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Fi g u r e 1.  Alfred Wegener, during the Greenland expedition of 1930–1931. Alfred Wegener Institute.
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Alfred Lothar Wegener was born in Berlin on November 1, 1880. Although he earned a PhD 
from the University of Berlin in astronomy in 1904, he was most interested in meteorology. 
By 1905, Wegener was working at the Royal Prussian Aeronautical Observatory, where he 
pioneered the use of kites and balloons to collect meteorological data. Wegener also used 
balloons to take himself aloft; he and his brother set a record in 1906 when they remained 
airborne for fifty-two hours. In 1906, Wegener was the meteorologist on a Danish expedi-
tion to the northeast coast of Greenland. (This was the first of four trips he would make to 
Greenland.) After returning to Germany in 1909, Wegener taught astronomy and meteorol-
ogy at the University of Marburg. In 1911, he published the results of his research as The 
Thermodynamics of the Atmosphere (McCoy 2006). 

During World War I, Wegener was drafted into the army and was injured in combat. While 
recuperating, he remembered an article that reported identical fossils being found on op-
posite sides of the Atlantic Ocean. This discovery, combined with the observation that the 
continents were shaped like jigsaw puzzle pieces that could be fit together into a single 
unit, prompted Wegener to wonder if the continents have moved across the face of the 
Earth. (This was not an entirely new proposal. Austrian geologist Eduard Suess, using pa-
leobotanical evidence, had suggested that the continents of the southern hemisphere were 
at one time joined to form Gondwanaland.)

At the 1912 meeting of the Geological Association in Frankfurt, Wegener tentatively out-
lined his theory of continental drift. His proposal was met by reactions ranging from polite 
skepticism to outright hostility. Undeterred, he scoured the literature and discovered much 
supporting evidence, including strata of rock shared between eastern North America and 
Scotland, fossils indicating the presence of different climates than what is currently found 
in that locale (for example, fossils of tropical plants in the Arctic), and coal bands that 
match when the continents are brought together. In The Origin of Continents and Oceans 
(1915), Wegener noted that the edges of the continents fit together precisely, and proposed 
that a supercontinent, Pangaea (Greek for “all earth”), existed approximately 300 million 
years ago.

By the end of World War I, The Origin of Continents and Oceans had been translated into 
several languages and was available to the larger scientific community. Wegener’s concept 
of continental drift did not receive a warm reception, partly because Wegener could not 
provide a convincing mechanism for continental movement. Wegener won some converts 
to his view, but during his relatively short life, he did not see widespread acceptance of his 
proposal. However, based on the strength of his other contributions, he secured a perma-
nent faculty position at the University of Graz (Austria) in 1924.

In 1930, Wegener participated in another expedition to Greenland to search for proof of 
continental drift. This trek suffered numerous setbacks, and by the time the research party 
left base camp, they were five weeks behind schedule. A colleague, anxious to establish 
an outpost to study the jet stream during the winter, left with a small group that was later 
resupplied by Wegener. The conditions Wegener’s party experienced on the way to the 
camp were so severe (for example, temperatures commonly below -50°C, with a constant 
oncoming wind) that only Wegener and two others persevered and reached the camp; the 
rest turned back. After five weeks, the three men, along with dogsleds and thousands of 
pounds of supplies, finally reached the remote post. Wegener set out on a return trip with 
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another researcher a couple of days later (just after celebrating his fiftieth birthday), but 
neither man survived the journey. Wegener’s body was discovered buried in his sleeping 
bag six months later. His remains were marked by a six-meter-tall iron cross and left where 
they were found. All have since disappeared. 

By the 1950s, growing evidence indicated that Wegener was correct about continental 
movement. Analyses of the sea floor documented the existence of mid-ocean ridges where 
volcanoes form crust that spreads outward from the ridge. These findings were integrated 
in the 1960s to form the now well-supported theory of plate tectonics, in which plates are 
moved by convection in the underlying asthenosphere within which the plates are em-
bedded or “float”. Wegener’s original proposal, although incorrect in its details, remains 
a remarkable example of how seemingly unrelated sets of observations make sense when 
interpreted relative to the great age and changing nature of the planet.

re Fe r e nc e s

McCoy R. 2006. Ending in Ice: The Revolutionary Idea and Tragic Expedition of Alfred Wegener. 
New York: Oxford University Press.
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The Evidence for Evolution
by Alan R Rogers 
Chicago: University of Chicago Press, 2011. 120 pages

reviewed by Warren D Allmon

For at least the past 25 years, many educators and others have been arguing that one of 
the problems with modern science teaching is that it simply has too much specific content, 
and that it should focus more on “how to think” and less on mind-numbing lists of details. 
Evolution education’s own take on this is that just providing additional information does 
not appear to significantly improve evolutionary knowledge or acceptance. True though 
this may be, it is also unarguable (although not very well documented) that the public’s 
generally low level of knowledge of basic biology and geology is a significant obstacle to 
increasing acceptance of evolution. As Alan Rogers writes in this fresh and splendid little 
book, “The more familiar one is with the facts of nature, the more convincing is the case 
for evolution” and the less one knows, the easier it is to be critical (p 100).

Rogers correctly notes that, because whether evolution happens is no longer an active sci-
entific question, there is “a bias in the way scientists teach courses and write textbooks. 
We tend to emphasize what we find interesting and to gloss over the rest. For this reason, 
students learn a lot about the mechanisms of evolution but only a little about the evidence 
that evolution really happens … Perhaps,” he says in passing, “this contributes to the fact 
that most Americans view evolution with skepticism and suspicion.” Rogers’s book there-
fore reverses this “traditional emphasis,” focusing “on the evidence that evolution happens, 
while saying as little as possible about how it happens” (p 3–4).

Rogers’s approach also differs from other recent summaries of the “evidence for evolu-
tion” (such as Prothero 2007, Coyne 2009) in asking and answering a set of questions: “Do 
species change? Do they split into new species? Does evolution make big changes? Can 
evolution account for adaptation?” And, notably, he focuses on “evidence that Darwin did 
not have” to make the important point that “The case for evolution is stronger today than 
it has ever been” (p 4).

Rogers answers each of these questions in a clear, accessible tone. He is very direct in his 
criticisms of creationist views, but he is also respectful. Almost half the book is devoted to 
addressing the first two questions, by stepping through them sequentially the way an hon-
est skeptic might (what are the experimental demonstrations of selection reducing the rate 
at which populations can exchange genes? can selection reduce this rate to zero? only in 
the lab or also in nature?). Here, and throughout the book, he focuses on a small number of 
elegant experimental and observational studies that provide conclusive answers, but then 
quickly points out that there is much more where those came from. 
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As convincing as such “real-time” studies are, however, the greatest volume of evidence for 
evolution has always been more indirect (that is, patterns in the characters of organisms), 
and it is here—in what Rogers calls “Traces of common descent in living organisms”—that 
non-scientific skepticism is probably greatest. By far the best feature of this book, there-
fore, is its focus on precisely why such indirect evidence actually favors evolution over its 
alternatives. The answer is hardly novel, but it is strangely missing (or at least dramatically 
deemphasized) in virtually all presentations of the topic: the most abundant evidence for 
evolution is that the characters of organisms are not scattered randomly, but rather are ar-
ranged in such a pattern that implies a hierarchical, branching tree. Such “[p]hylogenetic 
pattern is everywhere in nature,” he says. “It makes sense only if all living things evolved 
from a single ancestor” (p 31). This is the simplest possible version of “tree thinking” (al-
though Rogers doesn’t use that term), which has been discussed as an important element 
of evolution education (for example, Meisel 2010). 

Rogers uses the seemingly arcane example of transposons in whales as his primary data 
for making this argument. In four species of whales (bottlenose dolphin, narwhal, sperm 
whale, and humpback), a total of 16 different transposons are distributed in “blocks”. One 
such block of two transposons occurs in all four species. The next block of three trans-
posons occurs in all species except the humpback. “These species must share a common 
ancestor not shared with the humpback. In other words, they form a separate branch of 
the tree. ... The different transposons tell a consistent story and indicate that whales share 
a long history of changing and splitting that began with a single ancestor” (p 27–28). “If 
the species had been independently created, there would be no reason to expect the [trans-
posons] to be arranged in a pattern that implies a phylogenetic tree.” Rogers generated 
“shuffled” datasets by randomly reordering the occurrence of all of the 16 transposons and 
found, “In 100 000 tries, [the computer] didn’t find a single shuffled data set that would fit 
onto a tree—any tree. Thus, the perfect phylogenetic pattern … is extremely unlikely to 
arise by chance” (p 28, emphasis in original). 

As Rogers notes several times, a creationist might argue that such “phylogenetic” patterns 
are caused by the observed features being “simply the best way to do the job and were 
thus selected for this job by the creator”, while an evolutionist would argue that these 
similarities are evidence of common ancestry. How then, Rogers asks, can we tell which 
explanation is correct? “If the evolutionists are correct, then we should also see traces of 
common descent at finer scales. Closely related species should have closely related [simi-
larities], and distant relatives should have [similarities] that are less similar …”, and these 
patterns are overlain by “another sort of historical record … a nested pattern of similarities 
…” (p 43–44). 

In his conclusion, Rogers writes, “Without evolution, biology is a huge mass of uncon-
nected facts. Evolution is a lens that makes those facts jump sharply into focus. The real 
power of evolution to convince lies in the huge mass of facts that it manages to so simply 
explain …” (p 100). Evolution educators clearly need to present more than just these “facts”, 
but evolution education, just as clearly, cannot succeed without them.

Re fe R e nc e s

Coyne JA. 2009. Why Evolution is True. New York: Viking. 
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Meisel RP. 2010. Teaching tree-thinking to undergraduate biology students. Evolution: Education 
and Outreach 3(4):621–628.

Prothero D. 2007. Evolution: What the Fossils Say and Why it Matters. New York: Columbia Univer-
sity Press.
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Evolution: The Basics
by Sherrie Lyons 
New York: Routledge, 2011. 200 pages

reviewed by Daniel J Fairbanks

Evolution: The Basics, by Sherrie Lyons, is a recent addition to a series of nearly forty 
books on The Basics published by Routledge on topics as wide-ranging as anthropology, 
art history, finance, human genetics, law, philosophy, religion, television studies, terrorism, 
and world music. With only seven chapters and 177 pages of text, Evolution: The Basics 
is true to its title, offering an abbreviated and basic introduction to evolutionary thought. 

