
cis-Verbenol: An aggregation pheromone for the mountain 
pine beetle, Dendroctonlcs ponderosae Hopkins 

(Coleoptera: Scolytidae) 

DANIEL R. MILLER 
CENTRE FOR PEST MANAGEMENT 

DEPARTMEET OF BIOLOGICAL SCIENCES 
SIMOK FRASER UNlVERSITU 

BURNABY, BRITISH COLUMBIA V5A IS6 CANADA 
AND 

JEAN P. LAFONTABNE 
PHERO TECH INC. 7572 PROGRESS WAY, RR 5 

DELTA, BRITISH COLUMBIA 
V 4 6  1E9 CANADA 

ABSTRACT 
c-is-Verbenol increased catches of male mountain pine beetles, Dendroctonus ponderosae 
Hopkins, to multiple-funnel traps baited with myrcene and em-brevicomin. cis-Verbenol had 
no effect on the response of males to traps baited with myrcene, exo-brevicomin and 
tl-ans-verbenol. In contrast, cis-verbenoi inct-eased catches of female D. ponderosae to 
semiochemical-baited traps irrespective of the absence or presence of trans-verbenol, Our 
results demonstrate that cis-verbenol is an aggregation pheromone for D. ponderosae and 
that the combination of cis- and truns-verbenol elicits sex-specific responses. 

Additional keywords: trans-verbenot, myrcene, e-xo-brevicomin, sex-specificity. 

INTRODUCTION 
Various studies on the use of semiochemicals by the mountain pine beetle, Dendroctonus 
ponderosae Hopkins (Goleoptera: Scolytidae), including some that were specifically 
aimed at determining the effect of trans-verbenol, inadvertantly used trans-verbenol con- 
taminated with 6-20 % cis-verbenol (Pitman 1971; Billings et al. 1976; Ryker and 
Rudinsky 1982; Borden et 01. 1983; Conn et al. 1983). The role of trans-verbenol as a 
pheromone for D. ponderosae has subsequently been verified with chemical purities 
>97% (Ryker and Rudinsky 1982: Libbey et al. 1985; Borden et al. 1987). 

However. no attempt has been made to discern the role of cis-verben02 in the chemical 
ecology of D. pondet-osae and interpretation of studies using contaminated tt-ans-verbenol 
must therefore be suspect. The issue is of economical importance since D. pondel-osae is 
a major pest of lodgepole pine in the Pacific northwest (Safranyik et al. 1974; Furniss and 
Carolin 1980). Semiochernical-based manipulation of D.  ponder-nsae has become a major 
component of lodgepole pine silviculture in British Columbia (Borden and Lacey 1985) 
Due to production costs, the tree bait most commonIy used against D. pondel-osae con- 
tains a 13:87 mix of cis- and tr.ur?s-terbenol (Phero Tech Inc., Delta BC), together with 
myrcene and eso-brevicornin. Derzcl'l-octorzcts ponder-osae uses myrcene as a kairomone 
(Billings et al. 2976; Conn et al. 1983; Libbey et ai. 1985; Borden et al. 1987) and both 
enantiomers of exo-brevicomin as male-produced pheromones (Pitman et a!. 1969; 
Rudinsky et al. 1974; Pitman et ai. 1978; Borden et al. 1983; Libbey et al. 1985; Borden 
et al. 1987). 

Our objective was to demonstrate that cis-verbenol is an aggregation pheromone for D. 
ponder-osne in stands of lodgepole pine. cis-Verbenol is produced by D. potzdei-osae 
(Pitman et al. 1969; Hughes 1973; Ryker and Rudinsky 1982; Libbey et al. 1985; Pierce 
et al. 1987; Hunt et al. 1989). Antennae of both sexes of D. pondel-osae are sensitive to 
cis- and trans-verbenol equally {Whitehead 1986; Whitehead et a/. 1989). It is quite 
probable, therefore, that cis-verbenol is a pheromone for D. ponder-osue. We tested the 



two following hypotheses: 1) cis-verbenol should increase attraction of D, ponderosae to 
traps baited with myrcene and eso-brevicomin; and 2) cis- and trans-verbenoi should 
have an additive effect on the attraction of D. ponderosae. 

MATERIALS AND METHODS 
cis-Verbenol was prepared by reduction of S-(-)-verbenone by the alkoxy-substituted 
lithium aluminum hydride method (Brown and Deck 1965) and concentrated in vacuo. 
trans-Verbenol was prepared by subjecting cis-verbenol to acid-catalysed isomerisation 
at 23 "C (Cooper et al. 1967) and purified by flash chromatography on silica gel (Still et 
al. 1978). Chemical and optical purities of verbenols were determined by split, capillary, 
gas chromatography (Hewlett Packard WP 5890 using a 30-m X 0.32-mm ID DB-1 fused 
silica column), before and after derivatisation to acetyl lactate diastereomers (Slessor et 
al. 1985). The chemical purities of cis- and trans-verbenol were 97 and 9996, respective- 
ly, while the chiral ratios were identical at 83% &'-(-): 17% R-(+). 

Verbenol lures consisted of polyethylene, bubble-cap devices (Phero Tech Inc., Delta 
BC) containing 1,3-butanediol solutions of cis- and tr-ans-verbenol, respectively. The 
release rates of cis- and trans-verbenol were approximately 3.38 and 2.58 mg/day at 24- 
27 "C (determined by weight loss). Phero Tech Inc. (Delta BC) supplied the following 
additional lures: 1) (k)-exo-brevicomin (chemical purity, 98%) laminar lures ; and 2) 
8-myrcene (chemical purity, 98%) in closed, polyethylene, screw-cap bottles (15 mE). 
The release rates of exo-brevicomin and myrcene were approximately 0.01 and 281 
mg/day, respectively, at 24 "C (determined by collection of volatiles on Porapak-Q for 
em-brevicomin and by weight loss for myrcene). 

