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In urbanized landscapes, golf course ponds may provide the only remaining habitat for semi-aquatic animals. Eastern
Mud Turtles (Kinosternon subrubrum), which rely heavily on both aquatic and terrestrial habitats, may face challenges on
golf courses, which typically have significantly modified and fragmented landscapes. We conducted a radio-telemetric
study of 11 mud turtles inhabiting a golf course pond in the western Piedmont of North Carolina to investigate their
terrestrial activity and habitat selection in a fragmented landscape. Most turtles moved to terrestrial habitats in late
summer and emigrated a mean distance (� SE) of 187.2 � 67.4 m and moved a mean straight line distance (� SE) of
119.3 � 47.4 m from the pond. We determined habitat selection using logistic regression to compare turtle locations
with random locations and found that mud turtles selected forested habitats with moderate canopy cover and no grass.
Mud turtles also selected habitat containing herbaceous vegetation and woody debris as overwintering locations. Mud
turtles did not select heavily disturbed habitats with limited canopy cover and pavement or cut grass associated with
fairways, roughs, and residential lawns. Overall, our study suggests that maintaining relatively undisturbed forested
habitat within fragmented urban landscapes, such as those found on golf courses, may allow for the persistence of
these semi-aquatic turtles. Information from this study can be used to better understand critical upland habitat
requirements of other semi-aquatic species inhabiting fragmented landscapes and aid in the implementation of habitat
management plans.

I
N urbanized landscapes, ponds and wetlands on golf
courses may represent the only remaining habitat for
semi-aquatic and wetland-dependent species (Scott et

al., 2002; Montieth and Paton, 2006; Failey et al., 2007).
Because many semi-aquatic species extensively use terrestri-
al habitats, land use surrounding aquatic habitats can
greatly affect the persistence of species. Golf course
development often involves forest clearing, land leveling,
and residential construction, which can drastically alter and
fragment the landscape both physically and biologically
(Forman and Godron, 1986; Love, 1999). In addition,
subsequent urbanization associated with golf course devel-
opments introduces threats to wildlife including roads,
pollution (McKinney, 2002), and human-subsidized preda-
tors (Riley et al., 1998).

Semi-aquatic turtles can be found inhabiting urban ponds,
such as those found on golf courses (Failey et al., 2007), yet
turtle life history characteristics, such as delayed sexual
maturity (Bennett et al., 1970; Gibbons, 1983; Ernst et al.,
1994), suggest sensitivity to anthropogenic habitat fragmen-
tation and destruction (Baldwin et al., 2004; Marchand and
Litvaitis, 2004). Road density increases with urbanization,
leading to adult mortality (Steen and Gibbs, 2004) and
decreased interpopulation movements (Ernst et al., 1994).
This may result in smaller, less viable populations (McKin-
ney, 2002). Urbanization may also increase the abundance
of human-subsidized predators, such as raccoons (Procyon
lotor; Riley et al., 1998; Smith and Engeman, 2002; Larivière,
2004) and cats. Modifications to upland habitats also likely
reduce nesting and overwintering locations for turtles
(Wilson, 1998).

The semi-aquatic Eastern Mud Turtle (Kinosternon sub-
rubrum) is a bottom-dweller of shallow, slow-moving water

bodies and isolated wetlands (Ernst et al., 1994), but during
the late summer and fall, individuals leave their aquatic
habitat for extended periods to overwinter on land. While
on land, mud turtles may move around above and below
ground before settling in a burrow in which they remain
relatively inactive for winter (Bennett, 1972; Gibbons,
1983; Buhlmann and Gibbons, 2001). Based on previous
studies in natural, non-fragmented terrestrial landscapes,
mud turtles typically overwinter in forested habitats with
leaf and/or pine litter and shrubs (Skorepa and Ozment,
1968; Scott, 1976; Buhlmann and Gibbons, 2001; Steen et
al., 2007). Although several studies have documented
habitat use and seasonal activity of mud turtles (Buhlmann
and Gibbons, 2001; Tuma, 2006), no studies have investi-
gated the terrestrial habitat selection of mud turtles in
anthropogenically-modified environments, such as the
heterogeneous landscapes of golf courses. Golf courses
offer an ideal landscape to study the impacts of habitat
alteration (Montieth and Paton, 2006) on the terrestrial
habitat selection of semi-aquatic animals because golf
course landscapes usually consist of a mosaic of habitats
such as fairways, forests, streams, shrubs, and residential
yards.

