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Abstract—The Eastern Box Turtle, Terrapene carolina carolina, is a species of concern in Tennessee, USA, due to
population declines. These declines are primarily due to anthropogenic causes including, but not limited to, habitat
fragmentation as a result of urbanization, road mortality, and disease. Demographic and natural history data are
lacking for 7. c. carolina populations in Tennessee and are much needed for conservation and preservation of the
declining populations. We collected demographic data for monitoring a 7. c. carolina population in a relictual, sub-
urban, wetland habitat in Murfreesboro, Tennessee, USA. The demographic characteristics we recorded included
population density, age class, sex ratio, and body size measurements. We estimated the population density to be
approximately 14.0-15.5 turtles per ha. The age class structure of located turtles was negatively skewed and lep-
tokurtic, with most turtles falling within the middle age class (10—14 y). The sex ratio of located turtles from both
2013 and 2014 was 1.26 male:1 female. For body size, the only variable that differed between males and females
was straight-line carapace length, with males exhibiting a longer carapace length than females. The data collected

herein will be important for monitoring and conserving this and other box turtle populations.
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INTRODUCTION

The Eastern Box Turtle, Terrapene carolina caro-
lina, is one of six subspecies of box turtles belonging to
the family Emydidae and is currently in decline across
its range. It is considered to be Vulnerable by the Inter-
national Union for the Conservation of Nature (IUCN),
is on the Red List of Threatened Species (2013; Ter-
rapene carolina. Available from www.iucnredlist.org
[Accessed 1 March 2015]), and is a Species of Greatest
Conservation Need (SGCN) in Tennessee (Tennessee
State Wildlife Action Plan Team 2015), USA. Terra-
pene c. carolina numbers are in decline mainly due to
habitat fragmentation caused by urbanization (Budis-
chak et al. 2006), vehicle mortality (Stickel 1978; Gibbs
and Shriver 2002), and ranaviral infection (Allender et
al. 2006; Allender et al. 2011). Few studies have ana-
lyzed demographic characteristics of 7. c. carolina pop-
ulations in Tennessee, and yet this information is critical
for monitoring and conservation efforts, not only in Ten-
nessee but for the entire geographic range of the species
(Weiss 2009). Because of the status of 7. c. carolina
as a species of concern in Tennessee, it is even more
important to have baseline demographic characteristics
so that populations in Tennessee can be assessed for de-
mographic variation among populations and monitored
for demographic changes within populations.

Population density estimates for 7. c. carolina are
quite variable: 9.9—12.4 per ha in Maryland, USA,
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(Stickel 1950), 8.9-10.5 per ha in Indiana (Williams
1961), USA, 18.8-22.7 per ha in east Tennessee (Dol-
beer 1969), and 2.7-5.7 per ha in Indiana, with a decline
occurring across a > 20 y span from 1960-1983 (Wil-
liams and Parker 1987). Therefore, it would be hard
to predict what the population density of turtles in any
particular field site would be. However, it is important
to have estimates of population densities so that these
numbers can be monitored for decline over subsequent
years and appropriate conservation actions can be taken
if necessary. It is also important to understand the struc-
ture (e.g., age, sex ratio) of the population in question.

Age class structure can be an important indicator of
many life-history traits including recruitment, survivor-
ship, and mortality (Hall et al. 1999; Budischak et al.
2006). Because turtles, including 7 c. carolina, are a
long-lived species (Gibbons 1987), adults typically have
a high survival rate (Stickel 1978; Hall et al. 1999; Bu-
dischak et al. 2006). However, urbanization can nega-
tively impact adult survival and growth rates (Hall et
al. 1999; Budischak et al. 2006). In addition, juvenile
turtles typically make up a small portion of population
counts due to their high mortality rates and reclusive
nature (Dodd 2001). A stable population of box turtles
should approximate a normal distribution of age classes
(Dodd 2001).

