.67839 25.2462312
7164 23.3668342 13.1758794 1405.67839 26.8241206
7253 20.9547739 12.2713568 1390.58291 25.2462312
7342 21.1155779 11.7286432 1390.58291 25.2462312
7467 21.2763819 13.718593 1375.48744 25.2462312
7592 20.9547739 13.5376884 1375.48744 25.2462312
7721 20.9547739 11.5477387 1375.48744 28.4020101
7854 21.4371859 11.7286432 1375.48744 29.9798995
7987 21.1155779 12.2713568 1383.03518 29.9798995
8114 21.1155779 11.9095477 1375.48744 31.5577889
8242 20.9547739 11.7286432 1383.03518 33.1356784
8370 21.1155779 11.5477387 1375.48744 33.1356784
8498 20.9547739 11.3668342 1383.03518 41.0251256
8626 20.9547739 11.1859296 1383.03518 50.4924623




8729 20.9547739 11.0050251 1375.48744 48.9145729

8831 21.1155779 11.5477387 1398.13065 39.4472362

8933 20.7939698 10.6432161 1383.03518 53.6482412

9034 20.7939698 10.1005025 1367.9397 53.6482412

9135 20.7939698 10.4623116 1390.58291 28.4020101

9237 20.7939698 10.281407 1383.03518 48.9145729

9339 21.2763819 11.7286432 1390.58291 26.8241206

9438 20.7939698 11.5477387 1383.03518 26.8241206

9534 20.9547739 11.7286432 1390.58291 29.9798995

9631 20.6331658 12.0904523 1405.67839 28.4020101

9727 21.2763819 11.9095477 1398.13065 26.8241206

9823 21.2763819 11.9095477 1383.03518 33.1356784

9919 21.1155779 11.7286432 1398.13065 29.9798995
10015 21.5979899 12.4522613 1383.03518 23.6683417
10110 21.2763819 11.9095477 1390.58291 26.8241206
10214 21.2763819 11.7286432 1405.67839 28.4020101
10317 21.2763819 11.5477387 1390.58291 26.8241206
10419 21.2763819 12.0904523 1390.58291 28.4020101
10519 21.4371859 11.7286432 1383.03518 26.8241206
10620 21.1155779 11.7286432 1405.67839 28.4020101
10725 20.9547739 11.7286432 1390.58291 28.4020101
10829 21.1155779 11.5477387 1405.67839 26.8241206
10929 21.1155779 11.5477387 1405.67839 26.8241206
11023 21.2763819 12.0904523 1405.67839 26.8241206
11116 21.1155779 11.3668342 1383.03518 31.5577889
11213 21.2763819 11.9095477 1398.13065 25.2462312
11358 21.1155779 11.5477387 1383.03518 31.5577889
11407 21.5979899 12.2713568 1383.03518 28.4020101
11505 21.1155779 11.5477387 1398.13065 28.4020101
11767 21.1155779 11.5477387 1398.13065 25.2462312
11930 21.2763819 11.9095477 1405.67839 26.8241206
12060 20.9547739 11.3668342 1398.13065 29.9798995
12254 21.2763819 11.7286432 1398.13065 26.8241206
12308 21.2763819 11.5477387 1398.13065 26.8241206
12416 21.2763819 12.0904523 1398.13065 18.9346734
12471 21.2763819 11.7286432 1420.77387 25.2462312
12498 21.2763819 11.7286432 1428.32161 25.2462312
12526 21.2763819 11.7286432 1420.77387 18.9346734
12579 20.9547739 11.9095477 1443.41709 20.5125628
12633 21.2763819 11.7286432 1450.96482 20.5125628
12689 21.2763819 12.0904523 1420.77387 25.2462312
12748 21.2763819 11.9095477 1413.22613 25.2462312
12807 21.2763819 11.7286432 1435.86935 26.8241206
12870 20.9547739 11.1859296 1413.22613 23.6683417
12934 21.2763819 11.9095477 1428.32161 18.9346734
12997 21.5979899 12.6331658 1420.77387 18.9346734
13061 21.2763819 11.5477387 1413.22613 25.2462312
13125 21.2763819 11.7286432 1458.51256 23.6683417
13189 21.2763819 11.7286432 1398.13065 28.4020101
13253 21.2763819 11.5477387 1375.48744 28.4020101
13333 21.2763819 11.7286432 1398.13065 18.9346734
13429 21.2763819 11.5477387 1428.32161 20.5125628
13524 21.2763819 11.5477387 1398.13065 26.8241206
13618 21.2763819 11.7286432 1413.22613 23.6683417
13711 21.4371859 12.4522613 1405.67839 25.2462312
13809 21.1155779 11.7286432 1413.22613 25.2462312
13910 21.1155779 11.5477387 1413.22613 25.2462312
14011 21.1155779 11.5477387 1413.22613 25.2462312
14112 21.2763819 11.7286432 1398.13065 28.4020101
14213 21.1155779 11.5477387 1405.67839 25.2462312
14311 21.4371859 11.9095477 1390.58291 26.8241206
14408 21.2763819 11.7286432 1390.58291 28.4020101
14505 21.4371859 11.9095477 1420.77387 25.2462312
14609 21.2763819 11.7286432 1405.67839 25.2462312
14713 21.2763819 11.5477387 1390.58291 26.8241206
14816 21.2763819 11.7286432 1390.58291 28.4020101




14917 20.9547739 11.1859296 1398.13065 29.9798995

YLIXUHV

)L 6'LDIJUDRPRZLQJ WKH VHOHFWHG WUDFH HOHPHQWYV IRU WKH FRPSRQ]
DGGLWLRQDO 6L 7L UDWLR DQG 3& )H 6U . 7L $O0 ZLWK DGGLWLRQDO
VLGH DQG GHILQHG SROOHQDIRN KB\R WY MK B LAH KUWH YUBWHQW WKH GXUDWL

YLJ 6'LDJUDP VKRZLQJ WKH HOHPHQWYV DQG LNRVDRSH DV HIHFB®EG IRU 38
9 &XUYHV DUH UHSUHVHQWHG LQ D VFDOH RI DJH FDO \U %3 RQ WKH OF
ULJKW VLGH GDUN GRWWHG OLQH UHSUHVHQW WKH GXUDWLRQ Rl SROOH




)L 6D 3&% VKRZLQJ WHPSRUDO YDULDELOLW\ =RQHV LQ UF
UHSUHVHQWLQJ WKH DQG FRPSRQHQWY E HFRORJLFDO JLU
SHUFHQWDJH RI VLIJQLILFDQFH LQWHQVLW\ RI EOXH FRORU

Figure $4. From left to right, the Age (cal yr BP), a summarized diagram of total pollen taxa
respect to their growth forms (%), accompanied with theétored curve) an®AR (black bars)
of Mauritia, the results of PC1 and PC2 of the ecological groups and the pollen zones.




)L 6 OHDQ DQQXDO SUHFLSLWDWLRQ DQG SUHFESUWDWLRQ
UHFRQVWUXFWLRQ EDVHG RQ SROOHQ WD[D SUREDELOLW)\ GH

Figure S6. From left to right, the Age (cal yr BP), a summarized diagram of total pollen taxa
respect to their growth forms (%), accompanied with the % (colored curv@®AdRdblack bars)
of Mauritia, Cyperaceae, watdevel related pollen taxd&(iocaulon, Sagittari® Pterisand
Cyathedferns, and AlgaeRseudoschizaea rubirendZygnema, the total PAR of terrestrial
pollen and the pollen zones.
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6\QWKqVH

$X FRXQWR\G MW UDYDXDOSAHRPX OWH SULQFLSDOHPSIDUWWY KX OHV
G WK D U E FEQR RHSAD p WOPHAVHS/DXW HIW B\WRE B H @HHW pOpPHQWY WUDFHV C
SURILOV NMPOHPX\QW SHHWERQGEWUXLUH O WXVWIRKWN S ® DODMDX]
% Up7HQ WIDJAVL FRDVWLWXH XQH DSSOLFDWLRQ GH QRV DQ
SROOLQLTXHV ODLVVDQW SHUFHYRLU XQH QRXYHOOH YRLH
IRQFWLRQQHOV OLpV $XY HWFELDRHMCSEHD! \SRRCDIRRIR WO HP STHH QR V
GIDFFpE®M PHLOOH XU HVESPDMSHRKREDHQ EBKpPDV JpQpUDX[ GH
GDQV OHV JRQHV FHQ@N XD B 5D BBHR SHEIDRBERY J OHFW B VU8 DHRLD L
HW G{DXMQHRRFUWMRQ QB © DGMDWH OVDX\E HRF® LYRD pWW DWW LARHD U { O
LQFHQGLHVY QDWXUHOV RX DQWKURSLSKKHWR REOWW B XpHW K I LT]
SHUPHW GH SUpPFLVHU OHV JRQHV ELRHOWB B R X DXWDEMIWORIE QY W §
GDQVDOWV FHYHRUPBOW SULQFLSDXT ¥R QW MHERGHMIORUHU OHV
REMHFX\VH /R X VG P MLQRLQD/OE BQ Y W L H

/fIDUW L FOHND pEABRJILH HW G VBE|\R QR QBRAHSBRROHOQYRQV GpWH
GDQV OHV GHX[ HQUHJLVWUHPHQWYV SXPFQB Q@ & MWW RN RIOUD HiF
OFGLIIpUBBWNXUV TOQ BHXAQIHUGH VRXOLJQH TXH ELHQ TXH
SULQFLSDOHPHQW ELRWLTXH SULQFLSDOHPHQW SDU OHV LC
GLVSHUVLRQ ORFDOH B WOEp PLORVORILO BV ESREHBGIMHE ) S\R/Q W D Q W
GHV WDLOOHV PR\HQOQHIW RXUSINWVWHAEOLFDWLRQV UHODWLY
YpJpWDWLRQ HW j O HQYLURQQHPHQW GH GpS{W FDUDFWpUL!
VRQW pJDOHPHQW RILWFXM/p RIR RHPVD WRIOGEHW\WH HQ FRPSWH DYLC
LQW H U S GHNVDWLVRDW D VE\D GB\ID\R ROV GMIMAM P SOLFDW LRI SR XU
H[HPSOH FRPPHQWG jSHPM WULDLGROMEQHVW SRENGEEDWH GBIHV
FDUDFWpPULVWLTXH\D GRVO HXQHQUHD 3 Q@ G\ DAL RQOGIHGXDS R O O
OSUpPFLSIWI®DWRXY DYRQV PLV HQ pYLGHQFH

/IDUWLP@BWUH OD PWR G MEHLLRUD GR WEQW pDIOOHY YDULDWLR
FHQWHQQDOHV HW BQWHGOM-OHWDIWILFEE FRQWLQXEHHQRNM OD |
DQDOBRKKW OD SUH P gL X R MVD TXARLPR\Q IV YW U RQGHH U UD G R
FHQWH\BMU D Q Vjl SDREVXQH IRUPDWLRQ RXYHUWH GRBIGPH SDL
IR UP DMRIURHQY V&IH HH Q U H J L DW WP BONG IREH GHX[ IDLWV LPSRU
OD YpJpWERNLRE & X7RXW GHD & RUGD GRFRQW LSQ 0 WERIENEW @Y W
SpULRREWUDQWDLUpVLOLHQFH j ODOBRESRW L R Q RGH HW IOCP GG
GH YO pW B MW IVRR@ W  FHRAGARHI AN (UBMFV MRIQE W/ ICRQ GLVSRQLELOLW
SDU H[HPSOP D HPOW GItH 30XV SUpFLVPpPHQW WURLV SpULF