Forty, 8-unit, multiple-funnel traps (Lindgren 1983) (Phero Tech Inc., Delta BC) were 
set in 10 replicate grids of 2 x 2 in stands of mature lodgepole pine near Princeton EC. 
Grids were spaced at least 100 m apart, and traps were set 10-15 m apart within each 
replicate. Each trap was suspended between trees by rope so that the top funnel of the trap 
was 1.3- 1.5 m above ground. No trap was within 2 m of any tree. All traps were set during 
the period of 2 to 26 September 1989. Treatments were randomly assigned within each 
replicate. The control treatment consisted of myrcene and ex-o-brevicomin while the 
remainder consisted of myrcene, ex-o-brevicomin and one of the following: I )  cis-ver- 
benol; 2) tr-ans-verbenol; 3) cis- and trans-verbenol. Sexes in subsamples (N=20) of 
tured D. pondel-osae were determined by dissection and internal examination of genitalia. 

The data were analysed using the SAS statistical package ver. 5.0 (SAS institute Inc., 
Cary NC). For each sex, trap catch data, transfomed by ln(Y+l), were subjected to 3- 
way ANOVA, using replicate, cis-verbenol, trans-verbenol, and the interaction of cis- 
and tram-verbenol, as model factors. Two orthogonal contrasts were perfomed on each 
data set, comparing catches in traps baited with myrcene and e,~o-brevicornin against 
catches to traps baited with myrcene, exo-brevicomin and cis-verbenol and catches to the 
combination of myrcene, e.~o-brevicomin and trans-verbenol against catches to traps bait- 
ed with all four components. 

RESULTS AND DISCUSSION 
Both cis- and ti-arzs-verbenol significantly increased the catches of D. potzder-osae to 
semiochemical-baited funnel traps (Figs. 1 and 21, although the effect of cis-verbenol on 
females was only weakly significa~lt. There was a significant interaction between cis- and 
tr-ans-verbenol on the capture of male D. ponder-osae (Fig. 1). Catches of males in traps 
baited with rnyrcene, 6x0-brevicon~in and trzrt~s-verbenol were not significantly different 
from catches in traps baited with all four components (orthogonal contrast, F( 1,351, 
P=0.750). Catches of males in traps baited with myrcene, e.xo-brevicomin and cis-ver- 
benol were significantly higher than those in traps baited with rnyrcene and em-brevi- 
comin alone (orthogorral contrast, F(1,35). P=0.004). in contrast, there was no interaction 
between cis- and trans-verbenol on the catches of female I>. ponder-osae (Fig. 2). 
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Figure 1. The effects of cis- (cV) and trans-verbenol (tV) on the attraction of male D. ponderosae 
to multiple-funnel traps baited with myrcene (M) and em-brevicomin (eB) near Princeton BC from 
2 to 26 September 1989 (n=10). Data were transformed by ln(Y+l) and subjected to ANOVA 
using the following model factors: replicate (A), cis-verbenol treatment (B), trans-verbenol treat- 
ment (C), and the interaction between cis- and trans-verbenol treatments (B*C). The total number 
of males caught was 2303. 
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Figure 2. The effects of cis- (cV) and trans-verbenol (tV) on the attraction of female D. ponder-osae 
to mutiple-funnel traps baited with myrcene (M) and exo-brevicomin (eB) near Princeton BC from 
2 to 26 September 1989 (n=lO). Data were transformed by ln(Y+l) and subjected to ANOVA using 
the following model factors: replicate (A), cis-verbenol treatment (B), tr-ans-verbenol treatment (C), 
and the interaction between cis- and tr-ans-verbenol treatments (B*C). The total number of females 
caught was 5303. 

Our results demonstrate that cis-verbenol is an aggregation pheromone for D. pon- 
derosae. It is produced by female D. pondei-osae (Pitman et al. 1969; Hughes 1973; 
Ryker and Rudinsky 1982; Libbey et a/.  1985; Pierce et al. 1987) and is attractive to both 
sexes (Figs. 1 and 2). Interpretations of results from previous studies that used trans-ver- 
benol, with chemical purities less than 97%, should consider the effect of cis-verbenol, 
and the possible interactions of cis-verbenol with other treatments. 

Our results further show that cis- and rrans-verbenol have an additive effect on the 
attraction of female D. ponderosae but not on male LI. ponderosae. The interaction 



between the verbenols resulted in sex-specific responses; males and females responded 
differently to cis- and trans-verbenol separately than to the combination of verbenols 
(Figs, 1 and 2). These sex-specific responses may be a function of either the presence of 
both verbenols together or of the ratio of verbenols. The ratio of cis- and trans-verbenol 
following autoxidation of a-pinene ranges from 2971 to 20:80 (Hunt et al. 1989). 
Axenically-reared D. ponderosae produce verbenol with a cis:trans ratio of 14:86 when 
exposed to a-pinene odors while wild beetles produce a ratio of 2:98 (Hunt et al. 1989). 

Regardless of the mode of specificity, both cis- and trans-verbenol are required to 
maximise the attraction of female D. ponderosae. Since females initiate attacks on trees 
(Safranyik et al. 1974), it is critical that tree baits used in silvicultural practices to control 
populations of D. ponderosae contain both pheromones . Fortunately the bait currently 
employed operationally for controlling D. ponderosae contains both cis- and tt-ans-ver- 
benol at a ratio of f 3:87 (Phero Tech Inc., Delta BC), well within the range of observed 
production ratios. 
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