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Sex pheromones of scarab beetles and their application

CUI Zhi-Hao' > CHEN Li* WANG Wen-Kai'~ (1. School of Agriculture Yangtze University Jingzhou
434000 Hubei Province China;, 2. College of Life Science Institute of Life Science and Green
Development Hebei University Baoding 071002 Hebei Province China)

Abstract: The research on sex pheromone of beetle is mainly concentrated in the subfamilies Rutelinae
and Melolonthinae. Sex pheromone gland of Rutelinae consists of epithelial cells that line the inner
surfaces of the pygidium and two apical sternites. Their sex pheromone constituents are mainly fatty-acid
derivatives. In marked contrast to Rutelinae sex pheromone gland of Melolonthinae can evert from the
abdominal tip and their components are mainly amino acid derivatives and terpenoid compounds. Some
scarab species that are geographically and/or seasonally isolated utilize the same sex pheromone
components but with different chirality. The chirality often plays an important role in the isolation of the
communication channels of two species where one enantiomer is utilized as sex pheromone by one species
and the other is a behavioral antagonist against the other species. This paper summarized advances in
chemical structure of sex pheromone and its application in management of scarab beetles.
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( 2014;
2016) .
( 2019) .
( 2020)
( 2020) .
( 2015;
2018; 2019; 2020; 2021)
70

Costalytra zealandica
( Henzell and Lowe

1970; Tumlinson et al. 1977) o

( 2013) .

1

20 (
2005) .

1 Rutelinae

13 o

Anomala cuprea- Anomala octiescostata

Anomala  albopilosa
sakishimana~ Anomala solida-

Anomala daimiana

Anomala albopilosa albopilosa (R
7S5 4- ) 22— ( Buibuilactone)
N . Popillia
Jjaponica-
Anomala osakana (R Z)-5-
(94 4- ) 2- ( Japonilure)
(RZ2)s5H{5A 4- ) 2- (R Z)-
549 4- ) 2-
( Tamaki et al. 1985) .
R-Japonilure ~ S-
( Tumlinson et al.
1977) . 1

Table 1 Sex pheromones of Rutelinae

Species Chemical component

Chemical structure Reference

(R7)S{9{ - ) 2-
Anomala cuprea R-Buibuilactone
(R7)S{9{ - ) 2-
R-Japonilure
(R7)S{9{ - ) 2-

Anomala solida

( R) Buibuilactone

Larsson et al.

1999

Téth et al.
2003
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1 Continued table 1
Species Chemical component Chemical structure Reference
(R Z)SH{9A 4d- 2- Leal et al.
Anomala octiescostata R-Buibuilactone 1994
(R 25494 - 2-
R-Japonilure
(7) 9- 2- Zhang et al.
Anomala orientalis  ( Z) <tetradec7-en2-one 1994
(E)7- 2- \/\/\MY
( E) 4etradec7-en2-one lo)
( E) 2- 4- W Leal 1992
OH o

Anomala schonfeldti

Anomala rufocuprea

Anomala osakana

Anomala albopilosa

sakishimana

Anomala albopilosa

albopilosa

Anomala daimiana

2+ E) -nonenol

(7) 5-

methyl 5+ Z) -tetradecenoate

(5754 4- )
S-Japonilure

(R7)5494 -

R-Buibuilactone

(R2)5434 -
R-Japonilure

(R7)54{94 -

R-Buibuilactone

(E)2-
2+ E) Nonenol

(E) 2-
2« E) Nonenal

Mthyl benzoate

(R7)S54{9 -

R-Buibuilactone

5
5
5
NNN=
NSN=
5

Tamaki et al.

1985

Leal et al.
1994

Leal et al.
1996

Leal et al.
1996

Leal et al.
1992
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1 Continued table 1
Species Chemical component Chemical structure Reference
( E) 2- 4 W
2« E) -nonenol OH
13- 2 44 1H 3H) -
Leal et al.
1 3-Dimethyl2 4«1 H 3H) -m-
Phyllopertha diversa 1997
diazaraphthalene
(R Z)SH9A 4d- ) 2- Tumlinson
Popillia japonica  R-Japonilure et al. 1977
Protaetia Wakamura
) ) 2 3-Dihydroxypropyl isovalerate
pryeri pryeri et al. 2020

2 Melolonthinae

o

Holotrichia  kiotonensis Holotrichia loochooana

loochooana Phyllophaga crinita  Phyllophaga tristis

o L— L-

2

Phyllophaga anxia ( Zhang et al.

1997) o Phyllophaga eleman Phyllophaga viciana
« N- L- L-
( Leal 1998) . ( R) -Acetoin
Amphimallon solstitiale
( Tolasch et al.
2003) . Phyllophaga crinita 2-
( ) - Methyl 2— ( methylthio)
benzoate
( Robbins et al.
2,

2003) .

