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Behavioral mechanisms of parasitic wasps for searching concealed insect hosts
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Abstract; Wood borers are important forest insect pests and difficult to control due to their concealed behavior. However,
parasitic wasps can effectively ascertain and parasitize wood borers as well as other concealed pests using special searching,
finding and attacking mechanisms, developed during the course of long-term coevolution with their hosts. The present paper
summarizes the behavioral mechanisms of parasitic wasps involved in searching and locating their concealed hosts. Parasitic
wasps can accurately find the location of their hidden hosts and then parasitize them, usually using olfactory semiochemicals
from hosts (lavare and adults) , host frass and symbiotic microorganisms in host galleries; visual signals from color contrast
of plant surface; contact stimuli from characters of host physical defense; substrate vibrations produced by host feeding and
movement, and infrared radiation from host activities and metabolizability. Some parasitic wasps may integrate the
information of several stimuli from different sources for enhancing the reliability and accuracy of host locations. In addition,

the potentials for utilizing their host location signals in biological control using parasitoids are discussed.
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MARETREFR(RS FTH/DER AER AR EREF) EEAM T ARRIBZAN KT E3, R
RCHESR , RESR AR B 2R SH R S O R, BEIST &7 EH M FR A0 UK S %%, BN S B sHE B80T, “E B
Jip AR A AR A TR T B AR AR B R RRAE K, R BRI AE R ST EF R R KT, Rk ERE
EMERRBNZ —, BTEHTHFRERERMERER T, ZIFHRRIZUE LR R/, #2557 XE L
Bk, FEE 0 B, B iR R MRS, RSB RAESEFERKHBREE RS, B
BT R RBMBGE £ F R MSILG, RS A RO NI FERHERE BN, WFEFRER Cydia
pomonella (L. ) H% H 58 1 /N Hyssopus pallidus (Askew ) Xt RIZPFIB B T HAF F Y BEBIZN A7 4= , ME ST
A /MR EH RATNIREA B @R B R SR B R RS A BT [F, a0 R ] DR SER > Rl
R > HERE"Y R4 BB ER Syngaster lepidus Brulle 337 £ /5 7= JH it 5 7 SR 45 IR 51 i Bk 3 £ 09
AMERIIN, FIRIE T E B AR R4 Phoracantha semipunctata ( Fabricius ) FIfE B IEAR K4 P. recurva Newman %]
RN B R B E )

YT AT S , BRI RHE, kBT F AR A EEFERBAEEN, —BORH, FEBRR
BRI TERAFERMES S A B FEMBE SRR FEEM FEER FEENMFERAT, 4 REHT
FEWIMFERAERIMEEES, SAEFEEMI, FERENAF RV REFESEPEREN E
MR PH-EZHF L ERBNFENRE, FEBWENERABRE DK TREESREPHTEE 6
A, MM EERSFEEMXRD, MENNTFERNAER - ZEXEENER , BOFEYN
Sy AR A SR 25 IR M DA R A A e BT RN Y A R B RO S R BB B A e RN
] 2 2 e AT AR W BT AR ORI FE IR KRR ik T L &2 BRAE M3 00BN ™ . B, A% R T4k
FE N7 3 F AP, X TR AR E R, R R AV E B+ 7 08 A SO a7F A SR B it
FERATRFIRIFT T B, LR #EREEZSEEN AR
1 RE—UREEWR

BAE— BN N k2 1% B % (semiochemicals , infochemicals) 44 i FIRF FMBEER R, MENREE
MFEEEERTFENAFESEERBFEAS FEME FE R FRELTY  HIEELYEEHECE
ZRIREAEN S WAk, A e TR AR B % SRR IR Y, SR A R R B R
ERER Y FRF =0,

1.1 FEEFEVEERY

A Bu g 1 B A B O B 5 B A A e I TR R AR R A M A e T A R B B
HEERBRTHFEMRAREE TN, HE2EFEELURMB], Tk BFERBENRREASL RN, B IHH
EFEFRMFLEANATE, EREFEYENER X SIRN R T F AR TRNMSESSEE,
ST A e B R A

