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RESUME 
En 1977, la Tordeuse occidentale de I'Epinette (Choristoneura occiden

talis Free.), a cause de serieuses defoliations au Douglas taxifolie (Pseudot
suga menziesii [Mirb.) Franco) sur 246,000 ha, la plus grande superficie 
jamais infestiie par la Tordeuse en Colombie-Britannique. La Tordeuse a fai t 
l'objet d 'etudes en 1977 et 1978, alors que sa population declinait; 25 especes 
de parasitdides y ont ete trouvees. Le parasitisme des larves s'est chiffre en 
moyenne a 40% au premier stade, ii 20% au dernier stade et Ii 16% (1977) et 
25% (1978) au stade pupal. Le parasitisme total a ete de 61% (1977) et 69% 
(1978); en 1977, 17% des masses d'oeufs ont ete attaquees. L'incidence de la 
maladie a ete tres faible. Le declin subit de la Tordeuse en 1978 sur toute 
I'aire infestee, sans egard aux populations de parasitdides, laisse croire que Ie 
parasitisme n'a pas ete un facteur important. La presence de parasitdi'des 
dans toute l'aire infestee fait supposer qu'en general ils n 'auraient pas ete 
serieusement affectiis par les applications de pesticides sur des aires limi
tees. 

ABSTRACT 
In 1977, the western spruce budworm, Choristoneura occidentalis Free., 

caused serious defoliation of Douglas-fir (Pseudotsuga menziesii [Mirb.J 
Franco) over 246,000 hectares, the largest area ever infested by the budworm 
in British Columbia. The budworm was surveyed in 1977 and 1978, as the 
population declined; 25 parasitoid species were found. Early-stage larval 
parasitism averaged 40%, late-stage 20%, and pupal 16% (1977) and 25% 
(1978) . Total parasitism was 61 % (1977) and 69% (1978); in 1977, 17% of the 
egg masses were attacked . Disease incidence was very low. The sudden 
decline of the budworm in 1978 over the entire infestation, regardless of 
parasitoid populations, suggested that parasitism was not a major factor . 
The widespread occurrence of parasitoids throughout the infestation sug
gests that they would not have been seriously affected overall by pesticide 
applications on limited areas . 

INTRODUCTION 
Changes in populations of the western spruce 

budworm, Choristoneura occidentalis Freeman 
(Lepidoptera: Tortricidae) , a serious pest of 
Douglas-fir (Pseudotsuga menziesii [Mirbel] 
Franco), can be predicted by observing the 
various factors that affect them, such as para
sitoids_ Parasitoid populations also are affected 
by various factors , one being the pesticides 
which are sometimes used against budworms. 
Thus there was concern in 1977 for natural con
trolling agents when a chemical control program 
against the bud worm was proposed for approxi
mately 40,500 hectares north of Hope, British 
Columbia. 

Tothill (1923) reported six species of insect 
parasitoids controlling an outbreak near Lil
looet in 1919-1920. Wilkes et at. (1948) reared 
44 parasitoid species from Lillooet, and Silver 
(1960) reared 14 species from Pemberton, four of 
which had not been recorded by Wilkes_ The 
Forest Insect and Disease Survey (FIDS) at 
Vic toria recorded at least 30 parasitoid species 
attacking C. occidentalis in B.C. since 1949, of 
which 11 were not listed by the above authors; 
14 species were collected from the proposed 
treatment area. In total, at least 59 parasitoid 
species were reared from the western spruce 
bud worm in the Province since 1911. 

The current bud worm infestation began in 
1967, when localized defoliation of Douglas-fir 
occurred near Lillooet. Subsequently , t he area 
of defoliation increased annually until, in 1977, 
the budw orm had caused defoliation over the 

Records from previous infestations in B.C. 
showed a complex of natural enemies associated 
with budworm populations. Hewitt (1912) pro
vided an early record from Victoria in 1911 , and 
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largest area ever recorded (246,000 hectares) 
for this pest in B.C. Prior to 1977 there were no 
quantitative parasitoid datfl available. but in 
that year parasitoids were included in a sampl
ing project designed to assess the control pro
gram. The sampling procedures and results a re 
described here. 