HW FDQW3PDUTXpHVY SDU XQH EDIRQOM B pQLY HQW LG
FDUDFWpUWLW pFHAMD SDHIPHQW GH VDRI KN HRVGGIL A EV IR[BRRYY
DTXDWLTXHV 'HWXIPLD PSPV G VIHYAMH & QN & DWW HRQX BEHQ W U D C
&HUUDGR XBEVFHIHX[ UHVWHD WUjq\G HR [ @B ULY/HWBWLRQ GX &
VHPEOH SO X&HVIWHF W) B8P HQW D W HR GOaHM Q 6 [ES{EBHNPI TR H X U V
FOLPDWLTXHV

O



/IfDUWLSOBVHQWH O &VMROXGR. PP 6EXRXUV GHV j SDEMUQLGYXEY
PWXGH ORFDOLVpPH HQYLURQ NP SOXV DX QWURKHAXK LOTHQ
QRXV SHUPHW GYDQDO\VHU OHV UpSRQVHV GX &HUUDGR OH O
UpVXOWDWY j FHX[ REWHQXV VXU GIDXWUHY HQUHJLVWUHPH
PrPH LQWHUYDOOH GH WHPSWH &H RRXN HEIDXQ V LX\QH GImM R G H. Q +
GH YXH GH OD SDOD RMFPWMMHRQ GX FHUUDGR HVW SULQFLS
OHV JUDPLXQHO VXHW DUESHW HODWIHVWUHPHQW TXL UHSRVH
SUR[\ PROMWRMAD&VY GH OD YpJpWDWLRQ HW GHV GKWNBBEWRNQW
SDUWRhO p® HD W VG WY R FNRVS B 6 BpW jFKDQJHPHQWY ORFDX[ HW
OD ILQ GH OD SpULRGH JODFLDLUH ILQ GX 30pLVWRFgQH HW
DUEROFMUUDGBRUMWOHULH HVW SOXV VHQVLEOH DX[ SHUW:
KHUERDRpMHUPVXOWDWY PRQWUHQW GHV FKDQJHPHQWYV UDGLF
DX GPpEXW GH O+ RIRFYIORQ DYHFV O AEODJHY GH WD[RQV KX
UDUHPHQW UHQFRQWUpPV GDQV &BWW/RIUIp G XRGHI PR GRHV SR R X
GH GHX[ UHIURLGLVVHPHQWY VXFFHVVLIV GDQV OfKpPLVSKql
XQ UHIURLGLVVHPHQW HW XQH DXJPHQWDWLRQ GH OJKXPLGL
IRLV TXVpRHWPHQWY VRQW REVHUYpV GH IDoORQ GpWDLOOpPH V:
SHUPHWWUH GH SUpPFLVHU OHMW TPRG PEMNK HBHO B U DL MLIRIQV FO
UHODUJDJH PDVVLI GJLFHEHUJY HW GH IRQWH GH OD JODFH S
DXMRXUFRLTKWHQVLWp GHV LQFHQGLHY HVW WUQV IDLEOH SHQC
GH FKDUERQ SUREDEOHPHQW WUDQVSRUWpPHY GDQV OJDWPR
GIpWXGH FH TXL QRXV SHUPHW pJDOHBRYW \ O H Yy YLL/FHHUQG H HC
VRQW FRQVWDQWY UHVWHQW IDLEQHRPHW QH VH GLVWLQJXH

&RQFOXVLRQ HW SHUVSHFWLYHYV

IRGHXQUHJILVVOUHHHBHR WNLD GINHW KNRQIRU PRYW URNDQGH YDULDI
WHPSRBMIOOOHRPSRVLWLER &GHRODOGCEHAHINMEIE GRPLQDQFH G XQH
RXYHUWH YHUSOXY 5BDYIDR/BOPF H GHL R/Q [RQV IGHG B E D WHIXX[UVH F?
$VWURQLXP %\UVRQLPD &OU\BGHDBLGIIHXHEKGXRBYBKNE ,OH][
ORUDFHDMLFDFHDH O\UWDFHBR P BH a b/\DWRBIEHQ\ BRAHRTN/VO L p
DX[ YDULDWLRQV VSDWLDOHV @GH O DFFRSODPRQGIVEEEWGIBE H O TLQ
6RXWK $PHUYVRDQG6\WRVH®O®HRH PRGXOpHV SDU JWH\GLE QW I
LOWHUKpPLVSSBENDWRSENH REVHUYpGHCGBBOXEM UL 1D QOO FLDV
HW DO &KHQJ HW DO

$LQVL j OD ILQO®X KM (DXLBPYEXW G HD S/ BRVOIRANEEEUDLULHYV |
JUDPLQYHVY OfH[SOOQMLRHYY @D SWpV D B0 KORLLENR Q RBIP HHJ WR/S
+HG\RVPXELWDX FRXUV GH O +RUDpFEFHQMA STRVWDQIHWH OD UpJLRQ
*HUDO GR 7TRFDQWLQV BH#HNWXOURE MY EXRAY BDMWDD SHFVHQFH
GHRUOMWMOHULHY 3DUDOOQGOHPHQW GBEW REWHUYRE GXHODFQ)
VDYDQH DUERWWW BIWMA GHDW VLU BBIO D QNG 8] UpRR RONDW H

i PYRGB{HIYpUHPYHEWKQH EDUULqQUH JpRJUDSKLTXH VIXAXpH HC




GHYLHQW WBT®eWkaqY FDO DBV $IWXGHV SDOpRFOLPDWLTXHV RQ
GH O +RORFqQH HQ $PpULTXH GX 6XG WURSLFDOH O LQVRC
PRWHXUV GX FKDQJHPHQW FOLPDWLTXH DFFRPSDJQp SDU C
PEFKHOOH SURKPPIDW®EK@H 1RUG 6WUtNLV HW DO '"HLQLC
JUDQGH YDULDELOLWpP VSDWLDOH GHV SUpFLSLWDWLRQV VH
GHUQLQUHV DQQpHV &UX] HW DO 'DQJ HRW\DTXH OH QRU
HVW GHYLHQW VHF 8WLGDVH®WRX®IVW O BIIPRW DKBYDREXG L QW H
DYHF XQH FRQYHFWLRQ KXPLGH FURLVVDQWH HQ SU@RWIHQDQF
QRWUHRWRGHQBHUXIBRRY DLW rW WS DpXAHEDAE IGHY SK\VLRQRPL]
|URLGRIQYW O 1 D Q D\CHRUDMND ERWX B ®D O W L W B 6 M \REN B B X piHGHDVX

SK\WLRQRPLHV FDUDFWpPULVWLTXHY GH PLOLHRUSW®DW FIKHDWK G
RXHOF H U U D G R HYWHRRNPRR U WK JDHMDLW OD IRUWH YDULDELOLYV
REVHUYpH GDQV GHIXWNYVOO FIHRBXIBOHVVWKRFHEXHY VpEXODL
BWULNLV H&8DWWLQR HWHIMWH pWXGH PHW HQ MHX WRXWHV
VXFFqgGHQW OHV XQHV DX[ DXWUHV GH FHUWDBFRGR EERPH | SO
FRQVPTXHQW OfYRQ SHXW GLUH TXH OH &HUUDGR HVW SHX
PRQWUH XQH IRUWH FDSDFLWp GIDGDSWDWLRQ HW GH UpVLO

' DXWUIKBD WWVXOWDWY PRQWUHQW TXH OfLQWHQVLWpP GHYV
GHX[ VLWHV G{pWXGH GLVWDQWV GH a NP VL OfRQ H[FH
SUREDEOHMPKQWD FGWH LWpV KXPDLQHV VHK WP BDQHL dBLRHK UIW® XWD G K
LQFHQGLHYV VRQW REVHUYpV VXU GHV LQWHUYDOOHV GH |
IUpTXHPPHQW OH WHPSV GH UpFXSpUDWLRQ GH OD YpJpWDW
OT+RORFQQH HW SOXV MWW L F XEHUOQ HPHOMWDW QpHY OHV LQI
TXH FHX[ TXL VRQW REVHUYpV 6BKRBLXGW KOHW B&/RQIHUNFWHGE G
OD ELRGLYHUVLWpP GX &HUUDGR

7RXWHIRLY QRWUH pWXGH D DXVVL PRQWUp TXH VL OHV LQI
SHQGDQW DQV DORUV OD FRPSRVLWLRXY HE RUL WM GTOEM GR G
GLYHUVLWH HW XQH FKDJHPHWW X foXHQH \GHFiHY \SLFR @MLKV V H
UHYHQLU j OD FRPSRVLWLRQ LQLWLDOH G }RRYW @MKNODE Q V
VWDWLRQ pFRORJLTXH GXHWREQPMQA®MWH \( (BRQW SURYRTXpV G}t
FRXWHV GXUpHV IRDY VOH\H UV UGHY GH PDLQWHQLU OfKpWp
S\URGLY®DVWUWEBDY HW S5LEHLUR

/H &HUUDGR HWW g¥/QDELMRREY HW DDXL VH PDLQWLHQW JUKFH j
FDSDFLWp GIDGDSWDWLRQ DX[ IRU0ODJHV H [AMjBsLLOTdRdONVHOV T >
1028 ; Neves et al., 20206 X MR X U @8HKXWDGR HVW JUDY WPEQ&D DV BFWR FS.I
O H[SDQVLRQ G pRIRXI[UD)SHALERMM Q plHM | F ¥ @ WoOHHYAHYHN HW DO
'"f{DXWUH SDUW DYHF OH UpFKDXIIHPHQW RIQPPRXHW DOV
$OYHVUHLUD HWRIQAWUHQW TXH OD ELRGLYHUVLWp GX &H!
WRXFKpH HQ SDUWLFXOLHU OHV HVSgFHV IUDJLOHV TXL VH W
DO (Q HITHW VL XQH RX SOXVLHXUV GH FH ¥ LFRKG WRSWKY \ AR
GX &HUWSODBEIQMY OH &HUD®WR WHVOWWHLQW GH IDORQ LUUpY

o



'f{DXWUHOSBHWDLW QpFHVVPpWXK EBApRPHFRORILDKNY YHUV GH
OYRFFXSDWLRQ GX &HUUDGR SDU 6@V O§RAHQs HWGHREG X HI ¥ WH
DUFKpROMPILDXBW SMHHODMLRO HUPWNXHQFH HW. QFH Q G/LHDN IHW
OJFWLY LW p( ®MNEDRXQMH X QH FPRALSUDDHOHDW LRQ GH OD G\QDPLTXH
&HUUDGR/HUDLW pJD O HFHQW L RUMLRIBIRMKIBEON LRQ GX PRGH GF
SDUWLFXOHV GH FKDUER @ RFDSENY B HVWHR IGU P HQW® T WRE®K W L R C
OHV VDYDQHV DPpULFDLQHV HW GDQV OHV VDYDQHV DIULFDL
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$EY6DEHU $ 1 2V GRPtQLRV GH QDWSXWIH D MR WA UFIDWL G5 m:
3SDXOR %UD]LO $WHOLr (GLWRULDO

$JXLDU : OHLVVQHU .- ORQWHQHJUR $ 3UDGR / :DLQHU , &D
ODJQLWXGH RI WKH ND HYHQW IUHVKZDWHU IRUFLQJ EDVH(
FRPSDULVRQ WR IXWX6HRLHUGWRIQP GE PRHWLD J

