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Preface

The aims and audience of Evolutionary Analysis have not changed from the first
edition to the second. Our goal is still to help students learn how to think like
evolutionary biologists. The presentation is intended for undergraduates who
are majoring in the biological sciences in preparation for careers in medicine,
conservation, education, science journalism, or research. We assume that our
readers have finished their introductory coursework and are ready to explore
how a course in evolutionary biology can enrich their personal and professional
lives.

Our approach and philosophy are also unchanged. Our tack is to present the
topics that form the core of evolutionary biology in the same spirit of inquiry that
drives research. Wherever possible, we motivate the material with the types of
questions that evolutionary biologists ask. Are humans more closely related to
chimpanzees or gorillas? If people with the CCR5-A32 mutation are resistant to
infection by HIV, will this allele increase in frequency in populations afflicted by
the AIDS epidemic? Why did the dinosaurs suddenly go extinct, after dominating
the land vertebrates for over 150 million years? Often a theoretical treatment will
help to focus these questions, generate hypotheses, and make predictions that can
be tested. After introducing the experiments and observations that biologists have
used to test competing hypotheses, we analyze the data that resulted and consider
what work remains to be done. Throughout the book, our objective is to present
evolutionary biology as a dynamic and increasingly interdisciplinary enterprise.

Although the fundamental premise and approach of the book have not changed,
its organization has. To align the sequence of chapters more closely with the way
that most professors teach the course, we have reorganized the chapters into five
units:

* Part I, Introduction, demonstrates why evolution is relevant to real-world
problems, establishes the fact of evolution, and presents natural selection as an
observable process.

* Part II, Mechanisms of Evolutionary Change, develops the theoretical
underpinnings of the Modern Synthesis by exploring how mutation, selection,
migration, and drift produce evolutionary change. The population genetics
coverage is dramatically expanded from the first edition, but simplified by the
placement of most algebraic treatments in boxes. These chapters have also been
enriched by an increased focus on how population and quantitative genetic
models can be applied to real-life problems in medicine and conservation.

* Part III, Adaptation, is a new unit that begins by introducing methods for
studying adaptation, and follows up by offering detailed investigations into
sexual selection, kin selection, and selection on life history characters.
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» Part IV, The History of Life, starts with an analysis of speciation and phy-
logeny inference methods. Subsequent chapters focus on Precambrian evolu-
tion, the Phanerozoic, and human evolution.

» PartV, Current Research—A Sampler, includes a chapter treating classi-
cal and recent topics in molecular evolution. The unit also contains two new
chapters. One of these focuses on evolutionary insights that have emerged
from advances in developmental genetics; the other explores applications of
evolutionary biology in epidemiology, medical physiology, human behavior,
and public health.

As in the first edition, most chapters include boxes that cover special topics
or methods, provide more detailed analyses, or offer derivations of equations. All
chapters end with a set of questions that encourage students to review the ma-
terial, apply concepts to new issues, and explore the primary literature.

Website and Transparencies

The companion website for Evolutionary Analysis has been revised and ex-
panded. Each unit now includes two case studies. These tutorials challenge stu-
dents to pose questions, formulate hypotheses, design experiments, analyze data,
and draw conclusions. A tutorial for population genetics features problems stu-
dents can solve using a downloadable simulation. The website also provides an-
swers to selected end-of-chapter questions, guides to exploring the literature,
links to other evolution-related sites, and an opportunity to email us with sug-
gestions and comments.

The website for Evolutionary Analysis is accessible through the book's home-
page at

http://www.prenhall.com/frecman

Prentice Hall's commitment to a four-color format for this edition of Evolu-
tionary Analysis has enabled us to make the diagrams, data graphics, and pho-
tographs easier to interpret and the overall presentation brighter and more acces-
sible. In response to requests from professors using the first edition, a set of 100
full-color overhead transparencies has been developed for the second edition. All
transparencies are labeled with large, boldface type for easy reading in the class-
rooni. Professors can get the transparency set by contacting either their local
Prentice Hall representative, or Prentice Hall faculty services at (800) 526-0485.
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The Galdpagos islands have served as a laboratory for evolutionary studies for over 160 years. (Frans Lanting/Minden Pictures)

INTRODUCTION

MONG THE ATTRACTIVE ASPECTS OF EVOLUTIONARY BIOLOGY IS THAT IT IS ROOTED

in a single, organizing mechanism. This mechanism is natural selection.Gaining a thor-
ough understanding of natural selection is thus the first challenge for anyone studying evo-
lution. Natural selection is simple in concept, but widely misunderstood. Understanding how
the process works requires moving beyond slogans like “survival of the fittest.”

