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Progressin research on the aggregation behavior of insects

SUN Xue-Wen" 2" SONG Wei""? WEN Chao® MA Tian-Chi"*? WEN Jun-Bao"*"™"

(1. State Key Laboratory of Efficient Production of Forest Resources, Beijing 100083, China;
2. Beijing Key Laboratory for Forest Pest Control, Beijing Forestry University, Beijing 100083, China;
3. School of Grassland Science, Beijing Forestry University, Beijing 10083, China)

Abstract Aggregation is a common phenomenon in the animal kingdom, particularly among insects. The reasons why insects
aggregate are complex and varied. Most scholars attribute aggregation to environmental heterogeneity, communication, and
interaction between conspecific individuals. Few studies have delved into the internal mechanism of communication and
interaction, with most focusing on the transmission and recognition of chemical signals. There has been significant progress in
research on insect aggregation over the past two decades. This review provides a comprehensive summary of domestic and
international research on insect aggregation since the 1970’s. It covers various aspects of aggregation behavior, including
patterns, mechanisms, functions, significance and adaptive evolution. It is, therefore, as a valuable resource for future research
on insect aggregation.

Key words insects; aggregation behavior; adaptive strategy; aggregation pattern; mechanism; function and significance
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ELHE N A B ST R A

B HRAEAT N MBS A R RS
EERBAELITILA D5 : 1. R AUCREST N
AP EHEERENA O, e tER RLAE
Ao PR R IR BB RS R A A I ) A2 ] SRR, LI
PR HER B LEAF AR s 2. B HURAERI AR
MR E R AL B WA N, 2 B AU gy
E R A R B BOR AR Y 2 S B AE R
W, CENSEEYIT; 30 BAURE AW
Xt BBAA HESRRE, AT RO T R
RIEAT N EAHDL R BT IR ; 4. RHUREEST
D] LAHE BRI FE I O | OB S AL S
AL REAILR o (51 a3 3 o) BT SRR A e AR S
R EREEAT M HEATIIESE L AT LU A B F 5T IO
T O HL AN 7 VA T T AE S T 5 S (BB Al

B U R AEAT M R ST B AR o 1
REATR R B BIER | AR R (R BRI
LARBIAS RIS AT 3 T B o A SCUEs
R HIREAT IR ELR, BRI T
KR, pHTBAERE, REEAYS IS

1 BREBEENKIEH

B i E—@m 2 [a ke R, 244Nk
Wy R R B AR A8 TR A5 S 00380 T 128 3hIE i A
WELLRE , X Le A FERELL A T AR A S ot S E IR
MIAT RENRE, XA PR R, AT R WBRR
VEREAT R o B U HE ] 28 (R — /NS 43 HE B
4 (Collection ), XFMEI T Al BEAF TR IUAY
EREACH. (Allee, 1927 ), JEEEIACHFIREEH
YEFIRERE SECATE AR LA (8] 534 ( Eickwort,,
1981; Santiago-Blay et al., 2012 ), FREEfIRZ)
RIS 8 22 i B 2 W) 2 fiff B SRR A 79k 2l i 1)
VEPRIZ S sk bLE 8, i f3 R A AR K S R AR T
HRmAS (12, 1992), —Bkih, B4E
BT AR L FVE R, GnsR e Ae B4
SR A, AH E T AL A 50 53 A B — 4[]
Tl P B AR R SR AR

RAE R B R e sh W N AR AR | ]
Y — B PR . RS R

i o ANFESREE ARG AMERBR AR BEE
f b Schistocerca gregaria ( Forskal ) 5 Ht
ATDARHBE SR, MRS ER, WJLEAF
JLAJ7 A% Collett et al., 1998 ). i Allobates
talamancae ( Cope ) 7F H ARSI TN 2-3 H,
ZN+JLH & R4/ — ( Hopkins and Lahanas,
2011 ); ALegh¥yal B A R4 N 25 Wow H A N 1Y
TSRS, AR N, ar ik
D8 [ 5 B A B S8 — > AR o 1 P
A HLRR)iE 3 ( Parrish and Edelstein- Keshet,
1999 ); —LLp@H | B HFR R R
L (Cycloalexic ) B4, iXHLR d 4 i 7E
PR B EHAR R G 2T i — A~ B B |, S
SR HE A i I 5 AR JE BB, AR At 4l A A 5 B 1
> ( Vasconcellos-Neto and Jolivet, 1988; 1989 ),
JE B AP I SR 4EAR (Jolivet and Maes, 1996 ),
A R AR —E M) R A, — S B AUl 25
e gt & A= B4 ( Desurmont and Weston,
2010, 2011; Desurmont et al., 2014 ), H<1F
BB FIASBCT R 4E (Milne et al., 2002 ); Hfja]
FRUBE - D0 2 30 Ay 6 A% Bsf 357 bk B2 Bt 3 19 ] g
AEAFBREMRE, W EE Harmonia
axyridis ( Pallas ) JfAETEMA I A S A B4,
YRR & A R4 (Durieux et al., 2012,
2015 ). 34h, B HAN[RIS I AY d S Byl 4 4UR
R, oE, g (), MEREHER (K1),

