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Abstract
We radiocollared 45 red tree voles (Arborimus longicaudus) in western Oregon and monitored their movements during July
2002-September 2003. We predicted that home range areas would be larger in young forests than in old forests and that males
would have larger home ranges and use more nests than females. We tracked individual voles for 82 ± 9 days (mean ± SE; range
= 24-307 days). Voles were active primarily at night, although we did see voles outside their nests during the day on two occasions.
Of the 45 voles, 18 (4 males, 14 females) occupied a single nest tree aud adjacent foraging trees that had interconnecting branch
pathways with the nest tree. The other 27 voles (11 males, 16 females) used  >2 nest trees (range = 2-6). Average distauce between
alternate nests use by individuals was 45 ± 5 m (range = 4-162 m). Estimates of mean (± SE) and median home range size were
1,732 ± 366 m2 and 760 m2, respectively (range = 36-10,308 m2). Little variation in home range size was explained by gender or
age of voles, or by forest age. However, females occupied fewer nests aud made fewer movements between nest trees than males.
Male home ranges were larger than females during late winter and spring during the peak breeding period (2,475 ± 1,076 m2 aud 790
± 239 m2, respectively). We did not detect use of ground nests by radiocollared voles, but we did document occasional cases where
voles moved on the ground between nest trees.

Introduction

Tree voles (Arborimus longicaudus, A. pomo)
are endemic to the coniferous forests of western
Oregon and the coastal ranges of California north
of San Francisco (Bailey 1936, Hayes 1996). They
are the most unique microtine rodent in North
America because they are predominantly arbo-
real, have small litters and long gestation periods
compared to other microtines, and feed exclusively
on the needles and twig bark of conifers (Howell
1926, Benson and Borell 1931, Hamilton 1962).
Tree voles are solitary except for brief periods
when males visit female nests to breed (Taylor
1915, Howell 1926, Forsman et al. 2009). Their
nests are typically located in the live crowns of
trees, where conifer needles are easily accessible
(Gillesberg and Carey 1991, Meiselman and Doyle
1996, Thompson and Diller 2002). Although tree
voles are thought to live throughout the year in
arboreal nests, the sex ratio of adult tree voles
captured in arboreal nests is skewed towards
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females (Taylor 1915, Howell 1926, Hamilton
1962). This, and the fact that a few tree voles
have been found in terrestrial nests, led Howell
(1926) and Hamilton (1962) to suggest that tree
voles, especially males, frequently live in ground
nests and only live in arboreal nests during part of
the year. This has never been confirmed, despite
the fact that many researchers have attempted to
study tree voles.

Although many tree voles have been captured
alive and studied in captivity (Howell 1926, Clif-
ton 1960, Hamilton 1962, Johnson 1973), little is
known about their population ecology, space-use,
or dispersal in the wild because they are difficult
to study using conventional small mammal sam-
pling techniques (Maser et al. 1981, Smith et al.
2003b, Swingle et al. 2004). As a result, there is
considerable uncertainty regarding how tree vole
populations will respond as humans systematically
modify forest succession and change the distribu-
tion and structure of forests in which the species
occurs (Carey 1996, Verts and Carraway 1998).
It is thought that tree vole numbers are declining
as their preferred habitat becomes increasingly
fragmented and reduced in extent by timber harvest,
fires, and conversion of forest lands to non-forest
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uses (Huff et a1. 1992, Smith et al, 2003 b, Fors-
man et al.2004). However, documentation of the
actual rates or areas of decline is lacking.

Conservation of uncommon and unevenly
distributed species like tree voles requires knowl-
edge of movements, especially home ranges and
dispersal relative to different forest types. We
used radiotelemetry to document movements
and diel activity patterns of red tree voles in
western Oregon. Our primary objectives were to
document home range areas and number of nests
used by tree voles and to evaluate the influence of
gender, age, forest age, and the number of days in
the sampling period on estimates of home range
size. We hypothesized that male ranges would be
larger than female ranges because males would be
actively searching for receptive females, whereas
reproducing females would remain close to their
nests when raising young. Our second hypothesis
was that ranges of voles in young forest would be
larger than in old forest because voles in small
trees would have to utilize multiple trees to avoid
over-utilization of the needles and twigs in the
nest tree.

