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ABSTRACT Sirex noctilio F. (Hymenoptera: Siricidae) is an invasive woodwasp, currently established in northeastern North America. In other regions of the world, stressed trap trees are used to
monitor populations of S. noctilio and to provide inoculation points for the biological control nematode
Deladenus siricidicola Bedding. However, the operational use of trap trees for S. noctilio in North
America may be compromised by the large community of native organisms that inhabit stressed and
dying pine trees. Common bark beetles such as Ips pini (Say) and Ips grandicollis (Eichhoff)
(Coleoptera: Scolytidae) could potentially compete with S. noctilio and associates for resources on trap
trees, possibly reducing the efÞcacy of trap trees as habitats for the woodwasp. In an attempt to develop
a technology to mitigate this potential issue, three common semiochemical interruptantsÑ conophthorin, green leaf volatile mix, and verbenoneÑwere tested for effectiveness in reducing arrivals of
I. pini and I. grandicollis on trap trees treated with herbicides in northeastern United States. In addition,
the effects of these compounds were determined independently with pheromone-baited multiplefunnel traps. None of the interruptants reduced numbers of I. pini or I. grandicollis either arriving on
trap trees or caught in pheromone-baited traps. However, verbenone increased catches of I. grandicollis in traps baited with its pheromone, ipsenol. The mix of green leaf volatiles reduced catches
of a native ambrosia beetle, Gnathotrichus materiarius (Fitch), whereas verbenone reduced trap
catches of an exotic ambrosia beetle, Xylosandrus germanus (Blandford). Catches of X. germanus in
traps adjacent to trap trees were enhanced with conophthorin.
KEY WORDS Ips pini, Ips grandicollis, Xylosandrus germanus, Gnathotrichus materiarius,
conophthorin