Table 2 Sex pheromones of Melolonthinae

Species Chemical component Chemical structure Reference
1 4- 2- Mcgovern
Amphimallon majalis Propyl 1 4-benzodioxan-2-carboxylate et al. 1970
Amphimallon Tolasch
solstitiale ( R) Acetoin et al. 2003

Phenol
Costelytra zealandica

Henzell and

Lowe 1970

{ Hon
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2 Continued table 2

Species Chemical component Chemical structure Reference
(R Z)ya 15- 4 Kuwahara et al.
Heptophylla piceca (R Z) 9 15-Hexadecadiene-4-actone 1997
Holotrichia Oike et al.
kiotonensis 2-Amino-benzoic acid 2017
Holotrichia
Yasui et al.
loochooana
2-Amino-benzoic acid 2003
loochooana

1997
Holotrichia oblita  Proline ethyl ester

Glycine ethyl ester

L- Leal 1992
Holotrichia L-Methyl isoleucine
parallela

R -

R:(( j —Linalool . =

inaloo =
OH
Holotrichia Ward et al.
reynaudi Anisole 2001

/\/\/\/\/\/Y Weber et al.
Hoplia equina

2-Tetradecanone o) 2005

Robbins et al.

Lichnanthe vulpine  ( Z) -1 -Hexadecenol VVW\/\/OH
2006

( Z) 9 -Hexadecenal \/\W\/\/CHO

Falach et al.
2003

Maladera matrida (Z E) -aFarnesene
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2 Continued table 2

Species Chemical component Chemical structure Reference
Megaplatypus OH
gaprap ( +) -Sulcatol M Funes 2009
mutatus S
6- S5-  2- (0]
Sulcatone M
Reinecke
Melolontha
Toluquinone et al. 2006
melolontha
Meloloniha 1 4- Reinecke
, _ , o o]
hippocastani 1 4Benzoquinone et al. 2006
L-
Alm 2004
L-Valine
Phyllophaga anxia
-

Phyllophaga

crinita

Phyllophaga

cuyabana

Phyllophaga

elenans

Phyllophaga

georgiana

L-Methyl isoleucine

2 )
Methyl 2« methylthio) benzoate

p-Cresol

Phenol

L-
L-Methyl isoleucine

N-Formyl L-soleucine methyl ester

Valine methyl ester

OH

s

OH

¢

Robbins et al.
2003

Leal et al.
2003

Oehlschlager

et al. 2003

Robbins et al.
2009
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2 Continued table 2

( 2013) ,

(R 2)S54{9 A-
2- 1997) ,

)

Species Chemical component Chemical structure Reference
PZZ{’) Z‘:“ Leucine methyl ester ZN(;)(J);ma ol
Phyllophaga 24 ) Robbins

tristis Methyl 2« methylthio) benzoate et al. 2011
R-Japonilure
o S ( Tumlinson
et al. 1977); S-Japonilure
( Leal 1997) o R ( Leal
Cyclocephala lurida 1996) .
C. lurida o
(Leal 1998) . o
Anomala rufocuprea
R-Japonilure
( Leal 1998) . Methyl 5« Z) -
tetradecenoate
( Haynes and Potter 1995) . (Leal 1996) . R-
Buibuilactone ~ R-Japonilure S-Buibuilactone
3 R-Japonilure ( Larsson

et al. 1999) .

Blitopertha orientalis

(Z2)49- 2- (E) 9-
2-
( Zhang et al. 1994) .
R-Buibuilactone R-Japonilure
( Leal et al.
1993a; Leal et al. 1994a; Leal et al. 1994b) ,
( Leal et al. 1996a) ,

Cyclocephala borealis  Cyclocephala lurida
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Cyclocephala lurida 11 Melolontha melolontha
C. borealis ( Potter 1980) . 10:1 10
3- 1 4-

4 Benzoquinone M. hippocastani

10:1 2 ( Reinecke et al. 2006) ,

Popillia japonica- Holotrichia 4:8:14:3:5:19:11
parallela ( 2004 ( Tamaki 1984; Leal et al.
2014) . 1 mg 1994¢) ; (7) 5-
( Harper et al. 2017) ;
Img 20mg (E)=2- - 5
A. schonfeldii (Imai et al. 1997) .
( Hasegawa et al. 1993) ; o
12 mg (R) -
2- Dasylepida ishigakiensis 5
167 d 28 d ( Wakamura et al.
2009) ; ( Intergrated
( 59 ) pest management [PM)
( Robbins et al. 2006a) . ( Z) 9-
2-  (E)43- 2- 93:7
92% ( Polavarapu o
et al. 2002) , R-Japonilure
() - R- ;
Japonilure ( Leal 1996) .
(1 o
R-Japonilure o
2 ~3 . o

(Tadd 1986): - -
1:5 175% ( Ju et al.

2017) . 3-
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