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ABSTRACT. – Knowledge of the spatial ecology of many turtle species is lacking or limited by small
sample sizes of study animals, short study periods, or incomplete representation of the species’
geographic range, all of which can present barriers to science-based management and
conservation. The wood turtle (Glyptemys insculpta) is a declining North American freshwater
turtle that is now listed as threatened or endangered in several US states and Canadian provinces.
Local-scale knowledge of wood turtle movement patterns and home range sizes is needed for more
effective management and regulatory protection, yet the spatial ecology of this species remains
undescribed in large portions of its range. We radiotracked 31 wood turtles for 1–5 yrs each in a
stream system along the border of New York and Connecticut to describe their movement
behavior and inform management efforts in this previously unstudied region. Annual and
multiyear 95% minimum convex polygon home range sizes averaged 2.8 (6 3.79 SD) ha and 5.2
(6 7.36 SD) ha, respectively. Males had significantly larger annual and multiyear home ranges
than did females, often by severalfold. Overlap of home ranges from one year to the next ranged
from 10.5% to 99.7% and averaged 62.6% (6 22.86% SD). Home range centroids shifted 3.8–
328.1 m (x̄ = 70.3 6 80.31 m SD) from year to year and averaged 41.2 m (6 40.56 m SD) from the
stream and 138.4 m (6 70.66 m SD) from the nearest road across all individuals. Most turtles’
home ranges spanned one or both of the major roads in our study area, illuminating the threat of
vehicle collision mortality to the viability of this population. Hibernaculum fidelity was low, with
only 15% of turtles hibernating in the same location as in the previous year. Our results suggest
that management efforts for wood turtles in western Connecticut and the adjacent region of New
York should consider that males (the wider-ranging sex) use an average of 5.3 ha to meet their
resource requirements over the course of one annual cycle, buffers of at least 116 m surrounding
streams should be protected, habitats that are distant from roads should be prioritized for
conservation, and measures that facilitate safe passage beneath roads should be implemented
whenever roads are present near occupied wood turtle habitat.
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North America is a hotspot of turtle endemism,

supporting 58 native species that represent close to 20% of

the global total (Lovich and Ennen 2013). Many are

threatened with extinction due to habitat loss and

degradation, vehicle collisions, collection for the pet trade,

climate change, and disease (Ernst and Lovich 2009).

More than half have declined to the extent that they require

federal or international protection under the US Endan-

gered Species Act (United States 1983), Convention on

International Trade in Endangered Species of Wild Fauna

and Flora (CITES 2013), or the International Union for

Conservation of Nature (IUCN 2011) Red List (Ernst and

Lovich 2009; Lovich and Ennen 2013), and still others are

listed as threatened or endangered at the state or provincial

level. As with most wildlife, effective management and

regulatory protection of turtles requires a sound under-

standing of their spatial ecology so their habitat require-

ments can be met. Such information is often lacking



entirely or is limited by small sample sizes of study

animals, short study periods, or incomplete representation

of the species’ geographic range, all of which can impede

science-based management and conservation (Börger et al.

2006; Allen and Singh 2016; Averill-Murray et al. 2020).

One of many imperiled species of North American

turtles is the wood turtle (Glyptemys insculpta), a

freshwater turtle that ranges from eastern Canada to

northern Virginia and west to Minnesota. The wood

turtle’s status was elevated in 2010 from Vulnerable to

Endangered by the IUCN due to an estimated 50% decline

over the past half century (IUCN 2011). The species is

federally listed as Threatened in Canada, under consider-

ation for federal listing as Threatened in the United States,

and listed as Endangered, Threatened, or of Special

Concern by 14 of its 21 range states and provinces. Like

many declining turtle species in North America, wood

turtles have been impacted primarily by habitat loss and

degradation, vehicle collisions, and illegal collection as

well as predation by synanthropic species (reviewed by

Jones et al. 2018). Road mortality has a particularly

significant impact, as it disproportionately affects females

moving in search of nesting sites (Steen et al. 2006; Curtis

and Vila 2015). This mortality results in losses to the

overall effective population that are difficult to overcome

due to slow sexual maturation rates and low recruitment

levels (Harding and Bloomer 1979; Steen and Gibbs

2004).

A multistate working group of wood turtle biologists

and managers recently determined that more local-scale

information about wood turtle movement patterns and

home range sizes was needed to better mitigate existing

threats and develop effective conservation plans, manage-

ment strategies, and regulatory protections (Jones et al.

