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ABSTRACT The attraction of cerambycid beetles to 10 known cerambycid pheromones was tested
in a tropical montane rain forest in southern China. From 28 May to 25 June 2010, 1,526 cerambycids
representing 71 species were captured in pheromone-baited traps, with 14 species accounting for 92%
of the specimens. Test compounds with a 3-hydroxyalkan-2-one or 2,3-alkanediol motif attracted
signiÞcant numbers of both sexes for eight species in the subfamily Cerambycinae, including species
of Demonax, Rhaphuma, and Xylotrechus. Rhaphuma horsfieldi (White) was the only species that was
strongly attracted to more than one test compound, with signiÞcant attraction to both (2R*,3R*)-
2,3-hexanediol and (2R*,3R*)-2,3-octanediol. Within the Lamiinae, males and females of Þve species
were signiÞcantly attracted to 2-(undecyloxy)ethanol, including Acalolepta formosana (Breuning),
Monochamus bimaculatus Gahan, Pharsalia subgemmata (Thomson), Pseudomacrochenus antennatus
(Gahan), and Xenohammus bimaculatus Schwarzer. Only male Megopis costipennis White (Prioninae)
were signiÞcantly attracted to (2R*,3S*)-2,3-octanediol, suggesting that this compound may be a sex
pheromone component for this species. To date, 2,3-octanediols have only been reported as aggre-
gation pheromone components for cerambycids in the subfamily Cerambycinae. Our results support
the hypothesis that both closely related (congeners) and more distantly related cerambycid species
(different tribes and even subfamilies) may share pheromone components. Our results also demon-
strate that traps baited with even a limited number of different classes of pheromones may be useful
tools for surveying cerambycid diversity, as well as for detecting and monitoring particular species,
especially those that have the potential to be invasive pests in other parts of the world.
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Cerambycid beetles play many important ecological
roles in forest ecosystems. Their larvae generally feed
cryptically within woody tissues and have prolonged
development times ranging from months to several
years (Linsley 1961). The larvae andpupae are readily
transported in wooden products, packing materials,
and dunnage, providing a major pathway for intro-
duction of exotic wood-boring species into new areas
of the world as a consequence of global trade (Brock-
erhoff et al. 2006, Haack 2006). This problem is com-
pounded by the difÞculty in detecting the immature
stages of exotic species at ports of entry (Haack et al.
2010) and by the lack of effective and efÞcient meth-

ods of monitoring for adult beetles, such as the use of
pheromone-baited traps.

Although there is extensive literature on the geo-
graphic ranges of cerambycid species and the host
associations of the larvae (Duffy 1953, 1968; volumes
indexed inLinsley andChemsak 1997; Tavakilian et al.
1997), much less is known about the biology of adult
beetles, particularly the semiochemically mediated
mechanisms involved in host selection and mate lo-
cation. Recent advances in the identiÞcation of
cerambycid pheromones have resulted in the devel-
opment and optimization of methods for using pher-
omone-based attractants to detect many cerambycid
species and characterize local cerambycid communi-
ties (Graham et al. 2010, Allison et al. 2011, Mitchell et
al. 2011, Graham et al. 2012, Hanks and Millar 2013).
These studies suggest that there is a general trend
within theCerambycidae for aggregationpheromones
to be producedbymales (i.e., pheromones that attract
both sexes; Millar et al. 2009), whereas sex attractant
pheromones areproducedby females, andattract only
males (Barbour et al. 2011; Ray et al. 2011, 2012).
Pheromone structures also appear to be highly con-
served among closely related cerambycid species. For
example, pheromones of many species in the subfam-
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ily Cerambycinae are composed of 6- to 10-carbon
3-hydroxyalkan-2-ones, 2-hydroxyalkan-3-ones, or
2,3-alkanediols (Hanks and Millar 2013), whereas
those of species in the subfamily Lamiinae (including
species of Monochamus and Anoplophora glabripennis
[Motschulsky]) consist of hydroxyethers and related
compounds (Zhang et al. 2002, Pajares et al. 2010,
Teale et al. 2011, Allison et al. 2012, Fierke et al. 2012,
Macias-Samano et al. 2012). For the subfamily Spon-
dylidinae and some species in the subfamily Lamiinae,
the terpenoid (E)-6,10-dimethylundeca-5,9-dien-2-ol
(hence fuscumol) and its corresponding acetate con-
stitute pheromone components that are shared by a
number of species (Silk et al. 2007, Fonseca et al. 2010,
Mitchell et al. 2011). Recent large-scale screening
studies also have shown that several sympatric species
may be attracted to a single pheromone compound
(Hanks et al. 2007, Mitchell et al. 2011, Graham and
Poland 2012, Hanks and Millar 2013).

