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Novel aggregation pheromone, (1S,4R)-p-menth-2-en-1-ol, of the
ambrosia beetle, Platypus quercivorus (Coleoptera: Platypodidae)
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Abstract

We identified an aggregation pheromone of Platypus quercivorus using volatiles from the boring frass of an
unmated male. Gas chromatography — electroantennographic detector (GC-EAD) showed an EAD active component
from the volatiles. GC — mass spectrometry (MS) data and comparison of the retention times of stereospecific
synthetic compounds of the optical isomers on chiral GC column showed that the chemical structure of the EAD
active component was (1S5,4R)-p-menth-2-en-1-ol (quercivorol). A field trapping tests using quercivorol and its
optical isomer demonstrated that the quercivorol is main component of aggregation pheromone of P. guercivorus.
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Introduction

Platypus quercivorus (Murayama)(Coleoptera: Platypodidae)
is an ambrosia beetle that bore into the trunks of oaks and other
broad-leaved trees in Japan, Taiwan, India, Indonesia and New
Guinea (Wood & Bright, 1992). In platypodid ambrosia beetles,
male-initiated monogamy is usual (Kirkendall, 1983). Mass
mortality of oaks, especially Quercus crispula Blume, resulting
when large infestations of these beetles spread Japanese oak
wilt, has occurred continuously in Japan since 1934 (Hijii et
al.,1991; Ito & Yamada, 1998). Ito et al., (1998) reported that
ambrosia fungi caused the mass mortality of Japanese oak, and
that P. quercivorus is considered to be a critical vector of the
fungi. Later, a phytopathogenic fungus was isolated from the
gallery of the trunk and mycangia of the beetle, and named as
Raffaelea quercivora (Kubono & Ito, 2002).

In recent studies, concentrative boring was observed on a
particular oak tree soon after the initial attack of the beetle (Ueda
& Kobayashi, 2001, Kobayashi & Ueda, 2003), suggesting
the presence of semiochemicals attracting a large number of
individuals. Field experiments have indicated that chemical
communication was responsible for mass attacks on oaks by the
beetles at long range (Ueda & Kobayashi, 2005), whereas sound

communication is a cue for their mating behavior at close range
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as well (Ohya & Kinuura, 2001, Kobayashi & Ueda, 2002).

In some platypodid species that attack their hosts in large
numbers, the males release aggregation pheromone, which
attracts conspecific males and females (Madrid et al., 1972;
Milligan, 1982; Milligan & Ytsma, 1988; Milligan et al., 1988).
Sulcatol (6-methyl-5-hepten-2-ol), which is the aggregation
pheromone of some scolytid beetles including Gnathotricus
sulcatus (LeConte) (Byrne et al.,1974), G. sulcatus materiarius
Fitch (Fletchmann & Berisford, 2003) and G. sulcatus retusus
(LeConte) (Borden et al.,1979), was determined to be the main
component of aggregation pheromones of platypodid beetles
as P. flavicornis (F.) (Renwick et al., 1977) and P. wilsoni
(Shore & McLean, 1983). Although Ueda and Kobayashi
(2001) suggested the presence of aggregation pheromone
in P. quercivorus, it has not been chemically identified and
biologically assayed. In this paper, we identify the aggregation

pheromone of P. quercivorus.

Materials and Methods
Test Insects
Logs of Q. crispula Blume infested by P. quersivorus were
collected from oak forests in Aizu-wakamatsu, Fukushima

prefecture and Keihoku, Kyoto city, Kyoto prefecture, Japan in
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October 2003 and 2004, and kept in a temperature-controlled
room (16°C). Emerging beetles were collected daily, sexed, and

kept until use of experiments.

