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Abstract

Successfully rehabilitated eastern box turtles (EBTs, Terrapene carolina carolina)
originating from destroyed or degraded habitats are prime candidates for trans-
location. However, physiological and behavioral characteristics of chelonians
often lead to acclimation difficulties and limited survival post-release. Soft
release is a translocation technique whereby an animal is held in a pen on
location and allowed to acclimate to its new habitat area for a predetermined
duration prior to release. This pilot study explored the viability of small-scale,
soft release penning to aid wildlife rehabilitators in the translocation of reha-
bilitated EBTs. We hypothesized that soft release penning is a practical strategy
to help rehabilitated EBTs maintain health and appropriately sized territory in
new environments. We built and deployed two soft release pens that were used
to relocate three rehabilitated EBTs with varying success to an urban green-
space in Nashville, Tennessee. Our results suggest that soft release penning
provides a unique opportunity to observe health and behavior in a controlled
environment during the initial period of acclimation, and this early interven-
tion period may help rehabilitators facilitate successful translocation. Further
research is recommended to evaluate the direct impacts of soft release pens on
body condition, dispersal distance, and home range size of translocated EBTs.
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Introduction

Eastern box turtles (Terrapene carolina carolina; EBTs) are
listed as vulnerable to extinction by the International
Union for Conservation of Nature (IUCN), and EBT pop-
ulations are currently in decline across their native range
(van Dijk 2011). Habitat destruction is often cited as a
primary contributor to worldwide reptilian population
declines (Gibbons et al. 2000), and factors associated with
urbanization such as pollution and motor vehicle strikes

are primary drivers of high EBT mortality (Brown &
Sleeman 2002). Wildlife rehabilitators (rehabilitators) are
in a unique position to support the conservation of this
imperiled species through the rehabilitation and release
of individual box turtles.

Translocation, or the intentional movement of ani-
mals from one habitat area to another (Dodd & Seigel
1991), is a conservation management strategy that
has been field tested in chelonians (McKee et al. 2021)
and may provide rehabilitators with additional release
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opportunities. Some EBTs are admitted to rehabilitation
centers without an adequate description of their native
home range, and others may originate from home ranges
that are severely degraded or destroyed by the develop-
ment of urban or suburban infrastructure. Translocation
may be a viable option for reintroducing these EBTs to
the wild, and relocated EBTs may help reinforce existing
populations diminished by urbanization. Many chelo-
nians have strong site fidelity (McKee et al. 2021). Past
attempts to relocate box turtles to unfamiliar areas with
suitable habitats have seen mixed results (Hester et al.
2008; Henriquez et al. 2017; Poor et al. 2020). Many
EBTs disperse toward their home ranges (Cook 2004)
and there is some evidence that box turtles face increased
mortality and expanded range size after translocation.
Dispersal away from release sites or an oversized home
range may increase stress due to higher energy use when
looking for resources. In addition, this increases post-re-
lease opportunities for conflict with humans, roadways
or other obstacles that may result in reinjury or even
death (Hester et al. 2008). For this reason, novel release
and post-release monitoring techniques are needed to
assist rehabilitators with EBT translocation, particularly
for otherwise healthy rehabilitated EBTs originating from
unsuitable or destroyed habitat areas.

One such strategy is soft release, a translocation tech-
nique whereby an animal is acclimated for a short time to
the novel habitat area prior to release, generally within
the confines of a soft release pen. In a recent review,
Resende et al. (2021) showed that, when compared to
hard release methods, soft release improved outcomes of
translocation for terrestrial animals, especially among rep-
tiles. Soft release penning may benefit translocated che-
lonians by decreasing dispersal distances from the release
site (Attum & Cutshall 2015), reducing home range sizes
(Tuberville et al. 2005; Frederick 2009), and limiting pre-
dation during the acclimation period (Tetzlaff et al. 2019).

