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INTRODUCTION 
 
This document presents the results of research with two main objectives.  The first was to 
test a simplified three-component blend of non-host angiosperm bark volatiles as a 
supplement to the antiaggregation pheromone verbenone to deter attack by the mountain 
pine beetle.  If a three-component blend could be used in place of the seven-component 
blend found to be effective in previous research, the cost of a disruption treatment would 
be reduced by $150 per ha.  The second objective was to test verbenone with the three 
component blend as a treatment to protect Lignum’s long-standing permanent sampling 
plots from attack by the mountain pine beetle.  The two experiments that were completed 
with respect to these two objectives interfaced with a much larger experiment supported 
by a grant from FII to JH Borden.  The latter experiment was designed to test high-dose 
verbenone with the three-component blend at 10, 15 and 20 m centres in a further attempt 
to lower the cost of operational treatments.  Herein we describe the experimental set up, 
field evaluation and results of the first two experiments.  The liaison person for Lignum 
Ltd. at the outset was TE Earle, RPF.  Ms Earle is no longer with the company, and has 
been replaced by JD Alexender, RPF. 
 
 

SET UP 
 
In preparation for testing the three-component blend, 40 plots, each 40 x 40 m, were laid 
out from 10-12 March 2003 in a lodgepole pine stand at km 23 on Redeau Road east of 
150 Mile House.  Participants in the layout were JH Borden, D Payne (consultant) and 
TE Earle.  At the centre of each plot a large-diameter tree was designated to be 
pheromone-baited to challenge beetles to penetrate the 10 x 10 m grid (16 points) of 
disruptive semiochemicals.  Plot centres were at least 75 m apart.  Pheromone baiting and 
deployment of disruptants on the 40 plots was done on 26-29 June 2003 by D Payne, Jon 
Mullan (consultant) and Jennifer Burleigh (seconded to the project by Phero Tech Inc.), 
under the supervision of JH Borden.  Treatments were: pheromone-baited control, 
verbenone alone (Phero Tech high-dose pouches), three-component non-host volatile 
blend alone, and verbenone plus the non-host volatile blend.  With 40 plots, there were 10 
replicates of each treatment. 
 
From 28-30 June 2003, 10 permanent sampling plots (PSPs) were treated by deploying 
verbenone plus the three-component nonhost volatile blend at 10 m centres in a 50 x 50 
m area (36 release points in total).  Seven of the PSPs were 32 x 32 m and the other three 
were 22 x 22 m, so the treatment grid overlapped them by 9 and 14 m, respectively. 
 
 

EVALUATION 
 

Evaluation of attack by the mounatin pine beetle was done on 24-28 October 2003.  
Participants were JH Borden, D Payne, K Simmonds (SFU), SA Campbell (SFU), B 
Chalmers (consultant) and A Gustafsson (seconded to the project by Phero Tech).   
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On the 40 x 40 m plots, the dbh and attack density were measured on the pheromone-
baited tree in the plot centre.  Every other lodgepole pine >17.5 cm dbh in every plot was 
examined and classified as unattacked, attacked or mass-attacked by the mountain pine 
beetle.  All attacked and mass-attacked trees were stem-mapped.  Data were analyzed to 
determine the intensity and concentration of attack in four 5 m wide bands around the 
centre tree.  Attack densities on the centre trees, the number of available trees >17.5 cm 
dbh, the percentages of trees that were attacked and mass-attacked, and the ratios of 
currently-attacked green trees to previously-attacked red trees (G:R ratios) were 
compared by AVOVA and Tukey’s HSD test, α=0.05. 
 
For the PSPs, a 100 x 100 m area was evaluated for attack in the above manner.  This 
gave a 25 m band around each treated 50 x 50 m grid.  Proportions of available trees in 
the treated area (0.25 ha) and the surrounding band (0.75 ha) that were mass-attacked 
were compared for each plot by a chi square test.  A similar analysis compared the 
proportions of trees mass-attacked within the PSP per se, and the remainder of the 50 x 
50 m treated area. 
 
