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Observations of the Population Ecology of 
Three-Toed Box Turtles in Small, Urban Forest Fragments

INTRODUCTION
Urbanization is responsible for habitat loss 

and population declines in many species due to 
fragmentation and conversion of natural lands to 
residential or industrial land uses (Berry, 1990; 
Mitchell and Brown, 2008). While urbanization has 
been implicated in declines, limited research on 
turtles in developed landscapes had been conducted 
(Budischak et al., 2006). An increasing focus on 
urban populations of the Eastern Box Turtle Ter-
rapene carolina carolina is allowing researchers to 
establish some generalities concerning the ecology 
of the species in developed landscapes. Survival 
is similar to values reported for wild populations 
(Brisbin et al., 2008) and density is dependent 
upon habitat fragment size (Ferebee and Henry, 
2008; Nazdrowicz et al., 2008; West and Lukowski, 
2016). There is a trend towards male biased sex 
ratios in some populations (Nazdrowicz et al., 
2008; West and Lukowski, 2016). Males have 
been reported to move more than females (Iglay 
et al., 2007). Seasonally though, females may be 
more active as they attempt to fi nd suitable nest-
ing sites. Kipp (2007) reported that females made 
long distance movements to fi nd suitable nesting 
sites and Brisban et al. (2008) stated that females 
were more commonly observed crossing streets 

than males. Lack of suitable nesting sites may be a 
limiting factor in urban environments, with females 
experiencing an increased risk in mortality (Kipp, 
2007; Brisban et al., 2008). 

 While an ever-increasing amount of work has 
focused on urban populations of the Eastern Box 
Turtle, little research has focused on the more 
westerly occurring sub-species, the Three-toed 
Box Turtle T. c. triunguis, in either wild or urban 
settings. As part of a hands-on learning experi-
ence, undergraduate students at Lincoln University 
in Jefferson City, MO, USA sought to study the 
demography and movement patterns of Three-
toed Box Turtles in a highly fragmented urban 
environment. 

METHODS
Lincoln University (LU), Jefferson City, Missouri is 

bordered to the south and west by wooded residen-
tial neighborhoods. Our study sites consisted of two 
woodland fragments owned by LU and were located 
within this residential/ woodland matrix (Figure 1). 
The smallest site (Dickinson) occupies 7.4 ha of a 
10.2 ha plot. Vegetation within the Dickinson site 
is predominately hardwoods, with large patches of 
invasive Bush Honeysuckle (Lonicera sp.). Roughly 
half the site consists of a greenhouse, small fi eld, 
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ABSTRACT

While there is ever-increasing research on the effects of urbanization of Eastern 
Box Turtles (Terrapene carolina carolina), little information is present on the 
ecology of the more westerly occurring Three-toed Box Turtle (T. c. triunguis) 
living within city boundaries. As part of an 18-month undergraduate-led proj-
ect, we studied the population structure and home range size of Three-toed 
Box Turtles at two woodland fragments in Jefferson City, Missouri. Using both 
mark-recapture techniques and radio telemetry we determined that both 
density and home range for each fragment was possibly constrained by frag-
ment size. Female turtles had lower survivorship than males, and older age 
classes were male biased. All turtles used residential properties frequently, 
as the properties may subsidize food and water requirements for the turtles. 
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and parking lot. The larger Hill site was a 14.7 ha 
plot located within a larger 25.8 ha fragment. Bush 
Honeysuckle encroachment on the Hill site was not 
as extensive as on Dickinson, but a dense stand of 
Red Cedar (Juniperus virginiana) is present within 
the center of the plot. 

Turtles were encountered during foot searches 
of each site, or serendipitously while conducting 
radio telemetry. For each turtle encountered we 
recorded sex, mid-line carapace length (MCL), 
plastron length (PL), height, and mass. We also 
recorded any damage observed, or signs of at-
tempted predation (teeth and chew marks). All 
individuals were given a unique mark by notching 
marginal scutes with a triangular fi le. Annuli was 
counted on the 3rd and 4th costal scutes to deter-
mine size-age relationships. While annuli have 
not been validated for Three-toed Box Turtles we 
felt the data acquired, even with some deviation, 
would provide information in regards to age at 
maturity. We calculated population size using the 
Chapman modifi cation of the Lincoln-Peterson 
population estimator for small sample sizes (Seber, 
1982), using summer of 2011 as a mark period 
and the summer of 2012 as the recapture period. 
We calculated apparent survivorship and recapture 
probability using Cormack-Jolly-Seber models in 

Program MARK assuming constant survival and 
recapture rates (Lebreton et al., 1992).

A subset of adult turtles was fi tted with Holohil 
R1-2B transmitters (Holohil Systems Ltd., Ontario 
Canada). We attached the transmitters to the 1st 
costal scute with quick setting gel epoxy (Figure 2). 
Turtles were typically located twice monthly during 
the active season and monthly during the winter. 
At each turtle location, we recorded canopy cover 
using a concave forestry densiometer (Lemmon, 
1957) at waist height. We also noted whether the 
turtle was in the open or buried under vegetation 
at the time the location was recorded. We then 
calculated minimum convex polygon (MCP) home 
ranges for each turtle. Mean home range sizes were 
compared between sexes and sites using t-tests 
with α = 0.05. 

