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BRUERQQH 8QLYHUVLWpPp

eFROH GRFWRUDOH 6FLHQFHY GH OD 1DWXUH F
eYROXWLRQ HW eFRORJLH
,QVWLWXW GTJeFRORJLH HW GHV 6FLHQFHV GH OT(QYLUR

S5pVLVWDQFH GHV IRXUPLY j O DXJPHQWDW
DSSURFKH FRB¥BUWWHL®Wp FL S L &BMUIRLQNV V
PRUSKRORJGHRBIWIEHW. Wp GH ELRWXUEDWLR

3DU )iWERPDBDWOFtD ,EDUUD
7KqQVH GH GRFWRpPRMORQLETRXKHYVOQHWVDIURQRPLTXHYV

'LULIJpBEBVDADO - ROKIDEHDW GHWRQQLQ

SUpVHQWpPH HW VRXWHQXH SXEOLTXHPHQW OH

'"HYDQW XQ MXU\ FRPSRVp GH

(OHQD $QJXOR BUIRIHI/R/H X U&6DY VRIFLIPGIOH (VSHIRYHRUWHXVH
BHUJH $URQ 3URIHVBQHLXMHUVLWpP /LEUH GH %UXJEROWW X U
$SROOLQH $XFOBWWUHVVH GHSPR @ HUHWHEH([RPUQDR YK LFH
'DYLHU $UQDQ 3UPIGIVY HX8YQRWYWHRINLPN p GH 3HUQDPEXBW H%Up
6DQGULQH OH\GDRIHVERXBRQQH 8QLYHUVLWPVLGHQWH GX M
3DVFDO -RXTXHMUHFWH M8 KGH5F K H &RLUHFWHXU
7KLEDXG ORQQU@HFWHXU GH UHFKHUFKH &1BRLUHFWHXU
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SHPHUFLHPHQWYV

&HWWH H[SpULHQFH B QWL IOL X QB QG\HAN SBOHXWD YLH HQ JUDC
SHUVRQQHV TXL P RQW HQWRXUpH HW VDQV TXL FH JUDQG
VHUDLW SDV DXVVL ELHQ GpURXOp

-H YRXGUDLV GYDERUG UHPHUFLHU PHY HQFDGUDQWYV 3I
OD SDWLHQFH OfHQFRXUDJHPHQW OD OLEHUWpP LQWHOOH
OHUFL GIDYRLU FUpp XQH DPELDQFH GH UHVSWRXNRXGW GL
VHQWLH HQ FRQILDQFH SRXU H[SULPHU PHV SUpPpRFFXSDWLR
VXUWRXW GH YRXV rWUH HQJDJpV GDQV FH SURMHW IRX DC
FODLU SRXU PRL TXH VL FHW W HUMK.GH BIUKE R X VOL WT XELISHHY WXHHQX
IRUPpH HQVHPEOH OHUFL 3DVFDO GfrWUH VL ELHQYHLOOD(
PH SURSRVHU GHV DFWLYLWpV DPXVDQWHY HW GH W{DVVXL
TXH WRXW DOODLW HEIQH QU DIQXFHH FRIX VIRX &DPERGJH OHUFL D)
SUHVTXH DYHXJOB LTV WX P M YWDLY pWXGLDQWH HQ PDV
7KLEDXG GfrWUH WRXMRXUV SUpVHQW HW GLVSRQLEOH SR
FKDTXH IRLB YIIXIlV EHY@®RLQ -YDL EHDXFRXS DSSUpFLp QRV D°
VRLW XQ SQHX FUHYp GDQV OHV 3\UpQpHVY RX XQH EDODGH °
FKHYLOOH EOHVVpH HW VDQV HDX OHUFL EHDXKROI BRXU W
PRQ VWUHVV FRQVWDQW

“H UHPHUFLH DXVVL OHV PHPEUHV GH PRQ MXU\ GH Wi
$SROOLQH $XFOHUF ;DYLHU $UQDQ HW 6DQGULQH OH\ODQ
WUDYDLO

OHUFL pJDOHPHQW j ;LP &HUGi 1LFRODV %RWWLQHOOL
FRPLWpP GH VXLYL GH WKqVH TXL PJRQW DFFRPSDJQpH DYH
LQWPUHVVDQWHY HW GH UHPDUTXHV SHR WWQHEW®R 8D W RMAVYI
UHPHUFLH pPOYGRHRPHOQWLG L WpTRWW D/ALM R X% VRO YL YFHI/G H 'R X D (
DX 6RLO DQG, QWNUWWIWXMWHUV+DQRL UHVSHFWLYHPHQW



OHUFL j ORKDPHERMELDBKOLWHU QRWUH VpMRXU j OF,Q\
i OpPGHQLQH 7XQLVLH 9OH6DIMSHHILLHD B R VRRXLY W VXNEOM DLG!
WHUNO®L7XQLVLH

-H WLHQV j H[SULPHU PD JUDWLWXGH HQYHUV OfpTXLSH
%RXFKH] &DUROH %RXVTXHW -RKDQQD $]]L 9pURQLTXH O
*HUERXLQ HW -XOLHRYWRRXSUD S RMU GYRSRIPLED PLWP GIVQV (
UpVROXWLRQ GH WRXWHYV OHNWUG KR PH ¥ KHQ BGR MR KRR\ W HV/LE
pJDOHPHQW UHPHUFLHU ODUWLQH ODDMEBGRKRW®RE VGILH® W U L
PRQ SURMHW HW j FHOXL GH FKDFXQ GHV GRFWRUDQWYV

OHUFL DXVVL | *DsOOH %U€Op HRW )JUBIWDKPRBSDPQREH
GLVSRQLELOLWpP HW HIILFDFLWp GDQV OD JHVWLRQ GH PD E
SD\V

&HWWH WKqVH QIDXUDLW SDV pWp SRVVLEOH VDQV Ol
3LHUUH pB\WWH MLRXMRXUV SUrW j GRQQHU XQ FRXS GH PDL(
WRWWY FRGWHPABVGRQQHU GHV LGpHV BWNHY MSH B il GTHH 8 U
SDVVHU pQRUPpPPHQW GH WHPSV j pWLTXHWHU GHV pFKDQW!1
UpFXSpUHU PHV VHUUHV YRODQW® MR XW R X W HW O3 B ¥ € FG XIQE ¢
GHV GLVFXVVLRQV DXWRXU GH PD FXOWXUHOBWFDD WLHQ
$QJIPOLTXHSBRXOWHOWHDYDLO BHF RSHAEXTG! FMRQDFLHQWH T
SDUIKRHY WKFKHV TXH MH WH FRQILDLV QfpWDLHQW SDV OHV
OHUFL D%WMXID|G SDVEH TXH MJTpWDLV SHUGXH SRXU OD SDU\
QIDUULYHV OHUFL DXVVL SRXU WHV PDJQLILTXHV H[SOLI
DEVROXPHQW

OHUFL pJDOHPHQWGRRAWVWHD INODYEBNVNO D pWp IRQGDPHQ
IXQD 9t RCKEHUW &ODUD 'XFURFT ODKLQD +LWWLQJHU ODUL>
$QGUH\ PHUFW WERXMWHYRWIHPHQW HW YRWUH HQWKRXVLDV

OHUFL | WRRXY)QBHVHY 6DQGULQH &BURODQUWHOQFFHGHYV
ORUJDQH 'MDPLODJGRUXNHV ePLOIRYVH)HWKRBIYKLHUU\
ODPDGRIXOYRKKRX 2XIOWQYRXW YRWUH VRXWLHQ SRXU Wi



WRXMRXUV rWUH RX SDUDVWUH FRQWHOQWWW B LFHVWRRXIMR Rt
wugV FRQWHQWH GH SDUWDJHU DYHF YRXV HW YRXV DOOH]

OHUFL DX[ MHXQHV SH pWUHFE&WXUNVW FRHX{[ SRIX WV RYWHGY @I S
SLqFH IRQGDPHQWDOH GH PR Q \DXGD\SRUDIL RO ILFDHH S /RO R bl U
SUWIKBDDB XBIIOQ FHQWLPD (O +DMBRU HGOMBRIXU OHV VRLUpHV
YHUUHV OHV ULUHV OHV GDQVHV HW OHV EODJXHV QXOO*F
ODERUDWRLUH TXH j FHWWH SpULRG HDELQRXR/XpWALRRW \U R X
SDUWDJp DX OMREFRGDIK[ DXWUHV -& DYHF TXL MYDL PRLQV
pJDOHPHQW LPSREMOIQWH 6RXOLHFPIPR $XYPDQELQH
MJHVSQUH QH SDV HQ RXEOLHU

OHUFL j OD ODWLQDGD -XOW R\ t:G DDGAUTAQ) GRIrWDHPRY SH
PRUFHDX GT$PpULTXH /DWLQH HQ JUDQFH dD PH IDHW WRXN
PH VBQRBWYqV GH FKH] PRL

OHUFL DXV WD (ERM WRXWH WD VDJHVVH HW VRXWLHCG
GLVFXVVLRQV TXL ILQLVVHQW LQpYLWDEOHPHQW HQ QRXUL

8Q PQRUPH PHURFDX SSHEWRRL. QM XQ YUDL DPL GqV OH SUHI
GHYRLU SDUWDJp W HIVY DI F L& RHRQ VKR QDR WAHOEHMVDD D R DWQ P H |
WRXMRXUV ILGqQOH HW SUpVHQWH GDQV OHV PRPHQWYV OHYV

%LJ WKDQNWVXWRRDS5OMMKWOH EHDP RI OLJKW KX\WMLQLIQW K H \
LV EHWWHU DQG LQILQLWHO\ PRUH IXQ ZKHQ \RX DUH DURX
JUHQF®G WKH &DPERGLDQ RQHV IRU DIO®Y W& WDEREN KRS Y H
DQG IRU DOZD\V RUGHULQJ WRR PXFK IRRG

*UDFED@2WVHJIXSIRWD D\XGDUPH FRQ PLV GXGDV HVWDGtV)
*UDFLDV VBRPEMPQ DSR\R LEFWRIMEW FLRQ D@RAVGRIUDER QRV
FRQRFHPRMUSRQD GH ODV SRFDV BBEORQD&HFW@GRDV IKI
DEVROXWDPHQWHQHIFXOD]GMHDPDGD TXH GXUH PHQRV GH F

OHUFEpPOGQH $QQH HW O®H P $RYRIRZ \DNLFOIQUHD GH\EFRP P +
Y{WUHV GqV OH GpEXW OHUFL GH YRXV LQWpPUHVVHU j FH T
SRXU PRL M{HVSQqUH TXH FHOD YD FRQWLQXHU LQGpPILQLPH

n



8Q pPQRUPH PHUFL jSRIAME XW HOW BHFEDIR QH QR GBRINWH W p
WRXMRXUV HVVD\HU GHUFH ERPBUMH Q@G URDOJUpPHWREWWY OF
GLVWDRFAHW OTXQ GHV JUDQGV FDGHD X [- F XUHr YHH \8 &/ ¥V WEH S KL
TXH QRXV VRPPHV HQVHPEOH

3RXU WHWPKEFEHWLPDYV JUDFLPWDBLPY IDBEYDKDP $QD /
'HPLDQ /LOL \ $OHMDQGUR SRU VLHPSUH HVWDU SHQGLHQW
VH PH RFXUUL YD XQWXH W DIUILR DFHIVEROVMHAMMB Y UWBBBLPpQ SRU D\
VLHPSUH TXH KH QHFHVLWDGR \ SRU VHU HVDV YRFHFLOOD
*UDFLDV HVSHFLDOPHQW HJDWHKL DFPORRU L FDSAIRDR SR FRQGLFLRC
VHQFLOODPHQWH QR VHUtD TXLHQ VR\ *UDFLD@H\WRAHVHU X
TXH WHQJR\ BSHRRRWVH D X QIR QMADMISMBHD FLYQ GXUDQWH pVWH \
SUR\HFWRV TXH KH GHFLGLGR HPSUHQGHU



"HOQHUDO LOWURGXFWLRQ

I.1 Climate change

, &RQVHTXHQFHV RQ WHPSHUDWXUHY DQG SUHFLSLWDWLR

&OLPDWH FKDQJH LV SUREDEO\ RQH RI WKH PRVW FRQFHU(
'KLOH DOWHUDWLRQV LQ FOLPDWH KDQYG® XEMHUQ IRE VDY H® ¢
H[LVWV HYLGHQFH RI KXPDQ LPSDFW RRFKOHWDMOH W YNQ EH I
WKH LQGXVWULDO UHYROXWLRQ WKDW VHUYHV DV WKH ED
FRQIURQWLQJ XV WRGD\ $FFRUGLQJ WR WKH ,QB&BUJRYHUQ

FOLPDWH FKDQJH UHVXOWLQJ IURP KXPDQ LQIOXHQFH
DJULFXOWXUH DQG FURS SURGXFWLRQ D GHFOLQH LQ ILVK
WR VKLIWV LQ VSHFLHV GLVWULEXWLRQ U D QXHWU HWHADWYLRDDI
IUHVKZDWHU DQG RF HW R HBRHRSK\HY R/AHHPYD )XXFK DV H[WUHP
HYHQWYV XSSHU RFHDQ DFLGLILFDWLRQ LQFUHDVHG KHDY\
ULVLQJ VHD OHYHOV DQG XOWLPDWHXWHERWRKWXPDB LQFC

&OLPDWH FKDQJH KDV FRQVHTXHQFHY RQ SUDFWLFDOO
WHPSHUDWXUH RI DLU VRLOV OBI@& G\DWHWR Q 5 RMFALFSW W DRI
WKH PRVW VWXGLHG DQG UHSUHVHQWDWLYHBRHIHMVSLDRRED E
HQYLURQPHQW DUH VXUIDFH DQG DLU WHPSHUDWXUH DQG
L H DXJPHQWDWLRQ RI WKH PHDQ WHPSHUDWXUH RI OD(
FRQWLQXH LQFUHDVLQJ GXH WR DFFXPED DWIGRWYW R IUHDHHQ K
f& DERYH WKH SUHLQGXVWULDO WLPHWHRQOXWE&EH WQ WKW WHU
HPLVVLRQV VFHQDGB&R 66FIHPSHUDWXUHV LQ WKH WHPSHUL
DUH H[SHFWHG WR LQFUHDVH PRUH WKDQ LQ WKH WURSLF
SDWWHUQVY DUH SOHQW\ EXW VRPH RI WKH PRVW LPSRUWD
7KH YDULDELOLW\RRQVARRHQY FUHAGLSLWDWLRQV DQG YHU\ ZH
VHDVRQV LV H[SHFWHG WR LQWHQVLI\ DQG KHDWZDYHV DQ
TUHT X H3&VE $GGLWLRQDOO\ WKH SURMHFWHG ULVH LQ
SUHFLSLWDWLRQ LY H[SHFWHG WR LQFUHDVH WKH IUHTXHQ
VXUSDVV RQ WKH FDSDFLWLHYVY RI DUWLILFLDO DQG QDWXUL

0



, (IMHFWV RQ HFRV\VWHP IXQFWLRQLQJ

2QH RI WKH PRVW LPSRUWDQW FRQVHTXHQFHYVY RI FOLPDWH
SUHGLFWHG WKDW IRU FOLPDWH FKDQJH ZLOO EH WI
ELRGLYHUVLW\ ORVV LQ WHUUHVWULDO HFR3&¥WHPV RQO\
IHYHUWKHOHVYVY WKH PRGLILFDWLRQV RI WKH FRPSRQHQMW
ELRGLYHUVLW\ IURP WKH LQIGLYLGRDOPNMWDIR WKH ELRPHV

$W WKH LQGLYLGXDO OHYHO FOLPDWH FKDQJH LV H[SHTF
QDWXUDO VHOHFWLRQ WKDW SURPRWHYV WUDLWYV GLITHULQJ
VXFK DV WKRVH VPDOOHU WKDQ WKHREXWUKHEGW PXYHOBDKE WI
GHFUHDVH LQ JHQHWLF GLYHUVLW\ RI SRSXODWLRQV DQG
UHVLOBLRYMNH Q HWOROHRYHU WKH HIITHFWV RQ SRSXODWLRQ
LOQWHUDFWLRQV DW VIO KR RPXOMWDOKY HIOW KDV EHHQ V XJ.
LPSDFW RI FOLPDWH FKDQJH RQ RQH VSHFLHV FRXOG LPSDF
LQWHUDFW ZLWK RRKVHYRD Q@WAHSEWRD QYHE WKDW VSHFLHV RI
VSHFLHY VWXGLHG SROOLQDWRUV DQG SDUDVLWHV LQFO
HIWLQFWLRQ RI VSHFLHVY DVVRFLDWHG ZLWK QKXMPPH LHEG W
$OVR FOLPDWH FKPRURXW \E\QKIKUR @XF PLVPDWFKHY WKDW
SOBBRWOLQREDWRU SUH\ SUHGDWRUV KRVW SDUDVLWHYV DQG
/IDITHUW\ <DQJ 5SXGROI ‘DOWKHU 5DITHUW\

, (INTHFWV RQ VXVFHSWLEOH RUJDQLVPV LQYHUWHEUDWH

(YHQ WKRXJK LW LV ODUJHO\ DFFHSWHG WKDW FOLPDWH FK
VSHFLHV RGB&ODUWKLWY FRQVHTXHQFHV GHSHQG RQ WKH V:
SKHQRW\SLF SODVWLFLW\ DGDSWLYH FDSDFLW\ DQG PLJUD
FOLPDWH FKDQJH VSHRBIDOP WR WDFK UHJXR® HW DO
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Y)LJ  6XPPDU\ RI SUHGLFWHG HIIHFWV Rl FOLPDWH

UDLQIDOO DQG RFHDQLF G\QDPLFV FRXSOHG ZLW
FRQFHQWUDWLRQV RI &2 DUH DQWLFLS DWMGL MR/ LR
7KLV LQIOXHQFH H[WHQGV WR JHQHWLF SURFHVVHYV
LQ VSHFLHV SKHQRORJ\ HJ PLJUDWLRQ IORZHUL
GLVWULEXWLRQ PRGLIHEDMER®V DLQGHFAWL\PDMAH O\
OHYHO VXFK DV GHVHUWLILFDW LR®H QGH QWD &QHT VG IHRW
%HOODUG HW IX®O VXPPDU\ FRMUPHMR®RQG LQ

7KH FDSDFLW\ WR DFFOLPDWH WR ULVLQJ WHPSHUDW X!
PRVW VXVFHSWLEOH WR FOLPDWH FKDQJH HVSHFLDOO\ ZzDU



VSHFLDOLVWY FKDUDFWHUL]HG E\ OLPLWHG DFFOLPDWLRQ
ZKHUH GDLO\ DQG VHDVRQDO WHPSHUDWXUH YDULDWLRQV L
+RZHYHU LW LV LOQDFFXUDWH WR DVVXPEPUMNDORHY DFHQRYW
RUJDQLVPV ZLWKLQHR® LHPR VW \DIDP

, QYHUWHEUDWHY EHLQJ HFWRWKHUPLF IDFH LQFUHDYV
WKHLU PHWDEROLVP LV GLUHFWO\ LQIOXHQFHG E\ HQYLURQ
WKLV YXOQHUDELOLW\ LQYHUWHEUDWHYV SO BWXNDUW\WD/QFUR
VSHFLHV RQ WKHKVF®DQHW XDRLB VLIQLILFDQWO\ LPSDFW °
HFRV\VWHP 3 HWKHHVHW DO

 QYHUWHEUDWHY DUH QRW GLIIHUHQW WKDQ RWKHU RU.
WHPSHUDWXUHV DIIHFW WKHP DW DOO VFDOHV )LJ $W W
FDQ PRGLI\ WKH HPHUJHQFH DFBEBOE UDDVHWRE G BEDWR Q PD\|
6DWR DQG EXWARHHW DWWVRU GHOD\ LW H J3RJURXQG EHH
ILWWOHZRR® QG EXWWMHONMRY 7KHVH PRGLILFDWLRQV R
GHYHORSPHQW KDYH FRQVHTXHQFHV LQ DGXOWV IRU H[DP
RYHUZLQWHULQ@X\DQJ PRW KDWORU GHOD\LQJ RU DGYDQFLQJ |
DFFRUGLQJ WR WKH HQYLURQPHQWBRONORQGLW LIRBIQY LQ JU
PRUH LW KDV EHHQ UHSRUWHG WKDW ORQJHU DQG ZDUPHU
LH QXPEHU RI JHQHUPRWIRDMVSHKHDBB D QJHV LQ LQGL
WUDQVODWH LQ VKLIWV LQ WKRPIR/S K®/D DARHIR ORIV WQ G )
JHQHWIKRWPDYV HW DO 3DUPHVDQ <RKHRUHRBBUPHYV
SRSXORWLRYMUWHEUDWHY FDQ DOVR PLJUDWH WR KLJKHU
VXLWDEOH WHPBBHUORYNWHENDEG WKHLU KRPRJHQHIDNORDQ EH |
HW DO ODHV HW DO

$00 WKH PRGLILFDWLRQV LQ WKH IXQFWLRQLQJ RI LQY
HFRV\WVWHP VHUYLFHV WKH\ SURYLGH L H VXSSRUWLQJ VH
VHUYLFHV DQG FROWWHKHO MWBUWRH HYWDPSOHY DUH SULPDU\
UHVXOWLQJ IURP UHODWLRQVKLSY EHWZHHQ LQYHUWHEUD!
QHPDWRGHY DQG DUWKURSRGY QXWULHQW F\FOLQJ DQG K\«
KDELWDW IRUPDWLRQVRE GDRRGQ VIHHFDWLRQJE &OLPDWH FKD



DVVRFLDWHG ZLWK WKH GHFUHDVH LQ SRO®RUMHMWIMRQ E\ LQ
DQG EHMHRXUW\H HWHBEG GLRRWRDIOW DIQG GHFRPSRVLWL
JLIXHURD HW®® WKH LQFUHDV8RRIQSN VWO HFQ\GHFWY 5RMD
DO +RZHYHU DOO WKH VHUYLFHV FRXOG EH FRPSURF
FRXQWHUEDODQFH WKH HIIHFWV RI FOLPDWH FKDQJH

Ecosystem

services

Fig. 2. Ecosystem services affected by invertebrates. Classification and examples frc
(Prather et al., 2013)

Invertebrates respond to climate change in varied ways. For instance, by
carrying genetic mediated changes in photoperiod (in the pitcher mo¢Bugidshaw &
Holzapfel, 2001)and the date of egg hatching (on the winter moth (van Asch et al., 2013 in
Johnson). Also, some invertebrates counter climate change by melanising (the shell of snails,
Cameron & Cook, 2013) or by changing their therpatformance curves (in butterflies
Higgins et al., 2014). Moreover, some invertebrates can shift their distributions towards the
poles when temperatures increfBarmesan et al., 1999; Sunday et al., 204@hetheless,
it is generally accepted that the responses of invertebrates to climate change will be



multifactorial and highly complefBuckley & Kingsolver, 2012; Carnicer et al., 201Tp
fully understand the consequences of climate change on invertebrates, it is necessary to
explain how they affect ecosystem functioning.

|.2 Soil invertebrates

, (FRORJLFDO LPSRUWDQFH

W KDV EHHQ HVWLPDWHG WKDW VRLOV KRVW XS WR RI V
WR PDPBR@WWKRQ\ HW TKQAV ELRGLYHUVLW\ LV OZLHNSHQ GAHQWU H
SK\WLFDO DQG FKHPLFDO KHWHURJHQHLW\ YDULHG PLFURF
RI RUJDQLVPV WKDW SURPRWH FUHDIWHGMHGHRD DQWDLQ QWI

‘DUGOH ,QYHUWHEUDWHY DUH D NH\ SDUW RI VRLO IXQ
HFRV\WVWHP VHUYLFH 6RPH RI WKHVH VHUYLFHV GLUHFWO\ E
OLNH VRLO IRUPDWLRQ QXWULHQWDMHAOD®JHWQBOSHLPDU\
VHUYLFHV Rl WKH VRLO OLNH WKRVH UHODWHG WR WKH ¢
SURSHUWLHV RI WKH VRLO LWVHOI DOVR FRQWULEXWH W
UHJXODWLRIQR EEHRREZIURXQG ELRGLY BW\HL WH J XIOHDWAH. R Q P/D B
WKH FRQWURO RI JDV IOX[HV DQG FDUERQ VHTXHWVDWHW LR C
HW DO 7KH P\ULDG RI RUJDQLVPV UHVLGLQJLQ VRLOV DUH
HFRV\WWHP VHUYLFHV

6RLO RUJDQLVPV KDYH EHHQ FDWHBJIARIW. JHHW EDVHG RQDE
HW DO LQWR WKUHH JURXSV PLFURIDXQD PP ZKLFK
QHPDWRGHYVY EDFWHULD YLUXVHV WHRWRIHDYGDRDG URQDKXQE
I PP HQFRPSDVVLQJ LQYHUWHEUDWHY OLNH 'LSWHUD &R
PROOXVFV DQG VPDOO YHUWHEUDWHY VXFK DV URGHQWYV D
QRW LPSO\ VSHFLILF IXQFWLRQV RU HFRORJLFDO UHODWLE
VLPSOLFLW\ DQG SUDFWLFDOLW\ LQ ILHOG VWXGLHV

ODQ\ RWKHU FODVVLILFDWLRQV IRU VRLO RYHDWHVPV KD
HW DOIRU QHPDXR®RVD QL HSHO 'ENMINPIBDQ@IRU P L) WHHNU



IRU IX®BRXFKp IRU HDUWSERWDPS HW DROU WHUPLWHYVY DC
J)ROJDUDULULRU DQWYV 7KHVH FODVVLILFDWLRQV KDYH EHHQ |
IRRG UHJLPH DQG VRXUFH VLIH DQG PRUSKRORJ\ EXL
PLFURRUJDQLVPV DQG HYHQ ELRIJHRJUDBKYLRO@H EHKDYLF
+RZHYHU LW LV WKH FODMYHOGBWW & W RYRR/R\NGVMEXV HIXO
WKHVLY 6XFK FODVVLILFDWLRQ LV SDUW RI D KLHUDUFK
LPSRUWDQFH RI SK\VLFDO FKHPLFDO DQG ELRORJLFDO IDI
7TKH PRGHO RUJDQLVHYV WKH FBRORUIQRWYRQYDLQWRRXRXV P
L H UHVSRQVLEOH IRU WKH PDMRULW\ RI FKHPLFDO WUD(
F\FOLQJ DQG FKHPLFDO IHUWLOLW\ PLFURSUHGDWRUV L
HI[ISHGLWH WKH PLQBQDR PIDWWRQ RIORWWHU WUDQVIRUPHU
VWUXFWXUHYV IDFLOLWDWLQJ WKH LQFXEDWLRQ RI PLFURRU
VRLO KXPLILFDWLRQ DQG HFRV\VWHP HQJLQHHUV L H
PRGLINWLQLWKIHQVARXHQFLQJ WKH DYDLODELOLW\ RI UHVRXUF
DUH SDUWLFXODUO\ LPSRUWDQW IRU WKLV WKHVLY DV DQW

, 6ELRWXUEDWRUV DQG HQJLQHHUYV

$V PHQWLRQHG DERYH WKH H-RRQH YV VHIP BHIRIY IQGHH UR/D DMV D
DQG HYHQ FUHDWH KDELWDWV IRU RUJDQLVPV RWKHU WKDQ
SK\WWLFDO VWUXFWXUHV L H OLYLQJ DQG GHDG WLVVXH)\
WUDQVIRUPLQJ OLYLQJ PO® HRP HWQJIDQERIYV ,Q WKH VRL
HDUWKZRUPV WHUBZWOUL@®RWKBYHURIHEUDWHY DQG VPD(
H[DPSOHV Rl HFRV\VWHP HQJLQHHUV WKDW SK\WLFDOO\ FK

%LRWXUEDWLRQ LV WKH SK\WVLFDO GLVSODFHPHQW PF
VHGLPHQWY E\ RUJDQLVPV 7KLV DFWLIVVBH GIRVPBILCE BHG FED (
NLQGV Rl RUJDQLVPV LQFOXGLQJ SODQWV DQ@G \ERDQRZLQJ
HW DO DQG LW LV NH\ IRU PL[LQJ DQG WXUQRYHU RI PDWH
GRZQVORSH RQ VGRBKRUG\XK BIMDFKHX RI WKH ELRWXUEDWLRC
WHUUHVWULDO HFRV\VWHPV LV FDUULHG RXW E\ VRLO LQYF
FUDEV DQG PDPPDOV HJ UDWV DQG PROHV FDQ VLJQ



IXQFWLRQLQJ LQ VRPH VSHFLILF VLWXDWLRQV 7KLV DFW
FRPSRVLWLRQ DQG WH[WXUH GXH WR WKH VRPHWLPHV GLII
'"H %UX\Q &RQDFKOYVYR LQYHUWHEUDWHY FUHDWH PDFUR
LQILOWUDWLRQ DQG UXQRII L H WKH SURFHVV ZKHQ D S
LQILOWUDWHY QRU DFFXPXODWHWYENKW UXQV GRZQVORSH L

$PRQJ WKH WHUUHVWULDO LQYHUWHEUDWHY ZLWK ELR\
DQG DQWY DUH WKH PRVW LPSRUWDQMQRRQ VEKRRUFUME D WIR U
WKH\ DUH DEXQGDQW DQG DFWLYH DQG FUHDWH RE QD S\
RU UHWDLQ WKHLU IRUP WKDQNV WR WK&KPXIFWODRH V8K RW!

W KDV EHHQ HVWLPDWHG WKDW HDUMRKZRREP VRN PRY!
SHUHPYHU\ (HDMFKHO @HDYLQJ PDFURSRUHYV WKDW LQFUHDVH
IROG GHSHQGLQJ RQ WKH (6EDWGE¥X O BB KFORHNIBK. MULHRFD \V/
HDUWKZRUPV LQJHVW VRLO DQG E\ GRLQJ VR WKH\ DOWHU °
VLIH WKH\ KHOS WR EUHDN GRZQ WKH SDUWLFOHV DQG W
WKH VRLO DQG ERXQG WRJHWKHU E\ PXAKEUHD AU HD W Q
JXWV ZKLFK VHHP WR DFFHOHUDWH WKH PLQHUDOL]DWLRC
PDWWHU DQG LQFUHDVH WKH WUDQVIHW¥WKIGID RQIGD& 16Q WHR D

THUPLWHYVY H[FDYDWH XQGHUJURXQG JDOOHULHV WKD
PDFURSRUHV LQFUHDVLQJ ZLWK WKLV WKH K\GUDXOLF FRQG
WHUPLWHY PRYHVMRRPIP RI VRLO SSHU\RPAKDWUWWNIRUG $0OVR
WKH\ VRPHWLPHYURMXHDOVHRXE)FCWHW KDW FDQ SHUVLVW RQ WK
'"H % UX\Q &ERQDHAXH&® FRQVWLWXWH SDWFKHV RI ELRGLYH
ODQGVFDSH VFDOHV 7HUPLWHV DUH PDFURGHWULWLYRUHYV
GU\ VHDWPRPGK XLV HWQBOFUHDWH VRLO VKHHWLQJ DERYH WK
FRQVXPH WR SURWHFW WKHPVHOYH\RXKIRKPFVEUHIGHEDWRUYV DQC
VRPH VSHFLHV RI WHUPLWHY JURZ D IXQJXV LQVLGH WKHLU
SDWFKHVY DQG SDUWLFQBIDWH7 KZ\Q MW WHHQW FFKLD 0XF



; $QWV DV ELRWXUEDWRUV

$QWV DUH WKH PRWWUPHRY G R W R KIRZ GLYHUVH DEXQGDQ
DUH LQ WHUUHV)YROUDO HIPRV\VWHBRX] 7KHONRYH DOVR RQH
WKH PRVW GLYHUVH JURXSV RI LQVHFW V%@R®WRRQE WKDQ

DQ XS WR HVWLPDWHG VSHFLHY DQG WKXV DFEFRXQW IR
+|OOGREOHU :LOVRQ ,Q FRQBWUXFWLQJ DQG PDLQWDLQI
PRELOLVH ODUJH DPRXQWYV RI VRLO IURP GHMB WR VXSHUIL
P RI VRLOSHHU\PIOWN IRUG

7KH WXQQHOOLQG DHFOALYQWD @ WWYRARQWULEXWHVY WR D U
WKHUHE\ HQKDQFLQJ VRLO DHUDWGRQ QGG ZDHWHIW SWK A H |
LPSDFW RQ ZDWHU LQILOWUDWLRQ LV D PRUH LQWULFDW
PDFURSRURVLW\ EXW DOVR LQIOXHQFH WKH RUJDQLF PDW
RXWVLGHWBEGEREOMHU :LOVRQ 7 KIRWO DDWOHWDOWLRQ LQ W
DQG FKHPLFDO SURSHUWLHV RI WKH VXUURXQGLQJ VRLOV
IHUWDOBMUIHQHU HUHQNUBXMUWKHOHVV WKH HQKDQFHG
FRQWHQW UHQGHUV WKH VRLO PRUH UHSHOOHQW WR ZDW
LQILOWUDWLRQ LQ KXPLG HQYLURQPHQWYV EXW GHFUHD\
&DPPHUDDW HWKHOFKDQJHV LQ SK\VLFRFKHPLFDO SURSHU
EXUURZLQJ DFWLYLWLHV KDYH LQ WXUQ FRQVHTXHQFHV LQ
QXWULHQW F\FOLQJ DQG IRNVVHW W\ LERRERD D DRMWA YHWW L C
LQFUHDVH SOD QW WMUIRI@XFW L YHWHQNUD X W

$GGLWLRQDOO\ DQW DFWLYLWLHV DIIHFW RWKHU RUJD
HQYLUR®@W®PSIQAGDQW ZD\V )LJ 7KH SRVLWLYH HIIHFWV RI
LPSURYH FRQGLWLRQV IRU SODQWYV DQGLB\OLBEHERFEQY NMUM
DQWV DIIHFW LQGLUHFWO\ WKH SODQWY WRR 6RPH VRLO FI
EXW DQWV FDQ UHJXODWH WKH DEXQGDQFH E\ GLUHFWO\ F
PRGLI\ VRLO SURSHUWLHV E\FMH | DRML\Q B 3@ BEEWN | L)\W L5 0Q QW
LQGLUHFWO\ UHJXODWLQJ SUHGDWRUYV DQG KHUELYRUHV |
HLWKHU SUHGDWH QHJDWLYH HIIHFW IRU SODQWY RU GLVS
KRQH\SHRGXFL@WN LEPXFLQJ D GHWULPHQWDO LPSDFW RQ



WHQGLQJ WR WKHVH LQVHFWYV DQWV FDQ SUHGDWH PRUL
KHUELYRUHVY OHDGLQJ WR D GHFUHDVH LQ SODQW KHUEL)

XQFOHDU 7KHVH GLUHFW DQG LQGL UHMHHF® ARHMRD MW RIQOV KL SV
DQG :LOOV /DQGLYV

I. 3 Effects of climate change on ants

$V PHQWLRQHG DERYH VSHFLHV OLYLQJ LQ PHVLF HQYLUR
WHPSHUDWXUHV \HW WR EH PRUH VXVFHSWLEOH WR ZDUPLC
EHFDXVH WKH\ KDYH QPDQRZMH US$SQMML \DW B QFRIH[FHSWLRQ W
KHQFH VSHFLHV OLYLQJLQ WURSLFDO DQG PHVLE ORZ HO}
WHPSHUDWXUH DXQRHQW DIWLRQ V 'L DPFRDHR MMUD O QW YV O
DOO HFWRWKHUPLF RUJDQLVPV DUH -$DIHDVAXD BWOD ¥ HQ VL'

| Ants
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Sl Decomposers| | Pollinators SEEds Herbi {-@- Predators
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hd . V¥
[ Plants 4- - @
)LJ , QWHUDFWLRQV EHWZHHQ DQWV VRLO SUF

SROOLQDWRUV VHHGV KHOBLY R UBQ @OLQGQ 8 ¥ HGHDSNUF
VROLG DQG LQGLUHFW GDVKHG LPSDFWV RI DQW’'
JUHHQ ZKHQ SRVLWLYH DQG JUH\ ZKHROWKH\/DQIB M

$W WKH FRORQ\ OHYHO DQWYV UHVSRQG WR LQFUHDVLQ
WR VXLW WKH WKHUPDO® RGN LRHW BOLU E U RB/GKKLEHNH O



VWROHD/Q 7XUQHORUHRYHU WKH\ FDQ FKDQJH WKH ORFDW
WKH GD\ RU WKH VHDVRQ VHHNLQJ WKH BHQKWNW HR/$HK U Q WA

$OWKRXJK WKH QHVWYV RI DQWHNQMHWH $HYFMPRRG DV VH
VSHELHV IRU LG\SWDBEORVNRWHRYKRQRP\WSH[ UHORFEDWH Wt
QHVWYV GXULQJ WKH GHYHORSPOHO®IRRE WKH FRWMRQD
)XWKHUWRDQWY DUH H[SHFWHG WR XVH UHORFDWLRQ WR
UHORFDWLQJ WKH QHVAW ®V WAHRHZ HLYBHVUW @ RWVIXQ® VSHELHV K
FDSDFLW\ RI UHORFDWLQJ WKURXJKRXW W KHLDQKIVEHLW WD L

LPSOLHV WKH ORVV RI7YRKNGNNO (RR GRV\N RAUGRZAQL P H

DQG XOWLPDWHO\ EHFDXVH LW LWQFEQW B VHWDIRE&H ULV N
GHVLFEFDWLRQ

$V JOREDO WHPSHUDWXUHV ULVH PDQ\ DQW VSHFLH)\
JHRJUDSKLFDRORFOQG MW BRPH PD\ DGDSW E\ PLJUDWLQJ WR
RU ODWLWXGHYV LQ VHDUFK6RRQRRY HW]|X L SWOUEFREGI® © UP DNKHHV
DELOLW\ RI DQW VSHFLHV WR VXFFHVVIXOO\ UHORFDWH DC
HQYLURQPHQWY YDULHV SRWHQWLDOO\ OHDGLQJ WR FKI
HFRV\WWHP G\QDPLFV 2QH RI WKH FR QL/RJ SHRQWHYWRID\Y K H. ¢
DUH WKH LQYDVLRQV DV VRPH VSHFLHV ZLWRUKILLQKWDGSBH L
JLQHSLWXRPDOH 3TRM}XDO HWHPSDQG WKHLU JHRJUDSKLFDO
LPSRUWDQW HIIHFWV RQ WKH HQYLURQPHQW ,QYDVLYH DQ\
GLVWULEXWLRQ XQGHU FOLPDWH FKDQJH EXW WKH JHRJUI
OHYHOV ZLOO PRVWGOEWNKRY BWK HQHOLXHMDIFG DQW FRPPXQL\
HQYLURQPHQWDDFRRQGLWLRQV

7HPSHUDWXUH IOXFWXDWLRQV DVVRFLDWHG ZLWK FO
LPSOLFDWLRQV IRU DQW SK\WLRORJ\ DQG OLIH KLVWRU\ WU
DQW FRORQLHV PD\ VKLIW DIIHFWLQJ FULWLFRKXWMYE&BWWV L
FRQVWUXFWLRQ DQG IRUDJLQJ SDWWHUQV )RU LQVWDQFF
FRQVWUXFWLRQ SDWWHUQV PD\ LQIOXHQFH QXWULHQW GL"
SODQW JURZWK DQG WKH)RORDG B UWKRLVH HFKROWQ YAWHPQ SKH(



FDQ FDVFDGH WKURXJK HFRVA\VWHPV LQIOXHQFLQJ WKH WI
DQRG SRWHQWLDOO\ GLVUXSWLQJ HVWDEOLVKHG HFRORJLFL

7KH DYDLODELOLW\ RI UHVRXUFHV FUXFLDO IRU DQW
PDWHULDOV LV DOVR EHLQJ LQIOXHQFHG E\ FOLPDWH FKDC
WHPSHUDWXUH FDQ LPSDFW WKH DEXQGDQFH DMQOG QGNWWUL
GHSHQG RQ IRWBYBRXWWHQ MW B O ([ WBHPHWZWDWKHU HYHQ
LQWHQVH VWRUPV RU SURORQJHG GURXJKWV PD\ GLUHFWZC
GLVUXSWLQJ IRUDJLQJ URXWHW%FRRLDDWHBXWFLKQ G Ll R B & SWWAL R
FDQ KDYH FDVFDGL®HSHQTHOWRQFRQWWHPY SRWHQWLDOC
RI SCCDQWDO LQWHUDFWLRQV DOIBUFRP MX\QDW\ VWUXFWXUH

$GDSWDWLRQ DQG UHVLOLHQFH VWUDWHJILHY HPSOR\H(
FKDQJH DUH FRPSISHBDRIGFY SRPHHVSHFLHYV PD\ H[KLELW EH
&HUGiIi 5HWDQD ODQ]DQHGDDGMX\BMUGI WKHLU IRUDJLQJ
QHVWLQJ EHKDYLRXUV LQ UHVSRQVH WR FKDQJLQJ HQYLU
FKDOOHQJHV LQ DGDSWLQJ WR UDSLGO\ VKLIWLQJ FOLPD\
VWUHVVRUV VXFK DV KRBIDWDW ®RNY DQG SROWXWMU HW DO

|.4 Functional traits

,Q HFRORJ\ RQH ZD\ WR DQDO\VH WKH HIITHFWV RI WKH HQY
FOLPDWH FKDQJH RU RQH RUJDQLVP RQ RWKHUV LV WKUR}
7KHVH DUH GHRQGIIB EQG FRODWMIXHDWXUH HLWKHU PRU.
SK\WLRORJLFDO SKHQRORJLFDO RU EHKDYLRXUDO PHDVXU
GLUHFWO\ RU LQGLUHFWO\ WKHLU ILWQHVYV YLD LWV HIITHF\
WKUHH FKDUD FVGHHU L § W& FDW DSHUDRWRD QFH  ,W LV LPSRUWD
PRVW PHDVXUDEOH WUDLWY FDQ HYHQWXDOO\ KDYH DQ HII
WUDLW WR EH FRQVLGHUHG D IXQFWLRQDO RQH LW QHHGV
0OODPER GH %HOOR HW DO



)XQFWLRQDO WUDLWV GHSHQG RQ WKH W\SH RI RUJDQL)
WKHPVHOYHV 7KH\ DUH XVHIXO LQ DGGUHVVLQJ D YDULH
LQGLYLGXDOV SRSXODWLRQV DQG FRPPXQLWLHV UHVSRQ
SURFHVVHV RI FRPPXQLW\ DVVHPEO\ VKDSH ELRGLYHUVLW
HFRV\WWHP IXQFWLRGQLQRDDGFENVHO YLFHVGH ,%®HOIOR/ UM JDQ G
ORUHWWL DQG BWRHBRVHG ILYH FDWHJRULHV Rl IXQFWLRC
LQYHUWHEUDWHY L PRUSKRORJ\ HJ ERG\ VL]H H\H PR
IHHGLQJ JXLOG LQJHVWLRQ UDWH ELWLQJ IRUFH LLL OL
PDXW LW\ YROWLQLVP LY SK\WLRORJ\ HJ UHVWLQJ PHW
WHPSHUDWXUH WROHUDQFH DQG Y EHKDYLRXU H J DFW
ORFRPRWLRQ VSHHG 7KH VHOHFWLRQ RIRQKW KD @ Bl WRKWAHR K
WKH TXHVWLRQ WKH VFDOH DQG WKH UHVRXUFHV DYDLOD

7KHUPDO WROHUDQFH LV FUXFLDO LQ GHILQLQJ WKH
HFWRWKHUPLF RUJDQLVPV 2QH RI WKH PRVW XVHG WUDLMW
7ROHUD@FfH ZBREZFK LV GHILQHG DV WKH WHPSHUDWXUH DW
IXWWHUVFKPLGW +X@WKRXER WKHUH LV D FRQVLGHUDEO|
PHWKRGRORJLFDO SK\WLRORJLFDO:R QR HFROHRQY LHW D G H I L (
‘UVWHG HW DW LV DFFHSWHG DV D IXQFWLRQDO WUDLW ZKH
WKH DEWLYLW\ RU WKH P L FUIRK®HE\L MAD \BIFB (Z IQOHDF BVHR W [KSHOLDAL\Q H
LQ PRUH GHWDLO LQ &KDSWHUV DQG RI WKLV WKHVLYV

, )XQFWLRQDO WUDLWYV LQ DQWV

,Q DQWV WKH VWXG\ Rl IXQFWLRQDO WUDLWYV QHHGV WR EF
DV WKH\ OLYH LQ FRPSOH[ VRFLHWLHV ZKHUH VRPH LQGLY
ZRUNHUV DQG RWKHUV SHUIRUP WKH VKHXB R VIWQPWLRIQAL
WUDLWW QG RQWHU DUM RHEWPDEQYO\ WKH PRUSKRORJLFDO R
KDYH EHHQ UHODWHG WR GLIIHUHQW HFRORJLFDO IXQFWLF
LQGLYLGXDOV IRU D JHQHUDGBGFKRPPHOGE \HWH DRU H[DP'SJDK H

JRU LQVWDQFH DQWYTV KHDG ZLGWK DQG OHQJWK KDYH
ZLGHU KHDGV FDQ VXSSRUW ELJFS®DWWDA®LER®VHIR Y FDOSUHI H

io



LH PRUH GLVWDO VHFWLRQ RI WKH DQWHQQDHLVYBIRLOLWD
.DvsSDUL +LJKHU SLORVLW\LQ DQWYV KDV EHHQ UHODWHG \
DQG PHFKDQRUWMHBIVQURIQ BW\PRUSKLVP ZKLFK LV YLVLEOH
OHYHO DOORZV D KLJKHU OHYHO RI VSHFLDOLMVDWRIORQ VLC

1RW DOO IXQFWLRQDO WR WD IHWIYPEEMFR R V ZKRHQRI ERD® Q L
VHYHUDO QHVWV SRO\GRP\ KDYH D FRPSHWLWLYH DGYDQMW
WR VSHFLHV ZKHUH FRORQLHV KDFI®O \ID YL QOO RV RH WY S A FRRQ R ¢
FRORQ\ IRXQGDWLRQ LV DOVR D IXQFWLRQDO WUDLW )RXC
FRORQ\ IRXQGDWLFRQVIWOQFHVGR \OFHUINV DO FRPSDUHG WR IR}
TXHHQ GHSHQGDQW FRORQ\ IRXQGPBWUR® O EWWDNW MIIH G RI
IRXQG VROLWDULO\ DQW ZRUNHUV DUH DSWHURXV ZKLOH
&URQLQ HW DO

