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ABSTRACT Hylobius warreni Wood, also known as the Warren root collar weevil, is a ßightless
insect that feeds on conifers throughout the boreal forests of Canada. Mature trees typically can
withstand feeding, but larval feeding around the root collar may cause mortality to young trees.
Recently, a large outbreak of mountain pine beetle (Dendroctonus ponderosae Hopkins) has killed a
high proportion of mature lodgepole pine (Pinus contorta Douglas variety latifolia) across British
Columbia, Canada. This raises concerns that adult weevils may migrate from mature forests with
reduced host pools into adjacent young forests that had been salvaged and replanted. To study
movement of these walking weevils in different habitat types, we constructed three research plots
consisting of various combinations of live-, dead-, and mixed (i.e., live and dead)-tree habitats. We
observed dispersal patterns of individually labeled insects using a novel insect trap attached to the base
of trees. Approximately 35% of insects were recaptured over 1 mo. Weevils were least likely to be
recaptured proximate to the release location when released in a habitat with dead trees. Movement
rates therein were almost double the rates of insects moving through live- or mixed-tree habitats. Our
Þndings support the hypothesis thatH. warrenimay disperse out of habitats with dead trees into areas
with higher proportions of green trees. Our Þndings are discussed in the context of habitat discrim-
ination and potential increases in herbivory byH. warreni in western Canada given salvage harvesting
activities after outbreaks of mountain pine beetle.
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Elucidating processes that contribute to spatial pat-
terns of the dispersal of insect herbivores is a chal-
lenge, as dispersal may depend on multiple and inter-
acting factors, including the physiological status of the
insects (e.g., reproductive status, energy reserves) and
population density (e.g., migration, crowding). Hab-
itat conditions, such as composition and quality of the
habitat matrix or patches, may also affect insect dis-
persal (Nathan et al. 2003, Haynes and Cronin 2006).
For example, within boreal forest ecosystems, habitat
alterations such as clear-cut harvesting can affect the
spatial distribution of insect assemblages (Welty and
Houseweart 1985, Niemelä et al. 1993, Bengtsson et al.
1997, Örlander et al. 1997, Heliölä et al. 2001, Lemieux
and Lindgren 2004, Phillips et al. 2006). Species per-
turbations in forested environments are not limited to
anthropogenic impacts. For example, insect distur-
bances may affect the spatial or temporal dynamics of

other insects as well (Denno et al. 1995). Currently,
for example, there is a large outbreak of mountain pine
beetle, Dendroctonus ponderosae Hopkins, modifying
the forest landscape in British Columbia, Canada
(Aukema et al. 2006). This outbreak has precipitated
concern regarding how major, sudden habitat changes
may affect vertebrates such as woodland caribouRan-
gifer tarandus caribouGmelin (McNay et al. 2006), but
the effects on insect species are less well studied. The
current study examines the effects of habitat quality
on the spatial distribution and movement of Warren
root collar weevil, Hylobius warreni Wood (Co-
leoptera: Curculionidae).

Much of the natural history and ecology of H. war-
reni has been summarized by the pioneering work of
Warren (1960) and Cerezke (1994). In brief, H. war-
reni are found throughout the boreal forests of North
America, feeding on a variety of conifer tree species.
Adults feed on coniferous foliage above ground. Fe-
males lay up to 25 eggs per year in the duff layer
around the root collar of trees. Upon eclosion, larvae
feed on the phloem tissues of the root collar, protected
by a hard casing consisting of a mix of frass and tree
resin (Cerezke 1970). After 2 yr of feeding at the root
collar, larvae pupate and adults emerge. In the spring
months, adults feed nocturnally on young shoots of
coniferous trees in preparation for mating and ovipo-
sition that occur throughout the summer and fall

1 Ecosystem Science and Management Program, University of
Northern British Columbia, 3333 University Way, Prince George, BC
Canada V2N 4Z9.

2 Department of Ecology, Swedish University of Agricultural Sci-
ences, P.O. Box 7044, 750 07 Uppsala, Sweden.

3 Department of Entomology, University of Minnesota, 1980 Fol-
well Avenue, St. Paul, MN 55108.

4 Corresponding author: Natural Resources Canada, Canadian For-
est Service, University of Northern British Columbia, 3333 University
Way, Prince George, BC Canada V2N 4Z9 (e-mail: Brian.
Aukema@nrcan.gc.ca).



