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Foreword

Earth is teeming with life. No one knows exactly how many
distinct organisms inhabit our planet, but more than 5 mil-
lion different species of animals and plants could exist, rang-
ing from microscopic algae and bacteria to gigantic elephants,
redwood trees and blue whales. Yet, throughout this won-
derful tapestry of living creatures, there runs a single thread:
Deoxyribonucleic acid or DNA. The existence of DNA, an
elegant, twisted organic molecule that is the building block
of all life, is perhaps the best evidence that all living organ-
isms on this planet share a common ancestry. Our ancient
connection to the living world may drive our curiosity, and
perhaps also explain our seemingly insatiable desire for in-
formation about animals and nature. Noted zoologist, E.O.
Wilson, recently coined the term “biophilia” to describe this
phenomenon. The term is derived from the Greek bios mean-
ing “life” and philos meaning “love.” Wilson argues that we
are human because of our innate affinity to and interest in the
other organisms with which we share our planet. They are,
as he says, “the matrix in which the human mind originated
and is permanently rooted.” To put it simply and metaphor-
ically, our love for nature flows in our blood and is deeply en-
grained in both our psyche and cultural traditions.

Our own personal awakenings to the natural world are as
diverse as humanity itself. I spent my early childhood in rural
Iowa where nature was an integral part of my life. My father
and I spent many hours collecting, identifying and studying
local insects, amphibians and reptiles. These experiences had
a significant impact on my early intellectual and even spiri-
tual development. One event I can recall most vividly. I had
collected a cocoon in a field near my home in early spring.
The large, silky capsule was attached to a stick. I brought the
cocoon back to my room and placed it in a jar on top of my
dresser. I remember waking one morning and, there, perched
on the tip of the stick was a large moth, slowly moving its
delicate, light green wings in the early morning sunlight. It
took my breath away. To my inexperienced eyes, it was one
of the most beautiful things I had ever seen. I knew it was a
moth, but did not know which species. Upon closer exami-
nation, I noticed two moon-like markings on the wings and
also noted that the wings had long “tails”, much like the ubiq-
uitous tiger swallow-tail butterflies that visited the lilac bush
in our backyard. Not wanting to suffer my ignorance any
longer, I reached immediately for my Golden Guide to North
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American Insects and searched through the section on moths
and butterflies. It was a luna moth! My heart was pounding
with the excitement of new knowledge as I ran to share the
discovery with my parents.

I consider myself very fortunate to have made a living as
a professional biologist and conservationist for the past 20
years. I've traveled to over 30 countries and six continents to
study and photograph wildlife or to attend related conferences
and meetings. Yet, each time I encounter a new and unusual
animal or habitat my heart still races with the same excite-
ment of my youth. If this is biophilia, then I certainly possess
it, and it is my hope that others will experience it too. I am
therefore extremely proud to have served as the series editor
for the Gale Group’s rewrite of Grzimek’s Animal Life Ency-
clopedia, one of the best known and widely used reference
works on the animal world. Grzimek’s is a celebration of an-
imals, a snapshot of our current knowledge of the Earth’s in-
credible range of biological diversity. Although many other
animal encyclopedias exist, Grzimek’s Animal Life Encyclopedia
remains unparalleled in its size and in the breadth of topics
and organisms it covers.

The revision of these volumes could not come at a more
opportune time. In fact, there is a desperate need for a deeper
understanding and appreciation of our natural world. Many
species are classified as threatened or endangered, and the sit-
uation is expected to get much worse before it gets better.
Species extinction has always been part of the evolutionary
history of life; some organisms adapt to changing circum-
stances and some do not. However, the current rate of species
loss is now estimated to be 1,000-10,000 times the normal
“background” rate of extinction since life began on Earth
some 4 billion years ago. The primary factor responsible for
this decline in biological diversity is the exponential growth
of human populations, combined with peoples’ unsustainable
appetite for natural resources, such as land, water, minerals,
oil, and timber. The world’s human population now exceeds
6 billion, and even though the average birth rate has begun
to decline, most demographers believe that the global human
population will reach 8-10 billion in the next 50 years. Much
of this projected growth will occur in developing countries in
Central and South America, Asia and Africa-regions that are
rich in unique biological diversity.
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Foreword

Finding solutions to conservation challenges will not be
easy in today’s human-dominated world. A growing number
of people live in urban settings and are becoming increasingly
isolated from nature. They “hunt” in super markets and malls,
live in apartments and houses, spend their time watching tele-
vision and searching the World Wide Web. Children and
adults must be taught to value biological diversity and the
habitats that support it. Education is of prime importance now
while we still have time to respond to the impending crisis.
There still exist in many parts of the world large numbers of
biological “hotspots”-places that are relatively unaffected by
humans and which still contain a rich store of their original
animal and plant life. These living repositories, along with se-
lected populations of animals and plants held in profession-
ally managed zoos, aquariums and botanical gardens, could
provide the basis for restoring the planet’s biological wealth
and ecological health. This encyclopedia and the collective
knowledge it represents can assist in educating people about
animals and their ecological and cultural significance. Perhaps
it will also assist others in making deeper connections to na-
ture and spreading biophilia. Information on the conserva-
tion status, threats and efforts to preserve various species have
been integrated into this revision. We have also included in-
formation on the cultural significance of animals, including
their roles in art and religion.

It was over 30 years ago that Dr. Bernhard Grzimek, then
director of the Frankfurt Zoo in Frankfurt, Germany, edited
the first edition of Grzimek’s Animal Life Encyclopedia. Dr.
Grzimek was among the world’s best known zoo directors
and conservationists. He was a prolific author, publishing
nine books. Among his contributions were: Serengeti Shall
Not Die, Rbinos Belong to Everybody and He and I and the Ele-
phants. Dr. Grzimek’s career was remarkable. He was one of
the first modern zoo or aquarium directors to understand the
importance of zoo involvement in 7z situ conservation, that
is, of their role in preserving wildlife in nature. During his
tenure, Frankfurt Zoo became one of the leading western ad-
vocates and supporters of wildlife conservation in East Africa.
Dr. Grzimek served as a Trustee of the National Parks Board
of Uganda and Tanzania and assisted in the development of
several protected areas. The film he made with his son
Michael, Serengeti Shall Not Die, won the 1959 Oscar for best
documentary.

Professor Grzimek has recently been criticized by some
for his failure to consider the human element in wildlife con-
servation. He once wrote: “A national park must remain a pri-
mordial wilderness to be effective. No men, not even native
ones, should live inside its borders.” Such ideas, although con-
sidered politically incorrect by many, may in retrospect actu-
ally prove to be true. Human populations throughout Africa
continue to grow exponentially, forcing wildlife into small is-
lands of natural habitat surrounded by a sea of humanity. The
illegal commercial bushmeat trade-the hunting of endangered
wild animals for large scale human consumption-is pushing
many species, including our closest relatives, the gorillas,
bonobos and chimpanzees, to the brink of extinction. The
trade is driven by widespread poverty and lack of economic
alternatives. In order for some species to survive it will be
necessary, as Grzimek suggested, to establish and enforce a
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system of protected areas where wildlife can roam free from
exploitation of any kind.

While it is clear that modern conservation must take the
needs of both wildlife and people into consideration, what will
the quality of human life be if the collective impact of short-
term economic decisions is allowed to drive wildlife popula-
tions into irreversible extinction? Many rural populations
living in areas of high biodiversity are dependent on wild an-
imals as their major source of protein. In addition, wildlife
tourism is the primary source of foreign currency in many de-
veloping countries and is critical to their financial and social
stability. When this source of protein and income is gone,
what will become of the local people? The loss of species is
not only a conservation disaster; it also has the potential to
be a human tragedy of immense proportions. Protected ar-
eas, such as national parks, and regulated hunting in areas out-
side of parks are the only solutions. What critics do not realize
is that the fate of wildlife and people in developing countries
is closely intertwined. Forests and savannas emptied of wildlife
will result in hungry, desperate people, and will, in the long-
term lead to extreme poverty and social instability. Dr. Grz-
imek’s early contributions to conservation should be
recognized, not only as benefiting wildlife, but as benefiting
local people as well.

Dr. Grzimek’s hope in publishing his Animal Life Encyclo-
pedia was that it would “...disseminate knowledge of the ani-
mals and love for them”, so that future generations would
“...have an opportunity to live together with the great diver-
sity of these magnificent creatures.” As stated above, our goals
in producing this updated and revised edition are similar.
However, our challenges in producing this encyclopedia were
more formidable. The volume of knowledge to be summa-
rized is certainly much greater in the twenty-first century than
it was in the 1970’s and 80’s. Scientists, both professional and
amateur, have learned and published a great deal about the
animal kingdom in the past three decades, and our under-
standing of biological and ecological theory has also pro-
gressed. Perhaps our greatest hurdle in producing this revision
was to include the new information, while at the same time
retaining some of the characteristics that have made Grzimek’s
Animal Life Encyclopedia so popular. We have therefore strived
to retain the series’ narrative style, while giving the informa-
tion more organizational structure. Unlike the original Grz-
imek’s, this updated version organizes information under
specific topic areas, such as reproduction, behavior, ecology
and so forth. In addition, the basic organizational structure is
generally consistent from one volume to the next, regardless
of the animal groups covered. This should make it easier for
users to locate information more quickly and efficiently. Like
the original Grzimek’s, we have done our best to avoid any
overly technical language that would make the work difficult
to understand by non-biologists. When certain technical ex-
pressions were necessary, we have included explanations or
clarifications.

Considering the vast array of knowledge that such a work
represents, it would be impossible for any one zoologist to
have completed these volumes. We have therefore sought spe-
cialists from various disciplines to write the sections with
which they are most familiar. As with the original Grzimek’s,

Grzimek’s Animal Life Encyclopedia



we have engaged the best scholars available to serve as topic
editors, writers, and consultants. There were some complaints
about inaccuracies in the original English version that may
have been due to mistakes or misinterpretation during the
complicated translation process. However, unlike the origi-
nal Grzimek’s, which was translated from German, this revi-
sion has been completely re-written by English-speaking
scientists. This work was truly a cooperative endeavor, and 1
thank all of those dedicated individuals who have written,
edited, consulted, drawn, photographed, or contributed to its
production in any way. The names of the topic editors, au-
thors, and illustrators are presented in the list of contributors
in each individual volume.

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy or biosystematics. Taxonomy
is the science through which various organisms are discov-
ered, identified, described, named, classified and catalogued.
It should be noted that in preparing this volume we adopted
what might be termed a conservative approach, relying pri-
marily on traditional animal classification schemes. Taxon-
omy has always been a volatile field, with frequent arguments
over the naming of or evolutionary relationships between var-
ious organisms. The advent of DNA fingerprinting and other
advanced biochemical techniques has revolutionized the field
and, not unexpectedly, has produced both advances and con-
fusion. In producing these volumes, we have consulted with
specialists to obtain the most up-to-date information possi-
ble, but knowing that new findings may result in changes at
any time. When scientific controversy over the classification
of a particular animal or group of animals existed, we did our
best to point this out in the text.

Readers should note that it was impossible to include as
much detail on some animal groups as was provided on oth-
ers. For example, the marine and freshwater fish, with vast
numbers of orders, families, and species, did not receive as
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detailed a treatment as did the birds and mammals. Due to
practical and financial considerations, the publishers could
provide only so much space for each animal group. In such
cases, it was impossible to provide more than a broad overview
and to feature a few selected examples for the purposes of il-
lustration. To help compensate, we have provided a few key
bibliographic references in each section to aid those inter-
ested in learning more. This is a common limitation in all ref-
erence works, but Grzimek’s Encyclopedia of Animal Life is still
the most comprehensive work of its kind.

I am indebted to the Gale Group, Inc. and Senior Editor
Donna Olendorf for selecting me as Series Editor for this pro-
ject. It was an honor to follow in the footsteps of Dr. Grz-
imek and to play a key role in the revision that still bears his
name. Grzimek’s Animal Life Encyclopedia is being published
by the Gale Group, Inc. in affiliation with my employer, the
American Zoo and Aquarium Association (AZA), and I would
like to thank AZA Executive Director, Sydney ]. Butler; AZA
Past-President Ted Beattie (John G. Shedd Aquarium,
Chicago, IL); and current AZA President, John Lewis (John
Ball Zoological Garden, Grand Rapids, MI), for approving
my participation. I would also like to thank AZA Conserva-
tion and Science Department Program Assistant, Michael
Souza, for his assistance during the project. The AZA is a pro-
fessional membership association, representing 205 accred-
ited zoological parks and aquariums in North America. As
Director/William Conway Chair, AZA Department of Con-
servation and Science, I feel that I am a philosophical de-
scendant of Dr. Grzimek, whose many works I have collected
and read. The zoo and aquarium profession has come a long
way since the 1970s, due, in part, to innovative thinkers such
as Dr. Grzimek. I hope this latest revision of his work will
continue his extraordinary legacy.

Silver Spring, Maryland, 2001
Michael Hutchins
Series Editor



How to use this book

Grzimek’s Animal Life Encyclopedia is an internationally
prominent scientific reference compilation, first published in
German in the late 1960s, under the editorship of zoologist
Bernhard Grzimek (1909-1987). In a cooperative effort be-
tween Gale and the American Zoo and Aquarium Association,
the series has been completely revised and updated for the
first time in over 30 years. Gale expanded the series from 13
to 17 volumes, commissioned new color paintings, and up-
dated the information so as to make the set easier to use. The
order of revisions is:

Volumes 8-11: Birds I-IV

Volume 6: Amphibians

Volume 7: Reptiles

Volumes 4-5: Fishes I-II

Volumes 12-16: Mammals I-V

Volume 3: Insects

Volume 2: Protostomes

Volume 1: Lower Metazoans and Lesser Deuterostomes
Volume 17: Cumulative Index

Organized by taxonomy

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy—the science in which various
organisms are discovered, identified, described, named, clas-
sified, and catalogued. Starting with the simplest life forms,
the lower metazoans and lesser deuterostomes, in Volume 1,
the series progresses through the more advanced classes of
classes, culminating with the mammals in Volumes 12-16.
Volume 17 is a stand-alone cumulative index.

Organization of chapters within each volume reinforces
the taxonomic hierarchy. In the case of the volume on Rep-
tiles, introductory chapters describe general characteristics of
the class Repitilia, followed by taxonomic chapters dedicated
to order and family. Species accounts appear at the end of
family chapters. To help the reader grasp the scientific
arrangement, each type of taxonomic chapter has a distinc-
tive color and symbol:

® = Order Chapter (blue background)
A = Family Chapter (yellow background)
0 = Monotypic Order Chapter (green background)

X

As chapters narrow in focus, they become more tightly for-
matted. Introductory chapters have a loose structure, remi-
niscent of the first edition. Although not strictly formatted,
chapters on orders are carefully structured to cover basic in-
formation about the group. Chapters on families are the most
tightly structured, following a prescribed format of standard
rubrics that make information easy to find. These chapters
typically include:

Thumbnail introduction
Common name
Scientific name
Class
Order
Suborder
Family
Thumbnail description
Size
Number of genera, species
Habitat
Conservation status

Main chapter
Evolution and systematics
Physical characteristics
Distribution
Habitat
Behavior
Feeding ecology and diet
Reproductive biology
Conservation status
Significance to humans

Species accounts
Common name
Scientific name
Subfamily
Taxonomy
Other common names
Physical characteristics
Distribution
Habitat
Behavior
Feeding ecology and diet
Reproductive biology
Conservation status
Significance to humans
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Resources
Books
Periodicals
Organizations

Other

Color graphics enhance understanding

Grzimek’s features approximately 3,500 color photos, in-
cluding nearly 130 in the Reptiles volume; 3,500 total color
maps, including more than 160 in the Reptiles volume; and
approximately 5,500 total color illustrations, including ap-
proximately 300 in the Reptiles volume. Each featured species
of animal is accompanied by both a distribution map and an
illustration.

All maps in Grzimek’s were created specifically for the pro-
ject by XNR Productions. Distribution information was pro-
vided by expert contributors and, if necessary, further
researched at the University of Michigan Zoological Museum
library. Maps are intended to show broad distribution, not
definitive ranges.

All the color illustrations in Grzimek’s were created specif-
ically for the project by Michigan Science Art. Expert con-
tributors recommended the species to be illustrated and
provided feedback to the artists, who supplemented this in-
formation with authoritative references, skins, and specimens
from University of Michigan Zoological Museum library. In
addition to illustrations of species, Grzimek’s features draw-
ings that illustrate characteristic traits and behaviors.

About the contributors

All of the chapters were written by herpetologists who are
specialists on specific subjects and/or families. Topic editor
James B. Murphy reviewed the completed chapters to insure
consistency and accuracy.

Standards employed

In preparing the volume on Reptiles, the editors relied
primarily on the taxonomic structure outlined in Herpetology:
An Introductory Biology of Amphibians and Reptiles, 2nd edition,
edited by George R. Zug, Laurie ]. Vitt, and Janalee P. Cald-
well (2001). Systematics is a dynamic discipline in that new
species are being discovered continuously, and new tech-
niques (e.g., DNA sequencing) frequently result in changes
in the hypothesized evolutionary relationships among various
organisms. Consequently, controversy often exists regarding
classification of a particular animal or group of animals; such
differences are mentioned in the text.

Grzimek’s has been designed with ready reference in mind,
and the editors have standardized information wherever fea-
sible. For Conservation Status, Grzimek’s follows the ITUCN
Red List system, developed by its Species Survival Commis-
sion. The Red List provides the world’s most comprehensive
inventory of the global conservation status of plants and an-
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imals. Using a set of criteria to evaluate extinction risk, the
TUCN recognizes the following categories: Extinct, Extinct
in the Wild, Critically Endangered, Endangered, Vulnerable,
Conservation Dependent, Near Threatened, Least Concern,
and Data Deficient. For a complete explanation of each cat-
egory, visit the IUCN web page at <http://www.iucn.org/
themes/ssc/redlists/categor.htm>.

In addition to IUCN ratings, chapters may contain other
conservation information, such as a species’ inclusion on one
of three Convention on International Trade in Endangered
Species (CITES) appendices. Adopted in 1975, CITES is a
global treaty whose focus is the protection of plant and ani-
mal species from unregulated international trade.

In the Species accounts throughout the volume, the edi-
tors have attempted to provide common names not only in
English but also in French, German, Spanish, and local di-
alects. Unlike for birds, there is no official list of common
names for reptiles of the world, but for species in North Amer-
ica an official list does exist: Scientific and Standard English
Names of Amphibians and Reptiles of North America, North of
Mexico, with Comments Regarding Confidence in our Under-
standing, edited by Brian I. Crother (2000). A consensus of
acceptable common names in English, French, German, Por-
tuguese, and Spanish for European species exists in the Atlas
of Amphibians and Reptiles in Europe, edited by Jean-Pierre
Gasc, et al. (1997). Two books purportedly contain common
names of reptiles worldwide, but these are names mostly
coined by the authors and do not necessarily reflect what the
species are called in their native countries. The first of these
books, Dictionary of Animal Names in Five Languages. Amphib-
ians and Reptiles, by Natalia B. Anajeva, et al. (1988), contains
names in Latin, Russian, English, German, and French. The
second is A Complete Guide to Scientific Names of Reptiles and
Amphibians of the World, by Norman Frank and Erica Ramus
(1995); for those species for which no commonly accepted
common name exists, the name proposed in this book has
been used in the volume on Reptiles.

Grzimek’s provides the following standard information on
lineage in the Taxonomy rubric of each Species account: [First
described as] Atractaspis bibroni [by] A. Smith, [in] 1849, [based
on a specimen from] eastern districts of the Cape Colony,
South Africa. The person’s name and date refer to earliest
identification of a species, although the species name may have
changed since first identification. However, the entity of rep-
tile is the same.

Readers should note that within chapters, species accounts
are organized alphabetically by subfamily name and then al-
phabetically by scientific name.

Anatomical illustrations

While the encyclopedia attempts to minimize scientific
jargon, readers will encounter numerous technical terms re-
lated to anatomy and physiology throughout the volume. To
assist readers in placing physiological terms in their proper
context, we have created a number of detailed anatomical
drawings. These can be found on pages 65-70, 159-161, 191,
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and 199-201. Readers are urged to make heavy use of these
drawings. In addition, terms are defined in the Glossary at
the back of the book.

Appendices and index

In addition to the main text and the aforementioned Glos-
sary, the volume contains numerous other elements. For
further reading directs readers to additional sources of in-
formation about reptiles. Valuable contact information for
Organizations is also included in an appendix. An exhaus-
tive Reptiles species list records all known species of am-
phibians as of November 2002, based on information in the
EMBL Reptile Database (http://www.reptiliaweb.org) and
organized according to Herpetology, 2nd edition, by Zug,
Vitt, and Caldwell; the section of turtle species was supple-
mented with information obtained from the World Turtle
Database, EMYSystem (http://emys.geo.orst.edu/). And a
full-color Geologic time scale helps readers understand pre-
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historic time periods. Additionally, the volume contains a
Subject index.
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What is a reptile?

The reptiles

The difference between amphibians and reptiles is that
reptiles exhibit a suite of characteristics understandable as
adaptations to life on land at increasing distance from water.
Although many species of amphibians live on land in adult-
hood, most have an aquatic larval stage, and few can exist for
long without moisture even during their terrestrial stages of
life. Amphibians are tied to water—most species are not found
more than a few meters from water or from moist soil, hu-
mus, or vegetation. Reptiles of many species are relatively lib-
erated from water and can inhabit both mesic (moist) and xeric
(dry) environments. Reptiles need water for various physio-
logical processes, as do all living things, but some reptiles can
obtain the water they need from the foods they eat and
through conservative metabolic processes without drinking or
by drinking only infrequently. Understanding the nature of
reptiles requires focus on their techniques for maintaining fa-
vorable water balance in habitats where water may not be
readily available and where moist microniches may be un-
common.

Characteristics

Most reptiles have horny skin, almost always cornified as
scales or larger structures called scutes or plates. Such in-
teguments resist osmotic movement of water from body com-
partments or tissues into the surrounding air or soil, thus
minimizing desiccation. There are times in the lives of snakes
and lizards when their skin becomes permeable to water, as
when the animals are preparing to shed their old skin. Dur-
ing such times they seek out favorable hiding places that pro-
tect them not only from predators but also from water loss.
The combination of integumentary impermeability (most of
the time) and innate preferences for favorable microclimates
during vulnerable periods allows reptiles to retain body wa-
ter rather than to lose it to arid surroundings. Some reptiles
are known to drink water that condenses on their scales when
they reside in cool burrows.

Added to the mechanisms for retaining body water is an
excretory system that is considerably advanced over those in
fishes and many amphibians. The kidneys are integral com-
ponents of the circulatory system. They allow constant, effi-
cient filtration of blood. Most aquatic organisms excrete

Grzimek’s Animal Life Encyclopedia

nitrogenous waste as ammonia. Ammonia readily diffuses
across skin or gills, provided plenty of water is present, but is
not efficiently excreted by the kidneys. Ammonia is highly
toxic, and animals cannot survive if this substance accumu-
lates in their bodies. Terrestrial organisms excrete nitroge-
nous waste in the form of urea or uric acid, which are less
toxic and which require less water than does excretion of am-
monia. Urea is the main nitrogenous waste in terrestrial am-
phibians, whereas uric acid (which requires very little water)
is the main nitrogenous effluent in reptiles. Finally, some
desert-dwelling reptiles have a remarkable ability to tolerate
high plasma urea concentrations during drought. This char-
acteristic allows the animals to minimize water loss that would
be coincident with excretion. Rather than being excreted, ni-
trogenous waste is simply retained as urea, and water is con-
served. When a rainfall finally occurs, reptiles (e.g., the desert
tortoise Gopherus agassizii) drink copiously, eliminate wastes
stored in the bladder, and begin filtering urea from the
plasma. Within days their systems return to normal, and the
tortoises store a large volume of freshwater in their bladders
to deal with the next drought.

Feeding

Feeding in a water medium among vertebrates can take
several forms ranging from detritus feeding (ingestion of de-
caying organic matter on the substrate) to neuston feeding
(ingestion of tiny organisms residing in the surface film).
Probably the most common mechanism of obtaining food is
suction feeding, whereby the predator creates a current by
sucking water into the expanded buccal cavity and out through
gills, causing prey to be captured in the mouth. Most fish rely
on suction feeding, and this mechanism contributes to the ef-
fectiveness of detritivores, neustonivores, and aquatic preda-
tors. As a consequence, most fish have relatively weak mouths
and low bite strength. There are exceptions, such as sharks,
but the general rule is that fish depend on suction more than
on biting, a circumstance that works effectively because of the
liquid nature of the water medium and the associated friction
arising between the medium and objects suspended in it.
Aquatic amphibians also use suction feeding, although some
species have lingual and jaw prehension, particularly during
terrestrial stages. The transition to land dwelling among most
reptiles has necessitated a revolution in oral structures and
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A. The female American alligator (Alligator mississippiensis) buries her eggs under a pile of vegetation. As the plant material decomposes, the
heat produced incubates the eggs while the female stays near the nest to guard against predators; B. Embryo development at day 12 after lay-
ing; C. Day 30; D. Day 50; E. Eggs hatch at day 65. (lllustration by Marguette Dongyvillo)

kinematics to cope with the less dense medium of air. Because
suction feeding does not work effectively in air, jaw prehen-
sion with consequent increases in bite strength has been em-
phasized in the evolution of most reptiles. Jaw prehension
involves increased number and volume of the jaw-suspending
muscles and increased surface area of muscle origins. Associ-
ated with this development was the appearance of temporal
openings in the dermal bone surrounding the brain, because
these openings allowed some of the jaw-suspending muscles
to escape from the constraints of the dermal-chondral fossae
and to attach at origin sites on the lateral and dorsal surfaces

of the skull.

Skulls

The number and position of temporal openings have been
used to classify reptiles into taxonomic groups, and the high-
lights of this classification system are reviewed here. Reptile
skulls lacking temporal vacuities are said to be anapsid (with-
out openings). This group includes the fossil order Coty-
losauria, also called stem reptiles because of their ancestral
position to all higher reptiles and hence to birds and mam-
mals. The turtles, order Testudines, also are anapsid. Synap-
sid skulls have a single temporal opening on each side. The
opening is positioned relatively low along the lateral surface
of the skull, within the squamosal and postorbital bones. All
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synapsid reptiles (orders Pelycosauria, Therapsida, and
Mesosauria) are extinct, but they are of great interest because
of their ancestral position relative to the mammals. The para-
psid condition also has a single vacuity on each side, but it
is located rather high on the dorsolateral surface of the skull,
within the supratemporal and postfrontal bones. Extinct,
fishlike members of the order Ichthyosauria constitute the
single order of parapsid reptiles, but these animals were prob-
ably closely related to euryapsid reptiles that had a single
vacuity in much the same position except that it also invaded
the dorsal aspects of the squamosal and postorbital bones.
Orders of euryapsids were Placodontia and Sauropterygia,
both marine and extinct, in the Triassic and Cretaceous pe-
riods, respectively. The diapsid condition is characterized by
two temporal vacuities on each side of the skull. Major or-
ders include Thecodontia (small crocodilian-like reptiles an-
cestral to birds and to all of the archosaurs), Crocodylia,
Saurischia (dinosaurs with ordinary reptile-type hips), Or-
nithischia (dinosaurs with bird-type hips), Pterosauria (flying
reptiles), Squamata (lizards, snakes, and several extinct
groups), Eosuchia (extinct transitional forms that led to
squamates), and Rhynchocephalia (mostly extinct, lizard-like
diapsids with one surviving lineage, the tuatara [Sphenodon
punctatus] on islands associated with New Zealand; S. punc-
tatus may be a superspecies containing two or more separa-
ble species).

The order Testudines, which contains all living and ex-
tinct turtles, has traditionally been grouped with the primi-
tive cotylosaurs because of common possession of the anapsid
condition. Most herpetologists and paleontologists have
agreed on this matter for many years. Molecular geneticists,
however, have found evidence that turtles may actually be
closely related to diapsid reptiles. This finding suggests that
the anapsid condition of turtles may be secondary. That is,
turtles may have evolved from ancestors that possessed two
temporal vacuities on each side of their skulls, but in the
course of evolution, turtles lost these openings. Essentially the
same idea was proposed early in the twentieth century, not
on the basis of genetic evidence but on the basis of a paleon-
tological scenario involving a series of extinct but turtle-like
diapsid fossils. Few at that time could accept the possibility
that temporal vacuities once evolved would ever be aban-
doned, so this notion was dismissed and has resided in scien-
tific limbo ever since. It has been revived on the strength of
genetic data, and this much derided “preposterous idea” may
become accepted.

It appears as if there is a contradiction associated with the
anapsid status of turtles. Whereas some species are suction
feeders with relatively weak mouths, others, such as snapping
turtles, have profound bite strength. How is this strength pro-
duced, given the absence of temporal openings that would al-
low large jaw-suspending muscles to anchor (originate) on the
dorsal surface of the skull? It turns out that many species of
turtles have an analogous adaptation in which sections of der-
mal bone on the side and back of the skull have become emar-
ginated or notched. Temporal openings are holes surrounded
by bone. Emarginations are missing sections of the edges of
the flat bones that form the ventral or pleural borders of the
skull. With substantial sections of these bones missing, jaw-
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Structural types of the reptilian skull: A. Anapsid (no temporal open-
ings); B. Synapsid (lower temporal opening); C. Parapsid (highest tem-
poral opening); D. Euryapsid (upper temporal opening); E. Diapsid (two
temporal openings). Bones shown: 1. Postorbital bone; 2. Squamosal
bone; 3. Postfrontal bone; 4. Supratemporal bone. (lllustration by
Gillian Harris)

suspending muscles have the same opportunity to escape from
the dermal-chondral fossae as is made possible by vacuities.
Although turtles are, strictly speaking, anapsid, some have
taken an alternative pathway that leads to the bite strength
necessary for effective jaw prehension of substantial prey or
for tearing vegetation. If the anapsid condition is secondary,
turtles have substituted an analogous trait that accomplished
much the same biophysical effect as did the former temporal
vacuities.
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Snapping turtle (Chelydra serpentina) embryo in egg. Most reptiles
hatch from eggs, although some snakes and lizards are live-bearers.
(Photo by Gary Meszaros/Photo Researchers, Inc. Reproduced by per-
mission.)

Reproduction

The earliest reptile fossils known are from the Upper Car-
boniferous period, approximately 270 million years ago, but
by this time several of the reptilian orders were already in ev-
idence, including both anapsid cotylosaurs and synapsid pe-
lycosaurs. This finding implies that reptile evolution began
much earlier. Another implication is that temporal vacuities
(empty spaces) and emarginations (notches), although widely
distributed in reptiles, are not defining characteristics of this
class of vertebrates, because several groups do not have them.
The earliest defining characteristics may never be known un-
less some very early fossils in good condition are found. It is
likely that a desiccation-resistant integument was present. An-
other area on which to focus is the egg and the reproductive
process. The egg is macrolecithal (contains much yolk) and
is surrounded by a hard shell in turtles, crocodilians, and
geckos and a soft or parchment-like shell in the other squa-
mates. In either case, a shelled egg requires that fertilization
occur before shell formation. This means that fertilization
must take place within the female’s body (i.e., in her oviducts)
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rather than externally as is typical of fishes and amphibians.
Consequently, most male reptiles possess copulatory organs
that deposit sperm into the cloaca of the female. From the
cloaca the sperm cells migrate up the oviduct guided by chem-
ical stimuli. Male turtles and crocodilians have a single penis
homologous to the penis of mammals. This organ develops
during embryogenesis from the medial aspect of the embry-
onic cloaca. Male lizards and snakes have paired hemipenes,
which develop during embryogenesis from the right and left
lateral aspects of the embryonic cloaca. Some male snakes
have bifurcated hemipenes, so the males appear to have four
copulatory organs. Thus internal fertilization is the rule
among extant reptiles. Even tuatara, the males of which lack
copulatory organs, transfer sperm in the manner of most birds
with a so-called cloacal kiss involving apposition of male and
female cloacae and then forceful expulsion of seminal fluid di-
rectly into the female’s cloaca. Internal fertilization is neces-
sary because of shell formation around eggs. Many reptiles
live far from standing or running water, thus external fertil-
ization in the manner of most fishes or amphibians would be
associated with risk of desiccating both sperm and eggs.

The oviducts of some female reptiles are capable of stor-
ing sperm in viable condition for months or even years. In
some turtles and snakes, fertilization can occur three years af-
ter insemination. Theoretically, a female need not mate each
year, but she might nevertheless produce young each year us-
ing sperm stored from an earlier copulation. Although this
interesting possibility has been known from observation of
captive reptiles for approximately five decades, we still do not
know whether or how often female reptiles use it under nat-
ural conditions. Another curiosity of reptile reproduction is
that the females of some species of lizards and snakes are ca-
pable of reproducing parthenogenetically, even though re-
production in these species normally occurs sexually. (These
species should not be confused with others that only repro-
duce parthenogenetically. This is not a widespread mode of
reproduction in reptiles, but it is known to occur in several
species of lizards and at least one snake.) Facultative partheno-
genesis has only recently been discovered among captive rep-
tiles, and there is as yet no information on whether it occurs
in nature.

Macrolecithal eggs allow embryos to complete develop-
ment within the egg or within the mother in the case of vi-
viparity, such that the neonate is essentially a miniature
version of its parents rather than a larva that must complete
development during an initial period of posthatching life, as
is common among amphibians. The reptilian embryo lies at
the top of the large supply of yolk, and cell division does not
involve the yolk, which becomes an extra embryonic source
of nourishment for the growing embryo. A disk called the
vitelline plexus surrounds the embryo and is the source of the
three membranes (chorion, amnion, and allantois) that form
a soft “shell” within the outer shell of the reptilian egg. To-
gether these structures defend the water balance of the de-
veloping embryo and store waste products. Although reptile
eggs absorb water from the substrate in which they are de-
posited, these eggs do not have to be immersed in water as is
required for the eggs of most amphibians. Immersion of most
reptile eggs results in suffocation of the embryos. Female rep-
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tiles deposit their eggs in carefully selected terrestrial sites
that provide adequate soil moisture and protect the eggs from
extremes of temperature.

Some species have another strategy for protecting embryos
from abiotic and biotic exigencies. These reptiles retain the
embryos and incubate them within the maternal body. The
mother’s thermoregulatory and osmoregulatory behaviors
contribute to the embryos’ welfare and to the mother’s wel-
fare. The mother’s predator-avoidance behaviors can enhance
the fitness of embryos exposed to greater predation elsewhere.
In view of these potential advantages, which in some habitats
might be considerable, it is not surprising that live-bearing
has evolved many times in reptiles, although it is quite rare
in amphibians. All crocodilians, turtles, and tuatara are egg
layers. At least 19% of lizard species and 20% of snakes are
live-bearers. Cladistic studies have shown that viviparity has
evolved independently many times within squamates, in at
least 45 lineages of lizards and 35 lineages of snakes. It also
appears that viviparity is an irreversible trait and that once vi-
viparity evolves, oviparous descendants rarely occur. The term
embryo retention is used for species in which females retain
embryos until very near the completion of embryogenesis
when shells are added. The eggs are deposited and then hatch
within 72-96 hours. Examples include the North American
smooth green snake Liochlorophis vernalis, and the European
sand lizard Lacerta agilis. Most important to understand is that
the embryos are lecithinotrophic (nourishment of the em-
bryos comes entirely from the yolk) with no additional pos-
tovulatory contribution from the mother. The mother,
however, may play a role in gas exchange of the embryos.
"This process can involve proliferation of maternal capillaries
in the vicinity of the embryos, a form of rudimentary pla-
centation. Some species that give birth to live young also have
lecithinotrophic embryos that undergo rudimentary placen-
tation. Some embryo-retaining species eventually add a shell
to their eggs and oviposit them within a few days of hatch-
ing. Others never add a shell, and the young are simply born
alive, although they need to extricate themselves from the ex-
traembryonic membranes that surround them. Many her-
petologists prefer to abandon the term ovoviviparous because
this word connotes that shelled eggs hatch in the maternal
oviduct. No species is known in which this occurs. Accord-
ingly, the term viviparous is used for all live-bearers, and her-
petologists recognize that considerable variation exists in the
degree to which viviparous embryos are matrotrophic (sup-
ported by maternal resources through a placenta).

Although females of oviparous species deposit their eggs
in sheltered positions, the vagaries of climate can result in rel-
ative cooling or heating of oviposition sites with associated
changes in moisture. This realization has led to considerable
research on the effects of these abiotic factors on embryonic
development. It is now known that within the range of
68-90°F (20-32°C), incubation time can vary as much as five-
fold, and that neonatal viability is inversely related to incu-
bation time. Hatchlings from rapidly developing embryos at
high temperatures perform poorly on tests of speed and en-
durance relative to hatchlings from slower-developing em-
bryos at lower temperatures. The slower-developing embryos
typically give rise to larger hatchlings than do their rapidly
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The black-breasted leaf turtle (Geoemyda spengleri) lives in the moun-
tainous regions of northern Vietnam and southern China. (Photo by
Henri Janssen. Reproduced by permission.)

developing counterparts. In the context of this work, it was
found that the sex ratio of hatchling turtles varied depending
on incubation temperature. In several species of tortoise (Go-
pherus and Testudo), for example, almost all embryos became
males at low incubation temperatures (77-86°F [25-30°C]),
and most became females between 88°F and 93°F (31-34°C).
Temperature-dependent sex determination (TSD) is known
to be widespread, occurring in 12 families of turtles, all croc-
odilians, the tuatara, and in at least three families of lizards.
However, the effect of temperature differs in the various
groups. Most turtles exhibit the pattern described, whereas
most crocodilians and lizards exhibit the opposite pattern, fe-
males being produced at low incubation temperatures and
males at higher ones. In a few crocodilians, turtles, and lizards
females are produced at high and low incubation tempera-
tures and males at intermediate temperatures. It is possible
that some viviparous species experience 1'SD, in which case
the thermoregulatory behavior of the mother would deter-
mine the sex of the embryos, but this phenomenon has not
been observed.

The effect of the discovery of TSD has been enormous.
Almost all developmental biologists previously believed that
sex in higher vertebrates was genetically determined. This
phenomenon has important implications for the management
of threatened or endangered populations, especially if the pro-
gram contains a captive propagation component. Unless care
is taken to incubate eggs at a variety of temperatures, the pro-
gram could end up with a strongly biased sex ratio. Reflec-
tion on the effects of global warming on reptiles exhibiting
TSD generates the worry that extinction could be brought
about from widely skewed sex ratios.

Diversity of reptiles

Reptiles range in body form from crocodilians to squa-
mates, tuatara, and turtles. This diversity borders on trivial,
however, in comparison with the range of forms and lifestyles
that existed during the Jurassic and Cretaceous periods. This
point can be further appreciated by considering locomotion
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Parson’s chameleon (Calumma parsonii parsonii) has a prehensile tail
as long as its body length that can be used for climbing, grasping, or
perching. At rest or during sleep the tail is coiled, as shown here. The
specialized feet are divided into two bundles of fused toes, consist-
ing of three on the outside and two on the inside of the rear feet. This
is reversed on the front feet, giving them the ability to grasp, perch,
and climb, and facilitates their largely arboreal existence. They are
also able to use their highly dextrous feet to remove shed skin and
put food into or take objects out of their mouths. (Photo by Ardith
Abate. Reproduced by permission.)

among lizards with well-developed legs. Although some
species are capable of quick movement, the gait of all lizards
is basically the same as that of salamanders. The legs extend
from the sides and must support the body through right an-
gles, greatly limiting body mass and speed. Within the con-
text of these constraints, lizards do quite well, but their
locomotion remains relatively primitive. Truly advanced lo-
comotion, with the legs directly under the body, occurs
among mammals, but this pattern of limb suspension evolved
in dinosaurs and was clearly a part of their long period of suc-
cess. All extant reptiles are ectotherms, deriving their body
heat from radiation, conduction, or convection, whereas
mammals and birds are endotherms, producing body heat by
energy-consuming metabolic activity. Thus we see the prim-
itive condition in the reptiles and the advanced condition in
the birds and mammals. There is now good reason to believe
that at least some dinosaurs were endotherms. Accordingly,
it is important to keep in mind that the diversity of extant
reptiles is but a fraction of the diversity exhibited by this class
of vertebrates during earlier phases of its natural history.

Locomotion

The basic pattern of the tetrapod limbs of amphibians is
preserved in reptiles: a single proximal bone is followed dis-
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tally by paired bones. In the fore limb is the humerus fol-
lowed by the radius and ulna. In the hind limb is the femur
followed by the tibia and fibula. The wrist and hand are
formed from the carpal and metacarpal bones, and the ankle
and foot are formed from the tarsals and metatarsals, five or
fewer digits bearing horny claws distal to both wrist and an-
kle. Reptile orders show enormous variation in the precise
form and arrangement of these basic elements and in their
behavioral deployment. In squamates these elements are aban-
doned in favor of serpentine locomotion, which requires an
elongate body and therefore an increased number of verte-
brae, more than 400 in some snakes. Serpentine locomotion
depends on friction between the animal and the substrate,
which in some animals is accomplished by pressing the pos-
terior edges of the belly scales against stationary objects so
that Newton’s third law (for every action there is an equal
and opposite reaction) can operate. Some lizards have lost
their limbs and use serpentine movement. Others with per-
fectly fine legs will, in bunch grass habitats, fold the limbs
against the body and exhibit facultative serpentine movement,
presumably because this type of movement produces faster
escape behavior than does ordinary running in tangled vege-
tation. The twisting and bending of the trunk required in
serpentine movement enhance the danger of vertebral dislo-
cation. This selective pressure has been answered by the de-
velopment of an extra pair of contact points between adjacent
vertebrae in snakes, bringing the total number of articular
points to five per vertebra. The result is that each vertebra is
essentially locked to the next and resists dislocating forces
arising from roll, pitch, and yaw.

Brain

The brain and spinal cord exhibit several advanced char-
acteristics in reptiles relative to amphibians, including larger
size and greater definition of structural divisions and greater
development of the cerebral cortex. Neural connections be-
tween the olfactory bulbs, the corpus striatum, and several
other subcortical structures have become clearly established
in reptiles, and these connections have been conserved in sub-
sequent evolution such that they are present in mammals, in-
cluding humans. This set of connections is sometimes referred
to as the “reptilian brain” or “R-complex” and is thought to
represent a neural circuit necessary for the mediation of ba-
sic functions such as predation and mating as well as the af-
fective concomitants associated with social behaviors ranging
from cooperation to aggression. In the study of mammals, we
speak of the regulation of emotion by components of the rep-
tilian brain. Herpetologists are generally reluctant to speak of
emotion in their animals, but they have no difficulty recog-
nizing the existence of the neural circuit in question and in
understanding that it contributes to social and reproductive
activities. Whether this contribution is limited to the organi-
zation of motor patterns or whether emotion also is involved
remains an open question.

Eyes
Sensory structures of reptiles exhibit variations in size and
complexity that are roughly correlated with ecological varia-
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tion and phylogeny. For example, lizards considered to be
primitive, such as those of the family Chamaeleonidae, are pri-
marily visually guided in the context of predation as well as in
the contexts of social and reproductive behavior. This reliance
on vision is reflected in the wonderful mobility of the eyes,
the size of the optic lobes, and in the brilliant color patterns
in the family. The phenomenon of “excited coloration” (color
changes reflecting emotional or motivational states) involves
socially important signals that can only be appreciated with
vision. More advanced lizards, such as those in the family
Varanidae, place greater emphasis on their nasal and vomer-
onasal chemosensory systems. Associated with this character-
istic is a shift in the morphology and deployment of the tongue,
which in varanids is used mainly to pick up nonvolatile mol-
ecules and to convey them to the vomeronasal organs. There
is an associated shift from insectivory to carnivory. In snakes,
which may be derived from a varanid-like ancestor, these shifts
have been carried to an even greater extreme.

Ears

Audition presents an interesting problem in reptiles.
Snakes and some lizards have no external ear, although the
middle and inner ears are present. In species with a distinct
external auditory meatus, there is little doubt about the exis-
tence of a sense of hearing, although it is generally thought
that only sounds of low frequency are detected. In species
lacking an external ear, seismic sounds are probably conducted
by the appendicular and cranial skeletons to the inner ear. It
has been suggested, however, that the lungs might respond
to airborne sounds and transmit them to the inner ear via the
pharynx and eustachian tube. Although no reptiles are known
for having beautiful voices, many generate sounds. For ex-
ample, male alligators bellow, and this sound undoubtedly
serves social functions. Many snakes hiss, some growl, and a
fair number issue sounds with their tails either with a rattle
or by lashing the tail against the substrate. Such sounds are
generally aimed at predators or other heterospecific intrud-
ers, and herpetologists have believed that the issuing organ-
ism was deaf to its own sound, unless the sound had a seismic
component. Perhaps this view can be altered if the concept
of pneumatic reception of airborne sound is corroborated.

Other senses

Cutaneous sense organs are common, including those sen-
sitive to pain, temperature, pressure, and stretching of the
skin. Although pain and temperature receptors are best known
on the heads of reptiles, these receptors are not confined
there. The mechanoreceptors that detect touch, pressure, and
stretch are present over the body, especially within the hinges
of scales. Receptors that detect infrared radiation (heat) are
also of dermal and epidermal origin. In boas and pythons,
these receptors are associated with the lips. In pitvipers such
as rattlesnakes, a membrane containing heat receptors is
stretched across the inside of each pit approximately 0.04-0.08
in (1-2 mm) below the external meatus. The geometry of the
bilateral pits is such that their receptive fields overlap, allow-
ing stereoscopic infrared detection. The nerves of the pits
project to the same brain areas as do the eyes, giving rise to
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images containing elements from the visible part of the spec-
trum as well as the infrared part. When a pitviper is in the
process of striking a mouse, the snake’s mouth is wide open
with fangs erect, so that the pits and eyes are oriented up
rather than straight ahead toward the prey. It turns out that
in the roof of the mouth near the fangs are additional infrared
sensitive receptors that appear to take over guidance of the
strike during these final moments.

Reptiles also possess proprioceptors associated with mus-
cles, tendons, ligaments, and joints. Proprioceptors report the
positions of body components to the brain, allowing the brain
to orchestrate posture and movement. Another class of inter-
nal receptor contains taste buds, which are located in the lin-
ing of the mouth and on the tongue. In reptiles with slender,
forked tongues specialized for conveying nonvolatile chemicals
to the vomeronasal organs, lingual taste buds are generally ab-
sent, but taste buds may be present elsewhere in the mouth.

Teeth

With a few notable exceptions, the teeth of extant reptiles
are unspecialized; that is, most teeth look alike, and the denti-
tion is called homodont (Latin for “alike teeth”). The teeth may
vary considerably in size along the length of the tooth-bearing
bones, especially in snakes, because the teeth are deciduous and
are replaced regularly. This type of dentition is called polyo-
dont. Teeth are present on the bones of the upper and lower
jaw and on other bones forming the roof of the mouth (pala-
tine and pterygoid). If teeth are ankylosed (cemented by calci-
fication) to the inside of jawbones, the dentition is pleurodont.
"This is the condition of all snakes and most lizards. If the teeth
are ankylosed to a bony ridge along the jawbones, as in some
lizards, the dentition is acrodont. Crocodilian teeth are situ-
ated in sockets, as are the teeth of mammals, and this dentition
is called thecodont. The most spectacular type of tooth spe-
cialization in extant reptiles involves the fangs of venomous
snakes. These fangs are hollow, elongated teeth on each side
of the front of the upper jaw, although some species have solid,
grooved fangs on each side of the rear of the upper jaw. In
front-fanged snakes, venom is forcefully injected through the
fangs and exits into the prey through slitlike openings on the
lower anterior face of each fang. In rear-fanged snakes, venom
runs under little pressure along the grooves and enters prey as
the rear fangs successively embed themselves into prey during
swallowing. Among the front-fanged species are those with
folding fangs that are normally held parallel to the roof of the
mouth and rotated down into position as needed. Other front-
fanged snakes have less mobility associated with their fangs,
which are therefore always in the biting position. The fangs
typically are much longer in species with folding fangs than in
species with fixed front fangs. With the exception of fangs, most
teeth in extant reptiles are used to grip prey, although some
lizards have specialized, blunt teeth that crush snail shells. Some
extinct reptiles had far more specialized tooth patterns than do
the surviving groups.

Venom
All reptiles possess salivary glands that lubricate food and
begin the process of digestion. Saliva also cleans the teeth by
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digesting pieces of organic matter that might adhere to the
teeth or be stuck between adjacent teeth. The venom that
has evolved in snakes undoubtedly arose from salivary glands,
and it has retained its original digestive function. Venom con-
tains elements that immobilize and kill prey, and it facilitates
digestion. It has been conclusively demonstrated in force-
feeding experiments in which rattlesnakes fed envenomated
mice completed the digestion process significantly quicker
than did conspecifics fed identical euthanized mice that had
not been envenomated. Similar studies have been completed
with comparable results for a variety of species, including rear-
fanged snakes. In some rear-fanged snakes, venom is appar-
ently used only for digestion and not for subduing prey or for
defense. In the Mexican beaded lizard (Heloderma horridunz)
and the Gila monster (H. suspectum), the only venomous
lizards, venom is apparently used strictly for defense and not
for acquisition or digestion of prey.

Energy

In some snakes and lizards, very long periods of time
can occur between successive meals, and the reptiles exhibit
an interesting form of physiological economy by down-
regulating their digestive machinery. This process saves en-
ergy, because maintaining functional digestive tissue in the
absence of food would require considerable caloric costs.
Reptiles retain this down-regulated condition until the next
meal has been secured, at which time the gut is up-regulated.

Exercise

Gas exchange occurs through lungs. Most snakes have only
one lung (on the left). The heart has three chambers, two
atria and one ventricle, except in crocodilians, in which a
second ventricle is present, producing a four-chambered heart
much like that of mammals. Even in reptiles with a three-
chambered heart, a septum exists within the ventricle and
minimizes mixing of oxygenated and nonoxygenated blood.
Researchers have studied the physiological mechanisms asso-
ciated with exhaustive locomotion and have found interesting
parallels between reptiles and mammals in the rapidity of re-
covery from exhaustion. A major difference, however, is that
mammals exhibit a so-called exercise effect (exercise-induced
ability to mobilize greater levels of oxygen and, hence, to work
harder than was possible before exercise), whereas no reptile
has yet been shown to do this.

Conservation

New species of reptiles continue to be discovered. This is
especially true of lizards. Hence the numbers that follow are
approximations subject to change. We currently recognize
285 species of turtles, 23 crocodilians, two tuatara, 4,450
lizards, and 2,900 snakes. One of the authors of this chapter
(H. M. S.) has named approximately 300 species in his career
and is working on projects that will almost certainly add
species to the list. In countries such as the United States,
where numerous herpetologists have studied the fauna thor-
oughly, it is relatively unlikely that new species will be dis-
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covered. Nevertheless, herpetologists sometimes find reasons
to justify the splitting of previously recognized species into two
or more species. Third World countries present an entirely
different situation because they possess few indigenous her-
petologists, and some of these countries have only rarely been
visited by herpetologists. Consequently, new species are quite
likely to be found in these lands, especially those in the trop-
ics and subtropics. It has been estimated that in most such
countries, approximately 30% of the reptile fauna remains to
be discovered. Thus much basic work remains to be done. At
the same time, we must be mindful of the rate at which species
are currently being lost to deforestation, habitat fragmenta-
tion, pollution, overharvesting, invasion of harmful exotic
species, and other anthropogenic causes. We are now facing a
situation in which we are losing species to extinction before
they have been given proper scientific names. During the past
decade, amphibian biologists have justifiably called attention
to the worldwide decline of many salamanders and anurans.
Without doubt this is a serious problem, but it has overshad-
owed the fact that reptiles have been suffering the same fate.

Many of the same factors responsible for amphibian de-
clines have been insidiously working their decimating effects
on reptiles. At the heart of the problem is the human popu-
lation, now much more than six billion, and a drastically un-
even distribution of resources. Many people living in areas of
high reptile diversity are unable to eke out a living and are
therefore tempted to exploit their native fauna, legally or il-
legally, and to engage in other economic activities that even-
tually have negative repercussions on the fauna. Hunting of
reptiles occurs for local consumption, sale of hides or shells,
sale of live animals to the pet trade, and sale of meat or other
body parts as exotic food or medicines. China has almost ex-
tinguished its turtle fauna, for example, and has put cata-
strophic pressure on the turtle population in the rest of
Southeast Asia. Chinese dealers also purchase several species
of turtles during their active seasons in North America, par-
ticularly snapping turtles and softshells, for shipment to Asia.
A team of biologists conducting a survey of tortoises in Mada-
gascar found hundreds of dead animals, all with their livers
removed. Local rumor revealed that these organs are made
into an exotic paté that is shipped to Asia. Although the math-
ematics of sustainable harvesting have been well worked out
and can provide the basis for enlightened commercial prac-
tices and population management, the rate at which turtles
have been harvested in China, Southeast Asia, Madagascar,
and elsewhere is greatly exceeding the rate required for sus-
tainable yields.

A similar situation developed in connection with hides of
various reptiles, including crocodilians and several large
lizards and snakes. In the case of crocodilians, management
programs aimed at providing sustainable yields were devel-
oped in several countries, and these measures proved suc-
cessful, so much so that the species involved recovered from
endangered status. This experience indicates that the con-
servation strategy of management for sustainable yield can
work if it is carefully implemented on the basis of good eco-
logical and demographic data and if the harvest is carefully
monitored. Enthusiastic participation of local people is an
important element of the success of such programs as they
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have been carried out in Africa, Asia, and South America. It
may not be too late to put these ideas into practice to save
the turtle fauna of Asia. In the case of the crocodilians, de-
clining populations quickly allowed several secondary events,
such as explosive growth in populations of fish that were prey
of crocodilians and reductions in populations of fish that de-
pended on the deep holes made by crocodilians. An added
benefit of sustainable yield programs was that these pertur-

What is a reptile?

bations were reversed as the crocodilian populations were re-
stored. It is probable that secondary effects of Asian turtle
harvesting will make themselves known in the near future be-
cause turtle burrows are homes for a variety of other crea-
tures. Eliminating turtles makes the ecosystem inhospitable
for animals that depend on turtles. In short, enlightened
management may be a tool for creating sustainable yield and
for habitat restoration.
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Evolution of the reptiles

The reptiles make up a huge group of fossil and living ver-
tebrates, ranging in size from tiny thread snakes to sauropod
dinosaurs, which are the largest animals ever to have lived on
land. Through time reptiles have evolved into unique forms,
such as turtles, snakes, and dinosaurs, but they also have taken
on the appearance and habits of other vertebrate groups, such
as sharks and dolphins. As with other animal classes, reptile
groups that are thought to share a common ancestor are known
as clades. The application of cladistics has changed ideas about
how organisms should be classified. For instance, because they
are thought to be descended from small bipedal dinosaurs,
birds are now included with the reptiles. But synapsids (once
called mammal-like reptiles) are classified with the mammals.

Because so many diverse animals are included under the
term reptiles, they are difficult to define as a single group.
Reptiles are amniotes, that is, they are tetrapods (four-legged
vertebrates) with an amnion that surrounds and protects the
developing embryo. Reptiles other than birds and their im-
mediate ancestors lack true feathers, and all of them lack true
hair. Common (though varying) characteristics among rep-
tiles include the fact that they cannot regulate their temper-
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Malayan box turtle (Cuora amboinensis) hatchling. (Photo by Henri
Janssen. Reproduced by permission.)
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ature internally (with the possible exceptions of some di-
nosaurs and all birds), that they have an extensive covering of
scales or bony plates or both (individual exceptions occur in
many major groups), that they have a three-chambered heart
(with the exceptions of crocodilians and, possibly, other ar-
chosaurs), and that they have 12 pairs of cranial nerves.

The major reptile groups considered here are Anapsida
(“stem reptiles,” turtles, and other primitive groups), Euryap-
sida (the marine nothosaurs, plesiosaurs, placodonts, and
ichthyosaurs), and Diapsida. The last group includes the
Lepidosauria (sphenodontians, such as tuatara and its fossil
relatives; lizards; and snakes) and the Archosauria (pseudo-
suchians; crocodilians; pterosaurs, also known as “flying rep-
tiles”; and dinosaurs). Each of the three major reptile groups
are defined on the basis of the number and position of large
openings in the temporal region of the skull behind the eyes
(relative to other skull bones). Anapsid reptiles have no large
openings in the temporal region of the skull and were the first
stem to branch off the reptilian lineage. Euryapsid reptiles
have a single temporal opening in the upper part of the skull.
Diapsid reptiles have two large temporal openings, one above
and one below a horizontal bony bridge.

Anapsida

The earliest reptiles are known from the early Pennsyl-
vanian (323-317 million years ago, or mya). They were quite
small and lizardlike in appearance, and their skulls, jaws, and
tooth structures strongly indicate that they were insectivo-
rous. In fact, it is thought that they evolved in tandem with
insect groups that were beginning to colonize the land. Some
Pennsylvanian (323-290 mya) amphibians of the microsaur
group also evolved into insectivores that were so superficially
similar to early reptiles that, for a time, they were classified
as such.

The amniote egg evolved in the earliest reptiles. This al-
lowed for the first true occupation of the land by tetrapods,
for the amniote egg allowed the embryo to develop in an
aquatic microcosm until it was ready for terrestrial life; this
paved the way for the huge adaptive radiation that eventu-
ally took place among the reptiles. Robert Carroll of the Red-
path Museum in Montreal, Canada, has pointed out that the
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earliest reptiles probably occupied the land before the am-
niote egg was developed fully. An analogy may be found in
a few modern salamanders (small, somewhat lizardlike am-
phibians) that lay tiny non-amniote eggs in moist terrestrial
places, such as under logs or in piles of damp leaves. These
eggs hatch into tiny replicas of the adults rather than going
through a larval stage, such as occurs in frogs and other sala-
manders. The evolution of the amniote egg took place when
the membranes within the eggs of the earliest reptiles be-
came rearranged in the form of various sacs and linings and
the outer membrane incorporated calcium into its structure
to form a shell.

The calcareous (limey) shell afforded protection for the
developing embryo and was porous enough to allow for the
entrance and exit of essential elements, such as oxygen and
carbon dioxide. Food for the developing embryo was supplied
in the form of an extra-embryonic sac full of yolk and a sys-
tem of blood vessels that allowed the yolk to be transferred
to the embryo. The amnion itself formed a sac that contained
a fluid within which the embryo was suspended. This pro-
vided a “private pond” (a term used by the late Harvard Uni-
versity scientist Alfred S. Romer, the world leader in
vertebrate paleontology from the late 1940s until his death in
1973) for its occupant and kept the fragile embryonic parts
from sticking together. A unit composed of a part of the al-
lantois and the membranous chorion next to the shell allowed
for the absorption of oxygen and the excretion of carbon diox-
ide. A sac formed by the allantois stored the nitrogenous
wastes excreted by the embryo. The origin of the amniote egg
was one of the most important evolutionary events that ever
occurred.

Turning to other anapsid reptiles, turtles were one of the
first reptiles to branch off the amniote stem. Turtles are first
known from the late Triassic (227-206 mya) but probably
evolved in the Permian (290-248 mya). Aside from protec-
tion, the turtle shell (which is essentially a portion of its skele-
ton turned inside out) has other critical functions. A large
percentage of the red blood cells of most land vertebrates are
formed in the marrow of the long bones. Turtles, however,
need sturdy legs to support their shells; thus, their limb bones
are very dense, with little space, if any, for red blood cell-
producing marrow. It has been shown that the turtle shell is
filled with canals and cavities where red blood cells are pro-
duced in quantity. Moreover, rather than being just an inert
shield, the turtle shell is the site of calcium metabolism and
is important in the process of temperature regulation, by ab-
sorbing heat during the basking (sunning) process.

Other attributes of turtles include the ability of some of
them to absorb oxygen in the water through patches of thin
skin on the body, in the lining of the mouth, or within the
cloaca, a terminal extension of the gut wall. Some turtles can
freeze solid in the winter and thaw out in the spring with no
harmful effects—a process that also takes place in various frog
species. The ability of turtles to survive severe injuries is well
known, and many species can exist in the absence of oxygen
for long periods of time. Leatherback turtles have a current-
countercurrent blood flow similar to that of deep-sea mam-
mals and can dive in the sea at great depths and remain active
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in very cold temperatures. The incubation temperature of the
eggs of many species of turtle determines the sex of the hatch-
lings. In some cases “cold nests” produce females and “warm
nests” produce males, but the opposite can also occur. Tur-
tle eggs have large amounts of yolk compared with those of
many other vertebrates. This “egg food” sustains the young
during long incubation periods.

The origin of turtles is somewhat in doubt. An early anap-
sid with expanded ribs, Eunotosaurus, once was proposed as
the ancestral form, but the skull of Eunotosaurus was not turtle-
like. On the other hand, the body skeleton of early reptiles
called procolophonids had a shell, and the skull was some-
what turtlelike. Owenetta, a procolophonid found in the Up-
per Permian (256-248 mya) of South Africa has nine advanced
characters in the skull and one in the humerus that are shared
with Proganochelys, an unquestionable Triassic (248-206 mya)
turtle. OQwenetta lacks a shell, however; thus it has been sug-
gested that the skull changes in turtle ancestors preceded
those that led to the origin of the shell.

