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Abstract

Populations of the western spruce budwofm,
Chor;SIOflellfG occidellfalis, an important forest
defoliator of Douglas-fir stands in British
Columbia. have periodically increased to infesta­
tion levels for 1 to 13 years at various localities
before declining. Trees severely defoliated for
several years suITer top-kill, deformity, and mor­
tality. Infestations have occurred primarily in the
Coastal and Imerior Douglas-fir Biogeoclimatic
zones, but have extended into the Coastal West­
ern Hemlock Zone and Interior Cedar-Hemlock
Zone.

Since 1909, six infestations of the western spruce
budwofm have occurred in B.C. The last three in­
festations have been the most extensive, and the
area of defoliation has increased in each case. In
the latest infestation, which continues in 1984,
there were 226 000 ha of Douglas-fir stands defo­
liated in the peak year of 1976.

Before an outbreak. the first warning is an in­
crease in the number of samples containing bud­
worm larvae (percent positive samples) to 20%
or higher. If in a subsequent year the average
number of larvae per sample increases and local­
ized defoliated areas are observed, an increase in
the intensity and area of defoliation is likely the
next year. If in following years, the percent posi­
tive samples and average number of larvae per
sample increase markedly, widespread defoliation
can be ex peeted .
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Resume

La tordeuse occidentale de I'epinette (ChorislO­
Ileura occidellw!is) est un neall des douglasieres
de la Colombie-Britannique, et ses effectifs ont
atleint des seuils epidemiques pendant I It 13 ans,
dans diverses localites, avant de se resorber.
Apres une defoliation grave de plusieurs annees,
la eime deperit, I'arbre se deforme puis il meufl.
Les infestations sont surtout survenues dans les
zones biogeoclimatiques du douglas de l'lnte­
rieur et de la Cote, mais e1les ont gagne celles de
la pruche occidentale, sur la Cote, et celie du
thuya et de la pruche, de I'!nterieur.

Depuis 1909, il ya eu six infestations de la tor­
deuse occidentale en Colombie-Britannique. Les
trois dernieres ont ete les plus generales, et la su­
perficie defoliee a augmente chaque fois. La der­
niere infestation, qui dure encore en 1984, a ete
la plus devastatrice en 1976, alors que 226 000 ha
des douglasieres ont lOtIO defolies.

Le premier signe annonciateur d 'une infestation
a venir est que Ie tau x d'echantillons eon tenant
des larves de tordeuse (pourcentage d'echantil­
Ions positifs) depasse 20%. Si, au cours d'une
annee ulterieure, Ie nombre moyen de larves par
echantillon augmente et qu'on observe des
zones localisees de defoliation, il est probable
que, l'annee suivante, I'intensite et la superficie
de defoliation augmenteront. Si, dans les annees
ulterieures, Ie taux d'echantillons positifs et Ie
nombre moyen de larves par eehantillon augmen­
tent considerablement, on peut s'attendre a line
defoliation generalisee.
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Introduction

The western spruce budwOfm, C!lorisfoneura occi­
demolis Freeman (Lepidoptera: Tortricidae),
feeds primarily on Douglas-fir (Pseudo/sligo l1Iell­

ziesii (Mirb.) Franco) in British Columbia (B.C.).
Ahhough normally present in low numbers and
unnoticed in the forest, bud worm populations
periodically increase to such levels lhat they visi­
bly damage hOSl foliage. These increases in popu­
lation, caused by increased reproduction and sur­
vival or by spread from other infested locations
(Shepherd 1977), are known as population out­
breaks. The period of high populations and
noticeable defoliation, which may persist for
several years, is termed an infestation. An infes­
tation is considered to last from the first La the
final year in which host trees sustain visible
defoliation. Defoliation has mostly occurred in
the Interior Douglas-fir Biogeoclimatic Zone
(U.B.c. Faculty of Forestry 1983), in the ecotone
of lhis zone with the Coastal Western Hemlock
Zone in the Pemberton and Hope areas and with
the Inlerior Cedar-Hemlock Zone in the Adams
Lake-Shuswap Lake area, and wilhin the Coaslal
Douglas-fir Zone on southeastern Vancouver
Island. The lirst recorded infestation in B.C. oc­
curred on southeastern Vancouver Island fr0111
1909101910 (Mathers 1931). Since then, live
other infestalions have been recorded in B.C.,
and the largest infestation occurred near
Pemberlon, Hope and Cache Creek.

