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Preface

The purpose of this book, as its title suggests, is to show
beginning students that biology is basically simple, co-
herent, and easy to understand. It has not always been so.
During the past couple of decades, the science of biology
has undergone a revolution that has transformed it from
a collection of loosely related facts into a modern science.
This is good news for students. It is good news because
loosely related facts, important as they are individually,
are difficult to comprehend without the coherence of the
modern viewpoint that is now possible in biology. Under-
standing Biology recognizes this revolution, takes advan-
tage of, and, indeed, exploits it on behalf of the student
and on behalf of biology itself. That is, this textbook is
more than a potpourri, or a collection of facts about
genetics, cell structure, ecology, metabolism, DNA,RNA,
protein, evolution, and the physiology of plants and
animals. (Is it any wonder that students have found
biology courses based on the standard, formless model
so difficult?)

But before explaining what we have done differ-
ently, we hasten to say that this book contains the same
general range of facts found in comparable books. These
facts are needed to create the comprehensive view of
biological phenomena that is taught in most courses. The
difference is in the way we organize and relate these facts.
In some chapters, especially those that deal with the
physiology of plants and animals, we include a wider
range of interesting phenomena than is common in books
of this kind, in order to show the splendor of living
organisms and to tell some of the many fascinating
stories about them. But we can talk about many of the
specifics in those later chapters without confusing the
student because we have first laid the necessary ground-
work by developing a series of broad, comprehensive
principles that make sense of these specifics. The major
concepts are emphasized throughout the text with the
titles “law” and “principle” in boldface type; and we
have always tried to keep the forest in sight while show-

ing some of its trees by summarizing the points of the
discussion with statements in italics. (Similarly, material
that is optional because it is either slightly more difficult
or somewhat tangential to the discussion is pointed out
by an asterisk preceding the section number.)

The single most important concept of this book is
the recognition that biological systems are fundamen-
tally genetic systems: structures that inherit genetic in-
formation, that occasionally undergo mutations, and that
are therefore capable of evolving. This is not a singular,
narrow view of biology that somehow excludes all other
views. The ecological, the biochemical, the cytological,
and the many other possible viewpoints all find their
place in this picture, but none is where we begin con-
ceptually. For instance, some physicists and chemists
have tried—none of them successfully, as far as we
know—to understand organisms in terms of a complex
theory of the thermodynamics of open systems. Whether
organisms might eventually be understood in this way or
not, one must ask how such a thermodynamic' system
ever came into existence. The only answer proposed so
far is that it evolved into that state by virtue of its genetic
properties and those of its ancestors.

Biology has come of age. It is a mature science, one
that has outgrown parochial disputes over “The Truth”
as viewed by partisans of genetics or ecology or mo-
lecular biology or physiology. It is practically impossible
to draw lines that define these fields now, and we have not
tried to do so. Only by crossing traditional lines—by
ignoring them, in fact—have we been able to create a
sensible organization for the science. Given the genetic
conception of an organism, the rest of biology falls into
place, as we will show in the following overview of the
book’s organization.

All beginnings are hard. Chapter 1 eases the reader
into the subject by considering some central questions
about the nature of knowledge in general and of science
in particular. It lays special emphasis on the hypothetical



structure of knowledge, including perception itself, and
on the concept of a scientific paradigm. This leads into an
outline of the major ideas of the modern paradigm of
biology.

The phenomenon of evolution through Darwinian
mechanisms begins to emerge from the definition of an
organism in Chapter 3, but the phenomenon itself is first
discussed in Chapter 2. The concept of evolution has
long been a major principle of biology which imposes
great order and comprehensibility on the science. Chap-
ter 2 explores some of the variability among organisms in
terms of evolution and as a factor that creates evolution.

In Chapter 3 we get to the basics of our subject. Here
we show that organsims are cellular, that they reproduce
themselves, and that growth and reproduction depend
upon the operation of a genome that carries genetic
information. We present a useful model for understand-
ing the operation of a genetic system (a self-reproducing
automaton), and we also show that the great bugaboo of
biology—the apparent purposefulness of life—can be
understood rather simply as a consequence of the genetic
nature of organisms.