Given that many semi-aquatic animals inhabit water
bodies in anthropogenically-altered landscapes, it is impor-
tant to understand how they select habitats associated with
fragmented landscapes. The focus of our study was to
investigate terrestrial activity and habitat selection of mud
turtles inhabiting a golf course. Because mud turtles use
both aquatic and terrestrial habitats, this species can serve as
a model for other semi-aquatic turtles thus facilitating
recommendations regarding terrestrial habitat preservation
in anthropogenically modified environments.
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MATERIALS AND METHODS

Study site.—This study was conducted at a golf course pond
on Mallard Head Country Club in Mooresville, located in
Iredell County, North Carolina (UTM E: 509745, UTM N:
3935998, Zone 17). The pond has a surface area of 0.87 ha
with creeks at both the north and south ends. The pond
consists of both deep water and shallow muddy regions with
limited emergent vegetation. Numerous species of fishes
and turtle species such as Eastern Painted Turtles (Chrysemys
picta), Common Snapping Turtles (Chelydra serpentina),
Yellowbelly Sliders (Trachemys scripta), and River Cooters
(Pseudemys concinna; Failey et al., 2007) inhabit the pond.
Adjacent upland habitat consists of fairway, residential
homes, a paved road, shrubs, and patches of mixed pine
and hardwood forest. Within a 28.3 ha area (300-m buffer
zone, explained below) surrounding the pond, approximate-
ly 35.3% was urban, 35.3% was in-play zone (i.e., fairways,
greens, rough, tee box), and 28.4% was forested land (Fig. 1).

Capture and radio-telemetry.—We captured 11 mud turtles
from 15 June to 26 July 2006 using aquatic hoop-net traps
(model MHNIA, 2.54 cm mesh, Memphis Net and Twine,
TN) baited with sardines. Upon capture, individuals were
returned to the laboratory and were marked and measured
following processing techniques of McCoy et al. (2007).

Radio-transmitters (SB-2; Holohil Systems Ltd., Carp, On-
tario; 4 g) coated in plastic tool dip were secured to the
posterior carapace of each mud turtle with epoxy putty
(LoctiteH Five Minute Marine Grade Epoxy). Following
processing and preparation, mud turtles were returned to
their exact pond location within three days of capture. Nine
out of 11 mud turtles were males and all turtles were adults,
based on documented carapace length at maturity (Gibbons,
1983; Ernst et al., 1994), with carapace lengths of 80–
181 mm (mean 5 102 mm).

Turtles were located using radio-telemetry three times per
week beginning 25 June 2006 through November 2006,
when mud turtles ceased regular movement. During the
colder months (November 2006 to February 2007), we radio-
tracked turtles once per week. When turtles began moving
again in early March 2007, we located individuals three
times per week until they moved back to the pond, when we
concluded the study. Radio-transmitters were replaced in
the field every five months. During the replacement process,
mud turtles were handled as little as possible; the entire
replacement process took approximately three to five
minutes.

