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Introduction
Recent outbreaks of mountain pine beetle, Dendroctonus ponderosae 

Hopkins, have been severe, long-lasting and well-documented [1]. For 
example, since 2001 >25 million ha of forest have been impacted by 
D. ponderosae. Dendroctonus ponderosae ranges throughout British 
Columbia and Alberta, Canada, most of the western USA, into northern 
Mexico, and colonizes several pine species, most notably, lodgepole 
pine, Pinus contorta Dougl. ex Loud., ponderosa pine, P. ponderosa 
Dougl. ex Laws., sugar pine, P. lambertiana Dougl., limber pine, P. 
flexilis E. James, western white pine, P. monticola Dougl. ex D. Don, 
and whitebark pine, P. albicaulis Engelm.[2]. Episodic outbreaks of this 
notable pest are a common occurrence, but the magnitude and extent 
of recent outbreaks have exceeded the range of historic variability, and 
have occurred in areas where D. ponderosae outbreaks were once rare 
(e.g., P. albicaulis forests) or previously unrecorded (e.g., jack pine 
forests, P. banksiana Lamb.) [1-4].

Pinus albicaulis is a wide-ranging tree species in western North 
America that grows at the highest elevations (Figure 1), often in 
association with other conifers [5]. In the last decade, extensive levels 
of tree mortality have occurred across much of the range of P. albicaulis 
and have been attributed to climatic changes and elevated populations 
of D. ponderosae [3,6], and white pine blister rust infections caused 
by a non-native invasive fungi [7]. Scientists speculate that under 
continued warming, the loss of P. albicaulis may be imminent in some 
areas. To that end, the U.S. Fish and Wildlife Service announced in 
2011 that it determined P. albicaulis warranted protection under the 
Endangered Species Act, but that adding the species to the Federal 
List of Endangered and Threatened Wildlife and Plants was precluded 
by the need to address other listing actions of higher priority [8]. 
Accordingly, the U.S. Fish and Wildlife Service has added P. albicaulis 
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Abstract
In western North America, recent outbreaks of the mountain pine beetle, Dendroctonus ponderosae Hopkins, 

have been severe, long-lasting and well-documented. We review previous research that led to the identification of 
Verbenone Plus, a novel four-component semiochemical blend [acetophenone, (E)-2-hexen-1-ol + ( )-2-hexen-1-
ol, and (–)-verbenone] that has been demonstrated to inhibit the response of a closely-related bark beetle species, 
western pine beetle, D. brevicomis LeConte, to attractant-baited traps and trees. In this study, we evaluate the 
efficacy of Verbenone Plus for protecting stands of whitebark pine, Pinus albicaulis Engelm., a species of concern 
being considered for listing as a threatened and endangered species, from mortality attributed to D. ponderosae 
infestations in the central Sierra Nevada, California, USA. The experimental design was completely randomized 
with two treatments (untreated control, Verbenone Plus) and four replicates (0.4-ha square plots) per treatment. 
A total of 450 trees were killed by D. ponderosae, 377 were P. albicaulis and 73 were lodgepole pine, P. contorta 
Dougl. ex Laws. Significantly fewer pines (P. albicaulis and P. contorta) and P. albicaulis (only) were killed by D. 
ponderosae on Verbenone Plus-treated plots compared to the untreated control. On average, there was ~78% 
reduction in tree mortality attributed to Verbenone Plus. We discuss the implications of these and other results to 
the development of Verbenone Plus as a semiochemical-based tool for tree protection.

to the list of candidate species eligible for protection, and will continue 
to review its status on an annual basis [8].

Pinus albicaulis plays a major ecological role in the functioning of 
high elevation ecosystems, surviving conditions that are often too cold, 
too dry and too windy for many other tree species [5]. Pinus albicaulis 
is considered a keystone species in the subalpine environment, 
stabilizing soils, moderating and regulating runoff, and facilitating the 
establishment and survival of other species [5,9]. Due to the slow growth 
and maturation of P. albicaulis, and the unique ecological services this 
species provides, protection of P. albicaulis from D. ponderosae is 
desirable, but challenging. Development of environmentally-friendly 
(e.g., biopesticides) and portable methods of tree protection are needed 
given the remote and sensitive nature of the subalpine environments 
where P. albicaulis persists.

