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AusTRA CT. - Two populati ons of gopher tortoises (Gopherus polyphemus ) were studied in southeast 
Georg ia from 1994 to J.996 to determin e population structur e and reproducti ve output. Habitat 
quality and burrow placement relative to habitat structure and fire managemen t regime were 
monito red. Habitat quality was correlated witJ1 tortoi se size and reproducti ve success. Tortoi ses 
from a managed site(Fort Stewart Army Rese rvation [FSAR]) were larger than tortoises from a non­
managed site (Geo rge L. Smith State Park [G LS]). Fema les were significantl y larger at FSAR (mea n 
carapace length [CL]= 306 mm) than GLS (mea n CL = 290 mm). Mea n clutch size was significantl y 
different between sites (FSA R: 6.52 vs. GLS: 4.52 eggs) . Eggs and hatchlings varied significa ntly in 
mass (FSAR: 42.6 vs. GLS: 40.7 g per egg; FSA R: 32.2 vs. GLS: 29.4 g per hatch ling) while hatcllling 
CL did not vary significantly (FSAR: 46.4 vs. GLS : 46.4 mm CL). Habitat charact erisitcs at active 
burrow s were similar between sites (FSAR: 25.8 vs. GLS: 26.1 % canop y; FSAR: 40.4 vs. GLS: 
35.6% grouudcover ) while overall habitat characteristic s were significantly different (FSAR: 40.3 
vs. GLS: 76.4 % ca nopy ; FSAR: 28.6 vs. GLS: 12.2 % groundc ove r). Tortoi ses appear to select 
burrow location based on canopy cove r directly abov e the burrow and percent groundcover aro und 
the burrow mouth. Our results indicate that the fire manage ment reg ime at FSA R res ults in more 
availabl e habitat suitab le for gop her tortoise than at GLS . 

K EY WORD S. - Reptilia ; Testudines; Testuclinidae ; Gopherns polyphemus; tortois e; reprodu ction; 
sex ratio ; popu lation structur e : habitat; manag ement; Geor gia; USA 

Th e gopher tortoise (Gophem s polyphe11111s) is cur­
rentl y I isted as a threatened species by the state o f Georg ia. 
and is a promin ent vertebrate species found in the sandhill 
communit y. ln the western portion or its range (A labama. 
Mi ssissippi. and Louisiana), it is li sted as Thr eatened under 
the Endangered Species Act (U.S. Fish and Wildli fe Service. 
1990) . Mu ltipl e studi es have investigated the effec t of habi ­
tat on distributi on o f torto ises and/o r tortoise bur rows 
(Di emer , 1986; McCoy and Mu shinsky . 1992 : A resco and 

Guyer, 1999 : Bog liol i et al.. 2000) . Cox c l al. ( 1987) sug­
gested that it is the management of the habitat that is essential 
to the long term population v iabilit y of thi s speciel>. The 
tortoise's presence is readi ly determin ed in these communi­
ties makin g it an ideal foca l species fo r those invo lved in 
management o f this type of habitat. 

M ost studi es have been conducted in Florid a. where 
geographi c variati on in popu lation structure. size class, and 
reprodu cti ve output is fair ly well documented (I verson. 
1980: Wri ght. 1982; Diemer. 1986; Diemer and M oore. 
1994; Mu shinsky et al.. 1994: Butl er and Hull. 1996) . T he 
species has also been studi ed in southwest Georg ia (L anders 
et al. . 1982) and the western porti on o f its range in Mi ssis­
sippi and Louisiana (Smi th et al. , 1997) . Geographi c varia­
tion in habitat structure and soil types as well as current 

fo restry practi ces have also been related to variati on in 
population structure and reproducti ve success (Smith et al.. 
I 997; Ar esco and Guyer, 1999) . Gopher tortoise popula­
tions in southeast Georg ia have remained largely unstudi ed. 
Regional studi es are criti cal to the proper management o f the 
gopher torto ise in diff erent geogra phic areas. 

From a population standpoint. three considerati ons are 
imponant fo r long term surv ival of t he gopherrort o ise: I ) the 
condit ion of gopher tortoise habitat. 2) the minimum size o f 
a IOrto ise population in order to persist . and 3) the minimal 
amount of habi tat requir ed to support such a population (Cox 
et al.. 1987). 

It is apparent that habitat parameters act to innu ence the 
amount o r energy available for all ocation 10 the three com­
ponents of grow th , maintenance, and reprodu ction . Exactl y 
how the avail able energy is utili zed with regard to these three 
components by tono i es in southeast Georgia is uncertain . 

We report on population structur e, reprodu cti ve output. 
hatchin g success. and hatch lin g size fo r two population s o r 
C. po/_l-phem11.1· studi ed fro m 1994 to 1996. Relationship to 
habitat quality and managemempra cti ces are also presented . 

