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Sex Pheromones of Plant-Feeding Scarab Beetles

Walter Soares Leal

ABSTRACT From a chemist’s perspective, Scarabaeidae is one of the rmost exciting group of msects to work
an the isclation, identification, and synthesis of sex pheromones because-as opposed to Lepdoptera.
which by and large utilizes straight chain alcohols, aldehydes, and acetates -the pheromonal chemistry
of scarab beetles is remarkably diverse. While species in the subfamily Rutelinae utilize pheromone
constiluents, winch are presumably falty acid denvatives, the more pnmitive species in the subfamily
Melolonthmae use phenolic, amine acid denvative, and terpencid compounds. Here, 1 discuss the
recent advances we have accomplished in the identification of scarab sex pheromones with especial
emphasis on their chemical dwersity Also, | discuss the patential role of these sex pheromones
in insect pest management Field tests revealed that, in confrast to what has been frequently observed
in the Lepidoptera, the higher the desage of sex pheremone loaded in the traps the greater the
capture of scarab beetles. These data suggest that mass trapping 15 more likely to be useful for
scarab pest management than matng distruption
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GC-BB

Herbivorous scarb beetles (Coleoptera scarabaei-
dae} include various economically important pests
in agriculture, horticulture, and forestry. Both larvae
{grubs) and adult damage crops by feedng on un-
derground and aeral pars, respectively In spite of
the fact that many species are economically impor-
tant pests throughout the wotld and that alternative
methods of control are highly sought after, few
studies have been dasigned to identfy sex phero-
mones of scarab beetles and evaluate their potential
in pest management | have initiaied a comprehen-
sive cooperatwve project to investigate the feasibility
of applying semiochemicals in the ntegrated pest
management (IPM) of various scarabs in Japan As
a resull. the sex pheromones of some economically
important pests have been identified and this brou-
ght to light the fact thal the chemical diversity of
these sex pheromones is remarkably different from
that of Lepmdoptera species

EFFORT TOWARD SHORT-CUT BIOASSAYS

One of the main bamers in the task of identifymng

sex pheromones from scarab heetles 15 the lack of
unifarm and consistent ioassays due to the compli-
cated behavior of these insects. In order to i1dentify
the sex pheromone of the Japanese beetle, for
example, attempts to develop a laboratory bioassay
in a number of olfactometers and wind tunnels did
not consistently vield any gquantifiable orientation
behavior and ultimately field tests (which are more
time- and sample-consuming) were conducted (M
G. Klen, personnal communication)

Couphng gas chromatography (GC) with a hiclo-
gical detector having the msect antenna as the sen-
sing element (EAD) has been demonstrated to be
a powerful technique to overcome the difficulty in-
curred for the lack of appropriate bicassay (Leal et
al 1992a). The mnsect antenna is placed in an acrylic
stage in such a way to allow the club to be open
during the measurements.

Identification of active compounds can also he
achieved by behavioral abservation of insects placed
in an arena (Fig 1) dreclly linked to & GC flow
(GC-BB) (Leal et al. 1992h) Males responded to
fermale sex pheromone by walking or flying towards
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Fig. 1. Gas chromatography-behavior bioassay (GC-
BRB) setup Males are placed in a plastic box arena (ar-
row} connected to the GC effluent.

the GC outlet, and gathering on a plastic mesh, allo-
wing one to locate the actwe peak(s) (Fig. 2}.
Wind tunnels {Fig. 3a) are widely applied in phe-
romone research. Although it could not be used for
the Japanese beetle, some species like Anomala
diamiana fly nicely in a wind tunnel in response
to sex pheromone (Fig. 3b) and land on the phero-
mone source where they search for females (Fig.
3¢). This behavior can be gquantified and used for
the identification of active compounds. For some
species like Anomala cuprea (Fig. 4), the attractancy
to sex pheromone can be also tested in simple wal-
ling behavior bioassay i a small plastic box (X 22
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* 30 cm)

Use of these different approaches combmed with
field tests led to the identification of the sex phero-
mane of various species (Leal 1991; Leal et al
1992ab,c: 1993ab.c; Leal 1993, Leal et ai. 1994a,
b,c}

CLASSFICATION AND PHYLOGENY
OF SCARABS

Scarabaeidae is one ol the 8 families in the super-
family Scarabaeoidea (=Lamellicomia) (Parker
1982) (Fig. 5a). Out of 20 subtamilies of the Scara-
baeidae, four are the mast notorious because their
members are agricultural pests (Fig 5b). Sex phero-
mones have been identified only from Rutelinae and
Melolonthinae According  to
(1982), Melolenthinae is the most primitive of these

species Howden

two subfamilies
SEX PHEROMONES OF MELOLONTHINES

The sex pheromone of four Melolonthines have
been identified thus far (Table 1) and this mdicate
that these more pnmitive species utiize phenolic,
amino acids, and terpenoid compounds, which by
and large are hkely to have amino acids as precur-
sors. Even an amino acid dervative has been identi-
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Fig. 2. GC-BB result. Anomala schonfeldh males gather on the GC outlet in response to the actve peak 1n

the female airborme volatiles at ca. 114 min
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Fig. 3. Behavior of Ancmala damiana in a wind tunnel (A). Male flying toward a pheromone soutce (B} and
searching for female after landing on the filter paper (C)

Fig. 4. Anomala cuprea males, attracted to a filter pa-
per impreghnated wiath female sex pheromones, try to
copulate with each other

fied as the major constituent of a Holotrichia spe-
cies. L-Valine methyl ester, found in trace amounts
i the fernale clands of the same species, was nac-
tive to males, but it 15 the major constituent of a
pheromone blend produced by an Amencan Phyllo-
phoga species (Leal et al. unpublished data). Some
of these compounds showed antimicroblal actwity
(Leal and Shirata 1992a. b). These findings along
with the ewidence that aftractancy of H. parailela
sex pheromone is not affected by non-natural enan-
tiomers and diastereomers {Matsuyama et al. 1994)
suggest that these semiochemicals evolved from a
more primitve role as defensive substances (Leal
1995).

