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A B S T R A C T   

Several formulations of the antiaggregation pheromone verbenone (4,6,6-trimethylbicyclo [3.1.1]hept-3-en-2- 
one) are registered to protect pine trees and forest stands from mountain pine beetle, Dendroctonus ponderosae 
Hopkins (Coleoptera: Curculionidae), but failures in efficacy are not uncommon. In 2011–2013, a novel 
formulation of (� )-verbenone was developed (SPLAT® Verb, 10.0% (� )-verbenone by weight, EPA Reg. No. 
80286� 20, ISCA Technologies Inc., Riverside, CA, USA) for protecting individual lodgepole pine, Pinus contorta 
Dougl. ex Loud., and small stands of P. contorta from mortality attributed to D. ponderosae. We evaluated the 
efficacy of lower doses of SPLAT® Verb than previously considered for tree protection on the Beaverhead- 
Deerlodge National Forest, Montana, USA, 2014–2015. In an individual tree study, D. ponderosae pressure was 
not sufficient to adequately challenge the treatments as only 56.7% of the untreated controls died. However, if 
one additional tree in the untreated control had died, all verbenone treatments (30 g, 50 g, and 70 g of SPLAT® 
Verb/tree, and one 7-g verbenone pouch/tree) would have been considered efficacious. In a small-scale stand 
study, fewer P. contorta were colonized by D. ponderosae on 0.41-ha experimental plots treated with 2.5 kg and 
3.5 kg of SPLAT® Verb [250 g and 350 g of (� )-verbenone, respectively] and the 7-g verbenone pouch [50 
pouches/plot, 350.0 g of (� )-verbenone/plot] compared to the untreated control. No significant difference was 
observed between 1.5 kg of SPLAT® Verb [150 g of (� )-verbenone] and the untreated control. Fewer P. contorta 
were killed by D. ponderosae on experimental plots treated with 1.5 kg, 2.5 kg and 3.5 kg of SPLAT® Verb and the 
verbenone pouch compared to the untreated control. No other significant differences were observed among 
treatments. Collectively, these data suggest that lower doses of SPLAT® Verb can be used for tree protection than 
previously considered, and at a substantial cost savings that could make this strategy economically viable for 
area-wide management of D. ponderosae.   

1. Introduction 

Mountain pine beetle, Dendroctonus ponderosae Hopkins (Coleoptera: 
Curculionidae), is the most important forest insect pest in North America 
where it colonizes several hosts, including lodgepole pine, Pinus contorta 
Dougl. ex Loud. (Negr�on and Fettig, 2014). While D. ponderosae is native 
to western North America and an important part of the ecology of 
conifer forests of the region, extensive levels of tree mortality associated 
with outbreaks may impact many ecological goods and services (Morris 

et al., 2017). Recent outbreaks of D. ponderosae have been particularly 
severe and long lasting with >27 million ha impacted throughout 
western North America (British Columbia Ministry of Forests, Lands, 
and Natural Resource Operations, 2013). Research needs have been 
prioritized to address these concerns by teams of forest entomologists, 
forest health specialists, land managers and social scientists, and include 
development of effective biopesticides to mitigate undesirable levels of 
tree mortality in an environmentally-friendly manner (Negr�on et al., 
2008; Morris et al., 2017). 
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Female D. ponderosae initiate colonization of P. contorta in a behav
ioral sequence mediated by aggregation pheromones (Pitman et al., 
1968, 1969; Ryker and Libbey, 1982) and host kairomones (Renwick 
and Vit�e, 1970; Borden et al., 1987; Miller and Lindgren, 2000). These 
pioneering females are subsequently joined by males and other females, 
and mass attack ensues enabling D. ponderosae to overwhelm host tree 
defenses. During the later stages of host colonization, increasing 
amounts of the anti-aggregation pheromone verbenone (4,6,6-trime
thylbicyclo [3.1.1]hept-3-en-2-one) are produced (Pitman et al., 1969; 
Rudinsky et al., 1974), which discourage additional colonization of the 
target tree. Today, verbenone is synthesized commercially and used to 
protect high-value trees and forest stands from mortality attributed to D. 
ponderosae and other species of bark beetles. Treatments are applied 
annually in late spring or early summer prior to initiation of the flight 
period of D. ponderosae to protect trees in seed orchards, residential 
settings, developed recreation areas (e.g., USDA Forest Service camp
grounds and ski areas) and administrative sites, and to protect trees 
genetically resistant to white pine blister rust within forested areas. 
Several formulations of verbenone are registered in Canada and the 
USA, but failures in efficacy are not uncommon (see Progar et al., 2014; 
Seybold et al., 2018). Failures have been linked to photoisomerization of 
verbenone to chrysanthenone (Kostyk et al., 1993), inconsistent or 
inadequate release of verbenone (Bentz et al., 1989), rapid dispersal of 
verbenone (Gibson et al., 1991; Negr�on et al., 2006); and/or limitations 
in the range of inhibition of verbenone (Miller, 2002), particularly when 
D. ponderosae populations are high. 

