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Abstract
The identification of volatile pheromones attractive to and produced by many species within the family
Cerambycidae (Coleoptera) has spurred development of synthetic pheromone lures that can be used to
assess cerambycid populations and to monitor for invasive and rare species. We applied this method
of trapping to examine cerambycid attraction to pheromone compounds and to initiate an analysis of
the cerambycid communities within western Idaho, United States of America. A total of 8195
cerambycids, representing 67 species, 17 tribes, and 42 genera within six subfamilies of the
Cerambycidae, were captured. Thirteen volatile pheromone lures were tested over three years, and a
significant treatment effect was detected for nine cerambycid species. No significant differences were
found among sites for species richness, diversity, or evenness. No significant differences were found
among lures for species richness or diversity, but a significant difference was detected among lures for
species evenness. We propose a method for designing a multicomponent lure, based on data from the
target region, to maximise the number of species captured and to target specific cerambycid species
within a targeted region.

Introduction
The majority of cerambycids spend most of their life cycles hidden within the tissues of host

plants, and the adults of many species are nocturnal or crepuscular and have dark or cryptic
colouration (Linsley 1961). The timing and length of the adult flight period differ among
species, generally lasting from a few days to several months for North American species
(Linsley 1959, reviewed by Haack et al. 2017). These traits have made trapping and
assessment of cerambycid communities difficult (Hanks et al. 2014). To date, attractants,
including those identified as pheromones, have been identified for more than 115 cerambycid
species (reviewed by Millar and Hanks 2017) and have been used to develop synthetic volatile
pheromone lures based on the conservation of a number of pheromone structural motifs
within and among cerambycid genera, tribes, and subfamilies. This pheromone parsimony has
contributed to the effectiveness of these lures and to their value as a tool for testing attraction
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of cerambycids to pheromone components, community analysis, and monitoring for invasive
species and for rare or endangered species (Ray et al. 2014; Larsson 2016; Millar and
Hanks 2017; Fan et al. 2019; Molander et al. 2019; Rassati et al. 2020). A number of novel
pheromone structures within the Cerambycidae have recently been identified for a number of
species and genera, increasing the structural diversity known for this family (Ray
et al. 2011, 2012b; Diesel et al. 2017; Millar et al. 2017, 2019; Millar and Hanks 2017; Mitchell
et al. 2018; Meier et al. 2019).

Although pheromone production and attraction have been determined for many North
American cerambycid species, many species have yet to be evaluated. Little of this type of
work has been done in the Pacific Northwest and Intermountain Region of the United States
of America relative to other regions within North America (Rodstein et al. 2009, 2011;
Barbour et al. 2011; Ray et al. 2012a). We sought to narrow this regional knowledge gap by
conducting field trapping bioassays over three years at sites in western Idaho, United States of
America, to test attraction of cerambycids to synthetic volatile pheromone lures containing
compounds known to be attractive to specific taxonomic groups within the Cerambycidae
(Hanks and Millar 2013). The regional knowledge gap also extends to the composition and
dynamics of the cerambycid community within Idaho (Sandoval et al. 2007; Rice et al. 2017).
The use of traps baited with synthetic pheromone lures to target cerambycids is a relatively
recent method of capture that has been developed over the last 15 years. This method is more
economical, reliable, and efficient than more traditional methods, enabling the capture of
many cerambycid species at a particular site (Sweeney et al. 2014; Millar and Hanks 2017).
The current state of knowledge of cerambycid richness and distribution in Idaho is based
largely on older published records and museum specimens that were collected using
traditional methods. Rice et al. (2017) used these specimens and historical records to compile
a comprehensive list of cerambycid species previously recorded in Idaho, along with regional
locations. Although several studies within Idaho have employed pheromone-baited trapping to
capture cerambycids, the studies focused on particular genera and species and were limited to
small geographic areas. Barbour et al. (2011) used pheromone-baited trapping at sites in the
United Kingdom and in multiple regions of North America, including sites in southwestern
Idaho, to test attraction of Prionus spp. to stereoisomers of 3,5-dimethyldodecanoic acid. The
researchers found that synthetic 3,5-dimethyldodecanoic acid can be used to monitor many
Prionus spp. and to determine their geographic distribution and abundance. Ray et al. (2012a)
conducted bioassays with traps baited with synthetic pheromone lures at sites in California,
United States of America, and southwestern Idaho to test attraction of species in the prionine
genus Tragosoma to 2,3-hexanediols. The use of pheromone-baited trapping has been
increasing as a tool to assess the seasonal phenology of cerambycids (Hanks et al. 2014;
Handley et al. 2015; Mitchell et al. 2015). Data collected during our multiyear trapping study
were also used to examine and compare the seasonal phenology of four Phymatodes species
(Lyons-Yerion et al. 2020b). The present study is the first investigation of cerambycid
richness, diversity, and evenness in Idaho to examine multiple sites in both northern and
southern Idaho in consecutive years. The use of synthetic pheromone-baited traps enabled the
capture of a high number of cerambycid genera, species, and individuals.

The next step in the evolution of pheromone lure design has been the development of a single
multicomponent lure that can provide a user-friendly, low-cost alternative to the use of a large
number of pheromone treatments to monitor for invasive species at ports of entry and other high-
risk areas, to survey cerambycid communities, and to monitor for rare and endangered species
(Ray et al. 2014; Larsson 2016; Molander et al. 2019; Hoch et al. 2020). Here, we suggest a
method to design a multicomponent lure based on an existing data set from the target region,
with the goal of capturing the maximum number of cerambycid species possible.

Our project had four objectives. The first objective was to improve understanding of
cerambycid community composition in western Idaho, using traps baited with synthetic
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volatile pheromone lures to maximise the number of species captured at various sites. The second
objective was to perform field bioassays to test attraction of cerambycid species among a set of
synthetic volatile pheromone lures to improve our understanding of the pheromone ecology of
cerambycids in Idaho. The third objective was to compare the species richness, diversity, and
evenness parameters of the captured cerambycid communities among sites and to compare
cerambycid species richness, diversity, and evenness of captures among pheromone lure
treatments across sites to better understand the dynamics of the Idaho cerambycid
community. The fourth objective was to provide a method to develop a region-specific,
multicomponent pheromone lure that maximises the capture of total cerambycid species and
targets individual species of interest.

Materials and methods
Trapping sites

Field bioassays testing attraction to synthetic pheromones were performed in 2014, 2015, and
2016 at two sites in northwestern Idaho and two sites in southwestern Idaho in each of the three
years, resulting in a total of 12 site-year replicates (Table 1). Nine different sites were used over the
three years of trapping, with the same sites used for multiple years when feasible. However, in
some years, different sites in the same geographic area were used because of access limitations
or to trap in areas that had been logged recently. Sites were located within areas containing
mixed coniferous forest, and where possible, traps were placed within logged patches and in
proximity to fresh slash. The Scotch Bob site in southwestern Idaho had not been recently
logged but had abundant dead or dying woody debris on the ground or as standing snags.

Table 1. Idaho sites used during 2014, 2015, and 2016 for field bioassays of pheromone lures for cerambycid species. All
sites were within stands of mixed coniferous forest, with trap transects placed in logged areas (except the Scotch Bob site)
near slash, woody debris, and snags.

Idaho region Site name Elevation (m)

GPS coordinatesa Trapping dates

Latitude Longitude Year Start End

North UIEF 884 46.858483 –116.724250 2014b 16 June 12 July

Bovill 992 46.868433 –116.378450 2014 10 July 04 Sept.

Helmer 995 46.745300 –116.402183 2015 25 April 25 Sept.

Eagle Cr. 1520 46.099350 –116.801883 2015b 18 April 07 Aug.

3 Bear 927 46.742950 –116.302767 2016 06 April 07 Sept.

McCann 1430 46.163750 –116.689617 2016 11 April 12 Sept.

South Grimes Cr. 1208 43.743617 –115.973300 2014b 26 June 10 July

Scotch Bob 1630 43.035450 –116.681417 2014 20 June 26 Sept.

2015 20 May 14 Sept.

2016 13 May 15 Sept.

Idaho City 1408 43.796083 –115.815117 2015 28 May 03 Sept.

2016 18 May 09 Sept.

aDatum: WGS84.
bDisturbance of traps by large mammals resulted in an abbreviated trapping season at this site.
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Field trapping and bioassays

Field trapping materials and methods were similar to those described in Hanks et al. (2014).
Black corrugated plastic cross-vane flight-intercept panel traps (Alpha Scents, West Linn, Oregon,
United States of America) were used for all field bioassays. Trap panels and the interior surfaces of
the trap basins were coated with Fluon® fluoropolymer dispersion (10% aqueous dilution;
Northern Specialty Chemicals, Woonsocket, Rhode Island, United States of America) to
increase capture efficiency (Graham et al. 2010; Graham and Poland 2012). Small holes
(1.5 mm diameter) were drilled in the trap basins approximately midway up the plastic trap
basin to allow water to drain. Traps were suspended from L-shaped frames constructed from
1.9-cm (inside diameter) schedule 40 polyvinyl chloride irrigation pipe. The L-frame was
mounted on a 1.2-m-long, 1.27-cm-diameter steel reinforcing bar post. At the northern sites,
a steel hairpin clip (part number: 50840; Double HH Quality Products, Rock Valley, Iowa,
United States of America) was inserted into a hole drilled near the end of the horizontal
section of the pipe support to secure the trap and prevent detachment of traps during high
winds. The base of the trap was tethered to the vertical pipe support with a wire to limit trap
movement in the wind. Vegetation beneath the trap was trimmed to allow the trap to rotate
freely. Trap basins initially were filled with a saturated sodium chloride solution (150 g rock
salt per 3 L tap water) to kill and preserve beetles (Allison and Redak 2017). The sodium
chloride solution was replaced during sample collection site visits. In an effort to address trap
disturbance by large mammals, the sodium chloride solution in trap basins was changed to
propylene glycol diluted onsite with water (approximate dilution ratio: 1:1; Splash RV &
Marine antifreeze, Part number: 619526; Splash Products Inc., St. Paul, Minnesota, United
States of America) during the 2014 trapping season (Allison and Redak 2017). Continued
disturbance of traps ended the trapping season early at several sites (Table 1). To reduce
animal disturbance at the northern site, where trapping continued for the remainder of the
2014 season, and for the Helmer site in 2015, the killing agent was changed to Vaportape™ II
Insecticidal Strips (Hercon Environmental, Emigsville, Pennsylvania, United States of
America). For 2015 and 2016 trapping, use of the insecticidal strips continued at the northern
sites and use of diluted propylene glycol continued at the southern sites.