RESULTS
We made 82 captures of 59 individual box 

turtles (34 males, 25 females, and 3 unknown sex 
juveniles) between 19 April 2011 and 2 August 
2012. We captured more males than females, 
although the difference was not signifi cant (Table 
1).  The population estimate for the Hill site (34 
±14.7; 2.3 turtles/ha) was nearly twice that of 
the smaller Dickinson site (18.2 ±5.4; 2.5 turtles/
ha), although densities were nearly identical. Due 
to small sample sizes, we pooled all turtles from 
both sites to calculate survivorship and recapture 

Figure 1. Aerial photograph of the two urban Three-
toed Box Turtle study sites in Jefferson City, Mis-
souri. The checkered line denotes the perimeter of 
the Dickinson Site, and the solid line the Hill Site. 

Figure 2. Transmitter placement on Three-toed Box 
Turtles at two sites in Jefferson City, MO. 

Table 1. Sex ratios of Three-toed Box Turtles on 
woodland habitat fragments in Jefferson City, MO. 

 Males:Females χ2 P df

Dickinson 11:7 0.889 0.348 1
Hill 23:18 0.610 0.434 1
Pooled 34:25 1.373 0.241 1
Pooled 20+ Annuli 9:3 3.000 0.083 1

Table 2. Apparent survivorship (ɸ) and recapture 
probability (p) ± 1 standard error for Three-toed 
Box Turtles on woodland habitat fragments in Jef-
ferson City, MO.

 ɸ P

Male 1.00 ±0.12 0.08 ±0.04
Female 0.77 ±0.67 0.12 ±0.16
All Turtles 1.00 ±0.01 0.08 ±0.04
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Figure 3. Age frequency distributions by sex based 
on annuli counts for Three-toed Box Turtles at two 
sites in Jefferson City, MO.

probabilities. Recapture probabilities were low, 
and survivorship was high, 1.00 ±0.01 for both 
sexes pooled (Table 2). Survivorship was lower for 
females than males.

We could identify and count to 20 annuli before 
the annuli became too crowded to differentiate be-
tween growth lines, or the shell to worn to observe 
annuli (Figure 3). Older age classes were male 
biased (Table 1). There was no signifi cant differ-
ence in morphometric measurements between 
male and female turtles (Table 3). 

We affi xed radio transmitters to 10 males and 10 
females between 21 March 2012 and 22 October 
2013. Five turtles (2 males: 3 females) were lost 
soon after being outfi tted with transmitters, so 
were excluded from analyses. We tracked turtles 
for an average of 563 days (range 514-580 days) 
and obtained an average of 24 locations per turtle 
(range 16-32 locations).  Minimum convex polygon 
home ranges were nearly three times larger on 
the Hill site (1.59 ha ±0.44) than on the smaller 
Dickinson site (0.46 ±0.08). There was not a dif-
ference in home range size between males and 
females on the Dickinson site, but males had 
signifi cantly larger home ranges than females on 
the Hill site (Table 4). Males from the Hill site had 
signifi cantly larger home ranges than males from 
the Dickinson site (Table 4). There was not a dif-

ference in female home range sizes between the 
two sites (Table 4). 

Mean canopy cover at tortoise locations was 
79% ±32%. We located turtles on private prop-
erty 85 different times. One turtle overwintered 
on a private residence. There were 247 locations 
on LU property and turtles were observed under 
cover (partially buried under leaves) 181 times. 
Of the 66 observations of turtles in the open, we 
observed turtles mating on 7 occasions, between 
1 April and 30 May. One mating observation was 
also made on 8 October.  Hibernating turtles were 
typically found beneath 150-200 mm of leaf litter.  

No marked or telemetered turtles were observed 
moving between sites. Two female road mortalities 
were observed near the Hill site during this study. 
Neither carcasses showed evidence of notching, 
so most likely represented unmarked individuals. 
Eight turtles (3 males: 5 females) exhibited chew 
marks consistent with mesocarnivores on their 
carapaces. 

DISCUSSION
While the study was short (18 months), the data 

collected elucidates important information concern-
ing the ecology of Three-toed Box Turtles in urban 
environments. Habitat use mirrored what is known 

Figure 4. A Three-toed Box Turtles resting in a 
“form” on 27 March 2012 at the Dickinson site, Jef-
ferson City, MO. 
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Table 3. Means comparisons between sexes of mor-
phometric variables collected for Three-toed Box 
Turtles on woodland habitat fragments in Jefferson 
City, MO. Shell measurements are in mm and mass 
in g (± 1 SE). 