Fettig et al. (2015) developed a novel formulation of verbenone 
(SPLAT® Verb; 10.0% (� )-verbenone by weight, EPA Reg. No. 
80286–20, ISCA Technologies Inc., Riverside, CA, USA) for protecting P. 
contorta from mortality attributed to D. ponderosae. SPLAT® Verb is a 
“matrix-type” diffusion controlled-release device (but temperature 
dependent), which releases verbenone at rates suitable to provide sig
nificant reductions in levels of P. contorta mortality (Mafra-Neto et al., 
2013). Rather than a single release device, like the commonly-used 
verbenone pouch (Seybold et al., 2018), SPLAT® Verb is a flowable, 
biodegradable emulsion that allows the user to adjust the size of each 
release point (dollop) according to desired distributions and doses in the 
field. The inert ingredients are certified as food safe by the U.S. Envi
ronmental Protection Agency (EPA), and SPLAT® Verb was granted 
organic production status by the U.S. Department of Agriculture. 
SPLAT® Verb was registered by the EPA for use in forestry in August 
2013, and first applied commercially in 2014. 

To date, research has demonstrated the effectiveness of SPLAT® 
Verb for protecting individual P. contorta and sugar pine, P. lambertiana 
Dougl. (Fettig et al., 2015, 2016), and stands of P. contorta from mor
tality attributed to D. ponderosae (Fettig et al., 2015). Most studies have 
examined doses of ~70 g of SPLAT® Verb/tree for individual tree pro
tection, and ~3.5 kg of SPLAT® Verb/0.41 ha for small stand protection, 
which are recommended as operational treatments in the western USA 
(U.S. Department of Agriculture, Forest Service, 2012). The label rec
ommends 75–115 g of SPLAT® Verb/tree, and 2–5 kg/0.41 ha for stand 
protection. Furthermore, the label indicates not to exceed 10 kg of 
SPLAT® Verb/0.41 ha/yr (ISCA Technologies Inc., 2016). The objective 
of our research was to determine the efficacy of lower doses of SPLAT® 
Verb for protecting P. contorta from mortality attributed to D. 
ponderosae. 

2. Materials and methods 

2.1. Individual tree study 

This study was conducted on the Wisdom Ranger District, 
Beaverhead-Deerlodge National Forest, Montana, USA (tree 1 ¼ 45�

26.7870 N, 113� 35.8730 W, tree 150 ¼ 45� 25.7730 N, 113� 37.529’ W; 
~2150 m elevation) during 2014–2015. Surrounding stands had a mean 
live tree (�12.7 cm dbh, diameter at 1.37 m in height) density of 18.0 

m2/ha of basal area (cross-sectional area of trees at 1.37 m in height) of 
which 87.2% was P. contorta. Engelmann spruce, Picea engelmannii Parry 
ex Engelm., and subalpine fir, Abies lasiocarpa (Hooker) Nuttall, were 
also present. Fettig et al. (2016) reported that 28.8% of P. contorta in this 
area were killed by D. ponderosae during 2011–2013. 

One hundred fifty (150) P. contorta were selected and 30 were 
randomly assigned to each of five treatments:  

(1) SPLAT® Verb applied at 30 g/tree [3.0 g of (� )-verbenone/tree] 
as four ~7.5-g dollops to the tree bole (at cardinal directions) at 
~2.5 m in height using a caulking gun (mean dbh � SEM ¼ 19.8 
� 0.4 cm) 

(2) SPLAT® Verb applied as above at 50 g/tree [5.0 g of (� )-verbe
none/tree] as four ~12.5-g dollops (20.6 � 0.7 cm) 

(3) SPLAT® Verb applied as above at 70 g/tree [7.0 g of (� )-verbe
none/tree] as four ~17.5-g dollops (~29 mg/d at 18.7 �C) (19.8 
� 0.4 cm)  