Budworm larvae prefer the current year's foliage,
but in severe infestations older foliage is also
consumed. The upper crown of host trees is usu­
ally defoliated lirst. If severe. defoliation con­
tinues for several years, losses in radial and
heigh I growth, and lop-kill and tree mOrlality will

occur (Shepherd el al. 1977; Collis and Van
Sickle 1978; Alfaro el al. 1982; Thomson el al.
1982; Van Sickle el al. 1983). Stem deformities,
which reduce the merchantable volume, often
develop during lhe recovery from severe top-kill.

Defolialor populations, and the damage they
cause, are monitored annually throughout B.C.
by the Forest Insecl and Disease Survey (FIDS)
of the Canadian Forestry Service. Before 1949
there was no formal sampling plan for estimating
populations, and defoliation boundaries may not
always have been reliably recorded. Beginning in
1949, populations were measured annually by
FIDS staff at a province-wide network of ground
sampling points (Harris 1976). Observalions of
tree defoliation and mortality have continued to
the present, and have increased in accuracy as
more use was made of aircrafl for detecting anc!
appraising damage (Harris and Dawson 1979).

This report, palterned on a similar report on
western hemlock looper. LambdiJlo jiscellario
lugubrosa (Hulst) (Harris el al. 1982), describes
the history of western spruce bud worm infesta­
tions in B.C., summarizing tree damage since
1909 and larval populations since 1949. In lhe
lalter case, for live geographic areas where infes­
tations have occurred, the average number of
larvae per sample and percent samples containing
budworm larvae (percent positive samples) were
calculated and plotted so that populalion changes
could be readily seen. Budworm populations
before and during the course of each infestation
were then examined and thresholds identified
which might serve as a warning of impending
outbreaks.
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Methods

Information on the western spruce budwofm in
British Columbia was obtained from various pub·
lished and unpublished records dating back to
1909. Quantitative larval data for 1949-1983
were retrieved from the FIDS computer data file
(Harris 1976). The most important literature
source was the FIDS annual regional report
which summarizes forest pest conditions in B.C.l
Mathers (1931, 1932) outlined the earlier infes­
tations up to 1930, and Silver (1960) described
the infestation in the 19505 in the Pemberton­
Hope area.

The abundance of western spruce budworm
larvae on Douglas-fir was determined for each
year from records collected by FIDS at 73 pertna­
nent sampling stations (Fig. I) using the 3-lree

1 By Forest Region since 1920, in "Annual District Report.
Forest Insect and Disease Survey" and" Annual Forest
Insect and Disease Conditions". Canadian Forestry
Service. Victoria; and for the Province since 1937, in
"Annual Report of the Forest Insect and Disease
Survey", Canadian Forestry Service, Onawa. These
reports were compiled from insect collections <lnd damage
records taken each summer on the ground (Harris 1976)
and from annual aerial defoliation surveys (Harris and
Dawson 1979).
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Fig. 1. Western spruce budworm Forest Insect and Disease Survey permanent sampling
stations in British Columbia (.) from 1949-1983; samples were combined into the
following major study areas to delermine average numbers of larvae per sample
and percent positive samples in each area: (A) Pemberton, (B) Hope, (C) Cache
Creek, (D) Salmon Arm, (E) Rock Creek.



beating method described by Harris (976). The
average number of larvae per sample and the per­
cent positive samples frol11 DOllglas~fir frolll
1949-1983 were calculated and graphed for five
geographic study areas in southern Interior B.C.
(Fig. 1, A-E). These areas were groups of drain­
ages in which defoliation hac! occurred between
1949-1983 (Fig. 2), and were selected based on
the temporal and geographic pattern of derolia~

lion development that had occurred in the two in­
festations since 1949. Outside these areas, six
localized spots where defoliation occurred for
only one year (Fig. 2) were omitted from the
larval population analysis as well as the southern
Vancouver Island area (Fig. 2, location 19) where
defoliation has not been recorded since 1930.

Results

Areas in which western spruce budwofm defoliat­
ed Douglas-fir in B.C. have been variable in size.
The cumulative total area defoliated over all
years is about 340000 ha (Fig. 2). Since 1909,
there have been six infestations in B.C. (Table I,
Fig. 3 and 4). The first five lasted from 2 to II
years before subsiding, but the current infesta·
tion, which started in 1967, has lasted 17 years
and reached a peak in 1976 when 226000 ha of
Douglas-fir were defoliated. This infestation con­
tinues but on a reduced scale. The six infestations
are described in greater detail in the following de­
scriptions based on damage data from 1909­
1983. Larval populations (calculated for each of
the five major geographic study areas) were then
sUlllmarized from 1949-1983, comparing bud­
worm numbers at different stages of the last two
infestations, to determine thresholds for predict­
ing future outbreaks (Table 2).