Habitat measurements.—For each turtle location, we recorded
various habitat measurements at macro- and microhabitat
scales and Universal Transverse Mercator (UTM) coordinates
using a hand-held global positioning system (GPS, approx.
5 m accuracy). Macrohabitat was determined by the pres-
ence/absence of the six land cover types in which the turtle
was found, which included pond, forest, partial forest, grass,
shrub, and urban (Table 1). We also recorded more detailed
microhabitat variables, which were measured by character-
izing the percentage of each cover type (e.g., % ground
cover, % herbaceous vegetation) within a 3-m radius circular
plot surrounding each turtle location (Table 1). We used a
geographic information system (GIS; ArcGIS ver. 9.1, ESRI,
Redlands, CA) to measure the total distance moved between
locations and the straight-line distance between the two
farthest points.

In addition to analyzing habitat for each turtle location,
we analyzed habitat for corresponding random locations
within a 300-m buffer surrounding the pond. The 300-m
study area was based upon Burke and Gibbons (1995), who
found that a 275-m buffer zone surrounding the pond
protected 100% of terrestrial mud turtle locations. The
random locations were generated as a numbered list in
ArcGIS ver. 9.1 (Hawth’s Analysis Tools). Each time a turtle
moved to a new location, we used a GPS to navigate to the
next random location on the list and then collected the
same microhabitat and macrohabitat information as above.
The random locations served as a control (representation of
the available habitats) and were completed soon after each
turtle movement to ensure that the habitat availability had
not changed (Compton et al., 2002).

Habitat selection analysis.—Previous mud turtle habitat
studies (Wetmore and Harper, 1917; Skorepa and Ozment,
1968; Scott, 1976; Buhlmann and Gibbons, 2001; Steen et
al., 2007) have documented the use and importance of litter
(leaf, pine, and grass), closed canopy, mixed forests, shrubs,
and dense vegetation. Therefore, we chose these habitat
variables and also included others that were present in the
landscape such as grass cover and grass type, fallen woody
debris, pavement, and soil for our golf course habitat

Fig. 1. Aerial view of Mallard Head Golf Course study site. The pond
(0.87 ha) is located in the center of the photo outlined in white. The
larger oval-shaped outline is a 28.3 ha area 300-m buffer zone that
includes all random locations generated by ArcGIS. The closed white
triangles represent the overwintering locations of ten mud turtles.
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selection analysis (Table 1). For our habitat analysis, we
included all 72 terrestrial turtle locations and the 72
corresponding random locations. We did not record random
location data for each time we located a turtle but instead,
each time the turtle moved to a new location. We used
paired logistic regression to analyze terrestrial habitat
selection by comparing habitat use (i.e., turtle locations)
with habitat availability (i.e., random locations) within a
300-m buffered area surrounding the pond (Millspaugh and
Marzluff, 2001). Using an information-theoretic approach,
we assessed paired logistic regression models via AIC (Akaike
Information Criterion; Akaike, 1973) after correcting for
small sample size by using AICc (Burnham and Anderson,
1998). Following initial global model analyses, 17 candidate
models were selected. Candidate models with the greatest
Akaike weight (w), which determines the probability of that
model being the best among the candidate models, were
considered supported (Mazerolle, 2006).

We used one-tailed Wilcoxon signed rank test to analyze
habitat selection of overwintering locations, which we
defined as the terrestrial locations where mud turtles spent
the most time underground or under ground cover without
moving. We compared the ten mud turtle overwintering
locations with the ten corresponding random locations
(collected right after each turtle selected their overwintering
location) using the same nine habitat variables (Table 1).
One mud turtle (ID code CHO; Table 2) was not included in
this analysis because it died before selecting an overwinter-
ing location.

