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Ant trail pheromones
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Abstract Ants are eusocial insects with a complex adaptive foraging system regulated by trail pheromones. This review
summarizes ants’ pheromone-producing exocrine glands, the chemical composition of ant trail pheromones, and their function
and functional characteristics. Glands that secrete trail pheromones include Dufour’s gland, poison glands, Pavan’s gland and
the pygidial gland. Trail pheromones are mostly volatile substances with complex and diverse structures, including
hydrocarbons, alkaloids, organic acids, aldehydes, alcohols, ketones and esters. Their functions include orientation and
recruitment. Prospects for the future application of trail pheromones in pest ant management are discussed.
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Ty BEEAE T RIS, A OCER I 2B T
2% ( Vander Meer and Alonso, 1998 ), Wl i) 575
BIREEAT TG — Y 7 R B s n e
W KSR RIS N R G, YA R BEIRAELERT
PRER B R A BB R VERT, B R AES ] 351
VR FTE#L (Witte e al., 2007 ),

FEMR} ( Formicidae ) 77 ERER {5 B R A
B 64 BLIGIER}L (Dolichoderinae ), 7420
AL (Dorylinae ), M FF} ( Formicinae ), YJif
WAV A ( Myrmicinae ), f& BV} ( Ponerinae )
FNHPE G AL ( Ectatomminae )( Morgan, 2009 ),
LR F B 08 WOIRER (R B R AR AOR TR | {1k
2F W) BUREE LA R AR L RRAE o

1 BRIKSEIR

A BRI (F B R A R R TR, [ —A
YA i R ER AR B AT i — DB A M
He, XN R EE S % (Hind gut ). EIAAR
(Rectal gland ), #EHf¢ (Poison gland ), #h AR
( Dufour’s gland ). MHJT[GHE ( Pavan's gland ).
Hi-E MR ( Tarsal gland ), BB i ( Tibial gland ).
I Ji ( Sternal gland ) FAT TR ( Pygidial gland )
%4 (‘Holldobler and Wilson, 1990 ), {HFEZ4E ]
TEREMR . ARG S AT T . AL ICHR S —Fh 2
PREAE BRI e, ZFEMRAOMIR,
gk, AR, JEL KL Solenopsis
invicta 7535 WCHY BRI E B ZOR IR ( Vander
Meer et al., 1988 ), ERERE B R KRB T EEIRMYIG
R L, HAp IRl 36 Fh, AEBOEARE
1 Fo 10 22 Ak Tt A 3 i S A ) i T A
4 Fp, HBOE ARG 2 Fi( Attygalle and Morgan,
1984a ), BREF(FERIBMARIELILE 1.

2 REREENUERS

21 HERSHEE

PR B 8 ZE A by R s A TR A M Y
e, HAk2e i R axmi e, Uik af s
Y. EWme . AOLER . BE . B ER AR N
T, ANILE I Aphaenogaster rudis HRERE B R P

A —Fh & FE R 1L 41 ( Attygalle e al., 1998a ),
55— A % 2 A I I BR B {E B K N Methyl
4-methylpyrrole-2-carboxylate (fL& 4 83 ), J&IF
) U VIR B AL ) N (S N
PRERTEEI BT, B AnEIN S DI Atta texana
( Tumlinson et al., 1972 ). 7NHIETIMML A.
sexdens NV Fh A. sexdens rubropilosa ( Cross
et al., 1979 ). BEH B UM A cephalotes
( Tumlinson et al., 1971, 1972 ). A. bisphaerica .
A. laevigata ( de Oliveira et al., 1990; Mosquera
et al., 1990 ); i 2 THLI M- W /\ il To 4] it L
Acromyrmex octospinosus ( Cross et al., 1982 ). Ac.
subterraneus subterraneus ( do Nascimento et al.,
1994 ), Ac. subterraneus molestans( Mosquera et al. ,
1990 ) HYERER R BRI
2.1.1 HmELEYW WEILEMEFh 2, fi
S N R e Ja Sy i i ) BR A S R oy (I 2,
AL FFEI M Daceton armigerum 1 R 7= A= 1)
9-Tricosene (fb-5%) 6 ). Tricosane (fL-&4) 13)
Hl Pentacosane (fLG4) 14) A REAE R Al FEAIC
GRS B R IE K EE (Morgan et al.
1992 ), WERIE Messor ¥IFh IR B E B &
FATEZEATIRE RS I Sl , S5 A SO L
Messor ebeninus HIERERH B E 4) 1-Pentadecene
(L&Y 7)5 Tridecane( &4 12 ) Coli et al.,
1987 ) LI J Messor bouvieri HIEREMF B E
7,7-6,9-Heptadecadiene( fb-54 8 ) Jackson et al.,
1989b ), ik SELEdi e AT REVE AV FAIAATE . LI
J& Myrmicaria eumenoides WIFEMR5TI44) Limonene
(LB 11) IR, RSB R IT,
MR L PEBAR A il fE 724 “[E R e
M (Kaibetal., 1990). A, BREASYHEZ
IREE R ERPH “EM7, Bl Messor andrei Fl
Messor pergandei IR {5 B LR —4 4
Tridecane ( Holldobler et al., 2013 ); XBHISHEIE
W4 Diacamma sp AN Z-8-Heptadecene (L&
Y1 9) 51 K EIRE T 4 (Fujiwara et al., 2014 ),
UK A Hs (Bornylene ) (fL&H) 10) J2& 2 Rt #
A. bisphaerica Fl A. laevigata WIREL(E B 2 5
(de Oliveira et al., 1990) .
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B R EE IR E B R (K
1), E,E-a-Farnesene (L&) 2) FK Sk #iE by
Aphaenogaster longiceps WIBRER7 B Z( Cavill et al.
1967 )0 £1 KUK BRER (5 BRI 2 401 (Walsh
etal., 1965 ), Vander Meer 25 ( 1981 ) X5E15 3
£ KL BB AS B R 3 N Z,E-o-Farnesene,
E E-o-Farnesene, Z,E-a-Homofarnesene f1, E,E-a-
Homofarnesene &4 1.2.3 Fil 4 X Vander Meer
1981 ), Williams g:f (1981) T 8 Ff
allofarnesene S#A1A, Jd i £5 4 LL X FIAT 4 T fE
Uk, &I Z,Z,Z-allofarnesene (L &W) 5) N4
KU RS B R A (Williams et al., 1981 ),
40 45, Xu % (2023 ) ey, BRIRSy