METHODS 

Research Sites. - T wo research sites. George L. Smith 
State Park (GL S)and Fort Stewart A rmy Reservation (FSAR ), 

were used in thi s sLUdy. Both are sandhill communiti es 
know n to support gopher tortoises (Fig. I ). Sites are simil ar 
in structure. being sandrid ges found on the east side of 

stream systems. Both streams have been imp ounded to form 
lakes (Fig. 2) . Th ough simil ar in size and general appear­
ance. the site. di ffe r great ly in management regimes, result ­
ing in diff erent levels o f degradati on. 

Th e fir st site. GLS , is a relati vely unmanaged preserve 
located near T w in Citi es. Georgia. The sandhill port ion or 
the park consists of a sand dune deposited along Fif teen Mile 
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Figure 1. Gopher tortoise (Gopher us polyphemus) in sandhill 
habitat in southea st Georgia. Wiregra ss (Ar istada stricta) and saw 
palmetto (Serenoa repens) are visible in the foregro und while 
turkey oak (Quercus laevis) and longJeaf pine (Pin us palustr is) are 
visible in Lhe background. 

Creek. Thi s particular sandhill community is relativ ely 
isolated due to deve lopment and broad scale agriculture on 
surroundin g prop erty. Althou gh gopher tortoise habitat has 
been prese rved in GLS, tortoise habitat surrounding the park 
has become fragment ed over time, resulting in small colo­
nies existing in patche s of sand bi 11 habitat isolated from the 
park. Furthermore , the sandhill portion of the park has not 
burned in over twenty years (K. Watso n, pers. comm.), 
causing it to become overgrown primarily with turkey oak 
(Quercus laevis). 

The second site, FSAR, is a managed preserve on a 
military installation encompa ssing areas of seven southeast 
Georgia counties. Relati vely continuous sandhill habitat is 
present on FSAR, with few barrier s to discourage inter­
co lony migration between sandhill communities. The site is 
man aged for a wide variety of plant and anima l species 
including the gopher torto ise. The parti cular sandhill uti­
lized for this study consisted of a dune near Turkey Creek in 
the southeast corne r of the installation. Habitat on FSAR is 
maintained with prescribed burns on a 3-5 yr interval. The 
primary plant species on both sites are turkey oak (Quercus 
/ae11is), wiregrass (Aristada srricta), andlon gleaf pine (Pi nus 
pa/11stris). 

Burro w Surveys. - Both sites were surveyed for all 
visib le tortoise burrow s, which were designated as active or 
inactive (McCoy and Mushinsky , 1992). Burrow s display ­
ing signs of recent to11oise activity (footprint s, plastron 
scrape marks , and/or signs of digging) were considered 
active, and burrow s lacking these signs or with leaf litter in 
the mouth wereco nsidered inactive. All active burrow s were 
marked with a0.5 m section of l inch(2.5cm) PVC pipe with 
a number tag driv en into the ground ca. 1 m from the mouth 
of the burrow on the apron . 

Animal Capture and Care. - Gophe r tortoises were 
trapped in buckets, as descri bed in Breininger et al. ( 1991 ) . 
Measurements of straight carapace length (CL), straig ht 
plastro n length (PL), maximum height (MH), and maximum 
width (MW) were taken to the nearest millimeter using a set 
of calipers. Mass was obtained using a 10 kg Pesola spring 
sca le. Each tortoise was assigned a number and tagge d with 
a plastic fi sh tag (Floy Model FfF-69 Pennant. Floy Tag & 
Mfg. , Seattle, WA ) attached to the posterior r.ight costa l 
scute of the carapace with epoxy so that !he number could be 
easily identifi ed. Th e same number was also notched in the 
marginal scutes of each tortoi se, following the method of 
Cagle (1939). All tortoises were relea sed within 24 hrs at the 
site of capture. 

Habitat Structure. -Canopy cover was measured with 
a convex spherical crown den siometer (Lemmon. 1957). 
Reading s were taken by one of us (DNJ) at 50 active burrows 
and a ser ies of 50 random points throughout each site. 
Burrow s were chosen using a random number table using 
their identification number. Random point sites we re de­
rived by measuring a transect line through the study sites. 
Dirt access roads through the sites effectievely served as 
transects (Fig. 2). At randomly chosen intervals along the 
transects, random point s were measured perpendicu lar to 
the transect. Point s were determined using a rando m number 
table to find coordinat es within the tortoise habitat as deter­
mined by vegetation type. 

Groundcover was measured al the same locations as 
percent canopy. A samp ling point was identified one meter 
from burrow locations and one meter from random points. 
Four readings were taken at each location (north, so uth, east, 
and west) by moving the grid one meter from each locatio n 
in each of these four directions. The se four readings were 
then averaged to obtain mean percent groundcove r. All 
estimat es of percent canopy and percent grou ndcove r at 
burrows and random points were averaged to obtain a mean 
percentage for each site. 

