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ABSTRACT Research during the 1980s showed that male Xylotrechus pyrrhoderus Bates (Coleoptera:
Cerambycidae), a vineyard pest, produce (2S,3S)-2,3-octanediol and (S)-2-hydroxyoctan-3-one as possi-
ble pheromone components, but to our knowledge, field tests were not carried out. We confirmed that at
least female X. pyrrhoderus were attracted by a 1:1 blend of these two compounds in field trials in Japan.
Furthermore, more than 200 males and females of the congener Xylotrechus rufilius Bates were
attracted by racemic 2-hydroxyoctan-3-one, and inhibited by syn-2,3-octanediol. Adult X. rufilius
recently were intercepted in a shipment from China entering Baltimore, Maryland, raising concerns that
this polyphagous species could establish in North America. Our results suggest that traps baited with
2-hydroxyoctan-3-one would be a valuable tool to assess whether X. rufilius has indeed become estab-
lished, and to monitor for future introductions of X. rufilius.

KEY WORDS Cerambycidae, longhorned beetle, chemical ecology, quarantine, 2,3-octanediol,
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The family Cerambycidae, or longhorned beetles, in-
cludes some of the most damaging insect pests of
woody plants worldwide (Linsley and Chemsak 1997).
Cerambycids also are of major importance as invasive
species because their wood-boring larvae are readily
transported in wooden products and shipping materials
by global commerce (Haack et al. 2010). As a result,
cerambycids are among the most common exotic spe-
cies intercepted in international quarantine, and pose a
serious threat to North American forests (e.g., Brock-
erhoff et al. 2006, Haack 2006), as exemplified by the
recent invasion of the Asian longhorned beetle, Anoplo-
phora glabripennis (Motschulsky) (Haack et al. 2010).
Exacerbating the problem, regulatory agencies are
limited in their ability to exclude exotic cerambycids
because of the frequency with which they are intro-
duced, and the lack of efficient tools for their detection
(Haack et al. 2010). Thus, improved methods of detec-
tion would be of immediate use.

Here, we present the results of research that initially
targeted the cerambycid Xylotrechus pyrrhoderus
Bates (Coleoptera: Cerambycidae), a pest of grape in
Japan (Mori and Otsuka 1985). This species was among
the first cerambycids to be targeted for pheromone

identification, and males were found to produce
(2S,3S)-2,3-octanediol and (S)-2-hydroxyoctan-3-one in
a ratio of 4:1 (Iwabuchi 1986). The chemicals are emit-
ted from prothoracic glands (Hoshino et al. 2015).
However, to our knowledge, there have been no pub-
lished reports of field tests of these compounds, so
their function has remained uncertain. Since that time,
bioassay methods for cerambycids have been greatly
improved, with more efficient traps and pheromone
lures (e.g., Lacey et al. 2004, Hanks et al. 2014). Thus,
our initial goal was to conduct field bioassays to con-
firm that the chemicals produced by male X. pyrrhode-
rus are indeed pheromones.

Large numbers of the congener Xylotrechus rufilius
Bates were also caught during these bioassays, provid-
ing valuable information about its likely pheromone
chemistry. Larvae of this Asian beetle are polyphagous
on hardwoods of at least seven families (Han and Lyu
2010). It has been designated a potential threat to
North American forests (Dobesberger 2004, Kimoto
and Duthie-Holt 2006, Environment Canada 2012),
and recently was intercepted in a shipment from China
being processed through Baltimore, MD (Rector
2014). Thus, the serendipitous trapping of X. rufilius in
Japan has provided a valuable tool for its detection at
the first known point of entry into the United States,
and other transportation hubs in North American.

Materials and Methods

Synthesis of Compounds. Racemic 2-hydroxyoc-
tan-3-one was synthesized from racemic methyl
lactate, as described by Hall et al. (2006), and racemic
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syn-2,3-octanediol was synthesized as described by
Lacey et al. (2004).

Field Bioassays. Two experiments were conducted
to test the attraction of adult X. pyrrhoderus to candi-
date pheromones. Experiment 1 tested a 1:1 blend of
racemic syn-2-3-octanediol (henceforth “diol”)þ
racemic 2-hydroxyoctan-3-one (“ketone”), whereas
Experiment 2 compared the blend with the individual
components. Black cross-vane flight intercept traps
(Panel Trap model, AlphaScents, Portland, OR) coated
with Fluon PTFE (AGC Chemicals Americas Inc.,
Exton, PA) were suspended from F-shaped frames of
galvanized iron pipe (1.9 cm outer diameter), with the
trap bottom fastened down to prevent wind damage.
Trap basins were filled with 0.01% aqueous polyoxy-
ethylene alkyl phenyl ether as a surfactant and benzal-
konium chloride as a preservative. Pheromone lures
were polyethylene sachets (Bagettes model 14770,
5.1� 7.6 cm, Cousin Corp., Largo, FL) loaded with
50 mg of an individual chemical, or 50 mg of each
chemical for blends, in 1 ml of isopropanol.