$JXLDU : 3UDGR /) :DLQHU , /LX = ORQWHQHJIUR $ OF

JUHVKZDWHU IRUFLGQ-RPRGWOQ R @ FRQNHDIPGHMNDL W B Q PRO\VER G Q F
SHYLHZ

$OHPDQ -& %ODUTXH] 2 %HODFDNQERYBHMERDQJIHY ZLWK VHG
FKDUFRDO LQ WHK<H $4 B R RWIEHRGH F V

$OYDUHV & $ 6WDSH -/ 6HQWHOKDV 3 & .1BROHROWHV - /
FOLPDWH FODVVLILFDWMRHRPBS IRU %UD]LO

$OYHWUHLUP *$)*DBUWXQDWR '6 6ROp 03URMHOWHG UHVSRQ)\
&HUUDGR DQXUDQV WR FOLPDWH FKDQJH DBUK \PSHGLVDMHIE EQE
(FRORJ\ DQG &RQVHUYDWLRQ

$PDUDO $* OXQKR] &%5 :DOWWUHNIHI$IXEDHW 1 S5LEKQH)
DQG SK\WRJHRJUDSK\ RIKWXE 8K-RUDBR&HPEOLFRXWLEMOIRU F
9HJHWDWLRQ 6FLHQFH

$QMRV /-6 7ROHGR 30 OHDVXULQJ UHVLOLHQFH DQG DVYV
HFRV\VWHPV WR FOLPDWH FKDQJH LQ 6RXWK $PHULFD 3O0RV2
$QWDU *0 6DQR 37 $QIJLRVSHUPV RI GU\ JUDVVODQGYV DC

FRQVHUYHG &HUUDSRRGDUHD HRD% UD]LO

$QWRREPRQJXH] + &RUUID $06 4XH IBRROJOTQ WRWBSKRORME\ RI VF
)DEDFHDH VSHFLHV IURP 3DWRV GH 0+RBKQEDQDV *HUDLV 6W
$UDQLEDU -1 $QGHUVRQ ,& (SVWHLQ +( )HUDO &-: 6ZDS 5-
LVRWRSH FRPSRVIDWQIGE® ROWRLIMDVR@J ODQG XVH JUDGLHQWYV
-RXUQDO RI DULG HQYLURQPHQWYV

$UDXMR $*0 1HYyHAM6:$$WEXQ -39 +RORFHQH GU\QHVV DQG K
%UD]LO GXULQJ W KIX B$WHKPR B\ *BDISVH D UF K

$UDXMR *0 %DUERVD $$$ $UDQWRHRP $KRVERMBRDI® BYLVWLFD GF
OXQLFLSLR GH SEBHMOKOWDDNWOBDPVLO %RW

$VVDG (' 6DQR (( ODVXWRQR 5 &DVWUR MSHCGDOV6LQ WDKI 0% U
3@ HUUDGRV  UHJLRQ IUHTXHQF\ BOGTSWBREIRELOLUDWRI RFFXU

$JHYHGR 9 6WUtNLV 10 1RYHOOR 9) 5RODQG &/ &UX] ): 6DQ\
$QGUDGH )5' &KHQJ + (G ZB3DIMHRWEHIHWDWLRQ VHHVDZ LQ %U|
3OHLVWRFHQH $ PXOWLSURUWWOG\GR3 AVYRHELIRP\HBFLHQEHYV |

$JHYHGR 9 6WUtNLV 10 6DQWRYV 5% 6RX]D -* $PSXHUR $ &UX
6WXPSI &) 9XLOOH 0 OHQGHV 95 &KHQJ + (GZDUGYV / OH
WKH HDVWHMHU $PBIRQ@HILRQVY DQG LWV IDWKWHRORJILFDO LPS
%DGJDOH\ -$ 6WHLJ (- +DNLP *- )XGJH 7- *UHHQODQG W
WKH ODVW \HDUV XV&QUP®IMWHDRD WWHK P L3MDI/W/L R Q

%DUEHUL 0/ BEPRPXDIGIRX 0/ 6XBDROHRYHIJHWDWLRQ DQG SDOHRF
GH EJXDV (PHQGDGDVWRXHDWURDGRMIK GPHULFDQ (DUWK 6FL




%DUERVD -% $IRQVR 0& VHXELICR-RLFURPRIRORJLFR HQ GLWLR
FXHQFD GHO ULRV$UPUBBOE WALQR IGHD $BB8BBHRORJ

%DUUDGDV $& 5LEHLUR .7 ,QWHJUDWHG )LUH ODQDJHPH(
(FROJLFDO 6WDWLRQYV 9RXRIGUIMHUVLERGH %UDVLOHLUD

%HFNHU 5% &KDPEHUV -0 :LONV $5 7KH 1HZ 6 /DQJXDJH

%HKOLQJ + /IDWH 4XDWHUQDU\ YHJHWDWLRQ DQG FOLPD
LQIHUUHG IURP /DJRD GD &RQIXVMR LQ@PIRRMQAWOQOV VWDWH C

%HQQHWW . 'HWHUPLQDWLRQ RI WKH QXPEHURI [RQHV L
3K\WRORJLVW

%HUQDO -3 &UX] ): 6WUINLV 10 :DQJ ; 'HLQARUIMIYQ & DW X QC
&KHQJ + (GZDUGV 5/ $XOBMKVFBOXWLRQIKRORFHQH 6RXWK $PH
KLVWRU\ UHFRUGHG E\ D VSHOHRW(OHRVKIRB G BIXYHWD&D AL
IHWWHUV

%HUULR - & +RRJKLHPVWUD + %HKOLQJ + 9DQ GHU %RU.
VDYDQQD JDOOHU\ IRUHVW |URPH&DHLZP®IJ XD OMHRE RMRIDR\PEQ C

GRL RUJ 6
%ODDXZ 0 &KULVWHQ -$ ) OGHH ISBVCKH PSROBGOHHCRF X VP Q W B @ DHK V
JDPPD SURRHVYD® $QDO[GRL % $

%RXLPHWDUKDQ , &KLHMQJIRO/' *BRJIMH] 3UDQJH 0 =RQQHYH
, QWHUPLWWHQW GHYHORSPHQW RI IRUHVW FRUULGRUV LQ QF
&OLPDWLF DQG HFRXDRUHE GIYUG 6RO FH 5HYLHZ

%UHPRQG / OXOOHU 6 5RXODQG 6 )DYLHU & BEB UHIHU}
25(0( &ROOHFWLRQ >DFFVVHVHG JHEUXDU\ @ KWWSV

%ULGJHZDWHU 6 5DWWHU -$ 5LEHLURGLYHUV®BWR IHRG GIRPHLIC
LQ WKH FHUUD GRYELR®PH RUYLUM]IDDG &RQVHUYDWLRQ
%URWWR 0/ $TXLIROLDFHMUGRHWQHDSR GR 3DUDQ
%XHQR 0/ 'H[WHU .* 3HQQLQJWRQ 57 3RQWDUYDOXRLE¥HV '0
7KH HQYLURQPHQWDO WULDQJOH RI WKH &HUUDGR GRPDL
VSHFLHV FRPSRVLWLRQ EHWRNHQDR URHV(WRORI\WVDYDQQDV
%XHQR 0/ 3HQQLQJWRQ 57 'H[WHU .* .DPLQR /+< 3RQWDUD ¢
20LYMHLQIR $7 (IIHFWV Rl 4XDWHUQDU\ FOLPDWLF IOXFWX
1IHRWURSLFDO VDYOF-®RQDDBWMHH VSHFLHYV
%XHQR / ,VQDUGHRSGLQJ &HQ\WODW HOW DYKHLRQVHW RI WKH
%XLOGLQJ WHUUNDRUHW®DKLVYWRHUMDWLRQDO

%XVK 0% :HQJ & ,(QWURGXFLQJ D QHZ-RXBBARZOUH WRRO
%LRJIJHRJUDSK\

&DPSRV -/36 &UX] ): $PEUL]]L 7 'HLQLQJHUWNLVI9XQOOH 0 1RY
&RKHUHQW 6RXWK $PHULFDQ ORQVRRQ 9DULDELOLW\ 'XULQJ V
+LJEHVROXWLRQ 3WHRR\SKMWFIRADAY 5HVHDUFK /HWWHUV

&DPSRV 0& &KLHVVL &0 1RYHOOR 9) &ULYHOODUL 6 &DPSRV
,0 BDQWRV 73 OHOR '% &UX] ): 6DZDNXFKL $2 OHQGHV 95

ol



SUHFLSLWDWLRQ GLSROH IRUFHG E\ L@ WHUXMIPIILW SEKHHSUR.FWN H |

&DUPLJQRWWR $3 3DUGLRELWDBWYRHWHURJHQHLW\ DQG JHRJL
PDMRU GULYHUV RI 4HUUDGR VPDOO PDPPDQURIOWVHILWUL W D FU
(FRORJ\ DQG (YROXWLRQ

&DVVLQR 5) IHGUWXDQWLWDWLYH UHFRQVWUXFWLRQ RI YHJH\

SROOHQ UDLQ LQ WKH &R ELBRP KR WD HAFOLPDWROF

&DVVLQR 5) ODUWLQKR &7 0BRDBPIUQKSREFPHQ VSHFWUD RI WKH
LQ WZR QDWLRQDO SDUNV RI &HQWUDO %UD]JLO DQG LPSOLFI
5HYLHZ Rl 3DODHRERWDQ\ BQG 3DO\QRORJ\

&DVVLQR 5) ODUWLQKR &7 ®DPWEKIXPH)BUQDU\ SDO\QRORJILF
SDOP VZDPS LQ WKH &HUUDGR RI FHQWUDO %UD]JLO LQWHUSU
3DODHRJHBRDODS$MFOLPDWRORJ\ 3DODHRHFRORJ)\

&DVVLQR 5) OH\HOR{RORJLD GH JUmMRY GH SYyOHQ H HVSRUR
XPD YHUHGD GR &KDSDGmMR GRV *HUDLV*DXULWL]JHLUR OLQD
&DVVLQR 5 ) DQG OH\HU . ( % SHFRQVWLWXomR SDOHRTE
4XDWHUQiULR WDUGLR D SDUWLU GD DQiOLVH SDOLQROYJLF
5HYLVWD %UDVLOHLUD GH 3DOHRQWRORJLD

&DVVLQR 5 ) 3/HGW $OPHLGD 6DQWRV 5 )DYLHU & 9H J +
YDULDELOLW\ LQ WKH FHQWUDO & H UHRIDGRRE\H Q% U\WD PLODQ VA XAULLRQQ)
LQIOXHQFHG E\ RVFLOODWLR QXD WG DA\ 6 FERXQE & DS YE H @ W

