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Competition among parasitoids for host during foraging and oviposition

LI Guo-Qing, MU Li-Li  ( Key Laboratory of Monitoring and Managemens of Plant Diseases and Pests, Ministry of Agriculture, Nanfing Agricultural
University , Nanjing 210095, China) . Acta Ecologica Sinica ,2006,26(4) : 1261 ~ 1269,

Abstract : During foraging and ovipesition, hymenopteran parasitoid females often compete for hosts with individuals of the same or
different species. The competition involves four types of behaviors: host-marking, ovicide or infanticide, brood-guarding and host-
feeding. Advances in research of these behaviors are presented in detail in this review. (1) Host-marking has been documented in
about 200 hymenopteran parasitoid species in nearly every super-family. Wasps mark exploited hosts physically or chemically
before, during or after oviposition. However, most parasitoids utilize chemical markers, which are defined as host-marking
pheromones ( HMPs) or oviposition-deterring pheromones. HMPs usually mediate the discrimination between parasitized and
healthy hosts, reduce super- and multiparasitism, and minimize intra- and inter-specific competition. HMPs can often decrease the
tendency for a wasp to lay eggs in a marked host and promote dispersal. When HMPs do not completely suppress oviposition, they
can reduce clutch size. Moreover, a gregarious wasp may modify the sex ratio of deposited brood in response to the presence or
absence of an HMP. (2) Ovicide or infanticide refers to a parasitoid destroying an existing clutch of eggs or larvae in a parasitized
host before laying its own clutch. A wasp usually commits ovicide or infanticide either by piercing eggs or larvae with its
ovipositor, eating them, or injecting a toxic substance to the first brood(s) before or during oviposition. Generally, an adult kills
brood(s) on conspecifically parasitized hosts more frequently than on hosts parasitized by itself. Ovicide and infanticide are
advantageous since they remove the competitor (s) to restore, at least partially, the quality of parasitized hosts. (3) Brood-
guarding behaviors are observed in many species in the family Bethylidae, Scelionidae, Pteromalidae, Mymaridae and Braconidae

Guarding wasps attempt to repel intra- and inter-specific intruders to protect their broods or unexploited hosts. (4) Adults of some
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parasitoids feed on host insects to obtain energy to develop eggs, a behavior defined as host feeding. A host-feeding wasp consumes
healthy hosts or even directly kills the parasitoid broods in previously parasitized hosts. Females tend to feed on hosts when they
possess lower egg loads than higher egg loads. The theoretical importance and potential applications of host competition during
foraging and oviposition among hymenopteran parasitoids are also discussed.

Key words: Hymenopteran parasitoid; host-marking; ovicide and infanticide; brood-guarding; host-feeding

PHFEBRAZHARNRBAEBREATHEY-FRA-RBIEXRNXRBER RAREE . EL£EY
BiGIE A R R, MFEEMNHAMMERESREY BT REBEARBHEN X -FHFRR
MmN, EEREEUFEEEH FROARME, HMAN Eﬁﬁ@ﬂ%ﬂgﬂ,ﬁm%@iﬁz—f“'ﬂ o MERHEW
AREEMERTRA—FREMEAWNETY., @0 RAMARTEHER. FHE S (exploitation
competition) & £ B 5 F 5 B — WIS X 12 9% U [F] o R AR, 40 B %7 AE (gregarious parasitism) i3 #F 4
(super- parasitism) B % % 4 ( multi-parasitism) B Sl A L B4 BT F T WA FH, 2 3 3K F (interference
competition) B A E N EEBH AN FHAERFHEMTHY ., SFEBHE=PIBRPHFENESY
HMRER HHRAFCHFE RBARY FPFEAMEFELEMTH. RPRCFERTREMRE; R
ARG FPFENNEEFE  UFLEMAEFEFFTHEEARTHP(L)MBFERER, REEY
;MABRRRFERPTTHTERNFEHE RAENR, A XRENTBUFERERTBABRTRE
SHFEMARHER
1 ®EHRE