2018). To date, wood turtle home range sizes and

movement patterns have been described in multiple states

and provinces, with average home ranges spanning

anywhere from 0.3 to 32.2 ha, tending to be larger among

males than females, and generally increasing with habitat

availability and latitude (Arvisais et al. 2002; Curtis and

Vila 2015; Jones et al. 2018; Thompson et al. 2018).

However, published studies are still sparse or lacking in

many parts of the species’ geographic range, hindering

efforts of managers in those areas to buffer populations

from encroaching development and ensure that the area

requirements of wood turtles are maintained. Even in areas

where wood turtle movement ecology has been relatively

well studied in the past, research will continue to be

needed to monitor changes in space use that will occur in

response to a changing climate and other anthropogenic

activities that affect the relationship of animals with their

environment and their ability to move across the landscape

(Fraser et al. 2018).

We radiotracked 31 wood turtles for as many as five

consecutive years in a stream system along the border of

New York and Connecticut to examine home range sizes

and other aspects of the spatial ecology of the species in

this previously unstudied, central portion of its range. We

calculated the distances at which male and female wood

turtles moved away from their stream and came within

major roads, and their annual fidelity to hibernacula, all to

further inform management practices for wood turtle

populations in the eastern New York and western

Connecticut area.

METHODS

Study Area. — We studied wood turtles along an

approximately 3.3-km section of freshwater stream that

spans the border of New York and Connecticut in the

lower Hudson River watershed. The stream is relatively

undisturbed, has high water quality relative to other

streams in the watershed, and supports wild brook trout

(Salvelinus fontinalis), a general indicator of stream health

(Bellucci et al. 2011). Most of the stream in the study area

is within 100 m of a major road. One of these roads crosses

a concrete-beam bridge over the stream and runs both

perpendicular to and parallel with the stream at different

points, while the other road runs only parallel with the

stream. Overall, however, development in the surrounding

landscape is minimal and best described as exurban

residential land use. Habitats bordering the stream segment

include second-growth deciduous forest, old field, and

shrubland as well as an area of open wetland and riparian

shrubland that is maintained by American beaver (Castor
canadensis) activity. The wood turtles in our study ranged

up- and downstream from and through the beaver

impoundment.

Radio Telemetry. — We deployed radio transmitters

on adult wood turtles that were found by opportunistically

searching the stream’s channel, banks, and adjacent

uplands (up to approximately 50 m away from the stream)

between late March and late June of the years 2010–2016.

Prior to tagging, we determined the sex of each wood

turtle based on plastron concavity. We classified turtles as

adults when maximum straight-line carapace length was

greater than 160 mm and body mass exceeded 600 g

(Lovich et al. 1990; Curtis and Vila 2015; Cross et al.

2018). The 25-g transmitters (Advanced Telemetry

Solutions, model R2030) were attached with epoxy to

the posterior of the carapace and represented less than 5%

of the turtles’ body mass to avoid interference with their

movement (Parren 2013). The turtles were then released in

the same locations in which they had been found.

We radiotracked turtles during their active season in

our study area (late March to early November) by homing

(White and Garrott 1990) with a handheld receiver

(Communications Specialist R1000) and Yagi antenna

(Telonics RA-23K) and recorded the Global Positioning

System (GPS) coordinates of their locations. From 2010 to

2015, we attempted to locate turtles every 1–2 wks during

the emergence (March–April), nesting (May–June), and

prehibernation (September–November) periods, when they

are most active, and every 2–3 wks during the relatively
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sedentary aestivation period (July–August). This sampling

interval of at least 1 wk allowed turtles ample time to

move throughout their home ranges between tracking

events such that successive observations were independent

of one another (White and Garrott 1990). In 2016, we were

able to track turtles only opportunistically and irregularly

(less often than biweekly) during their active period. We

also tracked some turtles opportunistically during the

overwintering period, in December, January, and/or

February 2010–2016, to locate hibernacula. We consid-

ered a location to be a turtle’s hibernaculum if the turtle

was found there two or more times at least 1 wk apart.

