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PREFACE

When Bill Keeton’s first edition of Biological Science ap-
peared in 1967, it started a revolution so complete that we
now take his vision for granted. Instead of separate introduc-
tory courses (and texts) in microbiology, botany, and zoology,
Bill saw that all of biology could (and should) be united.
Today it seems obvious that the cells and molecules of plants,
animals, and unicellular organisms are very similar—in-
deed, so nearly identical in most respects that the differences
are full of evolutionary significance. Today we begin with the
assumption that natural selection operates on organisms of
all three groups in similar ways, and that studying the inter-
actions of different groups with one another is essential to
any real understanding of ecology. Moreover, as Bill showed
most convincingly from the outset, the basic physiological
challenges faced by animals, plants, and microorganisms—
gas exchange, nutrient procurement, internal circulation,
coordination of function, and so on—can be best understood
by juxtaposition and contrast. For him, and now for nearly
everyone, biology is a unified subject. It is this view of biolog-
ical science that is his enduring legacy to us all, and the guid-
ing principle upon which this book continues to be based.
We had three main objectives in preparing the Fifth Edi-
tion: (1) to bring the book up to date in both depth and scope,
so that it continues to reflect new discoveries and to antici-
pate shifting emphases in the advanced courses for which it
may be the student’s only preparation; (2) to continue to im-

prove the clarity of the presentation wherever possible, add-
ing more intuitive explanations and more functional
examples, and thus making even the most complex subject
matter accessible to a wider range of students; (3) to keep the
book manageably brief, which sometimes required the ab-
breviation or deletion of less important topics. Above all, we
wanted to reinforce the evolutionary theme in all parts of the
text, and to provide more satisfactory molecular explana-
tions of the mechanisms of biology in all chapters. From our
own experience and the comments of other teachers of intro-
ductory biology, it was clear that the content of every chapter
had to be scrutinized once again for accuracy, emphasis, and
effectiveness. In the end, every chapter benefited from this
process.

CHANGES IN ORGANIZATION

Several major changes in the new edition will be immedi-
ately apparent. The sequence of chapters originally laid out
by Bill Keeton alternated cellular and organismal topics, so
that each semester of his course had some of each. More and
more, however, the two semesters of introductory biology
are taught by different instructors (often from different de-
partments); one contingent usually focuses on cellular and
molecular topics, often from an evolutionary perspective,
while the other deals principally with evolution, diversity,
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physiology, and ecology. It is a continuing tribute to the qual-
ity and flexibility of Bill’s writing that many schools have
taught from Biological Science in this order even though the
book had a different sequence. Although the order of
chapters now follows (roughly) a more common levels-of-or-
ganization approach, we have taken special care that the new
edition still works with Bill’s original order of teaching, and
that it continues to provide the coherence of presentation
and development that is essential for mastering biological
principles.

The reorganization of the book has several advantages. Part
IT, THE PERPETUATION OF LIFE (formerly Part III), now
follows THE CHEMICAL AND CELLULAR BASIS OF LIFE,
Part 1. Within Part II the order of chapters has been rear-
ranged to allow the student to move directly from the sub-
cellular emphasis of Part I into the molecular basis of
information flow. To accomplish this logical transition, we
have postponed the material on cell division and classical ge-
netics: cell division now immediately precedes embryology
and development, and inheritance comes at the end, leading
directly into the discussion of the genetic basis of evolution
in Part III, EVOLUTIONARY BIOLOGY. Part III now ends
with a section on phylogeny, which lays the groundwork for
Part IV, THE GENESIS AND DIVERSITY OF ORGANISMS.
The chronicle of diversity in Part IV in turn provides the
background for the comparative physiology of organisms in
Part V, THE BIOLOGY OF ORGANISMS. And Part V culmi-
nates in the study of the mechanisms and evolution of behav-
ior, which leads naturally into ECOLOGY, Part VI.

Some teachers will be pleased to find that we have restored
the Selected Readings to the ends of chapters in the Fifth
Edition, and that we have added Concepts for Review and
Study Questions at the ends of chapters. We have not fol-
lowed what we feel is the ineffectual practice of including
multiple-choice questions at the ends of chapters, but have
instead focused on questions that encourage students to re-
view the basic concepts and big ideas, and that provoke
thought about the material. These questions are a helpful
complement to the more thorough and disciplined study re-
gime provided by Carol H. McFadden’s excellent Study
Guide.

Other obvious changes include the availability of the book
in a more portable two-volume format in addition to the con-
ventional single-volume version, and the inclusion of many
new four-color illustrations throughout the text. Users of the
previous edition will see immediately that we have added
many new photographs and line drawings to this edition to
summarize, dramatize, and reinforce points made in the text.
We have avoided the all-too-common shortcut of developing
illustrations independently of the text. Readers of Biological

Science have come to expect an unfailing harmony of text
and illustration, and we have worked hard to make sure that
difficult concepts are reinforced visually, and that all terms
and ideas presented in illustrations are fully documented in
the text.