We report the results from testing 10 known cer-
ambycid pheromone components in the newly cre-
atedBulongNatureReserve in southernYunnanprov-
ince, China. The tropical montane rain forest habitat
is considered a biodiversity hotspot (Wang et al. 2000,
Xu et al. 2009), and data resulting from the work
reported here will provide a valuable contribution to
ongoing biodiversity surveys within the reserve. Be-
cause previous studies have shown that there appears
to be extensive biosynthetic parsimony in cerambycid
pheromones, with a single compound being used as a
pheromone component by a number of related spe-
cies, we predicted 1) that the 2,3-alkanediol and 3-hy-
droxyalkan-2-one structural motifs would attract spe-
cies of the Cerambycinae, 2) that hydroxyethers
would attract species of the Lamiinae, and 3) that
fuscumol and/or fuscumol acetate would attract spe-
cies of theLamiinae andSpondylidinae. The relatively
large number of species (71, see further text) caught
in the pheromone-baited traps during the 1-moperiod
of the Þeld assays demonstrates the potential for using
such traps as tools for surveying biodiversity of cer-
ambycids in their natural habitats, and for detecting
potentially invasive Asian species, as they are trans-
ported around the world by global trade.

Materials and Methods

Test compounds were prepared by previously de-
scribed methods as racemic mixtures (i.e., 1:1 mix-
tures of the two enantiomeric forms). For the diols
with two chiral centers, the relative conÞgurations
are shown with the (R)- or (S)-designation fol-
lowed by asterisks to indicate that the compounds
are diastereomerically pure but mixtures of the two
enantiomers. For example, (2R*,3R*)-2,3-hexane-
diol is a racemic mixture of the (2R,3R)- and
(2S,3S)-enantiomers. The following compounds
were tested: racemic 3-hydroxyhexan-2-one, 3-hy-
droxyoctan-2-one, and 3-hydroxydecan-2-one (Im-
rei et al. 2013); (2R*,3R*)- and (2R*,3S*)-2,
3-hexanediols, and (2R*,3R*)- and (2R*,3S*)-2,3-
octanediols (Lacey et al. 2004); 2-(undecyloxy)-

ethanol (Pajares et al. 2010); 4-(heptyloxy)butan-
1-ol and 4-(heptyloxy)butanal (Zhang et al. 2002);
racemic (Z/E)-6,10-dimethyl-5,9-undecadien-2-ol
and (Z/E)-6,10-dimethyl-5,9-undecadien-2-yl ace-
tate as 4:5 mixtures of (Z)- and (E)-isomers (Mitch-
ell et al. 2011). All compounds were synthesized at
the University of California, Riverside (Riverside,
CA).

The study site was a steeply sloped forest in the
newly created Bulong Nature Reserve (21� 30�29.39�
N, 100� 29�50.60� E; average elevation 1,625 m), at the
southern tip of Yunnan province in China, and within
10 km of the Myanmar border. The reserve consists of
a patchy landscape of both secondary and old growth
forest interspersedwith teaplantations andopen land-
scapes, and is classiÞed as a seasonal tropical montane
rain forest (average temperatures 15Ð21�C). The Þeld
trapping experiment used 48 ßight-intercept panel
traps (1.2 m in height by 0.30 m in width, AlphaScents,
Portland, OR) with the panels and lower funnel por-
tions of the trap painted with undiluted Fluon to
increase trapping efÞciency (Graham et al. 2010, Gra-
ham and Poland 2012). Pheromone lures were clear,
zip-seal polyethylene sachets (Cat. #018161A, 5.1 cm
by 7.6 cm,Thermo-Fisher,Waltham,MA) loadedwith
1 ml of an ethanol solution of a test compound.