With this foundation, information transfer in the cell
becomes a central theme that organizes all of metabolism
—the chemical activities of organisms. But before explor-
ing that theme (in Chapters 7 through 9), we need to
develop a background. Chapter 4 discusses the basic
chemical structure of organisms and introduces a major
point that helps make biology easy for students who
know very little chemistry: that organic molecules need
to be understood primarily as specific shapes that can
bond to one another in various ways. We also show how
important it is that organisms are built of huge mole-
cules (polymers) that are strings of smaller molecules
(monomers).

Chapter 5 introduces some concepts about energy
and outlines the basic ideas about metabolism in the
context of the ecosystem—the world of organisms that
eat one another and share a living space. We show how
the flow of matter and energy in a cell is just a part of this
flow through the whole ecosystem, and this provides a
second broad and realistic context for understanding
metabolism.

The structural, energetic, and genetic foundations
for metabolism are brought together in Chapter 6, where
we show, first, that the whole object of metabolism is to
create monomers that can be made into biological struc-
ture and, second, that this happens through metabolic
pathways that are like assembly lines, so an organism is
like a factory that continually makes more of itself. But
we also introduce a new unifying concept in biology
called parataxis, which has to do with the way small
molecules (ligands) fit into cavities in large molecules
(proteins) and thus change the shape of the proteins so
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they perform important functions. This one idea serves
to make sense out of an enormous number of biological
phenomena. We show how important it is that many li-
gands are just distinctively shaped molecules used as sig-
nals to carry information from one place to another.

Chapters 7 and 8 are relatively straightforward dis-
cussions of the major processes in metabolism. The
major way we help the reader make sense of this me-
tabolism is by showing the central role of a cycle of
reactions, the Krebs cycle, around which many chemical
transformations revolve. In Chapter 9 we get down to the
specifics of how the genetic system operates. The details
of the interaction between DNA, RNA, and protein are
relatively easy to understand now, since we have already
outlined the general process. We also point out here how
the process of information transfer in cells (from nucleic
acid to protein, not the reverse) determines the mech-
anism of evolution.

Chapter 10 is a broad overview intended to place the
whole matter of growth, development, and reproduction
into the context of time and cycles. We discuss organ-
isms as creatures of time and outline the cycle of cell
growth and reproduction and then the sexual cycle, a
series of events that most organisms go through as they
grow and reproduce.

Chapters 11 and 12 outline some of the specifics of
cellular structure and organization. We did not simply
devote one earlier chapter to a discussion of “the cell,” as
most books do, because the entire discussion of me-
tabolism was placed in a cellular context. But even in
these chapters we do not simply pile up details that are
unnecessary at this level. We are still seeking general
unifying ideas. We show how there is information in the
very structure of an organism—not just in its genome—
$O as an organism grows, a structure can create greater
structure like itself. We also show how the transport of
molecules across membranes can be understood rather
easily in terms of the action of proteins. Many cellular
processes are unified around a few central structures
(microtubules and microfilaments) and the flow of ma-
terial in protein synthesis.

Part 2 focuses on the operation of the genetic system
and the matter of development. We show the importance
of genetic analysis, a new way of thought and experi-
mentation in biology that has been used to dissect and
understand the intricate operations of organisms. Chap-
ters 13 and 14 reveal the power of this method and the
major insights derived from it. Chapter 15 discusses
the patterns of inheritance seen in sexual organisms like
us. Then in Chapters 16 and 17 we explore some aspects
of growth and development, based on the genetic foun-
dations developed earlier.

Part 3 begins with Chapter 18, which provides an-
other overview, this time on the general nature of plants
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and animals, organs and tissues, and some aspects of the
biology of large organisms that depend upon surface-
volume and mass-area relationships. Chapters 19 and 20
are devoted to the biology of plants, focusing first on
some aspects of their growth and transport mechanisms
and then on the major growth regulators and on phe-
nomena that are regulated by light. Since we believe it
is best.to use plant reproduction as a major theme for
telling the story of plant evolution, that discussion is
reserved for Chapter 36.