Some conservationists may view soft release as an
expensive and time-consuming strategy for translocation,
but rehabilitators are in a unique position to facilitate
small-scale soft release penning through existing part-
nerships with local landowners and stakeholders. Many
rehabilitators may already have the knowledge, staff, and
resources required to prepare soft release enclosures and
effectively monitor and care for the EBTs during and after
the acclimation period, making it a practical option. This
pilot study sought to determine the feasibility of small-
scale soft release penning as a tool to support translo-
cation of rehabilitated EBTs by wildlife rehabilitators.
We hypothesized that soft release penning is a practical
strategy to help rehabilitated EBTs maintain health and
appropriately sized territory in new environments when
compared to sympatric wild EBTs.

Soft release of rehabilitated eastern box turtles

Materials & methods

Study area

This study was approved by Metropolitan Nashville Parks
and Recreation and the Tennessee Wildlife Resources
Agency. The study area, a more than 935-acre mixed use
natural area in Davidson County, Tennessee, is made up
of mixed riparian, wetland, and deciduous forest habitat
and is known to support an active population of EBTs.
Two independent soft release pen sites approximately
3 km apart were chosen: Site A and Site B. Sites were
selected away from trails in areas with mixed ground and
canopy cover. The first pen was installed on 29 May 2021
and the last EBT observation in the field for this study
occurred on 28 August 2022.

Rehabilitated turtles

Three EBTs admitted with injury to Nashville Wildlife
Conservation Center (NWCC) were selected for the study
following their rehabilitation: Rehab M1, Rehab M2, and
Rehab F. All three EBTs originated from severely degraded
habitats at least 20 kilometers outside of the study area.
The relevant landowners had no interest in the release of
rehabilitated wildlife on their properties. Further, Rehab
M2 was deemed unfit for release without regular moni-
toring due to potentially restricted mobility.

Rehab M1 was an adult male struck by a motor vehicle
and admitted to NWCC on 25 May 2020 from a location
approximately 75 kilometers southwest of the study area.
The left eye was missing and carapace fractured, exposing
the left lung. Rehab M1 received standard wound stabi-
lization, fluid therapy, and care along with regular exer-
cise opportunities both inside and outside. Rehab M1 was
held in a bioactive enclosure, and live-prey tested prior
to his release after 54 weeks of inpatient rehabilitation.
Mass at soft release = 361 g, average carapace size over
the course of study involvement was 9.6 cm x 12.4 cm,
annuli = 16.

Rehab M2 was an adult male struck by a lawnmower
and first admitted to a separate wildlife rehabilitation
facility on 31 August 2018 from a location approximately
68 km northwest of the study area. Rehab M2 received
standard wound stabilization and care at this separate
facility and was held primarily indoors in a dry aquarium
habitat. At the time of transfer to NWCC in late spring of
2020, the EBT was not using its posterior legs for loco-
motion. Rehab M2 was moved to a bioactive enclosure
and regained limb function following a regimen of cus-
tomized physical therapy sessions begun in fall 2020 and
conducted three times per week until his release after 148
weeks in captivity. Mass at soft release = 340 g, average
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carapace size over the course of study involvement was
9.9 cm x 13.5 ¢cm, annuli = 10.

Rehab F was a juvenile female admitted to NWCC
on 15 May 2020 from a location approximately 22 km
south of the study area. Rehab F presented with injury
of unknown etiology to the anterior right carapace, an
inflamed and immobilized right anterior leg, and an older
injury to the anterior left carapace. Rehab F was severely
emaciated on arrival and received standard wound stabi-
lization, fluid therapy, and care. She also received regular
exercise opportunities both inside and outside, as well as
a customized physical therapy routine (started fall 2020),
plus laser therapy treatments and stimulation of injured
limbs with vibrations (started February 2021 in consulta-
tion with veterinarians). Rehab F was never kept in a bio-
active enclosure due to limited facility capacity and was
released after 159 weeks in captivity. Mass at soft release
= 313 g, average carapace size over the course of study
involvement was 8.8 cm x 11.1 cm, annuli = 11.

