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Research Summary

Colonization of a host tree by the mountain pine beetle
involves a complex, synergistic interaction between host-
produced chemicals and beetle-produced pheromones.
This system of chemical communication enables a mas-
sive aggregation of beetles on a single resource, thereby
ensuring host death and subsequent beetle population
survival. Because a single host tree is a limited food and
breeding resource, mountain pine beetle populations
have evolved a mechanism for termination of colonization
on a tree at optimal beetle densities, with a concomitant
switch of attacks to nearby trees. Several hypotheses
attempt to explain this pheromone-mediated phenomenon.
In an effort to more fully understand the entire coloniza-
tion process, we observed the daily spatial and temporal
attack process of mountain pine beetles (nonepidemic)
attacking lodgepole pine. Results from this preliminary
study suggest that beetles switch attacks to a new host
tree before the original focus tree is fully colonized, and
that verbenone, an antiaggregating pheromone, may be
acting within a tree rather than between trees.
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Introduction

Many species of bark beetles in the genus Dendroc-
tonus (Coleoptera: Scolytidae) use kairomones and
pheromones in the processes of host selection, attack,
and colonization (Borden 1982; Wood 1972). Female
mountain pine beetle (D. ponderosae Hopkins), which
in this species are usually responsible for initiating a
new attack, bore into the bark and through a chemi-
cally mediated synergistic reaction with host chemi-
cals, release trans-verbenol. Trans-verbenolis an aggre-
gative pheromone attracting both sexes (Hughes 1973;
Pitman 1971; Pitman and others 1968). At higher
concentrations of trans-verbenol, higher proportions
of males are attracted (Renwick and Vite 1970). Males
produce exo-brevicomin, which at low concentrations
primarily attracts females (Conn and others 1983),
although it may inhibit beetles at higher concentra-
tions (Borden and others 1987; Rudinsky and others
1974). This system of chemical communication en-
ables a massive aggregation of individuals on a single
“focus” tree that for species such as mountain pine
beetle, is selectively advantageous in overcoming host
defensive mechanisms. As with most herbivores, how-
ever, there is an optimal density range of individuals
on an exhaustible food resource (Berryman and others
1985). If beetle densities on a single tree are too high,
mortality can result from within-tree competition for
limited breeding and feeding space.

Several hypotheses attempt to explain the termi-
nation of colonization on a single tree at optimal beetle
densities. The first assumes that anti-aggregative or
inhibitory pheromones such as verbenone and exo-
brevicomin deter incoming beetles, thereby terminat-
ing additional attacks and ensuring that beetle attack
density does not exceed the threshold for optimum
brood survival (Borden and others 1987). Verbenoneis
a semiochemical produced by mountain pine beetles
(Rudinsky and others 1974), through autoxidation of
host terpenes, and by enzymatic conversion by yeasts
(Hunt and Borden 1989). Based on this hypothesis, as
verbenone is released, the majority of beetles are
dispersed at some distance, switching attacks from

the focus tree to adjacent recipient trees (Geiszler and
others 1980).

A second hypothesis emphasizes the role of host
resistance, citing cessation of resin exudation as the
primary cause for termination of colonization on a par-
ticular tree (Raffa and Berryman 1983; Renwick and
Vite 1970). As with the first hypothesis, attacks switch
to adjacent trees once the focus tree becomes fully
utilized—the difference lies in the roles of inhibitory
pheromones and host-tree resins. In the second hy-
pothesis, inhibitory pheromones are one component
of a suite of territorial behaviors that in conjunction
with a decrease in resin exudation, enable individual
colonizers to maximize reproductive potential (Raffa
and Berryman 1982, 1983). From this perspective,
inhibitory pheromones are perceived and function at
the local scale; attacks switch to neighboring trees
because the focus tree has become fully colonized and
resin exudation ceases. This role for inhibitory com-
pounds is comparable to studies performed with D.
brevicomis, wherein inhibitory compounds such as
verbenone were postulated to function as short-range
regulators of attack density rather than long-range
inhibitors that indicate a fully colonized host (Beyers
and others 1984).