Radi ography anti Egg Collection. - All female tor­
toises were radiographed with a Summit LX 125 V X-ray 
machin e (Summit lndustrie . . Chicago, IL ; Gibbons and 
Greene, 1979). Radiographs were taken with the tortoise in 
a pla stro n down position at setti ngs of 63 KV, 100 mA, and 
8.0 mAs , using Dupont X-ray fiJm. Five fe males from FSAR 
and five females from GLS with known clutch sizes were 
chosen for oxytocin induced ovipos ition in order to acquire 
equal numbers of eggs from each site. Oxyt ocin saline 
solu tion containin g 0.5% chlorob utanol (Sigma Diagnos -
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Figure 2. Map of study si tes. A) Fort Stewa n Army Reserva tion. 
Geo rg ia. B) Geo rge L. Smith Sta te Park. Georgia. Distr ibut ion of 
active bun-ows (o) is show n. Sandh ill hab itat was loca ted east of 
strea m sys tems which had been impounded to form lakes. 

tics. St. Louis . MO) was g ive n inrra muscularl y in the fo re­
limb at a dose of2 0 1.U. per kg body weight (Burk e el a l.. 
1996). 

Egg lncubation.-Eac h egg was p lace d indi vidually in 
a small plastic co ntaine r with 250 mg ste rilize d sa nd and 
incubated acco rd ing to the meth od desc ribed in Sp otila et al. 
( I 99 4). A total o f 45 eggs were obtained for incubati o n (23 
fro m GLS and 22 fro m FSAR ). Eleve n eggs fro m GLS and 
I I eggs from FSAR we re placed at 3 1.5°C (fema le- produ c­
ing tempera ture) . for a total of 22 eggs . T we lve eggs from 
GLS and 11 eggs fro m FSAR were placed at 27 .5°C (male­
produc ing temperature), for a total of23 eggs . Temperatur e 
settin gs were chose n to obtain a ba lanced sex rat io of 
hat ch lings (as de term ined fro m Burk e et al.. 1996) as we ll as 
10 determin e the e ffec t of inc ubatio n te mperatur e o n incuba­
tion durati on for torto ise eggs from so utheas t Geo rgia. A 
balanced se x ratio was needed to co ntro l for poss ible effects 
of ge nder on hatch ling size . A Phys itemp Mode l BA T- 12 
(Phys itemp Instrum e nts, C lifton, NJ) thermoco uple reade r 
was used to monito r intern al tempera ture of eac h incubator. 
Tempera tur es were logge d 5 tim es week ly for the du ration 

of egg incub at ion. Egg co nta iners were rota ted within the 

incub ators wee kly to adju st for te mpera tur e va riation within 
the chamber. at which tim e they were we ighed and sand 
moisture replaced as nee ded by weig ht to maintain 0.4% 

sand moistur e (Sp otila et al., 1994). Th e mea n incubation 
te mpera tur es we re 27 .9°C (range= 26.8-28.8°C, 11 = 69) and 
3 1 .4°C (ra nge = 30.7-32. 1°C, 11 = 72). 

Hc11cl-1/ing Meas11reme111sa 11d Ca re.- Hatchlin gs we re 
we ighed and meas ured when the yo lk was co mpletely ab­
so rbed. Body mass (± 0 .0 I g) and CL we re meas ured. Th e 
hatch lings we re re leased back at G LS or FSAR , de pendin g 
on where the original clut ch was obtained, ca. 1-2 m from 
the burr ow of the pare nt female. 

Statistical Analvses . - We report mea n va lues± stan­
dard erro rs (SE ). A Scheirer-Ray- Hare extension of the 

Kruskal Wallis Analysis of Variance was perform ed to 
co mpare Lhe effec t o f sex . site. and their interaction on CL (p 
:5: 0.05 : So kal and Rohlf, 199 5). Mann Whitn ey Rank Sum 
tes t was used for co mparin g ma le C L, female CL, egg ma ss, 
hatchlin g mass, and hatchlin g CL betwee n sites (p :5: 0.05). 
An alys is of Cova riance was used lo identi fy di ffe rences 
betwee n study sites for cl utch size vs . CL (p::; 0.05). Habitat 

co mpari on (% ca nopy and gro undcove r) was also tes ted 
us ing non-p ara metric Mann Whitn ey Rank Sum tes t (p $ 

0 .05) . Contin ge ncy tab les (X2) were used to ide nt ify sig nifi­
ca nt d iffe rences in sex rati os, hatching success, and bur row 
surveys. 

RESULT S 

Populmio11 Structure. - We ca ptured 87 tortoises at 

GLS and 88 tortoises at FSAR. For the purp oses of thi s 
srudy, torto ise s ize/age classes we re set at 0- 120 mm for 
juve niles . 121 to 260 mm for subadult s, and 26 1 mm and 
grea ter for adult s. s imi lar to Landers et al. ( 1982) with the 

excep tion of adult s ize . Rad iogra phs we re use d to es tablish 
the prese nce or absence of eggs in indi viduals, and thereby 
dete rmin e the s ize of rep rod uctive maturit y in fe males 
(Gi bbon and Gree ne, 1979 : Turn er et a l.. 1986). Min imum 
fema le reprodu ctive size was 26 1 mm C L for thi s three yea r 
stud y. Of the 87 tortoises captur ed at GLS. there we re 30 

ad ult males . 38 adult fema les, 3 unsexe d adult s, 16 sub­
adu lts, and 0ju ve niles. At FSA R, there we re 34 adu lt males, 

4 1 adu lt females. 3 unsexe d adult s. 8 subad ults. and 2 
ju veniles. 