Chapter 1, “The Darwinian cosmos,” summarizes the contributions of Darwin’s predeces-
sors from the 17th to early 19th centuries, from Descartes to Lamarck. The chapter con-
cludes with a short discussion on the argument from design, starting in the 17th and 18th 
centuries with John Ray and William Paley, then contrasting their ideas and motivations 
to those advocated by promoters of the modern “intelligent design” movement and their 
non-scientific approach.

The second chapter, “The development of a theory,” reviews Charles Darwin’s early life, his 
voyage on HMS Beagle, and the development of his theory of natural selection. The central 
portion of the chapter focuses on Darwin’s lengthy preparation of his theory, Alfred Rus-
sel Wallace’s derivation of a nearly identical theory of natural selection, Wallace’s impact 
on hastening Darwin’s publication of the Origin of Species, and the public reception of 
Darwin’s book. The summary of Thomas Henry Huxley’s influence on this reception high-
lights the enigmatic role Huxley played as “Darwin’s bulldog” as he vigorously defended 
evolution while earning Darwin’s nickname of “objector general” because of his resistance 
to much of Darwin’s view of natural selection. 

Events of the late 19th and early 20th centuries are the topics of chapter 3, “The maturation 
of a theory,” which takes readers from the advent of genetics through the modern synthe-
sis. It begins with pre-Mendelian ideas of inheritance and a brief review of Gregor Mendel’s 
experiments. It then transitions to the Mendelian rediscovery and its effect, underscoring 
William Bateson’s dismissal of Darwinian gradualism, and Hugo DeVries’s ideas on muta-
tion. A discussion on the rise of population genetics follows, emphasizing the work of Karl 
Pearson and WFR Weldon on early statistical approaches to genetics, Thomas Hunt Morgan 
on mutations in Drosophila melanogaster, Wilhelm Johannsen, Herman Nillson-Ehle, and 
William Castle on polygenic inheritance, and the independent derivation by GH Hardy and 
Wilhelm Weinberg of what is now known as Hardy-Weinberg equilibrium. The contribu-
tions of Ronald Fisher, JBS Haldane, and Sewall Wright toward mathematical and statistical 
approaches to genetics as an explanation of Darwinian natural selection set the stage for 
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the modern synthesis, as developed by Julian Huxley, Ernst Mayr, GG Simpson, G Ledyard 
Stebbins, and Theodosius Dobzhansky. 

Chapter 4, “Expanding the modern synthesis,” begins with a simplistic description of DNA 
structure and replication, gene expression, the genetic code, exons and introns, and muta-
tion. The remainder of the chapter consists of an assemblage of loosely connected topics. 
Among them are the neutral theory of selection, molecular clocks, modern studies on 
evolution in Darwin’s finches, adaptive radiation of cichlid fish in Lake Victoria, macroevo-
lution and microevolution, punctuated equilibrium, transitional fossils, and evolutionary 
developmental biology (evo-devo).

Chapter 5, “Human evolution,” addresses speculations on human evolution during the late 
19th and early 20th centuries, including the Piltdown fraud, ideas (especially those of Wal-
lace and Darwin) regarding the evolution of human morality, and the fossil evidence of 
hominin evolution. The chapter concludes with a short foray into DNA-based evidence of 
human-Neanderthal hybridization and worldwide ancient human diasporas as determined 
through mitochondrial and Y chromosome DNA. 

Microbial and pathogen evolution are the topics of chapter 6, “Origins, the expansion of 
life, and the persistence of disease.” This chapter deals with molecular origin-of-life ex-
periments, such as the Miller-Urey experiments, the so-called RNA world, early microbial 
evolution, lateral gene transfer, and evolutionary explanations of the persistence of disease. 
The final chapter, “Humankind’s future: An evolutionary perspective,” is almost entirely 
devoted to evolutionary explanations for human behavior, including psychology, sexual 
behavior, language, ethics, kin selection, and empathy. 

This book’s greatest strength is its first three chapters: a rapid and simple historical nar-
rative recounting key events in the foundation of evolutionary theory from pre-Darwinian 
times through the modern synthesis of the 1940s. Readers seeking a brief summary of how 
evolutionary theory became the central theme of modern biology will find it here. The 
historical theme continues throughout the remaining chapters; however, the chronological 
narrative dissipates into a collection of topics, some of them treated in historical context, 
others with superficial coverage and little or no reference to history. 

Unfortunately, this book suffers from an excessive number of scientific errors, ranging from 
simple oversights to serious misstatements. These errors cluster in chapters 4 through 6, 
and most, but not all, are misconceptions about molecular evolution. A few illustrative ex-
amples include the following: erroneous reversal of phenotypes when discussing Mendel’s 
experiments (p  60), an incorrect explanation of the mechanism for malarial resistance in 
hemoglobin A/S heterozygotes (p 71 and 77), inaccurate evolutionary relationships among 
humans and great apes (p 91, 115, and 161), an oversimplified description of how muta-
tions occur in DNA (p 76), an incorrect recounting of the discovery of exons and introns 
followed by inadequate definitions of them and their evolutionary roles (p 77), misunder-
standings about molecular clocks (p 78–80), and an argument criticizing vaccine develop-
ment that fails to adequately distinguish between vaccines and antibiotics, or among viral, 
bacterial, and protist pathogens (p  142). Errors of this sort can be overlooked when minor 
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and few but their number and pervasiveness are likely to frustrate informed readers, and 
mislead those who are not well acquainted with molecular and cellular biology. 

Given the basic nature of this book, one might expect omission of some topics. However, 
several fields of evolutionary science that have played extraordinarily important roles, es-
pecially in recent years, are either absent or only hastily mentioned. The most serious is 
the lack of any meaningful discussion of genomics and bioinformatics, which have revolu-
tionized evolutionary science since the 1980s. Missing are genomic chromosomal evolution 
(including the classic example of the human chromosome 2 fusion, which played a key 
role in the 2005 Kitzmiller v Dover trial), transposable elements and pseudogenes (which 
constitute nearly half of primate genomes and dramatically influence genome evolution), 
and differential gene expression among related species, all of which are major areas of cur-
rent evolutionary research. Comparative genomics is limited to a few isolated and outdated 
comparisons of genes and proteins, such as a brief and overstated summary of similarities 
between mammalian Hox clusters and their insect paralogs. A major deficit is the dearth 
of attention to bioinformatical genome-wide comparisons, responsible for an explosion of 
evolutionary information, corroborating and enhancing all evolutionary disciplines. Cor-
rection of such deficiencies, as well as the scientific errors, in a second edition could make 
this book a more valuable resource for its intended audience. 

About th e Author

Daniel J Fairbanks is Associate Dean of Science & Health at Utah Valley University. He is the author 
of Relics of Eden: The Powerful Evidence of Evolution in Human DNA (Amherst [NY]: Prometheus, 
2007) and Evolving: The Human Effect and Why It Matters (Amherst [NY]: Prometheus, forthcom-
ing 2012), and a co-author of Ending the Mendel-Fisher Controversy (Pittsburgh [PA]: University of 
Pittsburgh Press, 2008).
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daniel.fairbanks@uvu.edu
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Freaks of Nature: What Anomalies Tell Us about  
Development and Evolution
by Mark S Blumberg 
New York: Oxford University Press, 2009. 352 pages

reviewed by Paul R Gross

An important subtext of Freaks of Nature, by the developmentalist Mark S Blumberg, is 
the central importance, indeed the necessity, of monsters. To appreciate them is important, 
the argument goes, not only for progress in developmental biology, but also for solving the 
most challenging contemporary problems of evolutionary mechanism. A concomitant of 
this subtext is pleadings for an unmistakably more positive view, at least within those two 
sciences, of monsters and—as per the title—freaks of nature.

The original meanings of “monster” implied no disparagement: our word derives from 
the Latin monstrum—an unusual, unexpected occurrence that carries—for that reason 
—a message from the gods. Of course the term has evolved; it has acquired additional 
meanings, including some that express revulsion. The latter reflect the common human re-
sponses to departures from the ordinary. Still, we may well object to the disparaging uses 
of “monster”, surely in speaking of humans; and so to object is probably humane. The plea 
to resist ignorant derogation of freaks, stated or implied, is ubiquitous in Freaks of Nature. 
And who can deny it?

The book has, however, a purpose more important than that display of humane sensitivity. 
It is, in fact, to present insights from evolutionary developmental biology, now well estab-
lished within the life sciences as evo-devo. The insights offered derive from a putatively 
new understanding of the real significance of monsters, said to have been unrecognized, 
or—worse—ignored, after the triumph of the modern synthesis so-called, of genetics with 
comparative morphology and paleontology, under the driving force of successful Darwin-
ian selection theory. The author refers to the “limitations of the modern synthesis” and 
suggests that the eventual reintegration of development (embryology in the first instance) 
with evolution has removed, or is well on the way to eliminating, the major flaws of the 
modern synthesis. A major rectification, that is, of Darwinism.

What were those flaws? Gradualism, “pan-adaptationism,” gene-centeredness—that is, 
those purported deficiencies of standard evolutionary theory that followed (mostly) the 
rapid domination of evolutionary biology, in the first decades of the twentieth century, by 
genetics. In short, the maladies of contemporary evolutionary theory to be cured by evo-
devo, according to the author, are those, among others, that were identified in the 1970s 
and thereafter by such critics as Stephen Jay Gould and Richard Lewontin (in their famous 
“Spandrels” paper of 1979).
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Gradualism in particular, with the concomitant implication that mutation, natural selec-
tion, and adaptation account at least in large part for the history of life on earth, became 
in post-modern synthesis times a commitment to what is claimed by its critics to be a 
simplistic micro-mutationism, a denial of the need for big, morphology-altering steps—
for monsters. Two heroes, first among few equals of Blumberg’s exposition, are William 
Bateson (1881–1926), geneticist, an early follower of Mendel, who stressed, however, the 
necessity for discontinuous (and large!) changes from one generation to the next (muta-
tions), and Richard Goldschmidt (1878–1958), embryologist and evolutionist, who likewise 
insisted that the raw material of evolutionary change must be significant jumps (saltations) 
of body-plan, brought about by mutations of large effect, arising spontaneously in the 
course of development. The argument, in short, was that macro-mutations are needed for 
macro-evolution—the change of one body plan into another. Refinements of this argument 
came from such developmental-evolutionary biologists as Pere Alberch (1954–1998), who 
were concerned not so much with the phenotypic magnitude of genetic changes as with 
limitations (“constraints”) on all possible morphological variation implicit in the rules and 
mechanisms—genetic plus epigenetic—of morphogenesis. Alberch, frequently cited, is an-
other hero of the book’s argument.