Study Area

We conducted field work in two study areas
in Douglas County, Oregon, from July 2002 -
September 2003. The Yellow Creek Study Area
was in the Coast Ranges, 32 km N of Roseburg
(43°29'48" N, 123°24'53" W), and the Taft Creek
Study Area was in the Cascade Mountains, 45
km E of Roseburg (43°12'36" N, 122°48'15"
W). Both areas were in mountainous terrain
covered by forests dominated by Douglas-fir
(Pseudotsuga menziesiii. Other tree species
commonly associated with Douglas-fir were
western hemlock (Tsuga heterophylla), grand fir
(Abies grandis), bigleaf maple (Acer macrophyl-
lum), western redcedar (Thuja plicata), golden
chinquapin (Castanopsis chrysophylla), Pacific
madrone (Arbutus menziesii), and incense-cedar
(Calocedrus decurrens). Vegetation on both areas
included a mixture of young forests (22-55 yrs
old) regenerating on old clear-cuts, intermixed
with mature and old-growth forest (110-260
yrs old). Regardless of age, forests on both
study areas typically had high (>70%) canopy
closure. Both areas were characterized by cool
wet winters and warm, dry summers (Franklin
and Dyrness 1973).
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Methods

Capture and Radiocollar Attachment

We located voles by searching for their arboreal
nests as we walked or drove through forested
areas. We investigated 1,151 potential nests by
climbing trees to determine if they were occupied
by voles. We captured voles by probing their nests
with a stiff piece of wire, and capturing them by
hand or in nets as they ran from the nest (28%)
or  jumped to the ground (72%). We used the wire
probe because we did not want to influence vole
behavior or survival by damaging their nests.

Upon capture we fitted each vole with a ra-
diocollar (Models BD-2C, BD-2NC, or MD-2C;
Holohil Systems, Carp, Ontario, Canada). We
used three different collar sizes (0.6, 1.0, 1.6 g)
depending on the mass of the vole, so that total
mass of collar and transmitter was <5% of an
individual's body mass. We classified voles as
juveniles, subadults, or adults based on mass, pel-
age color, and external evidence of reproductive
condition (Clifton 1960, Hamilton 1962, Maser
and Storm 1970). Gender of voles was determined
using molecular data (n = 38) or morphological
evidence such as visible mammae, descended
testes, and distance between the urogenital open-
ing and anus (n = 7). Molecular determination of
gender was based on a polymerase chain reaction
(PCR) analysis of DNA extracted from a tissue
sample from the tip of the tail (Bryja and Konecny
2003, Bellinger et al. 2005). After installing the
radiocollar we released each vole at the base of
the tree from which it was captured. The handling
sequence from capture to release took about 20 min.
All procedures met the guidelines recommended
by theAmerican Society of Marnmalogists, Animal
Care and Use Committee (Gannon et al.2007) and
were conducted under Oregon State University
Animal Care and Use Permit 3091.

Rad iotracking

We used hand-held radio receivers (Model R-1000,
Connnunications Specialists, Orange, CA orModel
TR-2, Telonics Inc., Mesa, AZ) and hand-held
H-antennas (Model RA-2AK, Telonics Inc.) to
relocate radiocollared voles. We used a series
of triangulations to home in on the transmitter
signal until the vole was located in a specific tree
directly above the observer. If we could not isolate
the signal to a specific tree, we tried to isolate the



signal to the smallest possible group of trees. Of
2,537 relocations, 2,166 (86%) were determined to
the nearest tree, 312 (12%) were narrowed down
to a cluster of trees within a 10 m radius, and 59
(2%) were discarded because we could not get an
accurate location. Based on 129 cases where we
triangulated on voles from the ground and then
climbed trees to determine their exact locations,
we found that mean telemetry error was 1.50 m
± 0.02 m (SE; range = 0-21.0 m), and that we
correctly identified the tree in which the vole was
located 77% of the time. When a vole was found
in a different tree than the one it had been occu-
pying during previous locations, we conducted a
diurnal follow-up visit the next day to determine
if the vole was still in the new tree or had moved
back to the previously used tree.

Sampling Schedule and Diel Activity
Patterns

All voles were monitored until they died, or until
their transmitters either failed or were removed.
We used two sampling methods to monitor radio-
collared voles. The first method was to record a
single location for each vole every other night,
using a systematic sampling schedule to ensure that
observations of each vole were evenly distributed
throughout the night (Otis and White 1999). On
average, we relocated individual voles 4.2 ± 0.1
(SE) times per week.

