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PREFACE

Teachers of introductory biology know all about the Red
Queen effect, whereby one runs as fast as one can to stay
in the same place. New and modified information from
hundreds of fields of inquiry piles up daily, and somehow
teachers are expected to distill it into Biology Lite, a one-
course zip through the high points.

This book is a coherent account of the sweep of life’s
diversity and its underlying unity, although we structured
it in such a way that teachers can easily and selectively
assign chapters from it. The book highlights concepts,
current understandings, and research trends for all major
fields of inquiry. Through examples of problem solving
and experiments, it shows the power of thinking critically.
It explains the structure and function of a broad sampling
of organisms in enough detail so students can develop a
working vocabulary about life’s parts and processes.

The book starts with an overview of basic concepts and
methods. Three units on the principles of biochemistry,
inheritance, and evolution follow; they are the conceptual
framework for exploring life’s unity and diversity, starting
with an evolutionary survey of each kingdom. Units on

To keep readers focused, we present each concept on
one or two facing pages, starting with a numbered tab . . .

comparative anatomy and physiology of plants, then of
animals, are next. The last unit focuses on patterns and
consequences of organisms interacting with one another
and with the environment. This conceptual organization
parallels the levels of biological organization.

CONCEPT SPREADS  We keep the story line in focus for
students by subscribing to the question “How do you eat
an elephant?” and its answer, “One bite at a time.” In this
book students will find descriptions, art, and supporting
evidence for each concept organized on two facing pages,
at most. Each “concept spread” starts with a numbered
tab and ends with boldface, summary statements of key
points (see below). Students can use the statements to
check whether they understand the concepts of one

spread before starting another.

Writing that rambles quickly kills interest in any topic.
Restricting the space available for each concept forced us
to avoid the clutter of superfluous detail. Also, ongoing
feedback from teachers of more than three million students
guided our decisions about when to leave core material
alone and when to loosen it up with applications. Within
each spread, headings and subheadings help students track
the hierarchy of information. Carefully crafted transitions
between spreads help them keep the greater story in focus

FORMATION OF THE EARLY EMBRYO

Pregnancy lasts an average of thirty-eight weeks from
the time of fertilization, It takes about two weeks for a ‘Yophoblast
blastocyst to form. The time span trom the third to the [surtace layer
end of the eighth week is the embryonic period, when endometrium of cells of the
the major organ systems form. When it ends, the new e
individual has distinctly human features and is called a
fetus. In the fetal period, from the start of the ninth week
until birth, organs enlarge and become specialized.
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We typically call the first three months of pregnancy
the first trimester. The second trimester extends from
the start of the fourth month to the end of the sixth.
The third trimester: extends from the seventh month
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anfance Intercellular communication

until birth. Beginning with Figure 38.23, the next series

5 3 ! / N of illustrations shows the characteristic features of the
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S s v Lmpags cape v - ! new individual at progressive stages of development.
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petpa(g ol SymmeTIcslasmoned ﬁ Three to four days after fertilization, the zygote is already

(¢ompare Seclion 38.3) Until thy
eight-cell stage forms, the cells are
loosely arranged, with consideratle { = 1
space between them i

o~ undergoing cleavage as it tumbles through the oviduct

Genes are already being expressed; the early divisions

depend on their products. At the eight-cell stage, the

o cells huddle into a compact ball, By the fifth day, there

is a surface layer of cells (a trophoblast), a cavity filled

\ FERTTLIZATION  With their secretions (a blastocoel), and a tiny cluster of

interior cells (an inner cell mass). These are the defining
features of a human blastocyst (Figure 38.234)

Six or seven days after fertilization, implantation

is under way. By this process, the blastocyst adheres to

oviguct uter

o - the uterine lining, some of its cells send out projections
§ @ 4 that invade the mother’s tissues, and connections start
e forming that will metabolically support the developing

embryo through the months ahead. While the inyasion

ovaty %
b is proceeding, the inner cell mass develops into two

IMPLANTATION
endometrium

Flgure 38.23 From fertiization through mplantation, Cleavage produc
| Within the biastocyst, the rner cell mass gives rise ta the disk-shape
11 Three of the extrasmbryonic membranes (amnion. chanon. and yolk sac) start forming
The tourth extrasmbryonic membrane (allantois) farms after the biastocyst is implanted
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cell layers of a flattened and somewhat circular shape
The two layers make up the embryonic disk—and in
short order they will give rise to the embryo proper.