To take the reader down the path of this argument, updated and rationalized, the author 
presents with enthusiasm, documentation, and fascinating details what he describes as “a 
parliament” of monsters. The story of an eight-limbed Indian baby girl vies with that of 
conjoined twins of various kinds, human and otherwise; with “parasitic” human twins; 
with two-headed animals; and with quadrupeds born with two, rather than the requisite 
four, legs; and in all these interesting cases with the surprising functionality that can and 
does emerge in the recipients of these large developmental variations.

These, the argument goes, tell us that significant, non-lethal departure from developmental 
norms is not just mutation in a gene; noteworthy plasticity of form and function is inherent 
in the fundamentals of developmental mechanisms. Development is a system of densely 
reticulated chemical and physical processes that control a morphogenesis that is implied, 
but by no means blueprinted in any simple way, in the genome. Development, in short, is 
the complex outcome of very large numbers of processes, only some of which are genetic. 
Others are epigenetic, including environmental. And among the multitude of such out-
comes in any species population, there will be differences, variations, some of them large 
enough to affect the body plan.

To be sure, then, Darwin’s sine qua non for evolution was natural biological variation; but 
too soon, the argument proceeds, following the rediscovery of Mendel’s work, variation, 
upon which Darwinism came to be built, was understood as ordinary gene (micro-) mu-
tation. What was needed was the recognition of developmental mechanisms, rather than 
elementary genetic change, as the substrate of evolution, and the channeling (constraints) 
imposed on developmental outcomes by those mechanisms. Such constraints are, in the 
most aggressive versions of evo-devo, the real material of evolutionary change.

The author’s argument along these lines can be encapsulated in several possible quotations 
from the book. Here is one, having to do with the (quite well understood) mechanism of 
sex-determination, “normal” and aberrant (?):
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In general, most of us think of these effects as downstream from the ultimate source 
of sex determination—the sex chromosomes. Indeed, in most species, sex chromo-
somes do help to determine whether an ovotestis develops into an ovary or other 
factors also come into play to advance, and sometimes deviate, the sex-determining 
process. (p 226)

But he goes on, then, to discuss sex-determination in crocodiles, turtles, and fish, in which 
he observes that sex-determination “is hardly ‘written in the genes’ because they simply 
do not have the sex genes to be written on.” (Sex in these animals is determined by tem-
perature.) So to advance the argument a notch: genes don’t explain everything about adult 
form and function.

Do modern evolutionists argue with this? No serious developmental geneticist among those 
I know does. More to the point: are the well-known epigenetic inputs to morphogenesis 
ignored or denied by evolutionary biologists? By “Darwinians?” No. Not in any obvious 
way at least. I am myself a developmental biologist, and the fact that it is development that 
natural selection operates upon has been a given among my students and collaborators for 
more than forty years. The key question for evaluation of the argument of this fascinating 
book (and recently others like it) is, rather, the other claim: that variations, mutations of 
large effect, freaks—and not micro-mutations—are the raw material of “macroevolution.”

That claim is unproven. The original argument against these (”hopeful monsters,” as the 
often-luminous Goldschmidt described them) is that unless they are either at an immediate 
advantage over their “normal” siblings in the common environment, or just as successful 
in reproduction as their siblings in that environment, they will be eliminated by negative 
selection. And while neutrality of effect can be very common at the level of genes, so far 
as we can tell it must be very rare at the level of monstrosity.

About th e Author

Paul R Gross is University Professor of Life Sciences Emeritus at the University of Virginia and the 
coauthor, with Barbara Forrest, of Creationism’s Trojan Horse (rev ed, New York: Oxford University 
Press, 2007).
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Spider Silk: Evolution and 400 Million Years of Spinning, 
Waiting, Snagging, and Mating
by Leslie Brunetta and Catherine L Craig 
New Haven (CT): Yale University Press, 2010. 248 pages

reviewed by Joe Lapp

The story of the evolution of spiders is the story of the evolution of spider silk. The book 
Spider Silk, by freelance writer Leslie Brunetta and arachnologist Catherine L Craig, tells 
this story. It is a surprising story, because once spinnerets emerged in spiders at least 290 
million years ago, the lineage essentially became tool users, and its morphology thereafter 
evolved very little. What evolved instead were different types of spider silk and the uses 
to which spiders put silk. As insect morphologies evolved dramatically to suit insects to 
diverse niches, spiders instead evolved new uses of silk that enabled them to enter new 
niches.

Reading the book, it’s hard not to notice how spiders are like people. Although Brunetta 
and Craig don’t state this directly, it seems that humans and spiders are everywhere be-
cause we both engineer our circumstances to suit us. For spiders, however, the engineering 
skills are genetic and not learned, and spiders’ only tool is silk. Silk made spiders a success, 
and Brunetta and Craig tell us how. The narrative of their book largely tracks the evolu-
tionary timeline, following spiders as they evolved from shy creatures that rarely ventured 
from their burrows to diverse creatures to be found all over the world that even travel by 
air. The book injects doses of genetics as needed along the way. In the process, the authors 
reveal an amazing treat for arachnophiles and teachers of evolution both: spiders turn out 
to be model organisms for showing how minor changes in DNA can affect major changes 
in the organism.

Spider Silk is written for the layperson. It requires no advanced knowledge of spiders, biol-
ogy, or evolution. It strives to provide all the background a reader might need. It goes out 
of its way to explain basic ideas in evolution and to address a few misunderstandings that 
laypeople often have about evolution. The book is mostly an easy read. However, this natu-
ralist and nature educator found himself having to reread some of the genetic descriptions 
a few times to understand them. Also, a minor annoyance is that sentences are occasionally 
redundant with sentences from previous chapters, but that’s nitpicking.

The book is especially enjoyable for its little surprises. Did you know that spiders make 
different types of silk, one of which is actually a glue? That the tarantula-like spiders 
(mygalomorphs) cannot drop on a dragline? That insects will collide with orbwebs in the 
sun because of the way shadows play over the webs? That messy-looking cobwebs evolved 
from the more orderly orbwebs and are in ways more “advanced” than orbwebs? That if 
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you take an egg sac from a wolf spider and give her a styrofoam ball, she’ll aggressively 

defend the styrofoam ball as if it were her egg sac? And on and on ...

The book is also playfully written. Playful language is great for educators who are trying to 

reach children. After explaining that spiders have many ways to catch their prey, we read, 

“There’s more than one way to catch a bug.” The book compares wasps to sharks, saying 

that a spider in a protective aerial web is like a person in a shark cage. We also learn that 

a spider-like Spider-Man would need a “flap in the seat of his Superhero tights” were it not 

for his mechanical web-shooters worn on his wrists. We even learn that spiders are “garbed 

in weathervanes” for determining the direction of the wind. The technical genetics gets 

playful too, comparing a protein under assembly to “a line of hand-holding six-year-olds 

suddenly left without supervision.”

Amid all this fun, the authors develop two complementary themes. The first is that the 

story of the evolution of spiders is the story of the evolution of spider silk. The authors start 

about 400 million years ago, describing early spiderlike arachnids such as trigonotarbids 

and Attercopus. The story of spiders begins with mesotheles, the oldest spiders we have in 

the fossil record. Attesting to the success of spiders, mesotheles are still found in parts of 

Asia today, still secluding themselves under ground. The authors then trace what we know 

about how spiders have since evolved to use their silk. The tarantula-like mygalomorphs 

employed silk to extend their reach above ground. The most recent group of spiders, the 

araneomorphs, developed a new kind of strong, resilient silk that allowed them to move 

entirely off the ground, where they could make webs to catch insects or drop from drag-

lines to escape predators. Once off the ground, spiders’ use of silk diversified tremendous-

ly, and the authors survey this fascinating diversity.

The complementary theme is that small changes in a spider’s silk genes can correspond to 

dramatic changes in a spider’s phenotype. The authors explain how spiders make a variety 

of types of webs, employing those webs in different ways. Different types of webs require 

different types of silk. Silk is a protein, and proteins are produced from genes, which serve 

as templates. A small change in the DNA of a single silk gene maps directly to a different 

kind of silk. We can therefore trace the evolutionary relationships of spiders more readily 

than we can for many other organisms. We can also more clearly see how a small change 

in DNA could create opportunities for natural selection to operate on behavioral variation, 

take advantage of a new silk, and evolve a new species.

Spider Silk makes the case that spiders are in many ways ideal species for studying evolu-

tion and for teaching how evolution happens. It is a gentle primer on evolution and genet-

ics, as well as an introduction to spiders. There is some good material here for educators 

to draw on. The authors explicitly take time to show how spiders clarify certain misun-

derstandings about evolution, such as the notion that evolution is strictly progressive. The 

authors also take time to refute a few creationist claims, such as how the existence of living 

fossils like mesotheles supposedly contradicts evolution. The book isn’t just for educators, 

though. It is an enjoyable, informative, and surprising read.
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Evolution, Development, and the Predictable Genome 
by David L Stern 
Greenwood Village (CO): Roberts & Company, 2011. 288 pages

reviewed by David Leaf

Evolutionary biology integrates. In the 1930s and 1940s, the Modern Synthesis united 
genetics, paleontology, and natural history. Since the 1980s, evolutionary developmental 
biologists have integrated the understanding of the genetic regulation of development 
into evolutionary biology. In Evolution, Development, and the Predictable Genome, David 
L Stern highlights recent path-breaking work in evolutionary developmental biology and 
experimental evolution, and makes the case for integrating population genetics and devel-
opmental biology. 

One challenge for beginning a conversation between developmental biology and popula-
tion genetics is that the two fields work on greatly different time scales and have distinct 
conceptual world views. Hence, key terms must be defined. In the first chapters, Stern 
prepares the groundwork with short primers on population genetics and developmental 
biology. He then carefully unpacks how these subdisciplines differently interpret standard 
genetic concepts such as dominance, pleiotropy, and epistasis, with a short chapter de-
voted to each concept. 

Stern then lays the foundation for a research program that can predict genetic evolution. 
Chapter 7 explains the basis for evolutionary parallelism, which occurs when orthologous 
genes evolve similarly in different lineages to generate convergent phenotypes. One exam-
ple Stern focuses on is work from his own lab on the evolution of larval cuticular pattern-
ing in the drosophilids. Multiple drosophilid species have independently changed larval 
cuticular patterning by modifying the expression of the gene regulatory protein shavenba-
by. Another example is from Arabidopsis thaliana, the mouse-ear cress, in which different 
populations have changed their flowering time by null mutations in FRIGIDA. Stern intro-
duces a particularly illuminating approach, termed pathworks, to explain why mutations in 
shavenbaby and FRIGIDA became fixed in a fly or mouse-ear cress population, as opposed 
to mutations in the tens to hundreds of other genes involved in larval cuticular patterning 
or flowering time. The pathworks approach maps out the genetic network responsible for 
specifying a cellular phenotype by working backward from the differentiated cell to the 
fertilized egg. This is a terrific pedagogical device, showing gene networks from the point 
of view of a cell, as opposed to the genome. 