Sex ratios of adult box turtles are often male-skewed
(Dolbeer 1969; Schwartz and Schwartz 1974; Stickel
1989; Dodd 1997; Hall etal. 1999). However, in a natural
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population, the sex ratio should approximate 1:1 (Fisher
1958), which is also quite common for 7. ¢. carolina
(Stickel 1950; Williams and Parker 1987; Stickel 1989;
Weiss 2009). Sex ratio estimates can fluctuate depend-
ing on several factors including age and size at which
sexual maturity is reached, temperature-dependent sex
determination (TSD), sampling methods, sampling bias,
and anthropogenic influence (Dodd 1997). Several
studies have indicated that nest site selection may be the
most influential factor affecting sex ratio in 7. c. caroli-
na (Dodd 1997; Dodd 2001; Weiss 2009). Terrapene c.
carolina exhibit TSD, where male box turtles develop in
cooler temperature conditions (22.5-27.0° C; Ewert and
Nelson 1991), typical of internal forest habitat, which
is often the habitat of choice for Eastern Box Turtles
(Dodd 1997; Weiss 2009). However, nesting may occur
outside of the shady, forest habitat, either in open fields
(Flitz and Mullen 2006) or in sunny clearings within the
forest (Congello 1978), resulting in a more even mix of
sexes, or possibly more females. In addition, it is typical
for male box turtles to have a longer straight-line cara-
pace length (SLCL) but a shorter carapace height than
females (Legler 1960; Stickel and Bunck 1989; Dodd
1997; Weiss 2009).

Ultimately, all of the aforementioned demographic
characteristics are important and useful for understand-
ing population structure, monitoring populations, and
implementing conservation and preservation practices
when and where necessary. With declining populations
in mind, the general purpose of our study was to obtain
demographic data for 7. c¢. carolina in a relictual (Mc-
Intyre and Hobbs 1999), suburban, wetland habitat of
Middle Tennessee. Because this species is a SGCN, it is
important to have baseline demographic data for moni-
toring.

MATERIALS AND METHODS

Field site and study organism—We studied a popu-
lation of 7 c. carolina in a relictual, suburban, wetland
habitat, Nickajack Trace and Black Fox Wetlands (Nic-
kajack), in Murfreesboro, Tennessee, USA. Nickajack
is a 23.5 ha forested, wetland habitat that is cut into two
sections by a residential road, and it is almost complete-
ly surrounded by a suburban housing community. The
edges of Nickajack are made up of horse fields and the
backyards of the surrounding community, and it is only
a small patch of remaining forest with few connections
to other forested areas. This site is described as relic-
tual because < 10% of the original habitat remains (Mc-
Intyre and Hobbs 1999). One side of the road contains
a small pond fed by Black Fox Spring, and is 3.5 ha in
size (U.S. Army Corps of Engineers 2000). The area on
the other side of the road is 20 ha and has a creek (Lytle
Creek) running through the interior of the forest (U.S.

Army Corps of Engineers 2000). Nickajack is predomi-
nantly a Hardwood Forest with large areas of Palustrine
Emergent and Forested Wetlands (U.S. Army Corps of
Engineers 2000). It is also heavily invaded by privet
(Ligustrum spp.; U.S. Army Corps of Engineers 2000).
Nickajack is home to many forms of wildlife, including
various fish species, small and large mammals, various
herpetofauna, and a diverse array of birds (U.S. Army
Corps of Engineers 2000). Based on previous monitor-
ing efforts at our field site (Rachel Singer, pers. comm.),
we expected the population density of 7. ¢. carolina to
be relatively high.

Mark-recapture—We captured T. c. carolina oppor-
tunistically by walking through the field site from April
to October in both 2013 and 2014. This study was done
in conjunction with another study analyzing seasonal
hormone profiles of box turtles, which led to us captur-
ing the majority of turtles during the spring (May), sum-
mer (July-early August), and fall (late September-Octo-
ber) sampling periods and from 0800—1430. During the
seasonal sampling periods, we searched for and captured
turtles on a near daily basis. During the months in be-
tween each seasonal sampling period, we still captured
turtles regularly, but not on a daily basis. In addition, we
gave more time to the 20 ha side of the field site than the
smaller 3.5 ha side because it was more common to find
turtles on the larger side. However, we still searched
and sampled regularly the 3.5 ha site. We used a modi-
fied version of the notching system by Cagle (1939) to
mark turtles by notching three marginal scutes with a tri-
angular file using a unique three letter code correspond-
ing to the chart from Somers and Matthews (2006). If
a turtle was already marked with a three letter code, we
recorded it as a recapture. We processed each turtle at
the site of encounter and then released it.

