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Simple Summary: In the family Cerambycidae, most attractant pheromones identified to date have
come from species native to the northern hemisphere. Because many of the pheromone compounds
are shared among related species, field tests of known pheromones in new regions have frequently
attracted additional species whose pheromones have not yet been formally identified. Here, we
report the results of field bioassays with previously identified cerambycid pheromones in Chile,
where pheromones have not been identified for any native cerambycids to date. Trials were con-
ducted in several different localities in central-southern Chile, testing eight compounds individually.
Approximately 580 specimens were captured from eleven species, with Calydon submetallicum show-
ing significant attraction only to 3-hydroxy-2-hexanone, whereas Eryphus laetus was significantly
attracted to this compound, as well as to (2R*,35%)-, and (2R*,3R*)-2,3-hexanediol. These compounds
are likely aggregation pheromone compounds for these species, and can be exploited for monitoring
and biological studies of the Chilean cerambycid fauna.

Abstract: We conducted field bioassays with several known cerambycid pheromones in two zones
of central-southern Chile: (1) Las Trancas (Nuble region) and Coniaripe (Los Rios region) (Study
1) and (2) Rucamanque and Maquehue (La Araucania region) (Study 2). Up to eight compounds
were tested individually, including 3-hydroxy-2-hexanone, (2R*,35%)- and (2R*,3R*)-2,3-hexanediol,
fuscumol, fuscumol acetate, monochamol, 2-methylbutanol, and geranylacetone. Compounds were
loaded in plastic sachets placed in either multiple funnel or cross-vane panel traps hung in trees
in a randomized block design (n = 3 or 4). The number of treatments and bioassay periods varied
depending on the study. A total of 578 specimens belonging to 11 native species were collected, with
the three captured in the highest numbers being Eryphus laetus (292 specimens), Calydon submetallicum
(n =234), and Chenoderus testaceus (n = 20). The three species are of economic importance: E. laetus is
considered a minor pest in apple orchards, and the other two species infest Nothophagus hosts, includ-
ing some timber species. Traps baited with 3-hydroxy-2-hexanone collected significant numbers of
both sexes of the two most abundant species, and this compound was the only treatment that attracted
C. submetallicum. (2R*3R*)- and (2R*,35%)-2,3-Hexanediols were also significantly attractive to
E. laetus. Our results suggested that 3-hydroxy-2-hexanone and 2,3-hexanediols, which are known
pheromone components of cerambycid species worldwide, are also likely to be conserved aggregation

pheromone components among some species in western South America.

Keywords: (2R*35*)-2,3-hexanediol; (2R*3R*)-2,3-hexanediol; 3-hydroxy-2-hexanone; Calydon submetallicum;
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1. Introduction

Longhorn beetles (Coleoptera: Cerambycidae) comprise a large and diverse family
of insects, which are both ecologically and economically important. There are more than
36,000 species described in eight subfamilies worldwide [1]. The larvae are xylophagous or
saproxylic, and generally perform valuable ecosystem services by initiating degradation
and nutrient recycling of woody tissues in forests [2]. However, a few species have become
economic pests, damaging crops, fruit orchards, or timber [1]. The larvae may have
development times of several years, whereas the adult stage is much shorter, and is focused
mainly on reproduction and oviposition. Mate finding and recognition is mediated by
semiochemical signals and cues [3]. Even though there has been evidence for their use of
semiochemicals since the 1960s [4], the first pheromones of cerambycids were not identified
until the 1980s [5,6], and pheromones had been identified from fewer than 10 species
up until 2004 [7]. However, in the past two decades, there has been rapid progress in
cerambycid chemical ecology, with pheromones or likely pheromones now known from
several hundred species, mostly from the northern hemisphere [8,9]. The cumulative
data also show that there appear to be two types of attractant pheromones, with species
in the subfamilies Lamiinae, Spondylidinae, and Cerambycinae using male-produced
aggregation-sex pheromones which attract both sexes (with one exception [10]), whereas
species in the subfamilies Prioninae and Lepturinae appear to use female-produced sex
pheromones that attract only males [11,12]. The data also indicate that several pheromone
compounds are widely conserved among related taxa, with compounds such as 3-hydroxy-
2-hexanone being shown to attract species in the subfamily Cerambycinae on six continents.
For some of these species, the attractive compounds have been shown to be produced by
the responding species, whereas other species have been attracted to tested compounds, but
it is not yet known whether these species actually produce the compounds to which they
are attracted. Thus, it has often been the case that during field trials targeting a particular
species, one or more related species have also been attracted, providing leads to the likely
pheromones of the latter groups of species [13-15].

Over the past decade, some work has been carried out on the pheromones of ceram-
bycids from eastern South America (e.g., Brazil [16], Uruguay [17]), but almost nothing
is known about the chemical ecology of the cerambycid fauna native to countries in the
western part of the continent, except for a recent paper from a locality (east of the Andes)
in the Amazon rain forest of Peru [18]. In the Mediterranean habitats in the Pacific south-
west of the subcontinent, there is also evidence for a female-produced sex pheromone in
the species Callisphyris apicicornis (subfamily Necydalinae) [19,20]. In Chile, there are ca.
180 described cerambycid species [21], most of which are native, including some economi-
cally important ones. Thus, if some of the known and widely conserved pheromones which
have been identified from species in other parts of the world also proved to be attractive
to species native to western South America, they could serve as valuable tools for basic
and applied studies for such species [22-26]. Therefore, the objective of the work reported
here was to test a variety of known cerambycid pheromones as possible attractants for
species on the southwestern side of the Andes for future development of monitoring tools
for cerambycid pests, but also for biological studies of the Chilean fauna.

2. Materials and Methods
2.1. Studies, Localities, Seasons, and Site Characteristics

Study 1 was conducted in 2011 in localities in the Nuble (Las Trancas: —36.912901,
—71.504058; starting on 5 February), and Los Rios (Cofiaripe: —39.586362, —72.021034;
starting on 16 February) regions, where Patagonian oak saplings were the dominant trees.
Traps were checked 5 days after they were deployed, in both localities.

Study 2 was conducted in 2018-2019 in two localities in the La Araucania region.
The first site, at Rucamanque (—38.659444, —72.605611), was in an ecological reserve,
dominated by vegetation typical of the Chilean original cold rain forest called “Bosque de
la Frontera” [27]. The second site, at Maquehue (—38.836431, —72.694103), was dominated
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by Patagonian oak seedlings. Study 2 was initiated on 8 January, and trap captures were
recorded weekly for 56 d in both localities. All sites belong to the central-southern zone of
Chile, biogeographically mainly in the Maule province [28].