RESULTS

Terrestrial activity.—Mud turtles with transmitters emerged
from the pond during the summer and fall months;
emergence dates ranged from 15 July to 24 November
2006. Because we only located turtles every other day, all
data are based on movements between observations. Mud
turtles moved a mean straight line distance of 119.2 6

47.4 m and a mean distance of 187.2 6 67.4 m before
selecting an overwintering location (Table 2). Mud turtles
crossed an average of four distinct habitats (pavement/
gravel, fairways, and yards of cut grass) and moved an
average of 5.2 times on land before overwintering (Table 2).
Overwintering locations averaged a distance of 112.4 6

46.7 m from the pond. Mud turtles spent an average of
132.9 6 13.6 days in their below-ground overwintering
location (Table 2). Most mud turtles were found buried 3 to
5 cm below the soil surface so that the top of the carapace
was level with the ground but generally covered with leaf
litter. Occasionally, turtles were found as deep as 10 cm
underneath the soil surface. Two mud turtles (CHO and
CIN; Table 2) died while in the terrestrial environment,
likely from predation (Harden and Dorcas, 2008).

Mud turtles returned to the pond during the late winter
and early spring months; return dates ranged from 11 March
(approximately) to 21 April 2007. Mud turtles moved an
average of three times from the time they emerged from
their overwintering location to the time they returned to the
pond. The average total distance traveled on land by mud
turtles was 297.3 6 118.0 m, and the average total number
of land movements made by mud turtles was eight. Mud
turtles spent an overall average of 178.2 6 21.7 days on land.

Habitat selection.—Within the candidate model set (Table 3),
the model that garnered the majority of the weight included
forested macrohabitat, moderate canopy cover, and no grass
(w 5 0.74). The other model, which included forested
macrohabitat, moderate canopy cover, leaf/pine litter, and
no grass, had some support (w 5 0.25). Both supported
models suggested that when selecting for terrestrial habitat,
mud turtles were most likely to choose forested macro-
habitat with moderate canopy and no grass and also
preferred more leaf/pine litter than random locations.
Furthermore, the models suggested that human-associated
variables (e.g., fairways, lawns, pavement) were never
selected.

Habitat variables of the ten overwintering locations were
significantly different from the habitat variables of the ten
corresponding random locations (Table 4). The difference in
habitat variables among locations suggested that when
selecting for an overwintering location, mud turtles preferred
forested macrohabitat with minimal, uncut grass, and more
leaf/pine litter, soil, herbaceous vegetation, fallen woody
debris, and canopy cover than random locations (Fig. 1).

DISCUSSION

It is well established that conserving forested uplands
surrounding wetlands is critical for semi-aquatic species

Table 1. Macro- and Microhabitat Variables Recorded at Each Turtle and Random Location.

Macrohabitat variable Microhabitat variables in 3-m radius plot

Categorical variable: Categorical variables:
Land cover types Grass type (cut or uncut)

Pond Canopy cover
Forest none 5 ,2%

Shrub (herbaceous vegetation, low-lying plants) low 5 2–20%

Urban structure (parking lot, driveway, cart path) moderate 5 20–80%

Partial forest (isolated, small cluster of ,10 trees) high 5 .80%

Grass Continuous variables:
% Grass
% Litter (pine needles, leaves)
% Bare soil
% Pavement
% Herbaceous vegetation
% Fallen woody debris ,10 cm diameter (e.g., twigs)

80 Copeia 2009, No. 1
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(Burke and Gibbons, 1995; Buhlmann and Gibbons, 2001;
Semlitsch and Bodie, 2003). Our results highlight the
importance of forested, terrestrial habitat for mud turtles
in anthropogenically-modified habitats and suggest that
golf courses with forested lands can provide such habitat for
mud turtles. Turtles selected terrestrial forested habitat with
moderate canopy cover, leaf/pine litter, and no grass. We
found that turtles did not select any human-modified
habitats, including fairways or residential yards, for over-
wintering or terrestrial use. Yet, turtles were able to traverse
apparently unsuitable habitats (i.e., fairway, golf cart path,
driveway, roads) to get to preferred terrestrial habitats.

