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Abstract

The Wood Turtle (Glyptemys insculpta) is an endangered species in the state of Jowa and a species of
conservation concern across their entire range. The Iowa population is characterized by high levels
of adult and embryo predation, displays little or no annual recruitment, and harbors an extremely
low number of juveniles (7.3%). Home range and habitat usage studies of hatchling and juvenile
Wood Turtles are limited to a few studies, and none exist from the state of ITowa. We conducted a
radiotelemetry study in Iowa on seven juvenile wood turtles for 32-182 weeks over a 10-yr period,
and a 6-week study on six head-started hatchlings to determine home range sizes and habitat usage
patterns and to provide comparisons with similar studies on adult Wood Turtles. Mean home range
sizes of hatchling Wood Turtles were significantly smaller than the mean home range of older
juvenile turtles for 100%, 95%, and 50% minimum convex polygons (MCPs), for 95% and 50% kernel
density estimators (KDEs), and for Linear home range (LHR) and Stream home range (SHR). Habitat
usage patterns of hatchlings and juveniles also differed. During periods of terrestrial activity, older
juveniles utilized grass and forb clearings significantly more frequently than did hatchlings, and
hatchlings used riverbank habitat more frequently than did juvenile turtles. In addition, juveniles
were, on average, located significantly farther from the stream than were hatchlings. Our study
provides important data on the home range size and habitat usage patterns of two under-represented
age classes of this endangered species. These data will inform conservation agencies regarding
relevant habitat protection and age-class management strategies of riparian areas that are necessary
for the continued survival and protection of this imperiled species.

Keywords: reptilia; Testudines; Emydidae; home range; minimum convex polygons; kernel density
estimators; midwest USA

1. Introduction

The Wood Turtle (Glyptemys insculpta) is an exceedingly rare species that is endangered in the
state of lowa and is considered endangered by the International Union for the Conservation of Nature
(IUCN). The Iowa population is a peripherally isolated population of this species that lies at the
southwestern edge of its range, exhibits no evidence of gene flow with adjacent state populations,
has low population density, is impacted by an extensive conversion of land to agriculture, and is the
only population of this species to inhabit the prairie-forest ecotone that lies in the Western Corn Belt
Plains ecoregion [1-3]. In addition, the Iowa population is characterized by low levels of adult
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survivorship, high levels of nest destruction with little or no annual recruitment and exhibits an
extremely low number of juveniles (7.3%). Over 45% of the 150 individuals encountered in Iowa over
the past 22 years are estimated to be adults over 30 yrs-old [1,4,5]. Although studies on the spatial
ecology of adult wood turtles are emerging from across their range, home range and habitat usage
studies of hatchling and juvenile Wood Turtles are limited to a handful of studies [6-11], and only
one study assessing juvenile home range size exists from the state of Iowa [2]. Behavioral patterns
that influence home range size and habitat usage may differ between age classes of turtles, including
in Glyptemys insculpta and other Emydid turtles [2,12,13]. As such, determining habitat usage patterns
and home range sizes in subadult wood turtles is especially crucial to inform species and habitat
management policies in the state of Iowa. Revealing patterns of habitat selection and space use in
peripherally isolated populations are especially valuable, because peripheral populations can exhibit
variation from local adaptation and their behavioral responses may differ from individuals in larger,
contiguous populations [14]. This can be particularly impactful for cryptic species that require
multiple habitat types and exhibit large home ranges, such as the Wood Turtle [2,15,16].

Home range estimation methods vary between species and studies, and the most suitable
methods are often selected based on the vagility and movement patterns of study species, habitat
types, and to facilitate effective comparisons with previous studies. The most frequently used
methods for determining home range size in reptiles are minimum convex polygons (MCPs) and
kernel density estimators (KDEs). KDEs may provide more useful visual interpretations of space use,
but they are highly sensitive to the number of sampling points and the type of smoothing factor
involved. For turtles and other reptiles with low vagility, KDEs may produce inconsistencies in home
range size and lead to estimates that are overly large, although this may partially be addressed by
autocorrelation [17-20]. The MCP method creates a polygon with all interior angles less than 180°
encompassing a defined percentage of individual location points [21]. Most commonly, three
measures of MCP are determined: 100% MCP (integral home range; utilizes all recorded location
points) [22,23]; 95% MCP (statistical home range; excludes specific, possibly exploratory, outlier
locations that contribute most to expanding the home range) [24,25]; and, 50% MCP (core home range;
includes locations in which an individual spends 50% of its time [26]. MCP methods are widely used
for turtle studies; however, this method produces cruder outlines of home range and may encompass
areas that are not used by the study individuals.

We conducted a radiotelemetry study in Iowa on seven juvenile Wood turtles for 32-182 weeks
at three sites in three counties, and a 6-week study on six head-started hatchlings at a single site, to
determine home range sizes for each age class, and to provide comparisons between these groups
and with similar studies on adult Wood Turtles. We also recorded habitat type of each turtle location.
Broad habitat categories were defined as either aquatic [subcategorized as lotic (flowing) water or
lentic (still) water] or terrestrial (subcategorized as deciduous forest, open canopy grass and forb
areas, or riverbank based on canopy cover and dominant vegetation type). Based on prior
observations from adult Wood Turtles during long-term (>20 yr) monitoring at these field sites,
limited data on hatchling behavior from other studies, and the smaller body sizes of hatchling turtles,
we predicted that: 1) hatchling Wood Turtles would delay entering lotic habitat upon release; 2)
hatchling Wood Turtles would use aquatic habitats more frequently than older juvenile turtles during
active periods; 3) that hatchling Wood Turtles would remain closer to water than older juvenile
turtles; and 4) that hatchling Wood Turtles would have smaller home ranges than older juvenile
turtles.

