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Yes, Bobby, evolution is true!
Joseph E Armstrong and Marshall D Sundberg

Each fall the Botanical Society of America (BSA) issues a call for symposia to be held dur-
ing the annual meeting the following summer. Every section of the society is encouraged 
to support one or more symposium proposals. Since the 2013 meeting was scheduled 
to be held in New Orleans, Louisiana, we thought that “teaching evolution” would be a 
good topical subject for a symposium that both the Historical and Teaching Sections could 
jointly support. Louisiana has a history of legislation opposed to teaching evolution in the 
schools, most famously the Balanced Treatment for Creation-Science and Evolution-Science 
Act overturned by the Supreme Court’s decision in Edwards v Aguillard in 1987, and the 
state has again been making news because of its 2008 permissive science education law, 
the Louisiana Science Education Act (LSEA). The LSEA allows sympathetic science teachers 
to teach creationism and/or “intelligent design” in science classes without fear of penalties. 

We decided that as botanical scientists and educators, it was our responsibility to confront 
this law directly by providing resources to help local teachers effectively teach evolution 
using plant examples. As biological scientists, our basic position is that creationism and 
“intelligent design” aren’t just wrong, they’re useless, and any explanation that can’t be 
used to do science is not part of science. This basic position is elaborated in the BSA’s of-
ficial statement on evolution (2003; Armstrong and Jernstedt 2003). We also thought that 
it would be important to interest school teachers, community college instructors, and col-
lege professors from the region to attend the symposium, even if they were not themselves 
members of the Botanical Society. Thus we purposely chose a provocative title that made 
direct reference to the governor of Louisiana, Bobby Jindal, alluding to the time-honored 
“Yes, Virginia, there is a Santa Claus.” 

We envisioned the symposium as having two parts, historical and educational. The first 
part, an orientation to the history of the creationism/evolution controversy in the state, was 
aimed primarily at our membership in the BSA. It is unfortunately true that the majority 
of research scientists pay little attention to educational controversies in the schools, un-
less our children are attending them. We are usually even less aware of controversies in 
states other than our own. We knew that most of the more than 1100 botanists attending 
the meeting would not be from Louisiana and many would be from other countries. They 
would know little, or nothing, about the LSEA, and perhaps be unaware of the lack of 
public understanding of evolution even in their home state. An introduction to the history 
of the controversy in the state of Louisiana would be generally applicable to the ongoing 
controversy throughout the country. 

One of us (MDS) was a faculty member at Louisiana State University during the time of 
the earlier Edwards v Aguillard decision and was acquainted with some of the local edu-
cators who continue to be heavily involved with the problem of teaching evolution in the 
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schools. Barbara Forrest, a professor of philosophy at Southeastern Louisiana University, 
has become a national voice for science in the curriculum and particularly for clarifying the 
arguments against teaching creationism in its various guises in the science classroom. She 
was the first potential panelist we contacted, and she quickly agreed to participate. One of 
her suggestions was to contact a young history student at Rice University, Zack Kopplin, 
who had for several years been involved in efforts to overturn the LSEA.

Zach Kopplin was a student at Baton Rouge Magnet High School when the LSEA was 
passed in 2008. Disappointed with the level of opposition to the law generated by legisla-
tors and traditional education lobbyists, he decided that a grassroots student effort might 
be more successful. We had recently become aware of his attempts to repeal this anti-sci-
ence law through YouTube posts, but it was not until Forrest mentioned him that we made 
the connection—Kopplin had graduated from Baton Rouge High School, and although 
now a student at Rice University, he was still actively involved in trying to repeal the LSEA 
in his home state. Kopplin was also quick to reply that he would be happy to participate 
in our symposium.

How fortunate for our symposium that two of the most vocal proponents for teaching 
evolution in the classroom, Zack Kopplin and Barbara Forrest, were both in Louisiana and 
accepted our invitation to speak. Our symposium would introduce them to the Botanical 
Society of America and provide them a platform for presenting their historical and activ-
ist perspectives on this critical science education problem. Their willingness to participate 
also provided us with “name recognition” to recruit local teachers, instructors, and pro-
fessors to attend the symposium. We contacted Patsye Peebles, a long-time Baton Rouge 
science teacher who was a regional officer in the National Association of Biology Teachers 
(NABT), to assist in publicizing the event by providing a list of regional NABT members. 
We also convinced the BSA to provide a special reduced one-day registration for local 
teachers to attend the symposium and other education-related workshops and activities 
the day of the symposium. This information was provided to the regional NABT members.

If you took all of the on-line response to the symposium at face value, you would expect 
that it was nothing more than a little bit of background and a lot of “ranting” about Gov-
ernor Jindal and the Louisiana Science Education Act (Dreilinger 2013; Klein 2013; Sadow 
2013). In fact, two-thirds of the symposium consisted of presentations about how plants 
and plant biology can be used to effectively teach evolution. 

For this part of the symposium, we chose four plant scientists with various areas of exper-
tise but long-standing commitment to effectively teaching about evolution. Stanley Rice, 
a plant ecologist from Southeastern Oklahoma State University, came in the persona of 
Charles Darwin and gave examples of his efforts focusing on ecological adaptations. Rice’s 
alter ego was particularly effective because, like Darwin, Rice was raised a creationist and 
only later came to see and accept the scientific viewpoint. James Hancock, an agricultural 
evolutionary botanist from Michigan State University, demonstrated that you cannot do 
modern plant breeding and agricultural research without a thorough understanding of 
evolutionary biology. Indeed, plant breeding provides some of the most straightforward 
evidence supporting evolution, such as the evolution of modern cultivated wheat and the 
vegetable varieties of the species Brassica oleracea (cabbage, broccoli, kale, and so on). 
Mitchell Cruzan is a molecular botanist at Portland State University. Molecular biology and 
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evo-devo (short for evolutionary developmental biology) provides some of the strongest 
evidence for evolution, and Cruzan works at the cutting edge. Lastly we invited Gordon 
Uno, chair of the Department of Microbiology and Plant Biology at the University of Okla-
homa. Uno, a national leader in the movement to improve biology education in the US, 
provided a number of resources available to teachers that can be used to incorporate more 
evolution throughout their courses.

In addition to the local and national press releases mentioned above, which focused exclu-
sively on the first two talks, the Huffington Post also included a much more balanced blog 
by Chris Martine (2013), who attended the entire symposium. Overall we were pleased 
with the results of the symposium. It helped to educate our membership about some of the 
problems facing science teachers in the schools and it provided useful information for the 
BSA members and local teachers and instructors in attendance to effectively employ plants 
in teaching evolutionary concepts. Finally, we feel that the Botanical Society of America 
has set an important example for other discipline-based professional scientific societies to 
engage the public in this important debate. 
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Louisiana’s Love Affair with creationism
Barbara Forrest

In November 2012, Barack Obama was re-elected as president of the United States, and the 
Republican Party, which has become prominently associated with science denialism, was 
licking its post-election wounds. Attempting to commandeer the high road of inclusiveness 
and rationality, Louisiana Governor Bobby Jindal, who was about to become the 2013 chair 
of the Republican Governors Association, chastised his party for its anti-intellectualism, to 
which he (at least partly) attributed the electoral defeat: 

It is no secret we had a number of Republicans damage our brand this year with of-
fensive, bizarre comments — enough of that. … It’s not going to be the last time any-
one says something stupid within our party, but it can’t be tolerated within our party. 
We’ve also had enough of this dumbed-down conservatism. We need to stop being 
simplistic, we need to trust the intelligence of the American people and we need to 
stop insulting the intelligence of the voters. (Martin 2012)

There is more than a little hypocrisy in Jindal’s rebuke of his fellow Republicans. For the 
past decade, as a gubernatorial candidate and as governor, he has supported teaching 
creationism in his own state. In fact, he was the linchpin in a successful scheme to pass a 
creationist law in Louisiana. Upon taking office in 2008, one of the first pieces of legisla-
tion he signed was the Louisiana Science Education Act (LSEA), a project of the Discovery 
Institute (DI) and the Louisiana Family Forum (LFF, a Focus on the Family affiliate). The 
law, which is written in shopworn creationist code language, permits Louisiana public 
school science teachers to use creationist materials to promote “critical thinking skills” 
concerning “scientific theories being studied including, but not limited to, evolution, the 
origins of life, global warming, and human cloning” (SB 733 2008; Forrest 2008). Despite 
his Ivy League biology and public policy degree, Jindal’s anti-science politics has ensured 
the continuation of Louisiana’s decades-long love affair with creationism. 

Hi stor ical conte x t

In 1981, the Louisiana legislature passed the “Balanced Treatment for Creation-Science and 
Evolution-Science in Public School Instruction Act” which required teaching creationism 
along with evolution. In its 1987 Edwards v Aguillard ruling, the US Supreme Court de-
clared this law unconstitutional (Edwards 1987). Creationists had to change their strategy, 
which amounted to little more than changing their terminology. In 1996, the DI’s Center for 
the Renewal of Science and Culture (now the Center for Science and Culture), took up the 
banner of creationism as “intelligent design” (ID). Although these post-Edwards creation-
ists strategically eliminated the young earth and Noachian flood components that would 
have immediately doomed their efforts, they left the rest of creationism’s pre-Edwards 
structure intact, enabling critics to recognize ID easily as creationism. 
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For almost a decade, the DI tried unsuccessfully to insert ID into the science standards of 
various states. In “The Wedge”—the 1998 document that laid out for prospective donors 
its “Wedge Strategy” for advancing ID into the cultural and academic mainstream—the DI 
promised to provide “legal assistance in response to resistance to the integration of design 
theory into public school science curricula” (DI 1998; Forrest 2001). An opportunity to pro-
vide that assistance eventually came, although not as the DI planned.  