1909-1910

In 1909, the first recorded damage by western
spruce bud worm feeding on Douglas-fir in British
Columbia occurred on southeastern Vancouver
Island at Victoria and Duncan (Mathers 193 I).
In 1910, the area most severely infested was
from Maple Bay near Duncan south to the Saa­
nich Peninsula and on Saltspring Island (Fig. 4a).
Some mortality of second growth Douglas-fir oc­
curred where there was repeated defoliation.
However, 1909 was considered to be the peak
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year, and there was an apparent decrease in in­
tensity in 1910.

1916-1919

A small infestation occurred in the Lillooel area
from 1916-1919 (Mathers 193]) (Fig. 4a). Toth­
ill (1923) reported that natural checks (larval
parasites and birds) brought abollt a reduction of
the infestation, which subsided entirely in 1920.

1923-1930

In 1923, the budworm was reported at Glade on
the Kootenay River near Castlegar. Defoliation
occurred on 1200 ha in the Bridesville-Rock
Creek area in the Kettle River Valley (Fig. 4b)
which persisted until 1928 (Mathers 1931).

In 1926-1927. light to severe defoliation of
immature Douglas-fir and grand fir (Abies
grandis (DougJ.) Lindl.) occurred at five locations
on southeastern Vancouver Island: Craig near
Parksville, \Vellington north of Nanaimo,
Yellow Point near Ladysmith, Maple Bay near
Duncan, and Col wood near Victoria (Fig. 4b).
The budworm was also reported on Gabriola
Island near Nanaimo. In 1928, the infestation
subsided north of Nanaimo, but expanded in the
Yellow Point, Maple Bay, and Col wood areas. In
1929, the original area of defoliation at Yellow
Point subsided, but a new area of defoliation oc­
curred nearby. At Maple Bay. defoliation de­
creased in intensity in 1929, but the area ofdefo·
liation expanded in the Col wood area, from Fin­
layson Arm east to Thetis Lake south to Glen
Lake and Albert Head. In 1930, the infestation
subsided at Yellow Point and Maple Bay and de­
clined at Colwood, collapsing completely in
1931. During the infestation, tree mortality was
limited to a few suppressed trees, however, most
defoliated trees recovered by putting out secon­
dary growth, even when defoliation was as severe
as 75%.

Mathers (1931) reported that in 1930 the bud­
worm was again active in the Lillooet area, but
no details were recorded.
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Fig. 2. Maximum extenl of western spruce budworm in British Columbia from 1909-1983.
A-E identify siudy areas (See Fig. I) from which permanent sampling station
records were extracted and averaged from 1949-1983. The following locations are
distinct drainages or areas where defoliation has occurred in more than one year:

(I) Lillaoel River drainage north of Lillooel Lake, including Birkenhead River
drainage, Rutherford Creek, SOD River, Green River; Gales River, Haylmore and
Blackwater creeks; Cheakamus Lake. (2) Lillooet Lake. including lower Lillaoel
River south to Gowan Creek. (3) Seton Lake, Anderson Lake, Whitecap Creek,
Cayoosh Creek, Mission Pass. (4) Carpenter Lake, Downton Lake, upper and
lower Bridge River, Yalakom River. (5) Pavilion area, north along the Fraser River
to Big Bar Creek, Pavilion Mountain, Pavilion, Crown, and Kelly lakes. (6) Lillooe!
area, south along the Fraser River to Texas Creek, Fountain Creek. (7) Lynon
area, Fraser River south of Texas Creek 10 north of Kwoiek Creek, Stein River. (8)
Botanie Creek. (9) Fraser Canyon area of Fraser River from Hope to Kanaka,
Kwoiek Creek, ahallatch Lake. (0) Upper ahatlatch River drainage. (I J) An­
derson River drainage. (12) Coquihalla River drainage, Sowaqua Creek. (13)
Skagit River drainage, Sumallo River, Snass Creek, Skaist River; icolurn and Sil­
verhope creeks. (14) Thompson River from east of Lytton to Savona: Bonaparte
River drainage from Cache Creek to north ofClinlon, Hat Creek, Loon Lake. (15)
Kamloops Lake area; Pass Valley, Sabislon and Carabine creeks, Tranquille River,
Tunkwa Lake. (16) Merritt-Princeton area; Spius and Prospecl creeks. (J 7) Adams
Lake and upper Adams River, East Barriere Lake; Shuswap Lake drainage, includ­
ing Scotch Creek, Seymour River, Ratchford Creek, White Lake, Eagle River from
Sicamous to Clanwilliam Lake near Revelstoke. (18) Rock Creek to Bridesville:
Anarchist Mountain near Osoyoos. (9) Southeastern Vancouver Island.
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Fig. 3. Infestations of western spruce bud worm in British Colum bia, 1909-1983, with dis­
tinct drainages or local ions (1-19) (Fig. 2) where defolialion has occurred in more
than one year.