FERICRMRGIFEN NI SRR EBEF I ERN ERXXFEFRPHSFHYHEN
W¥ES, PHESHBENEINFNENEF TXARARREFETHOHO (R . Z2BEY, 4
FERiCR - LR ETNHEXNEBILEY,. A F 4215 B T (host marking pheromone) . B HiEKIF FH,
o K 2 A A e B R AL AR . WAL, A TS AR N SR e R R e SR
¥ SRR 200 B L AOMEE IR A F ERICBHACFAEF I B A FEMBEE B Rh Py R R
Fo
1.1 FERFCEHAES
1.1.1 HibdEHE FEHCBREROERREIESES £, KRS, ATTELCEROBYES.
B3 A % (solitary parasitoids) E L F ERMICERERE, IRARFICF L T B BB & 4 ¥ (gregarious
parasitoids) A RIBIRICRAMF I NANAERE, URELT=HETNRE. WENE Teenomus fariai 7= 5
BAMR fRCHFEHMRBEER, XEFROBETREBFICEAN T ENRE", BT/ & Aphys
lingnanensis EN LY /N A. melinus M ELF /N A | coheni ARV B FH N BEFITRHNCEPREN
R RURIETHEIEERESFENIEFA. BEAMURRAEHTEE Pseudeucoila bochei'™ F1
Leptopilina heterotoma B J" 7R #E T. evanescens'™ , Wo4h, F EAFIEEREEM R BB AR B INRES,
FRFOFWGHFE ™, ANUFEBAEGRETFCEIERE AR  BEERNE.FKE
FHB
1.1.2 AL SFERFFRCCEMRGRE ARMMGEL., — R, EEF T AR R
I BEsE W RN RSN, X MR ETLE BN Ascbara tabide™ TSR 4E 5 & /N ¥ Nasonia
vitripennis'™ [ FRBR8E T. evanescens™ BUNEE Anaphes victus'™ A . nitens™ FIRIEE Telenomus fariai™ B R,
113 EBHRERXR ALBUFARBRENCEERENASANRAME B =M, B4 a3 F4E
(self super-parasitism, [F] — M B ER —F £ LM IR T F4E)™ . B/ Anaphes iole BI A FE
FEM EEEFIFCFE, ASHFEREHA 202 BBFFAFFEFEN, THFERED 809%™ . B/ K
A.n.sp." A, victus!" IR Telenomus busseolae M T. isis™ . 4/N#k Dinamus basalis™ \Bk/Né& Epidinocarsis
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lopezim] 3 BB 8f /N ¥ Encarsia fomwsa[m « Eretmocerus eremicus F1 3 1 8F /N8 E. mundus'™ . F K JE 5 40 i
Dendrocerus carpenteri'™ \JE¥& Venturia canescens™' 45§ 25 ¥ Ephedrus californicus'™ 4% ##% Aphidius pseudococei™ |1
ShEE8% Praon pequodorum™ St BA MR S BIBE S B % H T Bk o BEIA B 5 A0 R Fb L B 0 8 0 B LA T
R FHASEE GMAFRERARERNZ AN RS, HREAERGI0RFET, Wi %4 FREk s — !
SERAE . T B FAENRTBERZ M MTS, - RERT R P AR e, Ba s,
UFEBLATREFEIFCELRR S FRERANTE, BAESFEXEREN M ESEHREFTE. W
BN A vierus" FIHEYE Venturia canescens™ HEES IR EFBEAARFBE L ZHNITCERE. BFS
& /N Pachycropoideus vindemmiae 75 E Lyon & R X2 H X AWHIARICIE L E ;T Rennes B R RFHEH =04 L
FRZHBMFEZREAY, XIHEFTETRHBEER, MFWR.
HFERELFEMEEERNAMERKEAREXRWTERMEMS, B L3 HILH, ONHS
PRIC. UK KB R Dendrocerus carpenteri™ FIVJ BI#E Trissolcus basalis' I HF FARiCE B R M EE LG ,
BADEERERBA SR . SMBEERL™R, X - XBTRRFRNFEESHNESSFENEF E, i
FEEFENFEHT—HERE, FENEHERK, FELMNBELEHASEBE B FFERF EHEIBNI
P REREASNTFE, BRENXSHH5EE HIRE. OFWBIFEERAAAESEFEHFEMN
SMER A PIR , BT 2015 B M 88 T 8 U X 4 R R SRR R R MK . IR /N%E Anaphes victus SRS 68 X 43 IR) D
FAE R M ARIE , 75 5 B R I0 A0 38 A0 P9 R , B X 20 S 6] # B8 5 2R (Quebec  Taxes 1 Michigan &R BRI, OF
WA AR ICE R R IR & WA 4 B HL B 7E R [R) MR B TR AE @ 15 10 22 R, X R 2 3B AT IR X 4 R TR A i
YRido UNHERE Venturia canescens HIARICIE B R EA SN ML MABRLANER S EEZ X RMX, HEEHE
B HF B R X AR W E I
2.1 HEWRICEFHEIZES
1.2.1 FBAARMKRES FERCHEBRAEMTFEEIITRRLESN . F—I&E K8 5B T7 8
FEMCBEERNEPRE ., AAMELES BRI, KEMEZBRERMOTFESCERR, M
BT EAF T ERICERRRN R, B R BT E. WPHEF Eretmocerus eremicus M ARICE B EF 5
LELWRBFHRAE/NEE. mundus FHEMWET E,BRBEH E. mundus BIRBELBE L BRI E . eremicus FA
HE £, FIRE, 82N Anaphes n. sp. Hl A. listronoti'™ (A . victus F1A . listronoti"’ \BGN#E Telenomus busseolae
T isis™ T B8 Asobara tabida 1A . rufescens™ TP B ST B8 Aphidius ervi F1A. smithi'®™* £ K&
JE4MY% Dendrocerus carpenteri X D . laticepsw] BE/N¥ Epidinocarsis lopezi X E . diversicornis™* S H | vhr , 45 T b
HHAZINBMOTF ERILFEER BEBFE.
1.2.2 ARBHES RAEEE FEFEHKEBNARBUFEBEBEZN TR FERCHERR, M
IR EYRE. XEFHETROE AR, NWBFENAARRE Lathromeris ovicida B R FE/, T X B
GU3E Telenomus isis IR K, YE AR F EIEWM KRBT, L. ovicida BB T. isis IINES R EF A,
M T.isis % L. ovicida BWI¥HIC R B R 8, BB 2 FA , €/NE Dinamus basalis FHE/ |\ Eupelmus vuillet; [6) 35,
HEGHN, LR D. basalis TT R FR B E. wuilleti FIFRIT, MALREF E. ouiller; ZWs ST D . basalis ’
BFRiE , MMMR ST LT B2 BIE¥ Diadegma insulare F1 1 ¥ 35 ¥ Microplitis plutellae 35 % /N 3 Bk 4
RN ¥ 3 W< Copidosoma truncatellum F1#3 %% M 3 ¥ Microplitis brassicae EEMOERY e/
Muscidifurax zaraptor F1 & /N ¥ Urolepsis rufipes o Ft & 831" | B B ¥ Aphidius matricariae F1 4F ¥ ¥ Ephedrus
cerasicola ﬁ%ﬁﬁﬂ?m] TG N e Aphidius ervi FH 75 DL Bf Bf /) i Aphelinus asychis %%Hfﬂ[m H2E 14,
EY PV P
HERRCFEFEG, EIRAWNGBRIT—MERTHER, FIREFERR, T TECHI, 1
XA T ERMFRAMEES BARENEEN, BERNRNEDTAZSBEARARR BREARED f
JUIEY K@ /N R N R AR R | B bk B e R 401 A R T
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2.1 ABAALGHA