A GUIDE TO SPECIFIC CHANGES

In the interest of brevity we list only major changes in this
edition. The Instructor's Manual provides a more thorough
description of the revisions and their rationale.

Chapter 1 (Introduction) has added new topics in modern bi-
ology, forecasting new material in each of the six parts.

PART I: THE CHEMICAL AND CELLULAR BASIS OF LIFE

Chapter 2 (Some Simple Chemistry) further explains the po-
larity of water molecules with a discussion of how soaps and
detergents work.

Chapter 3 (The Chemistry of Life) introduces ‘‘designer” en-
zymes and new information on the chemical composition of
the cell.

Chapter 4 (At the Boundary of the Cell) has new material on
clathrin and the formation of vesicles.

Chapter 5 (Inside the Cell) has more information on the
mailing-label strategy of targeting proteins, and more about
peroxisomes, microfilaments, microtubules, intermediate
filaments, mechanisms of cell movement (including cilia
and flagella, previously in the muscle chapter), and the intra-
cellular transport of organelles and vesicles, especially the
roles of kinesin and dynamin.

Chapter 6 (Energy Tranformations: Respiration) places
added emphasis on the role of electronegativity of oxygen
versus other atoms, and has a clearer and simpler summary
diagram for the anatomy of respiration.

Chapter 7 (Energy Transformation: Photosynthesis) now ex-
plores the physiological ecology of granal versus stromal
thylakoids, and also contains a new Exploring Further section
on the structure of the photosynthetic reaction center.

PART II: THE PERPETUATION OF LIFE
Chapter 8 (The Structure and Replication of DNA) now in-
cludes a discussion of the replication of DNA in organelles.

Chapter 9 (Transcription and Translation) includes new ma-
terial on how transcription is terminated, the mechanism of
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exon splicing, the process of translation, and how ribosomes
bind to the endoplasmic reticulum.

Chapter 10 (Mobile Genes and Genetic Engineering) is new.
It deals with mechanisms of genetic mobility including
transduction, transformation, plasmids, lytic versus lyso-
genic viruses, retroviruses, and transposons. It also explores
the evolutionary significance and interrelationships for these
processes or entities, and the practical use of each for genetic
engineering. There are also new discussions of the polymer-
ase chain reaction and gene therapy.

Chapter 11 (Control of Gene Expression) contains new mate-
rial on the structure of DNA-binding proteins, the structure
and function of the CAP-activator system, transcription fac-
tors, inducers, and enhancers. New sections have also been
added on telomeres, genetic imprinting, alternative splicing,
translation inhibitors (including anti-sense RNA), and mRNA
and protein-digesting enzymes that control molecular life-
spans. There is now a discussion of mutations of control
versus structural regions and an expanded section on cancer,
including the mechanisms of metastasis, oncogene forma-
tion, and oncogene operation.

Chapter 12 (Cellular Reproduction) has new sections on cy-
clins and control of the cell cycle, the evolutionary logic of
meiosis, the timing of meiosis in plants, and the investment
in diploid and haploid phases in the life history of a species.

Chapter 13 (The Course of Animal Development) no longer
incorporates a discussion of plant development, which has
been integrated into a later chapter on plant hormones. This
change more fully recognizes that development patterns in
plants are fundamentally different from those in animals. In
plants, since rigid cell walls make most morphogenesis im-
possible, differential growth is critical; there is no need for
many different organs since plants are autotrophic, and
growth continues in select tissues throughout the life of the
plant rather than being turned off, as in animals. These im-
portant developmental strategies are compared and con-
trasted in their respective chapters.

Chapter 14 (Mechanisms of Animal Development) more
clearly distinguishes induction and differentiation, and pro-
vides a fuller discussion of the role of CAMs in cell migration
and morphogenesis, forecasting their role in immunology.
There is now a discussion of somites and the strategy of itera-
tion of subunits in bilaterally symmetric animals, a treatment
of morphogen action and pattern formation in Drosophila,
including homeotic genes and homeobox sequences, and a
description of the likely role of retinoic acid in vertebrate de-
velopment.

Chapter 15 (Immunology) was largely rewritten and reillus-
trated to update and simplify the treatment. Most of the mate-
rial on gene evolution is now incorporated in subsequent
evolution chapters in the context of how new alleles arise:
this chapter retains a discussion of hypermutation and the
hypothesis that immune-system molecules evolved from
CAMs. New material has been added on the lymphatic sys-
tem, and the structure, life history, and effects of the AIDS
virus.

Chapter 16 (Inheritance) now covers both Mendelian and
non-Mendelian patterns of inheritance in one chapter. This
combined treatment eases the transition from the preceding
molecular discussions to the sections on the allelic distribu-
tions in populations that follow in Chapter 17.

