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Abstract: The pine shoot beetle, Tomicus piniperda (L.) (Col., Scolytidae) is an exotic pest of pine, Pinus spp., in North

America. It is attracted strongly to host volatiles (±)-a-pinene, (+)-3-carene, and a-terpinolene. Attraction to insect-
produced compounds is less clear. Other potential attractants include trans-verbenol, myrtenol, myrtenal, nonanal and
a-pinene oxide. We conducted a series of field experiments to determine if any of these compounds would increase

attraction of T. piniperda to a-pinene, either individually or in various combinations. None of the individual
compounds increased attraction. Although several combinations that included trans-verbenol, nonanal, myrtenol, or
myrtenal increased attraction, results were variable between experiments.
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1 Introduction

The pine shoot beetle, Tomicus piniperda (L.) (Col.,
Scolytidae), is an exotic pest of pine, Pinus spp.,
discovered in the Great Lakes region of North
America in 1992 (Haack and Poland, 2001). Tomicus
piniperda is native to Europe, Asia, and parts of
northern Africa (Långström, 1983; Schroeder and
Eidmann, 1987; Ye, 1991).

Overwintering adult beetles become active in early
spring (Bakke, 1968). They use host volatiles to locate
suitable pine brood material such as severely stressed
or weakened trees, freshly killed trees, or recently cut
stumps and slash (Byers et al., 1985). Progeny adults
emerge in early summer and feed in the shoots of
healthy pine trees throughout the summer while they
complete sexual maturation. When temperatures cool
in autumn, beetles move down the trunk to overwinter
in the bark at the base of trees where they feed on
shoots (Långström, 1983; Petrice et al., 2002).

Tomicus piniperda is strongly attracted to host
volatiles including (±)-a-pinene, (+)-3-carene, and
a-terpinolene (Byers et al., 1985; Schroeder and Eid-

mann, 1987). The addition of ethanol, a degradation
product from the phloem of weakened and dying trees,
to host monoterpenes can either increase (Vité et al.,
1986; Zumr, 1989) or decrease (Schroeder, 1988; Byers,
1992) attraction by T. piniperda. The response by
T. piniperda appears to be dependent on the ratio and
release rates of a-pinene and ethanol (Schroeder and

Lindelöw, 1989; Byers, 1992) and on ambient temper-
atures (Czokajlo and Teale, 1999).

Lures consisting of host volatiles are available
commercially for T. piniperda in Europe and in North
America. In Europe, the commercial bait contains
(±)-a-pinene and terpinolene released at 40 mg/day
(Witasek, Kärnten, Austria). In North America, the
commercial bait consists of a-pinene [95% ())-enanti-
omer] released at approximately 300 mg/day (Phero
Tech., Inc., Delta, BC, Canada; IPM Tech., Inc.,
Portland, OR, USA).

Although attraction of T. piniperda to host volatiles
has been demonstrated clearly, attraction to insect-
produced compounds has been equivocal. Several
studies found no evidence for pheromone attraction
because beetles were attracted equally to uninfested
pine bolts and bolts infested with T. piniperda (Byers
et al., 1985; Löyttyniemi et al., 1988). Similarly, in
laboratory bioassays, Lanne et al. (1987) found that
T. piniperda was attracted strongly to pine logs with no
increase in attraction when females were added.
However, Schönherr (1972) found T. piniperda was
attracted to Scots pine bolts colonized by females but
not to bolts colonized by males.

