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FOREWORD

inosaurs have been a source of fascination for students of all ages since their
discovery over 150 years ago. For a hundred years dinosaurs epitomized fail-
ure. But as we now know, it was simply a failure of science to recognize the group’s
successes. In the early years of discovery, interpretation of dinosaurs as animals was
based on preconceived notions concerning reptiles. Reptiles were generally thought
of as stupid, sluggish animals that had survived almost accidently. Dinosaurs, thought
of at the time as “good reptiles,” were burdened with the same misconceived notions
of science as were other reptiles. Reptiles drag their tails when they walk, so dinosaurs
must also have dragged their tails. Reptiles are cold-blooded and sluggish in cool
weather, so dinosaurs must also have been cold-blooded and sluggish. But, reptiles
survived and the dinosaurs did not, so in the minds of many, dinosaurs were thought
of as unfit animals that were simply waiting for a place in time to go extinct.
Fortunately, over the years many more dinosaur specimens were found,
and together with some very careful studies of their morphology, phylogeny, and ecol-
ogy, it has been determined that dinosaurs were a highly specialized group of ani-
mals related not only to other reptiles, but also to birds. And although the dinosaurs
are extinct, we now know that they represented one of the greatest evolutionary suc-
cess stories of all time. Dinosaurs: The textbook is a monument to our present
understanding of these wonderful creatures. It is a book that will take the student
on a journey through nearly every aspect of dinosaur biology, geology, and the his-
tory of their discovery. It is a text that presents facts together with current ideas,
notions and controversies. Dr. Lucas presents dinosaurs as successful, living creatures
that were merely different in appearance than animals living today.
Dr. Lucas has written a comprehensive book that is easily read and under-
a book that teaches students
not only how to use scientific methods, but how to synthesize data to create their

stood by students with little scientific background

own ideas. In contrast with many dinosaur books from the past, Dr. Lucas, although
indicating his own views, allows students the opportunity to think for themselves.
This is an incredible achievement for future learning about past mysteries.

John R. Horner

Curator of Paleontology
Museum of the Rockies
Montana State University
Bozeman, Montana
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PREFACE

S even years ago the geology faculty at the University of New Mexico, at my sug-
gestion, initiated an introductory level course on dinosaurs. As the lone verte-
brate paleontologist on campus, I of course, was to teach this course. I had several
years of teaching introductory geology—both physical and historical geology—
under my belt. But now a problem faced me: no textbook existed for a dinosaur
course. Furthermore, in a decade-long stint as a university student—from freshman
to doctorate—I never took a course on dinosaurs. Few colleagues were teaching
dinosaur courses at that time, and all they could offer was a syllabus with a suggested
list of readings. Not fully satisfied with their offerings, I set out to design a course
and provide reading material from available sources to suit my own prejudices about
how to teach college freshmen and sophomores about dinosaurs.

Although the students were enthusiastic the first time I taught the course,
[ was not satisfied. [ had tried to teach about dinosaurs within the broader context
of vertebrate evolution and used Edwin Colbert’s excellent survey book, EVOLU-
TION OF THE VERTEBRATES, as the text. But it seemed to me the course was
too diffuse—not enough of a focus on dinosaurs—and the book lacked needed
depth on the drawing card of the course, the dinosaurs themselves. So, I shifted gears
and subsequently taught a course more focused on dinosaurs using Alan Charig’s stim-
ulating book, A NEW LOOK AT THE DINOSAURS. This worked better, but
after a couple of years, I realized that Charig’s book was neither broad enough nor
sufficiently detailed to suit the course. Fortunately, David Norman's outstanding
THE ILLUSTRATED ENCYCLOPEDIA OF THE DINOSAURS appeared. It is
the one dinosaur book I hope to have if ever marooned on a desert island. Norman’s
book provided excellent coverage of dinosaur details and lore for the students. But,
it did not meet head on the most interesting topics—dinosaur extinction, hot-
blooded dinosaurs, and so forth—that had become the causes celebres of my course.

The book I have written is the semester-long course I teach as it has been
honed down by years of experimentation and student feedback to a lean but com-
prehensive introduction to the dinosaurs. This book thus fulfills my selfish need for
a textbook, but I also believe that it will meet the needs of the growing number of
paleontologists teaching introductory-level dinosaur courses across the United
States. My reviewers share this belief, and I hope we are right.

There is, however, a second reason why [ wrote this book. It represents my
attempt to slog through the available morass of information and ideas about
dinosaurs, some controversial, others ridiculous, to stand on the firm ground of
established facts and reasonable inference. Much of what Americans think they know
about dinosaurs is wrong, and some of what they are being told today, in some pop-
ular books by “experts,” is baloney. This book tries to right the wrongs and slices up
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the baloney by going out of its way to not promote unreasonable speculation about
dinosaurs. Not everything in it is above debate, but nothing here is science fiction.
As such, I want this book to teach many people about dinosaurs and the science of
studying dinosaurs as few other books do.

