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Hibernation Ecology of an Isolated Population of Bog Turtles, Glyptemys

muhlenbergii

Lisa M. Smith1 and Robert P. Cherry1

Information on the hibernation ecology of Bog Turtles (Glyptemys muhlenbergii) throughout their range is limited. Few
studies have identified suitable hibernacula or documented behavior during hibernation including site fidelity,
communal hibernation, and entrance and emergence times. Our study presents long-term documentation of
hibernation in a relatively understudied portion of the species’ range. From fall 2005 to spring 2014, we observed
the hibernation of 13 marked turtles in an isolated population located in the southern Appalachian Mountains of North
Carolina. During the course of our study, nine turtles were radio-tracked for 1–5 y. Turtles spent about six months in
hibernation, usually entering the hibernaculum in late September into October and emerging in mid-April. Using
radiotelemetry, we identified 11 hibernacula of three types: root masses of trees/shrubs, root masses of cinnamon ferns
(Osmundastrum cinnamomeum), and sedge (Carex stricta) clumps. Site fidelity and communal use were common in our
study. Ten turtles located in multiple winters repeated their use of a hibernaculum in at least two of those winters.
Twelve turtles hibernated communally in at least one year. No mortality was observed at the hibernacula. Our study
demonstrates the importance of root masses with soft deep substrate for survival in long, harsh winter conditions. Bog
Turtles spend about half of every year, and therefore half of their lives, in hibernation, making the identification and
protection of suitable habitat for hibernation imperative for successful management to ensure the long-term viability
of the species.

T
HE high elevation mountain environments of the
southern Appalachians experience long periods of
unpredictable weather, freezing conditions, and re-

duced food availability that make hibernation essential for
survival. To endure these conditions, turtles must undergo
behavioral and physiological changes. They require thermal-
ly stable refugia that promote a decrease in their metabolic
rate to reduce energy expenditure and minimize mass losses
during winter (Ultsch, 1989; Litzgus et al., 1999). During the
hibernation period, turtles undergo a reduction of body
temperature and mobility that places them at an elevated risk
of predation, parasites, infections, freezing, and anoxia
(Brooks et al., 1991; Ultsch, 2006). As a result, turtles choose
hibernacula to mitigate these risks. Structures such as root
masses, log jams, and rock cavities provide shelter and may
reduce predation (Litzgus et al., 1999; Greaves and Litzgus,
2007). Aquatic hibernacula located in moving water or
buried in muddy substrates reduce the chances of exposure
to freezing conditions and buffer against fluctuating temper-
atures (Ultsch, 2006; Pittman and Dorcas, 2009). However,
turtles that hibernate buried in muddy substrate must be at
least partially anoxia-tolerant (Ultsch, 2006; Pittman and
Dorcas, 2009).

During hibernation, access to cool but stable temperatures
and dissolved oxygen are hypothesized to be the most crucial
factors to survival and the most common stressor to aquatic
turtles (Ultsch, 2006). This is especially important in
eutrophic environments since lower temperatures result in
an increased ability to depress metabolic demands and
therefore oxygen demands (Ultsch, 2006; Edge et al., 2009).
Studies of aquatic turtles indicate the importance of
maintaining a constant body temperature, just above
freezing, for successful hibernation (Greaves and Litzgus,
2008; Edge et al., 2009; Rasmussen and Litzgus, 2010). In
some species of aquatic turtles, like Snapping Turtles
(Chelydra serpentina), temperature has been found to be the
most important factor in a hibernaculum (Paterson et al.,
2012).