2.2. Traps, Compounds, and Treatments

The trapping protocols used in our field trials followed methodologies from similar
studies conducted in other countries [12,15,26,29,30]. Lindgren funnel traps with two cones
(Plasticos Los Cerrillos Ltd., Santiago, Chile) were used in 2011, while black cross-vane
panel traps (AlphaScents Inc., Canby, OR, USA) were used in 2019 based on reports that
these traps, when coated with a Teflon emulsion (tradename ﬂuon®), increased capture
efficiency [31]. Both types included a 11 collecting cup at the bottom, filled with neutral
detergent solution, for insect conservation until trap servicing. Traps were placed 10-20 m
apart (we believe the distribution and distance between traps mostly avoided plumes over-
lapping) and hung on trees at 1.5-2.5 m height. Six (Study 1) or eight (Study 2) compounds
reported as cerambycid aggregation-sex pheromones were tested individually. 3-Hydroxy-
2-hexanone (common name 3-OH-6-2-Kt [6]: reference describing the first identification
of the compound from a cerambycid species]), 2-(undecyloxy)ethanol (monochamol [32]),
(E)-6,10-dimethyl-5,9- undecadien-2-ol (fuscumol [33]), (E)-6,10-dimethyl-5,9-undecadien-2-yl
acetate (fuscumol acetate [16]), and 6,10-dimethyl-5,9- undecadien-2-one (geranylacetone [33],
compound not available for Study 1) were purchased from Bedoukian Research (Danbury,
CT, USA); 2-methylbutanol [34], (compound not available for Study 1) was purchased
from Sigma-Aldrich (St. Louis, MO, USA), and (2R*,35%)-2,3-hexanediol (R*S*-diol [35])
and (2R*,3R*)-2,3-hexanediol (R*R*-diol [6]) were synthesized as previously described [35].
All compounds were >95% pure by GC, except 3-OH-6-2-Kt, which was ~90% pure, with
the major impurity being its degradation product, 2,3-hexanedione. Stock solutions were
prepared by dissolving each compound in either ethanol (Study 1) or isopropyl alcohol
(Study 2; the carrier solvent was changed because it is known that some cerambycids are
attracted to ethanol, or ethanol has been shown to enhance attraction to pheromones [36]),
and were kept in the freezer until use. Immediately before traps were deployed, either
0.5 mL of solution for Study 1 (doses were 25 mg monochamol, 50 mg 3-OH-6-2-Kt,
R*S*- and R*R*-diol, and 100 mg fuscumol and fuscumol acetate) or 1 mL for Study 2
(50 mg doses for all compounds) were pipetted into Bagette plastic zip-lock bags (#14770,
polyethylene, 5 x 10 cm and 0.05 mm wall thickness, Cousin Corp., Largo, FL, USA), serv-
ing as slow-release dispensers that were changed weekly in Study 2 in order to ensure good
release rates, based on data showing release rates of some of the pheromone compounds
from the zip-lock bags of several milligrams per day at 20 °C [29]. Thus, changing the
lures weekly in Study 2 or testing the compounds only for 5 days in Study 1 was likely
conservative. This is because the dispensers should emit compounds for at least one week
for any doses tested, considering that the average temperature in trial sites was below
18 °C in January and February, and even lower in March [37]. Each bag was placed either
in the first cone of funnel traps or in the center of panel traps. Baggies loaded with ethanol
(Study 1) or isopropyl alcohol (Study 2) served as controls.

2.3. Experimental Design, Results, and Statistical Analysis

A completely randomized block design (n = 3, Study 1, or n = 4, Study 2) was
used in the two studies. Each block consisted of either 7 (Study 1) or 9 (Study 2) traps
(6-8 treatments +1 control). A trap per treatment/block was the experimental unit. Trap
counts were conducted once at Las Trancas and Cofiaripe, 5 d after trap deployment, and for
56 d in the La Araucania localities. Beetles were identified by comparison with specimens
from the Entomological Museum, University of Chile; specimens were sexed only for Study
2 based on antennae length and genitalia, for the three most common species. Results are
presented as the mean captures/day (=SEM) and total catches (Tables 1-3). Data analysis
was conducted by study and species, comparing all treatments, when total captures/study
per species were >15 and all blocks had captures. Data were analyzed using the Friedman
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nonparametric test [38]. Differences between treatments were determined using the rank
means, as described in [39]. Contrasts between sexes within a species were conducted
only in Study 2. P- and T2- (Hotelling’s T-square) values are provided in tables. A 5%
significance level was used in both tests.

Table 1. Study 1, mean/day (+SEM), T2- and p-value, and total catches of cerambycids by compounds
tested for 5 days, January 2011, Nuble and Los Rios regions, Chile.

