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CLASSIC READINGS IN TROPICAL ECOLOGY

Chazdon, Robin L., and Timothy C. Whitmore, editors. 2002.
Foundations of tropical forest biology: classic papers with
commentaries. The University of Chicago Press, Chicago,
Illinois. xvii 1 862 p. $85.00, £66.50 (cloth), ISBN: 0-226-
10224-6 (alk. paper); $35.00, £24.50 (paper), ISBN: 0-226-
10225-4 (alk. paper).

This volume of 56 classic papers in tropical biology is
closely modeled after a previous volume by the same pub-
lisher (Real, Leslie A., and James H. Brown, editors. 1991.
Foundations of ecology: classic papers with commentaries.
The University of Chicago Press, Chicago, Illinois). Like the
previous volume, it represents an attempt to provide an as-
semblage of classical writing representative of the breadth of
the discipline within a historical context. The book is divided
into twelve parts, each of which includes from three to seven
papers plus a substantive commentary (by various authors)
that provides an overview of the papers and why each was
selected.

Tropical biology is recognized by ecologists as a discipline
unto itself though it is difficult to know if this is due entirely
to the remarkably high biodiversity of the tropics or to more
profound ecological processes in some way unique to tropical
communities. Clearly there is much current interest in tropical
biology, not only in the Neotropics but globally. As such it
is appropriate to make available to students a representative
sample of the most essential historical literature. Faced with
such a challenge, the editors of this volume, assisted by an
editorial board of twelve other persons, made admirable se-
lections.

It may come as somewhat of a shock to ecologists over the
age of forty to learn that work published is the 1980s is now
considered ‘‘classical,’’ but, in fact, six papers are included
from that decade. Mercifully, the editors did not include any
papers from the 1990s, which we may suppose they still con-
sider contemporary. A total of twenty papers are from the
1970s, fourteen from the 1960s, six from the 1950s, one from
the 1940s, two from the 1930s, and seven from the nineteenth
century. The distribution of selections by decade makes ob-
vious the fact that tropical biology did not begin to really
flourish until the past half-century, when ecology matured as
a discipline and travel opportunities became available to ecol-
ogists to perform research in tropical areas. The selections
from the nineteenth century are, not unexpectedly, represen-
tative of the great explorer-naturalists of that era, individuals
such as Henry Walter Bates, Alfred Russel Wallace, Alex-
ander von Humboldt, and Thomas Belt. Oddly, none of
Charles Darwin’s writings about the tropics are included.

Tropical biology encompasses many ecosystem types but
the editors of this volume make it clear that they have biased
the work to selections dealing almost entirely with forest
biology. Their justification for this restriction is reasonable.
The book itself is large, at 862 pages, and yet most tropical

biologists will immediately recall papers they value and con-
sider to be worthy of being called ‘‘classic,’’ that are not
included. Any attempt to broaden the coverage beyond forest-
based studies, would only make the book superficial.

Another concern in representing tropical biology is re-
gional. Is there balance in selection of writings between the
Old and New World tropics? The editors are apparently sen-
sitive to this issue and have provided many examples of stud-
ies based in Asia and Africa as well as in the Neotropics, the
region in which most North American tropical ecologists do
their work.

The twelve sections into which the book is divided rep-
resent essentially four emphases: historical exploration, bio-
diversity patterns and causal factors, species interactions, and
anthropogenic effects, including conservation and sustain-
ability. Some of the placements of various papers seem some-
what arbitrary. For example, few would doubt that Jürgen
Haffer’s paper on speciation in Amazonian forest birds would
merit inclusion in this volume. It is not included among the
seven papers in Part Three, ‘‘Ecological and evolutionary
perspectives on the origins of tropical diversity,’’ but instead
appears in Part Two, ‘‘What shaped tropical biotas as we see
them today?’’ There seems to be a rather narrow distinction
between these two sections. Even more odd, Jared Diamond’s
paper on the distributional ecology of New Guinea birds is
placed in a section whose focus is ‘‘Human impact and species
extinction.’’ I don’t see how this otherwise-remarkable paper
has much, if anything, to do with that subject area.

Ultimately anyone using this book who is well versed in
the literature of tropical biology will ask, ‘‘are these the se-
lections I would have made?’’ Discussions among the editors
must have been lively. The papers, some of which are some-
what abridged, do, in my view, form a suitable and comple-
mentary representation of most of the foundations for tropical
terrestrial biology. There are some major topic omissions such
as island biogeography, for example, and the book goes very
lightly on papers dealing with animal behavior as such. Of
perhaps greater concern is the sparse inclusion of papers deal-
ing with ecosystem-level processes, such as primary produc-
tivity, biogeochemical cycling, and soil characteristics. There
are only three papers included that deal with this immense
area of tropical research. But most students of tropical biology
will probably have a strong interest in the areas of research
represented by the selections included, particularly factors
determining diversity and complex interactions among spe-
cies. These areas of study are the essence of what makes
tropical areas ecologically unique.