Chemicals

Synthetic racemic cis-p-menth-2-en-1-ol for 2004 and
2005 field traps test was purchased from Sankei Chemical Co
Ltd. (Tokyo, Japan) as a mixture of cis-p-menth-2-en-1-ol (>
76.2%) and trans-isomer (> 17.9%) (racemic quercivorol I). In
this paper, the cis-isomer is defined as the stereoisomer with
both the methyl and the isopropyl groups in the same direction.
Racemic cis-p-menth-2-en-1-ol, synthesized from (+)-cryptone,
chemical purity was 79.8%, contains 4.1% of trans-p-menth-
2-en-1-ol for 2006 field trap test (racemic quercivorol II: Mori,
2006). (1S,4R)-p-menth-2-en-1-ol (quercivorol: chemical purity
92.0%, optical purity 96.0%) was synthesized from (S)-perillyl
alcohol (Mori, 2006). (1R,4S)-p-menth-2-en-1-ol (chemical
purity 95.4%, optical purity 96.1%) was synthesized from (R)-
limonene (Kashiwagi et al., 2006). Ethyl alcohol was purchased
from Nihon Alcohol Hanbai Corp. Acetone (99.8%) and
n-hexane (96.0%) and all other reagents were purchased from

Wako Chemical Ltd. and Nacalai Tesque Ltd. in Japan.

Collection of volatiles

Logs of Q. serrata Thunb. ex Murray uninfested by P.
quercivorus (2040 cm long, 10-20 cm i.d.) were soaked in water
for over ten days to improve the breeding condition of the beetles
(Kitajima & Goto, 2004).

Holes (2 mm i.d. and 1-1.5 cm depth) were bored by drill

Indifferent Electrode

into the logs at 2-5 cm intervals. Unmated male beetles were
introduced as pioneers into the holes through a plastic pipette
chip (1 ml volume), with tips cut to allow the beetle to pass
into the logs. Each hole occupied by one male beetle. Within
several hours, the male beetles started to push out the frass to
the surrounding tunnel entrances. And after a while, boring
the males deposited droplets from their anuses onto the boring
frass circles. Similar behaviors were reported in males of P.
apicalis and P. gracilis (Milligan & Ytsma, 1988). After four
days, the masses of boring frass from single tunnel entrance
were collected at 10:00 a.m. and put into glass screw vials (1.5—
5 ml). Volatiles from the head space of the vials were collected
using a solid phase microextraction (SPME) holder with a fiber
of 100 um polydimethylsiloxane (Supelco, Bellefonte, PA,
USA) for about six hours. To extract more volatile components,
boring frass from 30 tunnel entrances of unmated male beetles
were soaked in 3 ml acetone for over one day. An unmated male
or female beetle newly emerged was also soaked in 150 pul of

hexane for over one day for extraction.

Analysis of volatile components
Gas chromatographic—electroantennographic detection (GC—EAD)
Volatiles collected from the acetone boring frass extracts
or SPME fiber were analyzed by GC-EAD system described
by Chen et al., 2006. A Hewlett-Packard 5890 series II GC
was equipped with a nonpolar column HP1-MS (30 m x 0.25
mm i.d. x 0.25 pm film thickness, J&W Scientific, Folsom,
CA, USA), a polar column DB-23 (30 m x 0.25 mm i.d. x
0.25 pum film thickness, J&W Scientific), or a chiral separation

Fig. 1. A: Acrylic antenna holder with electrodes for EAD preparation
B: Close-up view of antenna. See text for details.
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column CP-Chirasil-Dex CB (25 m x 0.25 mm i.d. x 0.25 um
film thickness, Chrompack, London, UK). The temperatures
of the injection port and flame ionization detector (FID) port
were 220°C and 250°C, respectively. Oven temperatures were
programmed at 50°C for 1 min, then 10°C/min to 250°C for the
non-polar columun, 60°C for 1 min, then 15°C / min to 200°C
for the polar column, 60°C for 1 min, then 10°C / min to 200°
C for the chiral column. For SPME sample injection, a 0.75 mm
diameter glass inlet liner (Supelco) was used, and for acetone
extracts sample injection, a 3 mm diameter glass inlet liner was
used for all column types.

