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Host-parasitoid interactions relating to penetration of
the whitefly, Bemisia tabaci, by the parasitoid wasp,
Eretmocerus mundus

Dale B. Gelman %, Dan Gerling 2 Michael A. Blackourn 1

,QVHFW %LRFRQWURO /DERUDWRU\ 86'$ $56 36, %HOWVYLOOH O 8
'"HSDUWPHQW RI =RRORJ\ 7HO $YLY 8QLYHUVLW\ 5DPDW $YLY ,VUDHO

Abstract

W KDV EHHQ UHSRUWHG WReBtMHCHUS FubdBk BEDUQVGWIOWY DOO IRXU Q\PSKDO
WKH VZHHW SR\BEMER tab#cl WALRW\SH %’ MW UV EHLQJ WKH SUHIHUUHG KR
SDUDVLWRLG OD\V LWV HJJ RQ WKH OHDI XQGHUQHDWK WKH KRVW Q\PSK

ZKLWHIO\ 3UHYLRXV VWXGLHV KDYH VKRZQ WKDW WKH LOQLWLDWLRQ RI SI
D FHOOXODU FDSVXOH DURXQG WKH SDUDVLWRLG $V GHWKQMWAMBBUKHUH |
ZKLWHIO\ Q\PSK KDG LQLWLDWHG D GK @ntd@ HYTHORSP BB WH RENHU ¥ B @ WKILG |
Upod'fQvwbDU ZKLWHIO\ Q\PSKV KRZHYHU SHQHWUDWLRQ GLG QRW RFF
WKQVWDU 7KH QR@. @uhdusl WDOWL QDPRVW DOZD\V LQGXFHG SHUPDQHQW G
LQ L VWDU ZKLWHIO\ KRVW DQG DOVR FDXVHG D UHGXFWLRQ LQ ZKROH
XQOHVV WKHUH LV D SHDN LQ PROWLQJ KRUPRQH WLWHU LQ WKH DUHD OF
LQGXFWLRQ RI FDSVXOH IRUPDWLRQ LV QRW GXH WR DQ LQFUHDVH LQ HF«
WKH SHQHWUDWLQJ SDUDVLWRLG KRVW HSLGHUPDO FHOOV PXOWLSOLHG
UHODWLYHO\ WKLFN OD\HUV Rl QHZ FXWLFOH ZHUH GHSRVLWHG ZLWKLQ W
YHQWUDO RSHQLQJ 7KH QHZO\ IRUPHG KRVW FXWLFOH ZDV WKLQQHU LQ \
WR EH DEVHQW DW LWV DSH[ 7KHVH UHVXOWV SURYLGH QHZ LQIRUPDWLR
SDUDVLWRLG RYLSRVLWLRQ DQG HJJ KDWFK DV UHODWHG WR ODUYDO SH(
ZKLWHIO\ GHYHORSPHQW PROWLQJ KRUPRQH WLWHUV DQG WKH SURFHVV

&LWH WKLY SDSHU DV
*HOPDQ '% *HUOLQJ ' %ODFNEXUQ 0% +RVW SDUDVLWRLG LQWHUDFWLRQV UH
Bemisia tabaci, E\ WKH S DU D VEriRoc&usZmuxdiis S Journal of Insect Science DYDLODEOH RQOLQH
LQVHFWVFLHQFH RUJ

.H\ZRUGV HFWRSDUDVLWRLG HQGRSDUDVLWRLG FDSVXOH IRUPDWLRQ HFG\VWHURLGV
&RUUHVSRQGHQFH JHOPDQGH#ED DUV XVGD JRY

S5HFHLYHG -DQXDU\ _ $FFHSWHG $XIXVW _ 3XEOLVKHG '"HFHPEHU

&RS\ULJKW &UHDWLYH &RPPRQV $WWULEXWLRQ KWWS FUHDWLYHFRPPRQV RUJ OLFHQV!
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Introduction +RZHYRQOVWDSW H ALW B M\ WIHRRJW K

7K W Z H B RW B WIRW Béidisia tabaci % L R W\ SRV WeHY HO R SPRI@WWD P R USWRVK M
XOMIEMHF DB MD L ODHEGDRHBI@ O D
%> D ONV@RR ZDQWV KVHL O Y HAKOLM\DHA € 'O OHRE
E ZDVWR VYV MEBHW H ULPD QV&V D RH V
DO @WWBRNWKDQ GLIIHWSAIWL MM Wi o\ woBD QVW DRNVKIK D UD @/XI0 W
RISOD Q@& R WIKHD G GU H H Q K\RKKW MDL@G

FDXVEL\O OR KGR0 QRRDAWVP DO EF URBR VYV %HEDFFHSW”R U D VIWR IS® V 2

HORKIDBHUNDQW®DVVHWWLOO UG:BW'{é\\?\BgSSGIgéPRBmi%RSPHQWDO
-DORMVO  +HLQ] +HQQHEHWO)

ULRR®V REVHUYWGIIJHVWALRDWKH

H
+HQQHEHUU\&KXDQ&HQQHEH§|§\§DVLWRI{GO/RSH:{}RQWDUUH\Z\MHQ

KLOFKHPLEBOWLBUBKSAUHIHU
PHWKRGFRQWU RDKOINODVWR UR Z DWIG QJKRVWVEDUDVLWHPIDE QJ _$

,VKDD\D +RURZHWJOO ELRORJLﬁ:BB%IEHQHW YELRQR HORSPHQWDO

H WSHHIQ H W UFIRW BRH V S R QIR IME KOHH
FRQWDRHQ WV S H F L\DODUL\Rétvhocerus H[WHQGHG SHULRG RI GHYHORSPHQW
SDUDVLWSRHFRXBYHHHBD V VY H D UHEG

D X J P H Q W DIH.O'HHIDQH.G1 OLGW K 81Q LW H 1 o RO | R U P DARIGEG U KWL P LROLJ
EWDWREXUR IR VYV LOWKHR Q WRIR O \\ k 4D U@\H Y HO R S PSIQRVFIHYXU L QUK H

i +
tg?_ag'PRaR\;'gPHU*Rjggw‘*;%DE%QwM@QRQ SHQHWBBWILRIEK H L Q10X HQRFIHV
YLSRVR@RWEHH ZRDWFR¥GVeDUYD
6WDQVO\ Eretmocerus VSHFKBYXQLTX QV KKHR \ZW L W B OOM R YQ-RE\H HKHWHUP L QH G
IRUPRILPPDWEHMHOR B BWWED RQ HR YQHL WWHWLPLRUWKBURFHVVHV
WKBHXIQGHUQWHEWRV@APSKWISLFD R F LZL\W/EKSQ H W UDRMA IREK\V LRO R JLF D O
EHWZHWMRISDLRM OHINQG RIHDWKHE 1 O I W ERP S B 6O HW UIODWIER O

ESC(VV;K%%WH{?&S’WOEWWQ/—OUSL;@\DVW XGLH® FWKHKDWFKBQU DV LWRWGD
R @ HwWW G | oL WLBWHVHKDQJIMWKHUHTXLGHUHFW
%HUU\  *HUO LH)AD O 8SRQOWKH

VW S D UPRRRWRILLG 0 WHRQVMO Y RO Y H
LQLWLFD'W[QRQVBWQHWU*DWQGHUFEEEQJ DV DWW L\B KW WV X QWRKR UM V S R Q V H

FHODVHWWLPXOWRKHG: HURRWR WG o | (5| g HURDBWROLIHDDWXLEWLPDWHO\
HYHQW XD 8DS V XIOHR UP HBURX MK HE 'S\ YRouip b WAHRLOO QI O w

SDUDV L*W B DE@D SOWKRKKHp b\ £y K DK HQ L W L DV BGRRP S O HR/IL R Q
IXQFV\RLI\RQIHS’LGHUPDOO\)(VGU%XH_\)Q]RM% SV XRWIP D WIVRQV R F LW D O 1HW
XQH
.

