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Introduction
the genus Glaucomys, which belongs to the flying

squirrel tribe (Pteromyini, family Sciuridae), is found
in North america, including Mexico and some parts of
central america (arbogast 2007). the two species of
this genus are the Southern Flying Squirrel (G. volans)
and the Northern Flying Squirrel (G. sabrinus). the
latter is widespread in canada, with its range extending
to the northern tree line (Wells-gosling and heaney
1984). in contrast, a review of the status of the South-
ern Flying Squirrel (coSEWic 2006) identified two
distinct populations in canada: the great Lakes Plains
population in ontario and Quebec and the atlantic
(Nova Scotia) population. although the status of both
was assessed as “not at risk” (coSEWic 2006), in
Quebec, G. volans is classified as “susceptible to being
designated threatened or vulnerable” under the provin-
cial act on threatened or vulnerable species (MFFP
2001). the known range of G. volans in Quebec is lim-
ited to small parts of the outaouais, Laurentides, and

Montérégie regions (Dolan and carter 1977; MFFP
2001; coSEWic 2006). South of the canada–united
States border, G. volans is present in the New England
states (cameron 1976; Weigl 1978; Fridell and Litvaitis
1991; Stapp and Mautz 1991); however, according to
J. Litvaitis, its presence in the north of these states,
closer to Quebec, is uncertain (coSEWic 2006: 9).
Nevertheless, members of the committee on the Status
of Endangered Wildlife in canada believed it was “like-
ly present” in the Estrie region, as far east as Sher-
brooke and Mont-Mégantic (coSEWic 2006). 

a few studies describe G. volans habitat in temper-
ate zones outside of Quebec. the species is associated
with old-growth deciduous or mixed forests, contain-
ing mast-producing trees (Weigl 1978; taulman 1999;
Lavers 2004). Younger forests (< 40 years) and pine
plantations are avoided (taulman 1999; taulman and
Smith 2004), but holloway and Malcolm (2007) found
higher G. volans densities in logged sites (which pre-
sumably have more abundant mast) than in old forest
in algonquin Park, ontario.
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the main objective of our study was to update the
range of G. volans in Quebec. given the little effort
de voted to the study of this species in the past, it is
essential to report a more accurate distribution and pos-
sible connections with nearby populations and, eventu-
ally, clarify the species’ status. We also wanted to verify,
within the context of our study, the assumption that
G. volans is associated with mature deciduous forests.
taking advantage of the specimens at hand, we docu-
mented phenotypic variation in G. volans based on four
morphological traits, because morphological data from
Quebec specimens of G. volans have yet to be collated
and published. Species identification was further con-
firmed by genetic analyses.

Methods
Live captures

trapping periods were from 30 october to 18 No -
vember 2013 and from 18 august to 8 october 2014.
Four sites were explored, one in eastern Montérégie
and three in Estrie: Parc national de la Yamaska
(45°26'N, 72°34'W), Sherbrooke (45°25'N, 71°54'W),
Kingsbury (45°35'N, 72°09'W), and Johnville Bog and
Forest Park (45°21'N, 71°45'W). We developed and
followed a standard protocol available from the Minis-
tère des Forêts, de la Faune et des Parcs du Québec
(MFFP; tessier et al. 2015). the goal was not to esti-
mate density from captures; thus, we targeted groups of
trees or single trees that offered potential for capture
based on criteria described in the literature (i.e., large or
decaying trees, dense and connected canopy), but we
also explored various types of stands with different
species composition and age structure. 

tomahawk traps, models 102, 103 and 202 (toma-
hawk Live trap, hazelhurst, Wisconsin, uSa) were
placed at stations about 30 m apart. horizontal wood-
en platforms were installed 1.5–2 m above ground on
trees with a diameter at breast height of at least 38 cm
and attached to the trunk using 122-cm tie-wraps. traps
were placed on the platforms and covered with a corru-
gated plastic shell, leaving the main opening free. these
covers protect the trapped animal from bad weather
and limit escape attempts that may cause injuries. traps
and covers were fixed in place using bungee cords. a
handful of cotton wool was put in the back of each trap
as insulation for the animals; it was changed after each
capture. Bait consisted of a piece of apple with a half-
teaspoon of peanut butter. traps were pre-baited a week
in advance to allow animals to become familiar with
them before trapping began (Rodas et al. 2009). 