In 2004, the Dover, Pennsylvania, Area School Board adopted a pro-ID policy statement 
that Dover Area High School science teachers were ordered to read to students. This state-
ment presented “intelligent design” as “an explanation of the origin of life that differs from 
Darwin’s view” and announced that “the reference book, Of Pandas and People” was 
“available for students who might be interested in gaining an understanding of what Intel-
ligent Design actually involves” (Matzke 2004). The DI panicked. While its “fellows” were 
energetically promoting ID, mainstream scholars and scientists had effectively debunked it 
as the disguised creationism that it truly is. The DI knew that the term “intelligent design” 
would be a legal liability. Unable to persuade the board either to sanitize the statement’s 
terminology or withdraw it, the DI became a reluctant participant in the board’s legal 
defense in Kitzmiller et al v Dover Area School District, a case that they rightly feared the 
board would lose. 

On December 20, 2005, Judge John E Jones III released his Memorandum Opinion, de-
claring the teaching of ID creationism in public schools to be unconstitutional (Kitzmiller 
2005). Although binding only in the Middle District of Pennsylvania, Jones’s opinion re-
verberated nationwide, persuading other school districts to drop plans to promote ID as a 
scientific theory. The DI, smarting over its damaged credibility, had to figure out how to 
rebound from this defeat. Within a month, in its Winter 2006 newsletter, the DI announced 
its next strategic (that is, terminological) shift: “We have entered a new front in the de-
bate over intelligent design — the need to protect academic freedom. … Our opponents 
... have now turned their attention to quashing opportunities for students to hear pro-ID 
arguments” (DI 2006). The DI’s “pro-ID arguments” would now be cloaked in the crypto-
creationist language of “academic freedom.” Louisiana was among the states where this 
“new front” was to be staged. The groundwork had been laid even before Kitzmiller.  

We dg i n g i nto tH e Pe lican state

The LSEA, which was enacted as SB 733, had initially been filed as SB 561, the “Louisiana 
Academic Freedom Act” (SB 561 2008). Although SB 561 didn’t mention “intelligent design,” 
it was full of creationist code language. Moreover, Senator Ben Nevers, who sponsored SB 
561 on the LFF’s behalf, blew its cover in a newspaper interview: “They [the LFF] believe 
that scientific data related to creationism should be discussed when dealing with Darwin’s 
theory” (Schon 2008). Facing opposition from the Louisiana Coalition for Science (LCFS), 
the LFF, working with the DI, got the bill renumbered and renamed as the “Louisiana Sci-
ence Education Act.” Although they further sanitized the terminology, the revised bill still 
contained identifiable creationist code language (Forrest 2008). 

The LSEA’s initial title proved that the DI’s “new front” wasn’t new at all. Louisiana’s 1981 
Balanced Treatment Act had likewise been “enacted for the purposes of protecting aca-
demic freedom,” a rationale that is still on the legislative web page informing readers of the 
law’s being “held unconstitutional in Edwards v Aguillard” (Balanced Treatment Act 1981). 
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Despite this incriminating history, in early 2008 the DI unveiled its “Academic Freedom 
Petition,” which supporters could use to “urge the adoption of policies by our nation’s aca-
demic institutions to ensure teacher and student academic freedom to discuss the scientific 
strengths and weaknesses of Darwinian evolution”; the petitions would be delivered to 
“appropriate state and federal education officials and departments” (DI 2008b). They were 
a preliminary step toward persuading state legislatures to adopt some version of the DI’s 
deceptive “Model Academic Freedom Statute on Evolution” (DI 2008a). 

The DI had begun peddling its academic freedom bills in Alabama in 2004. However, after 
Kitzmiller, with its reputation in tatters and few remaining alternatives for promoting ID, 
the DI kicked its legislative effort into high gear. After unsuccessfully promoting bills in 
half a dozen states between 2004 and 2007, the DI found precisely the right combination of 
legislative and gubernatorial demographics in Louisiana in 2008. Louisiana thus reversed 
the DI’s losing streak, followed by Tennessee in 2012 (NCSE 2013a). 

The LFF had signaled its support for the DI’s pro-ID agenda in 2003, when the LFF’s co-
founder Darrell White submitted a letter into the public record supporting the DI’s effort 
to influence the selection of biology textbooks in Texas (White 2003). In 2006, White en-
gineered the adoption of an academic freedom policy in Ouachita Parish, Louisiana, an 
accomplishment that the DI publicly applauded (Smith 2006). In 2007, Louisiana Senator 
David Vitter tried to steer a $100,000 earmark to the LFF in order to finance its “plan to 
promote better science education” in Ouachita Parish (Eggler 2007). Although the scheme 
failed when a New Orleans reporter publicized it, the LFF–DI partnership to promote “aca-
demic freedom” across the entire state was sealed.  

tH e Ke y Pl aye r s

Tony Perkins, a Louisiana native who now heads the Family Research Council in Wash-
ington DC, incorporated the LFF in 1997 (Louisiana Secretary of State 1997). White, a 
retired judge, was the initial co-director along with Gene Mills, a Pentecostal Assembly of 
God minister (LFF 2000; Forrest 2013). Mills, now the sole executive director (White has 
become a “consultant”), is among the most powerful political operatives in Louisiana in 
his role as a legislative lobbyist; he amplifies his influence through a statewide network of 
conservative clergy (Forrest 2013). The LFF executes its mission “to persuasively present 
biblical principles in the centers of influence” (LFF 2013) primarily at the Louisiana State 
Capitol, which houses the offices of its chief ally, Bobby Jindal, and the legislators whose 
cooperation stems from crass opportunism, fear of becoming targets of the LFF’s political 
clout, or genuine ideological alignment. 

For almost a decade, Louisiana media virtually ignored Mills’s increasing influence, reflect-
ed in his success at steering favored bills to passage and killing others that he deems un-
friendly to “faith, freedom[,] and the traditional family” (LFF 2013). Neither would in-state 
media cover Jindal’s lockstep alignment with the Religious Right, despite his making his 
personal religiosity integral to his political persona. However, as the LSEA sped through 
the legislative pipeline, New York Times reporter Adam Nossiter connected the dots in a 
June 2, 2008, article, noting that Mills “has become a frequent presence in the legislative 
halls,” while “at the [LFF’s] modest offices [in Baton Rouge], Mr Jindal is seen as practically 
one of the family” (Nossiter 2008). Jindal, who supported teaching creationism during his 
unsuccessful 2003 gubernatorial campaign (Thevenot 2003), reaffirmed his support in 
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2007, using creationist talking points: “There’s no scientific theory that explains how you 
can create organic life out of inorganic matter. ... [W]e owe it to our children to teach them 
the best possible modern scientific facts and theories. Teach them what different theories 
are out there for the things that aren’t answerable by science. … Let them decide for them-
selves” (LPB 2007). 

The LFF’s influence virtually guaranteed the LSEA’s passage once all of the right political 
pieces were in place. Senator Nevers, a powerful veteran legislator, has a history of trying 
to insert religion into public schools. The 2007 election also ushered in a more religiously 
conservative cohort of freshman legislators who were eager to support the LSEA, while 
others who disagreed were too intimidated by Jindal and the LFF to oppose it. (In both the 
Senate and the House of Representatives, only three House members voted against it [SB 
733 2008]). However, given former governor Kathleen Blanco’s stated opposition to teach-
ing creationism (Thevenot 2003), the LFF needed a governor who they knew would sign a 
creationist bill. Bobby Jindal was the key to enacting the LSEA into law.

Given these political demographics, nothing could have prevented passage of the LSEA. 
The DI announced the success of its collaboration with the LFF in a celebratory blog post, 
“Victory in Louisiana,” within minutes of the story’s June 27 appearance in the Baton 
Rouge Advocate (DI 2008c).

afte r matH

The LSEA was merely the beginning of the LFF’s commandeering of science education pol-
icy in Louisiana. On January 13, 2009, assisted by Dale Bayard, then the LFF’s point man 
on the Board of Elementary and Secondary Education (BESE), the LFF succeeded in gut-
ting the policy governing local implementation of the LSEA, which BESE was responsible 
for adopting. First through pressure on Department of Education staff and then through 
Bayard’s influence on the board, the LFF succeeded in stripping from the policy two key 
protections against teaching creationism: (1) “Religious beliefs shall not be advanced un-
der the guise of encouraging critical thinking”; and (2) “Materials that teach creationism 
or intelligent design or that advance the religious belief that a supernatural being created 
humankind shall be prohibited for use in science classes” (Forrest 2009b). On January 14, 
2009, Mills crowed, “Louisiana is open for business” (Forrest 2009b).   

Next, in September 2009, the LFF convinced BESE to skew the procedure for handling pa-
rental complaints concerning creationist materials so that school administrators who per-
mit teachers to use such materials, the publishers of the materials, and “reviewers” selected 
by administrators and publishers will outnumber the parents and their chosen reviewer. 
The Department of Education’s supervisory role in the review process was also weakened. 
(Forrest 2009a). 

As predictable as humidity in the summertime, Louisiana school boards have shown that 
they understand the LSEA’s true intent. In July 2010, two Livingston Parish School Board 
members proposed using the LSEA to “see what we can do to teach creationism in schools” 
(Truax 2010). That blatant proposal went nowhere. However, in September 2012, the Cen-
tral Community School System (CCSS), an independent school district in a Baton Rouge 
suburb, adopted a policy on “Teacher Academic Freedom in Science Education When Cov-
ering Controversial Scientific Subjects” (Forrest 2012a). Obviously taking a lesson from 
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Livingston Parish, the CCSS board had clearly been coached: the language of the policy 
was carefully sanitized. The LFF’s—specifically, Darrell White’s—fingerprints were all over 
it (Forrest 2012b).  

