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The evolution of heteronomous par asitoids

NING Xiao-Xue~ MAN Xiao-Ming LIU Wan-Xue YANG Nian-Wan'

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract Heteronomous parasitoids are species in which males have different host relationships than females. According to
their host relationship and developmental pattern, heteronomous parasitoids are categorized as either diphagous, heterotrophic
or heteronomous. In many species of the Coccophaginae, a subfamily of the Aphelinidae, the sexes have different hosts. In this
review, we focus on heteronomous members of the Coccophaginae, categorize heteronomous parasitoids according to their
host relationship and summarize the varying reproductive modes and developmental patterns of this group. We also review

hypotheses on the evolution of heteronomous parasitoids based on current understanding of their life history. Finaly, we

discuss the controversial topic of using heteronomous parasitoids for biological control.
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A A B — S g B A A AR TR I I H
( Hymenoptera) 2 HL, JHUEE B 7™ F 25 AR
RSN, 4 UREL S R FF N A LA R
Iro BRZEUFOUT , HEde | Mt on K4 A
[l —Fpar 3, BRI 34 Xk 5 5 01
2200, RIVMESE | fide B K ) B ELA AR [R) A 27 32 ¢
% (Hunter and Woolley, 2001), Siftayi:i 2
A AT — A RERR I ZSHE, M A S X
AR 2F &R (Walter, 1983; Williams and
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Polaszek, 1996; Hunter and Woolley, 2001 )., iX
P S0 H S S A AT A 0 B G A I /) e )
Aphelinidae, Coccophaginae iR} #4325 4E #
SRS, HARRICAHERE L g A A, &
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Tofr 0 I e oAy 5 2 A1 W, HCOR K A AR D 6 af 2
AP 1 [ A i S Ao 2 A e 4 i 52 UK (Hunter
and Woolley, 2001 ),

1 REFEEMAR

R TGS A G e R A A e S PR A DG Y B
FHEFESLERE, BB 22 MOR R
JiE %+ Hegt 474143 ( Flanders, 1959, 1967; Zinna,
1961, 1962; Ferriére, 1966; Yasnosh, 1976; Walter,
1983 ), AT Walter (1983 ) #2 i Akl 44
F, WA MERE | HESE PR T A ERINLE L BT A
FH I ar RS DL R 4l i 25 A 5 20K e i ar AE
SR oy =R s (1) Ml | e 34 Sy []— A
i H B AR gear A g (B B A R
H), MEMEEREE ™ T A ER N B MG E A
Az, THEME BB ™ T AF RS HMEE S S A
Az, XM | R i B RN Al S A AR T ] — b
A ERR R E A A, RO S ) A A

( Diphagous parasitoids ); (2) Wil | iEs
I AT A0, WEVEBR K A4 TR H R,

T B K g 012 A4 T H R, axX — 25
W | HEMERI A AT A B A, O R
W) 25 4: 4% ( Heterotrophic parasitoids); (3) i
Sl H R AR g A A e, eI O e gl 0 A
Az H R SR P 4 R b s 5 A A i
(W) eI AT ), MIRR A, X —RFAE
e g FR R S B HF A %% ( Heteronomous
hyperparasitoids ) ( & 1), 7EiXHL, i i B Fn
A AR E R SRR O A 3, T o
FLI) 0 By 25 A AR 92 3 P 1Y) 2 A 0 T R kA

11 RAUYIFEE

HT, TSRO P a7 A 2 TR
IgF /)N J& Coccophagus., Mfid | e s34 Ay iy SR}
Coccoidea [IFflsr RO 2F A= 0, M i ey ™
O i 25 o W R R R, R O T A AR
PN 5 B B A o g T SR T A R S T
IASFAL , FERREPE DN ™= T 37 FRR . X —2hE
& Coccophagus bartletti Annecke and Indey( Walter,

ST
Heteronomous
parasitoids

v
W, MEMESS ) S A A e

Both females and males

v
HEME R R AT A e . RS ) R A A M

Males are secondary parasitoids, while

are primary parasitoids females are primary parasitoids
SRR
Heteronomous
hyperparasitoids
v v
ivA GiR : - -
WL iy || M MEEAEARIMEE: || g || T MY 25
HRAES S TR | ppesma e e | ARakEg | S R S
Males are primary Femal - a4 toid Males always FrA L AL
ectoparasitoids of the same %me&es f}fe en oparalm 0108 develo og’ Males develop Males develop
host species exploited by || =W te 1e§, and ma %s ar? cons egiﬁ c on individuals of on parasitoid
their females, whereas primary endoparasitoids o indi pl dqual other species or species other
females develop as eggs of Lepidoptera vicuals on conspecifics than their own
endoparasitoids

y
SR AT A e
Diphagous
parasitoids

\
SRR
Heterotrophic
parasitoids

Obligate

autoparasitoids | !