LZIMEHR R EER B SHEYREEINEAELSYRTI ERNREERE R, NFENTE
RLFbERIE Trybliographa rapae Westwood MEMENT A Z B £ H 5 HFP I8 Delia radicum (L. ) N ERH BEEK
FERYABIGR , X2 FHARKER Y RA BENBE, B2 X ERORZEFRAT A NER X A&
W AR MR, B TR G R R X 25 2 i B W 31 0™, KBRS B H  Coeloides bostrychorum
Giraud . /NELJE i 41 & Dendrosoter middendorffii ( Ratzeburg) Fll 58 % 1 4 /N Rhopalicus tutela ( Walker) x5
TR RISk T T HRE £ 5B/ Ips typographus L. 89 EEAE % | I e
Macrocentrus linearis (Nees) %37 3 .9 £ KU Ostrinia furnacalis (Guenée) S RIRAGHIAEY), BIEARAFAE T E
S, dREFS AR BRI S HIRAT N ™ o A AT JE A B Microplitis croceipes ( Cresson) FiFi3k &
BB R REMMERZEE, XRF YRR b e 8RN B 7, oo i
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M. mediator (Haliday ) V] 3@ 13 MH B 95 & SR Y iR IR 2 3F B4 W Helicoverpa armigera ( Hiibner) , HiHp IE
EEREFIN-3-CA R ZRE TR X FE R W EEE R R . EWRL | Helicoverpa zea (Boddie) Yy
HITRAE BT S A A B Ko K i ZERT 41 B VB e R BB B8 MRG0 MYHER Ve A e F E R
HRPREEEERA,

FHEDERFET IES/NE T 7/ DE KBS/ NE Roptrocerus mirus (Walker) FIAR/NEK B/ & R.
xylophagorum (Ratzeburg) 3§35k B %7 8 i) #BL =12 Picea abies (L.) FE R YT EALRTELRKBR A RA R
BT, e RR E AR A B BAL S RE AL A Y B e, X sk A i T E R F AR R E E
ENL FEER, BEMFREENSKAEGYZIATEEER, FEEATHFEHRNVERYRETHFEE
EMAEY SHE RN AEEEAZ SRR TIEFEL EAG" . BEAREIE Chilo partellus (Swinhoe)
4 B B BRI BEFR R T | R SR YR BUR. , IR SR F 20k B E 24 R g ik )8 , Bt
REIE R R H % Cotesia flavipes Cameron BA T FAE KRR YA & T 32 FHBAL, TR BE™
A, ATRR I RO R M S R X A A e A TR B R

7 [ i 3 s B[R] — R ) T R A 7 A R R B R ), FBT I R A R M R R R (%) R _ 5
SRR A SRR IR YHE R VR ER A HF EF R I-ER . B LT IKE & Cardiochiles
nigriceps Viereck B MM ZF UK Heliothis virescens ( Fabricius ) FlISEPHI 1748 th Bl B AEY 7= A I R W) iR
B A A RURAO AR o (A7 et b2 SR AR B B8 o A BRAY , 4041 24 ¥ 25 e B MR 7
R EIFHSRARIR Spodoptera exigua (Hiibner) Bt B IR A i HAF E R MMM, BABRMNILZ b BT SRR
BB, Trichoplusia ni (Hitbner) HiR 51 1 & E4hm ™,

1.2 FEHIEERY)

A SRR T R A HE S LR B WA ST, X 28 B e iy st 26 b B R T BB AR IR S | LR
A2 P2 N B Phymastichus coffea LaSalle &4 W HE /N8 Hypothenemus hampei Ferrari
BB REL, XTI G 3 LR R G B, AT EF LR WHER TR, Witk
Wi/ R A E BRI R B ST 5| X E B A TR = A i B2k B k& P HIRNE
Hypothenemus crudiae (Panzer) iy R FEMITCR > . T8 O /NSRS 1 32 F R A AL EEA SR I
WA B R AR A e, W TR 32 TR BRCER (FTRBAFEF E R /MESETEER ) H7EDUMER £ R B ) 3R
ERAHEMEZRARPNERT N, FRERYBHEEDSAEFEEMHAER, BRAREFRIN R
BEFE R EA SRS A TR b i X e B B R G )  BXMAERERRFEYHE S
PR, SERTEXRY . T E MBI/ Ips grandicollis ( Eichhoff) 4l B -4 147 2 M KGR /NE K B
B/ NEERT IR ) KIEAR Pinus taeda L. A% BZA FNE , B0 i 27 1 4l e FIUAE X A7 2R MR R R T VR, T 7 1R
EXFEERARBENTIEEE, YURBGRR RG] 7, (BH b 3 85 40 d sl BRI #ERS B3 M
BRASIHER, “FE-HEY EARNTHTI SEEIFEMEEETERR, BRI AHSE LS
BRI THE B 3 X5 B B 3 AR I AT R IR T o
1.3 FEIEERY