Extraembryonic Membranes

As implantation progresses, membranes start to form
outside the embryo. First a fluid-filled amniotic cavity
opens up between the embryonic disk and part of the
blastocyst's surface (Figure 38.23f). Then cells migrate
around the wall of the cayity and form the amnion, a
membrane that will enclose the embryo, Fluid inside
the cavity will function as a buoyant cradle where the
embryo can grow, move freely, and be protected from
abrupt temperature changes and mechanical impacts.

While the amnion forms, other cells migrate around
the inner wall of the blastocyst's tirst cavity. They form a
lining that becomes the yolk sac. This extraembryonic
membrane speaks of the evolutionary heritage of land
vertebrates (Sections 24.7 and 24.8). For most animals
that produce shelled eggs, the sac holds nutritive yolk.
In humans, part of the yolk sac becomes a site of blood
cell formation, and part will give rise to germ cells, the
forerunners of gametes,

Before the blastocyst is fully implanted; spaces open
in maternal tissues and fill with blood seeping in fram
ruptured capillaries. Inside the blastocyst, another cavity
opens around the amnion and yolk sac. Now fingerlike
projections start to torm on the cavity’s lining, which 1s
the chorion. This new membrane will become part of a
spongy, blood-engorged tissue called the placenta

% ;lw;a”;;wm
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Atter the blastocyst is finally implanited, another
extraembryonic membrane will form as an outpouching
of the yolk sac. This third membrane will become the
allantois. An allantois functions difterently in different
animal groups, Among teptiles, birds, and some of the
mammals, it has roles in respiration and in the storage
of metabolic wastes. In humans, the urinary bladder as
well as blood vessels for the placenta form from it

One more point should be made here. Cells of the
blastoeyst secrete the hormone HCG (Human Chorionic
Gonadotropin), which stimulates the corpus luteum to
keep on secreting progesterone and estrogen, Thus the
blastocyst itselt prevents menstrual flow and works to
avoid being sloughed off until the placenta takes over
the task, some eleven weeks later, By the start of the
third week, HCG can be detected in the mother's blood
or urine. At-home pregrancy tests use o treated “dip-
stick” that changes color when HCG is present in urine

A human blastocyst is composed of a surface layer of cells
around a fluid-filled cavity (blastocoel) and an inner cell
mass, which will give rise to the embryo proper.

Six or seven days after fertilization, the blastocyst implants
itself in the endometrium. Now projections from its surface
invade maternal tissues, and connections start to form that
in time will metabolically support the developing embryo.
Some parts of the blastocyst give rise to an amnion, yolk sac,
chorion, and allantois. These extraembryonic membranes
serve different functions. Together they are vital for the
structural and functional development of the embryo.

?

Chapter 36 Reproduction ana Develpment 653
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and discourage memorization for its own sake. Also, for
interested students, we integrate details that could disrupt
the text’s conceptual flow into optional illustrations.
Based on extensive user feedback, we know that our
clearly defined organization helps students find assigned
topics easily and translates into improved test scores.

BALANCING CONCEPTS WITH APPLICATIONS Each
chapter starts with a lively or sobering application and
an adjoining list of key concepts (the chapter’s advance
organizer). Strategically placed examples of applications
parallel core material, not so many as to be distracting, but
enough to keep minds perking along with the conceptual
development. Many brief applications are integrated in
the text. Others are in focus essays that afford more depth
on medical, environmental, and social issues for interested
students but do not interrupt the text. The book’s last four
pages separately index all applications for quick reference.