Several compounds have been identified from the
hindguts of T. piniperda, including myrtenol, trans-
verbenol and verbenone in females (Francke and
Heemann, 1976); 3-caren-10-ol, myrtenol, trans-verbe-
nol and verbenone in both sexes but at higher levels in
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males (Lanne et al., 1987); and 3-carene, verbenone,
trans-verbenol and myrtenol in both sexes (Zhou et al.,
1997). Physiological and behavioural responses have
been reported for a number of these compounds. Lanne
et al. (1987) found antennal responses to 3-caren-10-ol,
myrtenol, trans-verbenol and verbenone. They also
found that logs baited with trans-verbenol and 3-caren-
10-ol captured significantly higher numbers of the
closely related lesser pine shoot beetle, Tomicus minor
(Hart.), and appeared to capture more T. piniperda
than unbaited logs. Sticky traps baited with trans-
verbenol and 3-caren-10-ol in addition to the mono-
terpenes a-pinene, terpinolene, and (+)-3-carene,
captured significantly more T. piniperda than traps
baited with the monoterpenes alone. Kangas et al.
(1970) found T. piniperda was attracted to trans-
verbenol alone or combined with phloem extracts in
laboratory tests. The addition of cis-verbenol or
verbenone inhibited responses. Niemeyer et al. (1996)
found ethanol, a-pinene, b-pinene, terpinolene, trans-
verbenol and myrtenol were inactive for T. piniperda
when tested alone but demonstrated weak attraction
when tested in various combinations. Zhou et al. (1997)
found 3-carene, verbenone, trans-verbenol and myrte-
nol were highly attractive in laboratory bioassays, but
had low activity in the field except when combined
in mixtures. Using coupled gas chromatographic
electro-antennographic detection analysis of volatiles
collected from beetles and host material, Czokajlo

(1998) identified several antennally active compounds
for T. piniperda including a-pinene oxide, nonanal,
())-myrtenal, trans-verbenol and ())-myrtenol.

We conducted field trapping experiments to investi-
gate the attraction of T. piniperda to the antennally
active compounds a-pinene oxide, nonanal, ())-myrt-
enal, trans-verbenol, and ())-myrtenol. Our objective
was to determine whether any of these candidates
increased attraction of T. piniperda to the standard
North American attractive lure, a-pinene, when added
singly or in various mixtures.

2 Materials and Methods

A series of field experiments were conducted in Michigan and
Indiana in the United States and in Ontario, Canada. Field
sites consisted of Scots pine, Pinus sylvestris L., Christmas

tree plantations infested with T. piniperda. Scots pine trees
were 1.5–2.5 m tall and 6–12 years old. The US sites were
located near DeWitt, Ingham County, Michigan (42�44¢N,
84�35¢W) and Rolling Prairie, LaPorte County, Indiana
(41�37¢N, 86�43¢W). The Canadian sites were located near
Barrie, Essa Township, Ontario (44�14¢N, 79�48¢W) and
Angus, Adjala Township, Ontario (44�19¢N, 79�58¢W).
At each site, 12-unit multiple funnel traps (Phero Tech.,

Inc.) were laid out in randomized complete blocks with at
least 15 m between traps. Traps were baited with a-pinene
alone or in combination with one or more of the five
candidate attractants. Unbaited control traps were not
included because it is well documented that they are not
attractive to T. piniperda and capture very few beetles (Poland
and Haack, 2000; Schlyter et al., 2000). Furthermore, our
objective was to determine if any of the treatment combina-
tions increased attraction compared with a-pinene alone. All
semiochemical release devices were supplied by IPM Tech.,
Inc. Release rates and release devices for semiochemicals used
in all experiments are presented in table 1.
Experiments 1 and 2 tested T. piniperda responses to

a-pinene alone or combined singly with each of the test
compounds released at either a high or low release rate
(table 1). The high release rate of each compound was used in
experiments 3–6. Experiment 1 was conducted in Rolling
Prairie, Indiana from 6 March to 18 April 2000. It consisted
of 20 replicates of five treatments: (i) a-pinene; (ii) a-pinene
plus myrtenol high release rate; (iii) a-pinene plus myrtenol
low release rate; (iv) a-pinene plus trans-verbenol high release
rate; and (v) a-pinene plus trans-verbenol low release rate.
Experiment 2 was conducted in Angus, Ontario from
8 March to 19 April 2000. It comprised 10 replicates of
seven treatments: (i) a-pinene; (ii) a-pinene plus a-pinene
oxide high release rate; (iii) a-pinene plus a-pinene oxide low
release rate; (iv) a-pinene plus nonanal high release rate; (v)
a-pinene plus nonanal low release rate; (vi) a-pinene plus
myrtenal high release rate; and (vii) a-pinene plus myrtenal
low release rate.
Experiments 3 and 4 tested T. piniperda�s responses to

