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The aggregation pheromones of insects

JIANG Yong®, LEI Chao-Liang’> ZHANG Zhong-Ning'~ (1. State Key Laboratory of Integrated Management of Pest
Insects and Rodentss Institute of Zoology» Chinese Academy of Sciencess Beijing 100080, China; 2. Huazhong Agri-
cultural University, Wuhan 430070, China)

Abstract: Aggregation pheromones are important semiochemicals in insects that play a key role in mating and other social
behavior. Many chemicals, including hydmocarbons, aleoholss aldehydes, ketoness esters. acids, anhydrides, amines,
and nitriles> have been identified as insect aggregation pheromones: however» undemstanding of their potential utility in
pest management is still limited. Aggregation pheromones have been found in eggss larvae and adults, howevers some
volatiles from host plants have been regarded as pheromone components. Aggregation pheromones of the same species in
different stages of the life-cycle can be distinct> and the same semiochemical may induce different behavior in different
developmental stages or physical states. Nevertheless, the aggregation of insects can be regulated by semiochemicals such
as kairomone, sex pheromone and alarm pheromone. Understanding of insect aggregation pheromones is still inadequate
and determining the precise function of these chemicals requires further research.

Key words: insects; aggregation: pheromone

R FNIE T A7, BENEN]
Bk I ImAREN RS, RELRERF
T RESUARE (L) B RERER.
M58 A T FR B IRAN BRI R S5 5. R
i B R P B 2 AT N IE S 25 AL R AT
=i, 2 RRMAURIE B AT SR ARG A 52
£f. —EER, BASMNKRENHRRASEHE
AR TEAAT % AR BRI B A — T
BARGZHENR, AP, BREERNVINA

EEIME.: #ibE ARMEELINE (2001ABRIZS)

Thsedy (M, 1988, 1991: XA, 19940,

BEFEEMNRBENEN. 8, TR, ™
OO, FE. IBEE. BF. B ATERNSEAT A
HEAEZNEH. BREEGFER (aggregation
pheromone WE A E N AR RBEEAE, JFEESIE
B HERERIA R BE BT A RN IMLEY . &
BB RESERGH m R, BLE5RE, Bk
AN RIR ZE

fEEM . E8, B, 15K, o4 F4E, 0, ARBLE, NFEREZESENR

% BHAEE Author for correspondences  E-mail: zhangzn @ panda. ioz. ac. cn

WeH8 B B Received: 2001-02-28: HZHM Accepred: 2002-07-04



E B%: BOAREGER

823

1 RHRBEER Ay

FESE. ERHARNEBEAREFERER
WEBRMMENE Ips paraconfusus B1=H 5T,
SRIE N EE TEHF/NE Dendroctonus brevicomis 1

REFEEN AN ABEMBRNED . fronalis
REFEEN AN, ATREFRRTEEMN

BRI PRI E RN T, B AMERX — SRR
REEIE, HICAZHERPIEIFEETE
£FEER, R1IHTHILRENEARERR
ROEZRI.

®1 MARAMNEERER

Table 1 Agpregation pheromones of some insects

TH2E Species B EFENST Components HHE Source 2% AR Reference
HEHEE Dictyoptera FiF T B Blanellide Sakuma and Fukami,
TRE g LI-ZHRER2FE2AEE 1, 1-dimethylamino-2-methyl- 2-propanal 2.3 1990
Blaitella germanica & ammonia; T methylamine; — T dimethylamine: = FHE trimeth-