Mud turtles in our study traveled a mean straight line
distance of 119.2 m (36.3–581.3 m) and exhibited a wide
range of terrestrial movements before settling in an overwin-
tering location. Other investigations have found that mud
turtles did not move as far as the turtles in our study (range 5

24–134.5 m, mean 5 44.6 m, Buhlmann and Gibbons, 2001;

range 5 1–79 m, mean 5 19 m, Ligon and Stone, 2003; range
5 35–90 m, Tuma, 2006; and range 5 24–108 m, mean 5

72 m, Steen et al., 2007). The turtles in our study may have
moved greater distances and moved more frequently because
forested, terrestrial habitat adjacent to the golf course pond
was limited. Movements similar to those we documented
were observed by Buhlmann and Gibbons (2001), who found
that mud turtles in open canopy pine plantation moved more
before selecting winter refugia than mud turtles in closed
canopy mixed forest, perhaps because of unfavorable temper-
atures and limited suitable habitat.

Responses of turtles to human-induced habitat fragmen-
tation are poorly understood (Rizkalla and Swihart, 2006).
Based on our findings, mud turtles were able to cross a
variety of habitats, similar to other semi-aquatic species (i.e.,
painted turtles, Chrysemys picta; Bowne and White, 2004).
The ability to traverse a variety of habitats may allow mud
turtles to persist, but only if forested uplands exist in close
proximity to aquatic environments to provide refugia.
Wygoda (1979) and Stone et al. (1993) found that in
continuous and homogenous landscapes, movements be-
tween water bodies are somewhat common in mud turtles,
whereas Buhlmann and Gibbons (2001) found limited mud
turtle emigration and immigration from their wetland study
site. In our study, most likely as a result of the fragmented
landscape and the substantial distance of our pond from
other water bodies, inter-pond movements did not occur.
Therefore, as suggested by Buhlmann and Gibbons (2001)
and Iverson (1991), the use of nearby terrestrial refugia may
be more important for population persistence of semi-
aquatic turtles than immigration and emigration, especially
in our heavily disturbed landscape where threats associated
with urbanization (e.g., habitat fragmentation, human-
subsidized predators, and road mortality) may be substan-
tial.

We found that urbanized landscapes can expose semi-
aquatic species to anthropogenic threats and obstacles. For

Table 3. Mud Turtle Terrestrial Habitat Selection Assessed Using Paired Logistic Regression and AICc. Seventeen candidate models, consisting of
macro- and microhabitat variables, were selected from the initial global model analyses. Models in bold gained the most support with the lowest
DAICc values and the greatest Akaike weight.

Model* # of parameters AICc D AICc Akaike Weight (w)

Macro canopy grass 4 105.60 0.00 0.74
Macro canopy grass litter 5 107.80 2.19 0.25
Macro grass 3 115.19 9.59 0.01
Macro canopy litter 4 117.03 11.42 0.00
Macro canopy 3 118.19 12.59 0.00
Macro canopy fallen-woody litter 5 119.18 13.58 0.00
Macro canopy fallen-woody 4 120.08 14.48 0.00
Macro 2 130.11 24.51 0.00
Canopy grass 3 130.59 24.99 0.00
Canopy fallen-woody 3 131.33 25.72 0.00
Macro fallen-woody 3 131.43 25.82 0.00
Macro litter 3 131.60 25.99 0.00
Canopy 2 132.25 26.65 0.00
Canopy litter 3 133.55 27.95 0.00
Fallen-woody 2 175.15 69.55 0.00
Litter 2 180.65 75.04 0.00
Grass 2 182.06 76.46 0.00

* Macro 5 categorical variable (e.g., forest, pond, shrub, grass etc.), litter 5 continuous variable (leaf and pine litter), grass 5 categorical variable (uncut, cut, no
grass), canopy 5 categorical variable (none, low, medium, and high), debris 5 continuous variable (fallen woody debris , 10 cm).

Table 4. Mud Turtle Habitat Selection of Overwintering Location
Assessed Using a One-Tailed Wilcoxon Signed Rank Test. These nine
habitat variables were compared between ten overwintering locations
and ten random locations. One mud turtle (ID code CHO) died before
selecting an overwintering location and was omitted from this analysis.

