Life History
and Ecology

of the Slider Turtle

J. WHITFIELD GIBBONS

WITH CONTRIBUTIONS BY

Harold W. Avery
Justin D. Congdon
Arthur E. Dunham
Carl H. Ernst
Gerald W. Esch
Robert E. Foley
Nat B. Frazer
William R. Garstka

J. Whitfield Gibbons
Timothy M. Goater
Judith L. Greene
Thomas G. Hinton
Dale R. Jackson
Kym C. Jacobson
John M. Legler
Jeffrey E. Lovich

Smithsonian Institution Press

Washington, D.C.

London

David J. Marcogliese
Clarence J. McCoy
Joseph C. Miichell
Don Moll

Edward O. Moll
Christopher A. Pague
William S. Parker
Robert R. Parmenter

Joseph P. Schubayer
David E. Scott

Kim T. Scribner
Michael E. Seidel
Michael H. Smith
James R. Spotila
Edward A. Standora
Richard C. Vogt



In memory of Donald Tinkle

Copyright © 1930 by the Smithsonian Institution.
All rights are reserved.
This book was edited by Rosemary Sheflicld.

Library of Congress Cataloging-in-Publication Data

Gibbons, J. Whitficld, 1939—
Life history and ecology of the slider turtle.

Bibliography: p.
includes index.
1. Pseudemys scripta. 1. Title,

QL666. C547G53 1988 597.92  88-600204
ISBN 0-87474-468-7 (cloth); 1-56098-213-6 (paper)

British Library Cataloguing-in-Publication Data is available.

The paper used in this publication meets the minimum requirements of the
American National Stzandard for Permanence of Paper for Printed Library Materials
739.48-1984.

Printed in the United States of America
109876543
98 97 96 95

For permission to reproduce individual iliustrations appearing in this book, please
correspond directly with the owners of the images, as stated in the picture captions. The
Smithsonian Institution Press does not retain reproduction rights for these illustrations
individually or maintain a file of addresses for photo sources.



Contents

Foreword , vii
Preface ix
Acknowledgments xiii
INTRODUCTION

1. J. WHirrigLD Gisgons: The Slider Turtle 3

2. J. WarrrieLp GisBons: Turtle Studies at SREL:
A Research Perspective 19

3. Justin D. CoNGDON aAND J. WHITFIELD GIBBONS:
The Evolution of Turtle Life Histories 45

TAXONOMIC STATUS AND GENETICS

4. Care H. Ernst: Systematics, Taxonomy,
Variation, and Geographic Distribution of the
Slider Turtle 57

5. MicHAeL E. SEIDEL AND DaLe R. Jackson:
Evolution and Fossil Relationships of
Slider Turtles 68

6. Micuaer H. SmitH anp Kiv T, ScRIBNER:
Population Genetics of the Slider Turtle 74

7. Joun M. LeGcLER: The Genus Pseudemys in
Mesoamerica: Taxonomy, Distribution,
and Origins 82

REPRODUCTION AND GROWTH

8. Justiv D. ConcpoN AND J. WHITFIELD GIBBONS:
Turtle Eggs: Their Ecology and Evolution 109

9. J. WarTrieLD GiBBONS AND JupITH L. GREENE:
Reproduction in the Slider and Other Species
of Turtles 124

10. ArTHUR E. DUNHAM AND J. WHITRIELD GIBEONS:
Growth of the Slider Turtle 135

Life History and Ecolegy of the Slider Turtle v



vi

11. Joserps C. MITCHELL AND CHRISTOPHER A.
Pacug: Body Size, Reproductive Variation, and
Growth in the Slider Turtle at the Northeastern
Edge of Its Range 146

12. Do~ MorL AND Epwarp O. Morr: The Slider
Turtle in the Neotropics: Adaptation of a
Temperate Species to a Tropical Environment 152

13. Ricaarp C, Vooert: Reproductive Parameters of
Trachemys scripta venusta in Southern Mexico 162

STRUCTURE, DEMOGRAPHY, AND INTERACTION
AMONG POPULATIONS

14. J. WarrrieLp Gissons: Sex Ratios and Their
Significance among Turtle Populations 171

15. NAT B. FrRAZER, J. WHITFIELD GIBBONS, AND
Juprra L. GReene: Life Tables of a Slider
Turtle Population 183

16. J. WarTrIELD GIBBONS, JUDITH L. GREENE,
AND JusTIN D. Congpon: Temporal and
Spatial Movement Patterns of Sliders and
Other Turtles 201

17. WiLLiam S. Parker: Colonization of a Newly
Constructed Farm Pond in Mississippi by
Slider Turtles and Comparisons with
Established Populations 216

