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Response of Brontispa longissima to coconut palm
(Cocos nucifera) leaf volatiles
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Abstract. Brontispa longissima (Gestro) (Coleoptera: Hispidae) is a new invasive
pest in China that has caused severe economic damage to palm trees (Arecaceae,
Palmae). The response of this beetle to coconut palm (Cocos nucifera) leaf volatiles
is investigated in laboratory bioassays. Both sexes are attracted to a mixture of
β-myrcene, (−)-limonene and E -2-hexen-1-ol (1 : 6 : 1), which are key components of
coconut palm leaf volatiles. A blend of β-myrcene and (−)-limonene (0.7 : 1–1 : 0.7)
in low amounts (100 ng) elicits aggregation and oviposition in females. Chemical
analyses of food-deprived, gravid female B. longissima show high concentrations of
β-myrcene and (−)-limonene in their accessory glands, suggesting that female beetles
sequester both compounds and release them during oviposition.
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Introduction

The coconut leaf beetle Brontispa longissima (Gestro)
(Coleoptera: Hispidae) is one of the most notorious insect pests
of palm trees (Arecaceae). Native to Indonesia, B. longissima
is currently distributed throughout Southeast Asia, including
the Maldives, Solomon Islands, Indonesia, Thailand, Vietnam,
Australia and China. It was first reported as a new pest in China
in Hainan Island in 2002, where it has four to five overlapping
generations per year (Zhong et al., 2003). Brontispa longissima
attacks more than ten species of coconut palms (Cocos nucifera
L.), which are its preferred host plants (Zhong et al., 2003).
Larvae and adults spend most of the time hiding in unopened
leaf buds and feed on its tissue, although mature leaves can
also be eaten. Attacks by beetles can affect the growth of
coconut trees and reduce production of coconuts. If left uncon-
trolled, B. longissima infestations have the potential to cause
enormous damage. Estimates of losses in Vietnam alone are
approximately US$40 million annually (Satoshi et al., 2006).

Most studies on B. longissima focus on damage assess-
ment and control tactics to mitigate its impact (Voegele, 1989;
Liu et al., 1989; Chang, 1991). Despite the obvious aggrega-
tion phenomena of B. longissima in the wild, little is known
about its chemical communication system. Many species of

Correspondence: Zhongning Zhang, Institute of Zoology, Chinese
Academy of Sciences, 1 Beichen West Road, Chaoyang District,
Beijing 100101, China. Tel.: +86 10 6480 7071; e-mail: zhangzn@
ioz.ac.cn

herbivorous pests rely on host emitted odours for locating and
selecting suitable hosts (Bolter et al., 1997). In particular, chi-
ral compounds are known to play important roles in modulating
behaviour in the Coleoptera. For example, the use of two
enantiomers together yields maximum aggregation effects in
Gnathotrichus sulcatus (LeConte) (Coleoptera: Curculionidae:
Scolytinae) (Borden et al., 1976) and, in Dendroctonus brevi-
comis LeConte (Scolytidae), opposite enantiomers (antipodes)
can have antagonistic effects on behavioural responses, such
as aggregation behaviour (Wood et al., 1976).

The present study aims to: (i) extract and identify volatiles
produced by tender coconut leaves and by B. longissima adults
and (ii) identify which of these volatiles are attractive to
B. longissima.

Materials and methods

Insects

Adult B. longissima beetles and leaves from unopened leaf
buds from coconut trees (C. ucifera) were obtained from
Xionghai, Hainan Province, China, in 2007. The sex ratio of
the beetles was 1 : 1. The beetles were maintained under an
LD 12 : 12 h photocycle at 25 ± 1 ◦C and 80 ± 5% relative
humidity and mass-reared on fresh coconut leaves in a plastic
box (24 × 17 × 9 cm). Each box contained approximately
500 beetles. Two experimental groups were maintained. The
first group was fed 30 g of fresh coconut leaves three times per
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week, whereas the second group was fed 30 g of fresh coconut
leaves only once every 10 days (food-deprived group). Beetle
sex was determined by examination of the ventral side of the
abdominal tip under the microscope.