The heart of animal physiology is covered in Chap-
ters 21, 22, and 23. We begin by outlining the major
mechanisms of regulation, the nervous and endocrine
systems, emphasizing their close relationship and basic
similarities. Chapter 22 then discusses circulation, res-
piration, and excretion in a unified manner. We have put
these three topics into a single chapter so we can discuss
the various points in a logical order. Such a discussion
is impossible under the traditional approach, which seg-
regates each topic into its own chapter even though they
are not separated functionally. Chapter 23 then takes up
some aspects of digestion, nutrition, and the utilization
of nutrients.

Chapter 24 discusses the often ignored matter of in-
fection and the inflammatory and immune systems de-
signed to combat it. Here we achieve a unified view of
these complex processes. Chapters 25 through 27 are
devoted to the nervous system and its sensory and motor
activities, and this provides a background for Chapters
28 through 30, which concern animal behavior, including
sexual behavior and the physiology of reproduction.

Part 4 (Chapters 31 through 34) comprises a discus-
sion of ecology and the mechanisms of evolution. We
treat these topics together because it is simply impossible
to separate them realistically. We emphasize that the
ecosystem and community constitute the theater within
which the drama of evolution takes place. Chapter 31
explores the physical structure of the ecosystem; Chapter
32 describes the structure of populations, both their
genetics and their growth dynamics; Chapter 33 shows
some aspects of community structure; and Chapter 34
takes up certain aspects of evolution in more detail.

Part 5 is a survey of the major groups of organisms,
again in an evolutionary context. Chapter 35 covers the
origin of biological systems and major lines of evolution
in simple organisms. Chapter 36 discusses the fungal and
plant kingdoms, using the evolution of reproduction as a
major theme, while Chapter 37 surveys the animals.
This brings us to human evolution, the subject of Chap-
ter 38 and the concluding topic of the book.

The purpose of this organizational scheme is to
make coherent sense of biology by unifying the science
around a few major themes. Both modern psychology
and the experience of thoughtful teachers agree that
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people can only really learn those things that are logically
connected to one another to make a sensible picture.
Isolated bits of information are quickly lost from the
memory. Psychology and educational experience also
show that people learn best by doing rather than by just
listening and reading; no matter what form new ideas are
presented in, each person must play with those ideas
actively and work them over for himself or herself into a
coherent form. We have tried to help the reader do this
by presenting a number of exercises to work on (with
answers in the back of the book); they are not used in
every chapter, but we use them particularly for those
topics that can only be grasped by applying the concepts
in the text to practical problems. We urge the use of these
exercises in studying.

One problem with biology is that it uses an enor-
mous vocabulary; a large share of the words in a standard
dictionary comes from biology. The necessary words are
all included here, but we wish to emphasize that, for the
most part, terminology is quite unimportant, so we have
selected a short list of words, emphasized in boldface
type, that the reader must become familiar with. Students
will probably have to learn many other words—those
that are simply italicized in the text—but the relative
importance of these will be determined by the instructor.

Chemistry makes many students nervous, and math-
ematics can be positively terrifying. So we have tried to
use as little chemistry and physics as possible. Moreover,
we keep everything that readers need to know about
these subjects in a biological context, and we emphasize
that the oddly shaped organic molecules that appear
throughout the book are primarily just differently shaped
blocks. The only real mathematics we demand is the
ability to handle exponential notation, and this is ex-
plained in the Appendix (as is the metric system).

As you read this book, you may be able to detect
the delight, the fascination, and the excitement that the
biological world holds for us. Our hope is that you will
come to share these feelings as you begin to under-
stand that world.

Two people don’t write a book of this complexity by
themselves. We owe a special debt to our friend John
Painter for his great help and support in developing the
book and to our editor, Bill Bryden, for his faith, support,
and hard work on our behalf. We extend our thanks to
the staff of Harcourt Brace Jovanovich with whom we
have had a delightful collaboration: to Barbara Rose for
intelligent and painstaking editing; to André Spencer
for copy editing and traffic management; to Geri Davis
for beautiful design work; to Sue Lasbury for art super-
vision and photo researching; to Fran Wager for produc-
tion supervision; and to Michelle Pinney for editorial
assistance. In the end, we depended on modern word-
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processing systems, and for their help in computing
we thank the Computer Services staff at Evergreen State
College, particularly Chuck Blanchard and Chas Douglass;
Bill Barrett of Willavon, Inc.; and Mimi Hiller of The
Muse Co.

