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Abstract.—The Gopher Tortoise (Gopherus polyphemus) is a large terrestrial turtle that excavates and occupies extensive
burrows, which protect individuals from predators and temperature extremes. Individuals can thermoregulate
behaviorally by adjusting their position inside the burrow and through surface activity, even in winter when they are
thought to be relatively inactive. Much of what is known about the overwintering behavior of Gopher Tortoises is based
on adults; however, the ecology of juveniles may differ due to their smaller body size and higher surface area to volume
ratio. We investigated the overwintering ecology of 11 juvenile Gopher Tortoises on St. Catherines Island, Georgia using
externally attached temperature loggers. Temperatures experienced by tortoises were compared to burrow and surface
air temperatures collected at the same site, allowing us to infer surface activity of individuals. We examined the onset,
termination, and duration of overwintering and occurrences of juvenile surface activity during the overwinter period.
Tortoises initiated overwintering over a 48-d period (median date of 14 November) and terminated overwintering over a
32-d period (median date of 8 April). Mean overwintering duration was 130 ± 7 d (1 SE). Individuals emerged on 2–22 d
during the 2012–2013 winter. Mean temperature experienced by overwintering tortoises was 17.9 ± 0.02° C (range 11.5–
38.5 °C) and the minimum surface air temperature when a juvenile tortoise emerged from its burrow to bask was 15.8
°C. Timing of overwintering in juvenile Gopher Tortoises is similar to that reported for adult tortoises from similar
latitudes. However, juveniles are active more frequently on the surface during the winter and emerge from burrows at
lower air temperatures than has been reported for adults.
Key Words.—activity; dormancy; Georgia; reptile; temperature

INTRODUCTION
Winter can be a challenging and even risky period for
most reptiles, requiring physiological and behavioral
changes to combat low temperatures and avoid mortality
(Gregory 1982; Ultsch 2006). Reptiles seek refugia to
avoid temperature extremes, and for terrestrial turtles
and tortoises, this often means finding an underground
retreat (Hutchison 1979; Gregory 1982; Ultsch 2006).
Although multiple exogenous factors may influence
overwintering ecology in reptiles, air temperature is the
one most commonly investigated and has been identified
as exerting strong influence on overwintering timing in
some reptiles (Hutchison 1979; Gregory 1982). For
instance, when unable to maintain a preferred body
temperature, the Prairie Rattlesnake (Crotalus viridis;
Jacob and Painter 1980) and the Chuckwalla
(Sauromalus obesus; Case 1976) initiate overwintering,
suggesting that a change in temperature or temperature
instability may be an important stimulus for initiating
Copyright © 2015. Bess B. Harris
All Rights Reserved