The Bog Turtle, Glyptemys muhlenbergii, a federally
threatened species (U.S. Fish and Wildlife Service, 1997), is
North America’s smallest aquatic turtle (Ernst and Lovich,
2009). Bog Turtles inhabit freshwater wetlands and spring-
fed wet meadows of eastern North America (Mitchell, 1994;
Lee and Norden, 1996). Throughout their range, Bog Turtles
are threatened by illegal collection and habitat loss and
fragmentation (Chase et al., 1989; Ernst and Lovich, 2009).
In addition to manmade threats, Bog Turtle habitat is also at
risk of drying out and vegetational succession due to the
small ephemeral nature of the these wetlands (Chase et al.,
1989). Within these small habitats, the presence of suitable
hibernacula is essential to survival during long, harsh
winters. Hibernacula allowing Bog Turtles to meet physio-
logical requirements and successfully overwinter have been
identified sporadically throughout their range. Bog Turtles
in the piedmont region of North Carolina overwinter in
crayfish or mammal burrows, in banks and streambeds, or in
muddy water of rocky rivulets (Pittman and Dorcas, 2009).
Common hibernacula of Bog Turtles in New Jersey and
Pennsylvania include Muskrat (Ondatra zibethicus) and
Meadow Vole (Microtus pennsylvanicus) burrows, marsh
rivulets, and the bases of tree stumps (Ernst et al., 1989).
Turtles spend about half their lives in hibernation where
they are more vulnerable to threats. Despite this crucial
phase of their life cycles, most studies focus on turtle
ecology during the active season. Several studies on habitat
use of Bog Turtles have been completed (Chase et al., 1989;
Lovich et al., 1992; Carter et al., 1999; Morrow et al., 2001),
while little information exists on Bog Turtle hibernation
and no studies have been completed on hibernation in the
southern Appalachians (Ernst et al., 1989; Pittman and
Dorcas, 2009).

Our objectives were to describe the hibernation phenology
and ecology of Bog Turtles over multiple winters, including
the physical features of the hibernacula, fidelity, communal
behavior, and overwintering mortality. Information on
hibernacula use is essential for identifying critical habitat
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and developing and implementing successful conservation

measures to maintain and protect Bog Turtle populations.

Understanding the physical characteristics at hibernacula

can help managers identify and protect this critical habitat

and be useful while implementing recovery plans. The long-

term viability of Bog Turtle populations cannot be ensured

without a clear understanding of overwintering require-

ments.

MATERIALS AND METHODS

Study region.—Bog Turtles were studied at a 1.99 ha wetland

in northwest North Carolina. The site is characterized by

winding channels of water among suspended sphagnum

mats characteristic of northern bogs. This high elevation bog

is located more than 1000 m above sea level. The majority of

the site is open with herbaceous cover and a poorly

developed shrub zone. The bog is bordered by dry meadow

with scattered small trees and shrubs and second-growth

woodlands (Fig. 1). A creek meanders along the edge of the

bog and alongside the dry meadow.

Survey methods.—Hibernation behavior of Bog Turtles was

surveyed from fall 2005 to spring 2014. Turtles were located

and captured through repeated trapping efforts, by hand

probing likely habitats and hibernacula, and by opportunis-

tic encounters. Over the course of the study, nine turtles were

outfitted with radio-transmitters and tracked to hibernacula

for 1–5 years. Model SB-2 transmitters from Holohil Systems,

LTD (Carp, Ontario, Canada) weighing 5.2 g were epoxied to

the rear of the carapace with an overall mass of the

transmitter and epoxy being less than 10% of the turtle’s

mass. Turtles were returned to their capture location within

the hour. Radio-tracking of turtles was conducted with a

Wildlife Materials International, Inc. (Carbondale, IL) Model

TRX-1000S receiver and a Yagi three-element antenna

(Wildlife Materials Inc., Carbondale, IL). Turtles were tracked

to their hibernacula in the late fall or were located at their

Fig. 1. Location of Bog Turtle (Glyp-
temys muhlenbergii) hibernacula (A–
K) in the southern Appalachians,
from the winter of 2005 to the winter
of 2013.
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hibernacula during the winter. The presence of radio-tracked
turtles in the hibernaculum was confirmed by hand probing.
Since not all turtles in the population were radio-tracked,
additional turtles were located in known hibernacula by
hand probing.

From fall 2005 to spring 2010, radio-transmittered turtles
(n¼2–6) were tracked at the time of entrance and emergence
from hibernation to determine the time period in which Bog
Turtles were hibernating. Turtles were tracked at the highest
frequency possible, usually daily, never exceeding one week.
The average entrance and emergence date was calculated for
each year. The average daily temperatures during this time
were obtained from the nearest NOAA weather station and
averaged across years. The small sample size prohibits further
analysis.

RESULTS

Timing and duration of hibernation.—Between July 2004 and
April 2014, we captured 16 turtles, 13 (7 males, 6 females) of
which were observed hibernating on at least one occasion.
Based on extensive trapping efforts, these turtles likely
represent the majority of the remaining adult population at
the site (B. Cherry, unpubl.). All turtles found hibernating
were adults; no sub-adults are known to exist at the study
site. All but one turtle was observed in multiple winters,
although not always in consecutive years, giving a total of 53
observations of turtle hibernation. In all winters no mortality
was observed.