METHODS 
Samples of western spruce budworm were 

taken at 72 sites in 12 geographic areas during 
1977 and/ or 1978, and were examined for para
sitoids (Fig. 1). Third- and fourth-instar bud
worm larvae (L3 and L,j) were collected from 
late May to mid-June ; LS and L6 in late June ; 
pupae from late June to early July ; and eggs 
from late July to early August. Overall bud
worm larval populations were monitored during 
the la te instar stage by three-tree beatings 
(Harris et al. 1972), and by examining branches. 

Larvae were reared on an artificial diet in 
plas tic creamer cups (McMorran 1965 ), pupae 
in empty creamer cups, and egg masses in glass 
vials. These were examined frequently and de
velopment was recorded. Parasitoids reared to 
adults were identified at t he Pacific Forest Re
search Centre (PFRC), Victoria, or at the Bio
systematic Research Institute , Ottawa . 

Percent parasitism was determined for each 
budworm stage separately and for all stages 
combined, for each geographic area. Total para
sitism was calculated by successively reducing 
t he initial budworm population by the rate of 
parasitism at each sample stage (see formula at 
end of Table 2). Mortality from causes other 
t ha n parasitism during rearing was as much as 
70% at some sites. High temperatures during 
transport were probably a significant fac tor. 

Various sites wi thin the infestation had in
curred from 1 to 8 years of continuous defolia
tion, according to annual aerial surveys by 
FIDS. Sites at which parasi toids were collected 
were grouped by age of infestation and t he per
cent larval parasitism was calcu lated and com
pared. 

To check for disease incidence , larvae and 
pupae from 24 locations in 1977 and from 35 in 
1978 were sent to the Forest Pest Management 
Institute (FPMl) , Sault Ste. Marie, Ontario. 
Collections also were examined for microspori
di a a t PFRC in 1977. 

RESULTS 
Twenty-five parasitoid species were found 

(Table 1), but only a few were abundant. Each 
budworm stage had a different parasitoid com
plex . 

Early- stage larval parasitism averaged over 
40%, and ranged from 21 to 100% at different 
locations (Table 2). The most common species 
were Apanteles fum iferanae Viereck and Glyp
ta fumife ranae Viereck, with only low numbers 
of five other species encountered. Late-stage 

larval parasitism averaged over 20% and ranged 
from 0 to 71%. Nine species of Diptera were 
found on this stage, the most common being 
Ceromasia auricaudata Townsend and Win
themia fumiferanae Tothill. 

Total parasitism of both early and late instar 
larvae , calculated for 29 plots in 1977, averaged 
54%, and ranged from 16 to 99%. In 1978, it 
averaged 59% over 20 plots, and ranged from 16 
to 95%. 

Pupal parasitism averaged 16% in 1977 
and 25% in 1978, and ranged from 0 to 75%. 
Pupae were parasitized by the ichneumonids 
Apechthis ontario Cresson, Itoplectis co nquisi
tor Say, ltoplectis quadricingulata Provancher 
andPhaeogenes hariolus Cresson. 

For 14 plots where both larvae and pupae 
were collected in 1977, total parasitism averaged 
61 %, and ranged from 58 to 99%. For 11 plots 
in 1978, parasitism averaged 69%, and ranged 
from 37 to 98% 

Egg parasitism by Trichogramma minutum 
Riley in 1977 averaged 17% for egg masses 
affected and 12% of total eggs (Table 3). There 
was an average of 1.4 Trichogramma from each 
egg, compared to 2.1 reported by Wilkes et al. 
(1948) and 2.4 reported by Hewitt (1912 ). 