(Cerezke 1994). Adults may live for up to 5 yr, and
remain ßightless throughout their entire life cycles
(Cerezke 1994).

Forest health issues with H. warreni are predomi-
nately related to larval feeding. Adult feeding is not
detrimental to the tree host, but larval feeding may
inhibit growth, or even result in tree death, by girdling
of the stem and disrupting translocation (Cerezke
1974). Although insects do not feed on dead trees,
larvae and pupae may mature on residual stumps after
harvesting, thus supplying weevils to the regenerat-
ing forest. Populations are frequently maintained
throughout the life of the stand (Cerezke 1973). Mor-
tality to young trees by larval feeding may be exac-
erbated by root deformation resulting from planting
practices (Robert and Lindgren 2006), as well as by
root rots introduced at feeding scars (Whitney 1961,
1962).
H. warreni appears to be an emerging concern in

forests in western Canada, particularly in areas with
extensive ongoing reforestation or regeneration after
the current outbreak of mountain pine beetle.
Whereas a vast amount of research exists on the ecol-
ogy and management of related Hylobius spp. such as
Hylobius pales Herbst and Hylobius radicis Buchanan
in the northeastern United States (Corneil and Wilson
1984, Hunt et al. 1993) and Hylobius abietis L. in
northern Europe (Nordlander et al. 1997, Leather et
al. 1999, Bylund et al. 2004, Nordlander et al. 2005,
Wallertz et al. 2006), including studies on dispersal
patterns (Rieske and Raffa 1990, Eidmann 1997), little
information exists on the movement or dispersal pat-
terns of H. warreni (Schroff et al. 2006). In this study,
weexamine thedispersalpatternsandmovement rates
ofH.warreni through different environments contain-
ing live and dead trees using a label, release, and
recapture experiment using a novel trap. We hypoth-
esize that weevils may exhibit the highest movement
rates through habitats with dead trees, which, in nat-
ural settings could complicate reforestation efforts as
a result of emigration from stands with high propor-
tions of pine killed by D. ponderosae.

Materials and Methods

Trap Development and Collection of Insects. H.
warreni were collected daily from a �15-yr-old pine
forest near Prince George, British Columbia, Canada
(53�55�14“N, 122�49�10”W), using a Björklund funnel
trap attached to the base of each tree (Björklund
2009). These traps exploit the insectsÕ nocturnal feed-
ing behavior and capture them alive, without chem-
icals, when they descend from the foliage to rest dur-
ing dawn hours (Fig. 1). The trap was developed
during the summer of 2006 in a plantation of 182 trees
ranging in diameter from 3.8 to 13.7 cm (Fig. 2). The
site was chosen because visual inspection revealed
high levels of weevil activity, estimated at 0.5 insects
per tree based on insect abundance-diameter rela-
tionships described in Fig. 15A of Cerezke (1994). The
plantation consisted of planted lodgepole pine (Pinus
contorta variety latifolia) with some natural ingress of

both interior hybrid spruce (Picea glauca� engelman-
nii) and Douglas-Þr (Pseudotsuga menziesii). Small
gaps had formed where weevils had previously killed
young trees, although only live trees were used for the
study. A trap was placed on each tree, and the contents
were emptied each morning. Weevils were returned
to the plantation near the bases of the trees where they
were captured. After settling on a working prototype
and Þnding no evidence of avoidance behavior
(Björklund 2009), we collected 300 weevils from 8
May 2007 to 5 June 2007. Insects were stored in growth
chambers at 7�C to reduce the insectsÕ metabolism
until experiment initiation (Toivonen and Viiri 2006).
Labeling of Insects. Each weevil was labeled in the

laboratory by etching the elytra, a technique used
previously for other ground-dwelling arthropods
(Winder 2004). We had previously experimented with
latex paint, but the paint rubbed off over time as the
insects burrowed through leaf litter. Insects were se-
cured in petri dishes using plasticine (Flair Leisure
Products, Surrey, United Kingdom) before etching
labels into the elytra with a high speed Dremel rotary
drill (engraving cutter bit number 106). To accentuate
markings, elytral etchings were traced using nontoxic
latex-based model paint (Humbrol Paints, Hornby
Hobbies, Kent, United Kingdom). Each weevil was
labeled with a unique dot-and-number code repre-
senting 0Ð99 in either blue, green, or yellow for tracing
to speciÞc release points. To investigate whether la-
beling affected insect survival, 12 labeled and 12 un-
labeled weevils were placed in petri dishes (10-cm
diameter) containing clippings of lodgepole pine and
moistened Þlter paper. New lodgepole pine branches
were added every week, and Þlter paper was moist-
ened as necessary. Insect survival in the groups of
labeled and unlabeled insects was monitored over a
2-wk period.