We also thank the many friends and colleagues who
have reviewed portions of the book, or the entire manu-
script, at various stages and given us their encourage-
ment and criticism. These include: Paul Adler, University
of Virginia; Oscar Chilson, Washington University; John
Cunningham, Keene State College; Mark Dubin, Univer-
sity of Colorado; Stanley Falkow, University of Wash-
ington; Michael S. Gaines, University of Kansas; A. J. F.
Griffiths, University of British Columbia; Norman Gutt-
man, Duke University; Sally Holbrook, University of
California, Santa Barbara; David Hull, University of
Wisconsin, Milwaukee; Alan Jawarski, University of
Georgia; Elizabeth Kutter, Evergreen State College; David
H. Milne, Evergreen State College; Florence Moog,
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Washington University; Peter Narins, University of Cali-
fornia, Los Angeles; Gideon Nelson, University of South
Florida; Gary L. Pace, University of Michigan, Flint;
Mark L. Papworth, Evergreen State College; Barbara
Pickard, Washington University; Immo E. Scheffler,
University of California, San Diego; Dennis Searcy, Uni-
versity of Massachusetts; Owen Sexton, Washington
University; Simon Silver, Washington University; Paul
Stein, Washington University; David Stettler, Virginia
Polytechnic Institute and State University; Stanley
Szarek, Arizona State University; Gene R. Williams, In-
diana University; and Fred Wilt, University of California,
Berkeley.
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BOX 14—1  The Logic of Experiments V:
Mapping Strategies

Patterns of Mendelian Heredity

Patterns of heredity follow directly
from the events of meiosis.

The chance of two things happening
together is the product of the
chances that they will happen
independently.

Some genes exhibit dominance.

Genotypes can be determined with
testcrosses.

Two genes may be inherited quite
independently of each other.

Many genes have multiple effects.

Any gene can have more than two
alleles.

Many genes are inherited as linkage
groups.

Sex may be determined by special
chromosomes.

Genes on sex chromosomes show a
distinctive pattern of inheritance.

Chromosomes sometimes fail to
separate in meiosis.

Information about genetics has moral
consequences.

BOX 15-1  The ABO Blood Group Substances

Developmental Biology I:
Morphogenesis and the
Control of Growth

Fertilization activates the egg and
initiates development.
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16-2
16-3
16-4
16-5
16-6
16-7

16-8

17
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17-10
17-11
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*17-13

Animal embryos are shaped by
massive movements of cells.

Higher vertebrates develop
extraembryonic membrane systems.

Patterns of cell division determine the
form of many tissues.

Differential adhesion can determine
the arrangement of some tissues.

Sheets of tissue may be shaped by
several factors.

Contact inhibition restricts the growth
and movement of cells.

Specific proteins regulate the growth of
some tissues.

Development Biology II:
Differentiation

Determination may occur at different
times during development.

The structure of the egg cortex may
partially determine development.

Cells become progressively determined
as they divide.

Some cells remain stem cells
indefinitely.

Differentiation does not generally
entail loss of DNA.

Some tissues can induce the
differentiation of other tissues.

Inductive interactions may be
instructive or permissive.

Some differentiating tissues appear to
be regulated by a clock mechanism.

Eucaryotic cells have “too much”
DNA.

Chromosome structure may regulate
gene transcription.

The structure of eucaryotic
transcription units is complex.

Some genes are directly regulated by
steroids.

Some genetic elements “jump” from
one place to another.

BOX 17-1  Determination of DN A
Sequences
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The Biology of

Plants and
Animals
18 The Organization of Plants

and Animals 421
18-1  The life of the green plant. 421
18=2  The life of an animal. 425
18-3 Some animals have become more like

plants. 429
18—-4  Surface/volume ratios determine many

architectural features of organisms. 430
18-5 Biological architecture is often

determined by mass/area

restrictions. 432
18—6 Metabolic rate is closely related to an

organism’s size. 433
18-7  Multicellular organisms are built of

tissues and organs. 436
18-8 A multicellular organism has two fluid

compartments. 437

BOX 18-1 A Variety of Plant Forms 424
19 Plant Biology I: General

Structure and Physiology 441
19-1 Plant cells have some distinctive

features. 441
19-2  Plants are constructed of some

distinctive tissues. 442
19-3  There are two types of flowering

plants, each with different

organizations. 444
19-4 Roots are built on a core of strong

vascular tissue. 445
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*19-5 Some roots store food.