_______________________________________

Facultative
autoparasitoids

1 SEFEENTEXRRAE (KB Walter, 1983)
Fig.1 Thehost relationship and classification of heteronomous par asitoids (adapted from Walter, 1983)

Alloparasitoids
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1993) . Coccophagus hemera ( Walker ) ( Zinna,
1961 ) . Coccophagus longifasciatus Howard
( Flanders, 1959 ), Coccophagus ochraceus Howard
( Flanders, 1959 ). Coccophagus matsuyamensis
Ishihara( Viggiani, 1980 ), Coccophagus saissetiae
( Annecke and Mynhardt ) ( Mazzone and Viggiani,
1984 )Fl1 Coccophagus varius( Silvestri X Mazzone
and Viggiani, 1984) %,

12 RENFEE

S T WA LR I e A A e LB i 1Y)
KA, 1o Mk, BIABIR R S =0T AR
/N J& Encarsia 1Y E. porteri ( Mercet ), H:
WL e LA B RN P AR, kS ]
ZFEF 5 PR H R R[R G R Anticarsia
gemmatalis ( Hubner )35 2% ik Cydia pomonella

( Linnaeus ). WM 4 I Diatraea saccharalis
( Fabricius), %M1 H Crocidosema aporema
( Walsingham ) #l % %t Stotroga cerealella
(Oliver ) 1/ BRI BLII I, 1A fEE R A K A9 L
A BB AT A B MRy EUA R B R W B
T B A 4y P A T B AP B4R ( Viscarret
and Lopez, 2004 ),

13 REFESF4E

e AR AR, SR TR T
W, HEVEDR R A AR FIRR A . REE A E
P E 7 Coccophaginae 7R} H 1 S £ 15f /N i
J& Coccobius, ZE & 17 /N4 J& Coccophagoides,
£ W WF /N % J&  Coccophagus . &L WF /N 14 8
Encarsia FlIPU 57 15F /N J& Pteroptrix 25 H il 52 3]
(3R 1)o A e Fr A0 FH 0 Uk 20 2 3 2 R
W= L BRI IR G AT ERPIRES , A T A L ]
BT
131 REFEMME ARG RYIE
A IR R G a7 B A, a2 Az g nl it
— A5 = A2l 1)( Walter, 1983 ): (1)
Lk [ 52 %74k #% (Obligate autoparasitoids): ¥
DA RhESE (4 ) k9 ?F 32, 40 Coccobius
intermedius Gahan( Flanders, 1967 ), Coccophagoides
kuwanai (Silvestri) ( Flanders, 1960 ). Coccophagus

baldassarii Compere ( van den Bosch et al., 1955 )
1 H A B /Ni% Encarsia japonica Viggiani (28
%k, 2009) SEF/D 8 B (2) etk AR AR
( Facultative autoparasitoids ): A [R]F sl 57 Fl %5 4=
W (Y SRR =, AASSE IR 48 £ 15F /) iee
Coccobius azumai Tachikawa (4P 5:#%, 2009 ).
Coccophagoides similis Masi ( Zinna, 1962 ).
Coccophagus atratus Compere ( Donaldson and
Walter, 1991a, 1991b ). Encarsia aleuroilicis
Viggiani ( Viggiani, 1987 ) F175 77 Uyt /N
Pteroptrix orientalis ( Silvestri ) ( Viggiani and
Garonna, 1986) %%/ 30 ff; (3) LR EH
A8 (Alloparasitoids ): (X LS 25 A # (4138)
JUR LA £, U Coccophagus basalis Compere
( Flanders et al., 1961 ). Coccophagus sp. nr.
gurneyi Compere ( Abeduck and Walter, 2019 ),
Coccophagus malthusi Girault ( Anneckeand Indey,
1974 ) Fl Lounsburyia trifasciata Compere( Hunter
and Woolley, 2001 ) %5 5 /b 4 Fi , (HAS7E R A2,
etk B 52 A7 A e A M S A2 A AR e b R A3/
¥ (% 1), ATLURIATE/NEFL Eulophidae., B/
1Rl Encyrtidae F14:/NERL Pteromalidae, %
I 41 iR} Platygastridae &% 5 4R} Aphidiidae
)27 A A IR R P, IRRFF E A= R T
ek /Ng R Aphelinidae B2 o
1.3.2 REFEHRTF AN ARG MERE ™ 1
PEORI AT T 0 ] GO, e 5 Ay AR e ]
R WA (1) “HIE” SR TFAE.
O e g P D LA 7 A A A TR AR
MR A7 AR B4 (Walter, 1983), 4Kk
BOr AR R TR, s a /N e
Coccophagus B KH 2 Fh . 48 A /NER
Coccobius, 25 & 11 /)N J& Coccophagoides F1 3
/N J& Encarsia ( Hunter and Woolley, 2001 ),
(2) “MaHE" Speesd 2y AR ue . ME e R e e o
TEWIR A AN, B 3[R Fh a5 M) 4 27 A 1 1
KB R RIHTF FE 0 E IR IEAE 2RI T
WEIG, HEVESR A 2k . HEVEBRAE IR PF £
PR 5t 2 AN ] R TS 18] R i 285 A B R 5k
“ZfMiE4L” (Inhibited hatch) ( Hunter and
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x1 HMNERTERBEETEE
Tablel Themain heteronomous hyperparasitoidsin Aphelinidae

