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Abstract The red turpentine beetle, Dendroctonus valens (LeConte) (Coleoptera: Scolytidae), 
is a common bark beetle species found throughout much of North America. Aggregation phero-
mones have yet to be isolated and identified for D. valens. In this study, we examined the 
response of D. valens and a bark beetle predator, Temnochila chlorodia (Mannerheim) (Co-
leoptera: Trogositidae), to host produced kairomones and to the Dendroctonus spp. pheromone 
component exo-brevicomin. A total of 11,604 D. valens and 586 T. chlorodia were captured in 
multiple-funnel traps over a 14-wk period from 27 March to 5 July 2002. There was no significant 
difference in trap catch related to gender. The ratio of males to females was 1.01 for D. valens 
and 0.97 for T. chlorodia. Dendroctonus valens showed significant attraction to (+)-a-pinene, 
(-)-p-pinene, and (+)-3-carene, but the addition of ethanol did not significantly increase trap 
catch. Racemic exo-brevicomin was not attractive to D. valens and significantly reduced its 
attraction to the monoterpene and ethanol blend. This observation, in combination with results 
from other authors, suggests that D. valens is not responding to the western pine beetle, D. 
brevicomis LeConte, pheromone or any of the individual components. Potential explanations for 
why D. valens is attracted to D. brevicomis infested trees are provided. There were no significant 
differences in the trap catch of T. chlorodia among unbaited traps or traps baited with (+)-a-
pinene, (-)-p-pinene, and (+)-3-carene or (+)-a-pinene, (-)-((3-pinene, and (+)-3-carene, and 
ethanol. The addition of exo-brevicomin significantly increased attraction. During the course of 
this study, a single peak in flight activity was observed during late May through early June for 
both species. 

Key Words Dendroctonus valens, Dendroctonus brevicomis, Temnochila chlorodia, Pinus 
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The red turpentine beetle, Dendroctonus valens (LeConte) (Coleoptera: Scolyti-
dae), is a common bark beetle species found throughout much of North America, 
exclusive of the southeastern USA. Dendroctonus valens colonizes all species of pine 
within its native range, but ponderosa pine, Pinus ponderosa Dougl. ex. Laws., is a 
preferred host throughout western North America. Attacks are usually confined to the 

1 Received 18 December 2003; accepted for publication 10 March 2004. This article was written and prepared 
by U.S. Government employees on official time and it is, therefore, in the public domain and not subject to 
copyright. 
2Forest Health Protection, USDA Forest Service, Northeastern California Shared Service Area, Susanville, CA 
96130. 
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basal portions of previously stressed, weakened, or dead and dying trees (Furniss 
and Carolin 1977), and are not considered a direct threat to the overall health of a tree 
(Hall 1984). Dendroctonus valens rarely mass attacks a tree, however, the authors 
have occasionally observed substantial numbers of attacks (>100 pitch tubes) along 
the lower bole of fire-injured trees following prescribed burning (CJF, unpubl. data) 
and wildfire (SLS and DRC, unpubl. data). Significant tree mortality has been attrib-
uted to D. valens in a 17-yr-old P. ponderosa plantation in northern California, and of 
P. tabuliformis Carriere in China where it was accidentally introduced (Rappaport et 
al. 2001). Although much uncertainty exists as to whether D. valens is a primary 
mortality agent of P. ponderosa, it is known to vector a rather virulent strain of the 
ophiostomoid fungus, Leptographium terebrantis Barras and Perry in California 
(Owen et al. 1987). 

Temnochila chlorodia (Mannerheim) (Coleoptera: Trogositidae) is a common 
predator of many bark beetle species in western North America (Furniss and Carolin 
1977). The larvae develop within the inner bark and feed on bark beetle larvae, pupae 
and perhaps callow adults (Miller and Keen 1960). The adults are also highly preda-
ceous, and may be important in regulating bark beetle populations at endemic levels 
(Furniss and Carolin 1977). 

