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Sex and death in the male pea aphid, Acyrthosiphon
pisum : The life-history effects of a wing dimorphism

Coralynn Sack 2 and David L. Stern b
'"HSDUWPHQW RI (FRORJ\ (YROXWLRQDU\ %LRORJ\ 3ULQFHWRQ 8QLYHUV

Abstract

,QVHFW GLVSHUVDO GLPRUSKLVPV LQ ZKLFK ERWK IOLJKW FDSDEOH DQC
VSHFLHY DUH WKRXJKW WR UHIOHFW D EDODQFH EHWZHHQ WKH EHQHILYV
EHQHILWY DVVRFLDWHG ZLWK ZLQJ GLPRUSKLVP ZAtytHodsiQPohHVWLIDWHG L(
pisum +DUULVY +HPLSWHUD $SKLGLGDH ,Q RQH RQ RQH PDWLQJ FRPSHW
ZLQJHG DQG ZLQJOHVYV PDOHV WKH ZLQJHG DSKLGYV REWDLQHG PRVW RI
FRQWUDVW GXULQJ FRPSHWLWLRQ H[SHULPHQWY LQ ODUJHU FDJHV ZLW
ZLQJHG PDOHV QR ORQJHU KDG D FOHDU PDWLQJ DGYDQWDJH RYHU ZLQJ
FRPSHWLWLRQ ZLQJOHVV PDOHV KDG PDUJLQDOO\ KLIJKHU OLIHWLPH UH.
SUREDEO\ EHFDXVH PDWLQJ ZLQJHG PDOHVY WHQGHG WR GLH IDVWHU WKI
IHPDOHV ZLQJHG PDOHV VXUYLYHG ORQJHU WKDQ ZLQJOHVYVY PDOHV DQG
VWDUYDWLRQ FRQGLWLRQV ODWLQJ PDOHV RI ERWK PRUSKYVY GLHG VLJQL
WR IHPDOHYV 7KHUH GRHV QRW DSSHDU WR EH D GLUHFW WUDGHRII RI Gl
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Introduction ,QFRQW VYDWYERIBY SHFRIBWODQWKRSSHU

TkELGHY SupomRgEGsR 01pRusK ARYZYSHEE UL Ko X 00

WUD G HREWW 2 1160V S H UD BDO D 6 | RYDULRRY SR QIRQUAS UR G X/RWEN v
¢ +ROWPBRQIBHUD OLVKLHMO

FRPSRQHQWWQHWWULVRQ )XOO\ o\ \n5gp UEDLUQVXJJIHVWKIBWG J
ZLQJH®GLYLEKQOM WRVKBE L OW W L DIVRLRRQRID O RD \ £ HD QD U W LRI W

FROR @LH B UHBK UR E RKGR QL VW D Eg
PLIJUDWDRGKDELWRSSLQ@LW K LDQ HWR B UH OBNWL RIQHIQM H [HE X W W

KHWHURJHQHRMRQ)MQWKRXW%HHR‘QOLWHKGD\X\FFKRPSCSI-R[O\PRUSKLVPV

IDFLOWMEHDHIR KR RBQBDWHV SHFL iég@DLQWD‘L@[H@HWKHQJHQGHUHG

G L UHIFEW Q HD\GW D Q WDQHSRWHQWLD O
ZLWKLQ SDWFK\ HQYLURQPHQWV g g e qmpK BWHQ HS UR G K RWHNH @

+RZHY MWKBIE L OLROP D\FDUDVVRFLD WD UR QR KIRWAE HP DV N HE

| L W QFF-RAVVI/LIA S R W KKDELIVHVOX S S R U UBNERLUL P R QUM GHQQR

R W K MWK G L | | H U HODEW ORI D O H
E\ QXPHURMKVXGWHDRR P S D UK @& Q H

U'S MAR R F RWDHV W D DHFVD B BI\Q R BVH
FRPSRQHBRMWZ HIH@ D 02L QIPRUSKV, v "o/ \ | 0 FRQILOHG ODERUDWRU\ VH)
6SHF LI LWEREDD\Q W H @ DQIEBKS/S D UDW %V

