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Abstract.—Viability models of turtle populations have shown that after adult survivorship, juvenile
survivorship is the most influential parameter affecting population persistence. This suggests that in-
creasing juvenile survivorship, such as through head-starting, might be a useful management strategy.
Little is known about survivorship and ecology of juveniles of most turtle species, including even well-
studied species such as the Gopher Tortoise (Gopherus polyphemus). Limited data on the fate of head-
started tortoises further constrains attempts to evaluate head-starting as a management tool. We sum-
marize our experiences head-starting Gopher Tortoise hatchlings as part of reintroduction efforts at
Savannah River Site (SRS), South Carolina, USA, and St. Catherines Island (SCI), Georgia, USA, and
compare survivorship of head-started hatchlings with juveniles manipulated using other techniques.
Hatchlings exhibited nearly 100% survivorship during the captive head-start period, but survivorship
during the first year post-release varied among cohorts: 17 of 32 (53.1%) 2001 SRS hatchlings, seven
of seven (100%) 2005 SCI hatchlings, and one of 32 (3.1%) 2006 SCI hatchlings. For two cohorts,
head-started hatchlings performed as well as older non-head-started juvenile tortoises. At least 20.0%
of St. Catherines Island neonates that we released into temporary predator-proof cages shortly after
hatching (i.e., without head-starting) were known to have survived through their first winter dormancy.
Survivorship for all manipulated hatchlings (regardless of treatment) was lowest during the first year
post-release. The potential role of head-starting as a management tool merits further investigation.
We recommend that future studies include an experimental component to allow critical evaluation of
the techniques implemented.

Key Words.—direct-release; Gopherus polyphemus; Gopher Tortoise; hatchling; head-start; juvenile;
survivorship; translocation

Introduction

Of the approximately 317 species of turtles
and tortoise recognized worldwide, 42% are
considered to be threatened with extinction and
many of the remaining species have yet to be
evaluated (Buhlmann et al. 2009; International
Union for the Conservation of Nature. 2009.
IUCN Red List of Threatened Species. Available
from http://www.iucnredlist.org [Accessed 8 Jan-
uary 2011]). As chelonians become increasingly

threatened, management interventions typically
regarded as a last resort, such as translocation,
captive breeding, and head-starting (Seigel and
Dodd 2000), are becoming increasingly accepted
as instrumental conservation components (Turtle
Conservation Fund 2002). Head-starting turtles,
the process by which hatchlings are reared in cap-
tivity until they reach a size at which they are
less vulnerable to predation (Frazer 1992), is un-
likely to compensate for reduced adult survivor-
ship resulting from human-related disturbances
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(Heppell et al. 1996; Heppell and Crowder 1998).
However, head-starting could potentially be used
to augment an existing population or reestablish
an extirpated population if threats to adult sur-
vivorship have been mitigated (McDougal 2000),
provided that head-started individuals are as ro-
bust as wild-recruited individuals (Heppell et al.
1996).

Although the Gopher Tortoise (Gopherus
polyphemus) is probably the most frequently
translocated chelonian species (Seigel and Dodd
2000) and has been the subject of numerous
translocation experiments (e.g., Heise and Epper-
son 2005; Tuberville et al. 2005, 2008; Ashton
and Burke 2007), it has received little attention in
terms of head-starting. One hindrance to evaluat-
ing the need for and the potential effectiveness of
head-starting in Gopher Tortoises is the lack of
data on natural recruitment and survivorship of
juveniles in wild populations. Wilson (1991) is
one of the few studies to provide data on mortal-
ity rates of juvenile Gopher Tortoises. Juvenile
tortoises are notoriously difficult to study because
of their secretive nature, limited above-ground
activity, and small size—factors that limit de-
tectibility of both the tortoises and their burrows
(Wilson 1991; Morafka 1994; Wilson et al. 1994).
However, intensive monitoring of populations es-
tablished through the release of marked animals
provides an ideal setting in which to monitor ju-
venile survivorship.

Here we summarize juvenile mark-recapture
data from Gopher Tortoise reintroduction
projects at two study sites where we have con-
ducted head-starting: Savannah River Site, South
Carolina (SRS), and St. Catherines Island, Geor-
gia (SCI). The goals of this paper are to: (1) re-
port release size and post-release survivorship
of head-started Gopher Tortoises at each study
site; (2) compare survivorship of head-started ju-
veniles to translocated juveniles (i.e., offspring
produced at a donor site and translocated to a
recipient site as a juvenile) on the SRS; and (3)
compare survivorship of head-started juveniles to
direct-released hatchlings (i.e., offspring released

shortly after hatching) on SCI.

Materials andMethods

Savannah River Site.—The study population
was translocated from an industrial development
site in McIntosh County, Georgia, USA (here-
after, the "donor" site), to the Savannah River Site
(SRS) in Aiken County, South Carolina, USA, in
August and September 2001. The SRS is an 800
km2 reserve owned by the U.S. Department of
Energy, and its forests and wildlife are managed
by the U.S. Forest Service (White and Gaines
2000). At the time of the translocation, the SRS
did not support an extant resident population of
Gopher Tortoises, although they were historically
common in the region (Holbrook 1842). The re-
lease site was located in the northeast corner of
the SRS and was comprised primarily of 50–60
y Longleaf Pine (Pinus palustris) occurring on
Lakeland and Troup series soils. The U.S. For-
est Service manages the release site to maintain
habitat conditions for the Red-cockaded Wood-
pecker (Picoides borealis) through periodic win-
ter and early growing season burns. A more de-
tailed study site description can be found in Tu-
berville et al. (2005).