Each paper is reproduced exactly as it was first published,
so that the typefaces, font sizes, etc. are highly variable from
one selection to the next. I think it unlikely, however, that
most users of the book will simply read it straight through.
Thus, the jarring differences among appearances of the in-
clusions should not be a problem for the reader.



806 BOOK REVIEWS Ecology, Vol. 84, No. 3

Given that the essence of this book is really the work
done in the decades from 1950 to 1990, it would be most
interesting to contemplate what a second volume would look
like if published, say, in 2050. Hopefully there will be such
a volume.

JOHN KRICHER

Wheaton College
Biology Department
Norton, Massachusetts 02766
E-mail: jkricher@wheatonma.edu
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THE EVOLUTION OF CHICAGO’S NATURAL HISTORY

Greenberg, Joel R. 2002. A natural history of the Chicago
Region. The University of Chicago Press, Chicago, Illinois.
xviii 1 595 p. $40.00, £25.50, ISBN: 0-226-30648-8 (alk.
paper).

Only a thousand human generations ago, Chicago was cov-
ered with ice. Since that time the region has been covered by
water, by boreal forests, by deciduous forests, and by dry
prairie vegetation as the post-glacial climate changed. Now
much of the region is covered with human landscapes. The
spatial and temporal pattern of changes in geology and cli-
mate are accessible in some detail because they are not very
far in the past. The biodiversity of the Chicago region is rich,
for the region overlaps the prairie and deciduous forest bi-
omes and has elements from the boreal forest as well. There
is more to tell, for this rich natural history as been dramat-
ically altered by human economic activities. The watershed
now flows to the Gulf of Mexico rather than the St. Lawrence
River. The shore of Lake Michigan has been filled and re-
constructed as park protected by rip-rap. The swell and swales
of ancient beaches have been flattened for homes. Rain hits
impervious surfaces that cover about a third of the area in
residential areas and flows quickly through sewers into canals.
The biggest changes have been brought about by exotic plants
and animals deliberately or accidentally introduced. Nature
persists in places nonetheless. Many species survive only on
small bits of unabused land in county, state, and federal pre-
serves, but other native species have learned to live in either
residential or commercial environments. Joel Greenberg’s
book tells the story of the natural history of the communities
and species that did and still do inhabit this biologically in-
teresting and now very heavily populated region.

The first chapter briefly describes the forces, ice, weather,
fire, and human activity, that have shaped the land and the
species that occupy it. Following naturalists’ convention that
considers human activity destructive, Greenberg says humans
‘‘impose upon the landscape a uniformity that is now virtually
complete.’’ Having struggled to find a way to categorize an-
imal usage in human-dominated landscapes, I find human
landscapes, the cemetery, the new housing development, the
sprawling mall, the transportation corridor, to have less sim-
ilarity in species composition than natural communities.

The next nine chapters describe the communities of the
Chicago region. These communities include prairie, shrub-
land, savannas, forests, wetlands, rivers, and small lakes that

will be familiar to all ecologists, plus some distinctive local
communities such as Lake Michigan, the grand marshes of
the Kankakee and Calumet Rivers, and the beaches and dunes
of Lake Michigan. Each chapter begins with quotes describing
the preagricultural conditions. Greenberg has conducted pro-
digious scholarship in assembling early descriptions. Quo-
tations come from diverse and sometimes unexpected sources,
including early newspapers. Even historically astute students
of the region will see novel reports. While old letters make
better and more entertaining reading than information in the
Public Land Survey and business records of purveyors of
game and pelts, narrative descriptions are sensitive to the
weather and to the perspectives and purposes of the recorder.
Extreme events are recorded because they are rare. Everyday
events rarely attract writers or readers.

Since neither ancient nor contemporary storytellers are
likely to tell consistent stories about natural areas, some frus-
tration is inevitable. Beyond diverse reactions among people
to nature is the change in nature itself from season to season
and from year to year. Even quantitative data will fail to tell
us what prairies were really like in different places in the
same year or in different years in the same place unless data
include each difference as a variable.

As an example, consider converting narratives to a quan-
titative picture of vegetation height on the tallgrass prairies.
The quote ‘‘No one can conceive the emotion that rises up
in the bosom of the traveller as he stands on the broad prairie,
and sees the horizon settling down upon one wide sea of
waving grass . . . ’’ suggests that the typical vegetation height
on the tallgrass prairie was below chest high. Otherwise how
could a broad horizon be visible? Another description sug-
gests much taller vegetation, but the only quote with a number
suggests tallgrass prairies were rather short, ‘‘Oh! the beau-
tiful grounds, not a tree and full of grass about 15 inches
high. . . . ’’ The reader has a picture, but it resembles a collage
rather than a single image.