Verbenone (4,6,6-trimethylbicyclo[3.1.1]hept-3-en-2-one) is an 
anti aggregation pheromone of D. ponderosae, western pine beetle, D. 
brevicomis LeConte, and southern pine beetle, D. frontalis Zimmerman 
[10], and is produced by auto-oxidation of the host monoterpene 
α-pinene via the intermediary compounds cis- and trans-verbenol 
[11], by the beetles themselves [12], and/or through degradation 
of host material typically by microorganisms associated with bark 
beetles [13-15]. Because of its behavioral activity, as demonstrated in 
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numerous trapping bioassays, verbenone has been evaluated as a tool 
for mitigating coniferous tree mortality due to bark beetle infestations 
in western North America. Efforts have concentrated on individual 
tree [e.g., 16-18] or small-scale (e.g., <4 ha) stand protection, primarily 
from D. ponderosae [e.g., 19-22]. Results have been favorable, but 
inconsistent. Negative results have been linked to photoisomerization 
of verbenone to behaviorally inactive chrysanthenone [23]; inconsistent 
or inadequate release [24]; rapid dispersal of verbenone [25]; and/or 
limitations in the range of inhibition of verbenone [26], particularly 
when D. ponderosae populations were high [19-21]. A lack of efficacy 
may also be due to the complexity of the host selection process, which 
involves other visual and olfactory cues produced by hosts, non hosts 
and competing species [27]. Verbenone was first registered by the U.S. 
Environmental Protection Agency (licensed for sale and distribution) 
in December 1999 to control D. frontalis in southern forests. Since then, 
the label has been expanded to include D. ponderosae and D. brevicomis 
in forests, recreational and municipal settings, and in rights of way and 
other easements. Verbenone is generally deployed in individual passive 
release devices (pouches) by hand application to the tree bole or in 
bead, flake and sprayable formulations by ground or aerial application 
[10].

Verbenone has been found ineffective for protecting individual 
P. ponderosa [18,28] and P. ponderosa stands [29] from D. brevicomis 
infestations. As a result, based on the semiochemical-diversity 
hypothesis [30], Shepherd et al. [27] suggested that synthetic verbenone 
should be deployed with other beetle-derived or non host cues that 
more accurately reflect the complexity of the olfactory environment 
in forests. In the context of pest management, a diverse array of 
chemical cues and signals may disrupt bark beetle searching more 
than high doses of a single semiochemical (e.g., verbenone) or even 
mixtures of semiochemicals intended to mimic one type of signal (e.g., 
antiaggregation pheromones), because they represent heterogeneous 

stand conditions to foraging insects [27, 30]. Fettig et al. [31] reported 
that combinations of bark volatiles [benzaldehyde, benzyl alcohol, (E)-
conophthorin, guaiacol, nonanal, and salicylaldehyde], three green 
leaf volatiles [(E)-2-hexenal, (E)-2-hexen-1-ol, and (E)-2-hexen-1-ol], 
or the nine compounds combined did not affect the response of D. 
brevicomis to attractant-baited traps. However, when the bark and green 
leaf volatiles were combined with (–)-verbenone, they reduced trap 
catches to levels significantly below that of verbenone alone. A nine-
component blend [benzyl alcohol, benzaldehyde, guaiacol, nonanal, 
salicylaldehyde, (E)-2-hexenal, (E)-2-hexen-1-ol, (Z)-2-hexen-1-ol and 
(–)-verbenone] reduced trap catch by 87% compared to the attractant-
baited control [31]. Based on this work, Fettig et al. [32] were first to 
demonstrate the successful application of a semiochemical-based tool 
for protecting P. ponderosa from mortality attributed to D. brevicomis. 
Additional research confirmed the effect [33], but initial blends were 
complex and likely not feasible for operational use. 

Fettig et al. [34] further examined the response of D. brevicomis 
to several blends of non host angiosperm volatiles and (−)-verbenone 
in attractant-baited traps in hopes of improving the efficacy of their 
9-component blend, and to reduce the number of components 
involved. Their research resulted in development of a novel four-
component blend [acetophenone, (E)-2-hexen-1-ol + (Z)-2-hexen-1-
ol, and (–)-verbenone; Verbenone Plus] that has been demonstrated to 
inhibit the response of D. brevicomis to attractant-baited traps and trees 
in several studies [28, 34]. The objective of this study was to determine 
the effectiveness of Verbenone Plus for protecting P. albicaulis from 
mortality attributed to D. ponderosae in California, USA. 