An effec t o f bo th sex and sire o n adult s ize (CL) was 
obse rved (sex: H = 14.35, df = I, p < 0 .00 I:. ite: H = 6.34, 
d f = I. p= 0.002 : sex x site: H = 8.86 . df = I ,p < 0 .0 1). Mal es 
we re signifi ca ntly smaller than females at both FSAR and 

GLS. Th e re was no signifi ca nt d ifference be twee n males 
fro m FSA R (mea n CL= 286 ± 2 mm , n = 36) and G LS (mea n 
C L = 287 ± 3 mm, 11 = 32) . Howeve r. females fro m FSAR 
(mea n CL = 306±3 mm. 11 =4 1) we re significa ntly large rrh an 
fe males from GLS (mean CL= 290±2 mm. 11 = 39) . Th erefo re. 
there is an effec t of both sex and site on female size. 

Perce ntages of adult s in va rious s ize classes were dis­
tribut ed diff erently between sites (Fig. 3) . Si ze class di stri-
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Figure 3. Distribution of straight carapace leng1h (CL) measure­
ments of (A) aduh male and (B) aduh remale gopher 10noises 
(Gopheruspo/yphe11111s) for George L. Smith Stale Park (GLS) and 
Fort S1ewar1 Army Reservation (FSAR) study site~. 

but ion indicated a greater percentage or smaller remales at 
GLS than FSAR. Males were more similar between sites 
with respec t to size class distribution. Adult sex rntios varied 
only s lightly between sites. The sex ratio at GLS ( I: 1.27 
males to fomales) and FSAR ( I: 1.2 1 males to females) were 
1101 significantly differe nt from I: I (GLS: x2 = 0.350, df = I , 
p = 0.539; FSAR: X2 = 0.2 10, df = I. p = 0.646). 

C/111ch Si-;:,e. - Differe nces in clutch size were also 
obse rved between the two s ites. Females at FSAR produced 
signiricantly larger c lutches (overa ll mean = 6.52 ± 0.33 
eggs. range= 4- 12 eggs. 11 = 25) over three consecu tive 
reproductive seasons than females at GLS (overall mean= 
4.52 ± 0.23 eggs, range= 3-7 eggs, 11 = 23; U = 358.0. p < 
0.001 ). A higher percentage or l'emales nested at FSAR than 
GLS during the 1995 and 1996 seaso ns. 

Clutch size was pos itively correlated with CL (in cm) 
!'or all FSAR and GLS tortoises combined (clutch =-13 .30 I 
+ (0.630 x CL), r2 = 0.35.11 =42) . Linear regression analyses 
were also performed independently on FSAR (clutch = -
12. 123 + (0 .609 x CL). 1.1 = 0.3 14. 11 = 20) and GLS (clutch 
=-2.87 1 + (0.256 x CL). ,.1= .099.11 = 22) and displayed weak 
positive corre lations between clutch size vs. CL with equa l 
slopes (site x CL: F = 1.8678, elf= 1.38.p=0 . 1798). Analysis 

of Covariance of c lutch size vs. site differed significantly 
between FSAR and GLS (site : F = 6.986. elf= 1.39, p < 
0.0 12). While CL does influence clutch size(CL: F= I 0.45 1. 
df = 1,39, p < 0.0025), there appears to be effect of site on 
c lutch size independent of female s ize (Fig. 4). 

Halchi11g Success, Egg Mass. a11d Hm chfing Si-;:,e. -
Hatching success was similar between incubated eggs from 
FSAR (8 1.2%) and GLS (87.0%). Hatching success for all 
eggs incubated in this study was 84.5% (11 = 45). Hatch lings 
incubated at 3 I .4°C pipped an average of 15 clays sooner 
Lhan hatchlings incubated at 27.9°C. The mean number of 
days befo re pipping at 3 I .4°C was 82.2±0.64( 11 =2 1 ). while 
the mean number of days before pipping at 27.9°C was 97.2 
± 0.65 (11 = 17). Egg mass was positively corre lated wi1h 
hatchling mass (F = 148.5. elf= 1.36. p < 0.000 I. r! = 0.799) 
and hatch ling CL (F=34.6 . df= 1.36,p <0.000 I. r! =0.490). 
Egg and hatchling masses were significantly different be­
tween sites while hatchling CL was not. Mean egg mass at 
FSAR was42.6±0.8 g (11 = 18) while mean egg mass at GLS 
was 40.7 ± 1.0 g (11 = 20) (U = 426.0. p = 0.029). Hatch lings 
from FSAR had a mean CL of 46.4 ± 0.5 111111 (11 = 18). and 
hatch lings from GLS had a mean CL or 46.4 ± 0.5 111111 (11 = 
20) (U = 35 1.0. p = 0.988). Hatchlings from FSAR had a 
mean mass of32.2±0.8 g (11 = 18). and hatchlings from GLS 
had a mean mass of 29.4 ± 0.8 g (11 = 20) (U = 435.0 . p = 
0.0 15). 

