FOURTH EDITION

Nolomon




Biology

ELDRA PEARL SOLOMON

University of South Florida

LINDA R. BERG

St. Petersburg Junior College

DIANA W. MARTIN

) f 544 Faa s rncanens da
Rutgers University

CLAUDE VILLEE

Emeritus, Harvard University

SAUNDERS COLLEGE PUBLISHING

Fort Worth Philadelphia San Diego New York Orlando Austin San Antonio

Toronto Montreal London Sydney Tokyo



Copyright © 1996, 1993, 1989, 1985 by Saunders College Publishing

All rights reserved. No part of this publication may be reproduced or
transmitted in any form or by any means, electronic or mechanical,
including photocopy, recording, or any information storage and
retrieval system, without permission in writing from the publisher.

Requests for permission to make copies of any part of the work
should be mailed to: Permissions Department, Harcourt Brace &
Company, 6277 Sea Harbor Drive, Orlando, Florida 32887-6777.

Some material in this work previously appeared in BIOLOGY, Third
Edition by Eldra Solomon, Linda Berg, Diana Martin and Claude A.
Villee, copyright © 1993, 1989, 1985 by Saunders College Publishing.

Text Typeface: Palatino

Compositor: York Graphic Services

Acquisitions Editor: Julie Levin Alexander
Developmental Editors: Rebecca Gruliow and Christine Rickoff
Managing Editor: Carol Field

Project Editor: Nancy Lubars

Copy Editor: Judy Patton

Manager of Art and Design: Carol Bleistine

Art Director: Joan Wendt

[lustration Supervisor: Sue Kinney

Art Editor: Ray Tschoepe

Photo Editor: Robin Bonner

Text Designer and Layout Artist: Rebecca Lloyd Lemna
Cover Designer: Lawrence R. Didona

Text Artwork: Rolin Graphics

Director of EDP: Tim Frelick

Production Manager: Joanne Cassetti

Product Manager: Sue Westmoreland

Director of Marketing: Marjorie Waldron

Cover Credit: © Don Riepe/Peter Arnold, Inc.

Printed in the United States of America
Biology, Fourth Edition

ISBN 0-03-0103533
Library of Congress Catalog Card Number: 95-070696

5678901234 032 3210987654

To our families, friends, and colleagues
who gave freely of their love, support, knowledge, and time
as we labored over this revision of BIOLOGY . ..

Especially, to . . .

Rabbi Theodore and Freda Brod
Kathleen M. Heide, Ph.D.
Alan Berg
Jennifer Berg
Margaret Martin
Dorothy Villee, M.D.

ABOUT THE COVER

A flower spider (Misumena vatia) blends into the white
petals of a rose (Rosa rugosa) as it waits to ambush
unwary insects that visit the flower. The camouflage of
the flower spider, which is white or yellow depending
on the color of the flower on which it hides, enables it
to catch insect prey more effectively. The requirement
that certain animals consume other animals in order to
survive has resulted in the evolution of very efficient

ways to catch prey.




Preface

s we enter the 21st century, we reflect on the im-
Aportant contributions of the biological sciences to

modern society. As biologists have studied life,
we have gained greater understanding of human life
processes and have become more aware of our interde-
pendence with the vast diversity of organisms with which
we share our planet. With new advances in biological re-
search, our lives have become healthier, safer, more com-
fortable, and also more challenging.

One of our principal goals in developing Biology,
fourth edition, has been to share with beginning biology
students our sense of excitement about the biological sci-
ences. We want students to understand and appreciate
the diverse organisms on Earth, their remarkable adap-
tations to the environment, and their evolutionary and
ecological relationships. Special emphasis is placed on the
basic unity of life and the fundamental similarities of the
challenges that have been faced and solved by all living
organisms. We are very aware of our responsibility to im-
press upon our readers our interdependence with the
many life forms with which we share planet Earth.

IMPORTANT FEATURES OF THE FOURTH
EDITION

The evolution of Biology through its editions reflects the
advances in the biological sciences and in biological ed-
ucation. Every effort has been made to update its content
and pedagogy so that this book accurately presents mod-
ern biology.

Student Focus Groups

A significant effort was made in the preparation of this
edition to speak directly to students and determine how
they use the text and what might be done to enhance its
efficacy in teaching biology. To that end, student focus
groups were conducted at a number of colleges and uni-
versities to gauge how students felt we could improve
the utility of the text, artwork,.-and pedagogy. Students at
Delaware County Community College, Montgomery
County Community College, Ohio University, Orange
Coast Community College, and the University of
Delaware met with our editors and told them how they
study, which pedagogical elements are most helpful, and
which pieces of art are effective in helping them learn the
subject matter.

Our student focus group participants told us that il-
lustrations paired with electron micrographs are a very
effective visual teaching aid, so we’ve added more to this
edition. They told us that the energy chapters represent
some of the most challenging topics for them to compre-
hend. In response, we made revision of the energy chap-
ters a priority, and applied a step by step approach to
build the key concepts of energy transfer through living
systems. Students suggested that a key terminology list
would help them focus on the important terms they must
know. A Selected Key Terms list is now featured in every
chapter.

Additionally, focus group participants told us that
analogies linking the biology presented in the text to real-
life examples help them synthesize difficult material.
Thus an effort was made to increase such analogies
throughout the text. Finally, students were concerned
about the depth and quality of the glossary. The glossary
has been completely revised and expanded in this edi-
tion. Overall, our student focus groups were a key factor
in determining how we revised the fourth edition, and
we thank the students who participated for their thought-
ful suggestions.