The pro-science community has managed some pushback. In February 2009, the Society 
for Integrative and Comparative Biology (SICB) decided to boycott New Orleans because 
of the LSEA (SICB 2009). SICB lifted its boycott in 2012 after the Orleans Parish School 
Board voted to prohibit the teaching of creationism in the six public schools it controls 
(NCSE 2013c). In 2010, the LCFS defeated the LFF’s attempt to block BESE’s adoption of 
new biology textbooks (Forrest 2010b). However, this was a singular victory. Every year 
since 2011, Senator Karen Carter Peterson, working with Louisiana student Zack Kopplin, 
has introduced a bill to repeal the LSEA, and every year the Senate Education Committee 
has killed it (NCSE 2013b). 

Louisiana science education policy concerning evolution (and now, climate science) still 
bears the imprint of the LFF and its minions: Gene Mills, a dominionist who believes 
that Christians must acquire “jurisdictional authority in the arena of government” (Forrest 
2013); Darrell White, lifetime member of Answers in Genesis’s Creation Museum (Ham 
2009); John Oller, a young-earth creationist and anti-vaxxer (Forrest 2010a); Charles Voss, 
perennial purveyor of young-earth creationist “Biology Textbook Addenda” (Voss 2011); 
and Lennie Ditoro, a housewife and ubiquitous LFF gadfly who frequently testifies before 
legislative committees (Forrest 2011).

Such discouraging realities notwithstanding, one aspect of the LSEA is perversely encour-
aging. As written, the law states that teachers “may use supplemental textbooks and other 
instructional materials” (SB 733 2008) (emphasis added). The law doesn’t require teachers 
to do anything. Whereas using Louisiana’s science standards is mandatory, teachers are 
completely free to ignore this misbegotten statute and do what professional integrity and 
competence demand: teach real science—and nothing else.
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people and places: 
Harry sinclair (1876–1956)
Randy Moore

Harry Ford Sinclair was born in Benwood (now a suburb of Wheeling), West Virginia. 
After studying pharmacy at the University of Kansas, Sinclair formed the Sinclair Oil and 
Refining Company (renamed Atlantic Richfield) in 1916 from the assets of eleven small pe-
troleum companies. The company made Sinclair exceedingly wealthy, and he began pursu-
ing hobbies such as race horses. His horses won one Kentucky Derby and three Belmont 
Stakes, and two of his horses are in the National Museum of Racing and Hall of Fame. 

During the 1920s and 1930s, Sinclair funded several fossil-hunting expeditions in the 
American West, announcing each year’s discoveries with a massive advertising campaign. 
Sinclair paid famed dinosaur-hunter Barnum Brown to search for oil while looking for 
dinosaurs, and one of Brown’s discoveries (a previously unknown crocodile) was named 
Phobosuchus sinclairi in Sinclair’s honor. Sinclair’s life-size models of dinosaurs that were 

Fi g u r e 1.  Harry Sinclair was an oil tycoon who used his immense wealth to pursue hobbies such 
as fossil collecting. Today, the logo of Sinclair’s famous company includes an outline of 
an apatosaur. Photograph: Randy Moore. 
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displayed at World’s Fairs fueled America’s growing interest in ancient life. The models 
were later donated to parks, the most famous of which reside in Dinosaur Valley State Park 
near Glen Rose, Texas, where Roland Bird (while working for Brown) found tracks of the 
real thing. In 1934, Sinclair funded a two-month, 20 000-mile aerial survey of the south-
western US by Barnum Brown aboard Diplodocus, a four-passenger airplane; this was the 
first such survey of its kind. 

Sinclair incorporated Apatosaurus—a giant herbivore named and described by Othniel 
Marsh—into his company’s logo in 1930 (Figure 1), and soon thereafter Sinclair gas sta-
tions began giving customers dinosaur-related stamps, stickers, and booklets. Sinclair’s use 
of a giant dinosaur was meant to portray his company’s giantism; he wanted to control all 
aspects of the production of gasoline. 

Sinclair ads also often featured dinosaurs. The first of these ads, which appeared in 1932 in 
104 newspapers and five national magazines, featured dinosaurs such as Tyrannosaurus, 
Brontosaurus (that is, Apatosaurus ), and Triceratops, and were exceedingly effective. Sin-
clair’s marketers knew that their crude oils had formed hundreds of millions of years ago, 
and dubiously claimed that the oils were “mellowing and filtering in the earth even before 
dinosaurs roamed America.” The Sinclair staff used this information to link their oil with 
dinosaurs and to impress upon the minds of motorists the great age of crudes from which 
Sinclair Motor Oils were refined. 

For example, Sinclair Oil’s advertisement in the August 13, 1932, issue of The Literary Di-
gest linked Sinclair’s oils with dinosaurs and the “mellowing and filtering” of millions of 
years: 

Down where the heat of earth’s internal fires stands at 100 degrees—a mile and a 
quarter below the surface of Oklahoma lies a treasure trove, the Cambro-Ordovician 
oil pool. Millions of years have passed since Nature formed that pool—ages which 
saw the rise and fall of the dinosaurs—ages which played a priceless part in the mel-
lowing filtering of this remarkable crude. Cambro-Ordovician crude oil is the oldest of 
the Mid-continent crudes. It has mellowed longer, filtered longer, contains less carbon 
than younger Mid-continent crudes. When blended in the great Sinclair refineries—
de-waxed and freed from petroleum jelly, this oldest of Mid-continent crudes becomes 
Sinclair Opaline, a produce of 80 million years of Nature’s priceless treatment.

Today, the company logo—which continues to feature Sinclair’s name and an outline of a 
green Apatosaurus —is a familiar sight at thousands of gas stations throughout the United 
States.

In the early 1920s, Sinclair was arrested for allegedly giving US Secretary of the Interior 
Albert Fall $100 000 for the drilling rights to the US Navy oil reserves in Wyoming, which 
were overlaid by a geological deposit that resembled a teapot. The resulting “Teapot Dome” 
scandal rocked the administration of Warren Harding, and Fall became the first cabinet 
member to go to prison for his actions in office. During his trial in 1927, Sinclair refused 
to cooperate with government investigators and was acquitted of bribery charges, but was 
convicted of contempt of court and of Congress when it was learned that he had paid de-
tectives to investigate jurors. In 1929, Sinclair was fined $100 000 and served six months in 
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prison, where he worked in the pharmacy. A significant outcome of the scandal was Mc-
Grain v Daugherty, which explicitly established the right of Congress to compel testimony. 

Harry Sinclair died on November 10, 1956, in Pasadena, California, and was buried in the 
Calvary Cemetery in East Los Angeles.
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confessions of an oklahoma evolutionist: 
the Bad, the Ugly, and the Good 
Stanley A Rice

In places such as Oklahoma, where I work, and Louisiana, the location of the Botanical 
Society of America’s conference where the “Yes, Bobby, evolution is real” symposium was 
held, it is nearly impossible to teach or discuss evolution as simply a scientific matter. No 
matter what you do, the discussion will include religion. A science classroom is no place 
to teach religious doctrines. But we cannot always avoid religion itself. We can teach about 
cells and molecules without bringing up religion, but religion cannot and should not be 
avoided in a science classroom when evolution is the topic. I believe that by simply saying 
“religion is not science, so we will not discuss it at all” is to pass up a teachable moment. 
And religion is an important component of a science class about evolution. 

First, religion is an evolved characteristic. The capacity for religion has evolved as part of 
human psychology by means of natural and sexual selection. The specific forms of religion 
have evolved by cultural evolution. We can say that religious explanations of the natural 
world (why the wind blows, where species come from) are wrong, but it is more interest-
ing to inquire about where religion came from and why it is so compelling to us humans. 
Second, there is no avoiding the fact that religious groups have made their presence felt 
whenever evolution is mentioned. Students will want to know the scientific response to 
creationism—and this approach is appropriate, so long as creationism does not take up too 
much time in the course.

In this article, I wish to relate some of my experiences with evolution and religion in Okla-
homa, as other contributors to this volume have done with their experiences in Louisiana. 
And not all of these experiences have been bad. I will tell you about the good ones too.

Th e Bad

One way in which religion has proved to be bad for science is that people often oppose 
science for religious reasons. Evolution is not alone in receiving criticism from religious 
conservatives; they also attack other fields such as the science of global climate change. 

In the early days of science, scholars anticipated a time, in the not too distant future, when 
science would displace religion as a source of knowledge about the physical world. Eventu-
ally, they thought, people would see the evidence and admit its clear conclusions. Charles 
Darwin was optimistic that the younger scientists would eventually all be persuaded about 
evolution. And Darwin noticed that his major opponents, such as St George Jackson Mivart 
and Richard Owen, were not opponents of transmutation itself. They believed in what we 
would call divinely-guided evolution. Darwin’s American defender Asa Gray was a con-
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ventional Christian while his American critic was the Unitarian Louis Agassiz (Livingstone 
1987). 

Scholars of previous centuries also expected reason to prevail within religion itself. In an 
1822 letter to Benjamin Waterhouse, Thomas Jefferson wrote, 

I rejoice that in this blessed country of free inquiry and belief, which has surrendered 
its conscience to neither kings or priests, the genuine doctrine of only one God is re-
viving, and I trust that there is not a young man now living in the United States who 
will not die a Unitarian. (Bergh 1905)

Jefferson also looked forward to a time when there would be no slavery, although he found 
that getting out of the slavery business himself was more complicated than he thought it 
would be. Some scholars continue this optimism. Robert Reich (2005) expressed optimism 
that the progressive viewpoint, which includes a respect for science, will ultimately prevail 
in America; he called his book Reason: Why Liberals Will Win the Battle for America. In 
this respect, Darwin, Jefferson, and Reich have all been proved wrong, at least for now.