All three rehabilitated EBTs were deemed fit for release
by qualified veterinarians and certified wildlife rehabili-
tators prior to participation in the study. Each EBT spent
approximately three months in quarantine, were prophy-
lactically dewormed, and tested negative on a standard
respiratory panel (Mycoplasma spp., ranavirus, and che-
lonid herpes) prior to the soft release period to mitigate the
potential for disease spread to wild EBT populations.

wild turtles

Two sympatric wild EBTs, Wild F and Wild M, were selected
from the study area for concurrent monitoring. Turtles
were found opportunistically on foot and selected for prox-
imity to the soft release pen locations: Wild F (initial mass =
472 g, average carapace size 9.8 cm x 12.6 cm, annuli = 10)
was captured approximately 20 meters from Site A, and
Wild M (initial mass =492 g, average carapace size 10.8 cm
x 14.1 cm, annuli = 11) was captured approximately 230
meters from Site B. Each wild turtle was selected to match
the sex of their paired rehabilitated turtle. Wild EBTs were
brought to NWCC for a complete physical exam where
they were radio tagged (see Radio Telemetry) before being
returned to the study area and released.

Soft release pens

Soft release pen designs were modified from pens used
to successfully protect EBTs from predators under similar
environmental conditions (Tetzlaff et al. 2020). Two 3 ft x
3 ft x 6 ft soft release pens were constructed from 1.5 inch
PVC pipe and enclosed with plastic poultry netting on the
top and sides using zip ties. The bottoms were left open to
facilitate access to natural habitat. Pen sides were buried
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to a depth of 6” in order to firmly secure the pens and to
deter potential predators (Fig. 1). Pens were monitored
for predator and human activity using motion-sensing
game cameras for approximately one week prior to and
throughout the soft release period.

Rehabilitated EBTs were released into pens asyn-
chronously. For each approximately 21-day soft release
period, a rehabilitated turtle was provided with NWCC
turtle diet (~50% produce/leaty greens, ~50% varied
protein), mealworms, water, and shelter to supplement
the natural mesocosm contained within the enclosure.
Food and water were refreshed as necessary (< every
three days). At the conclusion of the soft release period,
each pen was opened by removing the lower poultry net-
ting from one side, at which point the turtles were able to
come and go at their leisure.

Radio telemetry

To facilitate post-release monitoring in the field, reptile
glue-on radio transmitters (Advanced Telemetry Solutions,
model R1860) were attached using waterproof epoxy to
the anterior-left quadrant of the carapace of each study
turtle with the antennae oriented distally. This attachment
location was selected to help minimize interference with
mating. Transmitters were attached at NWCC and epoxy
allowed to cure for 30 min immediately before rehabili-
tated or wild EBTs were soft released or returned to the
study area, respectively. Wild and rehabilitated turtles were
located using standard radio telemetry equipment (folding
3-element Yagi antenna model 13860 and 4 MHz receiver
model R410, both from Advanced Telemetry Solutions).
Rehabilitated EBTs were located daily during the week fol-
lowing release from the pens, biweekly through the sum-
mer, and weekly through the fall and spring. Wild turtles

Fig. 1 Site A soft release pen installation.
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were always located immediately after their rehabilitated
counterparts. Turtles were located every other week during
winter when travel was less likely due to brumation.

Health monitoring

Once weekly, except during brumation, physical exams
were conducted by trained NWCC interns to evalu-
ate EBT health. Field exam results were evaluated by
a state-certified wildlife rehabilitator at NWCC. Photos
were taken of the turtle in situ, weights were measured
to the nearest gram using a calibrated balance scale, and
carapace measurements were measured with manual
calipers to the nearest 10th of a centimeter. Body condi-
tion index (BCI) scores were calculated using weight (g)
and carapace width (mm) to estimate fat volume (dePer-
sio et al. 2019), which was used as an indicator of health
when compared to an individual turtle’s baseline BCI.
In male turtles, eye color was evaluated for saturation
using a scale of 1-5 developed by Cerreta et al. (2018).
A score of one is indicative of pale pink eye color and a
score of five indicates deep red coloration. Eye color in
male box turtles is directly correlated with packed cell
volume and a low score is a potential indicator of ane-
mia (Cerreta et al. 2018).