Variables Z-values P-values (one-tailed)

Macro 2.78 0.003
Grass 22.46 0.007
Grass type 21.91 0.028
Litter 1.89 0.029
Soil 3.07 0.001
Pavement 20.66 0.252
Vegetation 3.12 0.001
Debris 3.23 0.001
Canopy 3.04 0.001
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example, human-subsidized predators (e.g., raccoons, cats,
opossums, skunks) may be more abundant (Riley et al.,
1998; Smith and Engeman, 2002; Larivière, 2004) and can
greatly reduce turtle populations. Mammals were likely the
predators of two of our turtles that died during our study,
one prior to overwintering and one while overwintering
(Harden and Dorcas, 2008). The mortality of these two
individuals represented an 81.8% annual survivorship rate
of the 11 adult mud turtles in our study. Such an estimate is
lower than the 100% mean annual survivorship for 51 adult
mud turtles in a three-year study (Buhlmann and Gibbons,
2001) and lower than the 89.0% (male) and 87.6% (female)
mean annual survivorship for 1589 adult mud turtles in a
20-year study (Frazer et al., 1991). Our lower annual adult
survivorship rate may ultimately impact the stability of our
mud turtle population because, based on long-term studies
by Congdon et al. (1993, 1994), populations of long-lived
species with delayed adult maturity are highly sensitive to
decreases in juvenile and adult survival. Therefore, consis-
tently high adult survival is critical for maintenance of a
stable population. Unlike our study, previous mud turtle
studies (Frazer et al., 1991; Buhlmann and Gibbons, 2001)
were conducted in non-urbanized wetland landscapes with
forested uplands and thus, annual adult survivorship rates
were likely higher because the threats associated with
urbanization, habitat fragmentation, and habitat alteration
were limited or non-existent.

Previous studies estimating critical upland habitat for
mud turtles included 100% of turtle locations; these studies
recommended critical upland habitat of 135 m and 90 m
surrounding wetlands (Buhlmann and Gibbons, 2001;
Tuma, 2006). Semlitsch and Bodie (2003) included 95% of
animal locations when suggesting a critical terrestrial
habitat for protecting semi-aquatic reptiles and amphibians.
As defined by Buhlmann and Gibbons (2001) and redefined
by Semlitsch and Bodie (2003), critical upland habitat
should not be viewed as a buffer zone, but instead as
associated upland habitat adjacent to the wetland (water
body) necessary for the protection of semi-aquatic species.
In our study, including 100% of mud turtle locations would
have required critical upland habitat to extend 581 m from
the pond’s edge. Alternatively, if we included 90% of our
turtle locations similar to Burke and Gibbons (1995), who
used 90% of turtle and nest locations to recommend their
73-m buffer zone, our estimate of critical terrestrial habitat
surrounding the golf course pond would be 157 m.

Upland habitats are critical for many semi-aquatic turtles.
They provide habitat for nesting, overwintering, and
aestivating (Wilson, 1998; Wilson et al., 1999). If managed
appropriately, fragmented landscapes, such as golf courses,
with forested upland habitats surrounding ponds also have
the potential to provide habitat for semi-aquatic wildlife
(Green and Marshall, 1987). Clearly, if anthropogenically-
altered landscapes are to be managed for both humans and
wildlife, land managers should consider the behavior and
spatial ecology of target wildlife species (Bowne et al., 2006).
Preserving or restoring forested upland habitat in close
proximity to ponds would benefit numerous wildlife
animals such as amphibians (Semlitsch, 1998; Semlitsch
and Bodie, 2003; McDonough and Paton, 2006) and semi-
aquatic turtles (Bennett et al., 1970; Buhlmann and
Gibbons, 2001; Bowne et al., 2006; Scott et al., 2008) and
may ultimately help to conserve semi-aquatic wildlife on
fragmented landscapes.
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