During trapping periods, traps were visited every
day. We opened them within 2 h before sunset and veri-
fied and closed them within 2 h after sunrise; thus, traps
were inactive during the day. two people were needed
to facilitate handling. after transferring an animal to a
fabric bag, we obtained a tissue sample, marked the
squirrel with an ear tag or, temporarily, by cutting hair
on the back, weighed it with a 100-g or 300-g Pesola

balance (Pesola, Schindellegi, Switzerland), and iden-
tified it from ventral hair. tissue samples were taken
from the ear with a sterilized 3-mm punch and imme-
diately put into 95% alcohol. 

Between 17 and 40 traps were set simultaneously at
a given site. Sampling effort totalled 1540 trap nights.
We trapped from seven to 10 days at each site. one site,
Johnville Bog and Forest Park, was visited both years,
and many locations were explored within the park. the
Kingsbury site had been sampled in 2012 (Bourgouin
et al. 2012) with a similar method. 

trapping and handling were in accordance with a
scientific permit and an animal care certificate provided
by MFFP for each trapping season.
Trappers’ accidental catches

in 2010, the MFFP solicited participation by trappers
throughout the province, and this collaboration has been
renewed in each subsequent trapping season. trappers
participated by sending us the carcasses of flying squir-
rels accidentally caught in their traps. these quick kill -
ing traps were set primarily to capture american Mar -
tens (Martes americana) during the commercial fur
trapping season, mainly in November and December. 
Morphological identification 

Morphological identification was based on three cri-
teria. First, the hairs on the belly of G. volans are com-
pletely white, from base to tip (Dolan and carter 1977),
whereas the ventral hairs of G. sabrinus are grey at the
base and white at the tip (Wells-gosling and heaney
1984; Dolan and carter 1977). Second, the species dif-
fer in mass: G. volans, 46–85 g; G. sabrinus, 95–110 g
(Dolan and carter 1977; Jeff Bowman, personal com-
munication). third, total length is 198–255 mm for G.
volans and more than 260 mm for G. sabrinus (Dolan
and carter 1977; hall 1981). therefore, to identify
specimens and document phenotypic variation, four
morphological traits were measured: total length (nose
to end of tail), tail length, hind foot length, and mass.
Lengths were measured with a simple ruler and weight
was obtained with an electronic balance (Scout Pro,
SP401, ohaus corp., Parsippany, New Jersey, uSa).
Each trait was separately compared between sexes and
regions using non-parametric Kruskal-Wallis tests.
Genetic identification

the two species of flying squirrels can also be dis-
tinguished based on molecular criteria (arbogast et al.
2005; Rogic et al. in press). With the simple morpho-
logical identification process, there is a risk of confu-
sion between G. volans and juvenile G. sabrinus. Some
carcasses were also in bad condition and were harder
to identify. in addition, there is no unequivocal way to
identify hybrids (garroway et al. 2010). in such cases,
genetic analyses with species-specific primers can con-
firm the species identity.

DNa was extracted from tissue samples using quick
lysis (olsen et al. 1996). For each sample, we ampli-
fied three specific primers: two for the cytochrome B



(cytb) mitochondrial gene and one for the cannabi-
noid receptor type 1 (cNR1) nuclear gene. Poly-
merase chain reaction (PcR) was done in 10 μL con-
taining 100–250 ng of DNa extract, 1× reaction buffer,
2.5 mmol/L Mgcl2, 0.25 mmol/L of each dNtP,
0.6 μmol/L of each primer, 0.5 u (1 u ≈ 16.67 nkat)
taq polymerase, and 6.74μLsterile water. amplification
was done using a geneamp PcR System 9700 thermal
cycler (applied Biosystems now part of thermo Fis-
cher Scientific, Waltham, Massachusetts, uSa) pro-
grammedwithan initial denaturation at 94°c over 120 s,
followed by 12 cycles of 30 s at 94°c, 30 s at 55°c (re -
duction of 1°c/cycle), and 40 s at 72°c. the second
step consisted of 25 cycles of 30 s at 94°c, 30 s at 50°c,
and 40 s at 72°c. Final extension lasted 600 s at 72°c.
a mix of bromophenol blue and SYBR green i nucleic
acid gel stain (invitrogen inc., Burlington, ontario,
canada) was added to the PcR product and migrated
on 2% agarose gels. amplification success was visu-
alized with an ultraviolet lamp. these techniques can
identify first-generation hybrids. in this case, hybrids
can be genotyped using microsatellites SF-15 where
two discriminant alleles could be observed. these
meth ods are described in Rogic et al. (in press).