The experiment was conducted from 28 May to 25
June 2010, and consisted of four blocks of the follow-
ing treatments (assigned randomly to initial posi-
tions): 1) (2R*,3R*)-2,3-hexanediol (50 mg), 2)
(2R*,3S*)-2,3-hexanediol (50 mg), 3) 3-hydroxy-
hexan-2-one (50 mg), 4) (2R*,3R*)-2,3-octanediol
(50 mg), 5) (2R*,3S*)-2,3-octanediol (50 mg), 6)
3-hydroxyoctan-2-one (50 mg), 7) 3-hydroxydecan-
2-one (50 mg), 8) 2-(undecyloxy)ethanol (25 mg),
9) (Z/E)-6,10-dimethyl-5,9-undecadien-2-ol (100 mg),
and 10) (Z/E)-6,10-dimethyl-5,9-undecadien-2-ol ac-
etate (100 mg). To control for possible solvent effects
and passive capture of beetles, two different controls
were used in each block: an unbaited trap and a trap
baited with a sachet containing 1 ml of ethanol. Lures
were suspendedwithwire at the center of traps. Traps
were hung in trees with a minimum spacing of 10 m
between traps, with trap basins �1 m above ground
level. Basins were Þlled with a mixture of ethylene
glycol andsoapywater to retainandpreservecaptured
beetles. Traps were rebaited with fresh lures and trap
positions were rerandomized on 11 June 2010 to con-
trol for position effects, therefore making each trap
treatment, block, and date a replicate. Beetles were
collected on 11 and 25 June 2010 and sorted to species
and sexed. Traps captured only cerambycid beetles in
signiÞcant numbers.

Beetles were identiÞed using the keys of Gressitt
(1951), Gressitt et al. (1970), and Hua et al. (2009).
Voucher specimens have been deposited in the mu-
seum collection of Guangxi University, Guangxi,
China.

We compared the utility of using pheromone lures
as probes for assessing the species diversity of ceram-
bycid beetles in terms of the total numbers of species
and individuals captured per treatment. Differences
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between treatmentmeans (numberof species ornum-
ber of individuals per treatment and replicate; sexes
combined) were tested using the nonparametric
FriedmanÕs test (PROC FREQ, option CMH; SAS In-
stitute 2001). Differences between pairs of means
were tested with the REGWQ means-separation test,
which controls for maximum experiment-wise error
rates (PROC GLM, SAS Institute 2001). This analysis
was conducted separately for the dominant subfami-
lies (Cerambycinae and Lamiinae) to assess taxo-
nomic patterns of attraction to individual treatments.
The same statistical approach was used to test treat-
ment effects for mean numbers of specimens for in-
dividual species, including only replicates with a
threshold number of specimens (threshold 4Ð8 spec-
imens per replicate, depending on the total number
captured) so as to exclude periods of low beetle ac-
tivity, for example, due to inclement weather.

We also tested for deviations from a 1:1 sex ratio of
each species capturedusing the �2 goodness-of-Þt test.
However, because we have no information on sex
ratios within the local populations, biased sex ratios of
captured beetles should not be taken as evidence that
the sexes differed in their attraction to trap baits.