True turtles (order Testudines) are composed of three ma-
jor suborders: the proganochelydians, the pleurodirans, and
the cryptodirans. The proganochelydians are the most prim-
itive and are known from the late Triassic to the early Juras-
sic (206-180 mya). The shell is similar to that of modern
turtles, except that it has extra bones and the head and limbs
cannot be retracted effectively into it. The skull lacks teeth
except for a few on the palate. The pleurodirans and cryp-
todirans have no teeth in the skull and can retract the head,
neck, and tail into the shell.

In the pleurodires the neck swings sideways when it is re-
tracted, so that the turtle looks out with only one eye. In the
cryptodires the neck folds over itself when it is retracted, so
that the turtle gazes with both eyes. Oddly, the neck differ-
entiation in these turtles did not occur until the late Creta-
ceous (99-65 mya). Reflecting their Gondwana origin, one
finds only cryptodires in the Northern Hemisphere, whereas
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Skeleton of one of the earliest known amniotes, Hylonomus lyelli, from the early Pennsylvanian of Joggins, Nova Scotia. Remains were found
within the upright stump of the giant lycopod Sigillaria. (lllustration by Marguette Dongvillo.)

a significant number of pleurodires occur in the Southern
Hemisphere. Seaturtles and soft-shelled turtles, familiar ani-
mals throughout much of the world today, appeared in the
Upper Jurassic (159-144 mya); by the time the neck special-
izations came about in the late Cretaceous, all turtles were es-
sentially modern. A few very big seaturtles lived in the
Mesozoic (248-65 mya) seas during the time when dinosaurs
dominated the land. Archelon of the Cretaceous (144—65 mya)
had a shell length of 6.3 ft (1.9 m). But the largest known tur-
tle is a freshwater pleurodire (side-neck group) turtle with a
shell length of 7.6 ft (2.3 m). Aptly named Stupendemys, this
turtle was collected on a Harvard field trip to Venezuela. The
animal came from Pliocene (5.3-1.8 mya) sediments, not long
ago at all in terms of geologic time.

Several odd reptile clades branched off the anapsid stem,
including the elephantine, terrestrial pareiasaurs, and the slim,
marine mesosaurs. The pareiasaurs (among them, the well-
known genus Scutosaurus) have been found in the Middle and
Upper Permian (269-248 mya) of Africa, western Europe,
Russia, and China. They were up to 10 ft (3 m) long and had
an upright stance (unlike that of other amniotes of the time)
and stout limbs that supported the massive body. The head
of pareisaurs was short and thick, with heavily sculptured
bones protecting the eyes and tiny brain. The teeth had com-
pressed, leaf-shaped crowns like those of modern leaf-eating
herbivorus lizards; thus, pareiasaurs were probably the first
large land herbivores.

Mesosaurs, on the other hand, were the earliest truly
aquatic reptiles. These gracile animals were close to 1 yd (0.9
m) long, about a third made up of the tail. Fossil mesosaurs
are known only from the adjacent coasts of southern Africa
and eastern South America, reflecting the fact that Gondwana
split into the two continents. In the mesosaurs the snout was
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very long, and the mouth was filled with long, needlelike
teeth. These teeth apparently formed a specialized straining
devise that allowed the animals to feed upon small crustaceans,
possibly those found in the same fossil beds as the mesosaurs.
The long, compressed tail probably was used for propulsion
in swimming. The posterior tail vertebrae have fracture plains,
indicating that caudal autonomy (voluntary shedding of the
end of the tail during stress) could have occurred; this feature
may have allowed them to escape from the grasp of preda-
tors. The skull of mesosaurs originally was thought to have a
temporal opening, but this was later disproved.

Euryapsida

Turning to the euryapsid reptiles, we find four highly
adapted groups of sea reptiles, some of which reached pon-
derous proportions. Euryapsids are believed to have evolved
from diapsids, having lost the lower temporal opening in the
process. They were a very important part of the marine en-
vironment during the Mesozoic and, in a sense, were as dom-
inant in that setting as the dinosaurs were on the land. A
subject that often is neglected in the course of discussions
about the reasons for the demise of the dinosaurs at the end
of the Cretaceous concerns the reasons behind the extinction
all of the euryapsid sea reptiles at the end of the Cretaceous.

Nothosaurs lived from early to late Triassic times but
were most common in the Middle Triassic (242-227 mya).
They were relatively small compared with the plesiosaurs
that followed them. Nothosaurs had moderately long necks
and limbs modified as flippers. They are thought to have
been possible ecological equivalents of modern seals and ot-
ters. Nothosaurs had sharp, conical teeth modified for catch-
ing fish. The structure of the nothosaur shoulder girdle is
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unique among reptiles; it provides little space for the at-
tachment of trunk-supporting body muscles, such as occurs
in land reptiles.

Plesiosaurs are thought to have evolved from nothosaurs
in the Middle Triassic. They persisted until almost the end
of the Cretaceous but were most abundant in the Middle
Jurassic (180-159 mya) and slowly dwindled in numbers un-
til their extinction. Plesiosaurs had legs modified as paddles
that flapped up and down like aquatic wings. This action not
only pushed them through the water but also gave them a lift
that allowed them to “fly” through the sea in the same man-
ner as seaturtles and penguins. The bones of the shoulder and
hip girdles of plesiosaurs were expanded greatly below, form-
ing an armor on the bottom of the animal that left no “soft
underbelly” for attack by such predators as sharks. Two gen-
eral kinds of body types were prominent in the plesiosaurs,
long-necked forms and short-necked forms.

In the first group, a small head was positioned at the end
of a very long neck. The body was heavy and bulbous. The
teeth were conical and sharp; for this reason it is assumed that
these plesiosaurs fed mostly on fishes. The elasmosaurid clade
of long-necked plesiosaurs reached a length of more than 40
ft (12.2 m) and had enormous paddles and very small heads.
Some researchers have suggested that the Loch Ness mon-
sters (if they actually existed) were long-necked plesiosaurs.
If this is true, remarkable physiological changes that allowed
them to adapt to icy waters must have occurred since the
Mesozoic.

Short-necked plesiosaurs have practically no neck at all and
a massive head. It has been suggested that they were the eco-
logical equivalents of the killer whales of present times, as
they were consummate carnivores. Kronosaurus, the largest
marine reptile that ever lived, was a massive animal that
reached a length of at least 42 ft (12.8 m). This animal was
found on the property of a rancher in Australia and ended up
in the Museum of Comparative Zoology at Harvard. One of
the problems of collecting such a large animal is how and
where to exhibit it. As frequently happens, a room at the mu-
seum had to be remodeled to put this “reptilian killer whale”
on exhibit.

Evolution of the reptiles

Placodonts were marine reptiles with short, stout bodies
that lived from Middle to Upper Triassic times (242-206
mya). The limbs were only moderately paddlelike. It once was
suggested that placodonts were related rather closely to
nothosaurs, but there is really no good evidence to support
this hypothesis. The most distinguishing feature of placodonts
is the form of their teeth, which are flattened rather than
pointed. In the well-known genus Placodus, the teeth along
the margin of the cheek region and on the palate are large
and very flat, whereas the long, narrow front teeth protrude
from the end of the somewhat narrowed snout. It is thought
that Placodus used the front teeth to grasp mollusks and the
hind ones to crush them. Some placodonts, such as Henodus,
were superficially like turtles, in that they had an upper shell
composed of numerous small polygonal bones. A lower shell
was not present.

The most highly specialized marine reptiles were the
ichthyosaurs, whose body took on the appearance of modern
tunas, sharks, and porpoises. Ichthyosaurs lived from early
Triassic to Middle Cretaceous times (248—112 mya). The skull
of ichthyosaurs is streamlined, with a long snout; the eyes are
very large. The body is spindle-shaped, and the limbs are re-
duced to fins. The tail fin is fishlike. The individual vertebrae
in the spinal cord are in the form of very short and compact
biconcave discs, very similar in appearance to those of mod-
ern sharks. It is estimated that some ichthyosaurs were very
active and could swim 30-40 mph (48.3-64.4 km/h). Why the
ichthyosaurs became extinct in the Middle Cretaceous (ca.
121-99 mya), long before the dinosaurs and other marine rep-
tiles, remains a mystery.

Diapsida

Aside from having two openings in the temporal region of
the skull, diapsids typically have hind limbs that are longer
than the forelimbs. The oldest known diapsid was a small,
lizardlike animal with a body length (minus the long tail) of
about 8 in (20.3 cm). This slender animal, named Petrola-
cosaurus, was collected from the late Pennsylvanian (ca.
303-290 mya) of Kansas.
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Evolution of the amniotoic egg. (lllustration by Jacqueline Mahannah)
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Two distinct clades, the Lepidosauria and the Archosauria,
branched off early from the diapsid trunk. These two groups
are characterized by their contrasting patterns in locomotion
and posture. The lepidosaurs retained the sprawling posture
and laterally directed movement of the limbs found in prim-
itive tetrapods. Lateral undulation of the vertebral column
was also an important method of locomotion for most lepi-
dosaurs, reaching its highest degree of development in snakes.
Loosely separated skull bones, which allowed prey to be swal-
lowed whole, was another important lepidosaur feature. On
the other hand, archosaurs had limited or absent lateral un-
dulation in the vertebral column, and the limbs were brought
into a position more directly under the trunk. These modifi-
cations reached their highest degree of development in the
dinosaurs and pterosaurs.

Representative species of the three groups of the Lepi-
dosauria addressed here, the sphenodontids, lizards, and
snakes, are presently alive. Turning to the sphenodontids, the
tuatara (Sphenodon) of New Zealand are the only living mem-
bers of this once large group. A newspaper article dating to
the 1940s explained that the tuatara looked something like a
lizard but really was a “living fossil.” There are several dif-
ferences between the sphenodontids and lizards, which split
off from each other in the Triassic, possibly early in the epoch.
In the sphenodontids, the jaw muscles are massive, which
allows them to have a stronger but slower bite than lizards.
Sphenodontid teeth are fused to the jaw so firmly (acrodont
condition) that the jaw has a sawtooth appearance, as if the
teeth are merely serrations of the bone itself. Jaw muscles are
less massive in lizards and are located farther back in the
mouth, producing a weaker but faster bite. Most lizards have
teeth somewhat loosely attached to the inside of the jaw (pleu-
rodont condition), and these teeth are replaced frequently in
most species.

Sphenodontids were the dominant lepidosaurs of the
Jurassic (206-144 mya), but they sharply declined in the Cre-
taceous as the lizards began to diversify broadly. Only the
two species of New Zealand tuatara have survived to the pre-
sent, others having died out at the end of the Cretaceous.

Fossil of a mosasaur—a giant sea lizard from the Cretaceous period.
(Photo by R. T. Nowitz Photos/Photo Researchers, Inc. Reproduced by
permission.)
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The tuatara are active at much lower temperatures than most
lizards, and the eggs have a gestation period of about nine
months before being laid. The incubation period for the eggs
is about 15 months, the longest of any known living reptile.
Growth in the young is slow, and the animals do not reach
sexual maturity until they are about 20 years old. Slow
growth then continues until the animal is 50 to 60 years of
age. Rather than having hemipenes (double penis) like
lizards and snakes, male tuatara transfer sperm to the female
by an extension of the gut called the cloaca. Whereas most
lizards seem to look right through a person, tuatara have a
direct gaze, with big brown eyes that seem more mammalian
than reptilian.

Lizards and snakes are considered to be a single clade, the
Squamata (scaled reptiles). Both lizards and snakes have leg-
less forms with a jaw structure that allows them to swallow
prey whole. Snakes, however, have carried these tendencies
to the extreme. The first lizards are represented by an animal
known as Paliguana, from the late Permian of South Africa.
The fact that lizards had a more effective jaw structure, bet-
ter hearing, and improved locomotion probably allowed them
to exploit the habitats occupied by other lizardlike tetrapods,
such as the sphenodontids. Most modern lizards, with the ex-
ception of the Komodo dragon (a monitor lizard that can take
down deer), have not achieved large size. But in the Creta-
ceous, ancestral monitor lizards evolved into the ecologically
important mosasaur, marine lizards that grew to 30 ft (9.1 m)
in length. One giant terrestrial lizard of the past was the mon-
itor lizard Megalania (probably 20 ft or 6.1 m long), the top
predator in the Pleistocene (1.8-0.1 mya) of Australia. Fos-
sils of Megalania at first were thought to be those of dinosaurs,
but Max K. Hecht of the American Museum of Natural His-
tory proved that they were, in fact, giant lizards.

Snakes originated much later in the fossil record than
lizards, at some time during the Middle to Upper Cretaceous.
The four fossils that bear most closely on the ancestry of
snakes are Pachyrbachis, Podophis, Lapparentophis, and Dinilysia.
The first three are from the Middle Cretaceous, but Dinilysia,
the most complete and well-studied of the four, is from the
late Cretaceous. The marine squamates Pachyrhachis and
Podophis have been considered the most primitive snakes by
some researchers, because the configuration of the skull
bones resembles that of living snakes, but they have a well-
developed hind-limb skeleton. The terrestrial snake Lappar-
entophis, often called the “oldest snake,” is represented by
vertebrae only, but they are certainly snake vertebrae, with all
of the unique modifications found in generalized living snakes.
Dinilysia has a skull that is a mosaic of lizard and primitive
snake characters, but its vertebrae are clearly like those of a
boa-like snake. Unfortunately, the whole picture of early
snake evolution has been muddled by jargon-filled, convo-
luted arguments, the problem, as always, being the basic sim-
ilarity of snakes and lizards.

Primitive snakes were dominant in the world until the
Miocene, when modern snakes quickly replaced the less-
advanced types. Three factors probably played a part: the
return of warm and equable climates in the higher latitudes
following the climatic deterioration in the Oligocene (ca.
33-23 mya), the striking spread of grassland habitats world-
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wide, and the evolution of many rodent groups that could be
exploited by snakes as food. The largest modern snakes in-
clude the boas of the New World and the pythons of the Old
World. The giant python-like snake Wonambi lived in the
Pleistocene of Australia, along with the giant lizard Megalania.

Archosauria

The archosaurs, or “ruling reptiles,” branched into an
impressive array of important groups, including the pseudo-
suchians, crocodilians, pterosaurs, and dinosaurs. The archosaur
clade may be defined by two temporal openings in the skull,
one (antorbital fenestra) between the eye and the nostril and an-
other (mandibular fenestra) in the hind part of the lower jaw.
Many of the other archosaur characters reflect skeletal changes
associated with a more upright posture and front-to-back mo-
tion in the limbs. It has been pointed out by Robert Carroll that
the lineages within the archosaur assemblage were all distinct
from one another when they first appeared as fossils.

"The living crocodilians are related to the Pseudosuchia, a
diverse group of early, sometimes crocodile-like archosaurs
that are linked to the true crocodiles mainly on the basis of
having the so-called crocodile-normal structure of the tarsus
(ankle). The Pseudosuchia is one of the two major clades that
branched from the early Archosauria. Pseudosuchians all had
extensive external armor composed of bony plates. The group
includes the rauisuchids, phytosaurs, and aetosaurs.

Evolution of the reptiles

Rauisuchids are Middle and late Triassic reptiles that had
a more or less upright stance and grew up to 20 ft (6.1 m) in
length. Ticinosuchus, from the early part of the Middle Trias-
sic of Switzerland, is one of the best-known forms. In the limb
skeleton, the ankle and foot advanced to the level of those of
modern crocodiles. Supposedly, the upright stance developed
independently of the lineage that led to the dinosaurs. 7ici-
nosuchus had an armor of two rows of small, bony plates that
extended along the trunk and a single row at the top and bot-
tom of the tail. Sharp, piercing teeth set in sockets indicate
that this animal was a carnivore.

Phytosaurs occurred abundantly in the late Triassic of
North America, India, and Europe. Although they were not
true crocodiles, they resembled them in body form and prob-
ably had a similar lifestyle. Phytosaurs had a very long snout,
with sharp, piercing teeth in sockets along the margin of the
jaws. Although the nasal openings were on top of the head,
they were set far back on the snout rather than on the tip, as
in true crocodiles. Both the trunk and the tail had an exten-
sive covering of dermal armor. A variety of other contempo-
raneous reptiles have been found in the stomach contents of
phytosaurs, thus documenting their carnivorous habits. The
fossil record of phytosaurs is confined to the late Triassic.

The aetosaurs formed a distinct group also known only
from the late Triassic. Rather than sharply pointed teeth, ae-
tosaurs had small, leaf-shaped teeth that suggest a herbivo-
rous diet. The well-known aetosaur Stagnolepus, was a bizarre

E.S.DAMSTRAD 2002

The advanced ichthyosaur Ophthalmosaurus from the Upper Jurassic. The skeleton is approximately 11.5 ft (3.5 m) long; the top image shows

a restoration. (lllustration by Emily Damstra)
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Eudimorphodon skeleton of the late Triassic rhamphor

beast with short legs and an upright posture. The body was
rotund and the tail massive. The body was covered with large
quadrangular plates that formed extensive armor along the
back, extended down the sides, covered the belly, and sur-
rounded the tail. The head was small in relation to the body
and narrowed into a short rostrum anterior to the teeth,
capped by a swollen area that indicated that the animal had a
piglike nose. The relationship of aetosaurs to other archo-
saurian clades is poorly understood.

Crocodiles are the only surviving giant archosaurs and the
top predators in many aquatic environments throughout the
world today. A recent survey in Florida reported a male alli-
gator that was 14 ft (4.3 m) long and weighed 946 1b (429 kg).
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choid pterosaur. (lllustration by Marguette Dongvillo)

Much longer crocodiles have been found in the tropics of the
Southern Hemisphere. Why crocodiles survived the rounds
of extinction that occurred among the other large archosaurs
is a matter of conjecture. The earliest crocodilians were ter-
restrial and included such forms as Gracilisuchus of the Mid-
dle Triassic of South America, which walked on two legs, and
the four-legged Terrestrisuchus of the late Triassic of Europe,
which had an extremely gracile body skeleton and must have
been a fast runner. Terrestrisuchus was about the size of a rab-
bit but was a carnivore that probably scurried in and out of
Triassic hiding places looking for mouse-size prey.

The mesosuchians of the Jurassic looked much more like
modern crocodiles than the Triassic forms. Several of them
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became semiaquatic, and some invaded the marine environ-
ment. The process of leaving land to become semiaquatic was
important in terms of the body changes that took place in
these transitional forms. Modern families of crocodiles, Alli-
gatoridae (alligators and caimans), Crocodylidae (modern
crocodiles), and Gavialidae (the gavial), are known to date
back to the late Cretaceous. Alligatorids have a broad snout,
with a relatively large number of somewhat blunt teeth. Croc-
odylids have a longer, thinner snout, with a significant num-
ber of pointed teeth. Gavialids have an elongated snout and
needlelike teeth, as do garfish; gavialids are consummate fish
eaters. Some Cretaceous crocodiles grew to very large size
and probably preyed upon dinosaurs. Sarcosuchus imperator
from Africa possibly reached a length of 40 ft (12.2 m), and
some from Texas were about that long as well.

Modern crocodilians were much more widespread in the
world in the early Tertiary (ca. 65-34 mya) than they are to-
day, their decline probably resulting from climatic deteriora-
tion in the Cenozoic era. Crocodilians are the only living
reptiles that give true parental care to their young, including
nest guarding, helping the young exit eggs by cracking the
eggs with their jaws, carrying the young from the nest to the
water in their mouths, and protecting them in the water for
a time. Vocal communication between the parents and the
young also occurs.

The Ornithodiran evolved a neck that could be folded into
an S shape and a narrow, compressed foot. One branch of the
Ornithodira, the Pterosauria (flying reptiles) of the Mesozoic,
had a very long, much enlarged fourth finger on the hand,
which supported a wing membrane. The other branch of the
Ornithodira, which included Lagosuchus and the dinosaurs,
had elongated lower legs (tibiae and metatarsals) as well as a
thigh bone (femur) with the head turned inward so that it
could fit into a deep socket in the hip girdle (pelvic girdle).
This socket allowed the legs to support the large hip girdle,
which in turn supported the body.

Pterosaurs were the first vertebrates to evolve true wing-
flapping flight. They are known from the late Triassic and
had become quite diverse by this time. The fact that
pterosaurs had a foramen in the skull in front of the eyes (an-
torbital foramen), legs arranged mainly straight under the
body, and a dinosaur-like ankle joint indicates their close re-
lationship to Lagosuchus and the dinosaurs. But the fact that
they had a hooked fifth metatarsal bone and an long fifth fin-
ger suggests that they diverged from the early archosaurs be-
fore the dinosaurs (which had the fifth finger reduced or lost)
had split off.

Pterosaurs ranged from very small forms to by far the
largest creatures that have ever flown. They are divided into
two major groups, the primitive rhamphorhynchoids and
the more advanced pterodactyloids. Rhamphorhyncoids are
first known from the late Triassic and were dominant
throughout the Jurassic. They had a short face, a short neck,
and a long tail. Some rhamphorhyncoids were as small as
English sparrows. From the beginning, rhamphorhyncoids
had evolved various specialized characters for flight, in-
cluding a sternum (breastbone) that had a boatlike keel that
supported the wing-flapping muscles, as in birds. Other
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birdlike bones included the scapula (shoulder blade), cora-
coid (upright shoulder girdle bone), and humerus (upper
arm bone), all of which were specialized to contribute to
active, flapping flight.

The pterodactyloids appeared in the late Jurassic and lasted
until the end of the Cretaceous. These reptiles had a much
longer face, longer neck, and shorter tail than the rham-
phorhynchoids. The skull was highly modified in the Creta-
ceous genus Preranodon, which had a long, bladelike rostrum
(snout) in front of the eye and an almost equally long blade-
like projection in back of the eye. On the other hand, Prero-
daustro, from the Upper Cretaceous of Argentina, had
practically no skull at all behind the eye, but it did have large,
elongate, upwardly curved jaws. The lower jaw had very long,
closely packed teeth that are thought to have strained small
invertebrate animals from the water in the same manner as
baleen in whales. Quetzalcoatlas, from the late Cretaceous of
Texas, was the largest animal ever to fly, with a wing span of
more than 35 ft (10.7 m). Before the discovery of Querzal-
coatlas, British zoologist J. Z. Young suggested that Pteran-
odon, with its 23-ft (7-m) wing span, was probably the largest
animal that could possibly fly. Robert Carroll pointed out that
Quetzalcoatlns was obviously far heavier than Preranodon. It has
been suggested that Quetzalcoatlas, might have fed upon the
dead bodies of dinosaurs, like some gigantic vulture.
Pterosaurs were quite different from birds, in that the wing
was composed of a membrane, something like the one in bats.
The difference is that in pterosaurs the membrane was sup-
ported entirely by a long, robust fourth finger. Unlike
pterosaurs, bats have a wider wing membrane, and it attaches
to the rear limbs.

Lagosuchus, from the Middle Triassic of South America,
provides a structural link between early archosaurs and di-
nosaurs. Lagosuchus was only about 1 ft (0.3 m) long and had
a very lightly built skeleton, with long delicate limbs; this was
a humble ancestor of the gigantic animals to come. In Lago-
suchus the posterior limbs were much longer than the ante-
rior ones. Moreover, the tibia (lower leg bone) was much
longer than the femur (upper leg or thigh bone). The pelvic
girdle (hip girdle) was composed of three bones forming a tri-
radiate (three-pronged) structure. Thus, the long ilium was
directed forward, the long ischium was directed backward,
and the short pubis sat on top of the other two pelvic girdle
bones. In the tarsus (ankle) there was a hinge between the up-
per and lower tarsal bones. All of these features (reflecting
changes in the limbs and limb girdles, mainly the pelvic gir-
dle and hind limbs) made Lagosuchus the most dinosaur-like
of any of the primitive archosaurs.

Dinosauria

Dinosaurs fascinate more people than any other reptile
group. The achievement of great size and diversity and the
long domination of the earth by dinosaurs form a large part
of this fascination. As is true for the great gray apparition in
Mozart’s Don Giovanni or the Frankenstein monster, people
love things that are terrible and wonderful at the same time.
In fact, the name dinosaur comes from roots meaning “terri-

ble lizard.”
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Unique evolutionary features are evident in the hands of
some dinosaurs. The joint between the thumb and the palm
was structured so that when the hand was closed, the thumb
bent toward the palm, indicating that the hand was used for
grasping and holding objects. In effect, the bipedal gait in
early archosaurs set the hands free for other functions in both
pterosaurs and dinosaurs. In the dinosaur pelvic girdle (hip
girdle), the acetabulum (hip socket) either was open or was
composed of cartilage in primitive forms, probably increas-
ing the rate and range of leg motion from front to back. Also,
one or more vertebrae were incorporated into the pelvic gir-
dle, giving it more strength for vigorous locomotion.

Three main dinosaur clades are recognized by most pale-
ontologists: the Theropoda, which were bipedal and mainly
carnivorous; the Sauropodomorpha, which had long necks
and were herbivorous; and the Ornithischia, which encom-
passed a diverse assemblage of beaked herbivores. The earli-
est members of all three groups are first known at about the
same time in the late Triassic. During the early part of the
late Triassic, dinosaurs were an important emerging group,
but they actually were dominated by pseudosuchian ar-
chosaurs and advanced synapsids (ancestral mammals with
reptilian characteristics). It was only after the great extinction
that took place at the end of the Triassic that dinosaurs be-
came the dominant group of large terrestrial vertebrates. This
dominance lasted until dinosaurs became extinct at the end
of the Cretaceous.

Theropods had more primitive dinosaur characters than
the other two groups. For instance, theropods retained their
bladelike, serrated teeth; by this feature it is known that they
were carnivores. All known theropods were bipedal, and many
retained grasping hands. The most primitive known
theropods were the herrerasaurids of the late Triassic of Ar-
gentina, Brazil, and North America. One specialization that
these animals shared with later theropods was a joint in the
lower jaw between the tooth-bearing and non-tooth-bearing
portions. This innovation probably counteracted the stress as-
sociated with biting relatively large prey.

The two main clades of Theropoda are the Neotheropoda
and the Coelurosauria. An early neotheropod, Coelophysis of
the late Triassic, was gracile in build and had a kink in the
upper jaw believed to be an adaption for holding on to small
prey. Ceratosaurus of the late Jurassic was a robust form, with
hornlike knobs on top of the front of its skull. Spinosaurus of
the Cretaceous had a very long snout and large, conical (rather
than bladelike) teeth; the teeth at the end of the snout were
larger than the rest. It has been suggested that Spinosaurus ate
large fish, because some fossil localities where spinosaurs were
collected contained abundant fish remains. Allosaurus of the
Jurassic, a huge bipedal carnivore with a compressed head, is
featured in many museums and represents a significant branch
of the theropod stem called carnosaurs.

The Coelurosauria, the other main branch of the thero-
pod stem, differed from the neotheropods in numerous ways.
The brain cavity was relatively larger, and the hands were
more slender. The tail tended to be very stff. Elements
thought to be homologous to the feathers of birds, called
protofeathers by some researchers, have been found in both
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primitive and advanced coelurosaurs, and it has been sug-
gested that all primitive coelurosaurs may have had them. Sev-
eral Jurassic and Cretaceous coelurosaurs, both small and
large, were not ancestral to more advanced clades, but a clade
called maniraptors became increasingly specialized.

Maniraptors are characterized by the development of a
secondary palate and several changes in the structure of the
brain case. They also had very slender hands and fewer tail
vertebrae. Birds are a by-product of maniraptor evolution.
There are several important maniraptor groups; among
them, ornithomimosaurs, such as Struthiomimus, are not
bird ancestors, but they show convergence with both mod-
ern ostriches and other flightless birds. Early examples had
tiny teeth, but the teeth were lost in later forms. The fin-
gers of the hands formed a hook-and-clamp structure that
may have been used to grasp branches as the animals
searched for food.

Tyrannosaurids are well known in the form of Tyran-
nosaurus rex, popularly known as T. rex, as well as other
large carnivores. It should be pointed out that tyran-
nosaurids evolved independently of the narrow-faced A/-
losaurus and its kin. Tyarannosaurids are characterized by
massive, rather than narrow heads; nipping teeth (incisors)
at the front of the jaws; thickened, rather than compressed
lateral teeth on the sides of the jaws; and very minimal fore-
limbs bearing only two claws. These animals were fast run-
ners for their size and by means of their jaws alone could
kill their prey and render it into portions small enough to
be swallowed. Early Cretaceous tyrannnosaurids were only
about 10 ft (3 m) long, but later ones such as Tyrannosaurus
rex were 40-50 ft (12.2-15.2 m) long with a weight of up
to seven tons or more.

Other maniraptors include such groups as the ovirap-
torosaurs, of which Ouviraptor is a well-known genus. Many
species of oviraptosaurs are characterized by ornate crests
and are thought to have brooded their nests in the manner
of modern birds. Dromaeosaurids include the familiar gen-
era Deinonychus, Velociraptor, and the larger Utabraptor.
These animals had long, grasping forelimbs and a large, re-
tractable, curved claw on the second digit of the foot. Dro-
maeosaurids, like birds, had a backward-directed pubis and
are thought by some researchers to be near the stem of bird
evolution.

Found among the Sauropodomorpha are the largest land
animals that ever lived; some reached a length of about 100
ft (30.5 m). All sauropods had long necks and small heads.
Some of the primitive sauropodomorphs, known as
prosauropods (such as Plateosaurus), spent some time on all
fours, though they still could grasp objects with the hand. At
the end of the Triassic, prosauropods were common large land
herbivores. Long necks gave sauropodomorphs access to tree
leaves, and their large body size enabled them to have a larger
digestive system to process vegetation and served as a defense
against small predators.

Sauropodomorphs called the Neosauropoda became a di-
verse group in the Jurassic and Cretaceous. Neosauropods
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An adult Diplodocus was a 89.6-ft (27-m) long, lightly built sauropod, characteristic of the diplodocids. (lllustration by Barbara Duperron)

were characterized by columnar legs, wide hips, and special-
ized teeth. The two main neosauropod clades are the
Diplodocoidea and the Macronaria. Diplodocoideans had
thin, pencil-shaped teeth that supposedly were used for har-
vesting leaves and needles from the branches of trees. The
skull was long and sloping, and the nostrils were positioned
behind the eyes. The tails of diplodocoideans were very long
and whiplike. Familiar examples are Apatosaurus (long called
Brontosaurus) and Diplodocus. Shorter-necked forms include
Amargasaurus of the early Cretaceous of Argentina.

In the Macronaria (“large nostrils”) clade are sauropods
with enormous nostrils that are larger than the eye sockets.
Quite a few members of this group had spatula-shaped teeth
as well. Brachiosaurs, including the well-known genus Bra-
chiosaurus, make up a clade that had forelimbs much longer
than the hind limbs and a very long neck, a condition that
brings to mind modern giraffes. The combination of long
front legs and a long neck allowed these animals to feed at
the very top of trees. Sauroposeidon of the Cretaceous of Ok-
lahoma is estimated to have been 80 ft (24.4) long, about 40
ft (12.2) of which consisted of the neck. Titanosaurs were gi-
ant macronarian sauropodomorphs that form a clade apart
from the brachiosaurs. It has been discovered that advanced
forms in this group developed pencil-like teeth similar to
those in the diplodocids.

The Ornithischia are the third and last of the three main
dinosaur clades. These animals were mainly armored,
beaked, four-footed herbivores, but some of the primitive
examples were at least partially bipedal. The three major
clades presently recognized within the Ornithischia are the
Thyreophora (armored dinosaurs), Ornithopoda (beaked,
billed, and crested dinosaurs), and Marginocephalia (hel-
meted and horned dinosaurs). In the diversification of the
thyreophorans, one finds that the modification of armored
scutes into other defensive structures is a central tendency.
The relatively unarmored Scutellosaurus of the early Juras-
sic, thought to be a basal member of the group, had a row
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of bony dermal plates from the neck to the tail. It is thought
that this feature might have protected it against the small
predators of the time but probably not against the large
predators that appeared later in the Jurassic. Indeed, later
forms modified this dermal armor into plates, spikes, and
tail armor. Stegosaurs of the late Jurassic were true armored
dinosaurs, in that they had compressed plates, conical spines,
or armor of intermediate shape along the middle of the back
and tails that were modified as spiked clubs. Some stegosaurs
had shoulder spikes, and others had masses of knobs on the
throat. Ankylosaurs had an armadillo-like dermal armor
fused to the head and protecting most of the body. One
group of ankylosaurs had club tails.

Ornithopods may be distinguished from other Ornithis-
chia in that the tooth row in the front portion of the upper
jaw (premaxilla) is more depressed than those in the remain-
ing upper jaw. Evolutionary tendencies in this group included
an increase in size and changes in the joints of the jaw and
teeth that led to a grinding mode of chewing. Iguanodon, an
early ornithopod first discovered from the early Cretaceous
of England, was at one time thought to be a giant lizard, be-
cause it had leaflike serrated teeth like the modern iguana
lizard. The duckbill dinosaurs of the late Cretaceous, with
terminally expanded snouts, have been exceptionally well
studied, and some are known literally from the cradle (nest
and eggs) to the grave. Each species of lambeosaurs had a
unique crest shape and sound-producing tubes within the
skull. These features provided both visual and vocal signals
that indicate complex social behavior in these animals.

The last group of Ornithischia are the marginocephalians
(helmeted and horned dinosaurs), represented by both bipedal
and four-footed forms. The main character of this clade was a
ridge or shelf of bone that overlapped the back of the skull. This
group is divided into two clades, the pachycephalosaurs and the
ceratopsians. Pachycephalosaurs were bipedal forms with a thick
helmet of bone over the brain case; in the most derived forms,
the helmet formed a thickened dome. Many scientists believe
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that the dome was used for butting clashes, as occur among
bighorn sheep today. Others think that because the dome was
provided with a large number of blood vessels, that it might
have been important in temperature regulation.

Ceratopsians had large beaks at the end of the snout. A
primitive ceratopsian, Psittacosaurus, of the early Cretaceous
had this deep beak but was bipedal and lacked the frill of more
advanced forms. Advanced forms, called neoceratopsians, had
a shelf modified as a frill at the back of the skull where the
jaw muscles were attached. Neoceratopsians had rows of teeth
packed together in such a way as to provide a continuous cut-
ting surface, but it is not known what kind of plants these an-
imals fed on. The North American giant ceratopsians had
greatly elaborated horns on the skull.

Vol. 7: Reptiles

Epilogue

Dinosaurs and vast numbers of other extinct reptiles are
represented exclusively by bones. Today we have only tur-
tles, lizards, snakes, crocodiles, and the lonely tuatara of
New Zealand to remind us of the glory of the reptiles of
the past. Humans have exploited seaturtles to the point of
extinction, and in some parts of the world freshwater and
land turtles also are being harvested at an alarming rate.
Lizards, snakes, and crocodilians likewise are greatly in de-
cline, though, ironically, the rare tuatara appears to be well
protected. What a pity if our living reptiles, survivors of
the catastrophic extinction of the dinosaurs at the end of
the Cretaceous, were to become extinct in a mere instant
of geologic time as the result of human exploitation and
neglect.
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Structure and function

Structure and function combine anatomy, microstructure,
and physiology essentially to describe “how animals work.”
These subjects are richer and better understood when con-
sidered in the contexts of evolution, ecology, and behavior.
Thus an integrative discussion of these topics is especially
meaningful for understanding the fascinating lives of reptiles.

Skeleton, muscle, and movement

Reptiles evolved from limbed ancestors, and they have an
axial skeleton consisting of the vertebral column, limbs, and
central nervous system encased in bone. The loss of limbs in
snakes and some lizards evolved secondarily from limbed an-
cestors. Many of the fundamental features of the reptilian
skeletal system and its attached musculature reflect adapta-
tions for support and locomotion in terrestrial environments
where strong weight-bearing elements are essential for coun-
teracting gravity. The aquatic to terrestrial transition of early
vertebrates also required reorganization of many internal or-
gans related to weight bearing, changes in breathing and dis-
tribution of body fluids, specializations of sensory systems,
and reorganization of the feeding apparatus.

The skeleton of turtles is largely rigid, and aspects of its
structure are unique among vertebrates. The shell that en-
compasses the body, consisting of a dorsal carapace and ven-
tral plastron (joined laterally by a bridge), is composed of fused
bone that includes the ribs, vertebrae, and parts of the pec-
toral girdle. Both the pectoral and pelvic girdles are located
within the rib cage. The bony elements of the shell are cov-
ered externally by corneous plates or, in fewer species, leath-
ery skin. The overall shape of the shell varies greatly, and the
shell is rigid in most species. The enclosure of internal or-
gans by the shell precludes breathing by expanding and con-
tracting the rib cage. In some lineages of turtles, partial
flexibility of the body has been achieved by reduction, soft-
ening, or hinged articulation of the shell elements. Some
species have evolved the ability to close the body within the
shell during withdrawal of the head and limbs.

Because the vertebral column is rigidly fused to the cara-
pace, turtles are limited to paddling as a means of locomo-
tion in water. Walking by turtles on land is awkward because
the vertebral column cannot be bent to shift the center of
gravity, and the limb girdles are enclosed within the shell. A
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walking turtle tends to pitch and roll, and the forefeet catch
the weight of the animal as it falls forward. It has been sug-
gested that slower-acting muscles characteristic of turtles can-
not adjust rapidly during movement to eliminate inherent
instabilities related to the shifting center of gravity.

Crocodilians are characterized by short, powerful limbs
and a muscular tail that is used in swimming. The spine is
flexible, and individual vertebrae are strengthened by the ad-
dition of bone that is curved in the forward direction. These
animals are excellent swimmers, and saltwater crocodiles are
known to disperse long distances over the sea. Crocodilians
are capable of surprisingly fast movement on land, and one
species is known to gallop. The skull has evolved a secondary
palate that separates the respiratory passages from the mouth
cavity and allows these reptiles, and some turtles, to breathe
with only the tip of the snout exposed to air. All crocodilians
are aquatic.

Lepidosaurians (the tuatara and squamates—Ilizards and
snakes) are characterized by a flexible vertebral column,
reduction and mobility of the skull, in some cases elon-
gated tails, and development of breakage planes in the tails
of many species. The reduction of limbs has been a major

Underside of a tail and anal plate of ball python (Python regius) where
the vestigial legs are located. (Photo by Animals Animals ©Zig Leszczyn-
ski. Reproduced by permission.)
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Tail regeneration. A. The autotomic split in the vertebra; B. The ver-
tebra splits and the tail is shed; C. A shorter tail is regrown. Instead
of bone, the new tail has a cartilage rod. (lllustration by Marguette
Dongvillo)

evolutionary trend for many lineages within the squa-
mates. Some members of most families exhibit variable de-
grees of limb reduction, usually the loss of a few phalanges
but in numerous lineages the total loss of limbs. All snakes
are limbless, and limb reduction has evolved repeatedly
among various lineages of lizards. The evolution of limb-
lessness usually is associated with burrowing habits or with
life in dense grass or shrubbery.

In pythons, which have vestigial hind limbs, Hox genes that
specify development of the limbs are differentially expressed.
The result is absence of forelimbs and shoulder girdle but de-
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velopment of some elements of the pelvic girdle and femur.
Modifications of Hox gene expression appear the likely mech-
anism for body elongation and a repeated pattern of vertebral
development without limbs. These developmental processes
produce more than 300 vertebrae in pythons with ribs on all
but one of the vertebrae in front of the hind limbs.

The ability to lose the tail easily when seized by a preda-
tor is called caudal autotomy and is characteristic of tuatara,
many lizards, and some snakes. With few exceptions, autotomy
is attributable to fracture planes within the vertebrae. These
planes are enveloped by muscle and connective tissue arrange-
ments that allow easy separation of the elements. When
the tail is separated, the frayed muscle bundles collapse and
seal the end of the broken tail while the lost end reflexly wig-
gles to attract the attention of would-be predators. Thus au-
totomy and rapid tail loss are an effective adaptation to
confuse or deter predators. The tail regenerates to varying
degrees in most lizards, but the regrown tail has an axis of
cartilage rather than bone and is not as long as the original
structure. Separation of tails in a few species of snakes occurs
between the vertebrae, and the broken tail does not regener-
ate markedly.

The mechanics and energetics of locomotion have been
analyzed in some detail for various reptiles, especially snakes
and lizards. All reptiles living in water are secondarily aquatic
and, with the exception of turtles, swim by means of axial
propulsion involving undulating waves that are passed along
the body and tail. Such swimming is associated with a large
muscle mass, sometimes amounting to more than 50% of
the body mass. There is a high conversion of muscle energy
to thrust energy, which in some cases may exceed 90%. The
more posterior parts of the body contribute most to thrust,
and forces are maximized when the greatest depth of the
body is posterior. Examples of adaptation to this principle
are the paddle-like tails of sea snakes and the vertically flat-
tened tails of crocodilians. Other characteristics that assist
swimming are a flexible body to maximize amplitude of un-
dulation, large ratio of muscle mass to body mass, and a rel-
atively large body and caudal area. The energy cost of
swimming is generally severalfold more economical than is
locomotion on land. Buoyancy contributes to the efficiency
of locomotion in water.

Swimming turtles use paired appendages that beat back-
ward and forward, acting like paddles. This mode of loco-
motion achieves lower power and is less efficient than that
involving use of body undulation. The forelimbs of sea tur-
tles can create lift forces similar to those made by an airfoil.

Movement on land includes quadrupedal, bipedal, and
limbless locomotion, depending on the species of reptile.
The limb or the ventral aspect of the body pushes on the
ground at an angle, eliciting an equal and opposite reactive
force on the foot or body. The reactive force can be resolved
into a forward propulsive component, which generates
thrust in the direction of movement. Part of the energy re-
quired for locomotion is devoted to support of the body and
the maintenance of posture by limbs. When quadrupedal
reptiles move at slow to moderate speeds, the body moves
in such a manner as to maintain the center of gravity over
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the shifting base of support during alternating movement of
the limbs.

Most lizards have a sprawling limb posture, but some
quadrupedal reptiles, such as chameleons and rapidly moving
crocodilians, have evolved a more erect or nearly vertical po-
sition of the limbs. While the animal is standing, the muscu-
lature must support the body between the laterally placed feet.
However, most reptiles do not remain standing while motion-
less but minimize expenditure of energy for postural support
by resting the body on the substrate. Sprawling limbs promote
stability and are advantageous when lateral undulations of the
body are used in locomotion. During walking or running, sub-
stantial lateral bending of the body axis promotes longer stride
length, which is also increased by specialization of the limb gir-
dles. Progressively more distal elements of the arm or leg de-
scribe successively larger horizontal ellipses relative to the
shoulder and hip, and the feet may twist in their tracks. The
hind limbs are longer and usually more robust than are the
forelimbs, and they provide most of the propulsive force.

Thrust

Direction of travel

Structure and function

Other specializations of the hind limbs include elongated
toes, fringed scale appendages on toes to assist movement on
sandy substrates, and close union of the first four metatarsal
bones while the fifth metatarsal functions as a lever to extend
the ankle. Several species of lizards are capable of running
bipedally on their hind legs, a well-known example being the
Neotropical Jesus Christ lizard, the common basilisk, Basilis-
cus basiliscus, which can run over the surface of water.

Snakes and other limbless squamates ordinarily move by one
of four locomotion patterns. In lateral undulation, the trunk
moves continuously relative to the substrate (“slithering”).
Propulsive forces are transmitted by the sides of the trunk as
the body slides past sites where resistance forces are exerted.
These sites are generally irregularities in the substrate against
which the muscles of the body push to move the animal for-
ward. In this process a series of undulant curves pass from front
to rear while posteriorly facing surfaces of the body contact and
push against the irregularities of the surface on which move-
ment occurs. The propulsive forces are generated entirely by

Lateral undulation and its correlation with sidewinding travel: red color indicates the portion of the snake’s body that is in contact with the ground.

(Nustration by Barbara Duperron)
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the axial muscles and are perpendicular to the contact surfaces,
so friction is not used. Progression requires at least three pos-
teriorly directed force vectors (contact points) to be stable.

All three of the other modes of locomotion are different
from lateral undulation in having propulsive forces that act hor-
izontally in the direction of movement and are transmitted
across zones in which the trunk makes static contact with the
substrate. In concertina locomotion, progression is accom-
plished with stationary body parts as an anchor to push or pull
the rest of the body forward. The friction associated with sta-
tic contact is used as a reaction force to allow forward pro-
gression. Forward movement involves alternate anchoring,
folding, anchoring, and extension of the body as the muscles
act somewhat like an accordion between the zones of static con-
tact. Because acceleration alternates with deceleration, this type
of movement is comparatively slow and energetically costly.

Sidewinding is a method of locomotion used for progres-
sion on relatively flat, low-friction surfaces such as desert sands
or mud flats. In this movement, sections of the body are lifted,
moved forward, then set down in such a manner that the body
is usually in static contact with the ground at two points. Once
the neck of a snake contacts the ground at the forward point,
the body is essentially “rolled out” on the substrate, produc-
ing a series of separate, parallel tracks oriented at an angle to
the direction of travel. A variation of sidewinding, termed
saltation, occurs when the body is straightened so strongly and
rapidly that it lifts completely off the substrate. This mode of
locomotion and slide pushing, whereby posterior contact zones
of undulating snakes slide backward relative to the ground, are
associated with rapid escape movements.

"The fourth principal mode of limbless locomotion involves
laterally symmetric use of muscles associated with the ribs and
the flexible skin. Teermed rectilinear locomotion, this mode
involves alternate placement of ventral scales in static contact
with the ground followed by active stretching to extend the
ventral wall (like an inchworm) and produce straight-line pro-
gression. The anterior surface of the snake progresses at a
more-or-less constant velocity and conserves momentum be-
cause the mass of the animal continues to move.

Movements of limbless reptiles such as snakes can entail a
mixture of the modes of locomotion, each of which may be
influenced by the size of the snake, nature of the substrate,
temperature, or stimulus for movement. Both lateral undula-
tion and sidewinding are more rapid modes of progression
than are concertina or rectilinear modes of movement. In
faster-moving snakes, such as whipsnakes and racers, the lo-
comotor muscles are elongated to span many vertebrae and
create long arcs during undulating movements. Yet these
muscles are lightweight owing to elongation primarily of ten-
dons rather than of the active muscle mass. In contrast, snakes
that constrict their prey, such as boas and pythons, have heav-
ier, shorter muscle units that produce great strength of con-
striction but slower locomotion.

Feeding and digestion

Many of the prominent and interesting adaptations of rep-
tiles are related to the capture and digestion of food. Most
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reptiles seize prey as individual items, and feeding strategies
can largely determine the shape of the head and characteris-
tics of the skull and jaws.

The reptilian skull varies in relation to feeding require-
ments. Skulls of turtles and crocodilians are comparatively
rigid and compact. Those of lizards and especially snakes ex-
hibit evolutionary reduction of structure and articulation of el-
ements to produce a highly movable skull. The skull of a snake
contains eight links that have kinetic joints that allow rotation
and an impressive complexity of possible movements. When
a snake swallows prey, which is ingested whole, the two sides
of the skull alternately “walk” over the prey. Multiple recurved
teeth pull the prey into the throat and esophagus. Lizards have
mandibles that are joined at the front of the mouth, whereas
the mandibles of snakes are attached only by muscles and skin.
These elements in snakes can spread apart and move backward
and forward independently. The kinetic structure of the skull
of snakes allows very large gapes that accommodate prey larger
in circumference than the snake’s body. Snakes capable of
larger gape, such as pit vipers, can swallow larger prey. Prey
subdued and swallowed by these snakes can be enormous,
sometimes exceeding the body mass of the snake that ate it.

Many snakes seize prey and swallow it as they struggle.
However, snakes that consume animals capable of inflicting
harm generally subdue them by means of constriction or en-
venomation. Toxic secretions that immobilize prey are con-
tained in Duvernoy’s gland in the upper jaw of many colubrid
snakes. These glands are homologous to the venom glands of
viperid and elapid snakes. Envenomation of prey occurs with
sharp but unmodified teeth or with specialized, enlarged fangs
that have evolved from teeth at the front of the maxilla in
viperids and elapids or near the rear of the maxilla in colu-
brids. Fangs are grooved or hollow like a hypodermic needle
and inject venom released from the venom glands into the
struck prey. Toxic venom immobilizes prey and aids in di-
gestion. Both of these functions are probably more important
than is a defensive function.

The teeth of squamate reptiles are generally specialized for
seizing and holding prey and have less variability in structure
than do teeth needed for mastication in mammals. Reptilian
teeth are attached to bone and often undergo replacement
several times during the lifetime of individual animals. The
teeth of crocodilians are attached inside sockets by ligaments
in a manner similar to the attachment of mammalian teeth.
One of the remarkable adaptations in a few species of snakes
is hinged teeth that facilitate swallowing of hard-bodied prey.
Teeth are absent in living turtles, being replaced by a tough,
keratinized beak.

The reptilian gut is similar to that of many other vertebrates
in being elongated, compartmental, and complex. Digestion
depends on gut motility, orchestration of multiple hydrolytic
enzymes, and appropriate conditions of temperature and pH.
Digestion proceeds most rapidly at warmer body tempera-
tures, and some species of reptiles select body temperatures
that are higher during digestion than during nonfeeding pe-
riods. On the other hand, foods tend to putrefy and are re-
gurgitated if body temperatures are too low. The importance
of mastication or reduction of food to smaller particles varies
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Fang erection by the African puff adder (Bitis arietans). The maxillary and prefrontal bones are highlighted. (lllustration by Barbara Duperron)

with species and is generally much less than is required by
mammals. Because of low metabolic rates and generally high
efficiencies of converting food to assimilated energy, most
reptiles do not need food frequently.

Results of studies mainly of snakes indicate that physio-
logical responses of the gut are regulated adaptively in rela-
tion to foraging modes and feeding habits. After feeding,
snakes that feed infrequently on relatively large prey undergo
remarkable increases in metabolic rate, mass of intestinal tis-
sue, and rate of nutrient transport across the gut wall. After
digestion and between feedings, the gut atrophies, and diges-
tive functions are down-regulated. These changes are more
modest in actively foraging snakes that feed with relatively
greater frequency and thus maintain the gut in a more con-
stant state of readiness. The down-regulation responses in
snakes that feed less frequently presumably evolved to con-
serve energy otherwise spent on gut maintenance during ex-
tended periods without feeding. Snakes, such as vipers and
pythons, that generally capture prey by ambush may feed once
a month or less frequently.

Various turtles and lizards are omnivorous, but relatively
few lineages have evolved strict herbivory. Herbivorous rep-
tiles exhibit morphological specializations of the gut and de-
pend to varying degrees on fermentation by populations of
symbiotic microorganisms that usually reside in enlarged for-
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ward portions of the large intestine. Plant material has a lower
energy content than does animal tissue, and the high fiber
content of plants can be very resistant to digestion. Digestion
of plant material requires more time and is less efficient than
is generally true of animal tissue. Among lizards, strict her-
bivory is associated with relatively large body size, possibly as
an evolutionary consequence of the energetics involved. Fruits
and flowers are common foods that are relatively rich in en-
ergy and nutrients, but some lizards and land tortoises have
diets composed largely of leaves.

Studies of the Galdpagos marine iguana (Amblyrbynchus
cristatus) have elucidated important couplings between food
resources, body size, and survival during periods of food lim-
itation. These lizards are herbivorous reptiles that feed on
submerged algae along the rocky shorelines of the Galipagos
archipelago of Ecuador. Smaller marine iguanas are prevalent
on islands that have lower production of marine algae, ap-
parently because the smaller animals have a higher foraging
efficiency than do larger iguanas. Moreover, when food is
scarce (e.g., during El Nifio events), larger animals suffer
higher mortality than do smaller animals. Thus population
shifts to smaller body sizes can occur during or after periods
of resource limitation. Amazingly, changes in bone metabo-
lism enable marine iguanas to shrink reversibly during times
of energy shortages. Thus shrinkage in body size has been
shown to coincide with low food availability after El Nifio
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events, whereas body length has been shown to increase dur-
ing subsequent La Nifia conditions, when food is more abun-
dant. Marine iguanas demonstrating greater shrinkage survive
longer than do larger iguanas because the efficiency of for-
aging increases and the total energy expenditure decreases rel-
ative to larger animals.

Energy metabolism and ectothermy

Energy is used by organisms to maintain living processes,
power locomotion and other activities, and fuel the synthesis
of tissue in growth and reproduction. All vertebrates derive
their usable energy from the oxidation of carbohydrates,
lipids, and proteins in the food they eat. Reptiles do not
expend large amounts of energy to maintain high levels of
body temperature as do birds and mammals, which are en-
dothermic. The latter maintain high body temperature with
internal heat production coupled with insulation—fur or
feathers—that minimizes losses of heat to the environment.
Reptiles have lower rates of heat production and are not well
insulated from thermal exchanges with the environment.
They are ectothermic, meaning they depend on external
sources of heat in the environment for maintenance of body
temperature.

During periods of activity, many reptiles regulate their
body temperature within narrow limits by adjusting both po-
sition and posture in relation to thermal complexity in the
environment. The simplest example of such behavioral
thermoregulation is that of many lizards that shuttle between
sunlit and shaded microenvironments, maintaining high body
temperature, sometimes with remarkable precision. Body
temperatures are maintained at levels between 95°F and 108°F
(35°C and 42°C) during daylight hours in most diurnal
species. Thus ectothermic reptiles can be as warm as many
mammals. However, during nighttime hours or colder sea-
sons in the temperate latitudes or high altitude, reptiles usu-
ally retreat to locations where temperatures are moderated,
such as underground, in rock crevices, or in bodies of water.
Unlike mammals, reptiles cannot maintain activity during
colder conditions.

The time reptiles spend exposed to solar radiation for ther-
moregulatory purposes is inversely related to body size and
ambient temperature. Thus altitude greatly affects the be-
haviors required for thermoregulation. Decreasing air tem-
peratures and increasing cloud cover generally accompany
increases in altitude. Lizards that have been studied tend to
compensate for these conditions by adjusting their exposure
to sunlight. Thus at increasingly higher altitudes there is a
shift from occupancy of shaded habitats, as at low altitudes,
to occupancy of open habitats. Above approximately 9,800 ft
(3,000 m), high body temperatures can be attained only by
exposure to direct sunlight, a circumstance that also increases
exposure of basking lizards to predators.

Because reptiles do not depend on internal metabolism for
body heat, their metabolic requirements are sevenfold to ten-
fold lower than those of most endotherms. Moreover, when
the environment cools at night, the decreasing body temper-
ature of reptiles reduces energy expenditure even further,
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whereas mammals must produce additional heat to maintain
warmer bodies. Thus reptiles use far less energy during a day
or a season’s activity than do birds or mammals of compara-
ble size.

Metabolic rates vary with body size, but the relation usu-
ally is not linear; energy expenditure scales typically to the
0.6-0.8 power of body mass. The rate of metabolic energy ex-
penditure per gram of body mass therefore increases at smaller
body sizes. Although this relation holds for almost all animals,
the rates of energy expenditure in birds and mammals are
many-fold higher than those of reptiles of comparable size. All
factors that contribute to energy differences considered, a
lizard in nature uses only approximately 3% of the energy used
by a mammal of similar body size during the course of a day.

Being ectothermic has both advantages and disadvantages
for reptiles. The lower metabolic energy requirements of rep-
tiles decrease demand for food resources and increase the ef-
ficiency at which energy from food is transformed into
production of body tissue. Thus reptiles are better able than
endotherms to live in environments of low biological pro-
ductivity and to withstand periods of food scarcity related to
changes in weather or other factors. Ectotherms, however,
cannot maintain optimal body temperature in all environ-
mental conditions. The activities of reptiles are limited in time
and space by environmental conditions, which also limit ge-
ographic distribution and reproductive output. Numerous
body functions and processes operate most effectively at
higher temperatures, and reptiles are not always in conditions
that allow optimal performance, as is the case for endother-
mic mammals. Exposure to sun or other heat sources also may
render reptiles more vulnerable to predation than would be
the case if shuttling between environments were not required
for thermoregulation.

There are two notable exceptions to the general pattern
of ectothermy among reptiles. Females of several species of
pythons generate metabolic heat from spasmodic contractions
of skeletal muscles during brooding when they coil around
their eggs. Thus brooding female pythons are endothermic
and transfer body heat to the incubating eggs, which are
maintained at approximately 86°F (30°C). Metabolic heat also
may accumulate in other reptiles of large body mass. The re-
sult is periodic or facultative endothermy. In comparatively
cold seawater, body temperatures of leatherback seaturtles
(Dermochelys coriacea) have been shown to be as much as 32°F
(18°C) greater than the surrounding water temperature.

Circulation and respiration

Reptiles have a well-developed blood circulation that plays
a central role in transport of respiratory gases. In most species
oxygen is acquired from the environment at the internal lung
surfaces, which are ventilated by movements that alternately
expand and contract the body compartment surrounding the
lungs. Lung ventilation is intermittent, and the depth and fre-
quency of breathing vary greatly among species and even
among individual animals. Oxygen is transported in blood
largely in chemical combination with hemoglobin, which is
contained in red blood cells.

Grzimek’s Animal Life Encyclopedia



Vol. 7: Reptiles

Structure and function

Direction of Travel

v

Concertina locomotion: red color indicates the portion of the snake’s body that is in contact with the ground. (lllustration by Barbara Duperron)

The lungs are paired structures, except in various limbless
species in which one of the lungs has become reduced or ab-
sent. The functional lung surfaces are complexly honey-
combed to increase surface area, and they receive a profuse
blood supply. In various reptiles, especially snakes and lizards,
the posterior part of the lung is a simple membranous sac that
functions to conduct or store air but does not participate di-
rectly in gas exchange. The saccular part of the lung may also
be used to produce defensive inflation of the body. Among
highly aquatic reptiles, the skin and linings of the throat and
cloaca serve as accessory respiratory surfaces. However, most
oxygen and carbon dioxide are exchanged across the lungs of
most species, which require periodic access to air.

The blood is circulated by a central heart connected to dis-
tributing arteries, which service the tissue capillaries, where
exchange of respiratory gases, nutrients, and other materials
take place. Blood leaving the capillaries is returned to the
heart in a system of veins, and excess fluid filtered from the
blood at the capillaries is returned to the circulation via
the lymphatic system. Except for crocodilians, all reptiles have
a heart with a single ventricle filled by two atria. Thus in the
ventricle there is an admixture of oxygenated blood return-
ing from the lungs with oxygen-depleted blood returning
from the tissue capillaries elsewhere in the body. In many
species, these two bloodstreams are kept relatively well sepa-
rated despite the potential for mixture in the single ventricle.
On the other hand, the capacity for shunting blood between
the lung and body circuits depends on physiological demands.
For example, in aquatic reptiles blood flow to the lung is high-
est during air breathing, when lung and blood oxygen stores
are renewed, and declines considerably during diving or sub-
mergence as the lung oxygen is used.
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Both heart rate and blood pressure are generally lower than
those in mammals, but they vary considerably with tempera-
ture and activity. The volume of circulating blood in reptiles
varies from a few percent to approximately 14% of body mass.
The common value is approximately 5-7% of body mass.

Integument and water exchange

As in other vertebrates, the integument of reptiles serves
as mechanical protection from the environment, shields the
body from unwanted substances or toxins, and largely deter-
mines the nature and magnitude of mass and energy trans-
fer between animals and their environment. The skin consists
of a fibrous dermis overlain by an epidermis that has multi-
ple layers of living or keratinized cells derived from an ac-
tive germinative layer beneath. Thin layers of bone called
osteoderms are deposited in the dermal layers of many
lizards, turtles, and crocodilians. The outermost stratum
corneum consists of highly organized layers of keratin de-
rived from dead cells and is periodically shed, either as an
entire unit (snakes, some lizards) or in flakes or pieces (tur-
tles, crocodilians, lizards). Periodic replacement of older,
keratinized, epidermal generations as a synchronous, whole-
body ecdysis (sloughing or shedding) is especially character-
istic of snakes.

There are relatively few glands in reptilian skin compared
with that of fishes and amphibians. Known glands tend to be
concentrated in particular regions such as the femoral and
preanal scales of lizards. Glandular secretions mark territo-
ries or establish scent trails that are recognized by conspecific
individuals. Several species of snakes secrete substances from
the skin that contain lipids involved in sexual signaling or
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The radiated tortoise (Geochelone radiata) is considered to be one of
the most beautiful tortoises. (Photo by Animals Animals ©Joyce & Frank
Burek. Reproduced by permission.)

contain toxins thought to have defensive functions. These and
other glands of reptiles are not well studied.

The external stratum corneum of scales often is highly
sculptured with complex patterns of spiny projections or
ridges. Patterns of microscopic sculpturing at micrometer
and nanometer levels vary among species and may give rise
to structural colors exemplified by the iridescence seen in
many snakes immediately after they shed their skin and ex-
pose a new generation of epidermis. These colors are most
likely incidental to other functions of the sculpturing,
which remain largely unknown. The color patterns of rep-
tiles are determined principally by pigments present in the
skin. Structures called chromatophores bear pigments that
reflect light differentially. Nervous or hormonal control of
the dispersion of these pigments determines the color seen
and gives rise to color changes related to camouflage, ex-
citement, thermoregulation, and defensive and social be-
haviors. The color patterns of most reptiles probably are
functional largely in relation to camouflage and protection
from predators.