Treatments Total
Species R*S*- R*R*- Monocha- Fuscumol 2
3-OH-6-2-Kt Diol Diol mol Fuscumol Acetate Control T 4
E. laetus 0.35 +0.29 0.50 + 0.50 0.10 + 0.10 0.05 + 0.05 0 0.10 +£0.10 0.05 + 0.05 23
C. submetallicum 0.80+022a' 0b 0b 0b 0b 0b 0b 1 x 10% <0.0001 16
H. corralensis 0 0 0 0.05 £ 0.05 0 0 0 1
1: different small letters in C. submetallicum row indicate significant differences between compounds (Friedman
and Conover tests, & = 0.05). * is a chemistry nomenclature notation for relative configuration.
Table 2. Study 2, mean/day (+SEM), T2- and p-values, and total catches of cerambycids by com-
pounds tested for 56 days, January—March 2019, La Araucania region, Chile.
Treatments Total
Species
3OH62-  Regrdiol  R'Re-diol  Monochamol  Fuscumol ~ Fuscumol  Zethyl Qeramyl  Control T2 »
0.625 & 0304 + 0220 + 0.161 £ 0.109 0.089 + 0.089 + 0.012 £ 0.006 0.029 £ 0.071 +
E. lactus 0.358a 1 0241abc  0.167 abed cde 0.063 defg 0031 bede g 0.012 efg 0.063 fg 73 00004 269
C. submetallicum L+ 0b 0b 0b 0b 0000 00060006 0b 0b 78 00003 218
C. testaceus 0028 & 0022 & 0 0.024 + 0.006 0028 & 0032 % 0 0 0006 & 24 00645 20
. 0.006 = 0.012 + 0.006 + 0.012 + 0.029 £
H. corralensis 0.006 0.012 0 0 0.006 0.012 0 0.029 0 1
X.flavonitida 0.006 + 0.006 + 0.006 + 0 0.012 + 0.006 + 0 0.012 £ 0 s
: 0.006 0.006 0.006 0.012 0.006 0.012
A. cristatipennis 0 0 0 088861 088861 0 Oé)ggﬁi Ogggéi 4
N. humeralis 0 0006 & 0 0.006 <+ 0.006 0 0 0 0 0.006 & 3
M. quadrimaculatus 0 O'é)ggﬁi 0 0 0 o.gggﬁi 0 0 0 2
C. sulcicorne 0 0 0 0 0 0 0.006 + 0.006 0 0 1
X. semipolita 0 0 0 0 0.006 & 0 0 0 1
S. virescens 0 0 0 0 0006 0 0 0 1
1: different small letters in a row (species) indicate significant differences between compounds (Friedman and
Conover tests, o = 0.05). * is a chemistry nomenclature notation for relative configuration.
Table 3. Study 2, mean/day (+SEM), T2- and p-values, and total catches for E. laetus, C. submetallicum,
and C. testaceus males and females, in traps baited with test pheromones over 56 days, January-March
2019, La Araucania region, Chile.
E. laetus C. submetallicum C. testaceus
Treatments Males Females Males Females Males Females
3-OH-6-2-Kt 0.345+0221a' 0.280 £0.137 a 0.554 £ 0.206 a 0.732 £0.331 a 0.024 £ 0.010 0
R*S*-diol 0.089 £ 0.071 abcd 0.214 £ 0.170 abed 0b 0b 0.024 + 0.027 0
R*R*-diol 0.089 + 0.071 abed 0.131 + 0.096 abcde 0b 0b 0 0
Monochamol 0.065 £ 0.049 cde 0.095 =+ 0.060 bedef 0b 0b 0.024 £ 0.027 0
Fuscumol 0.048 £ 0.039 defg 0.042 £ 0.024 efg 0b 0b 0.024 + 0.041 0.006 + 0.006
Fuscumol acetate 0.030 £ 0.012 bed 0.060 £ 0.021 cdef 0.006 £ 0.006 b 0b 0.024 £ 0.021 0
2-Methylbutanol Og 0.012 £ 0.006 g 0.006 + 0.006 b 0b 0 0
Geranylacetone Og 0.030 £ 0.012 defg 0b 0b 0 0
Control 0.024 £ 0.024 efg 0.048 £ 0.039 fg 0b 0b 0 0.006 £ 0.006
T2 6.89 4.47 6.2 1 x 10% 2.46
4 0.0006 0.0053 0.001 <0.0001 0.0599
Total 116 153 95 123 18 2

1. different small letters in a column (species x sex) indicate significant differences between compounds (Friedman
and Conover tests, & = 0.05). * is a chemistry nomenclature notation for relative configuration.

3. Results
3.1. Study 1

Twenty-three Eryphus laetus Bl. (Cerambycinae [40]) were captured (Table 1), mostly
in traps baited with 3-OH-6-2-Kt (n = 12) and R*S*-diol (n = 10 specimens), but no contrasts
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were performed, due to the absence of captures in any treatment in two blocks. Sixteen
Calydon submetallicum Bl. (Cerambycinae) were also captured, all in traps baited with
3-OH-6-2-Kt, significantly different from the control and all other treatments.

3.2. Study 2

The number of species and the total number of specimens of each species caught in
the second study are shown in Table 2. A total of 538 specimens were captured over 56 d
of trap deployment. Most individuals (>96%) belonged to the subfamily Cerambycinae,
including E. laetus and C. submetallicum, but also Chenoderus testaceus (Bl.), Cotyachryson
sulcicorne (Germ.), Maripanus quadrimaculatus (Germ.), Xenocompsa semipolita (Fairm. and
Germ.), and X. flavonitida (Fairm. and Germ.). We also captured Aconopterus cristatipennis
Bl. and Neohebestola humeralis Bl. (both Lamiinae [41]), and Hephaestion corralensis Phil. and
Sternorhopalus virescens (Fairm. and Germ.) (both Necydalinae [42]).

Two species were caught in significant numbers compared to the controls: E. laetus
(n =269) and C. submetallicum (n = 218). Catches of a third species, C. testaceus (n = 20) were
marginally significant overall (p = 0.065), but there were no significant differences among
treatments. Eight other species were captured in low numbers. Considering total catches,
most cerambycids were captured in traps baited with 3-OH-6-2-Kt (61%), R*S*-diol (11%),
and R*R*-diol (7%). Eryphus laetus specimens were captured in all treatments, whereas
C. submetallicum were captured almost entirely in traps baited with 3-OH-6-2-Kt. Statistical
analysis for E. laetus total catches showed significant differences between 3-OH-6-2-Kt,
R*S*-diol, R*R*-diol, monochamol, and fuscumol acetate from the control, whereas only the
first compound was different from the control in the case of C. submetallicum. No contrasts
were conducted for the remaining species, given the low levels of captures.

Regarding the timing of catches, E. laetus and C. submetallicum were caught throughout
the monitoring period, from January to March (Figure 1), showing peaks during the second
half of January and the beginning of February, respectively.

Eryphus laetus

9% Icm
80 ™

70 :

60

50

40
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20
10

Callydon submetallicum

N° of captures
o

70
60
50
40

30
20
10

Or T r v T T T T v
15-Jan 22-Jan 29-Jan 5-Feb 12-Feb 19-Feb 26-Feb 5-Mar 12-Mar

—— Male Female——Total

Figure 1. Eryphus laetus and C. submetallicum captures by date, from all treatments during Study 2, La
Araucania region, 2019. Photographs show the males (left) and the females (right) for each species.
Sizes at relative scale between specimens: a 1 cm black bar is displayed as reference.

Despite E. laetus overall catches being slightly female-biased (153:116), catches with 3-
OH-6-2-Kt were male-biased, whereas those with the two diols were female-biased (Table 3).
All other treatments were not statistically different from the control, except for fuscumol
acetate in males. In the case of C. submetallicum, catches were again female-biased (123:95),
with 3-OH-6-2-Kt being different from all other treatments for both sexes. In C. testaceus,
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captures were strongly male-biased (18:2), with no statistical differences (p = 0.06) between
any treatments and the control.