ylamine 04K larva McFarland and  Allis
?L@' lactic acid 1986
1-(6e- B4R SB-H B-5p- T IR 3B B D- MM A E A 1-(6o-chlo- AR 5055 Sakuma et al . 1993
ro-4fl, SB-epoxy-S@-stigmast-3f-y1 )-B-D-ghioopyrancside; 1-(6a--5-32F-  adult and larva
SE-E B B -3E-2E D-p-D-1H: R & B R 1-( Go- chloro-SB- hydorsy-5-stig-
mast-33-y1)-f-D- glucopyranoside
BB Orthoptera 5 Acididae
BN #= . F8 phenylacetoniwile: 46 F FE D) guaiacel: # 57 phenol R B0 0E adult and  Obeng-Ofori @ al.,
Schistocerea gregaria #= . J8 phenylacetoniwile: 46 F FE H B} guaiacol: 2B phend: BZEF  lava 1994
B anisole; & BT benzaldehyde; FE B veratole J Torto & al., 1994
=B EE benzaldehyde: FEBE veramole: M phenylacetonitrile: 4- 5 B E W Sthoinstar  Assad et ol s 1997
ZAHRE BB 4-cthylene veratmle nymph
#= 2. J8 phenylacetonimile: F 5 Bk veratrole BREHIAEE froth of egz Rai et al., 1997
pods
AR 2B phenylacetonitile: 48 FEHEET guaiacol TIHBY phenol Fi 5088 adult and  Fimeau Braesch e af.

Locusta migratoria

£ E Hemiptera
[ifad=4=a5

Leptoglossus occidentalis
HIHLE

Plautia stali Scott
FEREE

Biprorulus bibax Breddin

Pristhesancus plagipennis

A E Diptera
Dirasophila buschii

0. buzzatii
D. martensis
D. serido

2R Coreidae
R-2-CIFEE(2E)-2-hexenal: 7 FEE bhenzyl aleohol: o5 R EE o-terpin-
eol: EIREE linalool: H5HH-4-B% terpinen-4-ols M- 7 B2 cis-piperitol

¥EFRl Pentatomidae
-2, 4-M-6- =45 5505 F B methyl (£, £, 2)-2, 4 6-decariencate

(3Rs 48, 2 17)-3,4- T B (17 ) U E -2 BRI BR (3R, 45, 17 E)-3, 4-bis
(17 -butenyl ) tetrahydro-2- furancl: B BFAZ linalool: VEWEBE famesal: #
A EE nerolidol

BEH Reduviidae

3 CHE(R)2EREIFET B (Z)3 hexenyl-{ R -2 hydroxy-3-
methylbutyrate: 3-FF 2 T BB 3-methylbutancls 27 2 2088 2-phenyle-
thand s W3- CMF-1-B8 (3203 hexen-T-oli BB decanal: J2-2-CL46 B2
(2E)-2-hexenoic acid

FIEF Drosophilidae
(8)-2-+ LR EER BB A3 (S) 2 pentadecan-] acetate; 2- T TLBKER 2-pen-