In 2004, the exotic and invasive woodwasp species
Sirex noctilio F. (Hymenoptera: Siricidae) was detected in central New York (Hoebeke et al. 2005,
Dodds and de Groot 2011). In the southern hemisphere, attacks by S. noctilio have caused extensive
mortality of North American pine trees in plantations,
resulting in signiÞcant economic losses (Borchert et al.
2007). Current populations in northeastern United
States and southern Ontario, Canada, have not caused
serious impacts in pine stands to date (Dodds et al.
2010). However, the behavior and impacts of S. noctilio in forest stands that contain a higher incidence of
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susceptible hosts growing under more uniform conditions are unknown.
Detection efforts for S. noctilio in North America
have primarily used semiochemical-baited traps, albeit with limited success (Dodds and de Groot 2011).
Trap trees created by injecting live pine trees with
herbicide are an effective detection component of
integrated pest management programs for S. noctilio in
other countries (Haugen et al. 1990). Moreover, trap
trees can provide important release points for the
nematode Deladenus siricidicola Bedding in biological
control programs against S. noctilio (Bedding and
Akhurst 1974, Neumann et al. 1982).
A deployment methodology for trap trees targeting
S. noctilio has been developed for the northeastern
United States (Zylstra et al. 2010). However, a potential obstacle to a trap tree program in North America
is the abundance of native bark and wood-boring insects and their associated fungi that use stressed and
recently dead trees as reproductive habitats (Ross
1967, Paine et al. 1981, Klepzig et al. 2001, Dodds and
Stephen 2002). SpeciÞcally, ⬎50 species of Cerambycidae and Scolytidae are attracted to S. noctilio trap
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trees in New York (unpublished data). Ips pini (Say)
and Ips grandicollis (Eichhoff) (Coleoptera: Scolytidae) are of particular concern as both species can
respond in large numbers to weakened pine trees and
create galleries directly in the phloem tissue (Wood
1982, Erbilgin et al. 2002). In British Columbia, I. pini
quickly colonized lodgepole pines, Pinus contorta
Dougl. ex Loud. variety latifolia Engelm., treated with
the herbicide glyphosate (Bergvinson and Borden
1991).
The chemical ecology of bark beetles such as I.
grandicollis and I. pini involves a complex array of
decisions based on host odors and pheromones produced by conspeciÞcs and competing species (Byers 1989). Attraction of individual beetles can be
interrupted by inappropriate host odors, antiaggregation pheromones, or pheromones of competing
species. The potential to use such interruptive phenomena in a control program against bark beetles
has been explored with various levels of success
(Borden 1997). For example, verbenone is an antiaggregation pheromone produced by many species
of Dendroctonus (Scolytidae) (Borden 1997). Borden and Lindgren (1988) and Shore et al. (1992)
used verbenone to protect lodgepole pines, baited
with the aggregation pheromone for Dendroctonus
ponderosae Hopkins, from attacks by D. ponderosae
in British Columbia. Similarly, Gillette et al.(2006)
were able to protect individual lodgepole pines from
attack by D. ponderosae and Dendroctonus valens
LeConte by application of verbenone-releasing
ßakes directly on trees in California.
Nonhost angiosperm volatiles also can interrupt attraction of bark beetles, especially in combination
with verbenone. The combination of two nonhost
angiosperm volatiles, (E)-2-hexen-1-ol and (Z)-3hexen-1-ol, signiÞcantly reduced attacks of D. ponderosae on pheromone-baited lodgepole pine (Wilson
et al. 1996). Applications of verbenone with a blend of
nonhost angiosperm volatiles protected individual
ponderosa pines, Pinus ponderosa P. Laws. ex C. Laws.,
from attacks by Dendroctonus brevicomis LeConte and
D. valens (Fettig et al. 2008, 2009). Similarly, the combination of verbenone and conophthorin, a nonhost
angiosperm volatile, protected spruce trees from attacks by Ips perturbatus (Eichhoff) (Graves et al.
2008). In all these trials, the responses of beetles to
interruptants were challenged with the use of speciesspeciÞc pheromones.
We hypothesized that interruptants could reduce
bark beetle attacks on trap trees prepared for S. noctilio. Our objective was to evaluate some common
nonhost angiosperm volatiles, a two-component green
leaf volatile blend and conophthorin alone, and verbenone alone for efÞcacy in reducing colonization of
trap trees by I. pini and I. grandicollis. To help explain
results with trap trees, we evaluated the interruptive
effects of these compounds independently with pheromone-baited traps. In both experiments, we monitored the responses of the following bark beetles commonly associated with stressed and dying pines: I. pini,
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I. grandicollis, Gnathotrichus materiarius (Fitch), and
Xylosandrus germanus (Blandford) (Scolytidae).
Materials and Methods
Semiochemical Release Devices. Synergy Inc.
(New Westminster, BC, Canada) supplied bubble-cap
release devices for (⫾)-ipsenol (⫽racemic ipsenol,
50:50 mix of the two enantiomers) and (⫾)-ipsdienol
and lanierone (chemical purities ⬎98%). At 22Ð24⬚C,
the release rates for ipsenol and ipsdienol were 0.5Ð1
mg/d, whereas lanierone was released at 10Ð50 g/d.
Pouch lures of green leaf volatile blend [50:50 mix of
1-hexanol and (Z)-3-hexenol; chemical purity ⬎98%]
were supplied by Synergy Inc. as well, releasing at a
rate of 80Ð100 mg/d at 22Ð24⬚C. Contech Enterprises
Inc. (Victoria, BC, Canada) supplied microcentrifuge
tubes (250 l) of (E)-(⫾)-conophthorin (isomeric
purity ⬎97%, chemical purity ⬎98%) and pouches of
(Ð)-verbenone (enantiomeric purity 78%, chemical
purity ⬎98%), releasing conophthorin and verbenone
at rates of Þve and 40 mg/d, respectively, at 22Ð24⬚C.
Experiments. Two experiments were conducted in
2007 to determine the effects of common interruptants
on the responses of I. pini and I. grandicollis in northeastern United States. The following interruptants
were tested in each experiment against a control: 1)
conophthorin, 2) green leaf volatiles, and 3) verbenone. The experiments differed by background
odors and locality.
In experiment 1, treatments were applied directly to
trap trees in a stand of red pine, Pinus resinosa Aiton,
on the Finger Lakes National Forest (NF) (42.4442⬚ N,
⫺76.8107⬚ W) near Hector, Schuyler County, NY. The
stand had evidence of recent bark beetle activity as
well as winter storm damage. S. noctilio was not known
to be present in the Finger Lakes NF in early 2007,
although Schuyler County was considered positive for
S. noctilio. Twenty red pines were selected as trap
trees. Selected trees were all from the intermediate
crown class, with an average diameter (⫾SE) of 16.9 ⫾
0.4 cm. Trap trees were created on 31 May 2007 by
drilling two holes (diameter, 4.4 mm) ⬇1.3 cm into the
sapwood and 30 cm from the base of each tree. The
position of the Þrst hole was randomly selected with
the second hole drilled on the opposite side of the tree.
Into each hole, a Tree Tech microinjector containing
0.55 g of active ingredient (AI) of the herbicide Dicamba (3,6-dichloro-o-anisic acid, Tree Tech, Morriston, FL) was inserted. A randomized complete block
design was implemented, with Þve replicate blocks of
four trap trees per block. Within each block, trap trees
were ⬎15 m from one another and blocks were separated by ⬎25 m. The following treatments were randomly assigned to each trap tree: 1) blank control, 2)
conophthorin, 3) green leaf volatiles, and 4) verbenone. On each trap tree, two release devices containing the same semiochemical(s) were placed at
breast height (1.5 m) on opposite sides of trees. Release devices were changed every 4 wk.
Intercept panel traps (APTIV Inc., Portland OR)
were placed on each trap tree such that the bottom of
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Table 1. Effect of conophthorin, green leaf volatile (GLV) blend, and verbenone on catches of some bark and ambrosia beetles to
trap trees on the Finger Lakes National Forest, NY (exp. 1) and pheromone-baited traps in Oswego, NY (exp. 2), 2007
Species
Exp. 1: Finger Lakes
I. grandicollis (NS)
I. pini (NS)
G. materiarius (NS)
X. germanus
Exp. 2: Oswego
I. grandicollis
G. materiarius
X. germanus