&DVWUR $$-) DQG 0D&MULWD/GRY GH %UDVLO H GRUMHRM GHVWH |
RFXSDomR H FRQVLGHUDO}HV YREUHRFRXBMRWRIGLYHUVLGDG
&KDPEHU -& $00HQ &5 &S\HKTDMLRYDOL]LQI HFRORJLFDO UH
PDQDJLQJ VSHFLHV DQG HFRV\WVWHPV DW ULVN )JURQWLHUV L
&KHQJ + )OHLWPDQQ ' (GZDUGV /5 :DQJ ; &UX]): $XOHU $6
© % XUQV 6- ODWWPULQY DQG VWUXFWXUH RI WKH / 2N\U % 3 F
UHFRUGV RI VWDODJPLWHV IURPRORUQD +2PDQ DQG %UD]LO
&KHQJ + =KDQJ + 6S|WO & 7%PNPUDQEWWOXFWXUH Rl WKH <
HYHQW DQG LWV XQGHU®15®J FOLPDWH G\QDPLFV
&KHYDOLHU 0 FUHVWU DQ 5 SDFNDJH WR SHUIRUP SUR
SDODHRHFROR&IOALP® \@ B VRD WHWHS D VWG R L FS
&ROLQYDX[ 3 'H 20LYHLUD$BD]BRRUSRMROHQ PDQXDO DQG DWOLI
+DUZRRG $FDGHPLF 3XEOLVKHUV

&ROOL *5 9LHLUD &5 % DRGIWHW LW\ DQG FRQVHUYDWLRQ RI
DGYDQFHV DQG BB GKYDHUOH@IHVQG &RQVHUYDWLRQ
&RQHGHUD 0 7LQQHU : 1HIlI & OHXUHU BDH FIRRNHOQWXF)W LIQH ES/D 3
UHJLPHVY PHWKRGVY DSSOLFDWLRQV DQG UHO#YDWFBFWR ILL
5HY KWWSV _GRL RUJ M TXDVFLUHY

&RVWD &5 GD /MN7BYIUDRU&DPDUJR 3% % PLUOKRO&S0 *RIPQ B R ¥ Bl
76 6LOYD $EZDOHRHQYLURQPHQWDBD&\WIBPB QF% UDY LFH GWUDDI V
\HDUV 7URSLFDO SHDWODQG URFKFRUBU RO AXIDWEHQDDGE B FAIHK

io¢



&RXWLQKR -0&3 -DUGLP 0$* &DVWUR $$-) &RVWD 1HWR 69 9l
(QYLURQPHQWDO GULYHUV RUJDQL]H :RRG SODQW DVVHPEOD
1IRUWKHUQDWXDH ®QG &RQVHUYDWLRQ

&UX] ) 9XLOOH 0 %XUQV 6 HW BDHVW RQWIL\SRDWLQGIUR Y B R XA
SUHFLSUWWWURGQHRYFL GRL QJHR

&UX] -U ): HWOQMROGWILRHY FKDQJHV LQ DWPRVSKHULF FLUFX

\HDUV LQ VXEWDRSUFD OHKWDWISY | GRL @DWXUH

&XVWRGLR ,6 'LDV 3/6 :DLQ&KDQJHVDIGER WKH 6RXWK $PHULFD
6\WWHP VLQFH WKH ODXWLPOMNH (NVDWEEVXBRL RUJ ] uvV

&XYHQ 6 )UDQFXV 3 /DRRWUPIBWERQ RI JUDLQ VL]JHUDDULDELC
IOXRUHVFHQFH LQ ODPLQDWHG ODFXVWULQH VHGLPHQWYV &D
SDOHROLPQRO%

'DULHQ 0 )LGHOLV $ +RZ GRHV ILUH DIIHFWG6FHUBLEGD W L
5HVHDWFK KWWSV GRL RUJ 6

'DYLHV 6- /DPE +) S5REHUWY BERUH VPROURJ LQ 3DOPHERW LP QF
GHYHORSPHQWYVY ,Q &URXGDFH 0,&525WKNIMXEBQHY Rl NEGLP!
FRUHV GHYHORSPHQWYV LQ 3DOHRRQ@PEWRGRHQ®.DO UHVHDUF
'HLQLQJHU 0 :DUG %0 1RYHOOR 9) &UX]): IDWH 4XDWHL
$PHULFDQ ORQVRRQ 6\WWHP D\® IQIH B H H & SE\FASLHCHH/R 8WK_HDR VW K
"D W D EAXDHN H U Q[IBIRLL T X D|W

'XI1ILQ ., *LOOVRQ / :ILMDOLNQJI WKH VHQVLWLYLW\ RI FKDUFRD
HYHQWY LQ VDYDQQD HQYLURQPHQWY TXDQWLWDWLYH SUHG
7KH +RORFHGQH

'XULJDQ * OXQKR] &% =DNLD 0-% 2OLYHLUD 56 3LORQ 1$ ¢
+RQGD ($ 3RWW $ &HUUDGR ZHWODQGYV PXOWLSOH HFR!
XQLTXH DQG LU U H S3HRHSIHEOWH. YWHUH DY X FHRORJ\ DQG FRQVHUY|
'XULJDQ * 3LORQ 1 6RX]D )0 OHOR $&* 5p LEQQVVBRRMLWE& FDW YV
JUD]LQJ LV EHWWHU WDQ FDWWOH H[FOXVLYQ WR GULYH VHFI
&HUUDGR Y®WLRWDWSRED

(GZDUGV (- 2VERUQH &3 6WU|HPWHUW &¥KH RLWKOM/RIOH QGV
,QWHJUDWLQJ HYROXWLRQBRMNHQFEH HFRV\VWHP VFLHQFH

(LWHQ * '"HOLPLWDWLRQ RHIWWBVWHRIUDGR FRQFHSW

(MVPRQG 0- (MVPRQG $ %DQ@I\WLAINN 0.D.RJOGYMNL - .RODF]H
/IDUJH SROOHQ DW KLJK WHPSHUDWXUH DQ DGDSWDWLRQ WR
(FRORJ\

(MVPRQG 0- 3URP@WMN ' (MVPRQIEX¥NDDJROWRQDNMMD 0
.RODF]HN 3 .R]JORZVNL - ‘RHV FOLPDWH DIIHFW SROOHQ
RI SROOHQ JUDLQV XQGHU YDRRRXKHEHVLFFDWLRQ LQWHQVL\

(ULNVVRQ / -RKDQVVRQ ( -HWWDQHK(:ROG 1 HW DO
OHJDYDULDWH 'DWD $QDO\VLV 8VLQJ 38RHMH FAWPHRMQULAWKR GV




(VFRERUUH] . /BG&BVOWLQR 5) %LDQFKLQL 3 RXBQAKR\DRRUW
YHIHWDWLRQ FKDQJH DQG LQIHUUHG FOLPDWH G\QDPLFV DQC(
GXULQJ WKH +RORFHQH 4XDWHUQDU\ 6FLHQFH 5HYLHZ

(VFRERUUH] . /BG&BVOWLQRNFHUHR , :DLQHU , &KHRDOLHU O
QRUWKHUQ KHPLVSKHULF LFH PHOWLQJ FKQGIUHS WKH ELRGL"

(YDOGW $& %DXHUPDQQ 6* )XFKV 6&%*UMNMHRWHOHES & DHVFSROURLY
GR 9DOH GR GRR&HVWH GR 5LR *UDQGH GRydXBDWwWHDVLO GHYV
LPSOLFDo}HV SDOBH{RHFRORJLFDYV

)DHJUL . ,YHUVHQ - TH[WERRRHRHBRAONQ $QDO\VLV
)DQGIEDUYDOKR 60 6RPDYLOOD iR @D UFKLROB@W R WE X%W XU
%UD]LOLDQ 1HRWURSLFDO 6DYDQQDK 6%8EQMVY Q,JQVWURBWXH t
IXQFWLRQV FKDSWHU SDJHV

JHLGOHU 1& OHUOR '$ ORGRUURYFAL® GH LQFrQGLRV IORUHVW
QDFLRQDO GD FKDSD G &GERYFIHDD BHRLWHRWW BIOR

JHOILOL - O 'LYHUVLW\ VWUXFWXUH DQG G\QDPLFV RI D .
9HIJHWDWLR
JHOILOL -0 GD 6LOYD -XQLRU 0 OHQGRoD 5 )DJJ & )LOJXHLU

IORULVWLFD GD HVWDomR HFRORJLFD GHHIUIX@M URLHD@®D GDV (

JHOILOL -0 1DVFLPHQWR $57 )DJJ)ORUHVWH®G GFHRP SRV LWERQ |
FRPPXQLW\ VWUXFWXUH RI D VHDVRQDOO\ GHFLGXRXV IRUHV'
S5HYLVWD %UDVLOHLWD GH %RWKQLFD

YHOILOL -0 BWUXFWXUH DQG '\QDPLFV RIHWHW W DR HU\ |F
YHOILOL -0 "\QDPLFV RI WKH QDWXUDO UHJHQHUDWLRQ L
% UDOD@DIHPHQW )RUHVW (FRORJ\ PQG ODQDJHPHQW

YHOILOL -0 E 'LDPHWHU DQG KHLJKW GLVWULEXWLRQV LQ

RI LWV PDLQ VSHFLHV LQ \FHHDQW3MHWOL B@ bH OL R WHDUYR WIK[Q L F D
%UDVLOHLUB

JHUBDFHQWLQL .3DBROUDGR 0/ 3DO\QRORJLFDO DQDO\VL"
&HQWUDOR%UQPID RI 6RXWK $PHULFDQ (DUWK 6FLHQFHYV
JHUWDFHQWLQL .5yULD 6RVMRJR QR &6 UV GR DXBP. ®RULNML GD G F
GH %UDVLOLD GRFWRUDO WKHVLV SsS

JLEN 6 ( DQG 5 - +LMPDQV 'RUOG&OLP QHZ NP VSDWI
JOREDO ODQG DUHDV ,QWHUQDWLRQDO -RXUQDO RI &OLPDWI

JLGHOLV $ $OYDUDGR 67 %DUUDEGDWYI&6 3LFHODRWBY DQG
PDQDJHPHQW LQMWKH &HUUDGR




J)LGHOLV $ =LURQGL +/ $QG DIWHU ILUHLWHKH &HUUDG
IORZHULQJ LQ D WORS®SDFDO VvVDYDQQD

YJORUD GR %UDVLO SUEH P PRROVIMOLFRWER GLR GH -DQHLU|
KWWS IORUDGREUDVLO MEUM JRY EU UHIORUD IORUDGR EUD

JRQWHV ' &RUGHLUR 5& ODUWLQV *6 %HOKLQJ + 7XUFT % 6

SRGULJXHV 5% 3DOHRHQYLURQHPWDO G\QDPLFV LQ VRXW
\HDUV LQIHUUHG IURP SROOHQ DQG JHRBFWHRIIDWD UHFRL

6FLHQFHV S5HYLHZ

JUDQORVR 5' 'H[WHU .* ODFKDGR 5% 3HQQLQJWRQ 57 3LQWR
'HOLPLWLQJ IORULVWLF ELRJHRJUDSKLF GLVWULFWYV LQ \

FRQVHUYDW®HRRGELWWDWXW\ DQG &RQVHUYDWLRQ

JUDQORVR 5' +DLGDU 5) OWAHKD@EHFLHYV RI 6RXWK $PHULFD F
HQGHPLVP PDUJLQDO DUHDV DQG WEHWIH@RWIDRQWVRL% WD WK

JUDQFRVR 5' %UDQGDR 5 1RJXHLUD & & 6DOPRQD <5
+DELWDW ORVV DQG WKH HIIHFWLYHQHVV RI SURWHFWHG DU
1DWXUH]D DQG &RQ¥HUYDEDR

JUHLWDV $ QRQHDOY V0 (QG RS EPEG yRDUYUHLUVW TXDWHUQD!
EUD]LOLDQ FDYH SROOHQ UHFRUG ORUSKRORJLFBIYGYWBULS
%UDVLOHLUD GH 3DOHRQWRORJLD

