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a b s t r a c t

We assessed habitat use by the northern flying squirrel (Glaucomys sabrinus) to test the hypothesis that
the species is not a late-seral coniferous forest specialist in boreal mixedwood forests of northwestern
Québec. We monitored 149 pairs of nest boxes over 3 visits during February–April 2008. A total of 31 pairs
of nest boxes were occupied during the study. The average (3.7, 2.8, and 1.8) and maximum (8, 6, and 4)
numbers of individuals in nest boxes decreased from the first to last visit. Average air temperatures were
below freezing and increased with the arrival of spring (−23.9, −14.5, and −3.7 ◦C). Using GIS software,
we created a 430-m (median dispersal distance) buffer around each pair of nest boxes and extracted
landscape composition variables from digital forest inventory maps. We created models that potentially
explained site occupancy by the northern flying squirrel as well as detection probability. Model selection
indicated that the area of coniferous forests negatively affected site occupancy by flying squirrels while
temperature positively influenced detection probability. Our results support the hypothesis that the
northern flying squirrel is not a habitat specialist, but can occupy a wider range of forest cover types than
previously recognized in various landscape contexts.

© 2012 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier GmbH. All rights reserved.

Introduction

The northern flying squirrel, Glaucomys sabrinus, is a nocturnal
arboreal rodent common across forested landscapes of northern
North America (Wells-Gosling and Heaney, 1984). As the main prey
item of the northern spotted owl (Strix occidentalis caurina) in the
Pacific Northwest, it has been largely studied in this region and
its optimal habitat is described as old-growth coniferous forest
(Carey, 1991; Witt, 1992; Carey, 1995; Smith and Nichols, 2003).
This selection is explained by its important consumption of truffles,
i.e., hypogeous fruiting bodies (Maser et al., 1986; Pyare et al., 2002;
Lehmkuhl et al., 2004), of ectomycorrhizal fungi associated with the
roots of conifers in the Pinaceae (Maser and Maser, 1988), and by
its use of tree cavities (Smith, 2007). Although preference for multi-
storied, structurally complex old forest may also be due in large part
to predator avoidance (Carey 2002), this hypothesis has less empir-
ical support than food and nest limitations (Smith 2007; Hough and
Dieter 2009a). In the Appalachians, northern flying squirrel habi-
tat has also been defined as coniferous-dominated forest at high
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elevation or conifer-hardwood ecotones (Weigl et al., 1992; Odom
et al., 2001; Menzel et al., 2006), where it may avoid competi-
tion with the southern flying squirrel, Glaucomys volans (Weigl
1978). However, recent studies in continental regions suggest that
this species is less specialized in its habitat use than previously
expected, as shown by its presence in mixed or deciduous forests
(Wheatley et al., 2005; Holloway, 2006; Ritchie et al., 2009), and
in residual stands fragmented after logging (Bayne and Hobson,
1998; Côté and Ferron, 2001). Such results highlight the apparent
need for further studies to enhance our understanding of the habi-
tat requirements of northern flying squirrel in regions where pure
coniferous forests, old-growth forests, or a combination of these
two are not common (Patterson and Malcolm 2010).

Few studies have examined the habitat characteristics of the
northern flying squirrel in the northern part of its range, partic-
ularly in the boreal forest. As this region is characterized by a
continental climate with average temperatures below freezing for
5–6 months per year, a considerable energetic demand is imposed
on small mammals, including the northern flying squirrel, which is
active year-round. It is generally recognized that cavities represent
better winter nest choices than do external nests (Wells-Gosling
and Heaney, 1984), as the former offers better protection from pre-
cipitation, wind, and cold temperatures. However, a study recently
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showed that external nests and even ground nests are more likely
to be used than cavities on days following cold nights in our study
area (Trudeau et al. 2011). Flying squirrels are also known to aggre-
gate in nests (Mowrey and Zasada, 1984; Gerrow, 1996), and thus,
large cavities are necessary for cohabitation. Availability of suitable
cavities has therefore been proposed as a factor limiting this species
(Smith, 2007). When available, nest boxes are readily used by flying
squirrels (Maser et al., 1981; Carey, 2002; Ransome and Sullivan,
2004). As such, nest boxes represent an effective way to assess site
occupancy and habitat use (Fokidis and Risch, 2005).

