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We need effective, practical survey and detection tools for early detection of
invasive species, to assist in delimiting the area of recently established pest populations
once they are detected, and for monitoring the progress of eradication and containment
programs. Sex and aggregation pheromones are great for species-specific detection at
low densities, and the obvious lure choice for monitoring an established invasive or
determining pest-free status. However, insect communication and host-finding
behaviours are poorly understood for many species of wood-boring beetles and there is
a limit to the number of species-specific lures/traps that can be used in operational
surveys.

Host volatiles may be less effective than pheromones at detecting low-density
populations of a particular species, but can attract (detect) a large number of different
species. For example, a-pinene is attractive to many species of coniferous bark- and
wood-borers, including the cerambycids (Adsemum striatum (L.), Arhopolus rusticus
nubilus (LeConte), Monochamus titillator (F.), and Xylotrechus integer (Hald.); the
scolytines (Hylastes ater (Payk.), Ips grandicollis (Eichhoff), Tomicus minor (Hartig),
and T. piniperda (L.); the buprestid (Buprestis lineata F.), and the predators Enoclerus
nigripes rufiventris (Spinola), E. nigrifrons gerhardi Wolcott, and Thanasimus
formicarius (L.) (Cleridae) (Pertunnen 1957, Byers et al. 1985, Schroeder 1988;
Chénier & Philogéne 1989; Miller 2006; Allison et al. 2004). Ethanol, often produced
in stressed or diseased trees, is attractive to several scolytines, e.g., Trypodendron
lineatum (Oliv.), T. domesticum (L.), Gnathotrichus sulcatus (LeConte), Xyleborus
saxeseni (Ratz.), X. affinis Eichhoff, Hylurgops palliatus (Gyll.), and curculionids, e.g.,
Hylobius abietis (L.) (Moeck 1970; Schroeder 1988; Salom & McLean 1990; Byers
1992; Lindelow et al. 1993). Some species are more attracted to a blend of
monoterpenes than to either a-pinene or ethanol alone, e.g., Xylotrechus undulatus
(Say), Tetropium fuscum (F.), and Monochamus urussovii (Fischer) (Cerambycidae)
(Sweeney et al. 2004, 2006) and Hylastes ater, Ips grandicollis (Eichhoff), and
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Tomicus minor (Scolytinae) (Schroeder 1988; Chénier & Philogéne 1989).
Furthermore, attraction of many species is synergized by a combination of ethanol plus
o-pinene or ethanol plus a blend of monoterpenes, e.g., Monochamus scutellatus
scutellatus (Say), M. notatus (Drury), Xylotrechus longitarsis Casey, Tetropium
Sfuscum, T. castaneum (L.), T. cinnamopterum XKirby, Spondylis buprestoides
(Cerambycidae) (Allison et al. 2001; Morewood et al. 2002; Sweeney et al. 2004),
Hylobius pales (Herbst), H. abietis, H. pinastri (Gyll.) (Curculionidae), Dryocoetes
autographus (Ratz.), T. piniperda (but too much ethanol repels), Hylastes cunicularius
Erichson, H. opacus Erichson, H. brunneus Erichson (Scolytidae), and the clerid,
Thanasimus dubius (F.) (Tilles et al. 1986; Vité et al. 1986; Schroeder 1988; Chénier &
Philogéne 1989; Lindelow et al. 1993; Miller 2006). Finally, some cerambycids are
attracted to bark beetle pheromones (e.g., ipsenol, ipsdienol, MCH, and frontalin) or
pheromones plus monoterpenes plus ethanol, e.g., Monochamus clamator (LeConte),
M. s. scutellatus, M. titillator (F.), M. obtusus Casey, and M. notatus (Drury) (Billings
& Cameron 1984; Allison et al. 2001, 2003; de Groot & Nott 2004).