Pathworks, argues Stern, can identify potential hotspots for evolution: genes in which mu-
tations have maximal effects upon an adaptive trait with minimal phenotypic side effects. 
Instead of evolution proceeding by mutations of small effect over thousands of genes, mu-
tations of small effect may be concentrated at these hotspots. How these potential hotspots 
can be utilized will depend upon population genetics. Population size and the degree of 
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selection will affect whether a fixed adaptive mutation will be of weaker or stronger pheno-
typic effect. Genetic evolution may become predictable if pathworks for a trait and popu-
lation genetic parameters are sufficiently understood. This is not to suggest orthogenesis; 
rather, if a population is of sufficient size to overcome genetic drift, and has been exposed 
to persistent selection pressure, then there is a higher probability of fixing mutations at 
particular types of hotspots. Populations subject to genetic drift will tend to fix mutations 
at other hotspots. 

Stern identifies several challenges that may confound the enterprise, including unclarity 
about whether standard assumptions of constant population size and selection coefficient 
will be widely applicable. Developmental biology is now just entering the era of quantifica-
tion, and Stern suggests that a pathworks analysis may also need to include a quantitative 
understanding of the regulation of gene networks. An additional problem is the absence of 
a clear understanding of what fraction of new mutations has specific effects or side effects. 
Finally, given the present state of knowledge, it may be difficult to avoid post hoc explana-
tions for any single observation; invoking historical effects of changes in population struc-
ture or selection to account for adaptive mutations in a population that are not at predicted 
hotspots. The solution to all these problems, Stern notes, is to continue to do science. 

Evolution, Development, and the Predictable Genome is a superb compendium of recent 
key work in evolutionary developmental biology. This research also includes experiments 
showing that the gain or loss of regulatory DNA sites have played important roles in the 
evolution of  pigmentation in flies, evolutionary genetic experiments of body plate armor 
in stickleback fishes showing the relationship of dominance and fitness, and functional 
studies of ancestral proteins to reconstruct the evolutionary pathway leading to glucocor-
ticoid and mineralocorticoid receptors by gene duplication and divergence in vertebrates. 
Although Evolution, Development, and the Predictable Genome is not written as an exposé 
of the follies of “intelligent design,” readers familiar with the anti-evolutionary fallacies 
of ID will find a rich assortment of examples to counter the foolhardy claims of Jonathan 
Wells, Michael Behe, and their colleagues.

The book is concisely written. Stern deserves high marks for the intelligibility of the text 
and the numerous lucid diagrams (including fly wingicons—like emoticons, only for differ-
ent wing pigmentation patterns). Each chapter also has a short summary helping to ensure 
the reader did not miss the important take-home lessons. My only unhappiness was that 
although there are endnotes, there is no direct means to link data from a diagram or in the 
text to a specific paper in the literature. 

Readers who have enjoyed Sean Carroll’s From DNA to Diversity and Endless Forms Most 
Beautiful, Rudy Raff’s The Shape of Life, or Eric Davidson’s The Regulatory Genome and 
who feel comfortable with eukaryotic transcriptional regulation should also find Evolution, 
Development, and the Predictable Genome accessible and well worth reading. The book 
will serve excellently as a supplementary text for developmental biology and evolutionary 
biology classes that emphasize evolutionary developmental biology. Needless to say, the 
book should be of particular value to developmental biologists and evolutionary biologists 
who suspect that a dialog with their colleagues on the other side of the molecular cell biol-
ogy and ecology/evolutionary biology divide might actually be interesting. 
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SuperCooperators: Altruism, Evolution, and Why We Need 
Each Other to Succeed
by Martin A Nowak with Roger Highfield 
New York: Free Press, 2011. 330 pages

reviewed by EG Leigh Jr

Ecological communities are characterized by pervasive competition, and equally pervasive 
cooperation and interdependence. Yet evolution teaching has long emphasized competition 
and ignored cooperation. This view of evolution is distorted. The economist Adam Smith 
argued that competition promotes cooperation in human economies: competition acts like-
wise in natural communities (Leigh 2010). Just as teaching the first two chapters of Genesis 
as literal truth despite overwhelming contrary evidence created some virulent atheists, so 
emphasizing competition in evolution at cooperation’s expense created some virulent anti-
Darwinians. A new popular book on the role of cooperation in evolution—Nowak and 
Highfield’s SuperCooperators—shows how cooperation shapes evolution. This book is a 
must for evolution teachers.

SuperCooperators reads rather like an autobiographical fireside chat, in which Nowak cel-
ebrates his mentors—Peter Schuster, Karl Sigmund, Robert May, and others—who helped 
him learn to shape mathematical questions about when cooperation evolves. The book 
never quite loses this character: it reminds us that science, too, is a cooperative enterprise. 
It begins by outlining five ways to evolve cooperation, as did Nowak (2006). The first in-
volves a simple two-player game, Prisoner’s Dilemma, that distills the essence of coopera-
tion’s benefits and risks. Each player has two options: cooperate or cheat. At each play, 
each partner scores three points if both cooperate, one point if both cheat. If only one 
cooperates, the cheater scores five, the cooperator none. In the long term, both benefit by 
always cooperating, but at each play, cheating always scores higher. Here, the most profit-
able strategy is reciprocity: cooperate at the first play, cooperate after every play where the 
partner cooperates, and cheat (with random exceptions) after every play that the partner 
cheats. 

The second way of evolving cooperation involves pairwise interactions among members 
of a larger group where each knows the reputations of all others as cooperators. Here, 
individuals profit by cooperating only with those of good repute. The third involves a spa-
tial game whose players are arranged in a square array. A player either always cooperates 
or always cheats: players cannot respond to the behavior or reputation of others. At each 
round, every individual plays a turn of Prisoner’s Dilemma with each of its eight nearest 
neighbors. A player survives if the average of its eight scores is no lower than any neigh-
bor’s: otherwise, a clone of its highest-ranking neighbor replaces it. Cooperation persists 
if survivors never change their positions, whereas cooperation is doomed if survivors are 
randomly reassigned new positions after each round.
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The last two ways to favor cooperation are best visualized in natural populations. In a pop-
ulation of many small groups of individuals, selection among groups favors cooperation if 
these groups sometimes split but almost never exchange members. Although within-group 
selection favors cheaters, keeping cheaters from infecting new groups allows groups of co-
operators to replace groups of cheaters. Finally, kin selection favors helping close relatives 
reproduce if, thanks to this help, the spread of those genes of the helper also inherited 
by the relative from recent shared ancestors outweighs the cost helping imposes on the 
helper’s own reproduction.

After outlining their five ways to cooperation, Nowak and Highfield show how essential 
cooperation was to several major transitions of evolution. They discuss how life began—
emphasizing the “RNA world,” how group selection transformed parasitic bacteria into 
mitochondria, and how metazoans and social insects evolved. Cheating endangers coop-
eration, so they focus more on how cheating is prevented than on how cooperation began. 
When discussing metazoans, for example, they provide a wonderful account of the human 
body’s defenses against cancers, and how cancers sometimes overcome them.

Nowak and Highfield then consider cooperation among human beings. First, they discuss 
how language evolved, for language is one precondition for the intricate, complex, coop-
erative networks that allow human beings to dominate the planet. Next, they consider trag-
edies of the commons, failures in cooperation which gravely threaten human social and 
economic progress. Curiously, the book ignores how small, stable sets of neighbors often 
resolve such tragedies (as Nowak’s theories predict), instead emphasizing artificial experi-
ments concerning cooperation among students. In a discussion that is often illustrated by 
social frivolities, the book shows how cooperation thrives best at intermediate levels of 
connectedness (as in spatial games). SuperCooperators ends with a sermon on how coop-
eration must be maintained and its range expanded for civilization to survive.

Nowak and Highfield’s five ways to cooperation have been criticized because some of them 
can be reformulated in terms of kin selection. For example, absence of migrants among 
groups promotes intragroup relative to intergroup relatedness, so group selection can be 
represented as kin selection. All five ways, however, have proved useful for understand-
ing how cooperation evolves. Spatial games show why life must have begun on catalytic 
surfaces, not in some “warm little pond” (Lane 2009:9–24). Darwin (1871:161–166) invoked 
group selection, and responses to the reputation of others, to explain the evolution of co-
operative morality; group selection helped Leigh (1983) understand how parasitic bacteria 
evolved into mitochondria.

The book varies in clarity: I had to look elsewhere to understand how spatial games 
worked. Another flaw is its deprecation of kin selection. The authors accuse West and 
others (2008) of “rebranding” group selection as kin selection. In fact, Hamilton (1975) 
and Crow and Aoki (1982) showed that group selection can be expressed as kin selection, 
without animus or attempt to rebrand. Nowak and Highfield seem to forget that related-
ness r and cost of helping c are not the only variates in Hamilton’s rule that helpfulness 
evolves if br > c. They (p 167) correctly state, following the noted ant specialist EO Wilson, 
that even among species with identical r and c, social behavior only evolves in those with 
a particular ecology and natural history, but they seem not to realize that the ecology and 
natural history that favor cooperation ensure high values of the benefit b of helping. In-
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deed, kin selection is the easiest way to understand the maintenance of insect societies. 
Because a honeybee queen’s workers have many fathers, a worker is more closely related 
to a queen’s egg than to a half-sister’s, so she cares for the one and eats the other. Because 
all the queen’s workers behave thus, they create a common interest in helping the queen 
by making it futile for workers to lay eggs of their own (Seeley 1995:12–13).