'XH WR WKH IDFW WKDW DQWYV DUH VXFK D GLYHUVLILH
RUJDQLVPV D JOREDO GDWD EDVH RI WKBUW IKYFMLRQDO \
7KLV SLYRWDO ZRUN PDGH HYLGHQW WKDW VRPH PRUSKROR
DQG VWURQJ YDULDWLRQV H[LVW ZKHQ FRPSDULQJ ELRPHYV
VWXG\ RI FRPSOH[ ELRIJHRJUDSKLF SDW W NUKRW \§ B IV KIR XX\KH C
OLYMVRU\ WUDLWYV DQG EHKDYLRXUDO WUDLWV WR PHDVXUH
2QH Rl WKHVH VWXGLHV IRXQG WKDW WKH YDULDWLRQV LQ
EHWWHU H[SODLQHG E\ WK B & MM\NS\W DMK IR® ESUNDE MOFRADM YIDIW H

+RZHYHU WHPSHUDWXUH DQG SUHFLSLWDWLRQ VHDYV
UHVSRQVHV ZKLFK VXJJHVWV WKDW IXQFWLRQDO WUDLWYV
XSFRPLQJ FOLPDWH FKDQJH

JRU WKLV WKHVLV VRPH PRUSKRORJLFDO WUDLWV L F
GLVWDQFH DQG H\H SRVLWLRQ ZHUH SDUWLFXODUO\ LPSRI
DQRG WKHLU UHOHYDQFH RQ DQWVY ELRORHUAZLOO EH GLVFX

I.6 Objectives and general organisation of the thesis



7KLV WKHVLVY DLPHG WR FRQWULEXWH WR WKH VWXGLHV |
SUHFLSLWDWLRQV WZR PDMRU DFWRUV LQ FOLPDWH FKDQ.
LPSDFW RQ HFRV\VWHPV DV ELRWXUEDWR UWHDIQG/ XIQJUR A H L
WKUHH OHYHOV RI RUJDQLVDWLRQ WKH LQGLYLGXDO WKH I
RQH RI WKHP FUXFLDO IHDWXUHYV IRU DQWVY GHYHORSPHQV

7KH ILUVW D[LV Rl P\ ZRUN ZKLFK FRUUHVSRQGV WR &K
KRZ VHOHFWHG PRUSKRORJLFDO IXQFWLRQDO WUDLWV RI |
VXUIDFH WHPSHUDWXUHV IRU ZKLFK , XVidGDWKSURU\LVEQFDC
&KDSWHU , H[SORUHG WKHVH UHODWLRQVKLSVRHWZHHQ
IRXU FRPPXQLWLHV DORQJ D JUDGLHQWDRILIGX P HGLLWAHRQ® Qu
DQG WHPSHUDW RKHQF DU R QREHVHE WQ N H K VFW FP IS B SWKHRUDPRLI L F D (
EHVW H[SODLQ WKHLU KHDW UHVLVWDQFH DQG ZKHWKHU
PRQRPRUSKLF VSHFLHV DV WKH IRUPHU DUMORRUIRPXH RIQD
FRPSDULQJ WKH FRPPXQLWLHV XQGHU WKH K\SRWKHVLV W]
PRUH UHVLVWDQW WR WHPSHUDWXUH ORUHRYHU , LQYHVW
GHWHUPLQHV WKH WKHUPDO UHVLVWDIQF® PRGSKRARI\LDC
PRQR SRO\PRUSKLVP

,Q &KDSWHU , HISORUH WKH VDPH WUDLWYV WKDQ LQ V
FRPPXQLW\ RI OHGLWHURD QHKH IDQWW FKDSWHU WKH JRD
LPSRUWDQW PRUSRRORKEDWD O BNWOMWNNWENN-KVLQJ ILQHU VWDW
LQGLYLGXEKEB OHMHMD K\SRWKHVLV ZDV WKDW KLQG OHJ OHQJ
wubDLWV PXVW DOVR EH XVHG ZKHQ DVVHVVLQJ WKH UHVLV
WKDW WKH VDPH WUDLWV ZRXOG EH LPSRUWDQW IRU PRQR
DQG WKDW ODUJHU ZRUNHUV ZRXOG EH PRUH UHVLVWDQW
ERG\ VLIH ZLWK RU ZLWKRXW FKDQJHV LQ ERG\ VKDSHV ZK
wubLWV IRU WKHUPDO UHVLVWDQFH

7KH VHFRQG D[LV &KDSWHU ORRNV DW WKH HIIHFWYV
GHYHORSPHQW DQG H[SORUHV WKH SRVVLELOLW\ WR XVH
FKDUDFWHULVWLF SRRUO\ HISORUHG FRPSDUNE&WR R KHU
HISHULPHQWHG ZLWK FRORQLHV RI D ZLGHVSUHDG DQW LQ V



WR WKUHH GLIITHUHQW VXUIDFH WHPSHUDWXUHY , HYDOX
GHYHORSPHQW RI WKH FRORQ\ DV ZHOO DV WKH PRGLILFD)
K\SRWKHVLY ZzDV WKDW WKH GHSWK DQG DUFRLWR PWKHIH F
WHPSHODWKHH XPEHU RI ZRUNHUV LQ WKH FRORQ\

IDVWO\ WKH WKLUG D[LV ZKLFK FRUUHVSRQGV WR &KD:
RI WHPSHUDWXUH DQG KXPLGLW\ PRGLILFDWLRQ RQ D FRPP
WKLV , XVHG JUHHQKRXVHV WR FUHDWH GiLIIRIOG RXH 6 RW IGH
ULFKQHVYVY DQG DEXQGDQFH RI DQW VSHFLHV LQ WKH FRPPX
ELRWXUEDWLRQ DFWLYLW\ RI DQWYV E\ PHDVXULQJ WKH VRL(

WKHVH DELRWLF FRQGLWLRQM DLQON RPW M Q WK HD BFEP\S R X I/ W\
DFWLYLW\ DQG WKHLU HIIHFW DV HFRV\VWHP HQJLQHHUYV

-
-_—



&KDSWHU

&SULWLFDO 7KHUPDO /LPLWYV RI DQV

PDWWHU PRUH WKDQ KDELW



7KLV &KDSWHU ZLOO EH D SDSHU EKDPIO IWWKHXDXW® RWOX B}
VRRQ VXEPLWWHG WR ,QVHFW 6FLHQFH

&ULWLFDO 7KHUPDO /LPLWV RI DQWYV GRHV PRUSKR

J)IWLPD *DUFtD ,EDUUD 3DVFDO -RXTXHW ORKIpROHG XD LADEO W
IDELDGR &HUGiI 7KLEDXG ORQQLQ

SEVWUDFW

*OREDO FOLPDWH FKDQJH LV H[SHFWHG WR DIIHFW ELRG
HQYLURQPHQWY $QWV LPSDFW QXPHURXV HFRORHVRMOUL D]
HQYLURQPHQWY +HQFH LW LV LPSRUWDQW WR IXO0O\ XQGH!
HQYLURQPHQWDO KD]DUGV DQG HVSHFLDOO\ WR WKH LQFU
FKDQJH 7KLV VWXG\ DLPHG WR HYDRXIFWB W KB LDNFF XD FH\[ 9
UHVLVWDQFH RI DQWV DFURVV GLIIHUHQW HQYLURQPHQW
SRO\PRUSKLVP 7R GR VR ZH VDPSOHG  VSHRLHY WRIZRQW)
OHGLWHUUDQHDQ DQG RQH W H PSHWKRN\GH LDH) G HK\BHRE XWUKH VGR
LQFUHDVLQJ WHPSHUDWXUH WR HYDOXDMWHR W KRHU BIUHW L FL
ZRUNHUV H[FOXVLYHO\ :H WKHQ GLVVHFWHG D VXEVHW
PRUSKRORJLFDO WUDLWYV :HIRXQG WKDW WKH DQWV LQ VR
UHVLVWDQW WKDQ WKRVH LQ FRROHU HQYHVRQ®PBQMH L+R
GLIIHUHQFH EHWRHKMXMW OMEIW DQG PRVW KHDW UHVLVWDC
VLPLODU DFURV VVO\DDARFMNO B BSEHL W HAMKHEBRO LF JHQ XV FR X
EH H[SODLQHG E\ PHDVXULQJ WKH KLQG OHJ RQO\ ZKLOH
LPSRUW D QD WU @B® VYV :LWKLQ SRO\PRUSKLF VSHFLHV ODL
KHDW UHVLVWDQW WKDQ VPDOOHU RQHV VXSSRUWLQJ WK
DGYDQWDJHRXV LQ ZDUP KDELWDWVY 6SHFLHVY FROOHFWHG
DFURVV YHWBHY¥O 2WKHVH UHVXOWYV KLJKOLJKW WKH LPSRU
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SK\ORJHQ\ LQ KHDW UHVLVWDQFH EXW DOVR VXJJHVW WKD
KHDW UHVLVWDQFH DOVR RFFXU

.H\ZRUGV

&S&ULWLFDO 7KHUBDPD® QWAPLWPR&ASKRORI\ I XQRW GRRMICP MWUHD L
OHGLWHUUDQHDQ FOLPDWH WHPSHUDWH FOLPDWH

L LQWURGXFWLRQ

&OLPDWLF DQG ODQG XVH FKDQJHV KDYH DOUHDG\ FDXVHC
SKHQRORJ\ Rl QXPHURXV VSHFLHV LQ YLUW&® OOVKMHU\ HFF
ULVH LQ WHPSHUDWXUH L\DRIQRWR F \WIKFHWRRNMWD MW BN V § DX\B K |
RUJDQLVPV SDUWLFXODUO\ HFWRWKHUPV WKDW UHO\ RQ H
ERG\ WHPSHUDMQWHQ HW@®WY DUH SUHVHQW LQ QHDUO\ DO
+|]0OOGREOHU :LOVRQ 3DUNKHLU.BRQBYXHEXWLRQV DU
NH\ WR PDQ\ SURFHVVHV VXFK DV VRLO ELRWXUEDWLRQ QX
DQG FRPPXQLW\HMIRURWWR@FRUGLQJIO\ FKDQJIHV LQ DQV
DVVHPEODJH DQG GLYHUVLW\ GXH WR FOLPDWH FKDQJH
PRGLILFDWLRQV LQ HFRV\SWWWPV BEVRRS WKH JOREH

*OREDO ZDUPLQJ LV H[SHFWHG WR LQGXXMAH KL KK B K HW KID@
ORZHU ODMIWXGHYWY LQ WHPSHUDWH HQYLURQPHQWYV PD\
LQFUHDVHYVY LQ WHPSHUDWXUH LQ WKH FRPLQJ GHFDGHV WK
PD\ EH UHODWLYHO\ PRUH UHVLVWDQW WR WHPSHUDWXUH
SODMWEHEWXVH WKH\ DUH QDWXUDOO\ H[SRIMAGIQ' R ODUJHL
.DVSDUL HW DO %WXRPODEHaEWDAVY LQ WURSLFDO DQG |
PD\ EH PRUH YXOQHUDEOH WR FKDQJHV LQ WHPSHUDWXUHYV
XSSHU SK\VLRORJLFDO. WKRQE HOV WO WHDQSFHFH. G HITHFW YV R
WHPSHUDWXUHYVY FRXOG WUDQVODWH WR FRPPXQLW\ OHYH!
EUHDGWK RI DQW FRPPXQLWLHYV L H WKH FRPELQDWLRQ R
PDNLQJ XS HDFK FRPPXQLWK MWKDIGHY W& HWWEKRXINRKI RI :HV W F

T



LQ FROGHU DQG PRUH VHDVRQDO UHJLRQV YV ZDOPKU DQG
HW DO +HQFH DQW FRPPXQLWLHV IURP UHODWLYHO\ FRO(
PRUH UHVLOLHQW WR ZDUPLQJ WKDQ DQW FRPPXQLWLHV IL

+HDW WROHUDQFH LQ DQWV LV GHWHUPLQHG E\ ERWK |
SK\ORJHRIHU HW DQG LQGXFLEOH IDFWRUV HJ SURGXFWL
IROORZLQJ H[SRVXUH WRYBKHQ HYHR®YHDOWXUHYV OLSL VNL F
FKDQJH LQ EHKDYLRXU VXFK DAMQGUHHRRORIDGDO SOBRMWGIHU

PRGLILFDWLRQV LQ3€HWW HDAU BKOL W HBWWXYDUBHWD DO
&ERQVWLWXWLYH DQG LQGXFLEOH IDFWRUV FDQ EH FRQVL
PHDVXUDEOH RQ LQGLYLGXDOV WKDW LPEBPWHHKGHWHB®W O\ RU
OXOWLSOH PRUSKRORJLFDO FKDUDFWHULVWLFV KDYH EHH!

"HEHU .DVSDUL :HLVHU 'DYLGVRQ HW DO "HL
HW DO 3DUU +HREZHDYatuy WEH OHQJIJWK RI WKH KLQG OHJ
SUREDEO\ WKH WZR WUDLWYV PRVW ZL GHIXP\PXNQGHHG W R\ VDUH V V
6RPPHU "HKQHU 2PV2ZMWWHIWD WKLQJY EHLQJ HTXDO DOQ\

ORQJHU OHJV DUH H[SHFWHG WR EH PRUH UHVLVWDQW WKD
IDVWHU L H PLQLPLVH WKH GXUDWLRQ RI KHDW H[SRVXLI
FRQYHEFWLY¥XGRROWQIW DO 6RPPIQG UBKOH WKHLU ERG
IURP WKH KHDW UDGLDWL@INBDRP. WKHLVRUO VXUIDBML(%U F

$ ODUJHU ERG\ LV DOVR H[SHFWHG WR EH SRVLWLYHO
YDULDWLRQ DV ODUJHU ERGLHV ORVH DQG JDQQPKHKDW PR
8QZLQ IDVFLPHQWR HW DO

6WXGLHV RI SRO\PRUSKLF VSHFLHVY KDYH VKRZQ WKDW
ZRUNHUV DUH PRUH KHDW UHVLVW DRW W ® CEXWPOBmIUL RQH
2T"RQQHOO&DWDJO\SK&WMUWGIOHRW KO SLOLRODPHQFHW HW DC

OHVVRU EDUEDUXDQ® ERSNYWWRWRY HW DORUHRYHU
ZRUNHU SRO\PRUSKLVP VHHPV WR EH DQ DGYDQWDJHRX)
FKDUDFWHULVWLF HQDEOHYVY D PRUH HIILFLHQW XWLOL]DW
IRUDJLQJ DFWLYLWLHY GXULQJ WKH KRWLKR XU N DRV MK H H3/L\V
WR KHDW DQG&OWRVPHRFHWLRY DO %DXGLHU HW DO



DQG WKXV FDQ VSHQG PRUH WLPH RXWVLGH WKH QHV
DFWLYLWLHV LQVLGH WKH QHVW (YHQ WKRXJK SRO\PRUSKL
FRRO HQYLURGPHKQNMOWL qUH WWHRIB! DUH DOVR KLJKO\ UHVLVYV
VSHELHV LQ WKHVH KDELWDWV ,W KDV EHHQ VXJJHVWHG W
KLJKO\ UHODWHG WR PRUSKRORJ\ L H ODUJHU ERG\ ORQJH
GHYHORSHG RWIKRHQVDEREW DV DQ HOHYDWHG ERG\ ZDWHU
SURWHLQV LQYROYHG LQ WKH UHGXFWLRQ Rl UHDFWLYH RJ[
XQGHU WKHUBPD® VAW HDVO/RZHU FXWLFXODU SHUPHDELOLW\
FRPSDUHG W.RHGD®HYV UBMUGWD GOMWRRIW R PHFKDQLVPV O
WKH PRUSKRORJLFDO DELOLW\ WR UDLVH WKH DEGRPHQ YH
ORZHU WKH ULVN RI RYHUKHDWLQJ RI YLWDO RUJDQV KI
WK HUIPRL VW D&QMU ®IQWWRZHYHU GLIIHUHQFHYVY LQ KHDW UF
PRQRPRUSKLF DQG SRO\PRUSKLF VSHFLHV KDYH EHHQ VW)
HQYLURQPHQWYV HV ®S/HHSERIRO L F8 OB KLY LQ WKLV JHQX)
DOVR NQRZQ W R KRV & QRWKHDW DOWKRXJK QRW H[FOXVLY]
FHOO GDPDJH DQG SUHYHQW WKH GHQDWX®DPMIQRQ RQBIO
VWUXFWXUHV RICRWQH B YS BIRWBIQ Q V O L SR.DWN\LJ 6 VB KLY
DQWY WKHVH SURWHLQV FDQ EH VIQWKHVL]HG HYHQ EHIRU
FRQW UL E X W NURPWRY K MHDQFIHQ ) HKQH®WXGLHV DUH QHHGFH
FRPSDUH PRQRPRUSKLF DQG SRO\PRUSKLF DQWV LQ RWKHU

$QWVY LQGLYLGXDO SHUIRUPDQFH H J WKH DELOLW\
LQFUHDVHYV ZLWK WHPSHUDWXUH XQWLO WKH SRLQW ZKHUF
ERG\ IXQFWLRQLQJ ,PSRUWDQW LQFUHDVHV RQW\HPWHIDVH
H[SRVHG SURYRNH D GHFUHDVH LQ WKHLU SHUIRUPDQFH DQ
VKLIWV LQ WK#®%HY VGH & A H VW \ -HQNLQV HW DO =D

'HWHUPLQLQJ WKH UHVLOLHQFH RI DQW FRPPXQLWLHYV
UHTXLUHV FKDUDFWHULVLQJ WKH VXVFHSWLELOLW\ Rl VSH]|
WKH SURMHFWHG KHDW WR ZKLFK WKH\ ZL O ® DOYLLNRHKQ\DEDHD \H [
HVFDSH WKLV KHDW HJ E\ DGMXVWLQJ WKHLU FLUFDQQ>
7KHUHIRUH VHYHUDO LQGLFHV KDYH EHHQ XVHG WR GHVEU
5RHGHU HW TKH RQH PRVW FRPPRQO\ XVHG LV WKdl &ULWLFI
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VHH IRU HIDPR&QI HW DO % X REDQVHIY DIOVLRORJILFDO
GHILQHG DV WKH PD[LPDO WHPSHUDWXUH DW ZKLFK ORFRP|
$W WKLV WHPSHUDWXUH DQWV FD Q/ QWRWHRUMMHKP H & RAD S-HX MHT

7KLV VWXG\ DLPHGKWRJARPSWDKWEH WR KHDW RI VHYHUD
DULG OHGLWHUUDQHDQ DQG WHPSHUDWH HQYLURQPHQW X
‘H GR WKLV E\ PHDMXUH FROYKHEHUEG ZRUNHU SRO\PRUSKLYV
WKH UHODWLRQVKLSY EHWZHHQ UHVLVWDQFH WR KHDW DQ¢
L VSHFLHV IURP WHPSHUDWH KDELWDWY DUH OHVV UHVLVV
VHWLG KDLEEHWIEMWH @R ZHU RAVLF DULGE WKPIELHY YDU\ OHV)\
UMLVWDQFH WKDQ WHPSHUDWH VSHFLdg)V EH FD XRHY K HODW U R
VWURQJHU VHOHFWLYH IRUEKB K@ ERMMLWVDQGELVHPKHUPDO |
H[SODLQHG E\ VLPSOH PRUSKRORJLFDO WUDLWV VXFK DV !
ODWLWXGH DQG LY WKH UHQIDKWRQN® GSWEKHHNVE H M QVM Q6 WH
VDPH LQ PRQRPRUSKLF DQG SRO\PRUSKLF VSHFLHV EXW OL
WR EH PRUH KHDW UHVLVWDQW WKDQ VPDOOHU ZRUNHUV

ODWHULDO DQG PHWKRGV

6WXG\ ORFDWLRQV BQRG PHDVXUH RI &7

‘H VDPSOHG VSHFLHV RI DQWV EHWZHHQ 2FWREHU [
FRUUHVSRQGDQIGNRDYHKDRXL VSHFLHY OHGLWHUUDQH
DQG $UVYNIOHYW VSHFLHV DQGHWBEOBEHUDWBHFQLBEOFOLPDW

7KH QXPEHU RI FRORQLHY VDPSOHG IRU HDFK VSHFLHV G
IURP WR 7DEOH DQG WKH\ ZHUH ORFDWHG DW OHDVW
ZRUNHUV ZKLFK ZHUH IRUDJLQJ RQ WKHFR®RXQEWBGLQJRUDD
SHU FRORQ\ IRU PRQRPRUSKLF VSHFLHV DQG IRUDJHUV S
VSHFLHV ,Q WRWDO ZH XVHG ZRUNHUV IURP FRORQLHV
SODVWLF ER[HV FRQWDLQLQJ DNHON WEDQNRSREDNOGG VGG PL P



DQRDO\WVLV ‘H PHDMXAIMNNKDQWXVDEIWHU FROOHFWLRQ WR DY
ODERUDWRU\ FRQGLWLRQYV

7TDEOH 6DPSOHG DQW VSHFLHV SHU VLWH DQG FOLPDWH 30$3" V
VSHFLHV ZHUH HLWKHU PRQRPRUSRIF HDFR W SHREOL\RR U 3WKIH WD EO
QXPEHU RI FRORQLHY DQG RI ZRUNHUV VDPSOHG

&OLPDWH DQ $QW VSHFLH' ORUSKRO 1XPEHU RI F
GHVFULSWL ORQRPRU QXPEHDBRRINI
RU 3RO\PR VDPSOHC
6HPRULG &DPSRQRWXV EDU 3
&DPSRQRWXV RDV 3
%LRWRSH 'HVH &DWDJO\SKLV DOE 0
&DWDJO\SKLV ERF 3
'DU 'KDRXL H[S| &DWDJO\SKLV UXE 3
UDQJH LQ OpGH &DWDJO\SKLV VDY 3
7XQLVLD f ¢ /HSLVLRWD IUDXH 0
foo Z( OHVVRU DHJ\SWLCL 3
OHVVRU DUHQDUL 3
0$3 8§ PP\ OHVVRU PHGLRUXI 3
$NULPL HW DO OHVVRU SLFWXUD’ 3
ORQRPRULXP VDOI 0
-XQH ORQRPRULXP VRPI 0
ORQRPRULXP VXEF 0
3KHLGROH SDOOL 3
30ODJLROHSLV PDX 0
7DSLQRRMRWK L 3
7THWUDPRULXP VH! 0
OHGLWHUUDQHL $SKDHQRJDVWHU 0
&DWDJO\SKLV WD 0
%LRWRSHV IUH &UHPDWRJDVWHU 0
PDUVKHVY DQG \ )RUPLFD UXILEDU| 0
/IDVLXV JUDQGLYV 0
'RxDQD 1DWLRGC /LQHSLWKHPD KXF 0
6HYLOOD 6SDL' OHVVRU PDURFDQ 3
f o Z: O\UPLFD DORED 0
2[\RSRP\UPH[ VDX 0
0$3 8§ PP \,&76 7DSLQRPD HUUDW 0
'RxDQD %LRORJ 7DSLQRPD QLJHUL 3
5HVHUYH
2FWREHU

OHGLWHUUDQHI $SKDHQRJDVWHU
&DPSRQRWXV YDJ
%LRWRSHV &RI &DWDJO\SKLV SLC
GXQHV DQG VD( &UHPDWRJDVWHU
YRUPLFD UXID
$UJHO¥OHU )UD /DVLXV FLQHUHXYV

f 1 f OHVVRU EDUEDUX
OHVVRU ERXYLHUI
0%$3 § PP\ 3KHLGROH SDOOL

CLWWWOOOwWwW©o

&OLP®OWWAD RUJ 30DJLROHSLV S\J




3ODJLROHSLV S\U
$SULO 7TDSLQRPD HUUDW
TDSLQRPDHUULPXF
THWUDPRULXP FDI

THPSHUDWH 'ROLFKRGHUXWL S X
JRUPLFD IXVFD

%LRWWBASHUD\ )RUPLFD UXID

GHFLGXRXV IRL /DVLXV EUXQQHX\
/IDVLXV HPDUJLQD

,O8HUDQFH IDVLXV IODYXV

9LQFHQQHV )RU /DVLXV QLJHU

f 1 f O\UPHFLQD JUDPL
O\UPLFD UXJLQRG

OHOXQ )RUHVW O\UPLFD VFDEULQ

f 1 O\UPLFD VSHFLRLI

f ( 7HPQRWKRUD[ Q\C

[eNoleoloNoNoNoNeoloNoloNoNolloNNeNe)

THWUDPRULXP FDI
5DPERXLOOHW

f 1 f

0%$3 8§ PP\
&OLPOIYWD RUJ
ODUFK WR $XJX

‘H PHDVXU#HBVEDI WKH G\QDPLF PHWRK/G UUHHW LIEHG E\
$QWV ZHUH SODFHG RQ D KRW SODWH WKDW ZDV JUDGXDO
WHPSHUDWXUH DQG XS WR f& :H XVHG D KLJK SUHFLVLRQ
3= *HVWLIJNHLW *HUPDQ\ 7R EH DEOH W RVR RIQULHAYRID W K
WKHP IURP HVFDSLQJ IURP WKH KRW SODWH ZH SODFHG r
RSHQ DW ERWK HQGY DQG FRYHUHG ZLWK OLTXLG SRO\WHMW
RQ WKH KRW SODWH DV VKRZQ LQ ZHU H6 S GDFFBI[G ROQP VRK HW K D
DW RQFH ,Q VRPH VSHFLHV ZRUNHUV RFFDVLRQDOO\ FOLPI
ZH JHQWO\ SXVKHG WKHP EDFN RQ WKH SODMWRIZHBVAK HQW R
DQW ZDV UHFRUGHG DV WKH WHPSHUDWXUH DW ZKLFK HDF
LH VWRSSHG ZDONLQJ RU VSDVP:RFHFXEK BGW $1 DAH S QIHFDH
YLDO FRQWDLQLQJ HWKDQRO IRU PRUSKRORJLFDO PHDV,;

ORUSKRORJLFDO WUDLWYV

‘H GLVVHFWHG D VXEVHW R WKH DOWWWBMWHRORQ\&ZQ P
VSHFLHV RU DQWV SHU ZRUNHU FDVWH SHU FRORQ\ IRU SR



PRUSKRORJLFDO WUDLWYV ZLWK IXQBWKRIQBO G/ IHW LDIOFD Q F
6SHFLILFDOO\ ZH PHDVXUHG PD[LPDO KHDG ZLGWK PDJ[LPCL
OHQJWK RI HDFK RI WKH WKUHH SDLUV RI OHJV DQG :HEHU
7R UHGXFH WKH XQHYHQQHVYV RI PRDUKUHVERKEN S\DRU @/LVI | M
ZHUH LQGHSHQGHQWO\ JOXHG WR D TIDFRGSODBWLFNER!
SKRWRJUDSKHG ZLWK D /HLFD (= : VWHUHRPLFURVFRSH OH!
VRIWZDUH YHBENKRQGHOWLQ HW DO
7TDEOH 6HOHFWHG PRUSKRORJLFDO WUDLWY DQG WKHLU IXQFWL

WKH WKUHH SDLUV RI OHJV DV WKH VXP RI WLELD OHQJWK DQG IH
PHDVXUHV LV ELRORJLFDODIKMXWVWRUIWHGDMWHGWKH\ DBH ROO SDLU

Character Trait measured Functional significance

Head size Head width (max) Head size may vary allometrically with body size, he
Head length (clypeus size may also be linked to predatory strategies, with w
occiput) heads allowing for more powerful mandible muscles .

larger mandibles hence larger prey and larger s
(Kaspari & Weiser, 1999; Sarty et al., 2006)

Clypeus Clypeus length Modified clypeus is more commonin species that rely
liquid food (Eisner, 1957; Davidson et al., 2004)
Eyes Interocular distance  Visual predators have more dorsally positioned €

Eye position ((head (higher interocular distancEépwler et al., 1991)
width xinterocular
distance)/ head lengtt

Leg length for Sum ofTibia length Leg length is related tothermaegulatory strategy

each pairs of legs andfemur length (Sommer & Wehner, 20129nd increases locomotio
speed in simple habitats; in complex habitats shorter
allow exploitation of crevices and manoeuvrabi{Barty
et al., 2006; Gibb & Parr, 2010)

Mesosoma Mesosoma (Weber's Indicative of overall body size and often linked
length) thermaesistancéWillmer & Unwin, 1981) and resource
use (Kaspari and Weiser 1999)

'DWD DQDO\VLYV

)RU HDFK ZRUNHU FDVWH DQG FRORRQL BH EWOFXQ EWH® WK!
DV WKH&DPDFKR HWED&HG RQ DOO ZRUN Hdy \D BB DW KH HGI DROU
RI HDFK PRUSKRORJLFDO WUDLW WKHUH ZDV QR H[WUHPH °
IRU PRUSKRORJ\ UHVXOWLQJ LQ VDPSOHV +HUHDIWHU

DQG LQWHUTXDUWLOH UDQJH L H G®HKELRQ 54¥HUVIWR ZH
VRIWZDUH :H DQDO\VHG WKH GLIIHUHQFhVLDIRR@PHGLWE \RLC
&®%pRI DOO VSHELHV RI HDAXO QLW HD QZG. WLKO FIRXR QDS LUZLVH |
DQG HDRJIJI&7L H GLIIHUHQFH EHWZHHQPIREB KK \DLQ\CH K Z I KH



OLQHDU PRGHO DQG DQ $QRYD WHVW ppERH\WR A SQUFDWWKH \G
SRO\PRUSKLF VSHFLH\W @GLXVIHGG. UDXO/ARJ8Q SDLUZLVH FRPS]
ZKLFK PRUSKRORJLFDGoWWKH WNVWS@BLQHGWY¥HULILHG 3HL
VWDWV BSRRUMHIHHDRVR DYRLG FROOLQHDULW\ DPRQJ YDUL
ZLWK D FRUUHODWLRQ ZHUH FRQVHUYHG )LJ 6 7KHQ
WUDLWV REWKHUBRUPLQJ D VHULHV Rl JHQHUDOLVHG OLQH
GLVWULEXWbEEKDPVLSHRVIBVLYH FRQWLQXRXV YDOXHV RQO\ D
ORZHVW $,&

7R DVVHVV WKH LQIOXHQFH RI WKH SU#bYLHO B P\W HGX B R U
VDPSOHG VSHFLHV ZH FRQVWUXFWHG D VHULHV RI PRGHO
ILUVW PRGHO LQFOXGHG DOO VSHFLHV FKREPVWPRQESKRW SL
JHQXV ZKLFK ZHUH VHSDUDWHG IURP WKH RWKHU VSHFLHYV
WR K®BRWOD\ HW D@QG EHFDXVH WKH\ DU FR® YBQFAXRXY W&
3DOHDBPWUF 2UWHJIH WKXV FRQVWUXFWHG DRIVWDUG\BRGWH O
VSHFLHV IRU FRPSDULVRQ 7R HYDOXDWH WKhH HHHFWV R
FRQVWUXFWHG WZR DG G L WIDRDDIIWPFERERFAV SRDFH VBHFQREY D(
IRU GR@DJOSBRANRUSKLF VSHFLHVD QG USHRID WRW SKRGRV SHF
UHVSHFWLYHO\ +RPRJHQHLW\ QRUPDOLW\ DQG LQGHSHQG
YDOLGDWLRQ SORWARUIDRMDPXQFWLRQ

7R DVVHVV WKH GLIIHUHQFHV LQEQWDBNGCHFRORP RDSK
DQG SRO\PRUSKLF VSHFLHVY ZH FDOFR®DWMW® Q/&KBUECREHYED
PHDQ 1 IRU HDFK VSHFLHV LQ HDFK VDPSOH@QQWH DQG
'KLWQH\ WHVW 5 WRWY 7SHDAMB JAFRPSDUH GLIIHUHQFHY EHWZ
DGGLWLRQ IRU VSHFLHV VDPSOHG LQ PRUH WKDQ RQH VLWI
EHWZHHQ VLWHV XVLQJ OLQHDU PL[HG HIIHFW PRGHOV ERQ
OPHU SIBFRRUM 7HDP)RU SRO\PRUSKLF VSHFLHV VDPSOHG

VLWH ZH FRPSDUHG WKH VDPH ZRUNHU FDVWH DFURVV VL
PDMRUV



yLJ

EHVXOWYV
+HDW UHVLMWDQFH &7

'LWKLQ VSHFLHV ZRUNKUVIKBG WRPEOMRE&7WKHUH ZDV QF
GLIIHUHQFH EHWZHHQ FRORQLHV ,Q DGGLWLRQ WKHUH ZDV
RI & EHWZHHQ PRQRPRANSKLF VMSBHFLHV DQG SRO\VPRUSKLF V¢
FY 45 'LOFR[RQ WHVW : S| 7KLVpPOORZHG
RI HDFK VSHFLHV FRPSXW#R DWRRORPHBQ RD MSKHH&7IRU W K
ZKLFK DUH WKHPVHOYHVo)RKMW RH &R RU W Rt BEFKIBRGRQ\
PDUNH®Q@HEKW VSHFLHV UD QULWAHIFLRPD J UM FRBUW RP®H UDWH
HQYLURQPHQW X& WRY LIURPIHHPLG HQYLURQPHQW L H D C
f& )LJ

7KH VL[ VSS#TPUBY@RBKHL WKH PRVW UH VL VDO GRS KLIHD W
VSS WKH JHQXV ZLWEXDW K K DKLQ R HVWW&IU f& DQG WKH R
ZLWK WKH ORZMYFL @DV f& 7KHVH JHQHUD ZHUH UHS
PRQRPRUSKLF VSHFEHY HDEXKY &MU H VKRZQ RQ )LJ 6 )RU S
WKH PRVW UHVLEWMSRMDBMWXXV ZDV f& DQG WKH OHDVW U
3KHLGROH fé&

+HDW UHVLVWDQFH RI VSHFLHV SHUQW.MUHT XBH VEIGRMNGR UEKRRZU W K

ZRUNHU VL]HV ZHUH FRPELQHG &RUUHVSRQGLQJ GDWD LV DYDLODE(



VSHFLHV ZHUH SROY2WRUQKLIFFODBW@A@VGLIIHUHG EHWZH!
LQ RI WKHVH VSHFLHV W ZDV KLJKHU IRU WKH ODUJHU
ODUJH ZRUNHUV ZHUH PRUH UHVLVWDQW WKDQ PHGLXP ZRU
LQ R FDVHELXORBGRRENHUY ZHUH PRUH UHVLVWDQW WKD

FDVHV )LJ 7TDEOH 6

Caste B8 small B8 medium E3 large

Dar-Dahoui Argelés-sur-Mer Dofiana
70 *

*
*
-
*
*
*

50

T
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40

#ﬁﬁ##ﬁ*

amponotus oasium
ataglyphis rubra
Messor arenarius
Messor picturatus
Tapinoma simrothi
Messor barbarus
Messor bouveri
Pheidole pallidula
Messor marocanus

,\
Messor medioruber

ataglyphis bombycina
Cataglyphis savignyi
Messor aegyptiacus
Camponotus vagus
Tapinema nigerrimum
Tapinoma nigerrimum

Camponotus barbaricus
o
Cc

~
O

)LJ &%pRI ZRUNHU FDVWHYV LQ SRO\PRUSK&BpMRI HFRBI®O 7 RH GLOXFPW D
RI SRO\PRUSKLF VSHFLHV IRXQG DFURVV VLWHV $00 YDOXHV ZHU
‘DOOLV DQG :LOFR[RQ SDLUZLVH WHDWV KB W KREZIQ QD U7IDHLO ADSY W
UHVLVWD W GNEBRIQEKMHHELYWHPRUH UHVLVWD QW KRKIVQFRPSDOLR@B
FDVWH LV OHVV UHVLVWDQ@W WKRQVWER GPDBOOMQFHYVEHWZHHQ FD

6HYHQ VSHFLHV ZHUH HQFRXQWHUHG DW WZR VLWHV |
&PpEHWZHHQ VLWHV )RUPLFIEBEHMBIQLILFDQWO\ PRUH KHD\
LWV VRXWKHUQPRVW VLWH EXW WXKHIBEA (H3-DUF4.G)FGsLY VPDOC
, OB B U D GE.6(51.6, 53.5) °G= -2.935, p<0.05).
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Fig. 3. & #pof species sampled in two different sites. The plot shows the IQ PHLQ VR X
DQG Q Rditay.Blatk@ot shows median value. Comparisons are shown in Tabiesls3ws a
statistically significant difference of resistance between sites.

+DELWDW LQIQXHQFH RQ &7

&RPELQLQII WKW IKRHA VSHFLHV IRU HDFK VLWH DO ORZH® XV W
GLVWULEXWLRQ RI KHDW UHVLVWDQFH DQG WR VKRZ WKDW
VSHFLHV KDGpb NURKXQDK &DFURVYV WKH IRXU VLWHV WKH W
FKDUDFWHULVHG E\ D ODUJH SH:IN RIf & SRHF LAHHWVYLVWKLD HO |
VRXWKHUQPRVW VLWH ZDV FKDUDFWHULVHHG E\ WZRWBHDNV
PRUH &RQVHTXHQWO\ WHPSHI/DQ B YWSUHDIFLHH WV KIDRP WBHAHA IUH &

WKUHH ZDUAHU VLWV IOBHUDQFH YV HDFK Rl WKH WKUH
S DQG OHGLWHUUDQHDQ VSHFLHY ZHUH OHVYV KHDW UH
A Gl 'DU '"KDRXL YV HDFKSOHG L)W H U U D¥REZMQ VU WZAK L C

PHGLDQ KHDW UHVLVWDQFH LQFUHDVHG DW ORZHU ODWLMW
GLIIHUHQFH EHWZHHQ WK KQIJIKBNVK \DLQ\GHOBIZHWWH&7 OL W W
DQRYD WHVWS SUVYMRIHU KDG D QDUURZHU UDQJH f
'DKRXL S f& DQGHUBMQFH S f& ZKLFK GLG QRW GLIIHL
ROQH DQRWKHU ZKHUHDV 'RxDQD KDG WKH VIBPH UDQJH
DOO FDVHYV



lle-de-France

Argelés-sur-Mer

Species density

Dofiana A

Dar Dhaoui 1

40 50 60 70
Temperature(°C)

)L OHGLDQV DQG rdDGURW\RINEWHY 7KH .HUQHO GHQ)
WKH PHGLRBOQHIYFK VSHFLHV ZKLFK DUH VKRZQ DV SRbf
RI HDFK VLWH 'DWD DYDLODEOH LQ 7DEOH 6 /RZHU F
‘DOOLV WHVW DQG FDSLWDO OHWWHUYV GLIIHUHQFHV I

6HOHFWHG PRUSKRORJLFDO WUDLWYV DQG */0V

7TKH PRVW LQGHSHQGHQW PRUSKRORJLFDO WUDLWYV ZHUH L
OHJ O H@RAODK IRU DOO WURLELMRW WHHDW B G6ZLWK KLQG OH
LOWHURFXODU GLVWDQFH ZKLFK DUH FRUUHODWHG WR RQF
SRVLWLRQ 7DEOH

7TDEOH 3HDUVRQYY FRUUHODWLRQ FRHIILFLHQW EHWZHHQ WKH F
& Pp[SHSHDWHG YDOXHV KDYH EHHQ UHPRYHG

Interocular distance  Hind leg length Eye position CTrpj

Interocular 1.00
Distance
Hind leg length 0.73 1.00

(p<0.00)

Eye position -0.20 0.17 1.00
(p=10.00) (p=0.00B)

CTep 0.42 0.70 0.10 1.00

(p < 0.00) (p <0.00) (p=0.129

5HVXOWYV IURP WKH */0 PRGHOV DUH VKRZQ LQ 7DEOH
LQFOXGHG WKH WKUHH VHOHFWHGRARAUSBKRQRHUFDPOWWRQ VW



WKH VDPSOLQJ VLWHY DQG WKH JHQXV

OHQJWK VLWH DQG V S Hioh8alaglyphisspedta? Qniy| teeH-Hblddt @nddel
included the full interaction among the three morphological traits, site, and genus. ke CT
of monomorphic species were best explained by the three morpholagits| site, and

genus. For polymorphic species, the best model included the full interaction among the three

7TKH JHQXV ZDV SLC
H[SODLQHG PXFK OHVV YDULDQFH ZKHQ WKLV YDULDEOH
&DWDJW¥\SHKEWVHWIRH) BRGHO WKDW ILWWHGLRDROWGOMIGHKY QIGLO |

morphological traits, site, genus, and worker caste. Overall, site and genus (or species) was

always included in the best models, but site alWwegsa negligible effect whereas genus (or

species) always had an important effect.

7TDEOH

DQG WKH VHOHFWHG RQHV DSSHDU LQ EROG ORZHVW $,&
RI HDFK YDULDEOH DQG HIIHKBFaENdRd s ileHint erattions (HaJ b effédt Rfghe D Q

*OV IRU UHVLVWDQFH WR WHPSHUDWXUH

variables but effect of their interaction).

2Q0\ WKH EHV

Model AIC R2
All species Hind leg + eye position + interocular + hind leg x eye position - 794.15 0.95
hind legx interocular + eye position x interocular + site + genu
Hind leg + eye position + interocular + hind leg x eye position + 797.32 0.95
hind leg x interocular + eye position x interocular + genus
Hind leg + eye position + interocular + hind leg x eye position - 1236.60 0.66
hind leg x interocular + eye position x interocular + site
Hind leg + eye position + interocular + hind leg x eye position - 1275.90 0.60
hind leg x interocular + eye position x interocular
&DWDJO\S Hind leg + site + species 86.67 0.91
Hind leg + species 86.67 0.91
Hind leg + site 95.38 0.86
Hind leg 94.46 0.84
Non Hind leg* eye position* interocular + site + genus 704.30 0.90
Cataglyphis Hind leg * eye position * interocular + genus 706.52 0.90
Spp. Hind leg * eye position * interocular + site 994.25 0.59
Hind leg * eyeposition * interocular 1033.30 0.49
O0R QRPRU E Hind leg + eye position + interocular + site + genus 32259 0.93
VSHFLHV  Hind leg + eye position + interocular + genus 341.29 0.92
Hind leg + eye position + interocular + site 427.41 0.74
Hind leg +eye position + interocular 465.31 0.42
3RO\PRUS Hind leg * eye position * interocular + site + genus + caste 331.23 0.86
VSHFLHV  Hind leg* eye position *interocular + gnus +caste 331.96 0.86
Hind leg* eye position *interocular +site + genus 332.86 0.86
Hind leg * eye position * interocular + genus 335.02 0.85

GHOQR



Morphological traits and Cax

7KH UHODWLRQV EHWZHHQ HDFK VHEBEWHXRRY SIQROLRJILFIE
RXU WKUHH JURXIDWRUOASKEMBMYDIJPBRARPRUSKLF DQG QR
&DWDJIGWHKIPRUSKLF VSHFLHV  +b@BUMHS RIVH QAW K @\QBHOD W

WKUHH JURXSV )LJ +RZHYHU ZKLOH WKH UHODWLRQVK
SRO\PRUSKLF DQWYVY $QRYDBWHVWWHKH VORSH DQG LQWHUFF
IREEDWDJW\SHK LV S yLJ VHH DOVR 7DEOH 6 6

ZHUH REVHUYHG IRU WRH LSRVH WR FXODHQE VRREIM KH.S HAD AR/
EHWZHHQ PRQRPRUSKLF DQG SRO\PRSISKLF DOBFGHVIHYHQ

EHWZHHQ WKHVH&&DNRD JIWEESSIW DQG S ZKLFK DJDLQ KD
KLIJKHU VORSH DQG LQWHUFHSW )LJ ‘HIRXQG,rQR UHODW
IRU WKH WKUHH JURXSV RI VSHFLHV )LJ 7TDEOH 6

)LJ 5HODWLRQVKLS OLQHDU UHJUHVVLRQV EHW{HHQHW KAR WKH/\HFR R R

PRGHOV SHU JURXS BOOFXODWHG ZLWK

'LVFXVVLRQ
'LITHUHQFFYRR®J HQYLURQPHQWYV

7KH KHDW UHVLVWDQFH RI DQWV KDV EHHQ DVVRFLDWHG ZlI
IURP ZDUPHU HQYLURQPHQWY PRUH-DBYH W DXV | WRGK IQUR/ W

10



XQDPELJXRXVO\ VXSSRUW WKLV VWDWHPHQW DV WKH PRV
VRXWKHUQPRVW VLWHV ZKLOH WKH OHDVW UHVLVWDQW VS
7DEOH 6 ,W KDV EHHQ VXJJHVWHG WK DD\Q & HIDGWY U\HS/H K/ IVHDV/
DFFOLPDWL]H WR D VSHFLILF PABX@KDE LHWG® DM R HR PRIX H [ W
UHVXOWYV GLYHUJH IURP WKHVH ILQGLQJV 'HVSLWH VDPSOL
WKDW ZHUH SUHVHQW LQ WZR VLWHV KDG WKH VDPH UHVLV)
UXIDRP WHPSHUDWH DQG OHGLWHUUDQHDQ HQYLURQPHQW\
WKH OHGLWHUUDQHDQ +RZHYHU DOWKRXJK VWDWLVWLFDO
VLWHV ZDV ORZ ) flROL¥YUDXHDOARQDO JHQHUDOLVW WKDW L
VHDVRQV DQG P D\ LEHKRHROUM SOWVMWLEFQFH WKDQ PDQ\ RWKHU
VSHFLHV %XMDQ HW DO E &RQVHTXHQWO\ WKH REVH
WZR VLWHY PD\ QRW QHFHVVDULO\ UHIOHFW DFWXDO YDULD
EH DBXWWHIG WR VHDVRQDO HIIHFWYV

2XU LQLWLDO SUHGLFWLRQ WK D® \OHHGALW KN UARDX@HED K DDYGIC
UDQJHVeoRAD&7 QRW YHULILHG DV WKH REVHUYHG GLIIHUHQF
GHSHQGDQW ,I DQ\WKLQJ ZH REVHUYH Wk H QRFSUSHRDAL MAH DAMU
ORZHU ODWLWXGH )LJ 7KLV FRXOG EH DWWULEXWHG WF
WKH GHYHORSPHQW RI LQFUHDW KIBSKHRD WF UWH\HLIPL\WM B Q F R ZIHY I
PD\ QRW EH DV SURQRXQFHG LQ RRVE B D SW& MR HKW DWW RF 5@/l
GLIIHUHQW IURP KHDW UHVLVWDQFH 7KHVH ILQGLQJV FRQW
RI FRPPXQLW\ UHVLVWD@RH\ZHW KD W HP SHUDWXOH\ .LQJVR(
)XW KHUWIPRRXU UHVXOWYV GLIIHU IURP SUHYLRXV$UBSRUWYV R
HW DO VXJJHVWLQJ QDUURZHU WKHUPDO QLFKHV LQ PH\
WHPSHUDWH RQHV KLQWLQJ DW SRWHQWLDOO\ ORZHU UHVI
PXVW EH FRQVLGHUHG ZLWK FDXWLRQ DV ZH GLGXQ@RW DQDOC
YDULDWLRQV EHWZHHQ GD\ DQG QL JK LSO/MNRBE AX6HBIOO\ LP S

7KHVH GDLO\ WHPSHUDWXUH IOXFWXDWLRQV KDYH EHH
HVSHFLDOO\ UHJDUG QU FAREHO X SRKRHKWWO DL W &DOD]DQV }
$GGLWLRQDOO\ RXU VWXG\ GLG QRW FRQVLGHU SKHQRO
GRPLQDQFH VXERUGLQDWLRQ LQWHUDFWLRQV LQ WKH FRHF
UHVLVWBOEH HW DRUHRYHU ZH RQO\ IRFXVHG RQ WKH XSS

10



DQG ODEFN LQIRUPDWLRQ DERXW WKH WKHUPDO RSWLPXP
XQGHUVWDQGLQJ Rl WKHLU WKHUPDO QLFKH

ORUSKRORJIJLFDBBXWRDHWY DQG

,Q RXU VWXG\ ZH FRQILUPHG WKDW PRUSKRORJLFDO WUDLMW
WKH KHDW UHVLVWDQFH RI DQWYVY DQG HVSHF&BOGN WKH LP
SHWDQD 6RPPHU HRCQQUHHW OHJVY DOORZ DQWV WR PRYH
WKH H[SRVXYUHOW R WM BIWE VOR WKH\ NHHS YLWDO RUJDQV LQ
IURP WKH VXUIDFHKRHWKHHKRHIDYV DLU WHPSHUDWXUH LV F
ORZHU ZKHQ PRYLQJ HYHQ RQO\ D IHZ PLO OHPHWHFHKWDLNZHDW I
DO 7KH UHODWLRQVKLS EHWZHHQ WKH OHQJWK RI WKH
FRQVLGHUHG SDUWLERWDU O\GEBNER O /\DIQW DRG RXU ILQGLQJ
VXSSRUW WKH QRWLRQ WKDW OHJ OHQIJWK SURYLGHV VXIILF

$OWKRXIK RXU IRFXV ZDV RQ PRUSKROKRDWHDD @\BW DY WV L
UHVLVWDQFH WR KHDW LV DOVRVKWWN 5ERWHGE QWR VW\KKDHN SSIUHF
FHOOXODU GDPDJH UHVXOWLQJ IURPAKUERY XUHKWR KLJK WF

,PSRUWDQWO\ RXU VWXG\ DOVR FRQILUPHG VLJQLILFDC
JHQXV RU PRUSKRORIDJMPKYRQQQWHURFXODU GLVWDQFH D
HPHUJHG DV LPSRUWDQW FRQWULEXWRUV WR WKH PRGHO
FRUUHODWHG WR DOO WKH PRUSKRORJLFDO WUDLWYV RWKHL
Uuad ZLRKRPBVDQG WRWDO ERG\ OHQJWK )LJ 6 LW UH
wubDLWV GHWHUPLQH KHDW UHVANGWDIOFGHGR Q\ WK HH O LUH-
DVVRFLDWHG ZLWK ODUJHU DQWYVY WDNLQJ ORQJHU WR KHD)
WKHLU ORZHU VXUIDFH YROXPH UDWYR® HR\P BOHH BIWR VPD
FRUUHODWLRQ DPRQJ WKHVH WUDLWV DV WKH\ DUH JHQHUII
WKH GLVHQWDQJOHPHQW RI LQGLYLGXDO WUDLW FRQWULE.