At each site, traps were arranged in a single, approximately linear transect, with each trap
baited with one of 16 synthetic pheromone treatments (Table 2). Sixteen treatments, including
a solvent-only control, were used in 2014. The number of treatments was reduced to 13
beginning in July 2015 and for all of 2016 by eliminating the six-, eight-, and 10-carbon
2-hydroxy-3-one treatments that do not appear to serve as attractants to North American
cerambycids (Table 2; L.M. Hanks, personal communication). The minimum distance between
traps was 10 m. Where an obstruction such as a shrub or tree stump prevented positioning at
10 m, the distance was increased to avoid the obstruction. Wong et al.’s (2017) results suggest
that approximately 10-m spacing between traps in a transect provides sufficient separation to
avoid interference from adjacent treatments while allowing the testing of relatively weak
attractants. Position of lures within the transect was randomly assigned initially and re-
randomised when samples were collected at two-week intervals. Due to trap disturbance at
some sites, the collection period was changed to a one-week interval at those sites. To avoid
contamination, entire traps with their lures attached were moved to the newly randomised
positions. Trap lures consisted of polyethylene sachets (press-seal bags, Bagette model 14770,
5.1× 7.6 cm, 0.05 mm thick; Cousin Corp., Largo, Florida, United States of America)
containing a cotton dental wick (#2 medium cotton rolls, 1× 4 cm; Patterson Dental Supply,
St. Paul, Minnesota) loaded with a single synthetic pheromone or enantiomeric blend and
secured in the centre of the trap. Lures were kept cool and held individually in glass jars
during transport to the field sites. For all but two of the lures, 0.05 mL of the test compound
was combined with 0.95 mL of isopropyl alcohol (2-propanol (certified ACS), cat. number
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A416P-4, Fisher Scientific, Pittsburgh, Pennsylvania) for a total volume of 1.0 mL of solution per
lure. The exceptions were 2-(undecyloxy)ethan-1-ol, also known as monochamol (0.025 mL with
0.975 mL of isopropyl alcohol), and anti-2,3-octanediol (a solid at room temperature: 0.05 g in
0.95 mL of isopropyl alcohol). Geographic positioning system coordinates for site locations
were recorded using a Magellan® eXplorist 210 GPS receiver (Magellan/MiTac Digital Corp.,
San Dimas, California) using the WGS84 datum.

Taxonomy and identification of beetles

Beetles were identified as follows: Centrodera spp. (Lepturinae: Rhagiini) according to
Leech (1963), Linsley and Chemsak (1972), and Valley (2012), images 5477423–5477425 and
compared to a paratype of C. autumnata Leech, 1963, two paratypes of C. dayi, and
specimens of C. spurca (LeConte, 1857) (William F. Barr Entomological Museum, University
of Idaho, Moscow, Idaho, United States of America); Phymatodes spp. (Phymatodes)
Mulsant, 1839 (Cerambycinae: Callidiini), according to Linsley (1962b, 1964) and
Swift and Ray (2010) and by comparison to reference specimens, following the taxonomy of
Bezark (2020); Semanotus spp. Mulsant, 1839 (Cerambycinae: Callidiini), according to Hammond
and Williams (2013) and by comparison to reference specimens; Semanotus basalis
(Casey, 1924) according to Bousquet et al. (2017) and by comparison to reference
specimens, following taxonomy of Bousquet et al. (2017); Tragosoma spp. Audinet-Serville,
1832 (Prioninae: Meroscelisini) according to Laplante (2017) and by comparison to reference
specimens, following the taxonomy of Bousquet et al. (2017). The remainder of the
beetles were identified according to Linsley (1962a, 1962b, 1963, 1964) and

Table 2. Synthetic pheromone lures used in trapping cerambycids during 2014−2016, showing chirality, commercial
sources of chemicals, or synthesis citation.

Pheromone treatment Nickname Source

anti-2,3-hexanediol anti-C6 diols Lacey et al. (2004)

syn-2,3-hexanediol syn-C6 diols Lacey et al. (2004)

2-hydroxyhexan-3-onea 2R*-C6 ketones Millar et al. (2009)

3-hydroxyhexan-2-one 3R*-C6 ketones Bedoukian, Inc.

anti-2,3-octanediol anti-C8 diols Millar et al. (2009)

syn-2,3-octanediol syn-C8 diols Millar et al. (2009)

2-hydroxyoctan-3-onea 2R*-C8 ketones Millar et al. (2009)

3-hydroxyoctan-2-one 3R*-C8 ketones Millar et al. (2009)

2-hydroxydecan-3-onea 2R*-C10 ketones Millar et al. (2009)

3-hydroxydecan-2-one 3R*-C10 ketones Millar et al. (2009)

(E)-6,10-dimethylundeca-5,9-dien-2-one Geranylacetone Bedoukian, Inc.

(E)-6,10-dimethylundeca-5,9-dien-2-yl acetate Fuscumol acetate Bedoukian, Inc.

(E)-6,10-dimethylundeca-5,9-dien-2-ol Fuscumol Bedoukian, Inc.

2-methylbutan-1-ol 2-methyl butanol Sigma-Aldrich

2-(undecyloxy)-ethan-1-ol Monochamol Bedoukian, Inc.

Isopropyl alcohol Isopropanol Fisher Scientific

Racemic forms of all compounds were used, with the exception of 2-(undecyloxy)-ethan-1-ol, which is achiral.
aTreatment was discontinued in July 2015 and 2016.
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Linsley and Chemsak (1972, 1976, 1984, 1995) and by comparison to reference specimens,
following the taxonomy of Bousquet et al. (2017) and of Bezark (2020, for species that do not
occur in Canada or Alaska). Voucher specimens have been deposited in the William F. Barr
Entomological Museum, University of Idaho.

Capture data from the three discontinued pheromone lure treatments (Table 2) were not
included in the totals presented in the taxonomy results (Table 3). All species captured at
traps baited with the discontinued treatments were also captured among the remaining 13
treatments.

Statistical analysis

Field bioassays: response to pheromone treatments. The three discontinued treatments were
not included in the analyses (Table 2). Our experiment used a randomised complete block
design. Collection site and year (site-year) were used as replicates (n) for analysis. For each
cerambycid species captured, trap catch data for all collection periods within a site-year
replicate were combined to give the total number of individuals captured of a species for a
specific site and year. Site-year replicates with a total of zero (no captures) for a species
(summed across all treatments) were not included in the analyses. Due to the high variability
in numbers of individuals trapped among sites and years, data were transformed to give the
proportion of the number of individuals of that species captured for each pheromone
treatment compared to the total number of that species captured for a specific site and year.
Because population size can vary from year to year even at a single site, this transformation
standardised the data among site-year replicates, allowing direct comparison of capture data
among different site-year replicates. Differences among treatments were tested by performing
a nonparametric one-way analysis of variance using the Kruskal–Wallis test based on rank
sums (PROC NPAR1WAY, Wilcoxon option; SAS Institute 2018), with the Monte Carlo
estimate for the exact test to produce a permutation P-value (exact Wilcoxon/n= 10 000; SAS
Institute 2018). This analysis was used because the data sets violated the normality
assumption of a standard analysis of variance. The significance level for the analysis of
variance was set at α= 0.05. Where the variance analysis showed a significant result, the
Dwass, Steel, Critchlow-Fligner pairwise multiple comparison test (dscf option; SAS
Institute 2018) was performed to determine differences among treatments.

Community parameters: comparisons among sites and lures. Species richness, diversity, and
evenness were calculated using the trap catch data from the three years of field trapping and
compared among site-years. The Grimes site data were not included because there was only a
single, two-week sampling period at this site due to animal disturbance of traps.

Species richness (S), the total number of cerambycid species captured at each site-year replicate,
was calculated by summing the number of species trapped at all pheromone lure treatments
combined for each site-year. Species diversity (H’) for the cerambycids captured was
calculated using the Shannon index for each site-year replicate for all pheromone lures
combined, with the equation:

H0 � �Σ pi ln pi

where pi = ni/N; ni is the abundance of the ith species, and N is the total abundance (Shannon and
Weaver 1949; Magurran 2004). The Shannon evenness index (J’) was calculated for the assemblage
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Table 3. Taxonomy and number of individuals captured for cerambycid species across all site-year replicates (2014−2016)
using traps baited with synthetic volatile pheromone lures. Region of Idaho, United States of America, where captured:
N= northern Idaho, S= southern Idaho.

Subfamily Tribe Species Total Region

Prioninae Callipogonini Trichocnemis spiculatus spiculatus LeConte, 1851 1 N

Prioninae Meroscelisini Tragosoma harrisii LeConte, 1851 942 N S

Prioninae Meroscelisini Tragosoma soror Laplante, 2017 945 N S

Prioninae Prionini Prionus californicus Motschulsky, 1845 24 N S

Cerambycinae Callidiini Callidium antennatum hesperum Casey, 1912 2 N

Cerambycinae Callidiini Callidium cicatricosum Mannerheim, 1853 10 N S

Cerambycinae Callidiini Phymatodes dimidiatus (Kirby, 1837) 46 N S

Cerambycinae Callidiini Phymatodes hirtellus (LeConte, 1873) 7 N

Cerambycinae Callidiini Phymatodes nitidus LeConte, 1874 54 N

Cerambycinae Callidiini Phymatodes vulneratus (LeConte, 1857) 30 S

Cerambycinae Callidiini Semanotus amplus (Casey, 1912) 1 N

Cerambycinae Callidiini Semanotus basalis (Casey, 1924) 7 N

Cerambycinae Callidiini Semanotus litigiosus (Casey, 1891) 7 N

Cerambycinae Callidiini Semanotus terminatus (Casey, 1912) 16 N

Cerambycinae Callidiini Xylocrius agassizi (LeConte, 1861) 5 N

Cerambycinae Clytini Clytus canadensis Hopping, 1928 8 S

Cerambycinae Clytini Clytus planifrons (LeConte, 1874) 8 N

Cerambycinae Clytini Neoclytus acuminatus acuminatus (Fabricius, 1775) 93 N S

Cerambycinae Clytini Neoclytus leucozonus leucozonus
(Laporte & Gory, 1836)

214 N S

Cerambycinae Clytini Neoclytus provoanus Casey, 1924 2 N

Cerambycinae Clytini Megacyllene robiniae (Forster, 1771) 2 N

Cerambycinae Clytini Xylotrechus undulatus (Say, 1824) 145 N S

Cerambycinae Holopleurini Holopleura marginata LeConte, 1873 1 N

Cerambycinae Molorchini Molorchus longicollis LeConte, 1873 1 S

Cerambycinae Obriini Obrium californicum Van Dyke, 1920 1 N

Spondylidinae Asemini Arhopalus productus (LeConte, 1850) 8 S

Spondylidinae Asemini Asemum caseyi Linsley, 1957 7 N S

Spondylidinae Asemini Asemum striatum (Linnaeus, 1758) 111 N S

Spondylidinae Asemini Megasemum asperum (LeConte, 1854) 125 N S

Spondylidinae Asemini Tetropium velutinum LeConte, 1869 116 N S

Spondylidinae Atimiini Atimia confusa (Say, 1826) 32 N

Spondylidinae Spondylidini Neospondylis upiformis (Mannerheim, 1843) 298 N S

Necydalinae . Ulochaetes leoninus LeConte, 1854 4 N

Lepturinae Lepturini Anastrangalia laetifica (LeConte, 1859) 23 N S

Lepturinae Lepturini Anastrangalia sanguinea (LeConte, 1859) 6 N

(Continued)
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Table 3. (Continued )