A larval parasitoid not previously recorded 
for B.C. on C. occidentalis was Enytus sp . Four 
others not identified to species but which could 
be new records were Campoplex sp., Diadegma 
sp., and specimens of Campopleginae and Pori
zontini. Hyperparasites were encountered in 
minor numbers : Elasmus atratus Howard para
si tizing G. fumiferanae, Mesochorus sp. and 
Mesochorus tachypus Holmgren parasi t izing 
A. fu mi feranae and M esopolobus sp . attacking 
an unknown host. 

P hy todietus fu miferanae Rohwer (Hymen
optera: Ichneumonidae) and Cyzenis incrassata 
Smith (Diptera : Tachinidae ) were not found, 
although they had been collected by Wilkes et 
al. (1948 ) in large numbers for release in eastern 
Canada . The former had been collected by Sil
ver (1960) near Pemberton , and the latter at 
Sumallo River near Hope in 1974. Nei ther 
species was collected by Doganlar and Beirne 
(1978) at Yale. 

Non-insect parasitoids were of little signifi
cance in the current infes tation . In 1977, a single 
Thelonia microsporidiwn-infested sample was 
found at Fountain Valley , and a few larvae on 
Mission Mtn . were infected wit h nuclear-poly
hedrosis virus. In an isolated patch of defolia
tion near Revelstoke , however , 30% of the larvae 
were infected with a granulosis virus . 

The relationship between the number of 
years of defoliation a t a location and larval 
parasitism was examined for 48 sites ; an analy
sis of variance showed no significant difference 
(0.5 level) between parasitism at sites grouped 
into five defoliation ages : 
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Figure 1. Locations where collections were made for western spruce budworm parasitoids, 1977-1978. 
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No. of years 
site defoliated 

1-2 
2-3 
3-4 
4-5 
5-8 

No. of 
plots 

Avg. % larval 
parasitism 

48 
74 
60 
43 
69 

Budworm populations in the infestation 
area have been monitored since 1949 (Fig. 2). 

The data show epidemic populations peaking 
in 1958 and again in 1977. The best parasitism 
record of late instar larvae also peaked in 1958 
but it was still increasing in 1978. Pupal para
sitism peaked in 1955 and declined sharply in 
1958. However, it continued to rise in 1978. In 
the current infestation, early J u ne larval popula
tions on branches and early July beatings 
showed an overall decline of about 60% in 1978 
from the previous year (Table 2). 

TABLE L Western spruce budwormparasitoids reared in British Columbia, 1977-1978. 

Parasitoid species Budworm stage 
from which 

No . of parasitoids 
reared 

_________________________________ ~p~a~r~a~s~l~·~t~o~id em~e~r~g~e~d~ __ .~1~9~7~7 __ __ 1978 ' / 

Diptera 
Sarcophagidae 

Agria house.! Shewell Pupa 
'rachinidae 

Actia i nterrupta Curran L6 
AplomY2 ~ Aldrich L6 
Ceromasia auricaudat a Townsend ------ L6 , pupa 
Hemisturmia tor t ricis Coquillet Pupa ----------
Madr~myia saundersii Williston L6 
Phryxe pecosens i s Townsend L6 , pupa 
pseudoEerichaeta erecta Coqui l let L6 
winthemia fumi feranae Toth ill L6 , p upa 

Hymenoptera 
Braconidae 
~ntel~ fQ~iferanae Viereck L4 , L5 

Elasmidae 
Elasmus atratus Howard Hype r p arasite 

Ichneumonidae 
~pechthis ontari~ Cresson Pup a 
Ca rnpop l eginae L4 
.fam.!2.9plex sp. L4 
Diad~ sp . L4 
.§.!lytus sp . L4 
~ta fumiferanae Viere c k L4 - L6 
ItoElectis conquisitor Say Pupa 
I toElectis 9uadricin~lata Pupa 

Provancher 
Mesochorus ------- - sp. Hyperparas ite 
Mesochorus !2chypus Holmgren Hyperparasite 
PhaeE.!J.ene~ hariolus Cresson Pupa 
Por izontin i L4 

pterornalidae 
MesoEo lobus sp . Hyperparasi t .e 

Trichogramrnatidae 
Trichogranuna minutum - --- Riley Egg 

1/ Brackets indicate the number reared from mass collections taken near Cache Creek. 
1/ The 10 Mesopolobus sp . all emerged from one bud worm lar va. 