An antenna including basic segment was gently pulled
out from a live beetle with tweezers under a stereoscopic
microscope, and was placed between recording and indifferent
electrodes in an acrylic holder (Fig. 1). The acrylic holder that
we used was modified from the method of Nojima et al., (2003)
for tiny antennae from small beetles, using a 1.5 mm diameter
glass capillaries (tip 0.1-0.2 mm i.d.) filled with Grace’s insect
cell culture medium (Invitrogen Corp., Carlsbad, CA, USA)
for electric conductivity. Silver wires were inserted into the
electrodes through acrylic holder at one end and were connected
to a Syntech (Hilversum, the Netherlands) EAG probe through
an interchangeable insert at the other. The identities of EAD
active compounds were verified by matching retention times with
purified synthetic standards injected onto these three columns. An
anntenal EAD response to the identified compound was verified
with 10 ng samples of purified synthetic standards dissolved with
n-hexane, and averaged EAD activity was calculated from five

individual responses to the standards.

GC — mass spectrometry (GC-MS)

The EAD active components were analyzed by GC-MS
(HP6890 GC and HP 5973N MSD, Agilent Technology, Huston,
USA) in EI mode at 70 eV. Ion source temperature of 230°C, Q
pole temperature of 150°C and interface temperature of 250°C.

Samples were analyzed on a non-polar column (HP1-MS), a
polar column (DB23) or a chiral separation column (CP-Chirasil-
DEX CB), under the same conditions as those of GC-EAD
analyses, except for initial temperature (35°C) and initial holding
time (3 min) in the case of the non-polar column. The GC-EAD
active components were identified by mass spectral matches
to library spectra (Wiley7n: Agilent Technology) followed by

comparison of retention times with those of authentic compounds.

Field trap tests

Field trap tests in 2004 were performed using traps with
cross barriers (30 cm width x 20 cm in height) and water basins
(20 cm i.d.x14 cm in depth) (Sankei Chemical Co. Ltd.,Tokyo,
Japan). Lures for the traps were made from plastic cups (5.8

cm id. x 2 cm in depth) containing cotton wicks infused with
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1 ml of synthetic racemic quercivorol I (quercivorol), 50 ml
of 70% ethyl alcohol solution (ethanol) or 50 ml of distilled
water (control). Three kinds of traps were baited with racemic
quercivorol I , ethanol and control and were set at a height of
1.5 m on trees in forests damaged by P. quercivorus at two sites
in Kushibiki, Yamagata prefecture and at two sites in Keihoku,
Kyoto prefecture, Japan in the summer, 2004. The captured
beetles at each trap were collected every 4 days, during 28
days of tested period and counted for each sex. Lures were
replenished and traps were shifted in each site every 8 days.
In summer of 2005, we tested the effect of dose of synthetic
racemic quercivorol, useing same type of traps and lures with
20, 60, 200 or 600 pl of racemic quercivorol I in damaged
forest in Atsumi, Yamagata prefecture (2005). In summer of
2006 we also tested attractance of optical isomers of quecivorol
using funnel traps (Pherotech Inc., Delta, BC, Canada) and
with 20 pl of purified enantiomers ((15,4R)—isomer or (1R,4S)—
isomer) or racemic quercivorol II in damaged forest in Oguni,
Yamagata prefecture (2006). The captured beetles at each trap

were collected every week and counted for each sex.

Statistical analysis for field trap test.

Statistical analyses were performed with SYSTAT ver.
9.01 (SPSS Inc., 1998). In all analyses a Type I error (a) rate of
0.05 was used. First, field data of numbers of captured beetles
at each trap of Atsumi and Keihoku in 2004 were analyzed in
three-way ANOVAs with the lure treatment, test site and period
of the experiment as fixed factors. Because numbers of the
beetles were heteroscedastic, log,, (N+1)—transformations were
performed prior to ANOVA analysis. There were few captured
beetles in one site in Keihoku, therefore we also performed the
same statistical analysis with this site excluded from the dataset.
In cases where no significant interactions between factors
occurred in ANOVA, pairwise differences between factor
combinations were tested with the Bonferroni adjusting method
(SPSS Inc., 1998). We also assessed effective dose of racemic
quercivorol I in the data collected at Atsumi in 2005. Because
there were no significant interactions between dose of racemic
quercivorol and collection period, we performed ANCOVAs
without such interactions. Last, we examined repeated measures
ANOVAs for the experiment dealing with the optical isomers of
quercivorol for the field test at Oguni in 2006.

To evaluate sex ratios for the captured beetles in response
to racemic quercivorol I and ethanol, we conducted Fisher’s

exact probability tests for two-way tables.