tadecanone

NE-10-~+ 45 E-2- B (10 Z)-10-heptadecen-2-one

larva

1988

Blatt
1996

and  Borden,

Sugie et al .» 1996

James e al., 1994

James e al.» 1994

Schaner et af.» 1980

Schaner and Jacksons
1992
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#gR1
FH2E Species REG BTN Components AR Source % Reference
0. pudleri (8)-2- T =R EEREBEI(S)-2 tridecan-y] acetates R -10-T HHFEE-2-BF
(102)-10-heptadecen-2-one g Bartelt et ol ., 1989
FBF Glossinidae
Tl 48 Clossing morsite- £+ FLIE pentadecane .
. 41 larva Saini e al.s 1996
ns morsitans W .
G. morsitans centralis M. [ET % dodecane 404 larva Saini et al.» 1996
M E Coleaptera £ EH Bosuychidae
T B E Prostepha- -FEZE(R 202 ZE 2 L IHBBES 1-methylethyl (2£)-2-methyl-2- a Cork e al., 1091
nus truncalus pentf:noate
Rhoyzopertha, dominica -+ LI-FETE(R 02 FE 2 BMHEEEICS)-C+ )-1-methylbu- k4 Williams e ol ., 1981
I 2 E)-2-methyl-2-pentenocate; ($)-C+ --FETE(R 2)2,4- " HF
B2 IEEREE(S)-C + )-T-methylbutyl (2K )-2, 4-dimethyl-2- pentencate
FREE Cucujidae
BRREE R4, 8 _FE 4,85 K 10-3E (£, £)4, 8-dimethyl-4, 8- decadi- . Wong et ol ., 1983
Crypiolestes formginens  en-10-olide: (ML 3, 1183+ BRI 11-Z B8 (3 25 118)-3-dodecen-11-
olide
FRABREE ¢ pusillus M3 0% 55 78 BB (2)-3-dodecenolides  WAL-5- 1 10 B 4% B-13-35 B a Millar et al .+ 1985
(Z)-5-tetradecen-13-olide; WHL-3,6-+ 3k —H5TBR( Z, Z)-3, 6-dodeca-
diendlide
Z B3 Curculionidae
HFEREF (18:3R.5R, 7802, 8- =012 & 3,5, 7. = F £ = H[3.2. 1712 % f.a Beavhaite e al.,
Cosmapalites sordidus (18,3R,5R,78)-2, 8-dioxa-1-ethyl-3, 3, 7-trimethyl-bicyclo 3. 2. 1 Joctane 199
Dynamis borassi (3, 8)-4-HE 5. TMF (45, 53)-4-methyl-5-nonancl Giblin et al. 1997
FENEERF Maama- 2-FEA-FIE 2-methyl-4-heptanol: 4-F 2 -5- L TF 4-methyl-5-nonanal Cerda e ad ., 1996
stus hemipterus
T3 & B2 g B Rhyn- (8,80 4-FFE 5 THEE4S, 55)—47methy1757n0nan01 F Oehlschlager et al.»
chapharus bilineatus 199
R. cruentaius 5-FHE 4-3FFE 5-methyl-octan-4-ol a Weissling et al.,» 199
WEEF R, foruygineus 4- FES-EBE 4-methyl-5-nonanol a Hallett et al . » 1993
4- IS FE 4-methyl-5-nonanene
TRt 6- FHE (R )2 E 4 F2(2 £)-6-methyl-2- hepten-4-ol & Rochat et af .+ 1991
R. palmarum L.
b3 HEAN v 3- FEE 4 27 3-methyl-4-octanol k4 Gries e ol .» 1003
R. phoenicis
B SRS 4- 3,5 X Z B 4-methyl-3; 5-hepranedione: W3- S 45-1-B8 (2)3- a Blight et ol ., 1084
Sitona Iineatus L. hexen-1-al; NR-3-CU45-1- ZEBEEC Z)-3-hexen-1-yl acetate; B EREE lina-
loal
B H Nitidulidae
Carpophilus antiquus 3FESZE R 24,6 T =1 (2E,4E, 6E)-5-ethyl-3-methyl- 2. 4, 6- 2 Bartelt e al., 1993