Themes

Throughout the book, we emphasize three basic themes
of biology —transmission of information, evolution of
life, and flow of energy through living systems. As we in-
troduce the concepts of modern biology, we explain how
these three themes are connected and how life depends
upon them. In this new edition, we also emphasize the
process of science and the role of the many scientists who
have contributed to our current understanding of biol-

ogy.

The Author Team

Rapid advances in the biological sciences require a multi-
author team who specialize in particular areas of biology.
The author team of the fourth edition includes Dr. Eldra
Solomon, zoologist and physiologist; botanist Dr. Linda
Berg; and cell biologist/geneticist, Dr. Diana Martin. We
also acknowledge the legacy of Dr. Claude A. Villee, Pro-
fessor Emeritus, Harvard University, who contributed to
previous editions. All of the authors are experienced col-
lege biology teachers.
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Tools for Learning

Learning the principles of biology is a challenging en-
deavor. A variety of learning aids are included within the
textbook to help the student achieve mastery of the con-
cepts presented.

1. Learning Objectives at the beginning of each chap-
ter indicate what the student must be able to do in
order to demonstrate mastery of the material in the
chapter.

2. Concept-statement heads introduce each section,
previewing and summarizing the key idea that will
be discussed in that section.

3. Making the Connection boxes and Focus boxes fa-
cilitate integration of concepts and spark interest. For
example, in Chapter 12, Making the Connection:
“Split Genes and Evolution” relates the discussion of
interrupted coding sequences in DNA to the evolu-
tion of eukaryotes. This box emphasizes the scientific
process.

4. On the Cutting Edge boxes present exciting research
areas that are currently being explored.

5. Career Visions present a variety of professional pos-
sibilities in the biological sciences for students to ex-
plore. An interview with a professional who majored
in biology is presented in each part of the book. Those
interviewed discuss how they decided on and pre-
pared for their career, and what they do profession-
ally. Careers new to the fourth edition include science
journalism and bioremediation specialist.

6. Numerous tables, many of them illustrated, summa-
rize and organize material presented in the text.

7. Carefully rendered illustrations, many of them new
in this edition, support concepts covered in the text.
Many of the illustrations are sequential, with close-
ups “exploded” to reveal greater detail. Composite
pieces of line art and photographs help students in-
terpret electron micrographs. Scale bars accompany
micrographs to provide information regarding mag-
nification. ;

8. Sequence Summaries review sequential material dis-
cussed in the text.

9. Boldface terms facilitate identification of key terms
and their definitions and also provide emphasis.

10. A Chapter Summary in outline form at the end of
each chapter provides a review of the material pre-
sented.

11. Selected Key Terms at the end of each chapter pro-
vides the student with an alphabetical list of many of
the important terms defined in the chapter.

12. A Post Test, which tests knowledge of the Key Terms,
provides the opportunity to evaluate mastery of the
material within the chapter; answers are provided in
an Appendix.

13. Review questions test knowledge of important concepts
and applications. They are designed to help students test
their mastery of the chapter learning objectives.

14. Many You Make the Connection questions challenge
the student to relevant principles in other chapters.
Others require the student to apply concepts to new
situations. These questions can be used for class dis-
cussions or essay assignments.

15. A list of Recommended Readings at the end of each
chapter provides references for further learning.

16. A separate Glossary, completely revised and ex-
panded for the fourth edition, facilitates rapid defin-
ition of terms.

17. Appendices provide help in understanding biologi-
cal terms, measurement, career information, and bi-
ological classification.

THE ORGANIZATION OF BIOLOGY,
FOURTH EDITION

Educators present the major topics of an introductory bi-
ology course in a variety of orders. A lack of consensus
regarding sequence of topics is understandable, because
reasonable arguments can be advanced for each of the
many possible combinations and permutations. All as-
pects of biology are intimately related, and each could be
grasped much more readily if all other topics had been
mastered previously. Because this feat cannot be accom-
plished, each instructor must select the topic sequence
that seems most reasonable. For this reason, we have care-
fully designed each of the eight parts so that they do not
depend heavily on preceding chapters and parts. The
eight parts and their chapters can be presented in any
number of sequences with pedagogic success.

PART 1: THE ORGANIZATION OF LIFE

Chapter 1, A View of Life: Basic Concepts of Biology intro-
duces several major concepts of biology, including the
fundamental similarities of all living things; the organi-
zation of life on individual and ecological levels; the
transfer of information; the evolution of life on our planet;
the diversity of life and how biologists classify organisms;
energy transfer among organisms; and how science
works. Chapters 2 and 3 focus on the molecular level of
organization and lay the foundations in chemistry needed
for an understanding of biological processes. Chapters 4
and 5 focus on the cellular level of organization, with em-
phasis on recent advances in cell biology.

PART 2: THE ENERGY OF LIFE

Part 2, which focuses on the metabolism and energy
transactions involved in life processes, has been thor-
oughly revised for the fourth edition. Chapter 6 intro-
duces energy in cells and organisms. Chapters 7 and 8
discuss the metabolic adaptations by which organisms
obtain and use energy through photosynthesis and cel-



lular respiration. Chapters 7 and 8 have been rewritten
so that they can be taught in either order.

