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Introduction

The mountain pine beetle
(Dendroctonus ponderosae), a native
pest, is the most serious insect
enemy of mature pines in western
Canada. In British Columbia, major
outbreaks occurred in all areas with
a significant pine compo-
nent, except for the north-
ern quarter of the province.
Since the first recorded
infestations in 1913, in the
Okanagan and Merritt
areas, major infestations
have occurred in Kootenay
National Park and the
Chilcotin Plateau in the
1930s, on Vancouver
Island during the 1940-50s,
near Takla and Babine
lakes in the 1950s, and
through much of the south-

particularly susceptible. Extensive
mountain pine beetle infestations has-
ten forest succession, change the age
and diameter distribution of the pine
components of the forest, and reduce
aesthetic values. Infestations can
also cause marketing and operational
problems and environmental concerns

Mountain Pine

can be taken and so that infested
stands can be quickly treated.

Hosts and distribution

The mountain pine beetle is distribut-
ed throughout British Columbia north
to 56° latitude. Infestations have been
recorded from sea level to the
highest elevations where the
host species grow. Native hosts
include lodgepole pine (Pinus
contorta), ponderosa pine
(Pinus ponderosae), whitebark
pine (Pinus albicaulis), and lim-
ber pine (Pinus flexilis). Some
exotic pines may also be
attacked. Occasionally non-
host trees such as Engelmann
spruce (Picea engelmannii) are
attacked, but beetle populations
do not persist in these occasion-
al hosts.

ern interior, Chilcotin
Plateau and the Skeena
and Nass river areas in the
late 1970s and 1980s. Well
over 500 million trees were killed by
the mountain pine beetle during the
past 80 years.

Outbreaks generally last 8-10
years and severely deplete the pine
component of forest stands; trees with
a diameter greater than 25 cm are

Adult beetle

when large volumes of dead pine are
harvested either for control or salvage
purposes.

Large reserves of mature pine
forest are always at risk in areas cli-
matically favorable for the beetle.
Good access to susceptible forests is
needed so that preventative measures

Description and life
history

Adults are cylindrical, 3.7 to 7.5 mm
long; teneral adults are light creamy-
tan in color, changing to black when
mature.
Eggs are pearly white, about 1

mm in size, and are laid singly in
niches on both sides of the parent
gallery.

I*l (N):LU;Z.LHESOUI‘CGS

Canadian Forest
Service

Canada

Service canadien
des foréts

Ressources naturelles

Canada




Egg niches along parent gallery

Larvae are white legless grubs
with red-brown heads, about 5 mm
long in the fourth (final) instar.

Pupae are white at first, changing
to light brown, about 5 mm long, with
the external characteristics of the
adult beetle visible.

The life cycle of the mountain
pine beetle varies considerably. The
normal cycle takes one year to com-
plete; however, during warmer than
average summers, parent adults may
re-emerge and establish a second

brood in the same year. Conversely,
in cooler summers or at higher eleva-
tions, broods may require two years to
mature. These variations in the life
cycle may result in rapid increases in
population levels, or conversely, sharp
population decreases.

Beetle flights normally occur
throughout July and into August, and
generally peak in late July. Upon
locating a suitable host, females
bore through the bark to the phloem
and cambium region, and start con-

Mature larva

struction of the egg gallery, usually
on the lower 5 m of the bole. The
first females that attack a tree emit
an aggregating pheromone which
attracts mainly males. The males in
turn emit pheromones attracting
additional females. This leads to a
mass attack which overcomes the
tree’s resistance. The egg galleries
are usually about 30 cm long but
occasionally they may reach 90 cm.
They extend upward parallel to the
grain and usually score both bark

Mountain pine beetle life stages, symptoms, and control options.
Summer Fall Winter Spring
Insect stage: Flying adults, Parent adults, Larvae, Pupae/adults
eggs eggs, larvae parent adults
Detection/
symptoms: Boring dust, Boring dust, Pitch tubes, Fading foliage,
pitch tubes, pitch tubes, galleries, woodpecker feeding
galleries galleries woodpecker
feeding
Control: Pheromones, Brood tree Brood tree immediate
pesticides removal removal utilization