Results

During the 4-wk trapping period, 1,526 cerambycid
beetles of 71 species were captured (Table 1), of
which 92% (N � 1,404) were represented by the top
14 species (Table 2). Most of the species were in the
subfamilies Cerambycinae and Lamiinae, with only
two species each in thePrioninae andLepturinae. The
greatest numbers of cerambycine specieswere caught
in traps baited with 3-hydroxyhexan-2-one (Fig. 1A;
signiÞcantly different from controls). Traps baited with
(2R*,3R*)-2,3-hexanediol attracted much greater num-
bers of cerambycine individuals than any other treat-
ment (Fig. 1B), mostly due to the abundance of R. hors-
fieldi (White) (see further text). Other compounds that
were signiÞcantly attractive tocerambycines(relative to
controls) were the (2R*,3R*)- and (2R*,3S*)-octane-
diols and 3-hydroxyhexan-2-one (Fig. 1B). In contrast,

the greatest numbers of lamiine species and individuals
werecaughtbytrapsbaitedwith2-(undecyloxy)ethanol
(Fig. 1A and B).

All treatments,with the exception of 3-hydroxyoctan-
2-one, 3-hydroxydecan-2-one, fuscumol, and fuscumol
acetate, attracted at least one species in numbers sig-
niÞcantly greater than controls (Table 2). As men-
tioned earlier, the cerambycine R. horsfieldi (tribe
Clytini) was caught in the largest numbers overall
(532 individuals), being strongly attracted to
(2R*,3R*)-2,3-hexanediol, followed by (2R*,3R*)-
2,3-octanediol (Fig. 2; Table 2). The sex ratio was
signiÞcantly female biased for both treatments (Fig.
2). The congener Rhaphuma laosica Gressitt & Ron-
don was signiÞcantly attracted to the six-carbon di-
astereomer (2R*,3S*)-2,3-hexanediol, with 34 of the
35 individuals (18 females; 16males) capturedby traps
baited with that chemical (mean 8.5 � 2.8; means for
other treatments �0.2 beetles; Table 2).

Four other cerambycine species, all within the tribe
Clytini, were attracted only to 3-hydroxyhexan-2-one
(Table 2), including Xylotrechus atronotatus draconi-
ceps Gressitt (Fig. 3A), Demonax literatus literatus
Gahan (Fig. 3B), and their congeners Xylotrechus in-
curvatus (Chevrolat) (mean 7.0 � 2.4;means for other
treatments �0.9) and Demonax gracilestriatus Gressitt
& Rondon (mean 1.7 � 0.7; means for other treat-
ments � 0). Sex ratios for X. a. draconiceps and D. l.
literatus were not signiÞcantly different from 1:1 (P 	
0.05), but female biased for X. incurvatus (2.5:1 F:M;
�2 � 10.0, P � 0.01), and male biased for D. graciles-
triatus (1:5.5 F:M; �2 � 9.0, P � 0.01).

Demonax theresae Pic was signiÞcantly attracted to
(2R*,3S*)-2,3-octanediol (mean 9.6 � 2.0, means for
other treatments �0.9; Table 2) with equal sex ratios,
whereas its congener Demonax ordinatus Pascoe was
signiÞcantly attracted to (2R*,3R*)-2,3-octanediol
(mean 4.9 � 1.3, means for other treatments �0.2;
Table 2) with a signiÞcant male bias (1:2 F:M; �2 �
4.33, P � 0.05).

Five lamiine species in the tribeMonochaminiwere
signiÞcantly and speciÞcally attracted only to traps
baited with 2-(undecyloxy)ethanol (Table 2), includ-
ing Acalolepta formosana (Breuning) (mean 1.3 � 0.6;
means for other treatments �0.4), Monochamus bi-
maculatus (Gahan) (mean 1.0 � 0.4; means for other
treatments �0.2), Pharsalia subgemmata (Thomson)
(mean 26.9 � 4.4; means for other treatments �2.2),
Pseudomacrochenus antennatus (Gahan) (mean 1.50 �
0.86; means for other treatments �0.4), and Xenoham-
mus bimaculatus Schwarzer (mean 3.88 � 0.91; means
for other treatments �1.0). Sex ratios were signiÞ-
cantly female biased for P. subgemmata (2:1 F:M; �2 �
23.5, P � 0.001), signiÞcantly male biased for P. an-
tennatus and X. bimaculatus (1:5 F:M; �2 � 5.33, P �
0.05; 1:2.6 F:M; �2 � 7.11, P � 0.01, respectively), but
not signiÞcantly different from 1:1 for A. formosana
and M. bimaculatus (P 	 0.05).