PART 3: THE CONTINUITY OF LIFE:
GENETICS

This unit begins with a discussion of mitosis and meio-
sis in Chapter 9. Chapter 10 describes Mendelian genet-
ics and related patterns of inheritance. Chapter 11 dis-
cusses the structure and replication of DNA and Chapter
12 presents RNA and protein synthesis. Gene regulation
is discussed in Chapter 13. In Chapter 14, we focus on
genetic engineering and in Chapter 15 we focus on hu-
man genetics. In Chapter 16, we introduce the role of
genes in development, including the latest findings in this
exciting and rapidly changing area of biology.

PART 4: THE CONTINUITY OF LIFE:
EVOLUTION

The unit on evolution has been revised for this edition.
Chapter 17 introduces Darwinian evolution and presents
scientific evidence for evolution. In Chapter 18, we ex-
amine evolution at the population level. Chapter 19 de-
scribes the evolution of new species and discusses aspects
of macroevolution. Chapter 20 summarizes the evolu-
tionary history of life on Earth. In Chapter 21 we recount
the evolution of the primates, including humans.

PART 5: THE DIVERSITY OF LIFE

An evolutionary framework is used in our survey of the
kingdoms of organisms. In Chapter 22 we discuss why
and how organisms are classified. Chapter 23, devoted to
the viruses and to Kingdom Prokaryotae, has been re-
vised for this edition. Chapter 25 describes the fungi.
Chapters 26 and 27 present the members of the plant
kingdom. Chapters 28 through 30 focus on the diversity
of animals. The discussion of each group of organisms fo-
cuses on their evolutionary relationships and on their
structural and functional adaptations. Several new, illus-
trated tables summarize groups of organisms, such as the
bacteria in Chapter 23 and the orders of insects in Chap-
ter 29.

PART 6: STRUCTURE AND LIFE PROCESSES
IN PLANTS

This part integrates plant structure and function, begin-
ning in Chapter 31 with a discussion of plant structure,
growth, and differentiation. New tables, complete with
labeled micrographs, have been added in this edition.
Chapters 32 through 34 discuss the structural and phys-
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iological adaptations of leaves, stems, and roots. Chapter
35 describes reproduction in flowering plants, including
asexual reproduction, flowers, fruits, and seeds. Chapter
36 focuses on growth responses and regulation of growth.
New topics include thigmomorphogenesis, genetic regu-
lation of auxin, circadian clock mutants, and new chem-
ical regulators.

PART 7: STRUCTURE AND LIFE PROCESSES
IN ANIMALS

This part emphasizes the structural, functional, and be-
havioral adaptations that animals have evolved to meet
environmental challenges. As each system of the animal
body is discussed, a comparative approach is used to ex-
amine how various animal groups have solved similar
and diverse problems. Chapter 37 is devoted to the ar-
chitecture of the animal body, emphasizing the various
tissues and organ systems. Then Chapters 38 through 49
present animal life processes. After a comparison of how
different animal groups carry on a particular process —
digestion, gas exchange, internal transport, etc.—each
chapter considers the human adaptations for that process.
The unit ends with a discussion of behavioral adaptations
in Chapter 50.

PART 8: THE INTERACTIONS OF LIFE:
ECOLOGY

The ecology unit has been updated for this edition. Chap-
ters 51 through 54 provide the foundations of ecology
with the final chapter (55) focusing on environmental
problems caused by humans. New topics include coral
reef ecology, chaos theory, scramble and contest compe-
tition, new human population data, ENSO, keystone
species and conservation, and expanded coverage of pre-
dation.

SUPPLEMENTS

To further facilitate learning and teaching, a supplement
package has been carefully designed for the student and
instructor. It includes a Study Guide, Instructor’s Re-
source Manual, Test Bank, Computerized Test Bank
(available for the IBM PC and Apple Macintosh series),
and BIOXL (available for both IBM and Macintosh for-
mats). Other important components of Biology’s supple-
ment package are a set of 250 Overhead Transparencies
based on diagrams in the book; a set of 150 Electron Mi-
crograph Overhead Transparencies; BioArt, which is
composed of 100 black-and-white unlabeled line draw-
ings from the text; and 50 General Sequence Overhead
Transparencies, which contain topics displayed in a se-
ries of stages or layers.
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A Laboratory Manual written by Russell V. Skavaril,
Mary M. Finnen, and Steven M. Lawton, all of Ohio State
University, and an accompanying Laboratory Instruc-
tor’s Manual are available. Also available is a Laboratory
Manual written by Carolyn Eberhard of Cornell Univer-
sity. Additionally, a Custom Publication service is avail-
able from which a wide variety of individual laboratory
exercises may be selected and combined in a single vol-
ume. Two supplementary texts are available by Randy
Moore of the University of Akron. Writing to Learn Sci-
ence and Classic and Modern Readings in Biology provide
interesting articles and numerous exercises that will en-
hance understanding of science and biological concepts.

Multi Media Offerings

The Saunders General Biology Videodisc has been pre-
pared to enhance lecture or laboratory presentation of
material that is difficult to visualize. The 60-minute
videodisc contains more than 1500 still images and a col-
lection of video clips from Encyclopedia Britannica and
other sources, in addition to animated figures from the
text. The videodisc is accompanied by the Saunders Gen-
eral Biology Videodisc Directory, which contains com-
plete descriptions, barcode labels, reference numbers, and
instructions for using the videodisc, and by LectureAc-
tive™ a software interface that enables instructors to cus-
tomize the videodisc for lectures as well as enabling stu-
dents to use the videodisc for self-directed study.
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To The Student

study. It is therefore not surprising that biologists

are a diverse group, with different interests, talents,
and personalities. Almost anyone who has a desire to un-
derstand living things can find a suitable niche in the field
of biology.

