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The slider turtle (Trachemys scripta) is one of the most
variable of all turtles with up to 18 recognized subspecies
(Ernst and Barbour, 1989; Ernst,1990; Legler, 1990). The
species ranges from north-central Illinois to northern Florida
and eastern Virginia south to Venezuela and Colombia
(Ernst and Barbour, 1989; Conant and Collins, 1991; Ernst
et al. ,, 1994). Life histories of sliders from temperate North
America have been studied in some detail for Z. s. elegans

(Cagle, 1937, 1944, 1950; Cahn, 1937; Webb, 196l;
Thornhill, 1 982; Tucker et al. , 1995a, 1995b, 1998a, 1998b,
1998c; Tucker and Janzen , 1997; Tucker and Moll, l99l;
Tucker and Packard, 1998). Work on Z. s. scripta in South
Carolina and Georgia (Gibbons, 1990) provided one of the
most comprehensive treatments of any known turtle life
histories. In contrast, less is known about slider turtle life
histories in tropical regions. Significant exceptions are the
work of Moll and Legler (1971), Vogt (1990), Moll (1990),
and Moll (1994) on T. scripta subspecies from Panama,
Mexico, Behze, and Costa Rica, respectively. All of these
studies on sliders inhabiting tropical regions noted the large
body size attained by T. scripta tn the tropics.
The large size of tropical sliders has generally been
attributed to greater productivity and a longer growing
season in tropical habitats (Moll and Legler , I97l ; Moll and

Moll,

Moll,

1994). Others have attributed large size to
adaptations allowing coexistence with crocodilians or to fill
the large herbivorous river turtle niche in regions where
other large river turtles are absent (Pritchard and Trebbau,
1984). Regardless, no study has actually compared growth
patterns of temperate and tropical sliders. The purpose of our
study was to compare growth patterns in sliders collected in
Illinois to those collected from three tropical populations.
We were particularly interested in investigating the hypothesis that large size among tropical sliders is due primarily to
longer growth seasons. If so, then we would expect growth
patterns to show a gradual divergence as the tropical turtles
outstrip their temperate relatives in size.
Methods and Materials.
Growth annuli were used to
estimate age and Sergeev's (1937) formula (applied to past
1990;

and present abdominal scute lengths) was used to estimate
plastron length at the time growth annuli were formed. Methods used to determine growth patterns for sliders from Panama
were previously reponed by Moll and Legler (l9l1). Similar
methods were used for growth determination for sliders from
Belize and Costa Rica by D. Moll. Methods used for the Illinois
sliders were published by Tucker and Moll (1997).
The utility of growth annuli for estimating age in sliders
from temper ate areas was established by Cagle ( I 946, I 950),
but see Brooks et al. (1991) and Bury and Germano (1998)
for more complete reviews. However, their utility in estimating age in tropical populations is more questionable because
more than one growth annulus can be formed per year (i.e.,
Moll and Legler,, lgJ 1). Nonetheless, a major growth annulus is formed by annual scute shedding in tropical sliders
from Panama (Moll and Legler , 1971). Major growth annuli
are associated with annual cessation of growth during the
wet season in Panama (Moll and Legler,lgJ l). Recaptures
of marked Costa Rican sliders (n = 12) from year to year by
D. Moll confirmed that major annuli were formed annually

for this population, as well.
We used midline plastron length as a measure of turtle
size. We compare data for females and juveniles in this
paper. At each location, 'Juveniles" included those smaller
turtles that could not be identified as males by secondar.vsexual characteristics and were not large enough to be
confidently classified as females. Study areas for sliders
from Panama,Behze, and CostaRica were described in Moll
and Legler (1971), Moll (1990), and Moll (1994), respectively. The Illinois study site was discussed by Tucker and