et al.,

Br A2 a7 B E T 20 KRR £ B 3

B sESER, IFSE T Vander Meer 45 (11981)
T34 5, Z E-o- Farnesene i 4t Ho B2 Mol (1)

BREAMF R ZR My, W 2 R

Bl1  OABERERME

EEHRHERIGEN
Fig.1 Farnesene in the trail pheromone
components in Solenopsisinvicta
1: Z,E-a-Farnesene; 2: E,E-o-Farnesene; 3:
Z,E-a-Homofarnesene; 4: E,E-a- Homofarnesene; 5:
Z,Z,Z-allofarnesene.

®2 W ZE-o-EREARERERSZH S BT

Table 2 Ant species used Z,E-a-farnesene as their trail pheromone component

YFh Ant species 1 Content

£ Hik Reference

YA MREL Formica fusca 1% Minor Bergstrom and Lofqvist, 1968

MLLTMRBL F. sanguinea {f& Minor Bergstrom and Lofqvist, 1968

WGLIARML Polyergus rufescens = Major Bergstrom and Lofqvist, 1968

B Myrmica lobicornis {f% Minor Attygalle et al., 1983b

4k eI M. ruginodis {/& Minor Cammaerts et al., 1981

M. rugulosa HH-f Medium-Major Attygalle et al., 1983a

M. sabuleti =2 Major Cammaerts et al., 1981

MLLELT W M. scabrinodis =2 Major Morgan et al., 1979, Cammaerts et al., 1981
BRI M. schencki {f& Minor Attygalle er al., 1983a

YA M. sulcinodis {f& Minor Attygalle et al., 1983b

\m/\/\/\/\/\/\/\c/\:/\v/\\
6 7 8

e

I 12, R=CH,
13: R=(CH,),,CH,
14: R=(CH,),CH,

B2 BuEREESERREGEMESEN
Fig. 2 The structure of olefin and alkane in
ant trail pheromone
R: 4% %L Side chain group; T & [F] The same below.
6: 9-Tricosene; 7: 1-Pentadecene; 8: Z,Z-6,9-Heptadecadiene;

9: Z-8-Heptadecene; 10: Bornylene; 11: Limonene;
12: Tridecane; 13: Tricosane; 14: Pentacosane.

2.1.2 EWEE WRRE I, R
i i A A R BRI B R W AAAE (& 3),

0 Oy

TCFE J RS 3R (] B2 5 ook 2 v B R X 2E )
B, ETRE. 3-Ethyl-2,5-d1methylpyrazin

(EDMP (L& 18 )J& 2 FhYIMMY Atta sexdens
rubropilosa Fl Atta sexdens sexdens W F B R EE(E
B ZE 4 (Cross et al., 1979; Evershed and
1983 ), /& 8 FPLLMlE Myrmica HHY
M. rubra, M. scarbrinodis, M. ruginodis, M.

Morgan,

sulcinodis, M. rugulosa, M. lobicornis, M.
schencki F1 M. sabuleti ( Evershed et al., 1981,

1982), DAMUEIRIL Messor bouvieri
1989b ) I KK Pheidole pallidula
(Alietal., 1988) WYEREAEERMIT. MWH—
Fhnki% . 2,5-Dimethylpyrazine, ( DMP ) (fb54)
16), 5 EDMP (7 : 3 ) JL[al#y a1 Fo i iy

( Jackson

et al.,
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Tetramorium caespitum W EG B &R 85
( Attygalle and Morgan, 1983, 1984b ), LI
T AFAE T H A IS WO R i BR R AR B R 405E
W Manica rubida WEENRTA 4 Lz .
Methylpyrazine ( MP ), DMP, Trimethylpyrazine
(TMP ) #I EDMP (fL&5# 15, 16, 17 Fl 18),
{H 4 EDMP fEis FHRETT A (Attygalle et al.,
1986 ), Ak, ikl Eutetramorium
mocquerysi FENRFA 3 FPILEE . 2,3-Dimethyl-5-
( 2'-methylpropyl ) pyrazine, 2,3-Dimethyl-5-
( 3'-methylbutyl ) pyrazine, 2,3-Dimethyl-5-
( 2"-methylbutyl ) pyrazine ( fb &4 20, 19, 21 ),
{HJE{A 2,3-Dimethyl-5-( 2'-methylpropyl )pyrazine
MR RETS FERERTTM ( Tentschert ef al., 2000 ).