a-pinene alone or with binary combinations of the attractant
candidates. Experiment 3 was conducted in Rolling Prairie,
Indiana from 6 March to 18 April 2000. It included 10
replicates of five treatments that tested all pairwise combi-
nations of trans-verbenol plus one of the other compounds,
a-pinene oxide, myrtenol, myrtenal or nonanal. Experiment 4
was comprised of 10 replicates of eight treatments that tested
all possible pairwise combinations of trans-verbenol, myrte-
nol, myrtena and nonanal. It was conducted in DeWitt,
Michigan from 20 March to 2 May 2000.
Experiments 5 and 6 tested T. piniperda responses to

a-pinene plus ternary combinations of the potential attrac-

Table 1. Description of
semiochemical release
devices used during 2000 in
field trapping experiments
for Tomicus piniperda

Semiochemical name Code Experiment Purity (%) Release device Release rate (mg/day)

a-pinene [76%())] ap 1, 2, 3, 5, 6 98 PE bulb 310
())-myrtenol high mol H 1, 3, 5, 6 97 PA 0.8
())-myrtenol low mol L 1 97 PA 0.2
())-myrtenal high mal H 2, 3, 4, 6 98 PA 4.8
())-myrtenal low mal L 2 98 PA 0.7
()) -trans-verbenol high tv H 1, 4, 5, 6 99 PA 0.5
()) -trans-verbenol low tv L 1 99 PA 0.3
(±)-a-pinene oxide high apox H 2, 3, 4, 5 97 PE vial 1.7
(±)-a-pinene oxide low apox L 2 97 PE vial 0.4
Nonanal high non H 2, 3, 4, 5, 6 95 PE vial 2.8
Nonanal low non L 2 95 PE vial 0.2

Release rates were determined gravimetrically at 20�C.
PE bulb, airtight polyethylene bulb; PA, paper absorbent saturated with semiochemical and
enclosed in ultraviolet protective pouch; PE vial, polyethylene vial enclosed in ultraviolet protective
pouch.
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tants. Experiment 5 was conducted in Barrie, Ontario from
8 March to 18 April 2000. It comprised 10 replicates of five
treatments that tested T. piniperda responses to a-pinene and
all possible ternary combinations of a-pinene oxide, trans-
verbenol, myrtenol and nonanal. Experiment 6 was conduc-
ted in Angus, Ontario from 21 March to 3 May 2001 and
comprised 10 replicates of six treatments that compared all
possible ternary combinations of trans-verbenol, nonanal,
myrtenol and myrtenal.

For all experiments, beetles were collected from the traps
every 2 weeks and then frozen until counted. Up to 30 beetles
from each trap were sexed to determine the sex ratio. Beetles
from each collection period were pooled to obtain the total
number of beetles captured per trap over the entire experi-
mental period. The total number of beetles captured in each
trap during the entire trapping period was transformed by
log(x + 1) to satisfy assumptions of normality and homo-
scedasticity and then analysed using two-way anova with
model factors for treatment and replicate in each experiment.
Differences between treatments were compared using the
Ryan–Einot–Gabriel–Welch multiple Q-test (REGW; Sas

Institute Inc., 1996). An a-level of 0.05 was used in all tests.

3. Results

In experiment 1 there were no significant differ-
ences (F ¼ 0.45, P ¼ 0.77, d.f. ¼ 4) in the number of
T. piniperda captured in traps baited with a-pinene
alone or combined with high or low release rates of
myrtenol or trans-verbenol added individually (table 2).