A Scarabaeoidea

1 T ]

Lucanidae ‘Trogidae Scarabaeidae Passalidae -
This Tamuly conlains:
about 2000 genera

25,000 specles
20 sublimilies

B Scarahaeidae

| | e

Ruielinae Cetoninae Dynastinae -----

Melolonthinae

Asiatle garden Japanese green June  northern and
beetle, Furopean  and Criental beetles snouthern
chafer, May or beetle; mashed

June bectles Ananala spp chafers

Fig. 5. Classification of scarab beetles.

Fig. 6. Anomala albopilosa sakishimana (left) and A
cuprea utilize the same sex pheromone blend, but are
geographicaily isolated.
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Table 1. Sex pheromones of mololonthines

Costelytra zeclandica @OH
Hz\g’ H
Holotrichia parallela

%\

Holotrichia consanguinea

Phyllophaga cuyabana

e ) Ko

@—ome
Me-@OH

(Henzell and Lowe, 1970}

(Leal et af, 1992c, 1993b)

(Leal et a! unpublished data)

{Leal et al unpublished data)

SEX PHEROMONES OF RUTELINES AND ITS
POSSIBLE ORIGIN

Although the blosynthesis of scarab sex phero-
mones have not been studied thus far, it is likely
that most of them are derived from fatty acids.
Japonilure and methyl 5-(Z)-tetradecenoate could be
produced from oleic acid by two cycles ol B-oxida-
Hion, which by esterification would produce the ester
utilized by Anomala rufocuprea. while allylic oxida-
tion, followed by cyclization would give rise to japo-
nilure (Leal 1995).

Despite to the fact that Rutelines utilize closely
related compounds, species isolahon is acheived be-
cause species using even the same pheromone
blend are geographiwcally and/or seascnally 1solated,
A. albopilosa sokishimana and A. cuprea (Fig, 6)
use a mixture of twe lactone compounds (Table 2},
but cross-attraction does not take place because the
former 15 restricted to Mivakojima Island m the
South of Japan whereas the latter occurs in the
mainland of the Japanese archipelago. On the other
hand, A. ochiescostata and A. euyprea use also the
same blend of lactones (Table 2), but the former
occurs in early spring whereas the flisht season of
the lafter is in summer

APPLICATION OF SCARAB
SEX PHEROMONES

Because of the difficulty of contral most scarab
pests with insecticides and the demand for safer
agrochemicals, the identification of these sex phero-
mones paved the way for their use in integrated

pest managemenl Seven formulations for monito-
rnng of scarab species are now produced by Fuji
Flavor and commercialized by Japan Tobbaco. Al-
though these products are registered only for moni-
toring of some species, preliminary field experiments
suggest that they may be useful for pest control.

For species that utilize a binary mixture as a sex
pheromone blend, it has been observed that the
ratia of the two compounds is not a critical factor
as for the case of moths. For example, dewation
from the natural ratio (S:2) of the sex pheromone
emussion by fernale A. octiescosta did nol significa-
ntly diminish the atraction of males to traps in the
field {Leal et al 1994b). In Lepidoptera the respo-
nse of males diminishes markedly even with slight
deviations from the natural proportion. In addition,
saturation due to an increased dosage of sex phero-
mone, which is commenly found in Lepidoptera, has
not been cbserved for the species studies These
findings suggest that these sex pheromones may be
more feasible for mass trapping than to mating dist-
ruption, although none of these techniques has been
evaluated in the field, Preliminary experments an
the application of these sex pheromones for pest
management are underway.

CONCLUSIONS

The lack of unilorm and consistent bioassays for
the identification of scarab beetle sex pheromones
can be overcome by the use of “short-cut” techr-
ques, such as GC-EAD and GC-BR.

The identification of sex pheromones of other
scarab species will allows us to test our hypothesis
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Table 2. Sex pheromones of rutelines

Popillia japonica
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(Tumlinson et of 1977)

(Tamala et al. 1985}

{(Leal 1991 and Leal et al. 1993a)
(Leal et al 1992b)

(Leal et al 1993c)

{Leal 1993 and Leal et af 1994a)
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Anomala albopiiosa
sakishimana

Anomala japomca

{Leal et af 1994b)

{Leal et ai. 1994c)

{Leal et al. unpublished data)

that sex pheromones of the most primitive group,
Melolonthinae, have evolved from primary defensive
rale and that sex pheromone of the most evalved
one, Rutelinae. are derived from fatty acids.

These sex pheromones can be used for monito-
nng of scarab populations and are likely to be useful
in mass trapping of some species.
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