Materials and Methods
This study was conducted at June Mountain Ski Area, Inyo National 

Forest, California, USA (37.75°N, 119.06°W; 3,012-m elevation) 
(Figure 1), 2010. Site selection was based on reports indicating that D. 
ponderosae infestations were causing substantial levels of tree mortality 
in this area (B. Bulaon, unpubl. data) and subsequent field visits. The 
experimental design was completely randomized with two treatments 
and four replicates (0.4-ha square plots) per treatment. Treatments 
included: (1) untreated control and (2) Verbenone Plus [acetophenone, 
(E)-2-hexen-1-ol + (Z)-2-hexen-1-ol and (−)-verbenone] [34] (Table 
1). Plots were located in stands with a mean stand density of 48.7 m²/ha 
of which ~65% was P. albicaulis with the remainder P. contorta (Table 
2).

Semiochemicals were hand-applied in a ~10.6 by 10.6 m grid 
(50 U/plot) to the nearest tree at ~2 m in height on 10 June 2010 and 
remained throughout the seasonal flight period of D. ponderosae 
[35]. Treatments were removed and plots assessed for D. ponderosae 

Semiochemical Source* Purity (%) Release device Release rate 
(mg/d)**

Acetophenone Sigma-
Aldrich 99 Contech 15 ml poly-

ethylene bottle 18.0 (20ºC)

(E)-2-Hexen-1-ol 
(Z)-2-Hexen-1-ol Bedoukian 97 Contech pouch (1:1 

blend) 50.0 (20ºC)

Verbenone [77%-
(-)] Contech 97 7-g Contech pouch 50.0 (20ºC)

*Sigma-Aldrich = Sigma-Aldrich Canada Ltd., Oakville, Ontario, Canada; Bedouki-
an = Bedoukian Research Inc., Danbury, Connecticut, USA; Contech = Contech 
Enterprises Inc., Delta, British Columbia, Canada.
**Reported by manufacturer of release device and measured in the laboratory at 
specified temperature. 

Table 1: Description of semiochemicals, release devices and release rates used in 
tree protection studies in Pinus albicaulis stands, June Mountain Ski Area (37.75°N, 
119.06°W; 3, 012-m elevation), Inyo National Forest, California, USA, 2010.

Figure 1: Distribution of Pinus albicaulis (green) based on Critchfield and Little 
[41] with areas of tree mortality (red) based on aerial survey data indicating 
polygons containing P. albicaulis killed by Dendroctonus ponderosae during 
2007-2011. 

Study Area

Whitebark pine mortality
Whiltebark pine distribution

0                 250               500 1,000 Kilometers
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attacks 12−13 October 2010. Analyses were limited to trees successfully 
mass attacked by D. ponderosae during the treatment period. A tree 
was considered successfully mass attacked, and therefore killed by 
D. ponderosae if boring dust surrounded the root collar, and/or the 
phloem and sapwood were discolored, the bark separated readily 
from the sapwood, and adult (parent) galleries and larval mines were 
visible following bark removal. Tests of normality and equal variance 
were conducted to confirm data met assumptions of normality and 
homoscedasticity prior to analysis (SigmaStat Version 12.0, Systat 
Software Inc., San Jose, California, USA). The mean percentages of 
trees (P. albicaulis and P. contorta) and of P. albicaulis (only) killed 
by D. ponderosae were compared by t-test using α=0.05 (SigmaStat 
Version 12.0).

Results
Among all plots, a total of 469 trees were attacked by D. ponderosae. 

However, 19 trees exhibited strip attacks (i.e., a partial attack of the 
tree bole typically insufficient to cause tree mortality), and therefore 
were excluded from our analyses. Of the 450 trees that were killed by 
D. ponderosae, 377 were P. albicaulis and 73 were P. contorta. At the 
plot level, tree mortality ranged from 0 trees (plot 5, Verbenone Plus-
treated) to 139 trees (plot 7, untreated control), and from 0% to 36.6% 
of trees, respectively. In the untreated control, levels of tree mortality 
exceeded 15% on all plots. For P. albicaulis, mortality ranged from 0 
trees (plot 5, Verbenone Plus-treated) to 112 trees (plot 7, untreated 
control), and from 0% to 41.5% of P. albicaulis, respectively. A 
significantly lower percentage of trees (P. albicaulis and P. contorta) 
were killed by D. ponderosae on Verbenone Plus-treated compared 
to untreated control plots (t = -4.25, P = 0.005) (Figure 2). The effect 
was consistent for P. albicaulis as significantly fewer P. albicaulis died 
on Verbenone Plus-treated plots (t = -4.04, P = 0.007) (Figure 2). On 
average, there was ~78% reduction in tree mortality attributed to the 
application of Verbenone Plus in P. albicaulis stands.