In this study, our main objective was to investigate habitat use
by the northern flying squirrel in boreal mixedwood forests using
nest boxes. Since (1) cavity availability is an important limiting
factor for the northern flying squirrel (Carey, 2002), (2) that most
cavities in the boreal forest are excavated by woodpeckers rather
than of natural origin (Aitken and Martin, 2007), and (3) that cav-
ities are mainly excavated in trunks of trembling aspen (Populus
tremuloides) in boreal mixedwood forests (Drapeau et al., 2009), we
hypothesized that the flying squirrel is not associated with conifer-
ous forest cover types in our study area but instead inhabits a wide
range of forest cover types that include deciduous forests domi-
nated by trembling aspen (Hough and Dieter 2009b). Large trees
have also been associated with the presence of the northern flying
squirrel in the boreal forest (McDonald, 1995) and we expected that
the cover of mature and older forests would be positively associ-
ated with site occupancy probability. We also expected that sites
surrounded by open habitats would be associated with lower occu-
pancy because such habitats limit movement and dispersal of flying
squirrels (Bendel and Gates, 1987), reducing the probability of such
sites of being colonized and occupied.

Material and methods

Study area

The study took place in the boreal mixedwood forest of
northwestern Québec (47◦46′–49◦00′N, 79◦53′–78◦22′W), which is
located on the northern Clay Belt and characterized by clay soils
and low rocky hills. Mean annual temperature is 1 ◦C and aver-
age annual precipitation is 914 mm (Environment Canada, 2009).
This region is part of the balsam fir-white birch bioclimatic domain
of the boreal forest (Robitaille and Saucier, 1998), and consists
of trembling aspen, balsam poplar (Populus balsamifera), white or
paper birch (Betula papyrifera), white spruce (Picea glauca), black
spruce (Picea mariana), jack pine (Pinus banksiana), and balsam fir
(Abies balsamea). The landscape is characterized by a mixture of
coniferous, mixed, and deciduous forests interspersed with agri-
cultural fields and clear-cuts, as well as numerous lakes and rivers.

Nest boxes

We monitored 149 forest stands in which two nest boxes were
installed in 2003 primarily for northern saw-whet owl (Aegolius
acadicus) and boreal owl (Aegolius funereus) nesting, but these nest
boxes were also used as winter shelter by northern flying squir-
rels. All nest boxes previously used by nesting birds were cleaned
at the end of each summer by removing their content and adding
a new layer of sawdust. The location of each nest box pair was
determined using a stratified sampling design to ensure adequate
representation of the variation in forest cover occurring over the
region (mean = 77%, range = 26–100% forest in 430-m buffer), as
well as existing forest cover types (coniferous, mixed, and decid-
uous). The nest boxes (19.8 cm × 19.8 cm × 44 cm height; 7.15 cm
dia. entrance) were handmade with ca. 1.5 cm thick plywood and
designed with a side door to access the interior. They were installed

at a 4-m height on a dominant tree and the bottom of the boxes was
covered with wood chips. Nest boxes were distributed at approxi-
mately 50 m from roads with an average distance of 20 m between
the nest boxes of a pair and 3 km between each pair.

Each pair of nest boxes was visited 3 times during winter and
early spring 2008 (between February 14th and April 12th) to deter-
mine the presence and number of northern flying squirrels. As this
species is strictly nocturnal (Cotton and Parker, 2000), the nest
boxes were visited at any time of the day except 30 min after sun-
rise or before sunset to ensure that nests were being used at the
time of checking. Using a ladder, each nest box was inspected for
northern flying squirrels following the same procedure: (1) a few
knocks were given on the door; (2) the door was opened; (3) if it
contained a squirrel’s nest, the latter was shaken; and finally, (4)
the nest was inspected to ensure that no individual was missed.
This exercise was performed with a second observer on the ground
with an unobstructed view of the nest box entrance. This observer
was able to count flying squirrels coming out of the nest box. All 149
nest box pairs were checked during the first visit. However, 2 and
14 pairs could not be checked during the second and third visits,
respectively, due to difficult access and warmer weather affecting
snow conditions.

Environmental variables

We determined habitat use by the northern flying squirrel
using seven different landscape composition variables, known to
be better predictors of flying squirrel distribution than forest con-
figuration variables (Ritchie et al., 2009). The variables were chosen
in order to test seven different hypotheses relating to the special-
ization of flying squirrel habitat use in terms of forest composition
(conifer versus deciduous tree cover) and developmental stages
(greater than 7 or 12 m in height; Table 1). These variables were
extracted using ArcView® 3.2 (ESRI, 1999) from 1995 digitized
forest cover maps (1:20,000 scale) that were produced by the Min-
istère des Ressources naturelles et de la Faune du Québec (MRNF)
and which were updated with recent clear-cuts (1993–2007). We
created a 430-m buffer around each pair of nest boxes and extracted
areas corresponding to each variable within the buffer. This buffer
value was chosen as it represents the median dispersal distance
for flying squirrels (D’eon et al., 2002). We expected that the land-
scape context defined by habitat composition within this radius
would have an effect on the probability that a stand would be col-
onized in the fall, and thus occupied when we conducted our nest
box surveys in winter.