Spatial Analyses. — Of 31 turtles tracked, we

estimated the annual home range sizes of the 24 wood

turtles for which we had 15 or more locations in each of

two or more years (n = 9 males, 15 females). We then

measured the multiyear home ranges of each of these 24

turtles using all locations pooled across multiple years. We

also measured the multiyear home ranges of an additional

7 wood turtles (1 male, 6 females) that did not meet our

location criteria for any single year, but for which we had a

total of 20 or more locations across two or more years. The

location sample size criteria that we used for these

analyses were intended to maximize the number of turtles

that could be included while remaining comparable to the

number of locations used in similar wood turtle studies

(e.g., Arvisais et al. 2002; Sweeten 2008; McCoard et al.

2016; Thompson et al. 2018).

We estimated annual and multiyear home range sizes

using minimum convex polygons (MCP; adehabitatHR

package in R version 1.2.5033; Calenge 2006). We used

isopleths of 95%, representing the ‘‘total’’ home range, and

50%, representing the ‘‘core’’ home range. We measured

annual home range fidelity in Quantum GIS (QGIS; QGIS

Development Team 2019) as the proportion of an

individual’s 95% MCP home range in 1 yr that was

utilized the subsequent year (Arvisais et al. 2002). We also

used the centroids tool in QGIS to measure 1) the distances

at which the centroid of a turtle’s 95% annual home range

shifted between successive years, and 2) the distances of

95% multiyear home range centroids from the center of the

stream and the edge of the nearest road, as represented in

TIGER line shapefiles for New York and Connecticut (US

Census Bureau 2019). To further characterize the turtles’

relationships with these landscape features, we measured

the distance of each location point for each turtle to the

closest road and the stream to calculate mean, minimum,

and maximum distances.

Thirteen turtles (7 males, 6 females) were tracked to

their winter hibernaculum in two or three consecutive

years, allowing us to assess hibernaculum fidelity. Notes

describing the features and location of each hibernaculum,

made by the same observer (J.D.F.) each year, were used

in the field along with GPS coordinates to determine

whether turtles were hibernating in the same location as

the prior year. We considered visually estimated distances

of , 10 m between successive hibernacula as indicative of

fidelity (modified from Henriquez et al. 2017). When

turtles were found hibernating more than an estimated 10

m from the prior year’s hibernaculum, we used the GPS

coordinates of those two locations to measure the distance

between them in QGIS.

Statistical Analyses. — All statistical analyses were

performed in R version 1.2.5033. We first log-transformed

home range sizes to normalize distributions and used a

Cook’s-Distance test to identify outliers to omit from

subsequent analyses. We used generalized linear mixed

models (lme4 package; Bates et al. 2015) to model the

relationship of sex with 1) multiyear 50% and 95% MCP

home range size, 2) annual 50% and 95% home range size,

3) annual 95% MCP home range overlap, 4) maximum

distance found from the stream, 5) mean distance of all

locations from the stream, 6) minimum distance from the

nearest road, 7) mean distance of all locations from the

nearest road, 8) multiyear 95% MCP home range centroid

distance from the stream, and 9) multiyear 95% MCP

home range centroid distance from the nearest road. We

included number of locations as a fixed effect and year and

turtle ID as random effects (turtle ID was only included for

modeling annual 95% and 50% home range sizes). We

then used likelihood ratio tests (lmtest; Zeileis and

Hothorn 2002) to compare full models to nested models

from which sex was removed to test for sex differences in

each of these movement parameters (a = 0.05).

RESULTS

We collected 1910 total locations from 31 wood

turtles (10 males, 21 females) between 2010 and 2016. The

mean tracking duration for all wood turtles was 3.4 yrs

(6 0.98 yrs standard deviation [SD]); males were tracked

an average of 3.6 yrs (6 0.68 yrs SD) and females were

tracked an average of 3.3 yrs (6 1.07 yrs SD). Turtles

were located an average of every 13.9 d (6 14.51 d SD)

during the March–November active season. After omitting

one (male) outlier whose movements were more indicative

of dispersal than true home range use (see below), there

were 8 male and 15 female wood turtles with a sufficient

number of locations within individual years (� 15) to

allow us to measure annual home range size. The number

of locations used to measure annual home range size

ranged from 15 to 35 and averaged 21 (6 5 SD; n = 23)

per year; the number of total locations used to measure

multiyear home range size ranged from 20 to 115 and

averaged 61 (6 27 SD; n = 30). There was no significant

correlation between location sample size and annual or

multiyear home range size (at 95% or 50%; Pearson

correlation tests: all r , 0.23, p . 0.22).

Annual home range sizes ranged from 0.1 to 24.8 ha

and from , 0.1 to 3.1 ha at 95% and 50%, respectively.