The thousands of students we have taught have dif-
fered in their life goals and learning styles. Some have
had excellent backgrounds in science, others poor ones.
Regardless of their backgrounds, it is common for stu-
dents taking their first college biology course to find they
must work harder than they expected. You can make the
task easier by using approaches to learning that are usu-
ally successful for a broad range of students.

Many students “study” passively. An active learner al-
ways has questions in mind and is constantly making con-
nections. For example, in biology there are many processes
that must be understood. Do not try to blindly memorize
these; instead think about causes and effects, so that every
process becomes a story. Eventually you will see that
many processes are connected by common elements.

Active learning is facilitated if you do some of your
studying in a small group. In a study group the roles of
teacher and learner should become interchangeable, for the
best way to make sure you understand is to teach. A study

Biology is one of the most varied subjects one can

viii

group allows you to be challenged in a nonthreatening
environment and can provide some emotional support.

One stumbling block for many students is the neces-
sity to learn a great deal of terminology. In fact, it would
be much more difficult to learn and communicate if we
did not have this terminology, for words are really “tools
for thinking.” Learning terminology generally becomes
easier because most biological terms are modular. They
are composed of mostly Latin and Greek roots, and once
you learn many of these you will find you may have a
good idea of the meaning of a new word even before it
is defined. For this reason we have included Appendix
A, Understanding Biological Terms. Of course, to make
sure you understand the precise definition, you will want
to use the Index and Glossary. The more you use biolog-
ical terms, in both speech and writing, the more com-
fortable you will be.

Although biology is a demanding subject, the time
and effort you spend studying will be well spent, because
this is a very exciting time to be a biologist. Today we
have the tools to study living things in ways that were
only a dream in the not too distant past. As we gain new
information, our concepts are constantly evolving. We
find this to be one of the most exhilarating aspects of bi-
ology, and we hope you will too!



INTRODUCING BIOLOGY, FOURTH EDITION

Many features of Biology, fourth edition have been de-
signed, or increased in number from the third edition, to
address specific needs of students, as revealed in student

focus groups.

Making the Connection boxes—now in every chapter—
encourage students to integrate concepts from various

chapters.

180 Part2  Energy Transfer Through Living Sustem

Making the Conneclion

Electron Transport and Heat

What is the source of our body heat? Essentially, it is a
byproduct of various exergonic reactions, especially those
involving the electron transport chains in our mitochon-
dria. Some onganisms are able to produce unusually large
amounts of heat by uncoupling electron transport from
ATP production. As a . maost of the energy of
ghucose is converted 1o heat rather than to ATP energy
Even some plants (which we don't generally consider to be

High-interest Focus On boxes
draw attention to interesting

biological phenomena and
current research.

Focus Cun

Evolution of the Africanized Honeybee

Periodically newspapers report on the
migration of “killer bees,” or African-
ized honeybees, into North America
(see figure). The movement of these
bees is of concern for several reasons.
First, the Africanized honeybee, which
looks just like any other honeybee, is
considered dangerous because it is
unpredictable and aggressive. Groups
of them have been reported to attack
at the siightest provocation. Also, the
Africanized honeybee interbreeds or
competes with the European honey-
bee, the type of bee raised commer-
cially in this country. It is feared that
interbreeding will adversely affect the
European honeybees’ important roles.
in pollination and honey production.

Africanized are de-
scended from a small number of
African honeybees introduced into
Brazil in 1956, (The European honey-
bee does not fare well in the tropical
climate of Brazil) The number of in-
troduced African honeybees was
small, and as a result, they contained
only a fraction of the genes present in
the gene pool of African honeybees,
Because of the founder effect, the few
alleles present in the introduced pop-
ulation formed the gene pool on
which natural selection acted in the
new South American environment
Natural selection of this limited gene
pool resulted in the Africanized
honeybee.

Alricanized honeybees, which are
better adapted than European honey-
bees to tropical areas, have spread be-
yond their original point of origin in
Brazil to occupy large areas of Latin
America. Wherever they have mi-
grated, decreases in honey production
have initially occurred. Beekeeping in
cauntries occupied by the Africanized
bees has also changed, because the
beekeepers must now wear more pro-
tective equipment, However, as bee-
keepers develop new methods to han-
dle the Africanized bees, honey
production often Increases. For exam-
ple, Brazil was 47th in world honey
production before the African bees
were introduced; today it ranks 7th

A swarm of Africanized honeybees covers a tree trunk in
Mexico.  (Scott Camasinne) Thoto Researchers, I

Africanized honeybees currently
fange from Argentina to the southern
United States. How far will they mi-
grate? Will they stop in the southern
United States because of a climate
barrier? Or fs it possible that they can
expand into the northerly areas of
North America? Because Africanized
honeybees survive on snow-clad
mountains in Latin America, biolo-
gists predict that climate will pose no
barrier

Some biologists advocate using ar-
tificial selection (see Chapter 17) to
improve Airicanized honeybees. The
bees have a number of desirable
traits, including resistance to disease
mites, a particularly serious prob-
lem for commercial beekeepers in the
United States. Artificial selection
might even give rise to 3 honeybee
variety that is as important commer-
cially as the European honeybee. 8