NQRZQVKD \E HH®X J JH VWKIENK AD S V P RV W HRUWID P S 61H G\ V W HALRG. RY
VHUWHEUHY EQ Wi IRQ WIDHPWZ HFHQ O X K WKH UHOHDVH RI JURZWK LQIOXHQ

HOHPHRWWKHKRVWNPRO\PBR GWKH

GHYHORSDOUDVLWRUGKLFK QWXUQ ow kg H VYW@ WBMHG HW H U P L QHI@ID W HV W
SUHFORERYIURQEBWEZREKSDUD VLW, WKWK OVWOGBKLFAKH Z L Eol
D Q &/ KKIR VWPW X QR O RAWMDIOAMI O HWI 5 b | G w KW L PSHH U LGRYGU LAIL FXDUD VL WRL G

DO JURKLVWRORWKXEBREHYLGHQWa H w RIFW XK R @W KDHE L GRUWVKSD UD VLW R L G

W K B/KZHD VIBR OW RV K 9 L Q V WRIOW RWIKQ, 3 D o s UH S H Q H W U mw MeDIUW RQ G X F H
HQFDSVXGDWE QWL WHVOV VRHVOR s 4 yppQBEWHORS PBIQUHMN W KRV W

GLVLQWNXRRDMMEHUHDIQWWHKADSVXOQR, \wHjowKbELORIW\VY QVBDUDVLWRLG

IRO?NRGX\R/QFWKEHDUDVIKWIRR(G)V\W-IIRBVVVODUL@/KSHUH SHQHWQEWUSHOHWUDWLQJ
oDV LQVWTHWU O LKMD O V W D YWHRR G X OORMANE G\ V W WU R/BI® &
SDUDVIGHRIHO RSP KIPW R@HS LY L 8 W Ry pir U S K R O R KIDRDIGHR VS L G H WIKLDAW

WKUSHULRGNJJ QVWDUVYRRAJIJ REExy GXULQJ SDUDVLWRLG SHQHWUDWI
K D WX @ WBLHIR H W UDRAL IFRF XEH/Q H BN K

ZKLWBIOSKW QG WKIHU LB BR KML RH .
SHQH W UWDQWIDREX B AH U J HDKELFKR F F X UMaterials and Methods
ZLWKLQ WKH KRVW ZKLWHIO\ RU IcWeMicdisiPDLQV

7ZHQW)\ K\GURI[\HEDBWSKUH K D VRSP
3UHY L\RW X ZLLWWKD U LERetrivocerus VSHFL%VJP[BVV/RXLVZ 7KH‘|FG\VFD@|’VVLVHUXP
KDYHKRZWK”D\MULWH'%\YW*D[GHSFWU DQGVKBHUR[LGDVH HFEREMEBEREMXJIDWH
FUDZOHLWWKFHRELEBUb QVWDRE KV XVH@EVKHQ]\PLHPPXQRDX¥NOMJ R Y LA H G
DUMXVFHSW B VLW X HUMDLLRXJ 7 .LQJDOQLYHWE&WOLIRDVMPLYHUVLGH

TKHDQWLVHKOXKLIRIILQIRMWFG\VRQH

*HOPDQ
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K\GUR[\HFG\VRQH GHK\GURH F G M¢RiGtdging

GLK\GUR[\HFG\VRQBUR[\HFG\\6RWDH LRI WKL QVWwDL WHQORSK\ZDV
DQ®DNLVWKBUR@YIDQ DQGHUVRQDHYHOESH®PIHWO D DWWRRU

FRPPXQLFDWLRIMW DQWLUYDEERWG FRUUHODHNHDIR S Z HORL® R DIODMQ JH V

WHWUDPHWK\OWK®]HRJOAHHLQ WKHIUHHQKR XK HW H IDialeurodes

VXEVWDBUSKUFKDOUVRBDFNV,RP® X Q Rvaporariorum  :HVWZRR&H\GHV F U MEKIHG
5HVHDDER UDWRIUZL WMDFNVRQLPP XSGR HRHIIBDHQGLVFH U QW B®HAK L KK H
DQGPHULRBRMQOHEZ DPHULFDQTXDOHY WREHUG\PSKD® D DHE KO D VRK U
UHVSHFWLYHO\ ZHUSIKD U DWW KOWD JIH W S K DVOV D ZHHW H

DVVLIEIMEGRERGHSWRRDGX\XOMD JHV

Insect rearing RQV KGHHY HOR RIVHKING XFOW. HEHJILQQLQJ

B. tabaci ZHUPIDLQWDL@G&PDWH FREWURYERDIHOLIUWB G XIOWEWD JH
L QVHFWRZWKDPEHUV LOFXEDWjreU VE S D UWHBYHE WD JHD QG D UNBLSDUWLWH

SKRWRSHIUIHR®HQ /' DQGUHODWRGHOWEWDIHHOPBWO D E
KXPLGRVD\SSUR[LPDWH®LWH IDHHW’ KLWWD NQYIWHDD O D S OWERGabac,

JURZRQQGLIIHLB{IJJ)QS\HFLQFOX(BUJ_QH?;IHOPWO E )RUWKEWLWHNISSHFLHV

EHD@ZH W W DVORE R W WRIQ@ P DHWp 0 IV KR OWIRY KIBIG X OWVDR FF X UIWHRGH L W K H U
E 7KHVZHIWRWDWRHHODQWepG 6 WDIRU PRURRPPRQRAF XU WY KH

SR W VPLLQDIWW X E B QWALION'S UR X WN & L QR UP HDW HED WH S R WIKHGFR Q G LRALR Q
EUD QFAHUFEX VO G HS O D 6 MR J P HQ W §®H DIL W BB DE R BREXE HV RIQQWXHQFH G

FROW D LRILMY RR X 0 H D ZHI H R R Worgas W KRD [L P X@ H S VKK L HEV\BL@abaci O HVY
SODQME SR W WILQW XDBG H[SHU L P H W U P WK DVKOD WSWHIR B KH LW LBIW LR Q
GHP D Q GHGH VILMGEK L W H FQIHHEH D Q \p G XO WY HO R SPHIRIIR GHUOL QJ

DQERWWI‘RL(DHJRZIQRVHHI}}EXWW[D_QG\%DVHR;Q PROWIKRUPRMWHLWHWZDV

ZKROSHO D QMW HQ | HV WIVEEK L W H I\ FATWHUPWEBB® DJIH DQG  Q\PSKYV
QHHGHBOP MO E :KLWHIOQMIHUHDUHRQ SXEHVFHQW S@DQHEH UH

DSSURSULDWH LQVWDU ZHUH XxVHBKIKERHRATARY, DV H \RXQIQG
ROG 'UHVSHFWQYMOK W HD U R

E. mundus ZHUHSURYLGRHG: -RQHWODEURXVSIDIIWEHHOPIIREHUOLQJ
6$5/%&358B6'$ $56 : HVODFRDQBHUH IRGHSWKPHQVRRQWD JHAKXYV
PDLQWDRQHELWHIO\ LYZHHSR® D \WRY B Ddaci JURZLRQVZHIEWWDWRWV
SODQWRXVHIGO SOH[LJOADWHKDY L QW KURXWID JHWD UOODI@IG RUROORZHG