The sexes of weevils released for the experiment
were not identiÞed, because at the time of these ex-
periments, a noninvasive technique for sexing had not
yet been developed for this species (Cerezke 1994, but
now see Öhrn et al. 2008). Dissections of 12 randomly
selected weevils captured in the same forest used to
obtain weevils for this experiment revealed approxi-
mately equal proportions of males and females (7:5),
consistent with previous Þeld observations (Stark
1959, Warren 1960, Cerezke 1994).
Plot Design and Insect Release. We established

three experimental plots at the Prince George Tree
Improvement Station, British Columbia, Canada
(53�46�18“N, 122�43�4”W), with a mix of different hab-
itat types. The plots were established within uniform
grassy areas at least 20 m from any trees, to reduce
potential migration of unlabeled, feral weevils into the
experimental plots. Plots were 22 m in width and 44 m
in length, divided into four adjacent sections 11 m in
length. In each plot, the middle and outer sections
were planted with different combinations of live and
dead trees to simulate different habitat types. Live
lodgepole pine trees were �5 yr of age and 1.25 m in
height, suitable for both a food source and reproduc-
tion for the insects (Cerezke 1994). Surrogate dead
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trees were established by planting dead branches of
lodgepole pine of similar size as the live trees, upright
into the ground. After planting, each plot contained
200 trees at 2-m spacing (Fig. 3). Trees were trans-
planted from a tree nursery with leftover planting
stock for the Prince George region and watered with
a drip irrigation line for 2 wk before the introduction
of the insects.

The Þrst plot simulated a forest of dead trees adja-
cent to live trees and was planted live:dead:dead:live
(Fig. 3A). The second plot simulated a forest with live
trees, adjacent to one with dead trees, an exact op-
posite scheme to the previous (Fig. 3B). The four 11-m
sections were planted dead:live:live:dead. Finally, the
third plot simulated a stand with a high percentage of
dead trees adjacent to a stand with solely dead trees
(Fig. 3C). The layout was similar to the Þrst plot, but
half of the live trees were replaced with surrogate
dead trees so that there was a 4-m spacing of live trees.
Hence, the sectionsappeareddead:mixed:mixed:dead.
In summary, each plot had 10 rows of 20 trees with
each of the four adjacent sections in each plot con-

taining 10 rows of Þve trees. Plots were separated by
a minimum of 10 m.

In each plot, a Björklund funnel trap (Björklund
2009) was installed on each live tree and each dead
tree. Traps were placed on dead trees as well as live
trees because previous laboratory assays indicated
that weevils may be as likely to climb dead versus live
trees (M.D.K. and B.H.A., unpublished data).

On 14 June 2007, �100 labeled weevils were re-
leased along a center line in each of the plots (95, 92,
and 101 insects in each of the plots of Fig. 3, A, B, and
C, respectively). Plots received unequal numbers be-
cause of mislabeling and weevil escapes in the labo-
ratory postlabeling. This total density of �100 weevils
per plot, or 0.5 insects per tree, is within the range of
Þeld densities described in Cerezke (1994) (i.e., 0.03Ð
2.55 insects per tree in lodgepole pine), and reßects
the estimated Þeld density of insects in the plantation
used for trap development. Approximately 10 weevils
were released every 2 m. Weevil captures were re-
corded daily on each tree for 8 d and then checked
approximately every other day until 13 July for a total