UV R X WRIBWX G6X V HIG W H S UR 6 X FIL B VS ED P DBLEG LPRUSK LV P Y
R VMV V MVADWDKAH. QIR O\PRUSKLVP

)OLJKV\AGHDW—IWIKQYH—HQODLR]\H[HJLI% QV RGAW H U HL QIR I\ L JRHW KH{ W HRQ W
KRUBRVFXODWRBOKLEYRRUSKDV

HDURYDWEBYHOR HPIBRIW XV WERRIH
O L JKDAS D LM/ KIHO W H U @ R W/3LKV/H

IOLIXWGY QG QQR ,W\WOORNH
WK BWV S H DBV I K IRIU W DGR BW X US T 0L Dy UL VRO |, OWKSID UWKHOR JHOL F
FRQ G L W:IDRIGN VD O LQGLYLGK . ;
P DOHD S KIAGrthosiphon pisum +DUULYV

PLIJUDWN SHFLIVE & WHK DWUD YORQ J ) 's\we5KD G L GMKAH. QG L P R U S K.V P
GLVWDQEWRM QG DYXLW R B 8 HN@G
PD\ IDFH DQ LQFUHDVHG SUREDEié@\%\fﬁ{%\&gﬁ URQHRBRWBROV

Y RERDQWLDWHG
&RPSDWHRBPD OO 8| Y RMZAH H VR X U FR AR Q W WIKAAQG L PR U S K QV RRD GAH
WRD P H W MR/L J KEHHW K R X JKKH U Hwrp@Fim L \DJ H Q H W IGR-DVDHO FSIRITHB R U SK LV P

DOORFWHWQXWRH\DW@MHYHORSPDQQ R/';é@*gmg'\" &DLOGImCG 6PLWK
DQEDLQWH G DQIEEKS/E D UDW XU P D\ :

QRWH VX QD UUHS U R G XIRW WRIZ H Y H
PDQWWXGKBYWKRZ®W K ZWQ J HP® O H
H[K L EMK#D PIH. W QWM Y B G HD BV K\HH B D O
ZLQJHERXQWH U BB 0W g W K RESHIDW
PDOBYRRUBIJIJUHWEKEZRQJIRGOHY
PDOH PDQWH U D FOMIYRIGBR & A X L F N
DFETXPOWLPRVWXFFHV\DIGGIOAR Q J
DWGXOWYQRQBRGHULFN ,FKLND

/DQJHO GRMNOVR 1RYRWOQ\

6RFKD 6RFIMIEHPHN D 6RF DG
“HPHN E 6LP LQUHY XDHANR X QIR U

YKHDGDSWELLYHLILFRIQFSK LGHP DO H
RO\SKH ®DWYPH HBQH O®R F X P H QTAKHHG
QJHEPDOWBNMRQJIJWHIHDPRM[XDO
W X LDLQMWV K F\UR G XD OO R BH Z H U
IIVSULIGRQ 2YHUZQQJOBIYKLG
PDFBWDYHSWR JUHDWHSURGXFWLYH
W SWKNZQ Q J DS K LIGP D 00+ OHW O
7KHHQYLUR Q BHOWHDI® LRI2 WQAR Q
IRUPLQSDUWKHQRHFAROBI®ORZSKLG
FRORQWHRH[KLEKWIKIHFXQGEWLOH