1943-1946

In 1943-1944, severe defDliatiDn of DDuglas-flr
occurred from Pemberton tD Anderson Lake,
alDng the Lillooet River nDrth frDm PembertDn,
near LillDDet at MissiDn Ridge, ML McLean and
FDuntain Creek, alDng the Bridge River, in the
Botanie Valley near Lytton, and at Skaist River
near Hope, where alpine fir (Abies lasiocatpa
(Hook.) NutL) and Engelmann spruce (Picea ell­
gellllallllii Parry) were alsD attacked (Fig. 4b). In
1944, YDung DDuglas-flr were defoliated at the
mDuth Df upper Adams River. In 1945, the infes­
tatiDn collapsed at Pemberton and Skaisl River,
and decreased in intensity at Ml. McLean. Mis­
siDn Ridge and BDtanie Valley. However, near
LilloDet at CaYDDsh and Fountain creeks defDlia­
tion increased in intensity and was severe at
Bridge River. In 1946, the infestation cDntinued
tD decrease at MissiDn Ridge and ML McLean.
DefDliatiDn was light near Pavilion at FDuntain
Creek and CrDwn Lake and severe in SpDtS at

YalakDm River. Dticeable defDliation occurred
Dn Pavilion Mountain and at Kelly Lake, sDuth­
west of Clinton. where larvae were heavily
parasitized. In 1947, high numbers of larvae were
present in some of the above locations, bUl there
was no record of defolialion.

1948-1958

In 1948-1952, light defoliatiDn 2 Dccurred near
LiIlDDet in the FDuntain Creek Valley, extending
from 460 tD 1070 m in elevation, but this de-

2 The criteria used by FIDS 10 classify defoliation from the
air were as follows:- light: discolored foliage barely visi­
ble from lhe air. some branch lip and upper crown defolia­
tion: moderate: pronounced discoloration. noticeably thin
foliage. top third of many trees severely defoliated, some
completely stripped; severe: bare branch lips and com­
pletely defolialed tops, most tfees more than 50% defoli­
ated.
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Fig. 4. Infestations of weSlern spruce budworm in British Columbia, 1909·1983. Slud}'
areas A-E as in Fig. 1 (also in b. near Lillooet in 1930; exact location unknown).

creased in 1953 (Fig. 4c). In 1952-1953, popula­
tions increased considerably near Hope in the
Fraser Canyon and along the Nahatlatch and An­
derson rivers, and near Pemberton in the Lillooet
River Valley. In 1953, light defoliation was evi­
dent for several kilometres along the Fraser
Canyon and Nahatlatch Ri ver, and severe defoli­
ation of current year's foliage occured on 100 ha
at Anderson River, but no aerial survey was
conducted. Light defolialion occurred along the
Lillooet River between Harrison and Lillooet
lakes. In 1954, the infestalion expanded along
Lillooet Lake and River from Gowan Creek 10

Pemberton and in the Fraser Canyon from Scuz-

zy Creek to ahatlatch Lake, with two small
areas of defoliation at Haylmore Creek northeast
of Pemberton. In 1955, the infestation again ex­
panded along the Lillooet Ri ver north to Pebble
Creek and in the Fraser Canyon south to Spuz­
zum, and new defoliation was recorded from
Pemberton to Birkenhead Lake and D' Arcy.
Moderate to severe defoliation occurred, with
limited tip and shoot killing, extending from
valley floors up to 920 m. In 1956, Ihe infestation
expanded further with new areas from Blackwater
Creek east along Anderson and Seton lakes to
Lillooet, and southwest of Pemberton to Tisdall.
Light to severe defoliation was recorded with
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some scalLered lop-kill in the older infested areas.

In 1957. there was lillie change in the intensity
or area defoliated (the Fraser Canyon area was
not mapped from lhe air in 1957). Light defolia­
tion was recorded from Lillaaet to Texas Creek,
along the west side of the Fraser River. In 1958,
the infestation spread frol11 Pemberton to Alta
Lake with new areas of defoliation at Bridge
River northwest of Lillaoet and at Anderson
River near Boston Bar. In 1959, lhe infestation
collapsed after causing severe defoliation in
some areas since 1954. Only traces of defoliation
were observed and trees previously stripped of
upper foliage produced new growth.