Fig. 1. Photo of Björklund funnel trap. Detailed instructions on its construction can be found in Björklund (2009).
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of 19 sample collections over 28 d. After a capture
event, the weevil was rereleased at the root collar of
the tree at which it was trapped, which is consistent
with its ascending/descending feeding behavior in
natural settings (Cerezke 1994). A small number of
insects other than weevils were also captured in the

traps (throughout the experiment �100 in total; re-
sults not presented). After recording, these insects
were always released back into the plot. Some live
trees became infested withPityogenes spp. and Ips spp.
bark beetles (Coleoptera: Curculionidae: Scolytinae)
during the course of the experiment. In these cases,
the locations were noted to facilitate testing for po-
tential relationships between H. warreni host prefer-
ence and bark beetles.
Statistical Analyses. The effect of tree diameters on

likelihood of a tree harboring a trapped weevil was
evaluated using analysis of variance for data collected
during a 10-d period of trap development in the sum-
mer of 2006. A random effect for collection period was
also included in the analysis to account for variation
between days.

For studies in our experimental plantations (Fig. 3),
the likelihood of a trap on a tree capturing a weevil was
examined using logistic regression, with presence/
absence of a weevil in each trap for each day as the
binary response variable. Data collected within each
of the three plots were analyzed separately. Each
analysis included the explanatory variables of x-axis
displacement from the release line (1Ð19 m), distance
along the y-axis from the capture to the nearest plot
margin (0Ð11 m), number of days since release, hab-
itat type in each section of the experimental plots
(live, dead, or mixed trees), initial release density to
account for small variation in the number of adults
released, side of the release line (i.e., east/west, to test
for directional dispersal, for example), presence/ab-
sence of bark beetles, and whether the tree was alive
or dead. From a starting model with all terms, a back-
wards elimination procedure was used to remove a
single least-signiÞcant variable in iterative model Þts
until all remaining variables were signiÞcant using � �
0.05.

Fig. 3. Schematic representation of Þeld plots for experiments on habitat discrimination among adult Warren root collar
weevil. (A) Dead trees in center of plot. (B) Live trees in center of plot. (C) Mixed live and dead trees in center of plot.
Weevils were initially released at points along the center lines (parallel to the y-axis) in each plot.

Fig. 2. Map of plantation used in development of the
Björklund funnel trap (N � 182 trees).
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The probability of capture is distinct from move-
ment rate. To examine potential differences in move-
ment rates when weevils were released into live, dead,
or mixed habitats, we analyzed the distance traveled
along the x-axis versus number of days after release for
all initial captures. This analysis was restricted to cap-
ture events recorded within the Þrst 11 d of the ex-
periment, because �80% of the capture events oc-
curred within this time. Moreover, this restriction
excluded subsequent captures for any given insect to
avoid potential capture bias (i.e., a few insects were
captured more than once; see “Results”). Different
analysis of covariance parameterizations, depending
on which terms are included, yield ecological models
with various meanings. For example, models exhibit-
ing uniform or disparate intercepts and slopes can be
constructed by including or omitting the covariate,
time (i.e., yielding slope estimates of movement
rate(s) in meters per day), the factor, habitat type
(i.e., providing additive a priori distance(s) moved by
the insects immediately upon release at t� 0, depend-
ing on habitat types), and the covariate by factor
interaction (i.e., yielding nonparallel lines, or dissim-
ilar movement rates between habitat types). We Þt a
variety of analysis of covariance models, including one
that forced a common intercept through zero (indi-
cating stationary insects immediately upon release).
The model with the highest adjustedR2 was chosen as
the most suitable model, in conjunction with exami-
nations of residual plots to assess assumptions of nor-
mality of errors and homoscedasticity. Where differ-
ences among movement rates existed, a comparison of
movement rates between dead-tree versus live- and
mixed-tree habitat types was performed using a linear
contrast, setting � � 0.05. All data analyses were con-
ducted in R v.2.6.2 (R Development Core Team 2008).

Results

TrapDevelopment.The Björklund funnel trap cap-
tured weevils across the natural plantation, with be-
tween 10 and 38% of the trees harboring a captured
weevil on any given day (Fig. 4). Captures did not
decline over a 12-d period after all traps were de-
ployed (Fig. 4). Weevils were captured on all but the
smallest trees (3.8 cm), as the minimum diameter of
trees harboring trapped weevils was 4.3 cm. On aver-

age, weevils were captured on trees 9.2 cm in diam-
eter, which was 1.1 cm larger than trees with traps
without weevils (F� 121.12; df � 1, 2171; P� 0.0001).
Dispersal inHabitats ofDifferentTypes.Theelytral

etching and labeling technique did not reduce the
survival of weevils. In our preliminary laboratory as-
say, no mortality was observed in either the labeled or
unlabeled groups after a period of 2 wk.