Aggregation pheromones have not been reported for D. valens. Turpentine and 
ethanol are recognized as important host finding and recognition cues for a variety of 
conifer-infesting insects (Chenier and Philogene 1989, Rieske and Raffa 1991, Byers 
1992, Fettig and Salom 1998). Turpentine consists mostly of host monoterpenes and 
is moderately attractive to D. valens (Vite and Gara 1962, Chenier and Philogene 
1989, Hobson etal. 1993). The principal monoterpenes in P. ponderosa oleoresin are 
(-)-(3-pinene, (+)-3-carene, (-)-limonene, myrcene, and (-)-a-pinene (Mirov 1961, 
Hobson et al. 1993). (-)-p-Pinene is highly attractive to both sexes of D. valens, and 
the effect increases with elevating dosage (Hobson et al. 1993). Hobson et al. (1993) 
also reported significant increases in D. valens trap catch attributable to (+)-3-carene 
and (+)-a-pinene. In California, (+)-a-pinene was attractive, but (-)-a-pinene inter-
rupted the response of D. valens to (+)-a-pinene (Hobson et al. 1993). In Wisconsin, 
D. valens apparently does not exhibit a strong preference for either enantiomer of 
a-pinene (Erbilgin and Raffa 2000, Erbilgin et al. 2001). Limonene and myrcene are 
thought to have no effect on D. valens (Hobson et al. 1993). 

Ethanol is a product of anaerobic plant and microbial metabolism (Phillips et al. 
1988) and can accumulate to abnormally high levels when trees become stressed 
(Kimmerer and Kozlowski 1982, Kelsey and Joseph 1998) or when tissues become 
senescent (Kimmerer and Kozlowski 1982). Ethanol is commonly used for sampling 
root and stem feeding insects in forested stands (Chenier and Philogene 1989, 
Rieske and Raffa 1991, Fettig and Salom 1998, Erbilgin et al. 2001). Klepzig et al. 
(1991) sampled the entomofauna associated with red pine decline areas in Wiscon-
sin, and observed a 60x increase in D. valens trap catch when turpentine baits were 
replaced with a 1:1 mixture of ethanol and turpentine. 

The western pine beetle, D. brevicomis LeConte, is a major cause of P. ponderosa 
mortality in the western USA (Furniss and Carolin 1977). Dendroctonus valens and D. 
brevicomis are sympatric and are commonly found in the same tree. Dendroctonus 
brevicomis produces two aggregation pheromone components, (+)-exo-brevicomin 
and (-)-frontalin (Wood et al. 1976, Browne et al. 1979). Hall (1983) demonstrated 
that D. valens colonized P. ponderosa trees baited with (+)-exo-brevicomin, (-)-
frontalin and myrcene at significantly higher rates than unbaited trees. 
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The primary objectives of this study are: (1) to evaluate the response of D. valens 
and T. chlorodia to ethanol and exo-brevicomin in the presence of (+)-a-pinene, 
(-)-p-pinene, and (+)-3-carene, (2) to identify an effective bait for D. valens that 
minimizes capture of T. chlorodia, and (3) to describe the spring flight period of both 
species. 

Materials and Methods 

This study was conducted on the Lassen National Forest, Lassen Co., CA, 2002 
(Swain's Hole, 40°39.96'N, 121°15.82'W, elevation 1676 m). The cover type was 
Ponderosa-Jeffrey (Yellowpine) Series (Smith 1994). Forest composition, in order of 
decreasing abundance, was P. ponderosa, Jeffrey pine, Pinus jeffreyi Grev. & Balf., 
white fir, Abies concolor (Gond. and Glend.) Hildebr., and incense cedar, Libocedrus 
decurrens Torr. The area was commercially thinned from below in 1999 and pre-
scribed burned in October 2001. 