1967-1983

Western spruce budworm defoliation in this
period occurred in the Pemberton, Hope, Cache
Creek, Salmon Arm, and Rock Creek areas and,
in isolated patches, at Siocan Lake, Okanagan
Falls, West wold, Riske Creek, and Bella Coola.
Fig. 4c1 outlines the main area of defoliation in
this infestation.

Pemberton, Hope and Cache Creek areas. De­
tailed maps showing the progression of defolia­
tion from 1970 10 1983 for these lhree sludy
areas combined are given in the Appendix. In
1967-1968, moderale to severe defoliation oc­
curred on a small area at 1070-1190 m elevation
at Mission Mountain near Lillooet, which cov­
ered 160 ha in 1969. In 1968-1969, populalions
increased to the south and west in the Pemberton
and Hope areas. In 1970, light to severe defolia­
tion of Douglas-fir occurred on over 6700 ha in
the Pemberton area along Soo River, Rutherford
Creek, from Pemberton to Salal Creek, and at
Haylmore Creek, Mission Mountain, Whitecap
Creek and Seton Lake. At Salal Creek, amabilis
fir (Abies olllobilis (DougJ.) Forbes) were also al­
lacked in 1970 and again in 197 I along wi th
alpine fir. The infeslalion expanded in 1971 to
over 15 500 ha; new areas of defoliation occurred
near Pemberton al McGillivray Creek, Blackwa­
ter Creek-Birkenhead Lake, and near Hope in
the Fraser Canyon and at Tashme on the Hope­
Princeton Highway. In 1972 there was a further
general expansion so lhal over 40400 ha were
defoliated; the infestation spread in the Pember­
ton area to Carpenter, Gun, Downton and Chea­
kamus lakes, and Kwoiek and Cayoosh creeks.

II

Light to moderate defoliation occurred in most
areas, with some top-kill and mortality of under­
story trees. In 1973, there was a further expan­
sion to over 72600 ha. New areas of defoliation
occurred near Hope at Eight-mile Creek, Sumallo
River, Anderson River, and Nahatlatch Lake,
and at Bridge River north of Lillooet and Mount
Currie near Pemberton. Repeated defoliation
over several years resulted in scattered top-kill
and tree mortality.

In 1974, the infestation increased to 96000 ha,
with new areas of defoliation occurring south of
Pemberton at Lillooet Lake, near Hope at Skagit
River, Silverhope Creek, and Skaist River, along
the Fraser River at Pavilion, Fountain Valley,
Lillooel, and Lytton, and near Lytton at Botanie
Creek. In the Pemberton area the infestation de­
creased in intensity. In 1975, the infestation con­
tinued 10 decline along Lillooet River north of
Pemberton, but expanded at Lillooet Lake,
Fraser Canyon, Nahatlatch Lake, Sumallo River,
Skagit River, Downlon Lake ancl Botanie Creek,
with new areas from Lytton to Lillooet along the
Fraser River and along the Coquihalla River near
Hope, where light defoliation occurred. Small
patches of lighl defoliation occurred at Kelly
Lake near Clinton. The tOlal area infested was
over 116000 ha.

In 1976, the infeslation expanded and intensified
near Hope in the Fraser Canyon and along lhe
Coquihalla, Skagit, and Sumallo rivers and con­
tinued to decline in the Lillooet River Valley
northwest of Pemberton. Tree mortality and top­
kill were evident at Rutherford and Railroad
creeks near Pemberton and at Trafalgar and Tsi­
leuh creeks in the Fraser Canyon. The infestation
also intensified in the Carpenter Lake-Bridge
River Valley and in tile Lytlon-Lillooet area.
New areas of defoliation occurred along the
Fraser River north of Pavilion, at Oregon Jack
Creek near Cache Creek, between Lytlon and
Spences Bridge on the Thompson River, and
along lhe Slein River weSl of Lytlon. Traces of
defoliation were recorded near Merrill and
Princelon. Lighl defolialion occurred again south
of Clinton at Kelly Lake. TOlal area affecled was
189000 ha. [n 1977, the infeslalion expanded to
199000 ha. There was a general increase of
moderale and severe defoliation near Hope along
the Fraser Canyon, Skagit River, Sumallo River,
and Coquihalla River, and in the Pemberton area
at Lillooet River, Birkenhead River, Bridge



River, Carpenter Lake, and Yalakom River. lew
areas of defoliation were noted in Ihe upper
Nahatlatch River Valley, in the Cache Creek­
Merritt-Princeton area, south of Clinton, and on
both sides of the Fraser River at Big Bar Creek.