Study turtles were also monitored qualitatively in the
field for any obvious symptoms of disease, dehydration, or
injury as described by Somers et al. (2017). Dehydration
was evaluated through visual assessment of skin condi-
tion and elasticity. Additional physical exams were con-
ducted as necessary to evaluate any observed declines in
EBT health, but handling was kept to a minimum. Gloves
and hand sanitizer were used to mitigate potential for dis-
ease spread between study turtles. If multiple turtles were
released at a site (A or B), the soft release pen was reposi-
tioned within that site to further minimize disease trans-
mission. In accordance with permit requirements, both
wild and rehabilitated EBTs were temporarily removed
from the field if consulting, state-certified wildlife reha-
bilitators deemed medical intervention necessary.

Brumation periods were determined retroactively for
each turtle by evaluating movements. Consistent with
other studies, a turtle was considered ‘in brumation” if
it was found in the same location (<1 meter of observed
movement) for a period of four consecutive weeks
(DeGregorio et al. 2017). The initial brumation date was
determined as the first time the turtle was observed in
that location; the last date of brumation was determined
as the first time a turtle was observed in a new loca-
tion. Weekly tracking of EBTs continued for at least two
months post-brumation to ensure that any symptoms of
disease had fully abated and body condition was stable
prior to cessation of monitoring.

Soft release of rehabilitated eastern box turtles

Data analysis

Each time a turtle was located, Global Positioning System
(GPS) coordinates were collected to an accuracy of at
least <30 meters using a Garmin eTrex Personal Navigator
12 channel GPS. To quantify the minimum distance that
a turtle travelled between observations, the distance in
meters from the soft release pen to each GPS coordinate
was calculated using the Haversine formula via the geo-
sphere package in RStudio Version 2022.07.0+548. Once
all distances were calculated (Supplemental Fig. S1), the
median of these distances was determined for each turtle
as a measure of dispersal from the soft release pen.

GPS coordinates were then plotted in QGIS Version
3.26, and home range sizes were calculated using 100%
minimum convex polygons. This relatively simple method
of home range size estimation was chosen to facilitate
comparison of results across studies led by other wild-
life rehabilitators with potentially limited resources. To
account for initial period of dispersal away from the soft
release pen, home range sizes were first calculated with
all coordinates and then calculated again with only coor-
dinates from the dates after a turtle achieved its median
minimum distance from the pen. Both home range size
estimates are reported for rehabilitated turtles.

Results

The study period ran from June 2021 through August
2022. Key dates and associated health data are provided
(Table 1). All male turtles involved in the study required
health interventions of varying severity for symptoms
likely related to respiratory infection. All turtles who
completed the initial soft release period entered bruma-
tion and emerged the following spring.

Rehab M1

Rehab M1 suffered a severe decline in health during the
initial soft release period. Symptoms were indicative of
respiratory infection and included lethargy, decreased
BCI, decreased eye color saturation score (Table 1), mild
dehydration, closed pustulant eyes, and discharge from the
nose. After 13 days, Rehab M1 was withdrawn from the
study never having left the confines of the soft release pen.

Rehab M2

Rehab M2 was selected as a replacement for Rehab M1 and
soft released at Site B. Rehab M2 was temporarily removed
from the study for a health intervention 53 days after ini-
tial release. Symptoms observed over the 14-day period
prior to removal were consistent with respiratory infection
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Table 1 Key dates and nearest associated health scores for all study EBTs.

J.E. Alexander et al.

Date Release Pen Health Health Brum. Brum. Transmitter
Release Int. Start Int. End Start End Removed
Rehab M1 12-Jun-21 WITHDRAWN X X X X 25-Jun-21
Rehab M2 6-Jul-21 28-Jul-21 28-Aug-21 11-Sep-21 13-Nov-21 6-Apr-22 28-Aug-22
Wild M 7-Jun-21 X 1-Nov-21 16-Nov-21 20-Nov-21 16-Apr-22 28-Aug-22
Rehab F 12-Jun-21 5-Jul-21 X X 20-Nov-21 16-Apr-22 12-Jun-22
Wild F 7-Jun-21 X X X 6-Nov-21 16-Apr-22 12-Jun-22
BCI*
Rehab M1 10.20 X X X X X 9.89
Rehab M2 10.06 10.24 10.10 10.01 10.02 10.44 10.56
Wild M 12.83 X 12.44 12.47 12.47 13.07 13.02
Rehab F 8.65 8.87 X X 9.78 9.82 9.89
Wild F 11.80 X X X 11.85 12.07 11.83
Eye Color*
Rehab M1 2 X X X X X 1
Rehab M2 3 3 3 4 B 4 4
Wild M 3 X 2 3 3 2 3