IABE GEUR ) 1 FH AN 3& G DA B AR ] 19 38 3
I H i 45 R AR A R 43 I I A F) F— 2
WFFEE IR R HURER AR AU P 1), Allee( 1931)
FEREE D AW RIE: (1) &M BRI R M A
& ( Accidental unions or Associations ), F=Z&FI¥f
Bi e A OG s (2) HEfl IR AL Bt 235 4R ( Essential
aggregations or Societies ), FEFMESAMKZ
(] YK 2R ANAS BAHOG o X — WL s 7E 2o s
FHIESE (Bach and Carr, 1990; Kakizaki, 2001;
Jeanson and Deneubourg, 2007 ), Parrish #l
Hamner ( 1997 ) #2547 45258053 PR
AEZHEG, (1) EHSHERSE (Nonsocial
aggregation ), TEIRHESRE T, MEG —1FF
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x1 EER&ETANSHERSIT
Tablel Satisticsof variousinsectswith aggregation behavior
H 28 & i BT 4 W98 E SCHER
Order Family Genus Species Object Topic Reference
L2 | ZHFR KRG FEK G 4 23 [\ o3 A Mulcahy et al.,
Coleoptera Curculionidae  Lissorhoptrus Lissorhoptrus Larvae Spatial distribution 2022
oryzophilus Kuschel
HHER R HIE J R REFER Malo et al.,
Metamasius Metamasius Adults Aggregation 2020
spinolae Gylh. pheromone
Bk 5% T4 T [ P Johnattan et .,
Conotrachelus Conotrachelus Adults Spatial dynamics 2017
nenuphar (Herbst)
Pi% I+ BEH A A FAEY) Addesso et al.,
Anthonomus Anthonomus Adults Host plant 2011
eugenii Cano
Scyphophorus HEZGEH J REEFEER Ruiz-Montiel
Scyphophorus Adults  Aggregation etal., 2008
acupunctatus pheromone
Gyllenhal
LiE= 3 Ji A RS Téthetal.,
Bothynoderes T4 H Adults Aggregation 2007
Bothynoderes attractant
punctiventris (Germar)
HHER R ZH SR REFER Tafoya, et al.,
Metamasius Metamasius Adults Aggregation 2007
spinolae Gylh. pheromone
Hix4 8 A R H LR Ji A ZF E M FMES  VanToletal,
Otiorhynchus Otiorhynchus Adults Host and conspecific 2004
sulcatus (Fabricius) signals
RHG R FELH A FEMEFES  Tinzaaraetal,
Cosmopolites Cosmopolites Adults Host and conspecific 2003
sordidus (Germar) signals
THHES )8 RAETHNES: J R [R5 5 5 s Sunetal,
Eucryptorrhynchus Eucryptorrhynchus — Adults i 2023
brandti (Harold) Conspecific signals
and environmental
heterogeneity
Rhinostomus S R i B B H RAE(EEE Reis et al.,
Rhinostomus Adults Aggregation 2018
barbirostris (Fabricius) attractant
K/hag ) AN PN - SR ALK Livetal,
Dendroctonus Dendroctonus Adults Aggregation 2020
valens LeConte mechanism
=R A A5 Isitt, et al.,
Dendroctonus Adults Chemical signal 2018
rufipennis Kirby
B AR /N SR UL EISES Sullivan and
Dendroctonus frontalis Adults Semiochemicals Brownie, 2021

Zimmermann
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43R 1 (Table 1 continued)

H B & it iR 5T 30 SCHR
Order Family Genus Species Object Topic Reference
LSS R ZHFR AN 4 DI 1 55 /N3 S A fEER Shepherd et al.,
Coleoptera Curculionidae  Hylesinus Hylesinus pruinosus  Adult Semiochemicals 2010
Eichhoff
RN 4 HEYSRURANY - S FEPA 4 Fisher et al.,
Ips Ips confuses LeConte ~ Adults Gene regulatory 2021
KAF BRFJE JeIE B R S UL EISES Bobadoye
Cerambycidae  Anoplophora Anoplophora Adults Semiochemicals etal., 2019
glabripennis
(Motschulsky)
B IR BLr sk 4 S UL EISES Yasui, et al.,
Aromia Aromia bungii Adults Semiochemicals 2018
Faldermann
AN PN EARGUN T PNGE g A FER Rutledge et al.,
Callidiellum Callidiellumrufipenne Adults  Contact pheromones 2009
(Motschulsky)
Tetraopes LR A g RERMCEEN  Peteretal,
Tetraopes Adults Aggregation and 2002
tetrophthalmus (Forster) mating localization
PRk 2R P4 H B J AR AR Susset et al.,
Coccinellidae  Hippodamia Hippodamia Adults Overwintering 2017
undecimnotata aggregation
(Schneider)
e Bk ok ARG Szejner-Sigal
Hippodamia convergensAdults ~ Energy metabolism and Williams,
Guérin-Méneville 2022
Z 5 i AR Honek et al.,
Hippodamia variegate Adults  Overwintering 2007
Goeze aggregation
0 S S REDLHI Duricux et al.,
Coccinella Harmonia Adults Aggregation 2012, 2015;
axyridis (Pallas) mechanism Schaefer, 2003
& RiaELy|
Hydrocarbons
KRB
Overwintering
aggregation
T RER A AR Honek et al.,
Coccinella Adults Overwintering 2007
septempunctata L. aggregation
AP AUR E N2
Ceratomegilla Ceratomegilla
undecimnotata
(Schneider)
G TR ST 4 F R H A 42 A A 51T Tigreros et al.,
Scarabacidae  Popillia Popillia japonica Adults Physiology and 2010
Newman Behavior
TR P TCRE 45 F ) Bega T J RN fR R Fukayaetal,
Scarabaeidae  Holotrichia Holotrichia Adults Adaptability and 2006; Yasui
loochooana etal., 2007

loochooana Sawada

Signal cues
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4% 1 (Table 1 continued)
H Pt & i GIEIROE 3 WHFE 32 SCHK
Order Family Genus Species Object Topic Reference
WBH  &furAl Macodactylus AR 4 e it R o Heath et al.,
Coleoptera  Scarabacidae Macrodactylus Adults Conspecific 2002
subspinosus (Fabricius) interaction
# TP Capnodis S ACE e SERCRAE Bonsignore
Buprestidae Capnodis Adults Mating aggregationand Jones,
tenebrionis (L.) 2014
HEEH R} IRk L CiviilaE A AL R AL Gruszka et al.,
Silphidae Necrodes Necrodes Larvae Modes and 2020
littoralis (L.) Mechanisms
- FH R Rt e dUs A B H SR 23 [6] 53 Reay-Jones,
Chrysomelidaec  Oulema Oulema Adults Space analysis 2012
melanopus (L.)
TN Skt By 7O RAE Desurmont and
Pyrrhalta Pyrrhalta Eggs Spawn Weston, 2011
viburni (Paykull) aggregation
J RAETHE Desurmont and
Adults Aggregation Weston, 2010;
function Desurmont
etal., 2014
PR AR ’
Spawn aggregation
Acalymma g NG A HL 23 0 Gardner et al.,
Acalymma vittatum Adults Host response 2015
(Fabricius)
s KA — R J R REATHFHME  Lunaand Xue,
Diabrotica Diabrotica Adults Aggregation 2009
undecimpunctata behavior traits
(Mannerheim)
Fht R gt i W % Peacock et al.,
Phratora Phratora Adults Influencing factors 2001
vulgatissima (L.)
i 5 9k FH R i ) Bk SR e 5 Tansey etal.,
Aphthona Aphthona Adults Chemical signal ~ 2005
nigriscutis Foudras
TTER Senoria T 2 RN TIGE Vereecken and
Meloidae Senoria analis Larvae Aggregation GillesMahe,
(Schaum) function 2007
REEHFRE AR E TR BRI L R A A D fiE Sato et al.,
Erotylidae Dacne Dacne picta Crotch Adults and Aggregation 2004
larvae function
{560 IR PRI )m SFEVNFRE e 1) L e (1 B o Ferreira et al.,
Lepidoptera Noctuidae Helicoverpa Helicoverpa zea Adults and  Spatial distribution 2021
(Boddie) larvae
AR ; = 2 equeira an
4 R 7O R A S d
Helicoverpa spp. Adults Spawn aggregation Moore, 2003
SRt K95 JE 8k SR T iz 5l Grof-Tisza
Erebidae Arctia Arctia virginalis Adults Predicted etal., 2017
Boisduval movement
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43R 1 (Table 1 continued)