Males had significantly larger annual 95% and 50% home

range sizes than did females (Table 1). Multiyear 95%

home range sizes ranged from 0.4 to 36.5 ha; multiyear

50% home range sizes ranged from 0.1 to 6.5 ha. Males
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had significantly larger multiyear 95% and 50% home

ranges than females (Table 1).

After excluding the outlier, overlap in the area used

from one year to the next varied widely from 10.5% to

99.7% and averaged 62.6% (6 22.86 SD) among the 23

wood turtles for which we measured annual home range

size in multiple individual years (Table 1). Males and

females did not differ in the amount of overlap from year

to year (v2 = 0.26, p = 0.607; Table 1). Annual home

range centroid shifts ranged from 3.8 to 328.1 m and

averaged 70.3 m (6 80.31 SD). The outlier’s home range

centroid shifted 639.8 m from 2014 to 2015 and its

average annual centroid shift (587.5 m, from 2012 to

2015) was twice that of any other turtle.

The farthest a wood turtle was located from the stream

was 249.8 m for the males (excluding outlier) and 487.7 m

for the females. Males and females did not differ

significantly in maximum or mean distances from the

stream or home range centroid distance from the stream

(Table 1). There was also no sex difference in minimum or

mean distance to the nearest road or multiyear 95% home

range centroid distance to the nearest road (Table 1). Ten

turtles (7 males, 3 females) had two or more successive

locations on opposite sides of a road, indicating that they

may have crossed the road between observations.

Two of the 13 wood turtles (15%) tracked to their

hibernacula returned to within 10 m of the previous year’s

location. Distances between successive hibernacula other-

wise ranged from 12.3 to 876.4 m, with half of all turtles

hibernating at least 50 m from their prior hibernaculum.

Overall, wood turtles hibernated an average of 126.7 m

(6 181.33 SD) from where they had hibernated in

previous years.

DISCUSSION

The wood turtle is an imperiled species in immediate

need of more effective management to increase or at least

stabilize populations. This need requires a local- or

population-scale understanding of movement behavior

and home range sizes (Jones et al. 2018), yet the spatial

ecology of the wood turtle remains undescribed in large

parts of its geographic range. We used multiple years of

radio telemetry data from 31 wood turtles in a stream

system along the New York–Connecticut border to

provide some of the first information on the species’ total

and core home range sizes, home range and hibernaculum

fidelity, and association with roads in this area. Our results

indicate that the area requirements of wood turtles in this

central portion of their range are less than those reported

for wood turtles to the north but greater than those to the

south, possibly as a result of a climatically driven

latitudinal gradient in resource availability and energy

requirements (Arvisais et al. 2002; Cross et al. 2018).

Males had larger home range sizes than females, as has

been observed elsewhere (Curtis and Vila 2015; Jones et

al. 2018; Thompson et al. 2018), but the sex difference

was greater than in previous studies. We also found a high

degree of individual variation in home range overlap from

year to year and little hibernaculum fidelity. Most turtles’

home ranges spanned one or both of the major roads in our

study area, and many individuals were located in close

proximity to roads, underscoring the already well-

Table 1. Sex differences in wood turtle (Glyptemys insculpta) annual and multiyear 95% and 50% home range sizes (ha) and centroid
shifts (m), home range overlap, maximum and mean distances of locations from the stream (m), home range centroid distance from the
stream (m), and minimum, mean, and home range centroid distances from the nearest road (m) in a study area along the New York–
Connecticut, USA, border. All values are means 6 SD (with ranges in parentheses below) and exclude one outlier (see text).

Parameter All turtles Males Females v2 p-value

Annual 95% MCP 2.8 6 3.79
(0.1–24.8)

5.3 6 5.09
(0.4–24.8)

1.3 6 1.25
(0.1–5.4)

14.68 , 0.001

Annual 50% MCP 0.5 6 0.60
(, 0.1–3.1)

0.9 6 0.77
(, 0.1–3.1)

0.2 6 0.23
(, 0.1–0.8)

19.44 , 0.001

Multiyear 95% MCP 5.2 6 7.36
(0.4–36.5)

11.8 6 10.49
(1.5–36.5)

2.3 6 1.80
(0.4–6.7)

15.80 , 0.001

Multiyear 50% MCP 1.3 6 1.66
(0.1–6.5)

2.6 6 2.07
(0.3–6.5)

0.8 6 1.05
(0.1–5.1)

