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Preface

n this ninth editition of Integrated Principles of Zoology, as in previous edi-

tions, we stress the basic principles and assumptions that provide a basis

for understanding the animal kingdom and its progenitors, the animal-

like Protista. This edition is a statement of the status of the zoological
sciences at this particular time, as we the authors view it. Certainly the
present treatment will in some measure reveal our interests, background,
and, inevitably, our biases. Nevertheless, we trust you will find a balanced
and current textbook, framed firmly within an evolutionary perspective,
which conveys our own fascination with the extraordinary world of animals.

This ninth edition represents a transition in the evolution of our text.
We welcome the association of coauthor Allan Larson of Washington Uni-
versity in St. Louis who brings to this textbook his extensive background in
evolutionary and systematic zoology. Allan joins us at a time of remarkable
resurgence of interest in systematics, together with the overdue recognition
that systematics holds a unique and indispensable position in zoology. The
most extraordinary collective property of animals is not their diversity but
the many shared characters through which this diversity is expressed. Since
classification permeates every course in zoology, it is important that stu-
dents understand that systematics provides the evolutionary basis for zoo-
logical study. This theme has been strongly developed in this edition.

CHANGES WITH THIS EDITION

In addition to the broadening of authorship, two other major changes will
be immediately apparent to previous users of this text. The first is a reorga-
nization of the subject matter. The chapters on reproduction, development,
genetics, and evolution now appear in Part Two, preceding the survey chap-
ters of Part Three. The material in these chapters is accessible whether it pre-
cedes or follows the survey chapters, but those instructors who provide an
initial grounding in these topics should like this new placement.

The second and more significant change in this edition is the inclusion
of a cladistic perspective in the survey chapters of Part Three. Cladistics is
no longer just another approach to systematics. Cladistics (also termed
“phylogenetic systematics,” or simply, “phylogenetics”) has been widely
adopted as a basis for determining the pattern of phylogenetic descent. The
aim of cladistics is to produce classifications that exactly reflect true genea-
logical relationships. Because of the importance of the cladistic approach,
which is new to most students, we devote considerable space in Chapter 12
to explaining the principles and rules of application of cladistics. Most of the
survey chapters include cladograms of the group or groups being consid-
ered, together with the character states on which they are based.

With its emphasis on monophyletic groupings, cladistic classifications
frequently conflict with the traditional arrangements of taxa in a Linnaean
hierarchy of categories. Because cladists consider paraphyletic taxa inadmissi-
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ble, they reject several well-known classical taxa such as bony fish (Osteich-
thyes), amphibians, and reptiles, because such groups do not include all
their descendants. Obviously the consistent application of cladistic methods
would destroy most traditional classifications—to the distress, it is certain,
of many instructors and students. Consequently, we have retained the tra-
ditional Linnaean rankings in this text because this is still standard taxo-
nomic practice, while noting where conflicts exist and suggesting alternative
approaches that use only monophyletic taxa.

Each chapter of this edition has been carefully reworked to make the
text as current and accurate as possible, and to simplify complex informa-
tion. To help achieve this goal we have added numerous new illustrations
and revised many others to enhance the text as a teaching tool. The princi-
pal revisions made in each of the five parts of the text are explained below.

Part One: Introduction to the Living Animal

In Chapter 1, completely rewritten and generously illustrated for this edi-
tion, we introduce and define the fundamental properties of animal life and
explain the hierarchical properties of living systems and their evolution. Be-
cause a hierarchical perspective has become increasingly applicable to evolu-
tionary theory in recent years, we believe it is important that students learn
this perspective early in their study of the biological sciences. Chapter 2
(Chemistry of Life) has been greatly condensed by moving the sections on
basic chemistry (atoms, elements, and molecules; bonding theory; acids,
bases, salts, and buffers) to an appendix where it is available for reference
by those who are unfamiliar with these concepts. Chapter 3 (Origin of Life)
has been condensed and updated. The section on the primitive earth was
rewritten to conform with current opinions regarding the primeval atmo-
sphere, a section on hydrothermal vents as sources of energy was added,
including appropriate modifications in the discussion of need for concentra-
tion, and a marginal note on the “RNA world” has been added. In Chapter
4 (The Cell as the Unit of Life) the discussions of mitosis and control of cell
division were updated. Chapter 5 (Physiology of the Cell) has been consid-
erably condensed throughout and the illustrations updated for the section
on cellular respiration.

