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Although factorsinfluencing turtle offspring prior to nest emer-
gence have received considerabl e attention by researchers (Gutzke
and Crews 1988; Janzen et al. 2000; Packard and Packard 1987),
the activity of neonatesfollowing their emergencefromthenestis
poorly understood (but see Burger 1976; Butler and Graham 1995;
Keller et al. 1997). Previous field research has produced valuable

information on several aspects of heonate ecology for several spe-
cies(Brewster and Brewster 1991, Butler and Sowell 1996; Janzen
1993). However, athorough understanding of life history patterns
for many speciesis absent, and some existing information is con-
flicting (e.g., Congdon et a. 1999; Janzen et al. 2000). Thelack of
knowledge is primarily due to the cryptic nature of neonates and
various logistical problems associated with studying small ani-
mals in the field. Recent advances in radio telemetry technology
such asdecreased transmitter size and increased battery lifefacili-
tate tracking small neonate turtles for alonger duration.

We studied nest dispersal and habitat use in neonate box turtles
using arelatively new, very small radio transmitter. Few studies
have been conducted using telemetry on neonateturtles(e.g., Butler
et al. 1995), and none has focused on nest dispersal and habitat
use of neonate box turtles.

The study was conducted at Rhodes-France Boy Scout Reser-
vation (RFBSR) located in western Shelby County, Illinois, USA
(39°19'N; 89°02'W), from March to April 2002. Two nests were
located by radio tracking gravid femal e turtles during summer 2001
(Flitz 2003). The nestswere sited in rel atively open areasnext to a
tree stump in agrassy field and at the edge of afiretrail (see Flitz
2003 for more description). Nest disturbance was prevented by
using excluder devices, made of hardware cloth of 0.6 cm? mesh
and 30 cm diameter with wallsburied 15 cminto the ground, around
the nest until the end of the 2001 activity season. Upon hatching
and emergence, neonate turtles from both nests (clutch sizeswere
4 and 5, respectively) were collected, brought to our laboratory
and allowed to overwinter in an outdoor enclosure (1.5 x 1.5 m)
under ambient conditions. Each turtle was marked with a unique
series of notches in the marginal scutes. This facilitated identifi-
cation and placement back at the proper nest site the following
spring.

After overwintering, single-stageradio transmitters(model LTM,
Titley Electronics, Austraia; 0.95 g) were attached to the cara
pace of six randomly chosen neonates (three from each clutch)
using a non-toxic silicon adhesive (Fig. 1). Each transmitter cost
approximately US $170, had an average lifespan of 28 days (pers.
obs.; D. Titley, pers. comm.), and did not contain athermistor. We
relocated the subjects using a Telonics TR2 receiver (159.000-
160.000 MHZz) and a6-element Yagi antenna. On average, thetrans-
mitter represented 13.4% of individual body mass (mean+ 1 S.E.
mass of neonates = 7.11 £ 0.10 g). At the time we designed this
study, the LTM model wasthe smallest transmitter of thislongev-
ity being manufactured for attachment on turtles. We concede that
this mass exceeds normal guidelinesfor relative mass of transmit-
ters (usually 5-8%, and rarely up to 10%; Cochran 1980; Richards
et al. 1994); however, we did not observe differences in the mo-
bility of neonates outfitted with these transmitters (discussed be-
low).

On 30 March 2002, all neonates were returned to their respec-
tive nest sites at RFBSR and allowed to disperse. Each neonate
was located 15 times between 0900 and 1700 h on an alternate
day cycle (study duration = 32 days), and locations were marked
with forestry flags. Upon relocation, air temperature at 1 m above
ground (x1° C), and distance (+1 cm) and compass bearing from
the previous location were recorded. Many movements were of
small magnitude and were within the margin of error of most
handheld Global Positioning System units, so we did not take GPS
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TasLE 1. Mean distances moved between relocations (m + 1 S.E.) and microhabitat characteristics (of a1 m? plot centered at
point of relocation) for telemetered neonate box turtles (Terrapene carolina) at Rhodes-France Boy Scout Reservation (RFBSR),
Shelby County, Illinois, between 30 March and 27 April 2002. Means are based on values recorded at 15 relocation points per
subject and 75 randomly-sel ected sites at RFBSR.

