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Abstract Bark beetles (Coleoptera: Curculionidae, Scolytinae) have specialized feeding
habits, and commonly colonize only one or a few closely related host genera in their
geographical ranges. The red turpentine beetle, Dendroctonus valens LeConte, has a broad
geographic distribution in North America and exploits volatile cues from a wide variety of
pines in selecting hosts. Semiochemicals have been investigated for D. valens in North
America and in its introduced range in China, yielding apparent regional differences in
response to various host volatiles. Testing volatiles as attractants for D. valens in its native
and introduced ranges provides an opportunity to determine whether geographic separation
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promotes local adaptation to host compounds and to explore potential behavioral
divergence in native and introduced regions. Furthermore, understanding the chemical
ecology of host selection facilitates development of semiochemicals for monitoring and
controlling bark beetles, especially during the process of expansion into new geographic
ranges. We investigated the responses of D. valens to various monoterpenes across a wide
range of sites across North America and one site in China, and used the resulting
information to develop an optimal lure for monitoring populations of D. valens throughout
its Holarctic range. Semiochemicals were selected based on previous work with D. valens:
(R)-(+)-α-pinene, (S)-(−)-α-pinene, (S)-(−)-β-pinene, (S)-(+)-3-carene, a commercially
available lure [1:1:1 ratio of (R)-(+)-α-pinene:(S)-(−)-β-pinene:(S)-(+)-3-carene], and a
blank control. At the release rates used, (+)-3-carene was the most attractive monoterpene
tested throughout the native range in North America and introduced range in China,
confirming results from Chinese studies. In addition to reporting a more effective lure for
D. valens, we present a straightforward statistical procedure for analysis of insect trap count
data yielding cells with zero counts, an outcome that is common but makes the estimation
of the variance with a Generalized Linear Model unreliable because of the variability/mean
count dependency.

Keywords Barkbeetles . Red turpentinebeetle . Host attraction . Monoterpenes . Host–insect
interactions . Pinus spp. . Invasive species . Upper confidence bound . Zero counts

Introduction

Olfactory cues play a crucial role in host location by insects, often mediating intra- and
interspecific interactions among insects (Visser 1986; Bernays and Graham, 1988). Inter-
actions between bark beetles (Coleoptera: Curculionidae, Scolytinae) and their conifer hosts
are of interest because many species colonize and kill apparently healthy trees, resulting in
significant economic losses (Wood 1982b). Many species have specialized feeding habits
and attack one or a few closely related host genera (Sturgeon and Mitton, 1982; Kelley and
Farrell, 1998). Volatiles released from trees can provide long- and/or short-range cues for
beetle attraction and, in some cases, synergize beetle aggregation pheromones (Wood
1982a; Byers 1995; Miller and Borden, 2000; Erbilgin and Raffa, 2000).

The role of monoterpenes in the ecology of bark beetles is of interest because some, such
as α-pinene and myrcene, are precursors of the aggregation pheromone components of
several bark beetle species (Hughes 1974; Renwick et al., 1976; Hendry et al., 1980; Byers
1989). Other studies have demonstrated de novo synthesis of pheromones in some species
(Seybold et al., 1995b; Ivarsson et al., 1997).

The red turpentine beetle, Dendroctonus valens LeConte, is widely distributed in North
America, extending from Nova Scotia (Canada) west to California (USA) and south to
Honduras, except for the southeastern United States where its sibling species, D. terebrans
(Oliv.), occurs (Wood 1982b). Although it is a relatively minor pest within its native range,
D. valens occasionally kills young ponderosa pines in plantations in the western USA
(Eaton and Rodríguez Lara, 1967; Rappaport et al., 2001) and may predispose trees to
subsequent lethal attacks by other species (Klepzig et al., 1996; Owen et al., 2005).
Drought-stressed trees appear to be more susceptible to attack by D. valens (Smith 1961),
and there is concern that global climate change may exacerbate damage caused by this
insect. Larvae feed and develop in the phloem of host trees, and galleries often overlap
spatially and temporally with larvae of other members of the subcortical-feeding guild of
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insects (Wood 1982b; Erbilgin and Raffa, 2002). D. valens was introduced into China
around 1985, and has caused extensive mortality of Pinus tabuliformis Carrière and other
pine species in north central China (Li et al., 2001). Although D. valens has widely been
considered a secondary pest in North America (Furniss and Carolin, 1977), it has been
shown to act as a primary tree-killer in China. The reasons underlying the greater tree
mortality in China are not known, but could include a lack of evolutionary adaptation with
this new insect/host association (Sakai et al., 2001) and/or differences in host physiology,
stand structure, or climate. Considering its wide host range and geographic distribution in
North America and the abundance of suitable pine hosts throughout Eurasia (Critchfield
and Little, 1966), the host range and distribution of D. valens in the Palearctic region are
expected to increase.

D. valens exploits volatile pine monoterpenes as kairomones to locate host trees, and
several monoterpenes have been tested for attraction of D. valens in both North America
and China, revealing different responses in populations from different regions. Hobson et
al. (1993) reported that traps baited with (+)-α-pinene, (+)-3-carene, and (−)-β-pinene were
the most attractive monoterpenes tested in California, with (−)-β-pinene by far the most
attractive for D. valens. They showed a positive dosage–response relationship in tests of
(−)-β-pinene at high release rates. Fettig et al. (2004) showed positive response by D.
valens to the standard three-component commercial lure consisting of a 1:1:1 ratio of (R)-
(+)-α-pinene:(S)-(−)-β-pinene:(S)-(+)-3-carene (Phero Tech, Inc., Delta, BC, Canada) in
California populations, but they did not test individual monoterpenes for relative attraction.
Erbilgin and Raffa (2000) showed attraction of D. valens to (+)-3-carene and both
enantiomers of α-pinene in Wisconsin. In China, (+)-3-carene was the most attractive
monoterpene for D. valens, with beetles showing a dose-dependent increase in attraction to
(+)-3-carene, but not to (−)-β-pinene (Sun et al., 2004).