BRI MRS, H— RSN R, XM R 7E5H % 4 (ecto-parasitoids,
FERF S kR I A ) K AN e Echshrodelphax fairchildii™ \J8 £ #iE ¥ Pleolophus indistinctus™™® | #8 4
" {4 /N Pachycrepoideus vindemmiae™™* FIE /N Eupelmus vuilleti™ , 1 % 4 (endo-parasitoids, 7= 58 F & E1kN
B 100 S 2k e ) R K S0 B4 M8 Haplogonatopus atratus'™ ™ FITR4F/N#E Encarsia formosa'®™ h 1R E ., H-RME
HRAOBBRN —HEeRBEAETE LML R, XHE LTSRN FAE %, 08 f % Goniozus
marasmi'®, G. platynotae'®® | G. triangulifer™ R G. nephantidis'™ . ff B& ¥ Laelius pedatus'™ | Sclerodermus
macrogaster'™ 1 Cephalonomia hyalinipennis™® . M HFEBERP (L WEIHHFAREFPIBFEAFTEYR
RIERT— MR HAE R ERAERT,

2.2 AWMALHELRE '

FAEPAMLY RS RM R EETRARN (L) ERO LA, SFEERBHPRYBRS
TR, LBAFEBELH KT EY Hoplogonatopus atratus SRRS B TR ER LR TEHZE 2 KM,
BBEBRAS™, PFEGETIT /N Encarsia formosa MK, XA F EMEAGLKE 1/4~1/3, EMA SR F,
FAEBHBERA

R AL b BT SR R | DT B A SRR B (4 ) SRR B AR - (1) 2850 (4 ) BT BT 5 (2)
WA AFERFENTERRQ)EFXBLTESRE . TREWERATX W, WEREE Bracon
hebetor Z5 SRR H L =R Et I 1/6 26 e MESRBHE™ E@RTEROHAMERT™, 8
WHIZ & /N Pachycrepoideus vindemmiae Z RGBT S HEF PR MY, AMAFRAHXTRREFEN
B, $¥ Echthrodelphax fairchildii A4 10 s, RN B 5L ESMB EAR, ML Loelius
pedaus B W E SR L L EEAB, AMEHE-WFANENBRK TEE=HY, LV ¥R
Haplogonatopus atratus'™ FITHUF/N#E Encarsia formosa'® 7% BY 75 B ¥y 8048 .

2.3 EWAMARGHER

RABAMRNTNSEHECEENE W, BT S/ NE Pachycrepoideus vindemmice 7 5847 X% 2 i
AR M, A BRI, RN RRE, B WFAERIEMR, MHFELR Delia radicum B, RIVERBMA
K%ﬂﬁﬁiﬁ’ﬁﬂsm o MEAh, FIRIEME Bracon hebetor'™ A Haplogonatopus atratus™ FE Echthrodelphax
Sfairchildii™ S REBEIA B BT O, BB ATEACHER.

2.4 AW EMETES

RIPHRGEERF LGN HETERA X WMIENE Eupelmus vuilleti 15 7 59 T8 & /N Dinarmus
basalis HFEM TR B L, AT RTEZESNF D. basalis KR, B Cephalonomia hyalinipennis 1 C.
stephanoderis 18 B 35 %ot 77 50 B o SR /N IE H R BUAL B SRR B T B 2 MR
3 FETPTH
3.1 STPIT AR

FUENSFESRARRI=MEFENT LS, FHEATEAR, REMS 25K =R, S/RE MR
BRI, MBI BRYE Goniozus nephantidis 18 2| 438 Opisina arenosella %1 5 , %5 A\ 0. arenosella B
HERMFE EAHAETFPFEL~MBEHTW., EHHR  HEEFEEHBEARE EE2RMELH
R7hik. BFAEEREREMENE. HR—EBRHAESS EAIH HAENRKEZRAREN 1.32
. HRoRGKE EHAEARERK AREABERHFE  MUAREARERN  ERES5KEEREM
X IWABREBEEN S FETPREL, ETPYE, A E RPN BRRERR. X80T ¥
HEMEMKE, FANMATRE, SRHAERBILREHRERRZ—,

HFETFPITHERELETNE NRBPER. RAMBEYE Goniowus nephantidis 7R )5 , 15 BEF EH T
NEZHERE ™ BANEE C.logneri RAHLIEIITH, MIB¥ P. naswa BB FIMRHER /N E
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BB P AR L B e A AT . W Trisoleus basalis B — IR A
B h BEREPRHLE 250", B C. stephanoderis™ & /N Erixestus uinnemana'™ 1 B4 %1 4
EREFITH,