4. Discussion

Our data represent the first test of common cerambycid pheromones, which are
widely shared among related species, in South America west of the Andes [16-18]. The
results showed that three of the eight compounds tested in Chile consistently attracted
significant numbers of two native longhorn beetles, suggesting that the compounds may
be pheromone components for these species. The data from other species that were not
caught in statistically significant numbers may also provide clues to additional possible
pheromones. In particular, the low number of replicates and the variability in trap captures
between sites may have obscured differences between compounds and controls, even
though the trap captures with a treatment were several times those of controls. It is also
possible and even likely that the pheromones of some species may consist of blends, and so
individual compounds may be only weakly attractive [29].

Calydon submetallicum and E. laetus catches in traps baited with 3-OH-6-2-Kt repre-
sented close to 60% of the total number of beetles caught. This chemical is one of the
most widely shared of the known cerambycid pheromone components used by species
in the subfamily Cerambycinae. In addition, the sex ratio of total captures in C. submetal-
licum and E. laetus were slightly female-biased (~6:4; sex ratios of the field populations
are unknown), similar to reports from field trials with other cerambycine species [43,44].
However, E. laetus catches were male-biased in the case of 3-OH-6-2-Kt. The fact that both
sexes were attracted indicates that 3-OH-6-2-Kt and the diols are likely to be part of a
male-produced aggregation-sex pheromone, as occurs in almost all cerambycine species
for which pheromones are known (ref. [8], but see [10] for the single exception to date). It is
also noteworthy that C. submetallicum responded almost exclusively to 3-OH-6-2-Kt (>99%
of captures for both studies), whereas E. laetus responded significantly to three compounds,
analogous to other Cerambycinae species in similar studies where either the same or similar
compounds were tested individually at a single site and time [12,45].

R*,R*- and R*,5*-diols were also significantly attractive for E. laetus, both showing
female bias. Both compounds have been identified as pheromone components, sometimes
in combination with 3-OH-6-2-Kt [6], or individually [35] in cerambycines, including
Callidiini (Calydon tribe [40]). However, the diols have not previously been reported as
attractants for the tribe Dichophyiini (Eryphus tribe [40], previously Heteropsini [46]). It
is possible that these compounds, if they are components of the E. laetus pheromone but
not of C. submetallicum, might be minor pheromonal components, and might serve for
pheromone-based reproductive isolation between both species.

The subfamily Spondylininae and the tribe Monochamini have no known representa-
tives in Chile [21,40-42]. This may explain why fuscumol and fuscumol acetate (known
pheromones from Spondylidinae [47]) did not attract significant numbers of any Chilean
species (except for male E. laetus). Similarly, monochamol did not significantly attract any
endemic species, apart from E. laetus (when total catches were compared) which was caught
in traps baited with all the test compounds. Even though monochamol is known only as a
pheromone for species in the subfamily Lamiinae, it has been reported as an attractant for
several cerambycines [9].

Even though the number of species caught was relatively limited, the attraction ap-
peared to be at least partially correlated with phylogeny. For instance, the two cerambycine
species that were caught in statistically significant numbers were generally attracted to
chemicals which had been previously described from Cerambycinae in other regions,
congruent with the parsimony hypothesis for pheromonal chemical structures within a
particular taxon [48,49]. Thus, at least some native Chilean species may share pheromone
compounds with Nearctic relatives, which can be verified in the future by collection and
analysis of volatiles released by live specimens. That being said, only eleven cerambycid
species (less than 7% of all described Chilean cerambycids [21]) were collected in our
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studies in areas where the potential for captures was much higher. For example, in Study 2,
where the sampling effort was equivalent to 1512 trap-days (traps/site x sites x trapping
days), we collected 538 specimens from 11 species, whereas at least twice that number
of species should have been present as adults in those areas/habitats at the time of the
year that the experiment was deployed. This suggests that many of the Chilean species
are using pheromones other than the limited number of compounds that we tested, or
that the pheromones of some species are blends [29,50]. Other authors have noted similar
results when testing limited numbers of generic cerambycid pheromones or pheromone
blends [23], concluding that the lures used were not able to sample the full cerambycid
biodiversity in the study area. It is also likely that at least some of the compounds we
tested are more frequently shared among species from the same biogeographical region
(Holoarctic = Nearctic [North America] + Palearctic [Eurasia)] [28,51]). Our results are
also consistent with the fact that the geographic area southwest of the Andes has some
relatively unique entomofauna, resulting from geographic isolation [52]. This hypothesis is
at least partially validated in our study by the absence of captures of Proholopterus chilensis
Bl. (Cerambycinae, Proholopterini [1]), a native species which was present in high densities
in the study sites in the La Araucania region in January 2019. In fact, in another field
trial run parallel to Study 2 for one week at the same site in Maquehue, we captured a
relatively large number of P. chilensis specimens when using the same type of trap baited
with conspecific virgin females (TC and DA, unpublished data).

Differences in morphological characters among easily-distinguishable species are not
always enough for reproductive isolation purposes in the Cerambycidae [53,54]. Thus,
the attraction of two or more species to the same pheromone compound has the poten-
tial to interfere with reproductive isolation, i.e., cross-attraction to heterospecifics would
be a major waste of energy and mating effort. This is particularly important in cases
of synchronic or overlapping seasonal phenologies among sympatric species, such as
E. laetus and C. submetallicum, which were both significantly attracted to 3-OH-6-2-Kt. Thus,
reproductive isolation may occur via alternative mechanisms, such as different circadian
rhythms, different host plants or microhabitats (e.g., plant structure or preferred height in
the canopy), and/or, as described above, by the existence of pheromone blends that differ
in proportions and /or components [11,13,55].

The phenology data from Study 2 showed that the activity periods of E. laetus and
C. submetallicum flights were coincident and relatively long, lasting 8-10 weeks or more,
suggesting long emergence periods or adult life cycles, or multivoltinism. Published data
on adult activity from southern Chilean locations [56,57] corroborate these long activity
periods, with those authors stating that C. submetallicum were observed between October
and January. Thus, our results extended the flight period by ca. two months toward the
end of the summer. The same authors reported E. laetus activity between September and
February; thus, our results extend the activity period for several more weeks.