Part Two: Continuity and Evolution of Animal Life

Chapter 6 (The Reproductive Process) presents revised sections on both sex-
ual and asexual reproduction with expanded explanations of parthenogene-
sis and hermaphroditism to provide more examples and the implications of
these alternatives to biparental reproduction.

We moved the section on the hormones of reproduction to the chapter
on the endocrine system (Chapter 38) where it has been combined with a
previously separate discussion of the hormonal changes preceding birth to
form a unified treatment of reproductive endocrinology. Chapter 7 (Princi-
ples of Development) received a particularly thorough revision to provide a
much more comprehensive analysis of development that should give the
student a better appreciation of the role of experimentation and discovery in
the ongoing discipline of developmental biology. All themes in this chapter
were revised and reillustrated, from the earliest events of development to
the orchestration of genetic control, the latter including an explanation of
homeotic genes.

Apart from several new illustrations, little was changed in the content of
Chapter 8 (Principles of Inheritance). An animal example of intermediate
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dominance was substituted for the four-o’clock flowers example. Our cover-
age of molecular genetics (Chapter 9), however, has been considerably re-
vised. This includes an updated discussion of the structure of nucleosomes,
substantial revision of the section on genetic engineering, with a discussion
on the revolutionary polymerase chain reaction, and a revised discussion on
oncogenes.

Chapter 10 (Organic Evolution) begins with an historical account of
Charles Darwin’s life and discoveries. The historical fates of the five impor-
tant components of Darwin’s evolutionary theory (as introduced in Chapter
1) are then followed to the present. Important challenges and revisions to
Darwin’s theories of perpetual change, common descent, multiplication of
species, gradualism, and natural selection are discussed, ending with an as-
sessment of the current scientific status of these theories. By presenting Dar-
winism as a composite of these five component theories, we emphasize that
it has an elaborate structure. Contrary to many popular accounts that stu-
dents may have encountered, Darwinism is not a single, simple statement
that is easily confirmed or refuted. The five-part structure that we present
helps to organize the important scientific challenges to Darwinism in a
meaningful way. This knowledge prepares students to dismiss the argu-
ments of creationists who misconstrue these controversies as challenges to
the validity of organic evolution.

Part Three: The Diversity of Animal Life

Chapter 11 (Architectural Pattern of an Animal) is a short but important
chapter that defines the organization and development of body plans distin-
guishing the major groups of animals. With the content reorganization of
the text that placed the development chapter in Part Two, it was possible to
remove the brief treatment of animal embryology that was previously in-
cluded in this chapter. It is still important, however, that students have an
understanding of three important developmental features before reading the
diversity chapters: radial versus spiral cleavage, coelom formation, and the
formation of germ layers. These topics are all covered in Chapter 7.

Chapter 12 (Classification and Phylogeny of Animals) presents a brief
history of how animal diversity has been organized for systematic study,
emphasizing the current use of Darwin’s theory of common descent (Chap-
ters 1 and 10) as the major principles underlying animal taxonomy. Continu-
ing controversies between the schools of evolutionary taxonomy and phylo-
genetic systematics (cladistics) are presented, including a discussion of how
these alternative taxonomic philosophies affect our study of evolution. By
covering these controversies, we emphasize to students that the species and
higher taxa that we recognize are not trivial facts of nature but constructs
whose discovery is complex. We emphasize the process of scientific inquiry
rather than the acceptance of a single end result. This leads the student to
develop the critical thinking necessary for understanding current issues in
ecology, evolution, and conservation biology, all of which depend on our
taxonomic system. Chapter 12 is important also as a preface to the organiza-
tional structure of the remainder of this book.