Moll (1997) and Tucker (1991). Turtles from the three
tropical locations were all identified as 7- s. venusta (Legler.
1990), whereas those from Illinois were Z. s. elegans.
Throughout this study we relied on graphical methods
to compare growth patterns in these turtles rather than
statistical comparisons (i.e., Dunham and Gibbons, 1990:
Kennett, 1996).In part, this is necessary because data from
one year class to another are not independent of each other
within particular locations. This reflects our method of usin-e
growth annuli from a single individual to provide data points
for more than one growth age (Tucker et al., 1995b). More
importantly, relatively few individual turtles retain a complete set of growth annuli into maturity. Thus, sample size
for ages 5-10 are too small for adequate statistical testin-u
using this method.
Results and Discussion Growth rates varied amon_s
these four populations. In the fourth year following the
season of hatching sliders from Illinois averaged 130.2 mm
in plastron length compared to 136. I mm for sliders from
Belize, 146.0 mm for Panamanian sliders, and 181.4 mm for
Costa Rican sliders (Fig. 1). Thus, after four years Costa
Rican sliders were about 39Vo longer than those from Illinois. However, not all tropical sliders grew as fast as those
from Costa Rica in the first four years. For instance, Panamanian sliders averaged about lZVo lonser than Illinois sliders
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Figure 1. Growth of Trachemys sciptafrom three tropical sites and one temperate one (Stump Lake, Illinois) where the horizontal bar
is the mean plastron length and the vertical bar is the range in plastron length for each age class. Sample sizes for each age class are listed

in Table

l.

from eggs laid the previous year (Tucker,, 1997). In contrast,
and sliders from Belize were only 4.5Vo longer than those

tropical sliders emerge during the wet season shortly after

from Illinois (Table

hatching (Moll and Legler,I97l). As a consequence, temperate sliders completing their first year of growth are
actually age equivalents of a tropical slider completing its
second year of growth.
Although growth patterns in the first three or four years
of growth for tropical and temperate sliders were similar, the
growth patterns strongly diverged in the fourth (Costa Rica)
or fifth year (Panama) of growth. Sliders from Panama and
Costa Rica showed a change in growth rates in the third or
fourth year,respectively (Fig. 2). The change in growth rates
coincided with and may be due to habitat shifts previously
reported for juvenile turtles from both locations (Moll and
Legler , I9J 1 ; Moll, 1994). At each location, turtles move

1).

By year seven after hatchling emergence, Panamanian
sliders had increased their size discrepancy over Illinois
sliders to 21 .87o (Table I ). The primary reason for the
greater size difference appears to be increased growth rate

for Panamanian sliders (and to a lesser degree for Behze
sliders) starting in year 5 (Fig. 2).
The tropical sliders we studied grew more rapidly (Fig.
l) and reach larger maximum sizes (Moll and Moll, 1990;
Moll, 1994) than did those from Illinois. However, this stze
advantage was more pronounced at some tropical sites than
others (Fig. l). In particular, sliders from Belize and those
from Illinois were more similar to each other in growth
pattern (Fig. 1) and in sizes at equivalent ages than they were
to sliders from Panama and to the even larger turtles from
Costa Rica. Variation in adult size among Panamanian
populations was also noted by Moll and Legler (191 l).
Cornparison of the cumulative increase in plastron
length over initial hatchling size demonstrated that much of
the difference between tropical and temperate sliders and
among tropical sliders was not necessarily due to a regular
divergence in size between sites (Fig. 2). For the first 3
(Costa Rica) or 4 (Panama) years of growth, most of the
difference in size between tropical and temperate sliders was
due to the difference between initial hatchling size and size
at the end of the first year of growth (Fig .2). We believe that
the size advantage of tropical sliders during the first three or
four years of life is due, in part, to overwintering of hatchlings
of temperate sliders (Gibbons and Nelson ,1978). Hatchlings
in Illinois emerge in May of the year following their hatching

Table

l.

for sliders (Trachenl\ts

Plastron length

scriptct) from

temperate (Illinois) and tropical regions (Belize, Costa Rica, and
Panama). Ranges are given in Figure I . The time spent in the nest
prior to emergence is included in H.