Experiment 1 consisted of pairs of traps positioned
at least 10 m apart, one baited with the blend of
diolþ ketone, and the other with isopropanol (control),
deployed at six locations (separated by at least 80 m)
within the Shimane Agricultural Technology Center,
Izumo, Japan (35� 19052.7700 N, 132� 43049.2400 E, ele-
vation 12–36 m). Sites were adjacent to plantings of
grape, bamboo, cherry, persimmon, or peonies, or areas
of broad-leaved trees and shrubs. The experiment ran
from 11 to 27 August 2014. Beetles were collected at
intervals of 1–5 d, with lures replaced on 18 August
2014.

Experiment 2 consisted of a set of three traps (at
least 7 m apart), baited with the blend, the diol, or the
ketone. The experiment was set up at four of the same
locations as used in Experiment 1, and run from 27
August to 25 October 2014. Beetles were collected at
intervals of 1–10 d, and lures were replaced on 4, 12,
and 24 September 2014.

We tested differences between treatment means, sep-
arately for each experiment and blocked by date, using
the nonparametric Friedman’s test (PROC FREQ,
option CMH; SAS Institute 2008, Cary, NC). For
Experiment 2, differences between pairs of means were
tested with the Ryan–Einot–Gabriel– Welsch Q
(REGWQ) means-separation test (PROC GLM; SAS
Institute 2008). For X. pyrrhoderus, replicates (trap
set� date) with no beetles were dropped from analyses,
leaving four replicates in each experiment. Because of
the larger sample size in X. rufilius in Experiment 2, the
threshold number of specimens per treatment for analy-
sis was raised to five so as to maximize sample size per
replicate, leaving 20 replicates. Differences between
treatments in the sex ratio of adult X. rufilius that were
captured were tested with the chi-square test.

Taxonomy of captured beetles follows Kojima and
Hayashi (1969). Voucher specimens of both species
have been submitted to the Entomology Museum, Uni-
versity of California, Riverside (voucher numbers:
309284, 311371, 311342, 322722, 322723, 322724,
391881, 391913, and 398563).

Results

Adult X. pyrrhoderus were only trapped in small
numbers (five in Experiment 1 and six in Experiment
2), and all were females. Nevertheless, all captured
beetles were in traps baited with the blend of
ketoneþ diol. Thus, in Experiment 1, the mean (61
SE) for the blend versus control was 1.25 6 0.25 versus
0 beetles per trap, respectively (means significantly dif-
ferent, Friedman’s Q1,7¼ 6.4; P¼ 0.011). In Experi-
ment 2, traps baited with the blend captured 1.56 0.5
beetles, with no beetles in traps baited with either the
ketone or the diol (means significantly different,
Q1,12¼ 8.0, P¼ 0.0047; mean for blend significantly
higher than other two means, REGWQ P< 0.05).

Only three adult X. rufilius (one female and two
males) were captured in Experiment 1, but in Experi-
ment 2, 262 adults of both sexes were captured, of
which 231 (88%) were in traps baited with the ketone
alone. Treatments differed significantly (Fig. 1;
Q1,60¼ 45.1; P< 0.0001), with the ketone being signifi-
cantly more attractive than the blend and diol, which
were not significantly different (REGWQ P< 0.05).
Captures in traps baited with the ketone were female-
biased (60% females), whereas captures with the blend
were male-biased (�40% females; percentages signifi-
cantly different, v2 test P< 0.05).

Discussion

Specific attraction of female X. pyrrhoderus to the
blend of chemicals that males were reported to emit
confirms that the compounds are synergistic phero-
mone components. Attraction of only females to the
blend, and not the individual components, is consistent
with previous results from bioassays using a wind tun-
nel and field cages (Iwabuchi et al. 1986, Iwabuchi
1988), although for many species in the same subfamily
(Cerambycinae), the male-produced pheromones
attract both sexes (e.g., Hanks et al. 2014). The skewed
sex ratio could be because of a small sample size, which
may reflect low local population densities at the test
sites rather than poor attraction to the lures.

Fig. 1. Mean (6SE) number of adult X. rufilius of both
sexes that were captured by panel traps baited with synthetic
pheromone during Experiment 2 in Izumo, Japan.
Compound abbreviations: ketone, 2-hydroxyoctan-3-one;
diol, syn-2,3-octanediol.
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Of equal importance was the discovery that adult X.
rufilius were strongly attracted to 2-hydroxyoctan-3-
one, suggesting that this compound is probably an
important component of its pheromone. Both 2,3-octa-
nediol and 2-hydroxyoctan-3-one have been reported
as detected from secretory organs in the pronotum of
X. rufilius, but no experimental details were provided
(Iwabuchi 1999). The much lower catch of this species
in traps baited with the blend suggests that the diol is
strongly inhibitory, at least in the ratio tested, providing
a mechanism for reproductive isolation between the
two species. On the other hand, adult P. pyrrhoderus
would be unlikely to be attracted by the pheromone of
its congener because of the absence or likely incorrect
ratio of the essential diol. It remains to be determined
which enantiomer of 2-hydroxyoctan-3-one is produced
by male X. rufilius, but attraction to the racemic com-
pound can be immediately exploited by regulatory
agencies for detection of new introductions and in
eradication efforts, should this species become estab-
lished in new areas of the world.
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