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While most students of evolutionary biology are inti-
mately familiar with the neo-Darwinian synthesis of the
1930s and ’40s, a more recent evolutionary synthesis has
perhaps gone unnoticed. The International Congress of
Systematics and Evolutionary Biology, which convened
at the University of Maryland in the summer of 1989,
was a watershed, marking a conceptual and technical
revolution in evolutionary biology. The excitement was
palpable and it was clear to all that something very spe-
cial was happening in the way of a major integration
of divergent �elds. We were witnessing a con�uence
of molecular genetics, phylogenetics, and developmen-
tal biology. The time had come when scientists from
these different �elds were sharing ideas and method-
ologies. Perhaps foremost in enabling this synthesis of
disciplines was the development of molecular methods
and computer technology, �nally made suf�ciently user-
friendly for evolutionary biologists to participate along-
side the princely realm of molecular medical research.
To a degree, this was an example of the tail wagging
the dog—technology was paving the way for a codi�-
cation of molecular evolutionary biology: a synthesis of
molecular evolution, molecular phylogenetics, and evo-
lutionary developmental biology.

Although molecular biology and phylogenetics have
been coalescing in unprecedented fashion during the
last decade, the classroom training of systematics stu-
dents has, perhaps not surprisingly, taken some time to
catch up. Recently, however, an introductory, concep-
tually comprehensive textbook has come onto the mar-
ket to effectively remedy this situation. Molecular Evolu-
tion: A Phylogenetic Approach is an attractively produced
new book intended to serve as an introduction to the
issues of molecular evolution and how they in�uence
the study of the phylogenetic and populational histories
of organisms. Some books have been written recently
as introductions to molecular phylogenetic analysis and
molecular techniques (e.g., Hillis et al., 1996; Hall, 2001),
whereas others have focused on molecular evolution
as a subdiscipline (e.g., Nei, 1987; Gillespie, 1991; Li,
1997) or on the useful applications (Harvey et al., 1996;
Avise, 2000) or statisticalmethods (Nei and Kumar, 2000)
of molecular phylogenetics. Page and Holmes, how-
ever, are unique in combining molecular phylogenetics
and evolution with an up-to-date explanation of the as-
pects of basic genetics and molecular biology that are
important background for new students of molecular
systematists.

Chapter 1, “The Archaeology of the Genome,” pro-
vides a series of examples of important scienti�c con-
tributions made by molecular phylogenetics in recent

years, including an understanding of the early evolu-
tion of prokaryotes and eukaryotes, evolutionary rela-
tionships of humans among the primates, and tracking
the source of HIV-1 in a series of Florida AIDS cases to a
mutually shared dentist. The coverage is meant to pro-
vide only a taste of the �eld and why it is important and
exciting. The examples are nicely explained for a general
readership and serve their purpose without attempting
to provide a detailed historical background. An absence
of detail is especially noticeable, however, in the brief
description of the development of molecular evolution
as a discipline. The authors bypass the early insights of
Zuckerkandl and Pauling (1965) and Cavalli-Sforza and
Edwards (1967), although the former are cited elsewhere
in the text. Thus, readers looking for a historical perspec-
tive on the �eld should look elsewhere. The text excels
in other aspects, such as lucid explanation of concepts.
It is also in the �rst chapter that the pattern of having a
short section “For Further Reading,” is established. This
section cites several readings for the topics covered in
the chapter. Literature is otherwise not cited directly in
the text and all references are combined at the end of the
book. Although this approach makes for smoother read-
ing and is space-saving, our students (a test case for the
book) actually found it somewhat annoying, as it was
dif�cult to backtrack to other literature dealing with a
speci�c topic.

Chapter 2, “Trees,” is a relatively short and concise
introduction to the concepts and terminology of phy-
logenetic trees, both cladistic and distance-based. Al-
though elementary in general, it introduces more com-
plex concepts such as splits, additive and ultrametric
distances, gene trees versus species trees, lineage sort-
ing and coalescence, and consensus techniques. Begin-
ning readers may �nd some of these concepts dif�cult
to grasp so early in the text, but they are introduced
at this point for reference in subsequent discussions in
later chapters. On the whole, the writing is clear and the
diagrammatic illustrations are excellent (in particular,
the one distinguishing parallel evolution, convergence,
and divergence—Fig. 2.1.2). The portrayal of the time
dimension in some �gures may be confusing to some
readers (sometimes it merely means the direction of time,
whereas at others it refers to the actual amount of time
elapsed since divergence), but our students quickly �g-
ured out what was intended. The treatment of trees on
the whole is refreshingly eclectic and free of method-
ological posturing.