We captured 74 live tortoises (39 adults and
sub-adults, 35 juveniles; see Tuberville et al.
2005 for further details) at the donor site and
translocated them to the SRS. During the translo-
cation process, we also encountered seven nests
at the donor site. We transported clutches to the
SRS, where they were placed in incubators at
30◦C until hatching. The resulting 32 hatchlings
were head-started in the laboratory from Fall
2001 until their release the following active sea-
son. We housed hatchlings in small groups in
large, shallow plastic tubs on a substrate of com-
mercial rabbit pellets and exposed to 12 h of light
per day using UVA-UVB fluorescent bulbs . We
placed heat strips under the bins at either end
to provide a thermal gradient (temperatures not
recorded) and provided artificial shelters (clay
pots cut along the median axis to form halves
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approximately 11 cm deep × 11 cm wide × 6
cm tall placed on rabbit pellet substrate). Three
times per week, we fed hatchlings a variety of
fresh greens sprinkled with calcium carbonate
(JurassiCalT M dry calcium powder; Seachem
Laboratories, Inc., Madison, Georgia, USA) ad
libitum and we soaked hatchlings in warm water
for 30 min prior to each feeding. Water was also
provided in shallow dishes and changed three
times weekly.

We marked all tortoises by notching unique
combinations of marginal scutes. We recorded
shell measurements (only mid-line carapace
length [CL] to nearest mm reported here) and
weight (to nearest 0.1 g) of head-started tortoises
at hatching, prior to release, and on each sub-
sequent recapture. We also monitored weight
weekly during the head-starting period. Likewise,
we recorded shell measurements and weight of
translocated juveniles prior to their release on the
SRS, prior to removal of their enclosure, and on
each subsequent recapture.

We released head-started hatchling tortoises 12
June 2002 into starter burrows inside a 1 ha enclo-
sure to encourage site fidelity and facilitate mon-
itoring. The enclosure was already occupied by
12 adult and sub-adult Gopher Tortoises translo-
cated as part of the same study (see Tuberville
et al. 2005 for further details). We constructed
starter burrows using a post pounder to drive an 8
cm diameter pipe approximately 30–40 cm into
the ground at a 30◦angle (Fig. 1). The pipe and
soil core were then removed from the ground, cre-
ating an artificial burrow. We used the soil core
to create a small mound of sand (simulating a bur-
row apron) outside the newly constructed tunnel.
We created at least two or three starter burrows
for each released tortoise and strategically placed
burrows to provide herbaceous cover over the
burrow entrance. We removed the enclosure wall
23 September 2002.

We targeted head-started tortoises for capture
during one to two week trapping sessions in Fall
and Spring 2003–2006. We positioned collapsi-
ble wire live traps (Models 201, 202; Tomahawk

Live Trap LLC, Tomahawk, Wisconsin, USA)
with trap doors at burrow entrances, secured
using landscaping stakes, shaded with burlap
or natural cover objects, and checked at least
twice daily. We also frequently encountered head-
started tortoises and their burrows incidentally
while we monitored translocated adults and sub-
adults, which we radio-tracked at least three
times per week 2002–2005.

We assigned the 35 translocated juveniles
(ages one to nine, 66–180 mm CL) to three
release groups such that each release group was
comprised of 11–12 juveniles and had similar
size distributions. In September 2001, we placed
each release group in a small circular enclosure
(3.5 m diameter, 92 cm tall aluminum flashing)
with at least one manually-constructed starter
burrow available for each tortoise (Table 1). We
held tortoises in enclosures until the follow-
ing spring, when we removed the enclosure
walls. During their confinement, we offered
supplemental food to tortoises two or three
times per week when they were active. Prior to
enclosure removal, we inventoried the enclosures
to document survival of translocated juveniles
during their first winter at the recipient site. We
monitored juveniles following their release using
the same techniques described for head-started
tortoises.

St. Catherines Island.—Our other study popu-
lation was located on St. Catherines Island (SCI),
a 5,670 ha privately owned island off the coast of
Liberty County, Georgia, USA. Gopher Tortoises
were not native to the island but have become
established through a series of releases of approx-
imately 110–120 tortoises from multiple source
populations starting in the 1980s (Tuberville et al.
2011). The release site, located at the northern
end of the island, was a former cattle pasture with
a sparse overstory of mature mixed pines (Pinus
spp.) and an understory comprised primarily of
non-native grasses. The open understory condi-
tions were maintained through mowing. Some
portions of the habitat were mowed each year
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Figure 1. Construction of release burrows for head-started Gopher Tortoises (Gopherus polyphemus) on
Savannah River Site, Aiken, South Carolina, USA. Burrows were created by driving a hollow pipe into soil at
an angle (top left) and removing the soil core (top right). Excess soil was then used to create an apron outside
burrow entrance (bottom left). Multiple starter burrows were created for each hatchling released (bottom
right). (Photographed by Tracey D. Tuberville).

with each portion mowed on a three-year rotation.
More information on the study site and study pop-
ulation can be found in Tuberville et al. (2008).

During 2006–2009 we obtained clutches of
eggs from the field or by inducing gravid females
to oviposit as part of a mating system study (Tu-
berville et al. 2011). In 2006, we artificially in-
cubated all clutches at 28–30◦C. In subsequent
years, we only artificially incubated eggs we col-
lected from gravid females; we protected field-
collected nests in situ with wire mesh covers until
shortly before hatching (late August), when we
transferred them to artificial incubators to com-
plete incubation. In addition, we obtained a 2005
cohort of seven hatchlings from a local school
group shortly after hatching (Table 1).

We head-started the 2005 and 2006 cohorts in
captivity until the spring following hatching. We
reared hatchlings in small groups in large, shal-
low plastic tubs on a substrate of rabbit pellets
and provided cardboard hide boxes. We main-
tained animals indoors but the interior room was
flanked by outdoor enclosures, exposing tortoises
to natural light. Temperatures in the interior room
generally ranged from 21–26◦C, but heat lamps
that we placed at one end of the tubs provided
a thermal gradient with maximum temperature
of 29–31◦C. We exposed hatchlings to natural
day-night light cycles, which we supplemented
with UVB lights for approximately 8 h/day. We
also periodically moved hatchlings outdoors for
brief basking periods (several hours) when con-
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Figure 2. Photo of release cage used for direct-release Gopher Tortoise (Gopherus polyphemus) hatchlings
on St. Catherines Island, Georgia, USA. Each cage was temporarily installed and shaded with Saw Palmetto
fronds near an abandoned adult burrow, and removed once hatchlings were able to expand one of the starter
burrows provided or to excavate their own. (Photographed by Veronica Greco).

ditions allowed. We offered hatchlings a mixture
of fresh greens daily, which we periodically sup-
plemented with native food plants, particularly
legumes (family Fabaceae) and Narrowleaf silk-
grass (Pityopsis graminofolia). We soaked ani-
mals three times per week.