Most turtles were dormant for about six months. Turtles
entered hibernacula in late September to early November (25
September–16 November). The average daily high tempera-
tures across all 5 y was calculated as 16.56 (64.98)8C and
daily lows were just above freezing. Turtles usually emerged
from hibernation in mid to late April (9 April–8 May) when
average daily temperatures experienced lows above freezing
and highs of 18.44 (64.33)8C. Entrance and emergence times
varied considerably among turtles and years.

Characteristics of hibernacula.—Throughout the course of the
study, 11 hibernacula were identified through telemetry (Fig.
1). Probing likely areas did not yield any new hibernacula.
There were three types of hibernacula used: root masses of
trees/shrubs (n ¼ 8), root masses of cinnamon ferns
(Osmundastrum cinnamomeum; n ¼ 2), and sedge (Carex
stricta) clumps (n ¼ 1). The most common plant species
above the tree/shrub hibernacula were yellow birch (Betula
alleghaniensis), eastern hemlock (Tsuga canadensis), red maple
(Acer rubrum), rosebay rhododendron (Rhododendron maxi-
mum), and mountain laurel (Kalmia latifolia). The root masses
of cinnamon fern and surrounding grasses formed a complex
of underground tunnels leading into muddy water. Tunnels
in cinnamon fern hibernacula more horizontally oriented
than those in the tree/shrub masses when hand probing the
tunnel. The single sedge hibernaculum was considerably
drier than the root masses, and no water could be felt within
1 m of the entrance. This hibernaculum was used only once,
by a single turtle. While sedge clumps are widespread
throughout the study site, no other turtles were detected
using these clumps as hibernacula.

Root masses of trees and shrubs often consisted of 1–4
entrances creating a tunnel complex underneath the base of
the trees and shrubs leading into muddy water. While some
of our hibernacula may be connected by underground
tunnels, we believe that the majority of hibernacula are far

enough apart that this is unlikely, and therefore considered
them distinct units. Hibernacula sizes were variable and
dimensions difficult to quantify. The smallest hibernaculum
was 0.1 3 0.5 m, while larger hibernacula may have tunnel
systems more than 5 m long. All turtles that were able to be
reached when hand probing in the hibernacula during the
winter were found completely buried in the substrate.
Occasionally, turtles that were radio-tracked to a hibernacu-
lum could not be reached when hand probing. These turtles
were located in areas of the hibernacula that were too deep to
make physical contact, and it is assumed that they were also
completely buried in the substrate.

Site fidelity of hibernacula.—Of the 12 turtles that were
located in at least two winters, all but two experienced some
degree of annual fidelity (Table 1). Five of the 12 turtles
(41.6%) used the same hibernacula on every occasion they
were observed over 2–7 winters. The seven turtles that moved
between hibernacula were observed using 2–4 different
hibernacula. The average distance between different hiber-
nacula used by individual turtles was 37.17 m (3.61–134.95
m). Five of the turtles (71.4%) detected using multiple
hibernacula switched to hibernacula with different vegeta-
tion cover, while the other two switched to hibernacula with
the same habitat cover. Five turtles detected in multiple
winters did not change hibernacula; two of these turtles were
found only under cinnamon ferns and three turtles were only
found under trees/shrubs.

Five turtles were observed in five or more winters,
providing a long-term look at hibernacula fidelity. Two
turtles (ID numbers 0.9 and 1.0) were detected hibernating
in eight consecutive winters. These turtles used the same
hibernaculum for three consecutive years, and then moved
to a different hibernaculum 10 m away for two years. Turtle
1.0 returned to the original hibernaculum for the next three
years, while turtle 0.9 used a different hibernaculum 136 m
away in the sixth year and then returned to the second
hibernaculum for the last two years of this study, using the
same hibernaculum in five of the years studied. Turtles 0.6
and 1.2 were observed for seven and five years, respectively,
and exhibited strong fidelity for their individual hibernacu-
lum. To the contrary, turtle 2.0 overwintered in four different
hibernacula in five years.