Creationism creates an unnecessary battle line between science and religion. Creationism is 
extremely common in Oklahoma. We can find it in fundamentalist churches. For example, 
a Baptist church in Durant, just blocks away from Southeastern Oklahoma State University, 
displayed a sign proclaiming “Evolution: The Science of Calling God a Liar” (Figure 1). I am 
the evolution professor against whom this sign is most likely directed. 

Oklahoma also has several creationist museums, though none as famous as those run by 
Ken Ham in Kentucky and Carl Baugh in Texas. Furthermore, Oklahoma leads the nation 
in the number of creationist bills that have been introduced to the state house and sen-
ate over the last thirteen years—a total of twenty-six—although none of them has been 
passed (Victor Hutchison, personal communication). It may seem odd that the Oklahoma 

 F i g u r e 1.  A church marquee in Durant, Oklahoma, in 2011. Photograph: Stanley A. Rice.
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legislature does not pass creationist laws, especially since “standing up for God” is a cheap 
and easy way to gain popularity in Oklahoma. I believe an important reason for this is 
the efforts of an important organization, Oklahomans for Excellence in Science Education 
(http://www.oklascience.org) founded by Victor Hutchison, a retired zoologist from the 
University of Oklahoma. Whenever a creationist bill gets into a legislative committee, OESE 
members send letters to all members of appropriate legislative committees, urging them to 
not pass the bill on to the full house or senate. 

But why should committee members listen to OESE evolutionists? OESE letters point out 
that creationist laws and school board policies have fared very poorly in the courts, and 
that passing creationist laws would most likely result in lawsuits which the state would 
lose, at public expense. The Oklahoma bills usually proclaim the right of students to be-
lieve whatever they want. Of course, students already have this right; they are not forced 
actually to believe evolution, so long as they learn it. Therefore one of the main arguments 
that OESE uses is that there is no problem to be solved by these bills. Our argument that 
anti-evolution bills are a waste of legislative time and taxpayer money has thus far con-
vinced many legislators, even some conservative ones.

A second way in which religion can be bad for science is that it can disrupt the ability to 
reason from evidence. I will give a personal example. Creationists have long used, and still 
like to use, the “sudden appearances in the fossil record” argument. Botanist George Howe 
at the Bible Institute of Los Angeles (now Biola University) addressed a small crowd in a 
big auditorium at the University of California, Santa Barbara in 1976. A young, impression-
able creationist student named Stan Rice was in the audience. Howe’s main point was that 
angiosperms suddenly appeared, without recognizable ancestors, during the Cretaceous 
Period. 

There are at least two problems with this creationist argument. First, most botanists would 
say that, indeed, there are recognizable ancestors, the Bennettitalean conifers. Just how 
close of a resemblance between Bennettitalean reproductive structures and flowers is nec-
essary? The resemblance was not close enough to convince Howe. Second, creationists 
don’t believe the fossil record represents the passage of time at all, whether of sudden 
appearances or gradual ones. In their view the sediments were all piled up during a 
single flood. What, then, does a creationist mean by “Cretaceous”? These obvious flaws in 
creationist reasoning were invisible to the people present at the talk—at least to me. My 
religious zeal blinded me to these flaws, which I recognized only years later.

This is a good example of how the human brain, especially but not only when it is high on 
religion, can see exactly what it expects to see. Take another Oklahoma example. There are 
Cretaceous limestone deposits in southeastern Oklahoma that are crammed full of fossils. 
The fossils of the Kiamichi limestone take up almost as much volume as the matrix (Figure 
2). To a fundamentalist, this is visible evidence of the Flood of Noah. But someone whose 
mind is free to ask questions will begin to notice that the fossil record has an orderliness to 
it. The Kiamichi limestone fossils consist almost exclusively of one species, Texigryphaea 
navia, a mollusk (http://mrdata.usgs.gov/geology/state/sgmc-unit.php?unit=OKKki;0). Oth-
er Oklahoma fossil deposits, from the Pennsylvanian and Ordovician periods, have a lot 
of crinoids in them. I led the first annual Oklahoma Evolution Road Trip in the summer of 
2013, in which ten participants saw these deposits and the differences among them.
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Now, how could a flood produce these fossils? How could a flood sort out the crinoids and 
put them in certain mud layers that scientists would later call Pennsylvanian, and then on 
top of them lay down literally billions of mollusks, all of just one species, in mud layers 
that scientists would later call Cretaceous? But creationists can look right at this evidence 
and see it only as evidence for the Flood. Indeed, fundamentalist students in college class-
es (who are generally very nice people) can look right at the evidence and choose to not 
believe it. And some of them are very smart. The 2012 valedictorian at Southeastern got 
the best grade in my evolution class, but remained a creationist.

The conclusion from the two foregoing points seems to be that religion is a bad thing for 
the human mind, and that atheism is the road to understanding. Blogs such as those by 
PZ Myers (http://freethoughtblogs.com/pharyngula) and Jerry Coyne (http://whyevolution-
istrue.wordpress.com/) reinforce this idea, more so than the more neutral blogs by Carl 
Zimmer (http://phenomena.nationalgeographic.com/blog/the-loom/) and myself (http://
honest-ab.blogspot.com). Atheism is not, however, the belief of all or even most scientists. 
I think it is important to point this out to students and to citizens, who might base their 
entire rejection of evolution on the belief that it is atheism. Remember that church sign? 
“Evolution: The science of calling God a liar.” If that statement is true, we cannot possibly 
win, and not just in Oklahoma and Louisiana. I am not trying to defend religion here, but 
just to say that religion itself is not the enemy. It is religious delusion memetically parasit-
ized by cult leaders (such as the late infamous Garner Ted Armstrong) who want to control 
people and their finances that is the danger.

Th e ug ly

Science presents another challenge to traditional religion, quite apart from evolution. I re-
fer to genetics. John C Avise’s book Inside the Human Genome (Avise 2010) lists hundreds 
of examples of mutations that, usually in homozygous form, bring immense suffering upon 

 F i g u r e 2 .  Kiamichi limestone deposits (Cretaceous) in southern Oklahoma consist of almost as 
much fossil as matrix. Photograph: Stanley A. Rice.
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their carriers. One of the worst of these is the mutation that causes Lesch-Nyhan syndrome, 
in which the sufferer mutilates himself or herself. The victim is aware of what he or she 
is doing, and feels the pain, but cannot stop. Avise intends this as an example of how the 
human genome could not have been intelligently designed. But it is also a challenge to 
the traditional belief that God has built goodness, or at least fairness, into the operation 
of the world. The victims of Lesch-Nyhan syndrome clearly deserved no such punishment. 
Random mutations, however, can show up anywhere, in anybody; evolution, in contrast to 
what religious people think about God, is amoral.

The defense of the goodness of God despite the suffering of the innocent is called theodicy 
and has been controversial for millennia (Hick 1978). Creationists make two responses to 
these ugly mutations. Some, like Cornelius Hunter (2001), claim that we should not attempt 
to deduce any moral attributes of the Intelligent Designer from such evidence. He criticizes 
the assumption of ID critics that the Intelligent Designer has to be morally good. It seems 
to me that giving up the idea of a good God is even worse than giving up the idea of a 
Creator God. Others, like AE Wilder-Smith (1980), suggest that the devil created all these 
mutations. This response is also unsatisfying, since the Intelligent Designer had to allow 
the Evil Designer to create these mutations.

Discussions of theodicy are rare in conservative churches, in Oklahoma as elsewhere; at 
least, my students seem never to have dealt with this issue. Religion can therefore also be 
bad when it discourages an examination of such questions as where ugly mutations come 
from, a discussion that should be important (to religious people) even apart from evolution.

Th e good

Given all this, what might be good about religion and science? I will begin with what might 
be a startling assertion: religious illusions can be good for science, in some cases. Illusions, 
not delusions. A delusion is just an illusion that is demonstrably incorrect. But illusions are 
the way our minds work.

Here are some examples. Leaves are not actually green. They just reflect wavelengths of 
photons that are absorbed by the cones in our retinas. The optic nerves send impulses to 
our brains. Our brains create the illusion that leaves are green. We detect wavelengths of 
photons with our eyes but we see with our brains. We detect sound waves with our ears, 
but we hear with our brains. We detect volatile molecules with our noses but we smell 
with our brains. And so on. Our brains create a model of reality that is an illusion. Natural 
selection has made sure that, in most cases, the illusion closely matches reality.

But not always. Sometimes, illusion can pass into delusion. But even delusions are not 
always bad. Consider the example of synesthesia. Some synesthetic people taste and see 
sounds. Not surprisingly, many are amateur or professional artists or musicians. This kind 
of delusion causes no particular trouble in daily life. In fact, it enriches it. Don’t you maybe, 
just a little bit, wish your brain worked like theirs? It is easy to see that someone with a 
greatly enriched mental life might convey a degree of charisma that would make them so-
cial leaders, and this is something natural and sexual selection would favor.

Clearly, even if religion is a delusion, it has been favored by natural and sexual selection. 
Sometimes this can lead to some pretty brutal things. A tribe that shared a strong religious 
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delusion that the gods have chosen them might fight harder and win more battles than the 
Stone Age version of rationalists.

But religious delusions can also lead to constructive things. For example, tribal peoples 
know a lot about plants. If this were merely a hobby, they might learn a little bit about 
plants in their environment. But if they believe that plants contain blessings from the gods, 
they will investigate plants with great zeal. It is a holy quest to them to figure out how to 
use these plants in just the right way: for example, to get just enough atropine, hyoscya-
mine, and scopolamine from Datura for a hallucinogenic visit to the land of the gods but 
not enough to get killed (Schultes and Hofmann 1992). And this zeal made them look for 
patterns and test hypotheses. Their hypotheses, such as the “doctrine of signatures,” were 
often wrong, but they were and are practicing a primitive form of science.