Water evaporates from the skin and lung and is lost in the
urine and feces. Evaporative loss of water from the skin can
account for more than half of the total water loss and is ex-
tremely important in species with relatively permeable in-
teguments. Reptiles that live in drier environments have been
shown to have skin that is more resistant to transepidermal
water loss than is skin of reptiles that live in moist environ-
ments. The resistance to passage of water is determined
largely by a discrete layer of lipids within the keratinized lay-
ers of epidermis. These lipids are organized into intercellu-
lar layers that surround the keratin filaments to form a
complex association that has been likened to bricks and mor-
tar. Thus the barrier to water is a highly ordered, laminated
lipid-keratin complex. Variation in the quantity and kinds of
lipids presumably accounts for differences in skin permeabil-
ity among species. Contrary to popular opinion, differences
in the thickness of skin, amounts of keratin fibers, or mor-
phology of scales have relatively less influence on skin per-
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meability than does the nature of the lipid barrier. Therefore
the external appearance of the skin is not a reliable guide to
how resistant an animal is to dehydration. Crocodilians have
skin that is thick and tough in appearance, yet the lipid bar-
rier is poorly developed, and the skin is quite permeable to
water exchange.

Marine reptiles experience loss of water across the integu-
ment if the solute level in the external medium exceeds that
of the body fluids. For example, 92% of total body water loss
of the yellow-bellied sea snake (Pelamis platurus) is across the
skin. However, the skin of marine reptiles generally has lower
permeability than does that of freshwater species. The direc-
tion of net water movement is reversed for animals in fresh-
water, where the solute concentration of the medium is
generally less than that of the body fluids, thereby promot-
ing osmotic movement of water from outside to inside the
animal. Excess water resulting from osmotic intake is nor-
mally eliminated by the kidneys.

A complete picture of water balance must include routes
of water gains from food, metabolic water, drinking, and skin
as well as losses due to excretion, respiration, and outward
diffusion across the skin. The reptilian kidney cannot ex-
crete urine that is more concentrated than the body fluids,
although digestive and urinary fluids can sometimes be fur-
ther concentrated by absorption of water within the cloaca.
The cloaca is the terminal region of the hindgut where di-
gestive and urinary contents are joined and temporarily
stored before elimination through the anal opening. Fully
marine reptiles and some terrestrial ones have excretory or-
gans called salt glands in addition to the kidneys. These
structures are located near the tongue (snakes, crocodilians),
nasal region (lizards), or eye (turtles), and eliminate con-
centrated secretions of salts, principally sodium, potassium,
and chloride, that might be ingested in excess. The salt
gland, however, does not necessarily enable marine reptiles
to maintain water balance by drinking seawater. Some ma-
rine species have been shown to become dehydrated if kept
in saltwater indefinitely. They rely on water contained in
their food and drinking of freshwater from rainfall to main-
tain water balance.

layers

inner generation outer generation
layers

Generalized epidermis of a squamate reptile. (lllustration by Patricia
Ferrer)

Grzimek’s Animal Life Encyclopedia



Vol. 7: Reptiles

Nervous system and sensory organs

The reptilian nervous system is organized into identifiable
regions based on structure and function. The central nervous
system consists of the brain and spinal cord and contains most
of the body’s nerve cells or neurons. Collections of neurons
that have similar function are called nuclei, and the bundles
of axons that extend from the cell bodies and transmit mes-
sages are called tracts. The peripheral nervous system con-
sists of sensory and motor nerves that communicate between
the brain or spinal cord and various other parts of the body.
The motor neurons that control contraction of skeletal mus-
cles compose the voluntary nervous system. The autonomic
nervous system, consisting of sympathetic and parasympa-
thetic branches, provides unconscious control of the heart and
lungs and activity of smooth muscles and various glands.

The spinal cord is enclosed and protected by the vertebral
column. It provides reflex actions that occur independently
of the brain but also receives input from higher brain centers.
The spinal cord has a segmental organization that is largely
lost in the brain, although bilaterally paired cranial nerves
connect centers of the brain with structures in the head and

nasal passageways

vomeronasal organs

Structure and function

body and represent a vestige of segmental organization. The
cranial nerves carry both sensory and motor information.

Chemical senses

Receptors that sense chemical stimuli are designated gus-
tatory, or taste, receptors if they respond to dissolved mole-
cules and olfactory, or smell, receptors if they respond to
airborne particles. Taste receptors typically are present in the
mouth, but these vary in occurrence, and many reptiles rely
more on olfaction than on taste. Olfactory receptors are lo-
cated in the nasal passages, where a stream of air flows over
them during ventilation of the lungs or during pumping
movements of the throat, which may have a “sniffing” func-
tion. Olfactory receptors are generally more varied than taste
receptors, and many are highly specific for chemical stimuli.
A second kind of olfactory chamber, the vomeronasal or Ja-
cobson’s organ, is a pair of blind-ended cavities opening into
the oral cavity. These are well developed in snakes and some
lizards that transfer odor molecules directly from their tongue
to the sensory epithelium of the cavity. Jacobson’s organs are
lacking in crocodilians and are poorly developed in many
other reptiles.

//

' /—— nerves to brain

high molecular weight
scent molecules

Jacobson’s organ, a second kind of olfactory chamber, is well developed in snakes and some lizards. (lllustration by Dan Erickson)
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Big-headed turtles (Platysternon megacephalum) have such large heads
that they do not fit back into their shells. To protect their heads from
predators, they have hard horny scutes on the top and sides of their
heads and their skulls are solid bone. (Photo by Tom McHugh/Photo
Researchers, Inc. Reproduced by permission.)

Mechanoreceptors

A variety of mechanoreceptors are present in reptiles.
These structures sense vibrations, sound, and other forms
of mechanical stimuli. Specialized structures called muscle
spindles are present in the skeletal muscles and detect, as
well as control, the stretch of body muscles. Various nerve
endings associated with the skin and joints detect a variety
of vibrational stimuli. The scales on the body of many
lizards and snakes, and on the head of crocodilians, bear
small, circular sense organs that are thought to detect vi-
brations and other mechanical stimuli. Some of these or-
gans appear as flattened plates; others bear complex hairlike
structures. The most specialized of mechanoreceptors,
however, are those involved in hearing. The inner ear con-
tains collections of specialized receptors called hair cells,
named for numerous tiny projections sensitive to move-
ment. These are responsible for mediating the sense of equi-
librium and for hearing.

Sound stimuli are conducted through tissues of the head
to the inner ear, as in snakes, or impinge on a taut membrane
associated with the external ear. In essence, vibrational waves
in air bounce off this membrane and set it into vibrational
motion in doing so. The vibrations reflect the frequency and
intensity of the sound and are transmitted from the external
membrane to fluid in the inner ear by means of a small con-
necting bone. The fluid of the inner ear bathes the hair cells
and stimulates their response by means of vibrational waves
in liquid. Sounds are an excellent monitor for conditions in
the environment and serve primarily as a warning source.
Reptiles respond to frequencies from a few tens to several
hundred hertz (cycles per second, abbreviated Hz) in tortoises
and squamates to more than 10,000 Hz in some species of
geckos. Alligators can hear throughout the range of frequen-
cies tested, from approximately 30 Hz to 10,000 Hz, both in
air and beneath water. Contrary to popular belief, snakes not
only sense vibrations in the substrate on which they rest but
also can hear airborne vibrations of low frequencies (espe-
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cially 150-500 Hz). Relatively few reptiles vocalize or use
sounds for communication.

Vision

Most reptiles have well-developed eyes with properties that
are generally similar to eyes of other vertebrates. Incoming
light is bent by the curvature of a lens that focuses light on
photoreceptors arranged on the retina within the eye. An
opaque iris controls the entering light by means of a variable
aperture called the pupil. Muscles control the diameter of the
pupil and help to control the intensity of light entering the
eye and the quality of the image on the retina. There are many
other structural similarities to a camera.

Photoreceptors consist of rods and cones. These struc-
tures bear protein molecules that capture light energy and
convert it to nerve signals. The rods function best in dim
light, whereas the cones function best in bright light and pro-
vide higher resolution. Varying abilities to differentiate color
depend on the possession of multiple visual pigments, each
of which absorbs maximally at different wavelengths of light.
Some reptiles, such as arboreal snakes, have “keyhole” pupils,
which enhance binocular vision (similar images are formed
simultaneously on both retinas of the two eyes), and a fovea,
where high densities of cones on the retina provide high vi-
sual acuity. Slender head shape, especially an attenuated
snout, confers considerable overlap of vision in the two eyes.
The eyes of chameleons are unique among vertebrates in
their degree of movement and ability to scan the environ-
ment. Each eye is located on a turret and moves indepen-
dently of the other. The lens of the chameleon’s eye focuses
very rapidly and produces enlarged images on a compara-
tively large retina with high densities of cones, acting some-
what like a telephoto lens.

Most reptiles have movable eyelids and a transparent nic-
titating membrane. Snakes and some lizards lack movable eye-
lids and have instead a transparent window that covers the
eye. Eyes are greatly reduced in snakes and lizards that bur-
row in soil.

In addition to eyes, most reptiles have a single photore-
ceptive structure, a parietal organ, on the mid-dorsal aspect
of the head and brain and associated with the pineal complex
of the brain. Lizards and tuatara have a distinctive parietal
organ called a third eye, which is equipped with a lens and
a retina. These organs are thought to be ancient structures
that evolved as accessory sensory systems sensitive to visible
radiation. The parietal organs of living reptiles are photo-
sensitive and appear to be involved with circadian or seasonal
cycles and possibly with aspects of thermoregulation. Light-
sensitive receptors are thought to be present on the skin of
the tails of certain sea snakes.

Thermoreception

Sensory nerve endings in the skin and possibly other tissues
are sensitive to temperature change. Extraordinarily sensitive
receptors are present in the facial pits of pitvipers and the labial
pits of boid snakes. A pit organ consists of a thin membrane
stretched across an open cavity. The membrane is richly sup-
plied with nerve endings that have remarkable sensitivity to
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temperature change. The nerve endings detect infrared or ra-
diant heat energy, which affects the heat-sensitive membrane.
The design allows rapid detection of temperature changes as
small as 0.005°F (0.003°C). The temperature receptors lie deep

Structure and function

within the facial pit and enable a snake to detect the direction
as well as the intensity of a radiant heat source. The informa-
tion is relayed to the brain via nerve tracts and assists the hunt-
ing and capture of prey under conditions of dim light.
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Behavior

Behavior consists of all an animal’s reactions to messages
received by the central nervous system from any of the sev-
eral sensory systems of the body. Herpetologists have been
most interested in behaviors that have clear functional sig-
nificance, such as behaviors involved in obtaining food, avoid-
ing danger, finding mates, thermoregulating, and moving
between microniches at alternate times of the active season
(e.g., migration from hibernacula to feeding grounds and vice
versa, migration from feeding grounds to oviposition sites and
vice versa, and moving between feeding grounds).

For many vertebrates, vision is the most vital of all the
senses, followed generally by hearing. In most reptiles,
however, chemical sensitivity is as vital as vision, or more so.
As in other vertebrates, olfaction is mediated by the paired
nasal organs, which open to the exterior through the nostrils.
In reptiles, however, additional mediators of chemical sensi-
tivity are the paired vomeronasal organs, the openings of
which are at the anterior extremity of the roof of the mouth,
close to the nasal organs. In general, the nasal organs are sen-
sitive to airborne or volatile chemicals, whereas the vomero-
nasal organs are sensitive to substrate-borne or nonvolatile
chemicals. Hearing air vibrations varies in importance across
reptilian taxa, although there is a general sensitivity to low-
frequency vibrations propagated through the substrate.
Touch and taste receptors exist in reptiles, and they play im-
portant roles in mediating certain behaviors, but considerable
variation exists across species. Sensitivities to polarized light,
infrared radiation, and geomagnetism are known to play sig-
nificant roles in some taxa, but analysis of these sensory
processes is in its infancy.

Behaviors guided by chemical senses

Chemical guidance of predatory behavior has been exten-
sively studied in snakes and lizards. Many species exhibit at-
tack and ingestive behaviors on presentation of chemical cues
derived from prey. In these experiments, the chemicals typi-
cally are presented on cotton-tipped applicators in the ab-
sence of any visual or tactile cues associated with prey.
Therefore we can be certain that chemicals alone are re-
sponsible for triggering the predatory actions. This does not
mean that garter snakes (Thamnophis sirtalis), for example, pay
no attention to other stimuli arising from prey (fish, sala-
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manders, frogs, worms) under natural conditions. We know
that cues such as movement are vital for attracting the snakes’
interest. Yet if investigatory behavior does not bring the snake
into contact with appropriate chemical cues, the snake is un-
likely to bite the target. Visual cues may command attention
and lead to careful inspection, whereas chemical cues trigger
the final consummatory acts. Of considerable interest is that
neonatal garter snakes exhibit such responses to certain chem-
ical cues before having any experience with prey. This find-
ing leads to the conclusion that responses to these cues are
innate. Furthermore, neonatal garter snakes born in different
parts of the geographic range respond most strongly to dif-
ferent prey extracts. This finding indicates that subpopula-
tions of snakes have experienced differential selection based
on variation in prey abundance. In general, the chemical cues
to which snakes respond most strongly are those associated
with prey that happen to be available in the snakes’ habitat.
Changes in prey populations are followed by changes in prey
recognition mechanisms within the snake population.

Because reptiles possess nasal and vomeronasal chemosen-
sory systems, herpetologists have been keen to learn the rel-
ative contributions of these two systems to predatory
behavior. Experimenters have developed various techniques
for blocking one or both of the systems to study predatory
behavior. Garter snakes have been subjects of most of these
investigations, although a few studies have involved western
rattlesnakes (Crotalus viridis). The common result has been
that prey recognition remains undisturbed when the nasal sys-
tem is blocked but that this behavior almost disappears when
the vomeronasal system is blocked. In some particularly ele-
gant experiments, the blocks were reversible, and restoration
of the vomeronasal system was followed by a return of the
abilities to recognize and respond appropriately to prey. This
body of research leaves no doubt about the importance of the
vomeronasal organs.

The role of the nasal system and its interaction with the
vomeronasal system remains a matter of speculation. Most in-
vestigators believe that the nasal system is extremely sensitive
but not particularly discriminatory, whereas the reverse is true
of the vomeronasal system. The nasal system is thought to
serve an alerting function. It informs the snake that some-
thing of interest is nearby and sets the vomeronasal system in
motion in the form of tongue flicking. Vomeronasal exami-
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Reptilian visual displays: 1. Cottonmouth uses gaping mouth as a defensive warning; 2. Frilled lizard looks larger as a defensive display; 3. A
ring-necked snake draws attention away from its head and shows its coloration as a defense; 4. The alligator snapping turtle uses a food lure
to attract its prey; 5. and 6. Territorial or mating displays for conspecifics—green anole (5) and tuatara (6). (lllustration by Dan Erickson)

nation can identify the molecules in question and activate the
appropriate behaviors. In this view, nasal olfaction functions
as vision or detection of vibrations does in that ambiguous
stimulation of any of these senses can activate tongue flick-
ing so that the animal can conduct a definitive examination.
Unambiguous stimulation of any sense, usually by an ap-
proaching predator, typically activates immediate escape with-
out the need for cross-modal verification. Detection of
potential prey is frequently an ambiguous matter because of
prey crypsis (camouflage) and consequent reduction in inten-
sity of stimuli and requires the synergistic action of multiple
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sensory systems. In the latter context, the vomeronasal sys-
tem performs the “gold standard” test, and the other senses
invite the vomeronasal system to conduct the test.

The vomeronasal system plays an equally important role in
the reproductive behavior of garter snakes. In experiments,
males with impaired vomeronasal systems did not follow the
trails of estrous females and did not attempt to court or cop-
ulate with such females when they encountered them. When
the vomeronasal systems of the males were restored, normal
sexual behavior reappeared, including the ability of the males
to follow trails deposited by females. Male garter snakes
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Egg laying strategies. 1. Peninsula cooter turtle; 2. American alligator; 3. Python; 4. Copperhead. (lllustration by Dan Erickson)

differentiate the trails of conspecific and heterospecific females
only through chemical cues. Males can differentiate large and
small (but reproductively mature) conspecific females with
chemical information alone. In experiments, males preferred
chemical cues from large females over those of smaller females,
a fact probably correlated with the greater number of eggs
produced by large females. In other words, mating with larger
females produces greater fitness benefits for males than does
mating with smaller females, and males reflect the effect of
this selective pressure in their chemosensory preferences.
When the length of females was controlled but mass was var-
ied, males preferred the heavier females and did so when only
chemical information was available. Male garter snakes ap-
parently can use chemical information to discriminate females
of varying nutritional conditions. This capability probably is
associated with an effect of nutritional condition on quantity
and quality of eggs produced by females.

Although few other reptile species have been studied in as
much detail as have garter snakes, especially 7. sirtalis, we
know that male skinks can do some of the things that male
garter snakes can do. In particular, male skinks can differen-
tiate conspecific and heterospecific females with only chemi-
cal cues. Likewise, female skinks can differentiate chemical
cues of conspecific and heterospecific males. It seems proba-
ble that male skinks also are able to differentiate conspecific
females of varying size and condition, but these phenomena
have not yet been tested. Nor has anyone tested whether fe-
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male skinks or garter snakes can differentiate chemical cues
derived from males of varying size or condition. We assume
the vomeronasal systems of garter snakes and skinks are re-
sponsible for discrimination, but this has not yet been demon-
strated in experiments that block the vomeronasal system
while the olfactory system is unimpaired.

Chemical cues associated with predators are detected by var-
ious reptiles. The result is avoidance or other self-protection
reactions. We cannot yet be certain that the vomeronasal sys-
tem mediates these reactions because appropriate blocking ex-
periments have not been conducted, but this is a reasonable
hypothesis.

Some reptiles have been shown to discriminate between
their own chemical cues and those of conspecifics. Some male
reptiles can differentiate male conspecifics on the basis of
chemical cues. Experiments along these lines have been done
with rattlesnakes, desert iguanas, and sand swimming skinks.
It is likely the abilities will be found to be widespread. A num-
ber of benefits can be derived from individual recognition, in-
cluding the interesting social dynamic known as the “dear
enemy” phenomenon. Common among territorial birds, the
phenomenon consists of individual recognition by neighbor-
ing territorial males. These animals respect the boundaries
between their territories and do not intrude on each other;
thus each animal is allowed to relax the level of vigilance and
aggressive behavior that would otherwise be devoted to
boundary patrolling and defense. If one of the males is re-
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placed with a new individual, the remaining neighbor exhibits
an immediate elevation in vigilance and defense, revealing that
he notices that his former dear enemy is no longer present.
Eventually the original territory owner and the new neighbor
enter a dear enemy relationship, so that each can save energy
and avoid injury from fighting. The dear enemies enjoy
mutual benefits by respecting each other’s property rights.
Because individual recognition is clearly an important com-
ponent of this behavior, the dear enemy phenomenon is gen-
erally thought to be an advanced form of social interaction.
This does not mean that it is found only in birds and mam-
mals; the behavior has been shown to occur in salamanders
and lizards. Whether it occurs in any species of snake, turtle,
or crocodilian is conjectural at this time, although a chemo-
sensory basis for the phenomenon clearly exists in at least
some species.

Perhaps the most intriguing chemosensory behaviors of
reptiles involve venom. Venom immobilizes and kills prey and
contains powerful enzymes that greatly facilitate digestion. In
experiments, rattlesnakes given a choice between enveno-
mated and nonenvenomated mice otherwise equal in size, age,
and sex selected the envenomated prey more frequently than
they did the nonenvenomated prey. This remained true when
the mice were wrapped in dark nylon mesh that blocked vi-
sual or tactile cues; thus we can be certain that chemical cues
mediated the selection. When rattlesnakes were given a choice
between a trail deposited by an envenomated mouse and one
deposited by a nonenvenomated mouse, the snakes reliably
selected the former trail, a finding that again indicates chem-
ical cues mediate the behavior.

To understand how sensory bias might contribute to a
snake’s fitness, it is necessary to understand that rattlesnakes
and many other venomous species are ambushers that strike
and release adult rodent prey. This style of predation avoids
injuries that could occur if struggling rodents were held in the
snake’s jaws after the strike. Although the venom kills the prey,
the process takes as long as several minutes, during which the
rodent’s teeth, claws, and guard hairs can inflict serious dam-
age. Releasing the rodent after the envenomating strike min-
imizes the snake’s risk of injury, but the snake risks losing the
prey, which can travel several meters from the site of attack
while the venom takes effect. Recovering the rodent carcass
becomes difficult, partly because the immobilized rodent no
longer emits motion cues to attract the snake’s attention and
partly because the rodent may be behind objects or in a bur-
row, so thermal information (i.e., infrared radiation detectable
by pit organs) is obscured or blocked entirely. Recovery of the
rodent carcass therefore is mediated by chemical cues detected
by the vomeronasal system. A rattlesnake that has delivered a
successful predatory strike is capable of following the rodent’s
chemical trail with exactitude, even though the same snake
usually does not follow such a trail in the absence of a preda-
tory strike. The strike is necessary to trigger chemosensory
searching and trail-following behavior. This is true for rat-
tlesnakes; cottonmouths (Agkistrodon piscivorus), however, fol-
low trails effectively whether or not a predatory strike has been
delivered before the snake encounters the trail. Gila monsters
(Heloderma suspectum) and Australian sand goannas (or moni-
tors) Varanus gouldii, behave as cottonmouths do. For these
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predators, chemical cues on the substrate are sufficient to in-
duce trail following, and this behavior may be associated with
a propensity to search for carrion. For rattlesnakes and vari-
ous other vipers, chemical cues on the substrate usually are
not sufficient, and a successful predatory strike is critical.

In the case of rattlesnakes, two trails always are present in
the poststrike environment, one deposited as the prey wan-
ders into striking range (the preenvenomation trail segment)
and one deposited as the prey moves away from the site of
attack (the postenvenomation trail segment). Following the
wrong, or preenvenomation, segment could result in losing
the prey, wasted energy, and vulnerability to predators. It is
not surprising that rattlesnakes discriminate the two trails and
select the postenvenomation segment. What is the chemical
basis for this fascinating discrimination?

Venom is a complex material, containing well over 30 iden-
tifiable fractions, some of which are lethal to rodents, some
not. The latter fractions are thought to be synergizers or am-
plifiers, not necessarily harmful in themselves but capable of
increasing the damaging effects of other fractions. Finding
the particular fractions responsible for the snake’s discrimi-
nation of pre- and postenvenomation trail segments is almost
impossible. One reasonable hypothesis is that proteolytic en-
zymes, major constituents of venom, are responsible. The idea
is that such enzymes break down rodent protein and con-
tribute to immobilization, death, and digestion of prey and
that the snakes have evolved a perceptual sensitivity to these
effects. This sensitivity facilitates the important task of locat-
ing and following the postenvenomation trail segment. In
other words, proteolytic enzymes have an initial or primary
function, and they have acquired a secondary one because of
the snake’s ability to perceive some of these primary chemi-
cal effects. Another hypothesis is that specialized components
have been added to venom, not necessarily because of their

A male panther chameleon (Furcifer pardalis) behaves defensively by
widely gaping its mouth, extending its gular pouch with its tongue, rear-
ing up on its hind legs, laterally compressing its body, and hissing.
These displays are common in the genera Chamaeleo, Calumma,
Bradypodion, and Furcifer. If this display fails, the chameleon must at-
tempt to flee to avoid predation. (Photo by Ardith Abate. Reproduced
by permission.)
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Green seaturtles (Chelonia mydas) mating. (Photo by Animals Animals
©H. Hall. Reproduced by permission.)

lethal effects but because of their perceptual, trail-enhancing
effects. The term “trail marker substance” can be used in
recognition of the idea that the venom component has ac-
quired its perceptual role not secondarily but as its primary
(and perhaps only) function.

Differentiating these hypotheses hinges on the fact that
rattlesnake venom passed through gel filtration columns sep-
arates into fractions according to molecular weight and that
proteolytic enzymes sort into several fractions while other
fractions contain little or none of this material. Therefore it
is possible to use these various fractions as experimental in-
jectants. That is, mice given injections of each of these frac-
tions suspended in distilled water can be paired with control
(nonenvenomated) mice and presented to rattlesnakes. If pro-
teolytic enzymes are the critical elements, then snakes ought
to be able to discriminate mice injected with these enzymes
from control mice. If such mice cannot be differentiated from
controls, one implication would be that some other venom
fraction is the critical one. The result in experiments with
western diamondback rattlesnakes (Crotalus atrox) has been
that proteolytic enzymes do not cause a mouse to be dis-
criminated from a control but that another fraction (contain-
ing no proteolytic enzymes) has this effect. The chemical
composition of this fraction has not yet been identified, but
the indications are that the second hypothesis is correct. This
work underscores the subtlety of the chemical cues used by
reptiles. Reptiles can detect gross cues, such as those associ-
ated with rotting carrion, and they can use remarkably sub-
tle cues in remarkably low concentrations.

Ambush predators must first select an appropriate site, a
place which prey are likely to visit or to pass through. Sev-
eral reptiles have been shown to make this selection on the
basis of chemical cues deposited by prey that have recently
moved through the site. Prairie rattlesnakes making their ver-
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nal migration would stop if they were to encounter fresh
chemical cues derived from deer mice (Peromyscus manicula-
tus). Once the rattlesnake occupies an ambushing site, how-
ever, it usually waits until a successful predatory strike is
delivered before paying any further attention to chemical
trails. There are exceptions, of course: Some snakes engage
in active foraging for burrows containing the neonates of var-
ious small mammals, and this search is undoubtedly guided
by chemical cues. Thus strikes are not always necessary to ac-
tivate chemosensory searching. It seems likely that reptiles of
many species can use chemical cues to discriminate large ver-
sus small populations of prey and to differentiate sites cur-
rently occupied by prey from sites previously occupied but
now abandoned. Evidence along these lines has been col-
lected, but a great deal of research remains to be done on the
topics of habitat selection and chemical ecology.

Although heavy reliance on the nasal and vomeronasal
senses is characteristic of many species of reptiles, particularly
the most advanced species, numerous species are less reliant
on chemical cues than on visual information. Chameleons are
examples not only in their use of visual cues in locating and
capturing prey but also in their use of visual cues in social and
reproductive behavior. Interspecific variation exists among
reptiles in the modalities that mediate important behaviors.
Therefore statements about the role of vomeronasal stimula-
tion should not be generalized to all reptiles. The relation-
ships between type of food, behaviors involved in acquiring
food, and the sensory modalities used are a major area of her-
petological investigation. Herbivorous lizards have been
found to behave in surprising ways. These animals not only
detect edible plants through chemical cues but also detect and
reject other plants on the basis of the presence of defensive
compounds. Herpetologists have made theoretically impor-
tant discoveries regarding the chemical senses of reptiles, but
we have probably only scratched the surface.

Behaviors guided by vision

Visual cues, usually in the form of prey movement, have
long been known to attract a snake’s attention and to elicit
predatory responses in insectivorous lizards. Equally inter-
esting is the role of visual information in social and repro-
ductive behavior of lizards. Chameleons exhibit “emotional
colors” that involve changes in brightness during agonistic in-
teractions and culminate in victory or submission, each with
a characteristic pattern. It is partly through these color
changes that chameleons have acquired their protean reputa-
tion. Iguanian lizards execute a set of movements, including
head bobs, pushups, and dewlap extensions, combined in par-
ticular sequences that are species specific not only with re-
spect to sequence but also with respect to cadence. Females
of sympatric species can discriminate conspecific from het-
erospecific males on the basis of these display properties.
Males use the displays to advertise territories and to settle
boundary disputes with other males.

Results of experiments involving presentation of models to
territorial males have established that color patterns and pos-
tures contribute to agonistic and courtship activities. These be-
haviors have been found to be innate, and the development of
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the behaviors is not influenced by social stimulation. Some dis-
play elements of the green anole (Anolis carolinensis) are present
immediately after hatching, whereas other elements emerge
later in ontogeny. Even in the later stages, social stimulation
appears unnecessary, because the behaviors usually emerge on
schedule in animals that live in social settings or in experimental
isolation. This characteristic represents a major difference
between green anoles and birds and mammals, both of which
typically depend on early social stimulation for the proper de-
velopment of social signals. Because only the green anole has
been studied extensively in this regard, we look forward to com-
parable projects with additional reptile species. Only when such
work is completed will we know whether the developmental
characteristics of the green anole are common among reptiles.
The indications are that the green anole is a reasonable model
for reptiles in general, and many herpetologists believe this to
be the case, but more taxa must be analyzed.

Reptiles use visual cues as lures for prey. The alligator
snapping turtle (Macrochelys temminckii) is probably the best
known example because of the wriggling wormlike process at-
tached to the floor of the turtle’s mouth. The animal remains
motionless with jaws agape while the “worm” attracts fish,
which are engulfed by a profound oral snap. Several snakes
(e.g., the sidewinder rattlesnake [Crotalus cerastes] and the mas-
sasauga [Sistrurus catenatus]) use their tails as lures, in some
cases only during the juvenile stage of life. As the snakes grow,
they experience an ontogenetic shift in prey preferences such
that caudal luring for lizard or frog prey is abandoned in fa-
vor of predation on rodents. Ontogenetic shifts in prey pref-
erences are not uncommon, and they are associated with
parallel ontogenetic shifts in habitat preferences and even in
diel activity patterns. Some snakes rely on caudal luring
throughout life. The best example is the death adder (Acan-
thophis antarcticus), which has a highly specialized tail that
strongly resembles a wormlike or grublike creature and is
quite attractive to lizards.

Play, learning, and plasticity

Although play behavior occurs in a few species at least un-
der captive conditions, most species do not exhibit this phe-
nomenon. Play observed in reptiles has not been a social
phenomenon. It has involved the deployment of foraging,
feeding, or other behaviors in unusual, nonfunctional con-
texts, sometimes aimed at inanimate objects, sometimes at hu-
mans. The players have been adults, and their playful activities
have been idiosyncratic rather than common among con-
specifics.

Exhibition of play behavior as a social phenomenon is a
major difference between reptiles and mammals, with birds
positioned in between. The usual explanation is that most rep-
tiles have been strongly selected for precocity. Neonates are
miniature versions of adults and must function effectively as
predators, as avoiders of predators, and as competitors. They
have no leisure to acquire behavioral skills during playful in-
teractions with peers or by observing parents.

Even the most precocial (capable of independent activity
from birth) birds and mammals have opportunities to learn,
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A cornsnake (Elaphe guttata guttata) Kills a rat by constriction. (Photo
by Animals Animals ©Carson Baldwin, Jr. Photo reproduced by per-
mission.)

although this process may be accelerated, as it is in filial im-
printing in precocial fowl and analogous social phenomena in
some precocial mammals. There are important ontogenetic
effects of early social stimulation in these birds and mammals.
In the more altricial (immature or helpless at birth) species,
similar effects occur over a broader span of time, play being
an important context for social learning. In reptiles, by con-
trast, such effects are less common. The usual observation is
that neonates are competent at biologically significant tasks
the first time they encounter the task.

This does not mean that learning is unimportant in rep-
tiles, only that it is a less conspicuous aspect of reptile on-
togeny than is the case for birds and mammals. For example,
several species of turtles develop strong preferences for the
foods encountered after hatching. The turtles are capable of
accepting many different types of prey, but the types avail-
able at the time the turtles hatch becomes favored prey as a
consequence of an imprinting-like phenomenon that occurs
during early feeding experiences. Because piscine prey species
can fluctuate in abundance, even replacing each other owing
to normal ecological events, hatchling turtles apparently are
better off without strong, innate preferences but with the ca-
pacity to form preferences after sampling foods that happen
to be present in the posthatch habitat. A strong innate pref-
erence for a prey type that happens not to be available could
have disastrous consequences, whereas experientially induced
preferences would simply adjust the predators to prey cur-
rently in the food web.

Only when the composition of the food web is predictable
or reliable does it make sense for neonates to have innate pref-
erences. This phenomenon is well known in garter snakes.
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Adder snake sidewinding in the Namib Desert. (Photo by David Hughes.
Bruce Coleman, Inc. Reproduced by permission.)

Neonates exhibit strong preferences, on the basis of chemi-
cal cues, for prey normally present in their habitats. Even here
two points are of interest. First, results of experiments have
shown that neonates typically exhibit several preferences; they
do not prefer only a single prey species. If one type of pre-
ferred prey is not present, another will probably be available.
Second, although they have strong innate preferences,
neonates are capable of acquiring new preferences on the ba-
sis of early feeding experience. If none of the preferred prey
are available, hungry neonates are flexible enough to adjust
to new foods.

The flexibility of adult snakes and other adult reptiles has
not been studied experimentally, but the husbandry experi-
ence of zoo professionals and that of many hobbyists indicates
that some species readily adjust to captivity and to the foods
normally provided there, whereas other species make this
transition only with great difficulty. Most rodent-eating
snakes typically do well in captivity, even when captured as
adults. The same is true of fish-eating species, especially if ro-
dents are facultatively present in the natural diet, such that
the snakes can be switched to rodent prey in captivity. Snakes
with highly specialized diets are typically difficult to keep in
captivity, but this problem usually is associated with the fact
that the keeper has difficulty obtaining the necessary prey in
sufficient quantity.

Even notoriously difficult species can be kept in captivity,
if specialized habitat factors and required foods can be pro-
vided. This judgment is based far less on scientific data than
on accumulated experience of gifted, dedicated keepers. Our
experience with the viper boas (genus Candoia) is consistent
with this point of view. Species that take rodents adjust well
to captivity, whereas species that take lizards are quite diffi-
cult to keep, unless appropriate lizard prey are available.
When such prey can be offered, the snakes accept them and
remain in good flesh. Lizard prey, however, are not regularly
obtainable, and because the lizard-specializing snakes do not
readily switch to rodents, the snakes generally become thin
and vulnerable to infections that occur as a secondary effect
of nutritional compromise. This outcome is a shame because
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lizard-eating viper boas have pleasant personalities, being tol-
erant of handling without offering to bite. They could be eas-
ily maintained in captivity if the food problem could be solved.
Commercially produced rodent prey are widely available in
the United States. The rodents are generally free of infection
and relatively free of parasites, especially dangerous ones.
Wild-caught lizards are sometimes infested with microbiotic
and macrobiotic organisms that can readily colonize snakes
with disastrous consequences. This is another reason that
rodent-feeding snakes have an advantage in captivity.

Although rodent-feeding snakes usually are easy to keep
in captivity, there are exceptions. One of the most famous is
the eastern diamondback rattlesnake (Crotalus adamanteus).
Neonates born in captivity do fairly well, but wild-caught
adults rarely thrive, even under the best husbandry condi-
tions. This fact is all the more interesting because western
diamondbacks are no less aggressive and no less likely to re-
main aggressive in captivity, yet they generally do reasonably
well, accepting prey readily and breeding with alacrity when
given the opportunity under appropriate thermal conditions.
Neonatal western diamondbacks born in captivity usually are
calmer than wild-caught adults, but the latter usually manage
to do well in captivity even with their notorious dispositions.
Why wild-caught adult eastern diamondbacks and western di-
amondbacks differ in their tolerance of captivity remains a
mystery that probably involves a difference in behavioral and
emotional plasticity. Unraveling this mystery will not only
shed light on the dynamics of these species but also contribute
to the ability to manage many other species in captivity. Prob-
lems similar to those among wild-caught eastern diamond-
back rattlesnakes have been reported in many other species.
Providing appropriate habitat may be part of the solution.
Many keepers report success with defensive individuals if hid-
ing places are provided. To our knowledge, experimental tests
have not been performed, and we see here an excellent ex-
ample of the interface between behavioral research and the
development of good husbandry techniques.

Behaviors guided by tactile cues

Tactile cues are important contributors to social and re-
productive behaviors. Although chemical cues usually guide
males to females, once the individuals meet, tactile informa-
tion comes into play. If several males are simultaneously at-
tracted to the same female, male combat is likely in some
species. The winner is the male that eventually mates with
the female. In some species, many males are present simulta-
neously, all competing for one female. This process is called
“scramble competition” rather than male combat and leads to
formation of the famous mating balls, which can contain
dozens or even hundreds of males. Garter snakes (T. sirtalis)
in some parts of their range form such balls.

Less chaotic mating arrangements are more common, a
few males courting one female. In this circumstance, ritual-
ized combat is likely to occur, as in some rattlesnake species.
Two males engage each other in a pushing contest involving
the anterior parts of their bodies, which usually are raised off
the ground, each male pressing against the other. The win-
ner is able to press his opponent down to the ground and hold
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him there for a few seconds or longer. Losers of such con-
tests typically retreat and are sexually refractory for days af-
terward. Although the contest requires effort, it seems most
unlikely that physical exhaustion can be the explanation for
the loser’s withdrawal and refractoriness. Instead, a neuroen-
docrine mechanism must exist by which losing suppresses sub-
sequent aggressive and sexual activities, at least temporarily.
"This mechanism may benefit both winner and loser in that
the winner mates with no further distraction and the loser
manages to avoid serious damage. An interesting characteris-
tic of male combat among vipers is that males usually do not
bite each other during the ritualized wrestling activity. Be-
cause the snakes are not immune to their venom, the vipers
could inflict serious damage through fang punctures and
venom injection. By replacing such actions with ritualized
wrestling, both males benefit. By withdrawing after defeat,
the loser spares himself further domination as well as, per-
haps, a biting attack by the winner.

Species in which male combat occurs typically exhibit sex-
ual dimorphism in body size, males being larger than females.
The idea is that combat creates a selective pressure favoring
large males, because size correlates with winning versus los-
ing. On the other hand, females should generally be selected
for large body size because this factor determines clutch size.
Within the limits of opposing selective pressures, females
should generally be large. Males also are large, even larger
than females, if male combat is important for mating success.
If male combat does not occur in a species, males are smaller
than females. These generalizations appear to hold over a
broad range of species.

Sexual dimorphism in size is relatively common among
reptiles, as is sexual dichromatism. In dichromatic species,
males usually are more brightly colored than are females, a
fact that correlates with the males’ need to defend and ad-
vertise territories and to attract females. There are some spec-
tacular cases among the spiny lizards (genus Sceloporus) in
which both males and females have brilliant (but different)
color patterns. These cases are not well understood, but they
constitute an extreme form of dichromatism in which both
sexes may be sacrificing crypsis to communicate sexual iden-
tity. It is possible, however, that future research will reveal
that one or both of these patterns, although perceived as bril-
liant and conspicuous to human observers of preserved spec-
imens, are nevertheless cryptic in the natural habitat.

Because male combat is a form of tactile stimulation, (1)
delivery of this stimulation has become highly ritualized in
some snakes and lizards, (2) the “meaning” of the stimulation
appears to depend on differential neuroendocrine events in
winners and losers, (3) delivery of the stimulation appears to
inhibit tissue-damaging bites, at least for a while (it is possi-
ble that escalated aggression, including bites, could occur if
the loser fails to retire), and (4) this form of tactile stimula-
tion has created a selective pressure favoring large body size
and increased ability to deliver the tactile information. Fe-
males benefit when they mate with males who have won com-
bat encounters and are, by this measure, superior males. Sons
of such males are presumed to inherit the size and strength
of their fathers. Daughters also may benefit from genes fa-
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Bearded dragon lizard (Pogona barbata) secures a grasshopper for a
meal in Queensland, Australia. (Photo by Jen and Des Bartlett. Bruce
Coleman, Inc. Reproduced by permission.)

voring large size. Although females can benefit by doing noth-
ing, that is, by simply letting males fight and then mate with
the winner, it has been reported that females sometimes add
an element of their own. Females of several pitviper species
raise their heads above the ground when a male approaches.
This is the same behavior that combating males use at the
start of their contests. The female may be making an aggres-
sive gesture that has the effect of differentiating dominant and
subordinate males. Males that have recently lost in combat
are intimidated by this action on the part of a female, whereas
males who have recently won in combat are not intimidated
and proceed with courtship. Females can easily discriminate
these two types of males on the basis of the males’ behavior
immediately after the female presents a combat intention dis-
play. This is the hypothesis currently held by a number of
herpetologists who study the reproductive behavior of vipers.

Courtship and copulation in nonvenomous species have
been studied in detail, and a useful terminology has been de-
veloped. Precourtship behaviors are those by which the po-
tentially large distances between male and female are reduced.
These behaviors usually involve the following of female
pheromone trails by males. In some species, males may also
use a head-raised posture to search for visual cues arising from
females. An important role of visual cues has been established
for ratsnakes (genus Elaphe) and is believed to exist in other
genera as well. Males are attracted by the visual cues, and
when the male is relatively near the female, chemical cues be-
come readily available regarding the female’s specific and sex-
ual identity and her state of sexual readiness.

On making contact with a receptive conspecific female, the
male initiates a series of behaviors typically grouped into three
phases: tactile-chase, tactile-alignment, and intromission and
coitus. At first the male exhibits a high rate of tongue flick-
ing, during which he is apparently confirming the informa-
tion he has previously obtained during the trail-following
period. Direct contact with sexual pheromone along the fe-
male’s dorsal surface likely intensifies the male’s sexual moti-
vation, leading him to rub his chin in a linear series of jerky
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movements along the female’s back. A female might flee at
this point, and the male usually follows, sometimes attempt-
ing to mount the female. This tactile-chase phase continues
until the female remains stationary and allows the male to
mount along part or all of her dorsum. The most conspicu-
ous act usually is chin rubbing by the male along the female’s
back, advancing toward her anterior, moving posterior, and
starting forward again. In the family Boidae, in which males
have vestigial pelvic structures in the form of spurs, the tac-
tile-chase phase of courtship entails spurring, which is rapid,
oscillating movements of the spurs against the female’s body.
In some species of rattlesnakes, the male curls his tail around
the base of the female’s tail and gently massages her by mov-
ing his curl over the female’s vent and down the length of her
tail while repeatedly rubbing his chin along her dorsal, ante-
rior surface. These behaviors may be analogous to the titilla-
tion movements by which male pond turtles stroke the heads
and necks of their mates with long fore claws.

The tactile-alignment phase contains all of the foregoing
behaviors and the juxtaposition of cloacal apertures, a posture
that eventually allows copulation. The male and female achieve
this important posture entirely with tactile sensation; there is
no visual guidance. (Although there is ample evidence of in-
tegumentary tactile receptors in snakes and other reptiles, the
term “hedonic receptors” is rare or absent in the herpetolog-
ical literature. This term and various synonyms occur com-
monly in the mammalian literature, especially the literature on
human sexuality, and we suspect it is applicable to the recep-
tors mediating these cloacal alignments during sexual en-
counters between squamates.) On attaining juxtaposition of the
cloacal apertures, the female may exhibit cloacal gaping, and
the male may evert one of his hemipenes. At this point, tail-
search copulatory attempts occur in which the tails of the part-
ners are engaging each other but the animals’ heads are not
(i.e., the eyes and other anterior sense organs are not involved).
Male garter snakes have been observed to rub their chins on
one female while aligning with the cloaca of another female.

Coupling is the eventual outcome of tail-search copula-
tory attempts. In some colubrid genera, such as Elaphe, Lam-
propeltis, and Pituophis, it is common for a male to obtain a
mouth grip on a female’s neck just before penetration and to
maintain this grip during coitus. This is a regular feature of
mating among lizards (most of the terminology developed by
snake researchers can be applied to lizards). One of the most
interesting aspects of snake reproduction has to do with the
duration of coitus, which ranges from a few minutes in many
species to well over 20 hours in others (e.g., vipers and
pitvipers). In garter snakes of several species (7. sirtalis, T.
sauritus, T. butleri, and probably others), coitus is relatively
brief, but a mucoprotein plug forms thereafter in the cloaca
of the female that blocks penetration of the female by other
males. In vipers and pitvipers, the tendency of the male to
remain coupled for extended periods accomplishes the same
result as the copulatory plug in garter snakes. On the other
hand, the male garter snake is free within 15-30 minutes to
seek additional copulation, whereas male vipers and pitvipers
are unable to do so for 20-30 hours. Such variation may be
associated with several ecological factors, such as the avail-
ability of sexually receptive females nearby. If availability is
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high, it makes sense to uncouple quickly and for the male to
initiate courtship with new females. If, however, females are
widely spaced and it is likely that several males will be si-
multaneously attracted to each receptive female, a successful
male may benefit more by guarding the inseminated female
than by leaving her while he goes on an uncertain hunt for
a new female. The density of predators that might take ad-
vantage of snakes in copula is another ecological factor that
could influence the duration of coitus. A high density of
predators leads to selection for brief copulations. These eco-
logical factors have not yet been studied systematically by
herpetologists.

Maternal behavior

Little or no interaction occurs between male and female
after coitus. With rare exception (male western diamondback
rattlesnakes have been observed to remain with females for
some days before and after copulation), there have been no
scientific reports of long-term pair bonds between males and
females in any species of reptile. Females of some species ex-
hibit maternal behavior. Building of nests with attendance of
eggs has been reported among king cobras (Ophiophagus han-
nab), Great Plains skinks (Eumzeces obsoletus), and most croco-
dilians. Female turtles deposit their eggs in nests, sometimes
with elaborate digging and refilling, but no species has been
reported to attend the eggs or nest after oviposition and re-
filling of the nest cavity. Indian pythons (Python molurus) have
been observed to brood their eggs using shivering movements
to generate heat. Although parental (maternal) care of
neonates is now well known among crocodilians, early reports
of this behavior were doubted until modern researchers de-
veloped methods to observe these animals, especially Ameri-
can alligators (Alligator mississippiensis) in captivity as well as
in the wild. The well-organized maternal behavior of croco-
dilians, the last of the ruling reptiles, has prompted some pa-
leontologists to speculate about the presence of maternal care
in dinosaurs. This topic remains controversial but is gradu-
ally being supported by an impressive array of fossil evidence
and insightful argument.

New evidence regarding maternal behavior is likely to arise
from the study of certain viviparous snakes. Several investi-
gators have reported that female rattlesnakes remain with or
very near their litters for several days after parturition. Ini-
tially this behavior was considered unimportant, perhaps the
result of maternal exhaustion from the act of giving birth.
Now it has been hypothesized that maternal attendance of
neonates may be more than an artifact of exhaustion. Perhaps
the fitness of the neonates is enhanced by the mother’s pres-
ence, and this means her fitness may be enhanced. The gen-
eral idea is that the mother’s presence may discourage
predators who would otherwise take a toll on the neonates.
The mother’s presence also may allow the neonates to be-
come familiar with her odors and use them to find their way
to the hibernaculum. That is, the neonates might locate the
den by trailing familiar odors deposited by the mother. None
of these ideas has been subjected to rigorous scientific test-
ing, but such tests are likely to be performed.
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Activity patterns and thermoregulation

Activity patterns influenced by seasonal, daily, or other
rhythms probably have been the targets of more herpetolog-
ical research than any other aspect of behavior except diet.
This is partly a consequence of the development of minia-
turized radiotelemetric equipment and partly the result of the
simple fact that understanding any animal requires a sense of
the actions it performs and when it performs them. Numer-
ous investigators are interested in energy budgets and related
phenomena, and activity patterns tell us about most of the en-
ergy costs sustained by animals. Feeding success tells us about
energy gains. The construction of activity budgets is an im-
portant step in the calculation of energy budgets. Many her-
petologists consider the study of activity patterns a necessary
starting point, once the basic questions of taxonomic alloca-
tion are at least tentatively answered. It could be hypothe-
sized that we could predict activity patterns and energy
expenditures if we knew the resource needs of a species and
the distribution of these resources in the habitat. Although
this reasoning is sound, rarely do we know about all the re-
source needs of a species, and we know even less about their
distribution, especially in the perception of the animals.
Knowledge of resource needs is an important goal, but in-
stead of using the information to predict activity patterns, we
frequently use data on the patterns to infer resource needs
and distributions.

The longest migration by any reptile is the oviposition
movement of some female green seaturtles (Chelonia mydas)
from their feeding grounds in the kelp forests off the coast of
Brazil to the beaches of Ascension Island in the South At-
lantic, about midway between Brazil and the west coast of
Africa (approximately 1,600 mi [1,900 km] from Brazil). Other
populations of green seaturtles and all other seaturtles make
substantial annual movements to nesting beaches, although
none of these migrations is as long as the swims of the sub-
population of green seaturtles using Ascension Island. The
sensory basis of this remarkable migration involves geomag-
netic sensitivity, chemical cues, and probably celestial cues.
Even more remarkable is the movement of hatchlings from
Ascension Island to the Sargasso Sea and later to the Brazil
kelp beds, the turtles again using the same variety of sensory
systems. Somewhat less spectacular migrations are known in
other reptiles, especially snakes in temperate zones, where hi-
bernation sites and feeding sites are separated by distances on
the order of 1-7 mi (1.6-11.2 km). The snakes make an an-
nual vernal migration to the feeding grounds and an autum-
nal migration back to the hibernacula. Sensory bases for these
movements have not been studied sufficiently, but it seems
clear that chemical cues are involved, and there is reason to
suspect a role for geomagnetic, celestial (especially solar), and
visible landmark cues.

Homing has been observed in a variety of reptiles that have
returned to sites from which they were experimentally dis-
placed. Alligators, several species of snakes and turtles, and a
few species of lizards have been studied, but we know rela-
tively little about the sensory basis of this behavior. Geo-
magnetic cues were probably used by the alligators, chemical
cues were certainly involved in several of the turtle studies,
and solar cues were well documented in several of the snake
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studies. In most other cases, however, our knowledge has not
advanced beyond the fact that homing or related behavior
(e.g., y-axis orientation) occurred. Some studies have shown
no evidence of return to a site occupied before displacement.
"This lack of evidence gives rise to interesting speculation that
the motivation to return depends on the quality of the initial
habitat and the quality of the habitat in which the test ani-
mals were released. An important implication is that the an-
imals assess their habitats and use this information to decide
whether to move toward “home” or to adopt a new home for
themselves. If such behaviors occur, the cognitive mechanisms
involved in habitat assessment will prove to be even more in-
teresting than the sensory mechanisms mediating orientation
and movement toward home. The literature on reptile hom-
ing behavior contains many anecdotes that have substantially
influenced our collective thinking. For example, rattlesnakes
have been removed from a human property (usually a back-
yard, field, or a common area in a community) and released
a distance away (usually on the order of a mile or two [1.6-3.2
km]) only to return to its initial location within a few days.
Another interesting case involved a black ratsnake (Elaphe ob-
soleta) removed from a farm several times but always return-
ing within a few days. In cases of this sort, the snakes were
not marked at the time of original capture, so it is not ab-
solutely certain that the returning snake and the removed
snake were one and the same. On the basis of size, coloration,
and unique features such as scars, we can be reasonably con-
fident, but the following case, described by the late Charles

M. Bogert, urges caution.

Bogert was collecting reptiles in New Mexico and caught
a striped whipsnake (Masticophis taeniatus) in a particular
bush, which Bogert marked with a golf tee. The next day,
while passing the same bush, Bogert caught a second striped
whipsnake in it. Later on the second day, Bogert visited the
bush again, and, sure enough, a third specimen of the species
presented itself. There is no question that the snakes were
three different individuals because Bogert caught and pre-
served each one. He was interested in what might have been
special about the bush, but he was able to identify nothing.
Perhaps this was pure chance, always a possibility with anec-
dotes. On the other hand, maybe the bush was in a prey-rich
area or in a migration path or in a spot containing an ideal
refuge from the sun or from predators. If any of these con-
ditions existed, it would not be surprising that removal of an
initial occupant might be followed by the arrival of another.
If the first occupant had not been captured and kept out of
the habitat, we might easily misinterpret the second and third
snakes as being the initial one. Although anecdotal reports
of homing should not be discounted, they should be regarded
cautiously.

Closely related to homing is territoriality, the defense of
a resource, usually in a particular place but sometimes mo-
bile, as in the case of potential mates that might move a
considerable distance but are nevertheless defended in each
place they occupy. Numerous lizards exhibit unambiguous
territoriality, defending feeding areas from conspecifics and
sometimes from heterospecifics that compete for the same
foods. Clever experiments have shown that adding food to
territories results in shrinkage of the area defended, whereas
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depleting food from territories results in expansion of the area
defended. Results of such studies leave no doubt that the ter-
ritorial behavior of the resident lizard is sensitive to the quan-
tity and quality of the food contained within the territory.
The results of the studies also leave no doubt that the lizards
assessed their food supplies and responded accordingly. Food,
however, is not the only resource that lizards defend. Ovipo-
sition sites are important in some species, and refuge is im-
portant in others.

Crocodilians are known to behave in a territorial man-
ner, especially mature females who defend their nests. Large
males also appear to be territorial, particularly during the
breeding season. Turtles and snakes present a far more am-
biguous situation, except for the few species in which fe-
males attend their eggs or young. Even these cases are not
clear examples of territoriality, because there is no evidence
that the females defend their eggs or oviposition sites
against conspecifics. It is possible that mothers defend their
eggs or neonates only against heterospecific oviphages or
predators, in which case the term territoriality may not be
appropriate. Territoriality implies intraspecific interaction.
At present we cannot state with certainty that any species
of turtle or snake exhibits true territorial behavior. Anec-
dotal evidence exists for both groups, and behavioral phe-
nomena among captive specimens also are suggestive. The
possibility of territoriality among these reptiles should be
considered, but caution should be exercised in interpreta-
tion of anecdotal evidence.

Another approach to the study of activity patterns of rep-
tiles is to record the number of individuals seen or captured
(usually in pitfall traps) during each month of the year. In
temperate North America, such projects reveal several annual
patterns: a single peak during the warmest months with
sharply reduced activity before or after; a single peak during
the warmest months but fairly broad activity period such that
substantial numbers of individuals are active before and after
the warmest months; and two peaks, one in spring and one
in autumn. Some species, such as garter snakes, appear to re-
main active all year if the temperature remains high enough.
Other species appear to be endogenously programmed to be-
come inactive during winter months, even if the temperature
is artificially elevated. Having maintained many rattlesnakes
in captivity, we have found that in species such as the prairie
rattlesnake and the western diamondback, some individuals
remain active all year if the temperature is kept at 79°F (26°C)
or higher. Other individuals “shut down” for several months
under the same conditions, refusing food for one to three
months each year.

Closely associated with the circannual studies of reptile ac-
tivity are parallel studies of reproduction. Periods of high ac-
tivity or capture success can correspond with periods of
intense feeding behavior, but they can also correspond with
periods of courtship and copulation, particularly because of
the likelihood of capturing males active in searching for re-
productively motivated females. Pregnant female prairie rat-
tlesnakes, for example, are relatively inactive, perhaps even
congregating in birthing rookeries, whereas nonpregnant fe-
males have made a vernal migration to hunting grounds. The
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females that migrate are the ones likely to develop ripe ova
and to become sexually motivated. Consequently, they are the
ones mature males pursue, making themselves vulnerable to
traps or to capture by hand. Although a number of repro-
ductive strategies are observed across the various families of
reptiles, most of these strategies involve seasonally increased
activity by one sex or the other. It is safe to conclude that cir-
cannual activity patterns are partly correlated with ovarian and
testicular cycles or with courtship and copulatory seasons in
taxa that exhibit a dissociation between reproductive behav-
ior and genital physiology (i.e., some species breed at times
of the year different from the times gametes are produced; in
such cases, activity is influenced by the breeding season rather
than the gamete-producing season).

In addition to circannual studies of reptile activity, there
have been many studies of circadian rhythms, that is, changes
in activity during the 24-hour period of a typical day in the
animal’s active season. Some species are strictly diurnal (ac-
tive only during daylight), others are strictly nocturnal (active
only at night), and other species are crepuscular (active at
dawn and dusk). Juvenile kingsnakes (Lampropeltis getula flori-
dana) exhibit crepuscular and nocturnal patterns, whereas
adults are diurnal. The shift toward diurnal behavior occurs
when the snakes are approximately 35 in (90 cm) snout-vent
length and capable of defending themselves against a variety
of predators, particularly birds, that are active during daylight.
Nocturnal reptiles exhibit relative cessation of activity during
periods of full moon, when ambient illumination at night fa-
vors detection by predators.

In some species, daily activity patterns shift with average
daily temperature. Among plains garter snakes (Thamnophis
radix) and western diamondback rattlesnakes, individuals are
diurnal at the relatively low temperatures of early spring and
late autumn, but during the hottest days of summer, these
same individuals become nocturnal. During intermediate
parts of the year, such as late spring and early summer, the
snakes are crepuscular, because it is too hot during the day
and too cold at night. For species with very broad geograph-
ical ranges, it is possible that individuals in northern latitudes
are diurnal whereas individuals to the south are crepuscular
or nocturnal, depending on thermal conditions.

Temperature is a primary modulator of many physiolog-
ical processes influencing digestion, reproduction, and lo-
comotion in reptiles. Herpetologists have focused on this
factor more than any other. Each species has a lethal mini-
mum and maximum temperature, below or above which life
ceases immediately. Within this range, which might be
17.6-104°F (—8°C to +40°C), there is a second range from
the critical thermal minimum (CT,y;, ) to the critical ther-
mal maximum (CTy,,), which might be from 35.6°F to
89.6°F (2°C to 32°C). Survival below the CT)yy, or above
the CTyy,, is possible for brief periods, longer below CTyy,
than above CT)yy,,, but death occurs relatively rapidly as the
temperature converges with the respective lethal extremes.
Yet another range is nested with the boundaries of CTyy,
to CT yp,, This range runs from the voluntary minimum to
the voluntary maximum, within which the reptile prefers to
remain when choice (i.e., behavioral thermoregulation) is
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possible. This range defines the animal’s normal or preferred
activity range, and its midpoint corresponds to the animal’s
voluntary or preferential mean temperature. The precise
temperatures corresponding to these boundaries shift dur-
ing the course of the year, a phenomenon called acclima-
tion. For example, in early spring, a reptile might prefer to
keep its body temperature between 64°F and 82°F (18°C and
28°C), but later in the summer, the voluntary minimum and
maximum might shift to 68°F (20°C) and 86°F (30°C), re-
spectively. As this acclimation effect occurs, the lethal min-
imum, CTy,, lethal maximum, and CTy,, all shift upward

by 3.6-5.4°F (2-3°C).

One of the dominating necessities of any reptile is to keep
its body temperature within the preferred range of its species.
Because all extant reptiles are ectotherms, temperature regu-
lation involves a large suite of behaviors, some obvious and
some remarkably subtle. Reptiles also exhibit many anatom-
ical and physiological adaptations. Among the more obvious
thermoregulatory behaviors are locomotory activities by
which the animals shuttle between sunlight and shade as nec-
essary to keep their body temperatures within the optimal
range. Basking is another behavior by which body surfaces are
exposed to sunlight to increase core body temperature. Rep-
tiles of some species can thermoregulate by altering the
amount of surface area exposed to sunlight. They do so with
inconspicuous alterations of posture, sometimes associated
with color change. Large snakes are known to retain fecal ma-
terial and to use it for storing heat. If a snake needs to reduce
its heat load, one option is to eliminate the feces. Coiling the
body and aggregating with other snakes can profoundly re-
duce the rate of heat loss, such that snakes in winter dens can
have higher body temperature than would be indicated by the
ambient climate. Because of the many behavioral and other
devices they have for regulating body temperature, reptiles
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can maintain their temperatures within a surprisingly narrow
range. The typical standard error of the mean of repeated
measurements of an individual reptile’s preferred body tem-
perature is less than 1.8°F (1°C). These measurements were
made under close to ideal conditions; nevertheless, such stud-
ies show how precise reptiles can be when heat sources and
refuge are readily available and when no obstructions are
placed in the way of locomotion. Although reptiles lack the
endothermic mechanisms of birds and mammals and only a
few species of reptiles engage in shivering thermogenesis,
when solar or other heat sources are available during the ac-
tive season, many reptiles can maintain high body tempera-
tures with surprisingly little variability.

The temperature at which reptiles maintain their bodies
during the active season can be influenced not only by accli-
mation but also by disease. Infection with pathogenic bacte-
ria can cause the reptile to prefer a higher than usual
temperature. This so-called behavioral fever kills the bacte-
ria within a few days. This interesting phenomenon has been
found to occur among most ectothermic vertebrates and is
straightforwardly analogous to the endogenous fever response
of endothermic vertebrates to pathogenic bacteria. Another
thermal phenomenon is emotional fever. Lizards handled
briefly by humans regulate their body temperature between
one and two degrees higher than normal. This elevation may
be related to a flight or escape response or to a metabolic re-
sponse to the immunosuppressive effects of stress. The pres-
ence of food in the stomach also induces reptiles to elevate
their body temperature and digest the food more rapidly and
more thoroughly than would otherwise be the case. Pregnant
females prefer higher temperatures, which facilitate gestation.
As we discover these fascinating events, our appreciation of
the precision of reptile behavior increases, as does our ability
to care for these animals in captivity.
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Reptiles and humans

From our earliest days on Earth, humans have interacted
with nearly all species of reptiles. Some aspects are consid-
ered positive, but the relationship has had a largely detri-
mental impact on reptiles, frequently affecting survival. Today
there is a perception that reptiles are an inexhaustible natural
resource. When populations are reduced, however, it becomes
readily apparent that reptiles have a significant role in the sta-
bility of nature’s convoluted web of life. It is difficult to com-
prehend this topic fully without reference to the broader
subject of conservation.