Site: Illinois
Age n Mean

Belize

tr

Mean

Panama
tI

Mean

H r19 3r.2 30 36.0 42 36.5
I t2 49 .t 28 64.3 11 65.0
2 16 10.4 23 98.0 48 91 .0
3 24 103.4 l 8 l 16.8 21 18.0
4 24 130.2 18 136. I 16 146.0
5 16 152.t t4 168.4 l0 186.0
6 9 161 .8 I I 190.3 13 209.0
7 7 186.4 7 205.9 ll 227.0
l0 243.0
8 4 t99.5
13 252.0
9 3 206.0
t2 264.0
l0 2 215.0
1

Costa Rica

n

Mean

8 41.8
12 72.1
10 108.4
6 135.8
5 181.4
| 22L0
l
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Figure 2. Cumulative increase in plastron length for Trachemys sQriptafrom three tropical sites and one temp€rate site (Stump Lake,
Illi-nois) determined by subtracting the mean plastron length at hatching from mean plastron length at the end of each subsequent year's
growth for all age classes included in Fig. l.

from lagoon or lentic environments to more open river
environments (Moll and Legler, I97I; Moll, 1994). In
contrast, juvenile sliders from the Belize site inhabit river
environments throughout growth and do not show as distinct
a change in growth rates (Moll, 1990).
Once the Panamanian and Costa Rican sliders complete
the habitat chatrge, the size differential between them and the
sliders from Illinois diverge steadily, consistent with the
suggestion that longer growing seasons or improved productivity leads to larger body size in tropical sliders. We cannot
distinguish between the effect of the length of the growing
Season vS. productivity. However, the growth rates among
age 1-3 or 4-yr old juvenile tropical sliders and temperate
sliders are similar despite any difference in length of growth
Season. In contrast, the sudden change in growth pattern in
olderjuveniles and adults suggests that the size advantage of
tropical sliders is more likely due at least in part to increased
productivity in their eventual adult habitats rather than any
actual differences in length of growth season.
One problem inherent in comparisons of temperate and
tropical habitats is determining the effective length of the
growing season for turtles in tropical habitats. For tropical
turtles their activity season does not necessarily coffespond
with their growth season. In contrast, the concordance between activity season and times of maximal growth is closer
in temperate habitats where turtles enter hibernation each
year. Tropical sliders in Panam a are active throughout the
year but growth is strongly influenced by the cooler cloudier

wet season during which growth is relatively slow or stops
(Moll and Legler,I97l). Thus, growth seasons for tropical
and temperate sliders such as T. scripta may be effectively
more similar than currently recognized.
Our study, consistent with findings of Moll and Legler
(1971) for sliders from Panama, suggests that there is considerable variation in growth patterns among tropical sliders
just as there is among temperate sliders from different
locations (i.e., Dunham and Gibbons, 1990; Mitchell and
Pague, 1990). For instance, the sliders from Belize (2. ,s.
venusta) reach body sizes that are not much larger than body
sizes among large bodied populations of T. .s. scripta in
South Carolina or Virginia (Mitchell and Pague, 1990). In
contrast, sliders (?- s. venusta) in Caribbean Costa Rica may

reach truly immense proportions (Pritchard and Trebbau,
1984; Moll, 1994). Furthermore, our results suggest that
attributing size differences among sliders from temperate and
tropical regions to differences in growing season alone is an
over-simplification. Future studies of tropical sliders should
concentrate on the influence of habitat shifts on productivity
and growth and on understanding how these produce the
marked shifts in growth rate that our analysis suggests occurs.
We have concentrated on the environmental influences
on intraspecific growth comparisons but have not discussed
the possible importance of genetics or patterns in attainment
of sexual maturity. For instance, female red-bellied turtles
(Pseudemys rubriventris) in Virginia at the northern limit of
their range can reach plastron lengths of 326 mm (Mitchell,
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relatively slider turtle population. In: Gibbons, J.W. (Ed.). Life History and
Ecology of the SliderTurtle. Washington, DC: Smithsonian Instiof
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1994). The growth season in northern Virginia is
short so the large size of this turtle cannot be due to length
the growth season. Rather the age at which females