‘H IRXQG WKDW LQWHURFXODU GLVWQ UHZIDY GRAAMWR N
WKH JHQXV 7DEOH 6 $OWKRXIK WKH IXQFWLRQDO UHOHYI
QRW HYLGHQW )LJ LW FDQ VHUYH DV D XVHIXO SURJ\ LI

oi



ZLWK KHDW UHVLVWDQFH 1RWDEO\ KLJK LQWHUREXODU GL
YLVXDO FXHV IRRZGHHGDWDR® XVH RI YLVXDO FXHV KDV EH
GHVHUWLF DQ@WDW B DB\GEEORSKRKNKFI HW DO 5RQDFKHU
DV ZHOO DV LQ W HRS PIUFD/Y b XDMD/\G B Y NHW KCHOYH DQW JHQHUD
W\SLFDOO\ IRXQG LQ RSHQ DQG YLVXDOO\ VLPS@HOGNYD'LURQ

%UDQGMR *LEE ,QDWXFK HQYLURQPHQWV ZKHUH VRL
HOHYDWHG GXH WR PBUH FHESRAN KWHIDK LQGLUHFW FRUUHODW
LQWHURFXODU GLVWDQFH DQG KHDW UHVLVWDQFH EHFRPH

‘RUNHU SRO\PRUSKLVP

2XU UHVXOWVY VKRZHG WKDW WKH UHVLVWDQFH RI PRQRP
H[SODLQHG E\ WKH VDPH PRUSKRORJLFDO WUDLWV L H OF
H\H SRVLWLRQ )LJ +RZHYHU LQ WKH OWWHAVVIS\H P RH\
FRPSOH[ GXH WR WKHLU KLJKHU LQWUDVSHFLILF YDULDEL
PRGHO LQFOXGHG IXO0 LQWHUDFWLRQV EHWZHHQ WKH WKL
WKDW LQ SRO\PRUSKLF VSHFLHVVQDWIHUWZWREDBUVP DIOWH L
SUHYLRXVO\ UHSRUWHG E\ RWKH &HWXG KRW W ORU GLIII%DMSL
21'RQQHOORUHRYHU D ORZ LQWUDVSHFLILF YDULDQFH LQ

GHVSLWH WKH KLJK YDULDQFH LQ ERGBKHLH RQ H B CPARLLGSXKA
&DPSRQRWXV ERPMWEBULEDGY.QJV LQGLFDWH WKDW LQ SRO\PF
UHVLVWDQFH FDQQRW EH VROHO\ DWWULEXWHG WR WKH LQ
KDV EHHQ SUHYLRWKBYRIEVIHURBBAUQ :HKQHYRZHYHU WKLV

PD\ EH V¥ISFHIFHVLF DV ZH IRXQG WZR VSHFLHV ZKRVH FDVW]
LQ #%7&DPSRQRW XWVQRIDSALXRPRR WKL 6 7DEOH 6

&RQFOXVLRQ

,Q WKLV VWXG\ ZH FRQILUPHG WKH LPSRUWDQFH RI D OLPL
SUHGLFWLQJ WKH UHVLVWDQFH RI DQWYV WR KHDW 2XU LQ
WUDLWYV FRXOG H[SODLQ WKH KHDW UHVIRVWR RN HVKHHPHHIH K

oi



DQG HQYLURQPH@WW RIORSXAFAN@® EH H[SODLQHG VLPSO\
WKH OHQJWK RI KLQG OHJV DV DQ LQGLFDWRU 7KLV H[SOD
XVH WKLV WUDLW RQO\ 1HYHUWKHOHVV RXU VWXG\ VKRZV
PD\ EH XVHIXO LQ D G\ KWL RQKWM RK MK @HIQ \HW WKLV WUDL
7DEOH 6 &RPELQDWLROGVORWMGIWODRGWHABWUH LPSRUWDQW
KHDW UHVLVWDQFH 2YHUDR SD ™MW FR RNVG BE)E\GE RIQH. [ R W Z
WKH RWKHU JHQHUD PRQR DQG SRO\PRUSKLF FRPELQHG
UHVLVWDQFHV LQ ZDUPHU HQYLURQPHQWY WKDQ LQ PRUH \
LQ KHDW UHVLVWDQFH 7KLV VXJJHVWQFMKDMWO RW DG W § WLDHAY
KRW HQYLURQPHQWY 7KHVH UHVXOWY KLQW WKDW ZH VKR X
KLQG OHJ RU HYHQ RWKHU DVSHFWV RI BHXD YELROR D\Q ® \
KLHUDUFKLGADKL $\H @DWK RRWKHU VSHFLHV

o1



6XSSOHPHQWDU\ PDWHULDO

" y=0.7076In(x) + 11.841
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)L® 7HPSHUDWXUH DXJPHQMMDMLIRQQGXULZRH &DDWH Z|
WHPSHUDWXUH RI f& DQG FRQVWDQW HOHFWULF SRZ
ILUVW DQG WKHQ ORJDULWKPLFIDVO \2 B WRXIDSH B RVIHSIX
WKRVH IURP RWKHU VWXGLHV UHJDUGOHVV RI WKH P
SURSRVHG E\ -jUJHQVHQ /% ODOWH + ‘UVWHG 0 .0ODK
WR HVWLPDWH WKHUPRQH PMRROWKBQFY DEBRWY WWQIWW H FS
WR WKHUPFQ YW HVRWWWSYV GRL RUJ Vv

)LI 66HWXS XVHG WRB; PSIDVKBBV&WKH KRW SODWWWIL
*HUPDQ\ ZLWK D VNHWFKHER \G W\RFR DIORES RPRIQBSWE R
% LV D WRS YLHZ RI WKH SODWHUHKRZDLEK MQWYGHY F
GLIIHULQJ LQ VL]H
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& x o &
. () X 2 =X
& & e Naooo & E S '
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27 & & & # LS S LS F S S e
SR S VU SN SN SR SR L N S AR A

Head_width | 1.00 | 0.96 0.96 0.89  0.86 0.82 | 0.82 | 0.88 0.86 0.85 0.91 0.95 0.88 | 0.85 | 0.84

Head_length | 1.00 0.87 092 091 090 090 091 092 091 095 098 091 091 091

Interocular | 1.00 | 0.78 | 0.74 | 0.71 | 0.70 | 0.78 | 0.76 0.76 | 0.83 | 0.87 0.77 | 0.74 | 0.73

Clypeus | 1.00 | 0.90 | 0.89 | 0.90 0.90 0.90 0.90 0.89 0.91 0.90 0.90  0.90

Tibial | 1.00 096 0.96 098 0.95 096 094 093 099 0.96 096

Tibia2 | 1.00 0.99 0.93 | 0.98 0.97 093 093 0.95 1.00 0.98

Tibia3 | 1.00 | 0.94 | 0.97 0.98 093 093 0.96 098 1.00 [

Femur1 | 1.00  0.95 0.95 094 093 1.00 095 095

Femur2 | 1.00 0.98 0.95 0.95 0.96 1.00 0.98

Femur3 1.00 0.95 0.94 096 098 1.00 H

Mesosoma | 1.00 099 0.94 0.95 094

Total_length | 1.00 0.94 0.94  0.94

Leg! 1.00 | 0.96  0.96

Leg2 | 1.00 099

Leg3 | 1.00

Eye_pasition = 1.00
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)L 6&RUUHODWLRQ PDWUL[ RI PHDVXUHG PRUSKRORJI
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)L 6/HPSHUDWXUH UHVLVWDQFKDRIXDQWWVDPE OMRBOR@ LBIY QXPEHU
RI HDFK SORW DUH SRROHG E\ FDVWH



)L &HPSHUDWXUH UHVLVWDQFH RI DQWYVY VDPSOHG LQ 'RxDQD 1DWLRQ!
OHIW FRUQHU RI HDFK SORW DUH SRROHG E\ FDVWH

00



)L &HPSHUDWXUH UHVLVWD Q FHVRILDWY WBY WHIPGSIH/G 2 IUQ HQWH®HY ) U D Q
JLYHQ LQ WRS OHIW FRUQHU Rl HDFK SORW DUH SRROHG E\ FDVWH

00



)L 67THPSHUDWXUH UHVLVWD Q@HUJRQ B WV D/@OPE OHRROR@LAEBM QXPEHU J
RI HDFK SORW DUH SRROHG



J)LIXUH+BDW UHVLVWDQFH RI JHQHUD *UD\ SR HQWAS F RUHNH VISIRQFSX Q/RV
WKH PHDQ RI WKH PHGLDQ SHU FRORQ\ UHJDUGOHVYVY WKH VLWH 5H
Rl WKH VDPH JHQXV



7TDEOH&®&pSHU VSHFLHV IRU DOO WKH HQYLURQPHQWY 7K#¢bYDOXHV FI
SHU FRORQ\ UHJDUGOHVV WKH FDVWH

Site Species median 1st Qu. 3rd Qu.
Dar-Dhaoui Camponotus barbaricus 53.00 52.50 53.70
Camponotus oasium 53.80 53.10 54.30
Cataglyphis albicans 58.40 57.90 58.90
Cataglyphis bombycina 59.90 59.10 60.75
Cataglyphis rubra 59.50 58.60 60.80
Cataglyphis savignyi 65.40 63.58 67.03

Lepisiota frauenfeldi 54.05 53.10 54.50

Messor aegyptiacus 51.10 50.40 51.70

Messor arenarius 52.80 52.00 53.60

Messor medioruber 51.40 50.50 52.00

Messor picturatus 51.75 50.58 52.50
Monomorium salomonis 52.40 51.80 53.00
Monomorium sommieri 52.30 52.00 52.58
Monomorium subopacum 53.10 52.53 53.58

Pheidole pallidula 46.55 46.38 47.00

Plagiolepis maura 48.10 46.30 48.43

Tapinoma sirothi 48.70 48.35 49.25
Tetramorium sericeiventre 5290 52.20 53.40

Dofiana Aphaenogaster senilis 57.02 55.55 58.04
Cataglyphis tartessica 59.80 59.05 60.53
Crematogaster scutellaris 49.65 48.88 50.60

Formica rufibarbis 55.00 54.25 55.90

Lasius grandis 46.90 46.40 47.00
Linepithema humile 45.70  44.90 46.10

Messor marocanus 51.70 50.60 52.60

Myrmica aloba 45.30 4495 45.90
Oxyopomyrmex saulcyi 48.07  48.07 48.07

Tapinoma erraticum 48.05 47.50 48.60

Tapinoma nigerrimum 49.07 47.20 50.06
Argeléssur-Mer  Aphaenogaster senilis 55.70 55.10 56.88
Camponotus vagus 51.80 50.98 52.30
Cataglyphis piliscapa 59.15 57.95 60.08
Crematogaster scutellaris 49.45 48.43 49.90

Formica rufa 53.85 53.00 54.55

Lasius cinereus 44.60 43.43 45.60

Messor barbarus 51.80 49.90 52.70

Messor bouieri 51.40 50.80 52.20

Pheidole pallidula 46.95 45.90 47.50

Plagiolepis pygmaea 48.90 48.43 48.90




Plagiolepis pyrenaica 48.00 47.15 48.60
Tapinoma erraticum 48.60 47.35 49.20
Tapinoma nigerrimum 49.40 48.03 50.10
Tetramorium caespitum 47.30 46.73 47.70
lle-de-France Dolichoderus quadripunctatus 48.00 47.60 48.18
Formica fusca 52.60 52.03 53.10
Formica rufa 52.60 51.60 53.50
Lasius brunneus 43.10 42.30 43.80
Lasius emarginatus 46.70  45.90 47.30
Lasius flavus 43.60 42.60 44.28
Lasius niger 47.50 46.70 48.20
Myrmecina graminicola 41.10 40.30 42.00
Myrmica ruginodis 4555 45.10 45.90
Myrmica scabrinodis 4520 44.60 45.83
Myrmica specioides 4590 45.70 46.50
Temnothorax nylanderi 46.90 46.50 47.30
Tetramorium caespitum 47.15 46.60 47.50




7TDEOHS®BHVXOWY ROQOKVNDOWVW EHWZHHQ FDVWHYV RI
DQG ODUJHHWXIMRHINH FR UDJHY SSRKRZ QW R D

Rl VPDOO

PHGLXP

SRO\PRUSKLF

'LOFTF

FRPSDULVRQ EHWZHHQ FDVWHV RI WKH VDPH VSHFLHY GDWD QRW
ZLWK QR VLIQLILFDQW GLIITHUHQFH EHWZHHQ FDVWHV DQG UHG

FDVWH LVKQDPW RIRFHHYHVWDQW WKDQ WKH VPDOOHU FDVWH

Species Kruskal -Wallis test p-value small medium large
Dar Dahoui

Camponotus barbaricus X2= 18.952, df =2  7.666e05 52,77  530%° 5385
Camponotus oasium X?=5.1509, df = 2 0.07612 53.9 53.85 53.5
Cataglyphis bombycina X2= 7.7854, df = 2 0.02039 59.4 60.5 60.3°
Cataglyphisrubra X2= 29581, df=2 3.771e07 58.°  50.8  60.28
Cataglyphissavignyi X2= 23552, df=2  7.688e06 6159 647  65.8%
Messoraegyptiacus X?=94.105, df = 2 <2.2el6 50.0° 51.2 51.72
Messorarenarius X2=61.977,df =2 3.483e14 51.¢ 53.0P 53.5
Messormedioruber X?=28.513, df =2 6.433e07 50.6° 51.4 52.05
Messorpicturatus X2=40.356, df = 2 1.725e09 50.4 51.8 52.35
Tapinomasimrothi X2=1.0903, df =1 0.2964 48.6 + 48.8
Argelés-sur-Mer

Camponotusvagus X2= 51502, df =1  7.154e13  51.0° + 52.3
Messorbarbarus X?=99.023,df=2 <22e16  490° 51.P  53.P°
Messorboumeri X2= 46.649, df = 2 7.419e11 50.7 51.5° 52.12
Pheidolepallidula X?=29.231,df =1 6.424e08 46.00 + 47.8
Tapinomanigerrimum X?= 32.766, df = 1 1.04e08 48.8 + 49 9
Dofana

Messormarocanus X?= 150.65, df = 2 <2.2el6 50.46 52.08 52.56
Tapinomanigerrimum X2=7.0114, df =1 0.008L 48.5P + 49 5P
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7TDEOH&®p; f& RI DQWV VDPSOHG LQ WZR GLIVHAVWHHROM WD WKWVH SHV XU WM R |
YDOXHV DUH JLYHQ LQ PHGLDQ ,45 )RU WKH SRO\PRUSKLF VSRKLH\W OMK
RQO\ VPDOO ZRUNHUV ZHUH FRPSDUHG EHFDXVH WKH ODUJH FDVWH ZDV

Species

Caste

lle-de-France

Argeléssur-Mer Dofiana Dar-Dahoui t p

A. senilis Monomorphic 55.7(55.1, 56.9) 57.0(55.6, 58.0) 0.677 0.4
Cr. scutellaris Monomorphic 49.4(48.4, 49.9) 49.7 (48.9, 50.6 1.098 0.33
Ta. erraticum Monomorphic 48.6(47.3,49.2) 48.0(47.5, 48.6) 0.245 0.80
L Small 48.4(47.0, 49.3) 48.6(46.4, 49.6) -0.229 0.83

Ta. nigerrimum
Large 49.9(49.6, 50.5) 49.6(47.6, 50.4) -0.727 051
Ph. pallidula Small 46.0(44.5, 47.0) 46.6(46.4,47.0) 0.837 051
T. caespitum Monomorphic 47.2(46.6, 47.5) 47.3(46.7, 47.7) -0.388 0.72
F. rufa Monomorphic 52.6(51.6, 53.5) 53.8(53.0,54.6) -2.935 0.04

7TDEOH 3®UDPHWHUYV HVWLPDWHYV

IRU WKH OLQHDUPIHRGHOV UHODW

Length of hind leg Other genera Cataglyphisspp.
Intercept 46.37 49.38
3.95 7.01
R? 0.49 0.82
P <0.001 <0.001
Interocular distance Other genera Cataglyphisspp.
Intercept 50.54 59.96
3.27 8.68
R2 0.27 0.69
P <0.001 <0.001
Eye position Monomorphic Polymorphic Cataglyphisspp.
Intercept 50.02 51.4 46.08
0.69 0.16 -11.69
R? -0.007 0.007 0.08
P > 0.05 > 0.05 > 0.05







&KDSWHU

ORUSKRORJLFDO GHWHUPLQDQWYV
JLPLWV LQ DQWV

7KLVRQW\ D SUHOLPLQDWKSUHWVKY@WZIHNLEW HRQG WR FRQGXFW
WR D MRXUQDO
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ORUSKRORJLFDO GHWHUPLOQDQWYVY RI &ULWLFDO 7KH

)IWLPD *DUFtD ,EDUUD 7KLEDXG ORQQLQ $QPp@HUXGH %XOV
3DVFDO -RXTXHW

SEVWUDFW

7KH RQJRLQJ HITHFWV RI FOLPDWH FKDQJH DQG DOWHUDWLF
LQ WKH VWUXFWXUH GLYHUVLW\ DQG SKHQRORJ\ RI VSHFL
(FWRWKHUPLF RUJDQLVPV SDUWLFXODU®U¥XXURHUDEBMHQW
LPSDFWHG ZLWK DQWYV XELTXLWRXV LQ WHUUHVWULDO KI
SURFHVVHYVY 7KH DQWLFLSDWHG FKDQJHVY LQ DQW SRSXODW
KDYH LPSRUWDQW HIITHFWV RQUIOREDO HFRV\VWHPV 3DUU

7KH VWXG\ IRFXVHV RQ DVVHVVLQJ WKH KHDW UHVLVWD
H[SORUHV WKH UHODWLRQVKLSY EHWZHHQ &ULWLFDO 7Kt
PRUSKRORJLFDO WUDLWYV DW WKH LQGLYLGXDO WRYHO /DU.
PRUH KHVWWWDQW GXH WR LQFUHDVHG PRELOLW\ DQG EH
VSHELHV FKDUDFWHUL]JHG E\ ODUJHU ZRUNHUV DUH H[SH
HQKDQFLQJ UHVRXUFH XWLOL]DWLRQ LQ GUF MONEURQ PBYQW
HPSOR\ GLIIHUHQW DGDSWDWLRQV VXFK DV LQFUHDVHG ER
ZDUP KRXUV WR FRSH ZLWK WKHUPDO VWUHVV &HUGD 5H

BUHOLPLQDU\ UHVXOWY LQGLFDWH WKDW KLQG OHJ O}
GLVWDQFH LQWHUDFW LQ H[SODLQLQJ DQW KHDW UHVLVW
LQIOXHQWLDO WUDLW 7KH GLVWULEXWLRQ RHH® ERGD V XJ.
VLIH DQG &7PD[ ZLWK ODUJHU ZRUNHUV LQ FHUWDLQ JHQI
1RWDEO\ VR IDU ZH KDYH QRW REVHUYHG DQ REYLRXYV
PRQRPRUSKLVP RQ KHDW UHVLVWDQFH

'KLOH WKHVH SUHOLPLQDU\ ILQGLQJV LPSO\ D FRQQHF!
DQG KHDW UHVLVWDQFH IXUWKHU DQDO\VLV LQFOXGLQJ

fi o



GHILQLWLYH FRQFOXVLRQV $GGLWLRQDOO\ H[SORULQJ GL
VSHFLHY DQG FRPSDULQJ UHODWLRQVKLSY DFURVV PRQRP
SURYLGH D PRUH FRPSUHKHQVLYH XQGHUVWR@PEXQLW! DQW

.H\ZRUGV

&S&ULWLFDO 7KHURD® QWPLWP R&JISKRORJI\ [ XOQRW GREMDICP DWUHD L
OHGLWHUUDQHDQ FOLPDWH WHPSHUDWH FOLPDWH

L,LQWURGXFWLRQ

&OLPDWH FKDQJH DQG ODQG XVH DOWHUDWLRQV KDYH OH(
SKHQRORJ\ Rl VSHFLHV DFURVV YDUBR&V HFRMVYQHPV Z
WHPSHUDWXUHV D PDMRU DELRWLF VWUHVVRU SDUWLFXO
HQYLURQPHQWDO WHPSHUDW XU HYUURIW WHIQP SIMMUSIREOMWW H U H.
XELTXLWRXV LQ WHUUHVWULDO KDELWDWV SOD\ FUXFLDO L
FRQWURO VHHG GLVSHUVDO 'HD® GRARP PIY\Q RWQ UHTXOQWQO R
FKDQJHV LQ DQW SRSXODWLRQV GXH WR FOLPDWH FKDQJH
PRGLILFDWLRQV LQ JAXDRAD O ULARAMSWHPV

*OREDO ZDUPLQJ LV SURMHFWHG WR FDXVH JUHDWHU W
38 & SRWHQWLDOO\ H[SRVLQJ DQWV LQ WHPSHUDWH H
WHPSHUDWXUH ULVHVY WKDQ WKHLU WURSLFDO FRXQWHUSI
KLJKHU UHVLVWDQFH WR WHPSHUDWXUH YDULDWLRQV GX
| O XFOWV L-P@VH Q .DVSDUL HW DO %XMDQS$SORHGHU <
LQ WURSLFDO DQG PHVLF HQYLURQPHQWY OLYLQJ FORVH
WROHUDQFH PD\ EH PRUH Y XO QH UDPAQRK &/ R W HFBHMHD W X U
VSHFQRHYHO HIIHFWV FRXOG H[WHQG WR FRPPXQLW\ OHYHOV
VHDVRQDO UHJLRQV SRWHQWLDOO\ GHPRQVWUDWLQJ JUHLE
ZDUPHU OHVV VHOYVRDO® G W HIQRQV



$QW KHDW WROHUDQFH LV LQIOXHQFHG E\ ERWK FRQ\
SK\ORJHQ\ DQG LQGXFLEOH IDFWRUV HJ SURGXFWLRQ
FKDQJHVY ORUSKRORJLFDO WUDLWV VXFK DV OHJ OHQJWHI
LQGWRDYV Rl WK H U RD@ RMHQYENW BIGW B O 6RPPIHUIHUHKQH |
DQWV ZLWK ORQJHU OHJV DUHVH\SWB QW GS WH VER P @ EWHDMNI
EHWWHU KHDW GLVVLSDWLRQ 3RO\PRUSKLF VSHFLHV ZLWH
UHVLVWDQFH IDFLOLWDWLQJ HINLIFQMQWR Q A MR YWWF HO KQURFOR
VSHFLHV KRZHYHU PD\ HPSOR\ GLIIHUHQW DGDSWDWLRQV "
WKH H[SUHVVLRQ RI SURWHLQWMRGBRSHHILMKDWKHUPDO V\

$QWV LQGLYLGXDO SHUIRUPDQFH LQFOXGLQJ PRYH
UHSURGXFWLRQ LQFUHDVHV ZLWK WHPSHUDWXUH XQWLO C
DGYHUVHO\ DIIHFW WKHLU PHWDEROLVP S®WWWYWQDBB\UOF

-HQNLQV HW DO =DNKD BRYHVARLIQKDWRN UHVLOLH
FRPPXQLWLHY WR JOREDO ZDUPLQJ LQYROYHV FKDUDFWH
SUHGLFWLQJ WKHLU H[SRVXUH DQG XQGHUVWDQGLQJ SRW
&ULWLFDO 7TKHUP P PBRPFPRRQ @7XVHG WR GHVFULEH DQW W|
KHDW 7KLV VWXG\ IRFXVHV RQ HYDOXDWLQJ WKH KHDW UH)
IURP RQH DQW FRPPXQLW)\pdg \DRHD MKSIQRU VOKHLKH. T HODW L R
&%p(DQG PRUSKRORJLFDO WUDLWYV DW WKH LQGLYLGXDO OH Y
WR GHWHUPLQH WKHUPDO UHVLVWDQF&O pPHDAHW. FX\ODO Ot
*DUFtD ,EDUUD HW DO LQ SUHS 6RPPHW QG IGQHWY UH Q FHRN
WKH UHODWLRQVKLS EHWZHHQ IXQFWLRQDO WUDLWV DQG
SRO\PRUSKLF VSHFLHV

ODWHULDO DQG PHWKRGYV

6WXG\ ORFDWLRQ BP&QG PHDVXUH RI &7

,Q $SULO ZH VDPSOHG ZRUNHUV RI DQW VSHRLHV DW
OHU )UDQFH f 1 f ( 7DEOH 7KH VLWH V PHD
PP &OLP®DWHD RUJ/KLV ORFDWLRQ FRQVLVWHG RI D FRPEI

=
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GXQHV DQG VDQG\ EHDFKHVY ‘H VDPSOHG ZRUNHUV IURP W
HIFHSWIORIYW RU ERXRPDPUHROHSLVIBSUGRPD FDWIIRWRARGERQLHYV

DQEDIJLROHSLRGNIPRBRQ\ VHH 7DEOH JRU HDFK VSHFLH
DW OHDVW P DSDUW 8VLQJ D YDFXXP ZH FROOHFWHG ZRL
FRORQ\ RQ WKH JURXQG :H VDPSOHG IRUDJHUV SHU FROI

IRUDUY SHU FDVWH SHU FRORQ\ IRU BKG\PRWSKLER VSHFLHKNP
SODVWLF ER[HV FRQWDLQLQJ D GDPS FRWWRQ EDOO DQG ¢
DQRDO\WLV 7R SUHYHQW DFFOLPDWL]DWLRQ WR @GBERUDWRL
ZLWKLQ K DIWHU FROOHFWLRQ

7TDEOH 6DPSOHG DQW VSHFLHV $QW VSHFLHV ZHURWHWEKKU PRQ
VSHFLHVY WKH WDEOH JLYHV WKH QXPEHU RI FRORQLHY DQG RI ZF

ORUSKROF I1XPEHU RI FRO
$QW VSHFLLI ORQRPRUS QXPEHU RI ZRI
3RO\PRUS VDPSOHG

$SKDHQRJDVWH
&DPSRQRWXV Y
&DWDJO\SKLV S
&UHPDWRJDVWH
YJRUPLFD UXID

/IDVLXV FLQHUH:
OHVVRU EDUEDL
OHVVRU ERXYLH
3KHLGROH SDOC
30DJLROHSLV S
30DJLROHSLV S
7DSLQRPD HUUD
7DSLQRPD QLJH
7JHWUDPRULXP F

O WOOOWWWOOO ww©o

‘H PHDVXUYHBVERI WKH G\QDPLF PHOWRKREG UUHHW LIH@HG E\
$QWYV ZHUH SODFHG RQ D KRW SODWH WKDW ZDV JUDGXDOC
DQG XS WR f& ‘H XVHG D KLJK SUHFLVLRQ f& PD[ * f
*HVWLIJNHLW *HUPDQ\ 7R IDFLOLWDWH WKHHREV MKHLW L R
HVFDSH IURP WKH KRW SODWH ZH XWLOL]J]HG SODVWLF WXE
DQG FP LQ KHLIJKW RSHQ DW ERWK HQGV DQG FRDWHG ZLW
37)( $ PD[LPXP RI WKUHH DQWV ZHUH FEOQBHHE EIKQ W/ XEH \

=1}
(@}



DFFRPPRGDWHG D PD[LPXP RI WKUHH DQWYV VLPXOWDQHRX
FHUWDLQ VSHFLHVY FOLPEHG RQ WRS RI HDFK RWKHU ZH JHC
HQWRPRORJLFDO WWRHNIHOD¥ K 7K@W&ZDV UHFRUGHG DV WKH
LQGLYLGXDO DQWYVY ORVW ORFRPRWRU FRRUGLQDWLRQ VL.
RFFXUUHQFH RI VSDVPV el WBIRKUMH@W KADQVWI WWV @Z7IHUUHG WFR
HWKDQRO IRU PRUSKRORJLFDO PHDVXUHPHQWYV

ORUSKRORJLFDO WUDLWYV

‘H GLVVHFWHG DOO WKH DQWV DQG PHDVXUHG D VHW RI
VLIQLILFDQFHEOFKRRUKBQCQJIHWRSBFLILFDOO\ ZH PHDVXUHG P
ZLGWK PD[LPDO KHDG OHQJWK FO\SHXV OHQJWK OHJ OHQ
DQG :HEHUYV OHQJWK DV LQGLFDWLYH RI ERG\ VL]H 7DEC
PHDVXUHV GXH WR ®UIOHURIQERIG\LSD WWM DNKRVH ZHUH LQGH
T FP SODVWLF ER[IXMHQ@ IWBRBXEOHKHQ SKRWRJUDSKHG ZL
VWHUHRPLFURVFRSH OHDVXUHV ZHUH FRQGXFWHG XVLQ.
6FKLQGHOLQ HW DO

7TDEO&KRVHQ PRUSKRORJLFDO FKDUDFWHULVWLFV DQG WKHLU IXQ
OHJ OHQIJWWHKHK) YREORHIGWW K Rl WKH WLELD DQG IHPXU ULJKW VLG
SDLUV RI OHJV $GGLQJ WKHRWQ W& PHDE XWKHW HVHZHWOMOV D VWURQ
EHWZHHQ WKHP IRU DOO OHJ SDLUV

Character Trait measured Functional significance

Head size Head width (max) Head size may vary allometrically with body size, he
Head length (clypeus size may also be linked to predatory strategies, with w
occiput) heads allowing for more powerful mandible muscles.

larger mandibles hence larger prey and larger s
(Kaspari & Weiser, 1999; Sarty et al., 2006)

Clypeus Clypeus length Modified clypeus is more commonin species that rely
liquid food (Eisner, 1957; Davidson et al., 2004)
Eyes Interocular distance Visual predators have more dorsally positioned €

Eye position ((head (higher interocular distancEpwler et al., 1991)
width tinterocular
distance)/ head lengtk

Leg length for Sum ofTibia length Leg length is related tothermaegulatory strategy

each pairs of legs andfemur length (Sommer & Wehner, 20123nd increases locomotio
speed in simple habitats; in complex habitats shorter
allow exploitation of crevices and manoeuvrabi{Barty
et al., 2006; Gibb & Parr, 2010)

Mesosoma Mesosoma (Weber's Indicative of overall body size and often linked
length) thermaesistancéWillmer & Unwin, 1981) and resource
use (Kaspari and Weiser 1999)

o



'‘DWD DQDO\VLYV

, KHUHDIWHU SUHVHQW D SUHOLPLQDU\ DQDO\VLVY $00 GDW

VRIWZDUH +HUHDIWHU WHPSHUDWXUHY ZLOO EH H[SL
UDQJH L H PHGLDQ ,45 7TKH VHOHFWGRRORWRHGDEPB @/ RWK-
FDQ EH LOQWHUSUHWHG DV WKH /' OHWKDO GRVH L H
LOQGLYLGXD&ONVPOPHUKRVKW D/®R DVVHPRUIZEKRRRILFDO WUDLWYV
&ppWKH EHVW ZH ILUVW YHULILHG SHDRRBQTMWHPRMUIRIHODWL
DYRLG FROOLQHDULW\ DPRQJ YDULDEOHYVY 2QO\ YDULDEOH)V
)LJ 6 7TKHQ ZH H[SORUHG KRZ WKHVHpIRXUQYD VL BO &M
OLQHDU PRGHO FRQVLGHULQJ IXOO LOQWHUBD&RLHR QM E-HW ZH

‘H DOVR H[SORUHG KRZ HDFK YDULDEOH ZDV UHODWF
UHJUHVVLRQV

SUHOLPLQDU\ UHVXOWYV

7KH PRVW UHVLVWDQWIWSHRKLM\SIZOVVFDSD f& DQG WKH OF

UHVLVWDQDW RXQWH ZIDQHUH XV f& OHGLDQ YDOXHV IRU D¢
VKRZQ LQ )LJ DQG 7DEOH 6

ofi



)LJ +HDW UHVLVWDQFH RI VSHFLHV SHU VLWH %R[S0RR
SRO\PRUSKLF VSHFLHY DOO ZRUNHU VL]HVDXBDUB OFIR®H LLH T

7KH I XOO LQWHUDFWLRQ OLQHDU PRGHO WHPSHUDWXUH a
H\H SRVLWLRQ SUHVHQWHGORVBWLQJ WKH LQWHUDFWLRQV
VKRZHG W KHUMRALW VKBIQW JHQHUD )LJ

Cataglyphis o Aphaenogaster Formica Messor Camponotus
3 R
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Hind leg * clypeus height * interocular distance * eye position
)LJ ,QWHUDFWLRQ RI WKH IRXU VHOHFWHG PRUSKRO

UHVLVWDQW JHQHUD EODFN GRWV GHQRWH WKH UHPD

/ILQHDU UHJUHVVLRQV RI WKH VHOHFWHG PRUSKRORJLFI
RI KLQG OHJ ZDV WKH WWhIMWKMWEBWMSSODLEKE WEWRURFXC
GLVWDQFH DQG KHLJKW RI FO\SHXV VKRZHG D SRVLWLYH U}l
RWKHU KDQG WKH H\H SRVLWLRQ H[SODLQKG YHU\ OLWWO'



- Genus * Aphaenogaster © Messor * Camponotus ® Cataglyphis ® Formica e Other genera -

Length of hind leg Height of clypeus
R?= 0.52, p<0.001 > R?= 0.36, p<0.001 .o
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)LJ S5HODWLRQVKLS OLQHDU IRXKIW NMHPRREKIWHEE R W ZAAHDHDQ WABKCH WG

FRUUHV SR QGHWWRHFDORFXWDWH G ZLWK

SHUVSHFEWLYHYV IRU WKLV VWXG\

7KH SUHOLPLQDU\ UHVXOWYV VXJJHVW WKDW WKH UHVLVWI
H[SODLQHG E\ VRPH NLQG Rl LQWHUDFWLRQ EHWZHHQ WKF
LQWHURFXODU GLVWDQFH +RZHYHU WKH SRWHOLHRY® RFMW K H
RQ UHVLVWDQFH

'LVWULEXWLRQ RI JHQHUD LQ )LJ KLQWVYV RgD UHODW
DV WKH ILYH JHQHUD ORFDWHG RQ WKH XSSHU OLPLW RI
ZRUNHUV 7KH VDPH WUHQG H[LVWV IRU HDFK LQGHSHQGHQ
WKDW WKUHH Rl WKHVH @BQBUO\B K EVISEEP\RREULEMGY W Z R
DUH PRQRPBEKDKLFRD QRVWHPUFPN KDV EHHQ UHSRUWHG WKDYV

O



IDFLOLWDWHY D PRUH HIIHFWLYH XVH RI UHVRXUFHV DV VS
7KLV DOORZV WKHP WR HQJDJH LQ IRUDJLQJ DFWLYLWLHYV
IRUDJHUV KDYH LQFUHDVHG UHVLVWDOQ E) WERHWDID D B & S
DOORZLQJ WKHP WR HQGXUH FKDOORQHPGOD FHQW LH\R QPG Q W
%DXGLHU HW DO /D 5LFREOLHUHWRKHWDD UHVXOWYV VXJ
UHVLVWDQFH PD\ EH PRUH UHODWHG WR WKH LQGLYLGXDO |
VSHFLHV

7TKHVH SUHOLPLQDU\ UHVXOWYV VXJJHVW WKDW WKH UF
SDUWLDOO\ H[SODLQHG E\ PRUSKRORJLFDO WUDLWYV 1HYHL
EHIRUH IXUWKHU DQDO\VLV RI WKH GDWD

7KH QH[W VWHS ZLOO EH WR XVH OLQHDU PL[HG PRGHO\
GDWD FRQVLGHULQJ QRW RQO\ PRUSKRORJLFDO WUDLWYV E
VDPH LQ PRQRPRUSKLF DQG SRO\PRUSKLF VSHHWDH® GB VR
GLIITHUHQFHYVY EHWZHHQ FDVWHYVY LQ SRO\PRUSKLF VSHFLHV

00



6 XSS OHPPMWHWLD O

& & & 2 & &

&, NI & &

o7 27 4O $6 & @ é\o‘ 6\8‘ 6‘8\ - A IS
SR S N R R I NN

Head_width |1.00 0.95 0.97 0.74 0.81 0.77 0.73/0.83 0.82/0.77/0.88/0.92 0.83 0.80 0.76
Head_length 1.00 0.91 0.82 0.92 0.88 0.86 0.94 0.93 0.90 0.96 0.99 0.93 0.91 0.89 08
Interocular | 1.00 0.68 0.73 0.68|0.63|0.77|0.75/0.71/0.82 0.86 0.75/0.72/0.68

Clypeus 1.00 0.86 0.86/0.85/0.84/0.84/0.82/0.86/0.850.850.86/0.84

Tibia1 1.00 0.98 0.97 0.99 0.99 0.98 0.98 0.96 1.00 0.99 0.98 L os

Tibia2 1.00 0.98 0.96 0.97 0.96 0.95 0.93 0.97 0.99 0.98
Tibia3 | 1.00 0.96 0.96 0.97 0.94 0.91 0.97 0.98 0.99 ro0z
Femur1 |1.000.99/0.99 0.98 0.97 1.00 0.99 0.98

Femur? |1.000.990.98 0.97 0.99 0.99 0.98

Femur3 '1.00 0.96 0.95 0.98 0.98 0.99 F 02

Mesosoma |1.00/0.99 0.98 0.97 0.96

04
Total_length 1.00 0.97 0.96 0.94

Leg? /1.000.99 0.98
Leg2 1.00 0.99
Leg3d 1.00 0.8

Eye position 1.00
1

)LJ6 &RUUHODWLRQ PDWUL[ RI PHDVXUHG PRUSKRORJI

7TDEOH 6 &7PD[ SHU VSHFLHV IRU DOO WKH HQYLURQPHQWYV 7KH
PHGLDQ &7PD[ SHU FRORQ\ UHJDUGOHVV WKH FDVWH

Species Median quilf':ile qu:zlrr(:ile
Cataglyphis piliscapa 59.15 58.55 59.32
Aphaenogaster senilis 55.70 55.86 56.41
Formica rufa 53.85 53.36 54.22
Camponotus vagus 51.75 51.26 51.82
Messorbouvieri 51.40 50.95 51.66
Messor barbarus 51.80 50.91 51.62
Crematogaster scutellaris 49.50 48.77 49.44
Tapinoma nigerrimum 49.40 48.46 49.30
Plagiolepis pygmaea 48.90 48.43 48.82
Tapinoma erraticum 48.60 47.10 48.62
Plagiolepis pyrenaica 48.00 46.71 47.87
Tetramorium caespitum 47.30 46.89 47.33
Pheidole pallidula 46.95 46.03 46.79
Lasius cinereus 44.70 43.94 44.79




7TDEOH 3HDUVRQYY FRUUHODWLRQ FRHIILFLHQW EHWZHH&Q WKH PRUS
SHSHDWBO&HYV KDYH EHHQ UHPRYHG

Interocular Hind leg Eye position Clypeus CTep
distance length
Interocular 1.00
Distance
Hind leg length 0.68 1.00
(p<0.00)
Eye position -0.39 0.11 1.00
(p<0.00) (p<0.00)
Clypeus 0.68 0.84 0.22 -1.00
(p<0.00) (p <0.00) (p < 0.00)
CTrpp] 0.43 0.78 -0.06 0.58 1.00
(p<0.00) (p <0.00) (p<0.095 (p<0.00)

00



&KDSWHU

(ISHULPHQWDO HYLGHQFH WKDW

WHPSHUDWXUH DIIHFWYV ELRWXL

7KLV SDSHU KDV EHHQ SXEOLVKHG2LQ -RXUQDO RI $QLPD

00



([SHULPHOWDO HYLGHOQFH WKDW LQFUHDVHG VXUID
E\ DQWYV

)iIWLPD *DUFtD ,EDUUD 3DVFDO -RXTXHW 1LFRIEDK@6RWW
ORQQLQ

SEVWUDFW

$QWV DUH LPSRUWDQW ELRW XURBRRWW DWK® W FOFHVY R HO \SHU
FRXOG EH SDUWLFXODUO\ DIIHFW H® EW K6 B P B O 1HLY B RIWK HIDW
FDQ LQGLUHFWO\ UHJXODWH WKHLU WHPSHUDWXUH WEKURX
DUFKLWHFWXUH RI WKHLU QHVWYV HJ GLJJLQJ GHHS QHV
DUFKLWHFWXUH KDV EHHQIRROWLRODOGWLD IHYSRQGR® FR
VHQVLWOQWH WRRFKID@QWIBY VXFK DV LQFUHDVLQJ WHPSHUDW X
VWXG\ WKH QHVWRD DFRMVIWBFW IXQFWLRQDO WUDLW DQG LW
K\SRWKHVL]HG WKDW ZKHQ H[SRVHG WR LQFUHDVHG VXUIDF
H[FDYDWLRQ DFWLYLWLHYV EXLOG GHHSHU QHVVKWLOIQG DOV
SUHIHUUHG WHPSHUDWXUH DQG KXPLGLW\ WKXV HQKDQFLC

‘H DOORZHG /DVRXYIQWHBRORQLHYVY WR H[EFDYDWH QHV
H[SRVHG WR WKUHH VXUIDFH WHPSHUDWXUHV PLOG Q |
GD\V :H PHDVXUHG WKH DPRXQW RI VRUD\H[FDE D VRH GV K HHWN
FROXPQ RQ 'D\VG WR PKD UDFWGLLPLH B W R BV& WMH X FW X U H
GHSWK VKDSH YROXPH RI FKDPEHUV DQG WXQQHOV :H WK
WKHLU JURZWK GXULQJ WKH H[SHULRHQWVDQG WKH VL]H D

$QWYV UHDFWHG WR VXUIDFH WHPSHUDWXUH &RORQL
WHPSHUDWXUHY HIFDYDWHG ODUJHU DQG GHHSHU QHVWV W
HIFDYDWHG XQGHU KLJK DQG PHGLXP WHPSHUDWXUHYV KDG
ZHORFDWHG GHHSHU LQ WKH IRUPHU ZKLFK ZHUH IXUWKHL
RI WKH XSSHU FKDPEHUV &RORQLHV JUHZ ZHOO LQ DOO \



WHPSHUDWXUH 7KH\ YU RHGXFAHRBU NOHRUM DBOHV SLWH GLITHUHC
WHPSHUDWXUH 2YHUDOO WKHVH UHVXOWYVY VXJIJHVW WKDW
GHHSHU FKDPEHUYV

7KLV VWXG\ VKRZV WKDW VXUIDFH WHPSHUDWXUH DIIHF
VWDWXV DV HIWHQGHG SKHQRW\SH DQG KLJKOLJKWLQJ LW’
FRQVHTXHQFHVY RQ VRLO SRURVLW\