The second method was to randomly select a
vole and monitor it continuously for a l-hr period,
using changes in signal strength and location
to determine if the vole was moving about or
stationary at the nest. We used the latter method
1-4 times per week, with a maximum of one
vole monitored on the same day or night, and we
systematically spaced the l-hr sampling intervals
so that we obtained approximately equal amounts
of data throughout the night. During continuous
monitoring, we scored the level of activity during
each l-hr period as 1 (inactive-no movement),
2 (moderately active-occasional movement),
or 3 (highly active-frequent movement) and
we recorded whether the vole used >1 trees. To
evaluate differences in the level of activity at dif-
ferent times of the night we subdivided the data
from the sampling periods into 2-hr intervals,
beginning at sunset and ending at sunrise. We
then used t-tests to compare mean activity levels
of males and females in each 2-hr interval at night
and during the diurnal interval (all l-hr samples

collected between sunrise and sunset). Unless
the vole moved from one tree to another during
a continuous monitoring period we only recorded
a single location for the entire period.

Estimation of Home Range

Although it was usually possible to identify the
tree in which a vole was located, we could not
reliably determine whether a vole was in its nest
or out on a limb in the nest tree. For this reason
we always recorded locations at the center of the
tree in which the vole was located. If we used
these locations with convex polygon or kernel
estimators the results would have underestimated
space-use because our locations were not accurate
enough to capture the occasions when voles were
foraging out on limbs around the nest, especially
in cases where the majority of relocations were
in one or a few nest trees (Hansteen et al. 1997).
Therefore, we used a method that we referred to
as the Crown Area Polygon (CAP) to estimate
the horizontal area used by each vole. The CAP
method was based on the same principal as the
100% Minimum Convex Polygon method (Mohr
1947) except that, instead of connecting the out-
ermost points where the animal was detected, we
connected the outer edges of the crowns of the trees
in which the animal was detected (Figure 1).With
this method we assumed that, at least occasionally,
voles foraged to the outer ends of the limbs in the
trees in which they were located. We believe this
is a reasonable assumption considering that tree
voles feed primarily on new growth from the outer
ends of limbs (Howell 1926, Walker 1930), and
that video observations of tree voles revealed that
they regularly ran in and out on all of the limbs
surrounding their nests while they were foraging
at night (Forsman et a1. 2009).

To estimate home ranges, we used a compass
and laser to determine the distance and direction
between the boles of all trees used by each vole.
We imported these data into Program ArcView
3.2 (ESRI, Inc., Redlands, CA) and used the
Distance and Azimuth Tools extension (Jenness
Enterprises, www.jennessent.com) to determine
the coordinates of each location. We also imported
circular estimates of the crown area of each tree
into ArcView. The latter estimates were computed
based on the average of two measurements of
crown width taken at right angles on each tree.
The area within the CAP was then estimated
from the digitized convex polygon connecting
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the crowns of trees in which the vole was located
(Figure 1). In all estimates of home range we did
not concern ourselves with autocorrelation in the
data, because Otis and White (1999) demonstrated
convincingly that autocorrelation is generally a
non-issue in tests of hypotheses regarding home
range size, and that intensive sampling leads to
improved estimates of spatial use.

We used t-tests and linear regression for univari-
ate tests of association between variables. We used
the multi-model information-theoretic approach
(Burnham and Anderson 2002) to evaluate a set of
14 a priori linear models that included the additive
effects of gender, age, study area, number of days
in the sample period, and forest age on estimates of
the number of trees used by individual voles and
estimates of home range size. We were especially
interested in relationships between gender, forest
age, and home range attributes because some have
suggested that male tree voles live most of the
time in ground nests (Howell 1926), and because
differences in home range size in different forest
types could help to understand the relative energetic
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costs of living in young versus old forests. For these
analyses we divided forests into two age classes;
young forest (22-55 yrs old) consisted primarily
of even-aged stands of Douglas-fir growing on
areas that had been clear-cut and reforested and
old forest (110-260 yrs old) included a diverse
mix of medium to large trees growing on areas
that had not been logged. We used Akaike's In-
formation Criterion (AICc) corrected for small
sample size to rank models, and Akaike weights
(wi) to evaluate model likelihood (Akaike 1973,
Burnham and Anderson 2002). For this analysis,
any model within 2 AICc units of the best model
was considered competitive with the best model
(Burnham and Anderson 2002). We estimated the
amount of variance explained by the best model
as the difference in residual variance between
the best model and the no-effects model using
the estimates of residual variance computed with
program STATGRAPHICS (STSC, Inc. 1988).
Because home range estimates tended to be skewed
towards smaller areas, we log-transformed the data
to improve normality before conducting analyses.
However, we present the untransformed estimates
in the text because we think they are biologically
more meaningful.