Megopsis costipennis White was the single species in
the subfamily Prioninae to show a signiÞcant treat-
ment effect, with only adult males being strongly at-

Table 1. Number of cerambycid beetle species and individuals
attracted to pheromone compounds and controls

Treatment
Treatment

code
No. of
species

No. of
individuals

(2R*,3R*)-2,3-hexanediol 1 10 347
(2R*,3S*)-2,3-hexanediol 2 19 99
3-hydroxyhexan-2-one 3 22 120
(2R*,3R*)-2,3-octanediol 4 18 187
(2R*,3S*)-2,3-octanediol 5 21 319
3-hydroxyoctan-2-one 6 12 28
3-hydroxydecan-2-one 7 12 25
2-(undecyloxy)-ethanol 8 20 303
Fuscumol 9 12 24
Fuscumol acetate 10 7 24
Ethanol control 11 11 37
Unbaited control 12 9 13
Totals 71a 1,526

a Total is less than the sum of the column because many species
were caught in more than one treatment.
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tracted to (2R*,3S*)-2,3-octanediol (mean 21.9 � 4.5
males; means for other treatments �0.7).

Discussion

Traps baited with 10 known cerambycid phero-
mones were effective in attracting a large number of
cerambycid species. Collectively, 55 species were
captured by traps baited with Þve compounds,
(2R*,3S*)-2,3-hexanediol, 3-hydroxyhexan-2-one,
(2R*,3R*)-2,3-octanediol, (2R*,3S*)-2,3-octanediol,
and 2-(undecyloxy)ethanol, accounting for 	77% of
the total number of species. Multiple cerambycine
species within the genera Demonax, Rhaphuma, and
Xylotrechus were attracted to compounds with diol or
hydroxyketone structural motifs, whereas several

lamiine species were attracted to the hydroxyether
compound 2-(undecyloxy)ethanol (Table 2). Treat-
ment effects were statistically signiÞcant for 14 spe-
cies, suggesting that the compounds to which they
were attracted are likely pheromone components. For
13 of these species, all in the subfamilies Cerambyci-
nae and Lamiinae, beetles of both sexes were at-
tracted, suggesting that the compounds are probably
male-produced aggregation pheromones attractive to
both sexes, consistent with volatile pheromones from
many species in these subfamilies that havebeen iden-
tiÞed to date (Hanks and Millar 2013 and references
therein).

For the 14th species, M. costipennis in the subfamily
Prioninae, only males were attracted to (2R*,3S*)-
2,3-octanediol, suggesting that this compound is a fe-

Table 2. Numbers of cerambycid beetles captured by traps (n � 8 replicates per treatment) in the Bulong Nature Reserve, Yunnan,
China, and treatments that had statistically significant means (i.e., significant overall Friedman’s Q, and treatment mean significantly greater
than mean for control; REGWQ means separation test, P < 0.05)

Subfamily and tribe Genus and species No.
SigniÞcant treatment

(FriedmanÕs Q)

Cerambycinae
Callichromini Polyzonas prasinus (White) 3 Ð
Cleomenini Cleomenes nigricollis Fairmaire 1 Ð
Clytini Demonax alboantennatus Gressitt & Rondon 2 Ð