nonatriene; 3,5-_FE 7 LB - 2.4,6,8-+ — i MH (2L, 4K, 6F,
8 £)-7-ethyl-3: 5-dimethyl-2- 45 6> 8-undecatewaene: 4-F E-6-2. 8 & 3,
5, 7- B =M decariene (3E,3E,7 E)-6-cthyl-4- methyl-3,35,7-decatriene
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FH2E Species REG BTN Components AR Source % Reference
C. brachypterus 3,57 ZHE -5-2,4,6,8 FIIME(2E,4E, 6 £, 8E) — 3,5, T-trimethyl- k4 Willians et al ., 1995
2.4 6, 8-decatenaene: 3.5, 7-= FE-J2 2,4, 6, 8-+ — IO (2E,
4E,6E,8E) - 3,5, 7-trimethyl-2,4: 6, 8-undecatetraene; 3,5-_ FE 7
ZE-R-2:4: 68 Z R Q2E,4E,6E,8E) - 7-ethyl-3: 5-dimethyl-2; 4,
6 8-decatetraene: 4,6,8-=F [ 3,5,7. 0+ — KUK GE.5E. 7k,
9£) — 4,6, 8-mimethyl-3; 557 S-undecatetraene: 3,3-— FE 7. L& F-
24,6, 8-+ —8F (2E. 4K, 6E, 8 E) — T-ethyl-3, S-dimethyl-2, 4, 6, &-
undecatetraene
C. davidsoni 3-FES - R-2,4, 6T =8 (2F, 4F, 68 ) — 5-ethyl-3-methyl- 2 4, % Bartelt et ol .+ 1994
6-nonatriene: 4- FEE-6- L FE-R-3,5,7- B =05 (3E,5E,7TE) - 6 ethyl-
4-methyl-3: 5, 7-decatriene: 3,35, 7-= FE-R-2, 4, 6, &+ — K [0 5
(2E.4E.6E. 8E) - 3,5, 7-urimethyl-2: 4, 6, 3-undecatetracne: 3, 5-_
E74E R-24 68T UMK 2E 4K, 6E, 8E) - T-ethyl 3, 5-
dimethyl-2: 4, 6, 8-undecatetraene
EAREREH 4-FE 6,8 48 R3.5,7,9-+ MK GE,SE, 7E,9E) - 6,8 & Bartelt e af.» 1995
C. dimidiamus diethyl 4-methyl-3, 5. 7, 9-dodecatetracne: 9-H¥E-5,7. - 283,57,
O+ =M (3E,5E, 7E, 9E) - 5, 7-diethyl-9-methyl-3, 5, 7, 9-wride-
catetraene
EHEEA 3,5, - =FHE-R-2,4,6, 8- F W HE (2, 4E. 6, 8E) - 3, 5, 7-trimethyl- a Bartelt et ol ., 1990
C. hemiplerus 2.4, 61 8-decatetraene; 3,5, 7-= FE- 2,4, 6, 8-+ — b 04 (2£,
4E.6E,8K) - 3,5, 7-trimethyl-2, 4. 6, 8-undecatetraene
EAROIBERH 35-"HET LB K2:4.6.8-FH 2L, 4.6, 8E) - T-ethyl-3, Bartelt et ol .. 1992
€. muilatus 5-dimethyl-2,4: 6 8-decatetraene: 3.5-ZFE 7. 2.8 K2, 4.6.81T—
RID4% (2F, 4E, 6E, 3E) - T-ethyl-3, 5-dimethyl-2, 4, 6, 8-undecatet-
raenc: 3-FES ZH-R-2,4,6- T =M (2E,4E,6E) — 5-ethyl-3-meth-
y1-2:4 6-nonatriene
7RSS 28 73,57 T HEM(3E,5E. 7TE) - 5-ethyl- 7-methyl- & Bartelt e al . ;1993
3,5, 7-undecatriene; 4-FE 6 LE R-3.5,7-F =4 (3E,5E,7E) -
6-ethyl-4-methyl-3, 5, 7-decatriene
F&r5 2 B Rhynchophoridae
HE Siophilus granarivs 28T B IR N 1- 2B TN ER (28, 3R )-1-ethylpropyl-2- methyl-3- a Phillips et of ., 1987
L. hydroxypentancate
KE S, orveae 5B 4 3 A 5- hydroxy-4-methyl-3- heptanone a Phillips & ol .» 1985
EXRE S, eamais
&8 F %l Scarabacidae
AL 4-FHEF T 4-methyl octanoic acid: 4-F FH F T Z B8 ethyl 4- methyl- a Hallett e af . 5 1995
Oryctes rhinoceros L. octanvate; 4-F B F 288 ethyl 4-methylheptanoate
MEF Scalytidae
B L KN E Dendroc TEEFNEE fomadinl (S R 1,5 —FE 6,5 “[A[3,2,1] =5 = 2.4 Hughes e af . » 1986
tonus adjunctus it (18, SR)-1, 5-dimethyl-6, 8-dioxa-[ 3, 2, 1 J-bicyclooctan )+ Nil- 5 # &