overwintering in other reptile species. Overwintering
has been studied extensively in freshwater turtles,
particularly with regard to delayed emergence from the
nest by hatchlings (Gibbons and Nelson 1978; Gibbons
2013), refugia selection (e.g., Greaves and Litzgus 2008;
Edge et al. 2009), and associated physiological changes
(e.g., Ultsch 1989; Jackson and Ultsch 2010). However,
research has been limited with regards to terrestrial
turtles, particularly tortoises (Ultsch 2006; Nussear et al.
2007). If temperature is one of the primary factors
driving overwintering ecology of turtles, we might
expect that terrestrial turtles face different thermal
challenges than aquatic turtles, which are buffered by
water from large daily fluctuations in temperatures.
Of the North American tortoise species, Gopher
Tortoises (Gopherus polyphemus) are most closely tied
to their extensive burrows, which they use year round for
thermoregulation, nesting, and protection from predators
(Ernst and Barbour 1972). Burrows provide buffering
from daily and seasonal air temperature fluctuations
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(DeGregorio et al. 2012; Pike and Mitchell 2013). In
central Florida, Douglass and Layne (1978) reported that
temperatures in adult burrows oscillated < 1 °C in a day
in summer even though air temperatures could fluctuate
13 °C throughout the day. Likewise, burrows of adult
Gopher Tortoises and adult Desert Tortoises (Gopherus
agassizii) also provide temperature buffering capacity
during winter, with daily temperature fluctuations inside
the burrow typically < 1.5 °C (Nussear et al. 2007;
DeGregorio et al. 2012). The infrequency of emergence
by adult tortoises from their burrows during winter
underscores the importance of burrows during the
overwintering period (Nussear et al. 2007; DeGregorio
et al. 2012). However, studies of overwintering in North
American tortoises have primarily focused on adults
(Bailey et al. 1995; Nussear et al 2007; DeGregorio et al.
2012).
If burrows are of central importance to
successful overwintering by tortoises, we might expect
that the overwintering ecology of juveniles might be
different from that of adults. Juveniles presumably dig
shallower burrows, which might provide less buffering
capacity, and are of smaller body size, which gives them
a higher surface area to volume ratio.
Indeed, the few studies that have monitored juvenile
tortoises during winter found that winter surface activity
was relatively common in juveniles (Wilson et al. 1994,
1999; DeGregorio et al. 2012). DeGregorio et al. (2012)
concluded that juveniles in their South Carolina study
population were much more likely than adults to emerge
from their burrows in winter to bask for short periods,
but their sample size was small. Wilson et al. (1999)
monitored 71 juvenile Desert Tortoises in California,
documenting that the juveniles would often emerge on
the warm winter days to bask. These studies suggest
juvenile tortoises may spend more time active during the
winter than do adults (Diemer 1992; Wilson et al. 1999;
DeGregorio et al. 2012). In this study, we examined the
overwintering ecology of juvenile Gopher Tortoises on a
barrier island in Georgia. Our objectives were to (1)
determine the timing of the onset, termination, and
duration of overwintering; (2) quantify the amount of
surface activity during winter; (3) identify the
temperatures tortoises experience during overwintering;
and (4) identify environmental temperatures triggering
winter surface activity in juvenile tortoises.
MATERIALS AND METHODS
Study site and study population.—St. Catherines
Island is a privately owned 5,670 ha Georgia barrier
island with a 102 ha former cattle pasture managed for
Gopher Tortoises. The pasture is comprised of a few
mature mixed pines (primarily Longleaf Pine, Pinus
palustris, but also Loblolly Pine, P. taeda), no midstory
canopy, and an open understory primarily composed of
both native and nonnative grasses and forbs. The open