Population density—Using 2013 and 2014 monthly
data, we estimated population size using the POPAN
model (variation of Jolly-Seber model) in the program
MARK (on-line program). The POPAN model is used
as a submodule in MARK to estimate the entire popula-
tion, or Super Population, and it assumes equal survival
and catchability among the individuals of the popula-
tion in question (Wagner et al. 2011). Also, using yearly
data, we estimated the population size using the Lin-
coln-Petersen Index (Pollock et al. 1990). The equation
for the Lincoln-Petersen Index is

AT nin

N =

ma
where N is population size; 7, is the number of individu-
als marked and released in the first population sample;
n, is the number of individuals captured in the second
population sample; and m, is the number of marked in-
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dividuals from the first sampling period (n,) recaptured
during the second sampling period (Pollock et al. 1990).
The two sampling periods used for the Lincoln-Peterson
Index were 2013 and 2014. After population size was
calculated, we then calculated population density by di-
viding the population size by the size of the study site,
23.5 ha, to estimate the number of turtles per ha.

Age class and sex ratio—We estimated age by
counting the annular rings on the pleural scutes (Ewing
1939) and assigned each turtle to an age class: 04 vy,
59y, 10-14 y, 15-19 y, 20+ y (Budischak et al. 2006;
Weiss 2009). Growth rings (Germano and Bury 1998)
were counted on three to four pleural scutes to obtain
the best overall estimate of age for placement in the ap-
propriate age class. When analyzing age class structure,
we combined 2013 and 2014 captures, and we used each
turtle only once, even if it was recaptured multiple times.

We determined sex primarily by eye color and
plastron concavity, where males typically have red
eyes and a concave plastron and females typically have
brown eyes and a flat plastron (Elghammer et al. 1979;
Somers and Matthews 2006). When calculating sex
ratio, we combined 2013 and 2014 data using each turtle
only once and we compared 2013 and 2014 sex ratios
separately.

Body size and supplemental information—We
measured mass to the nearest 1 g using a 1,000 g spring
scale (Pesola, Forestry Suppliers, Jackson, Mississippi,
USA). We used digital calipers (203 mm, Neiko Tools,
Homewood, Illinois, USA) to obtain shell measure-
ments to the nearest 0.1 mm, including straight-line car-
apace length (SLCL), carapace width, carapace height,
length of hinge, length anterior to hinge (LAH), and
length posterior to hinge (LPH). After recording body
size measurements, we took photographs of shell pat-
tern and any abnormalities of each turtle. In addition,
we recorded GPS coordinates (Garmin Etrex 30, Olathe,
Kansas, USA) at the location of each captured turtle.

Statistical analyses.—We combined 2013 and 2014
data for body size measurements. We compared male
and female body size measurements and mass using the
Welch #-test (Welch 1938, 1947) to control for unequal
variances and unequal sample sizes. The sample sizes
change between variables due to missing or inaccurate
measurements on some individual turtles. We also cal-
culated skewness and kurtosis for the age class distribu-
tion. Lastly, we used a chi-square analysis to determine
if our calculated sex ratios differed significantly from a
1:1 sex ratio.