Statistical analysis

We analyzed flying squirrel detection at nest boxes using single
season occupancy models that were fit in R version 2.13.0 using
the unmarked package (Ihaka and Gentleman 1996; Fiske et al.
2011; MacKenzie et al., 2006). This method estimates a probabil-
ity of detection using data from repeated visits to account for false
absences (MacKenzie et al., 2002). In this analysis, each stand with a
nest box pair was considered an independent site, whereas nest box
pairs provided the detection histories for each site. On a given visit,
each nest box pair contributed a single binary observation: squirrels
were either detected or not at each site. Each one of our seven main
hypotheses on habitat use (Table 1) constituted independent mod-
els on site occupancy and were compared with air temperature and
area of coniferous forest as covariates potentially affecting detec-
tion, for a total of fourteen different models. For temperature, we
used the minimal temperature between 0:00 and 6:00 on the day
of observation. All data were acquired from the closest meteoro-
logical station, which was located in the city of Val-d’Or (48◦03′N,
77◦47′W), and downloaded from the Environment Canada website
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Table 1
Description of the landscape composition variables extracted from digitized forestry maps. Values for mean area and range are expressed in hectares and calculated within
the 430-m buffer of each site.

Variables Description and hypothesis on habitat use Mean (range)

Coniferous (Con) Stands dominateda by conifers (coniferous or mixed) > 7 m; conifer specialized species 17.3 (0–57.8)
Deciduous (Dec) Stands dominateda by deciduous trees (deciduous or mixed) > 7 m; deciduous specialized species 21.8 (0–56.1)
Open Open habitats including; forested stands < 2 m, water, agricultural fields, fallows, deforested and

urban areas; species avoiding open areas
12.1 (0–42.7)

Forest (For) All forested stands (coniferous, deciduous and mixed) > 7 m; generalist forest species 44.4 (15.1–57.8)
Mature (Mat) All forested stands (coniferous, deciduous and mixed) > 12 m; mature forest specialized species 26.4 (0–53.5)
Mature Coniferous (MatCon) Stands dominateda by conifers (coniferous or mixed) > 12 m; mature coniferous forest specialized

species
8.9 (0–47.5)

Mature Deciduous (MatDec) Stands dominateda by deciduous trees (deciduous or mixed) > 12 m; mature deciduous forest
specialized species

17.5 (0–53.5)

a Dominance is described as >50% of total basal area of the stand.

(Environment Canada, 2009). Because cavity use decreases at low
temperatures (Trudeau et al. 2011), we expected a similar effect on
nest box use, yielding a positive effect of temperature on probabil-
ity of detection at our study sites. Because leaf nests are apparently
constructed only in conifers in our study area (Trudeau et al. 2011),
we also expected that probability of detection of flying squirrels
using nest boxes would be higher in sites where the availability of
conifers is low.

All variables were centered prior to analysis. Strong correlations
(r ≥ 0.7) occurred among certain landscape composition variables.
To avoid including highly correlated variables in the same mod-
els, we considered a final set of 19 models to explain the presence
of the northern flying squirrel at our sites, which included a null
model and 10 global models. We tested the fit of each of 10 global
models to the data by using a parametric bootstrap approach with
10,000 bootstrap samples (ĉ > 1.0 indicated overdispersion of the
data) using program PRESENCE 2.4 (Hines 2006; MacKenzie et al.,
2006). We used Akaike’s Information Criterion, adjusted for small
sample size (i.e., total number of sites), to compare candidate mod-
els (Burnham and Anderson, 2002). We considered models with
�AICc values ≤ 2 to have strong support and we also calculated
model probabilities from the AICc values to indicate the level of
support for each model considered (Burnham and Anderson, 2002).
We used the AICcmodavg package (Mazerolle 2011) to compare
models and implement multimodel inference to assess the effect
of variables on either occupancy or detection probability.

Results

A total of 31 sites were occupied over the 3 visits, with fewer
sites occupied during the first (12) and second (17) visits compared
to the third (25). The average number of flying squirrels in occupied
sites was 2.8 per nest box over the 3 visits, and this average number
decreased with more individuals observed during the first (3.7) and
second (2.8) visits compared to the third (1.8). We also observed
an aggregation of 8 flying squirrels in a nest box during the first
visit, while the maximum numbers of individuals in subsequent
visits were 6 (second visit) and 4 (third visit) animals, respectively.
The mean temperature over the 3 visits was −14.3 ◦C; consistent
with expectation, average air temperature increased as the season
progressed, from −23.9 ◦C on the first visit to −14.5 ◦C on the second
visit, and to −3.7 ◦C on the third.