Foliage discoloration (red tree crowns) is the most visible symptom of infestation in the year following attack

and sapwood. Eggs are laid in indi-
vidual niches 0.5 cm apart along
both sides of the gallery, and are
tightly packed with frass. Eggs gen-
erally hatch in 10-14 days. Larvae
feed on the phloem in individual
mines extending, under uncrowded
conditions, about 13 cm at right
angles to the egg gallery. Broods
overwinter mainly as larvae. Larval
development is completed in early
summer of the following year. When
larvae mature, they excavate an oval
chamber in which they turn into
pupae. Following a short pupation
period, pupae become adults. Newly
formed adults, called teneral adults,
spend a brief period feeding under
the bark before the mature adults
emerge by boring through the bark
and fly to living trees to commence
another cycle.

Fungi, yeasts, bacteria and other
microorganisms associated with the

beetle are carried by them into the
tree. Some of these microorganisms
are pathogenic to the tree or the bark
beetle, while others are beneficial to
the beetle. Fungi, which are com-
monly introduced by the beetle and
produce blue stain in the sapwood,
commence growth in the phloem and
xylem soon after the beetles start
their galleries. As the fungi become
established they interrupt the flow of
water to the crown and reduce the
tree’s pitch flow, which is its main
defense mechanism against beetle
attack. Successfully established
bluestain fungi will also retain mois-
ture in the sapwood and prevent
excessive dehydration of the phloem,
which is essential for brood survival.
The combined action of the beetle
and fungi kills the tree. Teneral
adults need to feed on fungal fruiting
bodies to mature, and specialized
mouth parts of the beetle ensure that

emerging beetles carry fungi to living
trees.

Damage detection

Infested trees can be detected
through crown and external symp-
toms, but the mountain pine beetle
can only be positively identified (and
the success of an attack can only be
positively determined) by looking
under the bark.

External evidence of beetle infes-
tation on the bole usually consists of
(i) pitch tubes on the stem where bee-
tles have entered the tree, and (i) bor-
ing dust at the base of the tree.

The color of the pitch tube often
indicates the success or failure of the
beetle attack. Scattered pitch tubes
that are whitish in color indicate that
the tree has repelled or killed the bee-
tle by pitch exudation. In contrast,
numerous reddish brown pitch tubes
usually indicate that the attack has



Reddish-brown boring dust around base of tree

succeeded. However, pitch tubes
remain pliable for several years, so
soft pitch tubes do not necessarily
mean that a tree is currently under
attack. Pitch exudation may not
occur during periods of drought or
when trees are stressed due to root
rot or other reasons. However, trees
that have been recently and suc-

cessfully infested will have dry boring
dust in bark crevices and at the base
of the tree. The boring dust is pro-
duced only during the initial stage of
gallery construction and, depending
on weather conditions, it may rapidly
become inconspicuous.

Woodpecker activity will often be
greatly increased in infested areas,

and woodpeckers will leave numer-
ous pecking holes and may remove

sections of the bark.
Characteristic symptoms under

the bark include a vertical parent
gallery with a slight J-like hook at the
bottom and evenly spaced larval gal-
leries extending at right angles from
the parent gallery. Galleries are tight-
ly packed with sawdust. The phloem
will be dried out and brownish, and the
sapwood will usually be stained a
bluish color due to the fungi associat-
ed with the beetle.

Tree foliage begins to dry out as
soon as the conduction of water up
the tree is interrupted. As a result, the
color of the foliage on infested trees
gradually changes from bright to dull
green. This early symptom in the
lower crown will often become visible
2-3 months after attack. However,
more distinct color changes occur dur-
ing the onset of the growing season
the spring following attack. Most
lodgepole pine change from yellowish
green to an orangey red by July and
rusty brown by late summer. At this
time most of the beetles will have left
the tree. Other tree species display
varying color patterns: ponderosa
pine seldom turns red but develops
more of a straw color, while white pine
tends to become bright red. With
time, retained foliage color becomes
more dull, and most of the foliage
drops in 2-3 years; this will vary from
species to species and with weather
conditions. These rapid and distinct
color changes are used to schedule
aerial mapping of recently attacked
trees.