Twenty 16-unit Lindgren® multiple-funnel traps (Lindgren 1983) were deployed 
along an existing road (FR33N18) on 27 March 2002. Trap locations were separated 
by >100 m to avoid interference among adjacent treatments. Traps were hung on 3-m 
metal poles with collection cups 5 to 8 cm above the ground, and placed >10 m from 
any living pine. Each trap location was randomly assigned one of four treatments: (1) 
(+)-a-pinene, (-)-p-pinene, and (+)-3-carene (D. valens lure), (2) D. valens lure + 
ethanol, (3) D. valens lure + ethanol + exo-brevicomin, and (4) untreated control 
(Table 1). A 3 x 3-cm time-released insecticidal Prozap Pest Strip (2,2-dichlorovinyl 
dimethyl phosphate (DDVP), Loveland Industries Inc., Greely, CO) was placed in the 
collection cup to kill arriving insects and reduce damage or loss by invertebrate 
predation. Baits were replaced once during the course of this study on 16 May 2002. 
Treatments were re-randomized weekly during each collection. Catches were imme-
diately transported to the laboratory for storage and analysis. Final collections were 
made on 5 July 2002. Specimens were tallied and identified using available keys 

Table 1. Description of semiochemicals and release devices used in a trapping 
bioassay, Lassen National Forest, (40°39.96'N, 121°15.82'W), CA, 27 
March-5 July 2002 

Semiochemical 
Chemical 

purity Release device 
Release rate 

(@25°C) 

D. valens lure* 

(+)-A-pinene 98% 15 ml polyethylene bottle 150 mg/24 h 

(-)-p-pinene 98% 

(+)-3-carene 98% 

ethanol 98% 150 ml polyvinyl pouch 1-2 g/24 h** 

exo-brevicomin [racemic] 97% 4 0 0 | J L polyvinyl vial 2-3 mg/24 h 

* D. valens lure of 1:1:1 ratio. All semiochemicals manufactured by Phero Tech Inc., Delta, BC, Canada. 
** At 20°C. 
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(Wood 1982) and voucher specimens. All D. isalens were sexed according to Lyon 
(1958) based on distinguishing characteristics present on the seventh abdominal 
tergite. Temnochila chlorodia were sexed according to Struble and Carpelan (1941) 
based on the presence of a submental pit on the male. Voucher specimens have been 
deposited in the USDA Forest Service Bark Beetle and Common Associates Collec-
tion housed in Placerville, CA. 

The experimental design was completely randomized with four treatments and 70 
replications per treatment. We limited statistical analyses for D. valens to replications 
where >8 individuals were caught in any one treatment (n = 36). Gender differences 
were analyzed for each of the four treatments using paired t-tests (SigmaStat Version 
2.0, SPSS Inc.). A test of normality was performed, and square root transformations 
were used when the data deviated significantly from a normal distribution (Sokal and 
Rohlf 1995). We performed a one-way analysis of variance on the number of beetles 
caught per trap per week using a = 0.05 (SigmaStat Version 2.0, SPSS Inc.). If a 
significant treatment effect was detected, the Tukey's multiple comparison test 
(Tukey's HSD) was used for separation of treatment means. 

Results and Discussion 

A total of 11,604 D. valens and 586 T. chlorodia were captured in funnel traps over 
a 14-week period from 27 March through 5 July 2002. The ratio of males to females 
was 1.01 and 0.97 for D. valens and T. chlorodia, respectively. There were no sig-
nificant differences in trap catch related to gender (P> 0.5; all cases), and therefore, 
the data for each species were pooled, and results pertain to both male and female 
responses. The equivalent responses observed between genders suggest that these 
kairomones may function as both host finding and ovipositional (mating) cues in D. 
valens (Fettig and Salom 1998). Mating pairs are commonly observed at the base of 
host trees, and unlike many congenerics, an aggregation or sex pheromone has not 
been identified for this species. 

Dendroctonus valens. During this study, a single peak in flight activity occurred 
in late May through early June (Julian dates 136 to 164; Fig. 1). Dendroctonus valens 
overwinters as an adult and there is often a period in early spring when a large 
number of adults are captured (Smith 1971). It is at this time that D. valens is likely 
searching for viable hosts. Dendroctonus valens is univoltine throughout most of the 
northern USA, but may have 2 to 3 generations per year in warmer climates (Furniss 
and Carolin 1977). In the Sierra Nevada, the usual length of development from egg to 
adult is approximately 12 wks (Smith 1971), and it is, therefore, possible that a second 
peak in flight activity may occur in fall. 