These differences were puzzling, but it was not possible to make reasonable inferences
about geographic variation in response because test conditions, notably release rates, varied
widely among these earlier studies. Studies conducted in California, for example, used
release rates several hundreds of times higher than those in China (Hobson et al., 1993; Sun
et al., 2004). Other semiochemicals cause dose-dependent differences in insect behavior
(Miller and Borden, 2000), so it is reasonable to question whether the behavioral
differences reported in earlier studies resulted from differences in release rate rather than
divergence in behavioral response of the Chinese populations from the indigenous North
American populations. On the other hand, other widespread insect species use semi-
ochemical “dialects” in disparate parts of their ranges (Wood 1982a; Seybold et al., 1995a;
Erbilgin et al., 2001; Miller et al., 1997), so we could not rule out geographic variation in
behavioral response to host monoterpenes by D. valens, especially considering the localized
source of populations introduced into China from the Pacific Northwestern United States
(Cognato et al., 2005). These apparent differences prompted us to conduct a systematic
evaluation of D. valens response to host monoterpenes throughout its native range in North
America and its introduced range in China, by using standardized (i.e., with equivalent
release rate) lures containing individual host monoterpenes. These were compared with a
three-component commercial lure used widely in North America.

Testing host volatiles as attractants for species with wide host and geographical ranges
provides us with an opportunity to compare semiochemical-mediated host selection
behavior in native and introduced ranges. Furthermore, understanding the ecological
aspects of host selection is important for developing semiochemicals to monitor beetles
(Wood 1982a; Schlyter and Birgersson, 1999). Our objective was to investigate the
responses of D. valens to various monoterpenes across a wide range of sites across North
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America and China and to assess the potential behavioral divergence of the populations.
Our practical goal was to develop optimal blends or single-component lures, appropriate for
each locality, for monitoring populations of D. valens throughout its Holarctic range.

The project, involving nine separate trapping studies, also provided an opportunity to
describe an approach for estimating treatment differences in data sets with many “zero
count” cells. Data sets with zero count cells have long been a problematic area for
entomological researchers (Reeve and Strom, 2004) because it is not possible to estimate
the standard errors of cells with no observations. We can, however, calculate theoretical
confidence intervals for the expected means for these cells, allowing Bonferroni-adjusted
comparisons (Miller 1991) between means from zero count cells and means from cells with
nonzero observations. This problem has been addressed in the past by either recommending
exclusion of zero-count cells from the analysis, adding a small constant to each count, or
creating a “dummy variable” with a low mean and variance (Agresti 1996; Reeve and
Strom, 2004). In contrast, our approach was to calculate Bonferroni-adjusted confidence
intervals for means with zero observations to permit comparison with nonzero cells with a
given level of certainty, thus using real data rather than “dummy” variables.

Methods and Materials

Study Sites The experiments were conducted in 2003, 2004, and 2005 at 6 sites spanning
the range of D. valens in North America and at one site in China. These were in the
following forests: a P. resinosa Ait. stand in Jackson Co. (Central WI, USA); an east side P.
ponderosae Laws plantation in Siskiyou Co. (Northern CA, USA); a Sierra mixed conifer
forest where D. valens colonizes P. lambertiana Dougl and P. ponderosa, in Blodgett Forest
Research Station (Central CA, USA); a mixed conifer forest where D. valens colonizes P.
jeffreyi Grev. & Balf. and P. coulteri D. Don, in the Laguna Mountains in San Diego Co.
(Southern CA, USA); a mixed hardwood and conifer forest where D. valens colonizes P.
strobus L. and P. resinosa at Raccoon Creek State Park in Beaver Co. (Western PA, USA), a
natural P. leiophylla Schl. et Cham. stand in San Francisco Zentlalpan (Estado de México,
México), and a P. tabuliformis plantation in Shanxi Province, China.

Experimental Design We selected semiochemicals based on previous work with D. valens
(Hobson et al., 1993; Erbilgin and Raffa, 2000; Sun et al., 2004). Four single-monoterpene
baits [(R)-(+)-α-pinene, (S)-(−)-α-pinene, (S)-(−)-β-pinene, and (S)-(+)-3-carene], the
standard commercial red turpentine beetle lure, hereafter referred to as the “RTB lure,”
which consists of a 1:1:1 ratio of [(R)-(+)-α-pinene:(S)-(−)-β-pinene:(S)-(+)-3-carene;
Phero Tech Inc.], and a blank control were replicated at each site (Table 1). Trapped beetles
were collected periodically, but the number of collections (“sampling periods” in Table 1)
varied from site to site for reasons of local logistics. The number of replicates at each site
was constant throughout the entire sampling period for each study. All of the analytical
models accommodated these repeated measures, and in cases where the number of
sampling periods was small (e.g., Pennsylvania), the number of replicates was increased to
reduce the effect of overdispersion of counts.

Chemicals (all with purity >95%) were obtained from Sigma-Aldrich (St. Louis, MO,
USA) and from Phero Tech. Single-monoterpene release devices consisted of 15-ml
polyethylene bottles (Phero Tech), each filled with 8 ml of the monoterpene. The high cost
of enantiopure monoterpenes prohibited the use of the full measure of 15 ml per vial. To
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ensure that the entire contents of each vial were exposed to the release surface, the bottles
were squeezed until the liquid reached the shoulder, then were tightly capped leaving the
bottles slightly collapsed. Each bottle also contained 100 mg BHT (butylhydroxytoluene)
(Sigma-Aldrich) as an antioxidant. Each chemical maintained a sustained release of 103.4±
11.3 mg/d at 20±4.3°C with 6.2±2.3 km/hr wind velocity for at least 30 d in the field.
Release rates of chemicals (determined by daily weight loss) under the same conditions did not
vary significantly (F4,3=1.23, P=0.45). The RTB lure contains 15 ml of the three-component
blend (5 ml of each of the three monoterpenes) mixed with undefined stabilizers and
antioxidants, and it releases at a slightly higher rate, 110 mg/d, under similar environmental
conditions (personal communication, B. Thompson, Phero Tech). We concluded that this
slight difference in release rate would have no significant effect on our overall inferences,
especially considering the ambient release of monoterpenes from trees in a typical forest
stand (Wilt et al., 1993; Schade and Goldstein, 2003).