Beetles associated with
mountain pine beetle

A number of secondary beetles are
associated with mountain pine beetle
and at times these secondary beetles
make diagnosis of the causal agent of
tree mortality difficult. Secondary bark
beetles generally do not successfully
establish in healthy, vigorous trees.
Several engraver beetles (Ips
pini, I. latidens and I. mexicanus)
attack fresh windfelled trees, logging
residue, and uninfested portions of the



boles of trees killed by
mountain pine beetle, as
well as trees of low vigor
caused by root rots, stem
diseases, defoliation, etc.
Occasionally, however, they
may become destructive in
apparently healthy trees, but
infestations are usually
short. Since a portion of the
population overwinters in
the duff, extreme cold winter
temperatures, which can
devastate mountain pine
beetle population, are much
less destructive to the Ips
beetles. As a result, these
engraver beetles, which
increased along with the
mountain pine beetle popu-
lation, may continue at epi-
demic numbers for 1 or 2
years.

Ambrosia beetles
(Trypodendron spp. and
Gnathotrichus sp.) are wood
or pinhole borers that infest
recently killed trees, fresh
slash, and downed materi-
al. Infestation by these
beetles can be recognized
by the small piles of white
boring dust surrounding the points of
entry into the wood or around the
lower portion of the stem.

The red turpentine beetle
(Dendroctonus valens) bores under
bark near the root crown and pro-
duces large reddish brown pitch tubes
around the base of the bole. This is
the largest of the Dendroctonus
species: larvae are up to 12 mm long,
and the reddish colored adults gener-
ally are between 5 and 9 mm.

The lodgepole pine beetle
(Dendroctonus murrayanae) attacks
the lower metre of the stem forming
an irregular vertical gallery with eggs
laid in groups of 20-50 along both
sides of the gallery. Larvae feed gre-
gariously. Larvae and the reddish
brown adults are only slightly smaller
than the same stages of the mountain
pine beetle.

Sour sap bark beetles (Hylurgops
and Hylastes spp.) usually attack the
stem near and below duff level.

Beetle galleries in phloem (inner bark)

Adults are black or reddish, but tend
to be shorter (3-6 mm) and more slen-
der than mountain pine beetle.

Management

Prevention

The first step in prevention of mountain
pine beetle outbreaks is to prioritize
stands for preventive maintenance. To
this end, risk and susceptibility rating
systems have been developed com-
bining the stand parameters associat-
ed with beetle infestations and the
beetle pressure on a stand.
Susceptibility increases in stands (i)
with trees over 60 years of age (mod-
erate susceptibility) and with trees over
80 years of age (high susceptibility), (ii)
with trees over 25 cm in diameter, (jii)
with a high pine component, (iv) with a
density between 750 and 1500
trees/ha, and (v) at lower altitudes and
latitudes. The risk of an infestation
developing within a stand is based on

its distance to the nearest
infestation and its level of
current attack. For example,
stands within 3 km of an
active infestation and with
more than 100 trees already
attacked would be consid-
ered at risk. Risk factors can
change dramatically within a
year, while stand susceptibili-
ty changes gradually over a
number of years.

Silvicultural treatments
which help to reduce stand
susceptibility include (i)
reducing stand density to
below 500 trees/ha, (ii) estab-
lishing an age and tree size
mosaic within a stand or
drainage, (iii) implementing a
shorter rotation period, and
(iv) establishing a species mix
within a stand. The effective-
ness of these measures may
be reduced considerably in
the presence of high beetle
pressure, however.

Aerial surveillance,
especially of moderate to
high risk stands, will detect
the initial phases of beetle
invasion and allow for the
early implementation of effective con-
trol measures.

Ground surveys should be con-
ducted when pockets of discolored
trees first appear in a stand to verify
the causal agent and the status of the
brood.

Applied control

A variety of applied controls can be
utilized, depending upon the extent of
the beetle problem. In conjunction with
controls, synthetic aggregating
pheromones can be used effectively to
concentrate beetle attack. This greatly
improves the efficiency in locating
newly attacked trees for follow-up treat-
ment actions, or for containing most of
an attack within a given harvesting
area. Under specific conditions, mass
trapping of beetles may prevent small
local beetle populations from increas-
ing or it may even reduce these popu-
lations to endemic levels. However,
the effect of trapping becomes negligi-



epidemic proportions.