Volatile collection

Volatile compounds produced by coconut leaves and beetles
were collected by solvent extraction. Tender coconut leaves
(100 g) were cut into small pieces and added to a 1 : 1 mix-
ture of pentane/dichloromethane (200 mL) (high-performance
liquid chromatography grade) for 24 h. The solution phase
was removed, saturated with Na2SO4, then concentrated by
fractional-distillation with an erect distillation column (30 cm),
filled with tiny glass heads (outer diameter 3 mm), at a rate
of 1 mL min−1 to a final volume of 5 mL. The sample was
concentrated to 200 μL under N2 and stored at −20 ◦C before
analysis by gas chromatography-mass spectrometry (GC-MS)
and laboratory bioassays. This collection method was per-
formed seven times.

Solvent extracts of B. longissima were prepared by soak-
ing different parts of the beetles (heads, wings, legs,
abdomen, hindgut, ovaries, accessory glands, spermathecae,
testes and ejaculatory ducts) in a 1 : 1 mixture of pen-
tane/dichloromethane (1 mL) for 30 min at room temperature.
Each sample contained a 50-beetle equivalent that was con-
centrated to 200 μL under N2 and maintained at −20 ◦C for
GC-MS analysis. All sample collections were repeated five
times.

Chemical analysis

GC-MS analyses of coconut leaf extracts were performed
on a HP 6890 Gas Chromatograph interfaced with a HP 5973
Mass Spectrometer (electron impact ionization, 70 eV) through
a HP-5MS column (inner diameter 30 m × 0.25 mm) (J&W
Scientific, Folsom, California). The temperature programme
comprised: 30 ◦C for 1 min, increased to 120 ◦C at 5 ◦C min−1,
increased to 180 ◦C at 20 ◦C min−1 and was then maintained
at 180 ◦C for 10 min. Camphene was added to all volatiles
collections (include the plants and beetle body parts) as
an internal standard (10 ng) for quantification. The mass
spectrometry data library was NIST 08 and ms search 2.0
software (NIST, Gaithersburg, Maryland) was used in the
analyses.

The absolute configuration of the chiral compounds in the
extracts was analyzed by GC-MS using a Cyclosil-B column
(inner diameter 30 m × 0.25 mm) (J & W Scientific). The
temperature programme comprised: 50 ◦C for 5 min, increased
to 90 ◦C at 5 ◦C min−1, maintained at 90 ◦C for 2 min, then
increased to 96 ◦C at 2 ◦C min−1, maintained at 96 ◦C for
10 min, then increased to 200 ◦C at 10 ◦C min−1, and then
maintained at 200 ◦C for 10 min. The absolute configuration of
chiral compounds was determined by comparison of retention
times with those of authentic standards. All volatile collections
received furfural as an internal standard (10 ng).

Sources of compounds

Synthetic volatile compounds (Tables 1 and 2) were supplied
by Acros Organics (Somerville, New Jersey), whereas solvents
(hexane, pentane and dichloromethane) were obtained from
Fisher Chemicals (Fairlawn, New Jersey).

Olfactometer bioassays

Tests were performed using a Y-tube glass olfactometer
(outer diameter 12 mm). The vertical segment was 28 cm
long and the arms were 9 cm long, spaced at an angle
of 120◦. During the test, baits (filter paper with different
dose of chemicals) were placed at the end of one arm of
the Y-tube and a solvent control (1 μL of 1 : 1 mixture
of pentane/dichloromethane) was placed in the other arm.
This sequence was interchanged randomly in subsequent
replicates. Activated charcoal filtered air was passed through
the olfactometer at a rate of 50 mL min−1 through both arms.
An insect container with five test beetles was placed at the open
end of the vertical segment. The number of beetles that chose
each arm was counted after 5 min. The Y-tube was replaced
with a clean one after every test. Any individual beetle was
tested only once. The experiment was repeated 20 times. To
identify an active blend, all the constituents (including the
chiral forms) identified in the plant and insect extracts were
tested using their natural ratios in a series of subtractive assays
(with each constituent).

Effect of host plant volatiles on oviposition

To test the effect of the identified volatile compounds on
oviposition, females were given a choice to oviposit between

Table 1. Chemical profile of coconut (Cocos nucifera) leaf extracts.