In 1978, the infestation declined to 31 500 ha of
mostly light defoliation. No defoliation was
recorded along the Lillooet or Bridge River
valleys, the lower Thompson River, and between
Lyllon and Lillooet along the Fraser River.
Patches of defoliation occurred in the Fraser
Canyon and along the Skagit and Coquihalla
rivers. Defoliation declined in the area south of
Clinton. Mainly light defoliation occurred on
over 5200 ha near Cache Creek and north of
Lillooel. Moderate defoliation occurred on 110
ha south of Walhachin east of Cache Creek. A
trace of defoliation was encountered near Merritt
at Spius Creek and at August Lake near Prince­
ton. In 1979, a further decline in the infestation
occurred near Hope in the Fraser Canyon-Skagit
River area, and patches of light to severe defolia­
tion were recorded on 16420 ha. In areas pre­
viously defoliated, noticeable top-kill and tree
mortality (appearing as grey stands) occurred on
5700 ha in the Pemberton and Hope areas. Defo­
liation increased along the Coquihalla River
where there were 3290 ha of mainly severe
defoliation, and in the Clinton-Cache Creek­
Lyllon area where 27 000 ha of mainly light defo­
liation occurred. Two areas of very light defolia­
tion occurred at Anderson Lake and Mission
Mountain.

In 1980, there was an increase in the area of
recorded defoliation in the Fraser Canyon-Skagit
River area (mainly moderate-severe) and from
Lyllon to Clinton (mainly light) to over 80900
ha from 46 800 ha in 1979. Defoliation was again
recorded along Carpenter Lake and the Stein
River where it had not occurred since 1977. At
lower Lillooet River two small patches of moder­
ate defoliation were recorded. In the Pemberton
and Hope areas, within stands previously defoli­
ated, up to 39% of the Douglas-fir had top-kill
and 28% were dead from repeated defoliation or
in combination with bark beetle attack. Tree mor­
tality and top-kill were evident at Cornwall Creek
near Cache Creek, and Marshall Creek near
Carpenter Lake where repeated severe defolia­
lion had occurred. Al Hart Ridge near Clinlon,
abollt 5% of understory and inlermediate lrees
were killed after four years of defoliation. In
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1981, defoliation in the Hope area was reduced
to 380 ha of severe defoliation at Urquhart
Creek. At Haylmore Creek near Pemberton
there were 40 ha of very light defoliation and
near Carpenter Lake there were 65 ha of light
defoliation at Marshall Creek. In the Spences
Bridge-Cache Creek-Clinton area, defoliation
was also reduced from 1980: over 21 000 ha of
mainly moderate defoliation were recorded.

In 1982, no defoliation was observed in the
Pemberton-Hope-Lillooet area and few larvae
were collected in beating samples. Defoliation
again decreased in the Spences Bridge-Cache
Creek-Clinton area to 16000 ha of mainly light
to moderate defoliation, and new areas of defolia­
tion were noted at Sabiston and Carabine Creeks.
In 1983, the defoliated area increased considera­
bly in the Spences Bridge-Cache Creek-Clinton­
Savona area to 73 550 ha of mainly light defolia­
tion, and new defoliation occurred at Tranquille
River and Tunkwa and Pavilion lakes. A major
expansion occurred in the Clinton area, resulling
in a six-fold increase in recorded defoliation, but
some of this was from very light feeding. High
larval and egg mass counlS indicate continued
defoliation in 1984, especially near Cache Creek
and Clinton.

Salmon Arm Area. Light to moderaie defolia­
tion occurred along the upper Adams Ri ver on
640 ha in 1974. This expanded to 3800 ha in
1975, and new defoliation was reported along
Adams Lake, near Momich Lake, Gollen Creek
and Harbour lakes (Fig. 4d). The area of defolia­
tion increased considerably in 1976 to 37000 ha
of moderate to severe defoliation, including new
areas along Shuswap Lake, at Scotch Creek,
Sicamous, Seymour River, Anstey Arm, and
Mara Lake. In 1977, the infestation decreased to
10520 ha of light defoliation and new areas of
defoliation were recorded at White and East Bar­
riere lakes and at Clan william Lake near Revel­
stoke where 25 ha were moderately defoliated. In
1978, larval populations were still presenl, but
no visible defoliation occurred, and in fall surveys
no egg masses were found. Populations collapsed
in 1979.