Subfamily Tribe Species Total Region

Lepturinae Lepturini Etorofus obliteratus (Haldeman, 1847), comb. nov. 82 N

Lepturinae Lepturini Etorofus plagifer (LeConte, 1873), comb. nov. 3 N

Lepturinae Lepturini Etorofus propinquus (Bland, 1865), comb. nov. 4 N

Lepturinae Lepturini Grammoptera molybdica (LeConte, 1850) 1 S

Lepturinae Lepturini Judolia instabilis (Haldeman 1847) 15 N S

Lepturinae Lepturini Judolia montivagans montivagans (Couper, 1864) 1 N

Lepturinae Lepturini Pygoleptura nigrella nigrella (Say, 1826) 12 N

Lepturinae Lepturini Stenostrophia tribalteata serpentina (Casey, 1891) 2 N

Lepturinae Lepturini Stictoleptura canadensis cribripennis (LeConte, 1859) 511 N S

Lepturinae Lepturini Trachysida aspera aspera (LeConte, 1873) 6 N

Lepturinae Lepturini Xestoleptura crassicornis (LeConte, 1873) 830 S

Lepturinae Lepturini Xestoleptura crassipes (LeConte, 1857) 16 N

Lepturinae Lepturini Xestoleptura tibialis (LeConte, 1850) 6 N

Lepturinae Oxymirini Neanthophylax mirificus (Bland, 1865) 20 N S

Lepturinae Oxymirini Neanthophylax tenebrosus orientalis
Linsley & Chemsak, 1972

2 S

Lepturinae Rhagiini Acmaeops proteus proteus (Kirby, 1837) 26 N S

Lepturinae Rhagiini Centrodera dayi Leech, 1963 49 N S

Lepturinae Rhagiini Centrodera spurca (LeConte, 1857) 14 N S

Lepturinae Rhagiini Cortodera longicornis (Kirby, 1837) 3 S

Lepturinae Rhagiini Cortodera subpilosa (LeConte, 1850) 1 N

Lepturinae Rhagiini Gnathacmaeops pratensis (Laicharting, 1784) 4 N

Lepturinae Rhagiini Pseudogaurotina cressoni cressoni (Bland, 1864) 1 N

Lepturinae Rhagiini Rhagium inquisitor (Linnaeus, 1758) 1359 N S

Lepturinae Rhagiini Stenocorus nubifer (LeConte, 1859) 85 S

Lepturinae Rhagiini Stenocorus obtusus (LeConte, 1873) 1 N

Lamiinae Acanthocinini Acanthocinus obliquus (LeConte, 1862) 5 N

Lamiinae Monochamini Monochamus clamator (LeConte, 1852) 31 N S

Lamiinae Monochamini Monochamus obtusus Casey, 1891 571 N S

Lamiinae Monochamini Monochamus scutellatus (Say, 1824) 974 N S

Lamiinae Pogonocherini Pogonocherus mixtus Haldeman, 1847 1 N

Lamiinae Pogonocherini Pogonocherus penicillatus LeConte, 1850 2 N

Lamiinae Pogonocherini Poliaenus oregonus (LeConte, 1861) 255 N S

Total species 67 Total individuals 8195
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of cerambycids captured during each site-year for all pheromone lures combined using the
equation:

J 0 � H0=Hmax � H0=lnS

where H’ is the Shannon index of diversity, S is the species richness, H’/Hmax is the ratio of
observed diversity to maximum diversity possible, and Hmax is the maximum diversity
possible (which occurs when all species have equal abundances; Pielou 1969, 1975;
Magurran 2004). To facilitate comparisons of cerambycid species diversity, richness, and
evenness among site-years, we ranked each measure from highest to lowest and with the total
number of individual cerambycid beetles captured for each site-year.

The same parameters – species richness (S), diversity (H’), and evenness (J’) – were compared
among the 13 pheromone lure treatments (including the control) for cerambycids captured
across all site-years by performing a separate one-way analysis of variance (PROC ANOVA;
SAS Institute 2018) for each parameter. For each analysis of variance, site-year served as our
replicate (n). The significance level for each analysis of variance was set at α= 0.05. Where
the variance analysis produced a significant result, a protected Tukey’s studentised range
test (SAS Institute 2018), which controls the Type I experimentwise error rate, was used to
compare among pheromone treatments (α= 0.05). Differences in cerambycid species
richness (S) among captures at traps baited with one of the 13 treatments were tested to
compare the total number of species captured by each pheromone lure across all site-years.
Differences among cerambycid species diversity (H’) for captures at traps baited with each
pheromone lure across all site-years were determined based on Shannon index values
calculated for each lure at each site-year replicate. Differences among cerambycid species
evenness (J’) for captures at traps baited with each pheromone lure across all site-years were
determined using J’ values calculated for each pheromone lure at each site-year replicate.

Multicomponent pheromone lure design

Data from the field trapping bioassays served as the basis for selection of the four lure
components selected for our proposed multicomponent volatile synthetic pheromone lure
to target cerambycids in western Idaho. The 13 synthetic pheromone lure compounds
(Table 2) served as the candidate pool from which the multiple components were selected
because these lures had previously been selected to maximise the richness of cerambycid
species captured (Fierke et al. 2012; Hanks et al. 2012; Ray et al. 2012a; Hanks and
Millar 2013). The three 2-hydroxy-3-one lure treatments were not considered as
candidates for the multicomponent lure because we discontinued their use in field
bioassays in July 2015. Using raw data for all site-year replicates combined, the total
number of species captured at each treatment was calculated for each cerambycid species.
The lure compound with the highest number of total species captured was selected as the
base lure component. The three compounds with the next highest species-richness values,
and with the highest number of new species added to previous totals, were selected as
additional multicompound lure components. Compound selections were based on the
number of species captured without regard for the number of individuals of a particular
species captured at that treatment. The number and identity of unique species (species
that were captured only at one lure treatment), as well as any specified target species, were
considered when making our selections. Potential antagonistic and synergistic effects on
attraction among the lure components for a particular species were determined to the
extent possible by reviewing the results of previously published studies. Separate lures
containing the plant volatiles ethanol or α-pinene may be hung alongside the
multicomponent lure in the trap, if desired, to potentially increase the number of
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individuals and the number of species captured (Collignon et al. 2016; Miller et al. 2017;
Hanks et al. 2018).

Results and discussion
Cerambycid taxonomy

A total of 8195 individual cerambycids, representing 17 tribes, 42 genera, and 67 species, was
captured across all site-year replicates in traps baited with synthetic volatile pheromone lures over
the three-year study (Table 3). Six of the seven cerambycid subfamilies were represented, with only
the Parandrinae absent. Of the 67 total species captured, only single individuals were captured for
11 species, whereas 50 or more individuals were captured for 18 species. Thirty-three species were
captured only at northern Idaho sites, nine were captured only at southern Idaho sites, and
25 species were captured at sites in both regions. Our captures included two species not
previously recorded in Idaho: Centrodera dayi Leech (Lepturinae: Lepturini) and Phymatodes
vulneratus (LeConte) (Cerambycinae: Callidiini) (Lyons-Yerion et al. 2020a).

Within the subfamily Prioninae, four species representing three tribes and three genera were
captured. Within the Cerambycinae, individuals for 18 of the 21 species captured were within
eight of 11 genera and were distributed between the tribes Callidiini and Clytini. For the
Spondylidinae, we captured seven species within three tribes and six genera, and we also
captured one of the two species of Necydalinae previously recorded within Idaho, Ulochaetes
leoninus LeConte (Rice et al. 2017). Within the subfamily Lepturinae, 25 of the 27 species
captured were distributed between two tribes (Lepturini and Rhagiini) and among 16 of the
17 genera captured, whereas for the Lamiinae, seven species from three tribes and four genera
were captured.

Our study resulted in the capture of 65 of the 134 species previously recorded for Idaho (Rice
et al. 2017). The capture of nearly half the species known to occur in Idaho and of two species not
previously recorded suggests that using synthetic pheromone-baited traps is an effective method
to assess regional populations of cerambycids. It should be noted that some cerambycid species
may not use volatile pheromones to locate potential mates and may instead employ one or more
different mechanisms, such as aggregating on host plants (Hanks et al. 1996; Reagel et al. 2002;
Ray et al. 2006).

Field bioassays: response to pheromone treatments

The analyses showed a statistically significant difference in the proportion of individuals of nine
species captured among pheromone lure treatments, indicating a treatment effect (Table 4), but the
pairwise multiple comparison test produced a statistically significant result among treatments for
only one of the nine species. The analysis for Clytus planifrons (LeConte) (Cerambycinae:
Clytini) (χ2= 38.0; df= 12; P= 0.0011) was based on eight C. planifrons specimens captured at
traps baited with 3R*-C8 ketones over three site-year replicates, with no individuals captured at
any other treatments. Pheromone production for C. planifrons was previously reported to be
3-hydroxyhexan-2-one (3R-C6 ketone; Hanks and Millar 2016, supplementary table 1), but it
was actually 3R-C8 ketone (Jocelyn G. Millar, personal communication). Our result, when
considered in this context, suggests 3R*-C8 ketones are a likely attractant for this species. Two
congeners of C. planifrons have been reported to produce or be attracted to
eight-carbon hydroxyketones, suggesting this compound might be a potential pheromone
component motif for the genus. The European species, C. arietis arietis Linnaeus, produces
3R-hydroxyoctan-2-one, 2S-hydroxyoctan-3-one, and 2,3-octanediols (Schröder 1996) and has
shown attraction to racemic 3R*-C8 ketones (Rassati et al. 2020), whereas the North American
species, C. marginicollis Castelnau and Gory, has shown attraction to a combination of racemic
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Table 4. Mean proportion (± standard error mean)a of cerambycid beetles captured at traps per pheromone treatment and site-year replicate during field trapping bioassays in Idaho,
United States of America, and results of a nonparametric one-way analysis of variance using the Kruskal–Wallis test based on rank sums.