A total of 101of the288weevils initially releasedwas
recaptured over the 28 d, a recovery rate of 35.1% (Fig.
5). Twelve of these weevils were captured more than
once. One weevil was captured four times, and one
weevil was captured three times in total. The number
of weevils captured peaked on the fourth day of the
experiment, whereas the last recorded capture oc-
curred on day 19. During the course of the experiment,
weevils were captured throughout each of the three
plots on 13.5% of the total trees. The Þrst place in
which a weevil was captured ranged between 1 and
17 m from the initial release locations (Fig. 3). On
average, weevils, released into habitats with live trees,
moved 6.9 m, compared with 9.6 m when released into
a habitat of dead trees. Insects released in a habitat of
mixed live and dead trees moved, on average, 5.7 m
before their Þrst capture. The furthest that any weevil
moved in 1 d was 15 m.

In general, weevil capture was associated with two
variables: displacement along the x-axis from the re-
lease line and time since initial release (Fig. 6). The
probabilities of capture declined with distance from
the release line and days since release when weevils
were released in the live and mixed habitats (Fig. 6, B
and C). In the plot where weevils were released
among dead trees, however, only time since release
was a signiÞcant predictor of likelihood of a tree cap-
turing an insect (Fig. 6A). Variables that were not
signiÞcant in explaining the likelihood of insect cap-
ture included distance along the y-axis to the nearest
margin, initial density of weevils released, direction
from the release line, presence of bark beetles in the
stems of live trees, and the status of individual trees
(live/dead).

Movement rate,deÞnedas the relationshipbetween
distance in the x direction traveled from the release
line and time since release to initial capture, varied
between the experimental habitat types (Fig. 7). The
model represented in this Þgure exhibits a common
intercept among the three central habitat types in

Fig. 4. Number of trees with trapped weevils over a
representative 12-d period during trap development (30
MayÐ11 June 2006). The Þrst 5 d are excluded as not all traps
were installed. See Björklund (2009) for more details.

Fig. 5. Total number of H. warreni captures after initial
release on 14 June 2007. Captures are summed over all plots.
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each plot of 3.02 � 0.99 m. That is, when the insects
were released, they appeared to travel 3 m a priori.
Movement rates varied among habitat types (F� 4.26;
df � 2, 85; P� 0.0173). Weevils exhibited the highest
movement rateswhenreleased intodeadhabitat (cen-
ter of plot A in Fig. 3), moving at 1.17 � 0.23 m/d. This
was signiÞcantly higher than movement rates through
live (0.77 � 0.21 m/d) and mixed habitat (0.58 � 0.18
m/d) (centers of plots B and C, respectively, in Fig. 4)
(t � 2.73; df � 86; P � 0.0077).

Discussion

Our results demonstrate that habitat quality, de-
Þned as varying composition of live versus dead trees,

affects the movement and distribution of H. warreni.
Movement rates are elevated in the plot with dead
trees in the center and lower in plots with live trees in
the center, providing evidence that H. warreni may
migrate away from areas with high proportions of dead
trees and concentrate in areas with live trees. These
Þndings are important within the context of the recent
outbreak of mountain pine beetle in British Columbia,
which now encompasses �13 million ha of mature
lodgepole pine forests (Westfall and Ebata 2009). In
many areas, extensive salvage harvesting and refores-
tation efforts have created circumstances in which
young lodgepole pine forests are planted adjacent to
unharvested, mature forests containing high propor-
tions of trees recently killed by mountain pine beetle.
In many areas, a gradient of young-tree mortality
caused byH.warreni exists from mature forest bound-
aries into young replantings (Klingenberg 2008). The
current study lends support to a proposed mechanism,
i.e., thatH. warreni are migrating out of mature stands
heavily affected by mountain pine beetle (i.e., those
with few live hosts), and concentrating in these young,
regenerating forests. Because almost all coniferous
forests contain endemic populations of H. warreni
(Cerezke 1967), and recent estimates of tree mortality
in the central interior of British Columbia reach as
high as 16% (Schroff et al. 2006), the migration of H.
warreni into young forests may add to pressures from
residual populations completing development on re-
sidual stumps after harvesting operations (Cerezke
1973).