Reptiles as food

There is no doubt that many reptiles have the necessary
skills and physical characteristics to protect themselves, but
generally they are more sedentary and lethargic and less in-
telligent and aggressive than large birds and mammals. From
prehistoric times these qualities have made them vulnerable
to human predation. Reptiles remain important food items
for isolated tribes in developing countries throughout the
world. Human foragers fulfill their need for scarce animal
protein with reptiles when the opportunity presents itself, and
in certain situations they actively hunt some taxa. In the de-
veloped world, turtle, crocodilian, and rattlesnake meats have
found their way into a variety of unusual recipes.

Chelonians

Reptile eggs, particularly those of chelonians (turtles and
tortoises), provide excellent nourishment and are sought as
delicacies nearly worldwide. Although conservation laws pro-
tect turtle eggs from harvesting, thousands, perhaps millions,
of eggs are dug up and eaten or sold as food annually. When
female turtles come onto land to dig nests, they are particu-
larly vulnerable to human predation. Whether they are sea-
turtles the size of automobile tires or terrapins the size of
frying pans, these creatures’ graceful and wiry movements,
which make them difficult to catch in water, are valueless
when they are on the beach. Turtle hunters gather the smaller
species and place them in sacks or pens. Seaturtles that have
come onto beaches to lay eggs are flipped onto their backs
and left to flounder helplessly, unable to right themselves.
These massive animals are too big and bulky to be moved, so
they are butchered on the beach. Eggs are scooped into buck-
ets, the flesh is cut into chunks, and organs that are thought
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to have medicinal value are stored in suitable containers.
Large sections of skin are cut out carefully, but smaller pieces,
appendages, and any remaining entrails are dumped on the
ground for scavengers. Shells are transported carefully to a
safe place, where they are air-dried. Then they are cleaned of
all remaining skin, polished, and sold as is. Alternatively,
pieces may be carved into an array of collectible curio items.
Damaged shells are pulverized and used in folk medicines.

Of the Asian countries, China is the biggest consumer of
turtle meat; in fact, the Chinese eat more than all other coun-
tries combined. Until the 1990s the average Chinese citizen
had scant access to this expensive delicacy. Industrialization
and an upgrade in the nation’s economic structure changed
that; turtle meat now has become available to the masses. The
Chinese view turtle meat in the same way as Western coun-
tries view beefsteak—a delectable, fairly common source of
protein. In 1996, 7,716,000 Ib (3,499,900 kg) of turtles
(roughly three million animals) were imported and consumed
in Hong Kong alone.

In the heyday of sailing ships, it was difficult to keep ade-
quate amounts of food and water onboard during long voy-
ages. Sailors learned that live giant tortoises stayed alive for
weeks without the need for food or water and yet retained
their weight. Thus, tortoises were viewed as an excellent
source of fresh meat and could be butchered whenever they
were needed as food. The decimation of Galdpagos tortoises
(Geochelone migra), Aldabra tortoises (Geochelone gigantea), and
several other large species throughout the world, brought
many taxa to the brink of extinction.

In the United States common snapping turtles (Chelydra
serpentina), soft-shelled turtles (Apalone species), and red-eared
sliders are farmed and ranched along with the more sought
after but protected alligator snapping turtles (Macrochelys tem-
minckii). “Snapping turtle soup” is widely available in restau-
rants in the eastern and southern states.

Lizards and snakes

Eggs of the common iguana, Iguana iguana, are a delicacy
in Latin America, where they can be bought hard-boiled in
markets. The eggs of other lizard species are also available pe-
riodically in markets throughout the developing world. The
eating of common iguanas and spiny-tailed iguanas (Ctenosaura
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similis) has been traced to prehistoric times, and these animals
were common fare for the Mayans in the mid-1500s. They
still can be found skinned and dressed in indoor markets or
sold by children at bus stops and along roadways in villages
throughout Mexico and Central America.

Iguanas, skinned and cleaned, are a main ingredient in
many dishes, including casseroles and stews. They also may
be baked or grilled. Pregnant females are gutted, leaving the
eggs intact, and roasted as a delicacy. The Catholic Church
does not consider reptile flesh to be meat, so during the 40
days of Lent, when eating meat is forbidden, Latin Ameri-
cans often substitute lizards. In Nicaragua enormous numbers
of common iguanas are slaughtered during Easter’s Holy
Week to prepare a traditional soup, indio viejo.

Adult iguanas are in such demand that they fetch as much
as $10 per animal. The country has attempted to protect the
lizard by listing it as Threatened and placing a ban on col-
lecting and eating from December 1 to March 31, the peak
of their reproductive cycle. The fine of 50 cordabas ($5.50) per
animal is mostly a symbolic threat, and it is rarely enforced.
Generally, when collectors are caught holding iguanas, the
animals are confiscated and released into the wild.

Lizards are eaten nearly everywhere in developing nations.
Generally, smaller lizards and snakes require too much effort
to catch for the amount of meat they provide; large water
monitor lizards, Varanus salvator, are the only species that are
considered a primary food source, mainly on a few Malaysian
islands. Goannas, Australian varieties of monitor lizards, are
skinned, gutted, and broiled on a skewer by some aborigines.
Several species are eaten throughout their extensive range in
Africa, India, Asia, and Australia. The liver and eggs are par-
ticular delicacies.

Islamic law considers turtle, crocodilian, and snake meats
baram (unclean) and forbids eating them. Lizards are labeled
maushboob (doubtful or suspect). African and some Arabian
Muslims eat monitor lizards (Varanus griseus and V. niloticus)
and dhabb lizards (Uromastyx species), which they call “fish
of the desert.”

Large snakes have substantial flesh, which is palatable when
properly prepared and cooked. For a multiplicity of reasons
based on fear, religion, and folklore, snakes are rarely eaten
by all but the most protein-starved people. They have found
a small niche among predominantly North American and Eu-
ropean epicureans searching for unusual food items. All rat-
tlesnake meat is from animals taken at rattlesnake roundups
or caught by commercial collectors.

Crocodilians

Crocodilian steaks from animals butchered in their second
or third year of life are said to be exceptionally tender and
succulent, making them a delicacy in posh restaurants
throughout the civilized world. Saltwater crocodiles (Crocody-
lus porosus) are eaten in Australia, with a favored dish being
crocodile vol-au-vont. Nile crocodiles (Crocodylus niloticus) in
southern Africa, saltwater crocodiles in Australia and
Malaysia, and American alligators (Alligator mississippiensis) in
the United States are extensively and successfully farmed.
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There are several large facilities that produce tons of meat,
skins, and other products. These farms meet most commer-
cial needs and have gone a long way toward making the cap-
ture of animals in the wild unnecessary.

Reptile farming and ranching

Certain crocodilians (e.g., the American alligator and salt-
water crocodile) and turtles (e.g., the common snapping tur-
tle, Chelydra serpentina; red-eared slider, Trachemys scripta; and
Chinese softshell turtle, Pelodiscus sinensis) are farm-raised in
immense numbers for food and ancillary products. Using
crocodilian and turtle farming as a foundation, attempts have
been made to breed other reptiles on a large scale in other
parts of the world. Specialty breeders supply the needs of the
pet trade for some (mostly expensive) animals, and there are
carefully monitored endangered species breeding projects un-
dertaken to assure the continuance of a species and possibly
providing stock for reintroduction into depleted areas.

Iguana ranches have been established in Honduras, EI Sal-
vador, and Belize to provide a renewable natural food supply
as well as skins, but the demand for the pet industry has made
them more valuable as live exports. It is hoped that eventu-
ally the pet requirements will decrease and the original intent
of these farms will be realized.

Establishing similar ranches and farms in developing coun-
tries throughout the world has been slow. However, by pro-
viding jobs and demonstrating the quantity of animals that can
be produced with minimal time and work, local people quickly
realize the advantages that captive breeding and animal farm-
ing have over taking animals from the wild. The amount of
space needed is minimal, and because many of the locations
are Neotropical or tropical, climates and temperatures provide
optimal conditions for inexpensive high yield harvests of many
desirable species. Combined, these factors make reptile farm-
ing an ideal cottage industry. With such farms, ecologically
minded organizations and governmental factions could read-
ily and inexpensively subsidize the reproduction of rare and
endangered animals for possible reestablishment in places
where collecting has decimated populations.

American alligators: A successful conservation effort

The accomplishment of commercially ranching American
alligators, combined with controlled harvesting of animals
from the wild, is a classic case of turning a near ecological
disaster into a financially rewarding industry that satisfies the
demands of the food, fashion, and folk medicine markets while
protecting the survival of wild populations and sustaining an
excellent natural balance. It could act as a template for all gov-
ernments facing the unbridled exploitation of their reptile
populations.

Habitat destruction, overharvesting, poaching, and wan-
ton killing forced the U.S. government to take measures to
protect the American alligator. In 1963 it became illegal to
kill alligators in the state of Louisiana, and in 1967 the alli-
gator received federal protection under the U.S. Endangered
Species Preservation Act. This protection was strengthened
in 1969 with the Endangered Species Conservation Act, which
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A view of holding facilities at a reptile importer. The aquarium cages contain medium sized snakes and lizards, and the shoeboxes (in racks along
the wall) contain newborn, mostly captive bred snakes. This facility is unusual in that it is carefully maintained and scrupulously clean. The ani-
mals are of the highest quality, have an excellent chance for survival, and will be sold at excellent prices. (Photo by Manny Rubio. Reproduced
by permission.)

made interstate shipment of illegally taken alligators or hides
a federal offense, and again in 1973 with the passage of the
Endangered Species Act, which officially listed the alligator
as Endangered. As alligator populations recovered in
Louisiana, wildlife officials there began promoting heavily
controlled ranching and culling of wild animals in three
parishes in 1972, an effort that has become a $54 million an-
nual industry in the state. Landowners quickly realized that
supporting legal operations was much more productive, so
poachers were actively pursued and the illegal taking of ani-
mals has been eliminated. All animals are tagged, allowing the
skins to be identified easily as being legally produced. The
majority of skins are sent overseas, while the meat is shared
between domestic and international markets. Skulls, teeth,
toes, and small pieces of skin are sold as curios. Tours of the
ranches and related swamp tours are estimated to bring more
than $5 million into the state’s economy.

Controlled ranching and propagation combined with ju-
diciously monitored nationwide protection and reestablish-
ment of populations in areas where they had been eliminated
has enabled American alligators to rebound. In 1987 the U.S.
Fish and Wildlife Service, which enforces the Endangered
Species Act, moved the American alligator from the Endan-
gered list to the Threatened list. This kind of commitment
and involvement on the part of federal and state authorities
appears to be necessary to aid in the survival of many other
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reptiles. Although farming and captive colonies are major
components of conservation, restraining habitat destruction
and actively enforcing wildlife laws are primary steps to pre-
venting the extinction of innumerable taxa.

Rattlesnake roundups

The “rattlesnake roundup” stands in contrast to these ef-
forts at conservation. Rattlesnake roundups are unique in the
United States in that they are permitted to continue regard-
less of the serious impact they inflict on habitat and snake
populations. Although they are widely publicized, rattlesnake
roundups are held in very few states. They are run each spring
by private organizations in small, otherwise insignificant
towns as a way of making money. The most harmful ones are
staged by private organizations in Texas, Georgia, Alabama,
and Kansas.

Huge numbers of snakes (as many as 5,000 by some esti-
mates) are taken each year at roundups. Visitors leave these
events with the impression that killing snakes is good and that
doing so should be promoted, because it is a major means of
protecting the public from harm from rattlesnakes. Under the
guise of education, patently dangerous demonstrations of free
handling and other perilous acts are presented. Reckless par-
ticipants who are bitten in the “quick bagging” competition,
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An elderly participant at a Fundamentalist Appalachian Church holds
a timber rattlesnake (Crotalus horridus) aloft as a sign of his com-
mitment. He stands, nearly entranced, having been consumed in his
belief that by holding the venomous snake he is overcoming evil. The
intense state and “taking up of serpents” comes after considerable
communal praying, chanting, and dancing. It is only after he has been
“anointed by the Holy Spirit” that he has the strength for the con-
frontation. (Photo by Manny Rubio. Reproduced by permission.)

where snakes are grabbed freehand and stuffed into sacks, re-
ceive the coveted “White Fang” award and necessary medical
attention. This so-called honor has been bestowed on as many
as 30 contestants in a single year.

The snakes, nearly all eastern diamondback rattlesnakes
(Crotalus adamanteus) in Georgia and Alabama, western dia-
mondback rattlesnakes (Crotalus atrox) in Texas, and prairie
rattlesnakes (Crotalus viridis) in Kansas, are mistreated from
the moment of their capture. The unspoken rationale is that
they will be killed anyway.

At the event, the snakes are weighed, pinned with a hook,
stretched to be measured, milked of venom, and placed in a
trash can. When the can is filled with snakes, it is taken to a
pen, where the snakes are dumped out, piled on one another.
They bite each other, and many catch or break their fangs in
the wire mesh or strike the transparent plastic sides of the en-
closure. A number of them die in the snake pit from this mis-
treatment. At a few Texas events the snake’s future is ended
onsite. For $5.00 an attendee can chop the head off a restrained
live snake. Hundreds of others are beheaded, strung up,
skinned while still writhing, gutted, filleted, and deep-fried. A
few more dollars buys a meal of freshly fried rattlesnake,
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coleslaw, and cornbread. All the other snakes are sold to one
of several specialty butchers (for as much as $12.00 a foot) who
slaughter them, producing meat, skins, heads, and rattles. Af-
ter tanning, the skins are turned into wallets, belts and buck-
les, boots, vests, skirts, bikinis, and an array of curios. Some
snakes are freeze-dried in a defensive position with the mouth
agape and fangs erect and sold for $100 or more in gift shops.

Frequently, rattlesnakes destined for these events are taken
from dens and hibernacula during the winter. Once a den en-
trance is located, gasoline is poured through a long flexible
tube and forced into the depths of the hibernaculum, creat-
ing lethal fumes that drive the snakes to the surface, where
they are captured. The 80 or so forms of animal life that have
been recorded to cohabit in these retreats likely also become
disoriented and suffocate. No one knows how or even if the
noxious fumes dissipate, but the niche remains uninhabitable
during this time. Rattlesnake roundups are flagrant examples
of reptile exploitation at its worst. If any other animals were
the brunt of these unconscionable acts (e.g., rabbits, feral dogs
or cats), the roundups would be banned without delay.

Folk medicine

Shamans (medicine men or women) in developing coun-
tries claim uncountable natural sources for curing myriad mal-
adies and diseases, from common colds to cancers. The efficacy
of these “curatives” is suspect, but ethnobotanists and ethno-
biologists—often at the behest of pharmaceutical companies—
travel to the most remote parts of the world in an attempt to
assess such sources as well as identify previously unknown nat-
ural chemical compounds. For the most part folk remedies are
derived from plants. Nevertheless, animal organs, often from
endangered taxa, also find their way into folk prescriptions.

Snakes as major ingredients

Practitioners of Asian medicine use reptiles, mainly snakes,
extensively, because they supposedly have wide-ranging med-
icinal powers. Rare venomous snakes are constantly in de-
mand, making folk medicine a lucrative market, worth many
millions of dollars annually. The trend toward holistic reme-
dies has brought worldwide acceptance of traditional oriental
medicine. A three-volume pharmacopoeia, Chinese Materia
Medica, has been the major source of such remedies for cen-
turies. It is updated periodically, and the newest edition shows
a trend toward conservation; ingredients from less endangered
species are suggested as substitutes for those from seriously
endangered animals and plants.

Rubbing snake skin on an affected area is said to treat su-
perficial but chronic problems, such as acne, psoriasis, boils,
carbuncles, hemorrhoids, eye infections, and sore throats. A
snake’s agility and speed are thought to indicate that potions
containing snake skin will act rapidly. Snake oil has been sold
as a cure-all in Mexico and rural parts of the United States for
more than a century. Romans used it as hair restorer, but the
Chinese avoid it because it supposedly promotes impotence.

Some Asian cultures believe that eating snake meat improves

eyesight. In some places the flesh of venomous species is eaten
to treat paralysis, epilepsy, and hypertension. For nearly a thou-
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sand years Mexicans have used dried and pulverized rattlesnake
for almost every ailment, including terminal diseases like AIDS
(acquired immune deficiency syndrome) and cancer. Accord-
ing to Chinese practitioners, gallbladders have been known to
have phenomenal medicinal properties as far back as 500 A.D.
Crushed gallbladders and bile are taken as a tonic for rheuma-
tism, high fever, whooping cough, infantile convulsions, hem-
orrhoids, bleeding gums, and skin disorders. Bile is eaten with
rice or rice wine as a nourishing, energizing appetite stimulant.
It tastes sweet, very much like anise or licorice. Five major Chi-
nese suppliers claim to sell a combined 22,000 Ib (10,000 kg)
of snake gallbladders each year.

In some Asian cultures, particularly China, mixing two or
more ingredients, especially those of venomous snakes, is said
to make more powerful remedies. A mixture of skin and gall-
bladders is considered excellent for skin diseases, internal he-
morrhaging, and acute pain. Citrus and gallbladder is
combined to treat acute bronchitis. Gallbladders of three dif-
ferent snake taxa (Naja naja, Bungarus fasciatus, and Ptyas ko-
rros) combined with the herb Fritillaria thumbergii in a powder
or liquid is an all-round remedy in Europe and North Amer-
ica. It is said to be particularly effective for burns. Dried snake
and snake gallbladders are used to hasten surgical recovery
and to alleviate hypertension. Because snakes move so freely
and effortlessly, a salve containing snake extracts and organs
is thought to work well to treat arthritis.

Worldwide, people go to extremes to attain virility and
longevity. Of all the accepted potions used in Asian commu-
nities, drinking the blood drained from live venomous snakes
ranks high, as does eating their gallbladders, either raw or
cooked. Snake gallbladders serve a similar function in Latin
America. Soaking rare venomous snakes in alcohol produces
a concoction that is the specialty of hundreds of bars in Viet-
nam and China. The snake may be drowned in the alcohol
or killed first, and it remains submerged for hours to weeks
before the beverage is consumed as a sexual stimulant. Drop-
ping a still beating snake heart into a glass of rice wine and
drinking it makes yet another virility brew.

Lizards are a distant second

Throughout Latin America common iguanas are believed
to have medicinal qualities. Eating iguanas is said to transfer
their strength to the diner. A paste made by mashing them
(pinol) is a remedy for many common illnesses. Spiny-tailed
iguana flesh is regarded as a cure for a long list of maladies,
including impotence. Practitioners of oriental medicine claim
that eating live geckos cures tuberculosis and that dried gecko
powder in warm rice wine treats ailments ranging from coughs
to asthma. Dried monitor lizard gallbladders are believed to
heal heart problems, liver failure, and impotence. In Africa
the pulverized dried heads of North African monitors are used
for numerous diseases, as are tonics derived from various other
parts of lizards. Many tribes also claim that eating monitor
lizard fat helps deteriorating eyesight, arthritis, rheumatism,
hemorrhoids, and muscular pains.

Turtles are not left out
Although their meat is relished throughout Asia, pulver-
ized turtle and tortoise shells are in great demand as folk
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The young boys stand alongside a paved road that passes by a moun-
tain village in the Mexican state of Guerrerro. The locally captured igua-
nas, Ctenosaura sp., are bound with hemp cord and displayed for
passing tourists. Payment is solicited for taking pictures of the quaint
scene, or the lizard can be bought. Likely it will end up as a meal.
(Photo by Manny Rubio. Reproduced by permission.)

remedies, mostly in the form of drinkable concoctions. Tor-
toise shell is a general curative; it has been administered for
back pain, coughing, dysentery, malaria, rickets, hemorrhag-
ing, and problems associated with birthing and to increase
virility and enrich the blood. Freshwater turtle shells treat
lethargy, problems with menstruation and menopause, and
prostate inflammation.

Venom

The properties of snake venom have given it a place in folk
remedies as far back as the seventeenth century, but it has
been used in serious medical research only since the latter
part of the twentieth century. Of the wide array of compo-
nents (more than 100), a few enzymes have been singled out
by molecular biologists as potentially having a great effect on
many serious diseases. Research is being carried out through-
out the world.

This chapter is not the place to elaborate on the intricate
nature of venoms, but a fundamental understanding can impart
their importance. Venoms are divided into two basic categories.
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Master Bengali charming a snake in India. (Photo by Jeffrey L. Rotman/Corbis. Reproduced by permission.)

Hemotoxins affect the blood, damaging muscle cells and pre-
venting or, in some cases, causing blood clotting. If the venom
is lethal, the victim dies from a painful heart attack by throm-
bosis. Neurotoxins affect the nervous system by stopping neu-
rons from communicating with one another normally. In this
case, death is by relatively painless respiratory paralysis. Snake
venoms, which vary widely from species to species, usually at-
tack several organs simultaneously, causing a cascade of com-
plicated physiological responses. To complicate matters, there
are snake venoms that are both hemotoxins and neurotoxins.

Ancrod, an enzyme derived from the Malaysian pitviper
(Calloselasma rhodostoma), is being used successfully in some
countries to dissolve fibrinogen, which forms blood clots, a
major cause of strokes. Its applications are limited, since the
remedy has some serious side effects. Cancer researchers are
using a protein from a relative of the Malaysian pitviper, the
southern copperhead (Agkistrodon contortrix), to prevent the
metastasis and growth of cancerous tumors in lab animals.
The substance does not kill cancer cells but prevents them
from adhering to other healthy cells, essentially producing re-
mission. In the coming years we can look forward to many
significant medical applications of snake venoms and their de-
rivatives: as anticoagulants, antiplatelets, and antitumor
agents; in the treatment of hypertension and thermal stress;
and as anesthetics and analgesics.
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Reptile skins

Since the Gilded Age (1890-1915), American alligator skin
has been popular in the fashion industry for the strength and
lustrous texture and finish of the tanned hide. The numbers of
alligators taken from the wild skyrocketed over the years, re-
quiring enactment of a law to protect this denizen of southern
swamps in the United States. Farming and ranching brought
their numbers back to a sustainable and viable level in the wild.

Other countries have similar projects, but crocodilians con-
tinue to be poached and harvested to the point of extirpation
in many regions. France and Japan are the biggest importers
of crocodilian skins. The plight of crocodilians and cheloni-
ans will continue until governments of developing countries
accept that there is a serious problem and make a concerted
effort to protect and maintain populations. Nonetheless, in
many places animal numbers have fallen well below those
needed to reestablish sustainable crocodilian populations.

Each year millions of snake and lizard skins are used for a
plethora of fashion items. The beautiful skin patterns and tex-
tures of monitor lizards such as the water monitor (Varanus
salvator), Bengal monitor (V. bengalensis), and two African
species (V. albigularis and V. exanthematicus), make them very
popular. Tanned snake skins are handsome, but they are not
as strong or serviceable as those from monitor lizards, seatur-
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tles, and crocodilians. The difficulty in identifying the taxon
of the hide animal allows large numbers of endangered species
to be shipped posing as legal animals. Even though hundreds
of thousands of lizard and snake hides are exported from a host
of countries each year, no farming or ranching is undertaken,
which could ease the stress placed on wild populations.

Reptiles in the pet trade

Exotic reptiles have long had a special appeal for animal
lovers, but only since the 1980s has an amazing diversity of
species and a huge number of animals been imported to and
exported from the United States by what is known as the “pet
trade.” At the turn of the twenty-first century, there appeared
to be a downward trend in the numbers of reptiles imported
to the United States and an increase in those being exported.
T'wo factors are responsible for the increased number of ex-
ports: more reptiles are being collected from the wild, and
more are being produced through farming, ranching, and cap-
tive breeding. This pet trade total is misleading, however, be-
cause a substantial number of adult chelonians sent abroad
from the United States are used for food or folk medicines,
not as pets. The following figures, reported by the Humane
Society, are taken from data collected by the United States
Fish and Wildlife Service:

Imporis Exporis
1998 2,141,823 10,736,258
1999 1,986,747 10,956,876
2000 1,514,646 13,334,338

(lllustration by GGS. Courtesy of Gale.)

There are literally millions of people keeping reptiles and
amphibians as pets in the United States. Some may have one
or two animals, but the majority of collectors have a dozen
or more. Many commercial breeders retain colonies of hun-
dreds of reptiles, and a few have thousands. An inordinate
number of the nine million reptiles kept in the United States
as pets do not survive more than two years, mainly because
their needs are not properly met and they perish from un-
treated ailments and diseases.

The situation appears less dire in Europe and Japan. Eu-
ropean and Japanese collectors pay higher prices for their an-
imals and tend to have smaller collections than do Americans.
To compensate for the limited variety of indigenous animals
and the stringent laws protecting those they do have, nearly
all pet reptiles and amphibians are imported. Also, pet keep-
ers in these countries are vigilant in their husbandry tech-
niques, taking great pride in the condition and longevity of
their captives. Likely because of the expense of housing in
Japan, captive breeding is minimal and few animals are shipped
out of the country. That appears not to be the situation in
parts of Europe, where captive breeding is popular, and cer-
tain particularly delicate species are actively bred and exported.
However, the number of imports outnumbers those exported.

The exportation of reptiles is fraught with problems. Rep-
tiles frequently spend weeks to months without food and wa-
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Detail of a Panamanian cuna mola with a large snake. (Photo by Danny
Lehman/Corbis. Reproduced by permission.)

ter in transit from the original captor (frequently a farmer in
an isolated region) to the point of shipping. Many are smug-
gled from countries in which they are protected to those with
more liberal laws. Commonly they are stored in crowded, un-
clean containers and pens that are breeding grounds for dis-
ease, while the shipper awaits additional animals to fill an
order. There are innumerable reports of suffocated and
crushed animals found on the bottom of overstuffed shipping
crates and boxes. Malnutrition and dehydration exacerbate the
plight of these animals.

Unusual uses for reptiles

In some parts of the world snakes and lizards are tolerated
near homes because they control the populations of rats, mice,
and other pests. Reptiles may proliferate in these conditions,
sometimes reaching impressive densities. Larger lizards, mostly
monitors, not only devour rodents but also feed on snakes and
small animals that are destructive to crops. They also consume
animal and vegetable refuse left in dumps, which helps cut down
on vermin and flies and other insects attracted to such sites.

Walter Auffenberg discusses one of the more extraordinary
intentional uses of monitor lizards: devouring human corpses.
In Bali dead bodies are covered with wicker baskets to deter ma-
rauding monkeys and dogs, so that the lizards can feed unin-
terrupted. He also relates that on the Mergui Archipelago,
corpses are placed on platforms in the forest as a feast for lizards.
The Hindu ritual of rafting burning corpses down the Ganges
River in India provides meals for gavials and Indian crocodiles.

Fear and prejudice

The acceptance of turtles, tortoises, and lizards is wide-
spread, and crocodilians are tolerated from afar. Snakes are an
entirely different matter. The mere sight of a snake can elicit
repulsion and anxiety from many people, and even genuine
terror and aggression. These violent reactions often arise from
an aversion to scaly, cold creatures that are capable of biting
and, in some cases, injecting their victims with a lethal dose
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A woman in Huisache, San Luis Potosi, Mexico, attempts to sell salted snake skins and sun-dried rattlesnake carcasses to passersby.
The purchaser will grind them up into fine particles and use it as folk medicine. Natives believe the powder cures a variety of maladies
from colds to cancer. (Photo by Manny Rubio. Reproduced by permission.)

of venom. Thousands of snakes are killed annually for no rea-
son other than their being in the proximity of humans; iron-
ically, the encounter is typically in the snake’s natural habitat.
The evolutionary biologist E. O. Wilson has suggested that a
fear of snakes is in our genes and that cultural evolution can
be linked genetically to biological evolution over time. There
is some justification for this fear, as thousands of people are
killed by venomous snakes annually. Many snakes are killed
on sight. The weapon of choice may be as unsophisticated as
a stick or as refined as a rifle.

Folklore, mythology, religion, and superstition

Legends

People’s perception of reptiles has always bordered on fan-
tasy, and most countries in the Old World and New World
have stories about these creatures ensconced in their histories.
One example is the enchanting myth of Saint Patrick leading
all of Ireland’s snakes to their demise, to protect the Irish peo-
ple. (There are no snakes in Ireland.) Druids carried amulets,
gloine nathair (serpent glass), representing adder eggs, to show
respect for the wisdom and cunning of snakes as well as for
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their powers of regeneration through molting. Turtles taught
the Druids to be methodical, unhurried, and in tune with
changes in their environment. From lizards, which represented
constant change, they also learned to be aware of what went
on around them. A giant sea serpent is referenced in many
countries, but it is best known as Scotland’s Loch Ness mon-
ster. Norway, too, has its serpent monster, Nidhogger, repre-
senting volcanic upheavals and decay in the earth.

Reptile associations with dieties

Through equal parts fear, misunderstanding, awe, and re-
spect, reptiles inevitably became an integral part of folklore
and religion. They are found throughout Greek and Roman
mythology, often in association with deities. Early Greeks and
Romans thought that lizards retained divine wisdom and
brought prosperity. Their ability to hibernate was seen as the
embodiment of resurrection from the dead in early Rome. The
Roman goddess Venus (Aphrodite to the Greeks) was said to
have descended from the ocean, so the turtle was attributed to
her and to fertility. Athena, the Greek goddess of wisdom, car-
ried a shield with the image of a snake, and the Temple of
Apollo at Delphi originally was known as Pytho, from which
comes our English word “python.” The god of medicine was
known as Aesculapius in Latin and Asclepius in Greek; his em-
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blem, the caduceus, was two serpents entwined on a winged
staff. The entwined snakes originated in Babylonia as repre-
sentative of healing, wisdom, and fertility. Adding the staff and
wings, the Greeks made it the symbol of peace, carried by Her-
mes, the winged messenger of the gods. The Romans bestowed
a similar function on the caduceus for their counterpart to
Hermes, the wing-footed god Mercury. In the sixteenth cen-
tury it became associated with medicine and eventually took
its place as the icon of the American Medical Association.

In Egypt, Renenutet (Re), the goddess of fertility and the
protector of children, is depicted as a cobra-headed woman ca-
pable of destroying enemies by simply looking at them. Like
many early peoples living within the range of crocodiles, Egyp-
tians saw them as the epitome of evil, hypocrisy, and treachery.
Sobek was a vicious, deceitful, treacherous, crocodile-headed
Egyptian idol that was enshrined in the Great Temple of Sobek.
Conversely, other Nile peoples viewed them as symbolizing the
rising waters of the Nile and the representation of sunrise.

Reptile worship

Reptiles also have been viewed as dieties in their own right.
Both early peoples and indigenous peoples of today hold cer-
tain reptiles in reverence. The Aztecs and Toltecs saw snakes
as the teachers of humankind. Pre-Columbian Mayans named
the half-man, half-god incarnation of the serpent sun “Quet-
zalcoatl,” meaning “plumed (feathered) serpent.” This god is
depicted in stylized art throughout Mexican and Central
American ruins of the era. The pattern, shape, and rattle leave
no doubt that this is the Neotropical rattlesnake Crotalus duris-
sus. Elaborate rituals, including human sacrifice, were carried
out to appease the god. Many peoples correlate turtles and
tortoises with earth gods, holding the earth atop their shells.
In Polynesia lizards are seen as the “god of heaven,” and
geckos are considered sacred, a manifestation of the mystical,
powerful, and terrifying dragon-like monster zz0’. Their
longevity and apparent intelligence have placed tortoises in
an exalted place, as oracles, in Chinese folklore.

Snakes seem to have found the widest place in religion,
mythology, and folklore through the ages. In Serpent Worship
in Africa, Wilfred Hambly lists 16 biologically based reasons
why snakes are so important in religions throughout the
world. With minor modifications, most of his concepts can
be applied to many larger reptiles. Their cryptic coloration,
quiet and slow movements followed by rapid and vigorous
movements, and appearance after a period of hibernation or
estivation (sometimes in great numbers and frequently asso-
ciated with rains) perpetuate the illusion that snakes can be-
come visible and invisible at will. The large size and strength
of some species are viewed with awe. Their ability to inject
or spray venom is a unique method of killing or overpower-
ing prey or enemies. Hissing and producing other sounds,
along with body inflating or other changes or enlargements
in the shape of body parts (e.g., cobra hooding) add to the
fear factor. Bright coloration and strange patterns; ridges,
spines, and other protuberances of the skin; and a bifurcated
penis covered with spines add to their uniqueness. The shed-
ding of their outer layer of skin represents rejuvenation, and
the large numbers of young they bear are seen as a bountiful
perpetuation of the species. The darting, forked tongue of
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snakes and their unchanging stare (derived from their lack of
eyelids) are perceived as the ability to hypnotize.

The ancient Semites and Mesopotamians believed that
snakes were immortal. The figures of cobras were affixed to
the crowns of the pharaohs in Egypt. Sects and tribes in In-
dia and Africa have worshiped snakes as gods or their mes-
sengers since earliest times. In China, snakes, assuming the
form of dragons, are seen as fierce protectors of the people.
Snake temples can be found throughout Buddhist countries.
Tibet, Vietham, Cambodia, and Laos have many shrines de-
voted to pit vipers. The snakes roam freely on the altars, where
they are carefully fed and tended by priests. Hundreds of
myths relating to the powers of snakes have been passed from
the earliest generations. Snakes are revered to placate them,
so that they will become guardians of the people and not harm
them; they are worshiped to encourage a blessing of distinc-
tion, prosperity, and contentment. If disrespected, it is
thought that they will become angered and place a curse on
the offender, which may cause illness, death, or loss of pos-
sessions. Additionally, snakes are said to be spirits of the dead
and are respected as such. They are given supernatural pow-
ers (animism) and, in many cases, humanistic traits.

Mexican anthropologists have suggested that the Virgin of
Guadalupe, the patroness of Mexico, is the personification of
Cihuacoatl, the Mayan snake goddess. Snake priestesses held
a very important place in African snake worship in nearly
every one of the nearly thousand known temples. They were
considered to be wives of the python god and had sexual re-
lations with the priests. Children born from these unions were

considered offspring of the python god.

Snake worship is declining rapidly as remote parts of the
world become “westernized,” but Africa is apt to retain ves-
tiges for quite some time. Reverence for African rock pythons
(Python sebae) remains high throughout Africa. In Benin the
python god, Danh-gbi, is seen as the great supporter of hu-
mankind, god of happiness and wisdom, and overseer of boun-
tiful crops. Elaborate festivals are held, in which large pythons
are carried throughout the village. Snake priestesses walk at
the front, beating stray dogs, fowl, and pigs to death with clubs,
lest they upset the python god. In earlier times, little girls, with
the blessing of their parents, frequently were taken to be
trained as wives of the python god. In many parts of Africa it
is a crime for anyone to mistreat a python. A person that mis-
takenly or accidentally kills one may be burned to death. It is
not uncommon for foreigners to be punished, by flogging or
some other harsh physical punishment, for abusing a python.
Animal dealers and collectors always have been very careful to
avoid taking pythons from snake-worshiping areas.

Indian traditions and offshoots

Nowhere do snakes receive more elaborate adoration
than in India. Indian mythology claims eight major snake
gods: Shesha, Ananta, Visuki, Manasadevi, Astika, Kaliya,
Padmaka, and Kulika. In different regions they may be called
by different names, but their physical characteristics and
virtues remain constant. Most are depicted with several
heads, and each has a specific day dedicated to its worship.
The great snake god Vishnu’s couch is believed to be the
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thousand-headed cobra Shesh Nag, who protects him and
symbolizes eternity.

Indian cobras (Naja naja) and king cobras (Ophiophagus
hannahb) are embedded deeply in India’s traditions and vener-
ated by Hindus, especially in the south. Cobra veneration is
second only to that of the cow. Cobra symbols, idols, effigies,
and temples representing Krishna, Shiva, Rama, and Janard-
hana, are widespread in the country. Most private homes have
a snake idol, usually a cobra, carved into stone and carefully
placed in the shade of a tree, where vegetation is permitted
to grow freely. In India the cobra is known as Naga, a name
derived from the Sanskrit for “serpent.”

Naga Panchami is a special all-India festival devoted to
worshiping snakes, particularly cobras. It dates back at least a
thousand years, and the most elaborate celebrations are held
in Baltis Shirale, where the snake goddess Amba Mata is said
to have killed the devil. Because of her, snake festivals are seen
as praising feminine power. Snakes are caught beginning three
weeks earlier, at the Bendur festival that celebrates Amba
Mata, and kept in earthen jars at the temple, where they are
fed rodents and frogs until Naga Panchami. They are not de-
fanged or mistreated in any way, as such mistreatment is con-
sidered sacrilegious.

On Naga Panchami, dancing villagers, accompanied by
musicians, lead a procession carrying flowers, milk, and eggs,
which are presented to the snakes at the temple. Milk offer-
ings can be traced to the legend of the snake god Visuki, who
used his massive tail to churn the oceans of milk in an attempt
to raise the elixir of immortality from the submerged city of
Atlantis. Unmarried women see the cobra as good luck in
marriage, and some will chance kissing the aroused hooded
snake on top of its head to solicit additional blessings. Rev-
erence is so pervasive on Naga Panchami that vegetables are
not cut, because it is believed that a cobra may have assumed
a tiny form and lies hidden in them.

Many Hindu myths involve a semidivine race of snake peo-
ple also known as Naga. The women, Nagin, are strikingly
beautiful serpent princesses capable of changing into cobras
or half-snakes, half-humans at will. In the states of Bengal,
Orrisa, and Assam, the snake queen Mansadevi (Visuki’s sis-
ter) is adored as protector of the people. Some snake charm-
ers play lilting and melodious tunes to give her pleasure.

Naga worship started in India and followed trade routes
into China and southeastern Asia, where it was accepted and
absorbed into Hinduism and Buddhism. This brought the im-
portance of the beautiful Nagin women into predominantly
male-dominated beliefs of such countries as China, Laos,
Cambodia, Vietnam, Java, and Japan. Frequently, they are
seen as having human heads on snake bodies. In parts of China
the sister of Emperor Fu Xi, Nu Wa, is said to have created
humanity from mud found at the shore. Humans made by
hand became aristocracy, whereas those formed from droplets
flicked from her tail became peasants.

The best-known Nagin tale is the Legend of White Snake,
which has been traced to the Tang Dynasty (618 A.D.). All
versions are love stories, focusing on a beautiful seductress, a
spirit with the form of a white snake. Her friend and hand-
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maiden is a spirit that takes the form of a green snake. The
tale, which has as many as 16 parts, has changed in plot through
the centuries and as it passed from country to country.

Snake charming

The followers of a guru named Gorakhnath, said to have
been entrusted by the snake god Shiva as the keeper of snakes,
began the practice of handling cobras, or “snake charming.”
It is believed that after being fed cobra flesh and venom at a
dinner, he and henceforth all of his disciples became immune
to the venom. Because of this supposed immunity, his be-
lievers handle snakes that have not been altered in any way;
they are fully capable of inflicting deadly bites. Disciples, who
are considered holy men, settled in a village near Delhi called

Morbandth.

For more than two centuries the majority of India’s famed
snake charmers learned their craft in Morbandth. Although
there are thousands of these snake handlers on the streets of
India who employ snakes in the context of their religious be-
liefs, many others perform in marketplaces as a method of
making money by entertaining tourists. Most cobras, vipers
(e.g., Russel’s vipers, or Daboia (Vipera) russelii), and pythons
(e.g., Indian and reticulated pythons, or Python molurus and
P. reticularus) used by bogus snake charmers have had their
venom glands removed or their mouths sewn shut to prevent
injury to the handler. Although they are in distress in this
condition, they still respond to the snake handlers by spread-
ing their hoods and following the swaying movements of the
charmer’s flute. Thousands of cobras die from mistreatment,
starvation, or malnutrition at the hands of these bogus snake
charmers each year. Those used by followers of Gorakhnath
are set free after a few months or kept and cared for carefully,
sometimes for many years.

Under pressure from India’s Wildlife Protection Fund, the
government is enforcing the 1972 law that makes it illegal to
capture snakes. Sadly, most of the snake charmers, both real
and fake, are uneducated and have no other method of mak-
ing a living, so the ban exacerbates the extreme poverty in
which the country’s population lives.

Hopi snake dance

The most noted Native American snake/human interrela-
tionship is the annual Hopi snake dance, which takes place in
the fall. Snakes are used in the elaborate nine-day ceremonies
as effigies, to promote spring rain that will ensure strong
crops. The snakes are caught and placed in underground
rooms known as kivas, where they are maintained in earth-
enware pots, prayed over, and then washed carefully. The
event became such a popular attraction that photography was
banned in 1915 as a way to maintain decorum and dignity;
only Native Americans have been permitted to attend since
the latter years of the twentieth century.

The most dramatic part of the ceremony comes at its cul-
mination at sundown on the last day. It is a drama depicting
an ancient Hopi myth in which the Corn Maiden confronts
the Snake Youth. Masked, bare-chested, bedecked in blue,
and elaborately painted in black and white, priests perform a
circle dance with snakes, mostly rattlesnakes (Crotalus viridis
nuntius), dangling from their mouths, while younger mem-
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bers of the tribe accompany them. Whipsnakes (Masticophis
species) and bullsnakes (Pituophis catenifer) also are used. Af-
ter several minutes of dancing, ending in a prayer by the chief,
the priests gather up the snakes, race into the desert, and re-
lease them as messengers to the gods.

Judeo-Christian beliefs

The Bible contains many references to snakes, the most
well known being the serpent tempting Adam and Eve to eat
the apple (forbidden fruit) in Genesis 3:1-24. Out of this temp-
tation, Jews and Christians have been taught that snakes rep-
resent evil. Nearly everywhere they are related to Satan, as is
evidenced in God’s curse of the snake: “Upon thy belly shalt
thou go, and dust thou shalt eat all the days of thy life” (Gen-
esis 3:14). In other Old Testament biblical passages, Moses
changes rods to serpents (Exodus 7:8-12) and makes fiery ser-
pents (Numbers 21:5-9), signifying God’s power to transform
an inanimate object into a terrifying one. Also, corrupt judges
are likened to snake’s venom (Psalms 58:4-5). In the stories of
the New Testament, the apostles are called wise as serpents
(Matthew 5-7 and 14-16), and Paul is bitten by a viper (Acts,
27:41-44, 28:1-6) but fails to show any signs of sickness.

One unusual Christian religious sect employs venomous
snakes in their services. This group is located in very small,
poor rural towns scattered in and around the southern Ap-
palachian Mountains of the United States. Following funda-
mentalist beliefs, the worshipers maintain simple, puritanical
lifestyles by strictly adhering to the words of the Bible. Their
credo is based on Mark 16:17-18: “And these signs shall fol-
low them that believe; In my name shall they cast out devils;
they shall speak with new tongues; they shall take up serpents;
and if they drink of any deadly thing, it shall not hurt them.”

Participants believe that their personal faith and Christian
obedience anoint them with the power to overcome evil, sym-
bolized by the ability to handle venomous snakes with near im-
punity. “Snake worship” is a misnomer for this practice; the
potentially lethal rattlesnakes, copperheads, and cottonmouths
they handle are seen not as messengers of God but as the em-
bodiment of Satan. The intensity of this sect’s services, which
includes praying, chanting, singing, and dancing along with han-
dling snakes and talking in tongues, accompanied by music from
electric guitars and keyboards, is quite literally overwhelming.

Voodoo

With its roots in West African beliefs that can be traced
back six thousand years, Voudou (anglicized as “Voodoo”) and
related religions (e.g., Yoruba, Ubanda, Candomble, Quim-
bada, Lucumi, and Macumba) have strong followings in sev-

Reptiles and humans

eral parts of the New World, among them, Haiti and Cuba,
with isolated groups throughout the West Indies and in some
parts of South America and United States. As might be ex-
pected for worship so closely entwined with nature and asso-
ciated with strange rituals, including sacrifice, snakes assume
a prominent place. Snakes are seen as symbols of three main
deities, called Loas, who parallel Christian saints and mani-
fest themselves by taking over and possessing a human par-
ticipant involved in a religious ceremony.

Aida-Wedo is the Loa of fertility and new life. She assumes
the form of a rainbow snake and is extolled with the sacrifice
of white chickens and white eggs. Damballah-Wed (Bon Dieu
Loa in Haiti) is known as the Loa Father and represents the
ancestral knowledge upon which Voodoo is based. He, too,
symbolizes fertility and new life and is said to be a snake liv-
ing in trees near springs. White chickens and eggs are sacri-
ficed to him as well. Simbi is the Loa of freshwater and rain.
He watches over the creation of charms. Symbolized by the
water snake, he is one of Haitian Voodoo’s three cosmic ser-
pents. He is celebrated by sacrificing spotted roosters.

Superstitions

Some myths are better called superstitions. Some tribes
along the Nile River believe that crocodile teeth worn on a
cord around the neck protect a person from attack. In many
African countries, if a crocodile is killed, its liver must be
burned to protect the village from evil. If a python is killed
in southern Africa, it must be burned, or, it is believed, it will
seek revenge or cause an extended drought. In other African
countries, where crocodiles are thought to be reincarnations
of the dead, they are fed regularly, to ensure that they will
protect the community.

Snakes took such an important place in Asian history that
they were chosen as one of the animals in the Chinese Zo-
diac’s 12-year cycle. In India a copper coin is placed in the
mouth of a dead snake before it is buried carefully, to fore-
stall evil events. Devout Australian Aborigines believe that
killing a goanna will cause the sky to fall. True chameleons
are viewed with trepidation in West Africa and believed to
have exceptional mystical powers. It is thought that their un-
usual appearance, independently moveable eyes, and ability to
change rapidly into vibrant or dull colors give them the power
of deceiving humans. They are said not to eat but rather to
take nourishment directly from the air, and they are consid-
ered to be directly associated with the sun, from which they
can steal fire. Even in the modern world American cowboys
think that sleeping encircled with a horsehair rope will keep
snakes at bay.
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Reptiles are frequently secretive, and knowledge of their bi-
ological status often is based on anecdotal information rather
than on precise scientific data. Nonetheless, scientists have
identified certain characteristics, which make some reptiles par-
ticularly vulnerable to changes in their environment. Species
that are large; island dwelling; restricted in distribution, habi-
tat, or ecological specialists; require large home ranges; are mi-
gratory; or are valued as food or medicine or for their skin are
most likely to show population declines when stressed by hu-
man activity. In combination, as when a large species used for
food lives on an island, these characteristics have made some
reptiles extremely susceptible to human influences. In addition
to the spatial, size, and behavioral characteristics that make rep-
tiles vulnerable to extinction, certain life history traits, such as
delayed maturity, slow growth, a low reproductive output, and
high juvenile mortality rate, combine to make recovery diffi-
cult for many species. The difficulty arises because these bio-
logical traits are the product of a long-term evolutionary history
and are slow to respond to rapidly changing conditions brought
about by human activity. Because some species have long gen-
eration times, they cannot adapt to rapid environmental change
or even to well-intentioned conservation management.

Itis difficult to determine how many reptiles are endangered
worldwide or even to guess at what percentage is threatened.
Some groups, such as turtles and tuataras, are declining because
they are affected adversely by humans and because they pos-
sess the aforementioned life history characteristics that make
them exceedingly vulnerable to environmental change. Exam-
ples of reptiles in need of the highest-priority conservation
efforts include the giant tortoises of the Galdpagos and
Seychelles, seaturtles, the giant land iguanas of the Caribbean,
the Canary Islands giant lizard, several crocodilians (e.g., the
Chinese alligator, the Siamese and Philippine crocodiles, the
tomistoma, and the gharial), and the two species of tuataras in
New Zealand. The following sections provide a broad overview
of reptile conservation, the factors that affect reptiles, and the
tools available to biologists to reverse declines and to enhance
prospects for long-term survival.

Scope of the problem
Of the four reptile lineages, turtles (Chelonia) are the most
threatened of the major groups. More than half of the 264 or
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so recognized species face serious population declines or even
extinction. Nearly all tortoises require concerted conservation
management, as do the seven species of seaturtles. The re-
gional turtle fauna most endangered is the Southeast Asian
turtle fauna: many species are being driven to extinction by
the trade for food, traditional medicines, and pets. Turtles
everywhere are threatened by habitat loss and the degrada-
tion of river and wetland ecosystems.

Although they are feared, crocodilians always have been
valued for their skins or as food, and today more than half of
the 23 species are endangered or declining. Fortunately, bi-
ologists have reversed declines in some of these species
through strict legislation, research, and management pro-
grams, at least where habitat remains intact. Other species,
however, are still extremely vulnerable, because human pop-
ulations have encroached into their habitats to such a great
extent that the crocodilians have no place left to go. Poach-
ing remains a threat, particularly to the rarer species.

The status of squamates (lizards and snakes) generally is
less well known than that of turtles and crocodilians, except
for some species in commercial trade. Like other reptiles,
lizards and snakes are threatened especially by habitat loss.
Literally millions of these reptiles are harvested from wild
populations for the fashion industry. Some species seem fairly
resilient to harvest, whereas other species have declined. Col-
lection for the pet trade and for food is also a source of con-
cern, especially among the chameleons and the attractive and
docile snakes. Harvest in certain regions, such as southeast-
ern and eastern Asia, is likewise cause for great concern.
Snakes are killed nearly everywhere, even when they pose no
threats to humans. Unfortunately, little is known about the
basic biology of many squamates that appear to be declining.

There are only two species of tuataras (Rhynchocephalia),
both inhabitants of remote New Zealand islands. Although they
are lizard-like, they are the sole survivors of an ancient reptile
lineage. They are vulnerable to habitat loss, poaching, and es-
pecially the introduction of rats onto their small island homes.
Both species are strictly protected, monitored, and managed.

Threats to reptiles

The threats that affect reptiles are the same as those that
affect biodiversity throughout the world. The primary danger
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Turtle eggs, five in each bag, are hanging for sale for about $3 in a vil-
lage stall by the roadside in Terengganu, eastern Malaysia. Seaturtles
have existed virtually unchanged for more than 100 million years. But
human activity, including taking eggs, considered an aphrodisiac in some
parts of Asia, has helped push several species to the brink of extinc-
tion. (Photograph. AP/Wide World Photos. Reproduced by permission.)

to reptiles probably comes from the direct loss of habitats,
whether the habitat is a small patch of temperate forest or the
vast rainforest of the Amazon basin. Habitat loss is not con-
fined to the surface of the ground but extends both arboreally
and deep underground, depending on the life history require-
ments of the species. Migratory reptiles, such as seaturtles, face
threats in different habitats, sometimes located great distances
from one another, as the turtles move between natal, breed-
ing, and feeding grounds. If a beach vital to nesting is de-
stroyed, then the life history of the species may be disrupted,
even if migratory pathways and feeding grounds are in excel-
lent condition. Complex life cycles make species vulnerable to
habitat change.

The alteration of habitats often is more subtle and less dra-
matic than outright habitat destruction, but it is equally dev-
astating to reptiles. Whereas habitat destruction is immediate,
the effects of habitat alteration may take place over a long
time period. Thus, the difference between habitat destruction
and alteration is often only a matter of scale and time. Per-
haps the most common effect of habitat alteration is frag-
mentation of remaining habitats into smaller patches. These
patches may not contain sufficient amounts of habitat to main-
tain a reptile population, such as a colony of tortoises or a
wide-ranging population of indigo snakes. Habitat fragments
may be isolated; may require animals to move (if possible)
across unfamiliar ground; increase animals’ vulnerability to
predation and mortality from humans, especially as roads are
crossed; and are more susceptible to random environmental
events, such as hurricanes. Reptiles living in habitat fragments
are exposed to disturbance from predators and competitors
living on the edge of the fragment.

Unsustainable use, whether trade for skins, food, or pets,
may devastate certain reptiles, because reproduction cannot
keep pace with the loss of animals. Selective harvesting of even
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a portion of the population may have severe consequences.
For example, female seaturtles are particularly vulnerable as
they nest. They are easily captured, and the loss of this vital
half of the adult population eliminates the chances of recov-
ery. In general, little research has been undertaken on the
effects of trade on reptiles, except for seaturtles and croco-
dilians, because wildlife management agencies traditionally
are concerned with popular and charismatic mammals and
birds rather than reptiles.

Environments around the world are awash in chemicals
whose effects are both direct and indirect. Pollution destroys
reptile habitats by changing environmental conditions, by
causing direct toxicity to an animal or its prey, or by subtle
effects on reptile biophysical or physiological requirements.
In contrast, long-term sublethal exposure makes reptiles more
vulnerable to predators and disease. For example, such con-
taminants as PCBs have been shown to mimic the activity of
estrogen, an important hormone that plays a part in sex de-
termination. When these chemicals are present, abnormal de-
velopment takes place, resulting in intersexes and in reduced
reproductive ability (by affecting morphologic features), suc-
cess, and survivorship. The populations of alligators and tur-
tles in certain Florida lakes have declined as a result of
endocrine-mimicking chemicals dumped into their habitats
years ago.

There are hosts of other factors that affect reptile sur-
vivorship, including the overabundance of subsidized preda-
tors (e.g., ravens and raccoons), disease, adverse effects from
nonindigenous animals and plants (e.g., mongooses, fire ants,
and invasive vegetation), malicious killing, and even climate
change. For example, certain predators have increased dra-
matically in proximity to humans. Raccoons are now without
natural predators throughout much of their range, and they
are subsidized by human garbage and feeding in both urban
and rural areas. As their populations increase, they are capa-

Confiscated snakeskin shoe. (Photo by Galen Rowell/Corbis. Repro-
duced by permission.)
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ble of destroying nearly every turtle nest and neonate reptile
in their vicinity, and they can seriously threaten adults.

Disease (both viral and bacterial) has become a growing
problem, particularly affecting seaturtles and tortoises. Dis-
ease outbreaks often are associated with polluted or environ-
mentally stressed habitats, and pathogens may be transmitted
through the release of diseased captive animals into the wild.
Invasive or nonindigenous species, such as imported fire ants,
directly kill reptiles and destroy eggs or modify habitats so
that native species can no longer survive there. People every-
where kill harmless snakes and other reptiles for no reason at
all, except pure meanness or fear.

Finally, little is known about how reptiles might respond
to climate change, although it is certain that barriers between
existing fragmented habitats would limit movement to new
areas. In addition, global warming might have a more subtle
effect. Since the temperature during egg incubation deter-
mines the sex of many reptiles, an increase in nest tempera-
tures could produce fewer male and more female turtles and
more male and fewer female crocodilians and could have a
mixed result among some other species. Changes in rainfall
patterns undoubtedly would affect reptiles, although in-
creased ambient temperatures actually might benefit some
species.

Conserving reptiles

The best way to conserve reptiles is to protect their habi-
tats. This does not call solely for the creation of parks or
preserves, since such areas are not isolated from the envi-
ronmental effects surrounding them. Scientists realize that
habitat protection is complex, bringing to bear knowledge
of the interrelationships of land, water, air, and biotic com-
ponents. Likewise, people surrounding protected areas must
have a stake in the success of the park or preserve, because
reptile conservation usually involves “people management”
more than “reptile management.” Additionally, there are
other ways to protect habitats rather than putting them
solely in public trust, as through land easements and con-
servation agreements, tax incentives, land banking, and pri-
vate acquisition. Habitat protection must encompass the
spatial needs of the species or ecosystem to be conserved,
whether it is a regional landscape, a linear river or stream,
or an underground aquifer.

Knowing the biotic requirements of a species helps in plan-
ning reserve design and management. There are no truly pris-
tine areas on Earth, and all ecosystems must be managed at
some level to ensure reptile survival. Management must work
within the requirements of both the species and the available
human resources. If either set of requirements is ignored, ef-
forts to conserve reptiles are unlikely to succeed. Considera-
tion of habitat restoration and manipulation, such as
revitalizing ponds for bog turtles or building dens for win-
tering snakes, increasingly is being included in recovery and
conservation plans. Both management and restoration require
detailed knowledge of natural history to predict how a species
will respond to change and to determine which management
approaches benefit the species.
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A KwaZulu-Natal Nature Conservation Service staff member cuts
notches into the carapace of a loggerhead turtle hatchling (Caretta
caretta) as part of a research project. (Photo by Roger De La Harpe:
Gallo Images/Corbis. Reproduced by permission.)

There are several ways to curb habitat fragmentation. Plan-
ning could minimize the extent of lands affected, maximize
patch size, and reduce the distances between patches. Devel-
opment plans could allow for corridors between patches, pro-
tection of migratory habitats, and construction of ecopassages
over or under roads and other transportation routes. For ex-
ample, barrier walls and culverts have been used successfully
in Florida to cut down mortality rates and to facilitate move-
ment under a major highway across a state preserve. Deaths
of alligators, turtles, and snakes declined significantly after the
ecopassages were built. Effective management of habitat
patches might include the removal of subsidized predators and
the maintenance of natural disturbances, such as fire.

If the problem affecting reptiles leads to the loss of indi-
viduals, such as through habitat destruction or trade, legal
protection is appropriate. For example, the American alliga-
tor and other crocodilians have made a remarkable comeback
after legal protection and vigorous law enforcement prevented
unsustainable trade. Protection of individual animals without
protection of their habitat or without research designed to
understand the cause of their decline will be ineffective, how-
ever, and, in some cases, counterproductive. In addition, the
presence of an animal on protected lands does not mean that
it is protected. For years venomous snakes were killed on sight
in some U.S. national parks as part of government policy.

In many countries there are laws that restrict or curtail pol-
lution, but pollution continues to affect ecosystems through-
out the world. If reptiles are to be conserved, particularly in
aquatic ecosystems, these laws must be enforced and extended
vigorously. Measuring sublethal or indirect effects of chemical
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A newborn leatherback seaturtle (Dermochelys coriacea) makes its way
into the ocean in Jupiter, Florida, USA. The nest produced about 200
turtles overall. If the turtle survives, it could grow to a weight of about
350 Ib (158 kg); however, only about 10% of the turtles that are born
each year survive to adulthood. (Phototograph. AP/World Wide Photos.
Reproduced by permission.)

contamination is much more difficult, especially with the va-
riety and number of chemicals released each year. Endocrine-
mimicking chemicals have the potential to devastate wildlife
populations, because they work in trace amounts. The demon-
strated effects of some of these chemicals on reptiles, espe-
cially as factors affecting development, reproduction, and
survival, should bring into question their impacts on humans.
In addition, much research needs to be done toward under-
standing diseases in reptile populations, that is, their causes,
the way they spread, the factors that stress immune systems,
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long-term effects on wild populations, and methods of treat-
ment and management.

A few declining reptiles have benefited enormously from ad-
vances in husbandry at zoos and aquariums and even by pri-
vate individuals. Zoos and aquariums serve as refugia for
threatened reptiles, allowing scientists to learn much about rep-
tile biology as a prerequisite to the restoration of wild popula-
tions. Programs for giant tortoises, crocodilians, and some of
the larger lizards, in particular, hold much promise. In addi-
tion, zoos and other organizations participate in the formation
of “assurance colonies,” where animals seized in illegal trade
are rehabilitated and held untl conservation plans can be de-
veloped for their ultimate return, if possible, to natural habi-
tats. Asian turtles currently maintained in assurance colonies
offer promise that these species can be saved from extinction.

Ultimately, reptiles and the ecosystems on which they de-
pend can be conserved only via the partnership of research,
management, and public support. In this regard, education
helps build appreciation for the beauty and functional value
of reptiles to ecosystems, whether they control mammal pests
or serve as sentinels of environmental health. The public needs
to be encouraged to leave reptiles in the wild, to avoid buy-
ing products made from declining species, to refrain from
keeping as pets any animals caught in the wild, and to sup-
port habitat conservation both at home and in exotic lands of
wide diversity. Finally, resource managers must rely on proven
management techniques, rather than opting for quick-fix “so-
lutions” to complex problems. All conservation efforts must
have a solid biological foundation so that self-sustaining and
viable populations of reptiles may persist.

New tools for conservation.

At the turn of the twenty-first century exciting methods
rapidly were becoming available to assist in the conservation
of reptiles, including research techniques that allow for
greater knowledge of natural history requirements (such as
telemetry and other tracking methods), molecular biology
(which helps define populations and measure diversity and re-
latedness and is critical in the new field of forensic herpetol-
ogy), landscape ecology (GIS technology, remote sensing and
satellite imagery, all of which define large-scale distribution
patterns and help scientists understand how land use affects
reptiles), and new biometrical research, especially for taking
inventory of communities, monitoring populations, and un-
derstanding population biology. The wealth of technological
and theoretical advances makes reptile conservation a chal-
lenging and rewarding field of biology.
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Testudines

(Turtles and tortoises)

Class Reptilia
Order Testudines
Number of families 14

Number of genera, species About 99 genera; at
least 293 species

Photo: Eastern painted turtles (Chrysemys picta
picta) basking in the sun in New York, USA. (Photo
by John M. Burnley/Photo Researchers, Inc. Re-
produced by permission.)

