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Historical spruce budworm defoliation records adjusted for
insecticide protection in New Brunswick, 1965–1992
David R. Gray and Wayne E. MacKinnon

Introduction
The spruce budworm, Choristoneura fumiferana Clem. (Lepidoptera: Tortricidae), is arguably the most damaging
forest insect in North America’s boreal and Atlantic Maritime forests (Hardy et al. 1983). Radial growth (measured at
breast height) can be reduced by as much as 75% after several years of severe defoliation (Miller 1977). Mortality of
host trees reached 89% (Ostaff and MacLean 1989) and 60% (Cappuccino et al. 1998) in separate outbreaks in Cape
Breton, Nova Scotia and Abitibi, Québec, respectively. In Canada, this native defoliator occurs throughout most of
the range of white spruce (Picea glauca (Moench) Voss), although its preferred host is balsam fir (Abies balsamea
L. Mill.) (Miller 1963). As a result of their vast spatial extent (Hardy et al. 1986) and impact, spruce budworm
outbreaks are potentially the major natural disturbance in Canada’s boreal forest (Fleming 2000, Fleming et al. 2002).
Population densities of this native defoliator have exhibited a somewhat regular, approximately 30-40 year cycle over
an extensive landscape for at least the last three centuries (Royama 1984; 1992). During outbreaks, larval populations can
exceed 1000 per m2 of host foliage (Ostaff and MacLean 1989). Between these outbreak periods, populations may be so low
as to make it difficult to find a single larva among several hundred branches (Royama 1992). Outbreaks occur somewhat
synchronously over extensive areas (Royama 1984; Candau et al. 1998; Gray et al. 1999; Williams and Liebhold 2000),
but outbreak duration varies regionally from as few as one to as many as 20 years (Candau et al. 1998; Gray et al. 1999).
This combination of economic importance, large spatial extent and cyclic behaviour has made the spruce budworm
a popular insect model for investigating various aspects of population dynamics at the landscape scale in recent years.
However, this same spatial extent has forced researchers to utilize defoliation records in lieu of the usually preferable
population densities (e.g., Candau
�����������������������������������������������������������������������������������������
et al. (1998); Gray et al. (2000); Williams and Liebhold (2000); Gray (2007)). At
the landscape scale, estimates of the spatial extent and annual defoliation levels must necessarily come from aerial
surveys and sketch mapping because this is the only source of data at these scales. Despite the widespread use of the
method (Simpson and Coy 1999), relatively little has been done to evaluate its accuracy (MacLean and MacKinnon
1996). Nevertheless, aerial surveys remain the only method used to collect defoliation data at the large landscape scale.
Researchers who resort to aerially sketched defoliation levels as surrogate data for population levels should be aware
that in some jurisdictions the application of insecticide(s) has reduced the estimate of defoliation from what would
have occurred without foliage protection. If researchers use defoliation data from multiple jurisdictions, of which
one has experienced intensive insecticide application, an unequal bias will be present in a subset of their data. In New
Brunswick, aerial application of insecticides approached 50% of the moderately and severely infested areas in many
years of the last outbreak and a significant reduction in defoliation was achieved (Webb and Irving 1983; Cadogan 1986).
In the work described here, we have addressed this bias in the defoliation data by removing the estimated effect of
insecticide application from the defoliation data in New Brunswick. Our objective was to provide a modified data set of
“defoliation without protection” in New Brunswick that can be combined with defoliation data from other jurisdictions,
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Table 1. Sources of spray efficacy data in New Brunswick from 1965–1992.
Spray efficacy measurement

Reference source

Years

Insecticide
product1

Foliage
saved
(eq.)

Population
reduction
(eq.)

Summary type
(A or I)2

Macdonald et al. (1968)

1965–1967

DDT; F; P

9

I

Miller and Kettela (1975)

1968

DDT; F; P

9

A

Miller and Kettela (1975)

1969–1970

9

A

Kettela and Varty (1972)

1971

Miller and Kettela (1975)

F; P

9

F

9

1972–1973

F; P

9

Kettela (1995)

1974–1976

F; T

9

A

Kettela et al. (1977)

1977

A; F; T

9

I

Kettela (1995)

1978–1982

A; Bt; F

9

A

Carter and Lavigne (Annual
Reports (1984–1993))

1983–1992

A; Bt; F

9

I
A

9

I

9

DDT = dichloro-diphenyl-trichloroethane; F = fenitrothion; P = phosphamidon; A = aminocarb;
T = trichlorofon; Bt = Bacillus thuringiensis var kurstaki
2
Annual summaries were either for all insecticides without distinction among products (A) or for
individual products (I).
1

where insecticide application rarely reached even 5% of the
moderately to severely defoliated areas, with less concern of
a “downward bias” existing in the New Brunswick data set.