On the whole, however, this book is clear, and it reads well. It emphasizes human coop-
eration more than the wonders of nature, but in today’s world, that emphasis may make 
it a more effective teaching tool. Moreover, its message on cooperation’s essential role in 
evolution and human affairs is right on target.
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The Evolutionary World: How Adaptation Explains 
Everything from Seashells to Civilization
by Geerat Vermeij 
New York: Thomas Dunne Books, 2010. 336 pages

reviewed by Joseph S Levine

Outstanding theoretical biologists are rare, but Geerat Vermeij is more than “just” a su-
perb theoretician. His writing combines impressive rhetorical skills, deep insights into 
evolutionary theory and ecology, encyclopedic breadth and depth of knowledge in con-
temporary natural history and paleontology, and a welcome absence of ego. He fills The 
Evolutionary World with delights for the mind ranging from astute observations of mor-
phological minutiae to intriguing hypotheses and syntheses—all selected to show how an 
evolutionary perspective can yield “an emotionally satisfying, aesthetically pleasing, and 
deeply meaningful worldview in which the human condition is bathed in a new light.” The 
book is a joy to read, both for its often lyrical prose, and for its provocative hypotheses. 

Vermeij begins by reminding readers that organisms are integrated adaptive wholes, whose 
phenotypes are the totality of their form, physiology, and behavior, rather than grab-bags 
of individual genes or traits. He then introduces the perspective that shapes the book: 
these adapted wholes represent evolutionarily formulated and tested “adaptive hypoth-
eses” each of which incorporates into a material body predictions about “potential causes 
of failure and death—competition, predation, disease, and weather—as well as potential 
opportunities such as food or mates.” 

This concept frames the book’s core ideas: that these adaptive hypotheses are tested, re-
tained, transmitted, and refined over time in constantly changing environments; that or-
ganisms participate in synergistic interactions and feedback with other organisms and with 
their environments; and that these interactions result in emergent properties of organisms 
and ecosystems. Admirably, the author addresses the latter two phenomena in a rational 
manner, eschewing references to Gaia and other non-empirical frames of reference. 

Vermeij personalizes his narrative in ways that inform his theses without dominating the 
exposition. In one case he explores the societally contingent fitness of his own life-history 
strategy. He points out that had he been born with the same traits, including early child-
hood blindness, into a poor family in Europe during the sixteenth or seventeenth centu-
ries, he would probably have led a life of poverty and ignorance. By the twentieth century, 
however, human civilization had evolved into a social ecosystem in which his “adapta-
tions”—sensitive hands, ambition, and intelligence—could propel him to a career as a 
distinguished scientist. 

Elsewhere, Vermeij describes how tactile observation enabled him to uncover the wide-

24

reports.ncse.com


Levine review of Vermeij

RNCSE 32.3, 8.2 May-June 2012

spread occurrence of a “tooth” on shells of certain predatory mollusk species. This small 
structure functions as part of a strategy to overcome defenses of bivalve prey. Although 
Vermeij refrains from calling attention to the fact, his fingers catalogued the existence of 
this adaptation among many species in which the eyes of sighted colleagues failed to notice 
it.

Another touching vignette recounts a futile effort to engage blind students with the same 
sorts of seashells that catalyzed Vermeij’s own development as a scientist. Rather than 
closely observing shells handed to them, the students fingered them briefly—for about the 
same amount of time that many sighted teenagers would glance at them—and then lost 
interest. Vermeij’s disappointment in this outcome leads him to mourn the widespread lack 
of curiosity and ability to observe among both students and adults today, and to decry the 
lack of emphasis on observation and inquiry in curricula and standardized tests. All of us 
involved in K–12 science education have watched this decline in “minds-on” science educa-
tion; Vermeij adds his supplication to the chorus requesting that we do something about it.

As the book’s subtitle suggests, Vermeij ventures into controversial territory, adroitly draw-
ing parallels between evolutionary adaptation and the scientific search for objective real-
ity, and between ecosystems and human economic systems. He also proposes hypotheses 
about evolution’s role in shaping other aspects of civilization, skillfully avoiding most of 
the pitfalls that plagued sociobiology in its infancy.

This book spends relatively little time addressing religious opposition to scientific thought. 
(Neither “creationism” nor “religion” appear in the index.) Vermeij respectfully admits that 
“gods, ghosts, angels, miracles, and the afterlife … are as real to [many people] as scientific 
ideas and fossil life-forms are to me.” He acknowledges that some religious groups accuse 
evolutionary theory of reducing life to a series of accidents that strip human existence of 
purpose and morality. He then explains why he personally finds no use for that perspec-
tive, clarifies that his scientific mindset does not interfere with either his moral framework 
or his appreciation of religiously inspired Renaissance music, and moves on.

Yet although this book doesn’t focus on refuting creationism, its philosophical and meth-
odological materialism mark it as a lineal descendant (with modifications) of the writings 
of Epicurus, Lucretius, Montaigne, and others whose ideas catalyzed the Enlightenment. 
This worldview represents the “stealth” enemy that forbears of modern creationists and 
“intelligent design” proponents feared centuries before Darwin’s birth, because its ratio-
nal, materialistic perspective directly threatens the structure of their ideologically-based 
universe.

Most of us who live in a data-based reality, on the other hand, can revel in Vermeij’s delight 
at the elegance and power of evolutionary thought, and would agree with his closing state-
ment: “Each of us has but one life to live on one habitable planet. It is both a privilege and 
a responsibility to celebrate, understand, and protect this world” (p 263).
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Evolution: A View from the 21st Century
by James A Shapiro 
Upper Saddle River (NJ): FT Press Science, 2011. 253 pages

reviewed by Laurence A Moran

This is a short book of 147 pages. (The rest is glossary, references, and index.) The main 
theme is that discoveries in molecular biology and genomics have caused us to rethink our 
understanding of evolution in the 21st century. According to Shapiro, this “paradigm shift” 
is a major conceptual change that most of us haven’t recognized.

I know I haven’t. Shapiro trots out all the usual suspects: epigenetics, regulatory sequenc-
es, transposons, (endo)symbiosis, chromatin, evo-devo, horizontal DNA transfers, abrupt 
changes in the fossil record (saltation), polyploidy, and the demise of the Central Dogma 
of Molecular Biology. All of these new discoveries apparently conflict with neo-Darwinism.

This isn’t a new claim. For several decades, scientists have been critical of the overly ad-
aptationist Darwinian view of evolution that was popular in the 1950s and 1960s. Shapiro 
seems to be largely ignorant of this history, since he treats his view as something novel and 
quite revolutionary. It’s interesting that none of the 1162 references in his book is to Ste-
phen Jay Gould’s contributions to this debate—the absence of a reference to the spandrels 
paper (Gould and Lewontin 1979) is particularly revealing, and quite troubling. 

I could put up (barely) with the absence of historical context if Shapiro at least took the 
time to define his terms. Unfortunately, I found myself looking up a sentence from The 
Extended Phenotype by Richard Dawkins: “I myself admit to being irritated by a book that 
provokes me into muttering ‘Yes but ...’ on every page, when the author could easily have 
forestalled my worry by a little considerate explanation early on” (1982:8). Shapiro’s straw-
man descriptions of evolution are prime irritants and he could easily have taken the time 
to explain what version he is attacking and name the prominent scientists who defend that 
version.

Speaking of strawmen, Shapiro’s description of the Central Dogma of Molecular Biology 
contains errors of fact as well as errors of omission. These days, there seems to be a class 
of evolution critics who are determined to overthrow the Central Dogma as part of their 
crusade to revolutionize biology. Shapiro falls into that group. It’s not a group you really 
want to be associated with if you value your intellectual reputation, because its members 
almost always misrepresent the correct view of the Central Dogma described by Francis 
Crick in 1958 and 1970. The correct version of the Central Dogma is that once informa-
tion is transferred from nucleic acid to protein, it can’t flow back to nucleic acids. In other 
words, translation is unidirectional. The Central Dogma has never been overthrown or 
seriously challenged. If critics get that wrong, how can you believe anything else they say? 
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Shapiro’s attack on the Central Dogma includes the following statement: “… the intellec-
tual foundations of molecular biology have been shaken and shaken hard” (page 25). That 
statement is supposedly supported by a table of 40-year-old discoveries that didn’t seem all 
that earth-shaking at the time ... and still don’t. I guess it depends on whether your original 
view of the intellectual foundations was correct or not. It turns out that Crick’s view was, 
and is, correct, and Shapiro simply misunderstands it. 

This style of writing—dogmatic summary statements supported by tables of facts—is the 
dominant feature of this book. Part II (“The genome as a read-write (RW) storage system”) 
is a good example. This is a chapter where the author tries to convince us that genomes 
are dynamic and that the information in them can be altered by genomic rearrangements, 
transposons, and repair mechanisms. In other words, “natural genetic engineering”. The 
chapter is 62 pages long and 17 of those pages are tables of examples. I have to confess 
that I skipped most of this chapter. I know about genome rearrangements and so does 
everyone else who has read a textbook in the past forty years. One or two good examples 
would suffice to establish the principle. A litany of examples is not only overkill, it smacks 
of an agenda. Shapiro would have been better off devoting more effort to explaining why 
genomic alterations should cause us to rethink our view of evolution. His main thesis 
seems to be that such mutations are not random as neo-Darwinism demands. 

So what distinguishes Shapiro from all the other scientists who advocate similar “paradigm 
shifts” in evolutionary thinking? Two things, actually. First is his emphasis on what he calls 
“natural genetic engineering,” as described in that boring chapter with all the tables. Why 
are genome alterations important? It’s because this means that cells have the ability to en-
gineer changes in their own genomes leading to rapid evolution. 

Genome duplication is one example. There may have been two genome duplications in the 
vertebrate lineage. Both of them occurred in fish. This translates into a rate of one event 
every 200 million years. Another example involves transposons. In the hominid lineage 
there may be evidence of a few transposon-related genome alterations that turned out to be 
beneficial and subsequently became fixed in the population. That’s a rate of approximately 
one every million years or so. 

Shapiro believes that genomic rearrangements, especially whole genome duplications, are 
extremely important in evolution. So important, in fact, that he can draw the following 
conclusion: “It is important to note that selection has never led to formation of a new spe-
cies, as Darwin postulated” (page 121). Does he mean that random genetic drift could 
play an important role in speciation—a fact discussed in most evolution textbooks? No, he 
doesn’t mean that at all, because he appears to have never heard of random genetic drift 
as a mechanism of evolution. He means that species form by hybridization and genome 
duplications. This is the view promoted by Lynn Margulis and Dorion Sagan in their book 
Acquiring Genomes (2002). (Not cited by Shapiro.)

The novel part of Shapiro’s model is that these cell-directed genomic changes are targeted 
and goal-oriented, leading to the view that cells design their own future. This view re-
places the “traditional” view that “inherited novelty [mutation] was the result of chance or 
accident.” 
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If this sounds a lot like “facilitated variation” or evolvability, then, congratulations, you’ve 
been keeping up on your knowledge of modern discussions of evolutionary theory. Marc 
Kirschner and John Gerhart have described a similar concept in their 2005 book The Plau-
sibility of Life, but others have also talked about it over the past few decades. Are there any 
references to those ideas in the 1162 articles cited in this book? No. 