Chemical compound
Mean ± SE percentage relative to
quantity of α-pinenea (n = 7)

Green leaf volatiles
Hexanal 0.6 ± 0.2
3-Hexanol 1.0 ± 0.1
E -2-Hexenal 2.2 ± 0.3
2-Hexanol 1.5 ± 0.3
1-Hexanol 2.2 ± 0.3
Z -3-Hexen-1-ol 7.6 ± 0.5
E -2-Hexen-1-ol 5.7 ± 0.2

Terpenoid compounds
α-Pinene 100
β-Pinene 28.0 ± 2.4
Myrcene 7.2 ± 1.0
3-Carene 12.7 ± 3.1
Limonene 45.8 ± 4.3
Terpinolene 20.7 ± 3.8

Other compounds
Heptanal 0.2 ± 0.2
Nonanal 0.2 ± 0.1

a The content of α-pinene from tender leaves of C. nucifera varied in the
range 3.1–7.2 ng g−1.
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Table 2. Chiral compounds present in coconut (Cocos nucifera) leaf
extracts and accessory glands of food-deprived Brontispa longissima
females.

Mean ± SE percentage relative to
quantity of (+)-α-pinene (n = 5)

Retention
time (min) Compound Leafa Accessory glandsb

13.07 (−)-α-Pinene 32.2 ± 1.4 35.8 ± 3.7
13.25 (+)-α-Pinene 100 100
14.20 β-Myrcenec 11.7 ± 1.7 91.0 ± 4.6
15.02 β-Pinene 44.6 ± 2.4 43.1 ± 2.6
14.41 3-Carene 38.9 ± 3.2 36.8 ± 2.8
16.54 (−)-Limonenec 32.6 ± 5.2 76.0 ± 6.0
17.05 (+)-Limonene 9.7 ± 2.1 8.5 ± 1.8
19.19 Terpinolene 22.0 ± 3.1 19.6 ± 2.8

a Extract of unopened bud’s leaves of C. nucifera. The content of (+)-α-
pinene varied in the range 2.1–5.5 ng g−1.
b Extract from the accessory glands of food-deprived gravid female
Brontispa longissima. The content of (+)-α-pinene varied varied in the
range 0.2–0.7 ng per beetle.
c Indicates a significant difference between leaf and accessory gland (t-test,
P < 0.05).

fresh coconut leaves treated with the volatile compounds and
control leaves treated with hexane. Samples of volatiles were
diluted in analytical grade hexane (10 or 200 ng μL−1). For
each assay, a piece of fresh coconut leaf (2 × 15 cm) treated
with 10 μL of the volatile was used. The control leaf was
identical and was treated with 10 μL of hexane. The test was
performed in a glass tube (5 × 20 cm) during 24 h, after which
the number of eggs was recorded. The test was repeated 30
times. Twenty females were used in each test. Subtractive
assays were used in this experiment.

Statistical analysis

Data were analyzed by using a paired-sample Student’s
t-test. For comparisons between several groups (subtractive
blends series), one-way analysis of variance with Bonferonni
analysis was used in spss, version 13.0 (SPSS Inc., Chicago,
Illinois). P < 0.05 was considered statistically significant.

Results

Chemical analysis

The chemical profile of coconut leaf extracts is shown in
Table 1. Terpenoids were the main components in the crude
extracts and six-carbon compounds were in low abundance.
The results are expressed by the relative percentage to α-pinene
(5.3 ± 0.51 ng g−1). Ratios of compositions were similar in the
volatile composition of the gas phase and in the corresponding
leaf-extract (Y. Fang, unpublished data).

Chiral chromatography revealed eight types of terpenoids,
including (−)- and (+)- enantiomers of both α-pinene and
limonene. The ratio of the terpenoids was similar in coconut

leaves and in most female beetle extracts, with the exception of
the accessory glands (Fig. 1 and Table 2). Higher amounts of
β-myrcene (0.45 ± 0.07 ng/beetle) and (−)-limonene (0.45 ±
0.07 ng/beetle) were detected in accessory gland extracts
of food-deprived gravid females, whereas the other parts
of the beetles contained low amounts of myrcene (0.07 ±
0.04 ng/beetle) and (−)-limonene (0.17 ± 0.06 ng/beetle).

Olfactometer bioassays

Solvent extracts from coconut leaves elicited responses in
both sexes. In subtractive assays, the results showed signifi-
cant differences between controls and a mixture of β-myrcene,
(−)-limonene and E-2-hexen-1-ol (1 : 6 : 1) (Bonferoni, P =
0.004). No significant difference was found between the
coconut leaf extract and the synthetic mixture β-myrcene,
(−)-limonene and E-2-hexen-1-ol (1 : 6 : 1) (Bonferoni, P =
0.297). Compared with the control, the blend compris-
ing β-myrcene, (−)-limonene and E-2-hexen-1-ol (1 : 6 : 1)
elicited significant attraction in female (t-test, P = 0.001) and

Fig. 1. Gas chromatography (cycloSil-B column) analysis of
(A) coconut leaves, (B) accessory glands of food-deprived Bron-
tispa longissima females, and (C) co-injections [β-myrcene + (−)-
limonene] with accessory glands of food-deprived B. longissima
females. a, (+)-α-Pinene; b, (−)-α-pinene; c, myrcene; d, (−)-
limonene; e, (+)-limonene.
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male (t-test, P = 0.002) beetles. There were no significant
differences in the response of males versus female beetles
(t-test, P = 0.398) (Fig. 2).