Results
Glaucomys volans was found in Estrie (n = 13),

Montérégie (n = 9), and outaouais regions (n = 73);
the city of Sherbrooke is now the easternmost location
reported for this species in Quebec (Figure 1). the
western limit of the species has also expanded from
the previous known range based on confirmation of
G. volans being trapped at many locations in the Lac-
Nilgaut area. 

all live captures (n = 10) occurred in Estrie (nine in
Kingsbury and one in Sherbrooke). the relative abun-
dance of G. volans and G. sabrinus in live cap tures is
shown in table 1. No live captures occurred in Parc na -
tional de la Yamaska and only G. sabrinus was trapped
in Johnville. 

the distribution of G. volans and G. sabrinus dif-
fered in relation to stand type (Fisher’s exact test,
P < 0.001). although G. sabrinus was captured alive
in various stand types (uneven-aged deciduous n = 2,
uneven-aged mixed n = 12, even-aged coniferous n =
4), all our G. volans live captures occurred in uneven-
aged deciduous forest stands.

in all, 759 dead flying squirrels were submitted, the
vast majority coming from trappers’ accidental catches
with a few opportunistic finds of citizens. of the catch-
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FiguRE 1. current known range of the Southern Flying Squirrel (Glaucomys volans) in Quebec and locations of Southern (black
stars) and Northern (G. sabrinus; grey squares) Flying Squirrels captured from 2009 to 2015. inset map shows distribution
of the Southern Flying Squirrel in the northeast part of its range (coSEWic 2006).

taBLE 1. Relative abundance of Southern (Glaucomys volans) and Northern (G. sabrinus) Flying Squirrels at four sites in
southern Quebec based on live-trapping effort (2013–2014).

Location trap nights G. volans per 100 trap nights G. sabrinus per 100 trap nights
Parc nationale de la Yamaska 210 0.00 0.00
Sherbrooke 169 0.59 0.00
Kingsbury 398 2.26 0.25
Johnville Bog and Forest Park 763 0.00 1.57



es, 11% (n = 85) were confirmed to be G. vo lans (see
table 2 for a breakdown by region). Measurement of
71 squirrels produced the following means (± standard
deviation): mass 65 ± 11 g, total length 231 ± 14 mm,
tail length 100 ± 7 mm, and hind foot 31 ± 2 mm. it
was not possible to measure all four variables on all
individuals. No significant differences were detected
between males and females for the four variables test-
ed (mass χ2 = 3.78, P = 0.052; total length χ2 = 2.07,
P = 0.150; tail length χ2 = 0.39, P = 0.531; and hind
foot χ2 = 0.40, P = 0.525). on the other hand, regional
differences were detected for total length (χ2 = 6.39,
P = 0.041), tail length (χ2 = 9.07, P = 0.011), and mass
(χ2 = 9.94, P = 0.007). comparing mean values be -
tween regions revealed that G. volans from outaouais
were 24% heavier (67 ± 10 g versus 54 ± 11 g), 19%
longer (233 ± 12 mm versus 195 ± 7 mm), and had 12%
longer tails (101 ± 7 mm versus 90 ± 12 mm) than those
from Estrie. in contrast, hind foot length was constant
throughout the regions (χ2 = 1.59, P = 0.450). Morpho-
logical identification was effective and reliable for the
most part and showed concordance with genetic iden-
tification 297 times out of 301. 

genetic identification was performed on a subset of
369 squirrels. after cytb multiplex amplification, the
presence of a single band at 408 bp indicated that the
sample was that of G. volans. the presence of two
bands, a standard one at 408 bp and a small specific
band at approximately 104 bp, revealed the sample to
be that of G. sabrinus. For the cNR1 multiplex ampli-
fication, the presence of a band at 208 bp designates
an individual as G. sabrinus; G. volans amplifies the
standard band at 466 bp but lacks the 208 bp band.
of the 369 samples, 54 were identified as G. volans
and 315 as G. sabrinus. three of these specimens were
morphologically misidentified as G. volans when they
were in fact G. sabrinus. Furthermore, our genetic
methods helped resolve the identification of 16 carcass-
es, whose morphological measurements were incom-
plete and, thus, unidentifiable without genetic methods.
the results obtained for both mitochondrial and nuclear
DNa for each individual were congruent, suggesting

that no F1 hybridization was apparent within our
dataset. 

