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VARIATIONSN HOWEVER SLIGHT AND FROM WHATEVER CAUSE
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The title, Variation: a central concept in biology, is sure
to spark the interest of nearly all ecologists and evolutionary
biologists. Variation is ubiquitous in nature, existing across
scales ranging from nucleotide sequences to global climate.
As such, what is @nteresting® about variation will vary
among researchers. Those anticipating chapters elucidating
therole of climatic variation on speciesdistribution, variation
in disturbance on community composition, genetic variation
and population response to selection, et cetera, will probably
bnd this book lacking in its treatment of variation as a central
concept. A more precise title of the book would probably
include the words @henotypic@and @nimal @as modibers
for @variation.@However, a single volume covering all the
aspects of variation of potential interest to investigators is
entirely unrealistic. What this book does aim to do, however,
it does well.

A universal requirement of natural selection is phenotypic
variation. How does thisvariation arise? How do new variants
evolve? What constrains variation? These are central ques-
tions of interest to ecologists and evolutionary biologists
alike. Beyond a simple additive genetic framework, devel-
opment, epigenetics, and phenotypic plasticity are now large-
ly regarded as critical for our understanding of phenotypic
variation. This book delves into these issues in great depth,
and surely has something to offer for investigators interested
in individual and population level processes.

The book begins with a chapter on the history of how
variation was perceived from Darwin to the modern synthesis.
Included are several philosophical advances, such as the ap-
preciation that variation is a property of populations, rather
than the deviation of individuals from an archetype, the role
of development in generating variation, and the properties of
variation that can be inherited. At least one historical chapter
is the norm for edited volumes such as this. The historical
chapter provided in this book serves a function beyond his-
tory for history® sake. Touching on the themes addressed in
later chapters, it provides a useful context for our current
understanding of variation.

Methods of analysis are the focus of three chapters (Chap-
ters 366). Van Valen contributes arevised version of his paper
on statistical methods of analyzing variation (Van Valen, L.
1978. The statistics of variation. Evolutionary Theory 4:33D
43). This chapter is relevant for investigators interested in
comparing variation at all levelsof inquiry, serving asauseful
guide for addressing variation. Following is a chapter on the

analysis of morphological variation using landmark morpho-
metrics. The Pnal methodological chapter examines variation
from the level of among populations to within individuals,
including variation exhibited throughout ontogeny. Thistreat-
ment isless about the mechanics of analyzing variation across
these hierarchical levels and more about the appreciation that
different levels of variation exist, and that the mechanisms
underlying this variation can be different.

Chapters 6B12 largely focus on constraints on variation and
the role of development. These chapters are particularly in-
teresting and important because they address variation from
the level of molecular genetics to the realized phenotype,
showing that each step, or hierarchical level, has unique con-
straints and Rexibility. Developmental pathways can be vi-
sualized as complex networks or modules. Variation arising
in one step can be buffered by following steps leading to
canalization of a phenotype. As pointed out by Dworkin
(Chapter 8), these internal buffering systems can preserve
substantial  @ryptic@® genetic variation in developmental
pathways.

A recurring theme in many of these chapters is that phe-
notypic variation is a product of development. In and of itself,
this observation doesn® sound too novel. However, it does
challenge the neo-Darwinian @yenes brst@paradigm of phe-
notypic evolution. That variation can arise brst, and later be
captured genetically, was central to Waddington® ideas of
genetic assimilation. This book provides a lucid description
of genetic and developmental components of variation, pro-
viding the requisite material for genetic assimilation. Also
included is how genetic variation in developmental pathways
can arise, from the perspective of internal buffering within
and between developmental modules, where variation in one
module can be compensated for in another module, to the
effect of stress affecting molecular variation. Finally, these
chapters impose upon the reader an appreciation that cana-
lization and variability of phenotypes, and ultimately evolv-
ability, is the product of complex covariation among traits,
be they caused by genetic, epigenetic, or environmental fac-
tors.