BwTmr Surveys. - The ratio of au ive to inactive 
buJTows varied significantly between sites when surveyed at 
the beginn ing or the study <x~ = 140.6. DF = I, p $ 0.000 I ). 
We identified 13 .1 act ive burrow, and 33 inactive burrows 
for a total of 166 burrows at FSAR within our study area. We 
identified 89 active burrows and 275 inactive burrows for a 
total of 364 burrows at GLS within our study area. 

Habira1 Stmt lllre. - Percent canopy varied signiticantly 
within and between sites for random point read ings. Crown 
densiometer readings at FSAR averaged 40.3 ± 2.5 1 % (11 = 50) 
canopy cover. while the GLS site averaged 76.4 ± 1.79% (11 = 
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Figure 4. Clutch size v~. straigh1 carapace length for gopher 
1ortoises (Gopherus polyplte11111.1·) studied at George L. Smith State 
Park (GLS) and Fon Stewart Army Reserva1io11 (FSAR). Positive 
correlations were ob~erved for both populations (FSAR clutch= -
J 2.123 + (0.609 x CL). r1= 0.314: and GLS clutch =-2.871 +(0.256 
x CL). ~ = 0.099). 
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Figure 5. Relaiionship between percent canopy at active gopher 
tortoise (Cop l,erus polyphemus) burrow~ vs. random points within 
the sandhill habitat for Fort Stewart Army Re~ervation (FSAR) and 
George L. Smith Swte Park (GLS) $!Udy sites. Note the similarity 
in the distribution of percent canopy at active burrows between 
GLS and FSAR relative to the distribution of percent canopy at 
random points. 

50} canopy cover (U = 3593.0. p < 0.00 I: Fig. 5). However. 
pen.:ent canopy at active tottoi e burrows did not vary signili ­
cantly between site~ (FSA R: 25.8 ±2. I 9%. n = 50: GLS: 26. 1 
± 2.06%, 11 = 50; U = 252 1. p = 0.981: Fig. 5). 

Percent groundcover varied signifi cantl y w ithin and 
bet ween sites for random point readings. Groundcover read­
ings at FSAR averaged 28.6 ± 1.75 % (11=50) , while readings 
at GLS averaged 12.2 ± 1.31 % (11 = 50) (U = 1605.0. p < 
0.00 I: Fig. 6). However. percent groundcover at active 
tortoise burrows did not vary signifi cantly between sites 
(FSA R: 40.4± 3.03%.11 = SO: GLS: 35.6 ±2 .13%. n = 50: 
U = 2404.0. p = 0.406; Fig. 6). 

DISCUSSION 

Significant differences were observed in adult size. 
reproduction. and habitat structure between the two study 
sites (FSA R and GLS). 
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Figure 6. Relationship between percem groundcovcr at active 
gophertortoisc (Gopl,eru.1 polyplie11111s) burrows vs. random points 
within the sandhill habitat for Fon Stewart Army Reservation 
(FSJ\R) and George L. Smith State Park (GLS) study sites. Note 
the similarity in Lhc distribution of percent groundcover at active 
burrows between GLS and FSAR relative to the distribution of 
percent groundcover at random points. 

Pop11/c11io11 Strn ctur e . - Mal es are signifi cantl y 
smaller than remale in southeast Georgia. Signifi cantly 
small er males have also been reported for Florida (Diemer. 
I 992) and southw est Georgia (Landers et al.. 1982 ). 
Di emer ( 1992) reported sex ratios that approach I :2 in 
favor of males. wh i le in southeast Georgia sex ratios of 
I : 1.27 and I : 1.2 1 in favor of females were observed at 
GLS and FSAR. respecti vely . Similarly. a tortoise popu­
lation relocated fr om Bull och County . Georgia to St. 
Catherin es Island. Georgia in May 1994 di splayed a 
I : 1.1 ratio in favor of males (Jones. 1996). Smi th et al. 
( l 997) reported sex ratios not signifi cantl y different 
fr om I : I for populations in the western part of the range 
( Mi ssi~sippi and Louisiana). Demuth (200 1) also re­
por ted an adul t sex rati o of 1.07: 1.0 (malcs:fe males) for 
M errill Island National W i ldlif e Refuge on the At lantic 
coast of central Florida. The higher sex rati o reported by 
Deimer ( I 992) may be the result of sampling method. 
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Popul ation structure a lso di ffered from that re ported by 
Dieme r ( 1992) but was more similar to that repo rted by 
Sm ith et al. (J 997). Adults com prised 75% of captured 
torto ises at GLS and 79% of ca ptured to1to ises at FSAR. 
bot h well above the 40-54 % range of adult perce ntages 
re ported by Diemer ( 1992). Sm ith et a l. ( I 997) obse rved 
eve n higher percentages of adult torto ises (4 1 females, 46 
males and I subad ult at Ben's Creek WM A; and 72 female., 
52 ma les and 6j uveniles at Marion Co unty WM A). In terest­
ingly, adults co mprised 45 % of tortoises reloca ted from a 
pop ulation from Bull och County. Geo rg ia (20 males, 19 
females, 22 subadult s, and 26 j uveniles; Jones, 1996). Di f­
fe rences in adult perce ntages in southeas t Georg ia may be 
attributed to d ifferent sampling methods used to cap ture 
torto ises or low num bers of ju veniles at GLS and FSA R. 