AMUFEEFENRBAEFE—ERL R, DT EBN— K0 R34 X % F M — 342, B sF
FPHEEIREMNERFEN ST, XEMFRMEPF. W03 MR /NE Gonatocerus ashmeadi | G . truguttatus Hl
G. fasciatu FEXM ¥ Homalodisca coagulata JP3R b—R=00)5 , B HAF EMHEARL EHMA RS &, 5 E
FIORER EARGETEON ZE M A B P TFPEE BRERMBXFARMARES . FhhEse Cephalonomia stephanoderis |
C. hyalinipennis M Prorops nasuta 7} HL7™ 9035 4 A V5 7 — A2 A o e SR /BB L A, 957 30 35 £, 24 (6] bl 52 o e
BARN FEEMAREZRRAEAL , RAEBE TRMENLLESF™ ., R HA5RET, M
SR AT, SR RO AT R P BREBEFE R FE X UM R F E TR ST R R A
BB Goniozus nephantidis F1% i % %% Bracon hebetor 35 3 R Z B ,
3.2 RATHITHERMA

AFEGRTRAFTEIPRIPNRARKES TP HERKE T IH%, B % A= 3% (gregarious
parasitoids ) B #E B¥ 7 4 # (quasi-gregarious parasitoids, &F EHRM A4 M) LB FABE LT, WEM M F
RAFEFP™, IWBE% Cephalonomia stephanoderis 3t R 1 ~3 NERMF LB A&, X EHENG
RFEEPHAEKS

FEFPHNSFTHAERBRNEN, MBENLZR, KREHTHEMGR AN IBI, FERHE
HREERT., BEEHEAMTRYA, #UFARHEETRAINFEH THRAETEESTNT L, ERR
MEFTH, HE , EFERAFR EESTHEBINF IS TRETEASPTNT E, WEEHNEFT
R
4 WRETH :
4.1 WRITHHMER

A A A e i BRI AT T A A R L M AN RS R R L T
FHFT: . BB Cephalonomia stephanoderis . C . hyalinipennis 1 Prorops nasuta 4k 5 7 # 8 7F 3 i ME = /)N
B IR A A PR F . X 3 P BR M B R IR IR 4 . C. stephanoderis I R SR B EATIAE 65%,
B % 40%® -, MFEIEYE Agrothereutes lanceolatus B F L ¥ 3 EF ER BB MIET" . Woh R
FEMEA T /NE Encarsia formosa[m o

WHEL BB HEEFENTE, WA REAR THMEAARMUF LM SR, 0 HEESE a
Agrothereutes lanceolatus T B % 75 A B JLFh 45 8% F1 45 48 09 2 R 4D B TR R 4B A, (B8 T 48 KA R A & A
§H©* , BBREE Cephalonomia hyalinipennis.C . stephanoderis B Prorops nasuta 18 & WHHE R /N2 B AT, R F F & ?
A B [ B o 400 5 2 e 7
4.2 EWHEBTHNEE

UFLEBETHRFTEIZRINE AIBRFEMEERENE W, WHFEIER Agrothereutes lanceolatus
YEANRBIBER DM , FARERMEMNAT, N KEMAF . mAEKARRIEEH, WAHER
MOBEFE, W, FIERE A lanceolatus & FF £ MMM L 5 8 3 {8 R F TR ECE X, LALE R I8 g
SR ENRBB S, HERARE "‘
5 RHE

E MR IBPRESTEINTIRTIERAH I ZSHY P RAERMEEN, X AT TEY
FAHEN R RRHEMBE RS TEENTRLE, R, SFEe@R=IIRPEEFENRIRR
B ZMEEEN AN E. 5, AFERERENIBRPRSFFENOENRUFERETHHEHF RHX
SIEHR I, KRS RN A EAN AT T A REETERRED™, RR BRSWER PR
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SHFERUF LM EESHEE TR, RIPMER R T LS RSHE A EERF, LRKS
MRS IR EHE S, TR AT AR 3 B R o LR A A

AW LA IR A, IF LSRR R RN RS FENRAT BTN Y. B EOHR
AT R B 0 A, X VRS2 U LR AL 2 M R 72 S R R B 3 E IR A AR
AT LA R R RS, SRS MERE, X - SBWHRRIAES , mF EFCARESH
BGNEE) KHRVU T /N Preropiria longiclava 1 #M #h 5.4 /N8 Encarasis gigas B B R . X RBE™
BT HGE P EREIE N Prigalio phragmiris ORI RS Lo WL, B A WA A BTES T LHOHRY
KK, MBI EBY AT ALY S TENERBEESEIFRERKNERS A RBEALR,

References:

[1] Baaren J van, Boivin G. Genotypic and kin discrimination in a solitary Hymenopterous parasitoid: implication for speciation. Evol. Ecol., 1998, 12:523
~ 534,

[2] Ardeh M ], de Jong P W, Lenteren J C van. Intra- and interspecific host discrimination in arrhenotokous and thelytokous Eretmocerus spp. Biol. Control,
2005, 33:74 ~ 80.

[3] Wilson E O. Sociobiology: The New Synthesis. Belknap Press, Cambridge, Massachussets, 1975.

[ 4] Miler R S. Pattern and process in competition. Adv. Ecol. Res., 1967, 4:1~74.

[ 5] Wylie HG. Oviposition restraint of Nasonia vitripennis ( Hymenoptera: Pteromalidae) on host parasitized by other hymenopterous species. Can. Entomol, ,
1970, 102:886 ~ 894.

[6] Wylie HG. Oviposition restraint of Muscidifurax zaraptor (Hymenoptera: Braconidae) on parasitized housefly papae. Can. Entomol,, 1971, 103:1537 ~
1544,

[7] Lenteren J C van. Host discrimination by parasitoids. In: Semiochemicals: Their role in pest control ( Nordlund DA, Jones RL & Lewis WJ eds.) 153 ~
159. John Wiley, New York, 1981.