) TL U‘“

s 17: CH3, R, = CH,,
=CH,

18; = CH,,R, = CH,CH,,
CH3

19: Rl = (CH,),CH(CHs),,
R2 = CH3, R3 = CH3

20: R, =CHCH,(CH,),,
R, =CH;, R; =CH,

21: R, = CH(CH,),(CHy),,
R2 = CH3, R3 = CH3

B3 mHRERESEHAMEREN

Fig.3 The structure of pyrazine in ant trail
pheromone

R,: M#EHEEMA] 1 Side chain group 15 R,: Mllf#HEMA] 2 Side
chain group 2; Rs: fll##3£ A 3 Side chain group 3.

T[] The same below. 15: Methylpyrazine;

16: 2,5-Dimethylpyrazine; 17: Trimethylpyrazine;

18: 3-Ethyl-2,5-dimethylpyrazin;

19: 2,3-Dimethyl-5-(3'-methylbutyl)pyrazine;

20:  2,3-Dimethyl-5-(2'-methylpropyl)pyrazine;
21: 2,3-Dimethyl-5-(2'-methylbutyl)pyrazine.

A 0 (Y BR AR B 2 I 2 i
CHEYRIREY), HIEER T meridionale
() R B A B & L3l i MP . TMP . DMP , EDMP
F1—Fhn5[E 1-Benzobpyrrole (fb&4) 26 ) F:[F]
ZH i ( Jackson et al., 1990 ), Fl4fiE M T
meridionale 25l RALTEE WL D. armigerum ¥
JR& A 3 Fhmlks TMP, DMP, EDMP fE K £ %

PRERIEVE BT, SR QR A i S A0S P 4
HREEE B E (Morgan et al., 1992 ),
FRULESE Y i oh , HAFP A Ptk 2 Ff
fE T IR ERE B R (K 4), EB
Monomorium pharaonis HIFER5 5-Methyl-3-
butyloctahydroindolizidine ( Monomorine 1 ) 0
2-( 5'-Hexenyl )-5-pentylpyrrolidine ( Monomorine
) (A& 22 #1023 ) WERR A WyiacA s | T 0L
FIREST, M H P E RS Y B RGP R — 1k G
YIi 5-10 £5 (Ritter et al., 1973, 1975, 1977 ),
FREMUR M Megaponera foetens B3 7 Y W8 IE
N,N-dimethyluracil ( fk- 5% 25 ) 5 Actinidine ( 1
&Y 24 )T%Iiﬁ_)ﬁ%\ﬁﬂ{]( Janssen et al., 1995 ),
AL, BRETSCTid ke S EDMP 4, Messor
bouvieri E(JEEETQ 5EZFEILTH Anabasine I
Anabaseine (L&) 27 F128), X 3 Fi APyt
SR B ERER T A R0 > (Jackson et al.,
1989b ), [Al A3 2 Fo A= Wy 2H )8 1 WAk L Messor
capensis P HRELH B & (Brand et al., 1993). #
LR A P I PR R AR B R L R

Aphaenogaster rudis ( Attygalle et al., 1998a) ﬂl
Aphaenogaster senilis ( Lenoir et al., 2011 ) F=4:
Q‘Li%/\/ /\/\/Q W~ ]E >
CH3
23
° N
= A\
/N\n/ ~ <J\/]\I> ©/\/N\/w/
0 H
25 26 30
A QR W
27 28 29

E 4 MEREREEEPREYHE IR Aphaenogaster

rudis {1 N-5 X £-2-F Z 24544
Fig. 4 The structure of alkaloids in ant trail
pheromone and N-Isopentyl-2-phenylethylamine in
Aphaenogaster rudis