Although ecologists may not normally take a developmen-
tal view of phenotypic variation, they certainly appreciatethe
importance of phenotypic variation in populations. Chapters
13B15 address the role of the environment in generating phe-
notypic variation. Badyaev (Chapter 13) provides a logical
bridge between the previous developmental chapters and the
evolutionary consequences of environmentally imposed
stress. Written in a language more familiar to ecologists, he
revisits the issues of developmental buffering, constraints,
and arole for genetic assimilation, and discusses non-genetic
inheritance of environmentally induced plasticity. Sultan and
Stearns (Chapter 14) focus on phenotypic plasticity, including
a succinct description of reaction norms and genetic and de-
velopmental facets of plasticity and a discussion of the con-
sequences of plasticity from the individual to the community.
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Although the motivation of the chapter is perhaps overly am-
bitious, at times to its detriment, it successfully makes the
case that phenotypic plasticity will retain a central place in
future studies of ecology and evolution. Roff (Chapter 15)
discusses the evolution of life history variation, including the
role of environmental variation in maintaining and generating
phenotypic variation. Although each of these chapters dis-
cusses phenotypic plasticity to a varying extent, a chapter
specibcally addressing the evolution of plasticity would have
been a welcome addition.

Chapters 16B19 approach phenotypic variation from amac-
roevolutionary perspective. Included is a fascinating review
by Palmer (Chapter 16) on antisymmetry, a condition where
right-sided and left-sided forms are equally represented in a
population (for example, the single enlarged claw of male
bddler crabs). Interestingly, the direction of symmetry is usu-
ally not inherited. Only when abias in direction of symmetry
is present is evidence of inheritance detected, suggesting that
antisymmetry is an important intermediate step in the evo-
lution of asymmetrical phenotypes.

Russell and Bauer (Chapter 17) address how variation in
structure is correlated with function. They effectively address
this issue from the level of individual performance to clinal
and geographic variation. McShea (Chapter 18) discusses the
tendency toward increased complexity through the history of
lineages, arguing that complexity arises from theinternal var-
iance associated with the parts of an organism, and that com-
plexity can be considered separately from function. Roth
(Chapter 19) addresses how adaptive variants persist at mac-
roevolutionary scales, offering three components of evolva-
bility, (1) genetic variation, (2) phenotypic variation, and (3)
natural selection. First is a discussion of mammalian teeth,
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focusing on the highly derived dentition of elephants, second
is the macroevolutionary patterns of locomotion and body
sizeinthe Sciuridae. For traitsto persist at macroevol utionary
scales, they must be versatile and ableto produce ecologically
and functionally relevant variation.

The bnal three chapters serve as a conclusion and a look
to the future for the study of variation. There is a call for a
population-level perspective on developmental variation as a
means to avoid a typological view. There is also a call to
broaden the taxonomic sampl e of organismsunder study, cau-
tioning that generalization based on the few model systems
under intensive study today is risky.

Ultimately, evolution acts on phenotypes. Thelink between
the genotype and phenotype of an organism can be incredibly
complex. The more we learn about the causes of phenotypic
variation, the more we realize that the genotype alone cannot
predict the phenotype, yet it isthe genotype that istransmitted
between generations. An understanding of the mechanisms
that cause phenotypic variation is an imperative if we hope
to understand phenotypic evolution. How does this variation
arise? How do new variants evolve? What constrains varia-
tion? The answers are incomplete. However, the chapters of
this book provide a glimpse at our current understanding of
phenotypic variation.
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Species introductions and invasions are increasingly ubig-
uitousN and the studies focused on them are almost as nu-
merous, as this volume attests. The book is the product of a
working group organized through the National Center for
Ecological Analysis and Synthesis, focused on the concept
that species invasions represent not just management chal-
lenges but scientibc opportunities. The editors use the intro-
duction to outline the general premise: invasions allow us to
observe ecological and evolutionary processes in real time.

Further, invasions provide arich source of empirical evidence,
with replication in space (species introduced in multiple lo-
cations) and across taxa (multiple species introduced in a
single place). The volume attempts to review the varied in-
sights that these invasion records can give into fundamental
issues of ecology, evolution, and biogeography of the natural
world.

There is no explicit statement about the audience or pro-
posed use of this book as atext. It is difbcult to see how one
might best use the volume in teaching; there is not sufbcient
background presented for it to serve as a self-contained in-
troduction to ecology or evolution, but it is unusually broad
in range of topicsfor agraduate or advanced course. However,
the volume is sure to stimulate thought and productive re-
search across a wide range of belds. Seventeen chapters are
organized into three sections, each with an introductory pref-
ace: insights into ecology, evolution, and biogeography. Ref-
erences cited follow each chapter, rather than being grouped
at the end of the volume. The production quality of the soft-



