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Daily records of adult spruce budworms, Choristoneura fumiferana (Clemens) (Lepidoptera: Tortricidae), captured at light traps at
multiple locations in New Brunswick in the 1970s, are analyzed in relation to the physical position of light traps (tree canopies or
forest clearings). Captures at light traps deployed in tree canopies were 4–400 times greater than those in forest clearings, especially
formales.The phenology of captures (median date or duration of flight period) did not differ in relation to trap location. Captures of
both males and females in tree canopies were highly correlated with egg densities, whereas no significant relationship was observed
for either sex in forest clearings. Monitoring programs for spruce budworm adults using light traps should be standardized by
deploying traps in tree canopies.

1. Introduction

The spruce budworm (SBW), Choristoneura fumiferana
(Clemens) (Lepidoptera: Tortricidae), is the most severe
defoliator of conifers in the Nearctic boreal forest [1, 2]. Pop-
ulation dynamics of SBW are strongly influenced by long-
range migration of adults that ascend to the atmospheric
boundary layer to be carried downwind [3]. Understanding
dispersal-migration in SBW is important to forecast the spa-
tiotemporal occurrence of outbreaks and implement sound
pest management strategies [4, 5].

In the 1980s, monitoring procedures to assess the abun-
dance of adult SBW shifted from light traps [6, 7] to traps
baited with female sex pheromone [8]. Captures of SBW at
light traps are sensitive to yearly variations in population
density [9, 10] and useful for detecting mass-immigration
events [11, 12]. The shortcoming of light traps is that multiple
species are attracted, requiring a time-consuming process to
sort SBW from other moths. This explains the replacement
of light traps by pheromone traps, which are selective in cap-
turing only SBW. During the transition between monitoring
procedures, no comparison was made between captures at
light traps and pheromone traps; thus, it is not possible to
assess the relative performance of these two approaches.

One important difference between light traps and phe-
romone traps is that the former capture both males and
females, whereas the latter capture only males. Strict reliance
on pheromone trapping of males may yield inconsistent
predictions relative to larval abundance or defoliation inten-
sity because damage is ultimately caused by egg-carrying
females and not mate-seeking males [13]. An implicit yet
rarely tested assumption underlying monitoring populations
with pheromone traps is that the spatiotemporal distributions
of mate-seeking males mirror those of ovipositing females;
this assumption is probably not valid in SBW due to sex
differences in dispersal behavior [3]. These considerations
may explain apparent limitations of pheromone trapping
as a monitoring tool, for example, poor estimates of larval
densities or future defoliation (low 𝑟2 values of regression
models) [14, 15], and yearly variation in the relationship
between trap captures and larval density [16].

With the looming SBW outbreak soon expected to rage
across Atlantic Canada [17], monitoring of adults in future
research programs will include an extensive network of both
light traps and pheromone-baited traps [http://www.health-
yforestpartnership.ca/research-in-action/research-program-
overview; accessed 18 August 2014]. One important issue
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to settle before implementing broad-scale light trapping
of SBW is standardization of the physical position of light
traps in forest habitats. In the past, light traps have been
indiscriminately deployed in tree canopies or forest clearings
without recording the position of traps [6, 7].

Empirical data sources collected in New Brunswick in the
1970s and replicated across multiple locations are summa-
rized here, with the objective of comparing the abundance,
sex ratio, and phenology of adult SBW captured at light traps
deployed in forest clearings and tree canopies.

2. Materials and Methods

The experiment was conducted at four sites in New Brun-
swick, Canada: Acadia Forest Experiment Station near Fred-
ericton in 1972 and 1976; Chipman in 1973, 1974, and 1975;
Juniper in 1975; and Saint-Quentin in 1977 (see [18] for
geographic location of sites). The sites consisted of forest
stands containing hosts of SBW (balsam fir, Abies balsamea
(L.) Mill., and spruces, Picea spp.) as either dominant or
codominant tree species.

The light source used to attract moths consisted of a
Coleman lantern powered by naphtha gas and operated from
sunset until dawn, placed at the center of two crossing vanes
that deflected the moths down toward a funnel into the trap;
a strip of insecticide (Vapona) was placed at the bottom of
the trap to kill captured insects [6]. At each site, one light
trap was suspended in the upper canopy of host trees (>6m
high) and the other was deployed 2m above ground from a
tripod in a forest clearing; the distance between edges of forest
clearings and traps in tree canopies was >50m at all sites.
The traps were inspected daily, and the captured SBWmoths
were collected to determine abundance of males and females.
The same design was used in Saint-Quentin, except that light
traps were deployed at nine plots spaced 3-4 km apart along
a logging road [19].