Mean (⫾ SE) no. of beetles captured
Control

Conophthorin

GLV

Verbenone

34.2 ⫾ 11.5
7.6 ⫾ 5.4
12.5 ⫾ 7.7
9.3 ⫾ 2.0

46.8 ⫾ 15.7
4.6 ⫾ 3.3
8.4 ⫾ 3.8
17.1 ⫾ 3.3*

45.8 ⫾ 15.3
31.4 ⫾ 21.9
4.0 ⫾ 1.9
10.0 ⫾ 2.2

37.6 ⫾ 12.6
37.2 ⫾ 26.0
10.2 ⫾ 4.7
1.6 ⫾ 0.6*

34.1 ⫾ 11.1
10.4 ⫾ 2.6
128.0 ⫾ 25.1

28.6 ⫾ 9.3
8.3 ⫾ 2.2
187.5 ⫾ 36.6

33.8 ⫾ 11.0
3.0 ⫾ 1.0*
142.7 ⫾ 28.0

81.6 ⫾ 26.0*
2.6 ⫾ 0.9*
41.9 ⫾ 8.6*

Means followed by an asterisk (*) are signiÞcantly different from the control mean within the same row (P ⫽ 0.05; DunnettÕs test). There
was no signiÞcant treatment effect for species followed by NS (see text).