H 28 & it MRS W5 F2t ik
Order Family Genus Species Object Topic Reference
0 H IR} KR JR8% 1 Il PO/ S QA Eps- vt Korosi et al.,
Lepidoptera Lycaenidae Maculinea Maculinea nausithous  Adults and  Habitat selection 2012
(Bergstrisser) larvae
TR 2
Maculinea teleius
(Bergstrisser)
Ufe s o e 8 J et Y PRk R 2 Salcedo, 2010
Nymphalidae  Heliconius Heliconius Adults Envirnmental
antiochus (L.) factors
/N B Micropterix /1N G Jil A RARRHIE Kozlov and
Micropterigidae Micropterix Adults Aggregated Zvereva, 2006
maschukella Alphéraky features
Pyt Doratifera B g e B ik ks Al Reader and
Limacodidae Doratifera casta Larvae Influencing factors Dieter, 2003
(Scott)
MR} FEF IR D K A A H EALIESES Showers et al.,
Crambidae Ostrinia Ostrinia nubilalis Adults Influencing factors 2001
(Hiibner)
e H SRt KA )R H AR L 4% J R IR i 3ok 4% Tojo et al.,
Hemiptera Cydnidae Parastrachia Parastrachia Adults Respiration rate 2005
japonensis (Scott)
R ARG P Sl SR R Toyama et al.,
Pentatomidae  Halyomorpha Halyomorpha Adults Aggregation 2006; Song
halys (Stal) formation and Lee, 2020
AR
Overwintering
aggregation
iR} IFREEN ik il A SHC R AR Hosokawa and
Plataspidae Megacopta Megacopta Adults Mating aggregation Suzuki, 2000
punctatissima
Montandon
s HE¥%Jm BRI HE R Ea i e S e May-Concha
Reduviidae Triatoma Triatoma Nymphs and Chemical signal ~ and Lobbia,
infestans Klug adults 2018
(RN T RIEE RS BRI B RSO Addesso et al.,
Blissidae Blissus Blissus insuhris Adults and Aggregation 2012
Barber nymphs behavior
IEL it 5 6 T A it JE s A 22 o3 A Karimzadeh
Scutelleridae ~ Eurygaster Eurygaster Adults Spatiotemporal etal., 2011
integriceps Puton distribution
Bdp RfE Tl R SR r ez Olson
Cimicidae Cimex Cimex lectulariusL.  Adults Chemosensory etal., 2009;
BT Liuetal,
Aggregation 2017
behavior
Loy LYY PNGL J R 23 6] 53 A1 Tran and
Aphididae Aphis Aphis glycines Adults Spatial Koch, 2017
Matsumura distribution




- 688 - o B 3244 Chinese Journal of Applied Entomology 60 %
43k 1 (Table 1 continued)
H Pt & i GIEIROE 3 WHFE 32 SCHR
Order Family Genus Species Object Topic Reference
2 H Loy TG o 48 357 ) i 2.0 SR 172t Muratori et al.,
Hemiptera  Aphididae Acyrthosiphon Acyrthosiphon Adults Behavior change 2014
pisum (Koch)
7 I o (NG e RELR Michaud and
Toxoptera Toxopteracitricida ~ Females  Aggregated Belliure, 2000
(Kirkaldy) results
ERLER IR W AR J AU WL g AR Wise and
Cercopidae Philaenus Philaenus 2t Benefits Kieffer, 2006
spumarius (L.) Adults and  and costs
nymphs
Neophilaenus TR I ot BRAEFRF Biedermann,
Neophilaenus Nymphs Aggregated 2003
albipennis (Fabricius) features
RUSZRE| SRR R TR SR T He RN Wertheim
Diptera Drosophilidae  Drosophila Drosophila Males Aggregation etal., 2002;
melanogaster Meigen mechanism gthulrcglég 0
PN ; al,
13 ]
Behavioral
plasticity
g3 i rePnERAE Takahashi,
Drosophila simulans  Eggs Spawn 2007
Sturtevant aggregation
AR SRR 2L EER En FhE R Scanvion
Calliphoridae  Lucilia Lucilia sericata Larvae Social etal., 2018
(Meigen) adaptation
£y gE| 7 /N i 75 ] /] i A REAEY Ame etal.,
Blattaria Blattidae Blattella Blattella Adults Hydrocarbons 588‘5‘9 I{e'?lnson’
; e ; Lihoreau
germanica (L.) %%mﬁ, and Rivault,
Aggregation mode 2008;
IR AL Varadinova
Contact aggregation €t al., 2010;
. Hamilton
ARG . etal., 2019
Self-organize
aggregation
AR
Smell recognition
NI EUPN SR e fF R R Tanaka and
Periplaneta Periplaneta Adults Semiochemicals ~ Daimon, 2018
americana (L.)
0 B I R TR R e Jil A T REFIE Ito and Osawa,
Phyllodromiidae Panesthia Panesthia angustipennis Adults Function and 2017
spadica (Shiraki) meaning
B H ARt N IEH IUEAVN <3 J R i) Ostwald et al.,
Hymenoptera Anthophoridae Xylocopa Xylocopa varipuncta  Adults Shelter 2019
Smith identification
IR W I DA 2 e Ji A AR AR Eskov and
Apidae Apis Apis mellifera Adults Overwintering Toboev, 2011
mellifera L. aggregation
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43R 1 (Table 1 continued)