2. Materials and Methods
2.1. Study Species

The Wood Turtle ranges from northeastern Canada south to eastern West Virginia and northern
Virginia and west through Michigan, Wisconsin, and Minnesota, with an isolated population in
northeastern Iowa [27,28]. It is a semi-aquatic species of the Family Emydidae that utilizes both
terrestrial and aquatic habitats and alters their habitat preferences seasonally based on temperature
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and precipitation cycles [29]. The Wood Turtle is a stream-obligate species whose home ranges center
on fluvial habitat and include a mosaic of riparian areas and adjacent forests and clearings that are
only occupied during warm periods [29,30]. Aquatic habitats are used for winter dormancy, avoiding
predators and maintaining hydration state during the summer, and mating in spring and fall;
terrestrial habitats are used primarily for foraging, nesting, and thermoregulation [29,30]. Wood
Turtles inhabit a range of stream sizes, but they are found most often in slow-moving sections of mid-
sized streams between 3 and 20 m wide, although they occasionally occur in larger streams [30-33].
In stream habitats, Wood Turtles frequent areas near banks and utilize underwater structures such
as deep pools, logjams and individual logs, and the root masses of downed trees to mitigate the
potential negative effects of high current flow [33-35]. In Iowa, and a few other regions, they are
facultative users of ephemeral pools and confined wet depressions [30,36,37]. In terrestrial habitats,
Wood Turtles utilize riparian areas with dense vegetation, swales, and floodplain wetlands, and in
summer are often located in floodplain deciduous forests and their associated clearings containing a
mixture of grasses and forb species, or in upland habitats [27,30].

Sex influences habitat and space usage among adult Wood Turtles in Iowa and several other
regions. Female Wood Turtles have smaller home ranges, shorter linear ranges, and shorter stream
ranges than males [2,15,38-40] and use aquatic habitats more frequently than females during periods
of activity [36,41].

Annual behavioral cycles of the Wood Turtle encompass five different seasonally-based activity
periods in Iowa: Brumation (winter dormancy; November—March; exclusively aquatic), Prenesting
(April-May; emergence from brumation, primarily terrestrial), Nesting (early to mid-June; primarily
terrestrial), Postnesting (mid-June-September; primarily terrestrial), and Prebrumation (October—
early November; primarily aquatic). The latter four periods generally occur from mid-April to early
November in Iowa and Wood Turtle behavior and habitat usage among adults generally differs
between periods [5,29].

2.2. Study Sites

The study was conducted at three sites in lowa, one in Black Hawk County (BHC), one in Butler
County (BC) and one in Mitchell County (MC). Eight Wood Turtles were monitored at BHC: six
hatchlings for six weeks from 17 September-29 October 2015, and two juveniles from 8 May 201426
May 2016 (107 weeks) and 7 May 2015-8 July 2016 (61 weeks)]. Four juveniles were monitored in BC
from 7 May 2014-22 December 2014 (32 weeks), 17 June 2014-14 December 2017 (182 weeks), 19
August 2014-2 June 2015 (41 weeks), and 23 June 2015-14 December 2017 (129 weeks), respectively.
A single 10-11-yr old juvenile turtle was monitored for 78 weeks at the MC site from 23 May 2023-
25 November 2024.

The BHC and BC field sites are approximately 45 river channel km apart (23 km straight-line
distance). The MC site is approximately 100 km North of the BHC site and 120 km North (by stream
channel; 70 km straight-line distance) of the BC site. All sites are separated terrestrially by agricultural
fields, county highways, and gravel roads, but are connected by a continuous waterway. There were
no observed movements of turtles between sites. The BHC site contains a 3.5 km stretch of lotic
aquatic habitat with a sand and mud substrate, which during normal flow generally ranges from a
depth of 0.5-2.0 m and a width of approximately 10-50 m. The BC site encompasses a 3.5 km stretch
of lotic aquatic habitat with a gravel, sand, and mud substrate, which usually ranges in depth of 0.5
2.5 m with a width of approximately 10-60 m [2,33]. The MC site contains a 3.75 km stretch of lotic
aquatic habitat with a rock and cobble substrate, which during normal flow generally ranges from a
depth of 1.0-3.0 m and a width of approximately 30-60 m [5].

The BHC site is near a suburban area and contains mature riparian floodplain forest that is
dominated by tree species such as Acer saccharinum Linneaus (Silver Maple), Populus deltoides Bartram
(Eastern Cottonwood), Ulmus americana Linneaus (American Elm), Juglans nigra Linneaus (Black
Walnut), and Morus spp. Linneaus (Mulberry). The BC site’s landscape is a rural, agricultural area
with nearly 60% of the site containing moderately mature to mature riparian floodplain forest with
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shrubby young woodland species found along the periphery. The dominant tree species include
Silver Maple, Eastern Cottonwood, American Elm, Acer negundo Linneaus (Box Elder), and Quercus
spp. Linneaus (Oak) trees. The MC site is near a small town and is surrounded by a rural, agricultural
area. Dominant tree species at the MC site are American Elm, Black Walnut, Mulberry, and Silver
Maple with Oak trees scattered in upland areas. All three sites are a mosaic of floodplain forest
containing open-canopy grassland forb areas, both inland and along the riverbanks. The majority of
the grassland areas are dominated by Phalaris arundinacea Linneaus (Reed Canary Grass), Securigera
varia Linneaus (Crown Vetch), and Dactylis glomerta Linneaus (Orchard Grass) and a wide variety of
forb species. All three sites contain human infrastructure, including houses, barns, hayfields and row
crops, and paved and gravel roads. Bridges (BHC, BC), rail lines (BHC), and a hydroelectric dam
(MC) are also included within the site boundaries. The river channel at the MC site is surrounded by
limestone bluffs, which are generally not a barrier to Wood Turtle movements.

2.3. Radio-Telemetry and Head-Starting

We tracked six hatchling wood turtles at BHC three to four times per week for six weeks until
transmitter failure during the fall of 2015. These individuals came from a single nest of nine eggs, laid
approximately 8 m from the stream in open sand by an >35-yr-old female (mass = 1072.0 g; straight
line maximum carapace length [CL] = 187.40 mm; straight line maximum plastron length [PL] =
172.68) on 9 June 2015. Eggs were excavated and incubated in moist sand at 27.5 + 1.0°C. Mean egg
mass was 11.75 g +0.10 standard error [SE]; mean egg length was 36.33 mm * 0.26 SE; mean maximum
egg width was 23.36 mm + 0.14 SE. Hatching of the eight fertile eggs occurred after 53 d on 1 August
2015. Mean mass of the hatchings was 8.27 g + 0.09 SE; mean CL was 34.43 mm =+ 0.14 SE and mean
PL was 29.89 mm + 0.13 SE. Straight-line CL and PL were measured with a Marathon digital caliper
(model 030300; + 0.1 mm). Body mass (+ 0.1 g) was determined with a Schimadzu Libror digital scale
(model EB-4300 DW; 4300.00 g).

