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Abstract

As urban centres expand, knowledge on the habitat and space use of native wildlife, particularly long-lived species, is required
for proper management. Our objective was to understand space requirements and key habitat features necessary for long-term
persistence of Western Painted Turtles (Chrysemys picta bellii) living in a Canadian urban park. Using radio telemetry, we
examined seasonal habitat selection and space use over two years, 2015-2016 (n = 23), and 2016-2017 (n = 29) in Regina,
Saskatchewan. Daily movements and home ranges of males and females were smaller during emergence than during nesting or
post-nesting phases of the active season. Turtles inhabiting marsh sites had 2- and 4-times larger daily movements and home
ranges compared to turtles inhabiting the creek. Turtles selected the shoreline habitat over urban/parkland and open water. Turtles
used marsh-shoreline habitats non-randomly, selecting accessible shoreline with large trees in the active season. In contrast,
turtles used creek-shoreline habitat according to availability. Overwintering sites selected by turtles were warmer and deeper
than random available sites, with no difference in dissolved oxygen level. However, water was hypoxic for most overwintering
sites. Our results show that turtles range widely, requiring 20-60 ha throughout the year. Urban park areas should be managed
to provide accessible shorelines with a combination of cover and open basking areas. Critically, careful attention needs to be paid

to managing water depth so that over-wintering sites remain viable.
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Introduction

Currently, more than 80% of Canadians reside in
urban centres (Statistics Canada 2011). As a result,
urban habitats are becoming increasingly fragmented
and urban planners are challenged with designing and
maintaining urban parks that can sustain healthy, native
wildlife populations. Turtles have long life histories,
characterized by slow somatic growth rates and late age
at maturity, leading to slow population growth (Brooks
et al. 1990). Small changes to the aquatic and terrestrial
habitats of turtles, such as draining, dredging, and shore-
line development, can affect their survival. Increases
in adult mortality by even 2-3% per year can lead to
drastic population declines and possible local extinc-
tion (Congdon et al. 1993; Gibbs and Shriver 2002).
Urbanization impacts turtle populations by decreasing
genetic diversity (Rubin et al. 2001), restricting aquatic
mobility (Bennett ef al. 2010), increasing adult mortali-
ty (Marchand and Litvaitis 2004; Aresco 2005; Gibbs
and Steen 2005; Steen ef al. 2006), increasing human
disturbance (Pittfield and Burger 2017), and increasing
rates of nest predation (Baldwin et al. 2004; Marchand
and Litvaitis 2004). All of these factors are exacerbated
at northern latitudes where climate may be an addition-
al factor affecting turtle population parameters (i.e.,
shorter growing season, slowed annual somatic growth
rate, further delayed age at maturity).

Previous studies have focussed on the detrimental
impacts of urbanization for turtle population persist-
ence; however, few studies examine critical features
influencing persistence in urban environments (e.g.,
Spinks et al. 2003; Plummer and Mills 2008; Winchell
and Gibbs 2016; Pittfield and Burger 2017). Urban sys-
tems are highly dynamic, creating continual changes
to the surrounding environment. Knowledge of turtle
resource requirements in response to external anthro-
pogenic pressures is necessary as these requirements can
vary temporally and spatially. Biologically relevant time
periods and multiple spatial scales therefore need to be
considered (Johnson 1980). Turtles are ectotherms, so
their movement and habitat use are dictated by their
thermal, metabolic, and reproductive needs. As such,
their active season can be divided into three relevant
time periods (emergence, nesting, and post-nesting), to
better understand habitat selection and space use vari-
ation based on different phases of the seasonal cycle
(Litzgus and Mousseau 2004; Rasmussen and Litzgus
2010). Knowledge of the core habitats and space re-
quired throughout the three phases of the active season
is required to manage turtle habitat in urban systems.

Suitable overwintering habitat for adult turtles is a
critical factor for northern populations over the long-
term. At the extreme, turtles can spend four to six
months under the ice, meaning that nearly half of their
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lifetime is spent in overwintering habitat (Ultsch 2006;
Jackson and Ultsch 2010). Overwintering habitats are
chosen in the fall, and must be adequate to ensure sur-
vival until the ice recedes in the spring. A thermally
stable aquatic habitat enables reduced metabolism;
however, overwintering locations can prove to be phys-
iologically stressful or lethal by exposing individuals to
severe risks such as freezing, predation, anoxia, and
metabolic acidosis (Ultsch 2006). In urban environ-
ments, the risk of overwintering site selection can in-
crease because water levels are often artificially con-
trolled. Water level reduction during the winter can
result in mortality (Bodie and Semlitsch 2000). To
effectively manage populations, we need a thorough
understanding of habitat requirements not only during
the active season, but also during the winter. Within
Canada, most studies focus on populations inhabiting
relatively pristine environments (e.g., Edge et al. 2009;
Rasmussen and Litzgus 2010; Millar and Blouin-
Demers 2011; Paterson et al. 2012). Few studies have
examined overwintering habitat use in highly urban
areas at northern latitudes.