Evolution and systematics

Turtles first appeared in the fossil record during the Tri-
assic period, about 220 million years ago. They were origi-
nally believed to have evolved from early anapsid reptiles
(lanthanosuchids, millerettids, nytiphruretians, pareiasaurs,
and the procolophonoids), but recent studies (mostly mole-
cular) argue for a diapsid origin (the group that includes the
squamate reptiles, the crocodilians, and the birds). Two
mechanisms for retraction of the neck evolved in ancestral
turtles. The members of the suborder Pleurodira (or side-
necked turtles) retract their necks laterally between the cara-
pace and the plastron, while those in the suborder Cryptodira
(or hidden-necked turtles) retract their neck vertically. The
pelvic girdle is primitive in shape, and fixed to the plastron
in side-necked turtles.

Physical characteristics

These reptiles are easily recognized by the presence of a
dorsal bony carapace and a ventral bony plastron, with the
limb girdles located inside the ribs. All living forms lack teeth,
have internal fertilization, and lay shelled amniotic eggs.

A turtle’s shell first and foremost provides protection from
predators and serves to buffer harsh environmental condi-
tions. Most species can retract the head and limbs completely
within the shell when distressed. The upper shell, known as
the carapace, is typically joined to the lower shell or plastron

by a bony bridge.

Bony plates, which develop from the dermal (lower) layer of
the skin, widen and fuse to one another and with the vertebrae
and ribs to form the carapace. Neural bones form along the
midline, pleurals from the ribs, as well as the peripherals, which
are outermost. The plastron is composed of nine bony elements;
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the paired hyo- and hypoplastra, epiplastra, xiphiplastra, and
a single entoplastron are derived from the pectoral girdle, the
sternum, and abdominal ribs (gastralia). The modified shoul-
der girdle remains inside the ribs, a remarkable arrangement
found in no other vertebrate. The outer surface of the shell is
generally covered by horny scutes derived from keratin in the
epidermal (upper) layer of skin. The scutes overlap the sutures
of the bone, which increases the strength of the shell and pro-
tects the growing portions.

Many variations on the basic shell structure have evolved
over time. Softshell turtles, which lack horny scutes, have re-
duced pleurals, and most have completely lost the peripheral
bones. Although softshell turtles lack a bony bridge, the cara-
pace is firmly attached to the plastron by connective tissue.

Testudine skull. (lllustration by Jonathan Higgins)
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Testudine phylogenetic tree. (lllustration by GGS. Courtesy of Gale.)

The plastron is greatly reduced, and the bones are loosely
connected to one another by cartilage. When fully formed,
the plastral bones of an adult softshell turtle may be covered
by two to nine leathery callosities, thick callous-like layers of
epidermis that cover the plastral bones of softshell turtles.
Callosities are generally absent in hatchlings, slowly develop-
ing with growth and attaining full size when the seaturtle
reaches maturity.

An elastic cartilaginous hinge has arisen independently in
many lineages. A box turtle can withdraw its head and limbs
completely within its shell and draw the anterior and poste-
rior lobes of the plastron tightly against the carapace. Some
African tortoises have a carapacial hinge that allows the rear
portion to close upon the plastron, thereby protecting the
hind limbs. Female semiaquatic and terrestrial species may
have a hinge in the posterior lobe of the plastron, providing
the flexibility necessary to lay extremely large eggs.

The size and shape of the turtle shell may also be adapted
to the environment. The broad, flattened carapace of some
aquatic turtles functions like a solar panel. A basking turtle
will change its position on a log or rock so that the greatest
surface area is exposed to the Sun. In some northern species,
the scutes of the carapace are darkened, allowing maximal ab-
sorption of solar radiation. Aquatic turtles have lower, more
streamlined shells that offer less resistance while swimming.
Extreme flattening is found among the softshells, which hide
in shallow water beneath a thin layer of sand or mud. The
flattened shell of the pancake tortoise (Malacochersus tornieri)
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in East Africa allows it to squeeze into narrow crevices within
its rocky habitat. With the force generated by its legs and the
natural elasticity of the shell bones, this tortoise is extremely
difficult to extract once it has wedged itself between rocks.

Aquatic species that share their habitat with large croco-
dilians have traded the advantages of streamlining in favor of
high-vaulted, strongly buttressed shells for protection from
being crushed. Among Asian river turtles (e.g., river terrap-
ins [Batagur baska], crowned river turtles [Hardella thurjii], and
painted roofed turtles), these buttresses form bony chambers
that enclose the lungs and prevent compression during deep
dives. In desert-dwelling tortoises, the domed shell reduces
surface area relative to volume, while a thickened keratin layer
retards evaporative water loss. Some tortoises have even been
observed gathering drinking water by angling the carapace

.jM@Z_ooz

Turtle and tortoise limb differences for living on land and in the sea:
a. Great African tortoise (Geochelone sulcata) lives on land; b. Red-
eared slider (Trachemys scripta elegans) is semi-aquatic; c. Hawksbill
(Eretmochelys imbricata) lives in the sea. (lllustration by Jacqueline
Mahannah)
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A. Paired respiratory muscles of Testudo graeca; B. Pulmonary pressure changes of Testudo graeca, in correlation with changes in body cavity
volume during expiration and inspiration. (lllustration by Jacqueline Mahannah)

forward during a rainfall to catch water dripping from the
shell.

Large openings, or fontanelles, between the pleural bones
in the carapace have evolved in several genera. The
leatherback seaturtle (Dermochelys coriacea) shows the greatest
divergence from the characteristic turtle shell; tiny platelets
embedded in the leathery carapace are all that remain of the
bony shell. A reduced carapace decreases the physiological
costs associated with building and maintaining a heavy shell
(such as sequestering minerals to a substrate where they are
not readily accessible for some physiological processes), as
well as the energy cost for locomotion in terrestrial species,
and provides greater buoyancy in the aquatic forms.

The turtle skull is also unique among living vertebrates for
the absence of temporal fenestra. Formerly believed to be a
true anapsid (i.e., without such openings), many researchers
now believe that the turtle evolved from diapsid ancestors. In
this scenario, the two pairs of temporal openings were sec-
ondarily lost, giving an anapsid-like appearance. Vestiges of
the temporal openings can be seen in the slightly arched pos-
terior margin of some turtle skulls. These large openings in
the back of the skull allow the muscles of the jaw to expand
beyond the confines of the adductor chamber.

Dietary preferences range from completely herbivorous to
totally carnivorous; however, many turtles consume a mixture
of plant and animal matter. In some species there is a dietary
shift from the carnivorous diet of hatchlings to the mostly
herbivorous adults. Although modern turtles lack teeth, there
are many modifications of the maxillary, premaxillary, and
dentary bones for feeding. A pronounced beak made of ker-
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atin may be used to hold and tear food. The palate of her-
bivorous turtles contains a series of ridges that assist in the
maceration of plant matter. Macrocephaly, characterized by
an enlarged head (as in many female map turtles), often de-
velops in mollusk-feeding species. The broad crushing sur-
faces and powerful musculature allow them to exploit an
abundant food item that may be unavailable to turtles that
cannot extract this meal from the mollusk’s protective shell.

The limbs of most aquatic turtles terminate in five inde-
pendent digits; however, most terrestrial turtles and tortoises
have reduced phalanges. The limbs of freshwater turtles are
flattened laterally, and the digits are generally webbed. The
sturdy limbs of tortoises are round in cross section. In some
highly aquatic species, such as seaturtles and pig-nose turtles,
the limbs are paddlelike, and digits are reduced to just a few
claws.

The texture of turtle skin ranges from virtually scaleless
and smooth in highly aquatic softshell species, to the coarse
scaly texture of terrestrial tortoises. Keratin scales of various
shapes and sizes are found on the head and limbs of most
species. The large, thickened scales of tortoises are adapted
to their dry environments. Epidermal appendages such as chin
barbels, warts, and the fringe of matamatas provide cryptic
camouflage that may assist in prey acquisition and/or provide
protection.

The major organs of the turtle circulatory system are sim-
ilar to those of other reptiles. Although heart rate is largely
dependent upon temperature, the three-chambered heart beats
slowly, especially in tortoises. The paired lungs are dorsal to
the visceral organs and cannot be expanded by the action of
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1. A straight necked turtle, the eastern box turtle (Terrapene carolina); 2. A sideneck turtle, the New Guinea snapping turtle (Elseya novaeguineae).
Straight necked and sideneck turtles protect their heads in their shells differently, based on their different anatomy. (lllustration by Barbara Duperron)
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Bones and scutes of the plastron and carapace of Cryptodira and Pleurodira. Carapace bones: nu=nuchal, pe=peripheral, ne=neural, pl=pleural,
sp=suprapygal, py=pygal. Carapace scutes: nu=nuchal, m=marginal, v=vertebral, c=costal. Plastron bones: ep=epiplastron, en=entoplastron,
hyo=hyoplastron, hyp=hypoplastron, x=xiphiplastron. Plastron scutes: i=intergular, g=gular, h=humeral, p=pectoral, ab=abdominal, f=femural,
an=anal, ax=axial, in=inguinal. Some pleurodires have mesoplastrons between the hyoplastron and hypoplastron. (lllustration by Gillian Harris)

the rib muscles. Ventilation of the lungs is controlled by con-
traction of lung muscles; however, in the relaxed state the lungs
are maximally filled with air. By manipulating airflow from
one chamber of the lung to another, aquatic turtles can adjust
their position in the water much like a fish uses a swim blad-
der. This ability is impaired in turtles with respiratory ailments
and results in a diagnostic lopsided appearance.

Aquatic species may also respire through their skin, the

lining of the throat, and through thin-walled sacks, or bur-
sae, in the cloaca. The Fitzroy River turtle (Rbeodytes leukops),
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an Australian sideneck living in well-oxygenated streams,
maintains a widely gaping cloacal orifice and rarely surfaces.
The turtle pumps water through the cloaca, which gapes in
sequence to the pumping. Although common to most aquatic
species, cloacal bursae are absent in softshell turtles. In these
aquatic turtles, 70% of the submerged oxygen intake is
through the skin and 30% is through the lining of the throat.
In northern climates, turtles that spend most of the winter
trapped below the ice must rely upon submerged oxygen up-
take or tolerate long periods without oxygen. The mineral-
ized shell of the painted turtle buffers the accumulation of
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Skeletal structure of a turtle. (lllustration by Jacqueline Mahannah)

lactic acid formed under anaerobic conditions to maintain a

stable blood pH through the winter.

The largest extant species is the leatherback seaturtle,
which attains a shell length of 96 in (244 cm) and may weigh
up to 1,191 Ib (867 kg). Of the freshwater species, the alliga-
tor snapping turtle (31 in/80 cm; 249 1b/113 kg), the Asian
narrow-headed softshell turtle (Chitra indica) (47 in/120 cm;
3301b/150 kg), and the South American river turtle (42 in/107
cm; 198 1b/90 kg) attain impressive sizes. The Aldabra tor-
toise (55 in/140 cm; 562 1b/255 kg) is the largest living ter-
restrial species. With maximum shell lengths of less than 4.7
in (12 cm), the speckled cape tortoise, flattened musk turtle,
and bog turtle are among the world’s smallest turtles.
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Distribution

Turtles and tortoises exist on all continents except
Antarctica. The diversity of these species allows them to in-
habit both temperate and tropical regions, as well as all bod-
ies of water.

Reproductive behavior

Most turtle species exhibit sexual size dimorphism. Among
aquatic species, males are generally smaller than females and
have elaborate courtship behavior. However, in semiaquatic,
bottom-walking species and tortoises, in which males are
equal to or larger than females, courtship displays are gener-
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Galapagos tortoise conflict. (Photo by Laura Riley. Bruce Coleman Inc.
Reproduced by permission.)

ally minimal, and combat for territories and/or mates is com-
mon. In temperate climates, courtship and mating may occur
in the fall or the spring, but nesting usually occurs in the
spring to early summer.

Although individual females may not reproduce every year,
nesting in most species is annual and seasonal. Females of
many species can store sperm in their oviducts for years and
produce fertile eggs without mating annually. In addition,
DNA analysis has shown that eggs within the same clutch are
sometimes fertilized by more than one male.

The majority of turtles select nest sites from the available
upland habitats found in the vicinity of their foraging areas.
However, some sea and river turtles make extensive migra-
tions to nesting beaches. Seaturtles, which nest every two to
three years, may migrate over 2,796 mi (4,500 km) to nest in
a specific location. During the arribada (a massive, coordi-
nated arrival of seaturtles, and some freshwater species, at a
nesting beach) of the olive ridley seaturtle, as many as 200,000
females nest on the same small beach over a period of one or
two days. The large freshwater river turtles of South Amer-
ica and Asia similarly nest en masse. The predators on the
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nesting beach are overwhelmed by the reproductive output
and many nests escape detection.

Turtle eggs are usually deposited in flask-shaped chambers
excavated into the ground. However, some turtles may oviposit,
or deposit their eggs, in decaying vegetation and litter, in nests
of other animals, or even in a nest constructed while the fe-
male is completely underwater or underground. Some species
quickly cover the eggs and leave the area, while others spend
considerable time concealing the nest. Despite their vulnera-
bility on land, leatherback seaturtles obscure the site completely
before returning to the sea. Some species may construct a false
nest some distance from the first or divide the clutch between
two or three nests to confound predators. Although parental
care is rare in turtles, the Asian giant tortoise, which nests in
mounded vegetation, will defend her eggs from potential preda-
tors for several days following oviposition.

Reproductive output is related to body size, both within
and across species. Smaller species lay one to four eggs per
clutch, whereas large seaturtles regularly lay over 100 eggs at
a time. The majority of species lay two or more clutches each
nesting season. At higher latitudes there is also a general
trend, both within and across species, toward the production
of one large clutch of smaller eggs.

Turtle eggs are of two shapes: elongate or spherical. Al-
though egg shape is usually consistent within a genus, mem-
bers of diverse families such as the tortoises and side-necked
turtles may lay eggs of either shape. The spherical shape has
the lowest possible surface-to-volume ratio, and therefore is
less vulnerable to dehydration. Turtles that produce large
clutches (50 eggs or more) have spherical eggs to make effi-
cient use of the limited space available.

Pair of European pond turtles (Emys orbicularis). (Photo by Jane Bur-
ton. Bruce Coleman, Inc. Reproduced by permission.)
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Aldabra tortoise (Geochelone gigantea) feeding in La Digue, Sey-
chelles. (Photo by K & K Ammann. Bruce Coleman, Inc. Reproduced
by permission.)

The eggs of most turtles have flexible, leathery shells, but
the shells of other turtles are more inflexible and often brit-
tle. Eggs with brittle shells tend to be more independent of
the environment, losing and absorbing less water than eggs
with flexible shells. However, those with flexible shells often
develop faster. Species that do not dig sophisticated nests, or
those that nest in particularly dry or very moist soils, tend to
lay eggs with brittle shells. Conversely, turtles nesting on
beaches prone to flooding, or in areas with limited growing
seasons, situations where rapid egg development is important,
are more likely to lay eggs with flexible shells.

In most turtles, the temperature during incubation also de-
termines the sex of the hatchling. In species with “tempera-
ture-dependent sex determination” (T'SD), the temperature
during the middle third of incubation affects the biochemical
pathway that determines the sex of the hatchling. Two pat-
terns of T'SD have been described for turtles. Type I species
have a narrow pivotal temperature range (usually between
80.6-89.6°F/27-32°C) above which only females are pro-
duced and below which only males result. Type II species have
two pivotal temperature ranges, with males predominating at
intermediate temperatures, and females predominating at
both extremes. Sex determination appears to be genetically
determined (GSD) in the Austro-American side-necked tur-
tles, all softshells, and a few musk and pond turtles. Among
species with GSD, only the wood turtle, two species of giant
musk turtles, the black marsh turtle, and the brown roofed
turtle have dimorphic sex chromosomes; all others have iden-
tical chromosome sizes in males and females. The evolution-
ary advantage conferred by these modes of sex determination
remains unknown.

When fully developed, hatchling turtles use their carun-
cle, a small tubercle on the upper beak, to slice through the
embryonic membranes and eggshell. Soon after hatching,
most neonates emerge from the nest and head directly for
cover of water or vegetation. Vibrational cues, such as move-
ment by hatchlings within the nest, may help neonate sea-
turtles to coordinate the intense effort necessary for
emergence from their sandy nest chamber. Hatchlings of a
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few temperate species (ornate box turtle, yellow mud turtle)
delay emergence from the nest. After hatching, they imme-
diately dig downward a few feet or more below the nest, pre-
sumably a behavioral adaptation to avoid the impending lethal
winter temperatures in shallow water or soil. Hatchlings of a
few other temperate species, such as the painted turtle, re-
main in the nest over the winter where they may be exposed
to temperatures of 10.4°F (—12°C) or lower. Although these
turtles tolerate freezing at high subzero temperatures (e.g.,
to 24.8°F/—4°C), they must remain supercooled (i.e., with-
out the tissues freezing) in order to survive colder tempera-
tures. Still other turtles, particularly those in highly seasonal
tropical environments, must remain in their nests until rain
softens the soil, allowing them to dig out. In dry years, the
neonates may remain in the nest chamber for more than a
year after hatching.

Growth may vary considerably even within the same
clutch. Habitat, temperature, rainfall, sunshine, food type and
availability, and sex have each been associated with growth
rate in turtles. Growth can be conveniently studied in turtles
because many species retain evidence of seasonal growth on
their scutes. The rate of growth is also reflected in the ring-
like layers of bone deposited on the femur and humerus. In
most species, the turtle grows rapidly to sexual maturity; then
the growth rate slows markedly. In later years, small species
may stop growing completely.

Conservation status

Commonly known as turtles, tortoises, and terrapins,
members of the order Testudines are distinguished from all
other vertebrates by their bony shell. The protection con-
veyed by this morphological curiosity has contributed to the
persistence of this group through more than 200 million years
of evolution. Turtles and their shells have survived the con-
ditions that resulted in the fall of the dinosaurs, the shifting
of continents, and the ebb and flow of glaciers with little struc-
tural modification. They appear in the folklore, art, and cre-
ation myths of many human cultures, but humans are a major
reason for the precipitous decline in turtle populations world-

A snapping turtle kills a watersnake. (Photo by Tom Brakefield. Bruce
Coleman, Inc. Reproduced by permission.)

Grzimek’s Animal Life Encyclopedia



Vol. 7: Reptiles

wide. The characteristics of turtle life history (e.g., late ma-
turity, extreme longevity, and low adult mortality) make them
especially vulnerable to the habitat destruction and deterio-

Order: Testudines

ration associated with the expansion of human activities. In-
deed, nearly 50% of living species are listed as Endangered
or Vulnerable.
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Pig-nose turtles
(Carettochelyidae)

Class Reptilia

Order Testudines
Suborder Cryptodira
Family Carettochelyidae

Thumbnail description

A turtle of moderate size with paddle-like
forelimbs, a rough, leathery shell, and a pig-
nose snout

Size
Up to 22 in (56 cm) and 50 Ib (22.5 kg)

Number of genera, species
1 genus; 1 species (Carettochelys insculpta)

Habitat
Rivers and lakes

Conservation status
Vulnerable

Distribution

Southern New Guinea and northern Australia

Evolution and systematics

Although pig-nose turtles represent a very distinctive fam-
ily, they are most closely related to the softshell turtles (Tri-
onychidae). This turtle is also commonly known as the Fly
River turtle and pitted-shelled turtle (New Guinea). No sub-
families are recognized.

The taxonomy for this species is Carettochelys insculptus
Ramsay, 1886, Fly River, Papua New Guinea.

Physical characteristics

This turtle is readily distinguished by its rough leathery
shell (without scutes), its paddle-like forelimbs (each with two
well-developed claws), and its blunt, piglike snout. The cara-
pace of the adult has a smooth margin and the keel along the
midline of the carapace is only obvious posteriorly; however,
small juveniles have a serrated shell margin and a knobby mid-
line keel. The adult bony carapace is well developed, and not
reduced as in the softshell turtles.
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Distribution

The pig-nose turtle inhabits the river systems of southern
New Guinea (Papua and Irian Jaya) as well as along the north-
ern coast of Australia’s Northern Territory.

Pig-nose turtle (Carettochelys insculpta). (lllustration by Barbara
Duperron)
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Habitat

These turtles primarily inhabit freshwater ecosystems
(rivers, lakes, lagoons, swamps) with slow-moving or still wa-
ters and soft bottoms. They also are found in estuaries asso-
ciated with these systems.

Behavior

Little is known about the behavior of this species, since
they emerge from the water only to nest. However, they are
known to aggregate around food sources. In northern Aus-
tralia, the average home ranges for females and males cover
about 5 mi (8 km) and 2 mi (3 km) of river length, respec-
tively. Adults will also thermoregulate underwater by lying
over small thermal springs on the river bottom.

Feeding ecology and diet

Pig-nose turtles are opportunistic omnivores, with herbiv-
orous tendencies. Their principal food is the fruits of shore-
line trees, although they also eat their leaves and flowers as
well as algae and other submergent plants. Animal foods in-
clude insect larvae, mollusks, and crustaceans. Fish and mam-
mals are also eaten, but probably as carrion.

Reproductive biology

Courtship and mating have not been described. Nesting
occurs late in the dry season, from September to December
or possibly even January in New Guinea, and from June, July,
or August (depending on locality) to October or November
in northern Australia. The species produces multiple clutches,
but the maximum number per year is uncertain. On the Daly
River in northern Australia, females lay two clutches per sea-
son, but only nest every other year. Nests are excavated by
the hind limbs at sites 20 in (50 ¢cm) to 16 ft (5 m) above the
water level. The brittle-shelled eggs are spherical, 1.5-2.1 in
(38-53 mm) in diameter, and 1.1-1.6 oz (32-46 g) in mass.
Clutch sizes range from 7 to 39 eggs, the number probably
related to the female’s size. At 86°F (30°C) embryos develop
to full term in 64 to 74 days; however, they then begin esti-
vating within the egg until rainy season flooding stimulates

Vol. 7: Reptiles

their hatching. Thus, the total incubation period for natural
nests is 86 to 102 days. Sex is determined by temperature dur-
ing the middle third of incubation, with only females pro-
duced at high temperatures and only males at low ones.

Conservation status

"This species is listed as Vulnerable on the IUCN Red List.
It may be negatively affected by the trampling of its nests by
water buffalo and by fishing, logging, intensive grazing, and
agriculture.

Significance to humans

Pig-nose turtles are consumed by people across their range.
In New Guinea, indigenous peoples collect the eggs from
nesting beaches and capture the turtles in nets, in traps, with
spears, and by hand. In Australia, the turtles are speared,
fished, and grabbed by hand, although the eggs apparently

are not harvested.

Pig-nose turtle (Carettochelys insculpta) is a popular food item on Fly
River, Papua New Guinea. This close-up shows why it has the com-
mon name “pig-nose.” (Photo by Jeffrey W. Lang/Photo Researchers,
Inc. Reproduced by permission.)
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Australo-American sideneck turtles
(Chelidae)

Class Reptilia
Order Testudines
Suborder Pleurodira
Family Chelidae

Thumbnail description

Medium to large sideneck turtles with a nuchal
scute (absent only in Elseya), zero to six neural
bones, the pleural bones almost always meeting
at the midline behind the neurals, mesoplastral
bones absent, and the pelvis fused to the
carapace and plastron

Size
6-19 in (14-48 cm)

Number of genera, species
16 genera; 50 species

Habitat
Swamps, marshes, seasonally flooded wetlands,
ponds, lakes, streams, and rivers

Conservation status
Critically Endangered: 3 species; Endangered: 4

species; Vulnerable: 6 species; Lower Risk/Near
Threatened: 8 species; Data Deficient: 2

species Distribution

South America, Indonesia, New Guinea, and Australia

Evolution and systematics

Fossils of these turtles are known from the Miocene of
Australia and South America. They are most closely related
to the other pleurodiran families: the Pelomedusidae of Africa
and the Podocnemididae of South America and Africa. Their
subfamilial relationships remain poorly understood. Molecu-
lar evidence suggests that the Chelidae can be further divided
into three subfamilies: the Hydromedusinae, containing only
the genus Hydromedusa; the Chelidinae, containing all other
South American chelids; and the Chelodininae, containing
both the short- and long-neck species of Australia and New
Guinea. This taxonomic relationship has yet to be diagnosed
in terms of morphological characters. Genetic and morpho-
logical data support the revision of the genus Phrynops, which
resulted in the erection of two new genera (Bufocephala and
Ranacepbala) and the resurrection of three previously recog-
nized genera (Mesoclemmys, Batrachemys, and Rhinemys). The
status of several morphologically distinct Australian “species”
is debated among taxonomists because the species are virtu-
ally indistinguishable using genetic analysis.

Physical characteristics

Sideneck turtles are extremely diverse in size, shape, and
coloration. Most species have four claws on the hind feet
and five claws on the forelimbs, zero to six neural bones pre-
sent, the pleural bones almost always meeting at the mid-
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line behind the neurals, mesoplastral bones absent, and the
pelvis fused to the plastron. Neck elongation is extreme; in
some species the length of the neck may exceed that of the
carapace. While the carapace tends to be dark and cryptic,
there are a few spectacularly colored chelids that may have
bright red, pink, orange, and yellow on the plastron and/or
soft parts.

Distribution

With the exception of Batrachemys dabli, all of the South
American chelids are found east of the Andes and as far south
as northern Argentina. The remaining species are found in
tropical to temperate regions of Australia and New Guinea.
This curious distribution may be the result of a common an-
cestor that dispersed across Antarctica before the southern
continents separated and drifted apart. No fossils attributable
to this family have been found outside the present-day range.

Habitat

Primarily aquatic, most species inhabit permanent fresh-
water rivers, streams, lakes, and ponds. Some species are found
in seasonal wetlands that are dry for most of the year, while
others expand their range into flooded forests during the rainy
season. The New Guinea snakeneck turtle (Chelodina sieben-
rocki) may frequent estuaries and coastal waters.
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Common snakeneck turtle (Chelodina longicollis) in Australia. (Photo-
graph by Tom McHugh. Photo Researchers, Inc. Reproduced by per-
mission.)

Behavior

Several species estivate by burying themselves in the mud
during periods of extreme drought. Steindachner’s turtle
(Chelodina steindachneri), an aquatic species that resides in the
deserts of Western Australia, is well adapted to the extremely
high temperatures and desiccating conditions prevalent for
most of the year. This species is resistant to evaporative wa-
ter loss and stores fluids in accessory bladders in order to sur-
vive while buried for the year or two until the rains return.

Feeding ecology and diet

Most species are omnivorous to totally carnivorous; how-
ever, the adult Elseya dentata may be completely herbivorous.
Many diverse adaptations for specialized feeding are found in
this family. The snakeneck turtles of Australia and South
America have developed very similar modes of prey capture.
Both groups have independently evolved a long neck that is
adapted for striking at prey while suspended in the water col-
umn. The negative pressure generated by the rapid expansion
of the mouth and neck pulls the head toward the prey while
simultaneously pulling the prey item into the turtle’s open
jaws. Matamatas lie in wait on the murky bottom of their
aquatic habitat and use a gape-and-suck method similar to
that of the snakeneck turtles to capture their prey. Alterna-
tively, some Australian chelids are specialized for feeding on
mollusks. As they age, macrocephalic females of the genus
Emydura develop enormous skulls that provide the force re-
quired for crushing larger prey.

Reproductive biology

Females are generally larger than males; however, the re-
verse is true in Pseudemydura and Elusor. Males of the latter
genus possess an extremely long tail with a unique bony
structure that may play a role in copulation. Breeding has
been observed in the early spring for many species, but may
be year-round in the Tropics. Nests are typically constructed
in spring and early summer; however, some tropical species
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Male toad head turtle (Phrynops hilarii). (Photograph by Henri Janssen.
Reproduced by permission.)

nest during the winter as well. Clutch size ranges from one
to 28 and two or more clutches may be produced per year.
The brittle-shelled eggs may be elongate or spherical,
1.2-2.4in (3-6 cm) in greatest diameter. Incubation may last
more than 200 days in species that require a period of dia-
pause (early developmental arrest) for proper development.

A variety of nest chambers are constructed. The gibba tur-
tle may lay its elongate eggs in shallow nests beneath vegeta-
tion, whereas the western swamp turtle uses her forelimbs to
dig a chamber, which she then enters to deposit her eggs. Re-
searchers in Australia have discovered that, while completely
submerged, the female northern snakeneck (Chelodina rugosa)
lays her eggs in the muddy bottom of temporary ponds. De-
velopment is arrested until the water subsides during the dry
season, but resumes in time for incubation to be completed
before the pond fills again. Hatchlings may remain in the nest
until rain softens the hardened soil plug with which most
species seal the nest chamber. In extreme cases emergence
may occur nearly two years after the eggs were laid. All species
analyzed thus far exhibit genetic sex determination.

Male northern Australian snakeneck turtle (Chelodina rugosa). (Pho-
tograph by Henri Janssen. Reproduced by permission.)
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Conservation status

Thirteen species are listed as Threatened on the [IUCN
Red List: six are Vulnerable, four Endangered, and three Crit-
ically Endangered. Eight species are listed as Lower
Risk/Near Threatened. The western swamp turtle (Pseude-
mydura umbrina), with known populations of fewer than 400
individuals, may be one of the world’s most endangered tur-
tles. Similarly, Hoge’s sideneck (Ranacephala hogei) is known
from just a few locales in Brazil, and is thought to be Criti-
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cally Endangered. The major threat to most species is habi-
tat destruction or degradation. Many of the threatened species
are being bred in captivity, offering hope for future repatria-
tions. However, active conservation efforts in nature are lack-
ing for most species.

Significance to humans
Many species are consumed locally.
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1. Common snakeneck turtle (Chelodina longicollis); 2. Victoria river snapper (Elseya dentata); 3. Gibba turtle (Mesoclemmys gibba); 4. Western
swamp turtle (Pseudemydura umbrina); 5. Matamata (Chelus fimbriatus). (lllustration by Barbara Duperron)
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Species accounts

Gibba turtle
Mesoclemmys gibba

SUBFAMILY
Chelidinae

TAXONOMY
Emys gibba Schweigger, 1812, locality unknown.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

This is a small to medium (up to 9 in [23 c¢m] maximum cara-
pace length) sideneck turtle with a prominent medial keel on
its oval carapace. The nuchal scute is long and narrow. The
carapace and upper surfaces of the soft parts are uniformly
dark in color. The bridge and underside of the marginals are
mostly yellow with some dark mottling at the seams. With the
exception of the gular and anal scutes, which are predomi-
nantly yellow, the plastral scutes are mostly dark with yellow
markings at the edges. The relatively small head has wrinkles
of skin that give a marbled texture and appearance. Two small,
fleshy barbels are widely separated on the chin. Up to five
rudimentary neural bones may be present.

DISTRIBUTION
This species is found in the Amazon basin in northeastern
Peru, eastern Ecuador, southeastern Colombia, northern

Mesoclemmys gibba

Chelus fimbriatus
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Brazil, to the Rio Negro of southwestern Venezuela. The dis-
tribution is interrupted by the Sierra Nevada de Mérida, but
resumes in northeastern Venezuela and continues through
Guyana, Suriname, French Guiana, and northeastern Brazil.

HABITAT
The gibba turtle is found in marshy prairies and slow-moving
creeks of lowland tropical rainforests.

BEHAVIOR

In Trinidad this species is primarily nocturnal; however, bask-
ing may occur in the early morning. Although relatively docile,
this species may emit a foul-smelling musk from the inguinal

glands when handled.

FEEDING ECOLOGY AND DIET
The natural diet may be omnivorous; however, in captivity it is
primarily carnivorous, feeding on small fish, frogs, and worms.

REPRODUCTIVE BIOLOGY

The nesting season lasts from July to November. The female
may nest in vegetation, among the roots of trees, or excavate a
shallow chamber to deposit two to four elongate eggs. The small
clutch size is offset by the relatively large size (up to 1.8 in [4.5
cm] long and 1.3 in [3.2 cm] wide) of the brittle-shelled eggs. A
flexible connection between the carapace and plastron may allow
the diminutive female to pass these enormous eggs successfully.
Incubation may take up to 200 days under natural conditions.

CONSERVATION STATUS

Not threatened. Unfettered habitat loss and degradation, how-
ever, may reduce or extirpate populations before they are ever
recorded.

SIGNIFICANCE TO HUMANS
They are consumed locally by indigenous peoples, and are also
gathered to supply the international pet trade. ®

Matamata
Chelus fimbriatus

SUBFAMILY
Chelidinae

TAXONOMY
Testudo fimbriata Schneider, 1783, Approuague River, Guisan-
bourg, French Guiana.

OTHER COMMON NAMES
French: Matamata; German: Fransenschildkrote.

PHYSICAL CHARACTERISTICS

A medium to large turtle (up to 18 in [45 cm] in carapace
length), the matamata is probably the most distinctive of all
turtles. This species is recognized by its flattened yet rugged
shell, and the rough skin with fringelike appendages that gives
the head a triangular appearance when viewed from above.
The raised conical knobs on each scute form three keels on
the dark carapace to enhance the cryptic appearance of this
bottom-walking species. Furthermore, the skin on the broad
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flat head forms small flaps that are most pronounced above the
tympana and waver gently in a slow current. The tiny eyes are
set forward and may be of little use in the turbid waters this
species inhabits. The tubelike proboscis is used to breathe
without fully surfacing.

DISTRIBUTION
Northern South America, including the Amazon and Orinoco
Rivers.

HABITAT

This highly aquatic freshwater species prefers the still waters of
oxbow lakes and ponds. Anecdotal evidence suggests that this
species survives extended periods in brackish water, but it is
not known whether it enters these habitats freely or is de-
posited there by flooding rivers.

BEHAVIOR

These turtles are poor swimmers and spend the majority of
their time walking along the bottom. When found in rivers,
matamatas avoid the current by moving beneath cut banks and
submerged logs.

FEEDING ECOLOGY AND DIET

This carnivorous turtle feeds mainly on small fishes. The mata-
mata lies in wait at the murky bottom of its aquatic habitat
where fish may be attracted to the fringelike skin on its head.
After locating the fish via vibrational cues detected by the skin
and enlarged tympana, it uses a gape-and-suck method to vio-
lently draw the prey and a large volume of water into the
mouth. The water is then expelled and the fish swallowed.

REPRODUCTIVE BIOLOGY

Courtship and mating have not been described; however, nest-
ing generally takes place between October and December. In
Venezuela, nests are often constructed in the clay soil of steep
riverbanks. Eight to 28 spherical (1.4-1.6 in [3.5-4.0 cm] diam-
eter), brittle-shelled eggs are produced annually. The long in-
cubation (200 or more days) suggests that embryos require a
diapause or estivation before hatching occurs.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

The grotesque appearance of this species discourages consump-
tion, even in regions where other turtle species are readily
eaten. Matamatas are frequently available in the pet trade
where the adults and juveniles may command high prices. ¢

Common snakeneck turtle
Chelodina longicollis

SUBFAMILY
Chelodininae

TAXONOMY
Testudo longicollis Shaw, 1794, Australasia.

OTHER COMMON NAMES
English: Long-neck turtle; French: Chélidés; German:
Schlangenhalsschildkroten.

PHYSICAL CHARACTERISTICS

This is a medium-sized (to 10 in [25 c¢m] carapace length),
long-neck species. The oval shell is brown and has a shallow
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central groove that may be pronounced in some specimens.

The wide, cream-colored plastron has a dark pattern that fol-
lows the seams of the scutes. In contrast to the wide shell, the
neck is relatively thin and the small head is distinctly pointed.

DISTRIBUTION
Eastern Australia from Adelaide, South Australia, to Victoria,
New South Wales, and Queensland.

HABITAT

This species prefers slow-moving backwaters, especially weedy
lagoons, swamps, and billabongs. It may occasionally be found
in the swift currents of streams and rivers.

BEHAVIOR

When the seasonal wetlands dry up, this species is known to
make long overland migrations to the nearest water hole or to
estivate terrestrially. It may lie dormant for portions of the
summer and winter in shallow burrows beneath vegetation.
However, in some regions the snakeneck turtle has been ob-
served to hibernate communally in aquatic sites. This species
emits a foul-smelling musk from the inguinal and axillary
glands which may serve to deter would-be predators.

FEEDING ECOLOGY AND DIET

This species is an opportunistic carnivore, mostly feeding on
aquatic invertebrates, fish, tadpoles, and crustaceans. It may
also feed upon terrestrial insects and carrion if available.

REPRODUCTIVE BIOLOGY

In the temperate portion of its range, mating has been ob-
served in April and May. Nesting occurs from late September
to December. The female deposits eight to 24 brittle-shelled,
elongate eggs (up to 1.3 in [34 mm] in length and 0.8 in [20
mm] wide) in nests constructed near the water’s edge. A dia-
pause or embryo estivation occurs during development; there-
fore, incubation may take up to 185 days, although 120 to 150

Elseya dentata
Pseudemydura umbrina

Chelodina longicollis
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days are more usual. The observed sex ratio of the resulting
hatchlings is independent of incubation temperature.

CONSERVATION STATUS
Not threatened. This species is still quite common.

SIGNIFICANCE TO HUMANS
Although many snakenecks are consumed by Aborigines, this
“smelly” snakeneck turtle is generally avoided. &

Victoria river snapper
Elseya dentata

SUBFAMILY
Chelodininae

TAXONOMY
Chelymys dentata Gray, 1863, upper Victoria River, Northern
Territory, Australia.

OTHER COMMON NAMES
English: Northern Australian snapping turtle, northwest snap-
ping turtle.

PHYSICAL CHARACTERISTICS

This is a medium to large (up to 13 in [34 cm] maximum cara-
pace length) sideneck turtle. The crown of the head has a
prominent scale and the thick neck is covered with rough tu-
bercles. The nuchal scute is absent. The posterior rim of the
carapace is deeply serrated in juveniles; however, it may be-
come relatively smooth in adults.

DISTRIBUTION

This mostly tropical species is found throughout the Victoria
River and nearby drainages of Western Australia and the
Northern Territory.

HABITAT
Rivers, fast-moving creeks, and flooded forests of tropical Aus-
tralia.

BEHAVIOR

Adults, especially the larger females, are strong swimmers.
Cloacal respiration is well developed in this species. In fast-
moving currents the adults may rarely surface.

FEEDING ECOLOGY AND DIET

These turtles are mostly herbivorous, consuming bark, fruits,
pandanus roots, and the seeds and blossoms of flowering plants
found along riverbanks.

REPRODUCTIVE BIOLOGY

In the Daly River nesting occurs in February and March. At
least one clutch of 10 brittle-shelled eggs is laid each season.
The elongate eggs (2 x 1 in [51 x 28 mm]) hatch after 120
days.

CONSERVATION STATUS

Not threatened. Although this species is not on the [IUCN Red
List, its populations in several river drainages have been nega-
tively affected by pollution.
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SIGNIFICANCE TO HUMANS

None known. These highly aquatic turtles live in remote re-
gions of the country and therefore have little direct interaction
with humans. &

Western swamp turtle
Pseudemydura umbrina

SUBFAMILY
Chelodininae

TAXONOMY
Pseudemydura umbrina Siebenrock, 1901, Australia.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

"This is a very small sideneck turtle (to 6 in [15.5 cm] carapace
length). The primitive skull is nearly roofed over with a slight
ventral emargination of the temporal region. The intergular
scute is large and completely separates the gulars. A dark bor-
der is present at the seams of the plastral scutes. The rough
skin of the neck is covered with conelike projections.

DISTRIBUTION
Known only from a few wetlands near Perth, Western Australia.

HABITAT
Seasonally inundated swamps and marshes.

BEHAVIOR

The wetlands inhabited by this species experience seasonal pe-
riods of intense drought that cause them to dry up completely.
Although ambient temperatures may be as high as 104°F
(40°C), the turtle survives by burrowing into the sandy soil un-
der decaying plant matter and estivating until the rains return
to fill the pools.

FEEDING ECOLOGY AND DIET
This species is carnivorous, feeding on tadpoles, crustaceans,
and the adults and larvae of aquatic insects.

REPRODUCTIVE BIOLOGY

Mating has been observed in wild populations during June and
August. Nesting occurs in October and November. The female
digs a large cavity in a sandy bank with her forelimbs and then
enters the chamber to lay her eggs. A single clutch of three to
five elongate, brittle-shelled eggs (1.4 x 0.8 in [35 x 20 mm]) is
laid annually. Although it is unclear when they hatch, neonates
appear after 170-220 days. They may be stimulated to emerge
by the onset of winter rains that fill the wetlands and signal the
beginning of a period when food is abundant.

CONSERVATION STATUS

Listed as Critically Endangered by the IUCN. The population
has stabilized due to an effective captive breeding program;
however, fewer than 400 individuals are known to inhabit the
protected wetlands.

SIGNIFICANCE TO HUMANS

The rarity, limited distribution, and cryptic coloration and
reclusive behavior of this species have limited their interactions
with humans. &
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Class Reptilia
Order Testudines
Family Cheloniidae

Thumbnail description

Large marine turtles that have a low,
streamlined shell covered with scutes and that
have paddle- or flipper-like forelimbs

Size
Up to 84 in (213 cm) carapace length, 1,000 Ib
(454 kg)

Number of genera, species
5 genera, 6 species

Habitat
Marine ecosystems, circumtropical to temperate
regions

Distribution

Conservation status
Critically Endangered: 2 species; Endangered: 3
species; Data Deficient: 1 species

Evolution and systematics

The Cheloniidae are most closely related to the leather-
back turtles of the family Dermochelyidae. Fossils are known
from as early as the Cretaceous period. Because of uncertainty
about the phylogenetic relationships among the five living
genera, no subfamilies are currently recognized.

Physical characteristics
Large marine turtles with a low streamlined shell covered
with scutes, paddle- or flipper-like forelimbs, a skull with a

All oceans, Mediterranean Sea

solid bony roof, and a head that cannot be retracted within
the shell. The plastron is somewhat reduced, lacks a hinge,
and is connected to the carapace by ligaments.

Distribution
All tropical and subtropical oceans. Some seaturtles range
well into temperate seas, including the Mediterranean Sea.

A green seaturtle (Chelonia mydas) digs a body pit before laying eggs.
(Photo by Animals Animals ©Adrienne T. Gibson. Reproduced by per-
mission.)
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Loggerhead turtle (Caretta caretta) with attached remora in the Ba-
hamas. (Photo by Animals Animals ©Herb Segars. Reproduced by per-
mission.)
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Seaturtle migration routes and orientation cues. (lllustration by Patricia Ferrer)

Habitat

Coastlines on the continental shelves, where feeding and
nesting sites are most abundant. Hatchling and small juve-
niles of most species apparently are mostly pelagic.

Behavior

Seaturtles (males and females) often make extremely long
migrations between feeding and nesting grounds (at least 190
mi [300 km] in some cases). Some species congregate off the
sandy nesting grounds and then nest en masse in large groups
called “arribadas.” Most nesting is done at night, but one species
is a diurnal nester. Seaturtles enter temperate seas during the

86

summer but usually either migrate to warmer waters or bury
themselves in the mud in shallow coastal areas for the winter.

Feeding ecology and diet

All but one species of seaturtles are primarily carnivorous,
feeding on sponges, mollusks, crustaceans, barnacles, sea
urchins, or fish. The green seaturtle is primarily herbivorous,
feeding mainly on sea grasses.

Reproductive biology
Female seaturtles migrate to nesting beaches in one- (rare)
to three-year cycles. Seaturtles nest primarily on tropical
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Seaturtle swimming strokes. (lllustration by Patricia Ferrer)

beaches, producing as many as seven or more clutches in a
season at intervals of 10-30 days. The eggs are leathery and
spherical and measure 1-2 in (30-60 mm) in diameter.
Clutches usually contain 90-130 eggs, although maximum
clutch size can approach 250. Incubation is generally quite
short, only 40-70 days. All species exhibit temperature-
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dependent sex determination. Warm temperatures produce
mostly females, and cool temperatures produce mostly males.

Conservation status

Five species of seaturtles are classified as Threatened, with
two listed as Critically Endangered, three as Endangered. The
remaining species is listed as Data Deficient.

Significance to humans

Despite international legislation to protect them, seatur-
tles and their eggs are still eaten locally around the world.
The shells of some species, particularly the hawksbill
(Eretmochelys imbricata), are used for making trinkets. Many
more turtles are accidentally killed in fish and shrimp nets.
Turtle excluder devices placed on these nets are known to re-
duce seaturtle drowning by at least an order of magnitude and
are legally required by many countries, but universal use is
sorely needed. Increasing numbers of seaturtles are being
found with fibrous tumors (fibropapilloma) up to 12 in (30
cm) in diameter on the skin, in the mouth, and on the inter-
nal organs. More than 70% of the turtles in some areas are
infected. The cause of this mysterious disease is not yet fully
understand, although it is contagious and certainly linked to
human pollution. The long-term effects of these tumors on
seaturtle populations are unknown.

A hawksbill (Eretmochelys imbricata) over coral near the Solomon Is-
lands. (Photo by Fred McConnaughey/Photo Researchers, Inc. Repro-
duced by permission.)
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1. Kemp’s ridley turtle (Lepidochelys kempii); 2. Loggerhead turtle (Caretta caretta); 3. Green seaturtle (Chelonia mydas). (Illustration by Patricia
Ferrer)
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Species accounts

Loggerhead turtle

Caretta caretta

TAXONOMY

Testudo caretta Linnaeus, 1758, Insulas Americanas (“American
islands”). No subspecies are currently recognized, although the
Pacific and Atlantic populations have been considered different
races by some authors.

OTHER COMMON NAMES
English: Loggerhead; French: Caouanne; German: Unechte
Karettschildkrote; Spanish: Caguama, tortuga boba.

PHYSICAL CHARACTERISTICS

The loggerhead seaturtle is the largest species in this family,
reaching 84 in (213 cm) carapace length and weights up to
1,000 Ib (454 kg). The head is quite broad posteriorly and
short and round in front, hence the common name. Two pairs
of prefrontal scales are present on the top of the head forward
of the eyes. The heart-shaped carapace is serrate posteriorly
and has five or more pairs of pleural scutes, the first pair in
contact with the nuchal scute. Eleven to 15 (typically 12 or 13)
marginal scutes are present on the rim of the shell. Three in-
framarginal scutes (all lacking pores) are present on the bridge
between the marginal and the plastral scutes.

DISTRIBUTION
All tropical and temperate seas but rare in the eastern and cen-
tral Pacific Ocean.

HABITAT

Mainly shallow marine waters along tropical continental shores
but also around some islands. Loggerhead turtles enter bays,
creeks, salt marshes, and the mouths of rivers.

BEHAVIOR

Loggerhead turtles undertake long migrations, often using
warm oceanic currents for dispersal. A juvenile released off
Okinawa Island was recaptured off San Diego just over two
years later, and several adults have been recaptured
1,300-1,700 mi (2,100-2,700 km) from the site of original cap-
ture. Females migrate to nesting areas every two or three
years. Adults often aggregate off nesting beaches before mi-

Lepidochelys kempii

Caretta caretta
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grating back to feeding habitats. Hatchlings and small juveniles
are apparently pelagic and associated with floating plants, ani-
mals, and flotsam. This species often ventures into temperate
waters and nests farther north than any other seaturtle (solitary
nests have been found in New Jersey in the United States).
When in open waters, loggerhead seaturtles often float on the
surface, presumably sleeping. Mitochondrial DNA studies have
shown that turtles from different nesting regions differ geneti-
cally. This finding suggests that females return to the nesting
beaches on which they hatched.

FEEDING ECOLOGY AND DIET

The loggerhead turtle is primarily carnivorous throughout its
life. Hatchlings are known to eat jellyfish, snails, crustaceans,
insects, and sargassum (an alga), most obtained while the turtle
is floating in sargassum mats. Juveniles and adults feed mostly
on the bottom and eat sponges, worms, conch and other snails,
clams, squid, octopus, barnacles, horseshoe and other crabs,
shrimp, sea urchins, fish, and occasionally hatchling seaturtles,
algae, and other aquatic plants.

REPRODUCTIVE BIOLOGY

Loggerhead turtles reach maturity between 10 and 30 years of
age. Courtship and mating apparently occur most commonly
during the migrations to nesting grounds, several weeks before
nesting begins, rather than near the nesting beaches. The
male circles the female, bites her neck and shoulders, and
mounts her shell from behind. The pair typically floats at the
surface during copulation. Mating can occur day or night. Fe-
males apparently mate several times. DNA studies have re-
vealed that more than one male may father eggs laid in a
single clutch. Nesting usually occurs in spring and summer
but with great geographic variation, particularly latitudinal, in
timing and duration.

Nests are generally excavated above the high tide line, in
front of the first dune, and usually at night. Once the site is
chosen, the female first excavates a body pit using all four
limbs and then uses only her rear feet to dig the nest chamber
in the bottom of the pit. She then deposits 23-198 spherical,
leathery eggs (usually 95-130) that measure 1-2 in (2.5-5.1
cm) in diameter and 1-2 oz (26-47 g) in mass. She then covers
the nest, first using only her hind legs and eventually using all
four limbs to cover and camouflage the entire site. Females
may lay up to seven clutches per season at intervals of nine to
28 days, most typically about every two weeks, although four
or five clutches per season is more usual. Most females nest
only every two or three years. Incubation requires 46-80 days,
typically 60-65, depending on the temperature. Hatchlings
generally emerge from nests at night to avoid lethal ground
temperatures during the day. They then scurry immediately to
the surf. This species has temperature-dependent sex determi-
nation. Mostly females are produced above 84-86°F (29-30°C),
and mostly males are produced below this temperature.

CONSERVATION STATUS
Loggerhead turtles are classified as Endangered on the IUCN
Red List.

SIGNIFICANCE TO HUMANS

Although direct consumption of adults and eggs may be de-
clining in many areas, humans are still responsible for much
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indirect mortality among loggerhead seaturtles through activ-
ity on or development of nesting beaches, by contributing to
increases in predators such as raccoons and dogs, by drowning
the turtles in shrimp or fish nets, and with pollutants. ¢

Green seaturtle
Chelonia meydas

TAXONOMY

Testudo mydas Linnaeus, 1758, Insulas Pelagi: Insulam Adscen-
sionis (“Oceanic Islands: Ascension Island”). No subspecies are
currently recognized. Nevertheless, some authors recognize
the Pacific green turtle (also called the black turtle) as a dis-
tinct species; others consider the Pacific green turtle a sub-
species of Chelonia mydas. Results of DNA studies do not
support recognition of the Pacific turtle as distinct from other
green seaturtles.

OTHER COMMON NAMES
English: Green turtle; French: Tortue verte; German: Suppen-
schildkréte; Spanish: Tortuga verde, Tortuga blanca.

PHYSICAL CHARACTERISTICS

Large, reaching 60 in (152 cm) carapace length and 750 1b
(340 kg) body mass. The head is small and rounded anteriorly,
and only one pair of elongated prefrontal scales is present on
the top of the head forward of the eyes. The heart-shaped
carapace is only weakly serrate posteriorly and has four pairs of
pleural scutes, the first pair of which does not contact the
nuchal scute. Twelve marginal scutes are typically present
along each side of the shell. Four inframarginal scutes (all lack-
ing pores) are present on each bridge between the marginal
and the plastral scutes. The greenish color of the fat of this
turtle is the source of its common name.

DISTRIBUTION
All tropical and temperate seas.

HABITAT

Although green seaturtles venture into temperate seas, adults
are found primarily in the tropics. These turtles can be found
in the open sea, but they are most commonly seen in areas of
shallow water with an abundance of submerged vegetation, es-
pecially sea grass flats. Hatchlings are more pelagic and often
are found in mats of sargassum.

Chelonia mydas
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BEHAVIOR

Green seaturtles nest primarily on tropical beaches and may
migrate more than 1,900 mi (3,000 km) between feeding and
nesting areas. These turtles are known to thermoregulate by
basking at the water’s surface, but they are the only marine
turtle known to leave the water to bask on land. One popula-
tion in the Gulf of California is known to hibernate under wa-
ter by partially burying itself in the substrate.

FEEDING ECOLOGY AND DIET

Although it is assumed that hatchlings and juveniles are pri-
marily carnivorous, few data are available. Adults are well
known to be almost completely herbivorous, feeding primarily
on several genera of sea grasses as well as on algae. Animal
matter, such as sponges, jellyfish, mollusks, crustaceans, sea
urchins, and sea squirts, is occasionally ingested, some perhaps
secondarily while the turtle feeds on sea grasses. Feeding gen-
erally occurs during the day.

REPRODUCTIVE BIOLOGY

The age at maturity of green seaturtles is not definitively
known but is speculated to be between 20 and 30 years.
Courtship and mating take place off the nesting beaches, and
females may mate with several males. Courtship involves chas-
ing, nuzzling, rubbing, sniffing, and biting the female. If the
female is receptive, the male mounts her shell from behind and
swings his much larger tail under hers for intromission. Copu-
lation may last several hours; one report describes a 52-hour
mating. Mating may occur at or below the water’s surface. Fe-
males can store sperm, perhaps for several years, so individual
eggs in the same clutch may have different fathers.

There is considerable variation in the timing of the green
seaturtle nesting season, both locally and globally. For exam-
ple, in the western Atlantic, nesting is typically from March to
October, with a peak from May to September. In the eastern
Pacific, nesting may occur any time between February and Jan-
uary. Females exhibit considerable fidelity to their nesting
beaches, and this trait accounts for slight genetic differences
between separate nesting colonies. Females nest anywhere from
the open sand above the high tide line to fully shaded areas
just inland from the beach. Most nesting occurs at night. Nest
construction is similar to that of the loggerhead seaturtle, ex-
cept that the green seaturtle digs the deepest body pit of any
cheloniid sea turtle (up to 20 in [50 cm]). Females lay as many
as seven clutches in a season, usually at 12-14-day intervals,
but laying two to five clutches is most common. Clutch size is
generally positively related to the female’s size. Clutches range
from three to 238 eggs, although clutches of 100-120 eggs are
typical. The leathery eggs are nearly spherical and 1-2 in
(2.5-5.8 cm), usually 1.4-1.6 in (3.5-4 cm) in diameter and
weigh 1-2 oz (28-65 g, usually 35-50 g). Most females nest
only every two years, but cycles of one to four years are
known. Incubation typically requires 50-70 days but may take
between 30 and 90 days, depending on nest temperature.
Hatchlings emerge from their nests at night and move immedi-
ately to the sea. Green seaturtles exhibit temperature-depen-
dent sex determination. High temperatures produce mostly
females, and low temperatures produce mostly males.

CONSERVATION STATUS

Green seaturtles are classified as Endangered on the [IUCN
Red List. The Mediterranean subpopulation is listed as Criti-
cally Endangered.

SIGNIFICANCE TO HUMANS
Despite international protection, green seaturtles and their
eggs are still consumed by local peoples in many parts of the
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world. Many other human activities also increase mortality.
Turtles are killed for sport, drown in shrimp or fish nets, and
are wounded by boat propellers. Other turtles are killed by
predators whose numbers have increased because of human ac-
tivities (e.g., raccoons, pigs, and dogs). Nesting grounds are de-
stroyed by hotel and housing developments. ¢

Kemp’s ridley turtle
Lepidochelys kempii

TAXONOMY
Thalassochelys (Colpochelys) kempii Graman, 1880, Gulf of Mex-
ico. No subspecies are recognized.

OTHER COMMON NAMES
English: Atlantic ridley, gulf ridley, Mexican ridley; French:
Tortue de Kemp; Spanish: Tortuga lora.

PHYSICAL CHARACTERISTICS

The Kemp’s ridley is the smallest of the seaturtles, reaching a
maximum of only 30 in (76 cm) carapace length, and 108 Ib
(49 kg) body mass. The head is somewhat pointed anteriorly
and has a distinctly hooked upper beak. Two pairs of pre-
frontal scales are present on the top of the head forward of the
eyes. The heart-shaped carapace is serrate posteriorly and has
five pairs of pleural scutes; the first pair is in contact with the
nuchal scute. Twelve to 14 marginal scutes are present on the
rim of the shell. Four inframarginal scutes (each with a poste-
rior pore) are present on each bridge between the marginal
and the plastral scutes.

DISTRIBUTION
Gulf of Mexico to north Atlantic Ocean.

HABITAT

Adult ridleys prefer the shallow water of the Gulf of Mexico,
although for the first two years of life they drift in floating
mats of sargassum or other flotsam in the gulf currents.
Subadults venture into temperate waters, such as Chesapeake
Bay, to feed.

BEHAVIOR

Little is known about the aquatic behavior of Kemp’s ridley
turtles. Although mostly confined to the Gulf of Mexico, fe-
males still may migrate long distances, often more than 600 mi

Family: Seaturtles

(1,000 km) to and from the only significant nesting beach, at
Rancho Nuevo, Tamaulipas, Mexico.

FEEDING ECOLOGY AND DIET

Kemp’s ridley turtles are primarily carnivorous throughout life.
Although they feed mainly on crabs, these turtles eat jellyfish,
comb jellies, snails, clams, squid eggs, shrimp, insects, barna-
cles, sea urchins, sea cucumbers, fishes, and diamondback ter-
rapins. They occasionally feed on sargassum weed and other
algae or aquatic plants.

REPRODUCTIVE BIOLOGY

Age at maturity of Kemp’s ridley turtles is estimated to be
8-12 years. Females then reproduce at one- to three-year in-
tervals, most nesting every one or two years. Courtship and
mating occur off the nesting beaches before nesting. These be-
haviors have not been well described but are similar to those of
other seaturtles. Nearly all nesting occurs along a single beach
in Tamaulipas, Mexico, from mid April to mid July. Females
nest almost exclusively during the day, coming ashore in arrib-
adas, although some come ashore alone. Nests are dug in open
sand on the upper beach or in the dunes behind the beach.
Nest construction is similar to that by other cheloniid sea tur-
tles, but the Kemp’s ridley nests are generally shallower. Fe-
males produce up to four clutches, usually one to three, per
season at intervals of 10-49 days, although the usual interval is
20-28 days. Clutch size ranges from 51 to 185 eggs, nests of
100-110 eggs being most common. The spherical, leathery
eggs measure 1-2 in (2.5-5.1 cm, averaging 3.9 cm) in diame-
ter and weigh 1-1.5 oz (24-41 g, averaging 30 g). Incubation
requires 45-70 days depending on temperature, but most eggs
hatch in 50-55 days. Kemp’s ridley turtles exhibit temperature-
dependent sex determination. High temperatures produce mostly
females, and low temperatures produce mostly males.

CONSERVATION STATUS
Kemp’s ridley turtles are classified as Critically Endangered on
the IUCN Red List.

SIGNIFICANCE TO HUMANS

Kemp’s ridleys once were the most abundant seaturtle in the
Gulf of Mexico, an estimated 42,000 nesting in Mexico in one
day. Although these turtles are rigidly protected internationally
and the primary nesting beach is a Mexican national reserve,
Kemp’s ridley turtles remain the most critically endangered
marine turtle, perhaps 1,000-2,000 adults remaining. Drown-
ing in shrimp trawl nets is believed to be the most prevalent
unnatural cause of death. Recent increases in the nesting popu-
lation offer hope for recovery. &
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Class Reptilia
Order Testudines
Family Chelydridae

Thumbnail description
Large, vicious turtles with a long tail, a hooked
beak, and a greatly reduced plastron

Size
7.1-31.5 in (18-80 cm); up to 249 Ib (113 kg)

Number of genera, species
2 genera; 4 species

Habitat
Freshwater ponds, lakes, swamps, and rivers

Conservation status
Vulnerable: 1 species

Distribution

Canada to Ecuador

Evolution and systematics

Chelydridae is most closely related to Platysternidae, the
family of the big-headed turtles. Some authors have consid-
ered the two groups as subfamilies in the same family, al-
though molecular evidence supports their separate family
recognition. The fossil record dates from the Paleocene of
North America and the Oligocene of Eurasia. The genus
Chelydra (snapping turtles) is known from as far back as the
Pliocene in North America, whereas the genus Macrochelys is
known from as early the Miocene.

Physical characteristics

Snapping turtles are large aquatic turtles with a long tail
with three rows of tubercles; a hooked beak; a keeled, poste-
riorly serrated carapace; a reduced, cruciform, hingeless plas-
tron; and heavy claws. Males are larger than females. Only 11
marginal scutes are present on each side of the carapace. The
abdominal scutes on the plastron are reduced and not in con-
tact medially. The carapace and plastron are connected by a
narrow bony bridge. The posterior skull roof is deeply emar-
ginated.
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Distribution

Snapping turtles occur in southern Canada across the east-
ern two-thirds of the United States, and in discontinuous pop-
ulations from Veracruz, Mexico, to western Ecuador; from
sea level to over 6,560 ft (2,000 m) elevation.

Habitat

These turtles are found in almost any kind of freshwater
habitat within their range, but also occasionally enter brack-
ish waters.

Behavior

They possess a vicious temperament (hence their common
name) and direct their powerful snapping jaws at both their
food and their predators. Snapping turtles are highly aquatic,
but do leave the water to nest, and one species migrates be-
tween bodies of water. They may be active at any time of day
or night, but nocturnal activity is rare in northern popula-
tions. These turtles hibernate at temperate latitudes, but pre-
sumably are active year-round at more tropical sites. They
occasionally bask out of water.
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Common snapping turtle (Chelydra serpentina) swimming with a caught
fish. (Photo by Animals Animals ©Zig Leszczynski. Reproduced by per-
mission.)