A third hypothesis, labeled the “threshold model,”
assumes that as a tree is mass attacked, the high
concentration of trans-verbenol being emitted in the
local area causes incoming beetles to attack neigh-
boring trees that are enveloped in the pheromone
cloud (Coster and Gara 1968; Gara and Coster 1968;
Geiszler and others 1980). A threshold level of trans-
verbenol is necessary to cause landing and attack on
adjacent trees.

The presence of inhibitory pheromones in the genus
Dendroctonus is known (Hunt and others 1989; Libby
and others 1985; Pitman and others 1969; Rudinsky
and others 1974; Ryker and Yandell 1983). However,
our lack of knowledge about the explicit function of these
pheromones in mountain pine beetle community ecol-
ogy is exhibited by confounding results in past re-
search endeavors (see Amman and Lindgren 1995 for
areview). Itis unclear whether inhibitory pheromones



such as verbenone have a shielding effect around the
tree under attack and are the main cause of switch-
ing, or if their function is to regulate attacks once
beetles are on or very near the tree surface, playing a
more localized role in the switching process. If indeed
verbenone has a shielding effect, unknown parameters
include the size of the shielding plume and timing of
its influence. The main objective of this study was to
collect information on the spatial and temporal se-
quence of the mountain pine beetle switching process.
Original motivation for the study was to obtain quan-
titative information for parameterization of a math-
ematical model of mountain pine beetle dispersal that
includes chemical ecology and spatial interaction be-
tween beetles and host trees (Powell and others 1996).
Data at the fine spatial and temporal resolution neces-
sary for deriving model parameters were unavailable
in published literature. In this study we did not meas-
ure pheromone emission, but rather the effect of phero-
mones on beetle behavior. Specifically, we asked sev-
eral questions: (1) How long after attacks are initiated
on a focus tree does switching to surrounding trees
occur? (2) What is the distance from the initial focus
tree within which surrounding trees are protected from
beetle attacks (the shielding affect)? (3) What affect
does tree diameter have on the switching process?

Methods

Three plots in lodgepole pine (Pinus contorta Douglas
var. latifolia Engelmann) stands in the Gold Creek
drainage of the Sawtooth National Recreation Area, ID,
were selected. Species composition in the drainage is
approximately 80 percent lodgepole pine and 20 per-
cent Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco)

N

and subalpine fir (Abies lasiocarpa [Hook.] Nutt.).
Currently thereis a sub-epidemic mountain pinebeetle
population that has been slowly building during the
last 4 to 5 years. All plots were at an elevation of
approximately 2,073 m, and at least 100 m apart. On
August 6, 1995, a mountain pine beetle pheromone
tree bait (Phero Tech Inc., Delta, BC, Canada) was
placed on the north side of a single tree in each plot.
Based on emergence data from a nearby experiment
(Bentz 1995), beetle flight in the area had just begun.
The bait was left on each focus tree for 24 hours, then
removed. All trees within a radial distance of 10 m (20 m
diameter) from the focus tree were monitored for
beetle attacks until August 18 at which time coloniza-
tion of trees within the plots had, for the most part,
stopped. Attacks were tallied twice per day (approxi-
mately 8:00 a.m. and 5:00 p.m.), by height on the bole
(0to1.2m, 1.2 to 1.8 m, and 1.8 to 2.4 m) and aspect of
the bole (N, E, S, W) where the attack was located. An
attack was counted once the nesting hole was initiated
and resin or frass was noticed; landing rates were not
included. Each entry was marked with a colored push
pin, and later tallied. Because our intent was to moni-
tor the “natural” attack process of mountain pine
beetle on lodgepole pine, those trees attacked while
the bait was on the focus tree were removed from data
analysis. A stem map was developed for each plot
including diameter of each tree at 1.5 m above the
ground (d.b.h.).