Painted Turtles (Chrysemys picta) are one of the
most widely distributed freshwater turtles in North
America, reaching their northern limit throughout
southern Canada. Painted Turtles typically inhabit shal-
low ponds, lakes, and slow-moving creek and river sys-
tems (Ernst and Lovich 2009; COSEWIC 2017). They
are habitat generalists, able to adapt to their surround-
ing environment (Browne and Hecnar 2007) and are
fairly tolerant of polluted waters (Ernst and Lovich
2009). Due to their wide range, and typically large pop-
ulation sizes in comparison to other freshwater turtles,
Painted Turtles have become one of the most studied
freshwater turtles in North America (Ernst and Lovich
2009; Lovich and Ennen 2013). Within Canada, many
studies focus on Midland Painted Turtle (C. p. margina-
ta) and examine aspects of their ecology and life his-
tory (e.g., Taylor and Nol 1989; Edwards and Blouin-
Demers 2007; Rollinson and Brooks 2007; Carriére et
al. 2008; Rollinson et al. 2008). Western Painted Tur-
tle (C. p. bellii) has received little attention in regards
to habitat and space use (e.g., MacCulloch and Secoy
1983a; St. Clair and Gregory 1990; Basaraba 2014),
and therefore habitat requirements are derived from
studies on the other subspecies (COSEWIC 2017).
Western Painted Turtles attain larger body sizes, and
reach higher latitudes than the other subspecies (Ernst
and Lovich 2009), therefore their habitat and space use
may differ from the smaller subspecies.

Here we examine year-round habitat selection and
space use by an urban population of Western Painted
Turtles in Regina, Saskatchewan. This population is in
a major urban centre near the northern range limit for
all turtle species on the Great Plains. Little is known
about Western Painted Turtle habitat selection and space
use in the Saskatchewan prairie environment where
populations face climatic and anthropogenic extremes.
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We hypothesized that turtle movements and home range
sizes of males and females would vary across the active
season based upon the reproductive-strategies hypothe-
sis (Morreale ef al. 1984). Correspondingly, we predict-
ed that males would make the largest movements dur-
ing emergence to find mates, and females would make
the largest movements during nesting to find suitable
nesting habitat. For habitat selection, we hypothesized
that certain habitat features are necessary for turtle sur-
vival and reproduction in an urban environment. We
predicted that turtles would select for particular habi-
tats that facilitate foraging, thermoregulation, mating,
and nesting. We predicted that turtles would select over-
wintering sites with deeper water, higher temperature,
and more dissolved oxygen, compared to those avail-
able.

Study Area

Our study occurred in the City of Regina, Saskat-
chewan (50.417°N, 104.583°W), the provincial capital
with over 214 000 residents (Statistics Canada 2017).
The regional climate is characterized by short, warm
summers and long, cold winters, an average of 115 frost-
free days, and average daily maximum temperatures
of 25.8°C (extreme: 43°C) in July and average daily
minimum temperatures of —20.1°C (extreme: —50°C) in
January (Environment Canada 2010). The harsh climate
on the northern Great Plains results in only a small num-
ber of turtle species. In Saskatchewan, Snapping Turtle
(Chelydra serpentina) and Western Painted Turtle reach
the northern limit of their ranges; however, Western
Painted Turtles are more widespread with populations
throughout much of southern Saskatchewan.

Our study site was in the Wascana Creek watershed
that begins southeast of Regina and flows west before
entering the Qu’Appelle River. The study area was ap-
proximately 1000 ha, and consisted of two major habi-
tat areas: a human-made lake (between Albert St. and
Broad St.) and marsh (between Broad St. and Ring Rd.),
and a creek flowing into the marsh on the east and flow-
ing out of the lake on the west (Figure 1). The depth of
the lake was artificially increased twice by draining and
dredging in 1931 (average depth 2 m) and again during
the winter of 20032004 (average depth 8 m) to improve
water quality (Hughes 2005). The area surrounding the
study site is primarily large green spaces such as urban
parks and golf courses, as well as residential and com-
mercial development; four major roads cross the study
area. Most of the surrounding vegetation was originally
planted in the early 1900s (Hughes 2005), with the cur-
rent terrestrial shoreline dominated by large willow trees
(Salix spp.) and emergent aquatic vegetation, largely
consisting of Broad-leaved Cattail (Typha latifolia L.).