A A2 | EYIE FTRER B 5 26U IE A SRR AR B, I A2 T O F AR B B T 3 O 4y i g TR
EAE W Rhyssa persuasoria L. J T — SRR ) 25 A Fp 2K B TR BIE M B Amylostereum JRYLH) W) i b 3
R, XFHE—BERTRENEEST® , KNEKEBS/NERMT E ¥ Spathius pallidus ( Ash-
mead ) W] 9 FF R ML T F R SRR T &LBETe)R Ophiostoma Y5728 H B ( bluestain fungi) i) K XEAMA Bz B AR B
HYSBRBTRT o % 5 B R O R A et A TS I (B I R A B h5e™ e E R
HENMHAEER T HERIRFE,

X0 ¥k 48 4 8& Pholetesor bicolor Nees R 37 3132 /NE M, Phyllonorycter pomonella Zeller & M1 i Bk M
AREE S A 4 M Fe R, 32 A E 3R B2 BB T | S A A M L B 7 IR RN ATy, (EAR A WL B
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X gl RN ZER RN .t IEIE O pe R B T 5 A R B 7= DR BRI AT O , T 4 e Ff 260 IE e sl R R — 2
BERBINBA RN, RIERBY P EH 6 MLtk (n-Cyy 2 n-Cyu ) Al L M=+ (CoHyy) o ALAHBIX
7 Fp A W IR-A TR A I R b RS  HOAE IR 24 B RARIB A RS 25, M e G S i R 21 . B
TR A A AR T ERNA R M REY RN ERE R R ENFEN,
1.4 FEP-Iriciksy

SHARL bR % Leptopilina heterotoma ( Thomson ) V] F] F 25 3 AR 88 Drosophila simulans Sturtevant [ 55 £k
FERARHEFE W TTREA B . L3508 Rhagoletis pomonella (Walsh ) S 2 725 B i 5 52 i — Fi
SNEREM EARD, W RER BT I B MR N, SR B I R ECE SR SR A 8 Opius lectus Gahan 847 F) T 3X
RS A RFE . KIEBH &/ Halticoptera laevigata Thomson FF 4= Ba e A W 7E B AR 2R 19
—FB R SLWE Myoleja lucida Fallen K17 | BEMAE#A Bt EARICE B RN EA REEREH RN AE K, 8
R RE T ZORENL MRS T3 3 A S, X S5 B % k[ Al b et 2 A WA SRR E 3 RO
FARIARIGBAW,, BTN HAE VR RS kgt R B T, R0 SRR dgi b T 17,
1.5 FFHEERERHEE

AT AR I N 3 A e TR E AR RN A BRI A e SRR 2 T B
FEAIXX SRR, 4R M SN S A ERERAUS , BB Rk B HE R EHRL R
H. zea HIHEYSMR, HRWF T RETESHF FIEEHBRIRD, LM AR T E2ER, BI%
SR, BRI 587 FEEHRHAFRERERYR, E2HFNSEHEARABRERT AW E, B
BB X SR R R SRR S HFE T HF LR E PR R RNLKR— A EREKE B YERRER
FI X PP ER R ERBERR R LN 5HF B R E M, 945 42 R0 5 2 R 26 B BaRdct: Fi ik Bk /2 h
TR M BRESCER Y o L1 M E M T B 3 59 £ A B M R AR R SR A Y, FEA A
ENEASUAREFE, REETHAESUEBRNRZHEWIR, WHHAE B RE ¥, e
BB BATBEIR SR IE T XA & RGIE RS ™

FEREENA TN ELFEEEREEWRREE BENEW. X EARERZREE LRI THEF
A RN T AR NEENFEERTIRFE L, FEYANEFER N EENTER, FEES0HE
Y, KB 4L&/NE& Lariophagus distinguendus ( Forster) X3 £ 8% Sitophilus granarius (L. ) B4 IC R,
FERIETH NG R M IR R MR BA RS IER, £BR T F 4 b ORISR 32 F R 5A 7™
NI B (R BT 15 0 (B XA 7 TR e M e 4 R R BB IR T 1A, BRI A A T i 22
B AUT A TR ISR M T R . AR P21 A BV A i Opius dissitus Muesebeck Mt
HRE) BB P A £ RN PRGN Liriomyza sativae Blanchard f& % W H) T G 3, (B A 7= U 2 38 F) e LU 8O 7
WEKNBEERELREAZ ST EAY EHTEES . 2B0ERNET, REZOHME T LR
HIER R ITT N . 7E5 3 E RN = PR R AR v, 7 A0 e 7T LB BT A5 A4 RN, LA B 5 3k e R %6
FIR IR T EE LRI R AL HE B YR, PR X EE R YA TRINE EWFEE. XTHEEERRNY
N EA AR SR >,
2 UE—FERPUHEERS