22: 5-Methyl-3- butyloctahydroindolizidine;
23: 2-(5'-Hexenyl)-5-pentylpyrrolidine; 24: Actinidine;
25: N,N-dimethyluracil; 26: 1-Benzobpyrrole;
27: Anabasine; 28: Anabaseine; 29: 2,3'-Bipyridine;
30: N-Isopentyl-2-phenylethylamine.
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i) 2,3'-Bipyridine (ft54 29 ). Anabasine Fl
Anabaseine 1] 5|2 [A] 5 T IR EEAT R Horr,
Aphaenogaster rudis B FRE 5 B 2R R Lk 3 Fp
VAL, R TP e SR M E R
N-Isopentyl-2-phenylethylamine ( ft&47 30),
JEAREEERAEWENE  (Attygalle ef al.,
1998a ),
2.1.3 BHERZEX F2WBYF e DR AR
HLR (B 5), ANMUERBIEYIET, e —iy
WORh Y IR ER R R R T . 2 (Formic acid )
(L&Y 31) WAL Formicinae T W 35 g7
IR R, 51 Camponotus socius 5k
FEA A BRI RE S SRR T R, SR BRI R
5 (Kohl et al., 2001 ); ¥FEER ( Nerolic acid )
(fLEH 47) WEME—BET | & g% BLIK 5 i I
C. floridanus BREZ1T R ( Haak et al.,
1996 ). A7 HURRTE B ] i M BR 0 B 38 v [ A A
1E, ZKZMR (2-Phenylacetic acid ) (fL54 46 )
J& 2 YT Atta bisphaerica Il A. laevigata FY
R S B E 42— (de Oliveira et al., 1990 ),
P A s i i BRI A S R TP A EE A
ML : WL Lusius fuliginosus J& W= 4= 0 ERERH
BRBITNCR . BRR . FIR. TR . BT
TR (LAY 32-37 )( Huwyler et al. 1973, 1975 );
WET A BT Pristomyrmex pungens W EREE(H
BRI R IURRER . /SRR . T /\RIR . —

31: R=H

32-37: R =(CH,),CH,
n=4,5,6,7,8,10

38-45: R=CH,
n=13,15,17,19
m=27,29,31,35,37

B 5 MuRRERIRPHBEIREN

Fig. 5 The structure of organic acids in
ant trail pheromone

n: WRJET40 Number of carbon atoms; m: & J7 T 145
Number of hydrogen atoms. T [&][F] The same below.
31: Formic acid; 32: Caproic acid; 33: Enanthic acid;
34: Octaeic acid; 35: Pelargonic acid; 36: Capric acid;
37: Dodecanoic acid; 38: Pedecaic acid; 39: Hexadecanoic
acid; 40: Octadecanic acid; 41: Eicosanic acid;
42: Hexaenoic acid; 43: Octadecenoic acid;
44: Octadecandienoic acid; 45: Eicosatetraenoic acid;
46: 2-Phenylacetic acid; 47: Nerolic acid.

TR LA K 4 FORNRUFIRR TR T 7SR IR L 1\
MR . /N I — ik TR (s
38-45) ( Hayashi and Komae, 1977 ), #§iX 2 F
W S AT ALRR EA T AL B, 25 S ECLERER M
[ (A T o N

2.1.4 EESE ESEWRIRAR AR — g U R
PIRERE B R EL N (B 6), AisCies], 78
LMW Monomorium pharaonis "WAF1EA BREETS
PR EE DO, (R IE IR B R AL AR P

W@QC@Q

49. R=CH,
50: R=(CH,),CH,

C o

PN

52 53 s R = CH3 55
54: R=CH(CH,),

56

9 0
oA f&g é;%
57 58

B o6 MOHRERE RRPHIBEALEN

Fig. 6 The structure of aldehydes in ant trail pheromone

48: Faranal; 49: Z-9-Hexadecenal; 50: Z-9-Octadecenal; 51: Z-11-Eicosenal; 52: Z-13-Docosenal; 53: Acetaldehyde; 54:
2-Methylpropanal; 55: 3-Hydroxybenzaldehyde; 56: Citronellal; 57: Iridodial; 58: Dolichodial.
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B 1 i B 25 W) B Faranal ((+) — (354R) -
3,4,7,11-Tetramethyltrideca-6E,10Z-dienal ) (fb&
Yo48 ), HIREGIWGMHEMHE S FHER DM
Monomorines ( Ritter et al., 1977 ),
[FIAE, FEPTHRAEMD MY Linepithema humile 5
& WY Dolichoderus thoracicus WEREE(E B R TG
YEMIR A Z-9-Hexadecenal (fbA4 49) ( Cavill
and Houghton, 1974; Cavill et al., 1980; Attygalle
etal., 1998b), {H/Z Choe % (2012) & HLFTAR
ja N VY SR S S R S O W L
( Dolichodial ) FIHT#{ZE ( Iridomyrmecin ) ( —
PR ) (fbA W 58 M1 76 ), 8 HERESIR T
HA K 3] Z-9-Hexadecenal , 28— £ 31 5256 56
TE 5 AT IA Sy B ST T I 28 25 B4 Tk s 254k
G5 Z-9-Hexadecenal R REE A IMAEM, 4k
[F2 5 R BRERAT A o 1M L ) BR AR B 3R A
145 Z-9-Octadecenal , Z-11-Eicosenal , Z-13-Docosenal
(L& 50, 51 F1 52) 3 FhEE2E (Attygalle
etal., 1998b); FHiMl —# (Iridodial) (L&YW
57 ) 5L FIT W ZR R VY SR R R MY Tapinoma
simrothi FIREE(E B &Y E ( Simon and Hefetz,
1991 ),
PR VERE ) B AE e D) U IR A R R