JUHLWDV / 6D]LPD 0 3ROOLQDWDR® EWR G R J) UV B OMDDRSS L
LQWHUDFWLRQV DW $MKH BRPPRRUMW %AMY HD UG

)XUOH\ 3% 7KH QDWXUH DQG GLYHUVLW\ RI QHRWURSLFD!
UHIHUHQFH WR WKH*RDBDICOLMERORHUDDGRY¥YLRIHRJIUD SK\

)XUOH\ 3% 7TURSBEHROUWVHDNDIQ@BK\VLFDO *HRJUDSK\

*DUUHDXG 5' 9XLOOH 0 &RPSDJOQXFHVEHEAWBRXMEKI RP-HULFDQ
FOLPDWH 3DODHRJHRJUDSK\ 3HDODHRFOLPDWRORJ\ 3DODHI
*DWWL 0* &DPSDQHOOR 3, 9LOODJUD 0 ORQWLL , *ROGVWHL
SKRWRLQKLELWLRQ LQIOXHQFH VSDWLDO GLVWULEXWLRQ RI
IRUHVYWH 3K\VLRORJ\

*HQULHV $ )LQVLQJHU : $VQRQJ + %HUJHURQ < &DUFDLOOH
/IRFDO YHUVXV UHJLRQDO SURFHVVHV FDQ VRLO FKDUDFWHU
PRGLI\LQJ YHJHWDWRRQ QDD RIHFNMRUHHPD U\ 6 FLHQFH

*LRUJLVY 0$ =HEDOORV 65 &DUERQH / HW DO $ UHYLHZ F
HFRV\VWHPV WKH UROH RI POURDWRIOIRQG WLPH VLQFH ILUH
*ODVVSRRO ,- 6FRWW $& :DOWKDP ' 3URQLQD 1 6KDR /

SDOHR]RLF (DJUWMRKWLWAWNPLQ 30DQW 6FLHQFH




*RUHQVWHLQ , 3UDGR /) %LDQFKLQL 35 :DLQHU , *UL
<RNR\DPD ( $ IXOO\ FDOLERORHHR B F® IXFSIVIDMY H HPRLRGQ V W
(DVWHUQ 6RX¥DOAHILQFD\ 6FLHQFH 5HYLHZ

*RVOLQJ :' OD\OH )( 7DWH 1 .LOOHHUDEZQ FKDUORBWMHQLYRQG ¥
ILUPH PRLVW HYHUJUHHQ | RAXHDWYAH UNQROXUN IGHHADI 3B PKR Q L D
*RVOLQJ :' OD\OH )( 7DWH 1- .LOOHHQ 7- 'LITHUHQWLDW
UDLQIRUHVW GU\ IRUHVW DQG VDYDQQDK HFRV\VWHPV E\ W}
IRU WKH IRVVLGBROHZHRI BBPPWRERWDQ\ BQG 3DO\QRORJ\
*RWWVEHUJHU *ROLWDEENWEDHRIZUDUH SROOLQDWLRQ DQG VHHG
&HUUDGRV UHODWHG WR VWU NWQMF XWREQWBREHDE VR QWK & B
%UD]LO DQG D FRPSDULVR Q$EWDKW%RVRMULEDL FHDMD VR O HFDV V

+DXJ * +XJKHQ . 6LJPDQ '0 3HWHUVRQ /& 5|KO 8 6 RXWk
,(QWHUWURSLFDO &RQYHUJHQFHFERQHHNKURXJIK WKH +RORFHC
+HQULTXHYV 53% ,QIOXrQFLD GD KLVWyULD VROR H IRJR

ILWRILVLRQRPLDV QR ELRP B V& HUOUD&HRU YQ GRF CHFIRRR J$ D

ELRGLYHUVLGDGHSH FRQMHWtDAMR OLQLVWpPULR GR OHLR $PEL
+HUPDQRZVNL % GD &RVWD (QY +rHR@P@WH O FKDQJHV LQ VR
GXULQJ WKH ODVW D UHY HD O H4X DURKPUL [3D\O HHRHHFIRWDARKI L F

+LUDRWD 0 +ROJUHQ 0 9DQ 1HV (+UM¥KGLHQFE RI WHURSEBDO
VDYDQQD WR FULBWLARGEHNUDQVLWLRQV

+RIIPDQQ :$ $GDVPH 5 +DULGDVDQ 0 GHHRHDWRBOIKR @7 QRW B
JRYHUQV WKH G\QDPLFV RI VDYDQQD IRUHVW ERKRRGIRULHYV X

+RIPDQQ ** &DUGRVR 0) $OYHV 5-9 :HEHU (- %DUERVD $$ 7F
/2 +DVHQDFN + &RUGHLUR -/3 $TXLQR )( 20LYHLUD /)%
EHFRPLQJ KRWWIREDQ @ IGVQ 3HJ % LROR J\
+ [KWWSV_GRL RUJ JFE
+RJJ$ +HDWRQ 7- +XD 4 3DOPHU -* 7XUQH\ &60 B6RXWKRQ -
%RVZLMN * 5DPVH\ &% 3HDUVRQ & 3HWFKH\ ) 5HLPHU 3 5HL
VRXWKHUQ +HPLVSKHUH FDIDUWE EDGELRHD UERQ
+RIN7HUUD , &RUWL]DV $0 yBIHQVBB GROXP &)& / 7RURDRBRH YH
FOLPDWH FKDQIH WM BFE QMWIDDHOO UHFRQVWUXFWHG XVLQJ SRO
3DX GH )UXWD PLUH 6HUUD GR (VSL3PMIRHRHHRGURQROD O0OLQD
3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\
+RUIN(7HUUD , ODUWtQH] &RUWL]DV $ GD /X] &)3 6LOYD $& ¢
JLOKR &9 GH 20LYHLUD7RU GDNGR /PVIHGIDXD®WHUQDU\ YHIHWDW
FOLPDWH G\QDPLFV LQ FHQWUDO(HDVWHUQ %UD]JLO LQVLJKW
&HUUDGR EXBO®BO RI 4XDWHUQDU\ ERMW®RFH GRL RUJ MT\
,QVHO 1 3RXOVHQ &- (KOHUV 7% ,QIOXHQFH Rl WKH $QGH
PRLVWXUH WUDQVSRUW FR&Y HFMVIR Q\QD@E FSU HKGRISLWDWLR Q
Vv




-DFREL &0 GR &DUPRHRYPV SROOLQDWLRQ DQG VHHG GLVSHL
FRPPXQLWLHYV LQ LURQVWHFWDREKRMWFDRBND 64 USPWDLQIOF D

-DFREVRQ */ %UDGVKDZ 5+: 7KH VHOHFWLRQ RI VLWHYV II
4XDWHUQDU\ 5HYHDUFK

-DUGLQH 3( /RPD[ %+ ,V SROOHQ VL]H D UREXVW SURJ\ Il
SDODHRERWDQ\ DQG 3DO\QRORJ\

"-RPHOOL 9 B6ZLQJHGRXZ 'SK®NLH PIHO DB@GHYUDO FLHU FKDQJIHYV
WURSLFV DQG 1RUWK $WODQWLMWHIRRPXQGXULQJ WKH +ROR
KWWSV GRL RUJ Vv

“-RQHV +$7 OD\OH )( 3HQQLQJWRQ 57 .LOOHHQ 7- &KDU
HFRV\VWHPV E\ WKHLU PRGHUQ SROOHQ UDLRHIYQBZLRBOLFDW
3DODHRERWDQ\ DQG 3RBO\QRORJ\

-XJJLQV BULRMD $QUDX®W HY @D U\ 65 LSHIANHD IHWWDH UV LR Q
[KWWSV SURMBFW RUJ|SDFNDJH ULRMD

-XQLRU 0-$) 3LQWR 5% GDWPPRIRRPLF UHYLVLBRQLRPWKH JHQ X
/HIXPLQRVDH 'LDOLLQD3K\WRWBD IRRWUR SKREWRWD| D
.OLQN &$ 6DWR 01 &RUGHLUR ** 5DPRV 0,0 7KH UROH R
RI ZDWHU DQG ILUH LQ WKH &HUUDGR HFRV\VWHPV LPSOLFD\
30DQWV

.OLQN & $ ORUHLUD $ * 3DVW DQG &XUUHQW +XPDQ 2F
&HUUDGRV RI %UD]JLO 3UHVV &8 1HZ <RUN 1< 86$ SsS
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Ledru M-P, Araujo FS(in pres3. 2023. The Cerrado and restinga pathways: two ancient biotic
corridors in the neotropicErontiers of Biogeographydoi:10.21425/F5FBG59398s

/HGUX 0O&HFFDQWLQL * %BX§HLD$6(®HVVHQGD /&5 5LEHLUR $6
OLOOWEDDM® FOLPDWLF DQG YHJHWDWLRQ FKDQJHV LQ D QRU
WKH /DVW *ODFURDVOBULPXP\ 6 FLHQFH S5HYLHZV

/JHGUX 06DODWLQR 0/) &HFFDQWLQL * 6D®DWILEQMR ISR BRQKHLU
DVVHVVPHQW RI WKH LPSDFW Rl FOLPDWLF FKDQJH RQ WKH G
ORZODQGV RI 6RXWHK $PWUIDRDG 'LVWHLEXWLRQV

IHGUX 0 /IDWH 4XDWHUQDU\ (QYLURQPHQWDO DQG &OLPDW
A4XDWHUQDU\ 5HVHDUFK

/JHGUX3 0 IDWH 4XDWHUQDU\ +LVWRU\ DQG (YROXWLRQ RI W
3DO\QRORJLFQO 8PERBNVUD HG ODUTXLV 5 - HG 7KH FHU
DQG QDWXUDO KLVWRU\ RI QHRWURSLFDO VDYDQQD 1HZ <RU

io¢



/JHGUX3 06DODWLQR 0 /) &HFFDWLQL * 6D&®DLQR $ 3LQK!
5HJLRQDO DVVHVVPHQW RI WKH LPSDFW RI FOLPDWLF FKDQJF
WKH ORZODQGV RIL&RXUWKVEPBQGFDLVWULEXWLRQ

/JHKPQ&(5 $QGHUVRQ 70 6DQNDUDQ 0 HW PIOBOLPBWWMDQQD 9
UHODWLRQVKLSV GLIBFULHHDPRMI FRQWLQHQWYV

IHKPDQQ &(5 3DUU &/ 7TURSLFDO JUDVV\ ELRPHV OLQNLC
FRQVHUYPPMWIRMR SKLFDO 7UDQVDFWLRQV %

/HPRV +/ 3LQWR -55 OHZV +$WUWHWXUH DQG IORULVWLE UHO
&HUUDGR VHQVX VWULFWR VLWHVY RQ WZR WYIHRWRI VXEVWUD
1HRWURSLFDO

/H\V % %UHZHU 6& OF&RQDJK\ 6 OXHOOHU - OF/DXFKODP ..