Feature of microhabitat

Distance % bare % leaf % herbaceous % woody % canopy vegetation light

Subject # moved (m) ground litter vegetation vegetation closure height (cm) intensity
(lux)
202 114+ 1.40 11.9 58.4 28.6 13 41.6 5.6 504.9
203 114+ 1.39 483 345 12.2 5.0 61.3 7.7 4429
204 235+1.37 22.0 39.7 33.0 6.0 31.0 7.0 512.1
random n/a 155 26.6 47.2 10.9 713 374 138.7

readings. If the turtle moved less than 30 cm from the previous
location, the exact distance was recorded but we did not mark the
new position with another flag to minimize the physical obstruc-
tions within the immediate vicinity. We also recorded the foll ow-
ing parameters in discrete categories at each relocation: sky con-
dition (full sun, some cloud, most cloud, full cloud), amount of
subject exposure (full exposure, partially conceaed, fully con-
cealed, buried), and subject activity (stationary, walking, eating,
other).

On 30 April 2002, we revisited all relocation points and com-
pleted an analysis of the habitat within a1-m areacentered around
each point (methodology follows Flitz 2003; Wilson 1998). The
following measurements were recorded: % bare ground, % leaf
litter, % herbaceous cover, % woody vegetation, % canopy cover
(recorded using a densiometer), maximum vegetation height (x 1
cm), and light intensity at the ground surface (in lux; Extech In-
strumentslight meter). Valuesfor these parameterswere compared
to those measured at 75 randomly chosen sites within RFBSR re-
corded in April 2001 (Flitz 2003). Between 2001 and 2002, we
did not observe drastic changes in vegetation characteristics and

Fic. 1. Neonate (36 days post-emergence) box turtle, Terrapene c.
carolina, with 0.95 g transmitter. Glossy area on turtle's left dorsolateral
surface is area where transmitter had been attached with silicone adhe-
sive.

the pattern of human use of RFBSR remained the same.

Threeturtlesfrom the same clutch had moved lessthan 0.5 min
the first five days following their release. On the sixth day, the
transmitters were discovered without the turtles within 0.5 m of
their last locations. The presence of marks resembling tooth im-
pressions on the resin casing of the transmitters suggests that a
mammalian predator had eaten these subjects. Because of this, we
discarded all datafrom the predated subjects and base the remain-
der of our results on the remaining three neonates. The remaining
telemetered turtles survived the duration of the study, and one of
the non-telemetered turtles was observed 18 days into the telem-
etry period within 10 m of its nest location.

Thetotal distance moved by our subjects during the study aver-
aged 21.94 + 5.46 m. Distances moved between rel ocationsranged
from 0to nearly 7.5 m, although the mean distance moved wason
the lower end of that scale (Table 1). Minimum convex polygon
estimates of home ranges averaged 39.96 + 27.00 m? (Jennrich
and Turner 1969). These home range areas are based on alimited
sample (15 relocations per individual) and thus should be inter-
preted with caution. Subjects moved within the area around the
nest site and were most often encountered motionless underneath
alayer of leaf litter (36 of 43 observations). Air temperature at the
time of relocation ranged from 9 to 27°C. The relationship be-
tween temperature and distance moved were not determined be-
cause subjects could have moved at any time between two rel oca-
tions.