AR B —BAEIR A R B F R F R YHEER, WFE B H Adaia bipunctata
(L.) JLEZH Coccinella novemnotata Herbst S5 22 P I B 7 T B2 85 9% Perilitus coccinellae ( Schrank ) #2F F )
BENPFTRT] 3R L &8 FI AR R A B G A BT ™ . AR % 6 ( chromatic) FIFE R
(achromatic) {5 B3 T BaRici: IR F A I RF X W REBERRN, BV HAF EAHRE, #4407 M
MYHABRIERER SR, FREMYATRE FSBZERMIRE A, TR E R, X BT
BB AR E S R R I RSP T 2L, SEIIERA , i IR PRI Wi Pimpla turionellae L. BA R
AE R R ER AR R, A T IREEE SRR EF . X A aE ROy ZTER
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RS ERARAY X IR, BP B BB 2 KRB R ™ o A4 S AR AT, 45 16k S8 0 0 e 34 RE A A B
G X B, A BB R 3 0 SRR T 6% 22 A B 22 55 T 2 2 e R 4 B C A 1
16 L BBy {iE e Pimpla instigator Fabricius 3 AEIRHI tH 15 4R 2 RO BIL A =R

FE60 W HIRITT 2 d WHRSLA M B K I 41 4 Pelecinus polyturator Drury 3 + 2N F L EMHE&E
Phyllophaga spp. %1 BEGRIAT Sy, SR T K Y6IR2E K 60 W HILLAT )G , 10 min Py BIWRERE) THRMAT R ™, %2
JEME S5 Callosobruchus analis ( Fabricius) ) 52 £/N¥& Dinarmus basalis ( Rondani) B & EHIBE 1= ,{X
BERRIEMBET A R FREF X, B EN P TAEESARBEREZAFEFEEFRNH T, A
Gauthier '}y G54/ MERBIER BN FEHHT AR FRNERIRINFEN,
3 fE—FFRPWERBER

A e A B BRI AT AP R BEIA R , XA R R E A B, EYE g EED,
FERVYUMEREARERERFAGRBEFENEELRMZ — BEMNE /D% Trichomalopsis
apanteloctena ( Crawford ) B& T BB 37 4 22 p 93 L #& Apanteles spp. Z 4}, iR BE 37 4 /K FE A IR . Oulema oryzae
(Kuwayama) , EA I LA RECHRPY) . FAEGISRIEYE Chromatomyia horticola ( Goureau ) F 18 B MG /)N
W& Tetrastichus sp. F1 YU P RE1E/N& Achrysocharella sp. Y38 REBFLE A A& ¥ MM Phyllocnistis citrella Stainton , X
HHFR A FE AR AR YT AT b B RY . EMBEUCRIE /N Teleopterus ersias ( Walker) A{X
RBAF AR 22 T Ve M IR A S P, SR BE AT A O AR AL SR S8 W Basiprionota bisignata ( Boheman) Gk, 53X 7]
BB M-3R B AR R R I i R MM B ik

Schmidt % """ B T4 f4 IR B B S50 2 SRR A0 e P imstigator {75 [ RIE 1tk AF 5 B Al A W8 B 442
R, G R B , SN 2R TE B B A 451 28 AL A BB S A A B HRAR P AL i 3 , AR IS B VORBEREDC I
RKERE, 7o, Romsf KT B R Z B F & BYGE, MARRF 0 RKESRHIELS, BEEMNE /N E
Halticoptera rosae Burks 3 A= BF BU B 3¢ N 1) S22 Rhagoletis basiola ( Osten-Sacken) F¥JJF , i1 B B 1L 2%
REEXN B HFENT LA BHITIMC, N\ EE T4, MR T4 R o 2 BEEER SLR | mbs i H ™
TR , A7 A i VT S S A A B AR B OROR B B BB — R A RS A

MTEFEBEMS , REAREIREF LN TEIFARDFN . SER LR TEEAEENRE
A ERBARZIE AR RN, )6 MR A A e DL P MRS R M MR TR, (B M7 Y B R
it R B S 4 A A e A R B 2R R A RO AR L
4 WrR—IR3pERN