pasture is maintained through periodic mowing. The
Gopher Tortoise population, which is not native to the
island, was established through multiple translocations
and subsequent natural recruitment (Tuberville et al.
2008, 2011).
Data collection.—We initially trapped juvenile
Gopher Tortoises at their burrows starting 11 May 2012
and equipped them with radio-transmitters as part of a
spatial ecology study (data to be presented elsewhere).
However, we monitored these same individuals through
the subsequent 2012–2013 overwintering period, which
is the focal period for this study. We targeted juvenile
tortoises > 200 g, defining juveniles as individuals with
≤ 230 mm carapace length (Landers et al. 1982) and no
signs of sexual dimorphism, indicating they had not
reached sexual maturity. We placed live animal traps
(Havahart®, Lititz, Pennsylvania, USA) at active
juvenile burrows, covered traps with burlap for shading,
and checked them at least twice daily. We recorded
mass (g), straight-line carapace length (SCL; nearest
mm), and estimated age based on growth annuli
(Landers et al. 1982) for each tortoise. If an individual
was not previously marked, we assigned it a unique ID
and notched the corresponding marginal scutes (Cagle
1939).
To the carapace of each juvenile tortoise, we attached
a transmitter (3.8 g; Holohil Systems Ltd., PD-2,
Ontario, Canada) with two part putty epoxy, and also a
temperature logger (3.3 g; Thermochron iButton®
DS1921G, Embedded Data Systems, Lawrenceburg,
Kentucky, USA) with two part 5-minute liquid epoxy.
We attached transmitters to the first left costal scute with
the antenna secured along the length of the carapace
within aquarium tubing secured to the shell using putty
epoxy (modified from Boarman et al. 1998). We
completely encased temperature loggers in putty epoxy
and attached them to the first right costal scute. Each
temperature logger had a resolution of 0.5 °C, accuracy
of ± 1.0 °C, and could store up to 2,048 recordings. We
disabled the roll-over feature and programmed them to
record temperatures every two hours (12 times a day) for
171 days until loggers filled the following spring. A
temperature-logger attached to the carapace did not
measure the actual body temperature of the tortoise but
rather it measured the environmental temperatures to
which an individual was exposed.
However, the
temperature of the carapace is strongly correlated to
body temperature in turtles (Congdon et al. 1989;
Grayson and Dorcas 2004; Nussear et al. 2007; Pittman
and Dorcas 2009).
We also deployed temperature-loggers at four
locations within our study area to measure
environmental temperatures. At each location, we
measured shaded air temperatures 10 cm above the
ground surface (adapted from Hubbart 2011) and burrow
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temperatures 1 m inside an unoccupied juvenile burrow
at each location. We encased environmental temperature
loggers in putty epoxy (similarly to those attached to
tortoises) and programmed them to record temperatures
every two h starting at midnight. Due to a prescribed
fire in North Pasture, we removed and disabled
environmental temperature loggers during 20–22
February 2013. We attempted to capture tortoises
approximately every 6 mo to replace transmitters and
download temperature data.
We downloaded
environmental temperature loggers approximately every
4 mo. We report here only the temperature data
collected during the 2012–2013 winter period.
Data analysis.—We inferred surface activity (i.e., an
emergence event) for individual tortoises by examining
the temperatures recorded by the temperature logger of
an individual. Here we define activity only in relation to
whether an individual likely emerged from its burrow;
we cannot determine the type of activity or whether a
tortoise exhibited movement activity away from its
burrow based on temperature data alone. Because the
maximum fluctuation in daily temperatures of burrows
recorded during our study was < 3.0 °C, we considered
an individual to have emerged on days during which its
temperatures fluctuated ≥ 3.0 °C. From these data, we
determined the overwintering onset and termination
dates for each individual monitored. We modeled our
analyses after DeGregorio et al. (2012) and Nussear et
al. (2007), defining onset as the date after which a
tortoise did not emerge from its burrow for the following
seven consecutive days. We defined termination as the
date after which the tortoise emerged on at least seven
days within a 14-d period (modified from DeGregorio et
al. 2012). We calculated duration of overwintering for
individuals for which we were able to determine both an
onset and a termination date. Two tortoises were not
captured within 30 d after their temperature data loggers
stopped recording data (i.e., their data memory was full)
and we could not identify their exact termination date.
However, for these tortoises we calculated overwintering
duration based on assigning the date their temperature
loggers stopped recording as their earliest possible
emergence date.
We then estimated the median
overwintering termination date using the date when the
sixth of 11 tortoises terminated overwintering.
We examined winter activity (emergences throughout
the overwintering period) of each tortoise to determine at
what air temperature each tortoise emerged from the
burrow. We estimated when an active tortoise first
emerged from its burrow to be when its temperature
began to increase relative to burrow temperatures. We
were able to determine the air temperatures when
tortoises emerged from their burrows and the minimum
air temperature when tortoises became active above
ground. All data are reported as means ± 1 SE.