ZDW WW U L GHIXF KELIBH W O KIVQ Er v © DL QW DWEIHRUGUEWIR G WHEHH MAF X Q G

ZLQJHR USKW 0 O HIWD O 8QGHU
WKUDRWLUHEXIMVSL )XMLVDNL
.DLWDDRG'LQJOH S8WLGD QRUPHRR G L WILKSQU W K H GRIRGENMVKHH

)XUWKHUH—mD[H—lMIHUHQWWII{[@S@/\KZLQJO@\\P\SKEXWKHQDELWBIBIWVIULRUDWH

ZLQJOFHD/(VI:IQ/HYH(QJW)GRZSO(ODWILWLURQHEBKQWUDIQDXW&MURGXFFWLRQ

ZDWUWUL GBUVEDQGUHILRVL Q1 S\6a'C v aisg W H U R WSS DRDRUY
ILUBXIWKADWLRGYDQWDWHKHADOH

PRUSKW JH HSHQ GERFW D 7KHV P QG XFHRIUR G X FVRLIREU \ R VO OMIW

PDWLQGYDQWDPDHYHVXORPUHGXF C?
GHYHORERHIM\AH()V\X/FXOWIDWWHKLDQ]KHU}HDYEHHQRUHSRRWWKHLWQHVV

IJURELQJOH \perGel \6\R F KOIQR 6X O D W U D G HRDIQAD V V R F LZL WWK&RD O Q J
=HUD HW DO GLPRUSKLQPRHDDSKLGIVOW K R WXH
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PDLQWHQRI YKHHWQHWRP\PRUSKQVWKBURGXHFHFHUWLBLJIWEEQD FPNR
QDWXXBHIHWWIWWHIMIMNWUDGHERWYHH@GD\D I WWW H\D YEHH HQD LGL X UBDVD O
OLKHVWSDUAD PHBAHWIMQ GD F. D\
‘H HIDPLQAHEIL VWRKIDUDFWRUWYWLFV
PDOH. QIJP@GLQIOFHWINSKLGGLYLGXOUW DFRIWKH ZLQJHDARQG ZLQJOHVYV
IHFXQGOQWTHEVHRFRPSHWZIWRRKHUHSOL MDW D&M IHUHQBWWUYLYRUVKLS
PDOMKUYLYRIUFELSIPFAOYDIMEL AIVEHWZMHKEALQIHMD® GLQJOPRVSKH U H
ROH RQ ROMHSHWLWOQORBDWLQAFFHWDWVHVVAHGWKHD QQ :KLWOQW MH\BWNH
ZHURHDVXUMYPDFOJIJHAMWYXHYHUDQGBGKRPSVRQ $JH VSHRLRKK GDW\
LOGLYLEGXPDNWRRUSKRPSHWRYHD FDOFXERVWKGKIHYHUQIXRERWHPDOHYV
ORQJHU SHULRG RI WLPH PDWHEQGOGNKBYHUDBRJIXHPEHRI IHPDOHYV
IHUWLEDDPHDEDHY JH 7KIODQQ :KLWQH\
Method d Material THVEDVXVHBERGHWHURLWKHBBIVD

ethods and Materials GLIIHUHQ@FMKHPHDQGDL®DWL QDG
Rearing conditions IHUW L O UMWEHH\R/QZ WHWIZRR U SIKB\RN D O
&RORQRIAVpisum ZHUHHDUR@M OIDOPMGRKOI TKHFXPXODWHSUBRGXFWLYH
Medicago sativa 6H[XPAUSEKWUREWDL QHGNH IRWKE@XPEIRWHPDHDW IBD® G

E\ H{SRVLMVH[XDHPDOWRDXWXPQRRPEHU IHPD OHIW W L OADNIED OFXODWHG
FRQGLWLRQV z& 7TKLUDREGRXUWKFFRUGLQJ WR WKH IRUPXOD
LOQVWBKLGAWUIW ROD @HBGILVKHVM

PP )DOFRERQWDLRQWQHMRIPRRQ
WU H | Rkdtago arborea, UHS ODEKIBQ
QHFHVVDQVHUWMER O RI DJDU

FRQWDLQLQIOD QMU W L DL BDFO R

2zZ PLUDFOHJURKARBUHCHQFHIRY WKy 1 wy Kbl 1 O DBV W X U Y (DD

ZHUH XVHG IRU H[SHULPHQWV G wHUPWEHADHDGLIIHUH@RRAXODWLY H
UH S UR G XIFH¥XQHGE MW Z HAHLQ@® J HIBQ G
Lifetime fecundity experiments ZLQJOHADOHWWDWLVIWMLE O O/4+HW H
/LIHW PRI F X Q @DWAV W L P DRMBFRON KLPSOHPHQWHG ZLWK -03
ZLQJHBQGZLQJOH\DWHE\ SURYLGLQJ
LQGLYLBXOHBLWE FRQVWDGB A conaaie
IHPDOHWR KR XROYAL U DLGXFD/D BN U H o o