W R R B X R AT R —, BRERFRBAR , FEBRA R ENTESE, ARE
RS . BENTTURARE ARG SR IRTE, RHERBEENFE . Bl SRk
FAT= OB IR WA 3 4 700, 3 FA4R SR (vibrational sounding) i) 75 ¥E 7 E BRI WAL E . IR
BRI [B1 75 € £ ( echolocation ) B —Fp FE 3, A7 A 1 F) #E 4R 1 ( vibrotaxis ) 7 B T 78 2 X 35 5¢ ( multimodal
environment) R BIAF LS, B HT B M R WS 7E BB 16 S A Orussoidea) /)N J R} ( Chalcidoidea ) FIHE
& 5 #} (Ichneumonoidea ) B2 1 F7E
4.1 [EEEN

A i P R TA R (R 36 22T 138) & A0 F 7 RBEHIS3F ERIRA T REAI B, BE
B A e RS R B B A A FRAGIRSHIEI A 1 oRb R SR G0 T Bl S A e S I T B R
N, G5B A R T A TR HEATIE AE 1R B AR IR BRI B A2k e Te i s 35 AL B I X 27 /DA SR TE I o
4.2 FEFEMRE

K& o/ NERBRANE S4B IR AR R Z HMEE, NTTRBIZR TS24 R, RlkkEE
INVEAR I8k Phyllonorycter malella ( Gerasimov ) 41y Bt BT B X 3 4 e 22 8 P Fa 15 /)N#& Sympiesis sericeicornis ( Nees)
BT N BA BERW® 2 PRI/ A A F ERRSFEN B FEABS R ABOER I (laser
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vibrometer) Il & AR M b B0z L4 BURIEEE 3 BT AR IR BIME 5, 4 SRUBAT 7= Ak B3R S 2 5 40y s A
30 7= Az 4R s 7 B 1B FRATRTE BB AR AR o &y R 5+ 30 B 7= A I R S 7R SR L AR (AR , (EL7E A i)
B B, S B S L R B A ARSI S SRS AR, AUA AR R A R 32k
RFWEF LA E A LF FF A BRI PR B HREMREE S, Nk F4E g sit, Mg
20 MR R S 2l RURITIE 24 52 30 AF 2 1 R R £ TP A 1R/ e P T o B RS 7 A B 81 S , A ey B A 7 i
WA RS R AIRS RE R B RPFEMNEER R, ATIkERE™ . % 3745 MR 3115 5 BT
HHE,BESSERRSEXHIHF, M OEMAIRAAREES, THNTRE-FERBNESIRARR
# B, IRSE RS A A e F RF M — T RARE,

BEBEMEERE EFRENREN F R, FRE A AR LRI, 2800 T LIERER
(CIRAREL) HIGE RN TBARNGES . AFEFPEE R R HARSME SRR ERE AR , iR K 4 Apripona
germari ( Hope) 4] 7E W AR B N BUR 75 I 4R SR 20 75 T 350 ~ 600,250 ~ 300,700 ~750Hz, BE A
Bruchus rufimanus Boheman i, WG 7 PR BNIFRER K 650 ~ 700Hz, T K 4R Sitophilus zeamais Motschulsky 7K i 4
7SR Y I BUE FE BRE  A 7E 500 ~ 550Hz 1 700 ~ 750Hz, 1] oK 52 A H 7 22 41 ) B 176 3 75 R sl A% Oy
250 ~300Hz 7, BB FPKAR R FIAPE SR/ (SRIRET) AR, B AR R SHE SRR RSB G
AR,

4.3 FHEHBTERTRS

B BRI T A B 57 A IR SIE AL B R F T, R E R B BT A SRS R (5 5 T
RBFERT o 500 IR e 7 U8 X B T 4K 14 P B DL 5 A B A R SRR 52, B (7R B S Ak A
PG B AR T A X R RO A E WA RIAE T o 45000 R 0 7™ O BSR4 0 7T RB R e KT Y
s B A E RS — B TEIR B S ERZERTAS R, TIARBAMANESYRISIE . HHE L
R W RN ] BBV R U AL B Y B AR R , BRI R A A O B AR AR SE IR , kA DR RAE D SR AT, T
B TSR T W B PRI IR S35, 4R Shisk 1) B AR 42 B £ DAl A R 5 T g i 5 7% IR R
1% Xanthopimpla stemmator ( Thunberg) X B 4RMRZE T E K ZE A BIBKIN KR Ostrinia nubilalis ( Hiibner) 50
DURBHLIR RIS RO AR R % 1 8 0 R A RIT MR E— 3, REERE FAEFZRT . #
HIRSRMAEF LMWL ELRRT RAREEM, HERRIBUE BNA B T 158 M 2 4 B0 S0,