Demonax gracilestriatus Gressitt & Rondon 13 3 (Q11,48 � 46.9, P � 0.0001)
Demonax literatus literatus Gahan 14 3 (Q11,60 � 18.6, P � 0.05)
Demonax ordinatus Pascoe 42 4 (Q11,96 � 73.4, P � 0.001)
Demonax theresae Pic 94 5 (Q11,96 � 66.9, P � 0.001)
Clytocera montensi Gressitt & Rondon 1 Ð
Perissus mimicus Gressitt & Rondon 3 Ð
Grammographus notabilus cuneatus (Fairmaire) 6 Ð
Perissus griseus Gressitt 2 Ð
Rhaphuma anongi Gressitt & Rondon 3 Ð
Rhaphuma eleodina Gressitt & Rondon 1 Ð
Rhaphuma horsfieldi (White) 542 1, 4 (Q11,84 � 62.6, P � 0.001)
Rhaphuma laosica Gressitt & Rondon 35 2 (Q11,48 � 40.3, P � 0.001)
Xylotrechus atronotatus draconiceps Gressitt 15 3 (Q11,48 � 40.3, P � 0.001)
Xylotrechus buqueti (Castelnau & Gory) 4 Ð
Xylotrechus formosanus Scharzer 2 Ð
Xylotrechus incurvatus (Chevrolat) 58 3 (Q11,84 � 69.1, P � 0.001)
Xylotrechus unicarinatus Pic 6 Ð

Thraniini Thranius granulatus Pic 1 Ð
Lamiinae

Agniini Acalolepta basiplagiata (Breuning) 1 Ð
Acalolepta formosana (Breuning) 17 8 (Q11,60 � 38.1, P � 0.001)
Epepeotes uncinatus salvazai Pic 1 Ð

Gleneini Glenia diverselineata intermedia Breuning 2 Ð
Gnomini Coptops annulipes Gahan 1 Ð

Mesosa rupta (Pascoe) 8 Ð
Mesosa subtenuefasciata Breuning 8 Ð

Lamiini Blepephaeus stigmosus Gahan 1 Ð
Blepephaeus variegatus Gressitt 2 Ð
Monochamus bimaculatus Gahan 13 8 (Q11,84 � 62.6, P � 0.001)
Paraleprodera carolina (Fairmaire) 2 Ð
Pharsalia subgemmata (Thomson) 306 8 (Q11,96 � 41.1, P � 0.001)
Pseudomacrochenus antennatus (Gahan) 19 8 (Q11,72 � 40.3, P � 0.001)
Pseudonemophas versteegi (Ritsema) 1 Ð
Xenohammus bimaculatus Schwarzer 55 8 (Q11,96 � 38.6, P � 0.001)

Niphonini Alidus biplagiatus Gahan 6 Ð
Pterolophia chekiangensis Gressitt 3 Ð
Pterolophia kaleea (Bates) 1 Ð
Sthenias gracilicornis (Gressitt) 4 Ð

Rhodopinini Parectatosia valida Breuning 4 Ð
Prioninae

Megopidini Megopis costipennis White 181 5 (Q11,96 � 74.6, P � 0.001)

Treatment codes as in Table 1. Data are omitted for low numbers of specimens (1Ð3) of species that could not be fully identiÞed, including
4 cerambycine, 12 lamiine, 2 lepturine, and 1 prionine species.
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male-produced sex pheromone rather than an aggre-
gationpheromone.ThisÞndingagainÞts theemerging
pattern of pheromone use within this subfamily: a
female-produced sex pheromone (3,5-dimethyldode-
canoic acid) has been identiÞed from the prionine
species Prionus californicus Motschulsky (Rodstein et
al. 2009), and the same compound also is highly at-

tractive to only males of a number of congeners, and
thus a likely sexpheromone for these species (Barbour
et al. 2011). In a different prionine tribe (Meros-
celisini), female Tragosoma depsarium sp. nov.
Laplante produce (2R,3R)-2,3-hexanediol, a shorter-
chain homolog of the M. costipennis attractant, from
specialized pores on the prothorax (Ray et al. 2012).