To facilitate carapace hardening for radio attachment and to ensure that hatchlings were large
enough to bear a transmitter, hatchlings were head-started in the laboratory for seven weeks and fed
Reptomin floating food sticks (Tetra Fish Products, Inc.; Blacksburg, Virginia, USA) and Hikari
Cichlid Gold pellets (Kyorin Food Industries, Ltd.,, Hayward, California, USA) ad libitum and
provided with ultraviolet (UV) A and UVB lighting 12 h per day. Head-started hatchlings were then
released at the nest site on 17 September 2015. At release, mean mass of the six hatchlings used in the
analysis was 9.50 g + 0.25 SE; mean CL was 34.37 + 0.32 SE; mean PL was 29.89 + 0.16 SE.

We tracked two juvenile wood turtles (8- and 9 yrs-old) at the same BHC site during 2014-2015,
and 4 juvenile turtles (8-14 yrs-old) from BC during 2014-2017, and one 10-11-yr-old juvenile from
MC during 2023-2024. Juvenile turtles lacked secondary sex characteristics and age, based on counts
of growth annuli, was less than 15 yrs-old during the sampling period. Mean mass of juvenile turtles
at first encounter was 622.76 g +70.04 SE; mean CL was 169.02 mm =* 5.39 SE and mean PL was 156.84
mm * 6.66 SE. Cumulatively, juvenile turtles were tracked biweekly (during active period months)
to bimonthly (during winter dormancy) with radio telemetry from May 2014 through November
2024.

We measured, photographed, and marked each turtle with a non-toxic marker (hatchlings) or a
unique pattern of drilled holes (juveniles) along the edge of the carapace [42]. We attached an
Advanced Telemetry Systems (ATS; Isanti, Minnesota, USA), very high frequency (VHF) model
R1614 (0.3 g) to the carapace of each hatchling turtle and a model R1930 transmitter (29.0 g) to the
carapace of each juvenile turtle with PC-7 epoxy (Protective Coatings, Inc.; Allentown, Pennsylvania,
USA). Weight of the transmitter and epoxy combined did not exceed 4% of hatchling body mass or
6% of the body mass of juvenile turtles. We used an ATS R410 radio receiver and Yagi antennae to
radio-track and locate the turtles during the sampling period.
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2.4. Home Range Size and Habitat Usage

At each turtle location, we recorded turtle identification number, date and time, Universal
Transverse Mercator (UTM) coordinates (GARMIN MAP 60CSX, MAP 62CSX, or Rino 755t; each
with <3 m accuracy; Olathe, Kansas, USA), and habitat type [aquatic: lotic (channel of the main stream
and any connected tributaries and flowing backwaters) or lentic (ephemeral pools, disconnected
backwaters and oxbows, ponds and marshes); terrestrial: deciduous forest, grass and forb clearing,
or riverbank].

2.4.1. Categorical Habitat Usage

To quantify and compare habitat usage, we designated each turtle location observation as one
of four categories: 1) aquatic (lotic or lentic habitat), 2) riverbank (including open sand/mud areas
adjacent to a stream, the banks of ephemeral pools, and heavily vegetated riparian areas within 10 m
of the water’s edge); 3) deciduous forest (areas dominated by woody vegetation over 3 m in height
producing more than 40% canopy cover); 4) grass and forb clearings (inland areas often with dense
ground cover, a lack of woody vegetation over 3 m in height, and less than 40% canopy cover). We
determined canopy cover via spherical crown densiometer (Forestry Suppliers, Inc.; Jackson,
Mississippi, USA). We recorded habitat type for each turtle location during the annual period of turtle
activity only (locations associated with winter dormancy were omitted from the habitat analysis).

2.4.2. Distance from Water

We measured the distance (m) between each turtle location and the nearest body of water that
was deep enough for the turtle to fully submerge in during periods of turtle activity. We used ground-
truthing for each distance measurement by walking a straight line from each turtle location to the
edge of the nearest water body. For distances that were over 20 m, we also verified the straight-line
measurement with the “path tool” in Google Earth Pro (version 7.3.3.7699; Google, LLC., Mountain
View, California, USA) based on stream levels synchronized with the period of data collection.

2.5. Statistical Analyses

We used Microsoft Excel (version 16.99; Redmond, Washington, USA) and the statistical
program R (version 4.4.2) to generate summary statistics (mean, standard deviation [SD], SE and
minimum [min] and maximum [max] values) and used the ‘Ime4” package (version 1.1-35.1) in R to
run single factor ANOVAs with repeated measures to determine if age class significantly affected
home range size or distance from water [43,44]. We estimated home range using the functions of
‘mcp’ and ‘kernelUD’ in the ‘adehabitatHR’ package (version 0.4.22) in R [45]. Multiple estimation
methods were used to estimate home range including 100%, 95%, and 50% MCPs and 95% and 50%
KDEs. The reference default smoothing parameter ‘href’ was employed for the KDEs because it is
recommended for turtles [40,46]. We used multiple two-sample t-tests as post-hoc analyses to
compare the home range estimates between hatchling and juvenile turtles using the R function ‘t.test,”
and we used ‘var.test’ to test for homogeneity of variance in R. Based on Levene’s test, the assumption
of homogeneity of variance was violated for all home range estimates and all distance from water
measurements between the two groups. Therefore, each measure was log-transformed in the ¢-test
comparisons to meet the assumption of homogeneity of variance.