Communal use of hibernacula.—Of the 11 hibernacula located
during the course of our study, at least five (45.5%) were
simultaneously occupied by 2–4 turtles (Table 2). Within
communal hibernacula, turtle location varied. Multiple
turtles have been found stacked on top of each other, while
at other times turtles have been found 15 cm to about 1 m
apart. Observations of communal hibernation are a mini-
mum observation, since some turtles without transmitters
may have been located too deep in the hibernacula to be
detected by hand probing. Twelve of the 13 turtles were
observed hibernating communally in at least one year, and
71.70% of all turtle observations were communal. All
observations of communal hibernation contained members
of both sexes. Instances of turtles believed to be hibernating
singly occurred in both males and females (eight and seven,
respectively). Seven turtles were observed hibernating both
alone and communally between years, five turtles were only
observed in communal hibernacula, and only one turtle was
presumed to only be hibernating alone. Bog Turtles were not
found in the presence of other species of hibernating turtles,
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although on one occasion a Snapping Turtle was found in a

hibernaculum previously occupied by a Bog Turtle.

The changing of hibernacula between years does not

appear to be associated with a desire to hibernate singly or

communally. Over the course of the study there were four

instances of turtles using a communal hibernaculum and

moving to a different communal hibernaculum and three

instances of turtles moving between hibernacula in consec-

utive winters where they appeared to remain alone. There

were also three instances of turtles moving from singular

hibernacula to communal hibernacula, and three of turtles

moving from communal to singular hibernacula.

DISCUSSION

Our turtles spent about six months of the year overwintering

in the muddy substrate underneath vegetation in the bog.

About half of their lives are spent in hibernation, indicating

the importance of finding a suitable location to minimize the

risks and negative effects of hibernation. Turtles hibernated

both alone and communally, and these behaviors changed

from year to year for some individuals. Turtles often

exhibited fidelity to a certain hibernaculum, but this also

changed from year to year.

Timing and duration of hibernation.—Turtles usually entered

hibernacula in late September to October and remained in

hibernation until emerging in mid-April. This timeframe is

consistent with other studies in the piedmont of North

Carolina (Pittman and Dorcas, 2009), and New Jersey and

Pennsylvania (Ernst et al., 1989). The specific environmental

cues stimulating entrance into or exit from hibernation in

turtles remain unknown, but possible triggers include

temperature, decreased food availability, photoperiod, or

circannual rhythms (Gregory, 1982; Ultsch, 1989; Crawford,

1991). Ultsch (1989) has eliminated circannual rhythms as a

trigger because emergence and entrance times are subject to

weather which is highly variable. This is consistent with our

study in which turtles entered their hibernacula as early as 28

September in one year and as late as 16 November in a

different year. This difference also allows us to rule out

photoperiod as a possible trigger. Photoperiod is also an

unlikely trigger because turtles hibernated buried in substrate

underneath vegetation and would therefore not be able to

Table 2. Number of Bog Turtles (Glyptemys muhlenbergii) known to occupy specific hibernacula in the southern Appalachians, from the winter of
2005 to the winter of 2013.

Hibernaculum

Winter of:

2005 2006 2007 2008 2009 2010 2011 2012 2013

A* 1 (M)
B** 1 (M)
C** 1 (M) 4 (3M, 1F) 2 (1M, 1F) 3 (2M, 1F) 2 (1M, 1F) 1 (M) 2 (1M, 1F)
D* 1 (M)
E* 2 (1M, 1F) 2 (1M, 1F) 2 (1M, 1F) 1 (F) 1 (F) 1 (F)
F* 2 (1M, 1F) 2 (1M, 1F) 1 (M) 1 (M)
G*** 1 (M)
H* 2 (1M, 1F) 2 (1M, 1F)
I* 1 (F) 1 (F)
J* 1 (F)
K* 4 (1M, 3F) 1 (F) 3 (1M, 2F) 2 (1M, 1F) 2 (1M, 1F)

* Hibernacula primarily covered by trees and shrubs
** Hibernacula primarily covered by cinnamon ferns
*** Hibernaculum in sedge mound

Table 1. Fidelity of Bog Turtles (Glyptemys muhlenbergii) to hibernacula in the southern Appalachians, from the winter of 2005 to the winter of
2013. A–K indicate the individual hibernacula that were used. Letters in bold indicate communal hibernation.

Turtle ID no. Sex

Hibernaculum used

2005 2006 2007 2008 2009 2010 2011 2012 2013

0.5 M A* B*
0.6 M C* C C* C C C C
0.7 M D* C
0.8 M C C
0.9 M E E* E* F* F* I* F F
1.0 F E* E* E F* F* E E E
1.1 M G* H* H
1.2 F K K K K K
1.4 F K
1.5 F H C* C C
1.7 M K* K K K
1.8 F K K
2.0 F H C I* J* C

* Radio-transmitter attached to turtle
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detect photoperiod to elicit spring emergence (Ultsch, 1989).
While our study does not allow for a conclusive decision on a
trigger, air or water temperatures and decreased food
availability remain plausible.