A significant treatment effect was observed (P< 0.001). The kairomonal blend of 
(+)-a-pinene, (-)-p-pinene, and (+)-3-carene (D. valens lure) and ethanol, and the D. 
valens lure alone accounted for 5,432 and 4,687 D. valens, respectively, representing 
87.2% of the total trap catch. The addition of ethanol slightly increased attraction, but 
the effect was not statistically significant (Table 2). Joseph et al. (2001) sampled the 
response of some scolytids, including D. valens, to ethanol and 4-allylanisole in 
combination with (+)-a-pinene and (-)-(3-pinene in ponderosa pine forests of central 
Oregon. Dendroctonus valens was captured 4x more frequently in traps baited with 
high release rates (986 mg/24 hr) of ethanol than low release rates (108 mg/24 h). 
Similarly, in Wisconsin, Klepzig et al. (1991) observed a 60x increase in D. valens trap 
catch associated with the use of ethanol, but the release rate was not reported in that 
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Fig. 1. The flight periodicity of Dendroctonus valens LeConte at Lassen National 
Forest (40°39.96'N, 121°15.82'W), California, 27 March-5 July 2002. 

Table 2. Mean number (±SEM) of D. valens caught per trap per week in multiple-
funnel traps baited with kairomones and a bark beetle pheromone 
component, Lassen National Forest, California 2002 

Treatment Mean ± SEM 

Control 

D. valens lure 

D. valens lure + ETOH 

D. valens lure + ETOH + exo-brevicomin 

2.4 ±1.0 a* 

129.7 ±33.2 c 

149.8 ±39.4 c 

38.4 ± 10.8 b 

' Means followed by the same letter are not significantly different (P > 0.05 all cases; Tukey's HSD). 

study. Our ethanol release rates were slightly higher (1-2 g/24h) than those reported 
by Joseph et al. (2001); yet, we only observed a 1.2x increase in attraction when 
presented in combination with (+)-a-pinene, (-)-p-pinene, and (+)-3-carene. 

The D. valens lure plus ethanol and exo-brevicomin accounted for 1,397 D. valens, 
representing 12% of the total trap catch. The addition of exo-brevicomin to the D. 
valens lure plus ethanol significantly reduced trap catch by approximately 3.8x (Table 
2). exo-Brevicomin is an aggregation pheromone component produced by at least 
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three economically important bark beetle species, including the roundheaded pine 
beetle, D. adjunctus Blanford, the mountain pine beetle, D. ponderosae Hopkins, and 
D. brevicomis (Skillen et al. 1997). The release of exo-brevicomin by female D. 
brevicomis induces an aggregation response (Wood et al. 1976, Browne et al. 1979), 
which is further enhanced by the release of small quantities of frontalin by males 
(Browne et al. 1979). Originally, we hypothesized that exo-brevicomin would increase 
attraction because D. valens attacks commonly follow D. brevicomis attacks, and D. 
valens is attracted to D. brevicomis-'iniesXed logs (Vite and Gara 1962), and standing 
trees (Hall 1983). The trees in Hall's (1983) study were baited with exo-brevicomin, 
frontalin and myrcene to induce D. brevicomis attack, and unfortunately the confound-
ing effects of the two treatments (pheromone/kairomone bait and beetle-induced tree 
responses) are problematic. For example, it is not possible to determine if the re-
sponse of D. valens was mediated by attraction to the bait or its individual compo-
nents; to host volatiles released in response to severing of the resin canals by boring 
beetles; to other host compounds released in response to D. brevicomis attack; or 
other beetle-produced compounds. 