Pheromone
treatment

Species, nb, χ2 c

Asemum
caseyi
n= 3

χ2
12= 61.3***

Clytus
planifrons
n= 3

χ2
12= 38.0*

Megasemum
asperum
n= 10

χ2
12= 25.7*

Monochamus
clamator
n= 5

χ2
12= 27.1*

Monochamus
obtusus
n= 7

χ2
12= 30.2*

Monochamus
scutellatus
n= 10

χ2
12= 38.0***

Neoclytus
a. acuminatus

n= 6
χ2

12= 61.3***

Tetropium
velutinum
n= 8

χ2
12= 25.1*

Xylocrius
agassizi
n= 3

χ2
12= 38.0*

2-methyl
butanol

0 0 0.04 ± 0.03 0 0.01 ± 0.00 0.01 ± 0.01b 0 0.02 ± 0.02 1.0 ± 0

3R*-C10 ketones 0 0 0.02 ± 0.01 0 0.03 ± 0.02 0.02 ± 0.01b 0 0.02 ± 0.02 0

3R*-C6 ketones 0 0 0 0 0 0.01 ± 0.01b 0 0.01 ± 0.01 0

3R*-C8 ketones 0 1.0 ± 0 0.07 ± 0.04 0 0 0.01 ± 0.01b 0 0.02 ± 0.01 0

anti-C6 diols 0 0 0.10 ± 0.07 0 0 0.02 ± 0.01b 0.01 ± 0.01 0.02 ± 0.01 0

anti-C8 diols 0 0 0.01 ± 0.01 0.22 ± 0.20 0.01 ± 0.01 0.01 ± 0b 0 0.03 ± 0.03 0

Fuscumol
acetate

0 0 0.03 ± 0.03 0.03 ± 0.03 0 0.02 ± 0.01b 0 0.02 ± 0.01 0

Fuscumol 0 0 0.34 ± 0.09 0 0 0.01 ± 0b 0 0.64 ± 0.14 0

Geranylacetone 1.0 ± 0 0 0.22 ± 0.08 0.02 ± 0.02 0.01 ± 0.01 0.02 ± 0.02b 0.12 ± 0.12 0.03 ± 0.02 0

Isopropanol 0 0 0.05 ± 0.03 0 0.01 ± 0.01 0.01 ± 0.01b 0 0.02 ± 0.01 0

Monochamol 0 0 0.07 ± 0.03 0.70 ± 0.18 0.90 ± 0.04 0.84 ± 0.05a 0 0.07 ± 0.03 0

syn-C6 diols 0 0 0.02 ± 0.02 0.02 ± 0.02 0 0.01 ± 0.01b 0.87 ± 0.12 0.05 ± 0.03 0

syn-C8 diols 0 0 0.03 ± 0.01 0.02 ± 0.02 0.01 ± 0.01 0.01 ± 0.01b 0 0.05 ± 0.03 0

For species that showed statistically significant overall treatment effects, the Dwass, Steel, Critchlow-Fligner pairwise multiple comparison test was performed to detect differences among treatments. Analyses were
performed separately for each species, using site-year replicates (n) where one or more individuals of the species were trapped.aMeans within species with the same letters do not significantly differ (Dwass, Steel,
Critchlow-Fligner multiple comparison test, α= 0.05).
nb= number of site-year replicates.
cAsterisks indicate significance level of analysis of variance P-value: *P≤ 0.01, **P≤ 0.001, ***P≤ 0.0001.
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3R*-C8 ketones and ethanol (Miller et al. 2015), and C. ruricola (Olivier) has shown attraction to
plant volatiles (Montgomery andWargo 1983). Hydroxyketones are a commonmotif among species
in the tribe Clytini for which pheromone production and attraction have been reported, but most of
these compounds are six-carbon hydroxyketones rather than the likely eight-carbon hydroxyketones
for C. planifrons (reviewed in Hanks and Millar 2016).

Our analyses also revealed a statistically significant difference in the proportion of Xylocrius
agassizi (LeConte) (Cerambycinae: Callidiini) captured among the treatments (χ2= 38.0;
df= 12; P= 0.0022). The analysis was based on a total of five X. agassizi individuals captured
at traps baited with 2-methyl butanol over three site-year replicates, with no individuals
captured at any other treatments. This suggests that 2-methyl butanol may be a possible
pheromone for this species, which would align with 2-methyl butanol as one of several
pheromone motifs commonly found among species within the tribe Callidiini and in other
tribes and genera within the Cerambycinae (reviewed in Hanks and Millar 2016). Xylocrius
agassizi, also known as the black gooseberry borer and the gooseberry root borer, is
considered a pest of gooseberry Ribes Linnaeus spp., including R. hirtellum Michaux and
R. grossularia Linnaeus (synonym R. uva-crispa Linnaeus), which is grown commercially in
the Pacific Northwest and other regions of the United States of America (Johnson 2010;
University of Illinois Extension 2020). A definitive result for attraction would have potential
application in the commercial gooseberry industry for developing synthetic pheromone lures
for monitoring this insect.

Captures of Monochamus scutellatus (Say) (Lamiinae: Monochamini) in traps baited with
monochamol differed significantly among the other treatments (χ2= 38.0; df= 12; P= 0.0001),
confirming Macias-Samano et al.’s (2012) and Hanks and Millar’s (2013) results for attraction,
with production of monochamol previously identified by Fierke et al. (2012). Pheromone
attraction or production has already been determined for the remaining six species that had
significant P-values but for which the pairwise comparison test did not produce significant results.
These were Asemum caseyi Linsley (Spondylidinae: Asemini) (χ2= 61.3; df= 12; P< 0.0001),
Megasemum asperum (LeConte) (Spondylidinae: Asemini) (χ2= 25.7; df= 12; P= 0.0098),
Monochamus clamator (LeConte) (Lamiinae: Monochamini) (χ2= 27.1; df= 12; P= 0.0034),
M. obtusus Casey (Lamiinae: Monochamini) (χ2= 30.2; df= 12; P= 0.0012), Neoclytus
acuminatus acuminatus (Fabricius) (Cerambycinae: Clytini) (χ2= 61.3; df= 12; P< 0.0001), and
Tetropium velutinum LeConte (Spondylidinae: Asemini) (χ2= 25.1; df= 12; P= 0.0084).

The failure of the multiple comparison test to determine significant differences among
treatments for species where the omnibus test resulted in significant P-values could be due to
one or more possible factors. These include low number of individuals captured, low number
of replicates, and a high number of pheromone treatments.

Lyons-Yerion et al. (2020b) described the present study’s results regarding attraction of
Phymatodes spp., and Lyons-Yerion et al. (2021) described the results regarding attraction of
Tragosoma spp.

Community parameters: comparisons among sites and lures

Species diversity is a measure that combines species richness and evenness. Species richness is
the number of species measured in the unit being examined, whereas species evenness is a measure
of the similarity of abundances among species (McIntosh 1967; Hubbell 2001; Magurran 2004).

Based on the Shannon diversity index, the lowest measured level of species diversity
(H’= 1.0810) occurred at the Scotch Bob 15 site and the highest measured level of species
diversity (H’= 2.4150) occurred at the 3 Bear 16 site (Table 5). Cerambycid species richness
ranged from a low of 10 captured species at the UIEF 14 site to a high of 35 captured species
at the 3 Bear 16 and Helmer 15 sites. Species evenness was lowest at the Scotch Bob 15 site
(J’= 0.4508) and highest at the UIEF 14 site (J’= 0.7323).
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Because the Shannon diversity statistic is calculated using the measures of species richness and
evenness, we evaluated each of these components separately among site-year replicates (Table 5).
The 3 Bear 16 site was ranked highest in diversity (H’= 2.4150) and also had the highest number
of individuals captured (n= 1380) among site-years. This site was tied for the highest richness
(S= 35), but its evenness (J’= 0.6793) ranked in the middle among site-years. Because
richness at the 3 Bear 16 site was the same as the Helmer 15 site, the lower rank in diversity
(H’= 2.1951) at the Helmer 15 site is probably due to the lower measure of evenness
(J’= 0.6174). Despite having the second-lowest number of individuals captured (n= 321), the
Bovill 14 site ranked fifth in diversity among site-years. This might be attributed to a
combination of the site’s high evenness (J’= 0.7153) level and its middle ranking in richness
(S= 20). The southern Idaho sites ranked lower in measured diversity than the northern
Idaho sites did, with the exception of the UIEF 14 site.

Species diversity among the 13 pheromone lure treatments did not differ significantly across all
site-years (F= 1.20; df= 12, 136; P= 0.2913; Table 6). Likewise, species richness among the 13
pheromone lure treatments across all site-years also did not differ significantly (F= 0.24;
df= 12, 141; P= 0.9954; Table 6). A significant difference occurred in the evenness of species
captured among the 13 pheromone lure treatments across site-years (F= 3.77; df= 12, 131;
P< 0.0001; Table 6), with the four compounds having the highest species evenness –
fuscumol, syn-C8 diols, anti-C8 diols, and geranylacetone – differing significantly from the
two treatments with the lowest means – anti-C6 diols and monochamol. Although differing
significantly from only anti-C6 diols and monochamol for species evenness, fuscumol had the
highest mean for evenness and for diversity among lure treatments. Monochamol had the
lowest mean for evenness but had the highest mean in richness among the other treatments.

Multicomponent pheromone lure design

A technique to tailor a multicomponent lure to specific geographic areas or needs would be
beneficial. The following case study provides a technique to design a multicomponent
pheromone lure targeted to the cerambycid community within the Idaho region.

Table 5. Shannon diversity index (H’), species richness (S), and Shannon evenness index (J’) measures for cerambycids
captured at each site-year replicate, with the rank for each measure (highest rank= 1) and the total number of
individual beetles captured.

Site-yeara Number of individuals Diversity H' Rank Richness S Rank Evenness J' Rank

3 Bear 16 1380 2.4150 1 35 1.5 0.6793 5

McCann 16 755 2.4098 2 30 4 0.7085 3

Eagle Cr. 15 756 2.2270 3 33 3 0.6369 6

Helmer 15 1243 2.1951 4 35 1.5 0.6174 7

Bovill 14 321 2.1429 5 20 5 0.7153 2

Scotch Bob 16 815 1.9806 6 18 8 0.6852 4

UIEF 14 38 1.6863 7 10 11 0.7323 1

Idaho City 15 830 1.3940 8 19 6.5 0.4734 9

Idaho City 16 1046 1.3880 9 19 6.5 0.4714 10

Scotch Bob 14 517 1.2491 10 13 9 0.5027 8

Scotch Bob 15 443 1.0810 11 11 10 0.4508 11

aThe Grimes site was not included because data were only collected for one sampling period due to animal disturbance of traps.
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Table 6. Mean number (± standard error mean) of cerambycid species richness (S), species diversity (Shannon diversity index, H’), and species evenness (Shannon evenness index, J’) for
captures at traps per pheromone treatment across all site-year replicatesa for field trapping bioassays in Idaho, United States of America, and results of analyses of variance performed
separately for each measure.