Feeding ecology and diet
Snapping turtles are primarily carnivorous, but omnivo-
rous to herbivorous in some populations.

Reproductive biology

Male snapping turtles are larger than females, and hence
courtship is not elaborate. Females lay up to 109 eggs per
clutch during the spring or early summer, with a maximum
of one clutch produced per year. Eggs are spherical, hard-
shelled (but not brittle), and 0.9-1.6 in (2.3—4 c¢m) in diame-
ter. Snapping turtles exhibit temperature-dependent sex
determination, the sex of hatchlings being determined by the
temperature during the middle third of incubation.
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Snapping turtle (Chelydra serpentina) with eggs. (Photo by E. R. Deg-
ginger. Bruce Coleman, Inc. Reproduced by permission.)

Conservation status

Tropical forms are apparently not common; their status is
uncertain, but they are apparently not yet endangered. The
alligator snapping turtle (Macrochelys temminckii) has declined
significantly due to overharvesting, and hence is classified as

Vulnerable on the IUCN Red List.

Significance to humans
Snapping turtles are harvested primarily for their meat, al-
though some may be removed for the pet trade.
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Species accounts

Snapping turtle
Chelydra serpentina

TAXONOMY
Testudo serpentina Linnaeus, 1758, “Calidus regionibus” (warm
regions). Two subspecies are recognized.

OTHER COMMON NAMES

English: Common snapping turtle; snapper; French: Chélydre
serpentine; German: Schnappschildkréte; Spanish: Tortuga-
lagarto comun.

PHYSICAL
CHARACTERISTICS
The carapace of
these large turtles, to
19.3 in (49 cm),
bears three low,
knobby keels (except
in the oldest individ-
uals). The shell is
dark, although it
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may range from
brown to olive to
black. The head is
large, the upper jaw is somewhat hooked anteriorly, and the
eyes open dorsolaterally (toward the top and side of the head).

Chelydra serpentina

DISTRIBUTION
Ranges extend from southern Canada across the United States
east of the Rocky Mountains to New Mexico, Texas, and

Chelydra serpentina

Macrochelys temminckii
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Florida. Tropical snapping turtle populations (until recently
considered subspecies of the snapping turtle) range from Ver-
acruz, Mexico, through Central America to western Ecuador in
northwestern South America.

HABITAT

Snapping turtles inhabit nearly any body of freshwater within
their range, although they also invade brackish water environ-
ments in many areas. They seem to prefer warm, shallow, still
water, with soft bottoms and abundant aquatic vegetation.

BEHAVIOR

Snapping turtles are highly aquatic, spending most of their
time lying camouflaged in the mud in shallow water. Most ac-
tive during the morning and early evening, these turtles are of-
ten active at night in the south, but rarely so in the north.
When active, they are primarily bottom-walkers, slowly mov-
ing over the bottom in search of food or mates. Most ther-
moregulation is done by selecting warm, shallow, submerged
sites; however, they occasionally bask by floating on the water’s
surface or even by climbing out of the water onto emergent
logs or other objects. They may be active year-round in the
south, but hibernate for half the year or more in the north.
However, some individuals may be active in the north in mid-
winter under thick ice cover. In addition to nesting forays by
females, snappers frequently travel great distances overland be-
tween bodies of water (often almost a mile). They also make
equally impressive movements in the water, one observed fe-
male moved 2.1 mi (3.4 km) in just 10 days.

FEEDING ECOLOGY AND DIET

Although snapping turtles are probably carnivorous by prefer-
ence, they can subsist on diets ranging from completely carniv-
orous to completely herbivorous. Animal foods include
sponges, flatworms (planarians), earthworms, leeches, clams,
snails, crustaceans, spiders, insects, amphibians and their eggs
and larvae, snakes, other turtles, birds, small mammals, and
carrion. Snapping turtles also eat algae, duckweed, and other
submergent and emergent aquatic plants and their seeds.

REPRODUCTIVE BIOLOGY

Mating is known to occur from April to November, but proba-
bly peaks in the spring and fall. Courtship is highly variable,
from the male directly mounting the female from behind, to
the male trailing along after the female for several minutes be-
fore mounting, to face-offs, head-swaying, and/or water gulp-
ing and belching before mounting. Eventually the male mounts
atop the female’s shell and swings his tail under hers to mate.
At high latitudes, nesting begins in early June and may extend
to early July, whereas at low latitudes it may extend from late
April to early June. Females may nest within a few feet of the
water’s edge or travel overland as far as 9.9 mi (16 km) to nest.
The nest is dug (and covered) with the hind feet, and because
of its size and depth (to 9.8 in [25 cm]), even a covered nest is
quite obvious. Consequently, nests are heavily predated by ani-
mals, most within 24 hours of construction.

Females produce at most one clutch per year, with some fe-
males apparently skipping some years. They lay spherical,
hard-shelled eggs that average 1.1 in (2.8 cm) in diameter and
0.4 oz (11 g) in mass. Egg size does not seem to increase sig-
nificantly with female size. Clutch size is highly variable, rang-
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ing from six to 109, averaging about 32 across the range, and is
positively correlated with female body size, latitude, longitude,
and elevation (the largest clutches are laid in western Ne-
braska). Incubation in nature requires 55-125 days (more typi-
cally 75-95) depending on nest temperature (development
being faster at higher temperatures) and geography (incubation
times being longer in the south). Hatchling snapping turtles
usually emerge from the nest in the late summer and fall (Au-
gust to October) and move directly to the water. Hatchlings in
northern populations that do not emerge in the fall before the
onset of cold weather almost never survive the winter, probably
because of their low tolerance of subfreezing body tempera-
tures. High and low incubation temperatures result in the pro-
duction of all-female offspring, and intermediate temperatures
produce all males. Because their clutches are so large, eggs in
different parts of the same nest may produce different sex ra-
tios, e.g., all females at the top and all males at the bottom.

CONSERVATION STATUS

This species has such an extensive range and is so prolific that
it has so far been able to persist even in habitats significantly
altered by humans.

SIGNIFICANCE TO HUMANS

Snapping turtles are exploited by humans primarily for their
meat, although some small individuals make their way into the
pet trade. &

Alligator snapping turtle
Macrochelys temminckii

TAXONOMY

Chelonura temminckii Harlan, 1835, tributary stream of the
Mississippi, which enters the river above Memphis, in west
Tennessee. No subspecies are recognized.

OTHER COMMON
NAMES

English: Alligator
snapper; French:
Macroclémyde de
Temminck; Ger-
man: Geierschild-

krote.

PHYSICAL
CHARACTERIéTICS
Alligator snapping
turtles are the
largest freshwater

Macrochelys temminckii
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turtles in North America (up to 31.5 in [80 cm]; 250 1b [113
kg]). The carapace bears three prominent knobby keels. The
head is very large, has a strongly hooked beak, and eyes that
open laterally (toward the side of the head). Three to eight
small supramarginal scutes are present laterally between the
marginal and pleural scutes. The turtles have a pink, wormlike
projection on the tongue, which they can wriggle to lure prey.

DISTRIBUTION
Snapping turtles occur in the Gulf of Mexico drainages in the
southeastern United States.

HABITAT
These turtles are primarily found in rivers and large streams,
but also in lakes, ponds, swamps, and even brackish water.

BEHAVIOR

Alligator snapping turtles are highly aquatic, almost never leav-
ing the water except to nest. They are capable of making ex-
tremely long underwater movements, up to 4.2 mi (6.8 km) in
a week, or to 18.7 mi (30 km) or more over several years.

FEEDING ECOLOGY AND DIET

These turtles are primarily carnivorous. In addition to luring
fish with their tongue, they also eat crayfish, crabs, clams,
snails, salamanders, turtles, snakes, small alligators, birds, and
mammals, as well as plant roots, fruits, and seeds (e.g., grapes
and acorns).

REPRODUCTIVE BIOLOGY

Mating may occur in the spring or the fall. Courtship is poorly
developed and males climb onto the female’s shell from behind
for mating. Nesting occurs between late April and early June,
and most nests are laid within 236 ft (72 m) of the water. The
eggs are spherical and 1.3-1.6 in (3.3-4.1 cm) in diameter. Fe-
males lay a single clutch each year of nine to 61 eggs (about 35
being typical), larger females producing larger clutches. Labo-
ratory incubation of eggs to hatching requires 79-113 days, de-
pending on temperature. Warm incubation temperatures result
in the production of all females, low incubation temperatures
produce nearly all females, and intermediate temperatures pro-
duce mostly males.

CONSERVATION STATUS
Alligator snapping turtles have declined significantly due to
overharvesting, and hence are cited as Vulnerable on the

TUCN Red List.

SIGNIFICANCE TO HUMANS
Humans heavily exploit these turtles for their meat, and hatch-
lings are produced for the pet trade. &

Resources
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Central American river turtles
(Dermatemydidae)

Class Reptilia

Order Testudines
Suborder Cryptodira
Family Dermatemydidae

Thumbnail description

This is a large aquatic turtle whose dark shell
appears leathery in adults, whose plastron and
bridge are both large, and whose head is
relatively small with a pointed snout; a row of
inframarginal scutes separates the scutes of
the carapace from those on the plastron

Size
Up to 26 in (65 cm) and 49 Ib (22 kg)

Number of genera, species
1 genus; 1 species

Habitat
Permanent rivers and lakes

Conservation status
Endangered

Distribution

Caribbean Sea and Gulf of Mexico drainages of Mesoamerica

Evolution and systematics

These river turtles (Dermatenys mawii) are most closely re-
lated to the mud and musk turtles (family Kinosternidae). The
fossil record of this family is extensive, with the earliest ma-
terial being from the Lower Cretaceous in Asia, and abun-
dant remains in North and Central America, Europe, and
Africa during the Tertiary. The Central American river tur-
tle is also commonly known as hickety (Belize), jicotea, tor-
tuga aplanada (Mexico), tortuga blanca (Mexico, Guatemala),
and tortuga plana (Mexico). No subfamilies are recognized.

The taxonomy of this species is Dermatemys mawii Gray,
1847, South America (in error); restricted to Alvarado, Ver-
acruz, Mexico, by Smith and Taylor, 1950.

Physical characteristics

These large turtles (up to 49 1b [22 kg]) have a low, dark,
carapace that is unicarinate in juveniles, but smooth and leath-
ery in adults. Females reach larger sizes than males. The pos-
terior margin of the shell is smooth and not serrated. The
yellow or cream-colored plastron is large, unhinged, and con-
nected to the carapace by a broad bridge on which four or
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five inframarginal scutes are located (separating the plastral
from the carapacial scutes). The snout is pointed, no chin bar-
bels are present, and the toes are strongly webbed. The top
of the head in adult males is yellowish and that in adult fe-
males and juveniles is gray.

Central American river turtle (Dermatemys mawii). (lllustration by Bruce
Worden)
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Distribution

Atlantic lowlands from southern Veracruz in Mexico
through the southern Yucatin Peninsula, northern Guatemala,
and Belize.

Habitat

Permanent water in rivers and large freshwater lakes, oc-
casionally entering brackish water as evidenced by the find-
ing of barnacles on some individuals.

Behavior

This turtle is highly aquatic, is capable of remaining sub-
merged for very long periods, and has a very difficult time
moving on land. It is primarily nocturnal, but it can some-
times be seen basking at the surface of the water during the
day. It does not bask out of the water.

Feeding ecology and diet

It is almost completely herbivorous, feeding on fruits (e.g.,
figs), aquatic grasses, and fallen leaves. Insects, fish, and mol-
lusks are occasionally consumed.

Reproductive biology

Courtship and mating apparently occur from March to Sep-
tember, and nesting occurs primarily during the rainy season,
from late September to December. However, nesting some-
times occurs from late August to March or April. Females pro-
duce one to four clutches per year, with two being usual. Nests
are excavated in the soil, usually within 10 ft (3 m) of the wa-
ter, and are often inundated by rising water. Eggs have been
found to be viable after being submerged for up to 28 days.
Eggs are brittle-shelled, oblong, 2.1-2.8 in X 1.2-2 in (54-72
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mm X 30-50 mm), and weigh 1.2-2.5 oz (34-70 g). Clutch
sizes range from two to 20, with eight to 14 being typical. Large
females have greater annual reproductive potential than small
females. Incubation requires seven to 10 months, and hatching
occurs in late May through July, at the beginning of the next
rainy season. The sex is determined by nest temperature dur-
ing the middle third of incubation, with high temperatures pro-
ducing females and low temperatures producing males.

Conservation status

Listed as Endangered on the IUCN Red List, as Endan-
gered by the U.S. Fish and Wildlife Service, and in Appen-
dix IT of the CITES.

Significance to humans

Central American river turtles are intensively exploited for
food by indigenous peoples throughout their range, even in
areas where the species is legally protected. The flesh is con-
sidered a delicacy.

Central American river turtle (Dermatemys mawii) in Tabasco, Mexico.
(Photo by Jean-Gérard Sidaner/Photo Researchers, Inc. Reproduced by
permission.)

Resources

Books

Lee, Julian C. The Amphibians and Reptiles of the Yucatin
Peninsula. Tthaca, NY: Comstock, 1996.

Polisar, John. “Effects of Exploitation on Dermatemys mawii
Populations in Northern Belize and Conservation Strategies
for Rural Riverside Villages.” In Proceedings: Conservation,
Restoration, and Management of Tortoises and Turtles: An
International Conference, 11 to 16 Fuly 1993, State University
of New York, Purchase, New York, edited by Jim Van
Abbema. Bronx, NY: New York Turtle and Tortoise
Society, 1997.

100

Periodicals
Polisar, John. “Reproductive Biology of a Flood-Season
Nesting Freshwater Turtle of the Northern Neotropics:

Dermatemys mawii in Belize.” Chelonian Conservation and
Biology 2, no. 1 (1996): 13-25.

Polisar, J., and R. H. Horwich. “Conservation of the Large,
Economically Important River Turtle Dermatenys mawii in
Belize.” Conservation Biology 8, no. 2 (1994): 338-340.

Vogt, R. C., and O. Flores-Villela. “Effects of Incubation
Temperature on Sex Determination in a Community of
Neotropical Freshwater Turtles in Southern Mexico.”
Herpetologica 48, no. 3 (1992): 265-270.

Fobn B. Iverson, PhD

Grzimek’s Animal Life Encyclopedia



A
Leatherback seaturtles
(Dermochelyidae)

Class Reptilia

Order Testudines
Suborder Cryptodira
Family Dermochelyidae

Thumbnail description

A huge marine turtle with a smooth, leathery,
black, teardrop-shaped carapace, with scattered
small white or yellow blotches

Size
Up to 96 in (244 cm) and 1,911 Ib (867 kg)

Number of genera, species
1 genus; 1 species

Habitat

Oceans Distribution

Worldwide, oceanic

Conservation status
Critically Endangered

Evolution and systematics

The leatherback seaturtle (Dermochelys coriacea) is most
closely related to the other marine turtles of the family Che-
loniidae. The family Dermochelyidae is known from the
Eocene to the Pliocene in Africa, Europe, Japan, Antarctica,
Peru, and North America. The Pacific and Atlantic popula-
tions differ genetically and have been recognized as separate
subspecies by some authors. This seaturtle is also commonly
known as caldon (Trinidad), canal (Caribbean, Latin Amer-
ica), caouana (Carib Indians), cardon (Venezuela), ladd, luth,
and trunk turtle. No subfamilies are recognized.

The taxonomy of this species is Testudo coriacea Vandelli,
1761, Mediterranean and Adriatic seas.

Physical characteristics

The smooth, streamlined carapace is teardrop shaped (up
to 96 in [244 cm] in length), bears seven longitudinal ridges,
lacks epidermal scutes, and is covered with leathery skin. Most
of the bones of the carapace have been lost, but a mosaic of
hundreds of small dermal bones lies just under the leathery
skin. The head also lacks scales and has a prominent toothlike
cusp on each side of the upper jaw. The shell and skin are gen-
erally black with scattered white or yellow blotches or spots.
The plastron is predominately white with scattered dark
blotches or spots. The forelimbs are paddle-like and lack claws.

Distribution

This pelagic species has perhaps the greatest distribution
of any reptile. It is found in all tropical oceans (and in the
Mediterranean Sea), and it also ventures into the cold tem-
perate waters around Newfoundland, Iceland, Norway, the
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Cape of Good Hope, New Zealand, and Alaska. Its nesting is
on tropical and subtropical shores.

Habitat

This species is pelagic, and is only rarely found in shallow
bodies of water.

Behavior

Leatherback seaturtles make extensive migrations between
feeding and nesting areas. Recaptures have been made more
than 3,100 mi (5,000 km) away, and individuals have traveled
an average of more than 19 mi (30 km) per day for weeks at
a time. Feeding takes place in both cold and warm water en-
vironments, in large part because leatherbacks can maintain
body temperatures above environmental temperatures. Body
heat generated by muscle activity is lost very slowly due to
the thermal inertia of the large body, excellent insulative
properties of the oily skin, and countercurrent circulatory sys-
tem in the limbs which keeps the heat in the body’s core.
Leatherbacks sometimes aggregate, probably in association
with feeding (e.g., on schools of jellyfish). They also are ca-
pable of making dives to depths of more than 3,300 ft (1,000
m) to reach food sources. They are active both day and night,
although diving activity is increased at night. As they leave
the nest, hatchlings are attracted to open, highly illuminated
areas (usually the open sea).

Feeding ecology and diet
Leatherbacks are almost completely carnivorous, preferring
oceanic jellyfish. However, they also consume hydrozoans,

101



Family: Leatherback seaturtles

Leatherback seaturtle (Dermochelys coriacea). (lllustration by Patri-
cia Ferrer)

snails, bivalves, octopi, squid, amphipod crustaceans, crabs, sea
urchins, tunicates, and small fish, as well as algae, kelp, and
sea grasses. Unfortunately, plastic bags or balloons dumped in
the ocean by humans are often mistaken for jellyfish and, if

consumed, can block the gastrointestinal tract, causing the tur-
tle’s death.

Reproductive biology

Based on growth rings formed annually in the long bones
of leatherbacks, sexual maturity is reached at about 13 to 14
years. Courtship and mating have only rarely been observed,
and are known to occur in tropical water (e.g., near nesting
beaches), but may also occur before or during migration to
the nesting beaches. Nesting occurs on a great number of
tropical beaches, but the number of females using a given
beach is often small, and the numbers at even the best sites
are declining. Atlantic leatherbacks nest from April to No-
vember; those from the Pacific nest at various times of the
year depending on the location. Nesting is usually at night,
and takes place just above the high tide line, on open sandy
beaches free of rocks, etc., that would abrade the soft plas-
tron. The female digs a huge body pit with both forelimbs
and hind limbs, and then excavates the actual nest cavity with
her hind feet. Once the eggs are laid, the opening to the nest
cavity is covered with sand by the hind limbs, and eventually
the forelimbs are also used to fill the body pit.
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Eggs are spherical, with pliable shells, and are 1.9-2.6 in
(49-65 mm) in diameter and weigh 2.5-3.2 oz (70-90 g); how-
ever, from one to 103 undersized (0.6-1.8 in [15-45 mm]) and
yolkless eggs may be produced along with the normal egg com-
plement, which numbers from 46 to 160. Clutch and egg size
both tend to increase with female size. Clutch sizes are also gen-
erally larger on Atlantic beaches than on eastern Pacific beaches,
and clutches laid during the middle of the nesting season are
usually larger than those in early or late nests. Females oviposit
up to 11 times during a nesting season, although half that many
clutches per season is more usual. Females nest only every two
or three years. Incubation requires 50-78 days, but most undis-
turbed nests apparently hatch in 60-68 days. Most hatchlings
leave the nest at night. Sex is determined by temperature dur-
ing the middle third of incubation, with only females produced
at high temperatures and only males at low ones.

Conservation status

This species is listed as Critically Endangered on the
TUCN Red List, as Endangered by the U.S. Fish and Wildlife
Service, and in Appendix I of the CITES.

Significance to humans

Population estimates suggest that this species has declined
by more than 70% in less than one generation. Egg poach-
ing has been the primary reason for the decline in this species,
although adults are also harvested in many areas for their flesh
and/or the oil in their shells.

s

Leatherback seaturtle hatchling (Dermochelys coriacea) in Michoacan,
Mexico. (Photo by Animals Animals ©George H. H. Huey. Reproduced
by permission.)
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New World pond turtles

(Emydidae)

Class Reptilia
Order Testudines
Suborder Cryptodira
Family Emydidae

Thumbnail description

Small- to medium-sized turtles; carapace may be
depressed, domed, or strongly keeled; plastron
may or may not be hinged; double articulation
found between the fifth and sixth cervical
vertebrae

Size
10-24 in (25-60 cm)

Number of genera, species
12 genera; 35 species

Habitat

Freshwater rivers, streams, lakes, and ponds;
other species are semiaquatic to fully terrestrial;
still other species frequent estuaries and

coastal waters

Conservation status LT

Endangered: 6 species; Vulnerable: 7 species;
Lower Risk/Near Threatened: 14 species

Evolution and systematics

The oldest fossils are known from the Upper Cretaceous
and Paleocene of North America. These modern cryptodires
are most closely related to the Geoemydidae of South Amer-
ica, Europe, Africa, and Asia and the Testudinidae, which also
are found in North America.

Morphological and molecular evidence suggests a close re-
lationship among western pond turtles (Actinenzys marmorata),
European pond turtles (Emzys orbicularis), and Blanding’s tur-
tles (Emydoidea blandingii). Some researchers consider them
to be members of a single genus (Emys), while others rec-
ognize them individually as the sole representatives of
monotypic genera. Two subfamilies are recognized: the
Emydinae (palatine excluded from the triturating surface)
and the Deirochelyinae (humeropectoral sulcus excluded
from the entoplastron).

Physical characteristics

There are typically eight pleurals, five vertebrals, and 24
marginals on the carapace and 12 scutes on the plastron. The
seam between the posterior marginal scutes and the last ver-
tebral overlap the pygal bone. A double articulation is found
between the fifth and sixth cervical vertebrae. Most species
have at least some webbing between the toes, and some species
have a hinged plastron.

Bog turtles (Glyptenzys mublenbergii) attain a maximum size
of 5 in (12 cm), whereas adult Gray’s sliders (Trachemys
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Temperate and tropical regions of North and South America, Europe, western Asia,
and northern Africa

venusta grayi) may reach 24 in (60 cm) or more. Males are
generally smaller than females in the aquatic emydids; how-
ever, among semiaquatic and terrestrial species this may be
reversed.

Distribution

These turtles are found in the lowland temperate re-
gions of North America, North Africa, southern Turkey,
the Middle East, and throughout Europe to southern Rus-
sia. They were formerly more widespread in Europe, but
the Scandinavian populations were extirpated during the
Pleistocene.

Habitat

This extremely diverse family is found in many habitats.
They occur in abundance in most permanent freshwater
rivers, streams, lakes, and ponds. One species is only found
in estuaries and coastal waters, and a few species are semi-
aquatic to fully terrestrial.

Behavior

Whether fully aquatic or terrestrial, most emydids have a
well-developed basking habit. Some species are active year-
round; others are seasonally inactive (dry season or winter).
Males of many species exhibit elaborate courtship displays.
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Among the temperate northern species, hibernacula are gen-
erally located in well-oxygenated areas; however, painted tur-
tles (Chrysemys picta) and Blanding’s turtles are tolerant of
extremely hypoxic, or low oxygen, conditions. At least two
aquatic species, the chicken turtle (Deirochelys reticularia) and
the western pond turtle, are known to hibernate terrestrially.
The eastern box turtle (Terrapene carolina) burrows beneath
leaf litter and hibernates in shallow soil where it may experi-
ence subfreezing temperatures.

Feeding ecology and diet

This family includes species that are strictly herbivorous
to those that are strictly carnivorous. Hatchlings of many
species are highly carnivorous, but switch to a more omniv-
orous diet as they mature. Some species have diverse, gener-
alized diets and others are highly specialized. In map turtles
(genus Graptemys), the females may develop huge heads with
broad palates that enable them to crush large mollusks.
Chicken turtles and Blanding’s turtles have independently
evolved a long neck with a well-developed hyoid apparatus,
an elaborate bony structure that rapidly expands the throat to
suck in prey items. This feeding adaptation is frequently found
in piscivorous (fish-eating) turtle species.

Reproductive biology

In sexually dimorphic aquatic species, the female is larger
than the male. The size difference is most extreme among
species of the genus Graptemys. Mating generally occurs in
the spring; however, some species may store sperm from an
earlier mating for several years. The male is brightly col-
ored and may possess long thin claws on the forelimbs that
are vigorously waved before the female during courtship. A
unique pattern of head bobs also may be exchanged before
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Hinged plastron of a box turtle (Terrapene sp.)—the turtle is closed
up inside its shell. (lllustration by Gillian Harris)

the female allows the male to mount. This elaborate
courtship suggests that females choose their mate. The
elongate eggs, which may be flexible or brittle shelled, are
generally laid in nests dug in the soil away from the water
(sometimes more than 0.6 mi [1 km] away). Most species
that have been investigated exhibit temperature-related sex
determination.

Conservation status

Seven species are listed as Vulnerable and six as Endan-
gered on the IUCN Red List; 14 others are listed as Lower
Risk/Near Threatened. Human activities (e.g., pollution,
habitat destruction, road mortality, and collecting for the pet

A red-bellied turtle (Pseudemys nelsoni) climbs aboard an alligator (Alligator mississippiensis) in Everglades National Park, Florida, USA. (Photo
by J. H. Robinson/Photo Researchers, Inc. Reproduced by permission.)
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The European pond turtle (Emys orbicularis) is native to Spain, France,
northern Italy, southern Germany, Poland, Turkey, Iran, Russia, Mo-
rocco, and Algeria. (Photo by Henri Janssen. Reproduced by permis-
sion.)

trade) are responsible for declines in most species. No species
demonstrates the destructive effect that human exploitation
may have on a turtle population better than the diamondback
terrapin (Malaclemys terrapin), which once faced extinction
throughout its range due to overcollection for human con-
sumption. This turtle recovered as it fell out of favor with the
wealthy.

Grzimek’s Animal Life Encyclopedia

A river cooter hatchling (Pseudemys concinna). (Photo by Animals An-
imals ©Mella Panzella. Reprodced by permission.)

Significance to humans

Many species are prominent in the international pet trade;
the red-eared slider (Trachemys scripta elegans) has been the
world’s pet turtle for several decades. The hatchlings are ex-
ported by the tens of thousands from ranching operations in
Louisiana. This turtle has established breeding populations
throughout the world and is considered an invasive pest be-
cause it may harm native species. A few species are consumed
by humans locally.
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1. Painted turtle (Chrysemys picta); 2. European pond turtle (Emys orbicularis); 3. Pond slider (Trachemys scripta); 4. Female diamondback ter-
rapin (Malaclemys terrapin); 5. Eastern box turtle (Terrapene carolina); 6. Female spotted turtle (Clemmys guttata). (lllustration by Gillian Harris)
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Family: New World pond turtles

Species accounts

Painted turtle
Chrysemys picta

SUBFAMILY
Deirochelyinae

TAXONOMY
Testudo picta Schneider, 1783, location unknown, although said
to be England (in error). Four subspecies are recognized.

OTHER COMMON NAMES
French: Chrysémydes peint; German: Zierschildkrote; Spanish:
Tortuga pinta.

PHYSICAL CHARACTERISTICS

A small- to medium-sized (maximum carapace length 10 in
[25 cm]) turtle with a dark olive to black carapace. The upper
and lower surfaces of the marginals are adorned with a pat-
tern of red markings. The plastron may be plain yellow, yel-
low with a central pattern, or with complex designs of red
and yellow. The dark head has a pattern of thin yellow lines
and a distinctive yellow spot behind the eye in most sub-
species. The males are smaller than the females and have long
claws on the forelimbs.

DISTRIBUTION

This widespread species is found from southwestern British
Columbia to Nova Scotia and throughout the central and
southern regions of temperate North America. Disjunct popu-
lations occur in the U.S. Southwest.

HABITAT
Ponds, streams, slow-flowing portions of rivers and estuaries.

BEHAVIOR

By absorbing solar radiation with their dark carapaces, painted
turtles thermoregulate by basking on almost any exposed sur-
face. They bask early in the morning to elevate their body
temperature, forage for food, and then return to basking sites
to facilitate digestion. In the northern populations, the juve-
niles and adults spend a majority of the winter trapped below
thick ice. This species does not readily absorb oxygen from the
water; therefore, it must tolerate long periods of hypoxia or
anoxia. The mineralized shell buffers the accumulation of lactic
acid formed under anaerobic conditions to maintain a stable
blood pH through the winter. The hatchlings remain within
the shallow nest chamber over the winter and may be exposed
to temperatures of 10°F (-12°C) or lower. Although they toler-
ate freezing at high subzero temperatures (e.g., to 25°F
[-4°C]), they must remain supercooled (i.e., without the tissues
freezing) in order to survive colder temperatures.

FEEDING ECOLOGY AND DIET
Omnivorous, feeding upon aquatic vegetation, insects, tadpoles,
small fish, and carrion.

REPRODUCTIVE BIOLOGY

Although individual females may not reproduce every year,
nesting is annual and seasonal. Courtship and mating occur in
the autumn and spring, but nesting usually occurs in the spring
and early summer. Females can store sperm in their oviducts
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for years and may not need to mate annually. The size of the
elongate, flexible eggs (1.1-1.4 in [28-35 mm)] long and 0.6-0.9
in [16-23 mm] wide) decreases with increasing latitude and
clutch size. As many as five, but typically one or two, clutches
of one to 20 eggs are deposited in nests constructed in sand or
loamy soil. The eggs hatch after 72 to 80 days of incubation.
This species has temperature-related sex determination, where
males are produced below 82°F (28°C) and mostly females are
produced at higher temperatures. Paternity analysis using
DNA has shown that eggs within the same clutch are some-
times fertilized by more than one male.

CONSERVATION STATUS

Not threatened. This species remains common, in part because
it tolerates disturbance due to human activity and its reproduc-
tive output is exceptional.

SIGNIFICANCE TO HUMANS

The colorful painted turtle hatchlings and adults are often
available in the international pet trade. As a result of their
small size and their considerable overlap with the larger and
presumably more palatable common snapping turtle (Chelydra
serpentina), they are rarely eaten by humans.

Diamondback terrapin
Malaclemys terrapin

SUBFAMILY
Deirochelyinae

TAXONOMY

Testudo terrapin Schoeptt, 1793, Philadelphia, Pennsylvania, and
Long Island, New York, later restricted by Schmidt (1953, 95)
to the coastal waters of Long Island. Seven subspecies are rec-
ognized.

OTHER COMMON NAMES
French Malaclémyde terrapin; German: Diamantschildkréte.

PHYSICAL CHARACTERISTICS

A small- to medium-sized turtle (maximum carapace length 9
in [24 cm]) with a rough, slightly keeled carapace and smooth
speckled skin. The light brown, gray, or black carapace has
raised concentric rings because the scutes are not shed each
year, and new larger scutes form below. The rigid plastron
varies in color from yellow to black and may have a distinctive
pattern of blotches. The color of the soft skin is also quite
variable, ranging from black to a light gray with black flecks.
The females are much larger than the males and have larger
heads with broad crushing plates. There are specialized salt
glands near the eyes that excrete excess salt.

DISTRIBUTION

East Coast of temperate North America from southern Texas
along the Gulf of Mexico and around Florida to Cape Cod,
Massachusetts.

HABITAT
Salt marshes in brackish coastal waters and estuaries.
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Chrysemys picta

Malaclemys terrapin

BEHAVIOR

Normally active during the day, this species may haul out on
rocks or the banks of tidal creeks to bask. Terrapins range
widely while foraging for food; however, they are often found
in the same small area over consecutive years. Adults hibernate
communally on the muddy bottom of creek beds. In southern
climates the terrapins may become active on warm winter days,
but in northern populations they remain in dormancy.

FEEDING ECOLOGY AND DIET

This species is highly specialized to feed upon mollusks. The
females develop especially large heads with broad jaws for
crushing the shells of marine gastropods. The diet of the
smaller males differs from that of the female in that they con-
sume different size classes of gastropods and they may supple-
ment with a variety of aquatic insects.

REPRODUCTIVE BIOLOGY

The female is considerably larger than the male and may
therefore choose her mate. In temperate regions, nesting oc-
curs from mid-May to late July, but southern populations may
nest as late as September. The females can store sperm in their
oviducts for at least four years; however, fertility rates drop
precipitously after the second year. The elongate eggs (1.0-1.7
in [26-42 mm] long and 0.6-1.1 in [16-27 mm] wide) have
flexible shells. Two or more clutches of up to 20 eggs are de-
posited annually in the sandy dunes above the winter high tide
mark. The eggs hatch after 61 to 104 days of incubation. Sex is
dependent upon the incubation temperature; mostly males are
produced from 77 to 84°F (25 to 29°C), however at 86°F
(30°C) the hatchlings are all female. Most hatchlings emerge in
the autumn and are presumed to hibernate aquatically, but
some hatchlings may overwinter in the nest.

CONSERVATION STATUS
This species is listed as Lower Risk/Near Threatened on the
TUCN Red List. Once considered a delicacy among aristocrats,
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it was decimated during the early twentieth century by overcol-
lection for human consumption. The terrapin has largely re-
covered; however, populations continue to be threatened by
the destruction and degradation of the tidal marshes they in-
habit, and many thousands are needlessly drowned in crab
traps that could be made safe by a simple modification.

SIGNIFICANCE TO HUMANS

This species was once prized for its delicate flesh; however, it
fortunately fell out of favor with the wealthy. It is still con-
sumed locally and is often sold in the Asian markets of large
North American cities. 4

Pond slider

Trachemys scripta

SUBFAMILY
Deirochelyinae

TAXONOMY

Testudo scripta Schoepff, 1792, location unknown, later desig-
nated as Charleston, South Carolina, by Schmidt (1953, 102).
Three subspecies are recognized.

OTHER COMMON NAMES
English: Red-eared slider, yellow-bellied slider.

PHYSICAL CHARACTERISTICS

"This is a medium-sized (maximum carapace length 12 in [30 cm])
turtle with a green carapace, usually marked with yellow. The
upper and lower surfaces of the marginals are adorned with a
pattern of yellow lines. The plastron may be plain yellow or yel-
low with a dark pattern, or black in melanistic males. The green
head has a pattern of thin yellow lines. There is a distinctive red
stripe behind the eye in one subspecies (Trachemys scripta elegans),

Trachemys scripta

Clemmys guttata
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and a yellow blotch in another (Trachemys scripta scripta). The
males are smaller than the females and have long claws on the
forelimbs.

DISTRIBUTION

This widespread species is found from southern Michigan
throughout the central, southern, and southeastern regions of
temperate North America.

HABITAT
Ponds, streams, slow-flowing portions of rivers and estuaries.

BEHAVIOR

Their daily activity consists of alternately basking to elevate
body temperatures and foraging. Higher body temperatures fa-
cilitate digestion. The home range may be extensive and in-
clude aquatic habitats that can only be reached by overland
migration. In northern populations the slider turtle hibernates
at the bottom of the aquatic habitat beneath sheets of ice.
Adults and juveniles are often frozen to death when drawdowns
or extreme temperatures cause the pond to freeze solid.

FEEDING ECOLOGY AND DIET
Omnivorous, feeding upon aquatic vegetation, insects, tadpoles,
small fish, and carrion.

REPRODUCTIVE BIOLOGY

The smaller males become darker, or melanistic, as they mature.
They possess long, thin claws on their forelimbs which they wave
in front of the female during courtship. Several males may court a
female simultaneously. Courtship and mating occur in the au-
tumn and spring, but nesting usually occurs in the spring and
early summer. Females can store sperm in their oviducts for years
and do not need to mate annually. The size of the elongate, flexi-
ble eggs (1.2-1.7 in [31-43 mm)] long and 0.7-1.0 in [19-26 mm]
wide) is related to the size of the female. Up to five clutches of
two to 23 eggs are deposited annually in dry sand, clay, or loamy
soil. The female moistens the substrate with water carried in an
accessory bladder as she digs. The eggs hatch after 60 to 80 days
of incubation under field conditions. Although other environmen-
tal factors are known to influence the hatchling sex ratio, it is
largely related to the incubation temperature; mostly males are
produced from 72.5 to 80.6°F (22.5 to 27.0°C), however at 86°F
(30°C) the hatchlings are all female. Even in the most northern
portions of their range, hatchlings generally overwinter in the
nest, where they are often exposed to subzero temperatures.

CONSERVATION STATUS

Listed as Lower Risk/Near Threatened by the IUCN. Sliders
are still quite common. This resilient species is abundant even
in polluted and greatly disturbed habitats.

SIGNIFICANCE TO HUMANS

This species is widespread in the pet trade. Many thousands of
red-eared slider hatchlings are produced by ranching opera-
tions in Louisiana each summer. Introduced populations occur
in nearly every temperate or tropical country to which they are
exported, and they may represent a threat to native species. 4

Spotted turtle
Clemmys guttata

SUBFAMILY
Emydinae

TAXONOMY
Testudo guttata Schneider, 1792, type locality not stated origi-
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nally. No subspecies are recognized.

OTHER COMMON NAMES

French: Clemmyde a gouttelettes;, Tortue ponctuée; German:
Tropfenschildkrote.

PHYSICAL CHARACTERISTICS

A small (maximum carapace length to 5 in [12.5 cm]) turtle
with a smooth, dark carapace that is punctuated with yellow or
orange spots. The upper surfaces of the skin are similarly dark
and spotted. The digits are weakly webbed.

DISTRIBUTION
Great Lakes region from northern Illinois to southern Ontario,
and the eastern United States from Maine to central Florida.

HABITAT
Bogs, wet meadows, and woodland streams.

BEHAVIOR

Equally at home on the land or in the water, the spotted turtle
migrates between habitat types throughout the year. It basks
on mats of vegetation floating at the surface of the water or on
tussocks of marsh grass. This species has one of the shortest
activity seasons of any temperate species. Although it is active
at low temperatures in early spring, by mid- to late June the
spotted turtle seeks out muskrat burrows or buries itself be-
neath the ground to estivate until the summer heat has sub-
sided. It is briefly active during the autumn before hibernation.

FEEDING ECOLOGY AND DIET

The spotted turtle is omnivorous, consuming a variety of ani-
mal matter (aquatic and terrestrial insects, worms, slugs, crus-
taceans, and tadpoles) as well as aquatic grasses and
filamentous algae.

REPRODUCTIVE BIOLOGY

Courtship behavior has been observed at low temperatures
during March and April and continues through June. Several
males may aggressively pursue a single female across terrestrial
and aquatic portions of the habitat. After the male bites the fe-
male repeatedly on the hind limbs and tail, copulation proceeds
either on land or water. Nesting generally occurs in the early
morning or late evening from May to July. The size of the
elongate, flexible eggs (1.0-1.3 in [25-34 mm] long and 0.6-0.7
in [16-18.5 mm] wide) is related to the carapace length of the
female. Up to two clutches of one to eight eggs are deposited
annually in the grass tussocks, hummocks, and sphagnum moss
of the wetland or in upland nests constructed in loamy soil.
The eggs hatch after 70 to 83 days of incubation. Sex is depen-
dent upon the incubation temperature; mostly males are pro-
duced from 72.5 to 80.6°F (22.5 to 27.0°C), however at 86°F
(30°C) the hatchlings are all female. Hatchlings generally
emerge from the nest in the autumn, but may occasionally
overwinter in the nest.

CONSERVATION STATUS

This species is listed as Vulnerable on the IUCN Red List. It
is protected by state and local laws throughout its range, but
the regulations are not rigorously enforced and entire popula-
tions are often collected for the pet trade.

SIGNIFICANCE TO HUMANS
This species is popular in the international pet trade because of
its small size, attractive pattern, and docile nature. &
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European pond turtle
Emys orbicularis

SUBFAMILY
Emydinae

TAXONOMY
Testudo orbicularis Linnaeus, 1758, southern Europe. About 14
subspecies are variably recognized.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

A small- to medium-sized (maximum carapace length to 12 in
[30 cm]) turtle with a smooth, dark carapace that is punctuated
with yellow spots or streaks. The upper surfaces of the skin are
similarly dark and spotted. The digits are webbed and the tail
is relatively long.

DISTRIBUTION

Northwestern Africa (Tunisia to Morocco), Europe (Portugal
to Greece to Lithuania) to northern Iran, and the Aral Sea re-
gion in southern Russia.

HABITAT

These turtles are found in most aquatic habitats with soft bot-
toms and abundant vegetation, including rivers, streams,
drainage canals, ponds, and marshes.

BEHAVIOR

This species basks to elevate body temperature, but quickly re-
treats to the bottom when disturbed. It is active at low temper-
atures in early spring; by mid- to late June in southern
portions of the range it may estivate until the summer heat has
subsided. It is briefly active during the autumn before hiberna-
tion, which may last six months at the northern limits of the
range.

FEEDING ECOLOGY AND DIET
The European pond turtle is predominantly carnivorous, con-
suming aquatic and terrestrial insects, worms, crustaceans, fish,
frogs, salamanders, and tadpoles.

Emys orbicularis
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REPRODUCTIVE BIOLOGY

Courtship behavior has been observed at low temperatures
during March to May. The males are aggressive breeders; after
biting the female repeatedly on the hind limbs and tail and
bumping her with his shell, copulation proceeds either on land
or water. Nesting generally occurs in the early morning or late
evening from May and June. The size of the elongate, flexible
eggs (1.2-1.5 in [30-39 mm] long and 0.7-0.9 in [18-22 mm]
wide) is related to the carapace length of the female. Up to
two clutches of three to 16 eggs are deposited annually in
loamy soil. The incubation temperature determines the sex of
hatchlings; mostly males are produced from 75 to 82°F (24 to
28°C), but at 86°F (30°C) nearly all the hatchlings are female.
In northern habitats the eggs hatch in late summer or early au-
tumn after an extended incubation. Hatchlings generally
emerge from the nest in the autumn, but may occasionally
overwinter in the nest.

CONSERVATION STATUS

This species is listed as Lower Risk/Near Threatened on the
TUCN Red List. Although they are not considered to be
threatened, many European pond turtle populations must con-
tend with the red-eared slider, an aggressive competitor that
has been introduced through the pet trade.

SIGNIFICANCE TO HUMANS
"This species is popular in the pet trade because it is relatively
small, attractive, and docile. &

Eastern box turtle
Terrapene carolina

SUBFAMILY
Emydinae

TAXONOMY
Testudo carolina Linnaeus, 1758, Carolina (exact location not
cited). Six subspecies are recognized.

OTHER COMMON NAMES
French: Tortue tabatiére; Spanish: Tortuga de Carolina.

PHYSICAL CHARACTERISTICS

This is a small- to medium-sized (up to 9 in [22 cm] maximum
carapace length) turtle. The high domed shell is adorned with
a variable pattern of yellow striations on a black background.
The plastron has two hinges that allow it to draw both lobes
against the carapace, forming a tight seal that protects the
limbs from predators. The smaller males have red eyes, a con-
cave plastron, and a long thick tail.

DISTRIBUTION
Southern, central, and eastern United States, northeastern
Mexico, and the Yucatin Peninsula.

HABITAT
Woodlands, pastures, and wet meadows.

BEHAVIOR

Eastern box turtles are active throughout the day, but retreat
to short, temporary burrows when temperatures reach extremes
of hot and cold. They bask early in the morning, forage, and
then bask to improve digestion. Their activity increases after
periods of rain. Although they are dependent upon available

Grzimek’s Animal Life Encyclopedia



Vol. 7: Reptiles

Terrapene carolina

microhabitats, their home range is generally less than 3.7 acres
(1.5 ha). This species digs a shallow burrow in the soil, but in
regions where hard soil prevents deep penetration and snow is
transient, they may be exposed to subzero temperatures. The
adults tolerate brief freezing episodes where the heart stops
beating and the majority of extracellular water is ice.

Family: New World pond turtles

FEEDING ECOLOGY AND DIET
Omnivorous, feeding on grasses, flowers, berries, insects, and
earthworms.

REPRODUCTIVE BIOLOGY

Beginning early in May, the male displays a stereotypical
courtship pattern. He first circles and bites at the female’s shell,
occasionally bumping her with his carapace. Males may raise their
head to pulsate their colorful throat. Olfactory cues and behav-
ioral postures of the female precipitate mounting and intromis-
sion. The male may continue to bite at the head and shell of the
female throughout copulation. Nesting occurs from mid-May to
late July. The size of the elongate, flexible eggs (1.0-1.6 in [25-40
mm] long and 0.7-1.0 in [17-25 mm] wide) is related to the cara-
pace length of the female. As many as five, but usually two,
clutches of 1 to 11 eggs are deposited annually in flask-shaped
nests constructed in sandy or loamy soil. Although incubation
may be completed in as little as 57 days, the eggs generally hatch
after 70 to 80 days. Sex is dependent upon the incubation tem-
perature; mostly males are produced from 72.5 to 80.6°F (22.5 to
27.0°C), however at 83.3°F (28.5°C) the hatchlings are all female.

CONSERVATION STATUS

This species is listed as Lower Risk/Near Threatened on the
TUCN Red List. Suburban sprawl has led to localized habitat
destruction; small populations are extirpated as wet meadows
are filled and stands of trees are cleared for housing develop-
ments. Box turtles that migrate from declining habitats are of-
ten killed on the roadways that bisect their range.

SIGNIFICANCE TO HUMANS

The small adult size, attractive colors and patterns, and gentle
disposition of this species make it a popular choice among tur-
tle fanciers. ¢
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Eurasian pond and river turtles, and

Neotropical wood turtles
(Geoemydidae)

Class Reptilia

Order Testudines
Suborder Cryptodira
Family Geoemydidae

Thumbnail description

A diverse family of hard-shelled turtles with a
single articulation between the fifth and sixth
cervical vertebrae, webbing between the toes,
and posterior marginal scutes that extend up on
to the suprapygal bone

Size
Up to 32 in (80 cm) carapace length and 110 Ib
(50 kg)

Number of genera, species

27 genera; 62 species Distribution

Eurasia and North Africa and the tropical Americas

Habitat
Freshwater to coastal marine systems to
primary and secondary forests

Conservation status

Extinct: 1 species; Critically Endangered: 13
species; Endangered: 18 species; Vulnerable:
11 species

Evolution and systematics

Formerly known as the Bataguridae, this family is most
closely related to the tortoises of the family Testudinidae.
Together these two families are next most closely related to
the pond turtles of the family Emydidae. Fossils are known
from as long ago as the Eocene. Geoemydid turtles previ-
ously were divided into two subfamilies based on the upper
jaw width (i.e., wide alveolar crushing surfaces versus nar-
row ones). However, molecular studies have demonstrated
that similarities in jaw width do not precisely reflect phylo-
genetic relationships. Hence, no subfamilies currently are
recognized.

Physical characteristics

The well-developed shell includes 24 marginal and 12
plastral scutes. The pectoral and abdominal scutes contact
the marginal scutes. In addition, the posterior marginal
scutes extend up on to the suprapygal bone. A single artic-
ulation is found between the fifth and sixth cervical verte-
brae. Most included species have at least some webbing
between the toes and some species have a hinged plastron.
Sexual dimorphism is extraordinary in some species; for ex-
ample, males of the Indian tent turtle (Kachuga tentoria) are
usually less than 4 in (10 cm) in shell length, whereas fe-
males approach 12 in (30 cm).
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Distribution
Europe and North Africa to southern China and the East In-
dies; the Americas from northern Mexico to Brazil and Ecuador.

Habitat

From almost any freshwater ecosystem to coastal marine
systems to fully terrestrial in primary and secondary forests;
mainly tropical and subtropical.

, 8 . ’l'%‘ 5 ﬂr-
A Malayan box turtle (Cuora amboinensis) hatchling. (Photo by Henri
Janssen. Reproduced by permission.)

115



Family: Eurasian pond and river turtles, and Neotropical wood turtles

A female black-breasted leaf turtle (Geoemyda spengleri). (Photo by
Henri Janssen. Reproduced by permission.)

Behavior

These turtles are fully aquatic to terrestrial. Some species
are active year-round, while others are seasonally inactive (dry
season or winter). The adult males are aggressive breeders,
often intimidating unresponsive females by bumping or bit-
ing during courtship.

Feeding ecology and diet

This family includes species that are strictly herbivorous
to those that are strictly carnivorous, with many omnivorous
species as well. Some species have diverse, generalized diets
and others have highly specialized diets.

Reproductive biology

The reproductive biology of most included species is very
poorly known. Several species exhibit seasonal changes in
the color of the head and soft parts that are apparently re-
lated to breeding. The production of multiple clutches per
year is typical (at least five in some cases). In general, clutch
size is positively related to body size. Many smaller species
lay only one or two large eggs per clutch, but some of the
larger species may lay up to 35 eggs in a clutch. Incubation
times are highly variable, ranging from 60 to 272 days.
Those with the longer times experience embryonic diapause,
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The yellow-headed temple turtle (Hieremys annandalii) is one of the
species that is ritually released into ponds near Buddhist temples.
(Photo by Henri Janssen. Reproduced by permission.)

in which development arrests for various lengths of time
early during incubation. T'wo species are known to have di-
morphic sex chromosomes, and therefore genetically deter-
mined sex. However, five species also are known to have
temperature-dependent sex determination, with warm tem-
peratures producing females and cooler temperatures re-
sulting in males. In one of these five species, still cooler
temperatures again produce females. These turtles hybridize
readily in captivity, even between distant genera, and wild
populations of hybrids may exist.

Conservation status

On the TUCN Red List, 11 species are listed as Vulnera-
ble, 18 as Endangered, 13 as Critically Endangered, and one
as Extinct. These turtles are in precipitous decline in Asia,
where they are ruthlessly exploited for food, traditional med-
icines, and the pet trade. Habitat loss further compounds this
crisis situation. Beyond the species presumed to be extinct,
several species have not recently been seen in the wild. The
extinction in nature of perhaps one-third of the included
species is virtually a certainty unless this exploitation and the
forces behind it can be curbed. Captive breeding programs
for many of these threatened species are underway and may
be the only hope for their long-term existence.

Significance to humans
Most species are collected by local humans for food or
medicine whenever they are encountered.
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1. Yellow-margined box turtle (Cistoclemmys flavomarginata); 2. Painted terrapin (Callagur borneoensis); 3. Chinese stripe-necked turtle (Ocadia
sinensis). (lllustration by Wendy Baker)
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Species accounts

Painted terrapin
Callagur borneoensis

TAXONOMY
Emys borneoensis Schlegel and Miiller, 1844, Borneo. No sub-
species are recognized.

OTHER COMMON NAMES
English: Painted batagur, saw-jawed turtle, three-stripe
batagur, Sungei tuntong.

PHYSICAL CHARACTERISTICS

This is a large geoemydid turtle (up to 30 in [76 cm] carapace
length) with a rigid plastron and bridge (i.e., no plastral hinge);
a fourth vertebral scute that is wider than long; crushing sur-
faces of the upper jaw that are broad along their entire length
and bear a single, well-developed medial ridge; five claws on
the forefeet; and no neck stripes.

DISTRIBUTION
Southern Thailand, Malay Peninsula, Sumatra, and Borneo.

HABITAT
Tidal sections of rivers and estuaries.

BEHAVIOR
The females migrate considerable distances to nest (e.g., 9-31
mi [15-50 km] in the Malay Peninsula).

FEEDING ECOLOGY AND DIET

This species is primarily herbivorous, feeding on leaves and
fruits, but also apparently eating clams and other shellfish on
occasion.

Callagur borneoensis
Cistoclemmys flavomarginata

Ocadia sinensis
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REPRODUCTIVE BIOLOGY

There are color differences between the males and females;
those colors intensify incredibly during the breeding season.
For example, nonbreeding males have a gray head, whereas
during the breeding season the male’s head becomes white
with a black-edged red stripe between the eyes. Courtship and
mating have not been described, but apparently occur in at
least January and February on the east coast of the Malay
Peninsula. Females migrate great distances to nest, either up-
stream on river sandbanks above tidal influence or on coastal
beaches. Nesting occurs from late May to August, is nocturnal,
and apparently peaks during the night at low tides. During the
nesting season, one to three clutches of six to 25 (usually 10 to
15) large, elongate, hard-shelled eggs (measuring 2.4-3.1 in X
1.4-1.8 in [61-79 mm X 36-45 mm], and 2-3 oz [56-83 g])
are laid. The female digs no body pit, but rather uses her hind
legs to dig a nest chamber to a depth of 9-13 in (24-34 cm).
The internesting interval averages 26 days. Incubation requires
85-98 days at 88°F (31°C). The means by which hatchlings
produced on sea beaches migrate to freshwater rivers is un-
known, as is the effect of incubation temperature on sex.

CONSERVATION STATUS
This species is listed as Critically Endangered on the IUCN
Red List. A government-sponsored hatching program in the

Malay Peninsula seeks to counteract local exploitation in the
wild.

SIGNIFICANCE TO HUMANS

The eggs and meat of these turtles are relished by local people.
In addition, since it is believed by some that this turtle brings
good luck to its owner, a local pet trade has developed. &

Yellow-margined box turtle
Cistoclemnmys flavomarginata

TAXONOMY
Cistoclemmys flavomarginata Gray, 1863, Mainland China and
Taiwan. T'wo or three subspecies are recognized.

OTHER COMMON NAMES
Japanese: Hakogame.

PHYSICAL CHARACTERISTICS

A small turtle (up to 7 in [17 cm] carapace length) with a high-
domed carapace, unserrated posteriorly, with a distinct yellow
vertebral stripe. The plastron is large and unnotched posteri-
orly, with a movable hinge between the pectoral and abdomi-
nal scutes, and the plastral lobes are capable of closing the shell
opening completely. A single lemon-yellow stripe passes poste-
riorly from the eye onto the neck.

DISTRIBUTION
Southern China, Taiwan, and the Ryukyu Islands.

HABITAT

This species may occasionally inhabit freshwater ponds and
streams, as well as rice paddies, but spends most of its time ter-
restrially in primary and secondary forests.
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BEHAVIOR

These turtles are often considered to be semiaquatic, but some
populations may be almost exclusively terrestrial in their habits.
Their ability to close up the plastron like a box is an adaptation
for terrestriality, both for predator protection and desiccation
resistance. On Taiwan terrestrial home ranges average 1.2 acres
(0.5 ha) for females and 8.6 acres (3.5 ha) for males. Adults
overwinter terrestrially by burying themselves under leaf litter
or fallen logs or in the abandoned burrows of other animals.

FEEDING ECOLOGY AND DIET

These turtles are apparently omnivorous. They are attracted to
traps baited with bananas in the field in Taiwan, but they eat
both plant and animal matter in captivity. They are reported to
consume worms, insects, snails, and fruit.

REPRODUCTIVE BIOLOGY

During courtship the male rams the front of the female’s shell
to subdue her, and then moves to mount her shell from behind
for copulation. On Taiwan this species is estimated to mature
at 12 or 13 years. Females apparently nest from May through
at least July on Taiwan, May to perhaps September on main-
land China, and June to perhaps September in the Ryukyu Is-
lands. On Taiwan, females produce one to three clutches per
season; however, some females apparently do not reproduce
every year. The shallow nests (2-3 in [5-8 cm]) are constructed
at well-drained, open sites at the edges of forests. The clutch
size ranges from one to four eggs. Eggs are elongate, brittle-
shelled, and measure 1.6-2.1 in (40-54 mm) in length, 0.9-1.1
in (23-28 mm) in diameter, and 0.4-1.0 oz (12-27 g) in mass.
Incubation apparently takes about two months, but the effect
of incubation temperature on sex is unknown. This species ap-
parently hybridizes with Geoenzyda japonica.

CONSERVATION STATUS

This species is listed as Endangered on the IUCN Red List. It
is removed by humans for consumption for food and tradi-
tional medicine and for pets, and is also affected by habitat de-
struction (i.e., forest cutting).

SIGNIFICANCE TO HUMANS
These turtles are eaten by local people and also are exploited
for the pet trade. ¢

Chinese stripe-necked turtle
Ocadia sinensis

TAXONOMY
Emys sinensis Gray, 1834, China. No subspecies are recognized.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

This is a medium-sized geoemydid turtle (up to 9 in [24 cm]
carapace length) with the plastron rigidly attached to the cara-
pace and lacking a hinge; a fourth vertebral scute that is wider
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than long; the crushing surfaces of the upper jaw are broad along
their entre length, with a single, well-developed medial ridge
present on each surface; five claws on the forefoot; and numerous
dark-bordered, narrow yellow stripes on the head and neck.

DISTRIBUTION
Taiwan, southern China (including Hainan Island), and north-
ern Vietnam.

HABITAT
This species inhabits slow-moving lowland freshwater habitats,
from ponds and rivers to marshes and human-made canals.

BEHAVIOR
This is an aquatic turtle that often climbs out of the water to
bask. Its behavior is in great need of study.

FEEDING ECOLOGY AND DIET

The only detailed study of this turtle’s diet is from Taiwan;
this study suggests that significant dietary differences exist be-
tween the sexes. Juveniles of both sexes tend to be carnivorous,
eating primarily insects along with plant roots, shoots, and
leaves. The males remain primarily carnivorous into adulthood,
consuming mainly dipteran (mosquito) larvae and other insects,
as well as some plant leaves, seeds, and roots. The females be-
come increasingly herbivorous as they mature, feeding primar-
ily on the leaves of terrestrial plants that grow along
riverbanks, but also occasionally eating insects (especially
dipteran larvae).

REPRODUCTIVE BIOLOGY

Males apparently mature after three to four years and females
after five to eight years. On Taiwan the females apparently
nest from April to early June, although they are reported to
nest from April to August on mainland China. On Taiwan the
relatively deep nests (6-9 in [15-22 c¢m)]) are constructed on
open sandbars along the river or in open areas away from the
water. The clutch size ranges from seven to 17 eggs on Tai-
wan, whereas three to 14 eggs per clutch are apparently laid on
mainland China. The eggs are elongate, brittle-shelled, and on
Taiwan measure 1.2-1.5 in (30-39 mm) in length, 0.7-0.9 in
(18-22 mm) in diameter, and 0.2-0.4 oz (6-10 g) in mass.
Three eggs laid in captivity by a female from Hainan Island
were 1.6 X 1.0 in (40 X 25 mm), suggesting some geographic
variation in reproductive parameters. The effect of temperature
on sex is unknown. This species apparently hybridizes with at
least the Chinese three-striped box turtle (Cuora trifasciata) and
the Annam leaf turtle (Mauremys annamensis).

CONSERVATION STATUS
This species is listed as Endangered on the IUCN Red List. It
is surprisingly tolerant of polluted aquatic systems.

SIGNIFICANCE TO HUMANS

These turtles are frequently consumed by humans and small
numbers still enter the pet trade. They may be ranched in im-
poundments on Taiwan and Hainan Island for commercial
purposes. Studies have shown that plastrons of this species are
frequently sold fraudulently as “tortoise shell” in medicine
shops. &
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American mud and musk turtles
(Kinosternidae)

Class Reptilia

Order Testudines
Suborder Cryptodira
Family Kinosternidae

Thumbnail description

Small- to medium-sized turtles with a reduced or
hinged plastron that are capable of producing a
foul-smelling musk

Size
4-15 in (10-38 cm)

Number of genera, species
4 genera; 25 species

Habitat
Freshwater ponds, rivers, or marshes

Conservation status
Vulnerable: 4 species

Distribution

North and South America

Evolution and systematics

The family is most closely related to the Dermatemydi-
dae. Two monophyletic subfamilies are recognized: the Ki-
nosterninae (including the living genera Kinosternon and
Sternotherus) and the Staurotypinae (including the living gen-
era Staurotypus and Claudius). Fossils of each subfamily are
known from as early as the Eocene.

Physical characteristics

These turtles are generally small (usually less than 8 in [20
cm]) with oblong, moderately domed shells. The Mexican gi-
ant musk turtle (Staurotypus triporcatus) is the largest species,
reaching a shell length of 15 in (38 cm). The plastron has one
(Staurotypus, Sternotherus, some Kinosternon), two (most Kinos-
ternon), or no hinges (Claudius), and is generally reduced (with
11 or fewer epidermal scutes), although some Kinosternon have
a plastron extensive enough to close the shell opening com-
pletely. The kinosternine plastron lacks the entoplastral bone
found in staurotypines. All members produce a pungent musk
from glands located in front of and behind the bridge area be-
tween the plastron and the carapace. The head of some species
may be greatly enlarged (an advantage for mollusk feeding),
and all have sensory barbels on the chin.
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Distribution
Eastern and southern North America to Argentina, from
sea level to 8,500 ft (2,600 m).

Habitat

Within their ranges, these turtles can be found in nearly
any freshwater aquatic system. Because of their relatively poor
swimming ability, they prefer slow-moving or still waters
(e.g., permanent ponds with lush vegetation or backwaters of
lotic systems). However, some species inhabit highly seasonal
ephemeral ponds which may only contain water for a few
months of each year.