PHVK FRYBUGIGRZD JHXHUBODFHE CLUHEWOWDJHV  DQG *HOPDING
LOFXEDWRUY & SKRWRSHULRGDQG *HUOLQJ BLQPBQRW KHAKHL WHSOVNY

UHODMXIHG R\DSSUR[LPDWH®O®D Q W\ UHRWRBWDIBDWHWDJIBQELQWHH
KDYLOD QI G Qvedtaci ZHUWXEMHFWREG VWMURBEBEWDIJHODWAG DURRW
WRSDUDVLWENENMBQus :KHQPDQ\ VLIQLILELQWOMO@WDQSGIUOLQJ
SDUDVLIVRUREW H UW K® YS$IX S D waicH \| RH[SHUL PERWRU KEIGIW D J Hi D UIOX
ZHUKBODFHGQGHPHUJHE@RW WANMYG X oW HUWWBEWDJIJBQEWDJHOWDWRGD UH
FROOHFWHBRQLQDG)ULHG JRU JURXSHG WRJIJHWKHU DV 6WDJH
SDUDVLW GPOWLEPSH U L P HVQWAKGEADHHD |
FDIHWVWUFHR QVWUXRWH G PP S ODV \Watérmination of time of penetration of the
3 HWALL K QW KRH Q W H D BKI WALLIFIR Y B U parasitoid in relation to host age
KROH PL@ LD P HAVID MW L W@MHEGRHU J D Q @\D W H.Gnundus | HP D (ZHHWSIO D FRIQY ZH H W
PHVEDWHF X BM BWKRIS H Q ISQUOZDW X WS RWDWRY HWK'H Q 24 Q v winluw H DOQLGi V
LQWWRKHMLGHZDIGMKBLVKKLWHIO\ LQI$IYWIHAZHRIDEWY REIRG LS RRUWK DI WH U
VZHERWDWRYHVHO D EIQGYRGL VKHYG ZKLFWLPMKH\HUBHPRYSS f & HJJV
W K HEHJW L RVGXHBNWY H Q B XW K U R WKAO L WD W F R MVBHG D \ YD I K L P L PMKZK LW H IO L H V
ZHUHQVHUWM®] PP FDSSHMGKFDS KDGQRWWHDFWHKEYH\PSKDDVWRMK D W
FRQWD VPGS HQLYXIMUHPP LQ E. mundus YW QVVODW ZBIWSIUHVARRWWO\
GLDPHWEDWWHWY BWEHHIQ O QH® KXQGHYCDQ®RFFDVLROO®WEC LQVWDU
ZDWRBDUDVLIHRUWER/O H D QMEKG L VIKW Z K L W K ROAWR/HF R Q G L RIWRIGR V WK/H W K H U
VHOHFWHG WLPHYV SDUD VLR R & KHH V S H F W DRHWK H
SDUDVUWHRLGR WDUYBUBHWHUPE\QH G

*HOPDQ
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LQYHUWKBKLW HIP\SKEHILQQL@D\VLQGLY ZEXWOLMBR VL \RIQRRSD SMWWR ZHO
SRVW SDUD VDG DWW QPIH[WGD\V ZDWPDSSHE& B H U FHQRAZIXLAV HWKLRHNG
6LQRHKSIR VW HBWLRIDK DWF®&BGXYDP DL QWD L W LIDGKHE®MY HO R DRHQ WD G PHUJHG
L QW KFHK R U L*RHQ O HQB O ODUYBIMHZDWHF R UTKHEW CRIB G X®NW H O R SVWPKHDQW
GLVWLQJIXEVKMCGHSUHVH@AHPRYLQ XKD GH HIW W DZI)\E 8 W H U FEL\ @VHK®W [RW H
PRXWKSDBWWRQECDQGWKLQVWIRWWVKH DGXOW H\H VHH DERYH
Q\P S KXL WXKQ KD W RIQHESD W F KK G H U H
I\Rﬂiémzﬁ%ﬁ% V\cp‘xgs KAH UmYHUWé’t‘eﬁninaﬂon of the latest stage of the 4th

Q OWKI-RFFXUUI—h% under which a parasitoid egg will be
RI SDUDVLWRLG SHQHWUDWLRQ zZRYy UHFRUGHG

TKHVWDRHWKHEKLWHQORSKXVHGRU

Determination of the effects of the GHWHUPMVOHIUIHFRIWKHJIJIJDQGNKH
parasitoid egg and the non-penetrating 18t QRQ SHQHW %MQL\Q/\EDJU DVLRVQRWE&H
instar larva on whitefly development GHYHORSPMWKKRVAKLWHIDWHFRUGHG
,QRUGWB HWHUWK®IHHRWWKFDUDVLWBR®[DPLQDBW\WLR@YIRUPDAVR UuQLQJ

R QN KZAK LW HN®D \Q H F H VWRRI®O (ZRKZ. W H VB KGHX U D \R IHRD@KW CRIW KK LW HY& Qo vw D U
KRVWRKBEWEHH®UDV IEALIWBGURD *HOPIHMO E XQSXE O LUMKHGWKWA

VW Q v Rrdinabcerus OD UNDWKEXUSRWYE DIHDW KLFKDFRIWKB\PSKKD&EHHQ
LQVWRVUMMUBHPRYHBWKHHDROORZISQPUDV LADWBIGF X ORWW BV XIDFK R L F H
H[SRVXUMR SDUDVLWRI[GRLQHRU H[SHULREEWARKYO DEHW ZHHIQ G
SDUDVLWD[DAMKHRAY HORZPHRWORZB®G/RPHYCLQVWRIH U O RRNHIGYXK H
,QSUHOLPVQXGILENVR X QK RMH Q'K UHPRRILQVWRKYIWKD ZHUHKXEMHFWHG
LQVWBIWWH PR YHB R K HKIRUSW DSUL\R B WD U D V LAMIURE W D LIQPISKNY WD JH V
BWDIJHWKHEL®RWHYHMWREPHUJHQBRG ZHUMO$R HVRIQWKOH DW KWL iRH
7KHUHIRDUYXPEHUVHUR X QY £ Qv WDIDWUD VLW KPAHLYRY HAHHUGIRM[DPLQH G

Z H UIHQ F O XIBRHREQW KZHK L W H DOLCH\OIREJONR W K$HU H V HREF iHundus HJJYLQSHHYLR XV
SDUDVLWY RN DRVX I ILFQX@EHRRXOGI[SHULKR® KR 20K BWXH URIQ BUHVHQW
KDYWHDFKMW® JIR KLIKEULRWHPRYDX®GHWDJIJBQERXQJIJBWPSKXQSXEOLVKHG
IURWKOHOKLY¥DWFFRPSOEVIKHE VWUEBYXOWYV
VZHISWWDWMR ZHWAK LW H IDDLIHWX QW L O
PDQKD®HDF MK RUVLQVWRW KHQq

UHPR Y“'FQOQM] WP SKIVYR R KGHBIW '&VUK pre-penetrating and early penetrating
K PDQRIWK Q VWKIDUBVR O WNHRE K stages on ecdysteroid levels of 4" instar

LQVW XUDR QX1 I L F LODCPVE HRU Q HZ O ety hosts

PROWWEQVWBWBIH IRWKHISHULPHQW o7 k | W H UQRZROF R W VR RIQ H HE®I D O
/HDYHRWUBJDLUUIDPLQBQ®RVWIWKHS 0 pgwyFwkKdE T Qv WIKEHWHE MHF R/ H G

UHPDLQH@UQVV"M’HPRYE’GGH SDUDVLWDM WY RQDEHRGH U R R XU
L Q V WIDIB//G Q L W LCDGAKBEW H O R SPHIGIW 1\ g p w I O v WIHINEQ Y H LDADHBEK RO

DO\‘BRJHVHQNAKCHH[EIXWHULH]QRUJFHWKL%WDJHWKD(W)GVWLQVV\‘BI]DLUJDVLWCRNLIGI-V

ZHUHQWUR GRIMREBD JFDVQ B I WH K DW b\ pyw kg L W H 1180 RRD Y LSIIRWY K H
URRWHP SHUBWXDWLAWRING Y L UDMR G 2 Gy p EHG G B & AR HD USH Q HW L/DWDLIGH
WHKGHD VW QW) RRXBODWHBSKAHUH o by w IHPE®I'G Q1@ KKRVEXWLVORGJIHG
LQ Y HDWEESU HV HRQIFEN H ZRH MEUY HEn v E U H v RIQY KHH Q W MUK L W B LOWK
DVFRQW URIC/ SDUDVLADRVIOR W HB U 1ye & X omh HZIMDEN H 8 W KH S H U L P, QRMH

SDUDVL@Q‘&EHKW*@‘RQGLWRSEDUDVL%VDWWQB&A}GLVORGBHQ(HWUDWLRQ

L HIRU'YWQV@DUNDIU HF R USSIBEP SK V3 by R 0 v L GHEHDGU WIEE B D @ G H L WKKIHJ
W K 2 MUDAWW D J WD G XG®IW H O R KDIEQWM Qg 1 ) p v DWW IBWKER \Z\D X V H & W KY. W X GA R