For recaptures that were only captured on two oc-
casions, we tossed a coin to indicate which data point
would be used for analyses. For any recaptures that

Number of Turtles

4

04 B5-9

Age Class (years)

010-14 g15-19 020+

Fi1GUre 1. Age class structure of the sampled Eastern Box
Turtle (Zerrapene carolina carolina) population at Nic-
kajack wetlands in middle Tennessee, USA. The numbers
above the bars indicate number of turtles in that age class.

were captured on more than two occasions, we used the
RANDBETWEEN function in Microsoft© Excel to ran-
domly select which data point would be used for analy-
ses. We did not include any turtles with undetermined
sex in analyses. Also, we did not include juveniles (<
190 g and/or < 7 y) in body size analyses. We used the
Shapiro-Wilk normality test (Shapiro and Wilk 1965;
Rose et al. 2015) to test that all datasets were normally
distributed. For all statistical tests, we set alpha to 0.05.
We present data as means = SD. We completed all sta-
tistical analyses in IBM SPSS Statistics 22 (Armonk,
New York, USA).

RESuULTS

In2013, we caught 111 turtles, and in 2014 we caught
83 turtles of which 55 turtles were new captures and 28
recaptures. We caught some individuals multiple times
across both years. Using the POPAN model in MARK,
we estimated the population size at Nickajack to be 363
turtles (SE = 56.4, 95% CI: 268.1-491.3). Using the
Lincoln-Peterson Index, we estimated the population
size to be 329 turtles. These estimates equate to densi-
ties of 15.5 and 14.0 turtles per ha, respectively.

Age class structure was non-normal (P < 0.001), and
the data was negatively skewed (skewness = -1.97) with
a leptokurtic distribution (kurtosis = 1.67). Most of the
turtles (53%, n = 85) were within the middle age class
(10-14 y; Fig. 1). There were only three turtles in the
youngest age group (0—4 vy, 2%) and four turtles in the
oldest age group (20+y, 3%; Fig. 1).
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We successfully identified 77 male and 61 female
adult turtles across the 2013 and 2014 active seasons,
which equates to a sex ratio of 1.26 male:1 female and
did not differ significantly from a 1:1 sex ratio (x> =
1.86, P = 0.173). When analyzing the years separately,
the 2013 sex ratio was 1.12:1 (n = 48 males and 43 fe-
males) and the 2014 sex ratio was 1.66:1 (n = 48 males
and 29 females). The 2013 sex ratio did not differ from
a 1:1 sex ratio (> = 0.28, P = 0.600), but the 2014 sex
ratio did (> = 4.69, P = 0.030).

Body mass did not differ between the sexes (P =
0.747), but males had a significantly longer SLCL than
females (P = 0.005; Table 1). There were no signifi-
cant sex differences in carapace width, carapace height,
length of hinge, LAH, or LPH (Table 1). However, both
LAH and LPH failed to meet the assumption of normal-
ity (P < 0.001 for both).

DiscussION

Population density.—The population density found
at Nickajack of 14.0—15.5 turtles per ha is within the
range of what has been reported. Stickel (1950) esti-
mated a population density of approximately 11 T
c. carolina per ha in an 11.8 ha site in Maryland, and
Williams (1961) estimated a population density of ap-
proximately 10 7. c. carolina per ha on a 34.4 ha study
area in Indiana. However, Dolbeer (1969) found a high
population density in Tennessee of approximately 20 7.
c. carolina/ha. In addition, a study of a 36.4 ha island
in Florida estimated a density of approximately 15 T.
c¢. bauri (Florida Box Turtle) per ha (Langtimm et al.
1996). Our field site is not an island but a small pocket
of habitat surrounded by an encroaching suburban hous-
ing community. The turtles at our field site are free to
wander out of the wetland and onto the road or into the
surrounding housing community or into adjacent for-
est corridors. Nevertheless, no road mortalities were
witnessed adjacent to the site, and there were very few
instances (three) when turtles were found on or near the

road. Supplemental telemetry data on several turtles
showed no sign of turtles ever leaving the field site to
cross the road. Turtles were occasionally found on the
edge of the site and could potentially wander into ad-
jacent backyards of the surrounding homes. However,
this was seldom witnessed and may indicate that turtles
do not venture past the edge habitat very often. Indeed,
box turtles are known to have small (1.13-1.20 ha)
home ranges (Stickel 1989) and often exhibit fidelity
to those ranges (Stickel 1950), their nesting sites (Kipp
2003), and their hibernacula (Vannatta and Klukowski
2015) and may have no need to travel out of the site. If
these statements hold true, it is possible that Nickajack
may be acting as an island for these turtles with little to
no emigration or immigration. This is something that
should be investigated further, as home range size was
not measured in this study and the adjacent forest was
not explored. This also poses an interesting question
as to whether or not gene flow is occurring between the
two areas separated by the road.