“warm" organisms) have this capability. For example,
skunk cabbage. which lives in North American swamps.
and wet woodlands, generally flowers when the ground is
still covered with snow. Its uncoupled mitochondria gener-
ate large amounts of heat, enabling the plant to melt the
snow and attract pollinators. A

Skunk cabbage (Symplocarpus foctidus). (Earth Sorven © 195
Levoard Lee Roe )

ing energy as they go. Finally, the last cytochrom
chain, cytochrome a;. passes tw

electrons simultaneously unite with protons from th

rounding medium to form hydrogen: the chemical reac

n and oxygen produces water
Because oxygen is the final electron acceptor in the
electron transport system, organisms that
What happens whe

tion between hydrog

erobi

ells that are

nains stuck with elec
ntire system is blocked

is reduced), and the
all the way back to NADH. Because phosphorylation is

ansport system. Mo

plex onganisms cannot live long without oxygen
y produce in its absence

ife processes.

t interferes

electron transport system. Some poisons. in

ide, inhibit the normal activity of the cy
em. Cyanide binds tightly to the iron in ¢y
tochrome a5, making it unable to transport electrons on

to oxygen This blocks the further passage of electrons
through the chain, halting ATP production

The chemiosmatic model explains the coupling
of ATP synthesis to electron transpart

The flow of electrons in electron transport is usually
tightly coupled to the production of ATP and does not
oceur unless the phosphorylation of ADP can also pro-
coed. This prevents a waste of energy, because high-en-
ergy electrons do not flow unless ATP can be produced
1f electron flow were uncoupled from the phosphoryla
tion of ADF, there would be no production of ATP, and
the energy of the electrons would be converted to heat
see Making the Con ion: Electron rt and Heat),

For decades scientists were aware that oxidative phos.
phorylation occurs in mitochondria, and many experi-
ments had s that of twa electrons from
each NADH to oxygen (via the electron transport chain)
ssually results in the production of up to three ATP mok
ecules However, for a long time, just how ATP synthesis
s related to electron transport rem. mystery. Then,

o
1 hemiosmotic model,
based on his experiments with bacteria. His model was

in1 £ Mitchell proposed the
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particie binds to receptor proteins on plasma mem-
brane ~+ coated pit forms — coated vesicle forms by

~ some vesicles return receptors to plasma
membrane:

~ other vesicles fuse with lysosomes and con-
tents are digested and processed

Cholesterol in the blood is taken up by animal cells
by receptor-mediated endocytosis. Much of the receptor-
mediated endocytosis pathway was detailed through
studies of the receptor for low-density lipoprotein
(LDL—a primary cholesterol carrier in blood) by M
Brown and . Goldstein. In 1986 these investigators were
awarded the Nobel Prize for their pioneeting work. Their
findings have important medical implications, for cho-
lesterol that remains in the blood instead of entering the
cells can become deposited on the artery wals and in-
crease the risk of heart attack.

‘The recycling of the LDL receptor to the plasma mem-
brane through vesicles illustrates a problem common to
all cells that employ endocytotic and exocytotic mecha-
nisms. In cells that are constantly involved in secretion,
an equivalent amount of membrane must be returned to
the interior of the cell for each vesicle that fuses with the
plasma membrane; if it is not, the cell surface will keep
expanding even though the growth of the cell itself may
bearrested. A similar situation exists for cells that use en-
docytosis. A macrophage, for example, ingests the equiv-
alent of its entire surface membrane in about 30 minutes,
requiring an equivalent amount of recycling or new mem-
brane synthesis for the cell to maintain its surface area

JUNCTIONS ARE SPECIALIZED
CONTACTS BETWEEN CELLS

Cells in close contact with each other may develop spe-
cialized intercellular junctions that involve their plasma

well as other comp ~ .
may allow neighboring cells to form strong connections
with each other. prevent passage of materials, or estab-
lish rapid communications between adjacent cells. In an-
imals there are three comman types of Intercellular con-
tacts: desmosomes, tight junctions, and gap junctions.
Plant cells are connected by plasmodesmata

Desmosomes are points of attachment
between some animal cells

Adjacent epithelial cells, such as those found in the up-
per layer of the skin, are so tightly bound to each other
that strong mechanical forces are required to separate
them. They are held together by structures called desmo-
somes (Fig. 5-23). Each desmosome includes parts of two

Chapter 5
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i
FIGURE 523 Desmosomes may connect two animal cells.
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adjacent cells. 1t is made up of regions of dense material
associated with the cytosolic sides of the two plasma
membranes, plus protein filaments that cross the 24
nanometer-wide intercellular space between them

The evolution of Biology, fourth edition is particularly
apparent in the incorporation of superb artwork—much
of it revised or new. Students and instructors will respond
enthusiastically to this visual enhancement, which in-
cludes

—— ® Sequential art that

incorporates the use of
close-ups “exploded” to
reveal greater detail

—— o Composite pieces of line art

and photographs to help
students interpret electron
micrographs

® Scale bars accompanying the
electron micrographs,
providing a guide that
clarifies size

¢ Sequence summaries show
biological processes at a

Learning Objectives at the beginning of each
chapter indicate exactly what the student
must be able to do in order to demonstrate
mastery of the material in the chapter.