L QL W LIDQMIAKIH\ 5 L J P HIQIMB X EW I XWRR | || wip@W @ HUSHUH S DSBIGD V LIVCRLGH
GLIIXVHHOPBI@WO D E RURXQJIHHogpUDVDWRR®WP SWRJIHWKOKRRY W
ZHUWUDQVIWBHWGEILLYVKFRQ WD PRILY W\ p 5 kAL WsID U D V LIWHPLRGRIRE B BVK D Y H
SDSWWRZBQBRQLWRYHG)  KRXWR £\ ien'o 0 ) W& LYR 29 0 RMO F O XEQH & H
WUDGENYHORSPRI® WG XEBWHUJHQEH\, \v x 80 SDUD VIBWIDHG ZK L W HI'P\S K V
RUGWEROORKGHIHYHORSBHRWBININF Ky 1y y \poiisR QW 0ROV URD OL QG LY LEXD OV

of 15! instar E. mundus in the

-,6 *HOPDQ
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VDPSQ@BW[WUDEWHEFROBHWKDOEQROSSUR[LP D W HQ & KGX U D WRILERMDD J H V
KRPRJHQLDIQBIRQLFDWKRRPRIJHQDMWHS WRJIJHWKHU ZDV DSSUR[LPDWHDO\
‘KHQ JUHHBHD @DV WKHKRV\§0D@W
ZDWHUEDWR QAL FDAWRH GHB8OWUDVREHNWHIBDK DV LOVRLYED KW UBUHVHQW
Z27Z EODFNVWRQH*@BPBREO XQGHWDJIH RU YK QvwnPRSKRU

E :KHQFRWWWRWQ KKIR \S/0 DQSW R E 15 K D U D XMWY H O RISRHFG) JW K RIVG HH Q
VROQLFIMDRYVHGILEUDHOBOROLMW G GHSRVXWEEAA Qvwew DIt Qvwbuv
ODWHUEZRDWRQLFVDQGPDWHIMWD OSWRPRU WK QvWDEWDJIRU K
IRU VHBDPS ZHWFHQWULDXWJ B GLQVWDHVSHFWIDEOH 3D UDV LOVWRLYD H
DQG [ JIRUPLQBXSHUQDMIBEDWKHXQGHU QV@Ps kWD JIB H Y HORIRPG
RI SUHFLSLIDMSIOD FHG | PP HJIJWKDWUBUREDEDWRGHY®LQVWDU
ERURYVLDQBWWEBYEW R UBVGIH HHPRUQ\P S KW K DRAD GEHH @ L V V HE&X U L QUK H

f & SUH LQIHVWHPRIYBQP L O DHIJI UHVHQW

XQGHBWDJIHYM QVWDRISK¥HUBHSRVLWHG
$QHQ]\PHPPXQRDVAMIDMQGGDPV XQGHWDJIJRU WKR¥VGIGEHWDJEHUBDLG
DWGHVFULEHM®PM@WO D ZDV XQGHWDJRU DQ@KRXVGIGEWDJIJBHUH

X V HVB RV L WHGBHF G \V W HQRD.BRD P SOKH GHSRVK@WEBWDJIJH'H Q VvV \WbRIS KR/U Y ©
DVVDUDQUW WR I JDQGBHVXMHUHLQVWD\P SKVIDEOH 5HVXOWVWKHVH
H[SUHVVHIZ 1J K\GUR[\HF G\\H} §HU L PHIQRZ\WE D W K RX LIS R VEIVQ R Q
HTXLYDOHQWYV KRINUTDUDWR IR ILG H IROR F XOWVO D VDN6WDJH WKIRFFXUUHQFH
FRPELQDWER®QVWH UFRIGFHQW UWADWLIREHHG L QIDAAJHP DO BD UD VL WORLYGHW
GHWHURURM& WDQGEHUBHHPL SEBRWYLSRVRWABKHYXLQVW@\WP SKKDG
ZLWBHFG\VW B0 R WM RHRVF D GMLQXQ G H U DREQEHY H O R 3P HHIW HUWNHDG) H
WKBDWDIQDO\SWWRIJUBRIWPBULRWR 7KHVWDRBRHWK HYKLQVWRW KLFEHUFHQW
HQJ\PLHP P X Q R D VAWXIEHHMUGHU LIH@6 D YD QRW LSRVLWLRQ ZDV WKH JUHDWHVW ZDV ¢
6SHHGYBRRQFHQWUDPRWRAD 6 FLHQWLILF

ZZZ IRUPD FRP Determination  of time of penetration of the

parasitoid in relation to host age
Morphological changes in host epidermis 7KU KB\ IWHNUDVLWDYVDRWE. B Q VW
during parasitoid penetration. Wk Q VW RUW I\®\S KAH UW X Uvgerid U
*UHHEHD@H D Y BYH VAL MBR VWO Q VWD U DQG YWQG UGhgoeWK ovwbDuv
ZKLWH)CRSKYHUBDUDVLIVVGHGE FU L EJHE S H F W QYA KOAW DRIINY K$SD U D V LMWIRIL G
DERYHXULQS$DUDVLWLIBWWR@HHWQRQ SHQHVOWNWISHQ HW UDDMLYD V
REVHUYXWLQD VWHUHRVBRSVHFWHFRUBHG $SWOHDW ZDVYRXQBQ GHU
PLFURV PRSMKREHOLHNYEBSDUDYVLWHLDHREW KIH VW] ENWWIR XUWRGHAKLFK
ZHUPDUNEGSODFDYPDGAQWH[WRVKHRQOVYWLQVWDW DV LAWRLYAHUBUHVHQW
LQVHFWR KODWSHWDV LAKIL]W B IBDQG ¥HQHW U B WU RV LOVRLYZHH RQOIR X Q G
WKBH N KXE VWIDRZHK L FW K HAH V WHH® HX Q G H K  QvwDU QUWRISKV
IL[HGQXDUQRJRV SUHSDIRMKAVWRORJILFDO
VHFWLRQIFQALRRMGWEHHESSDUDIIRQGIHBWKHSHULPHAIQMWDIBQG SKDUDWH
VWD LQOQHDFNEHXDQ 6HFWILROQMWMWDGXQWLWHIYKBDMD GEHHQ XEMHPWRH G
HIDPLOHIGBULNR@@OLSVHFRPSRXQSDUDVLWHDPUNLGRRK HEHY H O R SZAAHHIHW
PLFURVHARSHSBHWKIIHUHQAW. B OIHUWX®FRRIGHW RGHWHUPALIQMWD RH WKH
ESRQWBBWWBEWKRWRPLFURBUBSKWHD UD YV L\RRH Q HW WDWRLIERMH ULYW & H
XVLQJ D 1LNRQ '0; &&' FDPHUDRI DQG R HIDPLQH®VHV
>SDUDVLWL]HG X & $me@Ebw s GD w H
Results DGXAOMAW S HF WAD/EHMHIAK X L\W\K QO LNHO\

W K 3\ U D V LSMRLHAN URMFLXARQ@ FW K HY K
Determination  of the latest stage of the 4™ LQVWDU KRVW Q\PSK KDV LQLWLDWHG D
instar under which a parasitoid egg will be
laid
SWWKWHPSHUKWRUEBDWGSGKRWRSHULRGLF
UHJLPXOQN®V K RAMWHX GW KX U D R HDE@ K
RIW KIH U W\ WBHtdbaci VXL Q v W v ZtDpW
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Figl. 3HQHW U EWMURIgs BV D IXQFWLRQ RI KRWW QUBYBEHACUYMUB QX EMHFWHG WR SDUDVLWL]DYV
IRU K 7KUHH GD\V SRVW SDUDVLWL]DW NMRRY foapvay RW KK W QIO[MH W ZR WD LW YHUWHG DQG
RFFXUUHQFH Rl SDUDVLWRLG SHQHWUDWLRQ ZDV UHFRUGHG )RU HDFK ZKLWHIO\ LQVWE
WRWDO QXPEHU RI XQSDUDVLWL]HG ZKLWHIOLHYV DQG KRVWXRQ®®DW RULFK D SDUDVLWR
SHQHWUDNQMWDU SDUDVLWRLG ZDV SUHVHQW )RU HDVH RI FRPSDULVRQ WKH QXPEHU Z
RI WKDW EDU DQG WKH QXPEHU DERYH HDFK EDU UHSUHVHQWY WKH SHUFHQWDJH RI ZKL
XQSDUDVLWL]HG RU KDG D SDUDVLWRLG HJJ QRYYSN@HW UTDALDY/IL WRL G QAMQMGHHW @ M DSWHIQ M