Age class—Age class structure had a non-normal
distribution, although most individuals were in the
middle age class and few turtles were in the 0—4 y age
class or the 20+ y age class. However, some studies
have found that many box turtles are in the 20+ y age
class (Budischak et al. 2006; Weiss 2009). Dodd (2001)
suggested that it is typical for a box turtle population to
have few old and few young individuals, and this sup-
ports our findings of the age class structure. Addition-
ally, finding few individuals within the 0—4 age class
is not unusual, especially because juvenile box turtles
are often reclusive and hard to find (Pilgrim et al. 1997;
Dodd 2001; Budischak et al. 2006; Weiss 2009; Ger-
mano 2014).

Henry (2003) found few 20+ y individuals in a T’ c.
carolina population in Maryland, with most individu-
als in the 8-20 y age class, similar to our study. Henry
(2003) suggested that the Maryland population may be a
temporary population that is relatively new and passing

TaBLE 1. Mean + standard deviations of body mass (g), straight-line carapace length (SLCL), carapace height and width,
length of shell hinge, length of shell anterior to hinge (LAH), and length of shell posterior to hinge (LPH) for male and
female Eastern Box Turtles (ZTerrapene carolina carolina) at Nickajack Wetlands in Middle Tennessee, USA. All shell
measurements are in millimeters. Sample sizes (), z, and P values are provided for comparison of means by sex using the

Welch #-test.

Variable Male n Female n t value P value
Body Mass 383.6+72.1 77 388.3+92.9 59 -0.32 0.747
SLCL 131.4+8.8 74 126.4 +£10.9 54 2.89 0.005
Carapace Width 99.2+6.1 77 97.8+7.6 59 1.16 0.250
Carapace Height 62.1+3.9 77 63.6 £6.0 59 -1.65 0.102
Length of Hinge 69.0+4.5 77 67.6+5.8 58 1.55 0.125
LAH 52.0+43 76 50.8+5.9 59 1.25 0.215
LPH 723+5.5 76 729+75 59 0.57 0.572
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through, leading to low numbers of 20+ y individuals. It
is possible that the 7. ¢. carolina population at Nickajack
is relatively young, indicating that there has not been
enough time for the population to accumulate many 20+
y individuals. However, older aerial photographs found
on Google Earth Pro© for Nickajack suggest that the
area was fully forested as early as 1997, and past land
use data suggests that it has been protected since the ear-
ly 1990s by the Black Fox Wetland League (now Stones
River Watershed Association), the Tennessee Wildlife
Resources Agency, and the city of Murfreesboro (Ten-
nessee Department of Environment and Conservation
2003). It is unclear why there were so few turtles in the
20+ y age class found at Nickajack. Hall et al. (1999)
suggested that females must travel and move around
a great deal to find a proper nesting site, which makes
them more vulnerable to predation and human-caused
deaths, such as mowing or vehicular death. Although
mowing does occur at this site, we have never observed
a box turtle that was killed from mowing. While death
due to mowing and vehicular collisions is thought to
be rare at this site, it is possible that older females may
have been killed during construction of the roads and
housing communities in the area when they were travel-
ling to appropriate nesting sites.

Another concern is the possible inaccuracy of aging
by counting annular rings (Wilson et al. 2003). Wilson
et al. (2003) found that most researchers do not deter-
mine if each ring is deposited on a yearly basis. False
rings can be deposited as a result of varying weather pat-
terns and activity (Ewing 1939; Legler 1960). However,
many researchers have used this technique to obtain a
general estimate of age (Ewing 1939; Legler 1960;
Stickel and Bunck 1989; Budischak et al. 2006; Weiss
2009), and it is accurate for a large segment of a popula-
tion when false rings are taken into account (Germano
and Bury 1998).