Discussion
This paper is the first report on the effectiveness of Verbenone Plus 

for protecting P. albicaulis from mortality attributed to D. ponderosae. 
In 2008, we examined the effect of Verbenone Plus on the response 
of D. ponderosae to attractant-baited traps in P. contorta stands in 
Utah, USA, but the experiment failed to produce meaningful results 
due to adverse weather conditions that hampered D. ponderosae 
flight. In that experiment, 4.9 ± 1.5 and 0.2 ± 0.1 D. ponderosae (mean 
± SEM, n = 42) were captured in the control and Verbenone Plus 
treatments, respectively. Several years of research initially resulted in 
the development of Verbenone Plus for protecting P. ponderosa from 
mortality attributed to D. brevicomis [27-29,31-34], where it serves as 

the only effective semiochemical-based tool for tree protection in that 
system [28]. 

Limited work has occurred regarding the development of 
semiochemical-based tools to protect P. albicaulis from D. ponderosae 
infestation [17,21,36-38]. This is likely due to its limited commercial 
value [5], and that until recent years levels of tree mortality attributed 
to D. ponderosae in P. albicaulis forests were limited throughout 
much of the geographic range [9] (Figure 1). In the Sierra Nevada, P. 
albicaulis has experienced significant levels of tree mortality (Figure 
1), and some previous attempts to protect trees from D. ponderosae by 
application of verbenone have failed (e.g., June Mountain Ski Area in 
2009; B. Bulaon, unpubl. data).

Warwell et al. [39] modeled the contemporary climate profiles of 
P. albicaulis and predicted future responses to warming. They reported 
rapid and large-scale declines in the area occupied by P. albicaulis. For 
example, the contemporary climate profile was predicted to decline 
by ~70% and move upward in elevation by ~330 m by 2030. By the 
end of this century, the contemporary climate profile of P. albicaulis 
was projected to decline to an area equivalent to <3% of its current 
distribution [39]. In 2007, the Whitebark Pine Restoration Program 
was initiated by the USDA Forest Service with the primary goals of 
protecting and enhancing P. albicaulis populations, providing adequate 

Plot Treatment* % Crown cover % Slope Mean dbh ± SE** Basal area (m²/ha) % P. albicaulis*** Trees per ha % P. albicaulis****
1 Untreated control 60 15 29.1 ± 3.0 76.1 79 840 94
2 Verbenone Plus 40 18 21.4 ± 2.7 17.7 100 395 100
3 Untreated control 60 25 23.5 ± 1.5 48.6 95 964 87
4 Untreated control 20 18 25.5 ± 1.6 53.1 63 914 70
5 Verbenone Plus 40 17 27.3 ± 2.4 74.7 41 988 88
6 Verbenone Plus 40 5 21.3 ± 2.1 45.5 49 939 63
7 Untreated control 40 30 24.3 ± 2.2 57.0 40 939 63
8 Verbenone Plus 20 32 21.4 ± 3.1 17.2 52 370 87

*Verbenone Plus [acetophenone, (E)-2-hexen-1-ol + (Z)-2-hexen-1-ol and (−)-verbenone] applied at 50 U/plot.
**dbh, diameter at breast height (1.37 m) in cm; SE, standard error.
***Based on basal area (cross-sectional area of trees at 1.37 m in height).
****Based on number of trees. 