emergence, and the use of

Control options at various infestation levels
Small Intermediate Major
Prevention infestations infestations infestations
hazard rating, ground surveys, small patch log large clearcuts,
reducing stand pheromones, removal, pheromones salvage logging
susceptibility, fall & burn,
aerial monitoring pesticides
ble when the beetle populations reach tive in large infestations, but can be tion. Perching birds also consume
important in maintaining populations large quantities of flying beetles.
During the initial phases of an at endemic levels. Some of the more commonly encoun-
infestation when only small infestation Resin flow is the tree’s active tered insect predators include the
pockets are present, individual trees defense mechanism against beetle clerid (checkered) beetles, and
containing beetle brood can be treat- invasion. ltis effective in flushing out Diptera (various true fly species).
ed by felling and burning, applying an beetles (pitchout) or destroying eggs Several species of wasps occasionally
appropriate silvicide to infested trees only when attack density is low, or kill large numbers of mountain pine
within 24 days of attack, application of when a high attack level is spread beetles.
a registered insecticide to the bole of over a number of days. During peri- Temperature can be an important
infested trees just prior to beetle ods of tree stress, such as drought, factor in determining population levels
resin flow may be greatly reduced. during the course of an infestation.
pheromone-baited, lethal (insecticide- Predation and parasitism play a Optimum under-the-bark temperatures
treated) trap trees. Permits are significant role in beetle population for brood development are between
required for such work in B.C. forests. dynamics. Woodpeckers are the most 20 and 26°C. Cool summers may
At intermediate infestation levels conspicuous predators as they delay beetle flight and subsequently
(up to about 100 trees per patch), remove bark in search of beetle slow brood development, which can
small-patch logging can be used if brood, in the process of bark removal affect overwintering brood survival.
good access is in place, and if beetle they also reduce the survival rate of Early fall temperatures of -18° will kill
attack is concentrated naturally or the remaining insects due to desicca- brood, while even less severe temper-

through the use of pheromone
baits.

Beyond the intermediate stage,
and when infestations exceed 10
ha, control becomes increasingly
more difficult. In larger infestations
the rate and range of beetle disper-
sion increases and any effective
control program will require very
extensive ground surveys to locate
the green, newly attacked trees.
Consequently, the only practical
control measure at this stage is
clearcutting well beyond the areas
having red trees in order to remove
trees containing beetles.

Natural control

Resin flow and predation and
parasitism are relatively ineffec-

atures will kill eggs and larvae in
the first three larval instars. The
most cold-hardy stage, late-instar
larvae, when conditioned for cold
temperatures, cannot withstand
temperatures below -37°; tempera-
tures of -27° persisting for several
days will kill a large portion of the
population. Once the maturing lar-
vae have resumed feeding in the
spring they again become very
susceptible to freezing tempera-
tures. Since the impact of low tem-
peratures is moderated by tree
size, bark thickness and snow insu-
lation, the duration of the cold peri-
od and snow pack is a critical fac-
tor to beetle survival.

Intraspecific competition
o affects brood production. High
Blue stain in sapwood attack densities result in a more




Outer bark flaked off by woodpeckers feeding on beetles

rapid rate of phloem desiccation; con-
sequently, fewer adults emerge per
unit area of bark surface. The adults
which do emerge will also have a
reduced capacity for egg production.
Optimum attack densities appear to
be between 3 and 10 per 1000 cm? of
lodgepole pine bark surface area, but
it depends upon the thickness of
phloem (food source).

Food supply (phloem) is a main

factor in regulating beetle populations.

Beetles initially select larger diameter
trees with thick phloem, in which pop-
ulations can increase rapidly. As an
infestation progresses and the larger
diameter trees have already been
killed, smaller trees with thinner
phloem are attacked resulting in
smaller broods. These trees will also
dry out faster, leading to increased
brood mortality. In general, when
beetles attack trees under 25 cmin
diameter, the number of progeny
emerging will progressively become
less with decreasing diameter.
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Additional information

Additional copies of this and other
leaflets in this Forest Pest Leaflets
series, as well as additional scien-
tific details and information about
identification services, are avail-
able by writing to:

Natural Resources Canada
Canadian Forest Service
Pacific Forestry Centre
506 West Burnside Road
Victoria, B.C. V8Z 1M5
www.pfc.forestry.ca

Phone (250) 363-0600
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