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Preface

he fifth edition of Vertebrate Life continues to reflect extraordinary activity in

vertebrate biology. The most pervasive innovations have resulted from the
widespread adoption of phylogenetic systematics (cladistics) as the basis for
determining the evolutionary relationships of organisms. The emphasis that this
system of classification places on the importance of monophyletic groupings has
ramifications in many areas of biology. As an objective (albeit frequently contro-
versial) method that reflects information about the sequence of changes during
evolution, cladistics provides an evolutionary framework in which ideas from
other biological specialties can be accommodated. As a result, studies of behav-
ior, physiology, and ecology are increasingly being placed in an explicitly evolu-
tionary context, and this common ground has fostered increased interaction
among those specialties.

In this edition we have expanded the cladistic classification originally intro-
duced in the third edition, especially in our treatment of anatomy and physiol-
ogy. As in previous editions, we have included cladograms illustrating the
postulated relationships of vertebrates. In doing so, we have tried to reconcile the
views of various authorities and point out major areas of disagreement. We
pruned excessive detail from the cladograms in this edition while retaining infor-
mation about the geologic time span for the lineages illustrated. The cladograms
include synopses of the character states on which they are based and citations of
the primary sources used. This information will facilitate exploration of different
views, and will help faculty and students to modify the phylogenies presented
here as new interpretations are published.

Literature citations have been brought up to date, with many references from
1997 and later. As before, we have chosen citations on the basis of their helpful-
ness to students attempting to enter the literature of the subject; review articles
are cited when possible, and recent references are used because students can trace
earlier work through them.
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PART

Vertebrate Diversity, Function,
and Evolution

he 45,000 living species of vertebrates inhabit nearly every part of the Earth,

and other kinds of vertebrates that are now extinct lived in habitats that no
longer exist. Increasing knowledge of the diversity of vertebrates was one of the
products of European exploration and expansion that began in the fifteenth and
sixteenth centuries. In the middle of the eighteenth century, the Swedish natu-
ralist Carolus Linnaeus developed a binominal classification to catalog the vari-
eties of animals and plants. The Linnean system remains the basis for naming
living organisms today.

A century later Charles Darwin explained the diversity of plants and animals
as the product of natural selection and evolution, and in the early twentieth cen-
tury Darwin’s work was coupled with the burgeoning information about mecha-
nisms of genetic inheritance. This combination of genetics and evolutionary
biology is known as the New Synthesis or Neo-Darwinism, and continues to be
the basis for understanding the mechanics of evolution. Recent work has broad-
ened our view of evolutionary mechanisms by suggesting, on the one hand, that
some major events in evolution may be the result of chance rather than selection,
and, on the other hand, that natural selection can sometimes extend beyond indi-
viduals to related individuals, populations, or even entire species. The emphasis
on methods of classifying animals has also changed during the twentieth century,
and classification, which began as a way of trying to organize the diversity of
organisms, has become a way of generating testable hypotheses about evolution.

Vertebrate biology and the fossil record of vertebrates have been at the center
of these changes in our view of life. Comparative studies of the anatomy, embry-
ology, and physiology of living vertebrates have often supplemented the fossil
record. These studies reveal that evolution acts by changing existing structures.
All vertebrates have basic characteristics in common that are the products of their
common ancestry, and progressive modifications of these characters can trace the
progress of evolution. Thus, an understanding of vertebrate form and function is
basic to understanding the evolution of vertebrates and the ecology and behav-
ior of living species.




CHAPTER

1

The Diversity, Evolution,
and Classification of Vertebrates

E volution is central to vertebrate biology because it provides a principle that
organizes the diversity we see among living vertebrates and helps to fit
extinct forms into the context of living species. Classification, initially a process
of attaching names to organisms, has become a method of understanding evolu-
tion. Current views of evolution stress natural selection operating at the level of
individuals as a predominant mechanism that produces change over time. The
processes and events of evolution are intimately linked to the changes that have
occurred on Earth during the history of vertebrates. These changes have resulted
from the movements of continents and the effects of those movements on cli-
mates and geography. In this chapter we present an overview of the scene, the
participants, and the rules governing the events that have shaped the biology of

vertebrates.

m The Vertebrate Story

Mention “animal” and most people will think of a
vertebrate. Vertebrates are often abundant and con-
spicuous parts of people’s experience of the natural
world. Vertebrates are also very diverse: The approx-
imately 50,000 extant (= currently living) species of
vertebrates range in size from fishes that weigh as lit-
tle as 0.1 gram when they are fully mature to whales
that weigh nearly 100,000 kilograms. Vertebrates live
in virtually all the habitats on Earth: Bizarre fishes,
some with mouths so large they can swallow prey
larger than their own bodies, cruise through the
depths of the sea, sometimes luring prey to them
with glowing lights. Some 15 kilometers above the
fishes, migrating birds fly over the crest of the
Himalayas, the highest mountains on Earth.

The behaviors of vertebrates are as diverse and
complex as their body forms. Vertebrate life is ener-

getically expensive, and vertebrates get the energy
they need from food they eat. Carnivores eat the
flesh of other animals and show a wide range of
methods of capturing prey: Some predators search
the environment to find prey, whereas others wait in
one place for prey to come to them. Some carnivores
pursue their prey at high speeds, others pull prey
into their mouths by suction. In some cases the for-
aging behaviors that vertebrates use appear to be
exactly the ones that maximize the amount of energy
they obtain for the time they spend hunting; in other
cases vertebrates can appear to be remarkably inept
predators. Many vertebrates swallow their prey
intact, sometimes while it is alive and struggling, but
other vertebrates have very specific methods of dis-
patching prey: Venomous snakes inject complex
mixtures of toxins, and cats (of all sizes from house
cats to tigers) kill their prey with a distinctive bite on
the neck. Herbivores eat plants. Plants cannot run