[ 8] Nelson] M, Roitberg B D. Factors governing host discrimination by Opius dimidiatus( Hymenoptera: Braconidae) . J. Insect Behav., 1993, 6:13 ~ 24.

[ 9] Vinson S B. The behavior of parasitoids. In: Kerkut WJ & Gilbert LI, eds. Comprehensive Insect Physiology, Biochemistry and Pharmacology. Pergamon
Press, New York, 1985.

[10] Nufio C R, Papaj D R. Host marking behavior in phytophagous insects and parasitoids, Entomol. Exp. Appl., 2001, 99; 273 ~ 293,

[11] Bosque C, Rabinnovich ] E. Population dynamics of Telenonus fariai ( Hymenoptera, Scelionidae), a parasite of Chagas disease vectors VI Oviposition
behavior and host descrimantion. Can. Entomol. , 1979, 111:171 ~ 180.

[12] Lenteren J C van, Debach P. Host discrimination in three ectoparasites ( Aphytis coheni, A . lingnanensis and A . melinus) of the oleander scale ( Aspi-
diotus nerii) . Neth. J. Zoo., 1981, 31:504 ~ 532,

[13] Bakker K, Eijsackers HJ P, van Lenteren J C. Some models describing distribution of eggs of parasite Pseudeucoila bochei (Hym., Cynip.) over its hosts,
larvae of Drosophila melanogaster . QOecologia, 1972, 10:29 ~ 57,

[14] Bakker K, Peulet P, Visser M E. The ability to distinguish between hosts containing different numbers of parasitoid Leptopilina heterotoma ( Hym, Cynip).
Neth. J. Zoo., 1990, 40: 514 ~ 520.

[15] Dijken M J van, Waage ] K. Self and conspecific superparnsitism by the egg parasitoid Trichogramma ezanescens . Entomol. Exp. Appl., 1987, 43:183 ~
192.

[16] Price P W. Trail odors: recognition by insects parasitic on cocoons. Science, 1970, 170:546 ~ 547.

[17] Sugimoto T, Uenishi M, Machida F. Foraging for patchily distributed leaf-miners by the parasitoid, Dapsilarthra rufiverntris ( Hymenoptera: Braconidae) .
Discrimination of previously searched leaflets. Appl. Entomol. Zool., 1986, 21:500 ~ 508.

(18] Sheehan W, Wakers F L, Lewis W J. Discrimination of previously searched, host-free sites by Microplitis croceipes ( Hymenoptera: Braconidae). J. Insect
Behav., 1993, 6:323 ~ 331.

[19] Colazza S, Rosi M C, Sebastiani P, ef al . Host acceptance behavior in the egg parasitoid Trissolcus basalis (Hymenoptera: Scelionidae) . Acta Oecologica,
1996, 17:109 - 125.

[20] Field $ A. Patch exploitation, patch-leaving and pre-emptive patch defense in the parasitoid wasp Trissolcus basalis (Insecta: Scelionidae) . Ethology,
1998, 104:323 ~ 338.

[21] Galis F, van Alphen J J M. Patch time allocation and search intensity of Asobara tabida , a larval parasitoid of Drosophila. Neth. J. Zool. , 1981, 31:596
~611.


http://www.cqvip.com

£ 000 http://www.cqvip.comf:

4 3 FEEE % UFEBPRFIIRPEFENTS 1267

[22]) Alphen J J M van, Nell H W. Superparasitism and host discrimination by Asobara tabida ( Braconidae: Alysiinae), a larval parasitoid of Drosophilidae. %
Neth. J. Zoo., 1982, 32:232 ~ 260.

[23] Werren J H. Sex ratio adaptation to local mate competition in a parasitic wasp. Sceince, 1980, 208:1157 ~ 1159.

[24] Waage ] K, Lane J A. The reproductive strategy of a parasitic wasp I . Sex allocation and local mate competition in Trichogramma evanescens . J Anim.,
Ecol., 1984, 53:417 ~ 426.

[25] Baaren J van, Landry B L, Boivin G. Sex allocation and larval competition in a superparasitizing solitary egg parasitoid: competing strategies for an optimal
sex ratio. Func. Ecol., 1999, 13:66 ~ 71.

[26] Santolamazza Carbone S, Cordero Rivera A. Superparasitism and sex ratio adjustment in a wasp parasitoid: results at variance with Local Mate Competition?
Oecologia, 2003, 136:365 ~ 373.

[27] Rabinovich J E, Jorda M T, Bernstein C. Lacal mate competition and precise sex ratios in Telenomus fariai ( Hymenoptera: Scelionidae), a parasitoid of
triatomine eggs. Behav. Ecol. Sociobiol., 2000, 48:308 ~ 315.

[28] Hubbard S F, Marris G, Reynolds A, et al. Adaptive patterns in the avoidance of superparasitism by solitary parasitic wasps. J. Anim. Ecol., 1987, 56
387 ~ 401.

[29] Wu Z X, Nordlund D A. Superparasitism of Lygus hesperus Knight eggs by Anaphes iole Girault in the laboratory. Biol. Control, 2002, 23:121 ~ 126,

[30] Baaren J van, Boivin G, Nenon J P. Intra- and interspecific host discrimination in two closely related egg parasitoids. Qecologia, 1994, 100: 325 ~ 330.

[31] Agboka K, Schulthess F, Chabi-Olaye A, et al. Self-, intra-, and interspecific host discrimination in Telenomus busseolae Gahan and T. isis Polaszek
(Hymenoptera: Scelionidae) , sympatric egg parasitoids of the African cereal stem borer, Sesamia calamistis Hampson ( Lepidoptera: Noctuidae). J. Insect
Behav., 2002, 15:1~12.