L2 AEAE . 3 P E VI Atta cephalotes
(Riley et al., 1974 ), A. sexdens rubropilosa I
A. sexdens sexdens ( Evershed et al., 1983 ) iR
A5 B L Acetaldehyde )Fil 2-Methylpropanal
(f&E 53 F54); [FIEF, ZREWRIE/HITY)
MUY Ac. octospinosus ( Cross et al., 1982 ) 51
HBMIAZIY Metapone madagascarica ( Holldobler
et al., 2002 ) ERERF B R Y . LAk, Citronellal
(LB 56 ) RIEZHEBUBYIF Pachycondyla
marginata W)ME— R B E WM ( Holldobler
et al., 1996 ); 3-Hydroxybenzaldehyde (L&)
55) W24 @ AR Rhytidoponera metallica iR
B B Z Y Z — (Meinwald et al., 1983 ),
2.1.5 R EERY TR AS IS U A R AR
BEW)ZAE (B 7). 450 SR P ) iR
PR B R Z B, RSN SARIL Leptogenys
diminuta %', {{ 3R,4S-4-Methyl-3-heptanol ( fL.&

62 63: R=(CH,),CH,
64: R=(CH,),CH,
65: R =(CH,),CHCH,(CH,),CH,
66; R = (CH,).CH,
. R=(CH,),CH,

HONAAA Q)M

E7 mREREEEPHEREY

Fig. 7 The structure of alcohols in ant trail pheromone

59: R-1-Phenylethanol; 60: R-2- Dodecanol; 61: 3R,45-4-
Methyl-3-heptanol; 62: 3,9-Dimethyl-6-dodecanol;

63: 4-Methyl-7-dodecanol; 64: 4-Methyl-7-tridecanol;
65: 4,10-Dimethyl-7-tridecanol; 66: 4-Methyl-7-tetradecanol;
67: 4-Methyl-7-hexadecanol; 68: Z-Isogeraniol;

69: Octanol; 70: Geranylgeraniol.

Yy 61) HiATLAG ]k TR ERERAT o HBRER R
B & il 5 ZIsogeraniol ( b & ¥ 68 )
(Attygalle et al., 1988; Kern and Bestmann,
1993 ), X —1b& Wy Ia Ff b 2 4 8 9 AR B R

metallica E’Jﬁ'ﬁﬁrfn EEY5 (Meinwald et al.,
1983 ), #HILZ T, FhHIRAMSELL L. peuqueti 1)
EEETTn BRI AR, 14 MeaYa
B e R R e S S R ERER T T, 2
Fﬁﬁ%ﬁﬂﬁkb G AT A S — A S YRR A R
o B 25 W B 3,9-Dimethyl-6-dodecanol
4-Methyl-7-dodecanol , 4-Methyl-7-tridecanol |,
4,10-Dimethyl-7-tridecanol, 4-Methyl-7-tetradecanol
F1 4-Methyl-7-hexadecanol ( fb- 5% 62-67 ) FAL
(Janssen et al., 1997b ),

Pt 2t 2 At A ) PR ER (S S KW, 4
AN R S Ectatomma ruidum B9 R EER B
EWY)F K Geranylgeraniol( f£-&4%) 70 X Bestmann
et al., 1995b); #%EMWE I Aphaenogaster
cockerelli B IR {5 B\ A R-1-Phenylethanol ( 1k
&%) 59 ) (Holldobler et al., 1995 ); Z%%JE 1Y
Crematogaster castanea VJIREF(G B RN R-2-
Dodecanol (fL&4%) 60 ) ( Morgan et al., 2004 );
BRETSCER BN UK i SR RN, DIt 4.
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bisphaerica WIREHF B EIE A Octanol (fLA
Y69 ), AIRENE AR (5 B 2R AR T
(de Oliveira et al., 1990 ),
2.1.6 FERZE IRV BTl IR R B R
HESrZ (Kl 8 ) FE A MW BT P HR( Acetone )
(&Y 71) FAAE T EIHBUR 3 RSB Arta
cephalotes ., A. sexdens rubropilosa 1 A. sexdens
sexdens ( Evershed and Morgan, 1983 ) iR
B, AT REE v ) By Jo i B HC A A ) e 2
SEA RO RAEAEI o B2 IR A7 7E T 4 1
. Aphaenogaster albisetosus F1 Aphaenogaster
cockerelli 1) ¥R E% 1% B & T AFTE S-4-Methyl-3-
heptanone ( b &#) 74 ), Aphaenogaster albisetosus

0
PN
/\f\/\
74

18R BR 5 B R ik A7 fE R-4- F 2 -3- B i
R-4-Methyl-3-heptanone (ft-&4%) 75 ) ( Hélldobler
et al., 1995), = WUHEREE B R P WAATESF
(2%, Bl C atriceps BB EAS B YR
3,5-Dimethyl-6- ( 1'-methylpropyl ) -tetrahydropyran-
2-one (&% 79) (Haak et al., 1996); C
castaneus B MR EL (G B RZ Y i 3,5-Dimethyl-6-
( 1"-methylpropyl ) -tetrahydro-2H-pyran-2-one
(L& 80) (Kohl et al., 2003 ); C. balzani ff)
R R B % B 4> 3,4-Dihydro-8-hydroxy-3,5,7-
trimethylisocoumarin( ft5 %) 82 X Kohl et al.,
2003 ), X — WA WAFAE T 2448 B ILBL Lasius
niger ( Bestmann eral., 1992 ) HREFEEREP,