Fig. 1. Mean (�1 SE) number of (A) cerambycid species and (B) individuals of two subfamilies captured by traps (n �
8) baited with synthetic pheromones in the Bulong Nature Reserve, Yunnan, China. Treatment codes as in Table 1. Means
signiÞcantlydifferent (overall analysis for cerambycines, sexes combined: (A)FriedmanÕsQ11,96 �50.6,P�0.001; (B)Q11,96 �
73.1, P � 0.001; Lamiinae: (A) Q11,96 � 25.6, P � 0.01; (B) Q11,96 � 29.4, P � 0.01. Means within subfamilies with the different
letters are signiÞcantly different (REGWQ means separation test, P � 0.05).

Fig. 2. Mean (�1 SE) number of adult Rhaphuma horsfieldi captured in panel traps baited with synthetic pheromones
in the Bulong Nature Reserve, Yunnan, China. Treatment codes as in Table 1. Means with the different letters (sexes
combined) are signiÞcantly different (REGWQ means separation test, P � 0.05).   denotes a signiÞcant departure from 1:1
F:M sex ratio (2.9:1 F:M for the hexanediol; �2 � 75.8, P � 0.001; 1:1.9 F:M for the octanediol; �2 � 10.1, P � 0.01).
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Males of two other Tragosoma species, Tragosoma pi-
losicorne Casey and Tragosoma depsarium harrisi Le-
conte, are attracted to the diastereomer, (2S,3R)-2,3-
hexanediol, strongly suggesting that this compound is
a female-produced sex pheromone for these species.
These diols, or stereoisomers or homologs thereof,
have been identiÞed or strongly implicated as being
male-produced aggregationpheromones for a number
of species in the subfamilyCerambycinae, includingR.
horsfieldi, R. laosica, D. theresae, and D. ordinatus in
the current study. It is remarkable that the same or
very similar compounds are serving as male-produced
aggregation pheromones in one subfamily, and fe-
male-produced sex pheromones in another.

The compound 3-hydroxyhexan-2-one is a common
pheromone component or attractant for numerous
species in the subfamily Cerambycinae in North
America (Hanks et al. 2007, Graham and Poland 2012,
Hanks and Millar 2013). In the current study carried
out in China, this compound attracted beetles of more
species than any of the other compounds tested, pro-
viding further evidence that it is a highly conserved
pheromone component among cerambycids. The 2,3-

hexanediols and 2,3-octanediols also attracted signif-
icantnumbers of cerambycine species and individuals.
In fact, (2S,3S)-2,3-octanediolwas a component of the
Þrst pheromone blend ever reported for a cerambycid
species, being produced by males of the Asian species
Xylotrechus pyrrhoderus Bates, along with the related
(S)-2-hydroxyoctan-3-one (Sakai et al. 1984). Eight-
carbondiols andhydroxyketones also areproducedby
males of the congeneric Xylotrechus chinensis Chev-
rolat in Japan (Iwabuchi et al. 1987) and Xylotrechus
quadripes Chevrolat in India (Hall et al. 2006a).

Although fuscumol and fuscumol acetate serve as
pheromone components or attractants for several spe-
cies in the subfamilies Lamiinae and Spondylidinae of
NorthAmerica, SouthAmerica, andEurope (Silk et al.
2007, Fonseca et al. 2010, Sweeney et al. 2010,Mitchell
et al. 2011, Hanks and Millar 2013, Hughes et al. 2013),
neither compound attracted signiÞcant numbers of
any species during the current study in southwest
China. In contrast, traps baited with 2-(undecy-
loxy)ethanol, which to date had only been reported as
a pheromone component for lamiine species in the
genus Monochamus (Pajares et al. 2010, Teale et al.

Fig. 3. Mean (�1 SE) number of adult (A) Xylotrechus atronotatus draconiceps, and (B) Demonax literatus literatus
captured in panel traps baited with synthetic pheromones in the Bulong Nature Reserve, Yunnan, China. Treatment codes
as in Table 1. Means within subfamilies with different letters (sexes combined) are signiÞcantly different (REGWQ means
separation test, P � 0.05).