(4) one 7-g (� )-verbenone pouch (EPA Reg. No. 56261–6, Contech 
Inc., Delta, BC, Canada) (~50 mg/d at 20 �C) stapled to the tree 
bole at ~2.5 m in height on the north aspect (20.0 � 0.4 cm)  

(5) untreated control (20.0 � 0.7 cm) 

All treatments were applied June 21–22, 2014 prior to D. ponderosae 
flight. Minimum dbh for inclusion in the study was 16.5 cm as P. contorta 
�15 cm dbh are considered most susceptible to colonization by D. 
ponderosae (Shore and Safranyik, 1992). There were no significant dif
ferences in tree dbh among treatments (F4, 145 ¼ 0.3; P ¼ 0.88). 
Experimental trees were separated by > 100 m. One bait consisting of 
trans-verbenol (~1.2 mg/d) and exo-brevicomin (~0.3 mg/d) (Contech 
Inc.) was stapled to the bole of each tree at ~2 m in height on the north 
aspect to enhance attraction to D. ponderosae. Baits were removed 
September 15, 2014 after D. ponderosae flight ceased. 

Verbenone treatments were considered to have sufficient D. pon
derosae “pressure” (i.e., a relative measure of population density based 
on recent levels of tree mortality) if � 60% of the untreated control trees 
died from colonization by D. ponderosae. Mortality was based on the 
presence of crown fade on July 18, 2015. Needles on trees colonized by 
D. ponderosae fade ~8–10 months after trees are mass attacked. In un
usually dry years, foliage may fade within a few weeks of mass attack 
(Gibson et al., 2009). Treatments were considered efficacious when <7 
trees (of 30) died as a result of D. ponderosae colonization while �60% of 
the untreated control trees died. These criteria were established based 
on a sample size of 22–35 trees/treatment and the test of the null hy
pothesis, Ho: S (survival � 90%). These parameters provide a conser
vative binomial test (α ¼ 0.05) to reject Ho when more than six trees die. 
The power of this test, that is the probability of having made the correct 
decision in rejecting Ho, is 0.84 (Shea et al., 1984). 

2.2. Small-scale stand study 

This study was conducted on the Wisdom Ranger District, 
Beaverhead-Deerlodge National Forest, Montana (plot 1 ¼ 45� 12.2120

N, 113� 30.3930 W, plot 25 ¼ 45� 12.7690 N, 113� 30.536’ W; ~2210 m 
elevation) during 2014–2015. The experimental design was completely 
randomized with five treatments and four replicates (0.41-ha square 
plots) per treatment. Experimental plots were separated by > 70 m. 
Mean live tree density (�SEM) was 21.4 � 1.2 m2/ha of basal area of 
which ~92.1% was P. contorta with the remainder Douglas-fir, Pseu
dotsuga menziesii (Mirb.) Franco, A. lasiocarpa and Pi. engelmannii. 
Approximately 16% of P. contorta had been colonized and killed by D. 
ponderosae during 2012–2013. 

Treatments included:  

(1) SPLAT® Verb applied at 1.5 kg/plot [150.0 g of (� )-verbenone/ 
plot] to individual tree boles (both hosts and nonhosts) as 17.5-g 
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dollops at ~2 m in height on the north aspect using a caulking 
gun in a ~7.9 by 7.9-m grid  

(2) SPLAT® Verb applied as above at 2.5 kg/plot [250.0 g of 
(� )-verbenone/plot] in a ~5.8 by 5.8-m grid  

(3) SPLAT® Verb applied as above at 3.5 kg/plot [350.0 g of 
(� )-verbenone/plot] in a ~4.9 by 4.9-m grid 

(4) 7-g verbenone pouches [50 pouches/plot, 350.0 g of (� )-verbe
none/plot, Contech Inc.] stapled to the tree bole at ~2 m in 
height on the north aspect in a ~9.1 by 9.1-m grid  

(5) untreated control 

All treatments were applied June 24–26, 2014 prior to D. ponderosae 
flight. Verbenone treatments were applied to achieve as uniform 
coverage as possible accounting for the natural distribution of vertical 
substrates (tree boles) to which dollops and pouches were attached. One 
tree bait (Contech Inc.) was attached to the tree nearest to the center of 
each plot (regardless of species or size) at ~2 m in height on the north 
aspect to enhance D. ponderosae attraction. Baits were removed 
September 16–18, 2014 after D. ponderosae flight ceased. 