Table 2: Characteristics of experimental 0.4-ha plots at June Mountain Ski Area (37.75°N, 119.06°W; 3, 012-m elevation), Inyo National Forest, California, USA, 2010.
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Figure 2: Mean percentage (+ SE) of trees killed by Dendroctonus pondero-
sae on 0.4-ha experimental plots treated with and without Verbenone Plus 
(acetophenone, (E)-2-hexen-1-ol + (Z)-2-hexen-1-ol, and (–)-verbenone) at 
June Mountain Ski Area (37.75°N, 119.06°W; 3,012-m elevation), Inyo Na-
tional Forest, California, USA, 2010. Means followed by the same letter within 
groups are not significantly different (t-test, P>0.05). 
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regeneration, and increasing the proportion of P. albicaulis with 
natural resistance to white pine blister rust [40]. This should include 
maintenance and protection of mature, cone-bearing and disease-
resistant trees from throughout the geographic range of P. albicaulis 
[7]. Based on our research, we suggest additional work on Verbenone 
Plus should concentrate on determining optimal release rates and 
spacing necessary to achieve adequate levels of efficacy in other areas 
throughout the range of P. albicaulis (Figure 1), and comparison of the 
efficacy of Verbenone to Verbenone Plus within the same P. albicaulis 
stands. Ongoing research (not presented here) indicates that Verbenone 
Plus is effective for protecting P. contorta from mortality attributed to 
D. ponderosae (C. Fettig, unpubl. data), and its efficacy compared to 
verbenone alone is being evaluated in that system. Such data would be 
useful in facilitating commercialization of Verbenone Plus (i.e., as the 
only effective semiochemical-based tool for D. brevicomis) given the 
recent impacts of D. ponderosae to forest resources. 

Acknowledgements

We thank Z. Heath (Forest Health Protection, USDA Forest Service) for 
developing Figure 1, and M. Sprague (June Mountain Ski Area) and S. Kusumoto 
(Inyo National Forest, USDA Forest Service) for their contributions to this project. 
This work was supported, in-part, by a USDA Forest Service Forest Health 
Technology Enterprise Team grant (0110) to CF, BM, D. Cluck (Forest Health 
Protection, USDA Forest Service), SM, and CH, a U.S. President’s Early Career 
Award for Scientists and Engineers to CF, in-kind contributions from Contech 
Enterprises Inc., the Pacific Southwest Research Station, and Forest Health 
Protection. 

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.

References

1.	 Bentz BJ, Allen CD, Ayres M, Berg E, Carroll A, et al. (2009) Bark beetle 
outbreaks in western North America: Causes and consequences. University of 
Utah Press, Salt Lake City, Utah, USA.

2.	 Gibson K, Kegley S, Bentz B (2009) Mountain pine beetle. FIDL 2. U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Region, Portland, 
Oregon, USA.

3.	 Bentz BJ, Régnière J, Fettig CJ, Hansen EM, Hayes JL, et al. (2010) Climate 
change and bark beetles of the western United States and Canada: Direct and 
indirect effects. Bioscience 60: 602−613. 

4.	 Krist FJ Jr, Sapio FJ, Tkacz BM (2007) Mapping risk from forest insects and 
diseases. FHTET Report 2007-06. U.S. Department of Agriculture, Forest 
Service, Washington, District of Columbia, USA.

5.	 Arno SF, Hoff R (1990) Pinus albicaulis Engelm. In: Silvics of North America. 
Vol. I. Conifers. Agric. Handbook 654. U.S. Department of Agriculture, Forest 
Service, Washington, District of Columbia, USA.

6.	 Jewett JT, Lawrence RL, Marshall LA, Gessler PE, Powell SL, et al. (2011) 
Spatiotemporal relationships between climate and whitebark pine mortality in 
the Greater Yellowstone Ecosystem. For. Sci. 57: 320−335. 

7.	 Kendall K, Keane RE (2001) The decline of whitebark pine. In: Whitebark pine 
communities: Ecology and restoration. Island press, Washington, District of 
Columbia, USA.

8.	 Federal (U.S.) Register (2011) Proposed rules, Tuesday July 19, 2011. 76: 
42631−42654. 

9.	 Logan J, MacFarlane MW, Willcox L (2010) Whitebark pine vulnerability to 
climate-driven mountain pine beetle disturbance in the Greater Yellowstone 
Ecosystem. Ecol Appl 20: 895–902.

10.	Gillette NE, Munson AS (2009) Semiochemical sabotage: Behavioral chemicals 
for protection of western conifers from bark beetles. In: The Western Bark 
Beetle Research. Group: A unique collaboration with Forest Health Protection, 
Proceedings of a Symposium at the 2007 Society of American Foresters 
Conference, October 23–28, 2007, Portland, Oregon. PNW-GTR-784. U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station, 
Portland, Oregon, USA.