each trap was ⬇1.5 m from the base of each trap tree
and not blocking the lures attached to each tree. Traps
were oriented vertically, parallel with tree boles and
⬇0.5 m from the bark surface. Approximately 250 ml
of propylene glycol (Prestone RV antifreeze) was
used as the killing and preservation ßuid. Aggregation
pheromones were not used to attract Ips spp. to trap
trees as we assumed that host volatiles released by
stressed trap trees would be sufÞcient to ensure beetle
pressure on trap trees. Trap catches were collected 6
JuneÐ10 September 2007 at 2-wk intervals. During
each collection, the lower 3 m of each trap tree was
examined for bark beetle attacks or oviposition beading created by S. noctilio. When possible, bark beetles
were collected for identiÞcation. Presence and absence of beetle activity was recorded for each trap tree
along with any indication of decline (e.g., bark slippage, crown color changes).
In experiment 2, treatments were applied to 12-unit
multiple-funnel traps (Synergy Inc. New Westminster, BC, Canada) baited with bark beetle pheromones. The experiment was conducted in a red pine
stand on the campus of the State University of New
York at Oswego, in Oswego, NY (43.4465⬚ N,
⫺76.5504⬚ W). The stand had evidence of I. grandicollis and had been previously infested by S. noctilio.
A randomized complete block design was used with
replicate blocks of four funnel traps per block. Traps
within blocks were set in a 2 by 2 grid pattern with a
spacing of 10Ð15 m between traps; replicate blocks
were spaced ⬎25 m apart. Traps were hung from
conduit poles bent at 90⬚ with the base of traps ⬇0.5
m from the ground. Each collection cup contained 250
ml of a propylene glycol mixture. Twenty traps were
set in Þve replicate blocks with each trap baited with
ipsenol, a pheromone used by I. grandicollis (Vité et
al. 1972, 1976). The following treatments were randomly assigned to each funnel trap: 1) blank control,
2) conophthorin; 3) green leaf volatiles, and 4) verbenone. The trapping period for experiment 2 was 9
JulyÐ10 September 2007 with collections occurring at
2-wk intervals.
Statistical Analyses. Data were analyzed with SAS
Statistical Package, version 9.2 (SAS Institute, Cary,
NC). Trap catches were summed over the season and

analyzed using a generalized linear model (PROC
GLIMMIX) via maximum likelihood estimation technique and the Laplace likelihood approximation
method. Replicates were a random factor and treatment was a Þxed factor. Data were modeled using the
negative binomial distribution with log link function
with one exception. I. grandicollis trap catches from
experiment 2 were modeled using the normal distribution with the identity link function. DunnettÕs multiple comparison test (␣ ⫽ 0.05) was used to compare
mean trap catches for each treatment to controls traps.
Results
Experiment 1: Test of Trap Tree Protection. There
was no apparent tree protection from bark beetle
attacks by any of the treatments. One month after
treatment with herbicide, 75% of trap trees were colonized by bark beetles with the crown foliage of each
tree beginning to fade. By the end of the summer, all
trap trees were colonized and showed signs of dying
crowns. Beetles attacking trap trees included I. pini, I.
grandicollis, D. valens, and several species of ambrosia
beetles. Trap trees were also colonized by numerous
longhorn beetles (Cerambycidae), such as Monochamus scutellatus (Say), Xylotrechus sagittatus (Germar), and a Tetropium sp. Kirby. Signs of attack by S.
noctilio (i.e., resin beads) were found on four trap
trees, all of which also were colonized by I. pini, I.
grandicollis, or both.
In experiment 1, totals of 822 I. grandicollis and 404
I. pini were captured in panel traps with both species
present in the majority of traps. However, 30% of traps
had I. grandicollis present but not I. pini. Treatments
applied to trap trees had no effect on mean trap
catches of I. grandicollis in traps hung from trap trees
treated with conophthorin, green leaf volatiles, or
verbenone (F3, 12 ⫽ 0.21; P ⫽ 0.89) (Table 1). Likewise, there was no treatment effect on mean catches
of I. pini (F3, 12 ⫽ 2.12; P ⫽ 0.15) and the native
ambrosia beetle G. materiarius (F3, 12 ⫽ 1.13; P ⫽ 0.38).
However, trap catches of the exotic ambrosia beetle,
Xylosandrus germanus (Blandford) were affected by
treatments on trap trees (F3, 12 ⫽ 10.68, P ⫽ 0.001).
Mean catches of X. germanus were lower in traps on
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catches of G. materiarius to ipsenol-baited traps were
signiÞcantly reduced by green leaf volatiles and verbenone (F3, 12 ⫽ 6.68; P ⫽ 0.007) (Table 1). As in
experiment 1, X. germanus trap catches were lower in
traps baited with verbenone compared with the control traps (F3, 12 ⫽ 22.47; P ⬍ 0.0001). Only six I. pini
were captured in experiment 2.
Discussion