0 3 

0 
0 2 
8 34 (32) 

0 
0 4 (2 ) 
1 3 
0 2 
4 35 (4 ) 

123 101 (30 ) 

3 0 

14 
0 2 
2 3 
0 1 
3 2 

124 61 (52 ) 
0 10 
8 0 

0 38 
11 12 (26 ) 
16 48 

0 

0 l OV 
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AVERAGE NUMBERS OF BUDWORM LARVAE 
PER COLLECTION 

.. . ..... % PARASITISM OF BUDWORM LARVAE 

- - - % PARASITISM OF BUDWORM PUPAE 

1\ 
I \-, 
I \ 
1 : 

30 1 • 

1950 1955 1960 1965 1970 1975 

Figure 2. Budworm populations and percent parasitism, 1949-1978, on study areas 1-10. Average 
numbers of collections per year = 41. 

DISCUSSION 
Parasitism of western spruce budworm lar

vae and pupae generally was high , and there was 
considerable variation among areas sampled. 
Parasitism, however, did not seem to be related 
to the number of years of defoliation in an area . 
Budworm populations decreased considerably 
in 1978, after 11 years of continuous expansion . 

Records of parasitism from earlier infesta
tions can help us understand the current situa
tion. Hewitt (1912) believed that parasitoids, 
particularly those attacking eggs, effectively 
controlled this pest. He found 43% parasitism, 
however, compared to 12% in our infestation . 
Overall larval parasitism (54 and 59%) in 1977 
and 1978, respectively, was similar to that esti
mated by Tothill (1923) (61%) in the declining 
stage of a localized outbreak near Lillooet in 
1919. He stated that parasitoids and birds could 
reduce populations of the budworm to the point 
t hat bird activities in the following year control
led the outbreak. Pupal parasitism in the cur
rent study (23 and 26%) was lower than that 
found by Silver (1960), who reported 28 to 62% 
from 1954-1958, but none in 1959, the year of 
population collapse. However , total la rval and 
pupal parasitism (61 and 69%) were higher in 
1977 and 1978 than that recorded by Wilkes 

et al. (1948 ). who found an average of 11 to 31% 
from 1943-1947. In the northwestern U.S., 
McKnight ( 1971) credi ted the sudden collapse of 
an infestation in Colorado in 1963 to a braconid, 
Bracon politiventris Cushman, but this species 
was rarely encountered in B.C. 

Parasitism reduced budworm populations 
but not damage because there usually was an 
over-abundance of budworms competing for 
limited supplies of foliage , particularly in 1977. 
Parasitoid populations were wide-spread 
throughout t he infestation, so it is unlikely that 
pes ticide applications over 40,500 ha (17% of the 
infected area) would have greatly affected the 
parasitoid complex. Since bud worm populations 
declined markedly over most of the infestation 
during 1978, regardless of parasitoid popula
tions, one concludes that parasitism was not a 
major fac tor causing population collapse. 

To confidently interpret current parasitism, 
one needs good records from past infestations 
for comparison. The exis ting historical records 
of FIDS do not contain adequate parasitoid 
data for a good assessment and fewer such 
records are being taken each year. This is un
fortunate because collecting data only during 
peak periods when funilll are available for emer
gency situations does not permit us to acquire 
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information about parasitism in low and rising 
populations which could be used in the future to 
help predict bud worm populations . 
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