We defined two main habitat areas for turtles with-
in the study site, marsh (which included the lake) and
creek, separated by a large-scale water control dam
under the Albert Street bridge (Figure 1) that appeared
to be a complete barrier to turtle movement (K.A.M.
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FIGURE 1. a. Study site in Regina, Saskatchewan showing the overall study area (1000 ha; black outline) indicating the barrier
between the creek (West) and marsh/lake (East) habitat areas at Albert St. (square) and the two water control dams (circle)
within the creek habitat. Hatched area indicates urban parkland. Insets display b. the North American range of Western
Painted Turtle (Chrysemys picta bellii); and c. the location of the study area within Saskatchewan.

unpubl. data). Turtles caught west of the Albert Street
bridge were deemed to be in creek habitat, and those
caught east of the bridge were deemed to be in marsh
habitat. The available habitat associated with the marsh
and lake (water, shoreline, and 200 m urban buffer
zone) was ~677 ha and ~270 m wide. The marsh area is
designated a Federal Migratory Bird Sanctuary, and is
not open to the public but the lake is open to recreation-
al users, primarily canoes and kayaks. The creek habi-
tat was ~325 ha and ~25 m wide with two water control
dams. Few recreationists use the aquatic habitat but the
surrounding parkland is used extensively.

Methods
Turtle capture and tracking

We captured turtles using a combination of hand cap-
ture, dip nets, and hoop traps baited with sardines, from
April to September 2015 and 2016. Each individual was
given a unique notch code that was filed into the mar-
ginal scutes of their carapace (Cagle 1939). Sex was
determined using secondary sex characteristics (e.g.,
foreclaw length, pre-cloacal tail length, body size; Ernst
and Lovich 2009). Individuals that did not display sec-

ondary sex characteristics were classified as sub-adults
or juveniles (<115 cm carapace length). Body measure-
ments were recorded, including body size (mid-line
carapace length + 1 mm), and mass (+ 1 g). We at-
tached radio transmitters (RI-2B, 14 g[n=25]and 6 g
[n = 4]; Holohil Systems Ltd., Ontario, Canada) to the
rear marginal scutes using epoxy putty (Waterweld
Epoxy Putty; J-B Weld, Texas, USA). The total mass
of the unit (transmitter + epoxy) was <15 g and rep-
resented <5% of turtle body mass. In 2015 and 2016,
23 turtles (marsh: 12 females, four males; creek: four
females, three males) and 29 turtles (marsh: 14 females,
eight males; creek: four females, three males), respec-
tively, were outfitted with radio transmitters. Twenty-
two turtles (17 females, five males) were tracked in
both the 2015 and 2016 field seasons. All turtles were
released at the point of capture within 30 minutes.
We tracked turtles from a canoe in the open water
season, and on foot (on the ice) during winter, using a
portable receiver (R1000; Communications Specialists,
Inc., Orange, California, USA) and hand-held three-
element antenna. We relocated turtles throughout the
year, separating the active season (May to September)
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into three biologically relevant time periods during
which we examined temporal variation (Table 1). Dur-
ing the active season, turtles were relocated roughly
every other day. For each turtle relocation, the date,
time, universal transverse mercator (UTM) coordi-
nates, and the dominant broad- and fine-scale habitat
types were recorded (Table 2). We recorded locations
using a handheld global positioning system unit (Gar-
min eTrex 20; Garmin Ltd., Olathe, Kansas, USA) up-
loaded to ArcGIS version 10.3.1 (ESRI, Redlands,
California, USA). Individuals monitored for less than
three consecutive months during either the 2015 or
2016 active season, or with less than six relocations per
activity period, were excluded from the yearly and sea-
sonal analyses, respectively.

Population size estimate
To estimate total population size encompassing both
the marsh and creek habitat areas across the 2015 and
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2016 field seasons we used a modified version of the
Lincoln-Petersen method (Lincoln 1930; Chapman
1951; Lancia et al. 2005). To meet assumptions of this
approach, data on hatchlings were omitted from the
calculation. Additionally, multiple methods of capture
(hand capture and hoop traps) were used to reduce
capture bias of individuals within the population.

Movement and home range size

We calculated distance moved using the movement.
pathmetrics function in Geospatial Modelling Envi-
ronment version 0.7.4.0 (GME; Beyer 2015) which
allowed us to estimate step length measurements be-
tween successive relocations for each individual dur-
ing the active season. The step length measurements
were divided by the number of days between reloca-
tions to provide a relative minimum daily distance
moved (DDM) for each tracked individual (Rasmussen
and Litzgus 2010). During winter 2017, we examined

TABLE 1. Date ranges and descriptions for the four biologically relevant seasons used to describe home-range size and assess
habitat selection of Western Painted Turtles (Chrysemys picta bellii) in Regina, Saskatchewan during 2015 and 2016.