A mixture of β-myrcene and (−)-limonene (1 : 1) at a low
concentration (100 ng) induced attraction in female beetles.
A blend of β-myrcene and (−)-limonene (at the ratio of 0.7 : 1
to 1 : 0.7) was detected by female beetles at a dose of 100 ng.
Activity was lost at higher concentrations (2 μg). No activity
was elicited by a mixture of β-myrcene and (+)-limonene at a
1 : 1 ratio (Table 3). No significant differences were found in
bioassays between the different subtractive blends compared
with the final blend of β-myrcene and (−)-limonene (1 : 1)
(Bonferroni, P < 0.05). No synthetic compound alone was
able to induce attraction in adult beetles.

Effect of selected chemicals on oviposition

In the subtractive bioassays, we found that a blend of
β-myrcene and (−)-limonene (0.7 : 1 to 1 : 0.7) at a low
concentration (100 ng) induced oviposition (Bonferroni, P =
0.011) (Table 4). The activity was lost at higher doses (2 μg).

Fig. 2. Response of Brontispa longissima in a Y-tube olfactometer
when given a choice between solvent control and coconut leaf solution
extract or a mixture of [β-myrcene, (−)-limonene and E -2-hexen-1-ol
in the ratio of 1 : 6 : 1] (synthetic mixture). *Statistically significant
difference between treatment and control (t-test, P < 0.05).

A mixture of myrcene and (+)-limonene (1 : 1) did not elicit
oviposition (t-test P = 0.722).

Discussion

As flavor-determining compounds, monoterpenes are important
plant volatiles. Many studies demonstrate that monoterpenes
present enantiomeric arrangements that can be utilized as a
‘fingerprint’ by insects for the detection of a host and/or
mate (Silverstein, 1988; Seybold, 1993; Wilfried, 1998).
The presence of both enantiomers of a single monoterpene
is common for plant volatiles. As shown in Fig. 1, two
monoterpenes, α-pinene and limonene, have both of their
enantiomers present in the volatile blend of coconut leaves.
Several studies suggest that enantiomeric ratios in many
compounds are important for insects to discriminate between
host and nonhost odors (Borden et al., 1976; Wood et al.,
1976; Silverstein, 1988; Seybold, 1993; Atle et al., 1998).
The data of the present study show that chirality was key
to the behavioural activity of B. longissima. Even though a
mixture of β-myrcene and (−)-limonene induces significant
behavioural activity in olfactometer and oviposition bioassays,
a mixture of β-myrcene and (+)-limonene does not. Similarly,
the composition of volatile compounds is very important to
beetle behaviour. A mixture of β-myrcene, (−)-limonene and
E-2-hexen-1-ol (1 : 6 : 1) can attract both genders of beetles.
On the other hand, a mixture of β-myrcene and (−)-limonene
(1 : 1) induces attraction in female beetles only.

The volatile blend emitted by coconut leaves contains both
β-myrcene and (−)-limonene. Remarkably, gravid females
also contain β-myrcene and (−)-limonene when food-deprived.
Only the accessory glands contain high amounts of β-myrcene
and (−)-limonene, whereas other parts of the beetles contain
low amounts of myrcene and (−)-limonene. This suggests
that B. longissima sequesters β-myrcene and (−)-limonene
and releases them when preparing for oviposition (probably
triggered by food-deprivation). The data of the present
study also show that B. longissima are very sensitive in
behavioural bioassays to concentrations of β-myrcene and
(−)-limonene, so it is likely that these volatiles have different
functions at different concentrations. At low concentrations,
they may act as an oviposition attractant, whereas, at higher
concentrations, this behavioural effect could be lost. Perhaps
at higher concentrations β-myrcene and (−)-limonene lose

Table 3. Response of Brontispa longissima to synthetic volatiles of coconut (Cocos nucifera) leaves in Y-tube olfactometer bioassays.