We released the 2005 and 2006 head-started
hatchlings into starter burrows using methods
similar to those described above for the SRS. The
2007, 2008, and 2009 cohorts were not head-
started but were released shortly after hatching
(hereafter, "direct-released" hatchlings). We typ-
ically released hatchlings in groups of 10–15
into protective release cages temporarily installed
near an abandoned adult burrow. Release cages
(190 cm long × 122 cm wide × 33 cm high; Fig.
2) consisted of a four-sided wood frame with a

hinged lid of galvanized small-mesh wire fencing.
We buried the bottom sides of the wood frame
5–10 cm in the ground. Inside the release cages,
we constructed hatchling burrows as previously
described (Fig. 1). After placing hatchlings in
release cages, we secured lids with heavy-duty
straps to prevent predator access and covered the
lids with natural cover objects to provide shade.
Release cages remained in place for two to four
weeks to allow hatchlings to select and expand
one of the burrows provided or to excavate their
own. During this time, we checked hatchlings at
least every other day and offered them a combi-
nation of salad greens and cuttings of native food
plants. Although the release cages were small
and resulted in high densities of hatchlings, we
think the portable cages had an overall positive
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Table 1. Summary of Gopher Tortoise (Gopherus polyphemus) hatchling and juvenile manipulations by
cohort for each study site – Savannah River Site (SRS), South Carolina, USA, and St. Catherines Island (SCI),
Georgia, USA. “No. individuals” are number of individuals released; “no. clutches” indicates number of
clutches represented by released hatchlings. Translocated juveniles include animals from multiple cohorts
(ages one to nine at time of release). Data from 2007 SCI cohort were not included in analyses due to lack of
sufficient monitoring of corresponding release sites.

Cohort No. clutches No. individuals Treatment Monitoring
SRS
2001 7 32 head-started 2002–2006

multiple unknown 35 translocated juveniles 2002–2006
SCI
2005 unknown 7 head-started 2006–2010
2006 8 32 head-started 2007–2010
2007 16 92 direct release + release cages N/A
2008 7 30 direct release + release cages 2009–2010
2009 9 56 direct release + release cages 2010

effect on survivorship by protecting naïve hatch-
lings from predators until they began seeking
cover and digging their own burrows.

We marked and measured all hatchlings using
the same techniques described for SRS. In addi-
tion, while head-started tortoises were in captiv-
ity, we recorded weight weekly and shell mea-
surements at least monthly. We were not able to
record carapace length at hatching for the 2005
cohort.

We chose release sites based on qualitative ev-
idence of successful natural recruitment and ju-
venile survivorship, and on our perceptions of
whether sites could support additional tortoises.
Our selection of specific locations for release
cages was influenced by availability of a nearby
abandoned adult burrow (for hatchlings to use
as temporary refuge after release cages were re-
moved) and by forage abundance (Fig. 3).

We targeted released hatchlings for trapping
during one- to two-week fall (September or
October) trapping sessions in 2007–2010, using
the same techniques as described for the SRS. In
addition, we also recaptured released hatchlings
during our ongoing efforts to trap juveniles
naturally recruited on the island in 2006–2010.
We also incidentally encountered them while we
performed other research activities. However,

due to spatially-variable sampling effort, we
present only data for those release sites subjected
to targeted sampling (although we include all
capture types for those sites in the analysis).

Statistical analyses.—We combined all cap-
ture records within years to construct post-release
encounter histories for each individual. We con-
sidered individuals to be alive in a given year
if we captured them live at least once during
that year or in any subsequent year. Because de-
tectibility of juveniles is typically low and not
all individuals alive and remaining in the study
area will be encountered in any given year, our
reported survivorship estimates are minimum es-
timates and may underestimate true survivorship.
We used two-way ANOVA without replication to
test for the main effects of year and juvenile treat-
ment (i.e., head-started or translocated) on annual
juvenile survivorship at SRS. We tested for dif-
ferences in release size (CL and mass) between
the 2005 and 2006 SCI head-started cohorts us-
ing a t-test. Because the duration of head-starting
varied among the head-start groups, we used in-
dividual t-tests to test for differences in daily size
increase (CL and mass) between the SRS and
SCI head-start groups, and between the 2005 and
2006 SCI cohorts. We performed all statistical
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Figure 3. Map of St. Catherines Island, Georgia, USA, showing release locations for head-started and
direct-released Gopher Tortoise (Gopherus polyphemus) hatchlings. Large letters denote study area sections;
alpha-numeric codes indicate ID (when designated) of nearest adult burrow.
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analyses in Excel version 2003 (Microsoft Corp.,
Redmond, Washington, USA), with alpha set at
0.05. Results are reported as means ± 1 S.E.

Results

Savannah River Site.—At hatching, individu-
als from the 2001 cohort had a mean CL of 47.5
± 0.6 mm and a mean weight of 29.2 ± 0.8 g
(N = 32). Hatchlings grew an average of 32.7
mm CL (0.153 ± 0.011 mm/d) and gained 99.7 g
(0.456 ± 0.043 g/d) during captive head-starting,
thus attaining 80.2 ± 2.5 mm CL and mean body
weight of 128.9 ± 9.8 g just prior to release. Sur-
vivorship of head-started tortoises from hatching
to time of release was 100%.

During four years of post-release monitoring,
we recaptured 17 of the 32 head-started hatch-
lings. We recaptured head-started animals one to
three times (mean = 1.6) for a total of 31 recap-
tures. Annual survivorship of the single cohort
of head-started tortoises varied among years, was
lowest in the first year post-release (53.1%), and
ranged from 82.3–92.8% in the subsequent three
years (Fig. 4). Cumulative survivorship of head-
started tortoises was a minimum of 37.5% for
the first four years following release (correspond-
ing to ages one to four). Only one head-started
tortoise was confirmed dead; we found tortoise
#225 depredated by a medium-sized mammal 14
July 2003 (397 days post-release).