264 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 107, no. 1



2011, Allison et al. 2012, Fierke et al. 2012, Macias-
Samano et al. 2012, Pajares et al. 2013), attracted one
Monochamus species and four lamiine species in dif-
ferent genera. This Þnding is in marked contrast to
studies conducted in North America and Europe,
where extensive Þeld trials using 2-(undecyloxy)etha-
nol as a lure have not attracted any lamiine species in
generaother thanMonochamus.Thus, in southernAsia
at least, 2-(undecyloxy)ethanol may be a relatively
common pheromone component for species within
the subfamily Lamiinae. The structural similarities be-
tween 2-(undecyloxy)ethanol and 4-(heptyloxy)bu-
tan-1-ol and4-(heptyloxy)butanal, the compounds re-
ported as pheromone components of A. glabripennis,
the Asian longhorned beetle (Zhang et al. 2002), and
2-(heptyloxybutyloxy)ethanol, a pheromone compo-
nent of Monochamus leuconotus Leconte (Hall et al.
2006b), suggest that other analogs of these structures
mightbeusedaspheromonesby related species.How-
ever, no beetles have been caught in traps baited with
four suchanalogs inÞeld trials conducted inChinaand
North America in recent years (J.D.W., unpublished
data).

We have yet to conÞrm whether the cerambycid
species captured in bioassays in China actually pro-
duce the compounds to which they were attracted. It
is possible that a few of the responses may actually be
kairomonal responses to the pheromones of species
that compete for the same larval hosts. This phenom-
enon had been previously noted for two cerambycid
species in the genus Phymatodes that are attracted to
3-hydroxyhexan-2-one, even though their own male-
produced pheromones comprise only (R)-2-methyl-
butan-1-ol (Hanks et al. 2007, Hanks and Millar 2013).
Efforts to collect pheromones from the Chinese spe-
cies R. horsfieldi and P. subgemmata were not success-
ful, with no pheromone components detected in vola-
tiles collected from beetles of either sex, in both 2011
and 2012.

Overall, it is important to understand thepatterns of
pheromone use by closely related species that may
share pheromone components, and that may be sym-
patric, be synchronic, and share larval hosts, so that
there is potential for cross-attraction. Clearly, mech-
anisms must exist for limiting unproductive attraction
between heterospeciÞcs. Recent results from testing
pheromone lures in North America have revealed one
such mechanism: antagonism or inhibition of attrac-
tion of species to their primary pheromone compo-
nent when pheromone components of sympatric spe-
cies are added to a multicomponent lure (Hanks and
Millar 2013). Because of the complexity of insectÐhost
plant interactions, especially in the tropics (Erwin
1982, Tavakilian et al. 1997), it also is likely that host
plant chemicals may play a role in limiting cross-
attraction between species that share pheromone
components, but which colonize different types of
hosts.

In summary, our study provides further support for
the hypothesis that many pheromone components are
highly conserved within the Cerambycidae, with a
small number of known pheromone components re-

sulting in widespread attraction of many species. To
our knowledge, the current study is the Þrst large-
scale screening study of cerambycid pheromones in
China, and the results are consistent with those from
similar studies conducted in North America (Hanks
and Millar 2013) and eastern Europe (Imrei et al.
2013). Inaddition to the strongattractionof 14 species,
the lesser attraction of numerous other species pro-
vides strong leads to be followed up, to fully identify
the pheromones of the responding species. Further-
more, itmust be emphasized that only individual com-
pounds were tested in this study, and that tests with
blends of compounds would almost certainly result in
greatly increased attraction of at least some of these
species (for examples, see Hanks and Millar 2013).
Traps baited with six- and eight-carbon diols captured
a diversity of cerambycine species (�25), as well as
the prionine species M. costipennis, whereas 2-(unde-
cyloxy)ethanol was shown to be an attractant for spe-
cies in an additional Þve lamiine genera. In a practical
context, the results have provided valuable baseline
information on the biodiversity of native cerambycid
species in an Asian rain forest. The identiÞcation of
attractants and likely pheromones for a number of
Asian species alsowill be useful to regulatory agencies
in other areas of the world should any of these species
be introduced and prove to be invasive.
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