Concept statement heads formulated as
complete statements, not as “disembodied”
terminology, provide a clear preview and
summary of conceptual discussion to follow.
An innovation in the third edition, full-
statement headings have remained popular

' with students.

Numerous tables, many of them
illustrated, summarize and
organize material presented

in the text.

glance and help students
review for exams

g
™

After you have studicd this chapter you should be able to

1. Define
biological species concept

2 Explain the significance of reproductive isolating
mechanisms and distinguish among the different
prezygotic and postzygotic isolating mechanisms.

3 Explain the mechanism of allopatric speciation and
give an example.

4. Explain the mechanism of sympatric speciation and
give an example.

5. Take vither side in a debate on the pace of evolution,

LEARNING

species and explain the limitations of the

Chapter 19 Speciation and Macrovrolubion s

OBJECTIVES

by representing the opposing views of gradualism and
punctuated equilibrium

. Define macroevolution and distinguish among mi
croevolution, speciation, and macroevolution

7. Discuss macroevolution in the context of novel fea-
tures, including preadaptations, allometric growth
and paedomorphosis

8 Discuss the significance of evolutionary novelties
adaptive radiation, and extinction

SPECIES ACHIEVE REPRODUCTIVE
ISOLATION IN VARIOUS WAYS

Anumber of reproductive isolating mechanisms prevent
interbreeding between two different species  whose
ranges overlap. These mechanisms preserve the genetic
integrity of cach species because gene flow between
species is prevented. To block a chance occurrence of in-
dividuals from two different species overcoming a single

d isolating mech have two
or more mechanisms. Many work before fertilization oc-
curs (prezygotic), whereas others work after fertilization
has taken place (postzygotic) (Table 19-1)

Prezygotic barriers interfere with mating

Prezygotic barriers are reproductive isolating mecha-
nisms that prevent fertilization from taking place. Be
cause male and female gametes never come into contact
an interspecific zygote (fertilized egg formed by the union
of an egg from one species and a sperm from another
spevies) never forms. Prezygotic barriers include tempo-
ral isolation, behavioral isolation, mechanical isolation
and gametic isolation.

Sometimes genetic exchange between two groups s
prevented be they reproduce at different times of
the day. season, or year. Such examples demonstrate tem-

Table 19-1 s ATING
Mechanism  Type How It Works
Temporal isolation Prezygotic Similar species reproduce at different times
Behavioral isolation Prezygotic Similar specics have distinctive courtship behaviors
Mechanical solation ~ Prezygotic  Similar species have structural differences in their reproductive organs
Gametic solation Prezygotic  Gametes of similar species are chemically incompatible
Hybrid inviability Postzygotic  Interspecific hybrid dies at early stage of embryonic development
Hybrid stenility Postzygotic  Interspecific hybrid survives to adulthood but is unable to reproduce successfully
Hybrid breakdown Postzygotic  Offspring of interspecific hybrid are unable to reproduce successfully




On the Cutting Edge boxes highlight
current, often controversial research; this
feature complements the text’s emphasis

on the process of science and the
influence of research applications on new
thinking and future research.
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Test-Tube Evolution

Objective: To study bacterial evolution in the laboratory.

Method: Exposc starving bacteria to 2 new food that they cannot metabolize.

Results: Mutations

allowing,
tabolize the new food on to their

appear more frequently than would be expected in the starving cells, and some of these mutations are
adaptive, the bacteria to metabolize the new food. As a result, the bacteria
offspring.

survive and pass the ability to me-

Conclusion: Under conditions of starvation, adaptive mutation may occur in bacteria.

" 1985 a well-known British biologist, John Cairs, pub-
lished the resuits of  study that indicated a different
of evolution known as adaptive mutation. By
starving bacteria, Cairns found that they mutate in a non-
random way and thus oblain the mutation they need to
iologists because it

publishedt two papers in the journal Scicnce* that reported
3 probable molecular mechanism for the variation pro-
duce by adaptive mutation. Certain proteins
the recombination of bacterial DNA are necessary for adap-
tive mutation. The absence o inactivation of the genes en-
codling theve profeins results in a strain of bacteria that
cannot undergo rapid mutation when Ihey are starving.
Many questions remain unanswered. Are these muta«
tions ety oty b et Why do the re-

that allowed them to use Iactose for

reasoning, Lamarck suggested that the lony neck of the
giraffe developed when a short-necked ancestor began
browsing on the leaves of trees instead of on grass,
Lamarck speculated that the ancestral giraffe, by reach-
ing up, stretched and elongated its neck. Its offspring in-
herited the longer neck, which stretched still further. This
process, repeated over many generations, supposedly re-
sulted in the long necks of modern girafes

The proposed mechanism for Lamarckian evolution
was an “inner drive” for self-improvement. a notion that
was discredited when the actual basis of heredity was
later discovered. (However, see On the Cutting Edge: Test
wssible example of “Lamarckian
evolution in bacte Lamarck’s contribution to science
is important because he was the first to propose that or
ganisms undergo change over time as a result of some

in starving
mmmmmlmmnmgw How
important is adaptive mutation in bacterial evolution? Ces-
tain cukaryotic cells (yeasts) appeat o have & s s like
adaptive mutation. Does it use & similas mechanism? Biok-

a.lph:m-\mhmm investigation for many

1 arrin, RS, 5. Loogerich, and SM_ Raenbery, “Recombination
5 idhers A Eeenct W 364 S AP 90 & e
berg, SM.. 5. Longrrich, P Ger, and BS. Harrs, *

tiom by deletions in small monomuclevtide
265, 15 fuly 1994

Adaptive, muta-
repeats.” Sciencr, Vol

natural phenomenon rather than divine intervention. It
remained for Charles Darwin to discover the mechanism
of evolution by natural selection