We found two dead translocated juveniles
(#9, 147) shortly following translocation (5–8
October 2001) and another (#93) on 1 March
2002 prior to removal of enclosure walls. Our
trapping efforts resulted in 50 recaptures (26
captures prior to enclosure removal) of 28
of the 35 tortoises translocated as juveniles.
Annual survivorship of translocated juveniles
ranged from 57.1–81.3% (mean = 73.7%; Fig.
4). Cumulative survivorship for translocated
juveniles during the first four years following
release was a minimum of 28.6%. We never
found 20 of the translocated juveniles following
release. Too few data were available for us to

calculate age-specific survivorship for translo-
cated juveniles. Annual survivorship did not
vary among years (F3,7 = 9.276, P = 0.669) or
between head-started hatchlings and translocated
juveniles (F1,7 = 10.128, P = 0.641). Because
we only had a single survival estimate for each
treatment for each year, we could only test for
main effects.

St. Catherines Island.—The mean CL of head-
started hatchlings from the 2005 cohort was 74.1
± 1.2 mm and mean weight was 84.9 ± 2.8 g
(N = 7) at time of release (13 June 2005; Fig.
5). The 2005 cohort gained an average of 48.1 g
(0.287 ± 0.015 g/d) and had 100% survivorship
during the captive head-starting period. Hatch-
lings from the 2006 cohort (N = 33) were 50.9
± 0.4 mm CL in size and weighed 34.0 ± 0.9
g at hatching. The 2006 cohort grew an aver-
age of 16.6 mm CL (0.094 ± 0.005 mm/d) and
gained 39.5 g (0.229 ± 0.016 g/d) during captive
head-starting, attaining 67.5 ± 1.0 mm CL (Fig.
5) and mean body weight of 73.6 ± 3.0 g just
prior to release (23 March 2007). Of the 2006
cohort, 97.0% survived the captive head-start pe-
riod. The 2005 cohort was significantly larger (by
an average 6.5 mm CL; t = 4.18 , df = 17, P <
0.001) and weighed significantly more (mean dif-
ference 11.3 g; t = 2.73, df = 21, P = 0 .013) than
the 2006 cohort at the end of the captive head-
start period. The average size of the 2007 (N =

92), 2008 (N = 30), and 2009 (N = 56) cohorts
of direct-released hatchlings ranged from 48.2–
51.6 mm CL and 33.0–36.7 g body weight. Daily
increase in mass (g/d) was significantly higher
in the SRS head-starts than in either the 2005
(t = 3.73, df = 36, P ≤ 0.001) or the 2006 (t =

5.06, df = 37, P < 0.001) SCI head-starts. Daily
increase in size (mm/d CL) of SRS head-starts
was also significantly higher than in the 2006 SCI
head-starts (t = 4.62, df = 48, P < 0.001). Finally,
daily increase in mass was significantly higher in
the 2005 SCI cohort compared to the 2006 SCI
cohort (t = 2.83, df = 18, P = 0.015).

We recaptured 56 released head-started and
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Figure 4. Annual post-release survivorship of head-started hatchling (2001 cohort) and translocated juvenile
(multiple cohorts, ages one to nine) Gopher Tortoises (Gopherus polyphemus) released on the Savannah River
Site, South Carolina, USA.

Figure 5. Hatching size and release size for head-started (HS) and direct-released (DR) Gopher Tortoise
(Gopherus polyphemus) hatchlings released on St. Catherines Island, Georgia, USA. Hatching size was not
available for 2005 cohort. Sample size indicates number of animals successfully hatched from each cohort.
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Figure 6. Cumulative survivorship of head-started (HS; dashed lines, filled markers) and direct-released (DR;
solid lines, hollow markers) Gopher Tortoise (Gopherus polyphemus) hatchlings released on St. Catherines
Island, Georgia, USA.

direct-released hatchlings during 2006–2010.
The 2005 head-starts exhibited remarkable sur-
vivorship, with an annual survivorship of 100%
and all seven tortoises surviving the first four
years post-release (Fig. 6). In contrast, only one
of the 32 released head-starts from the 2006
cohort was known to survive. All mortality ap-
parently occurred within the first year follow-
ing release; we directly confirmed mortality of
most head-starts when we discovered their depre-
dated shells within a few days following their
release. Annual survivorship for the 2006 head-
started cohort was 3.1% during the first year post-
release and 100% for each of two subsequent
years of monitoring, resulting in a cumulative
survivorship of 3.1% for the first three years
post-release. The two cohorts of direct-release
hatchlings for which we have sufficient monitor-
ing data (2008, 2009) experienced similar sur-
vivorship rates during their first year post-release:
20.0% and 28.6%, respectively (Fig. 6). All tor-
toises from the 2008 cohort known to survive
their first year also survived their second year.

Discussion

Although survivorship during captive head-
starting was high for both sites, head-started
hatchlings at the SRS grew more while in captiv-
ity,—both per day and over the entire head-start
period. On average, hatchling carapace length in-
creased by nearly 70% (32.7 mm) and weight in-
creased by more than 300% during head-starting
(128.9 g). At time of release, SRS head-started
tortoises (8–9 mo old) were comparable in size
(mean CL = 80.2 mm) to three year old wild-
caught tortoises, based on data from south-central
Alabama (range 75–101 mm CL, Aresco and
Guyer 1999) and central Florida (range 55–99
mm CL, Mushinsky et al. 1994), while the SCI
head-started tortoises (6–7 mo old) were approxi-
mately the size of two year old wild-recruited ju-
veniles (48–73 mm CL [Mushinsky et al. 1994];
66–74 mm CL [Aresco and Guyer 1999]) with
mean proportional size and mass increases of 33
and 130% respectively. Furthermore, significant
differences in release sizes were observed be-
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tween the 2005 and 2006 SCI cohorts. The vari-
ation in growth observed among cohorts while
in captivity is not due solely to the length of the
head-starting period but is most likely a function
of variation in hatchling feeding protocols, which
were not standardized between sites or among
years but varied due to personnel resources. How-
ever, based on qualitative observations, all head-
started tortoises appeared healthy and exhibited
normal shell hardness without pyramiding of
scutes on the shell during their time in captiv-
ity.