11.	Hunt DWA, Borden JH, Lindgren BS, Gries G (1989) The role of autoxidation 
of α-pinene in the production of pheromones of Dendroctonus ponderosae 
(Coleoptera: Scolytidae). Can J For Res 19: 1275–1282.

12.	Byers JA, Wood DL, Craig J, Hendry LB (1984) Attractive and inhibitory 
pheromones produced in the bark beetle, Dendroctonus brevicomis, during 
host colonization: Regulation of inter- and intraspecific competition. J Chem 
Ecol 10: 861–877.

13.	Leufven AG, Bergstrom G, Falsen E (1984) Interconversion of verbenols 
and verbenone by identified yeasts isolated from the spruce bark beetle Ips 
typographus. J Chem Ecol 10: 1349–1361.

14.	Hunt DWA, Borden JH (1990) Conversion of verbenols to verbenone by yeasts 
isolated from Dendroctonus ponderosae (Coleoptera: Scolytidae). J Chem Ecol 
16: 1385–1397.

15.	Lindgren BS, Nordlander G, Birgersson G (1996) Feeding deterrence of 
verbenone to the pine weevil, Hylobius abietis (L.) (Col., Curculionidae). J Appl 
Ent 120: 397–403.

16.	Borden JH, Pureswaran DS, Poirier LM (2004) Evaluation of two repellent 
semiochemicals for disruption of attack by the mountain pine beetle, 
Dendroctonus ponderosae Hopkins (Coleoptera: Scolytidae). J Entomol Soc 
Brit Columbia 101: 117–123.

17.	Kegley S, Sandra J, Gibson K, Kenneth E (2004) Using verbenone to protect 
whitebark pine trees from mountain pine beetle attack. Department of 
Agriculture, Forest Service, Northern Region, Missoula, Montana, USA.

18.	Gillette NE, Stein JD, Owen DR, Webster JN, Fiddler GO, et al. (2006) 
Verbenone-releasing flakes protect individual Pinus contorta trees from 
attack by Dendroctonus ponderosae and Dendroctonus valens (Coleoptera: 
Curculionidae, Scolytinae). Agric For Entomol 8: 243–251.

19.	Progar RA (2003) Verbenone reduces mountain pine beetle attack in lodgepole 
pine. West J Appl For 18: 229–232.

20.	Progar RA (2005) Five-year operational trial of verbenone to deter mountain 
pine beetle (Dendroctonus ponderosae; Coleoptera: Scolytidae) attack of 
lodgepole pine (Pinus contorta). Environ Entomol 34: 1402–1407.

21.	Bentz BJ, Kegley S, Gibson K, Thier R (2005) A test of high-dose verbenone 
for stand-level protection of lodgepole and whitebark pine from mountain pine 
beetle (Coleoptera: Curculionidae: Scolytinae) attacks. J Econ Entomol. 98: 
1614–1621.

22.	Gillette NE, Erbilgin N, Webster JN, Pederson L, Mori SR, et al. (2009) Aerially 
applied verbenone-releasing laminated flakes protect Pinus contorta stands 
from attack by Dendroctonus ponderosae in California and Idaho. For Ecol 
Manage 257: 1405–1412.

24.	Bentz BJ, Lister CK, Schmid JM, Mata SA, Rasmussen LA, et al. (1989) 
Does verbenone reduce mountain pine beetle attacks in susceptible stands of 
ponderosa pine? RN-RM-495. U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Research Station, Ogden, Utah, USA.

25.	Negron JF, Allen K, McMillin J, Burkwhat H (2006) Testing verbenone for 
reducing mountain pine beetle attacks in ponderosa pine in the Black Hills, 
South Dakota. U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, Fort Collins, Colorado, USA.

26.	Miller DR (2002) Short-range horizontal disruption by verbenone in attraction 
of mountain pine beetle (Coleoptera: Scolytidae) to pheromone-baited funnel 
traps in stands of lodgepole pine. J Entomol Soc Brit Columbia 99: 103–105.