Tablel. '"HVFULSWLRQ RI JHQHV XVHG IRU WUDQVFULSWLRQDO HYDOXDWLRQ

Stage of 4 " instar 2 3 6 7 8+
KRVWY DYDLODEOH IRU HJJV

ZLWK SDUDVLWRLG HJJV * % &
&DOFXODWHG VWDJH RI RYLSRYL@VYWQU RU RU RU

KRVWY DYDLODEOH IRU SDUDVLWRLG 13 ODUYDH

ZLWK SDUDVLWRLG 13 ODUYDH 2 > = G S
&DOFXODWHG VWDJH RI RYLSRVUtpR@vD W3 QvwDU RURU RU

Determination of the effects of the LOQKLEIKWWHGEBIY HORSIREQMWRQPDGXOW
parasitoid egg and the non-penetrating  first HPHUJH@GREIHYHUJUHDWHUFHQR®RIDJH
instar larva on whitefly development FRQWWDABQ&WD JB\P S KDF K L HBYWWHIBI H
:KHQJHPR\{HBWKOiHDVIV'ﬁQVWD:LSKDAN DQG UHVSHFWKEBEDEWDJH
6WDIJBAKHWSBUDV IRMDRMBEGRGHYHORQGWDJIB(Q\PSKY DQG UHVSHFWLYHO\
SDVWWDJIJRQODVPDOBUFH@WURIKMWHVMMAD VLQJIWMHHSWWRE&DUD V LVQR/IKEG
IURBWDJIJMVRBRWDJH DQG IRUQRQ SHQHWD DWW BIHH Y H QWHIBI Q G
FRQWIRUIDV M WKPGIEHQHWWIPSK 6WDJB/ Q\PSKIWWRPFRPSOHWHYHORSPHQW
S(JURXBQSDUDVIAAMPDKDRQ SHQHWDDRDW PRV J DO R RB\QBEWDJIBKDUDWH

v QVVWDWEBQHDMXI\PSK3/ JURXSDGXOW WR PDWXUH DQG HPHUJH
UHVSHFWDEBDBG&RQWIRAM &/ Q\PSKV
WKED/G WWDALWRBIER WK }EQVWDUWREffect of 1! instar E. mundus in the
UHPRYBIXKLELWHG DQG DGXOn%-penetrating and early penetrating
HPHUJHQHRH SHFWLY WK R WK DRWD G

stages on ecdysteroid levels of 4™ instar
UHDFIeM® JHRIWKH'KL QVVEBIUR B H L Q dlhitefly hosts

WUDQV MBHWIELY KHKLELWHG DQG .\ ywKEKLW H ZHIUHW R ZRQV Z H B\ W D W R

SDUDVLW@UEH ¥ WDURR VRV WERHMR W 1 ndus LQVWODUYDHG X FKRBV W
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Table2. (IITHFW RI WKH SDUDVLWRLG HJJ DQG QRQ SHQHWUDWLQJ VW LQVWDU ODUYD RQ D

Stage* of control or Number of Percent nymphs that reached a given stage at the
experimental nymphs nymphs used termination of the experiment
6WDJH (PHUJHG

&RQWURO
&RQWURO
&RQWURO
([S HJIJ
([S HJIJ
([S HJIJ
(IS ODUYDH
([S ODUYDH
([S ODUYDH

6WDJH RI FRQWURO XQSDUDVLWL]JHG DQG H[SHULPHQWDO SDUDVLWL]HG ZKLWHIO\ V
WKH OHDI 7KH VWDJH RI WKH SDUDVLWRLG HLWKHU HJJ RU ODUYD WKDW ZDV SUHVHQ\

HFG\VWHWRWE®W\WRPSDUWRFRQW URQM GHQHWUDMWLRBQWKSIDUDV IKWDRLG
XQSDUDVOQWRSKSOHD QY DO XIHRWW KHH[W H Q GW %G R U V DB\ VILVRR X WK S D U W V
ZKLW HIRPWWSDUDVLWRLE DQGRW KHDJD L Q@ HRIK R \FX W IWFIOHS/S H VKR Q
SDUDVL3VRUBKR ZIGOV KIHL UWWED LRM D E V HDA@DW R J B WIKOWB\R V W HIBHLPRDU. QWK H
JLIVS$ % UHVSHFWRWHGERQ SHQHW WIXWERBRRGLRY KBY UW LY X8 BURLMO
DQGBHQHWUPRQ®UWKRWKLEBU:I DSSHDWKWOIWKSIDUDVLWRAVBXDQONVWLQJ
SURYLWKRMNHD @DORHMVKKIRVDMRQ@KLYVZKLW MIOXYZ X H WHKKIR \FX W LLREDEHV H,@W
PHD@DVGHWHUPE\QHKEW UDWWRIQDQ FRQWWRMWS LGHSPLWEBHQHW UW KWH R Q
Y D ODRHW KSD U DV LIWRRALOGFYKD ODRHJI 3 FH O OC D\IBUW KSHH Q H W UVIL W/ MIRIQL FINGI®)
DQ®& KHXHWHUPWERED & IWKBIHVXOWIR@WIDILQXPEHUURXQGHBI SRVVLEO\
YDOXOHWD QRU LQ@KLAKKID UDVEWRQ G HPRF\WHV

WKBRQ SHQHWUDIBHQHIWUPRQ®UWLRQ

ZHUHDQG UHVSHFWR MKAHR Q WIDRX 8VW K$ID U D V IFR R MG @HRHGH B YD L @AKM
ZKHBDKLW HZE UGN D RIGZ HERW DWRY Hi\B L G H UPD\GDQ GG HQ H W wBWHLQvwDU
J)LJ $ DQG DQG UHVSHFVRUIWKEEZKLWHITSKWKKRVMS LG H UFRHIDEOVY H
FRQ WIRIEKKIH @ KHK L W H ZGIUM D IRHG P X OW L 5 Q BDGHEH J XDR Q J XAOKSD UDVLWRL G
JUHEBDOHDYHY % ,QDGGLWRBILYHQXOWLP DRAUHQDBDSVRORXIQBLI &
SODKRNDFRP SD URWREF G\VWEHRIHBYVKHFHORNYHBHFRPGLVWL@RERLBDO
WKEBRQ SHQH VDQIBMLQIHIW UDDAULQIL WRRLGX/P @ BID YO D\ HRUE H F X W LKFIDYHHH H Q
VKR Z W& DKWL WWUJIQL I L KD QKEHQV KHGH SRV L WIHBK @K HG H'Y H O R SADQSV X O H
SHQHW B.DMhd@JODUY D SDUW L FQXI®BMKBIS H Q WQRIKRHX W VZ IGIHF K
LW WERDH BHGKAHK R URRXKSD UDVHWRLG
7KHQHZ OR U P KK® VAX W LLPAYH L Q QWK H
GRUSDRWKAHD SV OPQIBSSHIRYD EVHQW

during parasitoid penetration.
WWD/SHYKHSDUD VIOWRKIDY HW U LRWH G
+LVWRORVHFRQLZAKUMVH®@/ RH[DPLQ R KS%IDJ\WWKLVWDJIEDVVXPL(WKH