These are heady times for dinosaur science. Almost daily, new discoveries,
novel methods, and innovative ideas are pushing forward the frontiers of our knowl-
edge of dinosaurs. Americans seem to have an insatiable appetite for information
on dinosaurs. This book provides a “first course,” and I hope it fosters an accurate
understanding of the dinosaurs and a deep appreciation of dinosaur science in all
who read it.

ORGANIZATION

he Table of Contents essentially divides the book into three parts. The first

part, Chapters 1-5, is designed to provide the beginning student with the
minimum background in geological, biological, and anatomical concepts necessary
to understand the remainder of the text. In the second part, Chapters 6-10, [ have
you “meet the dinosaurs.” These chapters review each group of dinosaurs. Each
chapter focuses on two or three well-known taxa that are exemplary of the group.
The remaining discussion covers aspects of phylogeny, diversity, distribution, and
functional morphology. The third part, Chapters 11--18, covers a variety of thought-
provoking “topics.” These chapters discuss everything from the history of the great
dinosaur hunters to the extinction of the dinosaurs. The emphasis in many of the
chapters will be on concepts of broad applicability, in other words, concepts also
relevant to subjects other than dinosaurs. Thus, for example, 1 believe that the
history of dinosaur collecting and study can be used to tell the student much
about how scientific perceptions change through time. Finally, [ have included a
Dinosaur Dictionary and a Glossary for ease in locating definitions and identifying
information.

[ have strived to present a balanced review of competing ideas in contro-
versial areas. For example, I believe the weight of evidence suggests that some
dinosaurs had a higher metabolic rate than that of living ectotherms, whereas there
is no evidence of such a heightened metabolic rate in other dinosaur groups. |
intend to present the range of evidence on this subject, not push a particular point
of view not justified by the evidence.
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tried to convince me, without success, that dinosaurs are more interesting than
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INTRODUCTION

n 1842, British comparative anatomist Richard Owen (1804-1892) coined
the word dinosaur, from the Greek words deinos, meaning “terrible” and
sauros, meaning “lizard” or “reptile.” To Owen, the “terrible lizards” were
large, extinct reptiles known from only a handful of fossils discovered in western
Europe since the 1820s. Today, dinosaur fossils are known from all the continents
and represent hundreds of distinct types of dinosaurs.
In this chapter, we briefly answer some very basic questions about dinosaurs
and introduce some topics discussed at greater length later in this book.

WHAT ARE DINOSAURS?

Many people apply the term dinosaur to any large, extinct animal. To most people,
any large extinct reptile qualifies as a dinosaur. Many people even identify large,
extinct mammals, such as woolly mammoths, as dinosaurs (figure 1.1). Some authors
and toy manufacturers perpetuate inaccurate ideas about what is a dinosaur by pre-
senting to the public a variety of non-dinosaurs as dinosaurs. The mammal-like
reptile Dimetrodon and the flying reptile Pteranodon are examples.

Dinosaurs are most easily thought of as a group of extinct reptiles having
an upright posture. They first appeared about 225 million years ago and became
extinct 66 million years ago. Birds, the descendants of dinosaurs, are still with us.
Dinosaurs can be identified as reptiles because of their reptilian skeletal features and
because dinosaurs, like many other reptiles, reproduced by laying hard-shelled eggs.
Dinosaur’s upright posture, in which the legs extend directly underneath the body,
distinguishes them from reptiles that hold their limbs out to their sides in a sprawl-
ing posture (figure 1.2). Largeness is not a prerequisite for being a dinosaur; some
dinosaurs were no larger than a chicken. In fact, skeletal features of one group of
dinosaurs are remarkably like those of modern birds, which indicates that dinosaurs
were the ancestors of birds. Other skeletal features unique to dinosaurs will be dis-
cussed in Chapter 5. But for now, we can define dinosaurs as reptiles having an
upright posture, and thereby identify them as a natural group with an evolutionary
history distinct from that of other reptiles.
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Mammoth

Plesiosaur

FiGure 1.1

Although these kinds of animals are thought by many people to be dinosaurs, they are not.

WHEN AND WHERE DID
DINOSAURS LIVE?

We have already noted that dinosaurs first appeared about 225 million years ago and
became extinct 66 million years ago, which means that dinosaurs lived on Earth for
about 160 million years (figure 1.3). Most paleontologists date the origin of humans
at 2 or 3 million years before the present. This means that dinosaurs persisted 50 to
80 times as long as we have been on Earth. Movies and cartoons that portray humans
and dinosaurs living side by side are, therefore, inaccurate.

The first discovery of dinosaur remains in Antarctica was in 1989, so that
we now have dinosaur fossils from all the continents (figure 1.4). The broad geo-
graphic distribution, survival for about 160 million years, variety in shapes and
sizes, and, in many instances, extremely large size identify dinosaurs as one of the
most successful groups of land animals in the history of life.

2 CHAPTER 1