 Male Female t P

Carapace Length 141 ±9  144 ±12 -0.215 0.830
Plastron Length 133 ±1 129 ±5 0.826 0.411
Shell Height 67 ±1 70 ±2 -1.270 0.208
Mass 484 ±14 501 ±24 -0.594 0.554

Table 4. Mean Home Range Size comparisons be-
tween sites and sexes for Three-toed Box Turtles 
on woodland habitat fragments in Jefferson City, 
MO. Home range sizes are reported in ha (± 1 SE).
 Male Female t P

Dickinson 0.44 ±0.15 0.49 ±0.27 2.91 0.29
Hill 2.29 ±1.29 0.89 ±0.82 -1.69 0.09

 Dickinson Hill
  
Male 0.44 ±0.15 2.29 ±1.29 -2.41 0.03
Female 0.49 ±0.27 0.89 ±0.82 -0.80 0.22
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for wild populations. Both Eastern Box Turtles and 
Three-toed Box Turtles inhabit mesic forests with 
relatively closed canopy, sparse understory, and 
well defi ned leaf litter (Dodd, 2001). Turtles spend 
a considerable time amount of time sleeping or 
avoiding unfavorable conditions under a thin layer 
of leaf litter, also called a “form” (Stickel, 1950). 
Many observations for telemetered animals were 
individuals resting under a thin layer of leaves at 
sites with dense canopy cover (Figure 4). Turtles on 
the Dickinson site were typically located within or 
near dense stands of Bush Honeysuckle. Three-toed 
Box Turtles then are quite cryptic, which contributes 
to their low encounter rates. Serendipitous en-
counters of active turtles typically occurred during 
warmer spring or fall months. Relative humidity 
is thought to greatly infl uence activity patterns 
(Reagan, 1974), and mate searching, courtship, 
and mating can take place anytime during the 
active season during suitable conditions (Dodd, 
2001). We observed mating activity in April, May, 
and October (Figure 5). Dolbeer (1970) reported 
hibernating turtles resting 6-7 cm under thick mats 
of leaf litter. We made similar observations of our 
hibernating turtles.      

While suitable habitat is present within our urban 
woodplots, the small fragmented size and proximity 
to roads and residential developments may hinder 
population persistence. Home range sizes were 
constrained by fragment size, at least for males, 
and population densities were also constrained by 
fragment size and much lower than for wild popu-
lations. Populations densities for wild Three-toed 
Box Turtles in Missouri ranged from 18.4-26.9/ 
ha (Schwartz et al., 1984). Population densities 
for wild populations of the nominate Eastern Box 
Turtle ranged from 2.7-22.7/ha across their range 
(Dodd, 2001). Nazdrowicz et al. (2008) reported 
similar low densities, 0.81-3.62/ha depending on 
fragment size, for Eastern Box Turtles in Delaware. 

Turtles at our sites may be reliant upon residen-
tial locations for meeting nutritional and nesting 
requirements. Donaldson and Echternacht (2005) 
reported uneven home range use by Eastern Box 
Turtles in Tennessee, where a disproportionate 
amount of time was spent near wet areas. Four of 
our telemetered turtles frequented one particular 
residence during their active season. A landscap-
ing pond was maintained on the residence, and 
the homeowner reported to us that he regularly 
fed the local box turtles commercial dog food. Box 
turtles will also use urban gardens as food sources 
as well (Budischak et al., 2006). 

Preferred nesting sites, at least for Eastern 
Box Turtles are sites with open canopy or forest 
edge (Congello, 1978; Kipp, 2007). Within urban 
habitats, these open canopy sites are most likely 
to be found along boundaries with residences and 
road edges. Females will make long movements, 
445-774 m, outside of their normal home ranges 
to fi nd suitable nesting habitat (Stickel, 1950; Kipp, 
2007). Males typically move more (Iglay et al., 
2007) but females tend to have higher encounter 
rates as they search out these more open habitats 
(Brisbin et al., 2008). In our study, males on the 
larger Hill site did have larger home ranges than 
females, but female encounter rates were slightly 
higher than that of males. This increase in encounter 
rates is thought to lead to an increase in female 
mortality, as it brings them closer to roads and 
increases exposure to predation (Brisbin et al., 
2008). Females did exhibit lower survival in our 
study population. Movements related to locating 
suitable nest sites does lead to increased female 
mortality across a suite of aquatic and semi-aquatic 
turtles (Aresco, 2005; Gibbs and Steen, 2005). 
Turtles on site did exhibit signs of attempted preda-
tion, and Raccoons (Procyon lotor) and domestic 
dogs (Canis lupus familiaris) were present on site. 
Increased movements while nesting may increase 
exposure of female box turtles to predation. In-
creased predation of females due to increased 
pre-nesting foraging has also been observed in 
Gopherus morafkai (Riedle et al., 2010). This skew 
towards a male biased population could be due to 
increased female mortality, resulting from nesting 
movements.

Regardless of cause of mortality, elevated mortal-
ity rates in females do raise concerns for the long-
term viability of these populations. A population 
viability analysis of Florida Box Turtles (Terrapene 
carolina bauri) reports that annual losses > 3.8% 
results in declining populations (Dodd et al., 2016). 
If one considers the loss of the two road kill females 
observed during this study, that would be equal to 

Figure 5. A telemetered female and unmarked male 
observed copulating on 1 April 2012, on the Dickin-
son site, Jefferson City, MO.
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5.8% of the Hill site population. Sustained losses 
at this level would put these urban populations 
at jeopardy. 
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