No. Relocation
turtles  frequency
Season Year tracked (days + SE) Duration Description
Emergence 2015 11 2+0 11 May-28 May Emergence from overwintering sites until the first
2016 28 4+£0 9 April-19 May gravid female was found (determined by palpation
of the rear leg pocket)
Nesting 2015 22 2+0 29 May-8 July Continues until females are no longer found gravid
2016 28 2+0 20 May-5 July
Post-nesting 2015 23 3+£0 9 July-3 September  Following nesting until return to overwintering areas
2016 23 3+£0 6 July-10 September
Fall (F)/ 2015 18 F:7+0 4 September—8 April Movements within overwintering sites
Winter (W) W:30+0
2016 15 F:14+0 10 September—7 April
W:30+0

TABLE 2. Definitions for large-scale and fine-scale habitat features used in the compositional analysis of Western Painted
Turtle (Chrysemys picta bellii) habitat in Regina, Saskatchewan. Broad-scale habitat was examined at second-order habitat
selection, and fine scale habitat was examined at third-order habitat selection (Johnson 1980). Note: M = marsh, C = creek.

Habitat Percent
Feature type type Description of habitat (%)
Broad-scale Shoreline 15 m zone on either side of the delineated shoreline 15.0
Urban/Parkland 200 m zone around the study area (Steen et al. 2012;
COSEWIC 2017) 74.0
Open water Open water remaining between shoreline buffer areas 17.0
Fine-scale Barrier Human-made vertical barrier preventing shoreline M: 6.0
access for turtles C:35
Cattails Shoreline dominated by cattail vegetation M: 60.3
C:28.6
No vegetation Shoreline consists of open beach area; either M: 7.4
cobblestones, soil, or sand C:0.5
Shrubs Shoreline dominated by short, dense shrub vegetation; M: 11.0
no visible bank C:315
Trees Shoreline dominated by large overhanging trees M: 15.3
(typically willow); bank always visible C:359




112

turtle movement under the ice by measuring the straight-
line distance between successive relocations in ArcGIS.
We deployed a reference transmitter attached to a rock
in the overwintering area to use as a control to confirm
turtle movement.

We determined the home range of individuals by cal-
culating the 100% minimum convex polygon (MCP)
using the genmcp function in GME, which provides the
smallest possible convex polygon that encompasses
all relocations for a particular individual or group of
individuals (Row and Blouin-Demers 2006). We chose
MCPs over other home range metrics (e.g., kernel den-
sity) because they eliminate the effect of autocorrela-
tion, reduce the number of arbitrary choices required in
the analysis (e.g., smoothing factor), and encompass
areas that may be used as movement corridors and, thus,
are excluded when using kernel density estimates (Row
and Blouin-Demers 2006; Rasmussen and Litzgus 2010;
Markle and Chow-Fraser 2014).

All active season movement and home range data
were analyzed to determine effects of season, sex, habi-
tat area, and year on movement rates and home range
size using two separate generalized linear mixed mod-
els (GLMM; Gamma distribution). The fixed effects in-
cluded season, sex, habitat area, and year. The random
effect was turtle ID to account for repeated measures of
each individual. A y? test was completed to examine the
effect of the interaction between season and sex. Analy-
ses were conducted using the Ime4 package (Bates et al.
2015) in R version 3.3.1 (R Core Team 2016) and as-
sumed a significance level of P < 0.05. We report the
mean + SE where appropriate.

Habitat selection

We examined habitat selection using compositional
analysis at two spatial scales representing two categories
in Johnson’s (1980) hierarchy to determine whether the
turtles select particular habitats disproportionately com-
pared to what was available (Aebischer et al. 1993):
broad-scale representing second-order selection and
fine-scale representing third-order selection (Table 2).
Second-order habitat selection was assessed by com-
paring the proportion of relocations of each individual
turtle to the proportion of broad-scale habitat features
available within the MCP for the entire population.
Third-order habitat selection was assessed by com-
paring the proportion of relocations of each individ-
ual turtle within each section of the active season to
the proportion of habitat features available within in-
dividual active season MCPs. Compositional analyses
were completed using the compana function in the
adehabitatHS package in R (Calenge 2006). In cases
where habitat types were available but not used, we
replaced the zero value with a value one order of mag-
nitude smaller than the smallest non-zero number in
the dataset (Acbischer et al. 1993).
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Overwintering site selection