The invertebrate chapters (Chapters 13 through 26) were thoroughly up-
dated, and many new illustrations have been added, both artwork and pho-
tographs. The classifications in each chapter were positioned following other
coverage of the particular group, in most cases immediately preceding the
summary at the end of the chapter. The discussions of phylogenetic relation-
ships were rewritten from a cladistic viewpoint, and cladograms have been
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presented where possible. Some other revisions in these chapters include
the following: coverage of the phylum Loricifera (Chapter 17), and transfer
of the Priapulida back to the pseudocoelomate grouping (Chapter 18); addi-
tion of some coverage of conotoxins (Chapter 18); arthropod cuticle (Chapter
20); crustacean cuticle and ecdysis, and acceptance of the crustacean class
Maxillopoda (containing subclasses Ostracoda, Mystacocarida, Copepoda,
Tantulocarida, Branchiura, and Cirripedia) (Chapter 21); insect flight, physi-
ology of insect metamorphosis, and control of insect pests (Chapter 22); ac-
ceptance of the lophophorates as deuterostome phyla (Chapter 24); inclusion
of the class Concentricycloidea in the phylum Echinodermata, and return to
the concept of subphyla Pelmatozoa and Eleutherozoa in the Echinoder-
mata, in accordance with recent cladistic opinion (Chapter 25).

Important revisions in organization and content were made in the six
chordate chapters (Chapters 27 through 32). As with the invertebrate chap-
ters, cladograms have been added to show the inferred branching events in
the group’s history and the origin of some of the principal shared derived
characters. The traditional phylogenetic trees have been retained but re-
drawn to agree with cladistic analysis as closely as possible. Much of the text
on ancestry and relationships has been rewritten. Some of the more exten-
sive text revisions in these chapters were protochordate biology (Chapter
27); evolution and classification of bony fishes (Chapter 28); tetrapod origin
and evolution, and paedomorphosis in salamanders (Chapter 29); origin,
adaptive radiation, and classification of amniotes (Chapter 30); Archaeopteryx
and origin of modern birds (Chapter 31); mammalian evolution, feeding spe-
cializations in mammals, and reproductive cycles in mammals (Chapter 32).
The chordate, fish, and amphibian chapters especially benefited from new
artwork prepared by artists Bill Ober and Claire Garrison.

Part Four: Activity of Life

Part Four consists of six chapters dealing with the functional systems of an-
imals and a closing chapter on animal behavior. For Chapter 33 (Support,
Protection, and Movement) we have revised the discussions of hydrostatic
skeletons and muscular movement, and we have expanded the latter to in-
clude explanations of the distinction between fast and slow fibers, and of the
importance of tendons in energy storage. In Chapter 35, coverage of immu-
nity and the immune response was again revised to reflect recent informa-
tion.
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Other topics in Part Four that received comprehensive revisions were
the autonomic nervous system (Chapter 37) and mechanisms of hormone ac-
tion and the endocrinology of reproduction (Chapter 38). We revised the
opening section in Chapter 39 (Animal Behavior) to distinguish between
proximate and ultimate causation, and to explain the different experimental
approaches to animal behavior. The treatment of principles of classical ethol-
ogy was condensed. In a new section entitled “The Control of Behavior,” we
explain why “instinct theory” has fallen out of fashion, and provide two
clear examples of genetic transmission of specific innate behaviors: inheri-
tance of hygienic behavior in honeybees, which shows simple Mendelian in-
heritance, and confused nesting behavior of hybrid lovebirds, an example of
a more complex inheritance of intermediate behavior.

Part Five: The Animal and its Environment

The animal environment and the principles of ecology are the themes of the
final two chapters of the book. We condensed much of the opening section
of Chapter 40 (The Biosphere and Animal Distribution), which deals with
the fitness of the earth’s environment. The section on the explanations for
the disjunct distributions of animals— distribution by dispersal or by vicari-
ance—was completely rewritten to include a graphic example of how the
hypothesis of vicariance biogeography might be tested. Several sections of
Chapter 41 (Animal Ecology) were revised, and we added a discussion of
keystone species, using two examples from the marine environment.