Mean ± SE number of beetles (n = 20)

Chemical Dose Gender Treatment Control

Myrcene + (−)-limonene (1 : 1) 100 ng Male 2.33 ± 0.26 1.77 ± 0.21
Myrcene + (−)-limonene(1 : 1)a 100 ng Female 2.56 ± 0.23 0.95 ± 0.18
Myrcene + (−)-limonene (0.7 : 1)a 100 ng Female 2.50 ± 0.21 1.13 ± 0.20
Myrcene + (−)-limonene (1 : 0.7)a 100 ng Female 2.47 ± 0.28 0.87 ± 0.15
Myrcene + (−)-limonene (1 : 1) 2 μg Female 1.65 ± 0.27 1.91 ± 0.25
Myrcene + (+)-limonene (1 : 1) 100 ng Female 1.57 ± 0.22 1.67 ± 0.19

a Indicates a significant difference between treatment and control (t-test, P < 0.05).
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Table 4. Oviposition response of Brontispa longissima to coconut leaves in the presence of selected chemicals.

Mean ± SE number of eggs (n = 30)

Chemical Dose Treatment Control

Myrcene + (−)-Limonene (1 : 1)a 100 ng 8.98 ± 0.86 4.89 ± 0.52
Myrcene + (−)-limonene (1 : 1) 2 μg 6.65 ± 0.79 7.00 ± 0.90
Myrcene + (−)-limonene (0.7 : 1)a 100 ng 6.07 ± 0.58 1.92 ± 0.34
Myrcene + (−)-limonene (1 : 0.7)a 100 ng 5.69 ± 0.56 1.84 ± 0.33
Myrcene + (+)-limonene (1 : 1) 100 ng 6.20 ± 0.77 6.14 ± 0.91
Myrcene 100 ng 6.22 ± 0.67 6.09 ± 0.79
(−)-Limonene 100 ng 6.12 ± 0.86 6.12 ± 1.04

a Indicates a significant difference between treatment and control (t-test P < 0.05).

their attractiveness for oviposition to prevent crowding and
ensure that larvae have sufficient resources. Similar phenomena
are reported for other insect species (Rothschild et al., 1977;
Ronald & Juro, 1982; Poirier & Borden, 1991).

The classical view that the accessory gland simply yields
material to provide protection from desiccation is challenged
by the possibility of production of oviposition aggregation
pheromones or oviposition-deterring pheromones in some
species (Szopa, 1981; Schoonhoven et al., 1990; Rai et al.,
1997). The accessory glands of many female insects produce
secretions that are deposited on oviposited eggs. Gravid
B. longissima females release high rates of β-myrcene and (−)-
limonene under starved conditions, probably because gravid
females wait until they are hungry before ovipositing. If
females cease or decrease activity on the plant until they
become hungry, they can then combine feeding and oviposition
bouts into a single foraging expedition, cutting the predation
risk considerably. Many studies report that natural enemies
make very effective use of the volatiles emitted by plants when
they are attacked, even when there is no plant damage (Nadel
& van Alphen, 1987; Potting et al., 1995). Wallin & Ekbom
(1994) show that only female beetles alter their behaviour
with respect to both food deprivation and prey density. For
B. longissima, there may be two advantages for gravid females
when less food is consumed. First, they would induce a
decreased reaction in the plant (less parasitoid attractants) and,
second, changes of odour may change the chemical fingerprint,
hence making females less prone to detection by natural
enemies. Unexpectedly, the content of β-myrcene and (−)-
limonene from the extract of female’s accessory glands in the
normal group (regularly fed) does not significantly increase
compared with the food-deprived group. One explanation for
this might be that hungry females are simply more motivated
than fed ones for oviposition because food deprivation could
quickly lead to death.

Only a few studies exist reporting attractants for species in
the family Hispidae before the present study was conducted.
Earlier studies on the natural history of B. longissima fail to
report evidence of behavioural responses to volatile compounds
produced by fresh, tender coconut leaves (Zeng et al., 2003;
Zhou et al., 2004). Brontispa longissima lives in unopened leaf
buds for most of its life, such that long distance communication
may not be essential. Nevertheless, the identification of an
active blend released by its host leave buds is a pioneer

breakthrough for understanding the host-finding mechanisms
in B. longissima. In addition, we raise the possibility that
gravid females may sequester terpenoid compounds and release
them when they prepare to oviposit. These results open new
experimental perspectives for unravelling how B. longissima
uses semiochemicals for communication.
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