Chapter 3, “Genes: Organisation, Function and Evo-
lution,” consists of a broad survey of basic genetics,
including outlines of the processes of replication, tran-
scription, translation, and gene expression. For systema-
tists, the most useful review pertains to the types, struc-
tures, and functions of various genes and DNA regions
and the implications of the differences among these for
genetic analysis and, in particular, phylogenetic analy-
sis. A huge range of topics are discussed clearly with

536



2002 BOOK REVIEW 537

illuminating examples and clean, simple illustrations.
Two exceptions to the latter are Figure B3.1, which uses
a phylogenetic tree to compare competing hypotheses
for the origin of introns, and Figure 3.10, which con-
tains a series of diagrams comparing mitosis and meio-
sis. In the former, interpretation of the tree would have
been easier (especially for novices) if a long branch to
the eukaryotes were shown, onto which the serial “col-
onization” by mitochondrial and chloroplast genomes
could be indicated by the use of arrows. Our lab group
stared at this diagram for quite some time before re-
alizing that the diagram meant to show exactly what
we thought it should. Because the mitochondrial and
chloroplast genomes (and introns) play major roles in
phylogenetic study, this �gure is an important introduc-
tory one and should be clearer. The mitosis and meiosis
diagrams were intended to be simple (which they are)
but seem to be showing chromosomal pairing and du-
plication in mitosis identical to that in meiosis. Thus, al-
though the text is clear on this matter, the diagram may
confuse some readers about the signi�cance of chromo-
some pairing for recombination during meiosis. Surely
there is another way to show the patterns simply. On
the whole, however, Chapter 3 provides a rapid, thor-
ough and up-to-date survey of basic genetic concepts
and should be useful to many students as a reference.

Chapter 4, “Genes in Populations,” is likewise con-
cise, extremely comprehensive, and current. Especially
excellent were the series of clear diagrams showing pop-
ulational and historical genetic processes (Figs. 4.3, 4.6,
4.7, 4.10, and 4.16). The use of consistent symbols and
diagrammatic style to describe types of selection, ge-
netic drift, population bottlenecks, gene �ow, and gene
genealogies links these concepts in a clear, meaning-
ful way. A large amount of material is covered in the
65 pages of this chapter and may be a daunting assign-
ment for readers new to population genetics to compre-
hend it all without �ipping pages back and forth. The
chapter should provide an excellent review for many
readers and contains some interesting, relatively current
examples of studies from conservation genetics (genetic
variation in cheetahs and lions), biological invasions
(hybrid zones in �re ants), and human prehistory (ge-
netic evidence for the out-of-Africa and multiregional
models of modern human origins). An occasional small
design glitch intrudes, such as a comparison of RST and
FST population subdivision measures discussed eight
pages before F-statistics are even explained. In general,
however, the two chapters on basic genetic principles
are extremely well laid-out and clearly developed. Such
background should be essential reading for molecular
systematists.

Chapter 5, “Measuring Genetic Change,” considers
the important issues of homology determination (es-
pecially in sequence alignment) and the correction of
evolutionary distances (divergence estimates) for mul-
tiple substitutions at the same site and for various dif-
ferences in rates of substitutional change across sites
and among substitutional classes. The discussion of
alignment issues is generally lucid, but the dot plots
(Figs. 5.4–5.6) are not very useful in explaining how op-
timal alignments are identi�ed. Also, the otherwise clear
and helpful Figure 5.8 has a bold line missing at the bot-
tom of the Sum of pairs alignment diagram, which can lead
to confusion. Five of the common models of nucleotide
substitution are described and compared: Jukes–Cantor,
Kimura 2-parameter, Felsenstein 1981, HKY85, and the

general time-reversible (here called general reversible).
The question of which model to use for a given data set is
dealt with in a likelihood framework. The issues of com-
pensatory change in rRNA stems, differences in base
compensation across taxa, and differences in substitu-
tional rates across sites are all well covered, as are meth-
ods used to compensate for these data biases. The �nal
portion of the chapter deals with the methods for mea-
suring evolutionary change on trees (estimating branch
lengths) and discusses the methods and problems as-
sociated with reconstructing ancestral states. A partic-
ularly good text box (5.3) explains why consensus se-
quences cannot be assumed to be estimates of ancestral
sequences. On the whole, the chapter lays a strong foun-
dation for understanding the underlying processes of
change in sequence data as well as the challenges these
processes present for estimating phylogenies.