Gender Differences in Movements and
Nest Tree Fidelity

To evaluate the hypothesis that male and female
voles were equally likely to change locations
between subsequent relocations, we coded each
relocation as a 0 if the vole was located in the same
tree as the previous radiotelemetry location or 1 if
it was at a different location. Then we subdivided
the data by gender in a 2 x 2 contingency table
and computed the log odds ratio of the likelihood
of movement between successive relocations of
males and females (Ramsey and Schafer 2002).
We also subdivided these data by season in order
to examine seasonal differences in the amount of
movement between trees within the home range.
We used P<0.05 as the criteria for significance
in statistical tests, and P = 0.05-0.10 as sugges-
tive, but inconclusive evidence. All means are
expressed ± 1 SE.

Results

Of 50 voles radiocollared we excluded 5 that
were tracked for <24 days because a plot of mean
home range size relative to the number of days
in the observation period indicated that estimates



of mean home range size increased rapidly for
the first 10-20 days that voles were tracked, and
then began to level off. On average, home range
size by day 24 reached 80% of the eventual 100%
CAP range.

The 45 non-juveniles observed included 38
adults (12 males, 26 females) and 7 subadults (3
males, 4 females). The sample included 33 voles
(6 males, 27 females) in young forest, and 12 voles
(9 males, 3 females) in old forest. Of the 45 voles,
26 were radiocollared one time only, and 19 were
recaptured and recollared on 1(n= 14), 2 (n= 3),
or 3 (n= 2) occasions to replace transmitters that
failed or were about to fail. On average, voles were
observed for 82 ± 9 days (range = 24-307 days).
After they were radiocollared, 82% of the voles
continued to occupy the same nest where they
were originally captured, and 90% were found at
least once in their original nest, which led us to
believe that our methods did not greatly disrupt
the behavior of most individuals.

Diel Activity Patterns

Data from 213 continuous monitoring sessions
indicated that voles were largely active at night
and spent the daylight hours in their nests. There
were no differences in mean activity levels of
males and females in any of the 2-hr intervals after
sunset (all P >0.25), so we combined the data for
males and females for comparisons among the 2-hr
intervals (Figure 2). During 192 1-hr intervals at
night, voles were highly active in  118 intervals
(61%), moderately active in 55 intervals (29%),
and inactive in 19 intervals (10%). In contrast, in
21 1-hr intervals during the day, voles were inac-
tive in 9 intervals (43%), moderately active in 12
intervals (57%), and highly active in no intervals.
Of 173 intervals in which voles were active at
night, 41 (24%) involved movements between trees
(range = 2-4 trees), 16 (9%) involved horizontal
or vertical movements in the nest tree, and 116
(67%) were cases in which we could not tell if
voles were in their nests or moving about in the
nest tree. Virtually all diurnal activity seemed to
consist of movements within the nest, except for
two cases in which we found voles huddling on
limbs outside their nests during the day.

Home Range Attributes

Of the 45 voles, 18 (4 males, 14 females) had
home ranges that consisted of a single nest tree

and a few adjacent trees, and 27 (11 males, 16
females) used 2-6 nests that were 4-162 m apart
(mean = 45 m ± 5 m). Mean nest height was 16.0
± 0.7 m (n = 112, range = 5.1-42.7 m). Estimates
of mean home range size did not differ between
males and females or between forest age classes
(Table 1). Although the direction of the differences
in the means seemed to provide weak support for
our a priori hypotheses, the means were strongly
influenced by a few outliers, and when we com-
pared medians rather than means, the patterns
were actually the opposite of what we predicted.
That is, median home range areas were smaller in
young forest than in old forest and were smaller
for males than for females (Table 1).