UHSOEFIRAQHZLUJH@D OHKLIURFHYY | 5 ywRD LOP R UGIH W DX.QGIEU V WRIQ G L Q J

DOORXMWER HWHUEKRWIOHKWPD®BG v by | trw 0 D E R U DMRRQUA L W ) IRIQWW K H

EHHRODWEBEH[DPLQKRB[WHURROWDOH® g L wKwZPDOEBELQPRUSKD YV

IR W KS$IUHVHRIMKS$IRZGHUS UHOLP L @R\, ¥ |y@aHU H V HOQ¥GE V H R FRIR GO
H[SHULPWERZ GHIW U D QV I BWHGl\y 1«1y |6 H U L PZLOWR RGYDLORBOHV

PDWLIQ®@ K$RZGHHUVLRYRGLYLGXBEVy | G xmai@yo SODWEWKWHFR QG

DIWRXOWPHOH QXPEHBWDW L QBN | 1's hyy | POMQMA VX QY L Y RZU WKKLRRXRAG
PODOAHUWQFOX@MKHQDORQUORBDOHY hoHy 71 QIHBQG  ZLQJOHANUH
VXUYLYLQJ WR WKH HQG RI HDFKy KX B Whi oy R BWELVKHV [

P ZLWR PRLVS\LHFH ILOWSHIS HU
JUHTXHRIPD W LERHRQH FHVMDHIOGIEWN | | v Rro i HIMIOHH Q H U DRABHRGEZ K Q J

UHSURG)K[F\WQMMSHFL[FBS)(ODIWU_I-FRIQ USKQHDFH[SHULPHG WO F X OW KH. Q J

?HRPEE’)OZD‘“‘&FH\éwu_'m\?v':mm"xpi*ﬁ”;Ls%‘ S R URN WRK®IQ L WEIRIKARWUXAU Y L HIDF X
ONFKVEl IVRKD VHONV EB\CLIITHUH QEFHW Z VHXQU Y LY REX Y. B V

E\LVRODWER@HRRVKHYSHULPHQWQ, 1y pyyvHYVHG XVLQJ WKWHHOUQQ :KLWQ

survivorship of male wing
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Figure 1

JHEXQGLW\ RI ZLQJHG DQG ZLQJOHVYVY PDOHV D 7KH DYHUDJH QXPEHU RI IHPDO
EDUV DQG ZLQJHG EODFN EDUV PDOHV RQ HYHU\ RWKHU GD\ RI WKH H[SHULPHQW E
IHUWLOL]JHG E\ ZLQJHG DQG ZLQJOHVV PDOHV F 7KH UHODWLR®VKKLIBUEHHWZHHQ FXPXO
P DYHUDJH QXPEHU RI IHPDOHV IHUWLOL]J]HG PDOH DQG ZLQJ PRUSK LQ LQGLYLGXDO
DUH 6'

Mating success of the male wing morphs

EHWZBHQJIJBGBZLQJOAHDAVRBDWLQJ
"LUHRBWV H U Y RUP DRBHY W LEHK D YZIHFRUHZ LWIKV L Q MR JIHP DOR GQFD I KWL QJ

PDGH@UHQDKDWORGHGHRWSHWLWHEHBUDO LQGLYLGXDOV RI HDFK PRUSK

-RXUQDO RI ,QVHFW 6FLHQFH 9RO _ $UWLFOH



-RXUQDO RI ,QVHFW 6FLHQFH _ ZZZ LQVHFWVFLHQFH RUJ ,661

Figure 2 &RPSDUDWLYH VXUYLYRUVKLS RI ZLQJHG DQG ZLQJOHVY PDOHV XQGHU GLIIHUH
ZLQJHG EODFN OLQH DQG ZLQJOHVV JUH\ OLQH PDOHV LQ IRRG SUHVHQW FRQGLWLR
ZLQJOHVY PDOHV LQ VWDUYDWLRQ FRQGLWLRQV F 6XUYLYRUVKLS RI ZLQJHG DQG ZLC
H[SHULPHQWYV
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Comparative  survivorship of male wing
forms
LQJHBDOWWKUYLIRQMWKDRZLQJIHG