Congdon, l99o:Ftazer

etal'' 1990)'

Acknowledgments. We thank J.B. Camerer, J.B.
Hatcher, and M.M. Tucker for assistance in collecting sliders in Illinois. Logistical support and funding for study of
Costa Rican sliders was provided by the Caribbean Conservation Corporation and Southwest Missouri State University. Permission to study sliders in Tortuguero National Park
\\/as granted by E. Chamorro and Costa Rica's Department
of National Parks. Field assistance with Costa Rican sliders
\\/as provided by the staff and volunteers of the Green Turtle
Research Station. Funding for studies of sliders in Belize
was provided by the World Wildlife Fund-U.S., the Fauna
and Flora Preservation Society l00%o Fund, and Southwest
Missouri State University. Permission to conduct studies in
Belize was granted by G.W. Miller, Belize Fisheries Unit
Laboratory. This work was also partially supported by the
Illinois Natural History Survey and the Upper Mississippi
River System Long Term Resource Monitoring Program.

Literature Cited
Bnoors, R.J., KnewcHut<, M.A., SteveNS, C., AND KopEn, N. 1991 .
Testing the precision and accuracy of age estimation using lines in
scutes of Chelt,clra serpentina and Chn,sernvs pictcr. J. Herpetol.
31:521-529.
BLrRv, R.B.. AND GEnvnNo, D.J. 1998. Annual deposition of scute
rings in the western pond turtle, Clenunt)s mannorata. Chelonian
Conservation and Biology 3: 108- 109.
C.q.cLp. F.R. 1937 . Egg laying habits of the slider turtle (Pseuclenlys
troostii), the painted turtle (Chryser??_\'.r pictct\, and the musk turtle
(Sternotherus odoratu.s). J. Tennessee Acad. Sci. 12:87-95.
C,+cre, F'.R. lgM.Sexr-ral rnaturity in the female of the turtle Pseuclentys
sc- riptct ele gans. Copeia 1944:149-152.
Cec;LE, F.R. 1946. The growth of the sliderturtle, Pseuclernvs scriptct
eleguns. Amer. Midl. Nat. 36:685-729.
CRcLE, F.R. 1950. The life history of the slider turtle. Pseuclen?-\'s
sc' ri ptct t rctostii (Holbrook). Ecol. Monogr. 20:3 l-54.
CnHN, A.R. l93l .The tuftles of Illinois. Illinois Biol. Monogr. 35: I -218.
CoNnrur, R., AND CollrNs, J.T. l99l . A Field Guide to Reptiles and
Amphibians of Eastern and Central North America, Third edition.
Boston, Massachusetts: Houghton Mitt'lin Co., 450 pp.
Duxunu. A.E.. AND GrseoNs, J.W. 1990. Growth of the slider turtle.
In: Gibbons, J.W. (Ed.). Life History and Ecology of the Slider
Turtle. WashinEon, DC: Smithsonian Institution Press, pp. 135-145.
ERt tst, C.H. 1990. Systematics, taxonomy, variation, and geographic

distribution of the slider turtle. In: Gibbons, J.W. (Ed.). Life
History and Ecology of the Slider Turtle. Washington, DC:
Srhithsonian Institution Press, pp. 57 -67
C.H., AND BnnsouR, R.W. 1989. Turtles of the World. Washington, DC: Smithsonian Institution Press, 313 pp.
ERNSI, C.H., LovrcH, J.E., AND BnneolrR, R.W. 1994. Turtles of the
United States and Canada. Washington, DC: Smithsonian Institution Press, 578 pp.
FRRzER, N.B., Gresoxs, J.W., AND GnEENE, J.L. 1990. Lif-e tables of a
.

ERNST,

",lff
canceof delayedemergencefromthenestbyhatchlingturtles.
Evolution 32:29'l -303.