Rock Creek Area. In 1977, light defoliation oc­
curred in the Kellie River Valley at Johnstone
Creek near Rock Creek (Fig. 4d). In 1978, trace
defoliation occurred on Anarchist Mountain near
Osoyoos and light defoliation of Douglas-fir and



western larch (Larix occidel/lalis NutL) occurred
at Johnstone Creek on 80 ha. This increased in
1979-1980 to moderate defoliation on 200 ha. In
1981, defoliation increased in intensity and ex­
panded to 1000 ha from Rock Creek to Brides­
ville, but this decreased in intensity in 1982,
though beating samples averaged higher larval
counts. In 1983, there was a further decrease in
defoliation, and about 300 ha of trace defoliation
(noticeable only on the ground) were recorded
along Johnstone Creek. Larval counts were high
at Johnstone Creek in 1983, so defoliation may
continue in 1984.

Other Areas. In 1970, light to moderate defoli­
ation was recorded on current year's growth of
Douglas-fir at Firvale near Bella Coola (Fig. 2).
In 1975, light defoliation occurred in small
patches of Douglas-fir near Riske Creek. In
1976, trace defoliation was recorded at West wold
near Falkland and Okanagan Falls near Pentic­
ton. In 1977, light defoliation occurred at Cove
Creek on the west side of Siocan Lake.

Discussion

Infestation Periodicity

A historical knowledge of areas damaged by
spruce budworm will aid in defining hazard zones
and selecting locations for future sampling. High
priority sampling areas would be those where
consistently high larval populations and visible
damage have occurred (Harris el 0/. 1981) and es­
pecially those where defoliation has been repeat­
ed in two or more infestations (Figs. 3, 4 and 5).
An increase in the number of larvae per sample
and in the frequency a1 which larvae occur in
samples should alert the observer to monitor
these stands more closely. Where a possible prob­
lem is recognized, the economic values at risk
should be assessed and control action should be
prepared.

The periods of infestation in the areas studied are
presented in Figure 3. On Vancouver Island,
populations twice reached damaging levels, in
1909-1910 and in 1926-1930, but not since. In the
Pemberton area, five periods of defoliation were
recorded. Defoliation was localized near Lillooet
in 1916-1919 and 1930 (exact locations un­
known) and widespread during the other three
periods. In the Hope area defoliation occurred in
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the last three infestation periods. Defoliation was
localized at Skaist River in 1943-1944, but was
more extensive in the las1 two periods. In the
Cache Creek area defoliation occurred only in
the last infestation. Localized defoliation oc­
curred in 1944 in the Salmon Arm area and was
extensive in the last infestation. In the Rock
Creek area localized defoliation occurred in two
infestations, in 1923-1928 and in the last
infestation. Thus, with the exception of the two
early records near Lillooet. where the exact loca­
tions were nOl indicated, defoliation has not oc­
curred in any area for more than three infestation
periods in this century (Fig. 5).

Annual radial growth from two affected trees
sampled at Log Creek, near Hope, were also used
to study the periodicity in budworm infestations
in B. C. (Fig. 6). Only the earlier years, 1787 to
1899, are shown for the first tree because the ex­
tremely small annual radial increments of this
193-year-old tree in laler years masked the effect
of any possible defoliation on radial growth. Four
bud worm infestations, which occurred at inter­
vals of 15 to 41 years, appear to have occurred in
this area between 1787 and 1899. Radial growth of
the second tree, which was 105 years old, shows
three additional infestations which occurred at in­
tervals of 20 to 37 years between 1899 and 1980.
The two later infestations are documented. Simi­
lar infestation histories, based on radial incre­
ments, were reported for the Railroad Creek
area, near Pemberton, B.C. (Shepherd el 0/. 1977
and Alfaro el 0/. 1982) and for the eastern spruce
budworm (Cltorislollellra /lIl11iferalla (Clem.» 111

eastern Canada (Blais 1983).

Population Records

More detailed estimates of bud worm populations
became available when tree beating sampling for
defoliator larvae began in 1949. Since then, there
have been two western spruce budworm infesta­
tions in the southern Interior, one between 1948
and 1958 and the other between 1967 and 1983.