Our results that rates of displacement along the
x-axis from the release line were highest when re-
leased into a plot with a high proportion of dead trees
in the center (1.17 m/night) versus those with pro-
portions of live trees (0.77 and 0.58 m/night) in the
center suggest that movement of H. warreni is pre-
dominantly related to host selection for feeding
and/or oviposition. Comparisons with Þeld data in
mature forests of live lodgepole pine, presumably a
better food resource than the juvenile trees we trans-

Fig. 6. Effect of time since initial release (in days) and
horizontal distance from release line (in meters) on the
probability of capturing a weevil on an individual tree in
three experimental plots. Each Þgure label refers to habitat
type in center of plot where the insects were released (see
Fig. 3). Equations for each plot are (A) y� 	4.23 � 0.34 	
0.081 � 0.040 (time); (B) y � 	2.65 � 0.37 	 0.10 � 0.034
(distance) 	 0.13 � 0.040 (time); (C) y � 	2.42 � 0.30 	
0.15 � 0.031 (distance) 	 0.057 � 0.024 (time). For all
equations, probabilities may be obtained by back transform-
ing values expy/1 
 expy (i.e., back transforming the logit link
characteristic of logistic regression).

Fig. 7. Movement rates of H. warreni released into the
center of three experimental plots with combinations of
dead-, live-, and mixed-tree habitats (see Fig. 3). Model
contains the covariate for time and the time � habitat type
interaction (F� 9.16; df � 3, 85; P� 0.0001;R2

adj � 0.24). See
text for the equations of lines. There are 88 insects included
in this analysis, although some symbols may overlap.
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planted, support this hypothesis. For example, previ-
ous studies have indicated that H. warreni disperse
2.3 m, on average, during one night, in mature pine
forests with tree spacing similar to our experimental
plots (2.5m)(Cerezke1994).Assumingmovements in
random directions among hosts, the distribution of
lateral movement distances can be obtained from the
equation 2.3 m sin(�), where � � uniform (0, 90).
Given equal probabilities of movement in either of
two lateral directions, a random sample of seven lat-
eral displacements from this distribution yields a 1-wk
total lateral displacement of 3.46 m, or an average
lateral movement rate of 0.5 m/night. If weevils stay
stationary for one or more nights, which is likely on
mature hosts that accommodate higher levels of feed-
ing and oviposition (Cerezke 1994; N.B., unpublished
data), realized lateral movement rates would be �0.5
m/night. Such estimates, combined with our Þndings
that movement rate is highest when released into a
habitat with a high proportion of dead trees (1.17
m/night), provide evidence that dispersal of adult H.
warreni is predominantly characterized by host-seek-
ing behavior.

Other behaviors that may be associated with insect
movement include a priori dispersal, immediately
upon release, as an escape response or to reduce
crowding.Forexample, the initial lateraldistance trav-
eled by an insect before capture, regardless of habitat
type, was 3 m (i.e., intercept in Fig. 7). This distance
is consistent with distance to a proximate tree from the
release line, as the Þrst two rows of trees were located
at 1 and 3 m from the release line (Fig. 3). We lack
data, however, on how ßuctuating population densi-
ties at a larger scale (e.g., entire forest level) might
affect movement rates via crowding or interspeciÞc
competition for food or oviposition site resources. As
a result of interspeciÞc competition, for example,
movement rates in Þeld settings may be depressed
when insect levels reach a point of saturation in a
young forest.

Temporally, the probability of a tree capturing a
weevil declined during the course of the experiment
in all three plots as the insects dispersed, and weevils
were progressively less likely to be captured within a
habitat patch. Previously, it was thought that adult H.
warreni may move up to 13 m during one season
(Henigman et al. 2001). Given that females are en-
gaged in host-seeking and ovipositional behavior for
�100 d in the summer months (Cerezke 1994), and
our Þndings that insects can move up to 10Ð15 m in
one night, it is not improbable that these insects may
move 50Ð100 m a year or more, especially when suit-
able hosts are scarce.