This brings me to the second thing that distinguishes Shapiro from most other critics of the 
Modern Synthesis. He does not want to be identified as an advocate of “intelligent design” 
creationism and yet he protests a bit too much. His writings sound an awful lot like those 
of some “intelligent design” creationists, but Shapiro prefers a “third way,” as he first de-
scribed in a Boston Review article (1997). His way isn’t creationism but it’s not exactly sci-
ence either because he postulates a kind of evolution that has a goal, or purpose. He claims 
that one can investigate natural genetic engineering from a purely scientific perspective 
without invoking the supernatural. But if that’s true, then why don’t scientists routinely 
invoke goal-oriented processes? It’s because they have a philosophical bias against religion, 
according to Shapiro.

If the ideas of cell cognition, decision-making, and goal-oriented function are within 
contemporary biological perspectives—and if the natural genetic engineering con-
cept is subject to empirical investigation—we can legitimately ask why the idea has 
been so fiercely resisted by mainstream biologists, and evolutionists in particular. My 
personal opinion is that the opposition is deeply philosophical in nature and dates 
back to late 19th Century disputes over evolution and also to the early 20th Century 
“mechanism-vitalism” debate ... . The notion that random, undirected processes fully 
characterize natural systems (as they do in theoretical thermodynamics) was uncriti-
cally accepted at those times in much of the biological community. Over time, it came 
to be unchallenged conventional wisdom that cognitive, goal-oriented processes have 
to be relegated to the realms of unscientific fancy and religion. (page 138) 

Shapiro’s views seem to be philosophically similar to those of Richard Sternberg (Rich-
ard von Sternberg)—the two of them published several articles together a few years ago. 
Sternberg, you might recall, is the darling of the “intelligent design” creationist community 
because he supposedly lost his job at the Smithsonian Institution for promoting “intelligent 
design”. He became one of the heroes of the movie Expelled: No Intelligence Allowed (Sager 
and Scott 2008). 

Shapiro, like Sternberg, is widely admired in the “intelligent design” community and there’s 
a good reason for this. This book is highly critical of old-fashioned evolutionary theory 
(neo-Darwinism) using many of the same silly arguments promoted by the Fellows of the 
Discovery Institute’s Center for Science and Culture. Those fellows are dead wrong and so 
is Shapiro. 
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Convergent Evolution: Limited Forms Most Beautiful 
by George R McGhee 
Cambridge (MA): MIT Press, 2011. 321 pages

reviewed by Kevin Padian

George McGhee is a paleobiologist and theoretical morphologist at Rutgers University who 
has long been interested in general problems in macroevolution, ranging from how organ-
isms occupy space in morphology and in ecosystems to what has allowed certain kinds of 
organisms to survive mass extinctions. Here he turns his attention to one of the textbook 
staples of evolutionary biology, the concept of convergent evolution. I like this book for 
two main reasons. First, it’s a great compendium of information (there are dozens of tables 
in the book laying out examples of functional and ecological convergence in a huge range 
of animals, plants, ecosystems, and molecules). Second, it’s well written and a really stimu-
lating read for graduates and undergraduates alike. A whole lot of term papers will find 
inspiration in this book.

If I were reviewing Convergent Evolution for an audience of paleontologists or other evo-
lutionary biologists, I might take a different tack. But at NCSE, our focus is on evolution 
education, so my emphasis will be on how we can use this excellent book to teach about 
a pervasive and sometimes confusing concept. In fact, the concept is not really confusing, 
and McGhee lays things out very nicely, so the volume works as a great little sourcebook 
for further study. 

To cut to the chase: yes, there is a nice five pages on the evolution of the eye (p 67–71), 
not only a tabulation of the many groups that have evolved some form of sight, but also a 
good phylogenetic sense of the progression of eye development and sophistication in vari-
ous groups, and how these stages have evolved to convergent degrees in different taxa. 
Bottom line: maybe sixty independent times. The phylogenies have come far enough that 
our “intelligent design” friends are going to have an increasingly tough time making hay 
out of this hoary story, if they are honest about the state of research. 

Particularly illuminating from the outset is the clarification between parallelism and con-
vergence. Fifty years ago they were distinct if related terms. Parallelism denoted similar 
changes that evolved in closely related lineages, and convergence denoted the evolution of 
similar adaptations in very different lineages, often with quite different equipment. With 
the advent of pattern cladistics in the 1970s, more conservative phylogeneticists decided 
that anything that was not homologous was convergent, and therefore of no interest in 
constructing phylogenies (and therefore of no interest). But molecular genetics taught us 
the deep homology of many traits that showed morphological transformations in mono-
phyletic lineages, and so revealed a stronger base of homology that often underlies the 
re-emergence of physical traits. The question, therefore, is not whether one can recog-
nize convergence, but what actually is convergent and what is homologous about a given 
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feature or functional complex. In this way we can return a bit to the distinction between 
parallelism and convergence that we recognized half a century ago, but with an explana-
tion from genetics of why the distinction is often quite useful. This distinction enriches the 
questions that we can ask about biology.

To me, a good example of parallelism is the reiteration of live birth in lepidosaurs, a 
condition that has happened over a hundred times, notably in complexes of very closely 
related species. There is even considerable work on the ecological factors that bring out 
this change, and some work on the genetic underpinnings. On the other hand, sometimes 
apparent parallelism is deceiving. In a case that McGhee does not mention, Michael Nach-
man, Hopi Hoekstra, and their colleagues have shown that southwestern mice that live on 
lava flow substrates have independently evolved darker coats that camouflage them from 
predators. The interesting thing is that different genes are coding for the dark color in dif-
ferent populations: melanin is commonly associated with a structural protein that is “easy” 
to evolve but can arise from different genetic sources, so here even in populations of the 
same species we cannot claim parallelism, but convergence.

There are macroevolutionary examples as well. Henry Fairfield Osborn (1857–1935) spent 
much of his long career working on fossil Proboscidea (elephants and their kin), and 
he was continually impressed by how often the same kinds of molar and tusk patterns 
evolved. In the early 1920s he had discerned 19 different parallel lines of proboscidean 
evolution, a number that grew over the years into the high 20s and finally to 39 distinct 
lineages! Recent research on the genes that underlie molar patterns, pioneered by Jukka 
Jernvall and other mammalian developmental paleontologists, are beginning to show how 
the expression and repression of some genes can account for such parallel patterns in 
mammal teeth, including the proliferation of these shapes in rodent molars. 

The majority of the book comprises discussions of convergence at several levels and in sev-
eral dimensions. The obvious functional-ecological convergences of structural adaptation 
are well covered but not belabored, and it is nice to see that both animals and plants are 
extensively treated. Moreover, it is not just single adaptive traits or ecological roles that are 
considered, but also roles within communities and comparisons of communities as a whole 
for their convergent properties. I am more comfortable when McGhee uses the term “eco-
logical role” than when he slips into the use of “niche” (mainly following Eric Pianka), but 
this is because I was one of the last people to learn at least some ecology from G Evelyn 
Hutchinson, and so I accept the “niche” as a multi-dimensional trait peculiar to an indi-
vidual species that another species can never wholly duplicate. McGhee creatively explores 
Pianka’s suggestion that there might be a “periodic table of niches” (I’d say ecological roles) 
that evolve repeatedly in communities, and this is one of the most enjoyable parts of the 
book. Still, as both Pianka and McGhee acknowledge, it can be easy to oversimplify or as-
sume ecological roles for extinct critters that cannot be verified or that are merely showing 
superficial resemblances. Herbivorous dinosaurs such as duckbilled hadrosaurs have often 
been compared to ungulates (hoofed mammals), but they probably ate completely different 
plants, used their environments differently, and walked and fed much differently, to say 
nothing of their systems of growth and reproduction. Here we get into a perpetual conun-
drum. We paleobiologists who try to reconstruct physiology and ecology of our long-dead 
critters often exasperate our colleagues in physiology, ecology, and biomechanics, who 
spend their lives painstakingly measuring, recording, calculating, and analyzing the least 
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significant differences among their animals. They are constantly surprised and frustrated 
by how often their results don’t match their expectations. So, they complain, how can we 
“wee folk who dwell among the rocks” (as AS Romer called paleontologists) possibly say 
anything meaningful about animals who are completely extinct? It’s a humbling prospect 
indeed.

I found myself repeatedly amazed at the compass of McGhee’s study, which includes verte-
brates, invertebrates, plants, microbes, individuals, ecosystems, and molecules. It takes an 
unusually broad and dedicated scholar to pull off a book like this one. And yet (because 
there is always an “and yet” in academia), I found some points that perplexed me in the 
treatments of critters with which I have at least a slight familiarity. These do not detract 
from the book in any important way; most merely involve a particular choice of words or 
an angle from which to view the problem.

First, the classic comparison of birds, bats and, pterosaurs as flying animals (p 17) works 
fine, but I have found that students make more sense of the problem if they are asked: 
what is homologous and what is convergent about these wings? All have homologous 
bones, muscles, nerves, and skin, and all of these are involved in the flight apparatus to 
some degree. But the airfoil is differently constructed in all three (bats with skin supported 
by four fingers, pterosaurs with skin trailing behind the bones of the arm and hyperelon-
gated fourth finger, supported within by a network of collagenous fibrils, and birds with 
feathers). Feathers are likely homologous at some level (as mostly collagenous epidermal 
structures) to the hairy coverings found on the wings of bats and (surprisingly) pterosaurs, 
but they do not serve the same functions. And, of course, the common ancestors of these 
three groups did not fly, so the evolution of flight is manifestly convergent.

Another passage that needs clarification concerns ratite birds (p 147–154). The consensus 
based on molecular studies is that ratites (the ostrich, kiwi, cassowary, emu, and so on) are 
indeed monophyletic, but only if tinamous are included, and traditional “struthioniformes” 
(ostriches) comprise several paraphyletic basal stems to the group as a whole. Because 
tinamous are capable of at least weak flight, the loss of flight seems to have evolved several 
times; but this has no bearing on the monophyly of ratites. I would also suggest that the 
evolution of high growth rates (and therefore attendant high metabolic rates, often mis-
labeled “endothermy”) in pterosaurs and dinosaurs does not represent two independent 
events (p 79–80), but rather a common ancestry of those traits in basal Ornithodira (which 
we have been able to support by analysis of dinosaurian outgroups). And the paleoecologi-
cal features of some extinct taxa are listed perhaps too confidently: the size and bizarre 
morphology of the alvarezsaurid forelimb do not strongly support an interpretation of ant-
eating (p 144), which has never been adequately tested, and there is no evidence that the 
tall dorsal spines of three different dinosaurs in several different groups (and other taxa) 
supported webbing that somehow was used for thermoregulation (p 78–79). (The immedi-
ate relatives of these individual dinosaurs lack such specializations, but show no evidence 
of different ecological or physiological features.) Still, these ideas are in the literature, and 
they did not originate with McGhee, so it is reasonable for him to put them out there for 
further testing. 