Results and Discussion
Analysis of Volatile component
GC-EAD
Results of GC-EAD analyses are shown in Fig. 2. With
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regards to boring frass volatiles from acetone extracts produced @ [ e
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peak A eluting at retention time 4.55 min and retention index
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there is a possibility that other undetected compounds may play ) ) i
Fig. 2. Simultaneous recordings of the GC-FID (upper trace)

and GC-EAD (lower trace) responses to the boring
The mean amount of the peak A was 106.04 + 30.72ng frass acetone extracts produced by unmated males of P,

from male whole body hexane extracts from Kyoto. quersivorus using a non-polar column.

(a) Female antenna from Kyoto

(b) Male antenna from Kyoto

(c) Magnification of the chromatograms of peaks A and B

wakamatu. Hereafter, it will be necessary to clarify whether the A : EAD-active component B: stereo isomer of peak A

role as kiromone for male orientation.

Interestingly, we also detected a minute amount (less than 1 ng)

of peak A from female whole body hexane extracts from Aizu-

female also secretes this component actively.
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Fig. 3. Results of GC-MS analyses of boring frass volatiles extracted by acetone and SPME, using nonpolar column.
(a) Total ion chromatogram of the boring frass volatiles from acetone extract.
(b) Total ion chromatogram of SPME sample.
(c) Mass spectrum of peak A from boring frass acetone extract.
A: EAD-active component  B: trans-stereoisomer of peak A compound
Note that retention times for peaks A (9.27 min) and B (8.95 min) in (a) and (b) were identical,
respectively.
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GC-MS

Results of GC-MS analyses of the EAD-active component
(peak A: Fig. 2a, b) are shown in Fig. 3.

The EI mass spectrum of the peak A compound showed
a molecular ion at m/z 154 (M") and characteristic fragment
ion peaks at m/z 43(C;H, : base peak), 55, 69, 81, 93 (M—43
-H,0), 111 (M—43), 121 (M-CH;-H,0), 136 (M-H,0), and
139 (M—CH,) (Fig. 3c). The mass spectral matching to library
spectra of authentic compounds and comparable retention
times with among peak A and authentic compounds indicated
that the active peak was monoterpene alcohol of molecular
weight 154 with a cyclohexene ring, and that the ring had a
hydroxyl function on the 1* carbon and an isopropyl function
on the 4" carbon. We determined the chemical structure of
the EAD-active compound to be cis-p-menth-2-en-1-ol.
Peak B also showed a molecular ion at m/z 154 (M") and
similar characteristic fragment ion peaks with peak A, so we
determined the compound to be a trans-p-menth-2-en-1-ol by
comparison of authentic compounds for retention times and
mass spectra. However, no reproducible response to peak B was
detected by GC—EAD analyses.

Chiral analysis with the authentic compounds by
Kashiwagi et al. (2006) indicates peak A to be (15,4R)-p-menth-
2-en-1-ol (Fig. 4), for which we proposed the name quercivorol

after P. quercivorus.

Field trap tests

Results of field trap test at Yamagata and Kyoto in
2004 were shown in Fig. 5. Number of captured beetles by
quercivorol I and ethanol did not significantly differ (Fisher’s
exact probability test) among female and males, the numbers of
both sexes were combined further statistical analyses. Because
quercivorol traps attracted both sexes, quercivorol apparently
acts as an aggregation pheromone, which has been reported in
other Platypus (Renwick et al., 1977, Shore snd Mclean, 1983)
rather than as a sex pheromone (Audino, et al., 2005), such as
sulcatol and sulcatone for P. mutatus. Results of the field trap
test in 2004 showed that racemic quercivorol I traps attracted
more beetles than ethanol traps or control traps, as shown in
the three-way ANOVAs and the post-hoc test (Table 1, 2). The
effects of lure and test sites were highly significant. In addition,
test periods and lure X site interactions were nearly significant
using all test site data (Table 1a). Using the three sites where we
were able to collect enough numbers of beetles, only the effect
of lure was significant and all interactions between factors were
not significant (Table 1b). We conducted a post-hoc test for each
pair of lures with the Bonferroni adjusting method, and found a
significant difference between racemic quercivorol I and other
lures (Table 2).