.H\ZRUGYV

DQW QHVW DUFKLWHFWXUH ELRWXUEDMVNVR®V JOIBBIDO ZDUP
WRPRJUDSK\

LQWURGXFWLRQ

*OREDO ZDUPLQJ PD\ SDUWLFXODUO\ DIIHFW HFWRWKHUPV L
RQ HIWHUQDO WHPSHUDWXUHV WR UHUXBQWHOQWHKRIDWRZQ E|
LQVWDQFH LQFUHDVLQJ WHPSHUDWRUWW D FFHFHKUQWHOD Q
\LHOGLQJ VPDOHOUHEH D XHOWDQG LQFUHDVH WKHLU PHWDER
PRYHPHQWYV EHFRXOHEHDWWHW Q@O WKHLU IRRG DQG R[\VJHQ F
LQFURRHPBMD VY HW BOWWRBQRRXODWH WR VRPH H[WHQW

HQHBRQVXPLQJ SURFHVV WKDW GHSHQGV RQ PDQ\ IDFWRU\
DQG WKHUPDO FRQGXFWLY LW \&R HBRMDR/IVWHIN DO D Q G. MGIR/K

YURX]

ORVW RI WKH VWXGLHV DERXW WHPSHUDWXUH UHJXODW
RU DQW KLOWRXQQERWIXFWXUHV XVXDOO\ EXLOW ZLWK VI
H[DPSOH WKH PRXQG QAROMQRRSVIDW K SBOWVPHWULFDO DQC
DUFKLWHFWXUH FKDQJHV VHDVRQDOO\ WR LQFIRIBW HWVKH
DO 2YHUKHDWLQJ GXULQJ GD\ DQG ORVV Rl WHPSHUDW X
WKH QBVWRPRUPHEKHADXWIH RI WKH ORZHU WKHUPDO GLIIXVL
DUH WKDWFKHG ZLWKR®MDOM | URIPMAYYW W RO QHYILGHHL



WKHUIPRKODWHG XIEHWWQK DODPMIAIRQ VIVWHP FRQVLVWLQJ RI DC
FHQWUDO WXQQHOV FRXSOHG WR DQOHLUQRZGW R URX JIXOSH U
JRUPLFD SR@\GEMUHQRXQG QHVWY DUH FRYHUHG ZLWK D GRP
SURGXFHG E\ WKH DHURELF PHWDEROL V&RRH @M@V R RHM DDQL V

,Q DGGLWLRQ WR WW K HIERRX B PMHIQRVL RBFAIGDQLVPY DQV
LQFUHDVHG WHPSHUDWXUH PD\ DOWHU WKHLU FLUFDGLDQ U
WKH GD)\ HW DORU HYHQ UHORFDWH WKHLU QHYMQWRNFRROH
7VFKLQNHOLHYHUWKHOHVY WKHVH PHFKDQLVPV PLJKW FDX
RWKHU VSHFLHV RU EH GHWULPHQW D$G &RUWKHR GEBIREGORSP |
3HQLFN HW DO

$QRWKHU VLPSOH ZD\ WR GHDO ZLWK UDLVLQJ WHPS
XQGHUJURXQG DFWLYLWLHY HJ H[FDYDWH GHHSHU QHV)
FRQQHFWLYLW\ DV SUHYLRX%DQWNG&REWP H B HIEKBERUPYW V
*HUDUG 3HWHHQ PRWE Y /LQVHQPDQG RWKHU PDFURDUWK
OLNH EHHW COM®D ORQGLI O LLHVBKKWK PRGLILFDWLRQV RI XQGHUJL
LQ UHVSRQVH WR HQYLURQPHQWDO IDFWRUV ZRXOG DIIHFYV
UHRUJDQL]DWLRQ Rl VRLO SDUWLFOHV DQG IH\MPHDID WWV W |
DO %RWWLQHOOL HW DO

BRLO ELRWXUEDWLRQ LV D FUXFLDO SURFHVV LQ VRLO
'LONLQVRQ HW/WWPLWHY HDUWKZRUPVY DQG DQWV DUH X\
LPSRUWDQW ELRWXUEDWRUV HVSHFLDOO\ UHJDUGLQJ WK
ELRJHQLF VI3\DUXE® XWH D O IDYHOOH HW BQWYV DUHRXTX
OLNHO\ WR SOD\ D NH\ UROH LQ WKH G\QDRDP\P IRU DWW U L H
5LVFK %HQFNLVHU ) LOQUp K QGHHW D OH U H Q N UEDUXNIWL 6
DO ,QGHHG VHYHUDO DQW VSHFLHV ZLWK SRSXORXV FRO
ZKLFK DUH OLNHO\ WR LQFYUHD¥H VRQ 8 RPD BWWRE R U R VUL DV \

HW DO DQF URP\ ORI F XM WHUNW DRUPIZRIRG DDQWKH\HY
7VFKLQNH®SKDHQRILVFWBUGWDQBERIRQRPWHHIG KDUYHVWHU
7VFKLQNHO,Q DGGLWLRQ OHVV SRSXORXVXEXNDWLYIKO\ DE

QLJRBUHQROHSIAD QPBOVYRBVEH LPSRUW BOWWHAR VHRQ BXERKEH V

Oi



7VFKLQNHORUHRYHW D OHWEY VKRZHG WKDW H[FDYDWLR
LQ VRLOV LQFUHDVH VRLO IHUWLOLW\ WKURXJK DQ DXJPF
LQGHSHQGHQWO\ RQ WKHLU IHHGLQJ W\SH WKH ODWLWXG
SHRUPDQFH DQG ILWRDHIAMLIRQ HSD D Q WWH Q N UDOXWK RXJK W KH
LPSRUWDQFH RI DQW ELRWXUEBKLERNHDY ZH O CHWIKHIE 0D K
VWUXFWXUH DQG SURSHUWLHV RI WKH ELRSRUHV WKH\ S
HVSHFLDOO\ FRPSDUHG WR WKRV & KHLRGKWHISOE\ HD UXNKKZR H

1HVW DUFKLWHFWXUH KDV EHHQ VWXGLHG E\ HIFDYDW.L(
ZLWK OLTXLG SODVMWH K LRIUN BBUXRIUQWRPWKHLU H[FDYDWLRQ
WKDW XQGHUJURXQG QHVWV RI PRVW DQWY KDYH WKH VDP
ZKHUH EURRG DQG ZRUNHUV DUH W\SLFDOO\ ORFDWHG DQC
OLNKH\HY 7VFKL@KHGHSWKY RI WKH QHVWYV YDU\ IURP IH:
PHWUHY GHSHQGLQJ RQ VSHFLHV DQRKH@YHORQPHgWDIOL @

'XH WR WKH WHFKQLFDO LPSRVVLELOLW\ RI VWXG\LQ
GHYHORSV WKURXJK WLPH LQ WKH ILHOG PRVW RI WKH ZR
HYROXWLRQ KD¥HP QWG RQWAZRMSSURDFK LQ ZKDFKHRQWYV Gl
FP WKLFN SODFHG EHW ZHH QLQXZRH UOHDW \D S®RD\Y R BODXWH V H H
$Q H[DPSOH LV WKH VWXG\ FDUULHG RIQHERS P QRR $ RS ] OG- 13
FRORQ\ I[UDJPHQWY FROOHFWHG DW WZR GLIIHUHQW HOHYD
WHPSHUDWXUH UHJLPHV LQ D IXOO IDFWRULDO H[SHULPHC
DQDO\WVHG 1HVW DUFKLWHFWXUH GLIIHUHG LEMKVEBH®P DK H
FRPSOH[LW\ PDWFKLQJ WKH RULJLQDO WHPSHUDWXUH RI WK
PRUH FRPSOH[ QHVWYV XQGHU FRRO WHPSHUDWXUHV ZKHUH
UHVSRQVH 7KHVH UHVXOWYV DJUHD WO\ HAL MAMWE X W H R/QV KRRUX
DSSURDFK RI WKH H[SHULPHQWDWLRQ L H RQO\ D VPDOO G
TXHHQGWHZIRQVLRQDO VHWXS DQG QR WHPSHUDWXUH JUDGL

'XULQJ WKH ODVDN GRPBEWWHG WRPRAUDISBY EHHQ XVHG
QRAHVWUXFWLYH PHWKRG WR LQYHVWLIJDWH WKH HIIHFW R
DQG EHHWOHYV R@GNRQRD BUWRBOGIUWLHWRRWK HW D&KLV &Kt

oi



VWXG\ XMHV&Y7Y WR DQDO\VH WKH HIITHFWV RI LQFUHDVHG VX
JUDGLHQWY DFURVV WKH VRLO RQ WKHQQBHRWRQUBY YDWHG
&7 EHLQG HMRQPUXFWLYH DOVR DOORZV UHSHDWHG PHDVXUH'
VWXG\ RI WKH WHPSRUDO QHVW DUFKLWHFWXUH G\QDPLFV

‘H K\SRWKHVL]HG WKDW DQWY UHDFW WR LQFUHDVHG V
DUFKLWHFWXUH RI WKHLU QHVW GLJJLQJ D GHHSHU QHVW
HQVXULQJ VXLWDEOH DELRWLF FRQGLWLRQ)M W H WWHPGSHHJ D
KLJKHU WHPSHUDWXUH DFFHOHUDWHY GHYHORSPHQW DQG
LQ LQVHFWY 3URGXFLQJ VPDOOHU ZRUNHUV PD\ EH GHWULF
ZRUNHUV WR H[FDYDWH GHHSHU QHQW D @HWXD®HH® H® FHKWDD
EURRG WR GHYHWORBG. @ RURHREXORI/X PWERI WKLV LQFUHDVH!
DFWLYLW\ ZH DOVR H[SHFW VRLO SRURVLW\ WR LQFUHDVH

ODWHULDOV DQG PHWKRGYV

6WXG\ VSHFLHYV

/ QLJHULV RQH RI WKH PRVW FRPPRQ VSHFLHV RI DQWV LQ
W\SLFDOO\ IRXQG LQ KDELWDWV VXFK DV RSHQ DUHDV ZL
PHDGRZV DQG&]RBIGRZGNLY HWDRG WKH\ FDQ FKDQJH VLJQL
FKHPLFDO DQG EDFWHU+ROHG\QDPPRRKYQRD ¥ELWYRQ WKHLU F
LQGHSHQGHRXQEMWL®Q IDFLOLWDWHY WKH UHDULQJ Rl QH:2
DUH HDV\ WR PDLQWDLQ LQ WKH ODERUDWRU\

&ROOHFWLRQ RI FRORQLHYVY DQG UHDULQJ

‘H FROOHFWHG/ QHIWWHQAVH@PHGLDWHO\ DIWHU WKHLU PD
-X0O\ 7KLV VSHFLHV XVHV FODXVWUDO FRORQ\ IRXQGDW
PDWLQJ IOLJKW WKH TXHHQ H[FDYDWHYVY D VPDOO QHVW D
ZRUNHUV PHWIEROLF UHVHUYHYV RQO\ ZLWKRXW HYHU OHD
XS WKH TXHHQV WR IRXQG FRORQLHVY LQ WKH ODERUDWRU
NHHSLQJ DQWYV LQ JODVV WHVW WXEHV FP OHQJWK [ F
ZHW FRWWRQ 2QFH WKH TXHHQV KDG SURGXFHG FRFRRQV

o1



WKH H[SHULPHQW 7KH JURZWK RI WKHLU FRORQLHV ZDV ERI
FRFRRQV SURGXFHG E\ WZR RWKHU TXHHQV 1RVQH WKDW W
FRORQLHY UDLG QHLJKERXULQJ FRORQLHVY WR VWHDO DQG
FRORQ\ JURZWK H J 3ROOREFN SLVVLQJ 6RPPHU +]|0OC
KDWFKLQJ DIWHU WKUHH PRQWKY &RORQLHNXBHG WXKHQ Ut
FP OHQJWK [ FP ZLGWK [ FRHYXHERKKW ZAHUHD WH & O WKL B
HTXDO SDUWV RI KRQH\ DQG DSSOH SXUHH IUHVK PHDOZRU
ZHHN ZLWK ZDWG O ISENRY X\&2HWVOWV WXEH ILOOHG ZLWK ZDWHU D
7KH H[SHULPHQW VWDUWHG VHY HWPWRIWK WQPW HRRQRRUMKD
LQ DYHUDJH ¢ PHDQ“6' ZRUNHUV WKH TXHHQ DQG EUF

(ISHULPHQWDO GHVLJQ

7ZHQRWQH SRO\YLQ\O FKORULGH 39& WXEHV FP KHLJKW [
FORVHG ZLWK D Q\ORQ FORWK PHVK VL]H —P WR UHWD
7KH\ ZHUH ILOOHG WR D KBULK\W RR L OF BSBHNE ROQMLW\KVDW R S \
OD\HU FP RI WKH SDUN Rl WKH JUHQFK 1DWLRQDO 5HVHL
'HYHORSPHQW ,5' FDPSXV LQ %RQG\ P IRUWKHDVW RI
QHXWUDO S+ SPQG ZDV VDQG\ VDQG VLOW DQG
RUJDQLF FDUERQ ,W ZDV VLHYHG DW PP WR GLVFDUG OTL
PDQXDOO\ FRPSDFWHG WR UHDFK WKH EXONVOHHBZILWHIRF Q ¢
FP OD\HUV WR UHDFK FP KHLJKW 7KH VRLO FROXPQ ZDV D
ILHOG FDSDFRW\WRLO 4RGQRZLBIUDG\7KLY OHYHO RI KXPLG
FRQVLGHUHG VWDQGDUG IRU H[SHULPHQWY ZKHUH VRLOV
PRLVWXUH WR DYRLG ZDWHU VWUHVV EXW QRW WRR PXFK W
IRU H[DBBPSDGUH HW DO =KRX HW DO

7R DYRLG ERUGHU HIIHFWV DIIHEFWLQJ WKH VKDSH RI
IROORZLQJ WKH VLGH Rl WKH 39& WXEHV D SODVWLF OLG 2z
VRLO VXUIDFH 7KH VLGH RI WKH OLG ZDV JO X¥\G WR GLKH V
WKURXJK WKH OLG FHQWUDO RSHQLQJ RQO\ L H LQ WKH FH
SHUIRUDWLRQV PP GLDPHWHU HDFK WRWDOOLQJ 6 RI LW

(o}]



JDVHRXV H[FKDQJHVY EHWZHHQ WKH VRLO DQG WKH DWPRVS
IDEULF WKDW SUHYHQWHG DQWYV IURP GLJJLQJ WKURXJK

FRQQHFWHG WKH FHQWUDO RSHQLQJ RI WRRHMHWIBUMR BPWDC
KHLJKW ZKRVH ERWWRP KDG EHHQ GULOOHG 7KH SHWUL G
WKH FRORQ\ DV ZHOO DV FROOHFWLQJ WKH H[FDYDWHG VRI

7KH  FRORQLHV ZHUH UD Q GRR P\HBL IR QAR W P KQGK 7
WHPSHURWWWHDWPHQWYV Q IRU HDFK WUHDWPHQW 7KH
KHDWHG XVLQJ : 89 ODPSV SODFHG RUWLIRTFBRDERYH WKE
UHVSHFWLYHO\ RU IOXRUHVFHQW Ol dKWRLO MPHB B R VD WXXUH
PRQLWRUHG LQ WZR FROXPQV SHU WUHDWPHQW XVLQJ WZR
DQG DW a FP GHSWK 7R DYRLGVX®\ GHNHAFW R U YK XVUHHQ WARKU-
RQ WKH HGJH Rl WKH FROXPQ 1RQH RI WKH DQW QHVWYV UH
7KLV SURWRFRO ZDV VXFFHVVIXO LQ SURGXFLQJ WKUHH V
WHPSHUDWXUHYV 6SHRIDIADMHORSEDDMOPIHHNYH H  ZKLOH WK

WKH VRLO VXUIDFH ZHUH “ PLOGHFIEQXD Qi sk f& II
WUHDWPHQWY UHVSHFWLYBO\ PHBDRVrHLxP plocG
Y Vkil33 BHGLXYPVK /1B DQG QLPKMWDYHUDJIJH WHPSHUDWXU
ODPSV ZHUH RIl ZHUH . “) DQG 3 “ floc
Y VedcLx3 FLo¥ V113 FreLXPVKI/I38 $V H[SHFWHG WKI
GLIIHUHQFH PDUNHGO\ GHFOGEB® K @ DMKH. F'IR WOH ZE MAKDIW R U €
: DQG “ pLpEFHRWDQGWUHDWPHQWY) UHVSHFWLY
3 plo¥ VrHcLx3 FLod Vki/sk3 FrcLx®V kilik
3 DQG QLPKMWWHPSHUDWXUH RI “ ) - DQG
3 plod VrdcLx3 FLod Vkisk3 FHeLxPV kilik
3 %HFDXVH RQH FRORQ\ GLHG GXULQJ WKH H[SHULPHQ

IRUL.FDQG Q pudRD GGi7KH LPSDFW RI DQWY RQ ZDWHU HYI
PRQLWRUHG XVLQJ VRLO FROXPQV ZLWKRXW DQWV DV FRQW
NHSW ZLWK D OLJKW GDUN K K VFKHGXOH IRU GD\V

$QWV ZHUH SXW LQ WKH SODVWLF ER[ FRQQHFWHG WR
EHIRUH WXUQLQJ RQ WKH ODPSV WR DOORZ WKHP WR VWDU

00



XQGHU WKH VWUHVV RI HIFHVV KHDW 7KH VWDUW RI WKH HJ
ODPSV

6RLO ELRWXUEDWLRQ E\ DQWYV

7R DVVHVV WKH XQGHUJURXQG H[FDYDWLRQ DFWLYLW\ WK
GHSRVLWHG RQ WKH JURXQG ZDV FROOHFWHG 7KLV DVVHV\
DFWLYLW\ DV LW KDV EHHQ UHSRUWHG WIQDW BRQW\WH U bl IV &I
QHFHVVLWLHY WDNLQJ WKH VRLO SUHFHRXVORFHHWVSRVLWHG
+RZHYHU VXFK UHPRGHOOLQJ RI WKH QHVW LQ RXU H[SHULTF
LI UHILOOHG VSDFHV GLIIHU LQ GHQVLW\ IURP WKH VXUURXC
ZHHNO\ GULHG DW f& IRU K DQG ZHZHKWE G Z18 RLIOH BRIGRXS
PHDVXULQJ ZDWHU ORVV DQG ZDWHUHG WR PDLQWDLQ VRL¢
DOORZ WKH GHYHORSPHQW RI DQWV ZLWKRXW SURPRWLQJ
DPRXQW RI HYDSRUDWHG ZDWHU LLHOWKH DGREIHNG Z W W F
DV IROORZV

%=H?QRPKPOQBADFL 2N AR EXKQNEKHQSAEPF :'T?=R=PXHHW BEAH@=?EPU
*61 666aa40ke% =H? Q PKPAQBA ERF N A St bR

2Q GD\V DQG RI WKH H[SHULPHQW VRLO FRC

PHGLFDO &RBOXWRBRIJUD SGSHBRWQDO &7 3KLODLO6%r\W WL jMKH
+RVSLWDO LQ 3DULV WR DFTXLUH D VHW RI PP WKLFN LP
; UD\ EHDP ZzDV RSHUDWHG DW EFEWQ&EZ20 NNOURPPDWIHV |
SLIHOV ZHUH REWDLQHG DQG VXEVWTXHQ WUWRYE®DMHEGRW P F
LVRWURSLF RI PP ,PDIJHV ZHUH SURFHVVHG DQG TXDQW

V6FKLQGHOLQ HDWQ®OYLVXDOL]HG ZLWK $YL]R VRIWZDU
TKHWHFRHQWLILF

2QFH WKH LPDJHYRFHYN HHGUUHWKH VRLO YROXPH ZDV GH
PDQDJHU WRRO DQG LWV YROXPH ZDV PHDVXUHG XVLQJ WK
OHYHO RI JUH\ RI WKH KLVWRJUDPYV ZDV ELPRGDO KHQFH W
ZDV DSSOLHG EHIRUH VHIPHQWDWLRQ 7KH H[FDYDWHG QH\

on



DSSO\LSQI[BIO ' EDOOFRSHIHFWLRQ SLOHOKREBWVWO RSHQLQJ

SL[HOV ' GLVF HURVLRQ DQG UHPRYLQJ VPDOO VSRWYV
FRQILUPLQJ WKDW WKHVH SDUDPHWHUV ZHUMR®XPHPRIVW V X
FDOFXODWHG ZLWK 9ROXPH )UDFWLRQ DV ZHOO DQG ORUSK!
WKHLU L VKDSH VSKHULFLW\ LQGH[ L H WKH UDWLR RI W
VXFK WKDW UDWLR RI D EDOO BDTAFOWRQ R \WRSBHRWD R X PERIW
WR WKH QXPEHU RI REMHFWV PLQXV WKH QXPEHU RI KROH
SRVLWLRQ PD[LPDO GHSWK HOOLSVH HOHYDWLRQ RULHQV
LLL GLDPHWHU WKHKVRE[LPFBPUWEGE GXKEDRIO

&KDPEHUV DQG WXQQHOV )LJV 6 6 6 KDYH GLIIHU
IRUPHU DQG WXEXODU IRU WKH ODWWHU 7R HYDOXDWH W
$YL]IR ZKLFK DOORZHG XV WR VHOHFW W KHMRB UMK \GHOAW &
E\ XVLQJ WKH $YL]R /DEHO DQDO\VLY WRRO LQ PRGH ' DQG
YROXPH EHVW ILWWHG PRVW RI RXU REVHUYDWLRQV ILOWEF
G ZKHUH EUHDGWK ZLGWK DDQGHY HQLUSM RDWHRJI HR IR i \
7TXQQHOV ZHUH REWDLQHG E\ VXEWUDFWLQJ WKH FKDPEHU
GLDPHWHU RI WKH JUHDWHVW VSKHUH WKDW ILWV ZLWKL!¢
FKDPEHUYV WR PP ZHBBJHD OFARKQ@HD-WHIGX ZL @/ K

'XULQJ WKH LPDJH SURFHVVLQJ ZH QRWLFHG D WKLUG
6 LQWHUPHGLDWH EHWZHHQ WKRVH FRUUHVSRQGLQJ WR
GHQVLW\ HTXDO WR JHUR W UHSUHVHQWHG VXWBHPMWMX-H V
WR FRUUHVSRQG WR UHILOOHG SDUWV RI WKH QHVWV L
VHIPHQWDWLR@®FDO' DNV ILOWHU RI WKUHH SL[HOV ZDV
VFDWWHU $YL]R PDQXDO WKUHVKROGL®HQLQJ ZH DK X \DHBD!
HQVXUH WKH GHVLUHG REMHFWYV ZHUH VHJPHQWHG )LJ 6
9ROXPH JUDFWLRQ WRRO RQ ,PDJH- $00 YROXPHV L H QF
FKDPEHUV ZHUH WUDQVIRUPHG LQWR \BRILFN@WRBHV VWU X

00



>

yLJ ([IDPSOHV Rl WKUHH QHVWYV LOOXVWUDWLQJ WK I& KHDI PHE
RUDQDEVX Q (B0 R VEHQJIXLVKHG

7R DVVHVV WKH GLVWULEXWLRQ RI VRLO H[FDYDWHG DO
PHDVXUHG E\ FRXQWLQJ YR[HOV SHU VOLFH ZLWK ' $QDO
PXOWLSO\LQJ E\ YR[HO VL]H PP 1H[W WKLN SRWRIVLW)\
DUHD VRLO DUHD | 7R DQDO\WH WKH QHVW VWUXFWXU't
$XWR6NHOHWRQ WRRO DQG WKH ' &HQWURLG SDWK WRUW
IRUPHG E\ WKH FHQWURLGV Rl WKB RERMW KW \G R QWHDIFKH SEO-D
HQGV DORIJILWHKMD¥ DSSOLHG WR PHDVXUH WRUWXRVLW)\ DQ
RI EUDQFKHY FRQQHFWHG WR HDFK QRGH

*URZWK RI FRORQLHYV

$W WKH HQG RI WKH H[SHULPHQW WKH VRLO FROXPQV ZHU&G
PHDVXUH WKH HIITHFWV RI WKH WHPSHUDWXUH WUHDWPHQW

00



7TKH QXPEHU RI ZRUNHUV ZDV FRXQWHG WR PHDVXUH FROR(
WKH H[SHULPHQW ORUHRYHU ZRUNHUV SHU FRORQ\ ZHLU
PRUSKRORJLFDO WUDLWYV ZHUH PHDVXUHG +HDGVROHRQPIWK D
WKH PHVRVRPD IURP DQWHULRU HGJH RI WKH SURQRWXP W
‘HEHU ZHUH PHDVXUHG DQG VXPPHG DV LQGLFDWRU RI WK
RWKHU ZRUNHUV SHU FRORGQ@\IRWUWUH KRXO0® NAWLAHEGLWD VW R

KRXUV DQG ZHLJKHG XVLQJ D 6DUWRULXV &XELV PLFURE

6WDWLVWLFDO DQDO\VLYV

'DWD ZHUH DQDO\HG XVLQJ5 YHUVLRQ VRIWZDUH LIl
HYDSRUDWLRQ VRLO H[FDYDWHG QXPEHU VL]HZDQG ZHLJK
$QRYD DQG 7XNH\ WHVWYVY DIWHU Y HWIN\ WMWK | SORANDDI @ L
.DVVDPEDUDDQG KRPRJHQHLW\ RI YDUL D CBHW D/HY HRJ HW K HV
GDWD 'DWD IURP WKH WRPRJUDSK\ DQDO\VHV ZHUH DQDO\
.DVVDPEDUD OXQGRWGHWHUPLQH ZKLFK WUDLWYV RI WKH QH
WRWDO YDULDQFH 'HSWlnvwF K ROBKRHVRODMVOYGA HILOOHG
FKDPEHWVFBRUGLQDWLRQ QXPEHU DQG WRUWXRVLW\ ZHU|
GHVFULSWLRQ DQG ZRDOWUH® WP HQWWWRPH PL[HG $QRYD
DIWHU YHULI\LQJ WKH DEVHQFH RI VLIJQLILFDQW RXWOLHU
VSKULFLW\ Rl YDULDQFH ODXOFK\fV WHVW DQG KWRPRJHQHI
DVVHVV WKH HIIHFW Rl WUHDWPHQW DQG WLPH 'LIIHUHQFH
ZD\ $QRYD ZKHQ DQ LQWHUDFWLRQ EHWZHHQ PDLQ IDFWRU
SDLUZLVH FRPSDULVRQV

SHVXOWYV
6RLO ELRWXUEDWLRQ

([FDYDWLRQ DFWLYLW\ ZDV VLPLODU DFURVV WUHDWPHQW\
ZDV KLJKHVW DW WKH RQVHW RI WKH H[SHULPHQW WLPH
LQFUHDVH LQ H[FDYDWLRQ {EWHEX\GRRYR @BEFUL HIG IRU 7
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7KH WRWDO DPRXQW RI VRLO H[FDYDWHG®GHc)kad % ZDV VLJIQI
J PHDQ “ 6' WKOQ DW 71 ZLWEYLQJ LQWHUPHGLDWH YDOXI
J) 3

»
I
o

ab

0 25 50 75 100 Mild Medium High
Days Temperature

Excavated soil (g)
B
Excavated soil (g)
w
o

o]
o

N

Treatment High = Medium = Mild

)LJ $PRXQW RI VRLO H[FDYDWHG J DW HDFK WLPH SRLQW GXULC
HIFDYDWHG GXULQJ WiKDHUW [ISHUSE PHQGLFBWH 6(0

JURWKH EHJLQQLQJ RI WKH H[SHULPHQW DQWV SURGXF
GLG QRW FKDQJH ZLWEK WLHRHYV 6 WR 6 1R QHVW UHDFKH
RI WKH VRLO FROXPQ LQ DQ\ RI WKH WUHDWPHQW +RZHY
GLIITHUHQFHYVY LQ QHVW GHSWKWHKHINKARBOORZHU QRYUWYV IR
TpLOGV “ DQG “ PHARPOBUKUHVSHFWLYH G\

TpLo% VeHcLxP FLo% V13 FHGLYPVK /113

3RURVLW\ SURILOHV VKRZHG WKH YHUWLFDO GLVWULE:
7KH SHDN RI VRLO SRURVLW\ Rl HPSW\ YROXPH FRPSDUHG
XQGHU LQFUHDVHG WHPSHUDWXUH UDQJLQJ3.bUdRPLxr WR
DQGLKUHVSHFWLYHO\ )LJ 6



)LJ

OHDQ SRURVLW\ SURILOHV SHUFHQWDJH RI WKH HPSW\ YRO>

OLQH WA\SHVY FRUUHVSRQG WR LW HDNW th OWDKHN KRILQWR R WBID[ LAPLIDYH B

7KH 3ULQFLSDO &RPSRQHQW $QDO\VLV 3&$ RI WKH
DUFKLWHFWXUH )LJ VHH DOVR 7TDEOHV 6 DQG 6 VKRZHG
WKH WRWDOFRNWHMSROBEG PDLQO\ WR D JUDGLHQW RI VL]
KLJKHU YDOXHV DQG ELJJHU QHVWV WRZDUG ORZHU YDOXH
GHYHORSPHQW ZLWK \RXQJHU QHVWYVY WRZDUGV KLJKHU YDC
7K VHFRQG D[LV GHVFULEHG RI WKH ZKROH YDULDQFH
SRVLWLRQ phidPRIGHBMWUF EHWWHU GHVFULEHG E\ VL]H UHODV
RI QHVWV YROXPH RI FKDPEHUV YROXPH RILWXXQQHOV
FRUUHVSRQGLQJ WR WKH H[WHUQDO ERXQGDU\ RI WKH ' Q
YDULDEOHV L H QXPEHU RI SRUH Ve ¥ZDKHBHRWAH U @ GSHJ D L&R
VKDSH WKDQ E\ VL]H UHODWHG Y D-WJGLE GHHM GL HW RV VWK RIVAD)
Trho L PQ GLKIHVWYV XQ@E ZHUH VLPLODU DW GD\V DQG
DW GD\  ZKHUH WKH RYHUODS LQ FKDUDFWHULVWLFV ZDV C
OLWWOH EHWZHHQ GHBVLRQG\ IGRPAGBHIKDFRQZDUGY ZLWK
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EHFRPLQJ GHHSHU 7KLV WHPSRU D O FWKOQIH XaRVEQEV V HY L C
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)LJ  %LSORW VKRZLQJ WKH SULQFLSDO FRPSRQHQW DQDO\VLV 3.
9DULDEOHV DUH VSKHULFLW\ LQGH[ 6, ODUJHVW LQVFULEHG ED
VXUIDFH DUMIDHBBTV QXPEHU (1 FHQWURLG = &= PD[LPBO RKDF
WKLFNQGRVQHYRV YROXWKQOHO ;XROKPPERWU ¥YROXPHODHG FKDREHYI
YROXPH UHILOOHG FdBREGG\SRBRXPW\ BHUFHQWDJH 33 $00 Y¥
YROXPHV FRPSDUHG WR WRWDO FROXPQ YROXPH 1XPEHUV FRUUH
FRQILGHQFH LQWWHUYDO

I1HVW YRQXREDMIIHFWHG E\ WKH LQWHUDFWLRQ EHWZL
WHPSHUDWXUH WUHBWPHQW¥KHUH ZDV QR GLIIHUHQFH DPR

Oi



)LJ

XQWLO GD\  ZKHQ oBHWHHQHPDID\O B WK HQ WKRI/H DW 7

)LJ 6 1HVWV Rl G RERZHBVLRW HUPHGLDWH YROXPHV FRPSE
WUHDWPHQWYV &KRP EFHKRYZ R OWKAHVDBPH WUHQG DV WKH QH"
DIIHFWHG E\ WKH LQWHUDFWLRQ EHWZHHG@ WKH WLPH DQG

6 2Q0\ RQ GD\ Fi DIREHHWH @ Q U3H 52 KHKWDHD MK 0 G
LQWHUPHGLDWH YRO®XPHV)LJ 6 7XQRMHXVAXQFUHDVHG RYH!L
W LBH 3 ZLWKRXW LQIOXHQFH RI WBH WHPSHUDW
)LJ 6

7KH YROXPH RI UHILQ D& KD BEHWFD M@K BQRBFHU IRU
) 3 DQRG ¥ 3 RQ GD\ )LIJ6 $ VLPLODI
ZDV REVHUYHG RQ GD\ EXW ZDV QRW VWDWLVWLFDOO\ V
UHILOOHG FKDPEHUV )LJ VKRZHG WKDW WKH\ ZHUH PRV\
FROXPQV 7KH KLGKIDMRENVHN RHG RQ GD\ DWW DQG
IRWLE&HeLDPQGLIKUHVSHFWLYHO\

OHDQ YROXPH SURILOHV RI UHILOGHRP $DOEBUNRW RDO \Y FSGIXHF

DQRG OLQH WASHVY FRUUHVSRQG WR GDWHYV %ODFN KRUL]JRQWDO Ol

(@)}
—>



7TKH WRUWXRVLW\ RI WKH QHVW V\VWHP ZDV DIIHFWHG Q
WHPSHUDWXUH WUHDWPHQWYRRUGLQDWLRQ QXPEHU GLG C
FKDQJHY DPRQJVW WUHDWPHQWY DW DQ\ PRPHQW RI WKH F

:-DWHU HYDSRUDWLRQ

:DWHU HYDSRUDWLRQ VKRZHG DQ HIIHFW R MWJRMRS/MU D WWXW H
ZDWHU “ PO WKDQrWKRVH“H[SRVMHGR®EB 7 “

PO GXULQJ WKH ZKROH H[SBULPHQMH HYDSRUDWLRQ U
TrneLlPQ LW UHDWPHQWY ROM D @ RAMLKO-DW IWRP WKH VWDUW RI \
GD\ GDWH D(WWHKRZHKIGFKLIKHU HYQRSRYDWLRQ WKDQ 7

)LJ 6 7KH SUHVHQFH RI DQWV KDG QR HIIHFW RQ ZDW
RFEXUUHG EHWZHHQ VRLO FROXPQV ZLWK DQG ZLWKRXW DQ
3 1 KRZHYHU WKHVH UHVXOWY VKRXOG EH WUHDWHG Z
UHSOLFDWHY Q SHU WUHDWPHQW

'"HYHORSPHQW RI WKH FRORQLHYV

7TKH FRORQLHVpBESRVHG ZRRUNHUYV PHDQ “ 6' JUHZ OHVV Wk

TrnelQGLIK “ ZRUNHUV 3 )LJ 6 7DEOH 6 7HPSHUL
KDG QR HIIHFW RQ WKH VL]H RI ZRUNMNUV 3 PP PHDC
J)LJ 6 EXW DQWMBHRVNGIQORIZEDQWO\ KHDYLHU “
WKDQ WKRVHpSRMH & WR7 P 3 )LJ 6

'LVEXVVLRQ
6RLO ELRWXUEDWLRQ E\ DQWYV

$QW DFWLYLW\ LV NQRZQ WR LQFUHDVH ZLWK WKH WHPSHL
VXPPHBOQGUHY DO 1REXIDKUPDQQ HWSDWKRXJIK WKLV JHQHUI
ZDV FRQILUPHG E\ RXU H[SHULPHQW ZH DOVR IRXQG WKD



SURSRUWLRQDOO\ WR WKH LQFUHDVH LQ WHRRMURWXUH L
)LJ +RZHYHU DQWVY VHHP WR EH ORFDWHG SURSRUWLRQ
WHPSHUDWXUHV )LJ 'H DVVXPH W KIDWWF KMKAHH P W & UIH. FSDAMR D
VXLWDEOH FRQGLWLRQV Rl WHPSHUDWXUH DQG KXPLGLW\
IXUWKHU WR VXUYLYH DQG GHYHORS $OVR WKdd;DYHUDJF

f& ZDV DERYH WKHLU FULW.b DI KK WUHPIS®! B DWOPKXH D&V 2
LQGLYLGXDOV QR ORQJHU PRMOWHIRDF WKIHGW O R¥SB/P R/NM R
WHPSHUDWXUH DQWYV FRXOG EH DW ULVN RI WKHUPDO VWU
RU LI WKH\ ZHUH FORVH WR WK H§;R S RILEWIDR XEH\GL AAKDMR XR R
VWHSZLVH PHWKRG LQ RXU ODERUDWRU\ ZDV  H& KHQFH
IRU IRUDJLQJ DQG UHMHFWLQJ H[FDYDWHG VRLO EXW QRW
WHPSHUDW X UHWNLGHW LDHD VH G

6RLO H[FDYDOWIBR®XVUHG YHU\ UDSLGO\ LQ RXU H[SHULP
UHDFKHG WKHLU PD[LPDO GHSWKVVFWQVKW @DPH RIQ\S KWHKIH \
HQODUJHG E\ H[FDYDWLQJ FKDPEHUV ([FDYDWLRQ LQ DOO
LQWHQVH BHWZMHQ GD\V DQG IROORZHG E\ D SKDVH RI ¢
DQG )L $ 7KHVH UHVXOWYV DUH5PRWED U BBOIK BERK WK
DQG 7RIILQ HWKROGHVFULEHG DQ LQLWLDO SKDVH RI P
DFWLDPPWOLILFDWLRQ SKDVH IROORZHG E\ D VHFRQG SKTC
DFWLYLW\ FHDVHV DOPRVW FRPSOHWHO\ +RZHYHU RXU U
LQFUHDVHG WHPSHUDWXUHV E\ PRGLI\LQJ WKHLU H[FDYD\
PRGHUDWQFUHDVHG MWHRSEWBHWXUHWG/WKHLU H[FDYDWLRQ
LQDFWLYH DURXQG GD\ J)LI $ ZKLOH WKH RWKHUV NHSV
DVVXPH WKDW WKH WHPSHUDWXUH VWLP XOWD®\HGHW K H LEEHIGS
IRU RWKHU \WB6RHOFH.GIR'SU LMEHUQ OL AW DD O $VDQRBYV &DVVL(
H[SHFWHG ZH DOVR IRXQG WKDW BQWR'G X 8§ VWM IEHWPR U R RPX ¢
QHVWY DPRQJ WKH WKUHH W UH DI\VGPGH R MIK \ QI RSHAQNS ROKHIVGNWY F
RI VLPLODU PD[LPDO GHSWK +RZHYHU FKDPEHUV ZHUH GL
RI WKH QHVW 7KH\ ZHUH ORFDWHG GHHSHU XQGHU KLJK
WHPSHUDWXUHV )LJ KLQWLQJ WKDW WH HWKKLH KGHHUH S/HK B W
DQWV ZHUH ORFDWHG ,Q DQW VSHRRUM IOULYLQD G HORZRG |

00



SULPDULO\ ORFDWHG LQ LQWHUPHGLDWH DQG ORZHU FKDPE
DUH HPSW\ XVHG IRU VWRFNLQJ RU VHDVRQBOM\HXVHG IR
7VFKLQNHO .DGRFKRY§V YXRX] DQWYV OLNHO\ FRQWLQXI
QHVWYV E\ UHILOOLQJ WKH OHVV FURZGHG XSSHU FKDPEHUV
Rl WKH QHVW XQWRXFKHG ,Q RXU VWXG\ ZH VKRZHG WKD
VLIQLILFDQW O\ G\@DXHRQFRIWKKH QHVW FKDPEHUV ,QGHHG
WR KLJKHU WHPSHUDWXUHV UHVSRQGHG E\ ILOOLQJ EDFN \
$OWKRXJK WKHVH VWUXFWXUHV ZHUH VPDOO a RI W
VLIQLILEDQWHAAHERBP QGLik LQ FRPSDULMBIYKHWIQGTHUJURXQC
PRYHPHQW RI VRLO PDWHULDO FDUULHG E\ DQWV KDV EHHQ
ZKR VKRZHG WKDW Rl WKH VRLO HFRDFKWHGPHE\] WK
VHSWHQWDYREHBRIW.WHG XGGEHUJ U RBREE VBEDS/MRUWHG WKDW L
" VHWXS ZRFNREVURHDOMA8WLWKH VL]H RI FKDPEHUV DQG
RQ WKH QXPEHU RI LQKDELWLQJ ZRUNHUV DQG WKH SUHVHQ
RU UHILOOLQJ VSDFHV XVLQJ SHOOHWY RI VRLO SUHYLRXV(

'HVSLWH FKDQJHV LQ VRLO SRURVLW\ QR GLIIHUHQFH
PHDVXUHG EHWZHHQ WKH FROXPQV ZLWK DQWYV DQG WKRVH
UHVXOWY GLG QRW FRQILUP RWKHU SUHYLRXVO\ UHSRUWHZC
/L HW DORU LQFWRFRGMHOO DQG .LQJ LQHW DG@RWHL VW
HYDSRUDWLRQ IURP VRLO 2XU UHVXOWV FRXOG EH H[SOD
H[SHULPHQW 1HVWV KDG D VLQJOH VPDOO RSHQLQJ DQG \
ORZ OHVV WKDQ RI WKH FROXPQ YRORXPO\ $OFFRGHRDSU V
DQG WKH GLIIHUHQFHV LQ VRLO ZDWHU HYDSRUDWLRQ DPRC
IURP WKH LQFUHDVHG WHPSHUDWXUHYVY WKDW LQWHQVLI\ V
GU\LQJ RU HYDSRUDWLQJ SRIZAHHQ RIH\(WEKH D IV RIRDOWBNKHEUD Y K D Q
IURP WKH DQWVY EXUURZLQJ DFWLYLWLHY 6RLO KXPLGLW\
$QWV EXUURZLQJ DFWLYLW)\ GHSHQGY RQ WKH JUDLQ VL]H
QRW WR GLJ ZKHQ WKH VR L OPLIS\O HVOKIRIEMA QORSY DKWY D@ LV
2XU UHVXOWV VKRZ WKDW DQWYV UHVSRQG WR ZDUPLQJ E\ F
VHWWLQJ XS FKDPEHUV DW WKH GHSWK SURYLGLQJ DGHTXD
NHSW KXPLGLW\ FRQVWDQW LQ RXU H[SHUEHR HXQJ W FK\RTZG EN U

on



JOREDO FKDQJHV VR WKDW DQWY PD\ KDYH WR FRPSURPLYV
RQH IDFWRU RU WKH RWKHU

,QIOXHQFH RI FKDQJHV LQ VXUIDFH WHPSHUDWXUH RQ FROF

7KLV VWXG\ GHDOW ZLWK WKH LQIOXHQFH RI DQ LQFUHDVH L
&RORQLHYV JUHZ XQGHU WKH WKUHH WHPSHUDWXUH WUHDWF
SURYLGHG DGHTXDWH FRQGLWLRQV IRUWEBBQNHG KQHMRISP R
WHPSHURWXUKW&7GXULQJ GD\WLPH SURGXFHG IHZHU ZRUNH
KLIJIKHU WHPSHUDWXUHYV DQG f& 7KLV PD\ EH GXH \
WKDQ WKH QDWXUDO QLHASHBDXURIFFIXPNVHLQ RSHQ HQYLUF
VXQ KHDWV WKH VRLO RIWHQ DERYH WKLV LYHE IHRWDW XV H
XQGHU WKH WKUHH WHRP SHU®MM¥HHW GHVSLWH DQW GHYHO
EHLQJ VHQVLWLYH WR KNHR SHHBSHWUDHV XUHV SURPRWH PDW
HFWRWKHUPV $WNLQVRQ *LYHQ EWMKINWH HIV&V DUFKLW HFW
E\ VRLO VXUIDFH WHPSHUDWXUH RQH PD\ K\SRWKHVL]H WKI
LW SURYLGHG DGHTXDWH DELRWLF HQYLURQPHQW WHPS
GHYHORSPHQW RI EWIHE ZRQMRUQR UP®HG DQW QHVWYV SUR®
SUHGDWRUV EXW DOVR DJDIBRWWHQYLURGRHQWDO RDFBRUG!
DQG LW LV ZHOO NQRZQ WKDW DQWVY SODFH EURRG RI YDU
GHSWKV WR SURYLGH LW ZAH\K RS WEZWBIOL @ R MOWPRGR HIGAVD W L R
RI WKH QHVW UHTXLUHV DGGLWLRQDO VRLO H[FDYDWLRQ D
ZLWK VKDOORZ QHVWVY L H PRUH H[SRVHG WR LQFUHDVHG
VL]H RU ZLWK IRXQGDWLR@®@ RW QUYI\Z TIKRIGIRQ LLHN EOH WREDSDE
WKH FRVW RI H[WUD H[FDYDWLRQ PD\ EH PRUH DIIHFWHG [
ZLWK GHHS QHVWVY ODUJH SRSXODWLRQV RU IRXRGD@ LRQ
HW DO )RU LQVWDQFH TXHHQV IRXQGLQJ QHZ FRORQLHV "
QHVWVY WR SURYLGH RSWLPDO FRQGLWLRQV WR WKHLU EURH
SUHVXPDEO\ GHFUHDVH WKH QXPEHU RI ZRUNH UPWWKHKHN ZR X (
LOQFLSLHQW FRORQ\ VXUYLYDO DQG JURZWK $OWHUQDWLYH
EURRG ZRXOG GHYHORS DW D KLJKHU WHPSHUDWXUH WKD



ZRUNHUV ZLWK ORZHU IRUDJLQJ HIILFLHQF\ DQG OLIHVSDQ
WKH LQFLSLHQW FRORQ\ VXUYLYDO DQG JURZWK ,Q FRPSD
FRORQ\ ILVVLRQ ZRXOG EH OHVV DIIHFWHG W WROHWZ R U N WU
HIEDYDWLRQ

,Q RXU VWXG\ LQFUHDVHG WHPSHUDWXUHY VHHP WR
2YHUDOO WKH RQO\ QHIJDWLYH HIITHFW WKDW ZH FRXOG RE\
P PQ G kZDV WKH UHGXFWLRQ RI ZRUNHU ERG\ PDVV FRP
URRP WHPSHUHWIXBH 7/KLV PD\ UHVXOW IURP LQFUHDVHG
ZRUNHU GHYHORSPHQW LQ ZDUP HQYLURQPHWEGWNVLDYV SUHYL
7KLV FRXOG GHFUHDVH ZRUNHUV ORQJHYLW\DQG IRUDJLQJ
FRPSHWLWLYHQHVYV DINDU|GGW KUBMMUNURQ RMKHDOWDPH VSHFLH
PD\ EH WKDW ZRUN HW¥HWHDKHHBYX QB MWKDQ WKRVH H[SRVHG
WHPSHUDWXUHY EHFDXVH WKH EURRG JUHZ VORZHU DV FRC
UHVRXUFHYV DV IDW ERGLHV