What were forests like? Unlike the prairie, large blocks of
woodlands were preserved, but only after many were logged
and most were grazed. Nearly eradicated at the beginning of
the 20th century, white-tailed deer at the beginning of the
21st were reaching densities 5–10 times higher than those
considered healthy. In the forest section Greenberg focuses
on current controversies of forest management rather than
early anecdotes. The book informs the reader without rec-
ommending a particular conviction about the way to improve
forest health.
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Greenberg describes the special communities of the Chi-
cago region with skill. Each new generation of Chicagoans
needs to hear about the vulnerability of Lake Michigan. How
new species, from the lamprey to the zebra mussel, invade
Lake Michigan via canals and ships is a warning that must
be sounded over and over. New invasions of the lake are still
occurring. The huge marshes of the Calumet and Kankakee
rivers once held innumerable birds and remained a wilderness
far longer than their nearby location would suggest. The
drainage of the Kankakee marsh was completed in 1917. Sur-
prisingly, Greenberg found no records that the people who
hunted and fished in these marshes stood up for them as they
were being drained. Today there is an attempt to rebuild a
small part of the marsh, but although the U.S. Fish and Wild-
life service has authority to establish a refuge in the Kankakee
basin, local opposition has foiled progress.

After completing the description of the communities,
Greenberg marches through taxonomic groups, insects, rep-
tiles and amphibians, birds, and mammals. In the insects we
learn that ‘‘several insects have suffered major population
crashes for reasons not understood.’’ Other insects have been
rediscovered after many years of neglect, many through the
efforts of Dr. Ron Panzer. In the faunal chapters we learn that
populations of reptiles and amphibians have been especially
hard hit by changes in the region. None of those species has
rebounded the way some birds and mammals have. Canada
geese, sandhill cranes, white-tailed deer and coyotes were
pushed to the edge of extinction, but have rebounded recently.
Greenberg tells all these stories beautifully. As might be ex-
pected from an observer focused on birds, the information
on mammals is not always accurate. Peromyscus maniculatus
is described as among three species ‘‘that have expanded their
ranges and numbers over the years’’ when the reality is that
the prairie deer mouse (Peromyscus maniculatus bairdii) has
declined from being 85% of the Peromyscus to less than 1%
(Pergams, O. R. W., and D. Nyberg. 2001. Museum collec-
tions of mammals corroborate the exceptional decline of prai-
rie habitat in the Chicago region. Journal of Mammalogy 82:
984–992).

The book includes 94 figures, some of which are maps but
most of which are old, interesting photographs. Appendices,
notes, bibliography and index occupy 123 pages. With so
many species and people in the text, it is not surprising that
not all possible entries are in the index. The notes include
the results of many interviews and personal communications
that add flavor to the book.

The final 12 pages present a view of the future. A trend
that I noted is that the ‘‘Chicago Region’’ continues to ex-
pand. Early books included most of Cook County and parts
of Lake Counties of both Illinois and Indiana. Greenberg and
the popular flora by F. Swink and G. Wilhelm (1994. Plants
of the Chicago Region. Fourth edition. Indiana Academy of
Sciences, Indianapolis, Indiana) include counties in Wiscon-
sin and Michigan, as well as Illinois and Indiana. Other trends
include people trying to create residential areas hospitable to
native plants and animals. There certainly are more glossy
photos of local nature now than ever before. Whether that
means that ‘‘natural history and conservation have moved
into the realm of the mainstream’’ as Greenberg suggests in
his preface or rather that people are so isolated from nature
that their experiences of nature depend on photographic or
some other technological interface is an open question. Many
species have prospered recently because game is no longer a
substantial part of urban diets. Native species will persist in
the Chicago region and even in the city itself, but native
communities probably will not unless people are willing to
devote resources to that goal.

The natural history of the region is rapidly evolving, but
A natural history of the Chicago Region is the fittest source
of information on the flora and fauna and is likely to remain
so for many years.

DENNIS NYBERG

University of Illinois at Chicago
Department of Biological Sciences m/c 066
845 W. Taylor St.
Chicago, Illinois 60607
E-mail: cnsp@uic.edu
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PLANT–ANIMAL INTERACTIONS FOR THE CLASSROOM

Herrera, Carlos M., and Olle Pellmyr, editors. 2002. Plant–
animal interactions: an evolutionary approach. Blackwell
Science, Malden, Massachusetts. xii 1 313 p. $69.95, ISBN:
0-632-05267-8.

Since the majority of animals rely on energy fixed by green
plants, it’s no wonder that the study of plant–animal inter-
actions is a mainstay in ecology. Given the popularity of
plant–animal interactions research, it is perhaps surprising
that few textbooks have emerged on the topic. We welcomed
the volume edited by Herrera and Pellmyr because the last

two texts on the topic were produced over 15 years ago. This
attractively packaged paperback is targeted at entry-level
graduate students and upper-level undergraduates. Indeed, a
successful text in plant–animal interactions would introduce
readers to the rich natural history of interactions, modern
conceptual issues, and enough methodological detail to seed
ideas on how to tackle the important questions. The ideal
textbook on plant–animal interactions would also include a
wealth of information across levels of biological organization,
from a healthy dose of mechanistic (i.e., chemical and mo-
lecular) to holistic (i.e., community and ecosystem) studies,
spanning the range from ecology and behavior to micro- and
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macroevolutionary theory. This admittedly tall order would
be quite difficult to synthesize, organize, and present in a
single book.