Hall (1983) suggested that compounds released from trees under attack by D. 
brevicomis play a role in the attraction of D. valens to them. Our data show that three 
of the major monoterpenes found in the oleoresin of P. ponderosa (and ethanol) are 
attractive to D. valens when presented in combination. The observation that exo-
brevicomin is not attractive to D. valens, in combination with results from Furniss and 
Schmitz (1971) and Hobson et al. (1993) regarding frontalin and host monoterpenes, 
suggests that D. valens is not responding to the D. brevicomis aggregation phero-
mone or any of the individual components. Our results support the suggestion by Hall 
(1983) that D. valens must be responding to the monoterpenes released from host 
trees upon attack by D. brevicomis. The most probable source of these monoterpenes 
is the oleoresin present in pitch tubes. Dendroctonus valens is commonly attracted to 
wounded trees (Furniss and Schmitz 1971, Smith 1971), and D. brevicomis is one of 
many potential mechanisms that cause wounding to occur. Similarly, we have ob-
served high levels of D. valens attacks on trees that have been wounded following 
prescribed fire and wildfire, exo-brevicomin may function as an allomone in this sys-
tem thereby reducing interspecific competition through partitioning of a limiting re-
source between congenerics. 

Temnochila chlorodia. The flight period of T. chlorodia closely agreed with that 
reported for D. valens in this study (Fig. 1, 2). A single peak occurred during late May 
to early June (Julian dates 136 to 164; Fig. 2), but a second smaller peak also was 
observed in mid-June (Fig. 2). Temnochila chlorodia is likely univoltine in this region 
(Struble 1942). 

A significant treatment effect was observed (P < 0.001). The addition of exo-
brevicomin to the monoterpene blend plus ethanol significantly increased trap catch 
and accounted for 505 T. chlorodia, representing 86.2% of the total trap catch (Table 
3). There were no significant differences among the remaining treatments suggesting 
that T. chlorodia is not attracted to monoterpenes and ethanol emitted from the 
primary host of their bark beetle prey (Table 3). Temnochila chlorodia is usually 
attracted to P. ponderosa that are recently attacked by D. brevicomis (Stephen and 
Dahlsten 1976), and the components of several bark beetle aggregation pheromones, 
including exo-brevicomin (Pitman and Vite 1971, Bedard et al. 1980, Seybold et al. 
1992). Our results confirm this observation. 

Conclusion. Several recent attempts at trapping D. valens with host kairomones 
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Fig. 2. The flight periodicity of Temnochila chlorodia (Mannerheim) at Lassen Na-
tional Forest (40°39.96'N, 121 °15.82'W), California, 27 March-5 July 2002. 

Table 3. Mean number (±SEM) of T. chloridia caught per trap per week in mul-
tiple-funnel traps baited with kairomones and a bark beetle phero-
mone component, Lassen National Forest, California 2002 

Treatment Mean ± SEM 

Control 0.02 ± 0.02 a* 

D. valens lure 0.64 ± 0.14 a 

D. valens lure + ETOH 0.51 ± 0.12 a 

D. valens lure + ETOH + exo-brevicomin 7.49 ± 1.30 b 

* Means followed by the same letter are not significantly different (P > 0.05 all cases; Tukey's HSD). 

have resulted in the collection of relatively few individuals per unit time (Klepzig et al. 
1991, Peck et al. 1997, Erbilgin and Raffa 2000, Erbilgin et al. 2001, Rappaport et al. 
2001) which we suggest would be insufficient to induce attack on apparently-healthy 
trees (<30 D. valens per trap per week; all cases). Our data show that the combination 
of (+)-a-pinene, (-)-p-pinene, and (+)-3-carene (D. valens lure) is highly attractive to 
D. valens during peak flight activity (Table 2; Fig. 1). The addition of ethanol increases 
attraction, but the effect was not significant (Table 2). The addition of exo-brevicomin 
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significantly reduces attraction and, therefore, may be functioning as an al lomone in 
this system. Temnochila chlorodia is not attracted to host monoterpenes or the ad-
dition of ethanol. exo-brevicomin is highly attractive (Table 3) and, therefore, likely 
functions as a kairomone signaling prey location. 

In recent years, D. valens infestations appear to be increasing throughout the 
Pacific Northwest, and with a greater emphasis on the use of prescribed fire as a 
management tool this trend will likely increase for some time (Ferrell 1996). Future 
studies are required to determine if D. valens is capable of causing direct tree mor-
tality in the absence of other scolytids. We intend to use the combination of host 
kairomones identified in this study to explore the possibility of this phenomenon in 
mature P. ponderosa forests. 
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