*OREDO ZDUPLQJ DQG LWV FRQVHTXHQFHV RQ QHVW DQG FF

2XU VWXG\ DV ZHOO-B¥ \MHMNWHHWDRWKHUWHUEHUN HW DO

1IDVFLPHQWR HWXBORUW WKH LGHD WKDW DQWV ZRX(
DXJPHQWDWLRQ RI JOREDO WHPSHUDWXUHV $W ILUVW JOD(
KLJK WHPSHUDWXUHV E\ HIFDYDWLQJ GHHSHU QHVWYV DV FF
VLIHG ZRUNHKIMKX@QGHPBHUDWXUHY +RZHYHU RXU H[SHUL
DUFKLWHFWXUH GLG QRW LQFOXGH WKH HIIHFWV RI WHPS
GLUHFWV HIIHFWV VXFK DV KHDW VWUHVV DQG GHVLFFDWL
DQG FRPSRI@L,Q DGGLWLRQ LW ODVWHG GD\V DQG ORQ
PD\ UHYHDO DFFXPXODWHG HIIHFWV ZKLFK DUH LPSRUW
-jUJHQVHQ HW DO

W KDV EHHQ VXJJHVWHG WKDW DQWYV RI WHPSHUDWH D
VSHEL®VYJBUH PRUH UHVLVWDQW WR JOREDO ZDUPLQJ EHED
WHPSHUDWXUH YDULDWLRQV EHDNPR-HQ HWK DRHU DQ GS @ GQ W B



2XU UHVXOWYV VXSSRUGQ/LWHKR ¥HG SIRIAVK W WLD/QEFEW WR KLJK
WKURXJK QHVW SODVWLFLW\ +RZHQYHW WHDW D QBKKLFW I8 FRKX
PRGLI\ SK\WLFDO VRLO VWUXFWXUH DV WKLV VSHFLHV LI KL
&]HUZLQVNL HW DO +BQBFFROQWRXJEXWHY WR WKH PR
SDUWLFOHV DQG WKEHB\®DPLFURHQWWEOHRYHU PRGLILFDWL
FRORQ\ GHYHORSPHQW FRXOG KDYH LPSRUWDQW HFRORJLF
WRSVRLO SUHGDWRU WKDW IHHGV R@&IHUWYVAHOQWNEUDWEBE® VH
DQG LWV GRPLQDQFH LQ LQLWLDODWEBUHV:ROWHRMRJILFDO
UHVXOWY QHHG WR EH FRQILUPHG XQGHU QDWXUDO FRQGL!
WKH QDWXUDO WHPSHUDWXUH G\QDPLFV )RU LQVWDQFH
WHPSHUDWXUH UDSLGO\ URVH DQG IHOO ROWH SYUMREGXBO RQl
QDWXUH +RZHYHU UDSLG IOXFWXDWLRQV LQ WHPSHUDWX!I
ZDUPLQJ LQFUHDVHV WKH LQWZHDMMA XEG FIK WTHGXFHGRWKE
HIILFLHQFGRHORLQJ DQWYV OLYLQJ W QGIPISH BIBMWMHOHQ Y L UR

&DUERQ GLR[LGH LV H[SHFWHG WR ULVH LQ WKH DWPR
FKDQJH ,WV HIIHFWV RQ DQW\V3DUMH QRIW KR®® XH) GH G VA\RVR
PHDVXUH LW LQ RXU H[SHULPHQW 1HYHUWKHOHVV LW FRX:
OHYHOV WRKWBRXJK YHQWLODWLRQ VI\IVWHPV DQG PRYLQJ WK
ZKHUH WKH OHYHOV DUH ORZHU $) RUXIGHPLBION W H [6 B © DRAXK
ZLWK ORZHU FRQ@WMHBKVFRIX®L H[SODLQ ZK\ WKH\ H[FDYDWH
SUREDEO\ WR VXLW WKH QHHGV RI WKHRKQJINW ID@OVLGH DC
IHYHUWKHOHVVY WKHVH HIIHFWV VHHP WR GHSHQG RQ WKF
IHZHU LQGLYRGRDPIN RD OXLIGG PIKWYWDKRZ DQ\ GLIIHUHQFH R
OLNKH\HY 7VFKLONMRRZ WHIDWWY UHVSRQG WR KHDW E\ D
DUFKLWHFWXUH LQ WKH ODERUDWRU\ EXW JOREDO ZDUPLQC
HITHFWV KHDW KXPLGLW\ JDVHV HWF WKDW QHHG WR EH
KRZ WKH\ ZLOO URKBROWVWR WKHVH

(@)}
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&RQFOXVLRQ

2XU K\SRWKBWLDQWY PRGLI\ WKH DUFKLWHFWXUH RI WKHLL
ZDV FRQILUPHG VLQFH PRVW DUFKLWHFWXUDO IHDWXUHV
LQFUHDVHG WHPSHUDWXUHY SUREDEO\ WR SURBR®V®H DQ D
DQWV ZHUH DEOH WR ]SIGRARUMNHHQR UPHDMBELWH WKH KLJK WHP
VWXG\ VXSSRUWV WKH LGHD WKDW DQW QHVW DUFKLWHFV
FKDQJHVY L H DQW QHVW DV DQ H[WH®XHBHIK HQRWOSH FF
5LFKDUGYV 6DQNRYLWRWHWHHWYIOQJO\ ELRWXUEDWLRQ .
WR WKH LQFUHDVHKIQUW HRAUSH UDHW KRIHHVHH WZR GLIIHUHQV
H[SHULPHQW UHDFKHG D WHPSHUDWXUH WKUHVKROG DERYF
ELRWXUEDWLRQ DUH QR ORQJHU GLVFHUQLEOH RU E LI HJ
ORQDHEWGLWRR YMOJRQJIJHU HIIHFWV ZRXOG EH REVHUYHG /R
WHPSHUDWXUH LQWHUYDOV EHWZHHQ WUHDWPHQWYV ZRXOG
LQFUHIDWHPSHUDWXUHY RQ DQWVY ELRWXUEDWLRQ DQG QH\
LV DOVR QHHGHG WR GHWHUPLQH KRZ JOREDO ZDUPLQJ ZL
HFRV\VWHPV HJ LQ WKH WURSLFV LQ GRQE& WH QWK MR EB XD
LQ WXUQ DIIHFW RWKHU HFRORJLFDO SURFHVVHV VXFK DV
VRLOV
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6XSSOHPHQWDU\ PDWHULDO
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)LJ 6 ([DPSOH Rl UHILOOHG FKDPEHUV ,Q WKH ' LPDBHRUH EODFN |
LH JDOOHULHV OLJKW JUBHQUHWDV PRWWHYSMRQLG® WR&LGRUN JUI
DUURZ UHSUHVHQW VRLO YROXRHW HAL®® H® WHOHHPGLUBW % @G HQV L\
WKH GHWN KDV DUH UHSDEEHKWREZGXBQDEOXH LO O HED OIMGIQHHNHY QF
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HYDSRUDWLRQ WKDQ WKRVH H[SRVHG WR PHGLXP DQG KLJK WHPS
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&KDSWHU

'R FKDQJHV LQ WHPSHUDWXUH DQG

LO DEXQGDQFH LQ D WHPSHUDWH

7KLV FKD/SWIBUHOLPLQDOWLE UUWMHHRVRRRUH ZRUN BPHIRUH EH
MRXUQDO



'R FKDQJHV LQ WHPSHUDWXUH DQG KXPLGLW\ LQG
WHPSHUDWH DQW FRPPXQLW\"

)IWLPD *DUFtD ,EDUUQ O0DKLIEOWX 6 XORG@®Q L0 DIDL\DAD ®L VRW T & H MU

SEVWUDFW

&OLPDWH FKDQJH LV LQGXFLQJ JOREDO HFRORJLFDO VKL
SKHQRORJ\ 7KH REVHUYHG WHPSHUDWXUH LQFUHDVH RI
SUHFLSLWDWLRQ SDWWHUQV KDV GLUHFW FRQVMTXHQFH
FKDQJHV ELRGLYHUVLW\ ORVV DQG GLVWULEXWLRQ VKLIW
GHFUHDVHG PHDQ SUHFLSLWDWLRQ DQG LQFUHDVHG YDULD
RUJDQLVPV WR HQWLUH FRPPXQLWLHV (FWRWSUNPHO WRP
DSSUR[LPDWHO\ RI JOREDO VSHFLHV DUH SDUWLFXODUO
WR WKHLU VBHBSIQGHYWUISK\VLRORJ\ 7KLV UHVHDUFK VSDQ
XUEDQ SDUN PDQLSXODWHG W PSWHHD BAX B H QDG \8 B HKRLGH W
LPSDFW RQ D ORFDO DQW FRPPXQLW\

7KH VWXG\ VXFFHVVIXOO\ FUHDWHG GLVWLQFW HQYLUF
KXPLGLW\ DQG RWKHU DELRWLF FRQGLWLRQV $QW DEXQC
WUHDWPHQW VHDVRQ EORFN GLYHUVLW\ RI RWRBRHU LQYHU
WUHDWPHQW QRWDEO\ GLIIHUHG LQ DQW FRPPXQLW\ FRPS
DVVRFLDWHG ZLWK KLJKHU WHPSHUDWXUH DQG SUHFLSLWD
LQIOXHQFH RQ DQW FRPPXQLWLHV $ QHJDW UYRKRRHMHDOQ @
SODQW ELRPDVV KLQWHG DW SRWHQWLDO LPSDFWV RI YHJI
UHYHDOHG KLJKHU DQW DEXQGDQFH GXULQJ VSULQJ DQG V>
PRGLILFDWLRQV LQGLUHFWO\ DIIWHW HG WHNRKR¥® L BN DIVOD
LQWHUDFWLRQV ZLWK RWKHU LQYHUWHEUDWHV ,W HPSKk
PLFURFOLPDWHY DQG EURDGHU HFRORJLFDO FRQWH[WV IF
YDOXDEOH LQVLIJKWYV LQWR WRHR RO WLAHDWXQG\HOWD FFIKFVQ Rl C



FRQGLWLRQV )XUWKHU UHVHDUFK LV ZDUUDQWHG WR GHHS
DQG WKHLU LPSOLFDWLRQV

.H\ZRUGYV

THPSHUDWXUH KXPLGLW\ DQW DEXQGDQFH VRLO LQYHUWI

L QWURGXFWLRQ
&OLPDWH FKDQJH LV FDXVLQJ VLIQLILFDQW HFRORJLFDO
SKHQRORJ\ ZRHBG HW HD O 7TLOPARQ PV DWOWD QW FRQVHT
RI WKLV SKHQRPHQD DUH WKH ULVH LQ WHPSHUDWXUHYV DQ
DYHUDJH WHPSHUDWXUHYV KDYH LQFUHDVHG E\ f& &
SUHFLSLWDWLRQ ZLOO GHFUHDLDQHUBABNVGH WHDWUAOWLQUW\QZE
HY HQ3\&& 6RPH RI WKH PRVW GLUHFW FRQVHTXHQFHV RI1 V
VSHFLHY LQFOXGH SKHQRORJLFDO FKDQJHV ORVV RI GLYH
HIWLQFMWOLARRKDPYV HW DO )R @UHRAVRWIOH HITHFWYV RI1 JORETEL

FKDQJH HIWHQG DFURVYV YDULRXV VFDOHV DIIHFWLQJ RUJL
FRPPXQLMXMMODY HW$DD UHVXOW WKH IXQFWLRQDO FRQ
FKDQJH LQYROYH QRW RQO\ GLUHFW DOWHUDWLRQV LQ WHP
IHHGEDFN ORRSV DQG:IFOVEDBY HWHDKEDFQNMYV LQ IDFWRUV V
FRPSHWLWLRRQYHSUHGDWIRRVN KHUELYRU\ DVVRFLDWLRQV E
SDUDVLWLVP DQG PXWXDOLVWLF LQWHUDFWLRQV FDQ LQG.
FRQVHTXHQFHV WKDW DUH BKDMOIOHODILQI IHR ® GWLBOSDW

:KLOH FOLPDWH FKDQJH DIIHFWV QHDUO\ DOO RUJDQLV]
LQYHVWLIJDWH WKH UHVSRQVHV RI HFWRWKHUPLF FRPPXQL\
GHSHQGVVRQ@ WROHQELQJ HQYLURQPHQW -jUJHQVHQ HW DO

RI DOO VSHFLHV ZRUOGZLGH DQG UHSUHVHQW WKH PDM!

‘LOVRQ $WNLQVRQ G6LEO\ $PRQJ HFWRWKHUPV D
DEXQGDQW LQ YDULRXV HFRV\WWHPV DQG RIWHQ UHJXODWL
‘LOVRQ 'XQQ HW DO JRU LQVWDQFH DQWV FRQW.

DO DFW DV ELRWXUEDWRUYV LQIOKHIQFL QHRORLFO GURDXP



DQG HQJDJH ZLWK RWKHU VSHFLHY DV SUHGDWRUV 3l
3HNiIU

$QWV KDYH EHHQ LGHQWLILHG DV VXVFHSWLEOH WR JO
DQG FRPPXQLW\ OHYHOV $W WKH LQGLYLGXDO OHYHO UHV:
VL]JH .DVSDUL HW DO 5RHGHU HW DORQV 3W®RENWHWF
DO DQG DOWHUDWLRQV LQ IRUDJLQJ DFWLYLWLHV &
VFDOH DQWV DGDSW WR FOLPDWH FKDQJH E\ UHORFDWLQJ
HQYLURQPHQWY .DGRFKRYi )UGKW\ OHYS$\W WKKH FIRRPPKH T X
EHHQ YDULHG ,W KDV EHHQ UHSRUWHG WKDW KRW PLFURF
FRQYHUVLRQ LQ WURSLFV LQFUHDVH WKH DEXQGDQFH RI D
WKDW RI VSHFLHV ZL9%RKOHR AW DL VWDIVQBFEEVR EHHQ GHVFUL
WHPSHUDWH JUDVVODQGY FOLPDWH FKDQJHG SURGXFHG D
KRPRJHQL]DWLRQ RI*IVBE pF RPPRWKWY VWXG\ UHDOL]HG RY*H
VHRWLG JUDVVODQG VKRZHG WKDW DQWV GLG QRW EHQH
SUHFLSLWDWLRQ EXW LQGLUHFWO\ WKURMJXLWKM H@/FDBD

ORVW RI WKH VWXGLHY DLPLQJ WR LQYHVWLJDWH WKH H
RI DQWV IRFXVHG RQ PRGLI\LQJ HLWKPMRQ ® HUOVRWOVRLO WDHC

RU SUHFLSHWDQYHRQHW DEHULPHQWY ZKHUH ERWK SDL
PRGLILHG DUH UDUH ,Q WKLV ZRUN ZH PDQLSXODWHG ERW
WKH HIITHFWV RI WKHVH IDFWRUV RQ D VPDOO FRPPXQLW\ R
LQLWLDO K\SRWKHVEXFXHWRH) LQWKOLDWDIWUF VWRFKDVWLFLW\
LQ WHPSHUDWXUH DQG LQ SUHFLSLWDWLRQ LQFUHDVH WKFE
DQG RU GLYHUVLW\ RI VRLO LQYHUWHEUDWHY LL WKDW Wk
DPRQJ PHUHNDOW UHVSRQGLQJ WR D WHPSHUDWXUH JUDGLHQYV
SRVLWLYHO\ UHODWHG WR VRLO K\GUDXOLF FRQGXFWLYLW
ZRXOG EH VPDOOHU WKDQ WKRVH LQ FRQWURO SORWYV
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ODWHULDOV DQG PHWKRGYV
([SHULPHQWDO GHVLJQ

‘H FDUULHG RXW D ILHOG H[SHULPHQW LQ WKH SDUN RI WK
6XVWDLQDEOH '"HYHORSPHQW ,51TRADRPKHVMVW RIRIDEALYV  INUWPD

-XQH WR 0D\ 7KH VRLO: KDG DD@HX IMOM ODSHG\S+ RI VI
Rl VLOW DQG RI FOD\ ZLWK RUJDQLF & 9HIJHWDWLR
'H SODFHG SORWYV RI [ P ZLWKLQ DQ DUHD RI DSSURJ[L

IRXU SORWYV ZHUH DU GDKRIHEH GQDDEVORXMNU ORFNYV ZHUH VH
DQRWKHU E\ VHYHUDO PHWHUV DQG ZLWKLQ HDFK EORFN W
E\ DW OHDVW REGNHUPBORWV7/RKIHHDFK EORFN ZHUH UDQGRPC
WUHDWPHQWY L H HDFK EORFN UHSHDWHG WKH IRXU WUHD

r 7 3 LQFUHDVHG WHPSHUDWXUH RI GHFHQQLDO UL
DORQJ WKH \HDU

r 7 3 LQFUHDVHG WHPSHUDWXUH RI GHFHQQLDO
DOO DORQJ WKH \HDU

r 77 33 LQFUHDVHG WHPSHUDWXUH 7 3 RI GHFHC
GLVWULEXWHG DOO DORQJ WKH \HDU
r &RQWURO QR DUWLILFLDO KHDWLQJ QDWXUDO UDLQIL

3ORWV RI DOO WUHDWPHQWY ZLWK LQFUHDVHG WHPSHU!|
WUDQVSDUHQW SODVWLF JUHHQKRXVHV IL[HG FP DERYH W
LQYHUWHEUDWHY DPRQJ SDUFHOV ORQWKO\ S® KNILRLWDW L
WKH DYHUDJH GHFHQQLDO UDLQIDOORUHBRIUWBIGHDY &0 PPDW

IRU DOO WUHDWPHQWY 7KH VDPH SUHFLSLWDWLRQ ZDV
RFEXUUHG WZLFH D ZHHN LQ WKH HYHQLQJ GXULQJ VXPPHU
WKH JUHHQKRXVHY DQG DW QRRQ GXULQJ ZR@WHVYWWR DYR
FRQWUROOHG E\ &0ODEHU °~ VROHQRLG YDOYHV ZDV XVHG
JUHHQKRXVHV D PLFUR GULS V\VWHP ZDV LQVWDOOHG EHO

ORQLWRULQJ RI DELRWLF IDFWRUYV



‘H UHFRUGHG WKH WHPSHUDWXUH f& DQG UHODWLYH KXPL
WKUHH SORWYV SHU H[SHULPHQWDO WUHDWPHQW 7 3 7

SORW XVLQJ :-DWFK'RJ DQG SUREHV O6RX®W D@G DLU L
FP GHSWK DQG FP KHLIJKW UHVSHFWLYHO\ 5DLQIDOO ZI
6FLHQWLILF PHWHRURORJLFDO VWDWLRQ ZLWK DQ DFTXLVL
PHFKDQLFDO WLOWLQJ PP GXULQJ WKH ZKROH H[SHUL

7R HYDOXDWH KRZ ZDWHU PRYHG LQ HDFK SORW ZH PH

OLQL'LVN LQILOWURPHWHU 0(7(5 *URXS DW WKH HQG RI WI

ZDV XVHG IRU DOO WKH PHDVXUHPHQWY ‘H WKH®&/WFVDOFXOL
PV XVLQJ WKH PHWKMP® SFURSRVHG E\

9HIJHWDWLRQ DQG LQYHUWHEUDWHY VDPSOLQJ

7R HVWLPDWH WKH HIIHFWV RI WHPSHUDWXUHHDQ® ISUHFLS
RXW DQ LQYHQWRU\ RI VSHFLHVY DIWHU WKH ILUVW DQG VHFI
, Q WKH LGHQWLILFDWLRQ ZDV FDUULHG RXW DW WKH VS
SORW ‘H HVWLPDWHG WKH FRYHQDMHMHFKXSOB®WH RI HYHB@M WS
WKH SUHVHQFH RU DEVHQFH RI WKH SUHYLRXVO\ LGHQWLILI
SUHVHQW $GGLWLRQDOO\ ZH FDOFXODWHRE WHKHHELIRW DRY
GU\LQJ LW LQ D VWRRXDW DR& IRWLIJKWLQJ LW $IWHUZDU
YHIHWDWLRQ LQ DOO WKH SORW GULHG LW DQG UHWXUQH

‘H VDPSOHG DQWV DQG RWKHU LQYHUWHEUDWHY HYHU\
WUDSV ZLWK P/ Rl HWKDQRO DQG P/ RI OLTXLG VRDS :H
SORW DQG OHIW WKHP LQ SODFH IRU KR®HYH®M ZEHQM WK
UHVW Rl WKH LQYHUWHEUDWHY ZHUH LGHQWLS$MHBDRQO\ DW
BRLQYHUVHWMU\ HW DB GLVVHFWHG DQW LQGLYLGXDOV ¢
DEXQGDQW VSHFLHV GXULQJ VSULQJ DQG VXPPHU DQG

DFFRUGLQJ WR 6FBRILWA® RIWHQ XVHG DV D JRRAXUBGLFD\
WKDW KHDGV ZHUH SODFHG SHUSHQGLFXODUO\ WR WKH D[L
D 7 FP SODVWLF ERP KNG QUDERIXBMOKHHQ SKRWRJUDSKHG WK



9 =HLVV VWHUHRPLFURVFRSH FRQQHFWHG WR D =HLVV $[L
FDUULHG RXW ZLWK ,PDJH -6\FWKIVDZALHLCOH. @ HHW IDROQ Vv

6WDWLVWLFDO DQDO\VLYV

7R DQDO\VH WKH GLIIHUHQFHY RQ DELRWLF SDUDPHWHUV |
KXPLGLW\ K\GUDXOLF FRQGXFWLYLW\ DQG UDLQIDOO DPR
$QRYD WUHDWPHQW QHVWS5 GRQHEDHRIFMIR VWDWK $DENDEBD H
FDUULHG RXW 7XNH\ WHVW VWDWV SDFNDJH ZKHQ ZH IRX
FRPSRVLWLRQ RI HDFK SORW ZH SXUSRVHO\ GLVUHJDUGH
KHWHURJHQHRXV DPRQJ SORW VWUHLE XN DSXH@DYGLYE H P LYOHIW
SDFNRNYDQHQ HW IBO YHJHWDWLRQ FRYHU E\ VSHFLHV 7
KLHUDUFKLFDO FOXVWHULQJ PHWKRG VWDWV SDFNDJH Zt
FDOFXODWHG WKH DEXQGDQFH WRWDO QXPEHU RI LQGLYL
6KDQQRQTV GHYHRUWLMHN UQRXSV RI LQYHUWHEUDWHY RWKHL

‘H GHWHUPLQH WKH HIITHFW RI WKH YDULDWLRQV LQ V
DEXQGDQFH DQG ULFKQHVY XVLQJ DOO WKH ELRWLF SDUDPFE
DQEDO\VLQJ WKH UHODWLRQVKLSY EHWZHHQ YDUWDW®OHV Z
SDFNDJH EHWZHHQ YDULDEOHVY WR DYRLG FROOLQHDULW\
WKDW ZHUH ZHDNO\ FRUUHODWHG FRUUHODWLRQ DQG
. SDWQHU 7R HYDOXDWH WKH DEXQGDQFH ZH SHUIRUPHG
PLIHG PRGHOV FRQVLGHULQJ D QHIJDWLYH ELQRPLDO GLVW
SRVLWLYH YDULDEOH ZLWK KLJK RYHUGLVSHUVLRQ DQG V
VHOMHG WKH */00 ZLWK WKH ORZHVW $,& 7KH TXDOLW\ RI \
'+$50D SDFNHDIKHWLI 7R DQDO\WH DQWVY ULFKQHVYVY ZH XVHG
ZLWK D SRLVVRQ GLVWUEBHEXWLR@DREDORPFD¥FNDVRQV SUHVHQ
IHZ VSHFLHV 2QFH ZH VHOHFWHG WKH PRGHOV ZH DQDO\V
XVLQJ 7XNH\ +6' SRVW KRF WHVQWK HKRHHD Q VI SDIFHN@BHY EHW
JURXSYV ZHUH VLIJQLILFDQW 7KH EORFN DQG IORULVWLF FRF
6 WKXV ZH FUHDWHG WZR VHWYV RI PRGHOV FRQVLGHULQ
VHOHFWHG WKH RQH ZLWK WKH VPDOOHVW $,& YDOXH
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/IDVWO\ WR HYDOXDWH WKH HIIHFW RI GLIIHUHQW Wt
FRPPXQLWLHV RI DQWYV PAIVER B PPLHBNVR GW PH QRLR QDO VFDO|
SDFNDJH IROORZHG E\ D 3(50$129% WHVW YHJDQ SDFNDJH
SWIZLVH PXOWLOHYHO FRPSDULVRQ YHJDQ SDFENDJH Wi
FRPPXQLWLHV ZKHQ SUHVHQW

5(68/76
$ELRWLF SDUDPHWHUYV

SUHFLSUWBPRU®RIPG RQ WKH VLWH RI WKH H[SHULPHQW ZDV
DQG PP IURP $XJXVW WR 0D\ ZLWK D SHDN L
! PP LQ RQH GD\ )LJ 'DLO\ DYHUDJH WHPSHUDWX

\RLO DQG DLU DUH VKRZQ LQ )LJ DQG 7DEOHV 6 DQG 6 6

WUHDWPHQWY ZHUH GLIIHUHQW RQ SVKH V FiLID G® RWKIH VDI U A

) S Y %J 6LPLODUO\ ZH REVHQYHGUGE DNMNWPHHQNFA
UHODWLYH VRLO PRLVWXUH ¥WJDQG DLU KXPLGLW\ )
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Fig 1. Daily precipitatiorrecordedon the study sitdrom August 2021 to May 202®ata were acquire:
with a Campbell Scientific meteorological station with an acquisition central CR300 and bucket rair
(mechanical tilting 0.199mm), during the whole experiment.

)L $ELRWLF FRQGLWLRQV BRITWKRB WUHDWPHQWWRQWURO /LQHV FRL
WHPSHUDWXUH f& RI VRLO $ DQG DLU % 6RLO PRLVWXUH +5 &

7DEOHAHPSHUDWXUH RI VRLO DQG DQG VRLO PRLVWXUH DQG DLU
GXULQJ WKH ZKROH H[SHULPHQW 'LITHUHQW OHWWHUV FRUUHVSF
RQHD\EORFQNRYD WHVW

Season Treatment Soil Soil moisture Air Air humidity
temperature (i “ VG temperature (p “ VG
(p “vG ([ “ VG
Summer,  Control “ F « E “ e «  F
7 3 “ F_D “ D “ ° “ DE
7 3 « E “ . u . « E
7 3 « D « E “ o “
$ XWX  Control “ E “ . « u E
7 3 “ D “ o “ o “ .
7 3 “ D “ o g o “ .
7 3 « D “ E “ e “ .




:LQW, Control E E . E
7 3 D ° ° °
7 3 D E ° °
7 3 D E ° °
6SUL Control E FE DE G
7 3 D o o F
7 3 D E DE E
7 3 D F E °

JORULVWLF FRPSRVLWLRQ DQG ELRPDVYV

30DQW VSHFLHV LGHQWLILHG LQ7WKG®HYIBPRIW D O DG Rl WK
VSHFLHV ZHUH YHU\ VLPLODU DV RQO\ IHZ VSHFLHV ZLWK I}
LQ RQH \HDU +HQFH ZH GHFLGHG WR XVH WKH FODVVLILFD
SURYLGHG PRUH SUHFLVH GQWD O ®RZWIBUXYKLWROL 66 QWA HUI
JURXSV )FKBBUDFWHULVHG E\ WKH GRPLQDQWFKIDPOHDY JLU
QRELOEXFNKRU@GDQW IR @ E@QTHROPM®LFRNJR OKOBOLQD
KDLU\ YILROHWKLWREX FNKR U Q BODFNPH®LFN DQG VPDOO JU
EODFN NQOSZWBZUHDKIQGIJHDEHBU WU PEODORBNRORFXVW
5RELQLD SVHRQRBDWDBIODJUDVVHYV DQG JURXS QREOH \DL
EHGVWUDZ DQG WDOO JUDVVHV :H IRXQG QR! HIIHRW WKMNK |
JURXS RI YHJHWDWSRQ )RQ GU\ ELRPDVV KRZHYHU WKHUH
\HDU DV WKH GU\ ELRPDVV ZDV KLJKHU %Q W EKD&® LQ

$QMRPPXQLWLHYV

,Q WRWDO HLJKW VSHFELHDVRIXD QW YHAH WNUPRED WVAADEGLQR
VEKHQFNL /DVLXV IODYXV 6ROHQRSVLV IXJD[ OWPHFLQD J
+\SRSRQHUD 3DEWILWDEL DQG WRWDO DEXQGDQFHV E\ VSHFL}
VKRZQ LQ WMMQQW6FRPPXQLWLHYV GLIIHUHG DPRQJ WUHDWPHQW
GI S BLIB6SHFLILFDOO\ WKH FRPPXQLW\ RI DQWV LQ W
GLIIHUHQW IURP WKH RQH LQ WKH PARIQVMUWWRERPPXQIGNVLHS D
GLIIHUHG DPRQJ VHDVRQV ) % GFKHS ZHUH)VLPLODU EH



VXPPHU DQG VSULQJ RQO\ ) Gl S $00 FRPSDULVR
LQ 7DEOH 6

)LJ &RPPXQLWLHW RHDWQRHQBA $ DQG E\ VHDVRQ % 3RLQW\
D 10'6

$QW VL]H

6LQFH WKH PRVW DERDRIHDIQVE DQW PBYVXUHG WKH VL]H RI W
LQ RUGHU WR WHVW IRU DQ HIIHFW RI RXU WUHDWPHQWYV F
GXULQJ WKH FRXUVH RI WKH H[SHULPHQW DW WKH EHJLQQI
LQ VXPPHU ULQUQ VSDQG LQ 0D\ 7KLV ODVW PHDVXUH Z
VDPSOHG RQH PRQWK DIWHU WKH UHPRYDO RI WKH JUHHC
WHPSRUDO SIREWKW IGLWR VLRQ R O DERAV REAVMRFLID® LLQ \DEKPWM
ZKHUH WKH WDVN RI DQ LQGLYHGKDO GV \VSHODD WG & \WDRQ W K H U
ZRUNHUV KDG PHWDPRUSKRVHG LQWR LPDJR EHIRUH WKH U

7KH KHDG ZD&FWXVRORVHGLIIHUHQW 8 QVWHKIHWPHQW ZKH (
FRPSDULQJ WKH WKUHH \HDDW RUWDPSOGRJ .USVNDO
6SHFLILFDOO\ WKH DQWV LQ WKLV WUHDWPHQW ZHUH VLJQ
S S DQG WKH SRVW H[SHULPHQW VDPSOLQ.
ZHUH REVHUYHG DFURVV \WDUDW B HIQQV\R 1 )WXHs RWKHU



$QWYV DEXQGDQFH

7KH EHVW PRGHO H[SODLQLQJ DQW DEXQGRIQ PHFIRP SR HFZ QR
ZLWK WKH EHVW PRGHOV 7KLV PRGHO GHVFULEHG RI
WKDW WKH WUHDWPHQW WKH VHDVRQ WKH EORFN WKH G
6KDQQRQ LQGH[ DQG SODQW ELRPDRN WEXQGIRGPY\RO D DMWY

7TDEOH SRIDOGNMWLWDWQFH EHVW PRGHO GHVFULELQJ WKH DEXQGDQF!
Treatment +season +block + Shannoninvertebrates+ log (dry biomass) +(}jear)

X2 Df p value
(Intercept) 8.7032 1 0.003
Treatment 21.1470 3 9.81e05
Season 256.3746 3 <2.2el6
Block 26.5115 3 2.50e-05
Shannorindex invertebrate 22.4925 1 2.11e06
Dry plant biomass (log) 5.1185 1 0.024

7KH SUHGLFWHG DEXQGDQFH RI DQWV ZDV GLIIHUHQV
6SHFLILFDOO\ WKH DEXQGDQFH RI DQWV LQ WKH FRQWURO -
DEXQGDQFH RI WKH 7 3 WUHDWPHQWK H=7 3 WUHDWPHQ\

S DQG WKH 7 3 WUHBWPHQWKHUH ZHUH QR GLIIF
EHWZHHQ WKH SUHGLFWHG DEXQGDQFHV RI WKH 7 3 7
DOVR IRXQG GLIIHUHQFHV RQ WKH SUHGLFWHG DEH®QGDQFH
VKRZHG KLJKHU SUHGLFWHG DEXQGDQFHV GXULQJ VSULQ.

S DQG ZLQWHU &= DQG VXPPHU FRPSDUHG WR
S DQG ZLQWHU = S ORUHRYHU ZH |
GAQYJI DXWXPQ ZDV KLJKHU WKDQ GXULQJ ZLQWHU = S

ZLWK VLPLODU DEXQGDQFHV ZHUH VSULQJ DQG VXPPHU =
GLIIHUHQFHV EHWZHHQ EORFNV )LJ & VLQFHBOKRFREXQGI

= S DQG EORFN S = DQG EORFN ZDV SUHGL
PRUH DEXQGDQW WKDQEORFN =



)L 'LITHUHQFHYVY LQ PHDQ RI SUHGLFWHG DQW DEXQGDC
$ VHDVRQV % DQG EORFNV & 'DWD FRUUHVSRQC
REVHUYHG GDWD $00 FRPSDULVRQV WRQWKE LOIHHIWHRF |

7KH SUHGLFWHG DEXQGDQFH RI DQWV ZDV DOVR DIIF
LQYHUWHEUDWHY 6SHFLILFDOO\ LW LQFUHDVHG ZLWK WKH
RI WKH WUHDWPHQW EOREFN DQG VHDVRQ )LJ RRWURIK SUH
FRPSDUHG WR WKH WKUHH WUHDWSPHQWNRRBISD U B G=WFD W L R3
= UDWLR S FRPSDUHG WR 7 3 =SUDWLFRRPSDUHG WR
7 3 DQG ZH IRXQG QR GLIIHUHQFHV EHWZEB® FNK/H DKW H |
DEXQGDQFH ZDV KLJKHVW LQ EORFN SFRPSDD®G BVRREGRF N
S WKDW ZHUH WKH RQHV ZKHUH DQWY ZHUH OHD
ZHUH ORZHU ORZHU VORSHV WK DSV WEKRNFWRIGW D QDWW P EHQQ\
ZHUH KLJKHU GXULQJ VXPPHU DQG VSULQJ L H QR GLIIHUH
LQWHUPHGLDWH GXULQS DXWXPRPSDUHG WR VSULQJ =
FRPSDUHG WR VXPPHU DQG ORZHYW GXBRPSZUBW MR HXW



)L BUHGLFWHG DQW DEXQGDQFH QXPEHU RI LQGLYLGXDOV DV D
EHWZHHQ WUHDWPHQWY $ EORFNV % DQG VHDVRQV & 'DWD F
GDWD

iio



)L 3UHGLFWHG DQW DEXQGDQFH QXPEHU RI LQGLYLG
LQ J EHWZHHQ WUHDWPHQWY $ DQG EORFNV % 'DV
QRW WR REVHUYHG GDWD

7KH YHJHWDO ELRPDVV LQIOXHQFHG WKH SUHGLFWHG C
DOO WUHDWPHQWY DQW DEXQGDQFH GHFUHDVHG DV SODQ\
DEXQGDQFH ZDV ORZHU LQ FRQWURO WKDQ LQUIWHRWKUHH

S 7 WUHDWPHQW = BDWLR 3 WUHDWPHQW =

S DQG ZH IRXQG QR GLIIHUHQFHYVY EHWZHHQ WKH \
ZDV REVHUYHG ZKHQ FRPSDULQJ EORENV )LJ % 7KH DEXC
ORZHVW LQ=EO0BRWNR S DQG = UDWLR

$QW VSHFLHV ULFKQHVV

7KH ]JHQRODWHG PRGHOV EXLOW WR GHVFULEH WKH LQIOXHQ
RQ DQW GLYHUVANNH 7MHEWVMH BFFXUDWH WKDQ WKH */00V FUH
+HQFH WKH EHVW PRGHO H[SODLQLQJ DQW ULFKQHVV GHVF!
DQG LW LQFOXGHG RQO\ WKH ULFKQHVV Rl RWKHU LQYHUW|

iif



7TDEOBXPPDU\ RI WKH PRGHO VHOHFWHG WR H[SODLQ WKH ULFKQH

Invertebrates richness + log (dry biomass) | seas
Z value p value
(Intercept) -1.443 0.1489

Invertebrates richness 2.358 0.0184

Log (dry biomass) 2.064 0.0390

7KH ULFKQHVV LQ DQW V SHIERKYHIAY D QXLQFWWHLLRDHREIUY WHH
H[SHFWHG WR EH SRVLWLYH GXULQJ DOO WKH VHDVRQV +
VXPPHU DXWXPQ DQG VSULQJ FRPSDUHG WR ZLQWHU = UD
S DQG = UDWISR HWBHFWLYHO\ 7KLV VKRZV WKDW W
SUHVHQFH RI LQYHUWHEUDWHY ZDV ORZHU GXULQJ WKH ZL
VDPH WUHQG ZDV REVHUYHG IRU WKH ELRPDVV 7KH QXPEHL
ELRPDVV LQFUHDVH® DMWQLR QWKLS ZDV VLIQLILFDQWO\ ORZH
WKH RWKHU VHDVRQV YV VXPPHU = UDWLR S YV

YV VSULQJ = UDSNLR

)LJ 3UHGLFWSIGF IDHOW UL R RBHYWSRFLIHW D IXQRWERQHRN
LQYHUW)DPULONW HVM@G\ YHIHWD @ EHREZBWYQ VBWDRRR/UUH\
RXWSXW RI WKH EHVW PRGHO DQG QRW WR REVHUYHG

iio



+\GUDXOLF FRQGXFWLYLW\

‘H IRXQG K\BRIOEXORWLYLWLHY UDRMQ@J IURWUHDWPHQW DQ

i PV FRQWURO WUHDWPHQW :H IRXQG QR GLIIHUHQFH
EHWZHHQ WUHDWPHQWY )GDWD ¥KRZQORUHREMHW 6WKH EORF
RQ WKH WUHDWPHQW GLG QRW LQIOXHQFH WKLV SURSHUW

',6&866,21

7TKH SUHFLSLWDWLRQ ZDV ORZHU GXULQJ WKRVH WZR \HD
WUHDWPHQWY ZHUBHIDNO RXOUDW®I®D OBQRBFHFXUUHG LQ $XJIXVW

,Q DOO FDVHV FRQWURO SORWV ZHUH GLIITHUHQW WK
WHPSHUDWXUH DQG WKHUH ZHUH YDULRXV FRPELQDWLRQV
REVHUYHG DQ HIIHFW RI WKH EORFN LQ DOO WKHVH YDULDE

2XU VHW XS ZDV VXFFHVVIXO LQ FUHDWLQJ RQH FRC
VLIQLILFDQWO\ GLIITHUHG LQ M{HP\ERILUID W KB 8 HDUWBBWKOURHL GQ WA
ZLWK JUHHQKRXVHV ZDV DURXQG f& DERYH WKH WHPS
JUHHQKRXVH , W KDV EHHQ VXJJHVWHG WKDW LW LV WK
WHPSHUDWXUH WKDW G H I LRRQAHW \POFK\ H\F RBS\H\WVRWPHSR VAQWLVRIQ U F
UHVSLUDWLRQ ZKLFK FRXOG EH GLUHFWO\ RU LQGLUHFWO

$OWKRXJK ZH GLG QRW PHDVXUH WKH HIIHFWV RI WKHVF
RU QHVWY RXU PRGHOV DOORZHG X\DW R FERIQ ILADPVR RD VLY
FRQGLWLRQV ZRXOG FKDQJH YHJHW DIXE XQRB P@EMNEU RWKH L
UHODWLRQVKLS EHWZHHQ ELRPDVV DQG WKH GLYHUVLW\ RI
DQG DEXQGDQFH RI DQWYV :HKBRXEHH @ KR DWPXHHE WKDW WK |
FRQGLWLRQV DIIHFW LQGLUHF WDDE LVOK W DRMWIMMERRKB 6 YLDQ &/
SURYRNLQJ VKLIWV LQ WKH UHODWLRQVKLSVY ZLWK RWKHU
SRWHQWLDO SUHGDWRUV RI DQWYV RU RWKHU LQYHUWHEUD
UHVRXUFHV ,W LM QP SKRWWKXPW WRRKH[SHULPHQW FRXOG |
RWKHU UHODWLRQVKLSY IRU LQVWDQFH ELUGV DQG VPC



JUHHQKRXVHV ZKLFK SURYLGHG VKHOWHU LQVLGH WKHVH !
RlI ELDV

$V IRU WKH FRPPXQLWLHV RI DQWV ZH RQO\ IRXQG GLI
WKH 7 3 WUHDWPHQWGWKHQDEH RENVHBREPGLWLRQV LQ WK
7TDEOH ZH VHH WKDW ERWK WKH VRLO WHPSHUDWXUH D¢
WKHVH WZR JURXSY 7KHUHIRUH LQ WKH WUHDWPHQW 7
VSHFLHV ORUHBWHRU QWKLY MMOO\ RYHUODSSHG ZLWK JURXS
OHG XV WR WKLQN WKDW WKH GLIIMKHYFHW ZR JWKREK $R DRIHC
WR WKH WHPSHUDWXUH RI WKH VRLO WKDW FDQ EH PRUH V
WKDQ LQ WKH FRQWURO EXW DOVR WR LQGLUHFW UHODWLR
WKH DEXQGDQFHV RIRWBRIQVR IROWKBIQG BRDOEMVY FRXOG SHUPL
WKH UHODWLRQVKLSY EHKLQG WKHVH REVHUYDWLRQV

$Q LOQWHUHVWLQJ ILQGLQJ LQ RXU VWXG\ LV WKDW LQ F
VSHFLHV ZDV QHJDWLYHO\ UHODWHG WR SODQW ELRPDVV
YHIJHWDWLRQ WKH IHZHU VSHELHV DUH H[SHFWRIGHWR EH
FRPSOH[ HQYLURQPHQWY ZLWK D GHQVHU YHJHWDWLRQ D
WKH\ DUH FDSDEOH RI DFFHVVLQJ VPDOOHU LQWHUVWLFHV
OHJV VXEWKPDWD FXQDEXOPRUB VXLWHGR®HRQVHPSOHRQPRQW
7KHUHIRUH DFFRUGLQJ WR RXU PRGHOV WKH DXJPHQWDW
LQFUHDVH WKH SODQW ELRPDVV ZKLFK ZRXOG LQFUHDVH
KRPRJHQHLW\ RI WKH FRPPXQLWLHV RVKIOBDBS HEGHQ DROIL R
H[SHULPHQWYV

$V H[SHFWHG LQ D WHPSHUDWH HQYLURQPHQW WKH VH
DQDO\VLQJ DQW DEXQGDQFH DQG DQW VSHFLHV ULFKQHVYV
DEXQGDQW GXULQJ VSULQJ DQG VXPPHU ZKLFK ZDV H[SH
H[BULPHQW ORUHRYHU WKH FRPPXQLW\ FRPSRVLWLRQ ZDV
GLIIHUHQW WR DXWXPQ DQG ZLQWHU +RZHYHU WKH KXPLC
7 3DQG 7 3 WUHDWPHQWY FRPSDUHG WR WKKN FRQWUR
DIIHFW WKH DQWYV EXW DOORZHG WKHP WR VWD\ DEWLYH IF
SORWV ZLWK JUHHQKRXVHV LQ DXWXPQ DV REVHUYHG LQ )L



‘H FRXOG QRW FRQILUP RXU K\SRWKHVLV WKDW DQWV L
RQ WKH ZDWHU LQILOWUDWLRQ DV ZH IRXQG QR GLIIHUHQF
KHWHURJHQHLW\ Rl WKH VRLO WH[WXUH LQ WZXKKLBBUN ZKH L
SDUWLDOO\ FRQIRXQGHG ZLWK WKH KHWHURJHQHLW)\ LQ SO
WH[WXUH ZLOO DOORZ XV WR EHWWHU HVWLPDWH WKH LQI
LGHQWLI\ WKH QHVWY DQG IROWRHE WKHLWLPAWWYLWLHV WK

SHUVSHEFWLYMMKGRU WKLYV

2XU VWXEW XDUHVWY WKDW FOLPDWH FKDQJHV DUH PRUH O
LQGLUHFWO\ WKURXJK IHHGEDFN PHFKDQLVPV UDWKHU V
SHUIRUPDQFH RU GHYHORSPHQW RI DQW FRORQLHYV

7KH QH[W VWHS ZLOO EH WR WHVW DOWHVUR BWRQYIHIBSS L
RXU FXUUHQW UHVXOWV $OVR ZH ZLOO WU\ WR WHVW LI W
VSHELHV Rl SODQWV ZLWK WKH WRWDO DEXQGDQFH RI DQW\
HDFK JURXS RI LQYHUWH E U KW F\R ¥ § G ELSCHLQNG\HR WRID HW.RU RIKHS/
DEXQGDQFH RI DQWV



6XSSOHPHQWDU\ PDWHULDO

Fig. S1. Relationship between plots and vegetation gro@dsHierarchical clustering tree diagraofithe 20 plots
based orvegetation groupfabels combine treatment name and block numifBj)Layout of plots within blocks,
with vegetation groups.

Fig. 2. Dry plant biomass by treatment during 2022 and 2023. No difference between treatments
reported in any year (nested Anova tésfg= 1.55, p>0.0%)



Fig. S3. Abundance of ants per species, treatnaadtseason during year 1 (summer 2021 to spring 2022)
year 2 (summer 2022 to spring 2023). Data correspond to the number of sampled individuals.

Fig. $4. Head width ofLasius nigerZRUNHUV E\ WUHDWPHQW DFURVV-exXgdidént 3 (C
sampling. Add statistical test, values of statistics and p value. Letters denote significant differences.



7TDEOH7HPSHUDWXUH DQG UHODWLYH KXPLGLW\ RI

VRLO DQG DLU

EORFNV ZHUH HTXLSSHG ZLWK UHFRUGHUV DQG WKDW WKH DLU U

Treatment Block  Soiltemperature  Soil humidity  Air temperature Air humidity
(i “VvG f (i “VG (i “VvG (i “VG
Control 2 11.816.02 20.84“15.04 - -
Control 3 12.47“6.09 12.73"11.10 - -
Control 5 11.955.36 24.84%12.28 16.56 “6.59 68.43“13.52
70 % 2 14.92“5.39 35.3814.88 18.70"6.86 83.65"11.97
70 % 3 13.846.05 18.97 “14.63 17.557.45 81.20“13.74
70 % 5 13.55“5.17 17.29"9.80 17.15"6.45 81.88“9.35
100 % 2 15.106.04 21.00“10.40 17.98“6.71 81.37“12.17
100 % 3 13.43“6.24 26.38“10.03 17.38“6.92 81.62"11.82
100 % 5) 13.29“4.98 17.68“8.26 17.046.28 83.13“9.44
130% 2 14.82“5.96 22.15“15.66 17.07“6.38 79.47410.71
130% 3 13.926.15 8.95 “5.97 16.89“6.75 86.55“11.03
130% 5 13.77“5.41 23.18“8.94 16.796.26 85.76 “10.00

7TDEOHHWPSHUDWXUH DQG UHODWLYH KXPLGLW\ RI VRLO DQG DLU E
Air temperature

% ORFN Soiltemperature
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Table 8. Plant species abundance during summer 2022. Data are expressed on % of surface coveragped&esptprrespond to absence.