27.	Shepherd WP, Huber DPW, Seybold SJ, Fettig CJ (2007) Antennal responses of 
the western pine beetle, Dendroctonus brevicomis (Coleoptera: Curculionidae), 
to stem volatiles of its primary host, Pinus ponderosa, and nine sympatric 
nonhost angiosperms and conifers. Chemoecology 17: 209–221. 

28.	Fettig CJ, McKelvey SR, Dabney CP, Huber DPW, Lait CG, et al. (2012) 
Efficacy of Verbenone Plus for protecting ponderosa pine trees and stands 
from Dendroctonus brevicomis (Coleoptera: Curculionidae) attack in British 
Columbia and California. J Econ Entomol, in press.

29.	Fettig CJ, McKelvey SR, Borys RR, Dabney CP, Hamud SM, et al. (2009) 
Efficacy of verbenone for protecting ponderosa pine stands from western pine 

23. Kostyk BC, Borden JH, Gries G (1993) Photoisomerization of anti aggregation 
pheromone verbenone: Biological and practical implications with respect to the 
mountain pine beetle, Dendroctonus ponderosae Hopkins. J Chem Ecol 19: 
1749–1759.

http://cfs.nrcan.gc.ca/publications?id=30984
http://www.barkbeetles.org/mountain/fidl2.htm
http://www.bioone.org/doi/abs/10.1525/bio.2010.60.8.6
http://www.sref.info/resources/publications/mapping-risk-form-forest-insects-and-diseases-2006/?searchterm=None
http://www.gpo.gov/fdsys/pkg/FR-2011-07-19/html/2011-17943.htm
http://www.ncbi.nlm.nih.gov/pubmed/20597278
http://www.treesearch.fs.fed.us/pubs/35483
http://www.for.gov.bc.ca/hfd/library/mpb/hunt_1989_role%20of%20autox.pdf
http://www.chemical-ecology.net/papers/jce84.htm
http://www.springerlink.com/content/v7m8902275673349/
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0418.1996.tb01627.x/abstract
https://docs.google.com/viewer?a=v&q=cache:zR4H0Pu_VsYJ:www.fs.fed.us/r6/nr/fid/wbpine/papers/2007-wbp-poster-kegley-s.pdf+Protecting+whitebark+pine+trees+from+mountain+pine+beetle+attack+using+verbenone&hl=en&gl=in&pid=bl&srcid=ADGEEShcUPcWJb4Lf2S1Ue52TsO
http://naldc.nal.usda.gov/catalog/27879
http://www.ingentaconnect.com/content/saf/wjaf/2003/00000018/00000004/art00002
http://naldc.nal.usda.gov/download/891/PDF
http://www.ncbi.nlm.nih.gov/pubmed/16334331
http://naldc.nal.usda.gov/catalog/25591
http://www.springerlink.com/content/n4642055638645gt/
http://babel.hathitrust.org/cgi/pt?id=umn.31951d02996007m;seq=1;size=125;view=image
http://www.fs.fed.us/rm/pubs/rmrs_rn031.pdf
http://www.for.gov.bc.ca/hfd/library/MPB/miller_2002_short-range.pdf
http://naldc.nal.usda.gov/catalog/13583
http://www.ncbi.nlm.nih.gov/pubmed/19886449


Citation: Fettig CJ, Bulaon BM, Dabney CP, Hayes CJ, et al. (2012) Verbenone Plus Reduces Levels of Tree Mortality Attributed to Mountain Pine 
Beetle Infestations in Whitebark Pine, a Tree Species of Concern. J Biofertil Biopestici 3:123. doi:10.4172/2155-6202.1000123

Page 5 of 5

Volume 3 • Issue 4 • 1000123
J Biofertil Biopestici
ISSN:2155-6202 JBFBP, an open access journal 

beetle (Coleoptera: Curculionidae, Scolytinae) attack in California. J. Econ. 
Entomol. 102: 1846−1858.

30. Zhang QH, Schlyter F (2004) Olfactory recognition and behavioural avoidance 
of angiosperm nonhost volatiles by conifer-inhabiting bark beetles. Agric For 
Entomol 6: 1–19.

31. Fettig CJ, McKelvey SR, Huber DP (2005) Nonhost angiosperm volatiles and 
verbenone disrupt response of western pine beetle, Dendroctonus brevicomis 
(Coleoptera: Scolytidae), to attractant-baited traps. J Econ Entomol 98: 2041–
2048.