UHFRQVWUXFWLRQ LQ JUDVVODQG HFRV\WWHPV DPRXQW RI F
(QYLURQPHQWDO 5HVHDUFK /HWWHUYV

/IH\V % &RPPHUIRUG -/ OF/DXFKODQ .. SHFRQVWUXFWLQ
VHGLPHQWDU\ FKDUFRDO &RQWUBHLZLQ FRKQW VL]H DQG VKI
/L < :X: =KDR 3 ILUH3GVWSHUVDO FKDUDFWHULVWLFV RI FKD
'D[LQJ DQ ORXQWBDYW RKQEDWK G WKHLU LPSOLFDWLRQV IRL
DFWLYQWHWWDWLRQDO -RXUQDO RIGRDGODQ@I)LUH

/LPD -(): GD 6LOYD JDORBLMSHWOWDWWLQV (6 5HDWWR $ %XIRQ

UHOHYDQFH RI WKH &HUUDGRYV ZDWHU U:I5% RORWRHY Z\DRVWH H ¢
&RQJUHBMVUPDPEMNFIRLO SDJ

/LPD 1( /EPPHLUR 06 7LQRFR &) 7HUULELOQGK\ORJERO OB Y OWDN
HFRORJLFDO QLFKH PRGHOOLQJ FRXSOHG ZLWK WKH IRVVLO
KLVWRU\ Rl 1THRWURSLFDO VZDPS -RXOP WK B R XJLKRA HARK ) B IO\W

/JLPD 6DELQR 60 &DVVLQR 5) *RPHV 026 6DQWYI$QQD (0( $XJ
IDWH +RORFHQH LQ &HQWUDO %UD]JLO YHJHWDWLRQ FKD
ZHWOR@GEQDO RI 4XDWHUQDY\ 6FLHQFH
/JLUCDUWLQV ' 1DVBERB®EWR $ &RVWD 3% pl$RQJLBRIZGMQ 6D/O
20LYHLUD 56RLO SURSHUWLHY DQG JHRPRUSKLF SURFHVVHYV
VWUXFWXUH DQG IXQFWLRQIL@QWVXBIGLEHRIWDGR 'RPDLQ
/JRL]HDSX % DUULHUD )* %DRHQ@QLPDORZDPUGY DQ XQGHUVWDQGL
GLVWULEGMW[LBDXRIROLDFHDHL GH \B5 DROGO 6 N Ut

IRPEDUGR -$% JLYH QHZ VSHFLHV Rl &LVVXUVRXWDFHDH |
%RWDQLFDO *DUGHQ 3UHVYV

/IRQJKOIJQHU +0 :HONHU &$' :DHFKHWHU -/ JORULVWLF DI
JUDVVODQGV LQs HWDNMADUML P DR ® %LRGLYHUVLW)\

IRUHQWH )/ DQG OH\HU . (% SDOLQRPRUIRV GD YHUHGD Gl
%XULWL]JHLUR OLQPNWUAHQUIDD¥ %UDVLO

IRUHQWH )/ -XQLRU $$% GH 20LYHLUD 3( 3HVVHQGD /&5
IDERURWRI$\863LUDFLFDEDX6)(R/8DXOR %UD]LO S

—_—
-1}
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IRUHQWH )/ OH\HU .(% $®iWQWH SDOLQROYJLFD GD YHUHGD G
PXQLFtSLR GH %XULWL]J]HLURRQR®BY *HUDLV %UDVLO

/IRUHQI]L + $UYRUHV %UDVLOHLUDV ,Q ,QVWADMXWR 30DC

ODUFKDQW -& $OPHLGD / %IHOXUDREXWLHRQ DAMG HFRORJ\ RI ST
SROOHQ ORGJHG ZLWKLQ WKH /DBMIYQ HZ2 IRU 13IDP® ERERWQ QD W C
3DO\QROR J4

ODUHQJR -$ /LHEPDQQ % *ULPP $0 OLVUD 9 6LOYD 'LDV 3/ &
GHYHORSPHQWY RQ WKH 6RXWKQWPHUWQ DY PRIV RRRQYUDD &/ HRP

ODUHQJR -$ 6RDUHV :5 6DXORGLPIDWRORQVYRYMXKXHHWZDVW R
WKH $QGHV DV '"HULY#1&$I3J BRDQIOHO I\NeHY &KDUDFWHULVWLFV C
SDULDERQUWDO RI &OLPDWRORJ\

ODUVKDOO &3 ODUVKDOO $2 $LWNHQ -% /DL % 9RJW 6 %UHHX

9DQDGLXP LQ OLFURIRVVLOV $ ®HY USRRBNLRQWIDO ELRVLIQDWX

DVW
ODUWLQ / )OH[RU -0 6XJXLR . & RBDUWRVWEKWWI R P X VK. DG RO 1€
SRWHQFLBYOY.GIDRHYD XOR
ODUWLQHOOL * ORUDHV 08% /LY URS YR RSHHO KCRQ 6 D LI OfRQUDU 6

-DNREVVRQ (VWXGLR ,QVWLWXWR GH 3HVTXLVDV -DUGLP %R\

ODUWLQHOOL /$ 1DUGRWR *% 6ROWDMKKKBLVERIPHHLEIY &I56QVS$E
650 ODUGHJDQ 6) ODULDQR ( OLDWWR 5& ORUDHV 5 ORUHLU
6DQWRYV )/6RBEHIOD 6LOYD '0/ 6LOYD -&G6WHIWUHPLWQD @$ HFRV\VW
IXQFWLRQLQJ LQ %UD]JLOLDQ ELRPHV WKURXJK IROLDU FDUE!
LVRWRS PO IURDIWRFEKHPLVWU\

ODUWLQHOOL /$ 3LFFROR 0& 7RZQVHQG $5 9LWRXVHN 30 OF
2& 7TUHVHGHWULWURJHQ VWDEOH LVRWRSLF FRPSRVLWLRQ RI
WHPSHUDWHRIRRHRPKWHPHV WU\

ODUWLQV )4 %DWDOKD 0% SROOLQDWLRQ V\VWHPV DQG |
WKH XSSHU 7DTXDUL URJURIQ - FHAGROWBPO %UD]LO

ODUWLQV 72 6LTXIHHUD &0 HRQVHFD &6 9HQWXHRBW D WELR@LDAD
DQG HGDSKLF DWWULEXWHY LQ IRUHURUHKRWWDWLRQV LQ WKH

ODVOLQ 0$ (WWZHLQ 9- :LOVRQ .( *XLOGHUVRQ 73 %XUQV 6-
PRQVRRQ LQWHQVLW\ K\SRWKHVLV HYLGHQFH IURP WKH GHJ
AXDWHUQDU\ 6FLHQFH 5HYLHZ

ODWLDV /4 *XHGHV )0 GR 1DVFLPHOQMORN Q@ JOWKIHI P KWV FRQFHSV
DQRG OLIHOHVYV VHPLDULG UHJLRQ 7KH GLYHUVLW\ DQG GLVW
EUD]LOLDQ$G RRDWKRIWBWYLFD 20UDVLOLFD

—_—
-1}
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OF&XOORFK 5" ODWKLDVHQ 3 3UHPROL $& SDODHRHFROR
PRUSKRORJLFDO FKDQJHV $ FOLPDIMHOPKRQHRIVGBEWDWLRQ
SDODHRFOLPDWRORJ\ 3DODHRHFRORJ\

OHGHLURY 0% :DOWHU %07 GD 6LOYD *3 *RPHV %0 /LPD ,/3
:/ &DYDOFDQWaDMEF XODU IORUD RI WKH 7TRFDQWKEV¥NJDYNW PL

OHGHLURYV 0% :DOWSRP SRVLomR H HVWUXWXUD GH FRPXQLGD
VWULFWR VHQVX QR QRUWH GBRHRIFDWWBQVRHUMXO GR 0ODUDQ

OLVWU\ - %HUDUGL $ $QGUDGH 9 .UDK{Q/GLUMDER BV /HR®DUG R
PDQDJHPHQ@WUUWRWRHD]LO WKH FDVH RI WXRD Q DKRGRRJARFDQV

OLVWU\ - JLUH LQ &HUUDGR VDYDQQ®YWR RIH¥NWVD]Q O3 KDWYLHAH
*HRJUDSK\

ORUHLUD 61 3RWW $ 3RVWWRU *WBRDUEFRHVORUH RI SRQG YHJIHWI
%UD]LOLD @ RGWUIUIDXER/ LD

ORUHQR GH 6RXVD - & ILWKLF WHFKQRORJ\ RI DQ ,WDSL
*UXWD GDV $UDUDV URFNV-RKKOQOWBO RIL GAHK/IW % WDHXGIOHV

'RL MOV Y LO

0OXOOHU - .\ODQGHU 0 :«VW 5%$- HW DO SRVVLEOH HYLGF
WURSLFDO 1( $XVWUDOLD WXKBW\QHHL VS5HHYDWHU GHSRVLW
OXUSK\ %3 %RZPDQ '0-6 KDW FRQWUROV WKH GLVWULEX
VDYDQ@EFRWVWRI\ OHWWHUV

IDVFLPHQWR ' 7 ) DQG 1RYDLV * 7 &OLPD GR &HUUDGR
FDUDFWHU&atVWLFD YDULDELCGOAN@HWHH WLSRORJLDV FOLPIW
1HYHV '0 '"H[WHU .*HWDINAHUY ROXWLRQDU\ GLYHUVLW\ LQ WURS?
FRPPXQLWLHY SHDNV DW LQWWXKBHGE&DPWH WU HA §HS RWWRQ
1HYHV '0 'H[WHU .* %DNHU 75 HW DO (YROXWLRQDU\ GL
FRPPXQLWLHYV SHDNV DW L@ WHUPWMIG LB WH SRIHWNVSLWDWLRQ
1RIJXHLUD & 3O0DQR GH 3HVTXLVD SDUD D (VWDomR (FROYy
,&0%LR ,QVWLWXWR &KLFR OHQGHV GH &RQVHUYDomR GD %L1
1RYHOOR 9) &UX] ): .DUPDQQ , %XUQV 6- ®WOWLEFHFD ®XQO (
FOLPDWH YDULDELOLW\ LQ %UD]JLOfV 1RUGHVWH GXULQJ WKH
UHFRWHRE KBANYV [HWMW

1RYHOOR 9) 9XLOOH 0 &UX] ): 6WUtNLV 10 G H&BHDNOHDQ QA D(T 2
VFDOH VRODU IRUFLQJ RI WKH 6RXWK $PHULFDXDWXUWHRRQ 6\V

1XPE\ 3- &KROOHWWROI%R}HF < (FRORJLFDO UHVLOLHQFH U
YXOQHUDELOLW\ KRZ GR WKHVH FRQFHSWV EHQHILW HFRV\V'
(QOYLURQPHQWDO 6XVWDLQDELOLW\

—_—
-1}
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20LYHLUD 3 ( %DUUHWR $DWH B AHBXVR/ RFHQH +RORFHQH FC
YHIHWDWLRQDO KLVWRU\ RI WKH %UD]LOLDQ FDDWLQJD WKH
SDODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\

20LYHLUD BLOGKRDWUWHVGE6RX]D &RVWD :/ *RPHV / %XVWDPDC
ORGHOLQJ IXHO ORDGV G\QDPLFV DQG ILUH VRIHD/GWSURE

(FRORJ\ DQG ODQDJHPHQW

20LYMHLQKR $7 )RQWHV 0% 3DWWHUQV RI )ORULVWLF GLII

LQ 6RXWKHDVWHUQ %UD]LO P{Q®& WKRSEBDOXHQFH RI FOLPDWH

20LYMHLQWR $7 5DWWHU -$ $ VWXG\ RI WKH RULJLQ RI &H(
DQDO\VLV Rl SODQW VSHRGHD BXYIWIRXEXWIL®R @ |SBD RAWBIQ\Q V
20LYMHLQWR $7 5DWWHU -$ 9HJHWDWLRQ SK\WLRJQRPLHYV
ELRPH ,Q 20LYHLUD 36 D®&B &BUUDIGRVSRI %GD]LO (FRORJ
+LVWRU\ RI D 1HRWURSLFOROKPERQ BMLYHUVLW\ 1HZ <RUN
2VERUQH &3 6DFN / (YROXWLRQ RI & SODQWV D QHZ K\!
DQG ZDWHU UHODWLRQV P HIXIDDRNR K LFODQW/U\GWDHKOL R g V
6BRFLHW)\

2XDUPLP 6 3DUDGLV / $VVHOLQ + %HY%MUR®F SFOULHGW £ PO\
UHIXJHV LQ WKH ERUHDRURVW\GZBRG RRIUHVW |

3DUL]]L 0* 6DERNXGRDX 0/ .KROHU +& *HQHVLV DQG HQYL
/IDJRD 6DQWD 6RXWKHDARDHRF® Q4UD]LO
3DUU &/ /HKPDQQ &(5 %RQG :- +RIIPDQURSLFQOHUNMHY S ELR

PLVXQGHUVWRRG QHJOHBEWEGV DQG( KRG WKWRHDDW LR Q
SBHGUR -% %RVWRFN +/ %LW] &0 +H ) 9DQGHUJRHV 0- 6WHL.