Sites where we relocated our subjects had less canopy closure
(c® = 44.8, p < 0.001) and higher light intensity (c® = 41.6, p <
0.001) than randomly-chosen locations within RFBSR
(Kolmogorov-Smirnov tests; Table 1). Light intensity wasinversaly
correlated with canopy closure (r? = 0.22, p = 0.001) and we re-
corded higher air temperatures at the time of relocation at sites
with higher light intensity (r> = 0.11, p = 0.03). Of the measured
microhabitat characteristics, subjects were found in sites that had
more leaf litter (c2 = 11.2, p = 0.007), less herbaceous cover (c? =
16.7, p < 0.001), and shorter vegetation height (c = 28.1, p <
0.001) than random sites. Relocation sites did not differ from ran-
dom locations in the percent bare ground or percent woody veg-
etation available.

Following their emergence from the nest, neonate box turtles at
RFBSR used habitats having characteristicsthat differed from ran-
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domly-selected areas. In the days immediately following emer-
gence from the nest, this pattern of use was likely influenced by
the nest site itself. As elsewhere (Congello 1978; Messinger and
Patton 1995), female box turtles at RFBSR tend to excavate their
nestsin relatively open habitat (see Flitz 2003 for quantified habi-
tat parameters). Regardless of the structure of emergent vegeta-
tion, we relocated the neonates most often within the leaf litter
layer. We observed one neonate in the entrance of amole burrow,
and found another occupying ashallow depression under the leaves.
Similar postures, occasionally termed “forms,” have been recorded
in neonate semi-aquatic turtles (Butler and Graham 1995) and adult
T. carolina (Flitz 2003; Stickel 1950). In the early part of the ac-
tivity season (e.g., April), leaf litter might provide some insula-
tion from cool air currents above the leaves or concealment from
predators.

Radio telemetry of amphibiansand reptiles historically hasbeen
constrained by the size and mass of the transmitter. Whether im-
planted or affixed to the animal’s surface, the concern has been
that the subject mobility would be impaired by the transmitter’'s
bulk (Fitch 1987; Richards et al. 1994). In spite of losing half of
our test animals, we do not think that the LTM transmitters im-
paired the movements of neonate box turtles. We observed each
of the neonates moving within the leaf litter layer without hin-
drance from the transmitter or its antenna. Transmitters of this
size and style would probably be suitable for other small turtle
species. Construction of a similar transmitter with a longer bat-
tery life would be most useful to better assess microhabitat selec-
tion and activity of neonate turtles without undue disturbance.

Our data represent only threeindividuals of asingle T. carolina
clutch. Nevertheless, they provide information on the activity of a
poorly-studied life history stage of aturtle speciesthat is encoun-
tered across much of the eastern United States. Asthe survival of
pre-adolescent individualsis essential to ensure the persistence of
any species, we hope to encourage further study of early life his-
tory stages with the technology that has recently become avail-
able and affordable. Furthermore, as neonate turtles might utilize
habitat that differs from juvenile and adult areas of activity (But-
ler and Graham 1995; Dodd 2001), conservation efforts for some
turtle populations may be overlooking habitat types that are criti-
cal to the species’ survival.

Acknowledgments—We thank C. Forst, W. Jordan, T. Stranz, and M.
Wood for their assistance with data collection. N. Foster and T. Tinker of
the Boy Scouts of America allowed us access to the study site. Partial
funding was provided by Eastern lllinois University. Comments from C.
Foster, W. Jordan, S. Klueh, J. Towey, L. Walston, and two anonymous
reviews improved an earlier draft of this manuscript.

LiteraTure CITED

BrewsTER, K. N., anD C. M. BrRewster. 1991. Movement and microhabi-
tat use by juvenile Wood Turtles introduced into a riparian habitat. J.
Herpetol. 25:379-382.

BuRGER, J. 1976. Behavior of hatchling Diamondback Terrapins
(Malaclemysterrapin) in the field. Copeia 1976:742—748.

BuTLER, B. O., aAND T. E. Granam. 1995. Early post-emergent behavior
and habitat selection in hatchling Blanding's Turtles, Emydoidea
blandingii, in Massachusetts. Chelonian Conserv. Biol. 1:187-196.

