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Preface

Management of lodgepole pine to reduce moun
tain pine beetle dam:lgc has been described, and
direct control addressed in general terms (S:I
franyik etal. 1974) and Safr:lO)'ik (1982) summa
rized the principles of direct control. listing the
commonl)' used methods. These methods arc de
scribed in sever:ll publications. m:ll1y of which
are not known or available to pest management
personnel. This brochure. therefore. is addressed
to pest management personnel in the forest in
dustry and government who arc involved in
management of mounluin pine beetlc popul;!
lions in \~eSlcrn Canada. It describes the philoso
phy :lOd procedures of direct control of the moun
tain pine beetle in lodgepole pine Siands. Pub
lished information is augmented by unpublished
results of experiments performed by the authors
in the Cariboo Forest Region during the past 10
years and by their collective judgment "here in
formation was lacking. We sincerely acknowledge
the support of tbe Protection Division of the B,C.
Ministry of Forests.

J

Preface

Safran} i!.. et roll. (197-U Ont dccrit des mClhode~

d'amcnagcl1lcnt du pin tordu qui pcrl11cttcnt de
r~duire les c1Cg.itS l'auses par Ie dendl"lX'tone du
pin pondero~a et ils ont traile. en terme~ g~ne

r;IO'\, de la lulte directe contre cet ilbectc. Sa
fran}i!.. (19821 a resume les principe::. de la IUlle
directe en en etlurnerant Ics mcthodes le~ plu~

usitees, Di\crses publication::. decrhcnt ces me
thode::. dont plusieurs sont in;.ccessiblc::. ou
demeurent inconnues chez Ie per::'Otlnel charge
(Ie la IUlle. La pr6sente publication s'adresse
donc tout particulicrement .i ceux Qui. tant c1an~

I'indu::.lrie forcsticrc que d;ln~ l'adlllini~tr;lIion,

contribuent .. la rcprc::.::.ion du dendrortone dan~

l'Oue~t canadien. [lie denit I.. (lortrll1C et ks me
thodes de lulte dircctc dalls k~ I)Cuplel11ctlts de
pin torelu, [lie ;.joule :.HI" donnce::. pllblice~ Ie:,:>
r~sultab incdib d'c"pcricnce:,:> re;.li"ces par le~

alltcu~ dmb hi region forestii:re du district dc
Cariboo au l'our~ de::. 10 dernicrcs anncc~ et Ie
fruit de leur apprcdation rollcrti\c quand I'infor
mation f;.it der..ul. Lc:,:> .lUteur.::. remercknt ::.in
l'Crcment I•• Di\ision de la prOlcrlion du mini::.
li:rc dc~ Forct~ de Ia Colombie-Brilannique pour
I'appui qu'cllc Icura accorde.
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Fig. I. T~ pica! one-) ear life (') de of the mountain pine bectlc.

Introduction

i\\ounlain pine bedk (i\IPI3). Oel/dro('TUJlIIS Iml/

dermal' [lop". (CokOIJlcra: Srolyticlae). is the
most deslnll'li\'c ins":!.:l pesl of mature pines in
Western C:Hlada (Safran) ik f'/ til. 1974). In recenl
ye;lTS. lhc loss caused by this bectlc in pine
sland~ (panicularly lod~cpok pine. Pill/I!!. nmlorlll
\<lr. {(I(llolia Dou~U has been dC\;lS\;Hing: lo~scs

in British Columbia from lhe 1983 ;lIlac!..
amounted 10 41 million trees killed o\er an in
fc.)led arc.1 of 482000 hectares (Wood C'/ al.
1985),

l\ Iolllllain pine bectlc I) I,il'ally has a one-~ l:ar life
qcle in British Columbia. Pe;ll-. e111ergl:nCe,
lligh!. and all:H:l-. by young adulls on nc\\ host
trees Ol"CUfS in mid to lat..: July. but may continue
until Sept..:mbcr. Eggs arc laid in the phlocm and
Ian al: O\'Cf\\ imer and l'om plet c cleve lopmel1t the
follo\\ing year. The life cycle and life stage~ of
I\II'B arc illustrated in Figures 1 and 2. The most
common de\ iation from the one-year life qde is
a panial or complete t\\O-)eM cycle. panicularl)
at high e!c\:lIions and ncar the nonhern edges of
the beetlc's distributional range. Changes in the
life qde mll~ resull in llllljor shifts in the Ii;ompo
ral di~tribution of the \ arious brood slilges and
damage symptoms. including foliage discolor;\·
lion \\hich usuall~ starts in late 1\1ay and early
June of the year following atlack.