During the winter of 2015-2016 and 2016-2017, we
determined overwintering locations for 19 turtles (15
marsh, four creek), and 18 turtles (14 marsh, four creek),
respectively. Due to ice safety concerns, only turtles
located within the marsh habitat between Broad Street
and Ring Road were monitored throughout the winter
months. We measured environmental variables at used
and available overwintering sites from January to
March by drilling holes through the ice using an auger.
We chose representative used sites that were centrally
located near groups of turtles with transmitters, and at
least 15 m apart from other sites used for overwintering.
We designated representative sites used in this way to
avoid drilling through the ice directly above each turtle,
potentially causing disturbance. At each site, a hole was
augured into the ice and environmental variables were
recorded including distance from shore (m), water
depth (cm), ice thickness (cm), water temperature (°C),
and dissolved oxygen level (mg/L). Both water temper-
ature and dissolved oxygen level were measured using
a YSI probe (YSI Pro Plus; YSI Inc., Yellow Springs,
Ohio, USA). To examine differences in the sites used
for overwintering compared to areas within the known
overwintering habitat, we sampled available sites 10 m in
each cardinal direction from the selected sites, as well
as 30 m and 50 m west from the selected sites. To exa-
mine why the turtles selected their overwintering loca-
tion versus another location available to them in the
marsh habitat, we compared the sites used for over-
wintering to 12 randomly selected available sites. The
randomly selected available sites were generated in
ArcGIS using the Random Points function in the Data
Management Toolbox.

To examine overwintering habitat selection, two sep-
arate GLMMs were constructed to examine the relation-
ship between measured environmental variables and
several fixed variables: within the known overwintering
habitat and across the marsh habitat. Fixed variables
included sample month, sample year, and location type
(used or available). Environmental variables were re-
corded monthly during the winter of 2016 and 2017,
so site ID was used as a random effect to account for
repeated measures. This approach enabled testing the
hypothesis that environmental variables differed be-
tween used and available overwintering sites. Analyses
were conducted using the Ime4 package in R assuming
a significance of P < 0.05. We report the mean + SE
where appropriate.

Results
Population size assessment

We captured 85 turtles (26 males, 43 females, eight
juveniles, and eight neonates) and recaptured 47 tur-
tles (16 males, 31 females) in 2016 within the creek and
marsh habitat. The majority of the individuals captured
(88%) were from the marsh habitat, with only 10 indi-
viduals (six females, four males) found in the creek
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habitat. Most individuals were sexually mature adults
with carapace length over 150 mm. Using the Lincoln-
Petersen method, we estimated the total population size
to be 82 individuals (£ 8; 95% CI), resulting in a den-
sity of 0.3 turtles/ha within available shoreline and open
water habitat with the marsh and the creek areas com-
bined.

Movements and home range

Across the 2015 and 2016 field seasons, the average
daily distance moved was 96 + 8 m and 172 + 6 m for
the creek and marsh areas, respectively. The average
distance that female turtles moved into upland habitat
was 36 + 10 m. The upland movements primarily oc-
curred during nesting season. The maximum distance
travelled into upland habitat was a female who moved
265 m in late July to reach a water retention pond near
a golf course where she remained until fall. One male
moved into upland habitat (200 m), but returned to the
aquatic habitat by the next relocation. It is unclear what
caused the upland movement; however, based on relo-
cation frequency he may have spent a maximum of
three days outside the creek habitat. Daily movement
rates did not differ between the 2015 (162 + 7 m) and
2016 (153 & 7 m) active seasons (¢, = 0.14, P = 0.9).
There was no significant difference in the DDM be-
tween males and females (7, = 1.7, P = 0.09; Figure 2a).
Marsh turtles moved longer distances compared to
creek turtles (¢, = 11.5, P < 0.01), with mean marsh tur-
tle movements being two times longer compared to
those in the creek (Figure 2b). Turtles moved longer
distances during nesting (z,= 7.6, P < 0.01) and post-
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nesting (¢,= 4.6, P <0.01) seasons compared to during
emergence (Figure 2¢); however, there was no signifi-
cant interaction between sex and season on DDM (¢, =
4.1, P=0.1; Figure 2d). During winter 2017, under ice
movements were recorded. In February, turtles were
found 4 + 0.8 m (control = 0 m) from their January
location. In March, turtles were found 20 + 5 m (con-
trol = 1 m) from their February location.

Home ranges did not differ between 2015 and 2016
(t,= 1.2, P=0.2). There was no significant difference
between male and female home ranges (¢, = 0.35, P =
0.7). The home ranges were significantly larger for the
marsh turtles (59 + 5 ha) than the creek turtles (19 +
4 ha; t,=35.9, P <0.01). Across the active season, tur-
tles had significantly larger home ranges during the
nesting (¢,= 5.7, P < 0.01) and post-nesting seasons
(t,=7.2, P <0.01) compared to emergence, correspon-
ding with increased DDM values. The interaction be-
tween sex and season did not affect turtle home range
size (x>, =2.8, P=0.3).