SR A A e IE G e AR 275 3CHk
Heteronomous parasitoids Primary hosts” Secondary hosts References
THRETLEE
Obligate autoparasitoids
A€ f 1/ 1Ni% )& Coccobius
Coccobius intermedius Gahan JEINEL . & F * Flanders, 1967
Chrysomphal us aonidum (Linnaeus)
25 ik /N )8 Coccophagoides
Coccophagoides kuwanai SR FIEY * Flanders, 1960
(Silvestri) Pseudaul acaspis pentagona
(Targioni-Tozzetti)
Coccophagoides utilis Doutt JEIRL. WO B Y * Broodryk and
Parlatoria oleae (Colvee) Doutt, 1966
Bl /Mg JE Coccophagus
Coccophagus baldassarii BEARL . TR b ) * van den Bosch
Compere Saissetia oleae Bern etal., 1955
e AL o Al Gossyparia spuria * Viggiani, 1999
Coccophagus gossypariae Gahan (M odeer)
BE RN BEIYRE: K2 Ay * Viggiani, 1984
Coccophagus semicircularis Coccus hesperidum Linnaeus
(Frster)
R /)i J& Encarsia
H A< BB /| i HEEL: AEH E * 4%k, 2009
Encarsia japonica Viggiani Bemisia tabaci (Gennadius)
DT FRLME /e MEEE: R E * Nguyen, 2004
Encarsia opulenta (Silvestri) Aleurocanthus woglumi Ashby
FERETLEE
Facultative autoparasitoids
A€ F 1 /INi% )& Coccobius
FAGE [y A6 £ 1 /)N ie JEIRE: AR i Y PO, 2009
Coccobius azumai Tachikawa Hemiberlesia pitysophila Takagi
Coccobius debachi Compere & — [HAEl: A% EME s Williams, 1972
Annecke Aulacaspis tegalensis (Zhnt.)
Coccobius seminotus Silvestri JEMEL. ARENE Wep/NERE. FE M/ N TR Williams, 1977
Aulacaspis tegalensis (Zhnt.) Coccobius subflavus Silvestri ;
Bl/INEERL: BT N
Adelencyrtus miyarai
Tachikawa;
U/ NI i/ T
Tetrastichus spp.
Coccobius subflavusAnnecke &  JEEl . H#EEWE wef/NEER . AR AN R Williams, 1972
Indey Aulacaspis tegalensis (Zhnt.) Coccobius seminotus Silvestri
ST AE VN 2 JEIRE: BEHI S ¥ Flanders, 1967

Coccobius testaceus Masi

Adiscodiaspis tamaricicola Malenotti
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43R 1 (Table 1 continued)

SR A gar SRR AT £ 275 3R
Heteronomous parasitoids Primary hosts” Secondary hosts References
2Kl isf /MR Cocoophagoides
Coccophagoidessimilis(Mas) g A} AL WE/NERE . FEFRIE/ N TR Zinna, 1962

Bl /N JE Coccophagus

Coccophagus atratus Compere

Coccophagus
capensis Compere

YR SR/
Coccophagus caridei (Bréethes)
Coccophagus cowperi Girault

Coccophagus eleaphilus Silvestri

Coccophagus eritreaensis
Compere

Coccophagus gurneyi Compere

R /N
Coccophagus lycimnia Walker

Coccophagus nigritus Compere

Coccophagus pseudococci
Compere

Coccophagus rusti Compere

BIf/Né & Encarsia

Encarsia aleurailicis Viggiani

XUEREMGE /N

Encarsia bimaculata (Heraty and

Polaszek)
Encarsia clypealis (Silvestri)

Diaspidiotus perniciosus Comstock

Ak Filippia gemina de Lotto

B SRR
Saissetia oleae Bern
LA g R

Coccus viridis (Green)
LitL g SV 32y

Coccus viridis (Green),

IMEZS i Saissetia coffeae (Walker)

IR . IHR I iy
Saissetia oleae Bern

Bt RERRAY

Coccus pseudomagnoliarum (Kuwana)

Rt BEAL R

Pseudococcus calceolariae (Maskel)

AR HAER
Eulecanium kunoensis Kuwana

SEAAARL . AR A
Saissetia oleae Bern

Rk RSBk

Pseudococcus citriculus Risso

SEAARE . TR By
Saissetia oleae Bern

Ry EE .

Aleuroviggianus adrianae laccarino

HEEL: AEH E
Bemisia tabaci (Gennadius)

Ky ERE: AR R
Aleurocanthus woglumi Ashby

Coccobius spp.

AT W /N
Coccophagoides spp.

R/ N BT/ N TR
Coccophagus spp.
BR/NERE: FABE N TR
Metaphycus spp.

Y

Y

Y

WE/NEERE . R/ N TR
Coccophagus spp.

R/ NERE . B/ N TR
Coccophagus spp.

Y

/NIRRT E/ N T
Coccophagus spp.
Bl/NERE: AR
Metaphycus spp.

Y

Y

Y

IR ZHIERL . JChk A%
Amitus spp.
Wi/ NEERE . AR/ NG
Tetrastichus spp.
Be/NERL: AREB MR
Psyllaephagus spp.