Materials & Methods
Digital maps of aerially detected spruce budworm
defoliation, and of insecticide spray blocks, 1965–1992, were
obtained from the New Brunswick Department of Natural
Resources (NBDNR). The defoliation and spray block
polygons were temporally and spatially intersected using
ArcInfo (ESRI 2006). We characterized the intersection
polygons with the midpoint of the NBDNR defoliation
category (negligible (≤10%) = 5%; light (11–30%) = 20%;
moderate (31–70%) = 50%; severe (71–100%) = 85%), and
the insecticide used, if included in the original data set.
Where spray efficacy was reported as percent foliage saved,
efficacyFS =

%defoliationuntreated – %defoliationtreated
%defoliationuntreated
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x 100%

the defoliation category midpoint was increased
by the reported efficacyFS for the year×insecticide
product×dosage combination. Where spray efficacy
was reported as percent reduction in larval population,
efficacyLR =

#larvaeuntreated – #larvaetreated
#larvaeuntreated

x 100%

the defoliation category midpoint was increased by
35% if the reduction in larval population exceeded 74%
for the year×insecticide product×dosage combination
(Miller and Kettela 1975). Where spray efficacy was
reported by either foliage saved or larval reduction,
but without distinction among two or more insecticide
products or dosages, the average efficacy of all spray
blocks in the year was used. See Table 1 for a list of spray
efficacy data sources and insecticide products. All spray
efficacy data are from measurements taken on balsam fir.
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Fig. 1. Reported spruce budworm defoliation in New Brunswick, 1965–1992. Note that defoliation categories ‘negligible’ and ‘light’ have
been combined for graphical purposes.
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Fig. 2. Estimated spruce budworm defoliation without protection in New Brunswick, 1965–1992. Note that defoliation categories ‘negligible’
and ‘light’ have been combined for graphical purposes.
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Fig. 3. Comparison of area reported with moderate to severe
defoliation and estimated (without protection) in New Brunswick,
1965–1992.

Williams and Liebhold (2000) used historical levels of
spruce budworm defoliation, as “a proxy for abundance”,
from Manitoba, Ontario, Quebec, Newfoundland and
Labrador, New Brunswick, and Maine, 1945–1988, to
examine how spatial scale may affect the detection of
density-dependence. The binary classification of their
data (<30% or ≥30% defoliation) was no doubt affected
by insecticide application in New Brunswick. Gray (2000)
and Candau (1998) restricted themselves to areas outside
of New Brunswick where insecticide application was never
extensive. But Gray and MacKinnon (2006) recognized
the benefit of reducing the bias in New Brunswick when
they examined outbreak patterns in eastern Canada. Gray
(2007) used the modified data set when examining the
effects of climate on duration and severity of outbreaks.
Our spatially-referenced “without protection” defoliation
estimates are available in ArcInfo export format at http://
www.atl.cfs.nrcan.gc.ca/internal/dgray/index.html and can
be used by researchers who want to combine defoliation
estimates from New Brunswick with other jurisdictions
where insecticide applications were not extensive.

Results and Discussion

Acknowledgments

The reported spruce budworm defoliation levels in
New Brunswick from 1965–1992, and our estimated
“without protection” defoliation levels are contrasted
in Figs. 1 and 2. As expected, the area of moderate
and severe defoliation was greater in the “without
protection” estimates than the reported estimates.
Differences are greatest in the years 1976–1982 (Fig.
3) when insecticide application was most extensive.
Our “without protection” defoliation estimates do not
take into account one effect of insecticide applications:
the stand mortality that would have occurred from
high levels of cumulative defoliation in the absence of
protection. An uncontrolled spruce budworm outbreak in
Cape Breton Island during 1976–1984 caused considerable
spruce-fir mortality (MacLean and Ostaff 1989). Removing
this effect of protection would be done by eliminating
some observations of defoliation towards the end of
the outbreak, as some stands with reported defoliation
may have previously succumbed to the repeated
defoliation had there been no protection. However,
we know of no reliable method to remove this effect.
Nonetheless, our “without protection” estimates of
defoliation are a useful modification to the existing longterm, spatially extensive data set that has been used by
researchers to study aspects of population dynamics and/
or spatial ecology at the landscape level. For example,

The authors are grateful to the New Brunswick Department
of Natural Resources, Forest Pest Management Section for
sharing their data. The authors thank to Nelson Carter
for his helpful comments on an earlier version of this
document. This project was supported in part by the
Climate Change Action Fund (Project No. S99-13-02)

© 2007 Acadian Entomological Society

References
Candau, J.-N., Fleming, R.A., and Hopkin, A. 1998.
Spatiotemporal patterns of large-scale defoliation caused
by the spruce budworm in Ontario since 1941. Can. J.
For. Res. 28:1733–1741.
Carter, N.E., and Lavigne, D.R. Annual Reports (1984–
1993). Protection spraying against spruce budworm in
NB Timber Manage. Branch, Dep. Natur. Resources
Energy, Fredericton, NB.
Elliott, K.R. 1960. A history of recent infestations of the
spruce budworm in north-western Ontario, and an
estimate of resultant timber losses. For. Chron. 36:61–
82.
ESRI 2006. ARC-Info computer program, version 9.2. By
ESRI, Redlands, CA.
Fleming, R.A. 2000. Climate change and insect disturbance
regimes in Canada’s boreal forests. World Resource Rev.
12:520–554.