We used ArcGIS Pro (version 3.5; ESRI, Redlands, California, USA) to generate maps of 100%,
95%, and 50% MCPs for each individual turtle in the analysis. We used the path tool in Google Earth
Pro to measure linear distances between the two most distant points for each individual turtle (i.e.,
the Euclidian distance) and the distance along the stream channel between the most distant points
within the primary stream to calculate linear home range [LHR] and stream home range [SHR],
respectively. We analyzed categorial habitat data with two-factor Pearson Chi-squared [x?] tests
using the R function ‘chisq.test’ to determine if habitat usage was independent between hatchlings
and juveniles. The alpha value () for significance was set at 0.05 for all statistical tests.
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2.5.1. Comparison Groups

Because each hatchling was relocated 21-22 times during a six-week period and juveniles were
tracked over longer time periods, we estimated MCP, KDE and LHR home ranges for all juvenile
observations as well as for the first 22 juvenile locations only. We used repeated measures single
factor ANOVAs and multiple two-sample t-tests used as post-hoc analyses to determine which LHR,
SHR, and distance from water measurements differed between hatchlings and juveniles. For the SHR
analysis, comparison groups included all hatchling observations, all juvenile observations, and to
produce a more relevant comparison to hatchling data, the first 12 juvenile locations in the primary
stream only, a value equivalent to the mean number of hatchling locations within the stream. For
more relevant comparisons, we calculated mean, SD, SE, min, and max values for all hatchling and
all juvenile distances from water and for observations of juveniles during the Postnesting and
Prebrumation periods only, equivalent to the activity periods in which hatchlings were tracked.
Because Wood Turtles use both aquatic and terrestrial habitats individually and sporadically, we
analyzed distance from water including all locations (both terrestrial and aquatic) and for terrestrial
locations only, separately. Categorial habitat usage was calculated for all hatchling observations, all
juvenile observations, and juvenile observations during the Postnesting and Prebrumation periods
only. Habitat usage was analyzed separately as simply aquatic or terrestrial and also with each of the
four habitat categories included.

3. Results
3.1. Radiotelemetry

Six hatchling turtles were relocated 131 times between 17 September 2015 and 29 October 2015;
18 hatchling locations occurred during the summer Postnesting period, the remaining 113 locations
occurred during the fall Prebrumation period. Mean (+ SD) number of days for hatchlings to enter
the stream was 15.33 + 8.57 (3.50 SE; range = 0-22 days). One hatchling was depredated after
approximately one week, and although we replaced the transmitter on another hatchling from the
same clutch, both were censored from the analysis because we had fewer than 20 locations for each.
All hatchlings became inactive and were exclusively found in aquatic habitat locations suitable for
overwintering by 30 October 2015. Seven juvenile turtles were relocated 329 times between 7 May
2014 and 25 November 2024; 307 of these locations occurred during the active periods of the annual
cycle (Prenesting: n = 85; Nesting: n = 19; Postnesting: n = 134; Prebrumation: n = 69). Because Wood
Turtles occasionally move during the overwintering period, the first and last locations (1 = 22) of each
turtle during any single Brumation period were included in the home range analyses. Total number
of juvenile locations for home range analyses was 329. However, all Brumation period observations
were omitted from the habitat usage and distance from water analyses.

3.2. Home Range Size

Mean home range size of hatchling Wood Turtles was significantly smaller than the mean home
range of older juvenile turtles for all MCP and KDE home range metrics. (Table 1). Mean (+ SD) home
range size of hatchlings ranged from 0.18 + 0.05 ha (100% MCP) to 0.06 + 0.04 ha (50% MCP). Mean
(+ SD) home range size of juveniles ranged from 5.76 + 3.19 ha (100% MCP) to 1.16 + 0.99 (50% MCP).
Home range measures for the KDE method produced larger values than the MCP method for both
hatchlings and juveniles. Mean (+ SD) estimates for hatchling KDE were 0.92 + 0.41 ha (95% KDE)
and 0.22 + 0.08 ha (50% KDE). For juveniles, mean (+ SD) KDEs were 13.16 + 8.12 (95% KDE) and 2.87
+1.79 (50% KDE). Mean (+ SD) values for juveniles using only the first 22 locations ranged from 3.96
+2.61 ha (100% MCP) to 0.82 + 0.87 ha (50% MCP). For the first 22 juvenile locations only, mean (+
SD) KDEs were 14.06 + 10.78 (95% KDE) and 3.41 + 3.03 (50% KDE). For visual comparison, Figure 1
presents representative 100%, 95%, and 50% MCP home range sizes of hatchling and juvenile
individuals with small, moderate, and large home ranges (using all juvenile locations).
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Table 1. Summary statistics of home range size of six hatchling and seven older juvenile wood turtles (Glyptemys
insculpta) from Iowa during 2014-2024. Data include mean (+ standard deviation [SD] and standard error [SE]),
and minimum (min) and maximum (max) values of 100% minimum convex polygon (MCP), 95% MCP, 50%
MCP, 95% and 50% kernel density estimators (KDE), linear home range (LHR) and stream home range (SHR).
For a more meaningful comparison to the hatchling data, juvenile data is presented separately for the first 22
locations only (MCPs, KDEs, LHR), or the first 12 locations only (SHR), as well as for all locations.

100% 95% 50% 95% 50%
Age Class MCP MCP MCP KDE KDE LHR SHR n n
(ha) (ha) (tha) ((tha) (tha) (m) (m) Locations Weeks

Mean 018 016 006 092 0.22 100.62 39.38 21.83 6.00

Hatchlings SD 005 006 004 041 008 3896 17.34 0.41 0.00
(n=6) SE 002 002 002 017 003 1591 7.08 0.17 0.00
All Obs. Min 010 008 0.01 048 013 75.80 15.00 21.00 6.00
Max 026 026 010 160 0.32 22.00 6.00

176.00  68.80

Mean 396 261 082 14.06 341 440.00 445.86 22.00  22.00
Juveniles SD 216 259 087 1078 3.03 12544 189.52 0.00 0.00

(n=7)
SE 0.82 098 033 407 115 4741 71.63 0.00 0.00
Reduced
Min 141 045 0.06 426 112 247.00 285.00 22(12) 22(12)
Obs. Max 824 821 247 3643 991 630.00 828.00 22(12) 2(12)

Mean 576 444 1.16 13.17 287 45957 487.29 47.00 46.43
Juveniles SD 319 350 099 812 179 12996 17597 23.90 24.25

n=7) SE 1.21 1.32 037 3.07 0.68 49.12 66.51 9.03 9.17
All Obs.
Min 244 0.45 016 637 112 247.00 294.00 22.00 22.00

Max 1198 1153 3.10 2499 573 853.00 88.00 88.00
630.00
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(d)
Figure 1. Representative example of home ranges (50% minimum convex polygon [MCP], 95% MCP, 100% MCP)

for hatchling and juvenile wood turtles (Glyptemys insculpta). (a) Small home range size of a hatchling; (b)
moderate home range size of a hatchling; (c) large home range size of a hatchling; (d) small home range size of

ajuvenile; (e) moderate home range size of a juvenile; (f) large home range of a juvenile.