19-6 Some roots can fix nitrogen.

19-7 Stems grow from apical meristems,
much as roots do.

19-8 The arrangement of vascular bundles
gives the stem maximum strength.

19-9 Dicot stems and roots increase in
diameter through secondary growth.

19-10 Some stems become specialized and
unusual.

19-11 Leaves are built of parenchyma with a
network of vascular tissue.

19-12 Stomates regulate the flow of gases
through the leaf.

19-13 Phloem sap moves through a
combination of osmotic forces and
specific pumps.

19-14 W.ater and ions flow from the root
epidermis into the xylem.

19-15 Water is pulled into the shoot system
by a combination of forces.

19-16 Plants must balance several processes
for optimal activity.

*19-17 Many plants have special adaptations
for water shortage.

*19-18 Similar adaptations are used with high
salt conditions.

20 Plant Biology II: Growth and
Growth Regulators

PLANT GROWTH REGULATORS

20-1 Plant growth is often directed by such
influences as gravity and light.

20-2  Auxin controls cell elongation.

20-3  Auxin controls several kinds of plant
growth processes.

20-4  Gibberellins enhance growth and other
processes.

20-5 Cytokinins regulate cell division and
differentiation.

20-6  Several regulators interact to control
plant shape and dormancy.

20-7  Ethylene enhances fruit ripening and
other phenomena.

20-8  The vine habit is achieved through
various growth mechanisms.
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PHOTOPERIODISM

Flowering and other phenomena are
regulated by the photoperiod.
The photoperiod is measured by the

phytochrome system.

Integration snd Control
Systems

Epithelia cover and protect.

Gland cells produce materials to be
used elsewhere.

Connective tissues are fibrous
structures that support, bind, and
join other tissues.

There are three major types of muscle
tissue.

Animals must regulate themselves
internally.

A nervous system is made of neurons.

The general structure of the nervous
system.

A nervous system collects and
disperses information.

A neuron maintains a potential across
its plasma membrane.

A change in Na* permeability creates
an action potential.

An action potential propagates itself
along the axon.

A nerve is a complex of neurons and
other cells. ’

Impulses originate at the dendrites and
soma.

Many cells fire spontanecusly.

Receptor types are revealed by the
action of drugs.

Animals are regulated by many
different hormones.

The pituitary gland is a center of
regulation.

Extracellular ligands stimulate “second
messengers” inside cells.

Circulation, Respiration, and
Excretion

FOCUS ON CIRCULATION
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22-1

22-2

22-3

22~4

22-5
22-6

22-7

22-8

22-9

22-10

22-11

22-12

22-13

22-14

22-15

*22-16
*22-17

22-18

22-19

22-20

22-21

22-22

*22-23

*22-24

Some small animals have no
circulatory problems.

Blood is a tissue whose matrix is
plasma.

Circulatory systems may be closed or
open.

General structure of the vertebrate
circulatory system.

The heart has an internal pacemaker.

A circulatory system moves blood past
a point of gas exchange.

The blood plasma exchanges with the
interstitial fluid.

The lymphatic system carries excess
extracellular fluid.

FOCUS ON RESPIRATION

Oxygen must be transported into
tissues.

Carbon dioxide must be transported
out of tissues.

The rhythm of breathing is controlled
by an external circuit.

Respiration is regulated by oxygen and
hydrogen-ion levels.

FOCUS ON EXCRETION

Wastes are removed from blood as it
passes through an excretory organ.

The nephron is a dead-end channel
surrounded by specialized pumps.

There are three ways to eliminate
excess nitrogen.

Urea is made in a cycle of reactions.

Many animals have to convert from
one way of life to another.

Sodium and water transport are
strongly coupled.

The loop of Henle is a countercurrent
multiplier.

The kidney is regulated by-blood
pressure and osmotic potential.

Na* concentration is closely related to
extracellular volume.

Plasma acidity is regulated by the
kidneys and lungs.