Similarly, in experiment 2, there was no significant
difference between the number of T. piniperda captured

in traps baited with a-pinene alone or with high or low
release rates of a-pinene oxide, nonanal or myrte-
nol added individually (table 3). Significantly more
T. piniperda were captured in traps baited with
a-pinene plus the high release rate of nonanal than in
traps baited with a-pinene and the low release rate of
myrtenal (F ¼ 2.93, P ¼ 0.01, d.f. ¼ 6) with all other
treatments being intermediate (table 3).

In experiment 3, significantly more T. piniperda
were captured in traps baited with a-pinene plus the
binary combinations of trans-verbenol and myrtenal;
trans-verbenol and myrtenol; and trans-verbenol and
nonanal compared with a-pinene alone (F ¼ 6.28,
P ¼ 0.0006, d.f. ¼ 4) (table 4). The addition of trans-
verbenol and a-pinene oxide did not increase attraction
of T. piniperda compared with a-pinene alone (table 4).

However, in experiment 4, addition of a-pinene to
the binary combinations of trans-verbenol and myrt-
enal; trans-verbenol and myrtenol; and trans-verbe-
nol and nonanal did not increase attraction
significantly compared with a-pinene alone (F ¼
1.42, P ¼ 0.21, d.f. ¼ 7), nor did any of the other
binary combinations tested (i.e., myrtenal and non-
anal; myrtenal and myrtenol; and myrtenol and
nonanal) (table 5).

In experiment 5, the combination of a-pinene, trans-
verbenol, a-pinene oxide, nonanal and myrtenol was
significantly more attractive than the combination with-
out nonanal (F ¼ 2.93, P ¼ 0.03, d.f. ¼ 4) (table 6). In
experiment 6, significantly more T. piniperda were
captured in traps baited with a-pinene plus the ternary

Table 2. Mean ± SEM number and sex ratio of Tomicus piniperda captured in experiment 1 in multiple fun-
nel traps in Rolling Prairie, Indiana (6 March to 18 April 2000). Baits consisted of a-pinene (AP) released at
310 mg/day, myrtenol released at 0.8 mg/day (high) or 0.2 mg/day (low), and trans-verbenol released at
0.5 mg/day (high) or 0.3 mg/day (low) (n ¼ 20)

Treatment Mean number of T. piniperda captured Sex ratio (#:$) Normalized response relative to a-pinene

a-pinene (AP) 13.1 ± 2.8 a 0.98 1.00
AP + myrtenol high 9.1 ± 2.1 a 1.02 0.69
AP + myrtenol low 10.2 ± 2.4 a 1.15 0.78
AP + trans-verbenol high 13.9 ± 3.9 a 1.07 1.06
AP + trans-verbenol low 13.6 ± 3.9 a 1.03 1.04

Mean values followed by the same letter are not significantly different, Ryan–Einot–Gabriel–Welsch test on data transformed by
log(x + 1), P £ 0.05.

Table 3. Mean ± SEM number and sex ratio of Tomicus piniperda captured in experiment 2 in multiple funnel
traps in Angus, Ontario (8 March to 19 April 2000). Baits consisted of a-pinene (AP) released at 310 mg/day,
a-pinene oxide released at 1.7 mg/day (high) or 0.4 mg/day (low), nonanal released at 2.8 mg/day (high) or
0.2 mg/day (low), and myrtenal released at 4.8 mg/day (high) or 0.7 mg/day (low) (n ¼ 10)

Treatment Mean number of T. piniperda captured Sex ratio (#:$) Normalized response relative to a-pinene

a-pinene (AP) 18.3 ± 2.6ab 0.79 1.00
AP + a-pinene oxide high 12.9 ± 2.1ab 1.05 0.70
AP + a-pinene oxide low 16.4 ± 2.4 ab 1.00 0.90
AP + nonanal high 26.4 + 4.4 a 1.00 0.90
AP + nonanal low 14.8 ± 2.5 ab 1.08 0.80
AP + myrtenal high 19.1 ± 3.2 ab 0.80 1.04
AP + myrtenal low 11.6 ± 2.6 b 1.00 0.63

Mean values followed by the same letter are not significantly different, Ryan–Einot–Gabriel–Welsch test on data transformed by
log(x + 1), P £ 0.05.
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combinations of trans-verbenol, myrtenol and nonanal;
or trans-verbenol, myrtenol and myrtenal compared
with traps baited with a-pinene alone (F ¼ 2.55,
P ¼ 0.04, df ¼ 5). When added to a-pinene, the other
ternary combinations (i.e. trans-verbenol, nonanal and
myrtenal; andmyrtenol, nonanal and myrtenal) and the
combination of all four compounds, trans-verbenol,
nonanal, myrtenol and myrtenal, resulted in trap
catches that were intermediate (table 7).