The final two chapters of the book provide the most food for thought. McGhee considers 
the role of evolutionary constraint in the production of convergence, and the question of 
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what has evolved versus what could (and couldn’t) evolve. Given the laws of physics alone, 
it is inevitable that (for example) swimming vertebrates would converge on a fusiform 
shape, and that running vertebrates would concentrate their limb muscles proximally, leav-
ing mostly bony and sinewy distal parts. Given the constraints of the geometry of protein 
folding, only certain configurations can allow these molecules to function, and even slight 
departures are fatal. So, when Stephen Jay Gould, David Raup, and other paleobiologists 
have talked about “replaying the tape” of life—as with, for instance, what would have 
happened if Middle Cambrian chordates had become extinct and no vertebrates had ever 
evolved—just how different would many of the results have been? 

But is there more than one question here? Physics may dictate to some extent what “can” 
evolve structurally and functionally (and as McGhee notes, there is a tremendous amount of 
unused morphospace out there). Chemistry may dictate to some extent what biomolecules 
“can” evolve structurally and functionally, too. So, it is intriguing to consider what would 
happen if chordates had evolved skeletons based on silica instead of calcium phosphate 
(recall that silica is the mineral basis of the skeletons of many microorganisms, sponges, 
and plants). But “replaying the tape” is more a phylogenetic question than an ecological 
one. To some extent the “what if?” question is a “contingency” one. Rejecting teleology as 
an evolutionary “goal” (a discussion that McGhee handles masterfully), perhaps it is just 
luck of the draw that the first chordates didn’t settle on silica for their skeletons. Otherwise 
we would all have glass jaws.
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Extinction and Radiation: How the Fall of Dinosaurs Led 
to the Rise of Mammals 
by J David Archibald 
Baltimore (MD): The Johns Hopkins University Press, 2011. 120 pages

reviewed by P David Polly

Almost everyone knows how a massive asteroid struck the earth 65 million years ago 
and killed the dinosaurs. Dramatic stories of shocked quartz, settling plumes of ejecta, an 
earth covered in darkness, and acid rain bringing an end to the 165-million-year reign of 
the dinosaurs are repeated everywhere from playgrounds to university lecture halls. Last 
year a group of forty-one scientists, many of them experts in the analysis of sediments and 
geochemistry, reviewed data from rocks containing ejecta material and reconfirmed that, 
though scattered around the world, they were produced 65.5 million years ago, coinciding 
precisely with the Cretaceous-Paleogene (K-Pg) boundary, the time when the last terres-
trial dinosaurs became extinct (Schulte and others 2010). This group, led by Peter Schulte, 
a geophysicist, concluded that the Chicxulub impact, so named because of the crater rem-
nants centered near the town of Chicxulub, Mexico, “triggered the mass extinction.” 

What fewer people know is that many paleontologists who study Late Cretaceous dinosaurs 
disagree, arguing that the asteroid collision may have been spectacular, but was hardly 
sufficient to explain the patterns of extinction and radiation that are recorded in the fossil 
record. One such group of twenty-nine scientists replied to Schulte and his colleagues that 
the asteroid marked the end of the mass extinction, not its beginning (Archibald and oth-
ers 2010). These paleontologists, led by David Archibald, a paleontologist and the author 
of Extinction and Radiation, argued that the patterns of extinction and survival through 
the Late Cretaceous and early Paleogene differed among groups of organisms, some of 
which died off prior to the collision and some of which were unaffected. These patterns 
thus cannot be entirely explained by a sudden impact. The asteroid impact was more of a 
coincidence than a trigger. 

In Extinction and Radiation, Archibald makes the case at length. He is no asteroid denier. 
The evidence for an impact at the K-Pg boundary is plentiful and Archibald reviews it in 
detail: the ejecta, the concentrations of the otherwise rare element iridium at the bound-
ary, and the remains of the impact crater itself, all of which coincided with the extinction 
of many groups of organisms including the last terrestrial dinosaurs. Rather, Archibald’s 
argument is that additional causes need to be invoked to explain the observed patterns 
of extinction and survival through the Late Cretaceous and into the early Paleogene. That 
may sound boring to someone hyped on the acid rains and total darkness that are often 
portrayed as the cataclysmic consequences of the asteroid impact, but the less apocalyptic 
events at the end of the Mesozoic are more interesting as science because they tell us some-
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thing about how earth systems interact with the biota to cause environmental reorganiza-
tion, extinction, and radiation. 

The centerpiece of Archibald’s evidence is his group-by-group comparison of the occur-
rences of different groups through the Late Cretaceous and into the early Paleogene. Of 
30 mammal species, only two became extinct well before the impact, 15 became extinct 
at approximately the time of the impact, and 13 survived it. Of the crocodilians, the other 
large reptiles besides the dinosaurs, four out of five species survived the impact. All eight 
amphibian species survived, 15 out of 17 turtle species survived (though work is ongoing), 
but eight out of ten lizard species became extinct, even though the families they repre-
sented survive today. Of the dinosaurs, 25 of the 48 terrestrial species known from the Late 
Cretaceous had already become extinct in the ten million years before the impact. Indeed, 
a recent paper published after Archibald’s book was written indicates that only three spe-
cies of dinosaurs—Triceratops, Tyrannosaurus, and Edmontosaurus—survived into the 
Upper Hell Creek Formation, the terrestrial rock unit where the end of the Cretaceous is 
best known (Horner and others 2011).

Archibald concludes from these data that the impact can only explain part of the extinc-
tion pattern and that focusing only on the impact misses interactions between organisms 
and other events that arguably had a greater effect on life than the asteroid. Dinosaurs had 
already dwindled to almost nothing before the impact snuffed the last of them out. Lizards 
and mammals were decimated, but crocodilians, turtles, and amphibians persisted, contro-
verting the complete devastation predicted by stronger versions of the asteroid impact ex-
planation. Most interesting to Archibald is the fact that mammals, which were arguably the 
hardest hit at the K-Pg boundary, underwent an explosive and rapid radiation afterwards, 
an event overshadowed by focus on the asteroid impact but one that has the potential to 
tell us more about how events and environmental restructuring affect biodiversity. The 
pattern of events in the Late Cretaceous and early Paleogene only make sense in a larger, 
richer, longer-term picture: an exceptional million-year-long period of volcanism was caus-
ing major perturbations to the earth’s atmosphere, both in terms of its gaseous composition 
and its aerosols; sea levels were dropping, thus draining the vast river deltas, swamps, and 
shallow seas that covered much of western North America; habitats were being fragmented 
by sea level change and tectonics; and the global temperature was bobbing up and down, 
perhaps as a result of the atmospheric changes. These longer-term factors, for Archibald, 
explain a large part of the evidence derived from terrestrial ecosystems, while the dark-
ened skies and infrared radiation of the asteroid impact explain the rest, an unexpected 
event that tipped the balance in an already stressed and dynamically changing system.

To interpret the difference between Shulte’s group and Archibald’s, both of which have 
respectably large numbers of scientists, simply as a “lack of consensus” is to oversimplify 
science. The issue of “scientific consensus” recurs daily in public and political debates 
about climate change, evolution, and similarly charged topics, and the science of the end-
Cretaceous extinction is a good model for understanding how scientific debate takes place 
and how there can be consensus on some points and disagreement on others. Science is 
fundamentally a process of questioning, examining, and interpreting, of figuring out how 
nature works—if there is complete consensus on a subject, it has passed out of the realm 
of science and into the realm of “common knowledge.” Like climate change and evolution, 
the end-Cretaceous extinctions are complex phenomena that involve many organisms and 
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many processes and which are studied by many scientists with different interests, different 
data, and different lines of evidence. 

Levels of consensus on any particular scientific issue, including the K-Pg extinction, change 
through time. The extinction itself had been known since the 19th century, a major biotic 
turnover that defined the break between Mesozoic and Cenozoic—“Middle Life” and “Re-
cent Life”—in the geological timescale: there has been consensus for a long time that an 
extinction occurred. The causes of extinction had been investigated for decades before the 
asteroid impact hypothesis was introduced and rich data already existed for the possible 
roles of changing sea levels, changing ecosystems, volcanism, and climate in driving them. 
Archibald confesses in his book that he disbelieved in the asteroid when it was first pro-
posed in 1980 by his Berkeley colleagues Luis Alvarez and Walter Alvarez because a catas-
trophe did not seem necessary to explain the extinctions—a well-developed understand-
ing was already in place and a sudden cataclysm did not explain things as well. Evidence 
mounted for the asteroid, so much so that there is now a “scientific consensus,” including 
Archibald, that the impact contributed suddenly and fiercely to the end-Cretaceous extinc-
tion: there is now consensus on the existence of an asteroid impact and that it had a major 
effect on life. Nevertheless, the suddenness of a bomb from space can still not completely 
explain the pattern of extinction that had already been documented: consensus does not 
yet exist on the complexity of the end-Cretaceous extinction. 

What makes Archibald’s book a highly recommendable example of the scientific process is 
that the author carefully lays out all the paleontological evidence available to him and uses 
that evidence to evaluate the many possible explanations of the extinction, discussing the 
strengths, weaknesses, and limitations of each explanation in the process. He finds that 
several causes are necessary to sufficiently explain the evidence, and it is that evidence and 
the scientific process used to evaluate it that gives weight to the opinion of the twenty-nine 
scientists who in 2010 disputed the role of the Chicxulub impact. 
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The Tangled Bank: An Introduction to Evolution
by Carl Zimmer 
Greenwood Village (CO): Roberts and Company, 2010. 394 pages

reviewed by Steve Rissing

In the first few pages of The Tangled Bank, Carl Zimmer explains that he targets “those 
not planning to be biologists—in other words, most people.” For the most part, Zimmer 
accomplishes the task of introducing evolution to that readership remarkably well. 