Few j uveniles we re loca ted at FSA R (2) or GLS (0). 
T his may be due to a variety of factors. It is poss ible that 
ju ven iles may share burrows with adults, place their burrows 
in highly sec retive loca tions. or block the entran ces to the ir 
burrows with sand when they are occ upied (Auffe nberg and 
Weave r, 1969). Guyer and Hermann ( 1997) obse rved that 
small to1toise bur rows have a much sho rter ha lf-life com­
pared wit h large r burrows in the same area. Aresco ( 1999) 
obse rved that j uvenile tor to ises tend to build bur rows under 
structures such as logs. falle n tree limbs, and stumps. Wh ile 
these fac tors may further confound locat ingj uvenile torto ise 
bmTows, the low number of juve nile burrows locate d at GLS 
and FSA R may also ind icate lowe r rec rui tment rates in the 
northe rn range of th is spec ies . 

Reproduc tion. - Reprod uct ive size and fecu nd ity we re 
dete rmined for both popul ations. Minimum fema le rep ro­
ductive size was 26 1 mm CL for the three yea r period that 
clutc h size da ta were ob tained, and indica tes that in south­
eas t Georg ia the cr itica l reproductive size may be large r than 
that re ported for other regio ns (Iverson. 1980; Lande rs et al., 
I 982; Diemer. 1986; Dieme r and Moo re, 1994; Mushinsky 
et al., 1994). Landers et al. ( 1982) noted that females in 
southw es te rn Georg ia attain sex ual maturity at 250-265 mm 
CL. Females in northern Florida are eve n smaller at sex ual 
maturit y. Jverso n (1980) repo rted sex ual maturity at 226-
236 mm CL, Dieme r ( 1986) reco rded 232 mm CL, and 
T ay lor (J 982) noted 210 mm CL. Centra l Flor ida fema les 
attain sex ua l maturity at 240 to 250 mm CL (Mu sh insky et 
al., 1994 ). S mjth et al. ( 1997) repo rted reprod uctive fema le 
size range from 250 to 3 10 mm CL. We suspec t that crit ical 
reproduct ive size and critica l repro ductive age are interre­
lated, and that this pote ntial late onset of reprod uction in 
Geo rgia co uld cause lowe r reproduct ive pote ntials of fe­
males and s lowe r rates of populat ion growt h than pop ula­
tions in more southern reg ions. The warm cli mate and longer 
grow ing seaso n in Florida ma kes it poss ible for tortoises in 
these areas to be act ive for a longer period of time than 
tortoises farthern o1th (Douglass and Layne, 1978, Mushinsky 
et al.. 1994). Mushin sky et a l. ( 1994) noted that thi s longer 
period of activity results in these torto ises atta inin g sex ual 
mawrit y 6 to IO yea rs soo ner than fe ma les in more northerly 
popu lations, and hypothes ized that the re lat ively ea rly onset 

of reprod uctio n in so uthern popul ations of tortoises pro­
motes g reater reproduct ive pote ntials o f females and higher 
pote ntial rates o f pop ulat ion grnwt h than in more northerly 
popul ations. Die mer ( 1994) rev iewe d past studi es show ing 
that age at sex ual maturit y increases from southern popul a­
tio ns (Florida populatio ns range from 12 to 18 yrs with 
increase in latitude) to northern popu lations (so uthwes t 
Geo rgia populat ions range from 19-21 yrs). Obse rva tions 
from southeast Geo rgia supp ort a simil ar age to sex ual 
maturity as southwes t Geo rgia based on annuli counts (Jo nes. 
1996). Age at sex ual maturi ty may be one of the most 
impo rta nt in fluences o n po pul ation grow th in turtl es 
(Congdo n et al., 1994) . 