Lures were attached to multiple-funnel traps (Phero Tech) or panel traps (Advanced
Pheromone Technologies, Marylhurst, OR, USA) designed for trapping bark beetles.
Propylene glycol antifreeze or a plastic insecticidal strip saturated with 2,2-dichlorovinyl
dimethyl phosphate (Hercon Vaportape II Insecticidal strips; Hercon Environmental Co.,
Emigsville, PA, USA) was put in each collection cup to prevent predation. The experi-
mental design was a completely randomized design with repeated measurements, with the
exception of the Wisconsin site, which was a randomized complete block design. For some
sites, traps were rerandomized at sampling time, and for other sites the trap was left at the
same location for the entire time of the experiment. Statistical models for analysis were
designed to account for these minor differences in design. The numbers of replications and
sampling periods per treatment are shown in Table 1. Beetles captured in each trap were
identified, counted, and recorded; voucher specimens were stored at the USDA Forest
Service Institute of Forest Genetics (Placerville, CA, USA), Universidad Autónoma Chapingo
(Texcoco, México), or Chinese Academy of Sciences (Beijing, China) according to site.

Statistical Analyses Trap counts were analyzed with Poisson Regression Models for
overdispersed Poisson distributed responses (counts) to address potential overdispersion
arising from the repeated measurements (McCulloch and Searle, 2001). The overdispersion
error was assumed to be normally distributed for some sites according to sampling design.

Site Number of Replications No Sampling
Periods

Northern California 5 5
Central California 7 6
Southern California
2003 5 2
2004 5 5

Wisconsin 6 3
Pennsylvania 10 2
Mexico 8 (4 for control) 1
China
2003 5 7
2004 10 19

Table 1 Site locations and sam-
pling design for testing attraction
of Dendroctonus valens to pine
monoterpenes
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The Maximum Likelihood Ratio test with the Bonferroni adjustment was used for multiple
comparisons for an experimentwise error rate of 0.05. The SAS (2005) NLMIXED
procedure was used to estimate parameters and their differences. Mean counts for
treatments with nonzero observations were estimated the using the computing routines
described above. For the treatments with zero observations, the mean counts were estimated
as zero, and precision was estimated by a Bonferroni-adjusted confidence interval from
0.0% to 99.7% 100� 1� 0:05= 15 ¼ number of comparisonsf g�½ Þð , where the upper
confidence bound was calculated by using rules for multiplication and addition of
probabilities (Hoel et al., 1971). We thereby created a way to determine, with a given level
of certainty, the range of the treatment means with zero observations. We compared nonzero
count treatment means by using the standard method of testing significance, but for zero-
count treatment means we used the overlap between the calculated Bonferroni-adjusted
confidence intervals for zero counts and the Bonferroni-adjusted confidence intervals of the
nonzero treatment means. Even though this approach is occasionally conservative, it yields
a more sensitive test of treatment differences. In general, it works best if the lower
confidence bounds of the nonzero count treatment levels are not close to zero.

Procedure for Calculating the Upper Bound for Treatments with Observed Zero
Counts Upper bounds are developed as follows. We present a 1 − α upper bound for
three count distributions: the Poisson distribution and two overdispersed Poisson
distributions (Poisson-Gamma = Negative Binomial and Poisson-Normal).

Let α be the given level; therefore, a 1 − α upper bound for expected count for a
treatment is given by:

P x > 0ð Þ ¼ 1� P x ¼ 0ð Þ½ �nreps � 1� a;

where nreps is the number of replications.
(A) Suppose x has the Poisson distribution with mean lT (not overdispersed) for a given

treatment level T, then

P x > 0ð Þ ¼ 1� e�lT
� �nreps � 1� a:

Therefore, the upper bound for expected mean count is given by

lT � � 1

nreps
log að Þ; ð1Þ

where log indicates logarithm.
The next two techniques [Eqs. (2) and (3)], which assume the Poisson-Gamma or the

Poisson-Normal distribution, can be problematic to calculate if the software is not available.
If so, then a close approximation of the upper bound can be made by using just the Poisson
distribution [Eq. (1)], since the α level and number of replicates are the only pieces of
information required for that calculation.

(B) Suppose x has an overdispersed Poisson distribution with mean lT, and with a
Gamma distributed overdispersion error (McCulloch and Searle, 2001). Therefore, x has the
Negative Binomial distribution (k). In this case,

P x > 0ð Þ ¼ 1� 1� klTð Þ�1
k

h inreps � 1� a;

and the upper bound is given by

lT � a
�k
nreps � 1

k
ð2Þ
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The parameter k can be estimated by SAS NLMixed or Glimmix procedures.
(C) Suppose, for a given treatment, x has an overdispersed Poisson distribution P(lT)

with mean lT ¼ eTþσe, and a normally distributed overdispersion error e (McCulloch and
Searle, 2001.). If e is N(0,1) (Standard Normal) distributed, and σ is the standard deviation
of the overdispersion error, then

P x > 0ð Þ ¼ 1�
Zþ1

�1

e�eTþσe
e�

e2
2ffiffiffiffiffi

2p
p de

2
4

3
5
nreps

� 1� α;

where ∫ is the integration symbol. In this case, the upper bound does not have a closed
formula. However, it can be approximated by numerically calculating this probability for
several values of T for the following function:

f Tð Þ ¼
Zþ1

�1

e�eTþσe
e�

e2
2ffiffiffiffiffi

2p
p de

2
4

3
5
nreps

ð3Þ

The numerical solution of the integral can be done with Mathematica (Wolfram 1999).
Fig. 1 depicts the function f(T) for possible upper bound values for several values of T. The
value of T for a given f(T)=0.05/15=0.0033 is equal to 1.098 (the upper 99.7% confidence
limit). Fig. 1 diagrams the method for the Central California site; the upper bound for the
treatment levels with zero counts for this site can be compared with the lower bounds of
other treatments at the same α level (α=0.0033).