Prior to treatment, stand structure and composition was determined 
by census of live trees (�12.7 cm dbh) on each experimental plot June 
23–25, 2014. There were no significant differences in tree dbh (F4, 20 ¼

0.9; P ¼ 0.47) or basal area (F4, 20 ¼ 1.0; P ¼ 0.45) among treatments. At 
the same time, all infested trees �12.7 cm dbh were identified and 
tagged, and were excluded from statistical analyses (i.e., these trees 
were colonized and/or killed prior to implementation of treatments). A 
census was conducted of each plot for trees colonized by bark beetles on 
September 16–18, 2014. However, tree mortality was based on the 
presence of crown fade on August 4–6, 2015. A one-way analysis of 
variance (treatment) was performed on the proportion of trees suc
cessfully colonized (strip and mass attacks, Gibson et al., 2009) and 
killed by D. ponderosae using α ¼ 0.05 (SigmaStat Version 12.0, Systat 
Software Inc., San Jose, CA, USA). Data were tested for normality using 
the Shapiro-Wilk test and transformed. 

3. Results and discussion 

3.1. Individual tree study 

In total, 45 P. contorta were successfully colonized (strip and mass 
attacks) by D. ponderosae, 20 at densities sufficient to cause tree mor
tality within ~1 yr. The untreated control had the highest number of P. 
contorta colonized and killed (29 and 17, respectively), while 50 g and 
70 g of SPLAT® Verb had the fewest (3 and 0, respectively, for both 
treatments). Dendroctonus ponderosae pressure was not sufficient to 
adequately challenge the treatments as only 56.7% of the untreated 
controls died. As stated earlier, treatments are considered efficacious 
when <7 trees die as a result of D. ponderosae colonization while �60% 
of the untreated control trees die (Shea et al., 1984). If one additional 
tree in the untreated control had died, all verbenone treatments would 
have been considered efficacious (Table 1). This experimental design 
(Shea et al., 1984) is most often used to evaluate the efficacy of in
secticides to protect conifers from bark beetles in the western USA and 
provides a very conservative test of efficacy (Fettig et al., 2013). While it 
is increasingly used to evaluate the efficacy of semiochemical repellents, 
semiochemicals are expected to provide lower levels of tree protection 
than many of the insecticides registered for this application (Progar 
et al., 2014). 

In a study conducted in Wyoming, USA, SPLAT® Verb applied at 70 g 
to individual P. contorta resulted in complete tree protection while 
93.3% mortality occurred in the untreated controls (Fettig et al., 2015). 
In addition, significantly fewer P. contorta were killed by D. ponderosae 
within 0.041-ha circular plots surrounding P. contorta treated with 
SPLAT® Verb compared to the untreated control (Fettig et al., 2015). 
The authors concluded that the high levels of tree protection observed in 
their study were attributed to the release of verbenone from multiple 

points per tree (e.g., see Gillette et al., 2006), and the larger zone of 
inhibition provided by SPLAT® Verb compared to other formulations of 
verbenone (Miller, 2002; Fettig et al., 2015). Similar results were ob
tained when the study was repeated the following year in Montana 
(Fettig et al., 2016). In a study conducted in California, USA, 40, 70 and 
100 g of SPLAT® Verb were effective for protecting individual P. lam
bertiana from mortality attributed to D. ponderosae (Fettig et al., 2016), 
including very large trees (maximum ¼ 223.1 cm dbh) that were 
stressed by a recent wildfire. During this study, 72% of P. lambertiana in 
the control treatment died (Fettig et al., 2016). Similarly, it appears 
likely that 30, 50 and 70 g of SPLAT® Verb are effective for protecting P. 
contorta from mortality attributed to D. ponderosae (Table 1), although 
further investigations are needed under higher levels of beetle pressure. 
As a comparison to SPLAT® Verb, two verbenone pouches (14 g of 
verbenone) are recommended for protecting individual P. contorta 
(Kegley and Gibson, 2009; Kegley et al., 2010). 

3.2. Small-scale stand study 

In total, 168 P. contorta were successfully colonized (strip and mass 
attacks) by D. ponderosae, 75 at densities sufficient to cause tree mor
tality within ~1 yr. The untreated control had the highest number of P. 
contorta colonized and killed (121 and 63, respectively), while 2.5 kg of 
SPLAT® Verb had the fewest (3 and 0, respectively). A significant 
treatment effect was observed for the percentage of P. contorta colonized 
(F4, 20 ¼ 5.7, P ¼ 0.003) and killed (F4, 20 ¼ 7.5, P < 0.001) by D. 
ponderosae. Fewer P. contorta were colonized on experimental plots 
treated with 2.5 kg and 3.5 kg of SPLAT® Verb and the verbenone pouch 
compared to the untreated control while no significant difference was 
observed between 1.5 kg of SPLAT® Verb and the untreated control 
(Fig. 1). Fewer P. contorta were killed by D. ponderosae on experimental 
plots treated with 1.5 kg, 2.5 kg and 3.5 kg of SPLAT® Verb and the 
verbenone pouch than the untreated control (Fig. 1). No other signifi
cant differences were observed among treatments. 