1HEE trans verbenol: 71 FEA RN E E exo-brevicomin( (1R)-#h7- 2. %
555 6,8 O[3 2. 11348 ({R)-exo-7-sthyl-5-methyl-6» &-diox-
abicyelo[ 3.2. 1 Joctane )
A RNE R NEFR brevicomin 5 Vite and Pitman: 1960

1. brevicomis
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£ Species BEFBEFEMRS Components Fe¥R Source %75 R Reference
FE RN E F brevicomin: EE KD EFE frontalin: B ER myroene: 1.8 Pitman, 1969
3- M 3-carene
FA RN EE brevicomin, & X NEFE frontalin, 5 8 F AR B ver- 1.8 Libbey et af., 1974
benane, ¥4 & Fr B pinocarvenes ¥4 & Fr BE pinocarveol, M- F #£ 4% B2
trans-myttenol
AR IR NEF fomaling Wi D3 SRS tans-verbendl J Kinzer e al ., 1969
D, fromalis
S E 15 Y verbenone 2.2 Rudinsky, 1973
2.5 5 S BH isoamyl acetate: 2- 7% 2.2 2-phenylethanol: 2- #2858 2.8 a Brand et ol.. 1977
2-phenylethyl acetate
W E BEFMEE fromalin: B NERIE pseudend(1- FEHAT 215 k4 Pitman et al.» 1975
D, pseudotsugae 188 1-methyloyclohex-2-en-T-ol: 3-F EH F O-2-15-1-TF 3-methyl oy-
clohex-2-en-1-0l): Z.ffF ethanol
M54 terpenes 21 host Pitman et al., 1969
Z=BEEINE Co DFR-FEFE KD EFEC+ D-exo-brevicomin; ( + J-P-FA K NEE & Camacho e al., 1994
Diryocoetes affaber M. ( + J-endo-brevicomin
BN E MEZIRTE ipsdienol (2- A E6-0F FE 2, 7-F I 4-TF 2-methyl6- k4 Bakke- 1975
Ips duplicatus methlene-2, 7-octadien-4-ol )
BN E NEAHTE ipsenol (2- F E-6-TF FH 75 4-BF 2-methyl-6- methlene7- a Vite and  Renwick,
1. grandicollis octen-4-ol )i WA/ - SHEEMEER cis/trans-verhenal 1971
SERE MR (R)-COPEZISEECRD-(- D-ipsdiendl; (3)-(-)-NERIFHEE(S)-(-)-ip- 2 Vite et al > 1978
1. avudsus sencl W/ 2 - S HRE SRR cis/rans-verbenol : - E A EE ipsdiencl Vite et al . 1972
Shn 8 NEREE fpsenals B HRBE ipsdiencl: N/ R -DHEFIFIE cis/ trans- a Vite et al .+ 1972
1. paraconfusus verbenol
mEREINE WU/ 2 - SRR BE i/ wrans-verbend; “NE ZIFER ipsdiencl (2-7E- J Vite et af ., 1972
I, pini 5. 4,4, 6 ZFE 2,5 H 21N 2-hydroxy4» 4, 6-trimethyl-2, 5-eyclo- Teale et af ., 1991
hexadien-1-one)
=R AEINE WG/ = - B BB AR EE cisftrans-verbenal: /MEE IR BE ipsdiendls /D ERMR IR a Vite et al .+ 1972
1. wpegraphus ipsenol Bakke, 1977
2- FE 3T E2-82 2-methyl-3-buten-2-al
RREDNE 271,64 4T £ 4% 2-cthyl-1, 6-dioxaspirel 4. 4 Inonane: (& a Francke et al., 1977
P chaleographus L. 2, M 4)-2, 4- LR 55 IR TR B methyl(2£,4 Z)-2,4-decadiencate: (- )-of
R4S () af/fpinene
Pitvokteines elegans (). NEIREE (8- )ipsenl; (+ )ACINE THE( )& a Vite et al .+ 1972
(- D-ipsdienol; “MERHFET ipsenone
oz E 1-FREE heptan-T-ol: IEDNEFR multistriatin (5- 2052, 4- ZF H 6, 8- a Cuthbert and Peacack,
Scolytus multistricetus “O=53.2. 11548 5-ethyl-2 4-dimethyl-6» 8- dicxabieyco[ 3.2 1 Joc- 1978
tane); FEFERTINAS cubebene
4-FE 3 5 HE 4-methyl-3- heptanane: k4 Blight et ai., 1983
LB hexanals 1-C38% hexan-1-l FE host Dickens et af.» 1990
8. scolvius 4-F 2 352 4-methyl-3- heptanone a Blight e al., 1983
Pp-d4-FEF-3-B2 threo4-methyl-heptan-3-ol; F2-3-BE heptan-3-ol; o 75 P Blight et al., 1978
A4-FEFLDNEF o erythro4-methyl- multistriatin
EEADME EEADEE Lineatin( (1R)-1,3, 3= F &4, 6. ZO=5[3.3. 1. 4 Macconnell & al..