One-on-one competition experiments
9LUJPQOHVWR KRXWBRORBIHDFALQJ
PR U SZH USHO D ZH.@DR/ L Q ¥Q M 1 H®@ D D@
OHG L F DBJRD WKV UWU L DIOWRR Q L WR @P@fzﬂffg H\l/;'g';o‘ 'Ha 3\5\‘/]V>;LIJ?[B{WUB Lohc
ZLWKWLPH ODISWHR P HUDQ HU D P H R LG I H OB RO VPR U
VHFR QOGA QWK4;, FRPSXWHRURVFRSH
LF EH QRAKIR R GV K DLQQW K H

QWH®@Z2Z LQWHO FRP VXSSRUW L0y T e o o
LQGH[ KWDRVLZDW R QLW RRIH GRX U V> TV R TR ) ) ; Q
9LGHRVDOWULDBUBQDO\M—NG.QMKHWZISWLOHG ZLIHJGOFP'ID/(D\’/HWVDUYHG
VRIWZDBISOLFIPWLRAR SHHU VL R Q 1IHG VWDUYHG\(/?VZR WBLOHG

| ‘

DQIVWHIHU 7KHIUHTXHDIPWEK L EKy @ i R/ LI QL | GRDIGIW H@ R H Y LY D O
HDFIQGL Y IPGYYDEDG B KM L BAQ WIDOV L Q f 5\ vty 7 HAMIGW Z P R U S KKK H YWD U Y H G
ZD\GHW H U PLOIM® H @ BMKIK H T X HRY F P VY 2 *le ) ¥
PDWLBHWZHMWIQW ZPDOFRRUSKAHUH ) WDLOHGZSLQJHG ZLQJOHVYV
DVVHVVHG XVLQJ )LVKHUfV ([DFw WY4ARY

Cage experiments JHG ZLQJHBDOHVYLIJXUHD VXUYLYHG

7RDVVHVDW LOXFF KOG PRUBDWX UG QLIL FIRQWBHDRE L QJH®G O MAKD W
FRQGLWLRIWLBHULZHPRQGXFWR&FFHWN LUJHPDOHMXUH U
ZLWKLQLQGRLFBRWDVXULQBPKLJIK 1zLQiHG 1zLQJiOoHVVWZR WBLOHG
DQG FPL@GLDPHVQHDFIVLWULW®W JHZLQJIOADWHVIXUHGLVSOD\HG
JHQLWRIOHEL QJ WG O B & HOL Q J O HRWW U HQREZ VIXE Y LI RQIWKDKELQJOHVYV
PDOHWUGXVWHBMKSLQRILEOXRZGHBDOAVWKFFHVR LU JH®@ D OHN X UH
GHSHQRB@DIRUFKWRORWKGNZDYV EXWKGYITHUBERQWRW. JQLILFDQW
VZLWFKH\GZ PRQ S KVWKD ®RIWKWULD &AL QJHG  kLQJOoHVVY WZR WDLOHG S
7KHPDUNHGGLYLGND®ODFAHMG FDJH

F R QW D IDQ/IRDIdedicago sativa S O D DWW gMating success of the male wing morphs

ILIWHHBD MHMBE DL QW DL@KGQFXEDWRU N .

/" 7& IRIRX®D\$W KHQORBRHDF kOne-on-one competition experiments
WUMDKHXPERUHPD ®BWEBG DPRUSK/KEZLQIREBU SAKD VR UWXF FH WWKIMX H
ZDGHWHUELQH® LQW@HPDOREG\H ZLQJORRUSKQSURFXWAIWL QD Q
WUDQVAKHGLIIHUHGQFDWLXFFHVRGLY WA X DKW WQQ JPDWLQU LDIO V
EHWZNHKWZRRUSE®D\DVVHVAWH@E) KUWDFRRSXODWHB®HUIRUPHGL QH
'LOFR[RQJQHG UDMWRNDD GRKOKZLQIJABOBYB\RQHLQJOADWH.VFKHUTV