18. JosePu P. SCHUBAUER, J. WiitFIELD GiBBONS,
aNnD James R. SpoTiea: Home Range and
Movement Patterns of Slider Turtles Inhabiting
Par Pond 223

CONTENTS

19. JEFFREY E. Lovicn, CLARencE J. McCoy, anp
WiLLIAM R. GaRrsTEA: The Development and
Significance of Melanism in the Slider Turtle 233

BIOENERGETICS

20. RoserT R. PARMENTER AND HArROLD W. AVERY:
The Feeding Ecology of the Slider Turtle 257

21. Tromas G. HiNtoN aNp Davip E. Scorr:
Radioecological Techniques for Herpetology,
with an Emphasis on Freshwater Turtles 267

22, James R. SrotiLa, RoserT E. FoLey, aAnD
Epwarp A. Stanpora: Thermoregulation and
Climate Space of the Slider Turtle 288

23. GeraLb W, EscH, Davip J. MARCOGLIESE,
TimoTHY M. GOATER, AND KyM C. Jacorson:
Aspects of the Evolution and Ecology of
Helminth Parasites in Turtles: A Review 299

SIGNIFICANCE OF LONG-TERM RESEARCH ON
LONG-LIVED SPECIES OF TURTLES

24. J. WrrrmieLd GreBons: Recommendations for
Future Research on Freshwater Turtles: What

Are the Questions? 311
Bibliography 319
Index 363
Contributors 367

Life History and Ecology of the Stider Turile



Foreword

Truth is stranger than fiction. No cliché is more appropriate for the ecological
research programs on the Savannah River Plant (SRP) in the Upper Coastal
Plain of South Carolina. The initial sponsoring agency, the Atomic Energy
Commission,; its successor, the Department of Energy (DOE); and Du Pont,
the SRP’s management company, are commonly thought of in association with
environmental degradation, not with habitat and wildlife conservation. Yet at
the SRP these organizations manage one of the largest nature reserves in the
Southeast and sponsor a major program for fong-term studies of plant and
animal ecology.

In establishing the Savannah River Ecology Laboratory (SREL) as an
adjunct research organization to a nuclear facility, the intent was obviously to
foster a research program to examine and understand the ecological impact
such a facility has on natural environments. Such research has remained a
major thrust of SREL; however, the ecologists have had the freedom and
foresight to expand their studies into life history and population biology of the
local animals and plants, thereby placing the thermally disturbed or other
environmentally altered populations and communities in proper perspective.
Turtles have been major research animals at SREL for the past two decades.
There are any number of reasons why they are particularly appropriate species
for monitoring the effects of thermal effluents in natural systems, but certainly a
primary reason is Whit Gibbons. Whit is a naturalist with wide-ranging inter-
est; nevertheless, turtles and turtle ecology are a constant to which his attention
is frequently focused. The presence of turtles in the thermally polluted lakes
and streams certainly in no way hindered his enthusiasm or DOE’s interest in
the study of SRP turtles. Thus, turtle ecology has become a mainstay of SREL’s
program, and Whit and his colleagues have contributed greatly to our knowl-
edge of turtle life history and population ecology as well as to the biclogy of
other amphibians and reptiles.

Many species of turties have been studied on the SRP, none more exten-
sively than Trachemys scripta. The data extend across 21 years and encompass
three major and many minor populations of sliders. These data provide the
core for this book, both for retrospection and for planning future research
paths. Few animal populations have been studied for such a long time, and the
data for even fewer are summarized and integrated into a single publication.
This feature alone makes this book a landmark study in animal biology; how-
ever, the contents of the book encompass the entire spectrum of slider biology,
from fossil history and slider systematics to population genetics and parasitol-
ogy. The breadth of this book is evident from a quick glance at its table of
contents, What is not evident, though, is the intellectual thread that ties to-
gether many of the research objectives and researchers in this book.
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viii FOREWORD

The intellectual link is Fred Cagle. Turtles fascinated him as well, and his
earliest publications centered on turtle natural history. As it so happens, Trach-
emys scripta was one of the more abundant turtles in Cagle’s research area. The
eventual result was the publication of his Life History of the Slider Turtle, Pseudemys
scripta troostii (Holbrook), which may be considered a scholarly precursor of this
multiauthored book (that link, however, is coincidental}. The intellectual link
was forged by Cagle’s commitment to detailed studies of life history and popu-
lation ecology. Turtles remained a lifelong research interest, but he became
increasingly convinced of the necessity for a thorough inventory of life history
and population characteristics of any animal studied. Not surprisingly, Cagle
was only one of several mid-twentieth-century ecologists who advocated a more
rigorous and holistic approach to animal ecology. He promulgated this com-
mitment to the herpetological community in 1953 with the publication of “An
Outline for the Study of Reptile Life History.” More important, he instilled this
holistic approach to reptilian ecology in his students, and in one, Don Tinkle, it
took particularly deep root. Reptilian ecology, indeed ecology and evolutionary
biology, was profoundly influenced by Tinkle’s research and ideas. The range
of ecological and evolutionary concepts in this book is due in no small measure
to the way Don Tinkle thought about reptile ecology and life history. Although
it was not intended to be, this book can be viewed as a memorial to Cagle and
Tinkle for their pioneering research in life history and population biology
studies of reptiles.