Results

Due to a lack of attacks in plots 2 and 3, only results
from plot 1 are reported (fig. 1). “T1’represents the first
tree in the attack process, and similarly, T7’ is the
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Figure 2—Cumulative number of attacks on the baited tree (Focus) and two
additional trees in plot that were successfully attacked. Day 1 is August 6, 1995

(JD 218).

seventh tree attacked. Based on previous studies of
attack behavior, we assume that attack density on the
portion of bole sampled (0 to 2.4 m) is representative
of the whole tree. Rasmussen (1974) observed 79 per-
cent of initial attacks below 2.1 m, with a mean attack
height of 1.4 m, Others observed that attacks are initi-
ated on the lower bole in a random fashion, with
attacks filling in the remainder of the bole with time
(McCambridge 1967; Reid 1963; Safranyik and
Vithayasai 1971).

One day after removing the bait from the original
focus tree, beetle attacks occurred on four trees in the
plot; the closest attacked tree was a distance of 1.6 m
from the focus tree. At that time, the focus tree had a
greater number of attacks than any of the four sur-
rounding trees. Of four trees attacked, only two were
successfully mass attacked. A tree 0.58 m from the
focus tree was attacked on day 1, but because it was
attacked prior to removing the bait it was removed
from analysis. By day 3, a tree 7.1 m from the focus
tree had the greatest rate of attacks. Attacks on the
original, baited focus tree peaked on day 2, although it
continued to receive at least a few attacks through
day 7. Cumulative attacks on this tree did not level
out until after surrounding trees had been attacked
(fig. 2). This suggests that the switch in attacks to
surrounding trees occurred prior to full utilization of
the focus tree.

If we only consider those trees that were consecu-
tively attacked from a nonbaited tree, a similar pat-
tern is observed (fig. 1). On the day of peak attack
density on T2 (day 3), new attacks occurred on T3.
The following day, at peak attack density of T3, T4 was
initially attacked (fig. 3). The next day, at peak attack
density on T4, T5a, and T5b were attacked (fig. 4). In
all cases, on the day when attacks switched to another
tree, the proportion of attacks on the current focus tree
was less than 45 percent (fig. 2, 3). These results again
suggest that attacks are redirected to a new tree prior
to full utilization of the tree currently under attack.
McCambridge (1967) observed that trees adjacent to
the focus tree came under attack by mountain pine
beetle before the initial focus tree had been fully mass
attacked. Anderbrandt and others (1988) observed a
similar pattern with Ips typographus Linnaeus.
Geiszler and others (1980), however, reported that the
switch to a new tree occurred after the original focus
tree had been fully mass attacked. In our plot, tree
spacing was closer than that reported in Geiszler and
others (1980). Closest distance between consecutively
attacked trees in our study was on day 5 between T4
and T5b, which were less than 1 m apart (fig. 1)
Geiszler and others (1980) reported the closest recipi-
ent tree to be 3.6 m from the focus tree. Because it is
impossible from our study design to say which trees
were being switched from and to, we use the general
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Flgure 3—Proportion of total attacks on lower 2.4 m of bole of three trees that were
successfully attacked, by day of attack. Day 1 is August 6, 1995 (JD 218).

0.2

Proportion of Total Attacks

llllllllllllllIHlllllllilil|||lltllllII|I|IIlIlIIIIIIIIIIIIIIIIIIIIIIIIIHI

SIS HNIannnnn

st]

Figure 4—Proportion of total attacks on lower 2.4 m of bole of three trees that were
successfully attacked, by day of attack. Day 1 is August 6, 1995 (JD 218).




term “switch” to represent a shift in focus of attacks on
consecutive days, regardless of distance. It is likely,
however, that attacks are initiated on a single tree due
to a cumulative affect of all trees in the local vicinity
that are actively under attack. If our data are exam-
ined in this manner, it appears T6 may have been
attacked by redirected beetles from T2 and T3, yet
temporally further along than T6 in the mass-attack
sequence (fig. 2, 5). In our study, except in one case,
only one tree that was switched to on a particular day
was successfully mass attacked, although many
smaller trees were attacked at lower densities. Our
study was in an area with a sub-epidemic population,
however. Larger populations may behave differently.