Egg density was estimated on the most prevalent host
trees of SBW at different sites by pruning one branch (usually
<1m long) in themidcanopy of three to five codominant trees
and estimating the number of eggmasses visually; the surface
area of branches was estimated (length × width of midpoint
branch section) and the density of eggs was expressed in
terms of egg masses per 10m2 branch area [2].

Statistical analyses were conducted with the SAS package
(SAS Institute, Cary, NC). Three parameters related to phe-
nology were calculated for each site and trap location: (1) the
median date of captures; (2) the duration of flight (interval
in days between the 5th and 95th cumulative captures dates);
and (3) the proportion of individuals captured at light
traps during the modal date of abundance. The cumulative
abundance, sex ratio, and phenology of SBW were compared
in relation to trap position at different sites using paired 𝑡-
tests; at Saint-Quentin, pooled values across plots were used
in analysis.

The relationship between cumulative captures of males
and females and the density of eggs per 10m2 of foliage at dif-
ferent sites was evaluated in relation to sex and trap position
using regressions. In addition to the seven aforementioned

sites, the regression models also included two sites sampled
in 1978 (Saint-Quentin and Amherst, Nova Scotia) for which
the cumulative (but not daily) abundance of SBW males and
females at light traps was available; therefore, the regression
models each included nine data points.

Data were subjected to logarithmic (abundance data) and
arcsine (proportion data) transformation to reduce hetero-
geneity of variance.

3. Results

Daily numbers of males and females at TC and FC are plotted
for different locations in Figure 1. Captures of adults at TC
were 4–400 greater than those at FC (Table 1). The sex ratio
ofmoths at TCwas strongly biased towardmales, whereas the
sex ratio at FC was approximately even. Neither the median
date of flight nor the duration of the flight period varied
significantly with trap position (Table 1). The proportion of
adults captured during the modal date of flight was two times
higher at FC than TC (Table 1).

The density of eggs at different sites varied from 36
to 992 egg masses per 10m2 of foliage. Numbers of males
and females captured at TC were positively correlated with
the density of eggs, whereas no significant relationship was
observed at FC (Figure 2).

4. Discussion

With the imminent SBW outbreak in Atlantic Canada, it is
important to consolidate and disseminate the information
gathered by research scientists during previous outbreaks, in
particular as-yet unpublished data. Results obtained through
this study are published for the first time and provide a
detailed record of daily captures of male and female SBW
at light traps deployed in forest clearings or tree canopies at
multiple locations. The findings have important implications
for the design of monitoring procedures and analysis of
time-series data and also provide insight into the dispersal-
migration behavior of SBW.

The physical position of light traps must be standardized
in monitoring procedures for SBW. Deployment of traps in
forest clearings should be avoided due to the low numeric
abundance of SBWand the insignificant relationship between
moth abundance and egg densities (Table 1, Figure 2). Cap-
tures of SBW at light traps in tree canopies, in contrast,
provide accurate estimates of egg densities (Figure 2). The
relationships were similar for males and females; thus, the
time-consuming process of sexing SBW could be omitted in
operational programs that are purely management oriented.
From a research perspective, recording the sex ratio of moth
captures is useful to unravel the role of dispersal-migration
on SBW population dynamics. Ideally, both light traps and
pheromone-baited traps should be emptied daily or at short
intervals to reduce the risk of trap saturation and gain
information related to flight phenology and immigration
events (nightly captures are characterized by high numerical
abundance, predominantly females) [3, 9, 11, 12].
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Figure 1: Daily abundance of adult spruce budworms captured at light traps deployed in tree canopies and forest clearings at different sites
in New Brunswick, Canada. The numerical values within individual graphs represent the scale of the 𝑦-axis for different locations and trap
position.

Table 1: Descriptive parameters related to captures of adult spruce budworms at light traps deployed in tree canopies and forest clearings at
seven locations—years (mean ± SE). For each parameter, values with different superscripts are significantly different (paired 𝑡-tests,𝑃 < 0.05).
Data were subjected to logarithmic (number of moths) and arcsine (proportional data) transformations to reduce heterogeneity of variance.