Trypodendron lineatum

077 JERECIR D1, 3, 3-trimethyl-4 6-dioxamieyelol 3. 3. 1. (77 Inonane s
28 sthanol: o-TEM: a-pinene

1977
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FEE Y Silvanidae
$ERIE Oryzaephilus suri- NL-3,6- 25k ZHF-11- A2 BR (32, 67)-3, 6-dodecadien-T1-olide; -3, 6- a Pierce et al. s 1985
namensis L. + TR T A B (32, 62 )-dodecadiendlide: WH-5, 8- PO % —4%5-13-58
B (52,82)-5, B-tetradecadien-13-olide
Bl R 3} Staphadinidae
Fesmh W-6-~7< B 45 B8 57 P BB isopropenyl( Z9)-hexadecenoate Ed Peschke « al., 1999
Aleschara curtila
L 4T B A} Tenebrionidae
#wHH FLEE lactic acid %MW larva Weaver e al., 1989
Tenebrio molitor
LA 4,8 Z FHEZFE 4, 8 dimethyl decanal 2 Suzuki and Mori> 1983
Tribolium ecastanewm
T freemani H. 4, 8- ZFHEBEE 4, 8-dimethyl decanal a Suzuki e al. . 1987

F1RY, BRI CNRAEREGERIE
EWEE. BEAE. ¥EB. SHE DL AEAET
BEFL, MUEHAERRARZ. RARER
BEMEERTE2H L, . B, WM. 8.
B, BB, BULARELED. mMH, SRR
REMFERRAMERE T EFHRRMEIE.

2 RHUREE BRI R B R

ERREGERSEARGFRERAKANZ —&
BREREFERRENE L. BENRE, FE,
R A LA REFGREER (AR D, BEEAR
RISRE R, REMERANSFEER. SHIERN
Bh, BEFAEREFER, BLhAEHTY
B, Z=ONBERARER. HEES, £R2
HMENREGFERRAERA, P B
EHlHeEN. HEEEABEHEES, —EMHER
R T L REFE R, HE/EE
A=A RRERLE SR, IEE S gregaria A
WHEBFUERREGESR, MH2~-sBHER
UERREGFESR, FMNHEHRDTEAF
(Assad ef al .+ 1997; Mahamat et ol .. 1993). £
WEES, REMERREFERN LA AR,
BB haErL, NEIENENEERY
(McFarland and Alli, 1986). 1 X H &, 5§l 5 62
F 6. morsitans centralis & E (2R AF A E+F
FAIE+ "kt IBEEIREE R~ 20 M (Saini et al .
19967