On the results of field trap test at Atsumi Yamagata in
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2005, the number of captured beetles significantly changed
with dose of racemic quercivorol I (Fig. 6, ANCOVAs, dose
of racemic quercivorol I: F,,=5.643, P=0.049, test period:
F,,=8.228, P=0.024). We suggest that the optimal dose of
racemic quercivorol I is above 600 pl / trap, though we cannot
define exact value.

From the results of the field trap test at Oguni, Yamagata
in 2006 using optical isomers, traps with both enantiomers and
racemic quercivorol II caught the beetles, but in the control
traps did not (Fig. 7). In total, we captured about twice as
many beetles with (15,4R) traps as with (1R,4S) and racemic
quercivorol II. However, we cannot detected significant
differences between lures (Repeated measured ANOVAs,
type of lure: F;,,=1.310, P=0.306, test period: F, ;;=5.904,
P=0.027, type of lure x test period: F7;,=0.755, P=0.535). The
captured number of beetles significantly changed between the
test periods. The decreased number of beetles was likely due to
weather changes between the test periods because the beetles’
dispersal behavior is known to change in response to sunlight
and wind (Ueda & Kobayashi, 2000).

Teble 1. Results of a three-way ANOVA of the effects of lure
(quercivorol*, ethanol and water), test period and test site
on log-transformed number of beetles collected per trap
(a) for all sites , (b) for well-collected sites

*racemic quercivorol I

(a)
factor df MS F-ratio P
lure 2 1.789 35876  <0.0001
test site 3 0.439 8.799 0.001
test period 3 0.149 2.986 0.059
lure X test site 6 0.132 2.649 0.051
test site x test period 9 0.061 1.215 0.345
test period x lure 6 0.062 1.240 0.332
18 0.050
(b)
factor df MS F-ratio P
lure 2 1.878 33.161  <0.0001
test site 2 0.048 0.848 0.452
test period 3 0.172 3.039 0.071
lure x test site 4 0.105 1.860 0.182
test site x test period 6 0.073 1.285 0.334
test period x lure 6 0.085 1.503 0.258
12 0.057

Teble 2. F-ratio (df =1, 22) (above diagonal) and P-value (below
diagonal) for each pairwise comparison between lure type
with the Bonferroni adjusting method. Number of beetles
at two sites at Yamagata and one site at Kyoto were used.

quercivorol ethanol water
quercivorol* - 19.337 49917
ethanol 0.0003 - 3.469
control <0.0001 0.1582 -

*racemic quercivorol I
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Fig. 4. Chemical structure of aggregation pheromone of P. quersivorus.
(1S,4R)-p-menth-2-en-1-o0l (quercivorol)
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During 2006 of test period, we had much rain in spite of
field trpping at the test sites in Yamagata, the captured numbers
of the beetles by racemic quercivorol IT in 2006 was much
less than that by racemic quercivorol I in 2004. Because of
their low density, we were not able to capture sufficient beetles
for statistical analyses. However, (15,4R)-isomer showed the
most luring ability in the field. It showed concordance with
electrophysiological activity to (15,4R)-isomer of GC-EAD
analysis, and we suggest that the (1S5,4R)-isomer, quercivorol is
the main component of the aggregation pheromone. Quercivorol
is confirmed as novel pheromone component in insects (Witzgall
et al., 2004). Quercivorol was found in several kinds of plant
leaves as an essential oil (Tabanca, et al., 2001; Ciccio et al.,
2002; Albuquerque, et al., 2004; Sadyrbekov et al., 2006). To
develop methods for mass trapping (Lei & Bakke, 1981) and
communication disruption (Payne, 1981) against damage to

oak forests by P. quercivorus, we need further analyses for the
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Fig. 5. Results of field trap tests at four sies in Yamagata (Kushibiki) and Kyoto (Keihoku) in 2004. Number
of females (mean + SE) and males captured by traps with lures per 4 days during test period of 28

days. For details, see text and tables 1 and 2.
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Fig. 6. Results of field trap tests at Yamagata (Atsumi) in 2005.
Number of female and male beetls captured by traps
with different doses per week during two weeks.

For details, see text.