Pheromone treatment

Species richness, diversity, and evenness, nb, Fc

Cerambycid species richness (S)
n= 11

F12,141= 0.24

Cerambycid species diversity (H’)
n= 11

F12,136= 1.20

Cerambycid species evenness (J’)
n= 11

F12,131 = 3.77***

Fuscumol 7.18 ± 1.07 1.62 ± 0.14 0.81 ± 0.05a

syn-C8 diols 7.18 ± 1.12 1.39 ± 0.12 0.77 ± 0.05a

anti-C8 diols 6.73 ± 1.36 1.26 ± 0.15 0.76 ± 0.05a

Geranylacetone 6.36 ± 1.32 1.29 ± 0.19 0.75 ± 0.04a

3R*-C8 ketones 6.36 ± 1.51 1.25 ± 0.17 0.74 ± 0.05ab

2-methyl butanol 6.18 ± 1.49 1.09 ± 0.17 0.73 ± 0.05ab

3R*-C6 ketones 6.91 ± 1.17 1.22 ± 0.18 0.73 ± 0.04ab

Isopropanol 6.00 ± 1.02 1.23 ± 0.12 0.71 ± 0.05abc

Fuscumol acetate 6.45 ± 1.50 1.20 ± 0.22 0.70 ± 0.07abc

3R*-C10 ketones 7.30 ± 1.75 1.10 ± 0.24 0.69 ± 0.05abc

syn-C6 diols 7.45 ± 1.32 1.18 ± 0.23 0.64 ± 0.08abc

anti-C6 diols 7.36 ± 1.38 0.85 ± 0.12 0.47 ± 0.06bc

Monochamol 8.45 ± 1.51 0.92 ± 0.20 0.44 ± 0.07bc

In cases of a statistically significant result, the Tukey’s studentised range test was performed to determine differences among pheromone treatments (α= 0.05). Means with the same letters did not significantly
differ.
aThe Grimes site was not included in the analyses because data were collected for only one two-week sampling period due to animal disturbance of traps.
nb= number of site-year replicates.
cAsterisks indicates significance level of analysis of variance F-value: F: ***P< 0.0001.
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Table 7. Candidate lure compounds for a proposed multicomponent synthetic volatile pheromone lure showing the total number of cerambycid species (richness) captured at each lure
in Idaho, United States of America, field bioassays testing attraction of cerambycids to 13 lure treatments (2014−2016).

Candidate lure compounds

anti-C6
diolsa

anti-C8
diols

syn-C8
diols

3R*-C10
ketones

Fuscumol
acetate

3R*-C6
ketones

3R*-C8
ketones

syn-C6
diols

2-methyl
butanol Monochamol Fuscumol

Geranyl-
acetone Isopropanol

Species richness 37 34 34 33 33 32 32 32 31 31 31 28 27

No. species shared with
anti-C6 diols

− 27 25 26 26 26 23 23 26 25 25 24 23

No. species not shared
with anti-C6 diols

− 7 9 7 7 6 9 9 5 6 6 4 4

No. unique speciesb

included in richness
1 2 0 0 0 3 3 1 3 0 2 1 0

The lure with the highest richness (anti-C6 diols) was selected as the first component for our lure (the base compound). The number of species captured at each of the remaining 12 candidate lure compounds that
were also captured at the base compound (anti-C6 diols) is shown, along with the number of species captured that were not shared with the base compound, and the number of unique species (only captured at one
compound).
aLure compound with the highest species richness.
bUnique species= captured at only one lure compound.
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We selected an existing data set from the target region (western Idaho) that used traps baited
with synthetic volatile pheromone lures targeting cerambycid communities on several sites
(Table 2). Our candidate compounds for our multicomponent lure were selected from this
data set. Using raw data from this data set, the total number of species captured at each
pheromone lure treatment was calculated for all site-years combined (Table 7). The lure
treatment with the highest species richness was selected as the “base compound” for our
multicomponent lure. The number of species captured with each of the remaining 12
candidate lure compounds that were also captured with the base compound, the number of
species captured that were not shared with the base compound, and the number of unique
species (captured only with one compound) were determined. The three candidate lure
compounds with the next highest species-richness values after the base compound and that
added the most new species to those captured at the base compound were selected as
additional components for the multicomponent lure. The number and identity of unique
species were also considered when selecting compounds to be included in the lure. The
resulting four components were anti-C6 diols (the base compound), syn-C8 diols, 3R*-C8
ketones, and 2-methyl butanol. The three latter lure components combined added 20 new
species to the 37 species captured with the base compound, thereby increasing the total
potential species richness for the multicomponent lure to 57 species (Table 8). To aid in the
selection process, we created a table from the field bioassay data to display the identity of
each species captured at each lure, whether these species were captured at the base lure, and
unique species (captured at only one lure; Table 9).

Antagonistic effects. When selecting lure components, the potential for antagonistic effects
among compounds should be assessed. An antagonistic effect on attraction of a particular
species to a synthetic pheromone component is much more likely if the blend also contains a
component produced by a closely related species than if the blend contains a component
produced by a more distantly related species (Hanks et al. 2018). Testing of multicomponent
lures has resulted in the capture of a wide variety of cerambycid species from multiple genera,
tribes, and subfamilies, with only a handful of recorded antagonistic effects for specific species
(Hanks et al. 2018; Fan et al. 2019; Rice et al. 2020). Few records document antagonistic or
synergistic effects of the lure components that we selected for species that occur in Idaho.
Anti-C6 diols, syn-C8 diols, and 2-methyl butanol were found to be antagonists that interfered
with attraction of Neoclytus a. acuminatus to syn-C6 diols when tested as individual lures in
field bioassays (Lacey et al. 2004; Hanks et al. 2019). Although our lure does not contain
racemic syn-C6 diols or its SS-enantiomer, we did capture two N. a. acuminatus individuals at
traps baited with anti-C6 diols during our field bioassays, so it is possible that the
antagonistic compounds in the multicomponent lure may prevent or reduce capture of this
species. One possible factor in the paucity of available data for antagonists or synergists for

Table 8. The four compounds selected for the multicomponent pheromone lure, showing the number of cerambycid
species added by each compound and the number of species each adds to the total richness (based on data from
trapping cerambycids with synthetic pheromone lures in Idaho during 2014–2016; all site-year replicates combined).

Pheromone compound Number of species added Total richness

anti-C6 diolsa − 37

syn-C8 diols 9 46

3R*-C8 ketones 6 52

2-methyl butanol 5 57

aLure compound with the highest species richness (base compound).
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Table 9. Species captured at 13 pheromone lure treatments (including isopropanol control) over three years of trapping in Idaho, United States of America, for all site-year replicates
combined.

Species

Lure treatment

anti-C6
diolsa

anti-C8
diols

syn-C8
diols

3R*-C10
ketones

Fuscumol
acetate

3R*-C6
ketones

3R*-C8
ketones

syn-C6
diols

2-methyl
butanol Monochamol Fuscumol

Geranyl-
acetone Isopropanol

Callidium antennatum hesperum
Casey

Callidium cicatricosum
Mannerheim

Phymatodes dimidiatus (Kirby)

Phymatodes hirtellus (LeConte)

Phymatodes nitidus LeConte

Phymatodes vulneratus
(LeConte)

Semanotus amplus (Casey) (1)

Semanotus basalis (Casey)

Semanotus litigiosus (Casey)

Semanotus terminatus (Casey)

Xylocrius agassizi (LeConte) (5)

Clytus canadensis Hopping

Clytus planifrons (LeConte) (8)

Neoclytus acuminatus
acuminatus (Fabricus)

Neoclytus leucozonus
leucozonus (Laporte & Gory)

Neoclytus provoanus Casey

Megacylene robiniae (Forster) (2)

Xylotrechus undulatus (Say)

Holopleura marginata LeConte (1)

(Continued)
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Table 9. (Continued )

Species

Lure treatment

anti-C6
diolsa

anti-C8
diols

syn-C8
diols

3R*-C10
ketones

Fuscumol
acetate

3R*-C6
ketones

3R*-C8
ketones

syn-C6
diols

2-methyl
butanol Monochamol Fuscumol

Geranyl-
acetone Isopropanol

Molorchus longicollis LeConte (1)

Obrium californicum Van Dyke (1)

Acanthocinus obliquus (LeConte)

Monochamus clamator
(LeConte)

Monochamus obtusus Casey

Monochamus scutellatus (Say)

Pogonocherus mixtus Haldeman (1)

Pogonocherus penicillatus
LeConte

(2)

Poliaenus oregonus (LeConte)

Anastrangalia laetifica
(LeConte)

Anastrangalia sanguinea
(LeConte)

Etorofus obliteratus (Haldeman)
comb, nov.

Etorofus plagifer (LeConte)
comb, nov.

Etorofus propinquus (Bland)
comb, nov.

Grammoptera molybdica
(LeConte)

(1)

Judolia instabilis (Haldeman)

Judolia montivagans
montivagans (Couper)

(1)

(Continued)

18
Lyons-Y

erion
et

al.

https://doi.org/10.4039/tce.2022.24 Published online by Cam
bridge U

niversity Press

https://doi.org/10.4039/tce.2022.24


Table 9. (Continued )

Species

Lure treatment

anti-C6
diolsa

anti-C8
diols

syn-C8
diols

3R*-C10
ketones

Fuscumol
acetate

3R*-C6
ketones

3R*-C8
ketones

syn-C6
diols

2-methyl
butanol Monochamol Fuscumol

Geranyl-
acetone Isopropanol

Pygoleptura nigrella nigrella
(Say)

Stenostrophia tribalteata
serpentina (Casey)

Stictoleptura canadensis
cribripennis (LeConte)

Trachysida aspera aspera
(LeConte)

Xestoleptura crassicornis
(LeConte)

Xestoleptura crassipes (LeConte)

Xestoleptura tibialis (LeConte)

Neanthophylax mirificus (Bland)

Neanthophylax tenebrosus
orientalis Linsley & Chemsak

Acmaeops proteus proteus
(Kirby)

Centrodera dayi (Leech)

Centrodera spurca (LeConte)

Cortodera longicornis (Kirby)

Cortodera subpilosa (LeConte) (1)

Gnathacmaeops pratensis
(Laicharting)

Pseudogaurotina cressoni
cressoni (Bland)

(1)

Rhagium inquisitor (Linnaeus)

(Continued)
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Table 9. (Continued )

Species

Lure treatment

anti-C6
diolsa

anti-C8
diols

syn-C8
diols

3R*-C10
ketones

Fuscumol
acetate

3R*-C6
ketones

3R*-C8
ketones

syn-C6
diols

2-methyl
butanol Monochamol Fuscumol

Geranyl-
acetone Isopropanol

Stenocorus nubifer (LeConte)

Stenocorus obtusus (LeConte) (1)

Ulochaetes leoninus LeConte

Trichocnemis spiculatus
spiculatus LeConte

(1)

Tragasoma harrissi LeConte

Tragasoma soror Laplante

Prionus californicus Motschulsky

Arhopalus productus (LeConte) (8)

Asemum caseyi
Linsley

(7)

Asemum striatum (Linnaeus)

Megasemum asperum (LeConte)

Tetropium velutinum LeConte

Atimia confusa (Say)

Neospondylis upiformis
(Mannerheim)

= species captured at treatment and also at anti-C6 diols (multicomponent lure base compound), = species captured at treatment not also captured at anti-C6 diols, = unique species (captured only at a
single lure treatment). Numbers in parenthesis represent the number of individuals of a unique species captured.
aLure treatment with the highest species richness.
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cerambycid species found in Idaho may be that most of the multicomponent lures being
developed and tested in North America to date have used 3R*-C6 ketones (Hanks
et al. 2012, 2018; Hanks and Millar 2013), whereas we have selected the eight-carbon 3R*-C8
ketones for our lure. A second possible factor is that the majority of the testing of
multicomponent lures within North America has been conducted in the eastern and
midwestern United States of America, where the majority of species differ from those found
in Idaho (Hanks et al. 2012, 2018; Hanks and Millar 2013; Rice et al. 2017, 2020). Field
testing our multicomponent lure and each of the individual four lure components might
reveal potential antagonistic effects of the lure components. Knowing potential antagonistic
effects for certain species would help when determining whether the benefits of using a
certain lure component combination outweigh the disadvantages.