5DVPXVVHQ 62 ODUNOH %5 &RUWHVH * 7KH VSDWLDO H[
&ROG 5HYBWXDA *HRVFLHQFH

3HQQLQJWRQ 57 +XJKHV &( 7KH UHPDUNDEOH FRQJUXHQ
RULJLIOX 3SK\WRORJLVW

3HQQLQJWRQ 57 /HKPDQQ &(5 5RZODQG /0 EPURSHEWO VD
%LRORJE

3HUHLUD $- 20LYHLUD 6/ 3HUHLUD -0 7XUNPDQ 0$$ ORG

&HUUDGR 6DYDQQD/26RQYMHFWHG DUHD

3HVVHQGD /& $UDYHQD 5 KD MV$ RH W DUER Q& L VL RWRIKDVW R
HYDOXDWH YHJHWDWLRQ FKDQJHV GSDGQRMDKUERRORFHQH LG
3HWEW-RX]HO - 5D\QDXG ' %DBK®RFDWHHIMQBODWPRVSKHULE K

SDVW \HDUV IURP WKH 9RVIWRMN UFH &RUH $QWDUFWLFD
3LJDWL -6 6SULQJHU .% +\GURFOLPDWH UHNBRHWH R VS
<RXQJHU 'U\DV HYHQW LQ WKHFZHQWHIUE SRSREVSWPHULFD

3LQD\D -/' &UX]): &HFFDWLQL *&7 &RUUrD 3/3 HW DO %

H[SDQVLRQ LQGXFHG E\ +HAR)WLGPK L6 MWD GH B R2,WAY HQ W
Vv
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-1}



SBLYHOOR 95 9LHLUD , &KULVWLDQLQL $9 5LEHLUR "% OHQH]I
8QGHUVWDQGLQJ %UD]LOYY FDWDVWURSKLF ILUHV &DXVHV I
IXWXUH WBUHRIMASGHAHWLYHV LQ (FRORJ\ BQG FRQVHUYDWLRQ
SUDGR /) :DLQHU , &KHNG/ROEBROFHQH 30,3 &0,3 PRGHO UHVXO\
,QWHUFRPSDULVRQ IRU WKH 6RXWKH$PRORFBEQHRQVRRQ 6\VW
SUDGR /) :DLQHU , &KLBV¥XU&EDT YH$CGRLODEGRMORFHQH FOLPDWH
UHFRQVWUXFWLRQ IRU &ONVRN BDWRXWK $PHULFD

BURXV $ )RJIDoD ( SUFKDHRORAR RHOHK H RB>OMHE MV WARIEQI @dHU D |
4XDWHUQDU\ QWHUQDWLRQDO

5DPRMWR 0% 3LYHO/QRBRKMQLQJ ILUHV LQ D %UD]JLOLDQ VDYDC
UHWKLQNLQJ PDQDJIRFMHOQRQVWLDO@WHILHYV

5DWQDP - %RQG :- )HQVKDP 5- +RIIPDQQ :$ $UFKLEDOG 6 /I
+LJJLQV 6, 6DQNDUDQ O KHQ LV D pIRUHVWIRED/DYDQQL
(FRORJ\ DQG %LRJHRJUDSK\

5DWWHU -$ %ULGIJHZDWHYLO KRLEHIRRRU-DIXRYPVEIFBLOYD 0 OL
$ 20LYHOWR $7 'XULJDQ * 3HQINDOQIWRYQ BY WKH IORULVWLF F
WKH %UD]LOLDQ &HUUDGR YHJHWDWLRQ ,9 UHYLVLRQ RI WKH
DUHDV DQG SUHVHQWEWVRQRRI| DDIHYDYHES CGDOMIEOH LQ
|[KWWS 777 FHUUDGR UEJH RUJ XN

5DWWHU - $ %WULGIJHZDWHU 6 5LEHLUR -) $QDO\VLV
EUD]LOLDQ &HUUDGR YHJHWDWLRQ ,,, FRPSDUGVRBEXRIIJWKH :I
-RXUQDO RI %RWDOQ\

5HERLWD 06 *DQ 0%0 GD 5RFKDSFBILHPHEWIGIHLSUHFLSLWDOmMR C
GR 6XO 8P 5HYLVmRHKFLEOUWR IV LDOVEDHLUD GH OHWHRURORJLD
5HLPDQQ & )LO]JPRVHU 3 *BWOHWWWILEDCHWWD $QDO\VLYV
$SSOLHG (QYLURQPHQWDO 6WDWLVWLFV ZLWK 5 -RKQ :LOH\
Ribeiro JF, Walter BMT. 2008. As principais fitofisionomias do bioma Cerrado. In Sano, S.M.,
Almeida, S.P., Ribeiro, J.F. (EdQerrado: Ecologia e Florgpp. 153 +212).Brasilia, DF:

Embrapa Cerrados.

Reis SM, Oliveira EA, Elias F, Gomes L, Monardi PS, Marimon BS, faami Jr BH, Neves EC,

Oliveira B, Lenza E. 2017. Resistance to fire and the resilience of the woody vegetation of the
3&HUUDG MR ™ LQ MrKadon &ahsitiorDzGri®raz. J. Bot.40, 193201.

5LULV 3 SRR 'LGHVSUHDG SRSXODWLRQ GHFOLQH LQ
PL6RORFHQH FOLPDWXHUHKDQJH

5LULVY 3 GH 6RAXRUJPDO WHVW URIY LUWHWHQYPMHDIQFBUFKHRORJLFD
JRUQWLHUV LQ (FRORJ\ DQG (YROXWLRQ

Robrahn Gorales EM. 1996. Os grupos ceramista&s@oloniais do centrmeste Brasileiro.

Rev. do Museo de Arqueolage Etnoliga, Sao Paulog, 83-121.

5RGULJXHV & $ =LURQGL )UH ) JUBH®HQFS$ DIIHFWV ILUH EHK
VDYDQQDV RI YRKHBWUBRGRJ\ DQG ODQDJHPHQW

5RWKHU '& 5RGULJXHV H5IHAWKR R EDPERR VWDQG LQ VHHG L
OLPLWDWLRQ YRUBVM LKOERROIRHYW QG ODQDJIJHPHQW

6DOJDDERXULDX 0/ %DUEBHAUHQWLDEUUD]3D WL HJU\OEOLPDWLF HY
GXULQJ WKH ODWH 4XDWSKYQIDHA RI A\DUCRSHEDRWAWD]DQG 3D O\
GRL 6
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SalgadelLabouriau ML, Casseti V, Ferrazicentini KR, Martin L, Soubiées F, Suguio K, Turcq

B. 1997. Late Quaternary vegetational and climatic changes in cerrado and palm swamp from

Central Brazil Palaeogeography, Palaeoclimatology, Palaeoecald@g 215226.

SalgadeLabouriau ML. 1973Contribucdca Palinologia dos Cerradoscademia Brasileira de

Ciéncias Rio de Janeiro, 291 pp.

6DOYDGRU +) @BRYPDRIMWWRYQ+6 'tDV '6 $]JHYHGR $0 /RSHV 361 1
/0 7KH G\QDRPDEKWRWLD $QOHPORRMVLDH UHFDOFLWUDQW VHHG
RI WKHLU SHUVLVWHQFH) RQHFDW VKRORYL DRGPHIQWDIHPHQW
6DPSDLR $&) %LDQFKLQL -( 6DQWRYV 30 $ULDWL 9 6DQWRYV /i

VHQVX QW WELFALR G RtBD R KRDQYRQE®H \$\W M DELUAHWL 0@ LBR HVWU\ 6 F
+

6DQR (( 5RGULJXHV $$ ODUWLQV (6 %HWWLRO *0$%XVWDPD(
9DVFRQFHORV 9 6FK*sOHU - %ROIH (/ &HUUDGR HFRUHJLF
SULRULWL]H %UD]JLOLDQ VDYDQQD HQ Y-IRXR@THY RID@ GILYRIQ F i
ODQDJHPHQW GRL M MHQYPDQ

6DQR 60 GH $OPHLGD 63 S5LEHLUR -3 &HUUDGR HFRORJL
LQIRUPDOMRLWIHBQIFOYLOLD ') SDJ
6DQWRYV ))0 OXQKR] &%5 'LYHUVLGD B XVGWH. YIS HiF LRHQ/DIK L

IORULFWLFD HP XPD YHUHEDL@QRHULWQDWR )HGHUDO

Schmidt IB, Eloy L. 2020. Fire regime in the Brazilian Savanna: Recent changes, policy and
managemenglora, 268 151613.