Behavior

In seasonal environments (high latitude or deserts), these
turtles have short annual activity periods (three months or less
in some cases) and spend the rest of the year hibernating or
estivating underground. In wetter, more tropical habitats,
they are active year-round. Most are highly aquatic, rarely
leaving the water except to nest, although a few species may
spend considerable time foraging terrestrially (especially
during the wet seasons). Some species are active primarily
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Striped mud turtles (Kinosternon baurii) range from the Florida Keys
up the Atlantic coast into Virginia. (Photo by Joe McDonald. Bruce Cole-
man, Inc. Reproduced by permission.)

during the day, others primarily at night, and still others may
be found active at any time.

Feeding ecology and diet

These turtles are all primarily carnivorous, feeding mainly
on mollusks (snails and clams), crustaceans, insects, annelids,
and even fish (usually as fresh carrion). Some are highly spe-
cialized mollusk feeders and eat little else. However, some

Eastern mud turtle hatchlings (Kinosternon sp.). (Photo by Animals An-
imals ©Zig Leszczynski. Reproduced by permission.)
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species, especially those with extensive terrestrial habits and
those in highly seasonal ponds, include plant material (pri-
marily seeds) in their diets.

Reproductive biology

In most species the males are larger than the females, have a
long muscular tail with an epidermal “nail” at the end, and have
rough patches of scales (clasping organs) on the back of their
hind legs. As a result, male courtship is forceful and not very
elaborate; females may select mates based on the male’s ability
to subdue or restrain her movements. All mating occurs in the
water. Females lay one to 12 eggs (usually three to six) in each
clutch and the clutch size tends to be greater in larger turtles.
Many species lay multiple clutches (up to six per year). Eggs are
oblong, brittle shelled, and range in size from 0.9 X 0.6 in (2.3
X 1.4 cm) in the stinkpot (Sternotherus odoratus) to 1.7 X 1.0 in
(4.4 X 2.6 cm) in the Mexican giant musk turtle. In some species
the nests are poorly constructed and the eggs are simply laid
among leaf litter; however, others dig more typical flask-shaped
nests, and still others dig a body pit or bury themselves com-
pletely below the ground before digging a nest chamber.

Incubation is generally quite long (e.g., 75 days to a year)
and the embryos of some species exhibit diapause during early
development or estivation later in development, presumably
as adaptations to avoid inhospitable times of the year for a
hatchling turtle. Staurotypus is unique in this family in having
heteromorphic sex chromosomes (as in humans). All others
that have been studied exhibit temperature-dependent sex de-
termination, with warm temperatures producing females, in-
termediate temperatures producing mostly males, and still
cooler temperatures again producing mostly females.

Conservation status
Most kinosternid species are common, reaching amazing
population densities (as high as 1,200 per 2.5 acres [1 ha]).

A newly hatched juvenile common musk turtle or stinkpot (Sternotherus
odoratus). (Photo by Henri Janssen. Reproduced by permission.)
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However, two tropical, one subtropical, and one temperate
species are listed as Vulnerable on the IUCN Red List. The
two tropical species (K. dunni and K. angustipons) are lowland
forms with very restricted ranges and hence are probably af-
fected most negatively by habitat destruction. The subtropi-
cal species (K. sonoriense) lives primarily in permanent water
systems in the deserts of the U.S. Southwest; human compe-
tition for water resources has eliminated most of the habitat
for this species. The temperate species (Sternotherus depressus)
also has a restricted distribution in the permanent streams of
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north-central Alabama; habitat destruction associated with
coal mining and forest clear-cutting seems to have caused the
declines in this species.

Significance to humans

Most species of mud and musk turtles have no significance
to humans, except as aquarium pets. A few tropical species
may be eaten locally by indigenous people, but not at levels
high enough to eliminate populations.
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1. White-lipped mud turtle (Kinosternon leucostomum); 2. Stinkpot (Sternotherus odoratus); 3. Yellow mud turtle (Kinosternon flavescens).
(lllustration by Jacqueline Mahannah)
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Species

Yellow mud turtle
Kinoytemon ﬂﬂvescem

SUBFAMILY
Kinosterninae

TAXONOMY
Platythyra flavescens Agassiz, 1857, Rio Blanco, near San Anto-
nio, Texas.

OTHER COMMON NAMES
English: Illinois mud turtle; Spanish: Tortuga-pecho quebrado
amarilla.

PHYSICAL CHARACTERISTICS

This is a small kinosternid turtle (maximum shell length

6 in [16 cm]) with a yellowish chin and throat and a low
carapace, with the ninth marginal scute raised distinctly
higher than the eighth but equal to the height of the tenth.
The plastron has two hinges and is not greatly reduced and
the pectoral scutes are triangular in shape and are only nar-
rowly in contact.

DISTRIBUTION

Ranges nearly continuously from southern Nebraska to south-
ern New Mexico and to northeastern Mexico, with relict popu-
lations known in northwestern Nebraska, Iowa, Illinois,
Missouri, Kansas, and east Texas.

HABITAT

An inhabitant of grassland habitats, preferring still water, this
turtle also is found in permanent to very temporary pools, even
those created by humans (e.g., ditches and cattle ponds). It is
only rarely found in streams or rivers, and then only in back-
waters or cutoffs.

BEHAVIOR

This turtle spends the majority of each year inactive,

buried underground (hibernating or estivating). Activity

is stimulated by warm rains (and filling ponds); these turtles
will migrate considerable distances from emergence sites to
bodies of water, and hence are most often seen moving terres-
trially.

The activity season for some populations is as short as for
any known turtle—as little as two months in very dry years. As
ponds dry up these turtles again bury terrestrially and estivate
and/or hibernate until the next warm rainy season. Yellow mud
turtles are also frequently seen basking at the edge of the wa-
ter, even in subtropical locations.

FEEDING ECOLOGY AND DIET

This species is decidedly carnivorous, and plant matter found
in their stomach was probably only accidentally ingested when
foraging for small animals such as snails, clams, insects, crus-
taceans, earthworms, tadpoles, and fish. They often forage on
carrion.

REPRODUCTIVE BIOLOGY

Yellow mud turtles mate rapaciously when they emerge from
dormancy and reach the water. Warm rainfall escalates
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accounts

courtship behavior; in captivity males can be induced to court
females simply by changing the water in their containers. Fe-
males leave the water and may migrate considerable distances
to nest in May and June. In Nebraska, gravid females bury
themselves completely underground 6-10 in (15-25 c¢m) and
deposit their eggs while buried at these depths. Females remain
buried for variable periods once the eggs are laid. Some fe-
males may dig out and return to the water the next day after
nesting, but some apparently remain in estivation with the eggs
through the summer and then dig deeper in the autumn to hi-
bernate for the winter. The eggs are small and elliptical
(0.9-1.2 X 0.6-0.7 in [23-31 X 14-18 mm]) with white, brittle
eggshells. The clutch size ranges from one to nine (typically
four to six), with larger females producing larger clutches. A
maximum of a single clutch is produced per year in most pop-
ulations, and some females do not nest every year. However,
two clutches per year may be produced in southern popula-
tions. Eggs hatch after 90 to 118 days; at least in Nebraska,
hatchlings then dig straight down as much as 3 ft (1 m) below
the nest to avoid freezing temperatures during the winter.
They dig back out and head for the water during the following

spring.

CONSERVATION STATUS

Not threatened. This species has a wide distribution and
exhibits high densities in many populations, and so is not in
need of protection over most of its range. However, most
relict populations in northwestern Nebraska, southeastern
Towa, western Illinois, and northeastern Missouri are small,
vulnerable to extirpation, and hence in great need of pro-
tection.

SIGNIFICANCE TO HUMANS
Exploited only minimally by humans for the pet trade. ®

Sternotherus odoratus
Kinosternon flavescens

Kinosternon leucostomum

125



Family: American mud and musk turtles

White-lipped mud turtle

Kinosternon leucostomum

SUBFAMILY
Kinosterninae

TAXONOMY
Cinosternum leucostormum Duméril and Bibron, 1851, Rio
Usumacinta, El Peten, Guatamela.

OTHER COMMON NAMES
Spanish: Chachanya, pochitoque.

PHYSICAL CHARACTERISTICS

This is a medium-sized kinosternid turtle (maximum shell
length 8 in [20 cm]), with a smooth carapace (sometimes with a
weak medial keel), a large plastron with two hinges capable of
fully closing the carapacial opening, a raised eleventh marginal
scute, the axillary and inguinal scutes on the bridge not in con-
tact, and usually with a broad yellowish lateral head stripe ex-
tending from the orbit to the neck.

DISTRIBUTION

Ranges from central Veracruz, Mexico, southward in Atlantic
drainages to Nicaragua, and then in both Atlantic and Pacific
drainages southward to Colombia, Ecuador, and extreme
northwestern Peru.

HABITAT

It inhabits nearly any freshwater aquatic habitat except fast-
flowing rivers and streams. It prefers still waters, but also wan-
ders extensively on land in some populations.

BEHAVIOR

This turtle may be active year-round and is primarily noctur-
nal. If water levels recede, it often leaves the water and esti-
vates terrestrially under vegetation for up to 80 days.

FEEDING ECOLOGY AND DIET

This mud turtle is omnivorous, eating mollusks, insects,
worms, and carrion, but also seeds, fruits, leaves, and stems
of plants. It is not known whether they feed out of the
water.

REPRODUCTIVE BIOLOGY

Courtship and mating have not been described. Although nest-
ing may occur in any month of the year, it appears to be con-
centrated in August to September and February to March in
Mexico. Females produce multiple clutches during the year and
lay their eggs (usually at night) in shallow nests or under leaf
litter. The eggs are relatively large, elongate (1.3-1.5 X
0.6-0.7 in [34-37 X 16-19 mm]), and have brittle shells. The
clutch size ranges from one to five, with larger clutches being
produced by larger females. The eggs hatch after 90 to 265
days, and embryos exhibit diapause early in development or es-
tivation late in development.

CONSERVATION STATUS

Not threatened. Very little is known about the status of this
turtle in the field. However, because of its extensive distribu-
tion across huge tracts of undisturbed or minimally disturbed
habitats, it is not currently in need of protection.

SIGNIFICANCE TO HUMANS

This turtle is occasionally eaten by humans and can sometimes
be seen for sale in food markets within its range. Small num-
bers are also exported to the pet trade. ¢
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Stinkpot

Sternotherus odoratus

SUBFAMILY
Kinosterninae

TAXONOMY
Testudo odorata Latrielle, 1801, Charleston, South Carolina.

OTHER COMMON NAMES
English: Common musk turtle; French: Sternothére odorant;
German: Gewohnliche Moschusschildkrote.

PHYSICAL CHARACTERISTICS

This is a small kinosternid turtle (maximum shell length 5.4 in
[13.7 em]) with two light stripes on each side of the head
(sometimes observed in old individuals) and with barbels on
the chin and the throat. The plastron is reduced, has 11 epi-
dermal scutes, a single weakly movable anterior hinge, and a
pectoral scute with a quadrangular shape.

DISTRIBUTION
Ranges in North America from New England and southern
Ontario to Wisconsin and south through Texas and Florida.

HABITAT

This turtle inhabits nearly any permanent body of fresh water,
but prefers ponds or lakes with muddy bottoms and extensive
submergent vegetation.

BEHAVIOR

It is most commonly observed foraging along the bottom, but
is sometimes seen basking as high as 7 ft (2 m) above the water
on the boles of trees in wooded (and hence shaded) aquatic
habitats. It rarely leaves the water except to bask or nest. It hi-
bernates at high latitudes, but is active year-round in the south.

FEEDING ECOLOGY AND DIET

These turtles prefer animal food (e.g., earthworms, snails,
clams, crayfish, crabs, insects, tadpoles, fish, and fish eggs) and
even scavenge on dead animals. However, they also often feed
on algae and aquatic plants (particularly seeds). They have per-
haps the most generalized diet of all kinosternids.

REPRODUCTIVE BIOLOGY

Courtship and mating apparently can occur any time the tur-
tles are active, with peaks in the spring and autumn. Nesting
occurs in the spring, earlier and longer in the south (February
to July) than in the north (May to July). Some females simply
drop their eggs in leaf litter, whereas others dig well-formed
nests up to 4 in (10 cm) deep. The eggs are very small and el-
liptical (0.9-1.2 X 0.5-0.7 in [22-31 X 13-17 mm]) with
white, porcelain-like eggshells. The clutch size ranges from
one to nine (typically two to five) and tends to increase with
the female’s body size. As many as four clutches may be laid
each year in the south, but one or two is the norm farther
north. Hatchlings emerge in the summer or autumn after
about 65 to 85 days of incubation and move directly to

the water.

CONSERVATION STATUS

Not threatened. This species is so widespread and reaches such
high densities that human impact has mostly been via habitat
loss (e.g., draining swamps or ponds).

SIGNIFICANCE TO HUMANS
Exploited by humans only minimally for the pet trade.
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African sideneck turtles

(Pelomedusidae)
Class Reptilia
Order Testudines
Family Pelomedusidae
Thumbnail description
Medium-sized, sideneck turtles with five claws
on the hind feet, four to eight neural bones
present, the pleural bones almost always
meeting at the midline behind the neurals,
mesoplastral bones present, and the pelvis
fused to the plastron
Size
Up to 21.6 in (55 cm) carapace length
Number of genera, species
2 genera; 18 species
. %)
Habitat
Freshwater habitats, from permanent rivers and
lakes to ephemeral ponds
Conservation status
Vulnerable: 2 species
Distribution

Africa, Madagascar, and the Seychelles Islands

Evolution and systematics

Pelomedusidae is most closely related to Podocnemidae,
but diverged from that family at least by the Cretaceous (at
least 110 million years ago). Fossils are known from the
Miocene to the Recent, but all belong to the two living gen-
era. No subfamilies are recognized.

Physical characteristics

These turtles are generally small to medium in size, usu-
ally less than 12 in (30 cm), with a relatively extensive plas-
tron that may (in Pelusios) or may not (in Pelomedusa) have a
hinge present between the pectoral and abdominal scutes. The
neural series is highly variable (with four to eight present),
and the pleural bones almost always meet at the midline pos-
terior to the neurals. A pair of mesoplastral bones are present
between the hyo- and hypoplasta, and may (in Pe/usios) or may
not (in Pelomedusa) be in contact. Five claws are present on

the hind feet.
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Distribution

Africa up to at least 10,200 ft (3,100 m) elevation, Mada-
gascar, and the Seychelles Islands.

Habitat

As a group, these turtles occupy nearly any freshwater
aquatic system, from permanent lakes or rivers to ephemeral
pools which may contain water only a few weeks at a time.

Behavior

Surprisingly little is known about the behavior of these tur-
tles. They frequently bask at the water’s edge, and several
species make extensive overland movements during the wet
season. During the dry season, many species estivate under-
ground. In the temperate climates of southern Africa, they will
hibernate terrestrially or aquatically. When captured, they
produce a pungent musk from glands located near the bridges
(bony structures that connect the plastron and carapace).
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An East African black mud turtle (Pelusios subniger) in Nigeria. Side-
neck turtles fold their necks to the side under their shells for con-
cealment, rather than draw their heads straight back into the shell, as
do straight necked turtles. (Photo by P. Ward. Bruce Coleman. Repro-
duced by permission.)

Feeding ecology and diet

These turtles are all primarily carnivorous, feeding mainly
on annelids, mollusks, crustaceans, insects, fish, amphibians,
and carrion. Some are at least partly herbivorous, eating wa-
ter lettuce, aquatic grasses, or fruits.
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Reproductive biology

No species in this family has been well studied; most of
what is known is based on anecdotal reports. Most species ap-
parently nest in late spring or summer, from October to Jan-
uary. The eggs are elongate with leathery shells, and clutch
sizes range from six to 48. Multiple annual clutches have not
been confirmed for any species, but seem likely considering
the length of the potential nesting season. All species that have
been studied exhibit temperature-dependent sex determina-
tion, with warm temperatures producing females, intermedi-
ate temperatures producing mostly males, and still cooler
temperatures again producing females.

Conservation status

The actual field status of most of the species in this fam-
ily has not been adequately assessed. The only two species
listed as Vulnerable on the [IUCN Red List are the two with
the most restricted distributions: Pelusios broadleyi in Lake
Turkana in Kenya, and P. seychellensis in the Seychelles.

Significance to humans

These turtles are occasionally eaten by indigenous people,
but their foul-smelling musk secretions probably serve to dis-
courage more regular consumption. They are also in low de-
mand for the pet trade.
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1. Helmeted turtle (Pelomedusa subrufa); 2. East African serrated mud turtle (Pelusios sinuatus); 3. East African black mud turtle (Pelusios sub-
niger). (Illustration by Barbara Duperron)
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Species accounts

Helmeted turtle
Pelomedusa subrufa

TAXONOMY
Testudo subrufa Lacepede, 1788, “Indes” [in error; restricted to
Cape of Good Hope]. Three subspecies are recognized.

OTHER COMMON NAMES
English: Cape terrapin, helmeted terrapin; French: Roussitre;

German: Starrbrust-Pelomeduse; Afrikaans: Gewone water-
skilpad.

PHYSICAL CHARACTERISTICS

Small to medium turtles, with a maximum shell length of 13 in
(33 cm), and a broad, flattened, brown to olive carapace. The
plastron is rigid (i.e., unhinged), and firmly attached to the cara-
pace. A pair of small triangular mesoplastral bones are present
between the hyo- and hypoplastra, but they are widely separated.

DISTRIBUTION
Africa from Senegal and Ethiopia to South Africa, Madagascar,
southern Saudi Arabia, and Yemen.

HABITAT
Helmeted turtles are semiaquatic, inhabiting ponds, marshes,
and streams, as well as temporary rain pools.

BEHAVIOR

These turtles commonly migrate overland between bodies of
water, and therefore most frequently are seen on land or basking
at the water’s edge. When their habitat dries up, they estivate in

Pelomedusa subrufa
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the mud until the next rains (which may be longer than a year).
They hibernate terrestrially in the ground or under leaves dur-
ing the winter in southern Africa. Adults feed mostly at dawn or
during the night, but hatchlings forage day and night. Helmeted
turtles are occasionally very aggressive in captivity.

FEEDING ECOLOGY AND DIET

These turtles are primarily carnivorous, feeding on earthworms,
snails, clams, crustaceans, insects, fishes, frogs and tadpoles,
small reptiles, birds, mammals, and carrion of any kind. They
have even been observed to attack larger prey, such as birds, as a
group, as well as to feed on the ticks on the hide of rhinoceroses
when the latter enter waterholes. They also occasionally feed on
various parts of aquatic plants and the fruits of terrestrial species.

REPRODUCTIVE BIOLOGY

In subtropical environments, courtship and mating occur in the
spring. The male chases the female from behind, touching or
biting her posterior extremities with his head, and eventually
mounting the top of her shell. He extends his head in front of
hers, sways it from side to side, and expels water through his
nostrils. His longer tail then swings under hers for intromis-
sion. The well-formed, flask-shaped nest is constructed in the
late spring to early summer, and apparently only one clutch is
laid per year. From 13 to 30 oblong, leathery eggs, averaging
1.5 by 0.9 in (38 by 22 mm) are laid in a clutch. Hatching re-
quires 75-110 days, with hatchlings emerging in February to
June. This species is known to exhibit temperature-dependent
sex determination, with warm temperatures producing females,
intermediate temperatures producing mostly males, and still
cooler temperatures again producing females.

CONSERVATION STATUS

This species is so widespread across Africa, occupies such a va-
riety of aquatic habitats, and reaches such high densities that
human impact has apparently not been extensive. In fact, the
construction of ponds and waterholes for livestock and wildlife
has benefited this species by providing new habitats.

SIGNIFICANCE TO HUMANS

This species is eaten by some indigenous people, often by
roasting the whole animal under hot coals. Some groups be-
lieve the blood to have medicinal properties. The turtles are
exploited only minimally for the pet trade. ¢

East African serrated mud turtle
Pelusios sinuatus

TAXONOMY
Sternotherus sinuatus Smith, 1838, “rivers to the north of 25°
south latitude” [South Africa]. No subspecies are recognized.

OTHER COMMON NAMES
English: Serrated hinged terrapin, serrated turtle; Afrikaans:
Groot waterskilpad.

PHYSICAL CHARACTERISTICS
These turtles are medium to large size, with a maximum shell
length of 2.2 in (5.5 cm), and an elongate, oval, variably
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Pelusios sinuatus

Pelusios subniger

keeled, posteriorly serrated carapace. The large, posteriorly
notched plastron has a well-developed hinge between the pec-
toral and abdominal scutes, and the pair of meosplastral bones
between the hyo- and hypoplastra are in contact on the mid-
line. The anterior plastral lobe is relatively short, being less
than twice as long as the interabdominal seam. A small axillary
scute is present on each bridge.

DISTRIBUTION
Eastern and southeastern Africa (southern Somalia to north-
eastern South Africa).

HABITAT
These turtles inhabit permanent rivers and lakes.

BEHAVIOR

These turtles are most commonly seen basking on rocks, logs,
or the shoreline. They inhabit permanent water, thus they ap-
parently do not estivate. They are frequently eaten by the Nile
crocodile.

FEEDING ECOLOGY AND DIET

This species is primarily carnivorous, feeding on earthworms,
snails, insects, ticks (from the hides of wallowing ungulates),
fish, frogs, and carrion. They also occasionally feed on aquatic
plants, as well as fruits that fall into the water.

REPRODUCTIVE BIOLOGY

Very little is known about the natural history of this species.
Females apparently nest during the summer, from at least Oc-
tober through January, and perhaps until April. Nests are dug
by the female as far as 1,640 ft (500 m) from the water, and
seven to 30 eggs, averaging 1.7 by 1 in (43 by 25 mm) and 0.7
0z (20 g), are laid in a clutch. Incubation takes only 48 days at
32-91.4°F (33°C). Hatchlings are most commonly seen after
emergence in March and April.
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CONSERVATION STATUS
This species is not listed internationally for protection; but the
actual status has not been formally surveyed.

SIGNIFICANCE TO HUMANS
These turtles are occasionally eaten by humans.

East African black mud turtle
Pelusios subniger

TAXONOMY
Testudo subnigra Lacepede, 1788, no type locality [restricted to
Tamatave, Madagascar]. Two subspecies are recognized.

OTHER COMMON NAMES
English: Pan hinged terrapin, pan terrapin; Afrikaans: Pan-
waterskilpad.

PHYSICAL CHARACTERISTICS

East African black mud turtles are small turtles, with a maximum
shell length of 7.9 in (20 cm), and an elongate, oval, unkeeled,
unserrated carapace. The medium-sized plastron is posteriorly
notched, has a well-developed hinge between the pectoral and
abdominal scutes, and the pair of meosplastral bones between
the hyo- and hypoplastra are in contact on the midline. The an-
terior plastral lobe is much broader than the posterior lobe, and
it is only slightly longer than the interabdominal seam. The
plastron is strongly constricted at the level of the abdominal-
femoral seam. Axillary scutes are not present on the bridges.

DISTRIBUTION
Eastern and southeastern Africa (Tanzania to South Africa),
Madagascar, and the Seychelles Islands.

HABITAT

These turtles inhabit nearly any freshwater aquatic habitat,
from permanent lakes and rivers to streams, marshes, swamps,
and even temporary pools.

BEHAVIOR

These turtles are reported to be nocturnal, but they are known
to bask at the water’s edge and to migrate overland between
bodies of water. They are also known to estivate underground
until favorable conditions return.

FEEDING ECOLOGY AND DIET

This species is primarily carnivorous, eating worms, mollusks,
insects, crustaceans, fish, amphibians, and carrion. They also
occasionally consume aquatic plants, as well as ripe fruit that
has fallen into the water.

REPRODUCTIVE BIOLOGY

Little is known about the biology of this species. Courtship has
not been described. One captive female laid eggs in February
and March, but nesting in nature probably occurs during the
summer (December and January). Clutch size ranges from
eight to 12 eggs, which are elliptical, leathery, and average 1.4
by 0.8 in (36 by 21 mm). Incubation in the laboratory at 86°F
(30°C) lasted 58 days.

CONSERVATION STATUS
Not threatened, but the actual status in nature has not been
formally surveyed.

SIGNIFICANCE TO HUMANS
These turtles are occasionally eaten by humans. ¢
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Big-headed turtles
(Platysternidae)

Class Reptilia

Order Testudines
Suborder Cryptodira
Family Platysternidae

Thumbnail description

A turtle of moderate size with a huge head that
cannot be drawn inside its shell, a long scaly
tail, and a large plastron

Size
Up to 8 in (20 cm)

Number of genera, species
1 genus; 1 species

Habitat
Mountain streams

Conservation status
Endangered

Distribution

Southeast Asia

Evolution and systematics

Although big-headed turtles (Platysternon megacephalumnz)
were once considered closely related to pond turtles (family
Emydidae), most recent studies suggest that they are the sis-
ter group to snapping turtles (Chelydridae). Some authorities
even consider big-headed turtles to be a subfamily within the
Chelydridae. However, differences in skeletons, chromo-
somes, and DNA sequences argue for separate family recog-
nition. One genus of fossil turtles from the Cretaceous of
Southeast Asia is tentatively assigned to this family. No sub-
families are recognized.

The taxonomy of this species is Platysternon megacephalum
Gray, 1831, China. Three subspecies are recognized.

Physical characteristics

The most distinctive characteristic of this turtle is its
huge head (half as wide as the shell) which cannot be withdrawn
into its shell. The top of the skull is completely roofed over in
bone and covered with a large epidermal scale. The upper jaw
has a strongly hooked beak. The carapace is very low and some-
times bears a single medial keel. The plastron is relatively large,
but it is only narrowly connected to the carapace by ligaments.
The tail is nearly as long as the shell and is covered by large epi-
dermal scales. Well-developed musk glands are present in front

of and behind the bridge.
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Distribution
Southern China south to Thailand and southern Myanmar.

Habitat

Known only from small, cool, rocky streams in mountain-
ous areas up to 6,600 ft (2,000 m).

Behavior

Although big-headed turtles have not been well studied
in the wild, they appear to be primarily nocturnal and
crepuscular (active at twilight), spending the day under rocks
or logs. When disturbed, they bite viciously. Their climbing
ability is incredible, no doubt an advantage when clamber-
ing over rocks in fast-flowing streams. In captivity they have
even been known to climb over wire fences and up window
curtains to the ceiling. When molested in captivity these tur-
tles are known to produce squeal-like noises. They appar-
ently hibernate in the northern portion of their range, and
there is speculation that they might hibernate terrestrially.

Feeding ecology and diet
This turtle is probably a strict carnivore in the wild,
although its feeding habits are known only from captive
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Big-headed turtle (Platysternon megacephalum). (lllustration by
Michelle Meneghini)

studies. It will eat fish, frogs, and invertebrates. Although it
surely feeds primarily on stream bottoms, it may also forage
terrestrially along stream banks.

Vol. 7: Reptiles

Reproductive biology

Big-headed turtles lay one to four large elongate eggs
(1.5-1.7 by 0.9 in [37-44 by 22 mm]) per clutch, although
one- or two-egg clutches are most common. Nesting is spec-
ulated to occur from May to August; a single captive egg
hatched in September. Whether the turtles produce more
than one clutch per year is unknown.

Conservation status

This species is listed as Endangered on the IUCN
Red List.

Significance to humans

Big-headed turtles are considered to be a delicacy in many
parts of their range; the flesh is thought to have the same
aphrodisiac properties as rhinoceros horns. These turtles are
also exploited for the pet trade.

Resources

Periodicals

Ernst, C. H., and A. F. Laemmerzahl. “Geographic Variation
in the Asian Big-Headed Turtle, Platysternon megacephalum
(Reptilia: Testudines: Platysternidae).” Proceedings of the
Biological Society of Washington 115 (2002): 18-24.

Haiduk, M. W., and J. W. Bickham. “Chromosome
Homologies and Evolution of Testudinoid Turtles with
Emphasis on the Systematic Placement of Platysternon.”
Copeia (1982): 60—66.
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Husbandry of the Big-Headed Turtle (Platysternon
megacephalum).” Reptiles 6, no. 2 (1998): 66-75.
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Afro-American river turtles
(Podocnemididae)

Class Reptilia
Order Testudines
Family Podocnemididae

Thumbnail description

Large sideneck turtles with four claws on the
hind feet, a complete series of seven neural
bones posterior to which the pleurals meet at
the midline, mesoplastral bones present, and
the pelvis is fused to the plastron

Q

Size
Up to 42.1 in (107 cm) carapace length

Number of genera, species
3 genera; 8 species

Habitat
Freshwater rivers, streams, flooded forests,
lakes, and ponds

Conservation status
Endangered: 2 species; Vulnerable: 4 species;

5

Lower Risk/Conservation Dependent: 1 species
Distribution

Madagascar and northern South America, although fossils have been discovered in
freshwater, marine, and terrestrial habitats nearly worldwide

Evolution and systematics

Podocnemididae is most closely related to Pelomedusidae,
but diverged from that family at least by the Cretaceous (at
least 110 million years ago). Although the living forms occur
in fresh water in South America and Madagascar, this family,
including freshwater and marine forms, has an extensive fossil
record in North and South America, Europe, Asia, and Africa.
The largest turtle that ever lived, Stupendenys geographicus, at
up to 7.5 ft (2.3 m) shell length, belongs to this family.

Physical characteristics

These large sideneck turtles have a complete series of seven
neural bones, posterior to which the pleurals meet at the mid-
line; mesoplastral bones are present; the pelvis is fused to the
plastron; there is no cervical scute; an intergular scute touches

the dorsal rim of the plastron; and there are four claws on the
hind feet.

Distribution

Madagascar and Adantic drainages of northern South
America, although fossils are known from freshwater, marine,
and terrestrial habitats nearly worldwide.

Habitat

Most Podocnemididae are riverine (living on the banks of
a river) or large lake species, although one species inhabits
ponds and streams.
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Behavior

The behavior of these turtles is highly variable. Some
species are almost totally aquatic, migratory, and riverine,
leaving the water only to nest colonially on seasonally inun-
dated midstream sandbars. Others inhabit smaller tributaries
or flooded forest pools, nesting in groups on sandy river
banks; and one species (Podocnemis vogli) inhabits streams and
ponds, migrates considerable distances overland to nest, and
even estivates underground when the aquatic habitat dries up.
Some species (and mainly females) are known to bask.

Feeding ecology and diet

These turtles are primarily herbivorous, consuming mainly
the fruits of riparian trees, but also leaves, stems, and grasses.
They occasionally eat freshwater sponges, mollusks, crus-
taceans, insects, and fish.

Reproductive biology

The courtship and mating of the Podocnemididae have not
been described. The more aquatic species may migrate con-
siderable distances to nesting beaches. The females nest pre-
dominantly on sandbars and river banks, often in large
numbers. The leathery eggs range from nearly spherical in
the largest species, to oblong in the others. Clutch size ranges
from five to 20 in the smallest species, to as many as 156 in
the largest. Incubation is completed in 40-149 days. All stud-
ied species exhibit temperature-dependent sex determination,
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A yellow-spotted river turtle (Podocnemis unifilis). (Photo by Henri
Janssen. Reproduced by permission.)
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with warm temperatures producing females, and intermedi-
ate temperatures producing males. In some species still cooler
temperatures may again produce mostly females.

Conservation status

All species are exploited by humans for their meat or their
eggs. At one time nearly 124,000 of these turtles nested on a
single beach during a six-week season. However, an estimated
33 million eggs were once harvested annually from just three
beaches, and an average of over 6,000 adult females were
slaughtered annually from a single beach. Because of this har-
vesting intensity, all species have been reduced in numbers,
four to the point of being listed at Vulnerable to extinction
on the IUCN Red List, and two more considered Endan-
gered. Efforts are being made to protect the remaining colo-
nial nesting beaches.

Significance to humans
These turtles are exploited primarily for their eggs and
their meat.
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1. South American river turtle (Podocnemis expansa); 2. Yellow-spotted river turtle (Podocnemis unifilis); 3. Madagascan big-headed turtle (Erym-
nochelys madagascariensis). (Illustration by Jonathan Higgins)
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Species accounts

South American river turtle
Podocnemis expansa

TAXONOMY
Emys expansa Schweigger, 1812, “America meridionali” (South
America). No subspecies are recognized.

OTHER COMMON NAMES

English: Arrau, giant South American river turtle; French:
Podocnémide élargie; German: Arrauschildkréte; Spanish:
Arrau.

PHYSICAL CHARACTERISTICS

South American river turtles are large sideneck turtles, up to
42.1 in (107 cm) in shell length, with a broad, flat carapace
that is wider posteriorly than anteriorly, usually having two
barbels on the chin, a broad skull, and with the front of the
upper jaw squared off (as opposed to notched or rounded).
Juveniles have large lemon-yellow spots on the head within
which are one or two black spots.

DISTRIBUTION
Orinoco and Amazon River basins of northern South
America.

HABITAT
These turtles primarily inhabit large rivers, but will venture
into flooded areas adjacent to rivers during high water.

BEHAVIOR

This species migrates considerable distances up or down rivers
to localized, colonial nesting beaches. Two to three weeks
prior to nesting, females bask on sand beaches in the morning
and the late afternoon.

FEEDING ECOLOGY AND DIET

This primarily herbivorous species apparently feeds predomi-
nantly on the fruits of riparian trees. Leaves and stems are also
taken, as are freshwater sponges and occasional insects.

REPRODUCTIVE BIOLOGY

Courtship has not been described, but DNA studies reveal that
eggs in the same clutch are often fertilized by different males.
As water levels subside after the peak of the rainy season, fe-
males migrate to the main river channels and upstream or
downstream to sandbars to nest. The nesting season is short,
lasting only 10-60 days (typically 25-45) in February and
March on the Orinoco, and September to October (or even
December), at various Amazon River branches. Most nesting
occurs at night, after midnight. Females use all four limbs to
excavate a body pit about 3.3 ft (1 m) in diameter and 1.6 ft
(0.5 m) deep. They then excavate the actual nest chamber in
the bottom of this pit, using only the hind limbs. Following
egg laying, the female covers the chamber and usually fills the
body pit, in either case using her hind limbs. This species is
unique in its family in producing eggs that are nearly spheri-
cal, averaging 1.6 in (4 cm) in diameter. However, females oc-
casionally produce one or two “giant” eggs, which can be as
large as 3.2 in (8 cm) in longest diameter. Clutch size ranges
from 48 to 156 eggs, although around 80 is typical. Larger fe-
males lay larger clutches of larger eggs, which are buried
deeper than those produced by smaller females. Only a single
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Podocnemis expansa

Podocnemis unifilis

clutch is laid per year. Incubation is rapid in the very warm
sand of the nesting beaches, requiring only about 45 days.
Over the following two to three days, the hatchlings dig out as
a group, generally emerging at night or in the early morning
to avoid lethally high ground temperatures. This species ex-
hibits temperature-dependent sex determination, with temper-
atures above 90.7°F (32.6°C) producing females, and
temperatures below that producing mostly males; however, fe-
males may be produced again at still cooler temperatures. The
pivotal temperature of 90.7° (32.6°C) is the highest known for
any turtle.

CONSERVATION STATUS

This species is listed as Lower Risk/Conservation Dependent
by the IUCN. Exploitation by humans has virtually eliminated
this turtle from most of the upper Amazon River basin, and
populations across the range are much reduced, in spite of na-
tional legal protection and concerted efforts to protect the re-
maining nesting beaches from disturbance, harvesting,
predation, and flooding.

SIGNIFICANCE TO HUMANS

Adults and even hatchlings are harvested for their flesh,

and eggs are collected for the oil that can be extracted from
them. This harvesting is technically illegal and at the local
subsistence level, but it remains to be seen whether this
species can ever recover from the last four centuries of overex-
ploitation. &
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Yellow-spotted river turtle
Podocnemis unifilis

TAXONOMY
Podocnemis unifilis Troschel, 1848, “im Rupununi und Takutu”
(rivers in Guyana). No subspecies are recognized.

OTHER COMMON NAMES
English: Terecay, yellow-headed sideneck, yellow-spotted
Amazon turtle; Spanish: Tracaja.

PHYSICAL CHARACTERISTICS

Yellow-spotted river turtles are large sideneck turtles, with a
maximum shell length of 26.8 in (68 cm), an oval carapace
bearing a low keel on the second and third vertebral scutes,
and a slight medial indentation anteriorly. Only a single barbel
is usually present under the chin. Juveniles have yellow-orange
spots on the head.

DISTRIBUTION

These turtles occur in the tropical lowlands of northern
South America, including the Orinoco and Amazon River
basins.

HABITAT
Yellow-spotted river turtles inhabit freshwater rivers, streams,
lakes, ponds, and flooded forests.

BEHAVIOR

These turtles frequent rivers and large lakes during times of
low water, but during the rainy season they migrate far into
flooded forest areas. Females migrate to sand beaches along
the main river courses to nest, and bask on the shoreline prior
to nesting season.

FEEDING ECOLOGY AND DIET

Primarily herbivorous, this species feeds on the fruits of ripar-
ian trees, water hyacinths, and grasses. They also occasionally
eat clams and dead fish.

REPRODUCTIVE BIOLOGY

Nesting season is timed with the period of low water and
hence varies geographically, occurring in late January to
early March in Venezuela, July to December in Colombia,
October to February in Peru, and June to July, September
to October, or during December at Brazilian sites. Females
typically emerge to nest on sandbars just after dark, and
excavate and cover their shallow nests only with their hind
limbs. The eggs are elongate and average about 1.8 by 1.2 in
(4.5 by 3.0 cm), and 0.9 oz (25 g). Clutch size ranges from
four to 49 eggs, 20-30 being usual, with larger females pro-
ducing larger clutches. At least two clutches may be produced
each season. This species exhibits temperature-dependent sex
determination, with warm temperatures (greater than 89.6°F
[32°C]) producing females, and cool temperatures producing
males.

CONSERVATION STATUS

Although listed as Vulnerable, this species is still exploited by
local people. Females are captured on nesting beaches, fished
for with hooks, and speared from the water, and eggs are har-
vested from nests.

SIGNIFICANCE TO HUMANS
Adults and eggs are harvested for human consumption. ¢
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Madagascan big-headed turtle

Erymnochelys madagascariensis

TAXONOMY

Dumerilia madagascariensis Grandidier, 1867, “Mouroundava
Tsidsibouque flumina in occidentali insulae Madagascar lit-
tore” (Morondava and T'sidibou rivers on the western coast of
Madagascar). No subspecies are recognized.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

Madagascan big-headed turtles are medium-sized, sideneck tur-
tles, with a maximum shell length of 19.7 in (50 cm), and a
flattened oval carapace that lacks keels. The connection of the
pelvis to the carapace contacts the suprapygals.

DISTRIBUTION
These turtles occur only in the western drainages of Madagas-
car.

HABITAT
This species inhabits slow-moving rivers, streams, ponds, and
swamps.

BEHAVIOR

Very little is known about the behavior of Madagascan big-
headed turtles. They apparently often spend the dry season
buried in the mud.

FEEDING ECOLOGY AND DIET

These turtles are generally omnivorous, with adult females
feeding primarily on the shoots of Phragmites, and the adult
males feeding mainly on snails and fish. Juveniles eat both
plant and animal material, including insects and crustaceans.

Erymnochelys madagascariensis
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REPRODUCTIVE BIOLOGY

Nesting occurs primarily during October and November, but
may extend beyond that month. Females lay one to three
clutches in a season, but apparently reproduce only every
other year. Clutch size ranges from 10 to 30, and eggs aver-
age 1.5 by 0.9 in (38 by 24 mm), and 0.4 oz (10.2 g). The
effects of temperature on sex determination have not been
studied.

Vol. 7: Reptiles

CONSERVATION STATUS
This species is cited as Endangered on the IUCN Red List.

SIGNIFICANCE TO HUMANS

These turtles are captured by humans for food in baited hoop
nets or traps, on hook and line, with spears or harpoons, by
diving for them, and on nesting beaches. The eggs are also
taken from the nesting beaches.

Resources

Periodicals

Escalona, T, and J. E. Fa. “Survival of Nests of the Terecay
Turtle (Podocnemis unifilis) in the Nichare-Tiwadu Rivers,
Venezuela.” Fournal of Zoology 244 (1998): 303-312.

Kuchling, G. “Possible Biennial Ovarian Cycle of the
Freshwater Turtle Erymnochelys madagascariensis.”  Jowrnal of
Herpetology 27, no. 4 (1993): 470-472.

. “Biologie und Lebensraum von Erymnochelys
madagascariensis (Grandidier, 1867) und Vergleich mit den
andern Wasserschildkroten Madagaskars.” Salamandra 28,
nos. 3 and 4 (1993): 231-250.
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Tortoises
(Testudinidae)

Class Reptilia
Order Testudines
Suborder Cryptodira
Family Testudinidae

Thumbnail description
Terrestrial turtles with elephantine hind legs,
flattened forelegs, and unwebbed toes

Size
Up to 55 in (140 cm) carapace length and 562
b (255 kg)

Number of genera, species
12 genera; ca. 47 species

Habitat

Terrestrial ecosystems Distribution

All major land masses except Australia and Antarctica

Conservation status
Critically Endangered: 1 species; Endangered: 7
species; Vulnerable: 16 species

Evolution and systematics

This family is most closely related to the pond, river, and
wood turtles of the family Geoemydidae. It is well represented
in the fossil record, with material dating back to the Eocene.
No subfamilies are recognized.

Physical characteristics
These are small to very large terrestrial turtles with a high-
domed shell in all but one species; columnar hind limbs, ele-

A Greek tortoise (Testudo graeca) hatchling in Morocco. (Photo by An-
imals Animals ©M. Linley. Reproduced by permission.)
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phantine in appearance; forelimbs somewhat flattened and ar-
mored with large scales; and short and unwebbed toes, each
with two or fewer phalanges.

Distribution

Mainly tropical and subtropical in North and South Amer-
ica, Europe, Asia, and Africa, as well as numerous oceanic is-
lands.

Habitat

Terrestrial, from deserts and grasslands to shrublands to
the floors of primary forests.

Behavior

Tortoises often engage in male-to-male combat, usually
involving shell ramming, and sometimes even biting of the
extremities. Temperate species spend the winter under-
ground either buried in the soil or in burrows they have con-
structed.

Feeding ecology and diet

Most species are herbivorous, eating grasses, fruits, flow-
ers, seeds, or foliage, but a few species also eat animal matter
(even carrion) opportunistically.

Reproductive biology
Courtship usually includes the male chasing the female, of-
ten head bobbing, biting at her extremities, and/or ramming
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Giant tortoises (Geochelone nigra vandenburghi) gathering in a seasonal rain pond on the caldera floor of Alcedo Volcano, Isabela Island, Gala-
pagos. (Photo by Tui De Roy. Bruce Coleman, Inc. Reproduced by permission.)

her shell with his. Eggs are brittle-shelled, spherical to
elongate, typically measuring 1-2 in (3—6 cm) in greatest
diameter. Clutch sizes are generally small, ranging from one
to 51 eggs per clutch, and are generally related to female
size. Multiple clutches in one season are produced by many
species, although some females apparently do not reproduce
every year. Incubation is typically 100-160 days and is re-
ported to last as long as 18 months in one species. Although
most species have not been studied, those that have exhibit
temperature-dependent sex determination, with females pro-
duced at high incubation temperatures and males at low tem-
peratures.
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Conservation status

Sixteen species are listed as Vulnerable, seven as Endan-
gered, and one as Critically Endangered on the IUCN Red
List. Because of their terrestrial habits, tortoises are especially
vulnerable to human exploitation for food, traditional medi-
cine, and the pet trade. Island populations have been espe-
cially prone to extirpation. Habitat destruction also takes its
toll, especially for species inhabiting forested environments.
Most species are legally protected by local countries, but il-
legal harvesting continues in most locales.

Significance to humans
Eaten by local people on every continent within its range.
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1. Desert tortoise (Gopherus agassizii); 2. Hermann'’s tortoise (Testudo hermanni); 3. Galapagos tortoise (Geochelone nigra); 4. Pancake tortoise
(Malacochersus tornieri); 5. South American yellow-footed tortoise (Geochelone denticulata). (lllustration by Joseph E. Trumpey)
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Species accounts

South American yellow-footed tortoise
Geochelone denticulata

TAXONOMY
Testudo denticulata Linnaeus, 1766, Virginia. No subspecies are
recognized.

OTHER COMMON NAMES
English: Morrocoy amarillo, yellow-footed tortoise.

PHYSICAL CHARACTERISTICS

This is a large tortoise (up to 10 in [26 cm] carapace length)
with an elongate, high-domed shell with the twelfth marginal
scutes fused to form a supracaudal scute, the fifth and sixth
marginal scutes touching the second pleural scutes, no nuchal
scute, no carapacial or plastral hinge, a divided gular scute that
does not strongly project anteriorly and does not reach the en-
toplastron, a humeropectoral seam that does not cross the en-
toplastron, the external narial opening basically rounded, the
premaxilla lacking a medial ridge, but the maxilla bearing one,
an unflattened tail that lacks an enlarged terminal scale, five
claws on the forefeet, the forelegs with large yellow or orange
scales, and the carapace with the older scutes areas yellow or
orange.

DISTRIBUTION
Atlantic versant of northern South America, including the
Amazon River basin; southern populations may be disjunct.

Geochelone denticulata
Gopherus agassizii

Geochelone nigra
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HABITAT
Tropical evergreen and deciduous forests.

BEHAVIOR

Males use stereotyped head movements to identify other males.
If a turtle does not respond with head movements, the male
sniffs its cloacal region, presumably to confirm the sex and
species. A returned head response elicits combat, in which males
ram one another even to the point of one overturning the other.

FEEDING ECOLOGY AND DIET

This species is mostly herbivorous, feeding on fallen fruit, suc-
culent plants, grasses, and mushrooms, but also eating termites
and carrion.

REPRODUCTIVE BIOLOGY

This tortoise may mate throughout the year. During courtship
the male pushes or rams the female’s shell and bites at her
limbs to immobilize her. He mounts the female’s shell from
the rear for copulation, during which time his head and neck
are fully extended forward and downward, his mouth is open,
and he may make clucklike vocalizations. The nesting season is
very extended and it has been suggested that it might occur
year-round. Multiple clutches are produced at intervals of
about one to two months. Captive females have produced up
to four clutches per year. The eggs are brittle-shelled but their
shape varies from spherical to elongate and from 1.6 to 2.4 in
(40 to 60 mm) in greatest length by 1.4 to 2.2 in (35 to 56
mm) in width. Egg mass may range from 1.4 to 4.0 oz (41 to
112 g), averaging about 2.5 oz (72 g). Clutch size ranges from
one to 12 eggs, although clutches of four to six are most com-
mon. Incubation requires 128-152 days (mean 136). The effect
of temperature on sex during development is not known.

CONSERVATION STATUS
This species is listed as Vulnerable on the IUCN Red List.
Forest cutting is increasingly affecting this species.

SIGNIFICANCE TO HUMANS
These tortoises are eaten regularly by local peoples and also
are collected in low numbers for the pet trade. ¢

Galipagos tortoise
Geochelone nigra

TAXONOMY

Testudo nigra Quoy and Gaimard, 1824, Hawaiian Islands (in
error). Twelve subspecies are variably recognized, and the tax-
onomy of the various island populations is controversial.

OTHER COMMON NAMES
Spanish: Tortuga galdpago.

PHYSICAL CHARACTERISTICS

This is a large tortoise (up to 51 in [130 cm] carapace length)
with a uniform black, dark brown, or gray carapace that varies in
shape from domed and rounded to saddle shaped. The twelfth
marginal scutes are fused to form a supracaudal scute, the fifth
and sixth marginal scutes touch the second pleural scutes, no
nuchal scute is present, no carapacial or plastral hinge is present,
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the divided gular scute does not strongly project anteriorly, the
humeropectoral seam does not cross the entoplastron, the external
narial opening is basically rounded, the premaxilla lacks a medial
ridge, but the maxilla bears one, the unflattened tail lacks an en-
larged terminal scale, and five claws are present on the forefeet.

DISTRIBUTION
Occurs only on the Galdpagos Islands off Ecuador.

HABITAT
Volcanic islands, from semiarid lowlands to moist uplands.

BEHAVIOR

These tortoises are active by day, but sleep under vegetation or
overhanging rocks at night. The females in some populations mi-
grate from feeding areas to nesting areas with appropriate soil
and sunlight. Combat and courtship behaviors are similar to
those in the yellow-footed tortoise, although the males are even
more vocal, generating deep basal roars. When approached by
Darwin’s finches, these tortoises stand erect and allow the finches
to glean skin, ticks, and other ectoparasites from their bodies.

FEEDING ECOLOGY AND DIET

This species is almost totally herbivorous, feeding on grasses,
forbs, cacti and other succulents, sedges, fruits, and even the
leaves of bushes.

REPRODUCTIVE BIOLOGY

Courtship and mating are known from December to August,
but vary by island. Nesting has been observed from late June
to December, although the season varies in length by island.
Possibly as many as four clutches are laid each year. The fe-
male excavates a flask-shaped nest, 7-12 in (18-30 cm) deep,
with her hind feet. The eggs are almost spherical, brittle-
shelled, and measure 2.2-2.6 in (56-65 mm) in greatest diame-
ter. Clutch size ranges from two to 19 eggs depending on the
female’s size and island, with clutches of six to 10 being most
typical. Incubation may take 85 to more than 200 days.

CONSERVATION STATUS

This species is listed as Vulnerable on the [IUCN Red List, but
one subspecies is listed as Extinct, two as Extinct in the Wild,
four as Vulnerable, four as Endangered, and one as Critically
Endangered. Predation by cats, rats, dogs, and pigs and com-
petition from goats, donkeys, and pigs all remain as problems.

SIGNIFICANCE TO HUMANS

This species is probably only rarely eaten by locals today, and
perhaps their primary current significance is as an attraction
for ecotourists. ¢

Desert tortoise
Gopherus agassizii

TAXONOMY
Xerobates agassizii Cooper, 1863, southern California moun-
tains, near Fort Mojave. No subspecies are recognized.

OTHER COMMON NAMES
Spanish: Tortuga del desierto, tortuga de los cerros, tortuga
del monte.

PHYSICAL CHARACTERISTICS

This is a medium-sized tortoise (up to 19 in [49 cm] carapace
length) with no plastral or carapacial hinge, a domed shell, the
twelfth marginal scutes fused into a single supracaudal scute,
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the fifth vertebral scute the broadest in the series, the carapa-
cial scutes with light centers, a single axillary scute on each
bridge, a divided gular scute that does not strongly project an-
teriorly, the premaxilla and the paired maxilla each bearing a
medial ridge, the forelimbs flattened and shovel-like, the width
of the forefeet and hind feet approximately equal, and the tail
not flattened.

DISTRIBUTION
Southwestern United States and northwestern Mexico.

HABITAT
Thorn scrub to cactus deserts.

BEHAVIOR

This species constructs a burrow for use as a retreat from
predators and the weather. Burrows may be barely long
enough to accommodate the tortoise or as long as 33 ft (10 m)
in northern sites. These tortoises remain inactive during the
hottest parts of the day in summer and migrate to deeper bur-
rows to hibernate for the winter. Desert tortoises are surpris-
ingly social and head-bob at one another whenever they meet.
Male-to-male encounters begin with head-bobbing, but esca-
late into ramming contests using the gular projections on the
anterior plastron. This combat is occasionally intense enough
to result in the overturning of one of the males.

FEEDING ECOLOGY AND DIET
Desert tortoises are mainly herbivorous, feeding on various
grasses, cacti and other succulents, and flowers.

REPRODUCTIVE BIOLOGY

Maturity in desert tortoises is reached after 15 to 20 years.
Courtship and mating are continuous from the spring to the
autumn. The male follows the female, bobbing his head as he
overtakes and circles her. He then bites at her head, forelimbs,
or shell, and may even ram her with the gular projections on
his plastron. Eventually if she is receptive and remains station-
ary, he moves behind her and mounts her shell for copulation.
He produces hissing and grunting sounds while mounted.
Nesting occurs mainly from May though July, with one to
three clutches of two to 15 eggs (usually five or six) being laid
each year. However, some females apparently skip reproduc-
tion in some years. The eggs are brittle-shelled, elliptical to
nearly spherical, and average 1.6-1.8 in (40-45 mm) by 1.3-1.5
in (34-38 mm). Incubation in the field requires 90-120 days.

CONSERVATION STATUS

This species is listed as Vulnerable on the [IUCN Red List.
Habitat destruction (for road or housing construction, agricul-
ture, livestock grazing, and by off-road vehicle use) is increas-
ingly affecting natural populations. In addition, tortoises in
many populations are afflicted with upper respiratory tract dis-
ease, caused by a mycoplasmic bacterium.

SIGNIFICANCE TO HUMANS
These tortoises increasingly are collected illegally for the Asian
food markets in larger western U.S. cities. @

Pancake tortoise
Malacochersus tornieri

TAXONOMY
Testudo tornieri Siebenrock, 1903, Busisi, Tanzania. No sub-
species are recognized.
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Testudo hermanni

Malacochersus tornieri

OTHER COMMON NAMES
English: African pancake tortoise.

PHYSICAL CHARACTERISTICS

This is a small tortoise (up to 7 in [18 cm] carapace length)
with no plastral or carapacial hinge, a very low, flexible shell
with great reduction in bones (unique among all tortoises), and
a nuchal scute present.

DISTRIBUTION
Kenya and Tanzania in East Africa.

HABITAT
Rock outcrops in savannas and scrublands.

BEHAVIOR

These tortoises are well-adapted to their rocky habitat. They
are amazingly adept climbers and, when disturbed, quickly en-
ter rock crevices and wedge themselves in place using their
claws and sturdy limbs. They also estivate under rocks during
hot, dry weather. Pancake tortoises also are known to bask.

FEEDING ECOLOGY AND DIET
This species is herbivorous, feeding on grasses, succulents, and
leaves.

REPRODUCTIVE BIOLOGY

Courtship has been observed in captivity in January and Febru-
ary and consists of the male trailing the female, biting at her
limbs, climbing on her back, and biting at her head. Mating
has been recorded only in December in the field. Nesting in
the wild apparently occurs in July or August. A single brittle-
shelled, elongate egg (1.7-1.9 in [44-48 mm] by 1-1.1 in
[26-28 mm]) is generally laid per clutch, although two are pro-
duced on occasion. Captives produce up to six clutches per
year, but nesting in the wild is unknown. Incubation requires
113-221 days.
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CONSERVATION STATUS

This species is listed as Vulnerable on the [IUCN Red List. Re-
moval for the pet trade and habitat alteration for agriculture
pose the greatest threats to this tortoise.

SIGNIFICANCE TO HUMANS
These tortoises have been heavily exploited for the pet trade. ¢

Hermann’s tortoise
Testudo hermanni

TAXONOMY
Testudo hermanni Gmelin, 1789, no type locality given. Two
subspecies are recognized.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

This is a small tortoise (up to 10 in [26 cm] carapace length)
with no plastral or carapacial hinge, a domed shell with the
twelfth marginal scutes separate (i.e., not fused into a supracau-
dal scute), a long narrow nuchal scute present, no enlarged tu-
bercles on the thigh, a large horny scale on the end of the tail,
five claws (usually) on the forefoot, and five to 10 longitudinal
rows of small scales on the anterior surface of the foreleg.

DISTRIBUTION
Southern Europe from southeastern France to eastern Turkey
and Romania.

HABITAT
Dry habitats with dense vegetation, from scrublands to wood-
lands.

BEHAVIOR

The males engage in combat during the breeding season, by
ramming other males and/or by biting at their heads and legs.
The species hibernates during the winter by burrowing under-
ground.

FEEDING ECOLOGY AND DIET

These tortoises are primarily herbivorous, feeding on legumes,
buttercups, grasses, and fruits from trees. They also occasion-
ally eat earthworms, snails, slugs, insects, and carrion.

REPRODUCTIVE BIOLOGY

Courtship and mating are apparently concentrated in the
spring. Courting males chase the female, ramming her shell,
biting at her head and legs, and finally mounting her shell from
behind. While mounted, the male may make high-pitched
squeaks. Flask-shaped nests 3 in (7-8 cm) deep are constructed
in April to June. The clutch size ranges from two to 12 eggs
and is related to female size, with small females in western pop-
ulations having smaller clutches than the larger eastern females.
Up to three clutches may be laid per season. The brittle-
shelled eggs are usually elongate, measuring 1.1-1.6 in (28-40
mm) by 0.8-1.2 in (21-30 mm). Incubation takes 55 to 90 days.
This species exhibits temperature-dependent sex determination,
with females produced at high incubation temperatures and
males at lower temperatures.

CONSERVATION STATUS
This species is noted as Lower Risk/Near Threatened on the
TUCN Red List, although the subspecies Testudo hermanni her-
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manni is categorized as Endangered. The numbers of this tor-
toise are declining due to habitat destruction, wildfires, preda-
tion by feral animals, and removal for the pet trade.

Family: Tortoises

SIGNIFICANCE TO HUMANS
These tortoises were once heavily exploited for the pet trade,
but this occurs much less frequently today. &

Resources
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Ballasina, D., ed. Red Data Book on Mediterranean Chelonians.
Bologna, Italy: Edagricole, 1995.
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Venezuela. Athens, OH: Society for the Study of
Amphibians and Reptiles; Oxford, OH, 1984.
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of the Pancake Tortoise, Malacochersus tornieri, in
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Softshell turtles
(Trionychidae)

Class Reptilia
Order Testudines
Suborder Cryptodira
Family Trionychidae

Thumbnail description

Medium to very large aquatic turtles with a
rounded, flattened carapace covered with
leathery skin; fleshy skin on the head that
covers the jaws; and streamlined forelimbs with
three pronounced claws

Size
4-47 in (10-120 cm)

Number of genera, species

13 genera; 25 species

Distribution
Habitat

Rivers, streams, lakes, marshes, and temporary
ponds

Conservation status
Critically Endangered: 5 species; Endangered: 5
species; Vulnerable: 6 species

Evolution and systematics

These primitive cryptodires are most closely related to the
Carettochelyidae of New Guinea and Australia. The oldest
softshell fossil is from the late Jurassic. The recent revision
of the phylogenetic arrangement proposed by Meylan has yet
to gain universal acceptance and use, but it is generally sup-
ported by both morphological and molecular evidence. Two
subfamilies are recognized: Trionychinae (without flexible
flaps on plastron below hind limbs) and Cyclanorbinae (with
flexible flaps on plastron below hind limbs).

Physical characteristics

Softshell turtles gain their name from the leathery layer of
epidermis that covers the bony portion of the carapace and
extends, in most species, to form a flexible disk overhanging
the feet and tail. Flap-shelled species have a limited leathery
carapace; however, they have developed retractable, flaplike
hinges on the plastron that protect the limbs from below.
When considering the entire leathery shell, the diversity of
sizes found among softshell species covers an order of mag-
nitude in carapace length. The smallest species attains a max-
imum size of 5 in (12 cm), whereas adults of the largest species
may reach 47 in (120 cm) or more.

Most species possess a long retractile neck; this is especially
well developed in the giant ambush-feeding species. However,
the head of the Malayan softshell (Dogania subplana) is too large
to be drawn completely within the shell. The long, tubelike
proboscis found in most species allows them to breathe air
from the water’s surface without moving from the bottom. A
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North America, Africa, Asia, Indo-Australian archipelago

thick layer of fleshy skin covers an incredibly sharp horny beak.
The digits are strongly webbed with three claws present on
each of the forelimbs. Most species are fairly uniform in col-
oration, allowing them to blend in with the substrate; how-
ever, several species in India and Southeast Asia have unique
patterns on the carapace that may consist of broad stripes, vi-
brant spots, or elaborate designs. The plastron may exhibit two
to nine callosities—thickened areas of epidermis overlying the
plastral bones that develop as the turtle grows. Plastral cal-
losities vary in number and shape among species and, when
comparing adults, may be useful in taxonomic identification.

Distribution

Softshell turtles are found in lowland temperate regions east
of the Rocky Mountains of North America, in sub-Saharan
Africa and along the Nile River into Egypt, and across the
Mediterranean Sea to southern Turkey and the Middle East.
They also are present from eastern Pakistan, throughout India
and southern Asia along the coast of China into southeastern
Russia, and throughout the Indo-Australian archipelago to the
southern shores of Irian Jaya, but there are no living species in
Australia. The Malayan softshell (Dogania subplana) is the only
species known to inhabit streams at high elevations. Triony-
chids formerly were distributed throughout Europe, South
America, and Australia, as well as the three continents where
they occur today. The Chinese softshells (Pelodiscus sinensis,
Palea steindachneri) have been established by accidental or in-
tentional introductions outside the known range. Extralimital
populations of both species, farmed throughout Southeast Asia,
have been documented in the Hawaiian Islands.
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The eastern spiny softshell turtle (Trionyx spiniferus) has a leathery
shell rather than the typical hard scutes of other turtles. (Photo by
Robert P. Carr. Bruce Coleman, Inc. Reproduced by permission.)