Considering the three most abundant species collected, all are native to western
South America (Chile and Argentina [41]), all have diverse host plants (up to 21 in
E. laetus [58]), and all are of economic importance in Chile. Eryphus laetus is reported
as a minor pest in apple branches in southern Chile [56] and is quarantined as a potentially
invasive species by the USA [59]. Chenoderus testaceus and C. submetallicum attack Nothofagus
species [56], infesting the inner bark, but usually do not cause significant damage. However,
C. submetallicum has been reported to cause significant damage to endemic plants in
Chile [60], particularly for Nothofagus glauca, which is listed as vulnerable. No pheromone-
based strategies have been developed in Chile against any of these species, and so the
compounds found to attract these species in our studies may have a role in both monitoring
and control tactics in agriculture and forestry (e.g., as in [61]). The attractants may also be
useful for biological studies, such as biodiversity surveys and studies of population dy-
namics. However, because of the conserved status of these compounds among related taxa,
and considering the uniqueness of the Chilean fauna and the potency of these attractants,
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care should be taken to avoid potential negative effects from using them extensively and
intensively, in case of harm to beneficial, rare, or endangered species [23,24].

5. Conclusions

3-Hydroxy-2-hexanone attracted significant numbers of Calydon submetallicum and
Eryphus laetus. However, (2R*,35%)- and (2R* 3R*)-2,3-hexanediol only significantly at-
tracted E. laetus. Males and females of C. submetallicum and E. laetus were both attracted
to 3-hydroxy-2-hexanone, (2R*,35%)-, and (2R*3R*)-2,3-hexanediol, indicating that the
chemicals are likely aggregation-sex pheromone components. Our data suggest that some
Chilean cerambycid species share pheromone components with related species from other
continents, further substantiating that these compounds have been conserved within the
family through evolutionary time.

Author Contributions: Conceptualization, T.C. and ].G.M.; methodology, ].G.M. and T.C.; statistical
analysis, A.C. (Américo Contreras), T.C. and D.A.; chemical synthesis—provision, ].G.M.; insect
ID, T.C,, RR. and A.C. (Arly Cheuquel); supervision, T.C., D.A., A H., A.C. (Arly Cheuquel) and
R.R.; resources, T.C., A.H. and R.R.; writing—original draft preparation, T.C., D.A., A H. and A.C.
(Américo Contreras); writing—review and editing, ].G.M., T.C. and D.A.; project administration, T.C.;
funding acquisition, T.C., A.H. and R.R. All authors have read and agreed to the published version of
the manuscript.

Funding: “Fondo Nacional de Desarrollo Cientifico y Tecnolégico” (FONDECYT) and “Fondo de
Investigacion del Bosque Nativo” from “Corporaciéon Nacional Forestal” (FIBN-CONAF); grants
“Caracterizacion del comportamiento de llamado, orientacién y cortejo en Callisphyris apicicornis
(Coleoptera: Cerambycidae) y evaluacion de la respuesta de machos a volatiles aislados desde
hembras virgenes conespecificas” FONDECYT 11070072 (to TC, 2008), and “Manejo sostenible de
Proholopterus chilensis mediante la identificacion y uso de semioquimicos y técnicas silvicolas
en Roble-Rauli-Coihue” FIBN 021/2018 (to TC, 2018), respectively. United States Department of
Agriculture, Animal and Plant Health Inspection Service (APHIS) grants 10-, 11-, 18-, and 19-8130-
1422-CA to JGM.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: To Pablo Perez C., Biotechnologist (University of La Frontera) for trap installation
and insect sampling in the La Araucania study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to.

References

1.  Monng, M.L.; Monne, M.A.; Wang, Q. General morphology, classification, and biology of Cerambycidae. In Cerambycidae of the
world: Biology and Pest Management, 1st ed.; Wang, Q., Ed.; CRC Press: Boca Raton, FL, USA, 2017; Chapter 1; pp. 1-70.

2. Tavakilian, G.; Berkov, A.; Meurer-Grimes, B.; Mori, S. Neotropical tree species and their faunas of xylophagous longicorns
(Coleoptera: Cerambycidae) in French Guiana. Bot. Rev. 1997, 63, 303-355. [CrossRef]

3. Yasui, H.; Fujiwara-Tsujii, N.; Yasuda, T. Detection of volatile pheromone candidates from the white-spotted longicorn beetle,
Anoplophora malasiaca (Coleoptera: Cerambycidae). Appl. Entomol. Zool. 2019, 54, 203-211. [CrossRef]

4.  Linsley, E.G. The Cerambycidae of North America: Part [—Introduction; University of California Press: Berkley, CA, USA, 1961;
Volume 18, pp. 1-97.

5. Iwabuchi, K. Mating behavior of Xylotrechus pyrrhoderus Bates (Coleoptera: Cerambycidae) 1. Behavioral sequences and existence
of the male sex pheromone. Appl. Entomol. Zool. 1982, 17, 494-500. [CrossRef]

6.  Fettkother, R.; Dettner, K.; Schroder, F.; Meyer, H.; Francke, W.; Noldt, U. The male pheromone of the old house borer Hylotrupes
bajulus (L.) (Coleoptera: Cerambycidae): Identification and female response. Experientia 1995, 51, 270-277. [CrossRef]

7. Allison, J.; Borden, J.; Seybold, S.A. A review of the chemical ecology of the Cerambycidae (Coleoptera). Evolutionary, mechanistic

and environmental approaches to chemically-mediated interactions. Chemoecology 2004, 14, 123-150. [CrossRef]


http://doi.org/10.1007/BF02856596
http://doi.org/10.1007/s13355-019-00614-4
http://doi.org/10.1303/aez.17.494
http://doi.org/10.1007/BF01931111
http://doi.org/10.1007/s00049-004-0277-1

Insects 2022, 13, 1067 9of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Millar, J.G.; Hanks, L.M. Chemical Ecology of Cerambycids. In Cerambycidae of the World: Biology and Pest Management, 1st ed.;
Wang, Q., Ed.; CRC Press: Boca Raton, FL, USA, 2017; Chapter 5; pp. 161-208.

El-Sayed, A.M. The Pherobase: Database of Pheromones and Semiochemicals. 2022. Available online: https://www.pherobase.
com (accessed on 30 September 2022).