We encountered missing data points at some
environmental stations due to malfunctioning or
damaged temperature loggers. To obtain a complete
record of temperatures for both air and burrow
temperatures throughout the winter, for each temperature
sampling event (every 2 h) we averaged the available
data collected from the four station locations. The
compiled environmental data provided a continuous
record of both air and burrow temperatures during the
2012–2013 winter study period.
RESULTS
We were able to recapture 11 juvenile Gopher
Tortoises in spring 2013 to download their temperature
loggers for the 2012–2013 overwintering period.
Temperature loggers for six tortoises filled up prior to
overwintering termination; however, four of these
tortoises were captured within seven days after the
temperature data stopped recording and could still be
used for all other analyses, using their capture date as the
termination date.
Because we used a minimum
termination date for calculating overwintering duration
for the remaining two tortoises, overwintering duration
is likely to be underestimated.
Tortoises initiated overwintering over a 48-d period (4
November to 21 December), with a median start date of
14 November 2012 (Table 1). Tortoises terminated
overwintering over a 32-d period (9 March to 9 April)
with a median date of 8 April. Tortoises overwintered
for a mean duration of 130 d ± 7 d (Table 1, Fig. 1). Of
the nine tortoises for which we were able to calculate
overwinter duration, most tortoises emerged on
relatively few days (range 2–9 d) but three of the 11
tortoises emerged frequently (19–22 different days)
during the winter period (Table 1). One tortoise
exhibited surface activity on 22 (12%) d during the total
overwintering period. The three individuals with ≥ 19
overwinter emergences each had two discrete dormancy
periods, based on our threshold of seven consecutive
days of emergence during a 14-d period (Fig. 1).
Tortoise 720 had dormancy periods from 24 November
to 1 December (8 d) and 18 December to 9 March (82
d); tortoise 761 had dormancy periods from 22
November to 1 December (10 d) and 17 December to 10
March (84 d); and tortoise 762 had dormancy periods
from 21 December to 11 January (22 d) and 19 February
to 10 March (20 d).
Overwintering tortoises experienced a mean
temperature of 17.9 ± 0.02 °C, with a minimum carapace
temperature of 11.5 °C and a maximum of 38.5 °C
(Table 1). Tortoises experienced the highest recorded
temperatures during winter emergences (probably
basking events). Between 1 November 2012 and 2 April
2013, the minimum air temperature when a juvenile
tortoise emerged from its burrow was 15.8 °C (Table 2);
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TABLE 1. Individual ID, straight line carapace length (SCL), first overwintering onset date, last overwintering termination date, and
overwintering duration (days); mean, minimum, and maximum overwintering tortoise temperatures experienced during the overwintering
period; and number of overwintering emergence days for each juvenile Gopher Tortoise (Gopherus polyphemus) monitored at St. Catherines
Island, Georgia, during the 2012–2013 overwinter period. For termination dates with asterisks (*), the temperature logger became full prior
to the tortoise terminating overwintering but capture date could be used to determine termination date, and no date for those without a
calculated termination date because their data logger stopped recording before they emerged in spring. The date the data logger stopped
recording was used to calculate a minimum overwintering duration.

Tortoise
ID

SCL
(mm)

Onset

1

164

14 Nov 2012

Termination

Duration
(days)

Mean
Temperature
°C (± 1 SE)