To tackle plant–animal interactions in a somewhat more
manageable approach, Herrera and Pellmyr chose an evolu-
tionary approach, while focusing on terrestrial and macro-
scopic organisms. This text covers the major areas of plant–
animals interactions thoroughly, nicely balancing both eco-
logical and evolutionary approaches, and plant vs. animal
perspectives. An emphasis on multi-species plant–animal in-
teractions was also pervasive throughout much of the book.
We found this perspective to be a refreshingly modern ap-
proach since these interactions have historically been viewed
as a pairwise process between two species. Ample space is
devoted to understanding the net outcome of simultaneous
natural selection by mutualists and antagonists. The balanced
approach is reflected in the book’s structure; two chapters
each are devoted to sections titled ‘‘mostly antagonisms’’ and
‘‘mostly mutualisms.’’ These titles appropriately recognize
the context dependence of most species interactions.

In general, the chapters of Herrera and Pellmyr’s edited
volume provide consistently thorough coverage of the major
topics and conceptual issues in plant–animal interactions and
we appreciated the integration of evolutionary and ecological
approaches. We found chapters 3–9 to be particularly syn-
thetic and broad in their scope. Our favorite chapters were
those by Strauss and Zangerl (plant–insect herbivore inter-
actions), Pellmyr (pollination), and Thompson (the future)
because they seemed balanced in their treatment, covering
ecology to macroevolution, and targeted the right audience.
Equally interesting, although less evolutionary in their ap-
proach, were the chapters by Danell and Bergström (mam-
malian herbivory), Herrera (seed dispersal), and Beattie and
Hughes (ant–plant interactions). If the lack of strong evolu-
tionary approaches truly represents a gap in those subdisci-
plines, it would have been nice to highlight those missing
links and provide a road map for how to proceed in unraveling
the evolution of those interactions. Perhaps the only major
terrestrial interaction that we would have liked to see covered
in a separate chapter would have been plant–parasitoid in-
teractions. A large literature now indicates that plants release
cues that directly attract parasitoids and there are numerous
studies on how parasitoids use this information to find hosts,
and on the ultimate trophic consequences of the interaction.
The chapter by Beattie and Hughes covering ant–plant in-
teractions highlights some of the same conceptual issues, but
is also distinct.

Although the book has the usual advantages and disad-
vantages of an edited volume, the big advantage is that chap-
ters are written by experts in each field. Having said that, we
found the first two chapters of Plant–animal interactions dif-
ficult to digest. Price’s introductory chapter presents an at-
tempt at broad synthesis. Although his approach leads to a
plethora of useful information, it is often dwarfed by too many

details, too much terminology, and overly complex figures.
Labandeira’s chapter on the history of plant–animal associ-
ations is a stimulating addition to the traditional topics cov-
ered in plant–animal interactions. Still, at nearly twice the
length of all other chapters, the fossil perspective is overly
descriptive and borders on encyclopedic.

Our other criticisms are few and relate primarily to the
treatment of coevolution, which is perhaps the most recurring
theme in this text. Although several chapters use coevolution
as a driving conceptual framework, it is defined and redefined
in different chapters without parallel structure (i.e., micro-
vs. macroevolutionary definitions). Given coevolution as a
theme and the explicit recognition of context dependence in
community-wide interactions as the norm, it perhaps sur-
prising that very little attention was given to the diffuse co-
evolution concept—that is, community members may alter
the patterns of reciprocal selection in a binary species inter-
action. Although Labandeira briefly introduces diffuse co-
evolution, he does so strictly in a phylogenetic perspective
and dismisses it as too difficult a process to evaluate because
of the multitude of mechanisms that can result in diffuse
coevolution. John Thompson has recently advocated the aban-
donment of the diffuse coevolution concept, and perhaps the
authors of this book have followed his logic. However, several
authors present examples of community members altering the
patterns of reciprocal selection, and we feel that development
of the diffuse coevolution concept would have strengthened
the conceptual backbone of the book.

Overall there is much to recommend this book and we both
plan to use it as background material for future upper-level
undergraduate classes in plant–animal interactions. Despite
some quirks in a few chapters, we hope to see wide usage of
the book as the primary source for a class due to its thorough
coverage, balanced approach emphasizing multispecies in-
teractions, and well-conceived future directions. This book
is likely to guide the development of research projects by
students who will be the next generation to study plant–
animal interactions.