TEACHING AND LEARNING AIDS

VOCABULARY DEVELOPMENT

Key words are boldfaced and the derivations of generic names of animals
are given where they first appear in the text. In addition, the derivation of
many technical and zoological terms are provided in the text; in this way
students gradually become familiarized with the more common roots that re-
cur in many technical terms. An extensive glossary of more than 1000 terms
provides the pronunciation, derivation, and definition of each term. More
than 60 new terms were added to the glossary for this edition.

CHAPTER PROLOGUES

Each chapter opens with an essay, placed in the margin alongside of the
chapter introduction, that draws out some theme or fact relating to the sub-
ject of the chapter. Some present biological, particularly evolutionary princi-
ples; others (especially those in the survey sections) illuminate distinguish-
ing characteristics of the group treated in the chapter. Each is intended to
present an important concept drawn from the chapter in an interesting man-
ner that will facilitate learning by students, as well as engage their interest
and pique their curiosity.

MARGINAL NOTES

Marginal notes, which appear throughout the book, augment the text mate-
rial and offer interesting sidelights without interrupting the narrative. We
prepared many new marginal notes for this edition and revised many of the
existing notes.
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FOR REVIEW

Each chapter ends with a concise summary, a list of review questions, and
annotated selected references. The review questions enable the student to
self-test retention and understanding of the more important chapter mate-
rial.

HISTORICAL APPENDIX

The historical appendix, unique to this textbook, lists key discoveries in zo-
ology, and separately describes books and publications that have greatly in-
fluenced the development of zoology. Many readers have found this appen-
dix an invaluable reference to consult long after their formal training in zo-
ology ended.

ART PROGRAM

The appearance and usefulness of this edition have been further enhanced
with many new full color paintings by William C. Ober and Claire W. Gar-
rison. Bill’s artistic skills, knowledge of biology, and experience gained from
an earlier career as a practicing physician have enriched this text through
five of its editions. Claire practiced pediatric and obstetric nursing before
turning to scientific illustration as a full-time career. Texts illustrated by Bill
and Claire have received national recognition and won awards from the As-
sociation of Medical Illustrators, American Institute of Graphic Arts, Chicago
Book Clinic, Printing Industries of America, and Bookbuilders West. They
are also recipients of the Art Directors” Award.

SUPPLEMENTS

INSTRUCTOR’S RESOURCE GUIDE

The Resource Guide has been broadly revised and expanded for this edition.
The guide provides a chapter outline, Test Bank, commentary and lesson
plan, a listing of resource references, and a listing of films and videotapes
for each chapter. We trust this will be of particular value to first-time users
of the text, although experienced teachers may also find much of value.

LABORATORY MANUAL

The laboratory manual by Cleveland P. Hickman, Jr. and Frances M. Hick-
man, Laboratory Studies in Integrated Zoology, now in its eighth edition, has
bene extensively rewritten and reillustrated. It was designed to accompany a
year-long course in zoology, but it can be adapted conveniently for semester
or term courses by judicious selection of exercises. The popular wall chart,
“Chief taxonomic subdivisions and organ systems of animals,” has been re-
designed for this edition.

COMPUTERIZED TEST BANK

For the first time ever with this edition, the test questions contained in the
Instructor’s Resource Guide are available on Computest, a computerized test
generation system. Using this system, instructors can create tests and quiz-
zes quickly and easily. Instructors can sort questions by type or level of dif-
ficulty, and can also add their own questions to the bank of questions pro-
vided.
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TRANSPARENCY ACETATES

100 full color transparency acetates of important textual illustrations are
available with this edition. Labeling is clear, dark, and bold for easy reading.

ANIMAL DIVERSITY SLIDES

A set of 50 animal diversity slides, photographed by the authors and Bill
Ober on their various excursions, are offered in this unique textbook supple-
ment. Both invertebrates and vertebrates are represented. Descriptions, in-
cluding specific names of each animal and brief overview of the animal’s
ecology and/or behavior, accompany the slides.
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