PART III: EVOLUTIONARY BIOLOGY

Chapter 17 (Variation, Selection, and Adaptation) incorpo-
rates new material on the genetic bases of variation, fre-
quency-dependent selection, and sexual selection. An
Exploring Further section questions the evolutionary value of
sexual reproduction and introduces the gene-repair, red-
queen, and tangled-bank hypotheses.

Chapter 18 (Speciation and Phylogeny) has more on punc-
tuated equilibrium, the Burgess shale fauna, the relationship
between development and evolutionary change, the quanti-
fication of relatedness in different classification schemes,
cladistics, and molecular taxonomy.

PART IV: THE GENESIS AND DIVERSITY OF ORGANISMS

Chapter 19 (The Origin of Life) has a new section on the pos-
sible role of comets and asteroids in contributing water, or-
ganic molecules, and other conditions favorable for life to
the earth, together with a discussion of ribozymes as possibly
the first enzymes and information-storage molecules. Mate-
rial on the endosymbiotic hypothesis has been updated, and
there is now an improved discussion of the ambiguities in-
herent in kingdom classifications. The kingdom-classifica-
tion scheme adopted for the Fifth Edition has been
thoroughly modernized, based on the latest and most reliable
sequence comparisons.

Chapter 20 (Viruses and Bacteria) has more on viroids,
prions, and aquatic viruses; it also has a more ecological,
functional, and evolutionary treatment of bacteria. Along
with a modern, sequence-based phylogeny of bacteria, it
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presents an explicit comparison of Gram-positive and
Gram-negative cell walls, more on mycoplasmas and myxo-
bacteria, and a more comprehensive treatment of archae-
bacteria.

Chapter 21 (Archaezoans and Protists) covers organisms of
both groups together, omitting the chlorophyll ¢ algae (now
in Chapter 22) and some single-celled groups that belong
with the fungi. The new sequence-based phylogeny is corre-
lated with the latest ultrastructural findings.

Chapter 22 (Chromistans and Plants) encompasses both
Chromista and Plantae; it includes a new functional/evolu-
tionary comparison of the algae and higher plants, a discus-
sion of sexual selection in plants, and a summary of plant
tissues.

Chapter 23 (Fungi) has an overview of fungal niches, includ-
ing the one occupied by the pneumonia-causing species that
kills many AIDS patients.

Chapter 24 (Invertebrate Animals) places greater emphasis
on the progression of developmental patterns and the many
parallels with plant evolution, specifically in regard to sur-
face-to-volume ratios and the transition from water to land.

Chapter 25 (Chordate Animals) includes an overview of ani-
mal tissues, as well as more on mass extinctions and the use
of sequence analysis to trace human evolution.

PART V: THE BIOLOGY OF ORGANISMS

Chapter 26 (Nutrient Procurement and Processing by Plants
and Other Autotrophs) has an expanded explanation of water
movement, recast in terms of water potential (to allow for
the effects of turgor pressure). There is also more on nitro-
gen fixation.

Chapter 27 (Nutrient Procurement and Processing by Ani-
mals and Other Heterotrophs) now mentions avian ferment-
ors, compares the waste-disposal problem in plants with that
in animals, and has a new section on plant poisons.

Chapter 28 (Gas Exchange) has an expanded discussion of
the control of stomatal opening and closing, and the implica-
tions for water use by plants. There is also a new section on
water conservation by animals during breathing, with partic-
ular reference to the role of countercurrent exchange in
water recovery.

Chapter 29 (Internal Transport in Unicellular Organisms and
Plants) now discusses plant circulation in terms of water po-
tential, to allow for consideration of temperature gradients,

as opposed to just osmotic gradients. There is also a compre-
hensive presentation of the TATC (transpiration-adhesion-
tension-cohesion) theory, as well as new sections on the
water cycle in plants and adaptations for water conservation.

Chapter 30 (Internal Transport in Animals) has a major new
section on temperature regulation, including the costs and
benefits of homeothermy, fevers, and temporal hetero-
thermy. A revised discussion of heat conservation and cool-
ing focuses on the role of countercurrent exchange. Also
included are a discussion of the evolution of hemoglobin, an
examination of 0,-CO, exchange in corpuscles, and an over-
view of the many functions of the circulatory system, by way
of introduction to the next few chapters.

Chapter 31 (Regulation of Body Fluids) has a revised de-
scription of kidney function.

Chapter 32 (Development and Chemical Control in Plants)
now includes discussions of flower development and ho-
meobox control. There is also more on root growth, tro-
pisms, spacing, and root-to-shoot ratios, as well as an
expanded section on photoperiodism and flowering.