H 28 & it WX 5 WH5E £ SCHR
Order Family Genus Species Object Topic Reference
i H IR TR K b 1 J TR UK B e 48 RAEIRE Yagi and
Hymenoptera Apidae Lasioglossum Lasioglossum Larvae Aggregation Hasegawa,
baleicum (Cockerell) function 2010
JrkleERt IR UREY A A s A2 4k Polidori et al.,
Crabronidae Cerceris Cerceris Adults Spatiotemporal 2005
arenaria (L.) change
R EBUR H A B SR A IS Hisamoto,
Formicidae Lasius Lasius japonicus Adults Influencing factors 2018
Santschi
YI i I R R R EEATS Depickere
Atta Atta sexdens Adults and Aggregation etal., 2008
rubropilosa Forel larvae behavior
KL L
Solenopsis Solenopsis interrupta
ZE 5 U Fi Sk 28 R Y A H A UBSES Depickere
Crematogaster Crematogaster Adults Influencing factors €t al., 2008a,
scutellaris (Olivier) 200
ElBE BT L B L E Depickere
Lasius Lasius niger (L.) Adults Light cues etal., 2004
250 H ] Lh A} Ny AR il A e fEER Niassy and
Thysanoptera Thripidae Megalurothrips Megalurothrips Adults Semiochemicals ~ Ekesi, 2016
siostedti Trybom
FE B T [ ARG B 2t ] A A R SRR Navarro-
Pezothrips Pezothrips kellyanus ~ Adults and Aggregation mode Campos €t al.,
(Bagnall) nymphs 2012
AE8] 5 )& AL B ZRCRE Milne et al.,
Frankliniella Frankliniella Adults Mating aggregationzoo2
schultzei (Trybom)
H#H ey RS 2Y VORI B Jil A RETH Rogers and
Orthoptera Acrididae Schistocerca Schistocerca Adults Aggregation Cullen, 2014
gregaria (Forskal) behavior
TRIEJE AL B H FEMEERY) Shietal., 2011
Locusta Locusta migratoria Adults Fecal volatiles
manilensis (Meyen)
SR i 0 B sy PR Guerra and
Tettigoniidae ~ Conocephalus Conocephalus Males Sound cues Mason, 2005
brevipennis
(S.H.Scudder)
wid H i A Cerastipsocus i A A== Buzatto et al.,
Psocoptera Psocidae Cerastipsocus Adults Chemical signal 2009
sivorii Kolbe
WEH (s Hetaerina T Lt SFERIZNAE  Switzerand
Odonata Calopterygidae Hetaerina americana  Adults Features and Grether, 2000
(Fabricius) Functions

SE BRG], AT E S, IR
FESGH RIS, BN 2 BT R s (2) HhathR

£E ( Social aggregation ), X SR i 1+ 22 H 5
B 22 1] B A e 5 TR R A4 1, B AR~
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rt S EEE A . EEE | HEEEA
H 8 UL, X PR R 14 4y R A T
RALIE BT i AL
HR A5 R A B (] f K, R T AR R I R
(2001 ) ¥ B P RELE ( Aggregation ) XI55 AP
25, (1) IEIHERESE ( Temporary aggregation ), -
— W ASTE— Bt N AR AE—ilS , 35 W i
HREEGFRVEIGI RS , A ARl H. axyridis,
o4 #  Henosepilachna vigintioctomacul ata
Motschulsky 45— 2L H B i A T8 Wi iy 8

5 (2) KAVEREEE (Permanent aggregation ).

ZRBET R AR, AR
FhoTE MR R L, Qi RN e S B 2 A
L E 353 (%) X 1 SRR T AN B ik, s el 433 il
RN Z /DR b4l 128 [ 1 RN O R
AT AN E O BB, A TR s 1A
BRI e B A SRR o (HOR R Z M L AR AE Y
0 BT S g V6T R N1 S 28 5 g NI P v o
KRR 53 A 5T B R S AT A4t T B AR
I R0 W s v o

RHRKA
Types
v v
U BT R 43 FRE LR 43
According to the form According to the time

: —

Tt HEE ) AitotE) AT B R A TR Bt At mE
No social interaction Social interaction Stage types or specific time Social attribute
ErtHERE rEatERE [ifinges: S FRAMERER
Nonsocial aggregation Social aggregation Temporary aggregation Permanent aggregation

1 ARAAXYSHIRERE
Fig.1 Aggregation typesdivided into different ways

2 EREERA

B AU R AR — e B U 2 ] A A
R MIE B EEARTT I AL Z B 5 55 T
YRR R0 BB A S o E R . AT
) RAEHL T . RETE K VSR RIE W FP R R E
32 BB 29( Reeve et al., 1980; Grear, 2004
Gruszka et al., 2020 ),

X E R IE S SR 3, e — e ss
BHY, AnIECHERE Triatoma infestans Klug JiH
TEHRIFATHRER, ZTEKR A RE (Lorenzo
Figueiras et al., 1994 ), & [a]VYPiHE H1 S, gregaria
o U g T ZEfeE = KAL) b R AR SR AR HHY)
1 5 B PE o A e 47 U 2R 4R ( Despland et al.,

2000; Maeno et al., 2018 ). Tl K EL A £k
E Ay ns, S 7 s A s i ik, e
TSR E— R FHAIER RN (Hamilton,
1982; Anderson, 1984 ), fE—4ER durrinnt i
Pyrrhalta viburni Paykull ( Desurmont and Weston,
2011 ) P 8 7 7 B A I R SR A O, X m
REJZ h Wy El B ) — o AT R o

e A% Eustenancistrocerus amadanensis
Saussure B HUHEHR AT &% A= B % ( Fateryga and
Fateryga, 2021 ), 1B RZHCT I shWyAe ni b g
JUEREE, SRSEMACHED . R L 7 OB R
Hiy, oAz KB RE, flanopsigh
(&), XERAIEA LHIE —ERN . X
L 5 A 37 i 1) R P R B e > M 5 B R B P 1Y)
ZHAFMEUIMSE, flaniEE /N Blattella
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germanica( L. ) #7 HU7E R AL B e HE | 2532 5]
fha R, HEYE R R S SR EH
( Jeanson and Deneubourg, 2007 ), %#47b, B
fEA R E R RES RIS R A ( Collett
etal., 1998), WNFHifEY) ) —Fh 2 H 4L B 1Y
4 E\ Bemisia tabaci biotype B 1E % Sli e F1 -
b R E R4 (Rincon etal., 2015), 7§
£ 8 Micraspis discolor Fabricius( A1 A1k
27, 1993 ), AL T X BF Schizaphis piricola
Matsumura( K—H55,2004 ) ZEMABLEF Nippocallis
kuricola Matsumura ( YL E 4, 2020 ) St 28 H
235 (AL RS AT I R A TEAN ] 3 PR Bl iR 25
G XA TN, BRI RES A AN
PIAMERE R, TFRRIIGIES E. scrobiculatus
MRFEIHIES E. brandti PR G H BEIESE 1 Fpff
23 [A) 3 A S R AR A, XA H A SR TP 1
Al HE 5 A S Tl R AR B ST ARG (A
W, 2016 ), [FIFMASCH . REE . FF =YL
KOCRRAE RIS AR VA HES: E. brandti
A ERLE (Sunetal., 2023 ).
REF IR KRS T2~ E U Talyor