Habitat

These highly aquatic turtles may be found in all freshwa-
ter habitats. Most species prefer clean, well-oxygenated wa-
terways with soft sand or mud bottoms. They commonly
inhabit large rivers, streams, lakes, and ponds, but they also
may occur in swamps, marshes, temporary ponds, and
drainage ditches. A few species tolerate brackish water, but
only the Asian giant softshell (Pelochelys cantorii) is a perma-
nent resident of coastal waters.

Behavior

Softshell turtles may remain buried at the bottom of their
aquatic habitat for most of the day; however, some species
will bask on sandbars or steep riverbanks. Prolonged sub-
mergence is possible because they can absorb oxygen across
the skin and lining of the throat. This is especially important
for temperate species that hibernate for months beneath the
ice. Conversely, the flap-shelled turtles may be adapted to
long periods of drought. The protective shell enables these
turtles to burrow deep into the mud and may prevent desic-
cation while estivating.

Feeding ecology and diet

Most species are primarily carnivorous; however, plant
material may occasionally be consumed. The majority of
softshell species are generalists; all forms of animal matter
(live or as carrion) are taken opportunistically. A few
species are highly specialized for ambushing fish and other
free-swimming aquatic animals. Adaptations for this mode of
prey acquisition are most highly developed in the Asian nar-
row-headed softshell (Chitra indica); these turtles have small,
forward-set eyes and exceptionally long necks that can be
thrust from the sandy bottom with explosive speed and deadly
accuracy.
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A narrow-headed softshell turtle (Chitra indica), locally called “chitra
chitra,” breaks out of its shell. This rare turtle is claimed to be the
world’s biggest softshell turtle at its full-grown weight of 440 Ib (200
kg). (Photograph. AP Wide World/Fishery Department. Reproduced by
permission.)

Reproductive biology

Mating generally occurs in the spring; however, some
species may store sperm for several years. The spherical eggs
are generally laid in sandy banks above the flood line along a
river or lake. Clutch size ranges from as few as 3 eggs in some
species to more than 100 in others. Some species lay several
clutches in a single year. Most species that have been inves-
tigated exhibit genetic sex determination; however, hetero-
morphic sex chromosomes are not present.

Conservation status

Six species are listed as Vulnerable, five as Endangered,
and five as Critically Endangered on the IUCN Red List. As
with most turtle species endemic to Asia, the softshells of
China, Southeast Asia, and India are heavily exploited for food
and medicine. Most softshells are dependent upon high lev-
els of dissolved oxygen in their aquatic environment; there-
fore, they are particularly vulnerable to the effects of habitat
destruction and degradation. They are extremely sensitive to
rotenone, a chemical that is intentionally added to streams to
kill fish, and pesticides (e.g., DDT) in farmland runoff. Hu-
man consumption has taken a heavy toll on the populations
of many Asian species. Many species are legally protected by
local countries, but exploitation continues. Some species are
used to meet the demands of food markets.

Significance to humans

Softshells are used for food throughout their range; how-
ever, Pelodiscus sinensis is intensively farmed throughout Asia
to supply consumer demand in China.
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1. Female Chinese softshell turtle (Pelodiscus sinensis); 2. Spiny softshell (Apalone spinifera); 3. Indian flapshell turtle (Lissemys punctata).
(Hllustration by Gillian Harris)
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Species accounts

Indian flapshell turtle
Lissemys punctata

SUBFAMILY
Cyclanorbinae

TAXONOMY
Testudo punctata Lacépede, 1788, India. Two subspecies are
recognized.

OTHER COMMON NAMES
None known.

PHYSICAL CHARACTERISTICS

This is a small turtle (maximum carapace length 11 in [27.5
cm]) with a relatively deep oval shell. This species is unique
among softshells because the posterior margin of the bony
carapace is ringed by peripheral bones. The evolutionary ori-
gins (primitive or derived) of this feature are unresolved; how-
ever, it provides additional protection for the hind limbs,
which may be completely retracted when the plastral flaps are
pulled tightly against the bony rim of the carapace. Seven plas-
tral callosities develop on the hyoplastra and hypoplastra,
xiphiplastra, epiplastra, and entoplastron.

DISTRIBUTION
The Indus and Ganges river drainages of Pakistan, India, Sri
Lanka, southeastern Nepal, Bangladesh.

HABITAT
Shallow backwaters of rivers, ponds, and marshes with a soft
muddy bottom, temporary ponds.

BEHAVIOR

The retractable flaps over the limbs and the thick callosities on
the plastron may be adapted to long periods of drought. The
protective shell enables these turtles to burrow deep into the
mud and may prevent desiccation. They have been observed in
India to survive for 160 days while buried during estivation.

FEEDING ECOLOGY AND DIET
Like many flap-shelled species, these turtles tend to be omniv-
orous. Small aquatic animals and carrion make up a large por-

Apalone spinifera
Lissemys punctata

Pelodiscus sinensis
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tion of their diet; however, aquatic vegetation is also a com-
mon food item.

REPRODUCTIVE BIOLOGY

Courtship and mating have been observed in April and con-
tinue through the summer. The smaller male initiates mating
by stroking the female’s carapace with his chin. While facing
the male, a receptive female extends her neck and they both
bob their heads in a stereotypical pattern before settling to the
bottom for copulation. The elaborate courtship observed for
this species may be rare among softshells, but it is similar to
that of many sexually dimorphic species where the larger fe-
male chooses her mate. The spherical, brittle-shelled eggs
range from 0.9 to 1.3 in (24 to 33 mm) in diameter. Multiple
clutches of two to 14 eggs are produced annually.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

These turtles constitute the largest volume of any species in
Indian food markets. They are consumed locally in
Bangladesh, but also may be exported to Chinese markets. ¢

Spiny softshell
Apalone spinifera

SUBFAMILY
Trionychinae

TAXONOMY

Trionyx spiniferus LeSueuer, 1827, New Harmony, Posey
County, Indiana, on the Wabash River. Six subspecies are rec-
ognized.

OTHER COMMON NAMES

English: Goose-neck turtle, leatherback turtle; French: Tortue
luth, tortue-molle a épines; German: Lederschildkrote; Span-
ish: Tortuga-casco suave espinosa.

PHYSICAL CHARACTERISTICS

This is a medium-sized softshell with spiny protuberances on
the anterior rim of a drab olive carapace. A pattern of dark cir-
cles, which is especially distinct among the males, fades in the
adult females. At least two pairs of callosities (hyo-hypoplastral
and xiphiplastral) are present in adults.

DISTRIBUTION

Northern Mexico across most of the southern, central, and
eastern United States to the Great Lakes region of southern
Canada.

HABITAT
Slow-moving rivers, shallow streams, and large ponds and lakes.

BEHAVIOR

This species may remain buried at the bottom of its aquatic
habitat for most of the day; however, it occasionally basks on
sandbars or steep riverbanks. The spiny softshell remains sub-
merged for long periods by absorbing oxygen through the skin
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and lining of the throat while carbon dioxide diffuses across
the skin. In northern regions, this species hibernates beneath
the ice for several months each winter.

FEEDING ECOLOGY AND DIET

These turtles are predominantly carnivorous, ingesting all
available aquatic animals; however, plant material including
acorns and leaves is also consumed. In Towa, crustaceans, fish,
and insects were the most important food items, but plant mat-
ter was found in 61% of all turtles sampled.

REPRODUCTIVE BIOLOGY

Mating occurs in the early spring and eggs are generally laid in
June and July. The brittle, spherical eggs are approximately 1.1
in (28 mm) in diameter. At least one clutch of four to 32 eggs
is produced annually. The eggs hatch in late summer and
hatchlings emerge in the autumn to hibernate underwater.

CONSERVATION STATUS

Not threatened. The widespread distribution and relative
abundance of this species in its preferred habitats suggest that
it is not currently at risk. Because these turtles are dependent
upon high levels of dissolved oxygen in their aquatic environ-
ment, water pollution may be the most significant threat to
softshell populations.

SIGNIFICANCE TO HUMANS

This species may be consumed locally; however, it is collected
in large numbers for sale in Asian food markets in large North
American cities and for export. Hatchlings are often available
in the pet trade. &

Chinese softshell turtle
Pelodiscus sinensis

SUBFAMILY
Trionychinae

TAXONOMY
Trionyx (Aspidonectes) sinensis Wiegmann, 1835, small island in
the Tiger River near Macao. No subspecies are recognized.

OTHER COMMON NAMES
Japanese: Suppon.

PHYSICAL CHARACTERISTICS
This is a small to medium turtle (maximum leathery shell
length 10 in [25 cm]) with an oval carapace. The shell is rela-

Family: Softshell turtles

tively smooth; however, the anterior portion of the carapace is
studded with blunt knobs. Up to seven plastral callosities may
develop on the hyoplastra and hypoplastra, xiphiplastra, and
epiplastra. The tubelike proboscis has a horizontal ridge that
projects from either side of the septum.

DISTRIBUTION
Widespread in the lowland areas of southern China, northern
Vietnam, Hainan Island, Taiwan, and Japan.

HABITAT
Rivers, streams, lakes, marshes, and rice fields.

BEHAVIOR

Although this species occasionally basks on the banks, it re-
mains buried at the bottom of its aquatic habitat for most of
the day. The Chinese softshell remains submerged for long pe-
riods by absorbing oxygen through the skin (33%) and lining
of the throat (67%), while most carbon dioxide passively dif-
fuses out across the skin. In Japan this species hibernates from
October to April.

FEEDING ECOLOGY AND DIET

This species is primarily carnivorous, ingesting all available
aquatic animals, especially fish and crustaceans; however, the
seeds of marsh plants are also consumed.

REPRODUCTIVE BIOLOGY

Mating has been observed from May to July in Japan. The
male uses the claws of the forelimbs to clasp the front rim of
the female’s shell during copulation and may bite at her neck
and limbs. Females begin nesting early in the spring and con-
tinue through the late summer. A shallow, boxlike nest is exca-
vated and a clutch of 15-28 brittle, spherical eggs (average 0.8
in [20 mm] in diameter) is deposited. As many as four clutches
are produced in a single year. Although incubation is generally
completed in 60 days, hatching may occur after 40 to 80 days.

CONSERVATION STATUS

Chinese softshell turtles are listed as Vulnerable on the IUCN
Red List. Despite the heavy consumer pressure on this species,
it is still relatively abundant in eastern China and northern
Vietnam.

SIGNIFICANCE TO HUMANS

This species is consumed locally throughout its range; however,
it is intensively farmed in Southeast Asia to supply the food and
medicine market in China. Hatchlings are reared to subadult-
hood in two to three years before being shipped for processing
into prepared soups, or more commonly to restaurants and
markets where they are bought fresh and butchered alive. ®
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Crocodilians

(Crocodiles,

Class Reptilia
Order Crocodylia
Number of families 3

Number of genera, species 8 genera; 23
species

Photo: A false gharial (Tomistoma schlegelii).
(Photo by Animals Animals ©C. C. Lockwood. Re-
produced by permission.)

Evolution and systematics

There are 23 widely recognized species of crocodiles, al-
ligators, caimans, and gharials, all members of the order
Crocodylia. Superficially they resemble reptiles, yet their clos-
est cousins are birds and extinct Dinosauria, a group known
as archosaurs (“ruling reptiles”). Modern Crocodylia are the
latest iteration of the Crocodylomorpha, a major group whose
evolutionary heritage spans almost 240 million years. Croco-
dylia are often described as “living fossils,” unchanged in
millions of years, but this description is inaccurate. The Croc-
odylomorpha were a diverse and successful group occupying
terrestrial, freshwater, and marine ecosystems, and their mod-
ern counterparts are barely less fantastic. This group is in-
formally referred to as “crocodilians,” although the term
“crocodylians” technically refers to members of the order.

Every successful group has a beginning. The earliest croc-
odyliforms were terrestrial hunters that shared an ankle with
modern Crocodylia, but little else, yet they were dominant
predators whose legacy diversified throughout the Jurassic
and Cretaceous periods. Their success is evident in excava-
tions, as more crocodyliform material than dinosaur bones of-
ten turns up. Discoveries have been remarkable, such as
curious peglike teeth and spiked protective plates from
Desmatosuchus that indicate a defensive, vegetarian lifestyle.
Despite dabbling in herbivory, it was in carnivory that croc-
odyliforms excelled. The awe-inspiring skulls of Sarcosuchus
and Deinosuchus paint a picture of massive killers over 35 ft
(10.7 m) in length. From terrestrial beginnings, crocodyli-
forms branched out into freshwater and marine habitats. In
extreme thalattosuchians (marine crocodiles), limbs were re-
placed with paddles and a fluked tail to compete with sharks
and ichthyosaurs for dominance of the sea. However, these
marine forms were an evolutionary dead end, and freshwater
species with limited marine ability proliferated from the Juras-

Grzimek’s Animal Life Encyclopedia

alligators, caimans, and gharials)

sic onward. Modern Crocodylia first appeared over 100 mil-
lion years ago, and despite experiments with various and oc-
casionally bizarre forms, the semiaquatic predator has become
their signature role.

Scientists disagree about crocodyliform classification and
evolutionary relationships. In 2003, 23 species of Crocodylia
are widely recognized, divided into three families: Alligatori-
dae (alligators and caimans; eight species), Crocodylidae
(crocodiles; 14 species), and Gavialidae (gharial; one species).
The Crocodylidae are further divided into two subfamilies,
Crocodylinae and Tomistominae. Some taxonomists also di-
vide Alligatoridae into two subfamilies: Alligatorinae and
Caimaninae.

Physical characteristics

A crocodile may be thought of as an elegant solution to
the problem of catching prey, surviving unpredictable envi-
ronments, conserving limited energy, and reproducing suc-
cessfully. In appearance, crocodiles superficially resemble
lizards, having scales, a long tail, and four limbs. But appear-
ances can be deceptive, and a closer look reveals that croco-
dilians are unique.

All 23 species are broadly similar in appearance, varying
mainly in size, scale patterns, color, and skull morphology.
The smallest species is Cuvier’s dwarf caiman (Paleosuchus
palpebrosus); adult males rarely exceed 5 ft (1.6 m) in length
and females 4 ft (1.2 m). Within the same family, the black
caiman (Melanosuchus niger) and American alligator (Alligator
mississippiensis) vie for largest size, yet rarely exceed 14 ft (4.3
m). Crocodylidae range from the diminutive dwarf crocodile
(Osteolaemus tetraspis) at 6 ft (1.8 m) to the massive estuarine
crocodile (Crocodylus porosus) that can exceed 16 ft (5 m). The
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Crocodylia
Gavialoidea
Gavialis gangeticus

Alligatoroidea
Leidyosuchus X
Diplocynodon X
Deinosuchus X
Alligatoridae
Alligatorinae
Alligator
A. sinensis
A. mississippiensis
Caimaninae
Paleosuchus
P. palpebrosus
P, trigonatus
Caiman
C. crocodilus
C. yacare
C. latirostris
Melanosuchus niger

Crocodyloidea
Asaitosuchus X
Crocodylidae
Tomistominae
Tomistoma schlegelii
Osteolaemus tetraspis
Crocodylus

C. cataphractus
—r—[ C. palustris
—— C. Siamensis

+—— C. porosus
—— C. johnstoni

—|:C. novaeguineae
C. mindorensis

C. niloticus

C. moreletii

C. rhombifer
C. acutus

C. intermedius

X = extinct group

Phylogenetic tree of modern crocodilians. (lllustration by GGS. Cour-
tesy of Gale.)

sole gavialid, the Indian gharial (Gavialis gangeticus) can also
reach 16 ft (4.9 m). Females are always the smaller sex, and
this is most apparent in estuarine crocodiles, where females
of 10 ft (3 m) are considered to be very large.

As the largest living reptiles, males over 16 ft (4.9 m) may
tip the scales at 1,100 1b (500 kg), but these are lightweights
compared to rare individuals that exceed 18 ft (5.5 m) and
2,200 1b (1,000 kg). Although several species, including estu-
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arine crocodiles and Indian gharials, are capable of attaining
such sizes, evidence of these giants is scarce. The largest croc-
odile reliably measured and published in the literature, an es-
tuarine crocodile from Papua New Guinea, was 20.7 ft (6.3
m) long. While unlikely to be the maximum possible size for
this species, stories of even larger animals are difficult to ver-
ify. One fact is certain—crocodiles over 20 ft (6 m) are ex-
ceptionally rare.

Crocodilians undergo a dramatic increase in size from
hatchling to adult. Over its lifetime, an estuarine crocodile
may grow from a 12-in, 2.8-0z (30-cm, 80-g) hatchling to a
20-ft, 2,650-1b (600-cm, 1,200-kg) adult. A 20-fold increase
in length and 15,000-fold increase in weight is quite a feat in
the animal kingdom. Imagine, then, how this compares with
the extinct Sarcosuchus, which reached 35 ft (10.7 m) and over
19,800 Ib (9,000 kg)! Growth is most rapid when young, yet
scientists are unsure whether adults reach a maximum size or
continue to grow slowly until they die. The enormous sizes
attained by extinct species such as Sarcosuchus and Deinosuchus
may have been possible by maintaining those fast juvenile
growth rates throughout a greater percentage of their lives.

Crocodilians are covered in a thick, leathery skin broken
into various sizes and shapes of scales in particular areas.
Scales on the back are large and rectangular, lying in parallel
rows from shoulders to pelvis and continuing onto the tail.
These dorsal “scutes” each contain a bony plate called an os-
teoderm (“skin bone”) just below the surface. A tough cover-
ing of beta-keratin helps minimize water loss, although the
more flexible alpha-keratin is found between the scales. Os-
teoderms not only offer protection, they are infused with
blood vessels and function as solar panels, transporting heat
from the surface to the body core during basking. Adjacent
osteoderms are closely integrated like the beams of a bridge,
providing support for the spinal column. Large nuchal plates
protect the nape. Scales on the flanks and limbs are generally
smaller, rounder, and softer to allow bending. Those on the
belly are even, rectangular, and smooth to reduce friction slid-
ing over the ground. Small osteoderms are found in the belly
scales of most species. Thick, rectangular scales are present
on the tail, with sharp, upward-pointing scutes providing ex-
tra surface area as the tail sweeps through water. Scales on
the head are small, irregular in shape and thin, housing blood
vessels and sensory nerves. Each species has a unique pattern
of scales and osteoderms.

Deceptively, a layer of mud and dust often covers dry, bask-
ing adults, suggesting a bland coloration. However, most
species exhibit distinctive color patterns, which enhance cam-
ouflage and aid communication. Dorsal color is typically
tanned yellow to dark brown, overlaid with characteristic dark
bands, spots, or speckles. Juveniles of all species are more
vivid, their bright colors fading in adulthood. Ventral scales
are creamy white with varying degrees of black pigmentation,
except for the almost black bellies of dwarf caimans and dwarf
crocodiles. Color mutations where pigment is usually absent
are rare, genetic anomalies. Leucistic and albino crocodiles
are as tempting to predators as their “white chocolate” ap-
pearance suggests, but they are popular tourist attractions in
captivity, where they must be shielded from excess sunlight.
Both short- and long-term changes in skin color have been
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A crocodilian skull. (lllustration by Brian Cressman)

recorded in several species. Changes in mood, such as those
caused by stress, and environmental temperature can dull skin
color. Long-term change can be effected by the environment,
with individuals from shaded areas becoming darker as black
pigment (melanin) accumulates in the skin.

The crocodilian head always draws attention. The skull, al-
though massive and sturdy, is infiltrated with air spaces. These
spaces reduce weight without compromising strength, and
provide extensive areas for muscle attachment and expansion.
Two pairs of openings on either side of the cranium classify
the skull as diapsid. There is considerable variation in skull
and jaw morphology across all 23 species, and this has an eco-
logical significance: broad jaws are reinforced by bony ridges
to resist strong bite forces for crushing prey, while slender jaws
slice with little resistance through water to seize slippery prey.

The head houses all the major sense organs, vital for nav-
igation, communication, and hunting. Senses are concen-
trated on the dorsal surface, so they remain exposed even
when the head is partially submerged. Remarkably, a croco-
dile can hide its entire body below the water while maintain-
ing maximal sensory input from its surroundings. As masters
of stealth and ambush, crocodiles have no equal.

The eyes of the crocodile are placed high on each side of
the head, turrets that provide 270° of widescreen coverage
plus 25° of binocular overlap directly ahead to accurately
judge distance. The pupil, round and dilated at night to per-
mit maximum light entry, is compressed to a thin vertical slit
during daylight to protect the sensitive retina. Inside the eye,
cone cells on the retina provide color acuity by day, and high
densities of rod cells give excellent low-light sensitivity at
night. These rods can change shape to further alter sensitiv-
ity. A layer behind the retina, the tapetum lucidum, is im-
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pregnated with guanine crystals to reflect light back across
the visual cells. This effectively doubles visual sensitivity at
night, and shining a beam of light directly into a crocodile’s
eye rewards the observer with a fiery red eyeshine. Visual cells
are most concentrated in a horizontal band across the back of
the retina, a fovea providing highest visual acuity where croc-
odiles need it most—along the same plane as water. To fo-
cus (accommodate), crocodilians change the shape of their
lens using the ciliary body.

Three eyelids cover each eye. The upper lid contains bony
ossification to protect the eye, large bony palpebrals in
caimans lending “eyebrows” to their appearance. The lower
lid lacks ossification and is responsible for closing the eye.
The third eyelid, the nictitating membrane, sweeps laterally
over the cornea to clean the eye and protect it from abrasion
underwater. Although the nictitating membrane is transpar-
ent except for the ossified leading edge, crocodilians still see
poorly through it. Lachrymal (tear) glands lubricate its pas-
sage via ducts connected to the nasal cavities. Fluids may even
accumulate when the crocodile remains out of water—real
“crocodile tears,” yet an unlikely source for the popular myth.

The ears are located immediately behind the eyes, the
eardrum protected by an elongated flap of skin. Hearing sen-
sitivity can be altered by opening a slit in front of the flap, or
lifting the flap upward. When submerged, the ears normally
close, as hearing becomes secondary to the ability to feel vi-
brations through the water. Detectable frequencies range
from below 10 Hz to over 10 kHz, and sound pressure levels
below -60 dB can be detected within certain bandwidths. In
other words, crocodilians have excellent hearing, on a par with
birds and mammals. Peak sensitivities range from 100 Hz to
3 kHz depending on the species, which coincides with the
bandwidth of calls produced by juveniles. Vocalization is well
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developed in crocodilians, with over 20 different call types
from both juveniles and adults recognized.

Crocodilians can breathe when submerged by exposing the
dorsal margin of their head and hence their raised nostrils.
Inhaled air passes through sinuses separated from the mouth
by a bony secondary palate, where any chemicals in the air
are detected by sensory epithelial cells. The presence and di-
rection to food is easily discerned, and smell plays an impor-
tant role in chemical communication. In early crocodyliforms,
the internal nostrils (choanae) opened in the front of the
mouth, but over millions of years they moved back to the
throat, a phenomenon termed post-nasal drift. The palatal
valve, a fleshy extension of the tongue, completely seals the
throat from the mouth, hence crocodilians breathe easily near
the surface even if the mouth is flooded with water. The glot-
tis, an opening to the trachea and lungs, is located directly
beneath the choanae. By varying tension in muscles lining the
opening, exhaled air is forced through a constriction capable
of relatively complex vocal sounds. Amplification is provided
by expanding the throat using the hyoid apparatus, a curved
cartilage beneath the glottis. A curious bend in the trachea of
several species may further amplify the sound, similar to the
long, curved necks of cranes.

The tongue lies between each mandibular bone of the
lower jaw, behind the mandibular symphesis (fusion). Hence
in slender-snouted species with extended sympheses, the
tongue is greatly reduced. Although relatively immobile, the
tongue can be pushed against the roof of the mouth to ma-
nipulate objects or pulled down to create a pouch for hatch-
lings. Typically bright yellow or orange, the tongue’s color
may provide a social or warning signal when the jaws gape.
Pores cover the surface of the tongue, through which “salt
glands” produce a saline fluid in brackish or sea water in Croc-
odylidae and Gavialidae. Alligatorid pores play no role in salt
secretion, supporting theories of a more recent marine dis-
persal phase for the Crocodylidae. Chemoreceptors lining the
tongue detect chemicals in water, yet little is known of their
sensitivity. Their importance is implied in their ability to de-
tect food underwater, and in the role of pheromones secreted
from chin and paracloacal musk glands.

High densities of dome pressure receptors (DPRs) cover
scales on the head, particularly around the jaws. Disturbances
of the water surface create pressure waves easily detected by
DPRs, rapidly alerting the crocodile to potential prey near
the head. Crocodilians also react rapidly to movement un-
derwater (such as fishes) even when vision is unavailable. Sim-
ilar pressure receptors, Integumentary Sense Organs (ISOs),
are located on the caudal margin of body scales in Crocodyl-
idae and Gavialidae, but not Alligatoridae. Their function is
not fully understood, nor is the reason why alligatorids en-
tirely lack them. However, evidence of DPRs exists in extinct
crocodyliforms, suggesting their sensory role in water has
long been part of their repertoire.

Betraying their terrestrial origins, crocodilians are sur-
prisingly mobile predators on land. Although lacking the sta-
mina for pursuit, their explosive force catches most prey
unaware. Like all archosaurs, the hind limbs are significantly
larger and stronger than the forelimbs, suited to the croco-
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dilian propensity for launching the body forward at speed.
Five toes are present on the front feet and four on the back,
although residual bones from the fifth still exist. The inner
three toes terminate with strong, blunt nails that provide trac-
tion; the outer one (back feet) or two (front feet) lack claws
and bend backward during walking. There is extensive web-
bing between the toes on the back feet, but webbing is min-
imal or absent from the front feet.

The limbs are used to crawl, walk, and gallop. The crawl
employs the limbs alternately to slide the body across mud,
sand, or grass. When sufficiently motivated, the limbs can
propel the body forward in a slithering manner at much
greater speed, up to 6.2 mph (10 kph). In the uniquely croc-
odilian high walk, the feet rotate inward toward the body and
support it from below. Lifting the head and belly clear of the
ground enables the crocodile to traverse obstacles or rough
terrain. In a few species, the front and hind limbs move in
tandem to gallop. This springlike gait accelerates the croco-
dile up to 10.6 mph (17 kph) for several seconds until the
safety of water can be reached. Cuban crocodiles (C. 7homb-
ifer) remind us of the frightening aggression of their terres-
trial ancestors when they gallop toward a threat.

Water is clearly the crocodilian’s preferred domain, a home
for prey that live in the water and a magnet for prey that live
on land. Mobility is possible through the powerful tail, which
makes up half the body’s total length. Flattened dorsoven-
trally to provide extensive surface area for propulsion, the tail
is undulated laterally by powerful muscles. Limbs are swept
back during rapid swimming, although when moving slowly
they help the crocodile steer, brake, reverse, or walk across
the bottom. So powerful is the tail that it can drive hundreds
of pounds (or kilograms) of crocodile vertically out of the wa-
ter to capture prey several feet (or meters) overhead.

Internally, the pleural cavity contains the lungs, and the
visceral cavity houses major organs associated with digestion
and reproduction. These cavities are separated by the bilobed
liver and diaphragmaticus, a sheet of muscle analogous to the
diaphragm in mammals. Inhalation is achieved by contract-
ing the diaphragmaticus, which pulls the liver backward and
expands the pleural cavity. Thoracic (intercostal) muscles also
expand the chest, and reduced pressure in the lungs draws air
in through open airways. To exhale, the diaphragmaticus and
thoracic muscles relax, compressing the pleural cavity and
forcing air out of the airways. Crocodilians control their buoy-
ancy primarily through the volume of air in their lungs. By
moving the liver, hind legs, and tail, subtle postural changes
are also possible. When diving, air is forced out of the lungs
and the crocodilian, which is considerably heavier than wa-
ter, sinks rapidly. Swimming may facilitate this sinking, and
by sweeping the hind legs forward the crocodilian can reverse
and submerge simultaneously. Swimming or pushing off the
bottom returns the crocodilian to the surface, and positive
buoyancy is achieved by filling the lungs with air. Stones called
gastroliths in the stomach typically comprise 1-5% of the
crocodile’s total weight, and their presence may provide ad-
ditional ballast.

Situated between the lungs is the most complex heart in
the animal kingdom, apparently the result of adaptation to

Grzimek’s Animal Life Encyclopedia



Vol. 7: Reptiles

Esophagus
Trachea

Heart

Crocodilian internal organs. (lllustration by Brian Cressman)

the demands of the crocodiles’ semiaquatic lifestyle and their
size. Unlike other reptiles, the crocodilian heart is fully di-
vided into four chambers, as are the hearts of birds and mam-
mals. Uniquely, valves under nervous and hormonal control
can alter blood flow. These ensure that vital oxygenated
blood circulates between essential areas during oxygen stress,
such as while diving, while deoxygenated blood is sent to
nonessential areas. During rest and normal exercise, blood
in the right ventricle passes via a coglike valve to the pul-
monary arteries and lungs to acquire oxygen. During diving,
this valve constricts, and deoxygenated blood is diverted to
the left aortic arch that leads to the nonessential visceral
organs—a pulmonary-to-systemic shunt. Only a small vol-
ume is used to collect residual oxygen in the lungs. A second
valve, the foramen of Panizza, connects the base of left and
right aortic arches. The right aorta directs blood to the head,
limbs and tail, and these vital areas require oxygenated blood
during oxygen stress. The foramen of Panizza allows oxy-
genated blood to pass from right to left aortas (to visceral
organs) only during rest and normal exercise, cutting them
off when not needed.

Biochemical adaptations complement the action of the
heart. Crocodilian blood contains complex hemoglobin mol-
ecules capable of carrying more oxygen molecules than those
of any other vertebrate. Crocodilians also endure much higher
levels of lactic acid (produced when oxygen is scarce) in their
blood than any other vertebrate. Blood pH has been mea-
sured below 6.1 without serious consequences, a level that
would kill any other vertebrate. The result? A submergence
time of nearly two hours when quiescent, even longer under
cool conditions. American alligators have remained trapped
under ice for eight hours and survived. Heavy activity sub-
stantially reduces submergence time, but crocodilians need
only to outlast their prey. The blood also houses complex an-
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tibacterial proteins capable of fighting off infection. Living in
bacteria-filled waters, where injuries from fights are common,
a strong immune system is essential. Crocodile blood has even
been shown to kill “superbugs” for which scientists have no
known cure.

Distribution

Crocodilians are found in over 90 countries and islands,
generally in tropical and subtropical regions warm enough for
successful reproduction. American and Chinese alligators,
found in the highest latitudes of any species, do have a lim-
ited ability to survive seasonal freezing where deep water or
shelter is available. Large adults can even endure being
trapped in ice, as long as their internal organs do not freeze
and their nostrils project above the surface.

Alligatoridae are restricted to North, Central, and South
America, except for the Chinese alligator (4. sinensis), which
occurs in eastern China. The stronghold of the Crocodylidae
is Africa, India, and Asia, although a handful are found in the
Americas. The single member of Gavialidae is found in India
and adjacent countries. Estuarine crocodiles have the widest
distribution (India to Vanuatu), although Nile crocodiles
cover the greatest area (most of Africa and Madagascar). Spec-
tacled caimans (Caiman crocodilus) number in the millions and
are the most numerous throughout Central and South Amer-
ica. Introduced populations of certain species, particularly
caimans, are established outside their natural ranges.

Crocodilians favor freshwater habitats, although several
members of Crocodylidae tolerate higher salinity. Estuarine
(also known as saltwater) crocodiles live in freshwater tidal
rivers, hypersaline creeks, and along coastlines, and can travel
at sea. Their ability to excrete excess salt through lingual salt
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American crocodiles (Crocodylus acutus) along the river bank in the
Everglades National Park. (Photo by Guido Cozzi. Bruce Coleman, Inc.
Reproduced by pemission.)

glands and produce concentrated urine make this possible. All
species frequent freshwater and low-salinity areas where avail-
able, including tidal rivers, freshwater marshes, and both nat-
ural and artificial lakes and pools. Distribution is influenced
by the density and diversity of prey, available nesting habitat,
shelter for juveniles and adults, thermal conditions, seasonal
changes, and competition between species. Temporary range
extensions have occurred when competition from one species
over another has been reduced due to hunting, etc.

Feeding ecology and diet

Crocodilians are renowned for their ability to acquire food,
often violently. All species are carnivorous, and mostly gener-
alist. A wide range of mammals, birds, reptiles, amphibians,
crustaceans, mollusks, fishes, and insects are taken readily by
adults of most species. There are various restrictions, however.
Young juveniles are limited to small prey that enter or approach
water, primarily insects, spiders, crustaceans, fishes, small rep-
tiles, and amphibians. Juveniles eat regularly, each day if pos-
sible. As they grow, the size and range of available prey
increases. Species with specialized foraging strategies as adults
(such as gharials) begin to exhibit characteristic preferences.

Although anything that moves within striking range is of-
ten considered fair game for adult crocodilians, most species
display some selection criteria. These may include prey avail-
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ability, but also species-specific preferences influenced by
morphology and ecology. Broad-snouted alligatorids with
strong bites and blunt teeth include hard-shelled prey in their
diet; slender-snouted species such as gharials have weaker
bites, but their sharp, undifferentiated teeth and slender jaws
are ideal for sweeping quickly through water to seize slippery
fish. Many Crocodylidae possess jaws between these two ex-
tremes, reflecting a generalist diet influenced by prey distri-
bution and seasonal availability. Species with more specialized
jaws will, however, take other prey where available.

Crocodilians display several hunting techniques. Surpris-
ingly, most prey are small and taken as they approach the head,
even in very large adults. The kill zone is an arc traced by the
head and neck, although some species literally dive onto prey
just below the surface. Terrestrial prey are ambushed at the
water’s edge, the hunter is either submerged or exposes only
the eyes and nostrils. Once within striking range, there is an
explosion of teeth and water as the crocodilian propels itself
forward using its tail and limbs. Larger prey are dragged into
the water where they drown. Although not pack hunters, the
presence of several crocodilians in the water speeds a prey’s
demise. However, capture is not always successful. Misses are
common, and large prey bitten on the head, limbs, or body
may escape, only to die later from their injuries.

Although there are stories of crocodiles using their tails to
sweep prey off their feet, hard evidence is sorely lacking,
though the tail is important in hunting. Larger crocodiles are
often seen using the tail to herd small fish into shallow wa-
ter to be scooped up with a sweep of open jaws. The tail can
be used to push the body vertically out of the water, ideal for
catching prey flying over the water or hanging in low
branches. This behavior has been witnessed in many species.
Several species are reported to form a living dam with their
bodies, preventing migrating fish from escaping. By cooper-
ating, many individuals increase their chances of success. Nile
crocodiles frequently cooperate after large prey is captured,
taking turns to hold the carcass while others spins their bod-
ies to rip off mouthfuls of flesh. Crocodilians learn rapidly to
associate events with outcomes, often attending predictable
events such as prey migrations.

Once captured, small prey is deftly manipulated by the jaws
for immediate swallowing; head raised, the prey is flicked into
the throat under gravity. Larger prey is first crushed several
times by the back teeth, perforating skin and shell to assist
digestion. Prey too large to be swallowed is typically held
firmly in the jaws, then the head is whipped violently to one
side. This tears prey apart, and each piece is swallowed once
retrieved. Very large prey is first dismembered by holding
onto a piece with the jaws, then spinning the body axis sev-
eral times to twist it off. The carcass is anchored by its own
weight, or by other feeding crocodilians. Live prey are easily
incapacitated by rolling, as defense against this maneuver is
impossible. Once inside the stomach, food is subjected to
highly acidic gastric juices. The action of the muscular stom-
ach plus gastrolith stones slowly macerates flesh and renders
bone and shell into smaller pieces. Only keratin (found in hair,
nails, and turtle shell) is immune. Compacted balls of indi-
gestible material are regularly coughed up.
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Frequently classed as man-eaters, only a handful of species
are considered a significant threat to humans. Most fatalities
are reported from American alligators, estuarine crocodiles,
and Nile crocodiles, the latter responsible for the greatest
number of crocodile-related deaths each year with several
hundred people estimated killed or seriously injured. Threats
can be reduced significantly by educating people to the dan-
ger posed by crocodilians, and providing alternative means of
accessing water.

Reproductive biology

The basic crocodilian breeding system is polygynous (one
male, multiple females), although short-term monogamous
pair bonding has been described in Nile crocodiles and pos-
sibly other species. Multiple paternity (several males, same
female) has also been recorded in some social situations. Once
sexual maturity is reached, dictated by size rather than age,
reproductive activity follows an annual cycle. Environmental
triggers such as changing temperature, rainfall, humidity, and
day length trigger hormonal changes in each sex. In males,
testosterone levels rise, testes increase in weight, and sperm
production increases. In females, estradiol levels rise, trig-
gering the liver to produce vitellogenin for yolk production
in the ovaries, and follicle size increases prior to ovulation.
Double clutches have been reported in mugger crocodiles (C.
palustris) and Nile crocodiles, influenced by extended envi-
ronmental conditions favorable to breeding.

As habitat and climate change geographically, the timing and
duration of reproductive activities varies between species and
even within a species’ distribution. Courtship, mating, and nest-
ing may occur over a period of several months (as in Nile and
estuarine crocodiles), or may be concentrated into several weeks
(as in American alligators). Johnstone’s crocodiles, or Australian
freshwater crocodiles (C. jobnstonii), nest within a two to three
week period, a phenomenon known as “pulse nesting.”

Crocodilians exhibit two nesting strategies: hole nesting
and mound nesting. In the former the female selects a soft
substrate, such as sand or mulch, and excavates a chamber sev-
eral inches deep using her hind legs. After laying her eggs,
the chamber is concealed again. In mound-nesting species,
the female first scrapes material, such as vegetation, soil, or
mud, into a mound using her front and hind legs. She also
rips up fresh vegetation with her jaws. The resulting mound
can be over 3.3 ft (I m) high and 6.6-9.8 ft (2-3 m) in diam-
eter. Once the mound is complete, the female behaves like a
hole nester: she excavates a chamber into the top of the mound
with her hind legs, lays her eggs, conceals them, and com-
pacts the nest using her hind legs and body. Only Crocodyl-
idae and Gavialidae excavate hole nests, in those species that
nest during the dry season or when little vegetative matter is
available. Mound nests are built by Alligatoridae and some
Crocodylidae, typically nesting during the wet season or in
areas that inundate easily, as the additional height reduces the
risk of eggs being drowned by floods. American and Cuban
crocodiles have been reported to choose either hole or mound
nests, depending on climate and habitat.

Nesting location may be determined by available materi-
als, proximity of water, temperature, and even social factors.
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Females of more territorial species choose solitary nesting
sites, isolated visually or by distance from those of other fe-
males. Favorite sites may be reused each year, although not
necessarily by the same female. More gregarious species may
use communal sites. Although under the vigilant watch of sev-
eral females, there are disadvantages to communal sites. Late
nesters may inadvertently dig up older eggs, and predators
have an easier time finding eggs where nests are concentrated.
Frequency of nesting is also under social pressure. In the wild,
between 10% and 80% of females of a given species may nest
each year; the percentage determined by the amount of nest-
ing habitat available, the territorial nature of the females, and
species-specific differences.

As with porcupines, people are curious how crocodilians
manage to mate without causing each other grief! In reality,
it is a gentle affair (once the competition has been dispensed
with, that is). To copulate successfully, males must court fe-
males to gain their consent. Males of some species, such as es-
tuarine crocodiles, establish territories that contain a number
of females, others, such as American alligators, display com-
petitively to attract females. Courtship may be elaborate or
subtle, involving mutual signaling on a visual, olfactory, audi-
tory, and tactile level. Alligators combine rumbling bellows
with infrasonic vibrations, the water dancing across their backs
proving a potent aphrodisiac for females. Gular musk glands
are rubbed across the head and neck in mutual appeasement,
and several minutes of head- and tail-raising postures are nec-
essary for consent. Once she consents, the female allows the
male to press her underwater. To align his vent with hers, the
male rolls the female’s body in one direction while rotating
his tail in the other, using limbs for purchase. Male crocodil-
ians have a single penis, unlike the hemipenes of most other
reptiles. Copulation can last several minutes, and may be re-
peated over a period of days, although most males attempt
copulation with as many females as possible. In captivity, males
have been reported copulating with almost 20 females. Cop-
ulation may take place in shallow or deep water.

After fertilization, eggs are retained in the oviduct for two
to four weeks, although periods of six months have been re-
ported in some spectacled caimans. Embryos grow to around
20 somites (cells) before laying, with development believed to
resume once eggs are exposed to air. Freshly laid eggs are cov-
ered in a fraction of an inch (several millimeters) of mucus,
which cushions their impact as they slide into position. Mucus
may also prevent gas exchange and hence further development
until laying is complete and the mucus dissolves. Clutch size
varies greatly: larger species lay up to 70 eggs, smaller ones as
few as 10. It can take between 20 and 90 minutes to lay the en-
tire clutch, during which time the female becomes curiously
docile. Each egg contains the yolk (nutrient storage), albumen
(water supply), leathery inner shell membrane, and hard, cal-
cified outer shell membrane (protection, control of water and
gas exchange). The embryo, lying atop the yolk, attaches to the
inner shell membrane 24 hours after laying. As development
continues, an opaque white band spreads around the egg’s axis
before eventually encompassing the entire egg.

Several important variables influence embryo development.
Nest temperatures may fluctuate between 84.2°F (29°C) and
93.2°F (34°C), but small changes have significant effects. On
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average, incubation time lasts 70-90 days, yet higher temper-
atures reduce this and lower ones increase it. Temperature also
determines sex. The phenomenon of temperature-dependent
sex determination (T'SD) is found in crocodilians, marine tur-
tles, and some lizards. Unlike genetic sex determination (GSD),
the sex of the embryo is determined not by sex chromosomes
at fertilization, but by a critical temperature-sensitive period
during incubation (the middle third). In all crocodilians, the
greatest percentage of males is produced around 87.8-89.6°F
(31-32°C), with more females produced above and below this
temperature. Temperatures above 93.2°F (34°C) and below
84.2°F (29°C) produce almost 100% females, although females
produced at higher temperatures suffer higher mortality and
genetic deformities. Above 95°F (35°C) and below 80.6°F
(27°C) embryos rarely survive. The size of hatchlings, their
growth rate, and even preferred basking temperatures are in-
fluenced by incubation temperature.

All species nest during warm seasonal climates, providing
appropriate ambient temperatures for incubation. Solar radi-
ation provides additional heat, although many nests are built
in the shade to reduce overheating, and nesting substrate
buffers the eggs from extreme temperature fluctuations each
day. Mound nests generate heat from the breakdown of plant
materials, and even the developing embryos provide some
metabolic heat during the later stages of incubation. The
smooth-fronted caiman (Paleosuchus trigonatus) typically nests
in closed-canopy forests, where ambient temperatures may be
insufficient for optimal egg development. To address this,
caimans build nests within or adjacent to termite mounds—
metabolic heat produced by the termites helps to warm the
nest. The female’s presence is often required to break open
the nest and free the hatchlings. Rainfall helps to cool nests,
and some females have been observed urinating on the nest.
As a suggested cooling mechanism the volume involved may
be insufficient, but it may play a role in chemical marking as
hatchlings recognize chemicals in contact with their eggs.

Pores permeating inner and outer shell membranes allow
gas exchange, and both high humidity and oxygen are neces-
sary for development. Embryo demands increase further as
development continues. Development seems highly suscepti-
ble to perturbation, yet crocodilian nests provide an effective
environment for incubation. But not always. Exposed nests
can overheat, and those built in areas prone to flooding are
easily submerged. More than 12 hours underwater, particu-
larly later in development when oxygen demands are higher,
can spell disaster. Another threat faces developing eggs—nest
predators such as monitor lizards, wild pigs, raccoons, even
ants. Females of most species defend the nest, often fasting
for over two months to remain vigilant, but predators can still

catch her off guard.

Eventually the demands of the embryo exceed the capabil-
ity of the egg and hatching occurs. Shortly before emergence,
the fully developed embryos may vocalize. Calls propagate
from one egg to the next, producing a chorus audible to the
adult from 165 ft (50 m) away. The female is typically much

closer to the nest, often observed resting her throat directly
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above the nest chamber close to hatching. The female scrapes
back sand, mud, or vegetation from above the eggs with her
front legs, and the vibration stimulates the eggs to hatch. Some
hatchlings head for water, but others remain and vocalize, of-
ten with head raised to encourage the female to carry them in
her jaws. By lowering the tongue, a gular pouch is created to
hold hatchlings. Some species transport hatchlings one at a
time, others, such as Nile crocodiles, transport several. The
female carries them to water, opens her mouth, and washes
the hatchlings out with a sweeping motion of the head before
returning to the nest. Hatchlings form small pods or créches,
hiding amongst shoreline vegetation. Not all species perform
hatchling transport, and puncture marks caused inadvertently
by sharp-toothed females may indicate why not. Infertile or
dead eggs are normally eaten by the female, which led to early
speculation that females ate their young! In captivity, territo-
rial males of certain species have been observed assisting the
female to open nests, hatch eggs, and transport hatchlings.
Wild Nile crocodile males occasionally guard juveniles after
hatching, but male parental care is atypical.

Female protection of juveniles after hatching may last for
days (as in Johnstone’s crocodiles), weeks (as in Nile croco-
diles), or even up to two years (as in American alligators).
Hatchlings remain in close proximity to the female, often us-
ing her as a convenient basking platform. Vocalization is well
developed in crocodilians, and is an important component of
juvenile life. Contact calls maintain group cohesion and alert
siblings to the presence of food. Distress calls scatter indi-
viduals and bring the adult female aggressively to bear. The
level of parental care in crocodilians is fascinating. In specta-
cled caimans, pods from different females may combine into
larger creches tended by resident adults. Even more remark-
able, adult females of three species (broad-snouted caimans,
Orinoco, and Siamese crocodiles) have been observed feed-
ing juveniles. The female macerates the carcass and juveniles
tear off small pieces. This level of parental care is unprece-
dented for reptiles, and perhaps reminds us of the closer tax-
onomic affinities between crocodilians and birds.

Conservation status

Four of the 23 crocodilian species (Chinese alligator,
Orinoco crocodile, Philippine crocodile, Siamese crocodile)
are considered Critically Endangered, with a further three
(Cuban crocodile, false gharial, Indian gharial) listed as En-
dangered and considered at risk of extinction. In what is con-
sidered the most dramatic recovery of any large vertebrae
group, 16 of the 23 species went from Endangered to abun-
dant or not threatened in the last 30 years of the twentieth
century. These species’ previous decline was attributed pri-
marily to overhunting (for skins) and habitat loss. Recovery
was due to a combination of species protection, habitat pro-
tection, suppression of illegal trade, and enlightened man-
agement programs promoting sustainable use of wild
populations as an incentive for their conservation. Efforts to
improve the status of the 7 remaining endangered species con-
tinue as of 2003.
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Gharials

(Gavialidae)

Class Reptilia
Order Crocodylia
Family Gavialidae

Thumbnail description

A large crocodilian with extremely narrow jaws;
adult males have a distinctive knob over the
nostrils

Size
13.1-16.4 ft (4-5 m)

Number of genera, species
1 genus; 1 species

Habitat
Rivers

Conservation status
Endangered

Distribution

Northern part of the Indian subcontinent

Evolution and systematics

In the geologic past the family Gavialidae was widespread.
Fossils of some 12 species, all from the Cenozoic era (65 mil-
lion years ago till the present), have been recovered from In-
dia, South America, Africa, and Europe. Paleontologists have
argued that the Indian gharial separated from the rest of the
crocodilians in the Mesozoic era (251-65 million years ago).
Recent molecular studies, however, indicate a divergence be-
tween Gavialis gangeticus and its nearest relative, the Malayan
gharial (Tomistoma schlegelii) as recently as 20 million years
ago. Buccal cavity (mouth) morphology of the gharial sug-
gests that the species is able to excrete salt, hence transoceanic
dispersal might have aided speciation.

The taxonomy for this species is Indian gharial Gavialis
gangeticus Gmelin, 1768, Ganges River.

Other common names include: French: Gavial du Gange;

German: Schnabelkrokodil; Spanish: Gavial del Ganges.

Physical characteristics
Gharials have the longest snout of all crocodilians and are
among the largest. Males average 13-15 ft (4-4.5 m) with a

Grzimek’s Animal Life Encyclopedia

maximum recorded length of over 19.7 ft (6 m). Females av-
erage 11.5-13 ft (3.5-4 m). Adults are dark or brownish olive;
hatchlings are grayish brown with five irregular transverse
bands on the body and nine on the tail. They are white or yel-

Gharial (Gavialis gangeticus). (lllustration by Brian Cressman)
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lowish white on the underside. The body form is sleek, the
scales smooth, and the head is well differentiated from the
body. Gavialis is unique among crocodilians in that it is the
only species to display visible sexual dimorphism: mature males
develop a cartilaginous knob, or narial excresence, on the tip
of the snout, females do not. This knob creates a buzzing sound
during exhalation, a social signal during courtship. It has no
other known function. The most aquatic of all crocodilians,
Gavialis do not migrate long distances overland, and adults are
unable to lift their bodies off the ground.

Distribution

Current known distribution of the gharial is noncontinu-
ous, up to 1,640 ft (500 m) above sea level in India, Nepal,
and Pakistan. A few isolated individuals have been reported
from Bangladesh and Bhutan.

Habitat

Gharials are found in deep, fast-flowing rivers, and prefer
to occupy junctions and bends in these rivers where pools are
deep and current is reduced. Exposed midriver banks are used
as basking sites, particularly in the cooler winter months, and
steep sand banks are used as nesting sites.

Behavior

Gharials are social crocodilians and groups of adults con-
gregate at suitable sites. They rarely venture far from the
safety of the aquatic environment into which they can dive
when alarmed. Males become territorial in the courtship/
mating season, and spar for territory in shallow water. Lying
parallel to each other, males raise heads well out of the wa-
ter, and attempt to push each other off balance with their
snouts. Violent “snout bashing” and biting has been observed.
Female Gavialis become territorial in the nesting season, and
will also defend nests from predators.

Feeding ecology and diet

Gharials are the only known crocodilians to subsist almost
entirely on a diet of fish. In the juvenile stage, the species may
also consume tadpoles, shrimp, and water insects. Prey is
sought by either the “sit and wait” technique, or by actively
foraging, and fish are captured with lightning fast lateral swipes
of the jaw. Fish are impaled on the sharp teeth and the ghar-
ial throws them to the back of the throat by jerking the head
upward. The extremely narrow snout of Gavialis reduces fric-
tion in the water as compared to broad-snouted crocodilians,
another factor contributing to its efficiency as a fish catcher.

Reproductive biology

Gavialis males mature at about 11.5 ft (3.5 m) at the age
of 15, when the narial excresence becomes large and rounded.
Females mature at 10 ft (3 m), as young as eight years old.
The breeding season is markedly seasonal throughout the
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The gharial (Gavialis gangeticus) is one of the largest of all crocodil-
ian species. (Photo by E&P Bauer. Bruce Coleman, Inc. Reproduced
by permission.)

range of the species; courtship and mating occur in Decem-
ber to January and nesting from March to May. The dura-
tion of the nesting season is shorter at higher latitudes (22
days on the Narayani River in Nepal) and longer at southerly
latitudes (57 days at the Madras Crocodile Bank). Evidence
from captive-breeding studies indicates that larger females
nest first, inferring that these females are mated with first.
Females select nest sites at least 5 ft (1.5 m) above water level,
and may dig trial nests before nesting. Clutch size closely cor-
relates with the size of the female, ranging from 12 to nearly
100 eggs in very large females. The first clutches laid by fe-
males typically contain a high proportion of infertile eggs.
Eggs measure 2.2 by 3.4 in (55 by 86 mm), and weigh 5.5 oz
(156 g). Embryonic development is rapid, particularly in the
later stages of development. Incubation temperature deter-
mines the incubation period and sex of hatchlings, as well as
hatchling size. Incubation period is shorter at higher tem-
peratures (an average of 53 days at 91°F/33°C) and longer at
lower temperatures (93 days at 82°F/28°C). Females have
been observed to guard nests in the wild, dig out hatchlings
from nests, and display prolonged protection of their créche
of hatchlings. Males may also protect the young. Eggs are
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A pair of gharials (Gavialis gangeticus) enjoy the waters of India. (Photo by Michael Fogden. Bruce Coleman, Inc. Reproduced by permission.)

preyed upon by jackals, pigs, hyenas, mongooses, and moni-
tor lizards. Hatchling mortality is high, largely due to floods
in the monsoon period (when the eggs hatch), and predation
by large wading birds and soft-shelled turtles.

Conservation status

In Nepal, Gavialis populations are in decline, and fewer than
1% of all gharials hatched in nature reach a length of 6.6 ft (2
m). Egg loss by animal and human predators is high, and flood-
ing causes significant loss of nests. A total of 55 wild gharial
and 50 released gharials were observed in 1999 at Babai, Kali,
Karnali, Koshi, Mahakali, Narayani, and Rapti River systems.
The low number of males in the wild population (sex ratio one
male to 10 females) may be adversely affecting the population.
Reasons for decline are habitat destruction due to increasing
human pressure on the environment from extensive agricul-
ture, firewood collection, and cattle grazing.

In Bangladesh, Gavialis was believed to be extinct in the
1970s, but continued survival of the species was confirmed in
the Padma (Ganges) and Jamuna (Brahmaputra) Rivers in
1981. A survey in 1985 recorded 18 individuals in the Padma
River at Changhat, Charkhidipur, and Godagari localities.
However, known nesting areas that produced up to 12 nests
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as recently as 1985 have seen no nests since 1990. Factors af-
fecting declining gharial populations are fishing activities and
habitat degradation.

In Bhutan, the species is near extinction in the wild, with
isolated individuals reported from rivers near Bhutan’s south-
ern border with India.

In Pakistan, gharials have been extirpated from most of the
country, with the main population of about 20 individuals oc-
curing on the Nara Canal, part of the Indus River Dolphin
Sanctuary. Small populations are believed to survive around
Gudder Barrage (Sind) and Taunsa Barrage (Punjab). The
Pakistan government is currently planning a restocking effort,
perhaps using surplus captive stock from India.

In the Orissa state in India, Gavialis is now restricted to
the Mahanadi River. Over 700 juvenile gharial have been re-
leased in the Satkoshia Gorge Sanctuary, but survival has been
only 5% due to heavy human usage of the river for bamboo
rafting and fishing. In the tristate National Chambal Sanctu-
ary, encompassing the states of Rajasthan, Uttar Pradesh, and
Madhya Pradesh, over 1,200 wild gharial were counted in re-
cent surveys. Over 3,500 captive-reared gharial from wild eggs
have been released in protected areas of these states, and sev-
eral other small but vital breeding populations survive on the
Girwa, Ken, and Son Rivers.
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The gharial is cited as Endangered on the [UCN Red List,
and is on Appendix I of CITES. There are an estimated
1,500-2,500 gharials in the wild.

Vol. 7: Reptiles

Significance to humans

Gharial eggs are collected for food by indigenous people
in some parts of their range, and the Hindu river goddess Ma
Ganga is sometimes depicted riding on a gharial.
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Alligators and caimans
(Alligatoridae)

Class Reptilia
Order Crocodylia
Suborder Eusuchia
Family Alligatoridae

Thumbnail description

Powerful animals with a long and muscular tail,
four short limbs straddling a scaly body, and
strong jaws lined with obvious teeth

Size
4-20 ft (1.2-6 m) in total length

Number of genera, species
4 genera; 8 species

Habitat
Calm or slow-moving freshwater areas

Conservation status
Critically Endangered: 1 species; Lower
Risk/Conservation Dependent: 1 species

Distribution

Central to northern South America, parts of southern and western Central America
and Mexico, the southeastern United States, and a small area of eastern China

Evolution and systematics

Although the order Crocodylia dates back at least 200 mil-
lion years to the Age of Reptiles, its living members, includ-
ing those of the family Alligatoridae, can hardly be described
as primitive. Instead, they survived the mass extinction 65 mil-
lion years ago that ended the dinosaurs’ reign and evolved
over the centuries into animals well suited to their current
place in the natural world. Like other members of the order,
the family Alligatoridae are the descendants of the Archo-
sauria, or “ruling lizards,” which included the dinosaurs. A
defining characteristic of these animals is a diapsid skull,
which has two temporal openings. Turtles, by comparison,
have anapsid skulls with no temporal openings.

Within the crocodilians, the family Alligatoridae can be fol-
lowed as far back as the Paleocene (57-65 million years ago),
when caiman ancestors are thought to have roamed the earth.
Ancestors of other species, including the American alligator
(Alligator mississippiensis) and Chinese alligator (Alligator sinen-
sis), date back to the Miocene and Pleistocene, respectively.
The alligatorids are separated into two major groups: the al-
ligators (subfamily Alligatorinae) and the caimans (subfamily
Caimaninae). The former group has two living representatives
in the Alligator genus. The other six species of alligatorids fall
under three genera within the caimans. (Some systematists list
only five caimans, with the Yacaré as a subspecies of the com-
mon caiman.) In all, the eight species are as follows:

* American alligator, Alligator mississippiensis

* Chinese alligator, A. sinensis
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e common caiman, Caiman crocodilus

® broad-snouted caiman, C. latirostris

* Yacaré, C. yacare

* black caiman, Melanosuchus niger

* Cuvier’s dwarf caiman, Paleosuchus palpebrosus

* smooth-fronted caiman, P. trigonatus

Physical characteristics

In general appearance, alligators are similar to crocodiles,
with stout bodies and powerful tails that are at least as long
as their bodies. They have long snouts and noticeably toothed
upper and lower jaws. Alligatorids are distinguished most no-
tably from the crocodiles by their mandibular teeth, all of
which slide inside the upper jaw and out of view when the
mouth is closed. In contrast, the fourth mandibular teeth in
crocodiles are visible outside the closed jaw.

Alligatorids are grayish, sometimes tending toward green,
brown, yellow, or black, depending on the species. The young
are often banded. Adult size ranges from about 4 ft (1.2 m) in
Cuvier’s dwarf caiman (P. palpebrosus) to 13 ft (4 m) in the
American alligator (4. mississippiensis).

Like the crocodile’s body, the alligatorid body is armored
with tough osteoderms and, frequently, large scales that do
not overlap. The osteoderms in some species do not extend
onto the belly, making this smooth part of the skin highly
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American alligators (Alligator mississippiensis) in the Everglades in
Florida. (Photo by Wendell Metzen/Photo Researchers, Inc. Reproduced
by permission.)

desirable as leather for human uses. Alligatorids have short legs
tipped with claws. The forelimbs are smaller than the hind
limbs and have five, rather than four, partially webbed toes.
Their body form allows them to glide in a sinuous pattern
through the water, normally with just the side-to-side motion
of the tail providing the locomotive force. On land the strength
of their legs makes them quick and formidable predators.

Distribution

Primarily a New World group, all but the two Alligator
species occur in southern Mexico, parts of Central America,
or northern to central South America. Alligator mississippien-
sis is the only member of this family to be found in the United
States, where it exists in southeastern states, from the Car-
olinas to Texas. A. sinensis makes its home in eastern China,
far distant from its New World relatives.

Habitat

Alligatorids are restricted to freshwater areas and fre-
quently are found in lakes, slow-moving streams and rivers,
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The Yacaré caiman (Caiman yacare) in Brazil. (Photo by E. & P. Bauer.
Bruce Coleman, Inc. Reproduced by permission.)

swamps, marshes, and other wetland habitats. Some species
even make use of roadside ditches. They prefer sites with
slow-moving or still waters. They often inhabit vegetated ar-
eas, sometimes with muddy or murky water.

Behavior

Alligatorids are ectotherms (“cold-blooded” animals) and
most often are seen basking on the shoreline to raise their
body temperature. Sometimes they are seen sliding along the
shoreline on their bellies, using their feet to push them
through the mud and muck to the water. They also do the
“high walk,” which is somewhat similar to a lizard’s walk;
alligatorids, however, hold their legs more upright than
straddled. Although they may look sedate much of the time,
their short legs can give them quick acceleration for grasping
a passing mammal.

Careful observers also see them floating at the surface of
the water, where only their most dorsal surface and occa-

An American alligator (Alligator mississippiensis) in southern Florida,
USA, with its eyes just above the water. (Photo by Joe McDonald. Bruce
Coleman, Inc. Reproduced by permission.)
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sionally just the nose and the tip of the head are exposed.
Often, the animal actually is maintaining its internal temper-
ature through this activity, either lying in the sun-heated up-
per layers of the water column to warm up or moving to shady,
chillier waters to cool off. Their presence is made known
when they begin to sweep their tails slowly and propel them-
selves gracefully forward. While they usually are motionless
or swim slowly, they can make quick movements in the
water. One noticeable trait is their ability to jettison almost
vertically out of the water. This maneuver typically is ac-
companied by a quick chomp of the jaws around a startled
bird or other prey item.

Alligatorids, including those in more temperate climates,
do not hibernate. While temperatures in the southeastern
United States and China can approach freezing in the win-
ter, American and Chinese alligators remain active all year,
though they are more subdued as temperatures dip and may
even become dormant. To beat the cold, they move to shal-
low water and lie motionless, with just the nose poking into
the cold air. Young alligators, on the other hand, may retreat
t