Spatially, the probability of individual trees captur-
ing weevils was highest closest to the release line in
plots with live trees closest to the release location. The
lack of such a spatial effect when insects were released
into a habitat with dead trees (Fig. 6A) was most likely
because of the rapidity with which the insects moved
away from the release line (Fig. 7). An alternative, but
not mutually exclusive, explanation is that the lack of
a distance effect in that plot is an artifact of capture

bias on live versus dead trees, as both plots where
distance effects were exhibited contained live trees
proximate to the release lines. Because H. warreni do
not feed on dead trees, insects would most likely arrest
more frequently at live trees, thus decreasing apparent
movement rates. We note, however, that insects were
occasionally trapped on dead trees in the mixed hab-
itat, such that there was no statistical difference be-
tween live and dead trees for the probability of cap-
ture within that plot.

We cannot preclude the possibility that predation
or parasitism, especially if varying across habitat types,
may have affected trap captures and introduced a
small degree of sampling bias within our results. In-
sects may exhibit higher movement rates in open
spaces to escape predation, for example (Denno et al.
1990). Moreover, it is possible that the labeling tech-
nique increased visual apparency to predators such as
birds. We consider this possibility unlikely, however,
as adult H. warreni typically feed at night and are
concealed in the duff during the day.

Several assumptions underlie the interpretation of
dispersal patterns observed. First, we assume that
there are no adverse affects of the elytral etching
technique for marking insects. Second, we assume that
the habitat constructed reßects young stands of lodge-
pole pine, the most abundant species of pine in west-
ern Canada and primary host of mountain pine beetle
(Safranyik et al. 1974, Amman and Cole 1983). Third,
we assume that the habitat was sufÞciently large to
allow meaningful observation of dispersal patterns.
Fourth, we assume that our sampling method, the
newly designed Björklund funnel trap, was unbiased
in various habitat types.

This study represents the Þrst deployment of the
novel Björklund funnel trap for large-scale trapping of
a walking weevil. In the present work, maximum trap
efÞciency during the trap development portion of the
study was similar to the total recapture rate during the
dispersal study (35%), although capture efÞciencies of
the Björklund trap may range as high as 75% (Bjork-
lund 2009). Such capture efÞciencies compare favor-
ably to other types of traps for weevils, including a
more labor-intensive ladder trap (43% efÞciency;
Cerezke 1994), a shelterboard trap for H. abietis and
Hylobius pinastri Gyll (up to 75%; Nordlander 1987,
Eidmann 1997), baited pitfall traps for H. pales and
Pachylobius picivorus (Germar) (�35%; Rieske and
Raffa 1990, Fettig et al. 1998), and an interception trap
placed on trunks against Tomicus piniperda (L.) (66%;
Ye et al. 2002). Studies with H. radicis in the eastern
United States and H. abietis in Europe using estab-
lished trapping methodologies have facilitated discov-
ery of chemical attractants such as ethanol and ter-
penes (Hunt and Raffa 1989, Nordlander 1990,
Hoffman et al. 1997, Björklund et al. 2005). Although
no chemical host-seeking cues have been discovered
forH. warreni to date, such compounds, if discovered,
could improve future trap efÞcacy. Future capture
and release studies using the Björklund funnel trap
may identify possible chemical attractants or antifeed-
ants (Månsson et al. 2005), reÞne trap efÞcacy (Rieske
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and Raffa 1999), and provide population estimates
within forest habitats (Rieske and Raffa 1993). Such
research could facilitate a better understanding of the
biological mechanisms controlling H. warreni dis-
persal and host selection.

Acknowledgments

We thank the laboratories within the Forest Insect Re-
search Group at the University of Northern British Columbia
for fruitful discussions and ideas; R. Wheate, M. Gillingham,
B. Staffan Lindgren (University of Northern British Colum-
bia), L. Maclauchlan (British Columbia Ministry of Forests
and Range), two anonymous reviewers, and the subject ed-
itor (T. Leskey, United States Department of Agriculture-
Agricultural Research Service-Appalachian Fruit Research
Station) for valuable comments on previous manuscript ver-
sions;R.Wagnerandstaff (PrinceGeorgeTree Improvement
Station) for Þeld space and logistical support; S. Allen, H.
Moore, G. Hopkins, F. McKee, H.-M. de la Giroday, S. Hen-
derson, and J. Selesnic for Þeld help; and B.H.A.Õs wife Kelly
for Þguring out how to put the blasted little arrowheads into
Fig. 3. This work was supported by British Columbia Forest
Science Program Grant M086046; the National Science and
Engineering Research Council; the Canadian Forest Service;
and PaciÞc Forestry Centre Graduate, Canfor Industries
Graduate, and University of Northern British Columbia
Graduate awards to M.D.K.