Panels A–D, F, and G of Fig. 2, each of which contains at least one zero-count cell, all
illustrate this approach for making multiple comparisons with treatments with zero counts
(the upper Bonferroni-adjusted confidence limit for multiple comparisons is indicated by a
dotted line on those figures). The calculated upper bound for the treatment levels with zero
counts can be compared to the lower bounds of other treatments at the same α level (α=
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Fig. 1 Calculated upper Bonferonni-adjusted confidence limit for cells with zero counts (example using
results from central California, 2004)
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A: Northern California, 2004 
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C: Southern California, 2003 
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Fig. 2 (A-I) Dendroctonus
valens response to pine monoter-
penes at nine different localities
and/or years in North America
and China. Dates (location codes)
for experiments: May 22–June 10
for Northern California (CA
North); September 21–October
10 for Central California (CA
Central); August 28–September 6
and May 20–August 26 for
Southern California (CA South);
May 3–May 18 for Wisconsin
(WI); May 2–May 15 for Penn-
sylvania (PA); June 27 for Mex-
ico (MX); May 2–June 20 for
China 2003 (CH 2003) and May
4–August 2 for China 2004 (CH
2004). Data show mean numbers
(lower=99.7% lower confidence
bound, upper=99.7% upper con-
fidence bound) of insects per trap
summed over sampling period.
Means followed by the same
letter in a column are not signif-
icantly different from each other.
Dotted lines indicate 99.7% cal-
culated upper confidence bound
for treatments with zero
observations
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D:  Southern California, 2004 
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Fig. 2 (Continued)
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G:  Mexico, 2005 
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0.0033). If they do not touch, then the treatment levels are significantly different. If they
overlap, then there is not enough evidence to reject the null hypothesis. Mexico has two
calculated upper bounds because each treatment level had eight replications except for the
control, which had only four (and thus a greater upper bound). Fig. 2E, H, and I, which do
not contain zero count cells, are handled in the traditional manner.

Results

Trap counts were estimated as mean numbers of beetles per trap summed over the sampling
intervals (Table 1, Fig. 2A–I). The mean counts of beetles summed over sampling intervals
are not comparable among sites because the sites had different sampling time ranges, from
1 wk for Mexico to nearly 3 mo for China and southern California in 2004 (Table 1).

California In northern California (Fig. 2A), (+)-3-carene was the most attractive compound
tested, followed by (−)-β-pinene. The number of D. valens trapped was not different
between (+)-α-pinene and the RTB lure, nor between (−)-α-pinene and the control. In
central California (Fig. 2B), the numbers of D. valens were relatively lower than those in
northern California, but the pattern of attraction was similar; only (+)-3-carene attracted
significantly more D. valens than the control. In southern California (Fig. 2C and D), the
results were identical to those of central California. In two consecutive years, only (+)-3-
carene attracted a significantly higher number of D. valens than the control.

Wisconsin (+)-3-Carene was significantly more attractive than the remaining treatments,
whereas (+)-α-pinene, (−)-β-pinene, and the RTB lure were more attractive than (−)-α-
pinene and the control (Fig. 2E). There were no significant differences between mean
numbers of D. valens caught in traps baited with (−)-α-pinene and the control, nor between
(+)-α-pinene, (−)-β-pinene, and the RTB lure.

Pennsylvania (+)-3-Carene was the most attractive compound tested and was significantly
different from the control, the (−)-α-pinene, and the RTB lures (Fig. 2F). Attraction of (−)-
β-pinene and (+)-α-pinene were not different, and both were greater than the attraction of
either (−)-α-pinene or the control.

Mexico None of the treatments in Mexico were significantly different from one another
(Fig. 2G). However, there was only one sampling interval, and the number of beetles was
low, with a median close to zero for all treatments except for (+)-3-carene and the RTB lure.

China (+)-3-Carene was the most attractive lure in both 2003 (Fig. 2H) and 2004 (Fig. 2I),
but only in 2004 was it significantly more attractive than the RTB lure, which was the
second most attractive lure in both years of testing. The mean number of D. valens caught
by the RTB lure was not significantly different from that caught by (−)-β-pinene in both
2003 and 2004. The mean number of D. valens caught in (−)-β-pinene traps was
significantly higher than for the control. (+)-α-Pinene, (−)-α-pinene, and the control were
not significantly different from one another in 2003. Results for 2004 were identical except
that (−)-α-pinene caught more insects than the control.
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General Observations With the exception of the tests conducted in Wisconsin (Fig. 2E) and
China (Fig. 2H and I), where beetle populations were among the highest, the total number
of beetles trapped in unbaited traps was zero. There were significant differences among
treatments in the mean numbers of D. valens caught in all sites and all years except for
Mexico (2005), where beetle numbers were low and there was only one sampling interval
(Fig. 2G). (+)-3-Carene was the most attractive treatment at all sites, and the difference
between (+)-3-carene and the second most attractive treatment was significant in most
cases, i.e., northern California (Fig. 2A), central California (Fig. 2B), southern California
(both years) (Fig. 2C and D), Wisconsin (Fig. 2E), and China (both years) (Fig. 2H and I).
In Pennsylvania (Fig. 2F), (+)-3-carene attracted 65% more beetles than did (−)-β-pinene,
but this difference was not significant. In Mexico (Fig. 2G), (+)-3-carene tied with the RTB
lure for most attractive treatment. The RTB lure, which also contains (+)-3-carene as a
component, was generally the second most attractive lure, although in most cases it was not
significantly more attractive than the third-ranking treatment. In three cases, however
(northern California, central California, and Pennsylvania), (−)-β-pinene was the second
most attractive compound tested, but only in northern California was this difference
significant. In Wisconsin, (+)-α-pinene was the second most attractive treatment but it was
not significantly different from (−)-β-pinene or the RTB lure. (−)-α-Pinene was not
significantly different from the control in any case except for China in 2004.