Active season habitat selection

Second-order habitat use was significantly non-ran-
dom (Wilk’s &, = 0.06, P = 0.002). Shoreline habitat
was used six times more than expected, accounting
for 93% of the turtle relocations, and open water and
urban/parkland were both used less than expected based
on availability. At third-order, creek turtles used shore-
line with no-vegetation 33—54 times more than expect-
ed based on availability during all three sections of the
active season (Figure 3). Compositional analysis did not
identify habitat use as significant (emergence: Wilk’s
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FIGURE 2. Mean (+ SE) daily distance moved for Western Painted Turtles (Chrysemys picta bellii) in Regina, Saskatchewan
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A, =0, P=1; nesting: Wilk’s A, = 0.02, P = 0.09; post-
nesting: Wilk’s A, = 0.1, P = 0.2), which could be a
result of a small sample size (Aebischer et al. 1993). In
contrast, marsh turtles exhibited significant non-random
habitat use across all three periods of the active season
(emergence: Wilk’s &, = 0.02, P = 0.002; nesting: Wilk’s
A, =0.14, P=0.002; post-nesting: Wilk’s A, = 0.1, P =
0.002), with shorelines consisting of trees, shrubs, and
cattails being used more than expected, and no-vegeta-
tion and barrier shorelines being used less than expect-
ed based on availability. Treed shoreline accounted for
on average 51% of the relocations within each period of
the active season, and was selected for 1.3 times more
than expected during emergence and two times more
than expected during nesting and post-nesting based on
availability. Within the emergence period, shrub shore-
line accounted for 36% of the relocations and during
both nesting and post-nesting periods, cattail shoreline
accounted for 32% and 22% of relocations, respec-
tively.

Overwintering site selection

During 2016 and 2017, the marsh habitat had ap-
proximately 142 and 136 days of ice cover, respective-
ly. Turtles (n = 13) overwintered between a pair of
islands along the east shore, 7 + 0.5 m from the shore-
line in 2016 and 9 + 0.4 m from the shoreline in 2017.
On average across the two years, the sites used for
overwintering experienced dissolved oxygen levels of
3.8 £ 0.97 mg/L (minimum: 0.6 mg/L), water temper-
ature of 1.6 £ 0.22°C (minimum: 0.1°C), and water
depths of 148 + 14 cm (minimum: 53 cm). Within the
immediate overwintering habitat there were no signif-
icant differences in water temperature (¢, = —0.98, P =
0.3), dissolved oxygen level (¢, = 0.74, P = 0.5), or
water depth (¢, = —1.4, P = 0.2) between the sites used
for overwintering and the randomly selected available
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sites. All sites within the immediate overwintering area
exhibited temporal variation. In 2017, the dissolved
oxygen levels were significantly higher (4 = 4 mg/L;
t,=5.7, P<0.01), the water temperatures were signifi-
cantly lower (1.5 + 0.6°C; ¢, = —11.3, P < 0.01), and
the water depths were significantly shallower (195 +
82 cm; ¢, =—1.4, P <0.01) compared to 2016. Across
both years, the dissolved oxygen levels were signifi-
cantly higher (¢,=12.4, P <0.01), the water tempera-
tures significantly higher (z,= 11.8, P <0.01), and the
water depth significantly lower (z,= —3.5, P < 0.01)
in March compared to January and February.

Sites used for overwintering were significantly warm-
er (t,= 2.4, P =0.02) and deeper (¢, = 2.3, P = 0.02)
than randomly selected available sites; but there was
no significant difference in the dissolved oxygen levels
(t,=—0.34, P=0.7; Figure 4). Over the course of the
winter, multiple available sites froze to the bottom
(2016: n=3; 2017: n=9); however, sites used for over-
wintering did not freeze to the bottom. Water tempera-
tures were significantly lower (¢, = —3.5, P < 0.01), and
water depths significantly shallower (¢, =—6.5, P <0.01)
in 2017 compared to 2016. Across both years, dissolved
oxygen levels were significantly higher in March (¢,=
4.1, P <0.01) compared to January and February, and
water depths were significantly deeper in January (z,
=3.7, P <0.01) compared to February and March.
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circles represent outliers.
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Discussion
Population size assessment

We estimated the population to be 82 (+ 8) individ-
uals, at a density of 0.3 turtles/ha, which was lower than
typically recorded for this species. Painted Turtles are
one of the most abundant freshwater turtle species with-
in their range (Ernst and Lovich 2009), with some pop-
ulations attaining sizes of over 3000 individuals (828
turtles/ha; Frazer et al. 1991). At the northern range
limit in Canada, reported population sizes for Western
Painted Turtles are sparse. However, a population in-
habiting a water reservoir in Revelstoke, British Colum-
bia was estimated to be approximately 242 individuals
(2 turtles/ha; Basaraba 2014), and a population inhabit-
ing the Qu’ Appelle River north of Regina was estimat-
ed to be 167 individuals (11 turtles/ha; MacCulloch and
Secoy 1983b). Both of these estimates are two- to three-
times larger than the estimate for our study population,
indicating that our study site has a lower population
density than reported populations.