10.63 0.001

Mean annual home
range overlap

62.6% 6 22.86%
(10.5%–99.7%)

65.4% 6 23.70%
(25.4%–99.7%)

60.9% 6 22.19%
(10.5%–99.6%)

0.26 0.607

Annual centroid shift 70.3 6 80.31
(3.8–328.1)

121.7 6 95.48
(10.4–328.1)

40.7 6 50.19
(3.8–238.7)

8.44 0.004

Max. distance to stream 115.7 6 86.82
(28.9–487.7)

122.0 6 67.15
(59.0–249.8)

113.0 6 93.87
(28.9–487.7)

0.58 0.445

Mean distance to stream 28.4 6 21.80
(10.3–133.5)

21.8 6 5.98
(11.0–29.8)

31.3 6 25.23
(10.3–133.5)

0.72 0.396

Centroid distance to stream 41.2 6 40.56
(0.6–217.3)

42.5 6 22.98
(9.7–85.7)

40.7 6 46.07
(0.6–217.3)

0.73 0.393

Min. distance to road 46.5 6 39.01
(0.3–158.5)

26.9 6 25.09
(0.3–81.0)

54.8 6 40.87
(1.3–158.5)

3.67 0.055

Mean distance to road 199.5 6 117.30
(61.7–447.3)

161.9 6 93.41
(80.5–335.3)

215.7 6 122.68
(61.7–447.3)

0.85 0.357

Centroid distance to road 138.4 6 70.66
(34.9–282.7)

122.3 6 79.29
(34.9–261.5)

145.3 6 65.41
(58.9–282.7)

1.08 0.300
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recognized threat of vehicle collision mortality to the

viability of wood turtle populations (Steen et al. 2006;

Jones et al. 2018).

The home range sizes of the wood turtles that we

studied were small, on average, relative to those reported

by other studies (e.g., Arvisais et al. 2002; Tuttle and

Carroll 2003; Remsberg et al. 2006; Thompson et al.

2018). Wood turtle home range size is expected to be

heavily influenced by habitat quality, with less disturbed,

high-quality habitats allowing wood turtles to use less

space than they do in degraded habitats to acquire the

resources they need (Remsberg et al. 2006; Cross et al.

2018). The small home ranges we observed compared with

those reported in many other locations may therefore

indicate that the stream and its adjacent uplands in which

we conducted our study provide high-quality habitat for

wood turtles. This possibility is consistent with other

health assessments of this stream based on water quality,

fish and macroinvertebrate community composition (Bode

et al. 2004; Beauchene et al. 2014), and the protection of

the surrounding uplands as conservation land for more

than 50 yrs. However, home range size may also be largely

influenced by latitude, as resource availability for wood

turtles decreases spatially and temporally from south to

north (Brooks et al. 1992; Arvisais et al. 2002; Cross et al.

2018). This pattern can be seen in the large home ranges of

wood turtles at the northern limit of their range in Quebec

(Arvisais et al. 2002) and Ontario (Thompson et al. 2018)

compared with those of wood turtles at the southern end of

their range in Pennsylvania (Kaufmann 1995) and West

Virginia (Curtis and Vila 2015; McCoard et al. 2016;

Table 2). The home ranges of the wood turtles we studied

along the New York–Connecticut border are consistent

with this trend, averaging smaller than those found with

the same estimation methods to our north in Quebec

(Arvisais et al. 2002), Ontario (Thompson et al. 2018),

Michigan (Remsberg et al. 2006), and Massachusetts

(Jones et al. 2018) and larger than those found to our south

in Pennsylvania (Kaufmann 1995) and West Virginia

(Curtis and Vila 2015; but see McCoard et al. 2016). One

notable exception, however, is Sweeten (2008), who found

multiyear home range sizes of wood turtles in Virginia to

average considerably greater than those elsewhere in the

southern portion of the species’ geographic range and in

our study (Table 2).

Many tracking studies, including ours, find wood

turtle activity to be limited to well-defined core areas

except for occasional, long-distance movements into

surrounding uplands (e.g., Kaufmann 1992; Arvisais et

al. 2002; McCoard et al. 2016). In addition to finding

wood turtles occasionally in far-removed locations before

they eventually returned to their primary activity areas, we

observed one wood turtle that moved longer distances to

habitat elsewhere in the stream system without ever

returning to previous areas of concentrated activity. This

male made several extreme, unidirectional movements in

multiple years that resulted in a home range estimate

greater than 10 times the average of all other turtles in our

study. We do not consider such long-distance movements

to represent use of a true home range but rather relocation

or dispersal events (Jones and Willey 2020). As such, we

chose to exclude this individual from our home range

analyses, but we suggest that such behavior should not be

entirely overlooked in the conservation planning process.