Discussion

(+)-3-Carene was the most attractive monoterpene tested throughout the native range of
D. valens and in China. These results confirm studies conducted recently in China, where
(+)-3-carene has been shown to be the dominant attractant among pine host monoterpenes
(Sun et al., 2004; J.H. Sun, personal communication). (+)-3-Carene is, thus, broadly
applicable for monitoring D. valens in both China and North America. This uniform
preference for the same signal over such a broad geographical range differs from responses
by certain other bark beetle species to their pheromones, which vary geographically (Wood
1982a; Seybold et al., 1995a; Miller et al., 1997).

The practical, pest management implication of this finding is clear: a single-component
lure will likely be the most cost-effective and biologically efficient one for D. valens across
its range in the Holarctic, whether in its native range in North America or in its introduced
range in Asia. Preferential attraction of D. valens to (+)-3-carene suggests that it is the key
stimulus from its host trees, and plays role in host selection. Differences between this and
earlier studies (Hobson et al., 1993; Erbilgin and Raffa, 2000) may result from differences
in release rates of the compounds. For example, in the work of Hobson et al. (1993), where
(+)-3-carene was less attractive than other monoterpenes, release rates were more than 200
times those used in this study. In other words, (+)-3-carene may become repellent or
inhibitory at higher release rates relative to the other monoterpenes studied.

(+)-3-Carene constitutes varying proportions of the resins of Pinus species and other
coniferous genera in North America (Mirov 1961; Hobson et al., 1993; Smith 2000;
Erbilgin et al., 2001), but it is generally the predominant monoterpene in its most widely
distributed host in North America, ponderosa pine (Smith 2000). P. tabuliformis, the
primary host of D. valens in China, has a needle monoterpene composition that is similarly
high in (+)-3-carene (Jin et al., 1994). Several other forest Coleoptera respond to 3-carene
as an attractant or synergist. For example, the pine shoot beetle, Tomicus piniperda, utilizes
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(+)-3-carene as a kairomone along with (±)-α-pinene and terpinolene to locate and assess
the susceptibility of its host, P. sylvestris L. (Byers et al., 1985; Lanne et al., 1987; Byers
1992). Likewise, Pityogenes chalcographus (L.) utilizes α-pinene, β-pinene, and (+)-3-
carene to locate and colonize hosts (Byers et al., 1988). In another study, (+)-3-carene
synergized the attraction of Conophthorus ponderosae Hopkins to its sex pheromone in a
ponderosa pine seed orchard in northern California (Gillette et al., unpublished data). (+)-3-
Carene also influenced the attraction of bark beetles and their predators to bark beetle
pheromones (Miller and Borden, 2003).

Although host monoterpenes are crucial in the D. valens host selection process, it is
difficult to relate levels of emission from our lures to natural emissions from forest stands.
For example, monoterpene concentrations in pines vary in response to drought (Lorio et al.,
1995), fungal infection of roots (Klepzig et al., 1995), and defoliation (Wallin and Raffa,
1999). Emissions from foliage vary depending on state of decomposition (Wilt et al., 1993).
Furthermore, boring activities initiated by beetles rapidly alter monoterpene concentrations
and release rates of attacked trees (Paine and Stephen, 1987; Cook and Hain, 1988; Raffa
and Smalley, 1995). On a broader scale, estimations of volatile emissions from forests are
more difficult to make. For example, natural emission of α-pinene from ponderosa pine
plantations at the Blodgett Forest Research Station is about 0.1 mg/m2/hr during the
daytime in summer, and it changes as an exponential function of temperature (Schade and
Goldstein, 2003). Monoterpene emissions from the same pine forest were enhanced about
40 times during a mechanical thinning operation. Previous reports indicate that bark beetle
populations tend to increase following fire and tree thinning (Furniss and Carolin, 1977),
and higher emissions of monoterpenes may explain such increases in populations of D.
valens and other bark beetle species.

The broad host and geographical range (Kelley and Farrell, 1998), highly specialized
olfactory responses (White and Hobson, 1993), and cryptic nature (Bernays and Graham,
1988) of D. valens may all have contributed to its successful establishment in China. Other
factors, such as host susceptibility and a lack of competition and natural enemies (Sakai et
al., 2001), undoubtedly also played a role. Although many species of Dendroctonus are
restricted to one of four confamilial genera of conifers (Sturgeon and Mitton, 1982), D.
valens can colonize almost three times as many hosts as its congeners (Kelley and Farrell,
1998), suggesting that it may have greater intrinsic capacity for adaptation to new hosts.
Recently, Cognato et al. (2005) reported significant haplotype variation in D. valens in its
native and introduced ranges. We initially expected that behavioral differences seen in
earlier studies might be explained by genetic variability, but this variation was not reflected
in behavioral differences in responses to host compounds.