The first year of the life of a Gopher Tortoise is
often associated with relatively low survivorship
(Alford 1980; Morafka 1994). The highest sur-
vival rate reported in literature for free-ranging
hatchlings was 90–100% surviving from hatching
to their first winter, with 57.1% surviving through
the end of their first winter in northern Florida
(Butler et al. 1995; Butler and Sowell 1996).
Most other studies have documented much lower
survivorship rates for hatchlings prior to their first
dormancy period (Epperson and Heise 2003; Pike
and Seigel 2006). The three cohorts (one from
SRS, two from SCI) of head-started hatchlings
exhibited nearly 100% survivorship from hatch-
ing to first dormancy while in captivity, with only
one 2006 SCI hatchling dying prior to release.
Thus, based on our observations of pre-release
survivorship during captivity, head-starting was
effective in increasing survivorship through their
first winter, which is an important consideration
in the assessment of head-starting as a manage-
ment tool.

For the SRS head-started hatchlings, post-
release survivorship was lowest the first year
following release. The first year following re-
lease was also the only year in which head-
started hatchlings experienced lower survivorship
(53.1%) than did translocated juveniles (80.0%),
although this difference was not significant. Es-
timating survivorship using mark-recapture is
challenging, especially when the species in ques-
tion is small-bodied, cryptic, and rarely active,
hence the survivorship values reported here are

minimums. Our estimations of survivorship dur-
ing the first year post-release had the advantage
of head-started hatchlings and translocated juve-
niles being confined to field enclosures where
we could detect them, thus our survivorship esti-
mates for first year post-release are closer to true
survivorship. In contrast, the drop in apparent
survivorship in translocated juveniles during the
second year is most likely a function of dispersal
of juveniles from the local release site and a de-
crease in their detectibility once enclosures were
removed.

After the first year (and once enclosures were
removed), post-release survivorship of SRS
head-started hatchlings was consistently high
(82.3–92.8% per year). Survivorship of head-
started hatchlings was at least as high as ob-
served for translocated juveniles, even though the
latter consisted of older cohorts. Unfortunately,
there are few published data available for com-
parison with free-ranging juvenile Gopher Tor-
toises beyond the hatchling stage. Wilson (1991)
radio-tracked 32 juveniles ages one to four for
varying lengths of time over a one year period
in west-central Florida. She reported bi-monthly
survival rates, which varied seasonally. These bi-
monthly survival rates convert to an estimated
annual survival rate of 45.4%. The only other
published survivorship estimate for juveniles is
based on long-term mark-recapture records for
Gopher Tortoises translocated to SCI (Tuberville
et al. 2008). Tortoises translocated as juveniles
had 84% post-release annual survival, but this es-
timate was based on data for multiple cohorts and
included captures of translocated juveniles after
they reached maturity. Thus, SRS head-started
tortoises exhibited survivorship twice the rate re-
ported for wild-recruited juveniles of the same
age and at least as high as documented for translo-
cated juveniles that were in many cases older and
larger.

Post-release survivorship of the 2005 cohort
of SCI head-started tortoises was remarkable,
with all seven individuals surviving the first four
years after release. In contrast, only one individ-
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ual (3.2%) from the 2006 cohort of SCI head-
started hatchlings was known to have survived
until the first post-release dormancy period. Thus,
although the 2005 head-starting effort at SCI
was extremely successful, the similar 2006 head-
starting effort failed to improve survival beyond
levels expected for unmanipulated hatchlings.
There are several possible explanations for the
extremely low survival rate, including, but not
limited to: (1) the smaller body size of the 2006
SCI cohort compared to the SRS cohort or the
2005 SCI cohort increased their vulnerability to
predators or other mortality sources (O’Brien
et al. 2005; but see Pike and Seigel 2007); (2)
an increase in predator abundance or decrease
in abundance of alternate prey on SCI between
2005–2006 resulted in higher predation rates (Es-
que et al. 2010); (3) predators developed a search
image for hatchlings and were more successful in
locating or depredating released hatchlings (But-
ler and Sowell 1996); or (4) differences in release
procedures. Although one or more of the above
factors may have played a role, in retrospect, we
suspect that the low observed survivorship rate
for the 2006 head-start cohort was due largely to
poor release conditions. Survivorship of this co-
hort might have been higher if release conditions
had been given more careful consideration.

In our study, head-started tortoises (SCI 2006
cohort only) were released late in the day (be-
tween 1400–1600), shortly before Raccoons (Pro-
cyon lotor) – the primary predator of young
Gopher Tortoises at SCI and many other sites
(Diemer 1986), would have become active
(Greenwood 1982; Ladine 1997). Any hatchling
that did not seek immediate shelter in a provided
burrow or other refuge would have been vulnera-
ble to predation. Indeed, staff revisited the release
site during the first week following release and
observed damaged shells of head-started hatch-
lings apparently depredated by raccoons. This
observation confirms that failure to recapture
most of the 2006 cohort was due primarily to
mortality rather than dispersal and also provides
supporting evidence that most mortality tends

to occur shortly following release. Likewise, a
recent retrospective analysis of extremely high
predation rates on translocated Desert Tortoises
(G. agassizii) revealed that the elevated mortality
was most likely due to widespread climate con-
ditions and predator-prey dynamics at the time
of release rather than any effects of translocation
manipulations (Esque et al. 2010).