B 1st week
1 2nd week

1
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Number of beetles captured/ week

1
(1S,4R) Control
Fig. 7. Results of field trap tests at Yamagata (Oguni) in 2006.
Number of beetles captured by traps with lures per
week during two weeks of test period.
(1S,4R) : 20 ul of (15,4R)-isomer (quercivorol)
(1R,4S) : 20 pl of (1R,4S)-isomer
Racermic: racemic quercivorol II (79.8 %, contains 4.1
% of trans-isomer)
Control : 50 ml of distilled water.

AR IS 55 6 % 1 5, 2007



Novel aggregation pheromone, (1S,4R)-p-menth-2-en-1-ol, of the ambrosia beetle, Platypus quercivorus (Coleoptera: Platypodidae) 55

sub-component of the pheromone and combined effect of the

pheromone and host kiromone component.

Acknowledgment

We appreciate the help of Ms. Ai Nozaki (Kyoto
Prefectural Forestry Experimental Station) who supplied
insects and collected boring frass. We thank Mr. Toshio Arihara
(Fukushima Forest Research Center) for his assistance with
collecting logs. Sincere gratitude is also extended to Drs.
Kiyoshi Nakamuta and Richard P. Shefferson (Forestry and
Forest Products Research Institute), for their critical reading of
the manuscript and valuable advice. This work was supported
in part by a Grant-in-Aid “Research Project for Utilizing
Advanced Technologies in Agriculture, Forestry and Fisheries”
from the Research Council, Ministry of Agriculture, Forestry

and Fisheries of Japan, grant No.1775.

References

Albuquerque, M. R. J. R., Souza, E. B., Lins, M. U. D. S.,
Nogueura, N. A. P., Lemos, T. L. G., and Pessoa, E.
R. (2004) Composition and antimicrobial activity of
essential oil from aerial parts of Baccharis trinervuis
(Lam.) Pers. Arkivoc, 6, 59—65.

Audino, P. G., Villaverde, R., Alfaro, R. and Zerba, E. (2005)
Identification of volatile emissions from P. mutates
(=sulcatus) (Coleoptera: Platypodidae) and their
behavioral activity. J. Econ. Entomol., 98, 1506-1509.

Borden, J. H. and McLean, J. A. (1979) Secondary attraction in
Gnathotricus retusus and cross attraction of G. sulcatus
(Coleoptera: Scolytidae), J. Chem. Ecol., 5, 79-88.

Byrne, K. J., Swigar, A. A., Silverstein, R. M., Borden J. H.
and Stokkink, E. (1974) Sulcatol: population aggregation
pheromone in the scolytid beetle, Grathotricus sulcatus, J.
Insect Physiol., 20, 1895-1900.

Chen, X., Nakamuta, K., Nakanishi, T., Nakashima, T.,
Tokoro, M., Mochizuki, F. and Fukumoto, T. Female
(2006) Sex Pheromone of a Carpenter Moth, Cossus
insularis(Lepidoptera: Cossidae), J. Chem. Ecol., 32, 669-679.

Ciccio, J. F., and Gomez-Laurito, J. (2002) Volatile constituents
of the leaves of Siparuna thecaphora (Siparunaceae)
from Turrialba, Costa Rica, Rev. Biol. Trop., 50, 963—967.

Fletchmann, C. A. H. and Berisford, C. W. (2003) Identification
of sulcatol, a potential pheromone of the ambrosia beetle
Gnathotricus materiarus (Col., Scolytidae), J. Appl.
Entomol., 127, 189-194.

Hijii, N., Kajimura, H., Urano, T., Kinuura, H., and Itami,
H. (1991) The mass mortality of oak trees induced by
Platypus quercivorus (Murayama) and Platypus calamus
Blandford (Coleoptera: Platypodidae) The density and
spatial distribution of attack by the beetles, J. Jpn. For.

| Bulletin of FFPRI, Vol.6, No.1, 2007

Soc., 73, 471-476. (in Japanese with English summary)

Ito, S., Kubono, T., Sahashi, N. and Yamada, T. (1998)
Associated fungi with the mass mortality of oak trees,
J. Jpn. For. Soc., 80, 170-175. (in Japanese with English
summary)

Ito, S. and Yamada, T. (1998) Distribution and spread of mass
mortality of oak trees, J. Jpn. For. Soc., 80, 229-232. (in
Japanese with English summary)

Kashiwagi, T., Nakashima, T., Tebayashi,S. and Kim, C-S.
(2006) Determination of the absolute configuration of
quercivorol, (15,4R)-p-menth-2-en-1-o0l, an aggregation
pheromone of the ambrosia beetle, Platypus quercivorus
(Coleoptera: Platypodidae), Biosci. Biotechnol. Biochem.,
70, 2544-2546.