O LY
b

(o)

75
0
?;EOH /\/\/\/Y\/\/\/\
H o)
77 78
L ol
0 H
79: R=CH(CH,), H
80: R=CHCH,(CH,), 81 82
B8 MuiRER{EEEPHNERERLEH

Fig. 8 The structure of ketones in ant trail pheromone

71: Acetone; 72: Acetophenone; 73: 6-Pentyl-2-pyrone; 74: S-4-Methyl-3- heptanone; 75: R-4-Methyl-3-heptanone;
76: Iridomyrmecin; 77: 2,3-Dihydro-3,5-dihydroxy- 6-methyl-4H-pyran-4-one; 78: 9-Heptadecanone;
79: 3,5-Dimethyl-6-(1"-methylpropyl)-tetrahydropyran- 2-one; 80: 3,5-Dimethyl-6-(1'-methylpropyl)-tetrahydro-
2H-pyran-2-one; 81: Mellein; 82: 3,4-Dihydro-8-hydroxy- 3,5,7-trimethylisocoumarin.

e H AW IS W Yy AR RS B R P A R B T
[l=E37/)5 il ﬁﬂ%@(}%ﬁ%ﬂx Lasius fuliginosus ¥
R B & &% F  2,3-Dihydro-3,5-dihydroxy-
6-methyl-4H-pyran-4-one 5 Mellein ( L&) 77,
81) PIFPlHZE (Kernetal.,, 1997 ), i Mellein
AR FE orufa W EREEAE B E

( Bestmann et al., 1992 ); BL4h, XUEFHY
Pristomyrmex pungens WEREMF B R BRA LIRS
A 6-Pentyl-2-pyrone (fL54%) 73 ) (Janssen

et al., 1997a); 9-Heptadecanone (k&%) 78 )
WIELEFEMR LML Pachycondyla tarsata WIEREE
H5EE WS (Janssen et al., 1999 ); AL, 7ED
HRMAZM Metapone madagascarica BREE B
KPR K Z R ( Acetophenone X fLA 4 72 ),
AEFE SR B ORI R R B R A
RORAr, AER “HBUET BEERA, Xl
G W) AT RE 5 HA A= Py i L K R g3 kS SR [ E

WHAFE, SE5HRS5RETT N (Holldobler
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etal., 2002 ),
2.1.7 BRI WGMUERER(EE R P AYER Y Bk
JFEE (E9), ME—MPARNREFELR
Y BU R R R BT Methyl 4-methylpyrrole-

2-carboxylate (ft&5%) 83 ) ( Tumlinson et al.,
1971 ). il T M0 J e ) BRI JEL 3R 22 ik gg 2
EY, H B EW T impurum WME— 5L & HRER
15 PR 43 A Methyl 6-methylsalicylate (k&%)
85) ( Morgan et al., 1987, 1990 ), KR 4iiiE iy
T immigrans BIME—FREE R M4 Methyl

2-methoxy-6-methylbenzoate( £k 54 86 X Chalissery
et al., 2022 ). T Methyl 6-methylsalicylate 1 /&
EIE W Mayriella overbecki ME— IR B B
43 (Kohl et al., 2000 ),

Z MR BCHI R R ER (R B R T R, W

0
@\Coocm =

N \NH

83 84

@*o/

(o)

oL
NH,

90

g

93. R=CH,CH,
94. R=CH(CH,),
95. R=(CH,),CH,
96: R =(CH,),CH,
97: R=(CH,),CH,
98: R =(CH,),CH,

B9 OHERERS

R BIEM L. peuqueti WEIIREAS B R ER
TR, AR 8 FhOMRER, 4 1-Ethyl-4-
methylheptyl acetate, 1-Isopropyl-4-methylheptyl
acetate, 1-Propyl-4-methylheptyl acetate, 1-Pentyl-4-
methylheptyl acetate, 1- ( 3-Methylhexyl ) -octyl
acetate, 1- ( 3-Methylhexyl ) -decyl acetate, 1-
( 3-Methylhexyl ) -4-methylheptyl acetate Al
1-Heptyloctyl acetate ({54 93-100 ) ( Janssen
aw.wwmo%%%%um%%%ﬁ@“%ﬁ
AR ERER], IF H A 40 1R-& 2 A AT R
ite, EE%DE’JFﬁE@E’JE@ﬁXEEEﬂnM“ , X
SR LS IO B e X 3 P S Y A L
E. ruidum PREE E Z M8 7 Geranylgeraniol
acetate (L5492 ) (Bestmann et al., 1995b); |
BSH M Gnamptogenys striatula MREE B R T