 

RESULTS AND DISCUSSION 
 

In the 40 x 40 m plots, all 40 pheromone-baited trees were mass-attacked, and there were 
no differences in the attack densities (Table 1).  However, all three treatments resulted in 
a significant reduction in attack on the remaining available trees in the plots (Table 1), as 
well as in the G:R ratio (Table 2).  This is the first time that nonhost volatiles alone have 
been shown to have a significant area-wide effect.  However, there was no increase in 
efficacy achieved by adding the nonhost volatile blend to verbenone.  Therefore, using 
the three-component nonhost volatile blend in the concurrent larger experiment would 
not have been necessary, although there would have been no negative impact.  Curiously, 
there was much less concentration of attack per square dm around the central baited trees 
than observed in previous studies (Table 3).  This may have been caused by there being 
21.2% fewer available trees than in the previous work, and a higher beetle pressure that 
resulted in a 70% increase in mass-attacked trees (based on the bait-only controls), both 
factors acting to distribute the attack evenly throughout the plots.  Elimination of the 
nonhost volatile blend altogether would reduce the cost of using high-dose verbenone 
pouches at 10 m centres to $800/ha, excluding tax and labour. 
 
Less than 10% of the available trees were mass-attacked in eight of the 50 x 50 m areas 
superimposed on PSPs, but the percentage of trees mass-attacked in the surrounding 25 m 
wide band was significantly higher in only four of these plots (Table 4).  Trees in the 
PSPs were not protected to a greater extent than those in the remainder of the 50 x 50 m 
treated areas superimposed on them.  These results indicate that some protection can be 
achieved using verbenone alone.  However, if is possible that a greater protective effect 
would have been observed if a push-pull tactic were employed, with a band of 
pheromone-baited trees surrounding the verbenone-treated plots. 
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Unless policy prohibits direct action, e.g. in parks and protected areas, we recommend 
that verbenone treatments should only be applied if the resource manager is permitted 
and intends to remove all currently-infested trees, or alternatively plans to kill the 
resident beetles through the use of MSMA or by falling and burning. 
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Table 1. Comparison of attack by the mountain pine beetle in 40 x 40 m plots with a 

pheromone-baited lodgepole pine at the centre, and 16 slow-release devices deployed at 

10 m centres emitting a three-component nonhost volatile (NHV) blend, high-dose 

verbenone, or both together. 

Percent attack and mass-

attack on available trees 

(mean ± SE)a 

Treatment 

Attack density on 

pheromone-baited trees 

(mean ± SE)a 

Number of 

available trees ≥ 

17.5 cm dbh  

(mean ± SE)a 
Attack Mass Attack 

Bait only  75.0 ± 6.7  42.2 ± 6.6  40.4 ± 4.1 a  37.6 ± 4.1 a 

Bait NHVs  83.1 ±11.0  39.7 ± 5.0  17.2 ± 3.7 b  15.5 ± 3.7 b 

Bait + 

verbenone  68.1 ±14.0  36.9 ± 3.4  6.5 ± 1.4 c  5.6 ± 1.4 c 

Bait + NHVs + 

verbenone  77.5 ±12.0  37.4 ± 3.9  9.4 ± 2.5 bc  6.5 ± 2.5 c 

a If ANOVA P<0.05, means within a column followed by the same letter are not significantly 

different, Tukey HSD test, P<0.05. ANOVA results (N=10, df=3,36) as follows: attack density 

F=0.6240, P=0.6042; number of available trees F=0.0700, P=0.0756; attack F=20.02, 

P<0.0001; mass-attack F=21.98, P<0.0001 
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Table 2. Comparison of green: red (G:R) ratios among treatments in 40 x 40 m plots 

testing the ability of NHVs, verbenone or both together deployed at 16 release points at 

10 m centres to deter attack by the mountain pine beetle. Because of low number of red 

trees in the study site, numbers summed for each treatment. Only mass-attacked trees 

used to calculate G:R ratios. 