Due to reduced availability of personnel and
space for continued head-starting, the extremely
low survival rate observed for the 2006 cohort,
and lack of demonstrated need for head-starting
or other manipulations to increase the resident
population size at our study site, subsequent co-
horts from SCI were not head-started. Instead,
hatchlings were released into temporarily in-
stalled predator-proof cages shortly following
hatching. Post-release survivorship of 2008 and
2009 direct-released SCI hatchlings through their
first winter was 20.0% and 28.6%, respectively.
Most previous studies of hatchlings employed
radio-telemetry to monitor individuals follow-
ing their release at the nest site and reported
survival during the first 30 days and/or during
first 365 days, making it difficult to make com-
parisons with our mark-recapture data. Epper-
son and Heise (2003) reported that only 13 of
48 (27.1%) of hatchlings in Mississippi survived
through their first winter, which was similar to
our findings. In contrast, Butler et al. (1995) re-
ported eight of 14 (57.1%) hatchlings in northern
Florida surviving their first winter.

The expected low, but highly variable annual
survivorship of hatchlings observed in most
studies, along with the small sample size and
lack of an experimental control in our project,
make it difficult to draw conclusions regarding
the effectiveness of temporary enclosures
in improving hatchling survival. In addition,
differences in site-specific characteristics and
stochastic events (e.g., habitat quality, predator
communities, annual variation in weather con-
ditions) hinder our ability to make comparisons
of survivorship between SCI hatchlings and
hatchlings in other studies. However, several
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lines of evidence point to the potential utility
of temporary enclosures. Most of the hatchling
mortality documented in previous studies
occurred within the first 30 days after hatching
(Epperson and Heise 2003; Pike and Seigel
2006). Likewise, the dramatic predation event at
SCI occurred within a few days after the 2006
cohort of head-started tortoises was released.
Although subsequent cohorts of direct-released
hatchlings at SCI experienced mortality after
their temporary enclosures were removed, the
fact that all post-release mortality apparently
occurred sometime prior to or during their first
dormancy suggests that leaving enclosures in
place for longer might have further reduced
mortality. Smith (1997) reported that 42.8% of
hatchlings confined to a 30 m2 predator-proof
enclosure in north Florida survived to 280 days,
compared to 7.7% of hatchlings that were not
released into protective enclosures. More recent
work in southwest Georgia demonstrated that
large-scale predator exclosures were associated
with higher Gopher Tortoise nest survival (66.4%
vs. 34.9%), higher hatchling survival (74.4%
vs. 37.5%) and an increase in juvenile burrows
when compared to unfenced control plots (Smith
et al. 2013). Collectively, these studies provide
further evidence that predation can have a strong
influence on recruitment in at least some Gopher
Tortoise populations.

Conclusions and Recommendations.—Here
we report our observations on survivorship of
manipulated Gopher Tortoise hatchlings, includ-
ing individuals head-started in captivity through
their first dormancy and individuals released into
temporary predator-proof enclosures shortly after
hatching. Although our study was not designed to
test the effectiveness of these manipulations, sev-
eral patterns emerged. First, for each cohort, the
lowest survivorship rates occurred during the first
year following release. This pattern is in keeping
with previous studies reporting direct observa-
tions of low survivorship in hatchlings monitored
using radio-telemetry (Butler and Sowell 1996;

Epperson and Heise 2003; Pike and Seigel 2006)
and indirect demographic evidence (e.g., burrow
and/or tortoise size distributions) that survivor-
ship in Gopher Tortoises is lowest in the first
year of life (Alford 1980; Witz et al. 1992). Sec-
ond, head-started hatchlings exhibited extremely
high survivorship while in captivity and can po-
tentially experience high post-release survivor-
ship as well. Finally, post-release survivorship of
manipulated hatchlings was highly variable. Al-
though hatchling performance may have been di-
rectly influenced by our hatchling manipulations
and release protocols, any such effects could not
be separated from effects due to release site char-
acteristics or annual variation in environmental
conditions.

Nonetheless, based on our experiences and ob-
servations with head-starting and use of tempo-
rary predator-proof enclosures with hatchling Go-
pher Tortoises (including efforts described here
and smaller-scale efforts associated with other
projects), we recommend the following:

(1) When implementing head-starting or other
hatchling manipulations, develop protocols that
consider not only conditions while hatchlings are
in captivity, but also desired criteria for release
site selection and timing of releases (both time of
day and time of year);

(2) If employing predator-proof enclosures,
confine hatchlings at least until they initiate dor-
mancy, even though that may require larger-scale
enclosures than the ones used in our study;

(3) When possible, include an experimental
component as part of the project design to allow
critical evaluation of the effectiveness of manipu-
lations;

(4) To reduce personnel requirements and min-
imize unintended physiological or behavioral
modifications (e.g., surface activity and dor-
mancy timing; Pedrono and Sarovy 2000) that
could affect post-release performance of hatch-
lings, we recommend minimizing the intrusive-
ness of techniques (e.g., protect nests in situ
rather than artificially incubate eggs, rear hatch-
lings in temporary in situ enclosures instead of
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head-starting indoors) and using less intrusive
methods that are likely to be sufficiently effective
(Seigel and Dodd 2000).

Acknowledgments.—We thank Erin Clark, who
played an instrumental role in the SRS translo-
cation, and Jennifer Sheehan for her meticu-
lous care of the head-started hatchlings. Bobby
Moulis assisted with trapping of animals and
collection of eggs from the donor site. We are
grateful to Pete Johnston (U.S. Forest Service-
Savannah River) for his facilitation of the site use
permit process and habitat management of the
SRS release site, and his enthusiastic support of
the project. We are indebted to Holly Marisco,
Debbie Belgio, Jennifer Bew, and Hollis Ann
Stewart for their dedicated care of SCI eggs and
hatchlings. Katie Haman, Matthew Gordon, and
Jordan Kirkpatrick provided critical field assis-
tance in trapping released SCI hatchlings. TDT
would like to thank Bess Harris for helping or-
ganize data and Andrew Grosse for producing
Fig. 3. The SCI portion of this project could not
have been conducted without the housing, per-
sonnel, and other logistical support provided by
Royce Hayes and the St. Catherines Island Foun-
dation staff. Travel support for TDT was made
possible by Riverbanks Zoo Conservation Fund,
The Environmental Resources Network (TERN,
a friends group of Georgia Department of Natural
Resources), and The Linnaeus Fund of the Che-
lonian Research Foundation. Additional support
for this project was provided by St. Catherines
Island Research Foundation and the U.S. For-
est Service-Savannah River. Manuscript prepa-
ration was partially supported by the Depart-
ment of Energy under Award Number DE-FC09-
07SR22506 to the University of Georgia Re-
search Foundation. Brett DeGregorio and Kim-
berly Andrews provided helpful comments that
improved earlier drafts of the manuscript. We
especially thank Russell Burke for organizing
the turtle head-starting symposium held at the
2010 Joint Meetings of Ichthyologists and Her-
petologists and for providing the impetus for us
to prepare this manuscript. Research was con-