EBT = Eastern box turtle; SRP = Soft Release Pen; Int. = Intervention; Brum.= Brumation; BCI = Body Condition Index.

and included increasingly pustulant eyes, dehydration,
lethargy, and later, a sudden and sustained decrease in
body condition (Table 1). After 14 days of rehydration and
standard care at NWCC, considering improved eye color,
symptom abatement, and increasingly stable BCI, Rehab
M2 was deemed healthy by certified wildlife rehabilitators
and returned to the removal location. Rehab M2 achieved
a total brumation time between 130 and 151 days, and
subsequent observation revealed no further signs of ill-
ness. Rehab M2 traveled a median distance of 825.77 m
from the soft release pen location over the course of the
study period. Total home range size was 3.41 ha (n = 57),
and home range size after accounting for the initial disper-
sal period was 2.33 ha (n = 39) (Fig. 2).

Rehab F

Rehab F was soft released at Site A. Rehab F exhibited no
symptoms of illness or injury during the study period, and
BCI increased after release (Table 1). Rehab F traveled a
median distance of 825.77 m from the soft release pen
location and achieved a total brumation time between
137 and 154 days. Total home range size was 26.5 ha (n
= 56), and home range size after accounting for the initial
dispersal period was 3.05 ha (n = 46) (Fig. 2).

Wild M

After 148 days of observation, Wild M was temporarily
removed from the field for a health intervention. In the
weeks prior to the intervention, Wild M developed pus-
tulant eyes and lethargy, a sudden and sustained decrease
in body condition, and reduced eye color saturation
(Table 1). Wild M was deemed healthy after 15 days of
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rehydration and standard care at NWCC, no longer dis-
played symptoms and was returned to the removal loca-
tion. Wild M achieved a total brumation time between
137 and 151 days, and subsequent observation revealed
no further signs of illness. Total home range size for Wild
M was 5.02 ha (n = 76) (Fig. 2).

Wild F

Wild F exhibited no symptoms of illness during the data
collection period and achieved a total brumation time
between 151 and 168 days. Total home range size was
2.55 ha (n = 65) (Fig. 2).

Discussion

Although this study involved an extremely limited sam-
ple size, we can conclude that soft release of EBTs via
penning is a practical strategy that might be leveraged
by wildlife rehabilitators. The pens were low-cost, simple
to construct, and can be easily relocated to appropriate
habitats within and between sites. EBTs who completed
the soft release penning period appeared to establish and
maintain ranges within the intended release area (Fig. 2)
and survived through brumation (Table 1).

Benefits of pens

Results from this limited EBT study align with other
reports that soft release penning can support the health
of translocated chelonians (Resende et al. 2021). Soft
release pens provide a stopgap to identify EBTs unfit for
translocation despite inpatient rehabilitation success (as
was our experience with Rehab M1). Soft release pens
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Soft Release Site A

Soft Release Site B

Turtle Name Range Size (ha)
Rehab F 26.5 <>
Rehab F - Post Median Dispersal 3.05
Wild F 2.55

Turtle Name Range Size (ha)
Rehab M2 3.41 C)
Rehab M2 - Post Median Dispersal 2.33
Wild M 5.02

s
~‘. Py .'...o %

4 Rehab F GPS Data - Post Median Dispersal
Rehab F GPS Data
[] wild F Home Range
[T Rehab F Home Range - Post Median Dispersal
[] Rehab F Home Range

ESRI World Topo

0 100 200m 0 50 100m
[ [ -
Soft Release Site A Legend Soft Release Site B Legend
® Wwild F GPS Data ®  WildMGPS

4 Rehab M2 GPS Data - Post Median Dispersal
Rehab M2 GPS Data
Wild M Home Range
Rehab M2 Home Range - Post Median Dispersal
Rehab M2 Home Range