Treatment 

Number of red trees 

in all 10 plots  G:R ratio (mean ± SE)a 

Bait only 2   7.9 ± 1.4 a 

Bait + NHVs 7   1.0 ± 0.3 b 

Bait + verbenone 4   0.6 ± 0.1 b 

Bait + NHVs + verbenone 8   0.3 ± 0.1 b 
a Means followed by the same letter are not significantly different, Tukey HSD test, 

P<0.05. ANOVA results (N=10) as follows: F=43.70, d,f=3,36, P<0.0001, 



 7 

 
Table 3. Distribution of mass-attacked lodgepole pine ≥17.5 cm dbh in concentric 5 m wide bands 

around central pheromone-baited trees in 40 x 40 m plots. 

Number of mass-attacked trees per dm2 by treatment 

Concentric bands from 

centre out (m) Bait only Bait + NHVs Bait + verbenone 

Bait + NHVs + 

verbenone 

0-5 2.9 1.5 1.0 0.5 

>5-10 2.0 1.1 0.5 0.5 

>10-15 1.9 1.0 0.4 0.4 

>15-20 2.2 1.0 0.4 0.3 
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Table 4. Comparison of percentages of trees mass-attacked in the inner 0.25 ha treated with 

high-dose verbenone and a 3-component nonhost volatile blend and the outer 0.75 ha, 

superimposed on permanent sampling plots (PSP’s). Data ranked according to percentages in the 

inner 0.25 ha. 

Density/ha of available trees ≥ 

17.5 dbh  

Percentage of available trees 

mass-attackeda 

Location and psp number Inner 0.25 ha Outer 0.75 ha  Inner 0.25 ha Outer 0.75 ha 

     

Pigeon Road, no. 332 648  605  0.0 4.5 ** 

Redeau Road, no. 329 840  588  0.0 5.2** 

Redeau Road, no. 328 860  540  0.5 2.7NS 

Pigeon Road, no. 331 696  591  1.1 1.4NS 

Solomon, no. 316 248  81  3.2 3.3NS 

Readeau Road, no. 327 604  597  3.3 4.9NS 

Pigeon Road, no. 330 604  684  3.3 11.3 ** 

Lynne Creek, no. 320 328  336  9.8 37.1** 

Lynne Creek, no. 318 240  209  16.7 17.8NS 

Lynne Creek, no. 319 213  345  27.1 15.9(NS) 
a Probability of significant difference indicated by *P<0.05, ** P<0.01, NS=not significant. 

Parentheses refer to lower percentage in the outer than the inner area. 
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Table 5. Comparison of percentage of trees mass-attacked in PSP’S nested wthin 50 x 50 m area 

treated with verbenone plus nonhost volatiles, nested in turn within larger area. Boundary of 

larger area usually 100 x 100 m, but sometimes variable because of overlap between plots or 

removal of a portion of a portion by harvesting. Data ranked according to percentage of trees 

attacked within the PSPs. 

No. of available 

trees ≥ 17.5 cm 

dbh  

Percentage of trees 

mass-attacked 

Location and PSP number 

Size of  

PSP (m) PSP rest of plot  psp rest of plota 

Pigeon Road, no. 332 1,024  66  96   0.0 0.0 

Redeau Road, no. 329 1,024  54  156   0.0 0.0 

Redeau Road no. 327 1,024  51  100   0.0 5.0 

Pigeon Road, no. 331 1,024  64  110   1.6 0.9 

Redeau Road no. 328 1,024  61  154   1.6 0.0 

Solomon Lake, no. 316 1,024  28  34   3.6 2.9 

Pigeon Road, no. 330 1,024  64  87   4.7 2.3 

Lynne Creek no. 318  484  19  41   5.3 22.0 

Lynne Creek no. 320 484  14  68   14.3 8.8 

Lynne Creek no. 319 484  4  44   50.0 25.0 
a In no case was there a significant difference in percentage of available trees attacked within 

the permanent sampling plot and the remainder of the 50 x 50 m semiochemical-treated area, 

chi square test, P<0.05. 
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