Large trees are believed to initiate and maintain
the switching process, while small trees are only killed
because they are near other attacked trees (Geiszler
and others 1980; Mitchell and Preisler 1991). Preisler
and Mitchell (1993) found the probability that large
trees are attacked to be greater than what a random
attack model alone would predict. In our study, average
d.b.h. of infested trees within the plot was 10.4 inches,
strip attacked trees 9.5 inches, and remaining green
trees 8.5 inches. These results indicate the mass at-
tack process was initiated on larger trees more often
than smaller ones. In fact, on day 5, attacks switched
from T4 to T5a (8.5 inches d.b.h.) and T5b (9.6 inches
d.b.h.), while a 7.6 inch d.b.h. tree closer to T4 had only
a few attacks. This phenomenon could be due to either

random landings on larger surfaces, or actual beetle
preference for larger trees (Cole and Amman 1969;
Gibson 1943; Hopping and Beall 1948). The largest
distance between consecutively attacked trees (non-
baited) in our study was 3.2 m, well within the maxi-
mum distance between attacked trees reported by
others. Raffa and Berryman (1983) stated that no
trees greater than 6 m apart were attacked, and
Geiszler and others (1980) suggested no switching
beyond 7.3 m. Preisler and Mitchell (1993) found that
in thinned stands, spacings of 4.3 to 6.9 m between
trees did not seem to affect switching of attacks to
surrounding trees.

If only those trees that were successfully attacked
are considered, proportion of total attacks on the south
aspect (28.2 percent) were slightly greater than either
east (27.5 percent) or north (27.5 percent) aspects.
West aspect of all trees had the lowest proportion of
total attacks (16.7 percent). Typically beetles attack
trees on the cooler north to east aspects; fewest attacks
occur on hotter south aspects of the bole (Rasmussen
1974; Reid 1963; Safranyik and Vithayasai 1971;
Shepherd 1965). However, in this study area, there
was a nearby source of beetles to the south, and the
plot was on a west-facing slope. Therefore, the south
aspect may have been slightly cooler than west aspect,
which may explain higher proportion of southern ex-
posure attacks. Also, beétles may have taken advan-
tage of upslope winds during the heat of the day. There

300
+
250 S — - e o o O
o
o
3200 )
T 150 = S
2 1 ° >v< < v v
£ 100 o g%
4 14
50 v 7 >
i o
o 1 N A 1 L >1< 3 L 1 - L J;:
1 2 3 4 5 6 7 8 9 10 11 12 13
Day of Attack

oT2vT3xT8I

Figure 5—Cumulative number of attacks on three trees in plot that were success-

fully attacked. Day 1 is August 6, 1995 (JD 218).




was no observable trend in a side of a tree initially
attacked and direction of nearest attacked tree.

Discussion

We use the term “switch” to represent a shift in
attacks on consecutive days between a focus tree and
surrounding trees. In our study, switch in attacks
from a focus tree to nearby trees typically occurred the
second day of attack, and at time of peak daily attack
density on the focus tree (fig. 3, 4). Similarly, Raffa and
Berryman (1983) observed highest rate of attack on
day 2. Maximum attractiveness of the host coincides
with the period of high #rans-verbenol production;
majority of production in female hindguts occurs after
24 hours of feeding (Pitman and Vite 1969). Female
mountain pine beetle that had fed in lodgepole pine
bolts for 24 hours also contained significant amounts
of verbenone (Hunt and Borden 1989). Similarly, large
amounts of volatiles of both verbenone and the aggre-
gation pheromone (cis-verbenol) of Ips typographus
were measured from individual entrance holes on the
second day of attack (Birgersson and Bergstrom 1988).
Large concentrations of both aggregation and inhibi-
tory pheromones in the first few days of attack on a
tree may cause mountain pine beetle to be attracted
to the focus tree, and both space out on the bole and
participate in the tree-switching mechanism (Bedard
and others 1980; Birgersson and Bergstrom 1988).
The function of inhibitory pheromones such as
verbenone in this tree-switching mechanism is un-
clear, however.