Characteristics of hibernacula.—Bog Turtles hibernated buried
in substrate under root masses of trees, shrubs, ferns, or in
sedge clumps. While Ernst et al. (1989) also documented
instances of turtles hibernating in root masses and sedge
clumps, our study showed a higher fidelity to these
structures. Other species of aquatic turtle have been docu-
mented using structural components during hibernation,
including Spotted Turtles (Clemmys guttata, Rasmussen and
Litzgus, 2010) and Snapping Turtles (Brown and Brooks,
1994). This ability of turtles to bury into the substrate and
underneath structures may help reduce the risk of predation
(Brown and Brooks, 1994) and buffer temperature extremes
(Pittman and Dorcas, 2009).

Other studies found that Bog Turtles relied on stream
habitat by either burying themselves into the soft mud at the
bottom of the waterway or by burrowing into the stream
bank (Ernst et al., 1989; Pittman and Dorcas, 2009). Using
stream habitat would decrease the probability of freezing
while increasing oxygen uptake (Ultsch, 2006; Pittman and
Dorcas, 2009). Although stream habitat was readily available
in our study area, and turtles were frequently found in the
stream channels and in tunnels in the banks during the
summer, no turtles were found overwintering there. The Bog
Turtles in our study used muddy substrates with stagnant
water; this relatively anoxic environment could indicate
some tolerance to acidosis and that oxygen availability does
not necessarily factor into hibernation site selection (Brown
and Brooks, 1994; Ultsch, 2006; Overgaard et al., 2007). It is
possible that turtles were able to periodically emerge from the
substrate and breathe air, although hibernacula checked in
winter had various levels of ice cover, sometimes a solid layer,
which may prevent this. While there has not been any
definitive proof showing Bog Turtles to be anoxia-tolerant,
studies suggest that they are at least partially anoxia-tolerant
(Ernst, 1977; Chase et al., 1989; Ultsch, 2006). Spotted
Turtles have many similar hibernation characteristics to Bog
Turtles and are hypothesized to be tolerant of anoxia, but
hibernate in areas where they may have access to aerial
oxygen (Litzgus et al., 1999). On the other hand, Wood
Turtles (Glyptemys insculpta), a member of the same genus, are
believed to be anoxia-intolerant and therefore overwinter in
rivers with high levels of dissolved oxygen (Greaves and
Litzgus, 2007, 2008).

Site fidelity of hibernacula.—Ten of the 13 turtles in our study
exhibited some degree of fidelity, using the same hibernac-
ulum in at least two winters. We documented long-term
incidences of fidelity with one turtle found in the same
hibernaculum for seven years. Only one other Bog Turtle
study has noted site fidelity: Ernst et al. (1989) documented
that about a third of turtles used the same hibernacula for
two or more years. It is hypothesized that fidelity may
result since moving to a new hibernacula may result in
unsuitable condition and ultimately result in death (Edge et
al., 2009).

Spotted Turtles (Rasmussen and Litzgus, 2010), Snapping
Turtles (Brown and Brooks, 1994), and Blanding’s Turtles
(Emydoidea blandingii, Edge et al., 2009) all show similar
trends in fidelity, with some turtles using the same
hibernaculum in multiple years and others shifting to

different hibernacula that may even be in a different habitat.
Rasmussen and Litzgus (2010) suggested one possible reason
for this plasticity may be a result of large distances between
active season and overwintering habitat where sudden
changes in conditions can restrict their ability to travel,
forcing turtles to hibernate closer to their summer range. We
do not believe this is the case in our population, since
hibernacula are located in a relatively small area where
suitable hibernacula are located within the individual turtle’s
home range.

The level of fidelity to a hibernaculum may be influenced
by the distance between suitable hibernacula. Many reptile
species demonstrate an increased propensity to change
hibernacula as the distance between suitable hibernacula
decreases (Gregory, 1982). Under this theory, turtles hiber-
nating in close proximity to other hibernacula should exhibit
reduced site fidelity. While most turtles using multiple
hibernacula in our population utilized sites in the same
general vicinity, the presence of multiple hibernacula in the
same vicinity did not necessarily result in the use of multiple
hibernacula. For example, turtle 2.0 used four different
hibernacula in five winters, all of which were in very close
proximity, while turtle 0.6 used the same hibernaculum for
seven winters, which was near other known hibernacula.
Only two turtles that changed hibernacula moved to
hibernacula more than 100 m away to the opposite side of
the study area.