ducted under permits issued by Georgia Depart-
ment of Natural Resources (29-WCH-07-137, 29-
WCH-07-74, 29-WBH-08-188, 29-WBH-09-68,
29-WBH-10-99) and South Carolina Department
of Natural Resources (56-2003, 07-2004, G-05-
03, G-06-04). Animal protocols were approved
by the University of Georgia under Animal Use
Permits A2005-10247, A2008-10198.

Literature Cited

Alford, R. 1980. Population structure of Go-
pherus polyphemus in northern Florida. Jour-
nal of Herpetology 14:177–182.

Aresco, M.J., and C. Guyer. 1999. Growth of
the tortoise Gopherus polyphemus in slash pine
plantations of southcentral Alabama. Herpeto-
logica 55:499–506.

Ashton, K.G., and R.L. Burke. 2007. Long-term
retention of a relocated population of Go-
pher Tortoises. Journal of Wildlife Manage-
ment 71:783–787.

Buhlmann, K.A., T.S.B. Akre, J.B. Iverson, D.
Karapatakis, R.A. Mittermeier, A. Georges,
A.G.J. Rhodin, P.P. van Dijk, and J.W. Gib-
bons. 2009. A global analysis of tortoise and
freshwater turtle distributions with identifica-
tion of priority conservation areas. Chelonian
Conservation and Biology 8:116–149.

Butler, J.A., R.D. Bowman, T.W. Hull, and S.
Sowell. 1995. Movements and home range of
hatchling and yearling Gopher Tortoises, Go-
pherus polyphemus. Chelonian Conservation
and Biology 1:173–180.

Butler, J.A., and S. Sowell. 1996. Survivorship
and predation of hatchling and yearling Gopher
Tortoises, Gopherus polyphemus. Journal of
Herpetology 30:455–458.

Diemer, J.E. 1986. The ecology and manage-
ment of the Gopher Tortoise in the southeastern
United States. Herpetologica 42:125–133.

468



Herpetological Conservation and Biology

Epperson, D.M., and C.D. Heise. 2003. Nesting
and hatchling ecology of Gopher Tortoises (Go-
pherus polyphemus) in southern Mississippi.
Journal of Herpetology 37:315–324.

Esque, T.C., K.E. Nussear, K.K. Drake, A.D.
Walde, K.H. Berry, R.C. Averill-Murray, A.P.
Woodman, W.I. Boarman, P.A. Medica, J.
Mack, and J.S. Heaton. 2010. Effects of sub-
sidized predators, resource variability, and hu-
man population density on Desert Tortoise pop-
ulations in the Mojave Desert, USA. Endan-
gered Species Research 12:167–177.

Frazer, N.B. 1992. Sea-turtle conservation and
halfway technology. Conservation Biology
6:179–184.

Greenwood, R.J. 1982. Nocturnal activity and
foraging of prairie Raccoons (Procyon lotor)
in North Dakota. American Midland Naturalist
107:238–243.

Heise, C.D., and D.M. Epperson. 2005. Site fi-
delity and home range of relocated Gopher
Tortoises in Mississippi. Applied Herpetology
22:171–186.

Heppell, S.S., L.B. Crowder, and D.T. Crouse.
1996. Models to evaluate headstarting as a man-
agement tool for long-lived turtles. Ecological
Applications 6:556–565.

Heppell, S.S., and L.B. Crowder. 1998. Prognos-
tic evaluation of enhancement programs using
population models and life history analysis.
Bulletin of Marine Science 62:495–507.

Holbrook, J.E. 1842. North American Herpetol-
ogy. Reprinted (1976) by the Society for the
Study of Amphibians and Reptiles, Ithaca, New
York, USA.

Ladine, T.A. 1997. Activity patterns of co-
occurring populations of Virginia Opossums
(Didelphis virginiana) and Raccoons (Procyon
lotor). Mammalia 61:345–354.

Landers, J.L., W.A. McRae, and J.A. Garner.
1982. Growth and maturity of the Gopher Tor-
toise in southwestern Georgia. Bulletin of the
Florida State Museum, Biological Sciences
27:81–110.

McDougal, J. 2000. Conservation of Tortoises
and Terrestrial Turtles. Pp 180–206 In Turtle
Conservation. Klemens, M.W. (Ed.). Smithso-
nian Institution Press, Washington, D.C., USA.

Morafka, D.J. 1994. Neonates: missing links in
the life histories of North American tortoises.
Pp. 161–173 In Biology of North American
Tortoises. Bury, R.B., and D.J. Germano (Eds.).
Fish and Wildlife Research 13. U.S. National
Biological Survey, Washington, D.C., USA.

Mushinsky, H.R., D.S. Wilson, and E.D. McCoy.
1994. Growth and sexual dimorphism of Go-
pherus polyphemus in central Florida. Herpeto-
logica 50:119–128.

O’Brien, S., B. Robert, and H. Tiandray.
2005. Hatch size, somatic growth rate and
size-dependent survival in the endangered
Ploughshare Tortoise. Biological Conservation
126:141–145.

Pedrono, M., and A. Sarovy. 2000. Trial re-
lease of the world’s rarest tortoise Geochelone
yniphora in Madagascar. Biological Conserva-
tion 95:333–342.

Pike, D.A., and R.A. Seigel. 2006. Variation in
hatchling tortoise survivorship at three geo-
graphic localities. Herpetologica 62:125–131.