Our primary goal in Part I (Chapters 1-3) is to introduce natural selection as an agent
of evolutionary change. Our exploration of the process begins with a chapter devoted to
understanding the human immunodeficiency virus (HIV) and the AIDS epidemic. Chap-
ter 2 expands on this presentation by reviewing evidence that all organisms have changed
through time, or evolved, throughout the history of life—much as HIV has evolved over
the past half century. In Chapter 3 we explore how natural selection works in more detail,
This sequence of chapters lays the groundwork for exploring the other mechanisms that
cause change through time, in Part I1.

Our secondary objective in these chapters is to introduce the experimental and analytical
methods used by researchers in evolutionary science. These methods are a prominent theme
throughout the text. We emphasize them to help readers learn how to ask questions, design
experiments, analyze data, and critically review scientific papers, in addition to mastering
facts. The detailed examples we present not only make the general concepts of evolutionary

biology clear but also provide insight into how we know what we know.






CHAPRTER |

A Case for Evolutionary Thinking:
Understanding HIV

The red particles emerging from this human T cell are HIV virions. (National Institute for Biological Standards
and Control, England/Science Photo Library/Photo Researchers, Inc.)

T THE START OF A COURSE, IT CAN BE USEFUL TO STEP BACK AND ASK TWO
Aquestions:What sort of content will be covered? and How will this informa-
tion help me in my professional and everyday life? To help answer these ques-
tions, we explore the evolution of human immunodeficiency virus (HIV). This is
the pathogen that causes the acquired immune deficiency syndrome (AIDS).

In this chapter, we introduce the scope of evolutionary analysis through an in-
depth look at a prominent contemporary issue. Qur goals are to illustrate the kinds
of questions that evolutionary biologists investigate, demonstrate how an evolu-
tionary perspective can inform research throughout the biological sciences, and in-
troduce concepts that will be explored in detail later in the text.

HIV is a compelling case study because it raises issues that are almost certain
to influence the professional and personal lives of every one of our readers. As an
emerging virus that rapidly evolves drug resistance, HIV exemplifies two pressing
public health issues. AIDS already qualifies as one of the most devastating epi-
demics ever experienced by our species.
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As a case study, HIV will
demonstrate how
evolutionary biologists study

adaptation and diversity.

fFigure 1.1 Distribution of HIV
infections This map shows the
geographic distribution of HIV-1
infections. The most dramatic
conclusion to be drawn from this
figure is that AIDS is primarily a
disease of developing nations. It is
estimated that over 90% of HIV-
infected people live in the poor
countries of the southern hemi-
sphere. Two-thirds of these are in
sub-Saharan Africa atone.

Here are the questions we address:

* Why have promising AIDS treatments, like the drug azidothymidine (AZT),
proven ineffective in the long run?

* Why are some people resistant to becoming infected or to progressing to dis-
ease once they are infected?

* Why does HIV kill people?

* Could a vaccine provide protection from the diversity of HIV strains found
today?

These questions may not sound as if they have anything to do with evolution-
ary biology, but evolutionary biology is the science devoted to understanding two
things: (1) how populations change through time in response to modifications in
their environment, and (2) how new species come into being. More formally, evo-
lutionary biologists study adaptation and diversity. These are exactly the issues tar-
geted by our questions about AIDS and HIV. Before we tackle them, however, we
need to delve into some background biology.

1.1 The Natural History of the Epidemic

In December, 1999 the United Nations’ AIDS program estimated that about 40
million people worldwide were infected with HIV (Piot 1998; Figure 1.1). The
epidemic has already been responsible for more deaths than the black plague that
devastated Europe in the 14% century. By the end of 2001, AIDS is almost certain
to overtake the “Spanish” influenza outbreak of 1918 as the epidemic responsible
for the most deaths in all of human history.

Most HIV infections result from two related but distinct epidemics that oc-
curred during the 1980s and 1990s: one among heterosexual men and women in
sub-Saharan Africa and south and southeast Asia, and the other among homosex-
ual men and intravenous drug users in the United States and Europe. The dual epi-
demics are distinguished by the number of people involved and the disease’s mode
of transmission.

In sub-Saharan Africa, the number of AIDS cases is almost overwhelming (see
Mann and Tarantola 1998; Piot 1998). Epidemiologists estimate that over 23 million
Africans are currently infected with HIV-1. In most sub-Saharan cities, over 75% of
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