Control 70% 100% 130%
Species/ Block 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Achillea nobilis 23 6 24 33 1 14 15 19 11 9 12 43 15 8 33 2 19 8 1
Arrhenatherum elatius| 11 33 15 8 29 8 8 8 8 2 20 29 2 7 1 5 9 5 2 9
Centaurea nigra 2 7 2 5 10 3 24 5 7 1 9
Dactylis glomerata 5 2 2 1 28 7 2 8 2 13 1 7 4 21 5 2 1 2 35
Galium mollugo 30 29 9 27 | 20 40 5 32 | 34 6 34 28| 25 2 1 30 33
Medicago lupulina 9 11 15 5 27 7 20 20 4 12 14 13 1 5 9 8 10
Plantago lanceolata 5 4 29 35 11 10 15 25 4 1 4 9 3 1 10 16 25 33 1
Ranunculus bulbosus 1 1 1 2 1 1 1 1 1 2 1
Cirsium arvense 1 1
Trifolium repens 5 1 1 9 19 3 10
Pseudoscleropodium
purum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Trifolium repens 4 10 5 3 2 5 10 2 1 1 19 1
Convolvulus arvensis 1 1 2 2 1 5 9 3 4 3 1
Geranium dissectum 3 1 1 3 8 8 1 6 14 1 2 1 8 1 1 1
Glechoma herderacea 7
Poa pratensis 4 3 5 4 5 4 4 4 1 6
Prunella vulgaris 2 3 2 4 1 1 3
Bellis perennis 1 1 1 1 7 5 1
Taraxacum officinale 1 1 1 1 1 1 3 1 1 2
Viola hirta 6 1 1 1 2 1 1 1 1 1
Daucus carota 1 3 3 3 9 1 12 19 1
Lolium perenne 1
Hypochaeris radicata 1 1 1 1 1
Ophrys apifera 1 1
Picris hieracioides 1
Jacobaea vulgaris 1 1
Fraxinus excelsior 1
Quercus robur 1
Robinia pseudoacacia 1 1 1
Potentilla reptans 3 27
Sonchus asper 1
Veronica persica 1




Table &. PlantVSHFLHYVY SUHVHQFH GXULQJ VXPPHU

ateScdrresfdudHid BlbQewceS UHV HQ F H

(PSW\ VS

Specied Block

Control

70%

100%

130%

3

Achillea nobilis
Arrhenatherum elatius
Dactylis glomerata
Lolium perenne

Poa pratensis
Centaurea nigra
Galium mollugo
Medicago lupulina
Plantago lanceolata
Ranunculus bulbosus
Cirsium arvense
Trifolium repens
Veronica persica
Geranium dissectum
Bellis perennis
Pseudoscleropodium
purum

Prunella vulgaris
Taraxacum officinale
Viola hirta

Glechoma herderacea
Daucus carota
Potentilla reptans
Lamium maculatum
Hypochaeris radicata
Crataegus

Sonchus asper
Ophrys apifera

Picris hieracioides
Prunussp.

Cornussp.
Leontodonsp.
Rosasp.

Convolvulus arvensis
Hypericumsp.
Robinia pseudoacacia
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7TDEOH*600V IRU DQW DEXQGDQFH ORGHOV DUH VKRZQ$,&RP EHVW Ol

Model $,& Condicional R? Marginal R?

7JUHDWPHQW VHDVRQ EORFN LQYHUWH
\HDU

7JUHDWPHQW VHDVRQ EORFN LQYHUWH
6KDQQRQGUARELRPDVYNDU

TUHDWPHQW VHDVRQ EORFN LQYHUWH

6HDVRQ EORFN LQY HU W HEB IDR\PHDWAV &K D (

2XU PRGHOV FRQVLGHUHG WK KHE DD W MDWMKHYE RS 417 e EED OV & H
YDULDQFH H[SODLQHG E\ WKH IL[HB[SDHW R UVKBORDRIS RLRDICR QA RA
IL[HG DQG UDQGRP HIIHFWYV

7TDEOH=6HURIODWHG PRGHOVYREBHO®WQIWUHLFKRAYMURP EHVW ORZHVW {
$,& ,Q RXULHO®WHG PRGHOV WKH YDULDEOH VHDVRQ ZDV FRQVLGFH

Model AlIC R2 RZad;.
,QYHUW H E U D WHby §nUbiofmi&s3)H Baason 461.42 0.64Z 0.636
Treatment +, Q Y HU W H E U D Wdd (dfy hibbass)) Baason 466.28 0.647 0.635
Treatment +, Q Y HU W H E U D Widg (tfy hibinfass)) Baasbn 466.28 0.647 0.635

Block + ,Q YH U W H E U DWddg (dfy hibmass)) Baasbn 466.90 0.651 0.636
Treatment + Plangroup +, Q Y HU W H E U D Wdd (dfyy hioass) 471.84 0.657 0.636
Season

7DEOMBLUZLVH PXOWLOHYKRFFRPSD[BEURIZ 9IS RWVMWW EHWZHHQ FR
DQWV E\ VHDVRQ

Pairs Df F. model R? p value p value adj.
Summer/fautum 1 17.06 0.179 0.001 0.006
Summer/winter 1 48.72 0.332 0.001 0.006
Summer/spring 1 2.47 0.031 0.074 0.444
Autumn/winter 1 9.86 0.091 0.001 0.006
Autumn/spring 1 15.37 0.165 0.001 0.006
Winter/ spring 1 32.45 0.249 0.001 0.006

7TDEOHOHDQ DQG VG RI K\GUDXOLF FRQGXFWLYLW\ PV E\ WUHDWPF

Treatment n K ([C K (sd)
Control 15 7.40e-05 1.56e04
70 15 3.21e05 2.67e-05
100 15 2.76e-05 1.596e-05

130 15 1.52e05 1.%4e-05
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*HQHUDO GLVFXVVLRAQ

$QWV SOD\ D FUXFLDO UROH LQ HFRV\VWHPV DV RQH RI WK
ZRUOGZLGH ([WHQVLYH UHVHDUFK KDV EHHQ FRQGXFWHG W
FKDQJH +RZHYHU LGHQWLI\LQJ WKH VSHUFHVILFV WDEMW R UMV
FKDOOHQJLQJ EHFDXVH RI WKH GLYHUVH DSSURDFKHV XVHC
DUH HYDOXDWHG 7KLV FKDOOHQJH LV IXUWKHU H[DFHUEL
HQYLURQPHQWY DV WKHVH FOLPDVWMW\HW C5QJ I X B Q WH L\@ RWRK\k
ELRPHYQNLQV HW TKHUHIRUH WKLV 3K' SURMHFW DLPHG W
FOLPDWH FKDQJH RQ DQWV XVLQJ DQ LQWHJUDWLYH DSSURI
ZHUH VWXGLHG

,Q &KDSWHU , HISORUHG WKH UHVLVWDQFH WR KLJK W
DV WKH XQLW RI IRFXV DQG HYDOXDWLQJ GLITHUHQW HQYLL
UHOHYDQW DV VRFLDO LQVHFWY DUH RIWH®|BRGRIEE®HWH G V
:LOVRQ , IRXQG WKDW WKH UHVLVWDQFH RI DQW VSHF
HQYLURQPHQWDO WHPSHUDWXUH 6SEBLGAKDEGOW DLW ZMWVHKIL
LQ WKH WZR OHGLWHUUDQHDQ KDELWDWY DQG ORZHVW L«
EHADGWK RI WKH UHVLVWDQFH L H WKH GLIITHUHQFH EHWZ]|
ZLWKLQ HDFK KDELWDW ZDV QRW GLIITHUHQW DPRQJ HQYLU
UHODWLRQVKLS ZLWK PRUSKRGRSHRID QYW B TRVMNCKHHRI® H LV VA
DGHTXDWH WR DFFRXQW WRKIHSHKKRD IUFEAIOHDDXNIBDYHM LM R WHK H U
JHQHUD ZHUH H[SOLFDEOH WKURXJK RWKHU SRWHQWLDOC
IHYHUWKHOHVY WKH IRUPHU H[KLELWHG JUHDWHU UHVLYV
PRUSKRORJLFDO WUDLWV 7KLV FDQ EIHO RMWW-UW IQEIXWKIHE. W R HD\
VXFK DV WKH VIQPWRHNISWRWKHRW DQG EHKDYLRXUDO SDWW

,Q &KDSWHU , H[SORUHG WKH UHODWLRQVKLS EHYV
WHPSHUDWXUH UHVLVWDQFH RAKB QS O WP WQXHU L. QG VKIOGAK\D
VWURQJ FRUUHODWLRQ DPRQJ DOO PRUSKRORJLFDO WUDL
FO\SHXV WKH GLVWDQFH EHWZHHQ WKH H\HV DQG WKH H\H
UHVLVWDQFH DOVRRWHQ® WVOR B/H MO DIUJEUQFV LQ &KDSWHU



VSHRLMHW D JO\S KLNREOMIVERIHWBHAIROLF GR QRW DSSHDU WR VKF
PRUSKRORJLFDO UHODWLRQVKLS FRPSDUHG WR RWKHU VSF

7KH DLP Rl &KDSWHU ZDV WR HYDOXDWH KRZ WHPSHL
DILTHFW WKH FRQVWUXFWLRQ RI WKH QHVW DQG GHYHORSPH
DFWLYLW\ LQFUHDVHG ZLWK KLJK VXUIDFH WHPSHUDWXUH\
SURYLGH DGHTXDWH WHPSHUDWXUH DQGRXPLE&EEMWN LR Q VKO
DQWYV H[SRVHG WR WKH KLIJKHVW WHPSHUDWXUH VWRSSHG |
DQG VWRUHG LW LQ SUHYLRXVO\ HIFDYDWHG WRS FKDPEH!I
SODVWLFLW\ RI WKH QHVW DRLEX MWWHHPEW XD MW XIUH DHMGS RYMH W

)LQDOO\ LQ &KDSWHU , H[SORUHG WKH HIIHEFWV RI PR
RQ WKH DEXQGDQFH ULFKQHVV DQG FRPPXQLW\ FRPSRVLW
, IRXQG WKDW WKH DEXQGDQFH RI DQWV LBABHBWR YWWK
DFWLYH IRU D ORQJHU WLPH ZKHQ WHPSHUDWXUHV ZHUH KL
DELRWLF FRQGLWLRQV DIIHFWV DQWYV LQGLUHFWO\ E\ FKD!
DEXQGDQFH

The approach to evaluate thermal resistance

ODQ\ RI WKH VWXGLHV WU\LQJ WR HYDOXDWH KRZ FOLPDW
PHDVXULQJ WKHLU WKHUPDO WROHUDQFH ZKLFK KDV EHH(
RUJDQLVP WR UHVLVW KHDW VWUHRWW WKDWLARWREHVWU\SLFD

7TKHUPDO UHVLVWDQFH RQ HFWRWKHUPV LVpRIWHQ HVW
,QGHHG LW LV FRQVLGHUHG WKDW VSHFLHV 2Z23WK KLJK
IHYHUWKHOHVYVY ITURP D PHWKRGRORIJIEIPO® D/NKLDGE® HRIMOWV L
KLIJIKO\ GHSHQGHQW XSRQ WKH VSHFLILF FRQGLWLRQV XQ
PHWKRGRORJLFDO IDFWRUV FRQWULEXWH WR WKH YDULDEIL
EHWZHHQ VWDWLF FRQVWDQW WHPSHUDWXUH BPQWKEKGN\D P
KHDWLQJ UDWH DSSOLHG G\QDPLF PHWKRG WKH WLPH RI ¢
RI WKH DVvVvD\ VWDWLF PHWKRG DOQG HYHARUWKHQWNROR



THUEODQFKH HW DO SHRH@&GHG UHW VDO RPH RI V
PHWKRGRORJLFDO GLVFUHSDQFLHYV D PDWKBROQOWH® HWPRG

7KLYV PRGHO DLPV WR VWDQGDUGLVH WKH GLIITHUHQMW
FRPSDULVRQV 8QOLNH SUHYLRXV DSSURDFKHV WKDW IRFXV
SURSRVHG PHWKRG VXJIJHVWYV FDOFXODWLQJ DQG FRPSDL
WHEHUDWXUH DQG H[SRVXUH GXUDWLRQ +RZHYHU LW LV L
&erpDV D PHDVXUH HYHQ D VWDQGDUGLVHG RQH RI WKHUPI
ELDVHV DV RWKHU LQIOXHQWLDO IDFWRUV UHPDLQ XQDQD

$QDO\VLQJ VRPRHO\WSHELHY RU DQ\ RWKHU PHWULFYV
UHVLVWDQFH PD\ OHDG WR LQDFFXUDFLHV DV WKH WHPS
VSHFWUXP RI IDFWRUV BHIGIERMN. BW MWK HU NWQGIMYY KDYH DS
WKH DVVHVVPHQW Rl HFWRWKHUP WXMRPQW ON & R BRQHBWE
SURWHHIQWLQJ :HKQHU JLJIKWRFERORQUQKWYLYDO DQG
3HQLFN HW D®PLQXERUGLQDQFH *DHGIRE DRIGRKH B/VD O
SKHQRO®RUHW DO ) REJHUKHD/YRROQU VW HD G W 7HK\W DBV X O WV
RI WKHVH VWXGLHV KLQW DW KRZ FRPSOH[ WKH VWXG\ RI W
WKH HIIHFWV Rl FOLPDWH FKDQJH VSHFLILFDOO\ WHPSF
SUHFLSLWDWLRQ RQ DQW ELRORJ\ ¥WH FXDVWL QX MR KH
IXQFWLRQDO WUDLWV WKH ELRWXUEDWLRQ DFWLYLW\ DQ
FRQILUPHG WKLV VWDWHPHQW )LJ VXPPDULVHV WKH UHO
RI WKLV ZRUN



)LJ 6XPPDU\ RI WKH HIITHFWV RI WHPSHUDWXUH DQ((
ELRWXUEDWLRQ DFWLYLW\ 6ROLG DUURZV GHQRWH
FRUUHVSRQG WR UHODWLRQVKLSV WHDWFAHOFRXOG QR

Direct effects of temperature on ant biology

$QW GHYHORSPHQW DQG DEXQGDQFH

+LJKHU WHPSHUDWXUH H[HUWYV D GLUHFW LPSDFW RQ D
GHYHORSRUQYWU 7VFKRQGHOHQODUJLQJ WKHLU VHDVRQ RI
REVHUYHG DQ LQFUHDVH LQ DQW DEXQGDQFH DW KLJKHU W

DQG WKH FRPPXQLW\ OHYHO &KDSWHU :KLOH , GLG QR
P\ UHVXOWMWONW ODW OHDVW LQ SDUW IURP WKH GLUHFW
powyvy ORUHRYHU LQFUHDVHG WHPSHUDWXUHV FDQ DOWH
WKURXJKRXW WKH \HDU 7KLV PRGLILFDWLRQ PDUHQYROYH I

DFWLYLW\ SHULRG+PDWGREDO® WKH OVSRMHQRPHQRQ , GRFXP



LQ P\ LQYHVWLJDWLRQ RI D WHPSHUDWH DQW FRPPXQLW\ D
DQW FRORQLHV KHQFH D KLJKHU DEXQGDQFH RI DQWYV

1HVW DUFKLWHFWXUH

$V GLVFXVVHEEHABWHH QQ&KDSWHU WKH WHPSHUDWXUH DO\
DFWLYLW\ RI DQWV 7KH\ G\QDPLFDOO\ UHDUUDQJH WKH DU
WKH DGHTXDWH WHPSHUDWXUH | R3HYIKHNG HHWH &R @RKEQW R V
WKLV ELRWXUEDWLRQ DFWLYLW\ PD\ DITHFW ORFDO VRLO S
WKH VRLO VXUIDFH LQFUHDVHG VRLO SHUPHDELOLW\ WR ZC
SURPRWH JURZWK RI EDFWHMWXMHEHUXHWNWIDGODQW URRWYV

7KH DUFKLWHFWXUH RI WKH QHVW KDV ERQO® WV R@VDGHU

ORUHRYHU DQWV DV ZHOO DV WHUPLWHYV KDYH EHHC
HQJLQHRXTYXHW HW MHDQLQJ RUJDQLVPV WKDW FRQVWUXF!
GLUHFWO\ LPSDFWLQJ WKH ILWQHVV RI LQGLYLGXDOV RU L
'DZNLQV 7KURXJK WKH FRQVWUXFWLRQ RI ELRJHQLE VWL
HQJLQHHUV" UHVSRQG WR WKHLU RZQ UHTXLUHPHQWYV ,C
FRQVWUXFWLRQ RI QHVWV DQG PRXQGV DLPV WR NHHS W
GHYHORSPHQ®WRQ\WKH WR SURWHFW WKHRMHIO YKYMURP S|
FRQFHSW LV RS NRWREI® WRFWIKGHHORVDO HQIJLQHHUV " ZKRVH V|
SRVLWLYH HIIHFW -RQHW KH{W VBI®RMAH JHRSKDJRXV HDUWKZR
LQVWDQFH PRYH WKURXJK WKH VRLO WR ILQG RSWLPDO FR
IRUDJH IRU IRRG 7KH VWUXFWXUHV WKH\ FUHDWH FDQ DIIH
FRPSDFWLRQ EXW WKW BDYM KQRUWPRKGORNVQY XFWXUHV 7KXV
PRUH BURRGXFW Rl WKH HDUWKZRUP DFWLYLW\

$Q H[DPSOH RI DQWYV DV SH[WHQGHG SKHXRWWBRHDHQJLQ
DQWYV ZKLFK HI[FDYDWH PDVVLWRAQABVYWLVP QW RP RMIHDOH H W R C
DQWYVY QRW RQO\ DGMXVW WKH YROXPH RI WKH QHVW WR DF
EXLOG VSHFLDOL]HG FKDPEHUV IRU WKHLU IXQJDO JDUGHC
IXQJIJXV JURZV XQWLO WKH\ UHDFK WKHLX®Q PDOVYLIPX RV D]@IV IHW



WR QHZ FKOPBHUVWRFHV7KH GLVSRVDO RI ZDVWH YDULHYV E\
DOQWV GLVFDUGLQJ LW RQ WKH VXUIDFH DQG RWKHUV VWRI
ZKHUH WKH IXQJXV ZDVWH LV GLVSRVHG RI RXWVLGH WKH Q
DUH UHS O KQW R&KEK® ZLWWJ HW, Q¥ SHFLHYV ZKHUH WKH ZDVWH |
WKH QHVW LW LV LVRODWHG IURP WKH IXQJXV JDUGHWY WR ¢
HW DO

7KLV WKHVLV VXSSRUWY WKH FRQFHSW RI DQWV DV H]
RQH RI DQW QHVW DV H[WHQGHG SKHQRW\SH +RZHYHU WK
WUDGLWLRQDOO\ FRQVLGHUHG D IXQFWLRQD®RWWDLWY <HV
IXQFWLRQDO FKDUDFWHU 7KLV VWXG\ UHYHDOV WKDW QH\
VXSRWIDQLVPDO OHYHO L H FRQVLGHULQJ WKH LQGLYLGX
SHUIRUPDQFH $OWKRXJK WKH HHIMBWNLRL FDHOVON W H ¥ MLHGHR §
DQG VXUYLYDO WKH UHODWLRQVKLS EHWZHHQ WKHP FRQV\
WKH QHVW IDFLOLWDWHY FRORQ\ GHYHORSPHQW DQG PRUH
QHVWXKO HW DO 7RIILQ HW DO

$V WKRURXJKO\ GLVFXVVHG LQ &KDSWHU LQ DQWV W
SRVLWLYH HIIHFWV RQ WKH FRORQ\ 7KLV LQFOXGHV IDFLO!
EURRG GHYBEBRSPNQWVFKL@®ODHQWDLQLQJ VWDEOH WHPSHU
FROR®ROOD]]JL 5RFBQG HYHQ HQKDQFLQJ VRODU UDGLD\
%ORPTYLVW HW DO 0D F BB KRG HHW. DHOQW SUHVHQWHG
GHPRQVWUDWHY WKDW DQWV PRGLI\ WKH DUFKLWHFWXUH R
ZLWK LQFUHDVHG VXU M K HUNP R K H UTRORWDHW V) DS SHDUHG WR
UHVSRQVH DV WKH\ ZHUH PRUH SRSXORXV ZKHQ H[SRVHG V
KDYH VXJJHVWHG WKDW QRW RQO\ WKH VL]H EXW DOVR W
WHPSHUDWXUH 6DQNRYLMU BXU¥XBWY GLG QRW VKRZ WKHI
+RZHYHU ZH ZHQHGER@VXMIDVPDOO FRORQLHV /DUJHU FRO
ODUJHU KHQFH KHDYLHU HDUWK FROXPQV DQG WKXV FRPS
WKHP LQ WKH &7 VFDQ ,W LV SODXVLEOH WKDW ODUJHU FR
QHVW.WHFK XUH



$QW PRUSKRORJ\

7HPSHUDWXUH LV DOVR DQ LPSRUWDQW VHOHEWLYH SUHVV.
WHPSHUDWXUHY GXH WR FOLPDWH FKDQJH VHHP WR DIIHF
RFEXUUHQFH RI ODUJHU VSHFLHV RU VHOHE® HQW DODLQVW
7KLV DVVRFLDWLRQ LV WLHG WR WKH IXQFWLRQDO DVSHEV
FORVH FRQQHFWLRQ EHWZHHQ WHPSHUDWXUH DQG IXQFWL]

,Q WKLV WKHVLYV , DIILUPHG WKDW FHUWDLQ PRUSK!
UHVLVWDQFH WR KERRPWHP SHHEKQWKUIHNYV QRWDEO\ KLQG OHJ
SOD\ D SLYRWDO UROH DV D PRUSKRORJLFDO IXQFWLRQDO
HQDEOH DQWV WR UXQ IDVWHU DQG NHHS YBEWWDW\RUWY DI/ D

*LEE 3DUU&KDSWHU SURSRVHG WKDW KLQG OHJ OHQJ!
HYDOXDWLQJWKNIKWIROD G S JIOHBRZNYHU ZKHQ VWXG\LQ
WKHYRIROLF DQWYVY RWKHU PRUSKRORJLFDO WUDLWV VKRXO
WKRXJK QRW QHFHVVDULO\ IXQFWLRQDOQVWHIUDRRWKHMHU W
PRUSKRORJLFDO WUDLWYV PD\ VHUYH DV YDOXDEOH LQGLFCLC
VSHFLHVY WR ULVLQJ WHPSHUDWXUHV HYV SHRBIRDAD DQ L)X HIFHH
KLQG OHJ OHQJWK RU ZKHUH RWKHU DGDSWDWLRQV DVVLV\

$QW PRUSKRORJ\ LV OLQNHG WR WKHLU ELRWXUEDWLF
DVVRFLDWHG ZLWK DELRWLF FRQGLWLRQV VXFK DV VRLO JU
EH IXUWKHU GLVFXVVHG LQ WKH QH[W VHFWLRQ

Indirect effects of temperature on ant biology

,Q DGGLWLRQ WR WKH GLUHFW HIIHFWV GLVFXVVHG DERY
QXPHURXV ZD\V )LUVW LW LV LPSRUWDQW WR FRQVLGHU W
SURSHUW\ EXW FORVHO\ UHODWHG WIRQHABHDH[BDE® SADHHP SSHUUHF
GXH WR FOLPDWH FKDQJH FDXVH DQ LOQWHQVLILFDWLRQ RI ¢
DFFRUGLQJ WR WKH BHIRRRDR WKADDRMUWHOWHPSHUDWXUHYV D



UHODWHG WR SUHFLSLWDWLRQ VRPH RI WKH FRQVHTXHQF
FRQIRXQGHG ZLWK WKH HIITHFWV RI WKH ODWWHU

 QWHUDFWLRQVRLRWNYRSBWWRBV

7HPSHUDWXUH DQG KXPLGLW\ DOVR LQIOXHQFH VRLO SURSFH
WKH SUHFLSLWDWLRQ DQG WHPSHUDWXUH RI WKH DLU &K
PRLVWXUH RI VRLOV ,W KDV EHHQ VXJJHVRWHG LW BB WWILGW
WKDQ PDFURFOLPDWLF RQHV ZKIQGWHERPW\D & R VRLOKR U HD

JHPEUHFKWYV HWLDOPRLVWXUH LV SDUWLFXODUO\ LPSR!
WKHP ([FHVVLYH KXPLGLW\ RU GU\QHVV PD\ EH OHWKDO WR
VWDJH VSHFLILF EDVLVY DQG PRLVWXUH DOVR FRQGLWLRQ
VLIH GHRYGWDQGESHQRIPH 6DQWDPWKHQBE\ LQIOXHQFLQ
ELRWXUEDWLRQ DFWLYLWLHYV

7KH ELRWXUEDWLRQ DFWLYLW\ RI DQWV GHSHQGV RQ
LQGLYLGXDOV /DUJHU DQWV ZLWK KLJKO\ SRSXORXV FRC
DPRXQWV RI VRLO FRQWULEXWLQJ LPSRUWRDWSRQRRVXRLO
SXQFWX@DWXYDLMWWD VIBMGREBQWLRQHG LQ DR@UPQLF¥BV
H[VHFWRKIGHVLSV,Q WKH &KDSWHU Rl WKLV WKHVLV LW ZC
SRSXORXV FRORQLHV ZHUH DVVRFLDWHG ZLWK LQFUHDVHG
OD\HU D SKHQRPHQRQ SUHYLRXVO\ RBRHR®R B\U® HWEKDHGL BV
7VFKLQNHO D

JURP D PRUSKRORJLFDO VWDQGSRLQW ODUJHU DQWV E
PRUH VSDFH PDGH SRVVLEOH E\ WKHLU ODUJHU PDQGLEOH\
VL]HRR 94U HW DO (VSLQRRIMVMTRBQWO\ WKH JURZWHK
DQW FRORQLHV FDQ EH LQIOXHQFHG E\ WKH W\SH DQG DF
FRQVW UXFQWMHRMO)RU LQVWDQFH WHKH]EB@QWY RDVPEHH® O
WKH SUHVHQFH RI YHERVMWIHHAD @® QIUDDL Q&R VW DR L O H
ODUJHU DQWV KDYH EHHQ D®DURFRVRVHGORRC-RDD YN O RARH\® \
DVVRFLDWHG WR ZDWHU UHWHQWLRQ ZLWK VDQG\ VRLOV U]

iTo



VRLOV WKDW KDYH KLJKHU %Z0MWHYGUHWHHWVOMBEREG NFWSCEALIHNV
VXJJHVW WKDW WKH SUHVHQFH RI D FHUWDLQ VL]H RI DQW’
VXVFHSWLELOLWRWRVRHYV LFEDMUL RPQWY ZLWK KLIJKHU GHVLF
WHQG WR EH IRXQG LQ [HULF HQYLURQPHQWYV ZERMXLBGPLWH
VSHFLHY OHVV UHVLVWDQW WR GHVLFFDWLRQ WHQG WR W
JHHQHU /LQJKWRP .*KVHO HW DO :K\WH HW DO

'"HVLFFDWLRQ UHVLVWDQFH LV PXOWLIDFWRULDO ,W LV
FXWLFXODU K\GURFDUERQ FRPSRVLWLRQ ,QGHHG FXWLFXC
WKH VXUIDFH RI WKH FXWLFOH RI DUWKURERWE VDY EUNBRYV
KDV EHHQ UHSRUWHG WKDW DQWYV ZLWK ORZ KMHMAHWEDQF
K\GURFDUERQV FRPSDUHG WR WKRVH LQ DQWV WKDW DUF
K\GURFDUERQV DUH UHODWHG WRKKNVJIORXWILRAFOFUVBHUP I3D
GHVLFFBORROXLVW *L@OIMOKRXJIK WKH FRPSRVLWLRQ RI DC
DQDO\WHG LQ WKLV WKHVLV LW LV FRQVLGHUHG D SK\VLROI
DV ZHOO

7KH DELOLW\ RI DQWYV WR QHVW LQ RQH W\SH RI HQYLUF
SODVWLFLW)\ &RW DIV SHLYFSIL PR Y BESMRYWY LQ ERWK WKH
DQG YLQH\DUGYV LQ D OHGLWHUUDQHDQ HQYLURQPHQW ZLW
/JHQRLU HW D®BIVW VWUXFWXUH UHPDLQV VLPLODU LQ ERW
HQWUDQFH OHDGLQJ WR D JDOOHU\ EXW QHVWV DUH VKL
LPSRVHG E\ WKH VXEMDFHQW ZDWHU WDEOH DQG FRORQLH
&OpPHQFHW 'RXKW VHDVLGH HQYLURQPHQW PD\ SURYLGH
JURZWK EXW LW LV DOVR SRVVLEOH WKDW WKH VKDOORZH

%LRWXUEDWLRQ E\ DQWYV PHGLDWHG E\ VRLO DQG D
SURSHUWLHV VXFK DV FRPSDFWLRQ EXON GHQVLW\ DQG ZD
RUJDQLVPV OLNH WHUPLWHY EHHWRWWPQPBOQEHBMHMDOQG
PHQWLRQHG EHIRUH LQ WKLV WKHVLV |, VKRZHG WKH LQF!
WHPSHUDWXUHYVY KRZHYHU ZKHQ DQDO\WVLQJ WKH ELRWXUE
QRW WKH VDPH &KDSWHU 7KH DEXQGNEBH RG DVHPS ZDD W
EXW WKH K\GUDXOLF FRQGXFWLYLW\ ZDV QRW 7KHVH UHYV X(



XVHG IRU WKLVDH[SHW ICRBEN/ D O R F D (U VHHFAN SR LYARLUYRHV L W\
LQILOWUDWLRQ +RZHYHU WKHVH HIITHFWYVY DUH OLNHO\ QH.

,QWHUD F V$IORQIYMW R L O

,Q WKH &KDSWHU RI WKLV WKHVLYVY LW ZDV VKRZQ WKDW Y
KXPLGLW\ DQG VRLO PRLVWXUH LQFUHDVHG SODQW ELRPD"
SURGXFWLYLW\ RI FHUWDLQ SODQWYV WEHWGW WRDQGVH ZLW
SURFHVVHV OLNH OHDILQJ IORZHULQJ DQG IUXLWLQJ FR
$OWKRXIK WKLV VWXG\ GLG QRW IROORZ SODQW SKHQROR
DUJXDEO\ KDYH LQGLUHFW HIIHFWV RQ DQWW HDWXE WWKHU
LQFUHDVHG YHJHWDWLRQ ELRPDVYV RU I GHHFR X SELRWK RI WK

)XWKHWIWRWKH H[FDYDWLRQ RI DQWV LQGLUHFWO\ EHQH
RI PLFURELDO FRPPXQLWLHY DQG WKH UHOHDVH RI PLQHUD
&HUZLQVNL HW@DMRQJ ZLWK WK H RUIDWD ERKBIW MW BOWHUDW L
LQ VRLO SURSHUWLHY FDQ ERRVW IHUWLOLW\ DQG LQGXFH F
'RRGHOO .LQ$GGLWLRQDOO\ VXFK VKLIWV FDQ LQLWLDW|
WKH WURSKLF KLHUDUFK\ &KDQJHV LQ SODQW FRPPXQLWLF
WKH DEXQGDQFH DQG GLYHUVLW\ RI KHUELYRUHV LQIOXH
GHSB RQ WKHP ORUHRYHU DOWHUDWLRQV LQ YHJHWDWLRC
QHVWLQJ VLWHV Rl DQWYV WKHUHE\ LQIOXHQFLQJ WKHLU L«
PRGLILFDWLRQV LQ WURSKLF IRRG ZHEV KRO QXMPSBICHEFW W
F\FOLQJ DQG WKH RYHUDOO ELRGLYHUVLW\ RI DQ DUHD 8
EHWZHHQ VKLIWV LQ YHJHWDWLRQ DQG WKH UHVSRQVHYV
FRPSUHKHQGLQJ EURDGHU HFRORJLFDO SPWHW M D QY RIRQ 6 QId
PDQDJHPHQW VWUDWHJLHYV



A comparative approach

W LV QRZ FOHDU WKDW DVVHVVLQJ WKHUPDO UHVLVWDQFH
ZHWU\ WR GLVFHUQ SDWWHUV DFURVV HQYLURGQRI®YWYV 7KH
SUR[\ RI WKHUPDO UHVLVWDQFH DQG LW KDV EHHQ GREXPH
KLJKHJWRKDQ DQWV IURP FRRO KDELWDWYV )LJ $ &KDSWH
VWDWHPHQW L Hp2ZMKH KR XIQHY MIEFE H YHPURQPHQW DQG W
RQHV LQ WKH WHPSHUDWH HQYLURQPHQW P\ UHVXOWYV VKF
FRPSOH[ WKD:Q ZKOW[&DDLQ 7KXVDLWKIE DMV EQWNUREMW O
RUJDQLVDWLRQ DOORZ PH WR SURSRVH D FRPSDUDWLYH D
ELRORJ\ DV FUXFLDO IDFWRUV LQ WKHLU UHVLVWDQFH 7
FRPSULVHVY WKUHH PDMRD FRPBKRH) RQWYKRORILFDO DGDSWI
WR LW HJ OHQJWK RI WKH KLQG OHJ WRWDO ERG\ OHOQ.
KDELWDWYJV UHVLOLHQFH WR WHPSHUDWXUH FKDQJHV , DP
VXFK DV EDKFOL@OOLMVMSHUVDO FDSDFLW\ DQG SKHQRW\SLF
UROHV LQ DQW UHVLVWDQFH EXW WKH\ DUH QRW LQFOXGH
GXULQJ WKLV SURMHFW

,Q P\DSSURDFK , FRQVLGHU WKDW KHDW UHVLVWDQFH
, UHSUHVHQW &7PD[ DQG WKH DVVRFLDWHG PRUSKRORJ\ )
LQFUHDVH XQOLPLWHGO\ KRZHYHU DQ\ RI WKRVH WUDLWYV

,Q WKLY WKHVLVY , H{SHULPHQWDOO\ DVVHVVHG WKH EL
VSHFLHV Rl WHPSHUMWHXNQYLBREWKOWHYY WKHVH UHVX
JHQHUDOLVHG WR RGWZKHIDY 8B LW VRL &/ RMHOP SHUDWH HQY LU |
DUURZV :KLOH , FRXOG QRW DVVHVV WKH HIIHFWV Rl LQF!
VSHFLHV IURP ZDUP HZUHHRDALD BDPH QMDW DQW ELRWXUEDW
LPSRUWDQW LQ ZDUPHU DQG GULHU HQYLURQPHQWY WKDQ



yLJ 7KHRUHWLFDO DSSURDFKHV WR WKH VWXG\ RI WKH
ZH PHDVXUHG GLUHFWO\ DQG GDVKHG DUURZV GHQRWH L
$ FRUUHVSRQGY WR D VLPSOH DSSURDFK ZK Hdj HD HJBIW L&MW D
LQFUHDVHV ZLWK WHPSHUDWXUH UHJDUGOHVV RI WKH KI
ORZHU PHDPMKRDY WKRVH LQ OHGLWHUUDQHDQ HQYLURQPHC
WKRVH DQYLVHMOYLURQPHQW

% FRUUHVSRQGV WR WKH DSSURDFK SURWRVR GH LG FMWKL \R IV
WKUHH HQYLURQPHQWWMWXIGQAW& RPHZRDMW FRQVWDQW E X
WHPSHUDMWKXWBW UHVLVWDQFH LV D IXQFWLRQ RI ELRWX!
LQFUHDVHY ZKHQ WHPSHUDWXUH GRHV UHJDUGOHVV RI WK
LV OMNYHUVH WR WKH WHPSHUDWXUH LQ KDELWDWV EHE
QLFKHV ZKLOH FRRGLGV HRO\. URQWPHRIWY DUH DOUHDG\ FKI
1RWH WKDW WKHVH FXUYHV DQG UHODWLRQVKLSVY GR QR)
REVHUYHG WKURXJK WKLY DQG RWKHU VWXGLHV

$QWV DORQJ ZLWK WHUPLWHYV VHHP WR UHS®DFH HDL
%UX\Q &RQDFKHU “-RQHV HW DDQ GU\ ZDYRCHIH HWRD® |
7KH KLJKHVW HDUWKZRUP ELRPDVV LV REVHUYHG LQ WHPSH
3KLOOLSYV HWEP@VHTXHQWO\ UHSRUWHRSIBW B D\M HH RRQOD WW
HDUWKZRUPV SOD\ D PRUH VXEVWDQWLDQWKQ B8 NKOE L RVEX U
7D\ORU HW BBZHYHU LQ GU\ HQYLURQPHQWY WKH UROH RI
WKDW RI HDUWKZRUPV ZKHQ WKH ODWWHUURDIHQ$ UHMH Q
7UDFKP\UPH[ VHB® HQRAHRERIVE WW KD RQ WKH JURXQG VXUI



7VFKLQNHO E $3XQE8PAIJDYWWH DR QUEOBHSVH[FDYDWH
KD\ +XPSKUH\V )XWKHUBW®/DBXWWLQJ D QWR ZIQU HR BHRUG D W L
ELJ DOQ®DRWIQJ QHVWYV LQ QHRWUR S IYRID® H HENMBB! KIRYUH L Q
EHHQ UHSRUWHG WR UDDFKDG B AL MAK XS WLRJBH FRORQ\ PRY |
WKUHH WRQV RI)VEMOHOHUW $WDMPWY VLIQLILFDQW LPSDFW )
WXUQRYHU EXON GHQMWD IXQ® WY OMZUDIH. R FHIVRHH Q W R
ILQGLQJY OHDG PH WR EHOLHYH WKDW ZLWK ULVLQJ WHPS}
RI WKH QHFHVVLW\ RI DQWV WR UHVLVW WHPSHUDWXUHV RLU
DQ LPSRUWDQW ELRWXUEDWLRQ DFWLYLW\

,Q WKH VHDUFK RI KRZ DQWV ZRXOG UHDFW WR WKH XS
, QRWLFHG WKDW WKH UHVRXUFHV DYDLODEOH IRU DQWV W
VDPH $QWV DUH H[SRVHG WR GLIIHUHQW WRBPSIQWWDWKHH U
OLYH LQ KHQFH WKH\ DUH XQGHU GLIIHUHQW VHOHFWLYH
UHVLVWDQW WKH\ DUH 8QGHU WKLV SUHBMHMHY HQRH FOLPD!
VWDWHY WKDW VSHFLHV LQ PRUH YDULDEOH FOLPDWHV VK|
DXJPHQWY WKH WKHUPDO FRPSOHPHQWDULW\ DQG WKXV PD
WHPSHUDWXUH FKDQJHV ,Q FRQWUDVW H®Q¥HPSRQDIMQW W \Z
SUHVHQW QDUURZHU EUHDGWKYV ZKLFK PD\ WUDQVODWH L
K\SRWKHVLV KDV EHHQ VXSSRUWHG E\ QXPHURSGORNVXGLHYV

%YHGLDNR HW DO .KDOLT HWHRZHYHU $S$WRDWY WMKHDOV GL
WKLV DV ZH GLG QRW PHDVXUH WKH WHPSHUDWXUH QLFKH
&KDSWHU THVWLQJ WKLV K\SRWKHVLV 2RRQGrEDYH UHT:

RI DOO DQW VSHFLHV LQ HYHU\ VDPSOHG VLWH

$V FOLPDWH FKDQJH DFFHOHUDWHY WKH QLFKHV DYDL!
DUH XQGHUJRLQJ SURIRXQG VKLIWV LQIOXHQFLQJ WKH
FRPPXQLWLHYV ,Q ZDUPHU FOLPDWHYV VXFK DV WURSLFDO L
KHWROHUDQW DQW VSHFLHVY DV FRPSHWLWRUYV ZLOO OLNHC
LH ZzDUPLQJ PD\ DOWHU WKH FRPSRVLWLRY RHESHRFEORKQL WL
VSHFLHR/QHU "HKQHYWRZHYHU WKHVH UHJLRQV DOVR IDFH
GXH WR PRUH IUHTXHQW DQG LQWHQVH HIWUHPH ZHDWKHU



DQG RYHUDOO FRPPXRPRQGWWXBWXUHV 3HUMKH SQWQLFEDWE
EDODQFH RI LQWHUDFWLRQV DPRQJ DQW VSHFLHVY SODQW!
OHDGLQJ WR FDVFDGLQJ HIIHFWV RQ HFRV\VWHP IXQFWLRQ

&RQYHUVHO\ LQ FROGHU HQYLURQPHQWYV VXFK DV VXE
DUH QRW DV $CEREGDDMR HW BOLPDWH FKDQJH PD\ SURY
RSSRUWXQLWLHV IRU FRORQL]DWLRQ $V WHPSHUDWXUHV U
PRUH VXLWDEOH IRU FHUWDLQ DQW VSHFLHV SRWHQWLDOO
UDQJH DQG WKH HVZI DDEDULVRKRMOIDURY LAIHLVKRSKLYV
SKHQRPHQRQ FDQ LQWURGXFH QRYHO HFRORJLFDO G\QDPLI
DIIHFWLQJ WKH GHOLFDW D @D %WH.GE HERF \RMWHPHV 18 ERIDRSY H L
SUHFLSLWDWLRQ SDWWHUQV VQRZ FRYRQ GXUMDKHIRORQQE |
WKH UHVWUXFWXULQJ RI DQW QLFKHV LQ1WIKWWHNQIROBW D

,Q WHPSHUDWH JRQHV ZKLFK H[SHULHQFH PRUH PRGH
LPSDFWV RI FOLPDWH FKDQJH RQDPR®GQHWKBEK IDWH QRDQI
SUHFLSLWDWLRQ SDWWHUQV WKH IUHTXHQF\ Rl H{WUHPH Z
FDQ LQIOXHQFH WKH DYDLODELOLW\ Rl UHYBYUFH¥VLVRRBSDII

$V HFRV\VWHPV UHVSRQG WR FKDQJLQJ FRQGLWLRQV
DQG IOH[LELOLW\ LQ UHVRXUFH XWLOL]DWLRQ PD\ KDYH D F
WR VKLIWV LQ FRPBXQGW\ MWW UXEFW X UH

2YHUDOO WKH UHVSRQVH RI DQW FRPPXQLWLHV WR
PXOWLIDFHWHG KLJKOLJKWLQJ WKH QHHG IRU FRPSUHKHOQ"
LOQWULFDWH LOQWHUDFWLRQV ZLWKLQ WKHVH FUKNRMWOOLQVH
VKLIWYV 7KLV GRFWRUDO WKHVLV FRQWULEXWHYV WR WKH
GHSHQGHQW NQRZOHGJH RI DQWVY WKHUPDO ELRORJ\ E\ V
DOUHDG\ H[LVWLQJ VWXGLHV DQG E\ VXJIJHVWLQ@QQW QHZ
ELRWXUEDWLRQ

3RVVLEOH SHUVSHFWLYHY GHULYHG IURP WKLV ZRUN LC
WKH QHVW LQZRWEBHQIJWRIHFLHY LQ GLIIHUBQRW RHRRYILUDLRSKR H
LPDJHVY $OVR GLVHQWDQJOLQJ WKH UHO DWURQNEKWL BW HY W.

ioi



XQGHUVWDQG KRZ WKH ZKROH FRPPXQLW\ ZRXOG UHDFW W
SUHFLSLWDWLRQV )LQDOO\ H[WHQGLQJ WKH SURSRVHG DS
ELRWXUEDWLRQ DQG PRUSKRORJ\ RI DQW VZRXKEEEW LGHBRC
EXW H[SORULQJ FRPPXQLWLHYV LQ ZDUP DQG KXPLG HQYLUR
QHZ WUHQGYV WKDW ZH KDYH QRW FRQVLGHUHG VR IDU

ioi






SHIHUHQFHYV

$EULO 6 20LYHUDV - (II'4YPWM]JREWHPSHUDWXUH RQ WKH R
$UJHQWLQH DQW TXHHQV /LQHSLWKHPD KXPLOH 0D\U X¢
H[SHULPHQWDO -RRQGDWLRQV ,QVHFW 3K\V£RORJ\
KWWSV GRLMWMLQVSK\V

$GGRHGLDNR $ &KRZQ 6 / *DVWRQ . - TKHUP
YDULDELOLW\ DURGFHODONIQWXGRHI WKH 5R\DO 6RFLHW\ RI
%LRORJLFDO 6FLHQRERHVY KWWSV GRL RUJ UVSE

$GOHU ) 5 *RUGRQ ' 0 )R U R BIL P HIOLF DHYV 1IDQV EQ W
+ KWWSV GRL RUJ

$SNULPL 1 .DUGRXV 0 7 DORPOYAHPHIQ WY GH VDEOHV HQ Ul
OD QDWXUH HW OD YLWHVVH GH FHUWDLQV RXWLOV GH \
SUDWBHXKXH 'HV 5pJLRQV $HLGHV 7XQLV

$PRU ) 2UWHJD 3 &DWDJO\SKLV WDUWHVVLFD VS C
JRUPLFLGDHZHQWRXWMEBPHIFRORILFDOQXEZVX

$QGUHZ 1 5 +DUW 5 $ -XQJ 0 3 +HPPLQJV = 7HUE
WHPSHUDWH LQVHFWYV WDNH WKH KHDW" $ FDVH VWXG\
UHVSRQVHV LQ D FRPPRQ DQW ,ULGRP\UPH[ SXUSXUHX