Fig. 1. Flight phenology of Ips grandicollis and I. pini
arriving at trap trees in a red pine stand on the Finger Lakes
National Forest, NY in 2007. Data on ßight phenology of Sirex
noctilio is from Zylstra (2010), a study conducted 120 km
northeast of the Finger Lakes National Forest.

trap trees treated with verbenone compared with control trees (Table 1). Traps on trees treated with conophthorin captured more X. germanus than control
trees.
I. pini and I. grandicollis exhibited long ßight periods
on the Finger Lakes NF that overlap signiÞcantly with
that of S. noctilio (Fig. 1). I. grandicollis arrived at trap
trees earlier in the season than I. pini and was active
in early June. Both species were collected at trap trees
throughout July and August and were still active at the
last collection date (10 September). G. materiarius
and X. germanus ßight activity peaked in mid-August
(Fig. 2).
Experiment 2: Funnel Trap Test With Pheromones.
In 2007, 985 I. grandicollis in total were captured in
pheromone-baited traps in experiment 2. There was a
signiÞcant treatment effect on trap catches of I. grandicollis (F3, 12 ⫽ 5.18; P ⫽ 0.02). Verbenone signiÞcantly increased captures of I. grandicollis to ipsenolbaited traps (Table 1). There were no signiÞcant
differences among the other treatment means. Trap

Fig. 2. Flight phenology of Gnathotrichus materiarius
and Xylosandrus germanus arriving at trap trees in a red pine
stand on the Finger Lakes National Forest, NY in 2007.