6FKPLGW ,% )LGHOLV $ OLUDQGD + 7LENWLQ +RZ GR WK
LQWHQVLW)\ LQ ZHW JUDVVODRWBN LQ WRW %UD]LOLDQ VDYDQC
6KLPL]X 0 + 6DPSDLR * 9HQDQFLR , 0 ODNVLF - 6 H

$PHULFDQ PRQVRRQ V\VMWRHPRE N Q HQLQWKKHP& &CBL POLW MO DW LR Q
"\QDPLFVL =

6LIHGGLQH $ :LUUPDQQ ' S$OEXNTXGINTRPSRYLMWRIDRI VHG
RUJDQLF PDWWH UYX\WHR® P BQIDHD® WRIFAQVWUXFWLRQV ([DPSO
BRXWK $PHULF 3 DMIEHRIUHEDU D SKD WRDMRUIN RFDQDHRHFROR J\
6LOYD )$0 $VVDG (' (YDQJHOLVWD %$ &DUDFWHUL]DomR
6DQR 60 $OPHLGD 63 5EREMIUDRGR) HBREERIADOH. DO RRIDUD S D
&HUUDGRV (PEUDSD ,QIRUPBomR 7THFQROYJLFD S

6LOYD :0 /ROLV 6) 9RPBBYLWLRQ DQG VWUXFWXUH RI WKH
7DTXDUXo0oX *EDYGO WXBLFLSDOLW\ Rl 3DOPRYD 7TRFDQWLQV V
6LORUDHYV + &RUGHLUR , )QRXUHLDBGR ARULVWLF DIILQLWLH"
ODUDQKmMR VWBGMIE XYJUR]LFOXUQDO RI %RWDQ\

GRL 6

6LPRQ 0 ) *UHWKHU 5 GH 4XHLUR] /3 6NHPD & 3HQOQLC
5HFHQW DVVHPEO\ Rl WKH &HUUDGR D QHRWURSLFDO SODQW
DGDSWDWLRRF WRDWOH$FDG +6FL

6M|VWU|P 3QH]J0ORRWWL]DV $ +DQV\8P@HRGXNW GO SRVLWLRC
DFFXPXODW®RQ D]\W HVE WRV HBI\R O

6RDUHV (/ /DQGL /$'& *DVSDULQR (& $GGLWLRQV WR WK
PRUSKRORJ\ RI VRPH )DEDFHDH IURP &HUQU\DKRRAMRBUHVW SDWF

—_—
-1}
-



6RX]D &0 6KLPER -= 5RVD 05 HW DO SHFRQVWUXFWLJQ
FRYHU FKDQJHV LQ %UD]LOLDQ %LRPHV ZiNPR O BQGMDW GU F K

VSHFLAINTV %UDJ]LO &5,%$ >DFFHVVKWWSVODWFHKFLEVOLQN
6WUDVVEXUJ % %1 %IDRFENMWE 5 HOWEDQUHP $ &URX]JHLOOHV 5
$( 20LYHOWR )-% 6FDUDPX]]D &$ GH QL®RBWA QRD)G P BRWD& B V
ORPHQW RI WUXWK IRU NDKMXYHUFRGR NRWYRBRRWWLRQ
[6WUIRL®KLHVVL &0 &UX] ): 9XLOOH 0 &KHQJ + 6RX]D %DUUFL
.DVWHQ 6 .DUPDQQ , (GZDUGYV 5/7%PHQQ DM G3VHIHIXFWXUH RI
6$&= HYHQWYV GXULQJ WKHRSHKIGUEPR 6WDIBRD'BRRK /HWWHUYV

*

[6WULIRLRUX] ): %DUUHWR ($6 1DXJKWRQ ) 9XLOOH 0 &KHQJ
.DUPDQQ , (GZDUGV / $XOHU $6 6DQWRYV 59 6DOHV +5 6
UHVSRQVH WR LFHEHUJ GLVFXIBBJH LQ WKH 1RUWK $WODQWLF

BWUINLV 10 &UX] ): &KHQJ + .DUPDQQ , (GZDUGV 5/ 9XLOOF
1IRYHOOR ) $XOHU $6 $EUXSW YDULDWLRQV LQ 6RXWK $P
+RORFHQH EDVHG RQ D VSHOHPRWWHR QHRCRBIGO LRP FHQWUDO
[GRL *

BWUX\I ( &RQOGLOLFD DQ HVVHQWLDO QXW U LHRW W QHZNMWLAD C
(FRORJ\ DQG WKH (QYLURQPHQW

6WXLYHU 0 5HLRIBU B-UBDGLRFDUERQ

6XOFD - 9XLOOH 0 6LOYD7H OMDANOXPWEKWLRQV EHWZHHQ WKH
$QGHV DQG 1RUWKHDVW %UD]JLO GXULQJ ([WARKRIH)BDLRIDOO (
+\GURPHWHRURORJ\

7TKRPDV (5 :ROIlI (: OXOYDQH\ 5 6WHIIHQVHQ -3 6LJIXV -- $U
9DXJIKQ % 3RSS 7 7KH ND HYHQWRD WIRP QNUHHEFLBIQGE H.\
SHYLHZV

7LQQHU : +RIVWHWWHU 6 =HXJLQ ) &RQHGHUD 0 :RKOJHPXW
IRQGLVWDQFH RI PDFURVFRSLF FKDUFRDO E\ DiIQ LQWHQVL
LPSOLFDWLRQV IRU ILUH KHVWRPRRIFHRHHR QVWUXFWLRQ

7ZHGGOH -& (GZDUGYV .- SROOHQ SUHVHUYDWLRQ JRQHV
SDO\QRROMIRLIHZ RI 3DOHRERWDQ\ DQG 3DO\QRORJ\
8PEDQKRZDU &( OF*UDWK O ([SHULPHQWDO SURGXFWLRQ

FKDUFRDO IURP ZRRG 7KHID¥RIORFAQ@QHUDVVHYV

8WLGD * &UX] ): (WRXUQHDX - %RXORXEDVWVIUR S&FIOKI X% X(W B

$WODQWLF LQIOXHQFH RQ 1RUWKHDVWHUQ %UD]LO SUHFLSLW
\HDUIWW XUH

8WLGD * &UX] ): 6DQWRYV 59 6DZDNXFKL $2 :DQJ + 3HVVHQG

6WUDXVYV $0 % RUNHOQAD $XHBMHY &&) GH $QGUDGH )5' =KDQJ -

(GZDUGV 5/ &OLPDWH FKDQJHV LQ 1RUWKHDVMWUWHLRG % UD]
DQG UHODWHG HQY UXRRRHU@WDO® APL.SDFRHW S5HYLHZV
9DFKXOD 56 5HKQ ( ORGHOHG GLVSHUVDO SDWWHUQV IR

,PSOLFDWLRQV IRU SDOKRIEBBO RIFHHFRVWUXFWLRQ
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YDQ GHQ %HUJLORRI$SYHLUD &RPSRVLomR IORUtVWLFD H HVWU
XPD IORUHVWD ULSIiULD HP ,WXWLQJD %HY HVMRP SJWD/AdrOR IFURD
%RWKQLFD =+

9HOD]FRL6GO D ODERAMIR )DUFR -$QLRWBN VFHQDULR IRU &HUU
VSHFLHV (MNWHKWWY RDLPDWH ODQG XVH DQGLYBRWHFWHG DUF
'LVWULE %

9LHLUD -$ 5HYLVmMR 7D[RQ{PLFD GH 3HQWDSK\ODFDFHDH
(VWDGXDO 3DXOLVWD -XOLR GH OHVTXLWD )LOKR SDJ

9LHLUD /7$ $]JHYHGR 71 &DVWUR5$$-)HZD QW MWXWH)EHUUDGRV
GLVWULEXWLRQ SDWWHUQV DQG FR(DVHI SDUMW BRQLMWVDWXV IR
9LHLUD /7$ &DVWUR $$-) &RXWLQKR -0&3 GH 6RXVD 65 GH )L
)5 $ ELRJHRJUDSKLF DQG HYROXWLR QD UNDQDKVY QL FHRIUW &
%UD3O®QW (FRORJ\ 'LYHUVLGRL

9LOOHOD )1- 1RJXHLUD & *HRORJLD H JHRPRUIRORJLD G
%LRWD 1HRWURSLFRL 6

:DLQHU , 3UDGR / %XQGCHVQHWBMWMIMRR VWUXFWLRQ RI WKH 6RXW
VXEWURSLFDO GLSROH LQGH[ IRU WKH SDVW 6FLHMWWIIVYHURP
SHSRUWYV

:DLQHU , 3UDGR /) %XKAOGHVY.QHERMIIWERRXWK $ WURGWRBPOVEESRO
PRGH VLQFH WKH ODVW GHJODRIOOW DRVMH D\Q® FKPWQJHY LQ UDL

:DONHU O *LEEDUG 3 +HDG O - HW DO JRUPDO 6XEGI
6HULHV (SRFK $REOURDAURI WKH *HRORJLFD® 6RRLHW\ RI ,QGL
Vv

'‘DQJ ; (GZDUGV 5/ $XOHU $6 &KHQJVFDOR LQWHURHPOWRK PG
DV\PPHWU\ORMWRRZXGH SUHFLSLWDWLRQ 6SHOMDRW KX HYRGH!I
SS ,Q 2FHDQ &LUFXODWLRQ +BBVMDDQQRBRDMBEVMHRS D FW V
OHULGLRQDO 2YHUWRXUQLQJ YRO (GLWHG E\ 6FKPLWWQHL
‘DVKLQJWRQ ' &

:DQJ (GzbUuGvV 5/ S$XOHUWGHUBFAHWDWH FKDQJHV DFURVYV
ORZODQGYVY RYHU WKHDIDXWH =+ KMDWSN GRL RUJ QDW>

‘DUG %0 :RQJ &, 1RYHOOR 9) OF*HH ' 6DQWRV 59 6LOYD /&5
5/ &KHQJ +5HFRQVWUXFWLRQ RI +RORFHQH FRXSOLQJ EHWZF
6\WVWHP DQG ORFDO PRLVWXUH /¥ D WLPOELOL W H HMRRIFWHIKIDOH R W
6FLHQFHV UHYLHZ

'HUVDO 50 7KH FRQFHSWXDO HFRORJ\ DQG PDQDJHPHQW
DTXDWLEXP 9HOO 9HUGF @ OLVVLVVLSSL 6WDWH 8QLYHUVL
SDJ

‘RQJ 0/ :DQJ ; /XWUXEHVVH (0 +H 6 %D\HU 0 9DULDWLR
&RQYHUJHQFH =RQMHAPYWHU AROIRPHLGCGH LQIHU2HG IHREWASHD HR
% UDIXOWHUQDU\ 6FLHQFHV UHYLHZV




'RUWKDP %5 :RQJ &, 6LOYD /&5 OF*HH ' ORQWDxH] ,3 5DVEX
' *OHVVQHU --* 6DQWRYV 59 $VVHVVLQJ UHVSRQVH RI OF
%UD]LO WR YDULDELOLW\ LQ UHJLRQD ® WPRR Y R UHMKWHRE L W'
30DQHWDU\ 6FLHQFH /HWWHUYV

;X 4 =KDQJ 6 *PLAQODOWDR ; 7 ) /L) 6WXGLHV RI PRGHU(
DVVHPEODJHYV IRU GRORPWHEWEBRBINODWILRQ SURFHVYV XQGHUVWI
EDVHG UHFRQVWUXFWLRQV RI SDVW YHIHWEWVRIG FQ IHPDAMH
VWXGLHV 42D &KHLQPO U\ 6FLHQFH 5HYLHZV

=KDQJ 6 ;X 4 1LHOVHQ $% &KHQ + /L < /L O +XQ / /L -
WKHLU HQYLURQPHQWDO LPSOLFDWLRRVHOINWKH 4DLGDP %D\

=KDR < :X ) )DQJ ; <DQJ < 7TRSVRLO & 1 UDWLRV LQ WKH
IRU WKH XVH RI VXEDTXHRXYV VHGYIPUHRMP & QIWWDIWU R VRV /A F
RUJDQLF ¥YREADARYHRJUDSK\ 3DODHRFOLPDWRORJ\ 3DODHRHI

=ROLWVFKN® % HW®@BM]$3 *LHVFENH 7 (QYLURQPHQWDO YDU
RI WKH 6RXWK $PHULFDQ ORQVRRQHMR®XW LLRHF R H G HBHEAWD WKH
IDJRD 'RXUDGD 6RXDWKHWQDUWL\O6FLHQFHY 5HYLHZ

=XSR 7 'DELHV /) 3DXVDV -* IWGHOHVHQHUDWRRY VWUDWHJIL
EXUQHG &HUUDGRXARPIPX RLWHIHWDMHWLRQ 6FLHQH
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