Kirkendall, L. R., (1983) The evolution of mating systems in
bark and ambrosia beetles (Coleoptera: Scolytidae and
Platypodidae), Zool. J. Linn. Soc., 77, 293-352.

Kitajima, H. And Goto, H. (2004) Rearing technique for the
oak platypodid beetle, Platypus quercivorus (Murayama)
(Coleoptera: Platypodidae), on soaked logs of deciduous oak
tree, Quercus serrata Thunb. ex Murray, Appl. Entomol.
Zool., 39, 7-13 .

Kobayashi, M. and Ueda, A. (2002) Preliminary study of mate
choice in Platypus quercivorus (Murayama) (Coleoptera:
Platypodidae), Appl. Entomol. Zool., 47, 53-60.

Kobayashi, M. and Ueda, A. (2003) Observation of the mass attack
and artificial reproduction in Platypus quercivorus (Murayama)
(Coleoptera: Platypodidae), Jpn. J. Appl. Entomol. Zool., 47,
53-60. (in Japanese with English summary)

Kubono, T. and Ito, S. (2002) Raffaelea quercivora sp. Nov.
associated with mass mortality of Japanese oak, and the
ambrosia beetle (Platypus quercivorus), Mycosci., 43, 255.

Lei, R. and Bakke, A. (1981) Practical results from the mass
trapping of Ips typographus in Scandinavia. In Mitchell, E. R.
(ed.) “Management of Insect Pests with Semiochemicals”
Plenum Press, New York, USA, 175-181.

Madrid, F., Vité, J. P. and Renwick, J. A. A. (1972) Evidence of
aggregation pheromones in the ambrosia beetle Platypus
favicornis (F.), Z. ang Entomol. 72, 73-79.

Milligan, R. H., (1982) Evidence for an aggregation pheromone
in Platypus apicalis (Coleoptera: Platypodidae), “Insect
Pheromones and Their Application”, In Galbreath, R. A. (ed.)
Entomology Division Report 2, New Zealand Department of
Scientific and Industrial Research, Auckland, 37-50.

Milligan, R. H., Osborne, G. O. and Ytsma, G. (1988) Evidence
for an aggregation pheromone in Platypus gracilis Broun
(Coleoptera, Platypodidae), J. Appl. Entomol., 106, 20-24.

Milligan, R. H. and Ytsma, G. (1988) Pheromone dissemination by
male Platypus apicalis White and P. gracilis Broun (Col.,
Platypodidae), J. Appl. Entomol., 106, 113-118.



56 TOKORO M.et al.

Mori, K., (2006) Synthesis of (1S,4R)-4-isopropyl-1-methyl-2-
cyclohexen-1-ol, the aggregation pheromone of the ambrosia
beetle Platypus quercivorus, its racemate, (1R,4R)- and
(15,4S)-isomers, Tetrahedron: Asymmetry, 17, 2133-2142.

Nojima, S., Linn, Jr. C., Morris, B., Zhang, A. and Roelofs, W. (2003)
Identification of host fruit volatiles from hawthorn (Cratacgus
spp.) attractive to hawthorn-origin Rhagoletis pomonella flies,
J. Chem. Ecol., 29, 321-336.

Ohya, E. and Kinuura, H. (2001) Close range sound communications
of the oak platypodid beetle, Platypus quercivorous
Murayama (Coleoptera, Platypodidae), J. Appl. Zool., 36,
317-321

Payne, T. L. (1981) Disruption of southern pine beetle infestations
with attractants and inhibitors. “Management of Insect Pests
with Semiochemicals” In Mitchell, E. R. (ed.) Plenum Press,
New York, U.S.A., 365-383.