The mean number of nest trees used by males
and females was 2.67 ± 0.41 and 2.03 ± 0.23,
respectively (t = -1.44, P = 0.16). The model
that best described variation in the number of nest
trees used included the additive effects of gender
and days in the sample period (Table 2). The
only competitive model was one that included
the effects of days in the sample period, with no
additive gender effect (Table 2). Akaike weights
(wi) summed across models indicated that days in
the sampling period made the largest contribution
to model fit (0.90), compared to 0.56 for gender,
0.24 for vole age, 0.17 for forest age, and 0.03 for
study area (Table 2). However, the amount of the
total variation explained by the best model was
only 17%, indicating that most of the variation in
the number of nest trees used was unexplained by
our models (Figure 3A).
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The model that best described the variation in
size of horne ranges was the no-effects model.
However, four other models were competitive
with the best model, including simple univariate
models that included gender, vole age, forest
age, and days in the sampling period (Table 3).
Akaike weights (wi) were fairly evenly distributed
among all of the competing models, suggesting
that gender, vole age, forest age, and days in the
sampling period all had an effect on home range
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estimates. However, the full model explained
only 7% of the variation in the data, again indi-
cating that most of the variation in horne range
size was unexplained by any of our models.
The weak relationship between home range size
and number of days in the sampling period was
also indicated by the low correlation between
the number of days in the sampling period and
home range size (r2 = 0.17 and 0.02 for males
and females, respectively; Figure 3B).
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Frequency of Movements Nest Trees

On average, sequential relocations of individual
males and females indicated they were in the same
tree as the previous location 69% and 64% of the
time, respectively. The odds of locating a vole in
a different tree than in the previous location was
1.27 times greater for males than females (95% CI
= 1.05-1.37, n = 2,199). The higher rate of move-
ment by males was most pronounced in late winter
through spring (January - June) when females tended
to be sedentary and males regularly traveled among
trees within their ranges (Figure 4). During this
period, the mean home range size of males (2,475
± 1,076 m2, n = 8) was nearly three times larger
than the mean home range size of females (790
± 239 m2, n = 13), but the individual variation in
home range size was so great for both sexes that
the seemingly large difference between the sexes
was only suggestive for a difference (t = -2.078,
P = 0.052). During the summer and early winter
(July - December), the frequency of movement
between sequential relocations was more similar
between the sexes (Figure 4), and there was little
evidence of a sexual difference in mean home
range size of males (1,189 ± 397 m2, n = 11) and
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females (1,761 ± 562 m2, n = 24, t = -0.024, P =
0.981).

Home Range Overlap

Of the females that we observed there were only
three individuals whose observation periods over-
lapped and that occurred close enough together to
expect theirranges to overlap. These three females
occurred in young forest. The home range of one
of these females (# 11) overlapped the ranges of
the other two (#'s 10 and 16), but not during the
same radiotracking period. From 6-30 January
2003 the home range of # 11 was confined to three
interconnected trees that were entirely subsumed
within the range of #10, whose range included a
much larger area that included at least three nest
trees and five foraging trees (Figure 5A). These
two females were found in close proximity (5.2
m) to each other on only one occasion, when #10
was found in a tree whose crown overlapped the
nest tree of #11. The #10 female was lulled by
a weasel on 30 January 2003 and we eventually
marked another female (#16) in the same area on
29 May 2003. This female occupied a range that
had little overlap with the range of #11 except



for one day in which she was found in a nest in a
tree whose crown broadly overlapped the tree in
which #11 was nesting (Figure 5B). By the next
day #16 had moved back to her center of activity
consisting of 4 nest trees where 92% of her total
relocations occurred and there was no further
overlap with #11.

In two cases where we radiocollared a male
and female in close proximity to each other
we found that the ranges of the males almost

completely overlapped the ranges of the females
(Figures 6-7). In one case the observation period
was in late Summer (24 July - 9 September) in
an old forest, and there was little indication of
close interactions between the two voles except
for one night when they were in trees that were
8.7 m apart (Figure 6). In the other case, the two

Tree Vole Home Ranges 281



voles occupied a young forest and were tracked
from 20 November-30 April except for a 22 day
period (9 February-12 March) when the male's
transmitter died (he was recollared on 13March).
During this time their simultaneous relocations
were 65.2 ± 4.6 m apart on average (n = 63), but
there were three occasions when they were found
in trees whose crowns overlapped each other and
one night when they were together in the female's
nest tree (Figure 7). This female was lactating in
three of four recaptures.