Minimum
Temperature
°C

Maximum
Temperature
°C

Emergences

8 April 2013*

146

18.4 ± 0.06

15.5

35.0

8
≥5

217

13 Nov 2012

—

> 143

17.4 ± 0.05

13.0

31.0

174

14 Nov 2012

11 Mar 2013

140

18.0 ± 0.09

11.5

38.5

8

422

215

10 Nov 2012

—

> 146

17.4 ± 0.05

14.0

35.0

≥2

720

179

24 Nov 2012

9 Mar 2013

106

18.0 ± 0.08

12.5

34.0

20

761
762

142
199

22 Nov 2012
21 Dec 2012

10 Mar 2013
10 Mar 2013

109
80

18.7 ± 0.08
21.0 ± 0.09

14.0
16.0

37.5
37.5

19
22

792

147

21 Nov 2012

9 April 2013*

140

16.7 ± 0.06

13.0

35.5

5

793

230

14 Nov 2012

8 April 2013*

146

17.9 ± 0.06

14.0

33.0

9

823

140

14 Nov 12

8 April 2013*

146

16.6 ± 0.06

13.0

33.5

9

831

130

4 Nov 12

15 Mar 2013

132

16.6 ± 0.06

11.5

35.0

5

SCI 1
SCI 7
SCI 18
SCI 422
SCI 720
SCI 761
SCI 762
SCI 792
SCI 793
SCI 823
SCI 831
15-Oct
22-Oct
29-Oct
5-Nov
12-Nov
19-Nov
26-Nov
3-Dec
10-Dec
17-Dec
24-Dec
31-Dec
7-Jan
14-Jan
21-Jan
28-Jan
4-Feb
11-Feb
18-Feb
25-Feb
4-Mar
11-Mar
18-Mar
25-Mar
1-Apr
8-Apr
15-Apr

Tortoise ID

7
18

Date

FIGURE 1. Overwintering duration for 11 juvenile Gopher Tortoises (Gopherus polyphemus) at St. Catherines Island, Georgia, during the 2012–
2013 winter. Duration from onset to termination is depicted by a solid line for each tortoise. The vertical black bar at 8 April 2013 indicates the
date when tortoise temperature loggers filled and stopped recording temperatures. Four tortoises were captured within seven days after the
temperature loggers stopped recording and their capture date was used as the termination date. Lines ending in arrows indicate tortoises that were
not captured soon enough (i.e., > 30 d) after temperature loggers filled to estimate termination date. Broken lines correspond to tortoises that had
discontinuous overwintering periods comprised of two discrete dormancy events. Each day a tortoise was recorded as active is indicated by a
black circle for each individual tortoise.

however, the mean air temperatures associated with
initiation of emergence was 20.9 °C ± 1.0 °C.
Individuals emerged frequently throughout the 2012–
2013 winter (Fig. 1) and multiple individuals emerged
from their burrows on the same days (Fig. 2). During
the period coinciding with tortoise overwintering, shaded

air temperatures 10 cm above the ground (Fig. 3) ranged
from ˗6.8 to 36.6 °C, with daily temperature fluctuations
averaging 17.4 °C (3.5–30.8 °C) in a given day. In
contrast, temperatures 1 m inside burrows ranged from
TABLE 2. St. Catherines Island air temperatures (°C) on days when
at least one Gopher Tortoise (Gopherus polyphemus) emerged from
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its burrow during the 2012–2013 overwintering period (1 November
2012 to 2 April 2013). Temperatures reported are those occurring
at the time an individual first emerged from its burrow, summarized
across emergence events to calculate mean, minimum, and
maximum air temperatures at initial emergence. Summaries are
reported based on number of individual tortoises known to have
emerged on a specific day.
Count of
Tortoises
Emerging

Mean
Temperature
°C (± 1 SE)

Minimum
Temperature
(°C)

Maximum
Temperature
(°C)