SDUDVEWRD®LURWRBQG X U LSHIQHW U D
L3 3ULWBHQHWUWMWBZBHHM’<[D FWHULVWLF DSSHDUDQFH RI ODWF

RULHQALAMAW KHERV W HDILRIUQWRKAND HD |
VX U | DRHE K BPIRX W K SIDIWDW W Y0¥ G H U VDigdtission

RWKIKLWHQ2\KRO O R DIGRW L HQ WD Y UHVXRIW QY HV W L JIDMELRRVHHLGH
ZLWHHV SMRARKR VAK IS UH S H Q H VAR IR U WKW S D UOWLEWED EWSRGY O

E. mundus O D UL H HZL WKWV \ OS R W LT s o ek b YEHH LG H O WRL QIGH B U
WRZDWEKRAR\ZW L OH VW IQUBAK R UKRW Ly « F| GIRHNGEE G U H VS/D U D V IOW RO H

SHOQHWURNWISRGKHFKRULRMHUWKLQ v qukD WHX HE\KRVDA H V WAKIH KQ
P

WKHUHIJLRXUURXQGNVIRSDUDVLW S HYXQIRWY KS-D U D V L IVERLLGELBWH W H F W
PRXWKSB®VUMBBR W KG&GH S U H \FWULHRDEW H K\WVLRORJLF FEOQ MBWHAE B U LLQVV

W KS-D U D V IVWKEHC GW B E\H VWK Q D I TH F\EB G vk 1 O R SRH®MSID U DV P @ L SX 0 D W L R
E\L VBW H V HQKRHAR FW W VIHHHRQ G LV W X B Gaw \ v | RD RFKHPB\M“?VJXPWBO\ °
DQG WKH HSLGHUPDO FHOOV DUHFQJWE)F\’/\H-P&%? ﬁg&ﬁ@é’@&kﬁﬁ'w WKDW LV PRL

Morphological changes in host epidermis
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Fig2. (I1HF\& Rundus QRQ SHQHWUDWLQJ Do \wo¥mHWDDWRBRQ KRVW HFG\WWHURLG WLWHUV
UHDUHG RQ VZHHW SRWDWR Botaa¢i D QEEGURIDs ZHHHHIQUEIHDG G SDUDVLWL]DWLRQ ZDV SHUIF
DQG HFG\WWHURLG WLWHUV ZHUH GHWHUPLQHG IURP ZKROH ERG\ PHWKDQROLF H[WUDF\
(DFK YDOXH UHSUHVHQWY WKH PHDQ “ 6 ( Rl DW OHDVW VHSDUDWH GHWHUPLQDWLRQ
3 6WDJH KRVW ZKLWHIOLHYV ZLWK QRQ SHQHWUDWLQJ RU SHQHWUDWLQJ SDUDVLWRL
HDFK H[SHULPHQWDO VHW QRQ SHQHWUDWLQJ DQG SHQHWUDWLQJ SURYLGHV WKH PHD
VXEWUDFWLQJ WKH HFG\WWHURLG WLWHU LQ WKH VDPSOH FRQWDLQLQJ SDUDVLWRLGV |
FRQWDLQLQJ ZKLWHIO\ KRVWY DQG WKHLU SDUDVLWRLGY 6LJQLILFDQW GLIIHUHQFH ZD
DQG VHSDUDWHO\ IRU WKRVH KDYLQJ ORZHU FDVH OHWWHUV %DUV KDYLQJ GLIIHUHQW
DQG EDUV KDYLQJ GLIIHUHQW XSSHU FDVH OHWWHUV ZHUH VLJQLILFDQWO\ GLIITHUHQW

&RPSDUVLRQ RI OHDQV 7HVW

*HOPDQ
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ODX®GHEHWDJIJH $OWKRXDHYDVIHYRWY G

Fig3. +LVWRORJLFD@. Muide/ LQ QWKRI SURFH [} U
S W B DRSO B mumdus 0D UY DYWL 00 2L WKRHVEKBGHYE YD od'f Qvwrawe sKv

FKRULRQ SUHSDULQJ WR SHQHWUDWH W YHKGD WNHDB DR &G H WIENKIRW M FOMMD G L G
HSLGHUPLV DSSHEURuUNgW WDUWOY DM L Q WK%WQHWI}MMHKLWH{I[HEROV\W\HRANV
RI SHOHWUDWLRQ ,W LV QRW FOHDU ZKH

RI FHOOV DW WKH VLWH RI SHQHWUDWL b \/‘Wjﬁéﬂg%%%%@@ﬁ”s% WY DRHGH)
KHPRF\WHV & (DUO\ FDSVXOH IRUPDWL% l:817 N %@‘55&% GXFLQJ
FRQVSLFXRXVO\ FXERLGDO RU FROXPQDS & B BSHHAMGE R Shid (HAMIMDVBR ZWL WH 1O\
WKLFN FXWLFOH LV EHLQJ GHSRVLWHG HQPG WKIH IR BIHQORQ & BIXWIMK RGW G\VWHURLG
GHYHORSLQJ FDSVXOH H HSLGHUPDO FH@PW U @R KBILHERHE O H W Uw MR @V W D U
FXWLFOH FK FKRULRQ 6FDOH %DUV IRUS &n\/ |omRIN®S H DWRGIL P E L E D@L R U
LQMHFPDMHUQIMRKR VW ,QFRUUHODWLRQ
ZLVEBKIREEQWKSD UD V LAV RQLGL BADKKHR V W
HSLGHUWIKVY FNHQ®E& DV D E QR U PLOYO
DSSHDUBQWSLGHUFMODEXOWLIQNVNHKE
SURFRWFODSVXKRUHP DWILARMMARP SRWRH G

F X E R LDIBR O X PRHDAOVH Q H U D QVGIHEZ
FXWLFOH ZDV SURGXFHG

 QWKHMHAESHULPHEW® RVWAIMKLQvwDU
ZKLWHZHUHWHVHORWSBUDVLWDI®GWLRQ
ZKLWHEZGILHHQ YHUWK G RVW H[SRMOHU H

O D WK-RAMWW DXI®IG BKIL FIXS D U DV HWRD &
REVHWDHGVD JBELQRB GWKRRQGLWLRQV
W HP S H UD@BRILH WORYUHHEW K WX GALKIHY
PD[LPX®XUD\R IBR® J D GW R JH WK H U

K WKODWHNVDKNEGHWLFKSDUDVIHWRLG
FRXRPBYEHHIDEZOV\RX QYR Qvwmrs K

DWW D JHb6HF D XYWKHHZHHUWR HZ W R/ W D J H
Q\PSKXQGHAKLFKJJVZHUREVHUYLKMG

DS SH BK\B RVS\D U D V HW.RIHAJGID XK@ G H U

WK QvWDPBs KDMWDJIBQGDQRQDIHZ
XQGBWDJHKLRVR QF O X WDRSS R & VWAHKCH
REVHUYWWDRW® | WH[SRVWEB®DUDVLWRLGV
RQO\ RI WKLQVWSWID IHQ\PSKV
ZKLWH IZHUR¥E VHUNRIGYDOS DUD VOW B Y G
EHQHWWWHKPKXRYLSRVX@GRY L ovwbDuU
Q\P SR WW D JHW H O D WIDYSHIR E DEBCA R

Q D W XWUHDA0H F WLLQREDE K L W HLIIAKS$IK D U D W H
DGXOWWDJARXOQ@RWXSSREBWUDVLWRLG
GHYHOR IKHDVMRHEMH Y HO R S ¥ X DRIV

E. mundus ZKHQW W DB Xabagi K R VWK D WH

LQ WKHVH VWDJHV KDYH QRW EHHQ GHW

$FFRUGLRHUOLQJ ZKHOHJRE.
eremicus D ¥. califonicus L \O D X® G HIFDV
FRPSD WHR® W 8 ¥ WWDHIH Q KRKKMHH MO H V
GHYHORSPH(PHBDOLRIGVKEDUDVLWRLG
HIWHQGKSWVEDWILQWHWIBHWHUPLQH
ZKHW KMKHEBVD OMRGHODQRSDUDVLWRLG
S HQH W UIDQWIKBHQmuUndus-B. tabaci V\VWHP