George R. Zue

Department of Vertebrate Zoology
(Amphibians and Reptiles)

National Museum of Natural
History

Washington, D.C.
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Preface

In one sense this book had its beginning about 20 years ago on July 21, 1967,
when I captured my first slider turtle on the Savannah River Plant (SRP) in
South Carolina. I would have had a hard time beginning the writing at that
time, or even choosing the title, because actually I did not know what species I
had caught. Although I had captured 1,001 painted turtles during the previous
three years in Sherriff’s Marsh in Michigan and was familiar with red-eared
sliders by benefit of an Alabama childhood, I had never seen the eastern
subspecies of the common pond slider. During the remainder of that summer,
however, with the capture of other regionat species of turtles for comparison,
and with the aid of Roger Conant’s A Field Guide to Reptiles and Amphibians of the
United States and Canada East of the 100th Meridian and Archie Carr’s Handbook of
Turtles, 1 became confident that I was dealing with what was then called
Chrysemys scripta by some herpetologists and Pseudemys scripta by others.

A rationale for initially selecting turtles as study organisms is that they
have certain life history characteristics that make them demographically dis-
tinct when compared with lizards, the most thoroughly studied group of rep-
tiles. The main life history qualities that all turtles possess, in contrast to most
lizards or other animals, are extended longevity and delayed maturity. These
two factors alone qualify the group for attention by ecologists and demogra-
phers. Turtles also have a variety of other traits that make them ideal for life
history and demographic studies, such as being relatively easy to capture,
handle, and mark for permanent identification. Among the most useful deter-
minations that can be made on individuals of many freshwater species, includ-
ing slider turtles, without harm to the animal, are quantifications of body size,
age, sex and state of maturity of both sexes, and reproductive condition of
females.

The SRP in South Carolina, where the majority of the populations men-
tioned in this book are located, has been an ideal site for establishing long-term
field research efforts because of the protection from public disturbance that
results from the tight security of a defense site. This book will reveal some of the
research advantages and insights that can accrue from long-term field studies
of specific natural populations in such a situation.

As a herpetologist interested in turtles, I could not have fallen upon better
times with a better species. The U.S. Atomic Energy Commission (AEC), the
source of most of my research support, wanted to know how thermal effluent
from nuclear reactors affected environments and their natural inhabitants.
Anyone could have convinced the commission, as we did, that slider turtles
were a species worth looking into because the evidence was soon clear that
turtles in this group not only survived but actually thrived in polluted waters,
including waters heated to temperatures unsuitable for most native flora and
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fauna. Fortunately for us, and I hope for other researchers, the AEC recognized
that in order to conduct studies that demonstrated effects on organisms from
industrial operations, the scientist must also examine populations of the same
species under natural conditions. One must observe natural phenomena when
and where there are no effects before industrial, domestic, or agricultural im-
pacts can be ascertained. Thus, we were allowed, even encouraged, to pursue
ecological research on slider turtles in thermally unaffected habitats on the SRP
and in other geographic regions, in addition to those receiving heated water
from reactors.

Although I am not an expert in theoretical biology, mathematical model-
ing, or statistics, I have been able to deal with these areas through the help of
numerous associates and collaborators. And with the help of willing students,
technicians, and others, I have been able to catch turtles. During the two
decades following the capture of my first slider turtle, we have collected an
average of more than 3 turtles per day (3.4 per day as of December 1987). Of
these 24,754 turtles representing more than a dozen species, 46% (11,297) have
been slider turtles. Some were new individuals, but more and more were turtles
that had been caught before. Naturally, the length of time between the first and
last capture of some individuals increased, so almost every year we broke the
previous year’s record for time between captures. It became apparent that not
only were we documenting that individuals lived for several years, but we were
also gradually compiling records in several populations with large proportions
of individuals whose ages we knew precisely. Many of these were older individ-
uals and represented a situation unusual for most studies of long-lived animals.
That is, a fairly good representation of the age structure was available for some
populations, including individuals in the older age classes.