FOLPDPKDQJHRXUQDO RI ,QVHFW 3K\VLRORJ\
KWWSV GRL RUJ M MLQVSK\V
$QGUHZ 1 5 +DUW 5 $ -XQJ 0 3 +HPPLQJV = 7THUE

WHPSHUDWH LQVHFWY WDNH WKH KHDW" $ FDVH VWXG\
UHVSRQVHVY LQ D FRPPRQ DQW ,ULGRP\UPH[ SXUSXUHHX

FOLPDMKDQJHRXUQDO RI ,QVHFW 3K\VLRORJ\
KWWSV GRL RUJ M MLQVSK\V
$QGUHZ 1 5 +DUW 5 $ -XQJ 0 3 +HPPLQJV = 7HUE

WHPSHUDWH LQVHFWY WDNH WKH KHDW" $ FDVH VWXG\

ioT



UHVSRQVHYVY LQ D FRPPRQ DQW ,ULGRPV\UPH[ SXUSXUHX
FOLPDWH FKROXQUIGHD O R , QVHFW SK\WLRORJ\
KWWSV GRLMWMLQVSK\V

$QWKRQ\ 0 $ %HQGHU 6 ) YDQ GHU +HLMGHQ 0 *
ELRGLYBMWRAMHGLQJY RI WKH 1DWLRQDO $FDGHP\ RI 6FLF
$PHULFD KWWSV GRLSRDY

$UQDQ ; %O*WKIJHQRUDVORORZEHWDAXMHUPDO FKDUDFWHUL’
RI (XURSHDQ DQW FRPPXQLWLHVY DORQJ WKHUPDO JUL
FRPPXQLW\ UHVLOLHQFH WRURQRWIHUNMW XQUEH RO BID BIQWL Y
"(& KWWSYV GRIHRBEJ

$UQDQ : &HUGI ; 5HWPIVQDXQFWLRQDO UHVSRQVHV DOR
JUDGLRWEDO RI $QLPDO (RROREKWWSYV GRL RUJ

$UQDQ : YROMUWEBH] $ %HOWUDQ 1 S5RGULIRHWPDO 3RO
SK\WLRORJ\ IRUDJLQJ SDWWHUQ DQG ZRUNHU ERG\ VL]H
VIPSDWULF SRO\PRUSKLF KDUYHVMKDY LIRQW O (FRO\WRRIV |

6RFLRELROR#\ KWWSV GRL RUJ 6

$VDQR ( &DVVLOO ' [/ OFRHEGH. M MCHIGW B X § WIXDWX B B
VL]H LQ WKH ILUH DQWR»¥BOBQ RS VILKNHRYHWMFDO %LROR
KWWSV GRL RUJ M MWEL

$WNLQVRQ 7HP SHUDW2X$ B DRQGGRIAUB D Q L\DZ 6 R)H (FW R
$GYDQFHV LQ (FRORJLRDO: 5HKWBDMBRK GRL RUJ 6

%DXGLHU . 0 'Y{DPHOLR & / ODOKRWUD 5 2fFRQQRU

((WUHPH LQVRODWLRQ &OLPDWLF YDULDWLRQ VKDSHV
PXOWLSOHPNEDPMHY 1DWXUDOLVKWWSV GRL RUJ

%DXGLHU . O 0XGG $ ( (ULFNVRQ 6 & 29'RQQHOO
ERG\ VL]H HITHFWV RQ KHDW WROHUDQFH LPSOLFDWLRQ

iood



DQWV )RUPLFLGDHRXUFQIERQRQI®WLPDO (FRORJ\
KWWSV GRL RUJ

%DXGLHU . 29'RQQHOO 6 &RPSOH[ ERG\ VL]H GLII
DPRQJ DUP\ DQW ZRUNHUV (FLWR®UEXNEG KH FEHW BD O Yk VI
* KWWSV GRL RUJ M MWKHUELR

%»HOooODUG & %YHUWHOVPHLHU & /HDGOH\ 3 7KXLOOHU
FOLPDWH FKDQJH RQ WKH (IKRVORIIN RHWBLRG®GLYHUVLW)\
KWWSYV GRL RUJ M [

%HQFNLVHU * $QWV DQG VXVVDUROQERPWHIBUUGLFX\W B/LXQI
'HYHORSPHQW+ KWWSV GRL RUJ DJUR

%HVWHOPH\HU % 7 RIl EHWAHWQDWKHUPDO WROHUDQEFH
GRPLQDQFH LQ D VXEWURSLFDO 6RXW® 3® HRU I$SOL.@ D \F R F
+ KWWSV GRL RUJ M [

%KDGDXULD 7 6D[HQD . * 5ROH RI (DUWKZRUPV L
WKURXJK WKH 3URGXFW LR RO ¥H® DH@L Q6L U RRW KM Q MA\D O
+ KWWSV GRL RUJ

%ORPTXLVW * - *LQ]HO 0 &KHPLFDO (FRORJ\ %
%LRORJ\ RI ,QVHFW +WWBRFDRBERQV (QWBROQXUHY
+ KWWE8Y RUJ DQWRUHY
%ORPTYLVW 0 0 201l + %ODDXZ 0 % %RQJHUV 7 9

, QWHUDFWLRQV BPHMZHEHHQ RZERRHQG ELRWD VEPSRUWDQ
YHIHWDWLRQ PRVDLFV LQ D 208BVVODQ&G HFRV\VWH
KWWSYV GRL RUJ M [

%ROOD]]L 0 .URQHQELWWHU - 5RFHV ) 6RLO WHI
WKH DGDSWLYH YDOXH RI QHVW GHSWK LQ 6RXWW LSPIHULF
DOQWWFRORJLD + KWWSYV GRL RUJ v

%ROOD]]L O S5RFHVAKHUPHRIXODWRU\ )XQFWLRQ RI 7KDWF ¥
BRXWK $PHULEOWWUQY$QW $FURPRXUPOKRAHQIVHFW 6FL

ion



+ KWWSV GRL RUJ
%ROWRQ $0 2QGLQH &DWDORJ RI WKH $QWV Rl WKH :RUOG

%RPSDGUH 0 - 3pUJROD 0 )HUQIQGH] %LGRQGR / &ROR
$ * 2FDPSR - $ *RGHOYD®XODWLRQ RI $SUEXVFXODU 0
)XQJL &DSDFLW\ WR $OOHYLDWH $ELRWLF 6WUHVV RI 2¢
'LITHUHQW 7UDQVSODKHN 6&REQUMLIRRQVRUOG: -RXUQDO
KWWSV GRL RUJ

%RQWH ' 9DQ '\FN + %XOORFN - 0 &RXORQ $ 'HOJDG
ODWWK\VHQ ( OXVWLQ . 6DDVWDPRLQHQ 0 6FKWL
9DQGHZRHVWLMQH 6 %DJIJXHWWH 0 %PDGWRKQ & O ReEHHUM
- '\WKDP & « 7UDYLV - 0 - % L R&OFRRIW K DRl BH.WISHHZAW D

+ KWWSV GRL RUJ | M [

%RRWK 6 . XUW] % +HHU O , ORRQH\ 6 - 6WXUUREFN
EXUURZLQJ EHKDYLRXU LQ VRLO RYHU WLPH3XWMWQJ " ;(
ODQDIJHPHQW 6FLH@QFH KWWSV GRL RUJ SV

%RWNLQ ' % 6D[H + $UDXMR 0 % %HWWV 5 %UDG
&KHVVRQ 3 'DZVRQ 7 3 (WWHUVRQ - 5 )DLWK ' 3
6 $ +LOEHUW ' : /RHKOH & ODUJXOHV Z&OQHZ 0 6]
JRUHFDVWLQJ HIIHFWV RI JOREBQR¥FURARGH RQ E
SXEOLFDWLRQV DXVWR D8 E DH WALRMI RFE D O P RQJ
ELRGLYHUVLW\

RWWLQHOOL 1 -RXTXHW 3 &DSRZLH] < 3RGZRMHZVNL
KV LV WKH LQIOXHQFH RI VRLO PDFURIDXQD RQ VRLO \

HFRORJLGWWINO DQG 7LOODJH B$VHDUEK
KWWSV GRL RUJ M VWLOO
%RXFKp O 6WUDWpPJLHVY ORPEULFLHQQHWRL® 8 /RK

2UJDQLVPV DV &RPSRQH® W RI (%RRY WHNPD

%RXOD\ 5 $URQ 6 &HUGI ; '‘RXPV & *UDKDP 3 +HIH\

ioo



BRFLDO /LIH LQ $ULG (QYLURQPHQWYV 7K& @RDD/MH SHWAGI\ZR I
RI (QWRPRORJ\ KWWSV GRL RUJHQWR DQQXUHY

%RVOH 0 - : %LVKRS 7 5 /XNH 6 + YDQ %UHXJHO 0 (
7 0 +DUGZLFN 6KDBZ BDQH <XVDK . 0 $VKIRUG , & 5
6 *DUQHWW ( 7XUQHU ( & :LONLQVRQ5 & / &KXQJ $
JRFDOLVHG FOLPDWH FKDQJH GHILQHRRGR QW GF RPPLPRSLLPA
ODQGVARSHAWLRQDO (FROR4#\ KWWSV GRL RUJ

%UDGVKDZ : ( +RO]JDSIHO & O *HQHWLF VKLIW
FRUUHODWHG ZLW RUFOFREDIL. QDWRLQUKH 1DWLRQDO $FDG
W KH SQLWHG 6WDWHV RI $PHUEFD
KWWSV GRL RUJ SQDV

%ULRQHV 0 - BRLO IDXQD DQG VRILRD WLQHFUNVLRQV
(QYLURQPHQWDG56FLHRWNVSY GRL RUJ IHQYV

%URZQ 0 - ) 1HVW UHORFDWLRQ DQG HQFRXQWHU

KDUYHVWLQJ DQW OHWQWRIFWHNQGBRELDX[%
KWWSV GRLWUJ

%WUXDQG $ THVVIDHWHU UHWHQWLRQ SURSHUWLHV RI WKt

RQ FOD\H\ VHGLPHQWY VLJQLILFDQFH RUBHHMH®WRKD QY BO
RI 6RLO 6FLHQEH KWWSV GRIMRUJ [

%UXVFD 5 & %UXVFQYHUWHEBELUARQIEY (GL  6LQDXHU $VVI
6XQGHUODQG

%WXFNOH\ [/ % .LQJVROYHU - * )JXQFWLRQDO DQG
JRUHFDVWLQJ 6SHFLHVY 5HVSREQVGHND W R HKYQAIHZD RH (& RD(
(YROXWLRQ DQG 6\VWHPDIWLWEV GRL RUJHFROVDWQ QXU

%XFNOH\ / % 1XILR & 5 .LUN ( O .LQJVROYHU - *
LQ GHYHORSPHQWDO SODVWLFLW\ GHWHUPLQH SKHQROR

oo



FOLPDWH ZDRPHGLQJV RI WKH 5R\DO 6RFLHW\ % %LROR
KWWESR/L RUJ UVSE

%XKO - -HDQ '"HQHXERXUJ / *ULPDORWIDQLKHGE BXODYQF
DFWLYLW\ LQYWHXW FRORMER¥ LREWR/ GV GRL RUJ \%
%XMDQ - 5RHGHU . % GH %HXUV . HLVHU 0 °

GLYHUVLW\ RI 1IRUWK $PHULFDQ DQW FRPPXQLWLHV &R
WUDFNV HFRV\VWHOR BH® SHRORINUHQ G %LRJIHRJIUDSK\
KWWSYV GRL RUJ JHE

%XMDQ - 5RHGHU . $ <DQRYLDN 6 3 .DVSDUL 0
WKHUPDO WROMHRDEIM LHDQWWKWWBSY GRLHE\

&DOD]DQV ( * GD &RVWD ) 9 &ULVWLDDIRO\O'\Q@DPLENVUGR
RI DQ $QW &RPPXQLW\LQ D O(RXQWRQeWRS IPRA\DWWRFPROR.
+ KWWSV GRL RUJ HH QYDD

&DPDFKR $ $QIJLOOHWWD 0 - IHY\ 2 $ 7TKHRUI
)XQFWLRQ IRU (FWRWKHUPLF $QLPDOV DQG ,WV ,PSOL
9XOQHUDELOLW\ DFURVV /DUJHLYHHUR/IWDSKLF 6FDOH
KWWER8Y RGJ G

&DPPHUDDW ( / + 5LVFK $ & 7KH LPSDFW RI DQV
DQG SURFHVVHV DW GLRXUWODW RISPIBIODLMH ¢ AQR@WHRP RO R J\
KWWSV GRL RUJ M [

&DPPHUDDW / + :LOORWW 6 - &RPSWRQ 6 * ,QFROO
QHVWY RQ WKH SK\VLFDO FKHPLFDO DQG K\GURORJLFDO
DULG 68HRIGHUPD+: = KWWSV GRL RUJ 6

&DUGRVR ' & &ULVWIBDQRDO $3 % %REGDHMHLUKRNOG $
VRLO JUDQXORPHWU\ DQG SHUPHDEL GAAHO®UWIQYJHDWY WH/ REB |
WKH JHQXV 0\ F H W@R\EHKF @/A[V 6RFEDX] *



KWWSV GRL RUJ \4

&DUQLFHU - :KHDW & 9LYHV 0 B8EDFK $ 'RPLQJR &
5 'LNOXQG & 3HXXHODV - (YROXWLRQDU\ 5H\
*OREDO &OLPDWH &KDQJH WKH 5ROH RI /LIH(+DWWRU\ 7U
6KLIWANMORBDDO &OLPDWH &KDQJH DQGSHWUHVW.WOIHO ,QYH
KWWSV GRL RUJ FK

&HUG] $ -XUJHQVHQ 0 ) 7KH LQIOXHQFH RI DQWV |
RUDQJH RUFKDUG LQXHMDOHRIQ $ESMLMG (QWRPRORJ\
KWWSV GRL RUJ M [

&HUGI ; %HKDYLRXUDO DQG SK\WVLRORJLFDO WUDLW)
6SDQLVK GHWHROWRJIDDW V

&HUGI ; 5SHWDQD - $ O WWHKUHSBPIRQ. LY FH D/QWAAD W IRJ E IR\S H
H[WUHPH KHDW LQGLYLGXDO VY2ULNRW FRQ@GRQ\ OHYHO
KWWSV GRL RUJ M [

&HUGI ; SHWDQD - &HQ®BYW EHWZHHQ :RUNHU 3RO\PRU
7TKHUPDO %LRORXHUWRR OLF $QW 268IRNLHV
KWWSV GRL RUJ

&HUGI ; S5HWDQD - &BGURNVNFBO WKHUPDO OLPLWYV LQ OHGL
WURGHEHWZHHQ PRUWDOLW\ ULVIXKOQORGLRUDOLERSRUIRU
+ KWWSV GRL RUJ M [

&HUGI ; SHWDQD - ODGKHQHROH®RI FRPSHWLWLRQ E\ G
WHPSHUDWXUH LQ WKH IRUDJLQJ RI VXERUGLQDWH VSHF
2HFRORJLD + KWWSV GRL RUJ Vv

&KHLN 6 -RXTXHW 3 ODHJKW - / &DSRZLH] & 7UDQ 7
UD\ WRPRJUDSK\ DQDO\VLV Rl VRLO ELRSRUHV VWUXFW)
(XURSHDQ -RXUQDO RW WSO 6FRH®EH HMVV

&KHQJ . 6FKXOWKHLVV 3 6FKZDU] 6 :(\VWUDFK $ "HK
D VIOWKHWLF DSSURDFK WARH&BYHRX\WU DQ V8 URPHVMHVL R C

iood



KWWSV GRL RUJ M EHSURF

&OpPHQFHW - &RXUQDXOW [/ 2GHQ@EWHS WKHRXPNO &VROHL
WRKHKHYWRIROLF DQW &DWDJO\SKLV FXUVRWHRRHYRRFHDR|
* KWWSV GRL RUJ \'V

&OpPHQFHW - 'RXPDELBMDODWHG PLFURJHRJUDSKLF YDULD
DQG FRORQ\ VL]H LQ WKH DPNFRSEIRNDDO\SKLY FXUVRL
KWWSV GRL RUJ Vv

&OLPOGWWD RUXOLPDW KWRQRFH IGCADODAFROMWHXURSH IUDQFF

&SRHBWDOVV ' 6FKDDUVFKPLGW % IDPSUHFKW 7t
&DORULPHWULF '"HWHUPLQDWLRQ RI +HDW 3URGXFWLRQ I
SRO\FWHQD +\PHQRSWHUD(FRORWPLFLGDHEt
KWWSYV GRL RUJ

&RVOWLDDQH] & % 6URXDHO®oRRDVWUR 3 7 $ ODMHU - '
$UH DQW DVVHPEODJHV RI %UD]LOLDQ YHUHGDV FK
WA\SIK'UD]LOLDQ -RXUQDO RIx %LRWWS\V GRL RUJ

&RVWD & % GS5LEHLUR 6 3 &DVWUR 3 7 $ $QW
6XFFHVVLRQ LQ 6DYDQQD DQG 5LSDULDQ 9HJHWDWLRQ
"HTXLWLQKRQKD 5LYHHHUVWRYDW L BRQEERREORJI\ +
KWWSR/L RUJ M [

&URQLQ $ / OROHW 0 'RXPV & ORQQLQ 7 3HHWHUYV
RI '"HSHQGHQW &RORQ\ )RXQGDWLR®QYKDRV B HXMRZF LRI C
(QWRPRORJ\+ KWWSV GRL RUJHQWR DQQXUHY

&HFKRZVNL : B5DGFKHQNR $ &]JHFKRZVND/KH DQ@WSVROILC
3RODQG ZLWK UHIHUHQFH WR WHEW UDPZSARLEBRQIDXR)RXQRB

& HUZLQVNL ]¥N +DNXEHWDO - ,QIOXHQFH RI DQW KLO
3HGRELRORJLD



‘DUZLQ & 7KH IRUPDWLRQ RI YHIHWDEOH PRXOG WKURXJFK
REVHUYDWLRQV RRXY¥ KOXIUWBDELWYV

'DXEHU - 1LHFKRM 5 %DOWUXVFKDW + "ROWHUV 9
JUDVV URRW DUEXVFXODU BLRFORJKLIDG FROW QO DWW LR Q6
+ KWWSV GRL RUJ 6
'DXEHU - 'ROWHUV 9 &RORQL]DWLREDRLFVBI@SH U
$SSOLHG (FRORJ\KWWSV GRL RUJ M EDDH
'DYLGVRQ ' : &RRN 6 & 6QHOOHIPGLRISSHUIRUADQEEBYV |

JRUPLFLGDH (FRORJLFDO DQG2ZHFRORWIDRQD U\ LPSOLFECL
KWWSYV GRL RUJ 6

'DZNLQV 5 7KH JHQHWLFDO HY RO WV WRH® 8 HG BLKAHDR /L
WKH /RQJ SHDFKKRI®D *HABHVV 2[IRUG 8QLYHUVLW\

GH %YHOOR ) &DUPRQD & 3 'LDV $ 7 & *|W]JHQEHUJHU
+DQGERRN REDWHOLMAR®ORJI\ )URP WEBRBULWRH5 W
S8QLYHUVLW\ 3UHVV

GH %UX\Q / &RQDFKHU $ 7KH UROH RI WIHUPLWHYV
UHYIBHRA. O 5SHVHDUHRKWWSY GRL RUJ VU
'"H %UX\Q / &RQDFKHU $ 7TKH ELRWXUEDWLRQ DFW

QDWXUDOO\ YHIJHWDWHG KDELWIIRW® L@ VHDRIAKULG HQY!
KWWSYV GRL RUJ VU

'HDQ : 5 - 7XUQHU - 6 $QWV QHDWLQJ XQRBRI U V
BRXWK $IULFD SUHGDWRU DYRLGDQRMUGDOWRIP SHUWGV
(QYLURQPHQWY KWWSV GRL RUJ Vv

'HFRXUW\H $ $ODX[ & /H &RQWHRZDUG+WRH\SORWHFWLR
DQG SROOLQDWLRQ XQGHU JOREDO FKDQJH SUHVHQW D
DSSOLHG VE&EXBOQWEW 2SLQLRQ LQ ,QVHEW 6FLHQFF
KWWSV GRL RUJ M FRLV



'HIXLQHV 1 %UDVKDUHV - 6 3UXJK / 5 3UHFLSI
JUDVVODQG HFRORJRPOUD FRPRIXGOQWPDO (FRORJ\
KWWSV GRL RUJ

'HO 7RUR SLEERQV 5 5 3HOLQL 6 / 7TKH OLW
UHYLVLWHG $ RJHHGLBIW HG BOERV\VWHP VHUYLFHVY DQG GLV
JRUPLFIOGODPHFRORJLFDO®D WRRYV *

'LDPRQG 6 ( 1LFKROV / 0O 3HOLQL 6 / 3HQLFN & $
'XQQ 5 5 (OOLVRQ $ 0 6DQGHUV 1 - *RWHOOL 1
GHVWDELOL]JHV IRUHVW  BGWHQFHR P PXKEY.DVLHAN
KWWSV GRL RUJ VFLDGY

'LDPRQG 6 ( 6RUJHU ' 0 +XOFU - 3HOLQL 6 / 7RUR
'XQQ 5 5 ‘KR OLNHV LW KRW" $ JOREDO DQDO\VLYV
HYROXWLRQDU\ GHWHUPLQDQWW RE 2D USFLIQJJW ROLHRDIRG F H

+ WWSV GRL RUJ M [

'RQRVR , )ULFNH S DBHMRHBYtBRJHUV + 6 TUDYHVHW !
Rl (FRORJLFDO DQG (YROXWLRQDU\ 'LVUXSWLRQV LQ WK
7TUHQGY DQG ) )URIDWHWUY LQ (FRORJ\ DQG (YROXWLF
KWWSV GRL RMHYR

'UDJHU . , B5LYHUD 0 ' *LEVRQ - & 5X]L 6 $ +DQLVFI
$ 9 D 7HVWLQJ WKH SUHGLFWLYH YDOXH RI I1XQ
FRPPXQIMR®IRI\ DQG (YROWWVRQGRL RUJ HFH

"X\ * $ &RHW]HH 64 KHHSHU\R & &KRZQ 6 / OLF
EDVHG PDFURSK\VLRORJ\ LPSOLFDWLRQVUURQWQASHFMN R Q
LQ ,QVHFW 6FLtHQ¥WSV GRL RUJ M FRLV

'XQQ 5 5 6DQGHUV 1 - )JLW]SDWULFN) 0$BRVWRXUHQW
$QGHUVHQ $ 1 %UXKO & &HUGD ; (OOLVRQ $ 0 )l
' $ 1GHUVHQ $ 1 $ 5XKO & % (UGD ;/ & J/BEVRQ $
+ * 2WHOOL 1 - * « )LVKHU % / *OREDO DQW E
D QHZ GDWDEDVH D @GUIPM ¥ BSIRRIMIHEZMD LW L H V



(GZDUGV & %RKML®RORJI\ DQG HFR O R/IR QRG RHD UMKIOZSRPLDRY/
DQG +DOO

(LVQHU 7 $ FRPSDUDWLYH PRUSKRORJLFDO VWXG\
+\PHQRSWHUD RYCOHMWAIDOH RI WKH OXVHXP RI &RPSDU
+DUYDUG &ROOHJH

(OGULGJH (I IHFW RI DQWBURG WD &\HVUREDO/ WQ VO
GLVWULEXWLRQ RI QHVW HQWUDQFHV DB@®RE ONKHH\L KIDKYIF K F
KWWSV GRL RUJ VU

(VSLQR]D ' 1 6DQWDPDULQBQW -W&KIMDMHEELMXIODU PHGLE
SHUVSHFWIYH KWWSV GRL RUJ \ vV

(VSLQR]D ' 1 6DQWDPDULQD - &DUORV (VSLGRW ' 1
WXQQBAUPRXODU PHGLD SHUVISWMVBVYHGRL RUJ Vv
\

(WWHPD & + :DUGOH ' $ 7 UGS@GWL DQ (FRRLGDRH F R ORI )
+ KWWSV GRL RUJ 6

(YIHQTHY 0 % *DUEX] ' * 6KLORYD ' * =DWVHSLQL
PHFKDQLVPV XQGHUO\LQJ WKHUPD-®RYG@EW RW KRQ@ \WRA LHQ
* KWWSV GRL RUJ \%

)DEHU - + JXQFWLRQDO &ODVVLILFDWILRRVRI 6RLO )D.
KWWSYV GRL RUJ

ybuLbv $ 3 &DPDUJR 5 GD 6 6RXVD . . $ 1BBWGDWR
SUFKLWHFWXUH DQG &RORQ\ *URZWW VRI GH/NIAWWNVYSKDHU
9RO 3DJH KWWSV GRL RUJ LQVHFWYV

J)DUBMUHQHU $ * ORGLILFDFLRQHY DO VXHOR UHDOL]L
KRMDV )RUPLFLGDH $WWLQL XQD UHYLV(IBROKHBtD XV H
$XVWUDO =

J)DUMULHQHU $ * "HUHQNUDXW 9 7TKH HITHFWV RI D



SODQW SHUIRUFADIIFOARRVBPBWDRI $QLPDO (FRRORJ\
KWWSV GRL RUJ

J)DUML(%UHQHU $ * %DUUDQWHYV * 5XJJLHUR $ (C
DQG DFFHVV WR IRRG D WHVW RI WKH VL]IR(NRWLQ K\SR
* KWWSV GRL RUJ M [

JHHQHU " + ILQJKWRP - 5 % ,V IRUDJLQJ LQ WKH
+\PHQRSWHUD )RUPLFHLGDARORI1PEMMNH GQBRNX RAR/DHRU \
KWWSYV GRL RUJ W E [

JHUQDQGHV $ 6 SKLOLSSLGHV $ &ROOHWW 7 6 1L
H[ISUHVVLRQ RI PHPRULHV RI GLVWDQFH D-R& UW3LA RWLRC
([SHULPHQWDO %LRORJI\ KWWSV GRL RUJ MHE

JHZHOO - + 'LY (QERFORB HIEARURI $QLPDO %HKDYLRU
9ROXPH + KWWSV GRL RUJ E

YLJXHURD / / O0DUDQ $ 3HOLQL 6 / ,QFUHDYV
LQYHUWHEUDWH DEXQGDQFH3MRBG2V(ORZ GHFRPSRVLWLF
KWWSV GRL RUJ MRXUQDO SRQH

)LQpU / -XUJHQVHQ 0 ) 'RPLVFK 7 .LOSHOILQHQ - 1F
$ & 2KDVKL O 1ILHPHOI 3 7KH 5ROH RI :RRG $0Q
LQ &DUERQ DQG 1XWULHQW '"\QDPLFV Rl D %RUHDO 1RU
(FRVA\VWHPYV + KWWSV GRL RUJ v

JROJDUDLW 3 - $QW ELRGLYHUVLW\ DQG LWV UHOD
UHYIAHAHZRGLYHUV &RQ¥HUXWWSV GRL RUJ D

JRUUHVW - 5 &RPSOH[ UHVSRQVHV RI LXBIFMQSKH QR
2SLQLRQ LQ ,QVHF®¥RO 6FLHQFS$I (OVHYLHU ,QF
KWWSV GRL RUJ M FRLV

JRUUHVW - 5 . ,QVHFW SR OCILREDMOR&V LPO @/ H CLKADBON |
THUUHVWULDO , YHKHUMWWAHEWDWRY RUJ FK



JRZOHU + )RUWL / %UDQGMR & 'HODE(HRORJLD9DVR
IXWULFLRQDO GH ,QVHWRV H VXDV PSOBFBo}HY RIRQLDQH
(G (GLWRUD ODQROH H &13T

JUDQNV 1 5 'RUQKDXV $ )LW]VLPPRQV - 3 6WHYHC
DFEFXUDF\ LQ FROOHFWAUWRFBHELQURQRPDINLH FR\DO 6RFLE
BHULHV % %LRORJLFDO 6FLHQFHY
KWWSV GRL RUJ UVSE

JURX] - -LONRYi 9 7KH HIIHFW RI DQWV RQ VRL

+\PHQRSWHUDXx (RWAPHFR G R HL F DX IH\Z W+

*DOODUGR BERWHV VI\VWpPDWLTXHV HW pWKRORJLTXHV VX
5pSXEOLTXH $UJHQWLQH

*DOOp / &OLPDWH FKDQJH LPSRYHULVKHY DQG KRPRJ
$ ORQJ WHUP &RWRBQLW)\ (FRORJ\ *
KWWSYV GRL RUJ

*DUFEMUUD ) -RXTXHW 3 %RWWLQHOOL 1 %XOWHOOH
HYLGHQFH WKDW LQFUHDVHG VXUIDFH WHRSHQDW XJH D
$QLPDO (FR&GRIJKWWSV GRL RUJ

*DUPFLREOHGR & &KXTXLOODQTXL + .EBUHWEDF]) ( . (
/JRZHU WKHUPDO WROHUDQFH LQ QRFWXUQDO WKDQ LQ ¢
HFWRWKHUPV IDFLQJ (FRRORIJOFZOUPQWRPRGARJ\
KWWSRL RUJ HHQ

*HKULQJ : - 'HKQHU 5 +HDW VW R AW RSRJHRWOHLFH V\@
&DWDJO\SKLY DQ DQW |BRRAHKIE I6QXD BD V& KN HUDW LR QD (
BFLHQFHV KWWSV GRL SRV

*HUDUG % O )DFWRUV DIITHFWRRUQGIDQ RKFZRUPD A QFRD

* KWWSYV GRL RUJ

*LEE + 3bUuu & |/ +RZ GRHV KDELWDW FRPSOH[LW\
WHVW XVLQJ IXQFWLRQDO PHDHNKRIARIRDEG WKUHH FRQWL

ifn



KWWSV GRL RUJ 6

*LEE + 3DUU & / 'RHV 6WUXFWXUDO &RPSOH[LW\
$VVHPEODJHV" $Q ([SHULPHQWDO372BVIM (RQ MKUHH &RQW!I
KWWSV GRL RUJ MRXUQDO SRQH

*LEE + 6DQGHUV 1 - 'XQQ 5 5 $UQDQ ; 9DVFRQFH
$QGHUVHQ $ 1 6LOYD 5 5 %LVKRS 7 5 *RPH] & *
0 /XNH 6 + 3DFKHBPRHW 3HDBWAHWDQD - 7LVWD O

+DELWDW GLVWXUEDQFH VHOHFWYV DJDLQVW ERWK V
FOLPDMROWDSK\ KWWSV GRL RUJ HFRJ
*RQoDOYHV & 5 &RQWULEXLomR SDUD R FRQKHFLPHQ

%ROHWLP 'D 6RFLHGDGH %UDVEOHLUD 'H $JURQRPLD

+DQVHOO O IHVW EXLOGLQJ DV D IDFLOLWDWLQJ DQ
HXVRFLDOLW\ LQ WKH +\PHQRSWHUD 20 BUGDIXYUMH\Y 1BQ@
HYROXWLRQDU\ EERORI\HRROUG 8QLYHUVLW\ 3UHVYV

+DUWLJ ) '+$50D 5HVLGXDO 'LDJQRVWLFV/HRMHO®LHUWIOUVBEBKLF
SHJUHVVLRQ ORGHOV 5 SDFNDJH KWWSWVLRQDQ U
SURMHFW RUJ SDFNDJH '+$50D

+DUYH\ - $ +HLQHQ 5 *ROV 5 7KDNXWPHGLDPWHG &
WHPSHUDWXUH H[WUHPHV DQG LQVHFWWRBEDRP&RRWEH H
%LRORJ\ + KWWSWJ GRL RIFE
+LOOHO '$7(5 +$5QF.QRSHGLD Rl 6RLOV LQ WKH (
+ KWWSV GRL RUJ E
+ROHF 0 JURX] - W ZIRQHN HV SHRADHRY H U EDMQUED\D Y X V
RRLO SURSWHRRQWWY DOV LQJURBEDWDVRXUQDO RI B6RLO
6833/ % KWWSV GRL RUJ M HMVREL
+|OOGREOHU % LOVRIK) $VBVULQHHODJ

+|OOGREOHU % LOVRK) VKSHURUIDIRWWRQ DQG &R



+RRSH4L / 0O $SSHO $ * 5XVW 0 . BUHIHUHQEH
DPRQJ VHYHUDO XUEDQQD@WRV SHEQRFLF (QWRPRORJ\
KWWSV GRL RUJ

+XH\ 5 % .HDUQH\ 0 5 .URFNHQEHUJHU $ +ROWXP - {
( SUHGLFWLQJ RUJDQLVPDO YXOQHUDELOLW\ WR F(¢
SK\WVWLRORJ\ DQGKL®IRSWMRRBWILRIO 7TUDQVDFWLRQV RI WKH 5
6HULHV % %LRORJLFDO 6FLHQFHY
KWWSV GRL RUJ UVWE

+XOEHUW $ %DOODQW\QH ) 3RZHOO 6 6KDNLQJ I
ERG\ VL]H DQG WHPSHUDWXUKFRQRIXEROQDWRPRG®RD D Q
KWWSV GRL RUJ M [

+XPSKUH\V * 6 7KH UDWH RI DQW PRXQGLQJ DQG HL
1HZ R XWIO H\WHD U F K *

,&76 'RxDQD %LRORJLFDO 5HWOUPDW DQG OHWHRU
KWWS LFWV HPEWMRE RORGDMRW a WH[W &OLPDW DQG f
R& HQ MXOLR

, 3& & &OLPDWH+x&ZKB @BIHVLFDO 6F L8HOQRPHD 98 B \& KD Q QH
+ 7KH 3K\VLFDO 6FLHQRKDB P E %ID&/1H/ 8QLYHUVLW\
KWWSV GRL RUJ

DQJHQ ' + :K\ PRXQWDLQ SDVVHV DUH K{H K$PH WIQF BVX H
1IDWXUDOLVW %

-HITHU\ 6 *DUGL & ORQWDQDUHOOD / ODUPR / OLNR
- SXWWHQ : YDOWEHDW RI 6RLO (WURGHDHQUERWRRLVVLR
SXEOLFDWLRQV 2IILFH RI WKH (XURSHDQ 8QLRQ

-HQNLQV & 1 6DQGHUV 1 - $QGHUVHQ $ 1 $UQDQ ;
$ 0 )LVKHU % / )LW]SDWULFN 0O & *RWHOOL 1 - *F
- ( /HVVDUG - 3 O0OFJO\QQ 7 3 OHGRM/W 6% 0 3DU

9DVFRQFHORV + /| « 'XQQ 5 5 *OREDO GLYHUVLMW



7KH FDVH Rl 'LPQWWLW\ DQG 'LVWULEXWLRQV
KWWSV GRL RUJ M [

-RKQVRQ 5 $ +DELWDW VHJUHJDWLRQ EDVHG RQ VRL
KDUYHVWHU DQWYV 3RJRQRP\UPHRORIR¥R® DQ\G RP RE®RIE D
+ KWW&Y RUJ M [
-RQHV & * [/DZWRQ - + 6KDFKDN 0 2UJDQLVPV
2LNRYV KWWSV GRL RUJ
“jUJHQVHQ / % ODOWH + ‘UVWHG 0 .ODKQ 1 $ 2YH

PRGHO WR HVWLPDWH WKHUPDO WROHUDQFH OLPLWYV LC(
IOXFWXDWLQJ H[SRVXUHVO6RAMLR QWKHWEPBE SRUWNVUWYVYV
KWWSYV GRL RUJ V

-iUJHQVHQ / % ‘UVWHG O ODOWH + :DQJ 7 2YHU
HVFDODWLRQ RI KHDW IDLOXUH UDWHDYDWWHFWRWKHUPYV
* KWWSYV GRL RUJ Vv

-RXTXHW 3 'DXEHU - /DJHUO]|I - /D6/RHCOHQ8YHUWHEDDHNV
HFRV\VWHP HQJLQHHUV S, QWHQGHG DQG DFFLGHQWDO |
$SSOLHG 6RLHO ( KWWSV GRL RUJ M DSVRLO

“RXTXHW 3 +DULW $ +HUYp 9 ORJHU + &DUULMR 7 'F
GD &XQKD + &KRRVDLORHJIJKWQHAOX 7 ' %ULDQGRQ $
0 ' YDQ 7KX\QH - O0DLQJD $ 3LQJR@BGRRMBIGVRL33 ,
« %RWWLQHOOL 1 7KH LPSDFW RI WHUPLWHV RQ
H[SODLQHG E\ HQYLURQPHQWDO IDFWRUV WKDQ E\ WKF
*HRGHUPD KWWSV GRL RUJ M JHRGHUPD

.DGRFKRYIi & JURXKHUPRIXODWLRQ VWUDWHJILHY LQ DQV
RWKHU VRFLDO LQVHFWV ZLWK D IRFXV RQ UHG ZRR
) SHVHDUKKVWSYV GRL RUJ Y UHVHDUFK

.DUOVVRQ % ([IWHQGHG VHD V,ROQV HRI) VR IURMKHY QR K X'
%LRPHWHRURORJ\ KWWSV GRL RUJ 6



.DVSDUL 0 *OREDO HQHUJ\ JUDGLHQWY DQG VL]H LQ
DQG ZRUNHU QXPEHBURF DIPGL 6 RO RO MHWH 1DWLRQDO $FD

R WKH BQLWHG 6WDWHYV R $PHULFD
KWWSYV GRL RUJ SQDV

.DvsDUL 0 &OD\ 1 $ /XFDV - <DQRY¥YKBUPBO3BDGDIWVDIWI
JHQHUDWHY D GLYHUVLW\ RI WKHUPDO*OREDWV&KDP @JH DI
%LRORJ\ * KWWGRL RUJ JFE

.DvSDUL O ‘HLVHU 0 " JUDLQMABRMIKHHVLY DQG LQWHUV
DOQOWYXQFWLRQDO (FRORX KWWSYV GRL RUJ M

[

.DVVDPEDUD $VWDWLPLHPGEHO\ )UDPHZRUN IRU %DVLF 6WD
SDFNDJH YHUYWRMDSVSURMHFW RUJ SDFNDJH UVWDWL]

.DVVDPEDUD $ OXQ®WWRH[WUD ([WUDEFW DQG 9LVXDOL
OXOWLYDULDWH 'DWD $QDO\WHV 5 KWRSNIHFUITHY VI
SURMHFW RUJ SDFNDJH IDFWRH[WUD

.HDUQH\ 0 5 -XVXS 0 OF*HRFK 0 $ .RRLMPDQ 6 $ [/ O
:KHUH GR IXQFWLRQDO WUDLWYV FRPH ITURPQFMIEHRQROH |
(FRORJ\ * KWWSV GRL RUJ

.KDOLT , +RIl & 3ULQJILMHWHW 5 93K M@IQIJHU 0 ;
YDULDWLRQ LQ WKHUPDO WROHUDQFHV DQG YXOQHUDE
3URFHHGLQJV RI WKH 5R\DO B6RFLHW\ % %LRORJLFDO
KWWSV GRL RUJ UVSE

.OHLQHLGDP & (UQVW 5 FRENY¥HG YHQWLIGQBNLRQ RI WK
WKH ©XDWLQJ DQW $WWDWRIZOMQEBNVEGKDEWHQ
KWWSV GRL RUJ 6

.RFK $ %ULHUOH\ & O0ODVOLQ 0 O IHZLV 6 | (D
(XURSHDQ DUULYDO DQG *UHDW '\LQAXDW HUKD $P EBLIFQFK
SHYLHZV + KWWSV GRL RUJ M TXDVFLUHY



.RK / 3 'XQQ 5 5 ©6RGKL 1 6 &ROZHOO 5 . 3URFWRU
6SHFLHY FRH[WLQFWLRQV B@EGHWKH EIHRZAGKRHNV LW\ FULV
+ KWWSYV GRLWWUWHQFH

.RUE - ILQVHQPDLUKH HIIHFWV RI WHPSHUDWXUH RQ W
GLVWULEXWLRQ RI ODFURWHUPHY EHOOLFRVXYVY LVRSWHL

KDELWDWYVY RI D :HVW $IULF®WHFEFWHYHBRFDXD[Q QD
KWWSV GRL RUJ Vv

.*KVHO 6 %U*FNQHU $ 6FKPHO]JOH 6 +HHWKRHK O % O
YROXPH UDWLRWHOGW @Q¥HRQYEHH KWWSV GRL RUJ

/D 5LFKHOLQUH ) OXxR] * *XpQDUG % 'XQQ 5 5 (FRQR
1 - :HLVHU 0 ' S$ERXKHLI ( /JHVVDUG - 3 ‘D
WKH ZRUOG DUH KRWVSRWV RIUVREHHERIQUD/QR VW KR BROBIC
% %LRORJLFDO 6FLHQEWWY GRLURSE

IDFK |/ ,QYDVLYH DQW HVWDEOLVKPHQW VSUHDG DQ
&XUUHQW 2SLQLRQ LQ J QVHFW #HFLHQFH
KWWSVUJGRL RM FRLYV

/IDITHUW\ . ' 7KH HFRORJ\ RI FOLPDWHFFKK®RIH DQG
+ KWWSV GRL RUJ

IDYHOOH 3 %LJQHOO ' /HSDJH 0 :ROWHUV 9 5RJHU
'KLOOLRQ 6 BRLO IXQFWLRQ LQ D FKDQJLQJ ZRL
HFRV\VWHP MWQURBOHBIQVRXUQDO RI 6RO %LRORJ\

IDYHOOH 3 %ODQFKDUW ( ODUWLQ $ ODUWLQ 6 6SD
IRU '"HFRPSRVLWLRQ LQ 7HUUHVWULDO (FRV\VWHPV $S
7JURSWERWURSLFD KWWSV GRL RUJ

IDYHOOH 3 'HFDsQV 7 $XEHUW 0 %DURW 6 %ORXLQ
3 5RVVL - B8RLO LQYHUWHEV\YWHWY X@E& SHPKV-RXUQDO
Rl 6RLO %L &EBRBI\ KWWSV GRL RUJ M HMVREL

ol



/IHL < -DOHHO )DLVDO 6KDK]DG O $OL 6 $]DG 5 0
*KUDPK + $ $OL .KDQ . 4LX ; +H < /<8 | (11
IOXFWXDWLQJ WHPSHUDWXUH RQ WKH FLUFDHG DMQVIRUDJ
6ROHQRSVLY LQYLFWD %XUHQ 66BDREBDREBWHOQDO )RIU PolLRLA:

6FLHQFHV + KWWSV GRL RUJ M VMEV
JHPEUHFKWV - - $DOWR - $VKFURIW 0 % 'H )UHQQH 3
0O ODFOHDQ , 0 ' B5RXSWDUGR 2 FOWEWHVS $ 3HOOL
3BLWWHORXG & $ODWDOR - 0 G6PLWKLBU: %DFNHNW $ *
&HVDU] 6 « 1LMV 6RLO7HP SVXUJDREMNOHE B WDE\D
*OREDO &KDQJH %LR@RJ\ KWWSV GRL RUJ JFE
JHQRLU $ 4XHUDUG / 3RQGLFT 1 %HUWRQ ) 5H ¢

$QADWDIO\SKLNPRHKQURRWHUD JIRUPKHFLE DPRRXUQDO RI (QWRF
+ + KWWSV GRL RUJ

/IHQWK 5 HPPHDQV (VWLPDWHG 0DUJLEQDXO WHND QWD OWD 5/
SDFNDJH YHUXWRMSVSURWHFW RUJ SDFNDJH HPPHDQV

/e 7 6KDR O -LD < (IMTHFWV RI DFWLYLWLHV RI DC
VRLO PRLVWXUH FDQQRW EH QHJOHFWKGULRXOWKXUIK)R |
(FRV\VWHPV (QYLURQPHQNMWW SV GRL RUJ M DJHH

ILIJIKWRQ - 5 % TXUEHWPE EW UHVSLURPHWU\ $Q REMHF
RI FULWLFDO WKHUPDO PD[LPD LQ WZR V\PSDWULF GHV
UXJRVXV DQG 3 -RROQDRURLHXYHULPHQWDOx%LRORJ\

KWWSV GRL RUJ MHE
IRXZ * 1 6HHO\ O(FRORJ\ RI '"HVHUWRZQUFPD@L VPV
IXWWHUVFKPLGW : + X WK IFWURQV LF DO WKHUPDO PD[LPXF
FULWLT&BIQDGLDQ -RXUQDO R =RRORIJ\

KWWSV GRL RUJ ]

IXIWRQ O 6WXGLHV RQ WKH RULEDWLIHBRWHRNCR JDL DD Q
* KWWSV GRL RUJ 6

ioi



ODFODKRQ - $ 0X0O0 - ) &QULVW 7 2 +DUYHVWHU
7KHLU &RPPXQLW\ DQG (FR3MQQWBO 5GINODHZQRHV(FRORJ\

6\WWHPDWLFW KWWSV GRL RUJ DQQXUHY HFROV

ODHV ' 7LWHX[ 1 +RUWDO - $QVHOLQ $ 'HFOHHU . G
0 BUHGLFWHG LQVHFW GLYHUVLW\ GHFOLQHV XQGH
LPSRYHULVKHGRXHJIDRQ Rl ,QVHFW &RQVHUYDWLRQ
KWWSV GRL RUJ 6

OFJLOO % - (QTXLVW % - :HLKHU ( 'HVWRE\ 0
HFRORJ\ IURP IXQFWH@®Q@WD A QVUPR®RI\ DQG &YROXWLRQ
KWWSV GRL RUJ M WUHH

OF*O\QQ 7 3 7KH (FRORJ\ RI 1HVW ORYHPHQW
+WWSV 'RL 2UJ (QWBRD QXU H Y -
KWW®SRL RUJ DQWRUHY

OH\WWPDQ ) - 5 OLGGHOEXUJ - - +HLS & + 5 % L
'DUZLQYV ODVWHQGWHDLQ (FRORJ)\ (YROXWLRQ
KWWSV GRL RUJ M WUHH

OLNKH\HY $ 6 7VEKLQNHO : 5 1HVW DUFKLWH

SDOOLGHIXOYDx VWUXFWXUH, FRNRMWHNQER UXDOH YV RI H[F
KWWSV GRL RUJ V

OLQWHU 1 - )UDQNV 1 5 5 R EO/RRUG BORIRZ@HV LS RI DQ H[W
SKHQRW\SGLPHRXWLRQDO DQW -®RKV\W DU RK LMKHIF WRYDHD 6 R
 QWHUIDFH % KWWSV GRL RUJ UVLI

OLWFKHOO 3 7TKH LQIOXHQFH RI YHIJHWDWLRQ DQL
SURFHVVHV ,Q %LRIUGIRPRIGSERORJIZ[IRUG %DVLO %ODFN

OODPER 0 & 1RW DOO WUDLWV DUH 3IXQFWLRQDO
ELRGLYMAERAWWHP IXQFW LURIRGLY HHVHWUBPIQG &RQVHUYLE
+ KWWSV GRL RUJ 6

ORQDHQNRYD ' *UDYLVK 1 5RGULJXH] * . XWQHU 5 *RF

io1l



L %HKDYLRUDO DQG PHFKDQLFDO GHWHUPLQDOQ!
HIEFDYDWLRQU QDO Rl ([SHULPHQWDO %ERORJ)\
KWWSV GRL RUJ MHE

ORUHLUD $ $ )RUWL / & $QGUDGH $ 3 3 %RDUHWWR
1IHVW DUFKLWHFWXUH RI $WWD ODHYLJDWD 6W&BILWK
RQ 1IHRWURSLFDO )DXQD DQG (QYEURQPHQW
KWWSV GRL RUJ