Y

Donaldson and
Walter, 1991a,
1991b

Flanders, 1967

Flanders, 1967

Flanders, 1967

van den Bosch
etal., 1955

van den Bosch
etal., 1955

Parkes and
Walter, 2001

Schweizer

etal., 2002

Flanders, 1967

Flanders, 1959

Flanders, 1959

Viggiani, 1987

Antony etal.,
2004

Flanders, 1959
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4% 1 (Table 1 continued)

SRS A [IES = SRR 275 3CHik
Heteronomous parasitoids Primary hosts” Secondary hosts References
Encarsia lahorensis (Howard) FraEER. iR E Y Hudson and
Dialeurodes citri (Ashmead) Williams, 1986
72 1k B /| N MEEL: A E f /N 2R AR /NG Awadallaet al.,
Encarsialutea (Masi) Bemisia tabaci (Gennadius) Eretmocerus mundus Mercet 2014
Encarsia noyesi Hayat ¥y a k. Y Schoeller et al.,
Aleurodicus dugesii Cockerell 2018
it R of /) e FrEEE: A E LGN 7S SN Bogran and
Encarsia pergandiella Howard Bemisia tabaci (Gennadius) Encarsia formosa Gahan, Heinz, 2002
e S LN
Eretmocerus mundus Mercet
B ELAE N = JEIRE: ALY ¥ Stouthamer and
Encarsia perniciosi Tower Quadraspidiotus perniciosus Luck, 1991
(Comstock)
Encarsia scapeata Rivnay ¥EARL: Trialeurodes lauri Signore y Gerlingetal.,
2009
LAY SR N HPEEE: Rk E Ugf /i TR /)N Nguyen and
Encarsia smithi (Silvestri) Aleurocanthus woglumi Ashby Encarsia opulenta (Silvestri) ~ Sailer, 1987
TR R /Mg HEEL: A E LIYIN = 7= PTTIE AN < - Collier and,
Encarsia sophia (Girault & Bemisia tabaci (Gennadius) Encarsia formosa Gahan, Hunter, 2001;
Dodd) AL OYIN c I Yangetal.,

Eretmocerus eremicus Rose &
Zolnerowich, Eretmocerus
hayati Zolnerowich & Rose

2012; XA L
2013

= RN FrERE: HiEkal /NSRRI ANi Berks, 1991
Encarsia tricolor Forster Aleyrodes proletella (Linnaeus) Encarsia formosa Gahan

Ui /N S Peroptrix
AR5 U N JEWEL: RIEY Y Viggiani and

Pteroptrix orientalis (Silvestri)

LR EEH £ Alloparasitoids
Bl /g JE Coccophagus

Pseudaulacaspis pentagona
(Targioni-Tozzetti)

Garonna, 1986

Coccophagus basalis Compere R} S 22 4l B/NEERL: BERONEE  Flandersetal.,
Coccus hesperidum Linnaeus Metaphycus stanleyi 1961

Coccophagus sp. nr. gurneyi Krnel: DA R B/ NERE: KRBV R Abeeluck and

Compere Phenacoccus parvus Morrison Anagyrusdiversicornis (Howard) Walter, 2019

Coccophagus malthusi Girault — ## iRl . it E Y Annecke and
Ceroplaste spp. Indey, 1974

Lounsburyia
Lounsburyia trifasciata AR . T I iy W /NGB i it NI R Hunter and
(Compere) Saissetia oleae Bern Coccophagus spp. Woolley, 2001

TP E A e DA R R S IR EF s etk B A e e L) R Al S A A A e R A & B
ST AL SR AR R R A s #IRER AL R SCHR TP R T iR 2 TR A, WA G FEI T RSB Tk
RPN HRIFP AR BT E, RUREA RS REFE; Y. RFRUHFMRETE.

Obligate autoparasitoids: Males always develop on conspecific larvae; Facultative autoparasitoids. Males develop on

individuals of heterospecific species or on conspecifics; Alloparasitoids: Males always develop on heterospecific parasitoids;
# indicates the primary hosts listed here are the ones reported in literature; * indicates males develop on conspecific larvae;

Y indicates the heterospecific hosts are not clear.
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Woolley, 2001 ), i Hix— 2 A A= i A0 4
C. basalis Compere ( Flanders et al., 1961). C.
pseudococci Compere( Flanders, 1959 ). Lounsburyia
trifasciata Compere ( Hunter and Woolley, 2001 ).
C. gurneyi ( Parkes and Walter, 2001) DA MZ 5
U 5 1F /N Pteroptrix orientalis ( Silvestri )
( Viggiani and Garonna, 1986 ), H:, i
/W& C. basalis [ kY DR FENE: B 548 7 78 1y
#} Coccoidea #y %X Coccus hesperidum Linnaeus
BRI YR M . Saissetia spp. U EE T AT
W, PR R B LR AR Bk D B R A R
Metaphycus spp. ( EFRIH AT A ) THFETHIHK
A EBAR N R S AL, Z 5 HEES) R )
RHFFAWAZ LT TEMEIRFRE CRET ) M
], ORJE DY K — 2 R ARSI, AT LR e
ZWIR AT L) B ik, [ 1k R R PR 4
HZ4 (Flandersetal., 1961) .