DARWIN WAS INFLUENCED BY HIS

CONTEMPORARIES
Charles Darwin, the son of a prominent physician, was
sent at the age of 15 0 study medicine at the University

B
of Edinburgh. Finding himself unsuited for medicine, he
transferned to Cambridge University to study theology
Shortly after receiving his degree, Darwin embarked as a
naturalist on the HM'S. Bergle, which was taking a five-
ear explotatory cruise around the world to prepare nav
on charts for the British Navy
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Tissue Bank Director

MARTHA ANDERSON

artha Anderson originally thing about health care, and if they are
M.ﬁ;nmdm-umlmdimldm incapacitated by their iliness or by grief

er earning a biology degree at it's difficult for them to know what has cancer. In the past the only option for
Colorado State University. But by the time ions to ask so they can get the removing a cancerous tumor in a femur
she to complete help that they need. Through my work ~ Was to amputaie the leg, Now we can take:
studies at the University of Colorado, her as a patient in-
Joeus . Upon she volved with the organ and tissue dona-
began a career that enabled her to help tion @-nmlmmmw
many more patients and their families than their leg, and maintain an active lifestyle.
@ single doctor ever could. Martha is Vice Auhr-h-y—.uh-,- This procedure is called limb salvage
President of Doror Services for the Muscu-  current position? B e

Transplant « now- you you use your biology

ization that “haks” human h'w‘:ﬂ"ﬁ"m: degree in your current job? And, if so,
Hissue for transplant use and conducts donors from St. Anthony’s in Denver how do you use it?
research 1o further develop transplantation  than from any other hospital in the T used my biology degree when | was a

Foundation stores tissues . because my stud-

and bone that are used in @ variety of pro- fes focused on human
prsve e o gt S e o b i 630
Foundation is  membership e i e Hfi™S  works and that helped me a lot. One of
tion composed of medical and academic in- MP“'“""“‘““" “’“"“md’ the things that [ do use every day are
stitutions as well as other organ and tissue the critical as

procurement agences.

nation and find out if they wanted to
be donors.

You had planned on going to medical are other organizations :
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profession. What did you do after different about your organization? These
. ae skills | use quite frequently
1 went to work.in one of Denver’s M‘:hhm&ul:h
sue r Is there 2 specific kind of science
trauma hospitals where I took an ad- largest and we have  unique structure. .d-a&:hﬂp-unq“u.
ministrative position. Eventually I was ‘Many organ and tissue banks are re- work in your field?
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best job of my life as a patient epresen  consortium of medical schools and g et o
tative at St. Anthony’s other agencies. When some- prerbemripyshbore ey
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sponsible for crisis intervention with
many famiies, serveas  Wethen to surgeons and hospi-
a person to talk to for the patient who tals throughout the US.
doesn't have any family or friends
around. We had the first helicopter res- ~ Then you process them for storage so
cue system in the country at St. An- they can be I
thony’s, and as a result, we had a great  Yes, we have them New
dulollnmvldu these pa- facility The tissue i formed into dif-
d without d

mymmummypmm ever the local need is. For
out who they were and may be a haspital that does a ot of spine
umnw-.vuyn-mpw surgery 0 we would cut the bone into
it was rewarding we could sizes for spine sungeons 10 use. Or there
help people negotiate the health care ‘may be a need for an entire femur

216 system. Many people don't know any-  would probably be used for someone who

Preface

Career Visions, interviews with former biology
majors who describe what they now do
professionally, convey persuasive, practical
information on the merits of studying biology, and
the variety of opportunities open to biology majors.
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A Chapter Summary in outline —
form at the end of each chapter
provides a review of the

material presented.

Preface
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Making the Conneclion

Evolution and Genetics

Can biologists make use of the fact that mutations in DNA

evolution? Within a given taxonomic group, mutations ap-
millions of

2 molecular
bammudady;d-udypxbwh@ﬂ
{ascatunic grospe.Such molaculr dacka can be wsod 1o

Molecular clocks must be developed and interpreted
with care. The rates of mutation lypurmvnrylmonsdﬂ-
ic groups.

lwmuh.lm‘kmolnuhulodt
ganisms cannot be

all genes in all or-

1 Evolution, the genetic change in a population of organisms
over time. is the unifying concept of biology.

11 Charles Darwin and Alfred Wallace independently pro-
posed the theory of evolution by natural selection, which is
based on four observations
A. Overproduction: Each species produces more offspring

than will survive to maturity

Variation: Genetic variation exists among the individu-

als in a population

Limits on population growth: Organisms compete with

one another for the resources needed for life, such as

food, living space, water, light, and so on.

Differential reproductive success: The offspring with the

most favarable combination of characteristics are most

likely to survive and reproduce, passing those genetic
characteristics on to the next generation.

111 The synthetic theory of evolution combines Darwin's the-

ary of evolution by natural selection with the genetic mech-

anisms 1o explain evolution

A. Mutation provides the genetic variability that natural se-

lectian acts on during evolution.