Increases, peaks. and declines in the area of visi­
ble defoliation taken from aerial surveys and
larval populations measured at permanent sam­
pling stations either coincided or occurred within
one to several years of each other (Fig. 7). In lhe
Pemberton area, larval populations peaked in
1958 and 1975 and defoliation peaked in 1958 and
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1976. In the Hope area, larval populations
peaked in 1954 and 1977 and defoliation peaked in
1956 and 1977. In the Cache Creek area, larval
populations peaked in 1979 and defoliation
peaked in 1980 but, after dropping, both rose
sharply to even higher levels in 1983. In the
Salmon Arm area, the peak in larval populations
occurred in 1975, one year before the peak 0;'
defoliation in 1976. In the Rock Creek area, the
peak in larval populations (I978) preceded that
of visible defoliation by three years 098[).

Sharp increases in larval populations and the per­
centage of samples conlaining budworl11 larvae
(percent positive samples) generally were ac-

companied by increases in the area of defoliation.
Study of data from seven major population in­
creases indicate population levels that might fore­
cast impending defoliation or population peak or
decline (Fig. 7). Two years before visible
defoliation, the percentage of positive samples
averaged 35% and the average number of larvae
per sample was 2 (Table 2); in the year before
the tirst visible defoliation, the percentage of
positive samples rose to 48% and the average
number of larvae per sample rose to 3. In the
year oftirst visible defoliation, the average of per·
cent positive samples increased only slightly to
52%, however, average number of larvae per
sample rose to 11. Considerable variation existed
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both within and between areas (Table 2). In the
following years l as defoliation and larval popula­
tions peaked, the average percent positive sam­
ples increased to 80% (33% in one area) and the
average number of larvae per sample rose to 52 (I
per sample in one area). In the first year of sig­
nificant decline in the area of defoliation positive
samples dropped to an average of 57% and the
average number of larvae fell to 21 per sample.
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Thus, when small areas of defoliation are noted,
especially where infestations have occurred in
the past, and if the percentage of positive samples
increases to 30-50% and the average number of
larvae per sample increases to 2 or 3 per sample,
widespread defoliation may occur in the following
year or two. Such forecasts, however, are 5ubjecl
to change because other regulatory mechanisms
such as weather might affect populations.
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Table 1. Western spruce budwofm infestations in British Columbia,
1909-1983.

Infestation period Location Maximum deroliated
area (ha)

1909-1910 S.E. Vancouver [gland not recorded

t916-1919 Lillooel area not recorded

1923-1930 Bridesville-Rock Creek, 1200
S.E. Vancouver Island IS 000

1943-1946 Pemberton-Lillaae! area, 46000
Skaisl River

1948-1958 Pemberton-Lillaae! area, 80000
Fraser Canyon

1967-1983 Pemberton, Lillaaet, Bridge 226 000
cOnlinuing River. Fraser Canyon, Hope,

Skagit-Sumallo rivers,
Princeton, Cache Creek,
Climon, Savona, Adams-
Shuswap lakes, Rock Creek-
Bridesville
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Table 2. Percenl positive samples (PPS) and average numbers of larvae per sample (LPS) al selecled
stages of western spruce budworm infestations in British Columbia, 1949-1983.

Study Two years One year Fi [51 year Year of maximum Year of significant
Areal before visible before visible of defoliation defoliation decline in

defoliation defoliation deJoliation

PPS LPS PPS LPS PPS LPS PPS LPS PPS LPS

Pemberton 0 0 20 0.5 22 3 71 42 23 1
25 OS 47 2 41 I 91 103 67 30

Hope 50 2 20 2 71 7 80 7 43 1
62 8 62 2 29 I 100 127 67 21

Cache Creek 56 2 83 4 69 13 100 60 64 30

Salmon Arm 50 40 6 67 29 83 22 100 18

Rock Creek 0 0 67 2 67 20 33 33 48

Avg 35 2 48 3 52 11 80 52 57 21
Range 0-62 0-8 20-83 0.5-6 22-71 1-29 33-100 1-127 23-100 1-48

Study areas are delineated on Figure I. For the Pemberton and Hope areas, data were available for two infestation
periods (Fig. 3).
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Appendix I. Western spruce bud worm defoliation maps for southwestern
Interior British Columbia, 1970-1983.
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Western Spruce Budworm Infestation - 1971
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Western Spruce Budworm Infestation - 1972
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Western Spruce Budworm Infestation - 1973
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Western Spruce Budworm Infestation 1974
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Western Spruce Budworm Infestation - 1975
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Western Spruce Budworm Infestation - 1976
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Western Spruce Budworm Infestation - 1977
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Western Spruce Budworm Infestation - 1978
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Western Spruce Budworm Infestation - 1979
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Western Spruce Budworm Infestation - 1980
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Western Spruce Budworm Infestation - 1981
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Western Spruce Budworm Infestation - 1982
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Western Spruce Budworm Infestation - 1983
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