FARIE | AR RIS TT Ik
ST AL, HBEREGE B AR AR S
SPIEIREE R R U, (HIX I AGE 20 HEXT
RAHTTE B EEREAE AR /R

3 BEBHEREITHUH

() o A A SR R T 4R 2 1) b AU AR — i
NPT, SRR AS B PR i AR L 1) A L A Al
AR N7 o S TSR] 23 B R AR Y
LA B AL Py A 2 ] 19 4 25 3 R A
0, MR TIFZARIEULA, RO ZFE
W REST A NAEHFATIAN | LSS

(% 1)

RAETTRER AR AW K 2R 1 s A LA B

A, WATREE B TR BARAT 3 M ¥ i

( Parrish and Hamner, 1997) (& 2), HAi&
AN B REEAT 7= A R AE R AL 2 f AR 5
S R A R H R ) 32 BRIV Bac it Rl = 5 0K
o/~ (Schlyter and Birgersson, 1999; Stephens
and Sutherland, 1999; Lionil and Detrain, 2002 )

Hii ¥ Proximal 3 Ultimate
i Light EAYHEE
| Y2 Humidity Abiotic B 9750 Broadcast spawning
k¥ Water current | —————> Solitary s BHYE%FE Cooperative breeding
1R ¥ Temperature Benefits F4R4E{E Mate finding
JZ & Cooperative anti-predator behavior
& B Predation dilution
SRS {% B Pheromone £S5 ) Environmental conditioning
External | | #¥#E& %) Plantvolatiles | | AR Foraging efficiency
= WK 5Bk Reduce water loss
L WP FIRE R L% Reduces
s respiration rate and energy metabolism rate
¥ & Density
%) Food patches
] mii;;ﬁi?l i34 XK Increase parasitism
Physiologicz‘lllmstatus AT RGP MUK Increase diseases
Social communication [ AE B A% il Increase cannibalism
PRI s > | By EE4 M Increase competition for food
FF Genic basis YR i
Internal |t gy Biogenic amine ||  piotic fur N
08 Increase visibility to predator

B2 REREHABETAN—LLHER (WERMKHN ) fermEE ( EYHEEYRE)
B E &4 ({7 Brolyetal., 2013)
Fig. 2 Conceptsand integrated models represent some ends results(benefits and costs)and proximal causes
(biotic and abiotic factor s)of aggregation behavior of insects(motified from Broly et al., 2013)
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31 WERREGEERINGEHRSE

B S PR aR B AR T . FE g — Lt
AR QOB RAGR B | MR RE IR AR
AT W SEAE S Y AT RIS o AR X
LA . RAETFA R BDERI, T —Fh i 4
iR L R SN R R BT A A ) SR
i A5 A7 1) T35 0 AS ) 356 T AR 858 4544 ( Fischer
et al., 2012), EHAENHEEREMN TR, anE
W et R DL R R AR
X A 5 1 AN [R) AR A 0 PR 2% A0 e 1 o B AR £
Thermobia domestica ( Packard ) X ik i 22 90 1
GF R, AHXFF 20 °C MERIAEE, i 35 °C
B R IR A, [R] B DA AR B L £ SR i i T
A5 77 ( Tremblay and Gries, 2006 ); 2%
WHEAEE AT N, T R R IR Z5H Rl — LS
R AREIE , ASFIFR 2 Y B O G RE R I 4 AH
()35 B A %f- ( Shimizu and Kato, 1978), #4154
/NEOH Grapholita molesta Busck A1 5l I
Loxostege sticticalis (L. ) &, B AL (A5 (5538
AR R S5 Z & 55 2 EH (SO
&, 2019 ), A — X ¥ Toxoptera aurantia

( Boyer ) X} 2B H Ml zp ¢ (o i) e ) Ptk , H
ARENGEMBSME (FEASE, 2014 ),

32 FREREEEHRESE

() Fofr A~ 4 7 22 3k L 2y 5 | ke B R sk 3 ) R A
170 o FEXA I R v A G — b2 (55
HUESRfLE . RIS et . et filod 55
TE B AUE B A i A ke 2 2R H

filf A E BRI R BB AV E . — LR
AR 2 (8] B 38 I £ AR SR fL 2405 B R A
SRYERE, EATES TR, IFEREE R
W4 ( Wertheim et al., 2005 ), Bl LS
EH R AT BRI, 2R EEE B R R
5 B RZ B S ok, S RE M Cydia
pomonella L. A x4 i) (B ) -2-F/E ((E)
-2-Octenal ), (E) -2-T-}f% ((E) -2 -Nonenal ),
fii <P ( Sulcatone ) FIFFM i ( Geranylacetone )
5 3-# (3-carene ) MI/ZY 3 FhiFIEE (SFRE

( Octanal ), /¥ ( Nonanal ), 2% ( Decanal ))
S A IRA YA REURN, X IUF T R4
HEREGEEZR (Jumean et al., 2005); KEK
1% Anticarsia gemmatalis Hubner #EPEr= 4z 15
BR 369 -+ —w =M ((2z2z2)
-3,6,9-heneicosatriene ) X HE A 5 ZU A W 5 | 40 5

(Heathetal., 1998) 45, Fi# HUKE AOwH
K Locusta migratoria ( L. ) #i i 4 Bk LA
MBI RY), T8 35 b h e 7 —fp
P AR S 75t e S 4 R SR, R I A
PimvE AR S B Y 4 &0 2R T

(4-vinylanisole ), Fifif5 ML= #r, 17 RKIE,
PRZER A ISR, MUY e, JE AR, B
HNEGAIESE AN 2 O CIERE R (R B R T T &
AT 1717 7870 FR) 46 78 FEGIE , A IUFNR S, T 4-L 0t
R H R IR REG E R, XA B AR YIS
WP A TE CIRRET A (Guoetal.,
2020 ), RAEFE RN H R R RE T EE
EEZENEN, Ca%E N2 aE R R
FEBER, WL AZS Pissodes punctatus
Langoret ( PERFESE, 2010) MMM HRE R

(#7535, 2019; Bandeira et al., 2021 ). %iE
/e Scolytus schevyrewi Semenov ( YENE4%,
2015 ). Bt K B 6 4 fa Holotrichia oblita
Faldermann( 223545, 2018 ), P44£H] 5 Frankliniella
occidentalis ( Pergande ) ( FMH-F-5E, 2020 ) 4%,
T A M R I A2 AR B 2R TR U W D
By e L A5 24 ROR H