Basing habitat protection efforts solely on the home range

sizes of wood turtles could fail to maintain connectivity to

other habitats that wood turtles appear to need for such

relocations and that likely play a vital role in gene flow and

the persistence of metapopulations across a landscape.

We observed a sex difference in home range size

consistent with, although greater than, what has been

found in many other wood turtle populations. Males in our

population used on average more than four times the area

of females. In Iowa, 95% MCP home ranges of male wood

turtles averaged three times larger than for females (Otten

2017). Male 95% MCP home range sizes averaged nearly

double those of females in a meta-analysis of 13 different

wood turtle studies in multiple states and provinces (Jones

et al. 2018). Thompson et al. (2018) also recently reported

annual 95% MCP home range sizes measured with radio

Table 2. Average home range sizes of wood turtle (Glyptemys insculpta) populations across various movement studies. Studies are
arranged top to bottom from north to south, based on latitude. Home range sizes were averaged over a single year of tracking (Annual)
or over multiple years (Multiyear). Home range sizes reported were all calculated using the 95% Minimum Convex Polygon (MCP)
method.

Study Location Latitude
Mean home range

size of all turtles (ha)
Annual or
multiyear

Thompson et al. 2018 Ontario 47.9 21.5 Multiyear
Arvisais et al. 2002 Quebec 46.7 28.3 Multiyear
Remsberg et al. 2006 Northern Michigan 44.2 30.2 Annual
Tuttle and Carroll 2003 New Hampshire 43.3 15.5 Annual
Jones 2009 Massachusetts 42.4 5.2 (Median) Multiyear
This study Connecticut 41.5 5.2 Multiyear
This study Connecticut 41.5 2.8 Annual
Kaufmann 1995 Central Pennsylvania 40.4 3.3 Multiyear
McCoard et al. 2016 West Virginia 39.4 5.8 Multiyear
Curtis and Vila 2015 West Virginia 39.4 2.7 Multiyear
Sweeten 2008 Virginia 38.5 15.6 Multiyear
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telemetry and finer temporal resolution GPS tracking data

to be larger among males than females in Ontario, albeit

only significantly in the radio telemetry data. Male wood

turtles likely maintain larger home ranges than females to

increase mating opportunities because having multiple

mates conveys greater fitness benefits to male than to

female turtles (Pearse and Avise 2001). The larger home

ranges of male wood turtles may also help maintain

dominance hierarchies, which affect access to mates and

the number of offspring sired (Galbraith 1991; Kaufmann

1992).

Other studies have reported that wood turtles exhibit a

strong degree of interannual home range fidelity (Harding

and Bloomer 1979; Quinn and Tate 1991; Kaufmann

1992; Arvisais et al. 2002; Thompson et al. 2018) despite

being non-territorial and commonly overlapping with

conspecifics of the same or opposite sex (Kaufmann

1992; Parren 2013). The annual home range fidelity

exhibited by our wood turtles is consistent with these

observations (Fig. 1). Wood turtles at the northern limit of

their range in Quebec, which had considerably larger home

range sizes than the turtles in our study, also had a nearly

identical degree of interannual overlap (60.7%; Arvisais et

al. 2002). The affinity of wood turtles for particular areas

and their repeated use from year to year is likely due to the

irregular distribution and possibly limited availability of

preferred macrohabitat features such as sand and gravel

bars, upland basking and nesting areas, and scoured

riverbanks (Thompson et al. 2018). This preference was

clear among many of the turtles in our study, which we

repeatedly found basking, foraging, nesting, and hibernat-

ing in the same general areas year after year. Repeated use

of the same areas, as we observed, could be a further

indication that the habitat in our study site is sufficiently

meeting the resource requirements of wood turtles.

In contrast to the large degree of home range fidelity

we observed, we found wood turtles rarely returning to the

same hibernaculum that they used in the previous year.