C lutch size a lso differs betwee n sta tes and reg ions, and 
in the case of our study, betwee n sites in the same region of 
southeas t Geo rg ia. Fema les from FSAR produced a mean 
clutch s ize ove r a three yea r per iod of 6 .52 eggs . while 
females from GLS prod uced a mean clutch size ove r a three 
year period of 4.52 eggs. A tortoise pop ulation re loca ted 
from Bulloc h Co unty, Geo rgia to St. Ca therines Island. 
Geo rgia in May 1994 displayed an eve n higher c lutch size 
for the reg ion (mean clutch size = 8.0 ± 0.3 1 eggs, range= 
6-!0eggs, mean fema leC L =3 14111111,11= 13;Jo nes, 1996). 
however. fema le size was large r as we ll. Diemer ( 1986) 
reported a mea n clutch size of 5.8 eggs in northern Florida, 
and Iverson (1980) observe d a mean clutch size of 5. 18 eggs 
per clutch. But ler and Hull ( 1996) reported a mea n clutch of 
5.04 eggs per clutch for nort heas tern Flor ida . Landers et al. 
( 1982) observe d a mean clu tch size of 7.0eggs in southwest­
ern Geo rgia. S mith et al. ( 1997) obse rved a mea n clutch sizes 
of 5.6 and 5.5 eggs in Miss iss ippi and Louisiana, respec­
tively. Dem uth (200 I) repo rted a mean clutch of 7 .46 eggs. 
sim ilar to those surveyed from the literat ure by Butler and 
Hull (1996) fo r south and central Flor ida (7.8 eggs. Linley, 
I 986; 8.9 eggs , Burke, 1987; 7.6 eggs, Godley, 1989). 
Interesti ngly, Wright ( 1982) repo rted a mean cl utch size of 
3.8 eggs in So uth Caro lina which is somew hat similar to the 
c lutch size reported forGL S. South Carolina may represen t the 
northern range limit of G. polyphemus. These geograp hic 
variations in gop her torto ise populations may be due to differ­
ences in habitat quality and nutrit ion (Landers et al., I 982). 

The obse rved differences in c lutch size betwee n FS AR 
and GLS can only partially be attr ibuted to sma ller female 
size at GLS. A pos it ive linear re latio nship berwee n c lutc h 
size and female CL was observed at both sites. Severa l 
st ud ies have shown that clutch size increases wi th the 
plastro n or cara pace length of the female (Tverson, 1980; 
Lande rs et a l., 1980; Die mer and Moore, 1994 . Smith et al.. 
1997) . Values from both sites we re plotte d ia a linear 
regress ion analys is to determin e the re lationship of clutch 
size vs . cara pace length for southeas t Geo rgia. Not on ly did 
GLS females produce sig nifica ntly fewer eggs per clutch, 
but the females and thei r respecti ve clutc hes from bot h sites 
formed two fairly distinct gro ups on the linear regress ion 
gra ph (Fig. 4). If clutch size were in fluenced only by cara ­
pace length, we wo uld expec t a fairly eve n distribution on 
the graph, with large females producing large clutches and 
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small females producing small clutches. Although a positive 
correlation exists between clutch size and carapace length in 
southeast Georgia, as reported from other regions (Iverson. 
1980; Landers et al., 1980; Diemer and Moore. 1994). the 
significant difference in linear regression ana lyses betwee n 
FSAR and GLS indicates that other factors are involved in 
the determination of c lutch size . most of which may be site 
specific. 

Incubation studies have focused on two specie s of 
Copherus. Our resu lts aresim ilarto the results from both the 
desert torto ise (Gopherus agassizii; Spoti la et al.. l 994: 
Rostal et al., 2002) and the gopher tortoise (C. po/yphemus; 
Burke et al., 1996: Demuth. 200 I). Incubation rime varied 
significant ly between eggs incuba ted at 27.9°C (97.2 days) 
and eggs incubated at 3 I .4°C (82 .2 days ). Demuth (200 I) 
observed 95 days at 28°C and 80 days at 3 I °C for G. 
po/yphemus eggs from central Florida. Simi larly, eggs from 
G. agassizii incubated at 28°C averaged 89 days while eggs 
incubated at 3 l .3°C averaged 78 days (Spotila et al.. 1994; 
RostaJ et al., 2002). 

Hatchi ng success from incubator studies has vatied. 
Hatching success was 86.96 % for eggs from GLS and 81.22 
% for eggs from FSAR. This rate of hatch ing success was not 
significantly different from other studies (73.5% . Bull er and 
Hull, 1996; and 77%. Burke et al.. 1996; x2 = 0.640, df = 2, 
p = 0. 726) . Demuth (200 I) incubated eggs at a series of 
temperatures ranging from 26 to 34°C with an overall 
hatching success of 48.9%. Hatching success ranged from 
58 to 63% for temperatu res between 28 to 32°C. High levels 
of hatching success are also important in that both popula­
tions support sufficient males and females capable of fertil­
izing and producing viable offspring . Observat ions from 
field nests have varied (80.6% . Butler and Bull, 1996; 92 % 
Arata , 1958: 86%, Landers et al., 1980: 28%. Linely and 
Mushinsky, 1994 ; 67-97 %. Smith, 1995). Studies of nests 
left in si111 are important for understanding reprod uctive 
success within populations. 