Renwick, J. A. A., Vite, J. P. and Billings, R. F. (1977) Aggregation
pheromones in the ambrosia beetle Platypus flavicornis,
Naturwiss., 64, 226.

Sadyrbekov, D. T. E. M., Suleimenov, E. V., Tikhonova, G. A.,
Atazhanova, A. V., Tkachev and Adekenov, S. M. (2006)
Component composition of essential oils from four species
of the genus Achillea growing in Kazakhstan, Chem. Nat.
Comp., 42, 241-365.

Shore, T. L. and McLean, J. A. (1983) Attraction of Platypus
wilsoni Swaine (Coleoptera: Platypodidae) to traps baited
with sulcatol, ethanol and a-pinene, Can. For. Serv. Bi-
Mon. Res. Note, 3 (4) 24-25.

SPSS Inc., (1998) SYSTAT ver 9.01 Statistics. SPSS science
marketing department, SPSS, Chicago, USA.

Tabanca, N., Kirimer, N. and Baser, K. H. C. (2001) The
Composition of essential oils from two varieties
of Sideritis erythrantha var. erythrantha and var.
cedretorum., Turk. J. Chem., 25, 201-208

Ueda, A. and Kobayashi, M. (2000) (Relationship between
flight of Platypus quercivorus, Coleoptera:Platypodidae),
temperature and sunshine, Appl. For. Sci., 9, 93-97. (in
Japanese with English summary)

Ueda, A. and Kobayashi, M. (2001)Aggregation of Platypus
quercivorus (Murayama) (Coleoptera:Platypodidae)on
oak logs bored by males of the species, J. For. Res., 6,
73-179.

Ueda, A. and Kobayashi, M. (2005) Attraction of Platypus
quercivorus (Murayama) (Coleoptera:Platypodidae) to
logs bored by conspecific silent males, Bull. Forestry and
Forest Products Res. Inst., 4, 39-44.

Witzgall, P, Lindblom, T., Bengtsson, M. and Téth, M. (2004). “The
Pherolist.” (online) http://www.pherolist.slu.se. (accessed
2006-10-30).

Wood, S. L. and Bright, D. E. J. (1992) A catalog of Scolytidae
and Platypodidae (Coleoptera), part 2: taxonomic index,
Great Basin Nat. Mem., 13, 1-1553.

TR BB 55 6 % 1 5, 2007]



Novel aggregation pheromone, quercivorol from the boring frass of an ambrosia beetle, Platypus quercivorus (Coleoptera: Platypodidae) 57

BREEF VALY, WY/ TFHF /ALY (8B FHFIAMLVHED
DEE7IAEY, (1SAR)-p- AV b -2-TV-1-F—Ib

AT AEE Y R IEF Y, R E—, Al AR, s R
EF - A0Be BiD. IR SRS, Fhk " & 7 % s

D=

W) FHFIALYOEET 20T V7%, REREDNZEACHEICA S ST T 5 A DFEFEIERL
IS, HAZAR ST I TMEERKEICE D L, ARAZ0< 75 THBEIHENT K 270 ED
fR, ARZT< 7T 7 ERIEC X DIEED D > Tl Db AkEEE (1S4R)-p- AV b -2-1v
-1-A =) vFRa—)b) EPRES NIz, TIVEFRT—)IL & T ONEEFRIE AR O T2 B AR BR O RS R
COMAMERT 20TV THB T EMHE N,

F—T—R NV I FAFIALY, BT 20TV, (IS4R)p- AV b 2-T¥ -1-F—)b,
TIvERO—)b, wmEEFT ALY

* BRMER G WL AT AR R R R T 305-8687 K Ik IR D XTI M D H 1 e-mail:tokoro@affrc.go.jp
1) BRAAS ST AR A B B W 2% 55 8 (FFPRI)

2) 5UHB RF PR S R SR

3) LB R MW £ > 2 —

4) FR MK A F % AT B 04 S A (FFPRI)

5) MR 5 22 B

6) BT & R L 3E (BR ) B b B JE A

| Bulletin of FFPRI, Vol.6, No.1, 2007