In a study conducted in Idaho, USA, Fettig et al. (2015) demonstrated 
that SPLAT® Verb applied at 3.5 kg/0.41 ha was effective for protecting 
stands of P. contorta from mortality attributed to D. ponderosae, and that 
SPLAT® Verb was more effective than the verbenone pouch applied at 
the same dose. Our results indicate doses as low as 1.5 kg of SPLAT® 
Verb/0.41 ha yield suitable levels of tree protection. However, we 
observed no significant differences among SPLAT® Verb treatments, 
regardless of dose, and the verbenone pouch. This is despite the pouch 
being applied at a higher dose than two of the SPLAT® Verb treatments 
(Fig. 1). It is of note that levels of tree colonization and mortality within 
the untreated controls in Fettig et al. (2015) and our study were similar, 
suggesting similar beetle pressure in both experiments. 

4. Conclusions 

The effectiveness of SPLAT® Verb to protect individual P. contorta 

Table 1 
Efficacy of verbenone treatments for protecting individual Pinus contorta (n ¼
30/treatment) from colonization and mortality attributed to Dendroctonus pon
derosae, Beaverhead-Deerlodge National Forest, Montana, USA, 2014–2015.  

Treatment Dosea 

(g) 
Number of P. contorta 
colonized 

Number of P. contorta 
killed 

SPLAT® 
Verb 

3 4 2 

SPLAT® 
Verb 

5 3 0 

SPLAT® 
Verb 

7 3 0 

Pouch 7 6 1 
Control 0 29 17  

a (� )-verbenone; SPLAT® Verb is 10.0% (� )-verbenone by weight. 
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and small stands of P. contorta from mortality attributed to D. ponderosae 
has been demonstrated in several studies conducted under conditions 
when SPLAT® Verb, and other similar treatments, would be used 
operationally (Fettig et al., 2015, 2016; current study). To that end, 
during our study several USDA Forest Service campgrounds in nearby 
areas were treated with verbenone and/or insecticides to limit levels of 
tree mortality. Our data suggest that lower doses of SPLAT® Verb (e.g., 
1.5 kg/0.41 ha) can be used to protect stands than previously considered 
or recommended on the label (ISCA Technologies Inc., 2016). This 
would result in substantial cost and labor savings (e.g., ~50%, 
depending on labor). Furthermore, dollops of SPLAT® Verb biodegrade 
within ~1 yr of application, and do not need to be retrieved from the 
field as do other verbenone products formulated in plastic releasers (e.g., 
pouch). This could result in additional cost and labor savings. 

Significant research and development remains to be conducted 
concerning SPLAT® Verb, including evaluating efficacy for protecting 
whitebark pine, P. albicaulis Engelm., a species being considered for 
listing as a threatened and endangered species in the USA due to the 
impacts of D. ponderosae, white pine blister rust and climate change 
(Federal Register, 2015). Pinus albicaulis grows at high elevations and 
often in steep and rugged terrain where development of an 
environmentally-friendly, portable and biodegradable method of tree 
protection is of priority. A related product (SPLAT® MCH, ISCA Tech
nologies Inc.) has been developed and shows promise for protecting Ps. 
menziesii from mortality attributed to Douglas-fir beetle, Dendroctonus 
pseudotsugae Hopkins. Dendroctonus pseudotsugae is the most important 
insect pest of Ps. menziesii, and similar to SPLAT® Verb, SPLAT® MCH 
exploits our understanding of the beetle’s antiaggregation pheromone, 
3-methylcyclohex-2-en-1-one, in a biodegradable formulation (Foote 
et al., 2020). In a recent assessment of the state of knowledge and 
development concerning semiochemical methods for control of bark 
beetles in western North America, Gillette and Fettig (2020) concluded 
future progress depends on, among other factors, development of less 
expensive methods of deployment and improvements in release device 
performance (to include development and refinement of biodegradable 
releasers, such as SPLAT®). 
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