In our study, only the major, prominent growth rings
were counted. However, this, in turn, may have led to
problems of age underestimation as well. Some turtles
from 2013 showed deposition of a single new growth
ring in 2014, while others showed no change in growth
ring numbers and others showed a lower count than
the previous year. Some of this variability can be at-
tributed to researcher error, while some may be due to
inconsistencies in annular deposition. This is why sev-
eral pleural scutes were counted to determine the best
estimation to allow for placement in the appropriate age
class, with classes having a range of 5 y. This allowed
for confidence in age class placement, but not for exact
age. Because counts of scute annuli in young turtles are
the only way to determine the age if a turtle is captured
only once, this seems to be the best method to offset
the inaccuracies of aging (Budischak et al. 2006; Weiss
2009). This is something that should be explored fur-

ther by, for example, tracking several turtles over a long
time period to analyze their growth and the deposition
of growth rings (i.e., Stickel 1978; Stickel and Bunck
1989; Germano 2014).

Sex ratio.—The sex ratio recorded at Nickajack (1.26
male:1 female) was not significantly different from a
1:1 sex ratio. While significant male-skewed sex ratios
have been found in some box turtle populations (Dol-
beer 1969; Schwartz and Schwartz 1974; Stickel 1989;
Dodd 1997; Hall et al. 1999), equal sex ratios have also
been found (Stickel 1950; Williams and Parker 1987;
Stickel 1989; Pilgrim et al. 1997; Weiss 2009). For ex-
ample, Pilgrim et al. (1997) found a 1.12:1 sex ratio in 7
¢. bauri in Florida, and Stickel (1950, 1989) found a 1:1
sex ratio in 7. ¢. carolina in Maryland in several years of
sampling. It should be noted that a separate study con-
ducted by other researchers took place at our field site
during the 2014 active season and involved the capture
of females for a short time period to test for gravidity.
This could have led to a lower capture rate of females
during both the summer and fall sampling periods and
might have led to the male-skewed sex ratio observed
in 2014. Dodd (2001) suggested that a sex ratio is re-
ally only indicative of the population at the time it was
measured, because sex ratios are constantly fluctuating
and changing in the population over time. It would be
beneficial to continue monitoring the sex ratio at Nicka-
jack over a long-term period to evaluate any fluctuations
or patterns that may occur over time.

Body size—Brisbin (1972) and Dodd (1997) found
no sex related differences in body mass in 7. ¢. carolina
or T. ¢. bauri, respectively, which is consistent with our
study, but sexual size dimorphism has been observed in
box turtles (Dodd 1997; Clair 1998; Dodd 2001). In
most populations, males are larger than females in terms
of shell size, except for shell height, in which females
are usually taller (Dodd 2001). In Maryland, Stickel
and Bunck (1989) found that male T. ¢. carolina were
larger in all shell measurements except height. Like-
wise, in West Virginia, Weiss (2009) found that males
had a longer SLCL; whereas, females had a taller cara-
pace height. Despite nearly all studies finding both a
difference in SLCL and carapace height in 7. c. carolina,
our study only found a significant difference in SLCL,
with males being longer than females. The most plau-
sible reason for sexual size dimorphism is reproduction;
larger males are better equipped to hold on to females
and successfully reproduce (Dodd 2001). Overall, our
results are consistent with other studies on body size in
T. c. carolina.

Ultimately, the demographic data presented herein
seem to indicate a stable population of turtles at Nic-
kajack, which is similar to other box turtle populations.
However, continual monitoring is necessary as many of
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these measures are known to fluctuate with time and will
change if a population decline is occurring. While the
Nickajack population is similar in demographic struc-
ture to other populations, this can change rapidly, as
ranavirus has been detected in this box turtle popula-
tion, albeit at a low prevalence (Vannatta et al. 2016).
Because box turtles are a long-lived species, long-term
monitoring will be the best course of action for this
population. While this study only represents a two-year
time period, these demographic measurements will be
useful for monitoring the population and will aid in de-
termining future conservation methods when necessary.
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