R. 1996. Growth models for two species of freshwater
turtle, Cheloclina rugosc and Elseya dentata, from the wet-dry
tropics of northern Australia. Herpetologica 52:383-395.
LEGLeR, J.M. 1990. The genus Pseuder?1:5 in Mesoamerica: taxonomy, distribution, and origins. In: Gibbons, J.W. (Ed.). Life
History and Ecology of the Slider Turtle. Washington. DC:
KeNNErr,

Smithsonian Institution Press, pp. 82- 105.
MrrcHELL, J.C. 1994. Reptiles of Virginia. Washington, DC:
Smithsonian Institution Press, 352 pp.
MncHpLL, J.C., AND PRGuE, C.A. 1990. Body size, reproductive
variation. and growth in the slider turtle at the northeastern edge of
its range. In: Gibbons, J.W. (Ed.). Life History and Ecology ofthe Slider
Turtle. Washington, DC: Smithsonian Institution Press, pp. I 46-151.
MoLL, D. 1990. Population sizes and foraging ecology in a tropical
freshwater stream turtle community. J. Herpetol. 24:48-53.
Morl, D. 1994. The ecology of sea beach nesting in slider turtles
(Tracherr?-]'.r sc'riptct v,enustct) from Caribbean Costa Rica. Chelonian Conservation and Biology l:107-l16.
MoLL, D., Rwp MoLL, E. O. 1990. The sliderturtle in the neotropics:
adaptation of a temperate species to a tropical environment. In:
Gibbons, J.W. (Ed.).Lif-e History and Ecology of the SliderTurtle.
Washington, DC: Smithsonian Institution Press, pp. 152-161.
MoLL, E.O., AND LEcLER, J.M. 191 l. The life history of a neotropical
slider turtle, Pseuclernyr scr'prn (Schoepff) in Panama. Bull. Los
Angeles Co. Mus. Nat. Hist. Sci. I l:l- 102.
PnrrcHnnp, P.C.H., RNo TnEsenu, P. 1984. The Turtles of Venezuela.
Soc. Stud. Amphib. Rept. Contr. Herpetol,2:l-403.
SEncEEv, A. I 931 .Some materials to the problem of the reptilian postembryonic growth.ZooL J. Moscow 16:723-735.
TuonN

H

r

r-r, G. M . lgSz.Comparati ve reproduction ofthe turtle, C h rl

se

nu s

sc'ripta elegans, in heated and natural lakes. J. Herpetol. l6:341-353.

J.K. 1997 . Natural history notes on nesting, nests. and
hatchling emergence in the red-eared slider turtle, Truclrcnns
scriptct elegons in west-central Illinois. Illinois Nat. Hist. Surv.
Biol. Notes 140: I - 13.
TucrEn, J.K., AND MoLL, D. 1997. Growth, reproduction, and survivorship in the red-eared turtle, Trachen?-]:s .rcriptct elegcuts, in
Illinois with conservation implications. Chelonian Conservation
and Biology 2:352-351 .
TucrEn, J.K., MRHER, R.J., AND THEU-INc, C.H. 1995a. Melanism in the
TucrcEn,

red-eared turtle (Trac'he,7r]'s sc'riptct elegcuts). J. Herpetol. 29:291-296.

TucrEn, J.K., MnHER, R.J., AND THEIt-tNc, C.H. 1995b. Variation in
growth in the red-eared turtle, Trqc'hemvs sc riptcr ele gan,s
Herpetologica 5 I :354-358.
Voct, R.C. 1990. Reproductive parameters of Truc'hen?]:5 t.'tiptct
venustct in sor-rthern Mexico. In: Gibbons, J.W. (Ed.). Lif-e History
and Ecology of the Slider Tr"rrtle. Washington, DC: Smithsonian
Institution Press, pp. 162- 168.
WEss, R.G. 1961. Observations on the life histories of turtles (genus
Pseuclenr-\'.s and Graptenels) in Lake Texoma, Oklahoma. Amer.
.

Midl. Nat. 65: 193-214.
Receiv'ecl: 20 March 1997

Reviev'ecl:

I March 1998

Revi.secl artd Ac'c'epted:

30 March 1999