2 REFEENEESLE

21 £#EAFR

JEE H R A e Sk Sy B U AR e, —
FEAHEPE & & A SRR, SR IErE R B B R
KO0, B iR AR5 ( Hunter and Woolley,
2001 ), T AL Y I i e 7 B 3o it vl ik —
AL T2 T B 2 75 2 A, S I ™ A e P e I
f& (Yangetal., 2012), XfSpaZiA i, M
AR AR AN ] 200 1 2 7 T AR R 1 S ) A

(HARE R R, A7 i — Le Y Fh A 7R
DI ™ ME i R, X AR B 7 2 — M 3d 2 IR R
e [C# Wolbachia FIj N 2 2E T Cardinium /-5,
AEXTF PP R T, DIOHE ™ e R 5 1 5 AR
M7 BB & B Rt & E T 2421 (Hunter,
1999), fltn, S 75/ L E. tabacivora J&
i Ry A T AT M R AN IX 3 )
RN E, WRZHRGIP (LT Bt A e
PESGEIR) BEALF= FRIHANRAE T ., 7= THIHR T
F IO MEVE RS LIBUR A & 5 B M N A e
) DI A B i 2R 1 A S8 B e 1) 7= B AT A, 2Rl
FPIPEA S R CACRLHERE (Zchori-Feinetal.,

2001; Kenyon and Hunter, 2007; Giorgini et al.,
2009 ), AR AT SRR A 0 SRy T 1 TR
AEFE, ANARTT DU /NI P orientalis, ARACHELAY
50 0 T B A PN [ B b, B, ey
[ S A A e, A AR R R, B %4
ST R B LMY ( Garonna, 1990 ).

22 SHINERNRELE

S 2 A 0 P T R B 43 R TR
W 2F ek F—2F BRI E, ik, ST
A WEAEAE S R B A A R R AE L 1 1 301 22
5o VIS A ], 1 DL R e B2 A
KNG IR AEAH L 25 321, DR JCIE b sl i
AR AE BE RN SE T , 10 BH Wk HELI 0] % B 2 A
I 75 4 FBR I ( Gerling, 1966; Williams, 1972;
Gerling et al., 1987; Hunter, 1993, 1999 ), M
HEPE DR ¥ F e O B 22 B TR RSN, P9 P AR
TEwE B UL B B 25 5%, BN ORBIE , 1 oh A A
PEOP LGB AT 285854 I B4R (Ding et al.,
1995; Williams, 1972; Walter, 1983), #fEiljj&
TR 807 Mk 78 £ L (Walter, 1983) miBij
17K 432 (Hunter and Wooley, 2001 ). Mffifé
AT BB AT FH R A 20 s 40 2R X 3 e R PR B 7,
Hh O D R AR Ak Y, T DD R S R
( Walter, 1983). ItAh, HEGH % & A7 E Al fEFF A
B, WRHF TR, HEEIRTREN %L, W HF
FEil/h, HEERATREAM T A (Parkes and Walter,
2001 ). b W i A e S 79 428 B9 1349 A [) Ak Ly 5
Al e R RIES 22 5% o D REME S 1 80
RIS 1 & B AR, WAR IR b AR PR 27 A 0
SIS, TS N/ A (M)
1R 4 HA AT L B P 4y R
K, HOMERE | g i 4 U B A S A [
(Fisher, 1961; £kW]HE4%, 2007a). Pedata %
(2003 ) izt , — &b IR Ug /NI 1 IR A M I RE AR i
WA, a el ar £ e Tine, HE A%
XOUBAE JELIf /7N 0 (%) fE P R i % 8 v R B T IR A
PITEAE (kB R4 2007b), HIHE7 B A s
DIReR A REifiih o LAh, 7R/ INERRIG Z B T &
B, BRI INE AR ARAN T A, R T — B R
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R SRR R PRGN IG Z AR E |, R T B
WA T A R TIAE (BRI ESE, 2007a,
2007b ), fESFFAFAME Encarsia porteri g
B TR AL FE ACF h B MEVEIR , T HEPE D v
A (Hunter et al., 1996 ), Mfikfeig A= F 2R 1Y) 22
SURESHHERFRELENERA, I, 7
E. hispida & B, JotEMEr: IR RERETE R P £
LFRINEE, XFP 0 A AR | MR R
B ARIFBR I B, AR I — i S 4 2 A 0 v gl
WM 2<H| (Giorgini etal., 2009 ).