Discussion
the new range of G. volans in Quebec extends to

Sherbrooke and North hatley, 150 km east of the pre-
vious known range and farther into the range of G.
sabrinus. there is also evidence that the range has ex -
panded by at least 60 km west of the current limit in
the outaouais region. Since the first discovery of G.
volans in Quebec (Youngman and gill 1968), near
gatineau, outaouais, it has been unclear whether its
range expansion is real or simply an artifact of limited
sampling efforts. although limited sampling might ex -
plain some of our discoveries, expansion of G. volans’
range has been documented in ontario and Michigan
(Bowman et al. 2005; Myers et al. 2009), and expan-
sion could also be occurring in Quebec. however, as
stated by Bowman et al. (2005), the northern edge of
G. volans’ range is dynamic and could contract if harsh
conditions, such as cold temperatures and reduced mast
crop, affect the region and slow the long-term expan-
sion of the species.

this update on the range of G. volans in southern
Quebec shines a new light on potential links with pop-
ulations in neighbouring provinces and states. it seems
plausible that a more or less continuous distribution
from outaouais to Estrie contributes to maintain a
stronger connection between the great Lake Plains
population and the one in the appalachian forests of
New England. the possibility that there is a link with
the atlantic population remains weak despite this ex -
pansion, as that population is isolated by the geograph-
ic bottleneck effect of the chignecto isthmus, and G.
volans is considered absent from this area, despite re -
ported search efforts (coSEWic 2006; Lavers et al.
2006). 

at the habitat level, our results are in line with pre -
vious studies that showed that G. volans is mostly
depen dent on deciduous forests with mast-producing
trees (Weigl 1978; taulman 1999; Lavers 2004; taul-
man and Smith 2004) and that G. sabrinus is more of
a generalist (Weigl 1978, 2007; trudeau et al. 2011).
however, our sampling method was biased toward
what we deemed to be good habitat for flying squir-
rels, and our limited sample size is not enough to con-
firm a species-related preference in our study area. this
information would be useful for the management of
deciduous forests because G. volans could be used as
an indicator species in studying the impact of timber
harvest in the southern part of the province. the use of
flagship species is one of the tools used by the MFFP to
achieve their goal of sustainable management of natural
resources.

Morphologically, all measurements of G. volans
caught in Quebec fall within the range reported in
Dolan and carter (1977), who also mention that sexual
dimorphism is not conspicuous in this species. three
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taBLE 2. Number of dead Southern (Glaucomys volans) and
Northern (G. sabrinus) Flying Squirrels submitted from 10
administrative regions of Quebec (2010–2014).

Region G. volans (%) G. sabrinus
abitibi-témiscamingue 0 (0.0) 31
Bas-Saint-Laurent 0 (0.0) 10
capitale-Nationale 0 (0.0) 12
chaudière-appalaches 0 (0.0) 7
côte-Nord 0 (0.0) 16
Estrie 3 (1.7) 177
Laurentides 0 (0.0) 103
Mauricie 0 (0.0) 1
Montérégie 9 (45.0) 20
outaouais 73 (24.6) 297



out of four measurements were significantly smaller in
the eastern region of Estrie compared to the more west-
ern specimens. this trend makes sense when viewed in
a larger context. Namely, comparing our results with
those reported by Lavers (2004) revealed that G. volans
in Quebec have longer tails (100 ± 7 mm) than those in
Nova Scotia (81.1 ± 5.5 mm), but tail length is similar
to those in ontario (101 ± 9.1 mm). Specimens from
Nova Scotia also weigh less (58 ± 7 g) than those from
Quebec (64 ± 9 g), but are closer to the mean weight of
our eastern specimens (54 ± 11 g). Data for G. sabrinus
from the same regions present a similar longitudinal
trend only in terms of tail length (χ2 = 7.92, P = 0.019).
tails of outaouais specimens are approximately 3.7%
(or 4 mm) longer than those of specimens from the
other two regions (unpublished data). 

in conclusion, we believe that the range of G. volans
should be updated based on the results of our study.
this information will also be useful when re-evaluating
the species’ status. investigating G. volans abundance
and population dynamics, not just presence or absence,
is a further step to be taken toward a better understand-
ing of the species’ ecology. its discovery in the same
regions as G. sabrinus also opens up new possibilities
for research on its ecological role, habitat use, and fur-
ther range expansion in light of climate change.
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