The doctrine of signatures is still with us. Visit a health food store and you will find 
Tribulus pills to treat erectile dysfunction, since Tribulus capsules have pretty big horns 
on them. The mysticism surrounding herbal medicines is sometimes just as unscientific as 
creationism, though generally less of a political problem. Proponents of herbal medicine 
are not trying to get into our science classrooms. And even creationists can fall for delu-
sions about herbal medicine. One of my students forwarded a creationist e-mail to me that 
illustrates the point. What do figs look like, especially pairs of figs? That’s right, testicles. 
Therefore figs are good for male sexual function. What do lemons look like? That’s right, 
breasts. Therefore citrus fruits are good for female sexual function. And of course walnuts 
look like brains, so they are good brain food. I am not making this up. In these examples, 
delusion about the natural world has gone too far. But in some cases over the millen-
nia such illusions have led to a pharmacopeia that works, however imperfectly and even 
though the explanations are wrong.

how To Mak e us e oF Th e good an d avoi d Th e Bad

It is unclear whether religion is innate to the human brain, or whether it is just a bunch of 
memes that have parasitized innate tendencies of the brain. My Encyclopedia of Evolution 
(2007) defends the first view in the first edition and the second view in the revised edition 
(to be available eventually as part of an on-line database). Take your choice. But religion is 
entrenched and powerful. I believe that what we as scientists and educators should do is 
to guide the power of religion in constructive directions.

And that is what we educators are already doing, even without taking religion into consid-
eration. We need to continue getting students and other people outside to notice things. 
For example, people may never have looked closely enough at rocks to see the fossils. They 
may not have noticed how many different kinds of trees there are, or that the species of 
trees around a pond are different from those on the top of the hill. If they grow into adults 
that notice things, they may grow into adults that question things. And from there, we just 
need to have faith that their habit of thinking about what they see may lead them down 
the paths of reason, at least sometimes. For some of our students (alas, too few), religion 
inclines them to view the natural world with wonder and delight.

Another example is that we can teach evolution by getting students to just notice plant ad-
aptations. I do this in workshops and with students all the time. In Oklahoma, post oaks 
(Quercus stellata) grow slowly, produce strong wood, and live for a long time in stable 
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(though stressful) environments. Cottonwoods (Populus deltoides) grow rapidly, produce 
weak wood, and live for a short time in unstable riparian environments. Alders (Alnus 
maritima and A serrulata) have a different way of living in riparian environments: the 
root clump persists but each trunk lives just a short time. Black oak (Quercus velutina) 
life history is intermediate between those of post oaks and cottonwoods: they live for a 
moderately long time in stable habitats that are not as stressful. Such examples as these 
illustrate how you can teach the evolution of life history adaptations using plant examples, 
without stirring up the kind of barriers that you would encounter if you started right off 
with chimps and australopithecines.

Life is too short to spend it in open conflict with the bad or calling attention to the ugly. I 
recommend that we cultivate the good—wonder and curiosity, which frequently arise from 
spirituality—and have a good time while we are doing so.
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Odd Couples: Extraordinary Differences between the Sexes 
in the Animal Kingdom
by Daphne J Fairbairn 
Princeton (NJ): Princeton University Press, 2013. 312 pages

reviewed by Robert M Cox

Males and females are different. In fact, these differences encompass nearly every aspect 
of their biology, from morphology and coloration to behavior, physiology, and life history. 
What we often fail to appreciate is just how profound these differences can be, especially 
once we move beyond the familiar zoological territory of mammals and birds. This is the 
primary theme in Odd Couples: Extraordinary Differences between the Sexes in the Animal 
Kingdom, in which evolutionary biologist Daphne Fairbairn uses some of the most strik-
ing and unusual sex differences in the animal kingdom to explore how and why males 
and females of the same species differ so dramatically. To do this, Fairbairn augments her 
own expertise on insects and spiders with a fantastically bizarre cast that ranges from the 
familiar elephant seals of the California coast, in which massive, brutish males aggressively 
monopolize harems of much smaller females, to recently discovered marine tubeworms 
(also of the California coast, albeit from the ocean floor), in which colonies of females use 
symbiotic bacteria to digest the bones of whale carcasses while maintaining their own indi-
vidual harems of miniscule male sperm donors. In the intervening taxonomic space, we are 
introduced to flamboyant lekking birds, diminutive male spiders, ghastly deep-sea angler-
fish, and a variety of other creatures, each with its own unique features that lend flavor to 
the narrative and allow Fairbairn to bring generalities (and exceptions) into sharper focus.

The study of sex differences is hallowed ground in evolutionary biology. Charles Darwin 
amassed an expansive catalogue of such differences in organisms ranging from mollusk to 
man and, unable to account for many of these differences with his famous theory of natu-
ral selection, was prompted to develop his complementary theory of sexual selection. One 
might think that, in the subsequent century and a half, evolutionary biologists would have 
arrived at a clear understanding of the precise circumstances that lead males and females 
down their separate evolutionary paths. In a sense, we have. For example, we know that 
natural selection for high fecundity typically favors large body size in females of a variety 
of species, whereas sexual selection typically favors large size in males when competition 
for mating opportunities is intense and mediated by aggressive combat. Yet, despite clear 
empirical support for natural and sexual selection as important causes of sex differences in 
many animals, it has proven difficult to move toward a more general, predictive framework 
for how these evolutionary forces should equilibrate to produce a particular pattern of sex-
ual dimorphism under given ecological or demographic circumstances. One of the nicest 
features of Odd Couples is the broad view that Fairbairn takes when synthesizing her own 
expertise with lessons from the diverse animals she highlights to distill general principles 
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regarding the circumstances that lead to the evolution of sex differences. This synthesis is 
as much a service to the scientific community as it is to the book’s broad target audience, 
providing an insightful state-of-the-field summary that leads to thought-provoking general-
izations about how and why males and females differ so dramatically.

To arrive at this generality, Fairbairn begins with an introductory discussion of the diver-
gent reproductive roles of males and females and concludes with an authoritative catalog-
ing of the myriad sex differences in morphology observed across all major lineages of 
animals. While the former is necessary background for any reader, the latter will perhaps 
be of greatest interest to scientists and specialists in the field. Indeed, the figures, tables, 
and statistics that populate the penultimate chapter of the book represent an impressive 
amount of scholarship and synthesis. However, it is the chapters sandwiched between 
these general discussions that make Odd Couples such a unique and enjoyable book, for 
scientists and casual readers alike. Here, Fairbairn presents eight fascinating natural his-
tory vignettes involving some of the most extreme and improbable sex differences in the 
animal kingdom. Many will be familiar to students of behavioral ecology, though some, 
such as the pelagic blanket octopuses, bone-eating worms, and shell-dwelling barnacles 
that variously illustrate the recurrent evolutionary phenomenon of dwarf males, are more 
obscure. However, my guess is that even the most seasoned researcher will gain new 
insight (and new lecture material) from the way that Fairbairn expertly weaves the accu-
mulated scientific literature into a complete picture of the unique biology of each sex and 
species. By tracking males and females from cradle to grave, through breeding and non-
breeding seasons, Fairbairn underscores not only the obvious differences in appearance 
and behavior of the sexes, but also the more surprising fact that males and females often 
lead entirely different lives.

Throughout her narrative, Fairbairn confronts the daunting challenge of balancing detail 
and scientific rigor with engaging prose and popular appeal. It’s a difficult task, but she 
is mostly successful. The writing is accessible and the scientific jargon is usually kept to 
a minimum. Nonetheless, the style is very much in the tradition of scientific writing, and 
academics will find the comforting familiarity of tables, figures, and citations from the pri-
mary literature. But at its core, Odd Couples is an unapologetic celebration of the diversity 
of life, the intriguing scientific questions it raises, and the surprising answers that evolu-
tionary biology provides. If there is a lesson to be learned about the place of humans in 
the tapestry of life, it is simply that we “show a fairly typical pattern of sexual dimorphism 
for a large, terrestrial mammal.” 

This is not to say that the topic of the book is without relevance to larger issues in sci-
ence and education. Although Fairbairn does not make the case herself, the study of 
sex differences is one important facet of a much larger issue at the core of modern biol-
ogy: understanding how the genetic information encoded by DNA is translated into the 
myriad forms, physiologies, behaviors, and life histories that we refer to as phenotypes. 
The extreme sex differences that come to light in Fairbairn’s narrative become even more 
extraordinary when we consider that they are produced from essentially the same set of 
underlying genes. Odd Couples does not attempt to address this genes-to-phenotype issue 
(perhaps fertile ground for a sequel?), but it does present a fun and enlightening plunge 
into the natural history of some very exceptional animals, along with an authoritative and 
accessible summary of current evolutionary theory on sex differences.
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Honey bees are a favorite example used by advocates of creationism to assert the impossi-
bility of evolution. This springs directly from Darwin’s extended discussion of honey bees 
in On the Origin of Species. Creationist arguments focus on two aspects of honey bee life 
that Darwin saw as difficulties for his theory of natural selection. The first is the perfection 
of the hexagonal cells of honey bee combs, and the second is the perfection of a highly 
interconnected colony of sterile workers and the reproductive queen in which workers 
and the queen are unable to live without one another. Darwin resolved the honeycomb 
difficulty by outlining an evolutionary scenario whereby complex honeycombs could have 
evolved via natural selection acting on small variations among less complex ancestral comb 
structures. With regard to the second difficulty, Darwin felt that the greatest challenge to 
his theory of natural selection was the difference in morphology and behavior between 
workers and the queen of insect societies. How could workers’ traits have evolved via 
natural selection if workers do not reproduce themselves? Darwin resolved this difficulty 
by proposing that natural selection operates at the level of the colony and can thereby act 
on small variations in worker morphology and behavior that contribute to differences in 
colony success. It is this aspect of honey bee social life that Robert E Page Jr treats in The 
Spirit of the Hive. Page doesn’t address the Darwinian difficulty per se. Instead, he shows 
how variation among honey bee colonies can reflect variation in the underlying mecha-
nisms of behavior and development in non-reproducing individuals in ways that could un-
derlie adaptation at the colony level. Page is Founding Director and Foundation Professor 
of the School of Life Sciences at Arizona State University with more than 200 publications 
to his credit. The attempt to learn and understand the mechanisms of insect social life is a 
common thread that runs through them all. 