Chapter 6, “Inferring Molecular Phylogeny,” is in
many ways the heart of the book. Especially welcome
is the broad, relatively unbiased coverage of phyloge-
netic methodology. The authors also provide perhaps
the most approachable introductory survey yet avail-
able for understanding which methods work best un-
der which circumstances, and why. There are none of
the overblown claims for the philosophical superior-
ity of parsimony or the statistical superiority of maxi-
mum likelihood methods, which often mar other texts.
The explanations of spectral analysis and split decom-
position, relatively new and promising methods for as-
sessing con�ict and data bias, are the clearest we have
seen anywhere. And the treatment of data exploration
methods (section 6.7, Have we got the true tree?) is excel-
lent. Complicated and controversial issues such as long-
branch attraction are dealt with clearly and realistically,
and the short summary of “Whatcan gowrong?” (p. 225)
informs us of the reasons that phylogeny estimation may
fail to provide the correct tree. Readers will take away a
balanced view of the methodological options available
and the appropriate applications, strengths, and weak-
nesses of each method.

Chapter 7, “Models of Molecular Evolution,” at �rst
appears to veer off track, especially when a historical
treatment of the classical and balance schools of popu-
lation genetics develops, at some length, into a discus-
sion of the controversies between the neutralist, selec-
tionist, and nearly-neutralist perspectives. However, as
the chapter unfolds, treatments of functional constraints
on nucleotides, the evolution of base composition and
codon usage, and tests of the molecular clock are intro-
duced with clear relevance to phylogeny. The discussion
of lineage-speci�c rate variation and its possible causes
is especially insightful. Although we found this chap-
ter, at least in part, to be the most divergent from our
interests in phylogeny, we probably learned new per-
spectives from these diversions. Those issues that �rst
seemed relatively unrelated to phylogeny estimation in
the end served to improve our understanding of molec-
ular data.

The eighth and �nal chapter, “Applications of Molec-
ular Phylogenetics,” should make exciting reading for
students, and provides some excellent examples of the
use of molecular phylogenies for answering questions
in other evolutionary disciplines. Examples include re-
constructing histories of gene families, investigating co-
evolution between parasites and their hosts, tracing the
spread of infectious diseases between hosts, and esti-
mating the ages (times of origin) of taxonomic groups
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by integrating patterns and rates of molecular evolution
with fossil data. Several of these areas have received
signi�cant original contributions from the two authors,
so it is not unexpected that they would be well formu-
lated. Other issues are included in this chapter that, al-
though well presented, seem misplaced in a chapter on
applications because they deal more directly with ap-
proaches to phylogenetic inference. For instance, most
of the discussion on separate versus combined analyses
of different data sources (brie�y introduced in a text box
in Chapter 6) comes up in this chapter—largely because
molecular data are being “applied” to help solve prob-
lems originally approached with comparative morphol-
ogy or fossils, for instance. The chapter also features sec-
tions on the differences between gene trees and species
trees, including an excellent text box describing how
gene duplications can actually help root species trees. In
their attempt to integrate these issues into the more gen-
eral discussion of applications, the authors have brought
them up in an unexpected part of the book. Yet, taken as a
whole, the chapter makes a strong case for the powerful
predictive use of phylogenies in other areas of science.

Pageand Holmes are to be congratulated for an amaz-
ingly well-designed, compact, affordable, and highly
readable book that �lls an important gap in the class-
room. Given some of the complex discussions of models
of molecular evolution and methods of phylogenetic in-
ference, the text would likely prove dif�cult reading for
most introductory classes in systematics, particularly for
students with weak backgrounds in genetics or statistics.
For students with strong interests in phylogenetics and

molecular evolution, this is currently the best place to
start.
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