Py AR | W DA B Sl it 5, T S 2

B ER, e R 4R ( Bradbury and
Vehrencamp, 1998 ), f&[E /N B. germanica fig
T AT B A A AR KR L ik ) 0 3 ( Tzutsu
et al., 1970), 47 E/INgEA H Sz 2 fid g ] B
FEARAT B A K A5 (Lihoreau and Rivault,
2008 ), fEARFL S PERELRA B, WA AR T
Diaphorina citri Kuwayama ( Mankin et al.,
2020 ), PEFAH H Dendroctonus brevicomis LeConte

( Pureswaran et al., 2016 ), #f i H H Hylurgus
ligniperda (Fabricius ) ( Bedoya etal., 2019 ) 4§
B R EE — S 225 SR BB 55, T RER
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S| 7 FVREAEAEFPRE 28 I SR A A i B
BEEAEH (Takacs etal., 2003 ).

MR R R RN R —
PB4 22 ] BE 233G R Pl TS I I L
HEIE IV BEa 2 AU ZU SR A, MARBR K,
MILEAFT 50 J7 HAEE (Collett et al., 1998 ),
— 7 FHE 2 BT B 0 S A B 5 | I AT
LI ITE ., FEREAEHR H. axyridis AP T
Mg R, MRS R E, R SR L

( Durieux et al., 2015 ).

B M7 2 DR S B (e B AR R SRS L
WA, A FDIREE R AP M A H T2 55N
05l B Z 5 A8 HCAT A B HEVE % A BRI AE X
B I  BE BRI BT (AN BRA 2 ) e

( Parker, 1983; Bonduriansky, 2001 ), HZAH
1 Popillia japonica ( Newman ) (32 Bt FlIZR 447
SR A T I ) A PR 2 M 4 B AR

( Tigreros etal., 2010 ), FCxXfAykEM: H A H A
e = IR K-, T A BT A ST 4 2 1 g o 7K
s , T S O A 258 458 1 14 B A R Al 0 7 o o L
T AC AT 3 VR ) s A R A A 1 O o7 B9 5

33 FEXEWFLHERRESE

A MY R B REENEEZ —, ¥ag
X TR R R AR R AL AE — AR UGEUR A, 25 A48
Wy oE IR A RSB A AT A A B A% ( Emlen
and Oring, 1977 ). &6 i8R R R 4E K
HAT R AR RZEHE S, B
L HO0T A AR P 00 SR B DT 5| B H )
IR
X T — SO E B B Ok U, A B AR
T2 FAE R 0 R Y BN A A R
Py B | A S B A P AR Crioceris
duodecimpunctata ( Linnacus ) #E 1 i %t Ho 25 48
WHERY) 1-C-3-B# ((Z) -3-hexen-1-0l ) FKH
HH i i Ml A R AV SN R BE S 4 1 AT R R
(Pistillo et al., 2022), RHERIAYAR]FRALI) 2
I L YIHANES: E. scrobiculatus F15 45 VA HE
% E. brandti AR EJ] (Wen et al.,
2021 ), FF EFYIER YT e Z AR EE 2R
AL E G R, ZEE O Z R s )

FH G (Wei and Kang, 2006 ), 7EPIME2E 0
M o-Z2H5 (alpha-Zingiberene ) FIXUA K44 JL
J#i ( Bicyclogermacrene ) JILFEIVERT, gtk
% Perillus bioculatus ( Fabricius ) % 4% 2 H iy
Leptinotarsa decemlineata Say ffi % i B8 B4 %
B WAt ( Weissbecker et al., 2000), %34b,
A EAE ) W R W R AR 2R A R B U R R B
o X HE R R R g5 ), SRk BN YA
HOR . Reis 45 (2018 ) 7EA A2 25
Rhinostomus barbirostris ( Fabricius ) 428415 .
% (4S,5R) -isomer HVIMAFF F AL 45 K Pk 1
Yxr g R s Jie T HAREFERMZEH
LGV

34 EEEATRAEZEERRRESE

A% TR M REAT AN Z B 5 £ 2%
LE TP AE MR U SR B SRR o BRIz 2R T
2R IR 2 RGN R, PP 28 3R GERE A 5K
A5 5 IF AN BT AT g {5 B o B U IR
U S 2 U T A1 ) L5 2R G0 A S 496 b A 00 AR
Y, SR> Tl EOK IR AR S S
( Odorant-binding proteins, OBPs ) 1 miAc{Aiz
1% FMELGE A7 R 24250 ( Olfactory receptor neurons,
ORNs ), Ffif55MR% %K ( Olfactory receptor,
ORs) Frrtsih, WA E 5K FESRE
[i] WELE AR A 328, Y T R IR A 5 I e
2, AR5 R B AT A EH (Krieger and
Breer, 2003 ), 2 HUf#) OBP il OR & [A 75 3]
YE , TEASEE S M St B OBPs Hil ORs
FREE, RN OBPs M H HI 135-220 1~&
FEMRA R, AR B HURh ] 7 SR R i, {H 8t
1 OBPs Z5 4 AEALE 6 D ORSF I D 2 R 17 A3
( Krieger and Breer, 1999 ), AN[FE#FH ORs
BOEAFEAR K22 57, —LLin WO 1 Y OR %k
H4# 5 ( Robertson et al., 2010; Zhou et al., 2015;
Mckenzie and Kronauer, 2018 ), SZHFZEGE &=
PCR 7E A 43471 OR 35 PR 28 35 85 5 FH e A /)
Tk o B AUl R R 28R U H BUERIARHIE R
7z Bombyx mori (L. ) BmorOBPs ( Krieger et al.,
1999, FYNFKEE Ostrinia furnacalis ( Guenée )
Y OfurPBP3 ( Allen and Wanner, 2011 ), Fi48H
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Helicoverpa armigera ( Hiibner ) %) HarmPBPs
(Guoetal., 2012) Fll HarmOBP2 ( Wang et al.,
2003 ), HWAZTEQUEER . k&R LA 04 B i
HE# %35 (Vogel etal., 20105 Huaetal.,
2012 ),