Lindgren funnel traps baited with either: 1) a-pinene + ethanol (for woodborers of
conifers); 2) ethanol (for woodborers of deciduous hosts); or 3) the 3-component Ips
lure consisting of cis-verbenol, 2-methyl-3 buten-2-ol, and racemic ipsdienol (targeting
Ips typographus (L.), I. sexdentatus (Borner), Hylurgus ligniperda (F.), and
Orthotomicus erosus (Woll.) have been used by the Canadian Food Inspection Agency
(CFIA) and the USDA Forest Service and Animal and Plant Health Inspection Service
(APHIS) for several years. These traps have provided the first records of established
populations of several species introduced to North America, including Hylurgops
palliatus (2001, o-pinene+ethanol), Arhopalus pinetorum (Woll.) (2001, o-
pinenetethanol), Xyleborus similus Ferrari (2002, ethanol), X. glabratus Eichhoff
(2002, ethanol), Scolytus schevyrewi Semenov. (2003, o-pinenetethanol), Sirex
noctilio F. (2005, Ips lure), as part of the USDA FS and APHIS rapid detection pilot
program or APHIS-Cooperative Agricultural Pest Surveys (CAPS) (Duerr 2005;
Hoebeke & Acciavatti 2006; Rabaglia 2005). However, traps baited with these standard
lures did not detect every forest insect species recently introduced to North America;
notable exceptions include the Asian longhorned beetle, Anoplophora glabripennis
(Motschulsky) (ALB), brown spruce longhorn beetle, 7. fuscum, and the emerald ash
borer, Agrilus planipennis Fairmaire (EAB). Both the ALB and EAB were first
detected in New York and Michigan, respectively, on or near infested host trees (Haack
et al. 1996; McCullogh & Katovich 2004). The earliest recorded collection of 7. fuscum
in Canada actually was in volatile-baited traps (in 1990 in Point Pleasant Park, Halifax,
Nova Scotia on stickem-coated stovepipe traps baited with turpentine (Robertson 1990)
but the specimens were misidentified as the nearctic 7. cinnamopterum and T. fuscum
was not actually detected in Halifax until 1999, when it was reared from bolts cut from
infested spruce trees (Smith & Hurley 2000).

The most effective lure to date for 7. fuscum is a blend of monoterpenes (spruce
blend) plus ethanol released at ultra high rates (UHR) (Sweeney et al. 2006) and it
attracts mainly Tetropium spp., at least among the cerambycids species trapped in
Halifax, Canada and Biatowieza, Poland. Of 41 species of cerambycids trapped in
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Halifax and Poland in 2002 and 2003, 74% to 89% of specimens were Tetropium spp.
caught in spruce blend plus ethanol-baited traps; Tetropium accounted for only 0% to
11% of cerambycid specimens captured in unbaited traps (Sweeney et al. 2004, 2006).
To determine whether the combination of spruce blend plus ethanol and similar
lures might be useful for detecting scolytines, we recorded the scolytine species
captured in trapping experiments (for 7. fuscum) conducted in Halifax in 2003 and
Poland in 2005. The forest in Halifax was dominated by white spruce, Picea glauca
(Moench) Voss., red spruce, P. rubens Sarg., and balsam fir, Abies balsamea L.. In
Bialowieza, Poland, the experiment was conducted in an old growth mixed deciduous
forest with the most common species being Norway spruce, Picea abies L. Karst.,
English oak, Quercus robur L., European hornbeam, Carpinus betulus L., Scots Pine,
Pinus sylvestris L., aspen, Populus tremula L., and European silver birch, Betula
pendula Roth. In Halifax, cross-vane pan traps baited with five different combinations
of spruce blend and ethanol at high or low release rates plus an unbaited control
captured 19 different scolytine species (Table 1). The combinations of spruce blend
(UHR or low release rate) plus ethanol (UHR) were significantly attractive to four
species including Trypodendron lineatum, Dendroctonus rufipennis (Kirby), and

Table 1. Total numbers of Scolytine species captured in cross vane pan traps baited with five different
combinations of spruce blend plus ethanol, at low or ultra high release rates, or an unbaited control
trap, in a spruce dominated forest on McNabs Island, Halifax, Nova Scotia, Canada, in 2003