4. Discussion

Some combinations of the tested compounds resulted
in increased numbers of T. piniperda captured com-
pared with a-pinene alone. However, the individual

compounds tested including trans-verbenol, nonanal,
a-pinene oxide, myrtenol and myrtenal, had rather low
levels of activity when added to a-pinene alone
(tables 2 and 3). Results for different combinations
were variable between experiments. In experiment 3,
the binary combinations of trans-verbenol plus myrte-
nol, trans-verbenol plus myrtenal and trans-verbenol
plus nonanal were most attractive (table 4); however,
in experiment 4, none of the binary combinations
significantly increased attraction of T. piniperda com-
pared with a-pinene alone (table 5). In experiment 5,
the combination of a-pinene plus trans-verbenol,
a-pinene oxide, nonanal and myrtenol was significantly
more attractive than the same combination without
nonanal, suggesting that inclusion of nonanal in the
blend increased attraction (table 6). In experiment 6,

Table 5. Mean ± SEM number and sex ratio of Tomicus piniperda captured in experiment 4 in multiple funnel
traps in DeWitt, Michigan (20 March to 2 May 2001). Baits consisted of a-pinene (AP) released at 310 mg/day,
myrtenal, myrtenol, nonanal (non) and trans-verbenol (tv) released at 5, 5, 6 and 5.5 mg/day (n ¼ 10)

Treatment Mean number of T. piniperda captured Sex ratio (#:$) Normalized response relative to a-pinene

a-pinene (AP) 14.3 ± 5.2 a 0.91 1.00
AP + myrtenal + nonanal 16.5 ± 3.8 a 1.29 1.15
AP + myrtenal + myrtenol 11.2 ± 3.5 a 1.15 1.10
AP + myrtenol + nonanal 15.8 ± 3.5 a 1.15 1.10
AP + tv + myrtenal 24.4 ± 5.3 a 1.05 1.71
AP + tv + myrtenol 19.1 ± 4.8 a 2.18 1.71
AP + tv + nonanal 11.5 ± 1.9 a 1.25 0.80
All 19.5 ± 5.1 a 0.96 1.36

Mean values followed by the same letter are not significantly different, Ryan–Einot–Gabriel–Welsch test on data transformed by
log(x + 1), P £ 0.05.

Table 6. Mean ± SEM number and sex ratio of Tomicus piniperda captured in experiment 5 in multiple funnel
traps in Barrie, Ontario (8 March to 18 April 2000). Baits consisted of a-pinene (AP) released at 310 mg/day,
a-pinene oxide (apox), myrtenol, nonanal (non) and trans-verbenol (tv) released at 1.7, 0.8, 2.8 and 0.5 mg/day
(n ¼ 10)

Treatment Mean number of T. piniperda captured Sex ratio (#:$)

AP + tv + apox + non 196.4 ± 26.9 ab 1.00
AP + tv + non + myrtenol 190.6 ± 21.6 ab 0.74
AP + tv + apox + myrtenol 144.8 ± 21.8 b 0.94
AP + apox + non + myrtenol 175.8 ± 19.7 ab 0.73
All 205.1 ± 23.0 a 0.74

Mean values followed by the same letter are not significantly different, Ryan–Einot–Gabriel–Welsch test on data transformed by
log(x + 1), P £ 0.05.