ZKHBJIZHUWDXGGHW Qo RAL ovwmruw Vv
RZQGHYHORSPKXOW ZKH@®YLSRVLWIRXMH[SHULP BRMWYQ QK H\VQHV WZIHUMNA
R F F X WupieH UL Q v wiDmb/w \ S L FOIORA\WWRIGH UW &. mundus SDUDVIMMBKXGWFKHG
WBWDJHWQG ZLWK{ODWHYHIONHLQZLW LSS UR[L P D3DNDK 6 X U D W MRHW
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LQVWDRBEDWSSUR[LPDGHEK L @H HR F F XXUQYG MRIX Q JHKIL W H QDAWLDSIWR ED E O\
G X U D \W ERQWKKVHH F ROIDABE KWK LLUOG/ WRD UG X HD W' H L \BAD UANR/ KGHH OLDGW KLHQ L W LDIW L R Q
B.tabaci ZKHQHD RIQGZZHERWBWRQWY SDUDVLVRRGWUDMIPRQDWUQ\RWKHU

& L\DSSUR[LPDWGIDWK QS X E O UHK/KK® WR/VW S D WDVW\WM FVJ Manduca sexta
:DQIDQBYVDL 7KXW RVRMW KHHI JO D L Gotesia congregatata D QG Heliothis
ZLOKDW KKQ GHBC®D Q6 WKLQ VWKW W H vigescens-Cardiochiles nigriceps ZKH®JJDUH
Q\PSKIVQGH O D WH X¥HKEYIEU H VVIQGOH 0D LG R X Q JHQV WHDWD V LuHRALmDMp Y W

QG QVWDRSKM REVHUYHGDQG E. L QVWOQWNIOKR VMV sexta R W, virescens

mundus ODUXRBHY "© 03"t QVWRVYWPROWR WD V@V WHAHFNDIHELGGLIRUG
UHVSHFWLWH®G\ODUYDH ZHUHQWKH 3HQQDFHWWDR WKRKMXIDUDVLWRLGYV
SURFRWQHW UWDRWHYHIQ VW R VWIVQ F HU H L Q L&/H. PMOHR DRMHEROMRY K ¥ L Q VWD U
QROMHWKHRU ILUN@VWDUDVIOWRIY®HNZL\ZHKH 6. formosa S D UD V LMMLWHW U
WKIDDWMUREVHUXBGHB®DQGYCLQVWwpbrariorum R UB. tabaci WKRRORI WKH
ZKLWHQPSKVUHVSHFWKPBDQLWLDSVDHG VLWRAKERWRKHLQVWBHOD\HG
SHQHW UBR WiirRid O D U YPIXW W L P WK H LXUQ WALKBHR WKV I/ Q L W IDBB/XE@BW H O R S#PH Q W

SHQHWUDWLVFQ\?Q)W\RDNJKRII WKH KRVMMD O 7KX\E. mundus OLIRH
formosa C. congregata D QG. nigriceps GHOD\V
JROW\RQG*HUOLQJ UHSRUWHK®WDUEBYHOR BNMQANDR VW W @R SWLPXP

Eretmocerus HJJYL RMQ KDWERGHW G'W vWDJIH WRWHX S S REMU D V L WRRZNDIQ G
LQVWDUYD&RQ SHQHWD MW BVWRUWPHWDPRUSKRVLYV

"KLOHOQRX W W X GIBIWD VLWRQGWDW Y DH
ZHURIEVHUYQIGHILD QGYCLQ VW RUWH IO H F K QXTI WER [ D P L DKIH W R MURWK H
KRV\WMDOVRX QWK DWW SBQHW UIWRIQH V HRQFID UDVHWRIDRQ SHQHWUYDWLQJ
W KK LW KROAWD LP LWRGK RUMD GRZH LQ VWD UYD O X H\@ RGHHEY H O R RALHARRNY W
IURRVKBHZEROWNE QVWDWAIOKR VW KLWBAD¥D VR QVKRE VHU YW Wy K
UHDF KW UDQ VIR UPW DLIERDRS K D U D WOV VP DRIS KW K B & H'Y H O RVSSHAGD J iR U

DG X DRALWK RE YW D\§ HRI @ WWID U D VIWRFELHAR FR X EEBUHP R YIH® RV KOIH DIQ GH W
SHQHWDOQUGH YHQERY KWEBDUJBQW ZRXOGRP SO HMGX OG\H Y HO R S PHKGRW H
WKHUHIRUBXWULKMNRREQY ®W KHDPHZKLWHMWKBEKW®FKLHSW® JHS ULRUR
WLPHNVRDYRLIGDYLQURFRSHLWKVKHUHPR YDRR KGIHED ® JUH D WHRLF DWW H
WUDQV IR LRAQW SK® RWWL V WXRI K RR/IH W K DIDK RV®6 W D JH7 KLFD G HVG L | | L AR W

W KGIH @ X W U L VG RGWIU X F\W X2 HY DWQ G H[D P LQBIW WD YH\D DM LV F X M D H G KK
WKLFRNWLFQIRUGMURWLPSHQHW UDWLFERISEDUDVLQWPISKE/LPLQLYKHBW O\
FR U U H AWK@ketmocerus |HPDCSHUH IHWR R Q PMKZK L W MIKOD F 16 W® J H K X \R Q OV\L |
RYLSR¥Q®WHB®DQGYCQ\PSKOL@VWDSWD JIP\PSKXHUREW D LZAMBKIIXQGHU
*HUOLQJ "LWKDQHJIJGHYHORSPMIXWMPQBKLERUBHSOLERWH® YEHHHQ
GXUDWUBSOSUR[LPDWBHMW f & WKHGHVLUWESHIUFWRBRP SOBWMMEORSPHQW
KDW F KL QMOW W D WYL.IVOS L FPHO BDIRWU DQBPHUJHG ZDVWYHWLP L@WRAKYD O X H
SHQHW URQHAWRIKR VRAD W H D F KMIGHY K IRWK¥HQ SDUD VERQIMIR OV VXJIIJHVWLQJ
LQVWBEHYHQY D U LMREFRIW KSDUD VL WRIIDWKHSDUDVLWRLGRHWRW. QG XFH
HJJXL B0 W¥BGHRUYE QVWRYWK/XYV GHYHOR S DHIQWH QOWKR VWRZHY WL OH

LWD Y QW H U MN\EW DQKDKH QY KR F F XW K H RIWKEWDJFRQWGRONOWSW® J H
SDUDVD\W EA0R. VRW KR WWRR OVR K ¥ K EXVELEGQRWPHUJBRQRIWKISDUDVLWL]HG
LQVVEDURUBHQHW UDKHE REOK D QWK WK LW HEMKHDWLIQGV L P L OIDUK LR@V W K H
HQDEWKBW OD QY RBHHRHWHUPMQWGHUFHQ R DSIBHWD VLBW.PHEG \P SKW KD W

SRVVMEKDMIMK RVW GHSHQMEKQYWHRVWHDFRQ@&HPDLQW® DJH DQ@KDW
GRHYRWHDWW K$SDUDVLWRLGXIQBY FHHPG UJH G ZHUKMWRZHVUKDIRUWKHLU
FDSV XRWP D WIRQMOWDW W5 QVWDRISK UHVSHFRQWH ROWQG &RQVLGHULQJ

$OWHUQDRWS RN U MECIHKSD U D V IDW\R H® K DR KO\RWH H$O D X WL EDRPSIDUDVLWRLG
SHQHW WDKHR Q@ WHD W IHWKOW Q FHW V KD SMRX Q@ Q G XSAHJ P D GGHHQ\W O R S B H Q W\D\®
PDC%HVGLIEHDIE[W-RHQWHWWQ-R\KWUHDFKI-H.QNKI—N_RJVWQ(RWKE[IR\XC(IR\MHFDQQRW