4.4 PRIPIFW A R

B AR R P R — N E R YR s R, /LR B B B BB R T LA ERI R B A
R RREMES . LR R KR AL AR B B R AL , (5 3 BB 4% B ORHR BR B IR 3R 3015
5o B RGN R AR H A4 A TERR T 4% (subgenual organ) BIIEYE , X R 2 4% BB R BB IER 6
MBI, &G S B U DU & £ — R 5| A Wil € IESE T BT A AE RS R o
HIPEF , 2 PR I 37 A e (U R e s A A, AR I & B BB D Z B EH 55, MEsE A el B R
WA R MBI IRNE S, I 5N PRSI BT BT E T EME™ . X7 ¥ LRI, %
TE#E BRI RIBUR S 4R A R SR PR

7 FE #7)- ( Orussidae ) MERL R W97 1 ALt R , 3R Sl 6 oh 27 A2 M Ak A AR Sm e T TR B T 77 A , bl i R 4%
BT B BRI, Y R BT 1 R YRR X R, S N L B T S AL E s, MATURNEREEH R
AR B R A BT R R AL Y BB T R AR AR R B, AR YRR R A HEX, FERE
Mg b, B RMBR T & E AL THEEX BT |, B T 45 300 ~ 400 2K 87T ( scolopidial unit) 2 ¥, B
F 2 Bl (lateral cuticular spine) , B A S8 2 ™, 2 fa W fa /N S, sericeicornis Mt #efilfl 17775
AR AR U BUR S A AR B RS AR 5 4 R4S, TR BT Lo A 3 FhRBI IR BURZ 4% , il
BT R RE SR TR 28 (manubrium ) £ |, K75 42 filof: (940 22 SR 32 45 FIHLARORI U 2 4%, IR & |
{UH —FB R (trichoid sensilla) Fl—Fp4H I ( campaniform sensilla) PLARRIBURE 4%, BEBRAY h & bR B3
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7%, (B R AT BOSCAE AL i T LA B R B LT R s B
4.5 FmWEHEE

WEEETE FIRF LA P R BB R BRI, BN RR WA MT AR LA R, HAR
R R X35 A e A FE (i AN o HUMUERSE (mechanosensory ) FIRLIE 2k R 70 45 Mk A R I e T 4R 77 b
RAEZEFM. BERSIZHRIAFFHEEZIH, W8 DR ROEE FSERZR A, R X PR
B 5 B4 A I AT DA KR B 3 A e s 3 R v e

FESNARMWARERE FEEMKRMNFEEFHNRAEENRESFER AN FEEIREFE
HIAT R AR RO o B35 UL ) 45 MR R e S M R SR ) RS 2R R B o), A M e RRAS 7R 1R 2 IR
£ VU5 P P VR 5 1 2 3, ST BB R R SR S R TR B — PRSP R T ARk e IR SN S F R R
FEAT B P BB B T30 A e AR RN TE AR OK, 3R BRI 38 S50 25 A ST Mg A 26T 350 B R
B R PR R O R 1 7 DR 2 B T IR R AR BN B £ E M S A B 2 B E WM, M E
B (A BB R e B R HH R R E AR R A TS B0 i R e A N AR K, 35 ) 15 48
28 AMERDRREHBREFERIN—ABERT™, WaESAE B ARSI AR , S/ FRILIRA Bk
FIRRGE o
5 SMEBRN—RBRERR

BRI EE IR, NERHEE % Coeloides brunneri Viereck i £1AME R BRI T EHL D
Dendroctonus pseudotsugae Hopkins 4fj i , Rl I ) JRR B 28 RE R /NG Rk R T % 1 B9 1) ) B2 M
BOFRIER™ o T H0E e B — B 2 il £ b B 4 B R 8 P TR o BB 4T AR B B IR I B S b 4
T, B RTR B R P B AN Melanophila JR MG T W XA AEASMA BN B ROIER " X RXBH A
A —XHIISfLa% B (thoracic pit organ) , e’ E &— i B BURRILL /MR Z 4%, 45 0B AT LUK I 3] S0km
ZAMIIRANARK P, ShARAE M9 K I Varroa jacobsoni Oudemans 7] P FL B8 56 9 2140 S 3 I8 B e 37
HAFEE % Apis spp. o KB TEEAX B MALE , W RAERTIRIRS , EMNRMEF B RIERIR(35 ~
40°C) Fr 51, 7EHEE 1 R B RA MBS ENIE , X BN B B A B R FTb i SRR AE -
B B GEHNEREAMEE, M EERIE2.5 ~3.0 2| A TABIINE 1 MW L, XNENNE S
AHAES ~7 mm A9 ~10 mm XFH I EARMEE
6 %iF