Table 4. Mean ± SEM number and sex ratio of Tomicus piniperda captured in experiment 3 in multiple funnel
traps in Rolling Prairie, Indiana (6 March to 18 April 2000). Baits consisted of a-pinene (AP) released at
310 mg/day, trans-verbenol (tv), a-pinene oxide (apox), myrtenal, myrtenol and nonanal released at 0.5, 1.7, 4.8,
0.8 and 2.8 mg/day (n ¼ 10)

Treatment Mean number of T. piniperda captured Sex ratio (#:$) Normalized response relative to a-pinene

a-pinene (AP) 15.6 ± 3.1 b 1.26 1.00
AP + tv + apox 28.0 ± 4.6 ab 0.53 1.79
AP + tv + myrtenal 33.5 ± 4.7 a 0.90 2.14
AP + tv + myrtenol 41.7 ± 4.3 a 0.67 2.67
AP + tv + nonanal 38.0 ± 6.3 a 0.96 2.43

Mean values followed by the same letter are not significantly different, Ryan–Einot–Gabriel–Welsch test on data transformed by
log(x + 1), P £ 0.05.
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the combinations of trans-verbenol, myrtenol and
myrtenal, and trans-verbenol, myrtenol and nonanal
significantly increased attraction of T. piniperda when
added to a-pinene; however the combination of all four
compounds did not (table 7). Combinations that
included trans-verbenol, myrtenol and myrtenal
increased attraction in experiments 3 and 6 (tables 4
and 7) and combinations that included trans-verbenol
and nonanal increased attraction in experiments 3, 5
and 6 (tables 4, 6 and 7). While variable, the results
suggest that some combination of trans-verbenol,
nonanal, myrtenol and myrtenal may enhance attrac-
tion of T. piniperda to a-pinene.

The results of this study generally support those of
Poland et al. (2003) in which trans-verbenol, on its own
or combined with myrtenol and/or nonanal, was found
to consistently and significantly increase attraction of
T. piniperda to a-pinene. Our results also support
previous laboratory and field studies demonstrating
compounds were inactive individually but were attract-
ive when tested in various combinations (Niemeyer
et al., 1996; Zhou et al., 1997).

Although combinations that included trans-verbenol
and myrtenol significantly increased attraction of
T. piniperda to a-pinene in two experiments (tables 4
and 7), the increase was not significant in a third
experiment (table 5) and trans-verbenol did not signi-
ficantly increase attraction on its own (table 2). In
contrast, Poland et al. (2003) found that trans-verbenol
increased attraction significantly on its own and in
various combinations including myrtenol. However,
higher release rates of trans-verbenol were used
(1.5 mg/day) by Poland et al. (2003) than in this study
(high ¼ 0.5 mg/day, low ¼ 0.3 mg/day). Lure release
rate has been found to be one of the most important
factors affecting the capture of insects in pheromone-
baited traps Minks (1977). For instance, capture of Ips
typographus increased with increasing release rates of
its pheromones, cis-verbenol and methyl butenol
(Schlyter et al., 1987; Franklin and Gregoire, 2001).
Douglas-fir beetle, Dendroctonus pseudotsugae Hop-
kins, trap catches increased significantly to a plateau
with increasing release rates of frontalin and seudenol
(Ross and Daterman, 1998).

The activity of trans-verbenol in attraction of beetles
to host compounds is more pronounced and consistent
in the closely related species, T. minor (Lanne et al.,
1987). However, T. piniperda produces trans-verbenol

in greater quantities than does T. minor and thus may
require higher release rates to elicit strong responses.

Significant quantities of trans-verbenol are formed
by autoxidation of a-pinene (Hunt et al. 1989);
therefore, a-pinene baits may release an unknown
quantity of trans-verbenol. This phenomenon could
partially explain the variable responses of T. piniperda
to trans-verbenol because the rate at which autoxida-
tion occurs varies with environmental conditions.