None of the 10 global models in our candidate model set
suggested overdispersion in the data as ĉ was close to 1. A sin-
gle occupancy model had most of the support with an Akaike
weight of 0.87 (Table 2) and it included the variables conifer cover
(coniferous) on occupancy and minimal air temperature (temper-
ature) on detection. This model was 17 times more likely than the
second-ranked model, which consisted of mature conifer cover on
occupancy and temperature on detectability.

The area of coniferous habitat surrounding each pair of nest
boxes negatively affected the probability of site occupancy (model-
averaged ˇ = −0.10, 95% CI = −0.15, −0.05; Fig. 1). As for detection
probability, it was positively affected by temperature (model-
averaged ˇ = 0.07, 95% CI = 0.03, 0.12; Fig. 2).

Discussion

Our results support recent studies suggesting that the north-
ern flying squirrel is not a coniferous forest specialist and can
use a wider variety of forest cover types than previously thought
(Wheatley et al., 2005; Weigl, 2007; Ritchie et al. 2009). Site use, as
determined by nest box detections, was negatively related to the
area of coniferous habitat within a 430-m buffer, but there were no
effects of stand age or open habitats. This indirectly supports the
hypothesis that deciduous and mixedwood forests are high-quality
habitats. Indeed, sites occupied by flying squirrels had a greater
area of deciduous or mixed forest habitats, reflecting the poten-
tial importance of deciduous trees, particularly trembling aspen,
in their habitat use. The absence of an effect of mature forest or
open habitats also suggests that flying squirrels can use various
landscape contexts.

Site occupancy by northern flying squirrels was negatively influ-
enced by the area of coniferous forest surrounding each nest

Table 2
Model selection results for northern flying squirrel occupancy ( ) and detection
probability (p) in northwestern Québec, Canada, during winter and early spring 2008
(K: no. of parameters, AICc: Akaike’s Information Criterion corrected for small sample
sizes,�AICc: AICc relative to the most parsimonious model, wi: AICc model weight).
Variable codes are described in Table 1.

Model K AICc �AICc wi

 (Con), p(Temp)a 4 238.52 0.00 0.87
 (MatCon), p(Temp) 4 244.44 5.92 0.05
 (MatCon), p(Con) 4 245.78 7.26 0.02
 (MatDec + MatCon + Open),

p(Temp)a
6 246.64 8.11 0.02

 (Dec), p(Temp)a 4 247.52 9.00 0.01
 (Mat), p(Con) 4 248.21 9.68 0.01
 (Con), p(Con)a 4 248.24 9.71 0.01
 (Dec), p(Con)a 4 248.49 9.97 0.01
 (MatDec), p(Con) 4 249.04 10.52 0.00
 (Open), p(Con) 4 249.17 10.65 0.00
 (For), p(Con)a 4 249.18 10.66 0.00
 (MatDec + MatCon + Open),

p(Con)a
6 249.66 11.13 0.00

 (Mat + Open), p(Con)a 5 250.18 11.65 0.00
 (MatDec), p(Temp) 4 256.09 17.57 0.00
 (For), p(Temp)a 4 266.13 27.61 0.00
 (Open), p(Temp) 4 266.49 27.97 0.00
 (Mat), p(Temp) 4 266.97 28.44 0.00
 (Mat + Open), p(Temp)a 5 268.10 29.58 0.00
 (.), p(.) 2 275.84 37.32 0.00

a Global models.
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Fig. 1. Effect of the area of coniferous forest within 430-m buffers around each site
on occupancy of nest boxes by northern flying squirrels in northwestern Québec,
Canada, during winter and early spring 2008. Results are based on model-averaged
predictions. Dashed lines indicate 95% confidence limits.

box pair. This result differs from a study conducted by Wheatley
et al. (2005) in mixedwood forests of the boreal plain of Alberta,
where no relationships were found between squirrel abundance
and conifer-dominance in stand composition, stand age, or non-
forested openings at the landscape scale (50-, 150- and 300-m)
using data from digital map inventories. These authors did capture
flying squirrels in all of the habitats sampled (coniferous, mixed,
and deciduous stands). Our findings corroborate their conclusions
that flying squirrel populations do not seem to be associated with
old-aged or conifer forests. In contrast, McDonald (1995) observed
a positive relationship between flying squirrel abundance and den-
sity of white spruce in aspen mixedwood forests of Alberta, but all
of the stands that she selected had >80% aspen canopy cover.