Plant volatiles. Placing lures containing the plant volatiles ethanol and α-pinene alongside
multicomponent synthetic volatile pheromone lures in traps has been shown to increase the
number of individuals and the number of species captured, often with no antagonistic effects
(Collignon et al. 2016; Miller et al. 2017; Hanks et al. 2018; Fan et al. 2019). However,
antagonism has been reported for some hardwood-infesting cerambycid species where high
release–rate conifer lure volatiles have been employed (Collignon et al. 2016). Ethanol has
been found to synergise attraction for some cerambycid species associated with hardwood
trees, whereas α-pinene synergises attraction for some species associated with conifers. Idaho
species for which statistically significant levels of synergism have been documented where
plant volatiles were used alongside a multicomponent lure include Monochamus clamator,
M. obtusus, M. scutellatus oregonensis LeConte, Asemum striatum (Linnaeus), and
Neospondylis sp. (Mannerheim).

Additional components and number of traps. When developing a multicomponent lure, the
addition of compounds not suggested by our selection procedure may be necessary to target
certain species, genera, or subfamilies. A geographically specific table can be constructed based
on a data set for a target region to identify candidate lure components for target species or
groups (similar to Table 9). Our tests did not include a comprehensive examination of all
potential lure components; therefore, other lures may require compounds not represented in
our tests. Among the potential compounds to include (with their potential target organisms
noted in parentheses) are prionic acid (Prioninae: Prionini: Prionus spp.), a blend of sulcatol
and sulcatone (Lamiinae: Acanthocinini: Leptostylus transversus (Gyllenhal) and Astylopsis
macula (Say)), and (R)-desmolactone (Lepturinae: Desmocerini: Desmocerus spp.; Cervantes
et al. 2006; Rodstein et al. 2009, 2011; Ray et al. 2012b, 2014; Meier et al. 2019).

The number of transects and traps to be used for each lure compound may vary based on the
specific requirements of each experiment. Analyses using rarefaction of trap catch data in
experiments have suggested that using multiple traps baited with the same lure compound at
the same site may increase species detection (Sweeney et al. 2014). When designing their
experiment, the user may want to weigh the benefits of using more lures and traps to increase
the potential number of species detected against increased costs and effort.

Hanks et al. (2012, 2018) are developing and testing a multicomponent volatile pheromone lure
for use in monitoring and detection of domestic and invasive species of cerambycids. The lure
components have been selected to target specific taxonomic groups of cerambycids, species of
which are known to produce or have shown statistically significant attraction to these
compounds, while minimising potential antagonistic effects. Their lure contains the following
six components: 3R*-C6 ketones, syn-C6 diols, 2-methyl butanol, fuscumol, fuscumol acetate,
and monochamol (all being racemic mixtures except for monochamol). We examined our
field bioassay capture data for the lures that were also components of the Hanks et al.
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(2012, 2018) lure and calculated the number of cerambycid species that would potentially be
captured using their six-component lure compared with the number potentially captured with
our suggested four-component lure. Using the six-component lure, a total of 55 cerambycid
species would potentially have been captured compared with the 57 species captured with the
four compounds we selected. It should be noted that our lure has not yet been field-tested
and that the Hanks et al. (2012, 2018) lure has not been examined at any of the Idaho sites.

Outcomes and future work

Our first objective was to increase understanding of cerambycid community composition in
western Idaho, using traps baited with synthetic volatile pheromone lures to maximise the
number of species captured at various sites. We captured 8195 individual cerambycids,
representing 17 tribes, 42 genera, and 67 species, over three years of trapping. These data add
to our understanding of the community composition within western Idaho. This method of
trapping can detect cerambycid species previously unrecorded in a particular region. Our
trapping produced two new species records for Idaho (Lyons-Yerion et al. 2020a), and seven
new species were recorded for Delaware in a similar study (Handley et al. 2015). Our results
provide additional support for using synthetic pheromone-baited trapping to study the
cerambycid community, a method that has been used to assess cerambycid communities in
several regions in North America and also in the Russian Far East, China, and Australia
(Graham et al. 2012; Sweeney et al. 2014; Dodds et al. 2015; Handley et al. 2015; Hayes
et al. 2016; Schmeelk et al. 2016; Rice et al. 2020; Wickham et al. 2021), which speaks to the
technique’s broad application for use in varying geographic regions.

Our second objective tested attraction of cerambycid species captured among 13 synthetic
volatile pheromone lures over three seasons of trapping at sites in western Idaho. Our analysis
detected a significant treatment effect for nine cerambycid species, whereas the pairwise
multiple comparison test produced a statistically significant result only for Monochamus
scutellatus (Say), confirming previous results by others for attraction to monochamol (Macias-
Samano et al. 2012; Hanks and Millar 2013). Additional field bioassays targeting Clytus
planifrons and Xylocrius agassizi are needed to confirm the pheromone attraction that our
results suggest. Testing fewer treatments and increasing the number of replicates should
increase the probability of a positive result in a pairwise multiple comparison analysis.

Our third objective was to compare parameters of species richness, diversity, and evenness
of the captured cerambycid communities among sites and to compare cerambycid species
richness, diversity, and evenness of captures among pheromone lure treatments across
sites to better understand the dynamics of the Idaho cerambycid community. We found
no significant differences among sites for species richness, diversity, or evenness and no
significant differences among lures for species richness or diversity. However, we detected
a significant difference among lures for species evenness. This is the first study to examine
cerambycid species richness and community composition at multiple locations in both
northwestern and southwestern Idaho over consecutive years, and it is the first study in
Idaho to quantify the parameters of cerambycid species diversity and evenness using a
diversity index.

Our fourth objective was to provide a method to develop a region-specific multicomponent
pheromone lure that maximises the capture of total cerambycid species and targets individual
species of interest. Our finding of no statistically significant difference in cerambycid species
richness or diversity among lure treatments in our trapping bioassays supports the idea that
multiple lure compounds could work equally well and could be selected to realise different
objectives. This allows considerable flexibility in choosing lure components. Although species
richness and diversity did not differ significantly among lure treatments, raw data
demonstrated that some species were captured at specific pheromone lures. These data allow
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for multiple choices of components to target individual species or groups. One potential
disadvantage of the method is that an existing data set from the target region using multiple-
pheromone lures is required. Potential advantages to the described approach include that it is
tailored to the target region, it provides a starting point for examining the region’s cerambycid
community, and its built-in flexibility allows both for the addition or substitution of
components to target individual species or groups and for the number of lure components to
be altered.

Our results add to our understanding of the pheromone ecology and the dynamics of the
cerambycid community in western Idaho and provide an important knowledge base for future
work by others. The large number of treatments used in our field bioassays allowed us to test
the cerambycid response to a substantial variety of pheromone lures but at an increased cost
in terms of time and effort. The number of compounds tested limited the number of
replicates and influenced our calculations of species composition, richness, and diversity.
Future work to assess the cerambycid community across Idaho should perform additional
surveys with traps baited with multicomponent lures. Such traps would substantially reduce
the number of traps and the time and effort required per site.

Additional site-specific environmental data should be collected in any future work, including
parameters such as tree species, stand age, stand composition, volume of dead wood and stumps,
and weather parameters. Additional field bioassays should be conducted throughout Idaho to
evaluate the suggested multicomponent lure with and without plant volatiles to assess its
effectiveness in capturing a high number of cerambycid species.

Acknowledgements. The authors thank Jim Barbour for running trapping bioassays in southern
Idaho and for review of this manuscript, Bill McCann, Jr. for allowing us to trap beetles on his
property, Noemi Fernandez for preparing and sending lure material, supplies, and beetle
specimens, Sanford Eigenbrode for the generous use of his laboratory, Jocelyn Millar for providing
lure chemicals, Lawrence Hanks for providing staff and equipment for analysis of headspace
volatiles and for providing lure chemicals, Serge Laplante and Frank Merickel for their generous
assistance in identifying beetles, Loel Yerion and fellow students Conn Evans, Rodrigues de
Andrade Neto (Valmir), Natasha Wingerter, Lucy Cooper, and Laine Smith for their help in the
field, and the University of Idaho Experimental Forest, PotlatchDeltic Corp., the Idaho
Department of Lands, the United States Department of Agriculture, and the United States Forest
Service for assistance locating suitable field sites and for allowing the authors to trap beetles on
their land. This research was supported in part by Hatch project 1002810 (to S.P. Cook).

Competing interests. The authors declare no competing interests.

References
Allison, J.D. and Redak, R.A. 2017. The impact of trap type and design features on survey and
detection of bark and woodboring beetles and their associates: a review and meta-analysis.
Annual Review of Entomology, 62: 127–146.

Barbour, J.D., Millar, J.G., Rodstein, J., Ray, A.M., Alston, D.G., Rejzek, M., et al. 2011. Synthetic
3,5-dimethyldodecanoic acid serves as a general attractant for multiple species of Prionus
(Coleoptera: Cerambycidae). Annals of the Entomological Society of America, 104: 588–593.

Bezark, L.G. 2020. Checklist of the Oxypeltidae, Vesperidae, Disteniidae and Cerambycidae,
(Coleoptera) of the Western Hemisphere. 2020 Edition (updated through
31 December 2019) [online]. Available from http://bezbycids.com/byciddb/wdocuments.asp?w=n
[accessed 05 January 2020].

The Canadian Entomologist 23

https://doi.org/10.4039/tce.2022.24 Published online by Cambridge University Press

http://bezbycids.com/byciddb/wdocuments.asp?w=n
http://bezbycids.com/byciddb/wdocuments.asp?w=n
https://doi.org/10.4039/tce.2022.24


Bousquet, Y., Laplante, S., Hammond, H.E.J., and Langor, D.W. 2017. Cerambycidae (Coleoptera)
of Canada and Alaska: identification guide with nomenclatural, taxonomic, distributional, host-
plant, and ecological data. Nakladatelství Jan Farkač, Prague, Czech Republic.

Cervantes, D.E., Hanks, L.M., Lacey, E.S., and Barbour, J.D. 2006. First documentation of a volatile
sex pheromone in a longhorned beetle (Coleoptera: Cerambycidae) of the primitive subfamily
Prioninae. Annals of the Entomological Society of America, 99: 718–722.

Collignon, R.M., Swift, I.P., Zou, Y., McElfresh, J.S., Hanks, L.M., and Millar, J.G. 2016. The
influence of host plant volatiles on the attraction of longhorn beetles to pheromones.
Journal of Chemical Ecology, 42: 215–229.

Diesel, N.M., Zou, Y., Johnson, T.D., Diesel, D.A., Millar, J.G., Mongold-Diers, J.A., and
Hanks, L.M. 2017. The rare North American cerambycid beetle Dryobius sexnotatus shares
a novel pyrrole pheromone component with species in Asia and South America. Journal of
Chemical Ecology, 43: 739–744.