Reduction of losses to mountain pine beetle is
b;lsed on IWO general approaches: long-tcrm
sland management and direct conlrol. Ideally.
control lies in long·lerm stand management
aimed :11 reducing stand susceptibility to ~IPB

tSafran)il-. l'I ai, 197·H. 1I0\\e\er. c\tensi\e su~·

ceptiblc .!>tamb and infestations :Ire pre~ent to<la)
and. despite the best effons ofintensi\c m;lllage
ment, some future infestations will require dir..:ct
procedures, Long·term management will requirc
changcs in silvicllitural all(l harvesting practiscs.
as wcll as the capabi Iity ofdi rcrt can t ral.

Background

What is direci cunHal?

The objecti\c of direct control is to reduce beetlc
numbers to IcH:ls that do not cause economicall)
important damage. or to reduce the rate of popu
lation e\pansion in order to implement a longer
term solution. For example, direct control might
be used to reducc the spread of an infestation
while an'ess is being de\eloped for harvesting.
For the Jlurposes of direct control. infestations
can be \ic\\ed in much the same manner as fires,
Thc mo~t practical and econollli(,:.lll~ pTilcticable
approach i~ to eXlinguish the fire \\hen it i~ sm:lli.
Similarl~. direct colllrol of ~IPB is most feasible
\\ hen infestations are small.

Sanil:ltion logging. in \\hich infested lTees con
taining 11\ ing beelles ;lre relllO\ cd from the st:lnd
and utilLc:ed (thereby killing the beetlesl. is the

Fig. 2. Life stages of mountain pine beetle: a) adult
beetles in egg g:llleries. b) eggs. c) late Stage
lar\a. d) pup:te. e) leneral adults in pupal cells.
nemergence holes. g) mature adull (From Sa
franyik etol. 197-4),
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Fig. 3. Incipient infestations of mount<lin pine bectle in lodgepole pi nc.

most comlllonly used amI frequently the most
efficient method ofdirecl control of MPB in H.C.
As sanitation logging is generally nOI suitable for
treating smalL scaltered infestations or infeslil
lions in remote areas. suppression techniques
based on trealment of individual trees nre an im
portant part of direct control.

Small groups of infested trees scattered in a
stand. or itdjacel1l to areas that have been logged
for bectlc control. are usually considered as inci
pient infestations (Fig, 3). Characteristically,
these incipient infestations are smaller than 2 ha
and there is generally a yearly innease in the
number of trees per spot and the number of in
fested spots. Eventually. in the epidemic phase,
the infested spots coalesce into one or several
large infeslHlions.

In susceptible stands. mountain pine beetle will
('ontinue to be a threat after control of incipient
infeslations. Therefore. direcl control of incipient
infestations must be viewed as a delaying tactic
until a) long-term management plans can be im
plemented. or bl damage caused by the insect is
reduced to acceplable levels. If repeated applica
lion of direct control does not bring about lhe

desired delaying effeo, the manager must be pre-'
pared to harvest or conven the stand to a less sus
ceptible condition.

Requirements for effectin direct control

Direct control is expensive in time, effon. ,ind
resources and, in spile of its long history. lhere is
no general agreement among scienlists and fores
ters regarding its effectiveness in reducing losses.
Recent theoretical work (Berryman 1978) and
field experiments (Whitney ef al. 1978) indicate
that direct control can be a sound strategy and
that tactics can be developed to implement it. Ex
perience suggests that, in order to be effective.
suppression work should be based on the follow
ing principles:

(I) The initial treatment over the entire area to
be protected must be completed within one
or two seasons. [t is desirable that the control
area be isolated as far as possible from other
sources of infestation. Otherwise. annual re
cleaning of the control area may be necessary
as long as infestations prevail in surrounding
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Fig, 4. Salvage logging a severely infested stand.

areas. When the infested areas cannot be
treated within the specified time period. it is
generally beller [0 salvage the stands (Fig.
4) because direci control is not likely to be
successful. This is partly because during
epidemics there is usually a 2-fold to 5-fold
annual increase in the number of infested
Irees. Therefore, the increase in numbers of
infested trees will be greater than could be
treated in any year. The spread ofinfeslations
and the inefficiency in finding infested trees
are additional complicating factors.