Chapter 33 (Chemical Control in Animals) includes a new
discussion of atrial natriuretic factor (ANF), nitric oxide, so-
matostatin, and the hormonal regulation of blood composi-
tion and volume. There is also an updated discussion of
insulin and diabetes, an explanation of the G-protein trans-
duction system, and more on the evolution of hormones.

Chapter 34 (Hormones and Vertebrate Reproduction) has a
description of how the abortion-inducing drug RU 486
works.

Chapter 35 (Nervous Control) discusses the role of chloride
channels in cystic fibrosis and of nitric acid as a transmitter.
A shortened discussion of presynaptic phenomena (habitua-
tion, sensitization, and conditioning) is now incorporated
into the text rather than being set off in a box.

Chapter 36 (Sensory Reception and Processing) has a discus-
sion of the recent discovery of olfactory-receptor genes and
an updated description of the molecular basis of visual and
auditory transduction. There is also a new discussion of fre-
quency-tuning within the ear and lateral line organs. The dis-
cussion of visual processing has been brought up to date and
related to effects of neural anomalies, including the possible
biological cause of dyslexia.

Chapter 37 (Muscles) now takes into account the use of hy-
drostatic movement by vertebrates.

Chapter 38 (Animal Behavior) combines and shortens what



PREFACE  xv

had been two chapters, with some behavioral topics moved
to more appropriate places in Parts III and VI. There is also a
new section on risks and deception, and the discussion of
programmed learning has been expanded.

PART VI: ECOLOGY

Chapter 39 (Ecology of Populations and Communities) incor-
porates completely rewritten sections on population regula-
tion and different forms of density-dependent limitation. The
definition of a niche has been revised, and a new section has
been added on social organization, including a discussion of
the costs and benefits of sociality, the mechanisms of re-
source control, and the nature and role of altruism. The dis-
cussion of human ecology is now here, and the projections of
human population growth have been updated.

Chapter 40 (Ecosystems and Biogeography) includes a re-
vised discussion of trophic levels and food webs. The costs
and benefits of livestock ranching are also considered, and
there is more about human effects on the cycling of mate-
rials, including the probable roles of CO,, methane, and pol-
lution in altering climate. This theme is complemented by an
enlarged discussion of the fluorocarbons in ozone destruc-
tion and an updated discussion of the chemical basis of plant
loss to acid rain and ozone. The section on island biogeogra-
phy has been updated.

ESSENCE OF BIOLOGY: HYPERCARD AND
WINDOWS;,, SUPPLEMENTS

This edition of Biological Science is accompanied by two new
supplements: a HyperCard review and a Windowsyy review,
developed in collaboration with Grant F. Gould. Suitable for
use with Apple Macintosh and DOS 386 computers, respec-
tively, these reviews consist of “stacks” of “cards” summa-
rizing each part, chapter by chapter, together with a set of
multiple-choice questions for each chapter, as well as a glos-
sary. Each review card provides a succinct discussion of a
concept and allows direct access to the review questions, the
glossary, and a table of contents. Most cards include illustra-
tions, some of which are animated to help demonstrate dy-
namic processes. The first use of any term in the glossary is in
boldface, and clicking a mouse-driven cursor on it takes the
student directly to its definition. The definitions themselves
incorporate cross references to other glossary terms, so that
clicking on a boldfaced word in a definition takes the user to
that card. The review questions include responses to each
choice that explain why the answer selected is correct or in-
correct. Other useful features will become clear as the stu-

dent explores this novel interactive learning aid. We wish to
thank the students in the introductory biology course at
Princeton for serving as guinea pigs for the preliminary ver-
sion of the review and for providing valuable feedback; Jes-
sica Avery at W.W. Norton suggested many thoughtful
improvements.
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Part IV
Part Opening Photographs:

(1) Stromatolites, moundlike structures built up by successive layers of living
bacteria, are exposed at low tide in Shark Bay in western Australia. Fossil
stromatolites, dating from as far back as the Precambrian era, are among the oldest
known remains of procaryotes—single-celled organisms lacking a distinct
membrane-bounded nucleus.

(2) The fruiting body of a morel, an edible mushroom regarded as a delicacy in many
parts of the world, emerges from a forest floor in Mexico. Mushrooms are among the
largest and most conspicuous of the multicellular, eucaryotic (nucleated) organisms
known as fungi. Typically, the aboveground portion of such a fungus is only a small
part of the total organism.

(3) Ragweed pollen grains are magnified approximately 600 diameters in this
color-enhanced scanning electron micrograph. Pollen grains are the male
gametophytes of seed plants, the most advanced of the terrestrial plants. The
progressive decrease in the size of the gametophyte has been an important
evolutionary trend among the plant groups.

(4) An axolotl, a type of salamander, is seen here confronted in its native underwater
habitat. Unlike most other amphibians, the axolotl often retains its external gills and
becomes sexually mature without undergoing metamorphosis.
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