3 REFTLEEHMAE

31 EFEREHNREIR

FH T3 2 S T (0 FH s VR S An e, TEAN [
P BT T HP G Iy S A A e e I R OC R AR
PRINE , Bof /N i) R 48 A e R 00 S R A 2 A
PRI 27 A5 0 3R 50 kB ) 8 ST IR AR FE R R 1 43
I (Misof etal., 2014; Petersetal., 2017 ), #
T S A A e e B A rp AR v S BT I N X —
G332, B A SR AT AR AR TR ST A Ak R
e, FEEE TR 2 T AT SRR i A AR
B BE, Mg AF AR (Flanders,
1967 ), “WEMESALAT AR (Walter, 1993) F
AWM MNE FAEIE” (Huter and
Woolley, 2001 ) %, ANisd A [R50 4 S0 s, B He
g 5oy, MDA I B A 22 65 DL IS IE A A
e, B, 2= TE AR B R Ui
( Pennacchio and Strand, 2006; Hayward et al.,
2011 ), T AT FRATEE A5 B AR JLASAH SC Y 28 B f e
Flanders (1967 ) M%7 3= BT IR FR il A4 £ B2 %
&, PR AR A RIS . B STA
W -] S A A T A W - L S A A AR - R
WIFF AR B A AR IR —2,
1 25 R W B [ 4 AR R T A 0, TR R A
FEME AR SRR RIS 0T B ohiE H , FERl—FF 3
e e O AR R AL R AR AR X T A R ) e 4
i# ( Rojas-Rousse et al., 1999), £ iz /|
J& C. basalis #l C. gurneyi Mfi B{ig s o1 7 76 %5 &
BRI Nz, SRR EAL, T4l i

75 BN YRR Y BT RIS, A DN
FEATIREAL , R 27 J2 0 P I 4 0 e e e e i &
B FR TR (Flanders, 1967 ), [A]425 27 A H IR
P 7T 320U R il B 9 A K 22 O A AR I
LA T RE & A (Williams, 1977; Viggiani,
1984 ), ANik, T SE A TA Sk A i 1 O 12 4
BT UEMRTE LRT, AR AZE
R P I e B b 201 45 31 40) B AR W R B T A IR Y
B (Walter, 1993) 7 —LEAHSCHIM AN
A ARV KR, B A & A7 A TR 2
KAV B B R, R FAE AR
UL, 20 BT MR QLAY A% B
B RMATE B IEOLT , RS R &
ARG M ECE Y & (Flanders, 1959;
Zinna, 1962; PSS, 2014 ), SRIM, XLEip
ST TR T A R S O A A R B S A e
BRI S

Zinna (1961 ) -4k nld A Mk i 25 48 RKIu
(R4 AR H e | S 2 A AR DR AN - AL 55 A7
A e - SN ) A W - S R T AR - S B AR
W BT, R 1 B A B 34 [ —
FheF 3, TERAFAERMT, % EARSMO I
JERRIRATTE S LB, 38 W 2 B AR Ry SN P
AN T RPEEEAT, e B RIS TR, R
i N 8 s B =X 72 R U o i e AW Y R R
U 2 B O S O ) NN 108 0 i 00 £ < sy W = Wi
WS AT A B, G 1) A TR e
SBT3 S A1 i 02 [ 1B < 3 s e
KB NF EW T ARG A 1 B S i) 75 AR
B R AL B R TP B — 2B IR, U A XL
LHIPEE . L5 A W I B /N Aphytis
melinus FII& 5 815 /Mg A, lingnanensis (I |
W O Rz &)y e M S ) A A0 A A e (B RCAT E PR S
SIPEF B IRMAR RO 51, K DR 7 1 S 1A
AR, TR A B A SRR EB (Luck et al.,
1982) . HfE AL A Xof A 0 VAR 1 B ) AS [ b 22
S BCFE VA AR O T R 4 R R R
Y, Walter (1993) A R4 25 FR e N 1 2
SRR A AR R IR, R, SES R A A
A A W AR A R R P N R A AR
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E—2G 8 W, AnSRME . S A AEAE S —Fh S
GRm I, IS ATE S A, SRR
T S AR P9 27 A B O O AR % o L 3
Grii i X — S g s AR AT B SC IR S, LA,
AU A 5T S S5 (0 ) A A AR 1S 3 e, 2E T
FEE B AU 7E T 2 /g & (Williams and
Polaszek, 1996; Hunter and Woolley, 2001 ),
Hunter 1 Woolley ( 2001) A} 2 RN 27
A W g R PR S A R ] 5 40 A AR TR
O, PR TR KB Y N A A A AR I
RIBA 25 A MR G N A AR - R R A A 0 (R
PEFHER ARG R A A ) RN T
A - ER A A, Horh, eSO A AR
S T A M ) AT A e R A AL R | b
WA A, Bedtb et 5 B A A,
Hunter 1 Woolley (2001 ) A [F] Walter ( 1983)
WAL, DA T HEME T, M E X R
FARXTORSEY, AP AE AR T RE & — A SR
FET ok, MLGERY N 25 AR iR 3 e i A 27 AR i
X—#, Hunter #1 Woolley (2001 ) #i+4 T ik
TR ATREE, 15 th BRI 25 AE e i I 1k 58
Ik 9 IR Ak AT DL SRAT AR X T A Ik e 1 5 S A0
e DT AT A6 Ry A0 25 AR Y (R A2 27 A i 1 ]
RETE, B TR AR WA /N rh i /D UL, i
M T R A AERERBRE . W27 AR %
&, FEH A ERRGSAET, S5 MM T hE
SEl—2F E LRI CRAA ), i
R A A B ) T R AR, S TS A
% FARFR/ING) B 55 T MM (Charnov et al.,
1981; Charnov, 1987 ), H.f7E—bfhsrbifedt:on
L [R5 T Ay ol 2 O R A 1 T 4R A5 3 A
. (Fieldetal., 1997), ¥iA nl e BUMEMEE 2
R O A A A I O A SRR T — LR
Wbz OO AR TR M, T ORAY R, M
KeRER IR T 7 —MOoRUL, TEBM H 74 1%
h, NSE I 25 RO T8 — I BN A k™
B 22 [F] 14 s ] T R, AR 0 R vy o 1) 2 £ e 4l e R
nf GE K M ( Visser et al., 1992; Marris and
Casperd, 1996 ), 7EARMA A 4 i HA 40
PR it /N R Coccophagine spp.H, 4iif