8. The synthetic theory of evolution emphasizes genetics
of populations rather than of individuals

The concept that evolution has occurred and is occurring is

now well documented

A. Direct evidence of evolution comes from fossils, the re-

matns of traces of ancient organs

B Evidence supporting evolution is  dastveifroms compar

ative anatomy.

1. Homologous structures (those related by descent)
have basic structural similarities, even though the
structures may be used in different ways. Homolo-

SELECTED

adaptation DNA sequencing
analogous structure evolution
artificial selection fossil
biogeography gene pool

center of origin halt-lite

convergent evolution homologous structure

KEY

SUMMARY

gous structures indicate evolutionary ties among the
tsms possessing them
Analogous ongans (those not related by descent) have
similar functions in quite different, genetically unre-
lated onganisms. Analogous structures. demonstrate
that onganisms with separate ancestries can adapt in
similar ways to comparable environmental demards
(convengent evolution)
3. The occasional presence of a vestigial ongan is 10 be
cted as a species adapts to different modes of Iife
€ Developmental biology provides evidence of evolution
1 Jated animals s

the adults.
accumulation of genetic changes since onganisms

diverged in evolution modifies the pattern of devel

apment in mane complex vertebrate embryos.

Biogeography, the distribution of plants and animals,

supports evolution

1. Each species originated only once (at its center of ort

gin)

2 From its center of origin, each species spread out un

il halted by a barrier of some kind

Arcas that have been separated from the rest of the

world for a long time have organisms that are unique
areas.

& i biology provides evidence of evolution

The universality of the genetic code is compelling ev

idence that all life & related

The sequence of amino acids in common proteins re-

veals greater similarities in closely related

A greater proportion of the sequence of nucleotides

in DNA is identical in closely related organtsms.

W

TERMS

index fossil
molecular clock
natural selection
neo-Darwinism
phylogenetic tree
radioactive decay

radioisotope

synthetic theory of evolution
vestigial organ

A Post-Test provides the opportunity to
evaluate mastery of the material using new
key terms from within the chapter; answers
are provided.

1

8

e

POST-TEST

The fact that all species developed from earlier forms by the
accumulation of genetic changes over many successive gen-
erations is known as the theory of
The genetic constitution of an entire population of a given
species Is termed ity

Darwin proposed —— —— ax the mecha-
nistm by which evolutionary change takes place

The four premises of — o re overpro-
duction; variation; limits on population growth, and differ
ential reproductive success.

In natural selection, the selecting agent is the environment,
whereasin —— the selecting agent s
huma
The modern theory of evolution i which Darwin's obser-
vaton of vanabon i explained by mutation is known s
e ofevolution

The synthetic theory of evolution s ko calied

Geologsts can identify specific layers of rock by the pres-
ence of certam key fossils, known as

REVIEW QUESTIONS

Explain briefly the concept of evolution by natural selection
Why are only inherited variations important in the evolu-
tonary process?

What part cf Darwin's theory was he unable to explain? How
does the synthetic theory of evolution explain this?

How du scientists date fossils? How do fossils provide evi-
dence of evolution?

Distngussh among homologous. analogous. and vestigial
structures. How does each provide evidence of evolution?

YOU MAKE TH

most salamanders have four legs. 3 few species
that live in shallow water lack hindlimbs and have extremely
tiny forelimbs Explain how limbless salamanders came
about according to Lamarck’s concept of evolution. Then ex
Flain these amphibians using Darwin's mechanism of evo-
lution by natural selection

E

9 Ul tookgpés it ety el it Vcon
as———are used to date the rocks in which ossils

appear
10 An ongan that appears to have lit
smaller than a similar, fully functional equivalent in the
organism's ancestor or relatives, v known as a (an)

11, The wings of butterflies and bats have similar functions but
are quite different in structure This is an

12 The independent evolution of similar sructures i two un-

Exolution: Mechansoms

o Evidence a7

function, and is

example of

related onganisms is known ds — il
13, The study of the distribation of plants and arumals i called

14 The portion of Earth over which » given species i found &
[ —,
molecular evidence for evolution is
. in which the order of nuceotide bases in 3
strand of DNA that codes for a gene shared by several or
sanisms is determined

6. How does developmental biology provide evidence of a com
mon ancestry for vertebrates as diverse as feptiles, birds
pigs, and humans?

7. Explain why marsupials are widespread in Australia and al
most nonexistent elsewhere

8 What is Iindicated If the DNA from twas species s found to
be almost identical?

CONNECTION

2 Based on what you have leaned in this chapter. explam why
such genesically difiren crpanist 3 porpoises, wiach are
and sharks, which are fish, are so similar in body
form

3. Discuss these statements.
4 Natural selection chooses from among the individuals in
a population those most suited to current environmental
conditions. it does not guarantee survival under future
conditions

volution is not ierarchical. For example, humans arv not
“better” or “more highly evolved” than the bacteria liv
ing in our intestines,

¢ Individuals do not evol

d. Evolution s not purpose

. but populations do
ut 15 based on chance

The narmow-striped dwarf siren (Paendobnanchus striatus avan
thus) ts an aquatic salamander that resembles an el 11 s na
Suzanpe L Collre and Jomeph T Colir T

Review Questions focus
on mastery of chapter
Learning Objectives.

— 1 Selected Key Terms

at the end of every
chapter direct students
to important vocabulary
explained in the chapter.

You Make the Connection questions, after every chapter,
challenge students to synthesize material by applying
concepts in the chapter to new situations.
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