([DFWHBW , QWZR ULWRKM QJHG

PDORDWHREBOW W3 ®HBMWKKWD PIHHP D OH

$UULWDBWR KIH PDOBIU IZHG HYARWV K H
Results ZLQJADBOWLPWHRR S XO \WRRI@RPWR
Lifetime fecundity experiments PLZLWHWHGLDQU WIDRH PLQ
‘'KHQLQGLYLBXOWM HDFRRUSEKHUH7LPMWRRSXO DWWRK®BL Q J OMHN/OAD V
LVR O RMWMKER XFSIMH P D CAHDWOAHRUS KR O RL\Q
KDQ@RHIIHR@ HDGD LRDW LLLDIW)H. X U H

D U 1zLQiHe 1ZLQJIOHVV  cage experiments
WZR WBLOHG RWPHDGDLIGAUWLOL] (‘J’\\f\%ﬁg@xu GMIH[SHULPHEQWHKAYHUDO
U D W)HLV X UEH U WZR WBLOHG | 5GLYL&KIODFKDOMRUSKRPHHPDOHYV

7TKHLQJRGOKD®WHQGMELHDUOLHYAD WHGERWR U S KAR P EH P D TR H

WK ZQQJ OR-DVOVH@V KH /S H U L FIHIDMK R %S4 B®R O @O R W KRHD OFR U S KW B W K H U
WKGEVIITHUHDR®RW. J QLI HEDRQUHU IHP D @HVADWE® HL WHKRHIBKKHEZB V
1zLQiHG 17LQJOHVVWZR WBLOR{Rs | ||HUHE@DBAVLVQUIF F BWW Z WHK® Z R

TKHFXPXODWHSHRGXFRMWRHY PRUSKVOFRPM.QQHG WHHW 7DEOH

ZLQJIOMNYED KLIKWHMKDRZLQJIHG ¢35 [FeR UW DLQWW KW H LIDOWU DRYIEU
PDOHBOWKRWEKHWHVXZDWPDUJILQDOO\RgR WK QJIBG BL QJOMNYHGW K H

VLIQLIRFD@RWHUWL O UDWHRQUIH | Rx WULZ&WMUPDORRUWD G DWID V

U FDOFXGEDW BR¥D W DWW H S  FROOHEMIRZEQWBRVLJIQLILGIDHWHQFH
SFDOFXOEDJMWUWLOU]”DWRQDRUSKXUYLYLDGDFR[RQJQHG W B @
7DEOH
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Tablel ODWLQJ VXFFHVV RI WHQ ZLQJHG DQG WHQ ZLQJOHVV PDOHV LQ D SRSXODWLRQ

# of females mated by male morph # of males surviving

Trial winged wingless both neither winged wingless
1" 1"

1" 1"