The recent introduction of D. valens to China and its rapid establishment on pines
indigenous to Asia demonstrate that D. valens can colonize and reproduce on new host
species within the same genus as its ancestral hosts in North America. This new association
may have resulted from adaptation to diverse secondary chemicals during colonization of
ancestral hosts (Byers 1995; Kelley and Farrell, 1998), and/or close association with
particular host volatiles that result in gaining access to chemically similar host species in
new biogeographic areas (Futuyma et al., 1995; Becerra 1997). Recognition of common
host volatiles, e.g., (+)-3-carene, may be the first phase of colonization of new host species
by D. valens, since the dominant volatiles of its hosts are mainly monoterpenoids (Mirov
1961; Juuti et al., 1990; Smith 2000). However, the presence of the same attractive
compounds in nonhost trees (Hobson et al., 1993) or the presence of inhibitory nonhost,
e.g., green leaf, volatiles (Zhang and Schlyter, 2004) in the same forest suggests that host
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location by this beetle species must rely on multiple factors, such as the relative and
absolute release rates of host and nonhost compounds, timing of response elicitation, and
other life history aspects. Indeed, Pureswaran et al. (2004a, b) presented extensive evidence
for several beetle/host combinations supporting the hypothesis that scolytid beetles utilize
quantitative, as well as qualitative, differences in host odor blends in the process of host
selection. Such a strategy would optimize host selection and minimize the risks associated
with response to nonhost cues in the process of host location. In China, D. valens is faced
with many new pine hosts that provide a continuous corridor for its spread from its region
of introduction in northeastern China across Eurasia to Europe (Critchfield and Little,
1966). For example, D. valens colonizes P. sylvestris planted in North America (Wood
1982b); thus, it could be predicted that D. valens will infest naturally occurring P. sylvestris
throughout Eurasia. Effective semiochemical lures are of increasing importance as this
introduced pest expands its range in the Palearctic. If, as predicted, D. valens becomes more
of a primary tree killer as a result of the effects of global warming, such methods will also
become more important in its native range in the Nearctic.

Acknowledgement This study was supported by the USDA Forest Service, Forest Health Technology
Enterprise Team (Morgantown, WV, USA), the National Natural Science Foundation of China (Project
30471403 and 30525009), the College of Natural Resources, University of California, Berkeley, and the
College of Agricultural and Life Sciences, University of Wisconsin, Madison, Universidad Autonóma
Chapingo (Texcoco, Mexico), and the Chinese Academy of Sciences, Institute of Zoology (Beijing, China).
We thank C.R. Rudolph (USDA Forest Service, Placerville, CA, USA), K. Bischel (USDA Forest Service,
Berkeley, CA, USA), R. Acciavatti (USDA Forest Service, Morgantown, WV, USA), R. Murphy and M.
McMahon (Department of Entomology, University of Wisconsin, Madison, WI, USA), S. Dahir (Wisconsin
Department of Natural Resources, Madison, WI, USA) and D. Koenig (Carnegie Museum of Natural History,
Pittsburgh, PA) for laboratory and field assistance.

References

AGRESTI, A. 1996. An Introduction to Categorical Data Analysis. John Wiley and Sons, New York.
BECERRA, J. X. 1997. Insects on plants: Macro evolutionary chemical trends in host use. Science 276:

253–256.
BERNAYS, E. A. and GRAHAM, M. 1988. On the evolution of host specificity in phytophagous arthropods.

Ecology 69:886–892.
BYERS, J. A. 1989. Chemical ecology of bark beetles. Experientia 45:271–283.
BYERS, J. A. 1992. Attraction of bark beetles, Tomicus piniperda, Hylurgops palliatus, and Trypodendron

domesticum and other insects to short-chain alcohols and monoterpenes. J. Chem. Ecol. 18:2385–2402.
BYERS, J. A. 1995. Host tree chemistry affecting colonization in bark beetles, pp. 154–213, in R. T. Cardé

and W. J. Bell (eds.). Chemical Ecology of Insects, 2nd ed. Chapman & Hall, New York, NY.
BYERS, J. A., LANNE, B. S., LÖFQVIST, J., SCHLYTER, F., and BERGSTRÖM, G. 1985. Olfactory recognition of

host-tree susceptibility by pine shoot beetles. Naturwissenschaften 72:324–326.
BYERS, J. A., BIRGERSSON, G., LÖFQVIST, J., and BERGSTRÖM, G. 1988. Synergistic pheromones and

monoterpenes enable aggregation and host recognition by a bark beetle, Pityogenes chalcographus.
Naturwissenschaften 75:153–155.

COGNATO, A. I., SUN, J. H., ANDUCHO-REYES, M. A., and OWEN, D. R. 2005. Genetic variation and origin
of red turpentine beetle (Dendroctonus valens LeConte) introduced to the People’s Republic of China.
Agric. For. Entomol. 7:87–94.

COOK, S. P. and HAIN, F. P. 1988. Toxicity of host monoterpenes to Dendroctonus frontalis and Ips
calligraphus. J. Entomol. Sci. 23:287–290.

CRITCHFIELD, W. B. and LITTLE, E. L. 1966. Geographic distribution of pines of the world. USDA Forest
Service Misc. Pub. 991, Washington, DC.

EATON, B. and RODRÍGUEZ LARA, R. 1967. Red turpentine beetle, Dendroctonus valens LeConte, pp. 21–24,
in A.G. Davidson and R.M. Prentice (eds.). Important Forest Insects and Diseases of Mutual Concern to
Canada, the United States and Mexico. Can. Dept. For. And Rural Dev., Ottawa.

144 J Chem Ecol (2007) 33:131–146



ERBILGIN, N. and RAFFA, K. F. 2000. Opposing effects of host monoterpenes on responses by two sympatric
species of bark beetles to their aggregation pheromones. J. Chem. Ecol. 26:2527–2548.

ERBILGIN, N. and RAFFA, K. F. 2002. Association of declining red pine stands with reduced populations of
bark beetle predators, seasonal increases in root colonizing insects, and incidence of root pathogens. For.
Ecol. Manag. 164:221–236.

ERBILGIN, N., SZELE, A., KLEPZIG, K. D., and RAFFA, K. F. 2001. Trap type, chirality of α-pinene, and
geographic region affect sampling efficiency of root and lower stem insects in pine. J. Econ. Entomol.
94:1113–1121.