J P LR I R SRR ] Je A AR W Ay AR e R
WA T e K E AR A 2 A4 8 (Hunter
and Woolley, 2001 ), — H Itk &k & LR 774 1%
R eV 23 TR0 0 2 A 0 TN 200 2 A e 22 [
HEATAUAT , R ER A, A SRIERER
AT BB IA] T~ B N 5 2 A e i e , 3 I DA Se PR
F 5 25 A W e A7 Rk A AR % (Hunter
and Woolley, 2001), {EAR{EREMIE, LR T
SRR A PR AL TN, A ] AU A ] R A AR
K3, HETERIE f5 B TR RS B B it A 3 i)
HLAR BB LLRAIE , 2 A58 A T SRR X A 22
MR 338 ( Pennacchio and Strand, 2006;
Hayward et al., 2011 ),

32 BHLEITSHAL YR

/N 1) B 2 AR A A BB S T
SR Z 0 (Williams and Polaszek, 1996) .
BATAT LA, TR R A As , /Nl
Aphelinidae #H 5P R 1 — >3 3 e 5 1 BME
W | MR B RIS, MESE | MR ST E
1To MIEZD ISR L, i | Mg SRR
BIEREZHA, FR T S AR L HEm
2NN S A R AL A A e ) AR R
AR B SR — 4

BEALEEYT - R P MR BB H
A E R e SR A AR AR R A 1 G
HZE, T4 EZhE 2= 5 BRI &R . @
HAiE 325 & (Tan and Liu, 2014), % T4
AR S, FEAMRM T S Y EAER R
H1k2= B (Inbar and Gerling, 2008 ). ¥} &l
A A ) A RE AL RE IR R, AHRT T AL
PP 25 e, A2 2 4 0 (RIS /NI ) RE Bt
FE A BIBRK EUR G A9 27 3 ( Heinz and Parrella,
1998 ); BLAk, KEA AR HUE [RIUE A=, H
B R A S — R TR EL (Tan et al.,
2014 ), MRy E\FE A0 (AN B TR /)N e A
JINBEE ) ] R FH S AR G R R FIT BRI A2 o
fif5s (Tan and Liu, 2014), EfM S FEE, &
A TR A R R A AT R OUR , 2B H
FIHEERRE (FERFRFEE | FFF T L
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BRI R/INZEASE ) S MERERRAS (HUDPfE . &2
Boge % ) 4R E 52 ( Hoffmeister and Roitberg,
1997; Zhang et al., 2015 ), 7 EREZRAM T,
B A A TR NS S 2 BB T A E
(Yangetal., 2012), 7= {0 Rl /] ik 5 12
UgF /)N e v Yo O 45 1) e A I A E AR IS R N R
AT RIS (Hunter and Godfray, 1995;
Xuetal., 2013 ), H T34 e B0 U il o
BT, MR T AR 2SI i i M A R ok
BEhEAC PR (Visser et al., 2014), W5E#H
eI 7E 2 3 90U A7 FRUE e H 32 I A 2 FAE 00T,
P -7 e O ) A7 e, TR A R IR
JFE 27+ (Hunter and Woolley, 2001), X—
0 = T e e ) B S R 2 A L
M B 2 3 /N 7 E B 1) i € ( Desneux et al.,
2012), TE[HZ R 7, Mg LB W
BN AF A S AR LR 3 AT 3, B GE A 1 25 (]
5, AT RRE . BW/NEE C. basalis
AT I e 4 e DT R B9 359 57 A g ) £ T A
SN, MESR HATE AR BN i R A AR i (W)
A ) ST A I AR AT AR N A IS A
IRk (Flanders, 1967 ). 55 AT M 4 i fef
FEARTE R R Gar £ T H MR, s
Ja ARTE & B o A S BRI FE B 10 AF 32 ROk
SR )42 2 A B VR B Ik . DR, M 4
B B PR T O T A I IR AR K R B
MAF EIFMR LT, IBAX—YFR AT fgiE itk
HAAERE: HETRIE LT/ NERE Aphelinidae
YR, 4R 28 A ME . MR R T R
( Hunter and Woolley, 2001 ), T 54274k 4
PELERSEEA H R R4 b I /N — 5357,
3k A S A A AR R UR 1 ST A A S
TR AR T8 T AR IR, gRre ik
Z A E W ILIRZUAY . Hunter 1 Woolley ( 2001 )
PRUE T S A AR T R MR R T R Sk Bl 2
B2 AL AR S o A M B AN TR) B IR 1) 7 B e R
A RE RO | R BN, U T R
SRS, A M T A IR 3T 327 I
XA K RS A, B %k