Honey bee societies are comprised of a single egg-laying queen, thousands of female 
workers, and a few hundred males that do not work. In the introduction to his book, Page 
quotes Maurice Maeterlinck with reference to the queen: “She is not the queen in the sense 
in which men use the word. She issues no orders; she obeys, as meekly as the humblest of 
her subjects, the masked power, sovereignly wise, that for the present, and til we attempt 
to locate it, we will term the ‘spirit of the hive’” (Maeterlinck 1903:38–39). Page’s career has 
had a special focus on “the spirit of the hive.” His approach has been to dissect compo-
nents of honey bee biology at the individual level in order to reassemble those components 
into an increased understanding of a colony as a whole.  

The honey bee is the most-studied social insect. We know a great deal about aspects of 
its biology, such as the famous waggle dance by which successful foragers recruit new 
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foragers and orient them toward the site at which the resources can be found. We know 
the chemistry of the signals by which the workers detect the presence of the queen, and 
the entire genome of the honey bee has been sequenced. The latter is opening doors for 
understanding molecular aspects of honey bee development and other topics. The entry 
point for Page’s research is variability in individual behavior. Workers have long been 
known to have an age-correlated sequence of behaviors, from young nurse bees that feed 
and care for larvae, to in-hive workers, sometimes to task specialists such as defenders or 
undertakers (yes, there are such bees), until the oldest bees become foragers. Page and his 
postdoctoral associate Gene Robinson were the first to demonstrate that task specialists 
such as defenders and undertakers have genetic differences, which could respond to natu-
ral selection acting on colonies that contain them, resulting in better specialists. 

Darwin opened the Origin by describing manifestations of selection among animals un-
der domestication. He noted that desirable traits among small trait differences could be 
enhanced by selective breeding, sometimes leading to dramatic results such as fancy pi-
geon varieties produced after only a few generations of selection. A trait difference occurs 
between two behavioral types of honey bee foragers, with some collecting primarily pol-
len and others collecting primarily nectar. Early in his career, Page initiated a program of 
artificial selection like that Darwin described for animal breeders. He focused on a single 
variable trait of honey bee colonies, the amount of pollen stored in the hive. By then us-
ing worker bees from colonies that collect and store a great deal of pollen as contrasted to 
those that store smaller amounts of pollen, and working over a span of some thirty years 
with his students, postdocs, and colleagues, Page and his many associates have dissected 
some of the mechanisms at the level of individuals that underlie the difference in this 
colony-level trait. 

In this book, he describes experiments showing that individual bees from the two arti-
ficially selected colony types show different response levels to different sugar concentra-
tions of nectar and have different activity levels as measured via simple yet elegant ex-
periments. The selection program yielded genetic differences between workers of the two 
types of colonies—the essence of evolution itself—and Page describes experiments that 
show where genes that encode the differences lie on bees’ chromosomes. He also used the 
two strains as the foundation for investigations not only into differences between foragers 
of the two colony types but also into differences between non-reproductive workers and 
reproductive queens. There are morphological differences between workers and queens; 
for example, queens’ stingers are not barbed as is famously the case for workers. The most 
fundamental difference, however, is that queens mate and lay eggs; workers don’t. Queens 
have enlarged ovaries that enable them to lay thousands of eggs per day, whereas the ova-
ries of workers are scarcely developed. What underlies this difference? At this point, Page 
and his colleagues delve into molecular biology to examine genetic and developmental 
foundations of reproductive biology and their expression in workers and queens. 

The text of the book flows easily because it is uninterrupted by literature citations, and 
Page writes engagingly in the first person. He notes that rather than presenting a broad 
literature review, he is mostly describing research done by himself and his associates. He 
gives their names and gives credit where credit is due. Some readers, perhaps many, will 
find the book to be a challenging read in at least some passages. Although written in the 
style of a book for a general audience, it will be more easily accessible to scientists. This 
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doesn’t mean, however, that non-scientists won’t learn from it, even if they pass lightly over 
one section or another. It is an excellent example of how simple yet elegant experiments 
can be used to generate deep insights into the processes of evolution.

Page’s program of artificial selection for a single colony-level trait, the amount of pollen 
stored in the hive, has revealed mechanisms whereby traits of non-reproductive workers 
can be understood as adaptive responses to selection acting at the colony level, just as Dar-
win proposed. Such traits, when taken as a whole, provide a springboard for beginning to 
understand “the spirit of the hive.”
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reviewed by Roy E Plotnick

In 1909 Charles Walcott discovered the remarkable soft-bodied animal fauna of the Middle 
Cambrian age Burgess Shale in British Columbia. These fossils have become the iconic 
representation of the astonishing expansion of animal diversity during the Cambrian, in-
cluding the first appearance in the fossil record of essentially all living phyla, known as 
the “Cambrian explosion.” Although the Burgess Shale biota is the public face of the Cam-
brian explosion, even appearing on a 1995 cover of Time, it is only a small part of the story 
(and somewhat late in the tale). Most readers will be familiar with the Cambrian explosion 
through Stephen Jay Gould’s 1989 book Wonderful Life (1989) or perhaps Martin Brasier’s 
more recent Darwin’s Lost World (2009). Both of these books were written to reach a gen-
eral audience. 

What has been lacking to date is a more technical book, aimed at students and profes-
sionals, which summarizes and introduces the tremendous amount of research that this 
episode of earth history has received in the last 25 years. The Cambrian Explosion: The 
Construction of Animal Biodiversity by Douglas H Erwin and James W Valentine more 
than fills this need. It will become required reading for anyone who wants to understand 
the multiple lines of evidence, from geology, geochemistry, paleontology, genetics, phylo-
genetics, comparative morphology, and ecology, that have to be integrated to understand 
one of the most important episodes in the history of life. The authors, both paleontologists, 
are deeply respected authorities on evolution and the Cambrian fossil record, with a well-
deserved reputation for innovative approaches. 

This book necessarily covers a tremendous amount of ground; the forty-two pages of refer-
ences demonstrate the depth and breadth of scholarship that the authors summarize. The 
first section covers the geological context of the explosion, stretching back to the Snowball 
Earth episodes of the Cryogenian. This includes summaries of the current status of the 
absolute and relative time scales for this period and what geochemical proxies reveal about 
ocean chemistry, including oxygenation states and changes in the carbon cycle. The lat-
ter is unfortunately the weakest part of the book; there is very poor integration between 
figures (which come from external sources) and text; the figure captions and labels are 
inadequate. 

The book hits its stride in the next section. It begins with a brief review of phylogenetics 
and of living metazoan morphology and relationships, a subject Valentine explored in more 
depth in his comprehensive earlier book, On the Origin of Phyla (2004). This is followed 
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by a review of our current understanding of the enigmatic multicellular organisms of the 
Ediacaran biota and their implications for the Cambrian explosion that followed. The next 
chapter discusses the amazing Cambrian biotas that are now known not only from the 
Burgess Shale, but also from numerous other exceptionally preserved faunas, in particular 
the Early Cambrian Chengjiang fauna of China. The beautiful reconstructions of these ani-
mals by artist Quade Paul grace the cover and many pages of this book. Paul’s artwork is 
among the best paleoart I have ever seen and truly brings these ancient forms to life. These 
animals are also put into the phylogenetic context of the modern forms discussed earlier. 

The third section of the book investigates the possible ecological, genetic, and develop-
mental underpinnings of the explosion. It begins with a chapter on the origins of new 
biological community structures during the Cambrian; there is a particularly interesting 
comparison to economists’ models of the role of technological innovation. The next chap-
ter focuses on details of the roles that genetic and developmental mechanisms may have 
played. This material is necessarily dense and detailed; readers unfamiliar with some of 
the concepts may benefit from first reading Sean Carroll’s Endless Forms Most Beautiful 
(2005) and Neil Shubin’s Your Inner Fish (2008).

The final section integrates the preceding material, including a tentative narrative of the 
origins of the characters of modern phyla, going back into the Ediacaran. The convincing 
take home message of The Cambrian Explosion is that the explosion cannot be understood 
or explained by considering an isolated form of data or invoking a single causal mecha-
nism. As Erwin and Valentine put it (page 319), “one conclusion we can draw with confi-
dence is that it is futile to attempt to explain the explosion by invoking any single factor.” 
Instead, it needs to be interpreted as involving new networks of interactions among and 
within what they term the “macroevolutionary triad” of the physical marine environment, 
ecology and development. This involves co-evolution of the physical and the biological 
world (for example, the biologically produced rise of atmospheric oxygen), the evolution 
of novel genetic and developmental mechanisms, and the development of new ecological 
structures. 