Linear home ranges of hatchlings ranged from 75.8 to 176.0 m. Mean [+ SD] LHR of hatchlings
was 100.62 + 38.96 m. Linear home ranges for all juvenile observations ranged from 247.0 to 630.0 m
(mean =459.57 +129.96 SD m); for the reduced data set, mean juvenile linear home ranges was 440.00
+125.44 SE m (range = 247.0-630.0) m.

Mean (+ SD) SHR of hatchlings was 39.38 + 17.34 SD m (range = 15.0-68.8 m). For all juvenile
observations, mean (+ SD) SHR was 487.29 + 175.97 m (range = 294.0-853.0 m); for the reduced data
set, mean (+ SD) juvenile SHR was 445.86 + 189.52 m (range = 285.0-828.0 m).

3.3. Categorical Habitat Usage

Combined, 205 (46.8%) of the hatchling and juvenile locations during active periods were in
aquatic habitats (Figure 2). A small minority of these locations (1 =9; 4.4%) occurred in lentic habitat
that was exclusively used by juveniles. The remaining aquatic locations (1 =196; 95.6%) were in lotic
water. Of the total 131 hatchling locations, 68 (51.9%) were in aquatic habitats (Figure 3). Because
hatchlings did not venture far from the original nest site, none the hatchlings utilized lentic habitat
and all their aquatic locations were near the banks in the primary stream, and within 150 m of release
site. Of the 63 terrestrial locations of hatchlings, 28 (44.4%) occurred in riverbank habitat, 26 (41.3%)
were in deciduous forest, and only 9 (14.3%) were in a grass and forb clearing (Figure 4). Of the 307
juvenile locations, 137 (44.6%) were in aquatic habitats, 89 (29.0%) were in grass and forb clearings,
47 (15.3%) were in deciduous forest, and 34 (11.1%) were in riverbank habitats. Both hatchlings and
juveniles primarily used aquatic habitats during the fall Prebrumation period. During this period,
hatchlings were in the stream during 60.2% of observations, and juveniles were in aquatic habitats
71.1% of observations.
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Habitat Usage of Hatchling and Juvenile Wood Turtles in Iowa During Active Periods
(2014 - 2024)
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Figure 2. Percentages of aquatic and terrestrial habitat usage of 13 lowa wood turtles (Glyptemys insculpta) during
the active periods of 2014-2024. Aquatic habitats were two 20-30 m wide small streams or ephemeral pools
(blue), terrestrial habitats were categorized as riverbank (orange), inland grass and forb clearing (green), and
deciduous forest (brown). Total observations = 438.
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Figure 3. (a) Percentages of aquatic and terrestrial locations of six hatchling wood turtles (Glyptemys insculpta)
during the Postnesting and Prebrumation periods of 2015; total observations = 131. (b) Percentages of aquatic
and terrestrial habitat usage of seven juvenile hatchling wood turtles (Glyptemys insculpta) during the entire
active periods of 2014-2024; total observations = 307. (c) Percentages of aquatic and terrestrial locations of seven
juvenile hatchling wood turtles (Glyptemys insculpta) during the Postnesting and Prebrumation periods of 2014—
2024; total observations = 167.
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Figure 4. Percentages of aquatic and terrestrial habitat usage of 13 Iowa wood turtles (Glyptemys insculpta) during
the active periods of 2014-2024. Seasonal activity periods were Prenesting (spring), Nesting (early summer),
Postnesting (summer), and Prebrumation (fall). Aquatic habitats were two 20-30 m wide small streams (blue).
Terrestrial habitats were categorized as riverbank (orange), inland grass and forb clearing (green), and
deciduous forest (brown) based on proximity to the stream, percentages of canopy cover and ground cover, and

type and amount of dominant vegetation. Total observations = 438.

3.4. Distance from Water

Across all observations, mean (+ SE) distance from water by hatchling Wood Turtles in Iowa was
720 m £ 0.85 m (+ 9.76 SD; n =131) and mean (+ SE) distance from water by juveniles was 16.36 + 1.62
m (+28.37 SD; n =307) (Figure 5). Mean (+ SE) distance from water by juveniles during the Postnesting
and Prebrumation periods only was 16.06 + 1.99 m (+ 28.28 SD; n = 203). For terrestrial observations
only, mean (+ SE) distance from water by hatchling Wood Turtles in Iowa was 14.98 + 1.14 m (+ 9.03
SD; n =131) and mean (+ SE) distance from water by juveniles was 31.66 +2.24 m (+ 29.15 SD; n = 170)
(Figure 5). Mean (+ SE) distance from water by juveniles during the Postnesting and Prebrumation
periods only was 16.06 + 1.99 m (+ 28.28 SD; n = 203). Among terrestrial observations, mean (+ SE)
distance from water by juveniles during the Postnesting and Prebrumation periods only was 31.35 +
3.23 m (+ 32.94 SD; n = 104). The maximum distance from water by a hatchling was 37.0 m and
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occurred on 2 October 2015 during the Prebrumation period; maximum distance from water by a
juvenile was 148.0 m at the BHC site during the Postnesting period (25 August 2015).

Mean Distance from Water (m) of Hatchling and Juvenile
Wood Turtles During Active Periods (2014-2024)
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Figure 5. Mean (+ standard error) distance from water of six hatchling and seven juvenile wood turtles
(Glyptemys insculpta) from Iowa during the active periods of 2014-2024. Data are presented as all observations
(including aquatic locations; N = 438) and terrestrial observations only (aquatic locations omitted; n = 233). To
facilitate comparison with hatchlings, data for juveniles during the Postnesting and Prehibernation periods only
are also presented (total observations = 203; terrestrial only observations = 104). Aquatic habitat was represented

by 20-30 m wide small streams or ephemeral pools deep enough for the turtles to fully submerge.