ANURAG A. AGRAWAL

University of Toronto
Department of Botany
25 Willcocks Street
Toronto, Ontario M5S 3B2
Canada
E-mail: agrawal@botany.utoronto.ca

LYNN S. ADLER

Virginia Tech
Department of Biology
2119 Derring Hall
Blacksburg, Virginia 24061
E-mail: lsadler@vt.edu
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FERAL CABBAGES, MUTANT MONARCHS, AND MONSTER SEWER SLUDGE:
THE UNCERTAIN ECOLOGIES OF GENETICALLY MODIFIED ORGANISMS

Letourneau, Deborah K., and Beth Elpern Burrows, editors.
2002. Genetically engineered organisms: assessing envi-
ronmental and human health effects. CRC Press, New
York. 438 p. $74.95, ISBN: 0-8493-0439-3 (alk. paper).

Herbert Baker gave a talk on the behaviors of cabbages
escaped from cultivation at an evolution meeting at Berkeley
in the early 90s. Baker’s talk was both fascinating, because
the plant forms in his photographs were virtually unrecog-
nizable, and bewildering, in that a biologist of his stature
should bother with the unimposing stray cabbage. It seems
now that Baker’s genius was at work at several levels: first,
in recognizing 1) that crop plants outside of cultivation re-
spond to natural selection and then, 2) that their responses
upon escape, whether innocuous or aggressive, are largely
unpredictable. Feral cabbages may pose no hazard per se, but
provide irrefutable evidence that genetically modified organ-
isms may adapt and persist outside of cultivated fields.

The implications of this work comes into clear focus fol-
lowing my reading of Letourneau and Burrows’ edited vol-
ume, Genetically engineered organisms: assessing environ-
mental and human health effects. The goal of the project was
to discuss the ecological and environmental risks of releasing
genetically modified organisms: plants, animals, microbes,
and viruses, in large-scale applications. The editors brought
together scientists from the U.S. and Western Europe follow-
ing an ESA symposium of a similar name (Spokane, Wash-
ington, 1999). The resulting collection of research and review
articles provides a timely summary of existing work, and
makes clear the difficulties of assessing the ecological risks
of organisms whose biologies are unknown.

Three related concerns appear repeatedly throughout the
work: estimating the components of risk, predicting unin-
tended effects, and adopting the precautionary principle. Most
authors define risk as the product of the probability that a
hazardous event will occur, times the consequences arising
if it does take place, summed across all potential hazards.
These hazards have been termed unintended effects. Unin-
tended effects are likely to be overlooked in standard risk
assessment trials because a small number of genotypes are
evaluated in a limited number of environments, often for a
single generation. Genotypic variability, plasticity, and the
evolution of the phenotype, as well as introgression and re-
combination, will generate far more phenotypes than can be
evaluated in limited field trials, however. Further, the release
of an organism into a complex system will assuredly create
a complex cascade of unintended effects. Traavik (Chapter
12) summarizes assessment of genetically engineered vac-
cines: ‘‘At the moment, it is not possible either to assess or
to manage the potential environmental risks involved. Most
likely, we have not yet even conceived of all the theoretical
risks.’’

The likelihood of unintended effects lead most Authors in
this volume to advocate the ‘‘Precautionary Principle.’’ Le-

tourneau et al. (Chapter 3) characterize this code as follows:
‘‘if data to make a decision are lacking, the conservative
pathway is taken rather than an assumption of low environ-
mental risk.’’ The precautionary principle, then, is to assume
the worst until proven otherwise. In practice, industry and
regulatory agencies appear to have adopted a principle of
minimal risk, that approval of a potentially beneficial genet-
ically engineered organism should not be delayed by hypo-
thetical hazards.

Assuming the worst seems warranted given the issues
raised in these chapters. The most alarming events are those
for which hazards are suggested in lab trials, but whose be-
haviors in the field are virtually unknown. These include: 1)
the stability and persistence of naked DNA in nature, 2) the
probability of creating through recombination new pathogens
with novel pathogenicities and host preferences, 3) the cre-
ation of more efficient disease vectors, 4) the horizontal trans-
fer of genetic information, irrespective of taxonomic bound-
aries, 5) the recognition that transgenes have a limited lifes-
pan and that their utility will degenerate through mutation or
recombination, and, 6) the abandonment of traditional meth-
ods of pest, weed, and disease control with the prospect of
biotechnological solutions.