{32] Gauthier N, Monge ] P, Huignard J. Superparasitism and host discrimination in the solitary ectoparasitoid Dinarmus basalis . Entomol. Exp. Appl., 1996,
79: 91 ~99.

[33] Dijken M J van, Stratum P van, Alphen J J M van. Recognition of individual-specific marked parasitized hosts by the solitary parasitoid Epidinocarsis lopezi .
Behav. Ecol. Sociobiol., 1992, 30:77 ~ 82.

[34] Hoddle M S, Driesche R G van, Sanderson J P. Biology and use of the whitefly parasitoid Encarsia formosa . Ann. Rev. Entomol., 1998, 43:645 ~ 669.

[35] Holler C, Williams H J, Vinson S B. Evidence for a 2-component external marking pheromone system in an aphid hyperparasitoid. J. Chem. Ecol , 1991,
17:1021 ~ 1035,

[36] Matris G D, Hubbard § F, Scrimgeour C. The perception of genetic similarity by the solitary parthenogenetic parasitoid Veniuria canescens, and its effects
on the occurrence of superparasitism. Entomol. Exp. Appl., 1996, 83. 167~ 174.

[37] Volkl W, Mackauer M. Age-specific pattern of host discrimination by the aphid parasitoid Ephedrus californicus Baker ( Hymenoptera: Aphidiidse). Can,
Entomol . , 1990 122:249 ~ 361.

[38] Islam K S, Copland M J. Influence of egg load and oviposition time interval on the host discrimination and offspring survival of Anagyrus pseudococci
(Hymenoptera: encyrtidae) , a solitary endoparasitoid of citrus mealybug, Planococcus citri{ Hemiptera: pseudococcidae) . Bull. Entomol. Res., 2000,
90: 69 ~75.

[39] Danyk T P, Mackaver M. Discrimination between self-and conspecific-parasitized hosts in the aphid parasitoid Praon pequodorum Viereck( Hymenoptera:

Aphidiidae) . Can. Entomol., 1993, 125:957 ~ 964.

[40] Goubault M, Krespi L, Boivin G, et al. Intraspecific variations in host discrimination behavior in the pupal parasitoid Pachycrepoideus vindemmiae Rondani
(Hymenoptera: Pteromalidae) . Environ. Entomol., 2004, 33:362 ~ 369.

[41] Field S A, Keller M A. Short-term host discrimination in the parasitoid wasp Trissolcus basalis Wollaston (Hymenoptera: Scelionidae) . Austr. J. Zool.,
1999, 47:19 ~ 28.

[42] Vet L E M, Meyer M, Bakker K, et al. Intraspecific and interspecific host discrimination in Asobara ( Hymenoptera) larval endo-parasitoids of
Drosophilidae: comparison between closely related and less closely related species. Anim. Behav., 1984, 32:871 ~ 874.

[43] McBrien H, Mackauer M. Heterospecific larval competition and host discrimination in 2 species of aphid parasitoids, Aphidius ervi and Aphidius smithi .
Entomol. Exp. Appl., 1990, 56: 145~ 153,

[44] McBrien H, Mackauer M. Decision to superparasitize based on larval survival : competition between aphid parasitoids, Aphidius ervi and Aphidius smithi .
Entomol. Exp. Appl., 1991, 59: 145 ~ 150.

[45] Schalz D, Holler C. Competition for hosts between 2 hyperparasitoids of aphids, Dendrocerus laticeps and Dendrocerus carpentert ( Hymenoptera:
Megaspilidae) -the benefit of interspecific host discrimination. J. Insect Behav., 1992, 5:289 ~ 300.

[46] Pijls ] W A M, Hofker K D, Staalduinen M J van, et al. Interspecific host discrimination and competition in Apoanagyrus ( Epidinocarsis ) lopezi and

Apoanagyrus ( Epidinocarsis) diversicornis, parasitoids of the cassava mealybug, Phenacoccus ihoti . Ecol. Entomol., 1995, 20:326 ~ 332.
[(47] Chabi-Olaye A, Schulthess F, Poehling H M, et al. Host location and host discrimination behavior of Telenomus isis , an egg parasitoid of the African cereal



http://www.cqvip.com

£ 000 http://www.cqvip.com]

1268 £ 5 % #® 26 %

stem borer Sesamia calamistis . J. Chem. Ecol., 2001, 27:663 ~ 677.

[48] Gauthier N, Sanon A, Monge J P, et al. Interspecific relations between two sympatric species of Hymenoptera, Dinarmus basalis (Rond) and Eupelmus
vuilleti( Crw) , ectoparasitoids of the bruchid Callosobruchus maculatus . J. Insect Behav., 1999, 12:399 ~ 413,

[49] Bolter C J, Liang J E. Compotition between Diadegma insulare ( Hymenoptera, Ichneumonidae) and Microplitis plutellae ( Hymenoptera, Braconidae) for
larvae of the diamondback moth Plutella xylostella ( Lepidoptera, Plutellidae). Proc. Entomol, Soc. Ontaria, 1983, 114:1 ~ 10,

[50] Browning HW, Oatman E R. Intra- and interspecific relationships among some parasites of Trichoplusia ni. Environ. Entomol., 1984, 13:651 ~ 656.

[51] Pawson B P, Petersen J J, Holtzer ] O. Competitive parasitism of house fly pupae (Diptera: Muscidae) by Muscidifurax zaraptor and Urolepsis rufipes
(Hymenoptera: Pteromalidac). J. Med. Entomol., 1987, 24:66 ~ 70.