Based on results of our study, shift in attacks to a
new host occurred before the focus tree was fully
colonized, although each tree continued to be attacked
at a decreasing daily rate for 5 to 6 days. Ifbeetles were
responding to verbenone before landing on a tree, as
suggested by Bertram and Paine (1994), range of
perception in our study plot was smaller than the
distance between the two closest trees attacked within
a day (less than 1 m). If verbenone was providing an
inhibitory plume around a tree, most attacks on that
focus tree would cease, signaling a fully utilized re-
source, although additional attacks may occur due to
variability in the response threshold of individual
beetles. However, because attacks shifted to a new
tree while less than 50 percent of total attacks had
occurred on the focus tree, verbenone (or other inhibi-
tory pheromones) could be functioning at a more local
scale, perhaps around a particular entrance hole, as
was suggested previously (Raffa and Berryman 1983;
Renwick and Vite 1970). While large amounts of ag-
gregating pheromones are still being produced,
verbenone may provide a means to reduce competition
within a tree, while some other component of the
pheromone system is the primary cause of attack

switch to a new tree. The “threshold” hypothesis of
Gara and Coster (1968) is supported by this reasoning.

Our results indicate that a shift in attacks to a new
tree occurred on the day of greatest attack rate on a
nearby tree. If we assume that time of greatest attack
rate on a particular tree coincides with peak trans-
verbenol emission from that tree, switch in attacks to
a new tree could be explained by a spill-over effect.
This would occur when the concentration of aggrega-
tion pheromone was large enough to envelope sur-
rounding trees, resulting in random attacks on trees
enveloped by the plume, and establishment of a new
focus tree. The new focus tree then has an increase in
number of attacks, while attacks on the old focus tree
decline due to a reduction in attacks and concomitant
trans-verbenol production (Pitman and Vite 1969).
These results were seen in our data: number of attacks
onrecipient trees the first day of switching was always
less than number of attacks on the focustree that same
day. The following day, attacks on recipient trees were
greater than on the previous focus tree (fig. 3, 4). Each
beetle is more attractive when joined by other beetles
than when alone, thereby resulting in the nonlinear
increase in attacks with time observed. Throughout
the 18 days we monitored the plot, many trees were
under attack at the same time, resulting in overlap-
ping plumes of aggregating pheromones. Although we
have evaluated our data on a daily basis by looking at
consecutively attacked trees, overlapping plumes of
aggregation pheromones could become increasingly
complex, greatly influencing beetles dispersing in the
area. Although we do not know the size of aggregation
pheromone plumes, our data suggests that the inhibi-
tory, or antiaggregation, plume being released is
smaller than the distance between two consecutively
attacked trees spaced less than 1 m apart.

Conclusions

We have observed response of a nonepidemic popu-
lation of mountain pine beetle to naturally occurring
serniochemicals. Results from our study indicate that
beetle attacks may switch to a new tree before the
original focus tree is fully colonized. What role aggre-
gation and inhibitory compounds play in the process of
switching attacks to new trees, and the geographic
extent of this phenomenon, are unclear. Because
verbenone is used by so many species of aggressive
bark beetles, and a large portion is produced by micro-
organisms in decaying wood, it may be a signal to
beetles that the immediate substrate is no longer
suitable for colonization (Borden and others 1987;
Leufven and Birgersson 1987). The question remains—
are beetles responding to verbenone prior to or after
landingon the tree? Our results suggest that verbenone
may be acting within a tree rather than between trees,