Movements on the Ground

Of 2,537 locations oflive voles, all but six were in
trees. The six exceptions were all cases in which
we found voles on the ground as they moved from
one tree to another at night. The rarity of ground
detections and the relatively frequent cases in
which we documented travel from tree-to-tree
via interconnecting branches indicated that the
voles preferred to travel in the forest canopy
but would travel on the ground if necessary. For
example, there were two adult males that used
alternate nests on opposite sides of a gravel log-
ging road that passed through their home ranges.
The treeless corridor through which this road
passed averaged 22-m wide, and the only possible
pathway between nests on opposite sides of the
road was on the ground. We also found 11 voles
in old forests that occupied nests in  > 2 trees that
had no interconnecting branches with each other
or with other trees. These individuals were obvi-
ously descending to the ground to move between
trees. None of the radiocollared voles were found
in ground nests at any time during the study.

Discussion

Although some authors have speculated that tree
vole home ranges consist of a single nest tree and
possibly adjacent foraging trees (Taylor 1915,
Brown 1985, Carey 1999), 60% of the voles we
observed used multiple nests in different trees,
and some individuals frequently moved between
alternate nests throughout the time they were
monitored. It is possible that some movement
among nests was influenced by our radiocollars
or our disturbance of nests, but we suspect that,
especially for males and non-breeding females,
use of multiple nests is the norm. In other radio-
telemetry studies of voles, use of a control group
has revealed little evidence of radiocollar effects
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(Berteaux et al. 1996, Johannesen et al. 1997),
but such comparisons were not possible in our
study because tree voles are virtually impossible
to sample using any conventional small mammal
sampling techniques other than radiotelemetry
(Swingle et al. 2004).

Although our analysis indicated that males
tended to use more nest trees than females, our
models were only weakly supportive of the hy-
pothesis that males had largerranges than females.
However, male home ranges did tend to be larger
than female home ranges during the late winter
and spring, just before and during the period
when most females were either pregnant or rais-
ing young (Swingle 2005). But even then, there
was so much variation among individuals that the
difference was only marginally significant. Larger
home range size of males is a common pattern in
micro tines (Gashwiler 1972, Alexander and Verts
1992, Thompson et al. 2009) and in many arboreal
rodents (Martin and Anthony 1999, Cotton and
Parker 2000, Meyer et al. 2005). This pattern is
not surprising given that females are constrained
to a maternal nest for much of the year, whereas
selection probably favors males that maximize their
home range size to breed with as many females
as possible (Cotton and Parker 2000). We suspect
that variation in home range size of the voles we
studied could be better explained if the data were
subdivided based on the reproductive status of
each vole and if we had included more detailed
covariates on vegetation structure in our models.
However, this was not possible because we were
unable to consistently determine breeding status
of individuals and because we did not have fund-
ing to collect detailed vegetation measurements
at every nest tree.

With the exception of females with young,
our radiocollared voles were solitary. Males were
infrequently found in the same trees as females,
except at night when they occasionally visited
female nests, presumably to see if females were
receptive to breeding (see Forsman et al. 2009).
They always returned to their own nests by the
next morning. These observations are supportive
of Howell's (1926:57) observation that tree voles
have, " ... a markedly solitary disposition, the
females usually being truculent and intolerant
of other individuals." Rare exceptions in which
adult male tree voles have been found in nests
with females during the day (Benson and Borell
1931) probably represent cases in which males



were visiting receptive females to breed. The rarity
of studies finding more than one adult tree vole
simultaneously nesting in the same tree leads us
to conclude that it is uncommon (even in large
old-growth trees) for multiple adults to simul-
taneously occupy the same tree. Thus, we think
that the statement by Maser (1998:223) that, " ...
multiple generations of tree voles can simultane-
ously occupy the same old-growth tree .... " may
represent the exception rather than the rule for
adult tree voles.

Activity levels documented during our   1-hr
continuous monitoring periods suggested that
tree voles were more active at night than during
the day, but there was some uncertainty because
it was often difficult to tell the difference between
activity that occurred in the nest versus outside
the nest, especially at night. Subsequent to our
study, Forsman et al. (2009) used video cam-
eras to continuously observe tree vole nests, and
documented that activity outside the nest took
place almost entirely at night, with rare episodes
of diurnal foraging.

We predicted that home ranges of tree voles
would be larger in young forest than in old forest
because we thought that voles that occupied stands
of small trees would have to utilize the crowns
of multiple trees in order to find enough food,
whereas voles in old trees could find adequate
food in the crown of a single large tree. Our results
did not support this hypothesis. It is possible that
this comparison was confounded by our method
of home range estimation, but none of the other
possible methods of home range estimation could
be used with our data. We found no other studies
in which researchers compared home range size
of microtines in forests of different age.