1

24.5 ± 0.5

15.8

31.5

2

25.3 ± 0.4

18.5

31.5

3

26.3 ± 0.5

18.5

31.3

4

27.4 ± 0.5

24.3

35.0

5

29.2 ± 0.8

25.3

35.5

6

27.2 ± 0.2

25.5

28.4

9.3 to 24.2 °C, but daily fluctuation averaged only 1.01
°C (range = 0.0–2.8 °C).
DISCUSSION
Burrows function as important refugia by acting as
thermal buffers against extreme temperatures (Douglass
and Layne 1978; Nussear et al. 2007; Pike and Mitchell
2013). Previous studies have shown that adult Gopher
Tortoises experience relatively stable temperatures
inside their extensive burrows (Douglass and Layne
1978; DeGregorio et al 2012; Pike and Mitchell 2013),
which can be up to 7.9 m long and 3.7 m deep (Kinlaw
et al. 2007). Our study demonstrated that juvenile
burrows also provide remarkable thermal buffering
despite their shorter length and shallower depth (pers.
obs.). Temperature at 1 m inside juvenile burrows
typically fluctuated by only 1 °C throughout the day
during winter, while air temperatures outside the burrow
fluctuated as much as 30 °C.
A substantial proportion of the juvenile life stage is
spent in dormancy. Juvenile Gopher Tortoises in our
study spent approximately a third of the year
overwintering, beginning around mid-November and
ending approximately mid-March.
Although
overwintering duration may vary throughout the range of
the Gopher Tortoise based on local climate conditions,
the duration of time juveniles spent overwintering at our
coastal site (130 ± 7 d) was similar to that reported for
adults by DeGregorio et al. (2012; 127 ± 9 d) at the
northern extent of the range of the species. Although
juveniles in our study did exhibit surface activity during
winter, our radio-telemetry monitoring did not detect any
movements by juveniles away from their winter burrow
that would indicate they might be foraging (data
presented elsewhere). Thus, the overwintering period
represents an extensive amount of time when tortoises

are not gathering resources, which is especially
important for juveniles that are presumably directing
most of their available energy into growth.
Winter activity by juveniles in our study was
strikingly different than that reported for adults in the
literature in terms of both minimum temperatures at
which they are active and how often they exhibit surface
activity during the overwintering period. Two previous
studies reported that the minimum air temperature at
which adult Gopher Tortoises exhibit activity is 21 °C
(Douglass and Layne 1978; McRae et al. 1981),
although Diemer (1992) reported observing adult
activity at temperatures as low as 18 °C near Gainesville,
Florida. In contrast, juveniles in our study initiated
basking at air temperatures as low as 15.8 °C, although
the mean air temperature at which they began emerging
was around 21 °C. The smaller body size and higher
surface area to volume ratio of juveniles relative to
adults allows them to heat and cool more rapidly, which
may explain why juveniles will exit burrows at lower air
temperatures (Gregory 1982; Berry and Turner 1986;
Keller et al. 1997). Juveniles in our study had an
average mean carapace temperature of 18° C, while
DeGregorio et al. (2012) found adult tortoises had a
mean carapace temperature of 12.5 °C. Thus, juveniles
at our study site were able to maintain warmer
temperatures on average throughout the winter than
adults observed by DeGregorio et al. (2012).
Although juveniles have been reported to be more
active in winter than adults in several tortoise species,
including Gopher Tortoises, the frequency of winter
surface activity by juveniles in our study was surprising.
All juveniles in our study emerged numerous days (2–22
overwinter emergences) during the 2012–2013
overwintering period. In fact, for three individuals
(27.3%), the winter was punctuated by so many
emergence events that we identified two discrete
dormancy periods based on our criteria. However, in
reality, their emergence patterns likely reflect two
similar periods of reduced activity punctuated by an
intervening period in which individuals opportunistically
took advantage of warm environmental temperatures. In
addition, tortoise temperature records revealed that as
many as 73% of juveniles emerged on the warmest days,
suggesting that juvenile Gopher Tortoises may be cueing
in on the same stimuli. Diemer (1992) also noted that
juveniles were more likely to emerge from their burrows
in winter than were adults. Similarly, DeGregorio et al.
(2012) reported that juvenile Gopher Tortoises
monitored with automated temperature loggers in South
Carolina emerged more frequently (four to five times) in
winter than adults (one to two times), although sample
sizes were small. Hatchling Spur-thighed Tortoises
(Testudo graeca) have also been reported to be more
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24-Dec

17-Dec

10-Dec

3-Dec
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19-Nov
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5-Nov

29-Oct

22-Oct

5
15-Oct

Number of Emerged Tortoises

Tortoise Emergences

0

Date
FIGURE 2. The number of juvenile Gopher Tortoises (Gopherus polyphemus) that emerged each day (blue bars) and the maximum daily air
temperature (red line) from 15 October 2012 to 2 April 2013. Air temperatures were not collected 20–22 February 2013 (marked by the pink bar)
due to a prescribed fire in North Pasture where the environmental stations were located.