3.5. Statistical Analyses
3.5.1. Home Range Size

The repeated measures single factor ANOV As indicated that hatchling and juvenile home range
sizes were significantly different for each metric analyzed. Age class significantly affected 100% MCP
for all hatchling and all juvenile observations (df = 1, SS = 10078473714, MS = 10078473714, F-value =
18.1032, P = 0.0014), and for all hatchling and the first 22 locations of each juvenile only (df =1, SS =
4617273670, MS = 4617273670, F-value = 18.1624, P = 0.0013). Similarly, 95% MCPs were significantly
different for all hatchling and all juvenile observations (df =1, SS = 5925332238, MS = 5925332238, F-
value = 8.8530, P = 0.0126), and for all hatchling and the first 22 locations of each juvenile only (df =1,
SS =1936157417, MS = 1936157417, F-value = 5.3047, P = 0.0418). Comparisons between 50% MCPs
comparisons were significantly different for all observations (df = 1, SS = 393557144.5, MS =
393557144.5, F-value = 7.3978, P = 0.0199) but the reduced data set was marginally nonsignificant (df
=1, SS =188873108.3, MS = 188873108.3, F-value = 4.5807, P = 0.0556).

Repeated measures single factor ANOVA of KDEs were also significantly different for the 95%
KDE comparisons (all observations: df =1, SS = 48482471542, MS = 48482471542, F-value = 13.4580, P
=0.0037; reduced juvenile observations: df =1, SS = 55787871816, MS = 55787871816, F-value = 8.7873,
P = 0.0129) and for both 50% KDE comparisons (all observations: df = 1, SS = 2263089573, MS =
2263089573, F-value = 12.9824, P = 0.0041; reduced juvenile observations: df =1, SS = 3291909475, MS
= 3291909475, F-value = 6.5671, P = 0.0264).
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The two-sample t-tests on log-transformed measures revealed that all estimates of home range
size were significantly different between hatchlings and juveniles, including comparisons between
hatchlings and all juvenile observations, and comparisons using only the first 22 locations of each
juvenile (Table 2).

Table 2. Home range size (ha) comparison by age of six hatchling and seven older juvenile wood turtles
(Glyptemys insculpta) from Iowa during 2014-2024. Data include mean (+ standard deviation [SD]) of 100%
minimum convex polygon (MCP), 95% MCP, 50% MCP, and 95% and 50% kernel density estimators (KDE). For
a more meaningful comparison to the hatchling data, juvenile data is presented separately for the first 22
locations only, as well as all locations. The t-value (f), degrees of freedom (df) and probability values (p-value)

are also presented. All comparisons were highly significantly different.

Hatchlings Juveniles
(n=6) (n=7)
All locations (ha+

SD) 22 locations only (ha+ SD) t df p-value

100% MCP 0.1764 + 0.0542 3.9568 +2.1583 -11.96 11 <.0001
95% MCP 0.1620 = 0.0578 2.6010 +2.5863 -6.41 11 0.0001
50% MCP 0.0575 +0.0399 0.8221 +0.8687 -3.68 11 0.0036
95% KDE 0.9150 + 0.4052 14.0557 +10.7822 -7.92 11 <.0001
50% KDE 0.2224 +0.0819 3.4144 + 3.0306 -7.50 11 <.0001

All locations (ha+

SD) All locations (ha+ SD) t df p-value
100% MCP 0.1764 + 0.0542 5.7616 + 3.1944 -13.39 11 <.0001
95% MCP 0.1620 + 0.0578 4.4445 + 3.5025 -6.91 11 <0001
50% MCP 0.0575 +0.0399 1.1612 + 0.9869 -5.30 11 0.0003
95% KDE 0.9150 + 0.4052 13.1651 + 8.1184 -8.97 11 <0001
50% KDE 0.2224 +0.0819 2.8690+ 1.7861 -8.43 11 <0001

Repeated measure single factor ANOVA also revealed that age class significantly affected LHR
for all hatchling and all juvenile observations (df =1, SS = 416279.8, MS = 416279.8, F-value = 42.0390,
P <0.0001), and for all hatchling and the first 22 locations of each juvenile only (df =1, S5 =372123.4,
MS = 372123.4, F-value = 40.1283, P <0.0001). Comparisons between all juveniles and first 22 juvenile
locations only were not significantly different for LHR (df = 1, SS = 1340.6, MS = 1340.6, F-value =
0.0822, P =0.7792). Two-sample t-tests also revealed significant differences between the mean values
of hatchling and juvenile LHR (all hatchling and all juvenile observations: df =7, t-value = -6.9523, P
=0.0002; all hatchling and the first 22 juvenile locations only: df =7, t-value = -6.7863, P = 0.0003).

Repeated measure single factor ANOVA also revealed that SHR was significantly different
between all hatchling and all juvenile observations (df = 1, SS = 648145.8, MS = 648145.8, F-value =
38.0645, P = 0.0001), and for all hatchling and the first 22 locations of each juvenile only (df =1, SS =
533790.8, MS = 533790.8, F-value = 27.0567, P = 0.0001). For SHR, comparisons between all juveniles
and first 22 juvenile locations only were not significantly different (df =1, SS=6007.1, MS = 6007.1, F-
value = 0.1796, P = 0.6792). Two-sample t-tests also revealed significant differences between the mean
values of hatchling and juvenile SHR (all hatchling and all juvenile observations: df = 6, t-value = -
6.6964, P = 0.0005; all hatchling and the first 22 juvenile locations only: df = 6, t-value = -5.6469, P =
0.0013).
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3.5.2. Categorical Habitat Usage

The 2 tests were highly significantly different (P <0.0001) for each comparison, indicating that
hatchlings and juveniles utilized habitat types independently. Comparisons included all aquatic
versus terrestrial observations of hatchlings and juveniles (df = 1, x2 = 154.2, P <0.0001), all
observations of hatchlings and all observations of juveniles during the Postnesting and Prebrumation
periods only (df =1, x2=101.7, P <0.0001). In addition, x?tests between all observations of hatchlings
and juveniles for all four habitat categories revealed independence (df =3, x>=29.1, P <0.0001) as well
as all observations of hatchlings and observations of juveniles only during the Postnesting and
Prebrumation periods only for all four habitat categories (df =3, x>=414.7, P <0.0001).