An obvious limitation of our data is that we
only estimated home ranges in two dimensions
because we could not consistently determine the
height of voles in trees at night. What is needed
to better understand space use by tree voles is a
sampling method that would permit calculation of
a 3-dimensional home range that would take into
account vertical as well as horizontal movements
within the forest canopy (Cranford 1977, Koeppl
et al. 1977, Meserve 1977). We know of no current
technology that will produce such fine scale loca-
tion data for a small arboreal animal like the tree
vole, but it is possible that pit tags with multiple
sensors encircling the trunks and limbs of nest

trees could produce 3-dimensional data (Harper
and Batzli 1996, Dell'omo et al. 1998).

Our data, and the considerable number of tree
voles that have been captured in pitfall traps (Corn
and Bury 1986,1991; Raphael 1988; Gilbert and
Allwine 1991; Gomez andAnthony 1998; Manning
and Maguire 1999; Martin and McComb 2002),
confirm that tree voles will travel on the ground
to move between trees in situations where they do
not have the option of traversing from tree-to-tree
via interconnecting branches. However, the rarity
of terrestrial locations for both males and females
in our sample suggested that, when they did come
to the ground, voles moved quickly between trees,
spending little timeon the ground. Thus, our study
provides little support for the hypothesis that large
numbers of male tree voles reside in ground nests, as
has been suggested by some (Taylor 1915, Howell
1926, Maser 1966). Hamilton (1962) speculated
that tree voles might be more likely to nest in bur-
rows during winter because their arboreal nests
might not provide enough thermal insulation during
cold weather. We found no support for this hypoth-
esis, as none of our radio collared voles nested on
the ground at any time of the year. However, the
voles that we studied were initially captured by
searching for arboreal nests and chasing the voles
out of those nests. Therefore, we cannot discount
the possibility that there was a ground-dwelling
segment of the population that we overlooked.
One potential method for further investigation of
the use of ground nests by tree voles is the use of
trained dogs to locate nests (Smith et al. 2003a,
McKay et al. 2008). We have not tried this, but it
certainly should be considered in the future.

In an attempt to explain why he found few tree
voles in isolated patches of forest surrounded by
pastures or cutover areas, Howell (1926:40) sug-
gested that extensive areas of non-forest may be a
barrier to movement of tree voles. This hypothesis
has been repeated by others (Carey 1996, 1999;
Harris 1984) but has not been tested. We could
not test this hypothesis directly, but our data
clearly show that tree voles can and do at least
occasionally move short distances across small
forest openings or across small logging roads
that were less than 25 m wide. We saw no cases
in which tree voles moved across large areas of
non-forest, and we suspect that large non-forest
openings do act as barriers to dispersal, and that
long-term persistence of tree voles in any given
forest area depends on the size and connectivity
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of the remaining stands, as well as the structure
of the forest canopy. Experimental tests of these
hypotheses would be extremely difficult, but retro-
spective surveys of tree voles in heavily disturbed
forest areas may provide insights regarding the
rate of dispersal and recolonization relative to the
distance from the nearest refugia.

There is considerable evidence from trapping
studies (Corn and Bury 1986, 1991; Raphael 1988;
Gilbert and Allwine 1991; Gomez and Anthony
1998; Manning and Maguire 1999; Martin and
McComb 2002) and nest surveys (Gillesberg and
Carey 1991, Meiselman and Doyle 1996, Jones
2003, Dunk and Hawley, In Press) that indicates
that tree voles are most common in old forests.
However, they also occur in fairly high numbers
in some young stands (Howell 1926, Maser 1966,
Thompson and Diller 2002). We think this is an
important fact to emphasize because, if the objec-
tive is to maintain tree voles in an area, managers
may want to forego thinning in young stands that
have signs of occupancy by tree voles, or they
may want to experiment with variable density
thinning (Franklin et al. 1997, Carey 2003) in
those stands in order to retain patches of densely
spaced trees with interconnected branch path-
ways and with the types of structural attributes
that provide support for tree vole nests in young
trees (deformed limbs, broken or forked tree tops,
epicormic branching).

Another finding from our study with important
implications for both scientists and managers is
that approximately 48% of the nests used by our
radiocollared voles could not be seen from the
ground (Swingle 2005). The proportion of nests
that could not be seen from the ground was par-
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