Cohen, C; Liltved, W.R,; Colville, J.E; Shuttleworth, A.; Weissflog, J.; Svatos, A.; Bytebier, B.; Johnson, S.D. Sexual deception of a
beetle pollinator through floral mimicry. Curr. Biol. 2021, 31, 1962-1969. [CrossRef]

Hanks, L.M.; Millar, J.G. Field bioassays of cerambycid pheromones reveal widespread parsimony of pheromone structures,
enhancement by host plant volatiles, and antagonism by components from heterospecifics. Chemoecology 2013, 23, 21-44.
[CrossRef]

Hanks, L.M.; Millar, ].G. Sex and aggregation-sex pheromones of cerambycid beetles: Basic science and practical applications.
J. Chem. Ecol. 2016, 42, 631-654. [CrossRef]

Mitchell, R.E; Reagel, P.E; Wong, J.C.H.; Meier, L.R.; Silva, W.D.; Mongold-Diers, J.; Millar, J.G.; Hanks, L.M. Ce-
rambycid beetle species with similar pheromones are segregated by phenology and minor pheromone components.
J. Chem. Ecol. 2015, 41, 431-441. [CrossRef]

Diesel, N.M.; Zou, Y.; Johnson, T.D.; Diesel, D.A.; Millar, ]J.G.; Mongold-Diers, J.A.; Hanks, L.M. The rare North American
cerambycid beetle Dryobius sexnotatus shares a novel pyrrole pheromone component with species in Asia and South America.
J. Chem. Ecol. 2017, 43, 739-744. [CrossRef]

Yasui, H.; Fujiwara-Tsujii, N.; Yasuda, T.; Fukaya, M.; Kiriyama, S.; Nakano, A.; Watanabe, T.; Mori, K. Electroantennographic
responses and field attraction of an emerging invader, the red-necked longicorn beetle Aromia bungii (Coleoptera: Cerambycidae),
to the chiral and racemic forms of its male-produced aggregation-sex pheromone. Appl. Entomol. Zool. 2019, 54, 109-114.
[CrossRef]

Fonseca, M.G.; Vidal, D.M.; Zarbin, P.H. Male-produced sex pheromone of the cerambycid beetle Hedypathes betulinus: Chemical
identification and biological activity. J. Chem. Ecol. 2010, 36, 1132-1139. [CrossRef] [PubMed]

Amoros, M.E.; Lagarde, L.; Carmo, H.D.; Heguaburu, V.; Monné, M.; Buenahora, J.; Gonzélez, A. Trapping of Retrachydes
thoracicus thoracicus (Olivier) and other neotropical cerambycid beetles in pheromone- and kairomone-baited traps. Neotrop.
Entomol. 2022, 51, 386-396. [CrossRef] [PubMed]

Aguirre Gil, O.].; Paredes-Espinosa, R.; Briones, R.A.; Alarcon, LM.; Vejarano, T.E.G.; Monné, M.L.; Gonzalez, A.; Allison, J.
Screening known Cerambycidae pheromones for activity with the Peruvian fauna. Agric. For. Entomol. 2021, 23, 506-511.
[CrossRef]

Curkovic, T.; Ferrera, C. Female calling and male flight orientation and searching behaviors in Callisphyris apicicornis: Evidence
for a female-produced sex attractant pheromone. Int. J. Agric. Nat. Resour. 2012, 39, 147-158. [CrossRef]

Curkovic, T.; Rodriguez, D.; Huerta, A.; Bergmann, J.; Ceballos, R. Behavioral and physiological response of male Callisphyris
apicicornis (Coleoptera: Cerambycidae) to virgin conspecific females” extracts. Chil. ]. Agric. Res. 2018, 78, 470-477. [CrossRef]
Barriga, J.E. Coleoptera Neotropical. 2022. Available online: http://coleoptera-neotropical.org/paginaprincipalhome.html
(accessed on 30 September 2022).

Hayes, R.A,; Griffiths, M.W.; Nahrung, H.F.; Arnold, P.A.; Hanks, L.M.; Millar, J.G. Optimizing generic cerambycid pheromone
lures for Australian biosecurity and biodiversity monitoring. . Econ. Entomol. 2016, 109, 1741-1749. [CrossRef]

Brodie, B.S.; Popescu, V.D.; Iosif, R.; Ciocanea, C.; Manolache, S.; Vanau, G.; Gavrilidis, A.A.; Serafim, R.; Rozylowicz, L.
Non-lethal monitoring of longicorn beetle communities using generic pheromone lures and occupancy models. Ecol. Indic. 2019,
101, 330-340. [CrossRef]

Wickham, ].D.; Harrison, R.D.; Lu, W.; Chen, Y.; Hanks, L.M.; Millar, ].G. Rapid assessment of cerambycid beetle biodiversity in a
tropical rainforest in Yunnan province, China, using a multicomponent pheromone lure. Insects 2021, 12, 277. [CrossRef]
Rassati, D.; Marchioro, M.; Flaherty, L.; Poloni, R.; Edwards, S.; Faccoli, M.; Sweeney, ]. Response of native and exotic longhorn
beetles to common pheromone components provides partial support for the pheromone-free space hypothesis. Insect Sci. 2021,
28,793-810. [CrossRef]

Millar, J.G.; Richards, A.B.; Halloran, S.; Zou, Y.; Boyd, E.A.; Quigley, K.N.; Hanks, L.M. Pheromone identification by proxy:
Identification of aggregation-sex pheromones of North American cerambycid beetles as a strategy to identify pheromones of
invasive Asian congeners. J. Pest Sci. 2019, 92, 213-220. [CrossRef]

Tapia, A.; Zuniga, A.A.; Rebolledo, R. Carabidos (Coleoptera: Cerabidae) presentes en un relicto vegetacional del llano central de
la Araucania. Idesia 2011, 29, 87-94. [CrossRef]

Morrone, ].J. Biogeographic areas and transition zones of Latin America and the Caribbean islands based on panbiogeographic
and cladistic analyses of the entomofauna. Ann. Rev. Entomol. 2006, 51, 467-494. [CrossRef] [PubMed]

Millar, J.G.; Mitchell, R.E.; Mongold-Diers, ].A.; Zou, Y.; Bogran, C.E.; Fierke, M.K.; Ginzel, M.D.; Johnson, C.W.; Meeker, ].R.;
Poland, T.M.; et al. Identifying possible pheromones of cerambycid beetles by field testing known pheromone components in
four widely separated regions of the United States. J. Econ. Entomol. 2018, 111, 252-259. [CrossRef] [PubMed]