Many animals can adjust their ion
pumps to environmental demands.

Excess salt is sometimes removed by
special glands.

BOX 22-1  Pressure
BOX 22-2  Countercurrent Distribution
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24-3

Nutrition, Digestion, and
Distribution

The digestive tract is a long tube to
which digestive enzymes are added.

Animals use many different
mechanisms for feeding.

Food must generally be broken down
mechanically.

An overview of the digestive system.

Carbohydrate digestion begins in the
mouth.

Proteins are attacked by a series of
enzymes.

Secretion is regulated by a series of
hormones.

Hormones from the small intestine
stimulate pancreatic secretion.

Bile aids the digestion and absorption
of lipids.

The intestine has an enormous
absorptive surface.

The products of digestion are
distributed to all tissues.

Lipids are transported in special ways.

Metabolic patterns change during a
fasting period.

The plasma glucose level is kept within
a narrow range.

The concept of a reaction cascade.

Other hormones are superimposed on
this system.

Plasma calcium levels are regulated by
two hormones.

Iron is transferred and stored by two
proteins.

All tissues are in a constant state of
flux.

Several amino acids must be supplied
in food.

The balance of nutritional factors is
complex.

Infection, Inflammation, and
Immunity

Parasitic microorganisms cause
infectious diseases.

Infectious agents must be transmitted
to new hosts as part of their life
cycles.

Animals have several defense
mechanisms against infection.
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24-4
24-5

24-6
24--7

24-8

24-9

24-10
24-11
24-12
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Pathogens produce disease through
invasion and toxin production.
Inflammation is a general reaction to
injury.

An outline of inflammation.

Three reaction cascades are activated
in inflammation.

Neutrophils, the major phagocytes,
invade the inflamed area.

Lymphocytes enter and attract the
macrophages.

The damaged area is finally cleaned up
and repaired.

A specific defense system is
superimposed over inflammation.

Lymphocytes synthesize specific
immunoglobulins.

All immunoglobulins have the same
basic structure.

Each idiotype is made by one kind of
differentiated lymphocyte.

Antibodies activate the complement
cascade.

Immunoglobulins are coded by several
gene segments.

The T lymphocytes become various
kinds of effector cells.

Some immune reactions can damage
the host.

A pictorial summary.

Nervous System I: Sensory
Receptors

Receptors transduce, encode, and
amplify.

Receptors respond primarily to
changes in the environment.

There are at least five classes of
receptors.

Chemoreceptors are basic and widely
distributed,

Mechanoreceptors respond to certain
tensions and pressures.

Many mechanoreceptors employ hair
cells.

Hair cells in the ear detect sound
vibrations.

Some thermoreceptors detect infrared
radiation,

The sensation of pain is complex and
still mysterious.

Light is absorbed by photopigments
in specialized membranes.
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20

26-1
26--2
26-3
26-4

26-5

26-6
26-7
26-8
26-9

26-10

26-11
26-12
26-13

26-14

27

27-1

27-2

The vertebrate eye focuses light on a
layer of receptor cells.

Nervous System II:
The Brain and Its Activities

THE STRUCTURE OF THE BRAIN

The vertebrate brain develops from a
tube,

Information is transmitted primarily
up and down the neuraxis.

The lower brainstem contains major
control and relay centers.

The diencephalon is primarily the
thalamus and hypothalamus.

The cerebrum exerts control over
many lower brain centers.

SELECTED FUNCTIONAL SYSTEMS

Somesthetic information is carried
through two major pathways.

Information from the visual receptors
is partially analyzed in the retina.

Vision depends on a hierarchy of cells
in the visual cortex.

Some functions are lateralized in the
human cerebrum.

The limbic system is associated with
emotional behavior,

CHEMICAL ACTIVITIES IN THE
BRAIN

Many transmitters are used for
different pathways and functions.

Many peptides have roles in the
nervous system.

Some neuropeptides are internal
opiates.

Longer-term neural changes may be
effected by cyclic nucleotides.

Muscle and the Control of
Movement

Motor activity is governed by complex
feedback mechanisms.

A neuron activates a muscle fiber by
changing its membrane potential.

A muscle is a highly organized system
of contractile proteins.
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