BuTLER, J. A., AND S. SoweLL. 1996. Survivorship and predation of
hatchling and yearling Gopher Tortoises, Gopherus polyphemus. J.

Herpetological Review 35(4), 2004

Herpetol. 30:455-458.

, R. D. Bowman, T. W. HuLL, AND S. SoweLL. 1995. Movements
and home range of hatchling and yearling Gopher Tortoises, Gopherus
polyphemus. Chelonian Conserv. Biol. 1:173-180.

CocHran, W. W. 1980. Wildlifetelemetry. In S. D. Schemnitz (ed.), Wild-
life TechniquesManual, pp. 507-520. TheWildlife Society, Inc., Wash-
ington, D.C.

ConepoN, J. D., R. D. NAGLE, A. E. DunHAM, C. W. Beck, O. M. KINNEY,
AND S. R. YeEomans. 1999. The relationship of body size to survivor-
ship of hatchling snapping turtles (Chelydra serpentina): an evalua-
tion of the “bigger is better” hypothesis. Oecologia 121:224-235.

ConecELLO, K. 1978. Nesting and egg laying behavior in Terrapene
carolina. Proc. PennsylvaniaAcad. Sci. 52:51-56.

Dopp, C. K., Jr. 2001. North American Box Turtles: A Natural History.
University of Oklahoma Press, Norman.

FiTcH, H. S. 1987. Collecting and life-history techniques. InR. A. Seigel,
J. T. Collins, and S. S. Novak (eds.), Snakes: Ecology and Evolution-
ary Biology, pp. 143-164. McGraw-Hill, New York.

FLiTz, B. 2003. Nest-site Selection in the Eastern Box Turtle, Terrapene
carolina carolina. M.S. thesis, Eastern Ilinois University, Charleston,
Ilinois.

Gutzke, W. H. N., anp D. Crews. 1988. Embryonic temperature deter-
mines adult sexuality in areptile. Nature 332:832-834.

Janzen, F. J. 1993. An experimental analysis of natural selection on body
size of hatchling turtles. Ecology 74:332-341.

, J. K. TUCKER, AND G. L. Paukstis. 2000. Experimental analysis
of an early life-history stage: avian predation selects for larger body
size of hatchling turtles. J. Evol. Biol. 13:947-954.

JEnNRICH, R. 1., anD F. B. Turner. 1969. Measurement of non-circular
home range. J. Theor. Biol. 22:227-237.

KELLER, C., C. Diaz-Paniacua, AND A. ANDREU. 1997. Post-emergent field
activity and growth rates of hatchling Spur-thighed Tortoises, Testudo
graeca. Can. J. Zool. 75:1089-1098.

MESSINGER, M. A., AND G. M. PatTon. 1995. Five year study of nesting of
captive Terrapene carolina triunguis. Herpetol. Rev. 26:193-195.

Packarp, G. C., anD M. J. Packarp. 1987. Influence of moisture, tem-
perature, and substrate on snapping turtle eggs and embryos. Ecology
68:983-993.

RicHARDs, S. J., U. SinscH, AND R. A. ALrorp. 1994. Supplemental ap-
proaches to studying amphibian biodiversity. In W. R. Heyer, M. A.
Donnelly, R. W. McDiarmid, L-A. C. Hayek, and M. S. Foster (eds.),
Measuring and Monitoring Biological Diversity. Standard M ethodsfor
Amphibians, pp. 155-158. Smithsonian Institution Press, Washington
D.C.

SrickeL, L. F. 1950. Population and home range rel ationships of the box
turtle, Terrapene c. carolina (Linnaeus). Ecol. Monogr. 20:351-378.

WiLson, D. S. 1998. Nest-site selection: Microhabitat variation and its
effects on the survival of turtle embryos. Ecology 79:1884-1892.

335