Egg and hatch ling size were observed to be interrelated. 
Egg mass and hatch ling mass were significantly different 
between sites while hatchling CL was not. Mean egg mass 
was 42.9 g and 40.7 g for FSAR and GLS. respectively. 
These figures are similar to egg masses reported from other 
studies (4 1.0 g, Iverson, 1980: 37.7 g. Butler and Hull , 1996; 
36.0g, Burke et al., l 996; 38.ll g, Demuth , 200 1). Hatch ling 
CL in southeast Georgia (46.4 mm CL) is similar to that 
reported by Iverson ( 1980) of 48.2 mm CL in Florida. 
Demuth (2001) reported hatch ling CL's ranging from 44 to 
46 mm depending on incubation temperature for the Atlantic 
coast of central Florida. The se difference s may be attributed 
to differe nces in the reproductive biology of tortoises from 
different regions (Iverson. 1980). The variatio n in egg mass 
and hatch ling mass observed between FSAR and GLS may 
also be related to avai lable energy. An important observa­
tion is that while there is variat ion in hatchling mass which 
is strong ly correla ted to egg mass, hatch ! i ng carapace length 
was not significantl y different between population s. There 
is a potent ia l tradeoffbetween clutch size and egg/ hatchling 

size in G. po/yphemus. A major predic tion of the optima l egg 
size theory is that. within a population. the amou nt of 
variation in reproductive output among females should 
result primarily from varia tion in the number of offspring 
produced and seconda rily from variation in egg size 
(Congdon . 1989). 

Habi1a1 S1n1cwre. - Location of active tortoise bur­
rows was strongly co rrelated with canopy cover and 
grou ndcover at both sites. Act ive burrow s at both sites had 
low canopy cover (FSAR: 25.8% : GLS : 26 .1 %) and high 
groundcover (FSA R: 40.4%; GLS: 35.6%) relative to over­
al l canopy (FSAR: 4.3%: GLS: 76.4%) and gro undcover 
(FSAR: 28.6%; GLS: 12.2%). Canopy and groundcover 
were correlated at both sites. Our data indicate less suitable 
habitat available for burrow placement throughout the GLS 
site, and more at the FSA R site (Figs. 5 and 6). The fact that 
there is no significant difference in percent canopy or per­
cent groun dcover at act ive burrow locations between FSAR 
and GLS indicates that torto ises are seeking simila r areas for 
burrow placement at both sites. Canopy ( 14.0%) and 
groundcover(38.4%) results foractiveb un ows at the Bulloch 
County population site were similar to those at FSAR and 
GLS, however further Stlldy was not possible due ro devel­
opme nt of the site. Tortoi se burrow placement in areas of 
less canopy and greater l.evels of herbaceous groundcover 
has been suggeste d in Florida (Diemer, 1986). Mushinsky 
and McCoy ( 1994) suggest that tortoises may abandon 
densely canopied areas for many reasons. Aresco and Guyer 
( 1999) documented burrow abandonment levels in slash 
pine planta tions in southce ntral Alabama. They demon­
su-ated a relationsh ip between level of abandonment and 
increase in overstory. Boglioli et al. (200 0) observed a 
similar relationship in longleaf pine forest in southwest 
Georg ia . Th ey observed that torto ises selected areas with 
30% canopy while the site averaged 60% canopy. This is 
furthe r supported by the higher ratio of act ive to tnactive 
burrows observed at GLS (85 active to 275 inactive ) vs. 
FSAR ( 131 active to 33 inactive). Canopy can influence 
energy availab ility in several ways. A reduction of direct 
sunlight to the ground may decrease the amount of time that 
tortoise operative environmenta l temperatures are met. in 
turn decreasing the amo unt of time for normal daily activity 
patterns. The increased shade associa ted with areas of in­
creased canopy may hinder the development of eggs, which 
females often deposit just outside of burrows. l t has also 
been suggested that an increase in canopy may be associated 
with a decrease in the herbaceou s vegetat ion essential for 
norma l growth. development. and reproduction of the go­
pher tortoise (Auffenbergand Franz, 1982; Mushinsky et al.. 
I 994). These factors may act to influence the amount of 
energy atta inable by the gopher tortoise. Whether influ­
enced by one or a combination of these factors, tortoise s in 
so utheast Georgia are select ing burrow loca tions with lower 
than site average mean percent canopy and higher than site 
average mean percent herbaceous groundcover. 

Fire Managemenr. - The differences in habitat struc­
ture , clutch size. andegg/hatch ling mass between FSAR and 
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GLS are mos t likely attrib utab le to management in the form 
of controlled burns at FSAR. and the lack of such manage­
ment at GLS. Histor ica lly, natura l fires during the summer 
o<.:curred eve ry 5- 10 yea rs in the southeast Coastal Plain 
(Wha rton. 1977). Freq uent burns favor the fire-adapted 
longleaf pine and wiregrass, creat ing an open. savanna-like 
habitat (Ca mpbell and Christman. 1982). Fire, whether 
naturally occ urrin g. acciden ta lly started, or deliberately lit 
for some purpose has been an important eco logical force 
shaping landscapes and ecosystems around the world 
(Traba ud , 1986). Platt et al. (1988) monitored the effect of 
fire on the number of species flowering as well as the effec t 
of fire on seaso n of flowering in longleaf pine/ wiregrass 
com muniti es . They observed effects on the amount of flow­
eri ng and the timin g of flowering which would both influ­
ence ava ilab ility of nutrientS to gophe r tortoises based on 
seaso nality. Many of these effects can be obse rved o n FSAR 
habitat. Furth er resea rch on the relationship of t0rtoise 
biology and demography to habitat quality is needed. 
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