HAFFEMMFFEZLR S, FEERET ZAAARRBERIMER(ERL) . FEBEIREFEIML
(R IR IR 2215 B R, T BRI AE 55 0 Ak EEREE S, e Emdigsem
Ceratitis capitata ( Wiedemann ) 4fj H f7-7E i, B (0, VB 5 1% Opius concolor Szépligeti W)Y 3= &N P2 04T AR 4G
AR EWR BRI B R 8 RN, Y F EWN B, SN RN RAIMEZF ENEEEE
YER . W B S e Al M R S R 8 A R R B B 4% , X Sh it 43 W] BB -5 37 32 8 2 LA 2, X B9 41
I AN BARF LRI T RER SIREE S RBBE X" . — ok, Ak e miE B FIRF EWE
AR R AR AR, MBI F EWEE , EEENE EE MR T R4 LA, 5k B THE . fil
W TR RER, FFEZARPMEEETREEEN, BEMAEREERSERNFEENMNMETE
FETHBREARTL R, NTARKFEE-FE RE, KB T&RESE Frl e R AE B a4 A i
FEMEBNEEERA B, WTEAFERN FEE-FE AR, FEBEF LU —MRBEENE, ST
G5B F R A DRI R  BER T RS, A e R R 37 E BTG N . A FFRIESE, & E W BB R T 5
WA ERF T EEXTEN, RN FEREN A EBHERTT . B R A R A
HEE, AR EEREMREN T ENTHE, XIMERRESRANEGR IMFEBNL RS ZT]
HEEMREEFOHRKFHA RN, ERA —ENBRZYRTEN.
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Table 1 Approaches of searching concealed hosts in parasitic wasps
BF 4 e Fh2E Parasitoid species T EHELZE Host searching cues ORISR References
P SR Cynipoidea
B By eR] Eucoilidae
FERRL BB Trybliographa rapae BAAEYRIE &Y Volatiles from host damaged plants [23]
SR B PRNE Leptopilina heterotoma 23 A 1k2E @ iR Host adult communication substance [41]
K& igERl Charipidae
B LK Alloxysta victrix fil B . 2F 484 Haptic stimuli, host plant volatiles [63]
/& S P} Chalcidoidea
4> /NEPR} Preromalidae
KR8 14/ Rhopalicus tutela iiﬁj}ﬁ rgtﬁ fﬁ?ﬁo;ﬁ: gflfal_lﬂjﬁiz;‘:'\:él;ﬁ Host plant volatiles, symbiotic [13,14,24,29]
A/ NEK B4 /N Roptrocerus mirus TFEAEYIE R Y Host plant volatiles [29]

KNEKEBSE/NE R xylophagorum

HEHEYERY.F ERE X4 E Host plant volatiles, symbiotic

microorganisms in host galleries

[13,29,36,39]