active than adults and to exhibit discontinuous
hibernation (Keller et al. 1997).
Although adult Gopher Tortoises do occasionally bask
during winter, activity appears to be limited to warm
days and it is unusual for healthy tortoises to exhibit
frequent or extended surface activity. The single adult
Gopher Tortoise in the DeGregorio et al. (2012) study
that exhibited numerous winter emergences was an
individual (female #95) that tested as suspect for upper
respiratory tract disease (URTD) and had also
experienced complications due to anesthesia in the
activity season preceding the overwintering period in
which temperatures were measured (Hernandez et al.
2011). Likewise, McGuire et al. (2014) found that
adults severely afflicted by URTD experienced greater
temperature fluctuations than asymptomatic or mildlysymptomatic
adults
and
exhibited
abnormal
thermoregulatory behavior (i.e., exhibited behavioral
fever). All juveniles in our study appeared to be healthy,
showing no clinical symptoms of URTD or other
disease. Thus, we suspect that the surprisingly frequent
winter surface activity by juveniles in our study reflects
normal juvenile activity. Our findings add to the
growing body of literature regarding activity of juvenile
tortoises during the overwintering period and how it
differs from adult conspecifics.
There may be advantages to juvenile tortoises being
active during winter or being active at lower
environmental temperatures than adults.
Because
growth in turtles occurs primarily during the juvenile
stage (Congdon et al. 2013), maximizing resource
acquisition and growth is critical for juveniles. Most
winter surface activity by Gopher Tortoises has been

attributed to basking, with foraging only very rarely
observed (McRae et al. 1981, Wilson et al. 1994), thus
activity in winter is unlikely to provide foraging
opportunities for juveniles, particularly if sudden
decreases in daily temperatures could interfere with
subsequent digestion. However, their ability to heat
quickly and be active at lower environmental
temperatures may extend their activity season relative to
adults, thereby increasing opportunity for resource
acquisition and accumulation. For example, hatchling
Spur-thighed Tortoises exhibit improved body condition
and an early season growth spurt during the period
immediately following spring emergence (Keller 1997).
In addition, activity on warm winter days, particularly
near the end of overwintering period, may
physiologically prime juveniles such that they may be
able to more quickly obtain and sustain body
temperatures optimal for foraging, digestion, and
assimilation. Collectively, these potential benefits may
explain why juveniles exhibit such frequent surface
activity during winter, despite the risk of predation.
In addition to its potential consequences for individual
growth, juvenile activity during winter has important
implications for habitat management. When actively
managed, Gopher Tortoise habitats are periodically
treated with fire or, alternatively, mechanical disturbance
such as mowing. These habitat treatments are often
applied in winter, a time when both adult and juvenile
tortoises have been presumed to be relatively inactive.
However, our study reveals that juveniles exhibit
frequent activity during winter, with surface activity by
at least one tortoise documented on 48% of days. Due to
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FIGURE 3. Environmental temperatures at the study site of juvenile Gopher Tortoises (Gopherus polyphemus) during winter 2012–2013 at the St.
Catherines Island, Georgia, including daily maximum (solid red line) and minimum (dashed red line) air temperatures, as well as daily maximum
(solid black line) and minimum burrow temperatures (dashed black line). During 20–22 February 2013 a prescribed fire was conducted at the
study site, which required environmental stations to be pulled from the field, resulting in three days for which data were not collected
(represented by a pink bar).

their small size, juveniles are inherently less detectable,
as are their burrows, and might not be observed during
management activities. Although juveniles are probably
unlikely to stray from their burrows and could
presumably retreat quickly back into the burrow,
managers should consider the likelihood of juvenile
surface activity when planning management activities
during winter and take special precautions, such as
planning habitat management activities on days when
maximum air temperatures are < 16 °C.
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