It is recognized that the northern flying squirrel consumes both
truffles and aboveground fungal sporocarps in boreal mixedwood
forests (Currah et al., 2000; Wheatley, 2007) and that ectomy-
corrhizal fungi, especially those producing truffles, are mostly

Fig. 2. Effect of minimal air temperature on detection probability of northern flying
squirrels at nest boxes in northwestern Québec, Canada, during winter and early
spring 2008. Results are based on model-averaged predictions. Dashed lines indicate
95% confidence limits.

symbiotic with the roots of conifers (Maser and Maser, 1988).
Therefore, conifers may be associated with a high abundance of
food for the northern flying squirrel at the microhabitat scale
(Pyare and Longland, 2002). Aspen also exhibits an ectomycor-
rhizal habit, but it tends to associate with mycobionts that produce
aboveground sporocarps (Cripps, 2001) and rarely, if ever, forms
associations with genera that produce belowground fruiting bod-
ies, such as Rhizopogon (Godbout and Fortin, 1985) or Tuber (Visser
et al., 1998). In this study, northern flying squirrels were more
likely to occupy deciduous dominated and mixed forests of the
boreal mixedwoods and avoided purely coniferous sites. Although
the forest maps that we used did not discriminate between black
and white spruces, white spruces are usually found sparsely within
deciduous or mixed forests, while black spruce and jack pine are
often found in pure stands. This occupancy pattern may therefore
be in agreement with the association of northern flying squirrel to
sites where large white spruces are found (Holloway and Malcolm
2006), a species that could be a key mycorrhizal host tree in boreal
forests at the northern range of the northern flying squirrel.

There was no effect of the area of mature and older forests in
the landscape on site occupancy. Although our study is not based
on analyses of northern flying squirrel abundances, it is noteworthy
that in Alberta, northern flying squirrels were more abundant in old
stands than younger stands (McDonald, 1995). However, old stands
(>120 years) represented only 1.5% of the total area considered for
the analysis of our 149 sites. Our sites (10–90 years) were compara-
ble to the stands considered as mature (50–70 years) or young (<30
years) in the Alberta study, which had medium to low abundance
of flying squirrels. It is possible that the characteristics associated
with old-growth forests, and which are of interest to northern flying
squirrels, such as abundant cavities and highly decomposed woody
debris used as growth substrates for fungi, were not frequently
encountered in our study area.

Contrary to our hypothesis, we did not observe any effect of
habitat type on the probability of detection. However, as expected
based on a recent study (Trudeau et al. 2011), we observed a posi-
tive effect of temperature on detection probability. The latter result
is consistent with the observations of McComb and Noble (1981) on
temperature being on average 6.5 ◦C colder inside nest boxes than
inside cavities in a bottomland hardwood stand in Louisiana. Thus,
the thermal insulation of a nest box might not be sufficient for win-
ter use in cold nights by the northern flying squirrel in the boreal
forest. Nest box use in our study increased from the first to the third
visit (12, 17 and 25 occupied pairs) with increasing air temperature
(−23.9 ◦C, −14.5 ◦C and −3.7 ◦C). An alternative to compensating for
the low insulation value of nests is to cohabit with other individu-
als. Northern flying squirrels aggregate in nests after a sharp drop
in temperature (Mowrey and Zasada, 1984; Gerrow, 1996; Cotton
and Parker, 2000). Moreover, such aggregations have been shown
to reduce energy expenditure up to 33% in southern flying squir-
rels (Stapp et al., 1991). Interestingly, we recorded the maximum
number of flying squirrels that were observed to be sharing a nest
box during the first visit, which was also the coldest. This would
also affect detection probability as fewer nests are used during the
cold winter period due to aggregations, limiting the probability
of a nest box to be used by at least one squirrel. Flying squir-
rels could either prefer other nest types in cold weather and only
use nest boxes in warmer temperature, or aggregate in nest boxes
when the temperature is colder, which would also limit detection
success.

In conclusion, although we acknowledge that this study is
based on 149 sites but for only one year of data, it supports the
hypothesis that the northern flying squirrel is not associated with
late-seral coniferous forests in the boreal mixedwood forest of
eastern Canada. Results also show that the northern flying squir-
rel can use a wider variety of forest cover types than previously
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recognized and this in varying landscape contexts. Although
conifers provide a fine-scale food resource, deciduous or mixed
forests can represent a suitable habitat for this species. Our study
suggests that digital forest inventory maps are appropriate to assess
habitat use by this species at a median dispersal distance in boreal
mixedwoods. We showed that temperature affects nest box use,
and we suggest that this variable should be taken into consideration
with suitable methods when site occupancy is the state variable of
interest.
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