| Next Page | Previous Page | First Page | Full Screen

Gray & MacKinnon / Journal of the Acadian Entomological Society 3 (2007): 1-6

Fleming, R.A., Candau, J.-N., and McAlpine, R.S. 2002.
Landscape-scale analysis of interactions between insect
defoliation and forest fire in central Canada. Climatic
Change 55:251–272.
Gray, D.R. 2007. The relationship between climate and
outbreak characteristics of the spruce budworm in
eastern Canada. Climatic Change (in press).
Gray, D.R., and MacKinnon, W.E. 2006. Outbreak patterns
of the spruce budworm and their impacts in Canada.
For. Chron. 82:550–561.
Gray, D.R., Régnière, J., and Boulet, B. 1999. Analysis and
use of historical patterns of spruce budworm defoliation
to forecast outbreak patterns in Quebec. For. Ecol.
Manage. 127:217–231.
Gray, D.R., Régnière, J., and Boulet, B. 2000. Analysis and
use of historical patterns of spruce budworm defoliation
to forecast outbreak patterns in Quebec. For. Ecol.
Manage. 127:217–231.
Hardy, Y., Lafond, A., and Hamel, L. 1983. The epidemiology
of the current spruce budworm outbreak in Quebec. For.
Sci. 29:715–725.
Hardy, Y., Mainville, M., and Schmitt, D.M. 1986. An
atlas of spruce budworm defoliation in eastern North
America, 1938–1980. Misc. Pub. No. 1449, U.S. Dep.
Agric. For. Serv.
Kettela, E.G. 1995. Insect control in New Brunswick, 1974–
1989. Pages 655–665 in J. A. Armstrong and W. G. H. Ives,
editors. Forest insect pests in Canada. Natur. Resources
Can. Can. For. Serv., Ottawa, ON, Can.
Kettela, E.G., Easton, R.W., Craig, M.B., and vanRaalte, G.D.
1977. Results of spray operations against spruce budworm
in New Brunswick 1977 and a forecast of conditions in
the Maritimes for 1978. Natur. Resources Can. Can. For.
Serv. Fredericton, NB. Inf. Rep. M-X-81.
Kettela, E.G., and Varty, I.W. 1972. Summary statement
on the entomological assessment of the 1971 spruce
budworm aerial spray program in New Brunswick and
forecast of conditions for 1972. Natur. Resources Can.
Can. For. Serv. Fredericton, NB. Inf. Rep. M-X-29.

© 2007 Acadian Entomological Society



Macdonald, D.R., Cameron, D.G., and Craig, M.B. 1968.
Studies of aerial spraying against the spruce budworm
in New Brunswick. XXII operational summaries
and assessments of immediate and long-term results
1963–1967. Parts 1–6. Can. Dep. For.Rural Develop.
Fredericton, NB. Intern. Rep. M-25.
MacLean, D.A., and MacKinnon, W.E. 1996. Accuracy of
aerial sketch-mapping estimates of spruce budworm
defoliation in New Brunswick. Can. J. For. Res. 26:2099–
2108.
MacLean, D.A., and Ostaff, D.P. 1989. Patterns of balsam
fir mortality caused by an uncontrolled spruce budworm
outbreak. Can. J. For. Res. 19:1087–1095.
Miller, C.A. 1963. The spruce budworm. Mem. Entomol.
Soc. Can. 31:12-18.
Miller, C.A. 1977. The feeding impact of spruce budworm
on balsam fir. Can. J. For. Res. 7:76–84.
Miller, C.A., and Kettela, E.G. 1975. Aerial control
operations against the spruce budworm in New
Brunswick, 1952–1973. Pages 94–112 in M. L. Prebble,
editor. Aerial control of forest insects in Canada.
Environ. Can. Ottawa, ON.
Royama, T. 1984. Population dynamics of the spruce
budworm. Ecol. Monogr. 54:429–462.
Royama, T. 1992. Analytical Population Ecology. Population
and Community Biology Series 10. Chapman and Hall,
London, UK. pp. 371.
Simpson, R.A., and Coy, D. 1999. An ecological atlas of
forest insect defoliation in Canada, 1980–1996. Can. For.
Serv.. Inf. Rep. M–X–206E,
Swaine, J.M., and Craighead, F.C. 1924. Studies on the
spruce budworm (Cacoecia fumiferana Clem.). Part I. A
general account of the outbreaks, injury and associated
insects. Dep. For. Ottawa, ON. Tech. Bull. No. 37
Webb, F.E., and Irving, H.J. 1983. My fir lady—the New
Brunswick production with its facts and fancies. For.
Chron. 59:118–122.
Williams, D.W., and Liebhold, A.M. 2000. Spatial
synchrony of spruce budworm outbreaks in eastern
North America. Ecology. 81:2753–2766.

| Next Page | Previous Page | First Page | Full Screen