FETTIG, C. J., BORYS, R. R., CLUCK, D. R., and SMITH, S. L. 2004. Field response of Dendroctonus valens
(Coleoptera: Scolytidae) and a major predator, Temnochila chlorodia (Coleoptera: Trogositidae), to host
kairomones and a Dendroctonus spp. pheromone component. J. Entomol. Sci. 39:490–499.

FURNISS, R. L. and CAROLIN, V. M. 1977. Western forest insects. USDA Forest Service Misc. Publ. 1339.
FUTUYMA, D. J., KEESE, M. C., and FUNK, D. J. 1995. Genetic constrains on macroevolution: The evolution

of host affiliation in leaf beetle genus Ophraella. Evolution 49:797–809.
HENDRY, L. B., PIATEK, B., BROWNE, L. E., WOOD, D. L., BYERS, J. A., FISH, R. H., and HICKS, R. A. 1980.

In vivo conversion of a labeled host plant chemical to pheromones of the bark beetle Ips paraconfusus.
Nature 248:485.

HOBSON, K. R., WOOD, D. L., COOL, L. G., WHITE, P. R., OHTSUKA, T., KUBO, I., and ZAVARIN, E. 1993.
Chiral specificity in responses by the bark beetle Dendroctonus valens to host kairomones. J. Chem.
Ecol. 19:1837–1847.

HOEL, P. G., PORT, S. C., and STONE, C. J. 1971. Introduction to Statistical Theory. Houghton Mifflin,
Boston.

HUGHES, P. R. 1974. Myrcene: A precursor of pheromones in Ips beetles. J. Insect Physiol. 20:1271–1275.
IVARSSON, P., BLOMQUIST, G. T., and SEYBOLD, S. J. 1997. In vitro production of the pheromone

intermediates ipsdienone and ipsenone localized in the metathorax of Ips paraconfusus Lanier
(Coleoptera: Scolytidae). Naturwissenschaften 84:454–457.

JIN, Y. J., WU, J. K., SUN, F., DENG, W. H., WANG, H. J., and SUN, W. C. 1994. Terpene composition of
needle oil from Pinus tabulaeformis and the composition of other two-needle pines. J. Beijing For. Univ.
16:39–47.

JUUTI, S., AREY, J., and ATKINSON, R. 1990. Monoterpene emission rate measurements from a Monterey
pine. J. Geophys. Res. 95:7515–7519.

KELLEY, S. T. and FARRELL, B. D. 1998. Is specialization a dead end? The phylogeny of host use in
Dendroctonus bark beetles (Scolytidae). Evolution 52:1731–1743.

KLEPZIG, K. D., KRUGER, E. L., SMALLEY, E. B., and RAFFA, K. F. 1995. Effects of biotic and abiotic stress
on the induced accumulation of terpenes and phenolics in red pines inoculated with a bark beetle
vectored fungus. J. Chem. Ecol. 21:601–626.

KLEPZIG, K. D., SMALLEY, E. B., and RAFFA, K. F. 1996. Combined chemical defenses against insects and
fungi associated with a forest decline disease. J. Chem. Ecol. 22:1376–1388.

LANNE, B. S., SCHLYTER, F., BYERS, J. A., LÖFQVIST, J., LEUFVÉN, A., BERGSTRÖM, G., VAN DER PERS, J.
N. C., UNELIUS, R., BAECKSTRÖM, P., and NORIN, T. 1987. Differences in attraction to semiochemicals
present in sympatric pine shoot beetles, Tomicus minor and T. piniperda. J. Chem. Ecol. 13:1045–1067.

LI, J. S., CHANG, G. B., SONG, Y. S., WANG, Y. W., and CHANG, B. S. 2001. Control project on red
turpentine beetle (Dendroctonus valens). For. Pest Dis. 4:41–44.

LORIO, P., STEPHEN, F. M., and PAINE, T. D. 1995. Environment and ontogeny modify loblolly pine response
to induced water deficits and bark beetle attack. For. Ecol. Man. 73:97–110.

MCCULLOCH, C. E. and SEARLE, S. R. 2001. Generalized, Linear, and Mixed Models. John Wiley & Sons,
New York, 325 pp.

MILLER, R. G. Jr. 1991. Simultaneous Statistical Inference. Springer-Verlag, New York.
MILLER, D. R, and BORDEN, J. H. 2000. Dose-dependent and species-specific responses of pine bark beetles

(Coleoptera: Scolytidae) to monoterpenes in association with pheromones. Can. Entomol. 132:183–195.
MILLER, D. R. and BORDEN, J. H. 2003. Responses of Ips pini (Say), Pityogenes knechteli Swaine and

associated beetles (Coleoptera) to host monoterpenes in stands of Lodgepole pine. J. Entomol. Sci.
38:602–611.

MILLER, D. R., GIBSON, K. E., RAFFA, K. F., SEYBOLD, S. J., TEALE, S. A., and WOOD, D. L. 1997.
Geographic variation in response of pine engraver, Ips pini, and associated species to pheromone,
lanierone. J. Chem. Ecol. 23:2013–2031.

MIROV, N. T. 1961. Composition of gum turpentines of pines. USDA For. Serv. Tech. Bull. No. 1239.
OWEN, D. R., WOOD, D. L., and PARMETER, J. R. Jr. 2005. Association between Dendroctonus valens

(Coleoptera: Scolytidae) and blackstain root disease (Leptographium wageneri) on ponderosa pine in
California. Can. Entomol. 137:367–375.

145J Chem Ecol (2007) 33:131–146



PAINE, T. D. and STEPHEN, F. M. 1987. Fungi associated with the southern pine beetle: Avoidance of induced
defense response in loblolly pine. Oecologia 74:377–379.

PURESWARAN, D. S., GRIES R. and BORDEN J. H. 2004a. Quantitative variation in monoterpenes in four
species of conifers. Biochem. System. Ecol. 32:1109–1136.