As a matter of course, we collected data applicable to understandmg the
life history and ecology of turtles, most of it without experimental or theoretical
design. We just took measurements that scemed like they might provide some
level of enlightenment to the knowledge and information about turtles. I am
afraid that today’s highly experimentally minded, theoretically based scientific
approach discourages this type of behavior among young scientists. A chal-
lenge to this attitude is that if all scientists had waited for the right hypothesis or
question before making their observations, our core of information and funda-
mental knowledge in biology would be a structure too weak for most theory to
stand on. I take the stand that the simple collection of data for its own sake,
even though a specific hypothesis of theory is not addressed, can sometimes be
valuable. Charles Darwin demonstrated this, and I feel certain that an impres-
sive array of other scientific advancements could be brought forth as examples
of how observational data can advance and set a crucial foundation for much of
biology.

One distinction between most long-term research projects and short-term
studies is that the latter often have a single hypothesis that is being tested or a
specific question that is being asked. Long-term projects are different in that
the investigator probably did not begin the research with the intent of extend-
ing it beyond a few years at most. Therefore, a study that has lasted for many
years may provide the empirical evidence needed to address certain biological
issues, although the study was not designed initially with such issues in mind.

After about 13 or 14 years of capturing, marking, and recapturing turtles,
we began to recapture individuals that we knew were more than 20 years old by
virtue of their having been at least 6 or 7 when they were first captured.

PREFACE
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PREFACE

Somehow the approach of the 20-year mark clicked as a milestone, and 1
decided that I should compile the information we had on sliders and other
turtles into a form that would be useful to other interested ecologists. Although
we published several papers in which oider, known-age individuals were
capitalized upon, it seemed that a book on the subject might be in order.

The importance of long-term ecological studies of animal populations has
been recognized, as in Don Tinkle's BioScience article in 1979, yet fewer than
15% of the life history studies of natural populations are based on research of
more than three years (according to a survey of studies of natural populations of
animals published in Ecology and Ecological Monographs from 1980 to 1984).
Short-term studies often result in interpretations and conclusions about a par-
ticular species without the benefit of comparative data in different years or
under different environmental conditions, so the extent of natural variability
may not be recognized. Local environmental conditions in an area have been
shown to have drarnatic effects on important life history features for a variety of
organisms. However, given the limited time span of most population studies, it
is difficult to identify the level of variability that can occur within the same
population at different times and under different environmental conditions. An
awareness of this variability would appear to be critical in the formulation of
life history theory.

An initial objective of this book was to examine the variability in selected
life history attributes in natural populations of a long-lived animal species that
has been studied for a relatively long period of time. The findings reported were
to be based primarily on 20 years of continual surveillance of several popula-
tions of a freshwater turtle. The primary study species was the yellow-bellied
slider turtle (Trachemys scripta). However, life history data were also gathered on
other turtles that resided with the slider turtle in the Upper Coastal Plain of
South Carolina. These included the chicken turtle (Deirochelys reticularia), coo-
ter (Pseudemys floridana), eastern mud turtle (Kinosternon subrubrum), snapping
turtle (Chelydra serpentina), and stinkpot (Sternotherus odoratus). Comparable in-
formation was also gathered on the painted turtle (Chrysemys picta) from popula-
tion studies conducted in southern Michigan between 1964 and 1987. Data
from these studies are used when appropriate for comparison with findings
about slider turtles,

As I began to consolidate my own data and consider what I might contrib-
ute about slider turtles in particular and the ecology of turtles in general, I came
to realize that although I had more data of this sort than most other investiga-
tors who did long-term mark-recapture studies on long-lived species, there
were many gaps in what my associates and 1 could say. Therefore, I elected to
invite other ecologists who had worked with slider turtles to contribute chap-
ters to augment my own work. I was pleased that of the 17 individuals who were
invited to submit chapters, only one declined outright because of other commit-
ments. If this book is indeed a contribution to the knowledge and understand-
ing of sliders and other turtles, it will be in great part because of the efforts of
these individuals.

A major value of the analysis, synthesis, and interpretation of the data
taken in these studies should be the addition to our base of information on the
ecology and life history of turtles as a significant group of modern-day reptiles.
Also, I hope that the empirical evidence from these studies will provide the
basic ingredients to successfully support or refute many of the theoretically
derived impressions that population ecologists have about natural populations

Life History and Ecology of the Slider Turtle
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xii PREFACE
of animals. Collectively, the studies on the SRP and those from other areas by
other investigators should provide a definitive foundation for ecological studies
of freshwater turtles in particular, with general applicability to marine or
terrestrial species. A final product of these presentations should be the identi-

fication of the most critical questions that should now be asked in the study of
turtles.

J. WaITFIELD GI1BBONS
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