Overall, each author attempts to bring a balanced, rational
perspective to the questions at hand. The issue is not whether
genetically engineered organisms are inherently good or bad,
but how best to adequately assess the ecological and envi-
ronmental risks of release. The resulting chapters constitute
an engaging, sometimes shocking read of actual or potential
risks of transgenes in natural systems. While this space pre-
cludes a chapter-by-chapter summary, I must identify a few
of the book’s highlights. Klinger (Chapter 1) demonstrates
the shortcomings of existing models of crop-weed hybrid-
ization that result in grossly underestimating the probability
of gene flow. Bergelson and Purrington (Chapter 2) sum-
marize their work on the costs of transformation and resis-
tance in genetically modified Arabidopsis. Their elegant ex-
perimental design is, ironically, a tribute to traditional plant
breeding programs. Power’s discussion of transgenic virus-
resistant crops (Chapter 5) is, frankly, alarming. She identifies
three imminent risks of releasing crops genetically trans-
formed by viruses for resistance to viruses, yet makes clear
there are little data with which to evaluate these risks. Stotzky
(Chapter 8) cautions against the use of plants as factories in
production of bioactive chemicals because, as the factories
degrade, their genetic material may remain intact when bound
to clays and humic substances. Tappeser et al. (Chapter 9)
discuss the risks of genetically modified microorganisms and
recombinant DNA in what is perhaps the most startling chap-
ter of the book. Here they identify clear shortcomings in
current risk assessment strategies relevant to microbes. Braig
and Yan (Chapter 10) outline an ‘‘emerging’’ approach to the
control of insect vectors of disease: to link transgenes to
biological behaviors that intentionally accelerate its spread
in host populations with the goal of driving the host species
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to extinction. Spielman et al. (Chapter 11) quickly point out
the limitations of the approach. Lastly, Traavik (Chapter 12)
explains the potential environmental risks of genetically en-
gineered vaccines.

Letoureau and Burrows’ volume would be an exceptional
selection for a graduate seminar or faculty discussion group,
or perhaps even an undergraduate colloquium. Each chapter
is rife for debate in that the data are few and the implications
are huge. The volume is well organized, and nicely produced.
It is somewhat surprising, however, that the authors provide
neither introduction nor summary. Although this format al-
lows readers to come to their own conclusions, it has left me
wondering whether consensus or clear recommendations can
be made when each system seems to demand its own answer.
Further, the title is misleading. Much of the text is committed
to identifying potential ecological and environmental risks of
releasing genetically engineered life forms with little practical

consideration of how to assess them, and with virtually no
discussion of the effects on human health.

Selectively bred plants and animals have served as models
for evolution, genetics, and physiology since the beginnings
of our science. Ecologists have until recently shunned agri-
cultural systems, preferring instead to study intact, unper-
turbed, pristine environments. This volume makes clear that
impacted systems will dominate the landscape in our lifetimes
and that well-trained ecologists and evolutionary biologists
must come to address the complex biological issues that will
undoubtedly arise following the release of genetically engi-
neered organisms.

C. L. SAGERS

University of Arkansas
Biological Sciences
Fayetteville, Arkansas 72701
E-mail: csagers@uark.edu
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DESIGN AND ANALYSIS: UNCERTAIN INTENT, UNCERTAIN RESULT

Quinn, Gerry P., and Michael J. Keough. 2002. Experimental
design and data analysis for biologists. Cambridge University
Press, New York. xvii 1 537 p. $110.00 (cloth), ISBN: 0-521-
81128-7; $45.00 (paper), ISBN: 0-521-00976-6.

The percentage of statistical analyses in the ecological lit-
erature that are incorrect is high. Thesis advisors, journal
editors, textbook writers, and statistics professors have not
done their job well. So new books on design and analysis are
always approached with great hope.

This hefty volume by two of Australia’s more quantitatively
sophisticated ecologists is written for biologists and environ-
mental scientists. Readers are presumed to have had one or
two semesters of introductory statistics. It begins with a de-
tailed, ten-page table of contents and ends with an extensive
and useful bibliography. There are very good sections on
some topics. By its end, however, it is apparent that this
volume is not one that will reverse the tide of statistical mal-
practice.

The intent of the book is not completely clear, and its title
is misleading. This is not a book one would select for a course
in experimental design sensu stricto, i.e., the design of ma-
nipulative experiments. The authors state that the book’s ‘‘ap-
proach is to encourage readers to understand the models un-
derlying the most common experimental designs.’’

But they also state, ‘‘Our emphasis here is on dealing with
biological data—how to design sampling [our emphasis] pro-
grams that represent the best use of our resources . . . ’’ The
book is, in fact, as much about observational studies as ex-
perimental ones. Seven chapters (6, 13–18), constituting 35
percent of the text, deal exclusively or almost exclusively
with statistical analysis of observational studies; reference to

observational studies is frequent in other chapters; and 70
percent of the text boxes with worked examples concern ob-
servational studies. On the other hand, sampling design is
formally covered only in three pages of text, while about 91
pages are devoted to experimental design. The blurring of the
distinction between observational and experimental studies
creates confusion and fosters error.

The subject matter is apportioned roughly as follows: sci-
entific method (8 pages), graphical exploration of data (14
pages), statistical analysis (379 pages), study design (94 pag-
es), and presentation of results (16 pages).

The section on the scientific method is useful for its sum-
mary of the different positions of a number of philosophers
and scientists on the topic, its citation of several key recent
works not yet well known, and its recognition that both in-
ductive and deductive approaches are required for the advance
of science.

A tremendous range of topics is covered. Critical review
of many of the more fundamental ones reveals problems.