Silva, W.D.; Millar, ].G.; Hanks, L.M.; Costa, C.M.; Leite, M.O.G.; Tonelli, M.; Bento, ]. M.S. Interspecific cross-attraction between
the South American cerambycid beetle Cotyclytus curvatus and Megacyllene acuita is averted by minor pheromone components.
J. Chem. Ecol. 2018, 44, 268-275. [CrossRef] [PubMed]


https://www.pherobase.com
https://www.pherobase.com
http://doi.org/10.1016/j.cub.2021.03.037
http://doi.org/10.1007/s00049-012-0116-8
http://doi.org/10.1007/s10886-016-0733-8
http://doi.org/10.1007/s10886-015-0571-0
http://doi.org/10.1007/s10886-017-0875-3
http://doi.org/10.1007/s13355-018-0600-x
http://doi.org/10.1007/s10886-010-9850-y
http://www.ncbi.nlm.nih.gov/pubmed/20809143
http://doi.org/10.1007/s13744-022-00955-w
http://www.ncbi.nlm.nih.gov/pubmed/35545733
http://doi.org/10.1111/afe.12454
http://doi.org/10.4067/S0718-16202012000100012
http://doi.org/10.4067/S0718-58392018000400470
http://coleoptera-neotropical.org/paginaprincipalhome.html
http://doi.org/10.1093/jee/tow100
http://doi.org/10.1016/j.ecolind.2019.01.038
http://doi.org/10.3390/insects12040277
http://doi.org/10.1111/1744-7917.12790
http://doi.org/10.1007/s10340-018-0962-4
http://doi.org/10.4067/S0718-34292011000300013
http://doi.org/10.1146/annurev.ento.50.071803.130447
http://www.ncbi.nlm.nih.gov/pubmed/16332220
http://doi.org/10.1093/jee/tox312
http://www.ncbi.nlm.nih.gov/pubmed/29228303
http://doi.org/10.1007/s10886-018-0933-5
http://www.ncbi.nlm.nih.gov/pubmed/29430578

Insects 2022, 13, 1067 10 of 11

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

Graham, E.E.; Mitchell, R.E; Reagel, P.F,; Barbour, ].D.; Millar, ].G.; Hanks, L.M. Treating panel traps with a fluoropolymer
enhances their efficiency in capturing cerambycid beetles. J. Econ. Entomol. 2010, 103, 641-647. [CrossRef]

Pajares, J.A.; Alvarez, G.; Ibeas, E; Gallego, D.; Hall, D.R.; Farman, D.I. Identification and field activity of a male-produced
aggregation pheromone in the pine sawyer beetle, Monochamus galloprovincialis. ]. Chem. Ecol. 2010, 36, 570-583. [CrossRef]

Silk, PJ.; Sweeney, J.; Wu, J.; Price, J.; Gutowski, ].M.; Kettela, E.G. Evidence for a male-produced pheromone in Tetropium fuscum
(F.) and Tetropium cinnamopterum (Kirby) (Coleoptera: Cerambycidae). Naturwissenschaften 2007, 94, 697-701. [CrossRef]

Hanks, L.M.; Millar, ].G.; Moreira, J.A.; Barbour, ].D.; Lacey, E.S.; McElfresh, ].S.; Reuter, ER.; Ray, A.M. Using generic pheromone
lures to expedite identification of aggregation pheromones for the cerambycid beetles Xylotrechus nauticus, Phymatodes lecontei,
and Neoclytus modestus modestus. J. Chem. Ecol. 2007, 33, 889-907. [CrossRef]

Lacey, E.S.; Ginzel, M.D.; Millar, ].G.; Hanks, L.M. Male-produced aggregation pheromone of the cerambycid beetle Neoclytus
acuminatus acuminatus. J. Chem. Ecol. 2004, 30, 1493-1507. [CrossRef]

Miller, D.R.; Crowe, C.M.; Mayo, PD.; Reid, L.S,; Silk, PJ.; Sweeney, ].D. Interactions between ethanol, syn-2, 3-hexanediol,
3-hydroxyhexan-2-one, and 3-hydroxyoctan-2-one lures on trap catches of hardwood longhorn beetles in southeastern United
States. J. Econ. Entomol. 2017, 110, 2119-2128. [CrossRef] [PubMed]

DMC (Direccion Meteorolégica de Chile). Anuario Metereoldgico 2019; DMC (Direccién Meteorologica de Chile): Santiago, Chile,
2020; 131p.

Friedmann, M. The use of ranks to avoid the assumptions of normality implicit in the analysis of variance. J. Am. Stat. Assoc.
1937, 32, 675-701. [CrossRef]

Conover, W.]. Practical Nonparametric Statistics; John Wiley and Sons, Inc.: Hoboken, NJ, USA, 1999.

Monné, M.A. Catalogue of the Cerambycidae (Coleoptera) of the Neotropical Region. Part I. Subfamily Cerambycinae. Zootaxa
2005, 946, 1-765. [CrossRef]

Monné, M.A. Catalogue of the Cerambycidae (Coleoptera) of the Neotropical Region. Part II. Subfamily Lamiinae. Zootaxa 2005,
1023, 1-759. [CrossRef]

Monné, M.A. Catalogue of the type-species of the genera of the Cerambycidae, Disteniidae, Oxypeltidae and Vesperidae
(Coleoptera) of the Neotropical Region. Zootaxa 2012, 3213, 1-183. [CrossRef]

Fierke, M.K.; Skabeikis, D.D.; Millar, J.G.; Teale, S.A.; McElfresh, ].S.; Hanks, L.M. Identification of a male-produced aggre-
gation pheromone for Monochamus scutellatus scutellatus and an attractant for the congener Monochamus notatus (Coleoptera:
Cerambycidae). J. Econ. Entomol. 2012, 105, 2029-2034. [CrossRef] [PubMed]

Nakamuta, K.; Leal, W.S.; Nakashima, T.; Tokoro, M.; Ono, M.; Nakanishi, M. Increase of trap catches by a combination of male
sex pheromones and floral attractant in longhorn beetle, Anaglyptus subfasciatus. J. Chem. Ecol. 1997, 23, 1635-1640. [CrossRef]
Bobadoye, B.; Torto, B.; Fombong, A.; Zou, Y.; Adlbauer, K.; Hanks, L.M.; Millar, ].G. Evidence of aggregation-sex pheromone use
by longhorned beetle (Coleoptera: Cerambycidae) species native to Africa. Environ. Entomol. 2019, 48, 189-192. [CrossRef]
Botero, J.P.; Monné, M.L. Cladistic analysis of the tribe Eburiini Blanchard, 1945 and revalidation of the tribe Dychophyiini Gistel,
1848 (Coleoptera: Cerambycidae). Zool. J. Linn. Soc. 2018, 20, 1095-1122. [CrossRef]

Sweeney, ].D.; Silk, PJ.; Gutowski, ].M.; Wu, J.; Lemay, M.A.; Mayo, P.D.; Magee, D.I. Effect of chirality, release rate, and host
volatiles on response of Tetropium fuscum (F.), Tetropium cinnamopterum Kirby, and Tetropium castaneum (L.) to the aggregation
pheromone, fuscumol. J. Chem. Ecol. 2010, 36, 1309-1321. [CrossRef]