FOUNDATIONS FOR CRITICAL THINKING To help
students increase their capacity for critical thinking, we
walk them through experiments that yielded evidence in
favor of or against hypotheses. The main index lists all
experimental tests and observational tests (see the entries
Experiment and Test, observational).

We use certain chapter introductions as well as entire
chapters to show students some of the productive results of
critical thinking. The introductions to Mendelian genetics
(Chapter 10), DNA structure and function (12), speciation
(17), immunology (34), and behavior (44) are examples.

Each chapter concludes with a set of Critical Thinking
questions. Katherine Denniston developed most of those
thought-provoking questions. Daniel Fairbanks developed
many of the Genetics Problems, which help students grasp
the principles of inheritance (Chapters 10 and 11).

VISUAL OVERVIEWS OF CONCEPTS We simultaneously
develop the text and art as inseparable parts of the same
story. We also give visual learners a means to work their
way through a visual overview of a major process before
reading the corresponding text, which thereby becomes
less intimidating. Students repeatedly let us know how
much they appreciate this approach.

Our overview illustrations have step-by-step, written
descriptions of biological parts and processes. Instead of
“wordless” diagrams, we break down information into a
series of illustrated steps. For example, the descriptions
of Figure 13.10, integrated with the art, walk students step
at a time through the stages by which a mature mRNA
transcript becomes translated.

Many anatomical drawings are integrated overviews
of structure and function. Students need not jump back
and forth from text, to tables, to illustrations, and back
again in order to comprehend how an organ system is put
together and what its parts do. Individual descriptions of
parts are hierarchically arranged to reflect the structural
and functional organization of the system.

ZOOM SEQUENCES Many illustrations progress from
macroscopic to microscopic views of the same subject.
Figure 7.2 is an example. It shows where the reactions of
photosynthesis proceed, starting with a plant leaf. Figures
32.15 and 32.16 start with a human arm and move down
through levels of skeletal muscle contraction.

COLOR CODING Visual consistency throughout the
book helps students track complex parts and processes.
Our line illustrations consistently use the same colors for
each kind of molecule and cell structure:

. CARBOHYDRATES D DNA, CHROMOSOMES
LIPID HEADS D ATP

5 R COENZYMES
HIPIDTAILS D (SUCH AS NADP™)
PROTEINS ——> ENERGY FLOW

ICONS Small diagrams next to an illustration help
students relate a topic to the big picture. For instance, a
simple representation of a cell subtly reminds students
of the location of the plasma membrane relative to the
cytoplasm. Other icons serve as reminders of the location
of cellular reactions and processes, and of how they relate
to one another. Still other icons remind students of the
evolutionary relationships among groups of organisms,
as in Chapters 23 and 24.

A multimedia icon directs students to art in a CD-ROM
enclosed in their book. Another icon directs them to the
supplemental material on the Web and a third, to InfoTrac:

CD-ROM g’, WEB www INFOTRAC C’?—‘
ICON: ICON: ICON:

CONTENT REVISIONS For this edition we refined text
and art in each concept spread and improved transitions
between spreads. Overall, we tightened the writing but
expanded certain topics that can be confusing if presented
in insufficient detail. Chapters have crisper evolutionary
story lines, a more balanced text-to-art ratio, and updated
applications. Adjustments in the overall framework for
the book reflect research trends. For example, in abidance
with an emerging consensus, we subscribe to a six-kingdom
classification scheme.

INTRODUCTION The Chapter 1 conceptual overview for
the book is more focused, starting with introductions to
the molecular trinity (DNA to RNA to protein), energy,
and levels of biological organization. An early look at
biodiversity reflects the six-kingdom model. A new, simple
explanation of evolution by natural selection, a dominant
theme for the book, follows. Chapter 1 now introduces
scientific methods and the value of thinking critically in
more depth and with more straightforward definitions.

XixX



To highlight the power of scientific inquiry, we have a
new section on experimental tests of an alternative to
antibiotics. This example builds on the chapter’s earlier
description of natural selection for antibiotic resistance.
New Critical Thinking questions expand on the chapter
discussion of scientific methods.