The majority of turtles captured during the study
were sexually mature individuals over 150 mm cara-
pace length. We captured few juveniles and subadults.
Within the total study population, female turtles oc-
curred more commonly than males by approximately
a 2:1 ratio (43 females: 26 males). The high capture
rate of sexually mature individuals may be the result
of sampling bias, as juveniles are cryptic and difficult
to capture in the traps we deployed, or an indication of
low productivity and recruitment. An age shift towards
adults has been previously observed in freshwater tur-
tle populations that have been affected by anthropo-
genic changes (Garber and Burger 1995; Saumure and
Bider 1998; Browne and Hecnar 2007). Over the two
years, we only observed one successful nest (eight
hatchlings), and many were found predated, mostly by
Richardson’s Ground Squirrels (Urocitellus richard-
sonii). This was the first assessment of population size
for this study area, so temporal comparisons are not
possible. However, the information gathered in the cur-
rent study can be used as a baseline for future popula-
tion monitoring.

Turtle movements and home range

Western Painted Turtles in this study did not conform
to predictions about seasonal movements based upon
the reproductive strategies hypothesis. We found that
turtle movements and space use did not differ between
sexes and that variation was more attributable to the
season in which the movements occurred, with both
sexes exhibiting decreased movement and space use
during emergence in comparison to nesting and post-
nesting phases of the active season. This pattern may
reflect metabolic requirements as well as a response to
environmental temperatures, as activity does not begin
until water levels reach approximately 10°C (Ernst
1971). During emergence, Painted Turtles spend in-
creased time basking allowing them to conserve energy,
increase their body temperature following emergence,
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and overcome acidosis experienced during overwin-
tering (Congdon 1989; Edwards and Blouin-Demers
2007; Carriére et al. 2008; Millar and Blouin-Demers
2011). Freshwater turtles such as Spotted Turtle (Clem-
mys guttata; Litzgus and Mousseau 2004) and Bland-
ing’s Turtle (Emydoidea blandingii; Millar and Blouin-
Demers 2011) communally aggregate following hiber-
nation, which reduces the requirement of males to
actively seck females throughout the habitat. Therefore,
the mixed-sex basking aggregations observed in our
study population could explain the limited movements
of males in contrast to the reproductive strategies hy-
pothesis. Movements and space use increased during
nesting and post-nesting phases. In addition to coincid-
ing with warmer seasonal temperatures, this increased
activity is likely related to increased efforts in search-
ing for desired nesting habitat, food resources, or poten-
tial mates.

Movements into upland habitat were only document-
ed during the nesting season. In contrast to previous
studies (e.g., McAuliffe 1978; Bowne 2008), we did not
document turtles making large overland movements to
reach alternate habitat, as the majority of relocations
were confined to shoreline and open water. During the
nesting season, females moved into upland habitat on
average <50 m from the shoreline. However, despite
this very limited upland movement, females still came
into contact with roads. Three females (7% of captured
females) were hit by vehicles, two of which were found
to be gravid, a mortality rate which, if continued, ex-
ceeds a sustainable annual loss to our study population
(Brooks et al. 1990; Congdon et al. 1993; Gibbs and
Shriver 2002). One additional female was documented
nesting in a gravel back alley roadway ~25m from
the creek, an area bordered by residential houses and
small parkland. Steen ef al. (2012) found that Painted
Turtles typically nest within 200 m of the shoreline.
However, the distance travelled decreases in disturbed
habitat, with females opting to nest in close proximity
to the shoreline (Baldwin ez al. 2004; Foley et al. 2012),
which is consistent with findings in our study.

The average home range size and daily distance
moved for Western Painted Turtles in our study were
typical for that of the species in other parts of its range.
The average home range size for turtles in both the
marsh and the creek habitat areas are comparable to
those reported in British Columbia, Tennessee, Ohio,
and Pennsylvania (Saba and Spotila 2003; Tran ef al.
2007; Jaeger and Cobb 2012; Basaraba 2014). In con-
trast, our home range estimates are 4—12 times larger
than that reported for the Qu’Appelle River popula-
tion north of Regina (MacCulloch and Secoy 1983a).
This comparison should be interpreted with caution giv-
en the different survey methods used in the two studies.
Marsh turtles had significantly larger movement rates
and space use in comparison to the creek turtles. Previ-
ous studies have found a link between animal space use
and the amount of habitat available (Schubauer ef al.
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1990; Plummer et al. 1997; Jaeger and Cobb 2012).
Animals with less available habitat by necessity have
smaller home ranges compared to those with more
available habitat. Therefore, the observed variation in
our system may not be attributed to activity level dif-
ferences, but rather the space available to the individ-
uals within them.