The Cambrian Explosion is well written and beautifully illustrated with full color drawings 
and artwork. With this book, Erwin and Valentine have established what will become the 
foundation for research into this critical episode for at least the next decade and probably 
beyond. For readers of RNCSE, it will be an invaluable reference for understanding the true 
nature of this period and its implications for the evolution of life on Earth.
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The Social Conquest of Earth 
by Edward O Wilson 
New York: Liveright Publishing Corporation, 2012. 330 pages

reviewed by John H Relethford

This book focuses on the evolution of “eusociality.” Eusocial species are those with “group 
members containing multiple generations and prone to perform altruistic acts as part of 
their division of labor” (p 16). Ever since Darwin’s time, evolutionary biologists have pon-
dered the question of how evolution can explain altruistic behavior. If we assume a genetic 
basis for altruistic behavior, then logic would seem to dictate that there would be selec-
tion against such genes. An organism risking itself to help another would be at a selective 
disadvantage, and any altruism genes would be selected against and removed from the 
population. How then can altruistic behavior spread? The classic explanation has been kin 
selection, which states that altruistic behavior can be selected for if the recipient is related. 
By saving kin, an organism saves a genetically related individual and thus perpetuates the 
same genes into the next generation. Under kin-selection, the risk is outweighed by the 
degree of relatedness—the closer the relationship, the greater the payoff.

In recent years, the idea of kin selection has fallen out of favor and some (particularly 
Wilson and colleagues) have argued that it is no longer a viable explanation for altruistic 
behavior. This book examines an alternative model for the evolution of eusociality and 
presents it in terms of two very different sets of animals—the social insects (ants, bees, 
wasps, and termites) and humans. Wilson’s alternative to kin selection is the idea of multi-
level selection, meaning that there is both selection among individuals within groups and 
also group selection, where belonging to a group increases overall fitness relative to an 
individual living by itself. The benefits of living in groups include cooperative behavior 
in finding food, group defense, and taking care of immature offspring. A theme that runs 
throughout the book is the balance between individual and group selection. Wilson notes 
a general rule that “selfish individuals beat altruistic individuals, while groups of altruists 
beat groups of selfish individuals” (p 243). He further notes that this balance is such that 
neither level of selection will win out over the other, for “[i]f individual selection were to 
dominate, societies would dissolve. If group selection were to dominate, human groups 
would come to resemble ant colonies” (p 243).

Much of the book examines the relationship between individual selection and group selec-
tion, with particular emphasis on the origin of eusociality in humans. Another recurring 
theme is the relative rarity of eusocial species. Wilson notes that few species of vertebrates 
are eusocial. A key question is why eusociality is so uncommon, and Wilson uses much 
of the text to examine the origins of eusociality in both social insects and humans. The 
book begins and ends with humans, with social insects and theoretical issues taking up 
the middle sections. Following a brief introduction, the book provides a number of brief 
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chapters on human evolution under the heading “Where do we come from?” These chap-
ters trace key events in the evolution of humans, including the origins of upright walking, 
tool use, and expansion of the brain, as well as later cultural events such as agriculture 
and civilization. Although brief, these chapters are useful in setting the stage for Wilson’s 
ideas of preadaptations toward eusociality and the concept of gene-culture coevolution 
introduced later in the book. The book then turns to the social insects in a section labeled 
“How social insects conquered the invertebrate world.” The next section of the book ex-
amines “The forces of social evolution,” where Wilson outlines in detail his views on the 
multilevel selection model of the evolution of eusociality, using many examples from his 
research on social insects.

The last section of the book returns to the human species, examining the important ques-
tion “What are we?” The first chapter examines the question of “What is human nature?” 
focusing on the interplay between genetics and culture and the model of gene-culture 
coevolution. The remaining chapters examine the origins of culture, language, morality, re-
ligion, and the creative arts, all examined from the perspective of multilevel selection. For 
example, when considering the origin of morality, Wilson argues, “The dilemma of good 
and evil was created by multilevel selection” (p. 241). Here, individual selection is seen 
as promoting selfish behaviors because of competition between members of the group, 
whereas group selection promotes altruistic behaviors that favor others in the group. Wil-
son sees the conflict here embodied in our ideas about sin and virtue (reflecting individual 
and group selection respectively).

A final chapter (“A new enlightenment”) presents some of Wilson’s thoughts on the future 
of the human species as viewed through the lens of multilevel selection theory, shedding 
some evolutionary light on the origin of many human conflicts. I found this last chapter a 
bit dismissive of the role of religion. Although I share his views about the positive aspects 
of science and rational thought, particularly when explaining our origins, I also think that 
there is much value in religion that could be lost if we use rationality and science as our 
only way of knowing. Indeed, much of the humanities provide us with the kind of intro-
spection that we need in addition to a rational knowledge of the physical universe. One 
can reject a literal interpretation of a creation myth and still find value and comfort from 
the spiritual writings of our ancestors. Knowing the evolutionary reasons behind a variety 
of emotions and conflicts is instructive, but coping with them may require something more 
for many people.

Overall, Wilson does an excellent job of providing illustrations of the difference between 
individual and group selection, and the potential utility of models that incorporate both 
levels of selection. As with some of Wilson’s other works, he argues for an inclusive view of 
human nature that integrates biology, social science, and the humanities, a viewpoint that 
is particularly appealing to me as an anthropologist, a field that straddles these traditional 
subject areas. Although thought-provoking, many of the findings in the last section of the 
book struck me more as hypotheses than definitive conclusions about the evolution of hu-
man behavior. There are a lot of ideas and concepts throughout the book that encourage 
further contemplation about the nature of humanity and our fate.
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Relentless Evolution
by John N Thompson 
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reviewed by Christopher Irwin Smith

A common misconception about evolution is that evolutionary change happens slowly, over 
many eons. Two corollaries of this misunderstanding are first, that because it takes place 
only very slowly, for the most part evolution is not relevant to practical scientific problems, 
and second, that because the process of evolution is “too slow to watch,” it is fundamental-
ly untestable. Although the latter misunderstanding is held primarily by creationists, even 
many scientists harbor some version of the first one. The notion that evolution takes place 
only gradually, and that there is therefore a sharp distinction between ecological time (that 
embraces processes acting over years and decades) and evolutionary time (that describes 
patterns that unfold over millions of years), was the prevailing view among ecologists dur-
ing the mid-twentieth century (Carroll and others 2007; Slobodkin 1961). This idea is still 
commonly repeated in many undergraduate textbooks.

In his ambitious new book, Relentless Evolution, John Thompson painstakingly details 
the case that evolutionary change happens rapidly, and that evolution profoundly affects 
interactions between species. The idea that evolution can be fast is not new (Thompson 
himself argued this previously in an influential review [(Thompson 1998]), and a number 
of authors have made the case that rapid evolutionary change affects ecological processes 
in significant and important ways [(Carroll and others 2007; Schoener 2011]. However, until 
recently the number of documented cases of rapid evolutionary change in nature were few, 
and the recognition that evolution on ecological timescales matters was not widespread. 
Thompson’s new book compiles an almost encyclopedic collection of examples where 
rapid evolutionary change has been observed, and presents a compelling case that these 
changes are important in a broad array of fields, none more so than ecology. Although the 
book is primarily intended for an academic audience, educators and science enthusiasts 
will appreciate his review of the theory of natural selection and his extensive compilation 
of case studies in contemporary evolution. 

We’ve long known that evolutionary change could happen quickly under certain circum-
stances. Innumerable studies have found that insects rapidly evolve resistance to pesticide 
(Mallet 1989; Taylor and Feyereisen 1996), and the evolution of resistance to antibiotics 
by bacteria is so well understood that recent studies have been able to track the specific 
genetic changes that evolved during one patient’s course of treatment (Mwangi and others 
2007). Similarly, the rapid evolution of darker coloration in peppered moths during the 
Second Industrial Revolution in Great Britain, and the subsequent re-evolution of lighter 
coloration following the British Clean Air Act (Cook and Turner 2008), is now so-well 
known that it has become almost a cliché. To these shop-worn examples, Thompson adds 
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dozens more, encompassing an exceptional diversity of organisms, ecological settings, and 
evolutionary processes.

Take for instance fruit flies (the genus Drosophila). They have long been the workhorse 
for genetic studies, including studies of experimental evolution, but until recently studies 
of evolution in natural populations of this familiar lab animal were less common. Work by 
Raymond Huey and George Gilchrist showed that when the European fruit fly Drosophila 
subobscura was introduced into North America, different populations rapidly adapted to 
regional differences in climate (Huey and others 2000). In less than two decades, popula-
tions in the Pacific Northwest have become markedly larger than their relatives in southern 
California, responding to the Northwest’s generally cooler climates. Incredibly, this varia-
tion in body size mirrors differences between populations in the fly’s native range, with 
flies in northern Europe being larger than those in southern Italy. 

Interactions between species are particularly likely to generate rapid evolutionary change. 
Evolutionary changes in one species can spur evolutionary responses in the other through 
a process of reciprocal adaption known as “coevolution”. Much of Thompson’s book fo-
cuses on coevolution, and cases of rapid change through coevolution are numerous. For 
example, parsnips (Pastinaca sativa) are native to Europe, but were cultivated by farmers 
in New England in the early 1600s, and have since become naturalized throughout North 
America (Zangerl and Berenbaum 2005). During much of their history in the New World, 
parsnips were free of parsnip webworms (Depressaria pastinacella), which feed on pars-
nips in their native range. However, beginning in the mid-1800s, webworms joined the 
North American invasion, rapidly spreading throughout the parsnips’ introduced range 
by 1890 (Zangerl and Berenbaum 2005). Parsnips naturally produce a variety of furano-
coumarins—potent toxins that defend them against insect herbivores. By assaying the 
concentrations of furanocoumarins found in plants preserved in herbaria, Art Zangerl and 
May Berenbaum were able to track changes in the concentrations of these toxins in both 
European and North American parsnips over time. Remarkably, they found that furano-
coumarin concentrations in parsnips from North America increased coincident with the 
arrival of webworms (Zangerl and Berenbaum 2005). In contrast, within Europe, where 
webworms were always present, there were no changes in furanocoumarin concentrations. 
Thus, North American parsnips have evolved more potent chemical defenses in response 
to increased attack by insects.