KBB4/ N Halticoptera laevigata #F E4710{5 B & Host marking pheromones [43,44]
HKZR 4 /N Lariophagus distinguendus FE H2e FFIx3H Host frass, host vibration [49,68]
B84 /N& Dinarmus basalis PR Vision [59]
M &/ NE Trichomalopsis apanteloctena BF (R YR il Character of host physical defense [61]
WeF i BT Y042 /[ NE Asaphes suspensus fil B . 2F 484 Haptic stimuli, host plant volatiles [63]
Bk/Ng&R] Encyrtidae
BRUNTEABR/ N Microterys flavus % £ H 2§ Host frass [34]
eF e ki Bk /N8§ Syrphophagus aphidivorus fil B . 2F 484 Haptic stimuli, host plant volatiles [63]
JE/MigR} Eulophidae
WnE/ DBV Phymastichus coffea #F 32 B3 2% Host frass [35]
B H % O/ N Hyssopus pallidus B FAEY % 3 5128 Host plant volatiles, host frass [1,8]
Y5 PO RE 4L/ [N§ Achrysocharella sp.
WIS/ N Teleopterus erxias BF (R YR il Character of host physical defense [61]
L5 PR/ NS% Sympiesis sericeicornis % E£4&Z) Host vibration [6,69,70,71,72]
W R I BENE/NE Tetrastichus sp. BF (R YR il Character of host physical defense [61]
# i ¥ AL Proctotrupoidea
KB4 Rl Megaspilidae
+ RUF BG4S Dendrocerus carpenteri fil B . 2F 484 Haptic stimuli, host plant volatiles [63]
15 %% B} Ichneumonoidea
15 98P} Ichneumonidae
45 575 %% Rhyssa persuasoria B £ A B3 A B Symbiotic microorganisms in host galleries [37,38]
HEYREEE FERPWHER . F ES FiARS) Chromatic aberration
B R BEEY P instigator outside infested plants, character of host physical denfense, host medium [57,67,76]
vibration
WE BB b 3 i % Xanthopimpla stemmator 25 F¥x3) Host vibration [77,81]
#4%P} Braconidae
—ALAR SRR Cotesia chilonis ﬁfgriiﬂﬁiﬂﬁmﬁﬁ% Volatiles from host plants, hosts, and [15]
SRR R C. ruficrus ﬁfgﬁiﬁﬁiﬁﬁmﬁﬁ% Volatiles from host plants, hosts, and [16]
BB AR C. flavipes R R BB ¥ % ) Host frass, regurgitate, and host [17.30]

gallery volatiles
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gk
B4 b2k Parasitoid species 2 E1E R LR Host searching cues BTHRIEIR References
KB EEE M Coeloides bostrychorum A3 %4 Host plant volatiles [24]
INERIHFEE C. brunneri 25 347 4ME5T Host infrared radiation [83,84,85]
/N IR IE Y% Dendrosoter middendorffii A3 %4 Host plant volatiles [24]
R PE B Macrocentrus linearis BAAEYRIE &Y Volatiles from host damaged plants [24]

21 RAWYA H5 W% Microplitis croceipes

B IR R Y . E28{F Volatiles from host damaged plants, host

frass

[26,28,33,47 48]

LM T M. mediator BAAEYRIE &Y Volatiles from host damaged plants [27]
L ITHKIE M Cardiochiles nigriceps BAAEYRIE &Y Volatiles from host damaged plants [31]
B EABE Y Spathius pallidus B £ A B3 A B Symbiotic microorganisms in host galleries [39]
X AE B U SRR Pholetesor bicolor FEAHEIERY host gallery volatiles [40]
ERL MR Opius lectus % EARICHMER Host marking pheromones [42]
BB 0. dissitus BAAEYRIE &Y Volatiles from host damaged plants [50]
BA(EYBIATEEE 0. concolor BBAEY & EIR3D Volatiles from host damaged plants, host vibration [91]
B BB} Vespoidea
&) 1 ] Tiphiidae
F4#)+ %% Tiphia vernalis FEMEFE R IEHIE LY Volatiles from hosts and host frass [18]
B L T. pygidialis FEMEFE R IEHIE LY Volatiles from hosts and host frass [18]

A e F IR AR B F AR YR FRAEYING L RA RIFH N ER, LHRF EMSR SRR
WEBEYR. MAIFREYHEERERN TR S FHOFER EYREFRNET EEYBEEE
Melinis minusiflora Beauv. T38| KUE S 4H ¥ Cotesia sesamiae (Cameron) , 325 RELH AR BUEA©
FAGIF R BB AREI I B TR, A A TR RSO0 R FRE F NS, X WRERE Y
BB ARG R — FEALRARERL A Yt U a7 A R A 78 T4 A BT /DR B RS
By AP e £ AR R EXBE BN A TABX R AL s Y R I B T AR , R By T35
FHMAFER, AW, 5 RNTHERANEEANRABRBERGIER YT FEERTIERR, Bk, BHX
SLgPAE I FIREF EMARYRATI R, B AT F R A YBE &8 KB TERET R,

HE R R AENAER BT A A 8RR AR O, B34 BeXHEYHE R YR RN RA T3
P, TSR IR B AR B A W o0 ) 1 s T R R R Bk R 2 ) i AR AR B SR AL AR
R, B, B At R R B B KGR A T AR R R BT LT SR A i S IR R Y, I R
WX RALZEE B YR B A RAT, R 5 7 EHM R T B B BT e L, i ¥ HE SR
MR H B G B , X 25 B SRR B T B8 B & 3 T BIR B,
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