Active season habitat selection

Turtles across our study area selected strongly for
shoreline areas; however, the features of the shoreline
selected varied between marsh and creek. For example,
at the level of third order habitat selection, turtles in the
marsh were found to select for treed shorelines, whereas
turtles in the creek preferred shorelines with no vegeta-
tion. The habitat preferences turtles exhibited were con-
sistent with studies on other Painted Turtle subspecies;
they are commonly associated with shoreline habitats
(Rowe and Dalgarn 2010) and they are most common-
ly found on shorelines with partial cover and suitable
basking areas (Pittfield and Burger 2017). In contrast to
other freshwater turtles (e.g., Litzgus and Mousseau
2004; Markle and Chow-Fraser 2014), Western Painted
Turtles did not shift habitat selection throughout the
active season. Within the Regina urban environment,
turtles may prefer to use habitat with increased pro-
tection from human disturbance, while at the same time
meeting their needs as ectotherms (i.e., basking). Addi-
tionally, suitable habitat may be limited in our system,
as most natural shoreline features are represented in low
proportions.

Overwintering site selection

Individuals displayed high site fidelity to one over-
wintering area, indicating that this overwintering loca-
tion may be particularly important for our study popu-
lation. The area used for overwintering was the single
protected area that was not drained for the large-scale
dredging event through the winter of 2004. In the win-
ters of 2015-2016 and 2016-2017, all monitored turtles
returned to the same 90 m section of shoreline, after
being dispersed throughout the habitat during the active
season. The high site fidelity to overwintering sites
and the aggregation of turtles is consistent to what is
observed in Spotted Turtles (Rasmussen and Litzgus
2010) and Snapping Turtles (Brown and Brooks 1994)
at their northern range limits, where suitable over-
wintering habitat may be limited. We found that turtles
selected sites close to shore, which would allow them
to be exposed to warmer water earlier in the spring than
deeper areas (Ultsch 1989). Overwintering movements
were negligible through the winter, but by March some
turtles began to move, perhaps to seek areas with in-
creased dissolved oxygen levels produced by incoming
melt water (Ultsch 1989).

The ranges of environmental conditions at the sites
used for overwintering were similar to those document-
ed for Western Painted Turtles in British Columbia (St.
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Clair and Gregory 1990; Wood and Hawkes 2014) as
well as for other subspecies across the range (Craw-
ford 1991; Crocker et al. 2000; Rollinson et al. 2008).
Contrary to what we expected, there was no support for
the hypothesis that turtles selected sites based on dis-
solved oxygen levels in the water, as all used and avail-
able sites became hypoxic. However, they did select
sites that were warmer and deeper compared to those
randomly available to them. Lab data suggest that Paint-
ed Turtles can survive 118—150 days in anoxic condi-
tions at 3°C (Reese et al. 2004; Jackson and Ultsch
2010), with Western Painted Turtles from northern pop-
ulations better able to cope with the physiological ef-
fects of anoxia by accumulating less lactate than south-
ern conspecifics and other subspecies (Reese et al.
2004). Therefore, similar to what was found in Bland-
ing’s Turtles in Ontario (Edge et al. 2009), choosing an
overwintering location that will not freeze because of
increased water depth and temperature may outweigh
the risk of metabolic acidosis due to anoxia.

Management implications

Our data provide baseline information on population
demographics and identify space use and habitat re-
quirements of an urban population of Western Painted
Turtles near the northern limit of the species range. The
data we obtained from our study can serve as a base-
line to document temporal changes in population size
and habitat use. Through our study, we identified that
overwintering habitat is critical to the persistence of
this urban population. Turtles in our study population
were found to move towards overwintering habitat by
the beginning of September. A minimum of 2 m of
water is required within 7—10 m of the shoreline in the
core overwintering habitat, to ensure viable water tem-
peratures over the winter. To ensure winter survival,
water levels should not be dropped by more than 0.5m
through the winter, as this would cause overwintering
sites to be compromised. Draining of Wascana Creek
should be avoided. However, if depth management of
Wascana Creek via dredging over the winter is found
to be necessary, the core overwintering habitat should
be protected so that it does not freeze solid or become
drained of water.

The aquatic and terrestrial areas of the park should
be managed to ensure a mosaic of shoreline habitats,
which includes overhanging trees and submerged logs,
to provide a protective buffer between the turtles and
recreationists, and provide suitable basking areas to
meet their thermal requirements. Shorelines dominated
by concrete barriers and areas without vegetation cov-
er should not be created as they will restrict shoreline
access; however, they may be beneficial in high-risk
areas (i.e., roadsides) to minimize risk of mortality.
Finally, the majority of the population inhabits the east-
ern portion of the marsh, the Federal Migratory Bird
Sanctuary. Public access to this section should contin-
ue to be restricted to minimize human disturbance.
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