UNIT L. PRINCIPLES OF CELLULAR LIFE  Basic chemistry
is divided into two more manageable chapters. The first
starts with a vignette on elements that have accumulated
in the environment and are targets of phytoremediation,
as at Chernobyl. We moved the radiometric dating portion
of an essay on radioisotopes to the evolution unit. We
revised the section on acids, bases, and buffers. Table 2.2
summarizes terms the student will use often. Chapter 3
starts with a carbon story (changes in atmospheric

COy ), and has a new essay on pesticides and better
coverage of proteins. Chapter 4 has updated material

on the cytoskeleton and cell surface specializations.

Chapter 5 starts with a vignette on an application of
bioluminescence. Simpler text and livelier illustrations
make bioenergetics (a generally unloved topic) less
intimidating. The chapter includes a refined treatment
of membrane transport mechanisms.

New Chapter 6 art clearly shows the flow of hydrogen
ions between the light-dependent and light-independent
reactions. It has new icons, a new section on the properties
of light and photosynthetic pigments, a visual comparison
of carbon-fixing adaptations, and a new essay on light at
Chapter 7 has new art and a livelier, updated treatment of
alternative energy sources in humans and other mammals.

UNIT 1. PRINCIPLES OF INHERITANCE =~ New section 8.5
introduces chromosome structure earlier in the book and
expands on the cell cycle to set the stage for later chapters.
Chapter 9 has new art on crossing over and gametogenesis.
Chapter 10 has cleaner definitions of many genetics terms
and rewrites on pleiotropy and phenotypic variation. New
to Chapter 11 is a vignette that uses a new karyotyping
method to introduce the concept of genetic analysis (the
progeria story moved to a Focus essay). The sections on
karyotyping, linkage, and crossing over are rewritten.
Sections on inheritance patterns as well as changes in
chromosome number and chromosome structure contain
new art and updated examples. More realistic art in the
human genetics essay gets across the risk potential of
amniocentesis and fetoscopy.

Chapter 12 has a new essay on Rosalind Franklin, a
closer look at DNA replication, and a new essay on animal
cloning. Sections on chromosome organization and on
cancer moved to Chapters 9 and 14, respectively. Chapter
13 has a new tRNA model and icon for the art on protein
synthesis. More art and a few more text examples make
the mutation section easier to understand.

Sections on gene control are now in a separate chapter
(14) that starts with a vignette on cancer. Text descriptions
and definitions are crisper, particularly with respect to
eukaryotic controls. The concluding essay that provides
a closer look at cancer includes material on apoptosis.

XX

Chapter 15 is reorganized, rewritten, and illustrated with
striking new art. The changes include new material on
DNA fingerprinting, automated DNA sequencing, gene
isolation, mapping the human genome, and safety issues.

UNIT IIl. EVOLUTION Chapter 16 clarifies the influence of
theories of catastrophism and uniformity on evolutionary
thought. Chapter 17 has a tighter section on the biological
species concept and reproductive isolating mechanisms. It
has new art and text on allopatric speciation on archipelagos
and other speciation routes, as by polyploidy. The extinction
section is revised.

Chapter 18 is reorganized to separate the material on
biological and geologic change. The geologic time scale
and the comparative biochemistry section are revised. The
five-kingdom and six-kingdom classification schemes are
compared. A new section on plate tectonics and an essay
on radiometric dating set the stage for the story of Earth’s
early evolution in next unit.

UNIT IV. EVOLUTION AND DIVERSITY Besides being a
conceptual and chronological framework for the diversity
chapters, survey Chapter 19 may help students sense their
place in nature. Its tree of life reflects the six-kingdom
scheme. Ediacaran and Cambrian forms are defined.