Ray, A.M.; Barbour, ].D.; McElfresh, ].S.; Moreira, J.A.; Swift, I.; Wright, LM.; Zunié, A.; Mitchell, R.F,; Graham, E.E.; Alten, RL.;
et al. 3-Hexanediols as sex attractants and a female-produced sex pheromone for cerambycid beetles in the prionine genus
Tragosoma. J. Chem. Ecol. 2012, 38, 1151-1158. [CrossRef] [PubMed]

Ray, A.M.; Millar, J.G.; Moreira, J.A.; McElfresh, ].S.; Mitchell, R.F,; Barbour, J.D.; Hanks, L.M. North American species of
cerambycid beetles in the genus Neoclytus share a common hydroxyhexanone-hexanediol pheromone structural motif. J. Econ.
Entomol. 2015, 108, 1860-1868. [CrossRef] [PubMed]

Molander, M.A.; Winde, 1.B.; Burman, J.; Nyabuga, FEN.; Lindblom, T.U.T.; Hanks, L.M.; Millar, ].G.; Larsson, M.C. Common
cerambycid pheromone components as attractants for longhorn beetles (Cerambycidae) breeding in ephemeral oak substrates in
northern Europe. J. Chem. Ecol. 2019, 45, 537-548. [CrossRef] [PubMed]

Morrone, J.J. Biogeographical regions under track and cladistic scrutiny. J. Biogeogr. 2002, 29, 149-152. [CrossRef]

Elgueta, M. Coleoptera de Chile. In Hacia un Proyecto Ciencia y Tecnologia Para el Desarrollo (CYTED) Para el Inventario y Estimacion
de la Diversidad Entomoldgica en Iberoamérica; PRIBES-2000; Martin-Piera, F., Morrone, J., Melic, A., Eds.; Sociedad Entomolégica
Aragonesa: Zaragoza, Spain, 2000; pp. 145-154.

Linsley, E.G. Ecology of Cerambycidae. Ann. Rev. Entomol. 1959, 4, 99-138. [CrossRef]

Krahmer, E. Feromona de una especie de Cerambycidae atrae a los machos de otro género (Coleoptera). Rev. Chil. Entomol. 1990,
18, 95.

Hanks, L.M.; Mongold-Diers, J.A.; Mitchell, R.F; Zou, Y.; Wong, ].C.H.; Meier, L.R.; Johnson, T.D.; Millar, J.G. The role of
minor pheromone components in segregating 14 species of longhorned beetles (Coleoptera: Cerambycidae) of the subfamily
Cerambycinae. J. Econ. Entomol. 2019, 112, 2236-2252. [CrossRef]

Artigas, ].N. Familia Cerambycidae. In Entomologia Economica: Insectos de Interés Agricola, Forestal, Médico y Veterinario, 1st ed.;
Ediciones Universidad de Concepcion: Concepcion, Chile, 1994; Chapter 27.6; pp. 120-160.


http://doi.org/10.1603/EC10013
http://doi.org/10.1007/s10886-010-9791-5
http://doi.org/10.1007/s00114-007-0244-0
http://doi.org/10.1007/s10886-007-9275-4
http://doi.org/10.1023/B:JOEC.0000042064.25363.42
http://doi.org/10.1093/jee/tox188
http://www.ncbi.nlm.nih.gov/pubmed/28981676
http://doi.org/10.1080/01621459.1937.10503522
http://doi.org/10.11646/zootaxa.946.1.1
http://doi.org/10.11646/zootaxa.1023.1.1
http://doi.org/10.11646/zootaxa.3213.1.1
http://doi.org/10.1603/EC12101
http://www.ncbi.nlm.nih.gov/pubmed/23356067
http://doi.org/10.1023/B:JOEC.0000006427.56337.6c
http://doi.org/10.1093/ee/nvy164
http://doi.org/10.1093/zoolinnean/zly065
http://doi.org/10.1007/s10886-010-9876-1
http://doi.org/10.1007/s10886-012-0181-z
http://www.ncbi.nlm.nih.gov/pubmed/22923142
http://doi.org/10.1093/jee/tov170
http://www.ncbi.nlm.nih.gov/pubmed/26470328
http://doi.org/10.1007/s10886-019-01082-4
http://www.ncbi.nlm.nih.gov/pubmed/31254146
http://doi.org/10.1046/j.1365-2699.2002.00662.x
http://doi.org/10.1146/annurev.en.04.010159.000531
http://doi.org/10.1093/jee/toz141

Insects 2022, 13, 1067 11 of 11

57.

58.

59.

60.

61.

Ide, S. Barrenadores del floema. In Entomologia Forestal en Chile; Lanfranco, D., Ruiz, C., Eds.; Ediciones Universidad Austral de
Chile: Valdivia, Chile, 2010; pp. 141-161.

Barriga, J.E.; Curkovic, T.; Fichet, T.; Henriquez, J.; Macaya, ]. Nuevos antecedentes de coleopteros xilofagos y plantas hospederas
en Chile, con una recopilacién de citas previas. Rev. Chil. Entomol. 1993, 20, 65-91.

Pizarro, J.; Alfaro, EM.; Mufioz, R.A.; Barriga, J.E.; Letelier, L. Arthropods of forestry and medical-veterinary importance in the
Limari basin (Coquimbo region, Chile). Int. ]. Agric. Nat. Resour. 2019, 46, 40-49. [CrossRef]

Huerta, A.; Navarrete, W.; Aaya, J.E.; Mufioz, F. Composiciéon y clasificacion de dafio de insectos en Nothofagus glauca (Fagaceae)
en la Region del Maule, Chile. Rev. Colomb. Entomol. 2011, 37, 56-61. [CrossRef]

Wong, ].C.H.; Mitchell, R.F; Striman, B.; Millar, ].G.; Hanks, L.M. Blending synthetic pheromones of cerambycid beetles to
develop trap lures that simultaneously attract multiple species. J. Econ. Entomol. 2012, 105, 906-915. [CrossRef] [PubMed]


http://doi.org/10.7764/rcia.v46i1.1907
http://doi.org/10.25100/socolen.v37i1.9039
http://doi.org/10.1603/EC11434
http://www.ncbi.nlm.nih.gov/pubmed/22812129

	Introduction 
	Materials and Methods 
	Studies, Localities, Seasons, and Site Characteristics 
	Traps, Compounds, and Treatments 
	Experimental Design, Results, and Statistical Analysis 

	Results 
	Study 1 
	Study 2 

	Discussion 
	Conclusions 
	References