WA—EEYERESREEREAREFER
RO S SR E L BB S . EERNE. BERAE

HEMOBERESNED. pseudotsugae P = A
REGEEAS. MEERE “FME” &4 m
EHEEF L, BRI =R EA TR
FUAT W TE (Pitman et ol .» 19753, B, 10 F
R AR A “ B DERERFR
27 BRAFEREGRETRNEN, HBER
e BRIX S BN WAL N R AT R TR AIER,
HETRARE, BEGFREELABENGEENRES
B MM IR, RERES. FEEFETH
B AR gaE 2 R AT A, DORE T RAEEREE
PEMRIEE AN, 1P F AT B
MRS N BT R

Barfatsn sy, LREMNREGFRR, %
—HELPFARREEGERER, RINER THERTRM
R, BRI EA RN, MERREEREN
REGREFREERFN, HHlisshTHaEH

HeMErERES, REDEMRAREGERN
MENBHBNERZS (James et ol .» 1996). 4T

EAERESFEENEMS TENS, ;ﬁﬁTu%Hﬂﬂ
LHEMBPEEREF Canti-aggregation phero-
mone ), M1 SEEEEMELE =2 /N hhE (. ty-
pographus) 2 REFEEMNIEEAST WVie o al.

1972), FIN XEEHIZNE D. pseudotsugae H/]EFLJK
£ E % (Ross and Daterman, 1997). BE ni2/\
thih@E ST RESNNE P. chalcographus MERERF
ERNASTEEME (Viee er al.» 19720, —F 4
BER UL R A B Z A A5 % (Byers, 1993, &
ik, HGRRAERE. 70, F—4bZm.
TR B ANF RIE B BCR AT A AR ¥hiEE
S. gregaria SWEBARREFRER, MR
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HEIESR CAssad et ol ., 19970 HEHBHRSE
BRE, RHEEHENERHA (Mahamat e ol .
19930

—MERMNEEFERR, EEANEARHER
Al E. EARBREEE P, truncaus FIRER
BRBEINEKRE. BHEIREN I REE
-t E R E, B BB Tereriosoma nigres-
cens» H—FZPBREEAEEXNH, 1. nigrescens xf
THEBENREFRERR (Borgemeister et al .
19973, FIFRMNEERLE— hdﬁ&ﬁfﬂz
18] {Francke et al.» 1995, Ft, 7EfHABHEEE
FEEEHATE RGN, T AR R R
B, MR AENEM.

3 PwRBREERFN RN T

ERREGERZHEN RS ERERR
ROV R, 1B+ Tbe A IE + e 2 A 2 R T g A
G. m. centralis PN BBEFEREEFIEE R
RISy, ERATANES, B-A0H BRFIER
BEmB e BT, EREBTARSE, A
MizfE BRAGE, s REIEE, XZER
RN (Saini e al.» 19960. BE K B,
germanice M S B E R, EEENMMAEERFR
FFEHUF (Rivault and Cloarec, 19983,

iR E R, FEEMECEY R,

REA B %F%%m%ﬂﬂ ZHERERER
%ﬁ%ﬁ%ﬁﬁﬁﬁﬁ%ﬁ,ﬁ@mﬁ@Tuﬁﬁ
HHMEZRERE James et al .- 1995). FFE, &
BRHEZ, CREERFEZHETREGLRY
ZMEHEFEHEYEE (Giblin et al ., 19940

FHEFIINEE A A HﬁTmeEE &£
BFEEMNR. EARRENR, AXEERT
0%, FEIREFEEENETIR 6. m. centralis
IEYRBE R AYREE (Saini et al.» 1996). HEAEEE
?WVW%\ﬁh%ﬂTwmuﬁﬁﬁﬁiﬁﬁﬁ
HFHENERE TSP OB FEHNE (e
Abrew- 1997: Bartelt et al.. 1994; Hallett et al.
1999).