(2) Control work must conlinue as long as there
is evidence of bectle activity as indicated by
yearly stand surveillance.

(3) All relevantlactics must be applied in a coor
dinated manner when possible. No technique
should be considered in isolation or applied
in all circumstances.

(4) Success in direct control is dependenl upon
the thoroughness in all aspects of treatment
application and of surveillance. The object is
to treat every infested tree in the control
area.

Procedures of direct control

Major steps in direct control are (I) priorization
of stands for treatment, (2) annual surveillance
and detection and delineation of areas where con
trol may be feasible with available resources, and
(3) reduction of beetle numbers. The now chart
in Figure 5 depicts the main steps and procedures
of direct control operations. These operations are
grouped into pre- and post- beetle night activi
ties. Within each activity, the sequence and
methods of surveys and treatmenls, and deci
sions regarding treatment priority and practicabil
ity of control, are identified. The main purpose in
developing the flow diagram was to show the
integration of the various operational procedures
in the context of a year-round direct control pro
gram.

Priorization of stands

Since lreatmenl of infested (rees is expensive, it
is usually not possible to treat all infestations.
Therefore, stands of lodgepole pine should be
priori zed according to their socioeconomic value
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and risk of loss from MPS infestations.

The socioeconomic values of a stand, which
should include all Major timber and non-timber
resources and related shorl-term and long-term
benelits, are best determined al the regional
level by the agencies responsible for the manage
ment of these resources. These values can be ex
pressed in relativc Icrms as low, medium and
high. and combined with stand hazard rating
<Table I) to give a stand priority rating such as
Table 2. The stand hazard rating system proposed
by Hall (1985) combines the climatic hazard map
of Safranyik et al. (974) (Fig. 6) with elevation,
stand and site characteristics lAmman el al.

II

1977; Safranyik (982) into a comprehensive
system for rating lodgepole pine stands. Ratings
of socioeconomic values and stand hazard can be
combined many ways to priorize stands for treat
ment. Table 2 represents a reasonable approach
and gives equal weighting to socia-economic
values and stand hazard.

Control action should be concentrated in stands
having the highest management priorities, and in
nearby stands if the beetlc is threatening from
these. The locations, numbers and sizes of infes
tations selected for control action will depend, to
a large extent, on the resources available to the
manager.

Table I. B.C ~linislr) of Forests Stand Hazard Raling S):'>tcm lIlall 1985)

Hazard Lc\el

Low Moderate High
Faclor (Value = OJ (2) OJ]

Climatic hazard zones Very low low, moderllte high, extreme
(Fig. 16)

Ele\alion \\ithin PI zone high mid low
,\\eragedbh (PI) (em) <17 17-20 >20
A\>erage age (P I) <60 60-80 >80
Site poor medium good

Step I Determine climatic hazard zone of stand from Fig. 16.

Step 2 ASSign numerical ralings for each of the five faclors for each stand as
given above.

Step J Sum the assigned values for each of the five faclors for ea(h Slllnd 10

obtain a Total I-bzard Value.

SICP 4 Assign a Stand Hazard Rallng on the basis of the following rangcs ofTolal
Hazard Value:

Totaillalard Value

5·7
8 - 12

13 - 15

Siand Hazard Raling

Lo_
Moderate
High
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Table 2. Priority rating of stands for treatment

Stand hazard Socioeconomic value of stand

raling Low Medium High

Low Very low Low Medium

Moderate Low Medium High

High Medium High Very high

Annual surveillance and detection

Detection programs combine aerial and ground
based procedures and are done annually to locate
infested trees and to monitor past control opera
tions for possible reinfestation. The pre-beetle
flight detection program should be done by aerial
survej]]ap.~9.h!riDILIv1ay-Jl:!...ne, when the foliage
of most of the trees attacked the previous year
will have faded to straw color (Fig. 7). The infest
ed lrees must be marked in such a manner as to
allow ground crews to reach them. Scallered, in
fested trees are difficult to find in a stand. even
with a good map or aerial photo. A trail of paper
released from an aircraft, from the infested trees
to a well-defined landmark, is a useful method of
locating infested trees. The groups of trees with
discolored (yellow and red) crowns as well as
adjacent green trees should be examined on the
ground for the characteristic external evidence of
infestation described in Safranyik et al. (1974)
and all infested trees should be marked for treat·
ment. Older dead trees with red foliage can also
be marked for felling to prevent confusion in sub·
sequent surveys.