3.5.3. Distance from Water

The repeated measures single factor ANOVAs revealed that mean distance from water was
significantly different between hatchlings and juveniles for all observations (df = 1; SS =9800.7, MS =
9800.7, F-value = 15.8194; P <0.0001), for terrestrial observations only (df = 1; SS = 12800.4, MS =
12800.4, F-value = 15.8357; P <0.0001), for all hatchling observations and all juvenile observations
during the Postnesting and Prebrumation periods only (df = 1; SS = 6247.4, MS = 6247.4, F-value =
11.9168; P <0.0006), and for terrestrial hatchling observations only and terrestrial juvenile
observations during the Postnesting and Prebrumation periods only (df = 1; SS = 10516.7, MS =
10516.7, F-value = 14.8475; P = 0.0002).

All mean distance from water t-test post-hoc comparisons between hatchlings and juveniles
were highly significantly different (P <0.0001) and met the Bonferroni adjustment criteria, except for
the mean differences between all juvenile observations and all juvenile observations during the
Postnesting and Prebrumation periods only (P = 0.5690) and terrestrial only juvenile observations
and terrestrial only juvenile observations during the Postnesting and Prebrumation periods only (P
=0.9387).

4. Discussion

A recent habitat suitability modelling study indicated that Iowa has the lowest probability of
Wood Turtle occupancy of any of the midwestern states [3]. Our study analyzed estimated home
range sizes and habitat usage of seven of the 10 juvenile turtles encountered in Iowa during an over
20-yr monitoring program. During that period, only one wild hatchling has ever been discovered, so
these data represent a comprehensive analysis of the spatial ecology and habitat usage of the
youngest age classes of Wood Turtles in lowa. Hatchling Wood Turtles generally stayed close to the
nest site and only one entered the stream immediately after release (Figure 6). For the first two weeks
after release, hatchlings mostly were terrestrial. They remained highly cryptic and often buried in the
sand of the nesting beach, or under vegetation or woody debris (Figure 7). Although we did not
quantify habitat availability, multiple areas of each habitat type were present within the mean LHR
distances of both age classes. Hatchlings generally remained close to the stream and mostly occupied
riverbank habitats until early October, when they became primarily aquatic.
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Figure 6. (a) Hatchling wood turtles (Glyptemys insculpta) with radio transmitters released at the nest site on 17
September 2015; (b) only one of eight hatchlings immediately entered the stream after release. Photos by Sam
Berg.
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Figure 7. Hatchling wood turtles (Glyptemys insculpta) from Iowa utilizing terrestrial habitats one week after
release on 24 September 2015. (a) Hatchling partially buried on open sand near the nest site, 13.0 m from the
stream; (b) hatchling partially buried under woody debris in a deciduous forest area, 29.0 m from the stream; (c)
hatchling using a grass and forb clearing 16.0 m from the stream. Photos by Joshua Otten.

Older juvenile Wood Turtles were more active than hatchlings and ventured farther from the
stream and often utilized open canopy grassland habitats during active periods of the annual cycle
(Figure 8). Despite high predation levels on nests and adults at these sites, we did not observe a
juvenile mortality during the 10-yr study period. In the present study, juveniles were located in
terrestrial habitats more frequently than hatchlings during the summer Postnesting and fall
Prebrumation activity periods, when adult Wood Turtles at these sites become highly aquatic [5]. On
average, juveniles were located farther from water than the hatchlings, but their mean distance from
water was similar to that of adults in Iowa [5,29].
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(a) T )

Figure 8. Juvenile wood turtles (Glyptemys insculpta) from Iowa utilizing terrestrial habitats. (a) 12-yr-old juvenile
basking next to vegetative cover on a sandy streambank 13.0 m from the stream edge in June 2016; (b) 11-yr-old
juvenile using an upland mixed grass and forb clearing near the edge of a forested area, 90.0 m from the stream
during July 2025. Photos by Jeff Tamplin.

4.1. Comparisons with Other Hatchling and Juvenile Wood Turtle Studies

Hatchling Wood Turtle home ranges were substantially smaller than the older juveniles and the
limited movement patterns of hatchlings were consistent with the few existing spatial ecology studies
for this species on this youngest age class [7-11]. On average, hatchlings in Iowa took approximately
2 weeks to enter the stream even though it was within 10 m of the release site. In New Hampshire, 12
hatchlings took 1-24 days to reach the stream (mean = 6.2 d) but the nest sites were in an upland area
over 100 m from the stream [7]. In New Jersey, only three of 10 hatchlings that were released at the
nest site reached the nearest stream during the 14-63 d radio tracking period; at this site, hatchlings
moved 49-90 m to reach the stream [8]. In Virginia, hatchlings took 1-28 days to reach the stream
(mean =9.0 d) [10,11]. Although there is variability among clutch mates in all of these studies, clearly
most Wood Turtle hatchlings do not immediately head directly for water after hatching. Our result
that hatchlings used riverbank habitat more frequently than other habitats may be more a function
of the nest location and the limited movements of hatchlings than specific habitat preferences.

Juvenile MCPs were similar to values determined by Otten et al. [2] using a subset of these same
individuals at two of the three sites analyzed in this study. Otten et al. [2] determined that larger
juvenile Wood Turtles exhibited limited movement compared to adults, especially adult males, but
100%, 95% and 50% MCP home ranges and SHR were similar between juveniles and adult females.
Another study in Wisconsin of 7-9-month-old juvenile Wood Turtles documented small movement
distances but did not calculate MCPs or KDEs [6].

Consistent with other studies on Emydine turtles, our home range estimates were substantially
larger for the KDE method than for the MCP method, largely because KDE methods are more
sensitive to multiple points within a small area [13,20,40]. Hatchling 95% KDE was six times larger
than 95% MCP, and 50% KDE was four times larger than 50% MCP. Including all observations,
juvenile 95% and 50% KDEs were three times larger than 95% and 50% MCPs, respectively. For our
reduced juvenile observations, KDEs were five (95%) and four (50%) times larger than MCP
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estimates. We consider our MCP values to be a more accurate characterization of Wood Turtle space
use during the study.

Older juvenile Wood Turtles at all three sites used inland grass and forb clearings with low
canopy cover and dense ground cover for basking and foraging more frequently than hatchlings,
although grass and forb clearings were available to the hatchlings. This may have been a function of
the ability of larger juveniles to move longer distances and to seek areas with dense ground cover
and open canopy that facilitate thermoregulation while still avoiding predators. In Wisconsin, 7-9-
month-old juveniles used “ecotone” areas of Alder (Alnus rugosa), Reed Canary grass, and Meadow
Willow (Salix petiolaris) more frequently than open grasslands, riverbank areas (“wet channel
margin”), or the stream [6]. Although willow stands exist along riverbanks at the BC site and are used
by juveniles and adults, stands of Alder and this exact habitat mixture do not exist at our Iowa sites.
In Ontario, Canada, hatchlings preferred “riparian floodplain” habitat over the broad categories of
stream, upland open, and upland forest areas, with the latter habitat being preferred least [9].