ORUHWWL 0 'LDV $ 7 & GH %HOOR ) $OWHUPDWW )
- 5 )RXUQLHU % +HGGH 0 +RUWDO - ,EDQH] 6 gF
- %HUJ 0 3 +DQGERRN RI SURWRFHPOIQWRRI VW
WHUUHVWULDO LQYHUWBEQPWHRQOQOF WERQRD WUDLWYV
KWWSV GRL RUJ

OXRQ 5 .HW 3 6HEDJ ' %RXNELGD + $ 3RGZRMHZVN
-RXTXHW 3 THUPLWH FRQVWUXFWLRQV DV SDWFKH"
ILHCEBRGHUPD 5HIJHRQKXWWSYV GRL RUJ M IJHRGUYV

IDVFLPHQWR " / &KLDBUQDGR ILEZBKOQOOLSV - ' /IDGH

ODFKDGR " ) 7 GD 6LOYD &DPDUJR7EH XQDOIKHRWLPDW
UROH RAXWHWDUQJ DQWYV LQ VRLO DQG JHRPRUSKRORJLFEL
$PHULFD (DUWKLHQFH SHYLHZV
KWWSV GRL RUJ M HDUVFLUHY

IDVFLPHQWR * &kPDUD 7 $UQDQ ; &ULWLFDO W
LPSOLFDWLRQV XQGHU»IFFOORDWBOFKBYILHZYV
KWWSV GRL RUJ EUY

ILLWW\QHQ 3 +HLNNLQHQ 5 . IXRWR 0 '"HFUHDVL
FRPSRVLWLRQ DQG GL Y HIWRFHHBT LU KWRIF WHKHQ G L R Q D ¢
6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD
KWWSV GRL RQDV

IREXOHKUPDQQ %HDWUL] ( /RSH] GH &DVHQBDYHQHUY LHU 0L
&RH[LVWLQJ LQ KDUVK HQ YEDMHEP HRQU/DV L @H B B WWWCH)

ioT



GHVHUW OHDIFXWWHU DQWV +\PAQRHAFRORJILD)RLE LFH BN
2FWREHU

1RUULV & ( +LIJKWRZHU [ ( 7TKH +HDW 6KRFN S5HV
J)LVK JHQXV 3R&GAHFQCOLRQULVYROHFXODU 5&VSRQVH WR 6W
KWWSV GRL RUJ 6

21*RUPDQ 3 $ SUHFLSLWDWLRQ ([WXUHPHYVW GQ®H B D&/D
&KDQJH 5SHSRWWVKWWSV GRL RUJ 6

2NVDQHQ - B6LPSVRQ * %ODQFKHW ) .LQGW 5 /HJHQC
BRO\PRV 3 6WHYHQV 0 6]RHFV ( :DJQHU + %DUER:
% %RUFDUG ' &DUYDOKR * &KLULFR 0 'H-&DFHUHYV
YHIJDQ &RPPXQLW)\ (FR®RJIS\GDHARWIKHEW RUJ SDENDJH

2PV & 6 &HUGI ; %RAMOBKHB RW\SLF SODVWLFLW\ D NH)
UHVSRQGLQJ WR WKHUP®FKLHOQWHHRY 1QW DQHVV"
KWW®&SWRL RUJ Vv

2UG 7 - LQREXIFHME UHORFDWLRQ RI DQW FRORQLHV D

OR®HUP VSDWLDO HFRORJ\ Rl DXHRINERDW DORF RQBHU V
+ KWWSV GRL RUJ

‘UVWHG 0 -jUJHQVHQ / % 2YHUJDDUG - JLQGLC
IUDPHZRUN WR UHFRQFLOH HFRORJLFDO SK\VLRORJLFDO
LQ HFWRWKRXB®DO RI ([SHULPHQWDO %LRORJ
KWWSV GRL RUJ MHE

2X\DQJ ) +XL & OHQ ; < =KDQJ < 6 )DQ / 6KL 3 =

(DUO\ HFORVLRQ RI RYHUZLQWHULQJ FRWWRQ EROOZRU|
DFFHQWXDWHV \LIHMOGLERUWXQHZKEBRW\VWHPV+ (QYLURQF

KWWSV GRL RUJ M DJHH
SDUNHU - .URQDXHU "' - & + RZX D Q WQW Bol RKD FEL\
5 15 KWWSV GRL RUJ M FXE
SDUPHVDQ & (FRORJLFDO DQG HYROXWLRQDU\ UHV:

iod



$QQXDO 5HYLHZ RI (FRORJ\ (YROXWLRQx DQG 6\V\

KWWESR/L RUJ DQQXUHY HFROV\V

SDUPHVDQ & 5\UKROP 1 6WHIDQHVFX & +LOO - . 7
+XQWOH\ % .DLOD [/ .XOOEHUJ - 7DPPDUX 7 7THQC
:DUUHQ O S3ROHZDUG VKLIWV LQ JHRJUDSKLFDO
DVVRFGA D2AMWK UHIJLRQDWXADHUPLQJ *

KWWSYV GRL RUJ

3DUPHVDQ & <RKH * $ JOREDOO\ FRKHUHQW ILQJH
DFURVV QDWXUDI®WXWUWHNHPV +
KWWSV GRL RUJ QDWXUH

3DUU & / %LVKRS 7 5 7KH UHV STORED @ | &IXQW YHW F
%LRO-MRXDY\ KWWSV GRL RUJ JFE

3DUU & / 'XQQ 5 5 B6DQGHUV 1 - :HLVHU 0 ' 3KR
JLW]SDWULFN 0 & $UQDQ : %DFFDUR ) %UDQGMR &
)D\OH 7 0 *yPH] & *URVVPDQ % O0XQ\DL 7 & 3D
SREELQVRQ $ « *LEE + D *OREDOS$QWV D QHZ GDWD

WuUuDLWV +\PHQRSWHMWHFMR BRFVBDHDWLRQ PQG 'LYHUV
KWWSV GRL RUJ LFDG

3DUU & / 'XQQ 5 5 6DQGHUV 1 - :HLVHU 0 ' 3KR
JLW]SDWULEN 0 & $UQDQ : %DFFDUR ) %UDQGMmMR &
)D\OH 7 0 *yPH] & *URVVPDQ % OXQ\DL 7 & 3D
SEELQVRQ $ « *LEE + E *OREDO$QWV D QHZ GDW
DQW WUDLWY +\PHQROWHEW ROPHBYGMWH RQ+DQG 'LYHU"
KWW GRL RUJ LFDG

3DWRQ 7 5 +XPSKUH\V * 6 ORMWAAKHO QHZ JQAREWO YLH
HGLW 8&/ 3UHVYV

3HFO * 7 $UD~MR 0 % %HOO - ' %ODQFKDUG - %RQ}
' &ROZHOO 5 . 'DQLHOVHQ ) (YHQJnUG % )DOFRQ
*DUFLD 5 $ *ULIILV 5 % 6REBBSHY WQ®-DOILRRQ

ion



-HQQLQJV 6 « :LOOLDPV 6 ( %LRGLYHUVLW\ U
FKDQJH ,PSDFWV RQ HFRV\VEMHEPWBFLRDEQFHKXPDQ ZHOO
KWWSYV GRL RUJ VFLHQFH DDL

3HQLFN & $ 'LDPRQG 6 ( 6DQGHUV 1 - 'XQQ 5 5
FRPSUHKHQVLYH PHWULFV RI SHUIRUPDQFH LGHQWLI\ NH
)XQFWLRQDO (FRORJ\ KWWSV GRL RUJ

SHQLFN & $ 7VFKLQNKBUPREXODWRU\ EURRG WUDQVSRU
6ROHQRSVLQVLKWFWHWBRFLEX] KWWSV GRL RUJ \Y,
3HxXHODV - 6DUGDQV - (VWLDUWH 0 2JD\D 5 &DUQLI
BEDFK $ /OXVLj - *DUEXOVN\ O J)LOHOOD , -XPS
FXUUHQW LPSDFW RI FOLPDWH FKDQJH RQ OGOREDIDZDON

&KDQJH %LRORJY KWW GRL RUJ JFE
3HUHO 7 6 'LITHUHQFHYV LQ /XPEULFLG 2UJDQL]DWL

SURSHUMRIOHRJILFDO % XOOHWLQV

3HUH] 5 $URQ 6 $GDSWDWLRQV WR WKHUPDO VWU
DQG IXWXUH G Ul REW I RRD/O SHYLHZV %
KWSV GRL RUJ EUY

S3HUH] 5 %YHQEDFKLU O 'HFURR & ODVFROR & DWW
&DWDJO\SKLV GHVHUW DQWYV XVH GLVWLQFW EHKDYLRUL
ZLWK H[WUHPH WKHURPDWQ FRQBGILWKRQYDO %LRORJ\

KWW®&SWRL RUJ M MWKHUELR
3HUH] 5 GH 6RX]D $UDXMR 1 'HIUDQFH O $URQ 6
KHDW VWWHKWEREOWKBDQW JH@RWE&BWODD O \GFRYRYI\
KWWSV GRL RUJ PHF

SHUQD $ -RVW & &RXWXULHU ( 9DOYHUGH 6 'RXDG\
VWUXFWXUH RI JDOOHU\ QHWZRUNV LQ WKH QHDWYV RI WE
WRPRJUDBBWMXUZLVVHQVFKDHWH®RWWSY GRL RUJ 6

ioo



3KDP 4 9 1JX\HQ 7 7 [/DP ' 4+ &DSRZLH] < 1JX\HQ $

0 %WRWWLQHOBVYLQJ PROUXEXKWRRPLFDO WUDLWV WR SUHG
HDUWKZRUPYV RQ VRLO DWRHGMHURRQILOWUDWLRQ
KWWSV GRL RUJ M IJHRGHUPD

3KLOOLSV + 5 3 *XHUUD & $ %DUW] 0 / & %ULRQHYV

JHUOLDQ 2 *RQJDOVN\ . % 9DQ 'HQ +RRJHQ - .UH

' B6FKZDU] % %DFK ( 0 %HQQHWW - 51%WRWH 8 'k

JRUHDX 0 « (LVHQKDXHU 1 *OREDO GLVWULEXMW
6FLHQFH + KWWSV GRL RUJ VFLHQFH DDJ
3KLOOLSV - (GJH HIIHBWY LLFD OHRFRRIWDBKO R J\

KWWSV GRL RUJ

SLOWROWOPDQ 1 1HVW DUFKLWHFWXUH VKDSHV WKH F
DQWVYRORJ\ /HWWHKWWSYV GRL RUJ UVEO
SRUWHU 6 ' ,PSDFW RI WHPSHUDWXUH RQ FRORQ\ JUI

DQW 6ROHQRSVRXUQROLRWD,QVHFW 3K\VIHRORJ\
KWWSV GRL RUJ

SRUWHU 6 TVFKLQNHO : J)LUH DQW WKHUPDO SUHIH
DQRQG PHWDBEREDWRRUDO (FRORJ\ DQG O6RF¥FLRELRORIJ\
KWWSV GRL RUJ El

3R]VJIDL * ILWWOHZRRG 1 $ *URXQG EHHWOH &RC
GHFOLQHVY DQG SKHQRORJLFDO FKFRQRIVF DO WEGE UFHD B/ FE
+ KWWSV GRL RUJ M HFROLQG

SUDWKHU & 0 3HOLQL 6 / /DzV $ S5LYHVW ( :ROW] O

& . .RPLQRVNL - 1HZEROG 7 $ 6 3DUVRQV 6 -RH
HFRV\VWHP VHUYLFHV D®GROEEGUEPBIVH FHDOLGHIAV
KWW GRL RUJ EUY

5DITHUW\ 1 ( , YHV $ 5 (INTHFWV Rl HI[SHULPHQWDO

ioo



RQ SGRQWLQDWRU L@EWREBDFWULRQYWHUV %
KWWSV GRL RUJ M [

SDPDOKR 4 9DOH 0 O ODQHV 6 'LQL] 3 ODOHFKD $
(YLGHQFH RI VWURQJHU UDQJH VKLIW UHVSRQVH WR RQJI
KLIXDWLWXGH VoS HRFEOLRHM_F D O &RQVHUYDWLRQ
KWWSV GRL RUJ M ELRFRQ

SDVVH 3 '"HQHXERXUJ - [/ '\QDPLFV RI 1HVW ([F
5HIXODWLRQ RI /DVLXV QLJHU -RRYHQROSWRHU,) V)HRAMP LOFH K
* KWWSYV GRL RUJ D

5DWQHU % 7KH FRUUHODWLRQ FRHIILFLHQW ,WV YL
-RXUQDO Rl 7DUJHWLQJ OHDVXUHPHQW DQ& $QDO\VLV
KWWSV GRL RUJ M W

5HJHQGH ( / &DVWDXHGD / (7RO6DUDWRWY ODQGVFDSHV L

HFRORXQFWLRQDO (FRORA&\ KWWSV GRL RUJ

5LFKDUGV 3 - $SKDHQRJDVWHU DQWV DV ELRWXUE
SURFHVVHVYDUWKLHQFH SHYLHZW +
KWWSV GRL RUJ M HDUVFLUHY

5LFKDUGVY 3 - +RKHQWKDO - 0 +XPSKUH\V HDWW |
$XVWUDOLDQ KLOOVORSH HVW LPDWIKQEXAR QAU BERWH R Q!
IDQGIRUPV % KWWSV GRL RUJ HVS

5RHGHU ' 3DUDVNHYRSRXORV $ SRHGHU . $ 7
IRUDJLQJ EHKDYLRXU (FRORJDFEDVMV (QWRPRORJ\
KWWSV GRL RUJ HHQ

5RHGHU . $ B5RHGHU ' 9 %XMDQ - $QW 7KHUPD
OHWKRGV +\SRWKHVHV DQSQ&DOMN RV W K B D(QMDR\PLRRIQR J L |
RI $PHULFD + KWWSV GRL RUJ DHVD VDDE

5RMDV 0 5 /RFDWHOOL % %LOOLQJIJV 5 &OLPDWH

iood



3LQH %YHHWOH '"HQGURFWRQXV YRQNANWOMND L V6 \ VIWOH P ¥ R
KWWSYV FIVSDFH FJLDU RUJ KDQGOH

5|PHU ' +DOERWK ) %ROOD]]L O SRFHV ) 8QGH
HITHFW RI &2 RQ GLJJLQJ UDWHV VRLO WUDEXWEWUW DQG
DQWWHFWHY 6RFLBX[ WWSV GRL RUJ V]

5|PHU 5RFHV 1IHVW (QODUJHBKQW L@J/$IPWV 5HORFDWI
DQRG )XQJXV 7ULJIJIHU WKH ([FDYBMRBERZL(RI 1HZ &KDPEHU
KWWSYV GRL RUJ MRXUQDO SRQH

5|PHU 5RFHV ) $YDLODEOH VSDFH V\PELRWLF
LQIOXHQFH H[FDYDWLRQ DQG OHDG WR W RXWVGMXNNPWQD
,QVHFWHV 6RFLBX[ KWWSV GRL RUJ v

SRQDFKHU % 3DWK LAWPHIUMWLRDPQ IZQ WOVS K WHKHI F DV H
-RXUQDO Rl &RPSDUDWLYH 3K\WVLRORJ\' $ 1HXURHWKRORJ
3K\WLRORJ\ + KWWSV GRL RUJ v

SRX@BDVFXDO 1 6XDUH] $ 9 *YPH] & 3RQV 3 7RX\DF

SHWHUVRQ $ 7 *HRJUDSKLFDO SRWHQWLDO RI $UJ
OD\U LQ WKH IDFH RI JORERFHHROLDWRIFKMRR BHR\DO 6RFL
6HULHV % %LRORJLFDO 6FLHQFHY
KWWSV GRL RUJ UVSE

5R\ ' % 20LYHU 7 + %YRWKDP 0 6 YHENPDQQ % % U
+DUURZHU & SKLOOLPRUH $ % 7TKRPDV - $
HPHUJHQFH GDWHYV DPRQJ SRSXODWLRQORKDDH&KD QR D (
%LRORJ\ + KWWSV GRL RUJ JFE

5¢FNDPS ' $PHOXQJ : 7KHLV] 1 %DQGHLUD $ * 0DU\
IRUPV LQ %UD]JLOLDQ WHUPLWH QHVWY DQG VRLOV 5HOF
*HRGHUPDt * KWWSV GRL RUJ M IJHRGHUPD

6DOD 2 ( &KDSLQ ) 6 $UPHVWR - - WHUORZ ( %Ol

6DQZDOG ( +XHQQHNH / ) -DFNVRQ 5 % .LQJLJ $



ORRQH\ + $ 2HVWHUKHOG O 3RI1T 1 [/ 5 6\NHV 0 7
0 :bOO ' + *OREDO ELRGLYHUVLWFIVHARHDULRYV
* KWWSV GRL RUJ VFLHQFH

6DQNRYLW] O 3XUFHOO - $QW QHVW DUFKLWHFWX
SODVWLF UHVSRQVH6FWNRQWHIR$FH BB KWWYV +
KWWSV GRL RUJ \"4

6bDUGLxD 3 %HDUGDOO - %HULQJHU - *UDFH O TKRP
RI DPOWHUHG WHPSHUDWXUH UHJLPHYV BRXMBWHE SIFQ H QUFH YV
* KWWSYV GRL RUJ \V

6DUW\ 0 S$SEERWW . / /IHVWHU 3 - +DELWDW FRPS
D WURSLFDO DZHFRABRPIX LW\ KWWSV GRL RUJ \%

6DWR < 6DWR 6 6SULQJ 7HPBHUMD WKO W L3QH B IF Q/R/(
RI 7ZR &LFDGDV &U\SWRW\PSDQD IDFLDOLYV DQG *UDSWF
&LFDGLE®PDOV RI WKH (QWRPRORJLFDO 6RFLHW\ RI $F

KWWSV GRL RUJ DHVD VDY

BFKDHIHU & ( * 5 +HQULTXHV 5 - *RPHV / 3 *RUVDQ
JHUQDQGHV ' 3 GH 6 ,QWHUSOD\V EHWZHHQ $WW|
DQG HQYLURQPHQWDO SURSHUWLHYV LQ WKINPAHDYLOLDQ
5HYLVWD %UDVLOHLUD GH &LHQFLD 'R
KWWSWUJJRL UEFV

6FKLQGHOLQ &D UMIHWING D, JULVH ( .D\QLJ 9 /IRQJDLU
SUHLELVFK 6 SXHGHQ & 6DDOIHOG 6KLWHKPLG %

+DUWHQVWHLQ 9 (OLFHLUL . 7RPDQFDN WRKH&DUGRQ
SODWIRUP [RULPHLURORIQEDWXVH OHWKRGY
KWWSV GRL RUJ QPHWK

6FKRILHOG 6 ) %LVKRS 7 5 3DUU & / ORUSKRC

DVVHPEODJHYV +\PHQRSWHUD JRUPLFLGDH GLIIHU D
O\ UPHFRORJLFDEH3IWHWPEHU

ioi



6FKRZDOWHU 7 JQVHFW 5HV S/RIQWIDV ' WRV YODBIRQF
+WWSV 'RL 2UJ (QWBR) Q XUH Y +
KWWSV GRL RUJ HQWRDQQXUHY

6HLIHUW %KH $QWV RI &HQWUD OXIW@BDUIRDIWNK (XURSH

6KLSLWDOR 0 - JDRWRWYV ,QIOXHQFLQJ WKH 'LVSHUVLEL
&DVW6/RLO 6FLHQFH 6RFLHW\ RI $PHULED -RXUQD(
KWWSV GRL RUJ VVVDM [

6LHSHO + 'LMXPWRU( 0 G JHHGLQJ JXLOGV RI RULE
WKHLU FDUERK\GU®PMH DPERMARIWDEG %LRFKHPLVWU\
KWWR8Y RGJ X

6LOYD 5 5 %UDQG-..R & 5 ) ORUSKRORJLFDO
RUJDQL]DWLRQ LQ OHDI(®RWWHIF DQ W RIDRINBDEBKNJ H V
KWWSV GRL RUJ

OLSL VNL 3 SRPRUVNL - - .RZDOHZVND . +HDW
GXULQJ WKHUPDO ULVN H[SRVXUH LQ WKH WHPSHUDWF
6RFLRELRORJ\ KWWSV GRL RUJ VRFLRELRORJ\'Y

6PDOOZRRG - IHVW ONBRWHWLERRFY LQ DQWYV

6RPPHU 6 ‘HKQHUHS DOORPHWU\ LQ DOWYJHGWHMPH. @ |
WKHSWIROLF VEBHWKHMRSRG 6WUXFWXUH DQGz 'HYHORSPI
KWWSV GRL RUJ M DVG

6RXVD . . $ &DPDUJR 5 6 &DOGDWR 1 )DULDV $ 3 0
6DQWRYV , & / JRUWDWER® GLR[LGH OHYHOV LQ LQLWL
FXWWLQJ DQW $WWD VH[GHQV6FL\RE QR S\VFHHS RWRW P LFLGI
KWWSV GRL RUJ v

6WHYHQV * & 7KH /IDWLWXGLQDO *UDGLHQW LQ *HR
6SHFLHV &RH[LVW LOKHIWNKPHUULRBSOFVIDWXUBOLVW
KWWSV GRL RUJ

ioi



6XQGD\ - O %DWHV $ ( 'XOoY\ 1 . TKHUPDO W
UHGLVWULEXWLRQ 10RW XU LRDQYDWH &KDK)JIH
KWWSYV GRL RUJ QFOLPDWH

6ZLIW O - +HDO 2 $QGHBERRRVLWLRQ LQ WHUUHVWUI
8QLYHUVLW\ RI &DOLIRUQLD 3UHVV %HUNHOH\

6\NHYV 0 7 &OLPDWH &KDQJH ,O/8DFWYV 9
KWWGRL RUJ D

7D\ORU $ 5 /HQRLU / 9HJHUIRUV $@W D Q& UNDWRMKZRU?F
%LRWXUEDWLRGPSQUDARIDG(FRARVWMPHPY  +
KWWSV GRL RUJ Vv

7D\ORU $ 5 B6FKU|WHU ' 310XJ $ 'ROWHUV 9
GHFRPSRVHU FRPPXQLWLHYV WR WKH PDQLSXODWLRQ RI F
RI FKDQJLQJ SUHFL SLONREW DR @ K®MW M HAULRGR J\
KWWSWUGRL M [

7THDP 5 & 5 $ /DQJXDJH DQG (QYLURQPHQW IBU 6WDW!
JRXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWIRQIHBWHRQUID $>

7HUEODQFKH - 6 'HHUWXOCOBV &0 XMHDLRID) & &KRZQ ¢
&ULWLFDO WKHUPDO OLPLWYV GHSH®GEHRE LPQIW KRIGR QR J&
BRFLHW\ % %LRORJLFDO 6FLHQF HV
KWWSV GRL RUJ 563 %

7HUEODQFKH - 6 +RIIPDQQ $ $ OLWFKHOO . $ G5DNR |/
/ (FRORJLFDOO\ UHOHYDQW PHDVXUHV RI WRO
WHPSHUDWXUBDYO ®I ([SHULPRQWDO WIRK®GIRI\ SS
7KH &RPSDQ\ Rl %LRORJLVWY KWWSV GRL RUJ M H

7KRPDV & ' %RGVZRUWK ( - :LOVRQ 5 - 6LPPRQV $
&RQUDGW / (FRORJLFDO DQG HYROXWLRQDU\ S
PDUJLQWXUH + KWWSV GRL RUJ

7LHGMH - 0 &KR - & OXUUD\ $ TUHYHORLO WBHPALQJ

io1



ZLWK OLIH QHZ IURQWIBXVWDRQ DERLH OWVFIHIPPPHH QW R 6
0DWW HU KWWSV GRL RUJ

7LOPDQ ' &ODUN O :LOOLDPV ' 5 .LPPHO . 3RODVN\ ¢

WKUHDWY WR ELRGLYHUVLW\ DQGDSMXWKZD\V WR WKHLL
+ KWWSV GRL RUJ QDWXUH

7RIILQ ( 'L 3DROR ' &DPSR $ 'HWUDLQ &KDSHHQHXET
WUDQVLWLRQ GXULQ3URFPHM GLQIVRI WVDKBIQMPWLRQDO $FC
RI W K H 8QLWHG 6WDWHV RI $PHULFD
KWWSV GRL RUJ SQDV

7VEKLQNHO : 5 6XEWHUUDQHDQ DQW QHVWV W

3DODHRJHRJUDSK\ SDODHRFOLPDWR®H®RJ\ =*3DODHRHFF
KWWSYV GRL RUJ 6

TVFKLQNHO : 5 7KH QHVW DUFKLWHFWXUH RI WKH )O
EDGERXUQDO RI ,QVHFWWWWISVMOFBRL RUJ MLV
TVFKLQNHO : 5 OHWKRGV IRU &DMVRXQQ DX ERNHQVDBR\

6FLHQFH =+ KWWSYV GRL RUJ

TVFKLQNHO : 5 1HVW 5HORFDWLRQ DQG ([FDYDWLR
SRIRQRPVUPH] EDBZREV 21( H
KWWSGRL RUJ MRXUQDO SRQH

ITVFKLQNHO : ¥$KH DOFKLWHFWXUH RI VXEWHUUDQHDQ DQW
XQGHURRMDPDO RI LRHFRQRWRWMNVSY GRL RUJ \Y

7TVFKLQNHO : 5 E %LRPDQWOLQJ DQG WLRWXUEDWL

+DUYHVWHU $QW SRIRQRRPWPRL( EDGLXWN
KWWSWRUJIGRL MRXUQDO SRQH

7VEFKLQNHO : $®W DUFKLWHFWXUH 7KH ZRQGHU EHDXW\ D
QHVWWLQFHWRQ 8QLYHUVLW\ 3UHVV

ior



7VEFKLQNHO : 5 6HDO - 1 % L FONGUHEDD\ 1 R0 W&\

7UDFK\P\UPH] VHSWHBOBULRIIHOLV H
KWWSV GRL RUJ MRXUQDO SRQH
7XUQHU - BKH VRXO RI VXSHKR (YMIQQEBP G, QUIJDQLVPV 7KH 3

Rl DQEPOEIWI XFEIXUHV +DUYDUG 8QLYHUVLW\ 3UHVV

9DQ 7KX\QH - SHUUHFFKLD ( 3 JURZLQBSDHFWRLRMHYX@®IXV
JHRORJ\ SDUDPHWHUVYDUW®KLBQ¥IHHZ5HYLHZV
KWWSYV GRL RUJ M HDUVFLUHY

9HOGKXLV 0 3 [/DVR ) - 201l + %HUJ 0 3 THUF

GHFRPSRVLWLRQ WR VSDWLRWHFEFSRRORJO YDWLDELOLW\ I
KWWSV GRL RUJ HF\

9HUEHUN : & ( 3 $WNLQVRQ ' +RHIQDJHO . 1 +LUVW
+ BKULQNLQJ ERG\ VL]JHV LQ UHVSRQVH WR ZDU
WHPSHYDWXUKOH ZLWK VSHFLDO HP SKIDR/QRJIJR € DVDKFH Y RID?

+ KWWSV GRL RUJ EUY

9HU]D 6 6 *HUYiIVLR 5 & 5 * $OYHV H 6LOYD 2 0 *RI
OXVVXU\ 5 0 IHVW VWUXFWKXWWIQJ L QMU ISGU RP W
ODQGROWL LQ WKH VHPLRVHGW&DDWRQUDXELRPH
KWWSV GRL RUJ Vv

SLFHQWH(6HUUDQR 6 O OF9LFDU 7 5 OLUDOOHV ' * <I
8QUDYHOLQJ WKH LQIOXHQFH RI DWPRVSKHULF HYDS
UHVSRQVH W R FOLPD®W(N RIOD.@ DV H &KDQJH
KWWSYV GRL RUJ ZFF

9LOHV + $ *RXGLH $ 6 *RBEROQGLWH DY JHRPRDSKRORJLFEDO

JOREDO DVVHYNMPWRIMVHQFH SHYLHZV
KWWSV GRL RUJ M HDUVFLUHY

9LOHV + $ *RXGLH $ 6 *RXGLH $ O E $QWV DV J
JOREDO DVVHYMPWRMWHQFH SHYLHZV

i6o



KWWSV GRL RUJ M HDUVFLUHY

sLoobQL o0 * "ULJKW 5 - (QYLURQPHQWDO LQIOX
EHKDYLRU LQ DJULBRQWIXODSHYWAHUW HAV(QWRPRORJ\
KWWSV GRL RUJ DQQXUHY HQ

9LROOH & SHLFK 3 % 3DFDOD 6 : (QTXLVW % - .D

DQG SURPLVH RI IXQFWBBRPHWHELRIJNRRUMNSKH 1DWLRQDC
6FLHQFHYV R WKH 8QLWHG 6WDWHYV RI $PHULFD
KWWER8Y RGJ SQDV

9LVVHU 0 ( %RWK & 6KLIWV LQ SKHQRORJ\ GXH WI
IRU D \DBG®RWHHMNLQJV RI WKH 5R\DO 6RFLHW\ % %LROR

* KWWSWJ GRL RUVSE
9RIW - 7 :DOOHW % &R\ 6 "\QDPLF WKHUPDO V'

PRXQ&RKXUQDO RI ,QVHKWWFVYHQ@EHRL RUJ

9ROQH\ : - $ JOHPLQJ 5 $ &OLPDWH FKDQJH DQ
LOQVHFSMWLFXOWXUH (FRVA\VWHPV + (QYRURQPHQW
KWWSV GRL RUJ 6

:DOO ' + $GDPV * 3SDUVRQV $ 1 6RLO %LRGLYHI
( 6DOD ( 6DXEADOGOREDLO ELRGLYHUVLW\ LQ D FKDQJI
6FHQDULRV IRU WKIS + VW 6FSHIQYHWMWD J

:DOWKHU * 5 &RPPXQLW\ DQG HFRV\VWHP UHVSRQ\
SKLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\
+ KWWSV GRLWRWUWNE

‘DUG 3 6 7KH 3K\ORJHQ\ DQG (YROXWL
+WWSV 'RL 2UJ (FROWOQWKUHY +
KWWSWUJXGRL  DQHPROHMYV

‘HEHU 1 $ 7KH ELROIRRZAIQW D) WQ JXDVUW  $GGLWLR
SHYLVWD GH (QWRPRORJLD



"HKQHU 5 "HKQHU 6 SIWMKHAUKRIRDOLEY BOKWLBRQXRNVHI
IRUDJLQJ SDWIWGEDWHE GHUWWUW DQWYV &DWDJO\SKLV D¢
S3K\WLRORJLFDO (QWRPR®RJ\ KWWSV GRL RUJ M

[

‘HLO 5 5 %UDG\ 7KH¢QDWXUH DQG SURSHHW®ILWY RBNRUQ
(GXFDWLRQ

‘HLVHU 0 ' .DVSDUL O D (FRORJLFDO PRUSKRVS
(FRORJLFDO (QWRPROR &\ KWWSYV GRL RUJ M
[
‘HLVHU 0 ' .DVSDUL O E (FRORJLFDO PRUSKRVS|
(FRORJLFDO (QWRPROR &\ WWwWSV GRL RUJ M
[
KLWIRUG : * .H\VWRQH DUWKURSRGV DV ZHEPDVW

, QYHUWHEUDWHY DV ZHEPDSWHYV KFPWHFRYXEWOLNMRYQJ
KWWSV GRL RUJ

'K\WH % $ 6DQGLGJH 5 %XHOOHVEDFK - &DVK ( , 6
7VXWVXL 1 7KH UROH RI ERG\ VL]H DQG FXWI
GHVLFFDWLRQ UHVLVWDQFH RI LQYDVL YA B U RXQ\Q DOHRD Q
([SHULPHQWDO %LROMRWSY  GR LMRIE]

'LONLQVRQ O 7 SLFKDUGV 3 - +XPSKUH\V * 6 % L
JHRORJLFDO DQG HFRORJLFDO LPS§DUBEKWHRBY FRH W RZY
9RO , VVXHRV SS + (OVHYLHU
KWWSYV GRL RUJ M HDUVFLUHY

:LOoLDPV 6 ( 6KRR / 3 ,VDDF - /| +RIIPDQQ $ $ /D
DQ LOQWHJUDWHG IUDPHZRUN IRU DVVHVVLQJ WKH YXOQF
3/IR6 %LRORJ\KWWSV GRLMRXU QDO SELR

:LOOPHU 3 * 8QZLQ ' O J)LHOG DQDO\VHV RI LQVH
VLIH DQG KHDMARXIRUDW HY KWWSV GRL RUJ %)
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:LOOV % ' /IDQGLY 7TKH$UROH RI DQWV LQ QRUWK WHPS|
UHYPRHARORJILD * KWWSV GRL RUJ \%

:LOVRQ ( 2 7KH 2ULJLQ DQG (YROXWHKHR @ XRDIUIRDUPR U
5HYLHZ RI %LRORJ\ KWWSV GRL RUJ

'LWWOLQJHU 0 :ROI + HKQHU 5 +DLU SODWH PHI
ERG\ VHIPHQWY DUH QRGLRPHEMVR QDD IRVWKKIUWVAHJIJUD W L
&DWDJO\SKLWVRXRQWOV RI ([SHULPHQWDO #2LRORJ\

KWWSV GRL RUJ MHE

‘RRGHOO 6 5 - LQJ 7 - 7EXL DGILOXHD® W \R IR B R |
ORZODQG YHJHWDWLRQ ,Q & 5 $RXRBODHD\QW L)Q\BISW DFHW L RC

+ 2[IRUG 8QLY 3UHVYV

<DQJ [/ + 5XGROI 9 + 3KHQRORJ\ RQWRJHQ\ D
FKDQJH RQ WKH WLPLQJ RI(RMHELHVHWQMIMYDFWLRQV
KWWSV GRL RUJ M [

<HDWHV * : %RQJHUV 7 'H *RHGH 5 * 0 )UHFNPDQ

JHHGLQJ +DELWV LQ 6RLO 1HPDHQRIHN)DLPQHD Ul RV 60RQ

(FRORJLVW-RXUQDO R 1HPDWRORJ\
SPF DUWLFOHV 30& "UHSRUW DEVWUDFW

<RXQJVWHDGW ( 3UDGR 6 * .HOHKHU . - .LUFKQHU

SK\WVLRORJ\ PLWLJDWH HIITHFWV Rl ZDUPLQRRQQDFONRW K H
$QLPDO (FRORIBYV GRL RUJ

=DNKDURY $ $ =DNKDURY 5 $ $QWV XQGHU WKH
VXPPHU (QWRPRORJLFDO SHYLHZ -
KWWSV GRL RUJ 6

=HLOHLV $ .OHLEHU & -DENPDQ 6 5HJUHVVLRQ

-RXUQDO RI 6WDWLVWLFDO 6RIWZDUH

=KDQJ 5 '"HWHUPLQDWLRQ RI 6RLO 6RUSWLYLW\ DQG
'LVN ,QILOVBROHMFFHWBQFH 6RFLHW\ RI $PHWLFD -RXUQD
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KWWSV GRL RUJ VVVDM [

=KRX + :DQJ / :X 3 =KDQJ / +XDQJ 5 <DQJ 0 :DQJ
'"HILFLW LUULJDWLRQ FRPELQHG ZLWK QLWURJHQ DSSOLF
EHHW LQFUHDVHY WKH SURGXFWLRQ FDSOFLOD R R F DWKRIS
6FLHQFH RI )RR G DQG $JULFXOWHXUH
KWWSV GRL RUJ MV ID



—_

o

o



$XWUHV DFWLYLWpV

(QFDGUHPHQW

* SRQFDGUHPHQW DDXYGH HR\Q QD QYFDO -RXTXHW GH VW]
OLFHQFH VWDJHVY GH 0ODVWHU HwW VWDJH GH O

&RQJIUQV

3UpVHQWDWLRQI RO IR ILQXWLID KB pBIM® SV QBHMWMWUH RQ
DUFKLWHFWXUH DQG?2 HBFLHIDWILRIQF DFNVYRWWKH ,QVWLWX
(QYLURQPHQWDO 6FLHQFHMWWRULIDWLY )UDQFH

3UpVHQWDWLR@Q! RWD®HH @ Q WLHPXS® P IDWIXURHK G\W HVEWWX D Fil
QL G/BWL XV HW JBI D& W LFLY\NRR OFOR TXH GH OD 6HEVBRRAQUDQo
,QWHUQDWLRQDOH SRXU O (TWRX®HR GCHIY ,)QNREMMHY 6RFLDX]

9XOJDULVDWLRQ

SUpVHQW.RDYWLRD RQWOWXOp (OOHV FRXUH®@W,5MOOHV F
'pOpJDWIGRIQ DQHRH PDL

2UJDQLVDWLRQ GX VWDQG © /H PRQGH GHV IRXUPLYV 2 OF
8QLYHUV LW WBRBUWN

&RDQLPDWLRQ GH OD YLVLWH GH FROOpPJLHQV GX GLVS
GHUDQFHpYULHU

3DUWLFLSDWLRQ GDQV OD -RXUQpH ,QWHUQDWLRQDOFH
IOGBHUDQFH PDUV

(QWUHWLHQ SRXU OD SXEDQEDRPNAE® (& & RBIDEIDN 6 FIOUHHS |
6FLHQFH HW 9LH +RUV 6pULH (QWRPRORJLH MXLOOHW



—_

o
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5pV X P p

/H FKDQJHPHQW FOLPDWLTXH HVW O XQ GHV SKpQRPgQHV O
DXMRXUG KXL %LHQ TXH FH VRLW XQ SKpQRPJQH FRPSOH]
DVSHFWV GX FOLPDW O DXJPHQWDWLRQ GH D\DSWFW 8 pQHDWV
SOXV LPSRUWDQWY HQ UDLVRQ GH VRQ LPSDFW GLUHFW
RUJDQLVPHV %LHQ TXH SUDWLTXHPHQW WRXWHY OHV IRUP
GH FHWWH DXJPHQWDWLRQ GH OD WHKRSHID O/KY H QU HFW QY
OHV IRXUPLV VRQW SDUWLFXOLqQUHPHQW VXVFHSWLEOHYV
GLUHFWHPHQW OHXU WHPSpUDWXUH FRUSRUHOOH LOV Gp
UpJXOHU OHXU PpWDEROLVPH

/HV IRXUPLV O XQ GHV JURXSHV OHV SOXV LPSRUWDDQ
SUHVTXH WRXV OHV HQYLURQQH RN K HAVHRIRHO/RN U X H R FHAY
XQ U{OH IRQGDPHQWDO GDQV OD JpQpUDWLRQ GH VHUYLFH
O DXJPHQWDWLRQ GHV WHPSpUDWXUHY PRQGLDOHYV DIIHFW|
FRPSUHQGUH OHV VWUDWXIL HVLUX HDPOH D X WKDQ YHOMQ B/ F

/| XQH GHV DEWLYLWpV OHV SOXV VLIJQLILFDWLYHV GHV |
OD PRELOLVDWLRQ GHV SDUWLFXOHYV GX VRO HW OD PRGLIL]
DX[ IRXUPLV OH U{OH G LQJpQLHXUHY BRIGQ | hFARW VWD P®WEE
HW PrPH JpQqUHQW GHV KIXPIHWDIVXWY WRROW G RXW HBY RWJID Q

%LHQ TXH O DSSURFKH FODVVLTXH SRXU DQDO\VHU OD
IRXUPLV VH EDVH VXU OD WHPSp#DWHNWMW FULPWKRKGHP DHL F B
XQLTXHPHQW VXU OHV DGDSWDWLRQV SK\WLRORJLTXHV VDQ
GDQV OD GpWHUPLQDWLRQ G M DOV USpDV/IL QRYEM @ A R LGBl W W/SHR W K
IRXUPLV j O DXJPHQWDWLRQ GH OD WHPSpUDWXUH GDQV GL
DVSHFWV FUXFLDX[ GH OHXU ELP@MRMMHVLRQXVLHXUV QLYHEL

$X QLYHDX GH ® fPUIBQDYRHEDWLRQHW) VFHH VODLRY WU
PRUSKRORJLTXHV IRQFWLRQQHOV GDQV GHWBRSOGALDPWILR QV
OH SRO\PRUSKLVPH FRQIpUDLW XQ DYDQWDJH HQ WHUPHV G
GH OD FROPOLMXLY LOMWHWNVEH BX[IpPUHQWHY WHPSpUDW XL

iol



LPSDFWV VXU O DUFKLWHFWXUH GHV QLGV VRXWHUUDLQV |
HVSQFH G HQYLURQQHPHQW WHPSpUp MJIRQ OMXFRIMHDX G H
GRQW GLIIpPUHQWHY FRQGLWLRQV DELRWLTXHV \ FRPSUL\
ULFKHVVH HW OD VWUXFWXUH G XQH FRPPXQDXWp GH IRXU
FRPPHQW FHOD VH UpSHUFXWH VXU OHXU DFWLYLWp GH EL

&HWWH DSSDRIFHEHUWRWPGH GpYHORSSHU XQ PRGqOH G D
i OD WHPSpUDW X UHHV®E KBIX \§ DR 8/DVXpWp SURSRVp DXSDUDY
LO HVW SURSRVp TXH OD UpVLVWDQFHeg HOD RXH B 8 U YW & U\
PRUSKRORJLTXHV HQ WDQW TX LQGLFDWHXUV GpSHQG GH
GH O KDELWDW 6HORQ FH PRGgOH OHV IRXUPLV SRXUURC
DXJPHQWDQW OHXU DFWLYLWH\ELRMBEX EVid MRUSgAUHD WHYQU HD\G (D!
O HQYLURQQHPHQW OH SHUPHW &HSHQGDQW FHWWH FDSD
FDU RQ V DWWHQG j FH TXH OHV HQYLURQQHPHQWY WHPSpU
SRXU OHV IRXUPLV WDQWRYQHFAHGW YV pQHVXHYY OHV QLFK
HQFRUH SOXV UDUHV TX DFWXHOOHPHQW



SEVWUDFW

&OLPDWH FKDQJH LV RQH RI WKHEPRGWWRIG®BW QW KSKXIXR P\
D FRPSOH[ SKHQRPHBDFWK®WOBDMISHFVWV RI WKH FOLPDWH
WHPSHUDWXUH VWDQGV RXW DV RQH RI WKH PRVW LPSRUW
OHYHOV RI RUJDQLVP RUJDQL]DWLRQ 'HVSLWH YLUWXDOO\
FRQVHTXHQFHW®RDWXUM WQHHRBADVH LQYHUWHEUDWHY HVSEH
SDUWLFXODUO\ VXVFHSWLEOH 6LQFH WKH\ FDQQRW GLUHF
GHSHQG RQ DPEWLHQWRWVWHIPBSIHUIDMWX WKHLU PHWDEROLVP

$QWV EHLQJ RQH RI WKH PRVW LPSRUWDQW JURXSV R
WHUUHVWULDO HQYLURQPHQWY RFFXS\LQJ YDULRXV HFROR
LQ JHQHUDWLQJ HFRV\WWHP VHUYLFHV 8QGHUWDWMDXQGIVQJI K
DIIHFWV DQW SRSXODWLRQV LV FUXFLDO WR FRPSUHKHQG
FKDQJH

2QH Rl WKH PRVW VLJQLILFDQW DFWLYLWLHV RI DQV
PRELOL]DWLRQ RI VRLO SDUWLFOHY DQG WKH PRGLILFDWLF
WKH UROH RI HFRV\VWHP HQJLQHHUV DV WKBWW KPW LRQ@WV
IRU WKHPVHOYHY DQG RWKHU RUJDQLVPV

$OWKRXJK WKH FODVVURDIOWHSPSSHRDIFW XYURI DA D OV W D Q F H
WKH DQDO\VLV RI WKH &ULW lpfD ON KK N UPH\W® KRG LIRFXVE Y V
SK\WLRORJLFDO DGDSWDWLRQV ZLWKRXW FRQVLGHULQJ R
UHVLVWDQFH 7KLV WKHVLV DLPHG WR DQDO\VH WKH UHVS
GLIIHUHQW HQYLURQPHQWYV RREWKHYUQHLRORRLDIDWDYBH E R/,
RUJDQL]DWLRQ

$W WKH RUJDQLH[BOIRAKHIOUHODWLRQWKIDEQ GHWRZAHHQ &
PRUSKRORJLFDO IXQFWLRQDO WUDLWYVY LQ, ERSXNUVUIWIRWYHNGI
ZKHWKHU SRO\PRUSKLVP FRQIHUUHG DQ\ DGYDQWDJH LQ W
FRORQ\ WDCWNXHGHIIHFWY RI GLITHUHQW WHPSHUDWXUHV R
RQ WKH DUFKLWHFWXUH RI XQGHUJURXQG QHVWY DQG FR
WHPSHUDWH HQYLURQPHQW )LOREDOAHCOVR W KRZRERRYILW \FE
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LOQFOXGLQJ KXPLGLW\ PRGLI\ WKH DEXQGDQFH ULFKQHVYV
WHPSHUDWH HQYLURQPHQW DQG KRZ WKLV DIIHFWV WKHLL

7KLV FRPSUHKHQVLYH DSSURDFK DOORZHG I\RQIJWKH GH’
WHPSHUDWXUH UHVLVWDQBHR NXKDA HW R DV KGIREAH ZWHR) SUR S
WKLV PROHIHKOIW WHPSHUDWXUH UHVLVWDQFH DVVHVVHG
WUDLWYV DV LQGLFDWRUV G HSHITBMYRKD E L RAVD YW E B WLLARLCH BB §
WR WKLV PRGHO DQWV PD\ PDLQWDLQ WKHLU FXUUHQW U
DFWLYLW\ DGDSWLQJ QHVWV WR W BPSHRWERRZHNHHU Z KWHIQL W
FDSDFLW\ LV OLPLWHG E\ KDELWDW UHVLOLHQFH DV WHPSH
SRWHQWLDO QLFKHV IRU DQWV ZKLOH LQ [HULF HQYLURQPF
DUH FXXQB®WA\QFUHDVHG WHPSHUDWXUHYV