OR K] 1Y ¢ 3K K 4305 1% S 55 TR RH I 1) 1)
e, RNA T M9 FH ok i U2 2 5 R D B
AR FB ., H5PE ORs Mkl difg 8 K
XL H BN AF B = 52K PRs, £2%4 PRs 1Y
FEA AR, XL A TR 2 PR A
FesKHE ( Zhang and Christer, 2015), [ T 1%
JER AL, 15 EIE % Drosophila melanogaster
Meigen( Ejima et al., 2007 ). PG /&% Apis mdllifera
L. ( Wanner et al., 2007 ). JRH & BT Cimex
lectularius Linnaeus ( Liu et al., 2017 ). #ABk4:
FE K4 Megacyllene caryae ( Gahan ) ( Mitchell
et al., 2012) S5 UK RE ORs WREPUIIAH
NEPEE B R RS LR, il ORs i
Bt W PR v (R RE DGR, AR A e A U
Wb, HE—2 T AN R AR B A5 8 A8 o

4 EHEBHEITAHRNINEFZX
41 BHEBEITAHMBEL

RAEA N TR 5 12 /N B. germanica
FIZEN KU Periplaneta americana ( Linnaeus )
B 2 2 AR L A 7 8RN D 4 1Y) 7 4= %2 ( Roth
and Willis, 2014 ), M-S SRS 14 SR FEAT

RAERRBIL IR MRS AR, a2
4 Kz Bt Dendroctonus micans ( Kugelann ) f 53
H R/ NG AR Z [ R IE A OGO R, ik P4l
SRR 7 A R S B2 i Bl AEG O ( Storer et al.,
1997 ),

REAF TR EPHKE, Lo as &
BRI S B, TE SR AT 08— Ak 2 T DA
FEAIR R B A3, R BBl 4k 1 XUBS:( Vulinec,
1990; Hotova Svadova, 2014 ), ZFE7EHH ¥ 1h
Tl 55 Bt Aphis varians Patch R3S 54 it 25 107
R/ I, (AR ZHEEREN
BEds b, FPREI KR SAR%H ( Turchin and
Kareiva, 1989 ), Wf HUSTAERERI I/ NG,

BN = o R M N R 3 DR 3 (A EE 33
Nezaraviridula (L.) Y 1-3 # HUIE B4 1L
A U B 0 R KL Lockwood and Story,
1985 ); 5 AR AL A IF L Schizolachnus pineti
(F.) &)y de 42 50 0 B A A e 1 S5 A2 ARLF- o] i 3
MG L - EEEE, DR RE IS
(Kidd, 1982 ),
RAEA M T B D K o800 DL AR T
W R RN % o PR X TR AR — e R
AR, B IR A R T g i A
1, B AR B AT g 2o RAE M AR 2 7K
( Wertheim et al., 2005 ), {HEREREARLE XA
RS Qi s R AR, SRR A A AT e B AIG B
(14 I 152 338 2% R R S X T T8 56 0 X 33K 6 N ) B
5% . Wi & WA H AR 1-9% Parastrachia japonensis
( Scott ) RAERHAA B TABHH AR BT ( Tojo
et al., 2005); AREAS T B kK5 3 2 )
2510 B A Paris, 1963 ). A5 H. axyridis
FIIRLIHE Pyrrhocoris apterus (L.) Fifig B4
ERBGI, PP AR R RE R AR BRI, A
AR R A (IRIEARSE, 2008; BXFRE,
2014 ), X FEARGEAT I ] LI 7K 43 Kk LA K
WAL S P P R 8 4 T g £ Qg 3

42 BRHEETAHHRMG

RET AR T —E B o REAT T
RE SR IR ARSI =, 5l (Y P4 i e
Panesthia angustipennis spadica ( Shiraki ) #7 # [t
AR HAERKTN . TR, MaEmMmRE &,
REDK Sl T WY R 21T (Tto and Osawa, 2017 ),

R M MEE RSO, — Bl
BHERKIEY), B RSB/ A HEA (Alatalo
and Mappes, 1996; Tullberg et al., 2000; Beatty
etal., 2005), MJE R D. melanogaster it 54
B R #1577 4 Leptopilina heterotoma( Thomson )
Xof R SR 4y eSO S, SRARAR B R i
Y382 5 | B8 Z2 ) Ay AR e, TG R 1 R 2R
Mgk 7 A I HER ( Wertheim et al., 2003 ).,

R FHR AR Z 0] 1) 55 4 IS 7
WBEGHER 26T, o B DR T RN Kk P
americana 5 U Az < B IE 3G in T BT %R
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( Wharton and Wharton, 1965 ); Wileyto Fl Boush
(1983 ) X i (R FEARFIAS AR TIRI 35, & IRl
BRSO BE TN, W TE 2R AE KRR R Y
A RE. X AT RESE T RIRI AN, ARENE
MMESGICTE Z A FIGTIR, BRI R
Do) |1 N TR 208 R i 1 R g il Y
RS HURTER R RN . BEE
ok B R AR O 2, AT 0 B 1t 25 ok
5@ E (Gilbert et al., 2001), SEEEAEYILE
B ik 7 rh— b 2 A S T YRR
AR 1R BN IAT Y K IN— ELE A B0 B AN I L5, BR T rh
LB AT BB 2 I i A, B9 B Ak D) TG v IR 5
A% ( Imhof and Smith, 1979 ),

AL AT BERG I B A T AR A i XU o FEAE
JEIRI T, A Y B AG R AR R R TR AR A
TR Z ) 2 Al R A Z I AR BAVE R, B
AT B2 B e AR B L ¥ T BB ( Naug and
Camazine, 2002 ), {HEEHL4ELE T. infestans 7] L)
FEAEVIRAE EANTIL R BT A, R T e i
1R 1 KBS FTREAG T 4 25 2E 9 HE R ( Lorenzo and
Lazzari, 1996 ),

5 BEREMIEHEL

f T B AL B BRI i —
BB T AR PR IR BAT R o A0S PRI R
W B B 57 - Sy i e i AR B A, S A Sl
2B NTME AL TG TR R — R Z Sh AR 34
HH R, IR ARHATE A TR A RE . #1217
S CRERITE R 4E R ) FIAMART T A TE N AT
1ot 12 i Ath A 5% 2 0 A0 AR W 0 5 9 B A )
( Santiago-Blay et al., 2012), M 8] fF /e Kt
K RER R, B A A 1 AR R S Le MR Y
AN B, A 3~ 56 PRUAH DGR (9 B R 5 B
SXHERR A OCA TN RE S R4 T 2( Mitaka et al.,
2020 ), UNFERRGEAZAARIER R H R R
(#EMe ) BT Az RS Y B 4
DCFP B UL T R R O R B A — I
4 (Yanetal., 2020 ),