ST FIEEAXERE SR, S A LU AR 5 AEIXRR
BUT, A SRIERR N A n] T 08 B2 Re i R R 90 3F
27 P AR AR A S B AR, IR
trade-off (M, HLUNTER B H £ LT Ak & I
W SEPIRT £ LR BHEENIE G E2ER, 5
VFE R A A A W R R, (B HE Je i A 7 5
. 56 ik, —Jif, HETERA Fahksn
A IR R S R R A AR R MR S — T
I, Bz BAEAR 5, JU Gk = MY eI
FAIRAN R EWAHCRE ], XA A g 2R
AERENERNER, fEX R EFAEERKIS 80
RS, KA R A A e AT
F R AE A ( Hunter and Woolley,
2001 ); BRIV D S 5 A A e M B RS2 G B
PR E L, JEARMARREAT, WARZEEH
C. rusti MEREAERIZL AT E RN T HEMEED, 2
A A EEFTE L ARG
( Flanders and Herbert, 1969 ). Kitt, fi#tril4y
W 4Ty H R 40 SRR AR N PRI RIIR KA Y
KRB RS AL LA, A BT IRAT T R
AR AR TR I T S AR

4 £iES5RE

Bifl 5 5 OB 24 1 1 15 0 DA B AT R B %
3 () 2SR A AT AR W By iR B — 45 AT 2 A SO
RSy RS . ST A M TRER M 25 ¢
FANA 5 Ul A2 B OCHE , OGS 2 A
T R A S HEF A RN 5 R R TE
4 (Xuetal., 2013, 2016 ), Mtk 5 AR 7EFipe 2
s ATl e e A, SR A AR
T oA Pl SR Ay AE e, st R, 1 Sk
(RSP AR R A A 1 S e, X b ARp I A A7 A
P & R 5 R B AR R R — XL ) B T
ST O A W R R /N 2 A B R AR B A AR
We-7F FRASBCAR R BN T2 %k
¥, AR AN S ERIRSEAR Y Z 5%
FRBEIG R A E, JU R A A T DA A
AN i A 5 1) 3T A i (Huang et al., 2016 ).
Ak, —Se2 R, 7E AR RE R T, etk
H &2 a7 A= e ] RE LW 93 A i o LR 3, et
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H &2 75 0 5 e A A i A T R — AR 3R
BF, BCAF ME S i I 76 S PR 37 3 B E M S
R, RIbRE S & B A VB ERm, SRR AAE
MR RERE > 9K (Zangetal., 2011), 7EABR%
TR ERIRAMT, X LR
WU QIR /NI 5 1 et A2 A AR e B AL
Af /NG PR o o] R PR S VR RO SR 6B, 2
AW Z BIAFE R FF L A A MR B A AR
FHTE4HLE (Xuetal., 2013), JfH 2 fhdiE
W6 [v1] 5 4 T V5 A FH A DL 34 R i 2 52 30 B 2 %%
HI52m (Xuetal., 2016 ), {HA3H &N, RIfH
FETESE S, B3 A% S92 A e i A& R
AF R S A AR R B A n R e RS T
AT b B e R s T LA A (IR 45, 20135
Xu et al., 2015; skHERZE, 2018), X TIhHE
55 2 A A 0 1) o [B) AR PN 5 KO 22 578 K
Kt XT3tk A 2 A8 S, TG 5
W AF £ L B A MR O] LA AT
Y IRTR b £ o M B B o A e B P
E , T ELRBIEAE AR5 T 538400 FALAA( Avilla
and Copland, 1987), 4= MR iARCR o
WA, AR R T, FERTFAE
[ IR BRI A o 3R S AR A7 A 1w B
WA A e, e O A A, AR AR
Piak: A | SN e T NS RS VA 2= i (T
PR N IR T R # (Zang and Liu, 2009), i,
etk A A A e R A SR /N R R B
JRA AT U AET R ik 59.7%, 527 /E 5 i
FFICT-HCEAY (Zangand Liu, 2008 ), ifA
— T e 22 % ) RO 1) A Bl AL, 2 A e AT
FAR AR T BP B R A IR R L) & B AR AR
55N (Abram et al., 2019), f#ilfn, HetkEE
B A 0 ) RIS /)N e AT R W AR S O T R A T A
R, [ 25 A N AR A= B LAPEAL 2F IS G
OB i 1 s e o N R 2 B A B [ ) e
H, RICTEFE WA, R RF e S S T
KB MBS (Hunter and Woolley, 2001), 7£X4
AR, ATREVE R EIII AF R RS
WA IE AN M S 225> DNA R 8 e R, ardig
A RESAE LA ANTE BN A 1 =B, s A o

IR . ZF ERET R |« et Fa AR
AR T Pem k% ( Abram et al., 2019 ),
T 7 5% 2 A e 27 32 28 W B IR 00 IR A A
Zngds LR, R, SERar AR e n B RO 52
Bz 7 v e T TR 1R
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