Pike, D.A., and R.A. Seigel. 2007. Is longevity
related to body size or behavior in a hatchling
turtle? Russian Journal of Herpetology 14:81–
86.

Seigel, R.A., and C.K. Dodd, Jr. 2000. Ma-
nipulations of turtle populations for conser-
vation: halfway technologies or viable op-
tions? Pp 218–238 In Turtle conservation. Kle-

469



Tuberville et al.—2010 Head-starting Symposium: Reintroducing Gopher Tortoises.

mens, M.W. (Ed.). Smithsonian Institution
Press, Washington, D.C., USA.

Smith, L.L., D.A. Steen, L.M. Conner, and
J.C. Rutledge. 2013. Effects of predator exclu-
sion on nest and hatchling survival in the Go-
pher Tortoise. Journal of Wildlife Management
77:352–358.

Smith, L.L. 1997. Survivorship of hatchling
Gopher Tortoises in north-central Florida.
Pp. 100–103 In Proceedings: Conservation,
Restoration, and Management of Tortoises
and Turtles–An International Conference. Van
Abbema, J. (Ed.). New York Turtle and Tor-
toise Society, New York, New York, USA.

Tuberville, T.D., E.E. Clark, K.A. Buhlmann,
and J. Whitfield Gibbons. 2005. Transloca-
tion as a conservation tool: site fidelity and
movement of repatriated Gopher Tortoises
(Gopherus polyphemus). Animal Conservation
8:349–358.

Tuberville, T.D., T.M. Norton, B.D. Todd, and
J.S. Spratt. 2008. Long-term apparent survival
of translocated Gopher Tortoises: a comparison
of newly released and previously established
animals. Biological Conservation 141:2690–
2697.

Tuberville, T.D., T.M. Norton, B.J. Waffa, C.
Hagen, and T.C. Glenn. 2011. Mating system
in a Gopher Tortoise population established
through multiple translocations: Apparent ad-
vantage of prior residence. Biological Conser-
vation 144:175–183.

Turtle Conservation Fund. 2002. A global action
plan for conservation of tortoises and fresh-
water turtles. Strategy and funding prospectus
2002–2007. Washington, DC: Conservation In-
ternational and Chelonian Research Founda-
tion.

Wilson, D.S. 1991. Estimates of survival for juve-
nile Gopher Tortoises, Gopherus polyphemus.
Journal of Herpetology 25:376–379.

Wilson, D.S., H.R. Mushinsky, and E.D. McCoy.
1994. Home range, activity, and use of burrows
of juvenile Gopher Tortoises in central Florida.
Pp. 147–160 In Biology of North American
Tortoises. Bury, R.B., and D.J. Germano (Eds.).
Fish and Wildlife Research 13. U.S. National
Biological Survey, Washington, D.C., USA.

Witz, B.W., D.W. Wilson, and M.D. Palmer.
1992. Estimating population size and hatchling
mortality of Gopherus polyphemus. Florida
Scientist 55:14–19.

White, D.L., and K.F. Gaines. 2000. The Savan-
nah River Site: site description, land use and
management history. Studies in Avian Biology
21:8–17.

470



Herpetological Conservation and Biology

Tracey D. Tuberville is an Associate Research Scientist
at the University of Georgia’s Savannah River Ecology
Laboratory, near Aiken, South Carolina. She received
her Ph.D. from the School of Ecology at the University
of Georgia (UGA) in 2008. Her dissertation research
focused on several aspects of reintroduction for gopher
tortoises at Savannah River Site (South Carolina) and St.
Catherines Island (Georgia). Tracey received her M.S.
in Conservation Ecology and Sustainable Development
from UGA in 1998 and her B.S. in Biology from Furman
University in 1993. Her research interests are in applied
conservation and management research for reptiles and
amphibians, including translocation and reintroduction
as conservation tools, use of microsatellite markers to un-
derstand population ecology and individual behavior, and
ecotoxicology. (Photographed by Kurt A. Buhlmann).

Terry M. Norton earned his Doctor of Veterinary
Medicine at Tufts University in 1986 and completed a res-
idency in Zoo and Wildlife Medicine at the University of
Florida in 1989. He became a Diplomate in the American
College of Zoological Medicine in 1992. Terry provides
veterinary care for the Georgia Sea Turtle Center and
St. Catherines Island Foundation programs. Addition-
ally, he is the Director of the Georgia Sea Turtle Center.
He enjoys working with all wildlife but has a true passion
for working with all types of turtles. (Photographed by
Tracey D. Tuberville).

Kurt A. Buhlmann is a conservation ecologist whose
research interests include life history and evolutionary
ecology with application for conservation and manage-
ment of amphibians and reptiles. He has worked with
non-profit, state, and federal agencies on habitat man-
agement projects, including prescribed fire and wetlands
restoration. He is involved in reintroduction projects for
tortoises and freshwater turtles. He holds a B.S. in En-
vironmental Studies from Stockton State College (New
Jersey), a M.S. in Wildlife Sciences from Virginia Tech,
and a Ph.D. in Ecology from University of Georgia. He
is an Associate Research Scientist at the University of
Georgia’s Savannah River Ecology Laboratory and Odum
School of Ecology, and also manages his own conserva-
tion consulting business (Photographed by George Cev-
era).

Veronica Greco currently works on St. Catherines Is-
land in Midway, Georgia, U.S.A. She is their veterinary
technician for the exotic animal collection as well as field
assistant to various wildlife projects that pertain to St.
Catherines Island. Some of these projects involve work-
ing with Sea Turtles, Gopher Tortoises and various shore-
birds. Veronica received her degree in Veterinary nursing
from LaGuardia College in New York City in 1995. Since
her graduation, she has been with the Wildlife Conserva-
tion Society in New York, USA for 10 years with another
couple of years in the Midwest working for the Indianapo-
lis Zoo before her current position on the southern coast
of Georgia. (Photographed by Gale Bishop).

471


	Introduction
	Materials and Methods
	Results
	Discussion
	Literature Cited