PURESWARAN, D. S., GRIES R. and BORDEN J. H. 2004b. Antennal responses of four species of tree-killing
bark beetles (Coleoptera: Scolytidae) to volatiles collected from beetles, and their host and nonhost
conifers. Chemoecology 14:59–66.

RAFFA, K. F. and SMALLEY, E. B. 1995. Interactions of pre-attack and induced monoterpene concentrations
in host conifer defense against bark beetle–fungal complexes. Oecologia 102:285–295.

RAPPAPORT, N. G., OWEN, D. R., and STEIN, J. D. 2001. Interruption of semiochemical-mediated attraction
of Dendroctonus valens (Coleoptera: Scolytidae) and selected nontarget insects by verbenone. Environ.
Entomol. 30:837–841.

REEVE, J. D. and STROM, B. L. 2004. Statistical problems encountered in trapping studies of scolytids and
associated insects. J. Chem. Ecol. 30:1575–1590.

RENWICK, J. A. A., HUGHES, P. R., and KRULL, I. S. 1976. Selective production of cis- and trans-verbenol
from (−) and (+)-α-pinene by a bark beetle. Science 191:199–201.

SAKAI, A. K., ALLENDORF, F. W., HOLT, J. S., LODGE, D. M., MOLOFSKY, J., WITH, K. A., BAUGHMAN, S.,
CABIN, R. J., COHEN, J. E., ELLSTRAND, M. C., MCCAULEY, D. E., O’NEIL, P., PARKER, I. M.,
THOMPSON, J. N., and WELLER, S. G. 2001. The population biology of invasive species. Annu. Rev.
Ecol. Syst. 32:305–332.

SAS Institute, Inc. 2005. SAS Procedures Guide, version 9.1. Cary, NC, USA.
SCHADE, G. W. and GOLDSTEIN, A. H. 2003. Increase of monoterpene emissions from a pine plantation as a

result of mechanical disturbances. Geophys. Res. Let. 30:1380–1383.
SCHLYTER, F. and BIRGERSSON, G. 1999. Forest beetles, pp. 113–148, in R. J. Hardie and A. K. Minks (eds.).

Pheromones of Non-Lepidopteran Insects Associated with Agricultural Plants. CAB International,
Wallingford, UK.

SEYBOLD, S. J., OHTSUKA, T., WOOD, D. L., and KUBO, I. 1995a. Enantiomeric composition of ipsdienol: A
chemotaxonomic character for North American populations of Ips spp. in the pini subgeneric group
(Coleoptera: Scolytidae). J. Chem. Ecol. 21:995–1016.

SEYBOLD, S. J., QUILICI, D. R., TILLMAN, J. A., VANDERWEL, D., WOOD, D. L., and BLOMQUIST, G. J.
1995b. De novo biosynthesis of the aggregation pheromone components ipsenol and ipsdienol by the
pine engraver beetles Ips paraconfusus Lanier and Ips pini (Say) (Coleoptera: Scolytidae). Proc. Natl.
Acad. Sci. USA 92:8393–8397.

SMITH, R. H. 1961. Red turpentine beetle. USDA For. Pest Leafl. 55.
SMITH, R. H. 2000. Xylem monoterpenes of pines: Distribution, Variation, Genetics, Function. USDA Forest

Service Techl. Bull. PSW-GTR No. 177.
STURGEON, K. B. and MITTON, J. B. 1982. Evolution of bark beetle communities, pp. 350–384, in J. B.

Mitton and K. B. Sturgeon (eds.). Bark Beetles in North American Conifers. A System for the Study of
Evolutionary Biology. University of Texas Press, Austin, TX, USA.

SUN, J. H., MIAO, Z. W., ZHANG, Z., ZHANG, Z. N., and GILLETTE, N. E. 2004. Red turpentine beetle,
Dendroctonus valens LeConte (Coleoptera: Scolytidae), response to host semiochemicals in China
Environ. Entomol. 33:206–212.

VISSER, J. H. 1986. Host odor perception in phytophagous insects. Ann. Rev. Entomol. 31:121–144.
WALLIN, K. F. and RAFFA, K. F. 1999. Altered constitutive and inducible phloem monoterpenes following

natural defoliation of jack pine: Implications to host mediated inter-guild interactions and plant defense
theories. J. Chem. Ecol. 25:861–880.

WHITE, P. R. and HOBSON, K. R. 1993. Stereospecific antennal response by the red turpentine beetle,
Dendroctonus valens, to chiral monoterpenes from ponderosa pine resin. J. Chem. Ecol. 19:2193–2202.

WILT, F. M., MILLER, G. C., EVERETT, R. L., and HACKETT, M. 1993. Monoterpene concentrations in fresh,
senescent, and decaying foliage of single-leaf pinyon (Pinus monophylla Torr. & Frem.: Pinaceae) from
the western Great Basin. J. Chem. Ecol. 19:185–194.

WOLFRAM, S. 1999. The Mathematica Book, 4th ed. Wolfram Media/Cambridge University Press,
Champaign, IL, USA.

WOOD, D. L. 1982a. The role of pheromones, kairomones, and allomones in the host selection and
colonization behavior of bark beetles. Annu. Rev. Entomol. 27:411–446.

WOOD, S. L. 1982b. The Bark and Ambrosia Beetles of North and Central America Coleoptera: Scolytidae),
a Taxonomic Monograph. Great Basin Nat. Memoirs No. 6, Brigham Young University, 1359 pp.

ZHANG, Q. H. and SCHLYTER, F. 2004. Olfactory recognition and behavioural avoidance of angiosperm
nonhost volatiles by conifer-inhabiting bark beetles. Agric. For. Entomol. 6:1–19.

146 J Chem Ecol (2007) 33:131–146


	Response...
	Abstract
	Introduction
	Methods and Materials
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