NCSE asked me to review this new (2010) contender in the introductory evolution textbook 
market from the perspective of someone teaching college-level introductory evolution 
classes. To that perspective, I can add that of foot soldier in disagreements over “intelligent 
design” with our state board of education and that which comes from recently completing 
a comparative review of textbooks for college-level general education curriculum and ma-
jors introductory courses. Viewed from all three perspectives, The Tangled Bank untangles 
many evolutionary concepts in a clear and effective manner.

Zimmer is an award-winning author of popular articles (in venues such as The New York 
Times, Time, Science, and Discover) and books on evolution, microbes, and the history of 
science; he also writes at his blog The Loom (http://blogs.discovermagazine.com/loom/). 
This background shines through all of the chapters of The Tangled Bank. Zimmer’s writ-
ing is clear, concise, and very user-friendly. True to his stated goal, the book should appeal 
to most people motivated to understand more about evolution, whether because course 
readings are required or because they just want to understand more about the organizing 
principle of biology. 

The Tangled Bank is remarkably current and complete, especially for a textbook of fewer 
than 400 pages (with page and font sizes that compare favorably with other texts). The 
history of evolutionary theory unfolds at the beginning of the book with the typical men-
tion of Cuvier, Hutton, Lyell, and William Smith, the British canal surveyor and accidental 
fossil hunter. I confess that I would have appreciated a little more attention to the timely 
and largely independent work of Alfred Russel Wallace. He’s in there, but more as Darwin’s 
publication prod than as part of a discussion of the nearly independent discovery of an 
insight whose time had come. 

Coming to the science, evo-devo, pseudogenes and gene families, horizontal gene transfer, 
the evolution of feathers (which “began long before birds existed”), evolutionary medicine 
(all of chapter 13), and evolutionary perspectives of behavior (all of chapter 14) all receive 
rich discussion and not just “coverage” as occurs too often in the evolution sections of texts 
for introductory courses. Zimmer inserts several call-outs to Alu elements. Most topics 
traditionally found in evolution texts—DNA and mutation, sexual selection, natural selec-
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tion and genetic drift, gene flow, phylogenies and cladograms, evolution and conservation 
of diversity, plate tectonics and Pangaea (although never called that)—are all present and 
more than accounted for.

A few standard topics like linkage disequilibrium do not occur in the text. That brief list 
also includes kin selection and the social hymenoptera (to say nothing of the termites). As 
much as this kind of decision stings personally (since I study the evolution of cooperation 
in starting ant colonies), I prefer this selective approach to that of “covering” lots of topics 
in a rushed and poorly explained fashion. Besides, lots of independent, accessible sources 
lay out the basics of kin selection relatively well.

The references section has an annoying lack of one-to-one linkage between specific text 
statements and an all-inclusive list at the back of the book. Rather than linking specific 
references to numbered footnotes or traditional citations included in the text, the reference 
section lists sources used in the sections of each chapter. While the text makes ample ref-
erences to a specialist and her/his students for a particular topic under discussion, if that 
specialist occurs as “Al” in the “et al” part of a reference, one has to check all of the Als that 
appear in the collected references for a section. That’s an annoyance to those of us always 
on the prowl for particularly fitting and recent examples, and likely to be frustrating for our 
students assigned papers or looking for potential advisors. This inconvenience, however, 
should be balanced against a very up-to-date and much appreciated look into the recent 
and current literature of the topics covered. 

The Tangled Bank differs from the typical textbook in not having end-of-chapter questions 
and other “supporting material,” perhaps because as a journalist rather than a teacher, 
Zimmer lacks the experience and insight that arises from having to prepare and present a 
college-level evolution class—but I’m not sure that detracts from the book. It also differs 
from the typical textbook in having a retail price of $59.95, making it significantly more 
affordable.

The art of the book deserves special mention. It’s fantastic. It is surprisingly ample and 
effectively colorful for a first edition of any text. In many places, the diagrams rise to ex-
traordinary levels in explaining and connecting complex concepts in a refreshingly simple 
manner. Paired diagrams explaining ratio of non-synonymous/synonymous DNA substitu-
tions and their use in detecting neutral drift versus purifying or positive selection, and 
multiple diagrams devoted to the evolution of animal eyes or brains stand out among many 
other examples of well-conceived art. On the other hand, the art and the text in general 
are not burdened with excessive terminology or bold-faced terms. I suspect there is more 
to this omission than meets—or does not meet—the eye. For example, figure 5.5, show-
ing the effect of chromosome reduction during meiosis and sexual reproduction, is free 
of unnecessary (and artificial) terms like anaphase, prophase, and telophase. The naked 
man and woman silhouettes are pretty common for such textbook diagrams; the naked cell 
diagrams are not, and are greatly appreciated. 

The Tangled Bank is a viable—and vibrant—candidate text for any basic evolution course. 
Colleagues and I have often discussed offering a course between the level of broad-spec-
trum, introductory biology courses and our core curriculum required evolution course for 
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majors; this text would be ideal in such an application and, indeed, make structuring such 
a course easier. I have often had interested members of Zimmer’s targeted “most people” 
audience ask for an appropriate book I might recommend that they could read (and usually 
implied: enjoy) to understand evolution better. Such requests have come from students in 
my large-enrollment general education biology courses to members of our state board of 
education. No doubt about it, this is the book I’ll be recommending. 
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Arguing for Evolution:  
An Encyclopedia for Understanding Science
by Sehoya Cotner and Randy Moore 
Santa Barbara (CA): ABC-Clio, 2011. 318 pages

reviewed by Erik Scully

There are several reasons why proponents of the forms of creationism that claim a scien-
tific basis—from young-earth creation science to “intelligent design”—are successful in ef-
forts to convince segments of the public that their ideas belong in the classroom. First, they 
are often speaking to a sympathetic audience that appreciates “scientific” support for their 
personal views. Second, the generally low level of scientific literacy among the American 
public means that any idea that can be made to seem scientific is viewed as having some 
degree of validity. Finally, there is the fact that many people simply don’t know that much 
about contemporary evolutionary biology.

Readers of Reports of the NCSE are well aware of how these factors shape the nature of the 
creationism/evolution debate. Creationists are free to offer a combination of carefully cho-
sen “evidence” and outright disinformation to support their arguments, while opponents in 
the scientific community have to divide their time between correcting the misrepresenta-
tions and attempting to present a positive case for evolutionary biology to audiences that 
have little accurate knowledge of the subject.

One obvious solution to these issues is a public that is better informed about science in 
general and the nature of evolutionary biology in particular. Until recently, however, in-
formation about evolutionary biology was typically obtained by the brief exposure that 
individuals get during their formal education. Readers of this journal are well aware of the 
incredible variability in both quantity and quality of what is presented in the classrooms 
and lecture halls of this country. While NCSE, other organizations, and individual teachers 
are making efforts to improve this situation, it will be quite some time before their various 
approaches have a widespread impact.

Recently, there has been another approach, in which individual authors write books about 
evolutionary biology for a general readership. Rather than focusing on the creationism/
evolution controversy and offering rebuttals to creationist arguments, these books offer 
views of evolutionary biology as a significant component of contemporary science. Each 
book reflects the choices of its author in terms of approach and emphasis. Carl Zimmer 
(2009), for example, has written a colorful book that is organized in a manner similar to a 
traditional textbook. Jerry Coyne (2009) and Richard Dawkins (2009) each emphasize core 
principles of evolutionary biology and along the way offer some insights into the flaws of 
the “scientific” arguments of creationists. David Mindell (2006) has taken the approach of 
demonstrating how evolutionary biology explains so much about the living world around 
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us right now. The most likely audience for these books would be people already sympa-
thetic to the importance of evolutionary biology, but well-informed supporters are impor-
tant in any situation.

Arguing for Evolution is the latest addition to an increasing number of books written to 
provide a view of contemporary evolutionary biology for the educated layperson. Readers 
of this journal are likely familiar with papers and other books written by Randy Moore. He 
and his coauthor, Sehoya Cotner, are both on the faculty of the University of Minnesota, 
and have published (singly and as coauthors) an impressive array of papers on the creation-
ism/evolution controversy as well as a number of topics in science education.

The structure of the book is not quite as encyclopedic as might be indicated by the title. 
Instead, it is organized around chapters covering the scientific status of evolution, the age 
of the earth, fossils, biogeography, molecular and anatomical evidence of evolution, behav-
ior, coevolution, and human evolution. Starting with the second chapter, each one begins 
with a listing of predictions based on the assumptions of the evolutionary process and the 
balance of the chapter is a discussion of case after case in which the predictions were met. 
The result is a good summary of the results of relatively recent research.

The authors have tried to keep the discussion at an appropriate technical level without 
oversimplification or sacrificing the idea of science as a process of discovery. Throughout 
the book, specific concepts or cases (such as radiocarbon dating in chapter 2, the Galápa-
gos iguanas in chapter 4) are discussed in a bit more detail within boxed essays. The book 
is also illustrated well with grayscale photos and a number of line drawings. In keeping 
with the concept of the book’s title there is a “quick A–Z guide to the evidence” in the 
front so that readers can flip to the relevant information. There is also a bibliography that 
is organized by chapter in case readers want to get more detail on a specific case. Finally, 
one of the more unique features is the full text of chapters 4 (“Natural selection”) and 14 
(“Recapitulation and conclusion”) from the first edition of On the Origin of Species.

The book, however, is not without its flaws. There are a few errors. For example, in a list-
ing of major fossil sites, Tyrannosaurus rex is described as weighing up to 117 kilograms, 
which would mean it was hefty, but not as terrifying as the potential 6.8 metric tons. There 
are also some issues of interpretation. Robert MacArthur and EO Wilson are credited with 
developing the species-area relationship, when it had been noted by others before them, 
and it was actually part of the foundation for their equilibrium model of island biogeog-
raphy. In another instance, the classic case of competition between the barnacles Semi-
balanus (Balanus) and Chthamalus is presented as an example of character displacement 
when the evidence for a direct effect of competition on the evolution of habitat utilization 
is circumstantial at best. Finally, there are parts of the book where too many examples are 
mentioned without specific details, which leaves it to the reader who wants more informa-
tion to identify the source in chapter bibliography.

Cotner and Moore are certainly to be commended for their attempt to cover so much in so 
little space—just over 200 pages excluding the chapters from the Origin of Species. Hope-
fully, the book will be successful enough to justify another edition where examples can be 
updated or replaced with new research that further supports and illustrates our knowledge 
of the evolutionary process. Meanwhile, the current book would serve as a good starting 
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point for those who want to learn more about how evolution is the only explanation for 
life on this planet.
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