For their chapters on design, the authors have adopted a
confusing and superfluous terminology from the social and
behavioral sciences. The term subject is at the core of this
terminology. But subject has never been a statistical concept.
On one page it is used to mean block, on another to mean
experimental unit, on another to mean evaluation unit, and
so on. They refer to crossover designs as ‘‘subject 3 treatment
designs’’ and to designs where experimental units are mon-
itored on two or more occasions as ‘‘subject 3 trial designs.’’
Later there is a section titled ‘‘Crossover designs,’’ but it
does not mention that these are the same ones earlier termed
‘‘subject 3 treatment designs.’’ They describe a simple ran-
domized complete block design study of differences in frog
abundance on burned versus unburned plots that was moni-
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tored in each of three years, and then later refer to year as
the treatment factor in this study and burn condition as a
‘‘within subjects’’ factor.

Other confusions relating to design are present. The sam-
pling units in observational studies they sometimes call ‘‘ex-
perimental units,’’ a term appropriate only to manipulative
experiments. They claim that ‘‘[t]he most common situation
in biological experiments [with randomized complete blocks
designs] is where. . . the blocks used in the experiment are a
random sample from a larger population of blocks,’’ whereas
in fact this is a very uncommon situation. They describe one
study as having a split-plot design whereas it actually has a
randomized complete block design with two levels of block-
ing and a single treatment factor. They strongly recommend
against unequal replication and fractional factorial designs
on grounds of difficulties they may pose to analysis; yet strong
arguments for both often can be made on the grounds of
objectives, ethics, cost considerations, and logistics—and we
should not let the tail wag the dog. Easy statistical analysis
is a secondary objective.

Pseudoreplication is defined as a design problem charac-
terized by the taking of multiple samples from experimental
units where there is only one experimental unit per treatment.
In fact, pseudoreplication is not a design error but rather an
error of statistical analysis and interpretation. And it does not
refer to absence of treatment replication. Sacrificial pseu-
doreplication is one of the commonest types (Hurlbert, S. H.,
and M. D. White. 1993. Experiments with freshwater inver-
tebrate zooplanktivores: quality of statistical analyses. Bul-
letin of Marine Science 53: 128–153; Lombardi, C. M., and
S. H. Hurlbert. 1996. Sunfish cognition and pseudoreplica-
tion. Animal Behaviour 52:419–422) and by definition is pos-
sible only where there are multiple experimental units per
treatment. In three places, analyses constituting pseudorep-
lication are inadvertently presented as examples of the correct
way to do things. In a section on ‘‘pooling’’ the authors argue,
in effect, that sacrificial pseudoreplication is an acceptable
procedure so long as the power to detect the real differences
among experimental units is low.

This volume perpetuates some widespread but unjustifiable
conventions of statistical analysis. Let’s start with funda-
mentals. The authors acknowledge that ‘‘[t]here is no reason
why all tests have to be done with a significance level fixed
at 0.05’’ but do not acknowledge that there is no need in most
research situations to specify any a value whatsoever. Eval-
uation of evidence is not a black-and-white matter. Clear in-
terpretation and good writing will dispense with the habit and
crutch of calling certain results ‘‘significant.’’

There is confusion as to the definition of P. The authors
incorrectly state that P ‘‘is the probability of a result occurring
by chance in the long run if H0 is true. . . .’’ Early on they
argue that a high P value constitutes evidence that the alter-
native hypothesis (HA) is ‘‘incorrect,’’ but later they correctly
recognize that it argues only for suspension of judgment as
to the correctness of HA versus H0.

Their assessment of the validity of one-tailed testing is
ambivalent. They confuse the issue of what might be pre-
dicted with that of what would be of interest. They cite ap-
provingly one of their own studies that justified one-tailed
testing with the claim that a result in the direction opposite

that predicted would have been ignored. Use of one-tailed
tests indicates statistical misunderstanding at several levels.
It reflects the black-and-white thinking of fixed significance
levels, confusion between the testing of research hypotheses
and the testing of statistical hypotheses, and failure to rec-
ognize that, applied to a given data set, a one-tailed test yield-
ing a P 5 0.04 and a two-tailed test yielding a P 5 0.08 are
two exactly equivalent summaries of the same information
and should lead to identical conclusions as to what the evi-
dence shows (Pillemer, D. B. 1991. One- versus two-tailed
hypothesis tests in contemporary educational research. Ed-
ucational Researcher 20:13–17; Lombardi, C., and S. Hurl-
bert. 1995. Misprescription and misuse of one-tailed tests.
Association for the Study of Animal Behaviour Newsletter
23:14).