As the foliage of infested trees usually begins to
fade during mid-spring and the adult beetles fly
to attack new trees in mid-summer. detection
procedures based on foliage discoloration of in
fested trees allow little time for control work
before beetle flight. the only method of locating
infested trees before foliage discoloration occurs
is ground exami.nation of the lower boles of trees
in the vicinity of old i.nfestations for the presence
of boring dust, pitch tubes, and under-bark evi·

dences of infestation (Fig. 8). In localized infesta
tions. such as along the margins of logged areas,
ground examination is practical. In scattered in
festations over large areas. a portion of the green
infested trees can be concentrated in predeter
mined <lreas through the use of pheromone
baited trap trees, as described later. The remain
der of the infested trees must be located and
treated after foliage discoloration.

The use of pheromones for detecting the pre
sence of mountain pine beetles and for monitor
ing population changes is neither necessary nor
practical. The MPB is found in low numbers in
most mature pine stands. Population changes can
be monitored more efficiently and effectively
using aerial reconnaissance combined with
ground checking to annually record the numbers
of infested trees.

Reduction of beetle populations

There are two major approaches to reducing
beetle populations:

(A) treatment of infested trees to kill beetles
and their broods under the bark;

(B) preflight baiting of uninfested trees to trap
flying beetles.

Although trapping of the beetles in baited trees
does not reduce the beetle population by itself, it
may make the control work using the various
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Fig. 7. Foliage discoloration of lodgepole pine in the )"t:ar following infestation by
mountil;n pine beetle: a) slighl fading by f\by or June. h) light yellow
color by June or July. d fed brown color by Jul) or August. IFrom Sa
fr;m}'ik Nal. 19741

Fig. 8. Bole symptoms of infestation by mountain pine beetle. a) pitch lubes. b)
boring dust around base oflree.
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Fig. 9. Sanitation logging.

treatment options more emden\. Also. tlpplica
lion of some treatments, such as the use of pesti
cides 10 kill attacking beetles, is feasible only
when used in combination with baited trees.
Hence. these approaches should be combined on
each control operation. The following provides a
description of the procedures, and their advan
tages and disadvantages:

A) Treatment of infested Irees to kill beetles
under the bark

The following treatments are all effective when
carried out carefully and thoroughly. Each treat
ment has its advantages and disadvantages relal
cd to the ease and the timing of application. Dif
ferent treatments can be used sequentially and in
combination throughout the life of the insect
under the bark.

(]) Sallirarionlogging (Fig. 9)

This method can be effective in reducing beetle
populations but its practicality is limited by
access, infestation size, ownership, consideration
of other forest values. and timber markets.
Another consideration is the speed with which
cutting permits can be issued so that infested
timber may be removed before the beetles
emerge 10 attack new trees. Logging schedules

are dictated by the biology and habits of the
beetle. [n spite of these limitations, logging is
more cost-effective than methods based on indi
vidual tree treatments and is the only method
suitable for reducing beetle numbers in large in
festations (e.g .• larger than 10 to 20 ha. depend
ing on the density of infested trees).

OJ Suming oIrlle il/jesred porlioll oIrlle bole

i) Pile and burn (Fig. 10)

Infested trees are felled. leaving low stumps. The
attacked portion is cut into lengths which can be
handled, piled over slUmps and burnt on site.
The intensity of the burn must be such that the
bark is completely charred on all logs. Fuel oil
may be used to increase the intensity of the fire,
particularly when the bark is green or moist.