(52] Hagvar E B. Multiparasitism of the green peach aphid, Myzus persicae : compotition in the egg stage between Aphidius matricariae and Ephedrus cerasicola .
Entomol . Exp. Appl., 1988, 47:275 ~282.

[53] Bai B, Mackauer M. Recognition of heterospecific parasitism: competition between aphidiid ( Aphidius ervi) and aphelinid ( Aphelinus asychis) parasitoids
of aphids (Hymenoptera: Aphidiidae; Aphelinidae). J. Insect Behav., 1991, 4:333 ~ 345,

[54] Godfray H C J. Parasitoids, Behavioral and Evolutionary Ecology. Princeton University Press, Princeton, 1994.

[55] Yamada Y'Y, Ikawa K. Adaptive significance of facultative infanticide in the semi-solitary parasitoid Echthrodelphax fairchildii . Ecol. Entomol., 2003,
28:613 ~ 621.

[56] Goubault M, Fourrier J, Krespi L, et al . Selection strategies of parasitized hosts in a generalist parasitoid depend on patch quality but also on host size. J.
Insect ‘Behav. ,» 2004, 17:99 ~ 113.

[57] van Alebeek F A N, Rojas-Rousse D, Leveque L. Interspecific competition between Eupelmus vuilleti and Dinarmus basalis , two solitary ectoparasitoids of
Bruchidae larvae and pupae. Entomol. Exp. Appl., 1993, 69:21 ~31.

[58] Yamada Y Y, Kitashiro 8. Infanticide in a dryinid parasitoid, Haplogonatopus atratus. ]. Insect Behav., 2002, 15:415 ~ 427,

[59] Yamada Y Y, Watanabe T. Payoff from self and conspecific superparasitism in a parasitoid, Haplogonatopus atratus (Hymenoptera: Dryinidae): The case of
third instar hosts. Entomol. Seci., 2002, 5:161 ~ 170.

[60] Arakawa R. Attack on the parasitized host by a primary solitary parasitoid, Encarsia formosa (Hymenoptera: Aphelinidae) : The second female pierces, with
her ovipositor, the egg laid by the first one. Appl. Entomol. Zool., 1987, 22:644 ~ 645.

[61] Netting J F, Hunter M $. Ovicide in the whitefly parasitoid, Encarsia Formosa. Anim. Behav., 2000, 60:217 ~ 226,

[62] Venkatraman T V, Chacko M J. Some factors influencing the efficiency of Goniosus marasmi Kurian, a parasite of the Maize and Jowar Leaf Roller. Proc.
Indian Acad. Sci B., 1961, 6:275 ~ 283,

[63] Goertzen R, Doutt R L. The ovicidal propensity of Goniozus. Ann. Entomol. Soc., 1975, 68:869 ~ 870.

[64] Griffiths N T, Godfray H C J. Local mate competition, sex ratio and clutch size in bethylid wasps. Behav. Ecol. Sociobi., 1988, 22:211 ~ 217,

[65] Legaspi B A C, Shepard B M, Almazon L P. Oviposition behavior and development of Gonizus triangulifer Kieffer (Hymenoptera: Bethylidae). Environ,
Entomel . , 1987, 16:1283 ~ 1286.

[66] Hardy I C W, Blackbum T M. Brood guarding in a bethylid wasp. Ecol. Entomol., 1991, 16:55 ~ 62,

[67] Mayhew P J. Fitness consequences of ovicide in a parasitoid wasp. Entomol. Exp. Appl.. 1997, 84:115 ~ 126.

[68] Wheeler W M. The Social Insects.: Their Origin and Evolution. Harcourt & Brace, New York, 1928,

[69] Perez-Lachaud G, Batchelor T P, Hardy 1 C W. Wasp eat wasp: facultative hyperparasitism and intra-guild predation by bethylid wasps. Biol. Control,
2004, 30:149 ~ 155,

[70] Mackauer M. Host discrimination and larval competition in solitary endoparasitoids. In Mackauer M, Ehler L E and Roland J, eds. Critical Issues in
Biological Control. Intercept, Anover, 1991,41 ~ 62.

[71] Strand M R, Godfray H C J. Superparasitism and ovicide in parasitic Hymenoptera: theory and a case study of the ectoparasitoid Bracon hebetor . Behav.
Ecol. Sociobi., 1989, 24:421 ~ 432,

[72] Takasu K, Ode P J, Antolin M F, e al. Environmental and genetic determinants of ovicide in the parasitic wasp Bracon hebeter . Behav. Ecol., 1997, 8;
647 ~ 654,

[73] Antolin M F, Ode P J, Strand M R. Variable sex ratios and ovicide in an outbreeding parasitic wasp. Anim. Behav., 1995, 49:589 ~ 600,

[74] Perez-Lachaud G, Hardy I C W, Lachaud J P. Insect gladiators: competitive interactions between three species of bethylid wasps attacking the coffee berry
borer, Hypothenemus hampei ( Coleoptera: Scolytidae) . Biol. Control, 2002, 25:231 ~ 238.

[75] Petersen G, Hardy I C W, The importance of being larger: parasitoid intruder-owner contests and their implications for clutch size. Anim. Behav., 1996,
51:1363 ~ 1373.

[76] Stokkebo S, Hardy I C W. The importance of being gravid: egg load and contest outcome in a parasitoid wasp. Anim, Behav., 2000, 59:1111 ~ 1118,

74

[77] Infante F, Mumford J, Baker P, et al. Interspecific competition between Cephal ia stephanoderis and Prorops nasuta(Hym. , Bethylidae), parasitoids


http://www.cqvip.com

4

£ 000 http://www.cqvip.com| -

ZEE S HUFEBHEEBIBTNFINES 1269

of the coffee berry borer, Hypothenemus hampei (Col., Scolytidae). J. Appl. Entomol., 2001, 125:63 ~ 70.