Species Numbers captured
Cryphalus ruficollis Hopkins 15
Crypturgus pusillus (Gyllenhal) 5
Dendroctonus rufipennis (Kirby) 213
Dryocoetes affaber (Mannerheim) 49
Dryocoetes autographus (Ratz.) 48
Gnathotrichus materiarius (Fitch) 101
Hylastes porculus Erichson 9
Hylurgops pinifex (Fitch) 3
Ips borealis Swaine 5
Ips pini (Say) 4
Orthotomicus caelatus (Eichhoff) 10
Pityophthorus ramiperda Swaine 81
Pityophthorus sp. Eichhoff 1
Polygraphus rufipennis (Kirby) 23
Trypodendron lineatum (Oliv.) 381
Trypodendron retusum (LeConte) 1
Xyleborus dispar (F.) 69
Xyleborus sayi (Hopkins) 24

Xyloterinus politus Say 12
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Table 2. Total numbers of Scolytine species captured in intercept traps baited with seven different host
volatile lures at ultra high release rates or an unbaited control, in an old growth mixed deciduous forest
with Norway spruce, English oak, Scots pine, European hornbeam, aspen and European silver birch
near Biatlowieza, Poland, 2005. The lures were composed of blends of monoterpenes simulating those
emitted from red spruce, alone or combined with ethanol

Species Numbers captured

Crypturgus cinereus (Herbst) 84
Crypturgus hispidulus Thoms. 1
Dryocoetes autographus (Ratz.) 537
Hylastes angustatus (Herbst) 3
Hylastes ater (Payk.) 222
Hylastes cunicularius Erichson 2317
Hylastes opacus Erichson 143
Hylurgus ligniperda (F.) 3
Ips typographus (L.) 192
Ips sexdentatus (Bérner) 1
Orthotomicus laricis (F.) 2
Pityogenes chalcographus (L.) 30
Tomicus piniperda (L.) 16
Trypodendron lineatum (Oliv.) 1
Xyleborinus saxeseni (Ratz.) 11
Xyleborus dispar (F.) 51
Xyleborus monographus (F.) 3

Gnathotrichus materiarius (Fitch). In 2005 we varied the ratios of monoterpenes in the
spruce blend lures to simulate those emitted from stressed (girdled) vs. unstressed red
spruce trees and tested 6 different lures or lure combinations plus an unbaited control in,
black IPM intercept traps (Advanced Pheromone Technologies, Marylhurst, OR) in
Bialowieza. A total of 17 different scolytine species were captured (Table 2), with five
species (Hylastes cunicularius, H. opacus, H. ater, Dryocoetes autographus,
Crypturgus cinereus (Herbst)) significantly attracted to unstressed spruce blend plus
ethanol (both UHR lures).

In 2006, we initiated some field trapping trials in Canada (Vancouver, Toronto,
and Halifax) to test whether we could improve the suite of lures for the detection of
potentially invasive wood/bark-boring beetles. Specifically, our objectives were to test
a series of 7 lures (including the three standards) plus an unbaited control to determine
which lures were significantly attractive to wood-boring species, to compare lures for
total number of species detected, and to determine the minimum number of traps
required to detect most of the (significantly attracted) species in an area. Processing of
catches has begun and one of the first points to emerge is that certain species, e.g.,
Trypodendron lineatum, are flooding the traps and slowing down the work of species
sorting and identification. A repellent that deterred the catch of very common native
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species without disrupting the attraction of target species would be very useful, if such
exists. It would be useful to repeat these experiments in coniferous forests in Europe
and China.

In summary, we need a practical and effective suite of lures/traps to assist in early
detection of invasive species. Host volatiles are significantly attractive to a range of
wood-boring beetles, and can be surprisingly selective, but will never be as sensitive as
a pheromone-based lure. Slight changes in terpene ratios can significantly affect
attraction of some species. Our experiments will hopefully lead to improvements in
invasive wood-borer surveillance and detection.
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