WKHYQVWRELQQ G XWKKHRWWRQLWLESK DWRIGLYVFUHSHH¥X HFRQW DR G
FDSVXOUH D WIKRGW KIHQ FUHBG X HBWLRSD UD V LAKLL]W 8 1B LIXQ G H U Q HDEDWKK R X J K
SDUDVGWRHGR RENGWYKHR YL SRV LWMIRER VYV LVERBWK HUBVD GLVSURSRUWLRQDW
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DPRXQRWPHFKDQIGADRD MRSDUDVLWARKBGER P WP BIQ WH Q RBW\R VA/H F N D QK&
Q\PSKXKLOMHIDQV | AMKIHARIH WEILVKHYLGGLIRUG*HO P HQ® O 2ULJLQDOO\
6WDJBQGWHYW SKMVZKLRAKKSDUDVLWRQEHRG\VW HKIDRES MOH S R WARWGA P X O D W H
ZDVLQWKSIUH SHQHW WDWHWGCH® RWFHGQ Y LMLRQV MWFMW VXENMUODQGHU
GHYH®RSHPHUJBWDJIJHDWVKMWLPRI 'RFWRQBILVWURP ZHK\SRW K HW K PH/G
UHP R YROUB[K L E LDIM[GVUHPRE@PHUJHQFBIUDVLWRL G QB G NBMR VMFG\VWHURLG
U D WSAV D JBIWW KW L FRHU H P R Y 00OV KGID W WHLUW FIRQW U L BWRW KBQ G X FVRLRRS V X O H
FD\RQBQRI Q\PSKV HPHUIMEBQ IRUPDWLRR tabaci 6LQFEKROHBERG\
D G X DKW \Z K L @VHKDHE L QRUW KSHD U D V HW.R HE G\ V W MULRUGEY VU H ZXH QY XL Q v \®.D U
WRQ G )XEHY HORSPH Q HWMH VW L RAVE#®#ti ZHUHQFRQWDIPMERQ SHQHVRWDWLQJ
FOHDMKDOWQRQ SHQ HWIDOWDVQ OIRWEDH Q HW UYWL\ Brithdus OD U LIS SHD UV
SUHY HDGWG WY H O R SFPRAQRN W K W/ L P HW K I\W J X O PR KD Q LWREBWRQ RWQ YR O Y H
&RQVLGHULH FWKDIWKH mundus DG X OMF G\VW HRN GNVE\E. mundus WR QG XFH
IHPD @HH Y HQ M X WKW R VXWQ G HZWK L FKW FD S VXROUP D W @RWQR V, W \D O 8 R V V MEKCDHV
RYLSR YHWYH@O ZHFRQF OXIGBMY DVP DB QGHWHOWPEGHBRIHFG\VWHURLG
LWKNY. QVVEDUD V IODRIY®W KKK HSOD D/UR MH) G RWK DVK H H G X FIHHGY RIIO
D G X OHAP D GVHK DB O L YPHDWAVH UFLDDSMD EBRO HH F G\ V W H WL @ F WHEQHS H U P L VINRLW K H
FRPSURPLVLQJ WKH GHYHORSPHQMN WL RY U HZKLMDHNBRIAZR K W R DR/X V
K\GUR[\HFG\VRBHWVHQWLDIURZWK
%RVOIRQ SHQHWQBWQE W EDMINIPS) IDFWRU LPGW KK GRWLKR WIKH Q LW/DEDF W
VVYoVveDUFRDKVDEHFUHRY B QVWRYW/ RHE DQG RUWKISUROLIHWIMELRQ
HFG\VWWURKRWP REQHY HOWEHW ZHHQG LI I1HUH Q \R LOMSLRER SRALIBUBELWKHOLD O
DQG RIFRQWYROXHY D UH O D WH® ®NG U X GH \D® $OVBR\SDUDVLWRLG
KRPRSWHWR® S K LAByrthosiphon pisum  SHQ HW UBMILLRIH OW X DV W R X Q GLHG
HFG\VWMWUREBEO D V@V VQDRIS KWK EWG DSSHD UDIFGUHV HP KGH RF\WHMG RU
E HH® U D Vv DAY Y4Has VEMPHitius ervi ZHUHR HQ R FDW BV H V HQWZK LW HISL\G HUO L V
DOWR JQLIL FDRAWDK DIGQF R Q WINRIOL GW KBIU HDK D W. QF R Q WDLPMKKSHQ HWUDWLQ J
3HQQDFFKDR 7TKHUHUBGGLWLRBQDOVLWRLE ,WKD\EHH®XJJH\WHIIBW
UHSRIUWKMHL WH IROWL RUBDQL S X O BW IRRHIDR FDWHMRHAF G \ V WW\DRN IGIE R PW U
PR O WH.RU P RADHY HQ® X EMER VHIQ @RY G H WO 'HOEHFAWBO EXWKHGHQW LW\
HFWRS D U DR/WWRUGSRYPHD L QWDKRY @I WKHVH URXQGHG FHOOV UHPDLQV WR
HF G\VW HRRRL\VE DOV H Y HOR/DDAU HP R V W
EHQHILRISID@ DV GWMRH® RSB HQWAZAH G X W H V XDOOWR RW K YWHHF G\V W B H FRH G
%HFNDOHSHOPDQ  7\SLFD®BOUDYVLWSRLGNW UIDVIDYL \E R L % Y UDILNRAE R W K
KDYHHYRO YPIBF KD QLWWPRUHG X KRR VW Z H HBR W DIQR§ UH HEH D QL J $ D Q @b
HFG\VW RNURNBBY®V K XSU HY -MGKWIFURP UHV SHF WZYWA\M Q L | L FIDIQIW BWK DIQQ
PROWRWQRSSRWWULREBWE\HIIHFWKMDRQ SHQHWIIDUDMLIWRLEWSUREDE O\
LQDFW L RJAH RHQ H UDIW R R R W K R UDHFE B YS\HHQ H W EED wiba@@s VY Q VvoDW Y D H
JOD QDKL FKUR G XFI \VEQHQ K L E MKLIHZH USHU H S D WIRGRIOMRY K 19 CL Q V VDMWY H Q W
UHOHBVSURWKR U D F LKFFRWPLRROZK IE F KW K DR\VF F X lB\K UL ®U DWW KHH Q GR | WK H
VWLPXOWMSYRWKRUOBRRSURGXFQFDSVXO0DWLRQ S URF HW DO
HFG\VRIQUHRPVKKRVEW D LRUE\ DOWHULQJ
HF G\VRBHW D E R W/IRAWP K DS\K\V L R O R J ISFODOKRKKAD Q QIH@K L O S VMROUP DW VR Q
LQDF WIEGHV W HJRE GR' G X FLHKGY L HZ® & R Q W U RQADKB-Gtabaci  E. mundus V\VWH P
%HFNDOQHEHOPDQ )RWFWRSDUDVUMWRILEQWQRRRYUHVXEXWRQNKHRGHO
UHGXFHHFG\VWBHRB®MVXDBWVLGHQ VE UR SREAMIGEU O H@IO WBHVFULEH
W KR LW V WDWD V LVQERIBQGRSDUDVLWRUBD WARVRQREVHUY RWKLR@RORJILFDO
L QV KKIR VM@ V WWDRJZ K L P K$ID U D V IZW @ O/GH F W MRQHIMHN KIRHUS/R WK MYV@ Hnundus
HPHUJHKXVLQSDUDVLW.L]d@G W KHO DUBYLIN UW KH Q W HYK\R VLW X U U R XEDAG H G
HFG\VW HSHRDLIEW K DBW HD V'V R F L ZW\WM KD F D S V XWHH WH Q H U B W.AMBR VDD G QN K H
ODUYDOFSRSD W MHPBWWKKMHD UY D O SSXUSROFOHVQ/W MUK\ R V WK HF H ORJIW K KR V W
PRODMBEROLWRHEEYBVPDRBPRO\P SKS LG HWKDWEGIR F DMWHIG/R WHOHD WUIR Z
HF G\VW B HBAGR E V H ULYGNE&HIR VDM K HD Q 8 X O W DR KHHQ W U EVERFKHHD S V EQX RV
W LPRIWKBDUD YV LWRLEDU PRO WQ G Q RWKLHQ W HWH. RIIRER WHKSD UD VLMWRDL.G V
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