This technique is effective anytime between
allack and emergence of the young beetles. [t is,
however. time-consuming and restricted by fire
hazard conditions, but it is useful for winter work
on almost any terrain.

ii) Standing single trees (Fig. 11)

This p~ocedure can be carried out with modified
or standard initial fire-allack equipment; an a[[
terrain vehicle. with tank and pump-equipped
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Fig. \0. Piling and burning operation. Fuel oil is sprllyed on tire 10 increase in
[CnsilY of burn.

Fig. 11. Burning single standing tree.

trailers. is required. A mixture of 90% fuel oil
and 10% gasoline is sprayed on the bole. ignited,
and additional mixture is sprayed on to maintain
the fire for about three minules. Allhis lime. the
edges of the bark nukes should have turned to a
white ash. During cold weather, additional burn
ing time will be necessary to altain temperatures
under the bark sufficient 10 kill the beetles. Spot
checks must be made to ensure that lethal tem
peratures are reached, and the burning time
should be altered as required.

Modifications to the fire-attack equipment are
unnecessary if the pump has a fuel oil·resistant
impeller and appropriate (e.g., No.4) nozzle. A
delivery rate of 3.6 j (0.96 gal.) per minute at 69
kPa (j 0 psi) nozzle pressure allows treatment of
a tree with 3.5 to 7 f of fuel. Trees should be
burned to a height of9 to 10 m,

The advantage of this technique is that about
twice as many trees can be treated per day than
with piling and burning. Terrain and stand densi
ty that restrict vehicle access and high fire hazard
conditions limit the use of the technique.



(J) Herbicide (.HS,HA (monosodium meth
allearsonare)l) trearmclI! of /lcwly il/festcd
trees

The chemical is placed in a continuous shallow
axe frill made around the tree ncar the base
(within 0.3m of ground level) (Fig. 12). The frill
should extend inlO the sapwood no deeper than 3
to 4 annual rings, I.e., just deep enough to hold
the chemical. The chemical is dispensed into the
frill with a squeeze bottle or other convenient dis
penser at the rate of 0.4 ml per cm of circumfer
ence. The herbicide must be distributed along
the entire length of the frill,

The major advantage of this technique is that all
necessary equipment and materials can be easily
transported in the woods. The major disadvan-

The me OfpeSlicidcs in the fore,l requires lh"\" permit be oblained
from B,C ~I;nis\r; of En,ironment and Ihm Ihe Op","t;on be ".f·
ried OUI under the ,u per, ision of 1he holder of. ,"1 id Pest,cide ,\ p.
pl;C"lOfS Ceni!ic.le. The mention of \peci~c' pe'tic;des in IhlS bro
chute ;ndj,'"leS only th"l Ihe)' "fO effe,'\;'e .nd .\'"il"blo but docs
not ;ndiC"lC Ih.l lhe)' are presenU,· re~;stcred for the purpose
;nd;c·.IOd.

Fig. 12. Frilled lodgepole pine with \ISMA injected
into the frill. Double filling ensures complete
girdling of Ihe stem,

17

Fig, 13. Wire screening "basket" allached to the
lower bole of a baited and insecticide-treated
pine to monitor Ilight.

tage is that trees must be treated within 24 days
after attack has taken place. During this period.
newly infested trees me difficult 10 find. The
crowns are still green and the only evidence of
attack is pitch tubes and boring dust on the bole.

Knowledge of the time of attack, which is neces
sary for proper liming of the treatment, can be
obtained in two ways:

i) Establish several baited trap trees during late
spring and examine them frequently for the
first evidence of allack. Several trees are
necessary since some of the trap trees may
not be attacked.

ii) Place wire screen (5 to 7/cm mesh) baskets
around the base of several baited, pestidde
treated trees (Fig. 13) to collect beetles killed
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Fig. 14, [nfested tog pile sprilycd with diesel oil and cOile red with plastic sheeting,

as the}' attempt to allack. The traps must be
examined al 2 10 J day intervals. A sudden in
crease in the number of beetles caught indi
cates a major Oight has laken place.

Infested trees arc felled. bucked when necess:uy.
and the ult;lcked portions are sprayed uniformly
to drip point wilh il bark-penetrating solution of
pesticide in fuel oil. About 0.5 t of spray is re
quire(1 peT 111~ of bark surface.