4 RHRHBERHEMH

BRREFREIENATRBRIAERS
TIFFLETE IR,

DR SREFEREENFMSENHE, L
EHHMNFTHREE, ATAFE R ERMKE.
ﬁ% EEREFERNATHNAT BRI

G, a3, NTERERE W _ERTh N (James ef al.»
1995>n HTREQHEE R, WHER, B UAE
EFEREWIVIFTH (Plarre: 19967

N B RRERS BRI T BT AR
. BREFERSALTER, BR¥HARFER
DL —4ei ¥ E E M (Ross and Daterman. 1997 ).
ERAREGFERAADE L MR mn—8E
WS HGA (Bartelt er ol ., 1995); IS HI0FE HEE
B (Bartelt e al.» 19950; S&EARMNET =
(El Garhy, 19967, Er‘ﬂ% BEHREGFRBRHITH
SmREAR, R “USEEKET HEE, A RIS E)
EENMR, WEFERFOEDETERHE
£5 R % Canti-aggregation pheromone ) E{H v 3K 1
A, MEREEDHREMFHEAREFER
(Ross and Niwa> 1997,

5 AREATAHMMALEENRERER
FHMR R

RERMGAPERAEEGFEERNNT EEM
KFE L. ERAREFERNLESGHEESL
MELEEEREFEMNON I . E5CHEM
REWAIMARENMN, TAESER. RAEM
BB — SR EFRENN (A& 2. AT,
FEECAE, EMEREINNESR, MREEN
HEEFER.

6 55

REREFEERTAF LU FEBE P NE
TEUME, 3 T REREGEERNIR. =25
X, EMERNEEFEROWEE, —LERE
EFEERENEYER. EENEEFEERMTAR
PR BREEF R RN ARG T —E/H
JE. BR. AEEA RERERFERIARIA
AR, MH, BEMEETAHFFALRERSR
BAT, Xk b, AR, BEERUANERFE

REL e EFEEMENIESHRETACIIE
JTENER. W THEETANRA, BABFE
RABMELE, fINEE, EERESEARME, &
Vs R RE B2 R TE T F AR RREEIE E P )
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BRNH. AIEE. JIERBERETAHNEEMN
FHROANLEREL, TSR R E IR
AR I R HCE BT (SR AL

FREERE, R XEY RRERGE R, FR
ELIE PR L B BA R EE TR
W B r s R R ER T AN IR AP 94T O B

®2 AREITAMERLEELREFERAFNER
Table 2 Insects with aggregation behavior but their aggregation pheromones still unknown

g EL I

FME YWEGYE Lygus lincolaris (Melaughlin et ol . 19980, #&UEHUE Riprorms linearis (Higuchi and Nakameri, 19990, R0

Hemiptera FEYE Triaoma infestans (Lotenzo and Lazzari, 1996), HFEERF Piewdorus hybneri G. (Higuchi 19990 » 7. mamouii T.
Iongipennis, T. barberi (Cruz at al > 1995)

BEME Dociostaunts maroccanus ( Ariag et al ., 1994)

Orthoptera

= Shuls| YAV FE & Hylobius abietis L. (Zagati e al., 1997), Maladera matride Argaman (Harari e al.. 1994)

Coleoptera

A E Rhagoletis tomasis (Frias, 19950, Lusomyia longipalpis (Kelly and Dye, 1007), BRHSE U8 Bactrocera latifrons ( Jackson

Diptera and Longs 19972

3 8 Conipia hector Butler (Sone, 1995)

Lepidoptera

F#E EEHEPIN Sucbion fragariae, FEUE Y Rhopalosiphum pedi (Hardie e ol ., 1996)

Homoptera

inguiR=| Euraleon nostras (Yasseri et al., 1997)

Neuroptera

& X X M
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