Chapter 20 has new material on the nature of bacterial
growth and reproduction by prokaryotic fission. Detailed
data in the old table on bacterial classification is now in
Appendix I. The generalized viral multiplication cycle is
revised for clarity. There is an essay on viroids and prions.
Protistans get a more informative introduction. The essay
on the nature of infectious diseases is expanded, with an
evolutionary thrust. The algae are allocated a bit more text
and new art (including a red algal life cycle).

Fungi now have their own chapter (21), which starts
and ends with the concept of mutualism. The adaptive
value of producing staggering numbers of spores is more
clearly explained. The Chapter 22 section on evolutionary
trends has new art and revised text. There is a new photo
and description for peat bogs, a bit more on Carboniferous
swamp forests, and more on seed-bearing plants (such as
an essay on deforestation and a new concluding essay on
seed plants and people).

Chapter 23 has new anatomicals for cnidarians and
crustaceans, a section on cephalopod evolution, and a
critical thinking question on rotifers. Its introduction to
protostomes and deuterostomes is simply stated. Chapter
24 includes new illustrations (of a coelacanth, Maiasaura,
chimpanzee big toe, and new diagrams (of the evolution
of swim bladders and lungs; crocodile body plan; amniote
egg, placenta, and hominid evolution). It includes a bit
more on mammalian origins and convergent evolution on
separate continents. The sections on human origins, early
evolution, and dispersals are updated, as in a new Focus
on Science essay.

UNIT V. PLANT STRUCTURE AND FUNCTION This unit has
major changes. Chapter 25 has new art on meristems, plant
tissues, stem and root primary growth patterns, secondary



growth and wood characteristics. Chapter 26 has a more
inviting introduction and a new section on soil properties,
plant nutrients, leaching, and erosion. Water conservation
(e.g., at stomata) follows the section on water transport.

A new micrograph of tracheids and an experiment on
wilting are included.

Chapter 27 includes a revised section on seed and fruit
formation and dispersal, new art on patterns of plant
growth and development, and a simple explanation of the
difference between growth and development. It has the
classic photograph of gibberelin-inspired cabbage plants
and new art for experiments on flowering responses.

UNIT VI. ANIMAL STRUCTURE AND FUNCTION Chapter
28 is a proven, workable introduction to animal tissues, so
we left it alone. The rest of the unit has a stronger systems-
integration approach, and now starts with chapters on the
nervous, sensory, and endocrine systems (29, 30, 31).

In Chapter 29, neuron structure and functioning are
treated first, then invertebrate and vertebrate nervous
systems. There is new art on action potential propagation
along sheathed neurons and better descriptions of the
evolution of the vertebrate nervous system and its
functional divisions. The section on the human brain is
revised; it now has descriptions of cerebrospinal fluid
and the blood-brain barrier. The section on memory is
updated. The summary includes a new table on features
of the vertebrate brain and spinal cord.

The Chapter 30 introduction employs a python and a
bat as lead-ins to the concept of receptor specificity. The
chapter includes revised sections on somatic sensations,
hearing, balance, and vision; and new sections on sensory
pathways and chemical senses.

Chapter 31 has revised text and art on feedback control
of adrenal hormones. Chapter 32 uses polar huskies to
introduce systems responsible for the body’s superficial
features, shape, and movements. It has a revised sections
on skin, bone, and ATP formation in muscle cells, and a
critical thinking question on anabolic steroids. New to
Chapter 33 are a simple analogy for flow velocity in a
closed system, a diagram of flow distribution of cardiac
output, a revised section on blood pressure and its control,
and a separate section on capillary function.

Chapter 34 has new art and photographs throughout,
a bit more on inflammation’s chemical mediators and
immunotherapy, and updates on HIV and AIDS. Chapter
35 has new art on gill function and on the evolution of
complex lungs, more on vocal cords and speech, and a new
section on breathing mechanisms. The section on gas
exchange and transport is rewritten. Two of the critical
thinking questions deal with deep-sea diving. Chapter 36
has new photographs and new art on intestinal structure,
and the BMI formula for estimating weight.