Chlorpyrifos ' . used as a spray conHlining 2% a.i.
prepared from Dursban • in fuel oil, is effective
for this purpose. The spray equipment can be of
many Iypes. The main requirements urc thai the
pans be resistant 10 fucl oil and thai the nozzle
delivers a cone-shaped or fan-shaped spra)'. Fuel
oil alone is also an effective treatment when
sprayed to drip point on infested logs which are
then tightly covered with plastic sheeting (Fig.
14).

Applications of insecticides in fuel oil can be
made on standing trees (Fig. 15). The equipment
should be capable of spmying up to 10m high on
the bole. Approximately 552 kPa (80 psi) pump
pressure would be required. However, more
spray hits non-target surfaces than when spraying
felled trees.

Fig. 15. Spraying standing infested trees with bark
penetrating insecticide to kill ~PB broods
under the bark.



These procedures are best carried out ncar the
end of the life of the insect under the bark, i.e.,
in spring and early summer before the emergence
:md flight period. At this time, the foliage of trees
:lltaeked the previous year will have staned to dis
color and Iherefore groups of infested trees will
be relatively easy to locale. Also. wealhering and
woodpecker work Ihroughout Ihe winler will
have provided holes in the bark which aid pene
tralion of peslicide. The major disadvantages are
thai equipment :md materials have to be trans
ported to Ihe tre:Jlment site and Ihe use of pesti
cides may be disagreeable. The use of prOiecli\'e
clothing :lOd appropriate face masks is required'.
Pesticide label directions must be followed and
appropriate permits must be obtained.

B) Preflight pheromone baiting of uninfestfd
trl't's

Baiting of uninfesled. untreated or pesticide
treated trap trees has two purposes: to trap and
kill flying beetles attracted to them. and to serve
as a nucleus for a spot infestation that can be
treated later. The laller situation often occurs
when there are more beetles than can be ab
sorbed by the baited trees.

Baited trees should be the largest diameter pine
available. preferably with a dbh of at teast 25 em.
Trees mUSt be baited prior to beetle flight. The
commercially available bait consists of three
message-bearing chemicals (semiochemicals):
two beetle aggregating pheromones (IrQIIS

verbenot. produced by females and {'XG·

brevicomin, produced by males) and a host
produced chemical, myrcene (Borden {'I al.
1983a. 1983b: Conn {'! al. 1983). The lures con
taining these three chemicals arc all ached to the
tree (Fig. 16) preferably on the north side and
above the understorr canopr (PMG/Stratford
Projecls Ltd. 2 1983),

Lethal Irap Irees are prepared by spraying the
boles of baited trees to a height of al least 4 m
with a nonpenetrating insecticide 10 kill beetles
attracted to them. Boles are sprayed 10 the drip
point. A preparation of 2% a.i. carbaryl in water
prepared from Sevin S L is effecti\'e l .

lethal Irap trees will usually be attacked on bark

: Currer.t name of rompllll} '5 Ph~lotl:<'h ltd.
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Fig. 16. r-..tounlilin lline beelle lure illtached to a tree.

surfaces not treuted or inadequately treated wilh
insecticide and adjacent trees may also be at
tacked depending on beetle population size.
Baited trees untreated with insecticide are also ef
fective traps but generally trap fewer beetles than
lethal tniP trees: hence more adjacent trees may
be allackcd.

Infested trap trees and any adjacent attacked
trees must be treated following attack to kill bee
tles and their broods.

The strategy of using semiochemicals for mani
pulating mountain pine beetlc populations needs
more development. Tree bailing is highly effec
tive in inducing beetles to altack selecled trees.
This increases the effectiveness and the feasibili
ty of direct control programs. Semiochemicals
can be used for containment of medium-sized in
festations (2-20 ha) in combination with sanita
tion logging. and reduction of dispersal of beetles
from larger infestations. The general procedures
of how to use semiochemicals to address these
Questions are contained in the Technical BuJletin
by PMG/Stratford Ltd. 2 (983).



Summar)'

The sellson<ll openllions associated with control
of incipient infestations of mountain pine beetle
are summ;lrized in the nowchart (Fig. 4). The un
derlying requirements of these oper.:l1ions are:
{I J thai control aClion must be initialed early in
the infestation: (2' thaI "II available techniques
be used with coordinated. thorough application:
and (J) that control action must be maintained
until there is no evidence of infestation or until
other management options arc exercised.
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