(78] Field $ A. Patch exploitation, patch-leaving and pre-emptive patch defence in the parasitoid wasp Trissoleus basalis (Insect: Scelionidae) . Ethology, 1998,
104:323 ~ 338.

[79] Field S A, Calbert G. Patch defence in the parasitoid wasp Trissolcus basalis : when to begin fighting? Behavior, 1998, 135:629 ~ 642,

(80] Field S A, Calbert G, Keller M A. Patch defense in the parasitoid wasp Trissoleus basalis (Insect: Scelionidae) : the time structure of pairwise contests, and
the’ waiting game’ . Ethology, 1998, 104:821 ~ 840.

(811 Field S A, Calbert G. Do ot count your eggs hefore they are parasitized: contest resolution and the trade-off during patch defence in a parasitoid wasp.
Behav. Ecol., 1999, 10:122 ~ 127.

[82] Schroder R W, Sidor A M, Athanas M M. Parental care in Erixestus ui (Hymenoptera: Preromalidae) , an egg parasite of Calligrapha (Coleoptera:
Chrysomelidae) . Entomol. News, 1996, 107:161 ~ 165.

(83] Irvin N A, Hoddle M S The competitive ability of three mymarid egg parasitoids ( Gonatocerus spp.) for glassy-winged sharpshooter ( Homalodisca
coagulata) eggs. Biol. Control, 2005. Available online at www . sciencedirect . com.

(84] Batchlor T P, Hardy IC W, Barrera ] F, et al. Insect gladiators [T . Competitive interactions within and between bethylid parasitoid species of the coffee
berry borer, Hypothenemus hampei( Coleoptera: Scolytidae) . Biol. Control, 2005, 33:194 ~202.

[85] Maynard S J, Parker G A. The logic of asymmetric contests. Anim. Behav., 1976, 24:159 ~ 175.

[86] Enquist M, Leimar Q. The evolution of fatal fighting. Anim. Behav., 1990, 39:1~9.

(87] Payne R J H. Gradually escalating fights and displays: the cumulative assessment model. Anim. Behav., 1998, 56:651 ~ 662.

[88] Jervis M A, Kidd N A C. Host-feeding strategies in hymenopteran patasitoids. Biol. Rev., 1986, 61:395 ~ 434,

[89] Jevis M A, Kidd N A C, Heimpel G E. Parasitoid adult feeding behaviour and biccontrol——a review. Biocontrol News and Information, 1996, 17:11 ~
16.

[90] Perez-Lachaud G, Hardy I C W. Reproductive biology of Cephaloniomia hyalinipennis (Hymenoptera: Bethylidae), a native parasitoid of the coffee berry
borer, Hypothenemus hampei ( Coleoptera: Scolytidae), in Chiapas, Mexica. Biol. Control, 1999, 14:152 ~ 158.

[91] Perez-Lachaud G, Hardy T C W. Alternative hosts for bethylid parasitoids of the coffee berry borer, Hypothenemus hampei ( Coleoptera: Scolytidae). Biol.
Control, 2001, 22:265 ~ 277.

[92] Lauziere I, Brodeur J, Perez-Lachaud G. Host stage selection and suitability in Cephaloniomia hyalinipennis Betrem ( Hymenoptera: Bethylidae), a
parasitoid of the coffee berry borer. Biol. Control, 2001, 21:128 ~ 133.

[93] Ueno T. Host-feeding and acceptance by a parasitic wasp ( Hymenoptera; Ichneumonidae) as influenced by egg load and experience in a patch. Evol.
Ecol., 1999, 13:33 ~ 44,

[94] Gao Q K, Hu C. Parasitical behavior of Telenomus theophilae Wu et Chen. Entomologia Sinica, 1995, 2: 330 ~ 336.

[95] Huang Y P, Wang SF, Tang A W. Host discrimination and marking pheromone of Telenomus dendrolimusi. J. Central-South Forestry College, 1993, 13:
103 ~ 108. '

[96] Ou X M, Jiang H H, Chen C M. An observation on parasitizing behavior of Telenomus euproctidis Wilcox (Hymenoptera: Scelionidae) . J. Hunan Agric.
Univ., 1996, 22: 561 ~ 564 .

[97] ChiDF, Zhang FB, Hu Y Y, Sun Y, 1997. The influence of kairomone in Quadraspidiotus gigas and oviposition deterring pheromone in parasitoids on
the control ability of those parasitoids. J. Northeast Forestry Univ., 25: 15 ~21.

[98] LiuC, Chen H, Wang S, Chan C. An observation on life habit and parasitizing behavior of Pnigalio phragmitis . Chinese Journal of Biclogy Control, 2005,
21:120 ~ 121.

BE

(o5] #BY, THWF, FAR. NEABRBERCSRARFERCHEFSRNTR. FEAERESER, 1993, 13(2): 103~ 108.

(96] EKBEEA,ILIL4E, BRHH. RECRBOMBIFETHUE. WERLKEFM, 1996, 22(6): 561 ~ 564.

(97] RflH, AN, HRA, &, GEHNAEESRNNEE LM {E SR DEEGH DB, Rl R¥E248, 1997, 25(5): 15~

[98]

21,
XURE, PR ED, EAIE, BRIC R TR M/ e i A 05 Y R A AR AT g WAAR . R B AR B 96, 2005,21:120 ~ 121.

P

S

R R

S

S S



http://www.cqvip.com