Chapter 38 has a more informative overview of sexual
vs. asexual reproduction, revised sections on cleavage,
cell differentiation, morphogenesis; and a new section on
pattern formation that reflects current research. It has
revised sections on the emergence of the vertebrate body
plan and on birth, aging, and birth control options.

UNIT VII. ECOLOGY AND BEHAVIOR ~Examples from
conservation biology thread through the unit. Chapter 39
has a new essay on sampling population density, updates
on human population growth, and age structure diagrams
for baby boomers. Chapter 40 has the text on keystone
species moved to the section on competition, a bit more
on parasitism, new material on restoration ecology, and
new sections on exotic and endangered species.

Chapter 41 has new art on the hydrologic, phosphorus,
carbon, and nitrogen cycles; and updates on greenhouse
gases and global warming. Eutrophication is described
in the section on the phosphorus cycle. Critical thinking
questions address endangered ecosystems and retreating
polar ice shelves. Chapter 42 has a simpler diagram of the
atmosphere, new art on climate zones and ocean currents,
rain shadows, and biome distribution, and a photograph
conveying the vulnerability of coniferous forests to fire. It
has more on stream ecosystems and an update on newly
discovered mid-ocean biodiversity. A new essay focuses
on Rita Colwell’s cholera research to reinforce a unifying
concept, that the atmosphere, ocean, and land connect in
ways that profoundly influence the world of life.

New to Chapter 43 is a look at Wangari Maathais work
on reforestation, a more thoughtful essay on tropical forest
destruction, a new map on aquifer depletion, new maps
on energy consumption, and an update on Chernobyl’s
aftermath. Chapter 44 includes refined descriptions of
instinctive behavior, learned behavior, and communication
signals. Reorganization puts descriptions of the benefits
and costs of social groups in separate sections. The section
on altruism, the essay on self-sacrificing behavior, and the
section on human social behavior are rewritten.

SUPPLEMENTS

Just inside the cover of instructors’ examination copies is
a foldout brochure describing the comprehensive package
of supplements to this book.

A COMMUNITY EFFORT

After being responsible for two leading textbooks for
more than twenty years, you'd think I would be full of
myself. But I still wake up terrified in the middle of the
night about possible flaws in some paragraph or diagram,
about somehow LETTING DOWN STUDENTS. Given such
compulsivity, I would have given up long ago if it were
not for the ongoing guidance of my special advisors and
contributors. Over the years, they have worked closely
with me to evaluate my manuscripts and the reviews from
an educational network of more than 2,000 teachers and
researchers. On the next two pages, I acknowledge those
individuals whose contributions continue to shape our
thinking. There is no way to describe their thoughtful
assistance. I can only salute their commitment to quality
in education.

For this edition, Daniel Fairbanks was far more than
advisor for the genetics unit. He wrote the new chapter
on recombinant DNA technology and genetic engineering.
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Our student readers will benefit from the years of research
Dr. Fairbanks conducted while writing his own textbook,
Genetics: The Continuity of Life. Stephen Wolfe, author of
the leading textbook Molecular and Cellular Biology, gave
line-by-line advice on the biochemistry, genetics, and
evolution chapters. Paul Hertz and Tyler Miller carefully
checked the evolution and ecology units, and Paul did
sketches for the new biogeochemical cycles The highly
respected physiology author Lauralee Sherwood rewrote
critical passages in the unit on animals. Ron Hoham
remains keeper of the pages on protistans, and Eugene
Kozloff as keeper of the pages on invertebrates. Nancy
Dengler, Richard Falk, John Jackson, and Thomas Rost
helped improve the chapters on plants and Elizabeth
Moore-Landecker guided us through the fungi. Alan Mann
helped update the pages on human evolution. Linda
Barham refined and carefully compiled answers for all
end-of-chapter Self-Quizzes.

The revision started with evaluations and manuscript
reviews from the fourth-edition advisors and contributers
listed to the right. Bruce Reid, Michael Renfroe, and Robin
Tyser were especially helpful with their detailed challenges.
Tom Garrison and Mattie Roig also brought out the sun
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