The issue of multiple testing and Type I error is raised at
many points in the book and considered ‘‘a most difficult’’
one by the authors, though it should not be. They accurately
state that ‘‘[a] Type I error is when we mistakenly reject a
correct H0’’ and that ‘‘most common H0’s in biology, and
other sciences, are always false.’’ But then, instead of taking
the next logical step and concluding that Type I errors are
likely to be very rare and can simply be evaluated as an
unlikely possibility on a test-by-test basis, the authors revert
to the antediluvian ‘‘alpha paranoia’’ of many of our statistical
forefathers. They state, erroneously, that ‘‘[a]s the number of
tests increases, so does the probability of making at least one
Type I error among the collection of tests’’ and that ‘‘[t]he
probability of at least one Type I error among the family of
ten tests [being carried out in a hypothetical example], if each
test is conducted at a equals 0.05 and the comparisons are
independent of each other, is 0.40.’’ Without knowing how
many, if any, of the null hypotheses being tested are true, it
is not possible to calculate the probability of making one or
more Type I errors. For most investigations that probability
is likely to be zero.

The authors recognize that the many conventional proce-
dures available ‘‘to keep the [maximum] family-wise Type I
error rate [possible] at some [fixed] reasonable level’’ are
problematic. They require arbitrary decisions as to what con-
stitutes a ‘‘family’’ of tests and as to what the family-wise a
should be set at; and if conventionally low values of a are
used, power will be greatly reduced. With respect to ‘‘planned
comparisons’’ they thus conclude: ‘‘Our broad recommen-
dation is that the default position should be no adjustment
for multiple testing [our emphasis] if the tests represent clearly
defined and separate hypotheses.’’ To emphasize the import
of this helpful recommendation, they might have pointed out
how widely it is ignored by authors, reviewers, and editors.

For ‘‘unplanned comparisons’’ the authors feel that pro-
cedures entailing fixed family-wise Type I error rates may
often be appropriate. They present no clear rationale, how-
ever. It is time for us all to face the music: there is no legit-
imate employment for the games of Mssrs. Bonferroni, Dun-
can, Dunnett, Ryan, Scheffé, Student-Neuman-Keuls, and Tu-
key! The attention given to those games is distracting and
makes it less likely the reader will absorb the full significance
of the ‘‘broad recommendation’’ quoted above.

Related issues are raised in the authors’ discussions of
repeated measures designs. They recommend Greenhouse-
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Geisser-adjusted error degrees of freedom for testing for time
and time 3 treatment effects in such studies, but use unad-
justed error degrees of freedom in examples they present.
Nowhere do they acknowledge that separate date-by-date
analyses—without correction for ‘‘multiple testing’’—is a
perfectly valid, simpler, more informative, and less error-
prone approach to such data.

In discussing meta-analyses, the authors specify that these
must employ ‘‘a measure of effect size. . . that incorporates
the variance of the effect.’’ They cite favorably four books
and review articles that advocate this decades-old conven-
tional wisdom. Yet, the illogic and defects of such standard-
ized indices of effect size in most situations are clear (Hurl-
bert, S.H. 1994. Old shibboleths and new syntheses [review
of Design and Analysis of Ecological Experiments, edited by
S. M. Scheiner and J. Gurevitch]. Trends in Ecology and
Evolution 9:495–496; Petraitis, P. S. 1998. How can we com-
pare the importance of ecological processes if we never ask,
‘‘Compared to what?’’ Pages 183–201in W. Resetarits, Jr. and
J. Bernardo, editors. Experimental Ecology: Issues and Per-
spectives. Oxford University Press, New York). Repair of
damage that has been done to the intelligibility of meta-anal-
yses in most disciplines by blind use of standardized indices
would require a book longer than that under review.

A final topic with problems is that of data transformation.
The authors accurately state that ‘‘[t]he most common trans-
formation is the log transformation.’’ But later they claim that
‘‘[t]he most common type of transformation useful for bio-
logical data . . . is the power transformation. . . , which trans-
forms Y to Yp, where p is greater than zero. For data with
right skew, the square root transformation, where p 5 0.5, is
applicable, particularly for data that are counts (Poisson dis-
tributed) . . . .’’ In fact, the square root transformation will
usually be a bad choice, as count or other types of abundance
data will rarely even approximately conform to a Poisson

distribution; nature is patchy. Square root transformation will
often lead to problems like that evident in their Figure 9.7.
There the mean minus one standard error or standard devi-
ation takes one into negative values for limpet density. Log
transformation of data does not permit such illogical results.
When a data set contains zeros, use of log transformation
requires addition of some constant to all values in the set;
the authors mention four different options for selecting that
constant but give no advice as to which is correct.

Our focus on its problems notwithstanding, it is evident
that a great deal of scholarship has gone into this book and
that there is much good advice in it. Production of a definitive
and flawless volume covering such a wide subject matter
seems not yet to be feasible, however. The existing statistics
books and primary literature still contain too much misin-
formation on too many topics. Correction of this will require
a Herculean effort—many critical, narrowly focused reviews
by many scholars over some period of time—before broad
syntheses become a manageable task for one or two authors.
New construction evidently requires deeper digging and the
repair or replacement of old foundations.
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