ESRI World Topo

Fig. 2 Maps of Site A and Site B that depict estimated range sizes for study turtles as calculated using minimum convex polygons. Home ranges were

calculated both before and after dispersal away from the pen location.

also offer a window to monitor EBTs selected for translo-
cation for as long as necessary. Rehabilitators can adjust
the penning period as indicated for an individual EBT
based on clinical judgment, weather, turtle behavior, or
other variables they believe might affect an individual’s
survival. Rehabilitators can also adjust a release location
if hazards or predators are regularly observed via game
cameras around the pen. Although a 21-day soft release
period was sufficient for our study, to our knowledge,
there is no standard soft release penning duration for
rehabilitated EBTs and it is possible that longer-term pen-
ning (Frederick 2009) or repositioning EBTs within the
relocation habitat (Poor et al. 2020) may further support
successful translocations.

Importance of health monitoring

In this study, we used several objective and subjective
metrics to monitor the long-term health of translocated
and wild turtles. Eye color scores and BCI were both eas-
ily determined in the field with simple measurements,

and both proved useful as metrics of turtle health during
and after soft release periods. In our study, BCI fluctuated,
though steady declines often preceded health interventions
and coincided with symptoms of respiratory disease. Rehab
F showed the strongest evidence of improved BCI over the
course of this study (Supplemental Fig. S2). It is important
to note that BCI scores may be inflated in female chelonians
due to egg or clutch size (Wallis et al. 1999), and some BCI
fluctuations may indicate reproductive activity. This is one
limitation of BCI measurements and highlights the impor-
tance of contextualizing BCI with other assessments, such as
eye color assessments and physical exams.

Range establishment

The establishment of new home ranges among rehabil-
itated EBTs in this study (Fig. 2) followed a long, linear
dispersal pattern from the release site comparable to other
studies (Rittenhouse et al. 2007; Attum & Cutshall 2015).
Reported home ranges for EBTs vary widely (Cook 2004;
Attum & Cutshall 2015) and even within individuals over
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time (Henriquez et al. 2017). Even after an initial dis-
persal period was accounted for, the female rehabilitated
EBT in this study established a home range comparable,
albeit slightly larger, than that of the wild female (3.05
havs. 2.55 ha), akin to results from three-toed box tur-
tles (Rittenhouse et al. 2007). Unexpectedly, Rehab M2
established a smaller home range than Wild M (3.41 ha
post-dispersal vs. 5.02 ha). Several factors may have con-
tributed to this smaller home range size including effects
of the soft release pen, this turtle’s locomotive difficulties
or external environmental factors such as the presence of
an existing EBT population. Wild EBT population density
and sex ratio at the study site is unknown, but habitats
may support a greater number of male than female EBTs
(Whitehead 2017). The long-term durability of these new
home ranges is unknown. It may take several years for
a translocated EBT to establish a new home range (Cook
2004), and studies show chelonians demonstrate variable
fidelity to release location (Sosa & Perry 2013; McKee
etal. 2021).

Post-release considerations

Long-term monitoring is a consideration for any translo-
cation (Poor et al. 2020). Wildlife rehabilitation teams can
and should monitor released species with particular focus
on individual risk factors and periods of stress within the
translocation period. While it has an upfront cost, radio
telemetry equipment can be reused (with the exception
of the transmitters) to support further monitoring. Based
on our experience with this study, translocation via soft
release penning is advised for rehabilitated EBTs when
coupled with adequate long-term health and location
monitoring capabilities including radio telemetry equip-
ment and a capable staff or volunteer team.

Conclusion

Soft release penning provides a unique opportunity to
observe health and behavior in a controlled environment
prior to release. This early intervention period may aid
rehabilitators in choosing viable box turtle candidates for
translocation. We advise long-term monitoring post-re-
lease to facilitate health interventions if turtles are unable
to establish home ranges nearby to the soft release loca-
tion. Future studies could census existing populations
prior to soft release of rehabilitated turtles to determine
overall population health, composition, and potential
carrying capacity. Further, we recommend future studies
that incorporate larger sample sizes to examine the ben-
efits of soft release penning on the long-term health and
home range size of translocated, rehabilitated box turtles.
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