4.2. Comparisons with Adult Wood Turtle Studies

Mean 100% MCP of hatchling Wood Turtles in Iowa were 137 times smaller than those of adult
males and 48 times smaller than those of adult females at these same sites. Similarly, 95% and 50%
MCPs of hatchlings were 129 times (males) and 39 times (females) smaller than adults [2]. The tiny
home ranges of hatchlings in the present study are smaller than any other home range estimates for
this species in any other published study, including the previously smallest known values (0.3 ha +
0.2 SD for males and 0.5 ha + 0.3 SD for females) of adults from Wisconsin [47]. Our MCP values for
older juveniles, although similar to those of adult females in Iowa, were considerably smaller than
the values for adults of either sex that have reported in the literature. Across 16 published studies,
the mean values for 95% MCP (the most commonly reported metric) of adult females is 12.7 ha (range
=0.5-29.4 ha) and 19.2 ha (range = 0.3-35.6 ha) for adult males [29]. A long-term multi-decade study
of adults from Massachusetts produced a mean 95% MCP of 13.1 ha (+ 10.7 SD) for adult females and
a mean 95% KDE of 36.1 ha (+ 19.2 SD) (males were censured from the analysis) [40].

The average mean LHR from seven studies is 657 m (range = 435-866 m) for adult females and
1,028 m (range = 481-1,531 m) for adult females. Our LHR values for hatchlings are seven times
smaller than those of adult females and ten times smaller than those of adult males. Our LHR value
for juveniles is 1.4 (females) and 2.2 (males) times smaller than those of adults [29]. Hatchling SHR
values in our study were 17-19 times smaller than adults of both sexes from New Hampshire,
Massachusetts, and Vermont, and 36 times smaller than adult males in Massachusetts [35,48].
Juvenile SHR values our study were 100-300 m smaller than juveniles and adult females in Otten et
al.’s [2] lowa study and 200-900 m smaller than those of adults from New Hampshire, Massachusetts,
and Vermont [35,48]. The SHR of adult males in Iowa was significantly larger than those of juveniles
and adult females, and juvenile SHR in our study was approximately 1,110 m smaller [2].

In Iowa, and across their range, sex influences the proportion of aquatic and terrestrial habitat
usage in adults, with males being more aquatic [5,13,49,50]. Our study suggests that age class may
also influence these broad habitat preferences. During the fall Prebrumation period when Wood
Turtles are primarily aquatic, hatchlings (60.2% of 69 observations) and juveniles (71.0% of 69
observations) in the present study used aquatic habitats less frequently than adults (77% of 179
observations) at these sites [5]. In northeastern Minnesota, adults of both sexes used lotic water
heavily during all active periods [50]. In terrestrial habitat, adults had positive habitat associations
with open canopy terrestrial areas, but preferences for mixed deciduous and coniferous forest were
only positive among adult females. Both sexes displayed negative habitat associations with
coniferous forest and deciduous forest at Minnesota sites [50]. In West Virginia, canopy cover and
ground cover were correlated with adult Wood Turtle presence; turtles preferred areas with tall, thick
herbaceous vegetative cover, and forested areas with high tree species richness and used open
terrestrial areas bordering streams [51].
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When in terrestrial habitat, the mean distance from water for juveniles in the present study was
intermediate between the mean values of 71 adult females (46.3 m; n = 2,307) and the mean value of
57 adult males (20.7 m; n = 1,051) in Iowa [29]. Our values for juveniles were similar to adults (28.4
for males and 37.3 m for females) in Minnesota, but substantially less than the mean distances (85.67
for males, 139.8 for females) in West Virginia [50,51].

4.3. Conservation and Management Implications

Our results can be used to better understand the spatial ecology and habitat usage patterns of
subadult Wood Turtles in Iowa and reveal how home range size and the utilization of habitat differs
between recently hatched individuals and older juveniles. Hatchling Wood Turtles in lowa remained
within 150 m of the nest site until they became dormant for the winter and, among terrestrial habitats,
used riparian locations more frequently than older juveniles. Despite most hatchlings not entering
the stream for the first two weeks, during active periods hatchlings utilized aquatic habitats more
frequently than juveniles before becoming dormant for the winter. In this study, hatchlings had
miniscule home range sizes centered around the nest site and their MCPs and KDEs were several
orders of magnitude smaller than those of older juveniles and the adults that have been monitored at
these sites for over 20 yrs [2] (J. Tamplin, unpublished data). Thus, protection of nesting areas is
crucial to not only current and future generations of Wood Turtles, but also to previous clutches of
hatchlings that are likely to remain within a few hundred m of nest sites for at least the first 6 months
of life.

Juvenile Wood Turtles had larger home ranges than hatchlings but were still smaller than the
home range sizes of adults in lowa, particularly those of adult males [2]. On average, juvenile turtles
were twice as far from water and used grass and forb clearings more frequently than hatchlings.
Because Wood Turtles are an “edge species” that often occupy habitat transitions, the protection and
maintenance of open canopy areas with dense grass and forb ground vegetation along forest edges
is essential to enhance the habitat diversity that is used by both older juvenile and adult Wood Turtles
[5]. Our findings can be utilized by conservation managers for habitat restoration projects, including
maintenance of forest succession, maintenance of natural nesting sites and the establishment of
artificial nesting areas, and to develop a better understanding of the amount of space that is utilized
by young Wood Turtles whose habitat usage changes seasonally and whose home ranges center on
flowing water habitats.

Although some recent studies suggest that adult survivorship of Glyptemys insculpta, and
broadly other turtle taxa, may be more important to population persistence than hatchling and
juvenile recruitment [52,53], the fact remains that future turtle populations cannot exist without at
least some level of recruitment. Thus, knowledge of hatchling and juvenile spatial ecology and habitat
usage is essential for effective management of this imperiled species. This may be particularly
important for species when the ecological patterns of young age classes differ from those of adult
turtles.
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