Thompson’s compendium of rapid evolutionary change is not restricted to adaptation with-
in species, but also extends to the formation of new species. Tragopogon is a genus of 
herbaceous plants in the sunflower family, native to Europe and Asia. Three species of 
Tragopogon were introduced to North America in the 1900s (Soltis and others 2004; Soltis 
and others 1995). In their native range, different species of Tragopogon are typically geo-
graphically isolated from one another, and so opportunities for interbreeding are limited. 
However, in their introduced range the different species co-occur, presenting the opportu-
nity for hybridization (Soltis and others). In 1949, hybrid offspring were identified in east-
ern Washington State, the result of crosses between T dubius and T pratensis and between 
T dubius and T porrifolius. It is particularly noteworthy that, because the hybrids are poly-
ploid (that is, they carry an extra set of each chromosome), the hybrids cannot interbreed 
with their parents. Additionally, the hybrids are morphologically and genetically distinct, 
and occupy a different range of environments than their parents. Thus, within only a few 
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decades new species have arisen through hybridization and subsequent evolution (Soltis 
and others 2004). 

Thompson does more than compile a list of examples, however. He also argues that evo-
lution occurring on measurable timescales matters, a perspective that is not universally 
shared. Rates of evolution inferred in the studies described above, and in numerous other 
studies of contemporary evolution, are vastly faster than what can be seen recorded in the 
fossil record (Gingerich 1983). Additionally, many studies of contemporary evolution have 
found that the direction of evolutionary change can fluctuate rapidly. For example, clas-
sic studies of the evolution of beak size in Darwin’s finches (Geospiza fortis) found that 
although the average beak size increased dramatically following a drought year in which 
only large, hard seeds were available to eat, beak size decreased dramatically in a sub-
sequent drought due to competition with other birds (Grant and Grant 2010). It might be 
tempting, therefore, to conclude that the dramatic evolution documented in contemporary 
studies actually represent directionless evolutionary meanderings, which contribute little 
to the broad evolutionary patterns documented in the fossil record and that have produced 
the staggering diversity of living organisms. Thompson, however, argues that these evolu-
tionary eddies are crucially important. 

The idea that evolutionary change is too slow to matter in our lifetimes is in some ways 
alluring. If the features of organisms change vary little from generation to generation, 
then changes in an organism’s biology can be safely ignored. For example, an ecologist 
can then predict how increases in the number of lynx will affect the population density of 
snowshoe hares over time, assuming that the hares will not become more adept in avoid-
ing their predators, and that each lynx needs to eat the same number of hares to survive 
this year as it did last year. These simplifying assumptions make the mathematics consider-
ably simpler, and the resulting equations can be solved with some basic algebra. Much as 
a physicist might choose to ignore air resistance when describing the behavior of a falling 
object, the ecologist may neglect the possibility that the parameters in the equations could 
change over time. Unfortunately for the ecologist, making these simplifying assumptions 
sometimes means that the resulting predictions can be wrong, on occasion disastrously so. 

The classic example of evolutionary change resulting in unpredictable ecological outcomes 
is that of invasive rabbits in Australia, and the failed efforts to control their skyrocketing 
population through the introduction of the myxoma virus. European rabbits were intro-
duced to Australia from Great Britain in the nineteenth century, where they quickly became 
a destructive pest. In 1950 the myxoma virus, which is endemic to American rabbit popu-
lations but is absent in Europe, was introduced to the Australian population (reviewed in 
Best and Kerr 2000). Although initially mortality among Australian rabbits was extremely 
high, within seven years resistance had evolved among the rabbits, so that more than 70% 
survived infection with the virus (Best and Kerr 2000). Intriguingly, the virus also evolved, 
with less virulent strains of the virus becoming the most common (Best and Kerr 2000).

Thompson shows, through both theory and empirical examples, that the coevolution of 
rabbits and the myxoma virus is not a lone exception. Rapid evolution that affects the out-
come of ecological interactions is the rule! In fact, contemporary evolutionary processes 
may be particularly important in shaping interactions between species. For example, co-
evolution with parasites may play a major role in maintaining sexual reproduction. By 
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continually creating new genetic variants, sexual reproduction allows hosts to escape from 
parasites adapted to the most common genotype. As Thompson summarizes, this hy-
pothesis has been tested in New Zealand mud snails that have both sexual and asexual 
forms. In populations where parasites are common, sexual reproduction is maintained, but 
where parasites are absent, sexual reproduction is less common (King and others 2009). 
Additionally, both field studies and experimental evolution in the laboratory indicate that 
genotype frequencies among the mud snails are in a constant state of flux (Jokela and oth-
ers 2009; Lively and Dybdahl 2000), driven by frequency-dependent selection (Lively and 
Dybdahl 2000). A genetically unusual snail enjoys an initial advantage, because there are 
few parasites adapted to its particular genotype. As a result, the frequency of this genotype 
increases in the population, but so too do parasites adapted to this initially rare genotype. 
Thus, over time the advantage decreases with increasing frequency, producing a constantly 
churning gyre of reciprocal adaptation and evolution. 

While the core of Thompson’s message—that evolution happens in real time, and that it 
has real-world consequences—will not be a revelation to many evolutionary ecologists, 
for the non-specialist the frequency and extent of rapid adaptation will indeed be eye-
opening. To use Thompson’s language, the sheer “relentlessness” of evolution is impres-
sive. There is, however, an unfortunate, if unstated, conclusion lurking in the text, which 
is that if truly understanding ecology requires that we also understand evolution, then the 
prospects for building simple predictive models are slim. The upside, however, is that we 
are rapidly building the tools and the analytical framework to understand the complicated 
interactions between ecological and evolutionary change. Thompson’s work is therefore a 
testament to Theodosius Dobzhansky’s famous quotation, “Seen in the light of evolution, 
biology is, perhaps, intellectually the most satisfying and inspiring of all sciences. Without 
that light it becomes a pile of sundry facts—some of them interesting or curious, but mak-
ing no meaningful picture as a whole” (Dobzhansky 1973). 
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Microbes provide perhaps our best experimental evidence of evolution. As scientists such 
as Richard Lenski have shown, microbes can evolve in amazing ways and practically right 
in front of our eyes, making them excellent systems for asking and answering big ques-
tions about evolution. (See Lenski’s lab’s website http://myxo.css.msu.edu/ for both scien-
tific articles and mainstream press write-ups of his lab’s research on E coli.) Even eminent 
naturalist Edward O Wilson, the world’s leading authority on ants, noted that, if he was 
starting over again, he would become a microbial ecologist, noting the immense microbial 
diversity in even a gram of ordinary soil (Wilson 1994:364). 

Of course, Darwin was unaware of this vast ecology right under (and inside) his nose. At 
the time of Darwin’s 1835 Galápagos Island expedition, the germ theory of disease had yet 
to be described; Jenner’s smallpox vaccination was only forty years old (and no one could 
adequately explain how and why it worked, as viruses wouldn’t be described for another 
sixty years); and Pasteur’s most famous experiments were almost thirty years in the future. 
Even though Darwin was unable to bring microbial evolution into his wide-ranging ideas, 
modern-day evolutionary biologists are not as limited. Microbes and Evolution tells the 
story of how various microbial organisms have aided our understanding of evolutionary 
theory, pushed the boundaries of our knowledge, and allowed us to test ideas that could 
not be done on mammalian timescales.

The book is divided into thirty-nine short essays, written by leaders in the field. However, 
this is not a textbook by any means; the essays are largely personal notes, reflecting on 
the writers’ careers, how they ended up where they are, and the roles they and colleagues 
have played in advancing evolutionary theory via their study of microbes. It includes gems 
from the aforementioned Richard Lenski, describing his 50 000-generation experiment on 
the evolution of E coli; Martin Blaser on the co-evolution of Helicobacter pylori and their 
human hosts; and Margaret Riley discussing bacteriocins (protein toxins which inhibit the 
growth of related bacterial species). Others take off where Darwin’s writings left off, such 
as Philippe Sansonetti’s chapter, “On the origin of bacterial pathogenic species by means 
of natural selection.” 

Several chapters take on that hallmark of “intelligent design,” “irreducible complexity,” 
predictably dismantling the concept. Chapter 38 (“Irreducible complexity? Not!”) is devoted 
wholly to discussing the evolution of the bacterial flagellum, a common target of anti-
evolutionists. While this is an informative chapter which describes how such a seemingly 
intricate structure could have evolved from more simple beginnings, the language used 
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here is more appropriate for a mini-review in a scientific journal than a collection of essays 
for a broad audience. 

Indeed, like many anthologies, a downside is that the writing is uneven. Though conceived 
as a book of essays that would “manifest the investigators’ enthusiasm for their work and 
the impact of microbes on our understanding of evolution” and to be “written in a way 
that would make them accessible to the general public,” some authors are simply better 
at this than others. While jargon is largely minimized, some chapters still suffer from an 
overuse of jargon and abbreviations, occasionally causing even me (a trained microbiolo-
gist) to go back to the beginning of the essay for explanation. Furthermore, some essays 
include a “further reading” list, while others lack such follow-up. (Whether many of the 
cited articles, largely in journals such as Science and Nature, would actually be beneficial 
to the layman or not is something I leave to the reader). 

For biologists looking to understand microbial diversity better, there surely will be a few 
things you’ve never heard of, and behind-the-scenes stories of discoveries (and missteps!) 
from well-known microbiologists. For lay readers, the book will increase your appreciation 
for the wonders of our microbial world, and potentially make those who study it a bit more 
human. And for EO Wilson, there is still hope, as chapter 25 addresses the intersection of 
microbial symbionts and their ant hosts. 
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