32. Fettig CJ, Dabney CP, McKelvey SR, Huber DPW (2008) Nonhost angiosperm 
volatiles and verbenone protect individual ponderosa pines from attack by 
western pine beetle and red turpentine beetle (Coleoptera: Curculionidae, 
Scolytinae). West J Appl For 81: 6–19.

33. Fettig CJ, McKelvey SR, Dabney CP, Borys RR, Huber DPW (2009) Response 
of Dendroctonus brevicomis to different release rates of nonhost angiosperm 
volatiles and verbenone in trapping and tree protection studies. J Appl Ent 133: 
143–154.

34. Fettig CJ, McKelvey SR, Dabney CP, Huber DPW (2012) Responses of 
Dendroctonus brevicomis (Coleoptera: Curculionidae) in behavioral assays: 
Implications to development of a semiochemical-based tool for tree protection. 
J Econ Entomol 105: 149–160.

35. Fettig CJ, Shea PJ, Borys RR (2005) Spatial and temporal distributions of four 
bark beetle species (Coleoptera: Scolytidae) along two elevational transects in 
the Sierra Nevada. Pan Pacific Entomol 81: 6–19.

36. Kegley S, Gibson K (2009) Individual-tree tests of verbenone and green-leaf 

volatiles to protect lodgepole, whitebark and ponderosa pines, 2004-2007. 
Forest Health Protection Report 09-03. U.S. Department of Agriculture, Forest 
Service, Northern Region, Missoula, Montana, USA. 

37. Gillette NE, Hansen EM, Mehmel CJ, Mori SR, Webster JN, et al. (2012) Area-
wide application of verbenone-releasing flakes reduces mortality of whitebark 
pine (Pinus albicaulis) caused by mountain pine beetle Dendroctonus 
ponderosae. Agric For Entomol, in press.

41. Critchfield WB, Little EL (1966) Geographic distribution of the pines of the 
world. Misc Publ 991. 

38. Perkins DL, Jorgensen CL, Rinella M (2011) Protecting whitebark pines 
through a mountain pine beetle epidemic with verbenone—is it working? In: 
The future of high-elevation, five needle white pines in western North America: 
Proceedings of the High Five Symposium, 28-30 June 2010, Missoula, 
Montana. RMRS-P-63. U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station, Fort Collins, Colorado, USA.

39. Warwell MV, Rehfeldt GE, Crookston N (2006) Modeling contemporary climate 
profiles of whitebark pine (Pinus albicaulis) and predicting responses to global 
warming. In: Proceedings of the Conference on Whitebark Pine: A Pacific Coast 
perspective. R6-NR-FHP-2007-01. U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Region, Ashland, Oregon, USA.

40. Schwandt J (2011) Highlights of the Forest Health Protection Whitebark Pine 
Restoration Program. In: The future of high-elevation, five needle white pines in 
western North America: Proceedings of the High Five Symposium, 28-30 June 
2010, Missoula, Montana. RMRS-P-63. U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Research Station, Fort Collins, Colorado, USA. 

http://www.ncbi.nlm.nih.gov/pubmed/19886449
http://onlinelibrary.wiley.com/doi/10.1111/j.1461-9555.2004.00202.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16539131
http://naldc.nal.usda.gov/catalog/10922
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0418.2008.01317.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/22420267
http://readermeter.org/Borys.R_R/26a580c0-cdcb-11df-922b-0024e8453de6/details
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5227239.pdf
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5227239.pdf
http://www.fs.fed.us/rm/pubs/rmrs_p063/rmrs_p063_094_095.pdf
https://docs.google.com/viewer?a=v&q=cache:yrDpYPvr-FIJ:www.fs.fed.us/r6/nr/fid/wbpine/papers/2007-wbp-climate-warwell.pdf+Modeling+contemporary+climate+profiles+of+whitebark+pine+%28Pinus+albicaulis%29+and+predicting+responses+to+global+warming.&hl=en&gl=
http://www.fs.fed.us/rm/pubs/rmrs_p063/rmrs_p063_355_356.pdf
http://books.google.co.in/books?id=0hsuAAAAYAAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://www.usu.edu/beetle/documents/Gillette_%20etal2012_Verb.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgements
	Figure 1
	Figure 2
	Table 1
	Table 2
	References