Dodds, K.J., Allison, J.D., Miller, D.R., Hanavan, R.P., and Sweeney, J. 2015. Considering species
richness and rarity when selecting optimal survey traps: comparisons of semiochemical baited
flight intercept traps for Cerambycidae in eastern North America. Agricultural and Forest
Entomology, 17: 36–47.

Fan, J.T., Denux, O., Courtin, C., Bernard, A., Javal, M., Millar, J.G., et al. 2019. Multi-component
blends for trapping native and exotic longhorn beetles at potential points-of-entry and in
forests. Journal of Pest Science, 92: 281–297.

Fierke, M.K., Skabeikis, D.D., Millar, J.G., Teale, S.A., McElfresh, J.S., and Hanks, L.M. 2012.
Identification of a male-produced aggregation pheromone for Monochamus scutellatus
scutellatus and an attractant for the congener Monochamus notatus (Coleoptera:
Cerambycidae). Journal of Chemical Ecology, 105: 2029–2034.

Graham, E.E., Mitchell, R.F., Reagel, P.F., Barbour, J.D., Millar, J.G., and Hanks, L.M. 2010.
Treating panel traps with a fluoropolymer enhances their efficiency in capturing cerambycid
beetles. Journal of Economic Entomology, 103: 641–647.

Graham, E.E. and Poland, T.M. 2012. Efficacy of Fluon conditioning for capturing cerambycid
beetles in different trap designs and persistence on panel traps over time. Journal of
Economic Entomology, 105: 395–401.

Graham, E.E., Poland, T.M., McCullough, D.G., and Millar, J.G. 2012. A comparison of trap type
and height for capturing cerambycid beetles (Coleoptera). Journal of Economic Entomology,
105: 837–846.

Haack, R.A., Keena, M.A., and Eyre, D. 2017. Life history and population dynamics of
cerambycids. In Cerambycidae of the world: Biology and pest management. Edited by
Q. Wang. CRC Press/Taylor & Francis Group, Boca Raton, Florida, United States of
America. Pp. 71–103.

Hammond, H.E.J. and Williams, D.J. 2013. Casey’s conundrum: a review of the genus Semanotus
Mulsant (Coleoptera: Cerambycidae: Cerambycinae: Callidiini) in North America. Zootaxa,
3670: 101–136.

Handley, K., Hough-Goldstein, J., Hanks, L.M., Millar, J.G., and D’amico, V. 2015. Species
richness and phenology of cerambycid beetles in urban forest fragments of northern
Delaware. Annals of the Entomological Society of America, 108: 251–262.

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

Hanks, L.M. and Millar, J.G. 2016. Sex and aggregation-sex pheromones of cerambycid beetles:
basic science and practical applications. Journal of Chemical Ecology, 42: 631–654.

Hanks, L.M., Millar, J.G., and Paine, T.D. 1996. Mating behavior of the eucalyptus longhorned
borer (Coleoptera: Cerambycidae) and the adaptive significance of long “horns”. Journal of
Insect Behavior, 9: 383–393.

24 Lyons-Yerion et al.

https://doi.org/10.4039/tce.2022.24 Published online by Cambridge University Press

https://doi.org/10.4039/tce.2022.24


Hanks, L.M., Millar, J.G., Mongold-Diers, J.A., Wong, J.C.H., Meier, L.R., Reagel, P.F., and
Mitchell, R.F. 2012. Using blends of cerambycid beetle pheromones and host plant volatiles
to simultaneously attract a diversity of cerambycid species. Canadian Journal of Forest
Research, 42: 1050–1059.

Hanks, L.M., Mongold-Diers, J.A., Atkinson, T.H., Fierke, M.K., Ginzel, M.D., Graham, E.E., et al.
2018. Blends of pheromones, with and without host plant volatiles, can attract multiple species
of cerambycid beetles simultaneously. Journal of Economic Entomology, 111: 716–724.

Hanks, L.M., Mongold-Diers, J.A., Mitchell, R.F., Zou, Y., Wong, J.C.H., Meier, L.R., et al. 2019.
The role of minor pheromone components in segregating 14 species of longhorned beetles
(Coleoptera: Cerambycidae) of the subfamily Cerambycinae. Journal of Economic
Entomology, 112: 2236–2252.

Hanks, L.M., Reagel, P.F., Mitchell, R.F., Wong, J.C.H., Meier, L.R., Silliman, C.A., et al. 2014.
Seasonal phenology of the cerambycid beetles of east–central Illinois. Annals of the
Entomological Society of America, 107: 211–226.

Hayes, R.A., Griffiths, M.W., Nahrung, H.F., Arnold, P.A., Hanks, L.M., and Millar, J.G. 2016.
Optimizing generic cerambycid pheromone lures for Australian biosecurity and biodiversity
monitoring. Journal of Economic Entomology. 109: 1741–1749.

Hoch, G., Connell, J., and Roques, A. 2020. Testing multi-lure traps for surveillance of native and
alien longhorn beetles (Coleoptera, Cerambycidae) at ports of entry and in forests in Austria.
Management of Biological Invasions, 11: 677–688.

Hubbel, S.P. 2001. The unified neutral theory of biodiversity and biogeography. Princeton
University Press, Princeton, New Jersey, United States of America.

Johnson, L.P. 2010. A survey of production and pest management strategies used for gooseberry
production throughout three regions of the United States, and masters gooseberry project
presentation. Produced in association with online master’s degree, Virginia Tech University,
Virginia, United States of America [online]. Available from https://vtechworks.lib.vt.edu/
handle/10919/51500 [accessed 22 November 2020].

Lacey, E.S., Ginzel, M.D., Millar, J.G., and Hanks, L.M. 2004. Male-produced aggregation
pheromone of the cerambycid beetle Neoclytus acuminatus acuminatus. Journal of Chemical
Ecology, 30: 1493–1507.

Laplante, S. 2017. Description of a new Nearctic species of Tragosoma Audinet-Serville
(Coleoptera: Cerambycidae: Prioninae), with species validations, new synonymies and a
lectotype designation. Insecta Mundi, 0578: 1–17.

Larsson, M.C. 2016. Pheromones and other semiochemicals for monitoring rare and endangered
species. Journal of Chemical Ecology, 42: 853–868.

Leech, H.B. 1963. Centrodera spurca (LeConte) and two new species resembling it, with biological
and other notes (Coleoptera: Cerambycidae). Proceedings of the California Academy of
Sciences, Fourth Series, 32: 149–218.

Linsley, E.G. 1959. Ecology of Cerambycidae. Annual Review of Entomology, 4: 99–138.
Linsley, E.G. 1961. The Cerambycidae of North America. Part I: Introduction. Volume 18.
University of California Publications in Entomology. University of California Press,
Berkeley, California, United States of America.

Linsley, E.G. 1962a. The Cerambycidae of North America. Part II: Taxonomy and classification of
the Parandrinae, Prioninae, Spondylidinae, and Aseminae. Volume 19. University of California
Publications in Entomology. University of California Press, Berkeley, California, United States
of America.

Linsley, E.G. 1962b. The Cerambycidae of North America. Part III: Taxonomy and classification
of the subfamily Cerambycinae, tribes Opsimini through Megaderini. Volume 20. University of
California Publications in Entomology. University of California Press, Berkeley, California,
United States of America.

The Canadian Entomologist 25

https://doi.org/10.4039/tce.2022.24 Published online by Cambridge University Press

https://vtechworks.lib.vt.edu/handle/10919/51500
https://vtechworks.lib.vt.edu/handle/10919/51500
https://doi.org/10.4039/tce.2022.24


Linsley, E.G. 1963. The Cerambycidae of North America. Part IV: Taxonomy and classification of
the subfamily Cerambycinae, tribes Elaphidionini through Rhinotragini. Volume 21. University
of California Publications in Entomology. University of California Press, Berkeley, California,
United States of America.

Linsley, E.G. 1964. The Cerambycidae of North America. Part V: Taxonomy and classification of
the subfamily Cerambycinae, tribes Callichromini through Ancylocerini. Volume 22. University
of California Publications in Entomology. University of California Press, Berkeley, California,
United States of America.

Linsley, E.G. and Chemsak, J.A. 1972. The Cerambycidae of North America. Part VI, Number 1:
Taxonomy and classification of the subfamily Lepturinae. Volume 69. University of California
Publications in Entomology. University of California Press, Berkeley, California, United States
of America.

Linsley, E.G. and Chemsak, J.A. 1976. The Cerambycidae of North America. Part VI, Number 2:
Taxonomy and classification of the subfamily Lepturinae. Volume 80. University of California
Publications in Entomology. University of California Press, Berkeley, California, United States
of America.

Linsley, E.G. and Chemsak, J.A. 1984. The Cerambycidae of North America. Part VII, Number 1:
Taxonomy and classification of the subfamily Lamiinae, tribes Parmenini through
Acanthoderini. Volume 102. University of California Publications in Entomology. University
of California Press, Berkeley, California, United States of America.

Linsley, E.G. and Chemsak, J.A. 1995. The Cerambycidae of North America. Part VII, Number 2:
Taxonomy and classification of the subfamily Lamiinae, tribes Acanthocinini through
Hemilophini. Volume 114. University of California Publications in Entomology. University
of California Press, Berkeley, California, United States of America.

Lyons-Yerion, C.D., Barbour, J.D., Merickel, F.W., and Cook, S.P. 2020a. First report of
Centrodera dayi Leech, 1963 and Phymatodes vulneratus (LeConte, 1857) (Coleoptera:
Cerambycidae), in Idaho, U.S.A. Pan-Pacific Entomologist, 96: 91–92.

Lyons-Yerion, C.D., Barbour, J.D., Mongold-Diers, J.A., Williams, C.J., and Cook, S.P. 2020b.
Identification of a male-produced volatile pheromone for Phymatodes dimidiatus
(Coleoptera: Cerambycidae) and seasonal flight phenology of four Phymatodes species
endemic to the North American Intermountain West. Environmental Entomology,
49: 1077–1087.

Lyons-Yerion, C.D., Cook, S.P., Williams, C.J., and Barbour, J.D. 2021. Comparative population
dynamics, flight periods and volatile pheromone attraction of Tragosoma harrisii and
Tragosoma soror (Coleoptera: Cerambycidae) in Idaho, U.S.A. Northwest Science, 95: 188–200.

Macias-Samano, J.E., Wakarchuk, D., Millar, J.G., and Hanks, L.M. 2012. 2-Undecyloxy-1-ethanol
in combination with other semiochemicals attracts three Monochamus species (Coleoptera:
Cerambycidae) in British Columbia, Canada. The Canadian Entomologist, 144: 821–825.

Magurran, A.E. 2004. Measuring biological diversity. Blackwell Science Ltd, Malden,
Massachusetts, United States of America.

McIntosh, R.P. 1967. An index of diversity and the relation of certain concepts to diversity.
Ecology, 48: 392–404.

Meier, L.R., Millar, J.G., Mongold-Diers, J.A., and Hanks, L.M. 2019. (S)-sulcatol is a pheromone
component for two species of cerambycid beetles in the subfamily Lamiinae. Journal of
Chemical Ecology, 45: 447–454.