Responses by males and females to the different
treatments were similar, as indicated by sex ratios
generally close to 1.0. In a few cases, the sex ratio
differed from 1.0; however, these were likely random
deviations rather than true sex-specific differences
in response to particular treatments. For example,
the response to a-pinene + trans-verbenol + myrte-
nol was female-biased in experiment 3 (sex
ratio ¼ 0.67; table 4) while the response to the same
treatment was male-biased in experiment 4 (sex
ratio ¼ 2.18; table 5).

a-Pinene released at 310 mg/day was selected as the
standard attractive lure for comparison in this study.
Although the monoterpenes (+)-3-carene and terpi-
nolene enhance attraction to a-pinene at low release
rates of 30 mg/day (Byers et al., 1985), we have found
the high release rate of a-pinene is significantly more
attractive than the low release monoterpene blend and
addition of (+)-3-carene and terpinolene to the high
release rate of a-pinene did not increase attraction
(Poland et al., 2003). The high release rate of a-pinene
is the recommended lure for use in North America
(Lindgren, 1997).

The results of this study, combined with those of
Poland et al. (2003), suggest that addition of semio-
chemical combinations that include trans-verbenol,
nonanal, myrtenol and myrtenal can significantly
increase the capture of T. piniperda.
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Löyttyniemi, K.; Heliövaara, K.; Repo, S., 1988: No evidence
of population pheromone in Tomicus piniperda (Coleop-
tera: Scolytidae): a field experiment. Ann. Entomol.
Fenn. 54, 93–95.

Minks, A. K., 1977: Trapping with behavior-modifying
chemicals: feasibility and limitations. In: Chemical Con-
trol of Insect Behavior: Theory and Applications. Ed. by

Shorey, H. H.; McKelvey, J. J. New York, NY: John
Wiley and Sons, 414, 385–394.

Niemeyer, H.; Watzek, G.; Lu, N.; Niu, J., 1996: Field
investigation into the attraction of Tomicus piniperda L.
(Col., Scolytidae) to monoterpenes and ethanol. J. Appl.
Entomol. 120, 265–267.

Petrice, T. R.; Haack, R. A.; Poland, T. M., 2002: Selection of
overwintering sites by Tomicus piniperda (Coleoptera:
Scolytidae) during fall shoot departure. J. Entomol. Sci.
37, 48–59.

Poland, T. M.; Haack, R. A., 2000: Pine shoot beetle,
Tomicus piniperda (Col., Scolytidae), responses to com-
mon green leaf volatiles. J. Appl. Entomol. 124, 63–69.

Poland, T. M.; de Groot, P.; Burke, S.; Wakarchuk, D.;
Haack, R. A.; Nott, R.; Scarr, T., 2003: Development of
an improved attractive lure for the pine shoot beetle,
Tomicus piniperda (Coleoptera: Scolytidae). Agr. For.
Entomol. 5, 293–300.

Ross, D. W.; Daterman, G. E., 1998: Pheromone-baited traps
for Dendroctonus pseudotsugae (Coleoptera: Scolytidae):
influence of selected release rates and trap designs.
J. Econ. Entomol. 91, 500–506.

SAS Institute, 1996: SAS System for Personal Computers,
release 6.04. Cary, NC: SAS Institute.
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Wadhams, L. J.; Löfqvist, J.; Birgersson, G., 2000.
Electrophysiological and behavioural responses of Tom-
icus piniperda and Tomicus minor (Coleoptera: Scolytidae)
to non-host leaf and bark volatiles. Can. Entomol. 32,
965–981.

Schönherr, J., 1972: A new pheromone excreted by the pine-
bark beetle, Myelophilus piniperda L. (Coleoptera Scolyti-
dae). J. Appl. Entomol. 71, 410–413.

Schroeder, L. M., 1988: Attraction of the bark beetle
Tomicus piniperda and some other bark- and wood-living
beetles to the host volatiles a-pinene and ethanol.
Entomol. Exp. Appl. 46, 203–210.

Schroeder, L. M.; Eidmann, H. H., 1987: Gallery initiation by
Tomicus piniperda (Coleoptera: Scolytidae) on Scots pine
trees baited with host volatiles. J. Chem. Ecol. 13, 1591–
1599.
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