0HDQ
7RWD|O

1 QRW GHWHUPLQHG

Di . 7KH/ LPSOHB®WDQ DRMWKBL QJ PG OH TV
IScussion DG Y D Q W@ 1MW L\OLIW X D WMVRKEWK L V
ORVWW X GRUWKHW QMY B GRPIDYH QJ PR U SIKW R UB FW MYKDMKHAHL Q JOPIN® H
GLPRUSKDWBHHPRQVWUFODWBEXQGLWI\OWKH.QJRG ORY HFEWH@D\WQ RW
DGYDQWWRHLQJOHVV@HHWVSL XQXVXIRAUWKHELQIJOHWWDWOM RUHPDLQ
+ROWPWBIQHHUD .DLW D@L QJO W/ W D W LERXQUDUDKHQ WW U RD OK R X XK H
IDQJHOOGIRMWAVR 1RYRWQ\ KHLJKWHRMEMWWH. QJARBORAD\EHHD
6RFKD 6RFIMEHPHN D 6RFKIRGVLGH HIIHFW RI D PLJUDWRU\ WHQGHQF\
=HPHN E 8WLGD :H IRXQBRUH
FRPSOLRADWHGGHDR/IVR F LDVWWMWE AL Q J 7 K HF O HIDDUW LBDFY D Q RIVKEH. QJRBG O H V
SRO\PRUSKLVP LQ WKH PDOH SHZ DWRIMWWKWMHFRQBVERIUHSURGXFWLYH
ILW QHWWKHD JH[SHULPHQWNKRWHEK UH
'LQJHBDOHREWDLQR)GW! REVHUYWSHP WGE HD VO LIKMQGHRBAKHLQJIHG
PDWLQIKHQFRQILQHXD VHWWZIIQN KP D OWRD WPHR UIKJ H T X HVQRABK ELIQ JOH V V
RQH RQFR@I HWEMWRBAHBZRRUSKWRXQWH UWEKWWVRPSHW HVIHROLPHQW YV
7KLW T RQWWB®RW KHWUX GAKIMVMKKDO YH 7DEOH WKIGLITHUERQFMIRWWDWLVWLFDOO\
UHSRUWWKIB@®L JK\WDEEVMHRUBIJIJUHVVYYHOLILADOWQLWEELIIHUHEHWYHHQ
LQULYDOWXDWDRQHWO OHRW & R WKHLYRPQH RQ RRGHULPB Q@ YXHD JH
IRYRWQ\ ,W\WXQFOHEPWZLQIJPGOHW[SHULPMMWKND XFLGRMHFKDQLVPV
ZHUWPRUHXFFHVYXWOLYRMH RQ RYKRYGCHGOLH U HPOWINMDOFFEDVRGQ
FRPSHWLWRNQLEHSODQDWIOF@KZHQJIJRUP)RUH[DPSOMKHIIHRWPDWH
GLIIHUH@FBWHQVDQGHWHFMOLGRKY HQ V IDEL OPBANEHUHGXAH®KHADJH
DWW U D F W\LRVHKEGHPVD/RHW L PMR H [ XDA[SHULPERMVRW K RQJIJH[BHULPHQWDO
PDW X UDMHURI GHQ QR 9DULDWQ RIXUDW RRG UFHR P S GH[DMUWF K LW HG W X UH
WLEXQWDWURWKH QJRCOBAVYVDUJIBRQ WWL WQWHRDW LROO\EHLUUHOHYDQW
6' PLQVXJIJHVWKRWWHHQVL@VYSHFLPDOE M RRD WSHJ H IH U HRIMWALD O O\
DEL GGLRVMQRS\WO DURO@ DW IMXF FHOXWY LUJLRNHUH QW UN GRMY@W ZRRUS KV
EHFDX2HHREVHURRBGRQHDWLRUID PD\KD YHO DRI H FAVIHVB IMXF F H@WKRD J H
ZLQJOMNVWHEHFRX QBWWFF XU DFR ASD UK[ S H U L P $ QRUMP DHOPHR U W EXIMMDKIH V H
DYHUDUHPWR UULMOBDFRRUSRKH H[SHULPHIMWMWHU VXJJHVWKBD®OH
LQGLYUBRRQGI[®NULPWIQRMVK PWKHV X UY LY RARKE® YKD ® QH I IHRWW K H
HD U ORBIW VIQQJGH UW L O UIDWRWRWMZR Q X P E HRU I H P D ORHDAW HE3O W K RW XKL Q D O
ZLQPRUSKDMVUMQRWLJIQLILFOQWOMNRQMWHVVPRIQMDOH RUWDQURPWKLYV
J)LIXUBIDQGE VRLWVXQOLNHIMG XOM[SHULZIDMRWLIQLILFRQWBEDWIK G
ZLQJROGOHWD¥HK[XPDW X EHMRDEX OM. QPRUSKDEOHRQHWRUSRD\KDYH
ZLQJOHFUPOHV,Q DGGLWLRQWKRXRQVLVVGHOEDYOGEXULYKH X G D\
SUH FRSXOMWROHWXDUGLKQDVEHHQH[SHULP K®WDRIGLXR X O/& H& KIHLQ D O
GHVFULBHS HRW RHIK VEGHF)RVWHWYDOXDWLRQ RI PDWLQJ VXFFHVV
DQ®HQWRQ QRRYHRMOMXDUGZIQV
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IHPDAORUH[WHQ GHEG LRRAWLPHKH IURPWKHRWKHJSHULPH@WY FDWB W
SRVVLBENIORWN QJABOSNUIRUPRHIGHV XU Y LY RUDAKLBF IZD WH &R UPKHQ
VXEWOH IRUPV Rl JXDUGLQJ FD QIRRWZ B M SHI[HF D @GMIE HIED OHWX U YLY H G
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