@E‘“

R,

85: R,=COOH, R, =0H

86: R,=COOCH,, R, = OCH,

101: R =(CH,),CH,
102: R=(CH,),,CH,

BEPMEELEN

Fig. 9 The structure of esters in ant trail pheromone

83: Methyl 4-methylpyrrole- 2-carboxylate; 84: Methyl pyrrole-2-carboxylate; 85: Methyl 6-methylsalicylate; 86: Methyl
2-methoxy-6-methylbenzoate; 87: 25,4R,55-2,4-Dimethyl-5-hexanolide; 88: Ethyl 2-phenylacetate; 89: Methyl
2-phenylacetate; 90: Methyl anthranilate; 91: Methyl nicotinate; 92: Geranylgeraniol acetate; 93: 1-Ethyl-4- methylheptyl
acetate; 94: 1-Isopropyl-4-methylheptyl acetate; 95: 1-Propyl-4-methylheptyl acetate; 96: 1-Pentyl-4- methylheptyl acetate;
97: 1-(3-Methylhexyl)-octyl acetate; 98: 1-(3-Methylhexyl)-decyl acetate; 99: 1-(3-Methylhexyl)-4-methylheptyl acetate; 100:
1-Heptyloctyl acetate; 101: 4-Methylgeranyl decanoate; 102: 4-Methylgeranyl dodecanoate.
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TE 4-Methylgeranyl decanoate Fl 4-Methylgeranyl
dodecanoate( fL-&4) 101 #1102 )2 FiEEZS( Blatrix
etal., 2002 ),

H Al 49 B b R A B R TPl R B T RS
Bigr: YIRS A sexdens rubropilosa
G BERTER T A SHRETH 2 o
fis , 439 A Ethyl 2-phenylacetate £l Methyl
2-phenylacetate( {654 88 Fl 89 X Evershed ez al.,
1983; Vilela et al., 1988 ); MUV AT 40 15y
Aenictus sp.#REHF B R T4 Methyl anthranilate
5j Methyl nicotinate ({654 90 F1 91 ) Sfe 4% 5t
HRFE 2170 (Oldham et al., 1994 ); BRI
A, S EBHAZ Metapone madagascarica ¥R Ex

5 B R i f1F5 Methyl pyrrole-2-carboxylate( k&
Yy 84 ), SR TMGHEAT BB B 0 T 1 ) o
( Holldobler et al., 2002 ),

Bk LR Fsh, 5 BUR PR IR G B R
FEAENBRZRYI T, Qnide | 4 55 FF WL C. herculeanus
H5MEEEW C vagus WIREE B RIGTENEESE
I 28,4R,5S5-2,4-Dimethyl-5-hexanolide( 1b&4)
87 ) ( Bestmann ef al., 1995a, 1999 ),

22 BREERRNIIERIERARIE

2.2.1 IhEE WA TR R ERERATON & B AR Y
A7 Rl B, A K S AT A 1) BT R e
AJARNE], Wer JosekE [RBR A Rk e i i &
YA AN R B9 BR 1T A ( Vander Meer et al.,
1988, 1990 ), MIfE b 1T LLKFET K BURER AR B
/1M 325 ( Vander Meer et al., 1990): (1)
S TS E R R, KB KRS ZE-o-
Farnesene 5 AR MY C-1 IR GWATIX —IfE;
(2) o7 T A IR 2 DA 1 1 B 14 5 7] 15
UiefE B R, KB ICIIE S Y H X —1F
FH 5 O3 T 45 A0 18 22 ] BRER 2 1015 B R
27 KW AR TP Y Z,E-a-Farnesene AL iX—3)
fiE o BRER A B3R W X LU D RE S B T 21 KR
BT AP B, SR o R T R A PR ER B
BemdL R 5y, HREABBCA & AR A A
3o Kohl 5% (2001 ) AT HIIHE FHAIE T Vander
Meer 55 (1990) Hy4532: 5 C. socius BJ5

[ B By e RS B R W T, MR R A |
WEMAEN, H MY 2,4-Dimethyl-5-
hexanolide H A [n] FREZRICH ;150 B B S0 1) 3
BHEGFSZPDEE =AY EifT
FRER . AR SE B ALK I A Y E W)
FEE,

222 {ER%HE

2221 WESHME WA BRI A A R
HRENE AR, R ERER A L R
T IR ERE B, AR SC AR B = R A
Ko B E A g R ER (R B R Methyl
4-methylpyrrole-2-carboxylate HA7 AEH & 470
BOR, TETERERZE 80 fg/cm ( Tumlinson et al.,
1971 ); £ KWL EREAS B Z,E-a-Farnesene 7E
100 fg/em ¥RE T HA BEREEME ( Vander
Meer et al., 1981 ); B[R AERD M) FHH A 0.2 ng/em
#) Z-9-Hexadecenal #n] A5 E TMGETEL &)
JRIB A TEREETT A (van Vorhis Key and Baker,
1982 ) FHUGFT UL, Wt BRI 2 28 T TRt
RN RIEIETEEN, B2 R SR R R
HEE.