We were unable to protect red pine trees treated
with herbicide from attacks by bark beetles with applications of verbenone, conophthorin, or the green
leaf volatile blend of 1-hexanol and (Z)-3-hexenol.
The lack of protection against I. grandicollis and I. pini
in our study may be explained, in part, by differences
in attractants and host susceptibility. In all previous
trials in western North America, attractants were
placed on healthy trees. Successful attacks by bark
beetles required a critical density of beetles to overcome tree defenses. In our study, tree defenses were
removed through the use of herbicide. Attacks by
single individuals could occur successfully anywhere
along the entire bole. Once attacks were made, additional pheromones would have been released resulting in quick utilization of the entire tree bole. In
British Columbia, application of herbicide into lodgepole pine resulted in full utilization of tree boles by I.
pini (Bergvinson and Borden 1991). Moreover, interruptants in previous trials were placed generally in
close proximity to attractants. In our study, attractants
(kairomones and pheromones) probably emanated
from the entire bole, and it is possible that the use of
two interruptants at one location was simply insufÞcient to counter the host availability. The successful
use of interruptants with trap trees treated with herbicide may require broad application of interruptants
along the entire bole, as in Gillette et al. (2006).
Another factor in the lack of protection against bark
beetle attacks may rest with the lack of any signiÞcant
interruptant effect of the semiochemicals tested
against I. grandicollis or I. pini in experiments using
either trap trees or attractant-baited traps. The mean
number of I. grandicollis and I. pini caught in traps on
trap trees treated with conophthorin, green leaf volatiles, or verbenone was the same as those in traps on
untreated trap trees (Table 1). Similarly, catches of I.
grandicollis in pheromone-baited funnel traps were
not reduced with the addition of conophthorin, green
leaf volatiles, or verbenone. In fact, catches of I. grandicollis in Oswego, NY, were higher in traps baited
with ipsenol and verbenone than in those baited with
ipsenol alone.
The lack of any signiÞcant interruption by the green
leaf volatile mix of 1-hexanol and (Z)-3-hexenol on the
attraction of I. pini is consistent with results from
western North America. Various combinations of nonhost angiosperm volatiles, including 1-hexanol and
(Z)-3-hexenol, did not interrupt attraction of I. pini to
pheromone-baited traps in British Columbia (Huber
et al. 2001). In contrast, the green leaf volatile blend
of 1-hexanol and (Z)-3-hexenol did reduce trap
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catches of G. materiarius. The responses of other species of Gnathotrichus found in western North America
have been interrupted by a green leaf volatile blend
containing (Z)-3-hexenol, 1-hexanol, (Z)-2-hexenol,
and (E)-2-hexenol (Deglow and Borden 1998a,b).
Our results with I. pini and conophthorin in New
York are inconsistent with those for I. pini in western
North America. Huber et al. (2000) found that conophthorin interrupted the attraction of I. pini to traps
baited with ipsdienol and lanierone in stands of lodgepole pine, whereas conophthorin had no effect in our
studies. Inconsistencies also were noted with X. germanus. In Europe, Kohnle et al. (1992) found that
conophthorin interrupted attraction of X. germanus to
ethanol-baited traps. In contrast, we found that traps
on trap trees baited with conophthorin caught significantly more X. germanus than traps on unbaited control trap trees.
Verbenone acts as an inhibitor for various species of
bark beetles (Payne et al. 1978, Bedard et al. 1980,
Devlin and Borden 1994, McPheron et al. 1997, Rappaport et al. 2001). The lack of any interruptive effect
by verbenone on the attraction of I. pini and I. grandicollis is particularly surprising. Verbenone is interruptive to I. pini in British Columbia (Borden et al.
1992, Miller et al. 1995, Lindgren and Miller 2002a).
Conversely, verbenone-baited traps in experiment 2
captured signiÞcantly more I. grandicollis than control
traps. We know of only one other scolytid species that
is attracted by verbenone. Lindgren and Miller
(2002b) found that the striped ambrosia beetle, Trypodendron lineatum (Olivier), exhibited a dose-dependent attraction to verbenone. In our experiments,
trap catches of G. materiarius and X. germanus were
signiÞcantly reduced by the addition of verbenone.
This is the Þrst report of the genus Gnathotrichus
responding negatively to verbenone. Verbenone is an
inhibitor for other exotic ambrosia beetles, including
Xylosandrus compactus (Eichhoff) (Dudley et al.
2006) and Xylosandrus crassiusculus (Motschulsky)
(E. G. Burbano et al., unpublished data), and may be
a promising management tool for this genus.
Although the concern for interactions occurring
between bark beetles, their associated fungi, and S.
noctilio is speculative at this point, there was considerable overlap in ßight phenology of the two Ips spp.,
ambrosia beetles, and the woodwasp (Figs. 1 and 2).
S. noctilio ßight phenology determined from a study
⬇120 km northeast of the Finger Lakes NF (Zylstra
et al. 2010) was overlaid onto the Ips data generated
during this study to compare seasonal ßight patterns. Captures of both species peaked concurrent
with S. noctilio captures, suggesting these species
would be searching for suitable hosts at the same
time and potentially competing for trap tree resources. Attempts to use disruptants or interruptants to protect woodwasp trees should consider
blends of various compounds. In addition, the interruptants should probably be applied over the full
tree surface because engraver beetles can probably
begin their attacks farther up the bole and then
proceed downward to occupy the full bole.
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