Millar, J.G. and Hanks, L.M. 2017. Chemical ecology of cerambycids. In Cerambycidae of the
world: Biology and pest management. Edited by Q. Wang. CRC Press/Taylor & Francis,
Boca Raton, Florida, United States of America.

Millar, J.G., Hanks, L.M., Moreira, J.A., Barbour, J.D., and Lacey, E.S. 2009. Pheromone chemistry
of cerambycid beetles. In Chemical ecology of wood-boring insects. Edited by K. Nakamuta and
J. G. Millar. Forestry and Forest Products Research Institute, Ibaraki, Japan. Pp. 52–79.

26 Lyons-Yerion et al.

https://doi.org/10.4039/tce.2022.24 Published online by Cambridge University Press

https://doi.org/10.4039/tce.2022.24


Millar, J.G., Mitchell, R.F., Meier, L.R., Johnson, T.D., Mongold-Diers, J.A., and Hanks, L.M. 2017.
(2E,6Z,9Z)-2,6,9-pentadecatrienal as a male-produced aggregation-sex pheromone of the
cerambycid beetle Elaphidion mucronatum. Journal of Chemical Ecology, 43: 1056–1065.

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

Miller, D.R., Crowe, C.M., Mayo, P.D., Reid, L.S., Silk, L.S., and Sweeney, J.D. 2017. 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. Journal of
Economic Entomology, 110: 2119–2128.

Miller, D.R., Crowe, C.M., Mayo, P.D., Silk, P.J., and Sweeney, J.D. 2015. Responses of
Cerambycidae and other insects to traps baited with ethanol, 2,3-hexanediol, and
3,2-hydroxyketone lures in north–central Georgia. Journal of Economic Entomology,
108: 2354–2365.

Mitchell, R.F., Ray, A.M., Hanks, L.M., and Millar, J.G. 2018. The common natural products
(S)-α-terpineol and (E)-2-hexenol are important pheromone components of Megacyllene
antennata (Coleoptera: Cerambycidae). Environmental Entomology, 47: 1547–1552.

Mitchell, R.F., Reagel, P.F., Wong, J.C.H., Meier, L.R., Silva, W.D., Mongold-Diers, J., et al. 2015.
Cerambycid beetle species with similar pheromones are segregated by phenology and minor
pheromone components. Journal of Chemical Ecology, 41: 431–440.

Molander, M.A., Winde, I.B., Burman, J., Nyabuga, F.N., Lindblom, T.U., Hanks, L.M., et al. 2019.
Common cerambycid pheromone components as attractants for longhorn beetles
(Cerambycidae) breeding in ephemeral oak substrates in Northern Europe. Journal of
Chemical Ecology, 45: 537–548.

Montgomery, M.E. and Wargo, P.M. 1983. Ethanol and other host-derived volatiles as attractants
to beetles that bore into hardwoods. Journal of Chemical Ecology, 9: 181–190.

Pielou, E.C. 1969. An introduction to mathematical ecology. Wiley, New York, New York, United
States of America.

Pielou, E.C. 1975. Ecological Diversity. Wiley InterScience, New York, New York, United States of
America.

Rassati, D., Marchioro, M., Flaherty, L., Poloni, R., Edwards, S., Faccoli, M., and Sweeney, J. 2020.
Response of native and exotic longhorn beetles to common pheromone components provides
partial support for the pheromone-free space hypothesis. Insect Science, 28: 793–810.

Ray, A.M., Arnold, R.A., Swift, I., Schapker, P.A., McCann, S., Marshall, C.J., et al. 2014.
(R)-desmolactone is a sex pheromone or sex attractant for the endangered valley elderberry
longhorn beetle Desmocerus californicus dimorphus and several congeners (Cerambycidae:
Lepturinae). PLOS One, 9: e115498.

Ray, A.M., Barbour, J.D., McElfresh, J.S., Moreira, J.A., Swift, I., Wright, I.M., et al. 2012a.
2,3-Hexanediols as sex attractants and a female-produced sex pheromone for cerambycid
beetles in the prionine genus Tragosoma. Journal of Chemical Ecology, 38: 1151–1158.

Ray, A.M., Lacey, E.S., and Hanks, L.M. 2006. Predicted taxonomic patterns in pheromone
production by longhorned beetles. Naturwissenschaften, 93: 543–550.

Ray, A.M., Swift, I.P., McElfresh, J.S., Alten, R.L., and Millar, J.G. 2012b. (R)-desmolactone, a
female-produced sex pheromone component of the cerambycid beetle Desmocerus
californicus californicus (subfamily Lepturinae). Journal of Chemical Ecology, 38: 157–167.

Ray, A.M., Žunič, A., Alten, R.L., McElfresh, J.S., Hanks, L.M., and Millar, J.G. 2011. Cis-Vaccenyl
acetate, a female-produced sex pheromone component of Ortholeptura valida, a longhorned
beetle in the subfamily Lepturinae. Journal of Chemical Ecology, 37: 173–178.

Reagel, P.F., Ginzel, M.D., and Hanks, L.M. 2002. Aggregation and mate location in the red
milkweed beetle (Coleoptera: Cerambycidae). Journal of Insect Behavior, 15: 811–830.

The Canadian Entomologist 27

https://doi.org/10.4039/tce.2022.24 Published online by Cambridge University Press

https://doi.org/10.4039/tce.2022.24


Rice, M.E., Merickel, F., and MacRae, T.C. 2017. The longhorned beetles (Coleoptera:
Cerambycidae) of Idaho. The Coleopterists Bulletin, 71: 667–678.

Rice, M.E., Zou, Y., Millar, J.G., and Hanks, L.M. 2020. Complex blends of synthetic pheromones
are effective multi-species attractants for longhorned beetles (Coleoptera: Cerambycidae).
Journal of Economic Entomology, 113: 2269–2275.

Rodstein J., McElfresh, J.S., Barbour, J.D., Ray, A.M., Hanks, L.M., and Millar, J.G. 2009.
Identification and synthesis of a female-produced sex pheromone for the cerambycid beetle
Prionus californicus. Journal of Chemical Ecology, 35: 590–600.

Rodstein, J., Millar, J.G., Barbour, J.D., McElfresh, J.S., Wright, I.M., Barbour, K.S., et al. 2011.
Determination of the relative and absolute configurations of the female-produced sex
pheromone of the cerambycid beetle Prionus californicus. Journal of Chemical Ecology,
37: 114–124.

Sandoval, S.J., Cook, S.P., Merickel, F.W., and Osborne, H.L. 2007. Diversity of the beetle
(Coleoptera) community captured at artificially created snags of Douglas-fir and grand fir.
Pan-Pacific Entomologist, 83: 41–49.

SAS Institute. 2018. User’s Guide, Version 9.4. SAS Institute, Inc., Cary, North Carolina, United
States of America.

Schmeelk, T.C., Millar, J.G., and Hanks, L.M. 2016. Influence of trap height and bait type on
abundance and species diversity of cerambycid beetles captured in forests of east–central
Illinois. Journal of Economic Entomology, 109: 1750–1757.

Schröder, F.C. 1996. Identizifierung und Synthese neuer Alkaloide, Hydroxyketone und
bicyclischer Acetale aus Insekten. Ph.D. dissertation. University of Hamburg, Hamburg,
Germany.

Shannon, C.E. and Weaver, W. 1949. The mathematical theory of communication. University of
Illinois Press, Urbana, Illinois, United States of America.

Sweeney, J.D., Silk, P.J., and Grebennikov, V.A. 2014. Efficacy of semiochemical-baited traps for
detection of longhorn beetles (Coleoptera: Cerambycidae) in the Russian Far East. European
Journal of Entomology, 111: 397–406.

Swift, I.P. and Ray, A.M. 2010. Nomenclatural changes in North American Phymatodes Mulsant
(Coleoptera: Cerambycidae). Zootaxa, 2448: 35–52.

University of Illinois Extension. 2020. Hort answers: small fruit gooseberries, Ribes hirtellum;
Ribes grossularia [online]. University of Illinois Extension, College of Agricultural,
Consumer and Environmental Sciences, University of Illinois at Urbana-Champaign,
Urbana, Illinois, United States of America. Available from https://web.extension.illinois.edu/
hortanswers/plantdetail.cfm?PlantID=485&PlantTypeID=10 [accessed 22 November, 2020].

Valley, S. 2012. Flower long-horned beetle, Centrodera autumnata Leech, 1963 [online].
Bugwood.org, Oregon Department of Agriculture. Available from https://www.invasive.org/
browse/subthumb.cfm?sub=62439 [accessed 19 April 2020].

Wickham, J.D., Harrison, R.D., Lu, W., Chen, Y., Hanks, L.M., and Millar, J.G. 2021. Rapid
assessment of Cerambycid beetle biodiversity in a tropical rainforest in Yunnan Province,
China, using a multicomponent pheromone lure. Insects, 12: 277.

Wong, J.C.H., Meier, L.R., Zou, Y., Mongold-Diers, J.A., and Hanks, L.M. 2017. Evaluation of
methods used in testing attraction of cerambycid beetles to pheromone baited traps. Journal
of Economic Entomology, 110: 2269–2274.

Cite this article: Lyons-Yerion, C.D., Cook, S.P., and Williams, C.J. 2022. Attraction of Cerambycidae (Coleoptera) to
synthetic volatile pheromone lures during field bioassays in western Idaho, United States of America, community
analysis, and a method to design region-specific multicomponent volatile pheromone lures. The Canadian Entomologist.
https://doi.org/10.4039/tce.2022.24.

28 Lyons-Yerion et al.

https://doi.org/10.4039/tce.2022.24 Published online by Cambridge University Press

https://web.extension.illinois.edu/hortanswers/plantdetail.cfm?PlantID=485&PlantTypeID=10
https://web.extension.illinois.edu/hortanswers/plantdetail.cfm?PlantID=485&PlantTypeID=10
https://web.extension.illinois.edu/hortanswers/plantdetail.cfm?PlantID=485&PlantTypeID=10
https://web.extension.illinois.edu/hortanswers/plantdetail.cfm?PlantID=485&PlantTypeID=10
https://www.invasive.org/browse/subthumb.cfm?sub=62439
https://www.invasive.org/browse/subthumb.cfm?sub=62439
https://www.invasive.org/browse/subthumb.cfm?sub=62439
https://doi.org/10.4039/tce.2022.24
https://doi.org/10.4039/tce.2022.24

	Attraction of Cerambycidae (Coleoptera) to synthetic volatile pheromone lures during field bioassays in western Idaho, United States of America, community analysis, and a method to design region-specific multicomponent volatile pheromone lures
	Introduction
	Materials and methods
	Trapping sites
	Field trapping and bioassays
	Taxonomy and identification of beetles
	Statistical analysis
	Field bioassays: response to pheromone treatments
	Community parameters: comparisons among sites and lures

	Multicomponent pheromone lure design

	Results and discussion
	Cerambycid taxonomy
	Field bioassays: response to pheromone treatments
	Community parameters: comparisons among sites and lures
	Multicomponent pheromone lure design
	Antagonistic effects
	Plant volatiles
	Additional components and number of traps

	Outcomes and future work

	References