References Cited

Amman, G. D., andW. E. Cole. 1983. Mountain pine beetle
population dynamics in lodgepole pine forests. II. Popu-
lation dynamics. General Technical Report INT-145.
United States Department of Agriculture Forest Service
Intermountain Forest and Range Experiment Station, Og-
den, UT.

Aukema, B.H., A. L. Carroll, J. Zhu, K. F. Raffa, T. A. Sickley,
and S. W. Taylor. 2006. Landscape level analysis of
mountain pine beetle in British Columbia, Canada: spa-
tiotemporal development and spatial synchrony within
the present outbreak. Ecography 29: 427Ð441.

Bengtsson, J., T. Persson, and H. Lundkvist. 1997. Long-
term effects of logging residue addition and removal on
macroarthropods and enchytraeids. J. Appl. Ecol. 34:
1014Ð1022.

Björklund, N., G. Nordlander, and H. Bylund. 2005. Olfac-
tory and visual stimuli used in orientation to conifer
seedlings by the pine weevil, Hylobius abietis. Physiol.
Entomol. 30: 225Ð231.

Björklund, N. 2009. Non-destructive tree-trunk funnel trap
for capturing Hylobius warreni (Coleoptera: Curculion-
idae) ascending stems of trees. Can. Entomol. 141: 422Ð
424.

Bylund,H.,G.Nordlander, andH.Nordenhem. 2004. Feed-
ing and oviposition rates in the pine weevil Hylobius
abietis (Coleoptera: Curculionidae). Bull. Entomol. Res.
94: 307Ð317.

Cerezke, H. F. 1967. A method for rearing root weevil, Hy-
lobius warreni (Coleoptera: Curculionidae). Can. Ento-
mol. 99: 1087Ð1090.

Cerezke, H. F. 1970. Method for estimating abundance of
weevil,Hylobius warreniWood, and its damage in lodge-
pole pine stands. J. Forest. Chron. 46: 392Ð396.

Cerezke, H. F. 1973. Survival of the weevil, Hylobius war-
reniWood, in lodgepole pine stumps. Can. J. For. Res. 3:
367Ð372.

Cerezke, H. F. 1974. Effects of partial girdling on growth in
lodgepole pine with application to damage by the weevil
Hylobius warreniWood. Can. J. For. Res. 4: 312Ð320.

Cerezke, H. F. 1994. Warren root collar weevil, Hylobius
warreni Wood (Coleoptera: Curculionidae), in Canada:
ecology, behavior, damage relationships, and manage-
ment. Can. Entomol. 126: 1383Ð1442.

Corneil, J. A., and L. F. Wilson. 1984. Dispersion and sea-
sonal activity of the pales weevil, Hylobius pales (Co-
leoptera: Curculionidae), in Michigan Christmas tree
plantations. Can. Entomol. 116: 711Ð717.

Denno, R. F., S. Larsson, and K. L. Olmstead. 1990. Role of
enemy-free space and plant-quality in host-plant selec-
tion by willow beetles. Ecology 71: 124Ð137.

Denno, R. F., M. S. McClure, and J. R. Ott. 1995. Interspe-
ciÞc interactions in phytophagous insects: competition
reexamined and resurrected. Annu. Rev. Entomol. 40:
297Ð331.

Eidmann, H. H. 1997. Assessment of pine weevil numbers
on clear-cut and forest sites with shelter boards and pitfall
traps. Anzeiger Fur Schadlingskunde Pßanzenschutz
Umweltschutz 70: 68Ð72.

Fettig, C. J., S. M. Salom, and J. O. Platt. 1998. Mark and
recapture studies of Hylobius pales (Herbst) (Col., Cur-
culionidae) for measuring bait and trap efÞcacy. J. Appl.
Entomol. 122: 423Ð430.

Haynes, K. J., and J. T. Cronin. 2006. Interpatch movement
and edge effects: the role of behavioral responses to the
landscape matrix. Oikos 113: 43Ð54.
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