Independent variable Position of traps 𝑡-test
Tree canopy Forest clearing 𝑡 𝑃

Abundance of moths (1000) 24.5 ± 5.6a 1.9 ± 1.1b 5.02 0.0024
Sex ratio (𝑃females) 0.193 ± 0.02a 0.444 ± 0.024b 7.51 0.0003
Median date of flight 192.4 ± 1.5a 192.7 ± 1.6a 0.26 0.8041
Duration of flight (day) 8.7 ± 1.3a 7.2 ± 1.1a 1.20 0.2741
Proportion of adults (modal date) 0.251 ± 0.026a 0.514 ± 0.077b 3.71 0.0100
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Figure 2: Relationships between numbers of adult spruce bud-
worms captured at light traps deployed in tree canopies and forest
clearings (𝑥-axis) and the density of eggs (𝑦-axis) at nine locations
in New Brunswick, Canada, in the 1970s. Regressions based on
captures in tree canopies were statistically significant for both males
(𝑦 = 1.14𝑥 − 2.30, 𝑟2 = 0.796, and 𝑃 = 0.0012) and females
(𝑦 = 0.89𝑥 − 0.67, 𝑟2 = 0.776, and𝑃 = 0.0017) (solid lines).
Regressions based on captures in forest clearingswere not significant
for either sex (males: 𝑦 = 0.27𝑥 + 1.67, 𝑟2 = 0.119, and 𝑃 = 0.3626;
females: 𝑦 = 0.34𝑥 + 1.56, 𝑟2 = 0.205, and 𝑃 = 0.221) (dotted
lines). Data were subjected to logarithmic transformations to reduce
heterogeneity of variance.

Daily records of moth captures at light traps were kept
for multiple locations in Atlantic Canada and Maine in the
1970s [6, 7], which might in theory provide extensive time-
series analysis of moth abundance. These data should not be
analyzed in this context, however, because the position of
traps is unspecified for most sites; thus, sampling artefacts
(captures are 4–400 times greater in tree canopies than forest
clearings) would systematically bias the outcome of analyses.
The data are apparently suitable for evaluating broad-scale
trends related to the phenology of flight in SBW, because
neither the median date nor the duration of flight periods
is influenced by the position of traps (Table 1). Existing
phenology models of SBW adult flight need to be validated
and calibrated with field data because they do not appear to
accurately reflect the timing of SBW flight (Figure 6 in [20]).

It has been hypothesized that light traps deployed in forest
clearings capture predominantly dispersive SBW, whereas

traps deployed in tree canopies capture local moths [3, 9,
10, 12]. Although this hypothesis cannot be unambiguously
tested (because no genotypic-phenotypic traits are available
to distinguish migrant from resident adults), its framework
can be used to make a priori predictions related to patterns
of captures of SBW in traps deployed in tree canopies
and forest clearings, specifically: (1) greater captures in tree
canopies than forest clearings (due to the greater number
of resident moths than dispersers in forest stands with high
densities of SBW); (2) greater proportion of females in forest
clearings than tree canopies (because females are more likely
to disperse thanmales); (3) shorter durations ofmoth activity
in forest clearings than tree canopies (due to the transient
nature of dispersal events relative to patterns of emergence-
activity of resident moths); and (4) greater proportion of
moths captured during the modal (peak) date of captures for
forest clearings than tree canopies (transience of dispersal
events). The data provided strong statistical support for three
of the four predictions (Table 1), suggesting that light traps in
forest clearings are indeed more likely to capture dispersive
SBW than light traps in tree canopies.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors express their gratitude to A.W.Thomas who was
responsible for the collection of data and generously granted
them the permission to publish them. C. Simpson, V. Martel,
and one anonymous reviewer provided useful comments on
earlier versions of the paper.

References

[1] R. F. Morris, The Dynamics of Epidemic Spruce Budworm
Populations, vol. 31 of Memoirs of the Entomological Society of
Canada, Entomological Society of Canada, 1963.

[2] T. Royama, W. E. MacKinnon, E. G. Kettela, N. E. Carter, and
L. K. Hartling, “Analysis of spruce budworm outbreak cycles in
New Brunswick, Canada, since 1952,” Ecology, vol. 86, no. 5, pp.
1212–1224, 2005.

[3] D. O. Greenbank, W. Schaefer, and R. C. Rainey, “Spruce bud-
worm (Lepidoptera: Tortricidae)moth flight and dispersal: new
understanding from canopy observations, radar, and aircraft,”
Memoirs of the Entomological Society of Canada, vol. 110, pp. 1–
49, 1980.
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