Only 2 (1 male, 1 female) of the 13 individuals we were

able to track to their hibernaculum in more than 1 yr

hibernated within 10 m of their prior hibernacula. This

pattern is similar to what has been observed in wood

turtles elsewhere. For example, in a 2-yr study in western

Virginia, Sweeten (2008) found that only half of the

Figure 1. Example of wood turtles (Glyptemys insculpta) with high (A) and low (B) home range fidelity. Home range fidelity from year
1 to year 2 was 92.1% for turtle A (female) and 10.5% for turtle B (female). Centroid shift from year 1 to year 2 (42 m for turtle A, 239
m for turtle B) is marked by a light gray arrow. Streams, roads, and other landmarks not shown to protect the location of the turtles.
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females (4 of 8) and none of the males (0 of 10) used the

same hibernaculum in both winters. Greaves and Litzgus

(2007, 2008) observed no hibernaculum fidelity among 6

males and 7 females in Ontario. Parren (2013) interest-

ingly observed repeated use of hibernacula by wood turtles

in non-consecutive years in Vermont. There, 6 of 8 adult

females used the same hibernaculum more than once, but

only 2 of those did so in two or more consecutive winters

while the others went as long as 7 yrs before returning.

Movements to different hibernacula from one year to the

next are thought to be largely driven by the dynamics of

riverine systems, with important structural features of the

hibernacula lost to or altered by floods, ice scouring, or

other such events over time (Greaves and Litzgus 2007;

Parren 2013). We observed one clear instance of this when

a snag laying across the stream that was used as a

hibernaculum by multiple wood turtles in our study was

dislodged and carried downstream, forcing those turtles to

hibernate in another location the following winter. We also

suspect that beaver activity in our study system has a large

influence on the distribution and availability of suitable

hibernacula from year to year by altering hydrology and

potentially accounting for some of the large movements of

wood turtles between hibernacula.

Many of the turtles in our study commonly occurred

in close proximity to one or both of the major roads that

occur parallel with and perpendicular to the stream. Some

individuals may have directly crossed from one side of a

road to the other at least once. Because a bridge over the

stream allows turtles to pass underneath a section of one of

the roads and access habitat on both sides, we cannot be

certain to what extent, if at all, the telemetered wood

turtles crossed over either road. However, we observed

numerous non-telemetered wood turtles on these roads

during our 7-yr study period, including one injured and 14

dead individuals, and have observed others in the years

since, confirming that vehicle collisions are a persistent

threat to this population. Road mortality is one of the

greatest contributors to population declines of North

American freshwater turtles (Gibbs and Shriver 2002;

Steen et al. 2006), including the wood turtle (Jones et al.

2018). Wood turtles are considered highly vulnerable to

vehicle collisions wherever the two occur in close

proximity (Steen et al. 2006; Jones et al. 2018), raising

concerns about the long-term viability of our study

population even if all other habitat requirements are met.

Dry passage culverts, roadside fencing, and seasonal

signage to motorists can be effective measures for

reducing vehicle mortality of wood turtles (Jones et al.

2018) and should be considered by the transportation

agencies that manage the roads in our study area.

Successful conservation of the wood turtle will

depend on meeting the species’ full habitat needs in the

face of increasing development pressure while also

minimizing road mortality and other direct anthropogenic

impacts. This pursuit requires a sound understanding of the

wood turtle’s movement patterns and area requirements

throughout its broad geographic range. Here, in the central

portion of its range, we have shown that wood turtles have

smaller area requirements than what has been found in

studies to the north and greater area requirements than to

the south, they exhibit strong home range but weak

hibernaculum fidelity from year to year, and they

commonly come in close proximity to the roads

intersecting and bordering a stream corridor. The move-

ments of the turtles we studied suggest that habitat

acquisition and conservation efforts for wood turtles in

this part of their range should consider that males (the

wider-ranging sex) utilize an average area of 5.3 ha

annually to meet their resource requirements (although

much smaller and larger annual home ranges are also

common); that buffers of at least 116 m surrounding their

home stream/river should be protected from development

and other impactful human activities; that habitats that are

distant from roads should be prioritized; and measures that

facilitate safe passage beneath roads should be imple-

mented whenever roads are present near occupied wood

turtle habitat. The states of New York and Connecticut,

where we conducted our study, currently do not afford

wood turtle habitat any standalone regulatory protection

and impose buffers of only 100 ft (30.5 m) around streams

to protect water quality. Our results indicate that these

stream buffers are inadequate to maintain sufficient upland

habitat for wood turtles and that regulatory protection of

wood turtle habitat should be considered by these states to

help sustain their wood turtle populations.
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