2222 REWECME AR B R R ER AR
BRI W G5 H N 43 % & 7 AR EAR K
Z5 . AL YR R EME B R B —Y )i,
n 8 Fh EARIE ) Myrmica J& Sy v BREE (S B
Z H i —Y) 5 EDMP A5G MEAER ( Evershed
et al., 1981, 1982 ). {HTE U i Py ff i) LR A5
BENEBAH D, It HIre e WL BliR & A 671
AR AT NN o BB T cuespiturn [P ERER
5B ZE M+ EDMP Al DMP 11 30 : 70 IR A
HA DA% AEH ( Attygalle and Morgan, 1983,
1984b ); #FEMEML Aphaenogaster rudis 1] 4 FpERER
HEZE s A N-Isopentyl-2-phenylethylamine
ARSI G R, [H 4 FhsL o TR A 0
SRR CIREAE B ZREMRAR ) JCR T
HIE) ( Attygalle et al., 1998a ), Hit ] UL, Wi
PRI AR B R R e RS AR 8 R T A ALy
RS % ( Silverstein et al.,1976 ),

2223 HHYE ZASBRGEERATGREA
AR RRAA, B an B B 2 R 55 R G 45
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M Oecophylla longinoda, i ZA R4
MALEVIE R SE S, G a5 50
A AR A 5255, NTIE LA [\ 0 BR B8 47 R
( Holldobler and Wilson, 1978 ), BRis{sH & W
BF R TE D AP Z 8] 22 e K, iR BEFM L D.
armigerum FENR I IREAE B Z 0T FAAEZR/D 7 d
(Morgan et al., 1992); IMifEkEBEREFER
H = A 9 min( Jeanson ef al.,2003 ;Jackson
DE et al., 2006 ), HALEZWA 2 FRAE R R
(1 FREWSIER, 1 FEBREN) f 1 Fk
{5 B & (Robinson er al., 2008 ), K&[EEE
TE 48 h R RYEAERT, W LATE A BRI
LFEHIE UL &S (Jackson et al., 2005 ), M
T S BT B, £ AS S i
IEAh, BRERT B R BB RGA R AR 6 15 30
MM 355 ( Jeanson ef al., 2003 ) SR
G, R SRR RS BRI AP, Ak
A4k ( van Oudenhove et al., 2011 ).

3 RE

— SR S R D] IR E A 2 T

JERS S A i R KA HIRE(AR (Vilela EF,
etal., 1988 ), oA —SLIG i HAT A2, 4N
Bl i3 A 0 B
Linepithema humile . WX 2180 Myrmica rubra
( Groden et al., 2005 ). 4 ZIiK [/ ki
Wasmannia auropunctata . #ii XKW Solenopsis
geminata FLL KWL o R AAR DTN K5
TR, S ARACSE . e . RH
W, BTS2 AR EAE AR 2 X ((Ascunce ef
al., 2011 ), FEAMRIXER, AL KBAETERME

K b 0 W 22 W AR S R ) BEUR ( Helms,
2013 ), DATAIRS 25 1155 B sh 4 14 22 e = 2
A G2 ( Vinson, 20135 Wang et al., 2019 ),
FEH RN I A S A R - SRAR
HHL XA LG, 3T 20 FPAS b M dSCFE 21 K A= Hh
B4 (Wang et al., 2019 ), FIFIfL2:(E %
RIS B R AAT R, MBS . &
R B H ] T B o YR RS R R ST AT LA
BT IR AR I, 18 A H I 255 B

F A 22 80 Camponotus  gigas .

o mAEW) Z E-a-Farnesene 1] LIBEIRZT KM
FREEAT N (Suckling et al., 2010 ); {# R L8
FIVEIRER{E B & Z-9-Hexadecenal ( Cavill et al.,
1979) ¥#it5 ( Tanaka et al., 2009), =AM Z
Ay Y S5 JR(E B & (Suckling et al., 2008, 2010 )
IS v SIS AR UL VGO = s PRSI AN VA
FORTF KR AR UE B 2= Wi LR PG AR 1L
W, A B TAEURA S RGBS Rl S
TR 1y SR 4 T A B

A T2 A Fh I i i BRI A5 B R LT A
AR RO —FHIE, B, Y5 % R A
FH IR T B SR F E A T 0 5 KBk - B
WA A, BREME BRI T R IR i R R 1
YER, ZEA I S e v e &) 52 B SR T
P, XIS BRI W 4 o XA s HTER
B A B 2R By 4 5 i e R v i I T A

WAL, TR R AT B 2 S8 B 35 0 A A %
Bi TG I T e T AR R o WAL A R
F, W REE B R ITAR DA WA R R,
WM 2, JFEY Rz
VA TGO FR o U0 SRAR SE BRS04 7 R 14
¥, SCIIRERE B R XA R R, 16T
BT IR T B R T RBAAAE R 25 000, N BRER
HRREMHMS LU AFRMERISEK . A
SO WA BRI B R AL LU R 2%, B e 4%
T 528 4 40 o] A 4 LL B2 SR i A I 2%
FES PRI OCHE . I o HOA SRR A B R A
S PEAREIS BIHAE R B IR RCR , A A LR R
REME ER S HA SR R EE RS,
NS AR
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