E H PR AR TR S 2 TR I B35 174 R B
BT BEHA A T A AT LA B0 R R 2

78 P2 AP AR DL b2 AP sl R
{34 ) ( Santiago-Blay et al., 2012 ), Mk
Hypolimnas anomalu Wallace FHH 31119
O 4 e AHGAR Bt 2 P 0 ) 422 5%, ek 4
130 I 5 R S A 5 AR O LR AR R TR R — %
LS R ( Schreiner and Nafus, 2010 ), X
FlSEAY AT BEA A T WAL SR E & . 55
o2 B A, WLREREE . ARG
M H A S 2R R HIEEN (Wilson,
1975), X 7] BE S HEAR A FE T S a0 o] Bl (A RS
AR K

6 BREE5RE

FIRTAEZS S r 1o RN A A Pl 25
Tk B a N R T AR KBRS ik
T Bty 7 FH i PR 2 4547 S 3 42 1 A ik
% BTN ER M EZ MBI AR TN, fE
G WX AN RLIAEE, R RIEE T o IR O AR LU
AAFROIMEE, RIRARE SREL 170 I A
R BACTE A 3

PR3 S O R ) ek 2 28 LR BBl B U R
SEAT O A ) TR IR R o BREE AR B B U A
TP DRIRA oA, LA IR O PR 58 46 A Dl
MR R RSN TR R R R e, I
TERIUAE R OV T4 7 B A 9 | R RN 2
Be SR A S AT b o B IR AR UL 1
. BHAIEE S | Al (55 A (55
B At & B MR R AR R AR, X
SeA5 S RO B e iR R . HAlT, K2
RO 58 B G AL A R B Fout B R R AR AT
M FAEH, X el ff P i = H A
AREE, XML S X REFT NIRRT BE
BN EE, R T AL S R DT FE A B2
WFEE % A Y R TSGR 5
R EEAT BT, B IR HHS AR X — AT A5
B

11 M R 1 — R0 BRI T 2k [N
Uney 2 547 S L B R I5E PR ER A 52 ik BB A S
FHMFRIE, LA R 28
AL OR BTG LIMEE , AR FhZ [AI%0E
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AARK 225 . ORs Fit () ZAEPE AT BEAUAS [F] 4 A
M AEZS 2R 56 (Mitehell et al., 2020),
TECR I B SR AT I /b, akm]
RE MR A oG, A L py ] $8: (nvbi
e by (R S AR R R ) AT RETE Y i N AR Y
VEF o WAETER LE ISR VR FEA T R A A 2 A8 1) O
MO, XBEZ I (DA) MEME (OA)
MS-E @M (5-HT ) 355 R AN, MR
FUE R . 22 Fct . MGG & 2 /T h
( Byrne and Certel, 2019 ). 7ZEMV.PH &2 L. migratoria
ok 78 Uk B 22 T i B i AR A G B R A
S E IR R AT A R E AL, 22 O s
Wi CIEREAT RIS (Chenetal., 2022 ),
A= 0 Wi R ATE 6 A () AT A T 08 92 A, A 5 4 22
RN REAT NPT — D2 B 1

MR, MR R S AR — e, R
AT R E AR — S R, B RZ
BRI LA A A AR I A0 SR A AR RN R SE AR
Bom R R AT . 3ok, MR R X R A
170 A 3K S b 2R R — S PR i AR Ak
SO b, RER T BIBREFE IR G & A S LR B AEH]
KT, XTitk, AT LA S AR S i i
TEAN A RUEE T R W58 PR B DR 2 R0 B s e iR 8k i
b B A DG D K B 32 I X B A SR AR S R Y
52

RETT NN DIRERE LRV AR LT
TR FPAELE XS FRBE A TG N, 3 R0 5% 3 PR iRk
PRAE T ARG X T ERENE S A A
( Kk ) FOHE S RO A (B2lcE ),
RN BEA AR RIS A RV ( Fitness effects )o
(i) e 435° 4 RRUARE 52 Wi 7 B 2 S e X6 o e ) s
0 ( Turchin and Kareiva, 1989 ), DM A H %
JEE RS oot SR SR AT s A AR M ( Wertheim,
2002) | RAEE G B RAKRIIH — D EEr
], 5 2y RS T T W AP AL 5 15 L i B
RIS 1 a5 A AL, SRR ICE 2 B

WAENLIE IR TN 2 AR B 5T Th () 207
], WAFHYE . AEA . LURIT A
2422/~ )21, Bono fil Bargmann ( 1998 ) F|F#¥
JiB T T A e ORI ) A 2 L 2 R Y B 2
S, oM TR N2 A EMS R RAE, B

NG IERTEN A RRSZ IR npr-1 HAEAL, I3
RET A T EMRT LRI 3 A
QTLs ZKZm REST R, Hf—4 QTL, i T
GABA #2388 i Z AR FE A exp-1 MHT, 13X 45
TRIZIRSEF T GABA RIREREMNEES S
# (Bendesky etal., 2012), iTJLAFkR, TR
12 1 T EL RN (R 0 B8 155 IE 7R AT R S0
P BIFFEAS T ) R4, R B HESI ) R 5
WAL ST AR EAE A A LS, A A TR TR
WAT N EMAE RGN NTENLS], XA R AT
HENXEK,
HMESR N EZR R REAT TR N R,

X PR R AR T R A B T 3R AT 3 A 25
G BRI ] IS TR R AT ST SR
B, AUEFE RS IR o B -
A OC R, T RAEAT M A2 W w5 A lf i 2 1L
T R HURAE T AN [R] T 1) LA R AR I B BES
SRS bRE F o MR RRETT A, s
FHRE VAT E IR, Y0 3F f Tk o 0 4
HasR e B e 4 o s B S e R R R AR R AR
126 ) FLA R Fh AN AR T R A KO- %, AR 2 TR
FhAMA, 1247531 Coptotermes formosanus
Shiraki ( Bhatta and Henderson, 2016 ). &R
H C.lectularius ( Akhtar and Isman, 2013 ), &
Py Heortia vitessoides ( Moore ) ( Qian et al.,
2023) FHAREMWE R AIE . ZAUH TS
PR ) A R G IS AT AT A R 4R i Ak
MR B U AR AR A s 7R R kY
FR R TR OB M SR AR A, TERB BR AR ]
Ze G IIES E. scrobiculatus %§ie AH &A%,
X T v B8 AT R AT V) HEE G B HL 1) o 235
( Yang and Wen, 2022 ), KKFFKE RXHEY)
MIEE. o, WEERERTE “He-Hi” (“Push-
Pull” )W - (4 FH AN — 271 H R H e v S B
[IRIER iz s 27 N = = (A N TS i QP 1P
g, 2 FEFBEZ T
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