Communal use of hibernacula.—Turtles in our study hibernat-
ed both communally and alone, but 12 of the 13 turtles
hibernated communally in at least one winter. Other studies
have found instances of communal hibernation at different
extents. Most studies reported infrequent instances of small
numbers of turtles hibernating communally. Bog Turtles in
Pennsylvania and New Jersey usually hibernated alone, but
were found in groups of two to five in four instances (Ernst et
al., 1989). Pittman and Dorcas (2009) found two groups of
two turtles hibernating together out of the 11 turtles
monitored. On the contrary, Bloomer (1978) found large
numbers of turtles hibernating together, as many as 23
turtles in an area less than 1 m2.

Communal hibernation has been documented in multi-
ple species of aquatic turtle; including Spotted Turtles
(Rasmussen and Litzgus, 2010), Blanding’s Turtles (Edge et
al., 2009; Newton and Herman, 2009), and Snapping Turtles
(Brown and Brooks, 1994). Communal hibernation has both
potential benefits and drawbacks. Communal hibernation
may facilitate mate finding in the spring (Newton and
Herman, 2009) and may help synchronize emergence,
therefore increasing fitness (Gregory, 1982; Ultsch, 1989).
Since no gravid turtles have been palpated, no signs of egg
laying detected, and no juvenile turtles have been trapped,
communal hibernating does not seem to result in increased
reproductive success in our population. And communal
hibernation increases population-level impacts of poaching
by humans and the chances of predation (Brooks et al.,
1991). When large numbers of animals are active at
communal dens in the spring and fall they may attract
predators (Gregory, 1982). While some populations of
turtles have experienced predation at communal hibernac-
ula during the winter hibernation period (Brooks et al.,
1991), the use of structures and burrowing into muddy
substrate protect against this in our population (Browns and
Brooks, 1994).
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Both site fidelity and communal hibernation may be
indicative of limited suitable hibernacula available for winter
survival. This influence should be more apparent in high
elevation sites where harsher winter conditions may limit the
number of hibernacula capable of providing suitable protec-
tion against extreme weather conditions (Gregory, 1982;
Brown and Brooks, 1994; Edge et al., 2009). Due to the
presence of numerous root masses, tussock sedge mounds,
and tunnels within the stream bank, we do not believe this is
the case at our study site, although further study is needed to
verify this. Fidelity may be beneficial when returning to a
hibernaculum where successful hibernation has occurred in
the past (Gregory, 1982).

Bog Turtles in our study consistently hibernated under
structures of root masses. These structures should be
protected and maintained as an important feature of Bog
Turtle habitat. This may be especially important in popula-
tions that occur in disturbed areas. Bog Turtles are often
found in agricultural areas (Tryon and Herman, 1990; Lee
and Norden, 1996), and prescribed grazing has even been
recommended as method to maintain bog turtle habitat
(Tesauro, 2001). The presence of cattle prevents vegetational
succession by suppressing the growth of tall-growing woody
or herbaceous plants and helping to encourage the creation
of wet muddy refugia by trampling moist areas by streams or
watering holes (Tesauro and Ehrenfeld, 2007). In these
agricultural areas, root mounds may be removed or trampled,
which may negatively affect the ability of Bog Turtles to
locate suitable hibernacula to survive the winter. Manage-
ment should actively work to allow for the persistence of
these features in the environment. More studies on Bog
Turtle hibernation are necessary to fully understand the
impact of habitat use and successful hibernation in these
agricultural areas.

A clear understanding of Bog Turtle hibernation phenology
and ecology is important to improving the long-term
viability of this protected species. Due to the physiological
challenges sustained over the lengthy hibernation period in
harsh mountain environments, overwintering sites are
potentially a limiting factor to the persistence of the species.
While our study is limited by the small sample size associated
with a small population, the information is still important in
identifying key habitat features that can be applied in
management. Our study shows that the presence of root
masses with soft deep substrate underneath may be impor-
tant for providing protection from both freezing tempera-
tures and predators and allow for the continued persistence
of the species in an environment. This information can be
incorporated into successful habitat management plans to
allow for better evaluation of the suitability of sites for Bog
Turtles and identifying actions to be taken to improve habitat
for long-term persistence.
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