and does not provide a very large inhibitory shield
around the tree under attack. We concur with a previ-
ous hypothesis that suggests aggregation pheromone
plumeslarger than a single tree may be responsible for
redirection of attacks, including some randomness, on
a new tree. More research is necessary to more fully
understand the behavioral sequence of the coloniza-
tion process and spatial and temporal influence of
inhibitory p.heromone(s). Inconsistent results in at-
tempts to apply inhibitory pheromones in a manage-
ment scenario attest to insufficient knowledge of their
full role in mountain pine beetle chemical ecology.
Results from this preliminary study, however, provide
important concepts necessary for linking our model of
mountain pine beetle chemical ecology and dispersal
(Powell and others 1996) to appropriate mountain
pine beetle behavior observed in the field.
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Colonization of a host tree by the mountain pine beetle (Dendroctonus ponderosae)
involves chemical communication that enables a massive aggregation of beetles on a single
resource, thereby ensuring host death and subsequent beetle population survival. Beetle
populations have evolved a mechanism for termination of colonization on a lodgepole pine
tree at optimal beetle densities, with a concomitant switch of attacks to nearby trees.
Observations of the daily spatial and temporal attack process of mountain pine beetles
(nonepidemic) attacking lodgepole pine suggest that beetles switch attacks to a new host tree
before the original focus tree is fully colonized, and that verbenone, an antiaggregating
pheromone, may be acting within a tree rather than between trees.

Keywords: bark beetle, Dendroctonus ponderosae, pheromone, semiochemical

You may order additional copies of this publication by sending your mailing
information in label form through one of the following media. Please specify the
publication title and Research Paper number.

Telephone (801) 625-5437
DG message Pubs:S22A ‘
FAX (801) 625-5129, Atin: Publications
E-mall /s=pubs/ou1=s22a@mbhs-fswa.attmail.com

Mailing Address Publications Distribution
Intermountain Research Station
324 25th Street
Ogden, UT 84401

Federal Recycling Program ﬁ Printed on Recycled Paper



INTERMOUNTAIN
RESEARCH STATION

The Intermountain Research Station provides scientific knowledge and technology to improve manage-
ment, protection, and use of the forests and rangelands of the Intermountain West. Research is designed to
meet the needs of National Forest managers, Federal and State agencies, industry, academic institutions,
public and private organizations, and individuals. Results of research are made available through publications,
symposia, workshops, training sessions, and personal contacts.

The Intermountain Research Station territory includes Montana, Idaho, Utah, Nevada, and western
Wyoming. Eighty-five percent of the lands in the Station area, about 231 million acres, are classified as forest
orrangeland. They include grasslands, deserts, shrublands, alpine areas, and forests. They provide fiber for
forest industries, minerals and fossil fuels for energy and industrial development, water for domestic and
industrial consumption, forage for livestock and wildlife, and recreation opportunities for millions of visitors.

Several Station units conduct research in additional western States, or have missions that are national or
international in scope.

Station laboratories are located in:

Boise, Idaho

Bozeman, Montana (in cooperation with Montana State University)

Logan, Utah (in cooperation with Utah State University)

Missoula, Montana (in cooperation with the University of Montana)

Moscow, idaho (in cooperation with the University of Idaho)

Ogden, Utah

Provo, Utah (in cooperation with Brigham Young University)

Reno, Nevada (in cooperation with the University of Nevada)

The United States Department of Agriculture (USDA) prohibits discrimination in its programs on the basis
of race, color, national origin, sex, religion, age, disability, political beliefs, and marital or familial status. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require alternative means of
communication of program information (braille, large print, audiotape, etc.) should contact the USDA Office
of Communications at (202) 720-2791.

To file a complaint, write the Secretary of Agriculture, U.S. Department of Agriculture, Washington, DC

20250, or call 1-800-245-6340 (voice) or (202) 720-1127 (TDD). USDA is an equal employment opportunity
employer.




